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IIJIAH

JABOPATOPHOTI'O IPAKTUKYMA 110 ®U3NYECKON XUMHH

JlabopaTopnast pabora Ne 1. Tepmoxumus. OnpeneneHue TEMI0Tbl pACTBOPEHUS COJIH.
OnpezneneHue TEMIOTH IMIPATOOOPA30BaHUS COJIH.

Jladoparopnasi padora Ne 2. Xumuueckoe paBHOBecHe. BiisiHrEe KOHIIEHTPAIMK BEIICCTBR,
YYaCTBYIOIIMX B PEAKIIUH, TEMIIEPATYPHI U KUCIOTHOCTH CPEJIbl HA COCTOSIHUE XUMHYECKOTO
paBHOBECHS.

Jladoparopnasi padora Ne 3. TepMonHaMUUECKUE CBOMCTBA PACTBOPOB.

Jladoparopnasi padora Ne 4. PacTBOpBI 37€KTPOIMTOB. DIIEKTPOIPOBOITHOCTH PACTBOPOB
AJIEKTPOJIUTOB. KOHAYKTOMETPHSI.

Jlaboparopnasi padora Ne 5. DiieKTpoAHBIN MOTEHIIMAN. ["aTbBaHUYECKHI 2JIEMEHT.
[TorenmromeTpusi.

JlabopaTopnasi pabora Ne 6. Xumuueckas kuHetuka. OnpeereHre KOHCTaHTbl CKOPOCTH
peaKIMu BTOPOTo MOpsiIKa.



JlaGopaTopHas padora Ne 1

TEPMOXUMMSA. OITPEJAEJIEHUE TEIIJIOTBI PACTBOPEHUA COJIM.
OIIPEAEJIEHME TEIIJIOTBI TNIPATOOBPA30BAHUSA COJIN.

HEJIb PABOTbBI: O3HaKOMUTBCS ¢ KAJIOPUMETPUUYECKUM METOJAOM U3MEPEHUS TEIIOBBIX
3¢ (eKToB, ONPEACTUTH TEIIIOTHI PACTBOPEHUS COJICH, PACCUUTATh TEILJIOTY
ruaparoodpazoBanus kpuctamtoruapara CuSO,-5H,0 u3 6e3BoaHOM comn.

BOITPOCHI J1J1s1 OBCY/KAEHUS:
1. [aiiTe XapaKTepUCTUKY CISAYIOIINM IMOHSATUSAM B TEPMOJIUHAMUKE: CUCTEMA,
¢a3a, KOMIIOHEHT, TAPaMETPBI, IPOIIECCHI.
HyneBoe Hauano TepMOAMHAMUKH. Y PaBHEHHE COCTOSHUS UCATLHOTO ra3a.
Temnora, pabota. DK30TepMUYECKUE H IHIOTEPMHUECKUE MTPOIECCHI.
OYHKIMH COCTOSHUS. BHYTpEHHSS SHEPTHS U SHTAIBITHUS.
[lepBoe Ha4aIO TEPMOTUHAMHKH.
TennoeMKoCTb.
Tepmoxumuueckue ypaBHeHus. 3akoH ['ecca.
[TepBoe u BTOpOE ciencTBus U3 3akoHa ['ecca.
. 3akon Kupxroda.
10. TerutoTa pacTBOPEHUS COJIU M TEIIOTA THIPATOOOPA30BAHHSL.

CoNO LN

X0/l PABOTHBI

Jns  onpeneneHuWs — TEIUIOTHI  PACTBOPEHHST  COJM  HUCIOJNB3YIOT  KAJIOPUMETP,
npeacTaBisitonuid  coboit cocyn Jproapa (unmm Tepmoc), U Tepmomerp bekmana. PactBop
nepemMemuBaoT Memankoi. s pacdera TtemsoBoro 3¢dekra mporecca, MPOTEKAIOIIEro B
KaJOpUMeTpe, HEOOXOIUMO 3HATh MOCTOSHHYIO KaJOPUMETPa, T.€. KOJUYECTBO TEIUIOTHI, KOTOPOE
TpeGyeTcs Ul HarpeBaHus KaIOPUMETpPa C TEPMOMETPOM, MEIIAIKoii, BOAOi 1 conbro Ha 1°C. Jls
HarpeBaHusi Ha At motpeOyercs:

rae AH — TemnoTa pacTBopeHUSs COIH, KJ[5K/MOIIb;
N — KOJMYECTBO COJIU, MOJIb;
At — HaiiIecHHOE U3BMEHEHHUE TEMIIEPATYPhI B KAJIOPUMETPE;
K — mocrosiHHas KaJopuMeTpa.

[TocrossHHyr0 Kamopumerpa K MOXKHO ONpenenuTh MO M3BECTHOW TEIJIOTE PaCTBOPECHUS
KaKoH-HUOy/Ab coJlM, HalpuUMep, HUTpaTa Kanus. TernoTa pacTBOPEHUs] HUTpaTa Kalus MpH 18°C
paBHa 35, 62 kJ[>/Mo0b.

Jlsis 3TOTrO TIIATENBHO PAacTUPAIOT HUTPAT Kajus B (ap(opoBoii CTylKe M B3BEIIMBAIOT B
6rokce 2,5 r ¢ TourocTsio 10 0,01 r. B cocyn [proapa nanuatot 300 M1 TUCTUIUTMPOBAHHOM BOIHI,
MMEIOIIEH TeMIlepaTypy 18°C. 3aKpbIBAIOT KaJOPUMETP NMPOOKON M YKPEIUIAIOT B HEW TEpMOMETP
bexmana. Onpeensior TeMIieparypy cHauana Bojibl, a 3areM pactBopa coid KNOs. YuuTsiBas, uyTo
pacTBOpeHHE HUTpaTa Kalusg NpPOTEKaeT ¢ TMOIVIOMIEHHEM TeIIoThl, TepMoMmeTp bekmana
HACTPaMBaIOT TaK, YTOOBI MEHUCK PTYTHU HAXOJAMJICS B BEPXHEH €ro 4acTH.

st ygeta TerutooOMeHa KaJIOpUMETpa C OKPYKAIOIIEH CPeor U ONpeeICHUs] HCTHHHOTO



U3MEHEHHS TEMIIepaTypbl BO BpEMsl ONbITA BECh KAJIOPUMETPUUECKUN MPOLECC ACTUTCS HA TPU
nepuoja:

1) npenBapuTEIbHBIN EPHOJ, MPOAOIDKAIOUIMNCS 3 — 5 MUH;

2) TIABHBIN IEPHOJ] — IPOLIECC pacTBOpeHus coyu (00baH0 1 — 2 MUH);

3) 3aKJIFOYUTEIbHBIN IIEPHOI, TPOAOJIKAIOUIMNCS 3 — 5 MUH.

[TomemuBas BOAy B KaJOpHMETpe, HAOIIONAIOT 3a TEMIIEpaTypol, KOTOpas H3MEHSETCS
BCJIZICTBHE TEIIIOOOMEHA C OKpYyXkatomen cpenoid. Korga n3aMeHeHus TeMrnepaTypbl B KaxXIple
30 c. cTaHyT NOYTH OJMHAKOBBIMH, T.€. KOIJIa YCTAaHOBHUTCS PaBHOMEPHBIH XOJ TEMIEpPaTyphl,
JIENIAI0T €€ OTCYETHI C TOUYHOCTBIO 10 O,OIOC B TeueHue 3 — 5 MuH yepe3 kaxasie 30 c. [locne aToro
BBICBHINAIOT BCIO COJb B BOJIY M, IOMEIIMBAsi PACTBOP, HAOIIOAAIOT 3a U3MEHEHUEM TEMIIepaTypbl
(rmaBHBIN TEpHOJ), OTMEYas 3HadeHUs1 e€ depes Kaxkaple 10 c., T.K. TemIepaTypa mHajaeT O4YeHb
ObicTpo. OKOHYAaHHMEM TJIABHOTO I[I€PUOJAa W HAuYaJOM 3aKJIIOYUTEIBHOTO MPUHATO CUUTAThH
YCTaHOBJICHHME BHOBh PABHOMEPHOT'O X0Jia U3MEHECHHS TeMIIepaTyphbl. B 3aKI0UnTEILHOM MEpUOJIC
TeMIlepaTypa U3MEPSIETCs TaK K€, Kak U B MIPeABAPUTEIIbHOM. Pe3ynbTaThl H3MEpEeHU 3aMChIBAIOT
B BUje TaOnuibl. Jlyig pacdyera TOYHOTO M3MEHEHMs TemrepaTypbl At MpU PacTBOPEHHH COJHU
BBIUCPUYMBAIOT HA MUJUIMMETPOBOH Oymare rpadvk H3MEHEHHSI TEMITEPATYPhl OT BPEMCHH.

OTpe30K, COOTBETCTBYIOIIMI M3MEHEHUIO TeMmIlepatypbl At Ipu pacTBOPEHUU COJIH,
OTIPEACIISIOT 1o rpaduKy. Onpenenus 3Ha4eHUE At, BEBIYUCIISIIOT ITOCTOSIHHYIO Kajmopumetpa K.

ONPEAEJIEHUE TEILIJIOTBI TNIPATOOBPA30OBAHUSA COJIN

TemnoTolt ruaparooOpa3oBaHMsl HA3bIBAETCSl KOJUYECTBO TEIIa, KOTOPOE 3aTpauuBaeTCs
Ha oOpa3oBaHue | MoOJb TBEpIOro KpHUCTAIOIMApaTa W3 TBepAod Oe3BOAHOM coiau U
COOTBETCTBYIOILIETO KOJMYECTBA BOJbL. TEIUIOTY 00pa3oBaHMS KPUCTALIOTUAPATOB OOBIYHO HE
OIPEACIAIOT HENOCPEACTBEHHO B ONBITE. DTy BEIMYMHY HAaXOJAT PACUETHBIM IIyTEM, UCIOJb3Ys
3akoH ['ecca M KaJlopUMETpUUYECKHE JaHHbIE MO TEIJIOTaM pPAcTBOPEHMs] O€3BOJHOW COJIM U
KpUCTAIOTHIpaTa B OOJIBIIMX KOJUYECTBAX BOJIBI.

YCTaHOBUM CBSI3b MEXIy TEIUIOTOH 00pa3oBaHWs KpUCTAUIOTHApaTa cyibdara menu
CuSO4-5H20 m TerioTamMu pacTBOpeHHUs O€3BOIHOM CONM M KpHCTaioruapara. B HadaibHOM
COCTOSIHUM MM€eM | MOJIb KpUCTaUIMuecKoi 0e3BojHON comu u n  moib H,O; B KOHEUHOM —
pactBop 1 mose CuSO4 B n monbs H7O. Ilepexon oT Ha4ambHOrO COCTOSTHUSL K KOHEUHOMY MOXKHO
OCYIIIECTBUTD JBYMSI PA3JIUYHBIMU MYTAMHU.

IlepBbIil myTh:
CUSO4 o) +n Hzo = CUSO4 (pacTBop) i AH;

Bropoii myThb:
CuSOq m T 5H,0 = CUSO4‘5H20(T) ; AHmnp
CUSO4‘5H20(T) + (n - 5) H,O = CuS0Oq, (pacTBop) 1 AH>

CornacHo 3akoHy ['ecca cymmaphHble TeruioBble 3((eKkTbl B 000MX ClyyasiX PpaBHBI.
[ToaToMy W3MepUB ONBITHBIM IIyT€M TEIUIOTHI pacTBopeHus Oe3BoaHod comu AH; wu
kpucramnoruapata AH, MoxkHO paccyuTarh TemIoTy ruaparoodpazoBanus AH,,, CuSO4-5H,0:

AHme = AHl — AHZ
I[J'I}I MMpOBCACHUA OIbITa 6epyT AB€ HAaABCECKHU IIO 3,0 r pacTtepToro B MOPOMIOK

Kpuctayioryapata. [lepBylo HaBecKy HCHOJB3YIOT MJsl OIpeNeieHHs] TEeIIOThl PacTBOPEHHS
KPUCTAJNIOTHIpaTa, a BTOPYIO MepeHocAT B ¢ap(opoByro HallKy W HarpeBaroT Ha ropeiike A0 TeX



1op, MOKa HE TMOJYYHUTCS MOPOIIOK Oe3BOIHON coyn (romybasi Ookpacka JOJDKHA HCYE3HYTBH).
be3BomHyI0 cONb TMEepeHocAT B OIOKC M Cpa3y K€ 3aKphIBAIOT KpPbIMIKOW. OmpeneneHue TerioT
pacTBOpEHHs] MPOBOIAT AHAJIOTHYHO paccMoTpeHHoil meroauke ¢ conbio KNOs. IIpunumas Bo
BHUMaHHE, YTO IpPU DPAacCTBOpEHHH Cyib(aTa Meau TemsaoTa BbLIensercs, TepMoMeTp bexmana
HACTPaMBAIOT TaK, YTOOBI MEHUCK PTYTH TEPMOMETpa HaxXoAWwics B BepxHed udactu mkanbl. [lo
HalJICHHOW BEMYMHE MOCTOSHHOM Kajopumerpa K ¥ pe3ynbraTaM OIbITa BBIYUCISIOT TETIIOTHI
pacTBOpeHHUsl O€3BOAHONW COMM M €€ KPUCTAUIOTHIpATa, a 3aTeéM pPAacCUUTHIBAIOT TEIUIOTY
00pa30BaHUs KPUCTAIIOTUAPATA.

OTYET O PABOTE

1. CpenaTp yepTex CXeMbl KaJJOPUMETPA M OIUCAThH XOJ1 PAOOTHI.

2. V3Meputh U3MEHEHHE TEMIEPATypbl BO BPEMEHU IPU PACTBOPEHUHU BCEX COJIEH,
yKa3aHHBIX B paboTe, HAYEPTUTD IpaPUKH 3aBUCUMOCTEH Ha MIJTUMETPOBOM Oymare u
OIpeseNuTh rpaguuecku At.

ook w

BpruucianTe NOCTOAHHYIO KaJTOpUMETpa.

Boraucnauts temnosie 3gdextsl pactBopeHus coieit CuSO4 u CuSO4-5H,0.
Berancnuts Temioty oopazosanus kpucramuioruapara CuSO,4-5H;0.
Crnenatpb BBIBOJIBI 11O paboTe.

JlabopaTopHasi padora Ne 2

XUMHUYECKOE PABHOBECHE.

BJIMAHUE KOHOEHTPALIMU BEIIECTB, YHACTBYIOIIIUX B PEAKIIUU,
TEMIIEPATYPbBI U KUCJIOTHOCTH CPEJIbl HA COCTOAHUE

XUMHUYECKOI'O PABHOBECHUA

HEJIb PABOTBI: M3yuyeHne BIUSHUSA KOHLIEHTPALMK BELLECTB, TEMIIEPATYPhl U KUCIOTHOCTU

Cp€abl Ha CMCIICHUEC XUMHUYCCKOT'O paBHOBECHU .

BOITPOCHI JIS1 OBCYXXKJIEHUAA:

1.

2.

Kakoe cocrosiHue 00paTuMoil XUMHUYECKON PEeaKIMK Ha3bIBAlOT XUMHUUECKUM
paBHOBECHEM?

3aKOH JEHCTBYIOLMX Mace U1 XUMUYECKOTro paBHOBecHs. KOHCTaHThI
paBHOBECHS.

Cwmemenue pasHoBecus — npuHuui Jle [llarense-bpayna. Biusuue
KOHLIEHTPALUY, 1aBJICHUS U TEMIIEPATYPhl HA CMEUICHHE XUMHUYECKOIO
paBHOBeECHS.

Hanummre ypaBHEHNE KOHCTaHThI PAaBHOBECHS IS KAXKI0TO U3 CIELYIOIINX
00paTHMBIX MPOIIECCOB:

2NO; © < 2 NO(F) +0, > AH® >0
Hypy + By << 2HBrgy; AH® <0
Hypy + CuOp < HOr + Cuwy; AH® <0

Kak cmectuTcst paBHOBecHe pU U3BMEHEHUH NTapaMeTPOB CUCTEMBbI?
Kak KOHCTaHTBI paBHOBECHS CBSI3aHBI C AG® u AF° peakuun?



6. BbrumcnuTe KOHCTaHTY paBHOBecHs K, peakiun:
SOs3() + H20@y <« HaSOsp

eciIn AGOOQ,, BemecTB SO3 (1), H2O (), H2SO4 S paBHBI cooTBeTCTBeHHO —370,4;
-237,2 1 —690,3 x/[x/monb. (OtBeT: 3,14- 10 ).

X0/ PABOTHBI

OIIBIT I. W3ydenue BIUSHUS KOHIEHTPAIMU BEIIECTB, YYACTBYIOIIUX B PEAKIIUU, HA CMEIICHUE
XUMHUYECKOTO PAaBHOBECHS.

BnusiHue KOHIIEHTpAluM pearupyrolux BEUIECTB M MPOAYKTOB PEAKIMH Ha XUMHYECKOE
paBHOBECHE MCCIICIyeTCs Ha MNPHUMEPe peakiuu B3aumojeicTBus xmopuaa skemeza (I) ¢
TUOIIMAHATOM (pOJaHUAOM) Kajus wWid aMMoHHMS. [lo cTenmeHM HMHTEHCHBHOCTH KPacHOTO
OKpalllMBaHUs THOLIMAHATa Kejle3a MOXKHO HaOJI01aTh 3a CABUIOM XMMHUYECKOTO PaBHOBECHSI NPHU
M3MEHEHUHU KOHIICHTPAIH BEIIEeCTB, YIaCTBYIOIIUX B PEAKIIUU.

B xumuueckom crakane k 10 M 0,01 M pactBopa ximopuaa xenesa (111) mpubasistor
10 mn 0,03 M pactBopa Tuoumanata kanus. OOpa3oBaBIIMICS MHTEHCHBHO OKpAIICHHBIA B
KpPacHbI ILBET PAcTBOP IOPOBHY pAa3IUBAIOT IO YeThIpeM OoibiiuM TmpobOupkam. IlepByro
OCTaBIISIIOT Ui CPAaBHEHMS, BO BTOPYIO JOOABJISIOT HECKOJBKO Kamelb KOHIEHTPUPOBAHHOTO
pactBopa xiyopuna xkenesa (l1l), B TpeTbio - HECKOJIBKO Kameidb KOHIEHTPUPOBAHHOTO pPacTBOpa
TUOIIMAHATa KaJlii, B YETBEPTYID HACHINMAIOT HEMHOIO0 KPHUCTAJUIMYECKOrO XJIOpUAA KajHsl.
Conepxumoe BTOPOU, TPEThe W YETBEPTOM MPOOMPOK B30AITHIBAIOT M BBHICTABIIOT UX B Psij Ha
done skpana u3 Oenoi Oymaru.

CpaBHUBAIOT OKPAcKy pacTBOPOB B TPEX MPOOMPKAX C OKPACKOM B KOHTPOJIBHON MPOOUPKE.
Pe3ynbrarel onbiTa BHOCAT B Tabnuiy 1.

Tabmuma 1
Howmep BemectBo, nobasisiemoe N3menenne Hamnpasnenue
pOOUPKHU B CUCTEMY MHTEHCUBHOCTH OKPACKHM | CMEILLEHUS PaBHOBECUS
1 — pacTBOp CpaBHEHUs —
2 FEC|3
3 KSCN
4 KCI

Hanummure ypaBHeHue peakiiyu U 00bsCHUTE HAOMII01aeMble U3MEHEHUSI, UCXOS U3
npunuuna Jle [llarense. Hanummure BoipaykeHUE U151 KOHCTaHThl XMMHUYECKOTO PABHOBECHS.
CmecTtuTcs 11 paBHOBECHE ITPU pa30aBIeHUN MOJy4YE€HHBIX pacTBOpoB? Crienaite BHIBOJ 1O
pabore.

OIIBIT Il. IIpumeHeHue 3aKOHA ACHCTBYIOUINX MAcC K peakIMK B3aUMOJICHCTBUS OKCH/Ia
yriepoza (IV) ¢ u3BecTkoBoii BO10iA.

B crexnsaHyro npoOupky HanelTe 5-7 M u3BecTKoBOi Bojabl. Ilorpysute B Hee KOHell
CTEKJISIHHOW TpyOku OT ammapara Kumma v mpomycTuTe YrieKuciblid ra3 A0 Tex Mop, IMoka



BBIMABUIMIA Cpa3y B OC3J0K KapOOHAT KajblMsd BHOBb IIOJHOCTHIO HE pPACTBOPUTCS. 3aTeM
nponyckanue CO, MpeKkpaTHTe U HarpeBaiTe COACPKUMOE IIPOOUPKH Ha CIadOM IUIAMEHH I'a30BOii
ropenku. HaGmronaiite oOpa3oBaHue Npyu HarpeBaHUM MMOMYTHEHHs, a 3aTeM M Ocajgka KapOoHaTa
KaJIBIIHS.

Hamummure ypaBHEHHsS NPOTEKAIONIMX pEakiuid U OOBACHUTE HAOIIOJacMble SIBICHUS,
YUYHUTBIBAsl, YTO TPH HArpeBaHUM pacTBopa npoucxoiut yineryuuaHue CO,, B pe3ylbTaTe 4ero
MMPOUCXOAUT CMCIICHUC XUMNYCCKOTI'O paBHOBECHA.

OIIBIT I1l. V3ydenue BIMUSHUS TEMIIEPATyphl HA CMEIICHUE XUMHUUYECKOTO PAaBHOBECHUS
1. Peakuus o6pa3oBaHus KOMIUIEKCHOTO COEIMHEHUSI HOJa C KPaXxMaJlOM.

B crakane BmectuMocThio 250 M1 HarpeiTe Boay 10 KuneHus. B aBe mpoOupKku moMecTuTe
o 4-5 mi 0,5 % pactBopa Kpaxmana u 100aBbTe B KaXKAYI0 podbupky mo 3-4 mu 0,05 M pactBopa
nona. 3anumure HabmogaeMble siBIeHUs (LBET oOpa3zoBaBlIerocs pactBopa). Harpeiite oany u3
IpOOMPOK, OIYCTHB €€ Ha HECKOJIBKO MUHYT B CTakaH ¢ ropstueid Bojod. Bropyro mpoOupky
ocTaBbTe A cpaBHeHMs. Habmonalite nsmeHenune okpacku. OxinaauTe HarpetTyro npooupky. Uro
MPOUCXOAUT? 3aluIIuTe Balld HAOIOACHUS B TETPajb U OOBSICHUTE BCE M3MEHEHHS OKPACKU B
cucreMe, ucxonas u3 npuHuumna Jle Illatenbe, yuuThIBasg, 4TO B CUCTEME YCTaHABIMBAETCS
CJIEIyIOIllEE PAaBHOBECHE:

I, + kpaxman < [l - kpaxmaai |

Ucxons n3 npunuuna Jle [laTtense, 0TBETHTE HA BOMPOC: 3K30- WU SHAOTEPMUYECKOM
ABIISIETCS peakiusi 00pa3oBaHus noI0KpaxmMana?
2. CwMernieHrne HOHHOTO PaBHOBECHUS peaKIIUU 0OpAaTUMOTO THAPOJIH3a COJEH.

Haneiire B npobupky 2-3 min 0,1 M pactBopa aunerara HaTpus U J100aBbTe 1-2 Karuu
pactBopa ¢eHondranenna. Harpeiite pactBop 10 90-100°C u HabmoxaiiTe MOSBICHME pO30BOI
OKpacKu. 3aTeM OXJIaJUTe MPOOUPKY C paCTBOPOM O] CTPYEH XOJIOAHOM BOJOIPOBOIHON BOABI /10
oOecupeunBanus. Kak mensiercs pH pactBopa npu M3MEHEHHUH TeMIepaTypbl, €CIM U3BECTHO, YTO
MHTEpBaJl Nepexo/a oKpacku uHaukaropa ¢penondranenna npu pH 8—10? Kak Bnusier HarpeBaHue
Ha paBHOBecHe peakuuu ruaponuza? Kak Biuser Ha 3T0 paBHoBecue oxjaxaeHue? Ilo
pe3yabTaTaM IPOBEIECHHOIO OIBITA CAENAWTE BBIBOJA O TEIUIOBOM 3((eKTe peakluu TUApOIIH3a.
Hanummre ypaBHeHHE peakUuu THIpOIN3a M OOBACHUTE HAONIOJaeMble SIBJICHUS, UCXOMAS U3
npuniuna Jle [atense. 3anummre BeIpaskeHHE Ui KOHCTAHTHI pAaBHOBECHS PEAKIINH.

OIIBIT IV. H3yueHue BIUSAHMS KMCIOTHOCTH CPENBI HA CMELICHHE XUMUYECKOTO PAaBHOBECHS.

Conu XpOMOBOHM KHMCIIOTBI — XpOMaThl — OKpAIIEHbI B JKEITHINA LIBET, a COJIM JUXPOMOBOM
KHCJIObBI — IUXPOMAaThl — B OPAHKEBBIN LIBET. B pacTBOpax 3THX cojiell MMEeT MECTO paBHOBECHE:

2Cro,2 + 2H' <  Cr,0# + H,0

OT0 paBHOBECHE JIETKO CMEIIaeTcs MPU U3MEHEHUH KOHIIEHTPALlMK HOHOB BOJIOPOAA.

B npoGupky nomecture 2-3 mi 0,5 M pactBopa 1uxpomata Kanus U NpruOaBbTe HECKOIBKO
Kanenb 2 M pactBopa ruapokcuaa kanus. HaGmrogalite M3MeHEHHE OKpackd pacTBopa. 3aTeM K
ATOMY JK€ pacTBOpy Mo KaruisiM npubaBbTe 1 M pacTBOp CepHOM KHMCIOTHI 10 T€X IOp, MOKa



OKpacka pacTBopa He cTaHeT npexHei. O0bsicHuTe, ucxons u3 npunnuna Jle lllarense, n3mMmeHeHue
OKPACKH pacTBOpa.

OTYET O PABOTE

1. CocraBuTh onucanue xoja paboThbl.

2. Hamucate He0OXOAMMbIE ypaBHEHUS PEAKIIHIA 110 KaXKIOMY OIBITY U CAETIaTh BBIBOBI O
CMeIleHUH paBHOBecus 110 puHuuny Jle [latense.

3. Hanwucatp BbIpakeHHE JIJIs1 KOHCTaHThl XUMHUYECKOT'O PABHOBECHS.

JlaboparopHasi padora Ne 3

TEPMOJJUHAMHUYECKHUE CBOMCTBA PACTBOPOB

HEJIb PABOTBI: IlpurotoBuTtsh ciieayronme BOAHbIE PACTBOPHI:
1. 200 mu 0,1 M pactBOpa anerara HaTpus (TUIOTHOCTH pacTBopa 1,02 r/mi).
2. 70t 5% pacrBopa caxapa (IIOTHOCTh pacTBopa 1,1 r/mm).

3. 5040 % pacTBOpa 3THIIOBOTO criupTa (TUIOTHOCTH pactBopa 0,92 r/mut,
mI0THOCTH criupTa 0,79 r/mi).

BBI4uCIUTE COOTBETCTBEHHO MOJISLIBHYIO, MOJIIPHYIO KOHIIGHTPAIMU 3TUX
pacTBOPOB, MACCOBYIO JIOJIFO PACTBOPESHHOTO BEIIECTBA M MOJIbHBIC JOJIN
KOMITOHEHTOB B pacTBOpe. PaccunTars OTHOCHTENIFHOE MOHMKEHUE TaBICHUS
HACBILICHHOTO 11apa, OCMOTHYECKOE JaBJICHUE, TEMIICPATYPy 3aMep3aHusl U
TEeMIIEpaTypy KUIICHHS TOIYYEHHBIX paCTBOPOB. J[JIsl SIEKTPOIUTOB CUNTATH

CTEIEHb IEKTPOJUTUYECKON AUCCOLMALIMU PABHOU | M y4ECTh N30TOHUYECKUI
KOd((UIIMEHT B pacyerax.

BOITPOCHI JIA OBCY X XKJIEHUAA:

1. XapakrepucTuka 1 Kiaccu(uKaus pacTBOPOB.
2. CrocoObl BBIpaXKEHHUS KOHIICHTPAIMU PACTBOPA: MAacCOBast JI0JIsI, MOJIbHAS JOJIA,
MOJISIpHAsl KOHLIEHTPALMs, MOJIsIIbHAsA KOHLEHTpalus. PacTBOpUMOCTS.
3. TepMomnHaMHUYECKHE CBOMCTBA MICAITBHBIX PACTBOPOB:
JIaBJIEHNE HACBIIIEHHOTO Napa HaJl pacTBopoM (3akoH Payis);
- TOBBIIICHUE TEMIIEPATYPBI KUIIEHUS PACTBOPA;
- IOHWXXEHUE TeMIIEpaTyphl 3aMepP3aHus pacTBOPa;
- OCMOC M OCMOTHYECKOE JJaBJICHHUE.
4. HewuneanbHble pacTBOPbI. AKTUBHOCTb.

5. OcoOEeHHOCTH BOJHBIX PacTBOPOB AIEKTPOIUTOB. CTENEHb ANEKTPOTUTUYECKOM

JICCOIMAIINH, U30TOHUYECKUH K03 duieHT. TepMoanHaMIUeCKUue CBOMCTBA
PacTBOPOB 3JICKTPOJIUTOB.



X0/l PABOTHBI

1. OGopynoBaHnue M mocyda: AJIEKTPOHHBIE BEChl, OIOKC CTEKJISIHHBIM, KOjI0a MepHas
BMecTUMOCTBbIO 200 MJI, BOpOHKa CTEKJISHHAs, MPOMBIBAIKA C JAUCTHLIMPOBAHHOM
BOJIOH.

[Tpou3BoAT pacueT HaBECKM alleTaTa HaTpHs. B3BemmMBaioT Ha 3JIEKTPOHHBIX Becax
mycrtoil OloKc, a 3areM OIOKC ¢ HaBeckoi. B MepHyro Kkoj0y MOMEIIaT CTEKISHHYIO
BOpoHKY. HaBecky mu3 OOKca MEpeHOCSAT C IOMOINBI0O BOPOHKH B MEpPHYIO KOJOY.
Hcnonb3ys mpOMBIBAJIKY, OCTaTKH BEIIECTBA B OIOKCE JIBaXKAbl CMBIBAIOT BOJIOH, a 3aTeM
JOJMBAIOT BOJY JO TOJIOBUHBI 0ObeMa KOJIOBI. [lepeMemmBaoT coaepKUMoe KOJIObI 10
MIOJIHOTO PAaCTBOPEHUS COJIU. 3aTEM COAEPKUMOE KOJIOBI TIOBOJAT 10 METKH BOJOH, KOJIOY
3aKpBIBAIOT MPOOKOH M MEPEMEIINBAIOT.

2. O0OopynoBaHHe M MOCY/IA: JICKTPOHHBIE BEChI, OIOKC CTEKIISTHHBIN, CTAKaH CTEKIISTHHBIH
BMeCTUMOCThIO 200 MJI, IUIUMHIAP MEpPHBIM BMeCTUMOCThbIO 100 M, CTEKIsAHHas
MaJI0YKa, MPOMBIBAJIKA C AUCTUITIMPOBAHHOM BOJOM.

[IpousBoasaT pacyeT HaBeCKM caxapa U oObeMa BOJbI, HEOOXOTUMBIC A
MIPUTOTOBJICHUSI PacTBOpa. B3BemIMBaIOT Ha 3JEKTPOHHBIX Becax IMyCTOW OIOKC, a 3aTeM
Orokc ¢ HaBeckoi. HaBecky caxapa u3 Grokca nepeHocsT B crakaH. C MOMOIIBIO [HJIMHIpPA
OTMEpPUBAIOT HEOOXOAMMBIM 00BEM [HUCTUUTMPOBAHHOW BOAbL. Bomoil w3 muwmmHapa
BBl CMBIBAIOT B CTaKaH OCTATKH BEIIECTBAa Ha CTeHKax Orokca. OcraBHIylOCs B
HUAJUHIPE BOJY BBUIMBAIOT B cTakaH. CoAepKUMOe CTakaHa MEepeMEeIInBaOT CTEKITHHON
MAJIOYKOM JI0 MOJHOTO PaCTBOPEHUS BELIECTBA.

3. OOopyaoBaHMe M MOCYdA: CTaKaH CTEKISHHBIA BMECTMMOCThIO 100 M, HUIMHID
MEpPHBI  BMECTUMOCTBIO 25  MJI, CTEKJSHHAs [ajouyka, [POMBIBAJIIKA C
JUCTUITMPOBAHHOU BOJIOM.

[IpousBoasT pacuer 00BEMOB CHUPTA U BOJABI, HECOOXOAUMBIX JIJISI MPUTOTOBIICHUS
pactBopa. PaccumtanHple 0O0BEMBI STHUJIOBOTO CHUPTA M JUCTHIIMPOBAHHOW BOJBI
OTMEPSIOT C TIOMOIIBI0 HWIMHApa W TepeHocAT B crakaH. CoJepKUMoOe CTakaHa
MEPEMENINBAIOT CTEKIISTHHOM NaJI0YKOi.

OTYET O PABOTE

1. TlpeacraBuTh HEOOXOIUMBIE pacueThl HABECKH BEILECTBA WM OOBEMOB KHMJKOCTEH,
HEOOXOUMBIX MPU IPUTOTOBIEHUH YKa3aHHBIX PACTBOPOB U ONUCATh X0 PabOTHI.

2. BbIUMCINTH COOTBETCTBEHHO MOJISUIBHYIO, MOJIIPHYIO KOHLIEHTpAIMHM 3TUX PAacTBOPOB,
MacCOBYIO JIOJI0 PACTBOPEHHOI'O BELIECTBA M MOJIBHBIE J10JIM KOMIIOHEHTOB B PACTBODE.

3. PaccunTtaTh OTHOCHTENHHOE MOHMKEHUE AABJICHHS HACBILICHHOTO Mapa, OCMOTHYECKOE
JaBJIeHHE, TEMIIepaTypy 3aMep3aHusl U TEMIIepaTypy KUIEHUS MOTYYEHHBIX PACTBOPOB.
JI1s 3IIEKTPOJIMTOB CYUTATH CTENEHb JJIEKTPOJUTHYECKON IHUCCOLMALMU paBHOM | m
y4ecTh U30TOHUYECKUH K03 PUIMEHT B pacueTax.

4. Cpnenatb BbIBOJ IO padoTe.

10



JlabopaTopHas padora Ne 4

PACTBOPBI 2JIEKTPOJIUTOB. 2JIEKTPOIITPOBOJHOCTD
PACTBOPOB 2JIEKTPOJIUTOB. KOHAYKTOMETPUA

HEJIb PABOTDbBI: O3HakOMHUTBCS ¢ KOHAYKTOMETPUUYECKUM METOJIOM U3MEPEHHUS yIeTIbHOMN

AIIEKTPOIIPOBOTHOCTH PACTBOPOB YKCYCHOM KUCIIOTHI (C1a00T0 3JIEKTPOIIHTA)
pa3IMYHON KOHIIEHTpAIMK. PaccuuTaTh MOJBHYIO 3JICKTPOIPOBOJHOCTH ATHX
pacTBOPOB, CTEICHD AMCCOIMAIIMK U CPEIHIOK0 KOHCTAHTY JUCCOLUAIUN
CH3COOH.

BOITPOCHI VI OBCYXXKJIEHMUAA:

1. OcoOGeHHOCTH BOJHBIX PACTBOPOB MEKTPOIUTOB. CTENEHB AUCCOIMAIN 1
U30TOHHYECKUI KOA(DPUIIHEHT.

2. DIEeKTpONPOBOAHOCTb PACTBOPOB JIEKTPOIUTOB: YAEIbHOE JIEKTPUUECKOE
COIPOTHUBIIEHHE, YAEIbHAs 3IEKTPOIPOBOIHOCTD, MOJIbHAS
3JIEKTPOTIPOBOTHOCTb.

3. BnmsauMe Benmu4uHBI pa30aBICHUS pACTBOPA HA MOJIBHYIO AJICKTPOIPOBOIHOCTD.
4. TlogsuxHocTh MOHOB. 3akoH Konbpayma. Uncna nepeHoca.
5. Konaykromerpus. Pacuer cTeneHu v KOHCTAHTHI IUCCOLMALINU CITA0BIX

3JIEKTPOJIUTOB.
6. CuibHBIE TEKTPOIUTHI, 0COOEHHOCTH MX BOJHBIX PACTBOPOB. AKTUBHOCTH,
KO3(QUIMEHT aKTUBHOCTU M HOHHAs CUJIa pacTBOPA.

XO/JA PABOTBI

Oo6opynoBanue, nocyaa, peaktuBbl: KoHaykTomerp AHMOH — 4100, xoy0bI
MepHble BMeCTUMOCThIO 100 MJI, CTakaHbl CTEKJIIHHbIE BMECTUMOCTBIO 100 mul, muneTku
BMeCTUMOCThIO 10 1 25 MJ1, TpOMBIBaIKa C JUCTUIUIMPOBAHHON BOJIOH, TpyIlIa Pe3NHOBAs,
pactBop CH3COOH ¢ xonuenTpanueii 0,1 mons/m.

N3 ncxoxnoro 0,1 M pactBopa CH3COOH nytem nocienoBaTenbHOro pa30oaBieHUs
TOTOBSIT YETHIPE PacTBOpa ¢ KOHIeHTparuei ykcycHou kucinotsl 0,05; 0,01; 0,005 u 0,001
MoJb/1. C MOMOIIBIO KOHIYKTOMETpa HU3MEPSAIOT YAEIbHYIO 3JEKTPONPOBOAHOCTH K
(xamnma) pacTBOPOB YKCYCHOW KHMCIIOTHI, HAUMHAs C HAMMEHbBIIIEH KOHIEHTPALlUU.

PaccuuThIBalOT =~ MOJIBHYIO  3JIEKTPOIPOBOJHOCTH A (1AM0Aa),  MOJIBHYIO
AJIEKTPONPOBOAHOCTh TPU OECKOHEYHOM pa30aBICHUH Ay, CTENEHb JAUCCOLMAINH O
(anmbda) u koHCTaHTY Auccorannu Ky, YKCYCHON KHUCIOTHI.

PesynbraTel m3MepeHHii U BRIYUCICHUNA CBOIST B TAOIHILY 2.

Tabmuma 2

No

/1

C(CH5;COOH), K, A, Aoy o K.
MOJIB/T1 CMm/cMm Cm-cm?/monb | Cm-eM2/Momb

O~ wN PR

0,001
0,005
0,01
0,05
0,1
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®OPMVYJIBI V1A PACYETOB

_ k- 1000
- C

Ao = Ao (H) + Ay (CH3;COO);

Ao (HY) = 349,8 Cm-eM*/Moab; Ao (CH3COO ) = 40,9 Cvm-cM*/Moib.

u Iy
)\‘w 1
Ky, = C- o,

[lo paccuuTaHHBIM 3HAUYEHHUSIM KOHCTAHT JUCCOIMAIIMU BBIYHCISIOT CPEIHIOI0
BeMYUHY K,c YKCYCHOHM KHMCIIOTHI M CPaBHUBAIOT €€ C TaOMUYHBIMU JaHHBIMU. CTpOST
rpaduku 3aBucuMocteit Kk oT C, A or C m o or C U JenarT BBIBOJBI O BIUSHUU
KOHIIEHTPALIUU PACTBOPA CIA00T0 SJIEKTPOIUTA HA BEIUYUHBI K, A U 0.

OTYET O PABOTE

1. CoctaBuTh onucaHue xXoa paboThI.

2. TlpowsBecT W3MEpEHUE YIEIBHOW 3JEKTPOIPOBOAHOCTH PACTBOPOB YKCYCHOM
KHUCITIOTHI PA3IUYHON KOHIIEHTPAIIMK U BHECTH 3TU JaHHBIC B TAOIHILY.

3. PaccuutaTh BENWYHMHBI A, Ay, O B Ky, ¥ BHeCTH WX B Ta0Onmiy. BerauciuTh
CPEHIO0 BeJIMUMHY KOHCTaHThI quccoruanuu CH3COOH.

4. TloctpouTh rpaduKu 3aBUCMIMOCTH BEIUYHH K, A U 0. OT KOHIIEHTPAIMU pacTBopa
CH3COOH.

5. Cpnenath BBIBOJBI IO padoTe.

JlabopaTopnasi paGora Ne S

SJEKTPOJHBINA NOTEHIIHUAJL I'AJIbBAHUYECKHWHA DJIEMEHT.
HOTEHIHIUOMETPUSA

HEJIb PABOTBI: O3HakoMUTBCSA C METOJUKOM COCTaBICHHUS TAIbBAHUYECKOI'O JIEMEHTA U
n3mepenuem ero JJIC. C nomoursto pH-metpa uzmepurts pH cpeasl U cpaBHUTH
MOJIy4YEHHBIE PE3YJIbTAThI C TEOPETUUYECKHU PACCUMTAHHBIMU.

BOITPOCHI IJIAA OBCY X XKJIEHUAA:

1. MexaHu3M BOZHUKHOBEHUS AIEKTPUUYECKOr0 MoTeHnHana. KoOHTakTHBIH,
ANEKTPOAHBIN U MU Y3HBIN MOTEHIIHAIIBL.

2. YcTpoicTBO U paboTa raipBaHUYecKOro daeMenTa Akoou-Jlanuss.

3. OJAC ranpBaHUYECKOTO 3JIEMEHTA U €€ CBSI3b C padOTOM U N3MEHEHUEM YHEPT U
I'uG6ca.

4. CrangapTHBIN JIEKTPOIHBIN NOTEHIHANI. BOAOPOAHBIN AIEKTPOI. Y paBHEHUE
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HepHncra.

5. Psan nanpsoxenuit aneMeHToB. OOBSCHUTD, YTO MPOUCXOAUT MPU HAHECCHUH
karum 0,1 M pacTBopa HuTpata cepedpa Ha MEIHYIO TUIACTHHKY.

6. Knaccudukanms 31eKTpoaoB.

7. Knaccudukanus 371eKTpOXUMUYECKUX LIETICH.

X0/ PABOTHBI

ObopynoBanue, mocyaa, peaktuBbl:  pH-merp-mwumBonsT™Merp  pH-150-MB,
BBICOKOOMHBIA ~ BOJIBTMETP, MEAHBIE U aJIOMHUHUEBBIE JJIEKTPOJIbl, MeEJIHAas IPOBOJIOKA,
JNEKTPONUTUYECKUN  KIIIOY, TMPEACTABISAIOMUN CcOOOM HM30THYTYIO CTEKISHHYIO TpYyOKY,
3a0JIHEHHYIO HACBIIIEHHBIM PACTBOPOM XJIOPH/IA KaJIMsl, CTAKAHbI CTEKJISTHHbIE BMECTUMOCTHIO 100
MJ, KOiObl MepHble BMecTUMOCThIO 100 mu, mumerku BmecTUMOCThIO 10 m 25 mul, rpyma
pe3WHOBAs, MPOMBIBANIKA C TUCTHJIUPOBAHHOW BOJIOW;, pacTBOpPHI cyibpara Meau, cyibdara
amromunans 1 CH3COOH c konnenTparmeit 0,1 mosb/.

CoCTaBIAIOT TaJIbBAaHUYECKUW DJIEMEHT, COCTOSIIIUN W3 AJIOMHUHHEBOTO W MEIHOIO
AJIEKTPOJIOB: ATFOMUHHUEBYIO INIACTHHKY IOTPYXKAIOT B CTAKaH C PACTBOPOM Cyibh(haTa alFOMHHHS,
MEAHYIO TJIACTHHKY MOTPYKalOT B CTakaH C pPacTBOpPOM cyinbdara menu. PacTBOpbl COEOUHSIOT
AIIEKTPOJINTUYECKUM KIIFOUOM. OJEKTPOJbl C IIOMOIIBI0 MEJHON IPOBOJOKH COEIUHSAIOT C
BBICOKOOMHBIM BOJIETMETPOM U U3MEPSIOT SIEKTPOABUKYIIYIO culty E, .

Hanumure ypaBHEHMsI BJEKTPOIHBIX U TOKOooOpasyromield peakiuu. Paccuuraiite
cranaapTtHyto D/IC snemenTta u paboTy B BUae U3MeHeHUs SHepruu [ nddcea:

AG= —n " F - Eyq,

A€ N — YUCIO JEKTPOHOB, YYACTBYIOUIUX B 3JIEKTPOXUMHUYECKOM IIPOLIECCE;
F — gucio @apanes, pasHoe 96500 Ki/mois;

+ -

E,pe — D2AeKTpoaBHIKYIAs CHIIA FallbBAHUYECKOTO deMeHTa, E,ye = E- — E .

E° \"/A° = — 1,66 B; E’ c,%'lc,’ = + 0,34 B.

N3 ucxomanoro 0,1 M pacrBopa CH3COOH nyrem nocnenoBaTeabHOTO pa30aBiIeHUsI TOTOBAT
YeThIpe pacTBOpa ¢ KOHIEeHTpanuel ykeycHoi kucnotsl 0,05; 0,01; 0,005 u 0,001 mons/n. C
nomo1nsto pH-metpa nsmepsiror pH u anekrpoansiii moreHuuman E pacTBOPOB YKCYCHON KHUCIIOTBHI,
HayMHasl C HAUMEHbIIEH KOHLIEHTPaUK.

PaccunTthIBaloT TeOpeTHUECKOE 3HAUEHNE KOHIIEHTpallui HOHOB BojiopoAaa u pH B pacTBopax
YKCYCHOM KUCIJIOTHI 110 CIEAYIOIUM (OopMyIaM:

C (H" = V Ky * C(CH;COOH),; K e (CH,COOH) = 1,74 - 107

PC3YJ'ILT3.TBI H3MepeHHI>i U BBIYKMCJICHUM CBOIST B Ta6J'II/II_[y 3w ACIAal0T COOTBCTCTBYIOIIINC
BBIBOJbI.

13



Tabauua 3

Ne | C(CH;COOH), pH, E, C (H"), pH
1/ MOJIB/JT HU3MEpECHHAS MB MOJIB/JT TEOPETHY.
0,001
0,005
0,01
0,05
0,1

g~ wN -

OTYET O PABOTE

=

CocTaBUTh OIUCAHKE X0/1a PaOOTHI.

2. Hamwmcatps ypaBHEHUS 3JEKTPOIHBIX U TOKOOOPA3yIOMIel peakiuii, MPOTEKAIOIINX B
MEAHO-AIFOMMHUEBOM TI'aJIbBAHUYECKOM 3j1eMeHTe. Paccunrare crannaptayro O/1C n
AG sniemeHTa.

3. IIpoussectn usmepenue pH 1 31€KTPOIHBIX TOTEHIIMATIOB PACTBOPOB YKCYCHOM
KHCJIOTHI Pa3IMYHON KOHIIEHTPAIIUN U BHECTH AT JIaHHBIC B TAOJIHILY.

4. PaccunTaTh KOHIEHTPALMIO HOHOB BOAOPoAa U pH B pacTBOpax yKCYCHOM KMCIOTHI U
BHECTH 3TH 3HAYEHUS B TAOIHILY.

5. Cnenatb BBIBOIBI 11O paboTe.

JlabopaTopHasi padora Ne 6

XUMHNYECKAS KHHETUKA. OIIPEJAEJITEHUE KOHCTAHTbBI
CKOPOCTH PEAKIIMHU BTOPOI'O ITIOPAAKA

HEJIb PABOTBI: O3HakKOMHUTBCS C METOJIOM OINPEJECICHUS] KOHCTAHThl CKOPOCTH PEAKLIUU
BTOPOTO MOPsJIKA HA IPUMEPE PEAKIIMU OKUCICHUS UOIU/Ia KA
nepcynbdarom Kanus. PaccanTarh KOHCTAaHTY CKOPOCTH 3TOM pEaKIIUU.

BOITPOCHI JIA OBCY X XKJIEHUAA:

1. OcHOBHBIE IPECTABICHNUS XUMUYECKON KNHETUKHU: ITPOCTHIE U CIIOKHBIE
peaKIu, TOMOTE€HHBIE Y TETEPOT€HHBIE PEAKIINN, CKOPOCTh XUMUUYECKHUX
peaKuuu.

2. MonexyJIsIpHOCTb U MOPSIIOK peaklMu. 3aKOH JEHCTBYIOIINX MacC JIIs TPOCTHIX
TOMOT€HHBIX peakuuil. Kunernueckue ypaBHEHUs.

3. MexaHu3M XUMHUYECKUX PEaKIMil. DHEPIUs aKTUBALMN PEAaKIUH. Y paBHEHHUE
AppeHnnyca.

4. 3aBUCUMOCTb CKOPOCTH XMMUYECKON PEAKIUU OT TEMIIEPATYPBI.

5. AKTHUBHPOBAHHBIA KOMIUIEKC U CTEpUUECKUil pakTop. YpaBHEHHE AppeHuyca ¢
Y4E€TOM CTeprIecKoro daktopa u unciia 3 HEKTUBHBIX CTOITKHOBEHUNA MEXKITY
4aCTULIAMHU.
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TEOPETHUYECKASA YACTbH

y[[O6HBIM 00BEKTOM IJId UCCIICAOBAHHA KHHCTHKKU PCAKIUHU BTOPOr'O IMOPAAKa ABJIACTCA
pE€aKknus OKUCIICHUA HOAU A KaJlus HCpCYJ'IB(i)aTOM KaJaus:

K;S,0s + 2Kl = 2K5S0, + I,

OnHUM U3 NPOIYKTOB peaKLUH sBISETCS CBOOOAHBIN HOJ, MO3BOJIAIOUIMNA JIETKO U3MEPSTh
CKOpPOCTh XUMUYECKO# peakiuu. Criocod onpenenenus: KoIu4ecTBa #oa, 00pa30BaBIIErocs B X0J1€
pEaKLMH, 3aKJI0YaeTCsl B J00ABICHUM K PEAKIIMOHHOM CMeCH 3a/laHHOI0 KOJIMYEeCTBa THOCYNb(ara
HaATpU U ONPEAEICHUN BPEMEHU €r0 HEUTpaJIn3aluy HOJA0M B COOTBETCTBUM C PEAKLUEH:

2Na,S,0; + |, = Na,S40¢ + 2Nal.

B momenrt, xorga tuocynbdar OyAeT MOJHOCTHIO HEHTpalM30BaH, B PacTBOPE MOSIBHTCS
CBOOOAHBIN 1O, KOTOPBIA B MPUCYTCTBUHU KpaxMalla OKpaCUT pacTBOp B cuHUil 1BeT. KonnuecTBo
MOJIb-9KB. THOCYJb(ara HaTpusi, JOOABIEHHOTO K PEAKIMOHHON CMECH, PaBHO UYHUCITY MOJIb-IKB.
WMOIUJa Kalmusg WM mepcyiabdara Kaius, NpopearupoBaBIIUX KO BPEMEHU MOSIBICHUS CUHEH
OKpacku pactBopa. Takum oOpa3oM, BpeMs OT Hadajla peakluu 1O MOSBJIEHUS CHHEH OKpacKu
OyIeT XxapakTepu3oBaTh BpeMsl, 32 KOTOPOE B PEAKLMI0 BCTYIUJIO YUCIO MOJIb-3KB. THOCYINb(para
HATpHs, OOABIEHHOTO K PEaKIIMOHHOW CMECH.

Kunernyeckoe ypaBHEHHE BTOPOrO MOPAIKA, €CIM pearupyroliue BeuiecTBa OepyTcs B
OJIMHAKOBBIX KOJIMYECTBAX, B MHTEIPAIbHOW (hOpME UMEET BH/I:

_ X
~ a@-x)

rjae K - KoHcTaHTa CKOPOCTH PEaKIIMH, JI/MOJIb C;

T - BpEMs peaKiui, C;

X - KOHIIEHTpAIUs MPOPEarupoBaBIIETO HOIUIA KU, MOJIb-3KB/IT;
@ - WCXOJIHAs KOHIIEHTPAIIUS UOIU/Ia KaJIHs, MOJIb-IKB/II.

N3  ypaBHEeHHMss  BHJIHO, YTO 3aBUCUMOCTb  MEXIY  OTHOLIEHHEM  KOJUYECTB
MPOpEarupoBaBIIETO BEIIECTBA K HENPOpPEarupoBaBIIeMy  X/(a-X) ¥ BpEMEHEM T HMEET
JIMHEUHBIM XapakTep, NpPUYEM HAKJIOH IMPSAMOW JIMHUM CBSA3aH C KOHCTAHTOM CKOpPOCTH
BBIPAKECHUEM:

tga=a-k

XO/JA PABOTBI

PeakTuBsbl: 0,05 H. pacTBOp mepcyibdara kamus; 0,1 H. pacTBop moamnma kamus; 0,01 H.
pactBOp THOCY/b(aTa HaTpus; 1 % pacTBop Kpaxmaa.

Ilocyra wu oGopyaoBanue: 6 KojO CTEKJISHHBIX HYMEPOBAaHHBIX KOHHYECKHUX
BMECTUMOCTBIO 250 MJI, NUNETKM BMECTUMOCTBIO 25 u 50 MJI, UMIMHADP CTEKJISIHHBIN
BMecTtuMocThio 100 wmi, OropeTka BMECTUMOCTBIO 25 MII, IITaTUB J1aOOpaTOpPHBIM, MPOOUpPKHU
MEpPHBIE, CEKYHJIOMEP, IPyIIa PE3UHOBAS.

B miects k0710 ¢ MOMOIIBIO MUMETKH BBOAAT 10 50 Mi1 pacTBopa nepcynibdara Kaiaus. 3aTeMm

15



U3 OIOPETKU JO0ABISIOT MOCIEIOBATENFHO B KaXayro u3 koib 3, 5, 10, 15, 20 u 25 ma pactBopa
trocyibdara Hatpusa. C MOMOIIBIO IIMIMHAPA Pa30aBISIIOT COACPKUMOE KOJIO AUCTHILTUPOBAHHOM
BOJIOH, 00aBIsIs B HUX cOOTBeTCTBEHHO 97, 95, 90, 85, 80 u 75 mn Boabl. Takum obpazom, 00beM
pacTBOpa BO BceX KoyI0ax OyleT OJWHAKOBBIM. 3aTeM MPHUOABISIIOT B KKIYIO KOJIOY 1O 2 M
pactBopa kpaxmana. C TMOMONIbIO MUIMETKA BBOAAT B KKy KOOy 25 M pacTBopa HMOAMIA
Kanusg. B MOMEHT BIMBaHUA HMOIUIA Kajdus BKIIOYAIOT CEKYHIOMEp MU (PUKCHPYIOT Bpems
IOSIBJICHUSI CHHEW OKpPAacKM pacTBOpa, CBUACTEIBCTBYIOIIEW O HEUTPAIM3ALUU JAaHHOU IOPLMH
THOCYJIb(aTa B peaKIIMOHHOW CMECH.

PACYETHDI

W cxX0qHy 0 KOHIIGHTPAIIMIO HOAK/A KalUsl B MOJIb-9KB/J (BEIMYMHA @) PACCUYMTHIBAIOT I10
dbopmyre:

__ 01V
Voﬁm.

rie Vi - oGbem pacTBOpa MOIUIA KaJIUS, MIT,
Voo, - 0OmIHMii 00beM pacTBOpa B KOJIOE, MII

KoHIIeHTpaIiio mpopearupoBaBIIero HOAUIA Kaus (BEIUIUHA X) B MOJIb-3KB/JT
PACCUUTHIBAIOT 1O (hOpMYJIE:

0,01-Vnays,0
X = 3
Voﬁm.

rae  VnNa,s,05 - oGbeM pacTBOpa THOCYJIb(aTa HATPHs, M,
A\ - 00mmit 00BEM pacTBOpa B KOJIOE, MIL.

OKCHepUMEHTAJIbHbIE M pacyeTHble JaHHbIE MpeACTaBIsAlOT B Buae Tabmuuel 4. Ha
MIIIMMETPOBOM Oymare cTposiT rpaduk 3aBUCUMOCTH BEIMYUHBl X/(@-x) oOT BpemeHu 7. Ilo
TOYKaM TPOBOJAT YCPEAHEHHYIO NPSIMYIO JMHHIO M OIpPENEsIOT TaHTEHC YIJla HakJIOHa 3TOM

npsimoii tg a. KoHCTaHTy cKOpocTH peakimu K paccuuThIBAOT 1O (Gopmylie: k = tga/a B
JI/MOJIB " C.
Tabnuma 4

Ne VNa23203 , MJI T, C X, MOJIBL-3KB/JI (a-x), MOJIB-3KB/ x/(a-x)

1 3

2 5

3 10

4 15

5 20

6 25
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CoNoOAWN

e e
WN RO

14.
15.
16.

17.
18.
19.

OTYET O PABOTE

=

CocTaBuUTh OIUCAHKE X0/1a PAOOTHL.

2. IlpousBecTH n3MepeHHE BPEMEHU IPOTEKaHUs PEaKIIMK T OT MOMEHTA NPUINBAHUS
MOJINJ1a KaJIUsl B PEaKLIMOHHYIO CMECH J10 U3MEHEHMSI OKPACKU PACTBOPA U BHECTH 3TU
JTaHHbIE B TAOJIHILY.

3. BbINOJIHKUTE pacyeTsl BeMUYUH X, ( @-x ) U X/(a-x) ¥ BHECTH UX B TaOJHILY.

4. TloctpouTb rpaduk 3aBUCUMOCTH BEIUYHHBI X/(a-X) OT T HA MIJJTAMETPOBOM Oymare u
OTIpeNIeNUTh Tpaduuecku tgo.

5. BbIYHCIUTH KOHCTAHTY CKOPOCTH peakiuu K .

6. CaenaTh BBIBOJBI IO paboTe.

3AJJAHUA
K NpoBeeHUI0 1-0ii py0exHOil aTTecTannu

l. TEOPETUYECKHE BOIIPOCHI

[Tpeamer u3yuenust TepMoanHaMUKH. OCHOBHBIE TOHATHUS B TEPMOJINHAMHUKE:
TEepMOJIMHAMHUYECKas cUCTeMa, a3za, KOMIOHEHT, TEpPMOJUHAMUYECKHE TapaMETPBhl.
TepMoauHAMHUYECKHE TIPOIECCHI U MX KITACCU(PUKAIIHSL.

HyneBoe Hayasio TepMOAMHAMUKH. Y PaBHEHUE COCTOSIHUS.

Tennora, pabota, QyHKIUU COCTOSHHSL.

BuyTpenHss sHeprus. DHTaIbIUA.

[TepBoe Ha4aI0 TepMOIMHAMUKH. TemI0eMKOCTb.

Tepmoxumus. Tennoblie 3¢ GeKTh XUMUYECKUX peakiuid. 3akoH ['ecca u ero cineacTBusl.
Cranpaptabie ycnoBus. 3akoH Kupxroda.

[Tpeanoceuiku v GOpMYyIUPOBKU BTOPOIr0 Hayajla TEPMOAUHAMUKHY.

. DHTPOIUS U TEPMOIMHAMUYECKAs] BEPOSTHOCTb.

. DHTPOIHUS U BO3MOKHOCTb CaMOIPOM3BOJIBHOTO IIPOLECCA.

. Tperbe Hauano TepMOAMHAMUKHI. AOCOIOTHBIN HYJIb TEMIIEPATYpPHI.

. Oneprus ['n66ca u sneprus ['enpmronsia. Kputepun paBHOBECHBIX U CAaMONIPOU3BOIBHBIX

npoueccos. YpaBHenus [ uoboca — ['enbMrombua.

XUMHUUECKUH MOTEHLIMAJ, €T0 3aBUCUMOCTh OT TEMIIEPATyphl U JaBJICHUS.

Xummnueckoe paBHoBecre. KoHCTaHTHI paBHOBECHS. 3aKOH JAEHCTBYIOLIMX Macc.
PaBHOBecHe /17151 TETEPOTeHHBIX XUMUYECKUX PEAKIMA U TSl HEUICATBHBIX CHCTEM.
@OYrUTUBHOCTH M aKTUBHOCTb.

CMmernieHne XuMHIECKOT0 paBHOBecHs. DAaKTOPHI, BIHUSIOMINE HA CMEIICHHE PABHOBECHSI.
da3oBoe paBHOBecHe U (pa3oBble nepexosl. [IpaBuino ¢a3z I'ndoca.

®dazoBble quarpaMmel. Jlnarpamma coctosiHUs BOIbI. OCHOBBI TEPMHUECKOTO aHAIIN3A.

IMPAKTUYECKHUE BOITPOCHI

CyIIHOCTh KQJIOPUMETPUUECKOT0 METOIa ONpeIeTIeHHsI TEIIOThl pAaCTBOPEHUS BEILIECTB B
pacTBOpHTEIE.

Onpeznenenue TEMIOTH THAPATOOOPA30BaHUS KPUCTAIIOTHIPATOB HA IpUMepe
KPHUCTAJUIOTHIpATa Cyab(ara MeaH.

BnusiHre KOHIIEHTpAlMK BEUIECTB, YYACTBYIOIIUX B PEAKIIUU, HA CMEIIEHHE PABHOBECHS.
[TpuBecTu npumepsl 1o MatepuaiaM J1ad0paTopHOil pabOTHI.
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Tennora pacTBOPEHUS COJIH U TEIJIOTA THAPATOOOPA3OBAHMS.

5. Biausuue TEMIIEPATYPBI U KUCJIOTHOCTH CPEABbI HA CMCIICHUEC XUMHUYCCKOI'0 paBHOBECHU .

[TpuBecTu npuMepsI 10 MaTepraiaM J1abopaTOpHOU pabOTHI.
6. Ha kakyro BeIMYMHY pa3IMyaOTCs:
a) SHTAIBIHS OT BHYTPCHHEH SHEPTHUH;
0) sHeprus ['eapbMronbla OT BHYTpEHHEH SHEPIHH;
B) sHeprus [ m60ca ot 3neprun ['enbMromnbia;
T') TeT10BbIe 3P PEKTHI TPU TOCTOSHHOM JaBJICHUHU U TIOCTOSSHHOM 00beMe.

7. Kakoi CMBICT HMEIOT 3HAKH IUTFOCY WM «MUHYC» MEepe] TePMOIUHAMHUYICCKIUMHU
BEJIMYMHAMU: TEIUIOTOU, pabOTOM, U3MEHEHHEM BHYTPEHHEH YHEPIHH, U3MEHEHUEM
SHTAJIBIIUN, U3MEHEHUEM SHTPOITUH.

8. Paccumutath TersioBoi 3 ekt peakiuu 00pa3oBaHus KpUCTAIIIOTHaApaTa

MgSO,4 (1) + 7 H,O (%) — MgSO, - 7 H,0O (1)
€CJIM M3BECTHBI TEIUIOTHI pacTBopeHus MQSQOy,: AH® = - 84,935 kJlx/MOJIb;
u MgSO, - 7H,0: AH® = 16,108 k//Monb
9. Vkaxwure 3HaK AS I peakuuii 1 BO3MOKHOCTh MX IPOTEKAHUS B M30JIMPOBAHHOM

cUCTeMeE:

a) NH; o T HCI w — NH,CI ) s

6) COCl, © — CO o T Cl, (1) 1

B) PC|3 w T C|2(r) — PC|5 (@) -

10. Omnpenenute BO3MOXHOCTh CAMOIIPOU3BOJIBHOIO IPOTEKAHUS IIPU CTaHIaPTHBIX

YCIOBUSIX PEAKIIHH, 111 KOTOPBIX:

a) AH? = - 50 xJlx/monb; AS? = 18 Jk/K - Mo,

0) AH® = 40 KJI>K/MOJIb; AS? = -30 JIx/K - Mob;

B) AH® = -72 KJI>K/MOJIb; AS? = -20 JIx/K - MmoIb.

11. PaccumraiiTe KOHCTAaHTY PAaBHOBECHS M HCXOJIHBIC KOHIICHTPAIIUN
okcuaa azota (II) u kucnopona ans oOpaTUMON peakiuu:
2NO () + O © «— 2NO, @

€CJIM B COCTOSTHUU PaBHOBECHUS] PABHOBECHBIE KOHIIEHTPAIIUU BEIIECTB PaBHBI:
okcuy azora (II) — 0,056 monb/it; kucmopox — 0,02 monw/im; okenp azora (IV) — 0,044
MOIb/T. B KakoM HampaBlIeHUU POTEKAET JaHHas peakiusl (OLEHUTE TOJI0KEHUE
paBHOBecHsT)?

12. HayanbHble KOHLIEHTpAMK BOJOPOAA U oaa paBHbI cooTBeTcTBeHHO 0,2 11 0,1
Moutb/1. [locie ycTaHOBIEHUSI paBHOBECHS KOHIICHTpaIUs HooBo1opoaa pasHa 0,08
MOJIb/T. BBIYMCIUTH KOHCTAHTY PAaBHOBECHS M PABHOBECHBIE KOHIICHTPAIHH
BOJIOPOJIa U MoJ1a.

13. Boruucnute 4ncnio ¢ga3, KOMIOHEHTOB U CTENeHel CBOOOIbI B CUCTEME, COCTOALIEH U3 BOJHOTO

pacTBopa, coiepKallero cyiabdar HaTpus U XJIOPU HATPHs, TAPOB BOJbI U KPUCTAIUIOB JIb/IA.
14. IIpennoxxure onTUMaIbHOE U3MEHEHUE TEPMOIMHAMHUECKUX apaMeTpoB (TeMIeparypa,

KOHICHTpAanus, I[aBJ'IeHI/Ie) JJI YBCJIIMYCHH A BbIXO/Jda MIPOJYKTOB PCAKIINU:
2H,Sy + 30,4 < 2SOyq + 2H,0¢y; AH < 0;
2NH;y < Ny + 3HlL; AH® > 0.
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3AJAHUA
K NPOBEIEHUIO 2-0if PYyO0e:KHOM aTTecTAlMHU

I. TEOPETHYECKUE BOITPOCHI

1. O6mas xapaktepuctuka pactBopoB. Kiaccudukauus pactBopoB. CrnocoObl BbIpaXXKEHUS
KOHLIEHTPALlUU PacTBOPOB.

2. KonnuraTtuBHble CBOMCTBA HJCANBHBIX PAcTBOPOB: 3akoH Payns, ocMOoc M OCMOTHYECKOE
JIaBJICHUE.

3. KomnuratuBHble CBOMCTBAa HA€aIbHBIX PACTBOPOB: IMOBBIIICHHE TEMIIEPATYPbl KHUIICHHUS U

IOHM)KEHUE TEMIIEPATYPhl 3aMEP3aHuUs PACTBOPOB.

Oco0eHHOCTH BOAHBIX PACTBOPOB 3JIEKTPOIUTOB. M30TOHNMYEeCcKuil K03 PUIIHEHT.

5. DJIEKTpONPOBOJHOCTh PACTBOPOB  3JIEKTPOJUTOB: yJElbHAs, MOJIbHAs, MOJIbHAs IIpU
OeCKOHEYHOM pa30aBIICHUH.

6. IloaBMXKHOCTH MOHOB M YHUCIIa iepeHoca. 3akoH Kombppayia.

7. CunbHble U cia0ble 3JEKTPOIUTHI: aKTUBHOCTb, HOHHAA CHIIa, KOO (GUIIUEHT aKTUBHOCTH,
KOHCTAaHTAa U CTENEHb JUCCOLUAIUH CIa00r0 IEKTPOJINTA.

8. KonmykToMerpuueckoe oOIpeaeneHre CTENeHU AUCCOIHMAIMM U KOHCTaHTBl JAMCCOIUAINH
CJa0BIX AJIEKTPOIIUTOB.

9. DnexTpuyecKkuil NOTEHIMAT U MEXaHU3M €0 BOSHUKHOBEHHUSI.

10. YcrpoiicTBO 1 paboTa ralbBAHMYECKOTO dIIEMEHTA. DIEKTPOABUKYIIAs CUIIA.

11. CrangapTHbBINA BOJOPOAHBIN IEKTPOJI U €r0 YCTPOUCTBO.

12. CrannapTHbIe 3JEKTPOJHbIE TOTEHIIMANbI. P HanpsbkeHuit aneMeHToB. Y paBHenne HepHera.

13. DAEKTPOIBI, HNEKTPOXUMHUECKUE IETTH U XUMUYECKHE UCTOYHUKHU TOKA.

14. TToTeHuOMETpUS U TOTEHIIUOMETPUIECKOE TUTPOBAHHE.

15. OcHOBHBIE TIpENCTaBICHUS XUMHUYECKOM KUHETHKU. MOJEKyJIIpHOCTh U MOPSAJIOK PEAKIUH.
Kunernueckue ypaBHEHHUS.

16. Mexanu3M XUMHYECKHX peakIuid. DHEpPrus akTUBAlMW. YpaBHEeHUE AppeHuyca. Brimsame
TEMIIEpaTypbl HA CKOPOCTh XUMUYECKON PEaKLIUU.

17. AKTUBHpPOBAaHHBINA KOMIUIEKC U CTEpUUYECKUI (HaKTOP.

18. Karanu3. Tumsl kaTanuza. MexaHu3M KaTaATUTUYECKUX PEaKIUi.

19. ®epmMeHTAaTHBHBIN KaTaIn3 U €ro IPUMEHEHHE.

&

1. IMPAKTUYECKHUE BOITPOCHI

BeinonHenne pacyeToB no TeMaM J1abopaTtopHbIX pabot Ne 3-6

MMPUMEPHI TECTOBBIX 3ATAHUM 1JISI KOHTPOJIS 3SHAHU,
HHOAT'OTOBKH K PYBEKHBIM ATTECTALIUAM

Buvibepume ooun npasunvuwiii omeem

Kakoii 3ax0H oTpakaer CBA3b MekKAYy padoTOM, TENJIOTOI U BHYTPEHHEeH JHeprue cucremMsl?
3akoH ['ecca

nemeﬁ 3aKOH TCPMOJUHAMHUKN

BTOPOI 3aKOH TEPMOJINHAMUKI

3akoH Bant-T'odda

OnpenennresibHOE yPaBHEHHE /ISl JHTAJIBIINM UMeeT BUJL
H=U+pV
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H=U-pV
H=G+T-S
H=U-T-S+pV

DHTAJbINHUSA XUMUYECKOI Peakiuu — 3T0

KOJIMYECTBO TEILIOTHI, KOTOPOE BBIACISCTCS WX TOTJIOIIACTCS B X0/I€ XMMUYECKOH peakIuy MpH
1300apHO-U30TEPMUUYECKHUX YCIIOBUSIX

KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIACISACTCS WM TIOTJIOMACTCS B X016 XUMUYECKOM

pCakiuu npu U30XOPHO-U30TCPMHUICCKUX YCIIOBUAX

BEJIMYMHA, XapaKTEPHU3YIOIIasi BO3MOKHOCTh CAMOIIPOM3BOJIBHOTO MPOTEKAHUS MPOIecca
BEJIMYMHA, XapaKTEPHU3YIOIIasi MEPY HEYOPSAIOUYESHHOCTH PACIIOIOKECHHS U ABM)KCHUS YaCTHIL B
cucreme

Kaxoii 3aK0H m03B0JIsieT pacCYUTATDH TEIJIOBOH dPPeKT peakum, ecid NpUBeIeHbI
TePMOXHUMHYECKHE YPABHEHHUS NIPOMEKYTOYHBIX PeaKIuii ¢ yKa3aHHeM UX TeII0BbIX
3¢ dexToB

BTOPOH 3aKOH TEPMOJUHAMUKHI

3aKkoH ['ecca

MIEPBBI 3aKOH TEPMOJIMHAMHUKHU

3akoH Bant-I'odda

H30,1MpOBaHHOI CHCTEMOI HA3BIBAKT TAKYI0 CHCTEMY, KOTOPas

HE 0OMEHUBAETCS C OKPYKAIOIIEH CPeloif HU BEIIECTBOM, HU YHEPTHUEH
00OMEHMBAETCS ¢ OKpPY’Karollel cpesjoi 1 BELECTBOM, U SHEPrueil

00MEHHUBAETCS C OKPYKAIOIIEH Cpesiol YHEPTUeH, HO He 0OMEHUBAETCS BEIICCTBOM
00OMEHMBAETCS ¢ OKpPY’KaIOLIeH cpeioil BEIeCTBOM, HO He OOMEHMBAETCS SHEprHen

TemnoBoi 3¢ deKT peakuu, NpoTeKalomeil NPH MOCTOSTHHOM IaBJIeHUM, ONIPeesIsieTCs
H3MEHEeHUueM

BHYTPEHHEN YHEPTUU

OHTAJIbIINHN

SHTPOIUHU

sHepruu ['nub0ca

Ykaxure popmyauposky 3akona I'ecca

TEIIOBOM BCI)Q)CKT pCaKkiur 3aBUCHUT TOJIBKO OT HAYaJIbHOTO U KOHCYHOT'O COCTOAHUA CUCTCMBI U HC

3aBUCHUT OT ITyTH PEAKLIUH

TEIJIOTa, MOrJIolaeMasi CHCTEeMON IpU MOCTOSSHHOM 00beMe, paBHA U3MEHEHHUIO BHYTPEHHEH
SHEPTUH CHCTEMBI

TEIJI0TA, MOIJIoIaeMasi CUCTEMOM IPU ITOCTOSTHHOM JIaBJICHUH, PaBHA U3MEHEHUIO DHTAJIbIINN
CHUCTEMBI

TETIOBON (P PEKT peakny He 3aBUCUT OT Ha4aJIbHOTO U KOHEYHOTO COCTOSTHUSI CUCTEMBI, a
3aBUCHUT OT ITyTH pPEaKLUU

Kakmue npoueccol Ha3bIBaOT IHAOTEPMHUYECCKUMHU?
Jutst kotopbix AH otpuniarensHo
Uit KOTOpbIX AG oTpunareiabHo
Uit kotopbix AH nonoxurtensHo
Tt KOTOPBIX AG TO0XKUTEIEHO
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3akon Kupxrodga no3soJisier paccunrarb

TEIUI0BON 3P PEKT XMMUUYECKON peakuy MPH CTaHIAPTHBIX YCIOBHSIX

TETUIOBON (P PEKT XMMUYECKON peakIuy IPH HECTaHAAPTHON TeMIepaType

TeI10BOM 3(PPEeKT XMMUYECKOH peakIK IPU HOCTOSHHOM 00BbeMe

KOJIMYECTBO TEIUIOTHI, KOTOPOE CUCTEMA OTAAET OKPYXKAIOIIEH CPEle IIPU TOCTOSHHOM JaBJICHUU

TepmoauHaMu4ecKasi BepOSTHOCTh cucteMbl W — 310

YHUCIIO MEKPOCOCTOSTHUN CHCTEMBI, ITPH IIOMOIIN KOTOPBIX PEaM3yeTcsl JAHHOE MaKPOCOCTOSTHUE
YHCIIO MAKPOCOCTOSIHII CUCTEMBI, TIPU TTOMOIIH KOTOPBIX PEATU3YeTCs TaHHOE MUKPOCOCTOSIHHE
YHUCJIO YACTHI] CHCTEMBI, YYACTBYIOIIHMX B IIepeaye SHSPruu

o0l1Iee YHCIIO0 BCEX YaCTUL] CUCTEMBI

Kakoii pyHKumeil cocTOSIHMS XapaKTepu3yeTcsi CTpeMJIeHHe CHCTeMbI K 10CTHKEeHUI0
BEPOSITHOI0 COCTOSIHUS, KOTOPOMY COOTBETCTBYET MAaKCUMAJIbHasl 0eCIOPAI04YHOCTh
pacnpeaeaeHus YacTUL?

SHTaJbIIUEN

SHTPOIHEH

sHepruei 'n6oca

BHYTPEHHEHN dHEpruen

®opmyia boibumaHna BbIpakaeTcsi ypaBHeHHEM

S=R-InW
S=T-InW
S=k-InQ

S=k-InW

B xakoM cooTHOLIIEHUH HaXOOATCH SHTPOIIHU TPEX arperaTHbIX COCTOSTHUM OJHOI'0
BelIecTBa: ra3a, ;JKuIKoCTu, TBEpPAOro rejaa

S(r) >S(x) >S()

S(r) >S(x) > S(r)

S(k) >S(r) > S(1)

arperaTHoe COCTOSIHNUEC HC BJIMACT HA 3HAYCHUC DHTPOIINU

Tperbe Ha4aJ10 TEPMOAHMHAMHKH

MO3BOJISIET pacCUUTaTh U3MEHEeHHe sHeprun [ ub0ca peakuuu

MO3BOJISIET PACCUUTATH TEIIOBOM 3(PPEKT peakuun

YCTAaHABJIIMBACT 3aBUCUMOCTDE MCKIY 3HTp01'II/I€I\/'I n TepMOHHHaMquCKOﬁ BCPOATHOCTBIO CUCTEMBI
yCTaHaBJIMBAET TOUKY OTCUETA IPH pacyeTe abCOMIOTHONW BEIMYMHBI SHTPOIUHU BEIIECTB

Kakyo TepmognHaMH4ecKy0 (PyHKIIHIO MOKHO HCI0JIb30BATh, YTOOBI MPEICKA3aTh
BO3MOKHOCTH CAMOIIPOU3BOJIbHOI0 MPOTEKAHNUS PeaKMi B HEM30JIMPOBAHHOM cucTeme?
DHTAJIBIIUIO

SHTPOITUIO

sHepruto ['nbbca

BHYTPEHHIOIO SHEPTHIO

B u3oMpoBaHHOM cUCTeMe CAMONIPOU3BOJIbLHO MPOTEKAET XUMHYECKAs] PeaKIus, eCJIu
JHTPONMSA TAKOU CHCTEMbI

YMEHBIIAETCS

YBEIIMUHUBACTCSA
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HC U3MCHACTCA
JOCTHUIa€T MUHUMAJIBHOT'O 3HAYCHUA

Ecau nasi peakunu AG > 0 u AS > 0, 10

peaxIus MPOTEKaeT CaMOIIPOU3BOIHHO B U30JIMPOBAHHON U HEM30JIUPOBAHHOU CUCTEME
peaKIus TSPMOJIMHAMUYCCKH HEBO3MOXKHA B M30JUPOBAHHON M HEU30JIMPOBAHHOMN CHCTEME
peaxIus TepMOTMHAMUYCCKU HEBO3MOYKHA B M30JUPOBAHHOMN CHCTEME U MPOTEKACT
CaMOIIPOM3BOJILHO B HEM30JUPOBAHHOM CHCTEME

peaxIus TepPMOTMHAMUYCCKU HEBO3MOYKHA B HEU30JMPOBAHHOW CUCTEME U MTPOTEKAET
CaMOIIPOM3BOJILHO B H30JUPOBAHHOM CHCTEME

Teni0eMKOCTh CHCTEMbI — 3TO

OTHOUIICHUEC COO6IJ.I€HHOﬁ CHUCTEMC TCIIJIOTHI K BBI3BaHHOMy 3TUM U3MCHCHUIO TGMHepaTprI
OTHOIIICHUE U3MEHEHUS SHTPOIUH CUCTEMBI K BBI3BAHHOMY 3TUM H3MEHEHHUIO TEMIIePaTypPhl
OTHOIICHUEC N3MCHCHU A 3Hepr1/11/1 FI/I66CEI CUCTCMBI K BBI3BaHHOMy 3TUM U3MCHCHUIO

TEeMIEPaTyphl

OTHOUIICHUC COO6IlI€HHOfI CHUCTEMC TCIIJIOTHI K BI)I3BaHHOMy 3TUM NU3MCHCHHIO JAaBJICHHUA B CUCTEMEC

X¥MHYeCKHii MOTEHIIUAJT 3aBUCUT OT
00beMa CUCTEMBI

TeMIepaTypbl

BHYTPEHHEHN 3HEpruu

SHTPOIUHU

CocTosiHne XMMMYeCKOr0 paBHOBecHsI 00PaTHUMBbIX MPOLECCOB KOJIUYeCTBEHHO
XapaKTepPU3yIoT

KOHCTaHTOHM bonbimana

PaBHOBECHBIMU KOHILICHTPALUSIMU IPOAYKTOB PEAKIIUU

KOHCTAHTOM PaBHOBECUS

DHEPrUuey aKTUBALUU

CocTosiHHEe XHMHYE€CKOT0 PABHOBECHSI — 3TO COCTOSIHHE, B KOTOPOM

KOJIMYCCTBA PEArcHTOB PaBHbI KOJIUYCCTBAM IIPOJAYKTOB PCAKI[UU

Macchl MPOJYKTOB PEAKIIMK PaBHBI MacCaM UCXOHBIX BEIIECCTB

SHTAJIBINUSA PEAKLIUN PaBHA HYJIIO, U JIBA IPOTUBOIOJIOKHBIX ITPOIIECcCa MPOTEKAIOT C OAMHAKOBOM
CKOPOCTBIO

n3MeHeHue 3Hepruu ['mb0ca peakiuu paBHO HYJIIO U CKOPOCTH MPSIMON PEaKIMKH paBHA CKOPOCTH
oOpaTHOM

Ecau 1151 HekoTopoii peakunu AG < 0, To

KOHCTaHTa PaBHOBCCHUA PCAKIINU 0oJIbIIIe CIUHUIIbI
KOHCTaHTa PaBHOBECHSI pEAaKLIUN MEHbBIIIE €AVNHHIIBI

B PaBHOBECHOM cMecH ITPe00i1alatoT UCXOIHbIE BEILIECTBA
CKOpOCTh MPSMON peakliy MEHbIIE CKOPOCTU 0OpaTHOM

le’[ MOBBIINCHUHU JABJCHUA PABHOBECHE CMECIACTCH BIIPABO B CUCTEME
2CO2(F) — 2CO(F) + Oz(r)

CoHyry o CoHypy + Hpp

PC|3(F) + Clz(r) > PCls(r)

Hz(r) + C|2(1—) > 2HC|(I—)
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TepMoauHaMu4YecKasi CHCTEMA CUMTAETCS HHBAPUAHTHOM, €CJIM YHMCJIO CTeneHeil cBO0ObI
PaBHO HYJIIO

OoJibiie HYJIS

MEHBIIIE HYJIS

paBHO JBYM

da3oBoe PaBHOBECHUE — ITO

OIHOBPCMCHHOC CYHICCTBOBAHNEC TCPMOJUHAMUYCCKH PABHOBCCHBIX (1)213 B TOMOT'€HHOM CHCTEME
OIHOBPEMEHHOC CYHICCTBOBAHNEC TCPMOJUHAMUYCCKN PaBHOBECHBIX (1)33 B reTeporeHHoﬁ CHCTEMCE
COCTOSAHUEC CUCTCMBI, IIPU KOTOPOM BCC MAPaMCTPbl CUCTEMbI OCTAOTCA IMOCTOAHHBIMU

PaBE€HCTBO KOHHGHTpaLIPII;'I BCE€X KOMIIOHCHTOB reTeporeHHoﬁ CHCTCMBI

CaMonpou3BoJIbLHBIN Mepexo] KoMnoHeHTa i u3 ¢pa3pl o B a3y [ nmpoumcxoaurt npu
yCI10BHH
TR LtiB
e =

>
o« >

PaCTBopaMI/I Ha3bIBAIOT

HU30JIMPOBAHHBIC CUCTCMBbI, OTACJICHHLIC OT Oprxca}omeﬁ Cpeabl peaanoﬁ I B006pa)KaeMOI‘/‘I
IMOBEPXHOCTHIO pasjciia

T'OMOI'CHHBIC CUCTCMBI, HC CIIOCOOHBIE K O6M€Hy BCIICCTBOM C OKPY)KaIOH_IefI cpenoﬁ
TOMOI'CHHBIC CUCTEMBI IEPEMCHHOI'0 COCTaBa, COACPKAMEC HE MCHEC IBYX KOMIIOHCHTOB
TETCPOTCHHLBIC CUCTEMbI, COACPIKAIINEC HC MCHECEC JIBYX BCIICCTB

Kpuockonnyeckue u 30y,1M0CKONHYECKHE NOCTOSTHHbIE 3ABHCAT OT
IPUPOJIbI PACTBOPUTEIIS

IIPUPOJIBI PACTBOPEHHOTO BEILIECTBA

KOHIEHTPAILlUU pacCTBOPEHHOT'O BEILIECTBA

OT BCEX NEPEUUCIIEHHBIX (PAKTOPOB

OTHoOCHTE/IbHOE IOHUKEHHE JABJICHHS HACHIIIEHHOI0 TApa HajJ PACTBOPOM PaBHO
MOJIBHOM J10JIE PACTBOPUTEIS

MOJIIPHOW KOHIIEHTpaLuu

MOJISIITEHOM KOHICHTpAIUn

MOJIBHOMH J10JI€ PACTBOPEHHOT'O BEIIECTBA

Ocmoc — 310

CaMOIIPOU3BOJIbHBIH Mpoliece Mepexo/1a MOJIEKYJ PACTBOPUTENS Yepe3 MOTYITPOHUIIAEMYIO
MeMOpaHy U3 pacTBoOpa ¢ 0oJIbIIel KOHLIEHTpAIMel B pacTBOP ¢ MEHbIIIEH KOHIIEHTpaluei
CaMOIIPOU3BOJIbHBIH MpolIece NePexo/ia MOJIEKYJ PACTBOPUTENS Yepe3 MOTYIPOHUIIAEMYIO
MeMOpaHy U3 pacTBOpa C MEHbIIEH KOHLIEHTpAIHel B pacTBOP ¢ OObIIe KOHIIEHTpaluei
CaMOIIPOU3BOJIbHBII Mpoliece Mepexo/ia MOJIEKYJl PACTBOPEHHOTO BEIIECTBA Yepes
MOJIYIIPOHUIIAEMYI0 MEMOpaHy U3 pacTBOpa ¢ OoJblIel KOHIIEHTpalueil B pacTBOpP C MEHBIIIEH
KOHIIEHTpauuen

CaMOIIPOMU3BOJIBHBIH NPOLIECC TIEPEX0/Ia MOJIEKYJ PACTBOPEHHOT'O BEIIECTBA YEPE3
MOJTYITPOHHIIAEMYIO MEMOPAHY U3 PACTBOPA C MEHBIIIEH KOHIICHTPAIIMEH B pacTBOP C OOJIbIIIEH
KOHLIEHTpauuen
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[loBbilIeHNEe TeMIIePATYPbl KUIIEHUS U TIOHHKeHHE TeMIlepaTypbl 3aMep3aHus PacTBOpPa 1Mo
CPAaBHEHUIO C PACTBOPHUTEIEM NPONOPIHOHAIBHO

MOJIIPHOM KOHIEHTPAILlMU PaCTBOPEHHOTO BEIIECTBA

MOJISIPHOM KOHLIEHTPAIMU SKBUBAJICHTA PACTBOPEHHOTO BELIECTBA

MOJISTIHOM KOHIEHTPALMU PaCTBOPEHHOTO BEIIECTBA

MOJIBHOM J10JI€ PACTBOPEHHOI'O BELIECTBA

IIpenesbHo pazdaBiieHHBbIE PACTBOPBI — 3TO

CHCTEMBI, 00pa3yrollye B pe3ysibTaTe CaMOIIPOU3BOJIBLHOIO PACHIPEIEICHHS
pPAacTBOPEHHOI'0 BEILECTBA B PACTBOPUTEIIE

CHCTEMBI, B IIpoliecce 00pa30BaHUs KOTOPBIX OTCYTCTBYIOT TEMJIOBbIE U OObEMHBIE

3P PeKThI

CHCTEMBI, B KOTOPBIX KOHLIEHTPALMsI pACTBOPEHHOIO BEIlleCTBA OECKOHEYHO Maja
CHCTEMBI, B Ipoliecce 00pa30oBaHUsl KOTOPHIX BBIACISACTCS WIH MOTJIOMACTCS TEIIOTa U
U3MeHseTcss 00beM

OcmoTnueckoe 1aBjieHue B ypapueHun Bant-I'odp¢pa nponopunonanbuo
MOJIBHOM JI0JIE PAaCTBOPEHHOIO BEILIECTBA

MOJISUIBHOW KOHILIEHTPAllUU PAaCTBOPEHHOTO BEIIECTBA

MOJISIPHOM KOHIIEHTPAlMH PaCTBOPEHHOI'O BEILIECTBA

MOJISIPHOM KOHLIEHTpPAllMU SKBUBAJIEHTA PACTBOPEHHOTO BELIECTBA

3akoH pa3Benenus OcTBajbAa 1/ CJIa0bIX 3JIEKTPOJIHUTOB ONUCHIBACTCH (POPMYI0ii

Kuye. =a-C
Ky, = o? - C
Kye. =(1+a)-C
Kuye. =(1-0a)-C

Bemmunna Kp,o = [H'] - [OH naseiaer

BOJOPOJHBIM ITOKA3aTCIIEM
MPOU3BCACHUCM PAaCTBOPHUMOCTHU BOJbL
HOHHBIM ITPOU3BCACHHUEM BOJbI
KOHCTaHTOU Jucconuanuu BOAbI

KucaoTHoCTh (0CHOBHOCTH) PACTBOPOB PUHSATO BHIPAKATh Yepe3 BOJAOPOAHBIN NOKa3aTe b
(pH), paccunTbiBaeMblii o popmy.Jie

pH =g [H']

pH=—Ig [H']

pH=-1g [OH]

pH=-1In[OH]

Crenens qucconuanuu CH;COOH menble B pactBope
0,1 M

0,01 M

0,001 M

0,0001 M

MaxkcumasbHas mose3Hasi padoTa rajJJbBAaHM4eCKOro 3J1eMeHTa NP NOCTOSTHHBIX
TeMIeparype M 1aBJIeHUH PaBHA
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AG = —n-F-E’
AU :—H'F‘Egﬂc
AG :—H‘F'Eaﬂc
AU = —n-F-ES

Ecau raibBaHu4YecKuil 3J1eMeHT padoTaeT caMoNpoOu3B0JIbHO, TO KaKoB 3HaK JJ[C
3jieMeHTa?

OTpHULATEIbHBIN

MOJIOKUTEIBHBIN

3aBUCHUT OT KOHILICHTPALIUH BEILIECTB

AJIEKTPOJIBIKYIIAs CHJIa paBHA HYIIO

Yro Ha3piBaercs crangaptaoi IC?

OJ1C ranpBaHUYECKOTO 3JIEMEHTa, COCTOAIIETO U3 IBYX CTAHIAPTHBIX JIEKTPOIOB
3/1C ranbBaHUYECKOTO 3JIEMEHTA, BKIIOYAIOIIET0 CTaHAaPTHBIM BOJOPOIHBIN AIIEKTPOA
MaKCHMaJIbHOE HaNpsHKEHUE IajJbBaHUYECKOTO 3JIEMEHTa

MUHHMAaJIbHOE HAMPSDKEHUE TaIbBAaHMYECKOTO DJIEMEHTA

Kakoii JIEKTPOX HA3BLIBACTCSA B TAJIbLBAHUIECCKOM 3JIEMEHTE KaTOI[OM?
QJICKTPOd, Ha KOTOPOM IIPOUCXOJUT ITPOLECC OKUCIICHUA

9JICKTPOA, HA KOTOPOM HPOUCXOJUT MPOLECC BOCCTAHOBIICHHUA
OTPHULATCIIbHO Sapﬂ)KCHHLIﬁ QJICKTPOJ

QJICKTPOA, MacCa KOTOPOTO YMCHBLIIACTCA

Kakas peakiusi npoTeKkaeT HA MOJIOKUTETIHLHOM JIEKTPO/Ie raibBAHUYECKOT0 YJIeMeHTa?
OKHCIJIEHUS

BOCCTaHOBJICHUS

oOMeHa 3JIeKTPOHAMU

oOMeHa MOHAMM MeTajljia

3aBMCHMOCTDH MOTEHIHMAJIA JIEKTPOAa OT KOHIEHTPAIUM UJIH AKTHBHOCTH HOHOB B PacTBOpe
onpeaenasercsi ypaBHeHHEM

®dapanes

Bant-T'opda

['nG6ca

Hepncra

CKopocTh XUMHYECKOH PeaKIHH BHIYUCISIIOT 110 YPABHEHHUIO

v==dn/dt
v=-dV/dz
v = +dc/dV
v==dc/dt

YeM 00bSACHUTH NOBbILIEHHE CKOPOCTH PEAaKIUM NIPH BBEACHUH B CHCTEMY KaTaJIu3aTopa
YBEJIMYEHUEM SHEPTUN aKTUBALUN

YMEHBIIEHUEM JHEPTUH AKTUBALIUU

YBEJIMYEHUEM CPETHEW KUHETUYECKON SHEPTUU MOJIEKYJT

YBEJIUYECHUEM YHCIIA AKTUBHBIX YaCTHL]

Enununa usmMepeHusi CKOPOCTH XUMHYECKOH peakuuu
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MOJIB/T * C

1 - ¢/ MOJb
MOJIb * JI/ C
JI/ MOJIB * C

DHEPrul0 aKTHBAIMHA XMMHYECKOH PeaKIHH MOKHO PACCYUTATH U3 YPABHEHHS
In ki/ky = E*/R'(I/T1+1/T2)
+n ki /ky, = E*/R(I/Tl—l/Tz)
In k1/k2 = E*/R'(l/Tz—l/Tl)
In ki/k, = E*/R(l/Tz"‘l/Tl)

YpaBHeHue AB}?ngmyca C Y4€TOM TeOPHH AKTHBHPOBAHHOI0 KOMILJIEKCA BbIPaKaeTcsl
P-Z-¢

pP-7 .o E/RT

B’ - oERT

7 . @ E*IRT

~x ==
(I

Cxopoctb npsimoii peakuun B cucreMe 2NO()+ Clyyy <> 2NOCl() npu yBeaunueHuun
KOHILEHTpaluM XJiopa B 3 pa3a, a okcuaa azora (1) B 2 pasza

yBEIMYHTCS B 4 pasa

yBEJIUYUTCS B 8 pa3

yBenuuuTcs B 12 paza

yBEJIUYUTCS B 6 pa3

JIUTEPATYPA
@) OCHOGHaA Tumepamypa:

1. Topuxos, B.1., Ky3neunos, U.A. OcnoBsl pusznueckoit xumuu. — M.: BUHOM. JlabopaTtopus
3Hanui, 2006. — 407 c.

3umoH A.Jl. ®usnueckas xumus. M: Arap, 2006. - 320 c.

3. Kyapsmesa, H. C. ®usnyeckas xumus: yueonuk s 6akanaspos / H.C. Kynpsiesa,

JL.T. bonnapeBa. — MockBa: M3narensctBo HOpaiit, 2012. — 340 c. — (bakanasp.
[Tpuknannoii kype). — ISBN 978-5-9916-1293-7. — Texkct: anexrponnslii // ObC KOpaiit
[caiit]. — URL:https://urait.ru/bcode/360655

4. ®usnueckas u kowtonaHas xuMus. B 2 4. Yacte 1. dusnueckast XuMust: y9eOHUK 1S By30B /

N

B.1O. Kontoxos [u ap.]; mox pexakiueii B.}O. Konroxosa, K.W. Tlonoa. — 2-e u3 ., ucmp. u
nom. — Mocksa: U3natensctBo FOpaidt, 2020. — 259 ¢. — (Beicuiee oOpa3oBanue). —
ISBN 978-5-534-06719-4. — Tekcrt: anexrponnsiii / 9BC KOpaiT [caiT]. —
URL:https://urait.ru/bcode/454193

0) oonoanumenvhas 1umepamypa

1. TIlpaktukym mo ¢usmnueckoir xumuu. / Ilog pen. B.B. Bbymanosa, H.K. BopobbeBa. — M.:
Xumus, 1986. — 352 c.

2. IIpaxtuueckue paboTsl no puznueckoir xumun: Yuebnoe nocodue /Ilox pen. K.I1. Muenko,
A.A. PaBnens, A.M. Ilonomapesoii. - CII6: [Ipodeccus, 2002. - 384 c.
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3. Xwmeapuuukuii P.A. ®usnueckas u kommouanas xumua. — M.: Beiciasg mkoma, 1988. — 400 c.

8) cospemennbvle npogeccuonaibrvle 6a3vl OAHHBIX, UHPOPMAUUOHHBIE CHPABOYHbLE
cucmembl, 371eKMPOHHbIE 00pa306amenbHble Pecypcobl

ObecnieueH  JocTym K = COBPEMEHHBIM  HpoecCHOHANbHBIM  0azaM  JIaHHBIX,

MH(OPMALIMOHHBIM CIPABOYHBIM M IMOUCKOBBIM cHucTeMaM (TpeOyeTcst perucrpaius B OubinoTexe
COrvy):

1.

Hown

oo

~

OnektpoHHas Oubnworexka aumccepranmu W aBTopedeparoB  PI'b  (OBJl PI'b)
(https://dvs.rsl.ru).

OBC «YuuBepcurerckas oudmuoreka online» (https://biblioclub.ru).

OBC «Hayunas snektporHas 6ubimmnoreka eLibrary.ru» (http://elibrary.ru.)

VYuusepcanbHas 6a3 gannbeix East View (https://dlib.eastview.com). Jlorun: Khetagurov;
[Tapons: Khetagurov

ObC «KoncynpTanT crynenta». http://www.studentlibrary.ru

OBC «Opaiit» - oOpa3zoBaTenbHasl Cpeaa, BKIIOYAIONIAs BUPTYAIbHbIM YMUTAIbHBIA 3aj
y4eOHMKOB W Y4YeOHBIX IMMOCOOMI OT aBTOPOB M3 BEAyNIMX BY30B Poccuu 1O BceM
HaIIpaBIIEHUSAM U crienuaabHocTssM (WWW.biblio-online.ru)

Wudopmannonno-mnpaBoBoii moprain «I["apant» (http://www.garant.ru/).

CnpaBounas nipaBoBas cuctema KoncynpsranT [Tnroc (http://www.consultant.ru/).
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