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Metoauueckie yka3aHHs IO BBIIOJHEHUIO TNMPAKTHUYECKUX U Ja0OpaTOpHBIX padboT
pa3paboTaHbl HA OCHOBE pabouel MporpaMMbl Y4eOHOW TUCIUTITUHBI «@U3UYECKA 51 XUMUSI».

ConepxaHue MpPaKTUYECKUX M JAOOpaTOPHBIX pPabOT OPHUEHTUPOBAHO HA IOATOTOBKY
CTYJI€HTOB K OCBOEHHMIO OCHOBHOM mpodeccnoHaIbHOW 00pa30BaTeNbHOW MPOrpaMmbl IO
crienmanbHocTH 22.02.01 Mertamnyprus 4epHbBIX METaUIOB 0a30BOr0 ypOBHS M OBJAJICHUIO
po(heCCHOHATTBHBIMHA KOMITCTEHITHSIMH.
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1 BBEJEHUE

BaxHylo uacTb TeopeTHuecKkoil U NpodecCHOHAJbHOW NPaKTHYECKOW IOATOTOBKU
CTY/ICHTOB COCTABIISIIOT NMPAKTHUECKUE 3aHATHS M J1a0opaTopHble paboThl. SIBISASCH YaCTHIO
U3ydyeHHs y4eOHOM JUCUMIUIMHBI, OHHM IIPU3BaHbl, AKCIIEPUMEHTAIBHO IOATBEPAUTH
TEOPETUYECKHE TOJOXKEHUs W (HopMHUpOBaTh OOIIME U MPOPECCHOHAIBHBIC KOMIIETCHIIUH,
IIPAKTUYECKUE YMCHHUS.

Benymieid nunakTu4eckodl LENbI0 Mpakmuyeckux saumamuil siBIseTcs (popMupoBaHUE
IIPAKTUYECKUX YMEHUH - MpodecCHOHAIBHBIX (YMEHUH BBINOIHATH ONpE/eIeHHbIE JeHCTBuUS,
orepanuu, HeoOXOANMBIE B IOCIEAYIONIEM B MPO(HECCHOHAIBHON AEITEIBHOCTH) WK YIeOHBIX
(YyMeHwmi1 pemaTh 3a/1a4d 10 MaTeMaTHke, Gu3uke, XuMuu, HHOOPMATUKE U JIP.), HEOOXOAMMBIX
B TOCIIEyIoUIel yueOHOM NesITeIbHOCTH 10 €CTECTBEHHOHAYYHBIM, 00IenpodecCuoOHaIbHBIM
JUCLIUILINHAM.

Benyieil tuaakTHUecKol LENbI0 1a60pamopHulx pabom SIBISETCS SKCIIEPUMEHTAIBHOE
MOJTBEPXKIECHUE U TPOBEpPKa CYLIECTBEHHBIX TEOPETUYECKUX IIOJIOKEHUH  (3aKOHOB,
3aBUCUMOCTEH).

CoctaB u cojepXaHHWE MPAKTUYECKMX U JIaOOpaTOpHBIX pabOT HaIpaBiICHbl Ha
peanu3anuio ACUCTBYIONMX (peaepanbHbIX TOCYJapCTBEHHBIX 00pa30BaTENbHBIX CTAaHIAPTOB
cpeaHero npogeccuoHaIbHOro 00pa3oBaHMsL.

B cootBercTBUM ¢ paboueii mporpaMmoii yueOHOM TUCIHMITITHHBI « DU3NYECKA ST XUMU SI»
IIPEYCMOTPEHO NMPOBEJCHUE NPAKTUYECKUX U J1a00pPaTOPHBIX padoT.

B pe3ynbrare X BBIIOJHEHMS], 00Y4atOIUNACs JOKEH:

ymemy:

- HCIOJb30BaTh METObI OLIEHKH CBOWCTB METAJIJIOB U CILIABOB;

ConepxaHye NpakTUUECKUX U JJa00paTOPHBIX pabOT OPUEHTUPOBAHO Ha MOJI'OTOBKY CTYIEHTOB
K OCBOCHHIO MPO(ECCHOHAIBHOTO MOIYJsi OCHOBHOM TPO(ECCHOHAIBHONW 00pa3oBaTeIbHOMI
IPOrPaMMBI 110 CMELUATIBHOCTH U OBJIAJACHUIO PO()ECCHOHATBHBIMI KOMITETEHIIUSIMHU:

IIK 1.1. OcymecTBasTh TEXHOJOTWUYECKUE OINEpaly [0 MPOU3BOJACTBY YEPHBIX
METAJIJIOB.

IIK 1.2. Hcnonp3oBaTh cHCTEMbl aBTOMATUYECKOTO YIPABICHUS TEXHOJIOTHYECKUM
IIPOLIECCOM.

I[IK 1.3. DOkcmiyarupoBaThb  TEXHOJOTMYECKOE U IOJBEMHO-TPAHCIIOPTHOE
obopynoBanue, o0ecreynBarollee Npoecc MPOU3BOJICTBA YEPHBIX METALIOB.

[IK 1.4. Ananu3upoBaTh Kaue€CTBO ChIPbsl U TOTOBOM MPOTYKINH.

IIK 2.1. IlnanupoBaTh W OPraHU30BBIBATE COOCTBEHHYIO JI€ATENBHOCTh, paboTy
MO/Ipa3JeNIeHUs, CMEHbI, ydacTKa, OpUrajpl, KOJJIEKTUBA UCTIOJHUTENEH.

IIK 3.1. [IpuHumaTh y4dactue B pa3pabOTKe HOBBIX TEXHOJIOTMH M TEXHOJOTHYECKUX
IIPOLIECCOB.

1K 3.2. YyacTBOBaTh B 00€CIIEUEHUH U OLIEHKE IKOHOMUYECKON 3(PPEKTUBHOCTH.

B mporecce ocBoeHUs TUCHUIUIMHBI Yy CTYACHTOB JOJDKHBI (POpMHUpOBATHCA oOIIHe
KOMITIETEHIINH:

OK 1. [loHuMath CyIIHOCTh M COIMAJIBHYIO 3HAYUMOCTh CBOEH Oyayieil mpodeccun,
IIPOSIBJIATH K HEW YCTOWYMBBINA UHTEPEC.

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JI€ATEIbHOCTh, BbHIOUpATh THIIOBBIE METOIbI U
CTIOCOOBI BBIMOJIHEHUS TPO(ECCHOHATBHBIX 3a/1a4, OLIEHUBATh UX 3(P(PEKTUBHOCTH U Ka4EeCTBO.

OK 3. [IppHuMate pemieHus B CTaHAAPTHBIX U HECTAHJAPTHBIX CUTYyalUsX U HECTH 3a
HUX OTBETCTBEHHOCTb.

OK 4. OcyuiecTBiiTh MOUCK W HCHOJb30BaHHWE HWH(GOpMALUU, HEOOXOAUMOW JUIs
3¢ (GEKTUBHOTO BBITOJHEHUS MPOGECCHOHATBHBIX 3ajay, MPO(EeCCHOHAIBHOTO U JINYHOCTHOTO
pa3BUTHS.

OK 5. Hcnonb3oBath HMH(OPMAIMOHHO-KOMMYHHUKAIIMOHHBIE — TEXHOJOTHH B
npodeccnoHanbHOM e TENbHOCTH.



OK 6. PabGorath B KONJIEKTHBE M KOMaHjae, YPQPEKTUBHO OOIIATHCS C KOJUIETaMH,
PYKOBOJICTBOM, MOTPEOUTEISIMH.

OK 8. CamocToATenbHO ONpEAeNATh 3a1aud NPOPECCHOHATBHOIO M JHMYHOCTHOTO
pa3BUTHs, 3aHUMATbCi  CaMoOOOpa30BaHMEM, OCO3HAaHHO  IIJJAHUPOBAaTh  IOBBILICHHE
KBaJTM(PUKALHH.

BeimonHenue cryseHTamMM  mpakmuueckux padoom 1O  y4eOHOW  JUCLHMILIMHE
«OUBNYECKASA XMW Ay nanpaBieHo Ha:

- 000011eHMe, cucTeMaTH3allnio, yrilyOleHue, 3aKperaeHne, pa3BUTHE U JETATU3ALUI0
MOJTyYCHHBIX TEOPETUUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOM TUCIUIUINHEL,

- (hopMupOBaHHE YMEHUH NPUMEHATH IOJTYYEHHbIC 3HAHMS Ha MPaKTUKE, pealu3aliio
€IMHCTBA UHTEIUIEKTYabHOW U MPAKTHUECKON AEATEIbHOCTH;

- (opmupoBaHue M pa3BUTHE YMEHMH: HaOIIOAaTh, CPaBHUBATh, COIOCTABIIATH,
aHAIM3UPOBaTh, JIENIaTh BBIBOABI U OOOOIIEHMS, CAMOCTOSITEIBHO BECTH WCCIEI0BaHUS,
M10JIb30BATHCS PA3IMYHBIMU IIpUEMaMU U3MEPEHUH, oQpOopMIIATh pe3yabTaTbl B BHUJE TaONHLL,
cxeM, rpauKoB;

- INpUOOpeTeHHE HABBIKOB padOThl C pa3W4YHbBIMU I[pUOOpaMu, ammnaparypowu,
YCTaHOBKAMU M IPYTUMH TEXHUYECKHUMHU CPEACTBAMH ISl IPOBEACHUS OTIBITOB;

- pa3BUTHE HHTEIUICKTYaJIbHBIX YMEHMH y OyIylIMX CHEHMAIMCTOB: aHAIMTUYECKUX,
MPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIpaOOTKY IIPU pElICHUH MTOCTABICHHBIX 3a]a4 MPO(eCCHOHAIIBHO 3HAUYUMbIX KauecTB,
TaKHX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTbH, TBOPUECKAsI HHUIIUATHBA.

Broimonnenue  cTyaeHTamMu  1abopamopuwix  pabom O  y4eOHOM  JIHUCUUIUIMHE
«OU3BNYECKAS XMMUA» nanpaBieHo Ha:

- 000011eHMe, cucTeMaTU3alnio, yrilyOleHue, 3aKperieHue, pa3BUTHE U JIeTATU3ALUI0
MOJTyYCHHBIX TEOPETUUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOM TUCIUTUINHEL,

- (hopMupoBaHHE YMEHUH NPUMEHATH IOJTYYEHHbIC 3HAHMS Ha MPaKTUKE, peau3aliio
€IMHCTBA WHTEIUICKTYAJIbHOW U MPAKTHUECKON AEATEIbHOCTH;

- (opmupoBanue M pa3BUTHE YMEHM: HaOIOAaTh, CPaBHUBATh, COMOCTABIIATH,
aHAIM3UPOBATh, JIENIaTh BBIBOABI W OOOOIIEHHS, CAMOCTOSITEIBHO BECTH WCCIIEIOBAHNS,
M0JIb30BATHCS PA3IMYHBIMU IIpUEMaMU U3MEPEHUH, oQpOpMIIsATh pe3yabTaThl B BHJE TaONHILL,
cXeM, Irpa(uKoB;

- NpUOOpeTeHHE HABBIKOB pabOThl C pa3lIWYHbBIMU I[pUOOpaMu, ammnaparypowu,
YCTaHOBKAMU ¥ IPYTUMH TEXHUYECKHUMHU CPEACTBAMHU ISl IPOBECHUS OTIBITOB;

- pa3BUTHE HHTEIUIEKTYaJIbHBIX YMEHMH y OyIylIMX CHEIHMaIMCTOB: aHAIMTUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIpaOOTKY IPU pelIeHUH MOCTAaBICHHBIX 3a]a4 MPO(eCcCHOHAIbHO 3HAUUMBIX KauecTB,
TaKHX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTb, TBOPUECKAsI HHUIIUATHBA.

ITpoomKUTETLHOCTh BBIOIHEHUS MPAKTHYECKOH, JJaAOOpaTOpHON pabOThl COCTaBiIseT He
MEHee JIByX aKaJ[eMHYECKMX YacoB M IPOBOJWTCS TIOCIE COOTBETCTBYIOUICH TEMBI, KOTOpas
obecrieurBaeT HaJTMYKe 3HAHUN, HEOOXOTUMBIX /IS €€ BBITOJIHEHMSI.



2 METOAUYECKUE YKA3AHUS
Tema 1.1.
MoJieky/JIsIpHO-KMHETHYECKAS TEOPHS arPperaTHOro COCTOSIHUSA BellecTBa

IpakTuuyeckas pa6ora 1 Pacuer mapamMeTpoB HIcaIbHBIX Ta30B.
MarepuajibHoe o0ecnieyeHue:
O6opynoBanue 1a60paTOpUH:
- pabouee MecTo IpenoIaBaress;
- pabodee MeCTo CTY/ICHTa;
- METOJIMYECKUE YKA3aHUs JIJIS IPAKTHUECKOW pabOTH;
IMopsinok BbINOJIHEHUs PA0OTHI:

1. HM3yunTh MeTOIMYECKHE YKAa3aHUS K JAHHOW MPAKTHYECKONW pabOTHI.

2. OmpenenuTh NPOIYKThI PEaKIIUU

3. BBImOaHUTE OTYET O MpOJETaHHON padoTe.
X0/ padoThl: 03HAKOMHUTHCS C 3aBUCHMOCTSIMH MKy TEPMOTUHAMUYCCKHUMH MTapaMeTpaMu
JUIsl OCHOBHBIX TIPOIIECCOB MUJICATbHOTO Ta3a, BHIIOIHUTh PacyeT MapaMeTpoB ra3a CorjiacHoO
3aaHus, 0OPMUTH OTYET.

B TepMmoamHamMuKe pa3inyaroT YeThIPEe MPOCTEUITUX TEPMOTUHAMUYECKHX TIPOIecca:

M30XOpHBIH (V CONSt ), m306apHsbIit (P coNnst ), M30TepMHBIHA
(T const) u agnabatubiii (S const ), a Takyke 00OOIIAIOIINN UX TOJTUTPOITHBIN MPOILIECC,
ypaBHEHHE KOTOPOT'O BBITJISAMT CIIEAYIOIUM 00pasoM: P V' const,
W3 3TOr0 ypaBHEHUS MPH Pa3IMIHBIX 3HAYCHUAX MOYKHO MOJYYUTh YPABHCHHSI TPOCTCHUIIIMX
npouecco. Tak mpu n =0, p V" const — p const,

n==+o0, py'const — vconst,n=1,pVv"const — T const,
n =Kk, pVv"const — p v"const (S = const).

Bo Bcex TepMouHAMUUECKHX IPOLECCAX U3MEHEHUS KaJOPHUUECKUX TapaMeTpOB COCTOSTHUS
MO>KHO HaiTH U3 YHUBEPCAIBHBIX (GOPMYII

du=C,dT,dh=C,dT, ds Cv dTRdv, T vds Rdp.
IIpumeps! pemienus 3aga4

Ipumep 1. [Ipu HOpManbHBIX ycrmoBusix Macca 1 i1 okcuaa yriepona (IV) pasna 1,98 r.
Omnpenenuth Maccy 2 1 okenaa yraepoaa (IV) mpu 0°C u nanennn 4,52* 10* ITa.
Pewenue. Ilpu napnenuu 4,52-10* Ila okcun yrinepona (IV) 3anumaer o6bem 2 1. [Tonb3ysich
3akoHOM boitns—Mapuotra (1), onpenesnum, kakoit 00beM Vi Oyaer 3aHUMaTh JTaHHAs Macca
okcra yriepoxa (IV) mpu po = 1,013 * J O° [a:
»

V. _Po pV
Vo p° VO E
[ToncTaBnsieM YUCIOBBIE 3HAUEHHS U BEIYUCIISEM:
" 1.013*10° 1
Tak xak macca 1 11 okcuna yraepona (IV) (npu H. y.) paBHa 1.98 r, To macca 0.8925 1 Gynet
1,98-0,8925—1,767 (1)

3agauu I peIICHHUS:

1.ITpu naBnenun 2*%10° Ila. 0o6beM raza paBeH 2 )IMS. Onpenenuth, MpU KaKOM JaBICHUH
o0beM raza Oyzaer paseH 1 m 3 ecin TEMIIEpATypa OCTAETCs OCTOSIHHOM.

2.B cocyne eMKoCThI0 2 uTpa coaepkutcs 10 r. Kuciaopoaa mpu TeMieparype 0°C.

[Ipu KakOM J1aBIEHUU HAXOJUTHCS KUCIOPOJ, eciu (TMpH H.y.) IIIOTHOCTh paBHa 1,43 r/n.?



3.B NpOMBIBHEIX GamHsx ra3 oxmaxmaercs ¢ 350 xo 35°C. Kakoit 06beM GymyT 3aHHMATh
100Mm° rasa nmocne MIPOMBIBAHMS, €CJIU JABJICHHUE OCTAETCS MTOCTOSTHHBIM?

4.IlnotHOoCTh BO3AyXa (mpu H.y.) paBHa 1,29r/m. Ilpu kakoii TemmepaType IMJIOTHOCTH €ro
Oyzer paBHa 1,1 /1., eciii JaBieHUE OCTAETCS TOCTOSTHHBIM.

5.OTKpBITBI COCY/A TpPU TEMIEpaType 17°C HarpeBaeTcsi NpU MNOCTOSIHHOM JAaBJICHHUH J10
307°C. Kaxas uactb BO3/IyXa ( 110 Macce), HaXOIAIIET0Cs B COCYE, P TOM BBITECHSIETCS?

dopma npeacraBieHns pe3yJabTara:
1.Ha3Banwue u 1enb paboTHI.
2.Hamnucatph cXeMbl YpaBHEHUH peakLuil.
3.Caenatpb BBIBOJI O MPOJICTIaHHOM padoTe.

IIpakTuyeckasi pa6ora Ne 2 PacyeT mapaMeTpoB peasIbHBIX Ta30B.

Heab 3aHATHSA: TTOJYYUTh MPAKTHYECKHUE HABBIKUA pacyeTa MapaMeTPOB COCTOSHHS PealbHBIX
rasos.

MarepuajibHoe ofecrevyeHue:

O6opynoBanue 1a00pPaTOPUH:

- pabouee MeCTO MPEernoIaBaTeis;

- pa60qee MECTO CTYACHTA,
- MCTOANYCCKHUC YKa3aHUA JId NPAKTUICCKUX pa60T;

Ilopsinok BbINOHEHHS PadOThI:
1. M3yuuTh MeTOIMYECKUE YKA3aHUS K JAHHOM MpaKTUYeCKOH paboThl.
2. OmnpenenuTs NPOAYKTHI peakLuu

3. BBIIOTHUTE OTUYET O MPOACTaHHO# paboTe.
Xoa pa6oThl: YCBOUTH (DM3MUCSCKUI CMBICI TAPAMETPOB COCTOSHUS, U3YIUTh CBSI3b MEKIY
HUMH, pacyer 110 YPaBHEHHIO COCTOSHUS PEALHOTO T'a3a; BHIIOJIHUTE PacyeT COTIacHO
3a7aHus, OGOPMHUTH OTYET. BeTMUYMHBI, XapaKTEPU3YIOIIKE TEIO0 B JAHHOM COCTOSIHUH,
Ha3bIBAIOTCS napamempamu COCTOsIHUsL. Yarie BCero COCTOSIHUE Tesa OMpPeIelsieTCs]
CIIEIYIOLIMMH TTapaMeTpaMu: yoervivim oovemom (V), abcomommuvim dasnenuem (P) u
abconromnoi memnepamypoti (T).

1.V nenbHbIil 00beM (V) TeNa mpeacTaBisieT co00i 00beM eTUHUIIBI €r0 MacChl. TO BEJIMYMHA,
oOpaTHasi TJIOTHOCTH TeJa .

Eciu V — 0GbeM B > 3aHHMaeMBlii TenoM Maccoii M ke, To yaenbHbI 00beM 2..AOCOTIOTHOE
JaBIICHHUE p U3MEPSIOT CUIIOHN, MPUXOSIICHCS Ha eIMHUILY TIOBEPXHOCTH. Tak Kak 3a eINHUILY
CHJIBI IPUHUMAIOT | HBIOTOH, a 3a €JMHUILY TOBEPXHOCTH — KBaJIPATHBIA METP, TO JaBJICHUE
M3MEPSIIOT B HBIOTOHAX Ha KBAJIPATHBIN METP (H/M2 nnu I1a). Bo Bcex TepMOIUHAMUYECKHUX
YPaBHEHMSX MOJIb3YIOTCS 3TOW €AMHUIICH, ¥ TIO3TOMY B IPUMEHsIeMble (OPMYIIBI CIeyeT
TI0JICTABIIATE YHCIIOBOE 3HAYCHHE NaBICHAs B H/u® . JIsl PaKTHUECKHX Leleil yroGHee
U3MEpPSATH AABIICHUE B kH/M? (KHITOHBIOTOH Ha KBaJpaTHBIN MeTp win klla), MH/M?
(MeraHbpIOTOH Ha KBaapaTHbIA MeTp wim MIla). Yacto naBnenue 3amepsiercs B 6apax. Jrta
eunmna B 10° pas Gonbure 1 H/u’. COOTHOIICHHS MEKILY HCIIONb3yEMBIMH B TEXHHKE
eIMHUIIAMA U3MEPEHUS TaBJICHUs JTaHbl B TaOnmie 1. AOGCOTIOTHOE TaBJIeHNE MOXKET OBITh
onpeeneHo 1o popmyne: P — Pawn + B, rine B — atmocdeproe ninm 6apomerprudeckoe
naByenue, a Puas — n36BITOYHOE NaBIEHNE, 3aMEPEHHOE MAHOMETPOM. Eciu abcommoTHoE
JaBlieHHE P MEHbIIIe 6aApOMETPUUECKOTO JaBieHus B, To BO3HUKAET BaKyyM WU pa3psuKEHHeE.
BenuuuHy BAKyyMHOTO JaBIeHHs PeaxMOXKHO ONPEAENNTh 1o GopMyIie



Peax = P — B
3. TpeTbeil OCHOBHON BEIMYMHOM, XapaKTEPHU3YIOIIEH COCTOSIHHUE Tela, IBISETCI AdOCOIOMHAS
memnepamypa (T). Ona usmepsiercs B rpagycax Kenpeuna (K), kpome TOro B ObITY U TEXHUKE
LIUPOKO UCTIONB3YeTCs Temmeparypa (1), onpeaensemas no mkaie Lenscus. CBszp MexIy
OTUMMU TEMIICpAaTypaMH BBITCKACT U3 3aBUCUMOCTHU

T(K) t(°C)= 273,15

B CHIA n AHrnuu Juist u3sMepeHust TeMIepaTypsl NIPpUMEHSIOT 1kany Papenreita. s
nepeBo/ia MOKa3aHui 3TON MIKalbl B rpasychl Llenbcus cityxaT COOTHOLIEHUS

[Ton uoeanvHvim 2a3om MTOHUMAIOT BOOOpaxaeMblil Ta3, B KOTOPOM OTCYTCTBYIOT CHJIBI
MIPUTSDKEHUS MEXKTY MOJICKYJIaMH, @ COOCTBEHHBIN 00hEM MOJICKYJT HCUE3ar0IINe MBI TI0
CPaBHEHHUIO ¢ 00bEMOM MEXAYMOJIEKYIISIPHOTO MPOCTPAHCTBA. TakuM 00pa3oM, MOJIEKYJIbI
UJICaTbHOTO Ta3a MPUHUMAIOTCS 3a MaTepuaibHble TOUKU. Bee cymiecTBytoiume ra3sl npu
BBICOKHX TEMIEpaTypax U MajbIX JIABJICHUIX [0 CBOUM CBOMCTBAM MPUOINKAIOTCS K
CBOMCTBaM HJIeaIbHOTO Ta3a. [loaToMy Takue ra3bl MOKHO TaKKe CUMTATh HaealbHbIMU. Ecin
Ke TMPUTSHKEHUEM MOJIEKYN U UX 00beMOM MpeHeOpedb Heb3sl, TO TAKOM a3 Ha3bIBAIOT
peanbHBIM (11ap). Bee naeanbHbie ra3pl NoquuHsA0TCS 3akoHaM boitnsa - Mapuorra u ['eit-
JIroccaka [2] pv = const (T = const); = const(p = const)
TYpaBHEHUS COCTOSIHUSI UJICAIBHOTO Ta3a CBSI3BIBAIOT MEXKIY CO00M OCHOBHBIE MTapaMeTphl
COCTOSIHUSA P, V U t 1 MOTYT OBITh IIpeacTaBiensl 3aBucumoctsamu pV = MRT, pv=RT, pV-R T

,rie M — macca rasza B kT, R — rasoBast moctosiHHas uccinenyemoro rasa (bx/xrK), V- oobem

oJHOTO Kritomodst ra3a, RO 8,314 x/x/kmons K — yHuBepcanbHas ra3oBasi IOCTOSTHHAS
CocrosiHMe TaHHOW MacChl ra3a OmpeaesaeTcss TeMreparypoi t, naBieHuemM p, 00beMoM
V. Ecin p=1,01325*10° ITa=101,325 kIla u t=0, TO ycJI0BHS, IPH KOTOPHIX HAXOLUTCS
ra3, Ha3pIBalOT HOPMaJIbHBIMHU (H.y.). IIpuHsATO 0003Ha4YaTh 00BeM (H.y.) uepe3 Vou
HOpMaJIbHOE JIaBJICHUE Yepe3 Po. ['a3bl, HAXOASIIMECS B YCIOBUAX, KOTOPBIC HE OUCHb
OTIIMYAIOTCS OT HOPMAJIBHBIX, MOAYHHSIOTCS 00JIee UM MEHEe TOYHO CIEAYIOIINM
3aKOHaM, Ha3bIBA€MBIM 3aKOHAMH HJICaTbHBIX Ta30B:

1. Ilpu mnocrosHHOM Temmeparype o00beM JaHHOM Macchl rasza o00paTHO
MPONOpLHOHAJIEH JaBlieHnIo (3akoH boins-Mapuorra):
V1/V=p,/p1 unu pv=const

2. Ilpu DOCTOSIHHOM [aBJICHMM 00BEM JaHHOMW Macchl ra3a IpH HOBBIIMIEHHH €ro
temneparypsl Ha 1°C yBenmuuBaercs Ha /273,15 wacth oOvema Vj, KOTOpBIH Ta3
3aHUMAl an 0° C (3akoH I'eit-JIroccaka u [apns):

27315
V=Vo(1 + —— t) win V VOTISH (2)

273.1
BBens o6o3HaueHue a6conIOTH017I temneparypbl T=t+273,15K, nomyuum apyroe BbIpakeHUE
JUISL 9TOTO 3aKOHA:

v Vo

T 27315

Tak kak Vo/27315 ecTh BeMunHa MOCTOSIHHAS, TO

—

7
= const, mau V= constT

CrnenoBarenbHO, NpU TOCTOSHHOM JIaBJIGHHHM OO0BEM JIaHHOM Macchl rasa IpsiMo
MIPOIOpLIMOHANIEH aOCOMIOTHON TeMIiepaType.

Ecnmu o0beM NOCTOAHHBIA, TO 3aBUCHMMOCTb JABJIEHUs JAHHOM Macchl Tra3a oT
TEeMIIEpPaTyphl BBIPAXKAeTCA YPaBHEHUSAMU:



1
p=pPo(1+—=t) )

) )
= PO yamp=constT (
I 27315

3. B paBHBIX 00bEeMax pa3IUYHBIX T'a30B MPHU OJAMHAKOBOW TeMIIepaType U OJIUHAKOBOM
JABJICHUW COJICPKUTCS paBHOE YHCIIO MOJIEKYJ (3akoH ABoraapo). Uucno vactuil B 1 Moub
BEILIECTBA HA3BIBAETCS YMCIOM ABOTaapo WM MocTossHHOW ABoragpo Na paBHO 6,02*%10°
MOJTB-—.

CrnenoBaTenbHO, pa3JIMYHBIC BEIIECTBA KOJUYECTBOM | MOJb B Tra3000pa3HOM

COCTOSTHUM MPHU OJIMHAKOBBIX YCIOBHUIX 3aHUMAIOT PaBHBIC 00BEMBI.

[Ton xoJm4ecTBOM BeIIeCTBA CIEAYeT IMOHUMATh (PU3UUECKYI0 BEJIHYHUHY,
OTMpeAeIsieMy0 YHUCIOM CHEeMU(UIIMPOBAHHBIX CTPYKTYPHBIX JJEMEHTOB WM TPYIIIBI
9JIEMEHTOB.

OcHOBHas eIUHUIA KOJIHMYECCTBA BEIICCTBA- MOJIb.

Monb- KOIUYECTBO BEIIECTBA CHCTEMBI, COAEpP KAIIEH CTOJIBKO XK€ CTPYKTYpPHBIX
3JIEMEHTOB (aTOMOB MOJIEKYJIBI MOHOB, 3JIEKTPOHOB U JIPYTUX YACTHUI] WM TPYII YACTHIL),
CKOJIBKO COJIEP’KUTCSI aTOMOB B HYKJIME yriIepoaa 2 vaccoid 0,012 xr.

MOJI?[pHafl MacCa — OTHOIICHUEC MACChI BCIICCTBA K KOJIMYCCTBY BCIICCTBA
m

n

~
n

ModsipHbIii 00BEM- OTHOIIEHHE 00beMa K KOJTMYECTBY BEIIECTBA.
-3 3
Vino=22,414*107 m/moas = 22,414 a/moasn

OTCIO,I[a BBITCKACT, 4TO IINIOTHOCTH rasa do, T. €. Maccy 1n (HpI/I H. y)') MO>KHO BBIYHCJIUTH ,
€CJIM U3BCCTHA €TI0 MOJIIpHAaA Macca

M
22414

OO0benunss 3akoHbl boins-Mapuorra u I'eif- Jltoccaka u Ilapnsg, momydyuM ypaBHEHHE
COCTOSIHMS UJICAIILHOI'O rasa.

dn (6)
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0Pg _Vipy_Vapa_

27315 T4 T,
Ecnu BennunHa otHeceHa K 1 Kr rasza, To oHa OyzeT pa3HOW y pa3JIMYHBIX ra3oB, IOTOMY UYTO
3HadyeHue V o y HuxX pa3nuyHo. Ho ecim ee oTHeCTH K KOJIMYECTBY ra3a, paBHoMy 1 Mouib, TO
oHa OyJgeT MMETh OIpPECICHHOE 3HAueHHEe, OJMHAKOBOE JUIS BCeX Ta3oB (mouyemy?). OTa
BEIMYMHA HAa3bIBACTCS  VHUBEPCANbHOU 2a3060l nocmoanHou W oOo3Hauyaercs R.
CraenoBartenbHO, 15 JIFOOOro rasa KoJIMm4ecTBoM 1 MoJb

PoVo _
273.15

...=const

OTO ypaBHEHME Ha3bIBaeTCs ypaBHEeHUEM Menpeneesa - Kiaiinepona.
Ecnn B34T raz Koau4ecTBOM N MOJIb, ypaBHEHHE NPUHUMAET BUJ:

pV=nRT 9)

Tak kak 4MCIIO MOJIEH ra3a paBHO Macce 3TOro raza M, JEeJIeHHOW Ha MOJSIpPHYHO maccy M,
T.€. N=M/M mozacTaBsisi BMECTO N 3TO BhIpaKEHHE, OTyJaeM:

pV=m/MRT (10)
VYpaBuenue (10) maer BO3MOKHOCTh BBIYUCIUTH JHOOYI0 M3 BXOSIIMX B HErO BEJIUYMH, €CIIH
W3BECTHBI OCTaJbHbIE. B 4YacTHOCTH, OHO MOMET OBITh MCIIOJB30BAHO [UISI BBIUYMCIICHUS
MOJISIpHOM Macchl M.



UncnoBoe 3HAUEHUE M Pa3MEPHOCTh Ta30BOM MOCTOSHHONW R 3aBHCHUT OT BBIOOpa €IUHUIL
WU3MEpEeHUs APYTrUuX BETUUHH.
B Mexnynaponnoit cucreme enuuun (CU) nasnenue BwipaxatorT B Ila, maccy B Kr,
KOJIMYECTBO BEIIECTBA B MOJISAX, a 00beM B M\ Torza i N = I MoJIb MOJTyduM:
_ PoVo _ ;.mszs-1of‘uzz.-u‘;-1u“-*__8.3H §1 T
273.15 273.15
IIpuMepsl pelieHus 3a1a4
Ipumep 1. Ilpu 7°C o6bem raza paen 750 .mu. [Ipu kakoii Temmepatype o0beM raza OyaeT
paBeH 1,5 1, ecnmu 1aBiaeHUE MOCTOSIHHO?
Pewienue. O603uHaunmM 00beM raza npu Tl coorBercTByromieir 7°C, uepe3 V, a o0beM mpu
uckomoii remneparype Tz — uepes V2. Ilo 3akony I'eii-JIroccaka

g 7
2 T OTKyZJa '

IIpesxne yeM MOACTaBIATh YMCIOBBIE 3HAYCHMS, HY)KHO BBIPAa3UTh HA4YaJbHBIA M KOHEYHBIN
00BEMBI B OJTHUX U TEX K€ CIUHHIIAX, HAapUMep B JuTpax. Torma
_(27347)*1.5

T, 22560 (K)

0.75

CrnenoBarenbHO, HCKOMas TEMIIEpAaTypa paBHa:
560 — 273=287 (°C)

3amauu 11 penicHus:

1.20 5. a30Ta, HAaXOASAIIErocs Mpu 17°C u nasnenuu 120 ITa, TpeGyercs cxarb 10 oobeMa Si1.
BbluncnuTh KOHEUHOE JaBJIEHHUE a30Ta, €CIIM TEMIIEpaTypa €ro nocie cKaTus MOBbICUIIAch J10
30°C.

2.30 mu1. Bogopoaa coOpaHo HaJl BOAOW TPHU TEMIEpaType 18°C u nanennu 90 ITa. Kakoii
00beM (TIpH H.y.) 3aiIMET 3TO K€ KOJIMUYECTBO CyX0ro Bojopoaa? /lapneHue BOASHOrO mapa npu
3TOM Temneparype paBHo 2065 Ila.

3. Onpenenuts Maccy 3 JINTPOB a30Ta IpU TEMIIEpAType 15°C u nasnennu 90 IMa. [TnoTHOCTS
aszota ( mpu H.y.) paBHa 1,251/mi1.

4.Kakoit o0beM 3aiimer 1 MOJIb HJ1eaJIbHOTO Ta3a MU TeMIlepaType 20°C u nasnennu 152 Ia.
5.0npenenuTs IIOTHOCTH 030HA ( TIPH H.Y).

dopma npeacraBjeHus pe3yabTara:
1.Ha3Banue u nienp paboThl.
2.HamnucaTbh cXeMbl YpaBHEHHH peakiuii.
3.Caenathb BBIBOJ] O MPOJICTIAHHOM paboTe.
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JlaGopatopuas padora Nel,2 OcHOBHBIE CBOMCTBA JKUAKOCTEH: OBEPXHOCTHOE HATSKEHHE,
BA3KOCTb, INIOTHOCTh
Henp 3aHATHA: MOIYYUTHh NPAKTUYECKUE HABBIKU OIPENEIATh NOBEPXHOCTHOE HATSKEHUE,
BA3KOCTh M IUNIOTHOCTb KMJKOCTEH.
MarepunanbHoe obecrnieyeHue:
O6opynoBanue 1a00paTOPHH:
- pabouee MecTO IpernoiaBaTers;
- pabouee MecTO CTYAEHTA;
- METO/IMYECKUE yKa3aHUs AJ1s 1abOpaTOPHBIX padoT;
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1. HW3yuuTh MeTOIMYECKHE YKa3aHUA K JAHHOU 1a00paTOpHO paboOTHI.
2. OnpeneynuTh OCHOBHBIE CBOMCTBA XKUJIKOCTEH .

3. BHIOTHUTH OTYET O MpoAeIaHHON pabdoTe.

HO@GpXHOCWlH0€ Hamsicenue HcuoKocmell
[Touemy KHIKOCTh BCErJa HMEET TJaJIKyl MOBepXHOCTh? Ecim paccMOTpeTrbh CHITbI,
JCHCTBYIONIME HA MOJICKYJbI Ha MOBEPXHOCTH JKUJIKOCTH U BHYTPHU €€ , TO MOKHO OTMETHUTH,
4TO CyMMapHas CHJia, JICHCTBYIOIIAs Ha MOJICKYJy Ha IMOBEPXHOCTH, HAIpPaBICHA BHYTPb
KHUJIKOCTH, a BHYTPH KHUJAKOCTA PaBHOACHUCTBYIOMIAs CHJIa paBHA HYIO. [103TOMY >KHUIKOCTH
BCEr/Jla CTPEMHUTCSI UMETh MUHUMAIIbHYIO TTIOBEPXHOCTH (11ap).
[ToTeHnmanpHas SHEPTUS MOJEKYJI MOBEPXHOCTHOTO CJIOS paBHas paboTe, 3aTpavyeHHON Ha
YBEIMYCHUE IUIOMANM TIOBEPXHOCTH HAa | €OUHHMIly — Ha3bIBACTCS IOBEPXHOCTHBIM
HATSHKCHHCM:
G| o
o= 2

S| m
C NOBBIIICHUEM TEMIIEPATYPhl TOBEPXHOCTHOE HATSDKEHUE YMEHBIIIACTCS.
OnpeneneHne MOBEPXHOCTHOTO HATSKCHHSI TIPOBOJIAT ITYTEM pacdeTa MacChl KaIlUTH JKUKOCTH,
BBITEKAIONIEH M3 CHEIUalbHOTO Mpudopa — cramarMoMeTpa. MeTo/ 3aKJII04aeTcsl B MOJICUYETe
Kareb MCCIeTyeMON YKUIKOCTH (Ny) M KHUJIKOCTH ¢ U3BECTHBIM ITOBEPXHOCTHBIM HATSKCHHEM
Nerang. [ITOTHOCTH KUAKOCTEN JOTKHBI OBITh U3BECTHBI:
P M
Ny
OT BenMYMHBI TOBEPXHOCTHOTO HATSIKCHHSI 3aBHCUT CIIOCOOHOCTH JKHUIKOCTH CMadduBaTh
MMOBEPXHOCTU TBEP/IBIX TEIL.
[ToBepXHOCTHOE HATSHKCHHE MOXKET pPE3KO H3MEHHUTHCS TPH PACTBOPEHUH B IKUIKOCTH
Pa3IMYHBIX BEIIECTB.
BemecTBa, CHMXKArONMe MMOBEPXHOCTHOE HATHKEHUE G, HA3BIBAIOTCS NOBEPXHOCHHO-
akmusHvimu (11AB).
K HEM OTHOCSATCS CTUPTHI, OSNKH, MbUTa 1 Jp. Jlo0aBKa TaKuX BEMIECTB K KHUIKOCTH o0Jerdaet
BCIIEHWBAHUE, TO €CTh 00pa30BaHUe OOJBIIOTO YKCIIa HOBBIX TTOBEPXHOCTEH.
BemecTBa, MOBBIMIAIONINE TIOBEPXHOCTHOE HATSHKCHHE G HA3bIBAIOTCS  1NOBEPXHOCHHO-
HeakmusHbiMu (MAHEPATHHBIC HEOPTAHMYECKUE KUCIIOTHI, IISIIOYH, COJIH ).
Bsaszkocmuw srcuokocmeti
Kuakoctn 0071a1aF0T CBOMCTBOM, U3BECTHBIM T10]] HA3BAHUEM BSI3KOCTD.
Bsaskocmbs — 3TO CONPOTHBIICHHE TMEPEMENIEHUI0 OJHOTO CIIOS KHAKOCTH OTHOCHTEIHHO
JPyTOTO.
Teuenue KUAKOCTH MOKHO paCCMATPUBAThH KaK MEPEMEIEHUE €€ TOHKUX CJIOEB, JBUKYITUXCS
MapajuIeIIbHO.
Uem ganbliie CiIOU KUIKOCTH OT TBEPAOW MOBEPXHOCTH, TEM CKOPOCTh MX JIBMXKEHHUS OOJIbIIIE.
Mexty IBIKYIIUMUCS CIIOSIMH BO3HUKAET CHIIa TpeHUs F, KkoTopas onpenesnseTcs 1Mo 3aKoHy
Herorona:

O-x :acmaﬂd ) p .
Cmamo
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F du S
:}7— y
dx

du
rjae — — U3MEHEHHE CKOPOCTU B HAIIPABIIEHUHU IIEPIICHIUKYIIPHOM IBUKEHUIO;
dx

S — oAk NOBEPXHOCTH TPYILUXCS CIIOEB;

71 — KO3 GUIHMEHT BHYTPEHHETO TPEHUS WU TUHAMUYECKAast BA3KOCTb.

BS3KOCTB 3aBUCHUT OT MPUPOABI JKHIKOCTH, TO €CTb OT CHI MEXKMOJIEKYJISIPHOIO
B3auMozcicTBus. 1lpu yBennueHun TemIiieparypbl BSA3KOCTh ymMeHblIaercs. [Ipu yBennueHun
KOHLIEHTPALUU PACTBOPOB U CMECEH BA3KOCTb X YBEIUYUBACTCS.

Omnpenensiercsa B3KOCTh KalWUISIPHBIM BUCKO3UMETPOM 110 BPEMEHM BBITEKAHUSI HEKOTOPOTO
o0beMa )KUJKOCTU Yepe3 Karuuisp

3aoaua Nel.
Onpenenure Maccy yriaekucioro rasa (quokcunaa yriaepoaa CO;) B 6amione oobemom 50
1, eco ipu 27° C MaHOMETp Ha GaluioHe roKasbiBaet aasietue 7-10° [la.

JHano: ANTOpUTM pellIeHUs: ypaBHEHUE U1€alb-

V§OZ= 50 1 =0,05 Horo raza: PV = J“RT
M M

t = 27° C(T= 300 | M, = 12+16-2=44 r/momb= 0,044 xr/monb

K) 5
PV-M 7.10°-0,05-0,044

P=7-10°1I Meo, = = ' =0,61 kr

= e~ RT 8,3-300
Meo, = ?

Otset: M, =0,61 kr.
3aoaua Ne?.

Omnpenenure, kakoi 00beM 3aHUMAIOT 14 kr a3ota (N2) Ipu HOPMaIbHBIX YCIOBHUSX.
Hano: ANTOPUTM pelIeHUs:
my = 14 xr 1) Onpenenenuie MOJISIPHOM MacChl a30Ta:
t=0°C (273 K) M, =142 =28 r/mons

P=10°ITa (1 arm) | 2) OnpezeieHne KOTHICCTBA a30Ta B MOJISIX:

Vi, =7 My, 140001
Yhe = My, 281 /Momb
3) Onpenenenue oobemMa a30Ta, ECIU:
Vm=22.4 n/monb
Vi, =Vm- vy, =22,4 s/moib-500 monb=
=11200 1=11,2 m°

= 500 monb

Otser: V = 11,2 M.

3aoaua Ne3.

Onpenennute MOBEPXHOCTHO - aKTHBHBI WM HEAKTHBHBI ATHIIOBBIM CIIUPT U MOBApPEHHAS
COJIb OTHOCHUTEINIBHO BOJIBI, €CIIN ngm U3MEPCHUH TTOBEPXHOCTHOTO HATSHKCHUS PACTBOPOB ITUX
BEIIECTB cTajJarMoMeTpoM mipu 25 C momydeHsl CIAeAYIONINE PE3YIbTaThI.
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ToBepxHocTHOE | IITOTHOCTE | Uyierio kamens
PactBop HaTsDKEHUE, pacTsopa, pacTBOpOB,
BEIECTBA o) p n
Jix/M? kr/m® T
1) H,O 72:10° 1000 25
2) CH3—CH,-OH
(pactop Gor.cn. 930 32
3THJIOBOTO
CIIUPTA)
3) pactBop NaCl
(moBapeHHas ONacl 1090 21
COJIb)

AJTOpUTM peLeHUS:

1. HOBGpXHOCTHO-aKTI/IBHH BCLICCTBA, KOTOpI)IG CHM>KAKOT HOBerHOCTHOG HATSIDKCHUC
)KI/I,I[KOCTeﬁ, CJICA0BAaTCIIbHO, LICJIBIO PACUYCTOB ABJIAACTCA OIIPCACICHUC Gp-pa crmpTa n Gp-pa COJH+

2. OnpenensieM Gy, cnmpra
Pomen. Mo 72-107°-930- 25
~1000-32

Coren = Opyp” =52,3-107 Jix/m®
Pr,o Mo,
3. OnpenaensieM Gnacl-
Pomer. Mo 72-107°-1090- 25
Pr,o Mo en. B 1000-21

4. lloBepXHOCTHOE HATSKEHUE YMEHBIIACTCSI NpPU PAaCTBOPEHUU B BOJIE STUIOBOIO
cnupTa, 3HauuT, OH sBisercs IIAB. Ilpu pacTBOopeHuMM IOBapeHHOH COJIM B BOJE
MOBEPXHOCTHOE HaTsDKeHHE yBennuuBaercs, 3Hadut NaCl — ne [TAB.

=93-107% Jix/m?

ONacCl = O-HZO :

3aoaua Ne4.
Onpenenure BS3KOCTh OJMBKOBOTO Maclia MO CJIEAYIOINIMM JaHHBIM (TIpU 220 0]
KaIMUTSIPHOTO BUCKO3UMETPA.

Bszkocth [InoTHOCTH Bpewms BeiTekanus
Bemectso n p T
IT (s-c/m°) Kr/M° C
1. Bona. 0,01 1000 10,0 C
2. OnMBKOBOE |  Moms. wacio 950 1031 C (17 muH 10
MacJo. CEK)
AJTopUTM pelleHus: AMHAMUYECKas BA3KOCTh PACCUUTHIBAETCS 110 GopMyIie:
Momexsacio = M0 P e 01 950:1031 =0,9811
“ P Tuo 1000-10

®opma npeacTaBiaeHus pe3yJibTaTa:
1.Ha3Banue u 1ieap paboThI.

2.Hanmcatb cxemMbl ypaBHEHUI peaKIiyid.
3.Cnenath BBIBOJ O TIPOJICTIaHHON padoTe.
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Tema 1.2.
Tepmoaunamuka

IIpakTuyeckasi padora Ne 3. Pacuet TeruioBoro a3 dexra XuMUIECKON PEaKIiuH.
MarepunanbHoe obecrnieyeHue:

O6opynoBanue 1a00paTOPHH:

- pabouee MecTO IpernoiaBaTers;

- pabodee MeCTO CTY/IEHTa;

- METOJIMYECKUE YKa3aHUS JJIs MPAKTUIECKONH pabOTHI;

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1.M3y4nTh METOIMYECKUE YKA3aHUS K JJAHHOM MPaKTUIECKOW 1 1abopaTtopHOii padboTe.
2.01penenuTs NPOAYKThl peaKuu

3.BBINOIHUTH OTUYET O MPOJICIaHHON paboTe.
Xox pa6oTwl: Iy BBIYUCIICHUS BEIWYMHBI CTAaHAAPTHOW JHTAIBIUM (TerioBoro 3ddexra)

peakuuun AHY, HCIIOJIb3YIOT CJIeIcCTBUE U3 3aKkoHa ['ecca:
CTAaHJAAPTHAs JHTAJbINSA (TemI0Boi dPPekT) peakunu AH®, PaBHA cyMMe CTAaHJIAPTHBIX
JHTAJIBNUH 00pa3oBaHusi NPOAYKTOB PpeaKIuH ZAHOf(HpOH) 32 BBIYETOM CYMMBbI
CTAHJAAPTHBIX JSHTAJBINUI 00pa3oBaHMsI MCXOJHBIX BeleCTB ZAHOf(MCX) ¢ y4eTroMm
CTEXHOMETPUYECKUX KOJUYECTB BCEX BEIIECTB M UX arperaTHbIX COCTOSTHMIA:
AH®: = ZAH trpon) - EAH fex)

Hanpuwmep, 11st peakuuu

Sh,S;3 (k) + 3Ha(1) = 2Sb (k) + 3H,S(r)

AH®, = (BAH%(H,S) + 2AH% (Sb) — (AH(Sh,Ss)+ 3AH (H,)

3HaueHUs! CTaHJAPTHBIX SHTAJIBIUN (TEIUIOT 00pa30BaHusl) NPUBEACHBI B Tabuuie (cM.
MpUIIOKEeHUe, Tab.2).

CrangapTHbIe DHTAJIBINH OOPAa30BaHMs MPOCTHIX BEIIECTB, TEPMOJUHAMHUYECKH Oosee
YCTOMYUBBIX TOJUMOPGHBIX MOAUGUKAIMN WM aJUIOTPOIMHBIX (OPM YCIOBHO TPUHSATHI
PaBHBIMU HYJIIO:

AH%(H2)= AH (Sb)= 0 kJlx/Moub.
MPUMEP 1

PaccuuTaiite cTanAapTHYI0 SHTanbIUI0 (TerioBoi 3ddekTt) peakuu
SO2(r) + 2 HpS(r) = 3S (pom6) + 2 HoO(x).

VYkaxwute, OyIeT U JaHHAS PEaKIUs 9K30- WIN YHAOTEPMUUYECKON?

PEIIEHUE
SO,(r) + 2H,S = 3S(pom6) + 2H,0(); AH,%=7
BemecrtBo SO, H,S S H,O
AH, 0 kJI>k/MONb -297 -20,15 0 -285,84
n MOJIb 1 2 3 2

AH,"=3AH:" (S) + 2AH:° (H,0) — (AH; ? (SO,) + 2AH { (H,0)) =
(3-0+2(-285,84))-(1-(-297,0))+2+(-20,15))= -234,5 .
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OtBet: CTaHgapTHas SHTAIBIUA peakuuu paBHa -234,5 k/[x.

Peakuus sk3oTepmuueckas, Tak kak AH 0<0.
IPUMEP 2

I1o TEepMOXUMUYECKOMY YPaBHEHHIO

4FeO(x) + 04(r) = 2Fes03(k); AH, % = -584 k]I

pacCUYMTANTE CTAHIAPTHYIO YHTAIBIHUIO (TEIIOTY) 00pa30BaHUs MPOIYKTA.
PEHIEHUE

4FeO(x) + 0x(r) = 2Fe305(k); AH, % = -584 kJx

BCIIIECTBO FeO 0, Fe,03
AH,° k/[x/Momb -206 0 ?

n MOJIb 4 1 2

AH,°=2AH° (Fe,03) — (4AH° (FeO)+1AH:° (O,))

-584 = 2AH  ° (Fe,05) - [4(-206) + 0.

Otkyna:

AH ¢ ° (Fe,03) = - 824K »x/MoJ1b.

Oteer: CrannmapTtHasi sHTanbnus (TerioTa) oOpazoBanust okcuaa xkenesa (III) paBua -

824 xJI>x/MoIIb.
MPUMEP 3

PaccuuraiiTe 3HaueHHE CTaHIAPTHOW OSHTAJIBIUHU (TEIUIOTHI) OOpAa30BaHM dTaHA U3
MIPOCTHIX BEIIECTB
2C(rpadut) + 3Ha(r) = CoHeg(T)
O CJICYIONINM TEPMOXUMUICCKUM YPABHEHHSM:

a) CoHg(r) + 7/202 = 2COx(r) + 3H,00x), AH1° = -1559,87 ]Ik

0) C(rpacur) + 02(1) = CO(T), AH , ° =-393,51 xJIx
B) Ha(r) + 1/205(r)=H0(), AH 3% = -285,84 kJlx
PEHIEHUE

JUtsi BBIMMCIICHHS CTAaHZAPTHON dHTanbmun (TerroBoro sddekra AH , ° ) peakumn
00pa3oBaHus ATaHA U3 MPOCTHIX BEIIECTB M0 YPABHEHHIO
2C(rpadur) + 3Hz(r) = C,Hg(r)
cnenyer ypaBHeHue (0) yMHOXHTH Ha 2, ypaBHeHue (B) - Ha 3, a 3aTeM CyMMY 9THX
ypaBHEHHI1 BEIYECTh U3 ypaBHEHHS (a):
CoHg+ 7/20; - 2C - 20, - 3H; - 3/20,= 2C0,+ 3H20 - 2C0, - 3H,0;
CoHg(r) = 2C(k) + 3Hx(r).
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[Tocine mpeobpazoBanust monyunm ypaBuenue (1). IlpoBeast Takue ke JEHCTBHS CO
CTaH/IaPTHBIMH SHTAJBIUSAMH JJAHHBIX PEaKIMi, MTOJyYHM CTaHIAPTHYIO SHTAIBIHNIO (TEIUIOTY)
pas3ioKeHus dTaHa!

AH°=AH;"-(2AH,*+3AH5’) =(-1559,87)-2(-393,51)-3(-285,84) = +84,67 k.

OHranbpnusi 00pa3oBaHUS paBHA OJHTAIBINK PA3JOKEHUS ¢ OOpaTHBIM 3HAKOM,
[OTOMY CTaHAapTHas OHTanblus  (TemioTa) oOpa3oBaHMs TaHa AH;’ (CoHe)= - 84,67
kJ[/MOT.

®opma npeacTaBiaeHus pe3yJibTaTa:

1.Ha3Banwue u 1enb paboTHI.
2.Hamnucath cXeMbl YpaBHEHUM peakLuil.
3.Caenatb BBIBOJ O MPOJICTIaHHOM padoTe.

IIpakTnueckas padora Ne 4 Pacuer caMonpou3BOJIbHOTO MPOTEKAHUSI peaKLn.
MarepuanbHoe o0ecnieyeHue:

O6opynoBanue 1a00pPaTOPUH:

- pabouee MecTo IpernoiaBaTers;

- pabodee MeCTO CTY/ICHTA;

- METOJIMUECKUE YKa3aHUs IS IPAKTHUECKOW paboThl;

IMopsinok BbINoJIHEHUs PadOTHI:

1.M3yunTh METOMUECKUE YKA3aHUS K JaHHOW IPaKTUYECKOil padoTe.
2.0Hp€I{CJII/ITI) , BOBMOKHO JIM CaMOIIPOU3BOJIbHOC IMTPOTCKAHUC PCAKIIUH.

3.BBINOIHUTH OTUET O MPOJIeIaHHON paboTe.
Xoa paGorsl: B0O3MOXHOCTH CaMOIPOM3BOJBHOTO MMPOTEKAHUS XHUMHYECKOro Ipolecca

OIIPEIENIAETCS] CTPEMIICHUEM CHCTEMBI:

1) k noOHMXEHHIO BHYTPEHHEil SHepruu 3a cyer BbiaeneHus temia (-AH);

2) K YBEJIMYCHHIO HEYMOPSIOYCHHOCTH B PACIIONOKEHHU YaCTHI[ 338 CYET TEIUIOBOTO
JBUKEHMS, MEpOH KOTOpPOro SBIISETCS TEpMOJAMHAMUYECKAs byHKIUSA COCTOSTHUH,
Ha3bIBacMasi SHTPOIUEH.

DHTpONHUs XapaKkTepu3yeT paccestHue, 0OeclieHeHNe YHEepruu, T.e. Mepexo] BceX BUI0B
SHEpPIUu B TEIUIOBYIO, U PaBHOMEPHOE €€ paclpesielieHne MEeXIy TelaMu. DHTpomnus S - Mepa
HEYTIOPSIIOYEHHOCTH COCTOSIHUSI CUCTEMBI - BO3PACTAET C YBEJIIMYEHUEM JIBH)KEHUS YacTHII, T.€.
P HarpeBaHWH, HMCIAPEHHH, IUIABJIEHUH, PACIIMPEHHM Ta3a, MpH pa3pblBe CBSA3EH MEXIy
atoMamMu U T.1. [Ipomecchl KOHAEHCAlMU, KPUCTAJUIM3ALUM, CXKATHsS, YIPOUYHEHHS CBS3EH,
MOJINMEPU3aLMU U T.I., CBSI3aHHBIE C YINOPSAJOYEHHOCTHIO CHUCTEMBI, BEAYT K YMEHBILIECHUIO
SHTPONUHU. DHTPOIHUST — (QYHKIUS COCTOSHUS, T.e. €€ M3MeHeHHe (AS) 3aBUCHT TOJBKO OT
HavaubHOTO (S1) M KOHEYHOTO(S2) COCTOSIHHS M HE 3aBUCHUT OT ITyTH TpoIiecca:

AS= Sz - Sl
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V3MeHeHHe »SHTPONUHM IPU CaMOIPOU3BOJILHOM HPOTEKAaHWU XMMHUYECKON PEeaKIUu
B M30JIMPOBAaHHOW  CHUCTeMe  Bcerjaa moyiokurenbHo (AS>0), B mNpoTHBHOM — cilydae
(AS<0 ) Takoe mpoTEeKaHHE PEAKIUU HEBO3MOXKHO. BennumHy AS Ha3bIBalOT JHTPOIHUCH
XHMHYECKOH PeakiMi, B CTAHAAPTHBIX YCIOBHSX ee obosmauaor AS, i Bepaxator B JHx/K.
3mauenns AS,’ MaTo 3aBHCST OT TEMIEpaTyphl, B JalNbHEMIIEM HCIONB3YIOT 3HaueHus AS,°
npu 298,15 K.

CranjapTHas SHTpomHs Xumudeckoil peakimu AS’  paBHA PasHOCTH CyMMBI
CTaHJAPTHBIX AHTPOINUI HPOAYKTOB pEaKLUU (ZSOHPOH) U CyMMbI CTaHJApTHBIX SHTPOIUI
rcxoHbIX Bemects (38 ey).

YAS = 28 upox - TS wex

3nauenust cranmaptHeix (mpu 293,15 K) osHTpommii BemiecTB, BBIPAKCHHBIE B
JIx/(K-Moutb), ipuBeieHbI B TabauIe (CM. mpuito)keHue Tab.3).

INepen 06G03HAYCHHEM CTAHAAPTHON YHTPOIHH BelecTBa S° OTCYTCTBYeT 3HAK A, TaK KaK
JUIST KaXJO0TO (ITPOCTOrO, CIOKHOTO) BEIIECTBA 3HAUYCHUE S pu JII000M Temmeparype,
OTIMYHON 0T abcosmoTHOrO HYJsS. [Ipy abCOMIOTHOM Hyle BEHIecTBAa HAXOJISATCS B COCTOSHUH
UCaIbHOI0 KpHUCTAJlJa C HYJEBBIM 3HAYEHHEM HSHTPOIUHU. DHTPOIUS TBEPABIX BELIECTB IO
3HA4YEHUIO BCEr/la MEHbILE, YeM HHTPOIUSA ITUX )K€ BELIECTB B JKUIKOM COCTOSHHM, KOTOpas
MEHBIIIE, YeM YHTPOIIUS Ta30B.

Tak xak SHTPONHUS pacTeT C MOBBIIICHUEM TEMIIEPATyphl, TO €€ MOKHO CUHTATh MEpOi
6ecriopsiaka T -AS. Takum oOpa3om, ABMXKYyIIas CHJa Mpolecca CKIaJbIBaeTCs U3 JIBYX CHIL:
crpemiienust K ynopsaodenuto (AH) u ctpeminenuns k 6ecniopsiaky (T-AS). TIpu mocTossHHOM
JIaBJICHUU U TeMIiepatype oOlas ABmxKyIas cuia mnpouecca (AG) paBHa

AG = AH - T-AS. Benmuuna AG — snaeprust ['mub6ca — TepmoguHaMudeckas GyHKIUS
coctossHusi. W3menenune osHeprum [ub6ca (AG) mnpu camMOnpoM3BOJIBLHOM INPOTEKAHUH
XMMHUYECKOM peaklMd BHE H30JMPOBAHHOM cucTreMe Bcerga otpuuarensHo (AG<0), B
npotuBHOM citydae (AG>0) takas peakuus HeBo3MOKHa. Bennunny AG Ha3bIBalOT dHEprueit
I'n66ca peakiyi, B CTAHIAPTHBIX YCIOBHX ee obosHauaror AGY, mampmmep mpu 298,15K
AG%g 1 BeIpakatoT B KJ[k. YObu1b sHeprun ['n60ca (AG®) - Mepa XMMHYECKOIO CPOJCTBA —
3aBUCUT OT IPUPOBI BELIECTBA, €0 KOJUYECTBA U OT Temmeparypbl. CTaHaapTHas >HEPrus
['m66ca peakmuu AG; paBHA Pa3HOCTH CYMM CTaHJApTHBIX 3Hepruil ['mb6ca oOpazoBaHus
MPOAYKTOB (ZGfonpoﬂ) Y CYMM CTaHJapTHHIX dHeprui [ m60ca 0Opa3oBaHus NCXOIHBIX BEIIECTB
(ZGfOI/ICX)

AGOT = ZGfOnpou - ZGfOMcx

CrangaprtHas sHeprusi ['ub0ca  oOpasoBanus BemiectBa B — 310 sHeprust ['u60ca

peaknuu  obOpazoBaHusi 1 Moibp BemecTBa B W3 TPOCTHIX BEMIECTB, YCTOWYMBBHIX B
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CTaHAApTHHIX YycioBusx. Ee o0003HadaOT Kak AGOr,B, a nmpu 298,15K kak AGozgg(B) u
BhIpaxatoT B J[>k/Mosib. CtanmaptHeie SHepruu [mbO0ca o00pa3oBaHHS MPOCTHIX BEIICCTB
paBHbl Hymr0. Hampumep, sueprus [u6b6ca oOpaszoBanusi rpaduTa, KHCIOPOJA, KUIKON
pTyTH, TBepaoro oaa u T.1m. npu 298K paBHa Hy0. 3HaUCHUS CTaHAAPTHBIX dHepruii [ mo6ca
00pa3oBaHMs HEKOTOPHIX BEIIECTB MPUBEACHBI B TAOIHIIE (CM.IIPUIIOKEHHE, Ta0I1.4)

UeM MeHblIEe BEIUYMHA AGOr, TEM CWIbHEE CTPEMIIEHHE K IPOTEKAHUIO JaHHOTO
rpoiiecca U TeM JajbIlle OH OT COCTOSIHUS PAaBHOBECHS, IIPU KOTOPOM

AG:=0 u AH% =T-AS%

MPUMEP 1

PaccunTaiite mpu T = 1230K crannaptayto saepruto ['160ca peakiun

2S0,(1) + 0(r) = 2S03(1)

s kotopoit AH° = -198 k/Ix u AS,” = -187 Jiux/K. Byzer i JaHHas peakims MpOTEKaTh
CaMONPOU3BOJILHO B 3aKPBITOM CUCTEME IIPU 3TUX YCIOBUSIX?

PELIEHHE

AG p550= AHC - T-AS,° = -198-1230 ' (-0,187) =+32 kJIx.

Ortgert: crannaptHas sHeprus [ m66ca peaknum npu 1230K paBua +32 xJIx. [lanHas peakius B
3aKpBITON CHCTEME IMPH CTAaHIAPTHBIX YCIOBHAX CAMOMPOM3BOILHO MPOTEKaTh He OyaeT, TAK kak AG
%1230> 0.

MPUMEP 2

Paccuuraiite mpu T=298K crannaptayto saepruto ['n66ca peakyu
4FeO(x)+ Oy(r) =2Fey03(k) , ecitu AG®,98 (FEO) = -245 xJx/Moib;
AG°®,9g (Fe,03) = -742x]]x/MoIb.

PELIEHUE
4FeO(k),+ 0x(r) = 2Fe;03(k), AG°y9g = ?
BemecrBo FeO 0O, Fe,O4
AGt°99g kJx/MOIB -245 0 -742
n MOJIb 4 1 2

AG®, = AG% (Fezog) - [4 AG® (FGO) + AG% (02) ] =
= 2(-742) — 4(-245) + 0] = -504 xIx.
Ortser: cranmapTHas sHeprus [ m60ca nannoii peakuun npu 298K pasHa -504 x/Ix.

IPUMEP 3

Ha ocHoBaHMM CTaHIAPTHBIX SHTAIBIHUHN (TEIIIOT) 00pa3oBaHUs (CM. IPIIIOKEHHE, Tadmia 2)
W CTaHJAPTHBIX SHTpONHH (cM. puIIokeHue, Tabnmna 3) Berancinte AG®,  peakiuu, mpoTeKaromiei mo
YPaBHEHHUIO

2 S0,(t) + 05(r) = 2S04(T).

[pu kakoit TemriepaType HACTYIIUT paBHOBECHE?

PEHNIEHUE
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2 SOz(F) + OQ(I‘) = 2803(F)

BemectBo SO, O, SO,
AHfO kJx/MOIB -296,9 0 -396,1
s? K Jlx/(Momb-K) 248,1 205 -256,4
AGY% «JlK/MOb -300,2 0 -370,0
n MOJIb 2 1 2

>0).

CrasnapTHast SHTAIbIMs (TeruioBoit a3dhdext) peaxmun AH,°
AH? = 2AH{ (SO3)- AH{ (0,)- 2AH{(S0,) =
= 2(-396,1)-0-2(-296,9) = -198,4 /I x.

CrangapTHas SHTPOIHS peaKun S?°
S.%=5° (S0,) - 25°(S0,) — S%(0,) =

=2-256,4 - 2-248,1 - 205 = -188,4 T x/(K-Mo:b).
CrannaprHast sHeprus [ ub6ca peakiuu AG®,gq
AG®5 = AH,- T -S,°= -198,4 -298(-0,1884) = -142,26 k/Ix.
Temneparypa (T), mpu KOTOpOit HACTYIIHT paBHOBECHE:

T= AH’/AS® =-198,4/ (- 0,1884) =1053,08K

OtgerT: crangaptHas SHeprus [ ub60ca peaknnu -142,26 x/1x;

TeMIlepaTtypa, mpu KoTopoit HacTynuT paBHoBecue 1053,08 K.

INPUMEP 4

Bo3moxna i peakiust BocctaHoBieHus Fe,03 yriepogom npu temmnepatypax 500 u 1000 K?

Fe,03(k) + 3C(x)=2Fe(x)+3CO(r); AH,’=490,54x]x
PEHIEHUE

CranaapTHast SHTPOIIHS peaKIuu ASrO
AS?=3S°(CO) . 2 S°(Fe)- S° (Fe,0;)- 35° (C) =

=3:197,91 + 2-27,2 - 89,96 - 3-5,69 = 541 JTx/(K-M0B).
Oueprust ['m66ca nmpu 500 u 1000K:
AG%g=AH,” - T-AS,” = 490,54 — 500 - 0,541 = +219,99 K J[k;
AG®3000= 490,54 — 1000 - 0,541 = -50,56 K/Ix.

Ortser: BoccTanoBienre Bo3MokHO mpu 1000K (AG®1q90 <0) m HeBo3MOkHO Tipr 500 K (AG 509

KoutpoabHble 3agaHus:

1. Ha oCHOBaHMM CTaHIAPTHBIX SHTAIBIHN (TEIUIOTHI) OOpa30BaHHs M CTaHIAPTHBIX

3HTp0HPII>i COOTBCTCTBYIOIIMX BCIICCTB BBIYUCINUTE AGozgg pcakuuu, npOTeKanmeﬁ 10 YPaBHCHUIO:

C2H4(F) + 302(1"): 2COZ(F)+ ZHQO()K)
Bo3moskua 1u 3Ta peaKknus 1pu CTaHAapPTHBIX YCHOBI/IHX?

Otsert:-1331,21 x/Ix.
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2.0mpenenure, TpU KakoW TeMmIeparype HadHETCS peakius BoccTaHoBieHus Fez0,,
MpoTeKarouas Mo ypaBHEHUIO!
FesQy (k) +CO (r) = 3FeO(k), + CO, (r);  AH,’=+34,56 kJx.
Ortgert: 1102,4 x]Ix.
3. Beruncnure u3MEHEHHE SHTPOIIMHU AJIS1 PEaKIHi:
2CHy, (r) = C,Hy(r) + 3H, (1);
Na(r)+3H,(r) = 2NHs(T)
C (rpadut) + 0, (r) = CO,(r).
[ToueMy B 3THX peaKImsIx AS’>0;<0;=07?
Ortser; 220,21 JTx/K; -198,26 Tx/K; 2,93 JIx/K

4. Beraucnure, npu Kakoi TEeMIIepaType HAYHETCS JIUCCOIMAIUS MTEHTAXJIOPHIa
tdbocdopa, mpoTekarorias Mo ypaBHEHHUIO:

PCls = PCl; + Cly; AH.? =+92.59 k]l
Ortsert: 509 K.

5. Beruncnure AGozgg peakuuii B3auMoIeicTBrsI OKCHAOB Oepriutusi, Kampimsa u Oapus ¢ CO,,
TOJIB3YSICh BETTMYMHAMH CTaHAAPTHHIX dHepruil [ mboca obpa3zoBanms. Kakue nz kapOOHATOB MOKHO
monryunTh? Kakas peakuns unet Hanbonee snepruyno? Oteet: +31,24. xJIx, -130,17x/1x; -216,02
kJIx.

(I)opMa npeaocraBjicHud OTYCTA:

1.Ha3Banue u 11e1b paboThI.
2.HammcaTh cXeMbl ypaBHEHHUH peaKIIvid.
3.CnenaTh BBIBOJ O IPOJAETaHHOM padoTe.

Tema 1.3.
XuMuyeckasi KHHeTHKA U KaTaIu3
IIpakTnuyeckas padora Ne 5 PacueT cKOpoCTH peakuuu
MarepuanbHoe o0ecnieyeHue:
O6opynoBaHue 1ab0OpaToOpuu:
- pabodee MecTo MpernojaBaTes;
- pabouee MecTO CTY/AEHTa;
- METOJIMYECKUE YKa3aHUs JJIs IPAKTUUECKON paboTHI;
ITopsinok BbINoJIHeHUs padoThI:
1. M3yunth MeTOIMYECKUE YKA3aHUs K JaHHON MpaKTUYECKOM pabore.
2.0npeaenuTb CKOPOCTh PeaKuu
3.BBITTOTHATE OTYET O MPOACIaHHON padore.
Ilopsinok BbINOJHEHHS PadOTHI:
1.M3yunTh METOMUECKUE YKA3aHUS K JTaHHOW IPaKTUUeCcKoil padoTe.
2.0npeaenuTh MPOAYKTHI PEaKIIuu
3.BBIMOIHUTH OTUET O MPOJIeIaHHON paboTe.
Xox padoThI:

3
1. Hcxoonas xonuenmpayusn pearupyrouero BemecTsa - To KOJIWYeCTBO BemecTa B 1 M

pacTBOpa UM ra3a, KOTOpoc 6epeTc51 JUISL XUMHUYECKOI0 B3aUMOACHCTBHS.
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2. Koauuecmeo esewecmea B 1 I[MS, 6CIMYRUGUIE0 8 XUMUYECKOe 63aumoolelicmeue
(usmenenue Konuenmpayuu). B XUMHUECKOE B3aMMOJECHCTBHE BCTYIAET HE BCE B3ATOE
KOJIMYECTBO BEIIECTBA, a JHUIIb YacTh €ro. JTa 4acTh BEIIECTBA MOXET OBITH 3aJaHa Ju0O0 B
MPOIICHTaX OT MCXOJHOTO KOJIMYECTBA, JIMOO B MOJSAX, JTMOO HEM3BECTHO, KAKOE KOJIMYECTBO
BEIIECTBa BCTYIIWIO B XMMUYECKOE B3auMozeiicTBue. B aTom ciydae konudecTBo B 1 nm® oxHOTO 13
BEIICCTB, BCTYNUBIIET0O B pEakIuioo, 0003HA4alOT 4Yepe3 X, a KOJIHYSCTBO OCTAJIbHBIX
B3aMMOJICHCTBYIOIIIMX BEIIECTB BBIpaxaercs uepe3 X, NPONOPIMOHAIBHO CTEXHOMETPHUCCKUM
Kod(pHLIMEeHTaM TaHHOW peaKLny.

3. Texywian Konyenmpayus 03HA4aeT KOJTHYECTBO BEIIECTBA B | aM° , MMeIOIIeecs B HAIMYHH Ha

JAHHBEIA MOMEHT.
TIIPUMEP 1

Peakuus uger no ypaBHEHUIO
4NH3 (I‘) +3 02(F):2N2(F)+6H20(F).
HcxonHple KOHIIGHTpAIlMd aMMHMaka U KHCJIopojaa cooTBeTcTBeHHO paBHbl 0,6 u 0,8 MOHB/)Z[M3.

Brruuciuth KOHIIEHTpAIIMK BCEX BEIIECTB, Koraa mpopearupyeT 20 % amMmMuaka.
PEHIEHUE

HO Mepe HpOTCKaHI/I}I pCaKHI/II/I KOHHCHTpaHI/IH HNCXOOHBIX BCHICCTB yMCHI)IHaCTCSI, a KOHHCHTpaHI/ISI
HpOI[YKTOB pCaKHI/II/I YBGJ'II/I‘II/IBaCTCH. I/I3MCH€HI/IC KOHHCHTpaHI/Iﬁ BCE€X BCLICCTB HpOI/ICXOI[I/IT B
COOTBCTCTBUHU CO CTCXI/IOMCTpI/I‘ICCKI/IM ypaBHCHI/ICM peaKHI/II/I, rae yKaSaHI)I qucia MOHGI\/'I peaFCHTOB,
BCTYITHBIIUX B PEAKIHIO U TIPOLYKTOB, 00PAa30BaBIINXCS B pE3y/IbTaTe PEaKIIHH.

1). Hafinem, cKOJTbKO MOJIb aMMHAKa BCTYIIIIIO B PEAKITHIO:

0,6 moub coctasisieT 100 %

X w™oib coctaBiaT 20 % , orcrona

X = 0,6:20/100 = 0,12 mob/manm’.

2). Haiimem, CKOJIBKO MOJb aMMHaKa OCTajJOCh IIOCIIE B3aMMOJCHCTBHS:

0,6-0,12=0,48 MOIb.

3). Haiigem, cKoibKO MOIB KMUCIOPOJa BCTYMHIIO B peakiuio. M3 ypaBHEeHUS peakuuu
cnenyert, uto ¢ 4 Monsamu NHj3 B3anmozeiictByer 3 mMounb 0;

¢ 0,12 monssmu NH3 B3aumopeiictByeT X Moutb 0y,

CocrapmsieM NpONOPIHUIO:

4:3=0,12 : X, orcrona

x=3-0,12/4=0,09 MOJ'IB/I[M3.

4). Haiinem, CKOJIBKO MOJIb KHCIOPOJa OCTaJIOCh Mocie B3aumoiencTusa. KommaecTBo
OCTaBILIETOCS KHCJIOPOAA PAaBHO PA3HOCTH MEXKAY HCXOAHBIM KOJIMYECTBOM U KOJIUYECTBOM
KHUCJIOPOJa, BCTYIIMUBIIMM B XUMUYECKOE B3AUMOAECHCTBUE, IOITOMY UMEEM:

0,8 —0,09 = 0,71 Moms/aMm°.
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5). Haiigem, ckoigbko MOJIb a30Ta 00pa3oBaJIOCh B pe3yjbTaTe B3aMMOJICHCTBHUS.
KonmgecTBo 00pa3oBaBmierocs a30Ta MOKHO HalTH JTHMOO0 IO KOJIMYECTBY MPOPEArupoBaBIIEro
aMMHaKa, Ju00 TI0 KOJWYECTBY MPOPEarupoBaBIICro KUCIOpoaa. VM3 ypaBHEHUS peakiuu
CJIeIyeT 4TO:

u3 4 mombp NHj3 o6pasyercs 2 monb N

u3 0,12 mons NH3 o6paszyercs X moinb Ny, oTcrona

X =0,12-2/4 = 0,06 Mmons/mMm".

6) Haiimem, CKOJBKO MOJIb BOJBI 00pa30BajoCh B PE3ysibTaTe B3aUMOJICHCTBUSI.
KonnyecTBo 00pa3oBaBimielicss BOJbI MOYKHO HalTH JIMOO MO KOJUYECTBY MPOPEarupoBaBIIEro
aMMHaka, Ju00 IO KOJMYECTBY IPOPEarupoBaBIIETO KHUCIOpoaa. V3 ypaBHEHUs peakiuu
CJIeIyeT 4To:

u3 3 wmomb 0, obpazyercs 6 mons H0
u3 0,09 mons 0, o6paszyercs X monb Hp0, otcrona
X =0,09-6/3 = 0,18 Monb/mm.

Odopmum pernienne 3Toi 3a1a4i B BUJE CIEIYIONIEH TaOJIUIIbL:

BemectBo Hcxonnas KonunyecTBo BeriecTna, Tekymas (KoHeuHas)
KOHIICHTpAIIUs, BCTYIUBILETO B XUMHUYECKOE KOHIICHTpAIlUs,
MOJH)/J:[M3 B3aNMOJICHCTBHE, MOJ'IB/)IM3 MOJ'II)/}IMB
NH3 0,6 0,12 0,48
0, 0,8 0,9 0,71
N> - - 0,06
H,O - - 0,18

OTBeT: KOHEUHbIE KOHIIEHTpaluu BemiecTB coctaBmin: NHs - 0,48 MOJ'II)/I[M3, 0,-0,71

moub/1, No — 0 06 MOJ'IL/I[M3, H,O - 0,18 MOJIB/I[Mg.
MPUMEP 2

Bo ckonbko pa3 U3MEHUTCSI CKOPOCTh MPSIMON U 0OpaTHOM peakiuu
2NO; + 0y <=>2N0,; , K MOMEHTY, KOT/Ia KOHIICHTPAIUs KHCIOPO/Ia CTAHET paBHOU 2
3
MOJIb/IM”, €CTTU MICXOJIHbIE KOHIIEHTPAIMU YYacTBYIOIIMX B peakiuu BemecTB Obumn: NO - 6

MOJ‘IL/JIMg, 0,-3,5 MOHL/}IM3, NO, - 1 MOJTB/AM?
PELIEHUE

1. HaiimeM, CKOJIBKO MOJb KHCJIOpPOJA BCTYNMHJIO B XHMHYECKOE B3aMMOJICHCTBHE.

[Tockonbky wucCXoAHAs KOHIIEHTpaUus KUCIopojaa paBHa 3,5 MOJ'II)/JIMs, a TIocie
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B3aUMOJCUCTBUSI OCTAJIOCh 2 MOJ'IB/I[MS KHCJIOpOJa, TO B XHMHYECKOE B3aUMOJCHCTBUE
BCTYNHIIO 3,5-2 = 1,5 Moub/M° Kucopoza.
2. HaiineM, ckoJIbKO OKCHJAa a30Ta BCTYNWJIO B XMMHUYECKOE B3aumojeiictBue. U3
YpaBHEHUS PEAKIUU CIEYET, YTO:
¢ 2 mosisimu NO B3aumogeiictByer 1 moub 03
¢ X monsimu NO B3aumoeiictyer 1,5 mons O, oTcrona
X =(2:1,5)/1 = 3 monb/am".
3. Hailinem, CKOJIBKO OKCHJIa a30Ta OCTAJIOCh IOCIE XMMHYSCKOI'0 B3aMOICHCTBHS:
6-3=3 MOJ'IB/I[Ms.
4. Haiigem, CKOJIBKO JUOKCHJA a30Ta [MOJYYWIOCh IOCIHE XHUMHYECKOTO
B3auMoOIeCcTBUS. 13 ypaBHEHUS peaKUuu CIEIYET, YTO:
u3 2 moib NO obpasyercs 2 mosib NO;
u3 3 moib NO obOpaszyercs X moib NOy, oTcroga
X=32/2=3 MOJII)/I[MS.
5. Haiinem KoIM4ecTBO AUOKCHJIA a30Ta B JAHHBLIA MOMCHT:
1+3=4 MOJ'IL/,Z[Mg.
6. HaiimeM HavalbHBIE CKOPOCTH TIPSAMOM H 0OpaTHOM peakumid. M3 3akoHa

JIEUCTBYIOLIMX MACC CIIEIYET:

k C? (NO) -C(0,)= k 62 3,5 =126k

V nau

k -C*(NOy) =k -1°=k.

\7Ha‘1
7.  Haiinem ckopoctd mnpsMOil M 00paTHOM peakuuil 1MOCIe XUMHUYECKOIO

B3aUMOJICVCTBHS:
Vion= k-C*(NO)-C(0,)=k-322=18k ;
V won=k - C*(NOp) = k -4°=16Kk .
8. Ompenenum, BO CKOJIBKO pa3 U3MEHWIUCh CKOPOCTH MpPSIMON U 0OpaTHOM peaxiuil

MOCJIe XUMHYECKOTO B3aUMOICHCTBHS:
n =126k /18k = 7- ckopocTh NPsAMOIl peakuy YMEHBIIUIACh B 7 pa3.

n=16k /k =16 - CKOPOCTh OOPAaTHOM peakiny yBeJIUIHIach B 16 pas.

OdopmumM pernienne 3Toi 3aa4u B BUJE CIETYIONIEH TaOJIUIIBL:

BemectBo Ucxonnas KonunuecTBo BemiecTna, Texymas (koHeUHas)

KOHIICHTpAaIus, BCTYIIMBUICTO B XUMUYCCKOC KOHIOCHTpaNus:,
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MOHL/;[M3 B3aHMMOJICHCTBHE, MO.HB/I[M3 MOJIB/IIM3
NO 6 3 3
0> 3,5 35-2=15 2
NO; 1 - 3+1=4

(I)opMa NpeacraBjJacHusd pedyjabTara:

1.Ha3Banue u 1ieiab paboTHI.
2.HanucaTph cXeMbl ypaBHEHHUI peaKiiuii.
3.Craenath BBIBOJI O IPO/ICTAHHOM paboTe.

IIpakTuyeckas padora Ne 6 Pacuer sHEprum akTUBAIHH.
MarepunanbHoe obecrneyeHue:

O6opynoBanue 1a00pPaTOPUH:

- pabouee MecTo IpernoiaBaTers;

- pabodee MeCTO CTY/ICHTA;

- METOJIMUECKUE YKa3aHUs IS IPAKTHUECKOW paboThl;

Ilopsinok BbINOHEHHS PadOThI:

1.M3yunTh METOMUECKUE YKA3aHUS K JaHHOW IPaKTU4eCKoil padoTe.
2.0npenenuTs SHEPTHIO aKTUBAIIUH JAHHON peaKIiu

3.BBIOTHUTH OTYET O MpOJeIaHHON padoTe.

Xoa paboTbl: 3aBUCUMOCTb CKOPOCTH XMMUYECKON PEAKLMU Om meMnepamypvl BbIpaxaeTcs

AMIUPUYECKUM npasunrom Bamwm-I'oghgha, cormacHo KOTOpoMy

TEeMIIEPATypPhI Ha 10° cKkopoCTh GONBIIMHCTBA TOMOTCHHBIX PEAKLIHil YBEJIUYNBACTCS
B 2-4 pa3a. Hucno, mokasbIBarolee, BO CKOJIbKO pa3 YBEIMUMBAETCS CKOPOCTh XMMHUYECKOU
peaknuu TpW TOBBIIICHHH Temrepatypsl Ha 10 TpamycoB, Ha3BaHO memnepamypHvim

K0a¢uyuenmom y . Marematnuecku npasuiio Bant-I'opda MOXHO BBIpa3UTh CleTyIOIIUM

obpa3zom:
T,-Ty
— ] 10
Vi, =V oY

rae Vi M V1 - CKOPOCTH XHMMHYECKOM peakuuu npu temneparypax T u Ti. MHOXuUTEND

T-Ty

YBCINYCHUHN

V4 10 moka3biBaer YBCIMYCHHUC CKOPOCTH PCAKIIUU ITPU MMOBBIICHUN TEMIICPATYPHI.

TIpy KOHLEHTPAIHSIX PEArHPYIOUIMX BEIIECTB | MONB/IM° CKOPOCTh XMMHUECKOH PEaKIlHH

YHCJACHHO paBHAa KOHCTAHTE CKOpOCTH K, mostomy mpaBmio Baurt-I'odda MokHO 3ammcaTh

TakK:

T,-T

sz = le y 1
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DT0 ypaBHEHHE MOKA3bIBAET, YTO KOHCTAHTA CKOPOCTH 3aBHCHUT OT TEMIIEPATypPHI TaK XK€, KaK U
CKOPOCTb IIpolLecca.
[IpaBuno Bant-T'odda saBnsercs BecbmMa npuOIMKEHHBIM. boilee TOYHO 3aBUCHUMOCTD

KOHCTaHTbI CKOPOCTH OT TEMIIEpATypPhl ONKUCHIBACTCA ypasHenuem Appenuyca.
sz — Eakm.(TZ_Tl)
ky  23-R-T,-T, -

lg

1€ E,xr - SOHEPrus akTUBAIMU XUMHUYECKOW peakiuu, J»x/Moib;

[IpaBuno Baut-I'odda B nanHOM ciiyyae MOXKHO 3alucaTh B BUIE

T,-T,
T,-T, 150-50

_ .., 10
=7 OTKYIa 7, =7, 7 1 =202 10 =20-2=20480 ymun nmm 3414 20 Mux.

(4
&
IIpu Tremnieparype 50 °C 5ta peakuus 3akaHuuBaercs 3a 3414 20 muH. HaiineMm, Bo ckobKo pa3

YMEHBUIUTCSI CKOPOCTH 3TOH peakmmu: N = 20480/20 = 1024 pa3za.

CxkopocTtb peakunu ymenbmutcs B 1024 pasa.

[Ipumep: Ilpu temnepatype t; = 127 °C kKoHCTaHTa CKOPOCTH HEKOTOpPOH peakiuu pasHa 0,5
)1M3/(M0JIL-C), a pu temmneparype t,=47°C - 510 I[Ms/(MOJIL‘C). OrnpeaenuTb SHEPTUIo
aKTUBALUU PEAKIIUH.

Pemenne: 13 YpaBHCHUA BbIPA3UM SHCPTHUIO aKTUBAIIUU:

T,

23:R-T, T, -lg

T

E

- (T 2 r 1)
T1=127+ 273 =400 K
T,=47+273=320K,
R = 8,31 JIx/(monb-K).
[ToxcraBuM 1upoBHIE TaHHBIE 3a/1a4H:

-3
2,3~R-4OO-320-|g5 10

E,., = (320 400) 0.5 =61161,6 [{orc! monw = 61,16 k/{oic/ monw.

3agauu JJIsl pelICHUS:
1.1Tpn 10°C peakuus 3akaHuuBaercs 3a 95¢, a mpu 20°C — 3a 60c. Boruncinre SHEPTUI0
aKTUBaLUU.
2.KoncranTa ckopoctu peakuuu npu 600 K paBna 7,5, a mpu 650 K pasna 4,5* 10%. Bramcimte

OHCPIUI0 aKTUBAlIUU PCAKIINU.
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3. DHeprus aktuBanuu peakuuu paBHa 103,5 x/[x/monb. KoHcTaHTa CKOPOCTH 3TOM peakIuu
mpu 298 K pasna 2,03 * 10, Boruncinre KOHCTaHTY CKOPOCTH 3ToM peakiuu npu 288 K.
4.KOHCTaHTBI CKOPOCTHU PEaKIIUH OMBUICHUS IPOIMIOBOTO 3(Upa YKCYCHON KHUCIOTHI
menoubto npu 283 u 293K cooTBeTCTBEHHO paBHbI 2,15 u 4,23, Haliiute sHEprur0 akTUBALIMU
3TOM peakiuu.

5.Paccunraiite sHEPruI0 aKTUBALMU XUMUYECKON PEAKIIMH, €CIIM CKOPOCTH PEeaKkuu 1pu 273 u

280 K cooTBercTBeHHO paBHHbI 4,04 *10° u 7,72*10'5.

(I)opMa NpeacraBjJacHusd pedyjabTara:

1.Ha3Banue u 1ienp paboThlI.
2.Hamnucatpk cXeMbl ypaBHEHHUH peakiuii.
3.Caenatpb BBIBOJI O MPOJCIIAaHHON paboTe

Tema 1.4.

PaBHOBecHbBIE cuCTeMBbI

IIpakTnyeckas padora Ne 7. CMmelieHe XUMUYECKOTO PAaBHOBECHS
MarepunanbHoe obecrnieyeHue:
O6opynoBanue 1a60paTopuu:
- pabouee MeCTO IpernoaBaTers;
- paboyee MeCTO CTY/IEHTa;
- METOJIMYECKUE YKA3aHUs /IS PAKTHUECKOW pPabOTHI;
ITopsinok BbINOJHEHHS Pa0OTHI:
1.13yunTh MeTOAMYECKHE YKa3aHUs K JaHHON MPaKTUYECKOM padoTe.
2.0npenenuTs CMEIIEHNE XUMAYECKON peakuu
3.BBIMOTHUTE OTUET O TIPOJeJIaHHON paboTe.
Xoa pa6orsel: Ilpu 3amaHHON TeMmmeparype, KOHCTaHTa PaBHOBECHUS XMUMHUYECKON peakluu
paBHa, OTHOILEHHIO KOHCTaHT CKOPOCTEH MpsMOro M obOpaTHoro mpormeccoB. KoHcTaHnTa
XUMHUYECKOTO PAaBHOBECHUSl 3aBHCUT OT MPUPOJbI PEAreHTOB, TEMIIEPATYPbl U HE 3aBUCHUT OT
HCXOJHBIX KOHILIEHTpallMi BeUlecTB B cucTeMe. KOHCTaHTa XMMHMUYECKOTO PAaBHOBECHS paBHA
OTHOIICHUIO TPOU3BEIECHUS PABHOBECHBIX KOHIIEHTpAIMil MPOJYKTOB PEAKIUU B CTENEHSX,
COOTBETCTBYIOLINX UX CTEXHOMETPUYECKUM K03(duLmeHTaM, K Nponu3BeJeHUIO PaBHOBECHBIX
KOHILEHTPALUH UCXOAHBIX BEIIECTB TAK)KE B COOTBETCTBYIOIIMX CTEIECHSX.

KoHcTanTa paBHOBECHS OlpenenseT rIIyOuHy MPOTEeKaHUs Mpoliecca K MOMEHTY JOCTUKEHUS

paBHOBecus. Uem Oosbllie 3Ta BeIMUYMHA, TEM OOJbIlIE CTENEHb MPEBpALICHHs PEareHTOB B
MPOAYKTHI. [IJI1 TETEpOreHHBIX CUCTEM B BBIPA)KEHHE KOHCTAHTBI PABHOBECHUS BXOIAT TOJIBKO

KOHICHTpalnuu Fa3006p3.3HLIX 1 PaCTBOPCHHBIX BCIICCTB. TaK, JJIsL pCaKHHﬁZ

Nz’ r+3H2,r <=> 2NH3F, K=
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3F€203,K +CO,; <=>2Fe304 + CO,, 1, K=

INPUMEP 1

[Ipu HEKOTOPOI TemMIIepaType B CUCTEME

4HCI.+ O, r<=> 2H,0 . + 2Cl>,,
paBHOBECHAsI KOHLIEHTpalus xjopa paBHa 0,5 monb/aM°. Paccuntars KOHCTaHTy paBHOBECHS,
€CJIM UCXOJHbIE KOHIEHTPALUU XJIOPUCTOIO BOJIOPO/A U KUCIOPOAAa COOTBETCTBEHHO PaBHHI 3

MOJ'IB/,Z[M3 u2 MO.]'IB/I[MB.
PELIEHUE

PaBHOBECHBIE KOHIIEHTPAIIMH 11 HCXOIHBIX BEIIECTB 03HAYAIOT KOJIMYECTBO BEIIECTBA
(MOJIL/;IM3), OCTaBIIIETOCS TOCJIEC PEAKIUH, a JIJIsl MPOJYKTOB PEAKIIUU - KOJMYECTBO BEIIECTBA
(MOJIL/;IM3), 00pa3oBaBIIETOCS B PE3yJNbTaTe XUMHUYECKON pEaklnH, MPUYEM KOJIMYECTBO
BEIIECTBA, BCTYNUBIIETO B XMMHUYECKOE B3aUMOJCHCTBHE M KOJIUYECTBO OOpa30BaBIIETOCS
MPOJYKTa PEaKIUU HaXOIATCS MEXKAYy cOO0OM B MPOMOPLUOHAIBLHOM 3aBUCUMOCTU COTJIACHO
CTEXHOMETPUICCKUM KO3 PHUIIMEHTaM peaKIIHH.

1. Haifnem paBHOBECHYIO KOHIICHTPAILIMIO BOABL. M3 ypaBHEHUs peakiuu CIeayeT, YTo:
npu nonydenuu 2 mosb Cl,  ob6pasyercs 2 moib H,0,
npu nonydenuu 0,5 moss Cl, o6pasyercs X monb Hz0.

Orcroza:

x =0,5-2/2= 0,5 moms/mm° H,0;

[H20]=0,5 MOJ'IL/,I[M3.
2.Haiigem 4nciao Mok KUCIOPO/1a, BCTYMUBIIETO B XUMUYECKOE B3aUMO/ICHCTBUE:

u3 1 mons O, ob6pasyercst 2 mosb Cly;

u3 X moisb 0, ob6pazyercst 0,5 moub 0,

Orcrona

x =1-0,5/2=0,25 Moss/ v O,

3. Halizem KOIMYeCTBO MOJIb XJIOPUCTOTO BOJOPOJIA, BCTYMUBIIETO B PEAKIIHIO:

u3 4 mons HCl  oGpasyetcst 2 mois Cly;

u3 X monb HCI  o6pasyercs 0,5 mons Cls .

Orcrona

X = 4-0,52=1 mouts/am° HCI.
4.0npenenuM  paBHOBECHBIE KOHIICHTPAIIMU  XJIOPHUCTOTO BOAOPOJIA M KHCIIOPO/a:

[HCI] =3-1=2 M0HL/)1M3;
[0,] =2-0,25=1,75 MOJIB/ M

5.0mnpenenum KOHCTaHTy PaBHOBECHSI peaKLuu
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_[H,0F[Cl,]* _05%-05° _ 29.10-
[HCl) -[o,]  2*175

OdopmuM perieHUE B BUE CIEAYIONICH TaOINLIbL:

BemectBo Hcxonnas KonudecTBo BellecTBa, PaBHOBecHas
KOHIIEHTpAIus, BCTYNHBIIIETO B XUMHUYECKOE KOHIICHTpAaIus,
MOJIB/ M B3aHMMOJICHCTBUE, MOJIB/ 1M MOJIB/ M

HCI 3 1 2

0O, 2 0,25 1,75

H,0 - - 0,5

Cl, - - 0,5

MPUMEP 2

IIpu HEKOTOPOH TEMIIEPATYPE B CUCTEME

4NH;, . + 505, <=>4NO ; + 6H,0 .
pPaBHOBECHE YCTAaHOBWJIOCH IPU CIEAYIOLIMX KOHLEHTPALUAX PEarupyrolInX BELIECTB
(Mob/M°):

[NH3] = 3; [0,] =2; [NO] = 0,8; [H,0] = 1,2.

PaccuuraliTe KOHCTaHTy pPaBHOBECHS OSTOM peakUMW W HCXOAHBIE KOHLEHTpPALUU

aMMHaKa U KUCJI0poJa.
PELIEHUE

1. OmnpenenymM KOHCTaHTY PaBHOBECHS ATON peaKIUu

i INOI[H,0P 08" -12° .
[NH ][O, 3t

KomnyectBo ~ mpopearmpoBaBmIer0o  aMMHaka M KHCIOpOJa HaXOJIUM Ha OCHOBAHUHU
YpaBHEHUS PEaKIIUH.
2. Haiinem, CKOITBKO MOJIeH aMMHUaKa BCTYIHIIO B PEAKIIHIO:
Ha obpazoBanue 4 moab NO pacxoayercst 4 Mo NHs
Ha obpazopanwue 0,8Mo0s6 NO pacxomyercs X mosib NH3.
Otcrona
x =0,8-4/4= 0,8 moms/mm® NH3
3. Haiinem ncxoHy0 KOHIEHTPALUIO aMMHaKa
0,8 + 3 = 3,8 Momb/mv’;
C "(NH3) = 3,8 Mous/mm’

4, HaﬁHCM, CKOJIBKO MOJIb KHMCJIOPO/Ja BCTYIIUJIO B PCAKIUIO:
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Ha obpazoBanue 6 Mmob Ho0 pacxomyercs 5 moib 02
Ha obpazoanue 1,2 monsH,0 pacxoayercs X moins 0;
Otcrona
X=1,2-5/6=1 MOJ'IB/,Z[M3
5. Haiigem ucxoaHyro KOHIIEHTPALUIO KUCI0opoaa
1+2=3 MOJIL/;[M3;
C "(0,) = 3 Mo/,

OdopmMum perieHne B BUIE CIEIYIOMEH TaOINIIbL:

BemectBo Hcxonnas KonunuecTBo BemwecTna, Tekymas
KOHIICHTpAITHS, BCTYIIHMBIIIETO B XUMHUIECKOE KOHIIEHTpAIHS,
MOTB/M° B3aUMO/ICHCTBHE, MOJTB/M® MO/ IM®
NH; 3,8 0,8 3
0O, 3 1 2
NO - - 0,8
H,0 - - 1,2

Oteer: K=4,7-10" C "(NH;) = 3.8 mons/am>; C " (0,) = 3 moms/nm° .

®opma nmpeacTaBJieHus pe3yJbTarTa:

1.HasBanue u 1eab paboThl.
2.HanmcaTth cXeMbl YpaBHEHUH pEaKITHid.
3.Cnenath BBIBOJ O MpOETaHHOMN paboTe.

IIpakTuyeckas padora Ne 8 M3ydenue quarpaMMbl COCTOSTHVISL BOZIBI
MarepuanbHoe o0ecnieyeHue:

O6opynoBaHue 1abOpaTOpuu:

- pabodee MecTo MpernoJaBaTes;

- pabouee MecTO CTY/ACHTA;

- METO/IMYECKUE YKa3aHUS JJIs MPAKTHUECKONH paboThI;

ITopsinok BbINOJHEHHS PadOThI:

1.3yunTh MeTOAMYECKHE yKa3aHUs K JaHHON IIPaKTUYeCcKOoil paboTe.
2.0mnpenenuTh Ga3bl COCTOSHUS BOJIBI.

3.BBINOJHUTH OTUYET O MpOJIeIaHHOK padorTe.

Xona padorbi: Omnpene/uTh BOJASHON SKBUBAJICHT BHYTPEHHETO CTaKaHa ¢ MEIIAIKON 10
dopmyire: W1=Cq = 38, riae ¢/ - Bec cTakaHa ¢ MEIIaIKoH (T)

W;- BonsiHOM 2KBUBaJIeHT cTakaHa ¢ Memmankoi C-0,19 kan/rpaj. - TermoéMKocTh cTekina Bec
CTaKaHa B3ATh y MPEIOIaBaTEIIs.

Omnpenenuts BOASHON SKBUBAIEHT MOTPYXEHHOM YacTu TepMomeTpa o popmyne: [V, = CY =
0,46*2,3 xan/r.rpan. OnpenenuTs BOASHON SKBUBAJICHT KAJIOpUMETpa 1Mo hopmyie
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V=W, + i,
Bo BHyTpeHHUii crakan kajgopumerpa HanuTh 200mi. 0,1 H. pacTBOpa

NaOH, omycTuth B mENOYh HIKHIOI YacTh TepMOMeTpa bekmaHna v CroKOMHO MOMENNBaTh
KUJAKOCTh MEIIAJKONH B TEUEHUH 2 MUHYT. TeM BpeMeHeM MUIETKOH ¢ JeleHusIMU HabpaTh
3aJlaHHOE IIpenoaaBaTesieM

KOJIMYECTBO COJISTHOM KUCIIOTHI, BBIJIUTh €€ B CTAKAaHUUK U JIep>KaTh Ha TOTOBE.

B HOJIb- MOMEHT B35Th OTCUET [0 TEPMOMETPY, 3aTEM YEpPE3 MUHYTY B3ATh €IIE OTCUET IO
TEPMOMETPY U TaK MNPOAOKATh JO BOCBMOM MMHYTBHI BKJIIOYMTENIBHO, 3aHOCS JAaHHBIE B
Ta0miry Ne

Temneparypa Temneparypa Temmneparypa
NaOH + HCL NaOH + HNOs NaOH + H,SOp

10 IIOCJIC |10 [MOCJIC |10 PCaKIIMU  |[1IO0CJIC
PC€aKknuunu P€aKIU pCaKIuu pCaKIu pE€aKnuu
141 1

B 8- yio munHyTy B mIENOYH BIUTH NPUTOTOBICHHYIO KUCJIOTY MPU HEMPEPHIBHOM U OCTOPOKHOM
IepeMEeIIMBaHuu pacTBopa. B 9- yio MUHYTY B34Th €llle OTCUET 110 TEPMOMETPY U TaK IPOAOIKAThH
10 16- 0lf MUHYTBI BKIFOYUTENBHO.

[ToBTOpPUTH ONEepauuu 4, 5, 6, ¢ ABYMsI IpYTUMH KHUCIIOTaMH.

Y6pate pabouee mecTo.

[lo nmaHHBIM OMBITa MOCTPOHUTH TPH TpaduKa, OTKIAABIBAsI HA OCH OpPIMHAT TEMIIEPATypy, a Ha OCH
abcuucc BpeMs, U MO 3TUM TpadukaMm A KaxI0W peakuuu Haiitu tepmudeckuil agpdexr T, kak
[I0OKa3aHO CXEMaTHYECKU

Ha PHC Ne|
TennoBoit 3¢ ekt HelTpanuzauuu A Kaxa0i peakuy BBIYUCIUTD 110 Gopmyiie: 0 = (Cm +
V) *,T.

®opma npeacTaBiaeHus pe3yJabTara:
1.Ha3Banue u 1ieap paboThI.

2.Hanmcatb cxemMbl ypaBHEHUI peaKIiyid.
3.Cnenath BBIBOJ O TIPOJICTIaHHON padoTe.
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IIpakTuyeckasi padora Ne 9. Vcnonws3oBanue npunnuna Jle - llarense ams onpeneneHus
HaIpaBJICHUS.

MarepunanbHoe obecrnieyeHue:

O6opynoBanue 1a00paTOPHH:

- pabouee MecTO IpernoiaBaTers;

- pabodee MeCTO CTY/IEHTa;

- METOJIMUECKUE YKA3aHUS /IS IPAKTHUECKOW pPabOTHI;

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1.M3yunTh METOAMUECKUE YKA3aHUS K TAHHON MPaKTHUECKON pabore.
2.0npenenuTh NpOIYyKThl PEakiuu

3.BBIMOHUTE OTUET O MPOJICIaHHOM paboTe.

Xoa padorbi: CocTOssHHE XUMUUYECKOTO PABHOBECHS COXPAHAETCS IPU JAaHHBIX HEU3MEHHBIX
yclioBusX Jito0oe BpeMs. [Ipu n3MeHeHun yciaoBuil paBHOBECHE HapyLIaeTCsl U CMEIIAETCs B
IIPaBYIO WUJIM JIEBYIO CTOPOHY. XMMHUUYECKOE PAaBHOBECUE HA3bIBAIOT MOABMXKHBIM. OHO
CMEILAETCs B Ty WIM HHYIO CTOPOHY IIOTOMY, YTO U3MEHEHHE YCIOBHI I10-Pa3HOMY BIIMSET Ha
CKOPOCTH NIPSAAMOM 1 00paTHOM peaklMii, TEM CaMbIM Hapylllas PaBEHCTBO CKOPOCTEH.

Hanpasnienue cmenienust paBHOBeCHUs B 00LIEM cilydyae orpeaenseTcs npuHuunom Jle-
[[TaTenwe: ecau HA CHCTEMY, HAXOAIIYIOCS B PABHOBECHH, OKa3bIBATh BHEIIIHEE
BO3/ICHICTBUE, TO PABHOBECHE CMEIIACTCS B TOM HAIPaBIICHUH, KOTOpOe ociadiseT s dexrt
BHEIIIHETO BO3/eiicTBUA. CMeIleHne PaBHOBECHSI MOXKET OBITh BHI3BAHO:

1.M3MeHeHneM TeMIiepaTyphl;
2.M3MCHEHHEM KOHIICHTPAIIUU OJTHOTO U3 PEarcHTOB;
3.M3MEHEHHEM JIaBJIEHHUS.

OcTaHoBHMCS Ha BIUSHUM KaX/I0TO U3 3THX (aKTOPOB Ha COCTOSIHME XMMUYECKOTO
paBHOBecus Oosiee moApoOHO .M3mMeHenne TemnepaTypsl. [loBbileHIE TeMIiepaTypbl
BBI3bIBAET YBEJINYEHHE KOHCTAHTBI CKOPOCTH 3HA0TepMHuueckoro nporecca (DH’ > 0 u
DU > 0) u ymeHbIlIeHHEe KOHCTaHThI CKOPOCTH dK30TepMHuueckoro nporecca (DH <0 u
DU < 0), cnenoBarenbHO, IPH MOBBIIIEHUU TEMIIEpATYpbl pABHOBECHE CMEIIIAETCS B
CTOPOHY MPOTEKAHUS YHJOTEPMUIECKON PEaKIiHy, a IPH MOHKEHHH TEMITEPATypPhI —
sK3oTepMmuueckoi peakuuu. Hampumep: N, + 3H,, U 2NH,,, DH?; = -92.4 kJIx/M0b, T.€.
MPSIMOH TTPOIIECC AIK30TEPMHUUECKUH, CIEIOBATENBHO, TPH YBEITHMUECHUH TEMIIEPATYPHhI
paBHOBECHE CMECTUTCS BJIEBO (B CTOPOHY IPOTEKaHUs 00paTHOU peakuuu). MizmMeHnenue
KOHIICHTPAIUH.

[Tpu yBennueHNH KOHIIEHTPALMHU KaKOro-1100 13 BEIIECTB PABHOBECHE CMEIIIAETCS B
CTOPOHY pacxojia 3TOro BEIlleCTBa, a yMEHbIIIEHNE KOHIIEHTPAIIUU KaKOT0-JI100 BelecTBa
CMEIIaeT PaBHOBECHE B CTOPOHY ero obpasosanus. Hampumep, ans peaxuuu 2HCl, U Hy,
+ Cl,, yBenn4eHre KOHIEHTPAIIUH XJI0OPOBO/I0PO/Ia TIPUBOMT K CMEIICHHIO PABHOBECHS
BIIPABO (B CTOPOHY MPOTEKaHMs MPSIMOI peakiuu). ITOT JKe pe3yabTaT MOKHO MOJTYIHUTh
IIPY YMEHBIIEHUN KOHIIEHTPAIIMH BOJIOPO/Ia WIH XJIOpA.

Wsmenenue JaBJICHHA. Ecmu B pPC€aKu y4aCTBYET HECKOJIBKO Fa?>006pa3HI)IX BEIIECTB, TO
IIpU TTOBLINICHNUH OABJICHUA PABHOBECUC CMCIIACTCA B CTOPOHY 06pa30BaHm[ MCHBIICTO
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KOJIMYECTBA MOJIEH ra3000pa3HbIX BEIIECTB B TA30BOM CMECH M, COOTBETCTBEHHO, B
CTOPOHY YMEHBIIICHUS JIaBlieHUs B cucteme. Hao0opoT, mpu MOHMKEHUU JTaBJICHHS
paBHOBECHE CMEMIAeTCs B CTOPOHY 00pa3oBaHus OOJIBIIET0 KOJIMYECTBA MOJICH ra3a, uTo
BBI3BIBACT YBEIIMYECHUE NABICHUS Ny + 3Hyp U 2NHs(. 1 momb + 3 moms U 2 MOJI [Ipu
YBEJIMYCHHUH JIaBJICHUS B CUCTEME PAaBHOBECHE IAHHOW PEaKIIMM CMEIAaeTCs BIPaBo (B
CTOPOHY MPOTEKAHUS MPSMON PEAKIINHN).

Ecnu 6 npamoii u obpamnou peakyusx yuacmeyem 0OUHAK080e KOIU4eCmeo Moell
2a3000pA3HbBIX 8ewecms, Mo UsMeHeHUe 0aslleHUs He B8bi3bleaem CMeUjeHUs XUMUYECKO20
pasHogecus.

KaranuzaTop Ha cMellieHHe paBHOBECHS BIIMSIHUS HE OKA3bIBACT, OH TOJIBKO YCKOPSET
HACTYIICHHE XUMUYECKOI'0 PABHOBECHS B CHCTEME.

BrusiHre n3MeHeHusl YCIOBUI Ha TOJI0KEHUE XUMUYECKOTO PaBHOBECHS TIPE/ICTABICHO
B Ta0IHIIE:

Bnusaue nameHeHus yCJ'IOBI/Iﬁ Ha IOJIOKECHUC XUMUUYCCKOI'0 paBHOBECHUS

VYcnosue N3menenue ycnoust | HampapiieHne cMeleHUsI paBHOBECHS
Temnepatypa IToBbiraercs B cropony sH10- TepMudeckoii peakiuu (AH>0 ).
B cropony 3k30- Tepmuueckoii peakimu (AH,<0 )
ITonmxkaercs
HaBnenue IToBbiiaercs B cropony oOpa3oBaHWS MEHBIIEr0 4YHCIA MOJICH
ra3o00pa3HbIX BEIIECTBA.
ITonmxaercs B cropony o0OpazoBanusi Oonbliero umciaa  Mojen
ra3000pa3HbIX BEIIECTB
Konnentparus IToBbiaercs B cropoHy peakuuu, 1o KOTOpPOMl BBOJHMMOE BELIECTBO
pacxomyeTcsi.
ITonmxaercs B cropony peakinu, mo KoTopoi o0pa3yercsi BEUIECTBO,
KOHIOCHTpalusd KOTOPOro yMEHbIIACTCA

®opma npeacTaBiaeHus pe3yJabTara:
1.HasBanue u 1emab paboThl.

2.HanmcaTth cXeMbl YpaBHEHUH PEaKITHid.
3.Cnenath BBIBOJ O MPOICTaHHOM paboTe.
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Tema 1.5.

PacTBopbI
IIpakTuyeckas padora Ne 10 PacueT KOHIIEHTpallK PacTBOPOB.
IIpakTuyeckasi padora Ne 11 CriocoObI BhIpa)K€HUS KOHIICHTPAIIUHA PACTBOPOB.
MarepunanbHoe obecrnieyeHue:
O6opynoBanue 1a00paTOPHH:
- pabouee MecTO IpernoiaBaTers;
- pabodee MeCTO CTY/IEHTa;
- METOJIMUECKUE YKA3aHUS /IS IPAKTHUECKOW pPabOTHI;
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1.M3yunTh MeTOIMYECKHE YKa3aHUs K JAHHOW MPAaKTUYECKOoil pabore.
2.0npenenuTh KOHUEHTPAIUU IPEIJI0KEHHBIX paCTBOPOB.
3.BBIMOHUTE OTUET O MPOJICIaHHOM paboTe.

Xox paGoThI:
KOHIEHTPALIA PACTBOPA — 3T0 KOMWYECTBEHHAs! XapaKTEPUCTHUKA PacTBOPA, OIMpeaesIsionas
OTHOCHUTEIILHOE COJICPKaHUE B HEM PACTBOPEHHOTO BEIIECTBA U PACTBOPUTEIIS.
CylecTBYIOT pa3UuHbIE CTIOCOOBI BEIPAKEHUSI KOHIICHTPAIMK PacTBOPA:

1) MaccoBas 1071 paCTBOPEHHOTO BEIIIECTBA;

2) MosipHast KOHLIEHTpaIus (MOJISIPHOCTB);

3) MomsipHAast KOHIIEHTPAIIHS SKBUBaJIEHTa (HOPMAIBLHOCTB);

4) MosITEHAS KOHIIEHTPAIHs (MOJISIIBHOCTB);

5) Tutp;

6) MOIBHAS TOJIST PACTBOPEHHOTO BEIIECTRA.

MNPUMEP 1
Breuncnute Bce W3BECTHBIE KOHIICHTPAIlMM JUIS pacTBOpa KapOoHATa Kaus, €CITU U3BECTHO, YTO
0,5 o pactBopa comepsxar 54,5 1 K,COj. ITnotHocTs pactsopa 1,09 r/cm®

PELIEHUE

1. MACCOBAS 10JIs1 PACTBOPEHHOI'O BEHIECTBA moka3siBaeT, KaKy0 9acTh MAacChI
BCEr0 pPAacTBOpa COCTABISIET Macca pPacTBOPEHHOTO BeIIeCTBA, MacCOBYIO JIONIO HAaXOAAT Kak

OTHOIIIEHUE MAaCChl PAaCTBOPEHHOTO BeIecTBa M(B-Ba) K Macce BCETO pacTBOpa M(p-pa) U BEIPAKAIOT:

_ Mg gy
B JIOJISAX €IMHUILIBI —
Mp—pa
WK
mﬁ—ﬁﬂ
B TIPOIIEHTAX w=——=-+100, (%)
Mp—pa

MaccoBas 70715 B NpOLEHTaX ®% IO0Ka3bIBAET, CKOJIBKO I'PaMMOB pPacTBOPEHHOI'O BEIECTBA
conepxkutcs B 100 r pacTBopa.
Uro0b! BeuucuTh MaccoByto noito K,COz , HeoOxomumo 3HaTh Maccy KoCO; u mMaccy Bcero
pactBopa. [1o ycnoButo m(K,C03) = 54,5 1.
Maccy pacTBopa MOXKHO HalTH, 3Hasl €T0 IUIOTHOCTh M 00BEM:
m(p-pa) = p - V(p-pa) = 1,09(r/cm’) - 500(cm’) = 545 (r);
V(p-pa) = 0,5 im>=500 cm®
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Ortcrona, MaccoBast 7101t KapOOHATa Kajus B pacTBOpE paBHA

®(K2CO3)=m(K,COz)/m(p-pa) = 54,5/545 =0,1 (umu 10%).
2. MOJIIPHAA KOHLHEHTPAIIA PACTBOPA C,, moka3biBaeT, Kakoe KOJIMUYECTBO PACTBOPEHHOTO
BelecTBa (B MOJIb) COIEPKUTCS B 1 M° pacTBOpa.

MOISpHYIO KOHIEHTPALHIO (MOJIB/ IM°) HAXOAAT O (opMyIIe

— Ng_gq
C.u - v ,

p—pa
r7e N(B-Ba) - KOJIMYECTBO paCTBOPEHHOTO BEMIECTBA, MOJIb;
V(p-pa) - 06beM pacTBOpa, IM°.

3Hast Maccy BeIecTBa B PacTBOpPE M €ro MOJLSIpHYI maccy (M), MOXXHO HalTH KOJIHYECTBO
BelecTBa (B MOJIb):

n(s-Ba) = m(s-Ba)/ M(B - Ba).

M(K5C03)=2-39+12+3-16 = 138 (r/mMo1b);
n(K>C03)=m(K,C03)/ M(K,C03)=54,5(r)/138(r/m071b)
n(K>C03)=0,395(momb).
Otcroa MOJISIPHOCTB PacTBOpa paBHA
C. = N(K,C0s)/ V(p-pa) =0,395(moms)/ 0,5(xm>)=0,79(momnb/ am°).
Wy MokHO cka3aTh, 4To Mbl UMeeM 0,79 M pacTBop kapOOHATa KaJIus.
3.MOJISIPHASI KOHLIEHTPAIIMA DKBUBAJIEHTA C,, (unu HOpManibHasi, WIA SKBHBaJICHTHAS
KOHIICHTpAIUS) ITOKa3bIBACT, CKOJILKO MOJIb 3KBHBAJICHTOB PACTBOPEHHOT'O BEIIECTBA CONCPIKUTCS B 1

aM° pacTBOpa. MOJSPHYIO KOHIIGHTPAILIMIO SKBUBACHTA (MOJIB/ IM°) HAXOAT 110 hopMyIie

C — Ny g—pa
3K T v :

p—pa
Uwicio MOITb SKBHBAJIIEHTOB BEIIECTBA MOXHO HAWTH, 3HAsl €r0 MacCy B PacTBOPE M AKBHUBAJCHTHYIO
Maccy Mok.

N,«(B-Ba)= M(B-Ba)/ M, (B-Ba)

Oxeusaienm - OBTO YCIOBHAs WIH peallbHas 4YacTUIlA COOTBETCTBYIONIAS B PEAKIIHIX OOMEeHa
onHOMY aromy Bopopoaa (H), a B OKHCIUTEThHO-BOCCTAHOBUTEIBHBIX PEAKIIHSIX - OTHOMY JIIEKTPOHY.
OuH MOJTb SKBUBAJICHTOB XapaKTePU3YIOT MacCOU

M,.(B-Ba)= f,, - M(B-Ba),
rae M(B-Ba) - MoJIspHasi Macca BeliecTBa (I/MoJib),
f.« - (axTop SKBHBAJIEHTHOCTH, IOKAa3BIBAIOIINI, KaKyl YacTb OT pealbHON YaCTHIIBI
(Monexkymnbsl, aTomMa, WOHa ® T.J.) BEIIECTBA, COCTABISET SKBHBAJIEHT 3TOr0 BemiecTBa. J[ms

peakiuii oOMeHa:
1

f&lx:

e Zy; -3apa] KaTHoHa ((pyHKIMOHAIBHOM IpyIbl) B (POPMYIIe BEIIECTBA;

1
Zhet Mgt

N¢ ~9UCII0 KATUOHOB ((PYHKIHMOHATBHBIX TPYI) B OpPMYJIE BELIECTBA.
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Jnsa K;COz 3apsim katnoHa +1, a 9uCiio UX paBHO 2, CIIEOBATENIBHO, (DAKTOP SKBUBAICHTHOCTH
pagen T, (K,C03) =1/2.

Mossipaast Mmacca sxBuBasicHTa M, (KoC03) =1/2 M(K,C03)=138/2=69(r/M011b 3K),
9rCII0 MOJTB SKBUBATICHTOB N, (K>C03)=m(K,C03)/M,(K>C03)=54,5(r)/69(r/Momb-3K) = 0,79(MOB).

MounsipHasi KOHIIEHTpAIUS SKBUBAJICHTA JUISI PaCTBOpa KapOoHaTa Kajaus paBHa:
Co = N, (KoC05)/ V(p-pa) = 0,79(moms/am>)/0,5(Momb/mm’ ) = 1,58 (Moms/ am°).

Wnu MoxxHO ckazaTh, 4To MBI UMeeM 1,58 H pacTBop kapOoHaTa Kayusl.

MounsipHasi KOHIIGHTpaAIlHsl PKBUBaJCHTa BO CTOJILKO pa3 OOJbIle MOJSIPHOW, BO CKOJIBKO pa3
M., (B-Ba) MeHbIIc M(B-Ba):

Cy=T'Co .

4 MOJISIJIBHASL KOHUEHTPALUSA C, moka3bBaeT, CKOIBKO MOJb PACTBOPEHHOTO BEIIECTBA
MPUXOAUTCS HA | KT pacTBOPUTEIIS. MONSUIBHOCTh HAXOMAT MO (hopMyIe

C,, =

nﬁ'— aa
, (MOIB/KT).
my, .,

Maccy pactBoputenst M(p-ias) MOXKHO HAWTH KaK Pa3sHOCTh MEXIY MacCO BCEro pacTBopa U
Maccoil pacCTBOPEHHOTO BEIIECTBa:

m(p-1s1) = M(p-pa) - M(s-Ba);

m(H,0) = m(p-pa) - m(K,CO03) = 545 - 54,5 = 490,5(r) = 0,491 (xr);

n(K,C03) =0,395 (momp);
Otcrona MossiIbHAsI KOHIEHTPAIHsI pacTBOpa paBHa:

Cun =n(K>CO3)/m(H,0) = 0,395(M01b)/0,49 1 (kr)=0,804(MOMB/KT20).

5. TUTP T pactBopa mokasbIBaeT, CKOJIbKO I'PaMMOB PAaCTBOPEHHOI'O BEIIECTBA COAEPKHUTCA B 1 cm®

pactBopa. TUTP MOKHO BEIYMCIHUTE IO GOpMyJIie

Jis pactBopa kKapOoHaTa KaJus TUTP paBeH
T= m(K,CO03) / V(p-pa) =54,5/500=0,109 (r/ cm®).
6.MOJIbHYIO JJOJIIO PACTBOPEHHOI'O BEIHIECTBA N HaxomsT Kak OTHOILIEHHE YHUCIA MOJb

PacTBOPEHHOTO BelIecTBa K 00IIEMY YHCITY MOJIb BCEX BEIIECTB B PacTBOPE:

N — Ng_ga

Np_patNp_pq .
Jnst pactBopa K,CO5: n(K,C03) =0,395 (mob)
n(H,0)= m(H,0)/M(H,0)=490,5(r)/18(r/monb)=27,25(M0Jb)
M(H20)=2-1-16=18(r/mopb)
MounbHas 105 KapOoHaTa Kajius B pacTBOpE paBHA
N(K,C03)=0,395/(0,395+27,25)=0,014
IPUMEP 2
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Ckonbko cM> 96%-Horo (II0 Macce) pacTBopa CepHOIT KHCIOTHI IIOTHOCTBIO 1,84 1/ eM® motpebyercs
JUTSI IPUTOTOBIICHUS 2 M2 0,25 M pactBopa?
PEHIEHUE
1. Haiinem maccy cepHO# KHCIIOTHI, Coep Karieics B 2 xm® 0,25 M pacreopa (Cm=0,25 mous/
)
C,=n/V= m(s-Ba)/M(B-Ba)" V(p-pa)
Otcrona
m(e-Ba)=C,, - V(p - pa) - M.
m(e-Ba)= 0,25 (Monb/am>)-2(xm’)- 98(r/Momb)=49(T).
2. Hatinem maccy 96%-noro pactBopa H,SO,, comepkamiero cTobKo Ke CePHOUN KHCIOTHI:
®= m(B-Ba)- 100%/ m(p-pa)
Otcrona
m(p-pa)= m(s-Ba)-100%/w®
m(96%-moro p-pa)=49/0,96=51(r)
Wnu no nponopuuu
49r H,S0, - 96%
m(p-pa) - 100%
M(p-pa)=49-100/96=51(r).
3. Haiinem 06bpeM 96%-Horo pacTBopa CepHOM KHCIOTHI Maccoi S1r.
V(p - pa)= m(p-pa)/p=51,0(r)/1,84(r/ cm®)=27,7(cm)
Wrax, mis npurotosienns 2 cm® 0,25 M pacTBOpa cepHON KHCIOTHI motpedyercss 28 cm’

pacTBopa ¢ maccoBoit moneit H,S0, 96%.

INPUMEP 3

[lepecuet KOHLIEHTpaLUH.

IlnotHocts 0,06 M pactBopa cynbdata amomueus pasHa 1,019r/cm®. Beranciute: o, C,,
Cm T, N.

PEHIEHUE

Momnsipaast KOHIICHTpAIUs pactBopa - 0,06 moms/ am°. Crenoarensho, B 1 am®

pactBopa coaepxkutcs 0,06 mosib Alo(SO4)3. Halimem  Bce  HeoOXoauMble il pacueTa
KOHIIEHTPAllUi XapaKTePUCTUKH PacTBOPa, PACTBOPEHHOTO BellecTBa U pactBoputens (ajs 1
am® pacrBopa).
Jns pactBopa:
m(p-pa) = p-V =1,019 (r/ em®) - 1000 (cm®) = 1019 (r). Jlist pacTBOPEHHOro BElIeCTRA:

M(AIx(S04)3) =2 - 27 +3 - (32 + 4 -16) = 342 (r/moub);

f,.=1/(3:2)=1/6

M.«(Al5(S04)3)=M/6 =57(r/M0nb 3K);

n(Al,(S04)3) = 0,06 (Monb);

M(AL(S0,)z) = n - M = 0,06 - 342 = 20,52 (r)
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(i N, = M/Max=20,52/57)=0,36(M01b-3K)
st pacTBOpuUTENS
m(H,0) = m(p-pa) - m(s-Ba) =1019-20,52 =998,48 (1) = 0,998 (xr);

n(H;0) = m(H,0) / M(H,0) =998,48/18=55,47(moub).

[loncraBuM HaliJcHHBIE XapaKTEPUCTUKH B (OPMYINbI AJS BHIYMCICHUS KOHLIEHTPAIHI:
®(Aly(S04)3) =m(Al,(S04)3)/ m(p-pa)= 20,52/1019=0,02=2%);
Coi = N/ V(p-pa)=0,36(moms)/1(mm>)=0,36M015 3K/1M°
Cm= n(Aly(S04)3)/ m(H,0)=0,06(m0:15)/0,998(xr)=0,06;
T=m(Aly(S04)s)/ V(p - pa)( cm*)=20,52(r)/100(cm*)=0,0205;
N(AI,(S04)3)= n(B-Ba)/ (n(B-Ba)+n(H;0))=0,06/(0,06+55,47)=0,001.

KonTposbHble 3a1aHus:

1. I[InotHOCTE 5 %-ro pacTBOpa KapboHaTa Kamust paBHa 1,04r/cm®. Berumciaute MOmspHYIo,
HOPMAaJIbHYIO0, MOJISUTBHYIO KOHIIEHTPALMK 3TOTO PacTBOPA.
2. Cromeko cm® 30 %-ro pactBopa (mo Macce) (ocd)OpHON KHCIOTH IIOTHOCTBIO 1,3 r/em®
notpebdyetcst st mpurotoBienus 100 eM® 0,6 H pactBopa?
3. Kakyto maccy cTos10BOro ykcyca ¢ MaccoBOM 0JIel YKCYCHOH KHCIOTB 9% MOKHO IPUTOTOBUTH U3
90 r pacTBOpa ¢ MaccoBoi moisieil yKCycHOM KUchIoThl 80%? Beruucinure MOISIPHYI0 KOHLEHTPALUIO U
MOJISIPHYIO KOHIICHTPALMIO SKBHBAJIECHTa MPHUTOTOBJICHHOTO PacTBOpPA, €CIH €ro MJIOTHOCTh MPHUHSATH
paBHoii 1 r/cm’.
4. B 400 cM® Bozs! pactBopumn 20 © HUTpaTa Kabius. [T0Tydnics pacTBop IIOTHOCTEIO 1,06 r/em’.
Brprunciure MaccoBy1O JI0JII0, MOJISUIBHYIO, HOPMaJIbHYIO KOHIIEHTPAI[MU U TUTP pacTBOpA.
5. Kaxoii 06beM 50 %-ro pacteopa KOH mrotHOCTSIO 1,54r/cM® TpebyeTcs s MpUroTOBICHHS 3 M

0,1 1 pactBOpa?

C[)opMa NpeacTaBJICHUSA peE3yJabTarTra:

1.Ha3Banue u 1ienpb paboThI.
2.Hanucatb cxembl ypaBHEHUH peaKIiid.
3.Cnenath BBIBOJ O TIPOJICTIaHHON padoTe.

JlabopaTtopnass padora Ne 3,4. IloBbilieHHe TeMIepaTypbl KUIEHUS W MOHMXEHUE
TEMIIEpPATyphl 3aMeP3aHUs BOJIBI.
Henap 3aHATHS: TOTYYUTHh MPAKTUYECKUE HABBIKH OIPEACIATh TOBBIINICHWE U TIOHMKEHHE
TEeMITepaTypPhl BOJIBI.
MarepunanbHoe obecnieyeHue:
O6opynoBanue 1a00paTOPHH:
- pabouee MecTO IpernoaBaTers;
- pabouee MeCTO CTYJIeHTa;
- METOJIMYECKUE YKa3aHUs s Ta0OpaTOPHBIX padoT;
IMopsiiok BbINOJIHEHUS PA0OTHI:
1. HWByuuTh MeTOAMYECKHE yKa3aHUs K JaHHOU 1a00paTopHOil paboTHL.
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2. OmnpenenuTs TEMIEpPATypy KUIEHUS U 3aMEP3aHus BOJBI.

3. BrImomHUTH OTUET O MpOJETaHHON paboTe.

Xon pab6otsl: IIpubop 1t M3MEpeHUs MOHMKEHUS TOYKH 3aMEp3aHusi COCTOMT M3 JBYX
UWIMHIPUYECKUX CTEKISIHHBIX COCYJIOB, PAaCIHOJIOKEHHBIX KOAKCHAaJbHO M COEIMHEHHBIX
BUHTOBBIM Y3JIOM. BHemHwmii cocyn o0pazyeT 000JI0YKYy BOKPYT BHYTPEHHETO COCYAA.
Buemnmii  cocyn 3anmBaetcs mnpumepHo 35-40 Ma 3TaHOna (MOXKHO HCIOJIB30BaTh
HEOYMILEHHBI cOoupT). OTa cpeaa HeoOxoamma, 4YTOObI 00ECHeYuTh OJHOPOTHOCTD
TEIUIONPOBOJHOCTU MEXKAY cocylaMu. BHYTpeHHHI cocya mpelHa3HayeH JUisl pacTBOpa WM
pacTBOpUTENs, U KOTOPBIX ONpeNeNseTcsl Touka 3aMep3anus. Ha xoHle BHyTpeHHEelH TpyOku
MMeEeTCsl BUHTOBAs KPBIIIKA Ui TEPMOMETpa WM JaT4hKa TEMIIEpaTypbl, a TaKKEe HUMEETCs
CTEKJISIHHBI PYKaB C KpBILIKOW Il BBEJEHUS pacTBOpstolierocs Bemectsa. Ilomecture
MarHUTHBIN CTEPKEHb IS IEpPEeMENINBAaHUS BO BHEIIHUI COCY/I.

CrpeccyiiTe uccieyeMoe BemecTBO B Ta0IEeTKH, YTOOBI MPEJOTBPATUTH NMPHIUIIAHAE YACTHIL
BElIeCTBA K CTEHKaM cocyla Mpu BBeAeHUHU. [[si 3TOro cHavana pasjenure KaxkIoe W3
n3ydaeMbIx BelecTB Ha nopuuu 1no 600 mr. XenarenbHo pa3MesnbuuTh BEIIECTBO B CTYIKE C
MOMOIIBIO TTecTHKa. UTOOBI cripeccoBaTh TaOJIETKH BBIMOJIHUTE CIIEIYIOIIee: CHayalla BCTaBbTe
B MpPECC MAJCHbKUN METAIIMYECKUHM HWIMHAP U 3aTEM IOMECTUTE IPECC B BEPTUKAIbHYIO
no3unuio. Mcronb3ys BOPOHKY, HAChIIbTE B3BEUICHHOE BEIIECTBO B OTBEPCTHE IIpecca,
BCTaBbTE€ OONBIION MHWIMHIP M TPWIOKHUTE JaBJICHHE C IIOMOIIBIO CBOETO Beca. 3aTeMm
0cB00O/IUTE TAOJIETKY M B3BECHTE €€ (TOYHOCTH 1 MT).

]

CI

(]

Kpusas oxnaxxaenus pactBopa Boga-coib (NaCl).

N3mepenue coctouT u3 AByx maroB. CHadajga pUCyeTCsl KpUBas OXJIaKICHHUS YUCTOU BOJIBI,
3aTeM — pacTBopa (rmociie 100aBICHHS BEIIECTBA).

3aneiTe ¢ MOMOIIBI0 00bEMHO-METpUUecKOr mumeTku S50 MJI AUCHUIUPOBAHHON BOJABI BO
BHYTpPEHHUHN cocyl. BcraBpre 3ammTHy0 My(pTy ISl TEeMIEpaTypHOro JaTdyhka B BUHTOBOE
coequHeHune. Hakamaiite 2 unu 3 Kamiv HEOYUIIIEHHOTO CUpTa Ha MYy(TY, YTOOBI 00€CIIeYHTh
VIy4dIIeHHE TEIUIoNepeHoca ¢ BCTaBbTE  TEMIlepaTypHbI  gatuuk. [lomcoeamHuTe
TEMIEPATypPHBIA NaTYMK K U3MEPUTETIO TeMIepaTyphl. 3aduKcupyinTe mpudbop Ha CTepKHE U
MOMECTUTE €ro Kak MoXHO Hmke B 1000 mi crakaH. YCTaHOBHTE CPEIHIO CKOPOCTH
pa3MelnIBaHus Ha MEIIaJKe.

CHauana ycTaHOBHTE TIOKa3 Ha JHCIUIEE TEMIEPaTypoOMETpa TeMIepaTypbl BHYTPEHHETO
cocyna ammapara (B OC) u 3areM 3amoNHATE CTAKaH CMECHIO JIEI-COIb. [Torpysute BTOpOIt
JATYNK TeMIeparypbl B jex. TeMmeparypa 3aMOpakHBaioOel cMecu noikHA ObiTh -10°C.
Korna temmneparypa BHYTPEHHETO COCyJa JOCTUTHET -1°C, YCTaHOBUTE TeMIIEpaTypoOMeTp Ha
M3MEPEHNE U3MEHEHUsI AT TeMIlepaTyphbl B 3aBUCUMOCTHA OT BPEMEHH BO BHYTPEHHEM COCYIIE
COTJIacHO MHCTPYKIHH (TouHOCTh n3mepenus 0,01 K).
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3anummMre OTHOCUTENBHYIO Temmeparypy ¢ aucruies. CHadana oOpasyercsi MeTacTaOMIIbHOE
COCTOSIHME, XapaKTepHU3ylolleecs TeMIIepaTypHbIM MHHMMYMOM. Bckope, Kak HayHeTcs
IIPOLIECC KPUCTAIM3ALMK, TEMIIepaTypa HA4yHET OINATh PAacTU M JOCTUIHET  HEKOTOPOro
MIOCTOSIHHOTO ypoBHA. M3Mepenus cnenyer npoBoauTh mnopsiaka 20 MuHyT. Beimonnss
SKCTPAIOJISIIUIO TOJYYEHHBIX PE3YJbTaTOB (CMOTPU PHUCYHOK 2)., OINPEACIUTE TOUKY
3aMep3aHusl.

ITocne oxnaxIeHUs YUCTOM BOABI IOJHUMUTE anIapar U3 OXJIAXIAILEH CMECU U Harpeure,
[I0Ka BOJIa B allllapaTe OISATh HE NPEBPATUTCS B JKUJIKOCTb. DTOT MPOLECC MOXKHO YCKOPHUTb,
paszorpeBas anmapar B JaaoHAX. He wn3MmeHsiiTe ycTaHOBKY TeMIlepaTypoMeTpa Ha II0Ka3
BeIMYUHBI AT . JloGaBbTE BO BHYTPEHHUH COCYJ amrmapara, B BOJy, TaOJIETKY BelleCTBa Yepes
CTEKJISIHHBIA pykaB ammapara. [lomoxknauTe 10 IOJHOTO PACTBOPEHHS BELIECTBA. 3aTEM
IIOMECTUTE amnmnapar OmATh B OXJAXKIAKIIYK cMech. Korma temrepaTypa AOCTUTHET MEPBOU
BEJIMYUHBI MPEIBIAYLIETO 3KCIEPUMEHTA, HAYHUTE 3alIUCh TEMIIEpaTypbl KaKIAyl0 MHUHYTY.
BbINoTHUB SKCTPANOISIIUIO, ONPEAEIUTE TOUKY 3aMEpP3aHUS.

[Tepen kaxapIM HOBBIM SKCIIEPUMEHTOM MOMTE U CYLIMTE BHYTPEHHHI COCY/I armapara.

Teopusi U pacyerbl.

Eciu  HeGOJBIIOE KOJIMYECTBO BEIIECTBA B pacTBOPDMTH B 4YMCTOM pacTBopuTene A,
TeMIeparypa IUIaBJIeHUs PAacTBOpA YHAJET HYDKE TEMIEPATyphl JUISl YUCTOrO PACTBOPHTENS.
[pyu kpucTammsauuu 4 1 B He 00pa3yrOT CMENIaHHbIE KPUCTAILIBL. XUMHYECKUH MOTEHIMAN
(4 BELIECTBA A B CMELIaHHOM (ha3e NpH BHICOKOM KOHIEHTPAIMK A paBeH: i = ua +RT-Inx,

XHWMHYECKUH TOTEHIIMAI YHUCTOH TBEpAOW a3kl u, B PABHOBECHUU C KUIKOW (a3oit

COOTBETCTBYET XUMUYECKOMY CTaHIAPTHOMY MOTEHIMALY 4% Uit A, TO €CThb i} = u%.

Eciu 06e (a3bl HAXOATCSA B PABHOBECHU, TO s5 = uh U S = 13 +RT -Inx,
Tak Kak XUMUYECKUH TIOTEHIINAJ YUCTOTO BEMIECTBA OTOXKIECTBISETCS C MOJISPHOM CBOOOIHON
sHTANbNKER G, paBeHCTBO (2) mepexoauT B: G =G% +RT -Inx, (
dG/T) H

ar 12’
u, nuddepeHupys paBeHcTBO (3), MOXKHO MOJTYYUTH CIEAYIOLIEE:

HR —-HRY AgH  d(nx,)
RT? RT? dT

N3 ypaBuenus ['m06ca-I'enbmromnbia cienayer: p = const

DOHTaNbNMsl TUIABIIEHUSI MOKET pacCMaTpUBAThCS KaK MOCTOSHHAS BETHMYMHA NI HEOOJBIINX
TeMIIEpaTypHBIX W3MEHEeHHI. MHTerpupoBanue BbIpakeHHs (5) ¢ TpaHULAMH JJII YUCTOTO
pactBoputens (x, =1, T=T,) u g pactBopa (X,, 7) TPHUBOAUT K CIEAYIOLIEMY:

iy AeH(1 1) _AgH(T-Tg
AR T, T) R LTI,

Tak Kak MOHMKEHUE TEeMIEPaTypsl 3amMep3aHus ATg =T —T, HEBEJIHMKO IO CPaBHEHHUIO C T,

npousBeaeHne TT, MOXKHO 3aMeHHTh Ha T¢. Takke x, MOKHO 3aMEHHMTh Ha l-xg. B

AgH[T-T,
pe3yJbTaTe MOMYyIuTes: —In(l—xg) = - 5
TO
A H [ AT

PacknanpiBas B pAA, HOJIYIUM:

VS S
R T02 B 2 B 3 B Y

Tak kak BeIHMYMHA Xg Majla, MOXHO OI'pPaHUYUTLECA IICPBBIM YICHOM psja. TOF}Ia us3
BBIPAXKCHUSA ITOJTYUUM:
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_ RT{
KonmdgecTBo BemecTBa B MOKHO MPUMEPHO PACCUUTATH 1O hopMylie (mMgM ,/maMg), Tae M -

ATg Xg

MOJIAApHasi Macca u m - Mmacca COOTBETCTBYIOILICTO BCIICCTBA.
2 2
RTf mgM, RTGM, mg

Ionyuum: ATp =
I F7ALH myMg  AH myMg

m m
OKOHYATEIBHO, TAK KAK ——— = —— €CTh MOJSUIBHOCTB, TO €CTh KOJUYECTBO BEILECTBA B
maMg 1000
RTEM, m

1000 r pacTBOpUTENS, TO: ATE = =Ky -
P P F7 AgH 1000 ¢

rge Ky - KPUOCKOIIMYECKas ITOCTOSHHas. Ecmm Ng MoJIeH JUCCOLMUPYET B Z MAaAJICHBKUX
JacTull B paCTBOpPC, HeﬁCTBHTeHBHOG YHCJI0 MOJICH PaBHO:

n=ng1l+(z-e), TJ€ « - CTENEHb Aucconnanuu. VIcTUHHAsS MOJspHas mMacca:
M
Mg=——2_—
1+ (z-De

[Tpu MOBBIIIEHNN KOHIICHTPAIIUH HEOOXOUMO OYIET yUUTHIBATH, MEKMOHHOE
B3aMMOJICHCTBHE, JUISI OMTHCAHHSI KOTOPOTO BBOJUTCS OCMOTHYECKHH Ko dumment f,. On
npuHUMAaeT 3HaueHust Mexxy O 1 1 17151 peasibHBIX pacTBOPOB M paBeH | il U1eanbHbIX.

n=ng @+ (zf; ~D)

D¢ddexTuBHOE KOTMUECTBO BEIIECTBA B PACTBOPE OTIIMYAETCs B i = (1+(zf, —1)a) pa3 (hakTop
Ban IN'odda). CnenoBatenbHo, SKCIEpUMEHTAILHOE 3HAUEHUE TTOHUKEHHS TOUKH 3aMEep3aHHs
OyZeT OTJINYaThCs OT TEOPETUYECKU PACCUUTAHHOTO B i pas.

PesyabTaTsl.

st Bobl K =186 K kr/M0b.

MounsipHast Macca COJIM OIpPEeNIeHHas YKCIEPUMEHTaIbHO paBHa 29,58 r/Moub, TUTEpaTypHas
BenuuuHa — 58,443 r/monbs. CnenoBarenbHO, ISt a=1 U f, =1 OTHOIIEHHE IUCCOIMAITUU
paBHO 1:2.

MonsipHas macca runpokBuHoHa 106,87 r/monb (3kcm.), 110,11 r/mons (7uT.).

®opma mpeacTaBJieHus pe3yJbTara:

1.Ha3Banue u 1ieiab paboTHI.
2.HamnucaTtbh cXeMbl YpaBHEHUH peakiuii.
3.Cnenath BBIBOJ O MpOIeTaHHOM paboTe.

Tema 2.1

DJIeKTPOXUMMUS
IpakTnyeckas padora Ne 12. Pacuer 3:1eKTpONpPOBOAHOCTH PACTBOPOB AIEKTPOIUTOB
MarepuanbHoe o0ecnieyeHme:
Ob6opynoBanue 1a00paToOpuu:
- paboyee MecTo MpernoJaBaTes;
- pabodee MeCTO CTY/IEHTa;
- METO/IMYECKUE YKa3aHUS JJIs MPAKTHUECKONH paboThI;
Ilopsinok BbINOJHEHHS PadOThI:
1.13yunTh MeTOAMYECKHE YKa3aHUs K JaHHON MpaKTUYECKOi padoTe.
2.0npenenuTs NpOAYKTHI peakLuu
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3.BrIMOTHUTE OTUET O MPOJIeTaHHON padoTe.
Iopsiok BbINOJIHEHUS PA0OTHI:

1. 3yunTth MeTOIMYECKUE YKa3aHUs K TaHHOM MpakTudeckoi u JabopatopHoii pabore.
2.01penenuTh MPOTYKThI PEAKIIUU

3.BBINOTHUTH OTYET O MpojeIaHHON padoTe.
Xoa pa6orer: CoOriacHo COBpEMEHHBIM MPEJCTABICHUSM B MeETalie YCTaHABIMBACTCS

PaBHOBECUE MECKIY HeﬁTpaHBHBIMI/I aToMaMH, KaTUOHaMH W J3JICKTPOHaMH, KOTOPOC MOXKHO

MNpeaACTaBUTh B BUAC YHpOH_IeHHOfI CXCMBI

Me < Me ™ +ne.
ECHI/I MeTaJ'IJ'II/ILIeCKYIO HJIaCTI/IHKy OHYCTI/ITL B BOI[y, TO KAaTHUOHBI MCTAJIJIa HA €€ HOBerHOCTI/I
TUAPATUPYIOTCS TOJSIPHBIMM MOJIEKYJaMU BOJbI M MEPEXOAIT B XKuAKocTh. Ilpu sTom
QJICKTPOHBI, B I/I36LITKC oCTaromuecda B MCETAJJIC, 3apsiKaroT Cro HOBerHOCTHbIﬁ CJ'IOI71
OTPHULATCIIBHO. Bo3uunkaer QJICKTPOCTATUYCCKOC IIPUTSIKCHHUC Mex(z[y nepeucamumu B
KUIKOCTH FI/IIIpaTI/IPOBaHHI)IMI/I KaTUOHaAMU U HOBerHOCTI)IO MeTallia. B pe3YJII)TaTe B CUCTCMC

YCTaHaBJIMBACTCA MMOABUXKXHOC PaBHOBECUC

Me + mH,0 < Me(H20)"" 1, + ne , B pacTBoOpe Ha METAaJLIE

rze N - YACJI0 MIEKTPOHOB, IPUHUMAIOIINX YYaCTHE B IIPOLIECCE.

Ha  rpanumne  MeTaul-KMOKOCTh  BO3HUKAET  JBOWHOW  DJJIEKTPUYECKHH  CIIOH,
XapaKTepU3YIOIIUNICA OIpPEAEICHHBIM CKaukKOM IIOTEHIMAala, Ha3BAHHBIM 3JIEKTPOIHBIM
noteHiuagoM. Ero BeiauuumHa 3aBUCUT OT MHOTMX (DakTOpoB (IpUPOABI MeTaiia,
KOHIIEHTPALMU KaTHOHOB MeTalljia, TeMIIEpaTyphl U Jp.), HO U3MEPUTh a0COIIOTHOE 3HAUYEHHE
noTeHuuana He ynaercs. Ha mpakTuke oOBIYHO ONpPENENsitoT OTHOCUTENbHBIE 3JIEKTPOJIHBIE
MOTEHLIMAJIbl MPU CTaHJIAPTHBIX YycioBusix (P = 10°Tla, T=298 K, c=I Monb/z[M3) - TaK
Ha3bIBa€MbI€ CTAHJAPTHBIC AIEKTPOIHBIE TOTSHIIHAIIBI (°).

Cmanoapmuviym 91eKmMpoOHbLIM NOMEHYUaIoM MEeTallla Ha3blBalOT €ro PaBHOBECHBIM
NEKTPOAHBI TNOTEHIMAJ, BO3HUKAIOIMN TNpU NOIPYKECHHMM MeTajyla B PAacTBOp C
KOHIIEHTpAllMEed KaTHOHA JaHHOTO MeTalljla, paBHOU | Moutb/ M, WU3MEPEHHBIN 110 CPAaBHEHHIO
CO CTaHJAPTHBIM BOJOPOJHBIM 3JEKTPOJIOM, MOTEHIHAT KoToporo mpu 298 K ycioBHO
NpUHUMAaETCs paBHBIM HYIHO (9 © = 0; AG® = 0).

Pacrionarast  cuMBOJIBI METAIJIOB B psAJl 1O MEpe  BO3pacTaHUs CTaHAAPTHBIX
ANEKTPOAHBIX MOTEHIHANIOB ((°) METAJUIOB, MOJIy4aeM TaK Ha3bIBaeMbIH psi HaNpsHKEHUH (CM.
npuiiokeHue, Tab1.6).

MecTomnonoxeHue CUMBOJa TONO WJIM MHOIO MeTaula B pAAy HalpsHKEHUH
XapaKkTepu3yeT BOCCTAHOBUTEIIbHYIO CIIOCOOHOCTh METallila, a TAK)Ke OKHCIUTENbHbIE CBOMCTBA

€ro MOHOB B BOJHBIX PACTBOPAX MPU CTAaHAAPTHBIX YCIOBHAX. UeM MeHbIIE 3HaYeHue @°, TeM
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OOJILIITUMHU BOCCTAHOBHUTEILHBIMHU CIIOCOOHOCTAMHM 00JIaaeT JaHHBIM METAJUT B BUJIE POCTOTO
BEIIECTBA M TEM MCHbBIINE OKUCIUTEIHHBIC CTIOCOOHOCTH MPOSIBIISIFOT €0 MOHBI, 1 HA000POT.

3JICKTpOI[HBI€ MNOTCHUHUAJIBI UBMCPAIOT ITPU ITOMOIIHU T'AJIbBAHUYCCKUX 3JICMCHTOB.

TAJIBBAHUYECKHH JJIEMEHT - YCTPOHCTBO J{JIA IIPEBPALIJEHUA OHEPI'UN XUMHYECKOH
PEAKIINU OKUCJIEHHA-BOCCTAHOBJIEHUA B DJIEKTPUYECKYIO

JleiicTBrie  OOJIBINMHCTBA TaJlbBAaHUYECKMX JJIEMEHTOB OCHOBAaHO Ha  PEaKIHsIX
BBITCCHCHUS METAJUIOB U3 PAacTBOPOB HX COJEeH ApyruMu Metauiamu. J[ns paboTsl
raJIbBAHUYECKOTO DJIEMEHTa SBISIETCS O00s3aTeNbHBIM CO3JaHHUE YCJIOBUM, MPH KOTOPBIX
repefaya 3JEKTPOHOB OT aTOMOB OJHOIO MeTa/ula K MOHaM Jpyroro OCYIIECTBISIACh OBl HE
HETIOCPEACTBEHHO, a 4Yepe3 METaUTUYeCKU MpoBOIHHUK. TakuM o0pa3oM, rajJbBaHWUYECKHH IIIEMEHT
MpeacTaBisieT co0oil cucTeMy Kak MUHMMYM U3 JIBYX O3JIEKTPOJOB, COSAWHEHHBIX METALTHYECKHM
MPOBOJHUKOM. ECIIN 3JIKTPOBI U3TOTOBICHBI M3 PA3IMYHBIX METAJIOB, TO TAIbBAHMYECKHH JIIEMEHT
Ha3bIBAIOT OMMeTAITMYeCKUM. boree akTHBHBINM MeTalul (¢ MEHBIIMM 3HAUYCHHEM (°) CIIY’KUT aHOJOM.
AHOJ TIpY 3aMBIKaHUH LIETTH OKHUCIISIETCS M CIYKUT UCTOYHUKOM 3JICKTPOHOB, MEPEXOISIINX MO e K
MeHee aKTHBHOMY METajuly - KaToJly, Ha TMOBEPXHOCTH KOTOPOTO HMJET BOCCTAHOBICHHE KaKUX-JIMOO
IPYTHX HMOHOB, HAaXOJSIIMXCS B KATOJHOM IPOCTPAHCTBE. AHOAY B TalbBAaHMYECKOM JIIEMEHTE
MIPUCBAMBAIOT OTPUIIATENHHBIN 3apsi/ (ICTOYHUK AJIEKTPOHOB), KATOAY - IOJIOKUTENBHBIH (TIOTpedieHre
ANIEKTPOHOB JUISI BOCCTAaHOBIICHUS).

VY CI0BHO cxeMa rajJbBaHHYECKOr0 3JIEMEHTa H300paKaeTCsl CIECAYIONM 00pa3oM

(-) A | aHomHBI# pacTBOp || KaTtoaHbIH pacTBOp | K (+).

OnHa BepTUKaJbHAs 4Yepra oO3HAa4YaeT u3MeHeHue (a3bl, ABOMHAS - HAIMYME HOPHCTON
MIePETOPOJIKM WII COJIEBOTO MOCTHKA MEXTy JIByMs pacTBopamu. Hanmpumep, cxema MeIHO-IIMHKOBOTO
raJbBaHMYECKOTO dJIEMEHTa

(-) A Zn|ZnS0, || CuS04 | Cu K (+).

[lpu ero paboTe NMHKOBas TMJACTUHA OKHUCISETCS, WOHBI IMHKA TIEPEXOIST B aHOIHOE

MIPOCTPAHCTBO, a AJIEKTPOHBI OT IUHKA, IOJOH/I K METHOH MIaCTUHE, BOCCTAHABINBAIOT HOHBI ME/IN
AHoOxI: Zn - 2e =zZn* 1 (okucnenue)

KaTo[: Cu®+2e =Cu 1 (BoccraHOBIEHHE)

CymMapHsiii iporiecc:  Zn + Cu?* = Cu + Zn**
SHepFI/ISI 3TOU OKUCIUTEILHO-BOCCTAHOBUTEILHON pCaKknun NpeBpaliacTCs B 3JICKTPUICCKYIO.
Baxnerireit XapaKTepHCTHKOﬁ TaJIbBAHUYCCKOTO 3JICMCHTA ABJISICTCA JJICKTPOABWIKYIIAA CHIIA
(QHC) - Pa3HOCTb JJICKTPOAHBIX MOTCHIIMAJIOB KAaTOA4da W aHOJa IIpU pa30MKHyTOfI oeIu. I[J'Iﬂ MEOHO-
IMUHKOBOT'O I'aJIbBAHNYCCKOI'O 2JICMCHTA:
BJIC =¢°(Cu*/Cu) - ¢°(Zn**/1Zn)= 0,34-(-0,76) = 1,1 B.
Ecmu IJIACTUHBI, U3TOTOBJICHHBIC U3 OAHOI'O U TOr'0 XK€ MCTAJlIa, IIOIPYKArOT B paCTBOPLI OAHOTO

U TOIrO KC€ DJJICKTPOJIUTA, HO C pa3H0ﬁ KOHL[CHTpaLII/Ieﬁ B aHOAHOM M KaTOJAHOM IPOCTPAHCTBAX, TO
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rajJbBaHMYECKUH 3JIEMEHT Ha3blBaloT KOHLEHTPALIMOHHBIM. AHOIOM B 3TOM CIy4ae CIYy)KUT
IUTACTHHA, IOTPY>KEHHAast B PaCrBOp AIIEKTPOJIUTA C MeHbIIeH KoHueHTpauei (C;), KaToIoM - pacTBOp €
Oosbinelt koHneHnTpanueii (Cy), Toraa
3IIC: Pc2 = Pets

I/I€ ¢ ¢ - BEMTUYMHA OTEHIMANa KaToa;

¢ ¢1 - BEIMYMHA OTEHIMAIa aHOa.

Pacuer ¢ npoBoasT no ypaBuenuto Hepucra

o=0¢° +0,059/n -IgC,

r7e N - 9UCI0 JIEKTPOHOB, 3aTPAYE€HHBIX Ha BOCCTAHOBJICHHE WJIM IMOJyYEHHBIX MPU OKUCIECHUU
COOTBETCTBYIOLINX HOHOB.

IIPUMEP 1

Mennsblil 371€KTpoa B pacTBope ero coiu uMmeer noreHiuan 0,25B. Beiuncnure KOHIEHTPALNIO
HMOHOB MEJIM B PacTBOPE.

PEHIEHUE

3aBUCUMOCTh 3JIEKTPOIHOTO MOTeHIHana MeTaia OT KOHIEHTpalu{d ero MOHOB
BbIpaXkaeTcs ypaBHeHHeM HepHcra

¢ =¢° +(0,059/n) IgC(Cu*")
IgC(Cu*)= -3
C(Cu®") = 0,001 momb/mm°

Otser: 0,001 mons/am’

MMPUMEP 2

CocTaBbTe cXeMy, HAIUIINTE JIEKTPOHHBIE YPaBHEHHS 3JIEKTPOAHBIX MPOIIECCOB M BBIUMCINTE
D/IC ransBaHMYECKOrO IEMEHTa, 06Pa30BAHHOr0 31eKTpoaoM Fe | Fe” mpu akTHBHOM KOHIEHTpaIuy
noHoB Fe*= 0,1 mons/am>, u amextpogom AQJAQ" mpu axTHBHO# KoHNeHTpamuu HoHoB Ag' = 0,01
MOJIB/ M.

PEHIEHUE

Cxema JaHHOTO TaTbBaHMYECKOTO SJIEMEHTA
(-)FelFe* | Ag'|Ag(+).
OB-mapa Fe|Fe*" umeer menpmmii motenuman (-0,44 B), wem OB-mapa Ag'|Ag (+0,80 B),
MOATOMY KE€JI€30 BBIMOJHSET POJIb aHO/A, cepedpo - poJib KaToa.
Anon:  Fe-2e =Fe” 1 (oxucnenue)

karon: Ag' +1e =Ag 2 (BOCCTaHOBIICHUE)

Cymmapasbiii mpouece:  Fe + Ag' = Fe*" + Ag
UroOwsl ompenenuts DJIC ranpBaHMYECKOTO 3JEMEHTa, HY)XHO paccydTaTbh IMOTEHIHAJIbI
3JIEKTPOAOB MPH AAHHBIX KOHIIEHTPALMSIX HOHOB
o (Fe** | Fe) = -0,44 + (0,059/2)Ig 0,1 = -0,44- 0,029 = -0,469 B ;
¢ (Ag'/ Ag) =0,80 +(0,059/1)Ig0,1 = 0,80-0,118 = 0,682 B;
DJIC = ¢~ 94 = ¢ (Ag* /AQ)- ¢ (Fe**/Fe)= 0,682-(-0,469) = 1,151 B.
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Ortsert: 1,151 B.

KonTpoabHble 3agannus:
1Kakue 3Hauenms pH wumeeT pacTBOp KHUCIOTH B CTaHAAPTHOM BOJOPOJHOM 3JIEKTPOAE,
MOTEHLIMA KOTOPOTo MPUHAT 3a HyJb? Kak usmeHurces anekrpoausiil noteHuan npu pH = 1; 2; 3?
Otset: pH =0.
2.113 yetsipex metaiuioB Ag, Cu, Al, Sn BeiOepuTe Te mapbl, KOTOPHIC AAOT HAMMEHBIIIYIO U
Hanbonpiryo D/1C cocTaBieHHOr0 U3 HUX TajibBAHUYECKOro AyieMeHTa, [IprBeaure cxeMbl yCTPOHCTBa
u paboTsl 31eMeHToB. Paccuuraiite 3/1C npu cTaHIapTHBIX YCIOBHSIX.
3.CocTaBbTe CXEMbI raJIbBAaHMYECKUX 3JIEMEHTOB, B OJHOM M3 KOTOPBHIX BOJOPOA OKHUCISAETCS MOHAMU
Ag’, Bo BropoM amomuHHil - noamu Cu?*. CoCTaBbTe BIICKTPOHHBIC ypaBHEHHUSI TIPOIECCOB U
paccauTaiite nux J/IC npu crannaptaeix yeiaosusax. Orser: 1) 3/1C = 0,8 B; 2) DJ1C = 2,04 B.
4 byneTr nu OJOBO BBITECHATH MarHuii, pTyTh, IIMHK U cepeOpo m3 pacTBOpoB mx conei? [lpuBenute
MOJICKYJISIPHBIE 1 HOHHBIC YPAaBHEHUS COOTBETCTBYIOLIUX PEAKIHH.

5.IToyeMy BOZOPOIHBIN 3IEKTPOA B Mape ¢ MEOHBIM IMOIY3JIEMEHTOM SBIISETCS aHOAOM, a B Iape C
LMHKOBBIM - kKarogoM? IlpuBeaute cxembl 371€KTPOJHBIX POIIECCOB.

(I)opMa MpeacTaBjJacHusd pedyjabTara:

1.Ha3Banue u ueiab paboThI.
2.HanucaTtpe cXeMbl YpaBHEHUH peakLuil.
3.Cnenatb BBIBOJ O MPOEIaHHON padoTe.

Tema 2.2.

OCHOBBI KOJIJIOUAHON XMMHHU
IIpakTnueckas padora Ne 13. Omnpenenenue napameTpoB AUCHEPCHBIX CUCTEM
MarepuanbHoe o0ecnieyeHue:
O6opynoBanue 1abOpaTOpuu:
- paboyee MecTO MpernoJaBaTes;
- pabouee MecTO CTY/CHTa;
- METO/IMYECKUE YKa3aHUs JJIs IPAKTUUYECKONH padoThI;
ITopsinok BbINOJHEHHS PadOTHI:
1.13yunTh MeTOAMYECKHE YKa3aHUs K JaHHON MpaKTUYECKOM padoTe.
2.0npenenuTs napaMeTphl NPEIJIOKEHHBIX JUCTIEPCHBIX CHCTEM.
3.BBINOJHUTH OTUYET O MpOJIeIaHHOK padorTe.

Xon pabGorbi: KosuiomaHsle cHCTEMBI IO CTENEHU JUCIEPCHOCTH  3aHUMAIOT
MIPOMEXYTOUHOE TOJOXKEHUE MEXKIYy HMCTUHHBIMU pacTBOpamMH (MOJIEKYJISIPHO- WJIM HOHHO-
JHUCIIEPCHBIMU CHCTEMaMHM) M TpyOOaUCHEepCHBIMH cucteMamu. I[losToMy KosiouHbIE
PacTBOPBI MOTYT OBITH MOJIYUEHBI JTUO0 MyTEM accoluaniy (KOHACHCALUN) MOJIEKYJI U HOHOB
UCTHHHBIX PacTBOPOB, JHOO JalbHEHIINM pa3IpoOeHMeM 4YacTUIl AUCHEepCcHO (a3bl
rpyOOAMCTIEPCHBIX CUCTEM.

MeTopl Oy4eHNs KOJUIOUAHBIX PACTBOPOB TAK)KE MOXKHO Pa3/I€IUTh HA JBE I'PYIIIbI:
METO/]Ibl KOH/CHCALlUU U JAUCTIeprupoBanus. Elie o1HUM HEOOXOAUMBIM Ui TIOJTYyYEHUS 30716
YCIIOBUEM, TOMHUMO [JOBEACHHS pPa3MEPOB YAaCTUIl A0 KOJUJIOWIHBIX, SIBISETCS HAJIUYUE B
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cHUCTeMe CTa0WIIM3aTOPOB — BEIIECTB, MPEMATCTBYIOMUX IPOLECCY CaMOIPOU3BOIBHOTO
YKPYIHEHHUS KOJUIOUAHBIX YaCTHII.

Lucnepcuonnvie memooul

JlMcriepCHOHHBIE METO/Abl OCHOBaHbl Ha pa3gpoOJeHMH TBEPAbIX Tel 10 YacTHIL
KOJUIOWJHOTO pa3Mepa W oOpa30BaHMHM TaKUM 00pa3oM KOJUIOMIHBIX pacTBOpoB. IIporecc
JUCTIEPTUPOBAHMSI OCYIIECTBIISIETCS] PA3IMYHBIMU METOJAMU: MEXAHUYECKUM pa3MallbIBAHUEM
BEIIECTBA B TaK HAa3bIBAEMBIX KOJUIOMJHBIX MEJBHUIAX, AJIEKTPOIYIOBBIM pPAaCHbUICHUEM
METaJUIOB, JPOOJIECHUEM BEIlEeCTBA IIPH TOMOIIH YIbTPa3ByKa.

Memoovl koHOeHcayuu

BemectBo, Haxozdieecs B MOJIEKYISIPHO-IUCIIEPCHOM COCTOSIHMM, MOXHO IEPEBECTU B
KOJJIOWJTHOE COCTOSHHE MpPHU 3aMEHEe OJHOTO PACTBOPUTENS APYTUM — METOIOM 3aMEHBI
pactBopuTels. B kadecTBe nprMepa MOYKHO ITPUBECTH MOIy4YEHUE 307151 KaHU(OIIH, KOTOpast He
pacTBopsieTcsl B BOJE, HO XOpOLIO pacTBopuMa B 3TaHose. [Ipu mocreneHHOM m00aBiIeHUA
CIIMPTOBOTO pPacTBOpa KaHU(OIU K BOJE MPOUCXOAUT PE3KOE IMOHMKEHHE PACTBOPHUMOCTH
KaHu(poIu, B pe3ylbTaTe dYero oOpa3yercs KOJUIOMIHBIA pacTBOp KaHU(GOIU B BOJE.
AHaOru4HpIM 00pa3oM MOXKET ObITh MOJIyYeH TUAPO30JIb CEPHI.

Komnounanaeie pacTBOPBI MOKHO TOTYYaTh TAKKE U MemMOoO0OM XUMUYECKOU KOHOEHCayulu,
OCHOBAaHHOM Ha MPOBEICHUM XUMHUECKUX PpEaKIHi, CONpPOBOXKAAOLIMXCS 00pa3oBaHUEM
HEPAaCTBOPHMBIX WJIM MaJlOPACTBOPUMBIX BemIeCTB. J{JIsi 3TOH 1eM MCTIONIB3YIOTCS Pa3InIHbIe
TUIBl PEAaKUUil — pa3iokKeHus, TUAPOJIM3a, OKHCIUTEIbHO-BOCCTAHOBUTENbHBIE M T.A. Tak,
KPacHBIM 30JIb 30JI0Ta IIOJIY4alOT BOCCTAHOBJIICHHMEM HATPUEBOM COJU 30JIOTOM KHCIIOTBI
(dbopmanbpaeruioM:

NaAuO,; + HCOH + Na,CO3; - Au + HCOONa + H,0

CrpoeHue MULIEIUIBI JAHHOTO 307151 MOXKHO ITPEJICTABUTh CIICAYIOIIEH CXEMOM:

{[Aulm- n AuO>— (n-X) Na'}x— xNa*

AHanoru4yHpIM 00pa3oM HOJIY4aroT 301k cepedpa U3 paz0aBlIeHHBIX PAaCTBOPOB HUTpATa
cepedpa. 301b cepbl MOXKET OBIThH MOJYYSH OKUCICHUEM CEPOBOJIOPOA KUCIOPOAOM B BOJIHOM
pacTBope, NEHCTBHMEM Ha CEpPOBOAOPOJ CEPHUCTOrO Tra3a JuOO0 pa3iokKeHHeM THOCEPHOU
KHCIIOTHI:

H,S+ 0O, > S+ H,0

H,S + SO, —» S + H,0

H,S,03—H,0 + S0, + S

Ctpoenne 3015 Cepbl MOYKHO MIPEJICTaBUTh CXEMOM:

{[SIm - nHS - (n-X) H'}x— x H"

3011 MOryT OBITH MOJIyYE€HBI TaKKe B pe3yJbTaTe peakUuil HOHHOTO OOMEHa, B
pe3yabTaTe KOTOPHIX BBLAESETCS HEpacTBOpUMas cOJib, 0oOpasyrolias MpHU OINpe/eeHHbIX
YCIIOBHSIX KOJUTOMIHBIA PACTBOP, TaK MOIYYalOT, HATPUMEP, 30J1b HOIUIa cepedpa.

ITporecc ruaponu3a pa3IMyHbIX COJEH MOXKET MPUBOAUTH K 00Pa30BAHUIO KOJIJIOUAHBIX
pacTBOPOB HEPACTBOPHUMBIX THUAPOKCHIIOB WM KHCJIOT; TaK IOJNy4aroT, HampuMmep, 30Jb

THUAPOKCHU A KCJIC34, I/IMeI'OH_[I/Iﬁ CJICAYHOIICEC CTPOCHUC!
{[Fe(OH)s]mn FeO"(n—x)CI-}x"x CI-

IIpumep 1

[IpencraBute QOpMyIly MHIEIIIBI TOYBEHHOTO KOJUIOWAA THUIPO30JST KPEMHHEBOMH
KHCJIOTHI, €CIIM IpaHyJia MpH 1eKTpodopese nepemMeniaeTcs K aHoIy.

Pemenue

OcHOBHOE BemIecTBO, OOpasyromiee yinbTpaMukpokpuctami, 310 HpSiO3(SiOz-nHZ0).
I'panyna nepememiaercss K aHOJy, CIIEIOBaTEIbHO, OHA HECET OTPUIATENbHBIA 3apsj.
Monexkynbl H,SiO3 wactnano mucconuupyror Ha wonbl: HpSiO3 <> 2H' + SiOs”, U3 KOTOPBIX
Si0s’ OyAyT MOTCHITHATOTPEICIISIOIIAMHA, a IPOTUBOMOHAMHU OyIyT H". dopmyna MHUIIEIUTBI
OyZeT UMeTh BUJ:
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m[H2Si03]nSi0*2(n — x)H }** 2xH".

Ipumep 2

CoctaBuTh GopMyTy MULIECIUIBI © 0003HAYUTH €€ COCTABHBIC YaCTH, €CIIM OHA TOJydeHa
peakmueii oomena mexay 20 mi pactBopa Ba(NOj3),, MonsipHas KOHICHTpAIMs SKBHBAJICHTA
kotoporo C(1/2 Ba(NOg3),) = 0,001 mous/n u 20 mut pactBopa NapSOq4, C(1/2 NapSO4) = 0,02
MOJIB/I.

Pemenue

PaccuntaeM 4uCIIO MOJIb-9KBHBaIEHTOB KoMIoHeHTOB Ba(NOj), u Na,SO, mms Toro,
YTOOBI ONPECIINTh, KAKOH M3 HUX B3ST B H30BITKE:

n Ba(NOs), =20 - 0,001 = 0,02 Mmo11b;

n Nap;SO4 =20 - 0,02 = 0,4 MM0Jb(M30BITOK).

VYpaBuenue peakiuu Ba(NOs3), + NaSOs= BaSO4| + 2 NaNO; moka3sbiBaeT, uTO
TPYTHOPACTBOPUMOE BEIIECTBO M COCTABJISICT OCHOBHOE BEIIECTBO MHIEIUIBI, (opMmyia
KOTOPOM TaKoBa:

m[BaSO4]n SO4*2(n — x)Na "}** 2xNa ™.

IMpumep 3

3o noAuaa cepedpa, MoITydaeMblid 110 PEAKIIUN:

KJ + AgNO3 = AglJ| + KNOg,

npu HEKoTopoM u30biTKe KJ, KOoarymupyroT pacTBOpaMH HHUTpaTa Kajiusl M arerara
kaneius. Koarynupytoiee nelicTBue Kakoro 3JIeKTpoIuTa CHilbHee?

Pemenne

Murnenna 3055 OyIeT UMETh CIeayollee CTPOSHUE:

m[AgJ]nJ"(n — x)K'}" xK".

[To mpaBuny lynsue-I'apau onpenenseM HMoOHbI-KoaryasTopsl. Mcxoas u3 3Haka 3apsiaa
rpaHyibl (OH OTPUIATENIBHBIN), CIEAYET, YTO MOHBI-KOATYJIATOPHl — KaTUOHBI, T.€. Ca®" u K"
Jl71s cpaBHEHHS KOAryJIHMPYIOIIEro ASHCTBHs CpaBHUBAEM 3aps/ibl KaTnoHOB. Koarynupyroiiee
nerictue anerara kanpius Ca(CH3;COQO); 6ynet cuibHee.

IIpumep 4

[TouBeHHBIN KOJUIOMAHBIM THAPO30JIb KPEMHHEBOM KHUCIOTHI oObemoM 100 ma
nozsepraercs koaryisiiuu Hurpatom kanus (V = 10 mu, C(KNO3) = 0,01 Momnb/) 1 xs10puaom
xene3a (V = 10 mu, C(1/3 FeClz) = 0,01 monw/m). IlpeacraBute ¢GopmMyiny MULEIUIBI U
OTIPEICNIUTh HAIIPaBIICHHUE ABMKEHUS TPaHyJIIbI IPU dJIIEKTpodopese.

Pemrenue
PaccuntaeM noporu xoaryssiuu 3J1€KTPOJIUTOB:

v (KNO3) = 00110 4400 = 9,09 MMOJIB/II,
100+10

y (FeClg) = 200510 1505 _ 005 - 1000 = 0,05 MmomB/1.
100+1

N3 cpaBuenus 3apsgoB annoHoB NO3~ um ClIT moporu Koaryisiuu, ecid Obl OHH
BBI3BIBAJIM KOAryJsiiuio, Obuin Obl paBHBL. [lo pacdery 3TO He Tak, CIelOBaTebHO,
KOAryIsmio Bb3biBatoT kaTrousl K n Fe®'. 3HaueHms moporoB koarymsiuy moaTBep K0T
npasuio Ulynsue-I'apau (3apsia Fe**> K*, a nopor koaryysauuu 0,05 < 9,09). Ilo npasuny
Myneue-I'apay 3HaK 3apsiia rpaHyibl IPOTUBOIIOIOKEH 3HAKY 3apsja KOaryJupyroLero HoHa,
T.€. FPaHyJia THIPO30Js KPEMHUEBON KUCIOTHI OTpULiaTenbHa. PopMyia MULIEIIBI UMEET BUL:

m[H.Si0s]nSiOs*2(n — x)H'}* 2xH".

TecT AJ1s1 CAMOKOHTPOJIA 10 TEMe:
1. CTeneHp qUCIEPCHOCTH — ATO ... .
a) TMaMeTp 4acTUll AUCTIEPCHON (ha3bl;
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0) BenuMHA, 0OpaTHAs MOMIEPEYHOMY pa3Mepy YaCTHI] TUCTIEPCHOM (a3bl;

B) CyMMapHasi 0113/l TOBEPXHOCTH YaCTHUL] AUCHIEPCHON (a3bl;

r) 00Ias Macca 4acTHIl JUCTICPCHOM (a3bl.

2. Cucremsbl, B KOTOPbIX BELIECTBO AUCHEPCHON (ha3bl HAXOOUTCA B BHJE OTHEIbHBIX
MOJIEKYJI, HA3bIBAIOTCA ... .

a) UICTUHHBIMU PaCTBOPaMU;

0) MOJIEKYJISIPHO-AUCIIEPCHBIMU CHCTEMaMH;

B) KOJUIOMIHO-AMCIIEPCHBIMU CUCTEMAMHU;

I') rpyOOAMCIIEPCHBIMU CUCTEMAMH.

3. Pa3zmepsl yactul qucnepcHoi ¢a3bl B KOJUIOUAHBIX CHCTEMaX UMEIOT 3HAYEHHUE ... .

a) 10%m > d >10"wm;

6) 10°m > d >10"m;

B) 107M>d >10";

r)d< 10°m.

4. [MoxcraBpTe B TabIMUIlEe BMECTO ITU(DP HYKHBIE CIIOBA!

JUCIICPCHOHHAS cpejia JaucrepcHas ¢asa Ha3BaHHE CUCTEMBI
1 2 MbUIb
JKHJIKOCTD JKHJIKOCTD 3
TBEP/I0€ BEIIECTBO 4 CILIaB
ras JKUIKOCTD 5
JKHJIKOCTh 6 IeHa

5. CxoAcTBO cycnieH3uil U AMYJIbCUN 3aKIIF04YaeTCs B TOM, 4TO ... .
a) 9TO TETEPOTCHHBIC CUCTEMBI;

0) 4acTHILIbl BUIHBI HE BOOPYXEHHBIM IJ1a30M;

B) OHM JIETKO OCaXX/Ial0TCS;

I') BCE OTBETHI BEPHBI.

6. K rpyboaucnepcHbIM cucTeMaM OTHOCUTCA ... .

a) pacTBop;

0) 3071b;

B) CYCIECH3US;

T) rellb.

7. JlaiiTe nmoHsTHE aCOPOLIMHU, BCTABUB BMECTO TOUEK HYXHbBIE KIIIOUEBBIE CIIOBA.

AncopOuus — 3T0 yBeJIMUeHHEe KOHIIEHTpaIuH BemecTsa Ha ...(1)... ... (2)... das.
8. Ykaxxurte xapakrep mpoiiecca aacopOouu.
a) oOpaTuMBbIii; 6) HeOOpaTUMBIiA; B) H30HPATEIbHBII;

3amaua 1.

Koarymsimust 400 M ruapo30iisa cynbpuaa MBIIIbIKa HACTYIWIA MpU T00aBIEHUU K HEMY
3,75 mu pacTBOpa cynbdara anroMuHus ¢ KoHIeHTpamueir 0,005 monp/n. Beraucnuts mopor
KOATyJISIIIAKA ¥ KOAryJIUPYIONIYIO CITIOCOOHOCTh KATHOHOB ATFOMUHHS TI0 OTHOIIEHUIO K ATOMY
30J110.

JaHo: Smanon pewenuus
V (30:151)=400Mm1 1.ITopor koaryysiuu pacTBopa CyibdaTa aTFOMUHHAS MOXHO
V(Al(SO4)3)=3,75Mm1 paccuuTaTh o hopMyIe:

C(Al(S04)3)=0,005m0mb/11
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Haiiit: Coop( Al2(SO0)s ); 1000 Cy,Vsy 1000-0,005 momnw/i - 3,75 Ma

P (Alx(SO4)3) g r(1)04116:4 MOJIB/JT ) :

Vip + Var (400 + 3,75) M

2.KoHneHTpanus KaTHOHOB aTIOMHHHSA B 2 pa3a Ooiblie, yem
kourenrpanus coian Aly(SOy)s, mosTomy

Crop(AIF*) = 2Cu0p( Al2(SO04)s ) = 2 0,0464 = 0,0928 MMOIB/1

3.Koarym/1py}omaﬂ CIIOCOOHOCTh KATHOHOB aJIOMHMHHUS IO
OTHOIICHHIO K 3010 Cyﬂb(bl/l,[[a MBIIIBbAKA COCTaBJIACT:

P=1/Chop =1:0,0928 = 10,78 n/monb

OtBet: 0,0928 mmoaw/i1; 10,78 1/MOIB

3amaua 2.
3apsin yactuil 308 rugpokcuaa sxkeneza (ll) monoxurenvubiit. Kakolh U3 371€KTpOIUTOB —
KCI, Fey(SO4)s;, CaCly, AICI; — Oymer uMeTh HaMMEHBIIMH MOPOr KOATYJSIHH 10
OTHOIIICHHUIO K JAHHOMY 30J110 ?
Imanon pewienue

Tak Kak 4aCTULIBI UMEIOT MOJIOKUTENBHBIN 3apsi, TO B COOTBETCTBUU € IpaBmiioM Lynbpue —
["apau xoarynsuio 30715 OyayT BBI3BIBATH HOHBI, UMEIOIIHE MPOTUBOIOIOKHBIN 3HAK 3apsa,

— 2—
T.e. aHuoHbl 3nekrposuToB (CIT mmm SO, ). W uyem Bhlle BenUuUMHA 3apsAfa HOHA-

KOaryJsitopa, TeM CHIbHEE KOaryJupylollee JCHCTBUE AJICKTPOJIUTA, & MOPOT KOAryJsiHuH
MmeHbIie. CrieioBaTe/IbHO, HAMMEHBIINH mopor koaryssinud Oyner y Fep(SOs)s, T.K. 3apsin
cynb(aT-ruoHa BBIIIE 3apsia XJIOPHUI-HOHA.
3aoaua 3.

Onexrpomutsl KCI, K>SO, K3PO,4 mo otHOmEHUI0 k 30110 ruapokcuaa xkeneza (111) nmeror
cnenyromue noporu koaryismuu: 7,1; 0,099 u 0,01 mmons/n. Kakoil 3HaK 3apsga UMeEOT
YaCTHUIIBI 3071517

JTAJIOH pelIeHue
[To ycnoButo 3agaun moporu koaryJsiiun 31ekTpoiutoB KCI, K;SO4, K3POy
OTHOCATCS CIeAYIOIINM o0pazom: Y1 Y2 - v3=7,1:0,099 : 0,01 =740:10: 1.
OTO COOTHOLIEHHE OJIU3KO K TEOPETUYECKOMY OTHOILIEHUIO OporoB koarymisaiuu (730:11:1).
CrnenoBarenbHO, KOAryIsAlUIO BBI3BIBAIOT UOHBI OOHO20 3HAKA, HO PA3HOU 8eIUYUHbL 3apsodq.

_ 2— 3—
B namewm cimygae — ato Cl', SO;~, PO, . IlockombKy KOAryJsiHio BBI3BIBAIOT aHMOHEI, TO

3HaK 3apsJ1a YaCTHUIL 30151 MOJIOKUTEIbHBIMN.

3agaum AJ15 CAMOCTOSITEILHOTO peleHusI
1.Tlpu B3ammoxeiictBum pactBopoB AgNOsz m KyCrO; momydern 3o0mp AgoCrO4 ¢
OTPHIIATENIBHO 3apsDKEHHBIMH TpaHynamMu. Onpenennurte, Kakod 3JIEKTPOJIUT B3ST B U30OBITKE
IIPY €ro TIOJTYYCHUH U 3aIHIIUTE CXeMY CTPOSHHS MHIIEIUTBI ATOTO 3051, Pacmonoxure B psj
10 YBEJIIMYCHHUIO MOporu koaryisiuu 371ekTpoautoB MgSOy4, Al(NO3); u Ky[Fe(CN)g] mo
OTHOLICHHIO K 3TOMY 30JI10.
2.B 1pu kon6er Hamuto mo 100 mn 301 Fe(OH)s;. [lns sBHOM Koarymisiuu 3071
moTpeOoBaIOCh 100aBUTH:
B niepBy10 k0j0y 10.5 M1 1 M pacTBopa xnopuja Kanus,
BO BTOpYt0 — 62.5 M1 0,01 M pactBopa cynbdara HaTpus,
B TpeThio — 37.0 M1 0,001 M pactBopa ¢ocdara Hatpust Beraucnure moporu Koarysisiuu 1
oTpeeNuTe 3HaK 3apsaaa KOJUIOUIHON YaCTUIIBI.
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®opma mpeacTaBJieHus pe3yJbTarTa:

1.Ha3Banue u 1ieiab paboTHI.
2.HanucaTh cXxeMbl ypaBHEHUH peaKkiiuii.
3.CaenaTh BBIBOJI O IPOJICTAHHOM padoTe.
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	Контрольные задания:
	NaOН, опустить в щёлочь нижнюю часть термометра Бекмана и спокойно помешивать жидкость мешалкой в течении 2 минут. Тем временем пипеткой с делениями набрать заданное преподавателем
	количество соляной кислоты, вылить её в стаканчик и держать на готове.
	В ноль- момент взять отсчет по термометру, затем через минуту взять ещё отсчёт по термометру и так продолжать до восьмой минуты включительно, занося данные в таблицу №


