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CocraBuTeb.
npenoaasaresib PI'bOY BO «MI'TY um. I''U. HocoBa» MK Jlrogmuna HukonaeBna Angomkuna

Metonuueckiue yka3zaHUs 110 BBIIOJHEHUIO TMPAKTUYECKUX U JabOpaTOpHBIX padoT
pa3paboTaHbl Ha OCHOBE padoueil mporpaMmbl y4eOHOM JUCHUIUINHBI «XHUMUS.

ConeprkaHre TNPaKTHUECKUX M JIA0OpaTOpHBIX pPabOT OpPHEHTHPOBAaHO Ha (POPMHUPOBAHKE
YHUBEPCATIBHBIX YUEOHBIX JEHCTBUH, MOArOTOBKY OOYYaArOIMXCs K OCBOSHHIO IPOrPaMMBI ITOJTOTOBKH
CIIEIMAIMCTOB CPETHETO 3BEHA.

ConeprxaHne MPaKTUIECKUX U Ta0OPaTOPHBIX pabOT OPHEHTHPOBAHO Ha (GOPMUPOBAHUE OOIIMX U
npoecCHoHaNBHBIX KOMIIETEHIIMI [0 TporpaMMe MOATOTOBKH CHELUHAINCTOB CPEIHEro 3BEHA 10
criermansHocTH 43.02.15 TToBapckoe v KOHAUTEPCKOE JIENO.
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1 HOACHUTEJIBHASA 3AIIMCKA

CocraB u copeprkaHue MPaKTHUECKUX U JT1a00PaTOPHBIX 3aHATHI HAIPABJICHBI HA PEANU3ALINI0
®denepalibHOTO TOCYIApCTBEHHOTO 00pa30BaTEIbHOrO CTaHIApTa CpPeaHEero NnpoQeccuOHAIbHOIO
oOpa3oBaHwUs.

Benymeit aunakTU4YecKol 1LIE€NbI0 MPAKTHUECKUX 3aHATUN sBiseTcs (GOopMUpOBaHUE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUN (yMEHHUIl BBINOJHATH OINpENeICHHbIE JEHCTBHA,
orepaiuy, HeoOXOAUMbIE B MOCJIEAYIOMIEM B MPO(ecCHOHANBHON IeSTeNbHOCTH) UM Y4eOHBIX
NPAaKTUYECKNX YMEHUH (YMEHMH pemaTh 3aadyd M0 XHMHUH), HEOOXOAMMBIX B IOCIIEAYIOIICH
y4eOHOM e TEIbHOCTH.

Benymieid aumakTHUeckoi 1enbio J1a00OpaTOPHBIX 3aHATUN SBISIETCS SKCIEPUMEHTAIbHOE
MOATBEP)K/IEHUE U  TPOBEpPKAa  CYHIECTBEHHBIX  TEOPETUYECKUX  IOJIOKEHUH  (3aKOHOB,
3aBUCUMOCTEH).

B cootBercTBUUM ¢ paboueit mporpaMMoir y4eOHOW MUCHUIUIMHBI « XUMUS» MPEITYyCMOTPEHO
NPOBEJCHUE MPAKTUYECKUX M JIAOOpATOPHBIX 3aHATHi. B paMkax mpakTuueckoro/nadopaTopHOro
3aHATUS OOYyYaromMecs MOTYT BBINOJHATh OIHY WM HECKOJBKO MPAKTHYECKUX/TaOOpaTOPHBIX
pabor.

B pe3ynbrare ux BBIIOJHEHMSI, 00Y4atOIUNCs JOKEH:

ymemp:
- NPUMEHATh OCHOBHBIE 3aKOHbI XUMHUH JUIsl pelIeHHs 3azad B 00yacTu NpodecCHOHaIbHOU
NesTeNbHOCTH;
- HCIIOJIb30BaTh CBOMCTBA OPraHUYECKUX BEILECTB, JAUCIEPCHBIX M KOJUIOMJHBIX CHUCTEM IS
ONTUMM3AIMU TEXHOJOTHYECKOro IMpolecca, MPOBOAUTh PAacyeThl MO0 XMMUYECKUM (opmynam u
YpaBHEHUSIM pEaKLuy,
- HCIOJIB30BATh J1A00OPATOPHYIO MOCYAY U 000pyI0BaHUE;
- co0I0AaTh MpaBUiIa TEXHUKK 0€301acHOCTH IpH paboTe B XMMUYECKOH J1abopaTopun

ConepkaHue TMPaKTHUECKUX U J1A0OpAaTOPHBIX 3aHATHHA OPUEHTUPOBAHO Ha IOJArOTOBKY
o0yJaroImuxcs K OCBOCHUIO MNPO(ECCHOHATBHOIO MOIYJS MPOrpaMMbl MOJTOTOBKH CIELUATHNCTOB
CPEIHEro 3BEHA 10 CHIELUATIBHOCTH 1 OBJIAJICHUIO NPOPECCUOHATbHBIMU KOMNEMEHUUAMU:

IIK 1.4. OcymecTBisaTh pa3paboTKy, aJanTalyio peuentyp mnoiay}adpHUKaToB ¢ y4eToM
nOTpeOHOCTEN pa3IMYHbIX KaTeropuil norpeduTene, BUAOB U (opM 00CTyKUBaHUS;

1K 2.2. OcymiecTBasTh NPUTrOTOBIEHUE, TBOPUECKOE O(OPMIIEHHE U MOATOTOBKY K peau3aliuu
CYIIOB CJIOHOTO AaCCOPTHUMEHTa C YYeTOM IOTpPeOHOCTEH pa3jIMYHbIX KaTeropuil moTrpedouTenei,
BUJIOB U OpPM 0OCITYKUBaHUS,

IIK 2.3. OcymiecTBiasiTh NPUTOTOBJIEHHE, HEMPOJOJKUTENIBHOE XpaHEHHE TOpSYMX COYCOB
CJI0KHOT'O aCCOPTHUMEHTA;

I1K 2.4. OcyuiecTBiATh NPUTOTOBIIEHUE, TBOPUECKOE 0(hOPMIIEHUE U MTOATOTOBKY K pean3aluu
ropsiuux ONIOA W TapHUPOB M3 OBOLICH, Kpyl, OOOOBBIX, MaKapOHHBIX H3JENUI CIIO0KHOTO
aCCOPTHMEHTa C Y4YeTOM IMOTpeOHOCTEH pa3IMYHBIX KaTeropuil morpebuteneld, BUAOB U (opm
o0CITyKUBaHUS,

[IK 2.5. OcymiecTBasTh MPUTOTOBIIEHHE, TBOPUECKOE 0(hOPMIICHHE U TTOJATOTOBKY K peaTu3aifni
ropsiuux OJIOA M3 UL, TBOPOra, ChIpa, MYKH CIIO)KHOTO acCCOPTUMEHTa C Y4eTOM IMOTpeOHOCTel
Pa3IMyYHbIX KaTeropuil motpeduteneit, BUAOB U (opM 00CTyKUBAHUS;

IIK 3.2. OcymecTBasTh NPUTOTOBIEHHUE, HENPOAOKUTEILHOE XPAHEHNUE XOJOJHBIX COYCOB,
3alpaBOK C Y4YETOM MOTPeOHOCTeW pa3MYHBIX KaTeropuil mnorpedurtesneif, BUIOB U (opm
o0CITyKUBaHUS,



1K 3.3. OcymiecTBisTh NPUTOTOBIEHUE, TBOPUECKOE 0(OPMIIEHHE U TIOATOTOBKY K peannu3aiun
CaJlaToB CIJIO)KHOTO aCCOPTUMEHTA C YYETOM MOTPEOHOCTEH pPa3IMYHBIX KaTeropuid MOTpPeOUTENeH,
BUJIOB U (pOpM 0OCITYKHBaHUS;

I1K 3.4. OcymiecTBisTh MPUTOTOBIICHHE, TBOPUECKOE 0(hOPMIICHHE U MOATOTOBKY K peaTu3aliu
KaHare, XOJIOAHBIX 3aKyCOK CII0)KHOTO aCCOPTHMEHTA C YYETOM MOTPEOHOCTEH Pa3IMYHbIX KaTeTOPHi
notpedurenei, BUI0B U GopM 00CITyKHBaHUS;

1K 3.5. OcymiecTBasTh MPUTOTOBICHUE, TBOPUECKOE 0(OPMIICHHE U TIOATOTOBKY K pealln3aiui
XOJOAHBIX Ot0A U3 PbIObI, HEPHIOHOI'O BOJHOIO ChIPbS CIIO)KHOTO ACCOPTUMEHTAa C YYETOM
noTpeOHOCTEH pa3IMYHBIX KaTeropuil morpedureneii, BUI0B U GOpM 00CTYKUBAHNU S,

IIK 3.6. OcymiecTBisTh MPUTOTOBIICHHE, TBOPUECKOE 0(hOPMIICHHE U MTOATOTOBKY K peaTu3aliu
XOJOAHBIX OMION W3 Msca, JOMAIIHEH MTHUIBI, JUYH CIIOKHOTO AacCOPTUMEHTAa C YYeTOM
noTpeOHOCTEH pa3IMYHbIX KaTeropuil norpedureneit, BUIOB U GopM 00CITyKUBAHUS;

IIK 3.7. OcymecTBasATh pa3paboTKy, alanTalyi0 PEUEnTyp XOJOAHBIX OJI0A, KyJTUHApHBIX
U3JeNINH, 3aKyCOK, B TOM YHCIIE€ aBTOPCKHUX, OpPEHIOBBIX, PErMOHAIBHBIX C YYETOM MOTPEOHOCTEH
Pa3IMYHBIX KaTeropuil moTpedurened, BUIOB U (HopM 00CITyKUBAHHUS;

I1K 4.2. OcyuiecTBiasTh NPUTrOTOBJIEHUE, TBOPUECKOE O(POPMIICHHE U MOATOTOBKY K peau3aliu
XOJIOJHBIX JIECEPTOB CJOXKHOTO aCCOPTUMEHTa C YYE€TOM MOTPEOHOCTEW pa3IMyYHBbIX KaTeropHii
notpedureneit, BUIOB U PopM 0OCITyKUBAHHUS,

[1K 4.3. Ocy1iecTBasTh MPUTOTOBIEHHUE, TBOPUECKOE O(DOPMIICHHE U TMIOJTOTOBKY K peaau3aiiuu
TOpsIYUX JIECEPTOB CIIOKHOTO AaCCOPTUMEHTAa C YYEeTOM IOTPEOHOCTEH pasziINyYHbIX KaTeropui
notpeduTenei, BUA0B U (popM 00CITy>KUBAHUSL.

I1K 4.4. OcymiecTBasTh NPUTOTOBJIEHUE, TBOpUECKOE 0(OPMIIEHUE U IIOJTOTOBKY K peajln3aluu
XOJOAHBIX HAIUTKOB CIIOKHOTO ACCOPTUMEHTa C YYETOM HOTPEOHOCTEH pa3IUYHBIX KaTeropui
notpedureneit, BUIOB U POpM 00CITyKUBAHHUSL.

IIK 4.5. OcymiecTBISTh MPUTOTOBIICHUE, TBOPUECKOE O(hOpPMIIEHHE U MIOATOTOBKY K peaTH3aIliu
TOpSIYUX HANUTKOB CJOXHOI'O aCCOPTHMMEHTa C YYeTOM HOTpeOHOCTEH pas3InYHbIX KaTeropHii
notpeOuTenei, BUA0B U (popM 00CITy>KUBAHUSL.

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

I[IK 5.2. OcymecTBisiTh HPUTOTOBICHHE, XpaHEHHE OTAEIOYHBIX MoNy(hadpukaToB s
XJ1e000YIIOUHBIX, MyYHBIX KOHIAUTEPCKUX U3/ETHH;

IIK 5.3. OcymiecTBasiTh NPUTOTOBJIEHUE, TBOPUECKOE 0(OpMIIEHHE, TOJATOTOBKY K pealn3aluu
XJ1IeO00YIIOUHBIX W3JIENIUH U MPa3gHUYHOIO XJieba CI0KHOI0 aCCOPTUMEHTA C Y4EeTOM MOTpeOHOCTEN
Pa3IMYHbIX KaTeropuil motpeduteneit, BUAOB U GopM OOCTYKUBAHUS;

I1K 5.4. OcymiecTBIsATh NPUTOTOBJIEHUE, TBOPUECKOE O(pOpMIIEHHE, TOJATOTOBKY K peanu3aliu
MYUYHBIX KOHJIUTEPCKHX H3JEIHI CII0XHOTO acCOPTHMEHTa C YY4E€TOM HOTPEOHOCTEH pa3IMYHBIX
KaTeropuit norpedureneit, BUI0B U GopM 00CITyKUBAHHUS;

IIK 5.5. OcymiecTBasiTh NPUTOTOBJIEHUE, TBOPUECKOE 0(OpMIIEHHE, TOJATOTOBKY K pean3aluu
MUPOXKHBIX U TOPTOB CIIO)KHOTO aCCOPTUMEHTA C Y4YeTOM MOTPEOHOCTEeH pa3iMyHBIX KaTeropuit
notpedurenei, BUI0B U GOpM 00CITyKUBAHUS;

I[IK 5.6. OcymecTBiarh pa3pabOTKy, aJanTalyilo peuentyp Xjiae000YyIOYHbIX, MYYHBIX
KOHIUTEPCKUX M3AENUH, B TOM UHCJIE aBTOPCKUX, OpEHJOBBIX, PErHOHAJIBHBIX C YYETOM
noTpeOHOCTEH pa3IMYHbIX KaTeropuil moTpeduTenei;

[1IK 7.1. BeIMomHATh MHCTPYKIIMU U 33/IaHHSI TIOBAapa M0 OpraHU3aIMK pabodero Mecra;

[1IK 7.2. BpImonHATH 3ajaHMs MOBapa MO NMPUTOTOBJICHUIO, MPE3CHTAIMU U TpoJake O,
HAIMTKOB ¥ KYJTHHAPHBIX U3JICITHA,

A Taxxke GOPMHUPOBAHUIO OOUIUX KOMNEM EHYUIL:



OK 01 BeiOupare cnocoObl pemeHUss 33aad  NPOPECCHOHATBHOM  JEATENbHOCTH,
MPUMEHUTEIHHO K Pa3IMYHBIM KOHTEKCTaM;

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

BrimonHenne 00y4aronuxcs MPakTHIeCKUX U JIA00paTOPHBIX padOT MO YIeOHOUW TUCITUTUINHE
«XUMHUS» HAMPABJICHO Ha!

- 00obwenue, cucmemamusayuio, yeiyonieHue, 3aKpenieHue, pazeumue u O0emaru3ayuio
NOLYYEHHBIX MeOpemU4ecKUxX 3HAHUll N0 KOHKPEMHbIM memMam y4eOHOU OUCYUNTUHDL,

- ¢opmuposanue ymeHull NPUMEHSMb NOLYYEHHble 3HAHUSL HA NPAKMUKe, pPeanu3ayuro
€OUHCMBA UHMENIEKMYAIbHOU U NPAKMUYECKOU 0esimeIbHOCMU,

- ¢opmuposanue u pazsumue YMeHuu: HAOAOOAMb, CPABHUBAMb, CONOCMABIAMD,
aHanuzuposams, 0eiamsv 6bl800bl U 0000WEHUS, CAMOCMOAMENLHO 8eCMU  UCCAe008AHUS,
NOIb308AMbBCSA PA3IUYHBIMU NPUEMAMU USMEPEHUL, 0opMAAMb pe3yibmamsl 8 guoe maobauy, cxem,
epaghuxos;

- npuobpemenue Ha8bIKO8 pabomvl ¢ PA3IUUHLIMU NPUOOPAMU, ANNAPAMYPOU, YCIAHOBKAMU U
Opy2uMU MexXHU4eCKUMU cpeocmeamu 0jisi NPO8eodeHUsl ONbIMO8;

- 8LIPAOOMKY NpU peuwieHuu NOCMABIEHHbIX 3A0ay¥ NPOPECCUOHATLHO 3HAYUMBIX KAYeCms,
MAKUX KaKk CamocmosimeibHOCb, OMEemMCmMEeHHOCHb, MOYHOCHb, MEOPUeCKds UHUYUAMUBA.

[pakTrdeckue u 1a0OpaTOPHBIC 3aHATHS TPOBOJITCS TOCIIE COOTBETCTBYIOIICH TEMBI, KOTOpAs
o0ecrieurBaeT HAJTMYKE 3HAHUN, HEOOXOTUMBIX JIVIS €€ BBITOJHCHHSI.



NEPEYEHD IPAKTUYECKHNX/JIABOPATOPHBIX 3AHSITUM

Pa3nesibl/Tembl Tembl npakTH4yeckux/J1adoparopusix | Kosmuecrso | TpeboBanus
3aHATHI 4acosB orocC
c1io
(ymertn)

Pa3nea 1.00mas n Heopranu4eckasi XuMust 26
1.1 OcHoBuble nousitus | IIpakTuyeckas pabota Nel. 2 YOI.1
U 3aKOHBI XMMIH «YTpaxXHEeHUsT B pacyeTax OCHOBHBIX Y01.3

3aKOHOB XMMHUU Y01.9

[IpakTuyeckas pabora 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 paborta Ne3. 2 Y01.1
CrniocoOsl «YnpaxHeHus B pacuerax Y01.3
BBIPAYKEHUS KOHLEHTPALUU HEOPraHUYECKUX Y01.9
KOHLEHTpaLui BELIECTB. Y04.8
pacTBOpoOB [IpakTuyeckas pabota Ned. 2

«YTpaKHEHUs B pacuerax 10

IIPUTOTOBJICHUIO PACTBOPOB PA3TUYHOM

KOHIICHT DAL

JIaGoparopHas pabota Ne3

OnpeneneHre IJIOTHOCTH — PacTBOPOB )

pa3nUYHON KOHLEHTpAIUU
Tema 1.3. Teopus IIpaxTrueckas pabota Nes. 2 Y01.1
ANEKTPOIUTUYECKON «Bbruncnenne pH B BOAHBIX pacTBOpax Y01.3
JTHCCOLIMAIIUH. KHUCJIOT U OCHOBAHHUI. V01.9
IMaaponus comnei. [TpakTuueckas pabota Noé6. Y04.8
Bbydepnsbie pactBopsl. | «CocTaBieHre  ypaBHEHMH  peakuui 2

TUAPOIIN3A COJIEH)
Temal 4. [Ipaktnyeckas pabora Ne7. Pemenue 2 YO01.1
I'ereporennsie 3amad = o  TtemMe  «lIpoumsBenenue Y01.3
PaBHOBECHSI B CHCTEME | PACTBOPUMOCTH» ¥01.9
«pacTBOP—OCAIOK Y04.8
Tema 1.5. [IpakTuueckas pabora Ne8. 2 Y01.1
KommiekcHbie «BpInonHeHne yIpaXHEHUH 1o Y01.3
COCIMHEHMS COCTABJICHUIO: YpaBHEHUH 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 NeO©. 2 Y01.1
OKHUCIINTENBHO- «Omnpenenenue OKUCIIUTENIEN u V01.3
BOCCTAaHOBUTEJIbHbBIE BOCCTaHOBUTEJEH. CocraBiieHue ¥01.9
peakuuu ypaBHeHuii OBPy. Y04.8

[IpakTuyeckas pabora Nel0. 2

«Onpenenenue HaIpaBJICHUs

IIPOTEKAHUS PEAKIIUI.
Pazpnen 2. Opranuyeckasi XuMus

12

Tema 2.1. [IpakTuueckoe 3aHsTHE Nell. 2 Y01.1
Teopernueckue «CocraBieHue CTPYKTYpHBIX (opmyi Y01.3
OCHOBBI OPraHUYECKON | U30MEPOB» Y01.9
XUMHH Y04.8
Tema 2.2. [IpakTueckoe 3aHATHE Nel2. 2 Y01.1
VYri1eBo1oposl «CocraBieHUe U Ha3BaHUE CTPYKTYPHBIX Y01.3

(dbopMynl alKaHOB, AalKEHOB, AaJKUHOB. Y01.9

Pemenne 3amau Ha  HaxXoXJeHUE Y04.8

VMCTUHHOU ()OPMYIIBI YTIIEBOJOPOIOBY
Tewma 2.3. [TpakTuaeckoe 3aHSITHE Nel3. 2 YO01.1
Kucnoponoconepxkamue| «CocTaBiaeHUe U Ha3BaHUE CTPYKTYPHBIX Y01.3
OpraHuvecKue BemecTBa Gopmyn KHUCJIOPOJICOEPIKAIIUX Y01.9

OpraHWYeHCKUX  BelecTs.  PemeHue Y04.8

337Ja4 Ha  HaXO0XKJCHWE  HCTUHHOM

(bopMyIBI».

JlabopaTtopHast pabota Ne4. 2

«KauecTBeHHas peakius Ha CIIUPTHI»
Tema 2.4. JIaGoparopHas paboTa Ne5. 2 Y01.1
AMVHBL. «OO0Hapy)eHHe OPraHUYeCKUX BEIECTB Y01.3
AMWHOKHCIIOTBI. crnenu(UIeCKUMU PEAKLUIMI. ¥01.9
benku JlabGopaTtopHas pabota Ne6. ) Y04.8

«OO0HapyKeHHe OpraHN4YeCKUX BEIIECTB
CeM(pUICCKIMH PEAKIIUIMU.

9




Paszgen 3. ®Pusnuyeckas XuMus 12
Tema 3.2. [Ipaktuueckoe 3ansitue Nel4. Pemenue 2 Y01.1
Xumuueckas 3a7a4 no teme: «TepmoanmHaMuuecKue V01.3
TEPMOAMHAMMKA pacueTsl». ¥01.9
[IpakTuueckoe 3austue NelS. «Pemenue Y04.8
3aJa4 Ha 3aKOHBL: SHTponuu, [ mboca» 2
Tema 3.3. [Ipaktnueckoe 3anstue Nel6. 2 Y01.1
XuMuueckasi KUHEeTUKa | BbinongHeHue ynpaxxHEeHU U pelieHue Y01.3
3a1a4 1o reMme: «Kunetnueckue Y01.9
pacyeTs. Y04.8
[IpakTrueckoe 3ansitue Nel7. 2
BelinonHenue yrnpaxxHeHnul U peleHne
3aja4 1o TeMe: «XUMHUYeCcKoe
paBHOBECHEY
Tema 3.4. [Ipaktuueckoe 3ansarue Nel8. Pemienue 2 Y01.1
Teopust pactBopoB 3aja4: «Pacuertsl OCMOTHYECKOI0 Y01.3
3JIEKTPOJIUTOB U JIaBJICHUS, TemImeparyp KUTICHUS, 2 Y01.9
HERJIEKTPOJINTOB 3aMep3aHus pacTBOPOBY Y04.8
[Ipaktruueckoe 3ansarue Nel9. Pemenue
3aja4: «Pacuertsl OCMOTHYECKOI'0
JIaBJICHUS, TemImeparyp KUTIECHUS,
3aMep3aHus pacTBOPOBY
Pa3nen 4. Koyouanass xumus 8
Tema 4.3. [IpakTnueckoe 3aHSTHE Ne20. 2 YO01.1
Komnonausie cucreMmsl | Brimonnenue YIOPaKHEHUI: 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,
Kelle3a TUAPOKCUAAY.
JIaGoparopHas pabota Ne§.
«[lony4yeHne KOJUIOUAHBIX PACTBOPOB:
30111 OEPIIMHCKOM Ja3ypH, U3ydeHHe 2
BIIMSTHHS DJIEKTPOJIUTOB HA
3aCTyJHEBaHUE PACTBOPAY.
Tema 4.4. JIaGoparophas pabota Ne9. «3yuenue 2 Y01.1
MukporeTeporeHHble MPOLIECCOB HAOyXaHUS U Y01.3
CHUCTEMBI cTyAHeoOpa30BaHuUs Kpaxmala, ¥01.9
JKEJIaTHHA. Y04.8
Pa3nea 5. AHaanTH4Yeckas XUMHUSA 22
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Tema 5.2. JlaGopaTtopubie padoTsr Ne 10. Y01.1
KauectBennsiii ananus | «KauecTBeHHbIEe peakiuu KaTHOHOB |, I, Y01.3
AQHUOHOB. Il rpynmb Y01.9
KauectBennsiit ananus | Jlaboparopnas padora Ne 11. Y04.8
KaTHOHOB «KauecTBennbie peakiiuu KaTuoHoB 1V,
V, VI rpynnsny
JlaGopaTopHas padoThI Nel2. Y01.1
«KadectBennsie peaknuu annonoB CL, Y01.3
Br, I.» Y01.9
Jlaboparopuast pabotsl Nel3. «Peakiuu Y04.8
AQHUOHOB KHCJIOT: CEpHOW, YroJIbHOMH,
dbocdopHoii, XJIOPOBOJIOPOTHOM,
CEpPOBOJAOPOHOM, A30THOM, a30TUCTON»
Tema 5.3. JlaboparopHast pabota Nel4. «Ananmm3 Y01.1
KauecTBeHHBIIT aHaNU3 | HEU3BECTHOI'O BEIIECTBAY V01.3
HEU3BECTHOT'O ¥01.9
BelIeCTBa
Tema 5.5. IIpakTnueckas pabora Ne21. Y01.1
OCHOBBI IPOBEACHHUS «BplnonHenne pacueroB B Y01.3
KOJIMYECTBEHHOT O KOJINYECTBEHHOM aHAJIU3E» Y01.9
aHaJn3a [IpakTuueckas pabora Ne22. Y04.8
«BpInonnenue pacueToB B
KOJIMYECTBEHHOM aHAJIU3E»
Tewma 5.6. [TpakTuueckas paborta No23. Y01.1
I'paBumeTpHUUeCcKuit «Beimonnenue pacyeToB B Y01.3
(BecoBoit) MeTos IPaBUMETPUYECKOM (BECOBOM) aHaIM3€ Y01.9
aHajau3a 0o0BbeMa BelllecTBa, MACChl BEIIECTBAY. V04.8
JlabopaTopHas paborta Nels.
Onpenenenue coiepX aHus BIaru B
MPOYKTAX TTUTAHUS
Tema 5.9. IIpaxTrueckas pabota Ne24. Y01.1
Turpumerpuueckuit «BrIinonHenne pacueroB B Y01.3
(0ObeMHBII) METOJ TUTPUMETPHUECKOM (0OBEMHOM) aHaAIN3a ¥01.9
aHaimn3a 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

3SMETOAUYECKUE YKA3AHUSA

Tema 1.1. OcHOBHBIEC MOHATHA U 3AKOHbLI XUMHUHU

IIpakTnueckas padora Nel.
YrpaskHeHus1 B pac4eTax OCHOBHbIX 3aKOHOB XMMHH

Ieab: HayduTbCA ONPENEIATH MOJSPHBIE MAacChl BELIECTB, ONPEACNATh IIPOLICHTHOE
COJIepKaHUE KaKIO0T0 3JIEMEHTA B BEIIECTBE, BBIIOJIHATH PACYETHI 110 YPABHEHUSIM PEAKIUN.

Brinosinus padorty, Bl Oynere:

YMETB!

— ONpeAesATh MOJIIPHYIO MAacCy U KOJMYECTBO BELIECTBA;

— ONpEAENATh NIPOLEHTHOE COJAEPKAHNE DIIEMEHTOB B BEIIECTBE;
— BBINOJHATH PACYEThl IO YPaBHEHUAM PEaKLU.

MarepuajibHoe o0ecnieyeHue:

Kparkwuii cnpaBounuk ¢usuko-xumudeckux BeawuuH / [lox pen. K. I1. Mumenko u A. A.
PaBnens. — JI.: Xumus, 1974. — 200 c. Ilepuoandeckas cucreMa xumudeckux siaeMmeHToB JI. .
Menpeneena.

3ananmue:

1. Ompenenurte kakoe KoiaudecTBO BemiecTBa conepxurcs B 1 kr HoO u B 1 kr Zn(NOs),.

2. Ompenenurte MPOIEHTHOE coepkaHue ceprl B okcue cepol (1V).

3. Ompenenute, CKOJIBKO cyib(aTta Oapus monyuntcs npu B3aumoaeiicteuu 20,8 r BaCl, ¢
Na,SO,, eciu:

a) MPaKTUYECKHIA BBIXOJ paBEH TEOPETHUECKOMY,

0) mpakTU4ecKuil BBIXO cocTaBisieT 99% OT TeopeTHYecKoro.

YpaBHEHHE peaKINK BaCl,+Na,SOs—2NaCl+ BaSO,.

4. Cxonpko Bogopona (M, V) MOXHO HOJY4YUTh MPH B3aUMOAECUCTBUM 1 KI' JKEIE3HBIX
CTPYXKEK C COJITHOW KHCJIOTOW, €CIM HEMETAJUIMYECKHX TpuMeceld B cTpyxke 2%, a
IIPaKTUYECKUM BBIXOJ] BOJOPOa cOCTaBIsAeT 99%.

YpaBHECHHE PEaKIIuU Fe+2HCIl—FeCl,+H,.

KpaTkue Teopernueckue cBeieHUS:

Xumus — nayka o eewjecmeax, ux CmpoeHuu, COUCMEax u NPeepPaujeHusx.

Bce, uro Hac okpyxaet Ha 3emiie U B Kocmoce — matepus.

Paznuyarot n1Be popmbl CyliecTBOBaHNS MaTEPUU: BEILIECTBO U TOJIE.

Bewecmea — 3710 pa3znuyHble BUbI IBMKYILEHCS MaTepuu, 00J1a1atolieid Maccoil moKosl.

Bce Tenma, koTopble Hac OKpYXaroT, OTJIMYAIOTCS MO (opme, pa3mepam, LBETY U JIPYrUM
npu3HakaMm (kauectBaM). Hampumep, mpobupka M XMMHYECKHH CTakaH MMEIOT pasHylo Gopmy, a
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MaJieHbKasi ¥ Oousbliast Kool — pa3Hbele pa3Mepbl. Ho y Bcex Ha3BaHHBIX (PM3MYECKHX TEN €CTh
o0Imee CBOICTBO: BCE OHHM CAETAaHBI M3 OJHOrO Marepuasa — cTekyia. 1o, M3 4ero cocTosT
¢busnueckue Tea, Ha3bIBACTCS 8EUeCMBOM.

BemectBa cocrosT HW3 dYacTHI, Macca IIOKOS KOTOPBIX HE paBHa HYyJ0. Bemecrsa

XaPaKTCPUIYIOTCA IIJIOTHOCTBIO. II10THOCTE — 3TO OTHOIIICHHE MACCHI BEIIIECTBA K O6’bCMyZ
m

p=— (r/em®, xr/nv)
V

Kaxxnoe BemecTBO uMeeT HAOOp CrenupUIECKIX CBOWCTB, (PH3UYECKUX U XUMUYECKUX, 11O
KOTOPBIM OJIHO BEIIECTBO OTJIMYAETCS OT JIPYTOTO.

K ¢wusugeckum CBOICTBaM OTHOCSTCS: arperaTHOE COCTOSIHWE, I[BET, IUIOTHOCTb,
TEIUIOTPOBOHOCTb, DIIEKTPOIPOBOJHOCTD, TEMIIEPATypa KUIICHNUS, TUIABJICHUS U ITpoYee.

K XuMuYeckuMm CBOWCTBAM OTHOCSATCS T€ MPEBPAIICHUS, TPU MOMOIINA KOTOPBIX M3 OJHOTO
BEIIIECTBAa MOYKHO MOJIYYUTh IPYroe, TH NPEBPAIICHUS HA3bIBAIOTCS XUMULECKUMU PeaKYUSMU.

O npoTeKkaHUN XUMUYIECKUX PEAKIUI CY/IST 10 BHEIIHUM MTPU3HAKAM:

— BBIICTICHHIO TEIIA, TyYHCTON SHEPTHH;

— 00pa30BaHMIO OCAJIKA;

— U3MCHCHHUIO 1IBETA;

— BBIJICJICHUIO Ta3a;

— MOSIBJICHUIO 3a1iaxa.

[lepBoe ydeHue 0 CTPOSHUH BEUIECTBA — ATO AMOMHO-MOAEKYIAPHOE YieHue.

OCHOBHBIE TIOJIO)KEHHUSI AaTOMHO-MOJICKYJISIPHOTO YUCHHS:

1. Bce BemecTBa cOCTOAT U3 MOJIEKYII, aTOMOB HJIM HOHOB.

2. Monekyna — smo menvuauuidas vacmuya eewecmasd, 001a0anuds OnpeoeieHHol MAccol,
uMerowas cocmas u 6ce XuMuyeckue ceoucmea 3mozo eeujecmeda. Mojexkyna — MpeaebHbINA
pe3yabTaT MEXaHUYECKOTO JPOOJICHUS BEIIECTBA, HEUMPAIbHASL YACUYA, COCMOAWAS U3 AMOMOS,
Komopbwle coOeOUuHeHbl MenHcdy coOOol 8 onpedeieHHoOM NopsoKe.

HoHbI — 3apsKCHHBIC YaCTHUIIBL.

3. Mexay MOJEKyJaMu CYIISCTBYIOT CHIJIBI B3aHMMHOTO TPHUTSDKEHUS W OTTAJIKUBaHUS. B
TBEPABIX BEIIECTBAX 3TH CHJIBI BBIIIE, PACCTOSHUE MEXIY MOJEKylaMu MeHbIe. B razax cuibl
B3aMMOJICHCTBHUS MKy MOJIEKYJIAMH MaJIbl, PACCTOSTHIE MEXTy HUMH BEIIUKO.

4. Monekynbl HaxXOASTCS B HEMPEPHIBHOM JBI)KCHUU, C TOBBIIIEHHEM TEMIIEPaTyphl
CKOPOCTb JIBIDKEHUS MOJICKYJT YBEIIMUUBACTCS.

5. Monekynsl COCTOST M3 aTOMOB, HEMPEPHIBHO ABWXKYIIMXCA. Amom — Menbuatiuiast
yacmuya, Xumuyecku Heoeaumas.

6. ATOMBI OJTHOTO BUJA HA3bIBAIOTCS XUMUYECKUMU INeMeHmamy U OTINYAIOTCS OT aTOMOB
JPyToro BUAa MacCcoi, pa3MepoM, CTPOCHHEM, CBOIICTBaMHU.

3HaKu, MPU TMOMOIIHM KOTOPBIX Ha Oymare M300pakaroT XUMHUYECKUE DTIEMEHThI Ha3bIBAIOTCS
XUMUYECKUMU CUMBONAMU.

Hamnpumep:

Cu — meap [kymipyMm] Pb — cBuner [umroMOym]
Fe — xene3o [pepym] P — ¢ochop

H — Bogopon [ruaporeanyMm| O — KUCIOPO.T [OKCUTECHUYM |
He — renmi S —cepa [cynbdypym]

K — kanmii F — ¢rop

Na — Hatpuit Cl — xnop

Li — ymTnit Br — 6pom

Ag — cepebpo [apreHTym] | —iion

AU — 301010 [aypyM] V — Banaguit

Mg — maruumii AS — MBIIIBSK [apCEHUKYM |

13



Ca — xanpuuii Cr —xpom

Ba — Gapuit Sb — cypema [cTHONYM]
Hg — pryTs[runpaprupym] Bi — Bucmyr

B — 6op Cd — kagmuii

Al — anmromuHuR Mo — monubeH

Si — KpeMHUH [ CHIHIHYM W — Bonb(hpam

C — yrnepon [kapOoHUYM ] Mn — mapranerg

Sn — 0110BO [cTaHHYM ] Co — kobasbT

N — a30T [HUTpOTEeHUYM | Ni — HUKeb

Ti — Tutan Pt — mnaruna

7. BemectBa Ha Oymare M300pakarOTCs XUMUueCKumu hopmynamu, KOTOpble YKa3bIBalOT Ha
Ka4EeCTBEHHBIN U KOJIMYECTBEHHBIN COCTAaB MOJICKYJIBI.

Hanpumep: o

cmBon CMMBOJI

NHAEKC

Wnnexc B hopMyiie yka3bIBaeT Ha YMCIO aTOMOB 3TOTO 3JIEMEHTa B MOJIEKYIIE.

C momouiplo XMMHYECKHX (OPMYJI M CHMBOJIOB 3alUCHIBAIOT Xumuueckue ypasrenus. OHA
CIy’KaT JJis M300paKeHUsI XUMUUYECKUX PEaKIUi U OTPaKalOT 3aKOH COXPAaHEHUS MacChl BELIECTB.
Koaddunmenter nepen GopmynamMu BENIECTB B YPABHCHHSIX XHMHYECKUX DPEAKIIMA HA3BIBAIOT
cmexuomempuieckumu Kodgduyuenmamu.

Bewecmea, cocmoswue uz 00no20 Xxumuuecko2o s1emenma, Ha3vl8arOMest NPOCMbIMU.

Bewecmea, cocmoswue uz 08yx unu 6onee s1emMeHmMos, HA3bIBAIOMCSL CLIOHCHLIMU.

IToHsITHE OTHOCHUTEILHOM aTOMHOﬁ, OTHOCHUTEJIbHOM MOJ'ICKy.]'IHpHOfI n

MOJISIPHOM Macc, KOJIMYECTBa BEIIeCTBA (MOJIs)
Macchl aTOMOB 1 MoKyl OueHb Majibl. Hampumep, Macca oxHoro u3 Hanbosee TSHKEIbIX
§TOMOB — ypaHa — COCTaBIIsET 39,54-10°° r, a camoro JIerKoro atoma — Bojopozaa- 1,67-10

[Ipn XEMUYECKUX pacyeTax IOJb30BAThCA TAKHUMHU MAaJbIMU YUCIAMH OYEHb TPYJHO,

MOATOMY JUIS OTPENENICHUs] MacChl aTOMOB IOJB3YIOTCS OTHOCHTEIBHBIMA Maccamu. 3a

€MHUIY aTOMHOM Mac¢hl B XUMHUHM U pusmke ¢ 1961 r. nmpuHATAa amomHnas eOuHuya Maccol
(a.e.M.), KOoTOpas paBHa /12 JJACCEI aTOMa H30TON YIieposa gi 1 ob603HAUaeTCs M.

m, =1 a.e.m. = /1om(°C) = 15-1,993-10° 1= 1,66 10"

Ee ciaenpyer ornuyath OT 6e3pa3MepH0H BEJIMUMHBI omyocumeﬂbyoﬁ amomHou maccol Ay.
Hanpumep, oTHOCHTEIbHAS aTOMHAs Macca 3ieMenTa cepbl A((S) = 32, a Mmacca atoma cepsl My(S)
=32-l a.e.m. = 32 a.e.M., T.e. paBHa IPOU3BEICHUIO OTHOCUTEIHLHOW aTOMHON MacChl AJIEMEHTA
Ha 1 aTOMHYIO €IUHUILY Macchl.

OTHOLICHNE MACChl MOJICKYIIBI K /12" Macchl aTOMa yriepoja Ha3bIBACTCS OMHOCUMENbHO
Monexynaprot maccou gewecmea M,. OHa paBHa CyMMe€ OTHOCHUTENBHBIX aTOMHBIX MaccC C
YYIETOM YHCJIa aTOMOB KaXKJIOTO JIEMEHTA.

Monspnas macca eewecmsa (W wim M) uucnenno pasna omHOCUMENbHOU MOJLEKYASAPHOU
macce eewecmed, KOmopas GblYUCAAemCsl KAK CYMMA OMHOCUMENbHLIX AMOMHbLIX MACC 6Cex
INEMEHMOB, BXOOAUUX 8 MOJIEKYITLY, C YUEemOM UHOEKCOB.

Monb — 3T0 Takoe KOJTMUYECTBO BEIIECTBA, KOTOPOE COAEPIKUT CTOIBKO K€ CTPYKTYPHBIX €IUHUIL
(aToMOB, MOJIEKYJI, MOHOB...) CKOJIbKO uX coaepkurcs B 0,012 xr uzoromna yraepoza 12C.

Macca 1 Mons BemiecTBa Ha3bIBaeTCS MOJSPHON MacCOi, BbIpa)xxaeTcs B KI/MOJIb UM T/MOITb
1 0003Hayaercs ().

Takum 06pa3om, KOJIMUECTBO BEIIECTBA:
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m
v, . =—— (MOJb)

B—Ba
B—Ba

Aneopumm pacuema MONAPHOU MACCHL
Paccunrare MonsipHyto Maccy okcuaa Hatpusi NayO.
Pewenue:
1) Onpenenum no tabnwuie .M. MenaeneeBa OTHOCUTEIBHBIC aTOMHBIE MacChl AJICMEHTOB.
A/(Na) = 23; A/(O) = 16.
2) Ompenie’arM OTHOCUTEIBHYIO MOJIEKYJISIPHYIO MacCy BEUIeCTBa.
M;(Na,O) = 2-23 + 16 = 62.
3) Onpenenum MOJISIPHYIO MaccCy BEIIECTBA
u(Naz0) = 62 r/mois.
OcHOBHbBIE 3aKOHBI XUMHU
Paznen xumuu, B KOTOPOM paccMaTpUBAIOTCS MAacCOBble U OOBEMHBIE OTHOIICHUS MEXKIY
pearupyoimM1 BEIECTBAMU HA3bIBACTCS CHEeXUoMempueli.
OcHognbie cmexuomempuieckue 3aKoHbl
3axon nocmoancmea cocmasa (K.Ilpyct, 1799 1.).
Beskoe uucToe BelIECTBO MOJEKYISPHOW CTPYKTYpbI, HE3aBUCHMO OT croco0a ero
MTOJTYYEHUSI, BCETIa IMEET IMOCTOSTHHBIN Ka4eCTBEHHBIN U KOJIMYECTBECHHBIN COCTaB.

Hanpumep:

2C+0; —> 2CO | cr10co6
2CO + 0O, > 2C0Os

C+0, > CO; | 2 crioco6

CocraB monekynbl yriekucaoro raza CO; He 3aBUCUT OT TOTO KaKUM IyTEM IOJIy4eHO ATO
BEIIECTBO.

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

Macca BemiecTB, BCTYMAaOIIUX B pEaKIUIO, PaBHA MAacce BEIIECTB, OOPa3yHIIUXCS B
pe3yiibTaTe peakiiuy.

3axon coxpanenus snepeui.

DHeprus He UcUe3aeT U He BOSHUKACT BHOBb, OHA TIEPEXOJIUT U3 OJHOU (DOPMEI B IPYTYIO.

OTU 1Ba 3aKOHA BBIPAKAIOT €UHBIA 3aKOH MPUPOABl — BEYHOCTH MATEPUU U €€ IBUIKEHUS.
3aK0H COXPAHEHUS MAcChl M DHEPTHH CIY)KHT OCHOBOW PacyeToOB MO ypPaBHEHUSM XUMHUYCCKUX
peakiui.

IHopsaok BbINOJIHEHUS Pa0OTHI:

1 3anumure B OTYET MO MPAKTUYECKON paboTe OCHOBHBIEC (DOPMYIIBI IJIs1 pELICHHS 3a1a4.

2 O3HaKOMBTECHh C OCHOBHBIMU METOJaMU PEIICHHS 3a/1ad Ha OCHOHBIC TOHSITHS U 3aKOHBI
XHUMHUH.

3 IIpoananu3nupynTte NpUMeEpHl PEIICHUS TUIIOBBIX 3a/1a4.

4 BpINOJHUTE UHIMBUIYAIbHBIE 3a/1aHUSI B COOTBETCTBUU C BAPHAHTOM.

Xon paborsr:

3amaua. OnpeaenuTh KOJIMYECTBO BEIIECTBA THIPOKCH/IA KallbliKs, Haxoasieecs B 296 T

9TOr0 B€IICCTBA.
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Hano: Pemenne:

Mcaon), =296 | 1) Onpenenum MOJSIpHYO MAacCy ruAPOKCHAA
r kanbrus Ca(OH),

VCa(OH) , = 2 Ucaom) , = 40+2(16+1) =74 I/MOJIb

2) Onpenenum konnuectBo Bemectsa Ca(OH);

Meaony, =@=4 MOJIb

V =
caom: Hcaon), 74

Omeem: Vca(oH) ) =4 momus

Jliist perieHust 3a1a4 TaHHOTO THIIA HY)KHO MCIIOJIb30BaTh MMOHATUE MaCCOBOH JTOJTN
KOMITOHEHTA B CMeCH ® (oMera).

m e
o, = 1 W g = m, .100%» /1€ M1; M2; M3 — COOTBETCTBEHHO,
m, +m, +m; +... m, +m, +m, +...

macca 1, 2, 3-ero KOMITOHEHTA.

MaccoBast omnst 6e3pazmepHasi BeTHUMHA HITH U3MeEpsieTcsi B %, TOTAa TOBOPSAT O POIICHTHOM
COJIepKaHUU KOMITOHEHTA.

3a0aua. OnpenenuTh comepkaHue xees3a u kuciaopoaa B okcuze xkenesa (1) — FeOs.

HaHno: Pemenue:
Fe, O3 1) IlpenmonmoxkuMm, s pacdera B3aad 1 MOJb
BerrectBa Fe,03,10 ecThb

mF62 0, = Meyeen = MUre, 03'1M0HI’ = (562 + 163)1 =

160 T
2) OmnpenenyiM MaccoBYIO JIOJIIO JKejle3a B OKCHJE
Fe,O4
op, =M% 1000 = 202 100% = 73%
Meeo, 160

3) OHpeHCHI/IM MaCCOBYIO JOJIFO KHUCIIOpOJa B OKCHU/IC
Fe203

®o =100% — 73% = 27%
Omeem’. ®ee = 13%; o = 27%.

oFe=7?
o0 =7?
3agaua.

16



CKOJIbKO BOJIOPO/1a MOKHO MOJIY4YHTb, ECJIM C COJSHOM KMCIOTON Ipopearupyer 6,5 T LuHKa
(OTBET BBIPA3HTH B JI, T, MOJISX MPHU H.Y.)

[aHo: Pemenue:
mZn=6,5t 1) CocTtaBUTh YpaBHEHHUE PEAKIIHH
My =7? Zn + 2HCl — ZnCl, + H,
VH2 =7 2) Onpenenuth YUCIIo Mojei Zn
Vi =7 v, =M 85 g
Mz 65 MOJTb

3) CocTaBUTh NPONOPLMIO 10 YPABHEHUIO
PEaKIUK U OIPEICIUTD Vi

1 moae Zn  — 1 mons H,

0,1 moab Zn — x Moab Hp
_ 01-1 —01

vip=x 1 MOJTh

4) Bolpa3zuM KOJIMYECTBO BOAOPOJA BT U JI
MH2 = UWH2'VH2 = 2~0,1 = 0,2 r
VH2 = Vu'Vi = 22,40,1 = 2,24 I
OtBeT: M2 =0,21; V2 =2,24 1; v = 0,1 monb
V. 3aaun Ha IPUMECH.
3amaua.
Cxonbko HerameHoi u3zsectu CaO MOKHO NoJIyduTh U3 | T U3BecTHsIKa, coaeprkamero 90%
KapOoHaTa KanbLus ?

Hano: Pemienue:
M, = 1000 1) CoctaBum ypaBHCHHE

KT TEPMHUYECKOTO Pa3IoKEeHHs KapOoHaTa
MCcaco3 = KaJIbIIHSL.

O 0
90% CaCO; —— Ca0 + CO,

=7
Mcao = 2) Onpenenum maccy KapGoHara

KajblMs B | T U3BECTHSKA.
Meaco, ~100%

WDcaco, = m
m _ M. - Dcaco, _ 1000-90 — 900 kr
caco 100% 100

3) CocraBuM MMPOIOPIHIO IO YPABHCHUIO PCAKITUU.

Ucaco3=40 + 12 + 16-3 = 100 r/moitb
HUca0=40 + 16 = 56 r/mMonb
100r — 56r
900 Kr — Mca0
ca0 = 9(1%056 =514 -
OTtBeT: Mcao =514 kr
3anaua.
Ckoubko xjopuaa cepedpa MoxkHo moay4nth 1o peakiuu AGNO; + KCI — AgCl + KNOg,
eclu B pacTtBope Obu10 16,9 T HUTpaTa cepedpa, a MPAaKTUYECKUH BBIXO TPOAYKTOB COCTABISET
99%.
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Hano: Pemienue:

Magwo, = 16,9 T 1) Onpenenum Mager (T€Op.), UCIONB3Ys

IIPAKT. IIPOIIOPHUIO.

BBIXOT=99% iy gye, = 107+14+48 = 169 r/moinsb
uagcl= 107+35,5 =142,5 r/moinb
169r — 1425
16,9 r — magci (Teop.)

_ Mgy 18971425 _ 1 oc
M xocl =7 169

2) OnpenenuM Mager (IPaxT.)

14,25 — 100%

mMAQCI (mpakr.) — 99%

14,25-99%
100%

Omeem: MpaKTUUECKUI BBIXOJ XJIopua cepedpa cocrapiuset 14,1 .

-141 7T

Mager (npaxm.) =

®opma npeicTaBjeHusl pe3yabTara: odpopmieHHas paboTa C  BBINOJHEHHBIMHU
WHIUBUIYaTbHBIMU 33JJaHUSIMU 110 BapHAHTAM.

Kpurtepun ounenku:
3a KaXkIpIi TpaBUIbHBIN OTBET — 1 GasuI.
3a HernpaBWIbHBIN O0TBET — () OasUIOB.

Tema 1.1. OcHOBHBIE IOHATHSA U 3aKOHBI XUMHHU

IIpakTuyeckas padora Ne2.
YnpaxHeHHs] B pacueTax ra3oBbIX 3aKOHOB

HeJ'IBZ HAYYUTBHCA ONIPCACIIATH 00BeM rasa, €CJIM U3BECTHA MaCCa 3TOI'0 ra3a, HaXOAUTb MacCy
ra3a, €CJIM U3BC€CTHO €I'0 KOJIMYCCTBO B€HIICCTBA

Bbinosinus padory, Bel Oyaere:

YMETh:

— omnpenensaTh 00bEMBI Ta30B;

— paccUMTHIBaTh MacCcy M KOJMUYECTBA BEIIECTBA ra30B

MarepunanbHoe obecrniedeHue:

Kpatkuii cnpaBouHuk Qusuko-xumudeckux senuyuH non pen. K. I1. Mumenko u A. A.
Panensa. — JI.: Xumusa, 1974. — 200 c. Ilepuonuueckas cucrema XxuMudyeckux anemeHtoB [I. U.
Menneneena.

3ananue:
1.0Onpenenute 06beM, KOTOPBIN 3aHUMAET | KT YTIIEKHUCIIOTO ra3a Mpu:
a) HOPMaJIbHBIX YCIOBHSIX;

6) p=10°TIa; T=300 K.
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5. Ckonpko Bojopoza (M, V) MOXHO MOIY4YUTh IPHU B3aUMOAECHCTBMM | KI KEJIE3HBIX
CTPYXEK C COJISTHOM KHMCIIOTOM, €CIIM HEMETAJNIMYECKUX MPUMECEN B CTpYyKKe 2%, a IPAKTUYECKUN
BBIXOJ] BOJIOpo/ia cocTaBisieT 99%.

VYpaBHEHHE peaKIUK Fe+2HCIl—FeCl,+H,.

KpaTRne TECOPETHYECCKUEC CBCACHUS .

["a30BBIE 3aKOHBI

3axon Asozadpo.

OnuHakoBble 00BEMBI PA3IMYHBIX Ta30B MPU OJAMHAKOBBIX YCIOBHUSAX COJIEPKAT OJMHAKOBOE
YHCIIO MOJIEKYJI.

JU1st CTEXHOMETPUYECKUX PACYETOB YAOOHO MPUMEHATH Ciedcmaue U3 3akona A6o2aopo:

1 Monp 1106010 ra3a npu HOPMAIBHBIX YCIOBHUSAX 3aHUMAET 00beM 22,4 11 (MOJSPHBIA 00BEM).

HopmaibHeie yernosus (H.y.) —31o: P =1 arm (10°I1a); t° = 0° C (273 K).

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

Jns onpeneneHus o0beMa TIa3000pasHBIX BEILECTB HCIONB3YIOT MOJAPHbIL 00vem V.
Monspubiii 00vem eaza — 3mo omHouleHue e20 00veMa K KOIUYeCmeay 8eujecmasa:

Ecnu ycnoBusi OTIIMYHBI OT HOPMaJbHBIX TO OOBEM Ta3a HY)KHO MPUBECTU K HOPMAIbHBIM
YCIIOBHSIM IO 00bEOUHEHHOMY 2A3060MY 3AKOHY.
PV PV, PV,
T T T,
B Takux cinyyasx MOXHO HCIOJNB30BATh AJISl PACUETOB YPABHEHUE COCMOSAHUS UOEaNbHO20
eaza Menoeneesa-Knaneiipona:

=...=const

pv =R,
u

rne P — maBnenwue raza, I1a

V — 06beM raza , M°

m — maccaraza, I’

L — MOJIIpHAs Macca rasa, I/MoJib

T — abcomroTHas Temmeparypa, K

R — yHuBepcanmbHas ra3oBasl IOCTOSIHHAs, KOTOpas NPUHMMAET pa3JIMYHbIE 3HAUYECHUS B
3aBUCHMOCTH OT €JIMHHII U3MEPCHUS.

g3 a1, gz MK . gggy aTM T

; .
MoJb - K Mok - K MoJb - K

Ilopsinok BbINOJHEHHSI padOThHI:

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

2 O3HAaKOMBTECH C OCHOBHBIMU METOJIaMU PEIICHUS 3a7a9 Ha CMEITUBAHUE PACTBOPOB.

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

4 BBITIOJIHUTE WHIWBHIYATBHBIC 33/IaHHSI B COOTBETCTBUU C BAPHAHTOM.

Xox pa0doThI:
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Omnpenenure 00beM, KOTOPHIH 3aHUMAIOT 64 T Kuciopoaa Oz mpu:
a) P =10°ITa, T=273 K (&.y.)
6)P=10°Ila, T=373 K

Jlano: Pewenue:
Moz =641 1 cnocob
aL)P0 =10°Ila 1) Onpenenum, CKOJIBKO MOJIeH
T'=273K | cocrapmsior 64 1 O,.
6) P=10°ITa M, 64
T=373K Vo=, Tyl

V0, = ? 2 MOJIS

Vg = ? 2)  Ompemenum  obvem  Op  1pu

HOPMAaJIbHBIX YCIIOBHUSX.
VS, =V, Vo, =224-2=448

3) Onpenenum o6bem O, ipu P = 10°Tlau T=373 K

PV _PV°
T TO
Oy 7 O 5
PV 10048373 )
? PT 10° - 273
2 cnocob

1) Omnpenenum o0bEM KHUCIOpOJA NMPU HOPMAIBHBIX YCIOBUSX U3 ypaBHEHUs MeHjeneeBa-
Knanetipona.

pv = MRT
u

R=83 klla- o

Moz = 32 1/mMob; moJtb - K

mRT® 64.83.273

A =446 n

%" PO, 10732
2) Onpesenum oGbeM kuciopona npu P=10° ITa u T=373 K
mRT  64.8,3-373
o = = =6,12
" Py,  1000-32
Omesem: V°0p=44,8 1; Vop=6,12 1.
IV. Pacuemul no ypasnenuam peaxyuii.

3aoaua.

CKOJIBKO BOIOPO/Ia MOYKHO IOJIyYHUTb, €CJIM C COJSTHOM KUCJIOTOW Ipopearupyer 6,5 r IUHKa
(OTBET BBIPA3UTh B J, T', MOJISIX IIPU H.Y.)

Hano: Pemienue:
mZn=6,5r 1) CocTaBuTh ypaBHEHHE peaKuu
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My =7 Zn + 2HCI — ZnCl; + H;

VH2 =7? 2) OnpenenuTh 9UCIIo MoJiel ZN
=7 m 6,5
Vi =1 v, = =20 g1
Hzy 65 MOJIb

3) CocTaBuTh NPOMNOPLMIO MO YPABHEHUIO
PEAKIUK U OIPEACIUTD Vi

1 mone Zn  — 1 mous Hy

0,1 mons Zn — x moab Hy
_ 01-1 _04

vip=x 1 MOJTh

4) Beipa3uM KOJIMYECTBO BOJOPOAA B T U JI
MH2 = UWH2'VH2 = 2-0,1 = 0,2 r

V2= vpvip =22,4:0,1 =2,24 1

Omeem: M =0,21; Vuo =2,24 11; vp = 0,1 momp

dopma npeacTaBJeHUus1 pe3yJbTaTa: BHIIIOJHEHHAs padoTa ¢ PEIICHUEM WHIMBUIYaTbHBIX
3aaHui (3a/1a4 HA pacyueT U MepecdeT KOHIEHTPAIM pacTBOPOB) IO BapUaHTaM.

Kpurepun oneHku:

3a Kax bl MPaBUIbHBINA OTBET — 1 Oas.
3a HenpaBUIbHBIN 0TBeT — 0 OaoB.
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1.2 PacTtBopbl. Cioco0bI BhIPa:KeHHs KOHIEHTPAUMA PacTBOPOB

IIpakTuyeckas padora Ne 3

YrnpakHeHusi B pacyeTax KOHUEHTPAIlUM HEOPraHNYeCKUX BelllecTB

I_[e.m,: HAay4YUTBCA PpPaCCUUTBIBATL KOJIMYCCTBA BCHICCTB IJId IPUTOTOBJICHUSA PpPaCcTBOPOB
3aZ[aHHOI>'I KOHICHTpAalMH, paCCUUTBIBATL W NCPCCUUTBIBATH KOHLUCHTpAaUWM HX OJHHUX CAWHUI] B

JpyTHe.

Beinosinus patdory, Bel Oyaere:

YMETb:

- OIIPCACIIATH KOJIN4eCTBa BCUICCTB JIIsL IMPUT'OTOBJICHUSA pacTBOpPOB 3aI[aHHOﬁ
KOHLIEHTPALIUN;

— paCCUUTBHIBATL U ICPCCUUTHIBATH KOHIUCHTPAIMU PACTBOPOB X OJHUX CAWHUIL B IPYTrUc.

MarepunanbHoe obecrnieyeHue:

Kpartkuii cripaBounuk (usuko-xumudeckux BenuduH / [lox pen. K.II. Mumenko u A. A.
Panensa. — JI.: Xumus, 1974. — 200 c. Ilepuonuyeckas cucremMa XxuMudeckux anemeHtoB [l. U.
Menneneesa.

3ananue:
1 Pacuer HaBecku BemecTBa M 00BEMa PACTBOPHUTENS IJISi MPHUTOTOBJICHUS
pacTBopa 33J1aHHOM KOHIICHTPALIUH.
2  Pacder KOHIIEHTpalUii PacTBOPOB.
3  Ilepecuet KOHIIEHTpAIHii pAaCTBOPOB U3 OJHUX EAUHHUII B JPyTHE.

Kpartkne Teopernyeckne cBeeHNs:

Cnocobul BbIPAINCEHUA cocmdadsa pacmeopos

1. MaccoBasi 107151 pacTBOPEHHOTO BEIIECTBA (® — 3TO OTHOUIEHHWE MACChl PaCTBOPEHHOTO
BellecTBa K oOmmIel macce pacTBopa. BreipakaeTcsi mMaccoBast 70Jii B JOJSX €IUHUIIBI WU B
nmpoleHTax (IpOIeHTHAsI KOHIIEHTPAIIKs).

m
®, . =t o =—%2.100%;
B—Ba m B—Ba

m
p-pa p-pa
2. Monspnas konneHntpamnus Cy (MOJISIPHOCTB) — 3TO YHCIIO MOJICH BEIeCTBA, HAXOIATINXCS B
111 pacTBOpA.

C = Vom | [moms/n]; CM:mﬂ%M

M

p-pan) Hsa Vo
3. Hopwmanbhas konuentpamus C,. (HOPMaJABHOCT, WJIM MOJISIPHAS KOHIIEHTPAILUS
HKBUBAJICHTA) — 3TO YKCJIO MOJIECH SKBUBAIICHTOB BEIIECTBA (3KB), COJEPKAIIMXCS B 1 JT pacTBOpa.
CM .

c, =", [MomboKB/]; C -

9K

p—pa(n) ok (6—6a)
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—Ba —
C — B—B: — 6—6a ;

or "V p-pa(n) M@—sn : fak 'Vp—lﬂ’(l)
1
f3K(C(71LI) =
7 n(Me)-q(Me)

1 1
fax(ncynem-tuﬂ) = 7—’ f?K(KuL‘W’"H) = ;
n(OH™) n(H")

rae N,, — 9UCI0 MOJICH SKBUBAJICHTOB BEIIECTBA, [MOJIb 3KB];
M., — MoJIsIpHast Macca SKBUBAJICHTA, [T/(MOJIb 3KB)];
fox (6-60) — PAKTOP SKBUBAJICHTHOCTH BEILIECTBA;
n(Me) — gucino KaTHOHOB MeTasia B (hopMyIie CoJu;
g(Me) — 3apsa katHoHa MeTaiia B (hOpMyJie COJIH;

n(OH"), n(H") — xonuuecTBo ruApoKkcHaHbIX Tpynn OH™ win nonos H' B hopmyne
OCHOBAHWUSI U KHCIIOTHI COOTBETCTBEHHO.

4. MousmeHast KoHIeHTparus Cpy, (MOJSUTBHOCTD) — 3TO KOJIMYECTBO PACTBOPEHHOTO BEIIECTBA
B MOJISIX, HaxoJd1ieecst B 1Kr pacTBOpuUTes.

= ; [MOJ'IL/KF]-
m]?*/l}l (Kr)
5. Tutp pactBopa T — 4rcCIIO TpaMMOB PaCTBOPEHHOTO BEIIECTBa B 1 MJI pacTBoOpa.
T= My ; [r/MJI].

p—pa(vn)
Hepecqem KOHueHmpauuﬁ pacmeopoe u3 0OHUX e()uHuu 6 dpyeue

[Ipu mepecuere NPOLUEHTHON KOHLIEHTPAMK B MOJSIPHYIO M HA00OPOT, HEOOXOIUMO
IIOMHHTb, YTO MPOLIEHTHAs KOHIICHTPALUsl PACCUMTHIBAETCS Ha OINPENEICHHYIO MacCy pacTBopa, a
MOJIIpHAas U HOpMallbHasg - Ha O0bEM, MO3TOMY JUIS IepecueTa HeoOXOIMMO 3HaTh IUIOTHOCTh
pactBopa. Eciin Mbl 06003HaUMM: ® — IpOLEHTHast KOHIeHTpauus; Cy — MOJIsipHasi KOHLIEHTpAIHs;
C,« — HOpMaJIbHAs! KOHIIEHTpaNus; D — SKBUBAJCHTHAs Macca (MOJIsIpHAs Macca YKBUBAJICHTA), P —
IUIOTHOCTh PacTBOpa; M — MoJsipHas Macca, TO (OpMyJbl JUIsd IepecueTa M3 MPOLEHTHOU
KOHLEHTpaluu OyAyT CIEAYIOIUMU:

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

OtuMu ke (GopMylTaMU MOKHO BOCIIOIB30BAThCS, €CIM HYKHO MEPECUUTATh HOPMAaIbHYIO
WA MOJIIPHYIO KOHLIEHTPALMIO Ha POLIEHTHYIO.

Ynapusanue, Da36(16.71€H1/l€, KOHUYeHmpupoedaHue, cmeuwueanue
pacmeopoe

Mmeercs m T MCXOTHOTO pacTBOpa C MacCOBOM J0JIel pacTBOPEHHOTO BEIIECTBA M1 W
TUTIOTHOCTBIO Pj.

Vnapuseanue pacmeopa
B pesynbraTe ymapuBaHHsS HMCXOJHOTO pacTBOpa €ro macca yMEHbIIWIach Ha Am T.
OmnpeneauTh MaCCOBYIO JIOJIFO PACTBOPA MOC/IE YITApUBAHHS (2
Bv1600 ¢hopmyn: ucxos U3 onpeesCHUs MaCCOBOM JI0JIM, TTOTYYHM BBIPAKCHHS JUISI (01 U M2
(2 > w1):
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wx=my/m
(rme my — Macca pacTBOPEHHOI'O BEIIECTBA B HCXOIHOM PacTBOPE)

m;= my'm
o1 =my/ (M —-Am)=(w;- m)/ (M- Am)

Konyenmpuposanue pacmeopa
Kakyro maccy BemecTtBa (x r) HaIO JOMOJHUTEIBLHO PACTBOPUTH B HCXOJHOM PacTBOpE,
9TOOBI IPUTOTOBUTH PACTBOP C MACCOBOH JI0JICH PAaCTBOPEHHOTO BEUIECTBA (V77
Bv1600 popmyn: ucxons u3z onpenencHuss MacCOBOM JT0JIM, COCTAaBUM BBIPAKEHHE JUISL 01 U M2

®1=m¢/ m,,
(rme My — Macca BeliecTBa B UCXOHOM PacTBOPE).
m; =c; - M,
2 = (My+x) / (M, + X) = (w1 - M, +x) / (M, +X)

Pemras IMOJIYUYCHHOC YPAaBHCHHUEC OTHOCUTCIIBHO X IMOJTy4acM:
@2 M+ 0w  X=m - M, +X
W M- - M=X—02 "X
(0— 1) - m:(l—(Dz) - X
X=(w2—m1) m)/(1-0wm)

Cmewusanue pacmeopos ¢ pasHblMu KOHYEHMPayusmu
Benem o003HaueHuUs:
®1, 2, ®3 — MACCOBasi JIOJS PACTBOPEHHOTO BEIIECTBA COOTBETCTBEHHO B 1 pacTBope, BO 2
pactBope u 3 pacTBOpE;
m; (BemecTBa), my (BemecTBa), ms (BEIIECTBA) — MAacChl PACTBOPCHHBIX BEIIECTB B
COOTBETCTBYIOIIUX PACTBOpax;
m; (pacTBopa), my (pacTBopa), ms (pacTBOpa) — MacChl COOTBETCTBYIOIIMX PACTBOPOB.

3anumiemM o0y GopMyny I HAXOXKICHUS MacCOBOM JIOJM PacTBOPEHHOTO BEIIECTBA B
MOJYYEHHOM PacTBOPE (1pasuio cMeueHus/cCMeuueaHusl):

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

w,(6ewyecmea ) =

Cwmemanu my rpaMMoOB pacTBopa | ¢ MaccoBOM 10y BelIecTBa 1 U My TpaMMOB pacTBopa 2
C MaccoBO#l jgojei BemecTBa M. OOpaszoBasics pacTBOpP 3 ¢ MAacCOBOM J0Jiel PacTBOPEHHOTO
BellecTBa 3. Kak oTHOCATCS APYT K IPyry Macchl HICXOAHBIX PACTBOPOB?

Buvisoo qbopmyfz.' OycTh ®1 =~ M2 , TOrJa ®1 = M3 > M2 . Macca PacTBOPEHHOI'O BeIleCTBA B
pactBope | cocTaBisieT ®; * My, B pacTBoOpe 2 — @ - Mp. Macca obpaszoBagiierocs pactsopa 3 — (m;
— my). CymmMa Macc pacTBOPEHHOI'O BELIECTBA B pacTBOpax 1 M 2 paBHa mMacce 3TOro BEILIECTBAa B
oOpa3oBaBIIeMcs pacTBope 3:

®1-Mp + 2 - My = ®3° (m1+m2)
O M+ -my=mw3 - My +m3° My
W1 M—03 M =03 My—m1 My
(01— ®3) - M1 = (03— ®1) - My
my / m; = (03— ®1) / (01— ®3)

Takum 00pa3oM, Macchl CMENIMBAEMBIX PAaCTBOPOB Mj W My OOpPATHO MPOMOPIHUOHATBHBI
Pa3HOCTAM MAacCCOBBIX JOJIEH 1 U (2 CMEMIMBAEMBIX PACTBOPOB M MACCOBOM JIOJH CMECH (3
(npasuno cmewusanus).
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s obOnerdeHusi WCHONB30BAaHUS IMPAaBWJIa CMEIIMBAHUS TPUMEHSIOT MPAsUio Kpecmad
(nuaroHanbHast MoJieNlb «kKoHBepTa [lupcoHay) — quaroHaibHas cxema MpaBuila CMEIICHHUS:

;. 5y O, |
B o = i MACCOBBIC HACTH NEPBOToO |
PSS H BTOPOI'O PaCTBOPOB

©, >0, - oy

IIpu pacuerax cieBa Ha KOHIIaX OTPE3KOB 3aMKCHIBAIOT OJHY Haja APYrod MacCOBBIE JOJIU
PacTBOPEHHOTO BEIIECTBA B UCXOJHBIX PacTBOpax (i, M2), HA MEPECEYCHUH OTPE3KOB — MACCOBYIO
JIOJII0 PACTBOPEHHOI'O BEILIECTBA B PAacTBOPE, KOTOPHIM HYXKHO IPUTOTOBUTH, CIlipaBa (Ha KOHIAX
OTPE3KOB) — PAa3HOCTh: BBIYMTAIOT MO JUArOHAIU U3 OOJbIIero MeHbliee 3HadeHue. [lomyuaembie
3HaueHus (MaccoBbl€ YacTH) IIOKAa3blBalOT, B KAKOM COOTHOLIEHWHM HAJ0 CIUTh HCXOIHbIE
PacTBOPBHIL.

my / my = (w3 — ©2) / (01 — ©3)
JIJIs 9TOr0 1O JUAroHaIM W3 OOJBIIEr0 3HAYCHHS KOHIEHTPALMHA BBIYMTAIOT MEHBIIYIO,
MOJTy4aroT (M1 — ®3), ®1 > ®3 U (O3 — ©2), ®3 > ®2. 3aTE€M COCTABJISIOT OTHOIIEHUE MACC UCXOIHBIX
pacTBOpoB mj / My U BEIYKCIISIOT.

Paszbasnenue pacmeopa
Hcxons w3 ompeneneHus MacCOBOM JIOJIM, MOJIYYUM BBIPAXKEHUS JUIS 3HAYEHUH MacCCOBBIX
JI0JIEH pacTBOPEHHOIO BEIIECTBA B UCXOTHOM pacTBope 1 (1) 1 moiaydeHHOM pacTBope 2 (my):
o1 =my/(p1 - V1) otkyma Vi=my /(w1 *p1)
@2 =My (p2 - Vo)
My = ‘p2- V2
PactBop 2 momyuaror, pazbaBiusis pactBop 1, mosTomy m; = My. B dhopmyny s Vi crienyer
MOJICTaBUTh BhIpaxKeHue st my. Toraa

V1= (02 p2 - Vo) / (01 * p1)
mz =z 'p2° V2
WM ©1 ° p1° V1 = W2 P2 V2
mi(pacTBOp) mMy(pacTBop)

mi(pactBop) / my(pacTBop) = w2 / ®1

IIpy ogHOM M TOM K€ KOJMYECTBE PACTBOPEHHOIO BEIIECTBA MAacChl PacTBOPOB U HUX
MaccoBbI€ J0JIM 00PAaTHO MPONOPILMOHATIBHBI APYT IPYTY.

ITopsinok BbINOJHEHHS PadOTHI:

1 3anumuTe B OTYET MO MPAKTUYECKOM paboTe OCHOBHBIE (POPMYIIBI CIIOCOOOB BBIPAKEHHS
KOHIEHTPALH pacTBOPOB.

2 O3HaKOMBTECH C OCHOBHBIMHM METOAAMHU PEILIEHUS 3a]]a4 HAa CMEIINBAHNUE PACTBOPOB.

3 IIpoananu3nupynte NpUMEphl pENIEHUS TUITOBBIX 3a/1a4.

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

Xox padoTsr:

3aoaua Nel.

Onpenenurte npoueHTHyto koHieHTparmio NaCl B pactBope, MojgydeHHOM MPH PACTBOPCHUU
20 r moBapeHHo# conu B 180 T BOABI.

Aneopumm pewrenus:

1) Onpenenum mMaccy pacTBopa
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mp-pa = mNaCl + mBOZ[LI = 20 T + 180 I = 200 T
2) Onpenenum mporeHTHYO KoHieHTparmio NaCl

Do = hacl 10096 = % -100% =10%

p—pa
Omeem: [IpolieHTHAs! KOHIIEHTpAIKs TOBapeHHOH comu B pactBope — 10%.

3aoaua Ne2.

[Tpurotossre 100 M1 pacTBOpa caxapa ¢ MmaccoBoi foaeil ®=10%, eciy MIOTHOCTH pacTBOpa
p=1,06 r/cm’.

Aneopumm pewienus:

Jnist TOro, 4TOOBI MPUTOTOBUTH PACTBOP, HY)KHO PACCUUTATh MAacCy paCTBOPEHHOTO BEILIECTBA
U 00BEM BOJBL.

1) Onpenenum maccy pacTBopa

Mp-pa = Pp-pa *Vp-pa = 1,06-100 = 106 r
2) OnpenenyM Maccy caxapa U3 BhIPayKCHHSL:
w0, = e 100%
p-pa
M, . @y 106-10

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

3) Onpenenum 00bEM BOJIBI.

Miom = Mp-pa— Meax = 106 — 10,6 = 95,4 r
T. K. PrH2o = 1t/M1, TO Vo = 95,4 Ma1
Omeem: macca caxapa 10,6 r, o6beM Bogbl 95,4 Mi1.

3aoaua No3.
Ompenenure: a) NPOIEHTHYIO; 0) MOJSIPHYIO; B) HOPMAJIbHYIO; T) MOJISUTbHYIO KOHIIEHTPAIUIO
noBapenHoii conmu NaCl B pactBope, mosjydeHHOM mpu pactBopeHuu 5,85r conu B 100r BOBI.

[1noTHOCTH MONTy4eHHOTO pacTBopa paBHa 1,04 r/em’.

JaHo: Aneopumm pewenus:
Mnaci=5,85 T a) oy, = Mt _ 585 _ g 0e HITH 5,5%
M, o =100r m, ,. 10585
M, pa = Myaer + My 0 =585r +100r =10585r;
pp—pa 6)
m
Voipa = LR M =101,78cy® = 0,102
Pooe 104
v m .
W Vv e = M Nijl w = _ 38 0,98monb/1 *
ppa) VINacl* Vippatn) 58,5-0,102
M .1 = 23+ 35,5 =58,5r/monb
B) Cy= Myaci = 585 = 0,98MoIIb - KB/
M., "V, e 585-0102
=1,04r/cM” @,
=9
CM:?
CN:?
Cm:’)

M, anact = Miec f
1

sNaCl — 1

o =958,5-1=58,5r/mMo1b - 5kB

El

f =1
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r)Cp=Ync _ Muci 5851 =1 MOJIB/KT
Myo Mye-Myo 98,5r/moms -0,1kr

Orser: ®pee) = 0,055 =5,5%; Cnv=0,98momb/11; Cm=1Mounb/kT;
Cn=0,98 MO11B 9KB/11.

3aoaua Ne4.
Omnpenenure MOJSIPHYH0O M HOPMaJIbHYKO KOHUEHTpauuu 12%-HOoro pactBopa CepHOH
KHCIIOTHI, INIOTHOCTH KoTOporo p = 1,08 r/cm3?
Aneopumm pewienus:
MonsipHast Macca CEpHOM KUCIIOTHI paBHa 98 1/Moib. Clie1oBaTeNbHO,
M(H2S04) = 98 u 3(H2S04) = m(H,SOy) - f,, =98/2 =49,
[ToncraBmnsist HEOOX0UMBIE 3HAUCHHS B (HOPMYJIBI
Cvu=(w-p-10)/m
Cox = (o - p - 10)/ M,,, nomyunm:
a) MoumnspHas koHueHTpanus 12% pacTBopa cepHOI KUCIOTHI paBHA
Cu=(12-1,08-10)/98=1,32 M
06) Hopmanbnas koHuenTpauus 12% pacTBopa cepHOl KUCIOTHI paBHA
Cy=(12-1,08 -10) /49 = 2,64 H.
Otset: Cy = 1,32 M; C,. = 2,64 H.

3aoaua Nes.
Omnpenenure mossipHOCTh 10%-0r0 pactBopa HpSO,.
Hano: Pewenue:
0, ., =10%=0,1 1. Jlnst pacuera mpuMeM v, =1,
C,, (H,50,)=? ITo cnipaBouHuKY p .\ =1lr/em®, TOT A

M, e =Py e Vopa =11r/cm®-1000cn® =1100r
_Muso, , OTCIOMA: M, o, =, 60, - M, ,, =0,1-1100 =110r

mP*PEl

®p.s0,

v m 110
Cu(H80,) =5 = — = 1
HS ' '

p—pa(n) p—pa(n)

=112moib/1

Ortser: c,,(H,50,)=1,12 Mons/11.

3aoaua Neb.

Ckonbko rpaMMm 10%- mponeHTHOro pacTBopa coiu Haao 1o0aBuTh K 300 rpammam 30%-
MIPOLIEHTHOTO PacTBOpa ATOU K€ COJIU, YTOOBI NOMYyuuTh 14%- mpoueHTHbI pactBop? [IprumeHnuTs
IIPaBWJIO CMELLEHUS.

Aneopumm pewienus:

3agauy MOKHO PELIUTb, UCTIONB3YS (OPMYITYy NPABHJI0 CMEIeHHs

o, (sewecmea) = m,(pacmeopa)- &, + m,(pacmeopa)- ,

m, (pacmeopa)+m,(pacmeopa)

O6o3naunM maccy | pactBopa uepe3 x. IloacraBuM u3BecTHble 3HA4YeHHS B (HOpPMYIY
MPaBWJIO CMEILLEHUS:
0,14 = (x-0,1 + 300-0,3) / (x + 300)
0,1x + 90 = 0,14x + 42
0,04x =48
x=1200 (7).
OtBer: Mmacca go6asnsiemoit conu pasHa 1200 rpamm.
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3aoaua Ne7.

Omnpenenure Maccel UCXOIHBIX PaCTBOPOB C MACCOBBIMM JOJISIMM TMApoKcuaa Hatpus 5% u
40%, ecnu mpH WX CMEIIMBaHUU oOpas3oBaicsi pactBop Maccoi 210 r ¢ maccoBod nonei
ruapokcuaa Hatpus 10%. [IpumenuTs npaBuiio Kpecra.

Aneopumm pewienus:

40% . 5% M

'10%_
5% "30%  m=210- m,
5/30=m; /(210 - my)
1/6 = ms / (210 — ml)
210 - my = 6my
7m; =210
m;=30T1; mpy=210-m; =210-30=180r
OTBeT: Macchl UCXOJHBIX PACTBOPOB C MAacCOBBIMHU JOJIIMM THapokcuaa Hatpust 5% u 40%
cooTBeTCTBEHHO paBHbI 30 1 180 1.

3aoaua Nes.
Ynapunu 60 r 5%-Horo pactBopa cynbhara meau g0 50 r. Onpenenure MaccoByIO AOJIO
COJIM B MOJIyYEHHOM PAaCTBOPE.
Aneopumm pewenus:
m=60r1; Am=60—-50=10T1; 01 = 5% (uu 0,05)
®2 =(0,05 - 60) /(60 —10)=3/50=0,06 (n1u 6%-HbIii)
OTBeT: MaccoBast 10151 COJIM B MTOJIYYEHHOM pacTBOpE cocTaBiisieT 6 %o.

dopma npeacTaBJeHUus1 pe3yJbTaTa: BHIIIOJHEHHAs padoTa ¢ PEIICHUEM WHIMBUIYaTbHBIX
3aaHui (3a/1a4 HA pacyueT U MepecdeT KOHIEHTPAIM pacTBOPOB) IO BapUaHTaM.

Kputepun onenkmn:

3a Ka)kJplii MpaBUIIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.
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1.2 PacTtBopsbl. Cioco0bI BhIPa:KeHUs] KOHIEHTPALUl PACTBOPOB

IpakTnyeckas padora Ne 4.
Ynpa:kHeHHsl B pacyeTax 10 NPUTOTOBJIEHHIO PACTBOPOB Pa3/IMYHONH KOHIEHTPAIIUH

Heﬂb: HAaY4YUTBCA paCCUUThIBATH KOJIUMYCCTBA BEIICCTB MOJId IIPUTOTOBJICHUA PpaCTBOPOB
SaHaHHOﬁ KOHILCHTpAUH, paCCUUTBIBATE W ICPECUUTHIBATE KOHLCHTPALUWKW WX OAHUX CIUHHIL B

IpyTue.

Boinosinus padory, Bel Oyaere:

YMETh:

— ONpeAensiTh KOJMYECTBAa BELIECTB JJii INPUTOTOBIEHUS PACTBOPOB  3aJaHHOMN
KOHIICHTpAIUH;

— pacCUMTHIBATh U MEPECUUTHIBATH KOHIIEHTPAIIMH PACTBOPOB UX OJHUX EAUHHUIL B IPYTHE.

MarepuajbHoe obecrneyeHue:

Kpartkwmii cripaBounuk ¢usuko-xumudeckux BenuuuH / Iloxg pen. K.II. Mumenko u A. A.
PaBnens. — JI.: Xumus, 1974. — 200 c. Ilepuoandeckas cucreMa XxumMudeckux siaemeHToB . .
Menpeneena.

3ananue:

1. Pacuer HaBecku BelleCTBA U OOBEMa pPACTBOPUTENS Jisi MPUTOTOBICHHS] pacTBOpa
3aIaHHON KOHLIEHTPALUH.

2. Pacuer KoHIIEHTpaIuii pacTBOPOB.

3. IlepecueT KOHIEHTpAIMI PACTBOPOB U3 OJTHUX €IWHUIL B JPYTHE.

KpaTKue TECOPETHYECCKUEC CBCACHUSA:

Cnocobul BblpAINCEHUA cocmdadsa pacnieopoes

1. MaccoBast 0151 PacTBOPEHHOI'O BEHIECTBA (® — 3TO OTHOLIEHHE MACChl PACTBOPEHHOIO
BellecTBa K oOmeil mMacce pactBopa. Belpaxkaercss maccoBas A0S B JOJSAX €JUHUIBI MM B
MpoLeHTax (IPOLEHTHAsI KOHLEHTPAaLUs).

m
0 =M. ©y 0 = - 100%;

B—Ba
My pa LU

2. MonsipHas koHueHTpauus Cy (MOJISIPHOCTB) — 3TO YUCIIO MOJIEH BELECTBA, HAXOISAIIMXCS B
111 pacTBODA.

C, _ Vow , [Monp/n]; C, = oMy
p—pa(n) Hy s 'Vp*pa(ﬂ)
3. HOpMaJILHaSI KOHICHTpalusA C:)K (HOpMaHBHOCTB WM MOJIIpHasA KOHHOCHTpAaLuA
SKBHMBAJIEHTA) — 3TO YMCIIO MOJIEH SKBUBAJICHTOB BENIECTBA (DKB), CoAepKaIuxcs B 1 11 pacTBopa.
Cu .

c —_ "« | [MompdkB/N];Cc -
2K V K

p—pa(1) ok (6—6a)
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C — B—Ba — 6—6a

or "V p-pa(n) M@—sn : fak 'Vp—F"(J)
1
f3K(C(71Ll) =
7 n(Me)-q(Me)

1 1
fax(ncyoem-tuﬂ) = - ’ faK(KuL‘w’"H) = ;
n(OH") n(H")

rae N, — 9UCI0 MOJICH SKBHUBAJICHTOB BEIIECTBA, [ MOJIb IKB];
M., — MoJIsIpHast Macca SKBUBAJICHTA, [T/(MOJIb 3KB)];
fox (6-60) — PAKTOP SKBUBAJICHTHOCTH BEILIECTBA;
n(Me) — gucino KaTHOHOB MeTasia B (hopMyIie CoJu;
g(Me) — 3apsa katHoHa MeTaiia B (hOpMyJie COJIH;

s + _ +
n(OH"), n(H") — konmmuecTBo ruapokcuaHbX Tpymn OH™ wiu nonoB H™ B popmyiie
OCHOBAHWUSI U KHCIIOTHI COOTBETCTBEHHO.

4. MousmeHast KoHIeHTparus Cpy, (MOJSUTBHOCTD) — 3TO KOJIMYECTBO PACTBOPEHHOTO BEIIECTBA
B MOJISIX, HaxoJd1ieecst B 1Kr pacTBOpuUTes.

Vv .
= [MOJ'IL/KF]-
m]?*}l}l (Kr)
5. TI/ITp pacTBOpa T — yncno rpaMMOB PaCTBOPCHHOI'O BCIICCTBA B 1 Mo pacTBOpa.
T= h; [F/MJI],

p—pa(vn)
Hepecqem KOHueHmpauuﬁ pacmeopoe u3 0OHUX e()uHuu 6 dpyeue

[Ipu mepecuere NPOLUEHTHOH KOHIEHTPAMKM B MOJSIPHYI0O M HAo0OpOT, HEOOXOAUMO
IIOMHHTb, YTO MPOLIEHTHAs KOHIIEHTPALUsl PAaCCUMTBIBAECTCS HA ONPEACIECHHYI0 MacCy pacTBopa, a
MOJIIpHAas U HOpMallbHasg - Ha O0bEM, MO3TOMY JUIS IepecueTa HeoOXOIMMO 3HaTh IUIOTHOCTh
pactBopa. Eciin Mbl 06003HaUMM: ® — IpOLEHTHast KOHIeHTpauus; Cy — MOJIsipHasi KOHLIEHTpAIHs;
C,« — HOpMaJIbHAs! KOHIIEHTpaNus; D — SKBUBAJCHTHAs Macca (MOJIsIpHAs Macca YKBUBAJICHTA), P —
IUIOTHOCTh PacTBOpa; M — MoJsipHas Macca, TO (OpMyJbl JUIsd IepecueTa M3 MPOLEHTHOU
KOHLEHTpaluu OyAyT CIEAYIOIUMU:

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

OtuMu ke GopMylTaMUd MOKHO BOCIIOIB30BAThCS, €CIM HYKHO MEPecYUTaTb HOPMAIbHYIO
WA MOJIIPHYIO KOHLIEHTPALMIO Ha POLIEHTHYIO.

Konyenmpuposanue pacmeopa
Kakyroo maccy BemiecTtBa (X T) HaIO IOTMOJHUTENHLHO PACTBOPUTH B HCXOJHOM PacTBOpE,
9TOOBI TPUTOTOBUTH PACTBOP C MAaCCOBOH JIOJICH PACTBOPSHHOTO BEIIECTBA M7?
Bv1600 popmyn: ucxoas u3 onpeaencHuss MacCOBOM IO, COCTABUM BBIPAKECHHE IS 01 U M2

w1 = m1/ my,
(re My — Macca BEIIECTBa B HCXOJHOM PacTBOPE).
m; =1 M

2 = (My+x) / (M, + X) = (w1 - M, +X) / (M, +X)
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Pemras MOJIYYCHHOC YPAaBHCHHUEC OTHOCHUTCIIBHO X IMOJTYy4YacM:
2 M+ w2 X=m1 - Mp+X
W M- -M=X—-0m2 "X
(0— 1) - m:(l—(og) - X
X=(w2—m1) m)/(1-0wm)

Cmewusanue pacmeopos ¢ pasHbiMu KOHYEHMpayuimu
Benem 0003HaueHuUs:
®1, ®2, O3 — MACCOBAasl JIOJSl PACTBOPEHHOTO BEIIECTBA COOTBETCTBEHHO B | pacTBope, BO 2
pactBope u 3 pacTBOpE;
m; (BemecTBa), my (BemecTBa), ms (BEIIECTBA) — MAacChl PACTBOPECHHBIX BEIIECTB B
COOTBETCTBYIOIIUX PACTBOPAx;
m; (pacTtBopa), my (pacTBOpa), ms (pacTBOpa) — MacChl COOTBETCTBYIOIIMX PACTBOPOB.

3anumeM o0myro GopMyny UIs HaXOXICHHS MAacCOBOW JOJIHM PACTBOPEHHOI'O BEIIECTBA B
MOJIYYEHHOM PaCTBOPE (Mpasuio CMeueHus/cCMeuusanusl).

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

@s(seryecmoa) = m, (pacmeopa)+ m,(pacmeopa)

Cwmemanu my TpaMMOB pacTBopa 1 ¢ MaccoBoOii 10J1el BEMIECTBA (1 M My TPaMMOB pacTBopa 2
C MaccoBO#l Jojel BemecTBa M. OOpazoBaics pacTBOp 3 ¢ MaccoOBOM J0Jield PacTBOPEHHOTO
BellecTBa 3. Kak oTHOCATCS OpyT K IPYTY Macchl HCXOJHBIX PAaCTBOPOB?

Buwisoo qbopmyﬂ: OycTh ®1 =~ M2 , TOrga ®1 =~ M3 > M2 . Macca PacTBOPCHHOI'O BeIIECTBA B
pactBope | cocTaBisieT ®; * My, B pacTBoOpe 2 — @ - Mp. Macca obpaszoBagiierocs pactsopa 3 — (m;
— my). CymMmmMa Macc pacTBOPEHHOI'O BELIECTBA B pacTBOpax 1 M 2 paBHa mMacce 3TOro BELIECTBA B
oOpa3zoBaBIIeMcs pacTBope 3:

W1 My + " My =m3° (m1+m2)
WM +w - me=mw3 - M1 +m3° My
W1 M—-—03 M =03 My—m1 My

(0)1— 603) ‘M= (0)3— 0)1) My
my / m; = (03— ®1) / (01— ®3)

Takum 00pa3oM, MacChl CMENIMBAEMbIX PAaCTBOPOB Mj W My OOPATHO MPOMOPIHOHATBHBI
Pa3HOCTSIM MACCOBBIX JOJIEH M1 M (2 CMEIIMBAEMbIX PACTBOPOB M MAacCOBOM [OJM CMECH (M3
(npasuno cmewmusanus).

Jlist OONerdeHnsl WCIOMb30BAHUS MPABHJIA CMEIIMUBAHKUS MPUMEHSIOT HPAGUIO Kpecmad
(mmaroHanbHast MOJIeb «KOHBepTa [TupcoHa») — qraroHaabHas CXema MpaBuiia CMEIICHHUS:

@~ Ly @~ W, ‘
e : Zias MACCOBBIC HACTH NEPBOTO |
NS : W BTOPOI'O PACTBOPOB

@, o, -0,

IIpu pacderax ciieBa Ha KOHLIAX OTPE3KOB 3alMCBIBAIOT OJHY HAJ IPYTrOil MaccoBblE€ JOJIU
PacTBOPEHHOTO BEIIECTBA B UCXOAHBIX PACTBOPAX (1, 2), HA NEPECEUEHUH OTPE3KOB — MACCOBYIO
JIOJII0 PACTBOPEHHOT'O BEIIECTBA B PAacTBOpPE, KOTOPHIM HYKHO HMPUTOTOBUTH, ClipaBa (Ha KOHIAX
OTPE3KOB) — PAa3HOCTb: BBIUUTAIOT MO JAMArOHAIM U3 OOJbIIEro MeHblee 3HaueHue. [lomydaemble
3HaueHUs (MaccoBble YAaCTH) TOKa3bIBalOT, B KAKOM COOTHOIIEHHWM HAJ0 CIUTh HCXOJHBIE
pacTBOPBIL.

mi / my = (0)3 - (Dz) / ((1)1 - (03)
I[J'IH 9TOT0 IIO0O AWaroHajiu Hu3 6OJ'IBH_ICFO S3HAYCHUA KOHLCHTPALMW BBIYUTAOT MCHBIIYHO,

MOTY4aroT (M1 — ®3), ®1 > ®3 U (03 — ©72), ®3 > ©2. 3aTE€M COCTABJISIIOT OTHOIICHHE MACC UCXOHBIX
pacTBOpoB mj / My U BBIYUCIISIFOT.
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Paszbasnenue pacmeopa
Hcxons w3 ompeneneHus MacCOBOM OJIM, MOJYYUM BBIPAKEHUS ISl 3HAUEHUH MacCOBBIX
JI0JIeH pacTBOPEHHOTO BEIIECTBA B UCXOHOM pacTBope 1 (1) 1 moiaydeHHOM pacTBope 2 (m2):
®1=my/(p1 - V1) otkyma Vi=my /(w1 p1)
2 =My (p2 - Vy)
my=w2 "p2- V2
PactBop 2 momyuator, pazbaBmusisi pactBop 1, mosTomy m; = My. B dopmyny ms Vi crenyer
MIOJICTaBUTh BbIpaxKeHue Juist my. Toraa

Vi= (02 'p2 - V2) / (01 " p1)
mz=wz "p2 * V2
WM o1 p1- Vi = w2 P2 V2
mi(pactBoOp) ma(pacTBoOp)

M1(pacTBOp) / ma(pacTBop) = 2 / ®1

IIpy ogHOM M TOM K€ KOJMYECTBE PACTBOPEHHOIO BEIIECTBA MAacCChl PacTBOPOB U HUX
MaccoBbI€ A0JIM 00OPATHO MPONOPLIMOHAIBHBI APYT IPYTY.

Ilopsinok BbINOJIHEHHS PadOTHI:

1 3anummTe B OTYET MO MPAKTUYECKOH paboTe OCHOBHbIE (OPMYIbI CIIOCOOOB BBIPAKEHUS
KOHUEHTPALH pacTBOPOB.

2 O3HaKOMBTECH C OCHOBHBIMHM METOAAMHU PEIIEHUS 3a]]a4 Ha CMEINBAHNUE PACTBOPOB.

3 [Ipoananu3upyiTe NpuMepbl pelIeHHs TUITOBBIX 3ajau.

4 BpInosIHATE UHAUBUYAIIBHBIC 3a/1aHUsl B COOTBETCTBUU C BAPUAHTOM.

Xox pabdoThI:

3aoaua Nel.

Omnpenenute nporeHTHyio koHieHnTparmio NaCl B pactBope, moaydeHHOM MpU pacTBOPEHUHU
30 r moBapenno# coynu B 200 T BOJBI.

Aneopumm pewenus:

1) Onpenenum maccy pacTBopa

Mp-pa = Macl + Mgom =301 +200r=200T

2) Onpenenum nporeHTHYO KoHIeHTparmio NaCl

Dy = ONACL 1000 = 22700 -100% = 10%

p—pa
Omeem: TIpolieHTHAs KOHIIEHTpAIIMs TOBapeHHOH comu B pactBope — 10%.

3aoaua Ne2.

[Tpurotossre 100 M1 pacTBOpa caxapa ¢ MmaccoBoi foieit ®=10%, eciu MIOTHOCTH pacTBOpa
p=1,06 r/cm®,

Aneopumm pewienus:

J51g TOro, 4TOOBI MPUTOTOBUTH PACTBOP, HY’KHO PacCYUTATh MAcCy PACTBOPEHHOI'O BEILECTBA
1 00bEM BOJIBI.

1) Onpenenum mMaccy pacTBopa

Mp-pa = Pp-pa *Vppa = 1,06:100 = 106 T
2) OmpenenyiM Maccy caxapa U3 BbIpayKEHUS:
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p-pa
— mP*Pa i a)cax — 106 10

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

3) Onpenenum 00bEM BOJIBI.

Miom = Mp-pa— Meax = 106 — 10,6 =954 1
T. K. pr2o = I1/Mi1, TO Vo = 95,4 M1
Omeem: macca caxapa 10,6 r, 00beM Boasl 95,4 mit.

3aoaua Ne3.
Omnpexnenure: a) NPOIEHTHYIO; 0) MOJSIPHYIO; B) HOPMAJIbHYIO; T') MOJISUTbHYIO KOHIICHTPAIHIO
noBapenHoii conmu NaCl B pactBope, monydeHHOM mpu pactBopenuu 5,85r comu B 100r BOmbI.

3
[TnoTHOCTH MONYyYeHHOTO pacTBopa paBHa 1,04 r/cm”.

JaHo: Aneopumm pewenus:
mNaCI:5,85 r a) Oy = Myact _ 585 — 0055 nin 5,5%
M, =100r m,,. 10585
P My _pa = Myye) + My o =585r +100r =105385r;
p—pa 6)
m
Vopa = L M =101,78cy® = 0,102
Py 104
) m .
C,= v NaCl_ Y Ni;' L= __ 58 _ 0,98momb/1 *
ppa) VNGt Vppatn) 58,5-0,102
M . = 23+ 35,5 =58,5r/momb
B) Cy = Myaci = 58 = 0,98mo715 - 9KB/1T
M., V) pay 585-0,102
=1,04r/cM” @,
=9
C,=?
Cn="
Cm="?
M, et =Myl Tl =58,5-1=58,5/Mo15b - 5kB
1
f"»NaC] = 1 = l
r)Cp=Yner _ Muct 585r =1 MOJIB/KT
Myo Mye Myo 585r/momb -0,1kr
Orser: ® oo = 0,055=5,5%; Cm=0,98Mmomb/11; Cm=1Monb/KT;

Cn=0,98 MoiIb 3KB/1.

3aoaua Ne4.
Onpenenure MOJSIPHYHO U HOPMajbHYIO KOHIEHTpauuu 12%-HOro pactBopa cepHOM
KHUCJIOTHI, INIOTHOCTH KoToporo p = 1,08 r/cm3?
Aneopumm pewienus:
MonsipHast Macca cepHOI KUCIIOTHI paBHa 98 r/mMonb. CieioBaTenbHO,
m(HZSO4) =98 u 3(HQSO4) = m(H2804) : sz =98/ 2 =49.
[ToncraBmnss HeOOXOAUMbIE 3HAYEHUS B POPMYJIbI
Cvu=(0-p-10)/m
Cx=(® - p - 10)/ M,,, momayanm:
a) MousipHast koHLIeHTpauust 12% pacTBopa CEpHOI KUCIIOTHI paBHA
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Cv=(12-1,08-10)/98=1,32 M
6) Hopmanbnas koHuenTpauus 12% pactBopa cepHOii KHUCIOTHI paBHA
Cx=(12-1,08 -10) /49 = 2,64 H.
Otset: Cy = 1,32 M; C, = 2,64 H.

3aoaua Nes.
Omnpenenure mossipHOCTh 10%-0r0 pactBopa HaSO4.
Hano: Pewenue:
0, ., =10%=0,1 1. Jlnst pacuera mpuMeM v, =1,
c, (H,50,)=? ‘ o cnipaBo4HUKY p .. o =1lr/em®, TOrZA

My pa =Pppa -V, =12r/cm® -1000c0® =1100r

p—pa

m .
" Opso, = __H;80, , OTCHOJA! My 50, =Pnso, " Mppa = 0,1-1100 =110r
2 4 m
p-pa
v m
Cy(H,S0,)= RS0 v ':'Z\S/O“ = % =112mons/n
Hs

p—pa(n)

p—pa(n)

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

3aoaua Noé.

Cxounbko rpamm 10%- mporeHTHOTO pacTBopa coyi Hajgo n06aBuTh K 300 rpammam 30%-
MIPOLIEHTHOTO PAcTBOpa ATOU K€ COJMH, YTOOBI MOMy4uTh 14%- mpouenTHsli pactBop? [Ipumenuts
MIPABWJIO CMEIIICHUS.

Aneopumm pewenusi:

3amaqy MOKHO PEIIUTh, UCTIONB3YS (OPMYITY MPABUJIO CMEIICHUSI:

m, ( pacm@opa)- W, +m, ( pacm@opa)- w,

w,(seupecmea) = m, (pacmeopa)+m,( pacmeopa)

O6o3naunM Mmaccy 1 pactBopa uepe3 x. IloacraBuM u3BecTHblE 3HaYeHHsT B (HOpMYIy
MIPaBWJIO CMELLEHUS:
0,14 = (x-0,1 + 300-:0,3) / (x + 300)
0,1x + 90 = 0,14x + 42
0,04x =48
x = 1200 (r).
OtBet: Macca no6asnsiemoit conu pasHa 1200 rpamm.

3adaua Ne7.

Omnpenenure Macchl UCXOJHBIX PacCTBOPOB C MAaCCOBBIMM JIOJIAIMU TUApOKcuAa Hatpus 5% u
40%, ecnmu mpM MX CMeEIIMBaHMM oOpa3oBajics pacTBop Maccoi 210 r ¢ maccoBoil moneit
ruapokcuaa Hatpus 10%. [IpumenuTts npaBuiio Kpecra.

Aneopumm pewienus:

40% % 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=180r

OTBeT: Macchl UCXOJHBIX PacTBOPOB C MACCOBBIMM JAOJISIMM THApokcuaa Hatpusd 5% u 40%

co0oTBeTCTBEHHO paBHbI 30 1 180 1.
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3aoaua NoS.
Ynapunu 60 r 5%-Horo pactBopa cynbhara meau 10 50 r. Onpenenure MacCoBYIO JOJIO
COJIM B TIOJTYYCHHOM PacTBOpE.
Aneopumm pewenus:
m=60r1; Am=60—-50=10T1; 01 = 5% (v 0,05)
o2 = (0,05 - 60) /(60 —-10)=3/50=0,06 (umu 6%-HbIi1)
OTBeT: MaccoBas A0 COJIM B MOJTYYEHHOM pacTBOpe cocTaBisieT 6 %.

dopma npeacTaBiieHUs] pe3yabTaTa: BBHIIOJHEHHAs padoTa C pelIeHneM WHIWBUIYAIbHBIX
3aJaHui (3a/1a4 Ha pacyeT U IepecyeT KOHLIEHTPAlUil pacTBOPOB) 110 BApHAHTaM.

Kpurtepun onenku:
3a Kaxblii MpaBWIbHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN O0TBET — () OasUIOB.

Tema 1.3 Teopust 3nexkTposuTnyeckoi fucconuanuu. I'mapomaus coseii. BydepHnbie pacTtBopsl

IMpakTnyeckas padora Ne 5

Boruncienue pH B BOJAHBIX pacTBoOpax KUCJI0T H OCHOBaHHUI

Henab: HayunThCcs BRIUUCIATH PH Cpelibl B BOJHBIX pacTBOPAX KUCIOT U OCHOBAHUH.

Beimosinus patdory, Bel Oyaere:

YMETB!
— IPUMEHATH 3aKOH pa3baBieHus OctBanbaa PH cpeasl B BOOHBIX pacTBOpax KUCIOT M OCHOBAHMIA;
— BBIYUCIIATH PH cpebl B BOAHBIX pacTBOpax KUCIOT U OCHOBAaHUH.

MarepuajibHoe o0ecnieyeHue:

Kpartkwuii cipaBounuk ¢usuko-xumudyeckux BennuuH / [log pen. K. I1. Mumenko u A. A. Pasnens.
—JI. : Xumus, 1974. — 200 c.

Hepnonnqecxaﬂ CUCTEMa XUMHYCCKHUX 3JICMCHTOB I[ n. MeH,ueneeBa, Ta6J'II/II_[a pPacTBOPHUMOCTH.

3ananmue:
1 Pacuer pH cpensl B BOAHBIX pacTBOPAX CUIBHBIX KUCIOT M OCHOBAHUU.
2 Pacuer pH cpenpl B BOTHBIX pacTBOpaX CIa0bIX KHCIOT H OCHOBAHHIA.

KpaTkue Teopernyeckue cBeeHUS:

Teopus snexkTporuTuueckon quccormaruu (Appennyc, 1887 1.)

DNEKTPOIUTHI — 3TO BEUIECTBA, PACTBOPHI HJIM PACIIaBbl KOTOPBIX MPOBOJST SJEKTPUUECKUMA
TOK; 3TO TIPOBOJTHUKH BTOPOTO POJia, K HUM OTHO-CATCS PACTBOPHI KHCIIOT, OCHOBAHHH H COJICH.

Hennextponutel — ra3el, opranndeckue emiecta (02, CI12, H2, rmoko-3a, caxaposa, CupT,
Kpaxmain).
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DNEKTPOIUTHYECKAS TUCCOLMALINAS — 3TO pacna 3JIEKTPOIUTOB Ha MOHBI (IIOJOKUTENBHBIE —
KAaTUOHBI M OTPHULIATENIbHBIE — QHHOHBI) MOJ JEH-CTBUEM MOJISIPHBIX MOJEKYJ PacTBOPUTENS. DTO
oOpaTuMBbIi TIpoIiecc.

JU1 XapaKTepUCTUKU COCTOSIHUS JIEKTPOJITA B PACTBOPE MOJIB3YIOTCS BEINYMHAMU:

1. Crenenp aucconmanuu (0) — 3TO OTHOIICHHE YHCIA PACIABIIUXCS MOJEKYJ K 00ImemMy
qucIy MOJIeKya B pactBope. [Ipu pazbaBineHnn pacTBopa OHa yBeJInyuBaercs 10 1.

2. Koncranta pgucconuanud — 93TO OTHOLIEHME IPOM3BEICHHUS KOHIIEH- MOHOB K
KOHIIEHTPALUU HEJUCCOLIMUPOBAHHBIX MOJIEKYJI CJIa00T0 3JIEKTPOJIUTA.

Hamnpumep, nis paBHOBecus

rie — KOHIEHTPAUU COOTBETCTBYIOUINX YACTUIl B MOJIb/JI.
Jl1st pa30aBiI€eHHBIX PACTBOPOB AJIEKTPOJIUTOB CIPABEIIIUBO BhIpAXKEHUE (3aKOH pa30aBiIeHUs
OctBanpaa):

rae C — KOHLEHTpaLUs 3JIeKTPOJIUTOB, B MOJIb/JI.

3akon OcTBanpia CHpPaBEMIUB JUIsI OMHAPHBIX 3JIEKTPOJUTOB, T.€. BEIIECTB, MOJIEKYJbI
KOTOpBIX B pPacTBOpPE pacHajaloTcsi Ha JBa HMOHA — KaTHOH M aHMOH. B ciydae CHIIBHBIX
AJIEKTPOJIMTOB, KOTJa 0 OJM3Ka K €MHHUIE, 3Ha-MEHATEeNb APOOM CTPEMHUTCS K HYJIIO, a KOHCTaHTa
mucconnanuu Kauce — k 6ec-koneuyHocTH. B ciyuae cnabbix 31eKTpoauToB BennyrHa (1 — o) oueHb
MaJio OTJIMYaeTCs OT eAuHuUIbl (Hampumep, ecau 0=0,01 , To (1-0,01)=0,99 , T.e. npakTuuecku 1).
Taxkum oOpa3zom, [ cnalbIX 3JEKTPOJIUTOB 3aKOH pazdaB-neHuss OCTBajbAa MOXHO 3alucaTh B
0oJIee MPOCTOM BHJIC:

Knuc = a2C.

Teopust >MEKTPONUTUIECKON TUCCOIMALMU TIO3BOJIIET OOBSCHUTH (DU-3UMYECKHI CMBICI
M30TOHUYECKOr0 KOA(PHUIMEHTa, HO OHA MPUMEHHMMA TOJIBKO K CJIA0BIM 3JIEKTPOJIMTaM, TO €CTh
HETIOJHOCTBIO JIMCCOLIMMPOBAHHBIM Ha HO-HBL. Yem MeHpimme o u Kmuc., tem Oornee cimaObim
JIEKTPOJIMTOM SBIISIETCS BEllle-CTBO.

Kucnorno-ocHoBHOE paBHOBecue. Bogopoasslii mokasarens pH

B BoiHBIX pacTBOpax 3JEKTPOJIUTOB CYLIECTBYET KMCIOTHO-OCHOBHOE pPaBHOBECHE, KOTOPOE
OOBSICHACTCS TUCCOIHANNEH BOJIBI:

H20 2 H++OH-

120011

BennunHa MOCTOSIHHA M HAa3bIBACTCSI HOHHBIM MPOU3BEICHHEM BOJIBI.

B uucroit Boze

[Mpu noGaBiieHMM K BOJE KHUCJIOTHI  yBEJIIMYMBACTCS, &  YMCHBIIACTCS, MPH JOOABICHUU
OCHOBAHHUs — HA00OPOT.

JInsi XapaKTepUCTUKU CPelibl PACTBOPOB MOJB3YIOTCS BETMYMHON BO-JIOPOJHOTO MOKAa3aTest
pH:

Jlns HeTpaneHbIX cpen — pH=7

Jns xuensix — pH<7

Jns menounsix — pH>7

Jlns uamepenus pH cpensl Monb3yr0TCsd HHAWNKATOPAMHU, BEIIECTBAMH, U3MEHSIOIMMHU CBOIO
OKpacKy B 3aBUCHUMOCTH OT KOHILEHTpauuu MoHoB H+ mnum OH-. YHHUBepcanbHBIM HHAMKATOPOM
MOKHO onpenenuts Jito0oe 3Haue-uue pH. Onpenenenue pH B MyTHBIX M OKpallleHHBIX pacTBOpax
MIPOBOJIAT CTIEUAILHBIMU Npubopamu: pH-meTpamu.
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Iopsaok BbINOJIHEHUS Pa0OTHI:

1 IToBTOpUTE OCHOBHBIE MOJOKEHUS TEOPUHU IECKTPOTUTHUECKON AUCCOIUALINH.

2 3anumure B OTYET MO MPAKTUYECKOW padoTe MaTeMaTHYeCKOe BBIPAKCHHE 3aKOHA
paz6asienust OcTBajb/a U BhIpaKEHHE HOHHOTO MIPOU3BEICHUS BOIBI.

3 Ilpoananu3upyiTe npuUMepbl PEIICHHS TUIIOBBIX 3aJad Ha ompeneneHue PH cpeasl B
BOJHBIX PACTBOpAaX KHCIOT U OCHOBAaHUH.

4 BpImoaaure WHIAWBUAYAJIBbHBIC 3aJaHWA B COOTBECTCTBUU C BAPUAHTOM.

Xopn padoThl:

[Ipumeps! penieHns TUIOBBIX 3a/1a4
3anaga Nel.

Omnpenenure pH 0,01M pactopa HCI.
Hano:

(HCD)

AJNTrOpUTM pELICHHUS:

1. HCI=H++Cl- - cuibHBIif 3IEKTPOIHT
3HAYUT

2. pH=-1g[H+]=-1g0,01 = — 1g10-2=2
pH=?

OtBet: pH=2.

3anaya Ne2 Onpegnenure pH 0,01m pacrBopa KOH.
Hano:
(KOH)

pH=?  Aunroputm penieHus:

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

2.

10-20[H+]=10-14; [H+]==10-12monb/n
3. pH=-1g[H+]=-1g10-12=12

Ortset: pH=12.

3anaga Ne3. Onpenenure pH 0,01M pactBopa ykcycno# kuciaorst CH3COOH.

Hano:

CM=0,01 monn/I

(CH3COOH) Aunroputm perieHus:

1. CH3COOH2CH3COO0-+H+

[TosToMy /U1 HEero nNpuMeHuM 3akoH OcTBaIbAA:
nma .OTkyna ;

pH=?

2. [H+]=COO=4010-2000,01=4010-4
3. pH=-Ig[H+]=—-1g 4010-413,5

Otset: pH=3,5.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOIHEHHAs paboTa ¢ pelie-H1ueM UHAWBUIYaIbHBIX
3aaHui (3a1a4 Ha pacueT pH cpenbl B BOJHBIX pac-TBOpax KUCIOT U OCHOBAHUM) MO BapHAHTaM.
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Kpurtepun onenkmn:
3a KaX bl MPaBWILHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.

Tema 1.3. Teopus 351ekTpoMTHYECKOi qucconnanum. I'maposans cosei. bypepusbie
pacTBOpbI

IIpakTnueckoe 3ansaTue Ne 6
2
CocraBJ/ieHUe YpaBHeHHUIl peaKiuii THAPOJIN3a cosiei

Lenab paGoThl: HAYYUTHCS COCTABISATH MOHHO-MOJIEKYJISIPHBIE M MOJIEKYJISIPHbIE ypaBHEHUS
TUAPOJIN3a COJIEH, OIPENEIATh XapaKTep CPebl 10 TUITY TUAPOIN3a COJIH.

Beimosnus patdory, Bel Oyaere:

ymemn:

— COCTaBJISITh HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHBIE YPABHEHMSI TUAPOJIA3A COJIEH;
— OIIpeNIENATh XapaKTep CPe/Ibl 10 YPAaBHEHHIO U TUITY THAPOJIN3A COJIH.

3ananue:
1 Onpenenenue xapakTepa cpeabl 0 TUIY THAPOIN3A COMH.
2 CocraBiieHM€ HOHHO-MOJIEKYJIIPHBIX U MOJIEKYJISIPHBIX YPABHEHUW TUIPOJIN3a COJIEH.

MarepuanbHoe o0ecnieyeHme:
Kpartkuii cnpaBounuk ¢uznko-xumuueckux Benanuud / [lox pen. K. I1. Mumenko u A. A.
Pasnens. — JI.: Xumus, 1974. — 200 c.
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[lepuognueckass cucrema xumudeckux dnemeHToB J[. WM. MengeneeBa, Tabnuna
pacTBOPUMOCTH.

Kparkue TeopeTuueckue cBeeHHA:

T'uoponus conetl — 3mo 0opamumblii, OOMeEHHbLI NPOYeCc 83AUMOOEUCMBUSL UOHOB COJIU C 8OO0,
npueooawuLl K 00paz08aHuio ciadvlx 21eKmpoiumos.

I'uaponns waer mo MOHY cinaboro JJIEKTpoNHMTa. B pesynbrare THIpONH3a HW3MEHSETCS
KHCIIOTHOCTH CPEJIbI.

Coutb COCTOUT M3 KATUOHA M aHUOHA, IIO3TOMY BO3MOYKHO TPH THUIIA THIPOJIH3A:

1) cuoponusz no kamuony (B peaKiyio ¢ BOJOM BCTYIACT TOJBKO KATHOH )

Me™ + H-OH <> MeOH™™* + H*.

lManponu3 mo KaTHOHY TPHBOIUT K OOpa3oBaHUIO THAPOKCOKATHOHOB M MOHOB BOJOPOJIA
(cpeoa pacmeopa rucnas). Eciu n=1, BMeCTO THAPOKCOKATHOHOB IOJIy4aeM MOJICKYJIbI CIaboro
OCHOBAHWUSI.

JlaHHOMY THITy THIPOJIH3a IOJABEPTalOTCs COU, 00pA306aHHBIE CAAOLIM OCHOBAHUEM U
cunvrnot kuciomoti (FeClz, CuSOy, BiClz u ap.).

2) eudpoaus no anuoHy (B pPEaKIHio ¢ BOJAOH BCTYIAET TOJBKO aHHOH)

An™ + H-OH <> HAn""" + OH".

I'aposin3 mo aHHOHY MPUBOJIUT K 00pa30BaHUIO TUIAPOAHUOHOB M THIPOKCUI-UOHOB (cpeda
pacmeopa wenounasn); ); TaHHOMY THITY TUAPOIU3a TOABEPTAIOTCS CO/U, 0OPA308AHHbIE CUTLHBIM
ocnosanuem u crabou kucromou (Na;COgz, K,S, NagPO4, CH3COONa u mp.).

3) cosmecmuviii eudpoaus (B peakimio ¢ BOJON BCTYIACT U KATHOH, U aHUOH) — 2UOPOIU3 NO
Kamuowy u anuony. JlaHHOMY THUIy THAPOJIU3a TOABEPIralOTCSA COMU, 0OPA306AHHBIE CAAOLIM
ocnosanuem u crabou kucromoui (AI(CH3COO)s, (NHy)2S u np.).

B aTOM ciiydae B pacTBOpe IpPOTEKArOT JBE BBINIE PACCMOTPEHHbIC peakiuu. Ecnm ciabee
OCHOBaHHWE, TO B OOJBINCH CTENEHU OyAeT MPOTEeKAaTh THUAPOJIM3 IO KATHOHY M Cpela pacTBopa
Oyner kucinoil. Ecnu crnabee ocHoBaHMEe — HaoOOpOT, cpela pacTBopa Oymer menouyHoil. Kax
WCKITIOUCHUE, BO3MOXKEH CIlydald, Korja cpena OyAeT TOYTH HEWTpPaIbHOM, HO 3TO TOJBKO
UCKJTFOUCHHUE.

Conu, obpaszosannvie cunbnvim ochosanuem u cunvrou kuciomoti (NaCl, KNO3z, Na,SO4 u
ap.), eudponusy He nodsepearomcs. VX woHBI He o6pasylor ¢ moHamu H' u  OH Bomwsl
CJTA00TUCCONMUPYIONINX WU TPYAHOPACTBOPUMBIX COCJIMHCHUN, PAaBHOBECHE MEXKIYy WOHAMH U
MOJICKYJIaMH BOJIbI HE HApYIIAeTCsl M PacTBOP OCTaeTcs HelTpanbHbiM, pH paBeH 7.

ITopsinok BbINOJHEHHS PadOTHI:

1 TToBTOPUTE OCHOBHBIE MOJIOKEHUSI TEOPUH DIEKTPOIUTHUECKON AUCCOLUALINH.

2 3aKOHCHEKTUPYHTE OCHOBHBIE TEOPETHUECKHUE CBEIACHHS M OOIIME CXEMbl ypaBHEHHI
peakLuil THIPOIIN3a COIEH pa3HOro THUIIA.

3 IIpoananu3nupynTe aaropuT™M HAIMCAHUS U IPUMEPBI YPABHEHUH THIPOJINA3A.

4 BpINOJIHUTE UHAUBUAYAJIBHBIE 3a/1aHNSl B COOTBETCTBUU C BADUAHTOM.

Xon paborsr:
Aneopumm nanucanus ypagHeHui 2uOpoau3a.
1. OnpenensieM THI THAPOIIU3A.
2. CocraBisieM HOHHO-MOJIEKYJIIPHOE YpaBHEHHE HIPOJIN3a, ONIPEENIeM Cpeay.
3. CocTaBisieM MOJIEKYJISIPHOE YPaBHEHHE.
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3aoanue Nel. CocTaBUTh MOHHO-MOJIEKYJSIPHOE M MOJIEKYJSIPHOE YPaBHEHHUS THAPOJIH3a
xnopuaa meau (II).

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

Counb 0oOpa3oBaHa katnoHoM cjiadoro ocuopanusi (Cu(OH);) 1 aHHOHOM CHIIBHOM KHCIOTBI
(HCl), cnenoBarenbHO, THUAPONHM3 HUACT 1O KATHOHY Cu®* u MPOTEKAaeT B JBE CTaJAUU C
o0pa3oBaHHEM B KaueCTBE IPOMEKYTOYHOTO MPOJAYKTa OCHOBHOM couu (cpeda Kucinas).

2) CoctraBuM ypaBHEHUs 1-ii CTaJMu TUIPOIIN3A COJIH:

1 cranusd
— HOHHO-MOJIEKYIJIIPHOE YPaBHEHUE THAPOIIH3a COU

Cu”" + H-OH = CuOH" + H'
obpasyercs kartuoH ruapokcomenu (II), B pacTBope HakamnmBaroTcs MoHbl H', cpema kucmas,
pH<7;

— MOJIEKYJIIDHOE YPaBHEHHUE TUAPOIIH3A COJIU
CuCl; + H,0 <> CuOHCI + HCI.
3) CocTaBuM ypaBHECHUS 2-# CTaMK THAPOIIH3A COJIH:
2 craaus
CUOH" + HOH < Cu(OH), + H* (MOHHO-MOJIEKY/ISIPHOE YPaBHECHHE)
CuOHCI + H,O <> Cu(OH); + HCl  (monekyssipHOE ypaBHEHHE)

3aoanue Ne2. CocTaBUTh HOHHO-MOJIEKYJSIPHOE U MOJEKYJISPHOE YpaBHEHHS THAPOIU3A
alerata HaTpusl.

1) CHsCOONa = Na’+ CH;COO"

Conp o00pazoBaHa KaTMOHOM CHJIBHOTO OCHOBaHHMSI M AaHUOHOM CJA0OH KHCJIOTHI,
CJIEIOBATENBHO, THAPOIIU3 [0 AaHUOHY.

2) CH3COO+ HOH = CH3COOH + OH"
THIPOIIU3 BEJET K YBEIMYEHHUIO KoHLIeHTpauuu nonoB OH ™ B pactBope, cpeaa uienounas, pH>7.

3) CH3;COONa + HOH = CH3;COOH + NaOH.

3aoanue Ne3. CocTaBUTh HMOHHO-MOJIEKYJSIPHOE W MOJEKYJISPHOE YpaBHEHMsI T'MIIPOJIU3a
arierata aMMOHHSI.

1) CH3COONH,4 = NH;" + CH3COO™

Conp oOpa3oBaHa KAaTHOHOM ¢Ja0Oro OCHOBAHUSI ¥ AaHUOHOM CJa0o0il KHCJOTHI,
CJIEI0BATEIbHO, THUIPOJIU3 IO KAaTHOHY U IO aHUOHY.

2) CH3;COO + NH;" +HOH = CH3COOH + NH,OH

3) CH3COONH;+HOH = CH3COOH + NH;OH.

B pesynprare ruaposnusa ameraTa aMMOHMS TPOUCXOAMT 00pa3oBaHUE JABYX ClaObIX
AJIEKTPOJIUTOB, PACTBOP OKa3bIBaeTcs OJM3KUM K HeHTpanbHOMY, pH~7.

BonaHble pacTBOpBl TAakoro THMA COJEH, B 3aBUCUMOCTH OT KOHCTAHTBl JHCCOLHUAIMU
oOpa3yromuxcsi ¢1adbIX JIEKTPOJIUTOB UMEIOT HEUTPAIbHYIO, CIA00KUCITYIO HIIM CIa00IIETOYHYIO
cpeny.

KoncranTta muccommanuu ruapokcumaa ammonus (K(NH4;OH) = 6,3~10‘5) HECKOJIBKO OOJIbIIe
KOHCTaHTbl aucconuanuu ykcycHoil kucnotsl (K(CH3COOH) = 1,75-10'5), MOATOMY pPEaKLHUs
BOJIHOT'O pacTBOpa aleraTa aMMOHUS UIMEET CJIa00IIETIOYHYIO Cpeay.

dopma npeacraBjeHusi pe3yabrara: odopMiIeHHas paboTa C  BBITOJHEHHBIMHU
WHJIUBUAYaTbHBIMU 33JJaHUSIMU 110 BApHAHTAM.

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

Tema 1.4. I'ereporeHnbie pAaBHOBECUS B CHCTEME «PaCTBOP—0CAI0K))
IMpakTnueckoe 3ansitue Ne 7.
Pemenue 3axa4 no reme «IlpousBenenune pacTBOPUMOCTH

I_le.m, paﬁDTbI: HAay4YUTBCA  BBIYUCIATH KOHIOCHTpaOlMKM HOHOB II0  IIPOU3BCIACHHIO
PaCTBOPUMOCTH BJICKTPOJIMTA, ACJIAaTh BBIBOJAbI O BO3MOXHOCTH BBIMNIAICHUA OCa/IKa P CMCIIMBAHUN
PaCTBOPOB 3aJIaHHBIX KOHI.[GHTpaI_[I/Iﬁ 1 00HEMOB.

Boinosinus padory, Bbl Oyaere:

ymemn:

— BBIYHCIISTh KOHIICHTPALIUK HOHOB IO MTPOU3BEJCHUIO PACTBOPUMOCTH JJIEKTPOIIUTA;

— JA€JIaTb BBIBOJbI O BO3MOKHOCTU BBIMAJCHUA OCaJKa P CMCIIMBAHHUU PACTBOPOB 3aJaHHBIX
KOHIIEHTpalui 1 00bEMOB.

MarepunajbHoe o0ecrieueHue:
Kparkuii cnpaBounuk ¢usuko-xummdeckux BenmuuH / Ilox pen. K.II. Mumenko u A. A.

Papens. — JI.: Xumusa, 1974. — 200 c. Ilepuoandeckasi cucrema XxuMuyeckux sjaementoB J[. .
MemneneeBa, TabIUIa PACTBOPUMOCTH.

3aganue:

HayuuTbcs pemiaTh TUMOBBIE 3a1a4u:
1. Beoluncienue npousBeieHUs] paCTBOPUMOCTH MaJIOPACTBOPUMOTO 3JIEKTPOIIUTA.

2. BpluucneHne KOHIEHTPALMH HOHOB U PACTBOPUMOCTH MAJIOPACTBOPHUMOTO 3JIEKTPOJIUTA B
€r0 HACBHIIIEHHOM pacTBOPE.
3. VYcnoBus 06pa3oBaHMs OCAIKOB.

KpaTrkue Teopernyeckne cBeieHUs:

3aKOoH JIEHCTBYIOLIMX Macc MPUMEHUM KaK K TOMOTE€HHBIM, TaK U K T€TEPOTre€HHbIM CUCTEMaM.
PaccMoTpuM cUCTEMBI, B KOTOPBIX KOHTAKTHPYIOT OCAJOK M PAcTBOP TOI'O MU HWHOIO BEILECTBA.
HacpimeHHbIii pacTBOp M OCaIOK OTAENEHBI JAPYr OT APYra IMOBEPXHOCTBIO pasliena U SBISIOTCA
(azamu reTeporeHHON CUCTEMBI.

IIpyu CONpUKOCHOBEHUM € BOJOW KaKOro-JInO0 MajJOpacTBOPUMOIO 3JIEKTPOJMTA, HapUMEp,
cynbarta Oapuss BaSOs, nOHBI Ba?* u SO, mox nelcTBHEM IWIONEi BOJbI NEPEXOIAT C
MOBEPXHOCTH KPHUCTAIJIOB B pacTBOp. OJHOBPEMEHHO HAUYHETCSI U OOpaTHBIN MPOLIECC — OCAXKICHHE
BaSO,, nonsr Ba?* u SO,% B pacTBOpe MOTYT CTAJIKUBAThCs C MOBEPXHOCTBIO KpucTauioB BaSO4 n
OCaXJ1aThCsl (BBIAETATHCSA) TOJ BIMSHUEM MPUTSDKEHUS ApYyrux HOoHOB. IlocTeneHHO CKOpocTh
pacTBOpPEHHs BELIECTBA YMEHBIIAECTCs, & CKOPOCTh IPOTHUBOIIOJIOKHOIO IPOLECCa — OCAXKACHUS —
YBEJIMUYMBAETCS, YTO W MPHUBOJUT K COCTOSHHIO JTUHAMUYECKOIO PABHOBECHSI, IIPH KOTOPOM YHUCIIO
noroB Ba®* u SO, YXOISIIMX B €IWHUILY BPEMEHHU C MOBEPXHOCTH TBEPIOW (ha3bl, paBHO YHCITY
HMOHOB, BO3BPAIIAIOIINXCS HA 3Ty MOBEPXHOCTb.

Takum oOpa3oM, mosryyaeTcsi HaChIIIEHHBIN pacTBOp cynbdara 6apus, B KOTOPOM OOJbIlEe HE
HAOJIOAeTCs HU YMEHBIICHUSI KOJIMYEeCTBAa TBEPAOM (a3bl, HU HAKOIJICHHUS HOHOB Ba®* u SO,
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.YcTaHaBNIMBAaeTCSI paBHOBECHE MEXAY OCAAKOM (TBepAoi (ha30i) SJIEKTPOIMTa U HOHAMH
NIEKTPOJIMTA B PACTBOPE — JUHAMUYECKOE I'E€TEPOTCHHOE PABHOBECHE — OCAOOK <> HACHIU{EHHBLI
pacmeop:.

BaSO4(ocamok) <=> Ba®* (pactBop) + SO% (pactBOp)

B aTOoM pacTBOpe KOHLEHTpALMsi HOHOB OYEHb Majla U BCIECACTBUE 3TOIO B3aMMOJCHCTBUE UX
JPYT C APYTOM IIPAKTUYECKU OTCYTCTBYET.

KoncranTy paBHOBECHSI 1151 TETEPOreHHOM CUCTEMbI MOYKHO 3aIMCaTh TaK:
« — 1Ba |- [soz

[BasO, |

Konnentpamuro Bepaoi ¢hazsl BaSO4 MOKHO cUUTaTh MIOCTOSTHHOM, TOT/IA
K -[BasO,]=[Ba® |- [sOZ |= 17P,,q,, = const.

B HacebllleHHOM pacTBOpe MAalIOpPaCTBOPUMOIO 3JIEKTPOJMTA TMPOU3BEIECHUE MOJISIPHBIX
KOHIICHTpAIlMii MOHOB, BO3BEJCHHBIX B CTEIICHU, PABHBIC MX CTEXHOMETPUYCCKUM KOdPPHUIIHMECHTaM,
Ipu JaHHOM  TemmepaType ecTb BeJIMYMHA I[IOCTOSIHHAs, Has3blBaeMasi  npou3gedeHuem
pacmeopumocmu (IIP).

B o0rmiem Buze A1 ypaBHEHUS AUCCOLUAIIMHI MAIOPACTBOPUMOTrO JIEKTPOIUTA

KnhAm <> nK™ + mA™

MIPAaBUJIO TIPOU3BEICHUS PACTBOPUMOCTH MOTyYaeT CIEAYIOIee MaTeMaTHIEeCKOE BEIPaKCHHUE:

[K™TTA™]" = TIP(KnAn),

rae [K™] u [A™] — paBHOBeCHbBIE KOHIIEHTPALMH KATHOHOB ¥ AHHOHOB, 0OPA3yIOIMXCS TIPH
nucconyanuu sMekrpoiauta KyAm;

N ¥ M — CTENeHH, B KOTOPbIE HEOOXOIMMO BO3BECTH KOHIIEHTPAIIUN HOHOB.

Hanpumep: Ba3(POy), &> 3Ba®t + 2PO437

TP (Bas(PO4),) = [Ba*'T°[PO4 -

W3 npousBeneHnii pacCTBOPUMOCTH MOKHO PACCUMTATh KOHIIEHTPALMKM KaTHOHOB M aHMOHOB B
pacTBope MalopacTBOPUMOTO AJIEKTPOJINTA. 3HAUCHUS MTPOU3BEICHUN PAaCTBOPUMOCTH MPUBEICHHI B
CIPAaBOYHHKAX.

[TpousBeneHre pacTBOPUMOCTA U PACTBOPUMOCTH BEIIECTBA SIBISIFOTCS XapaKTEPHUCTUKAMU
MajopacTBOPUMOTO BEIIECTBA, MEXKY STUMH BEIMYMHAMH CYIIECTBYET TECHAS CBS3b.

PactBopumocTs (S) — 3TO MakCHMajabHO BO3MO)KHAs KOHIIEHTpAIMs BEIIECTBA B PacTBOPE,
BhIpaxkaetcs B 1/71, /100 r H,0.

MonsipHasi pacTBOPUMOCTH S COBIAJAET ¢ MOJISIPHOM KOHIIEHTpAIIMel HACBIIIIEHHOTO pacTBOpa,
BBIpa)KaeTcsl B MOJIb/J U cBsi3aHa ¢ [1P:

TP(KnAm)=[K™ T TA™ ]"=(nS)"s(MS)™.

Jln1st IBYXHOHHBIX AJ1eKTposnToB, Hanpumep AgCl(n=1,m=1):

[IP(AgCI)=[Ag'][CI ]=S*(AgCI)

JI71st TPEXMOHHBIX AIIEKTPOIUTOB, HanpumMep CaF,(n=1,m=2):

[1P(CaF,)=[Ca’*][F]*=S(2S)*=4S".

CnenoBarenbHO, TPOU3BEIECHUE PACTBOPUMOCTH W PACTBOPUMOCTH — B3aUMOCBSI3aHHBIE
BEIMYMHBI, TOITOMY [0 W3BECTHOM pAcCTBOPUMOCTH BEIIeCTBA MOXKHO HaWTH 3HAueHHE
MIPOU3BEICHUS PACTBOPUMOCTH M HA0OOPOT.

[lo cremeHW HACBHIIEHWS Pa3IHYalOT pPACTBOPHI HEHACHIIICHHBIC, HACHIIICHHBIE U
TIePEHACHIIIICHHEBIE.

Jlnst HeHaceiienHoro pacteopa I1P (Bag(POy),) > [Ba2+]3[PO43_]2.

Jlst HacelmenHoro pacteopa 1P (Bas(POy),) = [Ba?'T’[PO,> ]2

Jlnst mepenacsiierHoro pactsopa [P (Bag(PO,),) < [Ba2+]3[PO4&]2.

[Ipu mpoBeeHnn peaxiuii B pacTBOpE, B Pe3yabTaTe KOTOPHIX BO3MOKHO 00pa30BaHUE OCAIKa,
HEO0O0XO0AUMO COOTIOIATh ONpeieNieHHbIE TPeOOBaHUS K BEIOOPY KOHIICHTPAIIUN peareHTOB.
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YcnoBue 00pazoBaHUs OCAIKA: MPOU3BEICHIE MOJISIPHBIX KOHIIEHTPAIM HOHOB, BO3BEICHHBIX
B creneHb crexuoMmerpuieckux kodpdummentoB (I1K), nomkHO OBITE OOJBIIE BETMYUHBI
npousBeeHus pactsopumoctu (I1P):

KnAm <> nNK™ + mA™

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

Ecmu TTIK(K,Am) < ITP(K,Ap), TO ocanok He oOpa3yercs. CienoBareiabHO, 3Hask KOHIICHTPAIIUN
HMOHOB MAJIOPACTBOPUMOTO AJIEKTPOJIUTA B PACTBOPE, MOYKHO OPUEHTHPOBOYHO OIICHUTbH, BBHITIAJICT JIN
B JIAHHOM CJIy4ae O0CaJIOK.

IMopsinok BbINOJIHEHNsI padOThI:

1 TloBTOpHTE OCHOBHBIE TEOPETUUYECKUE MOJIOKEHUS T€TEPOr€HHOIO PaBHOBECHUSI B CHUCTEME
«pPacTBOP-0CATOK.

2 3anummTe o0mmue GopMyIIbl, IPUMEHSIEMBbIE 11 BBIYUCICHHS TPOU3BEICHUS PACTBOPUMOCTH
U HCIOJIb30BaHMUsSI 3TOM BEIMYMHBI B pacyeTax IO OIpPEJeIeHUI0 KOHILIEHTPAlMii HOHOB H
BO3MO>KHOCTH 00pa30BaHMs OCaJIKa.

3 IlpoaHanu3upyiiTe ¥ OCMBICIUTE aITOPUTMBbI PEIICHUS TUIIOBBIX 3aqau Ha OIpeleleHue
MIPOU3BEICHUS PACTBOPUMOCTH, KOHIIEHTPAILIM HOHOB U BO3MOXKHOCTH 00pa30BaHUS OCAJIKA.

4 BoInoJaHUTE MHIMBUAYAIbHBIE 33JaHNsI B COOTBETCTBUH C BAPUAHTOM.

Xoxa padoTbi:
IMpumepsnl pelieHUs1 TUNOBBIX 32124
3aoaua Nel.
PactBopumocts CaCOj3 pasHa 0,00069 r/n. Beruuciure [TP(CaCOs).
Aneopumm pewiernus.

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

2. Paccuuraem monspnyto pactBopumocts CaCOs
S(CaCO;3) = L/ M(CaCO3) = 0,00069 / 100 = 6,9+10> moxs/1.

3. MomnsipHasi pacTBOPUMOCTh COBIIAIACT C MOJIIPHOM KOHIICHTPAIIUEH COIM B paCTBOPE:
C(CaC0s) = S(CaCOs3) = 6,9¢10"° moub/11.

4. Haiinem paBHOBECHBIC MOJIIPHBIC KOHIICHTPAIIUK HOHOB B PaCTBOPE:
CaCOs¢> Ca”™* + CO3>
[Ca*] = [CO5* ] =S =6,9+10" moub/.
Torza [TIP(CaCOs) = [Ca®*] « [COs* |;

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

Ortger: [1P(CaCO3) = 484107,

3aoaua Ne2.

IMpouseenenue pacrBopumoctu PbJ,; mpu 18°C paBHO 1,4210°%. Paccunraiire KOHIICHTpalUH
oroB Pb?* 1 J™ n pactBopumocts PhJ, B /1.

Aneopumm pewienus.

1. Pbl, <> Pb™ +2J°

2. TIP(PbJy) = [PH** ][I ]

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

4. CnenmoBarenbHO

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

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

1,410-8 = 4x3

8
X =3 % =15-10"°monw/ 1.
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5. MonspHas pacTBOpUMOCTB COJIM PaBHA 1,5410"% mos/1.

6. KoHnenTpanuu HOHOB PaBHBI:

[Pb®]= 1,510 monb/n

[17]=21,5410">= 3,010 moub/1.

7. YroOBbl OT MOJISIPHOW PACTBOPUMOCTU MEPEHTH K PACTBOPUMOCTH B TI/J, HEOOXOAUMO
MOJIIPHYIO PaCTBOPUMOCTD YMHOKUThH Ha MOJISIPHYIO MacCy BELIECTBA.

L = SeM(PbJy) = 1,5¢10 3461 = 0,692 r/x.

Otser: [Pb?*] = 1,510 mons/i; [J] = 3,0210 % mous/i; L(PbJ,) = 0,692 /.

3aoaua Ne3.
Omnpenenure, BBIMAAET JIM OCAJOK NPU CMEMIMBaHMM paBHbIX 00beMoB 0,2 M pacTBOpOB
Pb(NO3)2 u NaCl.
Aneopumm pewenus.
1. MornekynsipHOoe ypaBHEHHE PEaKIIHH:
Pb(NOs3); + 2NaCl = |PbCl;, + 2NaNO:s.
2. HouHo-MonexyisipHoe ypaaerue: Ph?* + 2CI™ <> PhCl,
3. Jns onpeneneHust yciuoBusi oOpa3oBaHMsi oOcanka HeoOxomumo paccumrtarh IK:
TIK(PbCl,) = [Pb*]-[CI T
4. Nna wnaxoxzaenus [IK HyXKHO HaWTH KOHIEHTpaLUU Pb?>'u CI” mocne cMemmpanus
PacTBOPOB 3aJIaHHOM KOHIIEHTpanuu. [Ipyu cMemBaHu pacTBOPOB OJIMHAKOBBIX 00EMOB
KOHIIEHTPALIMU HOHOB YMEHBILIAIOTCS B/IBOE:
[Pb*1=0,1 mons/r;  [Cl ]=0,1 mons/m.
5. TIK(PbCly) = [Pb*T[CI']?=0,1 - 0,1°= 10",
6. Omnpenensem I1P o tabmumam: ITP(PbCly) = 2,4 10,
7. CpasruBaem IIK ¢ IIP: TIK(PbCly) = 10 > IIP(PbCl,) = 2,4-10, 3uaunt ocaxox PhCl,
BBITIAJICT.
Otser: ocanok PbCl, Bemager.

3aoaua Ne4.

[IpousBeneHne pacTBOpUMOCTH cyib(puaa mapranua npu 25°C paBHO 5,6°10°. Bomazer mm
ocanok npu cmemuBanun 5 M1 0,066 MnSO,4 u 4 M 0,011 Na,S?

Pewenne.

MonexkynsipHOe ypaBHEHUE PEAKIIUN

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

HonHOo-MomneKysipHOe YpaBHEHUE PEaKIU

Mn?* + S* = MnS

Jlnist onipeneneHus yciioBusi 00pa3zoBaHus ocaaka HeoOxoaumo paccuutath [1K

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

Jlna Haxoxaenus 11K Hy»KHO HallTH KOHLEHTpaluu Mn?* 1 S* mocre cMemmBaHUs pacTBOpoOB
3aJaHHOM KoHLeHTpauuu. OnpenenseM UCXOIHbIe KOHIIEHTPALUU HOHOB 10 CIMBaHMsI PACTBOPOB:

JUst OTIpe/IeNeH s KOHIEHTPAIy HoHOB MN?* Hy)XHO IepeBecTH HOpMAITbHYI0 KOHIICHTPALIHIO
MnSO, B MomsipHYIO.

f.x(MnSO4) =1/2 0,066 MnSQO,4 = 0,03M MnSO4

MnSO; <> Mn* + SO/

0,03 mone/m 0,03 Mo/t

JUIst OTIpefieNeH s KOHIEHTPAIMH HOHOB S° HYXHO IePEeBECTH HOPMAIBHYIO KOHIICHTPALIHIO
Na,S B MOJIIpHYIO.

f.x(Na2S) =1/2 0,01 NapS = 0,005M Na,S

Na;S <> 2Na" + S*
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0,005 momnw/n 0,005 mosb/n

OmnpenensieM KOHIIEHTPAIIUIO HOHOB TIOCIIE CMEIITMBAHUS PACTBOPOB.

O6mwem pactBopa nocie cmemmBanus 5 mit MnSO4 u 4 Mt Na,S cran 9 mut.

KoHIieHTpanus HOHOB 1OCJIe CMEITMBAHUS PACTBOPOB

[Mn>]= % =0,017.n0m/ 2

[S 2,]: 4-0,005

9

Haxoaum npousBeeHne KOHLIEHTpaui

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

[IK(MnS) = 0,017 * 0,002 = 3,410

CpasuuBaem I1IK c I1P (mpunoxenue, Ta61.3)

3,4410°>5,60101°

CnenoBarenbHo, npu cnuBanuu 5 M 0,006H. pactBopa MNnSO4 u 4 Mt 0,011 pactBopa NaS
oOpa3yercs ocamok MnS.

VcxoaHbie JaHHBIC M PE3YJIbTAThl pacueTa 3aHOCHM B TaOJIHILY.

=0,002m006/ 1

KonneHnTpanus, MoJib/J1
4 CJ'II/IBail(/)I}I rmocJje ITK(MnS) =
OHBI CIIMBAHUs [Mn*][S?*]
pacIBo aCTBOPOB
poB pacTBop
5.003
an*][ 0,03 s %% [K=0017-0,002 =
3,4+107°
[ 4-0,005 _ |
= 0,005 9 ’ 3,4410°> 56010

Oteert: npu cauBanuu 5 M 0,006H. pactBopa MnSO4 u 4 mur 0,011 pactBopa Na,S ocamox
MnS oGpasyercs.

®opma npeacTaBIeHUs pe3yJabTaTa: BHINOIHEHHAs padoTa ¢ pelIeHueM HHIUBUIYaIbHBIX
3a/1a4 110 BapUaHTaM.
Kpurtepuu onenku:

3a Ka)Ibli IpaBUIBHBINA OTBET — 1 Oa.
3a HenpaBWIIbHBIN 0TBET — 0 6AUIOB.
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Tema 1.5. KoMmmjiekcHbIe cOeANHEHUS
IpakTuyeckoe 3ansaTue Ne 8.

BoinosiHeHHe yNpa:KHEHU M0 COCTABJICHNIO: YPABHEHHUI
JIEKTPOJUTHYECKOH THCCONUANUMN KOMILJIEKCHOTO COeIUHEeHMsI
U KOMILJIEKCHOT0 MOHA; BHIPA’KEHUI KOHCTAHTHI HECTOMKOCTH
KOMILJIEKCHOI'0 HOHA; HA3BaHUI KOMILIEKCHBIX COeTHHEHU I

Ienb padoThl: HAyUYNUTHCS COCTABIATh HA3BAHUS KOMIUJIEKCHBIX COSJUHEHUM U YpaBHEHUS UX
JUCCOLMALMHU, COCTABJIATH BBIPAXKEHUS KOHCTAHTBI HECTOMKOCTH M CPaBHUBAThb KOMIUIEKCHBIE
COCIMHEHMS 110 YCTOWYNUBOCTH.

Beimonuus paboty, Ber Oynere:

ymemp:

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

— COCTAaBIISITh BBIPAKEHHSI KOHCTAHT HECTOMKOCTH, CPAaBHUBATH KOMIUIEKCHBIE COCTMHEHHUS T10
YCTOWYHBOCTH.

MarepunanbHoe obecrnieyeHue:

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

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

3ananue:
HayuuTtbcs BBITOTHATH TUMIOBBIE 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 TeopeTnueckue cBeJeHHs:

Komnnekcnvie coedunenus — 3TO COEAMHEHHUs BBICUIETO MOpPSAAKA, COJAEpKallle B COCTaBE
KOMIUIEKCHBIA HOH

Teopusi KoMNIEKCHBIX cOeOuHeHUll (KoOopouHayuoHuas meopusi) Obuta TipeioxkeHa B 1893 r.
A. Beprepowm.

B coctaB KOMITJIEKCHOTO (KOOPAMHAIIMOHHOTO) COEIMHEHHUsI OOBIYHO BXOJUT II€HTPAIbHBIN
aToM, Ha3bIBAEMBI KoMnIekcoobpazosamenem, W WOHBI WIM MOJIEKYJbl, HEMOCPEICTBEHHO
CBSI3aHHBIE C KOMIUIEKCOOOpa3oBaTesieM, Ha3bIBaeMble iueanoamu. VIoH-komiiekcooOpa3oBaTenb 1
JUTaHAbl 00pa3yIOT 6HYMPEHHION KOOPOUHAYUOHHYIO chepy KOMILIEKca. Y KOMILJIEKCHBIX HMOHOB
UMEETCSl 6HeWw s KOOPOUHAYUOHHAs cgepa, 0Opa30BaHHAs HOHAMHU IPOTHUBOIOJIOKHOTO 3HAKa.
ITpu 3anucu GopMyssl KOOPAMHAMOHHOTO COEIMHEHHS BHYTPEHHIOI KOOPAWHAIMOHHYIO chepy
3aKJIIOYAIOT B KBaJpaTHbIE CKOOKHU; aTOMBI BHEIIHEN cepbl HaXOAATCs 3a KBaIpaTHBIMU CKOOKaMH.
[Ipumep: B Monekyle xjopuaa auammuHocepebpa [Ag(NH3bICI wom Ag’ sBnsercs
KOMILIeKCooOpa3oBaTeneM, MoseKyinbsl NHs — nurangamu, nonst CI' 006pa3yroT 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 xp. Jlurauzamu MOryT GbITh
nousl Tma CN', I, F, CI, OH, COgZ', 8042', C2042', MOJICKYJIbI, MMEIOIINE HETOACIICHHBIC
anekTpoHHsie nmapsl, — H20, NH3, CO, NO u psig opraHM4ecKuX COeTUHEHUH.

JIurannel cBA3aHbI C IEHTPAIBHBIM aTOMOM-KOMIUIEKCOOOpa3oBaTeIeM KOBAJICHTHOM CBA3BIO,
00pa3oBaHHONW MO JOHOPHO-AaKIENTOPHOMY MEXaHU3MYy (KOOpIMHAIIMOHHAs CBS3b). Jluranmbl
OOBIYHO SIBJIIFOTCSL JTOHOPAMH 3JIEKTPOHHBIX MMap, a HEHTPAJIbHBIA aToM — akmenTopoM. Ywucio
JIUTaHJI0B, KOOPJIMHUPOBAHHBIX KOMIUIEKCOOOpa30BaTesieM, Ha3bIBAIOT KOOPAUHALIMOHHBIM YHCIIOM.

Jnist GONBIIMHCTBA KOMILIEKCOOOpa3oBarenel KOOpANHAIIMOHHBIE YMCla PaBHbI 2, 4, 6. 3apsin
KOMIUIEKCHOTO MOHA PaBEeH CyMME 3aps0B MOHOB, BXOJSIIUX BO BHyTpeHHIOW cdepy. Tak, st
[Fe(CN)s]* cymmapusiii 3apsix (-3) paser cymme 3apsinos Fe**(+3) u 6CN(-6): +3 + (-6) = -3. Eciu
JUTaHAOM CITy’)KaT 3JieKTpoHenTpabable MosieKybl (H20, NH3), 3aps1 KOMIUIEKCHOTO MOHA paBeH
3apsily HOHA-KOMILIEKCO0Opa30BaTes.

Homenkxnamypa xomniexcuvix coeouHenuti

1) B Ha3BaHUM KOMIUIEKCHOTO COEAMHEHUS MEPBBIM YKA3bIBAIOT OTPHULATEILHO 3aPsDKEHHYIO
4acTb — AaHUOH, 3aTEM IOJIOKHUTEIbHYIO YaCTh — KATHOH.

2) Ha3Banme KOMIUJICKCHOTO MOHA HAYMHAIOT C YKa3aHHs COCTaBa BHYTpeHHEW cdepsl. Bo
BHYTpEHHEH cdepe Mpexkae BCero Ha3bIBAIOT JIMTAHAbl — aHWOHBI, MPUOABIAS K UX JIATUHCKOMY
Ha3BaHWIO okoH4aHue «o». Hampumep: Cl — xmopo, CN — mmano, SCN — tronumanato, NO3 —
uuTpato, SOs> — cymbguro, OH — rumpokco u T. 4. IIpH 9TOM MOIB3YIOTCS TEPMHUHAMM: UIS
KOOPJAMHUPOBAHHOT'O aMMHAaKa — aMMHUH, JIJIsl BOJBI — aKBa, /it okcupa yriepoaa(ll) — kapbonwmr.

3) Uncno MOHOAEHTATHBIX TUTaHa0B (HeiTpanbubie Monekynsl (H,O, NHz, CO, NO u ap.) u
sapsokenHbIME Houbl (CN—, F—, Cl—, OH—, SCN—, S;0s° u 1p.)) yKa3blBalOT IPEYECKHMH
YUCIMTEIbHBIMUA: 1 — MOHO (YacTo HE MPUBOAUTCSA), 2 — oU, 3 — TpH, 4 — TeTpa, 5 — neHTa, 6 —
rekca. [lJis MONMACHTATHBIX JUTAaHAOB (HampuMep, STWICHIMAMUH, OKCajaT) MCHONb3YIOT OHC-,
TpHC-, TETPAKUC- U T. 1.

4) 3areM Ha3BIBAIOT KOMIUIEKCOOOPA30BaTelb, HCIOIb3YS KOPEHb €r0 JJATHHCKOTO Ha3BaHUS
U OKOHYaHHE -aT, MOCJIe Yer0 PUMCKUMH IHudpaMu yKas3bIBalOT (B CKOOKAaX) CTEMEHb OKUCICHHS
KOMILJIEKCOOOpa3oBaTesl.

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

6) B HazBaHMM HENTpaNbHBIX KOMIUIEKCHBIX YaCTHUI[ KOMILJIEKCOOOPa30BaTelb YKa3bIBACTCS B
MMEHUTENIBHOM TaJIekKe, a CTENEeHb €ro He YKa3bIBAeTCs, TaK Kak OHA OJHO3HAYHO OIpeesseTcs,
MCXO/IS U3 DIIEKTPOHEUTPATHHOCTH KOMILIEKCA.

[Ipumepsr:

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

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

[Pt(NH3)4Cl;]Cl, — xn0pua auxmnoporerpaammuHIuiaTHHBI(IV)

IMopsiiok BbINOJIHEHUS] PA0OTHI:

1 IloBTOpUTE OCHOBHBIE MOJOKEHHS KOOPJIMHALMOHHON TEOPUU CTPOCHHSI KOMILJIEKCHBIX
COEIMHEHU.

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

3 Ilpoananmu3upyiTe U OCMBICIUTE TPUMEPHI BBINOJIHEHUS THUIOBBIX 3aJaHUN TIO
COCTaBJICHHUIO Ha3BaHUM W YPaBHEHUH JUCCOIUALIMY KOMIUIEKCHBIX COEIUHEHHMIA.

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

[Ipumepsbl BHIMOJHEHUS TUIIOBBIX 3aJaHUI

3aoanue Nel.

VYkaxuTe: a) KOMIUIEKCOoOpa3oBareib, 0) JUTaHIbl, B) KOOPAHMHAITMOHHOE YHUCIIO, T') CTETICHb

OKHCIICHUSI KOMILIEKCOO0pa3oBaTesis, /1) 3apsil KOMIUIEKCHOTO HOHA, €) Ha3BaHHE KOMIUICKCHBIX
coenunenuii K4[Fe(CN)g], [Cu(H20)2(NH3):]SO,.

Pewenue.

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

J'II/IZ

MIEKCO00
OpIMHAIHO

q
<
N
4

)2]SO4 — cynbdar nuakBagumammud meau (11)

w

=
2. [Cu(H.0)z(NH

.
v
E
v

MITJICKC
ARnanAnA
HUra”nabl—

4
¢
4
5
H

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

[0)

3aoanue No2.

Hamummre xumudeckue (opMylibl KOMIUICKCHBIX COelMHEHUit: a) rekcarmanoxpomat (I11)
Kamust; 0) 6pomu rekcaammuH Kooasieta (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 COCJAMHCHUH, BBIPAXKCHUS
KOHCTaHT HECTOMKOCTH U, MOJB3YACh TAOIUYHBIMU 3HAUECHUSIMH KOHCTAaHT HECTOMKOCTH, CPAaBHHUTE
atu coenuHenus no ycronunBoctu: [Ag(NH3)2]Cl, K[Ag(CN),].

Aneopumm pewenus.

1. KoMIieKCHbIE COCQMHEHHWS TPH  AJIEKTPOIMTUYECKOH  JUCCOIMAlMi  00pa3yroT
KOMITJIEKCHBIC HOHBI ¥ HOHBI BHEITHEH C(ephl KaK CUIIbHBIC 3JIEKTPOJIUTHI:

[Ag(NHg)z]Cl L [Ag(NH3)2]+ +Cl™

2. KoMIieKCHBIE MOHBI MTOIBEPTalOTCS IUCCOIMAIIMH KaK cIa0ble JIEKTPOIUTHL. Y TIPOIIEHHO
JVICCOIMAIINIO BHYTPEHHEH c(hepbl MOXKHO MPEICTABUTH TAKUM 00pa3oM:

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

3. Ilpumensis 3akoH JEUCTBYIOIIMX Macc K OOpaTHMBIM MpoOIlecCaM  TUCCOLUAINU
KOMITJICKCHBIX HOHOB, 3aITHIIIEM BBIPAKECHUSI KOHCTAHTBI HECTOMKOCTH:

K = Ag+]~[NH3]2 -9.10"°
! Ag(NHa)zT
4, Tlo TOH e CXEME BBIIOJIHIEM I[CI‘;ICTBPIH CO BTOpPBIM HNPHUMEPOM KOMIIJICKCHOT'O
COCIMHCHUA .
K[Ag(CN)2] <> K" + [Ag(CN)2]
[Ag(CN);] <> Ag’ +2CN~
_lag*][en-T
" Ag(CN)ZT
5. KoHcraHTa HECTOMKOCTH KOMIUIEKCHOTO MOHA XapaKTepPH3yeT MPOYHOCTH (YCTOHYMBOCTH)

BHYTpEHHEH cdepbl KOMIUIEKCHOIO HOHAa. YeM MeHbIIe KOHCTaHTa HECTOMKOCTH, TeM
[IPOYHEE KOMILIEKCHBIN HOH.

=1.10"%"
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K, = 1-10% < K, = 9-10® , 3naunt xommiekcusii mon [Ag(CN),]~ Gonee mpounsiii, dem
[Ag(NH3)]" .

dopma mnpeacraBieHusi pe3yabTara: odopmiieHHas paboTa C  BBINOJIHEHHBIMU
WHJIMBUIYQJIbHBIMU 33IaHUSIMU TIO BapHaHTaM.

Kpurepun oneHku:

3a Kax/Iblid TPaBWIBHBIN OTBET — 1 Ga.

3a HenpaBWIbHBINA O0TBET — 0 OaITOB.

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

Onpenenenue okucaureseil 1 Boccranopuresieil. CocraBiienne ypapuennii OBP

Ienp padoTbl: HAYy4UTHCS OIPENEIATh CBOMCTBA COCAMHEHMHM II0 CTENEHM OKHUCICHUS
JJIEMEHTOB, COCTABJIATh YPABHEHMS OKHMCIIMTEIbHO-BOCCTAHOBHUTEIIBHBIX PEAKIUH, PAaCCUUTHIBATH
OKHUCJIUTEIbHO-BOCCTAHOBUTEIbHBIE ~ IOTCHLIMAIBI 110  ypaBHeHMIO HepHcra, ompenenars
HaIlpaBJICHUs CAMOIIPOU3BOJIBHOTO MPOTEKAHMS PEAKIIUH.

Boinosinus padorty, Bel Oynere:

ymems.:

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

— paCCUUTBIBATL OKHUCIUTCIIbBHO-BOCCTAHOBUTCIIbHBIC ITIOTCHIIUAJIBI 110 YPABHCHUIO HepHCTa;

— coctaBiATh ypaBHeHuss OBP u onpenensTe HampaBieHUs CaMONPOU3BOJIBHOTO HX
NIPOTEKAHUS.

MarepuanbHoe o0ecnieyeHue:

Kpartkuii cnpaBounuk ¢usnko-xumuueckux BenanuuH / [lox pen. K. I1. Mumenko u A. A.
Panensa. — JI.: Xumus, 1974. — 200 c. Ilepuonuyeckas cucremMa XxuMudeckux anemeHtoB [I. U.
MenieneeBa, TabauIa pacCTBOPUMOCTH.

3aganue:
HayuuThcs BBIMOTHITH TUMIOBBIC 33/JaHUS TIO JAHHON TeMe:
1 OmnpenencHue CTENEHW OKHUCIICHUS JJIEMEHTOB B BEIIECTBAX, MPOTHO3WPOBAHUE UX
CBOMCTB B pEaKIUAX C IPYTMMHU BELIECTBAMHU.
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, coJepiKalluX 3apsHKeHHbIE YacTHIIbl, Ha TpaHule pasnena a3
YCTaHABIMBAETCSl PAaBHOBECHME M BO3HMKAET pPa3HOCTh IIOTEHLMAJIOB: pacTBOp 3apshKaeTcs
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MOJIOKUTEIBHO, a TJIaCTHHA OTPULIATENLHO. JTa Pa3HOCTh NOTEHIIMAJIOB HA3bIBAETCS SJIEKTPOAHBIM
MOTECHIUAIOM.

DNEeKTpOoAHbIE TOTEHIMAIbI, HM3MEPEHHBIE [0 CPaBHEHUIO CO CTaH;[apTHLIMl, npu
KOHIICHTpAallud HMOHOB B pacTBOpe | MOJb/I Ha3bIBAIOTCA CTAaHJAAPTHBIMU SJIEKTPOAHBIMU
MOTEeHIHaIaMH, 0003HAYAIOTCS EO, Y CBEJICHBI B TAOIHIIBI. 3aBUCUMOCTb JJICKTPOAHOTO MOTCHIIMATA

OT TEMIIEpaTypbl U KOHLIEHTPAIIMU NOHOB BbIpaxkaeTcsi ypaBHeHueM HepHcra:

B0+ 1L InC,
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 — nocrostanas dapanes, 9,65-10°* Kin/mons;
C — KOHIIEHTpAaLUsl HOHOB B PaCTBOPE, MOJIb/II.
Jlia ctannapTHOM TemnepaTtypsl 298K (250C)
0,059

o €

Ecmu  pacmonoxuTh MeTaibl B TMOPSAIKE BO3pacTaHUs 3HAYCHWW WX CTaHIApPTHBIX
MOTEHINAJIOB, TO TOJYYUTCS PsAJl aKTHBHOCTH METAJUIOB. KaKIblii METaJuT B 3TOM PSAY SBISIETCS
0oJiee CHIIbHBIM BOCCTAHOBUTEIIEM, YeM TTOCIIC YOI,

OKucIumenbHO-60CCMAHOBUMENbHbIE — PeaKyull u NOMeHYUaIbl OKUCTUMENLHO-
B0CCMAHOBUMENLHBIX NAD

OKucIumenbHo-60CCMAaHOBUMENbHbIE PEAKYUU — MO PeaKyuu, NpomeKanuue ¢ UsmMeHeHuem
cmeneHu OKUCIeHUsL dIEMEHMO8, MO eClb CONPOBONCOAIOWUECS NEPEXOOOM IILEKMPOHOE 0N OOHUX
amomog K Opy2um.

BoccranoButenb — yacTUIla, OTAAONIAS AJIEKTPOHBI.

OxucnuTenp — 9acTuIa, IPUHUMAFOIAS SJICKTPOHEI.

Uncno OTAaHHBIX U MPUHSATHIX JIEKTPOHOB PABHO.

Kaxmass OKHCIUTENbHO-BOCCTAHOBHUTEIBHAS PEAKIUsl COCTOUT M3 JABYX MOJYpEaKIWi, s
KOKIOW OKHCIUTEIbHO-BOCCTAHOBUTEIHFHON Tapbl MOXKHO HW3MEpPUTh MOTEHIHAT C IOMOIIBIO
WHEPTHOTO DJIEKTPO/Ia, HATPUMEP, TUIATHHOBOTO WJIH CTEKJISTHHOTO.

[ToTeHnManbl OKUCIUTENHLHO-BOCCTAHOBUTENBHBIX Iap PACCUYUTHIBAIOTCS IO YPaBHEHHIO
HepHncra:

E=E°+

C
— EO + 01059 Ig oK.¢.

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

BOCCT. (. , l"I[e
N — 91UCJI0 OTJAaHHBIX qaCTHHCP’I OJICKTPOHOB;,

E

C .
ocd. — MOJISIpHAS! KOHLIEHTPALUsI OKUCIIEHHON ()OPMBI;

Caveons. _ MOJISIpHAs! KOHLIEHTPAIUsI BOCCTAHOBJICHHOM (POPMBI.

Hanpasnenue npomekanus OKUCIUMENbHO-60CCIMAHOBUMENbHBIX PEAKYULL

[lo BenmuuumHE NOTEHIMAlla OKUCIUTEIbHO-BOCCTAHOBUTEIBHOW Mapbl MOXKHO CYIUTh 00
AKTUBHOCTH OKHCIIUTENI M BOCCTAHOBUTENA. UeM BBIIIE OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIN
MOTEHIIMAJ Maphl, TEM B OOJIbIIEH CTENIEHU BhIPaKEHbI OKUCIUTEIbHbIE CBOWCTBA CUCTEMBI.
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Takum 06pa30M, 3Had CTAHAAPTHBIC JSJICKTPOAHLIC TMMOTCHLMUAJIBI MOXKHO OIPCACIUTD
HaIpaBJICHHUEC IPOTCKAaHUA OKHCJIIATENbHO-BOCCTAHOBUTEILHOMN PE€aKIMU IO BBIPAKCHUIO!

3.10.¢. = Eons~Epns > 0

VYcnoBue CaAMOIIPOU3BOJIbHOI'O IIPOTCKAHHA OKHUCJINTEIbHO-BOCCTAHOBUTEILHON pE€aKknuun:
eciu 3ﬂeKmp0()6uf)fcyWClﬂ CUusla OKUCIUMENbHO-60CCNAHOBUMENIbHO20 npoyecca bonvue HYJIA, mo
amom npoyecc camonpou3leolbHoO npomexkaem 6 npAMomM HanpasieHuu.

I[opsiaok BbINOJIHEHUS PA0OTHI:

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

2 3aKOHCHEKTHpPYHTE  yCIOBHE  CaMOIPOMU3BOJBHOIO  MPOTEKAHUS  OKHUCIHUTEIBHO-
BOCCTAHOBUTEIBHOM peakiuu, ypaBHeHUe HepHcTa aJis onpeaesieHus 3JIeKTPOAHBIX MOTEHIIMATIOB
HMOHOB ¥ OKUCJIMTEJIbHO-BOCCTAHOBUTEIBHBIX Iap.

3 Ilpoananmu3upyidTe U OCMBICIUTE TMPUMEPHI BBINOJIHEHUS THUIOBBIX 3aJaHUN TIO
MIPOTHO3UPOBAHUIO CBOMCTB COEIMHEHMM, cocTaBiieHUt0 ypaBHeHud OBP wu onpenenenuto
HaIpaBJIEHUs CaMOMPOU3BOJILHOTO MX MPOTEKAHUS.

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

Xox pabdoThI:

Baoanue Nel.

Onpenenure CTENEHb OKUCICHHS BCEX AJeMEHTOB B coeauHeHHsAX: P,Os, MnSO4, MnNO,,
KMnOy4, KNO,, NH4sNO3;, KNO3, K»Cr,04, KszO4, Na,SO0s.

Aneopumm peutenus.

Crenenb okuciaeHUS — GopMaNbHBIN 3apsi aToMa B Mosiekyie. CyMmMma 3apsiioB BCEX aTOMOB
B MoJjiexyie pasHa O. CyMma 3aps10B aTOMOB B HOHE PaBHA 3apsly MOHA.

s 2 22 +6 2 “ 2
P}(_)_: Mn(SO‘)‘ _\I[‘IO
(+5)24(-2)-5=0 (+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 +5 3 +l +6 2 +1 42
KNO3 KgC!‘gOT 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 OKMCIEHHS HHU3MIAS OTpULIATENbHAsA, TO aTOM MOXET OBITh TOJBKO
BOCCTaHOBHUTEJIEM, OTJIACT SJICKTPOHBI, TPUHUMATH UX HE MOKET.

Ecin cremeHs OKHUCIEHHS BBICIIAS IMOJOKHUTEIbHAsI, TO aTOM MOXET OBITH TOJBKO
OKHUCJIUTEJIEM, TPUHUMAET JJICKTPOHBI, OTJAABaTh €My YKe HEUYETO.

Ecnu creneHb OKHCIEHUS 3aHUMaeT MPOMEXKYTOYHOE 3HAUEHUE, TO aTOM MOXKET OBITh
OKHCJIUTEIEM W BOCCTAHOBUTEJIEM, TO €CTh M IPUHUMATh, U OTJIABATh dJICKTPOHBI.

#I 43

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

CrCl; — oxucaurens / soccranosuTens (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 = OKHCJIMTEIh, BOCCTAHOBHTENS (+2, 14, +6, +7)
Kzﬁino,‘ = OKHCIHTEIb, BOCCTAHOBMTENS (+2, +4, +6, +7)

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

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

TeMneparype 25°C u KOHIICHTpaIUsIX Con ~0,1 Monb/1, Cone 70,001 Monb/1.

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

- KOHLIEHTPALIKs BOCCTAHOBJICHHON ()OPMBI, B MOJIB/I.

2. OkucneHHoi (GpopMoil SABISIOTCS HOHBI Sn™ | Tak kak oNOBO CTOHT B YETBEPTOU IpymIIe,
FIMEET YeThIpe MEKTPOHA Ha BHEIIHEM ClIoe U HOH SN GolIbIie OTAaTh 2IEKTPOHBI HE MOXKET.

BoccTaHOBIICHHOIT (hOPMOIA SIBIISIETCS HOHBI SN*,

CrnenoBaTesbHO:

[ox]=[ Sn**]=0,1 moub/n

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

3. 1o TabnuiiaM HaXOUM CTaHAAPTHBIN ATEKTPOJAHBIN MOTEHIHAIL.

E ... =0158

4. Tlo gpaBHeHmo HepHcTa paccuuThiBaeM MOTEHIMAT OKHCIUTEIBHO-BOCCTAHOBUTEIBHOM
napsl pu 25°C (298K) 1 3a1aHHBIX KOHIIEHTPAIHSX:

E=0,15+ 0,059 Ig 0.1
0,001

=0,15+0,0295Ig10 ** = 0,15+ 0,0295(+2) = 0,15+ 0,059 = 0,209B

0
OTtBeT E

sn*4/sn*?

=0,209B

3aoanue No4.

CocTaBUTH YpaBHCHHC OKHCIUTENbHO-BOCCTAaHOBUTEILHOM pCaKknuu, npOTeKanmeﬁ MCKIY
IEepMaHTaHaToOM KaJlud W HOAWUJIOM Kajlud B KHCIIOH cpeac u ONnpeaAcinTb BO3MOXHOCTL €€
MMPOTCKAHUS B CTAHAAPTHBIX YCIIOBUAX.

Aneopumm peutenusi.
+1 +7 -2 +1-1 +1 +6-2 +2 46 -2 0 +1 +6 -2 +1 -2
KMnO4+KI1+H2S0s > MnSOs+12+K,SOs+H20

OKUCINTED 2
+7 - +2
Mn+5e — Mn

Boccranosurens 5
21" —2e > 1,°
[To Tabmuile HaXOAMM CTaHIAPTHBIC TMOTEHIIMATBI OKUCIMTEIBHO-BOCCTAHOBUTEIBHBIX Iap:
=1518_E° =054B
;

1,021

EO

Mn*7/Mn*?

E® ., ., E°
3. =B° - BOy= MM T =1 51-0,54=0,96>0
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OTBeT: OKHCIUTEIBHO-BOCCTAaHOBUTEIIbHAS pCaKknus NpoOTCKacT CaMOIIPOU3BOJILHO B IIPAMOM
HaITpaBJICHUH.

dopma mnpeacraBieHusi pesyabrara: odopmiieHHas paboTa C  BBIIOJIHEHHBIMHU
WHJIMBUIyQJIbHBIMU 33JaHUSIMU 110 BapraHTaM (3a7a4i U YIPaKHEHHS 10 Ha3BaHHON TEMaTHKE).

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

Tema 1.6. OKMCJIMTEILHO-BOCCTAHOBUTEIbHBbIE PeAKIIMU
IIpakTuyeckoe 3ansaTue Ne 10. OnpeaesieHue HanpaBJIeHUs NPOTEKAHUS PeaKIUil
Heap padoThl: HAYYUTHCS ONPENEIATh HAPABICHHUE TPOTEKAHUS PEAKIIHI
Beinosinus 3ty padory, Bel Oynere:

yMeTh:
- IPOBOAMTH PACUYETHI, OIIPEACISIOIINE IPOTEKAHNE PEAKIIUN

MarepunanbHoe obecneyeHue:
Kparkuii cnpaBounuk ¢usnko-xumudeckux BenwuuH / [lox pen. K. I1. Mumenko u A. A.
PaBpemns. — JI.: Xumus, 1974. — 200 c.

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

Xoa padoThi:

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

a) B Tabnuiie HaxoUM 3HAYCHUS CTaHAAPTHBIX dHTAIbIUI oOpa3oBanus: AH°00p (NH3) = -
46 xx/monb; AH® 06p(NO) = 91 k/lx/mons; AH® o6p(H20) = -286 x/[x/monb. CranmapTHbIe
SHTAJBITMHA 00Pa30BaHUSI MTPOCTHIX BENIECTB paBHEI ().

6) CornacHo nepBoMy CIIEACTBHIO U3 3aKoHa ['ecca TemoBoi 3(h(heKkT XUMUUECKOH peakuu
paBeH CyMMe OJHTaJbIHKA 00pa30BaHUS TPOMYKTOB PEAKIWW 3a BBMUETOM CYMMBI SHTAIBIHUHA
00pa30BaHMs MCXOIHBIX PEAreHTOB C YYETOM CTEXMOMETpHUYECKuX Kod(duuueHToB peakuuu 10
AH°p-ttun = [4AH°06p(NO) + 6AH°00p(H20)] - [4AH°06p(NH3) + 5AH®00p(02)] == [4-91 + 6(-
286)] - [4(-46) + 5-0]=-1168 x/Ix.

[Ipumep 2. BpiuuciuTh CBOOOJHYIO S3HEPTHIO Mpollecca TIIMKOJIN3a MPOUCXOMASILEro B
OpraHu3Me >KUBOTHBIX. MOXKET JIM OH MPOTEKaTh CaMOINPOU3BOJIBHO MPHU CTAHAAPTHBIX YCIOBHUSX.
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C6H1206(p-p) — 2C3H603(p-p) momounas kuciota AG 0 o6p -917 -539 k/I»/Monb (TabnuyHbIC
JTAHHBIE)

Pewenue:

H3meHeHnne cBOOOHOM AHEPrUM B XOJE PEaKIUU ONpENeNseTcs Kak pasHOCTh CBOOOJHBIX
SHepruil 00pa30BaHMs MPOJYKTOB PpEAKIMH 32 BBHIYETOM CBOOOJHBIX 3HEPruii oOpa3zoBaHUs
HCXOJIHBIX PEAareHTOB C Y4eTOM cTexuomerpuueckux koddounuentroB AG 0 p-muu = 2AG 0
06p(C3H603) - AG 0 06p(C6H1206) = 2(-539) - (-917) = -161 k/[x Peakius MOXeT MpoTEeKaTh
CaMOIIPOU3BOJIBHO.

[Tpumep 3.

[Ipu B3ammonelicTBuM 3 T yriepoja ¢ KuciopogaoMm ¢ obpazoBanuem CO2 Bbaenuiaoch 98
k/x sHepruu. Paccumraiite sHTanenuio obpazoBanus CO2. Pemenue: DHTansnus oOpa3oBaHUs
CO2 cooterctByeT peakiuu C(r) + O2(r) = CO2(r) Orcroma: 3 C — 98 x/Ix 12 1 C — x xJIx, (1
Mmouib) X = 392 xJIx. CnenoBatensno AHO 06p (CO2) = -392 x/[x/Monb

[Ipumep 4. DHepreTUvecKre 3aTpaThl KOPOBHI Ha oOpa3zoBaHue 1 11 Mojioka coctaBisoT 3000
k/[x. Kakoe koimuecTBO TIUIIOKO3bI OyAeT 3arpaueHO Ha oOpazoBanue 20 1 MOJOKa, €Ciu
JOMYCTUTh, YTO IMPOLIECC MOJOKOOOpPA30BaHUSI DHEPIETUYECKU OOECIIeUMBACTCS TOJIBKO 3a CUeT
OKHCJIEHUS III0KO03BI 110 ypaBHeHHI0: COH1206(k) + 602(r) — 6CO2 (1) + 6H20(x) 5. Ucxons u3
CTaHJIAPTHBIX 3HAYCHHUI HSHTAIBIUNA CrOpaHUsl BEIECTB, PACCUUTANTE CTAHIAPTHYIO SHTAJIBIIHIO
obOpazoBanust mpomanona-1. 11 6. Kakoii myTh pa3ioXeHHs TIIOKO3bl TEPMOJAWHAMHYECKU
HaubOonee BeposTen? Kaxoil peanmusyercs B opranmsme? Ilouemy? a) C6H1206(x) + 602(r) —
6CO2 (r) + 6H20(x) 6) C6H1206 — 2C2H50H(x) + 2CO2 (r) 7. Moxet nu okcun azota (I),
UCIONIb3YEMbId B MEAMIIMHE W BETEPUHAPHM B KAaYeCTBE HAPKOTHUYECKOTO CPEACTBA, BHI3bIBATh
OTpaBJIEHUE B pe3yJIbTaTe MpeBpalieHus B TokCuuHbIi okcua azora (II). 2N20(r) + O2(r) = 4NO(T)
8. Ilomb3ysach CHpaBOYHBIMU JAaHHBIMU, pACCUMTaTh W3MEHEHHUS DHTAJbIHNHM, JHTPONUH U
cBOOO/IHOM 3HEPI'UHU B Ipoliecce a3poOHOI0 OKUCIIEHUS TJIIOKO3bl B OpraHU3Me KUBOTHBIX. Peakius
uaetr B coorBercTBuu ¢ ypaBHeHuem: COH1206(p) + 602(p) — 6CO2 (p) + 6H20(k) 9. Kakoe
KOJIMYECTBO TEIUIOTHI IMOIJIOTUTCA IPU pPacTBOPEHUH B Boje 25 r Opomuaa kamus, ecau AHo
pactB.(KBr) = 17 k/[x/mMomb.

®opma mnpeacraBieHusi pe3yabrara: odopmieHHas paboTa C  BBIIOJIHEHHBIMU
MHIUBUAYAIBHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1a4il U yIpa)XHEHUs 110 Ha3BaHHOM TeMaTHKe).

Kputepuu onenkmn:

3a KaK[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIoB.
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Tema 2.1. TeopeTnyeckre OCHOBbBI OPraHM4YeCcKOM XMMUU
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 (YIIIEBOIOPOIOB);

— Ha3bIBaTh [10 CHCTEMAaTUYECKOW HOMEHKIIAType IPEeesIbHbBIE YTTIEBOAOPOIbI U UX
IMPONU3BOJAHLIC,

— IPOCTPAHCTBEHHO IMPEJICTABIATh CTPYKTYPY MOJIEKYI MPEAETbHBIX YIIIEBOJOPOIOB
HOPMAJILHOTO ¥ M30CTPOCHUSI.

O6opynoBanue U MaTepuaJIbl: HA0OP VISl MTOCTPOCHHUS IIAPOCTEPIKHEBBIX MOJIETICH
MOJIEKYJ, TPAHCTIOPTHUP.

IMopsitok BBINOJTHEHHS PA0OTHI:

1) mocTpoiiTe mapocTep;KHEBbIE MO MOJIEKYJI MeTaHa, dTaHa, OyTaHa, n300yTaHa,
MIEHTaHa ¥ U30IICHTAHOB;

2) HaUIINUTE CTPYKTypHBIE GOpMYIBI U GOPMYIBI COCTaBa ITUX BEIIECTB;

3) Ha30BUTE BCE BEIIECTBA MO CUCTEMATHYECKON HOMEHKJIATYPE;

4) n300pa3ute MOEIN MOJIEKYJ 3TUX BEIIECTB MPOCTPAHCTBEHHO Ha Oymare;

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

6) BBINOJIHUTE HHAUBUAYAIbHOE 3aJaHUE.

IIpumep HHAMBHUAYATBHOIO 3a1aHUS
1. HazoBuTe BemecTsa Mo cUCTEMaTHYECKONH HOMEHKIIATYpE, 110 YKa3aHHOMY BBILIE
AIITOPUTMY.
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; - CHs
4) CHz — CH, — CH, — CHz — CH; — CH3
2. CocTaBbTe COKpAIEHHbIE CTPYKTYPHBIE (POPMYJIbI BELIECTB IO YKa3aHHOMY BBIIIIE
ATOPUTMY: 2, 2 — TUMETHI-3-XJI0p-0yTaH; 4 — STHUII-OKTaH.
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3. YkaxuTe nu3omepsl 1uOpomMOyTaHa.

Br
a) CH3—(4F—CH2—CH3 |
Br
Br

a) CH3 — %— CHZ — CHz-CHg |
r

0) CH; — CH - CH — CH3
| |
Br Br

dopma npeacrabiieHus pe3yJjbTara: opopmiieHHas paboTa ¢ BHINOJTHEHHBIMU
WHJIMBUIyAJIbHBIMU 33IaHUSIMU 110 BapraHTaM (3a7a4i U YIPAKHEHHS 110 Ha3BaHHON TEMaTHKE).

Kputepun onenkmn:

3a KaXkIpIi TpaBUIbLHBIN OTBET — 1 GasuI.
3a HernpaBWIbHBIN O0TBET — () OasUIOB.
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Tema 2.2. Yri1eBoa0poabl
IIpakTuyeckoe 3ansaTue Ne 12,

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

Leabp paGoThbl: HAyUYUTHCS COCTABIATH CTPYKTYpHBIE (OPMYIbI U30MEPOB [UJIsl BELIECTB
aJIKaHOB, AJIKCHOB, AJIKWHOB. HaxouTh HCTHHHYIO (POPMYITY YTIEBOAOPOIOB.

Boinosinus 31y padory, Bel Oynere:

ymemb:

— COCTaBIIATH (POPMYJIBI HEMPEIENIbHBIX YIIIEBOJOPO/IOB;

— Ha3bIBaTh HEIIPEIEIbHBIE YIIIEBOJOPOIBI 10 CUCTEMATUYECKOM HOMEHKIIATYPE;

— OINpEeEeNATh MOJIEKYJISIPHYIO (POPMYIy YIJIEBOJOPOAA IO €ro INIOTHOCTH M MacCoBOi Joie
JJIEMEHTOB.

3aganusa

1. Hamummre cTpyKTypHbIE POPMYIIBI:

| — ankeHOB: a) 2-MeTuiOyTeHa-2; 0) 2-metuinponeHa-1; B) 2,3-
JAMETHITeKCEHa-3;
r) 2,5,5-TpUMeTHIITeKCeHA-2; n) 2,2,6-TpuMeTHI-4-3THiTenTeHa-3;
Il — ankagneHoB: a) 2-MeTuneHTaaueHa-1,3; 0) 2-meTunrekcaauena-1,5;
B) 2,4-quMeTHINeHTaaAueHa-2,4, r) 2,5,6-TpuMeTHIIOKTaIneHa-1,3;
1) 2,4-nuMetrirentaarueHa-1,5;
1l — ankuHOB: a) 3-meTUinneHTHHA-1; 0) 4,4-nuMeTnINeHTnHa-2; B) 3-Meruin-4-
DTUIIOKTHHA-1;
r) 4-3TUiIrekcuHa-2; n) 2,2,5-TpuMeTniIreKcuHa-3;
2. HazoBure cienyromue ajaKeHbl:
a) (.‘H‘-Cll;“-(lf—(fll“(_'-ll; 6) Clh—t’[.‘H—(l_‘H—(?H,—(I.’=Cl{3
CH,—CH, CH; CH;—CH; CH;
CH, CH; CH;
») CH;=CH—C—CH;—CH, 1) cn;,»--%"—cu=c1|~g|‘:—cu,
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-meTunOyTana; B) 2-MeTWINIEHTaHa; T) mponana? HanummTe cokpamieHHble CTPYKTYpHBIE
hopmyIbI.

6. Kakue yrmeBomopoJsl M B KAKOM KOJMYECTBE IMONTYYarOTCs Tpu jaeruapartaruu 10 kr: a)
stunosoro cnimpra CHz—CH>—OH; 6) nponunosoro cnimpra CH3—CH,—CH,—OH?

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

8. Kakoif o0beM BomOpona HEOOXOOUM Ui TUAPUPOBAHHS CMECH Ta3oB maccoi 12,4 T,
coJiep>Kalux 3TuieH (MaccoBas noms 22,58%), mpormen (32,26%) u Oyren-2 (45,16%)? Hanumure
COOTBETCTBYIOIINE YPAaBHEHUS PEAKIIHIA.

9. CkonbKkO IpaMMOB TaJIOTEHONPOM3BOJAHOTO O0Opa3yeTcs B pe3ylibTaTe B3auMOJCHCTBHS
npornuieHa oobeMom 1,12 11 ¢ xmopoBogoponomM? Beipazute peakinuio B CTPYKTYPHBIX Gopmyrax,
YUUTBIBasl MpaBUiIO0 MapKOBHHUKOBA.

10. CkosbKO rpaMMOB YKCYCHOTO aJIbJICTHJIa MOKHO MOJYYHTh U3 aneTuieHa oobemom 50 1
o peakuuu KyuepoBa, yunTsiBasi, YTO BbIXOJ ajbaeruaa coctabiseT 90 % ot TeopeTruueckoro?

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 YCIOBUSX (H.Y.)?

13. CxosbKO JUTPOB 3TaHA MPU H.y. MOJTYUUTCS PU B3AUMOACHCTBUHU alleTHiieHa Maccoi 39 r
¢ BoJoposioM oobemoM 50 n1?

14. CkonbKo TUTPOB KUCIOpoAa (H.y.) moTpedyeTcs Uisl MOJIHOTO CrOpaHus: a) aleTuseHa
Maccoit 6,5 T; 0) 1 Mo ponusieHa’?

15. IIpu cxxuranuu raza oovemom 4,48 11 o6paszoBancs okcun yriepoaa (1V) maccoit 13,44 ru
Boga Maccoil 10,8 r. Macca onHoro niurtpa 3Toro raza npu H.y. paBHa 1,875 r. Ompenenute
UCTUHHYIO (hopMyITy rasa.

— ONPEAETSATh MOJIEKYIISIPHYIO (JOPMYITY YIIIEBOJOPO/A MO €r0 TUIOTHOCTH M MAacCOBOH J10Jie
3JIEMEHTOB.

AJITOPUTM pelieHusi TUIOBOI 3a1a4n

3amaua. [Ipu cxxuranuu razoo0pa3HOro YriieBoaopoja oobemMoM 2,24 1 MONTYYEeHO OKCHAA
yrnepoza (IV) maccoit 13,2 r u Boxsl Maccoit 7,2 r. ITnoTHOCTH ra3a mo Bo3ayxy cocrasiser 1,52
(1.y.). Onpenenure MOJIEKYISIpHYIO HOpPMYITy rasa.

Pewenue.

Dsosn(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 yrieBoaopo/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="2222 08, h.
y » BOJOpoJa » 7,2 » H,O 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 »
7= 2,24n-442 _ 440,
22,42
5. 3Ha4uT, ra3 COCTOUT TOJBKO U3 yriepoja u Bogopoaa. CienoBaTeinbHO,

[y 36.08

22:.22-03:08=1:2,66,
1271
otkyna mnpocredmas ¢opmyna CHags (My = 14,66). OTHOIIEHWE MacChl HMCTHHHOTO
COeMHEHUs] K Macce mpocreimero cocraBiser 44/14,66 = 3. CienoBarenbHO, MPOCTEHIIYIO
c:H=308.98_53.08-1:266-3:798=38,
(bopmyity HaJI0 YBETUYUTH B 3 pasa, 121

oTcrofa uctTuHHas ¢opmysa raza CsHs.

[Ipumeuanue: eciiu B YCIOBUM 3a/lauyd JIaHAa OTHOCHUTENIbHAsI IUIOTHOCTH BEIIECTBA IO
BOJIOPOY, TOTJa IPUMEHSIOTCS (POPMYIIBI:

DHz(B-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 TAPOB 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 Bogopoxn (16,28 %), ecau MoJiekysipHas Macca BelecTBa paBHa 86.

4. BolurcnuTe MIOTHOCTh 3TaHa M0 BO3YyXY U BOJAOPOY.

5. Onpenenute MOJEKYISIpPHYIO (OpMyITy Ta3000pa3HOTO BEIIECTBA, €CIU €ro MJIOTHOCTh IO
BO3JlyXy paBHa JIBYM, a MaccoBas 1o yriaepozna 82,76 % u Bogopona 17,24 %.

6. IIpu cxxuranuu razoo0pa3zHOro yrieBojopoaa oodpazoBaics okcun yriaepoaa (1V) maccoit
3,3 r u Boga maccoii 2,02 r. [InotHOoCTh ero no Bo3ayxy cocrasisier 1,04. Hanumumre cTpyKTypHYIO
dhopmyny yriieBooposa.

dopma mnpejacTaBjieHHs pe3yabrara: odopMmieHHas paboTa C  BBINOJTHEHHBIMHU
WHIUBUAYAIBHBIME 33JaHUSIME 110 BapUaHTaM (3a/1a4yl U YIPaXHEHHS 110 Ha3BaHHOM TeMaTHKe).

Kputepun onenkmn:

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

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

Leas padoThbl: HAYYUTHCS COCTABIATH CTPYKTYpHBIE (OPMYJIBI HM30MEpPOB JJISI BELIECTB
CIUPTOB, alIbJETUI0B, KAPOOHOBBIX KUCIOT. HaXxonuTh UCTHHHYIO (POPMYILY YIJIEBOJOPOJIOB.

Bbinosinus 3ty padory, Bbl Oynere:
ymembs:
— COCTaBJIATH (POPMYJIBI aTbAECTUAOB U KapOOHOBBIX KUCIIOT;
— Ha3bIBaTh JIbJICTU/Ibl M KAPOOHOBBIE KMCIIOTHI IO CHCTEMaTHYeCKOH HOMEHKIIATYPE;
— pewmaTh pacyeTHhIE 3aJauyd [0 YypPaBHEHUSM pEaKIUil NpeBpalleHus albACTUIOB H
KapOOHOBBIX KUCJIOT.
3aganus
1. Hantmmre cTpyKTypHBIE (QOPMYIIBI CIEAYIONINX COSTUHEHUH: a) 2,2-TuMeTuI0yTaHab; 0)
2,2,3-TpUMeTHIINEHTaHalb; B) 2,4-IMMETUITNICHTaHaJb: T) 3-MeTHIOyTaHaTb.
2. HazoBuTe 10 MEKXAYHAPOIHOM HOMEHKJIATYpE CIEAYIOIINE COSAMHEHUS:
CH; Lo (;‘ H 0
a) CH;—C—CH;~CHy~C"_ 6) CHy—C—CH,—C*
CHj X ¢y H
0 CH; 0
1) CHy~CH;—CH~C® f) CH;~C—CH;—CH—C?
CHy-CH, M e, owy M
3. Hamummure cokpailieHHbIe TUHEHHbIE CTPYKTYPHbIE (POPMYIIBI allbAETUI0B, 00Pa3yIOLIUXCS
IIPU OKUCJIEHUH CIIUPTOB: a) MPONUIIOBOro; 0) OyTUIIOBOTO; I') aMUJIOBOTO.
4. Hamumwure ypaBHEHHUs peaKIHMid B3aUMOJCHCTBUS C BOJAOPOJOM B MPHUCYTCTBUHU
HUKEJIEBOTO KaTajau3aropa: a) dTaHais; 0) popmanbaeruia; B) MaciassHOTO ajibIeTH/Ia.
5. HamummmTe ypaBHEHUS peakluid KaTaTUTUYECKOTO OKHCIEHHUS KHCIOPOJOM BO3JyXa MpHU
BBICOKOH TeMIlepaType CJIEAYIOIUX CIIUPTOB: a) MponaHoia-1; 6) MeTaHosa; B) 3TaHOJIA.

6. Hanummwre YpaBHCHUA peaKHI/Iﬁ MMOJIydCeHHUA CICAYHOIINUX aJIbJACTUA0B OKHCIICHHUEM

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

7. Kakoit 00beM BO10poia HEOOXOAMMO 3aTPaTUTh Ha MpeBpallleHre dTaHas Maccoil 11 kr B
3TaHoN?

8. Ilpu okuciaeHuu anpaeruia maccol 8,6 © aMMHMadHBIM PacTBOPOM OKcuaa cepedpa
BBIIETISUIOCH cepedpo Maccoil 21,6 r. BeluncnuTe MonekylspHyI0 maccy anbiaeruaa. Hamummre
CTPYKTYpHBIE ()OPMYJIbI BO3MOXHBIX H30MEPOB U HA30BUTE X I10 )KEHEBCKOW HOMEHKIIATYpe.

9. B nByx npobupkax HaxoAsTcs YKCYCHBIM albJeruja U 3TUICHIIHKOIb. Kak mpu momoru
ruapokcuna  wmeau  (II)  ompemenuts, rae kakoe BemiectBo?  Hammmmre — ypaBHEHHS
COOTBETCTBYIOIIMX PEAKIIMIA.

10. Hanumute ypaBHEHUs peakiyii B3auMoaencTBus ¢ ruapokcuaom meau (11): a) ykcycnoro
anpjaerusa; 0) mponaHais; B) OyraHais; T) 2-MeTUIOyTaHaS; 1) 3-MEeTHIIICHTaHAIIA.
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11. Ilpu oOKHCIIEHMM TEXHHUYECKOIO IIpernapara YKCyCHOro ampiaeruaa wmaccoi 0,5 r
aMMHa4YHBIM pacTBopoM okcuma cepedpa (I) obpazoBasics meramn maccor 2,16 r. Omnpenenure
MacCOBYIO JIOJIIO alleTaJIbJeTHAa 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 cTpykTrypHbIe (POPMYIBI H30MEPOB BAIEPUAHOBOM KHUCIOTHI U Ha30BUTE UX 10
MEX1YHapOAHOM (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 nipenenbHasi OJHOOCHOBHASI KUCIIOTa MOJYYUTCS MPU OKUCICHHUM: a) ATAHONA; 0)
METaHoJI1a; B) IPONMOHOBOIO albjaeruaa’?

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

19. Kakoii o0beM BOJOpOAa MpPU HOPMAIBHBIX YCIOBHUSX BBIACIUTCS MPU JSHCTBUM Ha
YKCYCHYIO KHCJIOTY Maruus Maccou 8 r?

20. CKOJbKO IpaMMOB MYpPaBbUHOM KHUCIOTHI OKHCIWJIOCH aMMHAUHBIM PAacTBOPOM OKCHJA
cepeOpa, eciu B pe3ysIbTaTe peakiuu MojyueHo cepedpo komudecTBoM BemectBa 0,1 monb? Kakoii
o0wem okcupa yriueposa (1V) mpu sTom Beiienmics?

®opma mnpeacraBieHusi pe3yabrara: odopmieHHas paboTa C  BBIIOJIHEHHBIMU
MHIUBUAYAIBHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1auil U yIpa)XHEHUs 110 Ha3BaHHOM TeMaTHKe).

Kpurepuu onenkmn:

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

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

[eab padoThI: HAYYUTHCS PACCUUTHIBATH TEIIOBBIE 3(PQGEKThl PEaKImUii W  TEIIOThI
o0pa3oBaHMs BEIIECTB, OMPEICISITh HAIMPABICHUE CAMOIPOU3BOJIBLHOTO TEUYCHHSI XUMHYECKHX
peaKkuuid.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MPOBOJIUTH IPOCTEHIINE TEPMOIUHAMUYECKHE PACUETHI;

— ONpEENATh HAIIPaBJICHUE CAaMOIIPOU3BOJIBHOTO TEUCHUSI XUMUYECKUX PEAKIUH.

MarepunanbHoe obecrnieyeHue:
Kpartkuit cripaBounuk ¢usuko-xumudeckux BenuduH / [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
NIOC COBEPUIeHHAs cucmemoll paboma.

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

Ilpunamo eeauuuny U + pV = H — nasvieamv swmanvnueti cucmemsl. CieroBaTenbHO,
M3MEHEHHE SHTAJBIMM CUCTEMbl WM XMMUYECKOH pPEaKLUUU PaBHO TEIUIOBOMY 3(PQeKTy 3TOoM

peakuu: Q = AHx_p.z H; — H;. Enununieit usmepenust suransnuu B cucteme CU siBnsercs Ik
(mxoynb) nnu kJK (KUIOAKOYIIb).

3axon I'ecca u cnedocmeue uz nezo

Jnst  mpoBeleHUST ~ TEPMOXMMHYECKHX  PAacUeTOB  TOJIB3YIOTCS ~ TEPMOXUMHYECKUMU
YPaBHEHUSIMH, B KOTOPBIX IPUBEJICHO 3HAYEHUE DSHTAJBIIMM PEAKIMM W YyKa3aHbl arperaTrHble
COCTOSIHMSI peareHTOB U MPOYKTOB.

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

DHTaNBIUS Peakuu OOpa30BaHUS MHOTORJIEMEHTHOTO COEAMHEHHUS M3 MPOCTHIX BEIIECTB,
OTHECeHHas K | MO0 MPOJIyKTa peakiuy, Ha3bIBaeTCs SHTANbIHENH 00pa30BaHMs BEIIECTBA.

Oumanvnus 06paz06aHus NPOCMuLX GeUecma NPUHAMA PaAHOL HYO.

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

3akon Jlagyasve-Jlannaca: >HTaNbINS Pa3JIOKEHHUS COCIMHEHWS Ha MPOCTHIE BEIECTBA
paBHAa, HO MPOTHUBOIOJIOKHA TIO 3HAKYy SHTAJBIHNH 00pa30BaHUS ITOTO COSAMHEHHSI U3 TEX Ke
MIPOCTHIX BEIECTB.
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3axon I'ecca: cymma dHTaIbIUHN IBYX WM 0oJiee TPOMEKYTOUHBIX PEAKIUH MPH Tepexoie 13
HCXOJHOTO COCTOSTHUSI K KOHEYHOMY paBHa SHTAJIBIIUU PEaKIUU, KOTOpasi HEMOCPEACTBEHHO BEJIET
OT UCXOJJHOTO K KOHEYHOMY COCTOSIHHIO.

Cneocmeue uz 3axona l'ecca: DHTaNbNUs peaKlMU IMPEACTABISET COOOM Pa3HOCTh MEXITY
CyMMOH »HTaNbNui 00pa3oBaHMs NTPOAYKTOB PEAKIMUM M CYMMOH OJHTaIbIUN 0Opa3oBaHUS
HCXOJHBIX BEIIECTB C YYETOM CTEXUOMETPUUECKUX KO (UIIMEHTOB U arperaTHOTO COCTOSIHHUSL.

AH}, =3 n-AHL > n-AH[,

Bmopoii 3aKOH MepMOOUHAMUKU. Oumponus. Onepeus Tubbca
Ycnosue camonpouzeonvrozo meuenus npoyeccos

B XxuMu4eckux cmcTeMax CaMOIPOW3BOJBHO IMPOTEKAIT TE TPOIECCHl, B XOJ€ KOTOPBIX
BO3paCTaeT YUCIIO YACTHI] UM YHCIO BO3MOXKHBIX COCTOSTHUIN aTOMOB.

KonndecTBeHHO  BEpPOSITHOCTh — OCYHISCTBJIICHUS JAHHOTO  MaKPOCOCTOSHUSI  CHCTEMBI
BBIPQXKACTCSI BEJIMYUHOM, MPOMOPLUOHAIBHON JiorapudMy BEpOSTHBIX MHUKPOCOCTOSHUUA U
Ha3bIBACTCS SHTpOIHEH S.

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

JlpyruMu  cOBaMHM DHTPOINHUS XapaKTEpUYET Mepy pa3ynopsOO4UeHHOCMU CUCTeEMbL.
Oumponus mem menvuie, yem 0Oonee YnopsaooueHvl 4acmuyvl eeujecmsed, TO €CTh HaUMEHBIIYIO
SHTPOIUIO UMEIOT HIeaIbHO MPABIILHO MOCTPOSHHBIE KPUCTAILIBI IPU a0COTIOTHOM HYIIE.

HpI/I nepexoae CUCTEMbl U3 COCTOSHUA «1» B cocTOsSHHE «2)» HM3MEHCHUE OHTPOIIMU pPaBHO:

Q
S, -8, =AS==

TO €CTh U3MEHEHHUE YHTPOIIUHU 3aBUCHUT OT TEMIEPATyphl U UMeeT pazmMepHocTh /K

Jlisi KOMMYECTBEHHOTO BBIPAKCHUSI HAlpaBJICHUsS MPOTEKaHMs mporecca [ 'm60com BBeneHa
BEJIMYMHA U300apHO-U30TEPMUIECKOTO NoTeHIHaa (win «dHeprus ['m66ca») G = H-T-S wiu npu
nepexone U3 coctosiHus «1» B coctosHue «2» u3MmeHenue Ouepruu ['nb0ca pasHo: AG=G;,-
G1=4H-T-A4S — Il 3ak0oH TepMOIUHAMUKH.

Wnave: Dumponus nuxozcoa camonpousgoibHO He YMEeHbUAemcs, Npu CamMOnpou38oIbHOM
meueHuU peaybHblX NPoYecco8 oHa aubo eospacmaem, 1ubo ocmaemcs nHeusmeHnou AS>0.

Jliis ymoOcTBa MPUHATO TMOJIB30BATHCS CTAHIAPTHBIMU TEPMOJIMHAMUYCCKUMH BEITUIHHAMU,
TO €CTh BEJIMYMHAMH, XaPAKTEPU3YIOITUMU BEIIECTBO B CTAHJAPTHOM COCTOSIHHH:

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-XMMHUYECKUX BEJINYUH (CM. PUITIOKEHHE).

Jl7i XUMHYeCKOHN peakiiMi MOKHO 3aMucaTh:

AHC, , = 2.n-AHL, =X n-AHL

RS ICAES L

AGOX,p, —D N-AG),, —>'n-AG,,

IMopsinok BbINOJTHEHHS PA0OTHI:

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

2 3aKOHCIEKTHPYHTE YCJIOBHE CaMONPOW3BOJBHOTO TEYCHUS (PU3MKO-XUMHUUYECKHUX
MPOLIECCOB, OCHOBHBIE (OpPMYJBl (MaTeMaTUYECKUE BBIPAKEHUS 3aKOHOB TEPMOJUHAMUKH,
ciencTBHs U3 3aKoHa [ecca).

63



3 Ilpoananu3upyiTe U OCMBICIMTE AJITOPUTMBI PEUIECHMs THIIOBBIX 3a7ad Ha NPUMEHEHHE
CIeNCTBHA W3 3aKkoHa [ecca W ompenelcHHE HANpaBlCHHS CaMOIPOWU3BOJIFHOTO MPOTEKaHUS
(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:

2M015+CO2(1y=2MgO (1) +C )

Anzopumm pewenus.

HO JaHHBIM Ta6JII/H_[BI HpI/IHO)I(eHI/IH CTaHI[apTHBIe OHTAJBIINHN O6pa30BaHI/ISI yFHeKHCJIOFO rasa
Y OKCHJIa MArHUS PABHEIL.

AHOCO 2 =—393,5 kJx/Monb

AHOMgo: —601.8 xJIx/MoJb

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

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

OrTBer: AHOX‘p,: —810,1 xJIx.

3aoaua Ne 2.

[Tonb3ysich CIpaBOYHBIMU JAHHBIMU, YCTAHOBHUTE, BO3MOXHO JIU Tpu TemrepaTypax 298 K u
2500 K BoccranoBiieHHE TUOKCHA TUTaHA 10 CBOOOAHOTO METaJlIa IO CXeMe:

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

3asucumoctsio AH? n AS® ot TEeMIEpaTyphl IpeHEOpeYb.

Aneopumm pewienus.

[To TaGnuile MpUIOKEHUS HAXOUM:

AGOTio 2 = —888,6 kJIx/Mob SOTio 2=50,3 x/[>x/mMo1b

AGOCOZ —137,1 xJIx/mMoib Soc=5,7 kJ>x/MOIb
AHOTio 2 =-943,0 x/I>x/Momnb SOTi: —30,6 xJI>x/M0B
AHOCOZ —110,5 xJIx/Moib SOCOZI 97,5 xJIx/MoIb

CraHgapTHBIC SHTANBNMKA 00pa3oBaHUs M SHepruu ['mOOca MPOCTHIX BELIECTB PaBHBI HYIIIO,
T.e. AHc = AH%; =0.

ITo 3akony I'ecca s paccMaTprBaeMon peakiyu:

AG®, , =2AG’co-AG i0 2 = 2:(~137,1)~(~888,6) = 614.,4 k]I

ITockonbKy AG®>0, Boccranosienue TiO; npu 298 K rpapuToM HEBO3ZMOXKHO.

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

Haxonuwm:

AH®, ,=2-AH’co — 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, Boccranosnenue TiO, npu 298 K rpadutomMm HEBO3MOKHO.
AG®P= 187,75 kJlx<0, crenoBaTeIbHO npu T=2500 K Boccranosimenue TiO, rpadurom
BO3MOKHO.

dopma mnpeacTaBieHusi pe3yabTara: odopmiieHHas paboTa C  BBINOJIHEHHBIMHU
WHJIMBUIYQIbHBIMU 33IaHUSIMU 110 BapHaHTaM.

Kputepuu onenkmu:
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 HAaYYUTBCA BBIIOJIHATH PACTCTBI HAa 3aKOH FI/I66CB., OHTPOIIMH, Ha OCHOBC
PpacucToOB ACJIaTh BBIBOABI 00 M3MEHECHUH HaIpaBJICHHA [TPOTCKAHUA peaKm/Iﬁ.

Boinosinus padorty, Bel Oynere:

ymems:

— NPOBOANTH KUHCTHYCCKUEC PACUYCTDHI;

— IpUMEHSTH 3aKoH ['n66ca 1 onpeeneHrs yelIoBU HampaBIeHUS XUMUYECKONH peaKiuu

MaTtepuajbHoe o0ecneyeHue:

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 HapaBIeHUs IPOTEKAHUS XUMUYECKOH peaKIiH.

Kparkue Teopernyeckne cBeeHHA:

TepmoauHamMuka — Hayka 00 3HEpPruM, O NPUHUMAEMBIX €0 (GopMax U O MpaBUIIaX,
ONMCHIBAIOUIMX HMX COOTHOLIEHUS M MpEBpalicHHUs. XHMHYECKas TePMOAMHAMMKA— pa3fell
TEPMOJVHAMUKHA, B KOTOPOM OIIMCBIBAETCS BIIMSHHME COCTaBa M CTPOCHHMs BEIIECTB, a TAaKXKe
YCIIOBUM CpelIbl Ha HMX TEPMOJAMHAMUYECKHME CBOWCTBA, T.€. M3y4aeT XMMHWUYECKHUE SIBJICHHUS C
MIO3UIIMM TEPMOJAVHAMUKHA. B OCHOBe TEPpMOAMHAMHMKH JI€KAT HECKOJIBKO OCHOBHBIX 3aKOHOB,
n3BeCTHBIX Kak [lepBblil -, Bropoil — u TpeTuii— 3akoHbl (Hayaia) TepMOAMHAMUKH. Jlanee, KpaTko
PacCMOTPHUM Ka)Ibll U3 3TUX 3aKOHOB.

ExxeqHeBHO MBI CTAJIKUBAEMCs C Pa3IW4YHBIMM BUJAMU DHEPIUM, HO €€ HENb3S HU YBHUIETb, HU
[OTPOraTh, OHA HEOCsA3aeMa. JHEPrUusi — ITOCIIOCOOHOCTh K BBIITOJHEHHUIO pabOThl WK MEpeHoca
teria. OHa CylIecTByeT BO MHOXecTBe (hopM: TEIUIoBasi, CBETOBAas, XMMHUYECKasl, MEXaHU4YecKas,
KOTOpasi BKJIIOYAET KHUHETUYECKYI0 — DHEPrUI0 JABWIKEHUS M IOTEHUIUAJbHYI0 — ODHEPIHIO,
3allaCEHHYI0 TEJIOM (3aBUCUT OT €ro IOJIOKEHHUs WIN COCTaBa), AlekTpudeckas. IlepBblii 3aKoH
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TePMOJAMHAMMKH YTBEPXKIAET, YTO HPECPAU{EHUA DPA3IUYHBIX U006 IHeEpUu 0pyz 6 opy2a u
nepexoo 00H020 6u0a IHEPZUU 6 OPY2OU RPOUCXOOUM 8 CHIPO20 IKGUBATICHIMHBIX KOJIUYECMEAX .
Paccmotpum peakuuro:
2Mg(T) + O(1) = 2MgO(T) + TermoTa u CBET

B 31011 peakiiuu aTOMbI MarHusi 1 KMCJI0PO/1a MOKHO pacCMaTpUBATh KAK CUCTEM).
Cucrema — 310 m100as uccieyeMas 4acTh, HaXOAIIascs BO B3aMMOICUCTBUY U OTPaHUYEHHAs OT
OKpY’KaroIel cpe/ibl HACTOSIIEH WM BOOOpakaeMoi rpaHHIICH.
T.K. JHeprusi He MCYE3aeT U HE BO3HUKAECT BHOBb, TO DHEPrus, TepsieMas CHUCTEMOM [TOJIKHA
MOCTYIaTh B OKPYKAIOUIYIO Cpeny, MO0 CHUCTEMa IOJIyYaeT SHEPTHI0 U3 OKPY)KAIOLIeH Cpellbl.
[Ipuyem, B3auMHbBIE TPEBPAILLEHUS PA3JIMYHBIX BUJIOB SHEPTUU U MEPEXOJ] OAHOTO BUAA SHEPIHH B
JPYTOM JTOJKHBI IPOUCXOJIUTH B CTPOTO HKBUBAJICHTHBIX KOJIMYECTBAX.
[Ipu ocyiiecTBICHUH XUMUYECKUX U (PU3HMUECKUX IMPEBPAIICHUN, TPOUCXOIUT BBIICICHUE TEIIOTHI
— JK30TepMHUYECKH I NMPOLECC UK MOIJIOIIEHUE TEIIOTH — IHA0TePMHYEeCKHUIl mpouecc.
CymmapHas MOTEHIMAlbHAs HHEPrusl B3aWMOJAEWCTBHUS BCEX YAaCTUIl Tejla Mexay coloil u
KMHETUYECKasi PHEPrusi MX JBUIKEHUS COCTABJISIOT BHYTPEHHIOW JHepruro cucrembl U. Ona
CKJIQJBIBACTCSI M3 IOCTYNATEIbHBIX W BpalllaT€JIbHBIX MOMEHTOB MOJIEKYJIbl, HSHEPrUu
KOJIeOATeIbHOTO JBMIXKEHUS aTOMOB BHYTPH MOJIEKYJ W TPYII aTOMOB, SHEPTHH JBUKEHUS
9JIEKTPOHOB B aTOMAax U SHEPruu, 00JaaaeMoi sapaMyu aTOMOB. DTO BECh 3aMac SHEPTUU CUCTEMBI,
KpOMe KUHETHUYECKOIN 3HEPTrur CUCTEMBI B 1I€JIOM U €€ OTEHLUAIbHON YHEPTUH [10JIOKEHHUS.

IIpu monBoge TemnoTel Q Kk cucmeme, TO 3aKOHY COXpPAaHEHHUS SHEPrUHU, OHA JOJKHA
pacxoa0BaThCs HA YBEJIMUYEHUE BHYTpeHHEl sHeprun cucteMsl AU u Ha coBepiueHue padotsl A:

0=4AU+A
[Ipu xumHuUecKUX peaknusx paboTa paBHA NPOM3BENCHUIO IaBIICHUS P HA M3MEHEHHE o0Bema
cucteMbl A V-
A=pAV
st uzobaprozo npoyecca terioBoit 3pdext peakuu Qp paBeH:
Qp=AU+pAV unu Qp = (Uz—U1)+p(V—V1);
Qp= (Uz— pV2) + p(Ur— pV);
Qp=H;-Hi=4H

3necy AH —temnnoBoii 3 (HeKT peakiuu Uik U3MEHEHUE SHTATBIINH PEaKIUH.
JHTAJNBIHA HE 3aBUCUT OT TOTO MYyTH, P KOTOPOM MPOU3OLIEIN MEPEXO ] U3 OJTHOTO COCTOSHUS B
JIpYyroe, a 3aBUCUT TOJbKO OT HCXOJHOIO M KOHEYHOTO COCTOSIHUS cucteMbl. M3mepsercs B
JIx/monb unu k/[/Monb BemiecTna.
[Ipy mpoTexkaHMM XHMHYECKOH PeaKIUM SHTAIbIUU MPOJAYKTOB OTJIMYAIOTCS OT JHTAIBIHM
peareHToB, IOATOMY IPHU MEPEXO/IE OT PEAreHTOB K MPOJYKTaM MPOUCXOAUT U3MEHEHHUE SHTAJIBIINN
CUCTEMBI.
Takum oOpa3om, IpyU M30XOPUYECKOM Npolecce TEII0oBOH 3P(PEKT peakuu paBeH HU3MEHEHHIO
BHYTpPEHHEH YHEPTUH CUCTEMBI, a IPU H300apHOM MPOIIECCE — U3MEHEHUIO SHTAIBITNU:

Qp= AH = EHKOH - ZHucxa
T.e. Qp paBeH cyMMe KOHEUHBIX MPOJYKTOB 3@ BHIYETOM CYMMBbI SHTAJIBIUI HCXOAHBIX BEILECTB.
Ecnu B3auMmonielCTByIOIIME BEIIECTBA U IMOJy4YaeMble B Pe3ysIbTaTe PEeakUu MPOAYKTHl UMEIOT
TBEPAYIO WU JKUIKYIO CTPYKTYpY, TO O0OBEM MEHsieTCS HE3HAYHTEIhbHO M €ro MOXHO He
YYHUTHIBATH.
Bcnencrsue storo,
AH=AU.

[Ipu oTpraTe IbHOM U3MEHEHUH YHTAJIBIHUY [1EPEX0]I OT PEareHTOB K MPOJAYKTAM PEaKIuu
COIIPOBOXAAETCSA U3MEHEHNEM DHTAJIBIIUU U BBIJCIEHUEM TETLIOTHI.
[Ipy 1MOJIOKMTEJHHOM M3MEHEHMH JHTAJBINM CUCTEMA TOTJIOMAET TEIJIOTY — MPOIECC
SHJIOTEPMUYECKHUI.
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no

CocraBisisi TepMOXMMHYECKHe YPaBHeHHUs, HEOOXOIMMO yKa3bIBaTh HE TOJBKO TEIUIOBOU (et
peakuuu, HO U TO arperaTHoe COCTOSIHHWE, B KOTOPOM HAaXOJSATCS YYacTBYIOLIUME B pEaKIHUU
BELIECTBA, HAIIPUMeEp:
C(rpadur) + O2(r) = CO2(T), 4H=-393,62 x]I>x/M0Ib
N
C(rpadur) + O2(t) = COx(1r)- AH
[Ipu noacTaBieHUN YUCIEHHOIO 3HAYECHMUS:
C(rpadur) + O2(r) = CO2(r) + 393,62 x/[x/M0Ib
Tepmoxumuyeckue BbIYHMCICHHS OyAyT BEpHBIMM B TOM Ciydae, €CJIM BCE BXOJAIIME B
ypaBHEHUE TEIUIOBbIe 3(P(EeKThl, COOTHECEHBbI K MJIEHTUYHBIM YCIOBUSIM. OOBIUHO MPUHUMAIOT
takue ycnoBus: | monb coemunenust, T=298,15 K, 101,3 klla, npu KOTOpBIX TEIIOBbIE YPHEKTHI
HA3BIBAIOT CTaHAAPTHBIMH (4H 508).
YacTHBIM CilydaeM TemioBoro s¢¢exra SBISETCS Takas TEpMOJMHAMHMYECKas XapaKTepUCTHKa
BEIICCTBA KAK €ro CTAHJAPTHAS TemioTa oopasoBamnss — AH,gg KOTOpAs 3aBUCHT  OT
arperaTHOr0 COCTOSIHMSI BEILECTBA M OT €ro auloTPOIMYECKOro Buaou3MeHeHus. llpu 3tom,
TEIUIOTY 00pa30BaHUs YCTOMUMBLIX B CTAHAAPTHBIX YCIOBUSAX BEIIECTB MPUHUMAIOT PAaBHOM HYIIIO.
Baxupim creactBuem u3 1 3akoHa TePpMOAMHAMMKM SIBJISIETCSI HE MeHee BaxxHbIN 3aKkoH I'ecca:
Tennosoii I¢hghekm peakyuu He 3a6UCUmM OM RPOMEHCYMOYHBIX CAOUIl (0m nymu npoyecca), a
3aeucum moJibKo Om UcX00H020 U KOHEYHO20 COCMOAHUIL PeaZupyroujux 6eulecms.
[Ipy BBIYHCIEHUU HANPSMYI0 HEKOTOPBIX DSHEPreTUYeCKMX HW3MEHEHHH 4YacTo BO3HUKAIOT
CJIIO)KHOCTH, U B JTHX CiIy4asx YJZOOHO MPOBOAUTH BBIUYMCIEHUSI corjiacHo 3akoHy ['ecca. Tak,
Hanpumep oopazoanre CO, MOKHO pacCMOTPETH C MTOMOIIBIO PA3IMYHBIX MPOIECCOB:
C(rpagur) + Oy(r) = CO(T), 4H1

U
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¢pexTsr 00paTHON U MPSAMON peakuuid YUCICHHO PaBHBI U MPOTUBOIOJIOKHBI
10 3HaKYy;

TernnoBoit  sddexr xummuueckoil peakiuu AHpyuy pAaBEH Pa3HOCTH CYMM  TEIJIOT
obpa3oBanust 4H,;,KOHEUHBIX MPOAYKTOB M CYMM TEIUIOT O0Opa3oBaHMs HA4YaIbHBIX (MCXOIHBIX)
BELIECTB:

AHp—uuu = (2H06p)K0H_ (2H06p)ucx
TennoBoit 3¢ddekr peakuuu paBeH pa3HOCTH CyMM TeIUIOT cropaHus 4H,.,,KOHEUHbIX
MPOJIYKTOB PEAKIIUU U CYMM TEIJIOT CrOpPaHMsI HAYaJIbHBIX BEIECTB:
AHp-uuu = (ZHceop)KOH_ (ZHceop)ucx
3anaya 1. PaccumTaiiTe cTaHAapTHYIO SHTANBIMIO U CTAaHAAPTHYIO SHTPONUIO XMMHUYECKOMN
peakiuu. Ompenenure B KakoMm HamnpasieHuun npu 298 °K (mpsmoM wim oOpaTHoM) Oyner
npoTtekath peakuus. Paccuuraiite Temmneparypy, Ipu KOTOPOW paBHOBEPOSTHBI 00a HampaBiICHUS
peaxkuuu.

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

Pemenue.

AHp.yn = ZH o — ZH iex K/ MO

HCHOJ‘ILSYH cnpaBOque JaHHBIC CTaH)IapTHI)IX 3HTaJ'II)1'II/H71 BE€IICCTB, HAXOJHUM:

AH, i = 2- AH 43 AHppo— AH%ep03 — 3-AH o= 20 + 3+(- 241,82) — (-822,16) — 3-0 = 96,7
kJ>K/MOB
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ASp =28 con — S ex Jox/(Mo15-K))
Hcnonb3ys cipaBOYHbIE JaHHBIE CTAHAAPTHBIX SHTPOIUI BELIECTB, HAXOIUM:
ASpn= 2:AS’re+ 3:AS%Ho0— AS%repos — 3-AS%p= 227,15 + 3-188,7 — 89,96 — 3-131 =
137,44 JIx/(monb-K)
AG = AH — TAS=96,7 — 298 137,44 /1000 = 55,75 x/[x/mMonb
[Tpu T=298°K,AG > 0 — peakuusi HE UAET CaMOINPOU3BOJIBHO, T.. peaKkuus OyneT mpoTeKaTtb B
00paTHOM HalpaBJICHUU.
YroObl paccuuTaTh TEMIIEpaTypy, NpPH KOTOPOHl PAaBHOBEPOSITHbI 00a HAIpAaBJICHUS PEaKIHH,
Has10 AG npupaBHATH K HYJIO:
AG = AH — TAS =0, Torma

=— (AG - AH)/ AS=—(0-96,7) /0,137 = 705,83 K
IIpu T = 705,83 K peakuust Oyner MATH PaBHOBEPOSATHO KaK B MPSMOM TaK W B OOpaTHOM
HalpaBJICHUU.
3amaua 2. Beruncnure sHepruto ['m66ca u omnpenenutTe BO3MOXKHOCTh MPOTEKAHHUS PEAKIUU TPU
temneparypax 1000 u 3000 K.

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

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

Brruncnenme npoBouM COTJIACHO BBIPAKEHUIO:

AGppuu = AH -y — TAS sy

Heo0OxonuMo paccuuTaTh SHTAIBIUIO U SHTPOIUIO XUMHUYECKON PEeaKIIHHU.

AHy s = SH° o — SH° uex KJK/MOJIB

Hcnonp3ys cripaBOYHbIE TaHHBIE CTAHIAPTHBIX SHTAIBITHNA BEIIECTB, HAXOANM:

AH = 2-AH o+ 3 AH co— AH cro03 — 3-AHc= 2-0 + 3 (- 110,6) — (-1141) — 3-0 = 809,2
kJ[>x/MOB

ASp-yuu =3s° con— 3s° uex JoK/MoIb K

AHAIIOTUYHO, NCTIOJB3Ys CIIPABOYHBIC TaHHBIE CTAHJAPTHBIX SHTPOIUH BEIIECTB, HAXOIUM:
ASpu= 248+ 3:48°c0— A0 — 3-45°%c= 2:23,6 + 3-197,7 — 812 — 3:5,7 = 542
JIx/(monb-K)

Haiinem suepruto ['n66ca npu 1000 K

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

AG1oo0> 0, cremoBaTenbHO, peakius CaMOIIPOU3BOJIBHO HE UIET.

Haiinem suepruto 'n606ca npu 3000 K

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

AG3000 < 0, crienoBaTenbHO, peaKIUs MPOTEKAET CAMOIPOU3BOJIBHO.

3amaua 3. Omnpenenute TtemioBor 3ddext cropanus sxkuakoro CS;(k) m0 o0OpazoBaHMs
razoobpazubix COz u SO, Ckonbko moneir CS; BCTynsaT B peakiuio, ecinu Bbienutces 700 xk/x
Teria’?

Pemenue.

YpaBHEHHE PEaKIIUU CTOPAHUS KHUJIKOTO CEPOYTIIePO/Ia CIICIYIOIIee:
CS,(kx) +30,=CO, + 250,
TemmoBoit 3 PEeKT peakIy BEIYUCITHM TTOJICTABIISS CIIPABOYHBIC JTAHHBIC CTAHIAPTHBIX SHTAJIBITHIA
BEIIECTB B BRIPOKCHUE:
AHy s = SH° o — SH° uex KJIK/MOTIB
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AH,y = 2-AH 503 + 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 Moseli cepoyriepoia Beiaensercs 700 k/{oc Tenna

Haitinem x:

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

Wrak, eciu B pesynbrare peakuuu Boiaenurcss 700 x/x Teruia, To B peakuuto Berymst 0,65 mMounb
CS;

3anaua 4. Beraucnute TEIioBor 3QeKT peakiuu BOCCTaHOBIeHU okcua xxenesa (I11) Bogopoaom,
HCXOJISI U3 CIICYIONTUX TepMoxuMuieckux ypaBHenuii: 1. FeO (k) + CO (r) = Fe (k) + CO3 (1);

AH;= -18,20 kJIxk; 2. CO (1) + 1/205 (r) = CO, (r) AH, = -283,0 x/Tx; 3. Ho (1) + % 05 (r) = H,0
(r) AHz = -241,83 kJIx

Pemienue.

Peakuust BocctanoBnenus okcuja xxenesa (1) Bomopomom umeer cieyromui BII:

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

UToOB! BBIUUCIUTH TEMJIOBOK AP (HEKT peakiuu HeoOXOAMMO MPUMEHUTH, T.€. PEaKIuio 4. MOXKHO
MOJIYYUTh, €CITU CIIOXKUTH peakiuu 1. 1 2. u Beryects peakiuio 1:

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

Takum 00pa3zom, TeroBold 3P eKT peakiuu BOCCTaHOBICHUS okcuaa xkene3a (II) Bomopomom
paBeH

AH i = 23 k]I

3anava 5. Peakuus ropeHust 6eH30ja Belpaxkaercs TepMoxumuueckuM ypaBHeHUEeM: CeHgw + 772
Oy= 6COsyt 3H2O— 3135,6 x/Ix. Belumcnaure TtemnoTy oOpa3oBaHMs KHUIKOTO OEH30Ia.
Onpenenure TEMJIOTBOPHYIO CIOCOOHOCTH KHMJIKOrO O€H30jJa HpPHU YCIOBUHM, YTO CTaHAAPTHBIE
YCIIOBUS COBMAAIOT C HOPMAIbHBIMH.

Penienue.
TernoBoi 3 PexT peakiiuu paBeH:
AH,y i = SH° con— SH° uex KJIK/MOTIB
B namewm ciydae AH,.,, = — 3135,6 k/Ix, HalifeM TennoTy o0pa3oBaHMs KUIKOTO OEH301a:
AH[,_MW: 6'AHOC02+ 3'AHOH20 —AHOceHg — 7,5'AH002
NH cone = AHpy iy — 3-(-241,84) + 6-(- 393,51) — 7,5-0 = — 3135,6 — 3-(-241,84) + 6-(- 393,51)
—7,5-0=—49,02 xJI)x/M01B
AH® ceHe = 49,02 kxJ[x/Moab
TennoTBopHas ctOCOOHOCTH KUAKOTO O€H301a BEIYUCISAETCS 0 (hopMyIie:
Qr=4H,.yu 1000/ M
M(6en30ma) = 78 r/MoIb
Qr=-3135,6: 1000/ 78 = — 4,02-10* kJI/kr
TemmoTBopHas crrocoOHOCTH KUAKOTO OeH30ma Qr = — 4,02- 10* kJIx/kr
dopma npejacraBiieHHss pe3yabrara: odopMmieHHas paboTa € BBINOJTHEHHBIMHU
WHIUBUAYAIBHBIMU 33JaHUSIMU 110 BapUaHTaM (3a/1a4 ¥ YIPAKHEHUS 110 HA3BaHHOW 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 ¥ ynpaskHeHHU i 10 TeMe KHHeTHYeCKUe
pacuersl

I_[e.m, paﬁoTLII HAaYYHUTBHCA BBIIIOJIHATE KHUHCTUYCCKHUC PACUCTBhI, OHNPCACIATH KOHCTAHTY
PaBHOBECHUA PpCaKIMKM, Ha OCHOBC pPACU€TOB JCJaTb BbIBOIBI 00 H3MEHEHHU CKOpPOCTH H
HaIrpaBJICHHUA CMCHICHUA XUMHUYCCKOI'0 paBHOBECU A peaKuHﬁ.

Beinosinus patdory, Bel Oyaere:

ymembp:

— OPpOBOANUTH KUHCTHUYCCKUC PACUYCThI;

— npumeHaTh npuHuun Jle-Illarense ams onpeneneHus YCIOBHHM CMELIECHUS XMMHYECKOIO
paBHOBECHS.

MaTepnaﬂbnoe odecmeyeHue:

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

3aganue:

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

4 OrmpenesneHue CKOPOCTH, KOHCTAHThI pABHOBECUS] XUMHUECKON peakLnu.

5 Ilpumenenue npunnuna Jle-lllatenbe s omnpeaeneHuss YCIOBUM  CMEIICHUS
XUMHYECKOTO PABHOBECHS.

Kparkue Teopernyeckue cBeeHH:

IIpeomem xumuyeckoii KuHemuKu

XuMuueckasi KHHETHKA U3y4aeT MEXaHW3M XMUMHUYECKUX PEaKIMil M 3aKOHBI UX Pa3BUTHS BO
BpPEMEHH, BIUSHUE PA3IUYHBIX (PAKTOPOB HA CKOPOCTH U ITYTH YIPABICHUS PEAKIIHSIMH.

CKOpOCTh XUMHUYECKON peakiuu V 3TO U3MEHEHHE KOJUYECTBA PEarnpyrolux BEUIECTB B
€IMHUIY BPEMEHHU B €IWHUIE o0BbeMa (IS TOMOTE€HHOW CHCTEMBbI) M M3MEHEHHUE KOJINYecTBa
pearupyronux BEIIeCTB B €AUHUILY BPEMEHU Ha €IWHUIIE TUIONIAJN MOBEPXHOCTU TBEPION (a3bl
(7St TETEPOTEHHOMN CHCTEMBI).

o VI'OMOI'EH = &

J151s1 TOMOT€HHON CHUCTEMBI: At ;

_AC

JIns reTEpOreHHOM CUCTEMBIL: e S-At,

rae AC — u3MeHeHHe KOHIIEHTPAIMH KaKoro-1100 U3 BEIECTB, BCTYMAIONINX B PEAKIIUIO UITU
oOpasyromuxcs Mpu peakuu (MoJib/i1), AT — MPOMEXKYTOK BPEMEHHU, 32 KOTOPBIM H3MEHSETCS
KOHIICHTpaus (¢, MHH, 9ac), S — TUIOIAab COPUKOCHOBEHUS (a3 (CMZ, MZ).

K Baxne#muM ¢aktopam, BIUSIONUM Ha CKOPOCTh PEAKIMU, OTHOCATCS cliemyromue: 1)
MPUPOJIa PEArHPYIONTUX BEIIECTB; 2) KOHIIGHTPAIlMs Pearupyromnux BemecTs; 3) Temneparypa; 4)
MPUCYTCTBUE B CUCTEME KAaTaln3aTopa.
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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 cmeneuax ux cmexuomempudeckux
K03 puyuenmos:

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

[A] — koHLeHTpaLKs BemecTBa «A» B MOJIb/J;

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

K — KOHCTaHTa CKOPOCTH JaHHOM PEaKIMU, 3aBUCUT OT MPHUPOJIbI PEarupyIONIMX BEIIECTB, OT
TEMIIEpaTypbl U KaTajiu3aTopa, HO HE 3aBUCUT OT KOHLIEHTPAllUH, YHCIEHHO paBHAa CKOPOCTHU
peakuy Mpu KOHIICHTPAIUAX PearupyroIInX BemecTB | Moib/1. B ciydae reTeporeHHbIX peaKiuii
B ypaBHEHHE 3aKOHa JCHCTBHS MacC BXOAST KOHLIEHTPALIUM TOJBKO TEX BEILIECTB, KOTOpPHIE
HaXOJISTCS B Ta30BOH (ha3e WK B pacTBOpE.

3asucumocms cKkopocmu om memnepamypbl u npuUpoobl
peazupyrowux eeujecms

He Bcsikoe CTOTKHOBEHHE pearupyrolux BeEHIECTB MPHUBOIUT K OOpa30oBaHHUIO IMPOIYKTa
peakiuu. IloBhIlICHHE TEMIEPAaTypbl B ONPEACICHHBIX IMPEleinax BBI3BIBACT YCKOPCHHUE
XUMHUYECKON peakIuH, TaKk Kak OO0yCIaBIMBAE€T POCT SHEPTrUU B3aUMOJCHCTBYIOIIUX MOJEKYIL.
CornacHo mpaBwiry Bant-T'odda, yBenmueHue temrieparypbl Ha KaxIble 10° C MPUBOJIUT K

YBEJIIMYEHHUIO CKOPOCTH peakiuu B 2-4 pasa.
t27t1

Vi, =Viy 0

, TJIe Y — TeMIepaTypHbIid KO3 (PUIIMEHT peaKIuy.

Xumuueckoe pasnosecue

BOoabIIMHCTBO XMMUYECKUX PEAKIIUN SBIISIIOTCS 0OPAaTUMBIMH, T.€. IPOTEKAIOIIUMHU B TIPSIMOM
U OOpaTHOM HAampaBICHHUSIX, HO C Pa3HON CKOPOCTHIO. DTy 0OpaTHUMOCTh peakuuii 0003HAYaAIOT
3HAaKOM & HaIlpuMep:

aA+sB2cC+ dD.

Ckopoctu npsiMOi M 00paTHOM peakluil paBHBbI:

Viip=K1-[A]*[B]”; Vosp=K2[CI“[D]° ; rme [Al, [BI], [C], [D] — koHIeHTpamuu BemecTs B
MOJTB/J.

C TeueHHEM BpEMEHHU CKOPOCTb MpPSAMON peakuuu V,, yMEHbIIAETCA, a CKOPOCTb 0OpaTHON
Voop yBEIMUUBAETCS. B HEKOTOPBII MOMEHT OHHM CTaHOBATCS paBHBIMU. 10 cocmosiue cucmemul,
npu KOMOPOM CKOpOCMU NPIAMOU U O0OpAmMHOU peakyuu paeHsl, HA3LIBAIOM XUMUYECKUM
pasHosecuem:

K _[cHr

Vip= Ve Ke[AF [B]°= Kx[CI*[D] K (ATl T

Ilpu xumuueckom pagnogecuu omHouleHUe NPoU3eeOeHUs KOHYEHMPAyul NoxyYyaouuxcs
gewecms K npousse0eHuto KOHYeHmpayui UCX0OHbIX NPOOYKMO8 (C y4emom CmexuomMempuiecKux
K03 puyuenmos) ecmv GeruuUHA NOCMOAHHAA NPU OAHHOU Mmemnepamype, U HA3bIBAEMC S
KOHCMAHMOU PAGHOBECUsI.

Koncranta paBHOBecHsl 3aBUCUT OT TeMIEpaTypbl U TMPUPOJBI PEATUPYIOMIMX BEIIECTB,;
MOKa3bIBa€T BO CKOJIBKO pa3 CKOPOCTh MPSAMOM peakuuu Oobllle CKOPOCTH OOpaTHOW, eciu
KOHIIEHTPAIIUN PEarupyIONINX BEUIECTB PABHBI 1 MOJIB/I.

PaBHOBecHOE cOCTOsSIHUME COXpaHsAETCs A0 TeX IMOop, MoKa He OyJeT U3MEHEHO Kakoe-Tudo u3
YCIIOBUM JaHHOTO PAaBHOBECHUSI — KOHIIEHTPALMs BEILECTB, TeMIeparypa, naBieHue. 3MeHeHue
THUX YCIOBUI BBI3BIBAET CMeEIllEHWE paBHOBecus. HampaBieHue cMelleHuss paBHOBECUS
ompeaessieTcss coz2nacho npunyuny Jle-Illamenve, KOTOPBIA TJACUT: eciu HA cucmemy c
VCMAHOBUBUUMCS PABHOBECUEM OKA3blaemcs Kakoe-1ubo eHewiHee 6o030elicmeue (UsmeHeHue
memnepamypbl, 0a6ieHus, KOHYeHmpayuu), mo 6 3moti cucmeme u3 08yX npoyeccos, Npamozo u
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06pamno20 — OOIBLULYIO CKOPOCMb OyOem umems mom, KOMmopslil NPOMuUB0Oeticmeyen HeuHemMmy
8030€UCmEUr0.

OcnosHule nonodcenus npunyuna Jle-Illamenve

1. Ilpu ymMeHbIIEHHH KOHIIGHTPAIIUK OJHOTO W3 BEIECTB PABHOBECHE CMEIACTCS B CTOPOHY
peaxiuu, KoTopasi 00pasyeT 3To BemecTBo. [Ipu yBenmndeHnn KOHIIEHTPAIIMY BEIIECTBA PAaBHOBECHE
CMEIIAeTCsl B CTOPOHY PEaKIu, KOTOpasi PacXoyeT 3TO BEIIECTBO.

2. IloBbIlIeHNE TEMIIEPATYPHI CMEIIAET PABHOBECHE B CTOPOHY SHIOTEPMUYECCKON PEaKinu, a
MMOHMKCHUE — B CTOPOHY 3K30TEPMHUUYECCKON PEaKIUH.

3. I3MeHeHune aBlieHUs] OKAa3bIBACT BIMSHKUE HA PAaBHOBECHE B TOM Cy4ae, €CIH B PEAKITUU
YYaCTBYIOT Ta3000pa3Hble BemiecTBa. [Ipy TOBBINIEHUH BHENIHETO JaBJICHUS pPaBHOBECHE
CMEIaeTcsi B CTOPOHY TOW pEaKIUH, KOTOpas COMPOBOXKIACTCS YMEHBIICHHEM KOJIMYECTBA
ra3o00pa3HbIX BEIIECTB, T.€. YMEHBIICHHEM oObeMa. HaoOopoT, mpu MOHMKEHHH BHEIIHETO
JIABJICHUS PAaBHOBECHE CMEIIACTCS B CTOPOHY YBEIMUEHUS KOJIMYECTBA Ta3000pa3HbBIX BEIIECTB, T.€.
yBEIUYCHUSI 00beMa.

IMopsinok BbINOJIHEHHSI PA0OTHI:

1 TloBTOpUTE OCHOBHBIC TTOHSATHUS XUMUYECKON KUHETUKH.

2 3akoHCHEKTHpYHTE (OPMYIbI Ui ONpEAENCHUsT CKOPOCTH pPEaKIUd B TOMOTEHHBIX U
TeTePOreHHBIX CHUCTEMaX, OCHOBHbBIC mMoyiokeHus mnpuHiuna Jle-lllarense, 3akon Bant-I'odda,
3aKOH JICCTBUS MacC U BBIPAKCHHE KOHCTAHTHI PABHOBECHS XUMHUYECKON PEAKIIMU B OOIIIEM BHJIC.

3 IlpoaHanu3upylTe U OCMBICIUTE MPUMEPHI PEIICHUS] TUIOBBIX 3a7a4 Ha MPUMEHEHUE
3akoHOB Bant-I'odda u nelictByromux macce, npunnumna Jle-Illarense.

4 BBINOJHUTE UHIUBUIYAIbHBIC 3a/IaHHUSI B COOTBETCTBUU C BAPHAHTOM.

Xoa pa6oTsI:

[Ipumeps! BHIIOJHEHUS TUIIOBBIX 33]a4

3aoaua Nel.

TemnepaTtypHblii k03 uumeHT peakuuu paseH 2,5. Onpenenure, Kak U3MEHUTCS CKOPOCTh
peakuuu Ipy 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
10

Vo, =V Y T
Vv vy, Vv,
T, 5 rA€ " W " - CKOPOCTH pEaKuuu IIpU
Vr, temrnieparypax Tp u Ty, y - TemmeparypHbIi

KO3 PHUIHEHT.

v T,-T 100-60

Tz =y 10 =25 10 —25%_3906.

VT

1

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, €ClIM peakius 3akoHuyuiach 3a 10 cexyna. TemmneparypHblit
KodpunueHT ckopoctu y = 2,5.

Aneopumm pewienus.
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VYCTaHOBUM CBSI3b MEXIYy BPEMEHEM M CKOPOCTBIO IMPOTEKaHHWs pPEaKLIMU: 4eM OoJiblie

v-1

ckopocTh (V), TeM MeHblIe BpeMs (T) peakuuu, TO €CTb T, ucnonb3ys npaswio Bant-T'odda
7,-T, AT
Vo L 0 _,5w0
nomyuum: Vi T2 , TIOACTaBUM LU(pOBbIC NaHHbIC 3amaun 10 , Iposiorapudmupyem:
AT
g9 =" AT 4 3979

10 Ig2,5. Otkyma 0,9542 =10 AT=24°

Tak Kak 11>Tp, V1 < Va, clieioBaTeIbHO, TEMIIEPATyPa MMOBBICKIIACH Ha 24°

Otser: AT=24°,

3aoaua No 3.

Onpenenure CKOPOCTh PEAKIMH, €CIU 32 2 MUHYThI KOHIICHTPAIIUS HMCXOJHOrO BEIICCTBA
A3MEHMIACH ¢ 2 MOJIL/I 10 0,2 MOJIB/I.

HaHo: Aneopumm pewierus.
At =2 muH Cpennss CKOpOCTb OIUCBIBACTCS
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. KOHIIEHTpaIys HCXOAHOTO BEUIECTBA C TEUCHUEM BPEMEHHM IOCTEIIEHHO YMEHBIIACTCS
n AC UMeeT 3HaK «-», a KOHIIEHTpaIMs MpoaykTa yBennuuBaercs 1 AC nMeeT 3HaK «+».

1) Onpenenenne N3MEHEHNs KOHLEHTPALIUU:

AC=C,-C1=0,2-2=-1,8 MOIB/1.

2) OnpenieneHne CKOPOCTU PEAKIIMU:

At =2 muH = 120 cek

= _M = 0,015 mosb/(1 - cex).
120 cex

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

3aoaua Ne 4.
Ornpenenure, Kak U3BMEHHUTCSI CKOPOCTh MPSIMOM PEeaKITUU
Nz(r) + 3H2(r) < 2N H3(r),
€CJIM KOHIIEHTPAIIMIO BOAOPO/Ia YBEIUYUTH B 2 pa3a?
Aneopumm pewienusi.
1) 3amurieM BeIpaKEHUE 3AKOHA OeUCmEUsl Macc U TAHHOM MPSIMOM peaKIim:
v’ = k[Nz]'[Hz]S.
2) Ilpu yBeawueHWHM KOHIIEHTpAIMHM BOJOPOJA B 2 pa3a CKOPOCTh MPSMOW peakiiuu OymeT
paBHa: U:k[Nz}[2H2]3 :8k[N2]'[H2]3'
3) Ompenenum, Kak U3MEHHTCS CKOPOCTb MPH YBEIWYEHHUH KOHIIEHTPAIMH BOJOpOJa B 2
v _ 8k[N2]' [H2]3 -8
“o — 3~ ©
pasza: v k[Nz]'[Hz]
OTBeT: mpu YBEIWYEHHHM KOHUEHTPAIIMM BOJAOpOJAa B 2 pa3a CKOPOCTb PEAKIHH
yBEJIUUMBAETCS B § pas.

3aoaua Ne 5.
Omnpenenure KOHCTaHTYy paBHOBECUS CUCTEMBI 2Ar) + By <> C(), €cam paBHOBECHBIE
KOHIIEHTPAIUH BEMECTB PABHBL: [A]papn = 2 MOIB/M, [Clpasn = 0,2 MONB/I.
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AﬂeOpumM peULeHuUA.
3anumeM BBIPAKCHUC KOHCTAHTBI PaBHOBECHA IJIA ,Z[aHHOI\/'I PE€aKMu U pacCUYUTACM €€:
_ <] ; K 0,2 0,2
aemn 2 = = —_—
pr [A] paen 22 4
Ortset: Kpasu = 0,05.

= 0,05.

3aoaua Ne6 .
ITpn Hexoropoii Temneparype B cucteMe Cy)tCO222 2CO() paBHOBECHBIE KOHIEHTPALIMH
BemiectB paBHbl CO2=0,5 monw/n. [COJ]=0,2 monb/n. BplMUCINTE KOHCTaHTYy paBHOBECUS U
HayajbHY0 KoHLeHTparuoo CO;.
Aneopumm pewenusi.
_[col? 0,22
ree=co,] 05

=0,08
1. Beiuuciaum KOHCTAHTY paBHOBECHSI:

2. Onpenenum UcxoHyro KoHuentpamuo CO;.

YcnoBuMes cuuTaTh, YTO K Hayaly pEaklMd OTCYTCTBOBAIM NPOAYKTHl peakuuu. [lo
YpaBHEHUIO peakiuu BUIHO, uyTo 2 Moist CO mosyuaercs u3z 1 mons COz, 3Hauut 0,2 mons CO
nonyuutcs u3 0,1 monst CO,. CnenoBarenbHo npopearupoBaio 0,1 mons/n CO,, Torna HavanbHast
KoHIeHTpanus osi1a 0,5+0,1=0,6 MoJb/11, TaK Kak ocTanoch 0,5 MOJIB/II.

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
COs 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 peakiun Hp+Cl,22HCI npu HexkoTopoit Temmeparype pasua 0,4.
CKONBKO TMpPOIEHTOB BOJOPOJia MOJBEPraeTcsi IPEBpAIEHUI0 B XJIOPOBOJOPOA  HpU ITOH
TEeMIIEpaType, €CIIM CMEMIAaTh 2 MOJISl BOJOpo/ia € 3 MOJIIMHU XJiopa?

Aneopumm pewenus.

1. BbIpa3uM paBHOBECHBIC KOHIICHTPAIIMK PEArdpyONIMX BEUIECTB M IMOJICTaBUM HX B
BBIPKCHNE KOHCTAHTHI paBHOBecHs. /Iy 9TOTO cenaeM MpearnoNoKeHHe, 9YT0 MpOpearupoBaio x
moJsielr Hy, Torna mo ypaBHenuro peakuuu BuaHo, uto Cl, mpopearuposaino crosibko ke, a HCI
oOpazoBaniock 2x MoJsi. CrenoBaTebHO, PABHOBECHBIE KOHIICHTPAIINH:

2
pasH. = ﬂ = 014 0,4 = 7(2)6)2
[M]CL] ™ orcioma | @-9-G-9)
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, popearuposaio 0,58 Mot Bogoposa.

2. BelpazuMm mnpopearupoBaBlliee KOJUYECTBO BOAOPOJAa B IPOLIEHTAX OT HayaJbHOTO

0,58
2 .100%=29%, T0 ecThb 29% BOIOPO/Ia IPEBPATUTCS B XJIOPOBOIOPO/I.

OtBet: 29% BOAOPOIA IPEBPATUTCS B XJIOPOBOJAOPO/I.

3aoaua Nes§ .

VYKaxuTe, Kak CABUHYTh BIIPAaBO XMMHUYECKOE PABHOBECUE CUCTEMBI:

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

Aneopumm pewienus.

Jlia pemeHust 3afaud HEOOXOAMMO OTBETUTh HAa BOIPOC: Kakue (akTopbl (Temmeparypa,
JaBJICHHUE, KOHIIEHTPAIMK1) U KaKuM 00pa3oM (TMOBBICUTH WJIM MOHU3UTh) HY>KHO WU3MEHUTb, YTOOBI
CABUHYTh BIIPaBO XHMHYECKOE paBHOBecHe cucTeMbl? HampaBieHue cmelieHus XMMHUYECKOTO
paBHOBecHs onpenensaeTca npunyunom Jle-Illamenve:

Buewmnee e6ozoeticmeue (I, P, C) na paenosecnyro cucmemy cosucaem pagHosecue 8
Hanpaeienuu mou peaxyuu, KOmopas npusooum K yMeHbULeHUI0 3Mo20 8030eUCMBUslL.

[Ipumennm npunyun Jle-Illamenve 11 penieHUs 3a1a4u:

1. Peakuus B mOpsMOM HaMpaBICHUHM TMPOTEKAaeT C YMEHBLICHHEM TeMIepaTypbl (Temio
MOTJIOLIAETCSI), 3HA4YUT, YTOOBl paBHOBECHE CABUHYTh BIpaBo 1o 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 J1aBJICHHE YMEHBIIHTD.

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

dopma mnpejacTaBieHHs pe3yabrara: odopmieHHas paboTa C  BBINOJIHEHHBIMHU
WHIUBUAYAIBHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1a4¥l M YIIPaKHEHHUS TI0 HA3BaHHON TEeMaTHKe).

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: HAayuyuThCA BBIIOJHATH PAacueThl, ONPEIENSATh KOHCTAHTY pPaBHOBECUS
peakiMM, Ha OCHOBE pacyeToB [eslaTh BBIBOABI 00 HANpPABIECHUM CMEILEHUS XUMHUYECKOro
PaBHOBECHSI pEaKLUH.

Beinosinus patdory, Bel Oyaere:

ymemb:

— IPOBOJUTHL PACUETHI;

— npumeHaTh npuHuun Jle-Illarense ams onpeneneHus YCIOBHHM CMELIECHUS XMMHYECKOIO
paBHOBECHS.

MaTepnaﬂbnoe odecmeyeHue:

Kparkwuii cripaBounuk ¢usuko-xumudeckux BenuuuH / Iloxg pen. K.II. Mumenko u A. A.
PaBpemns. — JI. : Xumus, 1974. — 200 c.

3aganue:

1. OnpeneneHneKOHCTaHThl PABHOBECUSI XMMUYECKON PEAKIIUH.
2. [Ipumenenne npunnuna Jle-Illarense s onpeneneHus YCIOBUI CMEIICHUS XUMHYECKOTO
paBHOBECHS.

Kpartkne Teopernyeckne cBegeHus:

[Ipy XUMHYECKOM PaBHOBECHHM OTHOIICHHE MPOU3BEICHHS KOHIEHTPAIUH IMONYydaroIInXCs
BEIIIECTB K MPOU3BEICHUIO KOHIICHTPAIIMN HMCXOMHBIX MPOAYKTOB (C YYETOM CTEXHOMETPHUYECKHUX
K03 (UIIMEHTOB) €CTh BEIWYMHA TMOCTOSHHAs TpU JaHHOW TeMmIepaType, M Ha3bIBAeTCs
KOHCTAHTON PaBHOBECHSI.

KoHncranTta paBHOBecHsI 3aBUCHUT OT TEMIIEpaTypbl M TMPUPOIBl PEATHPYIONINX BEIIECTB,;
MIOKa3bIBa€T BO CKOJIBKO pa3 CKOPOCTh MPSMOM peakuuu OOJbIIe CKOPOCTH OOpaTHOM, ecnu
KOHIIEHTPALUU PEarupyIoNINX BEUIECTB PaBHBI 1 MOJIB/IM.

PaBHOBecHOE cOCTOsSIHUME COXpaHsAETCs A0 TeX IMOop, MoKa He OyJeT U3MEHEHO KaKoe-Tudo u3
yCIIOBUI JaHHOTO pPaBHOBECHS — KOHIIGHTpAIMs BEIIECTB, TeMIiepaTypa, AaBiieHue. V3meHeHue
THUX YCIOBUI BBI3BIBAET CMEIllEHWE paBHOBecus. HampaBneHue cMeleHUs paBHOBECUS
omnpenensiercss coznacko npunyuny Jle-Illamenve, KOTOPBIM TJIACUT: eCau HA CUCEMY C
VCMAHOBUBUIUMCSL PABHOBECUEM OKA3bleaemcs Kakoe-1ubo eHewiHee 6o030elicmeue (UsmeHeHue
memnepamypbl, 0a6ieHUs, KOHYeHmpayuu), mo 6 dmoi cucmeme u3 08yxX Npoyeccos, Npamozo u
00pamHo20 — OOBLULYIO CKOPOCIb OYyO0em umems Mom, KOMOpbvlil NPOMUBOOEUCMBYem BHEULHEMY
8030elicmauro.

OcHosnvie nonoxcenus npunyuna Jle-Illlamenve

1. IIpu ymMeHbIIEHUH KOHUEHTPAIMU OJJHOTO M3 BEUIECTB PAaBHOBECHUE CMEILAETCA B CTOPOHY
peakuuu, KoTopasi 0opasyeT 3To BeuiecTBo. [Ipu yBennueHnr KOHIEHTpalluy BEIleCTBa paBHOBECHE
CMEILAETCsl B CTOPOHY PEAKLIMU, KOTOpasi pacXOAyeT 3TO BEIIECTBO.
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2. IloBbIlIeHHE TEMIIEPATYPHI CMEIIAeT PABHOBECHE B CTOPOHY SHIOTEPMUYECKON pEakinu, a
MMOHMKCHUE — B CTOPOHY 3K30TEPMHUUYECCKON PEaKITUH.

3. VI3MeHeHue JaBieHUs] OKA3bIBAET BIMSHUE HA PAaBHOBECHE B TOM CIly4yae, €CIIM B PEaKIUU
YYaCTBYIOT Ta3000pa3Hble BemiecTBa. [Ipy TOBBINIEHUH BHENIHETO JaBJICHUS pPaBHOBECHE
CMEIaeTcsi B CTOPOHY TOW pEaKIUH, KOTOpas COMPOBOXKIACTCS YMEHBIICHHEM KOJIUYeCTBa
ra3o00pa3HbIX BEIIECTB, T.€. yMEHBbIIEHHWEM o0beMa. HaoOopoT, mpu MOHMKCHHH BHEIIHETrO
JaBJICHHs] PABHOBECHE CMEIIAETCSl B CTOPOHY YBEJIMYCHHUS KOJIMYECTBA I'a3000pa3HBIX BEILIECTB, T.€.
yBeIUYEHUsI 00beMa.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. [Ipoananu3upyite U OCMBICAUTE MPUMEPHI PEIICHHUS TUIOBBIX 3a/ad Ha MPUMEHEHUE
3akoHOB Bant-I'oda u neiictByrommx mace, npuniumna Jle-Illatense.

2. BeimonmHuTEe MHIUBUya bHBIC 33JaHUSI B COOTBETCTBHH C BAPHAHTOM.

Xon padoThr:
[IpuMeps! BHIIOJHEHUS TUIIOBBIX 33]a4

3aoaua Ne 5.
Ompeznenute KOHCTAHTY paBHOBecHsA cHCTeMbl 2A() + B <> C(y, ecam paBHOBECHBIC
KOHIEHTPALUH BeECTB PaBHbL: [A]pasn = 2 MONB/I, [Clpasy = 0,2 MOIB/I1.

Aneopumm pewerus.
3anuiemM BBIPAXKCHUC KOHCTAHTBI PaBHOBECCHA IJIA I[&HHOﬁ PC€aKuu U pacCYUTACM €€:
_ Ic]. 02 0,2
pasH [A]2 ’ Kpa611 = > - = 0,05
2 4

Ortset: Kpasu = 0,05.

3aoaua Neb.
ITpn Hexotopoii Temneparype B cucteMe C)+tCO222 2CO() paBHOBECHBIE KOHIEHTPAILIMH
BemectB paBHbl CO2=0,5 monp/n. [COJ]=0,2 Monb/n. BbIYMCIUTH KOHCTAHTY paBHOBECHUS U
HavyaJpHYI0 KoHLEeHTpanuio CO,.
Anzopumm pewenus.
_[col? 0,22
" Jco,] 05

=0,08

1. BerynciamM KOHCTaHTY PaBHOBECHS:

2. Onpenenum ucxoauyro kKouientpauo CO;.

VYcnoBuMes CuuTaTh, YTO K Hayaly pPeaklUMU OTCYTCTBOBAIM MPOAYKThI peakuuu. Ilo
ypaBHEHHUIO peakuuu BUIHO, 4To 2 Moyt CO momyuaetrcss u3 1 mons COg, 3nauut 0,2 mons CO
nonyuutes u3 0,1 monst CO,. CrnenoBatensHo npopearupoBaiio 0,1 monbs/n CO,, Torna HavanbHas
koHieHtpanus obuta 0,5+0,1=0,6 Monb/m, Tak Kak octanoch 0,5 MOJB/JI.

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
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OtBert: Kpasu = 0,08; [CO2) 1120 =0,6 MOnB/I1.

3aoaua Ne 7.

Koncranta paBHoBecus peakiun Hp+Cl,22HCI npu HekoTtopoit Temmeparype pasua 0,4.
CKOJIBKO TIPOIIEHTOB BOJIOPOJa IMOJBEPracTCs IPEBPAIICHUI0 B XJIOPOBOJOPOJ  HpPU OITOH
TEMIIEPAType, €CJIU CMEIIATh 2 MOJISl BOJOPOJia ¢ 3 MOJIsIMU XJiopa?

Aneopumm pewienus.

1. BpIpa3suM paBHOBECHBIC KOHIICHTPAIMU PEArdpyrolIMX BEUIECTB M IOJCTaBUM HX B
BBIpQ)KEHUE KOHCTAHTHI paBHOBecHs. [ 3TOTO chenaeM MpennoiokKeHne, 4TO MPopearupoBajio X
mojieit Hp, Torma mo ypaBHeHuto peakuuu BuaHo, uto Cl, mpopearuposano cronbsko ke, a HCI
obpazoBayioch 2x Moiisi. Ciie10BaTeIbHO, PABHOBECHBIC KOHIICHTPAIIHH:

[HCIf

2x)?
" len] 0,4, oTcroa 4 m
1,8x*+x-1,2=0

x1=1,2; x,=0,58
Hauans Koneun Otpunar
Be Hast [Ipopearup O6pazo | bie eJILHOE
IECTBO KoHIIHTpaLIA OBAJIO BaJIOCh (paBHOBE 3HAYCHUE
MOE/T MOJIb/JT MOJIb/T | CHBIE) KOHIL. KOpHS
MOJIB/JT oTOpackIBaeM,
Ho 2 X — 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%, 10 ecTh 29% BOJOPO/Ia IPEBPATUTCS B XJIOPOBOIOPO/I.

Otset: 29% BoIOpOAA MPEBPATUTCS B XJIOPOBOIOPOA.

3aoaua Nes§ .

VYKaxuTe, Kak CABUHYTh BIIPABO XMMHUECKOE PABHOBECUE CUCTEMBI:

CaCOsy) <> CaOrs) + COx(raz) — Q?

Aneopumm pewierus.

st pereHust 3aiayu HEOOXOAMMO OTBETHUTh Ha BOMPOC: Kakue (akTopsl (Temmeparypa,
JlaBlieHHe, KOHLEHTPAIMN) U KaKUM 00pa3oM (HOBBICUTh MJIM MOHU3UTH) HYKHO U3MEHUTH, YTOObI
CABUHYTh BIIPaBO XHMHUYECKOE paBHOBecHe cHcTeMbl? HampaBieHue cMmeleHus XMMHYECKOTo
paBHOBecHUs onpeaenaercs npunyunom Jle-Illamenve:

Buewmnee e6ozoeticmeue (I, P, C) na paenosecnyro cucmemy cosucaem pagHosecue 8
Hanpaeienuu mou peakyuu, KOmopas NPU8oOUmM K YMeHbULEeHUIO I9MO020 8030eUCMBUSL.

[Ipumennm npunyun Jle-Illamenve 11 penieHus 3a1a4u:
4.Peakiuss B TNpSAMOM HAaNpaBJICHUM TMPOTEKAET C YMEHBIIEHUEM TeMIlepaTtypsl (TEIuIo
MOTJIOLIAETCSI), 3HA4YUT, YTOOBl paBHOBECHE CABUHYTh BhpaBo Mo npunHuuny Jle-Ilatense
TEMIIEPATypPy HYKHO yYBEJIINYUTH, TO €CTh HATPEBATh CUCTEMY.
5. Peakuusi BmpaBo HIET C YBEIMYEHHWEM YHCIA Ta30BBIX MOJEKYJ, TO €CTh C YBEIMYEHUEM
JaBJICHUs], 3HAYUT, YTOOBI CAIBUHYTh PABHOBECHE BIIPABO HY)KHO JaBICHUE YMEHBIIUTD.
6. HyxHo ymeHbIUTh KOHIIeHTparuto CO2, 9TOOBI paBHOBECHE CIIBUHYTH BIIPABO.

®opma mnpeacraBieHusi pe3yabTara: odopmieHHas paboTa C  BBIIOJIHEHHBIMU
MHIUBUAYAIBHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1a4il U YIpaXHEHHs 110 Ha3BaHHOM TeMaTHKe).
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Kpurtepun onenkmn:

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, 3aMepP3aHisl PACTBOPOB

Leab paGoThbl: HAYYUTHCS OMPEIENATh 3aBUCUMOCTH CKOPOCTH PEaKIUU OT KOHIICHTpPAIUU
pearupyromnux BeIecTB U TeMIIepaTyphl ONBITHBIM MTyTEM.

Boinoinus padorty, Bel Oynere:

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

MaTepnaﬂbnoe odecmeyeHue:

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

Ilepuonuueckas cucrema xumudeckux 3mneMeHToB J[. 1. Mennaeneena.

OO6opy/ioBaHNE U PEAKTUBBI: CTEKJITHHBIE CTAKaHUYUKU, MEPHbIE MPOOUPKH, MEPHbBIE TUIETKU
wii OropeTku, TepMomerp, cexkyHaomep, 0,2 M pactBop NaS:;03, 0,2 M pactBop H2SOs,,
JTUCTUTMPOBaHHAs BOJIA, BO/IsIHAs OaHs MM TEPMOCTaT.

3aganue:

1 Onpenenenuve 3aBUCUMOCTH CKOPOCTH PEAKIMM OT KOHUEHTPALMU pearupyroumx
BEIIECTB.
2 OmnpeneneHne 3aBUCMMOCTH CKOPOCTH PEAaKLUU OT TeMIepaTyphbl.

Kpartkne Teopernyeckne cBegeHNs:

OOBEKTOM HW3YYCHHS CIY)KUT PEaKIus oOpa3oBaHWS Cephbl NMPH B3aMMOJCHCTBHUU CEPHOMN
KHCIIOTHI C THOCYTb(ATOM HATPHUS.
Na,S,03+H,SO,— l S+S0,+Na,S0O4+H,0
THOCYNIb(aT  cepHas
HaATpUS KHCTIOTa
[Tpu onpeieieHrH 3aBUCHMOCTH CKOPOCTH PEAKITUN OT KOHIICHTPAITHH.
a) TeMIeparypa He H3MEHSETC;
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0) u3MmensroT kKoHueHTpanuo NaS;03 Ha oHY U TyKe BenHuuHy, a KoHIeHTpaiuo HySO,
OepyT MOCTOSIHHOM;
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]-[H2504] uin l = K/ [NﬂzSgOg];
T

1
n) crpost rpadpuk B kKoopauHaTax: —— [ NaS;03] B MOIb/1, B ONPEACIIAIOT KOHCTAHTY
T

/

[#,80, ]

IIpn onpeneneHuM 3aBUCHUMOCTH CKOPOCTH PEAaKLMHM OT TEMIIEPATypbl IPOBOIAT PEAKLUIO
IPU TPEX Pa3IMyYHBIX TEMIepaTypax, (KOHIEHTPAUN pearupyrolnux BelecTB OepyT OJMHAKOBBIE
BO BCEX OIBITaX).

Vicrione3yst jorapupMudeckoe  BBIDKCHHE YpaBHEHHsS ApPpPEHHYCa: g _pg__E , CTPOST
P 2,3RT

CKOPOCTH K/:tg(x nm K=

rpaduk B KOOpIMHATAX Igl—_i. Omnpenensst o rpaguKy tgg = — , HAXOJSIT SHEPTUI0 aKTHUBAIIUU
T

peaxmmn E=2,3Rtga (R=8,3 /Ix/mMoip*K).
IMopsiioK BBIMOJHEHHSI PA0OTHI:

1 Cucrematuszupyiite ¥ 000OIIMTE 3HAHUA MO TeMe, 3aKOHCIEKTUPOBAB B OTYET IO
nabopaTopHOl paboTe KpaTKUEe TEOPETUUCCKUE CBEICHUS.

2 BoInonHUTE MPaKTUYECKYIO YaCTh paOOTHI.

3 3anonHuTe TaOMUIBI, MOCTPONTE TpadUKH, UCIOIb3Ys! MOJYYEHHYIO OIBITHBIM MYyTEM H
pacueTHyI0 HHPOPMAIHIO.

4 CpaBHUTE JaHHBIE, TOJTYYECHHBIE OMBITHBIM ITyTEM, C TAOJIUYHBIMH.

5 Odopmure otueTt, chopMynupyiiTe BEIBOJIBI O MPOAETaHHON padoTe.

Xoa pa0doThI:
Onwvim Nel. Onpeoenenue 3a8ucumocmu CKOpoCmu peaKyuu
om xonyenmpayuu NayS;03.
IMopsi0oK BHIMOJTHEHHS ONBITA:
1. IlponymepyiiTe 4eThIpe CTAKaHYMKA, B KOTOPBIX OyJeTe MPOBOIUTH PEAKIIHH.
2. B kaxnpiii ctakanyuk HayrelTe mo 2 i pactBopa HySO4 (0,2 M KoHIIEHTpauH).
3. IIponymepyiite yeTbipe OTrpaAyupPOBAHHBIX MPOOUPKH U HAJIEWTE B HUX COOTBETCTBEHHO
pactBopa NayS;03 (0,2 M KoHIIEHTpaIiK) ¥ TUCTHUTMPOBAHHOHN BOJIBI KaK YKa3aHO B TaOJHIIE.

Konuenrparm

g O0BeM 7
E B MOMEHT ) o
5 peaKIym A | vei| K=t [ “TH.s0,]
< | HoS T goa
H
: O, H, N(&)QSQ HoS | 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 CTakaHYMK cOAEpKMMOE |-0l IpPOOMPKH, OAHOBPEMEHHO BKIIIOUUTE
CEKYyHJIOMED.

5. OtMethTe Bpems AT (ceK) A0 MOABICHHS 0eoro ocaaka (JIydiie A0 IepBOTO MOMYTHEHHS,
UCIOJb3Ysl YEPHBIHN SKpaH).

6. AHaJIOrMYHO MPOAETANTE OMBIT C OCTAIHHBIMH PACTBOPAMH.

7. BBbINoJNIHUTE pacyeTsl U NOCTPOITE rpaduk:

— paccuyMTaiiTe KOHLEHTPAIMIO CEPHOM KHUCIOTHI M THOCYJb(aTra HATPHUS B PEAKIIMOHHBIX
cMecsx 1o popmynam:
_ [H,80,] Vi 0, (MOIIB/1M)

e

[H.s0,]

_[N0.8,0,)- Vi, (womv/)

cMecH

[Na,S,0,].,

. ) -1
— pacCYUTANTEe CKOPOCTH PEAKLHUHU B YCTHIPEX CTAKAHYUKAX: |, _ Ai (c™)
T

— noctpoiite rpaduk B koopaunatax ,, _ 1 1 [NaxS;04]

At

— OTpEe/IENIUTE TAHT'CHC yIiIa HAKJIOHA MPSIMOMA tga:L =K/,
A[NaZSZOS]
- 1
V= 1 C 3 )
T
tga= cA
OA
B N —
C
|
|
¢ | R
0 Ll
A [Na2S,03], Mmonb/m
— ONpeJieNINTe KOHCTAHTY CKOpOCTH peakmun: K= K
[H.50,]

8. Pe3ynbTaThl pacyeToB 3aNUIIUTE B TAOIHILY.

Onwvim Ne 2. Onpedenerue 3a8Ucumocmu CKOpOCmMu peakyuu om
memnepamypbl (onpedeneHue dHepeuu akmueayuu peaKyuu).

ITopsiiok BHINOJIHEHHUS ONBITA:

1. B gerbipe mpoHyMepoBaHHBIE MTPOOHpKHU HajelTe mo 2 miu 0,2 M pactBopa HpSO4 1 3 Mt
H,0, B apyrue ueTsipe NpoHyMepoBaHHbIe poOupku HanelTe mo 2 ma 0,2 M pactBopa NaS;03 u
1Mo 3 MJ1 BOABI (IUCTHIITUPOBAHHOMN ).

2. Bce mpoOupku mocTaBbTe€ B BOJSHYIO «OaHIO» WM TepMmocTaT. M3mepbTe TemmnepaTypy
«OaHW» WIKM 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, momuss Temmeparypy Ha 10°. 20°, 30° Bpume
nepBoHadasibHOU. ([IpoOupkm ¢ pacTBOpaMu TIpH KaXIOM TEMIEpaType BBIICPKUBANUTE B
TEPMOCTATE€ HECKOJIbKO MUHYT).

6. PesynbTarhl onbiTa 3aHecuTe B TaOIUILY.

1 1 1
N | € | T=t+273| - | At | = | w6 | E
OMbITA [~ 0 K Kl c ol
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 paccumTaiTe
SHEPIUIO akTUBaluu peakuun: E=2,3-R- tga,; (Jix/mons) (R=8,3_Ax )
mone - K

Cnemnaiite BBIBOJ 1O 1a00paTOpHOI paboTe.

dopma mnpeacTaBlieHUs] pe3yJbTaTa: OT4YET O MpojAeNaHHOW paboTe, 3amOJTHEHHbBIE
TaOJUIIBI, IIOCTPOCHHBIE TPA(PUKH, BEIBOIBI.

Kpurtepun ounenku:
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 JaBJIEHHS, TEMIIEPATYP KUIIEHUsI, 3aMepP3aHUsl PACTBOPOB

I_[e.m, paﬁ()TLI: HAaY4YUTBCA OIPCACIIATL 3aBUCUMOCTU CKOPOCTU PCAKIHMU OT KOHUCHTpPALWUH
pearupyromux BCIICCTB U TEMIICPATYPhI OIIBITHBIM ITYTCM.

Beinosinus patdory, Bel Oyaere:

ymemy:
— OIPENENATh 3aBUCUMOCTH CKOPOCTH PEAKLMM OT KOHLEHTPALUN PEarupyroluX BEIIECTB U
TEMIIEpaTyphl ONBITHBIM ITyTEM.

MaTtepuajbHoe o0ecneyeHue:

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

Ilepuonuueckas cucreMa xumuueckux 3mneMeHToB J[. 1. Menneneena.

OO0OpYIOBaHKE U PEAKTUBBI: CTEKIISTHHBIC CTAKAHUYMKH, MEPHBIC TPOOMPKH, MEPHBIC TTUTICTKU
win Oropetku, Tepmomerp, cekynmomep, 0,2 M pactBop NaxS;0s3, 0,2 M pactBop H2SO4,
JTMCTUIUTUPOBAHHAS BOJIA, BOJSIHASL OAHS WK TEPMOCTAT.

3ananmue:

3 OrmpeneneHre 3aBUCUMOCTH CKOPOCTH PEAKIMU OT KOHIIGHTPAIlMH pearupyromux
BEILIECTB.
4 OrmnpeneneHue 3aBUCUMOCTH CKOPOCTH PEAKIIUU OT TEMIEPATYPHI.

KpaTKue TECOPETHYECCKUEC CBCACHUSA:

OOBEKTOM H3YYEeHHsS CIYKUT peakius oOpa3oBaHHs Cepbl MPU B3aHMMOJCHCTBUHU CEPHOM
KHCIIOTHI C THOCYJTb(ATOM HATPHS.

NayS;03+H2SO4— | S+SO»+Na;SO4+H,0

THOCYNIb(paT  cepHasd

HaATpHS KHCJIOTa

[Tpu onpeneneHnn 3aBUICUMOCTH CKOPOCTH PEAKIIMH OT KOHIICHTPAIIHH.

a) TeMreparypa He U3MEHSETCS,

0) u3MmensroT koHueHTpanuo NaS;03 Ha OHY U TyXKe BennuuHy, a KoHIeHTpaiuo HySO,
0epyT MOCTOSHHO;

B) CKOpPOCTh H3MEpPSIOT B HAYaldbHBIA TEpUOJ pEeaKIMHM, OHA TMPEACTaBIseT co0oit

OTHOCHTENbHYIO BETMUMHY 00paTHYIO BpeMeHH  _ 1;
T

I) IpuUMeHsist 3aKoH JlelficTByromux Macc, UMeroT

V:K[H28203]~[HQSO4] Ui l = K/ [NaQSZOg];
T
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1
n) crposr rpapuk B koopauHarax: —— [ NayS;03] B Monb/n, U ompenenstoT KOHCTaHTY
T

/

[1,50,]

[Ipu onpeneneHuH 3aBHCUMOCTH CKOPOCTH PEAKIIMUA OT TEMIEPaTyphl MPOBOISAT PEAKIIUIO
MIPH TPEX Pa3IUYHBIX TeMIeparypax, (KOHIEHTPAIMU PearupyroniuX BEHIIECTB OepyT OJMHAKOBHIE
BO BCEX OIIBITaX).

Ucnons3yst norapumMuyueckoe BBIpaXKEHHE YpaBHEHUS AppeHuyca: oK, =B~ 3ERT, CTPOSIT

CKOPOCTH K/:tg(x nm K=

rpauk B KOOpIMHATAX Igl—_i. Omnpezensist 0 TpaduKy tgg = — , HAXOJSIT SHEPTUI0 aKTHUBAIUU
T

peaxtmu E=2,3Rtga (R=8,3 /Ix/mMoip*K).
ITopsinok BbINOJIHEHHSI PAa0OTHI:

1 Cucrematusupyiite U 0O0OOUIUTE 3HAHMS IO TEMe, 3aKOHCIEKTHPOBaB B OTYET IIO
nabopaTopHOl paboTe KpaTKUEe TEOPETUUCCKUE CBEICHUS.

2 BpInoyiHUTE TPAKTHYECKYIO YacTh paOOTHI.

3 3amonHUTE TAONHUIBI, TOCTPOTE TpadUKU, UCIIONB3YS MOJTYYCHHYIO OIBITHBIM ITyTEM H
pacueTHyI0 HHPOPMAIHIO.

4 CpaBHUTE JaHHBIE, TOJTYYEHHBIC OMBITHBIM ITyTEM, C TAOJIUYHBIMHU.

5 Odopmure otueTt, chopMynupyiiTe BEIBOJIBI O MPOAETaHHON padoTe.

Xox pabdoThI:
Onwvim Nel. Onpeoenenue 3a6ucumocmu CKOpoCmu peaKyuu
om xouyenmpayuu NaS;0s.
IMopsi10K BHIMOJTHEHHS ONBITA:

9. IIponymepyiiTe 4eThIpe CTaKaHYMKa, B KOTOPBIX Oy/1eTe MPOBOAUTH PEAKITHH.

10. B kaxnpiii crakanguk Haserre o 2 mit pacteopa HoSOy4 (0,2 M koHIIGHTpaIum).

11. [IponymepyiiTe 4eThIpe OTIPaayUPOBAHHBIX MPOOUPKM W HaJeWTe B HHX
cooTBeTcTBeHHO pactBopa Na;S;03 (0,2 M KOHIEHTparv) ¥ JUCTUUTMPOBAHHON BOJBI Kak
yKa3aHo B TaOJHIIe.

Konnenrpam
g O0BeM A
5 B MOMEHT '
= peaKiImu A V=A% K'=t K=[H1;o]
= | HS NazS t ga -
é Oy H, 02 2 H,S Na,S,
3
0,2 O 0.2 M O, O3
M
MOJ | MOJIB/ 1
MI | MII M c|c
b/1 I
1 2 0 8
2 2 2 6
3 2 4 4
4 2 6 2
12. Breiite B 1-bIif cTakaHUMK coaep:KuMoOe 1-0¥ MPOOUPKHU, OJHOBPEMEHHO BKIIIOUYHUTE

CEeKyHJIOMED.

84



13. OtmeTrhTe Bpemsi At (cek) M0 MOsBICHHsS Oeloro ocaaka (Jydmie g0 TEepBOTO

MMOMYTHEHUS, UCTIONb3Ys YEPHBIM SKpaH).
14. AHAJIOTMYHO TPOJIEIATe OMBIT C OCTATBHBIMHU PACTBOPAMHU.

15.  BbInmonHUTE pacyeThl U MOCTPOUTE IpaduK:
— paccuMTaiTe KOHIEHTPAIMIO CEPHON KHCIOTHI U THOCYIb(paTa HATPHsl B PEaKIIMOHHBIX

cMecsx 1o GopMysIaMm:
_ [H:80,] V50, (MOTIB/)

ev

[H.s0,]

_[Na.8,0,)- Vi, (womn/r)
Vv

cMecH

o -1
— pacCUnuTanuTC CKOPOCTh PCAKIIMU B YCTHIPCX CTAKAHYUKAX: v =i(C )
At

[Na,S,0,].,

— noctpoiite rpaduk B koopmunatax ,, _ 1 1 [NaS;04]
At

— OIpeIeNIUTE TAHICHC YIJ1a HAKJIOHA MPSIMOM tga:L =K/,
AI:NaZSZO3]
- 1
V= 1 (ORI )
T
tga= cA
OA
B — — — —
C
|
|
¢ | R
0 Ll
A [Na2S,03], Mmonb/m
— ONpezeNuTe KOHCTAHTY CKOPOCTH peakmum: K= K'
[H,50,]
16.  Pe3ynbTaThl pacyeToB 3aNHUIIUTE B TAOIHILY.

Onwvim Ne 2. Onpedenerue 3a8UcUmMocmu CKOpOCmMu peakyuu om
memnepamypbl (onpedeneHue dHepeuu akmueayuu peaKyuu).

IMopsaaok BHIMOTHEHUS ONbBITA:
8. B uerpIpe nmponymepoBaHHbIe poOupku Haieite mo 2 mi 0,2 M pactBopa HySO4 1 3 M

H,0, B npyrue detbipe npoHyMepoBaHHbIe TpoOupku HaneiTe mo 2 miu 0,2 M pactBopa NayS,03 u
1o 3 MJ1 BOJBI (IMCTHILTUPOBAHHOM ).

9. Bce mpoOupku mocTaBeTe B BOJSHYIO «OaHIO» WM TepMocTar. V3mepbTe Temmeparypy
«OaHW» WM TepMOCTaTa, 3aMUIIUTE.

10.ITpoBeauTe peaknuio OJHOBPEMEHHO CIHMB DPACTBOPHI B CTaKaHUYMK M3 00EUX MEpPBBIX
MPOOUPOK U BKIIFOUUB CEKYHJIOMED.

11. OT™MeThTE BpeMs 10 Hauaja BBIMAJACHHS OCa/IKa dJIEMEHTapHOU cepbl (IOMYTHEHHUE).

12. ToT e OmBIT MPOJEIANTE eIle TPU pasa, MOJTHSIB TEMIEpaTypy Ha 10°. 20°, 30° Bbime
nepBoHavyanbHOi. ([IpoOupku ¢ pacTBOpamMu MpU KaxJAOH TemIepaType BBIICPKUBAHTE B
TEPMOCTaTe HECKOJBKO MUHYT).

13. Pe3ynbTarhl OnbITa 3aHECUTE B TAOIHILY.

0 _40 1 1 1
No t T=t"+273 T AT Ar |9E E
OIIbITA C K K1 c ol
1
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2
3
4
14.Tloctpoiite rpaduk B KoopauHaTax gL _ 1, BeiGpas cootBeTcTBYIOMIIIA MacIITAG.
At T
1
lg—
g At
1
T |-
8. Omnpenenure " TaHIEeHC yIVla HakKJIOHAa OpsAMOM tgo W paccumTaiiTe
SHEpruro akrupauu peakuuu: E=2,3-R- tga; ([l x/moins) (R=8,3_Ax )

mons - K
Caenaiite BbIBO 110 TaOOpaTOPHOI padoTe.

@dopma mnpeacTaBjieHHsl pe3yJbTaTa: OTYET O INPOJCIAHHOW padoTe, 3aroJHCHHBIC
TaOJUIIBI, IOCTPOCHHBIC TPa(GUKH, BHIBOIBI.

Kpurepun oneHku:

3a Kax bl MpaBUIbHBIN OTBET — 1 Oas.
3a HenmpaBWIbHBIN O0TBeT — () OaoB.
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Tema 4.3. KosionaHbIe cHCTEMbI
IIpakTyeckoe 3ansaTue Ne 20

Boinosinenue ynpaxnenuii: «Cocrasijienue (popMyJ1 M cXeM CTPOCHHUSI MULEJLIT
KOJIUIOMHBIX PACTBOPOB»

Leab padoThl: HAYYUTHCS COCTABIATH (POPMYIIBI U CXEMBI CTPOCHUS MHULEI KOJIJIOUIHBIX
pacTBOpPOB.

Bbinosinus padory, Bol Oyaere:

ymembs:

— OIpeeNsATh COCTaBHbIE YAaCTU MULIEIIIBI TUAPO30JIIS;
— COCTABJIATH CXEMbI CTPOCHWA MULICIIJIBI THAPO30JIA.

MarepuanbHoe obecrieyenne:
[lepuonnueckas cucrema xumuueckux dnemeHtoB J[. WM. MennaeneeBa. Tabmuna
pacTBOPUMOCTH.

3ananmue:

1 CocraBneHue ypaBHEHUN peakIUil OIy4eHHs] HEPACTBOPUMOIO BELIECTBA.
2 CocraBieHHE CXEMbI CTPOSHUS MULIEIUIBI THAPO30JIS.

Kparkue TeopeTnueckue cBeeHHA:

Konnouansie pacTBOpPHI (307M1) 3aHUMAIOT o pasmepy YaCTHUI]
(10'5-10'7 CM) TPOMEXYTOYHOE  TIOJIOKEHHWE  MEXKAYy  HCTHHHBIMH  pPacTBOpaMH U
MHUKPOT'€T€POT€HHBIMU CUCTEMAMU: AMYJIbCUSIMH, CYCIIEH3UsAMH, IEHAMHU.

Cmpoenue uacmuybsl KOLIOUOHO20 PACMBEOPA — MUYETLIbL

B pesynbrate n30uparenbHOM aacopOIMM OJHOTO U3 HOHOB Ha IOBEPXHOCTH TBEPIOH
YaCTHUIl — arperata BO3HUKAET IBOMHOMN AJIEKTPUYECKUH CIION.

Hanpumep. Ecau nony4aTh KOJUIOMAHBIM pacTBOp MoAWIa cepedpa MpH HAJIMYMK M30bITKa
nomuaa Kaimus (BEIIECTBO, B3STOE B W30BITKE, SIBISCTCS UOHHBLIM CMAOUIU3AMOPOM), TO Ha
noBepxHocTu arperata Agl agcopOupyrorcs noHbl |, nMeromue cXoAcTBO ¢ moBepxHocThi0 Agl.
OTH WOHBI HAa3BIBAIOTCA HOMEHYUdI-onpedensiowue W TPOYHO CBSI3aHBI C TOBEPXHOCTHIO.
Ipomusouonst K* 6y1yT HAXOIUTHCA YaCTHYHO B aJCOPOIMOHHOM, YacTHYHO B Auddy3HOM croe

(pucynox 1).
Qo ¢
¢ VOO

@\

a4CcopObLMOHHbIN Lonodoy3HbIN
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Pucynok 1 — CTpoeHue MUIIEIIBI THAPO30JIS

[Topsnox BeINONMHEHUS PAaOOTHI:

1 IloBTOpUTE MOHATHUSA: KOJJIOUIHBIM pacTBOpP, MUILIEIUIA KOJUIOMIHOTO pacTBOpA.

2 IlpoaHanu3upyiTe U OCMBICIUTE AaJITOPUTM COCTaBJICHHSI CXEMbl CTPOCHMSI MHIICILIbI
THIPO30JIs.

3 BolnonHuTe MHIMBUIyalbHBIC 3a/1aHUSI B COOTBETCTBUU C BAPUAHTOM.

Xom paboThI:

[IpuMeps! BBIITOIHEHUS TUIIOBBIX 3a1aHUN

3aoanue Ne 1.

CocraBbTe ypaBHEHHE peakUuMu OOpa30BaHUS M CXEMy MHUIEIUIBI 3011 Homuaa cepedpa,
MOJTY4EHHOTO TIPU B3auMOACHCTBUHU pacTBOpoB Hoauna kanus Kl u autpara cepedpa AgNOs3, eciun
Honup Kanust B3ST B H30BITKE.

Aneopumm cocmasieHus cxemvl CMpOeHUs MUyenibl 2UOPO30Jisl.

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 SBJISIETCS HEpacTBOpUMOeE BerlecTBo — AgJ;

0) 3ammcaTh ypaBHEHHE TUCCOIMAIMY HOHHOTO CTa0MIIN3aTopa, TO €CTh PacTBOpA BEIECTBA,
B3SITOTO B U30BITKE:

Ko K +J

B) OMPENIEIUTh MOTCHIUATIONPEISISIIOIINE HOHBI U TPOTUBOUOHBI; HOHBI, 00pa30BaHHbBIE MPU
IMCCOIMAMM  MOHHOTO CTabWim3aTopa W HWMEIOIIHE CPOACTBO C TIOBEPXHOCTBIO sAapa —
TIOTeHIHaIONpeeNsomye HoHsl (J), a apyrue — npousononsl (K');

r) 3amucaTh aJCOPOIIMOHHBIM CJIOW, KOTOPBIM COCTOUT W3 «N» TMOTEHIHAIOMPEAEISIOMNX
1oHOB (N J*), IMEIOIIHNX CPOJCTBO C MOBEPXHOCTHIO Apa, (N-X) mpotuBonoHos ((N-X) K*);

) ONIPENENTUTh 3apsi/i YaCTHIIbI, KOTOPasi COCTOHUT M3 AIpa, MOTCHIINATIONPEIEIISIONNX HOHOB
U IPOTUBOMOHOB 110 (hopmyie:

n—(n-x) = x

e) sarucath 1udy3HBIH CIOH, COCTOAIIMI U3 «X» TTPOTHBOMOHOB (X K7).

Cxema cmpoenusi muyeivl 2u0po307s Uoouda cepeopa

AgNO; + KJ —{ Agl + KNO;

U30BITOK

{[MAgI] *nJ * (n—x) K'}P“*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
meau (Il), momydeHHOTO TIpU B3aMMOJICMCTBUHU PACTBOPOB reKcanmraHodeppaTa Kanus u cyiabdara
menu (1), ecnu rexcananodeppar Kanus 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 ¢ U3OBITKOM XJIOpUIa KAJIbLIHS.

Pewenue.

Murenna UMeeT CleIyronyo GopMyiy:

{m[AgC1]2nCl".(n-x)Ca?*}*xCa**

dopma mnpejacTaBieHHs pe3yabrara: odopMmieHHas paboTa C  BBINOJIHEHHBIMHU
WHIUBUAYAIbHBIMH 33JaHUSIMH 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 BBINOJNHATH PacueThl B IPaBUMETPHUUECKOM (BECOBOM) aHAU3eE,
HaXOJUTh MPAKTUYECKOE MPUMEHEHHUE IPaBUMETPHUECKUM METOJIaM aHalln3a.

Bbinosinus padory, Bel Oyaere:

ymembu:

— BBINOJIHATH PacueThl B IPaBUMETPHUUECKOM (BECOBOM) aHAJIH3E.

MarepuanbHoe oOecriedeHue:

Kpartkuii cnpaBounuk ¢uzuko-xumudeckux BeiauuwmH / Ilox pen. K. I1. Mumenko u A. A.
PaBpnens. — JI. : Xumus, 1974. — 200 c.

Ilepuonuueckas cucreMa xumudeckux 3neMeHToB /. 1. MeHneneesa,

3ananmue:

1. OmnpeneneHuie Macchl ¥ MPOLIEHTHOTO COAEPKAHUSI OIIPEEIISIEMOIO BEIIECTBA.
2. OmpezaeneHue Macchl ¥ MPOLIEHTHOTO COJEPKaHUS MPUMECEil B BEIIECTBE.
3. OmnpezneneHne Macchl U MPOIIEHTHOTO COJEPKAHUS BIIark B BEIIECTBE.

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI:

1 [ToBTOpPUTE CYIIHOCTH M OCHOBHBIE OIl€palli TPAaBUMETPHUUECKOT0 aHAJIN3A.

2 IlpoaHanu3upyHTe M OCMBICIUTE AJITOPUTMBI PELICHMS TUIOBBIX 3a/1ad Ha IMPOBEICHUU
pacyeToB B TPaBUMETPUUYECKOM aHAJIU3E.

3 BolnonHUTe MHIWBUIyalbHBIE 3a/IaHUSI B COOTBETCTBUU C BAPUAHTOM.

Xoa pa0doThI:

IIpumepul peuienuss munogvix 3a0au

PacueTsl B BECOBOM aHAJIN3€ BBITOJIHSIIOTCSA C TOYHOCTBIO, KOTOPAsl ONPEAEISIETCS] TOYHOCTBIO
B3BCILMBAHNS HA AHAIIUTUYECKUX BECAX.

Pacyer pe3ynbraroB Ui MEPBOrO M BTOPOrO BAPHUAHTOB BECOBOIO aHAIM3a CBOMUTCSA K
OIPEIEICHUIO, KaKyI0 JOJIF0 OT MAacCChl B35ITOM HABECKU COCTABIIIET Macca BBIIEIEHHON COCTaBHOU
4acTH.

3aoaua Ne 1.

s ompeneneHusi colep)KaHUs BIaru B3sTa HaBecka xjopuaa Hatpus 2,08 r. Ilocme
BBICYIIIMBAHUS JI0 MIOCTOSTHHOM Macchl mosrydeHo 1,99 r. Paccuunraiite coneprkanue Biara 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 XJIOpHUJa 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 nmpokanuBanus 10 noctositHHOM Macchl noiydeno 0,0103 r. PaccuuTaiite conep:kanue 3075l
X(%).

Aneopumm pewienus.

Paccuuraem comepskanue 30ibl 10 popmyne: X%som = 100% - My / my, roe my u m; — Macca
HaBECKM KAMEHHOTO YTJISI JI0 ¥ TI0CJI€ TPOKAIMBAHUS JI0 MOCTOSTHHOM Macchl, COOTBETCTBEHHO, T.

X%30m: = 100% - 0,0103 /0,9212 = 1,118%.

OtBeT: X%;50m = 1,118%.

Pacuer pe3ynbrara A1 TpETHETO BapHaHTa BECOBOTO aHAJIM3a COCTOUT U3 ABYX YacTeil:

a) CHayajga OIpPEIEIISIOT, CKOJIBKO I'PaMMOB ONPEICISEMOr0 KOMIIOHEHTA COJCPIKUTCS B
BecoBOH (hopme;

0) 3aTeM ONpPENEeNSIFOT, KAaKOH MPOIEHT COCTABIISIET KOMIIOHEHT OT MacChl B3SITOM HABECKHU.

3aoaua Ne 3. U3 naBecku 0,2017 r cruiaBa eje3a IMOCIE COOTBETCTBYIOLIUX OMEpaliudit
nosrydeHo 0,0871 r Fe;O3. Onpenenute, CKOJIBKO MPOIEHTOB KeJie3a COAEPKUTCS B CIUIABE.
Aneopumm peutenus.

1. B xozme aHaim3a CIJIaB PacTBOPSIIOT B KHUCJIOTE, 3aTe€M KaTHOHBI Fe** ocaxnaror
pacTBOpOM aMMHaka M TMOJNy4eHHbIH amopdubii ocanok Fe(OH)s; BwicymmBaooT 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.

o 111.7-0,0871,
111,7r (Fe) - '159,8 r (Fe,03); 1598
x 1 (Fe) — 0,0871 r (Fez03).
3. 3areM HaxOMM MPOLEHTHOE COJCPKAHHE XKeNe3a B CILIaBe:
111,7-0,0871

W%(Fe) = === "= .100% = 30,20%.
159,8-0,2017

Otset: W%(Fe) = 30,20%.

Ecnu 0603HaunTh: Maccy HaBecku — g (T); Maccy BecoBoil ¢popmbl — G (T); aHATUTHYECKUN
(baxTop nepecdera — F = Monp. coun./Maecosoii dopmsi; TO TOTYYIUM 0011YI0 GOPMYITy pacueTa B BECOBOM
aHaimsze:

W, (%)=F

onp. onp.leec.

G -100%.
9

(I)opMa npeacraBjdeHust 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 pacyeToB B KOJIMYECTBEHHOM aHaJM3e (BeCOBOM) aHAJIM3e

Leap padoThl: HAYYUTHCS BBINOIHITH PacueThl B IPaBUMETPHUYECKOM (BECOBOM) aHAJM3E,
HaXOJUTh MPAKTUYECKOE MPUMEHEHHUE IPaBUMETPHUECKUM METOJIaM aHalln3a.

Bbinosinus padory, Bel Oyaere:

ymembu:

— BBINOJIHSATH PacueThl B IPaBUMETPHUUECKOM (BECOBOM) aHAIU3E.

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 COJIEPKaHuUs ONPEAEIIAEMOro BEIeCTBa.
5. OmpezneneHue Macchl v MPOLIEHTHOTO COACPkKaHUS IPUMECEH B BEILIECTBE.
6. OmnpezneneHrne Macchl U MPOIIEHTHOTO COJEPKAHUS BIIark B BEIIECTBE.

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI:

1 [ToBTOpPUTE CYIIHOCTH M OCHOBHBIE OIl€palli TPAaBUMETPHUUECKOT0 aHAJIN3A.

2 IlpoaHanu3upyiTe U OCMBICIUTE AJTOPUTMBl PEIIECHHs THIOBBIX 3aJay Ha IMPOBEACHUU
pacyeToB B TPaBUMETPUUYECKOM aHAIHU3E.

3 BolnonHUTe MHIWBUIyalbHBIE 3a/IaHUSI B COOTBETCTBUU C BAPUAHTOM.

Xoa pa0doThI:

IIpumepul peuienuss munogvix 3a0au

PacueTsl B BECOBOM aHAJIN3€ BBITOIHSIIOTCSA C TOUHOCTBIO, KOTOPasi ONPEIEsAeTCs TOYHOCTHIO
B3BCILMBAHNS HA AHAIIUTUYECKUX BECAX.

Pacyer pe3ynbTaroB UId MEPBOrO M BTOPOrO BAPHUAHTOB BECOBOIO aHAIM3a CBOMUTCSA K
OIPEIEICHUIO, KaKyI0 JOJIF0 OT MAacCChl B35ITOM HABECKU COCTABIIIET Macca BBIIEIEHHON COCTaBHOU
4acTH.

3aoaua Ne 1.

s ompeneneHusi colep)KaHUs BIaru B3sTa HaBecka xjopuaa Hatpus 2,08 r. Ilocme
BBICYIIIMBAHUS JI0 MIOCTOSTHHOM Macchl mosrydeHo 1,99 r. Paccuunraiite coneprkanue Biara 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 nmpokanuBanus 10 noctosiHHOM Macchl noiydeno 0,0103 r. PaccuuTaiite conep:kanue 3076l
X(%).

Aneopumm pewienus.

Paccuuraem comepskanue 30ibl 10 popmyne: X%som = 100% - My / my, roe my u m; — Macca
HaBECKU KAMEHHOTO YIJISI 10 ¥ TIOCJIe TPOKAIMBAHUS JI0 IOCTOSTHHOM MacChl, COOTBETCTBEHHO, T.

X%30m: = 100% - 0,0103 /0,9212 = 1,118%.

OtBeT: X%;50m = 1,118%.

Pacuer pe3ynbrara A5 TpETHETO BapHaHTa BECOBOT'O aHAJIM3a COCTOUT U3 ABYX YacTeil:

a) CHayajga OIpPEIEIISIOT, CKOJIBKO I'PaMMOB ONPEICISEMOr0 KOMIIOHEHTA COJCPIKUTCS B
BecoBOH (hopme;

0) 3aTeM ONpPENENSIIOT, KAaKOH MPOIEHT COCTABISIET KOMIIOHEHT OT MacChl B3SITO HABECKHU.

3aoaua Ne 3. U3 naBecku 0,2017 r cruiaBa eie3a IMOCIE COOTBETCTBYIOLIMX OMEpalndit
nosrydeHo 0,0871 r Fe;O3. Onpenenute, CKOJIBKO MPOIEHTOB KeJie3a COAEPKUTCS B CIUIABE.
Aneopumm peuterusi.

4. B xone aHanmu3a CIUIAaB PacTBOPSIIOT B KHCIOTE, 3aT€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.

5. CnenoBarensHo, 1 Monb BecoBoii Gopmbl 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.

o 111.7-0,0871,
111,7r (Fe) - '159,8 r (Fe,03); 1598
x 1 (Fe) — 0,0871 r (Fez03).
6. 3areM HaXOIUM MPOLCHTHOE COACPIKAHUE JKelle3a B CILIABe:
111,7-0,0871

W%(Fe) = === "= .100% = 30,20%.
159,8-0,2017

Otset: W%(Fe) = 30,20%.

Ecnu 0603HaunTh: Maccy HaBecku — g (T); Maccy BecoBoil ¢popmbl — G (T); aHATUTHYECKUN
(baxTop nepecdera — F = Monp. coun./Maecosoii dopusi; TO TOTYIUM 0011YI0 GOPMYITy pacyeTa B BECOBOM
aHaimsze:

W, (%)=F

onp. onp.leec.

G -100%.
9

(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.

Tema 5.6. 'paBumMeTpuyecknii (BecoBoii) MeTO aHAJIN3a
IIpakTnyeckoe 3ansaTue Ne 23
BobinoJsiHeHHe pacyeToB B IPaBUMETPHYECKOM (BeCOBOM) aHAJIH3e

Leap padoThl: HAYYUTHCS BBINOIHATH PacueThl B MPaBUMETPHUYECKOM (BECOBOM) aHAJM3E,
HaXOJUTh MPAKTUYECKOE MPUMEHEHNE IPaBUMETPHUUECKUM METOJIaM aHalln3a.

Bbinosinus padory, Bel Oyaere:

ymemb:

— BBINOJIHATH PacueThl B TPaBUMETPHUECKOM (BECOBOM) aHAJM3E.

MarepuanbHoe oOecriedeHue:

Kpartkuii cnpaBounuk ¢uzuko-xumudeckux BeiauuwH / Ilox pex. K. I1. Mumenko u A. A.
PaBnens. — JI. : Xumus, 1974. — 200 c.

Ilepuonuueckas cucreMa xumudeckux sneMeHToB J[. 1. Menaeneesna,

3ananmue:

7. OmnpezneneHue Macchl U MPOLIEHTHOTO COAECPKAHUSI ONIPEIEIISIEMOrO BEIIECTBA.
8. OmpexneneHue Macchl U MPOLIEHTHOTO COACPKAHUS IPUMECEH B BEILIECTBE.
9. OmnpeneneHne Macchl U MPOIIEHTHOTO COJEPKAHUS BIIark B BEIIECTBE.

HOpﬂI{OK BbIIIOJTHCHU A paﬁon:

1 [ToBTOpPUTE CYIIHOCTH M OCHOBHBIE OIlE€palli IPAaBUMETPHUUECKOT0 aHAJIN3A.

2 IlpoaHanu3upyHTe M OCMBICIUTE AJITOPUTMBI PELICHHS TUIOBBIX 3a/1ad Ha IMPOBEICHUU
pacyeToB B TPaBUMETPUUYECKOM aHAIHU3E.

3 BolnonHUTe MHIWBUIyalbHBIE 3a/1aHUSI B COOTBETCTBUU C BAPUAHTOM.

Xox padoThI:

IIpumepul peuienuss munogvix 3a0au

PacueTsl B BECOBOM aHAJIN3€ BBITOJIHSIOTCSA C TOYHOCTBIO, KOTOPAsl ONPEAEISIETCS] TOYHOCTBIO
B3BCILMBAHNS HA AHAIIUTUYECKUX BECAX.

Pacyer pe3ynbraroB Ui MEPBOrO M BTOPOTO BAPHUAHTOB BECOBOTIO aHAIM3a CBONUTCSA K
OINPEIETICHUIO, KaKyI0 JOJIF0 OT MAacChl B35ITOM HaBECKU COCTABIIIET MAcCa BBIICICHHON COCTaBHOU
4acTH.

3aoaua Ne 1.

s ompeneneHust coiep)KaHUs BIaru B3sTa HaBecka xjopuaa Hatpus 2,08 r. Ilocne
BBICYIIIMBAHUS JI0 MOCTOSTHHOM Macchl mosrydeHo 1,99 r. Paccuunraiite copeprkanue Biara 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 XJopuaa HaTtpusd 40 U IOCJIC BRICYIIHBAHUSA, COOTBETCTBCHHO,

W%; 0 = 100% - (2,08 — 1,99)/2,08 = 4,33%.
OtBer: W% 0r = 4,33%.

3adaua Ne 2. ]nst onpeneneHust COACp aHMs 30716l B3sTa HaBecka kKameHHOro yris 0,9214 r.
[Tocne mpokanuBanus 10 nocTositHHON Macchl nosrydeHo 0,0103 r. Paccuuraiite coniepanue 30J1bl
X(%).

Aneopumm pewienus.

Paccuuraem coxpepskanue 30ibl 10 popmye: X%som; = 100% - My / my, rae my u mp; — Macca
HABECKHM KAMEHHOT'O YIJIS JI0 U MOCIIe MPOKaIUBaHU 10 IIOCTOSIHHON MaccChl, 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 OIPENENSAIOT, CKOJBKO TPaMMOB OIPEIENIEMOr0 KOMIOHEHTAa COACPIKHUTCS B
BecoBol (hopme;

0) 3aTeM ONpENEeNSIOT, KaKOi MPOIEHT COCTABISIET KOMIIOHEHT OT MACChI B3SITOM HAaBECKHU.

3aoaua Ne 3. U3 nHaBecku 0,2017 r cruiaBa »eje3a IOCJI€ COOTBETCTBYIOLIUX ONEpaluil
nonydyeHo 0,0871 r Fe;O3z. Onpenenure, CKOJIBKO MPOLEHTOB KeJie3a COAEPKUTCS B CILIABE.
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 1 B3BEMIMBAIOT 10 MMOCTOSTHHOM MacCHI.

Fe** + 30H — Fe(OH)3;
2Fe(OH); — Fey03 + 3H20.

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); 1598

x T (Fe) — 0,0871 r (Fe;03).

9. 3arem Hax0JUM MPOIEHTHOE COJIEPKaHUE JKeJle3a B CIUIaBe:

1117.0,0871
159,8-0,2017

Oteet: W%(Fe) = 30,20%.

W9%(Fe) = -100% = 30,20%.

Ecnu 0603HaunTh: Maccy HaBecku — g (T); Maccy BecoBoil popmbl — G (T); aHATUTUYECKUN
¢axrop nepecyera — F = Mopp. comn/Maecosoit popwss TO TOTYUHM 001IYIO (HOPMYITy pacyeTa B BECOBOM
aHajuse:

Wonp, (%) =F

onp.leec.

.S 100%.
g

dopma npeacTaBJICHUS Ppe3yabTaTa: BbIIOJIHEHUE WHAVUBUAYAIBHBIX 33JaHUM 11O
BAPUAHTAM.

Kpurtepun onenkmn:
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3a Kax[blid TPaBUWIIBHBIN OTBET — 1 Ga.
3a HenpaBWIBHBIN O0TBET — () OaIITOB.
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Tema 5.9. Turpumerpudeckuii (00beMHBINH) METOI AHATU3A
IMpakTnyeckoe 3ansiTue Ne 24

BrinoJiHeHHe pacyeToB B THUTPUMETPHYECKOM (00beMHOM) aHAJIN3e HA IpUMepe 00beMa
pacTBOpa, HA KOJIUYECTBO NMpUMeceii

®opMupyemMble KOMIIETCHIIUM:

Ienp padorbl: HAayuyuThCS IPOBOAUTH BBIUMCIECHHUS B TUTPUMETPUUECKOM (0OBEMHOM)
aHaJIN3€, HaXOAUTh IPAKTUYECKOE NPUMEHEHNE TUTPUMETPUUECKUM METOaM aHAJIN3a.

Beinosinus patdory, Bel Oyaere:

ymemsw:
— IIPOBOAUTH PACUEThI JJIsl IPUTOTOBJIEHUS PA0OYMX PACTBOPOB;
— IPOBOJIUTH BBIUMCIIEHUS B TUTPUMETPUUECKOM (0OBEMHOM) aHATIU3E.

MaTepnaﬂbnoe odecmeyeHue:

Kpartkuii cnpaBounuk ¢uzuko-xumudeckux BeiauuwnH / Ilox pex. K. I1. Mumenko u A. A.
PaBnens. — JI.: Xumus, 1974. — 200 c.

[lepuognueckass  cucremMa  xumuueckux  anemeHtoB  J[. M. MenneneeBa, Tabnuia
PacTBOPUMOCTH.

3aganue:

1 OmnpeneneHue MPOICHTHOTO COJIEPKAaHUSI KHCIIOTHI B 00pa3Iie UCCIeIyeMOro pacTBopa.
2 OmpeneneHre MPOIEHTHOTO COJIEPyKaHUSI IIETIOYH B 00pasIie UCCIIEAYEMOT0 PacTBOpa.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1 TToBTOpPUTE CYIIHOCTH M OCHOBHBIE OIIEpALIMM TUTPUMETPUUYECKOTO aHAIHU3A.

2 Ilpoananu3upyiiTe U OCMBICIUTE AITOPUTMBI PELICHHUS TUIOBBIX 3a/lad Ha IPOBEIECHUU
pacyeToB B IPaBUMETPUYECKOM aHAIU3E.

3 BolnosHUTE MHAMBUIyaJIbHBIE 3a/1aHUSI B COOTBETCTBUU C BAPUAHTOM.

Xoa pa0doThI:

3aoaua Ne 1.

Bommonnute pacuersl, HeoOxonumele npu mnpurotosineHun 500 mn: 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 PaccuuTtaem SKBUBAJICHTHYIO MacCy BEIIECTBa:

OMm(H2C204-H20) = M(H2C204 Hy0)fos(H2C204-Ho0) = 126-1/2 = 63 1/™Mo011B.
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3 PaccuuTaem maccy BemiectBa, HeoOxoaumyto it mpurorosieHus 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 () = M/M-Vppa ()

M(H2C204-H20) = CpviM-Vpa () = 0,2:126:0,5 = 12,60 1.

5 Paccunraem Maccy BemiecTBa, HeoOXoaumyro s mpurortoBieHus 500 Mi 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
r.

3aoaua Ne 2.

Omnpenenure npoueHTHoe cozepxanue meiaoun NaOH B pacTBope, eciiv Il TUTPOBAHUS
B3siTa anukBoTa 10 MJI, HA TUTPOBAHUE KOTOPOM u3pacxoaoBano V1=8,5 mi, Vo=8,3 mi, V3=8,5 min
pabouero pacrBopa HCI ¢ Tyc=0,0121 r/mi.

Aneopumm pewenus.

1. CocTaBUM ypaBHECHHUE MPOTEKAIOMICH MTPH TUTPOBAHUU PEAKIIHH:
HCI + NaOH — H,0 + NaCl
2. Ywucno sxsuBaiienroB HCI, nomeinee Ha TATPOBAHKUE PACCUYMTHIBACTCS TaK:

Omcty = M(HCI)-f,,(HCI) = (1+35,5)-1 = 36,5 r/M0onb-3KB.

naKB(HCD = (THCI : ch (HCI))/ 9M(HCI) = (0,0121'8,43)/36,5 = 0,0028 MOJIb'3KB.

3. Ilo 3akoHY 3KBHUBaJICHTOB YHWCJIO MOJICH KBHUBAJICHTOB IIEIOYM PABHO YUCITY MOJICH
SKBHUBAJICHTOB KHCJIOTHI, T.€.:

Nsxs(NaOH) = 0,0028 Mo11b-3KB.

Om(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

%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)KAaHUE »Keyne3a B pynae, ecau Hasecka pyasl 0,1658 1
pacTBOpeHa W TepeBelieHa B MepHyro kos0y Ha 200 mi, B3sita anmukBoTa 10 MJ M OTTUTpOBaHa
pabounm pactBopoM KMnO, ¢ konnenTpanueit N=0,0108 mons-3xB/1. Ha TutpoBanue nmouuio 8,6
M, 8,4 mut 1 8,7 MJT 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,, = 561 = 56 r/MONBIKB;
3. Paccuurtaem nporeHTHOe coJepKaHue Kere3a B pyae:
Vp(KMNOy) + (8,6 + 8,4 + 8,7)/3 = 8,57 mu;
Niwna Viina “Iuyirerey Vi 410 0.0108-857-56-200 1 00 e g

%Fe =
a-m,... 1000 10-0,1258-1000 Otset: % Fe = 62,5%.
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dopma mpeacTaBieHHs pe3yJbTaTa:
BapHaHTaM.

Kpurepun onenkmn:

3a Kax/Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBIN O0TBET — 0 OaITOB.

BBITIOJTHEHHUEC
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1.1 OcHOBHBIE MOHATHSA M 3aKOHBI XUMHH
JlabGoparopHas padora Nel

«PeaKkmu HOHHOI'0 0OMEHA»
Heab padoThl: HAYYUTHCS MPOBOJIUTEH PEAKIIMH HOHHOTO 0OMeHa. COCTaBIIATh ypaBHEHUS PEAKIIHIA
B MOJICKYJSIPHOW MOHHOM M KPaTKOW HOHHOM (hopme.

Boinosinus 3ty padory, Bbl Oynere:
yMeThb:

—OIpeAeNsATh CPey PACTBOPOB BEILIECTB;

—COCTAaBJISITh YPABHEHUS PEAKIIUN B MOJICKYJIIPHOM U HOHHOM BU/IE;

—IPOBOAUTH PEAKIIUHN B3aUMOICHCTBUS COJIEH C KUCIOTaMH, IIeI0YaMu U MKy COOO0M.

OO6opynoBaHKe U PeaKTUBBI: PEAKTUBHBIN IITATUB C HAOOPOM PEAKTUBOB (ILIEJI0YHU, KUCIOTHI,
COJIN ), UHIUKATOPBL, TPOOUPKH, MUTIETKHU, IPOMBIBAJIKA C TUCTUILTUPOBAHHOMN BOJIOM.

MaTepnaﬂbnoe odecmeyeHue:

[lepuonuueckass cucrema  xumuueckux  dnemeHtoB [ V1. MenneneeBa,  Tabiuia
PacTBOPUMOCTH.

O6opynoBaHNe U pPEeaKTUBBI. MEPHBIE KOJIObI, BOPOHKH, OOMKH, (PUKCAHAT CEPHON KHCIOTHI
H,SO,4, muctumnmupoBannas Bona (n. H,O), mpombiBanka, KapaHfall IO CTEKITy, KOHHYECKHE
KOJIOBI, MEpHBIC IHIICTKH TPaJAyHPOBAHHBIC W HETPaIyHpPOBAaHHBIC, KaIleJIbHUIIA, CIIUPTOBOMN
pactBop deHondTanenHa, OrOpPeTKa, TEXHOXUMHUYECKHUE BECHI C Pa3HOBECKAMH, CTAKaH XUMHUYECKHM
crexsiHHBIN, cyxoit KOH (enkoe kanm), cTekIssHHAs MajloyKa.

3aganue:

1 Onpenenenrie MPOIEHTHOTO COJIEPKAHUS KHCIIOTHI B 00pa3Iie UCCIeNyeEMOTO PacTBOpa.

2 OmpepneneHue MPOIEHTHOTO COEpKaHUS IIEJI0YH B 00pa3ile CCIelyeMOro pacTBopa.

ITopsinok BbINOJHEHHS PadOTHI:

1 Cucrematuzupyiite 1 0000IIMTEe 3HAHUS TIO TeMe, TOBTOPUB M3YYCHHBIN Ha JIEKIIMOHHOM
3aHATUU MaTepuall.

2 BoInonHUTE MPaKTUYECKYIO YacTh paOOTHI.

3 IlpoBeauTe pacuer.

4 ChopmynupyiTe oOIIHe BEIBOJIBI O IPOAETIaHHOM padoTe.

OmnpiT Ne 1. BzaumogeiicTBue KUCIOT M OCHOBAaHUH (peakiusi HeUTpaau3aiun).

[Topsanox BeIMONIHEHUS PaOOTHI:

1. Hanelite B mnpobupky 5-10 kamenb pacTBopa Imenoun u 1-2 Kamiam pacTBopa
dbenondranenna. Habmronalite n3MeHeHHE 1[BETA.

2. 3arem poGammsaiite mo 1 kamue pactBopa kucinotel (HClI mmm H,SO.), BerpsxuBas
npobupky. OTMeTbTe H3MEHEHHE IBeTa C MaJMHOBOIO J0 OECIBETHOro Mocjie MpuOaBiIeHUs
HEKOTOPOTr0 KOJNYECTBA KHCIIOTHI.

3. [Touemy pacTBOp oOecBETHIICS HE Cpa3y?
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4. Hanmumure ypaBHEHUE pEaKIIMM B MOJIEKYJISIPHOM M HOHHOM BHJIE.
5. CnenaiiTe BBIBOJI O TOM, YTO 00pa3yeTcsl B pe3yJbTaTe Peakllui HEUTpaTn3alii.

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
comu meau (11)-(CuSQy).

2. B 06e npobupku mo karisim npuiuBaiite pactBop menoun (KOH win NaOH).

3. Habmromalite oOpa3oBaHue 0caakoB Oyporo u roxyooro sera.

4. Hanuimure ypaBHEHUS peakuil B MOJIEKYJISPHOM U MOHHOM BUJIE.

5. Cnenaiite BbIBOJI O B3aUMOJICHCTBUU COJIEH CO IIET0YaMH.

OmbiT Ne 3. JlelficTBHE Ha pacTBOPHI COJIEH PACTBOPAMH KUCIIOT.

[Tops10K BBIMOJHEHUS OTIBITA:

1. B npobupky Haneiire 10 xanens pactBopa coasl — kapooHara Hatpusi NaCOs.

2. JTo6aBbTe o KarmisaM pactBopa kucaotsl (HCI wiu H,SO,).

3. HaGnronaiiTe BbIICTICHUE Ta3a.

4. HamucaB ypaBHEHUE PEaKIIMH B MOJICKYJIIPHOM M UOHHOM BHUJE, OOBSCHUTE, ITy3bIPbKU
KaKOro ra3a BBIJICISIOTCS.

5. Cnenaiite BBIBOJ O B3aMMOJICHCTBHH COJICH C KUCIIOTAMHU.

Omnbit Ne 4. BzaumoselictBue coseil Mexxay co0oil.

[TopsiA0K BBIMOTHEHHUS ONBITA:

1. Haneiite B mpobupky 2-3 karutu pactBopa conu Pb(NO3z), (Pb(CH3COO),) u npuneiite 1-2
Karui pactBopa noauaa kaiaust Kl. HaGmomaiite oOpa3oBanue sxenroro ocaaka noaunaa csunna (1)
Pbl,.

2. Hamummre ypaBHEHHE pEakiMy B MOJIEKYJSIPHOW M HOHHOH (hopMax, OTMEThTE IIBETa
00pa30BaBIIMXCS OCATKOB U UCXOJHBIX PACTBOPOB U HA3BAHUS BEIECTB.

3. Cnemaiite BBIBOJ O B3aUMOJEHCTBHUU COJIEH.

Omprr Ne 5. JlelicTBUE pacTBOPOB COJIEH, KUCIOT U IENIOYed Ha MHIUKATOPHL. [mapomnm3
coJier

[Topsox BeINONIHEHUS PaOOTHI:

1. Ha nonocky yHuBepCcanbHON MHIMKAaTOPHOM OyMa)KKi HaHecuTe Mo 1 Karuie pacTBOpa COJISIHOM
wm cepHoit kuciotel (HCI, HaSOy), pacteopa mienoun (KOH mm NaOH) u TiCTHIUTHPOBAHHOM BOJIBL.
OtmeTbTe LBET, 3anuiumTe B Tabiuity. [1o mkane yHHUBepcalbHOW HHAMKATOPHOW Oymaru onpenenure
3HaueHue PH pacTBOpOB, 3alULINTE B TAOJIUILLY.

2. B oxHy npoOupky HaneiiTe 5 kamnenb KUCIOTHI (J11000H), BO BTOPYIO MPOOUPKY S5 Kamenb
pacTBopa IIENOUH, B TPEThIO JTUCTHIIIMPOBAaHHBIA BOJbl. /lo0aBbTE BO BCe MPOOHMPKU HEMHOTO .
H>0 u no 1-2 kanm pactBopa genon-¢pranenHa. OTMeTbTe LIBET pacTBOPA. 3alUIINTE B TAOIUILY.

3. Ha monocky yHHBEpCaTbHON HHIUKATOpHOM Oymaxku HaHecute 1o 1 karute pactBopa Ala(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 TAOIHILY.

4. Cpenaiite BBIBOJ O JEHCTBHM PACTBOPOB BEIECTB HA MHJWKATOPHI, ONIPENEIUTE PEAKIIUIO
Cpeabl pacTBOPOB, YUMUTHIBast, 4To npu PH = 7 — cpena HelTpansHas, npu pH> 7 — cpena menoynas,
anipu pH < 7 — cpena kucnas. 3anoqHUTE MOCAEAHUN CTOIOET] TaOIUITHI.

5. Ilo 3Ha4YeHuI0 Cpebl PACTBOPOB 3aMIOJIHUTE B TAOJIHUIIE CTPOKHU CTOJIONA, YKAa3bIBAIOIIETO HA
1BeT MHAUKaTtopa (eHondranenHa B pactBopax cojeil. [loaTBepauTe CBOM BBIBOABI OMBITHBIM
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nyreM. B Tpu mnpoOupku HaledTe MmO S5 Kamelnb pPacTBOPOB COOTBETCTBYIOIIUX —COJICH,
ucronb3yemMbix B 1. 3. Jlo6aBpTe BO Bce mpoOupku HemHoro 1. HoO m mo 1-2 kamimm pactBopa
¢denondranenna. OTMETHTE IIBET PacTBOPA.

Tabuiia HaOIFOIEHUHA:

L{BeT nHAMKaTOpa pH pactBopa 6. S PR T—
(mo mxkane | Cpena
PactBop @Oenongran | YHHBepcan YHHUBED. pactB YPaBHeHus
BEIIECTBA 8 ANEKTPOITUTUICCKOM
eHH BHBIN WH/IMKAT. OPa | L ccomMamMM  KaKIOTO W3
6yM') BEIICCTB.
HCI 7. OOBbsicHUTE,
(H2504) MPUCYTCTBUEM KaKUX HOHOB
KOH OOyCIIOBJIGHBI KHUCas cpeaa
(NaOH) " IIeIOYHAs cpena
H,0 pacTBOpOB.
Al3(SO4)s 8. Hanumure ypaBHeHUs
(FeCls) peaKIuii THAPOJIN3a COeH B
Na,COs MOJIEKYJIAPHON U MOHHOM
NaCl Q)OpMax
(NazSO4)
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Tema 1.1 OcHOBHEBIE NOHATHSA U 32AKOHBI XUMHH
JlaGoparopHasi padora Ne 2
Peakuuu HellTpasm3zanumu

Lenb padoThl: HAYYUTHCSE PadOTATh ¢ MEPHOIl MOCY/A0i, TOTOBUTH padoune pacTBOpbI,
THTPOBATh, IPOBOJAUTH ONpee/ieHIs] MeTOA0M HelTpaau3anuu.

Beinosinus padory, Bel Oyaere:

ymemy:
— paboTaTh C MEPHOU MTOCY/IOM;
— FOTOBHUTH paboUYne pacTBOPHI;
— TUTPOBATh, IPOBOAUTH OMPEEIICHUs METOJOM HEUTpau3alluu.

MaTtepuajbHoe o0ecneyeHue:

[lepuoguueckass  cucremMa  xumuueckux  anemeHtoB  JI. M. MenneneeBa, Ttabiuua

PaCTBOPUMOCTH.

O6opynoBaHHe M PEaKTHBBI: MEPHbIE KOJIObI, BOPOHKH, OOWKH, (PUKCAHAT CEPHON KHUCIOTHI
H,SO4, muctmmmpoBannas Boxa (n. HpO), mpombiBanka, KapaHaamn IO CTEKIy, KOHHYECKHE
KOJObI, MepHbIE MWIETKH TPaJyHpOBAaHHBIE M HETPaayHpOBaHHbIC, KalleJIbHUIIA, CIUPTOBOMN
pactBop (heHondTanenna, Or0peTKa, TEXHOXUMHYECKHE BECHI C PAa3HOBECKAMH, CTAKaH XUMHUYECKHIA
cTexiisiHHbIN, cyxoil KOH (eakoe kanu), cTekisiHHAs ajdoykKa.

3aganue:

1 Onpenenenne NpoLIEHTHOTO COAEP KaHUS KUCIIOTHI B 00paslie NCCIIeAyeMOro pacTBopa.

2 OnpeneneHre MPOLIEHTHOTO COEP>KaHUsI 1IEJI0UM B 00pa3Ile UCCIEeyeEMOTO PacTBOpa.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1 Cucrematusupyiite 1 0000LIIUTE 3HAHUS IO TEME, TIOBTOPUB M3YYEHHBIH Ha JIEKIIMOHHOM
3aHATHN MaTepUal.

2 BpInosHUTE IPAKTUYECKYIO YacTh pabOTHI.

3 IIpoBenute pacyer.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOM padoTe.

Xox pa0doThI:

na evinonnenus onvbimos:
1. [TonyuuTte 3agaHue y mpernoaBaTes.
2. IlpuroToBbTE CTAaHIAPTHHIN (YCTaHOBOYHBIN) PAacTBOpP CEpHOW KHCIOTHI W3 (pukcanama. J{is
3TOrO B NPEABAPUTENHHO TIIATENBFHO BBIMBITYIO MepHyIo KonOy (200 mmum 250 mur) mepeHecure
KOJJMYECTBEHHO C MOMOIIBI0 BOPOHKH W OOKKa cojepxuMoe amiryinbl ¢pukcanana HpSO,, noneiite
1. HoO no metku, nepemernaiite. [lognummuTe Ha koia0e GopMyiTy U KOHIIEHTPALIUIO PacTBOpa.
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Onwvim Ne 1. Onpedenernue cooepiicanusi KUCIOMbL U Wel04U MemoooM HeUmpaiu3ayuu

[Tops oK BBIMOTHEHUS OMBITA!
3. lns ompexneneHus coAepKaHWE KHUCIOTHI B HCCIEAYEMOM pacTBOpe HYXHO TPUTOTOBUTH
pabounii TUTPOBAHHBIM pacTBOp Ieaouyu. i 3TOro B MiIacTMAcCOBOM MOCYJE TOTOBAT PacTBOP
KOH npumepHoii koHueHtpauuu. Ha TexHnuyeckux Becax orsemmBaioT 0,56 r cyxoro KOH u
pactBopsitoT B crakane B 100 mu a. HoO npu nepemenimBanuu CTEKJISIHHON mayioukoil. ClUBaroT
pacTBOp B MOJUATUIICHOBYIO OaHKY, OJIMCHIBAIOT. 3aIONHAIOT OIOPETKY 3TUM PAaCTBOPOM ILEIO0UH
U OTTUTPOBBIBAIOT UM 1O PeHoN(pTaenHy 2 aauKBOTHI 10 10 MJI cTaHAAPTHOTO PacTBOpPa KUCIOTHI
H2SO..
4. PaccunThIBalOT HOPMAJIbHOCTH PA0OUEro pacTBOpa LIEIOUH MO PopMyIIe:

N = N, Vi

wy V
b nimn

TKOH _ Nk 'Vk ’3M(K0H) _ Nk 'Vk -56 .
Vo, 1000 Vg, -1000

5. Kornma pabouuii pacTBOp IIEIOYH MPUTOTOBIICH, U KOHIICHTPAIUS €r0 YCTAHOBJICHA, BO3BMHUTE
TpH aIUKBOTHI 0 10 MIT UcceTyeMoro pacTBopa B KOHUYeckue Kouoswl, pazbasste A. H,O 1o ~100
MJI, A00aBbTe 2-3 Kamm pactBopa (eHondrarenHa W OTTUTPYHTE PacTBOPOM IIEIOYH JIO
MOSIBJICHUS YCTOMYMBOW MAIMHOBOM OKpacku. OTMEThTe MOMIEAIINEe HA THTPOBAHUE OOBEMBI.
6. [IporienTHOE ConMepkaHre KOMIIOHEHTA pacCUUTalTe 110 hopmyie:
o Np .V;ﬁ .3M(K_mm) 100%:
e 1000-10
7. PaccuuraiiTe NpOLEHT OTHOCUTEIBHON OLIMOKHU:

np __ yrmeop
% XX 00%.

OmH.OWUOKU Xmeop

X (%)

Onvim Ne 1. Onpedenenue cooepiicanusi KUCIOMbL U Wel04U MemoooM HeUmpanu3ayuu

HOpﬂIlOK BbIIIOJTHCHHUA OIIBITA:

8. B kaxmyro M3 Tpex YHCTHIX KOHHYECKHX KOO ordepure anmukBoTy (10 wmm 15 wmm)
MEpHOM NHUMETKON HCCleAyeMOro pacTBopa, JJ00aBbTE TUCTUIUIMPOBAHHON BOBI
npuMepHo a0 oobema 100 My, mpuseiiTe Mo HECKOIbKO Kallelb CHUPTOBOIO pacTBOpa
MHAMKaTopa GeHosdranenHa.

9. lns ompeneneHusl COIEpKaHHWE MIETOYH B MCCIEIYEMOM pPacTBOPE YHCTYIO OIOPETKY
3aIl0JIHUTE MPUTOTOBJIEHHBIM CTaHAAPTHBIM pacTBopoM HpSO, 110 HyneBoil oTMETKH U
OTTUTPYWUTE BCE AIMKBOTHI HMCCIEIYEeMOTO pPAacTBOpa IO HCYEC3HOBEHHIO MAaIMHOBOM
OKpAacKH, OTMETbTE 00bEMBI KUCIIOTHI, MOLIEAIIeH Ha TUTPOBAHHE.

10. TIporeHTHOE COMIepKaHNEe KOMIIOHEHTA pacCUUTalTe 0 (hopMyIie:

N, V® 30
X () g = — L), 100%;
1000-10
11. PaccuuraiiTe MpOIEHT OTHOCUTEIBHOM OIHOKH:
np __ meop
%omﬁ oumbru i 100%
i Xmeop

12. CdopmynupyiiTe BBIBOJ IO TabOpaTopHOii padore.

®opma npeacTaBiaeHus pe3yJbTaTa: OTUET O MPOJEIaHHON paboTe, BEIBOIBI.

Kpurepum ouenku:
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3a KaxK[Iblid TPaBUWIBHBIN OTBET — 1 Ga.
3a HenpaBWIBHBIN O0TBET — () OaIITOB.

1.2 PactBopbl. Cioco0bl BbIpaKeHHsI KOHIEHTPAIHil pACTBOPOB

JlabopaTopnasi paGora Ne3
Omnpenenenne NJIOTHOCTH PACTBOPOB Pa3IMYHON KOHLIEHTPALMHU

Leab padoThl: HAYYUTHCS ONPeAeATh IVIOTHOCTH PACTBOPOB
BbinosinuB padory, Bol Oyaere

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 OTHOCHUTCIIbHBIC INIOTHOCTH paCTBOPA, IOJIYYCHHBIC Pa3HbIMU MCTOJaMHU U
CpPaBHHUTL CO CIIPABOYHBIMU TAHHBIMU.

MaTepnaﬂbnoe odecmeyeHue:

[lepuonnueckass  cucremMa  XuMHUeckux  anmemeHtoB [l V1. MenneneeBa,  Tabmuma
pacTBOPUMOCTH.

O6opynoBaHMe M pEaKkTHBBI:  HAOOp  apeoMeTpoB,  MUKHOMETPBL,  LMIUHAPLI  JJIs

OTpe/Ie/IEHUsT TUIOTHOCTH C IOMOIINBIO apeoMeTpa, XHM. BOPOHKH, PaCcTBOPHI HEKOTOPBIX
BeniectB (CuSOy, KyCrO7, NaSOy)

3aganue:

1 OmnpeneneHue MPOICHTHOTO COJIEPKAaHUSI KUCIIOTHI B 00pa3Iie UCCIeIyeMOro pacTBopa.
2 OmnpeneneHue MPOIEHTHOTO COJIEPyKaHUSI IIETIOYH B 00pasIie UCCIIEAYEMOT0 PacTBOpa.

ITopsinok BbINOJHEHHS PadOTHI:

1 Cucremaruzupyiite u 0000IINTEe 3HAHUS TIO TeMe, TOBTOPUB M3YYCHHBIN Ha JEKIIMOHHOM
3aHATHH MaTepual.

2 BpInonHUTE IPAKTHYECKYIO YaCTh paOOTHI.
3 IIpoBeauTe pacyer.

4 Chopmynupyiite oO1me BEIBOABI O MPOJIEIaHHON paboTe.

Xox padoTsi:
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XKuakoctb, TUIOTHOCTh KOTOPOM HAAO ONPEACINTh, HAJTUBAIOT B LUIMHAP. ApeoMerp
HOTPY’XaTh B XKHUJAKOCTb CIEAYET OCTOPOXKHO, HE BBIIIyCKasi €ro U3 PyK J10 T€X MOp, MOKa HE CTaHET
OYEBHJIHBIM, YTO OH IUIaBaeT. Torma apeoMerp OCTOPOXKHO OTIIYCKAIOT, U apeoMeTp NMPUHHMAET
HY)KHOE I0JIO’KEHHE. APeoMeTp JOKEH HaXOAUThCS B LIEHTPE LWIMHAPA, HU B KOEM Cllyyae He
KacaTbCsl CTCHOK LMJIMHIpAa WIM ObITh K HUM OYEHb OJM3KO, T.K. IMOJOXXEHHE apeoMeTpa B
LWINHAPE OTPaXKaeTcsi Ha TOYHOCTHU NoKa3aHUU. TOUHO Tak e COBEpLIEHHO HE JOMyCTUMO, YTOOBI
apeoMeTp KacaJics JHa LUINHApPA.

OTuer NpUBOJAT IO JIEJNEHUSAM IIKalbl apeomeTpa. JleneHue, NpoTUB KOTOPOrO yCTaHABIUBAETCA
BEPXHUH MEHHCK (B ClIy4ae OKpAIICHHBIX PAaCTBOPOB) WJIM HUKHUN MEHHUCK JKUIKOCTU (B Cllyyae
HEOKpAIllEHHBIX PacTBOPOB) XapaKTepU3yeT BEIMUMHY IUIOTHOCTH. Ilocne onpenenenus apeomerp
OOMBIBAIOT BOJOU, BBITUPAIOT M YOUPAIOT CIIEUUANBHBIA QYT WIN B SIIUK.

Ecnu onpenesnstoT OTHOCUTENIBHYIO IUIOTHOCTD JKUAKOCTH HE PACTBOPUMOM B BOJE, TO apeoOMETp
OOMBIBAIOT KaKMM-HUOYIb pacTBOpuTesieM. ApeoMeTp TpeOyeT OCTPONKHOIrO OOpaleHus, TaKk Kak
€ro JIETKO pa30OuTh.

®opma npeacTaBjeHUs pe3yJbTaTa: OTYET O IPOJACIaHHON PaboTe, BHIBOIBI.
Kpurtepun onenkn:

3a KaXK[blid MPaBUIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBIHA 0TBET — () GayIoB.
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Tema 2.3. Turpumerpudeckuii (00beMHBIN) MeTO/I AHATU3A
JlaGoparopHasi padora Ne 4
KauecTBeHHasi peakuusi Ha CIIUPTHI
Hean padoThbl: HAYYUTHCA OOHAPYKMBATH CIMPTHI KAK OPraHNYeCKUe BellecTBa
Boinosinus padorty, Bel Oynere:

— TPOBOJUTH HECIIOKHBIE PEaKIMU MO0 OOHAPYKEHUIO TIOKO3bI (abICTHUIOB), Kpaxmaia
00BEKTaX;
— COCTaBJISITh CXEMBI IIPEBPAIICHHI BEIIECTB Pa3IMIHBIX KJIACCOB.

MaTepnaﬂbnoe odecmeyeHue:

PeakTuBHBIN MITaTUB, NPOOUPKH, MUIETKH, HATPEBATEIbHBIA JIEMEHT, PACTBOPHI ITIHOKO3BI,
caxapo3bl, Kpaxmaja, pacTBOpbI THAPOKCHIA HATpusi win Kanusi, cynbdara meau (ll), Hutpara
cepebpa, aMMHaKa, HoJa, JUCTUNIMPOBaHHAs BOJIA.

3ananmue:

OO6Hapy»KeHue TII0K03bl, caxapo3bl, Kpaxmaia

Ilopsinok BbINOJIHEHHS PadOTHI:

1 Cucremarusupyiite 1 06001IIMTEe 3HAHUS TIO TEME, MOBTOPHUB M3YYCHHBIH Ha JIEKIIMOHHOM
3aHATHN MaTepUal.

2 BhInosHUTE IPAKTUYECKYIO YacTh pabOTHI.

3 IIpoBenute pacyer.

4 ChopmynupyiiTe o01IME BHIBOIBI O IPOAETIaHHON padoTe.

Xoa pa0doThI:

Onwvim Ne 1. ObHnapyoicenue enoKo3vl
748
(anvoecuonoii epynner —C > H
IMopsinok BHINOJIHEHNSI ONBITA
1. B TmarensHO BBIMBITYIO PpOOHPKY HaseiTe 0,5 Mt pacTBOpa HUTpaTa cepedpa.
2. JloGaBpTe B Hee pa30aBleHHBIH PAacTBOp aMMHaKa JI0 PAacCTBOPEHHUs 0Opa3yroLIerocst ocajka
AgzO
3. 3arem no0aBbTe B MPOOUPKY pacTBopa GopManbIeruaa, areTanblerua HIW TIIOKO3bl U
OCTOPOYKHO Harpemre.
4. HaGmronaiite oOpa3zoBaHue «CepeOpsSHOTO 3epKajia» Ha CTEHKaX MPOOHPKU.
5. CocraBbTe CXEMY IIPEBPALLICHHUS.
6. Bo Bropyto npooupky Hanelite 0,5 mit cynbdara meau (11) — CuSO,.
7. Nob6aewTe pactBopa menoun KOH i NaOH o o6pazoBanust romydoro ocaska.
8. 3arem HauneliTe pacTBOp (hopManmbAeTHIA, alleTAIbIETH A WIIN TIIFOKO3bI, HArpeuTe.
9. Habmronaiite obpaszoBanue kpacHoro ocanka okcuaa meau (1) Cu,O.
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10. CoctaBbTe cXxeMyY IPEBPALLICHUMN.

Onvim Ne2. Ceoiicmea caxapo3vl
IMopsi10K BBINOJTHEHHS ONBITA
1. B npobupky Haneiire 3—4 kamau pactBopa cynbdara meau (11) — CuSOy..
2. No6asere pactBopa mienoun KOH umu NaOH o o6pa3oBanus romy6oro ocajka.
3. Jo6aBbTe B IpOOUPKY 3 MJI pacTBOpa caxapo3bl U CMECh B30OJITalTE.
4. Tlpu BcrpsixuBaHuM HaOMIOMaliTe pacTBOpeHHEe Tromyboro ocanka ruapokcuaa meau (1) m
obpasoBanue cuHero pactsopa caxapara meau ().
5. Cnenaiite BBIBOJ O CBOMCTBAaX Caxapo3bl.

Onvim Ne3. Obnapyscenue kpaxmana
ITopsinok BHINOJIHEHHUS ONBITA
1. B npobupky Haneiite 0,5 mi1 pacTBopa Kpaxmaiia (KpaxMaiabHOTO KJIEHCTEpPa).
2. Jlo6aBbTe K HEMY HECKOJIBKO Karelb CIIUPTOBOTO PacTBOpa HOJA.
3. HaGmronaiite 00pa3oBaHne CHHEr0 OKpaIIuBaHHs.
4. Harpeiite npoOupKy 1 Hab0aliTe HCUE3HOBEHUE OKPACKH.
5. Ilocne oxnaxkaeHus COAEPKUMOro BHOBb HA0JIIOJaliTe MOSBICHUE CUHEN OKPACKH.

®opma npeacTaBJieHus pe3yJbTaTa: OTYET O MPOJIeTIaHHON paboTe, 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 OPraHUYecKHX BellecTB cienn(puyecKuMH peakiusiMu
eab padoThbI: HAYYUTHCS OOHAPYKUBATH CIIUPTHI KAK OPraHuYecKHue BellecTBa
Bbinosinus padory, Bel Oynere:

— MPOBOAMTH HECIOXKHBIE PEAKIHUU 10 OOHAPYKCHHIO TIIIOKO3bI (albJIETHI0B), Kpaxmala
00BEKTaX;
— COCTaBJIATh CXEMBbI IIPEBPAIEHUI BEIMICCTB Pa3INYHBIX KJIaCCOB.

MaTtepuajbHOe o0ecneyeHue:

PeakTuBHBIN mITaTUB, TPOOMPKH, MUNIETKH, HATPEBATEIBHBIA JIEMEHT, PACTBOPHI TIFOKO3BI,
caxapo3sbl, Kpaxmala, pacTBOpbI TMAPOKCHUIA HATpus Wid Kanus, cynbdarta meau (ll), HuTpara
cepebpa, aMMHaKa, noJa, JUCTULTNPOBAHHAS BOJIA.

3aganue:

O6Hapy>KeHHe TJIFOKO3bI, Caxapo3bl, Kpaxmajla

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI:

1 Cucrematuzupyiite 1 0000IIMTEe 3HAHUS TIO TeMe, TOBTOPUB M3YYCHHBIN Ha JIEKIIMOHHOM
3aHATUU MaTepuall.

2 BpInonHUTE IPAKTHYECKYIO YaCTh paOOTHI.

3 IlpoBeauTe pacuer.

4 Chopmynupyiite oOIIHe BEIBOIBI O IPOENaHHOM paboTe.

Xoa paGoTsI:

Onvim Ne 1. Obnapysicenue 2noKo3vl
40
(anvoezuonoii epynner —C > H
IMopsiiok BHINOJIHEHNUS ONBITA
1. B TIiaTensHO BBIMBITYIO IpoOUpKy Hajeite 0,5 M1 pacTBopa HUTpaTta cepedpa.
2. JloGaBpTe B Hee pa30aBIICHHBIN PacTBOp aMMHaKa 10 PAaCTBOPEHHS OOpA3YIOIIErocsl Ocajka
Ag,0.
3. 3arem n00aBbTE B MPOOHMPKY pacTBOpa (opMaibIeruaa, ameTaablIerujaa HWIA TIOKO3bl U
OCTOPOKHO Harpeure.
4. Habmroaite 00pa3oBaHue «CepeOPSTHOTO 3epKajay Ha CTeHKaX MPOOUPKH.
5. CocTtaBbTe CXeMy IpEBpAILIECHUSI.
6. Bo Bropyto mpooupky Hanetite 0,5 v cynbdara meau (11) — CuSO,.
7. lo6aBbTe pactBopa menourn KOH nnmu NaOH no oGpa3oBanus romy6oro ocajaka.
8. 3atem HaseliTe pacTBOp popMaIbIaeTHIa, alleTaIbACTH 1A UITH TIIOKO3bI, HATPEUTE.
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9. Habmronaiite oopa3zoBanue kpacHoro ocanka okcuaa meau (1) Cu,O.
10. CocTaBbTe CXEMY MpPEBPALICHUM.

Onwvim Ne2. Ceoticmea caxapo3vl
IMopsiiok BHINOJIHEHHUS ONBITA
1. B npobupky Haneiire 3—4 kariu pactBopa cyibdara meau (11) — CuSOg..
2. Jlo6aBwTe pactBopa menoun KOH uin NaOH no o6pa3zoBanms romyooro ocajka.
3. Jlo6GaBbTe B mpoOUpKy 3 MII pacTBOpa caxapo3bl B cMeCh B30oJITalTe.
4. Tlpu BcTpsSXMBaHMM HAONIOAANTE pacTBOpPEHHE royryooro ocanaka ruapokcuaa meau () u
obpasoBaHue cuHero pactBopa caxapara meau ().
5. CaenaiiTe BbIBOJI O CBOMCTBAX caxapo3bl.

Onvim Ne3. Obnapyacenue kpaxmana
IMopsi10K BBINOJTHEHHS ONBITA
1. B mpo6upky Hanerte 0,5 M1 pacTBopa Kpaxmaia (KpaxMaibHOTO KIeHcTepa).
2. Jlob6aBpTe K HEMY HECKOJIBKO Karellb CIIUPTOBOTO pacTBOpa HOIa.
3. Habmronalite 00pa3oBaHre CHHETO OKpAIIMBAHMUS.
4. HarpeiiTe mpoOUpKy 1 HAOIIOAATEe UCUC3HOBCHUE OKPACKHU.
5. Ilocne oxyaxaeHus CoIep>KUMOr0 BHOBh HaOIOAaiTe MOSBICHUE CUHEN OKPACKU.

®opma npeacTaBiaeHus pe3yJbTaTa: OTUYET O MPOJCIAHHON pabOTe, BEIBOIBI.
Kpurepun oneHku:

3a KaXkIpIi TpaBUJIbLHBIN OTBET — 1 GasuI.
3a HemnpaBWIbHBIN O0TBET — 0 0an
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4.3. KoaonaHbie CHCTEMBI

JlabopaTopnasi paGora Ne 7
ITosyyeHune KOJVIOUMIHBIX PACTBOPOB: 3011 KAHU(OJIU, MAPraHLa JMOKCH/A, HKesle3a
THAPOKCHIA

Lenp padoThl: HAyYUTHCS MOIYYaTh KOJUIOUJHBIE PACTBOPHI; MPOBOAUTH UX KOATYJISILIUIO U
3alIUTY; HaOII0JaTh SBJICHUE PACCESIHUS CBETAa KOJUIOUIHBIMU 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 KOHLICHTpPAIUH.

MarepuajibHoe o0ecredeHune:

[leproanyeckass cucTeEMa XUMHYeCKHX oiementoB JI.M. MengeneeBa, Ttabiuia
PacTBOPHMOCTH.

O6opynoBaHKe W PEAKTUBBL: SJIEKTPOILIMTKA, BOASHAS OaHs, MPOOHUPKH, PEAKTUBHBIN IIITATHB,
CTaKaHYMK, JUCTHIUITMpOBaHHas Boaa, 1 % pactBop xmopuaa xenesa (I11) — FeCls; 1M pactBopa
NaCl, Na;SO4, NasPO,, AlCl3, xommouanslii pactBop ruapokcuaa xkeaesa (111) u3 omsira 1; 1%-
BIil pacTBOp kenaTrHa, 1%-bIif pacTBOp Kpaxmara.

3ananne:
1 IlonydeHue KOIOMIHBIX PACTBOPOB, IPOBEACHUE X KOATYIISLIUN U 3alUTHI.
2 HaOnronenue sBIEHHS paccesHus cBeTa (OMaJeCIeHINS ) KOJUIOUIHBIMHI PacTBOPaMH.

KpaTkue TeopeTnyeckue cBeIeHUS:
Memoowvi nonyuenus KoanoOUOHbIX pacmeopos (30.eti)

MeToap! orydeHust 3051 JeNATCS Ha IBE TPYIIIBL:

1. Hucnepeuposanue — 1poOieHHE KPYMHBIX YacTHUIl [0
KOJUTOUJTHOM JUCTIEPCHOCTH:

a) MEXaHUYeCKoe JPOOJICHHE B MENBHULIAX U B CHIELUATIBbHBIX APOOMIIKAX;

0) npoOnenue TMOJ JEHCTBUEM YJIbTpa3Byka (TUIPO30JIM cepbl, rpadura, MOIUMEPOB,
OPraHo30JIM JIETKOIIaBKUX METAJLIOB);

B) DJICKTPUYECKOE TUCTIEPTUPOBAHKE TP MTOMOIIM BOJIBTOBOM IYTH;

I) YCIOBHO K METOJaM JUCHEPrUpOBaHUS OTHOCUTCS nenmusayus: J00aBlIeHHE K
CBEXKENPUTOTOBIICHHOMY DBIXJIOMY OCaJKy IHCIEPTUPYEeMOTO BEHIeCTBAa DJIEKTPOJIIUTa —
crabminzaropa, MOJ JEHCTBUEM KOTOPOrO YAaCTHUII OcajKa OTIENAIOTCA Jpyr OT Jpyra u
MIEPEXOIST BO B3BEIIEHHOE COCTOSTHHE.

2. Konoencayus — 3170 MeTOJ TMOJy4eHHs 30JIeH YKPYHMHEHHEM
4acTHIL (MOJIEKYJ, aTOMOB, HOHOB) JIO pa3Mepa KOJIJIOMIHBIX YaCTHII;

a) KOHJIeHCallMs napoB (TyMaH, JbIM);

0) 3ameHa pactBopuTens (pu J00aBIEHUH K HCTUHHOMY PacTBOPY PacTBOPHUTENS, B KOTOPOM
BEIIIECTBO HE PACTBOPSIETCS, IPOUCXOANUT YKPYITHEHHE YAaCTHI] (arperaTupoBaHue));

B) B pe3yJIbTaTe XUMUIECKON PEaKINH ¢ 005M3aTeITbHBIMHU YCIIOBHSIMH:

— o0pazoBaHHe MAJIOPACTBOPUMOTO BEIIECTBA;
— MaJyasi KOHIIEHTPAIHsI PearupyroNiuX BEIIeCTB;
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— U30BITOK OJTHOTO M3 PEareHTOB B KAYECTBE CTA0MIM3ATOPA.

OO61ue yciaoBUsl MOTYYEHHSI KOJUIOUAHBIX CUCTEM HE3aBUCUMO OT MPUMEHSIEMBIX METOOB:

1) HEpPaCTBOPUMOCTH BEIIECTBA IUCIIEPCHON (a3bl B TUCIIEPCUOHHOU CPE/IE;

2) JOCTHKEHHE YacTHULIaMU KOJUIOMIHOM TUCIIEPCHOCTH;

3) Hanuuue cTabuiIm3aTopa, KOTOPHIH cOOOIIaeT CUCTEME arperaTUBHYIO YCTOMYUBOCTD.

Koaeynayusa konnououvix pacmeopog — 3TO MPOLECC YKPYNMHEHHUS (CIUIMAHUS) KOJUIOUIHBIX
YaCTHI C MOCIEAYIOLIEH NOTEPEN YCTOMUUBOCTH KOJUIOMAHOTO PACTBOPA.

MeTo1p1 KOAryJIsIum:

1. JloGaBiieHuE 3JIEKTPOJIUTOB MPUBOAUT K YMEHBIICHUIO 3apsja KOJUIOMAHOM YacTHUIlbl, a,
CJIEIOBATENIbHO, K YMEHBIIIEHHUIO CHITbI OTTAJIKUBAHUS MEXKY HUMU.

MuHuManbHasi KOHLIGHTpAllMs JJIGKTPOJIUTAa B PACTBOpPE, BBI3BIBAIONIAS  KOATYJISIUIO
Ha3bIBaeTCs nopozom koazyrayuu. Koarynupyroomed crnocoOHOCThIO 00Jadal0T TOJNBKO HOHBI,
HMMEIOIINE TOT K€ 3HAK 3apsjia, YTO U NMPOTUBOMOHBI. Koarynupyromias cnocoOHOCTh YMEHbIIIAETCA
C YMEHBIICHHEM 3apsa HOHA-KOaryJIsaTopa.

Hanpumep:
3- 2- -
PO4 > 504 > ClI AI3+ > Ca2+ > Na+
KOAryJInpyroLiasi CIIOCOOHOCTh YMCHBIIACTCS KOaryJMpyromiasi ClioCOOHOCTh YMEHbBIIIAETCS

CocrossHue KOHHOHHHOﬁ CUCTCMbI, KOraa 3apsgald KOJUIOMAHBIX YaCTHUI[ CTAHOBHUTCA PABCH
HYJIIO Ha3bIBACTCSA U302JIEKMPUUHECKUM COCMOAHUEM.

2. Koarynsmuio KOJJIOMIHBIX pPacTBOPOB MOXKHO BbI3BaTh HArpeBaHUEM HIIH
3aMOpaKHBAHUEM.
3. Koarynsmusi KOJUIOMIHBIX pPacTBOPOB MOXET IMPOXOIUTh M TOJA BIUSHUEM

MEXaHUYECKUX BO3JICHCTBUIA: TIEpEMEIIMBAHUS, ICHTPUDYTUPOBAHUS U T 1.

VY CTONYMBOCTH KOJUTOMAHBIX PACTBOPOB 00YCIIOBIICHA:

1) HanmuuueMm 3apsA0B OJAMHAKOBOTO 3HAKa HA KOJUIOMAHBIX YaCTHIAX, IMOITOMY OHH
OTTAJIKUBAKOTCS U HE MOTYT YKPYITHUTHCS M CEAUMEHTUPOBATh;

2) HalIW4YMeM THAPATHBIX (WM COJBBATHBIX) OOOJIOYEK, MPEMATCTBYIOIIMX CIUMAHHIO
KOJUIOUJTHBIX 4acTHIl (00pa3yroroTCs, €ClIu JTUCIIEPCUOHHAs Cpella UMEET MOJIIPHBIE MOJEKYIbl —
H,0, ciupr);

3) HamuyuMeM B KOJUIOMJHBIX PACTBOpPAaX BBICOKOMOJEKYJISIPHBIX BEIIECTB, KOTOpHIE,
a7IcopOupysCh Ha TMOBEPXHOCTH YaCTHUIIbI, OOPa3ylOT 3alIUTHBIA CIIOH. DTO SBIEHUE TMOIYYHIIO
Ha3BaHUE KOLIOUOHOU 3AUUMDBL.

Onmuueckue ceoticmesa KOJZ]ZOM()HlepClCI’I’l@OpOG

[Tpu npoxokKaeHUM CBETA Yepe3 AUCIIEPCHYIO CUCTEMY MOXKET Ha0JIt01aThCs:

1) TOTJIOIIEHHE Jy4Yel ONpeIeNIeHHbIX JUIMH BOJH, YTO CBOMCTBEHHO JIOOBIM CUCTEMAM;

2) OTpaKEHUE CBETAa IMOBEPXHOCTBIO YACTHI, €CJIM Pa3Mep 4YacTHIl 3HAYUTEIbHO OOJbIle
JUTMHBI BOJIHBI CBETA (MPOSIBISETCS B MYTHOCTHU CYCIIEH3UM, SMYIbCH);

3) paccesHUE CBETOBBIX JIyuel BO BCEX HAIPABJICHUAX UMEET MECTO, €CIH JJIMHA MX BOJIHBI
COM3MEpPUMA C BEIMYMHON YACTHUL, YTO XapPAKTEPHO JUIsl KOJUIOUJHBIX PACTBOPOB.

1 — UCTOYHUK CBETA; 2 — INH3bI;

3 — cocyA C KONNOUAHbLIM

7 pacTBOpOM.
Pucynok 1 — Cxema s dexra Tungamst
[Tyt TPOXOXKIACHUS CBETOBOTO Mydka  4Yepe3  KOJUIOWJIHBIN
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 CBEICHHUS.

2 BpInoiHUTE TPAKTHYECKYIO 9acTh PaOOTHI.

3 OtmerbTe HaOIIO/ICHUS, 3AIIOIHATE TA0JIUITy, CHOPMYITHPYHUTE 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 Boae 1 mu 1%-ro
pactBopa FeCls.

3. Habmronaiite oOpa3oBaHHE KpacHO-KOPUYHEBOIO KOJUIOMAHOIO pacTBOpa
ruapokcuaa xenesa (II).

4. Hanumure ypaBHEHHE TUAPOIM3a cou xyopusa xemnesa (I1I).

5. CocraBbTe CXE€My CTPOCHHMS MHULEIIBl TMOJIYYEHHOIO 30Jis, IOJIb3YACh
anroputMoM (cM. IIpakTrueckoe 3ansaTue Ne 10)

6. KommougHslii pacTBOp OXJaguTe, ¥ pasieite B 6 mpoOUpok: 4 mpoOUpKH It
OmbITa 2 ¥ JIB€ MPOOUPKH VIS OTbITa 3.

Onvim Ne 2. [Ipogedenue koazynsyuu cuopokcuoa sxcenesa (111)
IEKMPOTUMAaAMU

Ilopsinok BbINOJIHEHHS ONBITA:

1. Cuauras kammm, npuieite pactBop NaCl k komnoungHomy pactopy Fe(OH)s B
1-npobupke 10 00pazoBaHUs PHIKETO OCaAKa (YMCIIO Kaneslb 3alUIInTe B Ta0IHILY).

2. Tot e OombIT NpoJieNaiiTe ¢ IPYrUMHU 3IEKTPOIUTAMH, PE3YIbTAThl 3aMUIINTE
B TaONHILY.

3. 3Has 3apsA] KOJUIOMJHOW 4YacTHILbBI 307 (OMBIT 1) yKaXuTe, KaKue HOHbI
ABIIIOTCS JUIsSl JAHHOTO 307151 KOAaryJIssHTaMU.

4. CpaBHUTE KOArylIHPYIOLIYI0 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) mpudaseTe mo 5 kanens B 0J1HY —
1%-ro pactBOopa kpaxmaia, B Apyryio — 1%-ro pacTBopa >kenaTHHa.
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2.B xaxnyio mnpoOupKy, B30anThiBas, NPUOABISHTE MO KaIlUIIM pPacTBOP
Na,SO,. TlomcumTaiiTe 4HCIO Kamelb, MOABEPTIINXCS KOAryasIlUAd B KaXIOH
npobupke.

3. O0OBSCHHTE C TOYKH 3pPEHHUS SBJICHHUS KOJUIOWIHOW 3all[UThI, MMOYEMY Ha
KOAryJISIIIUIO THIPO30JIsl B Pa3HBIX MPOOUPKAX MOTPEOOBATIOCH Pa3IMYHOE KOJTUIECTBO
AJIEKTPOJINTA.

Onvim Ne 4. Henenue paccesnus ceema KOIIOUOHBIMU PACBOPAMU
Ilopsinok BbINOJIHEHHS ONBITA:

1. Haneiite B Tpu npobupku 1, 2, 3 xammu pactBopa AgNOs, npuneiite B HUX
IMCTHJUIMPOBAHHOW BOJBI JI0 OJMHAKOBOIO O0ObeMa IO METKE, W MO JECATh Kareib
pactBopa Kl.

2. [lponabmromaiite BO BCeX MpOOMpKAax OMNAJECUCHLHUIO, BBI3BAaHHYIO
paccessHuEeM CBeTa KOJUTOMIHBIMU YacThiaMu Agl.

3. HanmummTe ypaBHeHHE peakIMu OOpa3oBaHHS M CXEMY MHLEIUIBI 30IIs
Honuaa cepedpa, eciu Hoaua Kajins B3ST B U30bITKE.

4. CpaBHMTE HHTEHCUBHOCTb pPACCESHHOIO CBeTa B 3aBUCUMOCTH  OT

KOHIIEHTPAIIUH 30JIs1 HoamIa cepeodpa.

CdopmynupyiiTe o0mue BRIBOIBI IO TAOOPATOPHOH padoTe.

®opma npeacTaBiIeHUs Pe3yJbTATa: OTYET O NPOJICIIAHHON paboTe, 3aN0IHEHHE TAOJIHIIbL,
COCTaBJICHHBIC CXEMbl YpaBHCHHUI HAOJFOIaEMBIX MPOILIECCOB, CXEMbI MUIICIUT MOJy4aeMbIX 30JICH,

BBIBOJBI.

Kpurepuu ouenkmu:
3a KaXkIpli TpaBUJIbLHBIN OTBET — 1 GasuI.
3a HernpaBWIbHBIN O0TBET — () OasUIOB.
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4.3. KoaonaHbie CHCTEMBI

JlabopaTopnasi paGora Ne 8
IMosry4yeHne KOJNJIOUIHBIX PACTBOPOB: 30151 0€PJIHHCKOM J1a3ypH

He.ﬂb paﬁDTbI: HAY4YUTHCA IIOJY4YaTh KOJIJIOMAHBIC PACTBOPLI; IIPOBOJAUTh UX KOAryJisinuio u
3alUTYy, Ha6HIOI[aTL SIBJICHUC paCCCAHNA CBCTA KOJIJIOUJHBIMH PaACTBOpaAMHU.

Beinosinus patdory, Bel Oyaere:

ymemy:

— II0JIy4aTh KOJUIOUJAHBIE PACTBOPHI;

— IPOBOJUTH UX KOATrYJISILUIO U 3aILUTY;

— IO MHTCHCUBHOCTHU PACCCAHHOI'0 CBCTA CPABHUBATHL KOJIJIOMJAHBIC PACTBOPLI B 3aBUCUMOCTU
OT UX KOHLIEHTPALIUN.

MarepuanbHoe obecrneyeHue:

[lepuoguueckast cucrema xumuyeckux odnemeHtoB J[.M.  MenneneeBa, Tabiuua
PacTBOPUMOCTH.

OO0oOpyIOBaHNE M PEAKTUBBI: JICKTPOILTUTKA, BOJISTHAS OaHs, MPOOUPKHU, peaKTHUBHBIN IITATUB,
CTaKaHYWK, JUCTULIMPOBaHHAas Bomaa, 1 % pactBop xmopuaa skenesa (I11) — FeCls; 1M pactBopa
NaCl, Na;SO4, NasPOg, AlCl3, komonanbii pactBop ruapokcuaa sxenesa (1) us onsita 1; 1%-
bIi1 pacTBOp KeJlaTuHa, 1%-blil pacTBOp Kpaxmala.

3aganue:
3 TlosydeHre KOJUIOMIHBIX PACTBOPOB, MIPOBEACHUE WX KOATYIISAIINN U 3aIUTHI.
4 HaOmroneHue sIBJICHUS PacCesTHUS CBeTa (OIMaIeCICHIINS ) KOJIJIOMIHBIMU PACTBOPAMH.

Kparkue Teoperuyeckue cBeeHH:
Memoovbl nonyuenuss KOIIOUOHBIX pacmeopos (30.ell)

Mertoap! nosyueHust 301ei JeNnsATCs Ha IBE TPYIIIbL:

3. Hucnepeuposanue — npoOiIeHHWE KPYMHBIX YaCTHI[ IO
KOJIJIOUJTHOM TUCTIEPCHOCTH:

a) MEXaHU4EeCKOe IpOOJIeHNE B MEJIbHULIAX U B CIIEUATIBHBIX IPOOMIIKaX;

0) napoOnenue mox JeicTBUEM YyibTpa3Byka (TMIPO30JIM Cepbl, Tpadura, MOIMMEpPOB,
OPTaHO30JIH JIETKOIUIABKUX METAJUIOB);

B) 2JIEKTPUYECKOE TUCTIEPTUPOBAHMUE TP TOMOILM BOJIBTOBOM IyTH;

I) YCIOBHO K METOJAM IUCIEPTUPOBAHUS OTHOCUTCS nenmusayus: HA00aBIEHUE K
CBE)KENPUTOTOBJICHHOMY DBIXJIOMY OCaJKy JHMCIEPTUPYEMOro BelIecTBa DJJEKTPOJIUTa —
crabmim3aropa, TOJ JEHCTBHEM KOTOPOTO YACTHIBI OCajKa OTIENAIOTCS IpYyr OT Jpyra |
NEPEXOAT BO B3BEIIEHHOE COCTOSHUE.

4, Konoencayuss — 310 MeTOA TONYYCHHUS 30JIEH YKPYITHECHHEM
gacTull (MOJIEKYJI, aTOMOB, HOHOB) JI0 pa3Mepa KOJUIOMIHBIX YaCTHIL:

a) KOHJeHcalusl 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:

— o0pa3zoBaHHE MAJIOPACTBOPHMOTO BEIIECTBA;
— MaJjiasi KOHIEHTpAIHsl pearupyonux BeIlecTs;
— M30BITOK OJTHOTO U3 PEareHTOB B KAYECTBE CTAOMIIM3aTOpA.
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OO01mue yciaoBHsl MOTYYCHHs KOJUIOUIAHBIX CHUCTEM HE3aBUCUMO OT MPUMEHSIEMBIX METOOB:

4) HEpacTBOPUMOCTH BEIIECTBA JUCIEPCHOU (pa3bl B JUCIIEPCUOHHON CpEIE;

5) JTOCTHXKEHHE YaCTULIaMU KOJUIOUIHOM AUCTIEPCHOCTH;

6) HaJIMuue CTadMIM3aTOpa, KOTOPBIM COOOIIAET CUCTEME arperaTUBHYIO YCTOMYUBOCTb.

Koazcynayus xonnououwvix pacmeopoé — 3T0 MPOILECC YKPYINHEHUs (CIUMaHUsS) KOJUTOMIAHBIX
YacTUL] C MOCIEAYIOIIEeH NoTepel yCTOMYMBOCTH KOJUIOUAHOTO pacTBOpa.

MerTo/bl KOaryJisiiuu:

1. JloOaBieHne 3IEKTPOJIMTOB MPUBOIUT K YMEHBIICHHUIO 3apsija KOJUIOMIHOW YaCTHIIbI, a,
CJIEZIOBATENIHO, K YMEHBIIICHUIO CHJIbI OTTAIKMBAHUS MEX]Ty HUMHU.

MuHuMalibHAsE KOHLIGHTpAlUs JJIEKTPOJIUTAa B PACTBOPE, BBI3BIBAIOLIASA  KOATYJISLHUIO
Ha3bIBACTCS nopocom koazyrayuu. Koarymupyromed crnocoOHOCThIO 00J7alaloT TOJBKO HOHBI,
MMEIOIIUE TOT K€ 3HAK 3apsija, 4TO U MPOTUBOHOHKI. Koarymupytomas cnocoOHOCTh YMEHbBIIIAETCS
C YMEHBUIEHHEM 3apsijia MOHA-KoaryJsropa.

Hanpumep:
3- 2- -
PO4 > 504 > ClI AI3+ > Ca2+ > Na+
KOAryiupyromas Crioco0HOCTh yMCHbIIACTCS KOaryJIupyrolas CioCOOHOCTh YMEHbBIIIAETCS

CocrosiHHE KOHHOHHHOﬁ CHUCTCMBbI, KOraa 3apsdaa KOJUIOMAHBIX YaCTHLl CTAHOBUTCA pPABCH
HYJIFO Ha3bIBACTCS U302JIEKMPUHECKUM COCMOAHUEM.

4, KO&FYJUHII/IIO KOJIJIOMAHBIX PACTBOPOB MOKHO BbI3BATb HArp€BaHUCM WU
3aMOpPa’)KMBAHHUECM.
5. KO&FYHHHI/ISI KOJUIOMAHBIX PACTBOPOB MOXKCET IHPOXOAUTbH W 110[ BJIIMAHHUCM

MECXaHHUYCCKHX BO3H€I‘;ICTBHIZZ ICpEeMCIIMBAHUS, I.IeHTpI/I(bYFI/IpOBaHI/IH UT.AO.

VY CTONYMBOCTD KOJIJIOUAHBIX PACTBOPOB 00YCIIOBIICHA:

1) HanuuumeM 3apsAA0B OAMHAKOBOIO 3HAKA Ha KOJUIOMIHBIX YacTUIAX, MO3TOMY OHH
OTTAJIKMBAIOTCS M HE MOTYT YKPYIHHUTBCS U CEJUMEHTUPOBATD;

2) HalIW4YMeM THIpaTHbIX (WM COJNbBATHBIX) OO0OJOUYEK, NPEMATCTBYIOIIMX CIUIAHUIO
KOJIJIOWJHBIX YacTHll (00pa3yroroTcs, €M AUCIEPCHOHHAs cpella UMEeT MOJSPHbIE MOJEKYIbl —
H0, criupr);

3) HaimMuueM B KOJUIOMJHBIX pPAaCTBOpaxX BBICOKOMOJIEKYJSPHBIX BEILIECTB, KOTOpHIE,
azicopOUpysACh Ha MOBEPXHOCTH YaCTHUIIBI, 0Opa3yIOT 3alUTHBIA CIOH. DTO SIBICHHUE IOJIYYUIIO
Ha3BaHUE KOLIOUOHOU 3AUUMb.

Onmuyeckue ceoticmea Kijoudelxpacmeopog

[Tpu npoXxo’kJeHUN CBEeTa Yepe3 TUCIEPCHYI0 CUCTEMY MOKET HaOI0aThCs:

4) TIOTJIOIIEHME JTy4Yel ONpeeIeHHbIX JUIMH BOJIH, YTO CBOMCTBEHHO JIIOOBIM CUCTEMAM;

5) OTpa)XEHUE CBETa IMOBEPXHOCTHIO YACTHIl, €CIM pa3Mep YacTHUI] 3HAUYUTENILHO OOJIbIle
JUIMHBI BOJIHBI CBETA (MIPOSIBIISIETCS B MyTHOCTH CYCIIEH3UH, 3MYJIbCUI );

6) paccesHUE CBETOBBIX JIy4ed BO BCEX HANPABICHUAX MUMEET MECTO, €CIU JJIMHA UX BOJIHBI
COM3MEpUMa C BEJITMYMHON YaCTHIL, YTO XaAPAKTEPHO I KOJUIOUIHBIX PACTBOPOB.

1 — UCTOYHMK CBETA; 2 — NINH3bI;

3 — cocyZ, € KONonaHbIM

7 pacTBopoOMm.
Pucynok 1 — Cxema s dexra Tunmans
[TyTe mpOXOKIEHHUSI CBETOBOTO nydka  4epe3  KOJJIOWIHBIN
pacTBOp BHUJICH TIpH HAOIIOACHUU COOKYy CBETAIIMMCS KOHYCOM

(konycom Tunoans), uto OBLIO HA3BAHO OnAIECYeHYUELL.

117



Iopsinok BbINOJIHEHHSI PAa0OTHI:

1 CucremaruszupyiitTe W 00O0OIIUTE 3HAHUS IO TEME, 3aKOHCIIEKTHPOBAaB B OTYET II0
nabopaTopHOl paboTe KpaTKue TEOPETUUECKUE CBEICHUS.

2 BBINOJHATE MPAKTHYECKYIO YacTh PaOOTHI.

3 OrmerbTe HAOIIOACHUS, 3AMOIHUTE Ta0IUIy, CHOPMYIUPYNUTE U 3AIUIINTE B OTYET OTBETHI
Ha BOIPOCHI TI0 KaXKIOMY OIIBITY.

4 ChopmynupyiiTe oOIIHe BEIBOIBI O IPOACIaHHON paboTe.

Xon padoThl:
Onwvim Ne 1. Ilonyuenue 3015 cuopokcuda sxcenesa (111)

IMopsi10K BBINOJTHEHHS ONBITA:

7. Bekurarute 10 Mi1 TUCTHIDIMPOBAHHOM BOJIBI B CTaKaHUMKe Ha 50 MIL

8. He mpekparmias HarpeBaHwusl, MPUWICHTE MO KarusiM K 3Toi Bojae 1 mur 1%-ro
pactBopa FeCls.

9. HabGmonaiite oOpa3oBaHHE KpacHO-KOPUYHEBOTO KOJUIOMTHOTO pPacTBOpa
ruapokcuaa xenesa (I11).

10.HanwmuTe ypaBHeHHE THApON3a cou xiopuaa sxenesa (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 koazynayuu euopoxcuoa sxcenesa (111)
SNEKMPOTUMAaAMU

ITopsiiok BHINOJIHEHHUS ONBITA:

6. Cuwras karm, npuieiite pactBop NaCl k kommongHomy pactsopy Fe(OH)s B
1-npoGupke 10 06pa3oBaHMs PHKETO OCAKA (YMCIIO Kallesb 3alUIINTE B TAOIHILY).

7. ToT e OMBIT MPOJeNAiTe C IPYTUMHU AIIEKTPOIUTAMH, PE3YITBTATHI 3aMTUIINTE
B TaOIuUIy.

8. 3Has 3apsa KOJUTOMTHOW YacTHIBI 307 (OmBIT 1) yKakuTe, KaKhe HOHBI
SBJISIFOTCSL IS JAHHOTO 30J1s1 KOAryJITHTaMH.

9. CpaBHUTE KOAryJluMpyloOUIyl0 CHOCOOHOCTh YKa3aHHBIX BBIIIE HOHOB-
KOaryJsHTOB, 3alMCaB UX B PsJl 10 BO3pacTaOLIEH.

10.00bsicHATE, OT Yero, 3aBUCHT KOAryJIupyromas CriocOOHOCTh HOHOB.

Ne KonnonnHsrii OnexTp Yucno kanenb
pOOUPKHU pacTBop OJIUT AIIEKTPOJINTA
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 mpobupku ¢ ruapo3zoiieM xenesa (111) npubaseTe 1o 5 xanens B OAHY —
1%-ro pactBOpa Kpaxmaia, B 1pyryto — 1%-ro pactBopa xenaTuHa.
5.B kaxnayio npoOupky, B30anThiBas, MPUOABIANWTE IO KalllsiM pPacTBOP
Na;SO,. IloacuumTaiiTe umcio Karmesab, MOJABEPTIIMXCA KOAryaslUH B KaxIOH
poOupKe.
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6. OObSCHUTE C TOYKH 3pPCHHUS SIBICHHUS KOJUIOMJHOW 3alllUTHl, MOYEeMY Ha
KOAryJIsiUio TUAPO30JIs B pa3HBIX MPOOHPKAX MOTPEOOBAIOCH Pa3IMYHOE KOJTUIECTBO
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 BOJIBI IO OJMHAKOBOIO O0BEMa IO METKE, W IO JeCATh Karelb
pactBopa KI.

6. [IponabnioaiiTe BO BCeX MPOOMpPKAX  OMAJIECLUEHIIMIO, BBI3BAHHYIO
paccessHueM CBeTa KOJUTOMIHBIMU YacTuiiaMu Agl.

1. Hanumumre ypaBHeHHME peakUMu OOpa3oOBaHHS W CXEMY MHIIEIUIBI 3071
Homuma cepedpa, ecii HOIuT Kauus B3ST B U30BITKE.

8. CpaBHI/ITe HNHTCHCUBHOCTbH pacCceAHHOro CB€Ta B 3aBUCUMOCTH oT

KOHIICHTpAIlUU 30J1s1 Hoauaa cepedpa.

Cdopmynupyiite o01ue BIBOIBI M0 1a00paTOpHOH paboTe.

®opMma mnpeacTaBIeHHsl pe3yJibTaTa: OTYET O NPOAETaHHON paboTe, 3amoIHEHHE TaOIUIIbI,
COCTaBJICHHBIE CXEMBbl ypaBHEHUH HAOIIOaEeMBIX MPOLIECCOB, CXEMBI MUIIEIUI MOJIy4aeMbIX 30JIEH,

BBIBOJBI.

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 HAOyXaHUsl U CTYJAHe00OPa30BaHMs KPaxXMaJia, :KeJaTHHA U
Pa3JIMYHBIX BUI0B 3epeH

Leas padoThl: u3yueHHE BIUSHHUS IPHPOIBI PACTBOPEHHBIX BEUIECTB Ha Hal0yxaHHe
JKeJIaTHHA, BIMSHUS KOHIEHTPALUU TIOJIMMEpa Ha CKOPOCTh CTYJHE0Opa30oBaHus

Beinosinus patdory, Bel Oyaere:
ymemy:

— OTIPEAEIIATH 3aBUCUMOCTD CTETICHN HaOyxaHusl ’eIaThHa oT PH cpensr;
— OnpeziesICHHE 3aBUCUMOCTH CKOPOCTH CTYAHE0Opa30BaHusl OT KOHLIEHTPALMK OJIUMepa.

MaTepnaﬂbnoe odecmeyeHue:

Kpartkuit cripaBounuk (usuko-xumudeckux BenuduH / Ilox pen. K.II. Mumenko u A. A.
PaBnemns. — JI: Xumus, 1974. — 200 c.

[Iepuoanueckas cucreMa xumMuieckux 3iaeMeHToB 1. . Menneneesa.

O6opynoBaHie U PEaKTUBBI: NPOOUPKH, ILITATUB, JIMHEWKA, TUCTUIMPOBAaHHAs BO/A, PacTBOP
KHCJIOTBI, paCTBOP LIEJIOYM Pa3IMYHbIX KOHUEHTPALMA, KEIaTUH CyXOM, Kpaxmall, 3epHa; TepMOCTaT,
MIPOMBIBAJIKA C TUCTUIUTMPOBAHHON BOJIOM, BOJIsIHASA OaHs, CEKYHIOMED (Jachl).

3aganue:
1 Omnpenenenne 3aBUCUMOCTH CTEIIEHN HaOyXaHusd xenaTuHa oT PH cpeasbl.
2 OnpezneneHne 3aBUCUMOCTH CKOPOCTH CTYITHEOOpa30BaHMsI OT KOHLIEHTPALH
noJimMepa.

KpaTKue TECOPETHYECCKUE CBCACHUSA:

Habyxanue nonumepos

Habyxanue — 95TO  CaMONpPOM3BOJBHBIA  IpOLECC  MOIJIOMIEHHS ~ PACTBOPUTENS
BBICOKOMOJIEKYJISIPHBIM ~ BELIECTBOM, CONPOBOXKIAIOUIUIICS yBEIMYEHHEM MacChl U 00beMa
MIOJINMEPA.

B pesynbrare OrpaHMYEHHOr0 HaOyXaHUs IIOJIUMEP NPEBpAIAeTCi B CMYOEHb,
HEOIPaHMYEHHOT'0 — MEPEXOAUT B paCTBOP. XapakTep HaOyXaHUs 3aBUCUT OT TEMIIEPATYpHI.

HaOyxanue mnpencrasisier co0oi Ipolecc OJHOCTOPOHHETO CMELIUBAHMs, IPU KOTOPOM
MOJIEKYJIBl pacTBOpUTeNs Onarojaps TMOJBMXHOCTH TPOHUKAIOT B IPOCTPAHCTBO MEXKAY
MOJIEKYJIaMH WA YacTsaMu Mosiekysr 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
H303JIEKTPUYECKOM TOUKE.
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Cmyoneobpazosanie u cuHepesuc

Cmyonu  —  5TO  MHOTOKOMIIOHEHTHBIE = HETEKy4YM€  CHCTEMbI,  COJEep>Kallue
BBICOKOMOJIEKYJISIPHBIE BEIIECTBA M HU3KOMOJIEKYISIPHBIA PACTBOPUTEITb.

OCHOBHOE CBOMCTBO CTyIHEH — OTCYTCTBHUE TEKY4eCTU OOBACHSETCS OOpa30BaHHEM CETYaTOU
CTPYKTYpPBI U3 MAaKpOMOJIEKYJ MOJMMEpa U ero yacTeid. CBsi3u MEXy HUMHU SIBJISTIOTCS PE3YyIbTaTOM
B3aUMOJICHCTBUSl TOJSIPHBIX TIpynn. B s4yeiikax 3ToOM  ceTyaTod  CTPYKTYpbl — HaXOAUTCA
HU3KOMOJIEKYJISIPHAS )KUIKOCTb.

CryneHb MOXKHO MOJYyYUTh NMPU OTPAaHUUYEHHOM HAaOyXaHMM MOJUMEpPa B PaCTBOPUTENE WIIU
MoTepe TEKy4eCTH pacTBopa mnonumepa. OCHOBHBIM YCIIOBHEM OOpa3oBaHMs CTYAHS M3 pacTBOpa
SIBJIICTCSL OTPAaHUYEHHAs! PAaCTBOPUMOCTH MOJIMMEpPa B paCTBOPUTEIIE.

®akTOophl, BAUSIOLIUE HA CTyJHEOOpA30BaHUE:

a) IOHIKEHUE TEMIIEPaTyphbl CIOCOOCTBYET CHUKEHHIO PACTBOPUMOCTH, MIEPEXO0]I pacTBOpA B
CTYJIEHb OCYILIECTBIISICTCS] HENPEPHIBHO U HE XapaKTEPU3YETCs ONPEEICHHON TeMIepaTypoi;

0) 3acTylHEBaHHE HAYMHAETCS IPU OINPEACICHHON KPUTHYECKOW KOHIEHTpPALUU MJIs
CHUCTEMBI, ITPU KOHIICHTPAIIMU HUKE KPUTHIECKOH CTYyIeHb HE 00pa3yeTcs,

B) 3aCTyJHEBaHUE JIyullle mpoTekaeT npu pH, OJU3KUX K U303JIEKTPUIECKON TOUKE.

Cunepesuc — OTHEIIEHUE W3 CTYOHS JKUJKOCTH, COIPOBOXKIAEMOE YMEHBIIEHUEM €ro
pa3MepoB MPHU COXPaHEHUU (HOPMBI.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

1 Cucrematusupyiite ¥ 0000IIMTE 3HAHHUS IO TEME, 3aKOHCIIEKTUPOBAaB B OTYET IIO
nabopaTopHOl paboTe KpaTKUE TEOPETUUCCKUE CBEICHUS.

2 BBINOJIHKATE MPAKTHYECKYIO YacTh PaOOTHI.

3 Ortmerpre HaOIIONEHMS, 3aloHUTE TaONMIly, MOCTpoiiTe rpaduk, chopMmMynmupyite u
3aIUIIUTE B OTYET OTBETHI HA BOIMPOCHI TI0 KAKIAOMY OIIBITY.

4 Odopmute oTdeT, CHopMyTUPYHTE 0OIIKE BEIBOJIBI O TIPOACTIaHHON padoTe.

Xoa pa0doThI:

Onvim Ne 1. Onpeodenenue 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 menoun (KOH) ¢ konnentpanueit 0,1 Monb/ J1; B TpEThIO
— 5 MJ1 IUCTWIITMPOBaHHON BoAbl; B ueTBepTyto — 0,001 mu pactBopa HCI.

3. Conepxxumoe mpoOUpOK Imepemeniaiite U ocraBbTe HaOyxarh Ha 1 yac. Ilepmomuuecku
IIepEMENINBANTE PACTBOPHI.

4. Tlo ucreyeHUH 4aca U3MephTE BBHICOTY CJIOS] HAOYXILIETo JKeNaTuHa B KaX 101 npodupke h2.

5. Pe3ynbrarhl onpiTa 3aMUIIATE B TAOTHUILY.

6. PaccuuraiiTe crenieHb HaOyXaHUs JKeJIaTHHA B KaX/10i Mpodupke no gopme:

ho_
o =2 w100
Ne Bricota Konnentpamus pH Bricora cinosj CrerneHb
cIost H*
[IPOOUPKY, JKeJIaTuHa, | Ha0yxaHus
p p JKenaTuHa, ' 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. O6bsacaute BiausHue pH cpembl Ha creneHp HaOyxanus. Ilpm kakom 3HaueHun pH
HabrogaeTcs camasi OoJIbIIas CTereHb Ha0yXxaHus OeITKOB?

Onwvim Ne 2. Onpeodenenue 81usHus KOHYeHMpayuu noaumepa Ha
CKOpOCmb CmyOHeobpa308aHus
IMopsiiok BHINOJIHEHNS ONIBITA:

1. B Tpu oTrpaagyupoBaHHble IPOOUPKH HACKHINIBTE Pa3HOE KOJIMUYECTBO YKEJIATHHA 110 BBICOTE
0,25 cm, 0,5 cm, 0,75 cm. Haneiite Bo Bce mpoOUPKH 10 5 MII IUCTWIMPOBAHHON BOJIBI U OCTaBbTE
HaOyxatb Ha 20-30 MUHYT.

2. HarpeiiTe mpoOUpKHU B KUIISIIEH BOASHON OaHe 70 TOJTHOTO PACTBOPEHUS JKEIaTHHA.

3. TIpoGupku B360NTAlITE M OCTAaBbTE OXJAXKAATHCS 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 JKEJIaTUHA HE

BBUIMBAETCS NIPU NIEPEBOPAUMBAHUH TPOOUPKH.

5. Pesynbrarel onbiTa 3aMIINTE B TAOJIUILY.

No | Konuentpanun Bpewms Cropocts Mexanuye
° 3aCTy/IHEBAH
npoGup A 3aCTyJHEBaH s CKHE
JKelnaTuHa us ” CBOMCTBA
KH o v=1/1,
(%), 06 (t), Mmun S CTYIHS
1 0,25
2 0,50
3 0,75

6.ITocTpoiite rpadmk 3aBHCHUMOCTH CKOPOCTH HaOyXaHHsI OT KOHIICHTPAllMU JKeJaThHa B
00BEMHBIX MPOLIEHTAX, c/eNaiiTe BEIBO/.
ChopmymnupyiiTe oO1ye BEIBOIBI 1O JIAOOPATOPHOU padoTe.

®opma mnpeacTaBieHUs] pe3yabTaTa: OTYET O MPOAETaHHOM paloTe, 3alOJIHEHHBIE
Ta0JINILIbI, TOCTPOSHHBIN TPap UK, 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 paGoTbl: HAYYUTHCS NMPOBOAMTH KAYECTBEHHBIC PEAKUMU OOHAPYKEHUS OCHOBHBIX

KaTHUOHOB.
Boinoainus padorty, Bel Oynere:

ymemy:
— IIPOBOJIUTH KaueCTBEHHbIE peakuu oOHapyxeHust ocHOoBHbIX kaThoHOB I, 11, 111, 1V, V u VI

AHAIIMTUYCCKUX T'PVIIIL;
— COCTaBJIATh CXCMBI ypaBHeHHfI Ka4CCTBCHHBIX pCaKHI/Iﬁ 06Hapy>KeHI/I$I OCHOBHBIX KaTHOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[lepuognueckass  cucremMa  xumuueckux  anemeHtoB  J[. M. MenneneeBa, Tabnuia
PacTBOPUMOCTH.

O06opyIoBaHWE W PEAKTUBBLI: MPOOUPKHU, MANOYKHU, MUIETKH, BOPOHKH, (PUIBTpOBaiIbHas
Oymara, 1eHTpudyra, DdJIEKTPOIUINTKA, BOJsHAs OaHs, PEAKTHUBHBIM INTAaTUB C HaOOpPOM
HEO0OXOIUMBIX KUCIIOT, IIEN0YeH, CoNiel, peareHTOB, HHINKATOPOB.

3apanmue:
O6mnapyxenue karuonos |, 11, 111, IV, V u VI ananutnyeckux rpym.
Kparkue TeopeTtudeckne cBeleHUs:

Ananumuyeckue npusHaxku ewecmes U aHaIumuiecKue XuMuieckue peakyuu

[Ipu mpoBeneHNM KayeCTBEHHOI'O U KOJMYECTBEHHOI'O aHAM3a MCHOJb3YIOT aHAIUTUYECKUE
MPU3HAKHK BEIIECTB U aHATUTHYCCKUE PEAKITUH.

Ananumuyeckue npusHaku — O5TO XUMUYECKHUE WIW (U3MUECKHUE CBOICTBa, KOTOpHIE
MO3BOJISIIOT OOHAPYKUTh BEIIECTBO WJIM OIPEACIUTHh €ro KOJu4ecTBO. K HHUM OTHOCSTCS IIBET,
3amax, CHOCOOHOCTH BeIIeCTBa OOpPA3OBHIBATH OKpPAIIEHHBIE U MAaJOpPAaCTBOPUMBIC COEAMHEHUS,
ra3bl TP B3aWMOJICHCTBUH C OTIPEICTICHHBIMH peareHTaMu | T. 1.

Ananumuyeckas xumudeckas peaxyusi (AXP) — 93TO peakiusi, COMPOBOKIAIOIIASICS
QHATUTUYECKUM TIPU3HAKOM, TI0 KOTOPOMY MOXHO CYAWTh O HAJIUYHUKW B TPOOE KaKOro-imbo
KOMITOHEHTa. B KkauecTBe aHAIUTUYECKUX PEaKIIUi Yallle BCero UCIMOIb3YIOT peakiuu 00pa3oBaHUs
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OKpAIIEHHBIX COEIMHEHH, BbIIEIICHNE WIIM PACTBOPEHHUE OCAIKOB, BBIACICHHE ra30B, 00pa3oBaHue
KPHUCTAJNIOB XapaKTEepPHOU (POPMBI, OKpaIlIMBaHUE IIJIAMEHHU ra30BON TOPENIKH.

B kauecmeennom xumuueckom amanuze 015 pazoeneHusi u OOHAPYIHCEHUs UOHO8 WUPOKO
UCNONBL3YIOMCA  XUMUYECKUe peaKyuu 6cex munos, npomexamowue 6 pacmeopax: peaxyuu
ocasicoerus u KOMNJIeKCO000pa308anus, KUCTIOMHO-0CHOBHbLE u OKUCTUMENLHO-
80cCmMaHoBUMeNbHbIE.

Peakium ocakaeHHsT OYEHb YacTO NPUMEHSIOT Il OOHApYKEHHS pPAa3IUYHBIX HOHOB.
OOpa3oBaHue OCaJKOB — 3TO OJAWH W3 OCHOBHBIX AHAIUTUYECKUX FPPEKTOB, UMEHHO IMO3TOMY
GONBIIMHCTBO KAYECTBEHHBIX PEAKIMI ABISCTCSA PeakIusaMu ocaxaenns. Hanpumep, nons Ba®* —
IO BBIMAJCHUIO KEJITOro MeJIKOKpHcTamrnueckoro ocajgka BaCrO,:

2Ba?* + Cr,07% + H,0 = 2BaCrO,| + 2H".

BaxHylo posib UIrparoT peakluu OCAKICHUS U IpU pazdeneHuu WOHOB. JIeHCTBUTENBHO,
OCHOBa 1000 aHATUTHYECKOW KIACCU(PHUKAMM — OSTO OCAAUTEIBHOE ACUCTBUE PA3IMUYHBIX
pEeareHTOB Ha ONpPEIETICHHbIE IPYIIIbl HOHOB.

KucI0THO-OCHOBHBIE PEaKIMH TaKKE MOKHO UCIIONB30BATh ISl 0OHAPYHCeHUs U pazoesenus
MOHOB, XOTSI C 3TOW 1IeJIbI0 OHM HPUMEHSIOTCS peXe, YeM peakiuu ocaxiaeHus. Hampumep, ans
obnapysxkenus nona NH;" cymecTByeT crienududeckas KHCIOTHO-OCHOBHAS PEaKITUSL:

NH4+ + OH = NHst + H,0.

Cyl1ecTByeT 3HaUUTENbHOE KOJIMYECTBO OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX peakuuii (OBP),
KOTOpBIC YCIIGUIHO MPUMEHSIOTCS Ui oOHapyxkeHns noHoB. Hampumep, momst Cr®* wacto
OKHCIISIIOT 10 XpoMaT-HoHOB CrO4>, 9TO IPHBOIKT K TIOSBICHHIO KEITOM OKPACKH.

B03MOHOCTh MCNONB30BaHUS PEAKLUUH KOMILIEKCOOOpPa30BaHUS B KaYECTBEHHOM aHAJIU3e
00yCIIOBJIeHa BO3HUKHOBEHHUEM W MHTCHCHBHOCTHIO aHAUTHUECKUX A(PPEKTOB, a Takke OOJBIION
M30MPaTEeNbHOCTRIO peakuii 3Toro tumna. KoMIuiekcHble coenHeHus: 001aaloT psiioM CBOWCTB,
[EHHBIX U1l XUMHUKa-aHAIUTHKA!

— MOHBI LEHTPAJILHOTO aTOMa M JIMTaHJOB, HaXOJsCh B COCTaBE KOMIUIEKCA, MPAKTUYECKU
OTCYTCTBYIOT B PacTBOpE B CBOOOJHOM BHJIE, TIOSTOMY MX HE BCET/Ia yJaeTcsi OOHAPYXKHUTh. JTO
CBOWCTBO ILIMPOKO HCIIONB3YETCSA I pazoenenus W Mmackupoeauus WOHOB. Hampumep, npu
OoOHapyXeHUH HOHOB Mn?* B BHC MaJIHHOBO-p030Boro coeaunenns H[Mn(C,0,);] mons Fe™',
MeIIAKoNIMe CBOEH OKpacKoM, Jerko MackupyroTcs ¢ropun-uoHamu F 3a cuer obOpazoBaHus
6ecrBerHoro kommekca [FeFg]*

Fe** + 6F = [FeFq]*.

3a cuer oOpa3oBaHMsI THIAPOKCOKOMIUIEKCOB W3 aM(OTEPHBIX TUAPOKCUAOB KaTHOHOB [II
aHAJTMTUYECKON TPYIIIBI

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
oOHapyXeHHsI KAaTHOHOB B OCaJKe U B PUIIbTpATE.

— KOMIUIEKCHBIE COEIMHEHHs] 4YacTo OO0JIaZlal0T XapaKTepHBIMH OKPAacKaMU WM MaJloi
PACTBOPHMOCTEIO, HA 4eM OCHOBAHBI MHOTHE DPEaKIuu obuapyxcenus. Hampumep, mons: NH,
00pa3yloT ¢ peakTuBoM Hecciiepa HepacTBOpHMMOE KOMIUIEKCHOE COeTUHEHHE Oyporo 1BeTa:

NH4" + 2[Hgls]* + 40H™ = [NH,Hg,O]1} + 7I" + 3H,0.

[Tpumensst cnenuduyeckre U BBICOKOCEIEKTUBHBIE PEAKIMM MOXXHO OOHApy>KUBaTh MOHBI
TaKk Ha3bIBAEMBIM OpPOOHLIM MemoOoM, TO €CTb HENOCPEJACTBEHHO B OTIEIbHBIX MOPLUIX
HCCIIEIyeMOI0 pacTBOpa HE3aBUCHUMO OT COJIEpXKaHMS B HEM JIPYT'MX HOHOB. B 3ToM ciydae He
UMeeT 3HAYCHUS TIOPSIIOK OOHAPY)KEHHUS OTACITHHBIX KOMIIOHEHTOB CMECH.

IIp1 HEBO3MOXKHOCTHU OTIpE/IeNIEHUs] HOHOB JPOOHBIM METO/I0M (OTCYTCTBHE CIEIU(PHUUECKUX
peakuuii) pa3pabaThIBalOT OIpPEAEICHHYI0 IOCIeA0BATEIbHOCTh PEAKIHM, MPEICTaBISIONIYIO
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coOOl cucTeMaTH4YeCKUi XOJa aHainu3a. B 3ToM ciydae K OOHapyXEHHIO KakJOoro HOHA
IPUCTYNAIOT IIOCIE€ TOro, Kak BCE JpYrHe MEHIAIoIUEe €ro OIpeAeIEHUI0 HOHBI OyayT
IPEeABAPUTENILHO yJaJeHbl U3 pacTBopa. Takum o0pa3oM, MpHU CHCTEMATHYECKOM XOJ€ aHalIHu3a
HapsALy C peakUusMH OOHapy>KEHUsS OTAEIbHBIX MOHOB IPUOErat0T TAKXKe K PeaKkLHsM OTIEJIECHUs
UX JPYT OT Apyra, UCIOJIb3Ys PA3INYMsl B PACTBOPUMOCTH COCIMHEHUM pa3/ieseMbIX 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 HAOJIOJCHHUS, COCTaBbTC YPABHEHHUS NPOBEACHHBIX pEaKIUil OOHAPYKCHUS
KaTHOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOMN paboTe.

Xox pabdoThI:

Onwvim Ne 1. Boinonnenue peaxyuii obnapyscenus kamuona Ag ™

K HeckolbKMM KarjisiM pacTBOpa COJIM HUTpaTa cepedpa, MOMEIICHHBIX B JBE MPOOUPKH,
MIPWINTH B OJIHY pacTBop coiisinoil kucnotel HC1, a B npyryto — pactBop xpomara kanusi KoCrO,. B
nepBoi mpoOupke HabromaiiTe oOpazoBaHue OEIOr0 TBOPOKUCTOTO, @ BO BTOPOW — KHPIUYHO-
KpacHoro ocajika. CocTaBbTe ypaBHEHUS MPOACTAHHBIX PEAKIIUM.

Onvim Ne 2. Beinonnenue peakyuu 0OHApy#CeHUs KAaMmuoHa PH*

K 4-5 xammsam pactBopa coau cBuHiia Pb(NOjs); mob6aBeTe 4-5 Kamenb HOAMAA Kalus.
HaGmronaiite oOpa3oBanue sxentoro ocaaka Pbly. CocTaBbTe ypaBHEHUE peakiui.

Ilpumeyanue: ecnv MOTYYEHHBIH OCAJ0K OTJAEIUTD, MPU KUISTYCHUHU PACTBOPUTH B YKCYCHOM
kuciaore CH3COOH, 1o mpu MmemieHHOM oxjiaxkiaeHuud Pbl, Beimager B BHIe 3070THCTBIX
KPHUCTaJJIOB-YEIyeK.

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 Karenb pacTBopa Nap,SO,4 min HpSO4, a B apyryro — pacTBopa
xpomara kanusi KoCrOs. B nmepBoit nmpobupke HaGmoaiiTe BblnajeHne 06€10ro KpucTaInyeckoro
ocazika, a BO BTopoi — xkentoro ocaaka BaCrO,4. CocTaBbTe ypaBHEHHS IPOICTAHHBIX PEAKITHA.

Onwim Ne 4. Beinonnenue peaxyuu obnapyacenus kamuona Ca"

B mnpobupky Haneiite 4-5 kamenb pactBopa comu CaCly, 1006aBbTe HECKONBKO Karielb
okcamata ammonusi (NH,),C,04. Habmiomaiite obpasoBanne OGemoro ocaaka CaCy0y,
HepacTBopumoro B otiuuue oT BaCy04 B ykcycHoit kucinote CH3COOH. CocrtaBbTe ypaBHEHUE
peaxkuu oOHapy>KEHHUS.

Onvim Ne 5. Beinonnenue peakyuu 0OHApy#ceHUss KAMUoHa APt

Ha monocky ¢unbrpoBaHHO# Oymarn Hanecute | karutto pactBopa conu amomunus (AlCI;
win Al(SOg)3), MOMECTUTE 3TO MATHO HAJ CKISHKON C KOHIIEHTPHUPOBAHHBIM PACTBOPOM aMMHaKa
(NH;OH) na 1-2mun. Hanecute 1 Kammo COUpTOBOTO PacTBOpa ajiM3apHHA WM ATIOMHHOHA.
OcToposxHO MoACYImHTE OymMary u HaOJIro1aiTe MOsIBIIEHHE KPACHOTO TISITHA.

Onwim Ne 6. Boinoanenue peaxyuu obrapyscenus kamuona Zn**

K 1-2 xamusam pactBopa conm nmHKa (ZnSO4) npubasbre 1 M aneratHoii OydepHOl cMecH,
2-3 xarum | H pactBopa THocynbdara HaTpus u 1 M pacTBopa auTu3oHa. Habmiomaiite
o0pa3zoBaHNe MAITMHOBO-KPACHOTO PacTBOPA KOMIUIEKCHOM 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 u
1-2 karum rexcanmanodeppara (I11) xkammst Ks[Fe(CNg)]. Habnronaiite oOpa3oBaHue TEMHO-CHHETO
ocajka TypHOyneBoit cuau. COCTaBbTE ypaBHEHUE PEAKIIHH.

Onvim Ne 8. Boinoanenue peaxyuti oonapyaicenus F e

B nBe mpobupku HanelTe 0 HECKOIBKO Karelb COJIN Fed (manmpumep, FeCls), 3atem B onHy
nmpoOUpKy 100aBbTE HECKOJIBKO Karmellb pacTtBopa pomanuna ammonuss NH4CNS, a B apyryro
npobupky — 1-2 xammm pactBopa HCl m 1-2 kamm pactBopa rekcanumanodeppura (I1) xamus
K4[Fe(CN)¢]. Habaromaiite B mepBoii mpoOupke 00pa3oBaHHe KPOBABO-KPACHOTO OKPAIMBAHHUS, a
BO BTOPO# — cuHU ocanok OepianHckoi azypu. CocTaBbTe ypaBHEHHUS NPOBEICHHBIX PEAKIIHHA.

Onvim Ne 9. Beinonnenue peaxyuu obnapyscenus kamuona Cu”"

K HeckonmpkuM KamisiM pacTBopa coiu meau (Hampumep, CuSO4) mpuimBaiiTe mo Karisim
pactBop ammuaka NH,OH no mossienust rony6oro ocanka Cu(OH), u ganpure n36sirok NH,OH
10 o0pa3oBaHMsS pPAacTBOpa KpacwBOro cuHe-(uoneroBoro mpera. CocTaBbTe€ YpaBHEHUS JBYX
MIPOTEKAIOIINX PEaKLUi.

Onvim Ne 10. Bvinonunenue peaxyuu obuapysicenus kamuona NHy"

a) B mpobOupky Haneite 2-3 kammm pactBopa coimu aMmmoHus (NH4Cl wiu (NH4),SOy),
nobasbTe 4-5 Kamenb peaktuBa Heccnepa, HabmogaiiTe oOpazoBaHne KpacHO-Oyporo ocajxa.

0) Ha yacoBoe cTekJo Wiu B GapdopoByr0 yalieuky HajelTe HECKOJIbKO Kalelb pacTBopa
comu NH4", mpuseiite 4-5 xanens pactBopa NaOH 1 GBICTPO HAKpOTE CTEKIOM C HPUKICEHHOI C
BHYTpEHHEH CTOpPOHBI CMOYEHHOW JMCTUJUIMPOBAHHONW BOJOM HMHIWKATOPHON OyMasKKOM.
[TomorpeiiTe peakMOHHYIO CMECh, MHAMKATOPHAS OyMa)Kka JOJDKHA M3MEHHTH I[BET: JIAKMYCOBAsI
WM YHUBEpCcajibHas MOCUHETh, PeHOIPTaNIenHOBAs — TOKPACHETb.

OOmpsicHUTE, TMOYEMY MEHSETCS LBET WHIMKATOPHOW OyMaKKH, COCTaBbTE€ YpaBHEHUS
MPOTEKAIOIINX PEaKIUH.

Onvim Ne 11. Boinonunenue peaxyuu o6uapyscenus K=

K HeckoNbKMM KamasaM pacTBopa copepxkamero K' (cpema nomkHa GBITh HeHTpambHas),
npubaBbTe HECKOJBKO Karellb pacTBopa rekcanutpo-kobamstata (I11) marpus Naz[Co(NO2)s],
MOTPUTE MAJIOYKOH O CTeHKH Npobupku. Halmronaiite o6pazoBaHue xentoro ocaaka. CocraBbTe
ypaBHEHHE PEAKIIHH.

Onwim Ne 12. Boinonnenue peaxyuu obnapyscenust Na*

K HecKkoNBKMM KarlIsM pacTBopa, cozjepikamero Na' (cpefa DOmKHA OBITH HEHTpambHOI),
n00aBbTE HECKONBKO Kamejdb pacTBopa auruapoantumonara kamus KH,SbO,. HabGmiomaiite
oOpa3oBaHue 0€I0ro MeJIKOKpUCTANINYeCKOro ocajika. CocTaBbTe ypaBHEHUE PEAKIINH.

Cnenaiite BbIBOJ 110 1TaOOpaTOPHOI padoTe.

dopMma npeJcTaBJIeHUs Pe3yJabTaTa: OTYET O MPOJENaHHON paboTe, COCTaBIEHHBIE CXEMBbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIU, BHIBOIBI.

Kputepuu onenkmn:

3a KaK[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () O6asUIoB.
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Tema 5.2. KauecTBeHHBIN aHAJIN3 KATHOHOB. KauecTBeHHLIN aHAJIN3 aHHOHOB
JlabGoparopHnasi padora Ne 11
KauecTBenHnble peakinun katuonos 1V, V, VI rpynnsl

Leas paGoTbl: HAYYUTHCS MPOBOAMTH KAYECTBEHHBIC PEAKUMU OOHAPYKEHUS OCHOBHBIX
KaTHUOHOB.

Beinosinus patdory, Bel Oyaere:

ymems.
— IPOBOJIUTH KAUECTBEHHBIC PEaKIIuu OOHapykeHHust ocHOBHBIX katuonos I, 11, 111, 1V, V u VI
AHATMTUYECKUX TPYIIIT;
— COCTaBJISITh CXEMbl YPaBHEHUIN KaUYECTBEHHBIX PEaKINil OOHAPYKEHUS OCHOBHBIX KATHOHOB.

MaTtepuajbHoe o0ecneyeHue:

[lepuonnueckas cucremMa  xumuueckux  anemeHtoB [ V1. MenneneeBa,  Tabiuna
PacTBOPUMOCTH.

OO6opy/ioBaHME M pEaKTHBBI: NPOOUPKH, NAIOYKU, MUIETKH, BOPOHKH, (UIBTPOBAIbHAs
Oymara, meHTpudyra, O>IEKTPOIUINTKA, BOIsAHAS OaHs, pPEAKTUBHBIA IITaTUB C HAOOPOM
HEOO0XOAUMBIX KUCIIOT, IIeJI0UeH, CoJell, peareHToB, HHAUKATOPOB.

3apanmue:
O6mnapyxenue karuonos |, I, 111, IV, V u VI ananutnyeckux rpymi.
Kparkue Teoperudeckne cBeieHUs:

AHanumuyeckue npusHaKu 8ewecmes U AHaIUmMuyecKue XUumMuiecKue peaxyuu

[Ipu mpoBeneHNM KayeCTBEHHOI'O U KOJMYECTBEHHOI'O aHAM3a MCHOJb3YIOT aHAIIUTUYECKUE
MPU3HAKHU BEIIECTB U aHATUTHYECKUE PEAKITUH.

Ananumuyeckue npusHaku — 5TO XUMUYECKHE WU (U3MUECKUE CBOICTBa, KOTOpHIE
MO3BOJISIIOT OOHAPYKUTh BEIIECTBO WJIM OIPEACIUTHh €ro KOJu4ecTBO. K HHUM OTHOCSTCS IIBET,
3amax, CHOCOOHOCTH BEIIeCTBa OOpa3OBHIBATh OKpAIllEHHBIE U MaJOpPaCTBOPUMBIE COEAMHEHUS,
ra3bl P B3aUMOJICHCTBUU C ONIPEICTICHHBIMHU peareHTaMu U T. II.

Ananumuyeckas xumuveckas peaxyusi (AXP) — 93T0O peakiusi, COMPOBOKIAIOIIASICS
AQHATUTUYECKUM TIPU3HAKOM, MO KOTOPOMY MOXHO CYAWTh O HAJIUYMU B MPoOE KaKoro-imdo
KOMITOHEHTa. B kauecTBe aHAMUTUYECKUX PEaKIIMi Yallle BCero UCIONb3YIOT peakIlui 00pa3oBaHUs
OKpAaIICHHBIX COCTMHEHUH, BBIICICHUE WM PACTBOPEHUE OCAIKOB, BBIICIICHHE Ta30B, 00pa30BaHKE
KPUCTAIIJIOB XapaKTepHOU (POpMBI, OKpallliBaHUE IJIAMEHH ra30BOM TOPEIKH.

B kauecmeennom xumuueckom amanuse ONsi pazoenenusi U OOHAPYI’CeHUs UOHO8 WUPOKO
UCNONL3YIOMCS  XUMUYECKUe peakyuu 6cex Mmunos, HnpomeKkawnwue 6 pacmeopax. peakyuu
ocaxcoenus u KOMNIEeKCO000pa3o6anusl, KUCTOMHO-0CHOBHbLE u OKUCTIUMENIbHO-
B80CCIMAHOBUMENbHDIE.

Peakiun ocaxneHuwss O4YeHb YacTO MPUMEHSIOT JUIsi OOHApYXKEHUS pa3IWYHBIX HOHOB.
OOpazoBaHue OCaJKOB — ATO OJIMH M3 OCHOBHBIX aHAIUTHYECKHX 3(PPEKTOB, UMEHHO MOITOMY
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GONBIIMHCTBO KAYECTBEHHBIX PEAKIMI ABIACTCA PeakIusaMu ocaxaenns. Hanpumep, nons Ba®* —
10 BBIMAJICHUIO JKEJITOr0 MEJIKOKpUCTAIInUeckoro ocanaka BaCrOy:

2Ba?* + Cr,07% + H,0 = 2BaCrO,| + 2H".

BaxHylo posib UIrparoT peakuud OCaXKICHHUA U IpU pazdeneHuu WOHOB. JIeHCTBUTENBHO,
OCHOBa 1000 aHATUTHYECKOW KIACCU(PHUKAIIMM — O3TO OCAAUTEIBHOE JACUCTBUE PA3IUUYHBIX
pEeareHTOB Ha ONpPEIEeTICHHbIE IPYIIIbl HOHOB.

KuCI0THO-OCHOBHBIE PEaKIMK TAaKXKE MOXKHO UCIIONB30BATh ISl 0OHAPYHCeHUs U pazoeseHus
MOHOB, XOTSI C 3TOW LIEJIbI0 OHM IPUMEHSIOTCS peXe, YeM peakiuu ocaxiaeHus. Hampumep, nns
obnapyskenus mona NH;" cymiecTByeT crelududeckas KHCIOTHO-OCHOBHAS PEaKIUs:

NH;" + OH = NH3t + H,0.

Cy1ecTByeT 3HaUUTENbHOE KOJIMYECTBO OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX peakuuil (OBP),
KOTOpBIC YCIIGNIHO MPUMEHSIOTCS Ui oOHapyxkeHmss moHoB. Harmpumep, momsr Cr®* wacro
OKHCIISIIOT 10 XpoMat-HoHOB CrO4>, 94TO MPHBOIHT K TOSBICHHIO KETOM OKPACKH.

B03MOKHOCTh MCNONB30BaHUS PEAKLUUH KOMILIEKCOOOPa30BaHUS B KaYeCTBEHHOM aHAJIU3€
00yCJIOBI€Ha BO3HUKHOBEHHEM U MHTCHCHUBHOCTBIO aHATUTHYECKUX dPQEKTOB, a TakxKe OOJBIIOiM
M30MPaTEeNbHOCTRIO peakiuii 3Toro tumna. KoMIuiekcHble coenHeHusl 001aaloT PsiioM CBOWCTB,
HEHHBIX U1 XUMHUKa-aHAIUTHKA!

— MOHBI LEHTPAJILHOTO aTOMa M JIMTaHJOB, HaXOJsCh B COCTaBe KOMIUIEKCA, MPAKTHYECKU
OTCYTCTBYIOT B PacTBOpE B CBOOOJHOM BHJE, MOITOMY MX HE BCEr/a yAaercss OOHApYXUTh. JTO
CBOMCTBO ILIMPOKO MCIOIB3YETCA I pazoenenus W Mmackupoeauus WOHOB. Hampumep, npu
OOHapy>KEHHH HOHOB Mn?* B BHC MalMHOBO-po30oBoro coeaunerus H[Mn(C204);] uoHBI Fe*,
MeIAoNIMe CBOEH OKpacKoH, Jerko MackupyroTcs ¢rtopuin-uoHamu F 3a cuer obOpazoBaHus
6ecrBernoro kommiekca [FeFg]®

Fe** + 6F = [FeFq]*.

3a cyer 00pa3oBaHUS THUAPOKCOKOMIUIEKCOB M3 aM(OTEPHBIX THIPOKCHAOB KaTHOHOB III
aQHAJTMTUYECKON TPYIIIBI

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 KAaTHOHOB B OCaJKE U B (PUIIbTpATE.

— KOMIUIEKCHBIE COEIMHEHHsI 4YacTo OO0JIaZlal0T XapaKTepHBIMH OKPAacKaMU WM MaJloi
PACTBOPHMOCTHIO, HA 4eM OCHOBaHBI MHOTHE DEaKIuu obuapyxcenus. Hampumep, mons: NH,
o0pa3yloT ¢ peakTuBoM Hecciiepa HepacTBOpHMMOE KOMIUIEKCHOE COeTMHEHHE Oyporo 1BeTa:

NH4" + 2[Hgls]* + 40H™ = [NH,Hg,O]1} + 7I" + 3H,0.

[Tpumenss cnenuduyeckre M BBICOKOCEIEKTUBHBIE PEAKIMM MOXHO OOHApyKHMBaTh HOHBI
TaKk Ha3bIBAEMBIM OpPOOHLIM MemoOoM, TO €CTb HENOCPEACTBEHHO B OTJIENbHBIX MOPLUAX
HCCIIEIyeMOI'0 pacTBOpa HE3aBUCHUMO OT COJIEp’KaHMsS B HEM JIPYT'MX HOHOB. B 3ToM ciydae He
MMeeT 3HAYCHUS TIOPSIIOK OOHAPYKEHHUS OTACITHHBIX KOMIIOHEHTOB CMECH.

ITp1 HEBO3MOXKHOCTHU OTpEJIENIEHUs] MOHOB APOOHBIM METOJOM (OTCYTCTBHE CHEIM(PUUECKUX
peakuuii) pa3pabaThIBalOT OIPEAEICHHYI0 IOCIEA0BATEIbHOCTh PEAKIMM, MPEICTaBISIONIYIO
coOOi cucTeMaTHYeCKUi XOJa aHainu3a. B 3ToM ciydae K OOHapyXEHHIO KaXJ0oro HOHa
MPUCTYNAIOT IOCJe TOro, Kak BCe JpyrHe MeEIIAIoNMe €ro OMNpPEeNeNIeHUI0 HOHBI OyayT
NpeBapUTENIbHO YAaJeHbl U3 pacTBopa. TakuM o0pa3oM, MpHU CHUCTEMAaTHUECKOM XOJIe aHaju3a
HapsIy C peaKkiusIMH OOHapYKEHUS! OTACTHHBIX HOHOB MPUOETAIOT TAKXKE K PEAKIMSIM OTIIEICHUS
UX JPYT OT pYra, UCIOJIb3YS pa3iInyus B paCTBOPUMOCTH COEAMHEHUH pa3aesieMbIX HOHOB.

Ilopsinok BbINOJHEHHSI padOThHI:
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1 Cucremarusupyiite U 0000IUTE 3HAHHS IO TEME, 3aKOHCIEKTUPOBAB B OTYET IIO
nabopaTopHON paboTe KpaTKHE TEOPETUIECCKUE CBEICHUSI.

2 BpINoiHUTE TPAKTHYECKYIO 9acTh PaOOTHI.

3 OrMmeTbTe HAOJIOJCHHUS, COCTaBbTC YPAaBHEHUS NPOBEICHHBIX PEaKIUi OOHAPYKCHUS
KaTHOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHON paboTe.

Xox padoThI:

Onvim Ne 1. Bvinonnenue peaxyuti obnapysicenus kamuona Ag™

K HeckonpkuM KaruisiM pacTBOpa COJIM HHUTpaTa cepedpa, MOMELIEHHBIX B JIBE MPOOUPKH,
MPUWINTH B OJIHY pacTtBop cossiHoi kucinotel HC1, a B apyryro — pactBop xpomarta kanus KoCrOs. B
nepBoi mpoOupke HabmroAaiiTe oOpazoBaHue OEIOr0 TBOPOKUCTOIO, @ BO BTOPOUW — KUPIUYHO-
KpacHOTo ocanika. CocTaBbTe ypaBHEHH MPOJICIAHHBIX PEAKIINN.

Onvim Ne 2. Boinoanenue peaxyuu obnapyscenus kamuona Pb**

K 4-5 xammsm pactBopa coau cBuHiia PB(NOjs); mobGaBbTe 4-5 Kamenb HOAMIA Kaius.
Ha6monaiite obpasoBanue sxentoro ocaaka Pbl,. CocTaBbTe ypaBHEHHE PEaKIIUH.

Ipumeuanue: ecav MOTYICHHBIA OCAJIOK OTACIHUTH, IPH KUTISTYEHUN PACTBOPUTH B YKCYCHOM
kuciore CH3COOH, Tto mpu MmemneHHOM oxjiaxkaeHuu Pbl, Beimager B BHIe 3070THCTBIX
KpHUCTAJJIOB-YEIIYeK.

Onwvim Ne 3. Boinonnenue peakyuii 00OHApy#ceHUss KAamuoHa Bd**

B nBe mpobupku Haneite o 4-5 kamens pactBopa conu Oapusi (BaCl, munu Ba(NOs),). B
OJIHYy MPOOUPKY 100aBbTE HECKOIBKO Kamesb pacTBopa Nap,SO, mimn HpSO4, a B apyryto — pacTBopa
xpomata kanusa K,CrOs. B nmepBoii nmpoOupke HaOmoaaiTe BbimageHue 0e1oro KpucTalInueckoro
ocazka, a BO BTopoi — xkentoro ocaaka BaCrO,4. CocTaBbTe ypaBHEHHUS POICTAHHBIX PEAKITHHA.

Onwim Ne 4. Boinonnenue peaxyuu o6napyscenus kamuona Ca’"

B mnpobupky Haneiite 4-5 kamenb pactBopa comu CaCl, n06aBbTe HECKOIBKO Karieib
okcamata ammonusi (NH,),C,04. Habmiomaiite o6pasoBanne OGemoro ocaaka CaCy0y,
HepacTBopumoro B otinuuue oT BaCy;04 B ykcycHoit kucinote CH3COOH. CocraBbre ypaBHEeHHE
peakuu oOHapy>KeHHUs.

Onvim Ne 5. Beinonnenue peakyuu 0OHApy#ceHUss KAMUoHa APt

Ha nosnocky ¢unbrpoBaHHoi Oymarn Hanecute | karumo pactBopa conu amomuHus (AICls
win Al(SOs)3), MOMECTUTE 3TO MATHO HAJ CKISTHKOM ¢ KOHIIEHTPHUPOBAHHBIM PAaCTBOPOM aMMHaKa
(NH4,OH) na 1-2muH. Hanecute | Kamiro CIMpTOBOrO pacTBOpa allM3apHHA WM ATOMHHOHA.
OcTopoxkHO MOJCYIIUTE OyMary u HabJIt0JailTe MOSBICHUE KPACHOTO TSATHA.

Onvim Ne 6. Boinonnenue peaxyuu obHapyscenus kamuona Zn>"

K 1-2 xamussm pactBopa conm nmHKa (ZnSO4) npubasbre 1 M aneratHoii OydepHoit cmecH,
2-3 xamum | H pactBopa THOcynbdara HaTpus u 1 M pacTBopa auTu3oHa. Habmropaiite
o0pa3zoBaHe MAIMHOBO-KPACHOTO PacTBOPA 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 xamm rekcanuanogeppata (1) kamus Kz[Fe(CNg)]. Habmronaiite oOpazoBaHie TEMHO-CUHETO
ocajika TypHOyneBoi cuHu. CoCcTaBbTe YpaBHEHUE PEAKIINH.

Onvim Ne 8. Buinonnenue peaxyuii oonapysicerus Fi e

B nBe npobupku HaselTe 1o HECKOJIBKO Kareb COJn Fe®* (manpumep, FeCls), 3aTem B onHy
npoOupKy 100aBbTE HECKOJIBKO Kameidb pacTBopa pomganujga ammoHust NH4CNS, a B apyryro
npobupky — 1-2 xammm pactBopa HCl m 1-2 kamnm pactBopa rekcanumanodeppura (Il) xamus
Ka4[Fe(CN)g]. Habmomaiite B mepBoii mpoOrpke 00pa3oBaHHe KPOBAaBO-KPACHOTO OKPAIIMBaHHS, a
BO BTOPOM — CUHMI 0caJIoK OepirHCcKoi da3ypu. CocTaBbTe ypaBHEHUS IPOBEICHHBIX pPEeaKIIUM.
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Onvim Ne 9. Bvinonnenue peakyuu 0OHAPY’CeHUs. KAMUOHA Cu®t

K Heckonpkum Kamisim pactBopa coym menu (Hampumep, CuSO,) mpunmBaiTe Mo KarisaMm
pactBop ammuaka NH4OH no nosBiienus romy6oro ocaaka Cu(OH); u maneine u36siTtok NH,OH
1o o0Opa3oBaHHUsl pacTBOpa KpacuBOro cuHe-puojeToBoro IBera. CocTaBbTe YpaBHEHHS JBYX
IIPOTEKAIOIINX PEAKIUN.

Onwvim Ne 10. Bvinonnenue peaxyuu obuapysicenus kamuona NHy*

a) B mpoOupky Haneiite 2-3 kamm pactBopa coimu aMmmoHus (NHsCl wmu (NH4),SOs),
nobasbTe 4-5 kanens peaktuBa Heccnepa, HabmiogaiiTe 06pazoBaHue KpacHO-0yporo ocajika.

0) Ha yacoBoe CTEKJIO WK B (apdopoByro Hamieyky HajleiiTe HECKOJIBKO Kareilb pacTBoOpa
comun NH,", npuneiite 4-5 xanens pacropa NaOH 1 GbICTPO HAKPOHTE CTEKIOM ¢ IIPHKICEHHOM C
BHYTPEHHEH CTOPOHBI CMOYEHHOW JUCTH/UIMPOBAHHOW BOJOW HWHIMKATOPHOM OyMa)KKOM.
[TomorpeiiTe peakIMOHHYIO CMECh, HUHIUKATOpHAsE OyMa)kka JOJKHA M3MEHUTH I[BET: JIAKMYyCOBas
WA YHUBEpCaIbHAs IOCUHETD, (DEHOIPTATICHHOBAs — TOKPACHETb.

OObscHUTE, MOYEMY MEHSETCsl LBET HWHAMKATOPHOW OYMaXkKH, COCTaBbTE YPaBHEHMUS
IIPOTEKAIOIINX PEAKIUN.

Onwvim Ne 11. Boinonnenue peaxyuu o6napysicenus K+

K HeckoNbKMM KamisM pacTBopa coaepxkamero K' (cpema momkHa ObITH HeHWTpambHast),
npubaBbTe HECKOJIBKO Kareiab pacTBopa rekcanutpo-kobanstara (1) matpus Naz[Co(NOy)s],
MOTPHUTE MAJTOYKOW O CTEHKH Npobupku. Habnronaiite oOpazoBanue xentoro ocaaka. CocraBbTe
ypaBHEHUE PEaKIIHH.

Onvim Ne 12. Bvinonunenue peaxyuu obuapysicenus Na*

K HeckoNBKMM KaIlIsM pacTBopa, comepxkamero Na' (cpema DOMKHA ObITH HEHTpambHOI),
n00aBbT€ HECKOJBKO Karlelb pacTBopa aurmapoantumonara kamus KH,SbO,. HaGmromaiite
oOpa3oBaHue 0eI0ro MEIKOKPUCTANINYeCKOro ocaaka. CocTaBbTe ypaBHEHUE PEaAKIIHU.

Cnemnaiite BbIBOJ 10 1a00paTOpHO padoTe.

dopma npeacTaBJeHUs Pe3yabTaTa: OTYET O MPOJCIAHHON paboTe, COCTABICHHBIC CXEMBI
ypaBHEHHI HAOJIFOIaEMBIX PEAKIIHIA, BHIBOIBI.

Kputepun onenkmn:

3a KaXkJplii MpaBUWIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.
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Tema 5.2. KauecTBeHHBIN aHAJIN3 aHHOHOB
JlabGoparopHasi padora Ne 12
KauecrBenHnble peakinuu anuonosn Cl, Br, |

Leas paGoTbl: HAYYUTHCS MPOBOAMTH KAYECTBEHHBIC PEAKUMU OOHAPYKEHUS OCHOBHBIX
anuoHoB |, Il u |1l ananuTnyeckux rpymi.

Boinosinus padory, Bel Oyaere:

ymems:

— MPOBOAWTH KA4e€CTBEHHBIC PEAKIMHW OOHapy>KeHHsi OCHOBHBIX aHwoHoB |, Il u Il
AQHAIMTUYECKUX TPYIIIT,

— COCTaBJISITh CXEMbI YpaBHEHHUI Ka4eCTBEHHBIX peaKIfii 00HAPYKEHHSI OCHOBHBIX aHUOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[lepuognueckass cucrema xumudeckux odnaemeHtoB J[. WM. MenneneeBa, Tabnuma
PacTBOPUMOCTH.

OO6OpyIOBaHWE ¥ PEAKTUBBI: MPOOUPKH, TMAOYKH, MUNETKH, BOPOHKU, (QHUIBTPHI,
neHTpudyra, JIEKTPOILTUTKA, BOJsSHAs OaHs, PEaKTHBHBIA INTAaTUB C HA0OPOM HEOOXOIUMBIX
KHCJIOT, 11I€JI0UEH, COJIEH, pEareHTOB U UHJIUKATOPOB.

3ananne:
Oo6napyxxenue auuoHos |, |l u 11l ananuTrueckux rpymi.

IMopsiniok BbINoOJIHEHUs padOTHI:

1 Cucrematusupyite 1 0000IIMTE 3HAHUS MO TeME, IIOBTOPUB M3YyYCHHBIN HA JEKIIMOHHOM
3aHATUH MaTepUall.

2 BbInoiHUTE NPaKTHUECKYIO YacTh PaOOTHI.

3 OtmerbTe HAONIOACHHUSA, COCTaBbTE YpPaBHEHUS IPOBEIEHHBIX pEaKIUil OOHapyKEHUs
aHMOHOB.

4 ChopmynupyiiTe 00IIHE BBIBOJIBI O MIPOJICTAaHHOM padoTe.

Xoa padoThi:

Onwvim Ne 1. Beinonnenue peakyuti 0OHaApys#ceHus cyibham-aHuoHa S0,%

Haneiite B mpoOupKy HECKONBKO Kamelb pPacTBOPA, COJEPKAIIEro Cyab(haT-uoH S0,%,
npujeiTe HeCKOJIbKO Karmenab pactBopa HCI, 1o kucioit cpeasl 0 yHUBEpCATbHON WHAMKATOPHOU
Oymaxkke W 100aBbTe 2-3 Kamiau pacTBopa peacenma BaCl, (xnopuoa 6apus). Habmronaiite
oOpa3zoBanue Oeoro kKpuctaummaeckoro ocagaka BaSO4. CocTaBbTe ypaBHEHHE g)eaxunn.

Onvim Ne 2. Buinonnenue peaxyuil oonapysicenus kapoonam-anuona CO3z"

CO, B mpoOupky c¢ razooTBomHON TpyOKOW Hayeite 4-5 Kamemb pacTBopa
/ Na,COs, mobOaBerTe HeckONbko Kamenb xuciomsr  HCI, Beimensrommiics
N yraekucnbii a3 CO; mpomyctute uepe3 wu3BecTkoByro Boay Ca(OH),.
‘QX\ HaGmonaiite momyTHeHue wu3-3a BbimageHus ocaaka (CaCOs. CocraBbTe
;\\( YPaBHEHHS IBYX MPOTEKAOIINX PEAKIIHH.
N CO; Q{,J“;% Onvim Ne 3. Buinonnenue peaxyuil 0OHApydlceHUs CUTUKAM-AHUOHA
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Si0s”

[Ipu nobGaBneHUM K pacTBOPY, COAEPKAIMIEMY CUITUKAT-aHHOH SiOs”, a) KUCJIOTHI Wi 0) Comu
ammonusa NH4C1 oOpasyercs kpemMHHEBasi KUCI0Ta B BUJIE€ CTYAHS WK OenbIX xjonseB. CocTaBbTe
YpaBHEHHE PEaKIUU.

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 HC| u npukpoiite npoOupky (uibTpoBaibHOH Oymaroil, CMOYEHHOH pacTBOPOM
arnierata cBunia Pb(CH3COO),. Habmonaiite moyepHeHne Oymard B pe3yiabTare 0Opa3OBaHHS
yepHoro cynbduaa ceunna PbS. CocraBpTe ypaBHEHHS IBYX MPOTEKAIOUINX PEAKIUM.

Onvim Ne 5. Buinonnenue peakyuu oonapysicenus xaopuo-arnuora ClI-

K HeckompkuM kamasim pactBopa NaCl mpuieiiTe HECKOJNBKO Kallelnb pacTBOpa HUTpaTa
cepebpa AgNOs. HaGmromaiite oOpa3zoBanme Oenoro TBopoxkuctoro ocaaka AgCl. CocraBbTe
ypaBHEHHE PEaKLUH.

Onwvim Ne 6. Beinonnenue peakyuu ooHapyicenus numpam-anuona NOs

Ha ugacoBoe crekno Hanecute 2-3 kamuu pactBopa NaNOgz, moMecTuTe B LEHTP KPUCTAJLIUK
xene3Horo kynopoca FeSO,-7H,0 u | kammio konu. H,SO,. Habmronalite Bokpyr kpucramia 6ypoe
OKpalllMBaHUE B BUJE KOJIbIIA B pe3ynbTare oopasoBanus komiuiekca [Fe(NO)]|SO,.

Onwvim Ne 7. Beinonnenue peakyuu oonapyscenus ayemam-anuona CH3COO™

Haneiite B npobupky 4-5 kamens pactBopa conu anerata Hatpus CH3COONa, noGaBbTe
Heckoubko Karenb HCI, onryture 3anax ykcycHoi Kuciotsl. COCTaBbTE ypaBHEHUE PEAKIIHH.

Cnemnaiite BBIBOJ 10 J1a00paTOpHOI paboTe.

®opMma npeacTaBJieHus pe3yabTaTa: OTYET O NMPOAeTaHHON paboTe, COCTaBICHHBIE CXEMbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIUM, BHIBOIBI.

Kpurepun 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, (p0cHOPHOI, XJIOPOBOIOPOAHOIA,
CEepOBO0POIHOI, A30THOM, A30THCTOM

Leap paGoThl: HAYYUTHCS MPOBOAWTH KAYECTBEHHBIC pPEAKIMH OOHAPYKCHHUS OCHOBHBIX
annoHoB |, Il u Il ananmuTrueckux rpymm.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MPOBOAWTH KAde€CTBEHHBIC PEAKIMW OOHapy>keHHs: OCHOBHBIX aHwoHoB |, Il u Il
AQHATMTUYCCKUX TPYIIIT,

— COCTaBJISITh CXEMbI YPaBHEHHUI Ka4eCTBEHHBIX peaKInii 00HAPYKEHHsSI OCHOBHBIX aHHOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[lepuognueckass cucrema xumudeckux odnaemeHtoB J[. WM. MennaeneeBa, Tabnuma
PacTBOPUMOCTH.

OO6oOpyIOBaHWE W PEAKTUBBI: MPOOUPKH, TNAOYKH, MUNETKH, BOPOHKU, (QHUIBTPHI,
neHTpudyra, JIEKTPOILTUTKA, BOJsSHAs OaHs, PEaKTHBHBIA INTaTUB C HA0OPOM HEOOXOIUMBIX
KHCJIOT, 11IeJI0UEH, COJIEH, peareHTOB U WHJIUKATOPOB.

3ananne:
Oo6napyxxenue auuoHos |, |l u 11l ananuTueckux rpymnm.

IMopsiniok BbINoOJIHEHUS padOTHI:

1 Cucrematusupyite 1 0000IIMTE 3HAHUS MO TeMe, IIOBTOPUB M3YyYCHHBIN HA JEKIIMOHHOM
3aHSATUN MaTepUall.

2 BbInoiHUTE NPaKTHYECKYIO YacTh PaOOTHI.

3 OtmerbTe HAONIOACHHUSA, COCTaBbTE YpPaBHEHUS IPOBEIEHHBIX pPEaKIUil OOHapyKEHUs
aHMOHOB.

4 ChopmynupyiiTe 00IIHE BBIBOJIBI O MIPOJICTaHHOM padoTe.

Xoa pa0doThI:

Onwvim Ne 1. Beinonnenue peakyuii 0OHaApys#ceHus Cyibham-aHuoHa S0,%

Haneiite B mpoOupKy HECKONBKO Kamelb pPacTBOPA, COJEPKAIIEro Cyab(haT-uoH S0,%,
npujeiTe HeCKONIbKO Karenab pactBopa HCI, 1o kucimoit cpeasl 0 yHUBEPCATbHON WHAMKATOPHOU
Oymaxkke W 100aBbTe 2-3 Kamiam pacTBopa peacenma BaCl, (xnopuoa 6apus). Habmronaiite
oOpa3zoBanue Oeoro kpuctaummaeckoro ocagaka BaSO4. CocTaBbTe ypaBHEHHE g)eaxunn.

Onvim Ne 2. Buinonnenue peaxyuii oonapysicenus kapoonam-anuona CO3z™

CO, B mpoOupky ¢ razooTBomHON TpyOKOM HayieWte 4-5 Kamemb pacTBopa

Na,COs, mobOaBeTe Heckonbko Kamenb xuciomsi  HCI, Beimensrommiics

N yrinekucneii a3 CO, mpomyctute uepe3 wu3BecTkoByr0 Boay Ca(OH),.

t‘\-’(\ HaGmonaiite momyTHeHue wu3-3a BbimageHus ocaaka (CaCOs. CocraBbTe
A

Ca(OH

\
\}} YpaBHEHUS ABYX MPOTEKAOIIUX PEAKIUM.
Na;CO5 S
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Onvim Ne 3. Boinoanenue peaxyuti obnapysicenus cunukam-anuona SiOz”

[Ipu nobGaBneHUM K pacTBOPY, COAEPKAIMIEMY CUITUKAT-aHHOH SiOs”, a) KUCJIOTHI Wi 0) Comu
ammonusa NH4C1 oOpasyercs kpemMHHEBasi KUCI0Ta B BUJIE€ CTYAHS WK OenbIX xjonseB. CocTaBbTe
YpaBHEHHE PEaKIUU.

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 HC| u npukpoiite npoOupky (uibTpoBaibHOH Oymaroil, CMOYEHHOH pacTBOPOM
arierata cBunia Pb(CH3COO),. Habmonaiite moyepHeHne Oymard B pe3yiabTare 0Opa3OBaHMS
yepHoro cynbduaa ceunna PbS. CocraBpTe ypaBHEHHS IBYX MPOTEKAIOUINX PEAKIUM.

Onvim Ne 5. Buinonnenue peakyuu oonapysicenus xaopuo-arnuora ClI-

K HeckompkuM kamasim pactBopa NaCl mpuieiiTe HECKOJIBKO Karlelb pacTBOpa HUTpaTa
cepebpa AgNOs. HaGmromaiite oOpa3zoBanme Oenoro TBopoxkuctoro ocaaka AgCl. CocraBbTe
ypaBHEHHE PEaKLUH.

Onwvim Ne 6. Beinonnenue peakyuu ooHapyicenus numpam-anuona NOs

Ha uvacoBoe crekno Hanecute 2-3 kamuu pactBopa NaNOgz, momMecTuTe B LEHTP KPUCTAJLIUK
xene3Horo kynopoca FeSO,-7H,0 u | kammio konu. H,SO,. Habmronalite Bokpyr kpucramia 6ypoe
OKpalllMBaHUE B BUJE KOJIbIIA B pe3ynbTare oopasoBanus 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
Heckoubko Karenb HCI, onryture 3anax ykcycHoi Kuciotsl. COCTaBbTE ypaBHEHUE PEAKIIHH.

Cnemnaiite BBIBOJ 10 J1a00paTOpHOI paboTe.

®opMma npeacTaBJieHUs pe3yabTaTa: OTYET O MPOAETaHHON paboTe, COCTaBICHHBIE CXEMBbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIUM, BHIBOIBI.

Kpurepun 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 HEM3BEeCTHOI'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 KX CMCCH.

Bbinosinus padory, Bel Oyaere:

ymembs:

— MPOBOJUTH CHCTEMATHYECCKHH aHAIM3 HEM3BECTHOI'O BEIIECTBA IO KHUCIOTHO-IICIOYHOM
KJIaCCU(UKALINH;

— 00HapyXMBaTh OCHOBHBIC KATHOHBI U aHHOHBI B KX CMECH;

— COCTAaBJISITh CXEMBI ypaBHeHI/Iﬁ KAa4YCCTBCHHBIX peaKHI/IfI O6Hapy)KeHI/I$I OCHOBHBIX KATHUOHOB
1 aHHOHOB.

MatepuajibHoe o0ecnieyeHue:

[lepuoguueckast cucrema xumuyeckux odaemeHtoB J[. M. MengeneeBa, Tabiuna
pacTBOPUMOCTH

OOopylioBaHME M PEAKTHBBI: MPOOWPKH, NAJNOYKH, MHUIETKH, BOPOHKH, (QHIBTPHI,
LHEeHTpUdyra, 3JIEKTPOIUIUTKA, BOJAsHAs OaHs, PEaKTUBHBIA IUTAaTHUB C HAOOPOM HEOOXOAMMBIX
KHUCJIOT, IIEJIOYEH, COJIEH, peareHTOB U UHIUKATOPOB.

3ananmue:

1 OnpeneneHne KaTHOHOB B COCTaBe MPOOBHI.

2 OmpeneneHre aHHOHOB B COCTaBe MPOOBHI.

[Topsnox BeIMONIHEHUS PaOOTHI:

1 Cucrematusupyite U 0000IIMTE 3HAHUS [0 TeME, IIOBTOPUB M3YyYCHHBIN HA JEKIIMOHHOM
3aHSATUU MaTepual.

2 BoInoiHHUTE NPAKTHYECKYIO YacTh PaOOTHI.

3 OtmerbTe HAONIOAECHHS, COCTaBbTE YpPAaBHEHUS IPOBEIEHHBIX peakuuil OOHapyXKEHHs
KaTHOHOB U aHUOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJIETaHHOM padoTe.

Xox pa0doThI:

1.ITomyuuTe OT npenoaaBarens NpoOy HEU3BECTHOI'O BEUIECTBA.

2. [IpoBenuTe BU3yalbHBIC UCCIICTIOBAHHUS.

3. IlpoBenuTe nccie0BaHUS IPU PACTBOPSHUU B BOJIE.

4. IpoBenuTe MCCIeAOBaHUS IIPH PACTBOPEHUH MPOOKI B KUCIIOTE.

5. [IpoBeauTe uccienoBanus MpU ACHCTBUN HA TTPOOY paCTBOPOM IIETOUH.

6. BoimonmHuTe cHcTeMaTHYeCKW aHalW3 HEM3BECTHOTO BEIIeCTBa, €CIM B  Pe3ylbTaTe
MIpeABAPUTENIBHBIX UCTIBITAHUM Bl HE CMOTIIM OTIPEACTUTh COCTaB MPOOHI.

135



Xoo cUCmemMamuyecKoeo aumanusa cmecu KAMUoHo8 nocne
npeosapumenbHblX UCHbIIMAHUL

1) ormemstor | amanurmueckyro rpynmy (Ag' Pb*, Hg22+) neiicreuem HCl (pumsTpar
conepxut I, 11, 1V, V, VI rpynmsr).

2) ormemstor || amamurmueckyio rpymmy (Ba®*, Sr?*, Ca®) meiicrBuem HySO,4 (duastpar
conepxut I, 1V, V, VI rpynmsr).

3) ocaxaator: Il anamuriaeckyio rpymuy (AIY, Zn?*, Cr*"); IV amanurmueckyio rpymimy
(Fe3+, Mn*, Mgz+); V aHaIUTHYECKYIO TPYIITY (Cu2+, Ni?*, C02+) B BUJIE TUIPOKCHIOB JCHCTBHEM
menoun KOH (punstpar copepxkut 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 katuoHoB [V rpymiibl.

6) K&Ky OTACIBHYIO TPYIIY aHATH3UPYIOT, UCTIOIb3Ys CHEIU(PUICCKHE U Ka4eCTBEHHBIC
pEaKIuH.

Xoo CUCMeMamuyecKo2o aumanusa cmecu AHUOHO8
nocie npedsapumenbHulX UCHbIMAHULL

1) ormensirot |l aHamuTHYECKYIO TpyIITY (80427, C0327, PO437, Si0327) nevicreueM BaCl,.

20 otmenstot | ananutrueckyro rpymmy (Cl-, Br,I, Szf) nericteuem AgNO:s.

3) ocaxxnarot Il anamutrueckytro rpymmy (NO3 -, NO,, CH3COO).

4) KaXIyr OTACIBHYIO TPYIIY aHAJIU3UPYIOT, UCTIONB3Ys CHelH(pUUSCKIEe U KaYeCTBEHHBIC
peaKIum.

7. Caenaiite 3aKIFOYEHUE O COCTaBE POOBI BEIIECTBA.

®opMma npeJcTaBJieHUs pPe3yJabTaTa: OTYET O MPOJEIaHHON paboTe, COCTaBIEHHBIE CXEMBbI
ypaBHEHUN HAOIIOJAEMBIX PEAKIIUA, BHIBOIBI.

Kpurepuu onenkmn:

3a Kak[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 IMOJIB30BATHCA AaHAJIMTUYCCKUMHU BCCAMHU, BBIIIOJHATL OCHOBHBIC
ornepanru BECOBOI'O aHAJIMN3a.

Beinosinus padory, Bel Oyaere:
ymemb:

— IIOJIB30BaThCA aHAJIMTUYCCKNMHU BECaMH,
— BBIIIOJIHATb OCHOBHBIC OIICpallii BECOBOI'0 aHaJIMU3a.

MaTepnaﬂbnoe odecmeyeHue:

O06opynoBaHWEe W PEAKTHUBBI. AHAIUTUYCCKHE BECHI, TEXHOXMMHUYCCKHUE BECHI, CYIIMIBHBIN
mkag, OIOKCHI, TEPMOMETP, IKCHUKATOP, IIMIIIBI, UCCIIeAyeMbIe 00pa3iibl (XIe000yI0UHbIC U3ICITHS
pPa3HOro BUA, IEYEHBE, CyXapH).

3ananmue:

OmnpeneneHyue NPOLEHTHOIO COJACPXKAHUSA AHAIUTHYECKOW Biaru B o0Opasle MHIIEBOro
MPOJYyKTa.

ITopsinok BbINOJHEHHS PadOTHI:

1 Cucremarusupyiite 1 0000UIMTE 3HAHUS IO TEME, TOBTOPUB M3YYEHHBIN Ha JIEKIMOHHOM
3aHATHU MaTepUal.

2 BpInosHUTE IPAKTUYECKYIO YacTh pabOTHI.

3 [IpoBenute pacyer.

4 ChopmynupyiiTe o01IMe BHIBOIBI O IPOAETaHHON padoTe.

Xoa padoThI:

1. Bo3pMuTE B YHMCTBIA TOBEIEHHBIN O TMOCTOSHHOW Macchl OrOKc nauamerpoMm 35-40 mm
HaBECKY MCCJIEAYEeMOro BEIECTBA HAa aHATIMTUYECKHX Becax ¢ ToyHOcThio 70 0,001 r. Benuumna
HaBECKH ~2 T, TOJIIIMHA CJIOS HAaBECKH B OIOKCE HE JOJDKHA OBITH OOJIBIIE 5 MM.

2. OTKpHBITHINA Or0KC OMeIaroT B Harpetslid 10 105°C cymmiabHbIN mKad U BbIIEPKUBAIOT B
TeueHue 1 gaca.

3. BeiHUMAIOT OIOKC U3 CYIIWIBHOTO IIKada IMIUIIAaMU, TTOMEIIAI0T B DKCHKATOp U B HEM
OXJIAXKIAKOT.

4. B3BennBaT 0XJIaXKICHHBIH OIOKC Ha aHATUTHIECKHX Becax ¢ TouyHOCThIO 0,001 1.
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5. IIpoBOAST KOHTPOJIbHYIO MPOCYIIKY B TeueHUe 30 MUHYT, CHOBA OXJIaX/IalOT B SKCHUKATOPE
1 B3BelMBalOT. KOHTpOIbHBIE MPOCYIIKKA MOBTOPSIOT A0 TEX IMOp, MOKa YObLIbL Macchl o0Opasia
oyzner 0,001 T unu MeHbIIIe.

6. PaccunTaiiTe MpOICHT aHAIMTUYECKON BJIark B o0Opasiie 1o ¢hopmye:

W% _%-9 .100%.

enazu ql
rze (i u 2 — Macca o0pasia J10 U Mociie MPOCYIIKHA, COOTBETCTBEHHO, T.
7. ChopmynupyiiTe BEIBOJ 1O JabopaTopHOH pabdoTe.
dopMma npeacTaBJeHus pe3yJbTaTa: OTYET O MPOJICTaHHON PaboTe, BEIBOIBI.

Kpurepun onenkmn:

3a KaxK[Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA O0TBET — 0 OaIIOB.
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Tema 5.9. TurpumeTpuyeckuii (00beMHBI) METO/A AHAJIN3A

JlaGoparopHasi padora Ne 16

Onpeuenenne coacpKaHud KMCJIOTHI K IIE€JI0YU METOAOM HeiflTpaJ’[Hf&aHHH

Heas paGoThl: HAYYUTHCS ONPEICIATh COACP)KAHME KHUCIOTBI M IIEIOYH METOJ0M
HEeUTpaIU3aluu

Bbinosinus padory, Bel Oyaere:
ymembs:

— I1OJIb30BaTbhCA aHAJIMTHYCCKHUMHU BECaAaMHU,
— BBIIIOJIHATHL OCHOBHBIC OIICpallun HeﬁTpaHHBaHHH pPacTBOPOB.

3ananmue:

OnpeneneHHe IMPOOCHTHOTO COACPIKAHUS AHAJIUTHYECKON BJIarM B 06pa3ue IUIICBOIro
IIpoaYyKTaA.

IMopsaaok BbINOTHEHHS] PA0OTHI:
Xoa paGoTsI:

1. Bo3bMuTE B YHCTBIA JOBEICHHBIA JIO MOCTOSHHON Macchl OrOKc amameTpoM 35-40 mm
HaBECKYy MCCIIETyEMOT0 BEIECTBA HA AHAIIMTHYECKUX Becax ¢ TOYHOCTHIO 70 0, BwimomHuB 3Ty
paboty, Bml Hayuntechb paboTaTh ¢ MEpPHOH MOCYIOW, TUTPOBATh, MPOBOIUTH OMpECIICHUs
METOJ0OM HEUTpaIn3aluu, TOTOBUTH paboune pacTBOPHI.

MarepuajbHoe obecnedeHne:

O6opynoBaHMe W PEaKTHUBBI. aHAUTUYECKHE BEChI, TEXHOXMMHUYECKHE BECHI, CYIIMIbHBII
mkag, OIOKCHI, TEPMOMETP, IKCHUKATOP, MBI, UCCIIeAyeMble 00pa3iibl (XJ1e000yI0YHbIE U3AETHs
pa3HOTO BHJA, TIEUEHBbE, CyXapHu). MEepHbIE KOJIOBI, BOPOHKHU, OONKH, (PUKCAHAT CEPHON KHUCIOTHI
H,SO,4, muctunnupoBanHas Bonxa (n. HoO), mpombiBanmka, KapaHJall IO CTEKIy, KOHUYECKHE
KOJIOBI, MEpHBIC IHIICTKH TPaJyHPOBAHHBIC W HETPaTyHpPOBAHHBIC, KaIleJIbHUIIA, CITUPTOBOMN
pactBop deHondTanenHa, Or0peTKa, TEXHOXUMHUYECKHUE BECHI C Pa3HOBECKAMH, CTAKaH XUMUYECKHM
crexysiHHBIN, cyxoit KOH (enkoe kanm), cTekIssHHAs MajloyKa.

1. Tlomyuure 3a7aHue y mpenogaBaTess.

2. TlpuroroBbTe CTaHIAPTHHIN (YCTAHOBOUHBIM) pacTBOP CEPHOM KUCIOTH W3 (pukcanama. J{is
3TOrO B MPEIBAPUTENHHO TIIATENBHO BBIMBITYIO MepHYI KomOy (200 wmm 250 mir) mepeHecute
KOJIMYECTBEHHO C TIOMOIIIBIO BOPOHKH M OOMKa conepuMoe ammyinbl gukcanana H,SO,, nomedite 1.
H,0 no metku, nepemernaiite. [Toamummre Ha konde GpopMyIly U KOHLEHTPAIUIO pacTBOPA.

3. B kaxmyio u3 Tpex YHCThIX KOHWIECKHX KoJ0 oTOepuTe anukBoty (10 mmu 15 mur) MmepHOU
MUIETKON UCCIENyeMOro pacTBopa, 100aBbTe AMCTUILIMPOBAHHOM BOJIbI TpUMEpHO 10 obobvema 100
MJI, IPHJIEHTE TI0 HECKOJIBKO Kalleb CIIUPTOBOIO pacTBOpa HHAUKaTopa ¢heHopTantenHa.
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4. Ecnu B MccieqyeMOM pacTBOpE HYKHO OMNPEIENUTh COJEp)KaHUE IIET0YH, TO UYUCTYIO
OIOpPETKY 3aIlOJIHUTE MPUTOTOBJIEHHBIM CTaHAAPTHBIM pacTBopoM H»SO4 10 HyNeBO OTMETKH U
OTTUTPYWUTE BCE AIMKBOTHI HCCIEAYEeMOIO pacTBOpa IO HMCYE3HOBEHUIO MAJMHOBOM OKPACKH,
OTMEThTE O0BEMBI KUCIIOTHI, MOIIE/IICH Ha TUTPOBAHHE.

5. Ecau B nccnenyemMoM pacTBOpE HYKHO OIPENEIUTb COAEPKAHME KHUCIOThI, TO CHadaja
HY>KHO MPUTOTOBUTH pabOYHil TUTPOBAHHBIN pacTBOp I1Ieia04H. [yt 3TOro B miacTMaccoBoy mocyue
roroBsaT pactBop KOH npumepnoil koHuenTpauuu. Ha texnuueckux Becax orsemnBaroT 0,56 r
cyxoro KOH wu pactBopsitor B crakane B 100 mun a. HoO npu nepeMemiMBaHUM CTEKISHHOU
nayoukoi. CIMBAaIOT pacTBOP B IMOJUATUICHOBYIO OaHKY, MOJIMHUCHIBAIOT. 3aloJHAIOT OIOPETKY
3TUM PACTBOPOM IMIEJIOYM M OTTUTPOBBIBAIOT UM 1O (eHondranenny 2 anukBOTHl mo 10 mi
CTaHJIAaPTHOTO pacTBOpa KUCIOTH HpSO4.

PaccunThiBaloT HOPMaJILHOCTH paboyvero pacTBopa LIeN0YH 1o Gopmyiie:

N, _ NV ; WK
\Y,

W
T _ Nk 'Vk 'QM(KOH) _ Nk 'Vk -56
Ko Vg -1000 Vg, -1000

6. Korma pabGoumii pacTBOp MIETOYM MPUTOTOBIICH, W KOHIEHTPAIUS €r0 YCTAaHOBJICHA,
BO3bMUTE TPU AIUKBOTHI 0 10 MII McciaeyeMoro pacTBopa B KOHMYEeckHe Konobl, pazdassTe 1.Ho0
1o ~100 mi, no6aBbTe 2-3 KarM pactBopa (heHonpTarenHa U OTTUTPYHTE PACTBOPOM IIEIOYH JI0
HOSIBJICHUS YCTOMUMBON MaJIMHOBOM OKpacku. OTMEThTE MOIIEAIINE HA TUTPOBAHUE OOBEMBI.

7. TlpomeHTHOE cofepKaHue KOMIIOHEHTA paccuuTaiTe 1mo gopmysie:

N p Vp?p : 311(1(—’%1) .
X%), . = - -100% ;
1000-10
N, -VP-D
X () g = — ). 100%
e 1000-10
8. PaccuuTaiiTe MpOLEHT OTHOCUTEIHLHOW OIIMOKH:
an _Xmeop
YooomH.owubu = g -100% .

dopma nmpeacTaBJieHUs] pe3yJbTaTa: OTYET O POJICIIAHHON PabOTe, BHIBOIHI.

Kputepuu onenkmn:

3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.
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