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1 HOACHUTEJIBHASA 3AIIMCKA

CocraB u copeprkaHue MPaKTUIECKUX U JT1a00PaTOPHBIX 3aHATHI HAPABJICHBI HA PEAN3ALINI0
®denepalibHOTO TOCYIAPCTBEHHOTO 00pa30BaTEIbHOrO CTaHIApTa CpPeaHEero NnpoQeccHOHAIBHOIO
oOpa3oBaHwUsI.

Benymeit aunakTUYecKod 1I€NbI0 MPAKTUUYECKUX 3aHATUN  SABJISETCS  (OpMHUpPOBaHUE
npoEeCCUOHATBHBIX MPAKTUYECKUX YMEHHMH (YMEHUH BBIIOJIHATH OIpENEICHHbIE JEHCTBHA,
orepaiuy, HeoOXOAUMbIE B MOCIENYIOIIEM B MPOo(ecCHOHANBbHON IesTeNbHOCTH) UM Y4EOHBIX
NPAaKTUYECKNX YMEHUH (YMEHMH pemaTh 3aadyd M0 XHMHUH), HEOOXOAMMBIX B IOCIIEAYIOIICH
y4eOHOM NEeSTENbHOCTH.

Benymieid aumakTH4eckoi 1enbl0 1a0OpaTOPHBIX 3aHATUN SBISETCS SKCIEPUMEHTAIbHOE
MOATBEP)K/IEHUE U  TPOBEpPKAa  CYHIECTBEHHBIX  TEOPETUYECKUX  IOJIOKEHUH  (3aKOHOB,
3aBUCUMOCTEH).

B cootBercTBUUM ¢ paboueit mporpaMMor y4eOHOW MUCHUIUIMHBI «XUMUS» MPEITyCMOTPEHO
NPOBEJCHUE MPAKTUUECKUX M JIAOOPATOPHBIX 3aHATHH. B paMkax mpakTudeckoro/nadopaTopHOro
3aHATUS O0ydYaromMecs MOTYT BBINOJHATh OIHY WM HECKOJBKO MPAKTHUYECKUX/TAO0paTOPHBIX
pabor.

B pe3ynbrare ux BBIIOJHEHMSI, 00Y4atOIUNCs JOKEH:

ymemp:
- MPHUMEHSATh OCHOBHBIC 3aKOHBI XMMHH IS pEIICHHUS 3a1ad B 00JIACTH MPO(hecCHOHAIBHON
NesTeNbHOCTH;
- HWCIOJB30BAaTh CBOWCTBA OPTaHMYECKHX BEIIECTB, AMCIEPCHBIX M KOJUIOWIHBIX CHCTEM JUIS
ONTUMM3ALMU TEXHOJOTMYECKOro IMpoliecca, MPOBOAUTh PACUETHl 10 XUMHUYECKUM (opMyiaMm M
YpaBHEHHSIM PEAKIINH;
- HCIOJIB30BATh J1A00OPATOPHYIO MOCYAY U 000pYyI0BaHUE;
- cOOJII01aTh MpaBUjIa TEXHUKU O€30M1aCHOCTH MpH paboTe B XUMUYECKOH aboparopun

ConepkaHue TMPaKTHUECKUX U J1A0OpAaTOPHBIX 3aHATHHA OPUEHTUPOBAHO Ha IOJArOTOBKY
o0yJaromuxcss K OCBOSHUIO NPO(ECCHOHATBHOIO MOJYNs IMPOrpaMMbl TOITOTOBKH CIIELUAINCTOB
CPEIIHEro 3BEHA 10 CHIEHUATBHOCTH 1 OBJIAJICHUIO NPOPECCUOHATBHBIMU KOMNEMEHUUAMU:

IIK 1.4. OcymecTBisaTh pa3paboTKy, aJanTalyio peuentyp mnoiay}adpHUKaToB ¢ y4eToM
NOTpeOHOCTEN pa3IMYHbIX KaTeropuil norpeduTeneit, BUAOB U (opM 00CITyKUBAHUS;

1K 2.2. OcymiecTBasTh NPUTOTOBIEHUE, TBOPUECKOE 0(OPMIIEHUE U IOATOTOBKY K peasln3aluu
CYIIOB CJIOHOT'O AaCCOPTHUMEHTa C Y4YeTOM IOTpeOHOCTEH pa3jIMyYHbIX KaTeropuil moTrpeduTenei,
BUJIOB U OpPM 00CITY)KUBaHUS,

IIK 2.3. OcymiecTBiasiTh NPUTOTOBJIEHHE, HEMPOJOJKUTENIBHOE XpaHEHHWE TOpSIUMX COYCOB
CJIOKHOT'O aCCOPTHUMEHTA;

[1K 2.4. OcyuiecTBiATh NPUTOTOBIIEHUE, TBOpUECKOE 0O(hOPMIIEHUE U MOATOTOBKY K pean3aluu
ropsyux ONIOJ W TapHUPOB M3 OBOLICH, Kpyml, OOOOBBIX, MaKapOHHBIX HW3JEIUN CII0KHOTO
aCCOPTHMMEHTa C Yy4YeTOM IMOTpeOHOCTEeN pa3IMYHBIX KaTeropuil mnorpeduTenei, BUAOB U (opM
o0CITyKUBaHUS,

[IK 2.5. OcymiecTBasTh MPUTOTOBIIEHNE, TBOPUECKOE 0(hOPMIICHHE U TTOJATOTOBKY K peaTu3aiiu
ropsiuux OJIOA M3 WL, TBOPOTa, ChIpa, MYKH CJIO)KHOTO acCOPTUMEHTa C Y4EeTOM MOTpeOHOCTEH
Pa3IMYHbIX KaTeropuil motpeduteneit, BUAOB U GopM OOCITYKUBAHUS;

IIK 3.2. OcymecTBasTh NPUTOTOBIEHUE, HENPOJODKUTEIBHOE XPAHEHHUE XOJIOJIHBIX COYCOB,
3alpaBOK C Y4YETOM MOTPeOHOCTeW pa3MYHbIX KaTeropuil mnorpedurtesneif, BuUIOB U (opm
o0CITyKUBaHUS,



1K 3.3. OcymiecTBisTh NPUTOTOBJIEHUE, TBOPUECKOE 0(OPMIICHHE U TIOATOTOBKY K pean3aliui
CaJIaTOB CJIO)KHOTO aCCOPTUMEHTA C yY4ETOM MOTPEOHOCTEH pPa3IuYHBIX KAaTeTOpUM MOTPEOUTENCH,
BUJIOB U (JOPM OOCITY>KUBaHUS;

I1K 3.4. OcymiecTBisTh MPUTOTOBIICHHE, TBOPUECKOE 0(hOPMIICHHE U MOATOTOBKY K peaTu3aliu
KaHare, X0JIOAHbIX 3aKyCOK CJIIOKHOTO aCCOPTUMEHTA C YYETOM MOTPEOHOCTEH pa3IMuHBIX KaTeropui
notpedutenei, BUI0B U GopM 00CITyKHBAHNS;

1K 3.5. OcymiecTBasTh MPUTOTOBICHUE, TBOPUECKOE 0(OPMIICHHE U TIOATOTOBKY K pealln3aiui
XOJOAHBIX Ot0A U3 PpbIObl, HEPHIOHOIO BOJHOIO ChIPbS CIIO)KHOTO ACCOPTUMEHTAa C Y4ETOM
noTpeOHOCTEH pa3NUYHBIX KaTeropuil morpedureneii, BUI0B U (OpM 00CTyKUBAHHUS;

IIK 3.6. OcymiecTBisTh MPUTOTOBIICHHE, TBOPUECKOE 0(hOPMIICHHE U MTOATOTOBKY K peaTu3aliu
XOJOAHBIX OMION W3 Msica, JOMAIIHEH NTHIBI, JUYH CIIOKHOTO AacCOPTUMEHTAa C YYeTOM
noTpeOHOCTEH pa3NUYHbIX KaTeropuil morpeduresei, BUIOB U GOpM 00CITYKUBAHHUSA;

IIK 3.7. OcymecTBisATh pa3paboTKy, aJalTalUI0 PELUENTyp XOJIOAHBIX OJI0JA, KyJIHHAPHBIX
U3JeNui, 3aKyCOK, B TOM YHCI€ aBTOPCKHUX, OPEHIOBBIX, PErMOHAIBHBIX C YYETOM MOTPEeOHOCTEH
Pa3IMYHBIX KaTEeropuil moTpeduTened, BUIOB U (HOpM 00CITyKIUBAHHS;

[1K 4.2. OcyuiecTBasTh NPUTrOTOBJIEHUE, TBOPUECKOE 0(OPMIIEHUE U IOJTOTOBKY K peajln3aluu
XOJOAHBIX JIECEPTOB CIOXKHOTO aCCOPTHMEHTa C Y4YETOM IOTPEOHOCTEH pa3IUYHBIX KaTeropHid
norpedureneii, BUIOB 1 popM 0OCITyKUBAHUS,

I1K 4.3. OcymiecTBIATh MPUTOTOBIICHUE, TBOPUECKOE O(hOpPMIIEHUE U MIOATOTOBKY K pealin3aIiuu
TOpsiYUX JIECEPTOB CIIOKHOTO ACCOPTUMEHTAa C YYETOM IOTPEOHOCTEH pas3IMuHbIX KaTeropui
notpeOuTenei, BUA0B M (popM 00CITy>KUBAHHUSL.

I1K 4.4. OcyuiecTBasTh NPUTrOTOBJIEHUE, TBOPUECKOE OPOPMIICHHE U MOATOTOBKY K pealu3aliu
XOJOAHBIX HAIUTKOB CIIO)KHOTO ACCOPTUMEHTa C YYeTOM IMOTPEOHOCTEH pa3MYHBIX KaTeTOpHi
notpedureneit, BUIOB U POpM 00CITyKUBAHHUSL.

IIK 4.5. OcymiecTBISTh MPUTOTOBIICHUE, TBOPUECKOE O(hOpPMIIEHHE U MIOATOTOBKY K peaTH3aIliu
TOpsiIYUX HANUTKOB CJIOXHOIO aCCOPTUMEHTa C YYeTOM IHOTPeOHOCTeH pas3IMyYHBIX KaTeropui
notpedutenei, BUI0B U GopM 00CITy KHBAHUSA.

I1IK 4.6. OcymiecTBasaTh pa3pabOTKy, aAanTalli0 PELEnTyp XOJOJHBIX U TOpSYUX JECepTOB,
HAIlUTKOB B TOM YHCJI€ aBTOPCKUX, OPEHAOBBIX, PErHOHAIBHBIX C YUETOM MOTPEOHOCTEN pa3IuYHbIX
KaTeropuit notpedurene, BUI0B U HopM 0O0CITyKUBAHHUSL.

I[IK 5.2. OcymecTBisiTh HPUTOTOBICHHE, XpaHEHHE OTAEJIOYHBIX MONy(hadpuKaToB is
XJ1e000YIIOUHBIX, MyYHBIX KOHAUTEPCKUX U3/1ETHH;

IIK 5.3. OcymiecTBasiTh NPUTOTOBJIEHUE, TBOPUECKOE 0(OpMIIEHHE, TOJATOTOBKY K pealn3aluu
XJ1Ie000YIIOUHBIX U3JIENIUN U NMPa3AHUYHOIO XJIeba CI0KHOIO aCCOPTUMEHTA ¢ Y4eTOM HOTpeOHOCTeH
Pa3IMYHbIX KaTeropuil motpedutenei, BUAOB U GopM OOCTYKUBAHUS;

I1K 5.4. OcymiecTBIsATh NPUTOTOBJIEHUE, TBOPUECKOE O(pOpMIIEHHE, TOJATOTOBKY K peanu3aliu
MYUYHBIX KOHJIUTEPCKHX H3JIEIHH CII0)KHOIO acCOPTUMEHTa C y4YeTOM MOTPeOHOCTEHW pazIUYHbIX
KaTeropuit nmorpedureneit, BUI0B U (opM 00CITyKUBAHUS;

IIK 5.5. OcymiecTBasiTh NPUTOTOBIEHUE, TBOpUECKOE 0(OpMIIEHHE, TOATOTOBKY K pealn3aluu
MUPOXKHBIX U TOPTOB CIIOKHOTO AaCCOPTHMEHTA C YYETOM IOTPEOHOCTEH pa3iU4HbIX KaTeropui
norpedureneii, BUI0B U GOpM 00CITyKUBaHMUS;

IIK 5.6. OcymecTBiarh pa3pabOTKy, aJanTalyilo peuentyp Xjae000YyIOUHbIX, MYYHBIX
KOHIUTEPCKUX H3AENUN, B TOM UHCJIE aBTOPCKUX, OpEHJOBBIX, PETHOHAIBHBIX C YYETOM
noTpeOHOCTEH pa3IMYHbIX KaTeropuil moTpeduTenei;

[1IK 7.1. BeINOAHATS MHCTPYKLIMU U 33JJaHUS TIOBapa MO OpraHu3alii paboyero Mecra;

[1IK 7.2. BpImonHATH 3ajaHMs MOBapa MO NMPUTOTOBJICHUIO, MPE3CHTAIMU U TpoJake O,
HAIUTKOB ¥ KYJUHAPHBIX U3JIEIHIH;

A Taxxke GOPMHUPOBAHUIO OOUIUX KOMNEM EHYUIL:



OK 01 BeiOupare cnocoObl pemeHHss 337ad  NPO(PECCHOHATBHOM  1EATENbHOCTH,
MPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM;

OK 04 PaGorath B KOJUIEKTUBE M KoMaHje, d((PEKTUBHO B3aWMOJICHCTBOBATh C KOJUIETAMH,
PYKOBOJICTBOM, KJIUCHTAMH.

BrimonHenne 00y4aronmxcs MPaKTUIeCKUX U JIA00paTOPHBIX padOT MO y4eOHOUW TUCITUTUINHE
«XHUMHS» HAPaBICHO Ha:

- 0bobOwenue, cucmemamuzayuio, yenyoieHue, 3aKpenjieHue, pazsumue u Oemaiu3ayuro
NOJYYUEHHbIX MeoPemu4eckKux 3HaHUll N0 KOHKPEmHbIM memam Y4eOHOUu OUCYUNIUHDL,

- ¢opmuposanue ymeHull NPUMEHSMb NOLYYEHHble 3HAHUSL HA NPAKMUKe, pPeanu3ayuro
€OUHCNBA UHMELIEKMYAIbHOU U NPAKMUYEeCKOU 0esIMeIbHOCMIU,

- Qopmuposanue u pazeumue YMeHUl. HAOIOOAMb, CPABHUBAMDb, CONOCMABIANMD,
aHanuzuposams, 0eiams 6blB00bl U 0000WEHUS, CAMOCMOAMENLHO 8eCMU  UCCAe008AHUS,
NONb308AMbCS PA3TUYHBIMU NPUEMAMU UBMEPEHULL, 0QOPMISIMb pe3yibmamsl 8 8ude maobauy, cxem,
epaghuxos;

- npuobpemenue Ha8bIKO8 pabomvl ¢ PA3IUYHLIMU NPUOOPAMU, ANNAPAMYPOU, YCIAHOBKAMU U
OpyeUMU MexXHUYeCKUMU cpedcmeamu 0 npo8edeHUs ONblmos,

- 8LIPAOOMKY NpU peuwieHuu NOCMABIEHHbIX 3A0ay¥ NPOPECCUOHATLHO 3HAYUMBIX KAYeCms,
MAaKux Kaxk camoCmosimesibHOCb, OMEENCMEEHHOCTb, MOYHOCHb, MEOPUEeCKas UHUYUAMUBA.

[pakTrdeckue u 1a00paTOPHBIC 3aHSATHS TPOBOJITCS TOCIIE COOTBETCTBYIOIICH TEMBI, KOTOpas
o0ecIieunBaeT HaJIM4YKe 3HAHUH, HEOOXOAUMBIX IS €€ BHITOIHEHHS.



MEPEYEHb IPAKTUYECKHNX/JIABOPATOPHBIX 3AHSTUM

Pa3nesibl/Tembl Tembl npakTH4yeckux/J1adoparopusix | Kosmuecrso | TpeboBanus
3aHATHI 4acoB orocC
CIio
(ymertn)

Pa3nes 1.00mas n Heopranu4eckasi XuMust 26
1.1 OcHoBueble nousitus | IIpakTuyeckas pabota Nel. 2 YOI.1
U 3aKOHBI XMMHH «YTpaxXHEeHUsT B pacyeTax OCHOBHBIX Y01.3

3aKOHOB XMMHUU Y01.9

[IpakTuyeckas pabota Ne2. Y04.8

«YOpaxHeHUss B pacyeTax Tra3o0BbIX 2

3aKOHOBY

JlaboparopHas padota Nel. c

«Peakiimy noHHOrO OOMEHAY 2

JlaboparopHas pabota Ne2.

«Peakuun HENTpaIn3aLum»
1.2 PacTBOpBL. [IpakTuueckas pabota Ne3. 2 Y01.1
Crioco0sl «YnpaxHeHus B pacuerax Y01.3
BBIPAKECHUS KOHLEHTPALUU HEOPraHUYECKUX Y01.9
KOHLEHTpalui BELIECTB. Y04.8
pacTBOpoOB [IpakTuyeckas pabota Ned. 2

«YTpaKHEeHUs B pacyerax 1o

IIPUTOTOBJICHUIO PACTBOPOB PA3TUYHOM

KOHIICHT DAL

JIaGoparopHas pabota Ne3

OnpeneneHre IJIOTHOCTH — PacTBOPOB )

pa3nUYHON KOHLEHTpAIUU
Tema 1.3. Teopus IIpaxTrueckas pabota Nes. 2 Y01.1
ANEKTPOJIUTUYECKON «Bbruncnenne pH B BOAHBIX pacTBOpax Y01.3
JIACCOLIMAIIUH. KHUCJIOT U OCHOBAHHUI. V01.9
Maaponus comneit. [TpakTuueckas pabota Noé6. Y04.8
bydepnsbie pactBopsl. | «CocTaBieHre  ypaBHEHMH  peakuui 2

TUAPOJIN3a COJIEH)
Temal 4. [Ipaktuyeckas pabora Ne7. Pemenue 2 Y01.1
I'eTeporennnie 3a71a4 o TeMe «IIpousBenenue V01.3
PaBHOBECHSI B CUCTEME | PACTBOPUMOCTH» ¥01.9
«pacTBOP—OCAIOK Y04.8
Tema 1.5. [IpakTuueckas pabora Ne8. 2 Y01.1
KommuiekcHsie «BpInonHeHne yIpaXHEHUH 1o Y01.3
COCIMHEHMS COCTABJICHUIO: YpaBHEHUN Y01.9

ANEKTPOIIUTUYECKON JUCCOLUALIUU Y04.8

KOMILJIEKCHOTO COCIMHEHUS "

KOMILJIEKCHOTO MOHA; BbIpO)KEHU I

8




KOHCTAaHTBI HECTOMKOCTH KOMIIJICKCHOI'O

MOHA; Ha3BaHUH KOMIUIEKCHBIX

COCIMHEHUI.
Tema 1.6. [IpakTuueckas pabora Ne9. 2 Y01.1
OKHUCIIUTENLHO- «Omnpenenenue OKUCIIUTENIEN u V01.3
BOCCTAaHOBUTEJIbHbBIE BOCCTaHOBUTEJEH. CocraBiieHue ¥01.9
peakuuu ypaBHeHuii OBPy. Y04.8

[IpakTuyeckas pabora Nel0. 2

«Onpenenenue HaIpaBJICHUs

IIPOTEKAHUS PEAKIIUI.
Pasnen 2. Opranunyeckasi XuMusi

12

Tema 2.1. [IpakTuueckoe 3aHsTHE Nell. 2 Y01.1
Teopernueckue «CocraBieHue CTPYKTYpHBIX (opmyi Y01.3
OCHOBBI OPraHUYECKON | U30MEPOB» Y01.9
XUMHU Y04.8
Tema 2.2. [IpakTueckoe 3aHATHE Nel2. 2 Y01.1
VYri1eBo10pOabI «CocraBieHUe U Ha3BaHUE CTPYKTYPHBIX Y01.3

(dbopMynl alKaHOB, AalKEHOB, AaJKUHOB. Y01.9

Pemenne 3amau Ha  HaXOXJAEHUE Y04.8

VCTHUHHOM (hOpMYJIBI YTIIEBOIOPOJIOBY
Tema 2.3. [TpakTuaeckoe 3aHSITHE Nel3. 2 YO01.1
Kucnoponoconepsxamue| «CocTaBiaeHUe U Ha3BaHUE CTPYKTYPHBIX Y01.3
OopraHuvecKkue BemecTBa| hopmyn KHCJIOPOJICOEPIKALTUX Y01.9

OpraHWYeHCKUX  BelecTs.  PemeHue Y04.8

3a/ad  HAa  HAxXOXJEHHWE  HMCTUHHOU

(bopMyIBI».

JlabopaTtopHast pabota Ne4. 2

«KauecTBeHHas peakius Ha CIIUPTHI»
Tema 2.4. JIaGoparopHas paboTa Ne5. 2 Y01.1
AMUHBL. «OO0HapyKeHHe OpraHN4YeCKUX BEIIECTB Y01.3
AMHHOKHCIIOTHI. crnenu(UIeCKUMU PEAKLUIMI. ¥01.9
benku JlabGopaTtopHas padota Ne6. ) Y04.8

«OO0HapyKeHHe OpraHN4YeCKUX BEIIECTB
CeM(pUICCKIMH PEAKIIUIMU.
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Pasznea 3. duznuyeckas XUuMHA 12
Tema 3.2. [Ipaktuueckoe 3ansitue Nel4. Pemenue 2 Y01.1
Xumuueckas 3aga4 no teme: «TepmoanHaMuyecKue V01.3
TEPMOJUHAMUKA pacueTsl». ¥01.9
[IpakTrueckoe 3austue NelS. «Pemienue Y04.8
3aJa4 Ha 3aKOHBL: SHTponuu, [ mboca» 2
Tema 3.3. [Ipaktnueckoe 3anstue Nel6. 2 Y01.1
XuMuueckas KUHEeTUKa | BblnonHeHue ynpaxxHeHU U pelieHue Y01.3
3a1a4 1o teme: «KuHeTnueckue Y01.9
pacyeTs. Y04.8
[Ipaktuueckoe 3ansitue Nel7. 2
BelinonHenue yrnpaxxHeHNul U peleHne
3aja4 1o TeMe: «XUMHUYeCcKoe
paBHOBECHEY
Tema 3.4. [Ipaktuueckoe 3ansarue Nel8. Pemienue 2 Y01.1
Teopus pactBopoB 3aja4: «Pacuertsl OCMOTHYECKOI'0 Y01.3
3JIEKTPOJIUTOB U JIaBJICHUS, TemImeparyp KUTICHUS, 2 Y01.9
HERJIEKTPOJIUTOB 3aMep3aHus pacTBOPOBY Y04.8
[Ipaktruueckoe 3ansarue Nel9. Pemenue
3aja4: «Pacuertsl OCMOTHYECKOI'0
JIaBJICHUS, TemImeparyp KUTIECHUS,
3aMep3aHus pacTBOPOBY
Pa3nen 4. Koaouanas xumus 8
Tema 4.3. [IpakTnueckoe 3aHSTHE Ne20. 2 YO01.1
Konnounnneie cucremsl | BeimonaHenue yIpaKHEHUH: Y01.3
«CoctaBnenue GopMys U CXeM CTPOCHUS ¥01.9
MUIEJJT KOJUIOMJTHBIX PACTBOPOB» Y04.8
JIaGoparopHas pabota Ne7. 2
«[lony4yeHne KOJUIOUAHBIX PACTBOPOB:
301 KaHU(OJIU, MapraHiia JUOKCHUIa,
xKele3a TUAPOKCUIAN.
JIaGoparopHas pabota Ne§.
«[lony4yeHne KOIOUAHBIX PACTBOPOB:
30111 OEPIIMHCKON Ja3ypH, U3ydeHHe 2
BIIVSTHHS DJIEKTPOJIUTOB Ha
3aCTyJHEBaHUE PACTBOPAY.
Tema 4.4. JIaGoparophas pabota Ne9. «3yuenue 2 Y01.1
MukporeTeporeHHble MPOLIECCOB HAOyXaHUS U Y01.3
CUCTEMBI cTyaHeoOpa30BaHUs Kpaxmala, Y01.9
JKEJIaTHHA. Y04.8
Pa3znea 5. AHaanTH4YecKass XUMHUSA 22
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Tema 5.2. JlaGopaTtopubie padoTsr Ne 10. Y01.1
KauectBennsiii ananms | «KauecTBeHHbIEe peakuu KaTHOHOB |, I, Y01.3
AQHUOHOB. Il rpynmb Y01.9
KavectBennsiit ananus | Jlaboparopnas padora Ne 11. Y04.8
KaTHOHOB «KauecTBennbie peakiiuu KaTuoHoB 1V,
V, VI rpynnsny
JlaGopaTopHas padoThI Nel2. Y01.1
«KadectBennsie peaknuu annonoB CL, V01.3
Br, I.» Y01.9
Jlaboparopuast pabotsl Nel3. «Peakiuu Y04.8
AQHUOHOB KHCJIOT: CEpHOW, YroJIbHOMH,
dbocdopHoii, XJIOPOBOJIOPOTHOM,
CEpOBOJIOPOAHOM, A30THOM, a30TUCTOM»
Tema 5.3. JlaboparopHast pabota Nel4. «Ananmm3 Y01.1
KauecTBeHHBII aHaIN3 | HEU3BECTHOI'O BEIIECTBAY V01.3
HEU3BECTHOT'O ¥01.9
BelIeCTBa
Tema 5.5. IIpakTrueckas pabora Ne21. Y01.1
OCHOBBI IPOBEACHUS «BplnonHenne pacueroB B Y01.3
KOJIMYECTBEHHOT O KOJINYECTBEHHOM aHAJIU3E» Y01.9
aHaJn3a [IpakTuueckas pabora Ne22. Y04.8
«BpInonnenue pacueToB B
KOJIMYECTBEHHOM aHAJIU3E»
Tema 5.6. [TpakTuueckas paborta No23. Y01.1
I'paBumeTpHUUecKuil «Brpimonnenue pacyeToB B Y01.3
(BecoBoit) MeTo IPaBUMETPUYECKOM (BECOBOM) aHaIM3€ Y01.9
aHajIu3a 0o0BbeMa BelllecTBa, MACChl BEIIECTBAY. V04.8
JlabopaTopHas paborta Nels.
OmnpeneneHue colepXkaHHWs BIATU B
MPOYKTAX TTUTAHUS
Tema 5.9. IIpaxTrueckas pabota Ne24. Y01.1
Tutpumerpuueckuit «BrIinonHenne pacueroB B Y01.3
(0ObeMHBII) METOJ TUTPUMETPHUECKOM (0OBEMHOM) aHaIM3a ¥01.9
aHanusa Ha TmpuMepe oObeMa pacTBOpa, Ha Y04.8

KOJIMYECTBO MPUMECEH»

JlabGopaTtopHnas pabota Nel6.
«OrmpeeneHue coaepKaHusl KUCIOTBI U
MIETIOYH METOJIOM HEUTPaTH3aIiI»
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UTOro 80

3SMETOAUYECKHUE YKA3AHUS

Tema 1.1. OcHOBHBIE IOHATHSA U 3aKOHBI XMMHH

IIpakTnueckas padora Nel.
Yrnpa:kHeHHs] B paciyeTax 0CHOBHBIX 3aKOHOB XHMHUH

Henb: HayuuTbcsd ONpPENENsITh MOJSPHBIE MacChl BELIECTB, OIPEAEIATh IPOLEHTHOE
COJIEp’KaHUE KaXI0T0 3JIEMEHTA B BEILIECTBE, BHIIOIHIATH PACUEThI 10 YPAaBHEHUSAM PEaKLIUM.

Boinosinus padorty, Bel Oynere:

YMETh:

— OIpeneisITh MOJSIPHYIO Maccy U KOJIMYECTBO BELIECTBA,

— OMNpeaeNnsaTh NPOLEHTHOE COJIEPKaHUE SJIEMEHTOB B BEILIECTBE;
— BBINOJIHATH PACYETHI [0 YPABHEHUSIM PEAKIUH.

MartepuanbHoe o0ecniedeHne:

Kpatkuii cnpaBounuk ¢usnko-xumudeckux BennuuH / [lox pexa. K. I1. Mumenko u A. A.
Panensa. — JI.: Xumusa, 1974. — 200 c. Ilepuonnueckas cucremMa XxuMudeckux snemeHtoB [I. .
Menneneena.

3aganue:

1. Ompenenurte kakoe Koiau4decTBO BemiecTBa conepxurcs B 1 kr HyO u B 1 kr Zn(NO3),.

2. Omnpexaenute IpOICHTHOE Cojiepkanue cepbl B okcue cepsl (1V).

3. Ompenenute, CKOIBKO cyibhaTta Gapus momyuntcs npu B3aumoaeiicteuu 20,8 r BaCl, ¢
Na,SOq4, eciu:

a) MPaKTUICCKUI BBIXOJ] PABEH TCOPETHICCKOMY;

0) MPaKTUYECKHI BBIXOJ] cOCTaBIsIeT 99% OT TeopeTHdecKoro.

VYpaBHEHHE peaKIUK BaCl,+Na,SOs—2NaCl+ BaSO,.
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4. Ckonpko Bozmopoaa (M, V) MOXHO MOIY4YUTh NPU B3aUMOJEHCTBUM | KI' JKEIE3HBIX
CTPYXEK C COJSHOM KHCIOTOM, €CIM HEMETAUIMYECKUX MpHuMecel B cTpyxkke 2%, a
IIPaKTUYECKHUH BBIXOJ] BOJOpOia cocTaBisieT 99%.

VYpaBHEHHE peaKIUK Fe+2HCIl—FeCl,+H,.

KpaTRne TECOPETHYECCKUEC CBCACHUS .

Xumus — Hayka o eewjecmeax, ux CmpoeHuu, C80UCMBEax U nPeepaujeHusIX.

Bce, uto Hac okpyxkaet Ha 3emiie 1 B Kocmoce — maTepusi.

Paznuyarot nBe popmbl CyIieCTBOBaHUS MAaTEPHUH: BEIIECTBO U TIOJIE.

Bewecmea — 310 pa3nuyHble BUIBI IBUKYIICHCS MaTepru, 00Jaarolied Maccoi MOKOsL.

Bce Tema, KOTOpBIE HAac OKpPYKAOT, OTIMYAIOTCS MO (opMme, pazMepam, IBETY U JIPYTUM
npu3HakaM (kauectBaMm). Hampumep, mpoOupka U XUMUYECKHI CTakaH MMEIOT pa3Hyko ¢opMmy, a
MaJICHbKasi M OOJbIas KOOkl — pa3Hbie pa3mepbl. Ho y Bcex Ha3BaHHBIX (PH3UYECKHUX TEN €CTh
oOImiee CBOICTBO: BCce OHM CHENaHbl M3 OJHOTO Marepuala — CTekjga. 10, U3 Yero COCTOAT
¢bu3nveckue Tena, Ha3bIBACTCS 8eUeCmBOM.

BemectBa cocTodaT W3 yacThil, Macca IIOKOS KOTOPBIX HE paBHa Hymo. BemecTta

XapPaKTCPUIYIOTCA IIJIOTHOCTBIO. II10THOCTE — 3TO OTHOIIICHHE MAaCCHI BEIIIECTBA K O6T)eMy:
m

p=— (r/em®, kr/m)
\%

Kaxxnoe BemecTBO uMeeT HAOOp CHEnUpUICCKIX CBOWCTB, (PH3UYCCKUX M XUMUYCCKUX, 1O
KOTOPBIM OJIHO BEIIECTBO OTIMYACTCS OT JAPYTOTo.

K ¢wusuueckuM CBOWCTBAaM OTHOCSTCS: arperaTHOE COCTOSIHWE, I[BET, IUIOTHOCTb,
TEIUIONPOBOHOCTb, IIEKTPOIPOBOIHOCTD, TEMIIEPATypa KUIICHNUS, TUIABJICHUS U ITpovee.

K XuMUYecKuM CBOWCTBAM OTHOCATCS T€ IMPEBPAIICHUS, TPU MOMOIINA KOTOPBIX M3 OJHOTO
BEIIECTBA MOXHO MOIYYUTH APYTOe, STH MPEBPAIICHUS HA3BIBAIOTCS XUMULECKUMU PeaKYUAMU.

O npoTeKaHUN XUMUICCKUX PEAKITUI CY/ISIT 110 BHEITHUM MTPH3HAKAM:

— BBIJICJICHUIO TEIJIa, TyYUCTON YHEPTHH;

— 00pa30BaHMIO OCAJIKA;

— U3MEHEHUIO 1IBETA;

— BBIJICJICHUIO Ta3a;

— TMOSBIICHUIO 3araxa.

[TepBoe yueHre O CTPOSHUU BEIIECTBA — ATO AMOMHO-MONEKYISPHOE YUeHue.

OcHOBHBIE TOJOKEHUS AaTOMHO-MOJIEKYJISIPHOTO YUEHUSI:

1. Bce BemecTBa coOCTOAT U3 MOJIEKYJl, aTOMOB WJIM HOHOB.

2. Monekyna — smo menvuauuidas vacmuya sewecmasd, 001adanuds OnpeoeieHHol MAccol,
uMerowas cocmas U 6ce XUMuyeckue ceoucmea 3mozo eeuwjecmea. MojeKkyna — TpenebHbINA
pe3yNbTaT MEXaHUYECKOTO JIPOOJICHUS BEIIECTBA, HeUmpalbHAs Yacmuyd, COCMosAWds U3 amomos,
KOmopbwle cOeOUHeHbl MeHcdy coDO0U 8 OnpedeieHHOM NopsoKe.

Wonbl — 3apsKeHHBIC YaCTHUIIBI.

3. Mexay MOJIeKyJaMu CYIISCTBYIOT CHJIBI B3aWMMHOTO TPUTSOIKCHHS W OTTAJKUBaHHS. B
TBEPABIX BEIIECTBAX 3TH CHJIBI BBIIIE, PACCTOSHUE MEXKIY MOJEKyJIaMu MeHbIIe. B razax cuibl
B3aMMOJICHCTBHUS MEKTy MOJICKYJIAMH MaJIbl, PACCTOSTHUE MEKIYy HUMHU BEIJIHKO.

4. Monekynbl HaXOASTCS B HEMPEPHIBHOM JBI)KCHUU, C TIOBBIIIEHUEM TEMIIEPaTyphl
CKOPOCTb JIBHDKEHUS MOJICKYJT YBEIIMIUBACTCSI.

5. Monekynbl COCTOAT U3 aTOMOB, HEMPEPHIBHO IBUXKYIIUXCA. Amom — Mmenvyauuiasn
yacmuya, XUMuyecku Heoeaumasl.
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6. ATOMBI OJJHOTO BUJA HA3bIBAIOTCS XUMUUECKUMU DAeMeHmaMy U OTINYAIOTCs OT aTOMOB
JIPyroro BUa Maccou, pa3MepoM, CTPOCHHEM, CBOMCTBAMH.

3HaKI/I, IIpyu MOMOIIIXU KOTOPBIX HaA 6yMare 1/1306pa>1<a10T XUMHUYCCKUC DJICMCHTHI HAa3bIBAIOTCA
XUMUYECKUMU CUMBONAMU.

Hanpumep:

Cu — menp [KynipyMm] Pb — cBunern [mumroMOym]
Fe — xxene3o [epym] P — docdop

H — Bogopox [ruaporeanym]| O — KHCIOPO.T [OKCUTECHUYM |
He — renmii S — cepa [cynphypym]

K — xanmuit F — ¢rop

Na — Hatpuit Cl — xnop

Li — nmuTuit Br — 6pom

Ag — cepebpo [apreHTyM | | —fion

AU — 30510TO [aypyM] V — Banaguii

Mg — marumii AS — MBILIBSK [apCEHUKYM |
Ca — xanpuuii Cr —xpom

Ba — 6apuit Sb — cypema [cTuOHYM]
Hg — pryts[runpaprupym] Bi — BucmyT

B — 60op Cd — kagmuit

Al — amroMunHuMi Mo — Mmoymm0nex

Si — KpeMHUHA[ CHITUTTYM | W — Bonbpam

C — yrnepon [kapOoHuyM ] Mn — mapranert

Sn — onoBo [cTaHHYM ] Co — kobaypT

N — a30T [HUTpOoreHnym] Ni — HEKETb

Ti — turan Pt — matuHa

7. BemecTtBa Ha Oymare u300pa)xaroTCsl XuMuueckumu popmynamu, KOTOpble YKa3bIBAIOT Ha
KaueCTBEHHBI U KOJIMYECTBEHHBIN COCTAB MOJIEKYJIBI.

Hanpuwmep:
_—— H,0 v\
cumBon T CUMBON
MHAOEKC

WNunekc B popMyiie yka3bIBaeT Ha YUCIIO aTOMOB 3TOTO 3JIEMEHTA B MOJIEKYJIE.

C nomouiplo XMMHYECKHX (OPMYJT M CUMBOJIOB 3alUCHIBAIOT Xumuueckue ypasnenus. OHU
CIIy’KaT JJis U300pakeHNss XUMUUYECKUX PEaKIUil U OTPakatoT 3aKOH COXPAaHEHHUS MAcChl BELIECTB.
Koapduuuents! nepen ¢opmynamMu BEIIECTB B YpaBHEHHMSIX XUMHUECKUX pEaKIUil Ha3bIBaIOT
cmexuomempudecKuMuy Kosgpuyuenmamu.

Bewecmesa, cocmoawjue uz 00H020 XuMuuecko2o s1emMenma, Ha3vl8aiomcs NPOCMbIMU.

Bewecmea, cocmosiwyue u3z 08yx unu 6oee 21eMeHmo8, Ha3bl8AIOMCS CIOHCHLIMU.

IToHsATHE OTHOCUTENBEHON aTOMHOW, OTHOCHTEIBHON MOJIEKYJISIPHOU U

MOJISIPHOM Macc, KOJTMYeCTBa BelecTBa (MOJIs)
Maccel aTOMOB B MOJIEKYJT OYCHB MQJIBL. Hampumep, Macca ogHoro u3 Hanboyee TKEIBIX
ATOMOB — ypaHa — COCTaBJIAET 39,54-10°° r, a camoro Jerkoro aroma — Bogopoaa- 1,67-10
T.

[Ipn XUMUYECKUX pacyeTax I10Jb30BAThCA TAKHMHU MAaJbIMH YHUCIAMH OYEHb TPYJHO,
MOATOMY JJiS OTMpEeNeNeHUs] MacChl aTOMOB TMOJB3YIOTCS OTHOCHUTEIBHBIMU MaccaMmH. 3a
€MHUIY aTOMHOM Mac¢hl B XuMuu U pusuke ¢ 1961 r. mpunsTa amomnas eounHuya maccol
(a.e.M.), KOTOpas paBHa /12 Macchl aTomMa M30TONA yIIeposa GH obo3HagaeTcss M.

M, = 1 a.e.m. = /1om(*C) = Y1,-1,993-10 1= 1,66-10** r
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Ee ciaenyer oTnuyath oT 0€3pa3sMEpHON BEIUYHUHBI OMHOCUMENbHOU AMOMHOU MAcCbl Ay.
Hampumep, oTHOCHTENbHAs aTOMHas Macca syeMenTa cepbl A((S) = 32, a Mmacca atoMa cepsl My(S)
=32l a.e.m. = 32 a.e.M., T.e. paBHA IPOM3BEICHUIO OTHOCUTEILHOM aTOMHOM MacChl DJEMEHTA
Ha | aTOMHYIO €IMHHUILY MACCHI. L

OTHOIIECHHE MACChl MOJIEKYJIBI K /12°MacChl aTOMa yIiIepo/a Ha3bIBACTCS OMHOCUMENbHOU
Monekynaprou maccou eeujecmea M. OHa paBHa CyMME OTHOCHUTEIBHBIX aTOMHBIX Macc C
Y4EeTOM YHCJIa aTOMOB Ka)J0T0 3JIEMEHTA.

Mounspnas macca sewecmsa (L win M) uucnenno pasna omHoCUMENbHOU MOAEKYIAPHOU
macce eewecmed, KOMopas GblMUCTAEMC KAK CYMMA OMHOCUMENbHBIX AMOMHBIX MACC 6CeX
IIEMEHMO8, BXO0AUWUX 8 MOJLEKYLY, C YUemoM UHOEKCO8.

Monb — 3T0 TaKOe KOJIMUECTBO BEIIECTBA, KOTOPOE COMIEPIKUT CTOJIBKO )K€ CTPYKTYPHBIX SIUHHUI]
(aToMOB, MOJIEKYJI, HOHOB...) CKOJIbKO UX conepkutcs B 0,012 kr uzoromna yriepoaa 12C.

Macca 1 Moisi BemecTBa Ha3bIBACTCS MOJISIPHOW MAaccoOM, BBIPAXKAaeTCsl B KI/MOJIb HITH T/MOJIb
u obo3Havaercs ().

Takum 00pa3oM, KOJTHMUECTBO BEIIECTBA:

vV, . = My (MoB)

B—Ba
B—Ba

Aneopumm pacuema MONAPHOU MACCH
PaccuuTars Monsipayro maccy okcuna Hatpust NapO.
Pewenue:
1) Onpenenum o Tabnwuie .M. MenaeneeBa OTHOCHTEIbHBIC aTOMHBIE MAacChI 3JICMCHTOB.
A.(Na) = 23; A:(O) = 16.
2) OnpenennuM OTHOCUTETBHYIO MOJICKYJIIPHYIO MacCy BEIIECTBA.
M;(Na,0) = 223 + 16 = 62.
3) Onpenenum MOJISIPHYIO MacCy BEIIECTBa
u(Na,0) = 62 r/mons.
OcHoOBHbIE 3aKOHBI XUMHHU
Pa3znen xumum, B KOTOPOM pPacCMaTpPUBAIOTCS MacCOBBIE W OOBEMHBIC OTHOIICHHUS MEXIY
pearupyronyMHy BeIIeCTBAMH HA3bIBACTCS CIMeXuoMempuel.
OcHognbie cmexuomempudeckue 3aKoHbl
3axon nocmosincmea cocmasa (XK.Ilpyct, 1799 r.).
Besikoe umcTOe BEIIECTBO MOJIEKYJSIPHOM CTPYKTYpBI, HE3aBHCHMO OT CIocoba ero
MOJIyY€HUsI, BCETJ]a UMEET MOCTOSHHBIN KaueCTBEHHBIN U KOJIMYECTBEHHBIN COCTaB.

Hanpumep:

2C+ 0, — 2CO | criocob
2CO + 0O, > 2C0Os

C+0, > CO; | 2 croco6

CocraB monekyisl yriekucioro raza CO; He 3aBUCHUT OT TOTO KaKUM IYyTE€M MOJYYE€HO 3TO
BEILIECTBO.

3axon coxpanenus maccot (M.B. Jlomonocos, 1748 1.).

Macca BemiecTB, BCTYMAOIIUX B pPEaKIUIO, PaBHAa MAacce BEIIECTB, OOPa3yIOIIUXCS B
pe3yibTaTe peaKIuu.

3axon coxpanenus snepeuu.

DHeprusi He UCYe3aeT U HE BO3HUKACT BHOBb, OHA MEPEXOIUT U3 OJHOU (POPMBI B IPYTYIO.

DTH J1Ba 3aKOHA BBIPAXKAIOT €AMHBIA 3aKOH MPUPOJbI — BEYHOCTH MAaTE€PUHU U €€ JIBHXKCHHUS.
3aKOH COXpAaHEHHS MAacChl U DHEPTHUU CIY)KUT OCHOBOM pPacyeToB MO ypPaBHEHUSIM XUMHUYECKHUX
peaKuui.

15



Ilopsinok BbINOJIHEHHS PA0OTHI:

1 3anumure B OTYET MO MPAKTUYECKON paboTe OCHOBHBIC (DOPMYIIBI ISl pEIICHHUS 3a/1a4.

2 O3HaKOMBTECh C OCHOBHBIMU METOAAMH DPELICHUS 337a4 Ha OCHOHbBIC MOHSATHS U 3aKOHBI
XUMHUH.

3 I[Ipoananu3upyiTe NpUMeEpPbl PEIICHUS TUITOBBIX 3a]1ay.

4 BpINOJHUTE UHIUBUIyAJIbHBIC 3a/IaHUSI B COOTBETCTBUU C BAPUAHTOM.

Xopn padoThl:

3amaua. OnpeaenuTb KOJIMYECTBO BEIIECTBA THIPOKCHIA KallbLIKs, Haxoasieecs B 296 T
3TOTrO BELIECTBA.
Jano: Pemenne:

Mcaon), =296 | 1) Onpenenum MOJSIPHYO Maccy rUAPOKCH/A
r kanbrus Ca(OH);

VcaoH), = ? Hca(on) , = 40+2(16+1) =74 r/monb

2) Onpenenum koaudectBo Bemectsa Ca(OH);

Meacon), :@ —4 MOJIb
Hca(om), 74

Vca(oH), =

Omeem: VcaoH) ) =4 Mo

Jlnia penieHus 3a71a4 JAHHOTO TUIA HY>)KHO MCTIOJIb30BaTh MOHSATHE MAaCCOBOM J10JIH
KOMITOHEHTa B CMeCH ® (oMmera).
m R
w, = 1 HIH ) — m, .100%» TJI€ M1; M2; M3 — COOTBETCTBEHHO,
m, +m, +m; +... m,+m, +m, +...

macca 1, 2, 3-ero KOMIOHEHTA.

MaccoBast 101151 Oe3pa3MepHast BeTUYHHA WIH U3MepseTcs B %o, TOTIa TOBOPST O MPOIICHTHOM
COJIep>KaHUU KOMIIOHEHTA.

3a0aua. OnpenenuTh comepkaHue xese3a u kuciaopoaa B okcuze xkenesa (1) — FeOs.
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Jano: Pemienue:
Fe,O3 1) Ilpeamonmokmm, 1y pacuera B3s 1 MOJIb

oFe =7
o0 ="?
3agauqa.

BemectBa Fe,03,10 ecThb
Mre, 0, = Meween = Hre, 0, IMOMB = (56-2 + 16-3)-1 =

160
2) OmpenenrM MacCOBYIO HOJIO JKele3a B OKCHJIE
Fe,O3
o =M= 100% = 222 1000 = 73%
160

Me. 0,

3) OnpenenuM MacCOBYIO JIOJIIO KUCIIOPOAa B OKCHIIE
Fe,O3

®o = 100% — 73% = 27%

Omeem: 0e = 13%; wo = 27%.

CKOJIBKO BOJIOPOJIa MOXKHO ITOJIYYUTb, €CIIU C COJITHON KUCIIOTOM Mpopearupyer 6,5 I IHHKa
(OTBET BBIPA3UTh B J1, I', MOJISIX IIPU H.Y.)

Hano:
mZn=6,5r

My =?
VHZZ?
Vi =7

Pewenue:
1) CocTtaBUTh ypaBHEHHE pEaKIINU
Zn + 2HCI — ZnCl, + H,

2) OnpenenuTs 9UCiIo MoJiei ZN

v, = Mz _ 6,5 ~01

Hz 65 MOJIb
3) CocTaBUTh NPOMOPLHMIO 10 YPABHEHHUIO
PEaKIUuU ¥ ONPEIEIUTD Vi
1 mosis Zn — 1 mons Hy
0,1 moap Zn — x Moiab Ho
_ 01-1 01
vip=x 1 MOJIb
4) BeIpa3zuM KOJIUYECTBO BOJAOPOJA BT U IT
Mu2 = UH2:VH2 = 2-0,1 =02r
VH2 =Vp'VH2 = 22,40,1 = 2,24 JI

OtBeT: My =0,21; V=224 1; vy = 0,1 MoIb
V. 3agaun HA IpUMeECH.

3amayva.

Ckonbko HerameHoi u3zBectd CaO MOXKHO MONMy4uTh U3 1 T n3BecTHsKA, conepxariero 90%
KapOoHaTa Kanbluus ?

Hano: Pemenue:
M, = 1000 1) CocTaBuM ypaBHCHHE

KT TEPMHUYECKOTO pa3IoKeHUs KapOoHaTa
®Caco3 = KaJIbIIHs.

90%
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=" 0
Mcao = CaCO; ——> CaO + CO,

2) Onpenenum mMaccy kapboHara

KaIpys B 1 T U3BECTHIKA.
Mcaco, -100%

WDcaco, = m
m _ mmB : wCaCQ _ 1000 : 90 _ 900 KT
cac 100% 100

3) CocTtaBuM NPOMOPIHIO MO YPABHEHUIO PEAKIIHH.

Ucaco 3=40 + 12 + 16-3 = 100 r/moub

Ucao=40 + 16 = 56 r/mM0I1b

100r — 56r
900 Kr — Mca0

o= T10p =51

OTBeT: Mcao = 514 kr
3anaua.
Ckoubko xJopuaa cepedpa MoxkHo noiayuuth o peakiun AgNO; + KCl — AgCl + KNOg,

eclu B pactBope Obu10 16,9 r HUTpaTa cepedpa, a MPaKTUYECKUI BBIXOJI IPOAYKTOB COCTABISET
99%.

Hano: Pemienue:

Magyo, = 16,9 T 1) Onpenenum Mager (T€OP.), UCTIONB3YS

IIPaKT. HIPOIIOPIIHUIO.

BBIX01=99% Ly oyg, = 107+14+48 = 169 r/monb
uagcl= 107+35,5 =142,5 r/moinb
169r — 142,5r
16,9 r — magci (Teop.)

__ Mager 891425 1y 5
M el =7 169

2) OmpenenuM Magel (IIPaxT.)

14,25 — 100%

mAQCI (mpakt.) — 99%

14,25-99%
100%

Omeem: MpaKTUUECKUI BBIXOJ XJlopHaa cepedpa cocrasiuser 14,1 1.

M pgcr (mpaxm.) = =141T

dopma npeacraBjeHusi pesyiabrara: odopMiIeHHas paboTa C  BBINOJHEHHBIMHU
WHJIUBUAYATbHBIMU 33JJaHUSIMU 110 BapUAHTAM.

Kpurtepun onenkmn:
3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBUIIbHBIN 0TBET — () GayIoB.

Tema 1.1. OcHOBHBIE MOHATHA U 3AKOHbI XUMHHU
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IIpakTyeckas padora Ne2.
Yrnpa:kHeHHs B pacyeTax ra3oBbIX 3aKOHOB

He.]'lb: HAY4YHUTHCA OIPCACIIATh 00BeM rasa, €CJii U3BECTHA MacCCa 3TOro ra3a, HaxXO0AUTb MacCy
rasa, €CJIM U3BC€CTHO €I'0 KOJIMYECTBO B€HIICCTBA

Bbinosinus padory, Bol Oynere:

YMETh:

— OIpeeNsaTh 00BEMbI I'a30B;

— paccuMTHIBATh MAaCCy M KOJIMYECTBA BEIIECTBA I'a30B

MarepunanbHoe obecrnieyeHue:

Kpartkuit crpaBounuk (usnko-xumuueckux BenuuuH moja pea. K. I1. Mumenko u A. A.
Panensa. — JI.: Xumus, 1974. — 200 c. Ilepuonuyeckas cucremMa xuMudeckux anemeHtoB [I. U.
Menneneena.

3aganme:

1.0npenenure 00beM, KOTOPHIM 3aHUMAET | KI' YIJIEKUCIIOTO ra3a Ipu:

a) HOPMAJIbHBIX YCIIOBUSX;

6) p=10°IIa; T=300 K.

5. Ckonbko Bogopoaa (M, V) MOXHO MOJYyYUTh NPU B3aMMOAEHCTBMM 1 KI' JKEJIE3HbIX
CTPY’KEK C COJITHOM KHCIIOTOM, €CJIM HEMETAJUIMYECKUX IPpUMeEcel B CTpyxkKe 2%, a MpakTUYeCKUui
BBIXOJ] BOJOpoJa cocTaBiisieT 99%.

VYpaBHEHHUE peaKInu Fe+2HCI—>FeCl,+H,.

Kpartkne Teopernyeckne cBegeHHs:

I"a30BbIe 3aKOHBI

3axon Asozadpo.

OnrHakoBble 00BbEMBI Pa3IMYHBIX Ta30B MPH OJAMHAKOBBIX YCIOBHSIX COJAEpXkKAT OJMHAKOBOE
YHCIIO MOJIEKYJI.

J71s CTEXMOMETPUYECKUX PACUETOB Y0OHO MPUMEHSTH cliedcmaue u3 3akona Asoeaopo.

1 Moub 1106010 ra3za npyu HOpMaJbHbBIX YCIOBUSAX 3aHUMAeT 00beM 22,4 11 (MOJIIpHBIA 00BEM).

Hopwmanbhbie ycnoBus (H.y.) —3T10: P =1 atm (10°Ta); t°=0°C (273 K).

Hanpumep: npu HOpManbHbIX ycnoBusax 1 monb Bogopoaa Ha (2 1), 1 mons azota N2 (28 1), 1
MoJIb yriaekucioro raza CO; (44 r), 1 monb okcuna cepsl (V1) — SOz (80 1) 3aHUMAIOT OJMH U TOT
ke 00beM — 22,4 11.

Jns onpeneneHuss oO0beMa TIa3000pa3sHBIX BEIIECTB HCIONB3YIOT MOJAPHbIL 00vem V.
Monspubiii 00vem eaza — 3mo omHouleHue e2o 00veMa K KOIU4ecmey 8eujecmasa:

Ecmu ycrmoBust OTJHYHBI OT HOPMAaJbHBIX TO 00BEM ra3a HYKHO MPHUBECTH K HOPMAbHBIM
YCIOBUSIM TI0 00bEOUHEHHOMY 2A3080MY 3AKOHY:
gz P}r\lll :Pfl_—:/oz...zconst
B Takux cimydasx MOXXHO HCIOJB30BATh IUISI PACUCTOB YPABHEHUE COCMOSHUSA UOEANbHO20
2aza Menoeneesa-Knanetipoua:
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pv =R,

ES

rae P — maBnenue raza, Ila

V — oObem rasa, M

m — Mmacca raza, I’

L. — MOJIIpHAs Macca ras3a, I/MoJib

T — abcomoTHas Temneparypa, K

R — yHuBepcanpHasi Ta3oBas IOCTOSHHAs, KOTOpas NPUHUMAET pa3jUvHbIC 3HAYCHUS B

3aBUCUMOCTU OT CAUHUI]L I/I3MepeHI/ISI.
gaKan. gg JOK . gy &M

mous - K’ Mok - K moutb - K

Iopsinok BbINOJIHEHHSI PAa0OTHI:

1 3anummTe B OTYET MO MPAKTUYECKOH paboTe OCHOBHbIE (OPMYIbI CLIOCOOOB BBIPAKEHUS
KOHIEHTPALH paCTBOPOB.

2 O3HaKOMBTECH C OCHOBHBIMHM METO/IAMHU PELLIEHUS 3a7ja4 Ha CMEIINBAHNUE PACTBOPOB.

3 [Ipoananu3upyiTe NpuMepbl pelIeHHs TUITOBBIX 3ajauy.

4 BpInosIHATE UHAUBUYAJIBHBIC 3a/1aHUs B COOTBETCTBUU C BAPUAHTOM.

Xox pabdoThI:
Omnpenenute 00beM, KOTOPHIA 3aHUMAIOT 64 T Kucinopoaa O, mpu:
a) P=10°ITa, T=273 K (i.y.)
6) P=10%Ila, T=373 K

Iano: Pewenue:
Mo, =64T 1 cnocob
a)P° = 10° [1a 1) Onpenennm, CKOJIBKO MoJIel
T'=273K | cocrasmsior 64 1 O,.
6)P=10°IIa Mo, 64
T=373K Vo= T2

Voy = 7 © MOJIs

Vg = ? 2)  Ompepenum  obvem Oz  1pu

HOPMAJIBHBIX YCIIOBHUSX.
V(g’2 =V, v, =224-2= 44,8JI

3) Onpenenum o6beM O, ipu P = 10°TMauT=373K

PV PV
T 70
0 5
- P/ 0T _ 10 34,8 373 —612 1
2 PT 10°.273
2 cnocob

1) Ompenenum 00BEM KHUCIOpOJa MPH HOPMAIBHBIX YCIOBUSX U3 ypaBHEHHs MeH[eneeBa-
Knanetipona.

pv = TRt
7

klla-n

Loz = 32 r/MOTB; mois - K

20



., MRT® 64.83.273
Vo, = po = 2
Ho, 10°-32
2) Onpenenum 00beM KUCIOPOIa TIPU P=10° Ila u T=373 K
v mRT _ 64-8,3-373 612
P-uo  1000-32

Omeem: \°0,=44,8 11; V0,=6,12 1.
IV. Pacuemul no ypaeuenusm peaxyuil.

=446 n

o, —

3adaua.

CKoJpKO BOZOPOJA MOYKHO MOJIY4YHUTh, €CIU C COJITHOM KHCIOTOM mpopearupyer 6,5 r nuHKa
(OTBET BBIPA3UTh B JI, I', MOJISIX IIPH H.Y.)

Hano: Pemienue:
mZn=6,5t1 1) CocTtaBUTh ypaBHEHHE pEaAKIIUU
My =7 Zn + 2HCI — ZnCl, + H,
Vi =7 2) OnpenenuTs 4UCiIo MoJiel ZN
Vo =7 v2n=h=§=0,l
Hz 65 MOJIb

3) CocTaBuTh NPOMOPLMIO MO YPAaBHEHUIO
PEAKIIMK U ONIPEACIUTD Vi)

1 mosib Zn — 1 mons Hy

0,1 Mo Zn — X moab Ho

oy

vip=x 1 MOJIb

4) BeIpa3zuM KOJIUYECTBO BOJAOPOJA BT U IT

Mp2 = UH2:VH2 = 2-0,1 =02r

Vh2=vpvie = 22,4-0,1 =224 n
Omeem: My =0,2T1; Vur =2,24 1; vy = 0,1 monn

®opma npeacTraBieHUs] pe3yJbTAaTa: BHINOJHEHHAs pa0oTa ¢ peleHHeM MHIUBUYaIbHBIX
3a7aHuil (3a/1a4 Ha pacyeT U IepecyeT KOHIEHTPAIMi pacTBOPOB) 110 BAPHAHTAM.

Kpurepuu onenkmn:

3a Kaxk[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.
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1.2 PacTBopsbl. Cioco0bI BhIPa:KeHUs KOHIEHTPALMH PacTBOPOB

IIpakTnyeckas padora Ne 3

YnpakHeHus1 B pacyeTax KOHIEHTPAIUM HEOPraHNYeCKUX BelllecTB

He.]'lb: HAay4YUTBCA PpPaCCUUTBIBATH KOJMYCCTBA BCHICCTB MIJId IIPUTOTOBJICHUSA PpPaCcTBOPOB
3aZIaHHOI7I KOHLCHTpAlUH, paCCUUTBIBATE W NCPECUUTBIBATH KOHLCHTPALUKW WX OAHUX CIAWHHI B

IpyTrue.

Boinoinus padorty, Bel Oynere:

YMETh:

- OIPCACIIATh KoJIn4ecTBa BCUICCTB JIIs IMPUTOTOBJICHUSA pacTBOpPOB SaI[aHHOI\/'I
KOHIICHTpALUH;

— paCCUUTBIBATE U ICPECUUTHIBATH KOHICHTpAIWKU paCTBOPOB UX OAHUX CIUHUILL B IPYTrUc.

MarepuanbHoe o0ecnieyeHue:

Kpartkuii cripaBounuk ¢uszuko-xumudeckux enuuuH / Ilox pen. K.II. Mumenko u A. A.
Panensa. — JI.: Xumus, 1974. — 200 c. Ilepuonuyeckas cucrema XxuMudeckux anemeHtoB [l. U.
Meneneesa.

3aganme:
1 Pacder HaBecKu BelIeCTBA M OOBEMa PACTBOPUTENS MAJIs TPUTOTOBICHHS
pacTBOpa 3aJJaHHOW KOHIEHTPALIUH.
2  Pacder KoHIIEHTpalUii PacTBOPOB.
3  IlepecueT KOHIICHTpAIMI PACTBOPOB U3 OJHHUX SAMHHMII B PyTHE.

KpaTkue Teopernueckue cBeieHUS:

Cnocobul BblPAINCEHUA cocmdsad pacnieopoes
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1. MaccoBast [10J11 pacTBOPEHHOI'O BEILIECTBA (» — 3TO OTHOIIEHUE MACChl PACTBOPEHHOIO
BellecTBa K o0meil macce pactBopa. Belpaxkaercss maccoBas A0/ B JOJSIX €JUHULBI WM B
IIpoLEeHTaX (IPOLEHTHAsE KOHLEHTPAaLs).

m, .
® =L 0, ,, =——-100%;
m

p-pa p-pa
2. Momnsipras konuentpanus Cy (MOJSIPHOCTB) — 9TO YKCIIO MOJICH BellecTBa, HAXOISIINXCS B
111 pacTBOpA.

C =_Vem  [moms/n]; C, e Mo

M

p—pa(1) /uB—Ba ’ p—pa(n)
3. Hopmanbnast xonuentpauus C,. (HOPMaJbHOCTh WJIM MOJIApHAs KOHIIGHTPAIUs
SKBUBAJICHTA) — 3TO YMCJIO MOJIEH SKBUBAJICHTOB BEILIECTBA (9KB), COAEpKaIUXcs B 1 J1 pacTBopa.

c —_"u  [mompake/mn];c —_Cm .
oK V 9K il

p—pa(n) ok (6—6a)

C _ B—Ba _ 6—6a

M, f. -V

oK p-pa(n) 6—6a 9K p—pa(xn)

P S
9k (conmu) n ( Me) . q ( Me) ’

f 1 __t .
ok (ocHosarnis) n(OH") L prp— n(H") )
rae N,, — 9UCI0 MOJICH SKBHUBAJICHTOB BEIIECTBA, [ MOJIb IKB];
M, — MoJIsIpHast Macca 3KBUBAJICHTA, [T/(MOJIb 3KB)];
fox (6-60) — PAKTOP SKBUBAJICHTHOCTH BEILIECTBA;
n(Me) — 9ucno KaTHOHOB MeTasia B (hopMyIie CoJu;
g(Me) — 3apsia kaTnoHA MeTasIa B GOpMYIIe COJIH;

- + - +
n(OH"), n(H") — xonuvecTBo ruapokcuaHbIX rpynn OH™ win nonos H' B hopmyie
OCHOBAHUSI U KHCIIOTBI COOTBETCTBEHHO.

4. MonsanbsHast KoHIeHTparus Cpy (MOISIIIBHOCTD) — 9TO KOJMYECTBO PAaCTBOPEHHOTO BEIIECTBA
B MOJIIX, HaXos1eecs B | Kr pacTBOPUTEIIS.

= [Moms/kr]-
m, . (xr)
5. Tutp pactBopa T — 4rciio rpaMMOB PaCTBOPEHHOIO BellecTBa B 1 Mil pacTBopa.
m
T=_&m - [t/ |
V

p-pa(mr)
Iepecuem konyenmpayui pacmeopos us OOHUX eduHuu (3 017)/’21/!@

[Ipn mepecueTe NPOIEHTHONW KOHIIEHTPAIIMKM B MOJSIPHYIO M HAo0OpOT, HEOOXOAMMO
MMOMHUTB, YTO MPOIEHTHASI KOHIICHTPAIIUS PACCUMTHIBAETCS HA OIMPEACIICHHYI0 MacCy pacTBopa, a
MOJIIpHasT U HOpMallbHasg - Ha O0BEM, MOATOMY ]IS IepecueTa HeoOXOIWMO 3HATh IUIOTHOCTH
pactBopa. Eciii Mb1 0003Ha9UM: (0 — TIpoIieHTHAs KoHIleHTpanus; Cy — MOJIIpHasi KOHIICHTPAIIHS,
C,x — HOpMaJIbHAsE KOHIIGHTpaIus; D — SKBUBaJICHTHAs Macca (MOJIsipHasl Macca SKBUBAJICHTA), p —
IJIOTHOCTh pacTBOpa; M — MoJspHas Macca, TO (HOpMyJbl UIs TepecdyeTa W3 MPOIEHTHOU
KOHIIEHTPAIUU OYAYT CIEAYIONUMU:

Cu=(w-p-10)/m
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Cx=(@-p-10)/D

OtuMu ke (GopMylIaMU MOKHO BOCIIONb30BAThCS, €CIM HYXKHO NEPEeCcYUTaTb HOPMAJIBHYIO
WJTU MOJIIPHYIO KOHILIEHTPAIMIO Ha MPOIEHTHYIO.

Ynapusanue, Da36616fleHu€, KOHUYeHmpupoedaHue, cmeuwuearnue
pacmeopoe

Mmeercss m T MCXOZHOTO PAcTBOpPAa C MAacCOBOHM J10Jell pacTBOPEHHOIO BEIECTBA 1 U
IUIOTHOCTBIO P1.

Ynapusanue pacmeopa
B pesynpraTe ymapuBaHHS HCXOJHOTO pacTBOpa €ro Macca yMEHbIIWIach Ha Am T.
OmnpeneauTb MaCCOBYIO JIOJIO PaCTBOPA MOC/IC YIIAPUBAHHS (M2
Bv1600 ghopmyn: ucxons u3 onpeneacHUus MaCCOBOU JI0JIH, TTOJIYYHM BBIPKCHHS JUISI 01 U 2
(02 > o1):
wo = m1/ m

(re m; — Macca pacTBOPEHHOTO BEIIECTBA B HCXOAHOM pacTBOpE)

m= mwr'm
®1 =My / (Mm—Am) = (®1- m)/ (M- Am)

Konyenmpupoeanue pacmeopa
Kakyro maccy BemectBa (x r) HaJO JONOJHUTEIBHO PAaCTBOPUTh B HMCXOJHOM pacTBOPE,
YTOOBI IPUTOTOBUTH PACTBOP C MAaCCOBOH JI0JI€H PACTBOPEHHOI'O BEIIECTBA (77
Bv1600 ghopmyn: ucxons u3 onpeaeneHUst MaCCOBOM JOJIHM, COCTABHM BBIPAKEHHUE TSI (01 U (07!

®1 =My / m,,
(rme mj — Macca BeliecTBa B UCXOJHOM PacTBOPE).
mi =z - M,
02 = (My+x) / (M, + X) = (w1 - My +x) / (M, +X)

Pemras MOJIYYCHHOC YPABHCHHUEC OTHOCHUTCIIBHO X IMOJTyYaCM:
W2 My + @ X=m1+ My +X
W M- M=X—-—my X
(0)2—0)1) : m:(l—(Dz) - X
X=((02 — m1) * m)/(l—(Dz)

Cmewusanue pacmeopos ¢ pasHbLMU KOHYEHMPayusamu
Beenem o0o3HadyeHMS:
®1, ®2, ®3 — MACCOBAasl JIOJSI PACTBOPEHHOTO BEIIECTBA COOTBETCTBEHHO B | pacTBOpE, BO 2
pacTBope U 3 pacTBOpE;
m; (BemecTBa), my (BemecTBa), ms (BEIECTBA) — MAacChl PACTBOPEHHBIX BEIIECTB B
COOTBETCTBYIOIIUX PACTBOPAX;
m; (pacTtBopa), my (pacTBopa), ms (pacTBOpa) — MacChl COOTBETCTBYIOIINX PACTBOPOB.

3anumieM oO0mIyro (GopMynny A HaXO0XKJIEHUS MAacCOBOW JOJH PAaCTBOPEHHOTO BEIECTBA B
MOJIYYECHHOM PACTBOPE (Mpasuio CMeeHUs/CMEUUBAHUSL):

m, (pacmeopa)- w, + m,(pacmeopa)- w,
m, (pacmeopa)+ m,(pacmeopa)

w,(cewpecmea ) =
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Cmemany mj rpaMMOB pacTBopa 1 ¢ MaccoBOM 10JIeH BEIIECTBA M1 U My IPaMMOB pacTBopa 2
C MaccoBOM mgojei BemecTBa M. OOpaszoBaiics pacTBOp 3 C MacCOBOW J0Jied PacTBOPEHHOTO
BellecTBa 3. Kak oTHOCATCA Jpyr K IpYyry Macchl HCXOJHBIX paCTBOPOB?

Bwvi6o0 ¢hopmyn: mycth ®1 > m2 , TOrga ®; > ®3 > ©®2 . Macca pacTBOPEHHOT'O BEIIECTBA B
pactBope | cocTaBnsieT ®1 - My, B pacTBope 2 — @ - mp. Macca oOpa3oBagiuerocs pactsopa 3 — (M
— my). CymmMa Macc pacTBOPEHHOI'O BEIIECTBa B pacTBopax 1 M 2 paBHa mMacce 3TOro BEIECTBa B
oOpa3oBaBiieMcs pacTBope 3:

©1 - M + 02 - mp =z (Mg + My)
®1 " M1+ M=oz M+ o3 M
®1 My =3 M =03 M- M2
(01— ©3) - My = (03— ®1) - My
ms / my = ((03— 0)1) / (031— 033)

Takum 00pa3oM, MacChl CMENIMBAEMBIX PAaCTBOPOB Mj W My OOPATHO MPOMOPIHOHAIBHBI
Pa3HOCTSIM MACCOBBIX JOJIEH M1 M (¥ CMEIIMBAEMbIX PAaCTBOPOB M MAacCOBOM JOJIH CMECH (M3
(npasuno cmewusanus).

JIist OOJIerYeHns] HCIIONBb30BAHUS [PABHJIA CMEIIMBAHUS HPUMEHSIOT HpPAGUIo Kpecmad
(mmaroHambHast MOJIEb «KOHBepTa [TupcoHa») — quaroHaabHas cXema IpaBriia CMEIIEHHUS:

(.!.)l ~ 50—, |
T > 2 MACCOBBIC HACTH NEPBOTO |
3T 2 = H BIOPOI'O PACTBOPOB

@, ®,~ 0,

[Ipu pacuerax cieBa Ha KOHI[aX OTPE3KOB 3aMUCHIBAIOT OJHY HaJa APYrod MacCOBBIE JOJU
PacTBOPEHHOIO BEILIECTBA B UCXOAHBIX PACTBOPAX (1, ®2), HA NEPECEUEHUH OTPE3KOB — MACCOBYIO
JIOJII0 PACTBOPEHHOTO BEIIECTBA B PACTBOpPE, KOTOPHIH HYKHO HMPUTOTOBUTH, CIlipaBa (Ha KOHIIAX
OTPE3KOB) — Pa3HOCTh: BBIYUTAIOT MO JUArOHAIM M3 OOJIBIIETO MeHbIee 3HaueHue. [lomydaemblie
3HaueHUsI (MaccoBble YAaCTH) TIOKA3bIBAIOT, B KAKOM COOTHOIICHHWHM HAJ0 CIUTh HCXOJHBIC
PacTBOPBIL.

mi / my = (0)3 - 0)2) / ((Dl - 0)3)
JIns 3TOro 1O JMaroHald W3 OOJIBINEro 3HAYEHHUS KOHIIEHTPAIMM BBIYUTAIOT MEHBIIYIO,
MOJTy4YaroT (1 — ®3), ®1 > ®3 U (03 — ®2), ®3 > 2. 3aTE€M COCTaBISAIOT OTHOIIEHUE MAcC UCXOIHBIX
pacTBOpoB mj / My U BEIYHUCIISIIOT.

Pa3zb6asnenue pacmeopa
Wcxoast U3 ONpeeNieHdss MacCOBOM JIOJIH, MOJYYUM BBIPAKEHUS IS 3HAYEHUH MacCOBBIX
JI0JIEH PACTBOPEHHOTO BELIECTBA B HCXOHOM pacTBope 1 (1) ¥ moydeHHOM pacTBope 2 (m2):
W =my/ (p1 : Vl) OTKyJa Vi=m; /((Dl 'pl)
®2 =My (p2 - Va)
my=w2 "p2- V2
PacTtBop 2 mosy4aroT, pa36asisisi pactBop 1, moaromy my = my. B dopmyny mist Vi crenyer
MOJICTaBUTh BBIpAXEHUE 1 my. Torma

V1= (02 "p2* V2) / (01 p1)
mz =z 'p2 - V2
WM 1 p1- Vi = w2 P2 V2
m;(pacTBop) my(pacTBop)
M (pacTBOp) / ma(pacTBop) = 2 / ®1

[Ipy omHOM M TOM 3K€ KOJMYECTBE PACTBOPEHHOIO BEIIECTBA MAaCChl PACTBOPOB U UX
MacCOBBIE JIOJIM 0OpPaTHO MPOTIOPIIMOHATBHBI IPYT APYTY.
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Iopsinok BbINOJIHEHHSI PAa0OTHI:

1 3anumuTe B OTYET MO MPAKTUYECKOH paboTe OCHOBHBIE (DOPMYJIbI CIIOCOOOB BBIPAXKEHUS
KOHLEHTPALU pacTBOPOB.

2 O3HaKOMBTECH C OCHOBHBIMHM METOAAMH PEIIEHUS 3aa4 Ha CMEIINBAHNUE PACTBOPOB.

3 [Ipoananu3upyiTe NpuMepbI pelIeHHs TUIIOBBIX 3a7ad.

4 BpINoJIHATE UHAUBUAYAJIBHBIC 3a1aHUS B COOTBETCTBUU C BAPUAHTOM.

Xox padoThI:

3aoaua Nel.

Omnpenenute nporeHtHyro koHmentpaimio NaCl B pactBope, mojgy4eHHOM MpU pacTBOPEHUHU
20 r noBapeHHo# conu B 180 r BoAbI.

Aneopumm pewienus:

1) Onpenenum mMaccy pacTBopa

Mp-pa = MNacl + Mo =200+ 180 1 =200 r

2) Onpenenum mporeHTHY0 KoHieHTparmio NaCl

Do = acl 10096 = % :100% =10%

p—pa
Omeem: [IpolLieHTHAs! KOHIIEHTpAIKsI IOBapeHHOH comu B pactBope — 10%.

3aoaua Ne2.

[Ipurorossre 100 M1 pacTBOpa caxapa ¢ MmaccoBoi foueil ®=10%, eciu MIOTHOCTH pacTBOpa
p=1,06 r/em®,

Aneopumm pewienus:

Ji1st TOTO, 9TOOBI MPUTOTOBUTH PACTBOP, HY’)KHO PacCUUTATh MAacCy pacCTBOPEHHOTO BEUIECTBA
1 00bEM BOJIBI.

1) Onpenenum maccy pacTBopa

Mp-pa = Pp-pa *Vppa = 1,06:100 = 106 T
2) OmnpenenuiM Maccy caxapa U3 BbIpayKEHUS:

o =N 1000

cax
p-pa

— mp*Pa : a)cax — 106 . 10

m,,, =10,62.
100% 100

3) Onpenenum 06beM BOBI.

Mo = Mp-pa— Meax = 106 — 10,6 =954 1
T. K. P20 = 1t/M1, TO Vo = 95,4 Ma1
Omeem: macca caxapa 10,6 T, o6bem Bogbsl 95,4 M.

3aoaua Ne3.
Omnpenenure: a) NPOLEHTHYIO; 0) MOJSIPHYIO; B) HOPMAIBHYIO; I') MOJISUIBHYIO KOHIIEHTPAIIUIO
noBapenHoi conmu NaCl B pactBope, monydyeHHOM mpu pactBopenuu 5,85t comu B 100r BOBI.

[InoTHOCTH MONIy4eHHOTO pacTBOpa paBHa 1,04 r/em’.
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Hano: Aneopumm pewenus:

Mnac=5,85 T a) g, = Mruct _ 585 _ g5g WM 5,5%
NaCl — - -
m H,0 =100r M, . 10585
P My _py = Mye + My o =585r +100r =10585r;
p-pa 6)
m
Vy po = e 2005585 11 280, 0,102
Popa 1,04
v m .
M Vv e = M Nijl C,= _ 58 _ 0,98mob/11 !
ppal) VNGl Vpopata) 58,5-0.102
M . = 23+ 35,5 =58,5r/monb
B) Cy= Mpeci __ 58 _ 0,98MOJIB - SKB/1T
~ 2 M, -V, . 585-0102
=1,04r/cM” @,
=7
CM:’7
CN:?
m=2
M., et =My Foe =58,5-1=58,5r/mM071B - 9kB
1
f v = 1 =1
r) Cp=Yeet - Myat 585r =1 MoJIB/KT
Myo Mye Myo  58,5m/moms -0,1kr

Ortser: O e = 0,055 =5,5%; Cy=0,98Moi1b/11; Cm=1Monb/KT;

Cn=0,98 M0 -2KB/1.

3adaua Ne4.
Ompenenure MOJAPHYIO W HOPMAJbHYIO KOHIEHTparuu 12%-HOro pacTBOopa CEepHOMH
KHCJIOTHI, IIIOTHOCTH KoToporo p = 1,08 r/cm3?
Aneopumm pewienus:
MossipHast Macca cepHOi KuciIoThl paBHa 98 r/moib. CrieoBaTenbHoO,
M(H2S04) = 98 u 3(H2S04) = m(H2SO0y) - f,, =98/ 2 =49,
IToncraBinsis He0OX0IMMBIE 3HAUEHHS B (HOPMYJIBI
Cvu=(w-p-10)/m
Cx = (o - p - 10)/ M,,, momyuum:
a) MousipHas koHLeHTpauus 12% pacTBopa CepHOI KUCIOTHI paBHA
Cv=(12-1,08-10)/98=1,32 M
6) Hopmanbnast koHuenTpauus 12% pactBopa cepHOI KHCIOTHI paBHA
Cx=(12-1,08 -10) / 49 = 2,64 H.
OtBer: Cyy=1,32 M; C,. = 2,64 H.

3aoaua Nes.
Omnpenenure mossipHocTh 10%-oro pactBopa HzSOs.
Hano: Pewenue:
0, ., =10%=0,1 1. Jlnst pacaera mpuMeM v, . 1,
C, (H,80,)=? Ilo ciipaBodHuKy p, ... =1irem’, TOrIA

My pa =Ppopa - Vo_pa =1Ar/cm® -1000cr° =1100r
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m .
" @50, =0 OTCIONA: My, ¢, =y g0, -M,_p, =0,1-1100 =110r

p-pa
110
98-1

\Y m
Cy(H;80,) = e = e
HS

p—pa(n)

=1,12momb/11
p—pa(n)

Orser: c,,(H,50,)=1,12 Monb/m.

3aoaua Neb.

Ckonbko rpamm 10%- mporieHTHOrO pactBopa conu Hamo nobaButh k 300 rpammam 30%-
MIPOLIEHTHOTO PAcTBOPA ATOU K€ COJH, YTOOBI MOMYy4uTh 14%- mpoueHTHsI pactBop? [IpumeHuts
MPaBUJIO CMEIICHHUS.

Aneopumm pewienus:

3aaqy MOKHO PEIINTh, UCTIONB3YS (GOPMYITY MPABUJIO CMEIIEHUSI:

m, ( pacmeopa)- W, +m, ( pacmeopa)- ,

a)3(eetqecm80) = ml(pacmeopa)Jr m, (pacmeopa)

O6o3naunm Mmaccy 1 pactBopa uepe3 x. [loacTaBum wu3BecTHBIC 3HAUCHUS B (HOPMYITY
MPABUJIO CMEIICHHUS:
0,14 = (x-0,1 + 300-0,3) / (x + 300)
0,1x +90 =0,14x + 42
0,04x = 48
x=1200 (T).
OtgeT: Macca gobasisiemoit conu papaa 1200 rpamm.

3aoaua Ne7.

Omnpenenute Macchl HCXOJHBIX PACTBOPOB C MAaCCOBBIMH JIOJIIMU THApPOKCHA Hatpus 5% u
40%, ecnau mpu WX CMENIMBaHUU oOpa3zoBajics pacTtBop Maccoi 210 r ¢ maccoBoil moiei
runpokcuaa Hatpus 10%. [IpumennTs mpaBuilo Kpecra.

Aneopumm pewienus:

40% . 6% M
'10%_
5% “30% m=210- m,
5/30=m; /(210 - my)
1/6 = ms / (210 — ml)
210 - my = 6my
7my =210
m;=30r; my;=210-m; =210-30=180T

OTBeT: Macchl HCXOJHBIX PAacTBOPOB C MACCOBBIMM JAOJISIMU THApokcuaa Hatpusd 5% u 40%

cooTBeTCTBEHHO paBHbI 30 1 180 1.

3aoaua Nes.
VYnapunu 60 r 5%-Horo pactBopa cyibdara menu a0 50 r. Omnpenenure MaccoBYIO JIOJIO
COJIM B MOJYYEHHOM PAacTBOPE.
Aneopumm pewienus:
m=60r1; Am=60—-50=10T1; 01 = 5% (v 0,05)
®2 = (0,05 - 60) /(60 —-10)=3/50=0,06 (umu 6%-Hbli1)
OTBeT: MaccoBast J10JIsl COJTM B TTOJTYYEHHOM PacTBOpE cocTaBisieT 6 %.

dopma npeacTaBJeHUus1 pe3yJbTaTa: BHINIOJHEHHAs padoTa ¢ PEeIICHUEM WHIUBUIYaTHHBIX
3a/laHu} (3a/1a4 HA pacueT U nepecyeT KOHIEHTPAIlMii paCTBOPOB) MO BAPUAHTAM.
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Kpurtepun onenkmn:
3a KaX bl MPaBWILHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.

1.2 PacTtBopbl. Crioco0bl BbIpaskeHHsI KOHIEHTPAIMA PACTBOPOB

IIpakTuyeckas padora Ne 4.
YnpaxHeHHs] B pacueTax 1o NPUroTOBJIEHHIO PACTBOPOB Pa3/IMYHON KOHIIEHTPALINU

HeJ'IBZ HAYYUTBCA PpPACCUUTBIBATH KOJUYCCTBA BCHICCTB MIJId IIPUTOTOBJIICHUA PACTBOPOB
3aJlaHHOM KOHIOCHTpAU, paCCUUTBIBATE W NCPCCUUTBIBATH KOHLOCHTpAIMU HUX OJHHUX CAWHUIL] B

IpyTHe.

Beinosnus padory, Bel Oyaere:

YMETB!

— ONpeAeNsATh KOJMYECTBAa BELIECTB JJI1 IPUTOTOBIIEHUS PAacTBOPOB  3aJaHHOM
KOHICHTpPAIUH;

— paccUMTHIBATh U IEPECUNTHIBATh KOHIIEHTPALIMKM PACTBOPOB UX OJHUX E€AUHMIL B IPYTHE.

MarepunanbHoe obecrnieyeHue:

Kpatkuit cripaBounuk ¢usmnko-xumudeckux enuuuH / [lox pex. K.II. Mumenko u A. A.
Panensa. — JI.: Xumusa, 1974. — 200 c. Ilepuonuueckas cucremMa XxuMudeckux snemeHtoB [I. U.
Menneneesna.

3aganue:

1. Pacuer HaBecku BemecTBa W 0OBEMa pPACTBOPHUTENS ISl MPUTOTOBICHHUS PacTBOpa
3aJJaHHOM KOHILIEHTPALMH.
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2. Pacder KOHIIEHTpaLUi PaCTBOPOB.
3. [lepecueT KOHLIEHTpALUf PACTBOPOB U3 OJHUX €IUHULL B APYTHUE.

Kparkue TeopeTuueckue cBeeHHA:

Cnocobul BbIPAINCEHUA cocmdsa pacnieopoes

1. MaccoBasi 10511 pacTBOPEHHOTO BEIECTBA (® — 3TO OTHOILIEHHWE MAacChl PACTBOPEHHOTO
BellecTBa K OOIIe Macce pacTBopa. Bwipakaercs maccoBasi 0JisE B JOJNSX CAWHHIBI WIH B
npoueHTax (IpoIeHTHAsE KOHLIEHTPaLus).

m
o, = Mam o, . =—"".100%;
mP*P“ mp*l’a

2. Monspnas konnentpanus Cy (MOJISIPHOCTB) — 3TO YHCIIO MOJICH BEIIECTBA, HAXOISAIINXCS B
111 pacTBOpA.

C = Vow  [mons/n]; CM:A

M

p—pa(n) L~ 'Vp—pa(u)
3. HOpMaﬂBHaﬂ KOHICHTpAal WA C:,K (HOpMaﬂBHOCTB WM MOJIIpHasA KOHUOCHTpaluuAa
3KBI/IBaﬂeHTa) — 9TO YHUCJIO MOJIEW DKBUBAJIEHTOB BCIIICCTBA (SKB), COACPpKAIIUXCA B 11 pacTBoOpa.

n, . - C
C, =, [momboks/n]; ¢ = _~m .
p—pa(r) ok (6—6a)
mxs— 6—6a .
STV MLV
9K p-pa(n) 6—6a 9K p—pa(x)
TP
ok (conu) n ( Me) Rk q ( Me) ’
1 1

T oo =—7f . =—
ok (ocHosamus) n(OH —) 9K (Kkucnomeor) n(H +)

rje N, — YUCJI0 MOJICH SKBUBAJICHTOB BEIIECTBA, [MOJIb JKB];
M, — MoJIsIpHAst Macca SKBUBAJICHTA, [T/(MOJIb 3KB)];
fox (6-60) — PAKTOP SKBUBAJICHTHOCTH BEILIECTBA;
n(Me) — grco KaTHOHOB MeTail1a B (hOpMYJIe COJIH;
g(Me) — 3apsa kaTHOHa MeTaia B (hOpMyJie COJIH;

s + _ +
n(OH"), n(H") — komuuecTBo ruapokcuaHbIX Tpymn OH™ wiu nonoB H™ B popmyiie
OCHOBaHHS Y KHCJIOTHI COOTBETCTBEHHO.

4. MousmeHast KoHIeHTparus Cpy, (MOJSUTBHOCTD) — 3TO KOJIMYECTBO PACTBOPEHHOTO BEIIECTBA
B MOJISIX, HAXO/s11Ieecs B 1 KT pacTBOPHUTEIIA.

= Vo, [Mos/xr ]
m,_,, (xr)
5. Tutp pactBopa T — 4ncii0 TpaMMOB PaCTBOPEHHOTO BEIIECTBA B 1 MII pacTBOpA.
m
T=—tm : [t/ ]
V

p-pa(vr)

Ilepecuem xonyenmpayuti pacmeopos u3 00HUX eduHuu 6 Opyzue

[Ipu mepecueTe MPOIEHTHON KOHIICHTPAIMM B MOJIAPHYIO M HA00OpOT, HEOOXOIUMO
MIOMHUTB, YTO MPOLEHTHAsI KOHLIEHTPALUsI PACCUMTHIBAETCS HA ONMpPEAENIEHHYI0 MacCy pacTBopa, a
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MOJIIpHasT U HOpMaJlbHas - Ha O0BEM, MOATOMY ]IS IepecueTa HeoOXOIWMO 3HATh IUIOTHOCTH
pactBopa. Eciiu Mb1 0003HauuM: @ — nmpoueHTHast KoHueHTpauus; Cy — MoJisipHasi KOHLIEHTPAlKs;
C,x — HOpMaJIbHAs KOHIICHTpAIus; D — SKBUBAJICHTHAs Macca (MOJIspHasl Macca SKBUBAJICHTA), P —
IUIOTHOCTh PacTBOpa; M — MoJspHas Macca, TO (QOpMyJbl OIS Iepecuera U3 MPOLEHTHOU
KOHIICHTpALUU OyJIyT CIEYIOIIUMU:

Cu=(w-p-10)/m
Cx=(@-p-10)/2

OtuMu xKe (GopMyIaMUd MOKHO BOCIIOJIB30BAThCS, €CIM HYKHO MEPECUUTATh HOPMAIbHYIO
WJTU MOJIIPHYIO KOHIICHTPAIMIO Ha MPOIEHTHYIO.

Konyenmpuposanue pacmeopa
Kakyro maccy BemectBa (x r) HaIO JOMOJHUTEIBHO PACTBOPUTH B HCXOJHOM PacTBOpE,
9TOOBI IPUTOTOBUTH PACTBOP C MACCOBOH JIOJICH PACTBOPSHHOT'O BEIICCTBA (77
Bv1600 popmyn: ucxons u3 onpeneneHuss MacCOBOM TOJIM, COCTAaBUM BBhIpaXEHHE TS 01 U M2

®1 = mg/ my,
(rme my — Macca BelecTBa B UCXOJHOM PacTBOPE).
m; =y - M,
2 = (My+x) / (M, + X) = (w1 - M, +Xx) / (M, +X)

Peras monmy4eHHOE ypaBHEHHE OTHOCHUTEIIBHO X MOJTYYaeM:
@2 My T  X=m - My +X
W M- - M=X—0m2 "X
(0— 1) - m:(l—(Dz) - X
X=((w2—m1) m)/(1-0wm)

Cumewusanue pacmeopog ¢ pazHblMu KOHYESHMpayusmu
BBenem 00o03HaueHU:
®1, ®2, O3 — MaccoBas JOJisi PACTBOPEHHOI'O BEIIECTBA COOTBETCTBEHHO B 1 pacTBope, BO 2
pacTBope u 3 pacTBoOpe;
m; (BemecTBa), my (BemecTBa), mz (BEmIECTBa) — MacChl PACTBOPEHHBIX BEIIECTB B
COOTBETCTBYIOIUX PaCTBOpax;
m; (pacTBopa), my (pacTBOpa), ms (pacTBOpa) — MacChl COOTBETCTBYIOIIMX PACTBOPOB.

3anumiemM o0y GopMyny Il HAXOXKICHUS MacCOBOM JIOJM PacTBOPEHHOTO BEIIECTBA B
HOJY4EHHOM PacTBOPE (Mpasuio cMeueHus/cMeumueaHusl):

m, (pacmeopa)- o, + m,(pacmeopa)- w,
m, (pacmeopa)+ m,(pacmeopa)

w,(s6ewgecmea)) =

Cwmemianu my rpaMMoOB pacTBopa | ¢ MaccoBoi 10y BelecTBa 1 U My rpaMMOB pacTBopa 2
C MaccoBO# aojel BemecTBa M. OOpazoBasics pacTBOpP 3 ¢ MAacCOBOM J0Jield PacTBOPEHHOTO
BelecTBa 3. Kak oTHOCATCS APYT K APYry Macchl HICXOAHBIX PACTBOPOB?

Buisoo qbopmyﬂ.' IyCcTh ®1 =~ M2 , TOrAa ®1 = M3 > M2 . Macca PacTBOPEHHOI'O BeIIeCTBA B
pactBope 1 cocTaBisieT ®; * My, B pacTBope 2 — @ + my. Macca oOpa3oBasiuerocst pactsopa 3 — (m;
— my). CymMmMa Macc pacTBOPEHHOI'O BelIecTBa B pacTBOpax 1 m 2 paBHa mMacce 3TOro BeIlecTBa B
oOpa3zoBaBIIeMcs pacTBope 3:

®1*Mp + w2 - My = ®3° (m1+m2)
O M+ -my=mw3 - My +®3° My
W1 M—03 M=03 My—m1 My
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(01—~ 3) - My = (03— ©1) * My
ms / my = ((1)3— 0)1) / (031— 033)

Takum 00pa3oM, MacChl CMENIMBAEMBIX PAaCTBOPOB Mj W My OOPATHO MPOMOPIHOHAIBHBI
Pa3HOCTAM MAaCCOBBIX HOJIEH 1 U (2 CMEMIMBAEMBLIX PACTBOPOB M MACCOBOM JOIM CMECH (3
(npasuno cmewusanus).

Jlns oOjeryeHys WCIOIB30BAHUS IIPAaBUIIA CMEIIUBAHUS IPUMEHSIOT NpA6ulo Kpecma
(mmaronanbHast MOJIETb «KOHBepTa [TupcoHa») — quaroHaabHas CXema IpaBriia CMEIICHHUS:

.
@y _y®;— W, ‘
= . ot MAaCCOBBIC HACTH NCPBOTO |

¥ IS = ¥ BIOPOI'O PACTBOPOB
®, o, 0,

IIpu pacuerax cieBa Ha KOHI[aX OTPE3KOB 3aMUCHIBAIOT OJHY HaJa JAPYrod MacCOBBbIE JOJU
PacTBOPEHHOIO BEILIECTBA B UCXOAHBIX PACTBOPAX (1, 12), HA NEPECEUEHUH OTPE3KOB — MACCOBYIO
JIOJII0 PACTBOPEHHOTO BEIIECTBA B PAacTBOpPE, KOTOPBIH HYKHO IMPUTOTOBUTH, ClipaBa (Ha KOHIAX
OTPE3KOB) — Pa3HOCTh: BBIYUTAIOT MO JUArOHAIM M3 OOJIbIIETO MeHbIee 3HaueHue. [lomydaembie
3HaueHUs (MaccoBble YAaCTH) TOKa3bIBAIOT, B KAaKOM COOTHOIICHWU HAJ0 CIUTh HCXOJHBIE
PacTBOPBIL.

my/m;= (03— m2) / (01— 0)3)
JIns 3TOro 1O JMaroHaid K3 OOJBINEro 3HAYCHHUS KOHIICHTPAIMM BBIYUTAIOT MEHBIIYIO,
MOJYYarT (®1 — ©3), ®1 > ®3 U (03 — ®2), ®3 > ©®2. 3aTeM COCTABJISIOT OTHOIICHUE MacC UCXOIHBIX
pacTBOpoB mj / My U BEIYHUCIISIIOT.

Pazbasnenue pacmeopa
Wcxoast U3 ONpeesicHrss MacCOBOM JIOJIH, MOJYYMM BBIPAKEHUS ISl 3HAYEHHHA MaCCOBBIX
JI0JICH PACTBOPEHHOTO BEIIECTBA B HCXOHOM pactBope 1 (1) ¥ moydeHHOM pacTtBope 2 (m2):
W =my/ (p1 : Vl) OTKyJa Vi=m; /((Dl 'pl)
®2 =My (p2 - Va)
my=w2 "p2- V2
PactBop 2 mosy4aroT, pa36asisisi pactBop 1, mostomy my = My, B dopmyny mist Vi crenyer
MOJICTaBUTh BBIpAXEHUE 11 my. Torma

V1= (02 "p2 * V2) / (01 p1)
mz =z 'p2 - V2
UM o1 p1- Vi = W2 P2 Vo
ms(pacTBop) my(pacTBop)
M (pacTBOp) / ma(pacTBop) = 2 / ®1

[Ipy omHOM M TOM K€ KOJMYECTBE PACTBOPEHHOTO BELIECTBA MAacChl PACTBOPOB U HUX
MacCOBBIE JIOJIM 00OpPaTHO MPOTIOPIMOHATBHBI IPYT APYTY.

Ilopsinok BbINOJHEHHSI padOThHI:

1 3anummuTe B OTYET MO MPAKTHYECKOW paboTe OCHOBHBIE (POPMYIIBI CITIOCOOOB BBIPAKECHHS
KOHIIEHTpAallUi pacTBOPOB.

2 O3HAaKOMBTECH C OCHOBHBIMU METOJ[aMH PEIICHUS 3a7a4 Ha CMEITUBAHUE PACTBOPOB.

3 Ilpoananu3upyiite NpuMepsl pelIeHUs] TUIIOBBIX 3a/1a4.

4 BBITIOJHUTE WHIWBHIYATBHBIC 33/ IaHHSI B COOTBETCTBUU C BAPHAHTOM.

Xox pa0doThI:
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3aoaua Nol.

Omnpenenute nporentHyio koHmeHnTpamnuio NaCl B pactBope, moaydeHHOM MpU pacTBOPEHUN
30 r noBapenno# cosiu B 200 r BOABL.

Aneopumm pewienus:

1) Onpenenum maccy pacTBopa

Mp-pa = MNacl T Mo =301+ 2001 =200 r

2) Onpenenum mporeHTHYO KoHieHTparmio NaCl

Opact = Myact 10096 = 20 .100% =10%
m, . 200

Omeem: [IpolLieHTHAs! KOHIIEHTpALKs IOBapeHHOH comu B pactBope — 10%.

3aoaua Ne2.

[Tpurotosste 100 M1 pacTBOpa caxapa ¢ MmaccoBoi goaeil ®=10%, eciy MI0THOCTH pacTBOpa
p=1,06 r/em®,

Aneopumm pewienus:

J1st TOro, 9TOOBI MPUTOTOBUTH PACTBOP, HY)KHO PACCUUTATh MACCy PACTBOPEHHOT'O BEIIECTBA
U 00BEM BOJBL.

1) Onpenenum maccy pacTBopa

Mp-pa = Pp-pa - Vp-pa = 1,06-100 = 106 r
2) OmnpenenuiM Maccy caxapa U3 BbIPayKEHUS:
0, =P 1009
p—pa
om0, 106-10

m,, = = =10,62.
100% 100

3) Onpenenum 00bEM BOJIBI.

Miom = Mp-pa— Meax = 106 — 10,6 =954 1
T. K. P20 = 11/M1, TO Vo = 95,4 Ma1
Omeem: macca caxapa 10,6 r, 06beM Bogbl 95,4 M.

3aoaua Ne3.

Omnpenenure: a) NPOLEHTHYIO; 0) MOJSPHYIO; B) HOPMAJIBHYIO; I') MOJISUIbHYIO KOHLIEHTPALIUIO
noBapenHoii conmu NaCl B pactBope, monydeHHOM mipu pactBopenuu 5,85r comu B 100r BOABI.
[InoTHOCTH MONTy4eHHOTO pacTBopa pasHa 1,04 r/em®,
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Hano: Aneopumm pewenus:

Mnac=5,85 T a) g, = Mruct _ 585 _ g5g WM 5,5%
NaCl — - -
m H,0 =100r M, . 10585
P My _py = Mye + My o =585r +100r =10585r;
p-pa 6)
m
Vy po = e 2005585 11 280, 0,102
Popa 1,04
v m .
M Vv e = M Nijl C,= _ 58 _ 0,98mob/11 !
ppal) VNGl Vpopata) 58,5-0.102
M . = 23+ 35,5 =58,5r/monb
B) Cy= Mpeci __ 58 _ 0,98MOJIB - SKB/1T
~ 2 M, -V, . 585-0102
=1,04r/cM” @,
=7
CM:’7
CN:?
m=2
M., et =My Foe =58,5-1=58,5r/mM071B - 9kB
1
f v = 1 =1
r) Cp=Yeet - Myat 585r =1 MoJIB/KT
Myo Mye Myo  58,5m/moms -0,1kr

Ortser: O e = 0,055 =5,5%; Cy=0,98Moi1b/11; Cm=1Monb/KT;

Cn=0,98 M0 -2KB/1.

3adaua Ne4.
Ompenenure MOJSPHYIO W HOPMaJbHYIO KOHIEHTparuu 12%-HOro pacTBOpa CepHOU
KHCJIOTHI, IIIOTHOCTH KoToporo p = 1,08 r/cm3?
Aneopumm pewienus:
MossipHast Macca cepHOi KuciIoThl paBHa 98 r/moib. CrieoBaTenbHoO,
M(H2S04) = 98 u 3(H2S04) = m(H2SO0y) - f,, =98/ 2 =49,
IToncraBnsis HeOOX0IUMBIE 3HAUEHHS B (HOPMYJIbI
Cvu=(w-p-10)/m
Cx = (o - p - 10)/ M,,, momyuum:
a) MousipHas koHLeHTpauus 12% pacTBopa CepHOI KUCIOTHI paBHA
Cv=(12-1,08-10)/98=1,32 M
6) Hopmanbnast koHuenTpauus 12% pactBopa cepHOI KHCIOTHI paBHA
Co=(12-1,08 -10) / 49 = 2,64 H.
OtBer: Cyy=1,32 M; C,. = 2,64 H.

3aoaua Nes.
Omnpenenure mossipHocTh 10%-oro pactBopa HzSOs.
Hano: Pewenue:
0, ., =10%=0,1 1. Jlnst pacaera mpuMeM v, . 1,
C, (H,80,)=? ITo cnipaBouHUKY P o parso, ~11r/em?, TOTZIA

My pa =Ppopa - Vo_pa =1Ar/cm® -1000cr° =1100r
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m .
" @50, =0 OTCIONA: My, ¢, =y g0, -M,_p, =0,1-1100 =110r

p-pa
110
98-1

\Y m
Cy(H;80,) = e = e
HS

p—pa(n)

=1,12momb/11
p—pa(n)

Orser: c,,(H,50,)=1,12 Monb/m.

3aoaua Neb.

Cxounbko rpamm 10%- mporueHTHOro pacTBopa coyin Hajgo 100aBuTh K 300 rpammam 30%-
MIPOLIEHTHOTO PAcTBOpA ATOU K€ COJH, YTOOBI MONyuuTh 14%- mpouenTHslid pactBop? [Ipumenuts
MPaBUJIO CMEIICHHUS.

Aneopumm pewienus:

3aaqy MOKHO PEIINTh, UCTIONB3YS (GOPMYITY MPABUJIO CMEIIEHUSI:

m, ( pacmeopa)- W, +m, ( pacmeopa)- ,

a)3(eetqecm80) = ml(pacmeopa)Jr m, (pacmeopa)

O6o3naunm Mmaccy 1 pactBopa uepe3 x. [loacTaBum wu3BecTHBIC 3HAYCHUS B (OPMYITY
MPABUJIO CMEIICHHUS:
0,14 = (x-0,1 + 300-0,3) / (x + 300)
0,1x +90 =0,14x + 42
0,04x = 48
x=1200 (T).
OtgeT: Macca gobasisiemoit conu papaa 1200 rpamm.

3aoaua Ne7.

Omnpenenute Macchl HCXOIHBIX PACTBOPOB C MACCOBBIMH JIOJIAIMU T'HMIAPOKCUAA HaTpus 5% u
40%, ecnum mpu WX CMEMMBaHUU oOpaszoBayicas pacTBop macco 210 r ¢ MaccoBou noneit
runpokcuaa Hatpus 10%. [IpumennTs mpaBuilo Kpecra.

Aneopumm pewienus:

40% . 6% M
'10%_
5% “30% m=210- m,
5/30=m; /(210 - my)
1/6 = ms / (210 — ml)
210 - my = 6my
7my =210
m;=30r; my;=210-m; =210-30=180T

OTBeT: Macchl HCXOJHBIX PAacCTBOPOB C MAacCOBBIMH AOJIAMH TMiapokcuiaa Hatpus 5% u 40%

cooTBeTCTBEHHO paBHbI 30 1 180 1.

3aoaua Nes.
VYnapunu 60 r 5%-Horo pactBopa cyibdara menu a0 50 r. Omnpenenure MaccoBYIO JIOJIO
COJIM B MOJYYEHHOM PAacTBOPE.
Aneopumm pewienus:
m=60r1; Am=60—-50=10T1; 01 = 5% (v 0,05)
®2 = (0,05 - 60) /(60 —-10)=3/50=0,06 (umu 6%-Hbli1)
OTBeT: MaccoBast J10JIsl COJTM B TTOJTYYEHHOM PacTBOpE cocTaBisieT 6 %.

dopma npeacTaBjJeHUus1 pe3yJbTaTa: BHINIOJHEHHAs padoTa ¢ PEIICHUEM WHIUBUIYaTHHBIX
3a/laHu} (3a/1a4 HA pacyeT U nepecyeT KOHIEHTPaluid pacCTBOPOB) MO BapHAHTAM.
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Kpurtepun onenkmn:
3a KaX bl MPaBWILHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.

Tema 1.3 Teopust 3nexkTpouTnyeckoi qucconnannu. I'mapomaus coseil. Bygepnbie pacTBopsl

IpakTnyeckas padora Ne 5

Boruncienue pH B BOJAHBIX pacTBOpax KUCJIOT U OCHOBaHHUH

HeJIBZ HAaYYHUTBHCA BBIYUCIIATD pH Cpclbl B BOAHBLIX paCTBOpax KHUCJIOT U OCHOBaHUH.

Brinosinus padorty, Bl Oynere:

YMETB!
— NIPUMEHATH 3aKOH pa3baBieHus OctBanbaa PH cpesl B BOJHBIX pacTBOpax KUCIOT U OCHOBaHMA;
— BBIYUCIIATH PH cpezbl B BOAHBIX pacTBOpax KMCIOT U OCHOBAaHUH.

MarepuanbHoe o0ecrieyeHnne:
Kpartkuii cipaBounuk ¢guszuko-xumuueckux BenuuuH / [Tox pen. K. I1. Mumenko u A. A. PaBnens.
—JI. : Xumus, 1974. — 200 c.

HepI/IOI[I/I‘leCKaH CHUCTEMA XUMHNUYCCKHUX JJICMCHTOB I[ n. MeHneneeBa, Ta6nnua paCcTBOPUMOCTH.

3ananmue:
1 Pacuer pH cpensl B BOAHBIX pacTBOPAX CUIBHBIX KUCIOT U OCHOBAHUU.
2 Pacuer pH cpenpl B BOTHBIX pacTBOpaxX CIa0BIX KHCIOT H OCHOBAHHIA.

KpaTKue TECOPETHYECCKUEC CBCACHUSA:

Teopus snexkTponuTuuecKon quccoruaiuu (Appenunyc, 1887 r.)

DIEKTPOIHTHI — 3TO BEIIECTBA, PACTBOPHI MIJIM PACILIIaBbl KOTOPBIX MPOBOJAT 3JIEKTPUUECKUMA
TOK; 9TO IIPOBOJTHUKH BTOPOTO POjia, K HUM OTHO-CATCS PACTBOPHI KHCIIOT, OCHOBAHHM U COJIEH.

Hennextponute! — ra3el, oprannyeckue emiectsa (02, Cl12, H2, rmoko-3a, caxaposa, CIUpT,
Kpaxmain).

DIEKTPONUTHYECKAs! TUCCOLMALIAS — ATO pachaj 3JIEKTPOJIUTOB HA MOHBI (IIOJOKUTEIbHBIE —
KaTHOHBI M OTPHUIIATEIIbHBIE — aHUOHBI) MO/ JACH-CTBHEM IOJSPHBIX MOJIEKYJ PACTBOPUTENS. ITO
00paTUMBIH Mporecc.

J71st XapaKTepUCTHUKH COCTOSTHUS AJICKTPOJIUTA B PACTBOPE TOJIB3YIOTCSI BETMUYNHAMU

1. Crenenp mucconuanuu (o) — 9TO OTHOIIEHUE YMCIA PACHABIIMXCS MOJEKYNI K O0ImeMy
YUCITYy MOJIEKYJ B pacTBope. [Ipu pazbaBneHnn pacTBopa oHa yBEIUYUBAETCS 110 1.

2. KoHcranTta paumccouuanMd — 3TO OTHOUIEHWE TMPOU3BEACHMS KOHIIEH- HOHOB K
KOHIICHTPAIIUX HEUCCOIMUPOBAHHBIX MOJIEKYJI CJIa00TO AJIEKTPOJIUTA.

Hanpumep, nms paBHOBecust

rie — KOHIEHTPAUU COOTBETCTBYIOUINX YACTUIl B MOJIb/JI.
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Jnst pa30aBIeHHBIX PACTBOPOB 3JIEKTPOJIUTOB CIIPABEIUIMBO BhIpaXKEHUE (3aKOH pa30aBICHUS
OctBanpaa):

rne C — KOHIIEHTpAIUs 3JIEKTPOIUTOB, B MOJIB/JI.

3akorn OcTBanpla CHpPaBEUIUB JJIs OWHAPHBIX JIIEKTPOJIUTOB, T.€. BEIIECTB, MOJICKYIIBI
KOTOPBIX B pPAacTBOpPE pacmajaloTcs Ha JiBa MOHA — KaTHOH W aHWOH. B ciydae CHIIBHBIX
ANEKTPOJIUTOB, KOT/Ia 0 OJIM3Ka K AMHHMIIC, 3HA-MEHATENh APOOU CTPEMUTCS K HYIIO, 8 KOHCTaHTa
mucconnanun Kauce — k 6ec-koHeuHocTH. B ciryuae crnaObix 31eKTpoiauToB BennyrHa (1 — o) O4eHb
MaJio OTJIMYaeTcs OT eAuHUIB (Hampumep, ecau 0=0,01 , o (1-0,01)=0,99 , T.e. npakTuuecku 1).
Takum oOpaszom, mJisi caalObIX AIEKTPOJIUTOB 3aKOH pa3daB-nieHus OCTBajba MOXKHO 3aIllucath B
0oJiee MPOCTOM BHJIE:

Knunc = o2C.

Teopust >MEKTPOTUTHYECKON JHCCOIUAIMK IO3BOJSIET OOBSICHUTH (DU-3MUECKUN CMBICT
M30TOHMYECKOT0 KOA(PQHIIMEHTa, HO OHA MPUMEHHMA TOJIBKO K CIIAOBIM AJIEKTPOJIHMTaM, TO €CTh
HEMOJIHOCTHIO JTUCCOLIMMPOBAHHBIM Ha HWO-HBI. UeM MmeHblne o u Kmouc., tem Ooiiee craObIM
AJIEKTPOJIMTOM SIBIISIETCS BEIIE-CTRBO.

Kucnorno-ocHoBHOE paBHOBecue. Bogopoanslii mokasarens pH

B BOMHBIX pacTBOpax 3JIEKTPOJUTOB CYIIECTBYET KHCIOTHO-OCHOBHOE PaBHOBECHE, KOTOPOE
OOBSICHSICTCS TUCCOIMAIINCH BOJIBI:

H20 2 H++OH-

WIn

BennumHa noCTOsSHHA U Ha3bIBA€TCSI HOHHBIM NIPOU3BEICHUEM BO/IBI.

B uucroin Boze

IIpu noGaBiieHMM K BOJE KHCIOTHl  YBEJIMYMBACTCS, @  YMEHbIIAETCs, IpU J00aBICHUU
OCHOBaHUS — HA00OPOT.

Jlnist XapaKTepUCTHKH CPEIbl PaCTBOPOB IMOJIB3YIOTCS BEIMYMHON BO-IOPOAHOTO MOKA3aTeIsI
pH:

Jns HeTpanbHbIX cpen — pH=7

Jlns xuensix — pH<7

Jnsa menounsix — pH>7

Jlia n3mepenust pH cpeabl Moab3ylOTCsS MHAMKATOPAaMH, BEIIECTBAMHU, U3MEHSIOIMMHU CBOIO
OKpacKy B 3aBUCHUMOCTH OT KOHILIEHTpauuu MoHoB H+ mnum OH-. YHHBepcanbHBIM HHAMKATOPOM
MOKHO onpenenuTs Jitodoe 3Haue-uue pH. Onpenenenue pH B MyTHBIX M OKpalllEHHBIX pacTBOpax
MIPOBOJIAT CTIeUaIbHBIMU Npubopamu: pH-meTpamu.

ITopsinok BbINOJHEHHS PadOTHI:

1 [ToBTOpUTE OCHOBHBIE MOJIOKEHUS TEOPUH IIEKTPOIUTUUECKOM TUCCOLMALINU.

2 3amummMre B OTYET MO TNPAKTUYECKOH paboTe MaTeMaTH4ecKoe BBIPaKEHHE 3aKOHa
paz6asienust OcTBajbAa U BbIpaXKeHHE HOHHOTO MTPOU3BEIEHUS BOBI.

3 Ilpoananu3upyiiTe HpuUMephl pelleHUs THIOBBIX 3ajad Ha ompenenenue pH cpeas B
BOJHBIX paCTBOpPaxX KHCIOT U OCHOBAaHUM.

4 BpINoJIHATE UHAUBUYAIIBHBIE 3a/1aHUsI B COOTBETCTBUU C BAPUAHTOM.

Xon paborhr:

[Tpumeps! pemeHus THOBBIX 3a1a4
3anaga Nel.

Omnpenenure pH 0,01M pactBopa HCL
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Hano:
(HCI)
AJNTrOpUTM pELLICHHUS:
1. HCI=H++ClI- - cuibHBIif 3IEKTPOIHAT
3HAUYUT
2. pH=-1g[H+]=-1g0,01 = — 1g10-2=2
pH=?
OtBet: pH=2.

3agaya Ne2 Onpenenute pH 0,01Mm pactBopa KOH.
Hano:
(KOH)

pH=?  Auroputm penieHus:

1. KOH=K+ +OH- - cusIbHBIi 3J1€KTPOIUT
3HauuT

2.

10-200[H+]=10-14; [H+]==10-12Monb/n
3. pH=-1g[H+]=-1g10-12=12

OtBet: pH=12.

3anaua Ne3. Onpenenure pH 0,01m pactBopa ykcycHoit kucinorst CH3COOH.

Hano:

CM=0,01 moibp/n

(CH3COOH) Anroput™m peuieHus:

1. CH3COOH2CH3COO-+H+

[Toatomy muis Hero mpuMeHuM 3akoH OcTBajIbaA:
nmu .OTKyna ;

pH=?

2. [H+]=COJ=410-2000,01=41110-4
3. pH=-Ig[H+]=-1g 40010-4113.5

Otset: pH=3,5.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOIHEHHAs paboTa ¢ pelie-H1ueM HHANBUIYaIbHBIX
3aaHui (3a1a4 Ha pacueT pH cpenbl B BOOHBIX pac-TBOpax KUCIOT U OCHOBAHUI) MO BapHaHTaM.

Kpurtepun onenku:
3a Kax[Iblid TPaBUIBHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () O6asUIoB.
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Tema 1.3. Teopus 351ekTposMTHYECKOH qucconnanum. I'mapoans coseil. BydepHnsbie
pacTBOpbHI

IIpakTnueckoe 3ansaTue Ne 6
2
CocraBJ/ieHUe YpaBHEeHHUIl peaKIuii THAPOJIN3a coei

Leap paGoThbl: HAYYUTHCS COCTABISATH UOHHO-MOJIEKYJISIPHBIE M MOJIEKYJISIPHbIE YpaBHEHUS
TUAPOJIN3a COJIEH, OIIPEIEIIATh XapaKTep CPesl 10 TUILY TUAPOIN3a COJIH.

Brinosinus padorty, Bel Oynere:

ymemn:

— COCTaBJISITh HOHHO-MOJIEKYJISIPHBIE ¥ MOJIEKYJISIPHBIE YPABHEHMSI TUAPOJIA3A COJIEH;
— OIIpeNEeNATh XapaKTep CPe/Ibl 10 YPABHEHHIO U TUITY THAPOJIN3A COJIH.

3ananmue:
1 Onpenenenue xapakTepa Cpe/sl MO TUITY TUAPOIHU3a COMH.
2 CocTaBieHuEe HOHHO-MOJICKYJIIPHBIX U MOJIEKYJISIPHBIX YPaBHEHUM THIPOITN3a COJICH.

MarepuanbHoe o0ecnieyeHue:

Kpartkuii cnpaBounuk ¢usnko-xumuueckux BenanuuH / [lox pen. K. I1. Mumenko u A. A.
PaBaemns. — JI.: Xumus, 1974. — 200 c.

[lepuonuueckass cucremMa xumudeckux osnemeHtoB J[. WM. MenneneeBa, Tabnuua
PacTBOPUMOCTH.

KpaTkue Teopernueckue cBeieHUS:

T'uoponus coneti — 3mo 0opamumblii, 0OOMEHHbLU NPOYeCc B3AUMOOEUCMBUSL UOHOB COIU C 8000,
npueooawuLL K 00paz08aHuio ciadwvlx 21eKmpoaumos.
I'maponms waer Mo WMOHY cinaboro JJIeKTponmTa. B pesynbTare THApONM3a W3MEHSETCS
KHCIIOTHOCTh CpPEIbl.
CoJib COCTOUT M3 KaTHOHA U aHMOHA, TI0O9TOMY BO3MOYKHO TPH THITA THIPOJIH3a:
1) cuoponusz no kamuony (B peakiyro ¢ BOJIOI BCTYIAET TOJBKO KATHOH )
Me"™ + H-OH < MeOH"™" + H".
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lManponu3 mo KaTHOHY TPHUBOIUT K OOPa30BaHHMIO THAPOKCOKATHMOHOB W HOHOB BOAOPOJA
(cpeoa pacmeopa rucnas). Eciu n=1, BMeCTO THAPOKCOKATHOHOB MOJIy4aeM MOJICKYJIbI CIaboro
OCHOBAHWUSI.

JlaHHOMY THITy THIPOJH3a IOABEPTalOTCs COaU, 00PA306AHHBIE CAAOLIM OCHOBAHUEM U
cunvrnou kuciomoti (FeCls, CuSOy, BiClz u ap.).

2) eudponus no anuory (B peakimio ¢ BOJOW BCTYIACT TOJbKO aHHOH)

An" + H-OH < HAn™" + OH",

I'uaposn3 mo aHHOHY MPUBOJIUT K 00pa30BaHUIO TUAPOAHUOHOB M THIPOKCUI-UOHOB (cpeda
pacmeopa weioyHas); ); NaHHOMY THUITy THAPOJIU3a MOABEPTatOTCs Col, 00paA308aHible CUTbHLIM
ocnosanuem u crabou kucromot (Na,COs, KS, NagPO,4, CH3COONa u ap.).

3) cosmecmubiii eudpoaus (B peakimio ¢ BOJOW BCTYIMACT U KATHOH, U aHUOH) — 2UOPOIU3 NO
Kamuowy u aHuowy. JlaHHOMY THUIY THAPOJU3a TOABEPIalOTCS COMU, 0OPA30BAHHbBIE CAAOLIM
ocnosanuem u crabou kuciomoti (Al(CH3COQO)s, (NH4)2S u ap.).

B aTOM ciydyae B pacTBOpe NpPOTEKArOT JBE BBINIE PACCMOTPEHHBIE peakimu. Ecnm ciabee
OCHOBaHHUE, TO B OOJBIICH CTENEHU OyAeT MPOTeKAaTh THUAPOJIM3 IO KATHOHY U Cpela pacTBopa
Oyner xucnoit. Eciu crnabee ocHOBaHMe — HA00OpOT, cpela pacTBopa Oyzaer mienouyHou. Kaxk
WCKITIOYCHUE, BO3MOXKCH CIIydaid, Korja cpena Oy[eT MOYTH HEWTPAIIbHOH, HO A3TO TOJBKO
UCKJTFOUCHHUE.

Conu, obpaszosannvie cunbhvim ochosanuem u cunvrou kucromoti (NaCl, KNO3z, Na,SO4 u
ap.), eudpoiuzy He noodeepeaiomcs. VX moHBI He oOpasyror ¢ momamm H' uw  OH™ Bomwl
CJIA00TMCCONMUPYIOMINX WU TPYJHOPACTBOPUMBIX COCJIMHCHUIN, PAaBHOBECHE MEXIYy HOHAMH U
MOJICKYJIaMH BOJIbI HE HAPYIIAETCsl M PACTBOP OCTaeTcs HelTpanbHbiM, pH paBeH 7.

Ilopsinok BbINOJIHEHHS PadOTHI:

1 IloBTOpUTE OCHOBHBIE MOJIOKEHUSA TEOPUH IIEKTPOIUTUYECKON JUCCOLUALUY.

2 3aKOHCHEKTUPYHTE OCHOBHBIE TEOPETHYECKHE CBEJEHUS U OOIIME CXEMbl ypaBHEHUU
peakLuil THIPOJIU3a COIEH pa3HOro THUIIA.

3 [Ipoananu3upyiTe aaropuT™M HallMCAHUS U IPUMEPHI YPaBHEHUM TUAPOIIN3A.

4 BpINoIHATE UHAUBUAYAIIBHBIE 3a/1aHUsI B COOTBETCTBUU C BAPUAHTOM.

Xoa pa0doThI:
Aneopumm nanucanus ypasHeHuu 2uopoau3a.
1. OnpenensiemM THII THAPOIIN3A.
2. CocraBisieM HOHHO-MOJIEKYJISIPHOE YpaBHEHHE TUAPOIIN3A, ONPEACIISEM CPEY.
3. CocTaBisieM MOJIEKYJISIPHOE YPaBHEHHUE.

3aoanue Nel. CoCTaBHTh HOHHO-MOJICKYJISIPHOE M MOJCKYIISIPHOE YPaBHEHUS THIPOJIH3a
xnopuaa meau (II).

1) CuCl, = Cu** + 2CI-

Conb o0OpazoBana katnoHoM cjaagoro ocHoBanusi (Cu(OH);) 1 aHMOHOM CHITBHON KHCIOTBI
(HCI), cnenosaTenbHO, Truapoiu3 uaer no katmony Cu” M TmpoTekaeT B JBe CTaiuM C
00pa3oBaHHEM B Ka4eCTBE MPOMEKYTOYHOTO TPOAYKTa OCHOBHOMU COJH (Cpea Kucias).

2) CocraBuM ypaBHEHHUs 1-ii cTaguu TUAPOIIH3a CONH:

1 cragmus
— MOHHO-MOJIEKYJISIPHOE YPABHEHUE TUAPOIIM3a COJIUA

Cu*" + H-OH = CuOH" + H*
obpasyercs katuoH rumpokxcomenyu (II), B pacTBope HakammmBaroTcs HoHBl H', cpema Kkucmas,
pH<7;
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— MOJIEKYJISIPHOE YPaBHEHUE THAPOIIN3a COIH
CuCl; + H,0 <> CuOHCI + HCI.
3) CocraBuM ypaBHEHUS 2-il CTAJUU TUIPOJIN3A COIH:
2 craaus
CUOH" + HOH «> Cu(OH), + H" (MOHHO-MOJICKYJISIPHOE YPaBHECHHE)
CuOHCI + H,0O <> Cu(OH); + HCl  (monekyssipHOE ypaBHEHHE)

3aoanue No2. CocTaBUTh MOHHO-MOJIEKYJSIPHOE M MOJICKYJSPHOE YPAaBHEHHUS THAPOJIH3a
arerara HaTpHsl.

1) CH3COONa=Na"+ CH3COO

Conp oOpa3oBaHa KAaTHOHOM CHJIBHOTO OCHOBAaHUSI W aHHOHOM €JIa00il KHCJIOTHI,
ClIeI0BATENBHO, TUAPOIU3 TI0 AHUOHY.

2) CH3;COO+ HOH = CH3COOH + OH’
TUAPOJIN3 BEJET K YBEIMYCHHUIO KOoHIIeHTpanuu noHoB OH ™ B pactBope, cpena menoynas, pH>7.

3) CH3COONa + HOH = CH3COOH + NaOH.

3aoanue Ne3. CocTaBUTh HOHHO-MOJIEKYJSIPHOE U MOJEKYJSPHOE YpaBHEHHS THAPOIU3A
areraTa aMMOHHUSI.

1) CH3COONH,; = NH;" + CH;COO™

Conp oOpa3oBaHa KAaTHMOHOM CJA0Or0 OCHOBAHUSI M AHUOHOM CJa00H KHMCJIOTHI,
CJIEIOBATENBHO, THAPOIIU3 M0 KATHOHY U MO0 aHHUOHY.

2) CH3COO + NH;" +HOH = CH3COOH + NH,OH

3) CH3COONH4+HOH = CH3COOH + NH4OH.

B pesymprare ruaposim3a ameraTa aMMOHHS TPOUCXOAMT 00pa3oBaHHE JABYX ClaObIxX
ANEKTPOJIUTOB, PACTBOP OKa3bIBaeTcs OIM3KUM K HeHTpambHOMY, pH~7.

BopmHble pacTBOpPBI TAaKOro THIIA COJEW, B 3aBHCUMOCTH OT KOHCTAHTBI JHCCOLMAIAA
00pa3yIoMXCsl CIa0BIX MEKTPOIUTOB UMEIOT HEHTPAIbHYIO, CITA00KHUCIYIO WIN CIa0O0IEeNI0uHYI0
cpeny.

KoncranTta muccormanuu ruapokcuaa ammonus (K(NH,OH) = 6,3:10™) HecKombKo GOIbIIE
KOHCTaHThl Jucconuanuu ykcycHoil kuciotel (K(CH3COOH) = 1,75-10'5), IIO3TOMY PEAKIUs
BOJIHOTO pacTBOpa alleTaTa aMMOHHUS MMEET CJIa0O0ILEeIOUHYIO Cpey.

®opma mnpeacTaBlieHMs  pe3yJabTaTta: odopmieHHas paboTa ¢ BBIIOJIHEHHBIMU
WHAMBUTyaIbHBIMU 33JaHUSIMH 11O BapUaHTaM.

Kpurtepuu onenku:
3a Kak[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIoB.
Tema 1.4. I'eTeporeHHbie paBHOBECHSI B CCTeMe «PaCTBOP—0CA/I0K»
IIpakTuyeckoe 3ansitue Ne 7.
Pemenne 3ana4 no reme «Ilpoussenenne pacrBopuMocT»
Heab pa0doTBbI: HAyYUTHCS BBIYUCIATH KOHLEHTPAIMM HOHOB IO  MPOU3BEICHHIO

PaCTBOPUMOCTH JJICKTPOJIMTA, A€JIaTh BBIBOAbI O BO3MOXXHOCTH BBINIAJACHUA OCaJIKa IIpHU CMCIIMBAHUA
PacTBOPOB 3aJIaHHBIX KOHI_[CHTpa]_[I/Iﬁ 1 00bEMOB.
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Boinosinus padory, Bbl Oyaere:

ymemy:

— BBIYHCIISTH KOHIIGHTPALIMK HOHOB IO MPOU3BEACHUIO0 PACTBOPUMOCTH JIEKTPOJIUTA;

— JACJIaTb BBIBOJbI O BO3MOKHOCTU BBIIIAZCHUA OCaJKa IIpHU CMCIIMBAHHUU PACTBOPOB 3alaHHBIX
KOHIIEHTpalui 1 00bEMOB.

MarepuajnbHoe o0ecrnieuyeHue:

Kpartkuii cnpaBounuk ¢usuko-xumuyeckux BenuuuH / Ilox pen. K.II. Mumenko u A. A.
PaBpensa. — JI.: Xumusa, 1974. — 200 c. Ilepuoandeckast cucrema xuMuyeckux sjaeMmeHntoB J[. .
MenieneeBa, TabIuIa pAaCTBOPUMOCTH.

3aganue:

HayuuThcs peniaTh TUIIOBBIE 3a/1a4u:
1. BeruncieHue nMpou3BeICHUS PACTBOPUMOCTH MAIOPACTBOPHMOTO JICKTPOIIUTA.
2. BbluncieHHe KOHIICHTPALMKA HOHOB M PaCTBOPUMOCTH MAJIOPACTBOPHMOIO 3JICKTPOJIUTA B
€ro HaCBIIIICHHOM PacTBODE.
3. YcioBust oOpa3oBaHUs OCAIKOB.

Kpartkue Teopernyeckue cBeeHus :

3aKoH JEHUCTBYIOMINX MacC MPUMEHUM KaK K TOMOTEHHBIM, TaK M K T€TEePOTeHHBIM CUCTEMaM.
PaccMoTpuM cucTeMbl, B KOTOPBIX KOHTAKTUPYIOT OC3J0K M PacTBOP TOTO WJIM MHOTO BEIIECTBA.
HacblleHHbli pacTBOp M OCaJOK OTAEJNEHBI APYr OT ApYyra IOBEPXHOCTBIO pasfena W sBISIOTCA
(a3amMu reTeporeHHON CUCTEMBI.

IIpu CONpUKOCHOBEHUM € BOJOW KaKOro-JInO0 MajJOpacTBOPUMOIO 3JIEKTPOJMTA, HaIpUMEp,
cymbgara Gapus BaSOs, momst Ba®* u SO45 mox jeficTBHeM MIIONEH BOABI IIEPEXONAT C
MOBEPXHOCTU KPUCTAIOB B pacTBOp. OHOBPEMEHHO HAYHETCS U OOPATHBIN MPOLIECC — OCAKACHUE
BaSOs, nonsr Ba?* 1 SO4%” B pacTBOpe MOTYT CTANKHBATHCA C TIOBEPXHOCTBIO KprcTamioB BaSOy i
OCaXJ1aThCsl (BBIAENATHCSA) TOJ BIMSHUEM MPUTSDKEHUS JApyrux HoHOB. [locTerneHHO CcKOpocTh
pacTBOpEHUs BEIECTBA YMEHBILIAETCS, & CKOPOCTh IPOTHBOIOJIOXKHOIO IPOLECCa — OCAKIACHUS —
YBEJIMYUBAETCS, YTO U MPUBOJAUT K COCTOSIHUIO JUHAMUYECKOIO PAaBHOBECHS, IPU KOTOPOM YHUCIIO
voroB Ba®" 1 SO,%, yXOIMIIMX B €IMHAIYY BPEMEHH C TIOBEPXHOCTH TBEpO (pashl, paBHO HHCITY
HMOHOB, BO3BPAILIAIOIINXCS HA 3TY MOBEPXHOCTbD.

Takum oOpa3oM, mosryyaeTcsi HaChIIEHHBII pacTBOp cynbdara 6apus, B KOTOPOM OOJIbIle HE
HaAOIIOAAeTCsl HU YMEHBIIEHUS! KOJIMYECTBAa TBEPJIOW (pa3bl, HU HAKOIJIEHHS HOHOB Ba®* u SO,
.YcraHaBiIMBaeTCsl paBHOBECHE MEXAY OCAJAKOM (TBepAol (¢a30i) 3JIEKTpoIMTa U HOHAMH
JIEKTPOJIMTA B PACTBOPE — JAMHAMUYECKOE IE€TEPOr€HHOE PABHOBECUE — OCAOOK <> HACHIU4CHHDLI
pacmeop:

BaSO4(ocanok) <=> Ba?* (pactBop) + SO4* (pacTBop)

B »TOM pacTBOpe KOHIEHTpalys HOHOB OYEHb Majla M BCJIEJICTBHE ITOIO B3aUMOJEHCTBHE UX
JPYT C IPYTOM MPAKTHYECKU OTCYTCTBYET.

KoncranTty paBHOBeCHsI 11l TETEPOT€HHOM CUCTEMBbI MOJKHO 3alMCcaTh TaK:

[Ba* |- [sO;"]

K =
[BasO, |

Konnenrpanuto tBepo#t da3st BaSO4 MOXKHO cUMTATh OCTOSHHOMU, TOTa
K -[BasoO,]=|Ba? |- [sOZ | = 17P,,qc, = const.
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B HacellieHHOM pacTBOpe MAaIOPACTBOPHMOIO JJIEKTPOJUTA TPOU3BEACHUE MOJSPHBIX
KOHIIEHTpAlluii MOHOB, BO3BEJCHHBIX B CTEIEHH, PAaBHBIC UX CTEXMOMETPUUYECKUM KO3 PUIIMEHTaM,
Opyd  JAHHOM  TeMmeparype eCTb BEJIMYMHA TOCTOSHHAS, Ha3blBaeMas  Hpou3eeoeHuem
pacmeopumocmu (IIP).

B o6mem Buze a7t ypaBHEHUS TUCCOLMAIIMN MaTOPACTBOPUMOTO 3JIEKTPOJINTA

KnAm <> nK™ + mA™

MIPaBUJIO IPOU3BEICHUSI PACTBOPUMOCTH TOJTyHYaeT CIeIyIOIee MaTeMaTHIECKOE BhIpaKEHHUE:

[K™TTA™]" = TP(KnAnm),

rae [K™] u [A™] — paBHOBeCHbIE KOHIIEHTPAIMH KATHOHOB ¥ aHHOHOB, 0OPA3yIOIMXCS TIPH
nucconuanuu siekrpoauta KnAm;

N ¥ M — CTENeHH, B KOTOPbIE HEOOXOJMMO BO3BECTH KOHIICHTPAIIUH HOHOB.

Hampumep: Ba3(POy), <> 3Ba’* + 2P0O,*

IIP (Bag(PO4),) = [Ba*T°[POs* -

W3 npousBeaeHnii pacCTBOPUMOCTHA MOYKHO PAacCUUTaTh KOHIEHTPALUKM KaTHOHOB U aHHOHOB B
pacTBOpe MaJOpPaCTBOPUMOTO DJIEKTPOJINTA. 3HAUCHHS TPOU3BEACHUI PACTBOPUMOCTH NPUBEICHBI B
CIpaBOYHHKAX.

[TpousBeneHre PacTBOPHUMOCTA M PACTBOPHMOCTH BEIECTBA SIBJLSIFOTCS XapaKTEPUCTUKAMU
MaJIOPACTBOPUMOT'O BEIIECTBA, MEXK/Y ITUMHU BEIMYMHAMU CYILIECTBYET TECHAs CBSI3b.

PactBopumocTts (S) — 3TO MakcCHMajabHO BO3MOXKHAsi KOHIICHTPAIMs BEIISCTBA B PacTBOPE,
BeIpakaeTcs B /71, /100 r H»O.

MosipHasi paCTBOPUMOCTB S COBIAJAeT C MOJIIPHOM KOHIIEHTpAIKEeil HACBHIIIIEHHOTO pacTBOpa,
BBbIpa)kaeTcsl B MOJIb/1 U cBsi3aHa ¢ [1P:

TP(KnAm)=[K™ T [A™ ]"=(nS)"s(MS)™.

Jn1st IBYXHOHHBIX eKTponuToB, Hanpumep AgCl(n=1,m=1):

TIP(AgCI)=[Ag'][CI"]=S*(AgCI)

JIst TPEXMOHHBIX 3JIEKTPOIUTOB, Hanpumep CaF,(n=1,m=2):

[IP(CaF,)=[Ca’*][F]*=S(2S)*=4S".

CrnenoBarenbHO, MPOU3BENCHUE PACTBOPUMOCTH M PACTBOPUMOCTH — B3aMMOCBSI3aHHBIE
BEJIMYUHBI, IIO3TOMY II0 W3BECTHOM pACTBOPHMOCTHM BEIIECTBA MOXKHO HAWTH 3HAYCHHE
MIPOU3BEICHHUS PACTBOPUMOCTH U HA00OPOT.

[Io cremeHW HACBHINCHWSI Pa3IMYalOT pPACTBOPHI  HEHACHIIICHHBIC, HACHIIICHHBIC U
MIepEHaCHIIIEHHBIE.

Jlst HenachimenHoro pacteopa 1P (Bas(POy),) > [BaZ'T[PO,* 2.

Jlnst Haceiernoro pacteopa TP (Bas(PO,),) = [BaZ*T°[PO. T°.

Jlst nepenacsienHoro pacreopa 1P (Bag(PO4),) < [Ba*P[PO.* 12

[Tpu mpoBeeHNH peakiuii B pacTBOpe, B pe3ylbTaTe KOTOPBIX BO3MOKHO 00pa3oBaHUE OCAJIKa,
HE00X0AMMO cOOIII0/IaTh ONpeieNieHHbIE TPEOOBaHUs K BEIOOPY KOHIIEHTpALUi peareHTOB.

YcnoBue 00pazoBaHUs OCaJIKa: MPOU3BEICHHE MOJIIPHBIX KOHIIEHTPAIM HOHOB, BO3BEICHHBIX
B creneHb crexuomerpudeckux kodpdummentoB (I1K), nomkHO OBITE OOJBIIE BETMYUHBI
npousBeneHus pactsopumoctu (I1P):

KnAn <> nK™ + mA™

MK (KpAm) = (CK™)"s(CA™)™ > TTP(KnAnm)

Ecmu TTIK(K,Am) < ITP(K,Ap), TO ocanok He oOpasyercs. CrenoBarenbHO, 3HasI KOHIIEHTPAITUN
HMOHOB MaJIOPACTBOPUMOTO DIIEKTPOJIUTA B PACTBOPE, MOYKHO OPUEHTHPOBOYHO OLIEHUTb, BBHITIAJIET JIN
B JIAaHHOM CJTy4ae 0CaJIoK.

IHopsiaok BbINOTHEHUsI PpA0OThI:
1 IloBTOpPUTE OCHOBHBIE TEOPETUYECKHE IIOJIOKEHUS T'€TEPOr€HHOIO PaBHOBECHS B CHUCTEME
«pPacTBOP-0CATOK».
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2 3anummTe o0mmye GopMyIibl, IPUMEHSIEMBbIE IS BBIYUCICHHS TPOU3BEICHHUS PACTBOPUMOCTH
U WCIOJIb30BaHMsI JTOM BEIUYMHBI B pacyeTax IO OINPENENICHUI0 KOHLEHTPAlUil HOHOB H
BO3MOXKHOCTH 00pa30BaHUs OCAIKa.

3 IIpoaHanu3upyWTe M OCMBICIUTE AJITOPUTMBI PEIICHUS THUIIOBBIX 3aJad Ha OIPEIEJICHUE
IIPOU3BEICHUS PACTBOPUMOCTH, KOHLIEHTPALlMil HOHOB M BO3MOKHOCTH 00pa30BaHMsI 0CAIKa.

4 BpInoaHWTE MHIMBUAYAJIBHBIE 3aaHUS B COOTBETCTBUH C BADUAHTOM.

Xoxa padoTbi:
IMpumepsl penieHUs1 THNOBBIX 32124
3aoaua Nel.
PactBopumocts CaCO3 pasua 0,00069 1/71. Berarciure [TP(CaCOs).
Aneopumm pewienusl.

1. Momspuas macca CaCO3: M(CaCO3)=100 r/moib.

2. Paccuurtaem mossipHyto pactBopumMocth CaCOs3
S(CaCO;3) = L/ M(CaCO3) = 0,00069 / 100 = 6,9+10 moxb/1.

3. MomnsipHasi pacCTBOPUMOCTh COBIIAIACT C MOJIIPHOM KOHIICHTPALIUEH COJIM B PaCTBOPE:
C(CaC03) = S(CaCOs3) = 6,9¢10"° moub/1.

4. Haiinem paBHOBECHBIC MOJIIPHBIC KOHIICHTPAIIUK HOHOB B PAaCTBOPE:
CaCOs¢> Ca”™* + CO3>
[Ca*] = [COs* ] =S =6,9+10" moub/.
Torzna [IP(CaCOs) = [Ca®*] « [CO&* ];

[IP(CaCO3) = 6,94107° +6,9¢10° = 4810 .

Ortgert: [1P(CaCOs3) = 484107,

3aoaua Ne2.

IMpouseenenue pacrBopumoctu PbJ,; mpu 18°C paBHO 1,4210°8. Paccunraiire KOHIICHTpaluH
voroB Pb?* 1 J ™ n pactBopumoctb PhJ, B /1.

Aneopumm pewienus.

1. PbJ, <> Pb* +2J°

2. TIP(Pbl,) = [Pb* ][I ]?

3. 0603maunm [Ph?*] = x, Torma [J7] = 2x

4. CnenoBarenbHO

ITP(PbJ2) = [Pb2+]-[J-]2

ITP(PbJ2) = x(2x)2 = 4x3

1,4¢10-8 = 4x3

8
X =3 14 i‘o =15-10"° momw/ 1.

5. MonsipHast paCTBOPUMOCTH COJIM PaBHA 1,510 mous/m.

6. KoHieHTpamyu noHOB paBHBIL:

[Pb*] = 1,510 mons/n

[1]=2¢1,510"°= 3,010 mons/m.

7. UToObl OT MOJSPHOW pPAaCTBOPUMOCTH MEPEHTH K PAaCTBOPUMOCTH B TI/J, HEOOXOAMMO
MOJISIPHYIO paCTBOPUMOCTb YMHOXHThH Ha MOJIIPHYIO Maccy BEIIEeCTBa.

L = SeM(PhJ,) = 1,5210 3461 = 0,692 /.

Otser: [Pb*]=1,5¢10"% monn/i; [J] = 3,0°10> mous/i; L(PbJ) = 0,692 /.

3aoaua Ne3.
Omnpenenurte, BBIMAJAET JIM OCAJOK NpPU CMEIIMBaHUU pPaBHbIX 00bemMoB 0,2 M pacTtBOpoB
Pb(NO3), u NaCl.
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Aneopumm pewenus.
1. MornekynsipHoe ypaBHEHHE PEaKIIHH:
Pb(NO3), + 2NaCl = |PbCl, + 2NaNOs.
2. VonHo-MoneKyisipHoe ypasHerue: Pb® + 2CI~ <> PbCl,
3. Jlns ompenenenus ycnmoBus 00Opa3oBaHUs oOcajka HeoOxoammo paccuutars [IK:
TIK(PbCl,) = [Pb**]-[CI ]

4. Jlns nHaxoxnenus I[IK Hy)XHO HalTH KOHUEHTpauuu Pb®*n CI” mocme cmemmBanmus
PacTBOPOB 3aJIaHHOM KOHIIEHTpanuu. [Ipy cMemmBaHK pacTBOPOB OJIMHAKOBBIX 00BEMOB
KOHIICHTPAIIMU HOHOB YMEHbBIIIAIOTCS BIBOE:

[Pb*]1=0,1 mons/;  [Cl ]=0,1 mons/m.

5. TIK(PbCly) = [Pb*T[CI']?=0,1 - 0,1°= 10",

6. Omnpenensem [P no tabaumam: ITP(PbCly) = 2,4-10’4.

7. Cpasuusaem IIK ¢ I1P: TIK(PbCly) = 107 > ITP(PbCly) = 2,4-10™ 3maunr ocamox PhCl,
BBITIAJICT.

Otser: ocanok PbCl, Bemager.

3aoaua Ne4.

[IpousBenenue pacTBopuMocTH cynbduaa mapranna mnpu 25°C paBHO 5,610 *°. Bpimazer mm
ocanok npu cmemuBanuu 5 M1 0,066 MnSO,4 u 4 M 0,011 Na,pS?

Pemenue.

MonexkynsipHOE ypaBHEHUE PEAKLIUN

MnSO, + Na,S = MnS + Na,SO,4

HoHHO-MOJTEKYIIIpHOE YPaBHEHUE PEAKITHH

Mn®* +S% = MnS

Jlist onipenesieHus yCIIoBUsl 00pa3oBaHus ocaka HeoOxoaumo paccuutarh 1K

[IK(MnS) = [Mn*][S*].

Jlna Haxoxaenus 11K Hy»KHO HaliTH KOHLEHTpaluu Mn?* 1 S* mocre cMemmBanms pacTBOpoB
3aaHHOM KoHIeHTparmu. OnpeenseM UCXOIHbIe KOHIICHTPALMU HOHOB 10 CITUBAHHSI PACTBOPOB:

JUist OIpeelIeH sl KOHICHTPaLuy HoHOB MN®" HY)XHO IepeBecTH HOPMAIBHYHO KOHIICHTPALIHIO
MnSO, B MosipHYIO.

f.x(MnSQO4) =1/2 0,061 MnSO,4 = 0,03M MnSQ,

MnSOs <> Mn* + SO/

0,03 mone/m 0,03 monb/1

JUIsl ONpeeIeH s KOHICHTPALMH HOHOB S° HY)KHO [ePEeBECTH HOPMAIBHYIO KOHLICHTPALIHIO
NayS B MonspHYtO.

f.x(Na,S) =1/2 0,01 Na,S = 0,005M Na,S

Na;S <> 2Na" + S*

0,005 mome/m 0,005 mons/n

OnpenensieM KOHIIEHTPAIIMIO HOHOB TIOCJIe CMEITUBAHUSI PACTBOPOB.

O0wem pactBopa nocie cmemmBanust 5 mit MnSO4 1 4 mur Na,S cram 9 mur.

KoHnrienTpaiivist HOHOB MOCIiE CMEIIMBAHUS PACTBOPOB

.1._5-0,03
o122

=0,017monv! 2

[S 2’]= 4'05005 =0,002mo016/ 1

Haxoaum npounsBeaeHne KOHIEHTpaui
[IK(MnS) = [Mn*][S*].

[IK(MnS) = 0,017 * 0,002 = 3,410
CpasuuBaem I1IK c IIP (mpunoxenue, Ta61.3)
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3,4410°>5,6:10"°

CnenosarenbHo, ipu cauBanuu S M 0,006H. pactBopa MNnSO4 1 4 mit 0,011 pactBopa NaxS
obpasyercs ocagok MnS.

VcxomHple JaHHBIC M PE3yIbTAThI pacueTa 3aHOCHM B TaOIIHILY.

KoHieHTpanust, MoJib/1

n CHHBaﬁEﬂ mociie [TK(MnS) =

OHBI acTEG B [Mn?*][S*]
poB p pacTBOPOB
5:003_ .
M 0,03 o O IIK = 0,017 * 0,002 =
"] 3.4410°

[ 4.0,005 -0

§1 0,005 9 ’ 3,4¢10°>5,60107°

OtBer: mpu cimBanuu 5 mut 0,006H. pactBopa MnSO4 u 4 mi 0,011 pactBopa Na,S ocamox
MnS o6pasyercs.

dopma npeacTaBIeHUs Pe3yJbTaTa: BBITOIHEHHAS pa0doTa ¢ PEIICHHUEM WHIWBUIYAITbHBIX
3aJa4 1Mo BapuaHTaM.
Kpurepuu ouenku:

3a KaXXIIbIi MpaBUIIBHBIA OTBET — 1 OasuI.
3a HenpaBWIbHBINM 0TBET — () 6AJUIOB.
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Tema 1.5. KoMmmjiekcHbIe cOeANHEHUS
IpakTuyeckoe 3ansaTue Ne 8.

BoinosiHeHHe yNpa:KHEHU M0 COCTABJICHNIO: YPABHEHHUI

JIEKTPOJUTHYECKOH TUCCONUANNH KOMILJIEKCHOTO COeTUHEHHsI

U KOMILJIEKCHOT0 MOHA; BHIPA’KEHUI KOHCTAHTHI HECTOMKOCTH
KOMILJIEKCHOI'0 HOHA; HA3BaHUI KOMILIEKCHBIX COeTHHEHU I

Ienb padoThl: HAyUYNUTHCS COCTABIATh HA3BAHUS KOMIUJIEKCHBIX COSJUHEHUM U YpaBHEHUS UX
JUCCOLMALUK, COCTABJIATH BBIPAXKEHUS KOHCTAHTBl HECTOMKOCTH W CPaBHUBAThb KOMIIJICKCHBIC
COCIMHEHMS 110 YCTOMUUBOCTH.

Brinonnus paboty, Bei Oynere:

ymemp:

— COCTaBIATh Ha3BaHUSA MW (QOPMYNIBI KOMIUIEKCHBIX COEAMHEHHWH, YypaBHEHHS UX
M CCOLIMALINY;

— COCTaBIISITh BBIPAKEHHSI KOHCTAHT HECTOMKOCTH, CPABHUBATH KOMIUICKCHBIE COSAMHEHUS 110
YCTOWYUBOCTH.

MarepunanbHoe obecrnieyeHue:

Kpartkuii cnpaBounuk ¢usnko-xumudeckux BeawuuH / [lox pen. K. I1. Mumenko u A. A.
PaBnemns. — JI. : Xumus, 1974. — 200 c.

[lepuonnueckass cucremMa xumudeckux osnementoB J[. WM. MenneneeBa, Tabnuua
PacTBOPUMOCTH.

3ananue:
HayuuTtbcs BBITTOTHATH TUNIOBBIE 3a1aHUS:
1 CocraBnenue Ha3BaHHH U HOPMYIT KOMIIEKCHBIX COSAMHEHUIA.
2 CocraBneHue ypaBHEHWH JUCCONMANMKA W BBIPAKECHUNW KOHCTAHTBI HECTOMKOCTH
KOMIUJIEKCHBIX COCIMHEHUM.
3 CpaBHEHHE KOMITICKCHBIX COSIMHECHHSI 10 YCTOWYHUBOCTH.

Kparkue Teopernyeckue CBeAeHUSA:

Komnnekcnvie coedunenus — 3TO COEAMHEHUs BBICUIETO MOPSAAKA, COJAEpKallle B COCTaBE
KOMILJIEKCHBIA HOH

Teopusi KomMnIeKCHbIX coeOuHeHull (KoopounayuoHuas meopusi) Obuta TipeayioxeHa B 1893 r.
A. Bepnepowm.

B coctaB KOMITJIEKCHOTO (KOOPAWHAIIMOHHOTO) COEIMHEHUsI OOBIYHO BXOJUT II€HTPAIbHbBIN
aToM, Ha3bIBAEMBI KoMnIekcoobpazosamenem, W WOHBI WM MOJIEKYJbl, HEMOCPEICTBEHHO
CBSI3aHHBIE C KOMIUIEKCOOOpa3oBaTesieM, Ha3bIBaeMble iuearnoamu. VIoH-koMIiekcooOpa3oBaTenb 1
JMTaHabl 00Pa3yIOT 6HYMPEHHIOW KOOPOUHAYUOHHYIO cghepy KOMILIEKca. Y KOMILJIEKCHBIX HOHOB
UMEETCSl 6HeWH s KOOPOUHAYUOHHAs cgepa, 0Opa3oBaHHAs HOHAMHU IPOTHUBOIOJIOKHOTO 3HAKa.
ITpu 3anucu GopMyssl KOOPAMHAMOHHOTO COEIMHEHNS BHYTPEHHIOI KOOPAWHAIMOHHYIO chepy
3aKJIIOYalOT B KBaJApaTHbIE CKOOKH; aTOMBI BHEIIHEH cepbl HaXOASTCS 3a KBaJApaTHBIMU CKOOKaMHU.
[Ipumep: B Monekyle xjopuaa aumammuHocepebpa [Ag(NH3bICl wuon Ag’ sBnsercs
KOMILTIeKCooOpa3oBaTesneM, Mosekyinsl NHs — nurangamu, nonst CI' 006pasyroT BHENIHIO chepy.
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KomrekcooOpazoBarensiMi  4ale BCETO SBISIOTCS TOJOKUTEIBHO 3apshKCHHBIE HWOHBI
merawios — Fe®*, Fe**, Co®*, Ni**, Cu®*, Ag®, Ag’, Zn**, Hg*, Br u zxp. Jluraugamu MOryT GbITh
nousl Tma CN', I, F, CI, OH, COgZ', 8042', C2042', MOJICKYJIbI, MMEIOIINE HETOACIICHHBIC
anekTpoHHbie mapsl, — H20, NH3, CO, NO u psig opraHM4ecKuX COeTMHEHUH.

JIuranmpl CBA3aHbI C HEHTPAIBHBIM aTOMOM-KOMILIEKCOOOpa3oBaTeaeM KOBAJICHTHON CBA3bIO,
00pa3oBaHHONW MO JOHOPHO-AaKIENTOPHOMY MEXaHU3MYy (KOOpIMHAIIMOHHAs CBS3b). Jluranmbl
OOBIYHO SIBJIIFOTCSL JIOHOPAMH 3JIEKTPOHHBIX MMap, a HEHTPAJIbHBIA aToM — akmentopoM. Ywucio
JIUTaHJI0B, KOOPJIMHUPOBAHHBIX KOMIUIEKCOOOpa30oBaTesieM, Ha3bIBAIOT KOOPAUHAIIMOHHBIM YHCIIOM.

Jnist GONBIIMHCTBA KOMILIEKCOOOpa3oBarenel KOOpANHAIIMOHHBIE YMCla PaBHbI 2, 4, 6. 3apsin
KOMIUIEKCHOTO MOHA PaBEH CyMME 3aps0B MOHOB, BXOJSIIMX BO BHYTpeHHIOW chepy. Tak, mms
[Fe(CN)s]* cymmapsiii 3apsix (-3) paser cymme 3apsinos Fe**(+3) u 6CN(-6): +3 + (-6) = -3. Eciu
JUTaHAOM CITy’)KaT 3JIeKTpoHenTpabable MosieKybl (H20, NH3), 3aps KOMIUIEKCHOTO MOHA paBeH
3apsily HOHA-KOMILIEKCO0Opa30BaTes.

Homenkxnamypa xomniexcuvix coeouHenuti

1) B Ha3BaHWMU KOMIUIEKCHOTO COEAMHEHUS MEPBBIM YKa3bIBAIOT OTPHULATENHFHO 3aPSIKCHHYIO
4acTb — AaHUOH, 3aTeM IOJIOKUTETbHYIO YaCTh — KATHOH.

2) Ha3Banme KOMIUJICKCHOTO MOHA HAYMHAIOT C YKa3aHHs COCTaBa BHYTpeHHEW cdepsl. Bo
BHYTpEHHEH cdepe Ipexae BCero Ha3bIBAIOT JIMTAHAbl — aHWOHBI, MPUOABIAS K UX JIATUHCKOMY
Ha3BaHMIO oKoHYaHue «o». Hampumep: Cl — xmopo, CN — mmano, SCN — tronmanato, NO3 —
HuTpato, SOs> — cymbduro, OH — rumpokco u T. . IIpH 9TOM MOIB3YIOTCS TEPMHUHAMM: UIS
KOOPJAMHUPOBAHHOT'O aMMHAaKa — aMMHUH, JIJIsl BOJBI — aKBa, /it okcupa yriepoaa(ll) — kapbonwmr.

3) Uncno MOHOAEHTATHBIX TUTaH0B (HeiTpanbubie Monekynbl (HoO, NHiz, CO, NO u ap.) u
sapsokenabiME noubl (CN—, F—, Cl—, OH—, SCN—, S;0s° u 1p.)) yKa3blBalOT IPEYECKHMH
YUCJIMTEIbHBIMUA: 1 — MOHO (YacTo HEe MpUBOAUTCSA), 2 — au, 3 — TpH, 4 — TeTpa, 5 — neHTa, 6 —
rekca. JlJi1 MONMACHTAaTHBIX JIUTAaHAOB (HAapuMep, STUJICHIMAMUH, OKCajaT) MCHOJB3YIOT OHC-,
TpHC-, TETPAKUC- U T. 1.

4) 3areMm Ha3bIBalOT KOMILJIEKCOOOpPA30BaTENb, UCIOJIb3Ysl KOPEHb €ro JAaTMHCKOTO Ha3BaHUS
U OKOHYaHME -aT, MOCJI€ Yer0 PUMCKUMH IU(pamMH YKa3bIBAIOT (B CKOOKAaX) CTENEHb OKHCIEHUS
KOMILJIEKCOOOpa3oBaTesl.

5) ITocne 0603HavYeHus cocTaBa BHYTPEHHEN Cephl Ha3bIBalOT BHEILHIOO cdepy.

6) B HazBaHMM HENTpaNbHBIX KOMIUIEKCHBIX YaCTHUI[ KOMILJIEKCOOOPa30BaTelb YKa3bIBACTCS B
MMEHUTEIILHOM TIaJIekKe, a CTENEeHb €ro He YKa3bIBAaeTCs, TaK KaK OHA OJHO3HAYHO OMpEIeNsIeTcs,
MCXO/IS U3 DIIEKTPOHEUTPATLHOCTH KOMILIEKCA.

[Ipumepsr:

Ks[Fe(CN)e] — rekcarmanodeppar(I1l) xamust

(NHg)2[PtCl4(OH);] — murunapoxcorerpaxiaoporuiatuaar(IV) aMmmonus
[Cr(H20)3F3] — tpudropoTprakBaxpom

[Pt(NH3)4Cl;]Cl, — xmopua auxmoporerpaammuHIuiaTHHBI(IV)

IMopsiiok BbINOJHEHUS PA0OTHI:

1 IloBTOpUTE OCHOBHBIE MOJOKEHHS KOOPJIMHALMOHHON TEOPUU CTPOCHHSI KOMILJIEKCHBIX
COCIMHEHU.

2 3aKOHCIEKTUPYHUTE Ha3BaHMUSI OCHOBHBIX JIMTAHIOB M TMPABWJIA COCTABJICHHUS HAa3BAHUM
KOMIIJIEKCHBIX COESTMHEHUH.

3 Ilpoananu3upyidTe U OCMBICAUTE TPUMEPHI BBINOJIHEHUS THUIOBBIX 3aJaHUN IO
COCTABJICHHUIO Ha3BaHUMW W YPaBHEHUH JUCCOLUALIMU KOMIUIEKCHBIX COEAMHEHHMI.

4 BpINOJHUTE UHIWBUIYAIbHBIE 3a/1aHHUSI B COOTBETCTBUU C BAPHAHTOM.
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Xon paboThr:

[Ipumepsbl BHIMOJHEHUS TUIIOBBIX 3aJaHUI

3aoanue Nel.

VYkaxuTe: a) KOMIUIEKCOOOpa3oBarTeib, 0) JUTaHAbl, B) KOOPAUMHAIIMOHHOE YHCIIO, T') CTETICHb

OKHCIICHUSI KOMILIEKCOO0pa3oBaress, /1) 3apsil KOMIUIEKCHOTO HOHA, €) Ha3BaHHE KOMIUICKCHBIX
coenunenuii K4[Fe(CN)g], [Cu(H20)2(NH3)2]SOs.

Pewenue.

1. K*4[Fe(CN)s]" - rexcammaonodeppar (1) kasus.

J'II/IZ

MIEKCO00
OpIMHAIIO

q
<
N
4

w

= 3
2. [Cu(H20)2(NH;)2]SO4 — cynbdar nuaxsagumammun meau (1)

.
v
E
.

MITJICKC
ARnanAnA
HUraHabl—

4
¢
4
5
H

KoopaunaryionHoe 4yuciio B 1aHHOM npumepe: 4=2+2 (onpeaensieTcsi CyMMOil IMTaH IOB).

[0)

3aoanue Ne2.

Hanummre xumudeckue (GopMyiibl KOMILICKCHBIX COeIMHEHUIt: a) rekcarmanoxpomatr (111)
Kaswust; 0) opomu rekcaammuH Kobasibta (I1); B) HuTpar nuakBarerpaamvun Hukens (11).

Pewenue.

a) rekcarmanoxpomar (1) kamus — K3[Cr(CN)g];

0) 6pomuy rekcaammuH kobanbTa (111) — [Co(NH3)6]Brs;

B) mutpar auakBarerpaamMmmuH HUKeNs (11) — [Ni(H20)2(NHsz)4](NO3),.

3aoanue Nes.

Hanumure ypaBHEHHs JAMCCOIMALMKM YKAa3aHHBIX KOMIUICKCHBIX COCJMHCHUH, BBIPAXKCHUS
KOHCTaHT HECTOMKOCTHU U, MOJB3YSICh TAOIUYHBIMU 3HAUCHUSIMH KOHCTAaHT HECTOMKOCTH, CPAaBHHUTE
atu coenuHenus mo ycronunBoct: [Ag(NH3)2]Cl, K[Ag(CN)].

Aneopumm pewenus.

1. KoMmieKkcHbIe COCIMHEHHS TPH  SJICKTPOJIUTHYSCKOH JHUCCOIMAIMH  00pa3yroT
KOMITJIEKCHBIEC HOHBI ¥ HOHBI BHEITHEH Cephl KaK CUITbHBIC 3JIEKTPOJIUTHI:

[Ag(NHz)2]Cl <> [Ag(NH3),]" + CI™

2. KomIiekcHbIE MOHBI MTOJIBEPTalOTCS TUCCONMAIMN KaK CI1a0ble 3JEKTPOIHUTHL. Y IPOLICHHO
JMCCOIMAIINIO BHYTPEHHEH Cepbl MOKHO TPEICTABUTH TAKUM 00pa3oM:

[Ag(NH3)2]+ <~ Ag+ + 2NHj3

3. Ilpumensis 3akoH JEUCTBYIOIIMX Macc K OOpaTHMBIM MpoOIlecCaM  TUCCOLUAINU
KOMITJICKCHBIX HOHOB, 3aITHIIEM BBIPAKEHHUSI KOHCTAHThI HECTOUKOCTH:
o _lAg lINHE o
’ Ag(NH3)2]+

4. Tlo ToOi € CXEeMe BBINOJHIEM JIeHCTBHA CO BTOPBIM TPUMEPOM KOMIUIEKCHOTO
COCIUHECHMUS:
+ -
K[Ag(CN)2] <> K" + [Ag(CN);]
_ + _
[Ag(CN),] <> Ag” + 2CN
+ _7T
K, =129 I fen J —-1.10%
[Ag(CN),]
5. KoHcraHTa HECTOMKOCTH KOMIUIEKCHOTO MOHA XapaKTepH3yeT MPOYHOCTH (YCTOWYMBOCTD)
BHYTpEHHEH cdepbl KOMIUIEKCHOIO HOHa. YeM MeHbIe KOHCTAaHTa HECTOMKOCTH, TeM
[IPOYHEE KOMILIEKCHBIN HOH.
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K, = 1-10% < K, = 9-10® , 3naunt xommiekcusii mon [Ag(CN),]~ Gonee mpounsiii, dem
[Ag(NH3)]" .

dopma mnpeacTaBieHusi pe3yabTara: odopmiieHHas paboTa C  BBINOJIHEHHBIMU
WHJIMBUIYJIbHBIMU 33/IaHUSIMU 110 BapUaHTaM.

Kpurepun oneHku:

3a Kax/Iblid TPaBWIBHBIN OTBET — 1 Ga.

3a HenpaBWIbHBINA O0TBET — 0 OaITOB.

Tema 1.6. OKHCIUTEIBLHO-BOCCTAHOBUTEIbHbIE PeAKIIHU
IIpakTuyeckoe 3anaTue Ne 9

Onpenenenne okuciaureseii u Bocctanopuresieil. CocraBiienne ypapuenuii OBP

Ienp padoTbl: HAy4UTHCS OIPENEIATh CBOMCTBA COCAMHEHHMH II0 CTENEHM OKHUCICHUS
JJIEMEHTOB, COCTABJIATh YPABHEHMS OKHMCIIATEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIMH, PAaCCUUTHIBATH
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIE  NOTCHIMAIBI 110  ypaBHEHUIO HepHcra, omnpenenars
HaIlpaBJICHUsI CAMOIIPOU3BOJIBHOTO IPOTEKAHMS PEAKIIUH.

Boinosinus padorty, Bel Oynere:

ymems.:

— II0 CTCIICHU OKMCJICHUSA IJICMCHTOB IPOIHO3UPOBATH CBOMCTBaA COGI[I/IHCHI/Iﬁ B pCaKnuiax €
JIPYTUMHU BEUIECTBAMH,

— paCCUUTBIBATE OKUCIUTCIIbHO-BOCCTAHOBUTCIIbHBIC ITOTCHIMAJIBI 10 YPABHCHUIO HepHCTa;

— coctaBisATh ypaBHeHuss OBP u onpenensTe HampaBieHUs CaMONPOU3BOJIBHOTO HX
MIPOTEKaHUS.

MarepuanbHoe o0ecnieyeHue:

Kpartkuii cnpaBounuk ¢usnko-xumuueckux BenanuuH / [lox pen. K. I1. Mumenko u A. A.
Papnensa. — JI.: Xumus, 1974. — 200 c. Ilepunonnyeckas cucrema xuMudeckux anemeHToB Jl. U.
MenieneeBa, TabauIa pacCTBOPUMOCTH.

3aganue:
HayuuThcs BBIMOTHITH TUMIOBBIC 33/JaHUS TIO JAHHON TeMe:
1 OmpenencHue CTENEHW OKHUCIICHUS JJIEMEHTOB B BEIIECTBAX, MPOTHO3WPOBAHUE WX
CBOMCTB B PEAKIUAX C IPYTHUMHU BEUIECTBAMH.
2 CocrapieHue ypaBHCHHH OKACIUTEILHO-BOCCTAHOBHTEIBHBIX PEAKIIHH.
3 Pacuer OKHCITUTENBHO-BOCCTAHOBUTENBHBIX TOTEHIIMATIOB 0 YpaBHeHUIO HepHcTa.
4 OmnpenereHre HaNPaBISHUS CAMOIIPONU3BOJIBLHOTO MTPOTEKAHUS PEAKITUH.

KpaTkue Teopernyeckue cBeieHUS:

Onexmpoomnvle nomenyuanbl

B rereporeHHbIX cucTeMax, COIEp)KallUX 3apsHKEHHbIE YacTHUIbl, HA TpaHUlle paszzaena Qa3
YCTaHABIIMBAETCSl PAaBHOBECHME M BO3HMKAET pPa3HOCTh IIOTEHLMAJIOB: pacTBOp 3apspKaeTcs
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MOJIOKUTEIBHO, a TJIaCTHHA OTPULIATENIbHO. DTa Pa3HOCTh MOTEHIIMAIIOB HA3bIBAETCS SJIEKTPOIHBIM
MMOTCHIINAIOM.

DONEeKTpOAHbIE TMOTCHIMANbI, H3MEPEHHBIE [0 CPAaBHEHUIO CO CTaHI[apTHLIMl, npu
KOHIICHTpAallud HOHOB B pacTBOpe | MOJb/T HAa3bIBAIOTCA CTaHAAPTHBIMU DJICKTPOIHBIMH
noTeHImManamu, 0603uauaroTes EC, v CBeIeHbI B TAGIHUIBL. 3aBHCUMOCTD 3JIEKTPOIHOTO MOTEHIMaa
OT TEMIIepaTypbl U KOHIIEHTPAIIMU NOHOB BbIpaxkaeTcsi ypaBHeHneM HepHcera:

E=E°+BIMQ

nF rae
E — anexrpoanslii norenuuai, B;
E® CTaHJIAPTHBIN 3JIEKTPOIHBIN MMOTEHIHAN, B;
R — yauBepcanpHas ra3oBas nocrosiaias, 8,3 Jx/mons-K;
T — remneparypa, K;
N — YUCIIEHHOE 3HaYEHUE 3apsi/ia HOHA;

F — nmocrosinnas ®apaes, 9,65-10" Ki/moub;
C — KOHIIEHTpalLKs HOHOB B PACTBOPE, MOJIB/II.
Jlia ctannapTHOM TemnepaTtypsl 298K (250C)
E =g 4 2059 IgC

n .

Ecnu pacnonoxuTh MeTasibl B TMOpPSIKE BO3pAacTaHUS 3HAYCHUH UX CTaHAAPTHBIX
MOTEHIMAJIOB, TO MOJIYYUTCS PSA aKTHBHOCTH METAUIOB. KakIplii MeTail B 3TOM POy SBISIETCS
0os1ee CUIIBHBIM BOCCTAHOBUTEIIEM, YEM MOCIEIYIOIIUH.

OKucaumenvHo-60cCManoO8UmMeENbHblE  PeaKyuu u NOMeHYUaIbl OKUCIUMENLHO-
80CCMAHOBUMENILHBIX NAD

OKucaumenvbHo-60CcCMAHOBUMENbHbIE PeAKYULU — 210 peakyuu, npomexaruue ¢ UsmMeHeHuem
cmenenu OKUCIeHUs JIeMEHMO08, MO eCMb CONPOBONCOAIOuUecs Nepexo0om 1eKMpPOHO8 Om 0OHUX
amomos K Opy2um.

BoccranoBurens — yacTuia, OTAONIAs HIEKTPOHBI.

OxucnuTenp — 9acTuIa, IPUHUMAFOIAS SJICKTPOHEI.

Umncno OTAaHHBIX U MPUHATHIX AJIEKTPOHOB PaBHO.

Kaxmasi OKHCIMTENbHO-BOCCTAHOBHUTEIBHAS PEAKIUS COCTOMT W3 JBYX MOJYPEaKIHU, IS
KaX/10ll OKHMCIMTEIbHO-BOCCTAHOBUTEIBHOM MNapbl MOXHO H3MEPUTh MOTEHIHAJ] C MOMOILBIO
WHEPTHOTO JIEKTPO/Ia, HAITPUMED, TUIATHHOBOTO WIJIH CTEKJISTHHOTO.

[ToTeHnManbl OKHCIUTENLHO-BOCCTAHOBUTENBHBIX Map PACCYUTHIBAIOTCS IO YPaBHEHHIO
HepHncra:

C
— EO + 01059 Ig oK.

ok.popma/Bocet.hopra OK./ BOCCT. C

BOCCT.(. , l"I[e
N — 91UCJI0 OTJAaHHBIX I-IaCTI/II_[eI\/’I OJICKTPOHOB;,

E

C .
ocd. — MOJISIpHAS! KOHLIEHTPALMsI OKUCIIEHHON (OPMBI;

Covcend. _ o 5
pHad KOHOCHTpALUA BOCCTAHOBJIICHHOU (I)OpMLI.
HanpaeﬂeHue npomeKaHus OKuCJzumeJZbHo-eoccmauoeumeﬂbezxpeaxuuﬁ
Ilo BemmuumHe IIoTCHIMalia OKHCIIUTEIFHO-BOCCTAHOBUTEILHOM napel MOXHO CYIHUTH 00
aKTMBHOCTH OKHCIHUTEIS M BOCCTAaHOBHUTENSA. YeM BEIIIE OKHCIUTEIbHO-BOCCTAHOBHUTEIBHBIM
MMOTCHIMAJI ITapbl, TEM B OOJIBIIEN CTEIECHN BBIPAXKCHBI OKHUCIIMTCIIBHBIC CBOMCTBA CHCTEMEI.
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Takum 06pa30M, 3Had CTAHOAPTHBIC JJICKTPOAHBLIC IMOTCHIMUAJBI MOKHO OIIPCACIIUTD
HaIrpaBJICHHUEC IPOTCKAHUA OKHCJIATENbHO-BOCCTAHOBUTEILHOMN PE€aKIMU IO BBIPAKCHUIO!

3.10.¢. = EonaEpons > 0

VYcnoBue CaAMOIIPOU3BOJIbHOI'O IIPOTCKAHHA OKHUCJINTEIbHO-BOCCTAHOBUTEILHON pe€aKkiuu:
eciu 3ﬂeKmp066uf)fcyu/;aﬂ CUlad OKUCIUMENbHO-60CCNAROBUMENIbHO20 npoyecca bonvue HYJIA, mo
amom npoyecc camonpou3eoibHO npomexkaem 6 npAMomM HanpasieHuu.

I[opsiaok BbINOJIHEHUS PA0OTHI:

1 IloBTOpHTE OCHOBHBIE MOHSATHS, U3yYEHHbIE B TeMe «OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIE
peaKIm.

2 3aKOHCHEKTHPYHTE  yCIOBHE  CAaMOIPOMU3BOJBHOIO  IMPOTEKAHUS  OKHUCIHUTEIBHO-
BOCCTAaHOBUTEIBHOMN peakiuu, ypaBHeHHUe HepHcTa A onpeaesieHus 3JIEeKTPOAHBIX MOTEHIIMATIOB
HMOHOB ¥ OKUCJIMTEIbHO-BOCCTAHOBUTENBHBIX Tap.

3 [lpoananmu3upyiTe U OCMBICIUTE TPUMEPHI BBITOJIHEHUS THUIOBBIX 3aJaHUN 110
MIPOTHO3UPOBAHUIO CBOMCTB COEIMHEHMM, cocTaBiieHUI0 ypaBHeHud OBP u onpenenenuto
HaIpaBJIEHUs CAMONPOU3BOJILHOTO MX MPOTEKAHUS.

4 BpINOJHUTE UHIMBHUIYAJIbHBIE 3a/1aHHUSI B COOTBETCTBUU C BAPHUAHTOM.

Xox pabdoThI:

Baoanue Nel.

Onpenenure CTENEHb OKHCICHHS BCEX AJIEeMEHTOB B coeawHeHusx: P,Os, MnSO4 MnOy,
KMnOy4, KNO,, NH4sNO3;, KNO3, K»Cr,04, chr04, Na,SO0s.

Aneopumm peutenus.

Crenenb okuciaeHUS — GopMaNbHBIN 3apsi aToMa B Mosiekyie. CyMmMma 3apsiioB BCEX aTOMOB
B MoJjiexyie pasHa O. CyMma 3aps0B aTOMOB B HOHE PaBHA 3apsly HOHA.

s 2 22 +6 2 “ 2

P}(_)_: Mn(SO‘)“ _\InO
(45)24(-2)-5=0 (4+2)+[(+6)+(-2)-4)=0 +4+(-2)-2=0
o) 2 . <32 dsl +e52
KMnO;4 KNO; (NH;)Y(NOa)Y
+1474(-2)4=0 +143+(-2)-2=0 B+(+1-4+54+(-2)-3=0
+l 452 +1 45 3 +l +6 2 +1 4 2

KNO3 K:Cr307 K'_»CrO4 N'd.,:SOl

3aoanue Ne2.

VKakuTe, Kakoe COeIMHEHHE MOKET OBITH TOJIBKO OKHUCIMTEIEM, TOJIHKO BOCCTAHOBHUTEIEM,
wi u tem, u apyrum: KNO,, HNO3, CrCls, K,CrO4, H,S, SO,, H,SO4, MnSO4, MNO,, KoMNOy,
KMnOa,.

Aneopumm peuwtenusi.

Ecnu cremeHp OKHUCIEHUsS HHU3IIAs OTpUIATENbHAsA, TO aTOM MOXET OBITh TOJBKO
BOCCTAaHOBHUTEJIEM, OTJIACT SJICKTPOHBI, TPHHUMATH UX HE MOKET.

Ecin cremeHs OKHUCIEHHS BBICIIAS IMOJOKHUTEIbHAsI, TO aTOM MOXET OBITH TOJBKO
OKHUCJIATEJIEM, TPHHUMAET JJIEKTPOHBI, OTJAaBaTh €My YKe HEUero.

Ecnu creneHb OKHCIEHUS 3aHUMAET MPOMEXKYTOYHOE 3HAUEHHE, TO aTOM MOXKET OBbITh
OKHCJIUTEJIEM W BOCCTAHOBUTEJIEM, TO €CTh M IPUHUMATh, U OTJaBATh JICKTPOHEI.

¢ 43

HNO; — oxucanrens (-3, 0,41, +2, 43, +35)
+3

CrCl; — oxucanrens / BoccranosuTens (0, +3, +6)
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Kz(;r04 - okHeaurens (0, +3, +6)

Hzé ~ BOCCTAHOBHTENS (-2, 0, +4, +6)

SO';6 ~ OKHCIHTES / BOCCTaHOBHTEND (-2, 0, 44, +6)
1-2304 — oxucaurens (-2, 0, +4, +6)

!\jnSO.‘ — BOCCTaHOBHTCNS (12, +4, +6, +7)

Mng)z = OKHCJIMTEIb, BOCCTAHOBHTENS (+2, 14, 46, +7)
Kzﬁlno,‘ = OKHCIHTEIb, BOCCTAHOBMTENS (+2, +4, +6, +7)

KMnOy - oxucamrens (+2, +4, +6, +7)

3aoanue Ne3.
o +h o2
Omnpepennre MOTEHIMAA  OKHUCIMTEIBHO-BOCCTAHOBUTEIBHOM mapel SN /Sn npu

TeMIeparype 25°Cu KOHIICHTpaIUsIX Cons ~0,1 momb/m, Con ~0,001 mMoJB/1I.

Aneopumm pewienus.
g o, 0059, [ox]
1. 3agaua pemnraeTcs ¢ HCIOJIb30BaHUEM ypaBHeHHs HepHcTa: n " [Redox] ppe
[0X]- KOHIIEHTpAIUsT OKUCIEHHOW (POPMBI, B MOJIB/JI.
[Redox]

- KOHIIEHTpAaLUsl BOCCTAHOBJIEHHOM ()OPMBI, B MOJIB/JI.

2. OkucneHHoi (GpopMoil SABISIOTCS HOHBI Sn™ | Tak kak oNOBO CTOHT B YETBEPTOU IpymIIe,
MIMEeT YeThIpe SMEKTPOHA Ha BHELIHEM CJI0¢ ¥ HOH SN GoJiblie 0T/aTh SIEKTPOHEI HE MOJKET.

BoccTaHOBICHHOI (hOPMOIA SIBIISIETCS HOHBI SN*,

CnenoBarenbHO:

[ox]=[ SN**]=0,1 momb/1

[Re dox]:[ Sn*?1=0,001 moub/n

3. Ilo TaGnuuaM HaxXOJUM CTaHJAPTHBIN 3JIEKTPOIHBIA NOTEHIIUA.

E? =0158

sn*4/sn*?

4. Tlo gpaBHeHmo HepHcTa paccuuThiBaeM MOTEHIMAT OKHCIUTEIBHO-BOCCTAHOBUTEIBHOM

napsl pu 25°C (298K) 1 3a1aHHBIX KOHIIEHTPAIHSX:
E:0,:|_5+@|g£:0,15+0,0295|glo+2 =0,15+0,0295(+2) = 0,15+ 0,059 = 0,209B E° —0.209B
2 0,001 OTBeT sn*snt? T 1
3aoanue Ned4.

CocTaBUTH YpaBHCHHC OKHCJIUTENbHO-BOCCTAHOBUTEILHOM pcaknuu, npOTeKanmeﬁ MCKIY
InepMaHraHaToM KaJlud W HOAWUJIOM Kajlud B KHCIIOH cpeac u OomnpeaAcinTb BO3MOXHOCTH €€
MMPOTCKAHUSA B CTAHAAPTHBIX YCIIOBUAX.

Aneopumm pewenus.
+1 +7 -2 +1-1 +1 +6-2 +2 46 -2 0 +1 +6 -2 +1 -2
KMnO4+KI1+H2S5S04 >MnSOs+ 12+ K, SO4+H20

OKUCINTED 2
+7 - +2
Mn+5e - Mn

Boccranosurens 5
21" —2e > 1,°
[To Tabmuile HaXOAMM CTaHIAPTHBIC TMOTEHIIMATBI OKUCIMTEIBHO-BOCCTAHOBUTEIBHBIX Iap:
=151 E° =0548
;

0
Ey 1,217

n+7/Mn+2

EO +7 +2 Eo -
3¢ =F° - BOy= MMM T =1 51-0,54=0,96>0
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OTBeT: OKHCIUTEIBHO-BOCCTAaHOBUTEIIbHAS pCaKknus NpoOTCKacT CaMOIIPOU3BOJILHO B IIPAMOM
HaIrpaBJICHUH.

dopma mnpeacTaBieHusi pe3yabTara: odopmiieHHas paboTa C  BBIIOJIHEHHBIMU
WHJIMBUIyAIbHBIMU 33IaHUSIMU 10 BapHaHTaM (3a7a4i U YIPAKHEHH 10 Ha3BaHHON TeMaTHKe).

Kpurtepun onenku:
3a Ka<Jblid MPaBWIbHBIN OTBET — 1 Oas.
3a HernpaBUWIbHBIN 0TBET — () OasUIOB.

Tema 1.6. OKHCIIMTEILHO-BOCCTAHOBUTEIbHbIE PeaAKIIMU
IIpakTuyeckoe 3ansaTue Ne 10. OnpenesieHne HanpapBJIeHUs NPOTEKAHUS PeaAKIHI
Heap padoThl: HAYYUTHCS ONPENEIATh HAPABICHHUE TPOTEKAHUS PEAKIIHI
Beinosinus 3ty padory, Bel Oynere:

yMeTh:
- IPOBOAMTH PACUYETHI, OIIPEACISIOIINE IPOTEKAHNE PEAKIIUN

MatepuajibHoe o0ecnieyeHue:
Kpatkuii cnpaBounuk ¢usuko-xumuueckux BennuuH / [lox pen. K. I1. Mumenko u A. A.
PaBnemns. — JI.: Xumus, 1974. — 200 c.

3aganue:
1.PaC‘~I€T OKHUCJIINTCIIBbHO-BOCCTAHOBUTCIIbHBIX ITOTCHIIMAJIOB 110 ypaBHCHI/IIO HepHCTa.
2.0mpeneneHye HAIIPaBJICHUS CAMOTIPOU3BOIBHOTO MPOTEKAHUS PEAKIIHIA.

Xoa padoThi:

[Tpumep 1. Beruucnuts TemnoBoii a¢dext peakiyu (AH p-1iun) npu cTaHIapTHBIX YCIOBUSAX:
4NH3 + 502 4NO + 6H20
Pemenue:

a) B Tabmnuile HaX0IUM 3HAYCHUS CTaHAAPTHBIX dHTAIbIUI oOpa3oBanus: AH°00p (NH3) = -
46 xJx/monb; AH® 06p(NO) = 91 k/lx/mons; AH® 06p(H20) = -286 x/[x/monb. CraHnmapTHbIe
SHTAJBITMHA 00Pa30BaHU MMPOCTHIX BEUIECTB PaBHEI (.

6) CornacHo nepBoMy CIIEACTBHIO U3 3aKoHa ['ecca TemoBoi 3(h(heKkT XUMUUECKOH peakuu
paBeH CyMMe OJHTaJbIHA 00pa30BaHUS TPOMYKTOB PEAKIHWH 33 BBUETOM CYMMBI DHTAJBITHA
00pa3oBaHMsl UCXOAHBIX PEAreHTOB C YYETOM CTEXHMOMETPHUYECKUX KOodpduIueHToB peakuuu 10
AH°p-ttuu = [4AH°06p(NO) + 6AH°00p(H20)] - [4AH°06p(NH3) + 5SAH®00p(02)] == [4-91 + 6(-
286)] - [4(-46) + 5-0]=-1168 xkIx.

[Ipumep 2. Bpruucauth CBOOOAHYIO S3HEPTUIO Ipollecca TIIMKOJIW3a MPOUCXOMASILEro B
OpraHu3Me >KUBOTHBIX. MOXKET JIM OH MPOTEKaTh CaMONPOU3BOJIBHO MPHU CTAHAAPTHBIX YCIOBHUSX.
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C6H1206(p-p) — 2C3H603(p-p) momounas kuciota AG 0 o6p -917 -539 k/I»/Monb (TabnuyHbIC
JTAaHHBIC)

Pewenue:

H3meHeHnne cBOOOIHOM PHEPrUM B XOJAE PEAKIMH OMpEeAeNsieTcsl KaK pa3HOCTh CBOOOJHBIX
SHEepruil 00pa30BaHMs MPOJYKTOB PpEAKIMH 3a BBHIYETOM CBOOOJIHBIX 3HEPruii oOpa3zoBaHuUs
HCXOJIHBIX PEAareHTOB C Y4eTOM cTexuomerpuyeckux koddounuenroB AG 0 p-muu = 2AG 0
06p(C3H603) - AG 0 06p(C6H1206) = 2(-539) - (-917) = -161 k/Ix Peakius MOXeT MpoTEeKaTh
CaMOIIPOU3BOJIBHO.

[Tpumep 3.

[Ipu B3ammonelicTBuM 3 T yriepoja ¢ KuciopogaoMm ¢ obpazoBanuem CO2 Bbaenuiaoch 98
k/x sHepruu. Paccumraiite sHTanenuio obpaszoBanus CO2. Pemenue: DHTansnus oOpa3oBaHUs
CO2 cootserctByet peakuu C(r) + O2(r) = CO2(r) Otcroga: 3 C — 98 x/Ix 12 1 C — x xJIx, (1
moiib) X = 392 xJIx. CnenoBatensrno AHO 06p (CO2) = -392 x/[x/Monb

[Ipumep 4. DHepreTUvecKre 3aTpaThl KOPOBHI Ha oOpa3zoBaHue 1 11 Mojioka coctaBisoT 3000
kJ[x. Kakoe koiamdecTBO TIIIOKO3bI OyAeT 3aTpaueHo Ha oOpazoBanue 20 11 MOJIOKa, €CiH
JOMYCTUTh, YTO TMPOILIECC MOJOKOOOpPA30BaHUSI DHEPreTUUYECKU OOECIIEUYMBACTCS TOJIBKO 3a CUET
OKHCJIEHUS IUII0KO03BI 110 ypaBHeHHI0: COH1206(k) + 602(r) — 6CO2 (1) + 6H20(x) 5. Ucxons u3
CTaHJIAPTHBIX 3HAYEHUI HSHTAIBIIUNA CrOpaHus BEIIECTB, PACCUUTANUTE CTAHJAPTHYIO SHTAIBITHIO
obpazoBanust mpomanona-1. 11 6. Kakoii myTh pa3ioXeHHs TIIOKO3bl TEPMOAWHAMHYECKU
Haubosee BeposTeH? Kaxoil peanusyercs B opranmsme? Ilouemy? a) C6H1206(x) + 602(r) —
6CO2 (r) + 6H20(x) 6) C6H1206 — 2C2H50H(x) + 2CO2 (r) 7. Moxet nu okcun azota (1),
UCIONIb3YEMBI B MEAMIIMHE W BETEPUHAPHHM B KAueCTBE HAPKOTHYECKOI'O CPEICTBA, BBI3HIBATH
OTpaBJICHUE B pe3yJbTaTe MpeBpalleHus B TokcuuHbli okcua azota (II). 2N20(r) + O2(r) = 4NO(r)
8. Ilomb3yach CHpaBOYHBIMU JAHHBIMU, PACCUMTATh HW3MEHEHUS DHTAJbINH, JHTPONMHUU H
CcBOOO/IHOM 3HEPI'UHU B Ipoliecce a3pOOHOI0 OKUCIIEHUS TIIOKO3bl B OpraHU3Me KUBOTHBIX. Peakius
uaetr B cootrBercTBUU ¢ ypasHenuem: COH1206(p) + 602(p) — 6CO2 (p) + 6H20(xk) 9. Kakoe
KOJMYECTBO TEIUIOTHI IMOTJIOTUTCS HpPHU pacTBOpeHUH B Boje 25 r Opomwuna kamus, ecau AHo
pactB.(KBr) = 17 k/]x/mMomb.

®opma npeacraBieHusi pe3yabTrara: odopmieHHas paboTa C  BBIIOJIHEHHBIMU
MHUBUAYAJIBHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1auil U yIpa)XHEHUs 10 Ha3BaHHOM TeMaTHKe).

Kputepuu onenkmn:

3a KaK[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIoB.
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Tema 2.1. TeopeTnueckre OCHOBbBI OPraHM4YeCcKOM XMMHUU
IpakTnyeckoe 3ansitue Ne 11
CocraBjieHue CTPYKTYPHBIX (JOPMYJI H30MEPOB

Heab padoThl: HAYYUTHCS COCTABIATH U30MEPhI OPraHMUYECKUX BEIIECTB

BoinoJsinus 31y padory, Bbl Oynere:

yMeThb:

— COCTaBJIATH POPMYJIIBI OPTaHUYECKHUX BEIIECTB (YIICBOIOPOIOB);

— Ha3bIBaTh [10 CHCTEMAaTUYECKOW HOMEHKIIAType IPEeesIbHbBIE YTTIEBOAOPOIbI U UX
IIPOU3BO/IHBIE;

— IPOCTPAHCTBEHHO IMPEJICTABIATh CTPYKTYPY MOJIEKYI MPEAETbHBIX YIIIEBOJOPOIOB
HOPMaJIbHOT'O U U30CTPOCHHUS.

OO0opynoBanue U MaTepuasbl: HA0OP /ISl TOCTPOCHUS IIAPOCTEP>KHEBBIX MOIEeTEH
MOJIEKYJI, TPAHCIOPTHP.

IMopsinok BbINoJIHEHUS PadOTHI:

1) mocTpoiite mapocTep;KHEBbIE MOAEIN MOJIEKYJI METaHa, 3TaHa, OyTaHa, U300yTaHa,
MIEHTaHa ¥ NU30IICHTAHOB;

2) HaNMMIINTE CTPYKTYpHBIE (OpMYJIIbl M (OPMYJIIBI COCTAaBA 3TUX BELIECTB;

3) Ha30BUTE BCE BEILECTBA 10 CUCTEMATUYECKON HOMEHKJIIATYPE;

4) n300pa3ute MOJENU MOJIEKYJ ATUX BEILECTB IPOCTPAHCTBEHHO Ha Oymare;

5) U3MepuB TPAHCIIOPTUPOM YTIIBI MEXKAY HANIPABICHUSIMH CBS3EH, YOSTUTECh, YTO BCE OHU
paBHBI 109028/;

6) BBINOJIHUTE HHAUBUAYAIbHOE 3aJJaHHeE.

IIpumep HHAMBHUAYATBHOIO 3a1aHUS
1. HazoBuTe BemecTsa Mo cUCTEMaTHYECKONH HOMEHKIIATYpE, 110 YKa3aHHOMY BBILIE
AJITOPUTMY.
CH;

|
1) CH3—(|3—CH2—CH2—CH2—CH2
|

CH; Cl
2) CHs - ClH — ({H —CHs
CH; CHs
CH,; - CH3

|
3) CHg—Cl—CHg—CHg—CHg

CH,; - CH3
4) CH; — CH; — CH, — CH, — CH, — CH3
2. CocTaBbTe COKpAIEHHbIE CTPYKTYPHBIE (POPMYJIbI BELIECTB IO YKa3aHHOMY BBIIIIE
ATOpUTMY: 2, 2 — TUMETHI-3-XJI0p-0yTaH; 4 — STHII-OKTaH.
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3. YkaxuTe nu3omepsl 1uOpomMOyTaHa.

Br
a) CH3—(4F—CH2—CH3 |
Br
Br

a) CH3 — %— CH2 — CHz-CHg |
r

0) CH; — CH - CH — CH3
| |
Br Br

®opma npeacrapiaeHus pe3yJbTara: opopMieHHast padoTa C BHIIIOIHEHHBIMU
MHUBUAYAJIbHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1auil U yIpa)XHEHUsI 10 Ha3BaHHOM TeMaTHKe).

Kputepun onenkmn:

3a KaXkIpIi TpaBUIbLHBIN OTBET — 1 GasuI.
3a HernpaBUWIbHBIN O0TBET — () OasUIOB.
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Tema 2.2. YrieBoaopoasbl
IIpakTuyeckoe 3ansaTue Ne 12,

CocraBileHHe M Ha3BaHHe CTPYKTYPHBIX (OpPMYJ QJKAHOB, AJKEHOB, AJKHHOB.
Pemenue 3a1a4y Ha HAXOXK/IeHHe HCTUHHOH (OPMYJIBI YIJIEBOAOPO/I0B

Leabp paGoThbl: HAYYUTHCS COCTABIATH CTPYKTYpPHBbIE (POPMYIBI U30MEPOB ISl BEILIECTB
aJIKAaHOB, AJIKCHOB, AJIKWHOB. HaxouTh HCTHHHYIO (POPMYITY YTIEBOAOPOIOB.

Boinosinus 31y padory, Bel Oynere:

ymemb:

— COCTaBIIATH (HOPMYJIBI HETPEIENIbHBIX YITIEBOJOPO/IOB;

— Ha3bIBaTh HEINPEIEIbHBIE YIIIEBOJOPOIBI 10 CHCTEMAaTUYECKOW HOMEHKIIATYPE;

— OINpeeNATh MOJEKYJISIPHYIO (hOPMYIy YIJIEBOJOPOAA IO €ro INIOTHOCTH M MacCoBO Joie
JJIEMEHTOB.

3aganusa

1. Hamummre cTpyKTypHbIE POPMYIIBI:

| — ankeHoOB: a) 2-MeTmiOyTeHa-2; 0) 2-metuinponeHa-1; B) 2,3-
JUMETHITCKCeHa-3;
r) 2,5,5-TpuMeTnnrexcena-2; 1) 2,2,6-TpuMeTIII-4-3THATrenTeHa-3;
Il — ankagneHoB: a) 2-MeTuneHTaaueHa-1,3; 0) 2-meTunrekcaauena-1,5;
B) 2,4-nuMeTuiINeHTaAneHa-2,4; r) 2,5,6-TpUMeTHIIOKTaIneHa-1,3;
n) 2,4-nuMmetrirenTtagnueHa-1,5;
1l — ankuHOB: a) 3-meTUinneHTHHA-1; 0) 4,4-nuMeTnINeHTnHa-2; B) 3-Merun-4-
STUIIOKTHHA-1;
r) 4-3TUirekcuHa-2; n) 2,2,5-TpUMeTHIreKCuHa-3;
2. HazoBwure cienyromue aaKkeHbl:
a) CHy~CH;~C=CH-CH; ©) Clh—t’[.‘H—(l_‘H—(?H,—(I.’=Cl{3
CH,—CH, CH; CH,—~CH; CH,
CH, CH; CH;
») CH;=CH—C—CH;—CH, 1) CHy—C—CH=CH—C—CH,
CH,=CHs CH,—CH;  CH,—CH;,

) CH;=CH—CH=CH—CHj 6) CHy=CH—CH—CH—CH=CH,
CH;—CH, CH,

8) H,C== (.‘—(3H=(!,T-—‘CH3 r) CHy-CH=C—C= (.‘H—(IﬁH—(‘H_u
|
C]‘{\ (.‘Hj ”yC_C“:v (H:‘(H\(’H]

3. Hasosure CJICAYIOMUC TUCHOBBIC YTITICBOAOPOAbL:

4. Ha3soBute CJICAYIOMUC aJIKUHBI:
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CH; (l,.'H; ?Il;.
L. .
a) CH;—C=C—CH-CH; 6) CH;—CH—C=C—CH—CH,—CH;

(l':H, gu-. cu;%tn_\
)
B) (,?H;--(I'?--(I"—:C—lc—CH3 1) CHy—C—CH—C=C—CHj
CH; CH; CH,—CH;

5. Kakue ankeHbl MOTYT OBITh MOJTY4YEHBI IIPU JETUIPUPOBAHUU: a) U30-OyTaHa;

0) 2-meTunOyTaHa; B) 2-MeTWINIEHTaHa; T) mponana? HanumuTe cokpaiieHHble CTpyKTypHbIE
(hopMyIIBI.

6. Kakue yrimeBogopoJsl M B KAKOM KOJHYECTBE MONYYArOTCs mpu Aeruaparanuu 10 kr: a)
stunosoro cnimpra CH3—CH>—OH; 6) nponunosoro ciimpra CH3—CH,—CH,—OH?

7. CKOIBKO TpaMMOB OpomMa MOTYT MPHUCOCIUHUTH: a) OyTeH-2 maccoil 2,8 T; 0) meHTeH-2
Maccoit 3,5 r; B) rekcen-2 maccoit 4,2 1 ?

8. Kakoif o0beM Bomopona HEOOXOOUM Ui TUAPUPOBAHHS CMECH Ta3oB maccoi 12,4 T,
coJiep>KaIux 3TuiIeH (MaccoBas nois 22,58%), mporen (32,26%) u Oyren-2 (45,16%)? Hanumure
COOTBETCTBYIOIINE YPAaBHEHHS PEaKIIHIA.

9. CkoNbKO TI'paMMOB TaJOTEHONPOM3BOJHOTO OOpa3yeTcs B pe3ylbTaTe B3aUMOJCHCTBUS
nponuieHa oobeMoM 1,12 11 ¢ xmopoBogoponomM? BeipazuTte peakiuio B CTPYKTYPHBIX (Gopmyrax,
YUYUTBIBasl MpaBUiIO0 MapKOBHHUKOBA.

10. CkoibKO rpaMMOB YKCYCHOTO aJIbJICTHJIa MOKHO MOJMYYHTh U3 aleTHiaeHa oobeMoM 50 1
o peakuuu KyuepoBa, yunuTsiBasi, 4TO BbIXOJ anbaeruaa coctaBiseT 90 % ot TeopeTruieckoro?

11. Kakoii 00beM areTuiieHa He0OX0IUMO 3aTPaTUTh IJIs TToJTydeHus: 6en3o0sa maccoit 40 kr?

12. Ckonbko rpaMMoB OpomMa MOXKET MPHUCOSAMHHUTHCS K 3TUJIeHY o0bemoM 1,12 nm mpu
HOPMAaJIbHBIX YCTIOBUSX (H.Y.)?

13. CkosbKO JUTPOB 3TaHA MPHU H.y. TOTYYUTCS MPU B3aUMOACHCTBUHM alleTHiIeHa Maccoi 39 r
¢ BoJopoioM oobemoM 50 n1?

14. CkosibKO JUTPOB KUCIIOpOJa (H.y.) MOTpedyeTcs A MOJHOTO CrOpaHMs: a) aleTUieHa
Maccoit 6,5 T; 0) 1 Mo mponusieHa’?

15. IIpu cxxuranuu raza oobemom 4,48 11 o6paszoBaics okcun yriaepoaa (V) maccoit 13,44 ru
Boga Maccoil 10,8 r. Macca onHoro iurtpa 3Toro raza npu H.y. paBHa 1,875 r. Omnpexpenute
UCTHHHYIO (hopMyily rasa.

— ONpEAETATh MOJIEKYJISIPHYIO (OPMYITy YIIIEBOJOPO/A MO €ro TUNIOTHOCTH M MAacCOBOM J0J1€
3JIEMEHTOB.

AJITOPUTM pelieHus TUIIOBOI 3a1a4n

3amaua. [Ipu cxxuranuu razoo0pa3HOro YriieBoaopoja oobemMoM 2,24 1 MONTYYEeHO OKCHAA
yriepoza (IV) maccoit 13,2 r u Boxsl Maccoit 7,2 r. ITnoTHOCTH ra3a mo Bo3ayxy cocrasiser 1,52
(1.y.). Onpenenute MOJEKYIIpHYIO GOPMYITy Tasa.

Pewenue.

D:osa(B-Ba) = M(B-Ba)/M(B031) = M(B-Ba)/29.

1. MonsipHas macca raza paBHa: M(B-Ba) = M(B031) * Dyosx(B-Ba).

M(Bo3n.) =29 r/monb;  Dggsn(Taza) =1,52;

M(raza) =29 r/monbe1,52 = 44 r/mMOnb.

2. Macca yriepoja 1 BoJioposa B 2,24 11 yrieBogopo/ia COCTaBIISIET:

12 r yrnepona obpazyer 44 r CO;

_13,22-122

X »yriepoma  » 13,2» COy e
2 1 Bogopoaa obpazyer 18 r H,O

y=12222 _0g, .
y » BOJOpoJa » 7,2 » H0O 182 ’
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3. Macca yriepojia ¥ BOJOpPO/a B COXKEHHOM rasze cocrasiuser 3,6r+0,8r = 4,4r
4. Paccuntaem maccy 2,24 11 yrieBoaopoja:
44 1 yraeBogopoja 3aHMMAIOT 00beM 22,4 1

Z » yrieBoaopoja » » 2,24 »
g 224n-dde
22,42
5. 3Ha4uT, ra3 COCTOUT TOJBKO U3 yriepoja u Bogopoaa. CienoBaTeinbHO,

H:3‘6:0‘8

22.27-0,3:08=1:266,
1271
otkyna mnpocredmas ¢opmyna CHags (My = 14,66). OTHOmIEHHE MacChl HMCTHHHOTO
COeMHEHHUs K Macce mpocreiimero cocraviser 44/14,66 = 3. CrnemoBarenbHO, MPOCTEHIIYIO
c:H=20.98_43.08-1:266-3:798=3:8,
dbopmyity HaJl0 YBETUYUTH B 3 pasa, 12 1

oTcrofa uctTuHHas ¢opmysa raza CsHs.

[Ipumeuanue: eciiu B YCIOBUM 3a/lauyd JIaHAa OTHOCHUTENIbHAsI IUIOTHOCTH BEIIECTBA IO
BOJIOPOJTY, TOT/Ia IPUMEHSIIOTCS (POPMYIIBI:

DHa(-Ba) = M(B-Ba)/M(H;) = M(B-Ba)/2.

M(B-Ba) = M(H;) * DHa(B-Ba) =2 * DHy(B-Ba).

[Tonb3ysich aNropuTMOM PEIICHUS TUTIOBOW 3a]]auM, BBITIOJIHHUTE 3a/IaHUSs.

3amanus

1. BeiBeaute MoNeKyIsipHyrO (OpMyIly BEIIECTBA, COAEPIKAIIEro Yriaepos (MaccoBas HOJs
85,7 %) u Bogopox (14,3 %). IlnoTHOCTs IAPOB 1O BOAOpOAY paBHa 21.

2. BoiBenuTe MONEKYyISpHYIO (OpMYITy BeIIeCcTBa, COJIEPKAIEro yriepona (mMaccoBas A0S
81,8%) u Bomopox (18,2%).

3. Onpenenure MOJEKYIApHYIO (OPMYITY BEIIECTBa, COACPKAILETO yriIepol (MaccoBas 10JIs
83,72 %) u Bogopon (16,28 %), ecau MosiekysipHas Macca BeIecTBa paBHa 6.

4. BpruucnuTe MIOTHOCTh 3TaHa MO BO3YXY M BOJOPO.Y.

5. Onpenenute MOJEKYISIPHYIO (PopMyITy Ta3000pa3HOTO BEIIECTBA, €CIU €ro MJIOTHOCTH MO
BO3JyXy paBHa JIBYM, a MaccoBas Ao yriepona 82,76 % u sogopona 17,24 %.

6. IIpu cxxuranuum razoo0pa3zHoOro yrieBojopoaa ooOpazoBaiucs okcun yriaepoaa (IV) maccoi
3,3 r u Boga maccoii 2,02 r. [InotHOCTh ero no Bo3ayxy cocrasisier 1,04. Hanumure CTpyKTypHYIO

dbopmyny yriieBooposa.

dopma mnpejacTaBjieHHs pe3yabrara: odopMmieHHas paboTa C  BBINOJIHEHHBIMHU
WHIUBUAYAIBHBIMH 33JaHUSIMU 110 BapUaHTaM (33a4u ¥ YIPaKHEHUS 110 HA3BaHHON TeMaTHKe).

Kputepun onenkmn:

3a Ka)kJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBIN 0TBET — () GayIoB.
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Tema 2.3. Kuciaopoagocoaep:kammye oprannyecKue BelecTna
IIpakTyeckoe 3ansaTue Ne 13.

CocraBJ/ieHHe M Ha3BaHNE CTPYKTYPHBIX (POPMYJ1 KMCJIOPOACOAEPKANUX OPTaAaHUYECKHX
BenlecTB. Pemenne 3a1a4 Ha HaAX0XkK/AeHUE UCTUHHON GOPMYJIbI

Leas padoThl: HAYYUTHCS COCTABIATH CTPYKTYpHBIE (OPMYJIBI H30MEpPOB JJISI BEILIECTB
CIUPTOB, alIbJETUIOB, KAPOOHOBBIX KUCIOT. HaxonuTh UCTHHHYIO (DOPMYITY YIIIEBOIOPOIOB.

Bbinosinus 3ty padory, Bbl Oynere:
ymembs:
— COCTaBJIATH (POPMYJIBI aTbAECTUAOB U KapOOHOBBIX KUCIIOT;
— Ha3bIBATh AJIBJACTUIABI U KAPOOHOBHIC KUCIIOTHI IO CHCTEMATHIECKON HOMEHKIIATYPE;
— pewmaTh pacyeTHBIE 3aJauyd [0 YPaBHEHHUSM pEaKIHMi TpeBpalleHusi aibJerHI0B U
KapOOHOBBIX KUCJIOT.
3aganus
1. Hantmmre cTpyKTypHBIE (QOPMYIIBI CIEAYIONINX COSTUHEHUH: a) 2,2-TuMeTuI0yTaHab; 0)
2,2,3-TpUMeTHIINEHTaHalb; B) 2,4-IMMETUITNICHTaHaJb: T) 3-MeTHIOyTaHab.
2. HazoBuTe 10 MeXTyHApOAHONW HOMEHKJIATYpE CIICAYIOMINE COCTUHCHUS:
CH; 0 CH, 0
) CH;—C—CH;~CH,~C__ 6) CHy—C—CH,—C*
CHj X ¢y H
#° CH; 40
) CH;~CH;—CH~C. ) CH;~C—CH;—CH—C.,
CHy-CH; cH, om, M
3. Hamummmre cokpalieHHbIe TMHEHHBIE CTPYKTYPHBIE (POPMYIIBI allbJETUIOB, 00Pa3yIOMINXCS
IIPU OKUCJIEHUH CIIUPTOB: a) MPONUIIOBOro; 0) OyTUIIOBOTO; I') aMUJIOBOTO.
4. Hamumwure ypaBHEHHUs peaKIHMid B3aUMOJCHCTBUS C BOJAOPOJOM B MPHUCYTCTBUHU
HUKEJIEBOTO KaTajau3aropa: a) sTaHais; 0) popmanbaeruia; B) MaciassHOTO ajbJeTH/Ia.
5. HamummmTe ypaBHEHUS peakluid KaTaTUTUYECKOTO OKHCIEHHUS KHCIOPOJOM BO3JyXa MpHU
BBICOKOH TeMIIepaType CIEeNYIONMX CIIUPTOB: a) Mpornanoia-1; 0) MeTaHoa; B) TaHOJIA.

6. Hanummwre YpaBHCHUA peaKHI/Iﬁ IMMOJIydeHHud CICAYIOINHUX aJIbACTUAOB OKUCICHUCM

;.)C“,—(l_'—(j//o 6) CHy=CHy—CH,~ (/O 8} CH,*=CH- ,(::‘//”
& “H “H
COOTBETCTBYIOIINX CIIUPTOB:

7. Kakoit 00beM BO10poia HEOOXOAMMO 3aTPaTUTh Ha MpeBpallieHe dTaHais Maccoil 11 kxr B
9TaHON?

8. Ilpu okuciaeHuu anpaeruga maccol 8,6 r aMMHMAadHBIM PacTBOPOM OKCHAa cepedpa
BBIIETISUIOCH cepedpo Maccoi 21,6 . Beruncnure MonekynspHyo maccy anbiaeruaa. Hamummre
CTPYKTYpHBIE ()OPMYJIbI BO3MOXHBIX H30MEPOB U HA30BUTE X I10 )KEHEBCKOW HOMEHKIIATYpeE.

9. B nByx npobupkax HaxoAsTcs YKCYCHBIM albJeruja U 3TUICHIIHKOIb. Kak mpu momoru
ruapokcuna wmeau  (II)  onpemenuts, rme kakoe BemecTtBo? Hamummmure  ypaBHeHus
COOTBETCTBYIOIIMX PEAKIIMIA.

10. Hanumute ypaBHEHUs peakiyii B3auMoaencTBus ¢ ruapokcuaom meau (11): a) ykcycnoro
anpjaerua; 0) mponaHais; B) OyTaHais; T) 2-MeTUIOyTaHas; 1) 3-METHIIICHTaHAIIA.
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11. Ilpu oKHCIEHMM TEXHMYECKOIO IIpernapara yKCYyCHOro anpiaeruga maccoil 0,5 1
aMMHa4YHBIM pacTBOpoM okcuma cepedpa (I) obpazoBasics meramn maccor 2,16 . Omnpenenure
MacCOBYIO JIOJIIO alleTalIbJeTHAa B TEXHUYECKOM Iperapare.

12. Ha3oBuTe 10 MEXIyHAPOIHON HOMEHKJIATYpPE ClelyIoIIe KapOOHOBbIE KHCIOTHI:

CH, CH, CH,
1) ('H~—(_;'—f'”;>' COOH ©6) ('|l|‘CH—LI'H—(_'H COOH
CH, H;C—CH,
CHy=CH;  CH,
») CH~C—CH;~CH;~C—COOH ) CHy—CH~-CH-COOH
[
CH,—CH,  CH, CH; CH,—CH,
CH,—CH—COOH (?'L—%'H- CH;—COOH
|
- CH,
1) CH; ¢)

13. Hanumure cTpykTypHbIe (POPMYIIBI H30MEPOB BAIEPUAHOBOM KHCIOTHI U Ha30BUTE HUX 10
MEXYHapOAHOM (CHCTEMaTHUECKON) HOMEHKIIATYpE.

14. Hanumute cTpyKTypHBIE (GOPMYIBI CAEAYIONIUX KAPOOHOBBIX KUCIIOT:

a) 2-MeTHII0YTaHOBOM; 0) 2,2-TMMETHUIINPONIaHOBOH; B) 2,4,4-TpUMETHIITEKCAHOBOM;

r) 2,2,4,4-TeTpameTni-3,5- T3 TUITEITAaHOBOM.

15. Kakoe coequHeHne MOJYIUTCS TIPU BOCCTAHOBIIEHUH BOJIOPOJIOM 3TaHOBOW KUCIOTHI?

16. Kakoe coequHeHHE MOIYYUTCS MPU BOCCTAHOBJICHUM BOJOPOJIOM OJEHMHOBON KHCIOTHI
C17H33COOH?

17. Kakas mpenenbHasi OHOOCHOBHAs KUCJIOTA MOJYYHUTCS MPU OKHCIEHHUH: a) dTaHoma; 0)
METaHoJ1a; B) IPONMOHOBOIO albaeruaa’?

18. CkonbKO rpaMMOB KHCIIOTHI M CIIMPTA HAJO B3ATh JUJIS MOJIyUYEHUSI MYPaBbHHO-3TUIOBOTO
a¢upa maccoii 37 r?

19. Kakoii 0o0beM BOIOpOAa MpPU HOPMAIBHBIX YCIOBUSX BBLACTUTCS MpH ACHCTBHM Ha
YKCYCHYIO KMCJIOTY Maruus Maccoi 8 r?

20. CKOJbKO TpaMMOB MYpPaBbUHOM KHUCIOTBI OKHCIWJIOCH aMMHAUYHBIM PAacTBOPOM OKCHIA
cepeOpa, eciii B pe3ysbTaTe peakiluu MojaydeHo cepedpo komudecTBoM BemectBa 0,1 mons? Kakoi
o0Bvem okcupa yrieposaa (1V) mpu sTom Beienuics?

®opma mnpeacraBieHusi pe3yabTara: odopmieHHas paboTa C  BBIIOJIHEHHBIMU
MHUBUAYAJIbHBIMH 33JaHUSIMU 10 BapUaHTaM (3a/1auil U yIpa)XHEHUs 10 Ha3BaHHOM TeMaTHKe).

Kpurepuu onenkmn:

3a Kak[blid MPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OaJUIOB.
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Tema 3.2. XumMnueckasi TepMOIMHAMHKA
IIpakTnyeckoe 3ansaTue Ne 14

Pemenue 3aga4 mo Teme: «TepM()}II/IHaMI/I‘ICCKI/Ie pacueTb»

Ieas padoThI: HAYYUTHCS PACCUUTHIBATH TEIIOBBIE S(PPEKThl pPeaKkmuii M TEIIOTHI
o0pa3oBaHMs BEIISCTB, OMPEICISITh HAMPABICHWE CAMOIPOU3BOJIBHOTO TEUYCHUS XHUMHUYECKUX
peaKkuuid.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MPOBOJIUTH IPOCTEHIINE TEPMOIUHAMUYECKHE PACUETHI;

— OTpPEENATh HAlPaBJICHUE CAaMOIIPOU3BOJIBHOTO TEUCHUS XUMUYECKUX PEAKIUH.

MarepunanbHoe obecrnieyeHue:
Kpartkuii cripaBounuk (usuko-xumudeckux BenuuuH / [lox pen. K.II. Mumenko u A. A.
PaBnens. — JI. : Xumus, 1974. — 200 c.

3aganue:
Hayuutbcs pemate TUIOBBIE 33/1a4H:
1 Ilpumenenue cnencrBus u3 3akoHa ['ecca.
2 OmnpeneneHre BO3MOXKHOCTU CaMOIIPOU3BOJIBHOIO IMPOTEKAHUS (U3UKO-XUMHUYECKOTO
nporecca.

Kparkue TeopeTuueckue cBeeHHA:

| 3axon mepmoounamuxu

Tennoma, no080OUMAs UNU OMBOOUMAS OM CUCTEMbL PABHA USMEHEHUIO 6HYMPEHHell SHep2UuU
NIIOC COBEPUIeHHAs cucmemoll paboma.

B pealbHBIX ycIoBHsIX mipu t° = const u p = const pabora A=p-AV,a Q= AU+ p-AV,

Ilpunamo eeaununy U + pV = H — naswieamv sumanvnueti cucmemsl. CieloBaTenbHO,
M3MEHEHHME SHTAJBIMU CUCTEMbl WM XMMUYECKOH pEaklUUu pPaBHO TEIUIOBOMY 3(PQeKTy 3Toi

peakruu: Q = AHx_p.z H; — H;. Enununeit usmepenns suranenuu B cucteme CU sBmsiercs Jx
(mxoynb) mu kJK (KUIOKOYJIb).

3axon I'ecca u cnedocmeue uz nezo

Jnst  mpoBeleHUST ~ TEPMOXMMHYECKHX  PAacUeTOB  TOJIB3YIOTCS ~ TEPMOXUMHYECKUMU
YpaBHEHUSIMU, B KOTOPBIX IPUBEICHO 3HAYEHUE DHTAJIBIIMM PEAKIMH U YKa3aHbl arperaTHbIe
COCTOSIHHSI p€areHTOB M TIPOYKTOB.

Hanpumep: CO2(ra3) + C(1B) «» 2CO(ra3); AHx.p. =+ 173 xJIx

DHTaNBIUS Peakuu OOpa30BaHUS MHOTORJIEMEHTHOTO COEAMHEHHUS M3 MPOCTHIX BEIIECTB,
OTHECeHHas K | MO0 MPOJIyKTa peakliiu, Ha3bIBaeTCs SHTANIbIINEH 00pa30BaHMsI BEIIECTRA.

Oumanvnus 06paz08aHus NPOCMuLX ewecms NPUHAMA PasHOLL HY 0.

Pacuets! TermnoBbix 3P PEKTOB peakinii OCHOBAHBI HA 3aKOHAX MEPMOXUMULL

3akon Jlagyasve-Jlannaca: >HTANbINS PaA3JOKEHHUS COCIMHEHWS Ha MPOCTHIE BEIIECTBA
paBHa, HO TMPOTHUBOIMOJIOXKHA MO 3HAKYy SHTANBNHH 00pa30BaHUS ITOTO COENMHEHHUS M3 TEX JXKe
MIPOCTHIX BEIECTR.
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3akon I'ecca: cymMMa 3HTaNBINN ABYX WK O0JIee TPOMEKYTOUHBIX PEaKIUi IPH Mepexoie u3
MCXOJHOTO COCTOSTHUSI K KOHEYHOMY paBHA SHTAJIBIIUU PEAKIUU, KOTOPasi HEMOCPEACTBEHHO BEJIET
OT UCXOJTHOTO K KOHEYHOMY COCTOSIHHUIO.

Cneocmeue uz 3axona l'ecca: DHTaNbNUs PeaKMH MPEACTABISET COOOM PasHOCTh MEXIY
CYMMOW »SHTaJbIMiA 00pa30BaHUS NPOMYKTOB PEAKIMU U CYMMOH OJHTAIBIUNA 0O0pa3oBaHUS
HCXOJIHBIX BEIIECTB C YYETOM CTEXUOMETPUUYECKUX KO (UIIMEHTOB U arperaTHOr0 COCTOSIHHUSL.

AH{, =3 n-AH;,, — > n-AH;,

Bmopoii 3aKOH MepMOOUHAMUKU. Oumponus. Onepeus Tuboca
Vcnosue camonpouseonvrozo meuenusi npoyeccos

B XuMHUYECKMX CHCTEMaxX CaMOIIPOM3BOJIBHO TMPOTEKAIOT T€ IPOLECCH, B XO0J€ KOTOPBIX
BO3paCTaeT YUCIIO YACTHI] UM YUCIIO BO3MOXKHBIX COCTOSTHUI aTOMOB.

KonnyecTBeHHO BEpPOSTHOCTH  OCYIIECTBJICHHS JAHHOTO MAaKpPOCOCTOSHUS  CHCTEMBI
BBIPQXKACTCSI BEJIMYUHOM, MPOMOPLUOHAIBHON JiorapudMy BEpOSTHBIX MHUKPOCOCTOSHUN U
Ha3BIBACTCS SHTpOIHEH S.

S=KIgW, 20e W — uucno eeposimnuix cocmosnuil.

JlpyruMu  cOBaMHM DHTPOINHUS XapaKTEpUYET Mepy pa3ynopsoO4UeHHOCMU CUCHEeMBbL.
Oumponus mem meHbule, yem Oonee YNopsOOYeHbl YACMUYbl 6ewecmed, TO €CTb HaUMEHBIIYIO
SHTPONUIO UMEIOT HIeaTbHO MPABMILHO MOCTPOSHHBIE KPUCTAIUIBI IPU a0COTIOTHOM HYIIE.

[Ipu mepexonie CUCTEMBI M3 COCTOSIHUS «1» B COCTOSIHHE «2» U3MEHEHHE SHTPOIHU PaBHO:

Q
S, -S, :AS:?,

TO €CTh U3MEHEHHE YHTPOIHMH 3aBUCHUT OT TEMIEPATyphl U UMeeT pazmepHocTh [Ix/K

Jlisi KOMMYECTBEHHOTO BBIPAKCHUSI HAlpaBJICHUsS MPOTEKaHMs mporecca [ 'm60com BBeneHa
BEJIMYMHA U300apHO-U30TEPMUIECKOTO NoTeHIHaa (win «dHeprus ['m66ca») G = H-T-S uinu npu
nepexone U3 coctosiHus «1» B coctosiHMe «2» u3MeHenue DHeprum ['ub66ca paBHO: AG=G;,-
G1=4H-T-AS — |l 3ak0oH TepMOIUHAMUKH.

Wnave: Dumponusa nuxozcoa camonpousgoibHO He YMEeHbUlAemcs, Npu CaMONpOU380IbHOM
meueHuU peaybHblX NPoYeccos8 oHa aubo eospacmaem, 1ubo ocmaemcs HeuzmenHo AS>0.

st ynoOcTBa MPUHSTO MOJB30BAThCS CTaHAAPTHBIMH TEPMOJUHAMUYECKIMH BEIMYMHAMM,
TO €CTh BEJIMUYMHAMH, XaPAKTEPU3YIOITUMU BEIIECTBO B CTAHJAPTHOM COCTOSIHHUH:

P=1 arm=10"TTa; T=298 K (25°C).

AH’- cranapTHAs SHTANBINS 06PA30OBaHMs BELECTBA;

S — craHmapTHAS SHTPOIINS BELECTBA;

AG® - cranmaprHas sHeprus I'n66ca.

OTH BENUYUHBI JJI1 MHOTHX BEIIECTB CBEACHBI B TAOJIUIIBI U MPUBOISATCS B CHPABOYHHKAX
(U3UKO-XMMHUECKUX BEJINYUH (CM. IPUITIOKEHHE).

Jl7i XUMHYeCKOHN peakiiMi MOKHO 3aMucaTh:

AHOX,p, — > 'N-AHY = >'n-AHY

0 0
ASOXp = Z n- Snpon. - Z n- Sm:x.
0 0
AGOXp = Z n- A(}upou. - Z n- AGncx.
Ilopsinok BbINOJHEHHSI padOThHI:

1 TloBTOpWTE OCHOBHBIC TOHATHSA, W3YYEHHBIE B TeME «XHMHYECKash TEPMOJUHAMHKAY,
3aKOHBI TEPMOXUMHH U TEPMOJIUHAMUKH.

2 3aKOHCIEKTHPYHTE YCIOBHE CaMONPOW3BOJBHOTO TEYCHHS (PU3UKO-XUMHUUYECKHUX
MPOLIECCOB, OCHOBHBIE (QOPMYJBl (MAaTeMaTUYECKUE BBIPAKEHUS 3aKOHOB TEPMOJIWHAMUKH,
ciencTBHs U3 3aKoHa [ecca).
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3 Ilpoananu3upyiTe U OCMBICIMTE AJITOPUTMBI PEUIECHMs THIIOBBIX 3a7ad Ha NPUMEHEHHE
CIeNCTBHA W3 3aKkoHa [‘ecca M ompenelieHHE HANpaBlCHHS CaMOIPOW3BOJIBHOTO IPOTEKAHUS
(U3NKO-XUMHUECKUX TPOIIECCOB.

4 BpImomHUTE MHAWBUAYAIbHBIC 331aHUS B COOTBETCTBUY C BAPHAHTOM.

Xox padoThI:

3aoaua Nel.

Tonb3ysch NAHHBIME TaOJIALBI IPUIOKEHHS B KOHIIE MeTOAuUKH, Boiuncants AH? peakimn:

2M0 15 +CO2(1y=2MgO (1) +Can)

Anzopumm pewenus.

[To nanHBIM TAOIUIIBI TPUIOKEHUS CTAaHIAPTHBIC SHTATBINHN 00pa30BaHMs YTIIEKUCIIOTO Ta3a
Y OKCHJIa MAIHUS PABHEIL.

AHOCO 2 =—393,5 kJIx/Monb

AHOMgo= —601.8 xJIx/Moib

CrangapTHble SHTAJIBIINK 00pa30BaHMsI IPOCTHIX BELIECTB PAaBHBI HYJIIO, T.€. AHOMg:AHOCZO.
CrangapTHas SHTaIbIUA PEAKLIMK PaBHA:

AH, , =2-AH g0 — AH o2 =2-(-601,8)—(—393,5) = —810,1 k%

OrTBer: AHOX‘p,: —-810,1 xJIx.

3aoaua Ne 2.

[Tonb3ysich CIpaBOYHBIMU JAHHBIMU, YCTAHOBHUTE, BO3MOXHO JIU Tpu TemrepaTypax 298 K u
2500 K BoccTaHoBIIeHHE JUOKCHAA TUTaHA JO CBOOOJTHOTO METaJIjIa IO CXEME:

TiO, (TB)+2C(TB)ZTi(TB)+2 CO(F)

3asucumoctsio AH? n AS® ot TEeMIEpaTyphl IpeHEOpeYb.

Aneopumm pewrenus.

[To TaGnuile MPUIOKEHUS HAXOIM:

AGOTio 2 = —888,6 kJI>x/Mob SOTio 2=50,3 x/[>x/Momb

AGOCOZ —137,1 xJIx/mMoib Soc=5,7 kJ>x/MOIb
AHOTio 2 =-943,0 x/I>x/Momnb SOTi: -30,6 xIx/Monb
AHOCOZ —110,5 xJIx/Moib SOCOZI 97,5 xJIx/MoIb

CrangapTHBIe SHTANBINKM 00pa3oBaHus M SHepruu ['MOOCa MpOCTHIX BEIIECTB PaBHBI HYIIO,
T.e. AHc = AH%; =0.

ITo 3akony I'ecca s paccMaTprBaeMon peakiyu:

AG®, ; =2AGco~AG ri02 = 2-(-137,1)—(~888,6) = 614,4 k]I

ITockonbKy AG®>0, Boccranosienue TiO; npu 298 K rpadutom HEBO3MOXKHO.

Jlnst pacuera AG™®, , = AH®, , — T-AS’,, = AH’, , — 2500-AS°, .

Haxonum:

AH®, ,=2-AH o — AHri02 = 2:(~110,5) — (—943,0)=722,0 k.

AHaJIOrMYHO BBIYUCIISIEM:

ASY = (S1i+2-S°co) — (S%rin2 — 2:S%) = (30,6 + 2:197,5) — (50,3 — 2-5,7)=363,9 /K.

N3menenne sneprun ['m66ca peakunn npu temmeparype 2500 K pasHo:

AG®®=AH’, , - 2500-AS°,, 107 = 722,0 — 2500-363,9 10> = ~187,75 xJIx

AG™"= _187,75 k/Ix<0, cnenoBatensHo npu T=2500 K Boccranosienue TiO; rpadurom
BO3MOJKHO.
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Otser: AGOX.pA= 614,4 /x>0, Boccranosinenue TiO, mpu 298 K rpadutomM HEBO3MOXKHO.
AG®P= 187,75 kllx<0, cienoBaTeIbHO npu T=2500 K Boccranosienue TiO, rpadurom
BO3MOKHO.

dopma mnpeacTaBieHusi pe3yabTara: odopmiieHHas paboTa C  BBINOJIHEHHBIMHU
WHJIMBUIYJIbHBIMU 33/IaHUSIMU TIO BapHaHTaM.

Kputepuu ounenkmu:
3a Ka<blii MPaBWIbHBIN OTBET — 1 Oas.
3a HenpaBWIbHBIHA 0TBET — () GayIoB.

Tema 3.3. XumMHueckass KHHETHKA

IIpakTuyeckoe 3ansaTue Ne 15.
Pemenue 3a1a4 Ha 3aK0HbI: JHTPONUU, ['M60ca

I.[e.m; paﬁoTbIZ HAaY4YUTBCA BBIIOJIHATH PACTCTBI HAa 3dKOH FI/I66CB., OHTPOIIMH, Ha OCHOBC
pacucToOB ACJIaTh BBIBOABI 00 M3MEHECHUH HaIpaBJICHHA [TPOTCKAHUA peaxunﬁ.

Boinosinus padorty, Bel Oynere:

ymems:

— NPOBOANTH KUHCTHYCCKUEC PACUYCTDHI;

— IpUMEHSTH 3akoH ['nb6ca 1 onpeeneHrs yelIoBUi HanpaBIeHUS XUMUYECKON PeaKkIiuu

MarepuajbHoe ofecriedeHue:

Kpartkuii cripaBounuk ¢usuko-xumudeckux enuuuH / Ilox pen. K.II. Mumenko u A. A.
PaBnemns. — JI. : Xumus, 1974. — 200 c.

3ananmue:

1 Ilpumenenue 3axona ['ub6ca.
2 OmnpeneneHye HaIpaBICHUs IPOTEKAHUS XUMUYECKOH peaKIiH.

Kparkue Teopernyeckue CBeACHUA:

TepmoauHamMuka — Hayka 00 3HEpPruM, O NPUHUMAEMbIX €0 (GopMax U O MpaBUIIaX,
ONMCBIBAIOIINX MX COOTHOIICHWS M IpeBpalieHus. XHUMHYeCKas TEePMOAMHAMHKA— pa3zell
TEPMOJMHAMUKHA, B KOTOPOM OIIMCHIBAETCS BIIMSHHME COCTAaBa M CTPOCHHMS BEIIECTB, a TaKXKe
YCIIOBUM Cpelbl Ha HMX TEPMOJAMHAMUYECKHE CBOMCTBA, T.€. H3y4aeT XUMHUYECKUE SBJICHUS C
MIO3UIIMM TEPMOJAVHAMUKHA. B OCHOBe TEpMOAMHAMHMKH JI€KAaT HECKOJIBKO OCHOBHBIX 3aKOHOB,
n3BeCTHBIX Kak [lepBblii -, Bropoil — u TpeTuii— 3akoHbl (Hayana) TepMOAMHAMUKH. Jlanee, KpaTko
PacCMOTPHUM KaXIbli U3 3TUX 3aKOHOB.

ExxenHeBHO MBI CTaJIKMBAEMCs C Pa3IW4YHbIMM BUJAMU DHEPIMM, HO €€ HENb3sS HU YBUIETb, HU
IOTPOraTh, OHA HEOCsA3aeMa. JHEPrUusi — ITOCIIOCOOHOCTh K BBIIOJHEHHUIO pabOThl WM MEpeHoca
teruia. OHa CyIIeCTBYeT BO MHOXECTBE (pOpM: TEIsIoBasi, CBETOBAas, XMMUYECKas, MEXaHUYeCKas,
KOTOpasi BKJIIOYAET KHWHETUYECKYID — DHEpPrUI0 JABWIKEHUS M IOTEHUIUAJbHYI0 — DHEPIHIO,
3aIlaCEHHYI0 TEJIOM (3aBHUCUT OT €ro IOJIOKEHHUS WIN COCTaBa), AeKTpudeckas. IlepBblii 3aK0H
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TePMOJAMHAMMKH YTBEPKIAET, YTO HPEEPAU{CHUA PA3IUYHBIX U006 IHepeuu Opyz 6 opyza u
nepexoo0 00H020 6UOA IHEP2UU 8 OPY2Oll RPOUCXOOUM 8 CIPO20 IKEUBAICHMHBIX KOJIUYECHBAX .
Paccmorpum peakuuto:
2Mg(T) + O(1) = 2MgO(T) + TermoTa u CBET

B 5T0i1 peakuy aTOMbI MarHusi ¥ KUCJIOPOa MOKHO PacCMaTpUBaTh KaK CUCHEM).
Cucrema — 310 m100as ucciieyeMas 4acTh, HaXOAIIascs BO B3aUMOICUCTBUM U OTPaHUYEHHAs OT
OKpY’KaroIel Cpe/bl HACTOSIIEH Wi BOOOpakaeMoi rpaHUIICH.
T.k. JHeprusi He WcYe3aeT M HE BO3HHMKACT BHOBb, TO DHEPIUs, TepsiemMas CUCTEMOU [0JDKHA
IIOCTYIaTh B OKPYXalOLIYl0 cpeay, JM00 CUCTEMa MOJIy4YaeT 3HEPIUI0 U3 OKPYKAIOLIEH Cpe.bl.
[IpuueM, B3auMHBIE MIPEBpPALCHHs PA3IMYHBIX BUIOB SHEPTUU U MEPEXO0]l OJHOTO BHUJA SHEPTUU B
APYroi AOJKHBI IPOUCXOJUTh B CTPOTO SKBUBAICHTHBIX KOJIUYECTBAX.
[Ipu ocyiiecTBICHUH XUMUYECKUX U (DU3HMUECKUX MPEBPAIICHUN, TPOUCXOIUT BBIICICHUE TEIIOTHI
— IK30TePpMHUYECKHUIi MpoLece W MOTJIOUICHUE TeIJIOTH — IHA0TePMHYECKH i Npouecc.
CymmapHas MOTEHIMalbHAs HSHEPrusl B3aMMOJACHMCTBHUS BCEX 4YaCcTHUIl Tela MEXAy co0oil u
KUHETHYECKas] PHEPIUus MX IBHKEHUS COCTABISIOT BHYTPEHHIOW 3Hepruio cucrembl U. Omna
CKJIQ/bIBACTCSI M3 TIOCTYMATEIbHBIX W  BpalIaTeNbHBIX MOMEHTOB MOJIEKYJbl, OSHEPruu
KOJIe0aTeNbHOTO JBIDKEHHS aTOMOB BHYTPUM MOJIEKYJ W TPYIII aTOMOB, SHEPIHH JIBUKCHUS
HJIEKTPOHOB B aTOMAax U SHEPruu, 00JIaaaeMoil sapaMu aTOMOB. DTO BECh 3aIlac YHEPTUU CHUCTEMBI,
KpOME KHHETHYECKON SHEPTHUH CUCTEMBI B [IEJIOM U €€ MOTCHIUAIbHOW YHEPTUH TTOJI0KEHUSI.

IIpn monBoge TemnoTel Q Kk cucmeme, 1O 3aKOHY COXpPAHEHHUS SHEPrUU, OHA JOJDKHA
pacxo0BaThCs HAa yBEIMYEHUE BHYTpEHHEW sHeprun cuctemMbl AU u Ha coBepiieHue paboTsl A:

0=4AU+A
[Tpu xumHuUecCKUX peaknusx paboTa paBHA NPOM3BENEHHUIO IaBJICHHS P HA H3MEHEHHE O0Bema
cuctemMbl 4 V-
A=pAV
st uzobaprozo npoyecca terioBoit 3pdexT peakuu Qp paBeH:
Qp=AU+pAV unu Qp = (Uz—U1)+p(V2—V1);
Qp= (Uz— pV2) + p(Ur— pV);
Qp»=H;-Hi=4H

3necy AH —temnnoBoii 3 (HeKT peakiuu Uik U3MEHEHUE SHTATBIINH PEaKIUH.
IHTAJBINNA HE 3aBHCUT OT TOTO IYTH, IPH KOTOPOM IPOH3OIIEI MEPEX0]] U3 OJHOTO COCTOSIHUS B
Jpyroe, a 3aBUCHT TOJBKO OT MCXOIAHOTO M KOHEYHOTO COCTOSIHMA cHucTeMbl. V3Mmepsiercs B
JIx/monb unu k/[/Monb BeliecTna.
[Ipy mpoTekaHMM XMMHYECKOl PpeaKUMU SHTAIBIUM MPOAYKTOB OTJIMYAIOTCS OT SHTAIBIUN
peareHToB, MOATOMY IIPH MEPEXOIe OT peareHTOB K MPOAYKTaM IMPOUCXOIUT U3MEHEHHE YHTATIBITHA
CUCTEMBI.
Takum oOpa3oM, IpyU M30XOPUYECKOM Npolecce TEIIOBOW 3(P(EKT peakuy paBeH U3MEHEHUIO
BHYTpPEHHEH YHEPTUH CUCTEMBI, a IPU H300apHOM MPOIECCe — U3MEHEHUIO SHTAIBINU:

Qp= AH = EHKDH - z:PIucxa
T.e. Qp paBeH cyMMe KOHEUHBIX MPOJIYKTOB 32 BBIYETOM CYMMBbI SHTAJIBIUI HCXOAHBIX BEIECTB.
Ecnmu B3amMmofieiicTByroIMe BeMIecTBA M TONyYaeMble B pPe3yabTaTe PEaKIHH MPOTYKTHl HMEIOT
TBEPAYIO WU JKUIKYIO CTPYKTYpY, TO OOBEM MEHsieTCS HE3HAYMTEThbHO M €ro MOXKHO He
VUUTHIBATH.
Bcnencrsue storo,
AH=AU.

[Tpu oTpuLATEILHOM U3MEHEHUH IHTAJIBIMNHU TIEPEXO0]T OT PEAreHTOB K MPOAYKTaM PEaKIuu
COIPOBOKAAETCS H3MEHEHUEM YHTAIIBITHH U BBIZICTICHUEM TETUTOTHI.
[Ipy mMOJIOKUTEIHLHOM HM3MEHEHMH JHTAJBIMHU CUCTEMA TMOTJIOMAeT TEeMJIOTy — TPOIece
SHJIOTEPMUYECKUU.
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CocTaBiisisi TepMOXHUMHYECKHE YPABHEHHSI, HEOOXOIUMO YKa3bIBaTh HE TOJIBKO TEIIOBOM dPPEKT
peakiuy, HO U TO arperaTHoOe€ COCTOSHHE, B KOTOPOM HaXOJSTCS Y4YaCTBYIOIIME B PEaKIHUU
BELIECTBA, HAIIPUMeED:
C(rpadur) + O2(r) = CO2(T), 4H=-393,62 x]I>x/M0Ib
Nnn
C(rpadur) + O2(t) = COx(1r)- AH
[Ipu noacTaBIeHUU YUCIEHHOIO 3HAYECHMUS:
C(rpadur) + O2(r) = CO2(r) + 393,62 x/[x/M0Ib
Tepmoxumuyeckue BbIYMCICHHMA OyAyT BEpHbBIMM B TOM ClIydae, €CIM BCE BXOJSLIME B
ypaBHEHHE TEIUIOBbIE 3(PQEKThI, COOTHECEHbl K HACHTUYHBIM YycIOBHSAM. OOBIYHO NPUHUMAIOT
takue ycioBusi: 1 monb coenunenus, T=298,15 K, 101,3 klla, npu KOTOpBIX TEIUIOBBIE YPHEKTHI
HA3BIBAIOT CTAHAAPTHBIMU (4H 508).
YacTHBIM CilydaeM TemioBoro s¢¢ekra sBIsSETCS Takas TEPMOJAWHAMHYECKAS XapaKTepUCTHKA
BEIICCTBA KAK €ro CTAHAAPTHAS TemioTa oopasoBamnss — AH',gg KOTOpAs 3aBUCHT  OT
arperaTHOro COCTOSIHMSI BEILECTBA M OT €ro auloTPONMYecKoro Bujou3MeHeHus. llpu 3Tom,
TEIUIOTY 00pa30BaHuUs yCTOMYUBBIX B CTAHAAPTHBIX YCIOBUSX BEIIECTB MPUHUMAIOT PABHON HYIIIO.
BaxxupiMm creactBueM u3 1 3akoHa TepMOAMHAMMKM SIBJISIETCSI HE MeHee BaxxHbIN 3aKkoH I'ecca:
Tennoeoii 3¢hghexm peaxyuu ne 3agucum om nPoOMeNCymouHvlX cmaouil (om nymu npovyecca), a
3aeucum moJibKo Om ucxXo0H020 U KOHEUHO020 COCMOAHUIL Peazupyrouiux 6euiecms.
[Ipy BBIYHCIEHUU HANPSAMYI0 HEKOTOPBIX DSHEPreTUYECKMX HW3MEHEHHUH 4YacTo BO3HUKAIOT
CJIIO)KHOCTH, U B JTHX CiIy4asx YyJAOOHO MPOBOAMTH BBIUYMCIEHUSI coriacHo 3akoHy ['ecca. Tak,

Hanpumep oopazoanre CO, MOKHO pacCMOTPETH C MTOMOIIBIO PA3IUYHBIX MPOIIECCOB:
C(rpadur) + Oy(t) = COy(T), 4H

WIH
C(rpagur) + 0,50,(r) = CO(r), 4H>
CO(r) + 0,50,(r) = CO2(T), 4H3
IIpu sTOM

AH\= AH,+ AH3
13 3akona I'ecca BLITEKaeT HECKOIBKO BaXKHBIX CIIEICTBUU:

TennoBeie 3¢pdexTsr 00paTHONW U MPSAMON peakMil YUCIEHHO PaBHBI U MPOTHUBOIOIOKHBI
10 3HaKYy;

TennoBoit  >dexr xummueckoil peakuuu AHpyuy paBEH Ppa3HOCTH CYMM  TEIJIOT
obpazoBanus AH,;,KOHEUHBIX MPOAYKTOB M CYMM TEIUIOT 00Opa30BaHMs HA4YaIbHBIX (MCXOIHBIX)
BELIECTB:

AHp—uuu = (2H06p)K0H_ (2H06p)ucx
TennoBoit 3¢ddekr peakuuu paBeH pPasHOCTH CyMM TeIUIOT cropaHus 4H,.,,KOHEUHbIX
MIPOJYKTOB PEAKIIUU U CYMM TEIJIOT CrOPaHMsI HAYaJIbHbIX BELECTB:
AHp-uuu = (ZHceop)KOH_ (ZHceop)ucx
3amada 1. PaccumraiiTe CTaHIApPTHYIO SHTAIBIHMIO U CTaHAAPTHYKO DHTPOIHUIO XWUMHYECKOU
peakiuu. Ompenenure B KakoMm HampaieHuu npu 298 °K (mpsmoM wim oOpaTHoM) Oyner
nporekarh peakuus. Paccuuraiite Temmneparypy, Ipu KOTOPOW paBHOBEPOSITHBI 00a HampaBiICHUS
peaxkuuu.

Fe, O3 w T 3H, = ZFE(K) + 3H20(1-)

Pemenue.

AHp.gn = ZH o — ZH iex K/ MO

I/ICHOJ'IBSYSI CHpaBO‘—IHBIe JTAaHHBIC CTaH)IapTHLIX 3HTaJ'IBHI/II\/'I BE€IICCTB, HAXOJHUM:

AH, i = 2- AH 43 AHppo— AH%ep03 — 3-AH o= 2-0 + 3+(- 241,82) — (-822,16) — 3-0 = 96,7
kJ>K/MOTB
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ASp =28 con — S ex Jox/(Mo15-K))
Hcnonb3ys cipaBoYHbIE JaHHBIE CTAHAAPTHBIX SHTPOIUI BELIECTB, HAXOIUM:
ASpmn= 2:AS’re+ 3-AS%Ho0— AS%repos — 3-AS%= 227,15 + 3-188,7 — 89,96 — 3-131 =
137,44 JIx/(mMomb-K)
AG = AH — TAS=96,7 — 298 137,44 /1000 = 55,75 x/[x/mMonb
IIpu T=298°K,AG > 0 — peakuusi HE UIET CAMONPOU3BOJIBHO, T.C. peakuus OyIeT MpoTeKaTrb B
00paTHOM HalpaBJICHUU.
YroObl paccuuTaTh TEMIEpATypy, IPU KOTOPOH pPaBHOBEPOSTHbI 00a HANpPABICHUS PEaKIHH,
Has10 AG npupaBHATH K HYJIO:
AG = AH — TAS =0, Torma

=— (AG - AH)/ AS=—(0-96,7) /0,137 = 705,83 K
I[Ipu T = 705,83 K peakuust Oyner UATH PABHOBEPOSATHO KaK B MPSMOM TaK W B OOpaTHOM
HalpaBJICHUU.
3amaua 2. Beramcnure sHepruto ['m60ca u onpenenuTe BO3MOXKHOCTh NMPOTEKAHUS PEAKIMH TPU
temneparypax 1000 u 3000 K.

Cr,05 (1) + 3C (1) = 2Cr (1) + 3CO (1)

AHjgg, K]JI>k/MOIB — 1141 0 0
ASzgg, I[)K/(MOJII)XK) 81,2 5,7 23,6
Penienue.

Brruncnenue npoBouM COTJIACHO BBIPAKEHUIO:

AGppuu = AH poyyis — TAS sy

HeoOxonuMo paccunTaTh SHTAIBIUIO U SHTPOIUIO XUMHUECKON peaKIItu.

AHy i = SH’ o — SH° uex KJK/MOJIB

Hcnonb3ys cripaBOYHBIE TaHHBIE CTAHIAPTHBIX SHTAIBITHNA BEIIECTB, HAXOINM:

AHy 0= 2 AH o+ 3-AH co— AH cro03 — 3-AH'c= 2-0 + 3+ (- 110,6) — (-1141) — 3-0 = 809,2
kJ[>x/MoIB

ASpyuu =3s° con— 3s° uex JoK/MoIb K

AHAIIOTUYHO, UCTIOB3Ys CIIPABOYHBIC TaHHBIE CTAHAPTHBIX SHTPOIUH BEIIECTB, HAXOANUM:

ASp = 2:48°cc+ 3-48°%co— AS%croos — 3:48%= 2-23,6 + 3-197,7 — 81,2 — 3:57 = 542
JIx/(monb-K)

Haiinem suepruto ['n66ca npu 1000 K

AG1o00 = 4H — TAS5= 809,2 — 1000 -542 /1000 = 267,2 x>x/Mo01b

AG1p00> 0, cienoBaTenbHO, PEaKIys CaMOIIPOU3BOIBLHO HE UJIET.

Haiinem suepruto 'n66ca npu 3000 K

AG3o00=4H — TAS = 809,2 — 3000 -542 /1000 = — 816,8 xJ{x/mMonb

AG3000 < 0, caegoBaTENbHO, PEAKIUS POTEKAET CAMOIIPOU3BOJIBHO.

3amaua 3. Omnpenenute TtemioBol 3ddext cropanus skuakoro CS;(k) 10 o0OpazoBaHMs
razoobpazubix COz u SO, Ckonbko moneir CS; BeTynsT B peakuuio, eciau Beigenutces 700 xJbx
Teria’?

Pemenue.

YpaBHEHHE PEAKITUU CTOPAHUS KHUJIKOTO CEPOYIIIePO/Ia CIIeIyIoIIee:
CS,(kx) +30,=CO, + 250,
TerutoBo# 3P PeKT peakuu BEIYUCIHM TIOJICTABIISS CIIPABOYHBIC JJAHHBIC CTAHIAPTHBIX SHTAJIBITHIA
BEIICCTB B BRIPOKCHUE:
AHy i = SH° o — SH° uex KJK/MOTIB
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AH,y = 2-AH 507 + AH cop — AHcsy — 3-AH 00 = 2+(-296,9) + 3-(- 393,5) — 87 — 3-0 = -1075,1
kJ>x/MoIB

T.e. npu cropanuu / moza cepoyriepona Boiaensiercs 1075,1 ko tenna

a IIpU CrOPAaHUU X Mosel cepoyriepoia Beiaensercs 700 k/{oc Tenna

Haitinem x:

X=700-1/1075,1 = 0,65 monb

Urtak, eciu B pesynbrare peakuuu Bbiaenutcs 700 x/x Teruia, To B peakuto BeTynsaT 0,65 moib
CS;

3anava 4. Beraucnure TEIuioBoi 3QeKT peakiuu BocCTaHOBIeHUs okcuaa xenesa (1) Bomopomom,
HCXOJIS U3 CIICIYIONTUX TepMoxuMuieckux ypaBHenuii: 1. FeO (k) + CO (1) = Fe (k) + CO3 (1);

AH:= -18,20 kIx; 2. CO (1) + 1/20, (r) = CO, (r) AH, = -283,0 JTx; 3. Ho (1) + % 05 (r) = H,0
(r) AHz = -241,83 kJIx

Pemienue.

Peakuust BocctanoBnenus okcuja xxenesa (1) Bomopomom umeer cieyromuii BUI:

4. FeO (x) + H (r) = Fe (x) + H20 (1)

UToOB! BBIUUCIUTH TEIJIOBOM AP(HEKT peakuu HEOOXOAUMO MPUMEHUTH, T.€. PEaKlnio 4. MOXKHO
MOJIYYUTh, €CITU CIIOXUTH peakiuu 1. 1 2. u Beryects peakiuio 1:

AHyp = AH1 + AH3 — AHp = -18,2 — 241,3 + 283 = 23 /I x

Takum o0pasom, TerioBol 3P eKT peakiuu BocCTaHOBICHHS okcuaa xeneza (II) Bomopomom
paBeH

AH 0 = 23 k]I

3anava 5. Peakuus ropeHust 6eH3oia Belpakaercs TepMoxumuueckuM ypaBHeHUEeM: CeHgw + 772
Oy= 6COsyt 3H2Or— 3135,6 x/Dx. Belumcnaure TtemnoTy oOpa3zoBaHMs KUIKOTO OEH30Ia.
Onpenenure TEMJIOTBOPHYIO CIOCOOHOCTb KHJAKOrOo O€H30Ja MpPHU YCIOBHM, YTO CTaHAApPTHBIE
YCIIOBUS COBMAAIOT C HOPMAJIbHBIMH.

Penienue.
TernnoBoi 3 PexT peakiuu paBeH:
AH,y i = SH° con— SH° uex KJK/MOTTB
B namewm ciygae AH,.,, = — 3135,6 k/Ix, HalifeM TennoTy 00pa3oBaHMs KUIKOTO OEH301a:
AH, = 6-AH cop + 3 AH o0 —AH s — 7,5 AH 02
-AH 6 = AHpypy — 3-(-241,84) + 6-(- 393,51) — 7,5-0 = — 3135,6 — 3-(-241,84) + 6-(- 393,51)
—7,5-0=—49,02 xJIx/M01B
AH° ceHe = 49,02 kJ[x/Moab
TennmoTBopHas crtocOOHOCTH KUAKOTO O€H301a BRIYUCISETCS 0 (hopMyIie:
Qr=4H,.u 1000/ M
M(6en3o0ma) = 78 r/Moib
Qr=-3135,6-1000/78 =—4,02- 10* KJK/KT
TemmoTBopHas crrocoOHOCTH KUAKOTO OeH3oma Qr = — 4,02- 10* kJIx/kr
dopma npejacraBjieHHss pe3yJdabrara: odopMmieHHas paboTa C  BBINOJTHEHHBIMHU
WHIUBUAYAIBHBIME 33JaHUSIME 110 BapyUaHTaM (3a/1a4¥l U YIIPaXHEHHs 10 HA3BaHHOM TeMaTHKe).

Kpurtepun onenkmn:

3a Kax[blid TPaBUIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () O6asUIoB.
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Tema 3.3. XumMHuecKkass KHHETHKA

Ipakruyeckoe 3ansitue Ne 16. PemieHue 3a1ay ¥ ynpaskHeHHM i 10 TeMe KHHeTHYeCKHe
pacuersl

I_[e.m, paﬁoTLII HAaYYHUTBHCA BBIIIOJHATE KHUHCTUYCCKUC PACUCTBI, OIPCACIATL KOHCTAHTY
paBHOBECHUA PpCAKIIMKM, Ha OCHOBE€ pPACU€TOB [CJIaThb BBIBOJBI 00 H3MEHEHUU CKOpPOCTH H
HaIlpaBJICHHUA CMCUHICHUA XUMHUYCCKOI'0 paBHOBCCHUS peaKuHﬁ.

Beinosinus patdory, Bel Oyaere:

ymembp:

— OPpOBOANUTH KUHCTHUYCCKUC PACUYCThI;

— npumeHaTh npuHuun Jle-Illarense ans onpeneneHus YCIOBHHM CMELICHUS XMUMHYECKOIO
paBHOBECHS.

MaTepnaﬂbnoe odecmeyeHue:

Kpartkwmii cripaBounuk ¢usuko-xumuueckux enuuuH / Ilox pen. K.II. Mumenko u A. A.
PaBpemns. — JI. : Xumus, 1974. — 200 c.

3aganue:

3 Ilpumenenue 3akoHa Bant-I'odda, 3akoHa AEHCTBYIONMX Macc B pEIHICHUU 3a/1ad Ha
M3MEHEHHE CKOPOCTH XUMHUUECKHUX PEAKIIHI.

4 OrmpeneneHue CKOPOCTH, KOHCTAHThI PABHOBECHUS! XUMHUECKOM peaKIHu.

5 Ilpumenenne npuniuna Jle-lllatense pans omnpeaeneHuss YCIOBHM  CMEIICHUS
XUMHYECKOTO PABHOBECHS.

Kpartkne Teopernyeckne cBegeHNs:

IIpeomem xumuyeckoii KuHemuKu

XuMuueckasi KHHETHKA U3y4aeT MEXaHW3M XMUMHUYECKUX PEaKIMil M 3aKOHBI UX Pa3BUTHS BO
BPEMEHH, BIUSHUE PA3IUIHBIX (PAKTOPOB HA CKOPOCTH U IMMYTH YIPABICHUS PEAKITHSIMHU.

CkopocTh XMMHUYECKOM peakiuu V 3TO M3MEHEHHUE KOJIMYECTBA pearvpyrolliux BEIIECTB B
€IMHUIY BPEMEHHU B €IWHUIE Oo0BheMa (IIsi TOMOTC€HHOW CHUCTEMbl) M M3MEHEHHUE KOJINYecTBa
pearupyronux BEIIeCTB B €AUHUILY BPEMEHHM Ha €IMHUIIC TUIOMIAIN MMOBEPXHOCTU TBEPAOU (azbl
(ISt TETEPOTEHHOM CHCTEMBI).

AC
o Vromoreﬂ =
J1J11 TOMOTE€HHOM CUCTEMBI: At ;
_AC

JIns reTEpOreHHOM CUCTEMBIL: e S-At,

rae AC — u3MeHeHHe KOHIIEHTPAIH KaKoro-1100 U3 BEIIECTB, BCTYMAIONINX B PEAKIIUIO UITU
o0pa3ylomuxcsi Npu peakuuu (MoJb/1), AT — HNPOMEXYTOK BPEMEHH, 3a KOTOPBIH H3MEHSETCS
KOHIICHTpaus (¢, MHH, 9ac), S — TUIOIAAb COPUKOCHOBEHNUS (a3 (CMZ, Mz).

K Baxne#muM ¢aktopam, BIUSIONUM Ha CKOPOCTh PEAKIMU, OTHOCATCS cliemyromue: 1)
MPUPOJIa PEArHPYIONTUX BEIIECTB; 2) KOHIICHTPAIUS PEarupyrolnX BEMIeCTB; 3) Temmneparypa; 4)
MPUCYTCTBUE B CUCTEME KaTalu3aTopa.
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3axon Oeticmgyiowux macc — 3aBUCUMOCTh CKOPOCTH pEaKIMH OT KOHIEHTPALUU
pearupyronux BemecTs.

Hna  cucmemvr aA+eB=cC ckopocmv peakyuu obpasoeanus eewjecmeéa «C» pasna
npou3eedeHur0 KOHyeHmpayuii eeujecme «A» u «B» 6 cmeneHax ux cmexuomempudeckux
K03 Ppuyuenmos:

V =k[A]*[B]", rue

[A] — koHLIeHTpaLus BelecTBa «A» B MOJIb/J,

[B] — xonnenTparus Bemectsa «By» B MOJIB/JI;

K — KOHCTaHTa CKOPOCTH JaHHOW PEaKIIMU, 3aBUCUT OT MPHUPOJIbI PEarupyOIINX BEIIECTB, OT
TEMIIEpPAaTypbl U KaTajiu3aTopa, HO HE 3aBUCUT OT KOHLIEHTPAllUH, YUCIEHHO paBHAa CKOPOCTHU
peaKIuy Mpyu KOHIICHTPAIUAX pearupyrmux BemiecTs | Moib/i1. B citydae reTeporeHHbIX peakiui
B ypaBHEHHE 3aKOHa JEHCTBUS MacC BXOAST KOHIIGHTPALlMU TOJIBKO TE€X BEIIECTB, KOTOpHIE
HaXOJISITCS B Ta30BOH (ha3e WK B pacTBOPE.

3asucumocms cKkopocmu om memnepamypbl u npuUpoobl
peazupyrowux eeujecms

He Bcsikoe CTOTKHOBEHHE pearupyrolux BeEHIECTB MPHUBOIUT K OOpa30oBaHHUIO IMPOIYKTa
peakiuu. IloBBIIIICHHE TEMIEPAaTypbl B ONPEACICHHBIX NPEIEIax BBI3BIBACT YCKOPCHHE
XMMHUYECKON peakIiH, TaKk Kak OO0YyCIaBIMBAE€T POCT SHEPTrUU B3aHMMOJCHCTBYIOIIUX MOJEKYIL.
CornacHo mpaswiry Bant-T'odda, yBenmueHue temrieparypbl Ha KaKIble 10° C MPUBOJIUT K

YBEJIMYEHHUIO CKOPOCTH PEakuu B 2-4 pasa.
-4

Vt2 =Vt.Y 10

, TIIe Y — TeMIIepaTypHbIA KO3 PHUINEHT peaKiny.

Xumuueckoe pasnosecue

BOAbIIMHCTBO XMMUYECKUX PEAKIIUN SBIISIIOTCS 0OpaTUMBIMU, T.€. TPOTEKAIOIIUMHU B MPSIMOM
U OOpaTHOM HAMpaBICHUSIX, HO C Pa3HOM CKOPOCTHIO. DTy 0OpaTHMOCTh peakuuii 0003HAYAIOT
3HAKOM & HalpuMep:

aA+sB2cC+ dD.

Ckopoctu npsiMOi M 00paTHOM peakluil paBHBbI:

V=K1 [A]*[B]”; Vosp=K2-[CI“[D]° ; rme [A], [B], [C], [D] — koHIeHTpamuyu Bemects B
MOJTB/JI.

C TeueHHEM BpEMEHHU CKOPOCTb MpPSAMON peakuuu V,, yMEHbIIAETCA, a CKOPOCTb 0OpaTHON
Voop yBEIMUMBAETCsA. B HEKOTOPBIE MOMEHT OHHM CTAHOBATCS PaBHBIMH. 10 cocmosiue cucmemul,
npu KOMOPOM CKOpOCMU NPIMOU U OOpAMHOU peaxyuu paeHvl, HA3bIBAIOM XUMUYECKUM
pasHosecuem:

K, _[cf-[af _
7‘ﬁ_KpaﬂH

Vip=Ves  Ke[A" [BI’= Ko [CI*[D] K [AT-[B]

Ilpu xumuueckom pagHnogecuu omuouleHUe NPOU3EEOeHUsT KOHYEHMPAYUli NOAY4aroUUxcsl
geuyecms K npou3ee0eHulo KOHYeHmpayuti UCXOOHbIX NPOOYKMOE (C yuemom CmexuoMempuieckux
K03 puyuenmos) ecmv GeruuUHA NOCMOAHHAA NPU OAHHOU Memnepamype, U HA3bIBAEMC S
KOHCMAHMOU PAGHOBECUsI.

Koncranta paBHOBecHsl 3aBUCHT OT TeMIEpaTypbl U MPUPOABl PEArupyrolIuX BEIIECTB,;
MOKa3bIBa€T BO CKOJIBKO pa3 CKOPOCTh MPSAMOM peakuuu Oobllle CKOPOCTH OOpaTHOM, eciu
KOHIIEHTPAIIUU PearupyIOINX BEIIECTB PaBHBI 1 MOJIB/IM.

PaBHOBecHOE cOCTOsSIHUME COXpaHsAETCs A0 TeX IMOop, IMoKa He OyJeT U3MEHEHO KaKoe-Tuoo u3
yCIIOBUM JaHHOTO pPaBHOBECHS] — KOHIIEHTpPALMs BEILECTB, TeMIeparypa, JnaBieHue. 3MeHeHue
THUX YCIOBHI BBI3BIBAET CMeIlleHWE paBHOBecus. HampaBineHue cMelIeHUs] paBHOBECHUS
ompeaessieTcss coz2nacho npunyuny Jle-Illamenve, KOTOPBIA TJIACUT: eciu HA cucmemy c
VCMAHOBUBUUUMCSL PABHOBECUEM OKA3bleaemcs Kakoe-1ubo eHewiHee 6o030elicmeue (usmeHeHue
memnepamypbl, 0a6ieHus, KOHYeHmpayuu), mo 6 3mou cucmeme u3 08yX Npoyeccos, Npsamoco u
72



0bpamnozo — OonvLULYI0 CKOpOCMb OyOem umems mMom, KOMOpblil NPOMUBOOeticmeyen GHeuHeMy
8030€UCmeEuUro.

OcnosHule nonodcenus npunyuna Jle-Illamenve

1. Ilpu ymMeHbIIEHHH KOHIIGHTPAIIUK OJHOTO W3 BEIECTB PABHOBECHE CMEIACTCS B CTOPOHY
peakiuu, KoTopasi 00paszyeT 3To BemecTBo. [Ipu yBenn4ueHnr KOHIISHTPAIIUHU BEIIECTBA PaBHOBECHE
CMEIIAeTCsl B CTOPOHY PEaKIuu, KOTOpasi PacX0yeT 3TO BEIIECTBO.

2. IloBbIlIeHHE TEMIIEPATYPHI CMEIIAECT PABHOBECHE B CTOPOHY DHJIOTEPMUYCCKON PEaKIIH, a
MOHMKCHUE — B CTOPOHY 3K30TEPMUUYECCKON PEaKIUH.

3. I3MeHeHue NaBlieHUs] OKAa3bIBACT BIMSHHUE HA PAaBHOBECHE B TOM CIy4ae, €CJIM B PEAKITUU
YYaCTBYIOT Ta3000pa3Hble BemiecTBa. [Ipy TMOBBIIICHWH BHEUIHETO JIaBJICHHUS paBHOBECHE
CMEIaeTCsi B CTOPOHY TOW pEaKIMH, KOTOpas COMPOBOXKIACTCS YMEHBIICHUEM KOJIMYECTBA
ra3o00pa3HbIX BEIIECTB, T.€. yMEHBIIEHHWEM o0beMa. HaoOopoT, mpu MOHMKECHHH BHEIIHETO
JIABJICHUS PABHOBECHE CMEIACTCS B CTOPOHY YBEIIMUCHUS KOJIMYECTBA ra3000pa3HbIX BEIIECTB, T.C.
yBeIUYCHUsI 00beMa.

IMopsinok BbINOJIHEHHSI PA0OTHI:

1 TloBTOpUTE OCHOBHBIC TTOHSATHUS XUMUYECKON KUHETUKH.

2 3axkoHCHEKTHpYHTe (OPMYIbI Ui ONPEAENEHUs CKOPOCTU PEaKIUU B TOMOTEHHBIX U
TeTePOreHHBIX CHUCTEMaX, OCHOBHbIC mMoyiokeHus mnpuHimna Jle-lIllarense, 3akon Bant-I'odda,
3aKOH JICCTBUS MacC ¥ BBIPAKCHHE KOHCTAHTHI PABHOBECHS XUMHUYECKON PEAaKIIMU B OOIIIEM BHJIC.

3 IlpoaHanu3upyiTe U OCMBICIUTE MPUMEPHl PEIICHUS THUIMOBBIX 3aJa4 Ha MPUMEHEHUE
3akoHOB Bant-I'odda u nelictByromux macce, npunnumna Jle-Illarense.

4 BBINOJIHUTE UHIUBUIYAIbHBIC 3a/IaHUSI B COOTBETCTBUU C BAPHAHTOM.

Xoa pa6oTsI:

[Iprmeps! BHITOTHEHUS TUIIOBBIX 3324

3aoaua Nel.

TemnepaTypHblii k03 PuuMEeHT peakuu paBeH 2,5. Onpenenute, Kak U3MEHUTCSI CKOPOCTb
peakuuu npy NOBbILIEHUH TeMneparypsl oT 60 1o 100°C?

[aHo: Aneopumm pewienus.

y=25 3aBUCHUMOCTb  CKOPOCTH  PEAaKLUH  OT

T, =60°C TeMIepaTypbl OIUCBIBACTCA npasuiom Banm-

T,=100°C | logga:

To-Ty

— vy .y 10
VT2 - VT1 Y '

1% vy, v,
T, o rge " M = - CKOPOCTH pPEAKUUU IIpH
Vr, temrnieparypax Tp u Ty, y - TemmeparypHbIi
KO3 PHUIIHEHT.
v T,—T, 100-60
T,

— =y 0 =25 10 = 2154 —39,06.

VT1

OTBeT: ckopocTh peakiuu u3MeHutcs B 39,06 pa3s (yBenuuurcs B 39,06 pas).

3aoaua Ne 2.

[Ipn HekoTopoO¥ TeMrepaType peakuus 3akaHumBaeTcs 3a 90 cexyna. Ha ckonbko rpaaycos
M3MEHWIACh TeMIlepaTypa CHCTEMBI, €CJIM peakius 3akoHumiachk 3a 10 cexkyHn. TemmeparypHbli
K03 unueHT ckopoctu y = 2,5.

Aneopumm pewienus.
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VYCTaHOBUM CBSI3b MEXIy BPEMEHEM M CKOPOCTBIO MPOTEKAHMS pPEAKLUUU: 4YeM OoJblie

1
V==
ckopocTh (V), TeM MeHblIe BpeMs (T) peakuuu, TO €CTb ©, ucnonb3ys npaswio Bant-T'odda
T,-Ty AT
o L 0 _,510
nomyaum: Vi 72 , TIONCTaBUM LU(POBbIC TaHHbIC 3amaun 10 , Iposiorapudmupyem:
AT
lg9=— AT 3979

10 Ig2,5. Otkyma 0,9542 =10 AT=24°

Tak Kak 11>Tp, V1 < Va, clieioBaTeIbHO, TEMIIEPATyPa MOBBICKIIACH HA 24°

Otser: AT=24°,

3aoaua No 3.

Onpenenure CKOPOCTh PEAKIMH, €CIU 32 2 MUHYThI KOHIICHTPAIIUS HMCXOJHOrO BEIICCTBA
HA3MEHMIACH ¢ 2 MOJIb/1 10 0,2 MOJIB/II.

HaHo: Aneopumm pewierus.
At =2 mMuH Cpennsis CKOpOCTb OIMCBIBACTCS
C, = 2 | ypaBHEHHEM
MOJIB/JT o_.AC
C, = 0'2 At
MOJIB/TT
v="

O CKOpPOCTH pEakIUu MOXXHO CYIUTh, U3MEpPSsl KOHLEHTPAIMIO HMCXOAHBIX BEIIECTB HIIN
npoykToB. KOHIIEHTpaIMs HCXOAHOTO BEUIECTBA C TEYCHUEM BPEMEHHU MOCTETIEHHO YMEHBINACTCS
u AC UMeeT 3HaK «-», a KOHIIEHTpaIys MpoayKTa yBenununBaercss 1 AC UMeeT 3HaK «+».

1) Onpenenenne N3MEHEHNs KOHLEHTPALIUU:

AC=Cy,-C1=0,2-2=-1,8 MOJIB/11.

2) OnpenieneHne CKOPOCTH PEAKIIUU:

At =2 muH = 120 cex

= _M = 0,015 mouw/(11 - cex).
120 cex

OtgeT: v = 0,015 Monb/(1-cek).

3aoaua Ne 4.

Ompenenure, Kak U3BMEHHUTCSI CKOPOCTh TIPSIMOM PEeaKIIuu

Nz(r) + 3H2(r) <~ 2N H3(r),

€CJIM KOHIIEHTPAIIMIO BOAOPO/Ia YBEIUYUTH B 2 pa3a?

Aneopumm pewienusi.

1) 3amureM BeIpaKEHHE 3AKOHA OeUCmEus Macc U JAaHHOM MPSIMOM peaKIim:

v° =K[N,]-[H,T

2) Ilpu yBeawueHWHM KOHIIEHTpAIMHM BOJIOPOJAa B 2 pa3a CKOPOCTh MPSMOW peakiuu Oymer
paBHa: U:k[Nz]'[2H2]3:8k[N2]'[H2]3'

3) Ompenenum, Kak U3MEHHTCS CKOPOCTh MPH YBEIWYEHHU KOHIIEHTPAIMHM BOAOpOaa B 2

v _ 8k[N2]' [H2]3 _

pasa: ° k[Nz]' [Hz]3

OTBeT: mpu YBEIWYEHHHM KOHUEHTPAIIMM BOJAOpOJAa B 2 pa3a CKOPOCTb PEAKIHH

yYBEJIUUHMBAETCS B § pas.

3aoaua Ne 5.
Omnpenenure KOHCTaHTYy paBHOBECUS CUCTEMBI 2Ar) + By <> C(), €cam paBHOBECHBIE
KOHIIEHTPAIUH BEMECTB PaBHBL: [A]pasn = 2 MOIB/M, [Clpasn = 0,2 MONB/I.
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Aneopumm peuwienus.
3anuieM BeIpa)keHHE KOHCTAHThl PABHOBECHUS JJIs JAHHOW PEaKIMH U PACCUUTAEM €e:

C
pasn = [|E/4]:2| ’ Rpa(m = % = % = 0,05

4
Ortset: Kpasu = 0,05.

3aoaua Ne6 .

ITpn Hexoropoii Temneparype B cucteMe C)+tCO222 2CO() paBHOBECHBIE KOHIICHTPAIIMH
BemiectB paBHbl CO2=0,5 monw/n. [CO]=0,2 Momab/n. BBMUCINTH KOHCTAaHTY paBHOBECUS U
HayaJbHY0 KOHLEeHTparuo CO;.

Aneopumm pewenusi.

2 2
K - [cof _ 02

=0,08
v lco,] 05

1. Berurcium KOHCTaHTY PaBHOBECHS:

2. Onpenenum ucxoauyro kKonientpamuo CO;.

YcnoBuMes cuuTaTh, YTO K Hayaly pEaklMd OTCYTCTBOBAIM NPOAYKTHl peakuuu. [lo
YpaBHEHUIO peakiuu BUAHO, yTo 2 Moist CO mosyuaercs u3z 1 mons COy, 3Hauut 0,2 mons CO
nonyuutcst u3 0,1 monst CO,. CnenoBarenbHo npopearupoBaio 0,1 mons/n CO,, Torna HavanbHast
KoHIeHTpanus obi1a 0,5+0,1=0,6 MoJb/11, Tak Kak octanoch 0,5 MOJIb/TI.

Pemenne yno6Ho opopmiiats B Bujie TaOIHIIBL:

PaBHose
Hauaim IIpopearu O0pa3o | cHbIE
Be Has pop p P
0BaJIO BaJIOCh KOHIIEHT
LECTBO KOHIICHTPAIUs
MOJIB/TI MOJIB/JT | pamuu
MOJIB/JI
MOJIB/JI
0,5+0,1
CO; 0.6 0,1 - 0,5
CO 0 - 0,2 0,2

OtBer: Kpasu = 0,08; [CO2) 1120 =0,6 MOMB/I1.

3aoaua Ne 7.

Koncranta paBHoBecus peakiuu Hp+Cl,22HCI npu HekoTopoit Temmeparype pasua 0,4.
CKONBKO TMpPOIEHTOB BOJOpOJAa MOJBEPraeTcsi IMPEeBpAIEHUI0 B XJIOPOBOJAOPOA  HpU ITOH
TeMIIepaType, eCIu CMEMIaTh 2 MOJIsl BOJIOPOJa € 3 MOJISIMU XJiopa?

Aneopumm pewenus.

1. BbIpa3suM paBHOBECHBIC KOHIIEHTPAI[MM PEardpylOIIUX BEIICCTB W IOJCTABHUM HX B
BBIpa)KEHUE KOHCTAHTBI paBHOBECHs. J[Jisl 3TOTO chenaeM MmpeanoiokeHne, YTO MPopearupoBalio x
mosielr Hy, Torna mo ypaBHenuro peakuuu BuaHo, uto Cl, mpopearuposano crosibko ke, a HCI
oOpazoBanock 2x Mos. CrnenoBaTebHO, PABHOBECHBIE KOHIICHTPAIINH:

2
L S 04l @9
[H,][c1,] , OTCIOZIA (2-x)-(3-x)

1,8x°+x-1,2=0
x1=1,2; x,=0,58

Hauas Koneun
Be | mas [Tpopearup Ob6pa3zo | ble

OBaJIo BaJIOCh (paBHOBE
HIeCTBO KOHTIEHTpartit MOJTB/TT MOJIb/TT | CHBIE) KOH
1.

MOJIIb/TT MO/

H2 2 X — 2-x
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Cl, 3 X - 3-x OTtpunar

HCI 0 — 2x 2x eJIbHOE

3HauEHUe
KOpHsI 0TOpackeiBaeM, 3HaYUT, ipopearuposaio 0,58 Mo Bogopoa.

2. BelpazuMm mnpopearupoBaBlliee KOJUYECTBO BOAOPOJAa B IPOLIEHTAX OT HayaJbHOTO

0,58
2 .100%=29%, 10 ecThb 29% BOJOPO/Ia IPEBPATUTCS B XJIOPOBOIOPO/I.

OtBet: 29% BOAOPOIA IPEBPATUTCS B XJIOPOBOJAOPO/I.

3aoaua Nes§ .

VYKaxuTe, Kak CABUHYTh BIPABO XMMHUYECKOE PABHOBECUE CUCTEMBI:

CaCO3(TB) > CaO(TB) + Coz(rag) -Q?

Aneopumm pewienus.

Jlia pemeHust 3afadyd HEOOXOAMMO OTBETUTh HAa BONPOC: Kakue (akTopbl (Temmeparypa,
JIaBJICHHUE, KOHIIEHTPAIMK1) U KaKuM 00pa3oM (TIOBBICUTH WUJIM MMOHU3UTH) HYKHO U3MEHHUTH, YTOOBI
CIABUHYTh BIIPaBO XHMHYECKOE paBHOBecHe cucTeMbl? HampaBieHue cmelieHus XUMHYECKOTO
paBHOBecHs onpeaensaeTca npunyunom Jle-Illamenve:

Buewmnee e6ozoeticmeue (I, P, C) na paenosecnyro cucmemy cosucaem pagHosecue 8
Hanpaesienuu mou peakyuu, KOmopas NPU8oOUm K yMeHbUEHUIO 91020 8030eUCMBUSL.

[Ipumennm npunyun Jle-Illamenve 11 penieHUs 3a1a4u:

1. Peakuus B mNpsMOM HaMpaBlICHUUM TMPOTEKAeT C YMEHBIICHHEM TeMIepaTyphl (TerJio
MOTJIOLIAETCSI), 3HAYUT, YTOOBl paBHOBECHE CABUHYTh BIpaBo Mo npunHuuny Jle-Ilatense
TEMIIEPATypy HYKHO YBEJIUYUTh, TO €CTh HarpeBaTh CUCTEMY.

2. Peaknyst BIPaBO HIET C YBEIMYEHUEM YHCIIA TA30BBIX MOJIEKYJ, TO €CTh C YBEIHYECHHEM
JaBJICHUS, 3HAYUT, YTOOBI CABUHYTH PABHOBECHE BIIPABO HY>KHO JIaBJICHHE YMEHBIIUTD.

3. HyxHo ymenbmuTh KoHIeHTpanuio CO2, 9ToOBI paBHOBECHE CIIBUHYTH BIIPABO.

dopma mnpejacTaBiieHHs pe3yabrara: odopMmieHHas paboTa C  BBINOJIHEHHBIMHU
WHIUBUAYAIBHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1a4¥l U YIPaXHEHH 10 HA3BaHHOM TeMaTHKe).

Kputepun onenkmn:

3a Kak[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN O0TBET — () OaJUIOB.
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Tema 3.3. XumMHueckass KHHETHKA

IIpakTnueckas padora Ne 17.
Pemenne 3aga4 u ynpa:kHeHui 110 TeMe XUMHYeCKOe paBHOBecHe

Ienp paGoTbl: HayuyuThCA BBIIOJHATH PAcCUeThl, ONPEIENSATh KOHCTAHTY PpPaBHOBECUS
peakiMM, Ha OCHOBE pacyeToB [eslaTh BBIBOABI 00 HAINPABIEHUM CMEILEHUS XUMHUYECKOro
PaBHOBECHSI pEaKIUH.

Beinosinus patdory, Bel Oyaere:

ymemb:

— IPOBOJUTHL PACUETHI;

— npumeHsaTh npuHuun Jle-Illarense ans onpeneneHus YCIOBHHM CMELIECHUS XMMHYECKOIO
paBHOBECHS.

MaTepnaﬂbnoe odecmeyeHue:

Kparkwmii cripaBounuk ¢usuko-xumudeckux BenuuuH / Iloxg pex. KII. Mumenko u A. A.
PaBpemns. — JI. : Xumus, 1974. — 200 c.

3aganue:

1. OnpeneneHneKOHCTaHTBl PABHOBECUSI XMMUUECKON PEAKIIHH.
2. [Ipumenenne npunnuna Jle-Illarense s onpeneneHus YCIOBUI CMEIICHUS XUMHYECKOTO
paBHOBECHS.

Kpartkne Teopernyeckne cBegeHus:

[Ipy XUMHYECKOM PaBHOBECHHM OTHOIICHHWE MPOHM3BEICHHS KOHIEHTpPAIUH IMONYy4aroIInXCs
BEIIECTB K MPOU3BEACHUIO KOHIIEHTPAIMH HCXOIHBIX MPOJYKTOB (C YYETOM CTEXHOMETPHUSCKUX
KO3 (UIIMEHTOB) €CTh BENWYMHA TMOCTOSHHAs TpU JaHHOW TeMmIepaType, U Ha3bIBAeTCs
KOHCTAHTON PaBHOBECHSI.

KoHncranTta paBHOBecHsl 3aBUCHUT OT TEMIIEpaTypbl M TMPUPOIBl PEATHPYIONINX BEIIECTB,;
MMOKA3bIBaET BO CKOJIBKO pa3 CKOPOCTh MPSMOW peakiuu OONbIIe CKOPOCTH OOpaTHOW, ecin
KOHIIEHTPAILlMU PearupyIoINX BEIIECTB PaBHbI 1 MOJIB/I.

PaBHOBEeCHOE cOCTOsSTHME COXpaHsAETCs 10 TeX IOp, MoKa He OyAeT M3MEHEHO Kakoe-In0o U3
YCIIOBUI JAaHHOTO pPaBHOBECHS — KOHIIGHTpAlMs BEIIECTB, TeMIiepaTypa, AaBiieHue. V3meHeHue
THUX YCIOBHHM BBI3BIBACT CMCIIECHUE paBHOBeCHs. HampaBieHHe CMEIICHUS pPaBHOBECHS
omnpeaessieTcss coz2nacho npunyuny Jle-Illamenve, KOTOPBIA TJIACUT: ecau Ha cucmemy
VCMAHOBUBUIUMCSL PABHOBECUEM OKA3bleaemcs Kakoe-1ubo eHewiHee 6o030elicmeue (UsmeHeHue
memnepamypbl, 0aeieHus, KOHYeHmpayuu), mo 6 dmou cucmeme u3 08yX Npoyeccos, Npsamoco u
00pamHo2o — 601bULYI0 CKOpOCmb Oy0em umMems mom, KOMopslil NPOMUB0OeUucmayem GHeuHemy
8030elicmauro.

OcHosnvie nonoxcenus npunyuna Jle-Illlamenve

1. [Ipu yMeHbBIIIEHUH KOHIICHTPAIIMN OJHOTO U3 BEIIECTB PABHOBECHE CMEIIACTCS B CTOPOHY
peakIuu, KoTopasi 00pasyeT 3To BemecTBO. [Ipu yBeTnYeHNN KOHIICHTPAITUHU BEIIeCTBAa PaBHOBECHE
CMEIIaeTCsl B CTOPOHY peakIiu, KOTOopasi pacXoyeT 3TO BEIIECTBO.
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2. IloBbIlIeHHE TEMIIEPATYPHI CMEIIAeT PABHOBECHE B CTOPOHY SHIOTEPMUYECKON pEakinu, a
MOHWKCHUE — B CTOPOHY 3K30TEPMHUUYECCKON PEaKITUH.

3. VI3MeHeHue JaBieHUs] OKA3bIBAET BIMSHUE HA PAaBHOBECHE B TOM CIly4yae, €CIIM B PEaKIUU
YYaCTBYIOT Ta3000pa3Hble BemiecTBa. [Ipy TOBBIIIGHWH BHEUIHETO JaBJICHHUS PABHOBECHE
CMEIaeTCsi B CTOPOHY TOW pEaKIMH, KOTOpas COMPOBOXKIACTCS YMEHBIICHUEM KOJIMYECTBA
ra3o00pa3HbIX BEIIECTB, T.€. yMEHBIIEHHWEM oO0beMa. HaoOopoT, mpu MOHMKECHHH BHEIIHETO
JaBJICHHs] pABHOBECHE CMEUIAETCSl B CTOPOHY YBEJIMYCHHUS KOJIMYECTBA T'a3000pa3HBIX BEUIECTB, T.€.
yBeIUYCHUsI 00beMa.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. [Ipoananu3upyiTe U OCMBICIMTE MPUMEPHI PEIICHUS] THIOBBIX 3aJlad HAa MPUMEHEHUE
3akoHOB Bant-I'odda u neiictByrommx mace, npuniumna Jle-Illatense.

2. BeimonmHuTEe MHOUBUyadbHbIC 3aJaHUSI B COOTBETCTBHH C BAPHAHTOM.

Xoa paGoTsI:
HpI/IMepr BBIINIOJTHECHUA THUIIOBBIX 3a1a4

3aoaua Ne 5.
Ompenenute KOHCTAaHTY paBHOBeCHs CHCTeMBl 2A«) + B <> C(y, ecam paBHOBECHBIC
KOHIEHTPALUH BeECTB PaBHbL: [A]pasn = 2 MONB/I, [Clpasy = 0,2 MONIB/I1.

Aﬂeopumjl/l PEUWEHUAL.
3aHI/IIHeM BI)Ipa)KeHI/Ie KOHCTaHThI paBHOBeCI/Iﬂ JJIsA I[aHHOﬁ peaKHI/II/I n paCClII/ITaeM [S{SH
" el e o
ae6H 2 7 = = — = , .
pr [A] pasu 22 4

OrtBet: Kpasu = 0,05.

3aoaua Ne6.
ITpn Hexotopoii Temneparype B cucteMe Cy)+tCO222 2CO() paBHOBECHBIE KOHICHTPAIIMH
BeuiectB paBHbl CO,=0,5 monw/n. [COJ]=0,2 Monb/a. BblMUCANTL KOHCTaHTY paBHOBECHUS U
HavyaJupHY0 KoHUEeHTpanuio CO,.
Anzopumm pewenus.
P [coP _ 02
re[co,] 05

=0,08

1. BerynciamM KOHCTaHTY PaBHOBECHS:

2. Onpenenum ucxoauyro kKouientpauo CO;.

VYcnoBuMes CuMTaTh, 4TO K Hayally pPeakUMHU OTCYTCTBOBAIM MPOAYKTH peakuuu. Ilo
YpaBHEHUIO peakiuu BUAHO, uyTo 2 Moist CO momyuaercs u3z 1 mons COz, 3Hauut 0,2 mons CO
nonyuutes u3 0,1 monst CO,. CrnenoBatensHo npopearupoBaiio 0,1 mons/n CO,, Torna HavanbHas
koHmeHTpanus obuta 0,5+0,1=0,6 Monb/m, Tak Kak octanoch 0,5 MOJB/I.

Pemenue yno6Ho oopMiATh B BUI€ TAOIHIIBL:

PasHOBe
Hauans IIpopearu O0pa3o | cHBIE
Be | mnHas pop p p
€CTBO KOHI[CHTPALIHS oBajo BaJIOCh KOHIICHT
. MOJTB/JT MOJIB/TT | paruu
MOJIB/JI
MOJB/NT
0,5+0,1
COs, 06 0,1 _ 0,5
<0 0 - 02 02

78



OtBer: Kpapn = 0,08; [CO2)11a0.=0,6 MOB/1I.

3aoaua Ne 7.

Koncranta paBHoBecus peakiuu Hp+Cl,22HCI npu HexkoTtopoit Temneparype pasua 0,4.
CKOJIBKO TIPOIICHTOB BOJIOPOJIa TOJBEPracTCsi IMPEBPAIICHUIO B XJIOPOBOJAOPOA  HpPU ATOH
TEMIIEPATYpE, €CIIM CMEIIATh 2 MOJISI BOJOPO/ia € 3 MOJIsIMU XJiopa?

Aneopumm pewienus.

1. BbIpa3suM paBHOBECHBIC KOHIICHTpAIIMM PEArdpylolIMX BEUIECTB M IOJCTaBUM HX B
BBIpa)KEHUE KOHCTAHTHI paBHOBecHs. [l 3TOTO clenaeM MpeanoIokKeHne, YTo MPopearupoBaio x
moneit Hp, Torma mo ypaBHeHuto peakuuu BuaHo, uto Cl, mpopearuposano cronsko ke, a HCI
obpazoBayioch 2x Moiisi. Ciie10BaTeIbHO, PABHOBECHBIC KOHIICHTPAIIHH:

2 2
pam. = [H[?]C[lg’lz] =04 04= (2—562)?)(3—)()
, OTCIOZIA
1,8x*+x-1,2=0
x1=1,2; x,=0,58
Hauais Koneun Otpunar
Be | mas [Ipopearup O6pazo | bie eIbHOE
OBAJIO BaJIOCh (paBHOBE 3HAYCHHE
HIECTBO KOHHe;zﬁjl;ﬂ MOJIB/IT MOJIB/JI | CHBIE) KOHII. KOpHS
MOJIB/JT oTOpackIBaeM,
H» 2 b — 2-x 3HAYUT,
Cl, 3 X — 3-x npopearupoBa
HCI 0 - 2x 2x ao 0,58 wmoms
BOJIOPO/IA.

2. BelpazuM mnpopearupoBaBlliee KOJUYECTBO BOAOPOJAa B IPOLEHTAX OT HayaJbHOTO

0,58
2 .100%=29%, T0 ecThb 29% BOJOPO/Ia IPEBPATUTCS B XJIOPOBOIOPOI.

Otset: 29% BoIOpOAA MPEBPATUTCS B XJIOPOBOIOPOA.

3aoaua Nes§ .

VYkaxuTte, Kak CIBUHYTh BIIPABO XMMHUYECKOE PABHOBECHE CHCTEMBI:

CaCOsy) <> CaOrs) + COx(raz) — Q?

Aneopumm pewierus.

Jlnst pereHust 3aladyd HEOOXOJMMO OTBETHUTH Ha BOIPOC: Kakue (akTopwl (Temmeparypa,
JIaBJICHHUE, KOHIIEHTPAIK) U KaKuM 00pa3oM (TIOBBICUTH WJIM MOHU3UTH) HY>KHO MU3MEHHTbh, YTOOBI
CABUHYTh BIPaBO XHMHYECKOE paBHOBecHe cucTeMbl? HampaBneHue cmemieHus XMUMHYECKOTO
paBHOBecHUs onpeaenaercs npunyunom Jle-Illamenve:

Buewmnee e6ozoeticmeue (I, P, C) na paenosecnyro cucmemy cosucaem pagHosecue 8
HanpasieHuu motl peaxyuu, Komopas npugooum K YMeHbUEHUIO dM020 8030€liCBEUsL.

[Tpumenum npunyun Jle-ILllamenve nis penieHns 3a0a4u:

4. Peaknisi B TpsSIMOM HAmpaBlICHUM MPOTEKAeT C yMEHBIIEHUEM TeMIepaTrypbl (TEIUio
MOTJIOLIAETCSI), 3HA4YUT, YTOOBl paBHOBECHE CABUHYTh BHpaBo Mo npuHuuny Jle-Ilatense
TEeMIIEpaTypy HYKHO YBEIUYHUTh, TO €CTh HAIrPEBATh CUCTEMY.

5. Peakuusi BmpaBo HIET C YBEIMYEHHWEM YHCIA Ta30BBIX MOJEKYJ, TO €CTh C YBEIMYEHUEM
JABJICHUS, 3HAYUT, YTOOBI CABUHYTH PABHOBECHE BIIPABO HY)KHO JaBIIEHUE YMEHBIITUTh.

6. HyxHo ymeHbIUTh KOHIeHTparuto CO2, 9TOOBI paBHOBECHE CIIBUHYTH BIIPABO.

®opma mnpeacraBieHusi pe3yabrara: odopmieHHas paboTa C  BBIIOJIHEHHBIMU
MHUBUAYAIBHBIMH 33JaHUSIMU 110 BapyUaHTaM (3a/1a4il U yIpa)KHEHUs 10 Ha3BaHHOM TeMaTHKe).
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Kpurtepun onenkn:

3a Kax/Iblid TPaBUWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA O0TBET — 0 OaIIIOB.

Tema 3.4. KoJLsionaHbie CHCTEMbI

IpakTnyeckas padora Nel8.
PacueTbl 0cCMOTHYECKOI0 IaBJIEHUS], TEMIIEPATYP KUIIEeHHs, 3aMepP3aHis PACTBOPOB

Heﬂb paﬁDTbI: HAY4YUTBCA OIIPCACIIATh 3aBUCUMOCTH CKOPOCTHU PEAKIHMKU OT KOHLCHTpalUWn
pearupyronux BCICCTB U TEMIICPATYPbI OIIBITHBIM ITYTEM.

Boinoinus padorty, Bel Oynere:

ymemo:
— ONPEAEIIATh 3aBUCUMOCTH CKOPOCTH PEAKIIMU OT KOHUEHTPALMU PEArHpPYIOIINX BEMIECTB U
TeMIEpaTypbl ONBITHBIM ITYTEM.

MaTepnaﬂbnoe odecmeyeHue:

Kparkwmii cripaBounuk ¢usuko-xumudeckux BenuuuH / Ilox pen. K.II. Mumenko u A. A.
PaBnens. — JI.: Xumus, 1974. — 200 c.

[Iepuonnueckas cucrema xumuueckux 3iueMeHToB 1. . Menneneesa.

OO6opy/ioBaHNE U PEAKTUBBI: CTEKJITHHBIE CTAKaHUYUKU, MEPHbIE MPOOUPKH, MEPHbBIE TUIETKU
win OropeTku, Tepmomerp, cexkyHaomep, 0,2 M pactBop NaS;03, 0,2 M pactBop H2SO,,
JTUCTUITMPOBaHHAs BOJIA, BOAsIHAs OaHs WK TEPMOCTaT.

3aganue:

1 Onpenenenuve 3aBUCUMOCTH CKOPOCTH PEAKIMM OT KOHUEHTPALMU pearupyroumx
BELIECTB.
2 OmnpeneneHre 3aBUCMMOCTH CKOPOCTH PEAKLIUU OT TEMIEPaTypBhl.

Kparkne Teopernyeckne cBeeHHs:

OOBEKTOM HW3YYCHHS CIY)KUT Peakius oOpa3oBaHUS CEpbl MPU B3aMMOJICHCTBUU CEPHOM
KHCIIOTHI C THOCYNIb(ATOM HATPUS.
Na,S,03+H,SO,— l S+S0,+Na,S0O4+H,0
THOCYNIb(aT  cepHas
HaATpUS KHCTIOTa
[Tpu onpeieNieHnH 3aBUCHMOCTH CKOPOCTH PEAKITMH OT KOHIICHTPAIIHH.
a) TeMIeparypa He H3MEHSETC;
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0) u3MmensroT kKoHueHTpanuo NaS;03 Ha oHY U TyXKe BennuuHy, a KoHIeHTparuo HySO,
OepyT MOCTOSTHHOM;
B) CKOpPOCTH H3MEpPSIOT B HAYalbHBIA TEPUOJ pEaKIMH, OHA TMPEACTaBIseT Cco00it

OTHOCHUTEJIbHYIO BEJIMYNHY OOPaTHYIO BpeMEHH \, _ 1;
T

T') MpuMeHsis 3akoH [[eficTByromux Macc, UMeroT

V=K[H28203]-[H2804] uin 1 = K/ [NﬂzSgOg];
T

1
n) crposat rpaduk B KoopauHaTtax: —— [ NaS;03] B MOIb/1I, U ONPECIsAOT KOHCTaHTY
T

/
CKOpPOCTH K/:tg(x i K= ——.
41,50, ]
[Ipu ompeneneHUM 3aBUCUMOCTH CKOPOCTH PEAKIMH OT TEMIIEpPaTypbl MPOBOIST PEAKIIHIO
IIPU TPEX pa3IMYHBIX TEMIeparypax, (KOHIEHTPAIMH PEarupyrollnX BEIIeCTB OepyT OJMHAKOBHIC
BO BCEX OMbBITaX).

Vicrione3yst jorapupMudeckoe  BBIPOKCHHE YpaBHEHHs ApPpPEHHyCa: | _pg__E , CTPOST
P 2,3RT

rpaduk B KOOpIMHATAX Igl—_i. Omnpezensist 0 TpadguKy tgg = — , HAXOIST SHEPTUI0 aKTHUBAIIUU
T

peaxmun E=2,3Rtga (R=8,3 /Ix/mMoip*K).
IMopsiioK BBIMOJHEHHSI PA0OTHI:

1 Cucrematusupyiite U 000OIIUTE 3HAHHUS IO TeMe, 3aKOHCIEKTUPOBAaB B OTYET IO
n1abopaTopHOl paboTe KpaTKUe TEOPETUICCKUE CBEICHUS.

2 BpInonHUTE IPAKTHYECKYIO YacTh paOOTHI.

3 3anonHuTe TaOMUIBI, MOCTPONTE TpadUKH, UCIOIb3Ys! MOJYYEHHYIO OIBITHBIM MYyTEM H
pacueTHyI0 HHPOPMAIHIO.

4 CpaBHUTE JaHHBIE, TOJTYYECHHBIC OMBITHBIM ITyTEM, C TAOJIUYHBIMH.

5 Odopmure otueTt, chopMynupyiiTe BEIBOJIBI O MPOAETaHHON padoTe.

Xoa pa0doThI:
Onvim Nel. Onpedenenue 3a8UCUMOCIU CKOPOCTU PEaKYUU
om xonyenmpayuu NayS;03.
IMopsi0oK BHIMOJTHEHHS ONBITA:
1. IlponymepyiiTe 4eThIpe CTAaKaHYMKa, B KOTOPBIX Oy/1€Te MPOBOIUTEH PEAKIIHH.
2. B kaxnpiii ctakanyuk HayrelTe mo 2 i pactBopa HySO4 (0,2 M KoHIIEHTpauH).
3. IIponymepyiiTe yeThipe OTrpaAyUpPOBAHHBIX MPOOUPKH U HAJIEWTE B HUX COOTBETCTBEHHO
pactBopa NayS;03 (0,2 M KOHIIEHTpAIUH) U JUCTHUIMPOBAHHON BOJIBI KaK yKa3aHO B TAOJIHIIC.

Konuenrparm

g O0BeM 7
E B MOMEHT ) o
5 peaKimn A | vei| K=t [~ [h.50,]
< | HoS T goa
H
: O, H, N(&)QSQ H,S | Na,S,
=102 | 0|5 | O | Os

M b

MI | MII M Moa | moms/ | ¢ | ¢?
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b/ I
1 2 0 8
2 2 2 6
3 2 4 4
4 2 6 2

4. Buefite B 1-blii CTakaH4YMK cOAEpKMMOE |-0l HpPOOMPKH, OAHOBPEMEHHO BKIIIOUUTE
CEKYyHJIOMeED.

5. OtMethTe Bpems AT (ceK) A0 MOABICHHS 0eoro ocaaka (JIydiie A0 IepBOTO MOMYTHEHHS,
UCIOJb3Ysl YEPHBIH SKpaH).

6. AHaJIOrHMYHO MPOAETIANTE OMBIT C OCTAJIHLHBIMH PACTBOPAMHU.

7. BBbINoJNIHUTE pacyeTsl U NOCTPOITE rpaduk:

— paccuyMTaiiTe KOHLEHTPAIMIO CEPHOM KHUCIOTHI M THOCYJb(aTra HATPHUS B PEAKIIMOHHBIX
cMecsx 1o Gopmynam:

[H,80,] _[H:80,]-Vi.s0, (MOITB/ M)
2 4 -

oM
cMecH

_ [Na:5:05] Vi, (mosmw/m)
IcM V

cMecH

[Na25203]

. ) -1
— pacCYUTANTEe CKOPOCTh PEAKLHUHU B YCTHIPEX CTAKAHYUKAX: |, _ Ai (c7)
T

— nocrpoiite rpaduk B koopaunatax ,,_ 1 1 [NaxS;0;]

At

— OMpPEIENIUTE TAHTCHC YIJIa HAKJIOHA MPSIMOi tga:L =K/,
A[NaZSZO3]
- 1
V= 1 C 3 )
T
tga= CA
OA
B N —
C
|
|
¢ | R
0 Ll
A [Na2S,03], Monb/m
— ONpeJieNINTe KOHCTAHTY CKOpOCTH peakmun: K= K’
[H,50,]

8. Pe3ynbTaThl pacyeToB 3aNUIIUTE B TAOIHILY.

Onwvim Ne 2. Onpedenerue 3a8Ucumocmu CKOpOCmMu peakyuu om
memnepamypbl (onpeoeneHue dHepeuu aKmueayuu peaKyuu).

ITopsiiok BHINOJIHEHHS ONbITA:

1. B gerbIpe mpoHyMepoBaHHBIE TPoOHpKH HajelTe mo 2 mi 0,2 M pactBopa HpSO4 1 3 Mt
H,0, B apyrue ueTsipe npoHyMepoBaHHbIe poOupku HanelTe mo 2 mia 0,2 M pactBopa NaS;03 u
1Mo 3 MJ1 BOJBI (IUCTHIIITUPOBAHHOMN ).

2. Bce mpoOupku mocTaBbTe€ B BOJSHYIO «OaHIO» WM TepMmocTar. M3mepbTe TemmepaTtypy
«OaHM» WK TepMOcTaTa, 3alHILInTe.

3. IlpoBenuTe peakiui0 OJHOBPEMEHHO CIUB PACTBOPHl B CTAaKaHYMK M3 OOEMX MEpBbIX
MPOOUPOK U BKIIFOUUB CEKYHJIOMED.

4. OTMeTbhTe BpeMs JI0 Havajia BBIMaIeHHs 0CaIKa JIEMEHTAapHOU cepbl (IOMYTHEHHE).
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5. TOT e OMBIT MpojeNaiiTe eme Tpu pasa, moxuss Temmeparypy Ha 10°. 20°, 30° Bpume
nepBoHavdasibHOU. ([IpoOupku ¢ pacTBOpaMH TIpH KaXJIOW TEMIEpaType BBIICPKUBANUTE B
TEPMOCTATE HECKOJIBKO MUHYT).

6. Pe3ynbTaThl onbITa 3aHECUTE B TAOJIMILY.

1 1 1
N | € | T=t+273| - | At | = | b | E
OMbITA [~ 0= K Kl c ot
1
2
3
4
7. Iloctpoiite rpaduk B KoopaAHHATAX |gAi_% , BHIOpaB COOTBETCTBYIOIIMI MacITao.
T
1
IgA—T
\\ i
T -
8. Ompenenure " TaHIEHC yIyla HaKJIOHa NpsAMOM tgo. W paccumTaiiTe
SHEPIUIO akTUBaluu peakuuu: E=2,3-R- tga; (Jix/mons) (R=8,3_Ax )
mone - K

Cnemnaiite BBIBOJ 1O 1a00paTOpHOI paboTe.

dopma mnpeacTaBlieHUs] pe3yJbTaTa: OT4ET O MpojAeNaHHOW paboTe, 3amOJTHEHHbBIE
TaOJUIIBI, IOCTPOCHHBIE TPA(QUKH, BEIBOIBI.

Kpurtepun onenku:
3a KaK[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OaJUIOB.
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Tema 3.4. Koslsionaubie cHCTEMBI

IpakTnyeckas padora Nel9.
PacueTnl 0cMOTHYECKOTO 1aBJIEHHS, TEMIIEPATYP KUIIEHUsI, 3aMepP3aHUs PACTBOPOB

I_[e.m, paﬁ()TLI: HAaY4YUTBCA OIPCACIIATL 3aBUCUMOCTU CKOPOCTHU PCAKIIMKU OT KOHLCHTpAalHuKU
pearupyromux BCIICCTB U TEMIICPATYPhI OIIBITHBIM ITYTCM.

Beinosinus patdory, Bel Oyaere:

ymemy:
— OIPENENATh 3aBUCMMOCTU CKOPOCTH PEAKLUHU OT KOHLIEHTPALMHA PEarupyrouiux BEUIECTB U
TEMIIEPATyPhI ONBITHBIM IIyTEM.

MaTtepuajbHoe o0ecneyeHue:

Kpartkuii cripaBounuk (usuko-xumudeckux BenuuuH / [lox pen. K.II. Mumenko u A. A.
PaBpemns. — JI.: Xumus, 1974. — 200 c.

Ilepuonuueckas cucremMa xumMudeckux 3neMeHToB /. 1. Menneneena.

OO0OpYIOBaHKE U PEAKTUBBI: CTEKIISTHHBIC CTAKAHUYMKH, MEPHBIC TPOOMPKH, MEPHBIC TTUTICTKU
win Oropetku, Tepmomerp, cekynaomep, 0,2 M pactBop NaxS;03, 0,2 M pactBop H2SO4,
JTMCTUILTUPOBAHHAS BOJIA, BOJSIHASL OAHS WM TEPMOCTAT.

3ananmue:

3 Onpez[eneHI/Ie 3aBUCUMOCTH CKOPOCTH PpCaKOHWU OT KOHHOCHTPALIMHU pPECarupyronmx
BCIICCTB.
4 Onpez[eneHI/Ie 3aBUCUMOCTHU CKOPOCTHU PCAKIIUN OT TEMIICPATYPHI.

KpaTKue TECOPETHYECCKUEC CBCACHUSA:

OOBEKTOM H3YYEeHHsS CIYKUT peakius oOpa3oBaHHs Cepbl MPU B3aHMMOJCHCTBUHU CEPHOM
KHCIIOTHI C THOCYJTb(ATOM HATPHSL.

NayS;03+H2SO4— | S+SO»+NaSO4+H,0

THOCYNb(aT  cepHas

HATpHS KHCJIOTa

[Ipu onpeneneHnn 3aBUCUMOCTH CKOPOCTH PEAKITUN OT KOHIICHTPAITHH.

a) TeMreparypa He U3MEHSETCS,

0) u3MmensroT koHueHTpanuo NaS;03 Ha OHY U TyXKe BenHuuHy, a KoHIeHTpauuto HySO,
0epyT MOCTOSHHO;

B) CKOpPOCTh H3MEpPSIOT B HAYaldbHBIA TEpUOJ pEeaKIMHM, OHA TMPEACTaBIseT co0oit

OTHOCHTENBbHYIO BETMUMHY 0OpaTHyr0 BpeMeHu  _ 1;
T

I) IpuUMeHsist 3aKoH JlelficTByromux Macc, UMeroT

V:K[H28203]~[HQSO4] Ui l = K/ [Na28203];
T
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1
n) crposr rpapuk B koopauHarax: —— [ NaS;03] B Monb/i, U ompenenstoT KOHCTaHTY
T

/

[#,50,]

[Ipu onpeneneHuH 3aBHCUMOCTH CKOPOCTH PEAKIIMUA OT TEMIEPaTyphl MPOBOISAT PEAKIIUIO
P TPEX Pa3IUYHBIX TeMIeparypax, (KOHIEHTPALMU Pearupyroninx BEIIECTB OepyT OJMHAKOBHIE
BO BCEX OIIBITaX).

Vcrione3yst  jiorapupMudeckoe  BBIPOKCHHE YpaBHEHHS ApPpPEHHyCa: g _pg__E , CTpOST
P 2,3RT

CKOPOCTH K/:tg(x nm K=

rpauk B KOOpIMHATAX Igl—i. Omnpeznensist 0 TpaduKy tgg = — , HaXOIST SHEPrui0 aKTHUBAIUU
T

peaxumu E=2,3Rtga (R=8,3 /Ix/mMoip*K).
IMopsiioK BBIMOJIHEHHSI PAGOTHI:

1 Cucrematuszupyiite ¥ 0000IIMTE 3HAHUA MO TeMe, 3aKOHCIEKTUPOBAaB B OTYET IO
nabopaTopHOl paboTe KpaTKUe TEOPETUICCKUE CBEICHUS.

2 BpinoyHUTE TPAKTHYECKYIO YacTh PaOOTHI.

3 3amonHUTE TAONHUIBI, TOCTPOTE TpadUKU, UCIIONB3YS MOJTYYCHHYIO OIBITHBIM ITyTEM H
pacueTHyI0 HHPOPMAIHIO.

4 CpaBHUTE JaHHBIE, MOJTYYEHHBIC OMBITHBIM ITyTEM, C TAOJIUYHBIMH.

5 Odopmure otueTt, chopMynupyiiTe BEIBOJIBI O MPOAETaHHON padoTe.

Xox pabdoThI:
Onwvim Nel. Onpeodenenue 3a8ucumocmu CKOpoOCmu peaKyuu
om xonyenmpayuu NayS;03.
IMopsi10K BHIMOJTHEHHS ONBITA:

9. IIponymepyiiTe yeThIpe CTaKaHYUKa, B KOTOPBIX Oy/ieTe MPOBOAUTH PEAKITHH.

10. B kaxnuplii crakaHuuk Haeite mo 2 mut pactBopa HoSO4 (0,2 M koHIIGHTpaIum).

11.  TlponymepyiTe deTblpe OTTPAAyHUPOBAHHBIX MPOOUPKH U HaleWTe B HUX
cooTBeTcTBeHHO pactBopa Na;S;03 (0,2 M KOHIEHTpalwv) W JUCTUUTMPOBAHHON BOJBI Kak
yKa3aHo B TaOJHIIe.

Konnenrpam
g O0BeM A
= B MOMEHT o
= peaxiyu A V=A% K=t (= [.501]
= | HS NazS t ga
é Oy H, 02 2 H,S Na,S,
3
0,2 O 0.2m O, O3
M
MOJ | MOJIB/ 1
MJI | MII MJT c|c
B/11 I
1 2 0 8
2 2 2 6
3 2 4 4
4 2 6 2
12. Breiite B 1-bIif cTakaHUMK coAep:KUMOe 1-0¥ MPOOUPKHU, OJHOBPEMEHHO BKIIIOUYHUTE

CEeKYHJIOMED.
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13. OtmeTrhTe Bpemsi At (cek) M0 MOsBICHHS Oenoro ocaaka (JIydiie 10 TEepBOTrO

MMOMYTHEHHUS, UCTIONb3Ys YEPHBIN SKpaH).
14. AHAJIOTMYHO TPOJIEIATe OMBIT C OCTATBHBIMHU PACTBOPAMHU.

15.  BrInmonHUTE pacyeThl U MOCTPOUTE IpaduK:
— paccuMTaiTe KOHIEHTPAIMIO CEPHON KHCIOTHI U THOCYIb(paTa HATPHsl B PEaKIIMOHHBIX

cMecsx 110 GopMynmam:
_ [H,80.] Vi 0, (MOIIB/1M)

om

[H.50,]
[Na S0 ] _ [Na28203]'VNaZSZO3 (MOHL/J‘[)
2923 Jeu V;

cMecH

o -1
— pacCUnuTanuTC CKOPOCTh PCAKIIMU B YCTHIPCX CTAKAHYUKAX: v :i(C )
At

— nocrpotite rpaduk B koopaunatax ,,_ 1 1 [NaxS;0;3]
At

— OIIpeIeNIUTE TAHT'CHC YTIiIa HAKJIOHA MPSIMOi tga:L =K/,
A[NaZSZO3]
- 1
V= 1 (ORI )
T
tga= CA
OA
B — — — —
C
|
|
¢ | R
0 Ll
A [Na2S,03], Mmonb/m
— OIpezeNuTe KOHCTAHTY CKOpOoCTH peakmun: K= K'
[H,50,]
16.  Pe3ynbTaThl pacyeToB 3aNHUIIUTE B TAOIHILY.

Onvim Ne 2. Onpedenenue 3a8UcUmMocmu CKOpOCMuU peakyuu om
memnepamypbl (onpedeneHue dHepeuu akmueayuu peaKyuu).

IMopsaaok BHIMOTHEHUS ONbBITA:
8. B uerpIpe nmponymepoBaHHbIe poOupku HamewTe mo 2 v 0,2 M pactBopa HySO4 1 3 M

H,0, B npyrue 4etsipe mpoHyMepoBaHHbIE TpoOupku HanelTe mo 2 mia 0,2 M pactBopa NaS;03 u
1Mo 3 MJ1 BOJBI (IUCTHILTUPOBAHHOM ).

9. Bce mpoOupku mocTaBeTe B BOJSHYIO «OaHIO» WM TepMocTar. V3mepbTe Temmeparypy
«OaHW» WK TepMOCTaTa, 3aMUIIUTE.

10.ITpoBeauTe peakmuio OJHOBPEMEHHO CIIHMB PACTBOPHI B CTaKaHUYMK M3 00EUX MEpPBBIX
MPOOUPOK U BKIIFOUUB CEKYHJIOMED.

11. OT™MeThTe BpeMs 10 Hauaja BBIMAJACHUS OCa/IKa dJIEMEHTApHOU cepbl (IOMYTHEHHUE).

12. ToT e OmBIT MPOJEIATE eIle TPH pasa, MOJHSIB TEMIIepaTypy Ha 10°. 20°, 30° Bbime
nepBoHavyanbHoi. ([IpoOupku ¢ pacTBOpamMu TpU KaxJA0H TeMmIepaType BbBIICPKUBANUTE B
TEPMOCTaTe HECKOJIbKO MUHYT).

13. Pe3ynbTarhl OnbITa 3aHECUTE B TAOIHILY.

0 _40 1 1 1
No t T=t"+273 T AT A7 |9E E
OIIbITA C K K1 c ol
1
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2
3
4
14.Tloctpoiite rpaduk B KoopauHaTax g1 _ 1 BeiGpas cootBeTcTBYIOMIIIA MacIITAO.
At T
1
lg—
g At
1
T |-
8. Omnpenenure " TaHIEeHC yIVla HakKJIOHAa OpsAMOM tgo W paccumTaiiTe
SHepruio aktupanuu peakuuu: E=2.3-R- tga; (Ix/mons) (R=8,3 A )

mons - K
Caenaiite BbIBO 110 TaOOpaTOPHOI padoTe.

@dopma mpeacTaBjieHHs] Ppe3yJbTaTa: OTYET O NPOJCIAHHOW paboTe, 3aroJIHCHHBIC
TaOJUIIBI, IOCTPOCHHBIE TPA(QUKH, BHIBOIBI.

Kpurepun oneHku:

3a Kax bl MpaBUWIbHBINA OTBET — 1 Oas.
3a HenmpaBWIbHBIN O0TBeT — () OaoB.
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Tema 4.3. KosionaHbIe cHCTEMbI
IIpakTyeckoe 3ansaTue Ne 20

Boinosinenue ynpaxnenuii: «Cocrabijienne (popMyJ1 M cXeM CTPOCHHUS] MUIEJLI
KOJIUIOMHBIX PACTBOPOB»

Leab pabdoThl: HAYYUTHCA COCTABIATH (POPMYJIBI U CXEMBI CTPOSHHSI MHIIEIUT KOJUTOMTHBIX
pacTBOpPOB.

Bbinosinus padory, Bol Oyaere:

ymembs:

— OIpeNeNsATh COCTaBHBIC YAaCTH MULIEIUIBI TUAPO30IIS;
— COCTABJIATH CXEMbI CTPOCHWA MULICIIJIBI THAPO30JIA.

MarepuanbHoe obecrieyenne:
[lepnonnueckas cucrema xumuueckux dnemeHtoB J[. WM. Menneneea. TaGmuna
pacTBOPUMOCTH.

3ananmue:

1 CocraBneHue ypaBHEHUN peakIUil OIy4eHHs] HEPACTBOPUMOIO BELIECTBA.
2 CocTaBiieHHE CXEMbI CTPOEHUS MULIEIUIBI THAPO30JIS.

Kpartkne Teopernyeckne cBegeHHs:

Konnouansie pacTBOpPHI (307M1) 3aHUMAIOT o pasmepy YaCTHUI]
(10'5-10'7 CM) TPOMEXYTOYHOE  TIOJOKEHHE  MEXAYy HCTUHHBIMH  pacTBOpaMH |
MHUKPOT€T€POr€HHBIMU CUCTEMAMU: SMYJIbCUSIMH, CYCIIEH3UsAMH, TEHAMHU.

Cmpoenue uacmuysl KOIIOUOHO20 PACMBEOPA — MUYETLTbL

B pesynbrate n30uparenbHOM aacopOIMM OJHOTO U3 HOHOB Ha IOBEPXHOCTH TBEPIOH
YaCTHUIbl — arperata BOZHUKAET ABOMHON JIEKTPUYECKUI CIIOM.

Hanpumep. Ecau nony4aTh KOJUIOMAHBIM pacTBOp MoAWIa cepedpa MpH HAJIMYMK M30bITKa
nomuaa Kaimus (BEHIECTBO, B3STOE B M30BITKE, SIBISCTCS UOHHBLIM CMAOUIU3AMOPOM), TO Ha
noBepxHocTu arperata Agl agcopOupyrorcs HoHbl |, nMeromue cXoAcTBO ¢ moBepxHOcThi0 Agl.
OTH WOHBI HA3BIBAIOTCA HOMEHYUd-onpedensiowue W TIPOYHO CBSI3aHBI C TOBEPXHOCTHIO.
Ipomueouonvt K* 6y1yT HAXOAUTCA YACTHYHO B aJCOPOIMOHHOM, YACTHYHO B JU(Y3HOM CIIOE

(pucynox 1).
Qo ¢
¢ VOO

@\

a4CoOpPOLMOHHbIN Lonodoy3HbIN
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Pucynok 1 — CTpoeHue MUIIEIIBI THAPO30JIS

[Topsanox BeINOTHEHUS PaOOTHI:

1 IloBTOpUTE MOHATHUSA: KOJJIOUIHBIM pacTBOpP, MUILIEIUIA KOJUIOMIHOTO pacTBOpA.

2 IlpoaHanu3upyiTe U OCMBICIUTE AaJTOPUTM COCTABJICHUS CXEMbl CTPOCHHUS MHUIIEIUIBI
THIPO30JIs.

3 BolnonHuTe MHIMBUIyalbHBIC 3a/1aHUSI B COOTBETCTBUU C BAPUAHTOM.

Xom paboThI:

[IpuMeps! BBIITOITHEHUS TUIIOBBIX 3a1aHUN

3aoanue Ne 1.

CocraBbTe ypaBHEHHE peakUuMu OOpa30BaHUS M CXEMy MHUIEIUIBI 3011 Homuaa cepedpa,
MOJTYYEHHOTO TIPH B3aUMOJACHCTBUHU pacTBOpoB Hoauna kanus Kl u autpara cepedpa AgNOs, ecimn
Homu Kanust B3ST B H30BITKE.

Aneopumm cocmasieHus cxemvl CMpOeHUs MUYenbl 2UOPO30JIL.

1. CocTaBuTh ypaBHEHHE PEAKIHUU TMOJIYYCHHUS HEPACTBOPHUMOIO BEIIECTBA, YKa3aTh KaKoe
BEIIECTBO B3STO B U30OBITKE.

AgNO; + KJ —» |AgJ + KNO3

M30BITOK

2. CocTaBUTh CXEMY CTPOEHUS MULIEIIBI THAPO30JIS:

a) 3anucath GOpMyILy sApa, KOTOPBIM SBJISETCS HEpacTBOpUMOE BeiecTBo — AgJ;

0) 3ammcaTh ypaBHEHHE TUCCOIMAIMYA HOHHOTO CTa0MIN3aTopa, TO €CTh PacTBOpa BEUIECTBA,
B3SITOTO B U30BITKE:

Ko K +J

B) OMPENIEIUTh MOTCHIUATIONPEISISIIOIINE HOHBI U TPOTUBOUOHBI; HOHBI, 00pa30BaHHbBIE MPU
IMCCONMAIMM  MOHHOTO CTabWim3aTopa W WMEIOMIHE CPOACTBO C TOBEPXHOCTHIO sIpa —
TIOTeHIHAIONpeeNsiomue HoHsl (J), a Apyrue — npousononsl (K');

I') 3amucaTh aJCOPOIIMOHHBIM CJIOW, KOTOPBIM COCTOUT W3 «N» TMOTEHIHAIOMPEICISIOMNX
1oHOB (N J*), IMEIOIIHNX CPOJICTBO C MOBEPXHOCTHIO Apa, (N-X) mpotrBonoHos ((N-X) K*);

) ONIPENENTUTh 3apsi/i YaCTHIIbI, KOTOPasi COCTOHUT M3 AIpa, MOTCHIINATIONPEIEIISIONNX HOHOB
U IPOTUBOMOHOB MO (hopMmyIe:

n—(n-x) = x

e) sarucath 1udy3HBIH CIOH, COCTOAIIMI U3 «X» TTPOTHBOMOHOB (X K7).

Cxema cmpoenusi muyennvl 2u0po30is uoouoa cepeopa

AgNO; + KJ —{ Agl + KNO;

U30BITOK

{[mAgJ] *nJ * (n—x) K} *x K"

\A4po J \
andodvsHbI cnoi

\__arperar

'
\ yacTuua

aAcopbLMOHHDIV cnoi
Muuenna

3aoanue No 2.
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CocTaBbTe ypaBHEHHE PEaKIIMU OOpa30BaHUS M CXEMYy MUIIEIUIBI 3075 rekcanuaHodeppara
menu (Il), momydeHHOTO TIPpU B3aMMOJICHCTBUU PAacTBOPOB rekcarmanodeppara Kainus u cyibdara
menu (1), ecnu rexcananodeppar Kaiaus B3ST B U30BITKE.

Pewenue.

1. K4[Fe(CN)g](u36) + 2CuSO4 — Cuy[Fe(CN)g]| + 2K2SO4

2. 3omnem oymer Cuy[Fe(CN)g]|,

3. awmwunema Oyaer Takoi:

{m(Cu[Fe(CN)s])n[Fe(CN)g]* (4n-x)K*}* x K*

3aoanue Ne 3.

Hanumwure ¢opmyny wmumemisl xiopuna cepebpa, TOTYyYEeHHOW MPU B3aUMOJCHCTBUU
HUTpaTa cepedpa ¢ N3OBITKOM XJIOPUJIA KAIbIIHS.

Pewenue.

Murenna UMeeT CleIyronyo GopMyiy:

{m[AgCl]2nCI".(n-x)Ca*"}**xCa**

dopma mnpejacTaBieHHs pe3yabrara: odopMmieHHas paboTa €  BBINOJHEHHBIMHU
WHUBUAYAIbHBIMH 33IaHUSIMH 110 BApUaHTaM.

Kpurepun oneHku:

3a Kax bl MPaBUWIbHBINA OTBET — 1 Oas.
3a HenmpaBWIbHBIN O0TBeT — () OaoB.
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Tema 5.5. OcHOBBI IPOBeIeHUS KOJIUMYECTBEHHOT0 AaHAJIN3A
IIpakTnyeckoe 3ansaTue Ne 21
BbinoJsiHeHHE pacyeToB B KOJIMYEeCTBEHHOM aHAIH3e (BECOBOM) aHAJIM3e

Leap padoThl: HAYYUTHCS BBINONHITH PacueThl B IPaBUMETPHUUYECKOM (BECOBOM) aHaJM3E,
HAXOJUTh MPAKTUYECKOE MPUMEHEHNE I'PaBUMETPUUECKUM METOJIaM aHalln3a.

Bbinosinus padory, Bel Oyaere:

ymembu:

— BBINOJIHSATH PacueThl B IPaBUMETPHUUECKOM (BECOBOM) aHAJIHN3E.

MarepuanbHoe oOecriedeHue:

Kpartkuii cnpaBounuk ¢uzuko-xumudeckux BeiaunuwH / Ilox pex. K. I1. Mumenko u A. A.
PaBnens. — JI. : Xumus, 1974. — 200 c.

Ilepuonuueckas cucreMa xumudeckux 3neMeHToB /. 1. MeHneneesa,

3ananmue:

1. OmnpeneneHuie Macchl ¥ MPOLIEHTHOTO COAEPKAHUSI OIIPEEIISIEMOIO BEIIECTBA.
2. OrmpezaeneHue Macchl U MPOLIEHTHOTO COACPKaHUs MPUMECEH B BEILIECTBE.
3. OmnpezneneHne Macchl U MPOIIEHTHOTO COJEPKAHUS BIIark B BEIIECTBE.

HOpﬂ}IOK BbIITOJTHCHU A paﬁon:

1 [ToBTOpPUTE CYIIHOCTH M OCHOBHBIE OIIE€pPAI[U TPABUMETPHUUECKOTO aHAIM3A.

2 IlpoaHanu3upyHTe M OCMBICIUTE AJITOPUTMBI PELICHMS TUIOBBIX 3a/1ad Ha IMPOBEICHUU
pacueToB B rpaBUMETPUUYECKOM aHAIH3E.

3 BolnonHUTe MHIWBUIyalbHBIE 3a/IaHUSI B COOTBETCTBUU C BAPUAHTOM.

Xoa pa0doThI:

IIpumepul peuienuss munogvix 3a0au

PacueTsl B BECOBOM aHAJIN3€ BBITOJIHSIOTCSA C TOYHOCTBIO, KOTOPAsl ONPEAEISIETCS] TOYHOCTBIO
B3BECIIMBAHNS HA AHAIIMTUYECKUX BECAX.

Pacyer pe3ynbraTroB Ui MEPBOrO M BTOPOrO BAPHUAHTOB BECOBOTIO aHAIM3a CBOJUTCSA K
OINPEIETICHUIO, KaKyI0 JOJII0 OT MACChI B3SITOM HAaBECKU COCTABIISIET MAaccCa BBIACIEHHON COCTaBHOU
YacTH.

3aoaua Ne 1.

s ompeneneHusi colep)KaHUs BIaru B3sTa HaBecka xjopuaa Hatpus 2,08 r. Ilocme
BBICYIIIMBAHUS JI0 MIOCTOSTHHOM Macchl morydeHo 1,99 r. Paccuuraiite conepsxanue Biaru W (%).

Aneopumm pewenus.

PaccunraeM cojep:kaHue BiIard mo GopmyJie
W%Bnam =100% - (ml — mg)/ml,
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rae My U My — Macca HaBECKU XJIOpHUIa HATPpU OO M IIOCJIC BBICYIIMBAHUS, COOTBETCTBCHHO,

W% arm = 100% - (2,08 — 1,99)/2,08 = 4,33%.
OtBet: W%, 50m = 4,33%.

3aoaua Ne 2. Jlnsa onpeneneHus: coAep>KaHusl 30J1bI B3siTa HaBecka kameHHoro yrisa 0,9214 r.
[Tocne mpokanuBanus 10 noctositHHOM Macchl noiydeno 0,0103 r. Paccuuraiite conep:kanue 3076l
X(%).

Aneopumm pewienus.

Paccuuraem comepskanue 30ibl 10 hopmye: X%som = 100% - My / my, rme my u my; — Macca
HaBECKM KAMEHHOTO YIJISI 10 ¥ TI0CJI€ TPOKAIMBAHUSA JI0 TIOCTOSSHHOM MacChl, COOTBETCTBEHHO, T.

X%30m: = 100% - 0,0103 /0,9212 = 1,118%.

OtBeT: X%;50m = 1,118%.

Pacuer pe3ynbTara [Uis TPEThEro BApHaHTa BECOBOIO aHAIN3a COCTOMT M3 JIBYX YaCTCH:

a) CHayajla ONPEACISIOT, CKOJbKO I'PAMMOB OIPEAETIIEMOr0 KOMIIOHEHTA COJIEPXKHUTCS B
BecoBoOi hopme;

0) 3aTeM OMPENEIAIOT, KAKOH MPOIIEHT COCTABISET KOMIIOHEHT OT MACChl B3SITOM HABECKU.

3aoaua Ne 3. U3 naBecku 0,2017 r cruiaBa eie3a IMOCIE COOTBETCTBYIOLIMX OMEpalndit
nosrydeHo 0,0871 r Fe;Os3. Onpenenute, CKOJIBKO MPOIEHTOB KeJie3a COAEPKUTCS B CIUIABE.
Aneopumm peutenus.

1. B xozme aHaim3a CIJIaB PacTBOPSIIOT B KHUCJIOTE, 3aTe€M KaTHOHBI Fe** ocaxnaror
pacTBOpOM aMMHaka U TMOJy4eHHbIH amopdubii ocamok Fe(OH); BwicymmBaoT u
npokanuBaioT 10 Fe,O3 v B3BEMUBAIOT 70 MOCTOSIHHOM MacCHhl.

Fe** + 30H — Fe(OH)3;
2Fe(OH); — Fe,03 + 3H,0.

2. CnenoBarensHo, 1 Monb BecoBoii popmbl FeyO3 MOXKHO MOTyduTh U3 2 MOJIeH Kenesza
Fe.

CocrapinsieM MPONOPLHUIO U PELIAEM €€:

M(Fe,03) =2-55,8+16-3 = 159,8 r/mons; M(Fe) = 55,8 r/mMmob.
. _111,7-0,0871.

111,7 r (Fe) —'159,8 r (Fe,03); 1598

x T (Fe) — 0,0871 r (Fe,03).

3. 3arem HaxoAMM IMPOLIEHTHOE COJIEpKaHuE jKeJie3a B CIUIaBe:

1117.0,0871
159,8-0,2017

Otset: W%(Fe) = 30,20%.

W 9%(Fe) = -100% = 30,20%.

Ecnu 0603HaunTh: Maccy HaBecku — g (T); Maccy BecoBoil ¢opmel — G (T); aHATUTHYECKUN
daxTop nepecdera — F = Monp. coun./Maecosoii dopusi, TO TOTYYIHUM 0011YI0 GOpMYITy pacueTa B BECOBOM
aHanmsze:

W, (%)=F

onp. onp.l sec.

.S 100%
g

(I)opMa npeacraBjaeHust pe3yjabTaTa: BbBIIIOJTHCHUC MHAWBUIAYAJIbHBIX 3aJJaHuil 10
BapuaHTaM.

Kpurepum ounenku:

3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
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3a HenpaBUWIbHBIN 0TBET — () GayIoB.
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Tema 5.5. OcHOBBI IPOBeIeHUS KOJIUMYECTBEHHOT0 AaHAJIN3A
IIpakTnueckoe 3ansaTue Ne 22
BbinoJsiHeHHe pacyeToOB B KOJIMYEeCTBEHHOM aHAJIH3e (BECOBOM) aHAJIM3e

Leap padoThl: HAYYUTHCS BBINONHITH PacueThl B IPaBUMETPHUUYECKOM (BECOBOM) aHaJM3E,
HAXOJUTh MPAKTUYECKOE MPUMEHEHNE IPaBUMETPHUUECKUM METOJIaM aHalln3a.

Bbinosinus padory, Bel Oyaere:

ymembu:

— BBINOJIHATH PacueThl B IPaBUMETPHUUECKOM (BECOBOM) aHAJIH3E.

MarepuanbHoe oOecriedeHue:

Kpartkuii cnpaBounuk ¢uzuko-xumudeckux BeiaunuwH / Ilox pex. K. I1. Mumenko u A. A.
PaBpnens. — JI. : Xumus, 1974. — 200 c.

Ilepuonuueckas cucreMa xumudeckux 3neMeHToB /. 1. MeHneneesa,

3ananmue:

4. OmnpeneneHue Macchl ¥ MPOLIEHTHOTO COJAEPKaHUS OIPEIEIIEMOro BELIECTBA.
5. OmpezneneHue Macchl v MPOLIEHTHOTO COACPkKaHUS IPUMECEH B BEILIECTBE.
6. OmnpezneneHre Macchl U MPOIEHTHOTO COJIEPYKAHUSI BJIard B BELIECTBE.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1 [ToBTOpPUTE CYIIHOCTH M OCHOBHBIE OIl€palli TPAaBUMETPHUUECKOT0 aHAJIN3A.

2 IlpoaHanu3upyHTe M OCMBICIUTE AJITOPUTMBI PELICHMS TUIOBBIX 3a/1ad Ha IMPOBEICHUU
pacueToB B rpaBUMETPUUYECKOM aHAIH3E.

3 BoInonHUTEe HHIWBUYaTbHBIC 3a/1aHUSI B COOTBETCTBUH C BAPUAHTOM.

Xoa pa0doThI:

IIpumepul peuienuss munogvix 3a0au

PacueTsl B BECOBOM aHAJIN3€ BBITOJIHSIIOTCSA C TOYHOCTBIO, KOTOPAsl ONPEAEISIETCS] TOYHOCTBIO
B3BECIIMBAHNS HA AHAIIMTUYECKUX BECAX.

Pacuer pe3ynpTaTOB JUISI NMEPBOTO W BTOPOTO BAapHAHTOB BECOBOTO aHAIM3a CBOJIUTCA K
OIIPEJIETICHUIO, KaKYyI0 JIOJII0 OT MAacChl B35ITOM HAaBECKU COCTABIIIET Macca BBIIEIECHHON COCTaBHOM
YacTH.

3aoaua Ne 1.

s ompeneneHusi colep)KaHUs BIaru B3sTa HaBecka xjopuaa Hatpus 2,08 r. Ilocme
BBICYIIIMBAHUS JI0 MTOCTOSTHHOM Macchl mosrydeHo 1,99 r. Paccuuraiite conepsxanue Biaru W (%).

Aneopumm pewenus.

PaccunrtaeM cojep;kaHue BIIard 1mo Gpopmysie
W%Bnam =100% - (ml — mg)/ml,
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rae My U My — Macca HaBECKU XJIOpHUIa HATPpU OO M IIOCJIC BBICYIIMBAHUS, COOTBETCTBCHHO,

W% arm = 100% - (2,08 — 1,99)/2,08 = 4,33%.
OtBet: W%,50m = 4,33%.

3aoaua Ne 2. Jlna onpeneneHus: CoAEpKaHMs 30J1bI B3sTa HaBecka kameHHoro yris 0,9214 r.
[Tocne mpokanuBanus 10 noctositHHOM Macchl noiydeno 0,0103 r. Paccuuraiite conep:kanue 3076l
X(%).

Aneopumm pewienus.

Paccuuraem comepskanue 30ibl 10 hopmye: X%som = 100% - My / my, rme my u my; — Macca
HaBECKM KAMEHHOTO YTJIS JI0 ¥ TI0CJIe MPOKAIMBAHUS JI0 MOCTOSTHHOM Macchl, COOTBETCTBEHHO, T.

X%30m: = 100% - 0,0103 /0,9212 = 1,118%.

OtBeT: X%;50m = 1,118%.

Pacuer pe3ynbTara [Uis TPEThEro BapuaHTa BECOBOI'O aHAIN3a COCTOMT M3 JIBYX YaCTCH:

a) CHayajla OMNPEACISIOT, CKOJbKO I'PAMMOB OIPEACISIEMOr0 KOMIIOHEHTa COICPKUTCS B
BecoBoOi hopme;

0) 3aTeM OMPENEIAIOT, KAKOH MPOIIEHT COCTABISET KOMIIOHEHT OT MACChl B3SITOM HABECKU.

3aoaua Ne 3. U3 naBecku 0,2017 r crutaBa xenes3a IMOCI€ COOTBETCTBYIOIIMX OIEpaIlHii
nosrydeHo 0,0871 r Fe;O3. Onpenenure, CKOIBKO MPOIEHTOB KeJie3a COJEPKUTCS B CIUIABE.
Aneopumm peutenus.

4. B xone aHanmu3a CIUIAaB PacTBOPSIIOT B KHCIOTE, 3aT€M KaTHOHBI Fe** ocaxnaror
pacTBOpOM aMMHaka U TMOJy4eHHbIH amopdubii ocamok Fe(OH); BwicymmBaioT u
npokanuBaioT 10 Fe,O3 v B3BEMUBAIOT 70 MOCTOSIHHOM MacCHhl.

Fe** + 30H — Fe(OH)3;
2Fe(OH); — Fe,03 + 3H,0.

5. CnenoBarensHo, 1 Monb BecoBoii popmbl FeyO3 MOXKHO MOTy4IuTh U3 2 MOJIeH Kenesza
Fe.

CocrapinsieM MPONOPLHUIO U PELIAEM €€:

M(Fe,03) =2-55,8+16-3 = 159,8 r/mons; M(Fe) = 55,8 r/momb.
. _1117-0,0871.

111,7 r (Fe) —'159,8 r (Fe,03); 1598

x T (Fe) — 0,0871 r (Fe,03).

6. 3aTem HaxoJIUM MPOLEHTHOE COJEp>KaHUE JKeJie3a B CIIaBe:

1117.0,0871
159,8-0,2017

Otset: W%(Fe) = 30,20%.

W 9%(Fe) = -100% = 30,20%.

Ecnu 0603HaunTh: Maccy HaBecku — g (T); Maccy BecoBoil ¢popmel — G (T); aHATUTHYECKUN
daxrop nepecdera — F = Monp. coun./Maecosoii dopuei, TO TOTYYIHUM 0011y O POPMYITy pacueTa B BECOBOM
aHanmsze:

W, (%)=F

onp. onp.l sec.

.S 100%
g

(I)opMa npeacraBjaeHust pe3yjabTaTa: BbBIIIOJTHCHUC MHAWBUIAYAJIbHBIX 3aJJaHuil 10
BapuaHTaM.

Kpurepun ouenku:

3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
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3a HenpaBUWIbHBIN 0TBET — () GayIoB.

Tema 5.6. 'paBumeTpuyecknii (BecoBoii) MeTO aHAJIN3a
IIpakTnyeckoe 3ansaTue Ne 23
BobinoJsiHeHHe pacyeToB B IPaBUMETPHYECKOM (BeCOBOM) aHAJIH3e

Leab padoThl: HAYYUTHCS BBINOIHITH PacueThl B IPaBUMETPUUYECKOM (BECOBOM) aHAIU3E,
HAXOJUTh MPAKTUYECKOE MPUMEHEHNE IPaBUMETPUUECKUM METOJIaM aHalln3a.

Bbinosinus padory, Bel Oynere:

ymemp:

— BBINOJIHATH PacueThl B TPaBUMETPHUECKOM (BECOBOM) aHAJM3E.

MarepuanbHoe oOecriedeHue:

Kpartkuii cnpaBounuk ¢uzuko-xumudeckux BeauuwH / Ilox pex. K. I1. Mumenko u A. A.
PaBnens. — JI. : Xumus, 1974. — 200 c.

Ilepuonuueckas cucreMa xumudeckux 3neMeHToB /. 1. MeHneneesa,

3ananmue:

7. OmnpezneneHue Macchl U MPOLIEHTHOTO COAECPKAHUSI ONIPEIEIISIEMOrO BEIIECTBA.
8. Ompexnenenue Macchl ¥ MPOLIEHTHOTO COJEP)KAaHUS MpUMeceil B BEIIECTBE.
9. OmnpeneneHne Macchl U MPOIIEHTHOTO COJEPKAHUS BIIark B BEIIECTBE.

HOpﬂ}IOK BbIIIOJTHCHU A paﬁon:

1 [ToBTOpPUTE CYIIHOCTH M OCHOBHBIE OIlE€palli IPAaBUMETPHUUECKOT0 aHAJIN3A.

2 IlpoaHanu3upyiTe M OCMBICIUTE AJITOPUTMBI PELICHMS] TUIOBBIX 3aJa4 Ha IMPOBEICHUU
pacueToB B rpaBUMETPUUYECKOM aHAIH3E.

3 BolnonHUTe MHIWBUIyalbHBIE 3a/1aHUSI B COOTBETCTBUU C BAPUAHTOM.

Xoa padoThI:

IIpumepul peuienuss munogvix 3a0au

PacueTsl B BECOBOM aHAJIN3€ BBITOJIHSIOTCSA C TOYHOCTBIO, KOTOPAsI ONPENENSIETCS] TOYHOCTBIO
B3BCIIMBAHNS HA AHAJIUTUYECKUX BECaX.

Pacyer pe3ynbraroB Ui MEPBOrO M BTOPOTO BAPHUAHTOB BECOBOTIO aHAIM3a CBONUTCSA K
OIPEJIETICHUIO, KaKyI0 JOJII0 OT MAacChl B35ITOM HAaBECKU COCTABIIIET Macca BBIIEIEHHON COCTaBHOM
YacTH.

3aoaua Ne 1.

Jlns ompeneneHust cojiep)kaHUs Biard B3siTa HaBecka xmopuaa Hatpus 2,08 r. Ilocme
BBICYIIMBAHUS JI0 MIOCTOSTHHOM Macchl morydeHo 1,99 r. Paccuuraiite conepsxanue Biaru W (%).

Aneopumm pewenus.

Paccunraem conmepkanue Biard mo gopmysie
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W% are = 100% - (Mg — my)/m;y,
rac Mi 1 My — Macca HABECKU XJIopuaa HaTtpusd 40 U IOCJIC BBICYIIMBAHNA, COOTBETCTBCHHO,

W%; 0 = 100% - (2,08 — 1,99)/2,08 = 4,33%.
OtBer: W% 0r = 4,33%.

3aodaua Ne 2. ]nst onpeneneHust COACpKaHMsI 30716l B3sTa HaBecka kameHHOro yris 0,9214 r.
[Tocne mpokanuBanusa 10 noctosiHHON Macchl nostydeHo 0,0103 r. PaccuuTaiite coaepxkaHue 301bI
X(%).

Aneopumm pewienus.

Paccuuraem coxmepskanue 30ibl 10 popmye: X%som; = 100% - My / my, rae my u mp; — Macca
HABECKHU KAMEHHOT'O YIJI JI0 U MOCJIe MPOKaINBaHU 10 IOCTOSIHHON Macchl, COOTBETCTBEHHO, T.

X% 301 = 100% - 0,0103 /0,9212 = 1,118%.

OtBeT: X%50m = 1,118%.

Pacuer pesynbrara ajist TpEThEro BapruaHTa BECOBOT'O aHAIM3a COCTOUT U3 JABYX YacTei:

a) CHayaja OIpPEIeNAIOT, CKOJIBKO I'PaMMOB OMNPEACNSEMOro KOMIIOHEHTA COACPIKUTCS B
BecoBol (hopme;

0) 3aTeM ONPENEISIOT, KAKOH MPOLIEHT COCTABIISIET KOMIIOHEHT OT MacChl B3ITOW HABECKH.

3aoaua Ne 3. U3 nHaBecku 0,2017 r cruiaBa »eje3a IOCJI€ COOTBETCTBYIOLIUX ONEpaluil
noinydyeHo 0,0871 r Fe;O3z. Onpenenure, CKOIBKO NPOLEHTOB XKeJe3a COIEPKUTCS B CIUIABE.
Aneopumm pewrenus.

7. B Xxoae aHanW3a CIUIaB PACTBOPSAIOT B KHCJIOTE, 3aT€M KaTHOHBI Fe*' ocaxnaror
pacTBOpOM aMMHuakKa M IONydeHHbIH aMmop¢Hbd ocanok Fe(OH)s; BeicymmBaroT u
npokanuBaroT 10 Fe,O3 v B3BEMMBAIOT 710 MMOCTOSIHHOW MacCHhl.

Fe** + 30H™ — Fe(OH)3;
2Fe(OH); — Fey03 + 3H,0.

8. CnenoBarensHo, 1 Mosb BecoBoir popmbl Fep,O3 MOXKHO MONMYYIHTh M3 2 MOJISH *Kele3a
Fe.

CocrapiisieM MPOTOPIIUIO U PEIIaeM €e:

M(Fe,03) =2-55,8+16-3 = 159,8 r/monb; M(Fe) = 55,8 r/mMob.
. _1117-0,0871,

111,7 r (Fe) —'159,8 r (Fe,03); 159.8

x T (Fe) — 0,0871 r (Fe;03).

9. 3arem Hax0JUM MPOIEHTHOE COJIEPKaHUE JKeJle3a B CIUIaBe:

W9%(Fe) =%

OtBet: W%(Fe) = 30,20%.

-100% = 30,20%.

Ecnu 0603HaunTh: Maccy HaBecku — g (T); Maccy BecoBoil ¢popmbl — G (T); aHATUTHYECKUN
daxrop nepecdera — F = Mopp. comn/Maecosoii popwsis TO TOTYYHM 0011YI0 (hOPMYITy pacyeTa B BECOBOM
aHajuse:

Wunp. (%) =F

onplsec

L -1000%.
9

dopma npeacTaBJICHUS Pe3yabTaTa: BbIIOJIHEHUE WHAVUBUAYAIBHBIX 33JaHUM IO
BAPUAHTAM.

Kpurtepun onenkmn:
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3a KaxK[Iblid TPaBUWIBHBIN OTBET — 1 Ga.
3a HenpaBWIBHBIN O0TBET — () OaIITOB.
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Tema 5.9. Turpumerpudeckuii (00beMHBINH) METOI AHATU3A
IMpakTnyeckoe 3ansiTue Ne 24

BoinoJiHeHHe pacyeToB B THTPUMETPHUYECKOM (00beMHOM) aHAJIN3€e HA IpUMepe 00beMa
pacTBOpa, HA KOJIUYECTBO NMpUMeceii

®opMupyemMble KOMIIETCHIIUM:

Ienp padorbl: HAayuyuThCS IPOBOAUTH BBIUMCIECHUS B TUTPUMETPUUYECKOM (0OBEMHOM)
aHaJIn3€e, HaXOAUTh NIPAKTUUECKOE NPUMEHEHNE TUTPUMETPUUECKUM METOJaM aHAJIN3a.

Beinosinus patdory, Bel Oyaere:

ymemsw:
— IIPOBOAUTH PACUEThI JJIsl IPUTOTOBJIEHUS PA0OYMX PACTBOPOB;
— IPOBOJIUTH BBIUUCIIEHUS B TUTPUMETPUUECKOM (0OBEMHOM) aHATIU3E.

MaTepnaﬂbnoe odecmeyeHue:

Kpartkuii cnpaBounuk ¢uzuko-xumudeckux BeiauunH / Ilox pex. K. I1. Mumenko u A. A.
PaBpnens. — JI.: Xumus, 1974. — 200 c.

[lepuognueckass cucremMa  xumuueckux  anemeHtoB  J[. M. MenneneeBa, Tabnuua
PacTBOPUMOCTH.

3aganue:

1 OmnpeneneHue MPOICHTHOTO COJIEPKAHUSI KUCIOTHI B 00pa3Iie UCCIeyeMOro pacTBopa.
2 OmnpeneneHue MPOIEHTHOTO COJIEPyKaHMsI ISJIOYN B 00pasIie UCCIIeAYyEeMOTro PacTBOpa.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1 TToBTOPUTE CYIIHOCTH M OCHOBHBIE ONI€pPALIMM TUTPUMETPUUECKOIO aHAJIN3A.

2 Ilpoananu3upyiiTe U OCMBICIUTE AITOPUTMBI PELICHHUS TUIOBBIX 3a/lad Ha IPOBEIECHUU
pacyeToB B IPaBUMETPUYECKOM aHAIMU3E.

3 BolnosHUTE MHIMBUIyalIbHBIE 3a/1aHUSI B COOTBETCTBUU C BAPUAHTOM.

Xon paborsr:

3aoaua Ne 1.

Bommonnute pacuersl, HeoOxonumele npu mnpurotosieHuu 500 mui: a) 0,2 H pactBopa
H,C,04°2H,0; 6) 0,2 M pactBopa H2C,04-H,0; B) pactBopa ¢ T(H2C204)=0,010 r/mu.

Aneopumm peuterusi.

1 Paccuntaem MOJSIpHYIO Maccy BeIIeCTBa:

M(H,C,04-H,0)=1-2 + 12-2 + 164 + 2-18 = 126 r/™MOb.

2 PaccuuTaem SKBUBAJICHTHYIO Maccy BEIIECTBA:

OMm(H2C204-H20) = M(H2C204 Hy0)fos(H2C204-Ho0) = 126-1/2 = 63 1/™M011B.
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3 PaccuuTaem maccy BemiectBa, HeoOxoaumyto st mpurorosienus 500 mu 0,2 H pactBopa
H2C204‘2H201

Cn= naKB/Vp-pa @ = m/(aM'Vp-pa (n))

m(H2C204-H20) = CN':‘)M'Vp.pa () — 0,2'63'0,5 = 6,30 T.

4 Paccuntaem maccy BelecTBa, HeoOxoaumyro ais npurorosieHus S00 ma 0,2 M pactBopa
H2C204‘2H201

Cumt = Vo () = MIM-Vp-pa ()

M(H2C204-H20) = CpviM-Vpa () = 0,2:126:0,5 = 12,60 1.

5 Paccumtaem Maccy BemiecTBa, HeoOxoaumyro mis mpurotoBieHus 500 mu pactBopa ¢
T(H2C204)=0,010 r/mu.:

M(H2C204) = 0,01 v/m - 500 M1 =5,0r.

mM(H2C,04-H20) = (5,0 r : M(H2C204-H20)) / M(H2C204) =
=(5,0-126)/90=7,0r.

OTtBeT: a) m(H2C204-H20) = 6,30 T; 6) m(H2C204-H20) = 12,60 T, B) m(H2C204-H20) = 7,0
T.

3aoaua Ne 2.

Omnpenenure mporeHTHOE conepkanue mienodn NaOH B pactBope, ecim ajis TUTpOBaHUS
B3siTa anukBoTa 10 MJI, Ha TUTPOBAHUE KOTOPOI m3pacxonoBano V1=8,5 mi, Vo=8,3 mi, V3=8,5 min
pabouero pacrBopa HCI ¢ Tyc=0,0121 r/mu.

Aneopumm pewrenusi.

1. CocraBuUM ypaBHEHHUE MPOTEKAIOUIECH MPU TUTPOBAHUU PEAKIIIH:
HCI + NaOH — H,0 + NaCl
2. Yucno sxBuBasienToB HCI, momeaiiee Ha TUTPOBAaHUE PACCUMTHIBACTCS TaK:

Omcty = M(HCI)-f,,(HCI) = (1+35,5)-1 = 36,5 r/mM0nb-3KB.

naKB(HCD = (THCI : ch (HCI))/ 9M(HCI) = (0,0121'8,43)/36,5 = 0,0028 MOJIb"3KB.

3. Ilo 3aKkOHy 3KBHMBAJEHTOB YHUCJIO MOJIEH 3KBUBAJICHTOB IIEJIOYM PABHO YHUCIY MOJEH
SKBHUBAJIEHTOB KHUCIOTEI, T.€.:

Nsxe(NaOH) = 0,0028 mMos1b-3KB.

Ou(NaOH) = M(NaOH)-f,x(NaOH) = (23+16+1)-1/2 = 40 r/mMob-3KB.

m(NaOH) = Dy(NaOH) - n,;(NaOH) =40 - 0,0028 = 0,112 1

%NaOH = m(NaOH)/m_xsore: = 0,112 1/ (10 M1 - 1 v/mim) = 0,0112 %.

Otset: %NaOH =0,0112 %.

3aoaua Ne 3.

Omnpenenure NPOLIEHTHOE COJEp)KaHUE JKene3a B pyAe, ecau Haeecka pyasl 0,1658 r
pacTBOpeHa W TepeBelieHa B MepHYyo koi0y Ha 200 mi, B3sita anukBoTa 10 MJI U OTTUTpOBaHa
pabounm pactBopoM KMnO, ¢ konnenTpanueit N=0,0108 mons-3kxB/1. Ha TutpoBanue nmouuio 8,6
M1, 8,4 Mi1 1 8,7 MJI 3TOTO pacTBOpa.

Aneopumm pewierus.

1. CocTaBMM ypaBHEHHE IIPOTEKAIOIIEH ITPU TUTPOBAHUH PEAKIINHN:
10Fe*?S0, +2KMn*'0, +8H,S0, —5Fe,"(S04); +2Mn*2S0, +K,S0, +8H,0;
2. PaccumTaem 5KBUBaJIEHTHYIO Maccy Xkele3a:
Ivi(Fe?) = M(Fe)f,, = 56:1 = 56 r/MONBIKB;
3. PaccuuTtaem nporeHTHOe coJepKaHue jKese3a B pyae:
Vp(KMNOy) + (8,6 + 8,4 + 8,7)/3 = 8,57 mu;
Niawa, Vi - Fyseerry Voo 1000 0,0108-8,57-56-200 (0. 62.5%

%Fe =
a-m,.... -1000 10-0,1258-1000 Otset: % Fe = 62,5%.
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dopma mpeAcTaBIeHHs pe3yJbTaTa:
BapUaHTaM.

Kpurepun onenkmn:

3a Kax/Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBIA O0TBET — 0 6aITOB.

BBITIOJTHEHHUEC
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1.1 OcHOBHBIE MOHATHSA M 3aKOHBI XUMHH

JlabGoparopHas padora Nel

«PeaKkmu HOHHOI'0 0OMEHA»
Leab padoThl: HAYYUTHCS MPOBOJIUTH PEAKIIMH HOHHOTO 0OMeHa. COCTaBIIATh ypaBHEHUS PEAKIIHIA
B MOJICKYJISIPHOW MOHHOM M KPaTKOW HOHHOM (hopme.

Bbinosinus 3ty padory, Bol Oynere:
yMeThb:

—OIpeAeNsATh CPey PACTBOPOB BEILIECTB;

—COCTABJISITh YPABHEHHS PEAKIIUN B MOJICKYJIIPHOM U HOHHOM BH/IE;

—IPOBOAUTH PEAKIIUHN B3aUMOICHCTBUS COJIEH C KUCIOTaMH, IIeI0YaMu U MKy COOO0M.

OO06opynoBaHNe U PEaKTUBBI: PEAKTUBHBIN IITATUB C HAOOPOM PEAKTUBOB (ILIEJI0YH, KUCIOTHI,
COJIN ), UHIMKATOPBL, TPOOUPKH, MTUIIETKH, IIPOMBIBAIKA C TUCTHUILTUPOBAHHOMN BOJOM.

MaTepnaﬂbnoe odecmeyeHue:

[lepuonmuueckass cucrema  xumuueckux  anemeHtoB  J[. 1. MeHnneneeBa,  Tabiuia
PacTBOPUMOCTH.

OO6opyIoBaHWE M PEAKTHBBI: MEPHBIC KOJIOBI, BOPOHKH, OOWKH, (PUKCAHAT CEPHON KHCIIOTHI
H,SO,4, muctumnmupoBannas Bonxa (n. HO), mpombiBanka, KapaHfall IO CTEKITy, KOHHYECKHE
KOJIOBI, MEpHBIC IHIICTKH TPAJyHPOBAHHBIC W HETPATyHpPOBAHHBIC, KaIleJIbHUIIA, CIIUPTOBOMN
pactBop ¢deHondranenHa, OIOpeTKa, TEXHOXUMUYECKUE BECHI C PAa3HOBECKAMHM, CTAKaH XUMHUYECKHIA
cTexisiHHBIN, cyxoit KOH (enkoe kanm), cTeKIsiHHAs Majloyka.

3aganue:

1 Onpenenenrie MPOIEHTHOTO COJIEPKaHUsS KHUCIOTHI B 00pa3Ile UCCIEeyeEMOTO PacTBOpa.

2 OmnpepneneHue MPOIEHTHOTO COJEpKaHUS IIET0YH B 00pa3ile HCCIelyeMOro pacTBoOpa.

ITopsinok BbIMOJTHEHHS Pa0OTHI:

1 Cucrematuzupyiite 1 0000IIMTEe 3HAHUS TIO TeMe, TOBTOPUB M3YYCHHBIN Ha JIEKIIMOHHOM
3aHATUN MaTCpual.

2 BpInonHUTE IPAKTHYECKYIO YaCTh paOOTHI.

3 IIpoBeauTe pacyer.

4 ChopmynupyiTe oOIIHe BEIBOJIBI O IPOAETIaHHOM padoTe.

OmnpiT Ne 1. BzaumopelicTBue KMCIOT M OCHOBAHUH (peakiusi HeUTpaau3aimn).

[Topsanox BeIMONIHEHUS PaOOTHI:

1. Hanelite B mnpobupky 5-10 kamenb pacTBopa Imenoyu M 1-2 Kamiam pacTBoOpa
dbenondranenna. Habmromalite n3aMeHeHUE I[BETA.

2. 3arem poGammsaiite mo 1 karute pactBopa kucinotel (HCl mmm H,SO.), BerpsxuBas
npobupky. OTMeTbTe H3MEHEHHE IBETa C MaJMHOBOIO JO OECIBETHOrO IMocjie MpuOaBIeHUs
HEKOTOPOTr'0 KOJNYECTBA KHCIIOTHI.

3. [Touemy pacTBOp 0OecHBETHIICS HE Cpa3y?
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4. Hanmumure ypaBHEHUE pEaKIIMM B MOJIEKYJISIPHOM M HOHHOM BHJIE.
5. CnenaiiTe BBIBOJI O TOM, YTO 00pa3yeTcsl B pe3yJIbTaTe PEaKIMi HEUTpaTU3aliH.

OnbiT Ne 2. JleiicTBUE Ha pacTBOPBI COJIEH PACTBOPAMH IIE€JI0UYEH.

[TopsiTOK BBIMOTHEHUS OTIBITA!

1. B oxny mpobupky Haneiite 5-10 xamens pactBopa coau xenesa (I11)-(FeCls), B apyryro
coiu meau (11)-(CuSQy).

2. B 06e npobupku mo karisiM npuiauBaiite pactsop menoun (KOH win NaOH).

3. Habmromalite oOpa3oBaHue 0caakoB Oyporo u roxyooro sera.

4. Hamummute ypaBHEHUs peakiyil B MOJIEKYISIPHOM U HOHHOM BHJIE.

5. Cnenaiite BbIBOJI O B3aUMOJICHCTBUU COJIEH CO IIET0YaMH.

OmbiT Ne 3. JleficTBHE Ha pacTBOPHI COJIEH paCTBOpPaMH KUCIIOT.

[Tops10K BBIMOJHEHUS OTIBITA:

1. B npobupky Haneiire 10 xanens pactBopa coasl — kapooHara Hatpusi NaCOs.

2. JTo6aBbTe 1o KarisiM pactBopa kucaotsl (HCI wiu H,SO,).

3. HaGnronaiiTe BbIICTICHUE Ta3a.

4. HanucaB ypaBHEHUE PEaKIMH B MOJICKYJIIPHOM M MOHHOM BHUJE, OOBSICHUTE, My3bIPHKH
KaKOro ra3a BBIJIEISIOTCS.

5. Cnenaiite BBIBOJ O B3aMMOJICHCTBHH COJICH C KUCIIOTAMHU.

Omnpit Ne 4. BzaumonelictBue comneit Mexxay co0oil.

[TopsiA0K BBIMOTHEHHUS ONBITA:

1. Haneiite B mpobupky 2-3 karutu pactBopa coinu Pb(NO3z), (Pb(CH3COO),) u npuneiite 1-2
Kari pactBopa noauaa kaiaus Kl. HaGmomaiite oOpa3oBanue sxenroro ocaaka noauaa csunma (1)
Pbls,.

2. Hanumure ypaBHEHHME peaklIMM B MOJEKYJISpHOW M MOHHOM (opmax, OTMETbTE I[BETa
00pa30BaBIIMXCS OCATKOB U UCXOJHBIX PACTBOPOB U HA3BAHUS BEIIECTB.

3. Cnemaiite BBIBOJ O B3aUMOJEHCTBUH COJIEH.

Omprr Ne 5. JlelicTBUE pacTBOPOB COJIEH, KUCIOT U IENIOYed Ha MHIUKATOPHL. [mapomnm3
coJier

[opsimok BeIOTHEHMS pabOTHI:

1. Ha nonocky yHuBepCcanbHON MHIMKAaTOPHOM OyMa)KKi HaHecuTe Mo 1 Karuie pacTBOpa COJISIHOM
wm cepHoit kuciotel (HCI, HySOy), pacteopa mienoun (KOH mm NaOH) 1 TiCTHIUTMPOBaHHOM BOJIBL.
OtmeTbTe LBET, 3anuiumTe B Tabnuity. [1o mkane yHuBepcalbHONW MHAWKATOPHON OymMaru onpenenuTe
3HaueHue PH pacTBOpOB, 3aMULINTE B TAOJIUILY.

2. B oxHy npoOupky Haneiite 5 kamnenab KUCIOTHI (J1000i), BO BTOPYIO MPOOUPKY 5 Karelnb
pacTBopa IIENOoYd, B TPEThIO ITUCTHILIMPOBAaHHBIA BOJbl. /lo0aBbTe BO Bce MPOOUPKH HEMHOTO .
H0 u no 1-2 kanm pactBopa genoun-¢pranenta. OTMETbTe LIBET pacTBOPA. 3alUIINTE B TAOIUILY.

3. Ha monocky yHHBEpCaTbHON HHIUKATOpHOM OymMaxkku HaHecute 1o 1 karute pactBopa Al (SOy)3
(FeCls, Fey(S04)3, FeSOy), pactBopa Na;CO3 (K2CO3, NaCH3COO) u pacteopa NaCl (KCI, Na;SOy).
OrmeTbTe 11BET, 3anminmTe B Tabmity. [1o mkane yHuBepcaabHON MHANKATOPHON Oymaru onpeaennTe
3Ha4yeHue PH pacTBOpOB, 3aNUIIUTE B TAaOIHILY.

4. Cpenaiite BBIBOJ O JIEHCTBHM PAaCTBOPOB BEIECTB HAa MHAMKATOPHI, ONPEACIIUTE PEAKLIUIO
Cpeabl pacTBOPOB, YUMUTHIBas, 4To npu PH = 7 — cpena HelTpanpHast, npu PH> 7 — cpena menoynas,
aipu pH < 7 — cpena kucnas. 3anoHUTE MOCAEAHUN CTOIOET] TaOIUITHI.

5. Ilo 3Ha4YeHuI0 Cpebl PAaCTBOPOB 3aMIOJHUTE B TAOJIHUIIE CTPOKHU CTOJIONA, YKAa3bIBAIOIIETO HA
1BeT MHAMKaTtopa (eHondrasenHa B pacTBopax cojeil. [loarBepante CBOM BBIBOJABI OINBITHBIM
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nyreM. B Tpu mnpoOupku HaledTe MmO S5 Kamelnb pPacTBOPOB COOTBETCTBYIOIIUX —COJICH,
ucronb3yemMeix B 1. 3. Jlo6aBbTe BO Bce mpoOupku HemHoro a. HpO m mo 1-2 kamimm pactBopa
¢denondranenna. OTMETHTE IIBET PacTBOPA.

Tabuiia HaOIFOIEHUHA:

L{BeT nHaMKaTOPA pH pactBopa 6. S PR T—
(mo mikane | Cpena
Pacrsop @Oenongran | YHHBepcan YHHUBED. pactB YpaBreHu
BEIIECTBA 9 ANEKTPOITUTUICCKOM
eHH BHBIN WH/IMKAT. OPa | ccoMAMM  KAKIOTO M3
6yM') BEIIECCTB.
HCI 7. OOBbsicHUTE,
(H2S04) NPUCYTCTBUEM KaKUX HOHOB
KOH 0OyCIIOBJICHBI KHCJasl cpefa
(NaOH) u HIeTI0YHAS cpena
H,0 pacTBOpPOB.
Al3(SOq)s 8. Hanumure ypaBHeHUs
(FeCls) peaKIuii THAPOJIN3a COJICH B
Na,COs MOJIEKYJIIPHON U MOHHOI
NaCl Q)OpMax
(NazSO4)

104



Tema 1.1 OcHOBHEBIE NOHATHSA U 32AKOHBI XUMHH
JlaGoparopHasi padora Ne 2
Peakuuu HeliTpasm3zanumn

Lenb padoThl: HAYYUTHCSE PadOTATh ¢ MEPHOIl MOCY/A0i, TOTOBUTH padoune pacTBOpbI,
THTPOBATh, IPOBOJAUTH ONpee/IeHNs] MeTO0M HelTpaIu3alum.

Beinosinus padory, Bel Oyaere:

ymemy:
— paboTaTh ¢ MEpHOH TTOCYI0M;
— FOTOBHUTH paboUYne pacTBOPHI;
— TUTPOBAaTh, IPOBOIUTH OINIPEEIICHNS METOJJOM HEHTpan3alry.

MaTtepuajbHoe o0ecneyeHue:

[lepuoguueckass  cucremMa  xumuueckux  anemeHtoB  JI. M. MenneneeBa, Ttabiuua
PacTBOPUMOCTH.

O6opynoBaHHe M PEaKTHBBI: MEPHbIE KOJIObI, BOPOHKH, OOWKH, (PUKCAHAT CEPHON KHUCIOTHI
H,SO,4, muctmimmpoBannas Boxa (n. HpO), mpombiBanika, KapaHaaml IO CTEKIy, KOHHYECKHE
KOJObI, MepHbIE€ MHIETKH TPaJAyHpOBAaHHBIE M HETPaJyHpOBaHHbIC, KaleJIbHUIA, CHUPTOBOU
pactBop deHondTanenHa, Or0peTKa, TEXHOXUMHUYECKHUE BECHI C Pa3HOBECKAMH, CTAaKaH XUMUYECKHUM
cTexistHHBIN, cyxoit KOH (enkoe kanm), cTeKIsTHHAS MalloyKa.

3aganue:

1 Onpenenenne NpoLIEHTHOTO COAEP KaHUS KUCIIOTHI B 00paslie NCCIIeAyeMOro pacTBopa.

2 OnpeneneHre MPOLIEHTHOTO COEP>KaHUsI MIEJI0UM B 00pa3Ile UCCIEeyeEMOTO PacTBOpa.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1 Cucremarusupyiite 1 0000UIMTE 3HAHUS IO TEME, TOBTOPUB M3YUYEHHBIN Ha JIEKIMOHHOM
3aHATHN MaTepUal.

2 BpInosHUTE IPAKTUYECKYIO YacTh pabOTHI.

3 [IpoBenute pacuer.

4 Copmynupyiite 00IIHEe BBIBOIBI O TIPOJICTaHHOM padoTe.

Xox pa0doThI:

na evinonnenus onvbimos:
1. ITonyuuTe 3a/1aHNe y NIPETIOAABATEIS.
2. IlpuroToBbTE CTAaHIAPTHBIN (YCTaHOBOYHBIN) PAacTBOpP CEpHOW KHCIOTHI W3 (pukcanama. J{is
3TOr0 B NPEABAPUTEIHHO TINATENBHO BBIMBITYIO MepHYIO KoiOy (200 wmm 250 mi) mepeHecure
KOJIMYECTBEHHO C MOMOIIBIO0 BOPOHKH W OO¥Ka cojepxuMoe amiryinbl ¢pukcanana Hp,SO,, noneiite
1. HoO no metku, nepemernaiite. [lognummuTe Ha koia6e popMyily U KOHIIEHTPALIHMIO PacTBOpa.
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Onwvim Ne 1. Onpedenernue cooepiicanusi KUCIOMbL U WeLo4U MemoOoM HeUmpaiuzayuu

[Tops oK BBIMOTHEHUS OMBITA!
3. lns ompexneneHus CoAepKaHUE KHUCIOTHI B HCCIEAYEMOM pacTBOpe HYXHO IPUTOTOBUTH
pabounii TUTPOBAHHBINA pacTBOp Ieaoyu. ljis 3TOro B MJIACTMACCOBOM MOCYJE TOTOBAT PacTBOP
KOH npumepnoii koHueHtpanuu. Ha Texnuueckux Becax orsemmBaroT 0,56 r cyxoro KOH u
pactBopsitoT B crakane B 100 mu a. HoO npu nepemenimBanuu CTEKJISIHHON mayioukoil. CluBaroT
pacTBOp B MOJUATUIICHOBYIO OaHKY, TIOIHICHIBAIOT. 3aMOIHSAIOT OIOPETKY TUM PAaCTBOPOM ILEIO0YU
U OTTUTPOBBIBAIOT UM 1O (peHON(TaIenHy 2 aquKBOTHI 10 10 MJI CTaHAAPTHOTO PACTBOPA KUCIOTHI
H,SO..
4. PaccunThIBalOT HOPMAJIbHOCTH PA0OUEro pacTBOpa LIEIOUH MO0 PopMyIIe:

N = Ny Vi

w vV
“ nimn

TK()H _ Nk 'Vk '9M(1<0H) _ Nk ‘Vk -56 _
Vo 11000 V., -1000

5. Kornma pabouuii pacTBOp IIEIOYH MPUTOTOBIICH, U KOHIICHTPAIUS €r0 YCTAHOBJICHA, BO3BMHUTE
TpH aIUKBOTHI 0 10 MIT UcceTyeMoro pactTBopa B KOHUYECKue Koiosbl, pazdasere 1. H,O 1o ~100
M, Ao00aBbTe 2-3 Kamm pactBopa (eHondramemHa W OTTUTPYHTE PacTBOPOM IIEIOYH JIO
MOSIBJICHUS YCTOMYMBOW MAIMHOBOM OKpacku. OTMEThTe MOILIEANINe HA TUTPOBAHUE O0BEMBI.
6. [IporienTHOE CoepkaHne KOMIIOHEHTA pacCUUTANTE IO PopMmyIie:
o N,V Oy 100%;
o 1000-10
7. PaccuuraiiTe NpOLEHT OTHOCUTEIBHON OLIMOKH:

np __ meop

OmH.OWUOKU Xmeop

X (%)

Onvim Ne 1. Onpedenenue cooepaicanusi KUCIOMbL U Wel04U MemoooM HeUmpaiu3ayuu

HOpﬂlIOK BbIITOJTHCHUA OIIBITA:

8. B kaxmyro M3 Tpex YHCTHIX KOHHYECKHX KO0 orOepure amukBory (10 mmm 15 mur)
MEpHOM NHUMETKON HCCleAyeMOro pacTBopa, JJ00aBbTE TUCTUIUIMPOBAHHON BOBI
npuMepHo 10 oobeMa 100 mu1, mpuseiTe Mo HECKOJIIBKO Kamlesb CIMPTOBOIO pacTBopa
MHAMKaTopa GeHosdranenHa.

9. lns ompeneneHusl COAEp)KaHHUE MIETOYH B MCCIEAYEMOM pPACTBOPE YHCTYIO OIOPETKY
3aIl0JIHUTE MPUTOTOBJIEHHBIM CTaHAAPTHBIM pacTBopoM HpSO, 10 HyneBoil oTMETKH U
OTTUTPYWTE BCE AJTMKBOTHI HCCIEAYEMOTO pPAacTBOpa IO HCYC3HOBEHHIO MAIMHOBOM
OKpAacKH, OTMETbTE 00bEMBI KUCIIOTHI, MOLIEAIIeH Ha TUTPOBAHHE.

10. TIporeHTHOE COMIepKaHNEe KOMIIOHEHTA pacCUuTaiTe 1o Gopmye:

N V.3
X(%)mawtm = L £ M (enow) 100%1
1000-10
11. PaccuuraiiTe MpOIEHT OTHOCUTEIBHOM OIHOKH:
X"p _ Xmeop
%omH ounbxy —  wrmeon 100%
. Xmeop

12. CdopmynupyiiTe BEIBOJ 1O JIaOOpaTOpHOU paboTe.

®opma npeacTaBaeHus pe3yJbTaTa: OTUET O MPOJEIaHHON paboTe, BEIBOIBI.

Kpurepum ouenku:
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3a KaxK[Iblid TPaBUIIbHBIN OTBET — 1 Ga.
3a HenpaBWIBHBIN O0TBET — () OaIITOB.

1.2 PactBopbl. Cioco0bl BbIpaKeHHsI KOHIEHTPAIHil pACTBOPOB

JlabopaTopnasi paGora Ne3
Omnpenenenne NJIOTHOCTH PACTBOPOB Pa3IMYHON KOHLIEHTPALMHU

Ilesb padoThI: HAYYHTHCS ONPeeIATh IJIOTHOCTh PACTBOPOB
Beinosinus padorty, Bel Oynere

ymemn:

1. OmnpenenauTb OTHOCUTENBHYIO IUIOTHOCTh 33JaHHOTO pPacTBOpa C IOMOILIbIO MUKHOMETpA
(cM. TeopeTHUYECKYIO YacTh). PacueTsl MpUBECTH B TETPaIH.

2. OHpeILeJ’II/ITB OTHOCHUTCIIbHYIO INIOTHOCTD 3aIaHHOI'O PaCTBOPA C IIOMOIIBIO apCoOMETpa.

3. CpaBHI/ITB OTHOCHTCIIbHBIC IIJIOTHOCTHU pacCTBOpPA, IMOJIYYCHHBIC PaA3HBIMU MCTOJ{aMU U
CpPaBHHUTL CO CIIPABOYHBIMU TAHHBIMU.

MaTepnaﬂbnoe odecmeyeHue:

[lepuonnueckass  cucrema  xumuueckux  anemeHToB  JI. I. MenneneeBa, Ttabnuna
PacTBOPUMOCTH.

Ob6opynoBaHMe M peaKkTHBBI:  HAOOp  apeoMeTpoB,  MUKHOMETPBL,  LMIUHAPLL IS

OTpe/Ie/IEHUsT TUIOTHOCTH C IOMOIINBIO apeoMeTpa, XHM. BOPOHKH, PacTBOPBI HEKOTOPBIX
BeriecTB (CuSQy, Ko,CrO7, Na,SO,)

3aganue:

1 OmnpeneneHue MPOICHTHOTO COJIEPKAaHUSI KUCIIOTHI B 00pa3Iie UCCIeIyeMOro pacTBopa.
2 OmnpeneneHue MPOIEHTHOTO COJIEPyKaHUSI IIETI0YH B 00pasIie UCCIIeyeMOro pacTBopa.

ITopsinok BbINOJHEHHS padOThI:

1 CHCTCM&TH3HPYI>1TC )51 O606IJ_II/ITG 3HaHUA IO TEMC, ITIOBTOPUB H3y‘ICHHBIfI Ha JICKIHIMOHHOM
3aHATUN MaTepUall.

2 BpInonHUTE IPAKTHYECKYIO YaCTh paOOTHI.
3 IIpoBeauTe pacyer.

4 Chopmynupyiite oO1i1e BEIBOABI O MPOJIEIaHHON paboTe.

Xox padoTsi:
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XKuakoctb, TUIOTHOCTh KOTOPOM HAA0 OMNPEACIHTh, HAJIUBAIOT B LUIMHAP. ApeoMeTp
HOTPY’XaTh B AKHUJIKOCTb CIEAYET OCTOPOXKHO, HE BBIITYCKAasl €ro U3 PyK J0 T€X MOp, TOKA HE CTAHET
OYEBHJIHBIM, YTO OH IUIaBaeT. Torma apeoMeTp OCTOPOKHO OTITYCKAIOT, M apeoMeTp MPUHUMAET
HYXKHOE I0JIO’KEHHE. APeOMETp JO0JKEH HaXOAUThCS B LIEHTPE LWIMHAPA, HU B KOEM Cllyyae He
KacaTbCs CTCHOK LMJIMHIApAa HJIM OBITh K HUM O4YEHb OJM3KO, T.K. MOJOXKEHHE apeoMeTpa B
LWINHAPE OTPaXKaeTcsi Ha TOYHOCTHU NoKa3aHUi. TOUHO Tak e COBEPLIEHHO HE JOIyCTUMO, YTOOBI
apeoMeTp KacaJics JHa LHINHAPA.

OTueT NpuBOJAT IO JIEJIEHUSAM IIKabl apeomerpa. JleneHue, NpoTUB KOTOPOIO yCTaHABIMBAETCS
BEPXHUH MEHHCK (B ClIy4ae OKpAIICHHBIX PAacCTBOPOB) WJIM HUKHUN MEHHUCK JKUAKOCTU (B Cllyyae
HEOKpAIlIEHHBIX PaCTBOPOB) XapaKTEepU3yeT BEIUUMHY IUI0THOCTH. [locne omnpenenenus apeoMeTp
OOMBIBAIOT BOJOM, BBITUPAIOT M YOUPAIOT CIIEUUANBHBIA QYT WK B SIIHUK.

Ecnu onpenessitoT OTHOCUTENBHYIO IUIOTHOCTb JKUAKOCTH HE PACTBOPUMOHM B BOJE, TO apeoMeTp
OOMBIBAIOT KaKMM-HUOYb pacTBOpuTelieM. ApeoMeTp TpeOyeT OCTPOKHOTO OOpalIeHHs, TaK Kak
€ro JIETKO pa30OuTh.

®opma npeacTaBjeHUs pe3yJbTaTa: OTYET O IPOJCIaHHON PaboTe, BHIBOIBI.
Kpurtepun onenkn:

3a KaXK[blid MPaBUIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBIHA 0TBET — () GayIoB.
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Tema 2.3. TurpumeTpudeckuii (00beMHBIN) METOI AHATU3A
JlaGoparopHasi padora Ne 4
KauecTBeHHasi peakuusi Ha CIIUPTHI
Heab padoThl: HAYYUTHCA OOHAPYKMBATH CIMPTHI KAK OPraHM4YeCcKue BellecTBa
Boinosinus padorty, Bel Oynere:

— TPOBOJUTH HECIIOKHBIE PEaKIMU MO0 OOHAPYKEHUIO TIOKO3bI (abICTHUIOB), Kpaxmaia
00BEeKTaXx;
— COCTaBJISITh CXEMBI TIPEBPAIICHHI BEIECTB Pa3IMIHBIX KJIACCOB.

MaTepnaﬂbnoe odecmeyeHue:

PeakTuBHBIN MITaTUB, NPOOUPKH, MUIETKH, HATPEBATEIbHBINA JIEMEHT, PACTBOPHI IJIHOKO3BI,
caxapo3bl, Kpaxmaia, pacTBOPbI TUAPOKCHIA HATpus win Kamus, cynbdara meau (ll), Hutparta
cepeOpa, aMMHaKa, HoJa, JUCTUNIUPOBaHHAs BOJA.

3ananmue:

OO6Hapy»KeHue TII0K03bl, caxapo3bl, Kpaxmaia

Ilopsinok BbINOJIHEHHS PadOTHI:

1 Cucremarusupyiite 1 0000UIMTE 3HAHUS IO TEME, TOBTOPUB M3YYEHHBIN Ha JIEKIMOHHOM
3aHATHN MaTepUal.

2 BhInosHUTE IPAKTUYECKYIO YacTh pabOTHI.

3 IIpoBenute pacuer.

4 ChopmynupyiiTe o01IME BHIBOIBI O IPOAETIaHHON padoTe.

Xoa pa0doThI:

Onwvim Ne 1. ObHnapyoicenue enoKo3vl
748
(anvoecuonoii epynner —C > H
IMopsiiok BHINOJIHEHNSI ONIBITA
1. B TmarensHO BRIMBITYIO TPpoOHPKY HaseiTe 0,5 Mt pacTBopa HUTpaTa cepedpa.
2. JloGaBpTe B Hee pa30aBICHHBIN pacTBOpP aMMHaka J0 PAaCTBOPEHHUs OOpPa3yIOMIErocs Ocajka
AgzO
3. 3arem no0aBbTe B MPOOUPKY pacTBopa Qopmalblaeruja, ameraibJeTuaa WU TIIOKO3Bl U
OCTOPOKHO Harpemnre.
4. Habmronaiite o0pa3oBaHHe «cepeOpPsSIHOTO 3epKaiay Ha CTEHKaX MPOOUPKH.
5. CocTtaBbTe CXEMY IIPEBPAILICHHUS.
6. Bo Bropyro mpooupky Hanerite 0,5 mit cynbdara meau (11) — CuSO,.
7. NobaewTe pactBopa menoun KOH wim NaOH o o6pazoBanus roydoro ocajka.
8. 3arem HaneiiTe pacTBOp (hopManmbAeTHAA, AlleTAIBIETH A WIIN TIIOKO3bI, HArpeuTe.
9. HaGmromaiite oopasoBanue kpacHOro ocajaka okcuaa meau (1) Cu,0.
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10. CoctaBbTe CXEMY NPEBPAIICHUN.

Onvim Ne2. Ceoiicmea caxapo3vl
Ilopsi10K BBINOJTHEHHS ONBITA
1. B npobupky Haneiire 3—4 kamau pactBopa cyinbdara meau (1) — CuSOy..
2. No6asete pactBopa mienoun KOH umu NaOH o o6pazoBanus romy6oro ocajka.
3. lo6aBbTe B IpOOUPKY 3 MJI pacTBOpa caxapo3bl U CMECh B30OJITalTE.
4. Tlpu BcTpsixuBaHMM HaOMIOMAiTe pacTBOpeHHME TonyOoro ocanka ruapokcuaa memau (1) m
obpasoBaHue cuHero pactsopa caxapara meau ().
5. Cnenaiite BBIBOJ O CBOMCTBAaX Caxapo3bl.

Onvim Ne3. Obnapyscenue kpaxmana
ITopsinok BHINOJIHEHHUS ONBITA
1. B mpo6upky Haneiite 0,5 mi1 pacTBopa kpaxmasia (KpaxMajiabHOIO KIIEHCTepa).
2. Jlo6aBbTe K HEMY HECKOJIBKO Karelb CIIUPTOBOIO PacTBOpa HOJA.
3. HaGmronaiite 00pa3oBaHne CHHETO OKpaIIuBaHHS.
4. Harpeiite npoOupKy 1 HabJ0aliTe HICUE3HOBEHUE OKPACKH.
5. Ilocne oxnakaeHus CoAEPKUMOro BHOBb HAa0JIIOJaliTe MOSBICHUE CUHEN OKPACKH.

dopma npeacTaBJieHus pe3yJbTaTa: OTYET O MPOIeTaHHON padoTe, BHIBOIBI.
Kpurtepun ounenku:

3a Kax bl MpaBUIbHBINA OTBET — 1 Oas.
3a HenmpaBWIbHBIN O0TBeT — () OaIoB.
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Tema 2.4. AMUHBI. AMUHOKHCJIOTEI. Beakn

JladopaTopnasi pa6ora Ne 5,6
Oo0Hapy:keHHe OPraHNYeCKHX BelleCTB cneun(puuecKuMM peakiusiMu
eab padoThbI: HAYYUTHCS OOHAPYKUBATH CIIUPTHI KAK OPraHuYecKHue BellecTBa
Bbinosinus padory, Bel Oyaere:

— MPOBOAMTH HECIOXKHBIE PEAKIHUU 10 OOHAPYKCHHIO TIIIOKO3bI (albJIETHI0B), Kpaxmala
00BEKTaX;
— COCTaBJIATh CXEMBbI IIPEBPAIIEHUI BEIECTB PA3INYHBIX KJIaCCOB.

MaTtepuajbHOe o0ecneyeHue:

PeakTuBHBIN mITaTUB, TPOOMPKH, MUNIETKH, HATPEBATEIBHBIA JIEMEHT, PACTBOPHI TIFOKO3BI,
caxapo3sbl, Kpaxmala, pacTBOpbI THAPOKCHUIA HATpus Wid Kanus, cynbdarta meau (ll), HuTpara
cepebpa, aMMHaKa, Hoja, JTUCTUTUPOBAaHHAS BOJIA.

3aganue:

O6Hapy>KeHHe TJIFOKO3bI, Caxapo3bl, Kpaxmajla

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1 Cucrematuzupyiite 1 0000UINTEe 3HAHUS MO T€Me, MOBTOPUB M3yYEHHBIH Ha JTEKIMOHHOM
3aHATUN MaTCpual.

2 BpInonHUTE IPAKTHYECKYIO YaCTh paOOTHI.

3 IlpoBeauTe pacuer.

4 ChopmynupyiiTe oOIIMe BEIBOJIBI O IPOAETIaHHOM padoTe.

Xoa paGoTsI:

Onvim Ne 1. Obnapysicenue 2noKo3vl
40
(anvoeauonoii epynnei — C > H
IMopsiiok BHINOJIHEHUS ONBITA
1. B TIiaTensHO BBIMBITYIO TIpoOupKy Hajeite 0,5 M1 pacTBopa HUTparta cepedpa.
2. JloGaBpTe B Hee pa30aBIIECHHBIH PacTBOp aMMHaKa O PACTBOPEHHS OOpa3yIOIIErocsl Ocajaka
Ag,0.
3. 3arem n00aBbTE B MPOOHMPKY pacTBOpa (opMaibIeruaa, aneTaabJIerujaa WIA TIIOKO3bl U
OCTOPOKHO Harpeure.
4. Habmronalite 00pa3oBaHue «CepeOPSTHOTO 3e€pKajia» Ha CTEHKaX MPOOUPKH.
5. CocraBbTe cxemy MpeBpaICHUSI.
6. Bo Bropyto mpobupky Hanetite 0,5 mut cynbdara meau (11) — CuSO,.
7. No6aBbTe pactBopa menourn KOH wnmn NaOH 1o o6pa3zoBanust roiay6oro ocajka.
8. 3arem HaseliTe pacTBOpP popMabaeTHIa, alleTalbACTH 1A UIH TIIOKO3bI, HATPEUTE.
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9. Habmronaiite oopa3zoBanue kpacHoro ocanka okcuaa meau (1) Cu,O.
10. CocTtaBbTe CXEMY MpPEBPAICHUA.

Onwvim Ne2. Ceoticmea caxapo3vl
IMopsiiok BHINOJIHEHNS ONIBITA
1. B npobupky Haneiire 3—4 kariu pactBopa cyibdara meau (11) — CuSOg..
2. Jlo6aBwTe pactBopa menoun KOH uin NaOH no o6pa3zoBanms romyooro ocaaka.
3. JlobGaBbTe B mpoOUpPKY 3 MII pacTBOpa caxapo3bl B CMeCh B30OJITalTe.
4. Tlpu BcTpsSXMBaHWM HAONIOAANTE pacTBOpPeHHE royooro ocaaka ruapokcuaa meau (I) u
obpasoBaHue cuHero pactBopa caxapara meau ().
5. CnenaiiTe BBIBOJ O CBOMCTBAxX Caxapo3bl.

Onvim Ne3. Obnapycenue kpaxmana
IopsiioK BBINOJIHEHHUS ONBITA
1. B mpoGupky Haneiite 0,5 M1 pacTBopa kpaxmaia (KpaxMaibHOTO KIeHcTepa).
2. Jlo6aBbTe K HEMY HECKOJIBKO Kamellb CIIMPTOBOTO PacTBOpA HO/A.
3. Habmronalite 00pa3oBaHre CHHETO OKpAIIMBAHHUS.
4. HarpeiiTe mpoOupKy 1 HAOIIOAaTEe UCUC3HOBCHUE OKPACKH.
5. [Tocne oxnaxkaeHus COASPKUMOTO BHOBb HAOIIOJaliTe MOSBICHIE CUHEH OKPACKH.

®opma npeacTaBiaeHUs pe3yJbTaTa: OTUET O MPOJCIAHHON pabOTe, BEIBOIBI.
Kpurepun oneHku:

3a KaXkIpIi TpaBUJIbLHBIN OTBET — 1 GasuI.
3a HempaBWIbHBIN O0TBET — 0 Oan
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4.3. KoaonaHbie CHCTEMBI

JlabopaTopnasi paGora Ne 7
ITosyyeHune KOJVIOHIHBIX PACTBOPOB: 3011 KAHU(OJIU, MAPraHLa JMOKCH/A, HKesle3a
THAPOKCHIA

Lenp padoThl: HAyYUTHCS MOIYYaTh KOJUIOUJHBIE PACTBOPHI; MPOBOAUTH UX KOATYJISILIUIO U
3alIUTY; HaOJII0JaTh SBJICHUE PACCESIHUS CBETA KOJJIOUHBIMH PACTBOPAMHU.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MOJy4aTh KOJUIOUIHBIE PACTBOPHI;

— IPOBOAUTD UX KOAr'yJIIIHUIO MU 3alIUTY,

— [0 MHTEHCUBHOCTHU PACCESIHHOT'O CBETa CPABHUBATH KOJIJIOWJHBIE PACTBOPHI B 3aBUCUMOCTHU
OT UX KOHLICHTpPAI1H.

MarepuajibHoe obecneyeHune:

[lepuoauueckass cucTreMa XuMH4YecKux osementoB J[.M. Mengeneea, Ttabauma
PacTBOPHMOCTH.

O6opyoBaHKe U PEAKTUBBI: SJIEKTPOILIMTKA, BOASHASA OaHs, MPOOUPKH, PEAKTUBHBIM [IITATUB,
CTaKaHYMK, JUCTHIUIMPOBaHHas Boda, 1 % pactBop xmopuaa xenesa (I11) — FeCls; 1M pactBopa
NaCl, Na;SO4, NasPO,, AlCl3, xommouanslii pactBop ruapokcuaa xkeaesa (111) u3 omsira 1; 1%-
BIil pacTBOp kenatuHa, 1%-bIil pacTBOp Kpaxmaia.

3ananne:
1 IlonydeHue KOIOMIHBIX PACTBOPOB, IPOBEACHUE X KOATYIISLIUN U 3alUTHI.
2 HaOnronenue siBICHHS paccesHus cBeTa (OTaIeCeHINs ) KOJIOUIHBIMHA PACTBOPAMH.

KpaTkue TeopeTnyeckue cBeIeHUS:
Memoowvi nonyuenus KoAIOUOHbIX pacmeopos (301eti)

MeToap! morydeHust 30J1eH JeNsATCs Ha IBE TPYIIITHL:

1. Hucnepeuposanue — 1poOieHHE KPYMHBIX YacTHUIl [0
KOJUIOWTHOHM TMCTIEPCHOCTH:

a) MEXaHUYeCKoe JPOOJICHNE B MENbHULIAX U B CHIELUATIBbHBIX APOOMIIKAX;

0) npoOnenue TMOJ JEHCTBUEM YJIbTpa3Byka (TUIPO30JIM cepbl, rpadura, MOIUMEPOB,
OPraHO30JIM JETKOIJIaBKUX METAJlIOB);

B) DJICKTPUYECKOE TUCTIEPTUPOBAHKE TP MTOMOIIM BOJIBTOBOM IYTH;

I) YCIOBHO K METOJaM JUCIEePrUpOBaHUS OTHOCUTCS nenmusayus: J00aBIeHHE K
CBEXKENPUTOTOBIICHHOMY DBIXJIOMY OCaJKy MAHCIEPTHPYEMOTO BEHIeCTBa DJJIEKTPOJUTa —
crabuinzaropa, MOJ JEHCTBUEM KOTOPOrO YACTHMIBI OCaJKa OTAESIOTCA JApPYr OT Jpyra u
MIEPEXOST BO B3BEIIEHHOE COCTOSTHHE.

2. Konoencayus — 310 MeTOJ| MOJy4eHUs 30Jiell yKpyIHEHUEM
4acTHI] (MOJIEKYJ, aTOMOB, HOHOB) JIO pa3Mepa KOJIJIOMIHBIX YaCTHII;

a) KOHJIeHCallMs napoB (TyMaH, JbIM);

0) 3ameHa pactBopuTens (Ipu 100aBIECHUH K ICTUHHOMY PacTBOPY PacTBOPUTENS, B KOTOPOM
BEIIIECTBO HE PACTBOPSIETCS, IPOUCXOAUT YKPYITHEHHE YacTHI] (arperaTUpOBaHue));

B) B pe3yJIbTaTe XUMUIECKON PEaKINH ¢ 005M3aTeITbHBIMHU YCIIOBHSIMH:

— o0pazoBaHHe MAJIOPACTBOPUMOTO BEIIECTBA;
— MaJyasi KOHIEHTpAIHsI pearupyroIInuX BEIIeCTB;

113



— U30BITOK OJTHOTO M3 PEareHTOB B KAYECTBE CTA0MIM3ATOPA.

OO61ue yciaoBUsl MOTYYEHHS KOJUIOUAHBIX CUCTEM HE3aBUCUMO OT MPUMEHSIEMBIX METOOB:

1) HEpPaCTBOPUMOCTH BEIIECTBA IUCIIEPCHON (a3bl B TUCIIEPCUOHHOU CPE/IE;

2) JOCTHKEHME YacTHULIaMU KOJUIOMIHOM TUCTIEPCHOCTH;

3) Hanuuue cTabuiIm3aTopa, KOTOPHIH cOOOIIaeT CUCTEME arperaTUBHYIO YCTOMYUBOCTD.

Koaeynayusa konnououvix pacmeopog — 3TO MPOLECC YKPYNHEHHUS (CIUMAHUS) KOJUIOUIHBIX
YaCTHIL C MOCIEAYIOLIEH NOTEPEN YCTOMUUBOCTU KOJUIOMAHOTO PACTBOPA.

MeTo1p1 KOAryJIsIum:

1. JloGaBiieHHE 3JIEKTPOJIUTOB NPUBOAUT K YMEHBIICHUIO 3apsja KOJUIOMAHOW YacTHUIbI, a,
CJIEIOBATENILHO, K YMEHBIIICHHUIO CHJIbI OTTAJIKUBAHUS MEXKITy HUMU.

MuHuManbHasi KOHLIGHTpAllMs JJIGKTPOJIUTAa B PACTBOpPE, BBI3BIBAIONIAS  KOATYJISIUIO
Ha3bIBaeTCs nopozom koayrayuu. Koarynupyromed crnocoOHOCThIO 0071aJal0T TOJIBKO HOHBI,
HMMEIOIINE TOT K€ 3HAK 3apsjia, YTO U NMPOTUBOMOHKI. Koarynupyromias crnocoOHOCTh YMEHbIIIAETCS
C YMEHBIICHHEM 3apsijia MOHA-KOaryJIsaTopa.

Hanpumep:
3- 2- -
PO4 > 804 > ClI AI3+ > Ca2+ > Na+
KOAryJInpyroLiasi CIIOCOOHOCTh YMCHBIIACTCS KOaryJMpyromiasi ClioCOOHOCTh YMEHbBIIIAETCS

CocrossHue KOHHOHHHOﬁ CUCTCMbI, KOraa 3apsgald KOJUIOMAHBIX YaCTHUI[ CTAHOBHUTCA PABCH
HYJIIO Ha3bIBACTCA U302JIEKMPUHECKUM COCMOAHUEM.

2. Koarynsmuio KOJJIOMIHBIX pPacTBOPOB MOXKHO BbI3BaTh HArpeBaHUEM HIIH
3aMOpaKHBAHUEM.
3. Koarynsmusi KOJUIOMIHBIX pPacTBOPOB MOXKET IPOXOIUTH M TOJ BIUSHUEM

MEXaHUYECKUX BO3JICHCTBUIA: TIEpEMEIIMBAHUS, ICHTPUDYTUPOBAHUS U T 1.

Y CTONYMBOCTH KOJUTOMAHBIX PACTBOPOB 00YCIIOBIICHA:

1) HanuuumeM 3aps7OB OAMHAKOBOIO 3HAKA HAa KOJUIOMIHBIX YAaCTHUIAX, MOITOMY OHH
OTTAJIKUBAKOTCS U HE MOTYT YKPYITHUTHCS U CEAUMEHTUPOBATD;

2) HalIW4YMeM THAPATHBIX (WM COJBBATHBIX) OOOJIOYEK, MPEMATCTBYIOIIMX CIUMAHHIO
KOJUTOUTHBIX YacTHI] (00pa3yroroTCs, €CIM TUCIIEPCUOHHAS Cpe/la UMEET MOJSPHBIE MOJICKYJb —
H,0, ciupr);

3) HamuyuMeM B KOJUIOMJHBIX PACTBOpPAaX BBICOKOMOJEKYJISIPHBIX BEIIECTB, KOTOpHIE,
aJIcopOupysCh Ha TMOBEPXHOCTH YACTHUIIBI, OOPa3ylOT 3alIUTHBIA CIIOH. DTO SBIEHUE TMOIYYHIIO
Ha3BaHUE KOLIOUOHOU 3AUUMDBL.

Onmuueckue ceoticmesa KO]ZJZOM()HlepClCI’I’lGOpOG

[Tpu npoxokKaeHUM CBETA Yepe3 AUCIIEPCHYIO CUCTEMY MOXKET Ha0JIt01aThCs:

1) MOTJIOIIEHUE Jy4Yel ONpe/leNeHHbIX JUIMH BOJIH, YTO CBOMCTBEHHO JIIOOBIM CHCTEMAaM;

2) OTpaKEHUE CBETAa IMOBEPXHOCTHIO YACTHIl, €CJIM Pa3Mep 4YacTHIl 3HAYUTEIbHO OOJbIle
JUTUHBI BOJTHBI CBETa (TMPOSBISAETCA B MYTHOCTH CYCIIEH3UMN, SMYJIbCHIA);

3) paccesHUE CBETOBBIX JIyuel BO BCEX HAIPABJICHUAX UMEET MECTO, €CIH JJIMHA MX BOJIHBI
COM3MEpPUMA C BEIMYMHON YACTHUL, YTO XapAKTEPHO JUIsl KOJUIOUJHBIX PACTBOPOB.

1 — UCTOYHUK CBETA; 2 — INH3bI;

3 — cocyA C KONNOUAHbLIM

7 pacTBOPOM.
Pucynok 1 — Cxema s dexra Tunmans
[IyTh TPOXOXKACHHUS CBETOBOTO mydKa yepes KOJUTOUTHBIHN
pacTBOp BHUIEH TIpU HAONIOJACHUU COOKY CBETSAIIMMCS KOHYCOM
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(konycom Tunoans), uro OBLIO HA3BAHO OnALECYeHYUELL.
IHopsiok BbINOJIHEHUS PA0OTHI:

1 Cucremarusupyiite W 0000IUTE 3HAHWS IO TEME, 3aKOHCIEKTUPOBAB B OTYET IIO
nabopaTopHOil paboTe KpaTKhe TEOPETUICCKUE CBEICHHS.

2 BpInoiHUTE TPAKTHYECKYIO 9acTh PaOOTHI.

3 OrmerbTe HaOJIIOICHUS, 3AIIOIHUTE TA0JIHUITy, CHOPMYIUPYNUTE U 3aIUIINTE B OTYET OTBETHI
Ha BOMPOCHI IO KAKJOMY OIIBITY.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOMN paboTe.

Xox padoThI:
Onvim Ne 1. [lonyuenue 3015 cuopokcuoa sxcenesa (I11)

IHopsaoK BBINOJTHEHHUS ONBITA:

1. Bexkumnsature 10 i1 AUCTUIITMPOBAHHOM BO/BI B CTakaHUMKe Ha 50 ML

2. He mpekpaias HarpeBaHusl, PUJICHTE MO KarusiM K 3Toi Bozae 1 mu 1%-ro
pactBopa FeCls.

3. Habmronaiite oOpa3oBaHHe KpacHO-KOPUYHEBOI'O KOJUIOMAHOTO pacTBOpa
ruapokcuaa xenesa (II).

4. Hanumure ypaBHEHHE TUAPOIM3a cou xyopusa xemnesa (I1I).

5. CocraBbTe CX€My CTPOEHHMS MHULEIUIbI IOJYyYEHHOrO 30Jis, IOJIb3YACh
anroputMoM (cM. IIpakTrueckoe 3ansaTue Ne 10)

6. KommoumHslii pacTBOp OXyagauTe, U pasieite B 6 mpoOupok: 4 mpoOUupKH JIst
OmbITa 2 ¥ JIB€ MPOOUPKH VIS OTbITa 3.

Onvim Ne 2. [Ipogedenue koazynsyuu cuopokcuoa sxcenesa (111)
EKMPOTUMamU

Ilopsinok BbINOJHEHHS ONBITA:

1. Cuauras kammm, npuieite pactBop NaCl k komnougHomy pactopy Fe(OH)s B
1-npobupke 10 00pazoBaHuUs PHIKETO OcaaKa (YHCIIO Kalelslb 3alUuIIuTe B Ta0JINILY).

2. Tot e OombIT NpoJieNaiiTe ¢ IPYrUMHU 3IEKTPOIUTAMH, PE3YIbTAThl 3aMUIINTE
B TaONHILY.

3. 3Has 3apsA] KOJUIOMJIHOW 4YacTHIBI 30Js (OmBIT 1) yKakure, Kakue HOHbBI
ABIIIOTCS JUIsSl JAHHOTO 307151 KOAaryJIssHTaMU.

4. CpaBHUTE KOArylHPYIOUIYI0 CIOCOOHOCTh YKa3aHHBIX BBIIIE HOHOB-
KOAryJIsIHTOB, 3allMCaB UX B PsiJ 110 BO3paCTaOLIEH.

5. OOBsiCHUTE, OT Yero, 3aBUCUT KOAT'YJIUPYIOIIAsi CHOCOOHOCTh HOHOB.

No Komnmonanerit DIeKTp Yucno kanenb
POOUPKHU pacTBop OJIUT AJIEKTPOJINTA
1 Fe(OH);3 NaCl
2 Fe(OH)3 Na SOy
3 FE(OH)g NazPO,
4 Fe(OH); AICl;

Onvim Ne 3. [Iposederue KoniouoHo 3aujumol

IMopsiiok BHINOJIHEHNUS ONBITA:
1. B nBe npoOupku ¢ rugpososem xenesa (111) mpudasere mo 5 kamens B 01HY —
1%-ro pactBOopa kpaxmaia, B Apyryio — 1%-ro pacTBopa >kenaTHHa.
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2.B xaxnyio mnpoOupKy, B30aiuThiBas, NpUOABISANHTE IO KaIUIIM pPacTBOP
Na,SO,. TlomcumTaiiTe 4HCIO Kamelb, MOABEPTIINXCS KOAryasIlUAd B KaXIOH
npobupke.

3. O0OBsSCHHTE C TOYKH 3PCHHUS SBJICHHUS KOJUIOWTHOMW 3allUThI, MOYEeMYy Ha
KOAryJISIIIUIO THIPO30JIsl B Pa3HBIX MPOOUPKAX MOTPEOOBATIOCH Pa3IMYHOE KOJTUIECTBO
AJIEKTPOJINTA.

Onvim Ne 4. Henenue paccesanust ceema KOIIOUOHBIMU PACBOPAMU
Ilopsinok BbINOJIHEHHS ONBITA:

1. Haneiite B Tpu npobupku 1, 2, 3 xarumm pactBopa AgNOs, npuseiite B HUX
IMCTHJUIMPOBAHHOW BOJBI JI0 OJMHAKOBOIO O0ObeMa IO METKE, W MO JECATh Kareib
pactBopa Kl.

2. [lponabmromaiite BO BCeX MPOOMpPKAax OMAJECHCHLUIO, BBI3BAHHYIO
paccessHuEeM CBeTa KOJUTOMIHBIMU YacThiaMu Agl.

3. HanummTe ypaBHeHHE peakIMu OOpa3oBaHHs M CXEMY MHLEIUIBI 30JIs
Honuaa cepedpa, eciau Hoaua Kanus B3ST B U30bITKE.

4. CpaBHMTE HHTEHCUBHOCTb pPACCESHHOIO CBeTa B 3aBUCUMOCTH  OT

KOHIICHTpAIlUU 307151 Hoaua cepedpa.

CdopmynupyiiTe o0mue BRIBOIBI IO TAOOPATOPHOH padoTe.

®opma npeacTaBiIeHUs Pe3yJbTATa: OTYCT O NPOJICIIAHHON paboTe, 3al0HEHHE TaOIHIIbI,
COCTaBJICHHBIC CXEMbl ypaBHCHUI HAOJFOaEMBIX MPOLIECCOB, CXEMbI MUIICIUT MOJy4aeMbIX 30JICH,

BBIBOJBI.

Kpurtepun ounenku:
3a KaK[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.
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4.3. KoaonaHbie CHCTEMBI

JlabopaTopnasi paGora Ne 8
IMosry4yeHne KOJNJIOUIHBIX PACTBOPOB: 30151 0€PJIHHCKOM J1a3ypH

He.ﬂb paﬁDTbI: HAY4YUTBHCA II0JYy4YaTh KOJIJIOMAHBIC PACTBOPLI; IMIPOBOAUTE UX KOAryJIAIUIO KU
3aIl0UTYy, Ha6HIOIIaTB SABJICHUC paCCCAHUA CBCTA KOJIJIOUJIHBIMHA PaCTBOpaAMHU.

Beinosinus patdory, Bel Oyaere:

ymemy:

— I10JIy4aTh KOJUIOUJHBIE PACTBOPHI;

— IPOBOJUTH UX KOATrYJISILUIO U 3aILUTY;

— II0 MHTCHCUBHOCTHU PACCCAHHOI'0 CBCTAa CPABHUBATH KOJIJIOUMJAHBIC PACTBOPHI B 3aBUCUMOCTHU
OT UX KOHLIEHTPALIUN.

MarepuanbHoe obecrneyeHue:

[lepuonnueckass cucrema xumudeckux odnmementoB (.M. MenzgeneeBa, Tabmuma
PacTBOPUMOCTH.

OO0oOpyIOBaHNE M PEAKTUBBI: JICKTPOILTUTKA, BOJISTHAS OaHs, MPOOUPKHU, peaKTHUBHBIN IITATUB,
CTaKaHYHK, JUCTULIMpOBaHHas Boaa, 1 % pactBop xiopumaa xenesa (111) — FeCls; 1M pactBopa
NaCl, Na;SO4, NasPOg, AlCl3, kommonanblii pactBop ruapokcuaa sxenesa (111) us onsita 1; 1%-
bIi1 pacTBOp KeJaTuHa, 1%-blil pacTBOp Kpaxmala.

3aganue:
3 TlosydeHre KOJUIOUIHBIX PACTBOPOB, MIPOBEACHUE WX KOATYJISIIUU M 3aIUTHI.
4 HaOmroneHue sIBJICHUS PacCesTHUS CBeTa (OIMaIeCICHIINS ) KOJIJIOMIHBIMU PACTBOPAMH.

Kparkue Teoperuyeckue cBeeHH:
Memo0obl nonyuenus: KOIIOUOHBIX pAcmEopos (30.ell)

Mertoap! nosyueHust 301ei JeNnsATCs Ha IBE TPYIIIbL:

3. Hucnepeuposanue — npoOneHHe KPYHNHBIX YacTHI[ JI0
KOJIJIOUJTHOM TUCTIEPCHOCTH:

a) MEXaHU4EeCKOe IpOOJIeHNE B MEJIbHULIAX U B CIIEUATIBHBIX IPOOMIIKaX;

0) napoOieHue mox JeicTBHEM YibTpa3ByKa (THAPO30JIM Cepbl, TrpaduTa, MOIUMEPOB,
OpraHo30JIH JIETKOIUIABKUX METAJIOB);

B) 2JIEKTPUYECKOE TUCTIEPTUPOBAHHUE ITPU MOMOILM BOJIBTOBOM AYTH;

I) YCIOBHO K METOJaM [HCHEPIUpPOBaHUS OTHOCHUTCS nenmu3ayus: J00aBIEHHE K
CBEXKEIPUTOTOBJICHHOMY DBIXJIOMY OCaJKy JHMCIEPTUPYEeMOro BEIIECTBAa JIIEKTPOJIUTA —
crabuim3aropa, IMOJ JEWCTBHEM KOTOPOTO YacTHIBI OCaJKa OTAEISIOTCS APYr OT Jpyra M
HEPEXOIAT BO B3BELIEHHOE COCTOSIHUE.

4. Komnoencayuss — 310 MeTol MOIy4deHHs 30J€H yKpyHMHEHHEM
qacTull (MOJIEKYJI, aTOMOB, HOHOB) JI0 pa3Mepa KOJUIOMIHBIX YaCTHUIL:

a) KOHJeHCcallusl MapoB (TyMaH, AbIM);

0) 3ameHa pactBopuTels (MpH 100aBICHUN K HCTUHHOMY PacTBOPY paCTBOPHUTEINS, B KOTOPOM
BELIECTBO HE PACTBOPSETCS, IPOUCXOAUT YKPYITHEHUE YACTHI] (arperaTupoBaHue));

B) B pe3yJbTaTe XUMUYECKOH peaKkIuu ¢ 00s3aTeTbHBIMU YCIIOBHAMMU:

— 00pa3oBaHMEe MaJIOPACTBOPUMOTO BELIECTBA,
— MaJjiasi KOHIEHTpAIHsl pearupyonux BeIlecTs;
— M30BITOK OJTHOTO M3 PEareHTOB B KayecTBe cTa0MmIn3aTopa.
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OO01mue yciaoBHsl MOTYYCHHs KOJUIOUIAHBIX CHUCTEM HE3aBUCUMO OT MPUMEHSIEMBIX METOOB:

4) HEpacTBOPUMOCTH BEIlleCTBA AUCIEPCHON (ha3bl B AUCIIEPCUOHHON CpEIE;

5) JTOCTHXKEHHE YaCTULIaMU KOJUIOUIHOM AUCTIEPCHOCTH;

6) HaJIMuue cTaduIM3aTOpa, KOTOPBI COOOIIAeT CUCTEME arperaTUBHYIO YCTOMYUBOCTb.

Koazcynayus xonnouonwvix pacmeopoé — 3TO MPOILECC YKPYNHEHUs (CIUMaHUS) KOJUTOMIHBIX
YacTHL] C MOCIEAYIOIIEH MOTepell yCTOMYMBOCTH KOJUIOUIHOTO pacTBOpa.

MerTo/bl KOaryJisiiuu:

1. JloOaBieHne 3IEKTPOJIMTOB MPUBOIUT K YMEHBIICHHIO 3apsija KOJUIOMIHOW YacCTHIIbI, a,
CJIEZIOBATENILHO, K YMEHBIICHUIO CHJIbI OTTAIKHUBAHUS MEX]Ty HUMHU.

MuHuMalibHAsE KOHLIGHTpAlUs JJIEKTPOJIUTAa B PACTBOPE, BBI3BIBAIOLIASA  KOATYJISLHUIO
Ha3bIBACTCS nopocom koazyrayuu. Koarymupyromeid crnocoOHOCThIO 00J7alaloT TOJBKO HOHBI,
MMEIOIIUE TOT K€ 3HAK 3apsija, 4TO U NPOTUBOMOHBL. Koarymupyromias cnocoOHOCTh YMEHbIIACTCS
C YMEHBIIEHHEM 3apsijia HOHA-KoaryJsTopa.

Hanpumep:
3- 2- -
PO4 > 804 > ClI AI3+ > Ca2+ > Na+
KOAryiupyromas Crioco0HOCTh yMEHbIIACTCS KOaryJIupyrolas CioCOOHOCTh YMEHbBIIIAETCS

CocrosiHHE KOHHOHHHOﬁ CUCTCMbI, KOrga 3apsaa KOJUIOMJHBIX YaCTHL CTAHOBUTCA pPaBCH
HYJIFO Ha3bIBACTCSA U302JIEKMPUHECKUM COCMOAHUEM.

4, KO&FYJUHII/IIO KOJIJIOMAHBIX PACTBOPOB MOKHO BbI3BATb HArp€BaHUCM HWJINM
3aMOpPa’)KMBAHHUECM.
5. KO&FYHHHI/ISI KOJUIOMAHBIX PACTBOPOB MOXKCET IHPOXOAUTbH W 110[ BJIIMAHHUCM

MECXaHHUYCCKHX BO3H€I‘;ICTBHIZZ ICpEeMCIIMBAHUS, HeHTpI/I(i)yrl/IpOBaHI/IH UT.AO.

VY CcTONYMBOCTD KOJIJIOUAHBIX PACTBOPOB 00YCIIOBIIEHA:

1) HanuuueM 3apsA70B OJMHAKOBOIO 3HAKa Ha KOJUIOMJHBIX YacTULAX, MOITOMY OHHU
OTTaJIKUBAIOTCA U HE MOTYT YKPYITHUTHCS U CEAMMEHTHPOBATS;

2) HaJIW4YMeM THApPATHbIX (WIM COJbBAaTHBIX) OOOJIOYEK, NPENATCTBYIOIIUX CIUIAHUIO
KOJIJIOWJHBIX YacTHll (00pa3yrorTcs, €M AUCIEPCHOHHAs cpella UMEET MOJSPHbIE MOJEKYIbl —
H0, criupr);

3) HaimMuyueM B KOJUIOMJHBIX pAacTBOpaX BBICOKOMOJIEKYJSIPHBIX BEIIECTB, KOTOPBHIE,
azicopOUpysACh Ha MOBEPXHOCTH YaCTHUIIBI, 00Opa3yIOT 3alUTHBIA CIOH. DTO SIBIECHUE MOJIYYHIIO
Ha3BaHUE KOLIOUOHOU 3AUUMb.

Onmuyeckue ceoticmea Kijoudelxpacmeopog

[Tpu mpoxo’kJeHNN CBEeTa Yepe3 TUCIIEPCHYI0 CUCTEMY MOXET Hab0JaThes:

4) TIOTJIOIIEHME JTy4Yel ONpeeIeHHbIX JUIMH BOJIH, YTO CBOMCTBEHHO JIIOOBIM CUCTEMAM;

5) OTpa)XEHUE CBETa IMOBEPXHOCTHIO YACTHI, €CJIM Pa3Mep YacTHIl 3HAUYUTEIbHO OOJblle
JUIMHBI BOJIHBI CBETA (MIPOSIBISIETCS B MyTHOCTH CYCII€H3UH, SMYJIbCUI );

6) paccesHUE CBETOBBIX JIy4ed BO BCEX HAIPABICHUSAX UMEET MECTO, €CIU JUIMHA UX BOJIHBI
COM3MEpUMa C BEITMYMHON YaCTHII, YTO XapaKTEPHO JJI KOJJIOMIHBIX PaCTBOPOB.

1 — UCTOYHMK CBETA; 2 — NINH3bI;

3 — cocyZ, € KONonaHbIM

7 pacTBopoOMm.
Pucynok 1 — Cxema s dexra Tunaans
[TyTe mpOXOKIEHHUSI CBETOBOTO nydka  4epe3  KOJJIOWIHBIN
pacTBOp BHUICH TIpH HAOIIOACHUU CcOOKYy CBETAIIMMCS KOHYCOM

(konycom Tunoans), uto OBLIO HA3BAHO OnAIECYeHYUell.
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Iopsinok BbINOJIHEHHSI PAa0OTHI:

1 Cucremaruszupyiite W 0000IIUTE 3HAHUS IO TEME, 3aKOHCIIEKTHPOBAaB B OTYET I10
nabopaTopHOi paboTe KpaTKue TEOPETUYECKUE CBEICHUS.

2 BBINOJHATE MPAKTHYECKYIO YacTh PaOOTHI.

3 OtmeTrbTe HAOII0ICHUS, 3AOIHUTE Ta0IUIy, CHOPMYIHPYNUTE U 3AIUIINTE B OTYET OTBETHI
Ha BOIIPOCHI 0 KaXKIOMY OIIBITY.

4 ChopmynupyiiTe oOIIHe BEIBOJIBI O TIPOACIAaHHON padoTe.

Xon padoThl:
Onwvim Ne 1. Ilonyuenue 3015 cuopokcuda sxcenesa (111)

ITopsiiok BHINOJIHEHNUS ONBITA:

7. Bekumarute 10 Mt AUCTUIUTMPOBAHHON BOABI B CTaKaHUMKe Ha 50 ML

8. He mpekparias HarpeBaHwusl, MPUICHTE MO KarusiM K 3Toi Bojae 1 mur 1%-ro
pactBopa FeCls.

9. HabGmonaiite oOpa3oBaHHE KpacHO-KOPUYHEBOTO KOJUIOMTHOTO pPacTBOpa
ruapokcuaa xenesa (I11).

10.HanmmmmTe ypaBHEHHE THAPOIU3a coiiu xiopuaa xkemesa (I11).

11.CocraBbTe CcXeMy CTPOCHMSI MHUIIEIJIbl TOJTYYEHHOTO 3075, IOJB3YSICh
anroput™MoM (cM. IIpaktuueckoe 3anstue Ne 10)

12 . KonnouaHslit pacTBOp OXJIAIUTE, U pa3iieiiTe B 6 TpoOUpOK: 4 TPOOUPKH IS
OTbITa 2 1 IB€ IPOOUPKH IS OTBITA 3.

Onwvim Ne 2. [Iposedenue xoazynayuu euopoxcuoa sxcenesa (111)
SNEKMPOTUMAaAMU

ITopsinok BHINOJIHEHHUS ONBITA:

6. Cuwras karm, npuieiite pactBop NaCl k kommonaaomy pactBopy Fe(OH)s B
1-npobupke 10 00pazoBaHUs PHIKETO OCaKa (YHCIIO Kalellb 3aluIuTe B TA0IHILY).

7. ToT e OMBIT MPOJeNAiTe C IPYTUMH AIIEKTPOIUTAMH, PE3YIbTATHI 3aAIMUIINTE
B TaOIuUIy.

8. 3Has 3apsa KOJUTOMTHOW YacTHIBI 307 (OmBIT 1) yKakuTe, KaKhe HOHBI
SBIISIFOTCSL [T JAHHOTO 30J1s1 KOAryJIsHTaMH.

9. CpaBHUTE KOAryJlMpylOUIyl0 CHOCOOHOCTh YKa3aHHBIX BBIIIE HOHOB-
KOaryJsHTOB, 3alMCaB UX B PsJl 10 BO3pacTaOLIEH.

10.006®bscHATE, OT Yero, 3aBHCUT KOAryJIHPYIOMIas CIIOCOOHOCTh HOHOB.

Ne KonnonnHsrii OnexTp UYucno kanens
pOOUPKHU pacTBop OJIUT AJIEKTPOJINTA
1 Fe(OH)3 NaCl
2 FE(OH)g Na,SO,4
3 Fe(OH)3 NazPO,
4 Fe(OH); AICl;

Onvim Ne 3. [Ipogederue KoLIOUOHOU 3auyumsl

ITopsiiok BHINOJIHEHHUS ONBITA:
4. B nBe mpoOupku ¢ ruaposoinem xenesa (I11) mpudassTe mo 5 kanenb B o1HY —
1%-ro pacTtBOpa Kpaxmaia, B Ipyryio — 1%-ro pacTBopa xenaTuHa.
5.B kaxnayio npoOupky, B30anThiBas, MPUOABIANWTE IO KalllsiM pPacTBOP
Na;SO,. IloacumTaiiTe umciio Kameiab, MOABEPrIIMXCA KOAryaslUM B KaxJIoi
poOupKe.

119



6. OObSCHUTE C TOYKH 3pPCHHUS SIBICHHUS KOJUIOMJHOW 3alllUTHl, MOYEeMY Ha
KOAryJisiuio TUAPO30JIs B pa3HBIX MPOOHPKAX MOTPEOOBAIOCH PA3IMYHOE KOJIHYECTBO
AJIEKTPOJINTA.

Onvim Ne 4. Henenue paccesnus ceéema KOIIOUOHBIMU PACMEOPAMU
IMopsi10K BHINOJTHEHHS ONBITA:
5. Haneiite B Tpu npobupku 1, 2, 3 karum pactBopa AgNOs, npuiielite B HUX
TUCTHJUTMPOBAHHOW BOJBI JO OJMHAKOBOIO O0OBEMa MO METKE, W TO JECSATh Karelb
pactBopa KI.

6. [IponabnioaiiTe BO BCeX MPOOMpPKAX  OMAJIECLUEHIIMIO, BBI3BAHHYIO
paccessHueM CBeTa KOJUTOMIHBIMU YacTuiiaMu Agl.

7. Hanummwre ypaBHeHHE peakIMu OOpa30BaHHUS U CXEMY MHUIICIIIBI 3011
Homuma cepedpa, ecii HOIuT Kauus B3ST B U30BITKE.

8. CpaBHI/ITe HNHTCHCUBHOCTH PpacCeAHHOTrO CB€Ta B 3aBUCUMOCTH oT

KOHIICHTpAIIUU 30151 Hoauaa cepedpa.

Cdopmynupyiite o01ue BIBOIBI M0 1a00paTOpHOH paboTe.

dopma npejacTaBJIeHus pe3yJibTaTa: OTUYET O MPOoJAETaHHON paboTe, 3aMoIHeHHE TaOIHIIbI,
COCTaBIICHHBIE CXEMBbl ypaBHEHHUI HAOJIIOaeMBIX MPOLIECCOB, CXEMBI MUIIEIUI MOJy4aeMbIX 30JICH,

BBIBOJEbI.

Kpurepun oneHku:
3a Kax bl MpaBUWIbHBINA OTBET — 1 Oas.

3a HemnpaBWIbHBIN 0TBET — 0 OaoB
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Tema 4.4. MukporereporeHHbie CUCTEMbI
JlaGoparopHnas padora Ne 9

HN3y4denue npoueccoB HAOYXaHMs U CTYAHe0OPa30BaAHUS KpaxMaJa, :KeJaTHHA U
Pa3JIMYHBIX BUI0B 3epeH

Leas padoTbl: u3yueHHE BIUSHHUS TPHPOJIBI PACTBOPEHHBIX BELIECTB Ha HalOyxaHHE
’KeJIaTHHA, BIMSHUS KOHLEHTPALUY OJIMMEPa Ha CKOPOCTh CTyJHEOOpa30BaHUs

Beinosinus patdory, Bel Oyaere:
ymemy:

— OTIPEAEIATH 3aBUCUMOCTD CTETICHN HaOyxaHusl )KenaTiHa ot PH cpensr;
— OnpeziesICeHHEe 3aBUCUMOCTH CKOPOCTH CTYAHE0Opa30BaHusl OT KOHLIEHTPALMK OJIUMepa.

MaTepnaﬂbnoe odecmeyeHue:

Kpartkuit cripaBounuk (usuko-xumudeckux BenuuuH / ITox pen. K.II. Mumenko u A. A.
PaBnens. — JI: Xumus, 1974. — 200 c.

[Iepuonnueckas cucrema xumuueckux 3iueMeHToB 1. M. Menneneesa.

O6opynoBaHie U PEaKTUBBI: NPOOUPKH, ILITATUB, JIMHEWKA, TUCTUIMPOBAaHHAs BO/A, PacTBOP
KHCJIOTBI, paCTBOP LIEJIOUM Pa3IMYHbIX KOHUEHTPALMA, KEIaTUH CyXOM, Kpaxmall, 3epHa; TepMOCTar,
MIPOMBIBAJIKA C IUCTUIUTUPOBAHHON BOJIOM, BOJIsiHAsA OaHs1, CEKYHIOMED (Yachl).

3aganue:
1 Omnpenenenne 3aBUCUMOCTH CTEIIEHN HaOyXaHusd xenaTuHa oT PH cpeasbl.
2 OnpezneneHye 3aBUCUMOCTH CKOPOCTH CTYIHEOOpa30BaHMsI OT KOHLEHTPALH
noJimMepa.

KpaTKue TECOPETHYECCKUE CBCACHUSA:

Habyxanue nonumepos

Habyxanue — 95TO  CaMONpPOM3BOJBHBIM  IpOLECC  MOIJIOMIEHHS ~ PACTBOPUTENS
BBICOKOMOJIEKYJISIPHBIM ~ BELIECTBOM, COMNPOBOXKIAIOUIUIICS yBEIMYEHHMEM MacChl U 00beMa
[IOJINMEPA.

B pesynbraTre OrpaHM4eHHOro HaOyXaHHUs IOJUMEp IPEBPALIACTCS B  CMYOEHb,
HEOrPaHMYEHHOI'0 — MEPEXOANUT B PaCTBOP. XapakTep HaOyXaHHs 3aBHCUT OT TEMIEPATYpHI.

HaOyxanue mnpencrasisier co0oi Ipolecc OJHOCTOPOHHETO CMELIUBAHMs, IPU KOTOPOM
MOJIEKYJIbl pacTBOpUTENs Onarojaps MOJABWKHOCTH TMPOHHUKAIOT B TPOCTPAHCTBO MEXKAY
MOJIEKYJIaMH WM yacTsMu Mosiekyst BMC.

Crenenp HaOyxanus ,, _ M — M, ,
m

o

rae M u M, — Macca nojauMepa nocjie u 10 HabyxaHusl.

Crenenp HaOyxaHusi 3aBUCHUT OT pH pacTBopa, ans OelKOB oOHa MHHUMAalbHAa B
H303JICKTPUYECKOUN TOUKE.
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Cmyoneobpazosanie u cuHepesuc

Cmyonu  —  5TO0  MHOTOKOMIIOHEHTHBIE = HETEKy4YHe  CHCTEMbI,  COJEpiKallue
BBICOKOMOJIEKYJISIPHBIE BEIIECTBA M HU3KOMOJIEKYIISIPHBIA PACTBOPUTETT.

OCHOBHOE CBOMCTBO CTyIHEH — OTCYTCTBHUE TEKY4eCTU OOBACHSETCS OOpa30BaHHEM CETYaTOU
CTPYKTYpPbI U3 MAaKpOMOJIEKYJ MOJIUMEpa U ero dactei. CBsi3u MEXIy HUMHU SIBIISIFOTCS PE3YJIbTATOM
B3aMMOJICHCTBUSL TOJSIPHBIX TIpynn. B suelikax ATOW  ceT4aTol  CTPYKTYpbl HaXOAMTCA
HU3KOMOJIEKYJISIPHAS 5KUIKOCTb.

CryneHb MOXKHO MOJYyYUTh NMPU OTPAaHUUYEHHOM HAaOyXaHMM MOJUMEpPa B PaCTBOPUTENE WIIU
MoTepe TEKy4ecTH pacTBopa nomumepa. OCHOBHBIM YCIIOBHEM OOpa3oBaHMs CTYAHS M3 pacTBOpa
SBJIIETCSL OTPAaHUYEHHAs! PAaCTBOPUMOCTD MOJIMMEPA B PACTBOPUTEIIE.

®akTOophl, BAUSIOLIUE HA CTyJHEOOpA30BaHUE:

a) IOHIKEHUE TEMIEPaTyphbl CIOCOOCTBYET CHUKEHHUIO PACTBOPUMOCTH, IIEPEXO PacTBopa B
CTYJIEHb OCYILIECTBIIICTCS] HEMPEPHIBHO U HE XapaKTEPU3YETCs ONPEEICHHON TeMIepaTypoi;

0) 3acTylHEeBaHHE HAYMHAETCS MpPHU ONpPEACICHHON KPUTHYECKOW KOHIEHTpPALUUU MJIs
CHUCTEMBI, TIPU KOHILIEHTPAIUU HUKE KPUTUUECKOU CTyACHb HE 00pa3yercs;

B) 3aCTyJHEBaHUE JIyullle MpoTeKaeT npu pH, OIU3KUX K U302JIEKTPUIECKON TOUKE.

Cunepesuc — OTHEIIEHUE W3 CTYIHSA JKUJIKOCTH, COINPOBOXJAAEMOE YMEHBIIEHUEM €ro
pa3MepoB MPHU COXPaHEHUU (POPMBI.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

1 Cucremarusupyiite M 0000IIMTE 3HAHUS IO TEME, 3aKOHCHEKTHPOBaB B OTYET IIO
nabopaTopHOil paboTe KpaTKue TEOPETUIECKUE CBEICHHUSL.

2 BBINOTHATE IPAKTUYECKYIO YacTh PabOTHI.

3 Ortmerpre HaOIIONEHMS, 3aroHUTE TabiMIly, MmocTpoiite rpaduk, chopMmyIupyite u
3aIMIIATE B OTYET OTBETHI HA BOIPOCHI 110 KAXKOMY OIIBITY.

4 Odopmute oT4eT, cCHOopMYIUPYITE OOIITHE BBIBOIBI O MPOACIaHHON padoTe.

Xoa pa0doThI:

Onvim Ne 1. Onpedenenue cmenenu HAOYXanus dcelamuna u enusnue Ha nee pH cpeowi

HOpﬂ)IOK BbIITOJTHCHHUA OIIBITA:

1. OtrpaayupyiiTe mo BbICOTE YETHIPE MPOOUPKU M BHECUTE B HUX HEOOJBIIOE OJUHAKOBOE
KOJIMYECTBO CYXOro jenaTuHa hy.

2. B nepByto npoOupky Hazeite 5 mir. pactBopa comstHoii (HCI) kucimoTsl ¢ KoHIeHTpamnuei
0,1 monb/1; Bo BTOpYIO — 5 MiL. pactBopa mmenoun (KOH) ¢ konnentpauueit 0,1 Monb/ JI; B TpEThIO
— 5 MJ1 IUCTWIITMpPOBaHHON BoAbl; B ueTBepTyro — 0,001 mu pacteopa HCI.

3. Conepxxumoe mpoOUpOK mepemeniaiite u ocraBbTe HaOyxaTh Ha 1 wac. Ilepmonmuecku
IIepEMENINBANTE PACTBOPHI.

4. Tlo ucTeyeHUH 4aca U3MephTE BBHICOTY CJIOSI HAOYXILIETO JKeJaTHHA B Kaxk 101 mpobupke h2.

5. Pe3ynbrarhl onpiTa 3aMUIIATE B TAOTHUILY.

6. PaccumraiiTe creneHb HaOyXaHUs JKeJNaTHHA B KaX 101 npobupke mo dopme:

ho_
=2 M g9
Ne Bricota Konmentparus pH Bricora cnosy Crernenb
CcIIost H*
[IPOOUPKY, JKeJIaTuHa, | Ha0yXaHus
poonp JKeJIaTuHa, ’ yX ’
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(hy) Mous/n (h2) (or)
cM cM %
1 10™ 1
2 107" 13
3 10” 7
4 107 3

7. O0bsacuure BiusHue pH cpenpl Ha creneHb HaOyxanus. [Ipm kakom 3Hauenmn pH
HabmrogaeTcs camasi OoJIbIIIast CTeTeHb HA0yXaHus OETIKOB?

Onwvim Ne 2. Onpedenenue 61usiHus KOHYEeHMpayuu noaumepa Ha
CKOpOCmb CmyOHeobpa308aHus
IMopsiiok BHINOJIHEHNS ONIBITA:

1. B Tpu oTrpaayupoBaHHble IPOOUPKH HACKINBTE Pa3HOE KOJIMUECTBO KEJIATHHA IO BBICOTE
0,25 cm, 0,5 cm, 0,75 cm. Haneiite Bo Bce mpoOHpKH 10 S5 MJI IUCTWIIMPOBAHHON BOJIBI U OCTaBbTE
HaOyxatb Ha 20-30 MUHYT.

2. HarpeiiTe mpoOUpKHU B KUIISIIEH BOASHON OaHe 70 TIOJHOTO paCTBOPEHUS JKEIaTHHA.

3. TIpoGupku B36oNTAliTE M OCTaBbTE OXJAXAATHCS B TepMocTat 10 —10°C.

4. OTmeThTe BpeMs OT MOMEHTA Hayajga OXJIAXACHHUS 10 0Opa3oBaHUsS CTYAHS B KaXIOU
poOUpKe — BpeMs 3aCTyHEBAHUS.

[Ipumeuanue: npouecc 3aCTyAHEBaHMs CYMTAETCS 3aKOHUYEHHBIM, €CIIM PacTBOP JXKEJIaTUHA HE

BBUIMBAETCS IIPU MEPEBOPAUMBAHUM ITPOOUPKH.

5. PesynbTarel onbiTa 3aMIINTE B TAOJINILY.

No | Konuentpanun Bpewms Cropocts Mexanuye
= 3aCTy/IHEBAH
npoGup A 3aCTyJHEBaH s CKHE
JKelnaTuHa us _ CBOMCTBA
KH o v=1/1,
(%), 06 (t), Mmun O CTYIHS
1 0,25
2 0,50
3 0,75

6.ITocTpoiiTe rpaduK 3aBUCHMOCTH CKOPOCTH HAOyXaHHs OT KOHIICHTpAIlUU JKeJIaTHHA B
00BEMHBIX TPOIICHTAX, CAEIATEe BBIBO/I.
ChopmymnupyiiTe oO1ye BEIBOIBI 1O JIAOOPATOPHOU padoTe.

®opma mnpeacTraBieHUusl pe3yabTaTa: OTYET O IMPOJAETaHHON paboTe, 3amOJHEHHBIE
Ta0JINLIbI, TOCTPOCHHBIN IpapuK, BHIBOIBI.
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Kpurtepun onenkmn:
3a KaX bl MPaBWILHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.

Tema 5.2. KayecTBeHHbBIIT aHAIU3 KaTHOHOB. KauecTBeHHBIN aHAJIN3 AHMOHOB
JlabGoparopHasi padora Ne 10
KauecrBennbie peakuuu katuoHosB |, 11, 111 rpynnsi

Leas padoTbl: HAYYUTHCS TPOBOAMTH KAYECTBEHHBIC PEAKIMKA OOHAPY)KEHUS OCHOBHBIX

KaTHuOHOB.
Boinoainus padorty, Bel Oynere:

ymemy:
— IIPOBOJIUTH KaueCTBEHHbIE peakuu oOHapyxeHust ocHOoBHbIX kaThoHOB |, 11, 111, 1V, V u VI

AHAJIMTUYCCKUX T'PYIIIL;
— COCTaBJIATh CXCMBI ypaBHeHHfI Ka4CCTBCHHBIX pCaKHI/Iﬁ 06Hapy>KeHI/I$I OCHOBHBIX KaTHOHOB.

MaTepnaﬂbnoe odecneyeHue:

[lepuonnueckass  cucrema  XuMmMHueckux  anemeHTtoB [ V1. MenneneeBa,  Tabiuia
PacTBOPUMOCTH.

OOGopy/ioBaHME M PEaKTHBBI: MPOOUPKH, MATOYKH, MUIETKH, BOPOHKH, (UIBTPOBAIbHAs
Oymara, uneHTpudyra, OdJIEKTPOIUINTKA, BOJsAHAs OaHs, pEaKTUBHBIM IUTaTUB ¢ HabOpoM
HEOOXOAMMBIX KUCIIOT, IIeJI0UeH, coliell, peareHToB, HHAUKATOPOB.

3apanmue:
O6mnapyxenue karuonos |, 11, 111, IV, V u VI ananutuyeckux rpymr.
Kparkue TeopeTtudeckne cBeleHUs:

AHnanumuueckue npusHaxu ewjecmes U aHaIumudecKue Xumuyeckue peakyuu

[Ipu mpoBeneHNN KauyeCTBEHHOI'O0 U KOJIMYECTBEHHOI'O aHAM3a MCHOJIb3YIOT aHAIMTHUYECKUE
MPU3HAKHK BEIIECTB U aHATUTHYECKUE PEAKITUH.

Ananumuyeckue npusHaku — O5TO XUMUYECKHUE WIW (U3MUECKHUE CBOICTBa, KOTOpHIE
MTO3BOJISIIOT OOHAPYKUTh BEIMIECTBO WJIM OIPEACIHUTHh €ro KOJU4ecTBO. K HHUM OTHOCSTCS IIBET,
3amax, CHOCOOHOCTH BEIIECTBa OOpPa30BHIBATH OKpPAIIEHHBIE U MaJOpPACTBOPUMBIC COEAMHEHUS,
ra3bl IPH B3aWMOJICHCTBUH C OTPEICTICHHBIMY peareHTamMu | T. .

Ananumuyeckas xumudeckas peaxyusi (AXP) — 93TO peakiusi, COMPOBOKIAIOIIASICS
QHATUTUYECKUM TIPU3HAKOM, TIO KOTOPOMY MOXHO CYAWTh O HAJMYMH B TPoOe KaKoro-imbo
KOMITOHEHTa. B KauecTBe aHAIUTUYECKUX PEaKIIUi Yallle BCero UCMOIb3YIOT peakiuu 00pa3oBaHUs
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OKpAIIIEHHBIX COEIMHEHH, BbIIEIICHUE WIIM PACTBOPEHHUE OCAIKOB, BBIACICHHE ra30B, 00pa3oBaHue
KPHUCTAJJIOB XapaKTEePHOU (POPMBI, OKpaIlIMBaHUE MJIAMEHHU Ia30BOM FOPEIIKH.

B kauecmeennom xumuueckom amanuze 015 pazoeneHusi u OOHAPYIHCEHUs UOHO8 WUPOKO
UCNONBL3YIOMCA  XUMUYECKUe peakyuu 6cex munos, npomekawowue 6 pacmeopax: peaxkyuu
ocadicoenus u KOMNJIeKCO000pa306anus, KUCTIOMHO-0CHOBHbLE u OKUCTUMENLHO-
80CcCMaHoBUMENbHbIE.

Peakium ocakaeHHsT OYEHb YacTO NPUMEHSIOT Il OOHApYKEHHS pPAa3IUYHBIX HOHOB.
OOpa3oBaHue OCaJKOB — 3TO OAMH W3 OCHOBHBIX AHAIUTUYECKUX FPPEKTOB, UMEHHO IO3TOMY
GONBIIMHCTBO KAYECTBEHHBIX PEAKIMI ABISCTCSA peakiusaMu ocaxaenns. Hanpumep, nons Ba®* —
10 BBINAJEHUIO KEJITOro MeJIKOKpHcTaminieckoro ocagka BaCrO,:

2Ba?* + Cr,07% + H,0 = 2BaCrO,| + 2H".

BaxHylo posib UIrparoT peakluu OCaKICHUS W NpU pazdeneHuu WOHOB. JleHCTBUTENBHO,
OCHOBa 1000 aHATUTHYECKOW KIACCU(PHUKAIIMM — OSTO OCAAUTEIBHOE JACUCTBUE PA3IUUYHBIX
pEareHTOB Ha ONpE/IeJICHHbIE IPYIIIbl HOHOB.

KucnoTHO-0CHOBHBIE peakuu TaKKe MOKHO MCIOJIb30BaTh Il OOHAPYHCeHUss N pa30eleHUs
MOHOB, XOTSI C 3TOW LIEJIbI0 OHM IPUMEHSIOTCS peXe, YeM peakuuu ocaxiaeHus. Hampumep, ans
obnapysxkenus nona NH;" cymecTByeT cremududeckas KUCIOTHO-OCHOBHAS PEAKIIUSL:

NH4+ + OH = NHst + H,0.

Cyl1ecTByeT 3HaUUTENbHOE KOJIMYECTBO OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX peakuuii (OBP),
KOTOpBIC YCIIGNIHO MPUMEHSIOTCS Ui oOHapyxkeHnss noHoB. Hampumep, womsr Cr®* wacto
OKHCIISIIOT 10 XpOMAaT-HoHOB CrO4>, 9TO PHBOIKT K TOSIBICHHIO XKE/ITOH OKPACKH.

B03MOHOCTh MCNONB30BaHUS PEAKLUUH KOMILIEKCOOOpPa30BaHUS B KaYECTBEHHOM aHAJIU3e
00yCIIOBJIEHa BO3HUKHOBEHHUEM W MHTCHCHUBHOCTBIO aHATUTUYECKHX 3(PQEKTOB, a Takxke OOJIBIION
M30MPaTENbHOCTBIO peakiuii 3Toro tumna. KoMiuiekcHble coenHeHusl 001aJatoT psiioM CBOWCTB,
[EHHBIX Il XUMHUKa-aHAIUTHKA!

— MOHBI LEHTPAJILHOTO aTOMa M JIMTaHJOB, HaXOJsCh B COCTaBE KOMIUIEKCA, MPAKTUYECKU
OTCYTCTBYIOT B pacTBOp€ B CBOOOJHOM BHJE, MOITOMY MX HE BCErja yJaercs OOHapyX HUTb. JTO
CBOMCTBO ILIMPOKO HCIOIB3YETC Il pazoenenus W Mmackupoeauus WOHOB. Hampumep, npu
OoOHapyKEeHUH HOHOB Mn?* B BHC MaJIHHOBO-P030Boro coeaunenus H[Mn(C,0,);] uons Fe™',
MEIAIoIMe CBOEH OKpacKoH, Jerko MackupyroTcs ¢Topua-uoHamu F 3a cuer obOpa3oBaHus
6ecrBerHoro kommiekca [FeFg]®

Fe** + 6F = [FeFq]*.

3a cuer 0Opa3oBaHMsI THIAPOKCOKOMIUIEKCOB M3 aM(OTEpHBIX THUAPOKCUAOB KaTHOHOB III
aHAJTMTUYECKOMN TPYIIIIBI

Cr(OH)3| +30H = [Cr(OH)e]*,

Zn(OH),| + 20H = [Zn(OH)4]*,

AI(OH)3| + 30H = [AI(OH)e]*

yaaeTcsa JIErKO pa3leduTh CMECh THUIPOKCHIOB JUISI IPOBEAEHUS IOCIEAYIOIIEro
oOHapyKeHHsI KAaTHOHOB B OCaJIKe U B (pUIIbTpATeE.

— KOMIUIEKCHBIE COEIMHEHHsI 4YacTo OO0JIaZal0T XapaKTepHBIMH OKPAacKaMU WM MaJloi
PACTBOPHMOCTEIO, HA 4eM OCHOBaHBI MHOTHE DEaKIuu obuapyxcenus. Hampumep, monsr NH,
00pa3yloT ¢ peakTuBoM Hecciepa HepacTBOpHMOE KOMIUIEKCHOE COeJMHEHHE Oyporo IBeTa:

NH4" + 2[Hgls]* + 40H™ = [NH,Hg,O]1} + 7I" + 3H,0.

[Tpumenss cneuuduyeckre M BBICOKOCEIEKTUBHBIE PEAKIIMM MOXKHO OOHApYXHBAaTh HOHBI
TaKk Ha3bIBAEMBbIM OpPOOHLIM MemoOoM, TO €CTb HENOCPEJACTBEHHO B OTIEIbHBIX MOPLULX
HCCIIEIyeMOI'0 pacTBOpa HE3aBUCUMO OT COJIEpXKaHHMsS B HEM JPYrMX HMOHOB. B 3TOM ciyuae He
UMeeT 3HAYCHUS TIOPSIIOK OOHAPY)KEHHUS OTACTHHBIX KOMIIOHEHTOB CMECH.

[Tp1 HEBO3MOXKHOCTHU OTIpEIENIEHUs] MIOHOB APOOHBIM METOJIOM (OTCYTCTBHE CHEIM(PUUECKUX
peakuuii) pa3pabaThIBalOT OIpPENEICHHYI0 IOCIEA0BATEIbHOCTh PEAKIMM, MPEICTaBIISIONIYIO

125



co0Ol cucTeMaTH4YeCKU XOJa aHaiau3a. B 3ToMm ciydae K OOHapyXEHHIO KakJ0ro HOHa
IPUCTYNAIOT IIOCIE TOro, KakK BCE JpYrHe MEIIAIONMEe €ro ONpPEeAETICHUI0O HOHBl OyayT
IpPEeABAPUTENILHO yJaJeHbl U3 pacTBopa. Takum o0pa3oM, IpHU CHCTEMATHYECKOM XOJ€ aHalIu3a
HapsAy C peakUusMH OOHapy)KEHUs OTIEJbHBIX MOHOB IPUOETaoT TAKKe K peakUUsM OTAEICHUs
UX JPYT OT ApyTra, UCIOJIb3Ys PA3IMYMsl B PACTBOPUMOCTH COCIUHEHUN pa3IesieMbIX HOHOB.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

1 Cucremarusupyiite W 0000IUTE 3HAHWS [0 TEME, 3aKOHCIEKTUPOBAB B OTYET IIO
nabopaTopHOil paboTe KpaTKhe TEOPETUICCKUE CBEICHHUS.

2 BpInoysHUTE TPAKTHYECKYIO 9acTh PaOOTHI.

3 OrMmerbTe HAONIOICHHWS, COCTaBbTEC YpPaBHEHHS IPOBEICHHBIX PEAKIMid OOHapYKEHUS
KaTHOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOMN paboTe.

Xox pabdoThI:

Onvim Ne 1. Buinonuenue peaxyuil o6napyicenus kamuona Ag ™

K HeckolbKMM KarjisiM pacTBOpa COJIM HUTpaTa cepedpa, MOMEIICHHBIX B JBE MPOOUPKH,
MIPUINTH B OJIHY pacTBop coiisinoi kucinotel HC1, a B npyryro — pactBop xpomara kanusi KoCrO,. B
nepBoi mpoOupke HabIromaiiTe oOpazoBaHue OEIOr0 TBOPOKUCTOTO, & BO BTOPOW — KHPIUYHO-
KpacHoro ocajika. CocTaBbTe ypaBHEHUS MPOACTAHHBIX PEAKIIUM.

Onvim Ne 2. Beinonnenue peakyuu 0OHApy#CeHUss KAMuoHa PH**

K 4-5 xammsam pactBopa coau cBuHiia Pb(NOjs); mob6aBeTe 4-5 Kamenb HOAMIA Kalus.
HaGmonaiite oOpa3oBanue sxentoro ocaaka Pbl,. CocTaBbTe ypaBHEHUE peakiu.

Ilpumeuanue: ecayv MOTYYESHHBIH 0CaJI0K OTAEINUTh, IPU KUISTYEHUH PACTBOPUTH B YKCYCHOM
kuciore CH3COOH, to mpu wMmemneHHOM oxjiaxkaeHuu Pbl, Beimager B BHIe 3070THCTHIX
KpPHUCTaJIOB-YEIIyeK.

Onvim Ne 3. Boinonnenue peakyuii 00OHApy#ceHUss KAMuoHa Ba*

B nBe mpoOupku Haneiite mo 4-5 kamens pactBopa conu Oapusi (BaCl, win Ba(NOs),). B
OJIHY MPOOUPKY 100aBbTE HECKOIBKO Kamesb pactBopa Na,SO, mimn HpSO4, a B Apyryro — pacTBopa
xpomara kanusi KoCrOs. B nepBoii nmpobupke HabmogaiiTe BelnageHne 0enoro KpucTauinyeckoro
ocazika, a BO BTopoi — xkentoro ocaaka BaCrO,4. CocTaBbTe ypaBHEHHUS IPOICTAHHBIX PEAKITHA.

Onwim Ne 4. Boinonnenue peaxyuu o6napyascenus kamuona Ca’"

B mnpobupky Haneiite 4-5 kamenb pactBopa comu CaCly, 1006aBbTe HECKONBKO Karielb
okcamata ammonusi (NH,).C,04. HabGmiomaiite o6pa3oBanue Oenoro ocaaka CaCy0y,
HepacTBopumoro B otinuuue oT BaC,04 B ykcycHoit kucnore CH3COOH. CocraBbTe ypaBHEHHE
peakiuu oOHapy>KEHHS.

Onvim Ne 5. Beinonnenue peakyuu 0OHApy#ceHUss KAMUOHa APt

Ha monocky ¢unbrpoBaHHO# Oymarn Hanecute | karutto pactBopa comu amomunus (AlCl;
win Aly(SOy)3), TOMECTUTE 3TO MATHO HAJ CKISHKON ¢ KOHIIEHTPHUPOBAHHBIM PACTBOPOM aMMHaKa
(NH;OH) na 1-2mun. Hanecute 1 Kamumo CIUpTOBOTO PacTBOpa ajiM3apHHA WM ATIOMHHOHA.
OcToposxHO MoACYmHTe OymMary u HaOIro1aiTe MosIBIIEHHE KPACHOTO TISITHA.

Onwim Ne 6. Boinoanenue peaxyuu obrapyscenus kamuona Zn**

K 1-2 xamussm pactBopa conm nmHKa (ZnSO4) mpubaseTe 1 M1 arieratHON OydepHO# cmecH,
2-3 xarum | H pactBopa THocynbdara HaTpus u 1 M pacTBopa auTu3oHa. Habmiomaiite
o0pa3zoBaHe MATMHOBO-KPACHOTO PACcTBOPA KOMILIEKCHOM COJIH.

Onwvim Ne 7. Boinonnenue peaxyuu obrapysicenus kamuona Fe
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K 2-3 xaruisM pactsopa comu Fe”* (manpumep, FeSO4) mpu6assre 1-2 kammu pacteopa HCl n
1-2 xarum rexcanmanodeppara (1) xkammust Ks[Fe(CNg)]. Habnronaiite oOpa3zoBaHue TEMHO-CHHETO
ocajka TypHOyneBoit cuau. COCTaBbTE ypaBHEHUE PEAKIHH.

Onvim Ne 8. Boinoanenue peaxyuti oonapyaicenus F e

B nBe mpoOupKku HalelTe MO HECKOJIBKO Kamelb COJIH Fe®* (manmpumep, FeCls), 3aTem B oqHy
nmpoOUpKy 100aBbTE HECKOJIBKO Karellb pacTtBopa ponmanuna ammonumss NH4CNS, a B apyryro
npobupky — 1-2 kammm pactBopa HCl m 1-2 kamnm pactBopa rexcanmanodeppura (1) xamms
K4[Fe(CN)¢]. Habaromaiite B mepBoii mpoOupke oOpa3oBaHHe KPOBaBO-KPACHOTO OKPAIMBAHHUS, a
BO BTOPOI — cuHUI ocanok OepianHcko# nazypu. CocTaBbTe ypaBHEHHUS NPOBEICHHBIX PEAKIIHHA.

Onvim Ne 9. Beinonnenue peaxyuu obnapyscenus kamuona Cu"

K HeckonmpkuMm KamisiM pactBopa coiu Mmeau (Hampumep, CuSO4) mpuimBaiiTe mo Karisim
pactBop ammuaka NH,OH no mosBienus roixy6oro ocaaka CU(OH); u nansime u36srok NH,OH
10 o0pa3oBaHMsS pPACTBOpa KpacwBOro cuHe-(uoneroBoro mpera. CoCTaBbTE€ YpPaBHEHHUS JIBYX
MIPOTEKAIOIINX PEaKLUi.

Onwim Ne 10. Boinonnenue peaxyuu obuapysicenus kamuona NHy"

a) B mpoOupky Haneite 2-3 kammm pactBopa coiau aMmmoHus (NH4Cl wiu (NH4),SOy),
nobasbTe 4-5 Kamenb peaktuBa Heccnepa, HabmogaiiTe o0pazoBaHne KpacHO-Oyporo ocajxa.

0) Ha yacoBoe cTekJo Wiu B GapdopoByr0 yalieuky HajelTe HECKOJIbKO Kalelb pacTBopa
comu NH4", npuseiite 4-5 xanens pactBopa NaOH 1 6BICTPO HAKpOITE CTEKIOM C HPUKIEEHHOI C
BHYTpEHHEH CTOPOHBI CMOYEHHON JAMCTUJUIMPOBAHHON BOJOM HMHIUKATOPHON OyMasKKOM.
[TomorpeiiTe peakIMOHHYIO CMECh, MHAMKATOpHAs OyMaXKKka JOJDKHA M3MEHHTH I[BET: JIAKMYCOBAsI
WM YHUBEpCcaibHas MOCUHETh, PeHOIPTATIENHOBAS — TOKPACHETb.

OOmpsicHUTE, TMOYEMY MEHSETCS LBET WHIMKATOPHOW OyMaKKH, COCTaBbTE€ YpaBHEHUS
MPOTEKAIOIINX PEaKLU.

Onvim Ne 11. Boinonunenue peaxyuu obuapyscenus K-

K HeckoNbKMM KamasaM pacTBopa copepxkamero K' (cpema nomkHa GBITh HeHTpambHas),
npubaBbTe HECKOJBKO Kamellb pacTBopa rekcanutpo-kobamstata (I11) mHarpus Naz[Co(NO2)g],
NOTPUTE MaJTOYKONH O CTeHKH Npobupku. Halmronaiite oOpasoBanue xenroro ocanka. CoctaBbTe
ypaBHEHHE PEAKIIHH.

Onwim Ne 12. Boinonnenue peaxyuu obnapyscenust Na*

K HeckoNBKMM KaIlIsM pacTBopa, cozepxkamero Na' (cpema DOmkHa ObITH HEHTpambHOI),
n00aBbTE HECKOJIBKO Kalenb pacTBopa auruapoantuMonara kaimus KHpSbO,. HaGmronaiite
oOpa3oBaHue 0€I0ro MEJIKOKpUCTaNInYeckoro ocasika. CocTaBbTe ypaBHEHUE PEaKIIUU.

Cnenaiite BbIBOJ 110 1TaOOpaTOPHOI padoTe.

dopma npeJcTaBJieHUs pPe3yabTaTa: OTYET O MPOJENaHHON paboTe, COCTaBIEHHBIE CXEMBbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIMM, BBIBOIBI.

Kpurepum ouenku:

3a Kax[Iblid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () O6asUIoB.
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Tema 5.2. KauecTBeHHBIN aHAJIN3 KATHOHOB. KauecTBeHHLIM aHAJIN3 aHHOHOB
JlabGoparopHnasi padora Ne 11
KauecTBenHble peakiuu katuonos 1V, V, VI rpynnsl

Leas paGoTbl: HAyYUTHCS NMPOBOAMTH KAYECTBEHHBIC PEAKIIMH OOHAPYKEHUS OCHOBHBIX
KaTHUOHOB.

Beinosinus patdory, Bel Oyaere:

ymems.
— IPOBOJIUTH KAUECTBEHHBIC PEaKIIuu OOHapykeHust ocHOBHBIX kKaTroHoB |, 11, 111, 1V, V u VI
AHATUTUYECKUX TPYIIIT;
— COCTAaBJISITh CXEMbI YPAaBHEHUH KaYECTBEHHBIX PEaKIMil OOHAPYKEHUS OCHOBHBIX KATHOHOB.

MaTtepuajbHoe o0ecneyeHue:

[lepuonnueckas  cucremMa  xumuueckux  anemeHtoB [l 1. MenneneeBa,  Tabiuna
PacTBOPUMOCTH.

OO6opy/ioBaHME M pEaKTHBbI: MPOOUPKH, NAJIOYKU, MUIETKH, BOPOHKH, (UIBTPOBAIbHAs
Oymara, meHTpudyra, O>IEKTPOIUINTKA, BOIsHAs OaHsA, pPEAKTUBHBIA INTAaTUB C HAOOpOM
HEOO0XOAUMBIX KUCIIOT, IIeJI0UeH, coliell, peareHToB, HHAUKATOPOB.

3apanmue:
O6mnapyxenue karuonos |, 11, 111, IV, V u VI ananutnyeckux rpymr.
Kparkue Teoperudeckne cBeieHUs:

AHanumuyeckue npusHaKu 8ewecmes U AHaIUmMuyecKue XUumMuiecKue peaxyuu

[Ipu mpoBeneHNN KauyeCTBEHHOI'O U KOJMYECTBEHHOI'O aHAM3a MCHOJb3YIOT aHAIUTUYECKUE
MPU3HAKHU BEUIECTB U aHATUTHYECKUE PEAKIUH.

Ananumuyeckue npusHaku — O3TO XUMHUYECKHE WU (U3MUECKHUE CBOICTBa, KOTOpHIE
MO3BOJISIIOT OOHAPYKUTh BEIIECTBO WJIM OMPEACNIUTHh €ro KOJIM4ecTBO. K HHUM OTHOCSITCS IIBET,
3amax, CHOCOOHOCTH BEIIeCTBa OOpa3OBHIBATH OKpAIlIEHHbIE U MaJOpPaCTBOPUMBIE COEAUHEHUS,
ra3bl P B3aUMOJICHCTBUU C OTPEICTICHHBIMH peareHTamMu | T. 1.

Ananumuyeckas xumuveckas peaxyusi (AXP) — 93T0O peakiusi, COMPOBOKIAIOIIASICS
QHATUTUYECKUM TIPU3HAKOM, TIO KOTOPOMY MOJKHO CYIUTh O HAJIMYUA B TIPOOE KaKOro-imbo
KOMITOHEHTa. B KkauecTBe aHAIUTUYECKUX PEaKIIUi Yalle BCero UCMOb3YIOT peakiuu 00pa3oBaHuUs
OKpAIICHHBIX COCTMHEHUH, BBIICICHUE WM PACTBOPEHUE OCAIKOB, BBIICIICHHE Ta30B, 00pa30BaHME
KPUCTAIIJIOB XapaKTepHOU (POpMBI, OKpallTMBaHUE IJITAMEHH Ta30BOI TOPEIKH.

B kauecmeennom xumuueckom amanuse ONsi pazoenenusi U OOHAPYI’CeHUs UOHO8 WUPOKO
UCRONL3YIOMCS  XUMUYECKUEe peakyuu 6cex munos, HnpomeKkamowue 6 pacmeopax. peaxkyuu
ocavicoenus u KOMNIEeKCo0000pa3o6anusl, KUCTOMHO-OCHOBHbLE u OKUCTIUMENIbHO-
80CCIMAHOBUMENbHDIE.

Peakiun ocaxneHuwss O4YeHb YacTO MPUMEHSIOT JUIsi OOHApYXKEHUS pa3IWYHBIX HOHOB.
OOpazoBaHue OCaJKOB — ATO OJIMH M3 OCHOBHBIX QHAIUTHUYECKHX 3(PPEKTOB, UMEHHO MOITOMY
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GONBIIMHCTBO KAYECTBEHHBIX PEAKIMI ABISCTCSA PeakIusaMu ocaxaenns. Hanpumep, nons Ba®* —
T10 BBIMTAJICHUIO JKEJITOr0 MEJIKOKpUCTaIIInueckoro ocagka BaCrOy:

2Ba?* + Cr,07% + H,0 = 2BaCrO,| + 2H".

BaxHylo posib UIrparoT peakluu OCaKICHUS U NpU pazdeneHuu WOHOB. JleHCTBUTENBHO,
OCHOBa 1000 aHATUTHYECKOW KIACCU(PHUKAIMM — OSTO OCAAUTEIBHOE JACUCTBUE PA3IMUYHBIX
pEeareHTOB Ha ONpPEIEeTICHHbIE IPYIIITbl HOHOB.

KuCcI0THO-OCHOBHBIE PEaKIMK TAaKKE MOKHO UCIIONB30BATh ISl 0OHAPYHCeHUs U pazoeseHus
HOHOB, XOTSI C 3TOW LIEJIbI0 OHM IPUMEHSIOTCS peXe, YeM peakuuu ocaxiaeHus. Hampumep, ans
obnapysxkenus nona NH;" cymiecTByeT creluduyeckas KHCIOTHO-OCHOBHAS PEaKIUs:

NH;" + OH = NH3?1 + H,0.

Cy1iecTByeT 3HaYUTEIHHOE KOJMYECTBO OKUCIUTEIbHO-BOCCTAHOBUTENbHBIX peakiuii (OBP),
KOTOpBIC YCIIGIIHO MPUMEHSIOTCS Ui oOHapyxkeHns moHoB. Harmpumep, momsr Cr®* wacto
OKHCIISIIOT 10 XpoMaT-HoHOB CrO4>, 94TO MPHBOIHT K TOSBICHHIO XKETON OKPACK.

B03MOKHOCTh MCNONB30BaHUS PEAKLUUH KOMILIEKCOOOPa30BaHUS B KaYeCTBEHHOM aHAJIU3€
00yCIIOBJIEHa BO3HUKHOBEHHUEM W MHTCHCHUBHOCTBHIO aHATHTUYECKHX 3(PQEKTOB, a Takxke OOJBIION
M30MPaTEeNbHOCTRIO peakiuii 3Toro tumna. KoMIiekcHble coeAMHEHUs! 00Ja/aloT psiioM CBOMCTB,
LEHHBIX JJIs1 XUMHUKa-aHAIUTHKA!

— MOHBI LEHTPAJILHOTO aTOMa M JIMTaHJOB, HaXOJsCh B COCTaBe KOMIUIEKCA, MPAKTHYECKU
OTCYTCTBYIOT B PacTBOpE B CBOOOJHOM BHJIE, IIOITOMY MX HE BCET/Ia yJaeTcsi OOHAPYXKHUTh. DTO
CBOMCTBO ILIMPOKO HCIOJIB3YETCA I pazoenenus W mackupoeauus WOHOB. Hampumep, npu
OOHapy>KEHHH HOHOB Mn?* B BHC MalMHOBO-po30Boro coeaunerus H[Mn(C204);] uoHBI Fe*,
MEILAIoNIMe CBOEH OKpacKoH, Jerko MackupyroTcs ¢rtopuia-uoHamu F 3a cuer oOpazoBaHus
6ecrBernoro kommiekca [FeFg]®

Fe** + 6F = [FeFq]*.

3a cyer 00pa3oBaHUS THUAPOKCOKOMIUIEKCOB M3 aM(OTEPHBIX THIPOKCHAOB KaTHOHOB III
AQHAJTMTUYECKOMN TPYIIIIbI

Cr(OH)3| +30H = [Cr(OH)e]*,

Zn(OH),| + 20H = [Zn(OH).]*,

AI(OH)3| + 30H = [AI(OH)e]*

yaaeTcsa JIErKO pa3ieiduTh CMECh THUIPOKCHIOB JUISL MPOBEAEHUS IOCIEAYIOIIEro
oOHapyXeHHsI KATHOHOB B OCaJKE U B (UIIbTpATE.

— KOMIUIEKCHBIE COEIMHEHHsI 4YacTo OO0JIaZlal0T XapaKTepHBIMH OKPAacKaMU WM MaJloi
PACTBOPHMOCTEIO, HA 4eM OCHOBaHbI MHOTHE DeaKIuu obuapyxcenus. Hanmpumep, mons: NH,
00pa3yloT ¢ peakTuBoM Hecciepa HepacTBOpHMMOE KOMIUIEKCHOE COeJTMHEHHE Oyporo 1BeTa:

NH4" + 2[Hgls]* + 40H™ = [NH,Hg,O]1} + 7" + 3H,0.

[Tpumenss cneuuduyeckre M BBICOKOCEIIEKTUBHBIE PEAKIIMM MOXKHO OOHApYyXHBaTh HOHBI
TaKk Ha3bIBAEMbIM OpPOOHLIM MemoOoM, TO €CTb HENOCPEACTBEHHO B OTJIENbHBIX MOPLUAX
HCCIIEIyeMOI0 pacTBOpa HE3aBUCUMO OT COJEP’KaHHs B HEM JPYrMX HOHOB. B 3ToM ciyuae He
MMeeT 3HAUYEHUS MOPSAI0K OOHAPYKEHHUS OT/IEIbHBIX KOMIIOHEHTOB CMECH.

[Ip1 HEBO3MOXKHOCTHU OTIpEIEIEHUS] MOHOB APOOHBIM METOJIOM (OTCYTCTBHE CHEIM(PUUECKUX
peakuuii) pa3pabaThIBalOT OIpPEAEICHHYI0 MOCIEA0BATENbHOCTh PEaKIHi, NpeacTaBISIONIYIO
coOOi cucTeMaTHUYeCKU XOJa aHainu3a. B 3ToMm ciydae K OOHapyXEHHIO KakJ0oro HOHa
MPUCTYNAIOT TMOCie TOro, Kak BCE JApyrue MeELIAlolIe €ero ONpeAeNeHUI0 HOHBl OyayT
NpeBapUTENIbHO YAAJIeHbl U3 pacTBopa. TakuM oOpa3oM, IMpU CHUCTEMATHUECKOM XOJIe aHaju3a
Hapsily C peakuusMU OOHapYKEHHS OTIEJIbHBIX MOHOB MPHUOETAIOT TaKkKe K PeaklHsM OTAEICHUS
UX JPYT OT JIpYra, UCIOJIb3Ys pa3INyus B paCTBOPUMOCTH COEAMHEHUH pa3aesieMbIX HOHOB.

Ilopsinok BbINOJHEHHSI padOThHI:
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1 Cucremarusupyiite W 0000IUTE 3HAHHWS IO TEMe, 3aKOHCIEKTHPOBAB B OTYET 10
nabopaTopHO paboTe KpaTKHE TEOPETHIECCKUE CBECHUS.

2 BpINoiHUTE TPAKTHYECKYIO 9acTh PaOOTHI.

3 OrMmeTbTe HAONIOICHHWS, COCTaBbTEC YpPaBHEHHS IPOBEICHHBIX PEAKIMA OOHApYKEHUS
KAaTHOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHON paboTe.

Xox padoThI:

Onvim Ne 1. Bvinonnenue peaxyuti obnapysicenus kamuona Ag™

K HeckonpkuM KaruisiM pacTBOpa COJIM HUTpaTa cepedpa, MOMELIEHHBIX B JIB€ MPOOUPKH,
IIPWINTH B OJIHY pacTBop coiisiHoi kuciotsl HC1, a B 1pyryto — pactBop xpomara kanus Ko,CrO,. B
nepBoi nmpoOupke HabIrOAaiiTe oOpazoBaHue OEIOro TBOPOKUCTOTO, & BO BTOPOM — KUPIUYHO-
KpacHOTOo ocanika. CocTaBbTe ypaBHEHHS MMPOJICIaHHBIX PEAKIINN.

Onwim Ne 2. Boinoanenue peaxyuu obnapysicenus kamuona Pb**

K 4-5 xammsm pactBopa coau cBuHiia PB(NOjs); mobGaBbTe 4-5 Kamenb HOIMIA Kaius.
Ha6mronaiite obpasoBanue sxentoro ocanka Pbl,. CoctaBbTe ypaBHEHHE PEaKIIUH.

Ilpumeuanue: ecav OTYICHHBIA OCAJI0K OTACIHUTH, IPH KUIISTYEHUN PACTBOPUTH B YKCYCHOM
kuciore CH3COOH, to mpu MmemneHHOM oxjiaxkiaeHuu Pbl, Beimager B Bue 3070THCTHIX
KpHUCTAJLJIOB-YEIIYeK.

Onwvim Ne 3. Boinonnenue peakyuii 0OHApy#CeHUs KAMUOHa Ba**

B nBe mpobupku Hajneiite o 4-5 kamens pactBopa conu Oapusi (BaCl, mwnu Ba(NOs),). B
OJIHYy MPOOUPKY 100aBbTE HECKOIBKO Kanesb pactBopa Nap,SO, mimun HpSO4, a B Apyryro — pacTBopa
xpomara kanusi KoCrOs. B nepBoii nmpobupke HaOnmogaiite BelnageHne 0ei0oro KpUCTaIMuecKoro
ocazika, a BO BTopoi — xkentoro ocaaka BaCrO,4. CocTaBbTe ypaBHEHHUS POICTAHHBIX PEAKITHA.

Onvim Ne 4. Buinonnenue peaxyuu obnapyoicenus kamuona Ca™"

B mnpobupky Haneiite 4-5 kamenb pactBopa comu CaCly, 1006aBbTe HECKONBKO Karielb
okcamata ammonusi (NH,).C,04. HabGmomaiite o6pa3oBanue Oenoro ocaaka CaCy0y,
HepacTBopumoro B otinuuue oT BaC,04 B ykcycHoit kucmore CH3COOH. CocraBbTe ypaBHEHHE
peaknuu oOHapy>KEHHS.

Onvim Ne 5. Beinonnenue peakyuu 0OHApy#ceHUss KAMUoHa APt

Ha nosnocky ¢unbrpoBaHHoi Oymarn Hanecute 1 karumo pactBopa conu amomuHus (AlCls
win Al(SOs)3), MOMECTUTE 3TO MATHO HAJ CKISTHKON C KOHIIEHTPHPOBAHHBIM PACTBOPOM aMMHaKa
(NH4,OH) na 1-2muH. Hanecute | Kamiro CIMpTOBOrO pacTBOpa allM3apHHA WM AITOMHHOHA.
OcTopokHO MOACYIINTE OyMary ¥ HabJt01aliTe MOSBIEHUE KPACHOTO TSTHA.

Onwim Ne 6. Boinoanenue peaxyuu obnapyscenus kamuona Zn**

K 1-2 xamussm pactBopa conm nuHKa (ZnSO4) npubasete 1 M1 arieratHON OydepHO# cmecH,
2-3 xarum | H pactBopa THocynbdara HaTpus u 1 M pacTBopa auTu3oHa. Habmiomaiite
o0pa3zoBaHe MATMHOBO-KPACHOTO PacTBOpPA KOMIUIEKCHOM COJIH.

Onwvim Ne 7. Boinonnenue peaxyuu obrapysicenus kamuona Fe*

K 2-3 karuisM pactsopa comu Fe?* (manpumep, FeSO4) mpu6assre 1-2 karumm pacteopa HCl u
1-2 xamnm rekcanuranogeppata (1) kamus Kz[Fe(CNg)]. Habmonaiite oOpazoBaHre TEMHO-CHHETO
ocajsika TypHOyneBoi cuHu. COCTaBbTe YpaBHEHUE PEAKIINH.

Onvim Ne 8. Buinonnenue peaxyuii oonapysicerus Fi e

B nBe npoOupku HaneiTe Mo HECKOJIbKO Kareidb COJU Fe®* (manpumep, FeCls), 3aTem B onHy
npoOupKy 100aBbTE HECKOJIBKO Kameidb pactBopa pomanujga ammonuss NH4CNS, a B apyryro
npobupky — 1-2 xammm pactBopa HCl m 1-2 kamnum pactBopa rekcanumanodeppura (Il) xamus
Ka[Fe(CN)g]. Habmonaiite B nmepBoii mpoOrpke 0O0pa3oBaHHE KPOBAaBO-KPACHOTO OKPAIIMBaHHS, a
BO BTOPOW — CUHUI 0caJIoK OepiuHCcKoi 1a3ypu. CocTaBbTe ypaBHEHUS POBEACHHBIX PEAKIINM.
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Onvim Ne 9. Bvinonnenue peakyuu 0OHAPY’CeHUs. KAMUOHA Cu®

K Heckonpkum Kamisim pactBopa coym menu (Hampumep, CuSO4) mpunmBaiTe Mo KarisMm
pactBop ammuaka NH,OH no nosiBnenus roixy6oro ocaaka CU(OH); u maneine u36srrok NH,OH
1o oOpa3oBaHHUsl pacTBOpa KpacuBOro cuHe-puojeToBoro iBera. CocTaBbTe YpaBHEHHS JBYX
IIPOTEKAIOIINX PEAKIUH.

Onwvim Ne 10. Bvinonnenue peaxyuu obuapysicenus kamuona NHy"

a) B mpoOupky Haneiite 2-3 kamm pactBopa comu aMmmoHus (NHsCl wmu (NH4),SOs),
nobasbTe 4-5 kanens peaktuBa Heccnepa, HabmiogaiiTe 06pa3oBanre KpacHO-Oyporo ocajika.

0) Ha yacoBoe CTEKJIO WK B (apdopoByro Hamieyky HajleiiTe HECKOJIBKO Kareilb pacTBoOpa
comu NH,", npuneiite 4-5 xanens pacropa NaOH 1 GbICTPO HAKPOHTE CTEKIOM C IIPHKICECHHOM C
BHYTPEHHEH CTOpPOHbI CMOYEHHOM JAMCTUUIMPOBAHHOM BOJOM WMHIUMKATOPHOM OYMaXKKOM.
[TomorpeiiTe peakIMOHHYIO CMECh, HHIUKATOpHAs OyMa)kka JOJDKHA U3MEHUTH I[BET: JIAKMYCOBast
WA YHUBEPCAIbHAsl IOCUHETD, (PeHOI(PTATICMHOBASI — TOKPACHETb.

OObscHUTE, MOYEMY MEHSETCsl LBET HWHAMKATOPHOW OYMaXkKH, COCTaBbTE YPaBHEHMUS
IIPOTEKAIOIINX PEAKIUH.

Onwvim Ne 11. Boinonnenue peaxyuu o6napysicenus K+

K HecKonbKMM KarisMm pacTBopa cozepxkamero K' (cpema momkHa OBITH HeHWTpasbHas),
nprubaBbTe HECKOJIBKO Karedb pacTBopa rekcanutpo-kobanstara (1) matpus Naz[Co(NOy)s],
MOTPHUTE MAJIOYKOW O CTEeHKH npodupku. Habmromaiite oOpasoBanue xentoro ocanka. CocTaBbTe
ypaBHEHUE PEaKIIHH.

Onvim Ne 12. Bvinonunenue peaxyuu obuapysicenus Na*

K HeckoNBbKMM KaIlIsM pacTBopa, cozepxkamero Na' (cpema DOmKHA ObITH HEHTpanbHOI),
100aBbT€ HECKOJBKO Karelb pacTBopa auruapoantumonara kamus KH,SbO,. HaGmronmaiite
oOpa3zoBaHue 0EJI0ro MEJIKOKpUCTANInYecKoro ocaaka. CocTaBbTe ypaBHEHUE PEAKIIHU.

Cnemnaiite BbIBOJ 10 J1a00paTOpHOI padoTe.

dopma npeacTaBieHUs pe3yabTaTa: OTYET O MPOJICIAHHON PaboTe, COCTABICHHBIC CXEMBI
ypaBHEHHI HAOJIFOIaEMbIX PEAKIIHiA, BBIBOJIBI.

Kputepun onenkn:

3a KaXkJplii MpaBUWIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.
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Tema 5.2. KauecTBeHHBIH aHAJIN3 aHHOHOB
JlabGoparopHasi padora Ne 12
KauecrBenHnblie peakinun anuonon Cl, Br, |

Leas paGoThbl: HAYYUTHCS NMPOBOAMTH KAYECTBEHHBIE PEAKIMU OOHAPYKEHUS OCHOBHBIX
anuoHoB |, Il u |1l ananuTnyeckux rpymi.

Boinosinus padory, Bel Oyaere:

ymems:

— MPOBOAWTH KA4E€CTBEHHBIC PEAKIMHW OOHApyKeHHUs OCHOBHBIX aHuoHOB |, Il u Il
AHATMTUYECKUX TPYIIIT;

— COCTaBJISITh CXEMbI YpaBHEHHUI Ka4eCTBEHHBIX peaKIfii 00HAPYKEHHSI OCHOBHBIX aHUOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[lepuognueckass cucrema xumudeckux odnaemeHtoB J[. WM. MenneneeBa, Tabnuma
PacTBOPUMOCTH.

OO6opyIOBaHWE ¥ PEAKTUBBI: MPOOUPKH, TNAOYKH, MUNETKH, BOPOHKU, (QHUIBTPHI,
neHTpudyra, MEKTPOILTUTKA, BOJsSHAsS OaHsS, PEaKTHBHBIA INTATHB C HA0OPOM HEOOXOJIMMBIX
KHCJIOT, 11I€JI0UEH, COJIEH, pEareHTOB U WHJIUKATOPOB.

3ananne:
Oo6napyxxenue aunoHos |, |l u 11l ananuTrueckux rpymn.

IMopsiniok BbINoOJIHEHUs padOTHI:

1 Cucrematusupyite 1 0000IIMTE 3HAHUS MO TeME, IIOBTOPUB M3YyYCHHBIN HA JEKIIMOHHOM
3aHSATUH MaTepUall.

2 BobInoiHUTE NPAKTHYECKYIO YacTh PaOOTHI.

3 OtmerbTe HAONIOACHHUSA, COCTaBbTE YpPaBHEHUS IPOBEIEHHBIX pEaKIUil OOHapyKEHUs
aHMOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOM padoTe.

Xoa padoThi:

Onwvim Ne 1. Beinonnenue peakyuti 0OHaApys#ceHus cyibham-aHuoHa S0,%

HaneiiTe B mpoGHPKY HECKOJIBKO Kallelb PAacTBOpa, COLEpXKAIero cymbdar-noH SO,
npujeiTe HeCKONIbKO Karenab pactBopa HCI, 1o kucioi cpembl Mo yHUBEPCATbHON WHAMKATOPHOM
Oymaxkke W n00aBbTe 2-3 Kamiam pacTBopa peacenma BaCl, (xnopuoa 6apus). Habmronaiite
obpa3zoBanue Oeoro kKpuctaummaeckoro ocanaka BaSO4. CocTaBbTe ypaBHEHHE g)eaxunn.

Onvim Ne 2. Buinonnenue peaxyuil oonapysicenus kapoonam-anuona CO3z”

CO, B mpoGupky ¢ razoorBomHON TpyOKOW Hayeite 4-5 Kamemb pacTBopa
Na,COs, mobOaBeTe Heckonbko Kamnenb xuciomsi  HCI, Beimensrommiics
N
\

yraekucaslii raz COz mpomyctute uepe3 wu3BecTkoByro Boay Ca(OH);.

W\ HaGmonaiite momyTHeHue wu3-3a BbimageHus ocaaka (CaCOs. CocraBbTe
;\5 YpaBHEHUS IBYX MPOTEKAIOIINX PEAKIIUM.
N cJ.;{‘;H"“:*‘ Onvim Ne 3. Buinonnenue peakyuui OOHApYHCeHUs CUNUKAM-AHUOHA
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Si0s”

[Ipu nobGaBneHUM K pacTBOPY, COAEPKAIMIEMY CUITUKAT-aHHOH Sios”, a) KUCJIOTHI WK 0) conu
ammonusa NH4C1 oOpasyercst kpeMHHEBasi KUCI0Ta B BUJIE€ CTYAHS WK OenbIX xjonseB. CocTaBbTe
YpaBHEHHE PEaKIUH.

Onvim Ne 4. Buinonnenue peakyuu 0OHapylceHus Cyib@uo-anuona s*

B npobupky HayeiTe HECKOIBKO Karellb pacTBopa coiii Na,S, 100aBbTe HECKOJIBKO Karelb 2
H pacrBopa HCl u npukpoiite npoOupky (uibTpoBalbHOH Oymaroil, CMOYEHHOH pacTBOPOM
arnrerata cBunia Pb(CH3COO),. Habmonaiite moyepHeHne Oymard B pe3yiabTare 0Opa3OBaHHS
yepHoro cynbduna ceunna PbS. CocraBbTe ypaBHEHHS JBYX NMPOTEKAIOMIUX PEAKIUI.

Onvim Ne 5. Bvinonnenue peakyuu oonapysicenus xaopuo-arnuora ClI-

K neckompkuM kamsim pactBopa NaCl mpuieiite HECKONBKO Kameilb pacTBOpa HHUTpATa
cepedbpa AgNOs. HaGmomaiite oOpa3zoBanme Oenoro TBopokucrtoro ocaaka AgCl. CocraBbTe
ypaBHEHHE PEAKIIHH.

Onwvim Ne 6. Beinonnenue peakyuu ooHapyicenus numpam-anuona NOs

Ha ugacoBoe crekno Hanecute 2-3 kamnu pactBopa NaNOsz, momecTure B LEHTP KPUCTAILIUK
xeneznoro kynopoca FeSO,-7H,0 u | kammio kouu. H,SO,. Habmronalite Bokpyr kpucramia 6ypoe
OKpaIlTMBaHUE B BUJIC KOJIbIIA B pe3ylibraTe oopasoanus komiuiekca [Fe(NO)]SO,.

Onwvim Ne 7. Beinonnenue peakyuu oonapyscenus ayemam-anuona CH3COO™

Haneiite B npobupky 4-5 kamnens pactBopa conu aunerata Hatpus CH3COONa, noGaBbTe
HeckobKo Karenb HCI, onryture 3amax ykcycHoi KucioTbl. COCTaBbTE ypaBHEHUE PEaKIUH.

Cnemnaiite BBIBOJ 10 J1a00paTOpHOI paboTe.

®opMma npeJcTaBJieHUs pPe3yJabTaTa: OTYET O MPOJEIaHHON paboTe, COCTaBIEHHBIE CXEMBbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIMM, BBIBOIBI.

Kpurepuu onenkmn:

3a Kaxk[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.
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Tema 5.2. KauecTBeHHLIM aHAJIN3 AaHHOHOB
JlabGoparopuasi padora Ne 13

Peaknuu aHHOHOB KHMCJIOT: CEPHOM, YTOJIbHOM, (hochOpPHOI, XJIOPOBOIOPOIHOI,
CEepOBO0POIHOI, A30THOM, A30THCTOM

Leabp paGoThbl: HAYYUTHCS MPOBOAWTH KAYECTBEHHBIE DPEAKIIMH OOHAPYKCHHSI OCHOBHBIX
aanoHoB |, Il u Il ananmuTrueckux rpymm.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MPOBOAWTH KA4eCTBEHHBIC PEAKIMW OOHApyKeHHUs OCHOBHBIX aHuoHOB |, Il u Il
AQHATUTUYECKUX TPYIIIT;

— COCTaBJISITh CXEMbI YPaBHECHHUI KaYECTBEHHBIX PeaKIfii 00HAPYKEHHSI OCHOBHBIX aHUOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[lepuognueckass cucrema xumudeckux odnaemeHtoB J[. WM. MennaeneeBa, Tabnuma
PacTBOPUMOCTH.

OO6oOpyIOBaHWE ¥ PEAKTUBBI: MPOOUPKH, TWAOUYKH, MUNETKH, BOPOHKU, (QHUIBTPHI,
neHTpudyra, 3JMEKTPOILTUTKA, BOJsHAs OaHs, PEaKTHBHBIA INTATHB C HA0OPOM HEOOXOIMMBIX
KHCJIOT, 11I€JI0YEH, COJIEH, pEareHTOB U WHJIUKATOPOB.

3ananne:
Oo6napyxxenue anroHoB |, |l u 11l ananuTrueckux rpym.

IMopsiniok BbINoOJIHEHUS padOTHI:

1 Cucrematusupyite 1 0000IIMTE 3HAHUS MO TeMe, IIOBTOPUB M3YyYCHHBIN HA JEKIIMOHHOM
3aHSATUH MaTepUall.

2 BoInoiHHUTE NPAKTHUECKYIO YacTh PaOOTHI.

3 OtmerbTe HAONIOACHHUSA, COCTaBbTE YpPaBHEHUS IPOBEIEHHBIX pPEaKIUil OOHapyKEHUs
aHMOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOM padoTe.

Xon paborhr:

Onvim Ne 1. Beinonnenue peakyuti 0OHaApys#ceHus Cyibham-aHuoHa S0,%

Haneiite B mpoOupKy HECKOIBKO Kamelb pacTBOpa, COAEpIKAIIEro Cyiabhar-uoH SO,%,
npuieiTe HeCKONIbKO Karenab pactBopa HCI, 1o kucioi cpembl Mo yHUBEPCATbHON WHAMKATOPHOM
Oymaxkke W 100aBbTe 2-3 Kamimm pacTBopa peacenma BaCl, (xnopuoa 6apus). Habmronaiite
obpa3zoBanue Oeoro kpucraummaeckoro ocanaka BaSO4. CocTaBbTe ypaBHEHHE g)eaxunn.

Onvim Ne 2. Buinonnenue peaxyuii oonapysicenus kapoonam-anuona CO3z™

CO, B mpoOupky ¢ razooTBomHON TpyOKOW Hayeite 4-5 Kamemb pacTBopa

Na,COs, mobOaBeTe Heckoabko Kanenb xuciomsr  HCI, Beimensrommiics

oy yraekucneii a3 CO; mpomyctute uepe3 wu3BecTkoByr0 Boay Ca(OH),.

h‘\-’(\ HaGmonaiite momyTHeHue wu3-3a BbimageHus ocaaka (CaCOs. CocraBbTe
A

Ca(OH

\ .
\i\j} YpPaBHCHUA ABYX IMPOTCKAKOIINX PEAKIIUU.
S
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Onvim Ne 3. Buoinoanenue peaxyuti obnapysicenus cunukam-anuona SiOz”

[Ipu nobGaBneHUM K pacTBOPY, COAEPKAIMIEMY CUITUKAT-aHHOH Sios”, a) KUCJIOTHI WK 0) conu
ammonusa NH4C1 oOpasyercst kpeMHHEBasi KUCI0Ta B BUJIE€ CTYAHS WK OenbIX xjonseB. CocTaBbTe
YpaBHEHHE PEaKIUH.

Onvim Ne 4. Buinonnenue peakyuu 0OHapylceHus Cyib@uo-anuona s*

B npobupky HayeiTe HECKOIBKO Karellb pacTBopa coiii Na,S, 100aBbTe HECKOJIBKO Karelb 2
H pacrBopa HCl u npukpoiite npoOupky (uibTpoBalbHOH Oymaroil, CMOYEHHOH pacTBOPOM
arnrerata cBunia Pb(CH3COO),. Habmonaiite moyepHeHne Oymard B pe3yiabTare 0Opa3OBaHHS
yepHoro cynbduna ceunna PbS. CocraBpTe ypaBHEHHS JBYX NMPOTEKAIOMIUX PEAKIUI.

Onvim Ne 5. Bvinonnenue peakyuu oonapysicenus xaopuo-arnuora ClI-

K neckompkuM kamsim pactBopa NaCl mpuieiite HECKONBKO Kameilb pacTBOpa HHUTpATa
cepedbpa AgNOs. HaGmomaiite oOpa3zoBanme Oenoro TBopokucrtoro ocaaka AgCl. CocraBbTe
ypaBHEHHE PEAKIIHH.

Onwvim Ne 6. Beinoanenue peakyuu ooHapyicenus numpam-anuona NOs

Ha ugacoBoe crekno Hanecute 2-3 kamnu pactBopa NaNOsz, momecTure B LEHTP KPUCTAILIUK
xeneznoro kynopoca FeSO,-7H,0 u | kammio kouu. H,SO,. Habmronalite Bokpyr kpucramia 6ypoe
OKpaIlTMBaHUE B BUJIC KOJIbIIA B pe3ylibraTe oopasoanus komiuiekca [Fe(NO)]SO,.

Onwvim Ne 7. Beinonnenue peakyuu oonapyscenus ayemam-anuona CH3COO™

Haneiite B npobupky 4-5 kamnens pactBopa conu aunerata Hatpus CH3COONa, noGaBbTe
HeckobKo Karenb HCI, omrytute 3amax ykcycHou KucioThl. COCTaBbTE ypaBHEHHUE PEAKIUH.

Cnemnaiite BBIBOJ 10 J1a00paTOpHOI paboTe.

®opMma npeJcTaBJieHUs pPe3yJabTaTa: OTYET O MPOJEIaHHON paboTe, COCTaBIEHHBIE CXEMBbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIMM, BBIBOIBI.

Kpurepuu onenkmn:

3a Kaxk[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HemnpaBWIbHBIN O0TBET — 0 OaioB
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Tema 5.5. KauecTBeHHBII aHAJIN3 HEN3BECTHOI0 BeIleCTBA

JlabopaTopHasi paGora Ne 14
AHaJIM3 HEM3BECTHOI'0 BellecTBa

Heﬂb paﬁoTbli HAaYYUTLHCS IIPOBOAUTDH CHCTeMaTHYECCKUN aHaJIW3 HEHM3BECTHOTO BE€IICCTBA I10
KHCJIOTHO-IIEIOYHOM KJ'IaCCI/I(i)I/IKaI_II/II/I n 06Hapy}KI/IBaTB OCHOBHBIC KaTHOHBI, aHHMOHBI B UX CMCCH.

Bbinosinus padory, Bel Oyaere:

ymembs:

— MPOBOJUTH CHCTEMATHUYCCKHHM aHAIM3 HEM3BECTHOI'O BEIIECTBA IO KHCIOTHO-IICIOYHOM
KJIAaCCU(UKALIHN;

— 00HapyXMBaTh OCHOBHBIC KATHOHBI U aHHOHBI B KX CMECH;

— COCTAaBJISITh CXEMBI ypaBHeHI/Iﬁ KAa4YCCTBCHHBIX peaKHI/Iﬁ 06Hap}I)K€HI/I$I OCHOBHBIX KAaTHUOHOB
1 aHMOHOB.

MatepuajibHoe o0ecnieyeHue:

[lepuonnueckass cucremMa xumudeckux osnementoB J[. WM. MenneneeBa, Tabnuua
pPacTBOPUMOCTH

OOopylioBaHME M PEAKTHBBI: MPOOWPKH, NAJNOYKH, MHUIETKH, BOPOHKH, (QHIBTPHI,
LHEHTpU(Yra, 3JIeKTPOIUIUTKA, BOJAAHAs OaHs, PEaKTUBHBIA IUTATHUB C HAOOPOM HEOOXOAMMBIX
KHUCJIOT, IIEJIOYEH, COJIEH, peareHTOB U MHIUKATOPOB.

3ananmue:

1 OnpeneneHne KaTHOHOB B COCTaBe MPOOBI.

2 OmpeneneHre aHHOHOB B COCTaBe MPOOBHI.

[Topsnox BeIMONIHEHUS PaOOTHI:

1 Cucrematusupyite 1 0000IIUTE 3HAHUS [0 TeMe, NOBTOPUB M3YYEHHBIH Ha JIGKLIMOHHOM
3aHATUN MaTepual.

2 BoInoiHHUTE NPAKTHYECKYIO YacTh PaOOTHI.

3 OtmerbTe HAONIOACHHUSA, COCTaBbTE YpPaBHEHUS IPOBEIEHHBIX pEaKIuil OOHapyKEHUs
KaTHOHOB U aHUOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJIETaHHOM padoTe.

Xox pa0doThI:

1.ITomryunTe OT mpenoaaBaresns Npody HEM3BECTHOTO BEILIECTBA.

2. [IpoBenuTe BU3yalbHBIE UCCIICTOBAHMUS.

3. IlpoBenuTe nMcciieAOBaHUS PU PACTBOPEHUH B BOJIE.

4. [IpoBenuTe MCCIeAOBaHUS IIPH PACTBOPEHUH MPOOKI B KUCIIOTE.

5. [IpoBeauTe uccienoBaHus MPU JEHCTBUN HA TTPOOY paCTBOPOM IIETIOYH.

6. BeimonmHuTe cucTeMaTHYeCKW aHalW3 HEM3BECTHOTO BEIIeCTBa, €CIM B Pe3ylbTaTe
MpeABAPUTENIBHBIX UCTIBITAHUM BBl HE CMOTIIM ONIPEIETTUTh COCTAB TIPOOHI.
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Xoo cUCmemMamuyecKoeo aumanusa cmecu KAMUoHo8 nocne
npeosapumenbHblX UCNbIMAaHU

1) otmemsor | amamuruueckyio rpynny (AgT, Pb?, Hg,*") meiicteuem HCl (¢puibrpar
conepxwut I, 111, 1V, V, VI rpynmsr).

2) ormemstor || amamurmueckyio rpymmy (Ba®*, Sr¥*, Ca®) meiicrBuem HySO,4 (dustpar
conepxut I, 1V, V, VI rpynmsr).

3) ocaxaaror: Il anamutiaeckyio rpymny (AIY, Zn?*, Cr*"); IV amanurmueckyio rpymmy
(Fe3+, Mn*, Mgz+); V aHaIUTHYECKYIO TPYIITY (Cu2+, Ni?*, C02+) B BUJIE TUIPOKCHIOB JCHCTBHEM
menoun KOH (punetpat conepxkut VI rpynmy).

4) 3atem otnenstor |l rpynmy pacTBopeHHEeM ocagka B H30BITKE IIEITIOYH.

50 ocamok ruapokcuaoB IV u V rpynn obpabareiBator pactBopom NH4OH, xatmonsr V
rpymisl yxoaT B punbTpat. Ha dpunbTpe octaercs ocamok katiuoHoB [V rpyrmiibl.

6) KOKIYI0 OTACIBHYIO TPYIITY aHATH3UPYIOT, UCTIOIB3Ys CICHH(PUICSCKHE U KaueCTBEHHBIC
peaKIuH.

Xoo CUCMeMamuyecKo2o aumanuza cmecu AHUOHO8
nocie npedsapumenbHulX UCHbIMAHULL

1) ormensirot |l aHamuTHYECKYIO TpyIITY (80427, C0327, PO437, Singf) nevicresueM BaCl,.

20 otmenstot | ananutrueckyro rpymmy (CI-, Br,I, Szf) nericteuem AgNO:s.

3) ocaxxnarot Il anamurrueckyro rpymmy (NO3 -, NO,, CH3COO)).

4) KaXayr OTICIBHYIO TPYIITY aHAJTU3UPYIOT, UCIOJB3Ys CHEIU(PUUECKUE U KaueCTBCHHBIC
peaKInH.

7. Caenaiite 3aKIFOYEHUE O COCTaBE POOBI BEIIECTBA.

®opMma npeJcTaBJieHUs pPe3yabTaTa: OTYET O MPOJEIaHHON paboTe, COCTaBIEHHBIE CXEMBbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIMM, BBIBOIBI.

Kpurepuu onenkmn:

3a Kaxk[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.
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Tema 5.8. 'paBuMeTpuYecKuii (BeCOBOI) METO aHAJIN3A
JlabGoparopHasi padora Ne 15

Onpenenenue coaep:kaHus BJIaru B MUIIEBBIX MPOAYKTAX

I_[e.m, paﬁoTbI: HAaY4YUTBHCA MOJIB30BATHCA AHAIIMTUYCCKUMHU BCCAMM, BBLIIIOJIHATH OCHOBHBLIC
orepanru BECOBOT'O aHAJIN3A.

Beinosinus padory, Bel Oyaere:
ymemb:

— IIOJIB30BaThCA aHAJIMTHYCCKUMU BECaMHU,
— BBIIIOJIHATb OCHOBHBIC OIICpallii BECOBOI'0 aHaJIMU3a.

MaTepnaﬂbnoe odecmeyeHue:

O6Op}I[[OBaHI/Ie u peaKTI/IBI)I: AHAJIUTUHYCCKUE BEChlI, TCXHOXMMHNYCCKHUEC BECHI, Cy1HPIJILHBII>i
mKad, OIOKCHI, TEPMOMETP, IKCUKATOP, IIUMIIBI, UCCIIeTyeMble 00pa3ubl (X1e000yI0YHbIe U3ICTUs
pPa3HOro BHUJIA, IEYEHBE, CyXapH).

3ananmue:

OmnpeneneHue MPOLEHTHOTO COACpPXKAHUS AaHAIUTUYECKOW BIAark B 00pasile MHILIEBOTO
MPOJIYKTA.

ITopsinok BbINOJHEHHS Pa0OTHI:

1 Cucremarusupyiite 1 0000UIMTE 3HAHUS IO TEME, TOBTOPUB M3YYEHHBIN Ha JIEKIMOHHOM
3aHATHN MaTepUal.

2 BrInosiHUTE IPAKTUYECKYIO YacTh pabOTHI.

3 [IpoBenute pacyer.

4 ChopmynupyiiTe o01IMe BHIBOIBI O IPOAETaHHON padoTe.

Xon paborhr:

1. Bo3pMuTE B YHMCTBIA JTOBEEHHBIN O MOCTOSHHOW Macchl OrOKC amameTpoMm 35-40 mMm
HaBECKYy MCCJIEAYEMOIo BEIIECTBAa Ha aHAMTUYECKUX Becax ¢ ToyHocThio 10 0,001 r. Bennuuna
HaBECKH ~2 T, TOJIIIMHA CJIOS HaBECKH B OIOKCE HE JOJDKHA OBITE OOJIBIIE 5 MM.

2. OTKpHBITHINA OrOKC TTOMeIatoT B HarpeTslid 10 105°C cymmiabHbIN mKad U BbIIEPKUBAIOT B
TeueHue 1 gaca.

3. BeiHUMAIOT OIOKC U3 CYIIWIBHOTO IIKada MIMIMIAMU, TTOMEHIAI0T B DKCHUKATOp U B HEM
OXJIAXKIAIOT.

4. B3BennBaT 0XJIaXKICHHBIH OIOKC Ha aHATUTHIECKHX Becax ¢ TouyHOCThIO 0,001 1.
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5. IIpoBoAST KOHTPOJIbHYIO MPOCYIIKY B TeueHue 30 MUHYT, CHOBA OXJIXAAIOT B 3KCUKATOPE
1 B3BelMBalOT. KOHTpOIbHBIE MPOCYIIKKA MOBTOPSIOT A0 TEX MOp, MOKa YOBLIbL Macchl o0Opasia
oyzner 0,001 T unu MeHsbIIIe.

6. PaccunTaiiTe MpOICHT aHAIMTUYECKON BJIark B o0Opasiie 1o ¢hopmye:

Wo% = %G -100%.

enazu ql
rze (i 1 g2 — Macca o0pasiia 10 ¥ Mociie MPOCYIIKH, COOTBETCTBEHHO, T.
7. ChopmynupyiiTe BEIBOJ 1O JabopaTopHOH pabdoTe.
dopma npeacTaBJeHus pe3yJbTaTa: OTYET O MPOJICTaHHON PaboTe, BHIBOIBI.

Kpurepun onenkmn:

3a KaxK[Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenmpaBWIbHBIN O0TBET — () OaoB.
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Tema 5.9. TurpumeTpuyeckuii (00beMHBI) METO/A AHAJIN3A

JlaGoparopHasi padora Ne 16
OmnpenesieHue copep:KAHNS KUCJIOTHI M 11EJI04YH METOI0M HelTpaau3anumn

Heab paGoThl: HAYYUTHCA OMNPEICIATh COACP)KAHUE KHUCIOTHI M IIEJIOYH METOIOM
HEeUTpaIu3aluu

Bbinosinus padory, Bel Oyaere:
ymembs:

— I1OJIb30BaTbhCA aHAJIMTHYCCKHUMHU BECaAaMHU,
— BBIIIOJHATHL OCHOBHBIC OIICpallvun HCfITpB,JIH?;ElIIHH pPacTBOPOB.

3ananmue:

OnpeneneHHe IMPOOCHTHOTO COACPIKAHUS AHAJIUTHYECKON BJIarM B 06pa3ue IUIICBOIro
IIpoaYyKTa.

IMopsaaok BbINOTHEHHS] PA0OTHI:
Xoa pa6oTsi:

1. Bo3pMuTe B UMCTHINA JOBEACHHBIH O MOCTOSHHOW Macchl OOKC nuamerpoM 35-40 mMm
HaBECKYy MCCIIETyeMOTO BEIECTBA HAa AHAIIMTUYECKHX Becax ¢ TOYHOCThIO 70 0, BwimomHuB a1y
paboty, Bml Hayuntechb paboTaTh ¢ MEpHOH MOCYIOW, TUTPOBATh, MPOBOIUTH OMpEACICHUS
METOJIOM HEUTpaIu3aluu, TOTOBUTH paboure pacTBOPHI.

MarepuajbHoe obecnedeHne:

O6opynoBaHHe W PEaKTHUBBI. aHAIUTUYECKHE BECHI, TEXHOXMMHUYECKHUE BECHI, CYIIMIbHBIN
mkag, OIOKCHI, TEPMOMETP, IKCHKATOP, HIMIIIIBI, UCCIIeAyeMble 00pa3Ibl (XJ1e000yI0UHbIE U3AETHS
pa3HOTO BHJA, TMEUEHbE, CyXapHu). MEepHbIE KOJOBI, BOPOHKHU, OONKH, (PUKCAHAT CEPHON KHUCIOTHI
H,SO4, muctminmupoBanHas Boaa (1. HpO), mpombiBaiika, KapaHaall IO CTEKIy, KOHMYECKHE
KOJIOBI, MEpHBIC IHIICTKH TPaJyHPOBAHHBIC W HETPATyHpPOBAHHBIC, KaIleIbHUIIA, CIIUPTOBOM
pactBop deHondTanenHa, Or0peTKa, TEXHOXUMHUYECKHE BECHI C Pa3HOBECKaMH, CTAKaH XMMHYECKUI
cTexisiHHBIN, cyxoit KOH (enkoe kanm), cTeKIsTHHAS Majloyka.

1. Tlomyuure 3a7aHue y mpenoaBaTess.

2. TlpuroroBbTe CTaHIAPTHHIN (YCTAHOBOUHBIM) pacTBOP CEPHOM KUCIOTH W3 (pukcanama. J{is
3TOr0 B MPEIBAPUTEIHFHO TIIATENBHO BBIMBITYIO MepHYI KonOy (200 wmm 250 mur) mepeHecuTte
KOJIMYECTBEHHO C TIOMOIIIBIO BOPOHKH W OOiKa comepkuMoe ammyiibl gukcanana H,SO,, nomerite 1.
H,0 no metku, nepemeraiite. [Toamummre Ha konde GpopMyIly U KOHLIEHTPAIUIO pacTBOpA.

3. B kaxayio u3 Tpex YHCThIX KOHWYECKHX KoJ0 oTOepuTe anukBoty (10 wmm 15 M) MepHOiA
MUIETKON UCCIeyeMOro pacTBopa, 100aBbTe AUCTHILIMPOBAHHON BOJBI IPUMEPHO 10 o0bema 100
MJI, IPHJIEHTE TI0 HECKOJIBKO Karleb CIIMPTOBOIO pacTBOpa MHAUMKaTopa ¢heHoTantenHa.
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4. Ecinu B HMCCIEAYEMOM pPacTBOPE HYXHO OIPENEIUTb COJAEP/KAHUE IIENO0YM, TO YUCTYIO
OIOpPETKY 3aIlOJIHUTE MPUTOTOBJICHHBIM CTaHAAPTHBIM pacTBopoM HSO4 10 HyNEBOW OTMETKH H
OTTUTPYHTE BCE AIMKBOTHI MCCIEAYEMOIO pacTBOpa IO HCYE3HOBEHHIO MaJIMHOBOM OKpackKw,
OTMEThTE 00BEMBI KUCIIOTHI, MOIIE/IIeH Ha THTPOBAHHUE.

5. Ecau B nccnenyeMoM pacTBOpE HYKHO OIPENEIUTh COAEpkKAHME KHUCIOTBHI, TO CHadasa
HY>KHO MPUTOTOBUTH pabO4Mii TUTPOBAHHBIN pacTBOp mIen04H. [IJisg 3TOro B MacTMaccoBOM mocyae
roroBsaT pactBop KOH npumepnoil koHuentpauuu. Ha texnuueckux Becax orsemuBaroT 0,56 r
cyxoro KOH wu pactBopsitor B crakane B 100 min a. HoO mpu nepememiMBaHWM CTEKJISHHOU
nayioukoil. CIMBaOT pacTBOpP B MOJUAITUIICHOBYIO OaHKy, MOJNHMCHIBAIOT. 3aIOJHSIOT OIOPETKY
3TUM DPACTBOPOM MIEJIOYM M OTTUTPOBBIBAIOT UM MO (eHondranenny 2 anukBOTHl Mo 10 mi
CTaHJIAPTHOTO pacTBOpa KUCIOTH HpSO4.

PaccuuThiBaloT HOpMaJIBLHOCTH paboyvero pacTBopa LIeNIouH 1o Gopmyie:

N, _ NV ; WK
Vv

w
T _ Nk 'Vk '9,\1(KOH) _ Nk 'Vk -56
KOV, -1000 Vg, -1000

6. Korma pabGoumii pacTBOp MIETOYHM IPUTOTOBIICH, W KOHIEHTpAIHs €ro YCTaHOBJIICHA,
BO3BMHUTE TPU aJTUKBOTHI 0 10 MJI BiccleayeMoro pacTBopa B KOHUUecKHe Konobl, pazdasbte 1.H,0
10 ~100 mi, no6aBbTe 2-3 KarM pacTBopa (heHoIPTaTCHHA U OTTUTPYHUTE PACTBOPOM ILEIOYH JI0
MOSIBJICHUS YCTOMYMBOW MAIMHOBOM OKpacku. OTMEThTe MOLIEANINEe HA TUTPOBAHUE O0BEMBI.

7. TlpomeHTHOE cofepKaHue KOMIIOHEHTA paccuuTaiTe 1mo gopmysie:

N -V*.O
X(%)K_mhl — p p m(k—moi) .100%’
1000-10
VA
X (%),ei0 = No Vo Iutuern) -100% .
e 1000-10

8. PaccuuTaiiTe MPOLEHT OTHOCUTEIHLHOW ONIMOKH:

np _Xmeop
Yoommn.owubu = e -100%.

meop

®opma npeacTaBaeHUs pe3yJIbTaTa: OTUET O MPOJICIAHHON pabOTe, BEIBOIBI.
Kpurtepuu oneHku:

3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.
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