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1. BBEJAEHME

duznueckas XUMUs 3TO HayKa O 3aKOHOMEPHOCTSX XUMUYECKUX SIBJICHUHN U
XUMUYECKOM  JHEpPruM, OOBICHSIONMIAs  JaHHBIE  SBJICHHS HAa  OCHOBE
byHIaMeHTaIbHBIX MOJ0KeHUN (uzuku. CoBpeMeHHas: ¢pu3nueckas XUMHUs J1aeT
HE TOJIbKO CUCTEMY 3HaHHMM OOIIUX 3aKOHOMEPHOCTEW XUMHUUECKUX SIBIICHUM, HO U
3HAKOMHUT CTYJE€HTa C METOJaMHU HCCIICOBaHUS, KOJMYECTBEHHON OILEHKH U
KOHTPOJISI XUMUYECKUX MPOLECCOB.

Hactosmee yue6HOe mocoOue sBIsSEeTCS MEPBOM YaCThIO MPAKTUKyMa I10
duznyeckol XUMHMM, BKJIIOYAIOIMIEH JlabopaTopHbIe pabOThl MO XUMHUYECKOMY
paBHOBecHIO U (Da3oBoMy paBHOBecHIO. JIaHHBIM MPAKTUKYM ITO3BOJISET MOHSATH
CTYJEHTY, KaK B CBOWCTBaX M IMOBEJICHUU pPA3JIMYHBIX BEIIECTB MPOSBISIOTCS
TEOPETUYECKHE MOJOKEHUs Pu3nyeckor xumuu. Pabora B 1abopaTopun 3HAKOMUT
C METOJAaMHU U MpHUEMaMHU, COOIOEHHE KOTOPBIX MTO3BOJIET IPABUIIBHO IOCTABUTh
OTIBIT U MOJIyYUTh JOCTOBEPHBIE CBEJICHUS 00 N3y4aeMOM BEIIECTBE MM MPOLIECCE.

JlabopaTopHbie pabOThl MO (PU3NYECKOW XUMHUU OTpaOATHIBAIOTCS HE B
IIOCJIEIOBATEIBHOCTH KypCca, COOTBETCTBYIOLIEH M3JI0KEHHIO MaTephajia Ha
aexuusax. Pabora ummeeT cMbICH, KOrJa OHA BBIIOJHSAETCS C IOHUMaHHEM
TEOPETUYECKOr0 CMbICIA OSKCIIEpUMEHTa. B JaHHOM MeToauueckoM mocoouu
OMKCAaHUSM KOHKPETHBIX pabOT MpEeAlIECTBYIOT TEOPETUYECKUE BBOJHBIC
nosicienusi. llpexae yeM NpUCTYNUTh K BBIIOJHEHHIO JTA0OPAaTOPHOM padOThI
CTYJEHT JOJDKEH OCBOUTh TEOPETHUYECKYIO YacCTh, O3HAKOMUTHCA C METOJIUKOU U
TEXHUKOHN IKCIIEPUMEHTA, METOJIaMU 00pa0OTKH IKCIIEPUMEHTAIbHBIX JaHHBIX.

CtyaeHTy AOJKHBI OBITh SICHBI 1€db padOThl M IUIAH €€ BBINOJHEHUS.
Kaxxnoe neiicTBue AKCIIEPUMEHTATOpPa JOJKHO ObITh 00ayMaHHbIM. [IpucTtynas k
BBINIOJIHEHUIO 1K€ CaMOM MpOCTOM omepanuu, CTYIEHTY CIEQyeT 4YEeTKO
IPEJICTaBISATh ce0e BCe JIeTalu €€ MPOBEIACHMSL.

2. O0mue npaBuia padoThl B XMMHYECKOIi JJa0opaTopuu

1. HeobOxomumo coOmromaTh Mepbl IPEAOCTOPOKHOCTH TMPHU padoTe Cco
CTEKJISTHHOM MOCY0i BO N30eKaHNe PAaHEHHS OCKOJIKAMH CTEKJIA.

2. He nomyckaTe momajgaHus KUCIOTHI wiau menoun Ha pyku! I[lpm
MOTAIAHUKM  KUCIIOTBI Ha KOXY OOOMXKEHHOE MECTO MPOMONTE OOJBIITUM
KOJIMYECTBOM MPOTOYHOM BOJBI, a 3aTeM 00paboTaiiTe paz0aBIeHHBIM PACTBOPOM
(1 - 3%-ubIM) OukapOoHata HaTpus. [Ipu momamaHWM IIEIOYM HA KOXKY BHAYase
TaKke MPOMONTE MPOTOYHOM BOJOHM, a 3aTeM pa30aBlieHHBIM pacTBOpoM (3 %-
HBbIM) YKCYCHOM HJIM OOPHOM KUCTIOTBHI.

3. Bo Bpemsi paboThl B XMMHUYECKON Jlabopatopuu TpeOyeTcs cobroaaTh
TUIITUHY, TIOPSAIO0K, YUCTOTY, PAIlMOHAIIBHO CTPOUTH CBOIO PabOTy, MPOBOIAUTH €€
TOYHO U aKKypaTHO.



4. Henw3sa mpuctynatb K pabore Oe3 paspelleHus NpernoaaBaTes WiId
nabopaHTa.

5. 3anpemaercs paboTaTh B 1a00OpaTOPUU OJTHOMY.

6. Kaxnplii CTyIeHT JOJDKEH BBIMIOJNHATH JIA0OpATOpPHYIO paldoTy Ha
CIeUaIbHO OTBEJICHHOM JIJIsi JAaHHOW pabOThI MECTE.

7. Bo Bpems paboTbl HEOOXOAUMO HaJeBaTh XajaTr, UMETh MpuU cede
canderky.

8. Ciemyer akKypaTHO M OCTOPOXHO OOpamaThbcs ¢ XUMHUECKOU MOCYI0H,
peaktuBaMu U npubopamu. Ilpu 3akperieHuH CTEKISHHOW MOCYIbl B IITATHBE
CJIeIUTE, YTOOBI METAJUIMYECKHUE JIATIKKA UMENIH PE3UHOBBIE MTOIKIIAIKH.

9. Bce mpubophl 0053aTeIBHO AOHKHBI OBITH 3a3€MJICHBI.

10. Henmb3st paboTaTh ¢ TPSA3HOW MOCYI0M W OCTaBIATH €€ HEMBITOW TOCIe
OKOHYaHHUsI paOdOTHI.

11. Paboty ¢ £I0BUTBIMH BELIECTBAMH HEOOXOAMMO MPOBOAUTH B
BBITSDKHOM ILKaQy.

12. Tpebyercs coOm0gaTh MeEpPbl MPEIOCTOPOKHOCTU IpU padboTe co
B3PBIBOONIACHBIMU U JIETKOBOCIUIAMEHSFOLIUMUCS BEIIECTBAMM.

13. He BbumMBaiiTE B pPAKOBUHY OCTaTKH OPraHUYECKUX pPEAKTUBOB.
CnuBaiiTe 3TH BeEIIECTBA B CIEHHUAIBHBIE CKIISIHKU, MOMEIIEHHBIE B BBITSYKHOM
mkagy. He Opocaiite B pakoBuHy OymMary, IE€COK U Jpyrue TBEP/bIC BEIIECTBA.

14. TIlpu paboTre C OpPraHUYECKUMHU PACTBOPUTEISIMU HEOOXOIUMO
MOJIb30BATHCS MTUIIETKAMH.

15. Henb3s OCTaBIATh XMMHUYECKUE BEUIECTBA B MOCY/I€ O€3 ITUKETOK.

16. He nyraiite mpoOKu OT CKJISHOK, COJIEpKalllUX Pa3Hble PEaKTUBBI, BO
n30exaHue 3arps3HEHUsl MOCIETHUX.

17. Ilpn B3BEMIMBAHUM CYXUX PEAKTHBOB HEJb35 HACHIIATh MX HA YaUIKy
BECOB.

18. 3ampernaeTcss KypuTh U MPUHUMATD ULy B JIA0OPATOPHH.

I. XUMHNYECKOE PABHOBECHE

OI[HI/IM U3 pas3aciioB (1)H3H‘1€CKOﬁ XUMHU ABJEICTCA YYCHHUC O XMMHYCCKOM
pPaBHOBCCHH. B »stom pasaciic peuiaroTCda BOIIPOCHI, CBA3AHHBIC C PacyCTOM
XUMHUYCCKOI'O paBHOBECHA, YCTOI‘/’IIII/IBOCTI/I BCIUICCTB W HAIIPABJIICHHOCTH IIPOLICCCOB.
OcHoBHas 3a/ladya SKCICPHUMCHTAJIBHOIO HM3YUCHHA XHUMHUUYCCKOI'O PAaBHOBCCHA —
OIIpCACIICHNEC COCTaBa paBHOB€CHOﬁ CMCECH.

OcHoBHBIE TCOPETHYECCKHUE MMOJTOKCHUA

XHWUMUYECKOE PABHOBECME — O3TO TaKO€ COCTOSIHHME CHCTEMBI MpH
(MKCUPOBAHHBIX €CTECTBEHHBIX MIEPEMEHHBIX, npu KOTOpPOM ee
XapakTepuctuueckas (yHKIus MuUHUManbHa. Ecim B cucTemMe mpoTekaer
oOpaTtumasi XMMHYECKash peakilusi, TO TMPU PABHOBECHH CKOPOCTH TMPSIMON H
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oOpaTHOM peakIuii paBHBI, U C TCYCHHEM BPEMEHU HE MPOUCXOIUT HU3MECHEHUS
KOJINYECTB PEArHPYIOIIUX BEIIECTB B PEAKIMOHHOW CMECH.

Camonpon3BOIbHOE MPOTEKAHHE XHUMHUYECKOW PEaKIUU COIMPOBOXKIACTCS
yMeHblIeHueM sHepruu ['nb0ca cucrteMbl. YCIOBHE XUMHYECKOTO PaBHOBECHS

sammceiBaercs B Buge AG =—2v;1, =0, rne pi — XuMuUeckuil moTeHIHMAN i-

TOr0 KOMIIOHEHTA.

Ha puc.l mnpexacraBinena 3aBucumocTh HHepruu [mbOca cucrembl OT
XUMHUYecKo mepemeHHou & mpu p, T = const. Duepeus [ubbca peaxyuu, AG,
OTIpE/IETSAETCS KaK HAKJIOH KacaTeNbHOW K KPUBOW 3aBHUCHUMOCTH 3Hepruu ['nb6ca
CUCTEMBI OT CTENIEHU NMPOTEKAHUSI XUMUUYECKOUN peakiuu (T.e. §).

* o

1l

Pearentsl

[Ipoay

Puc.1 3aBucumocts 3ueprun I'm66ca cucteMbl OT XUMHUYECKON IEPEMEHHOM

Kak BUIHO U3 pucyHKa, MUHUMYMY SHepruu ['mb0ca COOTBETCTBYET COCTOSIHUE,
OTMEYEHHOE 3Be3/104KO0H (*). B 31Ol TOUKe

(g) =Zvj,uj =AG=0.

BT

(66) =AG<0
¢/ ¢ " ’

N pCaknusaA CaMOIIPOM3BOJIBHO IIPOTCKACT B IPAMOM HaAIIpaBJICHHWH, CIIpaBa OT

MHWHHMYMa
aG
(—) =A,G >0,
»T

CneBa OT MUHUMYyMa

9¢
M CaMOITPONU3BOJIbHO IIPOTCKACT 06paTHa51 peaKnuusi.

UToOBl paccunThIBATh XUMUYECKHE PABHOBECHS, T.€. OINPEACNATh COCTaB
PAaBHOBECHOM CMECH, HaJ0 KOHKPETHU3UPOBATH BHJI 3aBUCUMOCTH XHWMHUYECKHX



MOTEHITUAJIOB PEareHTOB U MPOJAYKTOB OT MEPEMEHHBIX, BRIPAKAIOIIUX COCTaB, P U
T.
Paccmotpum peakmurio:

aA +bB=cC +dD, (1)
NPOTEKAIOINIYI0 B Ta30BOM ¢asze mpu mMocTosiHHOW TemmepaTtype 1. Ilycth Bce
BEIIECTBA TPEICTABISIOT CO00 uacalbHbIe Ta3bl. XHUMHYECKUN TMOTCHIIHAI
Ka)X/I0T0 U3 YYaCTHUKOB PEAKIINH OMHCHIBACTCS BBIPAKCHUEM

p: = p; + RT Inp;

Oueprus ['ub6ca peakiuu (1) paBHa:

€ qntd
AG = cpc +dpp —apy — bug = cpg + dup — aply — buz + RTIn pgzg —
ACE
Coaadd
— A,G®+ RT In2EP2
AFE
Bripaxenue
PEDS
AG=AG°+RTIn——;
AE

Ha3bIBAIOT YPABHEHHEM U30mepMul Xumuueckou peaxkyuu. IlepBoe ciaraemoe

AG°® = cul + dup — ap3 — bug
ecTb cmanoapmuas SHepeusi 1ubbca peaxyuu, T.e. sHeprus ['mbOca peakuuu,
napiuanbHble JIaBIEHUS YYaCTHUKOB KOTOpod paBHbl 1 Oap. Bo Bropom
cllaraéMOM TI0JT 3HAaKOM JiorapudMa CTOAT BEIHUMHBI [j, MPEACTABIAIONINE COOOM
OTHOCHUTEJIbHBIE TNapUuaibHbIe NABJICHUS PEArupyrolUX BEIIECTB B MOMEHT HX

0o _

CMCIICHMUAA. HpI/I JOCTHUIKCHHNU paBHOBeCI/IH &TG - U, n
Lol
PclPp
A b

A.G® = —RTIn
P4Ps paBE

B »Ttom BBIPpAXKCHHUH, B OTIMYUC OT YypPABHEHUS U30MEPMDbl XUMUYECKOU peaxkyuu,
Mo 3HAaKoM Jiorapudma B KBAJPATHBIX CKOOKax CTOUT MPOU3BEIICHUE
PABHOBECHBIX 3HAYEHWM NApUUAJIbHBIX JAaBICHUM NPOAYKTOB W PEArcHTOB B
CTENEHSX, PABHBIX CTEXMOMETPUYECKUM Ko3(ppuuueHtaM. DTO NpOU3BEACHUE
IMPUHATO HA3bIBATh KOHCMAaHmou pasHosecus XUMHYECKOUN peaKnuun

k= |PePD| o (oM o —aph — bus)

? Ipip: RT

paEH (2)

Koncranra K, BeIpaskaeTcs yepes napiuuaibHbIC JaBJICHHUS UACAIBHBIX ra30B
Y 3aBHUCHT TOJIBKO OT TEMIIEPATYPBHI.
C yd4eTOoM KOHCTaHTBl PABHOBECHS YpPABHEHHE [JII W3MEHEHUs SHEPrUU

['n66ca MOKHO mepenucaTh B BUJIE:
A.G? = —RTIn Hp’ (3)

PEvh
Pivs (4)

A.G=—RTInK, +RT In



OTH BBIPAXEHUS WIPAIOT YPE3BbIYAKHO BAXKHYIO pOJIb B MNPHUKIATHOU
TEPMOJUHAMUKE:

* WUCIIOJB3Yys CIPAaBOYHBIE NaHHBIE I pacyera ﬂrGD, MOXHO, HE IIPOBOJIS
DKCIEPUMEHTA, ONIPEACIINTh PABHOBECHBIN COCTAB CMECH;

* eclii W3BECTHBl CTaHAapTHas oHeprus [ub6ca peakmuu (WM KOHCTAaHTa
paBHOBECHsA) W TNaplHUaIbHbIE JaBICHUS PEArvpyroIMX BEIIECTB B MOMEHT HX

CMEILICHHUSI, MOKHO T10 3HaKy AG CYJIUTh O HaIpPaBJICHHUH IpoIlecca,

* BTOpoe cnaraemoe B (4) mpeacTaBisieT co00M (PYHKIMIO TEKyIIUX 3HAYCHH
napiuaibHbIX JaBJICHUN (AaKTUBHOCTEH, KOHIIEHTpAIMil) y4acTHUKOB peakuuu. C
MOMOIIbIO YPABHEHUS U30TE€PMbl XUMHUECKOU PEaKIIM MOXKHO OLEHUTh 3HAUCHUS
AKTUBHOCTEW COCTaBIIAIONIMX BELIECTB, TMPU KOTOPHIX Tpouecc OyaeT
OCYUIECTBJISTHCS B KEJIA€MOM HarpaBlieHUU mpu T = CONst.

[ToMrMMO KOHCTaHTBI PABHOBECHS, BBIPAKCHHOM uepe3 MaplUUAIbHBIC
JIaBJICHUS, B TEPMOJMHAMUYECKUX pacueTaxX UCIOIb3YIOT KOHCTAHTHI paBHOBECHS,
BBIDOKEHHBIE YEpe3 Apyrue NepeMEeHHbIe, HApUMEp, MOJIBHYIO JIOJI0, X, WU
MOJISIPHOCTB, ¢. B aToM ciyuae s peakuuu (1)

. xExg

X

an.-b
X4 X5 ] pagn

- o
= cerb
L"A "B lpagy

B3aumocss3b MCIKIOY Kp, KX )51 Kc YCTAaHABJIMBACTCA C IIOMOIIBIO 3d4KOHA
I[aJ'IBTOHa N YPpaBHCHHA COCTOAHUA NACAJIBHOI'O Ira3a:

€ qqid [P |
K = PcPp _ XcXp ctd—a-b _ g pe+d-a-b
D (- xaxb p xP
PaPs paskH A7EBlpagn
d € i
pgpﬂ CcCp c+d—a—b e+d—a—b
K, = = =<2 &) — K.(RT)

p‘g pg paEH CA C'E paEH
rze p — ob1ee JaBiIeHUE rasa.
JIns HeueanbHBIX ra30B KOHCTAHTA PABHOBECHS 3alHChIBACTCS aHAIOTHYHO
(2), HO BMECTO HapIHaIbHBIX JaBICHUH MapoB UCTIONB3YIOT JieTydecTH (f):

K
f arh
A fﬁ paBE

Ecmu peaknus (1) mpoTexkaeT B KOHJICHCHPOBAaHHOHM (aze, TO B ciydae
UJI€aJIbHBIX PAaCTBOPOB

cue®@T) +dup@,T) —apg (@ T) —buz (0, T)\ _ [xEx5
RT xexk| 7
paEH
K, =K.(T);

K,=exp|—

B ClIydac pC€aJIbHBIX paCTBOPOB



_epe@ D) +dpp@,T) —apy (@, T) — buz (@, T)\ _ [agas
RT asa? paEH’
K,=K,(,T);

K, =exp

3anucaHHBIC BBINIC COOTHOIICHHUS, CBS3BIBAIOIINE MAPIHATbHBIC TaBIICHUS,
KOHIICHTPAITNH, MOJIbHBIC JOJIH, JTETYISCTH WU aKTUBHOCTH YYaCTHUKOB PEaKIInH,
HOCAT Ha3BaHUE 3AKOHA OelicmBYIouux Macc.

3aBUCUMOCTh KOHCTaHThI PAaBHOBECUS OT MEPEMEHHBIX P U T omnpeaensercs
3aBHCHMOCTBIO OT 3THUX TEPEMEHHBIX CTaHAAPTHBIX XUMHYECKUX TOTEHIIMAIOB
pEareHTOB H MPOTYKTOB.

3aBUCUMOCTh KOHCTaHThl PABHOBECHSI OT TEMIIEpaTypbl MOKHO TOJYYUTb,
muddepenypys mo T mpaByro U JIEBYIO 4acTu ypaBHeHuUs (3):

9(A,G%)
aT

_ puik _pr (2K _AG (9K,
=R oT | ~— T oT

v v D

MOJy4aeM
onK,\ 1[AG° 1[8(AG)

aT p_R T2 T\ aT

D (5a)
C yueroM ypaBHeHus ['n60ca—I enpbmrosibua nojydaem:
dInk, A H°
T aT - 2
aT , RT (56)

AHQJIOTUYHO TIOJy4YaeTcsl BbIpakeHue | i 3aBucumoctu K. ot
TEMIIEPATYPHI:

0
(6 In Kc) AU
- 2
oTr /v RT (5B)

[locneguwe pABa ypaBHEHHS HA3bIBAIOT COOTBETCTBEHHO VPABHEHUAMU
u306apbl N U30X0pbl XUMHUECKON peakiuu. M3 3TUX ypaBHEHHWH CJemyeT, YTo
BIIUSHUE TEMIIEpaTypbl Ha KOHCTAaHTY PABHOBECHS OIpPEACISIETCS 3HAKOM
teroBoro 3¢ dekra. Eciau peakius sHa0TepMUIecKas, T.e.

0 dInkK,
AHY" >0, To |——
oT
p
U C TIOBBIIICHUEM TEeMIIepaTypbl KOHCTaHTa paBHOBECHS OyIET PacTH, paBHOBECHE
OyneT cMemarbcs B CTOPOHY TMPOAYKTOB  peakiumu. Ecnum  peakmus

9K30TCpMHUICCKasd, T.C.
dInk,

aT
B
TO C IOBBINICHHUCM TCMIICPATYPbI KOHCTAHTA PABHOBCCHUSA 6yz[eT YMCHbLIIATHCA,
PaBHOBCCHC 6y,£[eT CMCIIATHCA B CTOPOHY PCArCHTOB. 3TI/I KAa4€CTBCHHLBIC BBIBO/JbI

AH® <0, ToO
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O BIUSHUU TEeMIIEpaTypbl Ha XUMHYECKOE PAaBHOBECHE COTJACYIOTCA C OOLIUM
IPHUHIIAIIOM CMEIeHUs paBHOBecus (npunyunom Jle [llamenve —bpayna):

Echu na cucmemy, nHaxooawyrwca 6 pasHoéecuu, OKa3amov GHeEUIHee

6030eiicmeue, mo pagHoGecue CMECHUMCA MAaK, YmooObl YMEHbUIUMD

ahpexkm eneuinezo eo3oeiicmeus.

[loBbIieHHEe (MM TOHWKEHUE) TEMIIEpaTypbl CIBUTaeT paBHOBECHE B
CTOPOHY pEaKIUHU, MPOTEKAIOIIEH C TMOMIONEHUEM (BBIICICHUEM) TEIJIOTHI.
[loBbIlIEHNE TABIEHUS CABUTIAET PABHOBECUE B CTOPOHY YMEHBIICHUS KOJIUYECTBA
MoOJIeKyJl rasza. JloOaBieHWE B PaBHOBECHYKD CMECh KaKOrO—IHMOO KOMIIOHEHTa
pEaKIuy CABUTAaeT PABHOBECHE B CTOPOHY YMEHBUIECHHS KOJMYECTBA 3TOIO
KOMIIOHEHTA.

[Ipyn uHTErpUpOBaHUM ypaBHEHUH (5) HAIO 3HATH TEMIEpPaTypHbIE 3aBUCUMOCTH

AH D(Tj u ﬂrUD (Tj. Ecmu pacuersl paBHOBECHMH MNPOBOASTCS B Y3KOM

TEMIIEPATYPHOM HMHTEpPBAJIC, MOYKHO IPUHATH, YTO 3TH BEJIUYUHBI ITOCTOSHHBI.
Tornma:

InK, = il + t= A + B
nk, = RT const = T ,
Ko@) _ AHP (1 1)
n = — N=—=),
K.p ET]_) R Tl Tz (6)
TUG ‘ql
InkK,=— RT —I—constz?—kBl,
| K.(T,) AU° (1 1)
n [— o — = —
K. (Ty) R \I, T/
rne A, Bi — HekoTropble mMmapameTphl, OIpeaenseMble TPH CTATUCTHICCKON
00paboTKe SKCIIEPUMEHTAIBHBIX JIAHHBIX.
Ink, A
tg o =-AH/R

/T

Puc.2 3aBucumoctsb orapudmMa KOHCTAHTHI PABHOBECHUS OT TEMITEPATyPhI

W3 monmydeHHbIX YpaBHEHUI BUIHO, YTO €CITU TEIIOBOM d(PhEKT peakiuu He
3aBUCHUT OT TemmepaTypsl, To rpaduk InK = f (1/T) npeacrasiser coboii mpsamyro
auHul0 (puc.2), TaHTEHC yria HakJIOHA KOTOpoul paBeH A (unmu A;), a OTPE3OK,
OTCEKaeMbIil psiMoi Ha ocu opauHat, —B (unu —B;). CnegoBarensHo

A H°(T) = —RA,
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AUC(T) = —RA,,

A,S°(T) = —RB,
) A, S°(T) = —RB,,
FI[C T — TCMIICpaTypa, COOTBCTCTBYIOIIAA CCPpCANHC HCCICAOBAHHOI'O

TEMIIEPATYPHOI'O HHTEPBAJA.
OTOT METOJ BBIYHMCICHUS TEPMOJUHAMHYECKUX (QYHKIMNA Ha3bIBAIOT

METOJIOM pacyema AH y AS o 8MOPOMY 3aKOHY MEPMOOUHAMUKU.
Ecnu B paccMarpuBaeMoM TeMIepaTypHOM HHTEpBasie HENb3sl NMpeHeOpeyb

. 0
3aBHCHMOCTBIO cTaHmapTHOit sutanbmud (win U peakumu o Temmeparypst, To
anst  ycraHoBieHus Buga 3aBucuMoctH  Ki(T) MOXHO BOCHONB30BaThCA
ypaBHeHueM Kupxroda. Tak, ecau anmpoKCUMHUPOBATh H3MEHEHHUE TETUIOEMKOCTH

B XOIC PCAKIIUU JIMHEMHOM 3aBUCHUMOCTBIO &TC?S' =a+ bT, TO MOXHO IIOKa3aThb,

qTo

A B
1ﬂf{p =—ﬁ+ﬁlnT—|—CT—|—cnnst

B sTom ciIydac OJis1 HaXOXIACHUA 3HAYCHUSA KOHCTAHTBI PAaBHOBECHUA IIPH KaKoM-

6o Temnepatype 7 Hajo 3HATh BUJ] 3aBUCUMOCTH A Gy (T].

CranmapTHBIH XUMHUUYECKUN TOTEHIIMA HeadbHOTO (M peaJbHOro) rasa
sBisieTCS (YHKIIMEH TOJIBKO TeMIIepaTypbl, OH OINpPEIeIsIeTCs MPUPOION TaHHOTO
BEILIECTBA U HE 3aBUCUT OT JlaBjieHUs. [109TOMYy 1 KOHCTaHTa paBHOBECHUS PEAKIUU,
B KOTOPOM y4aCTBYIOT 3TH T'a3bl, OT JIaBJICHUS HE 3aBUCHUT.

CraHgapTHBI XMMUYECKAN MOTEHIIMATI TBEPAOTO WIIHA >KUIKOTO BEIIECTBA
aBisieTcs (QyHKIUEW W TeMmIepaTypbl, U JaBJICHHS, MMOTOMY COOTBETCTBYIOIINE
KOHCTaHThl PABHOBECHS 3aBUCIT OT O0EMX MEPEeMEHHBIX. 3aBUCUMOCTh K, OT
JABJICHUSI MOXKET OBITh OTpeiesieHa CISAYIOINM 00pa3oMm:

A(A.G?) AV RT (6‘ In Kx) (6‘ In Hx) AV
op /. ap /.’ dp /. RT

Ecnu peakiust conmpoBokaaeTcsl yBeJIMUEHUEM 00beMa PEaKIIMOHHOM CMeCH,
TO BO3pacTaHUE JABJEHUSI TMPUBOJIUT K YMEHBIIEHUIO YHCIEHHOTO 3HAYEHUS
KOHCTaHThl paBHOBecusi. M Hao0OpOT, yMEHbIIEHUE JaBJICHUSI TMPUBEACT K €€
BO3pacTaHuto. Ecnu yuyecTs, 4TO M3MeHeHue o0beMa KOHJEHCHPOBAHHBIX (a3 B
X0JIe peaKIMd Mayio, IIPU HEOOJIBIIMX JIaBJIICHUSAX KOHCTAHTA paBHOBECHs Ci1abo
3aBHUCHUT OT JABJICHUS:

V
InK, (p) =Ink, (p%) —% (p —p°),

InK, (p) = InK, (p°).

KaTaJIHSaTOpBI — BCIICCTBA, KOTOPBIC YBCIMIUBAOT CKOPOCTH PCAKIIMU, HO B
pe3y.]'H)TaTe mnponecca OCTaroTCd XHUMHUYCCKHM HCU3MCHHBIMU. Tak kak BBCJICHHC
KaTajJain3aTopa HC INPUBOAUT K M3MCHCHHIO MCXOJIHBLIX PCArCHTOB H HpOI[YKTOB, a
BIIMSICT TOJBKO HA CKOPOCTh IPOTEKAaHHs IPOLEcca, TO Pa3HUIA B IHEPIrUsX
FI/I6603 HAYaJILHOTO W KOHEUYHOI'0 COCTOSHHUU CHUCTEMBI OCTAE€TCA ITOCTOSHHOM.
CHGHOB&TCHBHO, KOHCTAHTa PaBHOBCCHA HC 3aBUCUT oT IMPUCYTCTBUA
KaTaimM3aTopa.
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JlabopaTropHnasi padora 1

W3YUEHUE XUMHUYECKOI'O PABHOBECHSI B TOMOTEHHOM
CUCTEME HA ITPUMEPE DTEPUO®UKALIMU CITUPTA

Ilenv pabomei: nayyumsvcs paccuumvliéams pasHOB8eCHble KOHYEHMpayuu u
KOHCMAHMY pasHo8ecus 00pamuMon peaxyuu

Teopernyeckast yacThb

OrepuduKaIus STUIOBOTO CIUPTA MPOTEKAET MO CXEME:
CH;CO0OH + C,;H;0H 2 CH,CO0C,H; + H,0
Ota peakuus NMpu KOMHATHOM TeMmeparype mpoTekaeT meayieHHo. [loatomy ee
npoBoasaT npu 70 — 80°C B IIPUCYTCTBUM COJISTHOM KHCJIOTBI B KaudeCTBE
Katajgu3aTopa. B Takux ycCIOBHSX OHA 3aKaHYMBACTCs B TeUeHHE 2 — 3 YacoB.
YTOoOBl HU3KOKUIISIIKME BEIIECTBA, YYACTBYIOIIME B PEAKIUHU, HE YJIETYUYUBAIUCH
IIPpU HAarpeBaHUM, PEAKIHI0 3Tepu(PHUKaAIUU TPOBOAAT B KOJIOaX, CHAOMKEHHBIX
OoOpaTHBIMHM XOJOJWJIBHUKAMHU. OHTAJBINS pPEAKUUMU O00pa3oBaHUs 3THUJIALlETaTa
OYEHb Maja, MO3TOMY KOHCTaHTa PAaBHOBECHS JAHHOW pEaklHMH MPaKTUYECKH HE
3aBUCHUT OT TEMIIEPATYphl. 38 U3BMEHEHUEM COCTABA CMECH CIIEIAT 110 U3MEHEHHIO B
HEll CYMMAapHOM KOHIIEHTPAallMW KHCIOTHl B TEUEHUM peakuuu. HM3yueHue
PAaBHOBECHSI PEAKIMM OCYLIECTBISIETCS HW3MEPEHHEM CKOpPOCTEM MNpSAMOW U
OoOpaTHON peakUMil Mpu pa3IMYHBIX HCXOAHBIX KOHIEHTpAIMSAX crnupTa (s
OpsIMOM peakiuu) W JTuianerara (A1 oOpaTHOM peakuuu). 3a U3MEHEHUEM
KOHLIEHTpPAlMy PEearupyrolux BEIIECTB CIEIAT 0 TeX IOp, MOKa HE HACTYIUT
PaBHOBECHE.

JKCIEePUMEHTAJbHASA YaCTh
MeToanka U TeXHUKA IKCIIEPUMEHTA
Yerblpe cyxue KoOJObl e€MKOCThbi0 50 MJI MPUCOEIMHUTH K OOpaTHBIM
XOJIOAWJIbHUKAM. [IpUCTYNUTh K BBINOJHEHUIO OMNbITA MOXXHO YOEAMBIIMCH B
HAJIS)KHOCTU COCIMHEHUN U B paboTe X0NoauiIbHUKOB. [IponymepoBars konobl. B
KOKYI0 KO0y HAJIUTh PEAKTUBBI COTJIACHO TabI. 1.

Tabmuma 1
C,HsOH CH;COOH | CH3;COOC,H5 H,O HCI
Ne ko051

1 5 M 15 M - - 5 M
4 M 05M

2 5 M 15 M - - 5 M
2M 05M

3 - - 5 M 15 M 5 M
05M

4 - - 3 M 12 M 5 M
05M
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CoenuHUTH KOJIOBI C XOJOAWIBHUKAMHU, MYCTUTh B XOJIOAUJIBHUKU BO.NY,
MOMECTHTh KOJOBI B TepPMOCTAT, ycTaHoBieHHsii Ha 70 — 80°C. Kak oTMeuanocs
BBIIIIE, KOHCTAHTA PAaBHOBECHS 3TOM PEAKIMU IIOYTH HE 3aBUCUT OT TEMIIEPATypHI,
[IO3TOMY CTPOTO€ MOJAEPKaHUE ITOCTOSSHHOW TEMIIEPATYPhl HE 00S13aTENBHO.

Jlia ynoOctBa pabOThl KOJIOBI CIEAYyET MOIpYy’KaTh B TEPMOCTAT OJHY 3a
JIPYyrol ¢ MPOMEXYTKOM BpeMeHH 5 — 10 muHyT. Bpemsi morpyxeHusi Kaxaou
KOJIOBI B TEPMOCTAT CIEAYET OTMEYaTh OTAEIBHO.

HarpeBanue mpoBoauTh B T€YEHUH 2 — 2,5 4acoB. 3a 3TO BpeMs IPOU3BECTH
TOYHOE ONpPE/ENIEHNE KOHLEHTPAUUU COJIIHOW M YKCYCHOM KHCIIOT, B3ATBIX IJIS
COCTaBJICHUsI cMecer. [l 3Toro B3aTh 1 MiI yKCYCHOM KHMCIJIOTBI U OTAEIBHO S5 MII
CONSHOM KUCHOTBI u ortuTpoBath ux 0,5 M NaOH B mnpucyrcrBun
¢benondranrenHa B KaueCTBE UHAUKATOPA.

[Tocne 2-x yacoB HarpeBaHUsi KOJOBI B TEPMOCTATE B3ATH U3 HEE IMEPBYIO
npoOy. [nst »Toro kosby, HE pa3beauHsAs C XOJOAWIBHUKOM, BBIHYTH W3
TEPMOCTaTa U MOMECTUTH Ul OXJAXKICHUS B XOJOAHYIO BOAY, YTOOBI TIOHU3UTH
JaBJICHUE NApOB CMECU M M30€KaTh NOTEPH BEILECTBA U U3MEHEHHUS COCTaBa IpU
otbope mpoObl. Ilocrme oxnakaeHUus CMECH OTHATH XOJOIWIBHUK W IMUIETKOM
orobpate 1 Mia cmecu ans aHanu3a. B3saTyio npoOy BBUIMTH B KOJOY IS
TUTPOBAHUSA, B KOTOPYIO MPEABAPUTEIBHO HAJIUTH IpUMEpHO S50 Ml JensHOU
JUCTUIUIMPOBaHHOW Boxbl (JlensHas BoJa JOJDKHA IMPUOCTAHOBHUTH PEAKIUIO0 U
(UKCUpOBATH MOMEHT, K KOTOPOMY OTHOCUTCSI H3MEPEHHE CKOPOCTH.).
[IpucoenvHUB 3aTeM XOJOAWIBHHUK K KOJIO€, MIOMECTUTh €€ OOpaTHO B TEPMOCTAT,
a BO B3ITOM TpoOE ONpeneauTh CYMMApHYI0 KOHUEHTPALMI KHUCIOTHI
tutpoBanueM 0,5 M pacTBOpOM €KOro HaTpa B MpUCYTCTBUU (peHoTanenHa.

UYepes 30 MuHyT mociie 0TOOpa mepBOM MPoObI M3 JaHHOW KOJIOBI B3SITh
BTOPYIO MpoOy U oTTUTPOBaTh €e. [IpoOrl OpaTh uepe3 kaxapie 30 MUHYT 10 TeX
1op, MOKa pe3yJIbTaThl TUTPOBAHUS MOCIEAHMUX JABYX MPOO HE COBHAAYT MEXKIY
coboit B mpeaenax 0,1 — 0,2 ma 0,5 M pactBopa enkoro Harpa. Torga MOKHO
CUMTaTh, YTO PABHOBECHE HACTYNWIO, M ONBIT C JAHHOM CMECBKO MOYKHO
3aKOHYUTh. TOUHO TaK K€ MOCTYNUTb C APYTUMHU KOJIOaMHU.

Jlyis pacdyeTra KOHCTaHTBl PAaBHOBECHSI JIOJKHBI ObITh M3BECTHBI KOJUYECTBA
B3STHIX BEILECTB U CyMMapHasi KOHUEHTPALMS KUCIOTHI B PABHOBECHOW CMECH.

KoncTanrta paBHOBecus onpezensercs no popmye:

PAEH.~ o PABH.~ 4
H.: = EEEPEE‘H;Q - EEDPEBH;E’
A B
Jis peakiuu sTepudUKaMM STHIOBOTO CIUPTa BhIpaKEHHE OyIEeT MMETh

BUJI.
CpaE:H. . ppasH.
K — _CHaCO0CHs “Hy0
e CpaEiH. ) CpaEiH.

CH,COOH “C,HsOH
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O06padoTKa IKCIIEPUMEHTAIbHBIX JAHHBIX

Xonm pacyeTa Uis OMBITOB MO 0Opa3oBaHHWIO O3TWiAIETaTa M3 CIUPTa U
YKCYCHON KHUCJOTHI (TIpsMasi Peakiiusi) OTIUYACTCS OT PAcueTOB ISl OMBITOB IIO
OMBUICHHIO 3TOTO A(upa BojI0i (oOpaTHas peaxius).

1. PaccunTtaTh paBHOBECHBIC KOHIICHTpAIIMHM BEIECTB, YYACTBYIOIIUX B MPSIMOIi
peakuuu (koyba 1 u 2).

[Mpumem ob6o3nauenus: V(CH3;COOH) - 00beM yKCyCHO# KHUCITOTHI, B3SITHIH
st cocraBieHus: ucxogHou cmecu, mi; p(CH3COOH) - mioTHOCTH yKCyCHOM
kucnotsl, r/em’; T(CH;COOH) — TuTp, comepkaHne YKCYCHOH KHCIOTHI B 1 Mit
pacTBopa.

Paccuntaem tutp (T) Kaxka0r0 KOMIIOHEHTAa B 00bEME CMECH:

1) dns C,(CH3COOH) = 4 mous/m.

Oomwmit 00bem cMecu V=25 mi=15mu(CH3COOH)+5mu (HCI) +5mi (C,HsOH),
B 1000 mu pactBopa conepxkutcst - 240 r CH3COOH (4 M),
B 1 MJI pacTBOpa coiepKUTCS - 0,240 r CH3COOH (4 M).
Haitnem maccy CH;COOH B 15 M1 CH3COOH (4 M):
0,240 x 15 =3,6 r (CH3COOH),
Conepsxanue B 1 M emecu (T): 3,6 +25 = 0,144 r/mn CH;3COOH (4 M).
2) s C, (CH3COOH) = 2 mous/m.
Oomwmit 00bem cMecu V=25 mi=15mu(CH3COOH)+5mu (HCI) +5mi (C,HsOH),
B 1000 mu pactBopa comepxkutcst - 120 r CH3COOH (2 M),
B | MJ1 pacTBOpa COEPIKUTCS - 0,120 r CH3COOH (2 M).
Haitnem maccy CH;COOH B 15 M1 CH3COOH (2 M):
0,120 x 15 =1,8r (CH3COOH),
Conepskanue B 1 Mt emecu (T): 1,8 +25=0,072 r/man CH;COOH (2 M).
3) Husa C,(HCI) = 0,5 mosw/m.
B 1000 mut pactBopa comepxkutcs - 18,25 r HCI (0,5 M),
B | MJI pacTBOpa CONEPIKUTCS - 0,018 r HCI (0,5 M).
Haitnem maccy HCI B 5 M HCI (0,5 M):
0,018 x 5=0,09r (HCI),
Conepskanue B 1 Mt emecu (T): 0,09 +25 = 0,003 r/ma HCI (0,5 M).

4) Ins cimpta (C,HsOH).

IInotHocTs crmpra: d(CoHsOH) = 0,80 r/cM®, Torma B 5 MIT CIIHPTa COAEPKUTCS:
0,08 x5=4,00r C,Hs0OH, a B 1 Mmi1 cmecu — 4,00 +~25=0,16T.

5) s sTrinanerara.

[TnotHOCTH ATHNAneTaTa p(CH3COOC,Hs) = 0,89 F/CM3, TOTAa B 5 MJI DTHJIalLleTaTa
coaepxutcs 0,89 x 5=4,45 r CH3COOC,Hs, a B 1 mut cmecu —4,45 +25=0,17r.

Pacyer pns cmywas, korma B Kombe 3 M1 dTHIAreTata IMPOBOJIST
aHAJIOTUYHO.

Paccuntaem wucxoonvlie Konuemmpauuu BEIIECTB, YYACTBYIOIIUX B
peakuuu. [lycTh HOPMambHOCTH MCXOJHOTO pacTBOpa YKCYCHOM KHCIIOTHI,
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ompeneneHHas TutpoBaHueM, paBHa C,, a o0mmii oObeM cmecu — V, Torma
MCXO/IHAs KOHIIEHTPAIKs YKCYCHON KUCIIOTHI B CMECH:

C,.(CH;COOH) -V(CH,COOH

CHH(CHECGOH:J — 3[{( 3 H—]V ( 3 ]

, MOL/

" (CH, COOH) T(CH,COOH)- 1000 ,
= , MOIL/
- : M(CH,COOH)

Hcxonnast KOHIIEHTpauus CIUpTa paBHa:
e _ T(C,Hs0H) .
C*"*(C,H-0H) = M (C,H.0) 1000, moau/1
rae M (C,HsOH) - monekynsipHast Mmacca cupra.
WcxonHast KOHIIEHTpALKs BOJbI PACCUMTHIBACTCS CIIEIYIOITUM 00pa3oM:
C**(H,0) = [V(CH;COOH) - p(CH,COOH)(1— T(CH,COO0H))] +

+[V(C,Hs0H) - p(C,H;0H)(1 — T(C,H;OH)) + V(HCL) - p(HCD)] X

1000 y
X —————— , MOIL/1
M(H,0)-V'
Paccuutaem pasnosecnvie KoHuenmpauyuu BENECTB, YYACTBYIOIIUX B
peaKLnH.
IIycts Tenepp cyMMapHas KOHUEHTPALMs KUCIOThI B PABHOBECHOM CMECH IOCIIE
peakunu paBHa C,; a KOHILEHTpaUWs B3STOM CONSHOW Kucimotel — C;, TOorma
KOHIIEHTpAIUsl YKCYCHOU KUCJIOTHI B pABHOBECHOM CMeCH OyJIeT
|4
pasH. . . . VHCcI
CC'H;CDEJH =0, -0 A , MOTB/T

KoHueHTpanus sTunamerara B paBHOBECHOM CMECH, OCKOJIbKY €ro He ObLIO
B UCXOJHOM CMECH, paBHA YMEHBIIEHUIO KOHIIEHTPALIUN YKCYCHOUM KUCIIOTHI, T. €.

PaEH. _ (HCcK _ pasH,
CCHamﬂczHE - CC'H;C‘EJEJH CEHBEQQH: MOML/1

Konuentparnus cnupra B paBHOBECHOM CMECH COOTBETCTBEHHO paBHA

PasH. _ ~uck _ ~pasH,
CCZHE-OH N CCZH5DH CCH;CDDEEHE-‘ MOTB/1

PaBHOBECHAs1 KOHIIEHTpALUS BOJIbI

PAEH. _ pcx | PAEH.
Coo =Cao— G Momu/

KoHncranTta paBHOBecus Oy1eT OnpeesiThCsl COOTHOIIICHUEM:

CpaEiH. . ppasH.
K — _CHaC00CHs “Hy0
£ paEH. paEH.

C -C

CHyCOOH “C,H50H
Pacuer K¢ mpou3BoAsST OTAEABHO 715 IBYX B3SITBIX pACTBOPOB.

2. PaccunTaTh paBHOBECHBIC KOHIICHTPAIIMK BEIICCTB, YYaCTBYIOIIUX B 00OPATHOM
peakumuu (koyba 3 u 4).
O0o3HaunM uepe3 V, — HCXOIHBIM 00beM JTWiamerata, wmi;, O,—

IUIOTHOCTD dTUIALETaTa; M, — MOJsIpHYI0 Maccy stuianerara; Vi o — o0bem

BOJIbI B UICXOJIHOM CMECH, MJI.
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PaccuntaeM ucxoonvle Konuemmpayuu BEIIECTB, Y4YaCTBYIOIIUX B
peakuuu. [lonb3ysach 3TUMU U paHee BBEIECHHBIMM O003HAYEHMSIMH, PACCUUTAEM
KOHIIEHTPALUIO ATUIALleTaTa B HCXOJHOW CMECH:

pox,_ V21000
STy . MOTB/T
M KOHLOCHTPAIWIO BOAbI TAKIKC

I

i Vir,0 ; v:f -1000
H,0
Paccuutaem PABHO6€ECHble KOHUenmpauuu BCIICCTB, YYACTBYIOIIUX B
PCaKIUU. PaBuoBecHasg KOHLCHTpaI:A YKCYCHOﬁ KHCJIOTHI:

. MO/

paEH. . _ Vaa
CC'H;CGGH =0 -0 MOIB/T
PaBHOBecHas KOHIOCHTpPAIUA CIIMPTA:
pacH. __ ppasH,

KoHueHTpanus sTuanerara B paBHOBECHOM CMECH:

PaBH. _ ~pucx.  ~PaBH.
G =G CC‘HEC'OOH

KOHI_[CHTpaIII/IH BOJbI B paBHOBCCHOﬁ CMCCH:

pﬂEiH. _ MCH pﬂEiH.
CH o~ “H,0 CCH;:’I‘-.’JOH
KoncranTa PpaBHOBECHS BBIYUCIIAACTCS 10 YPABHCHHUIO
CPEEIH. . CPEEH.
CH,COOH CoH-OH
K - 2 2575
c CFIIEEIH. . CpaE:H.

CH,COOC,Hy ~H,0
DKCIepuMEHTAIBHBIC M paCUeTHBIC JaHHBIC 3alucaTh B Tabauiax 2 u 3.

Tabmuma 2
Ne Komnba 1 Kon6a 2
npoOsl | Bpems or6opa O6bem Bpewms orbopa O6bem
poObI 0,5 M NaOH, poObI 0,5 M NaOH,

M3PACXO0BAHHOTO U3PacX0J0BAHHOTO

Ha TUTPOBAHUE, M1 Ha TUTPOBAHHE, M1
Tabnumna 3

Haganpueie PaBHOBecHEBIC No
KOHIIEHTPAIlUU KOHIIEHTpAIIUU OIIBITA K¢

kosba 1 | xomba 2 | xomnba 1 | kosba 2

CymmapHas KOHIEHTPALMS
B CMECH:

YKCYCHOM KUCIOTHI

OTUIIOBOTO CIIUpTa

Ortunamnerara

Bongl
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JlaGoparopHnasi padora 2

U3YUEHUE PABHOBECHUS TOMOI'EHHOM PEAKIIMU HA IIPUMEPE
PEAKIUMU: 2FeCl;+ 2KI < I, + 2KClI + 2 FeCl,

Ienv pabomwi: onpedenums KOHCMAHMY PABHOBECUSI 20MO2EHHOU DeaKyuu
8 pacmeope.

B nmanHolt pabore creayeT O3HAKOMUTBCA C OJHMM U3 METOJOB
MCCJIEI0BAHMS XUMUYECKOTO PABHOBECHS HA PUMEPE PEAKIIUU
2FeCl; + 2K < 2FeCl, + 1, + 2KCI

MeToauKa U TEXHHKA IKCIICPUMEHTA

B uerhipex cyxux Kos0ax C MNpUTEPTHIMH MpPoOKaMu eMKocThio 100 mu
MIPUTOTOBUTH PACTBOPHI B COOTBETCTBUU C TAOJIMIICH:

Tabauia 4
PactBop Konba 1 Konba 2 Konba 3 Konba 4
0,03 M FeCl; 50 - 55 -
MIT
0,03 M KI - 50 - 45
MU

[TpUroTOBUTH JJIsI TATPOBAHUS BOCEMb KOHUYECKUX KOJIO eMKocThio 100 M.
B xaxmayro kon0y HamuTh 35—50 M1 XOJMOAHON NUCTWIIMPOBAHHON BOJbI. CIIUTH
BMecTe conepxkumoe koinb 1 u 2, a yepe3 10 MUH mocie 3TOTO CIUTH BMECTE
conepxkumoe ko0 3 m 4. MOMEHT CIMBaHUA PAacCTBOPOB OTMETUTH IO YacaM.
Kon0bl maoTHO 3akpbiTh MpoOKaMU M YCTAHOBUTH B TEpPMOCTAT (TeMmmeparypa
TepMOCTaTa BBICTABJISIETCA 10 3aJaHuI0 TMpenojaBarens). Yeped 25 MuH OT
MOMEHTa MOMEIICHHS U3 KaXKJ101 KOJIObI, HE BEIHMMAs €€ U3 TepMocTaTa, 0ToOpaTh
MUMETKON 15 MJ1 pacTBOpa U CIIUTH B OXJIAKICHHYIO KOJOY JIJIsi TATPOBAHMUS.

3a BpemMs 0TOOpa MpoObl CYMTATh MOMEHT CIIMBAHUS PACTBOpA U3 MUIMETKU B
KOJIOY JUIsl TATPOBAHUS.

Bpemss orGopa mpoObl oTMeuaTh ¢ TOYHOCTHIO 10 1 muH. Cpasy mocie
CMBaHUs BbAenuBIIMiAcS oa tutpoBath 0,015 M pactBopom rumocynbdura ¢
M3BECTHBIM THUTPOM. PacTBop rumocynbpuTa MNpuOaBIATH 10 OJETHO-KEITOU
OKpacKd pacTBOpa. 3aTeM A00aBUTh HECKOJIBKO Karejdb PacTBopa Kpaxmaia |
TUTPOBATh PACTBOPOM THIOCYJIb(PUTA 10 HWCUE3HOBEHHS] CHUHETO OKpAIIMBaHUS
pactBopa. CBeTJIO-CHHSISI OKpacka pacTBOpa, MOSIBISIOMIASCA YEPE3 HEKOTOPOe
BpeMs TMOCje TUTPOBaHUS, HE yuuThiBaeTcs. [lumeTky mepem otOopom MpoObI
CIIOJIOCHYTh UCCIIEyEMbIM PACTBOPOM.
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Yepes 30 muH mocie oTOOpa mpoOkl U3 KaKI0W KOJIOBI B3SITh CHOBA 15 Mt
pacTBOpa M TUTPOBATh TUMOCYIbPUTOM. 3aTeM uepe3 40 MUH OTOOpaTh TPETHIO
poOy u T. A. OIMHAKOBOE YMCIIO0 MUJUTWIMTPOB TUIOCYIb(UTA, U3PACXOJOBAHHOE
Ha TUTPOBaHWE HO/Aa B JBYX MOCJIEIOBATEILHO B3ATHIX MPOOaX U3 KaXKIOW KOJOBI,
YKa3bIBACT Ha IOCTHKECHUE PABHOBECHS B PEAKIIHH.

Pacyer BeyT CieMyIONMM ITyTEM.

1. Konnenrparnus oaa C|2 , B COCTOSIHUY paBHOBECHs OyJIeT paBHa
c c 1V
I, — “Na.5.0: o 717
2V,
rae Cy a,5,0, - HOPMaJIbHOCTB PacTBOpa runocynbdura; Vi - 00beM pacTBopa

TUNocynb(duTa, U3pacxo0BaHHOE HA TUTPOBAHHUE 0/1a B MOMEHT PaBHOBECHUS, MIT;
V; - 00beM B34TOH IPOOBI, MJI.

2 y .
2. KonuenTtpanus noHoB Fe“" Gyer paBHa yIBOEHHON KOHIIEHTPAIMU HOJa,
TaK Kak [0 YpaBHEHHMIO peakiuu oOpa3yercs oJHa MoOJIeKysa Hoja M JBa HOHA
2+
Fe™, cnenoBarenbHo, Cp+2 = 20 .

3 .

3. KouuenTpauus Fe’* npu paBHOBecMM paBHA PAa3HOCTU HAYaIbHOM

2 .
KOHIIEHTpAllUK HOHOB Fe”" 1 paBHOBECHO} KOHLIEHTpPALMH, TaK KaK U3 YpaBHEHUs
2 3
peakIuy IpUpPOCT KoHIeHTpaiuu Fe™" paBen yObuM KoHeHTpauu Fe””,
Cre+a = CFECIE — Cpet2
W
Cre+z = CFsr:.tg - ZCrz
Conepxanne FeCls BbIuncIseTCS M3 KOHIEHTPAMKA UCXOJIHOTO PAacTBOpa M

CTENEHH pa30aBIeHuUs €ro IPU CMEIIEHUH PACTBOPOB
a
— 0 ;
CFECIE - CFQEIE a _|_ b

0
TIE C FeCl; — mavamphas kouuentpanus pactBopa FeCls, mons/m; a u b -

koimuectBa pactBopoB FeCly um Kl, cOOTBETCTBEHHO B3ATBHIX IS MPOBEACHUS
peaKIuu.

4. KonueHnrtpauus noHa I' BBIYUCISAETCS IO YPAaBHEHUSIM:

Cr- = Cpr — 2"::2
a

= .
Cxr = Cry a+b
re C% ) — KOHIICHTPAITUS UCXOAHOTO PacTBOPa, MOJIb/J.
B Takoit e nocnenoBaTeIbHOCTH IMPOBOJAST ONBIT IIPU APYrOM TEMIEpaType
(mampumep, 40° C). Pacuer K¢ npou3BoAsST OTAEIBHO JJIsl IBYX B3ATHIX PACTBOPOB
IpU JBYX TeMIleparypax. JKCIEepUMEHTaIbHbIC U pacueTHbIE JaHHbIE 3alucaTh B

TalauIly o o0pasiy:
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1. PASOBOE PABHOBECHUE

OcHoBHBIE TCOPETHYECCKHUE MMOJTOKCHUA

BemectBa, Haxogsmuecs B TBEpPAOM, JKHIKOM WM Tra3000pa3HOM
COCTOSIHUSAX, 00Pa3yloT TepMOAMHAMUYECKHE CUCTEMBI. Eciii cucteMa coCTOUT U3
OJIHOM (pa3bl, TO OHA ABIAETCSA 2omozeHHou. CucTema, cocTosAlas U3 HECKOJIBKUX
(a3, pa3rpaHUYCHHBIX TTOBEPXHOCTIIMU pa3jielia, Ha3bIBACTCS cemepoceHHOU.

@aza — >T0 OJHOpOJHAs CUCTeMa, 00Jajarolias BO BCEX CBOMX YaCTAX
OJINHAKOBBIMH XUMHUYECKUMHU U TEPMOJANHAMHUYECKUMHU CBOMCTBAMU U OTJCIICHHAS
OT Apyrux (a3 mMoBEepXHOCTHIO pazzena. Paza MOKET ObITh pa3duTa Ha OT/ICIbHBIC
4acTH, HO 3TO HE yBeJIWYMBaeT yucia ¢a3 B cucreme. Hanpumep, B HaChIIIIECHHOM
pacTBOpe MOBAapeHHOW COJIM B MPUCYTCTBUM HA JHE COCylda JIIOOOro 4ucia
KpUCTAJUIOB COJIM U Tapa HaJl pacTBOPOM OyJeT UMEThCS OJHA KpHUCTAJUIMYECKas,
OJIHA XUJKas U 0JHa mapooOpa3Has (a3bl.

[To uucny a3 cucreMsl aenarca Ha oaHO(pa3HbIe, NByXpa3Hble, Tpex(da3Hbie
u MHoro(asHbele. PaBHOBecHs B TE€TEPOr€HHBIX CHUCTEMaxX, IJ€ UMEIOT MECTO
nepexoipl KOMIIOHEHTOB W3 OJHOM (a3bl B JIPYryr0, Ha3bIBAIOT ¢ha3zoevbimu
PABHOBECUAMU.

PaBHOBECHIO TETEPOr€HHBIX CHCTEM OTBEYAeT PaBEHCTBO XHUMHUYECKUX
MOTEHLMAJIOB KaXXI0r0 KOMIIOHEHTa BO Bcex (a3ax, a Takke MHUHUMAalIbHOE
3HaY€HUE OJHOT0 M3 TEPMOJUHAMHYECKHX MOTEHIHMAIOB MPU COOTBETCTBYIOIINX
ycioBusix. Ha mpakTuke OOBIYHBIMH  YCIOBHSIMU  SIBIISIIOTCSL  TIOCTOSTHHAS
TEeMIIEpaTypa U MOCTOSTHHOE JIaBJICHUE, TO3TOMY (pa30BOE€ PABHOBECHE OLEHUBAIOT
Mo M300apHOMY MOTEHLMATy TeTepPOreHHbIX cHUcTeM. B obmieM ciydae MOXXHO
CKa3aTh, 4YTO YCJIOBHEM (Pa30BOr0 paBHOBECUSI B CHUCTEME, COCTOSIIECH H3
HECKOJBKHX (Pa3 U HECKOJIBKUX KOMIIOHEHTOB, SIBJISIETCS PABEHCTBO MapLMAIbHOTO
JABJICHUS HACBIILIEHHOTO Mapa Ka)J10ro KOMIIOHEHTa HaJ BceMu (ha3amu.

OaHUM W3 BaXXKHBIX 3aKOHOB (PU3MYECKOM XUMUU SIBISIETCS npasuio gas,
KOTOPOE OCHOBAHO Ha BTOPOM Hayajie TepMoauHaMuku. [IpaBuio ¢a3 MoxeT ObITh
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c(OpMyIUPOBAHO CIEAYIOIIUM 00pa3oM: uucio cmenerel c60600bl PaBHOBECHO
MePMOOUHAMUYECKOU CUCMEMbl, HA KOMOPYIO U3 BHEUHUX (DaKmMopos 6lusitom
MOJILKO memnepamypa u 0agleHue, pagHo YUcLy KOMHNOHEHMO8 CUCEeMbl MUHYC
yucno gas niaroc oaa.

C=K—-@+72,
rae C — 4mucio TepMOAMHAMHUYECKUX CTENeHel cB0OOIbl cucteMbl, K — umncio
HE3aBUCUMBIX KOMIIOHEHTOB, @ — yncio ¢a3.

Yucno cocmaenvix uacmeit — 3T0 YUCIIO TEX BUIOB YACTHUII, COCTABIISIONIUX
CUCTEMY, KOTOPbIE MOTYT CYILIECTBOBAaTh OTJIEJIBHO U BHE cucTeMbl. Hampumep, B
BOJHOM pACTBOpPE IMOBAPEHHON COJIM MOKHO HACUMTAaTh MHOTO BUJOB YaCTHI]
(MOJIEKYJIBI CONM W BOJBI, THAPATUPOBAHHBIC HOHBI Na*, CI, H, OH). B
JEUCTBUTEILHOCTH K€ B CHUCTEME TOJIbKO JIBE COCTaBHbIE YacTU: BoJla U
MOBapeHHAs COJb, TaK KaK HU OJWH W3 MEPEUHUCICHHBIX BBIIIC MOHOB HE MOXKET
OBITH W3BJICUCH U3 JJAHHOUN CHCTEMBI B OTJACIHHOCTH.

Komnonenmamu (He3aBUCUMBIMU KOMIIOHEHTaMU ) HA3bIBAIOT HE3aBUCUMBIC
COCTaBHbICE 4YacTU cHUCTEeMbl. [loJ dYHCIOM KOMIIOHEHTOB TOAPa3yMEBAIOT
HAaMMEHbIIIEEe YUCIIO COCTaBHBIX YacTeH, JOCTAaTOYHOE ISl 0Opa3oBaHus BcexX (a3
paBHOBeCHOW cucTeMbl. Ecam MeXIy COCTaBHBIMH  YacTIMH  CHCTEMBI
HEBO3MOJKHbI HHKAaKHE€ XHMHUYECKHE PEAKIMU, TO YHUCIO KOMIIOHEHTOB PaBHO
YHUCIIy COCTaBHBIX yacTed. [Ipm BO3ZMOKHOCTH MPOTEKAHUSI XUMHYECKUX PEaKIUit
YUCJIO KOMIIOHEHTOB YMEHBIIAETCS Ha YHUCIO YypaBHEHUH, CBS3BIBAIOIINX
KOHIIEHTpAI[MU BEIIECTB B 0JIHOM U3 (pa3 (3aKOH JEHCTBUA MacC U T.J1.)

Yucno cmeneneit c60000b1 —3TO YHUCIIO TEPMOJUHAMUYECKHUX [1apaMETPOB,
OTIPEJICIISIIONTNX COCTOSIHUE CHCTEMbI, KOTOPHIE MOXHO IMPOU3BOJIHHO MEHSTH B
M3BECTHBIX Mpenaenax 0e3 u3MeHeHus uucia (a3 B cucreme. K atum napamerpam
OTHOCSITCSL TemIepaTypa, JaBJI€HUE U KOHIIEHTPALIMM BEILECTB. YpaBHEHUE
npaBwia a3 ['nb0ca ycTaHaBIMBAET CBS3b MEXKJY YUCIOM CTENEHEH CBOOObI,
YUCJIOM KOMIIOHEHTOB U YHMCIIOM (ha3 B JaHHOM paBHOBECHOM CHCTEME:

[IpaBuno ¢a3 mokaspIBaeT, YTO YHUCIO CTENEHEW CBOOOIBI BO3PACTAET C
YBEJIMYEHUEM YHCJia KOMIIOHEHTOB M YMEHBIIAETCS C yBeJIMYeHUueM 4ducia (a3
TEPMOJIUHAMHYECKOU CHCTEMBI.

Ecnu cocTosiHre cucTeMbl onpeenseTcs, KpoMe TeMIiepaTyphl U JTaBJICHHUS,
eme W JAPYTMMH BHEIIHUMHU (akTopamMu (PJIEKTPUUYECKUMH, MAarHUTHBIMH,
I'PaBUTAIIMOHHBIMU TIOJISIMU U JIp.), TO MPaBUio (pa3 MOKET OBITH MPEICTABICHO B
CJIEIYIOLIEM BHJIE:

C=K—@+n,
r7ie N — 9YUCJI0 BHEMHUX (haKTOPOB.

Yucno creneHei cBOOOIbI onpenensercs Kak gapuanmuocms cuctemsl. 1o
ATOMY MPU3HAKYy CUCTEMBbI jaensarcs Ha Oe3BapuanTHbie (C = 0), oqHOBapHAHTHBIC
(C = 1), neyxBapuantabie (C = 2) u T.71. CUCTEMBI ¢ OOJBIITUM YHUCIIOM CTETICHEH
CBOOOIBI  Ha3bIBAIOT  MHOTOBapuaHTHBIMH.  CorjacHo  mpaBuny (a3,
onHokoMmroHeHTHast cucrema (K = 1) Oynmer Oe3BapuaHTHOM, eciu B Hel
OJIHOBpEMEHHO cocyiiecTBY0T Tpu ¢a3el (© = 3). be3BapuaHTHOCTH O3HAYAET,
YTO JIAHHOE€ PABHOBECHOE COCTOSHME pPEAJIM3yeTcsl TOJBKO TMPU  OJHOM
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ONpEJEICHHOM COYETaHWH NapaMeTpoB (JaBjieHUus U Temrepatypsl). Ilpu @ = 2
OJIHOKOMIIOHEHTHasl CHUCTEMa CTAHOBUTCS OJHOBAapHAHTHOM, T.e. (azoBoe
PAaBHOBECHE B HEW MOXKET COXPAHATHCS NPU U3MEHEHUH OJHOIO M3 IapaMeETPOB
(manpumep, Temmnepatypsl). IIpu 3Tom npyroii mapaMerp (AaBii€HHE) OJIKEH
U3MEHATBHCS HE IPOU3BOJIBHO, @ B OIPEAEICHHON 3aBUCUMOCTH OT TEMIIEPATYypPHhI.
IIpu @ = 1 onHOKOMIOHEHTHAasI cUcTeMa OyJeT ABYXBAapHMAHTHOM. JTO O3HAYAeT,
47O (Pa30BOE paBHOBECHE OYJET UMETh MECTO IPU HE3aBUCUMOM M3MEHEHHUH JABYX
apaMeTpoB.

PaBHOBecue Mexay (asamMu MOXKET CyIIECTBOBAaTh IPH ONPEACICHHBIX
3HAYEHUAX JIABJICHUS, TEMIEPATypbl U KOoHUEeHTpauuu. [Ipn u3MeHeHnn Xots Obl
OJTHOTO U3 JIAHHBIX MapaMeTpoB (ha30BOE paBHOBECHE MOXKET HApyIIAThCs U OyaeT
UMETh MECTO TpeBpaimieHue oaHouW (a3el B npyryio. B3aumubeie ¢aszoBbie
MpEBPAIICHHS MOTYT ObITh OOPaTUMBIMH U HEOOPATUMBIMHU.

OOpaTumble TpEeBpaLICHUs] MOTYT CaMOIPOM3BOJIBHO TNPOTEKaTh Kak B
OpsIMOM, TaK M B OOpaTHOM HaIlpaBJICHUSAX, B 3aBUCUMOCTU OT ycnoBuil. Takue
IIPEBPALLECHHS] HA3BIBAIOT SHAHMUOMPONHLIMU.

B ciyuae HeoOpaTUMBIX MpEBpALLEHUI CaMONPOU3BOJIbHBIN NEPEXo] U3
OJIHOM (pa3bl B JPYTyI0 BO3MOXKEH, a OOpaTHBIN CaMOINPOU3BOJIBHBIN Mepexos HU
IpU KaKUX YCJIOBHUSX HE MOXET ObITh ocylecTBieH. [1onoOHbIe mpeBpalieHus
Ha3bIBAXOT MOHOMPONHLIMU.

B cucreme, cocrosimieli U3 HECKOJIBKMX (a3 YUCTOro BEIIECTBA,
HaxOJIAIIMXCS B PABHOBECHHU, BO3MOXKHBI IEPEXO0/Ibl BEIIECTBA U3 OJHOU (ha3bl B
apyryto. IlogoOHble Tepexoipl HA3bIBAIOT MPEBPAIICHHUSIMHU  arperaTHbIX
COCTOSIHUW WJH pazosbimu nepexodamu. Pa3znnyarot (pa3zoBbie nepexosl MEPBOTO
Y BTOPOTO POJaA.

®da3oBble  MEPEXOJbl, XAPAKTEPU3YIOIIHUECS PABEHCTBOM  HM300apHBIX
NOTEHLUHMAJIOB JIBYX HaxXOJSIIMXCA B paBHOBECHMH (a3 M CKauYKOOOpa3HbIM
M3MEHEHUEM JHTPONUU U O0beMa IpH IEepexojie BellecTBa M3 OJHOW (a3bl B
APYTYIO0, SABISIOTCS @hazosvimu nepexodamu nepgozo pooa. K HuUM oTHoOcATCA
arperatHble MpeBpalleHus BEIIeCTB (IUIaBJIEHUE, UCTTapEHHE U Ap.).

g gpazosvix nepexo0os 6mopozo poda XapaKTEpHO PaBEHCTBO SHTPONUN U
00BEMOB COCYUIECTBYIOIIMX B paBHOBECHMH (a3, T.e. OTCYTCTBHE TEIUIOBOTO
sbdexra mporecca W HU3MEHEHUsS OO0bEMa MPU TEMIIEpaType MPEeBPAICHUS.
[IpeBparienusi, KOTOpble OTHOCAT K (Da30BBIM IEpEXoJaM BTOPOTO poja, BeCchMma
pasnuyHbl 1o npupoje ¢da3. Hanmpumep, npespamieHuss GeppoMarHuTHbIX Te NpU
TeMnepaTrype, Ha3blBaeMoM Toukol Kropu, Bbllle KOTOpOMl Tela TEPSAIOT
(dbeppoMarnuTHbie cBoiicTBa. Em€ onHuM npumepom (pa3zoBbIX MEPEX010B BTOPOTO
poza sBIFETCS TMpeBpalieHUE OOBIYHBIX METAJUIOB B CBEPXIPOBOJHUKH TMpPHU
HU3KUX TeMIeparypax.
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JlaGopaTopHas paborta 3

ONPEAEJIEHUE JABJEHHWS HACBIIIEHHOI'O ITAPA
NHIANBUAYAJBHbBIX )KUAKOCTEU JUHAMNYECKUM METOJIOM

Ilenv pabomwer: o3HaxomMumuvcs ¢ OUHAMUYECKUM MEMOOOM UMEpPEeHUs
0asnenulli  HACLIWEHHVIX  NaApos,  ONpedelumv  3aBUCUMOCMb  OAGIeHUs
HACLLWEHHO20 napa om memMnepamypwvl 07 YUCMO20 8eujecmed U COnoCmagums
9KCNEePUMEHMANbHYIO 3a8UcUMocms ¢ ypasuenuem Knanetipona-Knaysuyca.

TeopeanecKaﬂ HacTb

Jasnenue nacviyennoco napa uHOUUOYarbHLIX dcuokocmen. OIHUM U3
BaXHEHIINX CBOMCTB JKHMJIKOCTU SBJISIETCS JIaBJICHHE €€ HaCBIEHHOIO Mapa,
XapaKTEepU3yIoIllee CIIOCOOHOCTh KUAKOCTU K UCHAapeHuio. TerioBoe JBHKEHUE
MOJIEKYJI BEIET K OTPBIBY UX OT MOBEPXHOCTH KUIKOCTH U MEPEXOAY B ra30BYIO
¢dopMy. OgHaKo TakOH OTPHIB MOKET MPOU3OUTH TOJIBKO B TOM CIyyae, €CiH
KUHETUYECKasi SHEPTHUsI MOJIEKYJIbl OKa3bIBAETCsl OOJIbIIIE SHEPTUN B3aUMHON CBSI3U
MEX1y MOJIEKYJIaMU KUJIKOCTH. Yactp  MOJEKyJ,  OTOpPBABILIUXCS  OT
HNOBEPXHOCTU JKUAKOCTH, BIOCIEACTBUM CHOBA KOHACHCHUPYIOTCS, ApYyras 4acTh
ocraercs B rasooOpasHoil (¢asze. Takum oOpa3oM, Ha TOBEPXHOCTH KUIAKOCTH
BCEr/la MPOHMCXOAUT OJHOBPEMEHHO JiBa MpOIecca: UCHapeHHWe U KOHJCHCAIHS.
Ecnu »TH ipotiecchl MPOUCXOIAT B 3aMKHYTOM MIPOCTPAHCTBE, TO, B KOHIE KOHIIOB,
CKOPOCTH HWCIapeHUs] W KOHJCHCAIMU BBIPABHUBAIOTCS, M MEXIY >KUIKOH H
razoo0pa3Hoil (¢azamMu HACTyHaeT COCTOSIHUE JIMHAMUYECKOTO0 PaBHOBECHSI.
JlaBneHne, KOTOPOE MOJIEKYJbI IMapa, HAaXOJAMIETOCS B PABHOBECUU C KHUAKOU
¢da3oli, OKa3bIBAIOT HA CTEHKU COCyJa M Ha MOBEPXHOCTb JKUIKOCTH, HA3bIBAIOT
JIaBJICHUEM HaCBILIEHHOIO mapa »XuAKocTH. [laBieHue mapa siBisieTcss QpyHKUHMEH
KMUHETUYECKOW HEPIUU MOJIEKYJ M YMCJia UX B €AUHULE 00beMa (T.€. IIIOTHOCTH)
U BBIpA)KaeTCsa OCHOBHOM POPMYIJION KMHETUYECKOW TEOPUH Ta30B:

PV =1/3Nmw? (7)
rae P — naBnenue napa; V — o6bem; N — uynciao Moiekys; m — Mmacca MOJIEKYJIbL;

W — CpeHssl KBaApaTUIHAS CKOPOCTH MOJIEKYIL.

CornacHo pacnpeaenenuto bonpiiMana, 9ucio MOJIEKyYJ, 00J1adar0IInX
sHEpruel, 6oJblel HEeKOTOPOro 3aJaHHOTO Tpefena E, paccuntsiBaeTcs 1o
YpPaBHEHUIO:

NE =N- E—Ejkl" (8)
rae Neg — uncno Monekyn, obnanaromux sHeprueit oonsiue E; N — obiiee uuncio
monekyn; T — abcomrotHas Temmeparypa; K — mocrosHHas bosbliMana, € —
OCHOBaHHUE HATYPATbHBIX JIOTAPU(PMOB.

Tak kak wucnapeHue OOYCIOBJICHO OTPBHIBOM OT JKUIKOCTH MOJIEKYJ,
o0NaalomMX KHHETHYECKOW JHEPTUH, IOCTATOUYHOW JUIsi TMPEOJOJICHUS CHIl
CIETIJICHHUSI, COTJIACHO YpaBHEHUIO (8) KOJIMYECTBO TAKUX MOJIEKYJ C TIOBBIIIICHUEM
TEMIEPATypbl BO3pAacTaeT B HSKCHOHEHUMATbHONW 3aBUCUMOCTH, TO CKOPOCTb
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ucrapeHus ObICTPO YBEIMYMBACTCS C MOBBIILIEHUEM TeMIepaTypbl. B To e Bpems
CKOpPOCTb KOHJEHCALIMM OIpENEeIAeTCs CpeaHed KBaApaTUYHOW CKOPOCTHIO
MOJIEKYJ1, U1 KOTOPOM KMHETUYECKAsi TEOpHUs ra30B JACT CIECAYIOLIEE YpaBHEHUE:

3kT
w= [—

" (9)
Takum 00pa3oMm, CKOPOCTh KOHACHCAIIMM C TOBBIIICHUEM TEMIEpaTyphl
BO3pacTaeT MPOMOPIMOHAIILHO KBaJpaTHOMY KOpPHIO U3 TeMIepaTyphl, T.€.
3HAUUTEIFHO MEIJIEHHEE, YeM CKOpPOCTh ucrnapeHus. [1loaTomy ¢ MoOBbIIIIEHUEM
TEeMIIepaTyphbl CUJIBHO BO3pacTaeT IUIOTHOCTh Ta30BOM (ha3bl, a cleJ0BaTENbHO, U
naBieHue napa. /laBieHue HACHIIEHHOTO IMapa YMCTOM KUIKOCTH WU TBEPIOTO
TeJa €CTh JaBJCHUE Mapa, HAXOMSIIEroCs B PABHOBECUU C JKUIKOCTHIO WU
TBEPJBIM TEJIOM TIPH TaHHOU TeMIiiepaType. V3 mpaBwiia a3 ciaemyet, 9To cucreMa
C OJIHAM KOMIIOHCHTOM W JIByMSI COCYIICCTBYIOIIMMH (DazaMy UMEET TOJIBKO Oy
cTeneHb cBo0OABI. [laBneHue mapa Kakaoro cTabUiIbHOTO XUMHUYECKOTO BEIIECTBA
OTIpeIeNsIeTCS TONBKO TeMIepaTypoi. /laBneHue mapa mpu JaHHOW TeMIEpaType
SBJISICTCSI XapaKTEPHBIM CBOMCTBOM COCIWHEHHUS, 3HAHHUE KOTOPOTO HEOOXOIMMO
JUTSI MHOTHX TPAaKTHYECKUX pPACUCTOB B (DHU3UYCCKOH XUMUU WU HWHIKECHEPHOU
MpakTUKe. 3HaHWE ATOTO CBOMCTBA MCIOJB3YETCA TaKXKe IS UJCHTU(DUKAIIUU
OpraHMYecKux coeAuHeHuil. Tak, Ha OCHOBEe MaHHBIX O gaBienuu mnapa [I.I1.
KoHoBanoB  co3fman  KJIACCHYECKYI0  TEOPUIO  HEUJCAIbHBIX  PacTBOPOB,
pacTBOPUMOCTA W (PaKIMOHHOW TmeperoHku. [Ipu moMoOIM STOM BEIUYUHBI
MOKHO OMPEJETUTh YHUCTOTY XUMHUYECKOTO BEIIECTBA, TaK KaK OHAa SBISETCS
criennpUIECKOM KOHCTAaHTOM Ka)K/I0TO BEIIeCTRA.
3aBUCHUMOCTH JIaBJICHUS HACBIIIEHHOTO Mapa OT TeMIEpaTyphl BhIpaKaeTcs
ypaBHeHneM Knanelipona — Knaysuyca:
dp AH AH
dT  T(V,-V,) TAV (10)
rme AH — Ternora ucmapenns, JkkMomb ; AV — u3MeHeHHe 00beMa IpH
nepexoge 1 KMOJIb KHAKOCTH B map, M°. JIIs MPaBHJIBHOTO BHIGOpA CIMHHMII, B
KOTOPBIX CIIEyeT BBIpaXaTh BETUYHMHBI, Bxonasmue B ypaBHeHnue (10), ero
MOJIE3HO MPEJICTABUTH B BUJIE:

AH T (11)

O0e vacTu TaHHOTO ypaBHEHUS SIBIAIOTCS Oe3pazmepHbIMU. Eciin naBneHue
P BbIpakeHO B mackaisix, a U3BMEHeHue o0bema — B Kybomerpax, To AH nomxHO
OBITH BBIPAXKEHO B JPKOYJISIX.

VYpasuenue (10) nmo3BonsieT paccuuTaTh JHOOYIO M3 COAEPKAIIMXCA B HEM
BEJIMYWH, €CJIM OCTaIIbHBIC BXOIAIINE B HETO BEIMYMHBI N3BeCTHRI. Hampumep, s
pacueta AH HeoOXxoaumo pacmoJiaraTb JaHHBIMA O MOJBHBIX OOBEMax mapa u
KHUJIKOCTH B YCIIOBHUSX PaBHOBECHsI. DTH JaHHBIC U3BECTHHI HE IS BCEX CIIyYaeB, a
W3MEpPEHNE WX CBI3aHO CO 3HAUUTENBHBIMU TPYAHOCTSIMH. [loaTOMy BaKHBIM
ABIISETCS TO, YTO JJIsI HEKOTOPBIX YaCTHBIX CIy4aeB 3TO YpPaBHEHHUE MOYKHO
YIOPOCTHUTD, CAENAB CIEIYIOIINE JOMYIICHUS:
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1. Benuuuna V, HaMHOTO BBIIIIE BETUYUHBI V), TIO3TOMY MOXHO TPEeHEOpEYh
BEIIMYUHON V..

2.  llap momuuHSETCS] YPaBHECHHIO COCTOSTHUIO UJICATBHBIX Ta30B
PV =RT
3. VYpasuenue (11) npeobpasyercs B ypaBHEHHE CIEAYIONMIETO BUAA!
dinp AH
dT  RT? (12)

VYpasuenne (12) npu nocrosiHabIx AH 1 R MoeT ObITh MHTETPUPOBAHO; B
UTOTE MOITY4aeM:

1 Aft + B’ 1 4 + B
il = —_——— n P —
P=7"Rr™" ym P (13)

rne nocrosuHas A= AH/2,303R =AH/(2,303-8,314), a koHcraHra

WHTETPUPOBAHUS B'=B/2,303 (BennunHa B 3aBUCUT OT €OUHHI], KOTOPBIX
BBIPAKEHO JIABJICHHUE).

VYpasaenne (12) oTBeuaeT MPSIMOIUHEHHONW 3aBUCUMOCTH B KOOpAWHATaX
IgP — 1/T; mo TaHTeHCy yrja HaKJIOHa MPSMOW MOXKHO ONPEICIUTh TEIUIOTY
ucnapenusi, Tak kak AH = - 4,575-tga, rae o — yrozn, oOpa3oBaHHBI MPSIMON U

ocbio abcuucc. [locne onpeaeneHHOro HHTErpuPOBAHNUS MOTYyYaeM:
P AH 1 1

n
D1 R (Tz n
YTO TO3BOJISIET, 3HAs JABJICHHE HACBIIIEHHOTO Iapa IMpU ABYX TeMIeparypax,
paccuMTaTh TEIJIOTY UCTIAPEHUSI.
CnocoObl U3MepeHUil 1aBlIeHU Mapa THUIAaTeIbHO pa3paboTaHbl U 3aBUCST OT
TOTO0, HACKOJBKO JIETy4YUM SIBJIIETCA HCCIEeNyeMoe BewecTBo. Ui neTydux
BEILECTB MPUMEHSIOT CTATUCTHUYECKHUI CIOCO0, KOTOPBIA COCTOMT B MU3MEpPEHUU
MaHOMETPOM JIaBJICHUS Mapa HaJl KUIAKOCTHIO B 3aMKHYTOM MPOCTPAHCTBE, OTKY/a
IIpEIBapUTEIbHO yAAJEHbl ra3sl W map. K BemectBam cpegHell JeTydecTH
IPUMEHSIOT JMHAMUYECKUH METOJ, OCHOBAHHBIH HAa TOM, YTO JaBJIECHUE
HACBIIIEHHOIO TIapa IpU TEMIEpaType KHUIEHUS PAaBHO BHEUIHEMY IaBJICHUIO.
3aBucuMocTe Mexay P n T mnoaydaroT, JOBOJAS KUAKOCTh 10 KHIIEHHS IIPU
Pa3IUYHBIX BHEIIHUX JABJIECHUSAX U ONPEAEIISAs TEMIIEPATyPy KUIICHHUS.

JKCIePUMEHTAJIbHASA YaCTh

MeToauKa U TEXHUKA IKCIIEPUMEHTA

JIlnHAaMUYECKHU METOJ OCHOBAH HAa OINPEJCICHUU TEMIEPATyp KUIICHUS TIPU
pa3HbIX AaBlieHUsAX. KulieHue mpoucxoguT MpU TOW TeMIleparype, MpU KOTOPOM
JIaBJICHWE HACBIIICHHOTO Tapa paBHACTCS BHEIIHEMY [IaBJICHHUIO, MO3TOMY
M3MEpPEHUSI TEeMIEepaTyp KHUIEHUS TPU Pa3HbIX JABJICHUAX MAaIOT 3aBUCUMOCTH
JIaBJICHUS HACBIIEHHBIX IMAPOB OT TEMIIEPATYPHI.

Cxema yCTaHOBKM IS M3MEPEHUS JaBICHUS HACBIIMIEHHOTO Tapa
JTMHAMUYECKUM METOJOM COCTOMUT M3 COCyJla (PEaKIMOHHON SUEUKH), B KOTOPHIN

25



nomemaT 50 Ma ucciaeayemMon KUIKOCTH (CM. YCTaHOBKY Ha pabodeM MecTe).
OToT cocyn cHabXkeH OOpaTHBIM XOJIOAWIBHUKOM M TepmomerpoMm. Cocynm ¢
UCCIIElyeMOH JKHIKOCTBIO TIOMEIIAIOT B BOJASHYIO 0aHIO, CHAOXXEHHYIO
HarpeBaTesnieM. HarpeBaTenb COEIMHEH C TEPMOCTATOM, C IOMOIIBI0 KOTOPOTO
yCTaHABJIMBAETCA 3a/aHHasi Temneparypa. OOpaTHBIM XOJOAMIBHUK MTPU TTOMOIIU
KpaHa (WJIM UHOT'O MPUCTIOCOOICHHUST) COOOIIaeTCsl ¢ aTMOC(EpoH.

[TockonpKy pa3nuyus B JAaBICHUU Iapa HaJ PaCTBOPOM U PACTBOPHUTEIIEM C
TEMIIEpaTypoOll  BO3pAcCTalOT, TOBBIMIACTCS HW  TOYHOCTH  ONpPEACTICHUS
XapaKTEPUCTHK CHUCTEMBI. [loATOMYy B METOAMYECKUX IIEISIX PEKOMEHIYETCS
SKCIIEPHMEHT [POBOAMTH NPU IMOBBIMICHHOH Temmeparype (Hampumep, 40° C).
[Tocne ycraHOBIEHUS B TEPMOCTATE 3alaHHON TEMITEpaTyphbl CIEIyeT U3MEPUTh
JaBJICHHUE HACBIIIEHHOTO Mapa UCCIeayeMOoro pacTBopa. J[jst 3Toro u3 ycTaHOBKHU €
momoIb Hacoca KaMOBCKOTO OTKadaTh BO3AyX /10 Hadajga KUICHHUS JKUIKOCTH B
cocyle. 3amucaTh TOKa3aHHs TEPMOMETpa, KOTOPHIM CHa0XeHa peakIMOHHAas
sauerika, 1 MaHoMeTpa. JlJig mepexoaa K JAPYTUM pacTBOpaM, MPExAEC BCETO HAJ0
MIPUBECTH JIaBJICHHE B YCTAaHOBKE K arMochepHomy. JIjist 3TOro mpu OTKPHITOM Ha
aTMocdepy KpaHe OCTOPOKHO BITYCKAIOT B YCTAHOBKY BO3IyX.

3aoanue: TIpuroToBUTH PaCTBOPHI XJIOPUCTOTO HATPHS C KOHIEHTpAIMEeH 2
MOJIB/JI, WM3MEPUTh JaBJIEHUE Tlapa HaJ JSTUM pPacTBOPOM TIPU Pa3HBIX
TeMIiepaTypax (1Mo yKa3aHHuIo IPerno1aBaTers).

Pe3ynpTaThl SKCIEpUMEHTA 3aHECUTE B TAOIHUITY ©.

Tabauma 6
Ne | Temne- | Temnie- | Temne- | Iloka3a- bapo- | Jasne- | JlaBne- | aBne-

patypa | parypa | paTypa HUSA METpH- HHE HHE HHE
OmnbiTa | KMMe- | KUIE- | MAHOMET- | 4YecKoe | mapa, | mapa, B
t, °C HHS HHS paP, nasie- | P,Ila IgP, | cucre-

KU- KHUA- | MM.pT.CT | Hue P, IIa me CU

KOCTH, | KOCTH, MM.PT.CT.

t,°C | UT,K

O0padoTKa IKCIEPUMEHTAJIbHBIX JAHHBIX

Ha ocHOBaHMM NOJIy4eHHBIX TaHHBIX HEOOXOIUMO:
[TocTtpouts rpaduk 3aBUCUMOCTH JABJICHUS TIApOB HCCIEAYEeMOMN
KHUJIKOCTH OT TeMIEPATyphl B KOOpAUHaTax P —t Culgp - 1/T K.

1.

26




P. MM.pT.CT.

o
t C
Puc. 3. 3aBUCHUMOCTb TaBIEHUS OT TEMIIEPATYPbI

2. Haiitn K03 QUITUEHTBI SMITUPUYCCKOTO YPABHEHHUS TIPSIMO
lgp =a + b/T.
Ipumep: lgp =a + b-T™

lgP

1/T-10°

Puc. 4. 3aBucumocts IgP ot 1/T

Ha rpadwuke 3aBucumoctu Igp — 1/T BeiOupaem aBe Touku: 1 m 2, onpenenseM
KOOPIMHATHI 3TUX TOYEK M COCTABIISIEM COOTBETCTBYIOIIYIO CUCTEMY YPaBHECHHIA:
2,124 = a+ 84,9410
3,903 = a + 54,0510,
Pemass naHHyr0 cuUCTEMY YpaBHEHMH OINpeneianuM 3Ha4eHUs Ko3()PUIMEHTOB
IMITUPHUYECKOTO ypaBHEHUS npsimoii Igp = a + b/T:
-1,779 =0+ 8-0,89:10°3
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B=-1,779/0,89-10° = -2000
a=2,124 +2000-4,94-10° = 12.
Torzaa ypaBHerue umeer Bux: Igp = 12 — 2000-T™
3. OmnpenenuTs HOPMAIbHYIO TEMIIEPATYypy KHUIEHUS >KHJIKOCTH TPH
aTMoc(epHOM JaBiieHuu 1o ypaBHeHuto Knaneipona — Knaysuyca.
ITpuMep: Puopw. = 760 MM.PT.CT. = 1,0133-10° u/m°
lg (1,0133-10°) = 12 — 2000/ T,
T,. = 2000 _ 286 K
mE 12 -5
4. BplUHUCIUTH TEIJIOTY HCHAPEHUS KUJIKOCTH MO 3SMIUPUYECKOMY
YPaBHEHMIO MIPSMOU.
[Ipumep:
AHyer. = -2,3 ‘Rtga = -2,3 R(-2000) = 2,3-8,3-(-2000) = 38180 JI»/Mo01b
5.  Omnpenenuts U3MEHEHHUE SHTPOIUU UCTIAPEHUS B 3TOM MPOIIECCE.
[Mpumep: AS, .. = AH,e /Ty = 38180/286 = 133 JIxx/moinbK

JlabopaTopHnasi padora 4

PABHOBECME KHJIKOCTb-TIAP B JIBOMHBIX KUJIKIX
CHCTEMAX

Ilenvy padomer. usyuume pagHnogecue medxcoy HCUOKOCMbBIO U NAPOM,
NOCMPOUmMb PABHOBECHYIO OUACPAMMY 6 KOOPOUHAMAX COCMAs—memMnepamypa
KUnerusi 080UHOU HCUOKOU CUCEMbL. OP2AHUYECKUL paACBOPUMENb—800d .

Teopernueckasi 4acTh

3akon Payns. BaxHbIM CBOWCTBOM pacTBOpPOB SBJSIETCA JaBJICHUE
HACBIIIEHHOIO Iapa. YCIOBHs HCIAPEHUs KaXKI0ro KOMIIOHEHTa M3 MJI€aJbHOTO
pacTBOpa HE OTIMYAIOTCS OT YCJIOBHI MCHApPEHMs] 3TOr0 KOMIIOHEHTAa B YHCTOM
Bujie. [lodToMy mapimaibHbie HaBieHUs mapoB pactBoputens A (P,) u
pacTBOpeHHOro BemiecTBa B (Pp) Haj TakuM pacTBOPOM OyIyT ONPEACIIsAThHCS
TOJIBKO JaBJICHUSIMU HACBHIIIEHHOTO Mapa HaJl YUCThIMH KOMIIOHEHTaMu (Py o 1 Py
) M COJIEP>)KAHUEM 3TUX KOMIIOHEHTOB B paCTBOPE:

P A4~ P L'II,AX_;H
P B — P U,EXE'H
3gech X,° uw Xp'© — MonbHBIE noau BemiectB A u B kumaxoit ¢dase (s

JIBYXKOMITOHEHTHBIX cucTeM Xp =1—Xp ).
OO1iee naBneHue napa HaJl ueanbHbIM PAaCTBOPOM
P=Py+Ps =Py o+ (Fop — Pou)Xg
Orcrona
'PD_.A - .P

A ym
At xz
0.4
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JlaHHOE ypaBHEHHE SIBISETCS MAaTEMATHUYECKUM BBIPAXKEHHUEM 3akoHa Payns,
COIJIACHO KOTOPOMY OMHOCUMENbHOE NOHUJICEHUE OAGNeHUsl HACLIWEHHO20 napa
pacmeopumens Ha0 pacmeopoM PAGHO MOAbHOU O0Je PACMBOPEHHO20 Beuiecmad
6 pacmeope. PacTBOp sBIsAETCS HACAJIbHBIM, €CIIM K HEMY MOXXHO IPUMEHUTh
3akoH Paynst mpu BceX KOHLEHTpauusx M Temmeparypax. s uaeanbHbIX
pPacTBOPOB CHJIBI B3aUMOJIEUCTBUSL MEXKAY YacCTULIAMU Pa3HBIX BEILIECTB PaBHBI
cliaM, JCHCTBYIOIIMM MEXAY 4YacTHIAMM OJHOTO M TOIO JK€ BEIECTBA.
CrnenoBaTenbHO, B3aWMOACHCTBHE KOMIIOHEHTOB HE  COIPOBOXKIACTCS HHU
NOTJIOIIEHUEM, HU BBIJICIICHUEM TEIUIOTHI MJIM U3MEHEHHEM 00beMa.

[lapumaneHple OaBJICHHS KOMIIOHEHTOB pacTBOpa M o0Ilee JaBiCHHE
HACBIIIEHHOIO TIapa HaJ UJI€aJIbHBIM PACTBOPOM JIMHEMHO 3aBHUCST OT €r0 COCTaBa
(puc. 5). lns mpeanbHBIX PAcTBOPOB XUMHUYECKUN TOTEHIMAN I-T0O KOMIIOHEHTA
ONKCHIBAECTCS] YPABHEHUEM:

p; = p? +RTIng;
rze Cj — OTHOCUTENbHAsI KOHIICHTPAIIXs I-T0 KOMIIOHEHTA B XKHIKOH (ase.

P
Po. 4

4 Moa. 0ois B BJX /;“

Puc. 5. 3aBUcUMOCTb JaBJICHUS HACBIIIEHHOTO TIapa OT COCTaBa pacTBOpa

JIJist HeuaealbHBIX PACTBOPOB, HE MOTUUHSIONINXCS 3aKOHY Payns, BMecTo
KOHIICHTPAIIUU BBOJUTCS MOHATHE akmusHocmu a = YX (371ech Y — Ko PUIueHt
aKTUBHOCTH, XapaKTepU3YIOIMHMA  OTKJIOHEHHE TIOBEICHHUS  pacTBopa  OT
uaeanpHoro). B atom ciydae 3akoH Payist mpumer ciaeayronui BUa:

Pi :Po,i a,

JlanHOo€ ypaBHEHHE TPUMEHMMO B TOM CJly4yae, KOIJa JIeTy4yecTb
PaCTBOPEHHBIX BEIECTB 3HAYUTEIILHO MEHBIIIE JIETY4eCTH pacTBopuTes. Ecim xe
HACBIIICHHBIN Tap Tak)Ke HE SBISICTCS MIICATbHBIM, TO BBOJMUTCS TaKOW IapameTp,
KaK ¢gyeumusrnocmy fi:.

fi = Pya;

DTO BbIpaXXEHHUE sIBIsieTCs HambOosiee obOmieit dopmoit 3akoHa Paymns s
HEHUICAJTLHBIX PACTBOPOB. XUMHUYECCKUH MOTEHIHAN I-r0 KOMIIOHEHTa HEHJeaslb-
HOT'O PacTBOpPa MOXKET OBITh 3aIMCAH CJICIYIOIIUM 00pa3oM:

p; = p) + RTna,.
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Jiis GeckoHEYHO pa30aBICHHBIX PAcTBOPOB KOI()(PUIIMEHT aKTUBHOCTH paBEH
enunuie. Ilostomy Bce OeckoHeuHO pa30aBiIEHHbIE PAcTBOPHI BEAYT ceOsl Kak
U/ieaIbHbIC B OTHOIIEHUH PACTBOPUTEIIS U MOAYUHSIIOTCS 3aKoHy Payis.

OO0 OTKJIIOHEHUH OT CBOMCTB MJI€ATbHBIX PACTBOPOB CYAST IO CUJIE B3aUMO-
JAEUCTBUSL MEXIY MOJEKYJaMUd KOMIIOHEHTOB pacTBopa. OTKIOHEHHS OT 3aKOHa
Payns Morytr OBITH NOJOXHUTEIBHBIMH M OTPHUIATENbHBIMH. [loNOXKHTENbHBIE
OTKJIOHEHUSI OOBSACHSIOTCS MEHBIIMMH CWJIAMU  B3aUMOJCHCTBUS  MEXKIY
MOJIEKYJIaMH Pa3HOTO THIIA, YEM MEXKIY MOJIEKYJIaMH OJHOTO U TOTO YK€ BEIIECTRA.
OOpa3oBaHue pacTBOPOB TAKOTO THITA COMPOBOXIACTCS YBEIWYECHHUEM OOBheMa M
NOTJIONICHHEM Terla. PacTBOpBI, B KOTOPBIX HMMEIOT MECTO OTpUIIATEIbHbIC
OTKJIOHEHHSI, XapakTepHU3yloTcs OONBIIMMU CHUJAMH TPUTSHKEHUS  MEXIY
MOJIEKYJIaMH pPa3HbIX THUNOB. OOpa3oBaHUWE TAKUX PACTBOPOB COIPOBOXKIAETCA
yYMEHbBIIIEHHEM 00beMa M BhIJIeJIeHHEM Teria. Ha puc. 6 mpuBeneHbl 3aBUCUMOCTH
JaBJICHUs HACBIILIEHHOrO Iapa OT COCTaBa pPacTBOpa B CIIydae MOJOKHUTEIbHBIX U
OTpHUILATENbHBIX OTKJIIOHEHUH OT 3aKoHa Pays.

P’

COCTaB COCTaB
a 0

Puc. 6. 3aBUCHMOCTb MapIUaIBLHOTO W OOIIETO JAaBJICHHUS HACBHIIIEHHOTO Mapa OT
COoCTaBa pacTBOpa JJIsi CUCTEM C TOJIOKHUTEIBbHBIMU () U OTpHUIATEIHHBIMU (0)
OTKJIOHEHUSIMH OT 3akoHa Payrs

3akonbsl KonoBasioBa. Pa3zneneHue XUJIKUX CMECEd OCYIIECTBISIOT C
MIOMOILBIO EPETOHKU. B mporecce neperoHku COCTaB Iapa HE BCETAa COBIAAAET C
COCTaBOM >KHMJIKOCTH, HaxXoJslielcs B paBHOBecuH ¢ mapoM. [Ipoucxoaut obora-
meHue mapa 0oJiee JISTYYUM KOMIIOHEHTOM. 3aBHCHMOCTh COCTaBa mapa OT CO-
CTaBa pacTBOpa M OOIIETro JaBJICHUS OMPENENsIeTCsS JBYMs 3aKOHAMH, KOTOpBIE
otkpeul JI.II. KonoBanoB. JlaHHble 3aKOHBI CHpPaBEJIMBBI JJI1 OOJAaCTU HE
CJIMIIIKOM BBICOKHX JaBJICHUM M HMEIOT OOJIbIIOE 3HAYCHHUE JJISI TEPErOHKH.
llepswiii 3axon Konosanosa MOXHO cHOPMYIHpPOBATH CIEAYIOIMIMM 00pa3oMm:
HACLIWEHHbIU nap, N0 CPABHEHUIO C HAXOOAWEUCA C HUM 8 PABHOBECUU HCUOKO-
CMbl0, OMHOCUMENbHO 0o2aue meM KOMNOHEHMOM, 000aenieHue KOmopo2o K
cucmeme nosviuiaem ooujee dasieHue napa.
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B HexoTOpbIX cHUCTeMax KpHBbIE OOIIEro JaBJCHHS Mapa BBIXOIAT 3a Mpe-
JIeNbl MHTEpBaJIa, OTPAHUYMBAEMOTO JIaBICHUSMHU HACBHIIIEHHOTO Iapa YHCTHIX
KOMIIOHEHTOB, 00pa3ysi MaKCUMyM WJIH MUHUMYM (puc. 7). PacTBopsl, oTBeUaro-
e TOYKAM MaKCUMyMa WJIH MHUHHUMYMa, HAa3BIBAIOT d3€0MPONHbIMU WIIH
Hepa3zOdenvrhokunawumu. CocTaB JaHHBIX PACTBOPOB B MPOIECCE NMEPETOHKU HE
U3MCHSCTCS, U OHHM KHUIIAT TPU TOCTOSTHHOW Temrieparype. K Takum cucremam
OTHOCHTCS 8mopotl 3akon Konoeanosa, COTIaCHO KOTOPOMY MOYKU IKCMPeMyma
(Makcumyma unu MUHUMYMA) HA KPUBOU 00we2o 0asieHus napa omeedarom
pacmeopam, cocmag Komopuvlx 00UHAKO8 ¢ COCMABOM PABHOBECHO20 C HUM NApd.

3akonbl BpeBckoro. 3aBUCHMOCTh COCTaBa PaBHOBECHBIX KHUAKOW U Mapo-
BOI1 (pa3 IBOMHBIX CHCTEM OT TeMIIEpaTyphl U JIABICHUS ONPECIIeTCS 3aKOHAMH,
koTopsie chopmynupoBai M.C. Bpesckuii, yuennk J[.I1. Konosamnoga.

nap

PO
A XKNOKOCTb . P’

P
) )
= P’ =
o) KNOKOCTb )
= =
o o
© nap ®
i i
COCTaB cocTaB
a 0

Puc. 7. 3aBucuMocTh 0OIIEro MaBICHUS OT COCTaBa mapa U KUIKOCTH C
MUHUMYMOM (@) 1 MakKuCMyMOM (0) Ha KpUBBIX

IIpu BbIBOJE 3aKk0HO6 Bpesckoeo OB caelaH psn  jaonyuieHuid. B
YaCTHOCTH, MPEIONAraeTcs, YTO MOBEACHUE MapoBoi (ha3bl OJU3KO K MOBEACHUIO
uaeanbHoro rasa. [loaromy 3akonsl BpeBckoro cripaBeyiMBbl TOJIBKO JJIs1 00J1aCTH
TEMIEPATYp W JAABICHUW, YHOAJEHHOM OT KPUTUYECKOW TOYKHM PABHOBECUS
JKUJIKOCTb—TIap B JAHHOW CUCTEME.

IlepBeIit 3akoH BpeBckoro: npu dannom cocmaee d#uokou ¢aszvl pasHosec-
Has ¢ Hell naposas (asa ¢ ygenuyeHuem memnepamypul (0asieHus) obozawaemcs
mem KOMNOHEHMOM, Ol KOMOpo2o 0Oonbuie NapyualbHas MOAbHAA MeNnIoma
ucnapenusi. ITpuOIMKEHHO BMECTO MaPIHMAIBHOW MOJBHOW TETUIOTHI HCTApCHUS
JTAHHOTO KOMITOHEHTa MOJKHO HCIIOJIb30BaTh TEIUIOTY WCHApPEHHUs] YHUCTOTO
BEILECTBA.

Bropoii 3akoH BpeBckoro: 6 azeomponuoii cmecu ¢ MAKCUMYMOM HA
uzomepme 3a8UCUMOCIU 00We20 0asleHUsi Om COCmasa (MUHUMYMOM Ha uzobape
memnepamyp KuneHus) npu nosvlieHuyu memnepamypul (0asieHus) o3pacmaem
KOHYeHmpayusi KOMHOHeHma ¢ Oonvuieli meniomou ucnapenus. B azeomponnoii
cMecu ¢ MUHUMYMOM 00we20 0asleHuss (MAKCUMYMOM MeMnepamypvl KuneHus)
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npu NOBbILEHUU memnepamypsl (0aeieHus) 603pacmaem KOHYEHMpayus KoM-
NOHEHMA ¢ MeHblell Menjiomou UCNApPeHUs.

Tperuit 3akoH BpeBckoro: c¢ usmenenuem memnepamypol (0asieHus)
cocmas napa U a3eomponHol CMeCU USMEHAemcss 6 OOHOM U MOM Jice
Hanpasienuu npu makcumyme O0aeieHuss napa, u 8 NPOMUBONOJONCHOM
Hanpasienuu npu MUHUMyme 0asieHus napa.

3KCHepI/IMeHTaJIBHaﬂ 4acTb
MeTomea N TEXHUKA IKCIIEPUMCEHTA

B cyxux KOHMYECKHX KOJO0axX C MPUTEPTHIMH MPOOKAMH TOTOBST OWHApHBIC
pacTBOPBl C Pa3IUYHBIM OOBEMHBIM COJEPKAHMEM KOMIIOHEHTOB (CMOTpH
tabnuny 7). Kaxmas konba nomkHa comepxkath 1o 10 mi cmecu. BemectBa aiis
COCTaBJICHHsI OMHAPHBIX PACTBOPOB 33/1al0TCS MPETOgaBaTeIeM.

Tabmuia 7
Homep ko061 1 2 3 4 5 6 7 8 9
O0BbeMHOE
coJiepKaHue 100 95 90 85 80 70 60 45 30
KOMIIOHEHTOB, 0 5 10 15 20 30 40 55 70
%

[locne mnpurotoBieHuss OWHAPHBIX PACTBOPOB U3 KAXKIOH  KOJIOBI
(mooyepenno) orbuparoT mo 1 Ml cMecu Uil ompenaelieHus oObeMa IIEeJIouH,
MOIIEIIIEH HAa TUPOBaHUE JaHHOU KUIKOCTH (V). 3aTeM 3TH JaHHbBIC IPUTOATCS
JUTSI TIOCTPOCHUSI KaTHOPOBOYHOM TIPSIMOA.

TemnepaTypsl KUIIEHUS UCCIIEAYEMBIX CMECEU ONPEIECISIOT C MOMOIIBIO YC-
TaHOBKH, KOTOpasi COCTOUT U3 KPYTJI0JIOHHOM KoJ0b!I 1, Hacagku Bropua 2, Tepmo-

MeTpa 3, xomoauabHuKa JInbuxa 4, anomka 5, mpueMHHKA i1 0TOOpa KOHACH CaTa
6 (puc. 8).

Puc. 8. YcranoBka nmist onpeeseHus: TeMIepaTyp KAMEeHUs KUIKOCTEN
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B kpyriogoHHyto KoJi0y HAJIMBAIOT OCTABIIMECS 9 MJT UCCIIelyeMOM cMecH U
HAYMHAIOT HAarpeBaTh, PErYJIUpPYs CKOPOCTh HArpeBa C IOMOIIBIO TEpPMOCTaTa.
[Tocne Toro, kak TemrepaTypa HarpeBaeMoM >KHJIKOCTH YCTAHOBHUTCS (KHUIKOCTh
3aKUIAET), 3aMHUCHIBAIOT TEMIIEpaTypy KHUMEeHHUs KUIAKOCTH (T,) U mpomoixkaroT
HarpeBaTh CMECh Jajiee JI0 MOSBIICHUS TEPBBIX Kamnenb KoHaeHcata. [Ipu stom
TeMIlepaTypa Ha TepMOMETpe HauHeT MoBblaThes. [lociie Toro kak temmeparypa
YCTaHOBUTCS, 3aIUCHIBAIOT TeMreparypy kumnenus kouaercara (T,). B mpuemauk
st 0TOOpa KoHmeHcata (6 Ha puc. 8) orOuparoT KOHAEHCAT 00beMOM, HEMHOTO
npeBbimatommm 1 mi. Ilocne uvero HarpeBaHue mnpekpamaioT. UToObl cocTaB
poOBI HE U3MEHHIICS, COCY/T C KOHJICHCATOM IMOMEIIAIOT B XOJIOJHYIO BOY. 3aTeM
otOuparoT 1 MJ KOHJEHcaTa JJisl onpeneNeHus oObema IIeNIOoYH, MOIIEAIe Ha
TuTpoBaHue KoHjeHcaTa (Vo). Kaxkayto npoOy KoHJIeHCaTa TUTPYIOT IIEJI0OYBIO.
TutpoBaHue MPOU3BOAUTCS C TOYHOCTHIO 0,1 MJI, YTO COCTaBIISIET OTHOCUTEIBHYIO
omuOKy 1%. JlanHbIC 3aHOCAT B TabIUITYy 8.

AHaTOTUYHBINA ONBIT MPOBOMST C OCTAIBHBIMUA OMHAPHBIMUA CMECIMH.

Tabmauia 8
Ne Cocras O6bem Temnepary- | Temnepary- O6bvem Cocras
KOJIOBI | pacTBopa, LIEJI0YH, pa KUNeHUs | pa KUMEHUs | IIeJI04YHM, | KOHJAEHCa-

% NOWIeAMHA | JKMIKOCTH, | KOHAEHcCAaTa | MOIIEIINI Ta,

Ha °c , Ha %
TUTPOBAaHUE °c TUTPOBaHUE
KUJKOCTH, KOHJIeHCaTa
Vi, MIL , Vicor, MIL.

O0paboTKa IKCIEPUMEHTAJIbHBIX JTAHHBIX

YrtoObl onpeaenuTh COCTaB napa, CTPOSAT KaTMOPOBOYHYIO KPUBYIO B KOOP-
JWHATAX COCTaB JKUJIKOCTH — KOJMYECTBO IIEJIOYM, MOLIEAIIEEe HA TUTPOBAHHE
KUIOKOCTH. Ilo 1MaHHBIM TUTpPOBaHUS KOHAEHCATAa IIEJOYBI0 M C ITOMOIIBIO
KaJIMOPOBOYHOM  KpHBOM ompenensioT coctaB mnapa. CTpoATr auarpamMmy
Temneparypa — cocraB. Ha ocu abcumcc OTKJIAAbIBalOT COCTaB B MOJISIPHBIX
MPOIIEHTAX, Ha OCH OpJHMHAT — TEMIEpaTypbl KUIIEHHS YUCTBIX YKUJIKOCTEU WU
UCCIIEyeMbIX pacTBOpoB. Kaxmoil Temmeparype OyIayT COOTBETCTBOBATh JBE
TOYKH, ONPEIEISAIOIME COCTaB KUIKOCTH M mapa. CoenuHss TOYKH, MOJIYYaroT
KPUBYIO KUJKOCTH U KPUBYIO I1apa.

Jlnsa mepeBoja OOBEMHBIX MPOLIEHTOB B MOJISIPHBIE HEOOXOAMMO HalTh
YUCIIO MOJIEH KaXJ0r0 KOMIIOHEHTA:
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r7ie Nj — 9UCiI0 MoJiel I-ro KoMImoHeHTa; Vi — 00beM I-T0 KOMITOHEHTa B pacTBOPE;
v, =M/ p (M — momsipHast Macca, p - IJIOTHOCTB).

MouJibHast 107151 paCCUUTHIBAETCS CIETYIONIUM 00pa3oM:

X = Ty _ Va/vy

4 ng+ng Vi/vy+Vs/vg
Ng Vs/vs

Xg =

Cng+ng Vy/va+V/vg
Paccmorpum mpumep pacyera. CocraB pactBopa: Oenszon (20%)—-TtaHon
(80%). ITnotHOCTH Gezona p = 0,87 r/em®; mioTHOCTH dTanoma p = 0,78 r/em’,
MonbHbii 00beM GeHzona 88,8 ¢M/MOJb; MONBHBI 00beM dSTaHoNa 58,33
cM’/Mons. Haiinem MOJIBHYIO JIOJIF0 O€H307a!
B 0,2-58,33 B
0,2-58,33+0,8-888

JlabopaTopHnasi padora Ne 5

U3YUYEHUE B3AUMHOM PACTBOPUMOCTHU B
TPEXKOMIIOHEHTHOM CUCTEME

Ilenv pabomer: nocmpoumv mpeyorbHYIO  OUASPAMMY  83AUMHOU
PACmMeoOpuUMOCmu  mpex MHCUOKOCmel U Onpeoeiums COCMABbl CONPAHNCEHHBIX
pacmeopoa.

Teopernueckasi 4acTh

OO01mMe TPUHIMIBI TOCTPOCHUS JUATPAMM COCTOSIHUS JBYXKOMIIOHEHTHBIX
U TPEXKOMIIOHEHTHBIX CHUCTEM OJIMHAKOBBI. HO MJIsI TPEXKOMMOHEHTHBIX CUCTEM
YBEJIMYMBAETCS YUCIIO HE3aBUCUMBIX TIepeMeHHbIX. [10aTOMY Aaxe npu ycaoBUU P
(mm T) = const auarpaMma TOJIydaeTCs TpPEXMEpPHOM, a €€ aHaiu3 u
KOJINYECTBEHHBIE PACUEThI 110 HEW YCIOXKHSIOTCS.

B nanHOl pa0oTe CTyIEHTY MPEICTOMT O3HAKOMUTHCS C CAMBIMHU OOIIUMU
MIPUHIIUIIAMY TTIOCTPOCHUS AUATPAMM PACTBOPUMOCTH TPEXKOMITOHEHTHBIX CUCTEM.

I'padpuyeckne MeToaAbI BHIPAKEHHUS COCTABA TPEXKOMIIOHEHTHOM CHCTEMBbI

JI1sl KOTMYECTBEHHOIO BBIPAXKEHUSI COCTaBa TPEXKOMIIOHEHTHOM CUCTEMBI
OOBIYHO HCHOJB3YIOT TpEYyrojibHble KoopAuHaThl. CyIIeCTBYIOT JBa MeETOJa
ONPENENEHUSI COCTaBa TPEXKOMIIOHEHTHBIX CHUCTEM C MOMOLIBIO TPEYTOJIBHBIX
koopauHaT: MeTon ['mb6ca (puc. 9 a) m merox Pozeboma (puc. 9 b). B o6oux
METO/IaX 32 OCHOBY NPHUHSIT PAaBHOCTOPOHHUN TPEYrOJbHUK, BEPIIMHBI KOTOPOTO
orBedaroT 100% uuncThix kKoMrnoHeHTOB (A, B u C), Ha cTOpOHAaX OTKIJIAJIbIBAIOTCS
(B MOJIBHBIX, MACCOBBIX JOJIIX WJIU MPOIEHTaX) COCTaBbl JBYXKOMIOHEHTHBIX
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cCUCTEM, a Jiro0asi TOYKa BHYTPH TPEYTOJIbHUKA OTBEYACT TPEXKOMITOHEHTHOM
CUCTEME.

B metone ['n66ca 3a 100% (wnu 1) mpuHUMaeTCst BbICOTa TPEYTOJIbHUKA U
UCIIOJIb3YETCSI CBOMCTBO PAaBHOCTOPOHHETO TPEYrOJIbHUKA, COTJIACHO KOTOPOMY
CyMMa MEepHeHANKYJISIPOB, OIMYIICHHBIX HAa CTOPOHBI TPEYroJbHUKA W3 OO0
TOYKU BHYTPU HETO, paBHa ero BeicoTe: h=ka+kb+kc=100%.

B merone Pozeboma 3a 100% (wnmu 1) npuHMMaeTcsi CTOpoHa TPEyroabHUKA
U WCIOJB3YETCS] CBOMCTBO, COTJIACHO KOTOPOMY CyMMa OTPE3KOB, MPOBEICHHBIX
napajyieIbHO CTOPOHAM TPEYTOJIbHUKA W3 JIFOOOW TOYKM BHYTPH HETO, paBHA
nHe ctopoHnsl: | =ka’ + kb’ + kc' = 100%.

=const
a) C / h/
< - N
SRCA I'=const %

Yo
N

\ <
e O
QY
\\'\\
3

(\b

S
QS o
S ! N ' ' Y o N = 4\ e o VANV . . B
ATp 20 C4 60 80 1w00B 40 20 40 60 %0 100
% B > % B —
70 9

Puc. 9. Ompenenenne cocrtaBa TPEXKOMIIOHEHTHOW CHUCTEMBI MO METOIY
['u66¢ca (a) u Pozedboma (b)

YeMm MeHbLIE cOAEpKaHUE KaKOTro-IMOO KOMIIOHEHTa B CUCTEME, TEM
nanpliie (QurypaTmBHas TOYKa BHYTPH TPEYTOJbHHUKA OTCTOUT OT BEPIIMHBI,
cootBercTBYIOErd 100%-HOMY COAEpk aHUIO ITOTO KOMIIOHEHTa M TEM KOPOYe
OTPE30K, COEANHSIOMMUN (DUTYPATUBHYIO TOUKY C MPOTUBOJIEKALIEH CTOPOHOM.

Hanpuwmep, B cucteme, coctaB KoTopoi 3aaaH Toukoit k (puc. 9), orpezok kb
=0,2h, a orpesok kb" = 0,21 , T. e. nmons komnonenta B coctasnser 0,2 (20%).
Takum 00pa3oM, OTHOCUTEIBHOE COJEpkKAaHUE KOMIIOHEHTOB ®% Ompenesnsercs
OTHOUIEHUEM JJIMH COOTBETCTBYIOIIMX OTPE3KOB:

Wop 47 Wop ¢ Woy g = ka:kb:ke = ka':kb'": kc’
(3mech: 50% A, 20% B, 30% C).

Jlyu, ucxomsammii U3 Kakou-1u00 BEPIIMHBI TPEYTOJIbHUKA (HAIpUMEp, U3
TOYKU A Ha puC. 9), SIBISETCS TUHUEH MOCTOSHHOTO COOTHOIIECHUSI KOHIICHTPAIIAM
JBYX IpYrMX KOMIIOHEHTOB. Tak, jrobas Touka Ha ayde Al (puc. 9) oTBewaer
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COOTHOUIEHUIO cozepKaHus KoMInoHeHTOB B n C B cucreme wey, p:wq, = 1:1, a
Ha ay4e Al"— COOTHOIICHUIO Wy, g: Wa, r = 7: 3.

[Tpsimasi, mpoBeAcHHass BHYTPU TPEYTrOJbHMKA NapajuIeIbHO OJHOW W3
CTOPOH, SBIECTCA JIMHHEW TIOCTOSHHOTO coAepkaHus KomnoHeHta, 100%
KOTOPOIO OTBEYAET BEpIIMHA TPEYroJIbHWKA, MPOTHBOJIEXkKAIIasi 3TOH CTOPOHE.
Tak, mobas Touka Ha mpsimoi m'l’, mapamnensHas ctopone AB TpeyroibHHKA,
OTBEYAET OAHOMY U TOMY e coJepkanuio komnoHeHTa C, paHomy 50%.

O0a Merona NpUBOIAT K OJAMHAKOBBIM PE3YJIbTaTaM, TaK KaK CTOPOHBI U
BBICOTBI PABHOCTOPOHHETO TPEYTOJIbHUKA MPONOPLUUOHAIBHBI APYT IPYTY.

JKCNEPUMEHTAJIBLHAA YACTh
MeToauka U TeXHUKA IKCIIEPUMEHTA

[IpUroTOBUTHL BOCEMb KOHHYECKHX KOJIO BMECTUMOCTBIO 25 MJI Kakmas ¢
MPUTEPTHIMU MpoOKaMu. B ka0 K010€ MPUTOTOBUTH CMECh U3 KOMIIOHEHTOB A
1 B 10 ykazaHuro mpernojaBarens, coriaacHo Taonuie 9. Heo6xonumo paccuutarh
o0bembl BellecTB A W B TakuMm oOpa3om, 4ToObl B KaXJ0M KoJiOe MX OoOuui
o0Bem Bceraa Obut paBeH 5 mut. Jlannble 3aHocAT B Tabnuiry 10.

Tabmuma 9
A B C
ALIeTOH, ben3sou, Tomyou nim
ATUJIOBBIM CIIUPT WJIA YETBIPEXXJIOPUCTBIN Bona
YKCYCHas KUCJI0Ta YIJIEpOJ
Tab6mauma 10
O06BemMHOE cofiepKaHne Oo6bemHOE
o O0beM KOMIIOHEHTOB, MJI
Ne KOMIIOHEHTOB A 1 B, % colepKaHue
poOUpKH A B V(A) V(B) V(C) IéOM(l;(zléc;HoT/?
1 30 70
2 45 55
3 60 40
4 70 30
5 80 20
6 85 15
7 90 10
8 95 5

CMech KaXIoW KOJIOBI TOCJIENOBATEIBHO TUTPYIOT BOJOM JI0 TOSIBIICHMS
MyTH. {7 cMecell B mepBbIX Ko0JIOAX MHOTJA JIOCTAaTOYHO OJAHOM — JABYX Kamelb
BOJIbI, MO3TOMY THUTPOBAHUE CIIEIyeT MIPOBOAUTH U3 MHUKpoOropeTku. I[locie
KKI0M MPUIUTON Karuid KOJOY 3aKphIBAIOT MPOOKOM U BCTPSXUBAIOT, HAOIIOas
NosABJIEHUE MYTH. Eciii MyTh Mcu€3aeT NMpu CTOSHUU, HO BHOBB IOSBISICTCS MPH
IMOBTOPHOM BCTPSIXMBAHWUH, TO CUYUTAETCS TUTPOBAHHE OKOHUYEHHBIM. DUKCUPYIOT
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o0BeM BOJbI, TOMIEAIIEH HA TUTPOBAHHWE. OTH 3HAYCHHUS 3aHOCAT B
COOTBETCTBYIOIIYIO rpady Tadauis 10.

O0padoTKa IKCIIEPUMEHTAJIbHBIX JAHHBIX

YroObl  MOCTPOWTH JHMAarpaMMy  B3aWMMHOHW  pPacTBOPUMOCTH  TpeX
KOMIIOHEHTOB HEOOXOAMMO TEPEeCYUTaTh MUJUTMIUTPHI BOJBI, TOIIEAINICH Ha
TUTPOBaHUE, Ha OOBEMHBIC TIPOIECHTHI, OTHECEHHBIE K TPEXKOMIOHCHTHOU
cucteme. J[J1s1 3TOro moab3yIoTCs U3BECTHBIM BhIPKEHUEM TSl O0BEMHOM JTOJTH:

V(C)-100%
()% =
V(06w )
rae Viem) = V(A) + V(B) + V(C) =5 + V(C).

[Ipu mocTpoeHuu AMarpaMMbl CIEAyeT Kaxaylo TOUKy Ha crtopoHe AB
TPEYrOJIbHUKA, COOTBETCTBYIOIIE. 3aJJaHHBIM MPOIICHTHBIM COCTaBaM, COCITUHUTD C
BEPIINHOM tpeyronbhuka C. Ha mnomyuuBmmMxcs JUHHUSIX, HEOOXOIUMO
OTKJIaJIbIBaTh OOBEMHBIC TPOIEHTHI BOABI (Ha cTopoHe AB cocTaB Bombl paBeH
Hymo, T.e. ¢(C)=0%). Ecau cOeIUHUTh TOYKM HA TMOJY4EHHOM TIpaduke, TO
MOJTy4aeM KpPUBYIO, KOTOpasi pa3elisieT TeTepOTreHHYI0 W TOMOTEHHYIO 00JIacTh
qUarpaMMbl, a camMa KpuBas IIOKa3bIBaCT COOTHOIICHHS COCTaBOB IIOJTHOU
PacTBOPUMOCTH TPEX KOMIIOHEHTOB JAPYT B JIpyTe.

JlabopaTtopHnasi pa6ora Ne 6

OIIPEAEJIEHUE KOHCTAHTBI PACIHHPEAEJIEHUS BEIIIECTBA
MEKAY ABYMS PACTBOPUTEJISIMHAU

Ilenv pabomui: 03HAKOMUMBCA C 3AKOHOM PACHpeOeNenus, Memooom
onpeoenenusi  KOHCMAHMbL  paAcnpeoeNeHuss  eewecmea  medxicoy  08yMs
HeCMeuUBArOWUMUCS PACMBOPUMETISIMU.

Teopernueckast 4acTb

Ecnu k 7AByM compuKkacaromydMcs HECMEIIMBAIOIMIMMCS  KUJKOCTSIM
NpUOaBUTh KaKoe-JIMOO TPEThE BEIIECTBO, PACTBOPUMOE B JABYX ITHUX KHUIKOCTSIX,
TO OHO PAaCHPEACTIUTCS MEXKIY JBYMsI ATUMH >KUAKOCTSIMH B OIpEICICHHOM
COOTHOIIIEHHUH, IOCTOSIHHOM JIJI51 TJAHHBIX BEUIECTB MPU JJAHHOW TeMIepaType.

Pacnpenenennie  pactBopsiemoro  BemectBa (B)  mexny — aBywms
HECMEIIMBAOIIMMUCS BemecTBamMu  (nBymst  dazamu: 1 w 2) 1 sroOoi
PAaBHOBECHOM  CHUCTEMbI TOJUYUHSAETCS  3aKOHY  pacOpelesieHHs. 3aKoH
pacnpejeeHust 3BY4UT CICTYIONTUM 00pa3oM:

OmuoweHue axmueHocmeli pacmeopeHHoco eewjecmea B 6 08yx
HeCMeuusaowuxcsi  HcuoKux  gazax, HaAxXo0AWuUxXcsa 6 pasHo8ecuu, npu
HOCMOSAHHOU meMnepamype ecms GeIUYUHA NOCMOAHHAL:
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5 (1) = const

ag(2) npu T = const,
rne Kp — KOHCTaHTa pachpelesieHus, Oe3pa3MepHas BEIMYWHA, 3aBUCAIIAS OT
TEMIEepaTypbl U MPHUPOJBI KOMIIOHEHTOB COCTABIIIONIMX JTAaHHYI0 PaBHOBECHYIO
cucremy; ap(l), az(2) — aktuBHOCTH BemiecTBa B cooTBeTcTBeHHO B 1 M 2
HECMEITUBAIOIINXCA MEXKIy co0oi (pazax.

Jlnst pa30aBICHHBIX PACTBOPOB B MAaTeMAaTHYECKOH (POpMyIMpOBKE 3aKOHA
pacrpeneneHns: BMECTO OTHOIICHUS aKTHBHOCTEH MOTYT OBITh HCIIOJb30BaHBI
JM00bIe €AVHMIBI KOHIEHTpauuid. B 3TOM cilydae KOHCTaHTa pacnpeneieHus
Ha3bIBACTCSI KOHIICHTPAIIMOHHOW KOHCTAHTON pacIipeIeTICHHsI.

KB =2 Ko(B) =200
C5(2) ymm x5(2),
rne Cp(l), Cp(2) — momsapHbIe KOHIEHTpanuu BemiectBa B B 1 m 2 ¢asax
cooTBeTcTBeHHO; X53(1), x2(2) — MoabHBIC H0M BemecTBa B B 1 1 2 daszax.

YacTHBIM cyyaeM 3aKOHA pacipeieleHus ABIseTCs 3aKoH [ eHpH.

3aKkoH pacrnpeeeHus CpaBeJIUB JJIsl JIFOOBIX BEIIECTB (TBEPABIX, KUIKHUX,
ra3zo000pa3HbIX), paclpeeICHHbIX MEXAY JIOOBIMU (10 arperaTHOMY COCTOSIHHIO)
(azamu. OH BBINOJHAETCS, €CIIU PACTBOPEHHOE BEIIECTBO 00pa3yeT pa30aBiICeHHbIE
PacTBOpPHI U HE U3MEHSIET CBOETr0 (hOPMYIBHOTO COCTaBa MPHU MEPEX0Jie U3 OJHOU
¢da3sl B apyryto. [Ipu u3MeHEHUN COCTOSHUS PACTBOPEHHBIX MOJIEKYJ B OJTHOM U3
(a3 paBHOBECHOM CHCTEMBbI HAOJIIOAACTCS OTKJIOHEHUE OT 3aKOHA paclpeeIeHUs.
Hampumep, ecnu Habmomaercs AMCCOLMALAS WM acCOLMALUAS  MOJIEKYJ
PacCTBOPEHHOIO BeIIEeCTBA. B TakuxX ciyyasx YCTaHaBIMBAIOTCS CJIOXKHOE
paBHOBECHE MEXIy MOJIEKyJaMd W HWOHAMHU B TMpefeiax Kakaou ¢asbl, 4To
VYHUTHIBACTCSI B BBIPAKCHUU TSI KOHCTAHTBHI PACIPECICHHs] BBEICHUEM B HETO
CTETICHH JUCCOIMAIMN WM acCOIMAIMN PaCIpeesieMOro BEHIeCTBA B KaXIOM
COTIPSKEHHOM PaCcTBOpPUTEIIE:

(A —ay)

K —
o) = e DA —a)

rac o; " O, — CTCICHb AucCCOoIHalinm (I/IJ_H/I aCCOHI/IaHI/H/I) paCHpe):[eHHeMOFO

BemiecTBa B 1 u 2 ¢azax.

KOHCTaHTa paCHpe):[eJIeHI/IH JaacT BO3MOXKHOCTH OHpeHCHHTB CTCIICHB
acconanmmm wjin AdUuccolranmnuu paCTBOpeHHOFO BCIIECTBA B TOM HJIM HNHOM
paCTBOpI/ITeJIe, aacT HCO6X0)II/IMBIC CBCACHUA IJIA HpOBeJIeHI/ISI 3KCTpaFI/IpOBaHI/I$I
BEILIECTB U3 PACTBOPOB.

HDEB] =

3KCHepI/IMeHTaJ'ILHaH 4acTb
MeToauKa U TEXHHKA IKCIICPUMEHTA

B nanHoit paboTe OgHMM W3 pacTBOpUTENCH sBiseTcs Boaa. BemecTso,
u3yyaemMoe B paboTe, AOKHO OBITh XOpOIIO PACTBOPUMBIM B BoOj€ (YKCycCHas
KucioTa). BTopoil pacTBopuTeNnb — OpraHMYECKUid, MO BBIOOPY MpernojaBaresis
(TOJTYyOJ1, YETHIPEXXJIOPUCTHIN YTICPOA U JIp.)
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MeTtomoM MOCIeNoBaTEILHOTO Pa30aBICHUSI B YETHIPEX KOJOAX €MKOCTBIO
200-250 mi1 ¢ mpuTepThIMU MPOOKAMU MPUTOTOBUTH CEPUIO PACTBOPOB YKCYCHOM
KHCJIOTHI B BOJie ¢ KoHIeHTpanusamu 4; 2; 1; 0,5 monp/n. s 3TOro B mepByro
ko0y momeniator 50 min 4 M pactBopa CH3COOH, B ocranbHbie — 1m0 25 i
JUCTUJIMPOBAHHOW BOJBI. 3aTeM W3 MEpBOM KOJObI 0TOOpaTh 25 M pacTBopa U
MIEPEHECTH €ro Bo BTOpyIo Koly. [locie nepeMeninBanusi moJIydeHHOTO pacTBOpa
U3 HETO0 0TOOpaTh 25 MII U IEPEHECTH B TPETHIO KONOY U T.4. M3 nmocnennei Koaobl
ciemyeT oTtoOpaTh 25 MJI pacTBOpa W BBUIMTH €ro B cimB. llomyumrtcst cepus
pPacTBOPOB MO 25 MJI ¢ TOCJIENOBATEILHO YOBIBAIONIEH BIBOEC KOHIICHTPAIIHEH.
3aTeM B KaxaAyl0 KojOy THIETKOW H00aBUTh MO 25 M OpPraHUYECKOTO
pPacTBOPHUTEIIS.

KonObl momectuths B ammapaT g BCTpsxuBaHusi, BcrpsxuBath 20 — 30
MuHYT. [locie dero mepeHecTd COAEPKUMOE KOJIO B JIENUTEIbHbIC BOPOHKU W
OCTaBUTH JJisl pazneneHus ciaoeB Ha 10 - 20 MuHyT, pa3nenuTb BOJHBIN CIOH OT
OpPTraHUYECKOTO.

N3 xaxaoro ciost Halo B3SATh O 5 M1 MPOOBI g TUTpoBaHUs. TUTpoBaHue
KaXXJIOr0 pacTBOpa CIEAyeT MPOBOAUTH TPU pa3a U B3SITh CPEIHUI pe3ynbTar. s
KOKJIOTO CJ0g (BOJHOTO W OPraHWYEecKOro) TpeOyeTcss OTAeNIbHAs MHUIETKA.
IIpo0Ob1 0TOMPATH TOJBKO NP MOMOIIM TPyHIn!

Bonnblii pactBop cienyet tutpoBath 0,5 M pacTBOpoM €QKOro Harpa B
npucyrctBun ¢denondranenna. OnpeAessitoT MOJSIPHOCTh KHUCJIOTHI B BOJHOM
CJI0€.

HopManbHOCTE KHCIOTBI B OPraHUYECKOM CJIO€ OMPENEsIOT OOpaTHBIM
TuTpoBanueM. lIpenBapuTebHO HEOOXOAMMO BBISICHUTH CKOJIBKO —COJISHOM
KUCJIOTHl ujeT Ha TuTpoBanue 25 mu 0,02 M menoun. 3ateM npoOy wu3
OpraHUYecKoro cjos (5 MiI) MOMECTUTh B KOJIOY ¢ MPUTEPTON MPOOKOH, Tyna ke
no6asuth nuneTkoit 25 miu 0.02 M pacTBopa eaKkoro HaTpa ¥ OJHY — JIB€ Karlid
benondranenna. Cmech SHEPTMYHO BCTPSAXHYTh. MBOBITOK IIEIOYM CIEAyeT
ortutpoBaTh 0.02 M pacTBOpOM COJISIHOM KHUCIOTHI. lloiyueHHble pe3ylbTaThl
3aHecTH B Tabuiry 11.

Tabmuma 11
O06beM 1ienoyu, noueamed Ha THTPOBAHUE, MIT
Bopnoro cios Oprann4eckoro cios
K
) = el
Howme o o g | ES = ) o o ES ==
= =l 0= = S 2 S = = = ST g
p o T o T o & S o> T Zl 5 o & ’
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O06padoTka IKCIIEPUMEHTAIbHBIX JAHHBIX

KOHHCHTpaHI/II-O YKCYCHOﬁ KHCJIOTBI B BOOAHOM CJIOC OIIPCACIIAIOT COIJIACHO

3aKOHY SKBUBAJICHTOB T10 BBIPAKECHUIO:
Vi
Cr:HacaoH =1 Cm;
V;
)
rae Vi — cpeaHuii 00bheM IIesI0uH, OIS AIITNN Ha TUTPOBAHUE, MIT,
V;, — 00beM HCCIIeTyeMOTro pacTBOPa, B3ATOTO JJISI TATPOBAHUS, MIT,
C,, — KOHLIEHTpaLus MIEJI0YH, MOJIb/II.
KoHueHTpamo yKCyCHOM KHCJIOTBI B OPTAHUYECKOM CJIO€ PACCUUTHIBAIOT
o ¢opMmyiie:
0
c _E W
CH,COOH = HCl
/A ,

rae V) — 06beM COMSHOI KHCIOTHI, MOMIe/ei Ha tutpoBanue 25-tu mi 0,02 M
pacTBopa mea04H (IPOBOAUTCS MPEIABAPUTEINHHO), MIT;

V1 — 00beM KUCTOTHI, MOMIEAIICH Ha TUTPOBAHUE UCCIIEyEMON CMECH, MJT,

V, — 00BeM ucclielyeMoro pacTBopa, B3TOro JIJisi TATPOBAHMUS, MJI,

ChHc) — KOHIICHTPAIIHAS COSTHOM KUCIIOTHI.

[lo monaydyeHHBIM JAHHBIM  HEOOXOJWMO  OMNPEASIUTh  KOHCTaHTY
pacripeiesieHrss YKCYCHOM KHCIIOThI MEXIy BOJAOM U OpraHUYeCKOM PacTBOPUTEIIC
(6eH3071, TOJYOJd, YETBIPEXXJOPUCTHIM YIJIEpOa H Ap.), CHOelaThb BBIBOJ O
BBITIOJTHEHHUH 3aKOHA pacIpeieIeHUs JIJIsi BHIOpaHHON CUCTEMBI.
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KOHTPOJIBHBIE BOITPOCHI

|. XUMNYECKOE PABHOBECHE

1.
2.

&

~

10.

11.

12.

13.

14.

15.

16.

17.

18.

Yepes kakue BEIMYNHBI MOYKHO BBIPA3UTh KOHCTAHTY PAaBHOBECHS?

Kakas 3aBUCHMOCTb CyIIECTBYET MEXJy KOHCTAHTaMU pPaBHOBECHUS,
BBIPAXEHHBIMHU PA3IIMYHBIMU clIOCOOamMu?

KakoBbl TEpMOAMHAMMYECKHE W MOJIEKYJSIPHO-KUHETHUECKHE IPU3HAKU
PABHOBECHOTO COCTOSTHUSI?

Ot yero 3aBucaT Kp u K¢ peakumii?

KakoBa CBsI3p MEXIy MaKCHUMAJIBHO IIOJIE3HOM pabOTOM, KOHCTaHTOM
paBHOBECHs, HAYaJbHBIM JAaBICHUEM WM KOHIICHTpAIMe HCXOAHBIX
BEILECTB U MTPOYKTOB PEAKIIUU IIPU IIOCTOSTHHOM Temmneparype?

B ueMm cymHoCTh TeOpuH 0 xumMudeckoMm cpoacte ['mboca-I'ensmronsua u
Bant-I'odda?

B yem cymHocTh 3aKk0Ha 1elcTBUS Macc?

BeiBecTn  ypaBHEHHME  3aBUCHMOCTH  KOHCTAaHThl ~ PaBHOBECHS  OT
TEMIEPATYPHI.

Kak mnpousBoautcs mNpUOIMKEHHOE M YTOYHEHHOE HWHTETPUPOBAHUE
YpaBHEHHUS N30XOPbl XUMUYECKOHN peakuuu?

Kakne u3BeCTHBI MeToxbl pacdeta AG®, a clexoBaTenbHO, W KOHCTAHTHI
paBHOBECHS], HA OCHOBAaHUHU TEPMUUYECKUX U TEPMOXUMUYECKUX JTAHHBIX?

Kak npu nmomomm nocrynara I1nanka, ucrones3ys 3akoH ['ecca u ypaBHeHuUE
Kupxroda, TEOPETUYECKH paccuuTaTh U3MEHEHHE n300apHO-
M30TEPMUYECKOTO  MOTEHIMAda XUMHYECKOW  peakluu, KOHCTaHTY
PaBHOBECHUS U PABHOBECHBIN BBIXO/I ITPU PA3IMYHBIX TEMIIEpATypax?

B uem 3akmouaercs Meron Temkuua-llIBapumana mmst pacdera AG’
peaKIMK 1 KaK BHIBOJUTCS YPABHEHHE, UCIIOIB3YEMOE B 3TOM METO 1e?

Kak MOXXHO CMECTUTh paBHOBECHE IPU MOCTOAHHOMN TeMiepaTtype? KakoBo
BIIUSIHUE [IaBJICHUS, COJEPKAHUS HWHEPTHOTO Ta3a W KOHUEHTPaUuU
MCXOJHBIX MTPOAYKTOB U IPOJIYKTOB PEAKIIMHA HA PABHOBECHBIN BBIXO?

Kak Ha OCHOBaHMM SKCIIEPUMEHTAJIBHBIX TAHHBIX OINPEIEIUTh KOHCTAHTHI
paBHOBECHsS XUMHYECKOM peakiuu NOpH pa3Hbix Temneparypax? Kak
paccuutath TemioBor 3¢ dext peakuuu, 3Has Kp unu Ke paBHOBecus npu
pa3Hbix T?

[Touemy cuHTE3 aMMHuaka, HECMOTPS Ha 3K30TEPMUYHOCTH PEAKIIUH,
MPOBOJIAT MPHU BBICOKUX TEMIIEpaTypax?

B kakux KoOpJauMHAaTax 3aBUCHUMOCTh KOHCTAHThl pPAaBHOBECHS OT
TEMIIEPATYPbl BBIPAXKAETCA MPsAMOW JMHHEN? Kakol HaKIOH 3Ta mnpsMas
MMEET B CJIy4ae 3K30- U SHJA0TEPMHUUECKON peakinu?

YeMm pa3nuyaroTcsi ypaBHEHUS, BBIPAKAOIINE XUMUYECKOE PABHOBECUE IS
TOMOTE€HHBIX W TE€TEPOTr€HHBIX peakuuii? 3 KakuxX OIBITHBIX JTaHHBIX
PAcCUUTHIBAECTCS] KOHCTAHTA PAaBHOBECHUS MPU F€TEPOTCHHBIX PEAKIIUAX ?

[To kakuM npU3HAKAM MOXHO CYJIUTh O JJOCTUKEHUU PABHOBECHUSA?
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19.

HasoBure BaxxHenmme npuMepbl reTEPOreHHbIX U TOMOT€HHBIX PEaKLUK.

I1. PASOBOE PABHOBECHUE

20.

21.

22.

23.

24,

25.
26.
217,
28.

29.
30.

31.
32.
33.
34.
35.
36.
37.
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BriBectn ypaBHeHue Kiaysmyca - KrameiipoHa, MCXOId W3 PaBEHCTBA
3HAUEHUH  M300apHO-U30TEPMUUYECKUX  IMOTEHIMAJIOB  BEIIECTB B
COCYIIECTBYIOUIUX (pazax.

Kak u nmouemy m3MeHsieTCs TEIUIOTa UCHapeHus OoT temnepaTrypbl? Kakoro
3HAYEHUsI OHA JOCTUTAET NPU KPUTUUECKON TemmepaTrype?

[ToueMy MoJIbHBIN (YIETbHBIN) 0O0BEM HACBHIIIEHHOTO Mapa YMEHbIIIAeTCs, a
00bEM JKHUJIKOCTH YBEJIMUYHMBAETCS C POCTOM TEMIEPaTyphl MPHU MOCTOSHHOM
JABJICHUH U KOT/1a UX 3HAYEHUE CTAHOBUTCS PABHBIM

B kakux xoopJiMHAaTaxX 3aBUCMMOCTbh MEK]y JIaBJICHUEM HACBIIICHHOTO Mapa
Y TEMIIEPATYpOM BBIPAXKAETCS HA AUarpaMme MPSAMON JMHUEHW, U KaK MpPH
ATUX YCIOBUSAX ONPEACISIETCS CpPEJHEE 3HAYEHUE TEIUIOThl HCIAPEHHS
(BO3roHKH)?

Kak mo 3aBucumoctu p = f(t) ompemenuts npu 3amaHHON TeMIepaTtype
TEIJIOTY UCTapeHUs?

Kak Biusier atMmocdepHoe JaBieHUE Ha TEMIIEPATypy KUTICHHUS?

UTo moHUMAIOT MO MOHATUAMH (Pa3a, KOMIIOHEHT, CTETIEHb CBOOOIbI?

Yro omnpenaenser 4nucio cTeneHe cBooob1?

(Ha npumepe nuarpamMM COCTOSIHUSL BOJBI UJIU CEPbl OMPEACIUTh Yynciio (a3
U CTETeHEN CBOOOIbI, €CIIM CUCTEMA U300pakeHa:

a) TUIOCKOCTBIO;

0) TMHUSIMU;

B) TPOMHBIMHU TOYKAMH

Cdopmynupyiite 3akonsl KoHoBasosa.

[Tosichuth 3akoHbl KoHOBajoBa Ha AuarpaMmax COCTaB — TeMIlepaTypa
KHUIIEHUS U COCTaB — JIaBJICHUE.

Cdopmynupyiite 3akoHbl BpeBckoro.

HazoBuTte MeTO/IbI ONpeIeNIEHNs] COCTaBa TPEXKOMIIOHEHTHOW CUCTEMBI.

Uro obmiero B metogax ['m66ca u Pozeboma? Uto ux paznuyaet?

B uem 3akiroyaeTcs 3aKOH pacrpeneneHus?

Yem MOKHO OOBSICHUTH OTKJIOHEHHSI OT 3aKOHA pacIpeaesieHus?

OT 4ero 3aBUCHUT BEJIMYMHA KOHCTAHTHI pacrpeaencHus?

KakoMy wu3 3aKOHOB, OTHOCSIIMXCS K Ta30BbIM, aHAJOTHYEH 3aKOH
pacnpeneneHus?
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