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«[1100b1 Moux mpydos — npedxcde 8ce2o 8 HaAy4HOll U38eCMHOCMU,
cocmasasiowell 2opdocms - He O00HY MOK JAUYHYI0, HO U O00WYH
pycckyio. Jlyuwee 8pemsi HCU3HU U e€é 2/A8HYH CUIY 835/10
npenodasamesnbcmeo. M3 mbicsi4 MOUX Y4EeHUKO8 MHO20 menepb
nosciody 6udHblx desmesell, npogeccopos, AOMUHUCMPAMOPOS, U,
ecmpeyas ux, ecezda cavluiasa, 4mo dobpoe 8 HUX cemsl No/1az2aJ, a He
npocmyrw omoévleasn noguHHocmoe. Tpemwvsi cayxcba mos PoduHe
HaumeHee 8UOHA, Xoms 3a60mu.1a MeHs C IOHbIX Jilem Nno cux nop. Imo
CcAyHcba 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
NpeACTaBAsAIT JAJ 3alyMThl NpenojaBaresio. K J1abopaToOpHbIM
paboTaM npeAbsABJASETCA psiJi TpebGOBaHUN, OCHOBHbIM U3 KOTOPbIX
SIBJISIETCSl TIOJIHOE, MCYeplbIBalOllee ONUCAaHWE BCEW MPOJESaHHOU
paboThbl, MO3BOJISIOLEE CYAUTD O NMOJyYEHHbIX pe3y/bTaTax, CTeeH!
BbINOJIHEHUS 33/JaHUI U TpodecCuOHaJbHOM OArO0TOBKE CTY€HTOB.

TumyabHblll sAucm sIBJASIETCS TEepPBOW CTpPaHHULEH JH060H
Hay4YHOH PabOThl U /I KOHKPETHOT'0 BH/Ia PA6OThI 3aMOJIHAETCS 10
onpe/ieJIeHHbIM NpaBuJaaM. /[yist 1abopaTOPHOU PaGOThl 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
CJIOKHOCTH M MHOT033JJaYHOCTH PabOThI COCTABJISIET OT HECKOJIbKHUX
cTpok zio 0,5 cTpaHuUIbI.

Kpamkue meopemuueckue ceedeHusi. B 3TOM pasgene
M3JlaraeTcsi KpaTKoe TeopeTHUYeCKOe ONKCaHUE H3y4aeMoro B paboTe
ABJIEHUS WJMA Tpolecca, TMPUBOAATCA TakKXe Heo06X0oAUMble
pacyeTHble $opMyJibl. MaTepuas pasjesia He JOJKEH KOMUPOBATH
coZlep:KaHHe MeTOJUYECKOro Moco6Usl WM y4eOHHUKA MO JaHHOHU
TeMe, a OlpPAaHUYMBAETCAd M3JI0)KEHUEM OCHOBHBIX IOHATHUH U
3aKOHOB, pacuyeTHbIx ¢GoOpMyJs, TabJaUl, TPeOYIIUIUXCA  AJs
JalbHelle  06pabOTKM  NOJYYEHHBIX  IKCIEPHMEHTAJbHbIX
pe3yabTaToB. 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.

IJKcnepumeHmanvHble  pesyabmambel. B 3Tom  pasgene
NPUBOJATCS HENOCPEeACTBEHHO pe3yJbTaThl, MOJyYeHHble B XO/[e
NpoBeZileHUs1 JIabOpaTOpPHbIX pabOT: oOmpeJesieHHble 3HauyeHus
BeJIMYMH, rpaduky, Tabauubl,  guarpamMmmbl.  O6si3aTesbHO
Heo6X0/AUMO OLleHUTb NOTPELIHOCTH U3MepEeHUH.

AHanu3 pesynemamos pabomwl. Pasfen orTdeTa [JOJDKEH
cozep:aTb  NOAPOOHBIM  aHa/JM3  MOJIyYeHHbIX  pPe3yJbTaToOB,
MHTepIpeTaLUI0 3TUX pe3yJIbTaTOB Ha OCHOBe pU3UYECKUX 3aKOHOB.
CnenyeT CpaBHUTb TMOJIydyeHHble pe3yJbTaTbl C U3BECTHBIMHU
JIUTEPATYPHbIMU  JJaHHbIMH,  OOCYAUTb  MX  COOTBETCTBHUE
CYLIeCTBYIOIIMM TeOopeTHU4YecKuM MoJenaM. Eciu ob6HapyxeHO
HECOOTBETCTBHE TOJYYEHHBIX pe3yJbTaTOB M TeOpPeTHUYEeCKHUX
pacyeToB WJMU JIUTEPATYPHbIX [JaHHbIX, HEOOXOJUMO O0OCYJUTH
BO3MOXXHble IPUYUHbBI 3TUX HECOOTBETCTBUM.

Bbigodul. B BbIBOZjaX KPAaTKO U3J/1araloTcsl pe3yJbTaTbl paboThl:
IIOJIyYeHHble 3KCIIepUMEHTAJbHO WJU TeOpeTHUYeCKU 3HavyeHusd
bU3nYeCcKUX BeJUYUH, UX 3aBUCMMOCTHU OT YCJAOBUHM 3KCIEpPHUMEHTA
WJIL BbIOPAHHOW pacyeTHOW MO/iesM, 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 MPOU3BOASAT
TaK, YTOObI U3 HUX OblJIa BUZHA TOUHOCTb, C KOTOPOH BBINOJIHEHBI 3TH
JeictBud. JIioOble JaHHble, IoJlydaeMble H3MeEpPeHUEeM, BcCerja
NpUOJMKEHHBI, MOCKOJbKY MX TOYHOCTb 3aBUCUT OT MHOTHUX
06CTOAATE/NILCTB U B MEPBYI0 O4Yepelb — OT MOTPELIHOCTH CPeJCTB
U3MepeHUsl.

Hanpumep, ecin npu U3MepeHUM 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 0yAeT HE0OO0CHOBAHHO CHUKEHa.

[Ipy  BbIMOJIHEHUHM  apuPMeTHUUECKUX  JIeHCTBUUM  Ha[
NpUOJMKEHHBIMA YUCJaMU CJeAyeT MNOMHHUTb, YTO KOHEUYHbIH
pe3y/JbTaT CJA0XKEHHUS WM BbIYUTAHUS He J0JHKEH UMEThb 6oJiblie
3HAKOB IOCJe 3aldTOW, 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 SIBJISIETCA 3aMUCh
«9.2», TaK KaK y TPeTbero CjaraeMoro TOJIbKO OJJMH 3HaK Iocje
3andaTou. B npoMeXyTOYHBIX BBIYHUCJIEHUAX NOC/e 3aNATON JOJIKHO
ObITh Ha OJWH 3HaK O0JIbIIIE.

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

[Ilpy BO3BeeHUM B CTelleHb WJM H3BJE€YEHUU KOpPHA B
pe3y/abTaTe claefyeT OCTaBJATbH CTOJBKO 3HadallluX LUPP, CKOJIBKO
UX COJIEP>KUTCS B UCXOJHOM YHCJIE.

BbluvcieHUss W 3alMCH, BbINOJHEHHble C HapylLleHUueM
BbIILIEONMCAHHBIX MPaBUJI, SIBJASIOTCA HErPpaMOTHBIMH, TaK KaK He
OTBEYAIT [JEeWCTBUTEJbHONW TOYHOCTU pe3yJbTaTOB pabOTHI.
CobJuito/ieHUe 3TUX NMPaABUJ, C JPYTrOH CTOPOHBI, 06JieT4YaeT pacyeThl,
TaK KaK I03BOJISIET OTOPOCUTD JIMLUIHUE UPPBI Iepe/, BbINOJIHEHUEM
BbIYMCJIMTE/IbHBIX ONlepaLuil.

Omu6KH U3MepeHun

Cucmemamuyveckue oOwubKu OAWHAKOBbBI IO 3HAaKy W
00yC/I0BJIEHbl TMOCTOSIHHO [JeHCTBYIOIIMMU (aKTopaMH, KOTOpble
MOXHO y4eCTb WJIM UCKIAYUTb. Hanpumep, cMelLiéH HyJb LIKaJibl



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

CayuatiHble owWUOKU — 3TO HeNpeAcKa3dyeMble 10 BeJUYHMHE U
3HAaKy OTKJIOHEHUS H3MepeHUl OT cpejHero pesysabTaTa. Hx
OCOGEHHOCTbL B TOM, 4YTO OHU pPABHOBEPOSTHbI IO 3HAKy U
HNOAYMHSIOTCA 3aKOHY HOPMaJIbHOTO paclpejiesieHUs, COTJIACHO
KOTOPOMY BepOSITHOCTb KPYIHbBIX OIIMOO0K MeHbIIIE, YeM MEeJIKUX.

[lpomaxu — 3TO rpy6ble OLIMOKH, BbI3BaHHble HapylLIeHUEM
YCJIOBUH 3KCIIepUMEHTa UM HeOpexXHOCTho B paboTe. Hanpumep, B
X0/le  JKCIlepUMeHTa CaMOINpPOU3BOJbHO  MEHSJIOCh  CeTeBOe
HamnpshKeHHe, B TO BpeMs KaK TPeb0oBaIoCh ero MocTosiHCTBO. Uin mo
HEBHUMATEJbHOCTH ObLI cJesiaH oTcyeT «1.1», B TO BpeMs Kak
npu6op mnokaseiBaa «1.01». Pe3ynbTaTbl ¢ rpy6bIMH OMIMOKaMHU B
npoiiecce 06pabOTKU NPH HAJTUUUKU 060CHOBAHUM OTOPAChIBAIOT.

[IpaBUIBHOCTD pe3yJIbTaTa, TO eCcTb Ha/in4ue
CUCTeMaTU4YeCKOHN OIMUOKH, BCerAa He TPYAHO NPOBEPUTD, MOJIb3YsCh
CTaHJAPTHBIMHU WJIM 3TAJOHHBIMU 06pasnaMu. ITOT NMPUEM ILIHUPOKO
ucnosb3yercad B npakTuke. OH N03BOJIAeT HAXOAUTb IONpPABKH, C
IIOMOIIIbI0O KOTOPBIX MOHO IOJIyYUTb NpPaBUJbHble pe3y/bTaThl Ha
TOYHO, HO HENPaBUJIbHO paboTalLMX Cpe/ICTBAX U3MepeHHUs.

CnyvaiiHble OIIMOKHA, B OTJUYHE OT CUCTEMATHUYECKHUX,
HCKJIIOUUTH HeJb3s. Ho, yBesiMunBas KOJIMYECTBO U3MEPEHHH, MOXKHO
YMEHBLINUTb CPEJHIO0 BEJUYUHY CAy4YalHOW OLIMOKKA W, B HUTOTE,
NOBBICUTh TOYHOCTb pe3yJibTaTa M3MepeHUH. JledcTBUTENbHO, pU
OJTHOM-/IBYX U3MEPEeHHUSIX He MUCK/IYAETCH BO3MOXXHOCTb TOTO, UTO
OHHU GY/IyT BBINOJHEHBI C 60JIBIION OIMTUOKOU. [[pM MHOTOKPAaTHBIX Ke
M3MepEeHUsIX, COIJIaCHO 3aKOHY HOPMaJIbHOTO pacnpefeseHust
CAy4yalHbIX BEJMYWUH, BEpPOSTHOCTb MHOTOKPATHOIO TMOSIBJIEHUS
KpYIHBIX OIIKO0K MaJia.



IIpoeepbme ce6s

JaHo npubaudxcennoe wucao 1.0754327 u ezo npedenvHas
abcoaromuas noezpewrHocms 0.0005. Okpyzaume 3mo uuci0, ocmasus
gepHble yudpobl. Yumume nozpewHocms OKpya/1eHUsl.

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

Ilpu usmepeHuu paduyca kpyza ¢ mouHocmbilo do 0.5 cm
noJy4usocs vucao 12 cm. Hatidume a6conomHuy0 U OMHOCUMENbHYHO
nozpewiHocmu njiowadu Kpyaa.

Buinonnume apugmemuueckue delicmaust HA0 NpUGAUHCEHHBIMU
yucaamu, 8ce yu@pvl 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 abcoOMHYI0 ho2pewHocmsb yHKyuu y =xxm (m —
J11060e delicmeumesibHOe YUC/10).
JdJieMeHTapHasA MaTeMaTU4ecKas 06pa60oTKa pe3y/ibTaTOB
U3MepeHM i

YTo6bl  MOJYYUTH  pe3yJbTaT, KakK  MOXHO  OoJee
NPUOIMKAOIUNACH K JeHCTBUTEJNbHOMY 3HAaYeHUI0 OlpejesisieMoi
BEJIMYMHBI, U3MEPEHHUS BbINOJHAT MHOTOKPATHO U U3 HUX HAXOJAT
cpeaHee apudMeTHYECKOEe OT BCeX 3HAYeHHU (HMCKJoYas MpoMaxH),
KOTOpoe W TNPUHUMAKT 3a (aKTHYecKoe 3HAYeHHe HU3MepsieMOoM
BEJIMYMHBI.
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[lockosibKy 3Ta BeJUYMHA NpPUOJU3UTENbHAS, CAeAyeT
OXapaKTepHu3oBaTb €€ TOYHOCTb. B KadecTBe XapaKTepPUCTUKHU
TOYHOCTHU B NPOCTEHNIIUX CAy4yasx MNOJIb3YITCA BeJUUYUHOUN CcpeaHel
OLLUHMOKHU.

Age |Aa1| +|Aa2| +|.8 +|Aan

n

OKOHYaTeJIbHBIA pe3y/ibTaT 3allMChIBAIOT B BUJE

a=a*Aa.

Korga omnpenesnseMas BeJWYHMHA fBJsgeTcd ¢QyHKLUEH He
OZTHOM, a HEeCKOJbKHX H3MepseMbIX BeJWYHWH, TO M OIIHMOKa
omnpesie/ieHUs] 3TOW BeJUYUHbI 3aBUCHUT OT OIIMOOK H3MEpeHUs
COCTABJIAKOIIMX BeJUYHUH. Tak Kak ONIMOKM HECOM3MEPHUMO MeHbIIe

CaMUX H3MEpPSEeMbIX BEJHUYHH, MOXXHO 3aMEHHTb WX Pa3HOCTHU
nuddepennmanamu. Toraa:

6_Y
oa

oY oY

—\db+...+|—|dk.
6b‘ 8k‘

BbIYHMC/IMM  OTHOCUTE/NbHYI OIIMOKY  pe3yJbTaTa [JJid
npocTtedmux GyHKIUM:

AY = da+

AY ‘a(gZB)AM‘a(%;B)AB AA+AB
Y=A+B —= e
A+B A+B
AY ‘a(/;B)AM a(g;B)AB AA+AB
y=4-B 2X_ — =i
Y A-B A-B
AY ‘a(sf)Am a(f;aB) A a4 aB
Y=A-B = Ll
Y AB A B
d(InA)

A
g_‘ oA A

Y InA Aln A
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Hanpumep, npu onpezieJleHUM MOJIEKY/ISIPHOM Macchl BelecTBa
KPUOCKOTIMYECKUM METO/IOM M0JIb3YIOTCS ypaBHEHHEM:

Km
M=—F1—,
mz(T1_Tz)
rae mi WU mz — HABECKH PpACTBOPEHHOrI'o BelecTBa U

pactBoputens; T1 u T2 — TeMIlepaTypa 3aMep3aHUs paCTBOPUTEA U
pacTBopa; K — KpHocKonuyecKas MOCTOSTHHAs.

[ycthb m1=1.0000 £0.0002 T, mz2 =50.00 £0.05 r,
T1=1.207 £0.003°C, T>=1.000 £0.003°C, K=1.86. Torpga
OTHOCHUTeJIbHasl NOTPELIHOCTD ONpe/esieHUs] MOJIEKYJISIPHOM MaccChl:

AM _Am; _Am, AT, +AT, 00002 005 0.003+0.003
M m m, T,—-T, 10000 50.00 0.207

=0.0002+0.001+0.029=0.0302.

W3 pacyera ciaeayeT, 4YTO OTHOCHUTEJIbHAasl MOTPEIIHOCTD
omnpe/ieJIeHUs] MOJIEKYJIIPHOW MacChl KPUOCKONIUYECKUM METOJIOM He
3aBHUCUT OT MOJIEKYJIIPHOW Macchl, ¥ HaWOOJIbIIYI0 MOTPEIIHOCTD
BHOCHUT OIIMOKa ONpe/ie/ieHUsI Pa3HOCTH TeMIepaTyp 3aMep3aHus.
[ToaToMy jJ/i1 OBBIIIEHHUSI TOYHOCTH ONpe/iesIeHUsI MOJIEKYJISIPHOU
Macchl, B TMeEpBYyI odYepeJb, HEOOGXOAMMO TOBBIIIATH TOYHOCTh
nsMmepenus AT.

1

I‘pad)nqecxoe n306pa)l<eHne IKCIIEPUMEHTAJ/IBHBIX JAHHbIX

Hau6osiee BbipasuTesbHasi, ”THGOpMATHUBHAsS U yA06Hass Gpopma
NpeJCTaBJeHUs 3KCIEPUMEHTAJIbHbIX JaHHbIX — rpaduyeckas.
[TocTpoeHue rpadrka HAYMHAIOT C BbIGOPA €ro pa3MepoB U MaclITaba
KOOpJAMHATHbIX oced. O4eBUJHO, YTO B LeafX COKpalleHHUs
HEUCNoJb3yeMOW IJIOIaAu rpaduka He cjaefyeT HayUHATh OCb C
HyJsl, KOrja OTKJaJblBaeMasi BeJMYMHA HW3BECTHA HE C HYJs.
Macutab BbI6UMpAIOT y06HBIM AJis paboThl. HanpuMmep, 1 cM mo ocu
cootBeTcTByeT 0.2, 0.5, 1, 2.5 nau 10 egununam, Ho He 0.17, 0.54, 1.3
Wiy 2.48.
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Ocu fo/KHBI OBITh 0003HAYeHbl C YKa3aHHWEM pa3MEepPHOCTH.
Ecnin usMepsieMble BeJIMYMHBI BbIPaXKalOTC MHOTrOpa3psiHbIMHU
nudpaMy, TO HUX 3alUChbIBAIOT 4yepe3 MHOXUTeJb 107, KOTOpbIH
CTaBAT psJOM C YCJOBHbIM 0603HauyeHHeM ocdU. Bo usbexaHue
INyTaHULbl B 9KCIIEPUMEHTAJbHBIX TOYKAax NPH HaHECEHUH Ha OJAUH
rpaduK HECKOJIbKHX 3aBUCHUMOCTEM KaX/JIyl0 TOYKY OOBOJSAT
KPY>KKOM, TPEYTOJbHUKOM U APYTroil GUTYPKOM.

Ilo NOCTaBJIEHHbBIM  TO4YKaM CTPOAT  JINHUIO —
(OYHKIIMOHA/NBHYID 3aBUCUMOCTb. Tak Kak cjy4ailHble OIIMOGKU
Hen36eXHbl, TOYKH MOTYT pacloJiaraTbCsl Ha rpaduke ¢ HEKOTOPbIM
pasbpocoM. [loaToMy JIMHUIO IPOBOJAT TakK, YTOOBI OHA NMPOXOAHJIA
BO3MOXXHO OJI>)Ke KO BCeM TOYKaM, a TOYKH pacnoJsaraauch
CUMMETPUYHO U PAaBHOMEPHO 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 3/1eKTpoAa ot pH 6ydepHbIx

pacTBOpoOB(NpuMep NpaBUJIbHOr0 opopmaeHHsa rpadpuka).

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

OTueT sABJSETCA JOKYMEHTOM, [10 KOTOPOMY CYJAT O XapaKTepe
paboThl, 0 Ka4ecTBe ee BbINOJHEHHS U 06 ypoBHE KBaJMPUKALUU
UCIOJIHUTENA. YpOBeHb KBaJMPUKALUU TNPOSBJASAETCI B TOM, Kak
HCNOJIHUTEb POPMYJIMPYET NOCTaBJIeHHbIE Nlepe], co60i 3a/a4H, Kak
NOHMMaeT U HCIOJIb3yeT TeOpeTUYEeCKHH MaTepuas, HaCKOJbKO
NpPaBUJIbHO U JIOTUYHO U3JIaraeT 3KCNEPUMEHTAbHYI0 4YaCThb paboThI,
KaK aHaJU3upyeT W OLeHUBaeT IOJIydYeHHble pe3yJbTaThbl, KaKue
JenaeT BbIBOJbL. OTcCrojla cjefyeT, YTO OTYeT MO JabopaTOpHOH
paboTe CAYyXKUT CpeACTBOM pa3BUTHUS HABBIKOB IO TIJIyOOKOMY
OCMBIC/IEHUIO BBINOJIHIEMbIX 33JJdaHUM W YMEHUs BbIpakaTb CBOU
CYX/J,eHUSl HAQYYHbIM A3bIKOM.
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OBHIME TEOPETUYECKHUE CBEAEHUA

[Ipy XMMHYECKUX TMpeBpalleHUsIX MPOUCXOAUT H3MeHEeHHe
BHYTPEHHEN 3HEpPruu CUCTEMbI, OOYyC/JOBJEHHOE TeM, 4YTO
BHYTpPEHHsII 3HEPrus TMPOJAYKTOB peaKUWH OTJIMYaeTcs OT
BHYTPEHHEM JHepruM MCXOJHBIX BelllecTB. M3yyeHHe 3THUX
M3MEHEeHUN MMeeT GOoJblLIoe 3HAYEeHHUE JJIS1 TEPMOJAMHAMUYECKHX U
TEXHOJIOTUYECKUX pPacyeTOB M, KpoOMe TOro, SIBJSeTCS OJHUM U3
nyTeld HW3yYeHUs DOSHEPruy OTJeJIbHbIX XHMHUYECKUX CBsi3ed B
MOJIEKYJie W KOJIMYEeCTBEHHOW OllEHKUM MNPOYHOCTH 3TUX CBS3eH.
M3MeHeHUe BHYTpeHHed 3JHEpPrud B PaA3/JIMYHBIX Ipoleccax
NPOMCXOAUT TMyTeM TMOIJIOUIEHUSI WU BbleJeHUs TeIMJOThl U
coBepuleHUs: paboThl. TemoTra peakuud UMeeT GOJBILYI0 BEJUUYUHY
¥ MOXKEeT ObITh HENOCPEACTBEHHO U3MEPEHA UJIU BbIYMCJIEHA.

TepMmoxumuein Ha3bIBaeTcs pasjen XUMHUYeCKOU
TepMOJAMHAMUKH, NOCBSIIEHHBIN ONpe/e/IeHUI0 TeNI0BbIX 3G PeKTOB
pa3/MYHbIX QU3UKO-XMMHUYECKUX MPOLECCOB: XMMUYECKUX pPeaKLUH,
$a30BbIX Nepexo/i0B, NPOLLECCOB KPUCTAJIM3alUM, PAaCTBOPEHUS U
Ap.

TenysioBbiM 3)PeKToOM XUMHUYECKOW peaKlMu Ha3blBaeTcs
KOJINYECTBO TEMJIOThI, KOTOPOE BBbIJEJNSeTCS WM MOTJIOMAETCS NpU
HeoOpaTHMOM NPOTEKAaHWU peaKLUil MpU COGJIOAEHUU CAeAYyIOLIUX
yCJIOBUM:

—He COBeplIaeTci HUKAaKoOW paboThl, KpoMme pPaboThl
paclMpeHus;

—TeMIlepaTypa MCXOJHbIX BelleCTB U NMPOAYKTOB peaKLuu
OIMHAKOBA;

—00BbeM HUIU AaBJIeHH e ITIOCTOAHHDI.

Onpenesnenve  TemynoBbIX  3pPeKTOB  OCHOBAaHO  Ha
UCIOJIb30BAaHUM MEPBOTO  HavyaJa TepMoJUHaMHUKHU. TemsoTa
SBJISIETCS 06'bEKTOM U3y4eHHUsI B KaJIOPUMETPHUH.
TepMoguHaMuyeckue JIaHHbIE, NOJIyYeHHbIE nyTeM
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KaJIOPUMETPUYECKUX U3MepeHUH, NMpeAcTaB/seT 60JIbIION MHTepec
JUIS1 XMMUHY, TaK KaK IpY ONpe/ie/IeHHbIX YCI0BUSX TEMJIOThI peakiui
OKa3blBAalOTC Mepoll H3MeHeHUs] BHYTPEHHed 3SHeprud Wiu
SHTAJILIIUU CUCTEMBL. ITO yCI0BUE BBITEKAET U3 YpaBHEHUS NEPBOTO
HavaJsia TepMOJHUHAMHUKHU.

dU =50+ W, (1)

rae dU — nosiHbld auddepeHan BHyTPeHHENW 3HEPTUH CUCTEMBI;
0Q — npupaieHue TemnoTel; OW =—pdV — npupaineHde paboTbl
pacmupeHus (B cjy4yae OTCYTCTBUS JIPYTUX BUJ 0B paboT).

[Ipy nNOCTOSAHHOM O06beMe W OTCYTCTBUM JPYTHMX BHJIOB
00061IeHHBIX PabOT HW3 3TOr0 YpaBHEHUS IOCAe MHTETPUPOBAHHUS
noJiyyaeM

AU=Q,, (2)
rage MHAeEKC v — 0003HayaeT NOCTOAHCTBO 06'beMa.

JlIT MHOTMX MPOLLECCOB YA06HO UCIO0Jb30BaTh HE W30XOPHbIE
TemJIoTbl Qv, a Hu3ob6apHble @p. M3 ypaBHeHUsA MNepBOro Havasjaa
TEPMOJMHAMUKU U ompejeseHus sHTaibnuu — (H=U+pV)
BbITEeKaeT, 4To npu T =const, p = const U NpU OTCYTCTBUM [PyTrUX
BU/I0B pabOT KpoMe paboThbl pacliMpeHus

AH=Q,. (3)

B o6uwem TenyioBod 3pPeKT peakuudil 3aBUCUT OT MNOYTHU
mpolecca HO, HPU BbINOJHEHUH YKa3aHHBIX YCJIOBUM TeIMJOBOU
3 deKT peakuuu ABASETCA MepOU U3MEHEHUs] BHYTPEHHEN 3Hepruu
WJIK 3HTAJIbIIUKU cUCTeMbl. U3 ypaBHeHU (2) U (3) cieayeT, 4To s
JIBYX NPAaKTUYeCKH BaXKHBIX MPOLECCOB — M300apHOIr0 U U30XOPHOI'0
— TeMJoTa Ipoliecca NpuobpeTaeT CBONWCTBA QYHKIIUU COCTOSIHUS,
T.e. OHa He 3aBHUCUT OT NYTH Npolecca, a 3aBUCUT TOJbKO OT
HayaJIbHOTO KW KOHEYHOTO COCTOSIHUS cucTeMbl. TakuM o06pa3om,
TEMJIOBOU 3QPeKT XUMHUUYECKUX peaKLUWd MOXKHO ONpeAesUTh, 3Has
HavyaJibHOEe U KOHEYHOE COCTOSHHE CHUCTEMbI. JTO MOJIOKEHHE OBLIO0
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chOpMYJIMPOBAHO HAa OCHOBAHUU ONBITHBIX JaHHbIX [.M.Teccom wu
Ha3bIBaeTcd 3aKoHOM ['ecca.

B TepMoXMMHM IpU HANHWCAHUK XUMHYECKHE YpaBHeHUs
NPUHATO BKJIIOYATh B Hero TemsoBod 3¢dekT peakyuu. TenysoBoi
3ddeKT peakiivu onpejesieTcs He TOJbKO NPUPOJON pearupyoumux
BEIL[eCTB, HO M UX arperaTHbIM COCTOSIHUEM, N03TOMYy B YpaBHEHHUH
peakIMM yKasblBaeTCsl M arperaTHOe COCTOsIHME peareHTOB 4Yepes
cuMBoJIbI (1), (3k), (T) Uam (K) o3HayvarlMe ra3006pas3Hoe, XKUJKOe U
TBEpJ0€ WM KPUCTA/UIMYECKOe COCTOsIHUA. Takasg 3amuch
Ha3bIBaeTCs TEPMOXMMUYECKHUM YpaBHeHHEeM. Hanpumep,

PCIL,(t) + H,0=POCl,(3x) + 2HCI(r), A H =-111,4 x/x.

C TepMOXMUMHYECKHUMH ypaBHEHHUSMH, €CJU TeNJOBble
3¢ deKThl NprBeLEHbl B HUX NPU OJHUX U Te€X K€ YCIOBHUSIX, MOXKHO
ONepupoBaTh TOYHO TaK Ke, KaK U C aire6pauyecKUMu. ITO CBOUCTBO
TEePMOXUMHUYECKUX YPaBHEHUN BbITEKAeT HENOCPEJCTBEHHO U3

3akoHa ['ecca. B kauecTBe mpuMepa NpUBeJeM peaKIud OKHUCJIEHHS
Kesiesa. [lyctb TensioBo 3¢ PeKT peakuuu

1% ZFE(T)+%02 (r)=Fe,0,(T), AH1
HeU3BeCTeH, HO U3BECTHBI TelJIoBble 3G PeKThI peaKLUil:
2. 2Fe(T)+0,(r) = 2FeO(T), AH2 =-527 x/Ix,
1
3. 2FeO(T)+EOZ(r)= Fe,0,(t), AH3 =-294 x/x.

Ha oCcHOBaHMHM 3THUX [JaHHBIX MOXHO BBIYMCIUTbL TEIJIOBOU
addekT nepBoi peakuuu. [locne anred6panyeckoro CyMMHUpPOBaHMUSA
peakuuii (2) 1 (3) ¥ coKkpaleHHUs1 0JMHAKOBBIX CJIaraeMbIX M0JIy4yaeM

4. 2Fe(T)+%OZ(I‘) = Fe,0,(r), AH2 +AH3.

Kak BUJIHO, TepMOJMHAMUYeECKOe yYpaBHeHHe (4) coBnajaeT C
(1). Otcroa, B cCOOTBETCTBHUH € 3aKoHOM [ecca, mosiyyaem
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AH1 = AH2 + AH3 = =527 + (-294) = -821 k/Ix.

TepMoxuMUa 103BOJIAET BBIYUCAATH TeIJIOBble 3QPEKTHI
IpOLEeCcCOB, [JJ KOTOPbIX OTCYTCTBYIOT 3KCIepUMeHTa/bHble
JlaHHbIE.

ConocraBsieHMe  TemaoBbIX 3PPeKTOB U  IpOBeJeHHe
TEPMOJUHAMUYECKUX pacyeToB MpPUBEJO K HeoO6X0JUMOCTHU
BBeJIeHUs TIOHATHA CTaHJApTHOro TemoBoro 3ddexkra. 3a
CTaHJAPTHBIA TenJoBOU 3QPeKT NPUHUMAIOT BEJIUYUHY TEINJIOBOTO
addekTa npu craHgapTHoM aaBjeHuu p° =105 Ila npu HekoTOpoOU
TeMIlepaType, 3HayeHHe KOTOPOH yKas3blBalOT OTAeJbHO. B
CIpaBOYHMKAX, KaK IpPaBUJIO, IPUBOAATCA CTaHAApTHbIE 3HTAIBINU

peakuuii npu Temnepatype T = 298.15 K (A H,,,).

Bousbiioe MMpaKTHU4Y€eCKOe€ 3HAY€HHWEe UMEKT pacCieThbl TEIJIOBbIX
3(1)(1)6KTOB XUMHYECKHUX pea}(um?l 110 TeIllJIOTaM O6p330BaHI/IH )41
CropaHu4, 3Ha4YeHUA KOTOpBbIX  OJIA CTaHJAaPTHBIX YCJIOBI/Iﬁ
NpUuBEAEHbI B ClIPABOYHHUKAX.

TensoTot o06pa3oBaHMs Ha3blBaeTcs TemJoBOH 3ddekT
00pa30BaHMA OJHOTO MOJI COeJJMHEeHHS U3 MPOCThIX BeliecTB. [Ipu
3TOM, TemsoTa ob6pa3oBaHus npocThix BemecTB (N2, H2, 02 u ap.)
NpUHUMaeTCcs paBHOU HyJIto. [IpocThle BellecTBa pacCMaTpPUBAOTCS B
TOM arperaTHOM COCTOSIHUM U TOW MoAUHKALMHM, B KaKOH OHHU
YCTOMYHMBBI NMPHU CTaHAAPTHBIX ycaoBUAX. [Ipu pacyeTax TemOBBIX
3pdekToB MO TemaoTaM o006pa30BaHUs IOJb3YIOTCA IMPABUJIOM,
KOTOpO€e BbITEKaeT U3 3aKoHa ['ecca: TensioBoM 3¢ PeKT XUMUYECKOH
peakuuyd paBeH pPa3HOCTU MeXJAy CyYMOW TemJoT 06pa3oBaHUs
NPOAYKTOB peakLUu U CYMMOW TeIlJIOT 0Opa30oBaHUS MCXOLHBIX
BellecTB. B MaTemaTtuuyeckoil ¢opMme 3TO NpPaBUJIO 3aNUChIBAETCSA
c/leiyoLiMM 06pa3oMm:

AH®=>VAH, 4)
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o v .
rae A H — TemnoBod 3¢QeKT peaknuu; vi — CTeXHOMeTpHUYecKue

k03pPUIMeHThl B ypaBHEHHH peaKUHWH (C y4eTOM 3HAKOB: JJis
NPOAYKTOB  peaKkLuu CTEXUOMETPUYECKHE K03$UIHEHTHI
MIOJIOXKUTEJNbHBIE, a JJIS1 UICXOJHBIX BEI[eCTB — OTpPUIATEbHbIE).

3Hag  TemsoBoM  3ddeKT o06pa3oBaHUS ~ XUMHUUYECKOTO
COelMHEHHUS] B OJHOM arperaTHOM COCTOSIHMHM, MOXXHO Ha OCHOBeE
3akoHa ['ecca BBIYUCJAUTHL TemaoBod 3¢deKT ero ob6pa3oBaHUsA B
JIpyroM arperaTHOM COCTOSIHUU:

™ _ (r) — ()
Ain _Ain +AsubHi _Ain +AvapHi'
() _ () —
AfI_Ii _Ain +AfusHi’ AsubI-I = AfusI-I +AvapH‘
rae A H A H, A, H — TenjgoTel BO3rOHKH, IUIaBJIEHUS H
UCIapeHus.

[Ipy TepMOXMMHYECKUX pacyeTax peaklui, MpoTeKawlluxX B
pacTBopax, HYXHO Yy4YUTbIBaTb TemaoBod 3ddekT mnpolecca
pacTBOpPEeHHUs XUMUYECKOI'0 COeIMHEHUS B JAHHOM pacTBOpHUTEJIE.

TensioTol cropaHusi Ha3bIBaeTCsl TeIJIOBOU 3ddeKT peaknuu
OKHCJIEHUSI KHCJIOPOJIOM OJIHOTO MOJISI XMMHUYECKOr0 COeJUHEeHUs C
0o6pa3oBaHMEM BBICIIUX OKCH/OB, BXOJASALIUX B 3TO COEJUHEHHE
3/IEeMEHTOB HWJIM COeJMHEHHUHW 3TUX OKCHJIOB. TemoThl CropaHus,
Hali/leHHble U3 OMNbITAa U NepecYUTaHHbIe K CTaHJAPTHBIM YCIOBHUAM,
IpYBEJEHbI B CIPAaBOYHUKAX.

TensioBolt 3dpdeKT XMMHYECKOM peaKIMu paBeH pPa3HOCTU
MEXJy CYMMOM TeIJIOT CTrOpaHMsI MCXOJHBbIX BEIeCTB U CYMMOM
TEIJIOT CTOPaHUs IPOAYKTOB peaKLUHy, T.e.:

AH°==>"(v,AH,). (5)

Takum 06p330M, Ha OCHOBaHMM 3akKoHa [I'ecca, MOXHO
CpaBHHUTEJIbHO JIETKO PACCYUTBIBATDL TEIIJIOBbIE 3(1)(1)6KT]:)I pa3JIMYHbIX
(1)1/131/IKO-XI/IMI/I‘-IECKI/IX MponeccoB MMPHU CTAaHAAPTHBIX YCJIOBHUAX.
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[Ipyu  pacyere  Temn0BbIX 3GPEeKTOB  peakui  NOpu
TeMIepaTypaX, OTJUYHBIX OT CTAHJZAPTHOH, HCIOJb3yIOTCS
TEIJIOEMKOCTHU. TeIJIOEMKOCTh {BJSIETCAd OJHOH W3 BaXKHEHUIIHX
XapaKTEepPUCTUK  HWHAWBHUAYaJbHOTO  BelllecTBa. TemI0eMKOCThb
BEIIeCTB IIMPOKO HMCIOJIb3yeTCd TMpPU TPOBeJEeHUU MHOTIHUX
TEPMOJUHAMUYECKUX pacyeToOB (TeIJIOBbIX 0aJlaHCOB, 3HTPOIUH,
XUMUYECKOT0 paBHOBECUS U AP.).

Ten/soeMKOCTbIO Ha3bIBaeTCs KOJINYECTBO TENJIOTHI,
Heob6xo/MMoe [JIsi HarpeBaHUsI eJUMHMIbI Macchl BelecTBa Ha 1 K.
[Ipy GU3MKO-XMMHYECKUX W TepPMOJWHAMHYECKHX pacyeTax, Kak
IpaBUJIO, MOJIb3YIOTCS MOJIIPHBIMU TeMJIOEMKOCTSMHU. PasinyaroT
WCTHHHYIO W CpPeJHIO TeIJIOEMKOCTH. WMCTUHHOU MoJsIpHOU
TEeNJIOEMKOCTBI0 HAa3bIBAETCS OTHOIIEeHHEe OEeCKOHEYHO MaJioro
KOJIMYEeCTBA TEIUIOThl, KOTOpPOe HY)XHO MOJIBECTH K OJHOMY MOJIIO
BEIIeCTBA, K OECKOHEYHO MaJIoMy MPHUpPAIeHHUI0 TeMIepaTyphl,

1]
KOTOpoe IpHn 3TOM Ha6J'II-OL[aETCH! C=£, rpe ¢ — MOJIApHadA

TeIJI0eMKOCTb, /Ixk/(Moub K).

CpeaiHeH TeMJIOEMKOCTbIO ¢ B MHTepBaJie TeMmneparyp oT T1 10
T2 Ha3bIBaeTcd OTHOLIEHUWE KOHEYHOr0 KOJIMYECTBA TeIJIOTHI,
HO,Z[Be,Z[eHHOI‘;I K OJHOMY MOJIIO BE€II€CTBA, K pa3HOCTHU TeMIIepaTyp TZ
- T1:

Q

c=—"—.
TZ_Tl

B 3aBucumMoctu oT YCJ'IOBI/Iﬁ HarpeBaHUA WKW OXJIAXAECHUA

BelleCTBA Pa3/IM4alOT TEIJIOEMKOCTb NPHU MOCTOSIHHOM 06beME CV U
NPy MOCTOSIHHOM /JaBJIeHUH Cp. YuuThIBas, 4yTo 8@, =dU u 8Q,=dH

AJIA UCTUHHOM MOJIHpHOﬁ TEIJIOEMKOCTH MNP MOCTOAHHOM o6beMe U

AaBJIEHUH I10JIy4aeM:
CV :[a—Uj ; Co= a_Hj , (6)
or )" 7 \er),
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g n MoJib oJsiyyaeM

dU=nc,dT n dH=nc,dT. (7)
[IpoMHTErpupoOBaB 3TH BbIPAXKEHMS, N10JIyYaeM:

Q, =AU =nc,AT, (8)

Q,=AH=nc,AT. 9

TensioTa sBAsIETCS O6GBEKTOM H3yYeHHS B KaJIOPUMETPUHU.
TepMoxuMHYecKre AaHHble MOJYYAIOT MyTeM KaJOpPUMETPHUYECKUX
u3MepeHuWd. B npuHUOMIE, OGOJBIIMHCTBO KaJOPUMETPHUYECKHUX
W3MEepeHUN CBOJUTCS K TOMY, UTO Ipoliecc, TemjoBod 3dpdekT
KOTOPOTO JIOJDKEH OBbITh HW3MepeH, MpPOBOAAT B CHElNHaJbHOM
npubope — KaJlOpuMeTpe U HAOGJIOJAIOT BbI3BAaHHOE 3THUM
npoleccoM u3MeHeHue TemnepaTtypbl AT .

TensioBoit 3ddekT mnpolecca, HU3MEHEHUE TeMIEPaATYphl,
TEIJIOEMKOCTM M MacChl BeIEeCTB, CBs3aHbl MeXJy Cob60i
ypaBHEHHEM TeIJIOBOTO O6ajlaHca

Q,=AH =(myc, + myc, +----+m,c, )JAT (10)

r/le mi ¥ C; — Macca ¥ TelJI0eMKOCTb UCCJIelyeMOro BellecTBa U
yacTel KaJIOpUMETPA, YYaCTBYIOILIMX B TENJIOOOMEHE.

OcHoBHas annaparypa. KanropumeTtp

KasopumeTpoM HasbiBaeTcs MNpuUOOp, CAyXKaUMh  AJs
M3MepeHUusi TemI0BbIX 3Q(PEeKTOB pasJUUHBbIX (PU3NKO-XHUMHUYECKUX
IIPOLeCCOB, a TAKXKe [/ U3MepeHHUs TelJI0eMKOCTeMN.

BaxkHeHmnmMu 4acTAMU KaJlopuMeTpa SABJISIIOTCSA:
KaJIOpUMETPUYECKUH  COCyJ, €eMKOCTb C KaJOpUMeTPUYecKon
KUJKOCTbIO (YacTO B KayeCcTBe KaJIOPUMETPHUYECKOW KUAKOCTU
UCIOJIb3yeTCd BOJA), B KOTOPOM pacTBOpseTcs HcCleAyeMoe
BeleCTBO M 3alMTHasg 0060JI0YKa, YyMeHblIAWLasi TeIJoBoe
B3aUMO/IeliCTBUE KaJloOpuMeTpa C OKpyxawuiei cpefod. Cnocobbl
M30JIMPOBAHUS KaJIOPUMETPA OT TEIMJIOBOr0 BO3JEHCTBUSA PAa3/INYHBI.
B fgaHHOM  @pakTUKyMe  MNpUMEHSIETCd  KaJOpUMETp  C
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M30TEPMUUYECKON 060JI04KOU. B KpbllliKe Ka/sopuMeTpa HMETCs
OTBEPCTUS, KyJZa BCTaBJSETCI MNPOOMPKA MJAM CTAaKaHYUK C
uccsaelyeMbIM BellleCTBOM U AaTYUK TeMIlepaTyphl.

[Ipy pacTBOpeHUMM HCCIeyeMOro BellecTBa TeMIlepaTypa
pacTBopuUTesnsl U3MeHSeTCd U, [0 H3MEHEHUI TeMIlepaTyphl,
pacCYMTBHIBAIOT TemoBble 3PGeKTbl pas/JMYHbIX MNPOLECCOB WJIU
TENJIOEMKOCTH.

Or[pe,quIeHne AeﬁCTBHTEJIbHOFO HU3MEHEHHA TEMIIEPATYPbl B
Ka/JIOPpUMETPUIECCKHUX OIIbITAX

O6mwuM U 06s3aTeNbHBIM [Jis1 BCeX paboT B MPAKTHUKyMe IO
TEPMOXUMHUU SIBJISIETCS ONpeJieieHHe U3MEeHEHUs] TeMIepaTyphbl B
X0Jle KaJIOpUMEeTPUYecKoro omnblTa. B Xxoje KalopUMeTpUYecKHUX
U3MepeHUH, TMPOBOJUMBIX B H30TEPMHUYECKOM KaJIOpUMeETpe,
IPOUCXOJUT TEIJIOOOMEH C OKpY»Kalolllel cpesiol, cleACTBUEM Yero
SBJISIIOTCA TEMJIOBble IOTEPU B OKpyxawluywo cpefy. I[loaTomy
pasHULla MexJy TeMIepaTypaMd HayajJa M KOHLA H3y4aeMoro
npouecca OGBIYHO OTJHWYAeTCsl OT UW3MEHEHUs TeMIlepaTyphl
npolecca, OnpejiesgseMoro B YCJAOBHUAX HCK/IYAIOUIMX TelJOBble
notepu. OnpesevuTh eHCTBUTE/NbHOE U3MEHEHHUE TeMIIlepaTyphbl MO
JlaHHBIM, N10JIyYeHHBIM B pe3yJibTaTe U3MepPeHUHN B U30TEPMUYECKOM
KaJIOpUMETpe, MOXKHO JABYMSl CNOCO6aMHM — aHAJUTHUYECKUM U
rpaduYeCcKUM.

B HacTosmeM npakTUKyMe HOpPUHAT rpaduyeckuil crnocob
onpegenenuss AT, kak 6ojiee NpPOCTOH, MO HAAEKHOCTU He
YCTYNALMAN aHAJUTUYECKOMY, H TO3BOJSIOLMN ¢ 60JbLION
HarJAAHOCTBIO CyAUTb 06 0COOGEHHOCTAX NPOTEKAaHUs UCCIelyeMOoro
npouecca.

I'padpuyeckuii MeToA onpeesieHUs AeHCTBUTEIBHOTO
HU3MeHeHUs TeMIIepaTyphbl

[Ipu onpeseseHUH JleCTBUTEIbHOTO M3MeHeHHUs
TeMIepaTypbl QUKCUPYIOT TeMIepaTypy KaJopUMETPHUYECKOUN
KUJIKOCTHU B CTaKaHe, IOMELIEHHOM B NOJTrOTOBJIEHHBIN JJ1s1 paboThI
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KaJIOPUMETP, 10 TeX NOp, IOKa U3MEeHeHUe TeMIepaTypbl He CTAHET
O/JIMHAKOBbIM U HE3HAYUTEJbHbIM UM W3MEHEHUE TeMIepaTyphl He
O6yaeT HabswgaTbcs (He MeHee 5 MHUHYT). 3aTeM HaYMHAIOT
TEPMOXHMHUYECKHUN ONBIT (HAampuUMep, pPacTBOPEHUE COJIU), He
npepbiBasi 3alUCU TeMIepaTyp. ITO TaK Ha3blBaeMblil TJIaBHBIN
nepuos. [lo OKOHYAHMU TJIABHOTO IE€pHUOJa, KOorja H3MeHeHHue
TeMIepaTypbl CHOBA CTaHeT  paBHOMEPHBIM, MPOJOJLKAIOT
3alMCbIBaTh TEMIIEPATYpPY elle 5 MUHYT, IOCJ€e Yero OMNbIT CYUTAI0
3aKOHYEHHbIM. [lepeMellMBaHHE >XUJKOCTH MeIlIaJKOM obJserdaet
ObICTpPOE AOCTHXKEHHUE TEIJIOBOIO pABHOBECHS B KaJIOPUMETPE.

06paboTKa MoJiy4eHHbIX JaHHBIX

[Io mosyyeHHBIM 3KCIIEPUMEHTAJNbHbIM JAaHHBIM CTPOUTCSA
rpaduk B KoOpJHUHATAX TeMIepaTypa - BpeMsa. [losyyaromuiicsa
rpaduk UMeeT CaeAyIOUN BUI.

t

k

BpeMs

Puc.1. 'paduk a5 onpeaeseHus
JeHCTBUTE/IbHOr0 U3MEeHEeHHUs TeMNepaTyphbl.

Bpems, oTHocseecs K yyacTKy AB, Ha3biBaeTCsl «HayaJbHbIM
nepuogom», BC — «ryniaBHbIM nepuogoM», CD — «koHeuHbIM». YTOOBI
onpeneNUTb JeUCTBUTEJNbHOEe U3MeHeHUe TeMmnepaTypbl AT,
NpPOBOASAT JIMHUU Yepe3 TOYKH, QUKCUPYIOLHME paBHOMEpPHOE
M3MEHEHHUE TEMIEePATyphbl HAYaJbHOTO U KOHEYHOTO nepuoaoB AB u
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CD. 3a Haya/o TIJIaBHOTO MepuoJa NPUHUMAKT MOMEHT HadaJjaa
pacTBOpPeHHUA COJIY, M0CJIe KOTOPOro HaYMHaeTCa pe3Koe U3MeHeHue
TeMIlepaTypbl, a 3a KOHel| IVIJaBHOrO INepuoJa — TOYKy, KOTopas
nepBoi soxkuTca Ha npsamyro CD. Touku B 1 C mpoeKTUPYIOT Ha OChb
OpAMWHAT, HAaXOAAT CepefMHYy OTpe3Ka mn U MPOBOAAT JHUHHIO Kp.
Yepe3 TOUYKy g NPOBOAAT BepTHUKaJb. JKCTPANOJUPYIOT JIMHENHbIe
y4acTku AB u CD g0 nepeceyeHus ¢ BepTUKasblo B Toukax E u F.
Otpe3ok EF coorBeTcTByeT wu3MeHeHHIO TeMnepaTtypbl AT B
KaJIOPUMETPUYECKOM OIbITE C Y4€TOM MONPABKU Ha TENJI0O0OMEH.

Kpytuszna sauvHuu BC 3aBUCUT OT xapakTepa W YCJI0BUH
IpOTEeKaHUs UCCJIeAyeMOro TeIJoBOro npouecca. KpytusHa nuHui
AB u CD 3aBUCHT OT XapaKTepa TellJIooO6MeHa C OKpy»Kalolel cpesioi.
TakuM o6pasom, no Buay KpuBoid ABCD MOKHO CyJUTb O KayecTBe
IIPOBEZIEHHOTO OMNbITA M y4eCTb €ro HeJOCTaTKHW IpH NpPOBeJeHUH
cnefywiux — onbIToB. TOYHOCTH  omnpejiesieHUs]  U3MeHEeHHUs
TeMIepaTypbl 3a CYeT TEIJIOBOrO Ipolecca SBJSETCId OCHOBHBIM
dakTopoM, onpeeNSoLUM TOUYHOCTh KOHEYHOT0 pe3yJibTaTa.
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JIABOPATOPHAA PABOTA Ne1. OIIPEAEJIEHHUE TEIIVIOTbI
PACTBOPEHHUA XOPOIIIO PACTBOPUMOM COJIH

KPATKHUE TEOPETUYECKHUE CBEAEHUA

TensioTa pacTBOpeHUs] TBEPJOrO0 COEJUHEHHUS C HOHHOU
KPUCTAJJIMYECKOU PEIIeTKON ompeJiesisieTcd B OCHOBHOM CyMMOU
JIByX BEJINUMH: TEMJIOThl pa3pyIlleHUs] KPUCTAJIMYECKON pellleTKH U
TEIJIOThI COJIbBAaTallUd HOHOB MOJIEKYJIaMH pacTBOpUTeJs. B cBs3u ¢
TeM, 4YTO Ha paspylleHHe KPUCTAJJIMYEeCKOM pelieTKH TemjioTa
3aTpayMBaeTCsl, a INpolecc  CoJbBaTallMM  CONPOBOXKAAETCS
BblJle/IEeHUEM TeIJIOThl, 3HaK TeIMJOTbl PAacTBOPEHUS MOXKeT
O0Ka3aTbCsl KaK IOJIOKUTEJbHbIM, TaK MW OTpHUIlATeJbHbIM, B
3aBUCUMOCTU OT TOrO, Kakoe M3 J[ABYX CJaraeMbiX 60Jibllle TI0
abCoOJIIOTHOU BeJIMYHHE.

Tensiora  pacTBOopeHUs 3aBUCHUT oT KOHI|EHTpaluu
obpasywlerocsi pactBopa. Hampumep, nmpu pacTBOPeHHU OJHOTO
MoJsib CuS04:2H20 B 8 mosib Bojibl morJiomaercs 3.35 k/[>k TemJIoThI,
MpU PAaCTBOPEHHHM TOTO e KOJMYECTBA KpUCTAJIOTHApaTa B 12 MoJb
BOJbl TEINJIOTA PAaCTBOPEHMS paBHA HYJIIO, a NPU PaCTBOPEHUHU B
OYeHb 6OJIBIIOM KOJIMYECTBe BO/Ibl BbifiensaeTcsd 17.67 k/l>K TenJoThbl.

PazinyaloT uHTerpasbHyo U AuddepeHLHaNbHYI0 TENJIOThI
pactBopeHus. TensoTa, KOTopast HOTJIOLIAETCS WU BblJie/isieTcs Npy
pacTBOpeHHU OJHOTO MOJIb BellecTBA B TaKOM KOJIMYECTBE
pacTBopUTeJs, 4YTOObl 00pa3oBaJici pacTBOpP C OMNpejesJeHHON
MOJIIIBHOCTBIO M,  Ha3blBA€TCA  MHTErpa/ibHOW  TeIJOTOMH
pactBopeHus. JlupdepeHunasbHON  TEMJOTOW  pacTBOpPeHUs
Ha3blBaeTcs TeIioBOM 3GQeKT, CONpPOBOXKAAWIIMUNA  Mpolecc
pacTBOpeHHUs] OJHOTO MOJIb BellleCTBA B 0OeCKOHEYHO O00JIbIIOM
KOJINY€eCTBE PaCTBOPHUTEJIA.

JAuddepeHpanibabple TEMJOTbI PAaCTBOPEHUs ONpeJessaTCs
pacyeTHbIM MeTOJOM. HMHTerpasbHble TEMJOTHl PacTBOPEHMUSA
HaXO0JAATCA IKCIIEpUMEHTA/BHO.

25



PacyeT TemioTsl pPacCTBOpPEHUA IPOBOAAT HA OCHOBE YPABHEHHA
TeIJIOBOro 6aJjiaHca

n
Q= (m1+m2)c+2mici AT,
i23

rAe mi: U mz — Macca BOJbl M COJIM, COOTBETCTBEHHO, I; C —
TEIJIOEMKOCTb ~ obpa3sytoijerocss  pactBopa, [x/rK, (st
UCIOJIb3yeMbIX B JAaHHOM paboTe KOJMUYECTB BOJAbI M COJIEd C
~ 4.18 x/r-K); mi 1 ¢i — Macca ¥ TeNJ10eMKOCTb COCTaBHbIX YacTen
KaJIOpuMeTpa.

TouHo onpeaeJiMTb mi U Ci HE NpeACTaBJIAd€eTCA BO3MOXXHBIM.

n
[TosToMy cymMmy Zmi-ci 0o603HavyalT cMMBOJIOM K, Ha3blBaeMbIM
i>3
IOCTOSTHHOW KaJIopuMeTpa U ONpeAesiIlOT €ero 3HayeHHe TI0
M3MEHEHHI0 TeMIepaTypbl MPU PAcTBOPEHUH ONpeeJeHHOTO
KOJIMYECTBA COJIM C U3BECTHOM TemioTol pactBopeHus. [locTosiHHas
kKajsopuMeTrpa K — Ko/JMYeCTBO Temia, KOTOpPOoe HEeOoOXO0AHUMO
NOZBECTU K YYACTBYIOUIEH B TeNJ00OMeHe 4YaCTH KaJIOpUMETPa,
YTOGbI NOAHSATH ero TeMmnepatypy Ha 1 °C.

YPaBHeHHe TEeIJIOBOro 6aJlaHca 3alUILeTCs Toraa:

Q=[(m, +m,)c+K]AT.

OTcloga

Q

K:E—(m1 +m,)c,

rae Q=AHm2; AH — wuHTerpa/ibHas TeIJOTa PAaCTBOPEHHUS COJIH,
Jbx/T.

B kauecTBe COJIM C U3BECTHOM TEIMJIOTOW PAaCTBOPEHUS MOXKHO
ucnosb3zoBaTb KCl nin NH4Cl. UHTerpanbHble TENJIOTHI pacCTBOPEHHUS
CoJieH 1aHbl B CIPaBOYHUKE.

B crnpaBoYyHMKe MHTerpajibHble TelJIOThl PaCTBOPEHUA JaHbl
s cTaHAapTHoU Temnepatypel 298 K. Ecain TeMnepaTypa BoApbl, B
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KOTOpPOU pacTBOPSAIOT COJIb, OTJIMYAETCA OT CTAHAAPTHOM, TO TeNJI0Ta
pacTBOpeHUs OyAeT WHOW. [103TOMYy ONBIT HY>XKHO TPOBOAUTH MNP
CTaHJApTHOW TeMIepaType WM pPacCYUTbIBATh HHTErPaJbHYIO
TEIJVIOTY pPacTBOPEHUs [AJs JAAHHOW TeMIepaTypbl C MOMOIIbIO
ypPaBHEHUU TUIA

AH = AH298-k (298 - T), rae k — koadunyeHT, xapakTepHbIH
Al Kaxao# conu. Hanpumep, ana KCl AH,, =256.9-3.89(298-T),

Jbx/r.

TemsioTa pacTBOpeHHsI COJIM 3aBUCUT OT KOHLEHTpAIUU
obpasyoierocsi pactBopa. [l03ToOMy Heo6XOAMMO pacCUUTATh
KOHIIEHTpAIMI0 pacTBOpa, 06pa3yoIerocsi Npu pacTBOPEHHHU COJIH C
W3BECTHOW TEIJIOTOH pacTBOPEHHS W, B COOTBETCTBHU C ITHM,
WHTEPNOJIALKMEN ONPeJe/IUTh TEMJIOTY PAaCTBOPEHUSI 3TOU COJU JJist
JIAHHOM  KOHI|EHTpal[MM, a 3aTeM pacCYUTaTh MOCTOSTHHYIO
KaJIOpUMeTpa.

3Had NMOCTOSIHHYI Ka/IOpUMeTpa JIerko pacCyuTaTb TeMJOTY
pacTBOpeHHUs HEM3BECTHOM COJIU. [l 3TOTO ONpe/iesIIIoOT U3MEHeHUe
TeMIlepaTypbl IPY PaCTBOPEHUH HEM3BECTHOM COJIM U PACCUUTBIBAIOT
Q, a TakkKe pacCUMTBIBAOT YJeJbHYI TeIJIOTY pacTBOPeHUs
HEeU3BECTHOU CoJiH q 110 popMyie

qg=Q/ ma.
3HaueHUe yJleJbHOW TeMJ0Thl PACTBOPEHUSI COJIM MOXKHO
UCN0JIb30BaTh (HapsAy C APYTUMH JaHHbIMHU) JJis ONpejesieHus
cosu. [lnsg  3TOro CpaBHUBAKWT, TMOJIyYeHHOE 3Ha4yeHHe, CO

CIIPaBOYHBIMHA  3HAYEHHUSAMM YJeJIbHbIX TeIJIOT pPacTBOpPeHHUd
Pa3/IMYHBIX COJIEU.

IEJIb PABOTHBI

OnpesesMTh TENJIOTy pPACTBOPEHHUS XOPOILIO PacTBOPUMOMU
COJIU KaJIOpUMETPHUYECKUM METO/OM.
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OBOPY/IOBAHUE

—YyebHo-1abopaTopHbiil Moayab « TEPMOJIMUHAMUKA»
—CeTeBoM Kabesb

—II/1aTUHOBBIN TEPMOMETP CONMPOTHUBJIEHUS
—CoeqHUTENbHBIN Kabesb AJIS JaTuuKa

—MarHuTHas MemaJjka

—KanopumeTtp

PEAKTHUBBI U I10CY JA

—IIpoMbIBaJiKa C AUCTUIIMPOBAHHON BOJIOU
—Crakas Ha 150 M

—Kpucrannnueckuii KCI

—HewusBecTHas cosb (HanpuMep, KNO3 nau NaCl).

NMOPAAOK IIPOBEJAEHUA PABOTbI

OnbiT N21. OnpepesieHre NOCTOSIHHOM KaJlopuMeTpa

BHauaJsie onpe/ieIIIOT NOCTOSIHHYI KajopuMmeTtpa. Jljisg 3Toro
CTakaH, B KoTopbli Haauto 100 cm? JAUCTUJJIMPOBAaHHOU BOJbI,
YCTaHAaBJMBAOT B KaJOPUMETP U 3aKpbIBAlOT KPBILIKOW. 3aTeM B
CTaKaHYMK TMOMelalT MarHUuTHyK Mewanky. TepMoJaTuyuk
3aKpeIVIAIOT B JIalKe IITATUBA 0 [IEHTPY CTaKaHa TakK, YTOObl OH He
Kacajsica ero JHa. Jlajee [gaTUYUMK COEJUHSIIOT C IOMOIIbIO
COeJJUHUTEJIbHOTO MPOBO/A C y4eOHO-/1a60paTOPHBIM MOAYJIEM.

BbiOMpalOT THO 3KClepHMeHTa . Ha Bkuagke

BBIOHpAIOT . PesysnbTaThl H3MepeHUus

MO>KHO BH/IETh BO BKJIaJIKe

3aTeM BKJIKOYAIOT MellaJKy Ha ckopocTh 1 viau 2. Ha Bki1agke
3a/lal0T UHTepBaJ U3MepeHUN & CeKyH/bl, a 00llee
KOJIMYECTBO TOYEK . 3aTeM HaXXMMaloT KHOIKY . Ilocne
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3alMUCU [JIaHHbIX B TeYeHHWe MHUHHUMYM /[BYX MHUHYT (Hada/bHbIN
y4aCTOK TEMIIEPATYPHOU KPUBOW) MOXKHO BChIIIaTh HABECKY COJIU.

Yepes oTBepCcTHE B KpPBILIKE KaJOPUMETPA BCHINAIOT B CTaKaH
HaBeCKy 2T M3MeJbYeHHOM COJMM C U3BECTHOM TemJoTOoH
pactBopeHus (Hanpumep, KCl). [[poBoasIT pacTBOpEHUE COJIH.

[lo 3aBeplleHUM 3alMUCH JAHHBIX MPOCMOTPEThb PE3YJbTAThI
M3MEpeHUH MOXKHO BO BKJI3JIKe . H3meHeHue
TeMIlepaTypbl B Mpoliecce ONpeAessloT rpaduyeckuM CIoco60M.
WcxonHble JaHHble 3aBUCUMOCTH TeMIlepaTypbl pacTBopa OT
BpEMEHU MOXHO YBUJETb BO BKJIAJKe . PesysbTaThl
M3MepeHUl 3aNKChIBAlOT B TETPA/lb UJIU NEPEHOCAT B 3JIEKTPOHHYIO
tabauny Excelll B koTopoi ouyeHb YyA06HO o06pabaTbiBaTh
3KCIlepUMeHTa/lbHble JaHHble. [padudyeckuM MeToLOM OnpefessioT
M3MeHeHHe TeMIlepaTypbl IPU PaCTBOPEHUHU COJIM U PACCUUTHIBAIOT
MOCTOSIHHYI0 KaJIOPUMETPA.

OnbiT N22. OnpepeieHre NOCTOSIHHOM KaJlopuMeTpa

3aTeM BBUIMBAlOT M3 CTakaHa pacTBOpP, OIOJIACKUBAIOT
JUCTUJIJMPOBAaHHOW  BOJOHM, HaiuBailoT B  Hero 100 cm3
JUCTU/IJIMPOBAaHHOM BOJbI M YCTAHABJMBAIOT B KaJOpHUMeTp. 3aTeM
NpPOBOJSAT pacTBopeHHe 2T (TouyHasi HaBecKa) HEU3BECTHOU COJIU
AHAJIOTUYHO  PAaCTBOPEHUID COJM C  HW3BECTHOW  TEMJIOTOU
pacTBOpeHHs,  ONpeAessloT  U3MeHeHUWe  TeMIepaTypbl U
pPacCYUTHIBAIOT UHTErPAJIbHYIO TEIJIOTY PAaCTBOPEHUS.

Jlasiee MpoBOJAT pacyeThbl U 0POPMIISIIOT OTYET.

PEKOMEHJAILIUHU 110 0®OPMJIEHHUIO OTYETA

IIpumep pacyeTa TeNJIOThI PAaCTBOPEHMSI HEU3BECTHOM COJIN

[IpeAnosoKUM, YTO B XOJie 3KCIEepUMEHTa ObLJIM MOJy4YeHbI
cienytouie JaHHble. [Ipy onpesesieHUH MOCTOSIHHOW KaJlOpUMeTDpa,
B 500cm3 Boawl pactBopsiiock 5r NH4Cl JleficTBUTesbHOE
M3MeHeHHe TeMIepaTyphl, ONpejeseHHOe rpapUyecKUM MeTOJ0M,
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coctaBusio 0.6°C. Ilpu pacTBopeHHHM 5T HEHU3BECTHOW COJIH,
JeUCTBUTENIbHOE U3MeHeHHe TeMmepaTtypbl cocTaBuyao 0.68 °C.
TemnepaTypa Bogbsl — 25 °C.

OnpejeieHne NOCTOSSHHON KaJIOpUMeETpa

Onpenenum MOJISLIbHY IO KOHIIEHTPAIUI0 pacTBopa,
obpasywolierocs npu pacrsopeHuu 5 r NH4Cl.
Monsipuasg macca NH4Cl — M =535 r/mosnb. 5r NH4(Cl

coctasiseT 5 / 53.5 = 0.0935 moub. B 500 r Bogb! pactBopusiu 0.0935
MoJib, 2 B 1000 r 6yaetr pactBopeHo 0.187 mosib. CiiefjoBaTebHO,
MoJisiibHOCTE m = 0.187 MoJib/KT.

B cnpaBoynuke pss NH4Cl pgaHbl UHTerpasibHble TeNJIOTHI
pactBopenusa:: npu m=0.1 monb/kr, AHm =15.1 k/[>x/Monb U TnpHu
m = 0.2 mosab/kr, AHm =15.19 k/l)x / Moib. MeTOAOM HHTEPHOJALUU
ompejesisieM  UHTErpajJibHYl0  TeIJIOTY  pacTBOpeHUs  [Jiid
m = 0.187 mosb/kr. YBenndyenue AHm Ipy yBeJIM4eHUH MOJISIIBHOCTH
Ha 0.1 mosb/kr coctaBasieT 15.19 - 15.1 = 0.09 k/[>x/MoJb.

Torpa, yBenuyenue AHm Ha 0.187 - 0.1 = 0.087 Mosib/KI' paBHO
0.09x0.087/0.1 = 0.08 k/I>x/mosb. OTcio/jla, MHTErpajbHasi TemaoTa
pactBopeHus NH4Cl, npy o6pa3oBaHMM pacTBOpa C MOJAJbHOCTBIO

m = (0.187 Mosb/Kr paBHO
15.1+0.08 = 15.18 k/lxx/moub = 15.1873/53.5 = 284 JIx/T.

[pu pacTBOpeHUM 5r NH4Cl IIOIJIOTHUJIOCh
Q=284x5=1.42 x/Ix TEeNJIOTHI. TennoeMKoOCTb pacTtBopa
npuban:keHHO paBHa 4.18 /Ix/r-K.

Q 1420

K:E—(mlerz)-C: —(500+5)-4.18=255,1 k/bx/K

0.6

Onpeje/ieHHe TEMJIOTHI PACTBOPEHUSI HEU3BECTHOM COJIU

Q=[(m, + m,)c+K]AT =[(500+5)4.18+255.1]-0.68 =1638.8 [l

YnenbHad TensoTa paCTBOpPEHHUA HEeM3BECTHOM COJU
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q=1638.8/5 =327.6 [lx/r

B cnpaBoyHuKe mpUBeJeHbl UHTerpajbHble  TEMJIOThI
pacTBOpeHHs pas/UYHbIX cojieil B K/ / Mosib. Tak Kak MoJispHas
Macca COJA  Heu3BeCTHa, TO IepeciUTbiBaeM  MOJISIpHbIE
VHTerpaJjbHble TeIJIOTbl paCTBOPEHUd Ha yaesbHble. Tak gaa Kl —
q=1255k/x/r, paa NaCl — q=73 x/x/r, paa NHiNO3
q=321.87 k/l>)x/r. CpaBHMBas 3HayeHHe VyJeJbHOW TEIJIOTHI
pacTBOpeHHs], OMNpeJie/IeHHOW 3KCIEPUMEHTA/NbHO € TabJUYHBIMU
JIAHHBIMH, MOXXHO NPE/INOJJ0XKUTD, YTO Hen3BecTHasi coyib — NH4NOs.
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JIABOPATOPHAA PABOTA Ne2. OIIPEAEJIEHHUE TEIIVIOTbI
HEWTPAJIU3ALIUUA CUJIBHON KUC/IOTHI CHJIbHBIM
OCHOBAHHEM

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

[[py B3aUMOAEUCTBUU CUJBHOW KHUCJOTbl C CHJIbHBIM
OCHOBaHHEM B pa36aB/IeHHBIX BOJAHBIX PaCTBOPaX BbIJEJSAETCSA IOYTH
OJIMHAKOBOe KosindecTBO TemaoThl AH - 55.9 k/[>x / Mmosib npu 298 K.
[locTOSAHCTBO TeIJIOT HeWTpasv3alUu CBSI3aHO C TEM, UYTO IpHU
B3aUMOJEHCTBUU CHUJBHBIX KHCJIO U OCHOBAaHWUH, IIOJIHOCTBIO
JIUCCOIMMPOBAHHBIX B BOAHBIX PacTBOpax, U3 MOHOB H*, (TouyHee U3
HOHOB TruapokcoHusa Hz0*) kuciaorel U HoHoB OH- ocHoBaHuA
06pasyTCcs MOJIEKYJIbI BOJbI:

H* + CI- + K* + OH- = Cl- + K* + H20(k.)

B TemsioBol 3ddekT, HaOGIIOJAeMbli NpPU HEUTpaTU3aLUY,
MOMHUMO TEMJIOTbl HEWTpa/JM3alHUH BXOAST TEIJIOThl pa3BeJeHHs
KHUCJIOTHI 111eJI0YbI0 U 1[eJI0UU KUCJIOTOM.

IEJIb PABOTHI

OnpesieIMTh TEIJIOTY peaKIUU HeUTpalv3aluid CUJIbHOU
KHCJIOThI CUJIbHBIM OCHOBAaHUEM KaJIOPUMETPUUYECKUM CIIOCOOOM

OBOPYJOBAHHUE

—Yy4ebHo-1a6opaTopHbIk Moayab « TEPMOJIMUHAMUKA»
—CeTeBol KabeJb

—II/1aTUHOBBIN TEPMOMETP COMPOTHUBJIEHHUS
—CoeauHUTebHBIN Kabesb JJ1d JaTYUKa

—MarnuTHas Melanaka

—KasnopumeTtp
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PEAKTHUBBI U I10CY JA

—IIpoMbIBaJiKa C AUCTUIIHMPOBAHHON BOIOU
—CrakaH Ha 150 ma

—Boanbiit pactBop NaOH, 0.015 Mosb/n
—Boanbiil pactBop HCI, 5 Mosib/ a1

—KCl, kpucrannnyeckuu

NMOPAAOK ITPOBEAEHUSA PABOTBI

OmnbiT N21. OnpepesieHre NOCTOSIHHOM KaJopuMeTpa

BHavane onpepesifiloT MNOCTOSHHYIO KajopuMeTtpa. [ 3Toro
CTakaH, B KOTOpPbIH HaauTo 100 cM® AUCTUIUPOBAHHON BOJEI,
YCTAaHABJMBAIOT B KaJIOPUMETP U 3aKpbIBAIOT KPBILIKOW. 3aTeM B
CTaKaHUYMK T[OMeLalT MarHUuTHyKw Mewanky. TepMmoJaTuuk
3aKpeIVIAIOT B JIallKe IITAaTUBA M0 [IeHTPY CTaKaHa TakK, YTOObl OH He
Kacajca ero paHa. Jlanee [JaT4YMK COEAUHSIOT C MOMOUIbIO
COeIMHUTEIbHOTO NPOBO/ia € yueOHO-/1ab0paTOPHBIM MOYJIEM.

BbI6GMpAOT THN 3KCIIepUMEHTa . Ha Bxiazake

BbIOMpPAIOT . PesysibTaThl n3MepeHus
MO>KHO BHU/IETh BO BKJIaJIKe

3aTeM BKJIKYAIOT MellaJKy Ha cKkopocTh 1 viau 2. Ha BKkIagke

33/1al0T UHTEepBaJ U3MepPeHUH 3 CeKyH/bl, a obliee

KOJIMYeCTBO TOYEK . 3aTeM HaOXXKUMalT KHOIKY .[locne

3allUCH JlaHHbIX B TedyeHMe MHUHHUMYM [JIByX MHUHYT (HauyasJbHbIH
y4acTOK TeEMIEPATYPHON KPHUBOW) MOKHO BChINATh HABECKY COJIH.

Yepes oTBepCTHE B KpPbIIIKe KAaJOpUMeETpa BChIMAIOT B CTaKaH
HaBeCKy 2T U3MeJbYeHHOW COJM C U3BECTHOW TEMJIOTOH
pactBopenus (Hanpumep, KCl). [IpoBoasT pacTBOpeHHE COJIH.

[lo 3aBepllleHHMM 3aMMCU AAHHBIX NMPOCMOTPETH pPE3yJbTaThl
M3MepeHUH MOKHO BO BKJAJKe . H3meHeHue
TeMIepaTypbl B IMpollecce OMNpeesioT rpaduyecKuM CIOCOBOM.
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HcxonHble JaHHble 3aBUCMMOCTHM TeMIlepaTypbl pacTBopa OT
BpEMEHU MOXXHO YBHUJETb BO BKJIAJKe . PesysbraThl
M3MepeHUH 3alMChIBAIOT B TETPA/b UM NEPEHOCAT B 3JEKTPOHHYIO
Tabauny Excell B koTopod o4eHb yJ00HO 06pabaTbIBaTh
3KCIepUMeHTa/IbHble JaHHble. [padpryecKUM METOJ0M OIpeAessoT
M3MeHeHHe TeMIlepaTypbl IPU PAaCTBOPEHUH COJIM U PACCYUTHIBAIOT
HOCTOSIHHYI0 KaJIOpUMeTpa.

OmnbIT N°2. Onpeje/ieHue TEeNJI0Thl HEUTPaIU3al MM U
pa3BeJeHus

3aTeM BBUIMBAOT M3 C(TakKaHa pacTBOpP, OINOJIACKUBAIOT
JUCTUJJIMPOBAHHOW BOJIOMW, HasMBawT B Hero 100 My pacTBopa
mesoyn ¢ KoHneHTpauued 0.015Mosb/M1 W yCcTaHaBJAMBAKOT B
KajopuMeTp. [Ipou3BOAAT HACTPOWKY peXuMMa 3alucu JaHHbIX
aHasIoru4yHo onbiTy Ne1l. 3aTeM MpoOBOAAT HeUTpaJU3alMI0 LEeJ04YU
3ma  5wmosb/n kuciaoto. Jlasee rpadudecku onpenessiioT
M3MeHeHHWe TeMIepaTypbl M pacCYUTBHIBAIOT CYMMY TEMJIOT
pa3Bej/ieHUs1 U HEUTpau3aluy.

OnbIT N23. OnpeaesieHUe TENJI0ThI pa3BeAeHUs

CHOBa BBUIMBAOT M3 CTakKaHa pacTBOpP, OINOJIACKUBAIOT
JUCTUJJIMPOBAaHHOW  BOJIOM,  HaJMBAlOT B HEro 100 ma1
JUCTUUIMPOBAaHHOM BOJABI U YCTAaHABJMBAIOT B KaJIOPUMETD.
[Ipor3BOAAT HACTPOUKY peXKHMa 3aMKUCH JAHHBIX aHAJIOTUYHO OMbBITY
Nel. 3aTeM B cTakaH J00aBJSIOT 3 MJ 5 MoJib/s1 KUCIOTHL. [lanee
rpapuyueckKu onpeesaiT W3MeHEHHE TeMIlepaTypbl u
pPacCYMTHIBAIOT TEIJIOTY pa3BeJeHUsI.

PEKOMEHJIALIUU 110 OPOPMJIEHHUIO OTYETA

B faHHOU paboTe K 60JbIIOMY 00'bEMY 1[eJI04M NPHUHABISETCA
He6GONBUION O06BbEM KHUCIOTHI, MMO3TOMYy OGBEM I[IEJ0YH Mo
M3MEHUTCS NpPU BJAUBAHUM B Hee KHUCJOTHI, TEIJIOTa pa3Be/eHUs
11[eJI0YM KUCJIOTOM MaJia, U €10 MOXKHO IIpeHebpeyb.
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Tensnora pasBefeHUsA KHUCJAOTHI IeJOYbI0 B 3TOM Clydae
BeJIMKa, U ee HY)XKHO YYWUTbhIBaTb IMpU OINpeJeieHHUH Tema0Thbl
HeUTpasiu3ayuu.

Torpaa,
qi=q+qzuq=ql-q2
rae q — TelJoTa HeﬁTpaﬂHBaL[HPI; g1 — TeIJioTa HeflTpaJIPIBaLLHH U

pa3Be/ieHHUs]; (2 — TeIJIOTa pa3Be/leHu .

H3meHnenve  Temmnepatypsl AT, Kak jgad  mpouecca
HeUTpa/v3aluy, TaK W JJd Ipolecca pasBelleHUd OIpeJessaioT
rpadpuyecku.

TensioTy HeWTpaiU3aL Uy ONpeieNsaloT o GopMysie
q=(myc, + myc, + K)AT, —(m,c, + myc, + K)AT,
rie mi, €1 — Macca M TeIJIOEMKOCTb LIeJOoYM; Mz, C2 — Macca U
TeIJIOEMKOCTb KUCJIO0ThI; M3, C3 — Macca U TeIJIOEMKOCTb BOAbI; Aty,

Atz — pa3HOCTb TeMIlepaTyp NpH pa3BeJleHUH U HeUTpau3aluu
pa3BeZiIeHUH COOTBETCTBEHHO.

[losiyyeHHBbIN TemoBoM 3¢deKT mnepecuuThIBalOT HA 1 MoJb
KHCJIOThI IO popMy.Jie

vC
rgpev — 06BeM KHUCJIOTBI, MJI; C — KOHLOEeHTpauud KUCJIOThI, MOJ'Ib/ JI.
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JIABOPATOPHAA PABOTA Ne3. OIIPEAEJIEHUE
TEIIJIOBOI'O 3®®EKTA PEAKIIUU PACTBOPEHHUA
MATI'HUA B KUCJIOTE

IEJIb PABOTHBI

Onpeze/MTh TEMJIOTY PacTBOPEHHUS MeTa/IJINYeCKOro MarHus
Mg B pacTBope cosisiHOoM kucaoTsl HCI

OBOPYJOBAHHUE

—Yy4ebHo-1a60paTopHbi MoAyab « TEPMOJIUHAMUKA»
—CeTeBoM KabeJsb

—I[ls1aTHHOBBIN TEPMOMETP CONPOTUBJIEHUS
—CoeJMHUTENIbHbINA KabeJb /1J15 JaTYMKa

—MarHuTHas Mellajaka

—KanopumeTtp

PEAKTHBbBI U I10CY 1A

—IIpompbIBasIKa C AUCTUIJIUPOBAHHON BOJIOM
—CrakaH Ha 150 Ma

—Boanbiit pactBop HCl, 0.5 mosb/n

—Mg, KpUcTanIuiecKu

NMOPAAOK IIPOBEAEHUA PABOTBI

OmnbiT N21. OnpepesieHre NOCTOSIHHOM KaJopuMeTpa

BHauaJsie onpeiesIIlOT NOCTOSHHYI KasopuMmeTtpa. s 3Toro
CTakaH, B KOTopblid Haauto 100 cm? JUCTUJJIMPOBAHHOU BO/Ibl,
YCTAHABJMBAKOT B KaJOPUMETP W 3aKPbIBAIOT KPBINIKOW. 3aTeM B
CTaKaHYMK TMOMeNaldT MarHUTHYI MelaiKy. TepMoJaTiyukK
3aKpeIVIsIoT B JIallKe LITAaTHUBA M0 LIEHTPY CTaKaHa TakK, YTOObI OH He
Kacajica ero gHa. Jlajee JaTYMK COEJUHSIOT C  IOMOIIbIO
COeIMHUTEJIbHOTO MPOBO/Ia C y4eOHO-/1ab0paTOPHBIM MOIYJIEM.
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BpIOUpalOT THUN 3JKCIEpUMEHTa . Ha Bkuagke
BbBIOMpPAIOT . PesysibTaThl n3MepeHusa
MO>KHO BU/IETh BO BKJIaJjKe

3aTeM BKJIIOYAKOT MeLIaJKy Ha ckopocTh 1 uiau 2. Ha BkIagke
3a/]al0T UHTepBaJ M3MepeHUN 3 CeKyH/bl, a oblee

KOJINYECTBO TOYEK . 3aTeM HAXKUMAaKT KHOMKY .[locne
3alMCU [JJaHHbIX B TeYeHHWE MHUHHUMYM JBYX MHUHYT (Hada/bHbIN
y4aCTOK TEMIIEPATYPHOU KPUBOW) MOXKHO BChINIAaTh HABECKY COJIH.

Yepe3 oTBepcTHE B KpBIIIKE KaJOpPUMeTpa BChINAIT B CTaKaH
HaBeCKy 2T U3MeJbYeHHOW COJM C HU3BECTHOM TemJa0TOou
pactBopenus (Hanpumep, KCl). [IpoBogaT pacTBopeHUe COH.

[Io 3aBeplIeHUH 3aNUCH JAHHBIX MPOCMOTPETH PE3YJIbTAThI
M3MepeHUH MOXXHO BO BKJIAJIKe . HUsmeHeHue
TeMIepaTypbl B Mpoliecce oONpeAessiioT rpaduyeckuM CIoCo60M.
UcxonHble JaHHBIE 3aBUCHUMOCTH TeMIlEpaTypbl pacTBopa OT
BpEMEHU MOXHO YBUJETb BO BKJIAJKe . PesysbraThl
M3MepeHUl 3aNMChIBAIOT B TETPAJb UJU NEPEHOCAT B 3JIEKTPOHHYIO
tabauiy Excelll, B kKoTopoi oyeHb yJA06HO 06pabaThiBaTh
3KCIepUMeHTa/IbHble JaHHble. [padryecKUM MeTOJOM OIpeessoT
M3MeHeHHe TeMIepaTypbl IPU PaCTBOPEHUHU COJIM U PACCUUTHIBAIOT
IOCTOSIHHYI0 KaJIOpUMeTpa.

OnbIT N22. PacTBOpeHHe MarHus B KUCJI0Te

3aTeM BBUIMBAIOT M3 CTakaHa pacTBOp, OIOJIACKUBAIOT
JUCTUIJIMPOBAaHHON BOJOW, HasuBarT B Hero 100 msa pacTBopa
KHUCJOTbl C KOHIleHTpauued 0.5Mo/sb/J1 W ycTaHABJAMBAKT B
KasopuMeTp. [IpouU3BOAST HACTPOMKY peXUMa 3aluCh [JaHHBIX
aHaJioru4yHo onbITy N21l. 3aTeM BBICHINAIOT TOYHYI0 HaBECKYy MarHus
(0.1r) B crakaH ¢ kucaoTod. [lajee rpaduyecku oInpenessoT
U3MeHeHHe  TeMIepaTypbl W  pPAcCYUTHIBAIOT  3HTAJbIIHIO
B3aMMO/IEMCTBUS KUCJIOThI C META//IMYECKUM MarHUeM.
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JIABOPATOPHAA PABOTA Ne4. OIIPEAEJIEHHUE TEIIVIOTbI
OBPA30BAHUA KPUCTAJVIOTUAPATA CYJIb®ATA MEAU

KPATKHUE TEOPETUYECKHUE CBEAEHUA

KonnyecTBo TEIJIOTHI, KOTOpOe 3aTpadyuBaeTcCs Ha
o6pa3oBaHWe 1 MOJIb TBEPAOTO KPUCTAIJIOTHApPATA W3 TBEPJOU
6e3BOJJHON COJIM U COOTBETCTBYIOIIEr0 KOJMYECTBAa MOJEed BOJbI,
Ha3bIBalOT TEMJOTONH THUJpaToo6pa3oBaHUs. 3HAaueHUE TeMJIOThI
rU/IpaTo06pa30BaHUs HAMPSIMYIO OMNpeJeUTh O4YeHb CJOXKHO. JTY
BEeJIMYMHY HAaX0J AT pacyeTHBIM MyTeM Mo 3aKoHy ['ecca, mo pa3HOCTH
MHTErpajbHbIX 3HTAJbIUNA paACTBOPEHHUS KpUCTa/UIOrUApaTa U
6e3BO/IHOM COJIM, B3IThIX B TAKHUX KOJHWYECTBAX, YTOObI MOJIyYEeHHbIU
pacTBOp B 060UX CJy4Yasgx HMeJl OJIMHAKOBYI0 KOHIEHTPAIUIO.
Hanpumep:

CuSO, +nH,0 =Cu* +SO42‘ +nH,0, AH,
CuSO, '5H20+nH20:CuZ* +SO42’ +(n+5)H,0, AH,

H3mMepuB 3KCIepUMeEHTaJbHO B Kajopumetrpe AH: u AH;
MO>KHO pacCYMTaTh TEMJIOTY FMAPaTO0Opa3oBaHus CyibdaTa Meu:

AHruﬂp = AHZ =i AHl

IEJIb PABOTbI

OHpe,ﬂe.T[I/ITb TENJIOTY I‘I/IﬂpaTOO6paBOBaHI/IH Cy.IIb(l)aTa Meau

OBOPYJOBAHHUE

—Y4eb6Ho-n1abopaTopHbii MoAyb « TEPMOJIMHAMUKA»
—CeTeBoli KabeJsib

—I[lnaTUHOBBIA TepMOMETpP COMPOTUBJIEHUS
—CoeauHUTEbHBIN Kabesb JJId JaTYUKa

—MarHuTHasa Mellajaka

—FKasnopumeTtp
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PEAKTHUBBI U I10CY JA

—IIpombiBasKa C AUCTUIIMPOBAHHOM BOJIOW
—~CrakaH Ha 150 mMa

—CyabdaT Meau NSATUBOHBIN, KPUCTALIAYECKUI
—CysnbdaT Meau 6e3BOJHBIN, KPUCTAINYECKUH

NMOPAAOK ITPOBEAEHUA PABOTDI

OnbiT N21. OnpejesieHre NOCTOSIHHOM KaJiopuMeTpa

BHauaJsie onpejie/IIIOT NOCTOSIHHYI KajopuMmeTtpa. Jljig 3Toro
cTakaH, B KOTOpPbIH HaauTo 100cM® AMCTUIIUPOBAHHON BOJEI,
YCTaHaBJMBAOT B KaJIOpUMETP U 3aKPbIBAIOT KPBILIKOW. 3aTeM B
CTaKaHUYMK TMOMelalT MarHUuTHyw Mewanky. TepMmojaTuuk
3aKpeIIAIOT B JIalKe IITAaTUBA M0 IeHTPY CTaKaHa TakK, YTOObI OH He
Kacajcsa ero paHa. Jlajnee [JaTYMK COEAWHSIOT C [OMOIIbIO
COeJUHUTEJIbHOTO IPOBO/A C yUeOHO-/1a60paTOPHBIM MOAYJIEM.

BbIGUpaOT THUN 3KCIIEpUMEHTa . Ha Bkuazke

BbIOMpPAIOT . PesysnbTaThl n3MepeHus
MO>HO BU/IeTb BO BKJIaJiKe

3aTeM BKJIKOYAIOT MellaJKy Ha cKkopocTh 1 wau 2. Ha BkIagke

33/1al0T UHTEepBaJ U3MepeHUN 3 CeKyH/bl, a obliee

KOJIMYeCTBO TOYEK . 3aTeM HaOXXUMaIT KHOIKY .Ilocne

3alMCU JIaHHBIX B TeYyeHWe MHUHUMYM JIByX MHUHYT (HaudaJbHbII
y4acTOK TEMIIEPATYPHON KPUBOW) MOKHO BChINATh HABECKY COJIH.

Uepe3 oTBepcTHE B KpbIIIKE KaJOPUMETpPa BChIMAKT B CTaKaH
HaBeCKy 2T W3MeJbYeHHOM COJM C M3BECTHOM TemJ0TOU
pactBopeHus (HanpuMmep, KCl). [IpoBogAT pacTBOpeHUE COJIH.

[lo 3aBeplleHWH 3aMMCH JAHHBIX MPOCMOTPETH PE3YJbTAThI
U3MEepEeHU MOXHO BO BKJIaJIKe . H3MeHenue
TeMIlepaTypbl B Ipoliecce ONpeAesssioT rpadUyecKUM CIOCOOOM.
WcxonHble faHHbIE 3aBHCUMOCTH TeMIEpaTypbl pacTBopa OT
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BpEMEHM MOXXHO YBUJETb BO BKJIQJKe . PesysbTaThl
M3MepeHUl 3aNMChIBAlOT B TETPa/lb UJIU NePEHOCAT B 3JIEKTPOHHYIO
tabauny Excelll B kKoTopoi oyeHb YyJA06HO 06pabaThiBaTh
3KCIepUMeHTa/IbHble JaHHble. [padriecKUM MeTOJ0OM OIpesessoT
M3MeHeHHe TeMIepaTypbl IPU PaCTBOPEHUHU COJM U PACCUUTHIBAIOT
IOCTOSIHHYI0 KaJIOpUMeTpa.

OnbIT N22. PacTBopeHHe 6e3BOAHOTO cyjibdaTa Meau

BbIMBaIOT M3 CTakaHa COZep:KMMOe OT MpeJblAyIIero OnbITa,
OMOJIACKUBAKT €ro AWCTUJJIMPOBAaHHOW BOJOH, HA/JMBAIOT B HETO
100 M1 AMCTUNAIMPOBAHHON BOJbI U YCTAaHABJMBAKOT B KaJOPUMETD.
[Ipor3BOAAT HACTPOKKY pexrMa 3alUCHU JAHHBIX aHAJIOTUYHO OMbITY
Ne1. 3aTeM BBICHINIAIOT TOYHYO HAaBECKY 6€3BOJHOro cyabdaTa Meau
(1,38r) B crakaH ¢ BoAoH. ['paduyeckuM MeTOJOM ONpeesioT
U3MeHeHHe TeMIepaTypbl NPU PacTBOPEHUHU COJIM WU 3IHTAJBIMIO
3TOro nporecca.

OnbIT N23. PacTBOpeHHe NATUBOAHOIO Cy/ibdaTa Meau

Jasee MOBTOPAIT 3KCIIEPUMEHT KaK OINMCaHO B onbiTe No2,
TOJbKO BMeCcTO 0e3BOJHOT0  cyjbdaTa MeAU  HCIOJb3YIOT
KPUCTAJLJIOTHJIPAT — NATHUBOJHBIA cysbdaT meau maccou 1.88r.
['padudeckuM MeTO0M ONpefiesisil0T U3MEHEHUE TeMIlepaTypbl IpHU
pacTBOPEHHUHU COJIU U SHTAJ/IbIIMIO 3TOr0 IIpolLiecca.
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JIABOPATOPHA{ PABOTA Ne5. OITIPEAE/IEHUE
KOHCTAHTbI PABHOBECHUA PEAKIIMH PA3J/I0KEHHUA
KAPBOHATA KAJ/IbIIUA

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

PaCCMOTpI/IM TEepMOAUHAMHUYECKYIO CUCTEMY, B KOTOpOfI
IMpOTEKaeT HEKOTOpad O606LU,EHH8H XUMH4Y€eCKad peaKlud:

VA +Vv,A, =v,A +V,A,
rJie Vi - CTEXUOMeTpUIeCKUM KoadPuimeHT, Ai - peareHT.

[Moanbi auddepenuman dyHknuu 'mb6Ca /i 3TOW CUCTEMBI
3amnuIIeTCs Kak

dG<-SdT +VdP+ ) v,udn,

B cocTossHWM paBHOBECHS], IPU MOCTOSIHCTBE TeMIepaTypbl U
JaBJIeHHH,

Zvi,uidni =0

B cocTossHuun AVHAMHUYECKOT'0 paBHOBECHUA dni He MOXeT OBITh
paBHO HYJIIO, CJIeJOBATEJ/IbHO,

Zvi,ui =0

[Tony4yeHHOE COOTHOLIEHUE SIBJSETCS yYCJIOBHEM XHMUYECKOTO
paBHOBecHUs peaKUHH. 3 Hero MOXXHO MOJIYYUTb OYeHb BOXKHBIN J15
XUMHUHM 3aKOH JelcTBUs Macc. Eciu paccmaTpuBaeMmasi peakiust
rOMOT€eHHasi, HAIPUMeDP, BCe peareHThl - ra3006pa3Hble BELIECTBA, TO
C y4eTOM 3HaYeHUH XUMHUYECKUX NMOTEHI[MA/TIOB KaXK0ro KOMIIOHEHTA
peaKIMy MOXKHO 3aMKCcaTh:

VaMy +Vally =Vyly =V it =0

Pe v, +RT1np—i—V2y°2 ~RTInP2—y o +RTINEL =0
p P po

(e]

v,u°, +RTIn

o
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[Tocne FpynnupoBKH 4JI€HOB, 3aBUCHUMbIX TOJIBKO oT
TeMIlepaTypbl WU 3dBHCUMbIX TOJIBKO OT COAE€pPM¥aHHA peareHToOB,
nmoJjsiydaeM.

vy V3

by | | Ps

ZV“UOI. +RT1H%:O
i b | | P
p°) \p°

JTO COOTHOILIEHHWEe MOXHO 3alMcaTh KOMIIAKTHee, eCJIU Y4ecCTh,
YTO CTaHAApPTHOe JaBjeHue p°=1x105la

AG°, +RTInK, =0

B cocrosiHuun paBHOBeCHUA IIPpHU MOCTOSIHHOM TeMIlepaType,
BbIpaxKeHHne non J'IOI‘apI/I(l)MOM TaKXe 6YAET MMOCTOAHHBbIM.
CrnenoBaTesibHO, B COCTOAHHUH paBHOBeCHA BbIpaXKeHue B

KBa/I[paTHbIX CKOOKax $IBJSIETCI KOHCTAHTOW U  Ha3bIBaeTcs
KOHCTAHTOU paBHOBECUSI XUMUYECKOU peakuuu Ky

Kp — p4:4p3:3
b, °pyt

[losniyyeHHOe BbIpaXKeHHE SIBJSAETCS 3aKOHOM JeHCTBYIOLIMX
Macc. 3aKOH JeMCTBUS MacC NPMMEHUM U K CUCTEMaM, B KOTOPBIX
IpPOTEKAlT peakUWu C ydyaCcTHUeM TBepAbIX peareHToB, T.H.
reTeporeHHble peakluu. B KadyecTBe NMpUMepOB MOXHO NPUBECTH
cleAyole peakLuu:

FeO(TB) + CO(r) = Fe(TB) + CO2(T)
CaCO3(tB) = CaO(TB) + CO2(T)
Ni(tB) +0.502(r) = NiO(TB)

CornacHo TepMOJAWHAMHU4YeCKOMYy YCJIOBHI paBHOBECHUS,
HanpuMep, A/ peaKLiuy OKUCIEHUS HUKeJIs TOJyYUM

Hyio = Hyi — 0'5:“02 =0
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Jlnst razoo6pasHoro peareHTa (KMCI0POAa) 4, =%, +RTInp,

, AJI TBepAOro peareHTa (HUKesd) p,, =pu°, T. K. XUMUYECKUH

HNOoTeHL A/l TBepAod ¢a3bl 3aBUCUT TOJIBKO OT TeMIepaTypbl U He
3aBHCHUT OT €ro cojiep>kaHus (gaBsieHus). C yueToM 3TOro:

Kp i poz -0.5

CHEAOBaTeﬂbHO, KOHCTAHTA PAaBHOBECHUA pEAKIIUHN PA3JIOKEHHA
Kap6OHaTa KaJIbI1Ud 3allUIIeTCA B BU/JeE:
KP :pCOZ

A KoOHcTaHTa paBHOBeCHUA peaKlIMKW BOCCTAHOBJIEHUA OKCHAA
KeJie3ad yrapHbIM I'a30M paBHaA:

_Peo,
pCO

TakuMm 06pa3oM, BblpaKeHHe 3aKOHa JeUCTBYIOUUX MacC JJIs
reTeporeHHbIX XUMUYECKUX PeaKLUH OCTAaeTCsl TaKUM e, Kak U [
rOMOTeHHbIX, HO TOJIbKO  TNapluajbHble JaBjeHus (WU
KOHILIeHTpaluK) TBepAblx a3 He BXOJAAT B ypaBHEHUS KOHCTAHT
paBHOBecHS.

K

p

KoHcTaHTa paBHOBecusi KOHKpeTHOW peakuuud (Kp u Kc)
3aBHCUT TOJIbKO OT TeMIepaTypbl. BausHue TeMmmepaTypbl Ha
KOHCTAHTY PaBHOBECUSI MOXKHO MOJyYUTh HENIOCPEACTBEHHO U3 CBA3U
CTaHJApPTHOI0 M3006apHOI0 MOTEHIMaJa C KOHCTAaHTOW paBHOBeCUs
peakiuu:

AG° AS° AH°
RT R RT

W3 3TOro COOTHOLIEHUS MOMHO OLEHUTb CTaHAAPTHYIO
3HTAJIBIIUIO U 3HTPOIUIO XUMUYECKOU peaKIuu:

dinK d(Tanp)
AH°=—-R— 2 AS°=R—~ "/
dT dT

anp =
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IEJIb PABOTHBI

OnpesenMTh  KOHCTAHTy  paBHOBECUS M OCHOBHbIe
TEpMOJMHAMUYECKHE BEJUYUHbI peaKlWU pas/ioKeHHUs KapboHaTa
KaJIbLys

OBOPYJAOBAHHUE

—Y4eb6Ho-1a6opaTopHbIi MoAyb «KOJIJIOUJHAA XUMUA»
—CeTeBoli KabeJib

—Tepmonapa

—HarpeBaresib npo6UpoOK

—/JlaTyuK JgaBJeHUs

—BakyyMHbI# Hacoc

—BakyyMHbI# 11aHT

PEAKTHUBbBI U IIOCYJA

—IIpo6bupka c ra300TBOJHOU TPYOKOI
—Kap6oHaT ka/bIys, MarHus UKW CTPOHIIUS

NMOPAAOK IIPOBEAEHUA PABOTbI

[Ipex e Bcero, caefyeT yoeJUThCS B TEPMETUYHOCTH CHCTEMBI.
151 3TOro ¢ MOMOIIbI0 BaKYyMHOI'0 Hacoca C03/Jal0T paspshKEHUE B
CUCTEMe. ['epMeTHYHOCTh CUCTEMBI MOXKHO CUUTaTh
yZI0BJIETBOPUTENbHOH, ecyid 3a 10...15 MUHYT /laBJieHHE B CUCTEME He
n3MeHseTcd 6oJee, yeM Ha 0.2...0.3 kIla.

Bk/o4aloT nedyb U C NOMOUIb PEry/sTopa yCTaHAaBJUBAKOT
IIepBOHAYAJIBHYI0 TeMIlepaTypy peaKLMOHHOIO COCyJa He Bbllle
300°C. PaspsikeHue MpPU 3TOM B CUCTEMeE JOJDKHO MOJJEP>KUBATbHCH
MHUHUMa/lbHOe — mnopsagka 1.3..1.6klla. 3anuceiBalOT mepBbIe
NOKa3aHUsl TepMoNapbl W JAaT4yudKa JjaBjeHusd. [locne 3toro, c
IIOMOILBI0  peryJjsTopa MOILHOCTM HarpeBaTessl IOBBIIAIOT
TeMmmepatypy B nedyd Ha 10..20 rpagycoB, KAyT YCTaHOBJEHUSA
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HOBOI'0O IIOCTOAHHOI'O 3HA4Y€HHUA TeMIlepaTypbl W 3allUCbIBAKOT
COOTBETCTBYyHOLIECE 3TOH TeMIiepaType 3Ha4e€HHue JaBJICHHUA.

TakuM o06pa3oM, [OCTENEHHO TOBbILIAS TeEMIEPaTypy,
npoBoAAT He MeHee 10...15 3aMepoB. U3MepeHHs NPOBOJAT A0 TeX
nop, IMOKa /[aBJieHHWe B PpPEeaKLUOHHOM COCyJe He J[JOCTUTHET
20..30 klla. B csyyae mnoBbllleHHUA JaBjaeHus cBbille 40 klla
HeMe/lJIEHHO COOOLUTD ra30BYK0 CUCTEMY YCTAaHOBKHU € aTMOchepoi
Y HayaTh OXJIAXK/JeHHe HarpeBaTeJIsl.

[locsie OKOHYAHUSA KCIIEPUMEHTA HarpeBaTeJb OXJaXKJAlT /10
300°C 1 cucteMy 4Yepe3 KpaH COeAMHSOT Cc aTrMocdepoil. 3aTeM
BBIKJIIOYAIOT HarpeBaTeJ/ib U JaTYUKH.

PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

I'pa¢uveckue 3aBucumoctd InK,—1/T wu ThnKy—T
06pabaThIBAlOT MO JIMHEHHOW perpeccud MeTOJOM HaWMEHbIIUX
KBaZIpaTOB W [0 TaHreHcaM YIJIOB HaKJIOHA OMNpeJesioT
CTaHZApPTHble HW3MeHEeHWEe 3SHTAJbIIMA M SHTPONUU pPeaKlIHu
aucconuauuu. PaccuuteiBaioT TeMnepatypy Aucconyapuu (CaCO3
npu KoTopoi aasyieHue COz paBHo 1x105 [1a.
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JIABOPATOPHAA PABOTA Ne6. OIIPEAEJIEHUE
TEPMOJAUHAMMWYECKHUX XAPAKTEPUCTUK ITPOLIECCA
r'MAPOJIN3A

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

CTemeHb THJpOJIM3a O PACTBOPOB COJIEH OMNpejesseTcs Mo
dopmy.ie

I

oa=—
[
rae Cr — KOHOEHTpauud TIHUAPOJM30BAHHBIX MOJIEKYJ COJIHK, C —
KOHLOEHTPpauuAd HErupoJIn30BaHHbIX MOJIEKYJI COJIH.

Jnsi pa36aByieHHbIX PacTBOPOB CcoOJiel CTeleHb T'UPOJM3a
HeBeJinKa (0<<1), a KOHCTaHTa r'u/iposin3a K. npubnKeHHO paBHa:

K.=da’c

37ecb  KOHILIEHTPALMI0O  HErWJpoJIM30BaHHOW  COMU €
IPYHUMAKT PAaBHOM MCXOAHOW KOHLEHTpauuu couu. [ada couwy,
TM/IpOJIM30BaHHOM 110 KAaTUOHY, HAllpUMep 10 peaKLuu

NH4NOs3 + H20 = NH40OH + HNO3
NH4* + H20 = NH4OH + H~,

KOHLEHTpalMs  TUJpPOJMU30BaHHbIX MOJIEKYJl Cr paBHaA
KOHIIEHTpAlM¥ MOHOB BO/I0PO/ia, COOTBETCTBEHHO:

2

c,. c, .
a=-"1,K =1~
c c

Jng  cosy, TUAPOJU30BAaHHOW MO aHUOHY, HampuUMep IO
peakLnuu

CH3COONa + H20 = CH3COOH + NaOH,
CH3COO- + H20 = CH3COOH + OH-,

KOHLEHTpPauud ruJpoJIN30BaHHbIX MOJIEKYJI
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rae Kh20 — HoHHOE Ipou3BeJeHre BOAbI.

TepMoarHaAMUYeCKHe XapaKTEPUCTUKU BOJbI ONpeJessioTCs
no ¢opmyiam:

AG=-RTInK,
K
AH:Rln(i—TZTl J
rl 1T
Ag = AH-AG
T

INEJIb PABOTbI

OnpesienuTh 3aBUCUMOCTb CTENE€HUM THAPOJH3a COJU O OT
CTeneHU pa3baBJIeHHWs PacTBOpa NMPU Pa3JMYHBbIX TeMIlepaTypax, a
TaK)XXe ONpeJIeJIUTh TEPMOJUHAMUYECKHE XapaKTepPUCTUKHU Mpolecca
rU/ipoJiM3a cosu: aHepruto ['n66ca, SIHTaNbINUI0 U SHTPONUIO

OBOPYJ OBAHHE

—Yy4ebHo-1a6opaTopHbii Moayab «KOJIJIOUJTHAA XUMUA»
—CeTeBoli kKabesib

—CTekJIsTHHbI KOMOUHHUPOBAHHBIN 3JIEKTPOJ,

—pH patyuk

—TepMoaTuuk

—CoeAMHUTEbHBINA NPOBOJ, K JATYUKY

—MarsuTHada Meluaaka

—H3BiekaTes b MAarHUTHOW MeIlAJKU

—HarpeBartesib npo6UpoK
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PEAKTHUBBI U I10CY JA

—IIpombIBasiKa C AUCTUIIUPOBAHHON BOJIOM
—OpaHa u3 costeit Ha Bb160p: NH4Cl, NH4NO3 it CH3COONa
—CrakaHyuk Ha 100 M

NMOPAAOK IIPOBEAEHUA PABOTbI

[OTOBAT MCXOAHBIA pacTBOpP COJM C KOHIEHTpauuen
0.4 Monib/n1. l1s1 3TOr0 HaBECKYy CYxXOMl COJIM MOMEIAIT B MEPHYIO
koa0y Ha 250mu. CHayasa pacTBOPSAT COJb B HeOOJbIIOM
KOJIMYECTBE BO/Ibl, 3aTeM TIIATEJbHO MMepeMEIINBAOT PacTBOp M
OCTOPOKHO J0BOJAT BOJIOH /10 METKHU.

Janee rotoBsaT 0.2 MoJib/1 pacTBOP coJid. [/l 3TOro NUNETKOU
eMKOCTbl0 Ha 50 My OTOMpAlOT pacTBOp U3 MepBOM KOJIObl U
nepeHecTH ero B MepHy0 kKosi6y Ha 100 My U A0BOAAT /0 METKHU
BOJIOM.

AHasioru4Ho, myTeM pa3baBsieHUs], TOTOBSAT pacTBopbI cosu 0,1;
0,05 u 0,025M KoHueHTpauuu. PacTBophl ocTaBuiMecsd B KoJiGax
WCIIOJIb3YIOT JJIsI IPOMbIBAHUS 3JIEKTPOIOB Nepes, u3aMepeHueM pH u
s u3aMepenus pH.

B craka”Huyuk Ha 100 mu npunuBaroT npuMepo 50 My pacTBopa
¥ TNOMEeUIAlT TyJa MarHuTHywo Mewasnky. [Janee usMmepsioT pH
pacTBOPOB BCeX MATHU KOHLEHTPALUH NMPU KOMHAaTHOW TeMIlepaType,
buKcupys MokasaHMUS 10 TEPMOJATUYUKY. 3aTeM, MOCJe BbIAEPKKHU
CTaKaHYMKOB C pacTBOpaMM Ha MeCOYHOW OGaHe B HarpeBareJsie
npo6upok B TeyeHue 5...10 munyT, usmepstoT pH npu 70°C 1 50°C.

3aTeM MO 3KCHEepUMeHTa/JbHbIM 3HayeHHUs1 pH paccyuThIBaOT
CTeleHb W KOHCTAaHTY THJpOJM3a [Ji pPacTBOPOB COJIM TSATH
KOHL[EHTPALUH U TPeX TEMIEPATYP.

PEKOMEHJIALIUU 110 OPOPMJIEHHIO OTYETA

[Ipu opopmsieHUH oTYeTa MO J1abOPATOPHOU paboTe MPUBOAST
rpadUK 3aBUCMMOCTU CTENEeHU JAUCCOLMALMUM OT pasbaByieHUs
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pacTBOpa (1/c). PaccuuThiBaOT TepMOAVHAMUYECKUE
XapaKTEPHUCTHUKH TM/POJIN3a 10 BhIllle MPHUBEAEeHHBIM yPAaBHEHHUSIM.

JlenaloT BBIBOJ O 3aBUCUMOCTH CTeNeHW THUApoJu3a OT
KOHILIeHTpPallM¥ pacTBOpa, CTelNeHU THAPOJIM3a OT TeMIepaTypbl U
M3MeHeHUU 3Hepruu [n66ca oT TeMnepaTyphl.
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JIABOPATOPHAA PABOTA Ne7. OIIPEAEJIEHUE
TEPMOAUHAMMWYECKOI'O PABHOBECHA B
T'OMOTEHHOW CUCTEME

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

Peakuusi o6pa3oBaHUs ~YKCYyCHO3TWJOBOro 3dupa mnpu
KOMHATHOH TeMIlepaType MpoTeKaeT MeAJIeHHO.

CH3COOH + C2Hs0H < CH3COOC2Hs + H20.

[Tosatomy ee mposogsaT npu 70..80°C B mpucyrctBuu HCI B
KayecTBe KaTajJu-3aTopa B TeyeHUH 4..3 4acoB. YUTOG6BI
HU3KOKHUIISIIIME BellecTBa yJeTyYHMBa/JMCb NpPU HarpeBaHUH,
peaknul  MPOBOJASAT B  Ko0J0ax, CHAGXeHHbIX OOpPaTHBIMH
XosloAuJbHUKaMU. TeroTa o6pa3oBaHus 3TUJALlETAaTa OYeHb Maa,
[03TOMY KOHCTAHTa PaBHOBECHS 3TOM peaKlUM, KaK 3TO CJeAyeT U3
ypaBHeHus BanT-T'odda, npakTHUecku He 3aBUCUT OT TeMIlepaTyphl.
3a M3MeHeHHeM CcocTaBa CMecH CJIeJAT [0 HW3MeHeHHI0 B Hel
KOHI|eHTPAlM1 KUCAOThl B TEUEHUHU peaKuu. M3ydyeHre paBHOBeCHS
peaklMd OCYIeCTBJIsIeTCS UW3MEpPeHWEM CKOPOCTeHd NpsSMOMl U
06paTHOM peaklMU MPU PaA3JUYHbIX MCXOJHBIX KOHLEHTpAIUAX
CH3COOH (a5 npsimoit peakuuu) 1 CH3COOCzHs (11 o6paTHOi). 3a
M3MepeHUeM KOHLLEHTpPAal UM pearupyroliuX BellecTB CAeJAT A0 TeX
1op MOKa He HAaCTYNUT paBHOBECHE.

IIEJIb PABOTBI

O3HAaKOMUTBCSI C OCHOBHBIMM CBOWCTBAaMH 0OpPaTHUMbIX
peakuuid U XMMHYECKOT0 paBHOBeCHUs B KU/JKOHN ¢dase Ha mpumepe
peakL U1 06pa30BaHUsA YKCYCHOITHUIOBOTr0 3dUpa

OBOPYJOBAHHUE

—YyebHo-1a60paTopHbIk Moayab «KOJIJIOUJHAA XUMHUA»
—CeTeBoli KabeJsib
—HarpeBaresib npo6UpoK
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—Py4Ho¥ j03aToOp NepeMeHHOro 06'beMa

PEAKTHUBBI U I10CY JA

—IIpombiBasiKa C AUCTUIINPOBAHHOM BOJIOW
—IIpo6upKH € 3aBUHYMBAOLIENCS KPBIILIKON
—3THUJIOBBIU CIUPT YUCTHIN

—BoaHbIl pacTBOp YKCYCHOU KUCI0THI, 4.0 MOJib/ 21
—BoiHbI# pacTBOp cosAHOM KUCa0ThI, 0.5 Mosib /1

NMOPAAOK INTPOBEAEHUSA PABOTBI

B 4yeTble cyxux npo6upkud eMmkoctbio 50 My HyMepyiwoT. B
KaXKAY10 HAJIUTh U3 OI0PETKU CJIeAyIOLe COOTHOLIEHHUS peareHToB:

[Ipo6upka Nel: 15 ma 4.0 MoJib/1 pacTBOpa YKCYCHOM KHUCJIOTHI, 5 MJI
0.5 monb/n pactBopa HCI 1 5 Mu1 aTU10BOTO CiUpTA.

[Ipo6upka Ne2: 15 mu 2.0 MoJib//1 pacTBOpa YKCYyCHOM KUCJOTBI, 5 MJI
0.5 Mmosb/n pactBopa HCI 1 5 Mu1 aTU/1I0BOTO CIUpPTA.

[Ipo6bupka Ne3: 15 Ma JUCTUJIIUPOBAHHOW BOJbI, 5 M 0.5 MoJsib/n
pactBopa HCI 1 5 mu1 aTuaneTara.

[Ipobupka Ne3: 12 M JUCTUIMPOBAHHOW BOJbI, 5 M 0.5 MoJib/n
pactBopa HCI u 3 ms1 aTUManieTaTAa.

3aTeM MPOGUPKH IJIOTHO 3aKPbIBAIOT BUHTOBBIMO KPBIIIKAMU
Y NOMeIaloT Ha NecouyHyw 6aHio ¢ Temnepatypoit 70...80°C. Kos6bl
HarpeBalwT B TedyeHHe 2 4yacoB. HU B KoeM ciiydyae He JOIMycCKaWTe
neperpeBa Npo6UPOK, TaK KaK B IPOTHUBHOM CJIydae UX COJlepKUMoe
3aKHUIIUT U €CTb BO3MOXKHOCTB MOJIYYUTh CEPbE3HBIN 0XKOT.

Janee omnpenensiOT TOYHYIO KOHIEHTPALUIO COJSTHOU U
YKCYCHOM KHUCJIOT, UCNIOJIb3yEMBIX [JIJIsl COCTaBJIeHUs cMecH. [l 3Toro
oT6UpaoT 1 MJ1 YKCYCHON KUCJAOTHI U oTAeabHO 5 Ma HCI u Tutpytot
0.5 Mmosib/n pactBopoM NaOH B npucyTcTBUM deHospTaienHa.

[Tocse IByx 4acoB HarpeBaHUsl U3 NEPBOX NPOOUPKU OTOUPAIOT
npo6y. [[po6upKy BBIHUMAIOT U3 BOJASHOW OGAaHM U MOMENIAIOT MOJ,
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IPOTOYHYI0 BOAY, AJisl TOTO YTOObl MOHW3UTh JaBJeHHE AapOB CMECH
M u36exaTb NOTEPU BellecTBA U M3MEHEHHs COCTaBa CMeCH MpH
oTbope npobel. [locne oxnakaeHUs1 cMecu NUNETKON oT6HUparT 1 M
cMecu JJid aHajau3a. B3ATyio npoby BbUIMBAWOT B KOJIOY
Jdp/jeHMeliepa, B KOTOpPYK MpeJBapuTeJbHO HaauMBawT 50 M
JieSTHOM  JUCTWJJIMPOBAaHHOW BoJAbl (JleAsiHAasg BoJa  JI0/DKHA
IPUOCTAaHO- BUTb peakluilo U QUKCHPOBATb MOMEHT, K KOTOPOMY
OTHOCHUTCSI U3MepeHHe KOHIIEHTPaIHHU).

3aTeM 3aKpyTUTb BUHTOBYIO MPOOKY U MOMECTUTh NPOOGUPKY
obpaTHO B TmecoyHyw 6aHio. Bo B3ATOM mnpoGe omnpepensrT
KOHIIEHTPAIlMI0 KUCJOThl TUTpoBaHueM 0.5 Mosb//. pacTBopoM
NaOH B npucytcTtBuu peHosndTanernHa.

Yepes 30 MuHYT mnocie oT6opa MnepBod nNpobbl 6epyT
NOBTOPHYI0 MNMpPo6Y U OTTUTPOBbIBAIOT ee. [Ipo6Gbl GepyT yepes
Kaxkable 30 MUHYT NMOKa pe3yJbTaTbl TUTPOBAHUS MOCAEJHUX JBYX
npo6 He COBMAJYT MeXay cobou B npeaesax 0.1...0.2 M. 3ITO MOMEHT
HaCTyIJIeHUs] paBHOBECUSl U OKOHYaHHUe OIbITA C JAHHOW CMEChIO.

AHaM3 cMecH B OCTaJIbHBIX K0J16ax MNpOBOAAT aHAJIOTHUYHO.

PEKOMEHJIAIIUU 110 OPOPMJIEHHIO OTYETA

PacyeT KOHCTaHTbl paBHOBeCUs NPOBOASAT UCXOAs U3
KOJIMYEeCTBA B3SThIX BeleCTB U KOHIEHTPAlMHU KHUCJOThl B
PaBHOBECHOU CMECH.

I/ICXO,E[HE:IH KOHIEHTpauruun YKCYCHOP'I KHCJIOTbI B CMECH
onpenesdeTcd 1o cl)opMlee:

V.

_ CH,COOH
Cenycoon = Enaon v

IZle CNaoH — MOJISIpHAs KOHIIEHTpAI[MS MCXOAHOT0 pacTBOpPA YKCYCHOU
KUCJIOThI, OTpe/ieJieHHasi TUTPOBAaHUEM, MOJib/J; V - 06LUH 00'beM
cMecH, MJ; VcH3cooH. — OOBEM YKCYCHOM KHUCJAOThI B3STBIM [J
COCTaBJIEHHUS HCXOHOM CMECH, MJI.
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HcxoaHast KOHIleHTpalMs CIUPTa onpeesisieTcs no ¢popmy.e:

_ VCZHSOHpCZHSOH

Ce,ncon = M v

C,HOH

rae Vcenson — 06beM cnuMpTa B3ATbIA JIJIT COCTaBJIEHHUS] HWCXOAHOU
CMecH, MJ; PczH50H — IJIOTHOCTb cnupTa, 0.789 r/mua; Mcauson -
MOJISIpHAs Macca CIIUPTa, I'/MoJb; V — 061TUHM 06'beM CMeCH, MJI.

HcxomHast KOHIeHTpalLMs BO/bl onipeziesisieTcs o popmylie:
V. d

CH,COOH (b Qe coon )+ VCZHSOH

CH 20 M V

H20

C,HsOH (1 ol aCZHSOH )

rae Vcuscood, Vicl — 06'beMBbI COOTBETCTBEHHO YKCYCHOM U COJITHOM
KUCJIOT, B3§IThble JJI COCTaBJIEHUS MCXOJAHOW CMeCH, MJI; PHC -
IJIOTHOCTb COJISHOW KuciaoThl, 1,007 r/MJI; dcH3cooH, Qc2HS0H -
coZiep:KaHHWe COOTBETCTBEHHO YKCYCHOM KHUCJIOTHI M CIMPTA B JAHHOM
06beMe, 101U eAUHULBL; Muzo — MOJIIpHAas Macca BOJbl, I'/MOJIb.

KoHIleHTpalus yKCYCHOM KHUCJIOThl B pPaBHOBECHOU cMecH
onpegesseTcs no Gpopmy.ie:

Cencoon = (Cz ! )

re c; — CyMMapHasi KOHIIEHTpaLMsl KUCJIOThl B PABHOBECHOW CMECH
HocJie peakIiiiu, MoJib/J1; c1 — ucxoHas koHueHTpanus HCI, Mmosb /i1

KoHueHTpalusa 3TUaLeTaTa B pPaBHOBECHOM cCMecH paBHaA
yOBbLIN KOHIIEHTPALUU YKCYCHOW KUCJIOTHI:

0

CenycoocH; — € chycoon —

Cenycoon

KOHL[EHTpaLlI/IH CIIMPTAa B paBHOBeCHOﬁ CMeCH paCCIUTbIBAeTCA
KaK:

_ 0
Cenon =€ c,n0n ~ Cenycooc,Hy

PaBHOBecHast KOHIIeHTPaIUsI BO/Ibl PACCYUTHIBAETCS KaK:
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CH,CO0C,Hsg
KoHcTaHTa paBHOBeCHUA OollpeaedaeTcd 1o d)OpMy.erZ
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Cen,coonCoe,m on



JIABOPATOPHAA PABOTA Ne8. U3BYYEHUE PABHOBECHA
PEAKIIUH XJIOPUJA KEJIE3A C POJAHHUA0M KAJINA

IEJIb PABOTHBI

KadyecTBeHHO [J0Ka3aTb MNPUMEHUMOCTb MpuHIMNa Jle-
[llaTesbe B 06paTUMON XUMUUYECKOHN peakiuu xjopugaxesaesa (III) c
POJIaHUJIOM KaJusl

PEAKTHUBbBI N II0OCYJA

—IIpombIBasiKa C JUCTUIJIMPOBAHHOMN BOJOM
—Hab6op npo6upok c 3aBUHYMBAIOIIUMHUCS KPBIIIKAMHU
—BoaHnblit pacTBop xs10puaa xkesesa (I11), 0.01 mosab/na
—Boanbiil pactBop KSCN, 0.06 MoJib/n

NMOPAAOK INTPOBEAEHUA PABOTBI

B npobupky HajseiiTe, npumepHo, 10 Ma pacTBopa xJ0puja
kesie3a (I1I) 1 ;06aBbTe HECKOJIBKO Kallesib pa36aBJieHHOr'0 pacTBopa
posanuga kanaus. [IpoTekaroias peakuus sBJsSETCS 0OpaTHUMOU U
IpPOTEKAET M0 YPaBHEHUIO:

FeCls + 6KCNS = K3[Fe(CNS)¢] + 3KCl

OnpejieMTe Kakoi LBeT UMeeT 00pa3yroUiyiics B pe3yabTaTe
peakuun rekcapogaHodeppatr (III) kamua -  Ks[Fe(CNS)e].
[lonyyeHHBI pacTBOp pa3fesiuTe MNPUMEpPHO TMOPOBHY Ha 4
IPOOGUPKH.

B nepByto f06aBbTe HECKOJIBKO Kalesb KOHIEHTPUPOBAHHOTO
pacTBopa XJIOpUJA >KeJse3a, BO BTOPYI - KOHLEHTPHUPOBAHHOIO
pacTBopa poZaHKa Kajius, B TPEThIO — [00aBbTe MOPOLIKOOGPa3HbIN
xyiopu/]; Kanus. CpaBHUTe U3MEHEHHsI OKPAaCKU PAaCTBOPOB B ITHUX
Npo6UpKax C UCXOAHBIM IIBETOM pacTBOpPa B YeTBEPTOU NpoOUPKe.
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PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

[Ipu odopmeHHH OTYeTa 10 JIabopaTOPHOU paboTe caesaliTe
BbIBOJ, O BJIUIHUM U3MEHEHUS] KOHILIEHTpAlUKM peareHToB U
IPOAYKTOB peaKLMU Ha CMelleHHe XUMHUYeCKOro paBHOBeCHUS.
3anuurTe popmyaMpoBKy npunHiuna Jle-lllatenbe.
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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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