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IIpakTnueckas padora Nel

Pacyer mapaMeTpoB ra3os u razoBbIX cMeceil ¢ IpUMeHeHHeM Tadann Ko3(ppuuueHToB
CKHMaeMOCTH, YPABHEHH I ra30BbIX 3aKOHOB
Lenb: HAyYnTHCA NPOBOAMTH pacyeT MapaMeTPOB ra3oB M ra30BbIX cMeceil ¢ MpUMeHeHneM TalJm
K03} PUUNEHTOB C:KUMAEMOCTH, YPABHEHUI Ira30BbIX 3aKOHOB.
Teopernyeckasi 4acThb

[Ipn mocTosiHHON TemiepaType JAaBlieHHWE, MPOU3BOJMMOE JAaHHOM Maccoi rasza, oOpaTHO
PONOPIHOHATILHO 00beMy ra3a: P1/P; = V1/V, i PV = const.

Bo Bropoii monoBure XVII Beka ppanmys Iam Mapuott u anrnuyanuH Pobept boitns He3aBUCHMO
Apyr OT JApyra yCTaHOBWJIM CIIEAYIOIee COOTHOIICHHWE MEXIy naBieHueM P u oObemMom V T1a30Boi
CUCTEMBI:

P*V = const.

3TO PaBEHCTBO BBIMOJHSIOCH C BBICOKOH TOYHOCTBIO JUISI BCEX HMCCIEIYyEMBIX Ta30B TOJIBKO B TOM
cilydae, eciH IOJIepKUBajiach MOCTOSHHOM Temmeparypa t. B ¢usmke Takoii mporecc HasbIBaeTcs
n3zorepmuueckuM. COOTBETCTBYIOMIMM TpadukoM it Hero Oyzaer uzorepma P(V).

N3 dopmynsr 3akoHa boins-Mapuorra ciemyeT, 4To HPH H30TEPMUYCCKOM H3MEHCHHH OJTHOTO
PaBHOBECHOT'O COCTOSIHMSI Ha JPYroe JaBlIeHHE B CHCTEME BO3pacTaeT (YMEHbBIIAETCs) POBHO BO CTOJBKO
pa3, BO CKOJIbKO YMEHBIIIAETCs (YBEIIMUYUBACTCS) €€ 00bEM.

Xotsa paCCManI/IBaeMI)If/'I 3aKOH OBLI IMOJIYYCH SKCIICPUMCHTAJIbHO, B HACTOAIICC BPEMA OH MOKCT
OBITh JIETKO BBIBEICH W3 YPaBHCHHs COCTOSIHHS HIcadbHOTO raza (3akoH KiameiipoHa-Menmeneesa),
KOTOPBIA UMeeT PopMYy:

P*V = n*R*t.

Ecom paccmarpuBaeTcss 3akpbiTas cucTeMa (KOJIMYECTBO BeIIeCTBA n=const), TO BO Bpems
M30TEPMUYECKOTO MpoIiecca B Hell (t=const) mpaBasi 4acTh paBEHCTBA HE OyJeT U3MEHATHCS, a 3HAUUT, JIeBas
Takke OylIeT OcCTaBaThCs IMOCTOSHHOM, TO €CTh MBI MpuXxoauM K ¢dopmyne 3akoHa boins-Mapuorra.
Bennunna R 31€ch - 3T0 yHUBEpcalibHas ra30Basi KOHCTAHTA.

I'paduk usorepmsl
P (atm) A

0 20 30 40 50 6 vl

[Tpumep rpaduka, COOTBETCTBYIOIIETO PACCMAaTPUBAEMOMY 3aKOHY, MPUBEACH BBIIIE.
Kpusas P(V) Ha3piBaeTcst ©130TEpMOI M MPEICTABISAET COO0M rumepooiy.

[Tpu moCTOSIHHOM TeMIiepaType JaBiicHUE, IPOU3BOAUMOE JaHHOW MacCou ra3a, 0OpaTHO
POIOPIMOHATLHO 00beMy raza: P1/P, = V1/V, umu PV = const.

3amanue: Pemnts 3a1auy Ha OCHOBaHUM 3aKoHa boins-Mapuorra

3anava 1. Ilpu HekoTOpOIl TemmepaType JaBjieHUE rasa, 3aHuMaromero oosem 3 1, pasuo 93,3 klla
(700 mm prt. ct.). Kakum craneT naBieHue, €ciii, He U3MEHsS TeMIIepaTypbl, YMEHbBIIUTh 00beM rasa Jio 2,8
a?



3anaua 2. [lpu HekoTOpO#l TemmepaType JaBleHUE rasa, 3aHuMaroniero oosem 5 i1, paBao 60 klla.
Kakum craner naBneHue, eciid, He U3MEHSS TEMIIepaTypbl, YMEHBIIUTh 00BhEeM rasa 1o 2,5 i?

3apauya 3. [lpu HekoTOpOW TemmepaType JaBlICHHE Ta3a, 3aHuMarolero oorem 3 j, paBHo 48kl]a.
Kakum craner paBieHue, €cii, He U3MEHSS TEMIIEPATypPhl, YMEHBIIUTH 00beM raza 1o 2 11?

3anaua 4. [Ipu HEKOTOpPO# Temmeparype JaBieHHe Ta3a, 3aHuMaroIIero oosem 2 i1, pagHo 80,6 klla.
Kakum craHer paBieHue, €ciiv, He U3MEHSS TEMIIEPaTyphl, YMEHBIIUTH 00beM Ta3za 1o 1,8 i?

3agaua S. [Ipu HekoTOpOIl Temneparype AaBieHue rasa, 3aHumatoniero oobeM 4 i1, pasao 93,3 xlla.
Kakum craner naBrneHue, eciia, He U3MEHSSI TEMITEPaTypbl, yMEHBIIUTE 00beM rasza a0 2 n?

3apava 6. [Ipu HEKOTOpPO# Temmeparype JaBieHHe Ta3a, 3aHUMAroIIero oobem 5 i1, paBHo 98,4 klla.
Kakum craHer paBiieHue, €Cliv, HE U3MEHSISI TEMIIEPATYPhl, YMEHBIIIUTH 00beM Taza 110 3 1?

3 .

3agauya 7. B rasosom Oamnone emkocthio 0,04M Haxomutcd ra3 noj AaBienueMm 40 atMm. Kaxkoit

00beM 3aliMeT ra3, eciy, He M3MEHSS €ro TeMIIeparypy, OTKpPHITh BEHTHIb OamnoHa? OKOHYATEIbHOE
naBijenue 1 atm.

3 .

3agaua 8. B razosom 0amnone emkoctero 0,02M HaxoauTcs ras moja gasnenueMm 20 at™. Kakoi o0bem

3aiiMeT Ta3, eClik, He U3MEHSS ero TeMIIepaTypy, OTKPHITh BEeHTW b Oaytona? OkoHYaTenpHOE AaBiieHue |
aTM.

3 .

3agaua 9. B razosom Oamnone emkoctero 0,01 M HaxoauTces rasz nox gasienueM 20 atM. Kakoii 00nem

3aiiMeT Ta3, €CJIM, HE U3MEHSISI €ro TEMIIePaTypy, OTKPHITh BEHTWIIh OayutoHa? OKoHuaTenbHOE AaBieHue 1,5
aTM.

3agaua 10. B razoBom OajuioHE€ €MKOCTBLIO 0,02M3HaXOILI/ITC$I ra3 nox gasiaenuem 30 atMm. Kakoii
o0BeM 3aliMeT ras, eciu, He H3MEHSs €ro TemrmepaTypy, OTKpPHITh BEeHTHIb OaiioHa? OKOHYATENbHOE
nasienue 1 at.

3agaua 11. B razoBom OaiuioHE €MKOCTBLIO 0,02M3HaXOI[I/ITC$I ra3 nox gasiaenuem 10 atM. Kakoii
o0BeM 3aliMeT ras, eciu, He H3MEHSs €ro TemImepaTypy, OTKPHITh BEHTHIb OaiioHa? OKOHYATENbHOE
nasienue 1 atM.

3 N

3amaua 12. B razosom Oamione emkocThio 0,04 M Haxomutcs ras moj masBiacHueMm 20 atm. Kakoi

o0beM 3aliMeT ras, €ciy, He H3MEHSs €ro TemIepaTypy, OTKpbITh BeHTWJIb OayioHa? OKoHYaTenbHOE
nmaBieHue 1 aT™m.

3agaua 13. Umeercs nopius raza o0bemoMm 1 M u nasinenun 303 klla. Kakoit o6beM Oyner umerhb
9Ta MOpLMs ra3a IpHu ee AaBlieHuu paBHbIM atMochepHoMy 101 kITa.

3apauya 14. Mmeercs nopuust raza oobeMoMm 2 Mo u nasnenuu 303 klla. Kakoit o0bem OyneT umeTh
9Ta MOPIHs ra3a MpU ee AaBleHuu paBHBIM atMocheprHomy 101 kITa.

3apaua 15. Umeercst mopuus raza oobemom 3 Mo u nasnenuu 303 klla. Kakoit o0beM Oymer uMeTh
9Ta MOPIHs ra3a IpU ee AaBleHuHu paBHBIM atMocheprHomy 101 kITa.

3agaua 16. Umeetcs nopius raza oobemom 4 M u nasinenun 303 klla. Kakoii o6bem Oyner umerhb
9Ta MOpLMs ra3a npu ee JaBjieHuu paBHbIM atMochepHomy 101 kI]a.

3apaua 17. Umeercs mopuust raza oobsemMom 1 Mo u nasnenuu 202 klla. Kakoit o0bem OyneT uMeTh
9Ta MOPIHs ra3a MpU ee AaBleHuu paBHBIM atMocheprHomy 101 kITa.



3angauya 18. Mmeetcs mopmus raza oobemMom 2 Mo u nasinenun 202 xlla. Kakoii o6beM Oyner umerhb
9Ta MOpIHUS rasa Mpy ee JaBJIeHUH paBHBIM atMochepromy 101 kIla.

Kpurepun ouennBanus:

- OmeHKa «5» (0TJIMYHO) BBICTABIISETCS TPU IIOJHOM BBINOJIHEHUH PAa0OT, OTCYTCTBHHM OLIMOOK,
TPaMOTHOTO TEKCTa, HAJIMYMS BBIBOJIOB;

- oumeHKa «4» (XOpOINO) BBHICTABISAETCS TMPH BBIIOIHEHUH BCcEero o0beMa pPadOT U  HATUYHH
HECYIIECTBEHHBIX OIMUOOK, KOTOPBIC HE OKA3aJIM BIIMSHUS HA OKOHYATEIbHBIN Pe3yibTaT;

- oueHka «3» (yI10BJIETBOPUTEIbHO) BBICTABISETCS MPU HEMOJHOM BBIMIOJIHEHUH BCEX 3a/JaHUN, TPH
HAIMYAH OMHOOK, KOTOPBIE HE OKAa3aJIM CYIIECTBEHHOTO BIMSHUS Ha OKOHYATEIILHBIA PE3YIbTaT;

- OLEeHKA «2» (HeyI0BJIETBOPUTEIbHO) BBICTABISIETCS, €CJIHM JOMYIICHB MPUHIUIHAIBHBIE ONIMOKH,
paboTa BBITTOTHEHA KpaitHe HEOpeKHO, 0e3 COOTI0ICHHUSI CPOKOB C/TIauH.



IIpakTuyeckas padora Ne2

Omnpenenenne TepMOANHAMHYECKHUX MAPAMETPOB XUMHUYECKUX peakuuii. OnpeaesieHne BO3MOKHOCTH
CaMoONPOM3BOJILHOCTH IpoLecca

He.]'lb: HAay4YUTBCA TIMPOBOAWUTL pacCd€T TCPMOIMHAMUYCCKHUX IIAPAMETPOB XHMHUUYCCKHUX peammﬁ.
OnpeneneHI/Ie BO3MOXHOCTH CaMOITPOMU3BOJIBHOCTH IIpOoLECCa.

TeopeTuyeckas 4acTb

Jlro6oe BemecTBO, B TOM YHUCIIE U ra3, COCTOMT U3 OTPOMHOTO YMCIIA IBUKYIIUXCS ¥ B3aUMOJICHCTBYIOIINX
YacTUIl — MOJEKyl U atroMoB. IloBeneHue cuCTEMBbI, COCTOAIIEH W3 OONBIIOTO YHCIA YacTHUI, MOIYUHSIETCS
CTaTUCTHYECKHM 3aKOHOMEpPHOCTSIM. B MonekynsipHO# ¢u3uke MOBEIeHHE pealbHBIX Ta30B (KUCIOpOna,
BOJIOPOJIa, YITIEKHCIIOTO Ta3a U JIp.) pacCMaTpUBAIOT Ha 0c000# abCcTpakTHOM MOJeNnu — uaealbHOM raze. Mojaens
3TOTrO ra3a MPEAroJiaraeT, 4To: 1) coOCTBEHHBIH OOBEM YACTHIl Ta3a MPEHEOPEKMMO Mall MO CPaBHEHHIO C
00BEMOM, KOTOPBI OH 3aHUMAET,

2) MeX/1y 4acTULIaMHU OTCYTCTBYIOT CHJIbI B3aUMOJIEHCTBUS,

3) CTONKHOBEHHS YACTHI[ APYr C APYIOM M CTEHKaMH COCy/Aa, B KOTOPOM HAaxOIUTCS ra3, abCONIOTHO
yHapyrue.

Jroboii ra3 xapakTepusyercs TpeMms MapaMeTpamMH JaBlieHHeM - p, o0bémMoM -V u abcomoTHOH
Temneparypoit —T.

TemnoBsie mporecch TF0O0T0 ra3a MOJYUHAIOTCS 00beTUHEHHOMY ra30BOMY 3aKOHY:

Tl T2
Ecnu B TenoBoMm nporiecce 0JIMH U3 MapaMeTpoB OCTAETCs MOCTOSHHBIM, TO 3TO - H30IPOLIECCHI
W3onpouecc, B KOTOPOM JIaBI€HUE TOCTOSTHHO, Ha3bIBaeTcsi M300apHbIM (3akoH I eii-JIroccaka)

1o 3akony I'eit — JItocaka pu MOCTOSIHHOM JIaBJIEHUU 00BEM ra3za U3MEHSETCS MPSIMO MPONOPIHOHATBHO
abcomoTtHo# Temmneparype (T):

Vl\ T, = V2\T2 i V\T = const
P = const (u306apuueckuii mporecc)

3ananue: Pemuts 3a1auy Ha ocHOBaHMU 3akoHa ['eii-Jlroccaka



3amaua 1. Jlano 8 i rasza mpu temnepatype 23 °C. Ilpu kakoit TemmepaType oObeM raza CTaHeT
paBHbIM 1071, ecniu P = const.

3agaua 2. Jlano 5 1 raza npu temmeparype 23 °C. Ilpu kakoil temmeparype o0beM raza CTaHeT
paBHbIM 811, eciu P = const.

3agaua 3. Jlano 4 1 raza npu temmeparype 18 °C. Ilpu kakoil Temmeparype o0beM raza CTaHeT
paBHBIM 811, eciu P = const.

3apaua 4. Jlano 7 1 ra3a npu temmneparype 30 °C. Ilpu kakoli TemmepaType oObeM ra3a CTaHET
paBHbIM 107, eciiu P = const.

3apava 5. Jlano 9 1 raza npu temmneparype 28 °C. Ilpu kakoli Temmeparype o0ObeM raza CTaHEeT
paBHbIM 157, eciiu P = const.

3agaua 6. J[ano 3 1 raza npu temmeparype 22 °C. Ilpu kakoil Temmeparype o0beM raza CTaHeT
paBHBIM 611, eciii P = const.

3anaua 7. [lpu 27° C 06mem raza 600 1. Kakoii 06beM 3aiimer ras npu 57OC, €CIl JIaBJIeHHe OyaeT
0CTaBaThCSA OCTOSHHEBIM?

3amaua 8. Ilpu 25° C oGbem rasa 630 mir. Kakoit o6bem 3aiimer ras npu 32°C, eciu napnenne 6yaer
OCTaBaThCs HOCTOSIHHBIM?

3amaua 9. Ilpu 17° C oGbem rasa 620 mir. Kakoii o6bem 3aiiver ras npu 25°C, eciu napinenne 6yaer
OCTaBaThCsI MOCTOSIHHBIM?

3apgaua 10. Ilpu 20° C o6wem raza 580 mut. Kakoii 06beM 3aiiMeT ras npu 270C, €CJIM JTaBJICHHE
OyJeT 0CcTaBaThCsl MOCTOSHHBIM?

3anpaua 11. [Ipu 25% C o6bem rasa 610 mir. Kakoit oGbem 3aiiMer ras npu 37°C, eciu naBieHue Oyner
0CTaBaThCsl MOCTOSTHHBIM?

3agaua 12. [Ipu 16° C o6bem raza 600 mir. Kakoit oGbem 3aiiMer ras npu 28°C, ecu naBieHue Oyner
0CTaBaThCsl MOCTOSTHHBIM?

3apaua 13. [Ipu 15° C nasnenue B Gamione ¢ KUCIOposioM 92,2 -10° kITa. [Ipu kakou temmneparype
OHO cTaHeT paBHbIM 101,33 10° kITa.

3apaua 14. [Ipu 20° C naBnenue B GaiioHe ¢ KHcIopogom 82,2 -10° kITa. [Ipu kakou temmneparype
OHO cTaHeT paBHbIM 102,33 10%kIIa.

3apaua 15. [Tpu 17° C nasnenue B Gamione ¢ KUCIOposioM 92,2 -10° kITa. [Ipu kakoi Temneparype
OHO cTaHeT paBHbIM 102,33 10%kIIa.

3apaua 16. [Tpu 10° C nasnenue B Gamione ¢ KUCIOpoJioM 72,2 -10° kITa. [Ipu kakoi temneparype
OHO cTaHeT paBHbIM 101,33 10%kIIa.

3anaua 17. [Ipu 18° C nasienue B GamioHe ¢ kuciopogom 102,2 .10° «I1a. IIpu xakoit Temneparype
OHO cTaHeT paBHbIM 106,33 10%kIIa.

3amaua 18. [Tpu 19° C nasnenue B Gamione ¢ KUCIopomomM 92,2 -10° kITa. [Ipu xakoii TemmepaType
OHO cTaHeT paBHbIM 101,33 10%kIla.



Kpurtepun onenuBanus:
- OHmEeHKa «5» (O0TJIMYHO) BBICTABIISICTCS TIPU IIOJHOM BBITIOJHEHUH pPa0OT, OTCYTCTBHHM ONIMOOK,
rpaMOTHOI'0 TCKCTA, HAJIMYUA BBIBOJOB;
- omeHkKa «4» (XOpOWIO) BBHICTABJSICTCS TMPH BBHIMOJHEHHH BCErO0 oO0beMa pabdOT W HAIHYUH
HCECYHICCTBCHHBIX OH_II/I6OK, KOTOPLIC HC OKa3aJIk BJIUSAHUA HA OKOHYATEIILHBIN PpE3yibTar,
- omeHkKa «3» (YI0BJIETBOPHUTEIbHO) BBICTABISCTCS IPU HEIOJHOM BBITIOJIHEHUU BCEX 3a/IaHUM, NpH
HaJIM4Ynu OH_II/I6OK, KOTOPBIC HEC OKa3aJIM CYICCTBCHHOT'O BIIMSAHUA Ha OKOHYaTCJILHBIN PE3yibTaT,
- OlleHKa «2» (HEeyI0BJIETBOPHTEIbHO) BBICTABIISACTCS, €CJIU JOMYIICHBI MPHHIUIHAIBHBIC OIIMOKH,
paboTa BBINIOJIHEHA KpaitHe HEOPEKHO, O€3 COOTIOACHHS CPOKOB CIAYH.

IIpakTuyeckas padora Ne3

Onpeuenenue NapuruaJdbHbIX MOJAPHBIX BEJITHYUH
Heﬂb! HAYYUTHCH ONIPEACIATh NAPUHUAJIbHBIC MOJAPHBbIC BEJIUYNHDBI.

TeopeTuyeckas 4acThb

MeTtopl onpeaeneHus napuualbHbIX MOJIbHBIX BEIUYMH OYAYT UACHTUUYHBIMU HE3aBHCUMO OT TOTO, KaKue
MMEHHO 3KCTEHCUBHBIC CBOMCTBA MbI OIpeesieM: 00beM, SHTPOIHUIO, SHTAIBIINIO, TEIUIOEMKOCTh. PaccmMoTpum
TpH criocoOa omnpeaeneHus [IM Benuunn Ha npumepe onpenenenust [IM o0beMoB B OMHApHOM pacTBODE.

a) onpedenenue IIM obvema no 3asucumocmu NoiHO20 00veMa pacmeopa Om YUCIA MOJel 00HO20 U3
KOMNOHEHMO8

Nwmeercst 3aBUCUMOCTb MOJHOIO 0ObeMa OMHAPHOIO pacTBOpa OT YHMCJa MOJIEH OJHOrO0 U3 KOMIIOHEHTOB
(Hampumep, BTOPOro), MOJy4YEHHass HPU TOCTOSHHBIX [AaBJICHUM, TEMIEpAType U 4YHUCIE MOJIEH JIpyroro
KoMroHeHTa. COrinacHo ONpeAeauTeIbHOMY BBIPRXKEHUIO AJIS MaplUalbHON MOJIBHON BEIMYMHBI, HaplUaIbHbINA

MOJIBHEIH 00BEM BTOPOI'O0 KOMITIOHCHTA OIPCACIIACTCA KaK 4aCTHasd IPOU3BOJHASA 3aBHCUMOCTHU V= f(n2) B TOM
COCTaBC paCTBOpPa, B KOTOPOM HaM KEJIATCIIbHO OIIPCACIUTDb TIIMC.

. V =any +bn? +c
TYT BO3MOJHbBI BAPUAHTLL: €CJIIM U3BCCTHO YPABHCHHUC 3aBUCHUMOCTH, HAIIPHUMEDP 2

gl

, TO IS

dn
HOJIYYECHUAV, = 2Up.Tm gyxuo mpomm HIIMPOBAaTh T aBHEHHE.
oJlyde ) Y>KHO TTPOJT €pEeHLUPO 3TO YpaBHEHHUE

Ecnu 3aBucHMOCTB JaHa B BUAC TaOJIUYHBIX JdaHHbIX, UJIX B BUJC l"pa(i)I/IKa, TO HYXXHO OIPCACIUTDH yTJ'IOBOI71

KO3 QUIMEHT KacaTeIbHOH K KPHBOW 3aBHCHMOCTH V =fn2) g o3 TOYKE, B KOTOPOM HaM >KEJIATEJIbHO
onpenenuts [IMC.

V,w Puc. 2. 3aBucuMOCTh MOJHOTO 00BEMA pacTBOpa OT YHCIIa MOJICH BTOPOTO
I kommonenTa ( p,T, Ny — const)
[ av
H—H =tg a
dny pT (23)

it
_ V)~ Vo)

Ma(My) = M(My) (24)
0) onpeoenenue IIM 00vemos no 3asuUcCUMOCMU  MOIbHO2O 00beMda
MO pacmeopa om cocmasda
. B sTOoM Merone mmeercss 3aBUCHMMOCTb MOJBHOIO 00BEMa pacTBOpa OT
COCTaBa, TO €CTh OT MOJILHOM JIOJIM, HAIIPHMEP, BTOPOTO KOMITOHEHTa, TO €CTh

v =f(N2). Kak Oyzner mokazano naiee, 3Ty 3aBUCHUMOCTb JIOBOJIBHO JIETKO TOJYYUTh KCIIEPUMEHTAIBHO.
3anuieM eme pa3 ypaHeHus (16) u (22):

v =V (1-N2) + vo N2 (16) (1 — Np) dv; + N, dv, =0 (22).

[MpomuddepenuporaB (16) mo Ny u yurs (20), MOTyduM CIETYIONIUE BBIPAKEHUS I TapIHATBHBIX
MOJIbHBIX 00EMOB KOMITOHEHTOB OMHAPHOM cMecH:

] tg a

n,

il

fara]
vi=v =N, VN2l 1 (o)
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W3 »tux Bblpa}KeHI/Iﬁ CICOAYECT, YTO JIA BBIYMCIICHHA MaplUaIbHBIX MOJIBHBIX 00BEMOB TIO 9TOMY ME€TOOY
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Puc. 3. 3aBucMMOCTh MOJBHOTO O00OBEMa PAacTBOpPAa OT COCTaBa
pactBopa

To ectp mnst onpenenenus [IM o0bemMa 1Mo METOLY MOJIBHOTO
0o0beMa HY)KHO MOJTYYUTh SKCIIEPUMEHTAIbHO 3aBUCUMOCTbh MOJIBHOTO
obbema pacTBopa OT coctaBa. K Heil B COOTBETCTBYIOLIEH TOUYKE
MIPOBECTU KAacaTelbHYIO M OIPEAETUTh YIIIOBOM KOA(QGUIUEHT 3TOM
KacaTeNbHOM U 10 ypaBHEHUSM (25) u (26) BBIYMCIUTD NapLualbHbIE
MOJIbHBIE 00bEMbI 000X KOMIIOHEHTOB.

8) onpeoenenue [IM 0b6vemos no memoody Pozeboma ( uiu no
Memo9dy ompe3Kos)

N3 anammza puc.3 u ypaBHenuir (25) u (26) BHIHO, 4YTO
kacarenbHass K 3aBucumoctH V=T (N;) orcekaer Ha I5eBOM oOcH
OpAMHAT OTPE30K, PaBHBINA MapIHAITEHOMY MOJIEHOMY 00bEMY IEPBOTO
KOMIIOHEHTa B pacTBope KoHIleHTparuu Ny, a Ha mpaBoil ocu —
OTPE30K, paBHBIH NapIUATFHOMY MOJBHOMY OOBEMY BTOPOTO

KOMIIOHEHTA B PaCTBOPE TOM e KOHIICHTPALIUH.

WNuorna skcrieprMEHTaIbHBIE 3aBUCUMOCTH TaKOBBI, YTO ya00HEe padoTaTh ¢ 3aBHCHMOCTBIO YIEIBHOTO
o0beMa OT MaccoBOM 10iH : Vyy = f(p2). Metox Po3eboma mo3BoisieT B 9TOM Ciydyae MOJYyYHTh HapHuaibHbIC
yenbHbIe 00BeMBbI 000X KOMIIOHCHTOB B PACTBOPE MHTEPECYIOIIEro HAC cocTaBa (MaccoBoi jonm). X MOKHO
JIETKO MIEPEBECTU B MapIIMaIbHbIE MOJIbHBIE BETUYHHEI.

V=Vm*m/M

IJie IpU H. Y:

N-KOJMYECTBO BEIIECTBA
Vm-monsipHblil 006EM=22,471/M0OITb

M -MOJIIpHasa Macca

3ananme: Pemuth 3a1aun Ha OnpeeICHNE MaPIHATBHBIX MOJIIPHBIX BEJTHYHH
3apaua 1. Kakoii 00beM raza B quTpax 3aiimMeT 3,5 T a3oT1a Ipu H.y.
3agaua 2. Kakoit o0beM raza B autpax 3aiimeT 640 T KHCIIOpoaa MpH H.Y.
3agaua 3. Kakoii o0bem rasa B autpax 3aiimet 110 r okcuga yriepoga (IV) npu H.y.
3anaua 4. Kakoii 06bem raza B nutpax 3aiimet 110 r okcuna yrinepoaa (I) mpu H.y.
3anpauva 5. Kakoii 00beM ra3a B 1uTpax 3aiMeT 1 Kr XJIOpHaa BoJopoaa IIpH H.y.
3anaua 6. Kakoii 00bemM raza B mutpax 3aiimer 1,5 kr okcuzga azota (III) mpu H.y.
3agaua 7. Kakoit o0bem raza B nutpax 3aiimet 220r okcuna azota (I) mpu H.y.
3anaua 8. Kakoii 06bem raza B nutpax 3aitmet 100 r aprona mnpwu H.y.

Kpurepun onenuBanus:



- OLEeHKa «5» (OTJIIMYHO) BBICTABIISETCS NPU IIOJHOM BBIIOJHEHUH pPAOOT, OTCYTCTBHUH OLIMOOK,
IpPaMOTHOIO TEKCTa, HAJIMYUS BBIBOJIOB;

- omeHKa «4» (XOpolIO) BBHICTABISETCA MPH BBHINOJHEHHM BCEro oObeMa pabdOT W  HAIUYUH
HECYIIIECTBEHHBIX OIIMOOK, KOTOpPBIE HE OKA3aJIM BIMSAHUS HA OKOHYATEIbHbIN pe3ysbTar;

- oueHKa «3» (YI0BJeTBOPUTEJbHO) BBICTABISECTCS IPU HETOJHOM BBIOJIHEHUH BCEX 3a/aHUil, MpH
HJINYUU OIIMOOK, KOTOpBIE HE OKa3aJIM CYIIECTBEHHOI'O BIMAHUSA Ha OKOHYATENIbHBIN pe3ynbTaT;

- OlleHKAa «2» (HeyI0BJIETBOPHUTEIbHO) BBICTABIIACTCS, €CIM JOMYUICHbl MPUHUUIHAIBHBIC OIMINOKH,
paboTa BBITTOTHEHA KpaiiHe HeOpeKHO, 0e3 COOII0ICHUS CPOKOB C/IauH.

IIpakTnyeckas padora Ned
Onpenesnenue KOJIMTaTHBHBIX CBOKMCTB PACTBOPOB HE3JIEKTPOJIUTOB U 3JIEKTPOJIUTOB

Heab: HayuYuThCcs oONpeneasTh KOJUIUTATHBHBIE CBOHCTBAa PACTBOPOB HEYIEKTPOJUTOB U
JJIeKTPOJIUTOB.

Teopernveckasi 4acTh
I{JI?I OIpeaAcICHUsA S3KCTCHCUBHOI'O CBOMCTBA OHHOKOMHOHGHTHOﬁ CHUCTEMBbI HGO6XOILI/IMO 3HAaTb MOJIAAPHOC,
TO €CTh PAacCCUUTAHHOE Ha OJMH MOJIb KOMIIOHEHTa 3HA4Y€HHE 3TOr0 CBOWCTBA. 3HAas MOJSIPHOE CBOWCTBO U
KOJIMYECTBO CUCTEMbI, MOKHO MOJIYYUTH 00IIee 3HaYEHNUE STOTO CBOMCTBA ISl BCETO KOJIMYECTBA CUCTEMBI.

JInst XapakTepUCTUKU OTHAEIbHBIX KOMIIOHEHTOB B MHOTOKOMIIOHEHTHBIX pacTBOpax MCIOIb3YIOT
MapUHAIbHBIE BEJIWYUHBI, OMNPEACIISIOIINE HEKOTOPOE CBOMCTBO KaXAOro KoMmoHeHTa. Jlns ompeneneHus
NapuuagbHOM  MOJSIPHOM  BEJMYMHBI  BOCIIOJIB3YEeMCSl ypaBHEHHEM, OINpeAeNsionuM  (YHKIHOHATBHYIO
3aBUCUMOCTH HEKOTOPOI'O SKCTEHCUBHOTO NapameTpa L cOCTOSIHUSI CUCTEMBI:

L=L(T,P,n,n0,...0), (1)

P oo
rae T, P —rtemneparypa u 1aBieHne 1 ! - 4UCI0 MOJIEH | — O KOMIIOHEHTA.
Hanpuwmep, ni1s o6vema V:
Vo= V{T,P,P’Il,}’lz ,...F"Ik}
Takum 00pa3oM, MHOTOKOMIIOHEHTHAsi CHUCTEMa MOKET OBITh MOJHOCTBIO XapaKTepPH30BaHA UYHCIIOM
MOJIEH BCEX €€ KOMIIOHEHTOB, TEMIIEPATypPOil U 1aBIICHUEM.
OTmeTHM, 9TO IKCTEHCHUBHOE CBOMCTBO SIBISIETCS (PYHKIIMEN COCTOSIHUS, TO €CTh €€ OECKOHEYHO Majoe

IpUpalieHne ecTh NoJaHbIN Auddepenunan. Torna u3 ypaBHeHus (1) cnenyer:
i} d

=01 ar+|iL dP+|/a—L1 dn +(B—L\] o + . +|{E'_Ij dny

1
aT , ar , La J La J Lan J
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L=t ar+|fr] ap+|iip dny + 3 B dn.
9T Jp u, T dnyy an. i
- .- T.P.np@n i=1 VTP oy,
BBeneM 0003HaueHUA:
L= L dn,
1 1
on.
VAT R nmny,



dL = [d_L]
ar Jp

HpI/I IMMOCTOAHHOM JaBJICHHUU U TCMIICPATYPEC NOCICAHCC YPABHCHUEC IIPUHHUMACT BU/:

k
d d
nl-dT + [EL]T,m-dP + EL dn, + E [Lidni}

+ T.F.n#1y i=1

dp 7= §1 (L; o

Benununny

L= 8 1 dn.

i
o1
VT Py,

SIBJSIFOLICHCS. TIPOM3BOAHONW OT o0IIero cpoiictBa L mo 4mcitly MoJieii KOMIIOHEHTA | IPU TOCTOSHHBIX
3HAYECHUSAX TEMIEpaTyphl, JaBJICHUS U YHCIa MOJIEH BCEX OCTAJbHBIX KOMIIOHEHTOB, HAa3bIBAIOT NAPYUATLHOU
MOILHOU 8ETUYUHOU KOMIOHEHMA 1.

ITo oTHOWIEHHIO K KOHEYHOMY 3HAYE€HUIO HEKOTOpPOro CBOWCTBA L mapuuanbHas MOJIbHAas BEJIMYHMHA €CTh
MpUpPAIIEHHE CBOMCTBA CUCTEMBI INPH I00ABICHWHM B OECKOHEYHO OOJBIIOE €€ KOJIMYECTBO OJHOTO MOJIA
KOMIIOHCHTA |.

HapIII/IaJII)HI)Ie MOJIAPHBIC BCINYMUHLBL P - HUHTCHCUBHBIC CBOﬁCTBa, OHH 3aBHCAT OT COCTaBa, HO HC OT
KOJIMYECTBa CHCTeMHI ((haswl, pacTBOpa).

DOKCTEHCUBHBIC BEIWYMHBI SBISIOTCS QJJUTUBHBIMH (DYHKIMSIMH 10 OTHOIIEHUIO K MaplHalbHBIM
MOJIAPHBIM BCJIIMYWHAM!

L=Lin +Llyn+..= Z (Li-ni)

Hanpumep, o6bem pactBopa

V=Viny +Vyny 4=y {Tn?i-ni)
1

Kaxnoe ciaraeMoe B 3TOM COOTHOIICHHUH SIBJISCTCS BKJIAZOM I— 0 KOMIOHEHTa B 00bEM pacTBOpa.

[TapumanbHblii MOJSIPHBIA 00BEM, Kak W BOOOIIE MaplUaibHbIE MOJIIPHbIE BEIMUYUHBI, YUUTBHIBAET BCE
B3aMMOJICHCTBUSL MEXAY KOMIIOHEHTAaMHU peajbHOro pactBopa ((pas3bl), MO3TOMY MOXKET OBITH OOJIbIIE WU
MEHBIIIE MOJIIPHOTO 00bEMa YUCTOr0 KOMIIOHEHTA, a B MJI€aJIbHOM PACTBOPE PAaBEH €MY.

B o0uem ciiydyae KOJIMYeCTBO KOMIIOHEHTOB B CUCTEME MOT'YT U3MEHSATHCS MPOU3BOJIBHO, COOTBETCTBEHHO
OyAyT M3MEHATHCS U COCTaB CHUCTEMbI, U 3HAYEHUS MApPIHUATIbHBIX MOJSPHBIX BEJIWYMH BCEX KOMIIOHEHTOB.
[Monueiii muddepeHiman OT SKCTEHCUBHOTO CBOWCTBA CHUCTEMBI, YUYWUTHIBAIOIIMA BCE 3THU HM3MEHEHUA, B
COOTBETCTBUM C YPAaBHEHUEM

L=Lin +Llyn +..= Z {Li-ni)

1

paBeH:
dp = (ol + 3 (L oy
1 1
k
o=, (L)
Brrunras u3 1=1

MIPEABIIYINEe COOTHOLIEHUE, TTOJTYIHM:



Z {ni-dLi:] =0
27

PaS,Z[eJ'II/IB noclieJHee COOTHOIIIEHUE Ha F , IIOJTYYHUM YPaBHCHUC

Z {xi-dLi) =0

(rme *i MOJISIPHAsSL JI0JIs1 I-TO KOMITOHEHTa), KOTOPOE Ha3bIBAIOT OCHOGHBIM YPAGHEHUEM Ol NAPYUATbHBIX
MOJIAPHBIX GENUYUH.

Jlns GuHApHOTO pacTBOpa, YYUTHIBASI, YTO YMCIIO HE3aBUCUMBIX KOHILIEHTpALUil (MOJISIPHBIX J0JIei) Ha

€AMHUIlYy MEHbIIIE YKCJIa KOMIIOHEHTOB, M IMPHUHSB 3a HE3aBUCUMYIO IMEPEMEHHYIO MOJIIPHYIO IOJIF0 BTOPOTO

X
KOMIIOHCHTAa 2 YPaBHCHUIO

> e =0
1
MOYKHO TIPUIATh BU/I:

d d
X a_Ll dx1+x2- H—L2 de:EI
* !

AHanu3upys nociegHee COOTHOIIEHUE, MOKHO CAETaTh CIEAYIONINE BBIBOBL:
- MapUUaAIbHbIE MOJISIPHBIC BETMYMHBI B ONHAPHOM PacTBOPE U3MEHSIOTCS aHTHOATHO, T.€. €CIH IS OJTHOTO

x
KOMIIOHCHTA IIapuuaJIibHas MOJISIpHAA BCJIMYUHA PACTCT C YBCIIMYCHUCM NOJHU BTOPOI'O KOMIIOHCHTA 2 , TO OJIdA
BTOPOI'O KOMIIOHCHTA OHA YMCHBIIACTCA B 5TOM HAIIPABJIICHUH,

- €CIIM Ha OJHON M3 3aBHCHUMOCTEH ET [xi ) HMEETCS MAaKCHUMyM, TO AHAJIOTMYHAas 3aBUCUMOCTbH IS
JPYroro KOMIOHEHTa IPHU ITOM K€ COCTaBE CUCTEMBI OYAET UMETh MUHUMYM;

- TIPU PABHBIX MOJISIPHBIX JOJSX KOMIIOHEHTOB MPOW3BOIHBIE CBOWCTBA PAaBHBI MO a0COIMIOTHOM BENWYHMHE,
HO MMEIOT Pa3HbIE 3HAKU.

AHAMTUYECKUH pacyeT NapiualbHbIX MOJISIPHBIX BEJIMYHUH CBOJUTCA K alIPOKCUMALIMM TOJIMHOMOM N —
O#l CTENEHN IKCIEPUMEHTATIBHON 3aBUCUMOCTH MEXIY JaHHBIM 3KCTEHCUBHBIM CBOMCTBOM M COCTABOM paCTBOpA
(Hampumep, ero MOJSUTBHOCTH) U ero AudQepeHnpoBaHun.

O0nLeTHHEHHBIH ra30BbIH 32aKOH

Po-Vo = P;-V)
To T1
33[{3]‘1“9: PeHH/ITL 3aJa4yu Ha OHpe,Z[eJIeHI/Ie KOJINIMTAQTUBHBIX CBOﬁCTB paCTBOpOB HeSJ’IeKTpOJ'H/ITOB nu

OJICKTPOJIHUTOB.

3amaua 1. [Ipu temmeparype 18 C i naBinernn 740 MM pT cT 00BeM rasa pasex 2 autpam. [IpuBecTi
o0BeM raza K H.Y.

3amaua 2. [Tpu Temmeparype 20 C u naiernn 720 MM PT CT 00BeM rasa paseH 3 mutpam. [TpuBecTi
00BEM rasa K H.y.

3agaua 3. [Ipu Temnepatype 17°C w nasnennn 710 Mm pT cT oOBeM rasa paseH 2 nutpam. [lpuBectu
00BEM rasa K H.y.

3agaua 4. [Ipu remneparype 18°C u maBmennu 720 M PT ¢t 06beM rasa paseH | nmutpy. [IpuBectu
o0BbeM raza K H.Y.

3anaua 5. IIpu Temneparype 20°C u masnennn 740 MM PT cr oGbem rasa paBeH 2 iutpam. [IpuBectu
o0beM raza K H.y.



3agaua 6. [Ipu Temmnepatype 19°C u naBnennn 740 MM PT et 00beM raza paBeH 3 nutpam. [IpuBectu
0o0BeM raza K H.Y.

3apaua 7. Ilpu remneparype 17°C u naBnennn 740 MM PT et 06beM raza paBeH 2 nutpam. [IpuBectu
o0beM rasza K H.y.

3anava 8. [Ipu 25 C u naBnenuu 99,3 klla (745 MM pT.CT.) HEKOTOPOE KOJIMYECTBO raza 3aHUMAaET
00béM 152 M. Haiitu, kakoit 00bEM 3aiiMET 3TO K€ KOJMYECTBO Ta3a npu 0 OC u masnennu 101,33 xIla.

3apava 9. [Ipu 15 C u naBnenuu 89,3 klla (745 MM pT.CT.) HEKOTOPOE KOJUYECTBO Ta3a 3aHUMACT
o o v o o 0
00BEM 102 mu1. HaiiTu, kakoit 00bEM 3aiiMeT 370 ke KosmmuecTBo ra3a npu 0 ~C u qaBnennn 99,33 xlla.

3apaua 10. [Tpu 20 C u gaBnenun 98,3 klla (745 mm prt.cT.) HGKOTO%OG KOJIMYECTBO ra3a 3aHUMaeT
00BEM 150 M. HaiiTu, kakoit 00bEM 3aiimer 310 ke KonmuecTBo ra3za npu 0 ~C u gasnennn 100,33 kI1a.

3agaua 11. Ilpu 21 C u nasnenun 99,3 klla (745 MM pT.CT.) HEKOTOPOE KOJUYECTBO ra3a 3aHUMAET
00béM 150 M. Haiitu, kakoit 00bEM 3aiimeT 310 ke konuuecTBO raza npu 0 “C u naBnenuun 101,33 xIla.

3agaua 12. [Ipu 23 C u pasnenuu 89,3 klla (745 MM pT.CT.) HEKOTOPOE KOJUYECTBO raza 3aHUMAET
00béM 140 M. Haiitu, kakoi 00bEM 3aiimeT 310 ke konnuecTBo raza npu 0 “C u naBnenuu 101,33 xIla.

3agaua 13. Ilpu 27 C u pasnenuu 96,3 klla (745 MM pT.CT.) HEKOTOPOE KOJIMYECTBO Ia3a 3aHUMAET
00BEM 144 mu1. Haiith, kakoit 00bEM 3aliMET 3TO Ke KOJIWYeCcTBO raza mpu () °C u maBnennn 100,33
klla.

3agaua 14. [Ipu 28 C u masnenuu 99,3 klla (745 MM pT.CT.) HEKOTOPOE KOJIWYECTBO Ira3a 3aHUMAET
00béM 152 M. Haiitu, kakoit 00bEM 3aiimeT 310 ke konuuecTBo raza npu 0 “C u naBnenuun 101,33 xIla.

3agaua 15. [Ipu 22 C u pasnenuu 89,3 klla (745 MM pT.CT.) HEKOTOPOE KOJTUYECTBO raza 3aHUMAET
00béM 142 M. Haiitu, kakoit 00b€M 3aitmeT 370 ke konmndecTBo Traza npu 0 “C u naBnenuun 102,33 xIla.

3apaua 16. IIpu 20 C u naBnenun 89,3 klla (745 MM pT.CT.) HEKOTOPOE KOJIMYECTBO Ta3a 3aHUMAET
00béM 152 M. Haiitu, kakoit 00bEM 3aitmeT 310 ke konuuecTBO raza npu 0 “C u ganenuu 101,33 xIla.

Kputepuu oneHuBanus:

- omeHKa «5» (OTJMYHO) BBICTABIAETCS MPU TOJTHOM BBIIOJHEHUH pPAOOT, OTCYTCTBUU OLIMOOK,
rpaMOTHOI'0 TEKCTa, HAJIMYKUA BBIBOJOB;

- omeHKa «4» (XOpOIlNO) BBHICTABISAETCS TMPU BBIIOJIHEHUH Bcero oObeMa paboT W HATUYHH
HECYHICCTBCHHBIX OHII/I6OK, KOTOPBIC HE OKAa3aJIM BJIMAHHA Ha OKOHYATEIILHBIN PE3YIbTAT,

- oueHka «3» (yI10BJIETBOPUTEIbHO) BBICTABISETCS MPU HEMOJHOM BBIMIOJIHEHUH BCEX 3a/JaHUN, TPH
HaJINYNU OI]_II/I6OK, KOTOPBIC HE OKa3aJIM CYIICCTBCHHOI'O BIIUSAHUA HAa OKOHYATEILHEIN pE3YIbTAT,

- OLEeHKA «2» (HeyI0BJIETBOPUTEIbHO) BBICTABISIETCS, €CJIM JOMYIICHB MPUHIUIHAIBHBIE ONIMOKH,
paboTa BBITTOTHEHA KpaitHe HeOpeKHO, 0e3 COOTI0ICHHUSI CPOKOB C/TIauH.



IIpakTnyeckas padora NeS
Onpenesnenue paBHOBecHs KHAKOCTh-TIAP B KUAKHUX JBOHHBIX CHCTeMax
Ienb: HaAyYUTHCA ONpee/siTh paBHOBeCHE KUAKOCTb-NIAP B KUJAKHX JBOHHBIX CHCTEMaxX
Teopernueckasi 4acTb

Ecnu pactBop 00pa3oBaH U3 JBYX JIETyYHX, HEOTPAHUUYEHHO PACTBOPHMBIX JIPYT B ApPYyre *KHUIKOCTEH, TO
nap, HaxoJSUINICS B PAaBHOBECUU C KUAKUM PAacTBOpoM, OyAeT coaepkarh o0a KOMIIOHEHTa. B obmeM ciydae
COCTaB I1apa OTJIMYAETCSI OT COCTaBa XHJKOTO pacTBOpa, U3 KOTOPOro OH moiyyeH. [Ipyu HEBBICOKMX IaBIEHUSIX
rap MOXHO paccMaTpuBaTh Kak CMECh MeallbHbIX ra3oB. Eciu map moguuHsieTcs 3aKOHaM H€albHBIX T'a30B U
HAXOJIUTCS] B PAaBHOBECHH C HJI€ATBHBIM PACTBOPOM, TO COCTaB IMAapPOBO (ha3bl JIETKO HAWTH, 3HASI COCTAB JKUIAKON
¢dazpl. CornacHo 3akoHy JlanbToHa oOlmiee naaBieHHE IMapa HaJ HWICAIBHBIM pPAacTBOPOM pPAaBHO CyMMe
NapLHUAIBHBIX 1aBJIEHUH 11apa KOMIIOHEHTOB:

P," =TP[P :Pe" =X-':=:-'.—r:-]

Bo BceM wuHTEpBasie KOHILEHTpALMHA HACAIBHOTO >KHIAKOTO PpAacTBOpa PAaCTBOPUTENb U PACTBOPEHHOE
BEIIECTBO MOIYMHSIOTCS 3aKkoHy Pays:

P.' = R- X.’ 3
Jlist GurapHOTO pacTBopa, ucxost u3 (9) u (10),

e o PiXy,

. 2 . Xl waz

OTCIOJIa TIOCTIE HEKOTOPBIX MPE00pa30BaHUN UMEEM
‘x| P X 'i
RX:,I“ 1\ :,I,:
(12)

W3 ypaBHenus (12) cienyer, 4To TOJIBKO MPHU PABEHCTBE JABJICHUHN Mapa HaJ YUCTHIMH KOMIIOHEHTaMH )
COCTaB I1apa OJMHAKOB C COCTAaBOM JKUIKOTO pPacTBOPa, U3 KOTOPOrO OH IOJIydeH. Bo Bcex OCTalbHBIX Clydasx,
Jake JJi ujeallbHbIX PacCTBOPOB, COCTaB Mapa OTJIMYAETCS OT COCTaBa MCXOJIHOTO pacTBOpA.

Cpenu peanbHO CYIIECTBYIOLIMX PAacTBOPOB MMEETCS MHOT'O TaKUX CHCTEM, Ul KOTOpBIX ypaBHeHHe (12)
MIO3BOJISIET PACCYUTATh COCTAB Mapa 3aJaHHOM COCTaBe >KUJIKOI'O PAcTBOPA.

Ha npaxTuke yaiie HNpuUXOAMUTCS BCTPEUaThCs C HEHMJICAIbHBIMU PAaCTBOpPaMM, KOTOpPblE HE MOAUYMHSIOTCS
3akoHy Payns. B aTux ciydasx coctaB mapa ompenensieTcs ONBITHBIM IyTeM. [ u3ydeHus paBHOBECHS Hap--
KHUJIKUN pacTBOP MPUMEHSIOT /IBa THIIA AUArPAaMM COCTOSIHHSL:

JMarpaMMbl JaBjieHHe mapa -- coctas (7 -- CONSt)

AuarpaMMbl TeMIIepaTypa KHIleHus - coctas (P - const)

Ha mnpaxTtuke ans u3ydeHus paBHOBECHSI Map - SKUIKUA pacTBOp, Yalle HCIOJb3YIOTCS JUarpaMMbl
TeMmIepaTypa--cocTaB (JuarpaMMbl KHIleHUs). PeanbHble pacTBOPHI CO 3HAYMTEIBHBIM TMOJOXKHUTEIbHBIM HIIH
OTpHULATENIbHBIM OTKJIOHEHHEM OT MJICATbHOCTH CIOCOOHBI OOPa30BBIBATH A3€0TPONHBIE CMECH (a3€0TpPOIIbI),
KOTOpblE Ha JuarpaMmax COCTOSIHUSA. A3E0TpPONHBIE CMECH -- 3TO PpPaCTBOPBI, IPU HCHAPEHUU KOTOPBIX
MOJIy4aeTcs map TOTO K€ COCTaBa, YTO M UCXOJHAs KUAKAs CMECh. A3€OTPOIHbBIE CMECH--YCIIOBHO NHBAPUAHTHbBIE
cuctembl (Cyep = 2 -- 2 = 0). B peapHbIX pacTBOpax a3e0TPONHAs CMECh MMEET CaMyl0 HHM3KYIO MM CaMylo
BBICOKYIO TemriepaTypy kumneHus. [Ipy u3MeHeHHH BHEIIHEro NaBJIEHUS M3MEHSIETCS HE TOJbKO TeMmIiepaTrypa
KMIIEHHS, HO M COCTaB a3€0TPOIIHOIO pacTBOpa. JTO yKa3bplBaeT HA TO, YTO a3€OTPONHAsI CMECh HE SBISIETCA
XUMHUYECKUM coequHeHueM. Kak /Ui mieanbHbIX, Tak U JJsl pealbHBIX PacTBOPOB CIPABEIJIMB NEPBBIA 3aKOH
I'n66ca--KoHoBasnoBa: map mo CpaBHEHHIO C XHJIKHUM PAacTBOPOM, M3 KOTOPOTO OH IOJIyYeH, IPU PABHOBECHU
Ooraue TeM KOMIIOHEHTOM, IpuOaBiIeHHe KOTOPOTo K pacTBOPY MPUBOAUT K MOHUKEHHUIO TEMIEPATYPbl KUIIEHUS
pacTBopa MpH 3aJaHHOM BHELIHEM JABJICHUM WM K MOBBIIICHUIO JaBJIEHHs Mapa HaJ pacTBOpoM. B cucremax c
a3e0TPONHBIMU CMECSIMH J100aBlIEHHE K pacTBOpy OoJiee JIETydero KOMIIOHEHTa He BCerja NpPUBOAMUT K
MOBBIIICHUIO JIaBJICHUS MTapa HaJl pacTBOPOM, T.€. K IIOHIKEHHIO TEeMIIEpaTyphbl KUIIEHUs pacTBopa. /s peanbHbIX
pPacTBOPOB € a3€0TPONHBIMU CMECSIMH CIPaBEAJIUB Takxke BTOpOH 3akoH ['mGOca--KoHoBaoBa: B a3e0TPONHBIX
CMECSIX, COCTaBbl XHUJIKOCTH W Tapa COBMANAIOT. A3COTPONHbIE CMECH 00pa3yloTcs He TOJBKO B CHCTEMax CO



3HAUYUTENIbHBIMU OTKJIOHEHHMSIMU OT 3aKoHa Payis, HO U B cuCT€Max ¢ HE3HAUUTEIbHBIMU OTKJIOHEHUSIMU, KOTAa
KOMITOHEHTBI PAacTBOpa MMEIOT OJIM3KHE TeMmrepaTypbl KUIEHHS, T.. MMOYTH OJMHAKOBBIC JAaBJICHUS Mapa Hal
YUCTHIMH KOMIIOHEHTaMU. B 3TOM cilydae Ha AuarpaMMe COCTOSIHUS MTOSIBIISIETCS SKCTPEMYM, JICKAIIUN B CpeTHEn
yacTu auarpaMMbl. Yem Ooibliie pa3inuyue Mexay U , TeM OOJIblle MOJI0XKEHHE IKCTPEMyMa CABUHYTO B CTOPOHY
OJTHOTO W3 KOMITOHCHTOB CHCTEMBI: MPH MaKCHUMyMe Ha KPHWBOW JaBIICHUS Mapa B CTOPOHY OoJiee JIeTydero
KOMITOHEHTa, IIPU MUHUMYME -- B CTOPOHY MEHEee JIETy4ero KOMIOHEHTA.

33}13]—]1/[6: Pemmth 3ala4yi Ha ONpCACJICHUC PABHOBCCUC KUJAKOCTBH-IIAP B KUIAKUX ,[[BOﬁHBIX CHUCTEMAX

Ipumep. PaccuuraiiTe CTAHAAPTHYIO SJHTAJBINIO U CTAHAAPTHYIO SHTPONMIO XUMHYECKOM peaKkIum.
Fe203 w0 T 3H, = ZFG(K) + 3H20(r)

Pemrenue.

AHy s = ZH° KoH — ZH° uex KK/ MO

I/ICHOJ'IBBY}I CIIPABOYHBIC JAHHBIC CTAHAAPTHBIX IHTAJIBIUNI BCIICCTB, HAXOJUM:

AHy = 2 AH k43 AH  po— AH kep03 — 3-AH o= 20 + 3+(- 241,82) — (-822,16) — 3-0 = 96,7 kJI/M01b

AS =28 con — ESC uex o/ (M01B- K)

I/ICHOHBSY}I CIIPAaBOYHBIC JAHHBIC CTAHAAPTHBIX 3HTp0HI/II71 BCIICCTB, HAXOJUM:
A8y = 248 + 3-48% 20— A rer03 — 3+ A% = 227,15 + 3-188,7 — 89,96 — 3-131 = 137,44 JIx/(mons-K)

AG =AH — TAS= 96,7 — 298 -137,44 /1000 = 55,75 xJ>x/mMonb

IMpu T=298°K, AG > 0 — peakuusi HEC WUICT CaMOIPOMU3BOJIBHO, T.e. peakmus OyIeT MPOTeKaTh B OOpaTHOM
HaIlpaBJICHUU.
Urobbl  paccuuTaTh ~ TEMIlEpaTypy, IpU KOTOpPOH  pPaBHOBEPOATHbI 00a  HampaBiICHUs  PEaKLMH,
Ha10 4G NpupaBHATH K HYJIIO:
AG =AH - TAS =0, torna

=— (UG -4H) / 4S= — (0-96,7)/0,137 = 705,83 K
ITpu T = 705,83 K peakuus OyJaeT UITH paBHOBEPOSATHO KaK B IPSIMOM Tak U B 0OpaTHOM HalpaBICHHH.

3agauya 1. PaccunraiiTe CTAHIAPTHYIO SHTAJIBIIHIO M CTAHAAPTHYIO JHTPOIHIO XUMUYECKON peaKiuu.
Na,COs;+ SiO; =

3anaua 2. PaccunTaiiTe CTAHIAPTHYIO SHTAJIBIIHIO U CTAHAAPTHYIO JHTPONMI0O XUMMHYECKOI peaKkIuH.
Na,O + SO, =

3amaua 3. PaccunTaiiTe CTAHAAPTHYIO JHTAJIBLITMIO M CTAHAAPTHYIO SHTPOIMIO XUMHYECKON PeaKiuH.
Al,O3+ SO3 =

3anaua 4. PaccunraiiTe CTAaHIAPTHYIO SJHTAJIBIIHIO U CTAHAAPTHYIO JHTPONMI0O XUMMHYECKOI peaKkIuH.
ZnS+ O; =

3agaya 5. PaccunTaiiTe CTAHAAPTHYIO JHTAJIBIHNIO M CTAHJAAPTHYIO JHTPOIHIO XUMHYECKOI peaKkuM.
Mg+ CO, =



3agaua 6. PaccunTaiiTe CTAHIAPTHYIO SHTAJILINIO U CTAHJAPTHYIO JHTPONUIO XHMUYECKOI PeaKiuu.
B,O; + Mg =

3anauya 7. PaccuuraiiTe CTAHAAPTHYIO SHTAJBIMIO U CTAHAAPTHYIO SHTPONMIO XUMHYECKOM peaKkIum.
SiO, + Mg =

33}13‘13 8. Paccuuraiite CTAHAAPTHYIO SJHTAJBIIHIK0 U CTAHAAPTHYI0 SHTPOIIHUIO XHMMHYeCKOii pPeakuuu.
ZnO + C =

3angaua 9. PaccuuraiiTe CTAHAAPTHYIO SHTAJBINIO U CTAHAAPTHYIO SHTPONMIO XUMHYECKOM peaKkIum.
NH3;+ O, =

33}13‘13 10. PaccumTaiite CTAHAAPTHYIO SGHTAJIBIIUI0O U CTAHAAPTHYI0 SHTPOIIUIO XMMHYeCKOii peakuuu.
H,O + CO =

3anauya 11. PaccunraiiTe CTAHAAPTHYIO SHTAJBIMIO U CTAHAAPTHYIO SJHTPONMIO XMMHUYECKON peaKkium.
CO; +C =

3agaya 12. PaccunraiiTe CTAHAAPTHYIO SHTAIBINIO U CTAHJAPTHYIO SHTPONMUIO XHMHYECKOM PeaKinu.
H,S +0O, =

3anaua 13. PaccuuraiiTe CTAHAAPTHYIO SHTAJIBIINIO U CTAHJIAPTHYIO SJHTPONHMI0 XUMHYECKOH peaKkumu.
Hy, +O; =

3agaua 14. PaccunTaiiTe CTAHIAPTHYIO SJHTAJIBIIMIO H CTAHJAAPTHYIO SHTPONMI0 XUMHUYECKOH peaKIuu.
NH; + HCI =

3anaua 15. PaccuuraiiTe CTAHAAPTHYIO SHTAJIBIINIO U CTAHJIAPTHYIO SHTPONHMIO XUMHYECKOH peaKkumu.
SO, + H,S =

3agaua 16. PaccunTaiiTe CTAaHIAPTHYIO SJHTAJBIMIO H CTAHJAAPTHYIO SHTPONMI0 XUMHUYECKOH peakIuu.
NH; + O, =

3agaya 17. PaccunTaiiTe CTAHIAPTHYIO SJHTAJIBIIMIO H CTAHJAAPTHYIO SJHTPONHMIO XHMHYECKOH pPeaKIuu.
C12H201 + O, =

3anaua 18. PaccunTaiiTe CTAaHAAPTHYIO JHTAJIBIHIO U CTAHJIAPTHYIO SHTPOIMIO XMMHYECKOIi peaKIuu.
NaH + H,O =

3agaua 19. PaccunTaiiTe CTAHIAPTHYIO SJHTAJBIINIO M CTAHIAPTHYIO JHTPONNI0O XUMHUYECKOH peaKium.
CaO + H)O =

3agaua 20. PaccunTaiiTe CTAHAAPTHYIO FJHTAJIBLINIO U CTAHIAPTHYIO YHTPONMUIO XHMHYECKOI peaKinm.
Na,COs;+ SiO; =

3anava 21. PaccuuraiiTe CTAHAAPTHYIO JHTAJIBIINIO U CTAHJIAPTHYIO JHTPOIIMIO XUMHYECKOH peaKkuMu.
Na,O + SiO, =

3agaua 22. PaccunraiiTe CTAHAAPTHYIO SJHTAIBLITNIO H CTAHIAPTHYIO YHTPONMUIO XHMHYECKO peaKinm.
Al,O3+ SOz =

3agauya 23. PaccunTaiiTe CTAHIAPTHYIO SJHTAJIBIINIO H CTAHJAAPTHYIO SJHTPONHMI0 XHMHYECKOH peaKIuu.
ZnS+ O; =
3agaua 24. PaccunTaiiTe CTAHIAPTHYIO SJHTAJIBIINIO H CTAHJAAPTHYIO SJHTPONMI0 XUMHUYECKOH peaKIuu.



Mg+ CO, =

33}13‘13 25. Paccuurtaiite CTAHAAPTHYHO SJHTAJIBIIUI0 U CTAHAAPTHYIO SHTPOIINIO XHMHYeCKOM peakuuu.
B,O; + Mg =

3agaua 26. PaccunraiiTe CTAHAAPTHYIO JHTAJBIMIO U CTAHAAPTHYIO SJHTPONMIO XMMHUYECKON peaKkium.
SiO; + Mg =

32}13‘13 27. Paccuuraiite CTAHAAPTHYIO SGHTAJIBIIUI0O U CTAHAAPTHYI0 SHTPOIIUIO XMMHYeCKOii peakuuu.
ZnO + C =

3anaua 28. PaccunTaiiTe CTAHAAPTHYIO JHTAJBIMIO U CTAHAAPTHYIO SJHTPONMIO XMMHUYECKON peaKkium.
NH4 + 02 =

33}13‘13 29. Paccuuraiite CTAHAAPTHYIO SJHTAJIBIIUI0O U CTAHAAPTHYI0 SHTPOIIUIO XMMHYeCKOii peakuuu.
H,O + CO =

3agaua 30. PaccunTaiiTe CTAHIAPTHYIO SJHTAJIBINIO U CTAHJIAPTHYIO SJHTPONMI0 XUMUYECKOH peakiuu.
CO; +C =

3alla‘{a 31. Paccuuraiite CTAHAAPTHYIO SJHTAJIBIIUNIO KU CTAHAAPTHYIO SHTPOIIUIO XHUMHYECKOM pe€akuuu.
H,S +0O, =

3amaua 32. PaccunTaiiTe CTAHAAPTHYIO SHTAIBINIO M CTAHAAPTHYIO SHTPONNIO XHMHUYECKOil PeaKIiH.
H, +0O; =

3agaua 33. PaccunTaiiTe CTAHIAPTHYIO SHTAJIBIINIO H CTAHJAAPTHYIO SJHTPONMI0 XUMHUYECKOH peaKIuu.
NH; + HCI =

3agaua 34. PaccunTaiiTe CTAaHAAPTHYIO SJHTAIBIIMIO H CTAHAAPTHYIO SJHTPONKIO XHMHUYECKON PeaKuH.
SO, + H,S =

3agaua 35. PaccunTaiiTe CTAHIAPTHYIO SJHTAJIBIIMIO U CTAHJAAPTHYIO SJHTPONHMI0 XUMHUYECKOH peaKIuH.

NH; + O, =
Kpurepuu onenuBanus:
- OmeHKa «5» (0TJIMYHO) BBICTABISAETCS NPU IOJHOM BBINOJIHEHUH PabOT, OTCYTCTBUHM OLIMOOK,
rpaMOTHOI'0 TECKCTA, HAJIMYKUA BBIBOOOB;
- omeHKa «4» (X0pouo) BBHICTABISAETCA MPH BBHINOJHEHHMM BCEro oObeMa pabOT W  HaIUYUH
HECYHICCTBCHHBIX OHII/I6OK, KOTOPLIC HE OKa3aJIh BJIWAHUA HA OKOHYATEIbHBIN PE3YIbTAaT,
- oneHKa «3» (YI10BJ1eTBOPUTEJIbHO) BHICTABISETCS IPU HEMOJHOM BBINOJIHEHUH BCEX 3a/JaHuil, Mmpu
HaIm4Ynuu OIIII/I6OK, KOTOPBIC HE OKa3aJIM CYIIECCTBCHHOT'O BIIMSAHUA HA OKOHYATEIbHBIN pE3YIbTAT,
- OleHKAa «2» (HeyI0BJIETBOPHUTEIbHO) BBICTABIIAETCS, €CIM JOMYLICHbl MPUHLUUIHAIbHBIE OIINOKH,
paboTa BBITTOJTHEHA KpaitHe HeOpexxHO, 0e3 COOMI0CHUSI CPOKOB C/IauH.

IIpakTHyeckas padora Ne6

Onpenenenne IC OKHCIUTEIBLHO-BOCCTAHOBUTEIBLHBIX HeNel. Bblunciaenne 0KHCIUTEIbHO-
BOCCTAHOBHMTEJIbHOI0 MOTEHMAJIA CHCTEMBbI.

He.m,: HAYYUTBCA  OIPCACIIATH 3[[(: OKHUCIINTEIIbHO-BOCCTAHOBUTEIIBHBIX Ilele. BBIUMCIITH
OKHCIHUTCIBHO-BOCCTAHOBHUTCIILPHOI'O MOTCHIIMAaJIa CUCTEMBI.

Teoperuyeckas 4acTb
OKHUCINUTEIIPHO — BOCCTAaHOBUTEIILHBIN MNOTCHHOUAI ABJICTCSA YACTHBIM, Y3KHM CJIy4YacM IIOHATHA
QJICKTPOAHOTO IMOTCHIIMATIA. PaCCMOTpI/IM HOI[pO6H€€ O9THU IIOHATHA.



B OBP nepenaua 351€eKTPOHOB BOCCTAHOBUTENAMHM OKHMCJIHUTEISIM [IPOMCXOAUT IPU HEMOCPEICTBEHHOM
KOHTAKTE YaCTHUIl, U SHEPTUsi XUMUYECKOI peakluy NepexoIuT B TEIJIOTY.

Ouneprust mo6oit OBP, mnporekatomeld B pacTBOpE MEKTPOJIMTA, MOXKET ObITh IpeBpalieHa B
JNEKTPUYECKYI0 HOHEPrUui0, €CIIM, HalpuMep, OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIE IIPOLECCH  Pa3ACiIUTh
MPOCTPAHCTBEHHO, T.€. epe/laya JJIEKTPOHOB BOCCTAHOBUTENIEM OyAeT NPOHMCXOIWTH 4Yepe3 IPOBOIAHUK
3JEKTPUYECTBA.

OTO0 peaii30BaHO B rajlbBaHUYECKHUX JIEMEHTAX, IJ€ 3JIEKTPUUECKas SHEPrusl MOodydaeTcs U3 XUMHUYECKON
SHEPIUH OKHMCIIUTEIbHO-BOCCTAHOBUTEIIBHON PEAKIINH.

duemenT Janmdas-Axodu

PaccmoTpuM rajgbBannyecknii 3jieMeHT Janmsas-SAko0u, B KOTOPOM JIEBBII COCY] HAMOJHEH PaCTBOPOM
cynbdara muHKa ZnSOy, ¢ OMYIIEHHONH B HETO IIMHKOBOH IJIACTUHKOM, a MpaBblii COCYJ] — PaCTBOPOM Cyibdarta
Menu CuSQOy, ¢ ONYIIEHHBIM B HET'O METHOM MJIACTUHKOM.

rajbBaHUYCCKHM dnemMeHT [lanusms-Skoou

B3aumopneiicrBue MeXy pacTBOPOM U IUIACTUHOM, KOTOpas BBICTYNAET B KayecTBE JJIEKTPOAA,
CIIOCOOCTBYET TOMY, YTOOBI SJIEKTPO IPUOOPET SICKTPUIESCKUN 3apsil.

Bo3nukaromas Ha TpaHUIIEe METaJI-pPacTBOP 3JIEKTPOJINTA Pa3HOCTH MIOTEHI[MAJIOB,
HA3bIBAETCS JIEKTPOAHBIM NMOTEHUMAJIOM. 3HAUEHNE U 3HAK (+ WIH -) 3JIEKTPOAHOrO MOTEHIIMAJIA OIPEAEIISIFOTCS
MIPUPOJIOI pacTBOpa M HAXOAUIErOCs B HEM METaJlja.

[Ipu morpyxeHuu METalIOB B PacTBOPhI MX coJieil 0osiee akTHMBHBIe U3 HUX (Zn, Fe u np.) 3apspkatorces
OTpHUIIaTeNbHO, 2 MeHee akTUBHbIe (Cu, Ag, Au U JIp.) NOJIOKUTEIHHO.

Pesynbrarom coeauHEHHs LUHKOBOM M MEIHOM IUIACTUHKM IPOBOAHMKOM JJIEKTPUYECTBA, SIBISIETCA
BO3HUKHOBEHHE B LIENH JIEKTPUYECKOIO TOKA 3a CUET MEPETEKAaHUSI JIEKTPOHOB C IUHKOBOM K MEAHOM IJIACTUHKE
10 IPOBOJTHUKY.

[Ipu 5TOM MPOUCXOIUT YMEHBUIEHUE KOJIUYECTBA JIEKTPOHOB B IIUHKE, YTO KOMIIEHCUPYETCS MEPEX010M
Zn*" B pacTBOp T.€. MPOUCXOJUT PACTBOPEHUE LIMHKOBOIO 3JIEKTPOIa — aHOAA (Mpouecc OKMCIeHHs]).

Zn—2e =2zZn*

B cBoro ouepenb, pOCT KOJMYECTBA AIEKTPOHOB B MEIU KOMIIEHCUPYETCS DPa3psKEHHUEM HOHOB MEJH,
coJiepKallluXcs B PacTBOpE, YTO NMPUBOAUT K HAKOIUICHHIO MEIM Ha MEIHOM 3JIEKTpojAe — KaToae (mpouecc
BOCCTAHOBJIEHHUS):

Cu®*+2e~=Cu
Takum 06pazom, B anieMenTe [Januasa-SkoOu MpoUCXOAUT TaKask PeaKius:
Zn + Cu* = zn** + Cu
Zn + CuSO4 = ZnSO4 + Cu

KonnuectBeHHO 0XapaKTEepU30BATh OKUCINTEIbHO-BOCCTAHOBHUTEIbHBbIE ITPOLIECCHI
MIO3BOJISIIOT 3JIEKTPOIHbIE NMOTEHIHAJIbI, U3MEpEHHbIE OTHOCHUTEIILHO HOPMaJIbHOT'O BOJOPOHOI0
3J1eKTPOo/A (ero MOTEeHIIUAJ MPUHSAT PAaBHBIM HYIIIO).

UToObl ONpEeNennuTs Cmandapmusle 31€KmpPOoOHble NOMEHUUAIbl NCTIONb3YIOT JJIEMEHT, OIHUM U3
ANEKTPOJOB KOTOPOTO SIBISETCS HUCHBITYEeMbId MeTamn (WIM HeMeTal), a APYTUM SIBISETCS BOJOPOIHBIN
anekTpol. Ilo HalieHHOW pa3HOCTH MOTEHIMAJIOB Ha IOJIFOCAX 2JEMEHTA ONPENEIAI0OT HOPMAIbHBIM MOTEHIIMAI
HCCIEAYEMOro MeTaslia.

OKHCINTEJIBbHO-BOCCTAHOBUTEJIbHbIN MOTEHIIUAT

3HaueHUsAMU OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHOTO NOTEHIMaa MIOJIB3YIOTCS B ciydae
HE0OXOIMMOCTH ONpe/eeHUs] HANIPABJIeHUS POTEeKAHUS PeaKINU B BOJHBIX WK APYTUX PaCTBOpax.

IIpoBenem peaxiuio

2Fe® + 217 = 2Fe”" + 1,

TakuM 00pa3oM, 4TOObI HOAWI-MOHBI M HOHBI Kelle3a 00MEHMBAJIUCH CBOMMM 3JIEKTPOHAMM 4epe3
NPOBO/JHMK.

B cocyms, comepxamme —pactBophl  Fe*'m I,  momecTuM umepmmsie (IIATHHOBBIE VI
YTOJIbHBIE) 91eKMpoO0bl U 3aMKHEM BHYTPEHHIOIO U BHEIIIHIOIO 11eTb. B 11enu BO3HUKAET 3JIeKTPUUECKU TOK.

Moaun-HoHbl OTHAIOT CBOM OJIIEKTPOHBI, KOTOphIE OYIyT MepeTekaTh 110 NPOBOJIHHKY K HHEPTHOMY
SIIEKTPOLY, TIOTpyKeHHOMY B pacTBop comn Fe®':

2 —2e =1,
2Fe>" + 2¢— = 2Fe**

[Ipouieccyl OKUCIEHUA-BOCCTAHOBICHUS MPOUCXOAAT y MOBEPXHOCTH MHEPTHBIX 3JeKTpoaoB. [loTenuunan,
KOTOpBI BO3HMKAET Ha TIpaHMIE HWHEPTHBIM DJJIEKTPOJ — pacTBOpP M COJIEPKUT KaK OKHCIEHHYI, TaK


http://zadachi-po-khimii.ru/obshaya-himiya/rastvory-elektrolitov.html
http://zadachi-po-khimii.ru/obshaya-himiya/okislitelno-vosstanovitelnye-reakcii
http://zadachi-po-khimii.ru/obshaya-himiya/osnovnie-ponyatiya-i-zakoni-himii/osnovnie-ponjatiya-i-zakoni-himii.html

BOCCTAaHOBJICHHYI0O  (opMy  BeIecTBa, HA3bIBACTCS PABHOBECHBIM OKUCIMTEIHLHO-BOCCTAHOBUTEIBLHBIM
NMOTEHI[HAJIOM.
DaKTOpPHI, BJAUAIOIINE HA 3HAYEeHHE OKHCIUTETbHO-BOCCTAHOBUTEIHHOTO MOTEHNAJIA

3HaueHue OKUCIUTEIbHO-BOCCTAHOBUTEIHLHOTO MOTEHIIMATa 3aBUCUT OT MHOTHX ()aKTOPOB, B TOM YHUCIIE U
TaKHUX KakK:

1) Illpupoaa BemecTBa (OKUCIUTEIISA K BOCCTAHOBHUTEIIS)

2) KoHneHTpamusi OKMCJIEHHOI 1 BOCCTAHOBJIEHHOH (opM.

[Ipu temneparype 25°C u naBieHuu | aTM. BEJIMYMHY OKHUCIMTEILHO-BOCCTAHOBUTEIBHOIO MOTEHIIMAIIA
PaCCUUTHIBAIOT C TTOMOIIBI0 ypaBHeHus1 HepHera:

E = E°+ (RT/nF)IN(C,i/Cyoc), TiE

E — oxucanTensHO-BOCCTAHOBUTEIBHBINA MOTCHIIUAT JAHHOU MapPhI;

E°- cranmaptHbiii noreniuan (u3mepennsiii npu C,, = Cgoc);

R — razoBas nocrosinnas (R = 8,314 Jx);

T — aGcomoTHas Temmeparypa, K

N — KOJHMYECTBO OTJIABAEMBIX WM TIOJYy4aeMbIX JJICKTPOHOB B OKHCIHUTEIHLHO-BOCCTAHOBHUTEIHHOM
MpOoLIECCE;

F — mocrostarast @apanes (F = 96484,56 Ki/mons);

Cox — KOHIICHTpaIHsl (AKTUBHOCTH) OKMCIICHHOU (DOPMBI;

Croc— KOHIIEHTpAIUS (AKTUBHOCTH) BOCCTAHOBICHHON ()OPMBI.

[loxcraBnsiss B ypaBHEHHME U3BECTHbIE MaHHbIE M TEPEeUIs K JAECATUYHOMY Jorapudmy, MOIyIUM
CHEAYIOUIMI BUJ YPABHEHUS:

E = E° + (0,059/n)Ig(Cy/Csoc)

ITpu C, > Cype, E > E°u HAOOOpOT, ecitut C, < Cyp, TO E < E°

3) KucaorHoctnh pacTrBopa

Jlnst map, oxmcieHHasw GopMa KOTOPBIX COZEPKHT Khciaopos (Hampumep, Cr,07%, CrO4~, MnO; ) mpu
yMeHbllleHuu pH pacTBopa OKHCIUTENIbHO-BOCCTAHOBUTENBHBIN MOTEHIIMAT BO3PACTAET, T.€. MOTEHIIMA PACTET C
pocrom H'. Y Ha060pOT, OKHCINTETHHO-BOCCTAHOBUTEIBHBII TIOTEHINAN MAAeT ¢ yMeHbIIeHneM H' .

4) Temnepatypa

[Ipn yBenmuYeHHH TEeMIIEpaTyphl OKHUCIUTEILHO-BOCCTAHOBUTEIBHBIM TIOTEHIIMAT JaHHOW Taphl TaKXKe
pacrer.

CraHgapTHBIC OKUCIIATEIHHO-BOCCTAHOBUTEIBHBIC IMOTCHIMABI MTPEICTABICHB B TA0JIMIIAX CIICIIHATBHBIX
crpaBoYHUKOB. CreayeT WMeTh BBHUIY, YTO PAacCMaTPHUBAIOTCS TOJBKO pPEaKkIMM B BOJHBIX pacTBOpax MpH
temneparype = 25°C.

3ananue: Pemute 3amaun Ha Onpenenenue 3/C OKUCIUTETFHO-BOCCTAHOBUTENIBHBIX IICTICH.
Brruncinenne OKUCIUTEIBHO-BOCCTAHOBUTEIBLHOTO ITOTEHIIUAIA CUCTEMBI.

3anaya 1. BeluncauTe KOJIMYECTBO TEMIIOTHI, KOTOPas BBIAENAETCS IpU cropanuu 1,12 i srana (H. y.).
CH4(F) + 202(0 T +2610 x/Ix

3agaua 2. Bplunciure KOJIMYECTBO TEIUIOTHI, KOTOpas BBIAENSETCS NpU cropaHuu 1 r rpadura 10
YIJIEKUCIIOTO Ta3a (IIPHU CTaHAAPTHBIX YCIOBUSIX) BBLIEIHIOCH 32,8 KK TEIUIOTHI.
C (pagum) + Oa() =

3agaua 3. Kakoe KOJTMYECTBO TEIUIOTHI BBIJICIUTCA MTPH TrallleHny | KT OKCUAA Kaublus (TeTI0BON
s ekt peakiuu paBeH —369,1 kJ>x/Moub).
CaO + H,0 =

3agaua 4. Kakoe KOJIMUYECTBO TEIJIOTHI BBIJACIUTCS MPHU CropaHuu 2 T rpaduTa 10 YIIIEKHCIOro rasa
(cTaHAapTHBIX YCIIOBUS) BBIICITHIOCH 65,6 KJ)K TEIIOTHI.
C (rpagur) + Ozr) =

3amaua 5. BeluncauTe KOJIMYECTBO TEIIIOTHI, KOTOPas BBIAENAETCS U cropanuu 1,12 nstana (1. y.).
CH4(F) + 202@ el +2610 x/Ix



3agaya 6. Beruncinre KOJIMYECTBO TEIUIOTHI, KOTOPas BBIAEISAETCS IPU cropaHuu 2,24 1 aMMuaka (H. y.).

NH3+ Oz =...cveenee.. £ 635,0 Ik

3agava 7. BeraucnuTe KOJIMYECTBO TEIUIOTHI, KOTOpas BhIEIAETCS Mpu cropanuu 1,121 cepoBogopona (H.
y.)-

HS + 0y =.eiiiinnnnnn.. £293,6 x/Ix

3anava 8. BerunciauTe KOIMYECTBO TEIJIOTHI, KOTOPas BBIACISACTCS MpU cropanuu 2,24 1 Bogopoaa (H. y.).

Hy + 02 =.iiceiiiniennnnn.. 3483 k]I

3apaua 9. BerunciauTe KOJIMYECTBO TEIJIOTHI, KOTOpas BhIAEseTCs npu cropanuu 1,12 1 ammuaka (H. y.).

NH; + O; =.iiiieniiennn +128,6 ¥/

3agavya 10. Beraucnure KOJUYECTBO TEIUIOTHI, KOTOpask BBIACISICTCS TIPH cropaHuu 2,24 1 caxapo3bl  (H.
y.)-

CioH2»011 + O =iiiiiiiiniiennnnn.. + 484 xJIx

3agaua 11. Kakoe KOIM4eCTBO TEIIOTHI BBIIEIUTCS MPHU CropaHuu 4 r rpadura A0 YIIEKUCIOro rasa
(cTaHmapTHBIX YCIIOBUSI) BBIAETHIIOCH 65,6 K/ TEmIOTHI

C (rpagur) T Oy =

3agaua 12. Kakoe KOIMYeCTBO TEIIOTHI BBIIEIUTCS MPHU CropaHuu 3 T rpaduTa A0 YIIEKUCIOro rasa
(cTaHmapTHBIX YCIIOBUSI) BBIAEITHIIOCH 65,6 K/ TEmIOTHI

C (rpagur) T Oy =

3agaua 13. BeraucianTe KOJIMYECTBO TEIJIOTHI, KOTOpask BbIAESAETCS IPU cropanuu 2,24 i staHa (H. y.).
CHyr) + 2000y = ceonininnnnn. + 802,9 xJIx

3agaua 14. Belunciure KOJIMYECTBO TEIJIOTHI, KOTOpas BBIAENSETCS MPH CropaHuu 2 T rpadura 1o
YIJIEKUCIIOTo ra3a (MpH CTaHAAPTHBIX YCIOBUSAX) BeIAENUIOCH 64,8 KK TErIOThI.
C (pagum) + O =

3agaua 15. Kakoe KOIMYECTBO TEIUIOTHI BBIAEIUTCS MPHU TalleHUMHM 2 KI' OKCUAA Kalblus (TErIoBON
s ekt peakiuu paBeH —369,1 kJ[>x/Moub).
CaO + H,0 =

3agaua 16. Kakoe KOIM4ECTBO TEIUIOTHI BBIJCIUTCS MPU CropaHuu 1T rpadura 10 YIVIEKHCIOro rasa
(cTaHIapTHBIX YCIIOBUS) BbIeNUiI0Ch 64,8 K/ TernoTs

C (rpagur) + O2r) =

3agauya 17. BeruncnuTe KOJIU4ECTBO TEIJIOTHI, KOTOpas BblAEsSeTCs npu cropanuu 1,12 i stana (H. y.).
CoHory + 2050y = v + 801,35 x/Ix

3angava 18. Boruncnure KOJIMYECTBO TEIUIOTHI, KOTOpask BbLAEsETCs MpH cropanuu 1,121 ammuaka (H.
y-)-
NH3+ Oy =..cevvvennee. +4,84 xJIx

3agaua 19. BeiuncnuTte KOJIUYECTBO TEIUIOTHI, KOTOPAas BbIAEIAETCS NpU cropanuu 2,241 cepoBoiopoaa
(1. y.).
HS + 0y =.iiiinvveenne.. 802,91k

3apaua 20. Boruncnure KoJIM4eCTBO TEIUIOTHI, KOTOpas BblAeNseTcs npu cropanuu 1,12 1 Bogopona (H.
y.).
Hy +O; = .iiiiiiiennnen. 39,9 kJIk.



3agaya 21. BeruncianTe KOIMYECTBO TEMIIOTHI, KOTOPask BBIAEIAETCS NIPU Cropanuu 2,24 1 amMuaka (H.y.).
NH; + Os =.ccevvvennnnn.. +195,5 xJIx

3agaya 22. Berunciute KOIMYECTBO TEIUIOTHI, KOTOpas BbIACISAETCA pu cropanuu 1,12 11 caxaposbl
(H.y.).
C1oH2011 + Og =uvvvererrvrnneeeennennns +207,6 xJx;

3agaua 23. Kakoe KOJIMYECTBO TEIJIOTHI BBIAEIUTCS MPU CTOPaHUU 5 T rpaduTta A0 YriIeKUCIoro rasa
(cTaHmapTHBIX YCIIOBUS) BBIAETHIOCH 68,4 K/[K TemIoThI
C (pagun) + Oy =

Kpurepun oueHuBanmsi:

- omeHKa «5» (OTJMYHO) BBICTABJISCTCS TPU TOJTHOM BBITOJHEHUH pPabOT, OTCYTCTBHH OINUOOK,
IPaMOTHOTO TEKCTa, HAJIMYHUS BHIBOJIOB;

- omeHKa «4» (XOpOINO) BBHICTABISACTCS TPU BBINOJHEHUH Bcero oObeMa paboT W  HAIWYHH
HECYIIECTBEHHBIX OIMUOOK, KOTOPBIC HE OKA3aJIM BIIMSHUS HA OKOHYATEIIbHBIN PEe3ysIbTaT;

- ouneHka «3» (YI0BJIETBOPUTEIbLHO) BBICTABISETCS TPU HEMOJHOM BBIMIOJIHEHUU BCEX 3aJaHUN, TPH
HAJIMYUH OMIHOOK, KOTOPBIC HE OKA3aJI CYIIECTBEHHOTO BIIMSHUS HA OKOHYATEIIbHBIA PE3yIIbTaT;

- OLEHKA «2» (HeyI0BJIETBOPUTEIbHO) BBICTABISICTCS, €CJIM JOIMYIICHBI MPUHIUITHAIBHBIC ONIMOKH,
paboTa BBITTOJTHEHA KpaiiHe HeOpeKHO, 0e3 COOII0ICHUS CPOKOB C/IauH.

Tepmoxumunyeckoe ypaBHeHME peakuun NoSHOro CropaHna aueTuaeHa:
2C;H; + 50,=4CO; + 2H,0 + 2610 x/Ix.

Brruncnure KoIM4eCcTBO TEMIOThI, KOTOpas BbIAEISIETCS pu cropanuu 1,12 i anetunena (H.
y.)-

9. 2C,H; + 50, — 4C0O; + 2H,0 + 2610 xJIx
Jins pelueHus 3a1a4M COCTaBUM MMPONOPLMIO:
[Tpu cropauuu 44,8 n C,H, (2 Mmons) — 2610 kX
[Tpu cropanuu 1,12 n C;H; — x ik
1,L12-2610
44,8

Orsert: 65,25 kJx.

=63,25 xJIx



IIpakTnueckas padora Ne7
Onpenenenue CKOPOCTH peaKIuH
Ieab: HAyYUTHCA ONpeesiTh CKOPOCTh PeaKIMH.
TeopeTuyeckas 4acTb

CKOpOCTh TOMOT'CHHOM PEaKIUU ¥ MOXKHO OIPEIENIUTh KaK W3MEHEHHE KOJHYECTBA BEIIECTBA MCXOIHOTO
peareHTa 3a eAMHUILY BpeMenu (T ) B enunuiie oorema (V):

E'? = h
ravar Vg, - 1,)
VYuuteBasg, uto A V/V = — Ac, e Ac=Cy—C; (C2<C1) — H3MEHEHHE KOHIICHTPALUU pearupyroLero
BELLECTBA, [10JIy4aeM HOBOE BhIpaXKCHUE:
Ac
BTG\-IGI‘ o AT -

CKOpOCTh TOMOTCHHOW PEaKIUU ONpEeIeNIeTCss W3MEHEHHEM KOHIICHTPAIIMH OJHOTO W3 pPearnpyrolnx
BEIIECTB B €IMHUILY BPEMEHHU.

CKOpOCTh peakiiu u3MepsieTcs B MOHL/(CM3°MHH) WU B MOJIB/(J1°C).

CKOpOCTb TeTepOreHHOM PeaKkIuy ONpeAeseTCs] H3MEHEHUEM KOJIMYEeCTBa BEIIeCTBA UCXOAHOTO peareHTa B
¢IMHUITY BPEMEHHU Ha CIMHUIIE TIOBEPXHOCTH S:

Av
rd; - —
TeTepar SAz

(I)aKTOpLI, BJIMAIOIIME HA CKOPOCTH XUMHYE€CKUX pealcum‘fl

Oco0enHocTH peakuui

[Ipupona pearupyrommx
BELIECTB

JI7151 TOMOT€HHBIX MPOIECCOB
CKOpPOCTb XUMHYECKOU pEaKLUU
3aBHCHUT OT KOHIICHTpallun
pearupyrouux BeIecTB

JIns1t BelecTB B TBEPAOM
COCTOSIHHM CKOPOCTb PEaKIIMU
MIPSIMO TIPOTTOPIIMOHATEHA
MOBEPXHOCTU COMPUKOCHOBEHUS
peareHTOB

IIpumepsl

Mertamnst (K, Na) ¢ Bogoii
pearupyroT ¢ pa3IuyHOM
CKOPOCTBIO

['openue BelecTBa B YUCTOM
KHCJIOPO/JIE aKTUBHEE, YEM B
BO3JIyX€

BemecTsa xene3o u cepa B
TBEP/IOM COCTOSIHUM PEArupyroT
JIOCTaTOYHO OBICTPO JIUIIIH B
M3MEIbYEHHOM BUJE U IIPU
nepeMenInBaHun

Teopernyeckoe 060CHOBaHHE

Atomel metaiioB K u Na otnaror
ANEKTPOHBI (OKHUCIISIOTCS) C pa3HOM
CKOPOCTHIO, T. K. Rk > Rna

(R — panmyc aroma)

YacroTa CTOIKHOBEHU MOJIEKYJT
pearupyromux BeuecTB 3aBUCUT
OT MX YHCIIa B €AUHUIIE 00HLEMA,
T. €. OT KOHLEHTpauu

[Tpu u3menpueHnn

U IIEPEMEITMBAHUU
YBEJIMYMUBAETCSA MOBEPXHOCTh
COIIPUKOCHOBEHHSI pEArupyrOLINX
BEILIECTB



[Tpu noBBILIEHUU TEMIIEPATYPbI
Ha Kaxpie 10° ckopocTh
OOJIBIITMHCTBA PEAKITHI
yBesnuuuBaeTcs B 2—4 pasza
npaBuio Bant-I'odda):

i el (E = £3710
o,z oyt

CKOpOCTh XMMHUUYECKOUN peakinu
3aBUCHUT OT NMPUCYTCTBUS
Kartajau3aTopa (Uiu
UHTHOUTOpA):

A+ K-+ AK,

AK+B — AB+K,

A+B = AB

B nBe mpoOHpKH MOTOKHUTH 110
rpaHyse MUHKA U PUITHUTH!

B nep8yio — 2 Ml pa30aBIeHHON
COJIIHOM KHUCIOTHI (1:2),

a BO 6Mmopyr — 2 M
pa30aBiIeHHON YKCYCHOM
KHUCIIOTHI (1:2)

B oany npobupky HacbliaTh
HEMHOT0 ITOPOIIKA JKEJIE3a, B
JPYTYIO — CTOJIBKO %K€e
KEJNE3HBIX CTPYXkeK U B 00e
IPOOUPKH MPUIIUTH TO 2 MIT
pa30aBIeHHON CONSTHOU
KHUCTOTHI (1:2)

B 11Be poOHPKH TTOIOKHUTH TI0 2
IpaHyJIbl IIMHKA:B TIEPBYIO —
OPWIATH 2 MJT pa30aBiIeHHON
cepHoit kuciotsl (1:5), a BO
BTOpYIO0 — pactBop H,SO4 (1:10)

B nBe npobupkH MonoKUTH 10 2
rpaHyJIbl [IMHKA U B 00€
HIPWINTH O 2 MJI pa30aBiIeHHON
cepHoit kucnotsl (1:10).

OnHy U3 npoOdHpox

cJlerKa MoJIorpeTh

Co MHOrMMU BELIECTBAMHU
KHCJIOPOJl HAUMHAET pearupoBarh C
3aMETHOM CKOPOCTBIO YK€ MPHU
0OBIYHOM TeMIeparype
(MenyIeHHOE OKHUCIICHUE), a TIPU
MOBBIIICHUH TEMIIEPATYPbI
CKOPOCTb OKHCIICHUS PE3KO
YBEITUYUBACTCS

Paznoxxenne 6epToIeTOBOM CONH
(KCIO3) 1 nepokcuna Bogopoa
(H20,) yckopsieTcst B IPHUCYTCTBUH
MnO,. B npucyrcrBun
MHTHOUTOPOB COJISTHAS KUCIIOTa
CTAHOBUTCS NHEPTHOM K
MeTalliamMm

VYuuThIBas CHITy KUCIOT H,
CJIEZIOBATENILHO, PA3HYIO
KOHIIEHTPALUI0 HOHOB
runpokconus (Hz0") B ux
pacTBopax, OOBSICHUTh Pa3IMYHYIO
CKOPOCTb BBIJIETICHUSI CBOOOTHOTO
sogopoza (Hp T). Kak MoxHO
U3MEHUTD yCIOBUS 00EnX
peaKIuii, 9ToOBI UX CKOPOCTH
YBEJIUYWINCH?

OOBSICHUTD IPUUUHY OOJIBIIEH
CKOPOCTH BBIJIEJIEHUS ITy3bIPbKOB
rasza npu B3auMOJEHCTBUU
KHCJIOTBI C BOCCTAHOBJIEHHBIM
JKes1e30M (TIOPOIIIKOM)

Uro Habmogaercs?

OOBSICHUTH OOJIBIIYIO CKOPOCTh
B3aUMOJICHCTBHS B OJHOM

13 OIBITOB

CpaBHUTH pe3yIbTAThI
HaOro1eHui, 00BSCHUTH IPUUUHY
Pa3IMYHON CKOPOCTH XMMHYECKOU
peakiun. Kakum 06pa3zoM MOKHO
YBEJIMYUTH CKOPOCTh peakiuu 6e3
HarpeBaHus’?

s xuMHU4uecKol peakiuu
B3aUMO/ICHCTBYIOIINE MOJIEKYJIBI
JTOJDKHBI OBITH aKTUBHBI (00J1a71aTh
JIOCTaTOYHOM KMHETHUECKOHN
sueprueit). [Ipu noBwimeHnn
TEeMIIepaTyphl J10J1s1 aKTUBHBIX
MOJIEKYJI BO3pacTaeT

B npucyrcTBumM KaTtanu3aTopos
MOJICKYJIbI, KaK MTPABUIIO, CTAHOBSITCS
PEaKIIMOHHOCIIOCOOHBIMU TTPH O0JIee
HH3KOU Temrieparype. PeakunonHas
criocoonocTh KC1O3 nposiBnsiercs
ipu 400 °C,

a B MPUCYTCTBUU

MnO; — npu 200 °C

JIsl KONMMYECTBEHHOM XapaKTEPUCTUKH OCMOTHYECKHX CBOWCTB PAacTBOPOB IO OTHOUICHHID K YHUCTOMY
PacTBOPUTEITIO BBOJUTCS MOHATHE 00 OCMOTHYECKOM JIaBJICHHUH.

Ocmotuueckoe naBieHue (Po) — Mepa CHIIbI, MPHUXOJSMICHCS HAa €IWHHIlY IUIONAIX TOBEPXHOCTH U
3aCTaBIAIOLIEH IMPOHUKATh MOJIEKYJIBI PACTBOPUTEN YEPE3 MOIYNPOHUIAEMYIO IEPETOPOJAKY WIIH, APYTUMH
CIIOBaMHU, JIaBJIEHUE, KOTOpPOE HYKHO MPHJIOKUTh K PacTBOPY, YTOOBI ocMocC mpekparuics. OcMoTHYeCKOe



JABJICHUE B PACTBOPE HE CYLIECTBYET, OHO MPOSBIISIETCS TOJIBKO TOT/Ia, KOT/Ia pacTBOP OTAEJICH OT PacTBOPUTENS
MTOJTYITPOHHUIIAEMO MEMOPaHOH.

OcMmoTnueckoe naBieHue Poc, 3aBUCUT OT TeMIiepaTyphbl pacTBOPa M €ro KOHLEHTPAIMU M HE 3aBUCUT OT
MIPUPO/IBI PACTBOPUTEIISI U PACTBOPEHHOT'O BEIIECTBA.

B 1886 r. rommanackuii xumuk BauT-I'odd mokaszan, 4to 011 pazdasienHvix pacmeopos HedleKmpoiumos
3A8UCUMOCTb OCMOMUYECKO20 OABIeHUsI OM MeMNnepamypsl U KOHYEHmMpayuu 8blpaxcaemcs ypagHeHuem (3aKoH
Banm-T'oghga).

Ocmoc— pe3ynbTaT HEPaBEHCTBA XUMHUYECKHX MOTEHILMAJIOB BOJbI MO pa3HbIe CTOPOHBI MEMOpPAaHBI.
WneanbHass monynmpoHWIIaeMass MeMOpaHa TMPOIYCKAeT MOJEKYJIbl BOJAbI U HE TMPOIYCKACT MOJCKYJIIBI
PacTBOPEHHOI'O BELIECTBA.

3akon Bant-I'odpda.OcmoTnyeckoe [aBieHHE pAacTBOpa pPaBHO Ta30BOMY JaBJICHUIO, KOTOpPOE
MPOU3BOJMIIO OBl PACTBOPEHHOE BEILECTBO, HAXOSACh B ra3000pa3HOM COCTOSIHMM M 3aHUMasi 00beM, paBHbBIN
o0BEMyY pacTBOpa.

m{pacTe_ B-Ba) ]
M (pacm_ »-ma)- ¥F(p-pa)

P _=c-RT= .

rie Py — 0OcMoTHUECKOe 1aBieHue, klla;

C — MOJIIpHAsi KOHIICHTPAILXsI PACTBOPEHHOTO BEI[ECTBA, MOJIB/II;
R — yHuBepcanbHas razoBas nocrosiHaasi, 8,314 Jlx/(monsxK);
T — abcomoTHas Temneparypa, K;

V(p-pa) — o6bemM pacTBOpa, 1.

Ocmoc — ogHocTopoHH: U Py3ust BelecTBa Yepe3 NoMyINPOHHUIIAEMYI0 MEMOpaHy.

OcmoTHuecKkoe AaBjeHHe — cuia, oOyciaBiuBaromas ocMoc. OHO paBHO BHEIIHEMY JABJICHUIO, IPH
KOTOPOM OCMOC BHIMMO ITPEKPAIaeTCs.

ITpumep. Yemy paBHo npu temneparype 7,5°C 0cMOTHUECKOE TaBIEHUE pacTBOpa, B 1,5 1 KoToporo
coaepxutcs 276 T rmurepuna (C3HgO3).

TIOJICTABIISIEM JJAaHHBIE B (hOpMYITy.
V
M(C3HgO3) = 92 r/mounb

Pocm. — nRT — 276-8.31-280.5 — 465 360 Ha
\Ys 92-1,5-10°

OtBet: Py .= 465360 Ila.

3apanue: PemuTe 3a/1aun Ha ONPEAEIIEHHE CKOPOCTh PEAKIUU

3agaua Ne 1. Uemy paBHO npu temieparype 7,5°C ocMOTHYECKOE AaBJIEHHUE pacTBOpa, B 1,5 1 KOTOpOro
conepxurcs 276 t rnunepuna (C3HgOs).

3agaua Ne 2. Yemy paBHo nipu Temneparype 7,5°C 0CMOTHYECKOE JaBJIEHHE pacTBOpa, B 2,5 1 KOTOPOro
coztepKUTCS 246 T STUIOBOTO CIIUPTA.

3apauya Ne3. Uemy paBHo npu temmiepatype 12,5°C ocMOTHYECKOE TaBICHUE pacTBOPa, B 2,5 J1 KOTOPOTO
conepxkutcs 280 r caxapo3bl.



3anaua Ne4. Yemy paHo npu temmeparype 10,5°C ocMoTuueckoe AaBiaeHHE pacTBopa, B 1,3 1 KOTOporo
conepxutcs 280 T TIIIOKO3bI.

3agaua NeS. Uemy pasHo npu temneparype 14,5°C ocmotudeckoe gaBieHUe pacTBopa, B 1,5 11 koToporo
COACPKUTCS 264 T MaJIbTO3bI.

3agaua Ne6. Uemy paBHo nipu Temieparype 12,5°C ocMoThueckoe AaBiIeHHUE pacTBOpa, B 2,5 1 KOTOPOro
cogepxurcs 180 T GpyKTO3BI.

3agaua Ne7. Uemy paBHo nipu TeMiieparype 8,5°C ocMOTHUYECKOE 1aBlIEHUE pacTBOpPa, B 3,5 1 KOTOPOIro
coaepxkutcs 190 r raiakTo3sl.

3agaua Ne8. Uemy paBHO npu Temieparype 6,5°C ocMoTHUeCcKOe JaBJICHUE pacTBOpPa, B 2,5 J1 KOTOPOro
conepxutcs 160 r STUIACHTIUKOIIS.

3apauya Ne 9. Uemy paBno nipu Temneparype 6,5°C ocMoThueckoe gaBjieHue pactsopa, B 1,6 1 kotoporo
conepxutcs 176 r MypaBbUHOM KHCIIOTBIL.

3agauya Ne 10. Yemy paBHo nipu temneparype 8,5°C 0CMOTHYECKOE AABJICHUE pacTBOpa, B 2,5 J1 KOTOPOTro
conepxkutcs 190 r ykcyCHOM KUCIIOTBHI.

3apauya Ne 11. Yemy paBHo nipu remmneparype 6,5°C 0CMOTHYECKOE IaBJICHHE pacTBOPa, B 3,5 J1 KOTOPOTO
cofepkutTcsi 176 T METHIIOBOTO CIIUPTA.

3apauya Ne 12. Yemy paBHO nipu temneparype 4,5°C 0cMOTHYECKOE IaBJIIEHUE pacTBOpa, B 1,5 J1 KOTOpOro
coJiepKUTCs 226 T 3TAaHOIIA.

3apauya Ne 13. Paccuuraiite 0CMOTHYECKOE JIaBJIEHUE SPUTPOIIMTOB, TOMEIIEHHBIX B 250 M1 pacTBOpa
XJIOpHJa HaTpus, cofepxaiuero 12 r pactBopeHHoro Bemecrsa npu 18°C?

3agaua Ne 14. Paccunraiite 0OCMOTHYECKOE 1aBJIEHUE 3PUTPOLUTOB, OMEIEHHBIX B 150 M1 pacTBOpa
TUAPOKCHIA KaJIbIIMs, coeprkamiero 10 r pactBopenHoro Bemectsa mpu 25°C?

3apauya Ne 15. Paccuuraiite 0cCMOTHYECKOE JTaBJIEHUE SPUTPOIIUTOB, ToMeIIeHHBIX B 300 Mt pacTBOpa
XJIOpHJa KalblMsl, colepkalero 12 r pactBopeHHoro semecrsa nmpu 16°C?

3apauya Ne 16. Paccunraiite 0cCMOTHYECKOE TaBJIEHUE SPUTPOLIUTOB, MOMEIIEHHBIX B 240 M1 pacTBOpa
HUTpaTa Kajablus, coaepxaiiero 10 r pactBopeHHoro Bemiecta mpu 18°C?

3apauya Ne 17. Paccunraiite 0CMOTHYECKOE JIaBJIEHUE SPUTPOIIMTOB, TOMEIIEeHHBIX B 200 M1 pacTBOpa
HUTpaTa Kajaus, cojiepxkaiiero 16 r pacTBOpeHHOro BemiecTna npu 22°C?

3agaua Ne 18. PaccuuraiiTe 0CMOTHYECKOE JTaBIICHUE HPUTPOLIMTOB, TOMEIEHHBIX B 150 M1 pacTBOpa
kapOoHaTa KaJbLus, coepkaiero 18 r pactBopenHoro Beuiectsa npu 20°C?

3apaya Ne 19. Paccunraiite 0cCMOTHYECKOE JTaBJIEHUE SPUTPOLIMTOB, TOMEIIEHHBIX B 350 M1 pacTBOpa
XJIOpUJIa MarHus, cojaeprkaiiero 16 r pactBopeHHoro Bemiectsa npu 26°C?

3agaua Ne 20. PaccuuTaiiTe 0CMOTHYECKOE JTABIIEHUE SPUTPOLIMTOB, TOMENIEHHBIX B 260 MJI pacTBOpa
THIPOKCHIa Mar"usl, cosepskauiero 12 r pacrsopensoro semiectsa mpu 20°C?

3apauya Ne 21. Paccunraiite 0CMOTHYECKOE JTaBJIEHUE SPUTPOLIMTOB, MOMEIIEHHBIX B 150 M pacTBOpa
cynbdar Kanplus, coaeprkaniero 12 r pactBopeHHoro Bemectsa npu 18°C?



3apauya Ne 22. PaccunraiiTe 0CMOTHYECKOE JIaBJIEHUE SPUTPOLIMTOB, TOMEIIEHHBIX B 260 M1 pacTBOpa
cynbdara Hatpus, coaeprxkaiiero 10 r pactBopeHHOTO0 BeriecTBa mpu 24°C?

3apauya Ne 23. PaccuuraiiTe 0CMOTHYECKOE JIaBJIEHUE SPUTPOLIMTOB, TOMEIIEHHBIX B 340 M1 pacTBOpa
XJIOpUJia Maruus, cojaepkaiiero 14 r pactsopeHHoro Bemniectna npu 21°C?

3agaua Ne 24. PaccuuTtaiiTe 0CMOTHYECKOE JIaBJICHUE HPUTPOLIMTOB, TOMEIIEHHBIX B 360 M1 pacTBOpa
cynbdara kapOoHaTa Kalus, coaeprkamiero 16 r pacTBopeHHOro BemecTsa npu 23°C?

Kpurepuu oneHuBanus:

- OlEeHKAa «5» (OTVIMYHO) BBICTABIACTCA NPU IOJHOM BBIMOJHCHUH pabOT, OTCYTCTBUHU OIIMOOK,
rpaMOTHOI'0 TCKCTA, HAJIMYKUA BBIBOJOB;

- omeHKa «4» (XOpOINO) BHICTABISACTCS TPH BHIIOJIHEHHH BCEro oObeMa pabOT M HATHYHU
HCECYHICCTBCHHBIX OHII/I6OK, KOTOPLIC HE OKa3aJIh BJIMSAHUA HA OKOHYATEJILHBIN pE3yibTAaT,

- omeHka «3» (yI0BJIETBOPHUTEJILHO) BBICTABISCTCSA MPH HEMOJHOM BBIMIOJIHEHUHA BCEX 3aJaHUM, MpPU
HaJIM4Ynu OHII/I6OK, KOTOPBIC HE OKa3aJIM CYIICCTBCHHOT'O BJIIMSAHUA HA OKOHYATEIbHBIN pE3yibTAaT,

- omeHKa «2» (HeyIOBJIETBOPHUTEJIbHO) BBICTABIIACTCS, €CIIM JOMYIICHbI NPUHIUIHAIBHBIC OIINOKH,
paboTa BBINTOJIHEHA KpaitHe HEOPEKHO, O€3 COOTIOACHHS CPOKOB CIAYH.

IIpakTnyeckas padora Ne8
OnpeneneHue 3aBUCUMOCTH CKOPOCTH PeaKIIMH OT TeMIIEPATYPhl, KOHIEHTPALUM U JaBJIEHUSA

Ilem,: HAYYHUTHCA ONIPCACIIATD 3aBUCUMOCTD CKOPOCTHU PEAKIIHUU OT TCMIICPATYPbI, KOHICHTPAIIUN U NABJICHUS.

TeopeTuyeckas 4acTb

dakTOopsbl, BIUAIINE HA CKOPOCTH XMMHYECKOH peakunu

Onpenenum (HakTopsl, BIUAIOLME HA CKOPOCTh XUMUYECKON peakIuu v:

1 3aBMcUMOCTDH CKOPOCTH PeaKIUM OT KOHLEHTPAIUM PearupyoiuX BelecTs

OIIpEAEIIAETCS 3aKOHOM JIEHCTBYIOINX Macc:

v = k[A]*/B]°

OudeBHIHO, 4YTO C yBeJMYEHHMEM KOHICHTPALHUH PEarnpylolluX  BELIECTB, CKOPOCTh  PeaKIuH
V YBeJMYUBAETCH, T.K. YBEJIMYMBACTCS YHCIO COYAApEHUH MEXAYy YUYacTBYIOIIMMH B XHUMHYECKOM
IIPOLIECCE BEILIECTBAMHU.

[TprueM, BaXKHO YYUTHIBATH MOPSJIOK PEAKIIMH:

eciy 370 N = 1 Mo HEKOTOPOMY peareHTy, TO €€ CKOPOCTh MPSMO MPONOPIHOHATbHA KOHIIEHTPALUU 3TOTO
BELIECTBA.

Ecmu mo kakomy-mbo peareHTYy N = 2, TO YABOEHHE €r0 KOHIICHTPALMU TMPUBEIET K POCTY CKOPOCTH
pEaKLUHU B 2%=4 pasa.

A yBeJIMYE€HHUE KOHIIEHTpAlMU B 3 pa3a yCKOPUT PEAKIIUIO B 32=9 pas.

2 3aBHCHMOCTDH CKOPOCTH PeaKLMH OT AaBJIEHHUA

CrpaBeaniuBa JUisl BEIIECTB B Ta3000pa3HOM COCTOSIHMM U OIpenessieTcsl ypaBHeHueM Kuanetipona —
Menoeneesa, KOTOpO€ CBSA3BIBACT KOHIICHTPALIMIO U TaBJICHUE:

pV =nRT, otkyna

C =p/RT

Takum 00pa3oM, M3MEHEHHE KOHIEHTPALMU B CHUCTEME, a CIIEJJOBATEIbHO M CKOPOCTH PEaKlUu HMEET
IPSIMYIO 3aBUCUMOCTb OT U3MEHEHUS JaBJICHUS.
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Hanpumep, and peakuuum NEpBOro IOPSIKA, yBeJIWYeHHe JaBJeHHsI B 2 pa3a BbBI30BET POCT
KOHLIEHTPALMH BEIIeCTBA B 2 pa3a, 4TO HENPEMEHHO M3MEHUT CKOpPOCTh PEAKLUU U — OHA CTaHeT B2 pa3a
0osb1e.

3 3aBHCHMOCTBH CKOPOCTH PEAKIHH OT IJIOLIAAU NOBEPXHOCTH

s cemepocennbix peakyuii CKOPOCTb PEAKLIMU 3aBUCHUT OT IUIOINAAH CONPUKOCHOBEHHUS YaCTHIL:

Vrerep-=An/(S-At),

rJie S — MIONIaIh COMPHKOCHOBEHHUS YaCTHII, MM,

An — W3MEHEHHE KOJIMYECTBA BEIECTB, NPUHUMAIOIUX y4dacTHE B peakUuH (MCXOJHBIX BEIIECTB WIIM
IPOAYKTOB PEAKIUH), MOJIb;

At — IPOMEXYTOK BPEMEHH, C;

EAMHMIA M3MePeHHs CKOPOCTH TeTePOreHHOM PEaKIINH, MOIb/M>-C.

Takum o0Opa3zom, BellecTBa pearupyroT ObICTpee, €CiM IUIoLajJb I[OBEPXHOCTH, Ha KOTOPOH MOXeT
IPOUCXOJUTH B3aUMOJICHCTBUE BEIIECTB OOJIBIIIE.

PacTBOpsisi BelecTBO, Mbl YMEHBIIAEM €ro pa3Mepbl A0 pa3MEpOB MOJICKYJIbl, YBEIUYHMBAs TEM CAMbIM
IUIOLIA/1b TOBEPXHOCTH.

[TosToMy XHMMHYECKHE HPOLECCHl MEXKJy BEIECTBAMU, HAXOAALUIMMHUCA B PACTBOPEHHOM, >KHJKOM WIIU
ra3000pa3HOM COCTOSTHUH UMEIOT OOJIBIIYIO CKOPOCTH, YEM B3aUMOJICHCTBHS MEXKTy TBEPIbIMU BEIIECTBAMH.

4 3aBHCHMOCTb CKOPOCTH PeaKLMU OT NPHPOJb] BellecTBa

B stom criyugae, Gomnblioe 3Hau€HUE WMEET CTPOCHHE DJIEKTPOHHOH OOOJIOUKHM aToMa, TUI XHMHUYECKOU
CBSI3U U €€ IIPOYHOCTh B MOJIEKYJaX, CTPYKTypa BEIIECTBA, IPOYHOCTh €TI0 KPUCTAUIMYECKON PELIETKU.

Hanpumep, natpuii OyzneT akTHBHEe B3aUMOJAEHCTBOBAaTH C BOJOW, uyeM 0yi0BO. llosTomMy M CKOpOCTH
B3aUMOJICUCTBUS HATPUS C BOJIOM BBIIIE CKOPOCTH B3aMMOJICHCTBHS 0JIOBA C BOJOM.

5 3aBHCHMOCTb CKOPOCTH PeaKLHH 0T TeMIepPaTypbl

onpexensiercs npasujiom Banur-I'opda u ypapHenuem Appenuyca

[ToBeimas TeMieparypy, Mbl cOOOIIaeM MOJIEKYJIaM JOTOTHUTEIbHYIO SHEPTHUIO (YBEIHUMBAs, TEM CaMbIM,
HHEPrHUI0 aKTUBAIMH ), KOTOpasi CHOCOOCTBYET MPOTEKAHUIO PEAKIINH.

IToaTOMy, IpH MOBBILIEHUH TEMIIEPATYPbI CKOPOCTh XUMUYECKOU PEAKIIUN YBEIMUYHNBACTCS.

Canre Appenuyc B 1889 roay, usyuas 3aBUCMMOCTb CKOPOCTH PEAKIIMU VL OT TEMIIepaTypbl, YCTAHOBUI,

qTo 6OJ'IBI_HI/IHCTBO XUMHYCCKUX ITPOUCCCOB MOAYHNHAIOTCA YPABHCHHUIO!
. — Ae—Ea/RT

riae K — KOHCTaHTa CKOPOCTH PEaKIUH

E, -3Heprus akTuBalMM — MHUHMMalbHas (KpUTHYECKas) SHEPrusi, HEoOXoqumas [Uil OCYIIECTBIECHUS
peakIuu, equHuIa u3mepeHus J>/Moib

T — abcomntoTHas Temneparypa

R — razoBas mocrosinnas, R = 8,314 JIx/monb Tpan

A — mpendKCIOHEHIMAIBHBI MHOKHTENb (4aCTOTHBIH (hakTop), eAMHHUNA U3MEpeHHus coBmanaet ¢ K. Jra
KOHCTaHTa BBIPAXKaeT BEPOSATHOCTb TOTO, YTO MPHU CTOJKHOBEHUHU MOJEKYJbl OyIyT OPUEHTHPOBAHBI TaK, YTOOBI
B3aUMOo/IeiicTBHE ObLIO BO3ZMOKHO.

Ecnu u3BecTHa KOHCTaHTa CcKOpocTH K mpu ojHO# Temmeparype Ti, a TpeOyeTcs HalTH KOHCTaHTY
ckopoctu K mpu  Hekoll apyroit temmeparype Ty, TO 3TO JlerKo clenaThb, €CIU B3ATh JIOTApUPM VpagHeHus
Appenuyca nipu T1 n Ty:

Ink; =g A-EJ/2,3RT1 u

Ink, =1g A—EJ/2,3RT,

BerunTas BTopoe paBeHCTBO U3 I1IEPBOrO, MIOJIy4aeM:

k" Eu

{ i
T RT T

1 | 2
VpaBHeHnue AppeHuyca Ipu ONpeaeICHHH CKOPOCTH XMMUYECKON peakiiu (B Cllydae, eClIi U OIHUCHIBAETCS

CTCIICHHBIM ypaBHeHI/IeM) . HpI/IHI/IMaCT BHUI.
v = k[A]*[B]°

v=Ae B/ RT[AT[B]


http://zadachi-po-khimii.ru/obshaya-himiya/osnovy-stroeniya-atomov.html
http://zadachi-po-khimii.ru/category/obshaya-himiya/ximicheskaya-svyaz-i-stroenie-molekul
http://zadachi-po-khimii.ru/category/obshaya-himiya/ximicheskaya-svyaz-i-stroenie-molekul
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/c378bdeaf96d9602209339c4963a1189.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/da480da163d6707f9cf6d63fa55437ac.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/592e0500a046bf5273311ac265a48e52.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/c378bdeaf96d9602209339c4963a1189.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/da480da163d6707f9cf6d63fa55437ac.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/592e0500a046bf5273311ac265a48e52.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/c378bdeaf96d9602209339c4963a1189.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/da480da163d6707f9cf6d63fa55437ac.jpg
http://zadachi-po-khimii.ru/wp-content/uploads/2014/09/592e0500a046bf5273311ac265a48e52.jpg

Ecnmu mpuHATH, YTO KOHIEHTpauuu BemiectB A u B mocrossHHBI W mposiorapuMUpOBaTh JaHHOE
BBIpaK€HHUE, TO MOJIYYHUM CJICIYIOIIEe BhIpaXKECHUE:
In v = const — E./2,3RT

Temnepatypa 3amep3aHusi pacTBOpa — 3TO TeMIlepaTypa Hadaja KpUCTaJuIM3alMu pacTBopa. Kpucramibl
pactBopuTenss OyAyT HAaXxOIUTbCS B PABHOBECHMH C pAcTBOPOM, TOJIBKO TOTZA, KOT/AAa 3HAYCHHE aBIICHHS
HACBIIIEHHOI0 IIapa paCTBOPUTEINSI OIMHAKOBBIE HAJl KPUCTAJUIAMU U HaJl PACTBOPAMH.

Pasnocte Mexay TtemmeparypamMu KpUCTaUIM3alUU YUCTOIO PaCTBOPUTEI (Tgo) U pacTtBopa (TO)
Ha3bIBAETCSI IOHMKEHUEM TEMIIEPATYPhI 3aMep3aHusl ( AT3)

AT,.TL-T° & T,=K,, XM

IToHnxeHnue Temreparypsl 3aMep3aHus PacTBOpPa, PaBHO IMPOM3BEAECHUIO KPUOCKONUYECKON MOCTOSHHON U
MOJISTIBHOW KOHIEHTPALUK pacTBOPA.

Kpunockonuueckas MOCTOSIHHAs 3aBUCUT TOJIKO OT CBOMCTB PacTBOPUTEIIS.

TemmnepaTypoli KUMEHUs HA3bIBAIOT, TEMIEPATypy PaBHOBECHOTO (Pa30BOT0 mepexoaa >KUAKOCTH B Iap.
M3MeHeHMe TemnepaTypbl KUIIEHUS PaBHA Pa3HOCTH MEXJy TeMIepaTypod KUIIEHMs pacTBOpa U TeMIlepaTypon

KHUTIEHUSI YUCTOTO PACTBOPUTEIIA. A Twuwn = Tiun — Tmm0
N3menenue teMmriepaTypbl KUIICHHS PAcTBOpa paBHA IMPOM3BEICHUIO 30YILTMOCKOMUYECKON IOCTOSTHHOM

PacTBOPHUTEIISI U MOJISUIBHOM KOHLIEHTPAMU PacTBOpa. A Tan=Ky “ m

[lo 3akony Payns noHmkeHue TemIiepaTypbl KpPUCTAUIM3ALMM W TOBBIIIEHUE TEMIIEpaTypbl KUIICHUS
pactBopa (AT) mo cpaBHEHHIO C TeMIepaTypaMH KpPUCTAUIM3AIMU U KHUIICHUS PACTBOPUTENS BBIPAKAIOTCS
ypaBHEHUEM

Aty

KHIO

Myp.g—g2'1000
= K, e

rne K — Kpuockonuueckas Wik S0yJUTHOCKOIMYecKasi KOHCTaHTa. J{Jisi BOJbl OHU COOTBETCTBEHHO PaBHBI
1,86 u 0,52°;

m 1 M — COOTBETCTBEHHO Macca pacTBOPEHHOI'O BEIIECTBA M €r0 MOJISIpHAs Macca,

mj1 — Macca pacTBOPHUTEIISL.

AJITOPUTM peleHust

1. Haxoaum Temneparypy KpUCTAJUIM3ALMH 110 3aKOHY Pays.

2. HaxoauM Temneparypy KpUCTAUIU3alMU pacTBOpa t =t H20- T ppa
3. Haxoaum temneparypy KUIEHUs 10 3aKoHy Payns.

4. HaxoauM Temneparypy KUIEHUs pacTBOPa t yun = t un H20- 1t un ppa

IIpumep. Beruucnure TemnepaTypsl KpUCTAIN3alUU U KUNIEHUs 2% -HOTO BOJHOTO pacTBOpa IIIFOKO3bI.

Pewenue. I1o 3akony Payns moHM>XeHHE TeMIlepaTypbl KpUCTAJUIM3AaLUU U TIOBBIIIEHUE TEMIEPATYPbI
kuneHus pactBopa (AT) mo cpaBHEHHIO ¢ TeMIeparypaMy KpUCTAUIM3ALMKA W KHUIIEHHUS PacTBOPUTENS
BBIPAXKAIOTCSl ypaBHEHUEM

m1000
AT=K—
Mr (1)
rac K— KPHUOCKOIINYECCKasd U1 36}’J’IJ’IHOCKOHI/I‘I€CK3$I KOHCTaHTa. ,Z[J'IS[ BOABI OHX COOTBETCTBCHHO PABHBI
1,86 u 0,52°; m 1 M — COOTBETCTBEHHO Macca paCTBOPEHHOI'O BELIECTBA U €r0 MOJSApHas Macca; mji — Macca
pacTBOPUTEIIS.

[Tonmxenue Temreparypsl kpuctamnuzanuu 2%-1oro pacrsopa CeH1206 Haxoaum no ¢popmyse (1):

AT = 18621090 _ 4510
777 180-98

Bona kpucrammmusyercs npu 0C, ciienoBarenbHO, TeMIieparypa Kpuctaumsanuu pactBopa 0 - 0,21 = -
0,21 C.

ITo popmyne (1) HaxoUM U MOBBIIIEHUE TEMIIEPATYPHI KUTIEHUs — 2%-HOro pacTBopa:



2-1000
180-98
Bopa xunut npu 100°C, cnegosarensHo, TemnepaTypa kuneHus 3toro pactsopa 100 + 0,06 = 100,06°C.

AT = 0,52 = 0,06°

3ana}me: Pemmth 3aa4r Ha OIpCACIICHUEC 3aBUCUMOCTH CKOPOCTH PECAaKIIMU OT TEMIICPATYPhI, KOHICHTPAlIUU 1
JaBJICHHA.

3agauya 1: Beiuucnure Temneparypy KpUcTaIn3aluy U KuneHus 1% BOJHOro pacTBOpa INIFOKO3BI.
3agauya 2. Beiuncinure TemMnepaTypbl KpUCTAIIM3ALUU U KUIIEHUS 2% -HOTO BOAHOI'O PacTBOPA INIFOKO3BI.

3agaua 3. BeruncinuTte Temneparypbl Kpuctamumsanuu U kuneHus 0,2% -HOro BOJHOIO pacTBOpa rUApPOKCHIA
HaTpusl.

3amaua 4. BplumcinTe TemiepaTypbl KPHUCTAUIM3alluM U KUHeHHs 3% -HOrO BOJHOIO pacTBOpa caxapa
C12H2:01;1.

3agaua 5. BelumcanTe TeMieparypbl KPMCTAIIM3aluM M KuneHus 1,5% -HOro BOXHOrO pacTBOpa caxapa
C12H22011.

3agaua 6. Boruncnute temmepatypsl Kpuctajumm3anuu u kurnenus 3,04% -HOToO BOJHOTO pacTBopa Kam(opbl
Ci10H160.

3agaua 7. Beraucnute temmneparypbl kKpuctauuzanud U kunenus 0,2% -HOro BOJHOTO pacTBopa HadTalnHA
CioHs.

3amaua 8. BrlumcauTe TemmepaTyphl KPMCTaIM3alMM U KUMeHHs 2,5 % -HOro BOJHOTO PacTBOpa aHUIIMHA
CeHsNH.

3agaua 9. Beiuucnure TemnepaTypsl Kpuctamnuzanuu U kuneHus 0,2% -HOTO BOJHOTO pacTBOpa ITHIOBOTO
cnupta CoHsOH.

3agaua 10. Boruncnure TtemmnepaTypsl Kpuctamnuszauuu u o kunenus 0,15% -Horo BoaHOro pactBopa
nponuiosoro cnupra Cz3H;OH.

3agaya 11. Berumcioute TeMmeparypbl KpUCTAUIM3AaUUMM W KUNEHHS 2,2% -HOTO BOJHOIO pacTBOpa caxapa
metanoaa CH;OH.

3agaua 12. Beruucnaute TemmepaTypbl KpHCTaIM3alMu M KumeHus 1% -HOTO BOAHOTO pacTBopa OeH30iHOMN
kucinotsl CgHsCOOH.

33[{3‘[3 13. Beruucaure TEMIICPATYPbl KPUCTAJIIIN3allUU U KUIICHUA 1,7% -HOT'O BOAHOI'O paCcTBOpa IIMICpruHa.

3amaua 14. Boluuciure TeMiepaTypbl KPHCTaAIM3alMU M KuneHus 4% -HOTO BOJAHOTO pacTBOpa HadTalMHa
CioHs.

3agaua 15. Boruncnute TeMmmeparypbl KpUCTaUIM3alUMu W KumeHus 1,5% -HOro BOJHOrO pacTBOpa caxapa
C12H2201;1.

3agauya 16. BeruncnuTe TemmnepaTypsl KpUcTautu3anun u kunenus 2,07% -HOro BOJHOTO pacTBopa KaM(opsl
C10H160.



3agavya 17. Beruncnure temneparypbl kpuctamumsanuu u kunenus 0,1% -Horo BogHOro pactBopa HadTaluHa
CioHs,

3amaua 18. BelumciauTe TemiepaTypsl KpHCTAUIM3alMU ¥ KumeHus 1,5 % -HOro BOJHOrO pacTBOpa aHMIMHA
CeHsNH,,

3agaua 19. Beruncioure Temmepatypsl KpucTtaum3anuu U kurenus 0,3% -HOro BOJHOTO pacTBOpa 3THIIOBOTO
cnupta CoHsOH.

3agaya 20. Beumciurte TtemmepaTypbl Kpuctayummzanud W kuneHus 0,24% -HOTO BOAHOTO pacTBOpa
nponuioBoro cnupta CsH;OH.

3agaua 21. BerumciouTe TeMreparypbl KpUCTAJUIM3alMU W KuneHus 2,4% -HOro BOJHOrO pacTBOpa caxapa
meranoaa CH3;OH.

3apgava 22. Beruucnute TemnepaTypbl KpUcTauIM3auuy U KurneHus: 3% -HOro BOJHOTO pacTBOPA TITFOKO3HI.

3agaua 23. Berauciaure Temneparypbl Kpucraumzanud U kuneHus 0,3% -HOTo BOJHOTO pacTBOpa THAPOKCHIA
HaTpHSI.

3amaua 24. BelumciuTe TeMmIiepaTyphl KPHCTALIM3ALMH U KumeHHs 2% -HOTO BOJHOIO pAacTBOpa caxapa
C12H2:01;1.

3agauya 25. BeiuucnuTe Temmeparypbl KpUCTaUM3anuu W KurmeHus 2,5% -HOro BOJHOTO pacTBOpa caxapa
C12H2201;1.

Kputepuu oneHuBanus:

- omeHKa «5» (OTJMYHO) BBICTABIAETCS MPU TOJTHOM BBIIOJHEHUH pPAOOT, OTCYTCTBHMU OLIMOOK,
rpaMOTHOI'0 TECKCTA, HAJIMYKUA BBIBOOOB;

- oumeHKa «4» (XOpoIl0) BBHICTABISAETCS TMPHU BBHIIOJIHEHUH Bcero oObemMa paboT W HATUYHH
HECYHICCTBCHHBIX OIHI/I60K, KOTOPLIC HE OKa3aJId BJIUAHUA HA OKOHYATEILHELIN PE3YyIbTAaT,

- oueHka «3» (YI10BJIeTBOPUTEIbHO) BBICTABISETCS MPU HEMOJHOM BBIIOJHEHUU BCEX 3aJaHUN, MPH
HaJIMYnun OIIII/I6OK, KOTOPBIC HE OKa3aJIM CYIIECCTBCHHOT'O BIIMSAHUA HA OKOHYATEILHEIN pE3YIbTAT,

- OLEeHKA «2» (HeyI0BJIETBOPUTEIbHO) BBICTABISETCS, €CJIHM JOMYIICHB MPUHIMIHAIBHBIE ONIMOKH,
paboTa BHITIOJIHEHA KpaitHe HeOpexHO, 0e3 COOMIOACHUS CPOKOB ClIauu.

IIpakTuyeckas padora Ne9



Onpenenenue ycnoBuii paBHOBeCHs OT BHEIIHeH cpeabl

Leab: HAyYUTHCA ONpeaessiTh YCJI0BUSI PABHOBECHS OT BHELIHelH cpe/bl.

TeopeaneCRaﬂ 4acTb

OOuMii NPUHLIMI CMEUIEHUs XMMUYECKOTI'0 pPaBHOBECHS ObLIT ITPEUIOKEH (PaHIy3CKUM yueHbIM AHpu Jle-
[laTenpe 1 B COBPEMEHHOM TPAKTOBKE BBITISUT CIEAYIOUIMM 00pa3oM:

OO0umii npuHoun cMemenusi pasHoBecusi (mpunuun Jle-llareane):

€CIIM Ha PAaBHOBECHYIO CHCTEMY OKa3aTh BHEIIHEE BO3JCHCTBHE, TO PAaBHOBECHE CMECTUTCS TaK, YTOOBI
YMEHBIIUTD BIUSHUE 3TOTO BO3AECHCTBUSA

[TockonbKy TOJOKEHUE PABHOBECHS OMPENEISICTCS CKOPOCTSAMHU TPSIMON W OOpaTHOW peakiwii, TO OHO
3aBUCUT OT TeX XK€ (PaKTOPOB, OT KOTOPBHIX 3aBUCUT U CKOPOCTb, & UMEHHO: TeMIIEpaTypbl U KOHLEHTpaIUU
BeulecTB. Kpome Toro, Ha 1osiokeHue paBHOBECHS B PEAKLUAX C yUaCTUEM Ia30B MOXKET BIIUATH JABJICHUE.

DaKTOpPBI, BJIHAIINE HA CMEeILIeHHe XUMHUYEeCKOI0 PABHOBECHS

Pazbepem BiusgHuE Kaxa0ro (pakTopa Ha IpUMeEpe 0OpaTUMOM peakuu CUHTE3a aMMHUaKa:

Konuenrpanus

B xone npsimoii peakiiuu U3 MPOCTHIX BEHIECTB (230Ta U BOJOPO/A) MOJIYyYalOT aMMHUaK, a B X0J1e 00paTHOM
PeaKIMK NOCPEICTBOM Pa3IOKEHHsI aMMHKa 00pa3yroTcs a30T U BOJOPO/L.

[Ipn HacTymieHMM XHMHUYECKOTO DPABHOBECHS CKOPOCTH MPSAMONM W OOpaTHOW peakuuid CTaHOBSITCS
paBHbI.OUEBUIHO, YTO MPH YBEIMUYEHUM KOHLEHTpAallMHM ra3oo0pa3HOro a3oTa B CHCTEME, BO3PAacCTeT U €ro
paBHOBECHAsI MOJISIPHAsL KOHLIEHTpALUs , U, CIEI0BATENIbHO, YBEIUUUTCSA CKOPOCTh MPSIMON peakLuu Mp, CKOPOCTh
&Ke 00paTHOM peakIMM OCTAaHETCs] HEM3MEHHOH. B TakoM ciyyae roBopsiT, UTO paBHOBECUE CABHUIaeTCs BIPABO
UM B CTOPOHY IPSIMOM peakuuu. To ecTh, IpU yeeauueHuyu KOHYeHmpayuu peazenma, pasHosecue CMewaemcs 6
cmopony obpazosanus npoOykmog. AHAIOTUYHO pacCykaas, MOKHO IPUNTH K BBIBOLY, YTO IIPHU YMEHbUIEHUU
KOHYeHmpayuu peazeHmos CKOpocTb 00paTHOW peakuuu Oyner Oosbliie, YeM CKOpPOCTb NMPSMOM U pasHosecue
CMeCmumcst 8 CMOpPOHY UCXOOHBIX BEUieCE.

Temmneparypa

[Ipsimas peaxuusi sIBIsieTCs 3K30TEpMUYECKOW (MPOTEKAaeT C BbIIEICHHEM Temia), a oOpaTHas —
SHIOTEPMHUUYECKON (MAET ¢ MOIJIOIIEHUEM Temja). PaccMOTpuM MoBeJeHHE JaHHOW PaBHOBECHOH CUCTEMBI npu
nogvluenuu memnepamypul. PykoBoacteysice npuHiunom Jle-Illarense MOXHO NMpeACKa3aTh «COIPOTUBICHUE)»
CHCTEMbI BHEIIIHEMY BO3/JICHCTBUIO (HArpeBaHUIO), TO €CTh MpsAMas 3K30TepMUUecKast peakius Oy1eT 3aMeIsIThCs
U, 3HAUUT, paBHOBECHE OYJET CMeUIaTbCs BIEBO, 8 CMOPOHY SHOOmepmudeckou peakyuu. VI Hao0OpoOT, npu
VMeHbuleHuY memnepamypul, cucTeMa OyJieT «CONPOTHUBIATHCS», OT/aBas TeIIo. To ecTh YBETUUUTCS CKOPOCTh
MIPSIMOM PEAKLIUU U PABHOBECUE CMECTUTCS 8 CMOPOH) IK30MEPMUYECKOU PeaKyuu.

Jlerko 3amoMHUTB, UTO €CJIM IPOUCXOIUT HarpeBaHUE BO BpEMsl peakiiu (TO €CTh BBIENIAETCS TEIUIO), TO
€ro Hy>KHO OTBOJUTH (OXJaxkaaTh). Eciu 1uist peakuiuy He XBaTaeT Teria (TO €CTh MOTJIOAETCs TEIJI0), TO TaKylo
CHUCTEMY HYXXHO HarpeBarh.

JlaBJjieHne

JlaBneHue BIMSET TOJIBKO HAa OOpaTHMbIE ra30Bble PEAKLMHU, NMPHUUYEM TOJBKO HA T€ U3 HUX, B KOTOPHIX
MIPOMCXOJUT U3MEHEHHE OOIIero 4mcia MOJEKyN rasa. Yeenuuenue oagnenuss CMEIAET PABHOBECUE B CHIOPOHY
00pazo6aHusi MeHbule2e0 YUCIa MONEKY]l 2a308, A YMEHbleHUe OaGNeHUs — 6 CHOPOHY YBeIUYeHUus 4Hucid
monexyn. Tak, B paccMaTpuBaeMoN peakinu

KOJINYECTBO Ta30B B JieBOW uyacTu ypaBHeHus (1+3)=4 monb, B mpaBoi - 2 moiab. CienoBareiabHO, MpU
MOBBILIECHUH JIaBJICHUS] paBHOBECHE B JAHHOM CHCTEME CMECTUTCS BIIPABO, IPU YMEHbBILIEHUU J1aBJIEHUS - BIIEBO.

Jlerko 3amoMHMTB: yBEJTMUEHHUE JAaBJICHUS CMEIIAeT PEaklUI0 B CTOPOHY MEHbIIEro oobema. B ciydae
paBHBIX O0BEMOB TIa3000pa3HBIX HCXOJIHBIX BEIIECTB M MPOJIYKTOB, JaBICHHE HE BIMAET Ha CMELICHHE
paBHOBECHSI.

Karanu3zarop

[Ipu mcnonbp30BaHUU KaTaau3aTopa B PaBHOBECHBIX CHCTEMAax, YCKOPSIOTCS Kak MpsiMasi, Tak U oOpaTHas
peaxkiuuu, MpuiyeM CKOpOCTH 00erX peakluil YBEJIHYMBAIOTCS B OJMHAKOBOE 4Mciio pa3. PaBHOBecue mpu 3TOoM
coxpansierca. Takum o0pa3oM, KaTaJIM3aTOP He BJMAET HA IMOJIO)KeHHe PABHOBECHS, a TOJBKO MPHUBOJUT K
0oJiee OBICTPOMY €ro YCTaHOBJICHUIO.



Jas1 sKuakocTeil, paCTBOPUMBIX JAPYT B Apyre B JIOObI X COOTHOLIEHUSNX, BHITIOJHAETCH 3aKOH
Payas
Kaxolt »KuUIKOCTH MpU JAHHOM TeMIlepaType COOTBETCTBYET ONPENENICHHOE JaBJIECHUE HACHIIIEHHOTO
napa po. C MOBBIIEHUEM TEMIEPAaTypbl po yBeauuuBaeTcsa. [Ipu pacTBOpeHHMH B KUAKOCTU KaKOTro-iubo
HEJIETY4Yero BEIIeCTBa JaBJICHUE HACBIIIEHHOTO Mapa pacTBOPUTEIIS Ha/l pACTBOPOM CTAHOBHUTCS HUXKE, YEM Hajl
YUCTBHIM pAcCTBOPUTENIEM MpU TOW ke Temmneparype. [Ipuuem MOHMKEHUE MaBIEHUS MPOMOPLHOHAIBHO
KOHIIGHTpAIlUU PacTBoOpa.

Omnocumenvnoe NOHUMCEHUE O0AG/ICHUSA HACBIWLEHHO20 napa pacmeopumeni HaO pacmeopom paeHo
MOJIbHOU OOHEPGCMGOPBHHOZO eeuiecmea.

_ p0 —p0 n(p.B.)
" n(p.B.) + n(p — 151)

r7ie Po- JaBJIEHUE HACBIIIEHHOIO Mapa HaJ pacTBOPOM;
N1 - YUCJIO MOJIEH PaCTBOPEHHOTO BEIIECTBA,
Ny - YUCJIO MOJIEW paCTBOPUTENIS.

o m
Yucno Monel HaxoaT o ¢popmyne: n = o

IIpumep pewenus

Haiinure npu 65°C naBieHue napa Haj pacTBopoM, cogepxkamum 13,68 r caxapa (C12H22011) B90O T
BOJIbI, €CJIM JIaBJICHHE Mapa HaJl BOJOH Mpu Toi ke Temmeparype pasHo 25 klla.

3Has ¢popmyiny I 3akona Payis, Beruncnsem:

p1=po—po'N
N = n(p.B.)

n(p.B.) + n(p-ms1)
n(p.B.) = m/M = 13,68/342 = 0,04 momb

n(p-1s1) = 90/18 = 5 moupb
p1=25-10° - 25:10%0,04/5,04 = 24801 I1a

Ortsert: p; = 24801 Ila

Sanalme: Pemmts 3amaun Ha OIIPCACIICHUC YCJ'IOBI/Iﬁ paBHOBECUA OT BHEIITHEH CpCabl

3amaua Ne 1 Haiigure npu 65°C naBneHue mapa HaJ pacTBOpoM, conepxanium 13,68 T caxapa (C12H22011)
B 90 1 BO/IBI, €CIM JABJICHUE TTapa HaJl BOJOM MIPHU TOM ke Temiieparype paBHo 25 klla.

3agauya Ne2 Haiinure npu 50°C naBneHue mapa Haja pacTBOpoM, cogepxaimuM 10,28 r aTuineHr Ko
C2H4(OH); B 900 T BOJIBI, €CTU AaBJICHHE TTapa HaJl BOJAOW MPH TOM ke TemriepaType pasHo 12334 Ila.



3apauya Ne3 Haiinure npu 40°C naBneHue mapa Haja pactBopom, coaepxamntum 14,4 r ¢penomna CsHsOH B
80 T BOBI, €CIIM TaBJICHUE T1apa HaJl BOJOM MPHU TOM e TEMIIEpAType PaBHO 0,513-10° Ia.

3apaua Ne4 Haiinure npu 86°C naBienue mnapa HaJl pacTBOpoM, coaepxamum 12,88 r riatoko3sl B 108 T
BOJIbI, €CJIM JIABJICHHE Mapa HaJl BOJOU MPHU TOM ke Temneparype paBHo 98775,3 Ila.

3apaua NeS5 Haiinure npu 56°C naBnenue napa HajJ pactBopom, coaepxkamuMm 10,34 r rimoko3sl B 108 T
BOJIbI, €CJIM JIABJICHHE Mapa HaJl BOJOM P TOM ke Temneparype pasHo 98775,3 Ila.

3amaua Ne6 Haitnure npu 70°C naBieHue mapa HaJl pacTBOpoM, coaepskamum 12,12 r adupa (C,Hs),0 B
80 T BOJIbI, €CIU AaBJICHUE Mapa HaJl BOAOW IPHU TOM ke TeMiiepaType paBHo 24512 Ila.

3apauya Ne7 Haiinute npu 80°C naBnenue mapa HaJ pacTBOpOM, cojepkamum 16,28 r aHuiInHa
CsHsNH, B 60 r Boabl, eciii 1aBieHre mapa Haj BOJIOM IpH TOH ke Temreparype paBHo 622 klla.

3agaua Ne8 Haiinure npu 67°C paBiieHue mapa HaJl pacTBOpoM, cojaepkammm 8,44 T OCH30MHON
kuciotel CeHsCOOH B 90 T BOJIBI, €ciu 1aBJIeHHUE Mapa HaJl BOJAOW MPH ToM ke Temmneparype pasHo 640 klla.

3agaya Ne9 Haiinure npu 80°C naBneHue mapa Haj pacTBopoM, coxepkammm 20,4 r rimiepuHa
C3HgOs B 90 r Bopl, €ciiu AaBlIeHUE Iapa HaJl BOAOW IIPU TOM ke Temmneparype paBHo 640 klla.

3apauya Nel0 Haiimure nmpu 60°C paBieHue mapa HajJ pacTBOPOM, cojepkamum 12,4 T TIIOKO3bI
CsH1206 B 80 T BOJIBI, €K JaBJICHUE TIapa HAJl BOAOM MpH TOM ke TemriepaType paBHo 740 klla.

3agaya Nell Haiigute npu 60°C naBneHue mapa HaJ pacTBOpOM, coiepxamum 16,2 r amneroHa
(CH3)2CO B 90 r BozibI, €CITH JaBJICHHE Mapa Haj BOAOH pH TOH xe TemmepaTtype paBHo820 kl1a.

3agaua Nel2 Haiiqute npu 60°C naBneHue mapa HajJ pacTBOPOM, coaepkammuM 18,6 T TIHOKO3bI
CesH1206 B 80 r BOfBI, €CIIM 1aBJI€HUE MTapa HAJl BOJIOW MpHU TOM e Temmneparype paBHo 720 klla.

3apauya Nel3 Haiinure npu 50°C naBieHue mapa Haja pacTBOPOM, cojepxamuM 50 T 3THUICHTIIMKOISA
C,H4(OH); B 900 T BOJIBI, €CTU aBJICHHE TMapa HaJl BOAOW MPH TOM ke TemriepaType pasHo 620 klla.



3agaua Nel4 JlaBneHue mapa BOABI PHU 50°C paBHO 12334 [la. Beluucnure gaBieHHUE Mapa pacTBOpa,
conepxkariero S0 r atunenriukoins CoHi(OH), B 900 T BOBL.

3apaua NelS JlaBnenue mapa Boabl npu 65°C paBuo 25 klla. Beruucnure naBieHue mapa pactBopa,
conepxartero 13,68 r caxapa (C12H22011) B 90 1 BozibI.

3agaua Nel6 /laBnenue mapa BOABI MU 50°C paBHo 12334 Ila. Beiuuciaure naBieHue mapa pacTBopa,
conepxarttero 10,28 r atunenriukoiis CoHa(OH), B 900 1 BoJIbI.

3agaya Nel7 JlaBnenuwe mapa BOJbI IIpU 40°C PaBHO 0,513-10° [la 4. Bblunciure JaBICHHE napa
pactBopa, coaepxaniero 14,4 r ¢penona CeHsOH B 80 1 BOBI

3apauya Nel8 JlaBnenue nmapa BOJbI IIPU 70°C paBno 98775,3 [la. Beruucnure naBieHue napa pacTBopa,
conepxariero 12,88 r ritoko3sl B 180 r BOABL.

3apaua Nel9 JlaBnenue mapa BOJABI MPHU 50°C paBHo 12334 Ila. Beruucnoure naBieHue mapa pacTBopa,
conepxaiiero 50 r riroko3sl B 900 r BOABL.

3agaua Ne2( Jlanenue mapa BOJBI MIPU 70°C paBHo 24512 Tla. Beruuciure naBlieHHE mapa pacTBOpa,
coaepsxariero 12,12 r adupa (C2Hs)20 B 80 T BOABI.

3apaua Ne21 JlaBneHnue mapa BOJBI NPHU 80°C paBHo 12334 Tla. Beruucnure naBieHue mapa pacTBopa,
conepxariero 16,28 r anmnmmna CeHsNH;, B 60 1 BOJBI.

3agauya Ne22 JlaBieHue mapa BOIBI IIPU 67°C paBHO 640 klIla. Beruncinnure naBneHue mnapa pacTBopa,
conepkariero 18,44 r 6ensoiinoit kucnotsl CsHsCOOH B 90 r BoaBL.

3agaua Ne23 JlaBieHue mapa BOABI MU 67°C paBHo 740 klla. Beruncnure pgaBieHue mapa pacTBopa,
coaepxaiero 20,4 r rmunepuna C3HgO3z B 90 r BOBI.

3anaua Ne24 JlaieHue mapa BOIBI NIPHU 65°C paBHo 740 kIla. Beruncnure pgaBieHue mapa pacTBopa,
conepxariero 12,4 r rmoko3bl CgH1206 B 90 T BOJBI.



3apmaya Ne25 JlaBnenue mapa BOJBI MpH 65°C paBHo 840 klla. Brruncnure pgaBiaeHue mapa pacTBopa,
coaepskariero 26,4 r anerona (CHz),CO 20,4 r B 80 r BOABI.

3agaua Ne26 JlaBieHue mapa BOIBI MPHU 70°C paBHo 740 klla. Berunciure naBieHue mapa pacTBopa,
conepxartero 20,4 r rmoko3bl CgH1206 B 90 T BOJBI.

3agaua Ne27 JlaBieHue mapa BOJBI MPHU 62°C paBHo 640 klla. Berunciure naBieHue mapa pacTBopa,
conepxartero 20,4 r stminenriaukons CoHy(OH), B 80 r BoabL.

Kputepuu oneHuBanus:

- omeHKa «5» (OTJMYHO) BBICTABISETCS MPU TOJTHOM BBIOJHEHUH pPabOT, OTCYTCTBHH OIIMOOK,
rpaMOTHOI'0 TECKCTA, HAJIMYKUA BBIBOOOB;

- oumeHKa «4» (XOpoIlO) BBHICTABISAETCS TMPHU BBINOJIHEHUH Bcero oObemMa paboT W  HATUYHH
HECYHICCTBCHHBIX OIHI/I60K, KOTOPLIC HE OKa3aJId BJIWSAHUA HA OKOHYATEILHEIN PE3YyIbTAaT,

- oueHka «3» (YI10BJIETBOPUTEIbHO) BBICTABISETCS MPU HEMOJIHOM BBIMIOJIHEHUH BCEX 3aJaHUN, TpU
HaJIM4Ynun OIIII/I6OK, KOTOPBIC HE OKa3aJIM CYIIECCTBCHHOT'O BIIMSAHUA HA OKOHYATEILHEIN pE3YIbTAT,

- OLEHKA «2» (HeyI0BJIETBOPUTEIbHO) BBICTABISETCS, €CIM JOMYIICHB MPUHIMIHAIBHBIE ONIMOKH,
paboTa BHITIOJIHEHA KpaitHe HeOpexHO, 0€3 COOMI0EHUSI CPOKOB C/IauH.

IIpakTyeckas padora Ne9
Onpenenenue ycnoBuii paBHOBeCHs OT BHEIIHEH cpeabl

esab: HAYYUTHCH ONPeessiTh YCJIOBHUSI PABHOBECHSI OT BHELHEH Cpe/bl.

Teoperuyeckas 4acTb

OOy MPUHIIUIT CMENIEHHS] XUMUYECKOTO paBHOBECHSI ObLT MpesioKeH (GpaHIly3cKUM ydeHbIM AHpH Jle-
[laTenbe 1 B COBPEMEHHOM TPAKTOBKE BBITJISUT CIEAYIOUIMM 00pa3oM:

OO0uuii npuHuMn cMemeHus1 paBHoBecusi (mpuHuun Jle-llarenane):

€CIIM Ha PaBHOBECHYIO CHUCTEMY OKa3aTh BHEIIHEE BO3JIEHCTBHE, TO paBHOBECHE CMECTUTCS TaK, YTOOBI
YMEHBIIUTD BIUSHUE 3TOTO BO3IECHCTBUSA



[TockoNbKY MOJNIOKEHUE PaBHOBECHS OMpEAEISIeTCS CKOPOCTSAMH MpsIMOM M OOpaTHOM peakiif, TO OHO
3aBUCUT OT TeX k€ (PaKTOPOB, OT KOTOPBHIX 3aBUCUT U CKOPOCTb, & UMEHHO: TEMIIEpaTypbl U KOHLEHTPALUU
BeniecTB. Kpome Toro, Ha 1osiokeHne paBHOBECHS B PEAKLUAX C yUACTUEM [a30B MOKET BIMSTH JaBJICHHUE.

DaKkTOpBbI, BJHAIINE HA CMelLleHHe XUMHUYECKOI0 PABHOBECHS

Pazbepem BimsiHME KaXXA0TO (hakTOpa HA MPUMEPE 0OPATUMON peakIMy CHHTE3a aMMHUaKa:

Konuenrpanus

B xopne npsiMoii peakiinu 13 MPOCTHIX BEIIECTB (230Ta U BOJOPO/IA) MOIYyYalOT aMMHUAK, a B X0/1€ 00paTHOU
peaKIMK NOCPEICTBOM Pa3IOKEHHsI aMMHKa 00pa3yroTcs a30T U BOJOPO/L.

[Ipy HaCTyIUIEHMHM XMMHUYECKOTO DPABHOBECHS CKOPOCTH TNPSAMOW M OOpaTHOM peakuuil CTaHOBSTCA
paBHbI.OUEBUIHO, YTO MpPH YBEIMYEHUM KOHLEHTpAallMM ra3oo0pa3HOro a3oTa B CHCTEME, BO3PAacTeT U €ro
PaBHOBECHAsI MOJIIpHAsl KOHUEHTPALUS , ¥, CIIEI0BATEIbHO, YBEIIMUUTCA CKOPOCTh MPSIMOM PEaKLMU 1P, CKOPOCTh
&Ke 00paTHON peakIMM OCTAHETCS] HEM3MEHHOH. B TakoM ciryyae roBopsT, 4TO paBHOBECUE CABHUIAeTCs BIIPABO
WM B CTOPOHY NPsAMOM peakuuu. To €CTb, IpU ysenuuenuu KOHYeHmpayuu peazenma, pagHoeecue cmewaemcs 6
cmopony obpazosanus npoOykmog. AHAIOTUYHO pacCyKAas, MOKHO IPUNTH K BBIBOLY, YTO IIPU YMEHbUIEHUU
KOHYEeHmpayuu peazenmos CKOpoCcTb 00paTHOW peakuuu Oyner Oosblie, YeM CKOpPOCTb NPSMOM U pasHosecue
CMeCmumcst 8 CMOpPOHY UCXOOHBIX GEUieCE.

Temmneparypa

[lpsamas peakuus sBISETCS 3K30TEPMHUECKON (IPOTEKaeT C BbIEICHMEM TeIula), a oOpaTHas —
SHIOTEPMUUYECKON (MIET C MOTJOIMICHHEM Teria). PaccMOTpuM MOBeeHHE NaHHOW PaBHOBECHOM CUCTEMBI npu
nosviwenuu memnepamypuvi. Pykopoacrsysacsk npunuumnom Jle-Illarense MOXXHO IpenckasaTh «COIPOTUBIICHHUE
CHCTEMBI BHEITHEMY BO3/ICHCTBUIO (HArPEBAHUIO), TO €CTh MPsAMas IK30TepMHUUYECKast peakiust OyIeT 3aMe I ThCs
U, 3HA4YMT, paBHOBecHE OYAET CMEIIAThCS BIEBO, 8 CHMOPOHY dHOOmMepmuyeckou peaxyuu. YI Hao0060poT, npu
VMeHbUeHUY meMnepamypul, CucreMa OyAeT «COIPOTUBIATHCSA», OTAaBasi TeII0. To eCTh YBEIMUUTCS CKOPOCTb
IIPSIMON PEAKLIUU U PAaBHOBECHE CMECTUTCS 8 CIMOPOHY IK30MEPMU4ecKou peakyuu.

Jlerko 3amoMHHTB, UTO €CJIM IPOUCXOAUT HArPEBAaHUE BO BPEMS pEeaKLMH (TO €CTh BBIJIEISETCS TEIUIO), TO
€ro Hy>KHO OTBOJUTH (OXJaxaaTh). Eciu s peakuuy He XBaTaeT Termsa (TO €CTh MOTJIOLIAETCs TEII0), TO TaKyro
CUCTEMY HYKHO HArpeBarh.

JlaByieHHe

JlaBneHue BIMSIET TOJBKO Ha OOpaTHUMbIE T'a30BbIE pEaKLWH, MPUYEM TOJBKO Ha T€ M3 HHUX, B KOTOPBIX
MPOUCXOIUT M3MEHEHHe OOIIEero 4uciaa MOJIEKYJN rasza. Yeenuuenue Oasnenus CMEIAET PABHOBECHE B CIMOPOHY
00pa3o6anus MeHbule20 4Yucia MONeKYl 24308, A YMeHbUieHue OaeleHUss — 6 CMOPOHY YBeNUYeHUs YUCId
monexyn. Tak, B paccMaTpuBacMoOU peakuu

KOJIMYECTBO Ta30B B JieBOW 4actu ypaBHeHHs (1+3)=4 monb, B mpaBoil - 2 monb. CienoBaTenbHO, MpU
MIOBBIIICHUH JaBJICHHUS PABHOBECHE B TAHHOW CUCTEME CMECTUTCA BIIPABO, IIPU YMEHBILIEHUH JaBJICHUS - BIIEBO.

Jlerko 3amoMHHMTB: yBEITMUYECHUE J1aBJICHUS CMEIIAET PEaKklUi0 B CTOPOHY MeHblIero odbema. B cioyuae
paBHBIX OOBEMOB Ta3000pa3HBIX HCXOAHBIX BELIECTB M IPOAYKTOB, JaBJICHHE HE BIMSIET Ha CMELICHHE
paBHOBECHS.

Karanusartop

[Ipn ucnonb3oBaHUM KaTaau3aTopa B PABHOBECHBIX CHUCTEMAX, YCKOPSIIOTCS Kak IpsiMasi, Tak M oOpaTHas
peakIyy, MpHUYeM CKOPOCTH 00X peakIMi YBeIMYMBAIOTCS B OJAMHAKOBOE YHUCIIO pa3. PaBHOBecue mpu 3TOM
coxpansiercd. TakuM 00pa3oM, KaTaJIu3aTop He BJHUsET HA MOJIOKEeHHe PABHOBECHS, a TOJIbKO MPUBOAUT K
0osee OBICTPOMY €T0 YCTaHOBIEHUIO.

st sKuakocTeil, pacCTBOPUMBIX JAPYT B Apyre B JIIOObI X COOTHOLICHUSAX, BBINOJHACTCH 3AKOH

Payas
Kaxxioi )uaKocTH NMpu JaHHOM TeMIIepaType COOTBETCTBYET ONPENEICHHOE JABJIECHUE HACHIIIEHHOTO
napa po. C MOBBIINIEHUEM TeMIIEpaTyphl po yBeiauuuBaercs. [Ipu pacTBOpeHMH B KMIKOCTH KaKOTro-1u0o
HEJIETY4Yero BEIIEeCTBa AaBJICHUE HACBIIIEHHOTO Mapa pacTBOPUTEIS HaJl pACTBOPOM CTAHOBHUTCS HUXKE, YEM HaJl
YUCTBIM paCTBOPUTENIEM IIpU TOW ke Temmeparype. [IpuueM NOHMKEHUE NABJICHHS NPONOPLIUOHATIBHO
KOHIIEHTpALlUN PacTBOpa.

Omnocumenvnoe NOHUMCEHUE OAG/ICHUA HACLIUWEHHO20 napa pacmeopumein Hao pacmeopom paeHo
MOJIbHOUL 00Jlepacm60peunozo eewjecmaea.

_ p0 —p0 n(p.B.)
" n(p.B.) + n(p — 19)




IZI€ Po- JaBJIEHUE HACBIILEHHOIO [1apa HaJ pacTBOPOM;
N{ - YUCIJIO MOJIEH PaCTBOPEHHOTO BEIIECTBA,
Ny - YUCIIO MOJIEN PACTBOPUTEIIA.

o m
Yucno Monel HaXxoaT 1o popmyne: n = o

IIpumep pewenus

Haiinure mpu 65°C maBienue mapa Haj pacTBopoMm, coaepskamuM 13,68 r caxapa (C12H22011) B90 T
BO/IbI, €CJIM JIaBJICHUE Mapa Ha/l BOJIOW MPHU TOM ke Temreparype paBHo 25 klla.

3nas ¢popmyny I 3akona Payns, Beraucisiem:

p1=po—po'N
N = n(p.B.)

n(p.B.) + n(p-ms1)
n(p.B.) =m/M = 13,68/342 = 0,04 monb

n(p-1s1) = 90/18 = 5 mMob
p1=25-10%-25-100,04/5,04 = 24801 Ila

Ortsert: p; = 24801 Ila

Sanalme: Pemmts 3amaun Ha OIIPCACIICHUC YCJ'IOBI/Iﬁ paBHOBECUA OT BHEIITHEHN Cpeabl

3anaua Ne 1 Haiinure npu 65°C naBneHue napa Haz pactBOpoM, coaeprkainum 13,68 r caxapa (C12H22011)
B 90 r BO/BI, €CJIM JIaBJICHHE MMapa HaJ BOJOM MPH TOM ke Temneparype pasHo 25 klla.

3agauya Ne2 Haiinure npu 50°C naBneHue mapa Haja pacTBOpoM, cogepxamuM 10,28 r aTuneHr Ko

C,H4(OH); B 900 T BOJIBI, €CTU AaBJICHHE Tapa HaJl BOAOW NP TOM ke TeMriepaType paBHo 12334 Ila.

3apauya Ne3 Haiinure npu 40°C naBneHue mapa Haja pactBopom, coaepxamntum 14,4 r ¢penomna CsHsOH B
80 T BOJIBI, €CIM AABJICHUE Mapa HaJl BOJAOMW IIPU TOU K€ TEMIIEpaType PaBHO 0,513-10° Ia.

3agaua Ne4 Haiigure npu 86°C naBiieHue napa HajJ pacTBOpoM, coaepxkamuM 12,88 r rimoko3sl B 108 T
BOJIbI, €CIIU JIaBJIEHUE M1apa HaJl BOAOM IpU TOH ke TeMrieparype paBHo 98775,3 Ila.

3apauya NeS5 Haiinure npu 56°C naBnenue mapa Haz pactBopom, coaepxamuM 10,34 T rmoko3sl B 108 T
BO/IbI, €CJIM JaBJIEHUE Mapa HaJ BOJAOW MpH TOMU ke TemnepaTrype paBHo 98775,3 Ila.



3agauya Ne6 Haiinure npu 70°C naBieHue mapa Hajl pactBopom, coaepxkamum 12,12 r adupa (C2Hs),0 B
80 r BOBI, €I TaBJICHUE TIapa HaJl BOJOM MPHU TOH ke TeMiieparype paBHo 24512 Ila.

3apaua Ne7 Haiinqute npu 80°C naBneHue mapa HaJl pacTBOpOM, cojepkamum 16,28 r aHuianHa
CsHsNH, B 60 r Boabl, eciiu 1aBiieHre mapa HaJ BOJIOM NpH TOH ke Temneparype paBHo 622 klla.

3agaua Ne8 Haiinure mpu 67°C paBieHue mapa HaJl pacTBOpoM, cojaepxkammm 8,44 T OCH30MHON
kuciotel CeHsCOOH B 90 1 BoJIbI, €ciiu AaBjieHHUE Mapa HaJl BOJAOW MpU ToM ke Temneparype paBHo 640 klla.

3agaya Ne9 Haiinute npu 80°C naBneHue mapa Haja pacTBoOpoM, coaepxkamuMm 20,4 r rauuepuHa
C3HgO3 B 90 r Boabl, €ciii JaBieHUE NIapa HaJl BOJOU npu Toil ke Temiepatype paBHo 640 klla.

3agaya Nel0 Haiimure npu 60°C paBiaeHue mapa HajJ pacTBOPOM, cojepkamuMm 12,4 T TIIOKO3bI
CsH1206 B 80 1 BOJIBI, €CNK JaBJICHUE TIapa HAJl BOAOM MpH TOM ke TemriepaType pasHo 740 klla.

3agaua Nell Haiiaute npu 60°C naBiieHWe Tapa Haja pacTBOPOM, cojlepxamum 16,2 T aneroHa
(CH3)2CO B 90 r BOJIBI, €CITH aBJICHKE TTapa HaJl BOAO# MpH TOil ke TeMiepatype paBHo820 klla.

3apauya Nel2 Haiinute npu 60°C paBieHue mapa Haja pacTBOPOM, cojepkamum 18,6 T TIFOKO3bI
CsH1206 B 80 T BOJIBI, €CNTM JaBJICHUE TIapa HAJl BOJOW MpH TOM ke TemrepaTtype paBHo 720 klla.

3apaya Nel3 Haitnute npu 50°C naBneHue mapa Haja pacTBOpoM, coaepskamuM 50 T dTHICHTITHUKOJS
C,H4(OH); B 900 T BOJIBI, €CTU aBJICHHE Mapa HaJl BOAOW MPH TOM ke TemriepaType paBHo 620 klla.

3agauya Nel4 [laBnenue mapa BOAbI NIPU 50°C paBHO 12334 Ila. Beluncnure naBieHHe mapa pacTBopa,
conepxkarniero 50 r atunenrnukons C,H4(OH), B 900 r BoabL.

3agaua NelS Jlasnenue mapa Boabl mipu 65°C  paBHo 25 klla. Beruucnure naBieHue mapa pacTBopa,
conepxariero 13,68 T caxapa (C12H22011) B 90 T BOIBI.

3apaya Nel6 /laBneHne mapa BOABI IpU 50°C paBHO 12334 Ila. Beluucnaure naBiaeHue mapa pacTBopa,
conepxariero 10,28 r atunenrimkoins CoHa(OH), B 900 T BOBL



3agaua Nel7 J[laBienue mapa BOIBI IPHU 40°C paBHO 0,513-10° I1a 4. BbluncanTe IaBiIeHHE napa

pactBopa, coaepxkamiero 14,4 r penona CsHsOH B 80 1 BOBI.

3apauya Nel8 JlaBnenue nmapa BOJbI IIpU 70°C paBHo 98775,3 Ila. Beruuciure gaBiaeHue mnapa pacTBopa,

conepaxartero 12,88 r ritoko3sl B 180 r BOABL.

3apaua Nel9 Jlanenue napa BOABI NPHU 50°C paBHo 12334 Ila.

conepxaiiero 50 r riroko3sl B 900 r BOABL.

3apaua Ne2( Jlanenue napa BOJABI MIPU 70°C paBHo 24512 Ila.

coaepxariero 12,12 r agupa (C2Hs)20 B 80 T BOABI.

3amaua Ne21 Jlasnenne mapa Boxsl npu 80°C pasro 12334 ITa.

conepxatiero 16,28 r anmimna CeHsNH, B 60 1 BOJBI.

3apaua Ne22 JlaBneHue mapa BOJbI HpU 67°C paBHO 640 klla.
conepxkariero 18,44 r 6ensoitnoi kuciotel CsHsCOOH B 90 r BOfbI.

3amaua Ne23 JlaBnenue mapa Bogsl npu 67°C pasro 740 klla.
conepxariero 20,4 r rmunepuna CsHgOs B 90 T BOABL.

3apaua Ne24 JlaBnenue mapa BOJBI MpU 65°C paBHo 740 xlla.
conepxariero 12,4 r rmoko3bl CgH1206 B 90 T BOJBI.

3apgaya Ne25 J[aBneHue mapa BOABI MpH 65°C paBHO 840 klla.
coxaepkarero 26,4 r anetona (CHsz),CO 20,4 r B 80 r BOJIBI

3amaua Ne26 Jlasnenue mapa Boxsl npu 70°C pasro 740 klla.
coaepxaiero 20,4 r rmoko3sl CeH1206 B 90 T BOIBL.

3agaua Ne27 JlaBiieHue mapa BOJBI MPHU 62°C paBHo 640 klla.
conepxariero 20,4 r atrnenriaukons CoHy(OH), B 80 r BoabLI.

Brruncivte naBiieHue mapa pactBopa,

Brruncivre naBieHue napa pactBopa,

Brruncnure naBieHue mapa pactBopa,

Breruucnure naBneHue Imapa pacTtBopa,

Brruncnure naBieHue mapa pacTtBopa,

Brruncnure naBieHue mapa pacTtBopa,

BrruncauTe naBiieHHe napa pacTtBopa,

Brruncnure naBieHue mapa pactBopa,

Brruncnure naBieHue mapa pacTtBopa,



Kpurepun oueHuBaHus:

- OLEeHKa «5» (O0TJIMYHO) BBICTABIIAETCS TPU IIOJHOM BBIIOJHEHUH pPAa0OT, OTCYTCTBUH OIIMOOK,
IPaMOTHOTO TEKCTa, HAJIMYUS BHIBOJIOB;

- omeHKa «4» (XOpolIO) BBHICTABISIETCA MPH BBHINOJHEHHH BCEr0 oObeMa pabdOT W HAIUYUH
HECYIIECTBEHHBIX OIIMOOK, KOTOPbIE HE OKA3aJIM BIMSHUS HA OKOHYATEIbHBIN Pe3ylbTar;

- oueHkKa «3» (YI10BJIeTBOPUTEJIbHO) BBICTABISECTCS IPU HEMOJHOM BBINOJIHEHUH BCEX 3a/aHUil, MpH
HAJIMYUU OIIMOOK, KOTOPBIE HE OKA3aJli CYIIECTBEHHOTO BIUSHUS HA OKOHYATEIbHBINA Pe3ysIbTar;

- OleHKAa «2» (HeyI0BJIETBOPHUTEIbHO) BBICTABIIACTCS, €CIU JOMYUICHbl MPHUHIUIHAIBHBIE OIINOKH,
paboTa BBITTOIHEHA KpaitHe HeOpeKHO, 0e3 COOTI0ICHUS CPOKOB C/IauH.



