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«[1100b1 Moux mpydos - npedcde 8ce2o 8 HaAy4HOll U38eCMHOCMU,
cocmasasiowell 2opdocms - He O00HY MOK JAUYHYIO, HO U O00WYH
pycckyio.  Jlyuwee 8pemsi HCU3HU U e€é 2/a8HYH CUIYy 835/10
npenodasamesnbcmeo. M3 mbuicsi4 MOUX Y4EeHUKO8 MHO20 menepb
nosciody 6udHblx desmesell, npogeccopos, AOMUHUCMPAMOPOS, U,
ecmpeuyas ux, ecezda cavluiasa, 4mo dobpoe 8 HUX cemsl No/1az2aJ, a He
npocmyrw omoévlean nosuHHocmoe. Tpemwvsi cayxcba mos PoduHe
HaumeHee 8UOHA, Xoms 3a60mMu./1a MeHs C IOHbIX Jilem no cux nop. Imo
cAyHcba no Mmepe Cua U B803MONCHOCMU HA NOAb3Y pocma pyccKou
NPOMbIUAEHHOCMUY.

J.1. Menoenees
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OBIIME TPEBOBAHHUA K OPOPMJIEHUIO OTYETA I10
JIABOPATOPHOH PABOTE

Od¢opmiieHue oTyeTa

JlabopaTopHasg pab6oTa — HeOOJBIIOW HAYYHBIA OTYET,
0600LIAlOLUI  MPOBEJEHHYI0  CTYAEHTOM  paboTy, KOTOpPYIO
NpeACTaBIAsAIT JAJs 3alyMThl NpenojaBaresio. K J1abopaToOpHbIM
paboTaM mnpeAbsABASETCA psiJi TpeGOBaHUN, OCHOBHbIM U3 KOTOPbIX
SIBJISIETCSl TIOJIHOE, MCYeplbIBalollee ONUCAaHWE BCEW MPOJESaHHOU
paboThbl, MO3BOJISIOLEE CYAUTD O NMOJyYEHHbIX pe3y/bTaTax, CTeleH!
BbINOJIHEHUS 33/JaHUi U TpodecCuOHaJbHOM NOAr0TOBKE CTY,€HTOB.

TumyabHblll Aucm sIBJASIETCS TEepPBOW CTpPaHHULEH JH060H
HAay4YHOH PabOThl U /I KOHKPETHOT'0 BH/Ia PA6OThI 3aMOJIHAETCS 10
onpe/ieJIeHHbIM NpaBuaaM. /[yist 1abopaTOPHOU PabOThl TUTYJIbHBIN
JIUCT 0bOpMJISieTCs B COOTBETCTBUH C MPUJI. 1.

LJeab pabomsl [o/KHA OTPAXKATh TEMY J1abOPAaTOPHOU paboTHI,
a TakXe KOHKpeTHble 33/la4M, NoCTaBJeHHble CTYJEeHTy Ha MepHUoj
BbINOJIHEHUS paboThl. [lo 06beMy 1iesib paboThl B 3aBUCMMOCTU OT
CJIOXKHOCTH M MHOT033JJaYHOCTH PabOThI COCTABJISIET OT HECKOJIbKHUX
ctpok zi0 0,5 cTpaHuULbI.

Kpamkue meopemuueckue ceedeHusi. B 3TOM pasgene
M3JlaraeTcsi KpaTKoe TeopeTHUYEeCKOe ONKCAaHUE H3y4aeMoro B paboTe
ABJIEHUS WJM Tpolecca, TMPUBOAATCA TakKXe Heo06X0oAuMble
pacyeTHble $opMyJibl. MaTepuas pasjesia He JOJKEH KOMUPOBATH
CoZlep:KaHHe MeTOJUYECKOro Moco6Hsl WM y4eOHHUKA MO JaHHOHU
TeMe, a OrpPAaHUYMBAETCAd M3JI0)KEHUEM OCHOBHBIX IOHATHUH U
3aKOHOB, pacuyeTHbIx ¢GopMyJs, TabJaul, TpPeOyIIUXCA A
JalbHellle  06pabOTKM  NOJYYEHHBIX  IKCIEPHMEHTAJbHbIX
pe3ybTaToB. 06'beM JIMTEPATYPHOT0 0630pa He J0JKEH MPEBbIILIATD
1/3 4yacTu Bcero oTyeTa.

OnucaHue 3KkcnepuMeHMa/abHOU YCMAHOBKU W METOAUKU
JKCIlepMMeHTa. B fgaHHOM  pa3zesne  NPUBOJUTCA  CXeMa
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3KCHEePUMEHTAJIbHOM yCTAaHOBKM C ONMCAaHUEM ee paboTbl U
NOAPOGHO H3JIaraeTcs MeTOAUKa TIpOBeJleHUs 3KCIIePUMEHTAa,
NpOLIECC NOJYYeHHUS JaHHbBIX U CI0CO6 UX 06pabOTKU.

JKcnepumeHmanvHble  pesyabmambel. B 3Tom  pasgene
IPUBOJATCS HENOCPEeACTBEHHO pe3yJbTaThl, MOJIyYeHHble B XO/[e
NpoBeZileHUs1 JIabOpaTOPHBIX pabOT: oOmpeJe/ieHHble 3HauyeHus
BeJIMYMH, rpaduky, Tabauubl,  guarpamMmmbl.  O6si3aTesbHO
Heo6X0/IUMO OLLEeHUThb NOTPELIHOCTH U3MEepEeHUH.

AHanu3 pesynemamos pabomwl. Pasfen otTdeTa [OJDKEH
cozep:aTb  NOAPOOHBIM  aHa/JM3  MOJIyYeHHbIX  pe3yJbTaToOB,
MHTepIpeTalyI0 3TUX pe3yJIbTaTOB Ha OCHOBe pU3UYECKUX 3aKOHOB.
CnenyeT CpaBHUTb TMOJIydeHHble pe3yJbTaTbl C U3BECTHBIMHU
JIUTEPATYPHbIMU  J@HHbIMH,  OOCYAUTb  MUX  COOTBETCTBHUE
CYLIeCTBYIOIIUM TeOopeTU4YecKuM MoJenaM. Ecau ob6GHapyxeHO
HECOOTBETCTBHE TOJYYEHHBIX pe3yJbTaTOB M TeOpPeTUYEeCKHUX
pacyeToB WJMU JIUTEPATYPHBIX [JaHHbIX, HEOOXOJUMO O0OCYJUTH
BO3MOXXHble IPUYUHbBI 3TUX HECOOTBETCTBUM.

Bbigodul. B BbIBOZjaX KPAaTKO U3J/1araloTcsl pe3yJbTaTbl paboThl:
IIOJIyYeHHble 3KCIIepUMEHTAJbHO WJU TeOpeTHUYEeCKU 3HadyeHud
bU3MYeCcKUX BeJUYUH, UX 3aBUCMMOCTHU OT YCJAOBUH 3IKCIEpPHUMEHTA
WJIM BbIOPAHHOW pacyeTHOW MO/ie/M, YKa3bIBAETCS UX COOTBETCTBUE
WJIA HEeCOOTBETCTBHE 3aKOHAaM UM TeOpeTHUYeCKUM MOJeJssM,
BO3MOXXHble IPUYMHBI HECOOTBETCTBUS.

Hpﬂﬁﬂﬂ)l(eﬂl—lble BE€JIMYHUHBI U AEﬁCTBﬂﬂ C HUMMU.

3anuchb pe3y/JbTaTOB U3MEPEHUN U BBIYMCJIEHUN MPOU3BOAST
TaK, YTOObI U3 HUX OblJIa BUZHA TOUHOCTb, C KOTOPOH BBINOJIHEHBI 3TU
JeictBud. JlioOble JaHHble, IoJlydaeMble H3MEpPeHUeM, BcCerja
NpUOJMKEHHBI, MOCKOJbKY MX TOYHOCTb 3aBUCUT OT MHOTHUX
06CTOAATE/NILCTB U B MEPBYI0 O4Yepelb — OT MOTPELIHOCTH CPeJCTB
U3MepeHUsl.

Hanpumep, ecin npu U3MepeHUHM TeMIlepaTypbl NOCJIeLHSs
nudpa okaszasacb HyJeM, TO e€ Hesb3sl OoTOpackiBaTh. Hampumep,
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JlaTYMK TeMIepaTypbl Moka3biBaeT «25.30°C». 3TO 0O3HayaeT, 4TO
M3MepeHHe MNPOBOJAMJIOCH C TOYHOCTBIO [0 BTOPOro 3HaKa Iocje
3anaTod. Ec/u cTyeHT B JaHHOM ciay4ae 3adUKCHpPYeT B TeTpaju
«25.3°C», TO TOYHOCTb pe3yJibTaTa 6yAeT HEOO0CHOBAHHO CHUKEHa.

[Ipy  BbIMOJIHEHUM  apuPMeTHUUECKUX  JIeHCTBUM  Ha[
NpUOJMKEHHBIMHA YUCJaMU CJeAyeT MNOMHHUTb, YTO KOHEUYHbIH
pe3y/JbTaT CJA0XKEHHUS WM BbIYUTAHUS He J0J/HKEH UMEThb 6oJiblie
3HAKOB IOCJe 3aldATOW, YeM y HauMeHee TOYHOIO 4JIeHa, TO eCTb
YyjleHa C HauMEeHbIIMM 4YMCJIOM 3HaKoB. Hampumep, ansa cyMmbl
«1.222 +1.88 + 2.4 + 3.9296 = 9.1616» npaBUJbHOU SIBJISETCA 3aMUCh
«9.2», TaK KaK y TpPeTbero CjaraeMoro TOJIbKO OJJMH 3HaK Mocje
3angaTou. B npoMeXyTOYHBIX BBIYHUCJIEHUAX NOC/e 3aNATON JOJIKHO
ObITh Ha OJWH 3HaK O0JIbIIIE.

Takke m0Opu yMHOXKeHUU U JejieHUU. Hampuwmep, a4
npousBefeHus «2.222x0.11 x 5.02=1.2269» npaBuibHOH OyJeT
3anuch «1.2», Tak Kak y uucaa 0.11 Bcero jBe 3Havamux nudpsl B
IPOMEXYTOYHBbIX BBIYMCIEHUAX 3HAYallUMX LHUPpP JO/KHO ObITH HA
O/IHYy 6oJIbllIE.

[Ilpy BO3BeseHUM B CTelleHb WJM H3BJE€YEHUU KOpPHA B
pe3y/abTaTe ciaefyeT OCTaBJATbH CTOJBKO 3HAadallluX LUPP, CKOJIBKO
UX COJIEP>KUTCS B UCXOJHOM YMCJIE.

BbluvcieHUss W 3alMCH, BbINOJHEHHble C HapylLleHUueM
BbIILIEONMCAHHBIX MPaBUJI, SIBJSIOTCA HErPaMOTHBIMH, TaK KaK He
OTBEYAlT JeWCTBHUTEJbHONW TOYHOCTU pe3yJbTaTOB pabOThHI.
CobJito/ieHUe 3TUX MPaABHUJ, C JPYTrOH CTOPOHBI, 06JieTYaeT pacyeThl,
TaK KaK I03BOJISIET OTOPOCUTD JIMLUIHUE UPPBI Iepe/, BbINOJIHEHUEM
BbIYMCJIMTE/IbHBIX ONlepaLtil.

Omu6KH U3MepeHun

Cucmemamuveckue oOwubKu OAWHAKOBBI IO 3HAaKy W
00yC/I0BJIEHbl TMOCTOSIHHO [JeHCTBYKOIIMMU (aKTopaMH, KOTOpble
MOXHO y4eCTb WJIM UCKAKYUTb. Hanpumep, cMeliéH HyJb LIKaJibl



BOJIbTMETPA, W BCE Pe3yJbTaTbl H3MEPEHUN OTJUYAITCHI OT
JedictBuTesbHbIX Ha 0.07 B.

CayuatiHble owWUOKU — 3TO HeNpeAcKa3dyeMble 10 BeJUYHMHE U
3HAaKy OTKJIOHEHHUS H3MepeHUHl OT cpejHero pesysabTaTa. Hx
OCOGEHHOCTbL B TOM, 4YTO OHU pPABHOBEPOSTHbI IO 3HAKy U
HNOJAYMHSAIOTCA 3aKOHY HOPMaJIbHOTO paclpejiesieHUs, COTJIACHO
KOTOPOMY BepOSITHOCTb KPYIHbBIX OIIMOOK MeHbIIIE, YeM MEeJIKUX.

Ilpomaxu — 3TO rpy6ble OLIMOKH, BbI3BaHHble HapylLIeHUEM
YCJIOBUH 3KCIIepUMEHTa UM HeOpeXXHOCTh0 B paboTe. Hanpumep, B
X0/le  9KCIlepUMeHTa CaMOINpPOM3BOJBbHO  MEHSJIOCh  CeTeBOe
HamnpsiKeHHe, B TO BpeMs KaK Tpeb0oBaIoCh ero MocTosiHCTBO. Uin mo
HEBHUMATEJbHOCTH ObLI cJesaH oTcyeT «1.1», B TO BpeMs Kak
npu6op mnokaseiBaa «1.01». Pe3ysnbTaTbl ¢ rpy6bIMU OMIMOKaMHU B
npoiiecce 06pabOTKU NPH HAJTUUUKU 060CHOBAHUM OTOPAChIBAIOT.

[IpaBUIBHOCTD pe3yJIbTaTa, TO eCcTb Ha/in4ue
CUCTeMaTHU4YeCKOHN OIMOKH, BCErAa He TPYAHO NPOBEPUTD, MOJIb3YsCh
CTaHJAPTHBIMHU WJIM 3TAJOHHBIMU 006pasnaMu. ITOT NMPUEM ILHPOKO
ucnoJsb3yercd B NpakTuke. OH N03BOJIAeT HAXOAUTb IONpPABKH, C
IIOMOIIIbI0O KOTOPBIX MOHO IOJIyYUTb NpPaBUJbHble pe3y/bTAaThl Ha
TOYHO, HO HENPaBUJIbHO paboTalUIMX Cpe/ICTBAX U3MepeHHUs.

CnyvaiiHble OIIMOKHA, B OTJUYHE OT CUCTEMATHUYECKHUX,
HCKJIIOUUTH HeJb3s. Ho, yBesiMunBas KOJIMYECTBO U3MEPEHHH, MOXKHO
YMEHBLIUTb CPEJHIO BEJUYUHY CAy4YalHOW OLIMOKHA U, B HUTOTE,
NOBBICUTh TOYHOCTb pe3yJibTaTa M3MepeHUH. JlecTBUTENbHO, TIpU
OJTHOM-/IBYX U3MEPEeHHUSIX He MUCK/IYAeTCH BO3MOXXHOCTb TOTO, UTO
OHU GY/IyT BBINOJHEHBI C 60JIBIION OMTUOKOU. [[pM MHOTOKPATHBIX Ke
M3MepEeHUsIX, COIJIaCHO 3aKOHY HOPMaJIbHOTO pacnpefeeHust
CAy4yalHbIX BEJMYUH, BEpPOSTHOCTb MHOTOKPATHOIO TMOSIBJIEHUS
KPYMHbIX OIKO0K MaJia.



IIpoeepbme ce6s

JaHo npubaudxcennoe wucao 1.0754327 u ezo npedenvHas
abcoaromHas noepewHocms 0.0005. Okpyzaume 3mo uuci0, ocmasus
8epHble Yudpobl. Yumume nozpewHocmbs OKpya/1eHUsl.

llopmusxicHOU caHmumemposoli seHmotll uamepsiom OJAUHY
OKpYJ#CHOCMU MepuduaHa, nyuie4Hoz2o 0pa Llapb-nywKu u meHHUCHO20
Ma4a. U3mepeHue Kakoll eesuduHsl dacm 60/4bWy 0MHOCUMENbHYIO
nozpewHocms?

Ilpu usmepeHuu paduyca kpyza ¢ mouHocmbwio do 0.5 cm
noJy4usocs vucao 12 cm. Hatidume a6cotomHy0 U OMHOCUMENbHYHO
nozpewiHocmu njiowadu Kpyaa.

Buinonnume apugmemuueckue delicmaust Ha0 NpUGAUHCEHHbIMU
yucaamu, 8ce yu@pbl KOMOPbIX BEPHbL:

130,6 + 0,255 + 1,15224 + 41,84 + 11,8216 = ...
352x1.748 = ...
7.6 /2314 = ...
OyeHume abco0MHY0 nozpewHocms PyHkyuu y = In(x).
OyeHume abcorOMHYI0 ho2pewHoCmb GyHKyuu y =xxm (m —
J11060e delicmeumesibHOe YUC/10).
JdJieMeHTapHasA MaTeMaTU4ecKas 06pa60TKa pe3y/ibTaTOB
U3MepeHM

YTo6Bbl  MOJYYUTH  pe3yJbTaT, KakK  MOXHO  OoJee
NPUOIKAOIUNACH K JeHCTBUTEJNbHOMY 3HAaYeHUI0 OlpejesisieMoi
BeJIMYMHBI, U3MEPEHHUS BbINOJHAT MHOTOKPATHO U U3 HUX HAXOJAT
cpefHee apudMeTHYECKOEe OT BCeX 3HAUYeHHU (HMCKJoYas MpoMaxH),
KOTOpoe W TNPUHUMAKT 3a (aKTHYecKoe 3HA4YeHHe HU3MepsieMOoM
BEJIMYUHBI.
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[lockosibKy 3Ta BeJUYMHA NpPUOJU3UTENbHAS, CAeAyeT
OXapaKTepHu3oBaTb €€ TOYHOCTb. B KadecTBe XapaKTepPUCTUKHU
TOYHOCTHU B NPOCTEHNIIUX CAy4yasx MNOJIb3YITCA BeJUUYUHOUN CcpeaHel
OLLUHMOKHU.

il |Aa |+|Ady|+ ...+ |Aq, |
n

OkoHYaTe JIbHBbIM pe3y/IbTaT 3allMChIBAIOT B BUJlE

a=azxAa.

Korga onpepnensiemMass BeqWYMHaA fBJseTcs ¢QyHKLIUed He
OJHOM, a HEeCKOJIbKMX H3MepseMbIX BeJHYUH, TO W OLuMbKa
omnpejieJieHUs1 3TON BeJHWYUHbl 3aBUCUT OT OLIMOOK H3MepeHHUs
COCTaBJIAKOIINX BeJUYMH. TaKk Kak OLIMOKM HECOU3MEPHUMO MeHblle

CaMUX M3MepsieMbIX BeJMYMH, MOXXHO 3aMEeHHUTb MX pPa3HOCTHU
nuddepeniuanamu. Torga:

oY
oa

6_de+ A+ |—|dk.

ob ok

BbIYHMC/IMM  OTHOCUTE/NbHYI  OIIMOKYy  pe3yJbTaTa [JJs
npocTtedmux GyHKIUM:

oY

AY =|—|da +

AY ‘a(;B)AA ‘6(;3) AB naiaB
Y=A+B - e o
Y A+B A+B
AY ‘a(gZB)AAJF‘a(g;B)AB AA+AB
Y=A-B ~1- —=r
Y A-B A-B
AY ‘a(qu)M+‘a(;B) A a4 aB
Y=4-B “—= el i
Y AB A B
‘a(lnA)
voma AY_| o4 AA

Y A AlnA
11



Hanpumep, npu onpezeseHUH MOJIEKY/ISIPHOM MaccChl BellecTBa
KPUOCKONIMYECKUM METO/I0M N0JIb3YIOTCS ypaBHEHHEM:

Km
M=———,
mz(T1_T2)
rgae mm KW m2 — HAaBE€CKM PACTBOPEHHOIo BeleCTBa H

pactBopuTes; T1 u T2 — TeMnepaTypa 3aMep3aHUsi PaCTBOPUTEJIS U
pacTBopa; K — KpuoCKonuyecKasi IOCTOsIHHAs.

[lycTb m1 =1.0000 +0.0002 r, m2 =50.00 £0.05,
T1=1.207 £0.003°C, T2 =1.000 £0.003°C, K=1.86. Torpa
OTHOCHTeJIbHAA NOrPeLIHOCTDb Ollpe/ie/IeHUs MOJIEKYJIAPHOU MacCChl:

AM _Am, Am, AT, +AT, 0.0002 005 0.003+0.003_
M m , T,-T, 10000 5000  0.207

=0.0002+0.001+0.029=0.0302.

M3 pacyera cjaeayeT, 4YTO OTHOCUTEJbHAasi MOTPEIIHOCTb
omnpesie/ieHUsI MOJIEKYJSIPHON MacChbl KPUOCKOMUYECKUM METOJI0M He
3aBUCHUT OT MOJIEKYJIIPHOM Macchl, ¥ HAWOOJIbIIYI0 IOTPEIHOCTh
BHOCHUT OIIMOKa ompejie/iIeHUsI Pa3HOCTH TeMIlepaTyp 3aMep3aHus.
[loaToMy A1 NMOBBILIEHHUSI TOYHOCTHU ONpe/ejleHUsI MOJIEKYISIPHOU
Macchl, B TMEPBYyI odYepeb, HEOOXOJAMMO TOBBIIIATH TOYHOCTh
usMmepenus AT.

L m

I‘paqmqecxoe nsoﬁpame}me IKCIIEPUMEHTAJ/IBHBIX JAHHbIX

Hau6oJsiee BbipasuTesbHasi, UHGOpMaTUBHAs U ya06Hast popma
NpeACTaBJAeHUs] SKCIEePUMEHTAJTbHBIX JaHHbIX — rpaduyeckas.
[TocTpoenue rpadpuka HaYMHAIOT C BbI6OpPA €ro pa3MepoB U MaclITaba
KOOpDAMHATHbIX oced. OuyeBHUJHO, YTO B ILeJAX COKpalleHUs
HEUCIoJIb3yeMOl mowaau rpaduka He ciaefyeT HayWHATh OCb C
HyJsl, KOrja OTKJaJblBaeMasi BeJMYMHA HU3BEeCTHA He C HYyJs.
Macuitab BbiGUpalOT yA06HBIM AJ51 paboThl. Hanpumep, 1 cM o ocu
cootBeTcTByeT 0.2, 0.5, 1, 2.5 niau 10 egununam, Ho He 0.17, 0.54, 1.3
uiu 2.48.
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Ocu fo/KHBI OBITh 0003HAYeHbl C YKa3aHHWEM pa3MEepPHOCTH.
Ecnin usMepsieMble BeJIMYMHBI BbIPaXKalOTC MHOTr0Opa3psi/HbIMHU
nudpaMy, TO HMX 3alUChIBAIOT 4Yepe3 MHOXUTeJb 107, KOTOpbIH
CTaBAT pPsJOM C YCJOBHbIM 0603HaueHHeM ocdU. Bo usbexaHue
INyTaHULbl B 9KCIIEPUMEHTAJbHbIX TOYKAax NpHW HaHECEHUH Ha OJUH
rpaduK HECKOJIbKHX 3aBUCUMOCTEM KaX/JIyl0 TOYKY OOBOJSAT
KPY>KKOM, TPEYTOJbHUKOM U/ APYTroil GUTYPKOM.

Ilo NOCTaBJIEHHbIM  TO4YKaM CTPOAT  JINHUIO —
(OYHKIIMOHANBHYID 3aBUCUMOCTb. Tak Kak cjy4allHble OIIMOKU
Hen36eXHbl, TOYKH MOTYT pacloJiaraTbCsl Ha rpaduke ¢ HEKOTOPbIM
pas6pocoM. [loaToMy JIMHUIO IPOBOJAT TakK, YTOOBI OHA NMPOXOAHJIA
BO3MOXXHO OJI>)Ke KO BCeM TOYKaM, a TOYKM pacnoJsarajauch
CUMMETPUYHO U PaBHOMEPHO OKO0JIO IMHUU. O6BIYHO MPsSIMble CTPOSIT
C IOMOIIbIO JINHEWKH, @ KpUBble — C IIOMOILbIO JIeKaJl.

0441 E B

03

0.2 1 E = -0,0547pH + 0,3967

R®=0,9993
0,1

0,1 |
02

03

04 -
3aBHCHMOCTDb NOTEHIMAJIA CTEK/ISTHHOTO 3/IeKTpoJa ot pH 6ydepHbIx

pacTBOpOB(NpuMep NpaBUJIbHOr0 opopmaeHusa rpadpuka).

Ha mosie u ocsix rpaduka He JOJPKHO ObITh JIUITHUX HAAIHCEH.
[Toanuck K pUCYHKY [IO/DKHA COZEP:KaTb HOMEp pUCYyHKa, Ha3BaHUeE
3aBHCHUMOCTH Y paciiiPpoBKY YCJIOBHBIX 0603HaYeHU M rpaduKa.
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CopepixaHue oTyeTa

OTyeT ABJsIeTCS JOKYMEHTOM, 10 KOTOPOMY CYAST O XapaKTepe
paboThl, 0 Ka4eCcTBe ee BbINOJHEHHWS U 06 ypoBHE KBaJWPHUKALUU
UCIOJIHUTENA. YpOBeHb KBaJMQUKALUM MNPOSBASAETCI B TOM, Kak
HCIOJIHUTEb POPMYJIMPYET NOCTABJIEHHbIE Nlepe], co60 3a/a4H, Kak
NOHMMaeT U HCIOJIb3yeT TeOpeTUYEeCKHH MaTepuas, HaCKOJbKO
NpPaBUJIbHO Y JIOTUYHO U3JIaraeT 3KCNEPUMEHTA/bHYI0 YacCThb paboThI,
KaK aHaJU3UpyeT U OLleHUBAeT IOJIyYeHHble pe3y/bTaThl, Kakue
JenaeT BbIBOJbL. OTcro/la ciefyeT, YTO OTYET MO JiabopaTOpHOH
paboTe CAYyXUT CpPeACTBOM pPa3BUTHUS HABBIKOB 10 TJIYGOKOMY
OCMBIC/IEHUIO BBINOJIHSIEMbIX 3aJJaHUM U YMEHUs1 BbIpa)kaTb CBOU
Cy»/leHUs HAQyYHbIM SI3bIKOM.
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OBHIME TEOPETUYECKHUE CBEAEHUA

Xumuveckass KuHemuka — 3mMo y4eHue 0 XUMU4eckoMm npoyecce,
€20 MexaHu3Me U 30KOHOMEpHOCMSAX NpOMeKaHus 60 6peMeHU.
[IpukiaZiHOe 3HaYyeHUWe KUHETHUKHU OIpefessseTcs TeM, 4YTO JJsd
NPaKTUYECKOT0 HCIOJIb30BaHUSI KAaKOW-IMO0 peaklUd HeobXOAHMO
YMETh YIPABJISATH €10, T. €. 3HATb CKOPOCTh €€ MPOTEKAHUS B JAHHBIX
YCJIOBHUSIX Y CIOCOOBI U3MEHEHUsI 3TON CKOPOCTH.

TeopeTuyeckoe 3HaueHHWE 3TUX BONPOCOB COCTOUT B TOM, UTO
pelleHWe HX MO3BOJIET BbIACHUTb MHOTHE BaKHble JeTaJu U
0COGEHHOCTH MpolLecca, TPOHUKHYTh B CaMyI0 IJIyOMHY, B CYLHOCTb
MexaHU3Ma XUMHUYEeCKOT0 B3aUMO/IeHCTBHUS.

KoHeuHBbI1 pe3ysbTaT KaX[Oro XUMHYECKOTO Mpolecca
onpejesisieTcsl TePMOJAUHAMUYECKHUMHU 3aKOHOMepHOCTAMU. OZHAKO,
paccMaTpuBas TOJbKO HCXOJAHOE U KOHEYHOE COCTOSHUE CHUCTEMBI,
TepMOJMHAMHKa He JaeT YKa3aHUM HU O CKOPOCTHU JOCTHKEHMUA
3TOro KOHEYHOTO (PaBHOBECHOT'0) COCTOSIHUSA, HU O MYTH NepexoJa K
HeMy. OTBeT Ha 3TOT BONPOC JjaeT XMMHUUYeCKasi KWHeTHUKa. [losyyuThb
KMHETUYEeCKHEe 3aKOHOMEPHOCTH CJIOXKHEE, YeEM TEPMOJMHAMUYECKUE.
3Hasi 3T 3aKOHOMEPHOCTH (MaTeMaTUYECKYH) MO/Jie/ib) U3y4aeMou
XUMHUYECKOW peaKLMd M ee KUHeTHYeCKHe IapaMeTpbl, MOXHO
paccyuTaTh ee CKOPOCTb U ONTHMMaJibHble YCJOBUS NPOBEJEHUS B
IIPOMBILIJIEHHOM peaKTope.

KruHeTuvyeckue uccaeloBaHUSI COCTOSAT B peLIeHUH TaKUX
3a/jay, KaK onpe/iesieHue Nops/ika U KOHCTAHTbl CKOPOCTHU peaKIuHy,
yyucla W XapakTepa IMPOMEXYTOYHBIX MNPOAYKTOB, JHEPruu
aKTUBALMU peaKLUH, BbIICHEHUE BJIUSHUSA IPUPOJbl PAaCTBOPUTEJIS U
T. .

XUMHUUYeCKUEe peaKlMU, KaK MPaBUJIO, SABJSIOTCSA CJI0KHBIMH, T.
e. IpOTeKalT yepe3 psJ 3JeMeHTAapHbIX CTaJWH. JeMeHTapHas
CTafusl sABJsIeTC HauboJsiee MPOCTOM COCTAaBHOW YacTbIO CJA0KHOU
peakuuu. JnemeHmapHoll cmaduell XumMu4eckol peakyuu Ha3bleaemcs
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CyMMA AKMO8 XUMUYECKo20 npespawjeHuss npu 0JHO8PEMEHHOM
coauxceHuu (cmosIKHOB8eHUU) HecKo/bKux yacmuy. [Ipu 3TOM 3Heprus
CBsI3ed TmepepacnpejesisieTcss MeXJay aToMaMu C 0Opa30oBaHHEM
aKTUBUPOBAHHOIO0 KOMILJIEKCA C €ro IOCJAeAyIOIIMM pacnajoM u
MOJIyYeHHeM HOBBIX YacTHIl. B ciyyae MOHOMOJIEKYJIIPDHOTO aKTa,
o6pa3oBaHHe AKTUBUPOBAHHOTO KOMILJIEKCA MPOUCXOAMUT 3a CYET
nepepacrpejieieHdsi 3HEPTUU MEXAY CBA3SIMH BHYTPU MOJIEKYJIBI,
KaK CJe/ICTBHE ee aKTHBAallM{ B pe3yJ/ibTaTe BHENIHHUX BO3/[€HCTBUH.
[Ipu mpoTeKaHWH OT/IeJILHOTO aKTa IMPeo/10JIeBaeTCsl OJUH U TOJIbKO
OJIVH SHEPTEeTUYECKUH 6apbep.

Cxopocmblo  06paszosanusi  (Uau  CKOpOCMbI  U3MEHEeHUsl
codepicaHusi 0aHHO20 i-20 Beujecmaa) 80 8peMs XuMu4eckol peakyuu
uau, dpysumu C/A08aMu, CKOPOCMbIO peakyuu no OaHHOMY I-My
gewjecmsy Ha3bleaemcs U3MeHeHue Ko1u4ecmea 3mozo eewjecmasd n, 8

eduHuyy epemeHu t U 8 edUHUYe peaKyUoOHHO20 npocmpaHcmea R:
1dn,
W, =——=
R dt
Ecin peaknusa romoreHHas M IIpOTeKaeT B o00beMme, TO
PEaKLMOHHBIM IIPOCTPAHCTBOM fBJSAETCA 00beM W H3MeHeHHue
KOJIMYeCTBa BellleCTBa paccMaTpuBaeTcs B e[MHHUIle obbeMa. Eciu
peaklus reTeporeHHas M NpOTeKaeT Ha rpaHMle pasjesna ¢as, To

PE€aKIUOHHBIM IPOCTPAHCTBOM ABJIAETCA MOBEPXHOCTb U USBMEHEHHE
KOJIn4eCTBa BeleCTBA OTHOCAT K € JUHHILE IOBEPXHOCTH.

(1)

TepMHH «CKOPOCTH 06pa3oBaHHsA» OYyJEM HCIOJb30BaTh JIS
JIIOObIX pPeareHTOoB, T. €. KaK JJis NPOAYKTOB, TaK W AJis UCXOJHbIX
BenlecTB. [Ipy 3TOM CKOpoCThb 06pa30BaHUsS MCXOJHbIX BelIeCTB
Oy/leT, 0O4eBU/IHO, OTPUIATEJTbHON BEJIUUHMHOM.

[[py paccMOTpeHUH CKOPOCTH peaKliMM B 3aMKHYTOH

romoreHHoi cucreme (R=V) u Torga
1dn,
W, =——->= 2
U de (2)
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Ecnu 06beM cucTEMBI BO BpeMsl peaKI[UM He MEHSIETCs, TO
ero MO>XHO BBECTH 1101 3HaK AuddepeHIiKaia U TOTAa

dc,
w, =—1L 3
T (3)

rae ¢, — KOHLEeHTpanud pacCMaTpuBaeMoro i-TO BelleCTBaA B ILLZ;IHH]:;II‘/II

MOMEHT BpeMeHHU. ITO BbIpaKeHHe CHpaBeAJIMBO TOJBKO B YaCTHOM
c/lydae TOMOTE€HHBIX peaKIMid B 3aMKHYTOW CHUCTEME MpHU
IOCTOSSHHOM 00beMe, KaK B M30TepMHUYECKHX, TaK M B
HEU30TEepPMHUYECKHUX YyCJOBUSX. B jganbHedmieM Mbl  OyjaeM
paccMaTpUBaTh UMEHHO 3TH PeaKLUH.

[Ipy paccMOTpeHHM KHHETHUKM XUMHUYECKUX peakLuid B
3aKpBITOM CcHUCTEMe OObIYHO H3Yy4YalT Ha OMNbITE€ 3aBUCHMOCTh
KOHIEHTpPAallMd  KaKOro-Jub60 KOMIIOHEHTA OT BpEMEHU U
M300pakaloT 3Ty 3aBUCUMOCTb B BHUJe rpaduka c,—t, KOTOPbIH

Ha3bIBAETCH KUHEMUYECKOU 3d8UCUMOCMDBIO.

Ecnu xuMuyeckass peakuusi MOXKET ObITh BbIpaXKeHa OJHUM
ypaBHEHHEM, TO CKOPOCTH 0Opa30BaHUS MCXOAHBIX BEIIECTB H
IPOAYKTOB peaKIMU CBsI3aHbl MEXAY COO0M OJHO3HAYHO MPOCTHIMHU
CTeXMOMETPUYECKUMH COOTHOIIeHUsIMU. Hampumep, cKopocThb
o6pa3oBaHus Kucaopoza B peaknuu 2 H202 — 2 H20 + Oz 6yzeT B ABa
pasa MeHblle, 4YeM CKOpPOCTb pacxogoBaHusi Hz202 U cKopocThb
o6paszoBanus Hz20. Torga AJis1 JaHHOM peaKliMd MOXHO 3aNIMCaTh

1dc, 1dc, 1dgc

= (4)
-2dt 2dt 1dt
rge c¢,,c, 1 ¢, — KoHuentpanuu H202, H20 u O2 cooTBeTCTBEHHO, a

(-2),2 u 1 — crexuomMeTpuyeckre K03GPUIMEHTHI C yI€TOM IPaABUJIA
3HAKOB (ans HCXO/IHbIX BEIlleCTB CTEXMOMETpUYECKUE
K03 PUIMEHTHI IPUHUMAIOTCS OTPUIATENTbHBIMHU ).

Torpa

1
w=—W, :EWZ :IW3 (5)
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rae w — CKOPOCTb pe€aKliuH, OHa OJHWHAKOBaA AJid BCEX BEIIECTB
Y4aCTBYIOIIHX B ﬂaHHOﬁ peaKnuu.

Bce MoJieKyJibl UCXO/JHBIX BELIECTB, YYaCTBYIOILHMe B PEAKIUH,
CyMMapHasl 3Heprusi KOTOPbIX NpeBbIlIaeT Ha BeJUYUHY 3HEPruu
aKTHUBaLUU U 60Jiee UX CYMMapHYI0 3HEPTHUIO B UCXOJHOM COCTOSIHUH,
Ipeos0/Iel0T NpU COJIMKEHUU (CTOJIKHOBEHHWM) IHepreTHUYecKUi
6apbep U NpopearupyroT ¢ 06pa3oBaHKMEM NPOAYKTOB peakuuu. [loss
TaKMX @popearupoBaBIIMX MOJIEKYJl OyJeT NponoplLyoHaJbHa
BEPOSATHOCTH HUX CTOJKHOBEHHMS. A 3Ta BepOSATHOCTb, Kak
BEPOSITHOCTb CJIOXKHOTO COOBITHS, MIPONOPIIMOHATIbHA TPOU3BEIEHUIO
BEPOSITHOCTEN TOr0, YTO MOJIEKYJIbI OJJHOBPEMEHHO CTOJIKHYTCH B
JlAaHHOM TOYKe peakKLMOHHOro mnpoctpaHcTBa. C Apyroll CTOpPOHBI,
BEPOSITHOCTb HaxXOXJE€HUsl YAaCTUIbl B IAaHHOM TOYKe MPOCTPAHCTBA
OyZleT MNpONOpPLMOHAaJIbHA YMCAYy YacTUL, B o00beMe, T. e.
KOHIIEHTpallui. BeposiTHOCTb  O/JIHOBPEMEHHOTO  MPUCYTCTBUSA
pearvpymoiiMx MOJIEKYJ B OJHOW M TOW e TOYKe MPOCTPaHCTBa
OyZeT MOpONOpLHOHAIbHA MPOU3BEJEHUI0 HMX KOHLEHTpaLUuH.
0606111as1 3TH PACCYKIEHUS JIJIsl 3JIeMeHTapHOU peaKI[uu

aA + bB — npoAyKTHI,
MO>KHO 3alucaTh
w=kc,’c;’, (6)
rle W — CKOpPOCTb 23JIeMEHTapHOM peakluH; K — KOHCTaHTa
CKOPOCTH peakLMy; a, b crexuoMmeTpuieckre Ko3pPrULHEHTHI.

[loka3aTesn cTeneHd a U b B ypaBHeHuU (6) Ha3bIBAIOT
NOpPSAAKOM peakluu no BeuectBaM A U B coorBeTcTtBeHHO. CyMMa a U
b HasbiBaeTcs OOLMM WJIM CYMMapHBIM HOPSIJKOM peaKIUU.
CrnesnoBaTesbHO, MOPSZOK peEaKIUM paBeH CyMMe IOKa3aTeJel
CTeleHel [/l 3aBUCUMOCTH CKOPOCTHU peaKLUMU OT KOHLleHTpaluu
UCXO/IHBIX BelecTB. /Il 3JleMeHTapHON peakLMd OH paBeH cyMMe
CTEXUOMETPHUYECKUX KO3POPULIMEHTOB HCXOJHBIX BeLIeCTB B
YpaBHEHUH peaKLHUH.

HOJ’Iy‘{I/IM BbIpaKe€HHUd OJid 3aBUCHUMOCTH KOHLEHTpAlUuH
HCXOAHOTO BeleCTBa OT BPEMEHH AJid TOMOTI€HHbIX, OJHOCTOPOHHHUX
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3JIeMEeHTAapHbIX peaKLM{d B 3aKPBIThIX CACTEMaX NPU MOCTOSHCTBE
o6beMa U TeMIEPATYPHI.

Peakuyun MmepBoro nopAaaKa

Jl1s1 a/1eMeHTapHOM peaKLUU NEPBOTO MOPsiKa

A — npodykmul

CKOPOCTb peaKIMHU CBsi3aHa CO CKOPOCThbI0 06pa3oBaHus BellecTBa A
COOTHOLIEHUEM

w= _1 dey (7)
(-1) dt
[lo 3aKOHY AEUCTBYIOLUX MaccC
w=kc, (8)
[Moacrapass (7) B (8) v onyckas il IPOCTOThI MHJEKC A, ToTydyaeM
dc
e kc (9

Pa3fiesiuB nepeMeHHble ¥ NPOMHTETPUPOBAB JIEBYIO U IIPABYI0 YaCcTH
N0JIy4€HHOI'0 ypaBHEHMUA B NIpeJieJiax 0TC, A0 ¢ 1 oT 0 f0 t mosydaeM

C
kt =In <o (10)

c

1

k=-In< (11)

t ¢
c=c,e™ (12)
rae C() — Ha4daJibHad KOHLOEHTpPaluud HCXOAHOI'o BelleCTBa;, C —

KOHILIEHTpAL X UCXOHOTO BellleCTBa K MOMEHTY BpeMeHH t.

KoHCTaHTa CKOpOCTM peakLuM MNepBOro MOpsAAKAa MMeeT
pa3MepHOCTb (epems) ™.

Ecniu  ucmosb3oBaTb ~ BMECTO  KOHIEHTpAUUM  JIOJIIO
pacnasuierocs Beecta o =(c, —c) / c,, TO IOJy4UM BblpaXKeHue

kt =—In(1-a) (13)
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[Ipy KUHETUYECKOM HCCAe0BAHHUM peaKLUi MePBOro NopsaKa
BMECTO KOHIEHTpalMi MOXHO HCIIOJb30BaTh JWOOble Jpyrue
BEJIMYMHBI MPONOPLUOHAIbHbIE KOHIEHTPALUH, T. K. B ypaBHEHUS
(10) u (11) BXOoAUT OTHOLIeHUEe KoHIUeHTpauui. Hampumep,
KOHI|eHTPal[Ud MOXXHO 3aMEHUTb KOJIMUECTBOM UCXOJHOTO BEIEeCTBA
a=c,V, rae V - o6beM cuctembl. Torja A/ KOHCTAaHTbl CKOPOCTH

peakLuy nojiydyaeM BblpaxKeHHe

k=t 2
t a—X

rae X — KoOJIM4eCTBO IMpopearnpoBaBIIEero BeuecTBa.

(14)

Jl/1s1 XxapaKTepUCTUKHU CKOPOCTH peaKLUil Hapsly ¢ KOHCTaHTOMH
CKOPOCTH 4YacTO IMOJIb3YIOTCS BpeMeHeM IOoJIylpeBpalleHusl WU
mosnypacnaga t,,, PaBHBIM INPOMEXYTKY BpPEMEHH, B TedeHHe

KOTOPOT0 pearupyeT NOJOBHHA B3ITOr0 KOJIMYeCcTBa BelyecTBa. U3
ypaBHeHus (10), npu ¢ =0,5¢, mosy4aem
In2
t1/2_ k

Jis peakuuil NepBOTO TMoOpsJKa NepUoj IoJypacrnaza He
3aBHCUT OT KOHILIEHTPALUH.

(15)

Peakuun BTOpPOro nmopAaaka

B npocreumeM ciy4yae, KOrJa B 3JIEMEHTAapHOM akKTe
pearvpyoT [Be O MHAKOBbIe YaCTHUILbI,
2A — npodykmul,

CKOPOCTb peaKIIMH CBsI3aHa CO CKOPOCTbI0O 06pa3oBaHHUs MCXOJHOTO
BellecTBa A COOTHOLIEHHUEM:
1 dc

Ilo 3akoHy JelicTBywomux Macc @=k'c’. TlogcTaHOBKa 3TOro
cooTHollleHUs B (16) naeT
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——=kc? 17
i (17)
rae k=2k'. B pe3ysbTaTte pelieHus NoJay4yaeM
k :1. G ¢ (18)
t c,C

0
PasMepHOCTb KOHCTAHThI CKOPOCTH peaKLMM BTOPOro MopsijiKa
- (xonnenTpauus) (konyenmpayus) ' -(epemsa)”t, nanpumep J1/(MoJb
C).
Jl1s epyroia nosiypacnaza rnoJiyyaem
1

b2 = kc
0

(19)

OTH ypaBHEHMA CIpaBeJJIMBbI [/l peaKIiui BTOPOro nops/Ka,
ec/i MexJy co60M pearMpylT pasHble YaCTHUIbl, HO KOHIIEHTPaLUH
BEIEeCTB OJJMHAKOBbI A, + A, = npodykmuil.

Eciu KOHIOEHTpalHuu BELECTB Al H AZ pa3Hbi€, TO OJId KOHCTAHTbI

CKOPOCTH peaKI{HU MoJydaeM
1 c.’(c.’—x
k=————=In 20( 5 ) (20)
t(c1 -G, ) ¢ (Cz _X)
r/ie X — yMeHbllleHHe KOHLEHTPaL 1K BellecTB A, U A, KO BpeMeHH t;

10,C20— Ha4daJIbHbI€ KOHIEHTPalUWHU HCXOAHbIX BEIIECTB.

c

Peakuuu 3-ro nopsajka
Takue peaknuu odeHb peAkd. [y 37eMeHTApHOU peaKLUH
TpeTbero mnopsjka 3A—npodykmer win A, + A, + A, — npodykmul,
IpU OJJMHAKOBOM KOHLEHTPALMU MCXOJHbIX BeIlleCTB, MOJTYYUM
w=k'c. Jlns ckopocTy peakijuu CipaBe/InBO TaKKe BhIpaXKeHHe
1 dc
w=—— (21)
-3dt
OTcroza
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dc
———=ke? 22

i (22)
rae k=3k'".

PasznesuB nepeMeHHble B ypaBHEeHUHM (22) U MPOUHTETPUPOBAB
NOJIyYMM BbIpa:KeHHE

1c?—c*
k==29 23
t 2c,’c? (23)
Jlis nepuoza noJiypacnaza noJjy4yaeM BblpaXkeHHe
3
t, =—"_ 24
127 52 (24)

0

Peakuyn HYJIEBOTO MOpAAKa

Peakuuu HyseBoro mopsjka — 3TO peakLUH, AJs KOTOPBIX
CKOpPOCTb peaKL U He 3aBUCHUT OT KOHLIEHTPALUU U He MeHSIeTCS BO
BpeMeHHU. B 3TOM ciiyyae umeeM

dc
i (25)

WHTerpasibHble QOpMbl KHHETHYECKOTO ypaBHEHUS OyAyT
MMETb BU/JL

k=(c,—c)/t (26)
k=x/t (27)
c=c,—kt (28)
t,,=0,5¢, / k (29)

rie X — YUCJI0 MOJIed UCXOZHOI0 BellecTBa, IpopearupoBaBLIero Ko
BpeMeHHU L.

3aBHCHMMOCTb CKOPOCTH peaKM1 OT TeMIepaTyphl

3aBUCUMOCTb CKOPOCTH peaKLUM M KOHCTAHTbl CKOPOCTH
peakiMd  OT  TeMImepaTypbl JJs  OOJIbIIMHCTBA  peaklui,
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NpOTEeKaIUX MpPH  O00BbIYHBIX  TeMmmepatypax (273-373) K
NpHUOJIMKEHHO BbIpaXkaeTcsl npaBusioM BauT-I'ododa

k, T,-T,

B 30

2l —r (30)
rae k; u k, — KOHCTaHTbI CKOpOCTH npu Temnepartypax Ty u T,; y —

TeMIlepaTypHbId KO3PQPUIMEHT CKOPOCTH peakuuu (KoapduuueHT
BanTt-T'odpda 06b14HO NPUHMMAET 3HAUYEHHUS B [jMana3oHe oT 2 [0 4).

3aBHUCUMOCTb KOHCTAHThI CKOPOCTH pe€aKIMHU OT TeMIIepaTypPhbl

BbIpakaeTcsl ypaBHeHHEM AppeHuyca, KOoTopoe B
nauddepeHIaibHON popMe UMeEET BHU/
dlnk E
= 31
dT  RT? (31)
Y B UHTerpajbHou popme
k T,-T
n—2=£ £ 1 (32)
k. R T,
lnk:const—El, (33)
RT
e
k=kye k" (34)
rae E - »>sHeprusa axkTuBauuu,k, — TpeA3KCNOHEHIMaJIbHbIN

MHOXHUTEJIb.

3aBucumoctb Ink=f(1/T) npeacraBiasgeT co60d MNPSAMYIO
aunump. Torga E=—-Rtga, rie @ — yroJ Hak/JioHa NPSAMOM.

TeopeTndyeckud BBIBOJI YpaBHEHUS AppeHuUyca cAenaH [Js
3JIeMeHTapHbIX peakluid. Ho ombIT mokasbiBaeT, YTO MOJAABJSIOLIEe
OOJIBLIMHCTBO CJIOXKHBIX peakUHUH Takxke TIOAYUHAIOTCA 3TOMY
ypaBHeHUO. OJHAKO JJIS CJOXHBIX peaKLU{ 3Heprusi akTUBALUU U
IpelsKCIOHEHIIMA/IbHbBI MHOXUTEJNb B ypaBHEHHWU AppeHHyca He
MMEIOT OllpeJieJIeHHOT0 GHU3UYeCKOT0 CMbIC/IA.
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H3MepeHHe CKOPOCTH peaKnum

M3MepeHHe CKOPOCTH peaKIUi OCHOBAHO Ha OmpejeseHUuu
KOHIIEHTPAIMK OJHOT'O U3 pearupywIux BeleCTB Yyepe3 pa3IuyHble
NPOMEXYTKH BpEMeHM OT Hayaja peaknuu. Bbeibop BelecTBa,
KOHLEHTpAlUsl KOTOPOro KOHTPOJIMPYETCS B XOJ€e peakiuy,
JUKTYeTCsl coobGpakeHUsIMU yo0cTBa. Bce MeToabl ompejeseHUs
KOHIIEHTPAlMH, TpUMeHsieMble B KHHETUYECKUX U3MEPEHHSIX, MOXKHO
pasziesuThb Ha JiBe IPYIIIbL

1.MeToabl (PHU3UKO-XMMHUYECKOTO aHa/lM3a, OCHOBAaHHbIE Ha
M3MeHeHUU QU3NYeCKUX CBOMCTB CMeCH C U3MEHEeHHUEM ee CocTaBa
(HampuMep,  ompejesieHHe  KOHIEHTpAllMU 1O  HW3MEHEHUIO
1oKasaTeJisl IpeJIoMJIeHUS, BA3KOCTH, 3JIEKTPOIIPOBOAHOCTH U T. II. ).

2. O6bIYHbIe METOJbl AHAJIUTHYECKOW XUMHUHU (Hampumep -
TUTPOBaHUE).

[IocKOJIbKY KOHLEHTpPAalMX BeLeCTB M0 XOJy peaKLuU
HeNpepbIBHO MEHSIOTCS, HEOOX0JUMO OBbICTpPOE U3MepeHUe (MEeTOAbI
OU3NKO-XMMUYECKOr0 aHasu3a), JUO0 TOpMOXXeHHe peaKIuu B
npo6e, B3ATOH /151 aHa/IU3a.

3KCHepI/IMeHTaJIbeIe METOAbI Oollpeaec/ICHUA NNopAAKa peaKum‘/i

Jna onpejesneHWsa nNopsAAKa peakUUUM HeO0OXOAMMO HMETb
3KCIepUMeHTa/bHble JaHHble 00 H3MEeHEHUM KOHIeHTpaluu
pearvpymwoiiMx BellecTB BO BpeMeHU. Ha OCHOBaHMHM 3THX JaHHBIX
MOXHO HECKOJIbKUMHU MeTOJlaM{ YCTaHOBUTD NOPSAA0K peakyuu. [Ipu
3TOM 4acTo GbIBaeT MOJIE3HBIM NMpPHUeM, NpeiokeHHbIH OCcTBa/IbA0M
- MeToJ, u3osupoBaHus OcTBasbja HWJIM MeTOJ U30BITOYHBIX
KOHLIEeHTpaLHH.

PaccmoTpuM GopMasIbHO NMPOCTYIO PeaKLMIo N1-ro NopsajKa o
BelecTBy A, U n2 — 1o A,
a,A, +a,A, > npodykmeol (35)
3aBUCUMOCTb 3TOW peakluud OT KOHIIEHTPALUH HCXOJHbIX
BEIeCTB ONKChIBAETCH BbIPXKEHUEM
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sl dé [
—-a, dt

kc,"c,™ (36)

061Ut cyMMapHbIN NOPSJ0K PeaKLMH PaBEH CYMMe MOPSIKOB
peaknMu IO OTJAeJbHbIM MCXOAHBIM BellecTBaM: n=n, +n,. Ecau
peakuus (36) ABaseTCA 3JeMeHTapHOW UK GopMasbHO NPOCTOH, HO
NOAYMHSIETCS KHUHETHYEeCKOMY YypaBHEHUIO [Jisl 3JIeMEeHTapHOHU
peaknuy, TO TOpsAJOK no BemectBaMm A, u A, paBeH
CTEXUOMETPUYECKUM Ko3dPUIlMeHTaM B ypaBHEHUU, a OOIIUU
NOPAZ0K paBeH UX CyMMe a =4, +a,.

[IpoBenem peakyuio (35) cHayana B yCJA0BUAX, Korja
KOHIIeHTpallUsl MCXOJHOrO BellleCTBAa A, IO CpaBHEHHIO C A
n36biToYHaA. T. e. cyMTaeM, 4TO NMPU NPOTEKAHUM PEAKLUH MeHseTCs
TOJIbKO KOHLIEHTpaLusa BellecTBa A;, a KOHLleHTpauusa BellecTsa A,
ocTaeTcsl TMpPaKTUYEeCKU TMOCTOSHHOM U €e MOXXHO BBECTH B
NOCTOSIHHbIN K03 PunmeHT. [Ipu 3TOM ypaBHeHHe (36) NpUMET BU/

dc b
_d_tl =kc,", (37)

rae k, =a,kc,,”.

3aTeM MPOBOAMM peaKLMI0 NpH U306bITKe BelecTBa 4,. Torga
NoJiy4yaeM ypaBHeHHE

dc .
_d_tz = kzc(n * (38)

rae k, =a,kc,,".

Eciu onpejielMTh NMOPAAOK peakUu M0 JaHHOMY HCXOJHOMY
BELIECTBY, TO MOXHO ONpPEeJAEJUTh OOLUN MOPSAAOK peakuud W 10
ypaBHeHHAM (37) u (38) MOXHO BBIYMCAUTBL k; U k,, a 3aTeM H
KOHCTAHTY CKOPOCTH peaKI[uu

ks _ % o (39)
a1C02 ’ a2C01 '
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Cnocobbl pacyeTa Hopsiika peakLMy MO JAaHHOMY BeleCTBY
nojipas/ienaTca Ha fuddepeHIabHbIE U UHTETPalbHbIE.

JUPSEPEHIIUA/IbHBINA CIIOCOB

[Ipy pacyeTax 3TUM CIOCOGOM HCIOJIB3YIOTCA pacyeTHbIe
JlaHHbI€e /11 3aBUCMMOCTHU CKOPOCTH peakL Uy OT BpeMeHHU. Ha onbiTe
N0JIy4aloT 3aBUCHMOCTb KOHLIEHTPALlMK OT BpeMeHU (KMHEeTHUYeCKYI0
KpuBy10). CKOpOCTb peakLUH onpejenseTrcd Mo TIpaduKy 3TOH
3aBUCHMOCTU NpU mnomolnu rpadudeckoro audpdepeHIIUPOBAHUS.
TaHreHc yryia HaK/JIOHa KacaTeJIbHbIX, IPOBE/IEHHbIX B pa3HbIX TOYKaxX
K KHHETUYECKON KPUBOMW, paBeH NPOU3BOJHON OT KOHLEHTPALHHU 10
BpeMEHH, T. €. paBeH CKOPOCTHU peaKLMU M0 JaHHOMY BellecTBy B
JlAaHHbIA MOMeHT BpeMeHH. CKOpPOCTh peakUuH MO0 [JaHHOMY
BellleCTBY, HallpuMep IO BelllecTBy A, paBHa

w, ke, (40)
I[IposiorappMUpOBaB 3TO ypaBHEHHUE NOJIydaeM
Inw, =Ink, +n,Inc, (41)

Ha rpad)mce B KOOpAHWHATAax 1I’lW1 —11’16‘1 ONIBITHbIE TOYKH AJIA

pa3/IMYHbIX MOMEHTOB BpeMeHH, B CJy4ae CIpaBeAJUBOCTU
ypaBHeHusi (41), A0/oKHBI pacnoJiaraTbCsl Ha NOPSIMOM  JIMHUM.
OTpe3ok Ha OCHM OpJMHAT Ha 3TOM rpaduke AaeT 3HayeHue Ink,, a

TAHTE€HC yIJla HaKJOHa MNPAMOW paBeH MNOPAAKY peaklud n, I0
BelecTBy A, .To4HO Tak»e MOXKHO onpezeauThb k, U n,.

Eciu TOYKH, Hap’lﬂeHHbIe 10 ONBITHBIM JAaHHBIM, He
pacnoJiararoTcd Ha HpHMOﬁ, TO 3TO yKa3blBA€T HaA TO, 4YTO
ypaBHEHI/Ie(41) HE COOTBETCTBYET OIIbITHbIM JAaHHBIM, T. €. CKOPOCTb
peakKour 3aBHUCHUT OT KOHLEHTpPAMKU PACCMATPHUBAEMOr0 BelleCTBa
1o 60JIee CJI0XKHOH 3aBUCUMOCTH.
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HUHTETPAJIBHBIE CITOCOBbI

Cnnoco6 nmoJCTAaHOBKH

CyTb  pmaHHOro  cmocob6a  COCTOMT B  IOJICTaHOBKE
3KCIIEPUMEHTA/NbHbIX JJAHHBIX MO0 KOHIIEHTpPAIlu¥ BELIeCTB AJIs
Ka)kKZIoOTO MOMEHTa BpPEeMEeHU OT Hayajla pPeaKlIMd B KHHETHYEeCKHe
ypaBHeHHUs] peaKUUi pasJMYHbIX MOpsAKoB. [lopsoK peakiuu
COOTBETCTBYET TOMY KUHETHYECKOMY YpaBHEHHIO, [IJisl KOTOPOTO MpH
pa3/IMYHbIX Haya/lbHbIX KOHI[EHTPAIUSIX HCXOJHBIX BeEIlleCTB U B
pas/jiMuHble MOMEHTbl BpEMEHH TpH 3aJaHHOM TeMIepaType
BeJIMUMHA KOHCTAHTbI CKOPOCTH 6Y/IeT OCTAaBaThCS NOCTOSTHHOM.

I'padpuyecknii cnoco6

[lepenuuieM KUHeTUYECKHME ypaBHEHUS [Ji  peakUuu
Pas/IMYHBIX MOPALKOB B CI€AVIOILEM BU/JIE

c=c,—kt,n=0 (42)
Inc=Inc, —kt,n=1 (43)
l=l+kt,n:2 (44)
g ¢,
1 1
?:C_2+2kt’n:3 (45)

0

[Io ONBITHBIM JaHHBIM CTPOAT rpadUKU B KOOpAMHATAX C—t;
1 1

Inc-t; ——t; — —t. Kaxpoe KWHeTHYECKOE ypaBHEHHUE IaeT NPAMYI0
c c

JINHUIO TOJIbKO B COOTBETCTBYIOIUX KOOpAuHaTax. Eciu, HanpuMmep,
ONBITHbIE TOYKH PACHOJIOXKU/IMCh HA NMPAMOW JIMHUMU Ha rpadpuke B
KoopAuHaTax Inc—t, a Ha pyrux rpagrkax NoJay4YUJIUCh KPUBbIE, TO
3TO YKasblBaeT Ha TO, YTO paccMaTpuBaeMasl peakLus — peakLus
nepBoro nopszka. [lo yrnmoBoMy koappuieHTy 3TOMU NPSIMOM MOXKHO
onpeJeJMTb KOHCTAHTY CKOPOCTH peaKLhH.
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Cnoco6 onpejeeHus NOPAAKA PEeaKI[UH [0 NEPUOAY
moJiypacnaja.

[loacraBasaa ¢=0,5c, B KUHeTHYeCKHe ypaBHEHHUA [JId
pas3JIMYHBIX NOPAAKOB N0Jy4aeM

kt,,=0,5¢, mpu n=0 (46)
kt,,=In2 mpu n=1 (47)
ktl/Z:l npu n=2 (48)
CO
3
kt1\2=2C—2 IpHu n=3 (49)

0

[IpoBOAMM HECKOJIbKO OMNbITOB MPU pPa3JMYHbIX HadyaJbHBIX
KOHILIEHTpaLUsAX U onpezessieM BpeMs IoJypaclaja UCCIeAyeMoro
HCXOAHOro BelllecTBAa. Kak BUJHO W3 3TUX ypaBHeHUH, npu n=0
BpeMsi MoJypacnaZa 3aBUCUT OT HayaJbHOM KOHLEHTpALUHU
MCCIelyeMOro BelllecTBa B IepBOM CTeNeHH, pU n=1 — He 3aBUCUT
OT HayaJIbHOW KOHIIEHTpPAalUH, NPpU Nn=2 — 3aBUCUT OT HadaJlbHOU
KOHIIEHTpaluu B cTeneHu (-1), npu n=3 — B creneHu (-2). Takum

06pasoM, M0 XapaKTepy 3aBUCHUMOCTH t,, OTC, MOXKHO JIETKO

onpene/IMTb NOPAAOK peaKIIUH 110 BEIECTBY.

B o6uwem ciaydae, JJig peakUUu Nn-ro Nopsifika, 3aBUCUMOCTb
nepuojila mnoJiypacnajia OT HayaJlbHOW KOHIIEHTPALUU HCXOJHOTO
BellleCTBa UMEeT BU/J,

_ const

1/2 — n-1
CO

rze const 3aBUCHT OT N U MOXKET ObITh JIETKO ONpeJieseHo [Jis JTII0O0T0
n. [lposiorapuMrpOBaB 3TO ypaBHEHHE NPH ABYX 3HAYEHUSX C, U t,

(50)

W BBIYTS K3 BTOPOTO IepBoe, Mocje HeOOoJbIINX Mpeo6pa3oBaHUM
IOJIYYHM BbIpaXKeHHU e
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"

2 —Int

Int 1 /2'

n +1 (51)

"

’
Inc, —Inc,

BMecTo BpeMeHH, 3a KOTOpOe IIpopearupyeT IOJIOBHHA
MCXOJHOTO BeLIeCTBA, MOXHO 6paTh BpeMs, 3a KOTOpoe

1 1
npopearupyer §(t1/3),§(t1/5) AU T. [A. HCXOJHOrO KOJHYeCTBa
BelleCTBa.

MeTtoa Baut-T'odpdpa

[IpoBo/isi peaknMio C JABYMsl Pa3JMYHbIMH KOHILEHTpALUSIMH
OJIHOTO M3 KOMIIOHEHTOB (C HCII0JIb30BAaHHEM MeTO0/la U30JIMPOBaHUS
OctBasnbga), wuad 6GepyT Bce BellecTBA B 3KBUBaAJIEHTHBIX
KOHIIEHTPAUAX W HPOBOAAT OMNBIT C Pa3JUYHBIMM HavyaJbHBIMH
KOHILIeHTPaLUAMHU C,, U Cy,. TOrJa nosyyaeM BblpaxkeHHe

Inw, —Inw.
o : 1 . (52)

nc,, —Inc,,
raen, — YacTHbIM TNOPAAOK 10 KOMIIOHEHTY, HadaJbHasd
KOHL|EHTpalusaA KOTOpOro c,; @ W @, — HWCTUHHbIE CKOPOCTH

peaknny, COOTBETCTBYIOIINE Ha9a/IbHBIM KOHLOEHTPALUAM Cy; U Cg,.
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JIABOPATOPHAA PABOTA Ne1. UCCJIEAOBAHUE
KMHETHUKHU OMBIJIEHUA d9PUPA IIIE/IOYbIO METOA0M
KOHAYKTOMETPUHU

KPATKHUE TEOPETUYECKHUE CBEAEHUA

OMbLIEeHHE CIOXKHBIX 3QUPOB IeJI0Ybl0 MHPOTEKaeT Kak
KUHETUYECKH HeoOpaTuMasi peaknus. [IpoaykTamMu ee SIBASIOTCSA
CIIUPT U COJIb COOTBETCTBYIOIIEN KAPOOHOBOM KUC/IOTHI:

R'COOR"+NaOH= R'COONa+R"OH

Jlnsg 3TOM peakIUH ONBITHBIM IIyTeM HaWAEHO CcCJejylollee
KMHETHYECKOE YPaBHEHHE:

w=kc,c,,

TJle C> U Cu — MOJISIpHble 00'beMHble KOHLIEHTpaLuu 3dgupa U 11e1041
COOTBETCTBEHHO; kK — KOHCTaHTa CKOPOCTH UCC/IelyeEMOW peakLuu; w
- e€ CKOpOCTb.

Beipaxass w , ¢; U Cy 4Yepe3 IJyOHMHY NPOTEKaHUS peaKkLUH X,
noay4yuM fuddepeHnmaibHOe ypaBHEHHEe BU/a:

TJle C50 U Cuo — KOHIlEHTpauuu 3dupa U 1IeJOYU B HayaJbHbIU
MOMEHT BpEMEHHU.

WUuTerpanbHasg ¢opma ypaBHeHus (1.12) 3aBUCUT OT
COOTHOIIEHUSl Haya/IbHbIX KOHLEHTPALUHUH Cs0 U Cuwo. [IPU €50 # Cuwo
MHTEerpupoBaHHue 3TOro ypaBHeHUs B npejeax oT 0 go Tt 1 oT 0 1o X
IPUBOJUT K BbIpaXKEHUIO

Cpo—X c
ln( — J =kz(c,,—C,0)+In—22
Ca.O —X Cs,O
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C.g—X
Kak BUAHO M3 MosiyueHHOro ypaBHeHus In| -2 — | gpigeTca

C.,—X

2.0
JIUHEWHOW QYHKIUMUEN BpeMeHU T C VYIrJOBbIM K03hPUIIMEHTOM
a = k(cuw,o0-C50). ITO O0OCTOATENBCTBO MO3BOJIAIET  OINpPeAeJUTh
KOHCTAHTY CKOpocTH K rpaduyecku mo yrjioBoMmy kKoadPuuHUeHTy
k = a/(cu,0-C50).

Pacyet yrsioBoro koapduipeHTa a npou3BoAUTCs o Gopmy.ie:

C,o—X C,o—X
In| 22 = || —n| =0~
Coo =X )| C,o—X

)

1

_Tl

[Ipu ¢5,0 = cw,0 UHTErpPAJIbHOE YPAaBHEHUE UMEET BUJ,

L =kz'+L

C o—X C

1,0 11,0

YpaBHeHUe MNpejCcTaBJseT COO0W JIMHEHHYI0 3aBUCMMOCTb B

1 S .
KOOpAHWHATAaX ———— OT BPEMEHHU T, YIJIOBOHU KOB(l)(bI/IL[I/IEHT KOTOpOH
—X
1,0

paB€H KOHCTAHTE CKOPOCTH.

Jnsi pacyeTa KOHCTAHTbl CKOPOCTH peakliMd HeobX0JWMO Ha
OTbITe ONpe/ieJIUTh 3aBUCMMOCTb KOHI[eHTpaluX 3gHpa U 1eJI0YU OT
BpeMeHM IpHU 3aJlaHHOM TeMneparype. B naHHo# paboTe 3Ta 337ja4ya
pellaeTcsi C IOMOILbI0O KOHAYKTOMeTpUYecKkoro meto/a. Huxke naercs
BbIBOJ HEOOXOJMMBbIX COOTHOUIEHWM JJis pacyeTa KOHIEHTpaluu
peareHTOB 10 IAHHBIM KOHAYKTOMETPHUYECKUX U3MEPEHUH.

3anuuieM  CTEXHOMETPUYECKOe YpaBHEHHE HCCIeLyeMou
peakI Uy B MIOHHOU popMe:
R'COOR"+0H- =R'CO0- +R"OH

HeTpyaHo BUETH, YTO B XOJle peaKI[UM KOHIIEHTpAIMs HOHOB
rUIpoKcHaa yobiBaeT, a koHieHTpanus R'COO- HOHOB BO3pacTaer.
Yto KacaeTcs KOHLEHTpaUud HOHOB Na*, TO OHa oOcTaeTcs
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HeusMeHHOU. [logBm:kHOCTh OH- -MOHOB 3HAUMTENBHO NPEBOCXOLUT
MOABMXKHOCTE HOHOB R'COO-, mM03TOMYy 3JIEKTPOIPOBOHOCTD
pacTBopa C TedyeHHEM BpeMeHMU IMajaeT. ITO OOCTOATENbCTBO HU
CIY?’KUT OCHOBOM NpPHUMEHEHUS KOHAYKTOMETPUM AJI UCCIe[J0BaHUA
KMHETHUKH peaKI 1.

YaenbHYI0 3/IeKTPONPOBOJHOCTb K MCC/AEyeMOro pacTBopa B
JII060M MOMEHT BpEMEHHU T, OTJIMYHbIN OT 0 ¥ 00, MOKHO NIPE/ICTAaBUTH
KaK CyMMY TpeX cJlaraeMbIX, O/JHO U3 KOTOPbIX 00YCJIOBJIEHO HOHAMU
Na*, apyroe nonamu rugpokcuga OH- u TpeTbe nonamu R'COO-:

x(7)= Kon T Kpcoo- 1 Kyar

YaenbHast  3JIEKTPONPOBOJAHOCTb CBsi3aHa C  MOJISIPHOMH
KOHIIEHTpaliiei COOTHOIEHUEM:
K=Ac
rae A - DOJABUXXHOCTh MOHa.
B COOTBETCTBUHU C 3TUM yPaBHEHHEM MOKHO 3aMKUCaATh:

K(T) = //LOH’COH’ A AR'COO’CR'COO’ { iNa* CNa*

Eciu CyMMapHad KOHLEHTpaluud HMOHOB HEBEJIMKd, TO MOXHO
[MPpUHATDL, 9YTO NOABUXHOCTb HOHOB JII060r0 BHUJa B XO0J€ peaKLHHu

OCTaeTCsl NOCTOSSHHOW U PaBHOW UX NpeJe/IbHOM MOJBUXKHOCTH MpHU
6eCKOHEeYHOM pa3Be/leHUH.

Torpa usMeHeHHe yAebHOW 3/1€eKTPONPOBOJAUMOCTH pacTBOpa
@T CO BpeMeHeM OO0yCJIOBJIEHO JIMIIb U3MEHeHHWeM KOHLeHTpaluu
HMOHOB 3a CYeT peakLUW. B fanbHellleM uMMeeTcsa B BHJY HWMEHHO
3TOT CJIy4Yaw.

CorsiacHo CTEXUOMETPUYECKOMY YPABHEHUIO pEaKIIUH

=X.

Chat =Cumor Cop- =Cumo =X Cpigo =

Na OH

HO,E[CTaBJIHH 9TH 3Ha4Y€HHA KOHL[EHTpaL[I/Iﬁ HNOHOB B
npeabiayuiee ypaBHeHue, NoJiyd4uM

x(7)= (;tNa+ + Ao )Cm,() - (/101-1* ~ oo )X
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B HayasibHBIA MOMEHT BpeMeHHU X = 0 U, c/ieJoBaTeNbHO,

K = (A + Aoy )Cuso-

Torpa:
K
( Na* X OH’)
X = KO i Kr

/101-1* - ﬂR'COO’

K, K,— K
w0 X =TT

var T Mo oH"  “R'CO0

Ecnu ¢s0 = cwo, TO KOHLeHTpauuss 3dupa (c;0-X) B Jiob6ou
MOMEHT BpEMEHHU COBIA/IAeT C KOHIIEHTPalen meJa09H (Cu,o — X).
[IpH €50 < w0 peaKLMs 3aBepUIAETCS MOJTHBIM HCYEPIIbIBAHUEM
adupa (¢ = 0), c/ieL0BATENBHO, Xoo = C5,0, YTO MO3BOJISIET 3AMUCATD:
K, — K
Cs = 0 0
A —A

OH™ R'CO0™

Il Ko — YZeJbHas 3JIeKTPONPOBOJHOCTb PAacTBOpA M0 OKOHYAaHWUU
peakuuu.

Takum 06pa3oM, IPU YCJOBUH C5,0 < Cy,0 KOHLLEHTPALUH 11[eJI09H
(cwo - X)u adupa (cs0-x) B JIIOOOH MOMEHT BpPeMEHU MOTYT ObIThb
paccyuTaHbl C MOMOLIbIO JJAHHBIX ypaBHEHUH. JlJ1s1 3TOr0 J0CTaTOYHO
Ha ONbITE U3MEPHUTH Y/EJbHYI 3JeKTPONPOBOJHOCTH pacTBoOpa B
pas3jidyHble  MOMEHTbl  BpeMeHMU. 3HayeHUs  NpejiesibHbIX
noABwxkHOcTed wHoHoB Na*, OH- u R'COO- mpu pasinyHbIX
TeMIlepaTypax ONpe/lesIsAI0TCs 10 CIPABOYHUKY.

OTMeTHM, 4YTO /I pacyeTa KOHIeHTpauuud 3dupa 1o
NpUBEJIeHHOMY YpaBHEHHIO HeO6GXOJMMO 3HATh Ko , YTO HE BCerja
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BO3MOXHO. Bompoc 3HauWTe/NbHO YINpPOIIAETCs, €CJAM HadaJbHas
KOHIleHTpanus 3¢upa U3BeCTHA 3apaHee.

Torpaa,
KO n Kr
Catb,O —X= Cad),O - ﬁ, _ ﬂ,
OH™ R'CO0~

M, CJeJloBaTeJIbHO, OTMaJaeT Heo6X0JMMOCTh OXHJAaHUSA KOHIA
peaKIUH.

HayasnbHyro KOHIeHTpauui 3dupa MOXHO paccyuTaTb IO
KOJIMYECTBY BBEJIEHHOTO B PAacTBOpP 4YMUCTOro 3dupa € MOMOIIbIO
dbopmMyJibl
_Vp,

C3
MV,

rae Vs — 06'beM kUJKOro 3gupa, U3MepeHHbIM NpU OlNpee/eHHON
TeMIlepaType; P> — €ro MJOTHOCTb NMPH TOW ke TeMmmnepatype; M -
MoJsibHass Macca 3dupa; Vp - o6beM pacTBopa NpU TeMmieparype
OMbITA.

Ecniu ke 50> cwo, TO peakyys 3aBepllaeTcs NpPU IOJHOU
BbIpaboTKe wIeN04Yu (Cu. = 0). UTO e KacaeTcl KOHLLEHTpaLUHu
adupa, To AJA ee pacyeTa, BOOOIe roBOps, HEAOCTATOYHO OJHUX
KOH/JIYKTOMETPUYECKUX U3MEPEHUH.

INEJIb PABOTbI

Onpezie/lMTh KOHCTAHTYy CKOPOCTH W 3HEPTUI0 aKTHUBALUHU
peaki My oMblieHUs 3¢upa 1eJ104Ybl0 METOL0M KOHAYKTOMETPHUHU

OBOPYJAOBAHHUE

—YyebHo-1a60paTopHbii Moayab «K KWHETUKA»
—KoHayKTOMeTpUYeCKUH JaTYMK
—TepMogaTuuK

—CeTeBol Kabesb
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—MarxauTHas MemaJjaka
—MH3BiekaTes b MATHUTHON MelllaJKU

PEAKTHUBbBI N I1I0CYJA

—IIpombiBasKa C AUCTUIIMPOBAHHOM BOJOW
—CrakaH4uk TepMocTkuil 100 M

— /lucTuIMpoBaHHad BoJa

—YKCYyCHO3THJIOBBIN 3G U

—Boanblil pacTBOp rujipokcuia HaTpus, 0.015 mosb/n

NOPAAOK INIPOBEAEHUA PABOTBI

OnbIiT N21. OnpeesieHue KOHCTAHTHI ckopocTy nipu 30°C

BHyTpeHHI010 €MKOCTh TepMocCTaTa 3alMOoJIHAIOT
JUCTUJJIMPOBAaHHOU Booi. O6'beM BO/Ibl PETYIHUPYIOT MPHU MOMOIIU
PE3WHOBOM TPYIIM TaK, YTOObI MPU yCTAaHOBKe cTakaHa Ha 100 mu
BHYTpPb TepMOCTAaTa YpPOBEHb TEPMOCTATUPYIOILENH >KUAKOCTH
3aHUMaJ % BbICOTHI CTaKaHa. B TIiaTe/bHO MPOMBITHIM CTaKaHYMK Ha
100 mMJs1 moMelarwT YyKa3aHHbIM NpenojiaBaTeseM OOBbeM Ie/04YHd
(HampuMep, 50 ™). 3aTeM B CTakKaHYMK I[MOMEIIAOT MarHUTHYIO
MellaJIKy W YCTaHaBJMUBAOT €ro BHYTPH TepMocTaTa Yy4eOHO-
J1abopaToOpPHOro MOJyJisl B IIeHTPe ero BHYTPeHHEN eMKOCTH.

KoHAyKTOMETp M TepMOJATYMK 3aKpeIUIAIT B JIalKax
IITaTUBOB MO IIEHTPY CTaKaHa TaK, YTOObI OHU He KacaJMucChb ero JHa.
Jlanee faTYMKHU COEIUHSIOT C MMOMOIIbI0 COEJUHUTENBbHBIX POBO/IOB
C y4e6HO-/1ab0opaTOPHBIM MOJIYJIEM.

BeioupaoT TuUn askcnepuMeHTa KuHeruka. Ha Bkiajke
Ycrpouctea BoiOGupawT gatuuk YIMN u Tepmopatumk.
Pe3ysibTaThl U3MepeHUsI MOXKHO BH/IETh BO BKJIaJike USmepeHume.

3aTeM TepMOCTaT BBICTaBJAAKT Ha TeMmneparypy 30°C wu
BKJKOYAOT MellaJKy Ha ckopoctb 1 wau 2. Ha Bkiagke
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UamepeHume 3ana0T uHTepBas uaMepeHuil 60 cekyHz, a obiee
KosinyecTBo Touek 30.

[lo fgoCTMXKeHHMU  33JlaHHOM  TeMIepaTyphbl,  KOTOPYIO
KOHTPOJIUPYIOT C TOMOIIIbI0 TEPMOAATYUKA, B CTAKAHYUK JJ00ABJISAIOT
yKa3aHHbIA NpenojiaBaTteseM 060'béM adupa (Hanpumep, 5 mu). Cpasy
Ke mocsie Ao6aBieHuss 3dupa HaxkumarT kHonky 3AMUCH. Tlo
3aBepIIeHUHU 3aNKCH JJaHHBIX MIPOCMOTPETDh pe3yJibTaTbl U3MEPEHUN
MOXXHO BO BkIaZike Pesynbrarbl. KoHCTaHTY CKOpOCTH HpH
3aJlaHHOM TeMIlepaType ONpeAesioT TpadUUYecKUM CIOCOOOM.
WcxoHble MaHHbIE 3aBUCUMOCTH Y/€JbHOU 3JIEKTPONPOBOJHOCTH
pacTBopa OT BpeMeHM MOXKHO yBHJEeTb Bo Bkjajke [padpmkm.
Pe3ysibTaThl M3MepeHUN 3aNMUCBIBAIOT B TETPajb WJMU NMEPEHOCAT B
3JIeKTpoHHYW Tabauny Excell B koTopod o4eHb yA06HO
06pabaThIBaTh IKCIIepUMeEHTAIbHbIE JaHHBIE.

OnbiT N22. OnpeesieHHe KOHCTAHTBI CKopocTy nipu 40°C

B onbiTe N°2 npoBOJSIT 3KCIEPUMEHT M0 METO/IUKE, YKa3aHHOHU
B onbiTe N21, HO BMecTo TemmnepaTyphbl 30°C B TepMocTaTe 3aJal0T
TeMmnepatypy 40°C.

[To OKOHYaHWU U3MEPEHUH OMpPeJIeIAIT KOHCTAHTY CKOPOCTHU
IpuU BTOpPOH TeMmIepaTtype rpadudyeckum crnoco6om. [lo gByM
W3BECTHbIM KOHCTAHTaM CKOpPOCTH TNpH JByX TeMIlepaTypax
aHAJIMTUYECKH PaCCYMTHIBAIOT IHEPTHUIO aKTUBAI[UU PEAKI[HH.
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JIABOPATOPHAA PABOTA Ne2. UCCJIEAOBAHHE
KHMHETHUKH PA3JIOKEHUA NTEPOKCUAA BOAOPOJA
IFABOMETPUYECKUM METO/IOM

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

B pa60Te HN3y4al0T PpeaKHI0 pa3J0KEeHHA [TepeKnuCru BoAOPpOoaa
2H202 —2H20 + O

B IPUCYTCTBUM KaTaJU3aTopa — BOAHOTO pacTBopa 6uxpomaTa Kaaus
(K2Crz207.). Katanutuyeckum aerdcTBueM 06s1aar0T HOHbI Cr2072-.

JenicTBUe KaTaJus3aTopa MOXKeT ObITb MPOCJIEXKeHO 10
M3MEHEHHI0 OKpPAaCKH peaKIIMOHHOrO0 pacTBOpPa, TaK KaK MCXOJHbIE U
IpPOMEXyTO4YHble NPOAYKTHI OKpaueHbl pasaudHo. Honbl Cr207%
MMEIOT >KeJITO-OpaHXXeBYI OKpacKy, a HoHbl Cr2072- — 3esieHO-
OpaHXeBYIO.

[Ipy 3aBeplLIeHUM Hpolecca pas3/ioKeHUsl NepeKUucHd BoA0poJa
IepBOHAYa/ibHAsl OKpacka pacTBOpa KaTajlu3aTopa IOJIHOCTbIO
BOCCTAHABJIMBAETCSl, KpOME TOTO, MpeKpallaeTcs BblJeJIeHue
My3bIPbKOB KUCJI0POAA.

PeakIiusi MpoTeKaeT B ZiBe CTaIUU:
1. 2H202 + Cr2072- — Cr2092- + 2H20
2. Cr2092- = 02 + Cr2072-

HccieoBaHMe KMHETHKU PeaKIUM MPOBOJUTCS C MOMOIIbIO
M3MepUTEJIBHOTO JAaTYHMKa 06'beMa BbIe/IAIIIEerocs ra3a Kucjaopoia.

IEJIb PABOTbI
OnpezsesuTe MOPAJOK M KOHCTAaHTYy CKOPOCTH peaKIiuu
KaTaJIMTU4YeCKOI 0 pasJioKeHUsd nepokcuza BOJIOpO/A

ra3aoMeTpuieCKMM MeToJ0M

37



OBOPY/IOBAHUE

—YyebHo-1abopaTopHbiil MoAyIb « KUWHETUKA»
—CeTeBoH KabeJb

—/JlaTyuk 06'bEéMa

—MarsuTHas MemaJjka

—HW3ByekaTe b MarHuTHON MellaJIKU
—IIpobupkoHarpeBaTeb

PEAKTHUBBI U I10CY JA

—IIpoMbIBaJiKa C AUCTUIIMPOBAHHON BOJIOU
—IIpo6upka c ra300TBOJHOU TPYOKOH

NMOPAAOK ITPOBEJAEHUA PABOTBI

OnbIiT N21. [lolyyeHHe KWHETUYeCKUAX AAHHBIX

JlaTyuK oO6beMa M peaKIMOHHYI0 NPOOUPKY 3aKpemJsioT B
JankKax  WTaTUBOB.  JlaTYMK  COEAMHAKT €  IOMOIIBIO
COEJUHUTEJILHOTO MPOBOJA C Yy4eGHO-Ja60pPaTOPHBIM MOJYJIEM.
Boi6uparoTr Tun 3kcnepuMmenta KuHetuka. Ha  Bruagke
YcrpomucTBa BhIGUPAOT JaTuvK JaTuymMk ob6béma. PesyibTarhl
M3MepeHHUsI MOKHO BH/IeTh BO BkJaJike UamepeHume. Ha Bkiajke
UamepeHue 3anaoT uHTepBas usMepeHuit 60 cekyHz, a obiee
KoJsinuecTBO Tovyek 30.

3aTeM B peaKIMOHHYI0 IPOOUPKY NpUAUBAIOT 1-3 MJI pacTBOpa
KaTajusaTopa, a 3areM 10 M pab6oyero pacTBopa NepeKHcH
BOJOPOJla, OTMEPEHHOro C TIOMOLIbI0 PY4YyHOro J03aTopa.
PeakiMuOHHYI0 TpPOGUPKY OBICTPO 3aKPYYUBAIOT CIelHaJbHOU
KPBIIIKOW C Tra300TBOAHOM TPYOKOW M COEAUHSIOT pPE3UHOBBIM
IIJIAHTOM C JAaTYUKOM 06GbeMa BblJle/IUBLIErocs rasda. JTOT MOMEHT
CYMUTAIOT HAYaJIOM OIbITA.
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Cpasy ke nocJjie coeiJMHEHHU LJIaHTa C MPOOUPKON HaXKUMAIOT
kHonKky 3AIMWUCD. Tlo 3aBeplieHUH 3aMUCH JAHHBIX MPOCMOTPETH
pe3yJIbTaThl U3MEePEeHUH MOXKHO BO BKJIaZike Pe3ynbrarbl.

OnbIiT Ne2. [IpoBeaeHUe peaKiuy 40 KOHIA

Janee cocys ¢ peakLMOHHOM CMeCbl0 IIOMELIAIT B
HarpeBaTe/Jb MNPOOUPOK [AJs1 OBICTPOTrO [AOBeJileHUsl peakLUud [0
KoHIa. TemmepaTypa B MpoOHMpKOHarpeBaTesje He JOJDKHA
npeBbimiaTh 70..90°C. PeaklMOHHYI0 NPOOGUPKY BBIJEPXXKUBAKOT B
npo6UpKOHarpeBaTeJie 10 Tex Nop, T0Ka He IPeKpaTUTCS BblJieJIeHue
Iy3bIPbKOB KUCJI0POJia U He BOCCTAaHOBUTCSA NepBOHAYa/IbHbINA IBET
pactBopa (5...10 MUHYT).

[Tocne s3TOro peakMOHHBIN COCY/l OXJAXKAAKT 0 KOMHAaTHOH
TeMIlepaTyphbl N0/ X0JOJHON MPOTOYHOU BoAoH. [lociie oxnaxaeHUs
COEP>)KUMOr0 MPOOHUPKHU 3aMMCbIBAOT KOHEYHOE M0Ka3aHUe 06'beMa
KHCJI0PO/a.

Pe3ysbTaThl H3MepeHWW 3alUCBIBAOT B TeTPajib WIH
NepeHoCcdaT B 3JIeKTPOHHYI0 Tabsuiy Excell, B koTopo# oueHb y106HO
06pabaThIBaTh IKCIIepUMeEHTAbHbIE TaHHBIE.

PEKOMEHJALIUH 110 0®OPMJIEHHUIO OTYETA

[TocKoIbKY 06'beM BbI/I€JIMBLIEr0CsI KHCJI0pOoAa
NPONOPLMOHAJNIEH  KOJUYECTBY  HM3PACXOJOBAaHHOTO  IepOKCH/A
BOZIOPO/Ia, TO CIIPABE/JIMBO COOTHOLIEHHE:

(==
HO2 . 0
V(XD

JKcrepuMeHTaJbHble JlaHHbIe MIePeBOJAT B rpadpudeckuil BUA,
['paduk cTpoaT B koopauHatax c(t). Heo6xoaMM0O OTMETUTD, YTO B
BepXHeld dYacTh 3Toro Trpaduka TMepBble TOYKH OTPAKAIOT
nepexoJHble IMpOLECChl, U JesaTh ONMUCAaHHble Jajiee MOCTPOEHUs
c/leilyeT nocJjie OKOHYaHUS NePEX0/HbIX IPOLECCOB.
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C moMoupio rpaduka pacCUUTHIBAOT MOPSAAOK peakuuu n U
KOHCTAHTY CKOPOCTH K peakyUuud B KHHETUYECKOM YpaBHEHUM.
CHayana HaxoZAT TMOPAJOK peakKLUMU N, UCHOJAb3ySd METO[
No/iICTAHOBKU. B JlaHHO#N paboTe mpepJsaraeTcsi B pacyeTax B3SThb
JIOJII0 TIpeBpalleHus, paBHyw 1/3. MeTojuka pacyeToB CBOJUTCA K
cleAyrolemy.

1. B cpepgHeit HaubGosiee MHPOpPMATUBHOM 4YacTu rpaduka
HaMeTUTb TPU 3HA4YeHUS TeKyllled KOHLEeHTpauuu IepeKUcH
BOJZIOpPOJA: Co,1, Co2 U Co3. YA,00HO /Il pacyeTOB, €C/IM 3TH 3HAYeHUs
OyAyT NpeACTaBJATb COO0U 4HCJa, KpaTHble TpeM, Hanpumep, 0.18,
0.15 u 0.09.

2. PaccuvTaTh 3HaYeHUS KOHIIEHTPALMH C1, C2 U C3:

c. = 2 c
i 3 0,i
3. C momo1ipio rpadrka HAWTU MOMEHTHBI BpEMEHH To,1, T0.2, T0,3,
COOTBETCTBYIOIIME BbIOPAaHHBIM 3HAYEHHUSAM KOHIIEHTPALMH Co,1, Co,2 U
Co3, 3aTeM ONpeJleJUTb MOMEHTbl BpeMeHU Ti1, T2, T3,
COOTBETCTBYIOIME KOHLIEHTPALUSM C1, C2 U C3.

4. HaliTu MHTepBaJsibl BpeMEHHU T1, T2, T3, 32 KOTOpPbIE TeKyllas
KOHLIeHTpaLys epOKCH/ia YyMeHbIINIach B TPU pasa.

5. HaiijeHHble 3HaueHUs TMOJACTAaBUTb B ypaBHEHHUE,
NOJIyYeHHOe U3 NMpeobpa30BaHHOI0 KMHETUYECKOTO ypaBHEHHUS JJis
peakiuu n-ro nopsijika:

In2% In2% Ina%
A A A
n1=1+—12; n2=1+—r3; n3:1+—’[2;
In S0z In—%% In ‘oz
C c c

0,1 03

W3 3Toro ypaBHeHUsI HAUTU 3HAYEHUE NOPSAKA peaKIUU BTPEX
C/Iy4asiX, KOTOpble 3aTeM YCPeJHHUTh:
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n +n,+n
P PPN
3

6. C ycpe/lTHeHHBIM 3HAaYEeHUEM NOPsIJKa PeaKIMU N pacCuuTaThb
KOHCTAaHTbl CKOpPOCTH peakuuu ki, kz, k3 s Tpex HHTepBaJOB
BpeMeHU At1, AT2, AT3 C IOMOLIBIO ypaBHEHUS:

1 (1 1

n—-1 -1
n-1 Lci Co;

kAt =
HaiiieHHble 3HaYeHUS] KOHCTAHT CKOPOCTEH YCpeIHUTb,

oInpe/ieJIMB, TAKUM 06Pa30M, KOHCTAHTY CKOPOCTH PeaKIUH.

7. Onpe,qume pa3MepHOCTb KOHCTAHTbl CKOPOCTHU MOXKHO

peaknouu 1o (l)OpMyf[e:
( ]nl
[k] MOJIb

C

8. B BbIBO/I€ 110 1TabOpaTOPHOM paboTe 3anMcaTh KHUHETUYECKOE
ypaBHeHHE JJisi U3YYEHHON peaKl WU C HalWJ€HHbIMU KOHCTAaHTaMHU N
u k.

41



JIABOPATOPHAA PABOTA Ne3. UCCJIEJOBAHHUE
KHMHETHUKH PA3JIOKEHHUA TPUOKCOJIAT MAPTAHLIA
®OTOKOJIOPUMETPUYECKUM METOZ0M

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

doToMeTpuyeCKUH METOJ, U3MepPeHUs NPUMEHUM i
MCCJIeJOBAHUS CKOPOCTH XMMHUYECKHX pPeaKLUi B TeX clydyasx, Korja
HCXOJJHOE BELIECTBO OKpalleHO HHaye, 4YeM CMeCb INPOJYKTOB
peaknuu.

B HacTosiel pa6oTe UccaeyeTcs pacnaj KOMIJIEKCHOTO HOHA
OKpALIEHHOT0 B KOPUYHEBbIN LIBET, KOTOPBIX MPHU B3aUMOJEHUCTBUHU C
1laBeJIeBOM KUCI0TOM o6pasyeT uMoH coctaBa [Mn(C204)3]3-. Pacnag
KOMILJIEKCHOT'O MOHA IPOUCXOAUT MO/ IEeHCTBUEM CBETA U MMPOTEKAET
10 ypaBHEHHUIO:

[Mn(C204)3]3- — Mn2* + 2.5C2042- + CO2.
[IpoayKThl pacnazia GeCliBETHBI.

XoTa MexaHUu3M peaKLU/II/I CJIOXKEeH, 3aBUCUMOCTD ee CKOpOCTI/I oT
BpeMeHI/I NOAYHUHAETCA KI/IHETI/I‘IECKOMY ypaBHeHI/I}O peaKLU/II/I
HepBOFO HOpﬂﬂKa. KOHCTaHTy CKOpOCTI/I k HpI/I AaHHOﬁ TeMHepaType
pPaCCINUTBIBAKOT I10 KI/IHETI/I'-IGCKOMY ypaBHEHHIO peakKioun IepBoro
nopsjKa:

In<e =kt

C

rae Co U ¢t — Ha4aJ/ibHad M TEKylldd KOHLOEHTpalHud KOMIIJIEKCHOI'O
UOHa; t — BpeMA peaKl1H.

KoHnleHTpaluuwo onpeAensiOT N0 HU3MEHEHUI0 ONTUYeCKOU
IJIOTHOCTH BO BpeMeHHU. CorJiacHo 3akoHy Byrepa-Jlamb6epTta-bepa:

I
D=ln7°=glc,
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rae D — onTHvyeckas IJIOTHOCTD, lo U | — Hadya/JlbHast UHTEHCUBHOCTb
IIOTOKAa 3JIEKTPOMAarHUTHOrO WU3Jy4YeHUs U MHTEHCUBHOCTb MOTOKA
nocje MpPOXOXJEeHUs1 4Yepe3 CJOW pacTBOpa; € - MoJisipHas
KOHILIEHTpAlMsl BellleCTBA B pacTBOpPE; € — MOJIAPHBbIA KO3dPULIMEeHT
TNIOTJIOIeHUs]; [ - TOJIIMHA CJI0Sl pacTBOpA.

TakuM  o6pa3oM, onTuUYeckass  IJIOTHOCTb  pacTBopa
IpONOPI[MOHA/IbHA ero KoHIleHTpaluu. CieloBaTe/IbHO, OTHOLIIEHHE
KOHIIEHTpAIMi 10/ 3HaKOM JiorapupMa B KHHETHYECKOM YpaBHEHUHU
peakiM¥ TMepBOro IMOpsiiIka MOXHO 3aMEHUTb OTHOIIEHHWEM
ONTHUYECKUX MJIOTHOCTEH:

D
In—2=kt
Dt
rae Do u Dt - onTHYecKas MJIOTHOCTh PacTBOPA B Haya/lbHbI MOMEHT
¥ B MOMEHT BPEMEHH t COOTBETCTBEHHO.

Takumo o06pa3oM, TaHTreHC VyrJja HakJoHa rpaduka
3aBUCUMOCTH InD: OT BpeMeHHU t paBeH KOHCTAHTe CKOPOCTH peaKLuu
k.

INEJIb PABOTbI

Onpezfe/IMTh KOHCTAHTY CKOPOCTH peaKLUMH pasJIoKeHUs
TPUOKCOJIAT MapraHiia MeTOJOM MOJCTAaHOBKU M TIpaduyecKuM
MeTO/i0M

OBOPYJAOBAHHUE

—Yy4ebHo-1a6opaTopHbii Moayab «K KUWHETUKA»
—®oTtokoaopumeTtp 470 HM

—CeTeBoli Kabesb

—NMarsuTHag Melnaika

—HW3BaekaTes b MAarHUTHOW MeIllaJKU

—Py4Ho#i f03aTOp NepeMeHHOT0 06'beMa
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PEAKTHUBBI U I10CY JA

—IIpombiBasKa ¢ AUCTUIIMPOBAHHOM BOJIOW
—CTaKaH4YUK TepMOCTKHUH 150 M

— /lucTuiMpoBaHHad BoJa

—Bopnbiit pactBop MnS04, 0.1 Mosib/n

—BoaHblii pacTBop mwaBeseBo kUcaoThl, 0.1 Mosb/n
—Boanblil pactBop KMnQOy4, 0.1 Mosib/ 1

NMOPAAOK INIPOBEAEHUA PABOTBI

TmaTeJbHO TPOMBITBIA CTaKaHYMK Ha 150 MJI ¢ MarHUTHOU
MellaJKOW yCTaHaBJUBAIOT B TepMocTaTe. TepMocTaT NpPU 3TOM He
HCNOJIb3YIOT MO Ha3HAUYEHHUI0 U He 3alO0JIHAKT JAUCTUJIMPOBAHHOU
BOJIOW, MOCKOJIbKY 3KCIEepHUMEHT NpPOBOAAT NpPU KOMHATHOU
TeMIeparType.

[Tunetkoi otMepsOT 10 Mu pactBopa MnSO4 1 70 M1 pacTBopa
mwaseseBo  Kucaotbl  H2C204.  PacTBopbl nNepeMelIMBAalOT B
CTaKaHYMKe C MOMOIbI0 MarHUTHOW MellaskU. PoToKoJOpUMETD U
TepPMOJATYMK 3aKPEIJISIOT B JIallKaxX LITATUBOB MO LIEHTPY CTaKaHa
TaK, YTOObI OHM He KacaJuch ero AHa. /lajee JaTYUKU COEAUHSIOT C
IIOMOIIIbI0 COEJUHUTENbHBIX TMPOBOJOB C y4eOHO-1a00pPaTOPHBIM
MOJlyJIEM.

BoiGupaloT Tun 3skcnepuMeHTa KuHeTuka. Ha Bkiagke
YcrpoucTBa BhiOMpawT AaTyvuk @PoTOKOMoOpMMeETp H
TepmopatumkK. Pe3ysbTaTbl H3MepeHHUs MOXHO BHAETb BO
BkIaske W3mepenme. Ha Bkiagke WM3amepeHue 3azaroT
uHTepBas u3MepeHuit 60 cekyH/, a ob61ee KondecTBO ToYek 30.

Jasee B cTakaHYUK J06aBisoT 20 MJ BOAHOTO pacTBopa
nepMaHraHata kaausi. Cpa3ly xe mnocie job6aBieHus KMnOs

HakuMawT kHonky SAMUCH.

I[To 3dBE€pIIEHUHN 3adlIMCHU [JAaHHbLIX IPOCMOTPETb pPe3yJbTAThbI
H3MepeHI/Iﬁ MOXHO BO BKJIaJIKe PesyanaTbl. KOHCTaHTy CKOpOCTH
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NpU 33ZlaHHOM TeMIlepaType onpefesoT rpadpuiyeckuM cnocobom U
METOJIOM  TOJACTaHOBKU. MUcxojHble  JaHHble  3aBUCUMOCTH
ONTHYECKOW IJIOTHOCTH PacTBOpa OT BPEMEHH MOXXHO YBHUJETb BO
Briaske [padpmkn. Pe3dynbTraThl H3MepeHHUN 3alUCHIBAOT B
TEeTPaJib UK MePeHOCAT B 3JIeKTPOoHHYI0 Tabauuy Excell, B koTopoii
04YeHb YJ06HO 00pabaThIBaTh IKCIIEpUMEHTAJIbHbIE JaHHBIE.
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JIABOPATOPHAA PABOTA Ne4. UCCJIEJOBAHHUE
KMHETHUKH PA3JIOKEHNA MOYEBHUHDbI
KOHAYKTOMETPUYECKHUM METOAO0M

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

Pe3y/pTaTbl MHOTOYMCIEHHBIX MCCAEOBAaHUM 3TOW peaKLuu
yKa3blBalOT Ha TO, YTO NEePBBbIM 3TAllOM pa3JIOKeHHWS MOYEBHUHBI B
BOJIHBIX pacTBOpax fIBJSETCHA ee U30MepHu3allusl — IpeBpalleHue B
[MaHaT aMMOHHMA C IMOCJAeAYWILUM I[epexoJoM H3 LHaHaTa B
KapOOHaT U Jjajlee — B aMMUAK U YIJIEKUCIIOTY:

CO(NHz)2 = NH4CNO
NH4CNO — (NH4)2C03 — 2NHs + CO2 + H20

Peakyusa mnpeBpalleHUs LMaHaTa B KapbOoHAT IpoTeKaeT
NpaKTUYeCKH HeobpaTUMo. Takoro poja pasJiokeHHe C 3aMeTHOHU
CKOpPOCTbIO MPOMUCXOAWT JIMIIb B BOJHBIX pacTBOpax W IpH
NoBbIlIeHHbIX TeMnepaTypax (50°C u 6oJsiee), npu4yeM NpPOTEKAET IO
MOHOMOJIEKYJIIPHOMY MexaHH3My. B xo/ie peakijuu BOoAHbIA pacTBOp
opranudeckoro BemecTBa CO(NHz)z ¢ KoBa/leHTHBIMU CBA3AMU
npeBpallaeTcd B pacTBOp, AUcconunpyronied Ha noHsl coiu NH4CNO,
M03TOMY 3JIEKTPONPOBOJHOCTb €ro CO BpeMeHeM pacTeT. JTO JaeT
BO3MOXXHOCTb HU3MepSTb CKOPOCTb PeaklWM, TaK KaK NpUpalleHue
3JIEKTPONPOBOAHOCTH  MOXHO  CYUTATh  MPONOPLHOHAJbHBIM
KOHIEHTpPAllMd KOHEYHOro MNpoAyKTa. BiMsiHHMEM NpUCYTCTBUS
IepeMeHHOT0 KOJIMYeCTBA MOYEBUHbBI MOXKHO TPEHEOPEYD.

Kak yxe ykasbiBaJoCh, HCCIeAyeMas peakLus SBJSETCA
peakiyeil mepBoro Nopsi/ika, MO3TOMy pacuyeT KOHCTAaHThbl CKOPOCTH
peakiuy BeJleTcs 0 YpaBHEHUIO

1 c
k==In—2
t c,—x

rape ¢, — Ha4daJlbHad KOHOEHTpanHsd MOYEBHUHBI, X -—
KOHIEHTpAard MOYEBUHDI, npopeaerOBaBmeﬁ K IdHHOMY MOMEHTY
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BpEeMeHU; C,—X — KOHIIEHTpalusl MOY€EBUHBI, He
npopearupoBaBllieil K JaHHOMYy MOMEHTY BpeMeHH; t — BpeMs
JIAaHHOTO 3aMepa OT HayaJla peaKl1H.

[I[pyHUMaeM, 4YTO yBeJHUYEHHE 3JEKTPONPOBOJHOCTH BO

BpeMeHH  NPONOPLUOHAJBHO  KOJUYECTBY  0Opa3oBaBILErocs
KapOoHaTa UM KOJIMYeCTBY NpOpearupoBaBlleil MOYeBHUHBI.

O6o3HauMM: L, — 3JIeKTpPONpPOBOJHOCTb pacTBOpa B MOMEHT
Hayaja peakuuu; L, — 3JIeKTpONpOBOJHOCTb B JAHHbIH MOMEHT
BpeMeHU t; L, — 3JIEKTPONPOBOJAHOCTb, COOTBETCTBYIOIIAS

nocjieJHEMY H3MEPEHHUI0, KOTZa MPOLEeCcC pasyoKeHUs MOYEBHUHBI
IIOJTHOCTBIO 3aKOHYEH.
Torpa, ¢, =const(L, —L,), (¢, —x)=const(L, —L,)—const(L, —L,)
. TakrM 06pa3oM, pacyeTbl MOXKHO TPOBOJUTH 10 ypPaBHEHHUIO
1, (L, -L
k . —In ( ) O)
t (Loo - Lt )
Bennuuny L, HernocpeACTBEHHO 3KCIepUMeHTalbHO
onpefieJIMTb He yJlaeTcs, T. K. OT Hayaja peakUyuu [0 IepBOro
U3MepeHHUs MPOXOJAUT HekoTopoe BpeMd. [losToMmy, Benu4yuHy L,

HaXOJAT 3KCTpanossanyen, Ajd 4ero cTpoaT rpaduk B KOOpJMHATaxX
In(L, —L,)-t v 3aTeM BBIYUCJAIOT L.

BbIUMCAMB KOHCTAaHTY CKOPOCTU peakLud JJs KaKJoro
MOMEHTa BpeMeHH, ONpesiesIsII0T ee Cpe/iHee 3HaueHre U CPaBHUBAIOT
C BEJIMYUHOU K, OTy4eHHOH rpadUyecKUM MyTeM [0 TAHTEHCY yTJia
HaKJIOHA IPAMOM K ocu t Ha rpaduke In(L, —L,)-t.

[Io AByM KOHCTAaHTaM CKOpPOCTH, MPH ABYX TeMIepaTypax, Mo
ypaBHEHHI0O AppeHHyca paCCYMTHIBAIOT BEJUYUHY IHEPrUH
aKTHUBALUU /IJ1S JaHHOM peaKIuu.
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IEJIb PABOTHBI

OnpesenvTh BeJUYUMHY KOHCTAHTbl CKOPOCTM W 3HEPTHUIO
aKTUBALMU peaKLUH pa3/Io}KeHHUsI MOUEBUHBI B BOJIHOM pacTBOpE.

OBOPYJAOBAHHUE

—Yu4e6Ho-n1abopaTopHbiid Moayab « KHHETUKA»
—KoHayKTOMeTpHUYeCKUH JaTIYUK
—TepmogaTuuk

—CeTeBol KabeJsb

—MarHuTHas Mellaaka

—MH3BekaTeslb MAarHUTHOM MelllaJKu

PEAKTHMBBI U I10CY 1A

—IIpoMbIBaJiKa C AUCTUIIMPOBAaHHON BOLOU
—~Craka"H4uk TepMmocTkuit 100 M

— luctTunnnpoBaHHas BoJa

—MoueBUHA KpUTATLIAYECKAS

NMOPAAOK ITPOBEAEHUA PABOTBI

OmnbiT N21. OnpepesieHre KOHCTaHTbI CKOpocTH npu 50°C

BHyTpeHHI010 €MKOCTb TepMocTaTa 3al0JIHAIOT
JUCTUJJIMPOBAHHOU Boioi. O6'beM BO/Ibl PETYJIHUPYIOT MPHU MOMOIIU
PE3WHOBOM TPYIIM TaK, YTOObI MPU yCTaHOBKe cTakaHa Ha 100 mu
BHYTpPb TepMOCTAaTa VYPOBEHb TEPMOCTATUPYIOILEN >KUAKOCTH
3aHMMaJl % BBICOTHI CTaKaHa. B TIaTesIbHO MPOMBITHINA CTaKaHYMK Ha
100 ™MJs1  noMemalT  yKa3aHHbIA  MpernojilaBaTejieM  00beM
JUCTUIMPOBAaHHON BoAbl (Hanpumep, 50 mu). 3aTeM B CTaKaHYMK
IIOMELAI0T MarHUTHYX MeIlaJKy M YCTaHAaBJMBAIOT €ro BHYTPHU
TepMocTaTa y4yebHO-71ab0paTOPHOTO MOAYJsA B ILEeHTpe ero
BHYTpPEHHEH EMKOCTH.

KonzgykToMeTp M TepMOJATYMK 3aKpelJIAIT B JlalKax
IITaTHBOB O LEHTPY CTaKaHa TaK, YTOObl OHM He Kaca/IiChb €ro JHa.
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Jlanee JATYMKH COEIUHSIOT C MOMOIIbIO COEJUHUTEBHBIX TPOBO/IOB
C y4e6HO-/1ab0paTOPHBIM MO/IYJIEM.

BoibupaoT TuUn skcnepuMeHTa KuHeTruxka. Ha Bkiajke
Ycrpouctea BoioupawT gatunk YIMN u Tepmopatumk.
PeByJIbTaTbI HN3MEPEHUA MOXXHO BUAETDb BO BKJ/IaJIKe VlsmepeHue.

3aTeM TepMOCTaT BBICTABJASAKT Ha TeMmnepatypy 50°C u
BKJIOYAIOT MelaJKy Ha ckopoctb 1 wam 2. Ha Bkiagke

UamepeHue 3axatoT uHTepBas usMepeHuit 60 cekyHz, a o6iee
KoJinyecTBO To4yek 30.

[lo pgocTwkeHUM  33JJaHHOM  TeMIlepaTypbl, KOTOPYIO
KOHTPOJIMPYIOT C IIOMOILbIO TEPMOJIATUMKA, B CTAKAHYHK 00aBJSIOT
YKa3aHHYI0 MpenoJaBaTe/ieM HaBeCKy MO4YeBHHBbI (Hampumep, 1 r).
Cpa3sy ke mocje J00aBjeHUs] MOYEBHHbl HAKHUMAKT KHOIKY
3ANUCH. Tlo 3aBepuUleHWH 3aNUCH JAHHBIX IPOCMOTPETH

pe3ysbTaTbl H3MepeHUH MOXXHO BO BkiIaske Pesynbrarsbl.
KoHCTaHTy CKOpOCTHM IpU 3aJlaHHOW TeMIlepaType OINpeAessaoT
rpadpuyeckuM cnoco6oM. McxoqHble JaHHbIE 3aBUCUMOCTH Y/ie/IbHOM
3JIEKTPONPOBOAHOCTH pPacTBOpa OT BpPeMEHU MOXKHO YBHJIETb BO
Bkiaake [padpmkn. Pe3dynbTaTbl H3MepeHUW 3aNUCbIBAOT B
TeTpajib WM NEePeHOCAT B 3JIeKTPOHHYI0 Tabuuny Excell, B koTopoit
O4YeHb y/1I06HO 06pabaThIBAaTh 3KCIIEpUMEHTAaJIbHbIe TaHHbIE.

OneiT N22. OnpegesieHMe KOHCTAHTbI CKOpocTy nipu 70°C

B onbiTe N92 npoBOAAT 3KCIIEPUMEHT 110 MeTOHUKe, YKa3aHHOU
B onbiTe N21, HO BMecTo Temiepatypbl 50°C B TepMocTaTe 3aJaiOT
TeMmnepatypy 70°C.

[lo oKOHYaHUM U3MEPEHUMN ONpPeAeNAlT KOHCTAHTY CKOPOCTH
Ipyd BTOpPOM TeMmepaType rpaduyeckuM crnocob6om. [lo aByM
M3BECTHBIM KOHCTAaHTaM CKOpPOCTM TIIpUd [JBYX TeMIlepaTypax
aHAJINTUYECKU PACCYMTHIBAIOT 3HEPIUI0 aKTUBALIUY PEAKLIUH.

49



JIABOPATOPHAS PABOTA Ne5. UCCJIEJOBAHHUE
KWHETHKU B3AUMOJIECTBHUA THOMOYEBHHBI C
KPACHOY KPOBAHOM COJIbI0 ®OTOMETPHYECKUM
METOA0M

KPATKHE TEOPETUYECKHE CBEJAEHUA

Peakuus OKHCJIEHUS THOMOYEBHUHBI MOHaMU
rekcanimaHodepparta (IlI) ™MoxkeT OBITH oOmNKCaHa CleAYHOUUM
ypaBHEHHEM:

(NH2)2CS + 100H- + 8[Fe(CN)¢]3- = (NH2)2CO + SO42- + 8[Fe(CN)s]*- + 5H20
CKOpOCTb 3TOH peakIMM 3aBUCUT OT KOHI|eHTpaluH
T'MAPOKCHUA-UOHOB, 4qToO CBUAETEJIbCTBYET 06 06pa30BaHI/II/I

POMEXYTOYHOM eHoJIbHOM ¢opMbl. B cBsI3u c yeM mnpejsaraercs
clleiyIOLIMNA MeXaHU3M:

[lepBasgs  obOpatumass cTaguss — O0OOpa3OBaHHE  EHOJIBHOTO
NPOMEXYTOYHOI'0 aHHOHA, CKOPOCTb 3aBHCUT OT MPUPOAbI
BOCCTAaHOBUTEJIS:

(NH2)2CS + 100H- 5 (NH2)CS(NH)- + Hz0.

Bropass cragus — o6pa3oBaHHe MPOMEXKYTOYHOTO KOMILIEKCA C
OKHCJINTEJIEM:

(NH2)CS(NH)- + [Fe(CN)s]3- — komriekc
TpeTbst cTasusi - MOpeBpalleHHe MPOMEXYTOYHOr0 KOMILJIEKCA B

KOHEYHbId MNPOAYKT peakiud HWIK CAeAYIOIUNA TPOMEKYTOYHbBIN
MPOJYKT, KOTOPBIH Cpasy MepexoUT B KOHEYHbBIN MPOAYKT:
komiekc + [Fe(CN)e]3- — 2[Fe(CN)e]* + npoAyKT.

CKOpOCTb  MOC/AEJHEH  CTaJuu  3HAYUTEIbHO  6OJiblle

npeaplaymux. ChesaB  NpEANOJIOKEHHE, YTO  KOHIEHTpaIHs

npoMeXXyTo4yHoro eHosibHOro aHuoHa NH2CSNH- crarnuonaphHa, B
COOTBETCTBUM C METO/IOM CTAlMOHAPHBIX KOHLIEHTPAL UM MOJy4al0T
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NH,CSNH _ 7°
;:klc(NH 1.cCon- —kc TR -c - =
dt 2057 0H NH,CSNH NH,CSNH' ~ [Fe(CN), ]
k,.c

B 160, )05 Con-
NH,CSNH k, +k,c

NH,CSNH C[Fe(CN)6 i

CKOpOCTb peaKLMHM TaKXe MOXXeT ObITb BbIpakeHa 4epe3
KOHI|eHTpaluio rekcauuanodeppara (I11):

——dC[Fe(CN)G]} = c +kyc c
dt 27 NH,CSNH ~ [Fe(CN), I 37 kommiec ~ [Fe(CN), I
ea nu OKHCJIEHHUA THUOMOYE€BHUHBI JIUMHUTHU 120011 ()71
B K K
ABJIAETCA BTOpad CTagud, IIO03TOMY YypaBHEHHE [JJid CKOPOCTH
peakLyyi MOXKHO NIpeACTaBUTh B BUJe

e, 2Kkik,
dt . ‘k;l C[Fe(CN)6]3'COH'C(NHz)zCO

TakuM o00pa3oM, OKHCJIeHHe THUOMOYEBUHBI LIeJOYHbIM
pacTBOpOM, coZepKalluM HOoHbI rekcanuaHodeppata (III), ycaoBHo
XapaKTepu3yeTcs NepBbIM MOPSAKOM IO KaXKAOMY M3 Y4YaCTHUKOB
peaxkLuy.

[TockosbKy BTOpas cTaaus npeJCcTaBJseT cobon
B3aMMO/IeMCTBHE [IBYX OTPULLATE/IbHO 3apsKEHHbBIX HOHOB, CKOPOCTh
ee 3aBUCHT OT HOHHOW CHJbl pacTBoOpa M [JUIJEKTPUYECKOH
NOCTOSIHHOU Cpefbl.

Tak kak Ha CKOPOCTH OKHUCJEHHUS 000UX COeJMHEHUH CUJIBHO
BJIUSIET KOHLEHTpaLUs IeJo4d, KUHeTUYeCcKhe 3aKOHOMEPHOCTH
3TUX peakLU{ H3y4yalT HPU INOCTOSHHOM 3HayeHUM pH, koTopoe
NO/JIEPKHMBAIOT MPH MOMOINM KapboHAaTHOro O6ydepHOro pactBopa
(cMech paBHbIX 00beMOB 0.1 M pactBopa Na:COz u 0.1 M pacTtBopa
NaHCO3), o6ecneunBarouiero pH=11.

BaxxHoe 3HayeHHWe TMpPU U3YYEHUU KHUHETHUKU YyKa3aHHbIX
peakuuid uMeeT TOT aKT, YTO TMpPOLECCHl HUAYT C 3aMeTHOMU
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CKOpPOCThbI0 MNpU HarpeBaHuW Bbimie 30°C u 3aMeAJdlOTCA TNpPH
CHXKEHUHU TeMIlepaTyphl. [IpoTekaHue peakuuu JIETKO
KOHTPOJIUPYETCS 110 U3MeHEeHHI0 KoHIleHTpanux noHoB [Fe(CN)s]3- B
pacTBope Inpu NOMOILM  (POTOKOJOPUMETPUYECKOTO  MeToja
usMmepenusi: HoH [Fe(CN)¢]*-, B oTinune ot [Fe(CN)e]3-, He morsiomaeT
3JIEKTpOMArHuTHoe usJjydeHue B o6sactu 400...450 HM.

INEJIb PABOTbI

OnpefesuTh KOHCTAaHTY CKOPOCTHM OKHCJIEHHUS THOMOYEBUHBI
voHaMmu rekcanuaHodeppara (I1I) B messouHOM pacTBope

OBOPYJOBAHUE

—YyebHo-1a60paTopHbli MoAyab «KWHETUKA»
—CeTeBoli kabeJsb

—®oTokonopumMeTp 470 HM

—TepmogaTyuk

—MarHuTHad MellaJaka

—MW3BekaTe b MArHUTHOU MeIllaIKH
—CoeavHUTEbHBIE TPOBO/IA K JATYUKY
—ITaTHUBbI ¥ JIANIKYU IITATHUBA

PEAKTHUBBI U I10CY JA

—IIpomsbiBasKa C AUCTUIIMPOBAHHOM BOJIOW
—Bognniit pactBop Ks[Fe(CN)¢], 0.02 Mmosib/n
—BoaHbIlt pacTBop THOMOYEBUHBI, 0.02 M0JIb/ /1
—Kap6oHaTHbIi 6ydepHbIH pacTBOp, pH=11
—Crakanyuk Ha 100 M

NMOPAAOK ITPOBEAEHUSA PABOTBI

OmnbiT Nel. [IocTpoeHure rpagyMpOBOYHON XapaKTEPUCTUKU

B MepHbix Kkojb6ax (o6bemoM 50 MJ) TOTOBAT Cepui0
cta"gapTHbIX pacTBopoB K3[Fe(CN)e] (1x10-4, 2x10-4, 3x10-4, 4x10-4,
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5x10-4, 6x10-* mosib/J1) paszbaBiaeHreM ucxoaHoro 0.02 M pacTtBopa
K3[Fe(CN)s] kap6oHaTHBIM 6YPePHBIM pacCTBOPOM.

[IpoBOASAT H3MepeHHEe ONTHYECKOH IJIOTHOCTH CTaHZApTOB.
Pe3ysibTaThl U3MepeHUH 0POPMIISIOT B BU/I€ TAOJIUIIBL.

Ne | Cyay, MOJIB/JTI D
1.0x10-*
2.0x10-4
3.0x104
4.0x10-*
5.0x10-4
6.0x10-4

O U |W(IN (=

OnsbIT N22. CHATHE KUHETUYECKHX JaHHbIX

[Tocsie mocTpoeHUs1 KaJlUOPOBOYHOTO rpaduka B TEPMOCTAT C
3ajlaHHOM TeMmiepaTypod 40°C momMemiaroT B npobupkax no 30 ma
cMeced ciejywllero cocraBa. B mepBywo npobupky 15wma 0,02 M
pactBopa K3[Fe(CN)s] m 15 mn 6ydepHON cMecH, a BO BTOPYIO
npo6upky 15 ma 0,02 M pacTBopa THOMOYEBUHBI U 15 MJ1 6ydepHO
CMeCH.

BHyTpeHHI010 €MKOCTb TepMocTaTa 3al0JIHAIOT
JAUCTUJJIMPOBAaHHOMN BoZoW. O6'beM BOJBI PErYJUPYIOT NPU NOMOIILU
PE3WHOBOM TpylId TakK, 4YTOObl MPU YCTAaHOBKe cTakaHa Ha 50 mu
BHYTPb TEpPMOCTaTa yYPOBEHb TEPMOCTATHUPYIOILEN KULKOCTU
3aHUMaJ % BbICOTHI CTaKaHa. B TiaTeslbHO NIPOMBITHIN CTaKaHYMUK Ha
50 ma nomemaroT 40 M TEPMOCTAaTUPOBAHHOI'O MPU TeMIlepaType
40°C pacTBOpa THOMOYEBHHBL. 3aTeM B CTaKaHUYMK [OMEIAIOT
MarHUTHYK MeLIaJKy W yCTaHaBJMBAKT €ro BHYTPHU TepMoOcCTaTa
y4yebHO-71a60paTOPHOr0 MO/YJISl B LieHTPe ero BHYTPeHHeN eMKOCTH.

®oTOKOJIOpUMETP U TEPMOJATYUK 3aKPEIUIIIOT B JIAKax
IITaTUBOB 1O IIEHTPY CTaKaHa TaK, YTOObI OHU He KacaJlMcChb ero AHa.
Jlasiee JaTYUKKU COEIUHSIOT C MOMOIIbIO COEJJMHUTENbHBIX MIPOBO/IOB
C y4e6HO-/1ab0paTOPHBIM MO/IyJIEM.
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Bei6buparoT Tun 3skcnepuMeHTa KuHeruka. Ha Bkiagke
YcrpoucTBa BhiOGupaloT AaTyuk  @PoOTOKOMopMMeTp U
TepMOAaTqMK. PeByJIbTaTbI HU3MEpEeHud MOXHO BHAETb BO
BKIazike UBmepeHume.

3aTeM TepMOCTaT BBICTAaBJAKT Ha Temnepatypy 40°C u
BKJIKOYAKOT MelaJKy Ha ckopoctb 1 wau 2. Ha Bkiagke
MUamepeHue 3agaw0T uHTepBan usMepeHuit 60 cekynz, a obiuee
KoJinyecTBO Tovyek 30.

3areM B  CTakaH4YMK  J00aBJASIOT 4 MJa  pacTBopa
rekcaninanodepparta (IlI) kanua. Cpasy ke mnocie J06aBJIeHUS
HakuMawT kHonky SAMUCH.

[lo 3aBepllleHWHU 3aNUCH JAHHBIX NMPOCMOTPETbH Pe3yJbTaThbl
M3MepeHUN MOXXHO BO BK/IaZike Pe3aynbrarbl. KoHCTaHTY cKopocTH
Ipy 3aJlaHHOM TeMIlepaType ONpejesdaT rpaguyeckUM CIOCOOOM.
WcxonHble aHHble 3aBUCUMOCTH ONTUYECKOM MJIOTHOCTH pacTBopa
OT BpeMEHH MOXXHO YBUZETh BO Bkiagke Ipadomkun. PesynbTaThbl
M3MepeHUH 3aNKChIBAIOT B TETPA/lb UM NEPEHOCIT B 3JIEKTPOHHYIO
Tabauuny Excell, B koTopod o4eHb yJ00HO 06pabaTbIBaTh
3KCIlepUMeHTaJbHble JaHHbIE.

PEKOMEHJIAIIUU 110 OPOPMJIEHHIO OTYETA

[ToCKOJIbKY KOHI[EHTpaIUsi TUAPOKCHU/I-HOHOB B X0Jle peaKINH
IpaKTUYECKH He H3MEHSIeTCs, a KOJIMYeCTBO THOMOYEBHHBI Ha
nopsiJiok  6GoJsbimie  kosumdectBa  Kz[Fe(CN)e], coJiep)kaHue
THOMOYEBUHbBI MOXKHO CUMTATh MOCTOSIHHBIM M KOHCTAHTY CKOPOCTH
BBIYHCJIMTB 110 YPaBHEHHUIO JIJIsl peaKIMi MepBoro nopsijika:

& dC[Fe(CN)G P

dt [Fe(CN)6 "
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JIABOPATOPHAA PABOTA N26. UCCJIEJOBAHHUE
KMHETHUKHU PACTBOPEHUA METAJIJIOB B BOJAHBIX
PACTBOPAX KUCJIOT

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

B aGopaTopHo#l pab6oTe HW3y4AaOT KUHETHUKY peaKIUHu
B3aMMO/IENCTBUS LIMHKA C COJITHOM KUCJIO0TON. ITa peaKLus ABJseTCs
reTeporeHHo W NpOTeKaeT Ha TIpaHulle pasjena a3z MeTalI-
pacTBOp. YpaBHeHHEe XUMHUYECKON PeaKL U UMeeT BUJ;

Zn + 2H* — Zn?* + Ha.

CKOpOCTh TeTepOreHHOM peakLWu W oOlpejesseTcd Kak
KOJIMYECTBO NMpOpearupoBaBllIero BelecTBa dn B eJUHULY BpeMeHHU
dt Ha egMHULY JIOLIAZM IOBEPXHOCTH paszesa dpas.

dn1l
w=—-—
dt S
[[py mNOCTOSIHHOW TeMIlepaType 3aBUCUMOCTb CKOPOCTH

peakioun MeTajijia C KHUCJOTOHU OT KOHIOEHTpAOWUHN KHUCJIIOTbI B
pacTBOpe Cx onipeesideTcd ypaBHEHHUEM:

- n
w=Kkc,
rje n — Mops/i0K peaKL U 110 KUCJIOTe.

Jiss  u3MepeHHS ~ CKOPOCTH  yAOGHO  HCIOJIb30BaTh
MeTa/lIMYeCKHE IJIaCTHUHBI, TaK KaK BO3MOXKHO TOYHOE OINpejieieHre
IJIOWAM MX TIOBEPXHOCTH, NPHUYEM BeJMYHMHA 3TOW IUIOLIAJU
IpPaKTUYECKH He U3MEHSIETCS 110 X0y PEaKI[HH.

KucsoTta 6epeTcss B MHOTOKPAaTHOM U30bITKE MO CPAaBHEHMUIO C
KOJINYECTBOM METAJLJIA, /IJIsl TOTO YTOObI €€ KOHI|EHTPAIHsI 0CTABasICh
NpaKTUYeCKH NOCTOSIHHOW. PeakijMio MeTaszla ¢ KUCJOTON MPOBOJST
B NPOOMpPKe C ra3o0TBOJHOW TPYOKOM COeJUHEHHOW C JAaTYUKOM
obbeMa.
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B Xoje 3KcliepruMeHTa W3MepSIOT 00beM BbIJSIOIIErocs
BOJZlOpO/a. ITo rpaduyeckoun 3aBUCUMOCTH KOJIM4CTBA
06pa30BaBIlIerocsi BOAOPOAA OT BPEMEHU OMNpPENEsSIOT CKOPOCThb
peakuuu JJisl 33JlTaHHON KOHLIEHTPAIUM KUCJAOThI. 3aTeM MOBTOPSIOT
3KCHEePUMEHThl C JPYTUMH KOHIIEHTPAUUSMH KHUCJAOTHI W TIO
NOJIyYEHHbIM 33aBHCUMOCTSIM OINpeJessAlT YacTHBIM NOPSAO0K IO
COJISTHOW KHUCJIOTE.

IIEJIb PABOTHBI

OnpesieiUTh CKOPOCTb peaKLUH pPACTBOPEHUs MeTajla B
COJISTHOW KUCJIOTE U YaCTHBIN MOPSL0K PEAKIIUH 10 COJISTHON KUC/IOTE.

OBOPYAOBAHUE

—Yy4ebHo-1a60paTopHbIi MoAyab «KWHETUKA»
—CeTeBoli kabesib

—PyuHo# f03aTOp NepeMeHHOT0 06'beMa
—JlaT4uK 06'bE€Ma rasa

—CuIMKOHOBas coeJUHUTe/bHAsA TPyOKa

PEAKTHMBbBI U I10CY A

—IIpompbIBasIKa C AUCTUIIMPOBAHHOM BOJIOM
—Boanbiil pactBop HCI, 4 Mosib/n
—IlMHKOBbI€ MJIACTHUHbI

—TIIpo6upka c ra300TBOJHON TPYOKOM

MOPAAOK INIPOBEAEHUSA PABOThI
OmnbiT N21. PacTBOpeHHe HMHKA B KMCJI0TEe C KOHLLeHTpanuei
4 Mosb/ 1

[l1acTUHKY U3MepSIOT C MOMOIbIO JUHENKH, IO e€ pa3MepaM
pPacCYUTHIBAIOT IJIOIA/b NMOBEPXHOCTH (MOBEPXHOCTBHIO HA TOPIAX
IJIAaCTUHBI TPEHEeOPEeraoT).
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JlaTyuk o0beMa W PEeaKIUMOHHYI MPOOUPKY 3aKpelIsioT B
JIanKax IITaTHBOB. JlaTuuk COEIUHSIOT C IIOMOIIbO
COEeIMHUTEJBHOTO MpOBOJA C Yy4eOHO-Ja60paTOPHBIM MOAYJIEM.
Beibupatlor THn 3kcnepuMeHTa KuHeruka. Ha  Bkiajgke
YcrpoMcTBa BbIGHpaloT AaTUMK JlaTuMkK o6béma. Pe3ysbTaThl
M3MepeHHUsI MOXKHO BHU/JIETb BO BKJajke UamepeHwme. Ha Bkiajake
UamepeHue 3agawT uHTepBan uaMepenuit 10 cekyHz, a obiiee
KoJsinyecTBo Touek 30.

B GoJsibllION XMUMHUYECKHUUN CTaKaH C BOJIOW, KOTOPbIA UIrpaeT
poOJib TepMOCTaTa, MOMEIIAIT PEeAKIMOHHYI MNPOOUPKY. PydHBIM
Jl03aTOPOM IepeMeHHOoro o6béma Habupator 10mMa 4M HCl wu
IIEPEHOCST B MPOGUPKY.

3aTeM B peaKLMOHHYI MpPOOGUPKY [J006aBJAT IJIACTUHKY
MeTa/sla.  PeakllMOHHYI0O  OpPOOGHUPKY  OBICTPO  3aKPy4YUBAIOT
CHenyalbHOM KPBIINIKOW C ra300TBOJHOU TPYOKOM M COEAMHSIIOT
CUJIMKOHOBOM TPYOKOH C JaTYUKOM OOGbeMa BblZeJUBLIErocs rasa.
JTOT MOMEHT CYMTAIOT HayaJoM onbITa. Cpasy ke mocJje coeAUHeHNs
nIaHra ¢ npo6bupkoi HaxkuMawT KHonKy 3SAMMUCD. [lo 3aBepuieHnH
3alMiCU JAHHbIX NPOCMOTPETh pe3y/bTaTbl MU3MEPEHUHW MOXXHO BO
BkJIasike Pe3ynbrarsl.

OnbIT N22. PacTBOpeHHe UHKA B KUCJI0TE C KOHIleHTpanuen
2 MOJIb/ N

Bo BTOpOM omnbITe MOBTOPSAIOT 3KCIEPUMEHT COTJIACHO OMBITY
Nel, pasb6aBjisisg KUCAOTY B JBa pas3a. B3atb 5ma 4 M HCl u 5 wma
JUCTUJIMPOBAaHHOM BOJBI.

OmnbiT N23. PacTBOpeHHe IMHKA B KMCJIOTE C KOHLLeHTpanuei
1 Mosib/N1

Bo BTOpOM ombITe MOBTOPSIIOT 3KCIEPUMEHT COTJIACHO OMBITY
Ne1, pa36aBsisisi KUCAOTY B uyeTbipe pa3a. CMemuBatot 2.5 ma 4 M HCI
1 7.5 MJ1 JUCTU/IJIMPOBAaHHOM BOJBIL.
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PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

KosinuectBO BbIJi€JIMBIIErocd BOAOpOJAa pPaACCYUTBLIBAKOT 110
YPaBHEHHUIO COCTOAHHA NAEAJIbHOI'O r'a3a.

pV
n, =—.
* RT
[locsie mepecyeta 06beMa rasa B KOJIMYECTBO BELIECTBA CTPOSAT
rpaduk B Koop/iuHaTax n(t). lanabiil rpaduk umMmeeT BU/| S-06pa3HOU
kpuBoi. [lo JMHEMHOMYy y4acTKy 3TOro rpaduka omnpenessioT
CKOPOCTb peaKIuu:
dny,
dt

Jna onpepesieHUs MNOpsjKa peakLUUU HCIOJb3YIOT JaHHbIE
CKOpOCTeH peaKLUM NIPHU pa3/JIMYHbIX KOHLIEHTPALUAX KACIOTHI.

n

W2 . CK,Z
Wl CK,l
OTkyna,

w.
In—2

n=—=>="

l CK,2

c
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JIABOPATOPHAA PABOTA Ne7. UCCJIEJOBAHHUE
KMHETHUKHU PACTBOPEHUA KAPBOHATA KAJIbIUA B
BOJAHBIX PACTBOPAX KHUCJIOT

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

PacTBopeHue  kap60HAaTOB M  OKCHMJOB  MeTa/JIOB B
MHHepaJbHbIX KUCJI0TaX NPOTEeKaeT KaK reTeporeHHass KWHETUYeCKU
HeobpaTHUMasi peaKIus:

MgO + 2HNO3 =Mg(NO3)2 + H20
CaCOs3 + 2HCl = CaClz + CO2 + H20

3a XOJOM 3TUX IpPOLECCOB YJOOHO CJeJUTb, OINpejessas
M3MeHeHHe KOHIIEHTpPalUM KHUCAOThl B XKUAKOM ¢dase mo Mepe
pacTBOpeHHs OpUKeTa, MPUTOTOBJIEHHOTO M3 COOTBETCTBYIOLIETO
KapboHaTa WM OKcuZa. ONBITHBIM MNYTEM YCTAHOBJIEHO, 4YTO
CKOPOCTb 3TUX I'eTePOreHHbIX PeaKui W NIpoNnopLHOHalbHaA IePBOM
CTEeNeHU MOJISPHON 06'beMHOW KOHILIEHTPAI[MU KUCJIOThl B pacTBOpeE
Ck., T.€.

w=kc,
rjie k— KOHCTaHTa CKOPOCTH UCC/lelyeMOH reTeporeHHOM peakiuu.

[lo onpenenenuo

__ Ve,

sv dt
rie V - o6beM pacTBOpa KUCJAOTHI; S — MJOLAJb MOBEPXHOCTH
OpUKeTa; V - CTeXuoMeTpU4YeCKUH KO3POUIMEeHT KHUCJIOThI B

HcclieyeMOU peaKLuH.
W13 3TUX ypaBHEHUH CJIelyeT, UTO
dc, . Sv

=k—-c,
dt |4
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Pazpensis nepeMeHHbIEe U UHTEIPUPYA MIOJIyYeHHOE YpaBHEHUE
6e3 npefesioB Ipu S = const ¥ V = const, mojiy4um

lnc—(’:klf
c Sv

K

W3 nocnegHero  COOTHOLIEHWSI  BUJHO, 4YTO  rpaduk
3aBUCUMMOCTH JiorapudMa KOHIIEHTpalMU KHUCJIOTbl OT BpeMeHHU
npejicTaB/sieT cO60H MPSIMYIO JIMHUIO, 110 YIJIOBOMY KO3(QOUIUEHTY
KOTOPOW, MOXHO HaWTH KOHCTAaHTY CKOpPOCTH pacCTBOpPEHHUA
KapOOHAaTOB WJM OKHCJIOB METa/UIOB B MHHEPAJbHbIX KHUCJIOTaX
uccaelyeMoy reTeporeHHoM peak .

Takum 06p330M, AJId  HaXOXJ€eHHd KOHCTAHTbl CKOPOCTH
reTeporeHHoﬁ peakiguu pacTBOPEHHA Kap60HaTOB H OKHCJIOB
MeTa/lJla B MHHEPAJIbHbIX KHCJIO0Tax H606X0,£[I/IMO 3HaTb O00BEM
pacTtBoOpa KHCJIOThI v, BEJIMYHNHY I[IOBEPXHOCTHU pPaCTBOpPAEMOro
06pa3ua S u JKCIIEpUMEHTAa/JIbHO IIPOCJI€EANTb 34 HW3MEHEHHEM
KOHLEHTPalHH KUCJIOTbl BO BpEMEHH.

ILEJIb PABOTHbI

OnpezesMTh KOHCTAHTY CKOPOCTH peaKLUH B3aMMOJeNCTBUA
KapOOHaTa KaJIbLUs C COJITHOW KUCJI0TOM Pa3/IMuHON KOHIIEHTPaLUH.

OBOPYAOBAHUE

—YyebHo-1a60paTopHbIk MoAyab «KWHETUKA»
—CeTeBol Kabesb
—CnenanbHasi MarHUTHas Mellajika ¢ UKcaToOpoM 6puKeTa

PEAKTHUBBI U I10CY A

—IIpoMbIBa/iKa ¢ JUCTUIJIMPOBAHHOM BOIOM
—Boanbiii pactBop HC, 0.2 mosib/ 1
—Boannbiit pactBop NaOH, 0.005 mosb/n
—BpukeThl kKapboHaTa KalbIUs

—CrakaH Ha 150 ma
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NMOPAAOK INIPOBEAEHUSA PABOTBI

OnbiT N21. U3yyeHMe KHHEeTUKM NPU KOHLEHTPaluyu KMCJI0ThI
0.02 Mmosib/ N1

Crakan Ha 150 MJ ycTaHaBJMBaeTcsl BHYTPU TepMOCTaTa.
OfHako TepMOCTaT NpPU 3TOM He 3aNOJIHAETCH AUCTUIJIMPOBAHHOMU
BOJZIOM U BBbINOJIHAET TOJIBKO QYHKIMIO NlepeMellMBaHUsA C IOMOLLbIO
MarHMTHOM MellaJKh, B POJIM KOTOPOW CAYXKHUT CIHeLHaJbHOe
YCTPOUCTBO ¢ pUKCATOPOM GpUKeTa C KApOOHATOM KaJbIHs.

3ateM B crakaH Ha 150 ™M nomemaetrca 90 M
JAUCTUJIMPOBAaHHON BoAbl U 10 M BOJAHOrO pacTBOpa KUCIAOTHI C
HUCXOAHOU KoHmeHTpauued 0.2 Mosib/A. TakuM 06pa3oM B CTakaHe
nosnyuutca 100 msa pacTBopa KHUC/AOTBI C KOHUeHTpauuein 0.02
MoJib//n. H3MepeHue 00beMOB TMpPU 3ITOU MpoleAype YA06HO
IpPOBOJUTD C IOMOLIbI0 MEPHOIO LIUJIUHAPA.

C 3TOoro MOMeHTa HayWHAeTC OTCYET BpPeMEHU XUMHUYECKOU
peaknuy. C MOMOLbIO MUNETKH NEPHUOJUYECKU TPOU3BOJUTCA OTOOP
npo6 KUCAOTHI (1o 2 MJ Kaxjble 10 MUHYT B TeueHUe 40 MUHYT, T.e.
BCero yeThbipe npobbl). KoHIeHTpalys KUCA0Thl B pabouyeM pacTBOpe
omnpejesisieTcss MyTeM TUTPOBaHUA Mpo6 PpacTBOPOM LieJI0YH
M3BECTHOTO COCTaBa. PacyeT KOHLEHTpAaLUMKM KUCJAOTHI YA0GHO
IPOU3BOAUTD 110 popmy.Jie

|4
. =c, 2
VK
rie Vu - o00beM pacTBOpa IeJIOYH, H3PACXOJOBAHHOTO Ha

TUTPOBaHUe Npoo6bl; Vi — 06beM NpoOBl, paBHBIA 2 MJ; Cx U Cuy -
MOJISIpHBIe KOHLIEHTPAL X KUC/IOTHI U 11eJI0YH B UCIOJIb3YEMBIX NIPU
TUTPOBAHUHU PacTBOpAX.

[ToBepxHOCTb 0Opa3lia U3MepsIeTCs C MOMOIbI0 MacIITaOHOU
JMUHEeHKH J0 Hayasa omnbITa. HeGosbllagd BeJWYHMHaA HadaJlbHOU
KOHI[EHTpAllMXi KHUCJIOTbI B  paboyeM pacTBOpe MO3BOJISIET
npeHe6peyb M3MEHEHHEM IOBEPXHOCTH 00pasna B XOJe pPeaKIUU.

61



OneIT BefeTcs [0 YMEeHbUIEHUS KOHIEHTpPaUUH KHUCJIOThI IO
CPaBHEHMIO C HayaJbHbIM 3HayeHUeM B 3-4 pasa (o6bryHO 30...50
MUHYT).

[Io TaGJUYHBIM JAHHBIM CTPOIOTCS KUHETHYECKHe KPHUBble B
KOOpJMHaTaxX Cx-t. OmpezesieHWe KOHCTAHTbl CKOPOCTH peaKIuu
IPOU3BOAUTCS rpadUuecKUM METO/I0M.

OnbIT N22. U3yyeHHe KHHEeTUKM NIPU KOHLEeHTPaluyu KMCJI0ThI
0.04 mosib/ N1

Jlasiee 3KCEpUMEHT MOBTOPSIOT NPU KOHLIEHTPALUU KUCJIOThI
0.04 mosb/n.

OnbiT N23. U3yyeHMe KHHEeTUKM NIPU KOHIEHTPaluUu KUCJI0ThI
0.06 moJsib/ N1

U 3aTem npu KoHLleHTpau KUCa0ThI 0.06 MoJib /1.
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JIABOPATOPHAA PABOTA N28. UCCJIEJOBAHHE
KWHETHKU B3AUMO/JIEUCTBUA MAJIAXUTOBOTI'O
3EJIEHOT'O CO IIEJIOYBIO METOA0M ®OTOMETPUU

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

Peaknya B3anMo/1eICTBUSA MaJIaxMTOBOTO 3€JIEHOTO C L1eJI0YbI0
OTHOCUTCA K KaTeropuud HeoO6paTUMbIX peakuui. OTBeyaroliee ei
KUHETHYEeCKOe YpaBHEHHE, Hal/leHHOE OIbITHBIM MyTeM, BBITVIAUT
caeayoIuM 06pas3oMm:

w=kec,c,

rle W — CKOPOCTb peakluU; K — KOHCTAaHTa CKOPOCTH; Cuy U Cx —
MOJIIpHble O00bEMHbIE KOHIEHTPALMHU IIeJ0Yd U KpacuTesass B
CUCTEME.

Peakuyio 0GbIYHO MPOBOAAT NPHU Ck << Cw, T.e. IPHU 6GOJIbILIOM
M30bITKe 11eo4yu. [IOHATHO, YTO B 3TOM CJyyae KOHLEHTpalus
1IeJI0YU B paboyeM pacTBOpE MPAKTHYECKU He MEHSIETCS BO BpeMeHH,
OCTaBasiICb PaBHOM HaYaJIbHOW ee KOHIEHTPAmuU Cuo. O6O3HAYMB
kcu,o uepes k', MOXKHO HECKOJIBKO YIIPOCTUTD UCXOZHOE YPaBHEHHE:

. |
w=k'c,

Bbipaxkass W U cx yepe3 rJyOMHY NMPOTEKaHHUs X HcCaelyeMou
peakiuy, MoJyIHUM:

dx
E: k'(CK,O —X)

Pa3AeJ'IeHI/Ie IepeMeHHblIX B 3TOM yYpPaBHEHHH U €I0
HHTEerpupoBaHHe NPUBOAAT K CJIEAYHOILIEMY BbIPpA*XE€HH10:

In(c , —x)=—k'r+Inc,

TakuMm o6pa3oMm, 1o rpadukKy 3aBUCUMOCTU Jiorapupma
KOHLIEHTpallM¥ KpacuTessl OT BpeMEeHU MOXHO HAWTH KOHCTAHTY
CKOPOCTH UCCIe[lyeMOU peaKLhH.
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OnpenesieHre KOHLEHTPAlMKM OKpALIEHHOrO BellecTBa B
pacTBope yAOGHO MPOU3BOAUTH POTOMETPUYECKHUM MeToJoM. [l
3TOro HeOoO6XOJAMMO BBIPA3UTh KOHLEHTPALUIO KpacuTess 4Yepes
ONITUYECKYIO MJIOTHOCTH D pacTBopa.

B cooTBeTcTBUU € 3akoHOM JlambepTa - Bepa
D=¢lc,,
rle € — MOJIbHBIA MOKa3aTesb MOTJIOUIeHUs U3JydyeHud; | — JinHa
ONTUYECKOTO MyTH.

JlaHHOe COOTHOIEHHE BBINOJIHAETCS ISl BOJHBIX PAacTBOPOB
KpacuTeJsis B uHTepBaJjie oT 0 o0 1x10-> Mosib/ 1.

[Tocne moACTaHOBKU B MOJIyYeHHOE YpaBHEHHWE 3HAUYEHUH Cx U
Cx,0, TIOJIYYHM:

InD=-k'r+InD,.

[loslyyeHHOE ypaBHEHHE MO3BOJISIET HAWTH BesuduHy K' mo
ONBITHBIM JIaHHBIM, HCIOJb3ys rpaduk 3aBUCMMOCTU InD oT
BpeMeHU. /Jlji1 3TOro HEOOXOAMMO HAUTHU YIrJI0BOHM KO3bPHUIHEHT
OpsSAMOM JIMHUM, COEJUHSAIOLEN 3SKCIepUMEeHTaJbHO MOJyYeHHble
TOYKHU:

_InD, -InD,

T,

kl

rae 71, InD1 ¥ 12, InD2 - KOOpAMHATHI IBYX MPOW3BOJILHO BhIGPAHHBIX
TOYeK Ha NPSIMOH.

Eciiv n3BecTHa Havya/ibHasA KOHLIEHTPaLMA 1eJI0YM B pacTBOpe,
TO KOHCTAHTa CKOPOCTH BbIYUCIAETCA 110 popMyJie:
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K

k
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IEJIb PABOTHBI

OnpefesuTb KOHCTAHTY CKOPOCTH peaKIMd MalaXUTOBOTO
3€JIGHOr0 CO 1IeJIOYbI0 W 3JHEPrul  aKTHBAlUM  METOJ0M
bOoTOKOJIOPpUMETPUU

OBOPYJAOBAHHUE

—Y4eb6Ho-1a6opaTopHbId Moayb « KWHETUKA»
—®oTokosopuMeTp 660 HM

—TepmogaTuuk

—CeTeBoli Kabesib

—MarHuTHasa Mellajaka

—MW3BsekaTe b MAarHUTHOU MelllaIK|

—Py4Ho# f03aTOp NepeMeHHOT0 06'beMa

PEAKTHUBbBI U IIOCYJA

—IIpombiBasIKa C AUCTUJIIMPOBAHHON BOJIOM

—Craka"n4uk TepMmocTkuii 100 M

—/luctunnvpoBaHHas BoJa

—Boanbiil pactBop NaOH, 0.1 Mmosb /i

—Bo/iHbI# pacTBOp MaslaxMTOBOTO 3ejieHoro, 2x10-3 Mosb/n

NMOPAAOK IIPOBEAEHUA PABOTBI

OnbIT N21. OnpeesieHHe KOHCTAHTHI CKopocTy nipu 40°C

BHyTpeHHI010 €MKOCTh TepMocTaTa 3al0JIHAIOT
JUCTUJIMPOBAHHOMN Bool. O6'beM BO/Ibl PETYJIHUPYIOT MPHU MOMOIIU
pPe3UHOBOM TpylIM TaK, YTOObI NMPU YCTaHOBKe cTakaHa Ha 100 ma
BHYTpPb TeEpPMOCTAaTa YpPOBEHb TEPMOCTATUPYIOIIENH >KUAKOCTHU
3aHMMaJl % BBICOTHI CTaKaHa. B TIlaTesIbHO MPOMBITBIM CTaKaHYMUK Ha
100 Mg nmoMemalT YKas3aHHbIM MpernojiaBaTesieM 006beM BOJHOTO
pacTBopa THJApPOKCHJAA HATpusa (HampuMep, 75 w™u). 3aTteM B
CTaKaHYMK MOMEIIAI0T MarHUTHYI0 MeIIaJIKy U YCTaHABJIMBAIOT €ro
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BHYTpPU TepMocTaTa y4eOGHO-1a60paTOPHOTO MOJYJis B IleHTpe ero
BHYTpPeHHEeH eMKOCTH.

®oTOKOJIOpUMETP U TEPMOJATYMK 3aKPEIUISIOT B JIalKax
IITAaTUBOB 1O IIEHTPY CTaKaHa TaK, YTOObI OHU HE KacaJlMcCh ero JHa.
Jlajiee JaTYUKKU COEIUHSIOT C MOMOIIbIO COEJJMHUTENbHBIX MIPOBO/IOB
C y4e6HO-/1ab0paTOPHBIM MO/IyJIEM.

Bei6uparoT Tun 3skcnepuMeHta KuHeruka. Ha Bkiazke
YcrpoucTBa BbIOMpawT AaTuuk @PoTOKOMoOpuMMeTp H
Tepmopgatumk. Pe3yabTaTbl H3MepeHHsT MOXHO BHJIETb BO
BKJIajKe USMepeHume.

3aTeM TepMOCTaT BBICTAaBJAKT Ha Temnepatypy 40°C wu
BKJKOYAKOT MeWaJKy Ha ckopoctb 1 wam 2. Ha Bkiagke
MUamepeHue 3agaT uHTepBan usMepenunii 60 cexynz, a o6iuee
KoJinyecTBO Tovyek 30.

[lo pocTwKeHUM — 3aJJaHHOM  TeMIlepaTypbl, KOTOpYIO
KOHTPOJIUPYIOT C IOMOILbIO TEPMO/JIaTYMKA, B CTAKAaHYUK J106aBJISAIOT
YKa3aHHbIA MpenojaBaTesieM O00beM MaJaXUTOBOTO 3€JIEHOTO
(nanpumep, 2 wu). Cpasy ke mnocje [A06aBJeHUs KpacUTess

HaxkumawT kHonky 3SAMUCDH.

[lo 3aBepllleHHH 3aNMCH [JAHHBIX NMPOCMOTPETH PeE3yJbTaThl
M3MepeHUH MOXKHO BO BKJIaJike Pe3aynbTrarbl. KoHcTaHTy ckopocTH
Ipy 33laHHON TeMIlepaType OnpelessiioT rpapruyeckKiM CIOCOOOM.
WcxoHble AaHHbIE 3aBUCUMOCTH Y/€JIbHOW 3JIEKTPOMPOBOJHOCTH
pacTBopa OT BpeMeHM MOXHO yBHJeTb BO Bkjajke Ipadpmkm.
Pe3ysbTaThl M3MepeHUN 3aNKUCBbIBAIOT B TETPaAb WU NEPEHOCAT B
3JleKTpoHHyI0 Tabauny Excell, B koTopod o4eHb yA06HO
06pabaThIBaTh IKCIIEpUMEHTAIbHbIE JJAHHBIE.
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OnbIT N22. OnpepesieHMe KOHCTaHTbI CKOPOCTH ipu 50°C

B onbiTe N°2 npoBOAST 3KCIEPUMEHT N0 METOUKE, YKAa3aHHOU
B onbiTe N21, HO BMecTo TeMieparyphl 40°C B TepMocTaTe 3aJjal0T
temmnepatypy 50°C.

[Io oKOHYaHUU U3MepeHUl onpeJiesloT KOHCTAaHTy CKOPOCTH
npu BTOpoM TeMmmepaType rpadudyeckuM crnocoboM. [lo aByMm
M3BECTHBIM KOHCTAHTaM CKOPOCTH MpH [ByX TeMIlepaTypax
aHAJIMTUYECKU PACCYMTHIBAIOT JHEPTHIO aKTUBALIUY PEAKLIUH.
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YHUTEX \\)
[10JIYYATb 3HAHMS JIETKO! 7 "\

Hay4Ho-npou3BOACTBEHHAsI KOMIIAHUS «YHUTEX» YCIENIHO pa6oTaeT Ha PhIHKE
obpasoBaTesnbHbIX yoiayr ¢ 2003 roga U 3apekoMeH/i0Basia ce6s1 B Ka4eCTBE
OTBETCTBEHHOTO pa3paboTYMKa W HaJEeXHOTO IOCTAaBIIMKA.

HAIIIA ITPOAYKIIUA HAITPABJIEHA HA AKTUBU3ALIUIO
IO3HABATEJIbHOU JAEATEJBbHOCTHU YYAIIIUXCA H
PABBUTUA HUX HUCCJIEAOBATEJIbCKUX HABBIKOB

[1aBHBIM NapTHEPOM KOMIAHWUU MO pa3paboTKe y4eOHO-Ja6OPATOPHOTO
o6opynoBaHus sBJseTca HanuoHanbHbl HccnesoBaTenbckuih ToMckui
[lonvTexHuyeckul YHUBEPCUTET. B OCHOBe /eATeNIbHOCTU KOMIIAHUM HAXOAUTCS
BCECTOPOHHSAS MOJJlepiKKa y4eOHOro mpolecca U ero MojlepHU3alLKsl ¢ MOMOILbI0
BHeJJpeHUS] COBPEMEHHOTO BBICOKOTEXHOJIOTHYHOTO 060pyJOBaHHUS.
HazexHOCTP M KavyeCcTBO HALIMX pa3pabOTOK OLiEHEHbl MHOTHMH BeJYIIHMH
By3aMu Poccuiickoin ®epmepanuu u ctpan CHI, cpeaum koTophIx:
MI'TY um. BaymaHa, Besnopycckuit [ocynapcTBeHHbIH MeAUIIMHCKUN YHUBEPCUTET,
Tomckuii TocynapcTBeHHbIN YHUBepcuTeT, KazaHckuil desiepasbHbIN YHUBEPCUTET,
Bcero 6osiee 150 By3oB Poccuum u crtpan CHT.

B CBOUX PABPABOTKAX MbI [IPEAJIATAEM:
BCECTOPOHHIOIO MO AEPKKY NpenojaBaTe/Ist
@‘@ B OCBOEHHUH COBPEMEHHBIX 06pa30BaTe/IbHbIX
TeXHOJIOTUH 1 BHeJIpeHUs UX B y4eOHBIH nporiecc
MBI BCer/ja FOTOBbI IPOBECTH JIMYHOE '&‘ yH MTEX
@ KOHCYJIbTUPOBaHHE UJIK JUCTAHIIUOHHYIO MonyuaTs 3HaHIs nerko!
HOAIePKKY NpernojaBaTesiei ‘ ‘
000 «HIMNO «YHuTEeX»
nporpamMmmHoe obecrneyeHue
M ofyaromie Bueo TENE®OH/®AKC (3822) 20-02-62
HoBelillee o60opyZ0BaHHe, E-MAIL ULKTPU@QYANDEX.RU
MeTOoaUuYeCKHe HOC06I/IH,

WHCTPYKTHUBHbIE MaTepyaJibl r. TOMCK, ynuua repueHa 72
rpacpuk pabotel: MH-NT, 9:00-17:00
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