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MNepeyeHb NabopaToOpPHbLIX 3aHATUN

- Kon-Bo
Ne n/n HanmeHoBaHue nabopaTopHbIX 3aHATUN 4acoB

1 JlabopatopHoe 3aHaTMEe Ne 1. OnpepeneHve MNOBEPXHOCTHOIO HaTSXeHUs 5
XUOKOCTU

2 JlTabopatopHoe 3aHsaTMe Ne 2. Onpepenenve TeNnoBoro acpdekTa XUMUYECKMX 5
peakumi. Tennoeble SBMEHNUsI NPU PAaCcTBOPEHWU

3 JlTabopatopHoe 3aHsaTMe Ne 3. OnpepeneHve CKOPOCTM XUMUYECKUX pPeakLui. 5
dakTopbl, BNNSIOLLME HA CKOPOCTb XMMUYECKNX peakumi

4 JlabopaTtopHoe 3aHaTne Ne 4. Onpegenexve pH cpenbl pa3nMyHbIMM METOOAMM. 2

5 JNNabopatopHoe 3aHaTMe Ne 5. Agcopbums YKCYCHOW KUCMOTbl aKTUBUMPOBAHHbLIM 5
yrnem

6 JlabGopatopHoe 3aHaTne Ne 6. [Nony4yeHne KonmnougHbIX CUCTEM 2

7 JlabopatopHoe 3aHaTne Ne 7. HabyxaHvne nonvmepos 2

Utoro 14

9 JNNabopatopHoe 3aHATME Ne 8. KauvecTBeHHble peakuuMnm KaTMOHOB MepBON 5
aHanMTMYeCcKon rpynnbl

10 J'Ia6opaTopHoev 3aHaTMe Ne 9. KayecTBeHHble peakumm KaTUOHOB BTOPOW >
aHannTU4YeCcKoWn rpynnbl

11 J'Ia6opaTopHoev 3aHaTMe Ne 10. KayecTBeHHble peakumMuM KaTMOHOB TPETbEN 5
aHannTU4yeckown rpynnel

12 J'Ia6opaTopHoev 3aHaTMe Ne 11. KayecTBeHHble peakumn KaTUOHOB 4eTBEPTOM >
aHannTU4YecKoun rpynnebl

13 J'Ia6opaTopHoev 3aHaTMe Ne 12. KayecTBeHHble peakuMm KaTUMOHOB MSTON >
aHannTU4YeCcKon rpynnbl

14 J'Ia60paTopHoe~ 3aHATMEe Ne 13. KayecTBeHHble peakuMM KaTMOHOB LUECTOW 2
aHanMTMYeCKoON rpynnbl

15 ﬂa60paT<3pHoe 3aHATME Ne 14. KayecTBeHHbIE peaKkunm aHMOHOB NEPBOW, BTOPON 2
N TPETbEN aHaNMUTUYECKUX rpynn

16 JlabopatopHoe 3aHsaTMEe Ne 15. OnpemeneHve MNPOLEHTHOrO CoaepXKaHus 2
KpMCTannm3aumMoHHOW BoAbl B KpUcTannmMyeckom xnopuge 6apus

17 JlabopatopHoe 3aHaTME Ne 16. lNpurotoBneHne pactBopa LEenoyM, yCTaHOBKa
TUTPa M HOPMarbHOCTU LLEeNoym no KMcrnoTte

18 JlabopatopHoe 3aHaTne Ne 17. OnpegeneHne BPEMEHHON XXECTKOCTU BOAbI
JlabopatopHoe 3aHATME NeNe 18-19. [lpurotoBneHne pabounx pacTBOpPOB

19 nepmaHraHaTta Kanus 1 LWaBeneBon KMCMNOoTbl. YCTaHOBKa HOPMarnbHOCTU U TUTpa 3
nepMaHraHaTa kanus no LaBeneBon KUcrnoTe
JlabopatopHoe 3aHATME NeNe 20-21. [lpurotoBrneHne pabounx pacTBOpPOB

20 TMocynbtata HaTpus, Ouxpomata kanus, Woga. YcCTaHoBKa TuTpa U 3
HOpMarnbHOCTM TUocynbdaTa HaTpusa No BuxpomaTty Kanus, yCTaHOBKa TUTpa K
HOpPManbHOCTK Noda No TMoCynbgaTy HaTpPUs
JTabopatopHoe 3aHsaTMe Ne 22. OnpepeneHve cogepXaHusa xropuaa Hatpus B

21 TEXHMYEeCKoM obpasLie NOBapeHHOW COMM METOAOM NMUMETMPOBAHUS N OTAENbHbIX 2
HaBECOK

29 JTabopatopHoe 3aHaTne Ne 23. OnpeaeneHue obLen XecTKOCTU BOAbl METOLOM 2
KOMMJIEKCOHOMETPUA

Wrtoro 30
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BBepgeHue

MeTtoanyeckoe nocobue Kk nabopaTopHbIM 3aHATUSAM COCTaBIIEHO B COOTBETCTBUN C
paboyen nporpammont gucumnnuHbl EH.01 «Xumunsy.

Paboyen nporpammon ANCUMNANHBLI NPegyCMOTPeHO 44 akageMuyeckux Jyaca ans
npoBeaeHns NabopaTopHbIX 3aHATUN, N3 HUX:

-ana 1-2 pasgenoB No cneumanbHOCTM NpeaycMoTpeHo 14 akagemMudecknx 4Yacos
Ha npoBegeHne 7 nabopaTopHbIX 3aHATUN;

- ona 3-4 pasgenoB otBegeHo 30 akageMumyeckux 4acoB Ha npoBegeHune 15
nabopaTopHbIX 3aHATUN.

Llenbto  npoBegeHus  nabopaToOpHbIX  3aHATUA  SABNSIETCS  3aKkpenneHue
TEOpeTUYEeCKNX 3HaHuUK, oTpaboTka NpuemMoB WM NpuobpeTeHne HeobXOoAMMbIX HaBbIKOB
nabopaTtopHbix  muccrnegoBaHui.  JlabopaTopHbIv NPaKTUKyM HanpaBneH Ha
CTUMyIMpOBaHME MNO3HaBaTENbHONO WHTEpeca Oby4allWnXcss U  OpPUEHTMPOBaAH Ha
OyayLyo npodeccnoHanbHyo AeAaTenbHOCTb.

lMepea npoBegeHnem nabopaTopHOro 3aHATMS  obydarouwmecss  006s13aHbl
npopaboTtaTtb COOTBETCTBYOLWNA MaTepuan, YACHUTb Uenb 3aHATUHA, O3HaKOMUTbCA C
cofepXaHnem 1 nocrefoBaTenNbHOCTbIO ero NpoBeAeHus, a npenogasaTenb — NPOBEPUTL
MX 3HAHWS N TOTOBHOCTb K BbIMOJSIHEHUIO PabOTbl, NMPOBECTU MHCTPYKTaX MO TeXHUKe
©e3onacHocTw.

JTabopaTopHble 3aHATUA BbINOMNHAKTCSA B 0b6opyaoBaHHOW nabopaTopum XMMWUMN.
[ns BbINnonHeHMst nabopaTopHOro 3aHAaTMS Yy4dyebHasa rpynna pasbuBaeTcda Ha [OBe
nogrpynnel (no 12—15 yenosek). PaboTa BbinonHsaeTca obyyarowmmMmnca MHanBnayansHoO u
camMoCcToATeNbHO. HekoTopble OnbITbl MOrYT OblTb BbIHECEHblI Ha AEMOHCTPALUUOHHbLIN
9KCNEPUMEHT.

lMepen BbINOMHEHMEM MepBOro nabopaTopHOro 3aHATMS NPOBOAUTCA BBOAHbLIV
WHCTPYKTaX NO TEeXHUKe Be3onacHocTn ans ydvawmxcsa ob obwmx npasunax paboTbl u
nosegeHns B nabopaTopum MO crneumanbHOW WHCTPyKuMM. OTMeTka O npoBedeHUM
BBOAHOIO WMHCTPYKTaXka No TexHuke 0e30onacHOCTV JernaeTcs B cneuunanbHOM XypHane
nog poCnucChb yyaLlmxcs.

Mpu nogrotoBke K nabopaTopHOMY 3aHATUIO npenodaBaTtenb W nabopaHT
NPOBEPSIIOT UCMPaBHOCTb HeobxoaMmoro obopyaoBaHUA M KOMMNEKToBaHWe pabodero

MeCTa y4valleroca.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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[Mocne BbINOMHEHMS onbiTa 06yYaloLWMACA OOIMKEH 3anncaTth pesynbTaT UCMbITaHNUS
C nNpuBedeHneM HeobGXxoauMbIX Tabnuy, ypaBHEHWUA peakumi KU pacyeTHbiX copmyn. B
KOHLle oT4yeTa No nabopaTtopHOMY 3aHATUIO OOy4aloLWMICA AOIMKEH cAenaTth 3aknoveHne
(BbIBOA), COMOCTaBMB OMbITHbIE AdaHHble C TEeOopeTU4eCKMMM  BblKnagkamu, Cco
CrnpaBoOYHbIMW JAHHBIMWN.

3anvcn genarTcs NakoOHUMYHO M akKypaTHO B cneuuanbHOW TeTpaau, Tabnuupbl u
rpacmkm — KapaHgaLLom.

B npouecce BbinonHeHus nabopaTopHOro 3aHATMA Heobxoaumo pasBuBaTb
no3HaBaTeNbHbIN UHTEPEC, CaMOCTOATENbHOCTb oOby4atouwlerocs, obpawaTb ocoboe
BHUMaHME Ha WHTErpaTvMBHbLIA NPUHUMN B OOyYeHun, NpuBMBaATbL CTyAeHTaM YyMeHue
TWaTenbHO BbINOMNHATE paboTy, 6GepexHO OTHOocUTbCs K nabopaTopHoOM nocyae u
npnbopam, 3KOHOMHO pacxodoBaTb pPeakTMBbI, CTPOro cobnogatb Mepbl 6e30nacHOCTU
npu pabote B nabopatopuu, paumoHanbHO NCNoNb30oBaTb paboyee Bpems.

KoHTponb M oOueHka 3HaHWW, OOy4valowmxcs, AOMMKHbl  NPOBOAUTHLCSA
cUcTeMaTUYECKM NOCNe U3YYeHUs Kaxaon Tembl npegmMeTa. OTo AOMMKHO OCYLLECTBASATLCA
nyTemMm (opoHTanNbHOrO U MHANBUAYaNbHOro onNpoca, TeCTUPOBAHUS, 3aLMTON KOHTPOMBHOM
3agayn no pesynbtatam cobecefoBaHus BO BpeMsi nabopaTopHbix paboT. lNMpu oueHke
nabopaTtopHor paboTbl YYMTLIBAKOTCH TEXHMKA €€ BbINOSIHEHUHA, Ka4yeCTBO OOpPMIIEeHNS
nabopaTopHOro XypHana, TOYHOCTb pe3yrbTaToB aHanu3a.

B nocnegHve rogbl B cuctemMe cpegHero npodeccrmoHanbHoro obpasoBaHus
LUMPOKO CTasn MCNofb30BaTbCA TECTOBbIN KOHTPOSib. Ero nonynspHocTb obycrioBrieHa
MHOMMMM NPUYMHaMM KaK coepKaTenbHOro, Tak U TexHonornyeckoro xapakrepa. Crioaa
MOXHO OTHEeCTM BblAeneHne B copepxaHum yd4ebHoro npegmeta MHBAPWAHTHOM 4YacTu
YyCBOEHUS, KoTopasa obasatenbHa Ans oby4varoLlerocs, U BHeCeHus B y4ebHble nporpaMmmel
BapMaTMBHOINO KOMMOHEHTA, MO3BOMAKOLWEro pasBMBaTb CMOCOOHOCTU CTYAEHTOB, WX
no3HaBaTeNbHbIN N NPOdeCCUOHanNbHbIM UHTEPEeC. TeCTOBLIN KOHTPOMb MOXeET BbicTpee,
YyemM TPagUUMWOHHbBIA, MNPOBEPUTb 3HAHUSA CTYAEHTOB, MPOCT NS OUEeHWBaHUS B
COBpPEMEHHOM cucteme 06paboTkn MHopMaUnn 1, Kak NpaBuIo, aBnseTca oba3aTenibHON
COCTaBHOM YaCTb0 HOBbIX Nefarorn4ecknx TEXHONOrN.

Mocne kaxpgoro nabopaToOpHOro 3aHATUA npoBoAMTCA 3a4yeT. Ha 3adete
obyyaloLwmmncs OOMKeH: 3HaTb TEOPWU0 MO OAHHOW TeMe; MOSICHUTb, Kak MpoBOAUTCA
nabopaTopHbIN JKCMEPUMEHT; YMEeTb MNpoaHanuanpoBaTb MOSTyYEeHHble pe3ynbTaTthl (B
COOTBETCTBUM C OCHOBHbIMW TpPebOBaHMAMM K 3HAHMAM U YMEHUSM MO AaHHOW Teme

pabo4ern nporpammbl).
LokymeHm ynipaensiemcs npogpammHbimMu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsawemycs 8 1C: Konnedx
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B pesynbTaTe ocBOeHMs MaTepuana no nabopaTopHbiM paboTam y oby4aloLlmnxcs
dopmupyloTCS  cregylolMe KOMMETEHUMU: B pesynbTaTe OCBOEHUS MaTepuana no

nabopaTopHbIM 3aHATUAM Yy oby4arowmxca popmupyeTcs obaa komneTeHums - OK 01.

PA3OEN 1 PUSUNYHYECKAA XUMUA
1.1 ArperaTtHble COCTOSIHUA BellecTBa

NabopaTtopHoe 3aHsATME Ne 1. OnpeaeneHne NOBePXHOCTHOrO HaTSXKEeHUA
XUOKOCTH
Llenb pabomei:

O3HakoMUTbCS C MeToA4amMu onpegeneHnAa NnoBepxXxHOCTHOINo HaTAXeHUA XNOKocTen

MamepuanbHoe obecrieyeHue:

aHannTn4eckme Bechl,

pa3sHOBECHI;

OloKCbI;

cTanarMomeTpsbl (KanenbHuubl);

BOAa ANCTUNINTNPOBAHHAA;

nccnegyembole Xungkoctn (6eHson, rnuuepuH, 3TUNOBbIM CNUPT, aueToH,
pacTutenbHoe Macro un gp.).

Ucrnonb3yembie ucmoyHuku: [1]

Teopemuyeckasi 4yacmeb:

[MOBEPXHOCTHBIM HaTsXKeHMeM ob6nagalT TOSMbKO XUAKOCTU. [loBepXHOCTHOE
HaTsXXeHne — 3To paboTa No yBENNYEHNIO NOBEPXHOCTU XXUAKOCTMU.

MprynHoON obpasoBaHUsi MOBEPXHOCTHOIO HATSXXEHUS SABISETCS MEXMOSEKynsipHOe
B3anmogenctane. Monekyna BepxHero Crios XMakoCcTn BTArMBAETCA CUNamMun NpUTSKEHUS
CO CTOPOHblI MOJSIEKYN BHYTPb XXWAOKOCTW, MNO3TOMY MOBEPXHOCTb >XWUAKOCTUM Bcerga
CTPEMUTCHA COKpaTUTbCA. Hanuune B MNOBEPXHOCTHOM Croe MOJSIeKyn XWOKOCTU C
HEKOMMEHCUPOBAHHbIMK CUMaMn NPUBOAUT K CO34aHUIO U3ObITOYHON MOBEPXHOCTHON
3HEeprnn, KOTopas Takke CTPEMUTCA YMEHbLUNTLCS.

CyuwecTByeT 60bLLIOE YACNO METOOO0B OnpeaerieHnsl MOBEPXHOCTHOIO HaTSXKEHUS.
Hanbonee pacnpocTpaHeHbl cTanarMoMeTpudeckum metoa (MeTon cdeta Kanenb) u
mMeTon HambornbLlero AaBrneHns ra3oBblX My3bIPbKOB.

CranarmMomMeTpu4ecKknini MeTo HETOYEH, HO MPUMEHSIETCH YacTo U3-3a NPOCTOThI U
OblCTpOTbl onpedeneHuns. MeTog 3aknyaeTca B OnpedeneHMM  MacCbl  Kanmu,

BblTEKAKOLWEN M3 kanunnapa. B MOMeHT oTpbiBa mMacca kannu npeogonieBaroT Ccuny
LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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NOBEPXHOCTHOIO HAaTAXXEeHUA, KOTOpoe yaep>KMBaeT KanJjio Ha KOHUe KaﬂMﬂﬂﬂpHOVI pr6KI/I.
Uem Gonblie kanns, Tem 6onbLue NnoBEepPXHOCTHOE HaTAXXEeHUe. 3Has Yncno kanesnb BoAbl U
Mccnep,yemof/'l XNOKOCTU N NX MaccChbl, MOBEPXHOCTHOE HaTAXeHne Mccnep,yemoﬁ XNOKOCTH

0, H/M, BbIYUCNAKOT NO hopmyrne
o1=02(Mm1—mo) - n2/(m2—mo) - n1, (1)

roe o1 — MNOBEPXHOCTHOE HaTshKEHWE UccrnegyemMom XUAKOCTH, H/M;
02 — MNOBEPXHOCTHOE HaTsXKeHue AUCTUNNMPOBAHHOM BOAbl, paBHoe 72,75
H/M;
mo — macca nycToro 6lokca, T;
m+— Macca 6loKca C uccrnegyemMom XnakocTbto, T;
m2 — mMacca 6tokca ¢ AUCTUNNMPOBAHHOW BOOOW, T;
M1 — YNCNOo Kanenb uccrnegyemMon XnaKkocTu, LWT.;

2 — 4Yncno Kanersb ,D,MCTMﬂﬂMpOBaHHOVI BOAbl, WIT.

CodeprkaHue u rnopsi0okK 8bIrnosHeHUs pabomni:

1 O3HaKOMUTLCS C TEOPETUYECKOM YACTbIO.

2 lNonyuntb y nabopaHTa obpaseL nccrnegyemMmom XnaKkocTu.

3 BbinonHute nabopaTtopHoe nccnenoBaHue:

3.1 OnbIT 1. MeTop cyeTa Kanenb.

B3aBecuTb Ha aHanMTM4YecKMx Becax cyxon 6rokc (mo), otcumtatbh 50-100 kanenb
nccnegyemomn XnakocTn n cHoBa B3BECUTb (m1).

3aMeHNUTb Uccrneayemyro XuakocTb aAnctunnmposaHHon Bogon (50-100 kanenb) u
CHOBa B3BeCUTb (mM2).

Ona nonydyeHnss Gonee TOYHOro pesynbTata nabopaTopHOro 3KcnepumMeHTa
HeobxoaMmo CcTporo cobrnogate npaBuia B3BELUMBAHUA Ha aHanuMTUYECKUX Becax U
aKKypaTHOCTb B MpPOBEAEHUN OMbITa, UCMOSb3ys TOMBKO CYXOW BIOKC M He3arps3HeHHbIN
Kanunnap KanesnbHUUbI.

4 PaccunTtaTb NOBEPXHOCTHOE HaTsKEeHMe uccrenyemMon XUAKOCTU no dopmyre
(1).

5 Cpenatb BbIBOAbI N0 pe3ynbTataM nabopaTtopHOro nccrnegoBaHuns:

5.1 cpaBHUTbL pa3mep Kanesb uccrnegyemoun XnaKkocTn U Boabl;

5.2 06BbACHUTB pasnuyune B pasmepax C TOYKM 3peHUS MOBEPXHOCTHOIO HATSXKEHMS,

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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5.3 nonyyeHHbIN pe3ynbTaT CONOCTaBUTb CO CNPaBOYHbIMU AaHHbLIMM.
6 OTBETUTb HA KOHTPONbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl

Llenb pabomebi

Ncenenyembin obpasel, XXnakocTu

OT4eT 0 BbINOMAHEHMN PabOoThl

ﬂ,aTbI M nognucun o6yt-|a+0Lu,eroc;| U npenogaBartenA

KoHmporbHbIe 80MpocChi:

1 Yem onpeaensanTca CBOMCTBA BELLECTB B Pa3fnyHbIX arperaTHbIX COCTOSHUSAX?

2 Kakne (pusndeckue ycrnoBusi HasblBalOTCA HOpMaribHbIMU?

3 Uto Takoe wuaeanbHbIn U peanbHbii rasbl? [Mpy KaknMx yCroBuMsiX CBOWCTBA
peanbHOro rasa NpubnmxarTcs K CBOMCTBaAM UaeanbHOro?

4 Y10 NOHMMAIOT Mo CXKMKeHMeM rasa? NpomMbinieHHOEe NPUMEHEHMKE.

5 CBoucTBa XnagKkoCcTu: NOBEPXHOCTHOE HATSXXEHUE, BA3KOCTb, TEKYYECTb, KUMEHNE,
ncnapeHue.

6 UTo aBNAeTCca Mepon NOBEPXHOCTHOIO HaTSKEHNS XXUOKOCTN?

7 Kakune dakTtopbl BIMAIOT Ha BA3KOCTb XUOKOCTU?

8 B 4yemM OCHOBHOE pasnuyne B CTPOEHUN KPUCTANNIMYECKNX N aMopHbIX Ten?

9 lNnaBneHune n cybnumauna TBepabix Ten. B yem cyTb aBneHnmn?

1.2 OCHOBbl XMMM4Ye€CKOM TepMOAUHAMMKA, TEPMOXMMUU U XUMUYECKOM
KUHETUKM

NNa6opatopHoe 3aHATHME N2 2 OnpeaeneHune TennoBoro achdekrta XMMmnYeCcKmx
peakuun. TennoBble ABMIEHUA NPU PacCTBOPEHUU

Llenb pabomoi:

O3HakOMUTBLCA C TENNOBLIMU 3dhheKkTamm Npu PacTBOPEHUN Pa3fNYHbIX BELLECTB

MamepuansHoe obecriedeHue:

- TeXHUYEeCcKne BecChbl;

- pa3HOBECHI;

- XumMm4yeckme ctakaHbl Ha 50-100 mn;

- MepHble unnnHapbl Ha 25-50 mn;

- TEepMOMETPbI;

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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- UMHKOBas (MarHueBas) nbinb;
- MeHbIN Kynopoc;

- Xnopwug HaTpus;

- edKun HaTp;

- HMTpAT aMMOHMUS,;

- BaTa;

- YacoBoe CTeKIo;

- NaJioyKn CTEKIAHHbIE.

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckas 4acmab:

Tepmoxumuna — pasgen QuU3nyeckon XumMuu, u3yvarwmin Tennosble 3deKThI
XUMUYECKMX peakunin n nepexonbl Belectsa U3 O4HOro arperaTHoro COCTOSHNA B ApYyroe.
XnMunyeckme peakumm COMpOBOXAAIOTCH BblAeneHneM (3K30TEPMUYECKUIA MPOLIECC) UK
nornoweHnem (sHagoTepmmyeckmi npouecc) Tennotbl. OCHOBHLIM 3aKOHOM TEPMOXUMUU
aBnseTca 3akoH [ecca, a Takke ero crneacrteue. 3anuCb XMMUYECKOM peakumm c
ykaszaHvem TennoBoro addekta (M ero 3Haka), Ha3blBalT TEPMOXUMUYECKUM
ypaBHeHueM. Tennoson apekT BbipakaeTcs 0ObI4HO B KUMOKANOPUAX UNN KUNOOKOYNAX
(1 kkan = 4,184 k[1x).

Mpouecc pacTBopeHUsa B BOMbLUMHCTBE ClyyYaeB npeactaBnseT cobon HanoxeHne
ABYX MpoLeccoB: PU3NYECKOro U XUMUYECKOro, Tak Kak MpoucxoauT B3anmMoAencteue
YacTuL BeLlecTBa C pacTBopuUTeneM, U B TO e BpeMs paBHOMEPHOe UX pacnpeneneHue
no Bcemy obbemy. PacTBopeHue rasoB, XUOKOCTEM W TBepAblX BELLECTB npoTekaeT C
pasnUyHbIMKN TENMNOBbIMU 3PPEKTaMM NO 3HaAKY.

PactBopeHne TBepAdblX BeLECTB CKragblBaeTcs W3 HECKOSTbKMX MNpOoLeCccoB,
KaXkabl U3 KOTOPbIX CONPOBOXAAETCA TENNOBbIM 3dEKTOM:

1) paspyLueHne Kpuctannudeckon peeTtkm —Qy;

2) npouecc conbBaTauumn +Qz;

3) npouecc anddyanm, HoO 3TOT 3PEEKT HACTONBKO Mar, YTO E€ro He Y4YMThbIBaOT.
TennoBon ahhekT pacTBOpeHNa TBEpAOro Tena onpenensercs anredbpanyeckon cymmon
OBYX 3HAYEHUN.

CodepixaHue u nopsidoK 8bIrNOIHEHUS pabomsbi:

1 O3HAKOMUTLCA C TEOPETMYECKOM YaCTbHO.

2 BbinonHute nabopaTopHble nccnegoBaHus:
LokymeHm ynipaensiemcs npogpammHbimMu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsawemycs 8 1C: Konnedx
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2.1 OnbIT 1. OnpeageneHne TennoBoro adpekra, 3ameLLeHns Mmeam u3 pacteopa ee
COMNN LUNHKOM (MarHuem).

B3BecbTe Ha TexHMYeckMx Becax 5 r megHoOro kynopoca u pacrtesopute B 50 mn
BOObl B CTakaHe C TensioMsondumen (Baton). 3amepbTe W 3anuwMTe TemnepaTypy
nosiyyeHHoro pacteopa. BosbmuTe 1 ' UMHKOBOW MNbIM M BbICbINbTE €€ B pacTBOp
cynbaTta megu. Pasmeluante pactBop CTEKISAHHOM nanoyvkon. [NMpun nomowm TepmomeTpa
onpegenuTe MakcumarbHyK TemnepaTtypy pactsopa. KonuyectBo BblAenuBLLErocs npu
peakuuu Tenna paccynTante no opmyne:

Q = (Mzn + Mcuso4 + MH20) - At - C, (2)

roe: Mzn, Mcusos, MH20 — MAcca COOTBETCTBEHHO UMHKA (MarHus), cynbcata meau
1 BOAbI;
At — n3ameHeHune TemnepaTypbl pacTeopa, °C;
C — yaenbHas TennoemkocTb, [x/(kr - K), paBHas npubnmnsntenbHo eguHuLe.
lMonyyeHHbIN pe3ynbTaT nepecynTanTe Ha 1 r-aToMm UMHKA (MarHus) 1 3anuwimTe

TepPMOXMMMYECKOE YpaBHEHUE AAaHHOW peaKkuui.

OnbIT 2 TennoBble ABNEHNSA NPU PACTBOPEHUMN.

B Tpu npoHymepoBaHHbLIX CTakaHa Hanewte no 25 wmn Bogbl. WM3mepbTte
TemnepaTypy BoAabl. B3BecbTe Ha Becax no 10 r noBapeHHOW CONMW, a30THOKUCIOrO
aMMOHMUS, €4KOro Hatpa. 3aTeMm BbIChiNbTE B 1-1 CTakaH NOBApPEHHYO COflb, BO 2-M CTakaH
— A30THOKUCNbIK aMMOHUI, B 3-1 — eAKUIW HaTp.

PacTBopbl AaHHbIX BELLECTB 3HEPIMYHO pasMeLlanTe CTEKNAHHbIMK Nanoykamu u
namMepbTe TemnepaTypy MOsfyYeHHbIX pacTBOpoB. TemnepaTtypa OyaoeT U3MEHSTbCA MNo-
pasHomy. O6bACHMTE Habngaemble ABNEHUS.

3 CaoenaTb BbIBOAbI MO pe3ynbTaTtaM nabopaTtopHbIX UCCreaA0BaHNN.

4 OTBETUTb Ha KOHTPOJbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboTbl

OTyeT 0 BbINOSTHEHUN pabOoThI

HaTtbl n noanucu obyyarolerocs 1 npenogaBaTtens

KoHmporibHbIe 80rpochl:

LIOKYMEHM yripasrisiemcsi rpoepaMMHbIMU cpeocmeamu 1. KOmmeox
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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1 YTto nsyyaet Tepmoxmumns’?

2 Yt0 HasbiBaeTcs TennoBbiM 3PAPEKTOM XUMUYECKON peakumun? EguHuubl
n3mMepeHus.

3 Kakne peakuuun Ha3blBalOTCH 3K30TEPMUYECKUMN, SHOOTEPMNYECKUMU?

4 Yem oTNNY4aOTCA XMMUYECKMUE YPaBHEHUS OT TEPMOXUMUNYECKNX?

5 Kak chopmynupytotcsa 3akoH ['ecca u ero cnegcremne?

6 B yeMm cyLHOCTb npoLecca pacTBOPEHUs TBepAbIX BeLLeCcTB?

7 Kakue TennoBble siBNeHus NPOUNCXoOAT Npw paCTBOpeHI/II/I?

NabopaTtopHoe 3aHsATMEe Ne 3 OnpeneneHne CKOPOCTU XMMUYECKUX peaKkLnn.
PaKkTopbl, BAUAKOLLNE HA CKOPOCTb XMMUYECKUX peakLumn

Llenb pabomei:

N3yunTb CKOPOCTb M MEXaAHU3M XMMWUYECKMX peakuuin, ¢akTopbl, BRusilOLNE Ha
CKOPOCTb XMMUYECKMX peaKLmii

MamepuanbHoe obecriedeHue:

- BoasiHasa 6aHs;

- NNUTKa anekTpuyeckas;

- rpagyvpoBaHHble Npobupku Ha 20-25 mn, konda Ha 100 mn;

- TEPMOMETPbI;

- 0,1 M Na2S20s3;

- 0,1 M H2SOg4;

- 0,1 M 1 koHueHTpupoBaHHbI pacteop FeCls;

- 0,1 M un koHueHTpupoBaHHbI pactBop NH4SCN (pogaHmna ammoHus);

- kpuctannuyecknin NH4Cl (xnopug ammoHns);

- Manoykun CTEKISHHbIE.

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckas Yacmb:

XuMmnyeckass KMHeTUKa u3ydaeT CKOPOCTb U MEeXaHU3M XMMUYECKUX peakuuin, a
TaKke BAWSHUE HA HUX PasfnyHbIX (PakToOpoB: NPUPOAObl U KOHUEHTpaUUM pearnpyrowimx
BeLLECTB, TeMnepaTypbl, KaTann3aTopos 1 Ap.

Moa CKOPOCTbIO XUMMYECKOW peakumn MOHMMAKT W3MEHEHWE KOHLEeHTpauuu
OLHOro U3 pearnpyrowmx BeLeCTB B €AnHULY BpeMeHU. ITO MOXeT ObITb Mnn OgHO U3
NUCXOAOHbIX BeLUEeCTB, KOHLUEHTpauusi KOTOpPOro B Mpouecce peakuun yMeHbLUaeTCs, Unu

OOVH 13 obpasylwmuxcs MNPOAYKTOB peakuun, KOHLEHTpaUWUs KOTOPOro C TeYeHUeM

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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BpEMEHN Bo3pacTaeT. 3aBMCMMOCTb CKOPOCTU peakuun OT KOHLEeHTpauuu BelwecTs B
XUMUYECKON KUHETUKE BblpaXXaeTCsl 3aKOHOM LENCTBYIOLLMX MACC: CKOPOCMb XUMUYEeCKOU
peakyuu (npu T = const) nporiopyuoHanbHa pPou3ee0eHUD KOHUeHmpauul
peazupyrowux e8ewecms, 839mbiX 8 CMmereHu, pasHol CmexuoMempu4ecKomy
KoaghgbuyueHmy, daHHO=20 sewecmea 8 ypasHeHUU peakyuu.

3aBMCMMOCTb CKOPOCTM peakuun oT TemnepaTypbl onpeaensercsa 3MnmMpuyeckum
npasuniom BaHT-Nodda: npu noesbiweHuu memnepamypbl Ha 10 epadyco8 CKopocmb
XUMu4Yeckol peakyuu yeenu4ueaemcs 8 2-4 pasa. Takoe yBennmyeHne CKopocTu peakumm
Henb3st OOBACHUTL TONbKO YBENIMYEHWEM YMUCa CTONKHOBEHWUA MexXdy MoneKkyrnamm
pearvpyromnx BellecTB. AppeHMyC BrepBble BbiCka3an npeanosiokeHne, Yto B
XMMUYECKOE B3aMMOAEWCTBME BCTynalT TOMbKO aKTUBHbIE  MOMEKyNbl, MWHa4e,
obnagatoLime 3anacom N3BbITOYHOW SHEPTUN — IHEPTUN aKTUBALIUM.

M3meHeHne CKOPOCTM XUMMUYECKOW peakuuMum non BIUSIHMEM KaTanu3aTopoB
Ha3blBaeTCcs KaTanm3oMm. MexaHu3M [eWCTBMS KaTanu3aTopa CBOAWUTCA K CHUKEHWIO
3Heprnm akTmeauuun. Katanmsatop OAMHAKOBO WM3MEHSIET 3HEPrun akTmBauumm npsiMon u
obpaTHOM peakunmn, HaXoAsALENCcs B paBHOBECUM.

HanpaBneHne cCMeLWeHnss  XMMUYECKOro  paBHOBECUS  MpU  U3MEHEHUAX
KOHUEHTpaumn, TemnepaTypbl W [aBNeHUs NOOQYUHAETCA NPUHUKUMNY  MOABMXHOIO
paBHoBecus (NpuHuunom Jle LWaTtenee): ecriu Ha cucmemy, Haxo0suWyoCcs 8 pagHo8ecuU,
g8o30elicmeosamb U3BHE, USMEHSISI Kakoe-HUBYyOb U3 ycriosuli pagHOBECUSs, Mo 8 cucmeme
ycunumcsi mo U3 HarfpasseHul rpoyecca, medyeHue Komopoe2o ocrabnsem 3mo

8030elicmaue.

CodepixaHue u rnopsidoK 8bINOSIHEHUS pabomsbi:

1 O3HaAKOMUTLCA C TEOPETMYECKOMN YaCTbHO.

2 BbIinonHuTb nabopaTopHble NCCneLoBaHuS:

2.1 OnbiT 1. 3aBUCMMOCTb CKOPOCTU peakumm OT KOHLEHTpaUUW pearnpyroLimx
BELLECTB.

B Tpu npobupkn HanuTb:

B 1-t0 — 5 Mn pactBopa rmnocyneduta n 10 mn BoAbl;

BO 2-t0 — 10 mn pacTteopa runocynbduTta n 5 Mn Bogbl;

B 3-t0 — 15 Mn pacTteopa runocynbuta HaTpu4.

B kaxgyto npobupky gobaBuTtb no 5 mn cepHoun kucnoTbl. Habniogasa nosiBneHue

MyTU, OTMETUTb BPEMS B CEKyHAaX. Pe3ynbTatel 3anucaTh B Tabnuuy 1.
LokymeHm ynpaensemcsi npozpammHsimu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu no opuauHany, xpaHsauemycsi 8 1C: Konnedx
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Tabnuua 1
Howmep O6bem mnocynbputa O6bem Boabl, M Bpewms, CkopocTb
Npo6upku HATVS, M oM SR
: i u=1/r
1
2
3

2.2 OnbIT 2. 3aBMCUMOCTb CKOPOCTb peakuuu OT TemnepaTypsbl.

B Tpu npobupkn Hanutb no 5 mn rmnocynscuta Hatpua. Jobasutb B 1-10 Npobupky
5 mn cepHon kncnotbl. OTMETUTL BPEMS NOABIEHUS MYTH.

OTtpenbHo HarpeTb Ha 10 rpagycoB Bbille KOMHaTHOM TemnepaTypbl BTOPYHO
nNpobupky ¢ 5 Mn runocynbguta HaTpua n Npobupky ¢ 5 mMn cepHon Kucnotbl. Cnutb
pacTBOpbl U OTMETUTL BPEMSI MOSIBIIEHUS MYTU.

MoBTOopuUTb oOMbIT, HarpeBast peakTMBbl Ha 20 rpagycoB Bblle KOMHaTHOM
TemnepaTypbl 1 Takke 3aMepuUTb BPEMS MNOSIBIEHNSA MYTU.

PesynbTaTtbl 3aHecTn B Tabnvuy 2.

Tabnuua 2
Homep O6bem Obvem Temnepartypa, Bpewms, CkopocTb
KNCINOThbI, peakuun,
npobupk | runocynbguTa, Mn o T, cek !
M1 u=1/T1

1

2

3

2.3 OnbIT 3. XMMN4eCKOe paBHOBECKE U €r0 CMELLEHME.

B kon6y Ha 100 mn snmeatoT no 20 mn 0,1 M FeCls n 0,1 M NH4sSCN. lNony4eHHbIn
pacTBOP KpaCHOro LBeTa pasnuearoT B YeTbipe NPOHYMepPOBaHHbIE MPOBMPKK.

B 1-t0 npoburpKy BHOCAT 1 M KOHLEHTPMPOBAHHOIO pacTBopa XfIOPHOro Xeneaa;

BO 2-10 NPOBUPKY — 1 M KOHLEHTPUPOBAHHOIO pacTBopa po4aHNCTOr0 aMMOHUS;

B 3-10 NPOBUPKY — HEMHOrO KPUCTanNIMYeCcKoro xnopnaa aMMOoHuUS.

PacTteop B 4-11 npobupke OCTaBNAKT ANt CPaBHEHUS.

Mpobupkn TWaTenbHO NepemeluMBaloT U HabnaalT 3a U3MEHEHMEM OKpacKu
pacTBOPOB, CpaBHMBAsA C OKPACKOM pacTBOpa B KOHTPOSIbHOW Npobupke.

3anunwunTte, Kak M3MEHSAETCA OKpacka pacTtBopoB. cnonbays npuHuun Jle Wartenee,

00bscCHUTE HabngaeMble N3MEHEHUS B UCcrneayemon obpaTtnmMon XMMNYECKON peakLmn.

3 Hanucatb ypaBHEHUNA XUMUNYECKUNX peaKLI,I/IIZ Ana BCeX OnbiITOB U MaTtemMaTnyeckoe

BblpaXeHne KOHCTaHTbl paBHOBECUA OJ1d CUCTEMbI B TPETbEM OlbITE.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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4 CpenaTb BblBOAbI MO pe3ynbTaTtam na6opaToprlx nccnegoBaHnin no Ka>Kgomy
onbITY, NpoaHanm3npoBas UX C TEOPETUHECKAMW BblKINagKkaMW.

5 OTBEeTUTL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboThbl

OT4eT 0 BbINOMAHEHMN PabOoThl

ﬂ,aTbI M nognuncun o6yqarou1,eroc;| U npenogaBartenA

KoHmporibHbIe 80rpochi:

1 YTO NOHUMAIOT NOA CKOPOCTbID XMMUYECKOW peakuun? EguHuubl namepeHus.

2 HasoBuTe hakTopbl, BANSAIOLLME HA CKOPOCTb XMMNYECKOWN peakLni.

3 3aBUCMMOCTb CKOPOCTM peakuuMm OT TemnepaTypbl? ®dopmMynupoBka U
MaTemaTuyeckoe BblpaxkeHne npasuna BaHT-Iodda.

4 3aBUCUMMOCTb CKOPOCTU peakuunm OT KOHUeHTpaumn? dopmynuposka U
MaTteMaTuyeckoe BblpaXeHne 3akoHa OeNcTBMUA Macc.

6 YTto noHMmalT noa XMMUYEcKMM paBHoBecneM? [na Kakux peakumh OHO
xapakTepHo? dopmynuposka npuHumna Jle Wartense.

7 YT0 Ha3bIBAOT KaTannaom 1 katanusatopom? VX Buabl U xapakTepucTumka.

8 Uto Takoe depmeHTbI? B yem 3aknoyaeTcss cneunmuyHOCTb U YCNoBUSA KX

gencrena?
1.4 CBoncTBa pacTBOpOB
INNa6opartopHoe 3aHATHME N2 4 OnpeaeneHue pH cpeabl pa3nM4yHbIMU

MeTo4aMM.
Llenib pabomoi:

HayunTbes onpegensats pH cpeabl pasnnyHbiMu MeTogamm

MamepuarnsHoe obecnedyeHue:

pH-meTp;

drapopoBas yaLlka;

CTEeKNAHHasA naro4yka,

nccnegyemble pacTBopbl;

yHMBepcanbHbIi uHaunkatop MM (unun yHuBepcanbHas niaukaTopHas 6ymara);

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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- XMMUYECKMEe cTakaHbl Ha 50 mn;

- BydepHble pacTBOpbl AN KANMBPOBKN U XpaHEHUS.

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckasi Hacmab:

BooopoaHble MOHbI  3aHMMaKT ocoboe rnonoxeHue cpean Apyrux  MOHOB
BCNEACTBME WX BIUSHUA Ha XO04 MHOIMMX peakuun, npoTekawwmx B pacTteope. [Ons
XapakKTEpPUCTUKN cpeabl MOMb3ylTCs BOAOPOAHbIM  nokasatenem (pH), KoTopbiv
BbIYMCIIAOT MO hopmyne

pH =—Ig cH*. (3)

Ana HenTpanbHoi cpeabl cyt = 107 monb/n; pH = —Ig107" = 7, B KUCNbIX cpedax
pH < 7, B WenoyHbix pH > 7.

Pasnuyator obwyro n akmueHyto KucsomHocmbe. B pasbaBneHHbIX pacTBopax
CWIbHbIX KACIOT M LWenoven, B KOTOPbIX CTeneHb guccoumauum a = 1, KOHUEHTpauus
BOAOPOOHbIX (MNW rTMOPOKCUITbHBIX) MOHOB paBHa 06LLEN KOHLEHTPaLMM KUCHOT.

B pactBopax cnabbix 3neKTPONMTOB KOHUEHTpauMa WOHOB MeHblue obuien
KOHUEHTpaumn BewlectBa W No Mmepe pasbaBneHus pactBopa npubnumkaeTcs K Hew.
[Mo3TOMY KOHUEHTpauus BOAOPOAHLIX WMOHOB paBHa oOOLWen KOHUeHTpaumm (Co),
YMHOXXEHHOWN Ha CTeneHb gnccouunaumm, 1.e.

CH"'=Co" Q. 4)

Tak Kak KUCroTHble cBoMcTBa OOYCnoBfeHbl MPUCYTCTBMEM B pacTBOPE WOHOB
BOOOpPOAA, B pacTBope crabor KMCNOTbl TONbKO Ta €€ YacTb SABMSIETCA aKTUBHOW, KOTOpas
pacnanacb Ha MWOHbl. Takum o06pas3oM, aKTMBHAsA KUCMOTHOCTb oOnpeaenseTca
aKTUBHOCTbIO (KOHUEHTpaunen) BOAOPOAHbLIX MOHOB 1 XapakTepuayeTcs pH.

OanH mn3 cnocoboB onpegeneHnsa pH ocHoBaH Ha MCNOMb30BAHUM BELLECTB-
WHOMKATOPOB, W3MEHSIOWMX CBOK OKpacky B 3aBMCUMOCTU OT CTEMEHU aKTUBHOW
KMCNOTHOCTM unn wenovyHoctn. Mx noabupatot Takum obpasom, 4Tobbl MHTEpBan
nepexoga OKpacku, pasnuUynMMOoro rrnasom, BKIYan TOo 3HadeHue pH, KoTopoe pacTBop
OOMMKEH MMEeTb B TOYKE IKBMBANEHTHOCTU. Hanpumep, ¢eHondTanenmH MeHseT CBOH
OoKpacKy oT bGecuBeTHoOM A0 KpacHou B npegenax pH 8,0 — 9,8; MeTnnoBbIn KpacHbIn — B
npegenax pH 4,2-6,3 n 1.4.

Cnocob® onpegeneHns KOHUEHTpaUUM WOHOB MO W3MEPEHUO MNOTEeHuuana

NOHOCENEKTMBHOIO MEMOpPaHHOIO 3f1eKTpoAa HasblBalOT UOHOMEMpUEU.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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OT0 npoctom W yaoOHbIM MeTon onpedeneHuss MHOMMX WMOHOB B pacTBOpE.
CoBpeMeHHble npubopbl ANS NPsSIMOA NOTEHUMOMETPUN Ha3sbiBaOT uoHomepamu. OHu
MOryT ObITb MCMOMNBb30BaHblI NPU HaNMYUM COOTBETCTBYIOLNX MHAMKATOPHbLIX 3MeKTpoaoB
Ans onpegeneHns pasHblX NOHOB.

Kpome TOro, Bce COBpeEMEHHble MOHOMEpbI ABNATCA U pH-meTpamun, T.e. ux
ncnonb3ywT W Ana onpegeneHna pH pasHbix pacTBOpoB. B HacTtosduwee Bpems
NPOMbILLIIEHHOCTbLIO BbINYCKAOTCS MopTaTuBHble MOHOMepbl (pH-MeTpbl), no3sonsouine
NpPoOBOAMTL NOTEHLMOMETPUYECKME ONpeaeneHns pasHbiX BewecTB, kak B nabopaTtopusix,
TakK 1 B MOSMEBbIX YCNOBUSAX.

Hanbonee wwupokoe npuMeHeHWe Hawmna npsmMas noTeHUuMoMeTpus  Ons
onpegenexHnss pH pacTtBopoB C MCNOMb30BaHMEM CTEKNSHHOro anektpoga. [lpwu
n3amMepeHun ¢ HMM pH-meTp HacTpaumsatoT (rpagyvpyroT) nNo OydepHbIM pacTBopaMm C
N3BECTHbIMWU 3Ha4YeHusaMn pH.

LLnpoko uncnonb3ylTCsa yHUBEpPCanbHble WHAMKATOPLI, NpefcTasBnsowme cobon
CMEeCb HECKOJSIbKMX MHOWKATOPOB C pasfiMyHbIMKM MHTEpPBanamMu nepexona; MHOroKpaTHO
N3MEHSIOLLME CBOK OKpacKy npu pasnuyHblix pH. OgHako nx MOXHO MCNOMNb30oBaTb MNULLb
ANa NpubnmxeHHbIX onpegeneHnn atoro nokasatens. OO6blyHble M yHMBepcarbHble
nHOuKaTopbl MOryT ObITb B BuAe pacTBOpPOB W B BuAe uHAMKaTopHOW 6Oymarn. K
YHUBEpCanbHOMY  WHAWKATOpy  npunaraetca  Tabnuua  UBEeTOB  MHAMKATOpPA,
COOTBETCTBYIOLWMX onpefeneHHbiM 3HadeHnsm pH. [losBuBLIadAca okpacka npu
CMeLLUMBaHUN uccrneayeMoro pactsopa C MHAOMKATOPOM CpaBHMBaeTcd C Tabnuvuen
LBETOB.

CodepixaHue u rnopsidoK 8bINOSIHEHUS pabomsbi:

1 O3HaAKOMUTLCA C TEOPETMUYECKOMN YaCTbHO.

2 BbinonHuTb nabopaTopHble NccnegoBaHus:

2.1 OnbIT 1. Onpegenexne pH pactBopa ¢ NOMOLbLIO YHUBEPCANBHOIO MHAnKaTopa.
1-2 Mn uccrnegyemMmoro pacteopa HanuealoT B dapdopoByk 4vallky u npubasnsawT 1-2
Kannum yHuBepcasnbHOro MHAMKaTopa, COAEPXXMMOE pasMeLLMBalOT CTEKNIAHHON Narnoykowu,
cnenqa 3a okpackow pacteopa. OKpacKy mHOukaTtopa B pacTBOpe CpaBHMBAaOT C LIBETHOM
LIKaron Ha Bymare yHMBepcanbHOro nHavkaTopa.

OT0T MeTog, rpybbin (TouyHocTb 0,5 pH), HO AOBONBHO BLICTPLIN.

Bnu3ok nNo BbINOMHEHMIO W TOYHOCTM MeTon onpegeneHns pH ¢ nomoLybio

YHUBEpPCanbHOW MHAMKATOPHOW Bymaru.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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2.2 OnbIT 2. CHUMUTe C anekTpoga pH-meTpa 3awmTHbIM Konnadok. [orpysute
3NeKkTpo4 B Mccregyembln pactBop. Hu npu kakux o6CTOATENBCTBAxX He Morpyxamrte
anekTpog 6onee 4em Ha 5 cm. Cnerka nomellanTe aNekTpoaoM aHanmsMpyembln pacTeop,
noka He CTabnnuanpyloTca NokasaHusa Ha gucnnee.

[na nonyyeHns TOYHbIX MOKa3aHWW, nepen TemM Kak Norpy3uTb 3f1EKTPOL B HOBbIN
obpasel, pekoMeHayeTCHa CNONOCHYTb ero nccrneayemMbiM pacTBOPOM.

Mocne paboTbl anekTpog HeobX0ANMO BbIMbITb U XPaHUTb B 3aLMTHOM Kofnavke,
3anosIHEHHOM cneunanbHbIM PaCTBOPOM.

Hu B koeM cnyyae He XpaHuTe 3NeKTPoA B ANCTUNNMPOBAHHON Boge. Micnonb3ynTe
ANSA 3TUX Lenen cneyunanbHbii pacTBOpP ANs XPaHEHUSsI UM NPOCTO OCTaBMANTE CYXUM.

3 Cpenatb BbIBOAbI NO pe3ynbTatamM nabopaTtopHbIX UCCreaoBaHUN.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHue nabopatopHon paboTbl

Llenb paboTbl

OT4eT 0 BbINOMAHEHMN PabOoThI

HaTtbl u noanucn oby4aroLerocs v npenogasatens

KoHmpornbHbie 80rpochi:

1 Uto xapaktepusyeT BOOOPOAHbIN NoKasaTens?

2 [Ins Yero HyXHbl MHANKATOPbI?

3 Kakme pacTtBopbl HasbiBaloTcs 6ydepHbiMn? lNpuBeante npumepsbl 6ydepHbIX
pacTBOPOB C U3BECTHbIMU 3HaYeHnsMn pH?

4 Kakne cyuwiecTtBytoT cnocobbl onpegenenuns pH cpeabl?

5 B yem 3akntoyaetca nogrotoska pH-meTpa k paborte?

6 Kak xpaHaT u ncnonbaytot pH-anekTpoa?

1.4 CopOUMOHHbIe npouecchbl

NNab6opaTtopHoe 3aHATHME Ne 5 Aacopbumsa YKCYCHOM KUCNOTbI
aKTUBUPOBAHHbIM yrTiem
Llenb pabombi:

N3yunTb ABNeHne agcopbumm
MamepuarnsHoe obecriedeHue:
- TEeXHUYEeCKMEe BECHI;

- pa3HOBECH!;

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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- MepHble unnuHapbl Ha 50 mnm;

- KOnoObl kKoHM4Yeckmne Ha 100 mr;

- Konbbl kKoHM4Yeckue Ha 250 mn ¢ npobkamu;
- nuneTkn Ha 10 mn;

- BOPOHKMN;

- 0,1 H NaOH;

- aKTUBMPOBAHHBIN Yrosb;

- 0,4 H CH3COOH,;

BOAa ANCTUNITMPOBaHHAA;

eHonTaneuH;

PUnbTpbl ByMaxHble;

CTYNKKM C NEeCTUKOM.

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckas Yacmsb:

AsneHne agcopbumm 6bINO OTKPLITO pycckum yyeHbiM T.E. JloBuuem B 1785 roay.
Mon adcopbuyuel 06bIMHO NOHMMAIOT MOrMOLLEHNE OOHOrO BewecTBa ApyrMm. BeluecTso,
Ha MOBEPXHOCTU KOTOPOro npoucxoamT agacopbumsa, HasbiBaeTcsa adcopbeHmowm, a
BELLECTBO, KOTOpOEe nornowaeTtcs, agcopbupyetrca — adcopbmueom. Apcopbumst MoxeT
NPOUCXoaMTb Ha rpaHuue pasgena crnegylowmx d@as: XuOKkocTb - ras, >XUMAKOCTb -
XnOKocTb, TBEPAOE TENO - pacTBOp, TBEPAOE Teno - ra3. Bnepsblie agcopbums nayyanaco
Ha NOBEPXHOCTK TBepAOoro agcopbeHTa.

MpununHon agcopbumm ABNAETCA MNOBEPXHOCTHAsi 3HEeprusi, CBOMCTBEHHAs KaKOoow
NOBEPXHOCTU, SBNEHNE afgcopbumm ConpoBOXaaeTCa YMEHbLUEHMEM MOBEPXHOCTU UMK 3a
CYET CHUXEHUS MOBEPXHOCTHOIO HATSXXEHUS.

Apcopbumst 3aBUCUMT OT NpupoAbl MNOrNOTUTENST U MNOrMOWaemMoro BewecTsa, OT
TemnepaTypbl, OT AABMIEHMS ra3a UNn KOHLEHTpaLMn pacTBOPOB.

3aBucumocTb agcopbuumn, A, MOnb/Kr, OT KOHUeHTpauum (B obnactm cpegHen
KOHUEHTpaumn apacopbupyemoro BewecTBa B pacTBOpe) Npu OaHHOWM TemnepaTtype

Bblpa)aeTcs aMNMPUYECKMM ypaBHeHeM PpenHanmxa:

A=x/m, (5)

roe X — KonM4yecTBo afcopbupyemoro BellecTsa, Morlb;

m — KONMM4eCTBO B34ATOIO aqcop6eHTa, KT.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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CodepxxaHue u rnopsi0ok 8bIrnosHeHUs pabomoi:

1 O3HaAKOMUTBCHA C TEOPETMUYECKOM YaCTbHO.

2 BbinonHuTb NnabopaTtopHoe nccrnegoBaHue:

2.1 OnbIT 1. Aacopbumna yKCYCHOM KUCNOTbl aKTUBUPOBAHHbLIM YIieM.

B natn npoHymepoBaHHbIX konbax Ha 250 Mn roToBAT pacTBOPbl YKCYCHOM KACOThI
nytem pasbaBneHuss MCXOAHOro pacTeBopa AUCTUINMPOBAHHOW BOAOW B CrieayroLlmx

COOTHOLLUEHUAX, YKa3aHHbIX B Tabnuue 3.

Tabnuua 3
Homep konobl 1 2 3
0,4 H CH3COOH, mn 40 20 10 5
Bopa, mn - 20 30 35 37

HauyanbHoe cogepxaHune ykcycHon kucnoTthbl, Co, onpegenstoT tutposaHnem 0,1 H
NaOH B npucyTtcTBuM nHgukatopa eHondranemHa B konnyectse 1-2 kanenb go cnaboro
pO30BOro LUBeTa pacTtBopa, Hewucyesawuwero B TeveHne 30 cekyHg. [Ona  dero
nepBoHayvanbHoO oTémpatoT nuneTkor no 10 MN Kaxxgoro pacTtBopa KUCNOThl U MOMELL AT B
COOTBETCTBEHHO MNpOHyMepoBaHHble Konbbl Ha 100 mn. PesynbTaTtbhl TUTpOBaHWA AN
nocrieayLero pac4yeta KoHUeHTpaunm pactBopa YKCyCHOM KUCMOTBI.

[anee B kaxay konby ¢ octaBwmMMca o6beMom KucnoTebl B 30 Mn BHoOcAT no 11
aKTMBMPOBAHHOIO yrNa (NpegBapuTenibHO XOPOLWIO  U3MESIbYEHHOTO B MOPOLLOK) U
3akpbiBaloT npobkamu. OBpaTnTb BHMMAHME HaA TO, YTO HABECKU YISl NEPEHOCAT BO BCe
Konobbl odHospemeHHo! B TeyeHne 15-20 mMuHyT B3OanTbiBalOT coaepXmMmoe Bcex Konb
nooyepeaHo.

lMocne aToro uNbLTPYOT pacTBOpbl 4Yepe3 OymaxHble UNbTPbl B OTAEMbHbIE
KOHu4eckne konbbl Ha 250 mn. KonunyectBo ancopbupoOBaHHOM KUCIOTbI YIIEM, MOXHO
y3HaTb, NpoaHanuanpoBaB KOSIMYECTBO YKCYCHOM KWUCMOTbI, OCTaBLUENCA B ounbTpaTe.
Ona atoro ot6epute no 10 mn kaxgoro cunbTpaTta B oTaenbHble Konbbl Ha 100 mn un
otrtutpynte 0,1 H NaOH aHanorMyHo onpeaeneHuto HayanbHOro CoaepXXaHus YKCYCHOM
KMCNOTbI, NPOBOAMMOrO A0 aacopbumn. PesynbTaTbl TUTPOBAHUS TakkKe 3anuumnTe.

HopmanbHyt0 KOHUEHTpauuio (HOPManbHOCTb) YKCYCHOM KMUCNOTbl A0 agcopbuum,

Co, 1 nocne Hee, C, B Kaxxgon konbe paccuntante no gopmyrne (3akoH 3KBUBASIEHTOB):

Ck-Vk=Cuw - Vi, (6)

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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roe Ck Cuy — HOPManbHOCTb KUCMOThI U LWEenoYun, H (r-ake/n);
Vk, V4 — o06bemMbl pacTBopa YKCYCHOW KUCMOTbl M U3pacXxodoBaHHOW Ha

TUTPOBAHME LLENOYN, MI1.

Onpepgenute KonNM4ecTBO aacopbUpoBaHHOM YKCYCHOWM KUCMNOTbI, X, B KaXgou
konbe no pasHuue KoHueHTpaumn: x = Co— C.

KonnyectBo kucnotsl, nornoweHHon 1 r agcopbenta (yrnsa) ns 30 mn ee pacrteopa,
x/m, monb/r, onpegenaeTca no gopmyrne:

x/m = (Co— C) 30/1000, (7)

roe m — macca akTUBUPOBAHHOIO YIMs, T.
PesynbTaTthl BblMCEHUN 3aHECTU B Tabnvuy 4.

Tabnuua 4

Homep konobl Co C x=Co—C x/m

DB WIN|—

3 VMcnonb3ys gaHHble onbiTa, NOCTPOUTL M30TEPMY aacopbumm, OTknagbiBas no ocu
abcuucc 3HaveHne C, a no ocn opanHAT — KONMYECTBO aacopOmnpoBaHHOM KMCIOTbl HA 1 T
agcopbeHTa.

4 CpenaTb BbIBOA MO pe3ynbratam nabopaTtopHOro nccrnegoBaHmst O 3aBUCMMOCTM
agcopbumnm OT KOHLEHTpaL MK pacTBOPEHHbIX BELLECTB.

5 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboTbl

OTyeT 0 BbINOSTHEHUN PabOThI

HaTtbl n noanucu obyyatrolerocs 1 npenogaBaTtens

KoHmporbHbie 80rpocsi:

1 Yto HasbiBaeTcsa agcopbumen n abcopbumnen?

2 Yto Ha3biBaeTcsa agcopbeHToM, agcopbTuBom?
3 B 4yem npuumHa agcopbuun? YpasHeHue M'mbbca.

4 Kakne Bugbl agcopbeHToB cyLecTByoT? VX npakTnyeckoe npuMeHeHue.

LIOKyMeHm yripaernsiemcsi npoepaMMHbIMU cpedcmeamu 1C: Komneox
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx



MO-43 02 15-EH.01.113

KMPK BIrAP® ®Ir'bOY BO «KI'TY»

XNMUA

| C.21/82

5 B 4em cyTb MoHOOGMeHHOM agcopbunn, xpomaTtorpacnn?

6 KakoBo 3HayeHne agcopbLUMOHHbBIX NPOLECCOB AMNS NMULLEBbIX TEXHOMOMMIA?

7 I'quemy npun HEKOTOPbIX MNULEBbLIX OTPaBIIEHUAX pEeKoMeHAYyeTCA MNPUHUMAaTb

TabneTku aKTMBUPOBAHHOIO yFJ'IFI?

8 [nsa kaknx uenen ncnonb3yeTtca aacopbeHT cunukarens?

2.2 F'napohoOHbIe KONNOUAHO-ANUCEPCHbIE CUCTEMbI

PA3OEN 2. KONNMOUAHAA XUMUA

NabopaTtopHoe 3aHaATHME N2 6. [onyyeHue KONMONAHbLIX CUCTEM
Llenb pabomei:

O3sHakomneHune c pasiinyHbiMn MeTodaMn MoJiydeHnAa 1 OYUCTKU KOJITOUOHbIX

CUCTemM

MamepuarnbHoe obecrieyeHue:

MEpHble LUnuHapbl Ha 25, 50 mn;

Konbbl KOHMYeckune, ctakaHbl Ha 100 mn;
BOAa OAMNCTUNNIMPOBAHHAS;

NanoYvkn CTEKNSHHbLIE;

NIMTKa anekTpuyeckas;

npobupku, rpagympoBaHHbie Ha 20-25 mn;
0,1 M NaxS20s3;

2 % -HbIn pacTtBop FeCls;

HaCbILWEHHbIV pacTBOP KeNTOW KPOBAHOW CONU;
0,1 M H2SOyg;

pacTBop HuUTpaTta cepebpa,;

6ymara nepraMmeHTHas unu uennodaH.

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckas Yacmb:

Tak Kak KonnouvgHble CUCTEMbl 3aHUMaloT NPOMeXyTo4HOE

noJsioXXeHne mexay

rpy6oamcnepcHbIMU U UCTUHHBIMW pacTBOpPaMM, NoNy4aTb UX MOXHO KOHOeHCaUUOHHbLIMU

nnbo ducrniepaayUoHHbIMU METOLAMMN.

MeToabl AncneprupoBaHust OCYLLECTBNSAOTCS

MexXaHn4eCcKoro,

3NEKTPUYECKOrO MINN yNbTPa3BYKOBOro ApobreHus BelecTB A0 pa3MepoB KOMSOMAHbIX

yacTtuy. Bce 3T MeToabl TpebytoT 3aTpaTbl 3HEPTUM U3BHE.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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KoHaeHcaumoHHble MeToabl AeNAT Ha u3nyeckne n xummyeckme. O6LWmMM ans HUX
SBMSETCA NPoUecC BO3HUKHOBEHWS HOBOW (pasbl MyTeM COeUMHEHUA MOJSIEKYSN, MOHOB,
aTOMOB.

K ¢usudeckum OTHOCAT MeTOoh HenocpeACTBEHHOM KOHAeHcauuu MOneKyn
ncnapsitoLleroca BewectBa M MeTo 3ameHbl pactBoputens. [lpu meToge 3amMeHbl
pacTBOPUTENS pacTBOpUTESb, B KOTOPOM BELLECTBO pacTBOpsieTcHd, obpasys UCTUHHbLIN
pacTBoOp, 3aMEHAETCHA AUCNEePCUOHHON CPeaon, B KOTOPOM 3TO BELLLECTBO HEPACTBOPUMO.

K xumuyeckum OTHOCAT MeTOoAbl NOSydMeHUss TPyAHOPACTBOPUMBLIX BeLecTB npu
pasnnyHbIX XMMUYECKNX peakumnax (rmgponms, okucreHme, oBonHon obmeH u 1.4.).

Ocoboe MecTo npu NOMy4YEHUN KONMNONAHbIX CUCTEM 3aHMMaeT MeTon nenTusaumu:
rnepexod ceexernpuaomoessieHHo20 ocadka (KONMoMOHOW CTENeHn [UCNEPCHOCTU) 8
pacmeop. B aToMm crniyyae He npouCXoamMT U3MEHEHWUA CTEneHn LUCNEePCHOCTU YacTul
ocafkKa, a TONbKO X pasbeanHeHmne.

BaxxHbIMK yCnoBMsiMM NpY NONYyYEHUM KOSNOMAHbLIX CUCTEM ABNAIOTCSA:

1) aucnepcHasa asa He JOMKHa B3anMOAENCTBOBATbL C ANCNEPCUOHHON Cpenomn;

2) [orkHa ObITb 4OCTUIHYTa onpeaenieHHasi CteneHb ANCNEPCHOCTMU;

3) KOHUEHTpaunmn pacTBOPOB LOSMKHbI ObiTb MUHMMATTbHbLIMMU;

4) npucyTcTBme ctabmnmnsaTopos, 06yCnoBNMBaOLWMNX YCTOMYMBOCTb CUCTEM.

OuuncTtka KonnongoB OT MPUCYTCTBYHOLLMX B HEM MOJSEKYSISIPHO-MOHHbBIX NPUMECEN
pacTBOPEHHbIX BELLECTB HasblBaeTca Ouanu3oMm. [uanu3 OCHOBaH Ha pasHuue B
CKOpPOCTAX  ANdy3nMm UCTUHHO- U KOMMOWOHO-PaCTBOPEHHbLIX BELLECTB  4epes
nonynpoHuuaemyto neperopodky. B kayectse nonynpoHuuaeMbix Neperoponok, noMMmMo
XMBOTHbIX M pPacCTUTENbHbLIX MEPENOHOK, WCMONb3YKT WCKYCCTBEHHbIE MeMOpaHbl K3
uennodaHa n neprameHTa.

CodepixaHue u rnopsiOoK 8bINOSIHEHUS pabombi:

1 O3HaAKOMUTLCA C TEOPETMYECKOMN YaCTbHO.

2 BbinonHuTb nabopaTtopHoe uccrnegoBaHme:

2.1 OnbIT 1. MNonyyeHune 30n4 rmgpokcmaa xxenesa.

B KoHu4eckon konbe HarpeBatoT 4O KuneHust 95 mn AnCTunnupoBaHHOW Boabl. He
CHMUMas Konbbl, BbIKNOYaOT 000rpeB 1 HEOOMbLUOW CTPYEN BNMBAKOT B KUMALLY BOAY 5
mMn 2 %-Horo pactBopa xnopuaa xenesa [0 00pa3oBaHMS WMHTEHCMBHOM KpacCHO-

KOPUYHEBOW OKPAaCKW.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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O6pasyeTcs rMapo3onb FMAPOKCMAA Kenesa, CTabunManpoBaHHbLIN  Xopuaom
xenesa. 3o5b AOMKeH ObiTb COBEPLUEHHO NPO3payHbIM B npoxoasiiem ceete. CoctaBbTe

ypaBHEHNE peaKUnNn. Hanuwwute cbopmyny Muuennbl.

2.2 OnbIT 2. MNMony4eHne 305 6eprnnHcKon nasypu.

K5 mn 2 % -Horo pactsopa xnopuaa xenesa npu nepemewinBaHmn npunueatoT 1
MJT HacbILEHHOro pacTBOpa XenTon KpoBsiHOW conu. BbinagaeT ocagok 6eprnmnHckom
nasypu. Ha KOH4YMKe CTEKNAHHOW Manoyvku BHOCAT B KOnby ¢ AUNCTURANMPOBAHHOW BOOOW
HEeMHoOro atoro ocagka. ObBpasyeTcs 305b spKo-cuHero upeta. CocTtaBuTb ypaBHEHUE
peakumn. Hanuwwute  dopmyny  muuyennbl  6eprnuHCKOM  nasypu,  y4uTbiBas

NpenMyLLeCTBEHHYI0 ancopbLUmio MHorosaneHTHoro noHa [Fe(CN)s]*.

2.3 OnbIT 3. lMony4yeHune 30n4 cepbl.
K 10 mn tnocynbata HaTpus npmbaButb 4 MM pacTtBopa CEPHOM KUCHOTHI.
Habniogaetcs nosisneHne mytn. Obpasyetca 30nb cepbl. CocTaBbTe ypaBHEHUE peakLymn.

Hanunwwute hopmyny muuennsl. Kakum nytem obpasyeTcs 30nb?

2.4 OnbIT 4. nanus 301 rmgpokcuaa xeneasa.

B nepramMeHTHbIM MeLLOYEK, CMOXEHHbIN B BMOE KUCETA, Haneute ropsiymn 3o-b
rMMOpPOOKUCK  Xenesa, nomnydeHHbin B 1 onbite. [lomectute ero B cocyg C
anctunnuposaHHon Bogoun. Yepes 10-12 MUHYT OTnenTe HEMHOro BOAbl, OMbIBAKOLLEN
MeLLoYeK, B NpobumpKy n gobaBbTe K HEM pacTBOP a30THOKUCNOro cepebpa. Hannume noHa
xfopa obHapyxuBaeTca no cnabomy MNOMYTHEHWO pacTBopa. HanuwuTe ypaBHeHue
peakumn. O6bsACHUTE, NOYEMY HE MPOUCXOOUT OKpalLuMBaHME 30SIEM BOAbl, OMbIBAIOLLEN
MeLoyek? O6bsCHUTE NosiBNieHME B ANCTUNNIMPOBAHHOM BOAE MOHOB Xnopa.

3 CpenaTtb BbIBOAbI MO pe3ynbTaTaM Kaxgoro nabopaTtopHOro MccrenoBaHus w
onpeaenuTb MeTo NosyvYeHns Konnovaa.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboTbi

OTyeT 0 BbINOSHEHUN PpabOoThI

HaTtbl n noanucu obyyarolerocs 1 npenogaBaTtens

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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KoHmpornbHble 80npochi:

1 YTo HasblBaeTCcs OUCNEepPCHOM CUCTEMOW, OAUCMEPCHOW has3on, ANCMEPCUOHHON
cpenon?

2 Kakune npusHaku xapakTepHbl AnNa ANCNEPCHbIX CUCTEM?

3 Kak cBsi3aHa ANCNepCHOCTb C pa3MepoMm Yactuy?

4 Kakme gmucnepcHble CUCTEMbl OTHOCATCS K KONNOUAHBIM?

5 Kakumn metogamm nonyyarT KONNONLHbIE CUCTEMbI?

6 KakoBa cyTb METOO0B OYMCTKM KOMMOWUOHbLIX PacTBOPOB: ANanua, anekTpoamnanms,
ynbTpadunbTpauna?

7 YTO MCnonb3yroT B Ka4ecTBe NonynpoHNLAeMbIX NEPEropoaoK?

8 Kak 3aBncuT ckopocTb aAnddysmm oT pasamepa Yyactuy,?

9 KakoBbl MeCTo 1 porb KOJTIOMOHbIX CUCTEM B nNpupoae 1 I'IpaKTI/IKe?

2.5 CTpyKTypOoOoOpa3oBaHMe B KONOAHbIX CUCTEMaX
Na6opaTtopHoe 3aHATHMe Ne 7 HabyxaHue nonumepoB
Llenb pabomoi:
N3yunTb aBneHne HabyxaHusa nonMmepa W BRMsIHUE JEKTPONMTOB Ha npouecc

cTygHeobpasoBaHus

MamepuanbHoe obecriedeHue:
- wraTtme gns npodbupok;

- rpagyvpoBaHHble NPOBUPKM C NPUTEPTLIMKU NpobKkamn Ha 15 mn;
- HWUTU PE3MHOBbLIE;

- XenaTWuH cyxom (NOPOLLOK);

- 6eH30on nnn 6eHs3uH;

- BOAA OMCTUINMPOBaHHAs;

- 0,1 H Na2SOyq;

- 0,1 H H2SOyq4;

- 0,1 H NaCl;

- 0,1 H HCI;

- 0,1 H NaOH;

- TPYOKM CTEKNSAHHbIE;

- NAario4yKkn CTEeKNAHHbIE.

Ucnonb3yemble ucmoyHuku: [1]
LokymeHm ynipaensiemcs npogpammHbimMu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsawemycs 8 1C: Konnedx
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Teopemuyeckasi 4Hacmab:

HabyxaHue — camMonpou3BOsibHbIA MPOLECC MOrfoWeHNss BbICOKOMOMNEKYNSPHbBIM
BewectsoM (BMC) HM3KOMONEKYNSPHOW XWOKOCTU, COMPOBOXAAIOLWUNCA YBESIMYEHNEM
ero maccbl 1 obbema. HabyxaHne — nsbuparensHoe ABneHue, T.e. NoSIMMepPbl CNOCOOHbI
HabyxaTb B TeX >XWUAKOCTAX, KOTOpPble MO OTHOLUEHUIO K HUM CRnyXaT pacTBOpUTENSMU,
HanpuMmep, XenaTuH, arap-arap HabyxalT B BoAe, Kay4dyk, pe3mHa — B YrneBoAOpPOaHbIX
xungkoctsax. [lpy aTtom pasnuyawT ABa Buaa HabyxaHuMs — HeorpaHuWyYeHHoe U
orpaHv4yeHHoe.

CmyOHU — CTPYKTYpUPOBaHHbIE CUCTEMbI, Monyyaemble U3 pactsopoB BMC, B
oTnn4me ot renen, obpasoBaHHbIX U3 KOMNNOUAHbLIX pacTBOpoB. CTyQHM MOXHO nony4yaTb n
B pesynbTaTe orpaHuyeHHoro HabyxaHus. lNpuymMHa 3acTtygHeBaHUs (KenaTUMHUPOBaAHUA,
reneobpas3oBaHns) COCTOUT B BOSHUKHOBEHUN CBA3EN MeXAy Monekynamm (Yactmuamm) mn
NOCTENEHHOrO YNPOYHEHUS B CUCTEME MPOCTPAHCTBEHHOW CETKM.

Ha npouecc  CTpykTypooOpasoBaHusi  BAMUAOT  criegywowme  (pakTtopbl:
KOHUEeHTpauus, dopmMa 1 pasMep MakpoMOsiekyn normMepa unvM KONSoMAHbIX YacTul,
TemnepaTtypa, BpemMs U MNPUCYTCTBME IneKTponuToB. [locnegHee oOYeHb CROXHO. Kak
npaBuno, KaTUOHblI Mano BAWAKT Ha CTyaHeobpasoBaHue, Torga Kak aHWOHbl MOryT

YCKOPATb, a MOTyT 3aMennATb 3TOT npouecc.

CodepixaHue u rnopsidoK 8bINOSIHEHUS pabombi:

1 O3HakOMUTbCA C TeopeTudeckonm YacTbio. 2 BbeinonHuTb nabopaTtopHoe
nccnegoBaHue:

2.1 OnbIT 1. HabyxaHue pe3MHOBOW HUTMW.

OTpe3atoT 4-5 CM pe3nMHOBOW HUTU M MOMELLAKT B TOHKYH CTEKMSHHYIO TPYOKy,
AnvHon 12-15 cM C BHYTPEHHMM AMAaMETPOM HeMHorMm 6onblue guameTpa HUTMW.
Pe3nHoBast HUTb JOMKHA HaxoaAUTbLCH B cepeanHe Tpybkn, 4Tobbl 0ba KoHUa HUTU MOrnu
cBoboHO yBenuuuBaTbCA Npu HabyxaHun. TpyOKy C PE3MHOBOW HUTLIO MOMELLAT B
rpagympoBaHHy0 npobupky C nputepton npobkon, BnuBarT O6eH3on (OEeH3UH) U
3aKkpblBalOT Npobkon. Yepes kaxable 5 MUHYT OTMEYaloT yBENIMYEHME HUTU OO Tex nop,
noka He nNpekpaTuTcsa yBenuieHme AnvHbl HUTH.

lMony4yeHHble AaHHblE HAHOCAT Ha rpaduk, rae no ocuM OpAMHAT OTKMNaAbiBalT

ANVHY HabyxaroLwen HUTK, a No ocn abcunce — Bpemsi.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx



MO-43 02 15-EH.01.13 KMPK BIrAP® ®Ir'bOY BO «KI'TY»

XUMUA |

C.26/82

2.2 OnbiT 2. BnusHne anekTponutoB Ha HabyxaHue

XKeJaTuHa.

(ctygHeobpasoBaHue)

Ulectb rpaHyImMpoBaHHbIX |'|p06|/|p0K HYMEepPywT 1N yCTaHaBJIMBaklOT B LUTATUB. B

KaXkgyro NpobupKy HacbINalT MOPOLLOK CyXOro XenatuHa (TonwuHa cros 1 cm). 3atem B

KaxXayr Wns I'Ip06VIpOK BnmBaT no 10 mn Pa3/IN4HbIX PacCTBOPOB J3J1EKTPOJIUTOB W

OCTOPOXHO MnepemMeLunBatoT, YTOObI YacTuLbI XXenaTuHa onycTtuiuncb Ha AHo. OI'Ipe,El,eJ'IFII-OT

obbeM xenatuHa Ao HabyxaHusi. [locne aToro, BCTPSIXHYB MPOOWPKM HECKONbKO pas,

OCTaBNAKT UX B NOKOE. LJepes Yac Kaxayro r|p06|/|p|<y elle pas3 BCTpAXmBaKT, A4ak0T OCadKy

0CeCTb N 3aMepAlT BEJTUHNHY obbema Ha6yXLLIeFO XenaTuHa B KaXkaoom r|p06|/|p|<e nocne

HabyxaHus.

CTteneHb HabyxaHus, d, %, BbIMUCIAIOT N0 hopmyne:

a=(V-\Vo)100/ Vo,

roe Vo n V, o6bem xenatmHa oo v nocrne HabyxaHus, M.

Mony4eHHble pe3ynbTaThl 3anUcbiBaloT B Tabnuuy 6.

(9)

Tabnuua 6
Howmep Pacteop O6bem O6bem CrteneHb
npo6u1pkm anekTponurta xenaTtvmHa oo XenaTuHa nocne HabyxaHus,
HabyxaHusi, cm® HabyxaHusi, cm3 a, %
1 Na2S04
2 H2S04
3 NaCl
4 HCI
5 NaOH
6 H20

Ha ocHoBaHuu NnoJiydeHHbIX OaHHbIX AenaloT BbiBOA O BJIIMAHUWN IJ1EKTPOJSIMTOB Ha

npouecc Ha6yX8HVIF| XenaTtunHa, a TaKkke O BJIMAHUN Npnupoabl aHNOHOB.

3 Cpenatb BbiBOAbI MO pe3ynbTaTtaM Ka)aoro nabopaTopHOro nccrnegoBaHus.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl

Llenb paboTbl

OTyeT 0 BbINOSIHEHUN pabOoThI

HaTtbl n noanucu obyyarolerocs 1 npenogaBaTtens

LokymeHm yripaensiemcs npoepamMmHbiMu cpedcmeamu 1C: Konnedx

lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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KoHmpornbHble 80rpocsi:

1 Y70 Takoe HabyxaHve NONUMEepPOB U Kakne CTaamu B HEM pasnumyaroT?

2 B yem npuymHa HabyxaHunA?

3 YTo noHnmaloT nog crteneHbo HabyxaHna? dopmyna.

4 KakoBo 3Ha4yeHue HabyxaHusi B TEXHOSTOMMU NULLIEBbLIX NPOU3BOACTB?

5 lNo KakMm rnpusHakam pasnuyaroT orpaHUYeHHOe U HeorpaHn4yeHHoe HabyxaHne?
6 Kakue cuctembl HasblBaOTCA CTYAHAMN?

7 Kakue hbaktopbl BAVSIOT Ha CTyAHeobpasoBaHue?

8 KakoBo 3HayeHue cTyaHeobpa3oBaHus B npupoae, NMeBoM Npon3sBoacTee?

PA30EN 3 KAMECTBEHHbIA AHAIU3
3.1 NepBasn aHanuTU4Yeckas rpynna KaTMOHOB

JNla6opatopHoe 3aHaATMEe Ne 8 KauecTBeHHble peakuum KaTUOHOB MNepBOW
aHanUTU4YecKomn rpynnbl
Llenb pabomoi:

3akpennTb HaBblkM B paboTe c nabopaTopHOW nocynon u peaktmBamu. M3yunTb
csouncTBa kaTnoHos K*, Na*, NH4*

MamepuarnbHoe obecriedeHue:

- BbITS>KHOM LUKad;

- gepxartenb ons npobupok;

- 9NeKTponnNUTKN nabopaTopHble ¢ Hacagkamm (CMPTOBKN);

- CTEeKNSAHHbIE NaroYyKu;

- wTaTtmB «[opka» Ans peakTuBOB;

- wTaTtue ¢ npobupkamu;

- BCMiomoraTtesnbHble MaTepuarbl (Bo4a ANCTUNNMPOBAHHAsA, NONOTEHLE, MbISIO);

- NPOBOJIOKA NNaTMHOBas, HUXpPOMoBas (MegHas);

- ammunak pasdasneHHbii NH4OH -2H

- ammoHus xnopug NH4Cl -0,5H

- egkunr Hatp NaOH -2H

- egkoe kanun KOH -2H

- rekcarmagpokcoctnémnat (V) kanusa K[Sb(OH)g] - HacbIW,. p-p
- kanusa xnopua KCI -0,5H

- kncnota consiHasa HCI -2H

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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- HaTpusa kKobanbTUHUTPUT (cBexun) Nas[Co(Noz2)s] -5 % p-p
- HaTpun xnopug NacCl -0,5H

- peaktuB Heccnepa Kz[Hgls] + KOH;

- Bymara yHuBepcarnbHas uHankaTopHasi;

- CUHee CTeKNo 1nun nakoH ¢ pacTBOPOM MHAMTO.

Ucnonb3yemble ucmoyHuku: [2], [3].
Teopemuyeckasi Hacmab:

AHanutnyeckass XumMusi — 3TO Hayka O MeTodax onpedeneHus XMMU4ecKoro
cocTaBa, CTPYKTYpbl BELLECTB M KONMYECTBEHHOIO onpeaeneHnsa coctasa. Bece Belectsa
N MaTtepuarnbl XapakTepu3ytTCs COCTaBOM W CTPYKTYpoWl. PasnmyatoT KauyeCTBEHHbIN U
KONMNYECTBEHHbIN COCTaB BellecTBa. B COOTBETCTBMM C 3TUM B aHaNMTUYECKON XUMWUK
pasnu4yatoT ABa 6onblUNX pasgena: KaueCTBEHHbIN U KONMYECTBEHHbIN aHanuabl. CHavana
yCTaHaBNMBAKT Ka4yeCTBEHHbLIM COCTaB BELLECTBa, a 3aTeM OnpeaensoT coaepkaHue
3N1eMEHTOB MeTO4aMM KONMYECTBEHHOIrO aHanumaa.

TexHuka 6e3onacHocmu pabomei 8 nabopamopuu

K BbinonHeHuto nabopaTopHbiX paboT CTyAeHTbl OOMyCcKalTCs TONbKO nocrne
NMPOXOXAEHMS UHCTPyKTaxa W oOyvyeHWs npaBunaMm TexHWKM ©e3onacHOCTM U
NPOTMBOMOXAaPHbIM NpaBuriaM, MNPOBEPKM YCBOEHWS MNpaBuUil U COOTBETCTBYHOLLETO
odhopmreHusa gonycka k paboTte B cneumanbHOM XypHane.

MpaBuna TexHukn 6es3onacHocTn. Obyyaromecs HeCyT NIMYHYI0 OTBETCTBEHHOCTb
3a HecobnogeHne TpeboBaHUn TeEXHUKM Be3onacHocTu. [Janee nepeyncrieHbl OCHOBHbIE
TpeboBaHUA TEXHMKM BE30MACHOCTN.

1. lMpun BbINONHeHMN nabopaTopHbiXx paboT crnegyeT CTPOro pPyKoBOACTBOBAaTbLCA
meToanyeckummn nocobuamu. Jlioboe OTKNOHEHWEe OT MEeToAMKM UNKU Mnopsiaka aHanusa
BO3MOXHO TOJbKO C paspeLueHus npenogasaTens.

2. K BbInoOnHeHWo nabopaTopHbiX paboT CTyAeHTbl AOMYyCKalTCA TOMbKO MNpu
HanNMunKn 3aWMTHOM OA4EXAbl — XanaTa.

3. PaboTas ¢ xMmmnyeckumn peaktmBammn, Heobxoammo mnsberatb X nonagaHus Ha
pykn. Henb3sa TporaTb nvMuO M rnasa pykamu B npouecce paboTbl. 3anpelaerca
npvHMMaTb nuwly B nabopaTtopuu, B T.4. XeBaTenbHYyl pe3uHKy. [locne paboTbl
HeobXxoaNMO TLLATENBHO BbIMbITh PYKM.

4. 3anpelyaeTtca NnpoboBaTb XMMUYECKME BELLECTBA Ha BKyC. HioxaTb XxMmMuyeckue
BELLeCTBa MOXHO, TONbKO Hanpasnss Kk cebe napbl N rasbl ABMXKEHUEM PYKU, a He

BAbIXasi 3anax MofHoOW rpyablto.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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5. [Ona paboTbl MOXHO WCNOMb30BaTb TOSMbKO peakTMBbl, Haxogsdwmecsa B
XMMUYECKOM nocyae, CHabXXEeHHOW 3TUKETKaMN C Ha3BaHUAMWN PeaKTMBOB.

6. OObeMbl KMCNOT M LWenoYen, a Takke OPYrux edkmx U S00BUTbIX XUAOKOCTEN
paspellaeTcs M3MepATb TOMbKO C MOMOLLbID MEPHOro UUnMHApPa, aBTOMaTU4YeCKOn
NUNETKN U NUNETKN C PE3VHOBON rPyLUEN.

7. 3anpeLyaeTcsl HaKNOHATb Hag, COCYO0M, B KOTOPbIN HAnMBaeTCs XUAKOCTb NN B
KOTOPOM OHa HarpeBaeTcsa (KMMWT), Tak Kak OpbI3rK XNMOKOCTM MOryT nonacTb B NMLO U
rnasa. 3anpewjaeTcs HarpeBaTb XUOKOCTU B repMETUYECKN 3aKpbITON nocyae.

8. Bce paboThl, cBA3aHHbIE C BblAENEHMEM NETY4YMX BELEeCTB, BbiMapuBaHWEM WU
KMNSSYEHMEM PaCTBOPOB, COAepXKaliMx KUCMOTbl U aMMuak, paboTbl C OpraHU4ecKnMmn
pacTBOPUTENSAMKN, a TaKKe CXUraHue uccnegyemblx BeLleCTB MNPOU3BOAST TOSMbKO B
BbITSPKHOM LUKadpy Npu BKITHOYEHHOW TSire 1 OnyLEHHOM 3alLUMTHOM 3KpaHe.

9. 3anpeuwaetca paboTtaTb C nerkoBoCniameHsWuMnca BellectBamm B6M3n
OTKPbITbIX 3NIeKTpoHarpeBaTenbHbIX NPMOOPOB.

10. MNpwn n3BneyYeHUn TUrnen n3 Mydens n nx nepeHoce UCnonb3yT cneynanbHble
LMNUbI, TaK Kak Temnepatypa B Mmydgene Bbiwe 600 °C. Turnu ctaBaT Ang oxnaxaeHus
TONbKO Ha OrHECTOMKYK noacTaBky. B akcmkaTtop TurnmM nomewlarT TONbKo nocne
oXNnaxageHus.

11. MNMpu nepemelieHnn Konb U XMMUYECKMX CTAKaHOB C FOPAYMMMU XKUOKOCTAMMU
HY>XHO cobntogaTh NOBLILLEHHYH OCTOPOXHOCTb.

12. PabotaTtb cnegyeTr B OCHOBHOM CTOS; TOSfbKO paboTbl, He CBsi3aHHbIE C
OMacHOCTLI BOCMfaMEHEHUs, pa3bpbI3rmBaHNSa XNOKOCTEN, B3pbiBa, MOXHO BbINOMHATb
cngs. Pabotatb B nabopatopmm ogHOMY 3anpeLlaeTcs.

13. llpn paboTte c anekTponpubopamu cTporo cobnogawT BCe npaBuna,
npuBefeHHbIe B onucaHun npubopa. NepeHocuTb UnNn pemMoHTMpoBaTb 0bopyaoBaHue,
HaxogsiLeecs No4 HanpsXKeHMeM, 3anpeLlaeTcs.

14. KaTeropuyeckum 3anpewaetcd OCTaBnATb  AeUCTBywWMe  nNpudopbl
BKINIOYEHHbIMM 6€3 npucmoTpa.

15. [lpn BbINONHEHMM pabOT MOBLIWEHHONW OMacHOCTM  (BO3MOXHOCTb
CaMOBO3ropaHusi, B3pbiBa, pas3bpbI3rMBaHUss TOPSAYNUX W arpPeCCUBHbLIX KUAKOCTEN)
HageBalT 3alUMTHbIA  KO3bIPEK W3 OpPrcTekna, npeaoXpaHUTENbHbIE OYKM UK
yCTaHaBNMBAOT 3aLLUUTHLIN SKpaH.

16. 3anpewaeTca BKMNIOYEHUE MOCTOPOHHMX 3SNEKTPONpPUOOpPOB, B 4YaCTHOCTU

3apsiAHbIX YCTPOMCTB MOBUNBHBIX TeNedoHoOB, 6e3 paspelueHus npenogaBaTens.
LokymeHm ynpaensemcsi npozpammHsimu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu no opuauHany, xpaHsauemycsi 8 1C: Konnedx



KMPK BIFAP® ®rBOY BO «KI'TY»
XUMUA | C.30/82

MO-43 02 15-EH.01.113

17. MNpun paboTe co cTeknsaHHOM nocyaon, cbopke n pasbopke NpuBoOpoB U KX
aetanen us ctekna cobnogaroT crneayolme Mepbl NPegOCTOPOXHOCTY:

- CTeKnsHHble TpybKMm BCTaBnAT B NPoOGKA uMAM B pe3nHOBble TPyOKM,
npeaBapuUTENbHO CMOYMB UX BOOOW, MMNLEPUHOM NN Ba3eNIMHOBLIM MacrioMm;

- NpuY 3aKpbiBaHUM NPOBKOM cocyd, 0BepHYTbIN NOMIOTEHLEM, AepXaT 3a BEPXHIOK
YyacTb ropna Kak MoXHO bnmxe k npooke.

18. OcTtaTkm pacTBOpuUTENEN, KOHLEHTPUPOBAHHbLIX KUCIIOT M LLENoYen, a Takke
APYrUX enKux >KNMOKOCTEeW CnvBaloT B KaHanNM3auui TOSMbKO MOCfe HenTpanui3auuun u
obesBpexnBaHms.

19. B cnyyae BoOCMNAaMEHEHUS TOPKOYMX XKUOKOCTEN WNU  OPYrnX BeLlecTB
HarpeBaTenbHble NPUBOPbLI BbIKNKOYAKT, COCYAbl C OrHEONACHbIMU XNOKOCTAMU yaanswoT
OT OTHS1 M MPMHUMAKOT MepbI NO NUKBUAAUMN NoXapa.

20. B nabopaTtopun Heobxoammo cobnogath U nogaepXxusaTb NOPSLOK U YUCTOTY.
Mo okoHYaHUM paboTbl BbIKNOYAKOT 3N1EKTPONPMOOphI, TWwaTeNbHO MOIOT UCMOMb30BaHHYH
nocyay, yovpaiT paboyee MeCTO, MOKT PYKM C MbIIOM U 3aKpbiBalOT BOAOMNPOBOAHbLIE
KpaHbl.

MepBas NOMOLWb NPU HECYACTHbIX Crly4Yasx

[o npnbbiTna Bpada nepsByrd NOMOLLbL MOCTpagaBLIEMY NPU HECHACTHOM Cryyae
AOJMKHbI OKa3aTb Konnern no pabote. Yacto 30opoBbe, a MHOrAa M Xu3Hb NOCTPagaBLUEro
3aBMCAT OT TOro, HACKONbKO BbLICTPO M MpaBuibHO Obifla eMy OkasaHa nepBas NMOMOLLb.
Kaxabii coTpyaHuk nabopaTtopun m paboTarolmin B HEW CTyaeHT obs3aH 3HaTb, Kak
npakTu4eckne npuembl NEPBON NMOMOLLM, TaK U MEPbLI CHUKEHMUSI OMACHOCTU UMK TSXKECTH
TpaBMbl B MOMEHT HECYACTHOIO Cry4vas.

Hanbonee 4yactble TpaBMbl npu pabote B nabopatopum — TepMUYECKME W
XUMUYECKME OXKOMN KOXM PYK 1 NOPE3bI.

Mpwn oxorax Heobxoaumo cobntogaTth cnegyoLlmne npasuna:

- NpyY nonagaHuM KWACIOT W LWEeNoYen Ha KOXy W npu HebonblIOM oXore
nopaxxeHHoe MEeCTO HeMeASIEHHO MpPOoMbIBalOT OOMbLUIMM  KONMYECTBOM MPOTOYHOM
BogonposoaHou Boabl B TedeHne 10-30 MuH;

- Npy TEPMUYECKMX OXorax nocne o6paboTkm BOOOM OOOXKEHHOE MECTO
NPOMbIBAKOT PaCcTBOPOM MEpMaHraHaTa Kanua unm 3TUMOBbIM CMMPTOM M CMa3sbiBaloT

Ma3blo OT OXOrloOB;

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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- MPU XUMUYECKMX OXKOrax KMCNoTon 06oxokeHHOe MecTo nocne obpaboTkm Boaom
NPoMbIBaOT 5 %-HbIM pacTBOPOM NUTbLEBOW coapbl. [1pn oxore Lwenoybo 060XCKEHHOE
MecTo rnocne obpaboTkm BoAoM NPOMLIBAKOT 5 %-M pacTBOPOM YKCYCHOW KUCIIOThI;

- Npn obpaboTke MOpakeHHOro MecTa COAOW WIIM KUCNOTOM MCMNOSb3YHT BaTHbIN
TaMMoH, He JoMNycKas pacTeKaHUs XXUAKOCTU MO KOXe;

- MpW 3Ha4YUTENbHbIX MMAOWAAaX MOopaXeHuss WM npu nonagaHumM KUCNOT W
LLienoyen B rnasa Heobxoanma cpovHasd MeanUMHCKas NOMOLLb.

B cnyyae nopesa paHy cnegyeT obpabotarb pacTBOpoM Moga unM nepokcuaa
Bogopoaa.

Mpun 3acopeHuun rnas TBepabIMN YacTULaMn He TepeTb rnasa, He genaTb NonbITOK
camMoMy yaanuTb COPUHKY, a HEMeEeHHO 0BpaTUTLCS K Bpayy.

Mpn oTpaBneHUM XMMUYECKMMM BellecTBaMmym HeobxoauMmo Bbi3BaTb Bpada u
OAHOBPEMEHHO MPUCTYNUTbL K OKasaHu NepBov nomown. Ecnu oTpaBneHue Bbi3BaHO
BObIXaHMEM SO0BUTBLIX MApoOB UMW ras3oB, HEOOXOAMMO BbLIHECTM MNOCTPadaBLUEro Ha
CBEXWN BO34yX, €CNKN Xe OHO MPOoM3OLWLNO B pesdynbraTte nonagaHus s4a BOBHYTPb —
Bbl3BaTb PBOTY M faTb NPOTMBOSAME, B Criydae HeOOXOAMMOCTU caenaTb UCKYCCTBEHHOE
AbixaHue. MickyccTBeHHOe AblXxaHne NPOTUBOMNOKA3aHOo Npwu OTpaBfiEHUM XITOPOM.

Teopetnyeckn 6ason [na  KnaccuuKkaumm  KaTUOHOB  MOXET  CIYXXUTb
lMepuoguyeckaa cuctema anemeHToB MeHaeneea, KOTOopas XapakTepusyeTCca 4YeTKou
aHarnorven coBOKYMHbIX CBONCTB 3/IEMEHTOB BHYTPU KaXOoM NX rPynnbl.

lMoaTomy aHanuTU4eckas kKnaccudukaumsi KaTMOHOB Ha rpynnbl NPOBOAUTCH HE MO
BCEM COBOKYMHOCTM XMMMUYECKMX CBOMWCTB 3fIEMEHTOB, a No HebonblwomMy 4ucny
BblOpaHHbLIX CBOMCTB KOHKPETHbIX MWOHOB, KOTOPbIE ONpPeaenstoT KOHKPETHYI cneumduky
NX Ka4eCTBEHHOIO aHanuaa.

B meTtoguyeckom nocobum npuBoaMTCA KMCOTHO-OCHOBHAA CXemMa KayeCTBEHHOrO
aHanmsa KaTMOHOB, B OCHOBY KOTOPOW MOJSIOXXEHO HEOOMHAKOBOE OTHOLLEHME KaTMOHOB K
AENCTBMIO HA HMX Pa3HbIX KACIOT N OCHOBaHMK, B YacTHocTu, HCI, HoSO4, NaOH, NH4OH.

B cooTBeTCTBMU C UX OEUCTBMEM BbIAENEHbI LLECTb rpynn KatTnoHOB:

Mpynna KaTnoHsl pynnosou KpaTkas
peakTvB XapaKTepucTuka
MepBast K*, Na*, NH** OrtcytcreyeT -
Bropas Ag*, Hg2*, Pb** HCI Xnopuabl HepacTBOPVMbI B

BoAe U B pa3baBneHHbIX
pacTBopax K1cnot

TpeTbst Ba?*, Ca* H2S04 Cynbatsl HepacTBOPUMbI B
BOAE N pa3baBEHHbIX

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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Mpynna KaTnoHsl pynnosou KpaTkas
peakTuB XapakTepucTuka
pacTBopax KucnoT
Yetsepras | AI**, Cr**, Zn# NaOH un36bITok M'mapokcuabl pacTBOPUMbI B
M36bITKE LLENoYm
MaTas Fe?*, Fe*, Mn*", Mg** | NaOH MMOpOKCUabl HEPACTBOPUMBI B
M36bITKE LLIENOoYM 1 ammuaka
LecTas Cu*, Hg#, Cd?*, Ni#*, | BogHblI pacTBop MMOpOKCUabl HEPACTBOPUMBI B
Co* aMmuaka LLIeNoYn, HO PacTBOPVMbI B
136bITKE ammmaka

K nepBoun aHanuTu4eckon rpynne katTuoHoB oTHocATcs: K¥, Na*, NH4™.

[pyrnnogoz2o peakmuea (XMMNYECKOrO peakTuBa, AeUCTBYHOLLErO Ha KaTUOHbI BCEWN
rpynnbl) KAaTUOHbLI ATOW rPyNnbl HE UMET. Peakunn ¢ rpynnoBbIMU peakTuBamMu HasbiBaloT
obwumu. MHOrMe conmum 3TUX KaTMOHOB XOPOLUO pacTBOpATCA B Boae, OGecuBeTHbI.
CoegnHeHna kanus, HaTpusi, U1 aMMOHUSI Haumbonee pacTBopumMbl. B Boae xopoluo
pacTBOpATCA KapboHaTbl, cynbdaTbl, CynbduUTbl, Cynbduabl, docdaTtbl, Xnopuabl,
rMapoKcnabl U Apyrne coeguHeHUs Kanusa n HaTpus.

KaTnoHbl nepBoOr aHanUTMYeckon rpynnbl obpas3ytoT XapaKTepHble COeANHEHUS C
HEMHOIMMU  crieyupuyeckumMu  peakmusamu  (pPeakTMBOB,  OEUCTBYKOLWMX  Ha
onpeaeneHHbin MOH). Peakunn co cneundunyeckumMmm peaktmBamm HasblBarT YaCmHbIMU.

MHorne KayecTBeHHble peakumm TpebyoT onpeaeneHHbIX YCNOBUN, Taknx Kak:

- pH cpeabl onpeaeneHHon BENUYMHSI,

- HarpeBaHUs NN oxnaxaeHus;

- MEXaHNYECKOro BO34eNCTBUSA (MepemMeLlInBaHNSA CTEKNSHHOM NanoyKkomn);

- nobaBneHus cnvpTta 3TUMAOBOrO U T.4.

3anncb pesynbTaToB HAabNAEHNA NPU N3YYEHUN KAYECTBEHHbIX peakuui aeTcs B

BMae Tabnuubl:

Onpeaensembii Peaktue Ycnosusi A .
NOH (KaTUOH Mnun (dbopmyna npoBeaeHns Hanuaeckin
YpaBHeHME peakuun achbpekt
@HWOH) n ero peakumu
peakuum
Ha3BaHue)
NH4* NaOH wnn HarpeBaHue NH4CI + NaOH = NaCl + Peskuin 3anax
KOH + NH3t+ H20 aMMunaka;
Eakue NH4* + OH- = NHst + H20. yHMBepcanbHas
Leno4vm MHOMKaTOpHas
Oymara cuHeet

CodepixaHue u nopsidoK 8bINOSIHEHUS pabombi:

1 O3HaAKOMUTLCA C TEOPETMUYECKOM YaCTbHO.

2 Monyuntb y NnabopaHTa WwWtaTnB «Opka» C peakTnBamum.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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3 BbInonHntb na60paToprle ncecnengoBaHUA:

Peakyuu kamuoHa kanus K*

OnbiT 1 Peakuyus okpawumBaHus nnameHu. JleTyyme conu Kanusa okpawmsBaroT
OecuBeTHOE Nnam4 ropenkun B 6neaHo-proneToBbIN LBET.

BbinonHeHne peakunu:

Conb kanus, nyywe Bcero KCI, cmadmBatoT XnopoBOAOPOAHON KACIIOTOM U BHOCAT
B OCHOBaHue nfiaMeHn Ha TOHKOW MAaTUHOBOW UIIM HUXPOMOBOW (MeLHOW) NpoBOSIoKe, a
3aTeM NepeBOAsAT B 30HY MiamMeHu C HauBbICLLEN TemnepaTypoun. [laxke He3HaunTenbHoe
KONMMYEeCTBO COMen HaTpusi MellaeT onpedeneHuvto, T.K.  duonetoBasi oOKpacka
MacKMpyeTCs XXeNnToM OKpackoW, KOTOpYyK npugaeTt nnameHu HaTpun. [JaHHas peakuus
anseTca apmakonerHon. CMOTpeTb Nyylle 4Yepesd CUHEE CTEKS0 UMM vepes3 MOCKUn
donakoH C pacTBOPOM MHAOUIO.

OnbiT 2 KobanetnHmutput Hatpus Nas[Co(NO2)s] gaeT ¢ kaTMoHaMKU Kanus >XenTbln
0CafoK rekcaHuTpuTkobanbTaTa Kanus-HaTpus:

Nas[Co(NO2)e] + 2KCI = KoNa[Co(NO2)e]| + 2NaCl

2K* + Na* + [Co(NO2)e]>* = K2Na[Co(NO2)g]|.

BbinonHeHne peakuymu:
K 2 kannam pactBopa conu kanua gobasnsioT 2 kannum peaktuBa. HabnwogatoT

BbilMageHune XXentoro ocagka.

Peakyuu kamuoHa Na*

OnbIT 1 Peakuma okpalwumaHus nnameHun. Conu HaTpusa okpalumBatoT becuBeTHoOe
nrams ropesikv B XenTtbin UBeT. Peakunsa asnsetca doapmMakonenHom.

BbinonHeHne peakunu:

Peakuuio NnpoBoaAT aHaNoOrM4yHO C MOHOM Kanwus.

OnbiT 2 lekcarmgpokcoctnomat (V) kanua K[Sb(OH)s] maeTt ¢ consamu HaTpus B
CTPOro HenTpanbHOW cpene MeLfeHHO 06pasyownncs 6enbin KpUcTanIMyeckmin ocagok:

NaCl + K[Sb(OH)s] = Na[Sb(OH)g]| + KCI

Na* + [Sb(OH)e]" = Na[Sb(OH)e]| .

BbinonHeHne peakunu:

K 2 kannsm pactBopa conu Hatpus gobaensioT 3 kannm peaktmnea. [Npobupky

oxnaxgawT nog cTpyen xonogHon soapl. OQHOBPEMEHHO NOTUPAIOT CTEKISAHHON

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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NanoyYkom BHyTpeHHMEe CTEHKN Npobupkn. HabnioaatoT BeinageHne 6enoro

Kpuctansim4eckoro ocagka.

Peakyuu kamuoHa ammoHust NH4+*

OnbiT 1 ngpokenabl wenoyHbix metannoB NaOH n KOH npmn pgobaeneHun K
BOJHOMY pacTBOPY COSIM aMMOHUS BblAENAOT aMMUaKk:

NH4CI + NaOH = NaCl + NHst+ H20.

[Mpn HarpeBaHUM pacTBOpa aMMMak yrneTyy4nsaeTcs.

BbinonHeHne peakyuu:

K 1 kanne pactBopa COSiM aMMOHUA, NOMeLLeHHOW B Npobupky, gobasnswoT 3-4
kannu NaOH. [epxa BHyTpM nNpoOMPKM YHUBEPCANbHYK WHOMKATOPHYK Oymary,
CMOYEHHYIO BOOOW, HarpesaloT NpobupKy Ha cnupToBke. Ha BGymare nosBnsieTcsi cuHee
naTHO. [lpy BbLINOMHEHMM peakuMrh Hago cnegutb 3a TeMm, 4ToObl Oymara He
conpukacanacb C BHYTPEHHUMMU CTEHKaMM NPOBUPKH.

OnbiT 2 PeaktnuB Heccnepa (cmechb TeTparnogornapaprupym kanus Ka[Hqls] ¢ KOH)
AaeT ¢ cConsiMM aMMOHUS KpacHO-6ypbIn ocafok:

2K2[Hqls)] + 4KOH + NH4CI = [Hg20NH2]l| + 7Kl + KCI + 3H20.

BbinonHeHne peakuymu:

K 1 kanne pactBopa ammoHusi gobasnsawoT 3 kannm peaktmBa Heccnepa.
HabniogatT BbinageHne KkpacHo-6yporo useTa.

4 Coenatb BbIBOA NO pesynbTaTam flabopaTopHbIX NccnegoBaHNUi.

5 OTBETUTb Ha KOHTPOSbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboThl

OTyeT 0 BbINOSIHEHUN PabOThI

HaTtbl n noanucu obyyatolierocs 1 npenogaBaTtens

KoHmporsbHbie 80rpocsi:

1 Kakne KaTMOHbI OTHOCATCA K MEPBOM aHaNUTU4ecKon rpynne?

2 [ante obLLyt0 XapakTepUCTUKY NEPBOM aHaNMTUYECKON rpynnbi.

3 Kakow rpynnoBoi peakTuB Ha NepBY0 aHaANUTUYECKYIO rpynny?

4 OnvwunTe oKpallnBaHMe NnamMmeHn ropesnku, CBOMCTBEHHbIE KaTUOHAM Kanus.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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5 OnuwmTe OKpawunBaHue ninameHum ropesiku, CBOWCTBEHHbIE KATUOHaM HaTpwuA.

3.2 Bropasi aHanuTM4eckas rpynna KaTUOHOB

Nla6opatopHoe 3aHaTMEe Ne 9 KayecTBeHHble peakuuMu KaTUOHOB BTOPOW
aHanUTU4YecKom rpynnbl
Llenb pabomei:

N3yumnTb cBoiicTBa KaTMoHoB Ag*, Pb?*, Hg»?* 1 geicTere rpynnoBoro peaktuea

MamepuanbHoe obecrieyeHue:

- BbITSDKHOW LiKady;

- nepxarenb Ans npobupok;

- ANEeKTPONNUTKM nabopaTopHble C Hacagkamm (CNMPTOBKN);

- CTEKJISIHHbIE MaNOYKU;

- wraTtue «lopka» Ans peakTuBoB;

- lWTaTnB ¢ Npobupkamu;

- BCroMoraTenbHble Matepuansl (Boga AUNCTUNNMPOBAHHas, eplun ang npobupok,

nosioTeHLe, MbISIO);

- kanun noaua Ki -0,5H
- kanna xpomat K2CrOa4 -1H
- kncnota congHasa HCI - 2H
- pTyTV ogHoBaneHTHon HUTpaT Hgz(NO3)2 -0,2H
- ceuHua HutpaT Pb(NO3)2 unm Pb(CH3COO): - 0,2H
- cepebpa HuTpaTt AqNO3 -0,1H
- kncnota ykcycHast CHzCOOH -0,1H

- Bymara yHuBepcarbHas nHaMkaTopHas.

Ucnonb3yemblie ucmoyHuku: [2], [3].

Teopemuyeckas Yacmb:

Ko BTOpoOW aHanuTU4eckow rpynne KaTMoHoB oTHocATca: Ag*, Pb2*, Hg2?".

pynnoBon peakTuB — CONsIHAsA KMCnoTa, garwas ocagku xnopuaa cepedpa AgCl n
pTyTHh (1) Hg2Clo, NnpakTn4eckn HepacTBOpUMbIE B BOAE, U MariopacTBOPUMbIN XIilopua
cBuHua PbClo.

KaTnoHbl aTon rpynnbl B BOAHbIX pacTBopax 6ecuBeTHbl. Conu pTyTy (1) n cBuHUa B

Bode noasepratoTca rvaponuay. Mpu genctBum wenoum Ag* m Hg.?* obpasyrotca

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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rmopokcuabl, KoTopble pasnarawTcsa Ha Bogy wm okeuabl Ag20 n Hg20; ns pactesopos
CBUHUA npu AencTBum wWwenoden Bbinagaetr Pb(OH)2, obnagaowmin amdoTepHbIMU
csorctBaMn. KaTuoHbl BTOpOW rpynnbl 06pasytoT pacTBOpUMbIE B BOAE HUTpaTbl U
auetatbl. CoeAnHeHUs pTyTM U cBMHUA O6nagarT BbICOKOWM TOKCUYHOCTBLI, MO3TOMY

cnenyeT cobnoaaTtb Mepbl NPeA0CTOPOXHOCTY Npu paboTe ¢ HUMMK.

CodeprxaHue u rnopsi0okK 8bIrnosHeHUs pabombi:
1 O3HaKOMUTLCS C TEOPETUYECKOM YaCTbIO.
2 MNonyuntb y NnabopaHTa WwWraTnB «OpKka» C peakTnBamu.

3 BbinonHuTb NnabopaTtopHble MCCneaoBaHUs:

Peakyuu kamuoHa Pb?*

OnmbiT 1 XnopoBogopoaHasi kucrnota u pactBopumble xnopuabl HCI mn NaCl
ocaxpgawT u3 pactBopoB conen cBuHua (llI) co cnabokucnon peakumen 6enbin
XnonbeBUAHbIM 0cagok xnopuaa cauHua (1), nerko pactBoOpuMbIN B ropsiden Boae:

Pb(NO3), + 2HCI = PbCl2| +2HNO3

Pb?* + 2CI" = PbCly]|.

BbinonHeHne peakuymu:

B npobupky nomewarwTt 2 kannu pactBopa HutpaTta cBuHua (lI) Pb(NO3)2
aobasnaT 2 kannu xnoposogopoaHon kucnotel HCI. K pactBopy ¢ ocagkom gobasnstoT
1 MNn OUCTUNNMPOBaHHOM BOAbI W HarpeBalT CMecb Ha cnupTtoBke. HabniopatoT
pacTBOpeHME 0caZKa 1 NOCTENEHHOE ero BbinageHue npu oxnaxgeHum pactesopa.

OnbiT 2. Moana kanus Kl, B3aMmoaeincTeys ¢ pactBopamMu CBMHLIOBLIX CONeEW, aaeT
XenTbln ocagok noamaa ceuHua (I1):

Pb(NOs3)2 + 2Kl = Pblz| +2KNO3

Pb%* + 2| = Pbly|.

BbinonHeHne peakunu:

K 2 kannsm pactBopa HuTpata ceuHua (ll) gobaensawT 2 kannm pacTteopa noguaa
Kanua. B nonyyeHHbIn pacTtBOp C ocagkom pgobasnsawoT 1 mMn Bogbl M 3-4 kannu
pa3baBneHHON YKCYCHOW KUCMOTbl; HarpeBatT CMECb Ha CNUPTOBKE B TEYEHUE 2 MUH.,
3aTeM oOxnaxgawT coaepXumoe nNpobupku nog cTtpyer Boabl. PacTBopuBLUMACA npu
HarpeBaHuM ocagok noamaa ceuHua (ll) BHOBb BbiNnagaeT B BUAE KPACMBbLIX 301I0TUCTbIX

Yyeluyek.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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Onbit 3 Xpomat kanua KoCrOs BbigenseT m3 cnaboKucrnbiXx pacTBOPOB COSewn
ceuHua (Il) xenTbIn ocagok xpomata ceuHua (Il):

Pb(NOs3)2 + K2CrO4 = PbCrO4| + 2KNO3

Pb2* + CrO4% = PbCrOs4].

BbinonHeHne peakumu:

K 2 kannam cnabokucroro pactsopa conu ceuHua (ll) pobasnsawT 2 kannu
pacTBopa xpoMarta Kanusa n HabniogarT BbiNageHe ocajka.

OnbIT 4 Cynbng-aHMOH JaeT C KaTMOHOM CBUHLL@ OCafOoK YepHOro LBeTa:

Pb?* + S2 = PbS].

Peakyuu kamuoHa cepebpa Ag”*

OnbiT 1 XnoposoaopoaHas kucnota HCI n pactBopumbie xnopuabl ocaxgawT 13
HelTpanbHbIX 1 KUCIbIX PpacTBOPOB coren cepebpa B Buae 6enoro TBOPOXNCTOrO ocaaka
xnopvaa cepebpa:

AgNOs + HCI = AgCl| + HNO3

Ag* + CI' = AgCl|.

BbinonHeHne peakuymu:

B npobupky nomewiatot 2 kannm pactBopa HUTpaTa cepebpa, 4o6aBnsloT K HEMY 2
Kannu pa3daBneHHON XNTOpOBOAOPOAHON KUCMOThI.

OnbiT 2. Moana kanus Kl obpasyeT ¢ moHom Ag* CBETNO-XenNTbln 0cafokK:

AgNOs + Kl = Agl| +KNO3

Ag* + |- =Agl].

BbinonHeHne peakunu:

K 2 kannam pactBopa HuTpaTa cepebpa gobaBnsaioT 2 kannv vogmaa Kanus u
HabntogaT BbiNageHUe XenToro ocajka.

OnbiT 3 Xpomat kanus KoCrO4 BblgensieT u3 pactBopoB coren cepebpa ocagok
Xpomarta cepebpa KMpnMyHO-KpacHoOro useTa:

2AgNO3 + KoCrO4 = Ag2CrO4] + 2KNO3

2Ag* + CrO4> = Ag2CrOa4.

BbinonHeHne peakunu:

K 2 kannsam HemTpanbHOro pactBopa HuTpaTa cepebpa pobaBnsawT 2 Kannu

pacTBopa Xxpomara Kanusi U Habno4aloT BbinageHne ocagka KMpNUYHO-KpacHOro LiBeTa.

Peakuuu kamuoHa pmymu Hg2?*

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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OnbITel 1, 2 1 3 BbINONHUTEL aHanornyHo. ObpasyTca cooTBeTCTBEHHO ocagku: Hg2Cla
6enoro ueTa (kanomens), Hgol> rpsisHo-3eneHoro ueeta, Hg2CrO4 kpacHoro uBeTa.
4 CpgenaTb BbIBOA NO pesynbTtaTtam flabopaTopHbIX nccnegoBaHum.

5 OTBETUTL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboThbl

OT4eT 0 BbINOMAHEHMN PabOoThl

ﬂ,aTbI M nognuncu o6yt-|a+0Lu,eroc;| U npenogaBartenA

KoHmporibHbIe 80rpochi:

1 Kakon peakTns SBNAETCA rpynnoBbiM 45151 BTOPOM aHanUTUYeckomn rpynnbl?

2 Kak gokasaTb, 4To rugpokcua ceuHua (I) obnagaet amcoTepHbIiMM cCBOMCTBAMN?

3 Jante obLLyto XapakTepUCTUKy BTOPOM aHanMTUYECKON rpynnbl.

4 Kakoro uBeTa obpasyoTcs ocagku npyv OENCTBUM Ha KaXabl N3 KATMOHOB BTOPOW
aHanUTU4eCcKown rpynnbl C NOAMAO0M Kanua?

5 Kakoro uBeTta obpasyoTcsa ocagkm npu AeNCTBUN Ha KaXObl U3 KaTUOHOB BTOPOM

aHanUTUYeCcKowm rpynmbl C XpOMaToM Kanus?

3.3 TpeTbs aHanUTU4YecKas rpyrnna KaTMOHOB

Na6opatopHoe 3aHATHME N2 10. KayecTBeHHbIe peaKunm KaTUOHOB TpeTben
aHanNUTU4YeCcKomn rpynnbl
Llenb pabomoi:

M3yunTb cBOMCTBA KAaTMOHOB Bapus 1 Kanbuusa n AeNCTBUE rpynrnoBOro peakTnea

MamepuanbHoe obecredeHue:

- BbITSDKHOW LLKad;

- gepxarenb ons npobupok;

- 9NEeKTPONNUTKN nabopaTopHble ¢ Hacagkamm (CMPTOBKN);
- NPOMbIBanku Ansg ANCTUNNMPOBAHHOW BOAbI;

- wTaTtmB «[opka» Ons peakTuBoBs;

- WwTatme ¢ npobupkamu;

- CTEeKIIAHHbIE NaJriO4Ku;

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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- BCnomMorartesibHbleE MaTepuarsbl (BOﬂ,a aOnctTunnnpoBaHHad, epwn and npo6|/|p0|<,

nofoTeHue, MbIJ'IO);

- kncnota cepHas H2SOg4 -2H
- ammoHui okcanat (NH4)2C204 -0,5H
- ammoHui kapboHaTt (NH4)2CO3 -2H
- bapun xnopug BaCl -2H
- kanbuun xnopug CacCl -0,5H
- kanuun xpomat K2CrOg4 -1H
- rekcaumarodeppar kanus (Il) Ks[Fe(CN)g] -1H

- CNUPT 3TUNOBbLIN
- ammunak pasbasneHHbii NH4OH -2H
- amMmunadHbin 6ypepHbii pactsop (NH4Cl + NH4OH);

- Bymara yHuBepcarbHas nHavkaTopHas.

Ucnonb3yemble ucmoyHuku: [2], [3].

Teopemuyeckas Yacmsb:

K TpeTbei aHanMTU4YecKow rpynne oTHOCATCA KaTuoHbl: Ca?t, Ba?*.

B pactBopax kaTWOHbI TpeTben rpynnbl 6ecuBeTHbl, OHU 0OpPa3ylT OKpalLEeHHble
conu ¢ UuBeTHbIMK aHnoHammn CrO4%, Cr.07%, MnOy4 . KaThoHbI TpeTbeit rpynmnbl o6pasytoT
3HauUNTENbHOE KOMMYECTBO MarnopacTBOpUMbIX coeauvHeHui. [uapokeuael obnapatoT
HMU3KOW PaCTBOPUMOCTbIO.

B kauyecTBe rpynnoBOro peaktMBa MNPUHUMAKOT CEPHYK KUCIOTY, 0BpasytoLuyto
Oenble kpuctannuyeckue ocagku cynbgatos CaSOs, BaSOas.

HavMeHbLLYy0 pacTBOPUMOCTb U3 HUX UMeeT cynbdaT Gapusa (1,1 - 101°), noaTomy
OH BblNagaeT M3 pacTBOPOB B OCAAOK MPaKTUYECKM MIHOBEHHO, a Cynb(aTt Kanbums —
TONbKO M3 KOHLEHTPUPOBAHHbLIX PacTBOPOB, TaK Kak MMeeT HaubonbLUy pacTBOPUMOCTb
(6,1-107%).

CodeprxaHue u rnopsiOoK 8bINOSIHEHUS pabomsbi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbHO.

2 MNonyuntb y nabopanTa wratme «[Opka» c peakTuBamum.

3 BbinonHuTb nabopaTopHble NcCnegoBaHuS:

Peakuuu kamuoHa 6apusi Ba®*

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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OnbiT 1 CepHasa kucnoTa BblgenseT gaxe U3 OYeHb pa3baBfieHHbIX PacTBOPOB
ocagokK cynbdarta bapus:

BaCl; + H2SO4 = BaSO4| + 2HCI

Ba?* + SO4% = BaS04|.

Ocafok He pacTBOpSIETCA B KACMNOTaxX U LenoYvax.

BbinonHeHne peakyuu:

K ogHon kanne pacteopa conu 6apusa gobasnstoT 1 kannto pasbasneHHon HoSO4 —
BblnagaeT 6enbin ocagok BaSOa.

OnbiT 2 KapboHat ammoHus (NH4)2CO3z unn gpyron pactBopumMblii KapboHaT C
consimun Bapus gaet 6enbi ocagok kapboHaTta 6apus:

BaClz + (NH4)2CO3 = BaCO3| + 2NH4ClI

Ba?* + CO3> = BaCOg|.

Ocagok pacTtBopMM B pas3baBneHHbIX MUHeparnbHbIX KUCNOTax U B YKCYCHOM
kncrnote. OcaxgeHne cnegyeT BecTn B cnaboluenovHon cpege (nyywe B aMmMuUadHom),
TakK Kak B KMCIOTax 0cagok pacTBOPUM.

BbinonHeHne peakuyumu:

B npobupky nomewatTr 2 kannm pacteopa BaCly, pobasngawT 1 kannwo
pa3baBneHHOro ammMmmaka u 2 kannm pacteopa kapboHaTa aMMOHMA.

Onbit 3 XpomaT kanua KoCrOs4 ocaxpgaeT M3 HeUTparnbHbIX UM YKCYCHOKMUCHbIX
pacTtBopoB 6apuneBon conun xpomaT Bapus XKenToro uBeTa:

BaCl, + KoCrOs4 = BaCrOs4] + 2KClI

Ba?* + CrO4% = BaCrOu4|.

BbinonHeHne peakunu:

Peakuuto cnegyet npoBoanTb B cnabokucnon cpefe auertarta Hatpus (1 kanns).

K 1 kanne pacrtBopa GapueBon conu gobaeBnsawT 1 kannw pacTBopa xpomaTa
Kanus.

OnbIT 4 OkcanaT ammoHnsa (NH4)2C204 obpasyeT ¢ conammn 6apusa ocagok 6enoro
uBeTa:

BaClz + (NH4)2C204 = BaC204|+ 2NH4CI

Ba?* + C204> = BaCy0u4|.

BbinonHeHne peakunu:

K 2 kannam pactBopa conu Gapusa [obaesnsawT 2 kannum pacTBopa okcanaTta

aMMOHMA.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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Peakyuu kamuoHa Ca?*

Onbit 1 CepHas kucnota H2SOs obpasyeT ¢ MOHamu kKanbuusi 6enbin ocagok
cynbdaTa KanbLus:

CaCl2+ H2S0O4 = CaS04| + 2HCI

Ca?'+ SO4% = CaSO0y4].

3-3a BbICOKOW pacTBOPMMOCTU cynbdaTta Kanbuusa ocaxaeHne BO3MOXHO TONbKO
M3 [OCTaTOMHO KOHLIEHTPMPOBAHHbLIX PacTBOPOB conen kanbuund. bonee nonHoe
ocaxgeHwue cynbdaTa NpoucxoguT npu obaBneHnn K pacTBOpy 3TUOBOrO CnNupTa.

BbinonHeHne peakyuu:

K 3 kannsm conu kanbuma gobasnstoT 3—4 kannu pa3daBneHHON CEPHON KNCNOTbI.
K nomyTHeBwweMy pactBopy npunusaioT 8—10 kanens aTunosoro cnupta. HabnwogatoT
BblNageHne ocagka.

Onbit 2 Okcanat ammoHusa (NH4)2C204 paet Ha xonoge B HenTparbHbIX,
YKCYCHOKMCIbIX UK cnaboLyenoyvHbiX pacTBopax Genbiii MeNKOKpUCTanImMyeckun ocagok
okcanara Kanbuus:

CaClz + (NH4)2C204 = CaC204+ 2NH4CI

Ca?* + C204% = CaC204|.

310 Haubonee BaxHas KadecTBeHHas peakuuss uoHa Ca?* u  asBnsertcs
dapmakonenHomn.

BbinonHeHne peakunu:

K 2 kannam pacTteopa xnopuaa kanbums AobaBnsoT 2 Kannu pacTBopa okcanata
aMMOHUS.

OnbiT 3 lNekcaumaHodeppat (Il) kanua (kentas kpossHas conb) Ka[Fe(CN)e] €
consiMu Kanbumsa obpasyeT B cnabollenovyHon cpene XenTbl KpUCTanamyecknin ocagok,
HepacTBOPUMbI B YKCYCHOM KUCIIOTE:

CaCly + K4Fe(CN)s] + 2NH4Cl = Ca(NHas)2[Fe(CN)e]| + 4KClI

Ca?" + 2NH4* + [Fe(CN)s]* = Ca(NHa)2 [Fe(CN)g]|.

B npucyTCTBUM 3HAYMTENBbHBIX KONMMYECTB MOHa Ba?* He pekomeHayeTcs NPUMEHSATh
3Ty peakuuio Ana oTKpbITMA MoHoB Ca?*, T.k. MoH Ba?* npu OOCTaTOMHOM KOMM4ecTBe

MOXeT gaTtb ocagok ¢ Ka[Fe(CN)s].

BbinonHeHne peakunu:
B npobupky nomewiaroT 2 kannu pacteopa xnopuaa kanbums, nobdaesnsaoT 1 kannto

pacTtBopa xnopumaa aMMOHMA U 2 Kannm pacTtBopa aMMunaka Ao LLLeNTOYHON peakuumn un

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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HarpeBaloT 1-2 MuH. Ha cnupTtoBke. K ropsuemy pactBopy npubaensioT 5-6 kanenb
pacTBopa >XenTtonm KpoBAHOW conn. BHoOBb HarpeBaiT 2-3 MuH. Peakuma meHee
YyBCTBUTESbHA, YEM C OKCanaTtoOM aMMOHMUSI.

4 CpgenaTb BbIBOA NO pesynbratam labopaTopHbIX nccnegoBaHUn.

5 OTBETUTL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHoun paboThbl
Llenb paboThbl

OT4eT 0 BbINOMAHEHMN PaboThl

ﬂ,aTbI M nognncun o6yt-|a+0Lu,eroc;| U npenogaBartenA

KoHmporibHbIe 80rpochi:

1 Ha3oBuTE KaTMOHbI, OTHOCSALLUMECS K TPETbEN aHaNMTUYECKoN rpynne.

2 Hanuwwnte ypaBHEHUS C TpynnoBbIM PeakTMBOM B MOJSIEKYNSPHOM U WMOHHOW
doopmax.

3 KakoBa o4epegHOCTb OCaXaeHus u3 pactBopa cynbgata 6apus, kanbuma?
Ob6BbACHUTE NPUYMHBI TAKOro NOpsAaKa.

4 HanuwuTe ypaBHEHUSI KavyeCTBEHHbIX peakuuMi Ha 6apun-moH, KanbLMA-MOH.

YKaxnte aHanutndecknin adoekT peakuni.

3.4 YeTBepTaa aHanuTtu4yeckas rpyrnna KaTMOHOB

NNa6opaTtopHoe 3aHATMEe Ne 11. KayecTBeHHblIe peaKLunum KaTUOHOB YeTBEepPTOM
aHanNUTU4yecKomn rpynnbl

Llenb pabomoi:

N3yunTb ceoiicTBa kKaTnoHoB Al*, Cr3*, Zn?* n neicTeue rpynmnoBoro peaktuea

MamepuarnsHoe obecnedyeHue:

- BbITSDKHOW LIKad;

aepxarenb ans npodupok;

3ANEKTPONNUTKM NabopaTopHbie C HAacagkamu (CNUPTOBKN);

wraTtmB «[Opka» Ans peakTUBOB;

LUTaTMB C Npobmpkamu;

CTeKndAHHbIE Nano4yKu,

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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- BCnomMorartesibHbleE MaTepuarsbl (BOﬂ,a aOnctTunnnpoBaHHad, epwn and npo6|/|p0|<,

nonoTeHLe, MbIfo);

- anu3apyvH KpacHbIN, HacbIWEHHbI pacTBop;

- ammunak pasdasneHHbln NH4OH 1 KOHUEeHTpUpOBaHHbIN -2 H, 25%
- egkoe kanun KOH -2H

- egkmin Hatp NaOH -2H

- nepokcug Bogopoaa H202 -3 % p-p
- anomunms xnopug AlCIz -2H

- xpoma cynbdat Crz(SOs)3 -0,5H

- umHka xnopug ZnClp -0,5H

- cynbug HaTpus NaxS -0,5H

- ammoHua xnopug NH4Cl TBepabIi NOPOLLOK;
- rekcaumarHodeppat kanus (111) Ks[Fe(CN)e] -1H

- Bymara yHuBepcarbHas nHavkaTopHas.

Ucnonb3yemblie ucmoyHuku: [2], [3].

Teopemuyeckas Yacmsb:

K yeTBepTOI aHaANUTUYECKOW rpynne KaTMOHOB OTHOCATCA KaTuoHbl: Al3*, Cr3*, Zn?",

pynnoBbIM peareHTOM Ha KaTUOHbI YeTBepPTOW rpynnbl ABNSETCA eakas wenodb (B
n3bbiTke). Obpasyrowmecs rmapokcnabl aMmgOoTEPHbI, T.e. CNOCOOHbLI AnccounnMpoBaTh B
pacTBoOpe M MO TUMYy OCHOBaHUS, U NO TUMY KACNOTbI:

Me?* + 20H« Me(OH), «» 2H* + Me 0% (1)

Me3* + 30H« Me(OH)3 «» 3H* + MeO3*-. (2)

Ho uvawe Habnwogaetca 6Gornee CnNoxHoe €ABMeHWe auccounauum B CBA3U C
TeHaeHumen Me(OH)s k oTwenneHnto Monekyrnbl BoAbl:

Me3* + 30H <> Me(OH)3 <> H,O + H* + MeO> . (3)

lMepBas cxema COOTBETCTBYET AMcCcouMauMmM B pacTBOpe TMOPOOKUCKU LMHKa, a
TpeTbsa cXeMa COOTBETCTBYET AnccoumaLmm rmapooKUcen antoMmMHNA 1 Xpoma.

XpOMUTbI U antoMUHATbl YCTONYMBBI TONBKO B MPUCYTCTBUM M3ObITKA LLENoYu.
BonbLUMHCTBO CONen KaTMOHOB YEeTBEPTOW rPynnbl B TOM MU MHOW CTENEHU NoaBepraeTcs

rTMApONu3y.

CodeprxaHue u nopsidoK 8bIrNoSIHEHUS pabomsbi:
1 O3HAKOMUTLCA C TEOPETMYECKOM YACTbHO.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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2 Mony4ynTb y NabopaHTa wraTnB «"opKka» c peakTMBamm.

3 BbInonHntb na60paToprle ncecnengoBaHUA:

Peakyuu kamuoHa xpoma (Ill) Cr*

OnbiT 1 'mgpokeng HaTpust NaOH aBnsieTca rpynnoBbIM peakTUBOM A1 YeTBEPTON
rpynnel. 'mgpokeng Hatpust M3 pactBopa conu xpoma (lll) BbligensieT cepo-3eneHbin
aMopHbIN ocagok rmgpokemaa xpoma (1), koTopbi B n306bITKE LLENoYM pacTBOpSIEeTCS:

CrClz + 3NaOH = Cr(OH)s| + 3NaCl

Cr3* + 30H" = Cr(OH)sJ.

BeinonHeHune peakuuu: K 2 kannam pacteopa conu xpoma (lll) gobasnstot 1 kannto
pacTBopa rmapokcuga HaTpusa unu Kanus, a 3atem elle HecKonbko kanens. HabnwogaroT
BbliNaZeHue 1 nocregyroLiee pactTBopeHne ocagka.

OnbiTt 2 Cynbcug Hatpus NaxS BbigenseT m3 pactesopoB conen xpoma (ll)
amopdHbIN ocagok rmgpokeuga xpoma (ll1):

2CrCl3 + 3NazS + 6H20 = 2Cr(OH)3| +3H2St+ 6NaCl.

BbinonHeHne peakuymu:

K 2 kannsam pactBopa conu xpoma (lll) gpobasnatoT 2 kannu pacteopa cynbduaa
HaTpua. HabnogatoT BeinageHne ocaaka.

OnbiT 3 lMepokena sogopona H>O2 B NpUCYTCTBUM LWENOYM OKUCNSAET MOH XpoMma
Cr3* B xpomat-uoH CrO4%. PeaKkuusi CONpoBOXAaeTCA XapakTepHbIM BHELLHUM NMPU3HAKoM
— WU3MEHEHMEM OKpacKu pacTBopa M3 sApko-3eneHoi (uBeT MoHoB Cri*) B ApKO-XenTyto
(uBeT noHoB CrO4%).

CyMmmapHas peakuums:

2CrClz + 3H202 + 10NaOH = 2NaxCrO4 + 6NaCl + 8H20.

Peakyuu kamuoHa Zn*?

OnbiT 1 M'vapokeng HaTpua NaOH kak rpynnoBoi peakTusB BblAENSET U3 pacTBOPOB
conen umHka 6enbin CTyAEHUCTbIN 0CadoK rmapokcmaa LmHKa:

ZnCl; +2NaOH =Zn(OH)2| + 2NaCl

Zn?* + 20H = Zn(OH)2|.

Mmppokeng unHka obnagaeT amdoTEPHLIMM CBOMCTBAMN 1 NO3TOMY pacTBOpsSieTCA

B U30bITKE LL,ENoYN.

BbinonHeHne peakunu:
LokymeHm ynipaensiemcs npogpammHbimMu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsawemycs 8 1C: Konnedx
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K 2 kannsm pactBopa conu uUuHKa AobaensioT cHavana 1 kanno pacTtBopa
rmapokcuaa HaTpusa unu Kanus, a 3atem ero M3bbiTok. HabnogatoT BbinageHne ocagka u
nocrieaytollee pacTBOpeHme ero.

OnbIT 2 Cynbgug HaTpus NaxS ocaxgaeT U3 HenTpasibHbIX paCTBOPOB MOH LMHKa B
Buae 6enoro amopgHoro cynbdunaa LUmnHka:

ZnCl2 + NaxS =2ZnS| + 2NaCl

Zn?*+ S =17nS|.

BbinonHeHne peakuuu:

K 2 kannam pactBopa conum UuHKa [obasnsaiT 2 kannum pacTtsBopa cynbduaa
HaTpusa. HabniwopgawT BbinageHne O6enoro amopdHoro ocagka. Peakuus gaBnsietca
dapMakonemnHom.

OnbiT 3 lNekcaunaHodeppart (IIl) kanua Ks[Fe(CN)s] (kpacHast kpoBsiHasi conb) C
CONSAIMM LMHKA [aeT KOpUYHeBaTO-XenTbi ocafok rekcaunaHodgepparta (lll) ymHka:

3ZnCly + 2K3[Fe(CN)s] = Zns[Fe(CN)s]2|+ 6KCI

3Zn?* + 2[Fe(CN)s]* = Zn3[Fe(CN)s]2|.

BbinonHeHne peakuymu:
K 2 kannam pacTtBopa cOnMuM UMHKa npubdaBnsaoT 2 Kannuv pacTtBopa KpacHOom

KpoBsiHOM conu. HabnoaaT BbinageHne KOpMYHEBaTO-XeNToro ocaka.

Peakyuu kamuoHa APP*

OnbiT 1 M'napokena Hatpmsa NaOH, kak rpynnoBon peakTuB, C CONsIMU antoMUHUSA
obpasyeT 6Genbii ocagok rngpokcnaa anomumHmna Al(OH)s. BcnepctBne amdpoTepHoro
Xapakrepa rmgpokcuaa antoMUHNG ocagok pactBopseTcs B N3bbITke LWenoYu:

AICI3 + 3NaOH = AI(OH)3| + 3NaCl

ABR* + 30H" = AI(OH)3|.

BbinonHeHne peakunu:

K 2 kannam pactBopa conu anioMuHua npubaBnsaioT cHadana 1 kannw pacteopa
rmgpokcuga Hatpus, a 3aTem ero u3bbiTok. HabnogalT BbinageHne ocagka ruapokcuaa
antoMMHNA 1 nocnepyloLLee ero pactTBOpeHue.

OnbiT 2 AnusapuH (1,2-gUOKCHMaHTPaxmMHOH) obpasyeT C rmapoKCUaOoM antoMUHUSA
SIPKO-KpacHOe CoeauHEeHWe, TaK Ha3blBaeMblll «artoMUHUEBbLIA nak». JOTO ogHa U3
Haubonee YyBCTBUTENMbHbIX peakLUuii Ha MoH AIR*.

BbinonHeHne peakunu:

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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B npobupky nomewatot 3 kannm conu antoMmHns u ob6aBnsoT pacTBOp ammuaka
Ao crnabowenoyHon peakumn cpenpl (obpasosaHune Al(OH)s). HarpeBaloT peakumoHHYH0
CMecb [0 KuneHna n gobaeBndawT K Hen 4-5 kanenb pacteopa anudapuHa. ObpasyeTcs
coeanHeHMe annsaprHa C rmapoKCnaoM antoMmUHUS, OKpaLleHHOE B APKO-KPaCHbIN LIBET.

4 CpgenaTb BbIBOA NO pesynbTatam nabopaTopHbIX nccnegoBaHUN.

5 OTBETUTL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHoun paboThbl
Llenb paboThbl

OT4eT 0 BbINOMAHEHMN PabOoThI

HaTbl 1 noanucu obyvarowerocs U npenoaasaTens

KoHmporibHbIe 80rpochi:

1 Kakne KaTMOHbI OTHOCATCA K YeTBEepPTON aHanuTu4ecKon rpynne?

2 OxapaktepusynTe [enctevMe T[pynnoBOro peaktusa. Hanuwwute ypaBHeHMe
peakunn.

3 Hanuwute ypaBHEHUS KavyeCTBEHHbIX peakunn Ha UMHK-UOH. YKaxuTe
aHanUTn4ecknn agexT.

4 OnuwnTe OencTBme annsapmHa Ha antoMUHUN-MOH.

5 Kakoro Tuna peakumu u kakme peakTvBbl NO3BONAIOT 0BHAPYXUTb XPOM-MOH?

3.5 MAaTaa aHanuTUyYyeckasn rpynna KaTMOHOB

NNa6opaTtopHoe 3aHATHME Ne 12. KayecTBeHHble peaKunum KaTUOHOB NATOMN
aHaNMUTU4YeCcKon rpynnbl
Llenb pabomoi:
N3yunTb cBoiicTBa KkatuoHoB Fe?*, Fe3*, Mn?*, Mg?* u peicTBue rpynnoBoro

peakTuBa

MamepuanbHoe obecriedeHue:

- BbITSDKHOW LIKado;

- gepxartenb ons npobupok;

- 9NeKTponNUTKN nabopaTopHble ¢ Hacagkamm (CNMPTOBKN);
- wTtatme «[opka» Ans peakTMBOB;

- WTaTuB C Nnpobupkamu;
LokymeHm ynipaensiemcs npogpammHbimMu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsawemycs 8 1C: Konnedx
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- CTEKIIAHHbIE Nario4vKku;
- BCnomMoratesibHbleE MaTepuarsbl (BOﬂ,a OncTunnnpoBaHHad, epwn and npo6|/|p0|<,

nonoTeHLe, MbIfo);

- ammumak pasbasneHHbin NH4sOH -2H

- ammoHus xnopug NH4Cl -0,5H
- ammoHusa TnoumoHat NH4SCN -1H

- egkoe kanun KOH -2H

- egkun Hatp NaOH -2H

- kncnota cepHas H2SOg4 -2H

- Kanusa rekcaunanodgeppart (I1) -1H

- kKanusa rekcaunanodgeppart (I11) -1H

- HaTpus rmapodocdaTt NaHPO4 -1H

- )xenesa 3akncHoro cynbgat FeSOq -0,5H
- MmapraHua cynbdaTt MnSOg4 -0,5H
- xenesa xnopug (ll1) FeCls -0,5H
- marHus xnopug MgClo -0,5H
- nepokcma Bogopoga Ho02 -3%
- HaTpusa cynbdung NaxS -0,5H

- 6y|V|ara YHUBepcCalribHad MHOMKaToOpHa4.

Ucnonb3yemblie ucmoyHuku: [2], [3].
Teopemuyeckasi yacmeb:

K naToi aHanMTUYecKom rpynne oTHOCAT KaTuoHbl: Fe?*, Fe3*, Mn?*, Mg?*.

KaTnoHbI NSATOM rpynnbl B OTNIMYME OT KATUOHOB APYrnX rpynn npyu B3anMOaeNCTBUN
CO LWenoyammn obpasytoT ocagkum rmopoKCUaoB, HEPACTBOPUMbIE B M3ObITKE LLEenoyen u
pacTBOpe ammuaka, HO NnoA BO34ENCTBMEM MUHEpParbHbIX KUCMAOT (a30THOW, COMSIHOW,
CEPHON) OHW NErko NepexoanT B pacTBop.

Takum o6pasom, TrpynnoBbiIM pPeakTUBOM SABMAIOTCS PacTBOPbl  LLENOYEN.
PacTtBopnMOCTb OCagKoB rMAPOKCUAOB pasnnyaeTcs Ans pasHbIX KaTUOHOB.
MoHbI, 06pa3syembie Kenesom u MmapraHuem, MOryT UMETb PasfnyHyt0 CTENEHb OKNCNEHMS
N NPOSABNSAOT OKUCIUTENbHO-BOCCTAHOBUTENbHbIE CBOMCTBA. KaTMOHbI NATOM rpynnbl
00pasyloT KOMMMEKCHbIE COeAUHEHUs, obnagarwme XxapakTepHbIMM OKpackamu, 4TO

NncnoJyib3yeTcd B Ka4eCTBEHHOM aHarmae.

CodeprxaHue u nopsidOoK 8bINOIHEHUS pabombi:

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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1 O3HaKOMUTLCS C TEOPETUYECKOM YaCTbIO.
2 Monyuntb y NnabopaHTa WrtaTnB «OpKka» C peakTnBamum.

3 BbinonHuTb NlabopaTtopHble nccneaoBaHus:

Peakyuu kamuoHa xenesa (Il) Fe?*

OnbiT 1 NaOH — rpynnoBon peakTuB, KOSIMYECTBEHHO OCaXdaeT rmapoKcu, xenesa
(I1) B ocapgok 6rieaHo-3eneHoro ugerta:

FeSO4+ 2NaOH = Fe(OH)2| + NaxSO4

Fe?*+ 20H = Fe(OH),|.

Ocagok Ha Bo3gyxe ObICTpo OypeeT BCreAcTBME OKUCIEHUS [0 rMapokcuaa
xenesa (lll):

4Fe(OH)z2| + O2+2H20 = 4Fe(OH)a|.

BbinonHeHne peakyuu:

K 2 kannam pactBopa cynbdgata xenesa (ll) npubasnswT 2 kannu pactBopa
rmgpokcuaa HaTpus unu kanusa. HabnogaoT n3MeHeHne oKpacky npu CTOSHUMN.

Onbit 2 lekcaumaHodeppaTt (lll) kanma Ks[Fe(CN)s] (kpacHas KpoBsiHasi cOnb)
BblOensieT TEMHO — CUHUIW 0CafoK TYpHOYNEeBOW CUHM:

3FeS0O4 + 2K3[Fe(CN)s] = Fes[Fe(CN)el2] + 3K2SO4

3Fe?* + 2[Fe(CN)s]* = Fes[Fe(CN)e]z.

OTa camas JyBcTBUTENbHas peakumss Ha conn xenesa (llI). N36biTka peakTvBa
cnegyet mn3beraTb, TaK KaK €ro Xenras okpacka npugaeT ocagky 3eneHoBaTbll OTTEHOK.
Peakunsa sasnsaetcs papmakonenHom.

BbinonHeHne peakunu:

2 kannu pactBopa cynbdaTta xenesa (ll) nogkncnaT ana nogaBneHnsa rmaponmsa
CONn o0gHOM Kannen pasbaBreHHOM CEPHOM KUCNOTbl U 0OaBNAT OAHY Kannko pacTeopa
KPOBSIHOM CONW.

Peakuuu kamuoHa xerne3a (lll) Fe*

OnbiT 1 NaOH — rpynnoBon peakTuB BblaensieT Oypbiin CTy4EHUCTbIN OCaAoK
rmgpokcnga xeneasa (lll):

FeCls + 3KOH = Fe(OH)s| + 3KClI

Fe3* + 30H" = Fe(OH)s|.

BbinonHeHne peakunu:

K 2 kannam xnopuga xenesa (lll) gobaesnaoT 2 kannu rmgpokcnga Hatpus munm

Kanug.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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OnbIT 2 TuoyunoHat kanna KSCN unn ammoHns NHisSCN paet ¢ pactBopom conum
xenesa (lll) B cnabokucnon cpene KpoBaBO-KpaCHOE OKpallMBaHWE BCneacTeue
o6pa3oBaHNA Kenes3o-poaaHMUCTbIX KOMMIEKCOB:

FeCl3 + 3KSCN « Fe(SCN); + 3KCI

Fe3*+ 3SCN- < Fe(SCN)s.

lMprBegeHHOE ypaBHEHME ABNSIETCA ynpoleHHbIM. Peakunsa obpaTtuma, nostomy
ANS NOBbILEHNSI €€ YYBCTBUTENBHOCTU PeakTUB A0SMKEH ObiTb B3AT B M30LITKE.

BbinonHeHne peakyuu:

B npobupky nomewatotr 1 kannwo pacteopa xnopuga xenesa (lll) n 2 kannm
pacTtBopa pogaHuaa Kanusi (aMMoHus).

Onbit 3 lekcauymaHodpeppat (II) kanna Ka[Fe(CN)s] (kentas KpoBsiHas Corb)
ocaxpgaet wu3 conen xenesa (lll) 6epnuHckyo nasypb — ocagok WHTEHCUBHOIO CUMHErO
uBera:

4FeCls + 3Ks [Fe(CN)e] = Fes[Fe(CN)s]s] + 12KCI

4Fe3* + 3[Fe(CN)e]* = Fes[Fe(CN)g3) .

Peakunsi o4eHb YyBCTBUTENbHA.

BbinonHeHne peakuymu:

K 2 kannam pactesopa xnopuaa xeneasa (l1l) gobasnsatoT 2 kannm pacteopa KenTon

KPOBSAHOM COSIN.

Peakyuu kamuoHa Mn?*

OnbiT 1 NaOH — rpynnoBown peaktnB ¢ consamu mapradua (1) gaet 6enbin ocagok
rmgpokcnga maprandua (Il):

MnSO4 + 2NaOH = Mn(OH)z2]+ Na2SO4

Mn?* + 20H- = Mn(OH)2|.

Ocapgok 6bIcTpo BypeeT Ha BO3oyxe BCNELCTBME OKUCIIEHUSA KUCNOPOAOM BO3ayxa
no coeguHenunst mapranua (1IV) MnO2 nnu HoMnOs.

BbinonHeHne peakunu:

K 2 kannsm pactBopa conv MapraHua gobaBnsioT kannm pacTtBopa rMapokcuaa
HaTpusa unn kanusa. HabnogatoT nsMeHeHne OKpacky Npu CTOSTHUMN.

OnbiT 2 Cynbdung HaTpus NazS ocaxgaeTt M3 pacTBopa conen MapraHua cynbgug,
mapraHua (Il), okpalleHHbIN B TENECHbIN LBET.

MnSO4 + NazS = MnS| + NaxSOa.

BbinonHeHne peakunu:

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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B npobupky nomewsatot 2 kannu pactsopa conu mapradua (ll) n gobasnstot 2
Kannu cynbdunga HaTpus.

OnbiTr 3 [lepokeng Bogopoga H202 B NMpUCyTCTBMM LLENOYen OKUCIISIET COnu
mapraHua (Il) go TemHo-6yporo ocagka mapradua (IV) HaMnOz unn MnO(OH)q2:

MnSOg4 + H202 + 2NaOH = MnO(OH)2| + Na2S04 + H20

Mn?* + H202 + 20H- = MnO(OH),| + H20.

Peakuyuu kamuoHa mazHus Mg?*

OnbiT 1 NaOH — rpynnoBon peakTuB ocaxpgaeT Oenbln CTyOeHUCTbIN 0cadok
rmgpokcuaa MarHums:

MgSO4 + 2NaOH = Mg(OH)2|+ Na2S0O4

Mg?* + 20H- = Mg(OH)2|.

BbinonHeHne peakyuu:

K 2 kannsm pactBopa conu MarHusi obaeBnsaoT 2 Kannu pacTtBopa rmapokcuaa
HaTPUA NN Kanus.

OnbIT 2 MoHorngpodocgaTt HaTpuss Na:HPO4 aBnseTcs xapakTepHbIM peakTMBOM
Ha MarHun. B pactBopax conen marHus, cogepxXxawiux Xsopug aMMOHUA, B MPUCYTCTBUN
aMmmunaka obpasyetcs 6enbin KpucTannmyeckmin ocagok oocgaTta MarHmst - aMMOHUSA:

MgCl> + Na2HPO4 + NH4OH = MgNH4PO4|+ 2NaCl + H20

Mg?* + HPO4 2% + NHs* = MgNHsPO4]|.

OTa peakuuss — BaHelllas KayeCTBEHHas peakuuss Ha MoH Mg?" n sBnseTcs
drapmMakonenHom.

BbinonHeHne peakunu:

B npobupky nomewaroT 2 Kannu pacteBopa xnopuga MarHus, 2 kannm pacteopa
aMmuaka 1u pacTBop Xrnopuaa aMmMOHUSA 40 NorHoro pacteopeHust ocagka Mg(OH).. 3atem

K nony4yeHHoOMy pacTtBopy gobasnsatoT 1-2 kannm pacteBopa MoHorapodocdara HaTpus.

4 CpenaTb BblBOA NO pe3ynbTaTaM nabopaTopHbIX MCCNEAOBaHMN.

5 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboTbi

OTyeT 0 BbINOSHEHUN PabOThI

HaTbl 1 noanucu obyvatowerocst U npenogasaTens

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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KoHmporibHbIe 80rpochkl:

1 Kakne KaTMOHbI OTHOCATCSA K NATON aHanuTu4eckon rpynne?

2 Oxapaktepusynte AencTBMEe rpynrnoBOro peakTMBa Ha pacTBOpbI, coAaepkalue
CONN KaTUOHOB MATOM aHaNUTUYECKON rpynnbl.

3 Yrto npoucxogut ¢ ocagkamn rungpokcngos xenesa (ll) u mapraHua (1) Ha
Bo3gyxe?

4 Kak oTnnunTb KayecTBeHHble peakumn Fe3* n Fe?*?

5 Kakue xapakTepHble peakuuu gaT Mg?* n Mn?*?

3.6 LLlectas aHanuTMyYeckas rpynna KaTUOHOB

NabopaTtopHoe 3aHaATHMEe Ne 13. KayecTBeHHble peakunum KaTUOHOB LLeCTOMN
aHanUTU4YeCcKom rpynnbil
Llenb pabomei:
MN3yuntb cBoicTBa kaTnoHoB Cu?*, Hg?*, Cd?*, Ni?*, Co?* n mencteue rpynnoBoro

peakTusa

MamepuanbHoe obecriedeHue:

- BbITS>KHOM LUKad;

- gepxartenb ans npobupok;

- 9NeKTponnUTKN nabopaTopHble ¢ Hacagkamm (CMPTOBKN);
- wTaTtmB «[opka» Ans peakTUBOB;

- wTaTtme ¢ npobupkamu;

CTEeKINAHHbIE NaJ104Ku,

BCMoMoraTesfbHble Matepuansl (Boga AUCTUNNMPOBaHHAas, epwun Ans npobupok,

NnosioTeHLE, MbISIO);

- ammunak pasdasneHHbii NH4OH -2H
- aMMMaK KOHUeHTpupoBaHHbIi NH4 OH -25%
- egkoe kanun KOH -2H
- egkun Hatp NaOH -2H
- kanus rekcaumaHodeppar (1) Ks [Fe(CN)g] -1H
- meaum cynbgart (1) CuSOg4 -2H
- pTyTn gByxBaneHTHon HUTpat Hg(NOs3)2 -0,2H
- kanui nogua Ki -0,5H

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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- kagmus xnopug  CdClz -0,5H
- kobanbTa xnopua CoCls -0,5H
- Hukenb xnopug NiClo -0,5H
- ammoHus xnopug NH4Cl -0,5H

- 6ymara MHOUWKaTOPpHaA yHUBepCalribHaA.

Ucnonb3yemble ucmoyHuku: [2], [3].

Teopemuyeckas 4acmab:

K WwecToi aHanuTM4ecKon rpynne oTHOCATCA KaTuoHbl: Cu?*, Hg?*, Cd?*, Ni%*, Co?*.

KaTWOHbI LIeCcTon aHanuMTU4ecKor Trpynnbl OcaXgakTcsa pacTBOPOM amMMuaka,
o6pasysi ocagkv rMapoKCUA0B M OCHOBHbIX COMNEMN.

Ocagkn rMopoKCMAOB W OCHOBHbIX COMen pacTBOPAOTCA B M3ObITKE peakTuBa,
o6pa3ysi KOMMEKCHble COonu. OTO CBOWCTBO OTMMYaEeT KaTWOHbl LUEeCTOM rpynnbl OT
OCTarbHbIX FPynn KaTMOHOB, NO3TOMY PacTBOP aMMMuaka SIBNSETCSA rpynnoBbiM peakTMBOM
Ha KaTWOHbI LWEeCTON rpynnbl. KaTnoHbl Mean, kobanbTa u HUKenNs B pacTBOpPax OKpalLEHbI
COOTBETCTBEHHO B CMHWW, PO30BbIN 1 3€NEHbIN LBET.

BcnepctBrne BbICOKOM TOKCUMYHOCTM COMEN MeTasnsioB PTyTW, HUKens, KobanbTa,
KagMuUs KaTMOHbl KOTOPbIX OTHOCATCA K LIECTOM aHanuTUYeCcKOW rpynne, y4valimmcs
npeanaraeTcsa npoAenaTb peakumn Tonbko ansa katnoHa meaum (I1) Cu?*, ¢ o6sa3aTenbHbIM
O3HaKOMJIEHMEM B BMAE OOMALUHEro 3adaHus Nno y4ebHuKy C peakumsMm KaTUoHa pPTyTu
(1) Hg?*, 4ToGbl 3HaTb OTNMYME BTUX PeaKLuii OT peakumin Ha kaTtuoH pTyTu (1) Hg2?*.

KoHUEHTpMpOBaHHbIN  pacTBOp amMmMuMaka B u3bbITKE [[aeT pacTBOPUMbIE
KOMMMEKCHbIE COMW, KOTOPble OKpalweHbl COOTBETCTBEHHO B CUHWUIW, GecuBETHbIN,
OecLBeTHbIN, 3eNeHbI U CUHEe-3eneHbIn LBeTa:

CuSO4 + 4NH40OH = [Cu(NH3)4]SO4 + 4H20

HgCl> + 4NH4OH = [Hg(NH3)4]Cl2 + 4H20

CdCl2 + 4NH4OH = [Cd(NH3)4]Cl2> + 4H20

NiClz2 + 6NH4OH = [Ni(NH3)6]Cl> + 6H20

CoClz + 6NH4OH = [Co(NH3)e]Cl2 + 6H20.

O6pasoBaHne ammuakata PpTyT™M (OKMCHOM) W KoBanbTa NpPOUCXOOMT Mpu
nobasneHnn k cmecu conen xnopmaa ammoHns NH4Cl.

CodepixaHue u nopsidoK 8bIrNOIHEHUS pabomsbi:

1 O3HaKOMMUTLCSA C TEOPETMYECKON YaCTbHO.

2 lMonyuyntb y nabopaHTa WwWrtaTnB «OpKay C peakTnBamum.
LokymeHm ynipaensiemcs npogpammHbimMu cpedcmeamu 1C: Konnedx
lposepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsawemycs 8 1C: Konnedx
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3 BbinonHuTb na60paToprle ncecnengoBaHUA:

Peakyuu kamuoHa medu (1) Cu?*

OnbiT 1 Twapokemabl wenoyHbix metannioB NaOH un KOH u3 pactBopoB coneun
mean (I) BblgensatoT Ha xonoge ronybon ocagok rugpokcuaga meam (I1):

CuSO4+ 2KOH = Cu(OH)2| + K2S0O4

Cu?* + 20H" = Cu(OH)2|.

Ocafgok pacTBOpMM B KOHLEHTPUPOBaHHOM pacTBOpe aMMuaka:

Cu(OH)2 + 4NH3 = [Cu(NH3)4](OH)a.

BbinonHeHne peakyuu:

K 2 kannam pactesopa conu meau (ll) gobasnsoT 2 kannu pacTBopa rugpokcuaa
HaTpUA NN Kanusa 1 HabnaaT BbinageHne ronyboro ocaaka.

OnbIT 2 BogHbIM pacTBOp aMmMunaka, B3ATbi B n3bbITke, obpasyeT ¢ consamum meam
(1) komnnekcHoe coeguHeHne meam (ll) cnHero ugeTa:

CuSO4+ 4NH3 = [Cu(NH3)4]S0O4

Cu?" + 4NH3 = [Cu(NHa)4]?".

Peakuua sBnsietca Haubornee xapaktepHoi ans uoHa Cu?* 1 valwe Bcero
npuMeHsaeTcsa Ans ero obHapyxeHus.

BbinonHeHne peakuymu:

K 2 kannsam pactBopa conun megum (1) pobaBnsaoT n3bbITOK pacTtBopa amMmuaka.
HabntogatoT okpalumBaHue pacTteopa.

Onbit 3 Wogup kanus Kl pearnpyet ¢ consmu meam (Il) ¢ obGpasoBaHuem
ceobogHoro noga u xento-6yporo ocagka nognga megm (1):

2CuSO0g4 + 4Kl =2Cul| + |2 + 2K2SOs.

BbinonHeHne peakunu:

K 2 kannam pactBopa CuSOs pobaenaiT 2 kannv pactBopa moguaa Kanus.
HabntogatoT nameHeHne okpacku pacrteopa.

OnbiT 4 lekcaumaHodeppat (II) kanna K4 Fe(CN)es] BbloensieT ns HeuTpanbHbIX
unu cnabokucnbelx pacteopoB conen meam (1) kpacHo-6ypbIn ocagok rekcaumaHodeppaTta
(1) megwm (1):

2CuSO04 + K4[Fe(CN)s] = Cuz[Fe(CN)s]| + 2K2SO4

2Cu?* + [Fe(CN)g]* = Cuz[Fe(CN)g]|.

Ocapok He pacTBopsieTcs B pacTBOpe aMMuaka.

BbinonHeHne peakunu:

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx
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K 2 kannam pacteopa meau (Il) gobaenstoT 2 kannu pacTeopa rekcaumaHogepparta

(1) kannsa n HabnogaloT BbiNageHe ocaaka.

4 CpgenaTb BbIBOA NO pesynbTtaTtam flabopaTopHbIX UCCegoBaHUMN.

5 OTBETUTL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHoun paboThbl
Llenb paboThbl

OT4eT 0 BbINOMAHEHMN PabOoThl

ﬂ,aTbI M nognncu o6yqarou1,eroc;| U npenogaBartenA

KoHmpornbHbie 80Mpochki:

1 Kakme KaTMoHbl OTHOCATCS K LLECTOM aHanuTu4ecKkon rpynne?

2 OxapaktepuayinTe AencTBME rpynnoBOro peakTuea Ha KaTUOHbI LLECTON rpynnbl.

3 UYrto oOpasyetca npu OEWCTBMM Ha KaTUOHbI LUECTOM rpynnbl  M30biTKa
KOHLEHTPUPOBAHHOIO ammMmaka?

4 HanuwuTe ypaBHeHNe peakumm noagnaa Kanms Ha KaTMOHbI Meau.

5 MNpuBeanTe ypaBHeHUs cnelndunyecknx peakuuim Ha Cu?*.

6 Hanuwmnte oTnnumnTenbHble peakunm Ha KaTuoHbl OOHO- U ﬂByXBaﬂeHTHOVI pTYTHU.

3.7 AHUOHBI

Na6opaTtopHoe 3aHATHME Ne 14. KayecTBeHHble peaKuum aHUOHOB NepBOMn,
BTOPOM U TPEeTbEeN aHaANUTUYECKUX rpynn
Llenb pabomoi:
M3yunTb cBOMCTBA aHMOHOB U AENCTBME rPYnnoBOro peaktmea
MamepuanbHoe obecredeHue:
- BbITSDKHOW LLKad;
- gepxarenb Ans npobupok;
- 9NEeKTPONNUTKN nabopaTopHble ¢ Hacagkamm (CMPTOBKN);
- wTaTtmB «[ opka» Ons peakTuBoB;
- WwTaTtme ¢ npobupkamu;
- TPYyOKM ra3ooTBOAHbIE;
- punbTpoBanbHas bymara;

- YacoBOEe CTEKINO,
LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx



KMPK BIFAP® ®rBOY BO «KI'TY»
XUMUA | C.55/82

MO-43 02 15-EH.01.113

- BCnomMorartesibHbleE MaTepuarsbl (BOﬂ,a aOnctTunnnpoBaHHad, epwn and npo6|/|p0|<,

nonoTeHLe, MbIfo);

- bapus xnopug BaClz -0,5H
- andpeHunnamuH (CeHs)2NH

- kncnota congaHas HCI -2H

- kncnota cepHas H2SO4 -2H

- kncnota ykcycHast CHz3COOH - 2H
- aueTtaTt Hatpmsa CH3COONa -2H
- HaTpus HUTpaT NaNO:2 -0,5H

- 6ymara MHOUWKaTOPHaA yHUBepCalribHasA,

- kanui nogua Ki -0,5H
- HaTpusa cynbdung NaxS -0,5H
- HaTpusa xnopug NaCl -0,5H
- HaTpusa cynbdaTt NaxS04 -0,5H

- HaTpus kapboHaT NaxCOs3 -0,5H

- HaTpusa docdaT NasPO4 -0,5H
- HaTpusa moHormapodocdat NaHPO4 -0,5H
- HaTpus 6pommag NaBr -0,5H
- cepebpa HuTpaT AgNO3 -0,1H

- azoTHas kucnota HNO3 -0,1H

- xnopHas Boga (Cl. + H20);
- pactBop noga (l2 + Kl);

- kpaxman 1%;

- peaktuB ['pucca;

- Bymara nHavkaTopHasi yHuBepcarnbHas.

Ucnonb3yembie ucmoyHuku: [2], [3].

Teopemuyeckas Yacmb:

MeToanka KayeCTBEHHOro aHanmMsa aHWOHOB OTNMYaeTCcs OT METOAMKM aHanu3a
KaTUOHOB TEeM, YTO B OCHOBE [AefleHWss aHMOHOB Ha aHanuTuU4eckue rpynnbl NexXuT
pasnuyHas pacTBOPUMOCTb conen Bapusi n cepebpa. Bo3amMOXHbI pasnuyHble BapuaHThbI
AeNeHns aHMOHOB Ha rpynnbl. HO € TOYKM 3peHus pacnpoCTPaHEHHOCTN 3TUX BapuUaHTOB
npegnaraeTcs cxema eneHns aHWOHOB Ha TpU aHanuTuyeckue rpynnoi.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx



KMPK BIFAP® ®rBOY BO «KI'TY»
XUMUA | C.56/82

MO-43 02 15-EH.01.113

MMepsasi 2pynna aHuoHo8: dpocdat-moH PO4>, cynbdat-noH SO4%, kapboHaT- MOH
COs%.

MepeuncneHHble MOHbI 06pasyloT ¢ MoHamu Gapusa Ba?* TpyaoHo pacTBopuMble B
BoAe conu. pynnoBbiM peakTMBoM Ans aTon rpynnbl sensietcs BaClz B HenTpanbHOM vnn
cnaboweno4Houn cpeae.

Bmopasi epynna aHuoHos: xnopug-uwoH CI, 6pomug-woH Br, wogug-voH I,
cynbdua-noH S%. AHMOHbLI BTOPOW rpynbl 06pasyoT ¢ MoHamu Ag* TPyAHO pacTBOPUMbIE
B BOOE W HepacTBOpuMble B pasbaBfieHHOM as30THOW KucroTe conu. [pynnoBbiM
peakTuBom snsietca AgNOs B npucyTcTBUmM pa3baBneHHON a30THOW KMCMOThI.

Tpembs epynna aHuoHos: Hutpat-uoH NO3, HuTpuT-moH NO2, aueTtaT-uoH
CH3COO-.

CepebpsiHble 1 OapueBble CONMM 3TUX AHUOHOB XOPOLLO PacTBOPUMBbI B BOAE.
'pynnoBoro peaktuBa HeT, Bcnegctene vyero HM AgNOs, HM BaCly, He ocagaloT aHUOHBI
TpeTben rpynnbi.

ObBLLEeNPUHATOrO CMCTEMATMYECKOro Xo4a aHanu3a aHMOHOB HeT. B oTnnuume ot
aHanu3a KaTMOHOB nNpW aHanuM3e aHWoOHOB Haubonee uenecoobpasHo BeCcTU
HernocpenCcTBEHHOe OOHapyXeHWe oTAeNnbHblX aHWoOHOB 6e3  npegBapuUTenbHOro
pasgerneHus. OTa BO3MOXHOCTb ODycCrioBfieHa TeM, YTO aHWOHbI BONbLUEeN 4YacTblo He
MeLLalT OTKPbITUIO Apyr Apyra. B cooTBeTCTBUM C 3TUM, T[PYNMNoOBble pPeakTUBbI

NPUMEHSIIOTCS He ANS pasaeneHus rpynm, a aAns ux obHapyXeHusl.

CodepixaHue u rnopsidoK 8bINOSIHEHUS pabombi:
1 O3HaAKOMUTLCA C TEOPETMUYECKOMN YaCTbHO.
2 MNonyuntb y nabopaHTa WraTtme « Opka» c peakTuBamum.

3 BbinonHuTb nabopaTopHble NcCcnegoBaHuS:

Peakyumm aHMOHOB NepBOMN aHaAaNUTUYECKOWN rpynnbl

Peakyuu cynbgham-aHuoH SO

OnbiT 1 Xnopua 6apusa BaCle ocaxgaeT M3 pasbaBfeHHbIX pacTBOPOB CyNbdaToB
6enbin ocagok cynbdarta 6apus:

BaCl> + Nax;SO4 = BaSO4| + 2NaCl

Ba?* + SO4> = BaS04].

Cynbgat 6Gapuss HepacTBOpUM B KUCMOTax. OTUM OH OTNMYaeTca OT ApYyrux

BGapueBbIxX conen aHMOHOB NepBoON rpynnbl. Peakums agnaetca hapmakonenHom.
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BbinonHeHne peakumm:
K 2 kannam pactBopa cynbcaTta Hatpus NaxSOs gobasnsoT pacTBop xnopuaa

O6apus BaCl, u HabnogaoT BbiNageHne ocaaka.

Peakuuu ¢gpoccpam-uoHa PO4*

OnbiT 1 Xnopuag 6Gapusa BaClz BblgensieT M3 HelTparbHbIX pacTBOpPoB Oenbin
aMopHbIN ocagok rmgpodocdarta bapus:

Na:HPO4 + BaCl2= BaHPO4] + 2NaCl

HPO4> + Ba?*= BaHPO4|.

Ocagok pactBopMM B MMHeEparbHbIX KuMcnoTtax (KpOMe CEepHOM KUCMNOTbl) U B
YKCYCHOM KMCIoTe.

Ecnn npoBoguTb peakumio B cnabollenodHon cpege unum ¢ pacTtBOPOM COSM
NasPOas, Bbigensietcst ocagok Bas(POas)2|

3Ba?" + 2P043> = Ba3(POa4)2|.

BbinonHeHne peakyuu:

K 4 kannsm pactBopa MoHornapodocdaTa HaTtpus gobasnaT 4 Kannu pacteopa
xnopuga 6apus. NMpoBepsAT pacTBOPUMOCTb OcaZKka B pasbaBneHHbIX XIT0poBO4OPOAHOM
N a30THOM KMUCroTax.

OnbiT 2 Hutpat cepebpa AgNOsz pgaet ¢ docdaToM-MOHOM XKEenTbid 0Cafok
docdarta cepebpa, nerko pacTtBOpUMbIN B a30THOW KUCNOTE M B pacTBOpe amMmuaka.
[MonHoe ocaxaeHne BO3MOXHO TONbKO B HEUTPASIbHOM UM LLENOYHON cpeae.

NasPO4 + 3AgNO3 = AgsPO4| + 3NaNOs3

PO4* + 3Ag* = AgsPO4].

Peakunsa sasnsaetcs papmakonenHom.

BbinonHeHne peakunu:

K 4 kannsam pactBopa docdata HaTpus npnbasnsaioT 4 kannm pactBopa HUTpaTa
cepebpa 1 HabnwoaaT BbiNageHne ocagka.

Peakyuu kapb6oHam-uoHa COs*

KapboHaTt-noH aBnseTcsi aHMOHOM YroflbHOM KMCAOThl. OTa KMcnoTta B CBOOOAHOM
COCTOSIHUM HE BCTpeYaeTCs, TakK Kak NoYTy NOnHOCThIo pacnagaetcs Ha CO2 v Boay.

H.COs — oyeHb cnabas kucrnota M ee aMMOHWUWHBbIE CONMUM U COMU  LLEMNMOYHbIX
MEeTanmnoB B 3HAYMTENbHOW CTENEHN NOABEPraloTCs rmaponumay.

OnbiTr 1 Xnopug 6apusa BaCl; ns pactesopoB kapboHaToOB ocaxgaeT Ha Xxonoae

6enbi ocagok kapboHaTa 6apus:
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BaCl; + Na2CO3; = BaCO3| + 2NaCl

Ba?* + CO3% = BaCOs|.

BbinonHeHne peakuuu:

K 5 kannam pactBopa kapboHaTta HaTpus [obaBnAwT pacteBop xnopuga Gapus u
HabrnogaT BbiNageHne ocagka.

OnbiT 2 Kucnotbl pasnaraioT Bce kapboHaTbl ¢ OGypHbIM BblaefieHMeM okcuaa
yrnepoaa (1V):

Na>COs3 + 2HCI = 2NaCl + CO21+H20

CO3% + 2H* = H20 + CO21.

Peakuus ssnsietca hapmakonenHom.

BbinonHeHne peakuuu:
K 2 kannam pactBopa NaCOsz npubasnsT no kKannsam pasbaBneHHyto

XIOPOBOAOPOAHYIO KUCTOTY (Mnu Apyryto). HabnogatoT 6ypHoe BbigeneHve rasa.

Peakymm aHMOHOB BTOPOWN aHanNnUTUYEeCKOWN rpynnbl

Peakuuu xnopud-uoHa Cl

OnbiT 1 Hutpat cepebpa AgNO3 ¢ noHom CI- gaeT 6enbii TBOPOXUCTBLIN OCagokK
xnopwuaa cepebpa:

NaCl + AgNOs = AgCl| + NaNOs

ClI + Ag® = AgCl|.

BbinonHeHne peakunu:

K 2 kannam pacTtBopa xnopuga HaTpusi NpubaBndalT 2 Kannu pacTBopa HuTpaTta

cepebpa.

OnbiT 2. denctaue xnopHoun sBoabl (Clo + H20)

CB0bGOOHbIV XIOp OKUCIISIET MOHBI oaa |- ao cBoboaHoro oaa B KMCHon cpeae:

2Kl + Cl2 = |2 + 2KCI

21"+ Clo =12+ 2CI.

CBoboaHbI 1104 OTKpbIBAKOT AENCTBMEM Kpaxmara: Kpaxmarn OoKpalmBaeTcsl B
CUHUW UBET.

BbinonHeHne peakunu:

B dapdopoByo 4allky HanveBalT BOAONPOBOAHYK BOAY, CoAepXallyto XIrop,

pobasnsaT 3—4 Mn pacTBopa Moguaa Kanus, NpunmMBatoT CEpPHY KUCNOTY U 2—5 kanernb
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pacTBopa kpaxmana. Coaepxvmoe nepemMellnBalT U HabMNoOalT U3MEHEHUE OKpacKu

pacTBopa B CUHMI LBET.

Peakyuu 6pomud-uoHa Br-

OnbiT 1 HutpaT cepebpa AgNOs3 ¢ noHamu Br pgaet xentoBaTo-6enbii ocagok
opomnpga cepebpa:

NaBr + AgNO3 = AgBr| + NaNO3

Ag*+ Br = AgBr|.

BbinonHeHne peakyuu:

K 4 xannam pactBopa 6pomuaa HaTpusa NpunmBatoT 4 kannu pacTtBopa HuTpaTa

cepebpa. HabnogatoT BbinageHne ocaaka.

Peakyuu uodud-uoHa I

OnbiT 1 Hutpat cepebpa AgNOs3 Bbigenser w3 MOOMAOB CBETO-XENTbIN
TBOPOXUCTbIN OCaZoK noavaa cepebpa:

KI + AgNOs = Agl| + KNO3

Ag* + |I'=Agl].

BbinonHeHne peakuymu:

K pactBopy vogmaa kanus pobaBnsloT HEMHOro pacTtBopa HuTpaTa cepebpa.

HabntopatoT BbinageHne ocagka.

Peakuuu cynbghud-uoHa S

OnbiTt 1 Hutpat cepebpa AgNO3 obpasyeT C cynbdua-MOHOM 0CaAoK YEpPHOro
uBeTa cynbduaa cepebpa:

NaxS + 2AgNO3 = Ag2S| + 2NaNOs3

S% + 2Ag* = Ag2S|.

BbinonHeHne peakunu:

K 2-3 kannam cynbduga HaTtpua npunusaloT 1-2 kannu pacteopa asoTHOKUCIOro
cepebpa 1 HabnwoaaT BbiNageHne ocagka.

Peakyumm aHMOHOB TpeTben aHAaNUTUYECKOWN rpynnbl

Peakuuu Humpum-uoHa NO2z

OnbiT 1 JenctBue noanaos

HuTtputbl okncnsoT |- go |2 B npucytctBum HaSOu4:

2l + 2NO2 + 4H* = |2 + 2H,0 + 2NO1.
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BbligeneHuve |, oGHapyxuBaloT pacTBOpOM Kpaxmarna, KOTOpbIi NPy 3TOM CUHEET.

OnbiT 2 [enctBme peaktnsa ‘pucca (cmecb pacTBOPOB CYSibpaHUITOBOM KUCITOTbI U
o-HadTMnamuHa)

Mpu B3aumopencTBun peaktuBa [pucca ¢ HUTpUTamum obpasyeTca asokpacuTerb

sapko-kpacHoro useta HoN — C1oHg — N = N — CeHs — SO3H.

Peakyuu Humpam-uoHa NO3~
OnwbiT 1 dencteune gudeHnnammHa (CsHs)2NH
OudeHmnamuH okucnsaetcs noHom NO3 0O NpoaykTa, UMEKLWEro TEMHO-CUHIO

OKpacky.

BbinonHeHne peakunu:

Ha yacoBoe cTtekno BHocAT 3—4 kannu pactBopa gudeHunamuHa, 3-5 kanenb
CEepPHOM KUCMOTbl 2 H, 2 KannuM pacTBopa HuUTpaTa HaTpusa M HabnogalT nosBneHue
TEMHO-CHHEN OKpackn. Peakumsi o4eHb YyBCTBUTENbHA, HO HE cneynduyHa.

Takyto okpacky oT genctaus (CsHs)2NH gatot Tonbko noHsl NOs™.

Peakuyuu ayemam-uoHa CH3COO"

CepHasa kucrnota H2SOs BbITECHAET YKCYCHYKO KUCIOTY M3 €ee COfen, O 4YeMm
CBUOETENbCTBYET XapaKTePHbIN 3anax, 0COGEHHO Npu HarpeBaHuu:

2CH3COONa + H2SO4 = 2CH3COOH + NazSO0a.

Peakunsa asnsaetcs papmakonenHom.

BbinonHeHne peakunu:

B npobupky nomeluarot 6—8 kanens CH3COONa n 6 kanenb HoSO4 cmecb cnerka

HarpeBatoT. OLlyLlaeTcs 3anax YKCYCHOWM KUCMOTbI.

4 CpenaTb BbIBOA NO pe3ynbTaTtaM flabopaTopHbIX UCCEeAoBaHUNA.

5 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboTbi

OTyeT 0 BbINOSHEHUN pabOoThI

HaTtbl n noanucu oby4yaroLerocs 1 npenogaBaTtens

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu No opuauHany, xpaHsauemycs e 1C: Konnedx



MO-43 02 15-EH.01.13 KMPK BIrAP® ®Ir'bOY BO «KI'TY»

Xmua | C.61/82

KoHmporibHbIe 80rpochl:

1 Yem gencrtaue rpynnoBbIX peareHToB Ha aHWOHbI OTNIMYaeTCs OT X AEeNCTBUS Ha
KaTUOHbI?

2 Kakve aHMOHbI OTHOCSATCA K MepBOM aHanUTU4eckoun rpynne?

3 Pasbepute gencraune rpynnoBbIX peakTUBOB Ha aHWOHbI MEPBOM aHaNUTUYECKON
rpynnbi.

4 MMoyemy obecuBeunBaeTcs Mo4 Npy B3aMMOL4ENCTBUM C Cynbputamm?

5 Kakne aHMOHbI OTHOCATCA KO BTOPOM aHanuUTU4eckoun rpynne?

6 Pa3bepute gencraune rpynnoBOro peaktMea Ha aHMOHbI BTOPOW Fpynnbl.

7 Kakne aHMOHbI OTHOCATCA K TpeTben rpynne?

8 Kaknmu peaktMBaMmm MOXHO OBHapPYXUTb HUTPAT- U HUTPUT-AHUOHbI?

9 Kakum peakTMBOM MOXHO OBHapyXuTb aueTaT-aHUoH?
PA3OEN 4 KOJIMYECTBEHHbLIN AHANU3
4.1 N'paBuMeTPMUYECKUNA MeTOA aHanusa
NabopaTtopHoe 3aHaATMe Ne 15. OnpegeneHue NPoOUEHTHOro coaepKaHus

KpUcTannusaumoHHOW BoAbl B KpUCTansiM4yeckom xnopuae 6apus

Llenb pabomoi:
WcecnepnoBaHue KpuUcTannuyeckoro  xnopuga Gapus Ha coaepxaHue

KpuCTannmM3aumMoHHOM Boabl

MamepuanbHoe obecriedeHue:
- BIOKCbI;

- TUrenbHble WUMLbI;

linaTtens;

BCrioMoraTenbHble MaTtepuansl (Boaa AUCTUNNMPOBaHHas, NONOTEHLE, MbIfo);

CKINSIHKA C KpUCTannu4yecknm xrnopuaom 6apusi;

CyWNIbHbIN WKad obLuero nonbL3oBaHUS;

- TepMOMETP;

- TexHmn4deckue Becbl BJIK obLiero nonb3oBaHus;
- aHanuUTM4eckKne Becbl 0OLLIEero Nonb30BaHUS;

- OKCUKaTOpPbI o0LLero nNonb3oBaHuS.
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Ucnonb3yemble ucmoyHuku: [2], [3].

OpeaHu3sayus u memoduKa 8bInosiHeHUs1 pabomsl:

B TBepapbix BewectBax Boda MOXeT OblTb  KpUCTannM3auMOHHOM U
TMrPOCKOMMUYECKON.

KpucmannusayuoHHass eoOa — Boda, YyyacTeBywwas B  obpasoBaHun
KpuctannormgpatoB. Ee cogepxaHue [na  Kaxgoro  KpuctannormgpaTta  CTpOro
onpegeneHo. OgHM KpucTtannorugpatbl NPU XpaHeHMM B CyXOM BO34yXe TepsitoT 4acTb
KpUCTanmnu3aumMoHHON BOAbl. OTO sIBMIEHME HasblBaeTCA BbIBETPUBAHMEM KPWUCTanmnoB.
[dpyrne KpuctannorngpaTbl MOrnowaT M3 BNAXHOro BO3gyxa Brary. Q71O siBNeHue
Ha3blBaeTCs pacnbiBaHNEM KpUcTannoB. YTobbl Kpuctannornapatbl HE U3MEHANM CBOEro
cocTtaBa (He BbIBETPUBANUCb M HE pacnnbiBannUCb) UX CyllaT U XPaHAT B CTEKMNAHHbIX
BGaHkax c npuTepTbiMK Npobkamu, a ManeHbkne Npobbl B Otokcax. BicyluBaHMe HaBecok
KpuctannormgpaTtoB [Ond  Kaxgoro obpasua BegyT npuM CTPOro  onpenerneHHown
TemnepaTtype. Hanpumep, maccoByto om0 KpuctannmsauynoHHon sogbl B BaCly - 2H20
onpegensoT npn 120-125 °C.

luepockornuyeckasi enaza — BOAsHble Mapbl, agcopbupoBaHHble W3 BO3Ayxa
YacTuyamum uccnegyemoro BewlectBa. Ee copepxaHve 3aBUCUT  OT  BII@XXHOCTM
oKpyxawwen cpedbl M OT CTeneHn Wu3MenbyeHus BewecTBa (OT MOBEPXHOCTU
COMPUKOCHOBEHUS). YeM TOHbLUe M3MeNbYeHO BELEeCTBO, TEM OHO TUrPOCKOMUYHEE.
OnpepnensaT UrpockonMyeckyto Bnary (BNaXHOCTb) W3 BO3QYLLUHO-CYXOW  TOHKO
n3meribYeHHOM HaBecku (nocne pactupaHusa obpasua B CTYNKe Ha TbINIbHOW YacTu PYKU He
OOJIMKHbI OLLYyLWAaTbCA OTAENbHbIE KPYNUHKK). BbicyluBaHMe HaBecok Bcex obpasuoB (B
OTNn4YMe OT onpeneneHnsa KpucTannmsaynoHHon Boabl) BeayT npu Temnepartype 105-110
°C.

MoBTOpUTbL OCHOBHbIE onepauum B paboTte. OGpaTUTb BHUMaHME Ha TO, 4TO
BbICyLLUMBaHWE crieqyeT NpoBoauTb Npu Temnepartype He Bbiwe 120-125 rpagycos, nHave
xnopua 6apus 6yaet pasnaratbcs. PaboTaTb OCTOPOXHO, Tak Kak xnopug 6apust a40BUT.
HanoMHuTb npaBuna paboTbl € anekTpoHarpeBaTefbHbIMM Npubopamn (CyLUMbHbIN
wkad). ObpaTnTb BHUMaHME Ha onepauuio «BbICYLUMBAHWUS A0 MOCTOSHHOM Macchbl», T.e.
Korga pesynbTaTr 2-X nocrnegHux B3BeLUMBaHWA HaBeCcKM He oTnumyarotca Ha = 0,0002 r
(TOYHOCTb aHaNUTMYECKUX BECOB).

B xoge onpegeneHua KpuctannuM3auMOHHOW BOAblI B KpucTanmnormaparte xnopuaa

Gapus NPOMEXYTKM Mexay BbICYLUMBAHUSIMWU 3aHATb pacyeTaMu HaBECKM M MPOLEHTHOro
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copepxaHunsa Boabl. Bo Bpemsa paboTbl cneguTb 3a MpaBUbHOCTLIO B3BELUMBAHWUS Ha
aHanUTU4eCcKnx Becax 1 TOYHOM 3anucbio Macchbl.

MpakTnyeckoe BbiNONHeHMe paboThl

B npocylweHHbIn A0 MOCTOAHHOW Macchl BHOKC OTBECUTb Ha aHanUMTUYEeCKUX Becax
HaBeCKy KpucTtannuyeckoro xnopuga 6apma 1-1,5 rpamma.

BbicywueaHue Hasecku. OTKpbITbIW OOKC C HaBECKOM BMECTE C KpPbILIKOW
noctaeutb Ha 1,5 4yaca B cywmnbHbIN WKadg npyn Temnepatype 120-125 rpagycos, 6tokc
3aKpbITb KPLIWKOM W OXNaguTb B 3KCMKaATOpe, B3BECUTb Ha aHanUTUYecKux Becax
(BbICYyLUMBaHWE NPOBECTU A0 NOCTOSIHHOM MaccChl).

OKCUKaTOp — CTEeKMsHHbIA COCYA, CRyXawun Ons XpaHeHWs BbICYLEHHbIX A0
NOCTOSIHHOW MacCbl OIOKCOB, TUMMEN W OXMNaXOEHUS BbICYLUEHHbIX WU  COXCKEHHbIX
HaBECOK, C LeNbl UCKIYEHUs X obBoOHEHUs B OKpyxatwen cpege. MuHumanoHas
BNAXHOCTb BO34yxa 9KCuKaTopa obycrnaBnmMBaeTCsl HanuumMem B HeM rmapoduibHbIX
agcopbeHToB, Hanpumep, SiO2 (cunukarenes), CaClz, HoSO4 (koHUEHTpUpoBaHHON) 1 Ap.

[laHHble ona aHanuaa 3anucaTtb No oopme:

Macca nycTtoro 6tokca Ne ... —10,0000 r
Macca 6rokca ¢ HaBeCKOWM 40 BbICYLLUMBaHUS —
Macca HaBecku, B3saToN aAnsa uccrnegosaHnsa (H) -

Macca 6tokca ¢ HaBeCKOM Nocre BbiCyLUMBAHUSA —

O & 0 bd =

Macca kpuctannuaaumoHHon soabl (m H20) —

Macca KpucTannusauMoHHOW BOAbl HaxoguTCcA MO pasHOCTM Macchbl Owkca cC
HaBeCckoM [0 BbICYLUMBaAHMS W MOCTOSHHOM Maccbl 6lkca C  HaBecKow nocne
BbICYLLUMBaHMSI.

CopeprkaHue KpucTannm3aumMoHHON BoAbl B MPOLLEHTaX HaxoasaT no dopmyne:

% H20 = m H20 -100/H,

roe m H20 — macca Boabl, T;
H — HaBecka, B3aTasi 4ns aHanmaa, r.
Haxogum TeopeTnyecknin NpoLeHT KpUcTanmsaumMoHHOW BOAbI U3 MPOMNopLMK:
244,28 r BaCl, - 2H2O - 36,03 r H20
100 r BaClz - 2H20 — x r H20
x =100 - 36,03 / 244,28 = 14,75 %.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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Haxogum a6COJ'Il0THyIO N OTHOCUTEJIbHYIO OLIJI/I6Ky onpepneneHnd.

AbcomnromHas owubka — 3TO PasHOCTb MexXAy MNpakTU4eCKUM U TeopeTUdYeckum

cofepXaHnem KpuctannmsalmMoHHON BOAbl, MOXeT BbITb CO 3HaKoM (+) unn (-).

OmHocumenbHas owubka — OTO OTHOWeEHWe abComnwTHOM OWKMbKUM K

TEOPEeTUYECKOMY COAEPXKaHMI0 KPpUCTanIM3auUmMoHHOM Boabl (B NpoLEHTax).

BOAbI.

CodepxxaHue u rnopsi0oK 8bIrnosiHeHUs pabomsi:

1 O3HaKOMUTLCS C OpraHm3aumen U METOANKOWN BbINOSHEHUST paboThbl.

2 MNony4nTb y nabopaHTa KOMMMAEKT NOCYAbl N peaKkTUBHI.

3 BbinonHnTb NnabopatopHble MCCcneaoBaHust U HEOOXOANMbIE pacyeThl.
4 CpgenaTb BbIBOA MO pesynbTaTtam NlabopaTopHbIX UCCegoBaHUMN.

5 OTBETUTL Ha KOHTpPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHue nabopatopHon paboTbl
Llenb paboTbl

OT4eT 0 BbINOMHEHMN paboThI

HaTtbl n noanucu obyyaroerocs 1 npenogaBaTtens

KoHmporsnbHbie 80rpochi:

1 B yem 3aknoyaeTcd CyLLHOCTb BECOBOro aHanmsa?

2 [1aTb NOHATUE KPUCTaNIM3aUnoOHHON U TMIrPOCKOMNYECKON BOAbI.
3 YTO 3HauMT BbiCyLUMBAHWE 4O NOCTOSAHHON Macchbl?

4 [NepeyncnuTb NpaBua B3BELUMBAHNSA HA aHANUTUYECKMX BECAX.
5 C kakon uenbtlo NpUMEHSIeTCS aKCMKaTop?

6 PaccuntaTb HaBeCcKy MeOHOro Kynopoca Ha cofepXaHue KpucTannmsauMOHHOW

4.2 MeToabl TUTPUMETPUYECKOIO aHanus3a

Na6opaTtopHoe 3aHATME Ne 16. MpuroToBneHme pacTtBopa LesnoyYm, yCTaHOBKa
TUTPA U HOPMaNbHOCTU LLENOYM NO KUCHoTe

Llenb pabombi:

MpurotoBneHne paboyero pacTtBopa LEeno4yn, YCTaHOBMEHME TUTpa U

HOpPMarnbHOCTU LLENoYn Mo KMcnoTe (CTaHAapTM3aums pacTeopa LWenoyn).

3akpenneHne HaBbIKOB NONb30BaHWsi MEPHOW NOCYA0M U NPOLECCOM TUTPOBaHMS

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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MamepuanbHoe obecriedyeHue:

- konb6a mepHas Ha 200 mn;

- cTakaH Ha 250 mn;

- WwnaTenb U NUHLET;

- nuneTka Ha 10 mr;

- CTEKIITHHaA NaroukKa;

- DropeTka;

- Konba ans TUTPOBaHUS;

- YacoBOE CTEKII0 Unun BIoKC;

- BCnomMoraTtesibHble MaTepuans! (Bo4a OUCTUNNIMPOBAHHAA, NOSIOTEHLE, MbISIO);
- TEXHOXUMWNYECKME BECHI;

- egknin Hatp unn egkmn kanu NaOH unn KOH,;
- 0,1 H pacTtBOp consiHon kucnotbl HCI,

- METUSIOBbLIN OpaHXeBbIN;

- anctnnnmpoBaHHad Boaa.

Ucnonb3yembie ucmoyHuku: [2], [3].

OpezaHu3auyus u memoduKa 8bInosiHeHUs1 pabomal:

MokasaTb yyawmmcs, kak HabupaeTcs XWOKOCTb B MUMETKY WM MNEpPEeHOCUMTCA B
apyron cocyg. O6bembl, oTbupaemble nuneTkamu, Hebonblne, NO3TOMY HEBEPHOE
namepeHne obvema gact Gonbllylo ownbKy B pesynbtate aHanusa. [lonb3oBaTbcs
TONMbKO COBEPLUEHHO YMCTOM MUMNETKOW, MpM 3acacbiBaHWM PTOM BO34yxa W3 MUMNETKU
HWKHWUIA KOHeL, ee JOmKeH OblTb BCe BpeMs MOrpyXeH B XWAKOCTb. Habpas »xmakocTb B
NUNeTKy Bbille METKM, ObICTPO BbIHYTb TPYOKY MMNETKM M30 pTa U 3aKpbiTb OTBEPCTME
yKkasaTesnibHbIM nNanbuem. [epxa 3akpbiTyldo nanbuemM nuneTky Tak, 4Tobbl MeTka
Haxogunacb Ha ypoBHe rnas, ocrnabuTb HaXuM nanbLa Ha oTBepcTne nNuneTku. XXuakoctb
CnvMBaeTCca [0 TexX Mop, MoKa HWKHWUA Kpal MEHWCKA XXMOKOCTM HE KOCHETCA METKM.
YcunuTb HaXXnm nanbLeM, BbITEKAHNE XUOKOCTM npekpatuTca. OCTaBLIYCS XUOKOCTb U3
NUNeTKM He BbloyBaTb.

MokasaTb yyalmumcs, Kak 4OBECTU YPOBEHb XMOAKOCTU B MEpPHOM Konbe 00 MeTKM.
Mpn nonb3oBaHun konbon OpaTb €e 3a ropno BbiWe METKW, 4YTOObl HE W3MEHUTb

TemnepaTtypy pacTtBopa 1 caMol konbbl. HanneaTb pacTBop Tak, YToObl BOTHYTbIA MEHUCK

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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NMOBEPXHOCTN XMAKOCTU Kacancsa MeTKM KOonbbl, MeTKy Konbbl npu 3TOM AepxaTb Ha
YpOBHE rnas.

Mpy nonb3oBaHUM OBHOPETKOM HYXHO MOMHWUTb, YTO YKpPennaTb ee B LTaTuBe
crnenyeT CTporo BepTukanbHO. Mpy KaxkgoMm TUTPOBaHMKM 3anosiHATL 60peTKy 40 HYNeBOro
aenenus. lNepea TMTpoBaHWEM onpedenuTb LeHy AeneHuns 6iopeTku, o6bem ee Kannw.
3anonHnTb HOCKK BropeTkM Tak, YTobbl He GbINo Ny3bipbKOB Bo3ayxa. [pun 3anonHeHnn 4o
HYNeBOro AeneHns HYXXHO, 4Tobbl rnas Obin Ha YpoBHE YepThl.

B xope paboTbl npenogaBaTesnb AOMMKEH KOHTPONMMPOBATb BCE Bhille OMNUCaHHbIE
onepauun, a TaKke TOYHOEe B3BELLUMBaAHME Ha aHANUTUYECKUX Becax.

[na npurotoBneHnst paboyero pacTBopa LWenoYM Mosb3ylTCca 4ale TBepaon
Lenoybto. TBepAyto LWenodb HyXXHO 6paTth wnarenem mnm nuHuetTom. Ecnm nonbayotca
KyCKOBbIM TEXHUYECKMM HATPOM, TO packanbiBaHME KyCKOB MPOU3BOAUTCH OYEHb
OCTOPOXHO, TaK Kak MesKuMe KyCOYKM MOryT rnonacTb B rfasa (packanbiBaTb B O4KaXx,
BbIMOMHATL NpaBuna TexHukn 6e3onacHocTn). MOMHUTbL, YTO pacTBOpbI LIENOYen U
KUCIOT, KOHLeHTpauust kotopbix Gonbwe 0,1 H, Henb3s GpaTb B NUNETKy, co3aaBas
BaKyyM pTOM. XpaHuUTb PacTBOpbI LLENOYEN HAOO repMETMYECKM 3aKpbITbiIMU. 3akpbiBaTb
npuTepTbiMM NpobKamMn Henb3s, nyduwe nogobpaTb pe3nHoBYKD NPOOKYy C  ABYyMSA
oTBepcTuaMKU. B ogHO OTBepCTME BCTaBMAKT XIIOPKanbUMEBYIO TPYOKY, HAMOSTHEHHYIO
HaTPOHHOW M3BECTbIO. B apyroe oTBepcTue BCTaBNAT CTEKMSHHYIO TPYOKy C pe3nHOBOW

TPYOKOM N METaNNUYEeCKUM 3aXKMMOM.

MpakTuyeckoe BbiNnoONHeHMe paboTel

1) Npueomosumse 0,1 H pacmeop e0koe2o Hampa 8 obbeme 200 mrs, ycmaHo8UMb
e2o0 mump no paboyemy pacmeopy cornsiHoU Kucriomsbl (cmaHdapmu3auyusi pacmeopa
wersoyu).

PaccunTtaTb HaBecky eKoro HaTpa:

ONaoH =M/ 1; MnaoxH =3 - N - V/1000.

B3BecuTb HaBeECKY Ha TEXHOXMMWYECKUX BECAX B KONMYECTBE, 6IM3KOM K pacye THOM
N NepeHecTn ee B MeEPHY Konby, emkocTbto 200 Mn, 06MbITb ANCTUNNMPOBAHHON BOOOW
yacoBoe cTekno (6iokc). PacTtBopuTb HaBeCcKy M OOBECTU OObEM OO METKW, TLiaTENbHO
nepemMeLiatb. bropeTky 3anonHnTb pabounm pacTBOPOM COMSIHOM KUCMNOThl. B konby ons
TUTpoBaHMa oTmepuTb 10 MmN pacTtBopa LWenoyYn n KanHyTb 1-2 Kanav MeTUIIOBOro
opaHxeBoro. OTTUTpoBaTb PacTBOPOM COMSHOW KUCIOTbl A0 Nepexoaa >KenTon OKpacKu

nHaukaTopa B 6negHo-po3oBylo. M3 cxogAwmxcs Tpex pesynbTaToB  TUTPOBAHUS

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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paccuyntatb cpegHun. [lo HOpManbHOCTM pacTBOpa COMNSAHOM KUCMOTbl paccyuTaTb
HOpMarnbHOCTb LWerno4vn n ee maccy B o6beme 200 mn.

NnaoH = NHci * VHer /' VNaoH,
mnaoH =3+ V- N/1000.

TutpoBaHMeco«cBUMaAETENE MY

TuTpoBaHMe MOXXHO NPOBECTN CO «CBUAETENEM», TO ECTb 0O6Pa3LOBbIM PacCTBOPOM,
MUMEILLMM TaKylo e OKpacKy, Kak Ta, Npu KOTOPOMW HYXHO 3aKOHYMTb TUTpoBaHue. [Mpu
TUTPOBAHUN «CBUAETENMb» CTABSAT OKOMO cocyaa C TUTPYEeMbIM PacTBOPOM A1 CPaBHEHUS
nx okpacku. «CeuaeTenb» o6s3aTenbHO OOMKEH OblTb NPUrOTOBIIEHHBLIM B COCYAe TaKOM
e PopMbl U EMKOCTU, Kak TOT, B KOTOPOM NpoBoadAT TuTpoBaHue. O6bem 06pa3LoBoro
pacTBopa AOMKeH ObiTb paBeH 00beMy TUTPYEMOro pacTBopa B KOHLE TUTPOBaHWS.
NHOukaTop K «CBMOETENO» U TUTPYEMOMY PacTBOPY HYXXHO MpubaBnsTb B OOUHAKOBOM

konun4yectee no 1-2 kanne Ha 10 mn pacTBopa. TuTpoBaHue BECTU A0 LBEeTa «CBMOETENs».

CodepxxaHue u rnopsi0oK 8bIrnoriHeHUs pabombi:

1 O3HaKOMUTLCA C OpraHmn3aumen U METOANKOWN BbINOSHEHUST paboThbl.

2 MonyunTb y NnabopaHTa KOMMNMEKT NOCYAbl N peakTUBbI.

3 BbinonHuTb nabopaTopHble nccnenoBaHns U HeobXxoanmble pacyeThl.
4 Cpoenatb BbIBOA NO pe3ynbTaTam NlabopaTopHbIX UccnegoBaHui.

5 OTBETUTb Ha KOHTPOSIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl
Llenb paboThbl

OTyeT 0 BbINOSHEHUN PabOThI

HaTtbl n noanucu obyyatolerocs 1 npenogaBaTens

KoHmporsbHbie 80rnpocsi:

1 KakoBa Benu4ynHa nokasarensi TMTpoBaHus dpeHondTanenHa n metunopaHxa?

2 B kakom cnyyae B METOAE HenTpanuMsaumm npu TUTPOBaHMM HyXHO 6paTb
deHongranenHa, B KaKOM — METUIOPaHX?

3 MOXHO N1 No HaBecCKe LLEenoYun onpeaenuTb TOYHYH0 ee HOPMaribHOCTb?

4 YTO NpoMcxXoauT C eAKMMMU LLieNoYamMmn Npu CTOSIHUM UX Ha Bo3ayxe?

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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NTabopatopHoe 3aHATHE Ne 17. OnpeageneHne BpeMeHHOM XXeCTKOCTU BOAbI

Llenb pabomel:
MccnepoBaHne BOOONPOBOAHOM BOAbl Ha codepaHue GukapboHaToB Kanbuus ©

MarHmsa

MamepuanbHoe obecriedyeHue:

- MepHagd konba Ha 100 mn;

- DropeTka;

- BOPOHKa K btopeTke;

- nuneTka Ha 10 mn;

- Konba ansa TutpoBaHus Ha 250 mn;

- BCMomoraTenbHble MaTepuansl (Bo4a ANCTUINMPOBAHHas, NOMOTEHLE, MbIfo);
- 0,1 H pacTBOp CONSIHOWN KMCNOTbI;

- MeTUNopaHX.

Ucnonb3yemblie ucmoyHuku: [2], [3].

OpezaHu3auyus u memoduKa 8bInosiHeHUs1 pabomal:

XecTkocTb BOAbl onpeaenseTca B Hel cogepXaHneM pacTBopuMbix conet Ca*? u
Mg*?: ruapokap6oHaToB, CynbdaToB 1 XMOPUOOB.

KapboHamHas unu epemeHHas xecmkocmb (XKk) obycrosrneHa npucyTcTBUMEM B
Boge pactBopumbix conen Ca(HCO3z)2 n Mg(HCO3).. MNpu knnayeHmnn soabl GukapboHaThbl
nepexoaaT B HepacTBOpMMble KapboHaTbI:

Ca(HCOs3)2 — CaCOs3|+ H20 + CO21t

HaKunb

Mg(HCO3)2 — MgCO3|+ H20O + CO21.

Hakunnb

HekapboHaTHass wWnNu MOCTOSIHHAs  XeCcTKoCcTb Boabl  (XKn) obycrnosneHa
npuUcyTCTBUEM B Hell cynbdaTtoB v xnopuaos Ca*? n Mg*2. MNpu KMNAYEHUN OHM OCTaKTCA
B pactBope. KapboHaTHy XeCTKOCTb BOAbl ONpedensatT MeToaoM HeuTpanmsauuu, a
o6Lwyto xecTkocTb (XKo) — MeTogoM KomnsiekcoHomeTpumn (cMm. paboty Ne 25). PasHocTb
Mexay OOLLUEen >KEeCTKOCTbO W XKXECTKOCTbKO KapOoHaTHOM AacT 3Ha4YeHue MNOCTOSIHHOW
XEeCTKOCTH.

CaHuTtapHbiMn npaBunamm Ha nutbeByto Boay (CanluH 2.1.4.1074-01)

pernameHTMpyeTcst 3HauyeHmne obLLEen XeCcTKOCTN Boabl He 6onee 7,0 Mr-aks/n.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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3a eanHnly MnsaMepeHuna XeCTKOCTU TMPUHAT 1 Mr-ske/n, a wuHorga MCNoJIb3yOT

rpagycebl: 1 rpagyc = 1 mr-ake/n - 2,8.

MpakTnyeckoe BbINONHeHNEe paboThl

Mpn onpeoeneHun KapOOHATHOM KECTKOCTU TUTPOBaHME BbLINOMHATL CO
«cBngeTenemM», To ectb ¢ 06pa3yoBbIM PAcTBOPOM, UMEHLMM TaKyk Xe OKpacky, npwu
KOTOPOW HYXXHO 3aKOHYMTb TuUTpoBaHue. [pn TUTpoOBaHWM «CBMAETENb» CTaBAT OKOSO
cocyga c TUTpPyeMbIM pacTBOPOM /15l CPaBHEHUS MX OKpackn. «CBuaeTenby obssaTtensHo
AOIMKEH OblTb MPUrOTOBIEHHbLIM B COCYAE TaKoW e (POpMbl U EMKOCTU, Kak TOT B KOTOPOM
npoBogAaT TuTpoBaHue. ObGa cocyga LOMKHblI OblITb M3 oguHakoBoro crtekna. Ob6bem
pactBopa «cBugeTena» LOrmkeH ObiTb paBeH 0O6beMy TUTPYEMOro pacTBopa B KOHLE
TUTPOBaHNA. IHOMKATOP K «CBMAETENO» U TUTPYEMOMY PacTBOPY HYXXHO nNpubaBnsTb B
oaMHakoBoM konundecTtse no 1-2 kannu Ha 10 mn pacTtBopa. TUTpoBaHWe BECTU OO0 LBeTa
«CBMOETENS».

OnonocHyTe MepHyto konby Ha 100 mn 2-3 pasa aHanuMsaMpyemonm BOAOW,
HanonMHUTb A0 MeTKU. [lepeHecTn B KOHMYecKkyto Konby Ha 250 mn gns TUTpoBaHu4,
npubaButb 1-2 kannu meTunoBoro opaHxesoro. OTTutposatb 0,1 H pacTBOPOM CONSAHON
KMCINOTbI 40 uBeTa «cBmuaetensa» (4o 6negHo-po30BON OKpacku).

BbluncneHne pesynbtaTtoB aHanuaa:

XK= Ve - NHe 10.

CodepixaHue u nopsidoK 8bINoSIHEHUsT pabombi:

1 O3HaKOMUTBCA C OpraHM3aumen 1 METOANKON BbIMOSHEHNSA paboThl.

2 MonyuynTb y NnabopaHTa KOMMMEKT NOCYabl N peakTUBbI.

3 BbinonHuTb nabopatopHble nccnegoBaHns U HEOBXOANMbIE pacyeThbl.
4 Coenatb BbIBOAbI NO pe3yrbTataMm nabopaTopHbIX NcCneaoBaHum.

5 OTBETUTb Ha KOHTPOSbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHon paboThl

Llenb paboTbl

OTyeT 0 BbINOSHEHUN PabOoThI

HaTtbl n noanucu obyyaroLerocs 1 npenoaaBaTens

KoHmporibHbIe 80rpochl:

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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1 MNepeuncnutb conu, obycnaenueatoLMe BPEMEHHYIO XECTKOCTb (kapboHaTHYH0)
YKECTKOCTb BOAbI?

2 Kakon pabounin pacTBOp MOXHO MCMOMb30BaTb Mpu onpeneneHnn kapboHaTHOM
XEeCTKOCTW BOAbI U NoYemy?

3 HaszoBuTe BMAbI XECTKOCTN BOAbI N UX CYLLHOCTb.

4 B Kakux egnHuLax n3amMepsaeTcs KeCTKOCTb BOAbI?

4.3 MeTtoabl pefoKCUMeTpUU

NNa6opaTtopHoe 3aHaATHME NeNe 18-19. NpurotoBneHne pabounx pacTtBopoB
nepmaHraHaTta Kanus v WaBesieBoM KUCINOoTbl. YCTaHOBKa HOPMasribHOCTU U TUTpPa

nepmMmaHraHaTta Kajqus no LwaBeneBon KUcnorTe

Llenb pabomei:

MpurotoBneHne pabounx pacTBOPOB NepMaHraHata Kanusi u aBerieBon KACMOThI
UINn okcanarta HaTpus.

YcTaHOBKa HOPMarbHOCTU M TUTpPa NepmaHraHaTa Kanusa no LaBeneBon KUCNoTe
Unn okcanaty HaTpus (CTaHgapTusauus pacrteopa).

3akpenneHne HaBbIKOB NOSIb30BAHNSA MEPHOWM MNOCYAOMN N NPOLECCOM TUTPOBAHUSA

MamepuanbHoe obecriedyeHue:

- CKNsiHKa ¢ nputepTon npobkon Ha 500 mn;

- cTakaH Ha 500 mn;

- MepHas konba Ha 200 mn;

- NUNeTKa Ansl A0BEOEHUS XUOKOCTU 40 METKY;

- KOHU4Yeckas Konba ans TuTposaHus Ha 100 mn;

- OUCTUNNUPOBAHHAas BOAA B MPOMbIBANIKE UM yCTaHOBKA C OUCTUNNMPOBAHHOWN
BOOOMN;

- BropeTka Co CTEKNSAHHbIM KPaHOM M BOPOHKA K HEMW;

- nuneTka Ha 10 mm;

- MEPHbIN UMnHApP Ha 25-50 mn;

- YyacoBoe CTeKNo (btoKe);

- lwnartens;

- BCnomMoraTtesbHble MaTepuansl (Boga AUCTUNNIMPOBaHHAsA, NONOTEHLE, MbISIO);

- BOPOHKa;

- ONEKTPONNNTKA;
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- acbecToBas ceTka;

- aHanNUTU4eCcKne BeCbl 0OLLErO NOMb30BaHUS;

- TexHnyeckne Becbl BJTK obLiero nonb3oBaHus;
- okcanat HaTpust Naz2C204;

- 2 H pacTBop cepHon kucrnoTbl HaSO4;

- nepmaHraHaT kanus KMnOa.

Ucnonb3yemble ucmoyHuku: [2], [3].

OpeaHu3sauyus u memoduKa 8bInosiHeHUs1 pabomal:

Mpn nonb3oBaHUM OBHOPETKOM HYXHO MOMHUTb, YTO YKPennaTb ee B LTaTuBe
cnefyeT CTPOro BepTukanbHO. [1py KaxxgomMm TUTPOBaHUKU 3anonHATL BopeTKy 40 HYNeBoro
aeneHus. lNepen TUTpoOBaHWEM onpenennTb LeHy aeneHus 6ropeTku, obbem ee Kannw.
3anonHUTbL HOCUK BOpPEeTKM Tak, YTOBLI He BbINO Ny3bIPbKOB BO3ayxa. [pu 3anonHeHun 4o
HYNEeBOro AeneHust HyXXHo, 4YToObl rna3 Obin Ha ypoOBHE 4YepTbl. TUTpOBaHWE BECTU
MeAJSIeHHO, No Kannsm. B cnyyae ¢ nepmaHraHaToM Kanusi caenaTtb YCTaHOBKY Ha HYINb U
OTCYETbl fy4lle BECTU He MO MEHUCKY, a MO BEPXHEWN KONbLEBOW rpaHuue pactBopa.
MOMHUTbL, YTO OTCYETbl HE OOSMKHbI OTAMYaTbLCA ApPYyr OT Apyra 6onee 4yem Ha 0,05 mn, B
NPOTUBHOM Crlydae TUTpOBaHWEe NOBTOPUTL. [og konby Ans TUTpoBaHMUSA NONOXUTL Benbin
nncT dymarw.

MpakTMyeckoe BbiNONHeHNne paboThl

1) MNpueomosums ucxo0HbIl pacmeop okcanama Hampus Na2C204 6 obbeme 200
M 0,1 H KOHUeHmpauuu.

PaccuuTtatb HaBecKy okcanarta HaTpuda no goopmyne:

m=3-N-V/1000.

"pamMM-3kBMBaANEHT (ONa:C,0,) HANTU U3 YPaBHEHUS peaKkUnn TUTPOBAHUS:

2KMnOg4 + 5NazC204 + 8H2S04=2MnSO4+ 10CO, + K2SO4 + 5 NaxSO4 + 8H20

9Na:c.0,= M/ n,

roe M — monekynapHas macca;

N — 4nNCnNo NepexoasLmnX ANIEKTPOHOB MO SNEKTPOHHOMY GanaHcy:

2 Mn™*+5& — Mn?*

5110 [C204% — 28 — 2CO°.

OTBecuTb Ha TapuMpoBaHHOM 4YacoBoM cTekne (Giokce) npu  nNoMoLUM

TEXHOXMMUYECKNX BECOB, a 3aTeM aHanuTudecknx BecoB. BctaButb B ropnio YMCTOM

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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MepHOMN Konbbl eMKOCTb 200 M HEBOMbLUYIO YNCTYH BOPOHKY C OKOPOYEHHBIM KOHYMKOM
n cOpocuTb B3BELUEHHYIO HABECKY Yepe3 BOPOHKY B MepPHyt konby. BopoHKy n yacoBoe
ctekno (6rokc) obMbITb CTpyen Boabl. Ha cnonackuBaHue BOPOHKM mspacxogoBatb 100—
150 mn gnctunnmpoBaHHon Boabl. [JoGUTLCA NONTHOrO pacTBOPEHNSA HaBeCKN, B3banTbIBas
Konby KkpyroobpasHbiM1 ABWXKEHUSMU, Npu HeobxoanmMocTn nogorpeTb. JonuTb pacTBop
ANCTUNNMPOBAHHOM BOAOW TakK, YTOObl MEHUCK ero Haxoausics Ha 0,5 cMm Huxe meTKu. MNpun
NOMOLLM NUMNETKN SONUTb NO KanmsiMm BOAY, MOKA HWXHSAS YaCcTb MEHMUCKa He COMbeTCH C
MeTKoW. [NepemelwaTb cogepXnmMoe Konbbl B TeHeHne 3—5 MUHYT.

Paccumtatb No B3BELIEHHOW HaBECKe oKkcarata HaTpusi HopManbHOCTb U TUTP MO
dopmynam:

N=m-1000/V-3; T=N-3/1000,

maim T=m/V; N=T-1000/ Q.

2) NMpuazomosume 0,1 H pacmeop nepmaHzaHama Kasus 8 obbeme 500 mr.

Paccuntatb HaBecKy nepmaHraHaTa Kkanus no popmyne:

m=3-N-V/1000.

"pamm-akBMBaneHT (3kmno,) HANTN aHaNOrM4Ho.

PaccunTtaHHylo HaBecKy B3BECUTb Ha TEXHOXMMMUYECKUX Becax Ha TapuvpOBaHHOM
4YacoBOM CTekne (btokce) n nepeHecTn B ctakaH emkocTbio 500 mn. PactBoputb B 100 mn
NPOKUMAYEHHON N OXNaXOEeHHOW OUCTUNNNMPOBAHHOM BOAbl, CNUTb PacTBOP B YUCTYIO
TEMHYIO CKNsHKY. B crtakaH cHoBa npubaButb 100 mn Bogbl. [lonydeHHbI pacTBop
AEKaHTUPYIOT B CKIISAHKY. Tak pacTBopsATb 40 TexX nNop, noka He 6yaeTt mnapacxogosaHo 500
Mn Bodbl. CKMSIHKY C pacTBOPOM OCTaBUTb Ha Hefento. 3a 3TO Bpems nepmaHraHat
OKUCIUT BCe CryvarHble oOpraHuyeckue npuMmecu, codepxawuecs B Bode, a
obpasoBaBLUMecs ABYOKNCb MapraHua MnO2 ocageT Ha AHO CKMASIHKW. XpaHUTb B TEMHOM
MecTe.

3) YcmaHoska mumpa pacmeopa rnepmaHzaHama Kasiusi Mo okcanamy Hampusi
(cmaHOapmu3sayusi pacmeopa rnepMmaHzaHama Karsusl)

[MpurotoBNeHHbIN pacTBOpP MNepmaHraHata kKanus CcnnTb C ocagka. bropeTky
3anoNHUTb MPUroTOBMNEHHBIM PacTBOPOM NepMaHraHaTta. 3anofHUTb HOCUK N YCTaHOBUTb
YpOBEHb pacTBOpa MepmMaHraHata Ha Honb. B koHuyeckyio konby ans TUTpoBaHWUSA
OTMepuUTb 12 M1 2 H pacTBOpa CEPHON KUCNOTbI, HAarpeTb NoYTn 4O KuneHus. B ropsaumin
pacTtBop nepeHecTtn nuneTkon 10 mn pacTBopa okcanarta HaTpus N NPOBECTU TUTPOBAHKE.

MepBoe TUTPOBaHME MOXHO MpoBecTU rpybo, npunueas M3 GropeTkn cpasy no 0,5 mn, B

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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uensax 3KoHoOMUM BpeMeHW. B npouecce TUTpoBaHUA AOMNOMHUTENBHO nogorpeBaTb
TUTPYEMbIA pacTBOP. Tak NPOBECTU TPU TOYHbIX TUTPOBAHUA, YTODObI pesynbTaTbl KX
oTnn4anucb Opyr oT gpyra He 6onee 4em Ha 0,05 mn.

Bbluncnute cpegHun obbem nepmaHraHarta, noweawui Ha TUTpoBaHwe (Cymma
Tpex pes3ynbTaTtoB TUTPOBAHUSA, AeneHHaa Ha Tpu). Ha ocHoBaHuM cpefHero pesynbTarta
HaWTX HOPMaIibHOCTb NepMaHraHaTa Kanusi no gopmyrne (3aKoH 3KBMBAreHTOB):

V1/ V2= N2/ Nx.

Hantn TuTp ero no xeneay:

Tkmno./ Fe = 2-3k8 Fe - Nxmno, / 1000.

CodepxkaHue u rnopsi0okK 8birnosiHeHuUs1 pabomei:

1 O3HaKOMUTbLCS C OpraHn3aunen n MeToauKon BbINONTHEHNSA paboThbl.

2 MonyunTb y NnabopaHTa KOMNMEKT NOCYAbl N PeaKTUBbI.

3 BbinonHuTb nabopaTtopHble nccnefoBaHust U HeobXxoanMble pacyeThbl.
4 CpenaTb BbIBOA NO pe3ynbratam nabopaTopHbIX UCCnegoBaHUN.

5 OTBETUTb Ha KOHTPOSbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHoi paboThbl

Llenb paboTbl

OTyeT 0 BbINOSIHEHUN PabOThI

HaTtbl u noanucy oby4aroLerocs v npenogasartens

KoHmporsibHbie 80npochi:

1 MOXHO nn nNpuUroToBUTb pabounin pacTBOp nepmMaHraHata Kanusi TOYHOW
KOHLEHTpaumn no HaBecke?

2 Kak XxpaHuTb pacTBOp NepmaHraHaTa Kanus?

3 Kakve ncxoaHble BelecTBa NPUMEHSAOTCA NS YCTAaHOBKU TUTpa nNepMaHraHata
Kanua?

4 KakoBbl TpeboBaHUA K MICXOOQHbLIM BELLECTBAM?

5 HasBatb uHOuKaTOp MeToda nepmaHraHatoMmeTpum. Ha yem OCHOBaHO ero
WHOMKaTOPHOE CBONCTBO?

6 [nsa kakon uenu npmbaBnsAT CEPHYH KACIOTY Npu TUTPOBAHMM OKcanaTta HaTpus

nepmMaHraHaTom?

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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7 I'quemy npu TUTPOBaHNN OKCaJlaTa HAaTpUA NnepmMaHraHaTomM Kasima HepBbIVI Kanmnn
pactBopa nMnepMaHraHata Karnua obecneunBaloTCcss MeaOneHHO, a B AdalnbHeunwem
NMpPaKTU4eCcKn MFHOBEHHO?

8 Kak paccynTaTtb HOPMaJIbHOCTb MepMaHraHata Kalimda nocrne TUTpoBaHUA UM

okcanaTa HaTpus?

Na6opaTtopHoe 3aHaATHME NeNe 21-22. NpurotoBneHne paboumx pacTtBopoB
TMocynbdgarta HaTpusi, Buxpomara Kanus, noga. YctaHoBKa TUTpa U HOPMarnbHOCTHU
TMocynbdarta HaTpus No BMXxpomaTty Kanus, ycTaHOBKa TUTPa U HOPManbHOCTU

noaa no TMocynbdgaTty HaTpus

Llenb pabomei:

MpurotoBneHne paboyero pactBopa Ouxpomarta Kanusi, NPUrOTOBIEHUE
NpnBNN3NTENBHON KOHLEHTPaL MK pacTBOPOB TMOCYNbdaTta u rhnoaa.

YcTaHOBKa TUTpa M HOpManbHOCTU TUOCymnbdata HaTpus no GuxpomaTy Kanus,
yCTaHOBKa TUTpa M HOPMAasrbHOCTM Moda MO TuOCynbdaTty HaTpusa (CTaHgapTM3aums
pacTBOpOB).

3akpenneHne HaBbIKOB NOMb30BaHNS MEPHOWM MNOCYA0M M NPOLECCOM TUTPOBAHUS

MamepuanbHoe obecrieyeHue:

- CKNsiHKa C nputepTon Npobkon 13 TemHoro crtekna Ha 500 mn;

- cTakaH Ha 200 mn;

- MepHagd konba Ha 100, 250, 500 mn;

- KOHUYeckas Konba ans TMTpoeaHus Ha 250 mn;

- BropeTka 1 BOPOHKA K HEMW;

- nuneTka Ha 10 mm;

- MEPHbIN UMMHApP Ha 25-50 mn;

- YacoBOe CTEKII0 Unu BIoKC;

- wnaTensb;

- BCnomMoraTtesnbHble MaTepuansl (Boga AUCTUNNMPOBAHHAsA, NONOTEHLE, MbISO);
- aHanUTU4ecKne N TeXHOXMMUYECKne Bechbl obLLEero Nofb30BaHUS;
- KpuctannuaaTtop AN CNUBHbBIX BOL;

- BOPOHKa;

- buxpomart kanma K2Cr207;

- TBepAbin kapboHaTt HaTpust Na2COs;
LokymeHm ynpasnsgemcsi npoepammHbiMu cpedcmeamu 1C: Konnedx
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- TBepAbIv Tocynbdat HaTpua NaxS>03 - 5H20;

- TBepabii noaua kanus Kl;

- X.4. BeLecTso lz;

- 0,1 H pacTBop 1hoaa lz;

- 0,1 H pacTtBOp THOCynbmaTta HaTpusa Na2S>03 - 5H20;
- 0,1 H pacTBOp Buxpomata kanus KoCr207;

- 2 H pacTBOp cepHom KMcnoTbl HaSO4;

- 5-10 % pacteop noguaa kanus Kil;

- pacTBOp Kpaxmarna.

Ucnonb3yemble ucmoyHuku: [2], [3].

OpeaHu3sauyus u memoduKa 8bInosiHeHUs1 pabomal:

Onepauun npurotoBneHnss paboyero pactBopa OumxpomaTa kanus MNOAOOHbI
NPUroTOBNEHNIO oKkcanaTa HaTpus (cMm. paboTty NeNe 16—17). buxpomat kanus aBngeTcs
CWIbHbIM OKMCNUTENEM, B3BELUMBATb €ro Hy)XHO B OlOKCE OCTOPOXHO, He paccbinasi.
MpurotoBneHne paboyvero pactBopa Moga MpPOBOAMTbL W3 MpenapaTta X.4. BellecTsa.
B3Becutb HaBeckKy 1ofa B BloKCe U pacTBOPUTb B KOHLEHTPUPOBAHHOM pacTBoOpe moamnaa
Kanua Tak, 4Tobbl He OocTaBanoCb HepacTBOPUMbIX KPUCTannuKoB noda. Npu xpaHeHuu
pacTBOPOB MOAa Hemnb3s 3aKpbliBaTb MOCYAY KOPKOBbIMU UMW Pe3NHOBbLIMM Npobkamu, a
TONbKO CTEKNsIHHbIMWU. PacTBop Tuocynb(arta HaTpus XpaHuTb B OyTbifike U3 TEMHOro
CTEeKNna, 3aKpbiTOM NPoOKon, CHabXeHHOW TpPyOKOM C HATPOHHOM W3BECTbLIO, T.K. €ro
KOHLIEHTpaUMs U3MEHSIETCH U3-3a Hannuus B pacTBope TUoBakTepun 1 yrinekncrnoro rasa.

Mpn yctaHoBKe TUTpa paboymx pacTBOPOB HYXXHO MNPaBUIbHO MOMb30BATLCS
GropeTkon, nuneTkon (cMm. pabotbl NeNe 10-11).

Mpn ycTaHoBKe TUTpa TUoCcynbdaTa HaTpus 6Ouxpomatom B peakuuio C
TMocynbaTtom BCTynaeT nog ¢ obpasoBaHMEM TeTpaTuoHaTa HaTpus. B ocHoBe nexar
ABe peakuumu:

K2Cr207 + 6Kl +7H2S04 = Cr2 (SO4)3 + 3l2 + 4K2S04 + 7H20

2NazS203 +l2 = NaS406 + 2Nal.

NHoukaTop pacTBop kpaxmana [o0aBnsiTb B KOHLE TUTPOBAaHWUS, Korga pacTBOp
CTAHOBUTCSI CBETMO-XENTbIM, NpW 3TOM pacTBOp npuobpeTaeT CuMHee OKpaluvBaHue.
TuTpoBaTb [0 WMCYE3HOBEHWUS CUHEN OKpacku pacTtBopa. OTMepsTb CEpHYK KUCNOTY

MEPHbLIM LIUMUHAPOM.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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MpakTnyeckoe BbiNONHeHNe paboThbl

1) Npuazomoesums 0,1 H pacmeop buxpomama Kanusi 8 obveme 100 mr.
Paccuntatb HaBecky buxpomarta kanus no gopmyre

m=3 N-V/1000.

paMm-3KBMBANEHT HAUTK U3 YpaBHEHNSA peakuuun:

KoCr207 + 6Kl + 7H2SO4 = Cra(S04)3 + 312 + 4K2S04 + 7H20

1 2Crb* + 66 = 2Cr3*

316 21— 2e = I»°.

BaBecutb pacCcynTaHHyrO HaBECKYy B Orokce npn nomMown TeXHOXMMUYEeCKnXx, a

3aTeM aHanuMTU4ecKnx BecOB, MepeHecTu B MepHyw kornby Ha 100 mn. PactBopuTb B
HebOobLWOM KONn4ecTse ANCTUNIMPOBAHHOW BOAbI, A0BECTM 06beM pacTBopa 4O METKM B
konbe. TwartenbHoO nepemMewaTb. PaccuyntaTtb HOPManbHOCTb U TUTP MPUrOTOBIIEHHOMO
pacTtBopa buxpomaTa Kanus:

T=m/V;

N=T-1000/ 3.

2) lNMpuezomosumb 500 mn 0,1 H pacmeopa muocynbgama Hampusi NazS203 - -
5H20

PaccuuTtatb HaBecKy TMocyribdarta HaTpua no popmyrne:

m=3-N-V/1000.

['(paMmM-3KBMBANIEHT HAUTUN N3 YpaBHEHWUN:

2Na>S,03 + |2 = NaxS406 + 2Nal

1
1

2
2

2S,03%2— 2& = S406%

.0 +26& =2I.

B3Becutb paccuMTaHHyl0 HaBecKy TuocyrnbdaTta HaTpus Ha TEXHOXUMMUYECKUX
Becax. lNepeHecTn B MepHyto konby Ha 500 mn, pacTBOpPUTbL B CBEXEMNPOKUNAYEHHOWN Y
OXNaXXAEHHON ANCTUNNMPOBaHHOM Boae. PacTBop AOBECTM OO0 METKM B konbe n nepenntb
B CKMSAHKY M3 TEMHOro CTEKNa, 3akpbiTyld NpobKon, CHaGXeHHOW TpyOKOW C HaTPOHHOWM
n3BecTtblo. B pactBop Tmocynbdata HaTtpmua npubasutb 0,05 r cogbl NaxCOs, anga Toro
4yTObbl TMOCYNb(aT HaTpPUA He pearnpoBan C PacTBOPEHHOW OBYOKWCbIO yrrnepoga mno
ypaBHEHMIO

NaxS203+ H,O + CO2=NaHCO3 + NapHSO3 +|S.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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CO,D,a CBA3bIBaAE€T MOHbLI BOOOpPOAAa U3 erﬂbHOl?l KNCIOTbI
Na2xCOs+ CO2 + H2O = NaHCO:s.
ﬂ,06aBJ'IeHMe CoAbl NO3BOJIAET yCTaHaBliMBaTb TUTP Tmocyﬂb(baTa HaTpua yxe Ha

,D,pyroﬁ OEeHb Nnocrie npuroToBrieHnA ero.

3) lNpueomosumse pacmeop toda 0,1 H KOHUeHmMpayuu 8 obreme 250 mri.

PaccuntaTb HaBecky oaa 1 B3BeCUTb B BGIOKCE HA TEXHOXMMNYECKUX Becax:

m,=39-V-N/1000 =126,9 - 0,1 - 250/ 1000 = 3,175 .

3,=126,9-2/2=126,9.

BaBelweHHyo HaBecky roaa 3,175 r pacTBOpuUTb B pacTBope noguga kanuma (6 r Ha
10 mn BoAbl) 1 obwmM obbeM JoBeCTU AUCTUANUPoBaHHOM Bogon Ao 250 mn. PacTtBop

nepesyinTb B CKIMAHKY N3 TEMHOIO CTeEKna C I'IpI/ITepTOIZ CTEKNAHHOW I'IpO6KOIZ.

4) YcmaHoeKka mumpa pacmeopa muocyrnbthama Hampusi no buxpomamy Kasus
(cmaHOapmu3ayusi pacmeopa muocyrnbghama Hampus).

BlopeTky 3anonHUTL pacTBOpoM Tuocynbdata HaTpuda. B konby ons tutpoBaHus
BNMTb nocnegosatenbHo 8 mn 5-10 % pacTtBopa moamaa kanus, 12 mn 2 H cepHon
kncnotbl n 10 Mn NPUMroToBNEHHOro pacTtBopa buxpomarta kanua. Cmecb nepemeluarb,
AaTtb noctoaTb 3—-5 MUHYT B TemHoTe, pasbaButb 40 Mn OUCTUNNMPOBaHHOW BOAbI.
BoligenuBluniica 1Moa OTTUTpPOBaTb pPacTBOPOM Tuocynbdata HaTpusi cHadana 6es
WHOMKaTOpa OO CBETNO-XenTon okpackn. 3atem pgobasutb 1-2 MmN kpaxmana wu
NPOLOMKUTL TUTPOBAHME TUOCYNbaTOM OO0 MCYE3HOBEHUSI CMHEW OKpacKu pactBopa.
Bcnencteue o6GpasosaHus uoHoB Cr3* pacTtBop npuobpetaeT crierka 3eneHoBatylo
OKpacky.

TuTpoBaHMe NMPOBECTU YeTblpe pasa, paccunmTaTb cpeaHuin obbem TuocynbdaTta,
NCNONb30BaHHOIO Ansi TUTpOoBaHus. HanTn HopManbHOCTb TUoOCyrbdaTa HaTpus (3aKkoH
9KBMBANEHTOB):

VNa28203 / VKzCrzO7 = NKZCI’207/ NN323203
TNa»S:05 = ONasS:05* NNass,05 /1000.

5) YcmaHoska mumpa pacmeopa Uola N0 muocynbghamy  Hampus
(cmaHOlapmu3ayusi pacmeopa 1io0a)

BiopeTky 3anonHuTb paboymMm pacTtBOpoM TuocynbdaTta HaTtpus. B konby ans
TuTpoBaHna otmeputb 10 mMn pactBopa noaa, pas3baBuTb Takmm xe 0O6beMOM BOAbI.

LokymeHm yripasnsiemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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OttutpoBath paboyMm pacTBOpPOM TUOCynb(ata [0 NOSBMEHUA CBETMO-XENToro
okpawwmBaHusa. [obaBuTb 1-2 Kkannu pacTBopa Kpaxmana W AoTuTpoBaTb OO
obecLBeuYnBaHusa pacTeopa.

TuTpoBaHMe NPOBECTU 4YeThblpe pasa, paccuntatb cpeaHun obbem TuocynbdaTa.
HaliTn HopManbHOCTb MoAa No 3aKOHY 3KBMBANEHTOB:

N1, = NNa:s,05 * VNa:s:05/ Viz

Ti. =31 N1,/1000.

CodepxxaHue u rnopsi0okK 8bInosiHeHuUs1 pabomai:

1 O3HaKOMUTLCS C OpraHm3aumen U METOANKOWN BbINOSHEHUST paboThbl.

2 MNony4nTb y nabopaHTa KOMMMAEKT NOCYAbl N peaKkTUBbI.

3 BbinonHnTb NnabopaTtopHble MCCneaoBaHUs U HEOOXOANMbIE pacyeThl.
4 CpenaTb BbIBOA MO pesynbTtaTtam labopaTopHbIX UCCegoBaHUMN.

5 OTBETUTL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne nabopatopHoin paboThbl
Llenb paboTbl

OT4eT 0 BbINOMAHEHMN paboThl

HaTtbl n noanucu obyyaroLerocs 1 npenogaBaTtens

KoHmporsibHbie 80npochi:

1 YkasaTb OCHOBHble paboyne pacTBopbl MeETOAA NOAOMETPUM.

2 [Insa Kakow uenu rotoB4aT B nogomMeTpum paboynin pacteop buxpomata kanus?

3 Yemy paBeH rpaMmM-3KBMBareHT BuxpomaTta Kanus B peakumm ¢ noanaom kanms?

4 YTto ny4lle B3ATb B Ka4ecTBe pacTBOPUTENSA — BOAY UM pacTBOp noavaa Kanus —
npu NpuUroToeneHnn paboyero pacteopa roga n nodemy?

5 Bcerpa nu cootBetctByeT dopmyne NaxS>03 - 5H2O xumuyeckuii coctas
Tnocynbdara HaTpua?

6 Kakve wncxogHble BellecTBa NPUMEHSAOTCA ONs YCTAHOBKM TUTpa pacTsopa
Tnocynbdara HaTpua?

7 MNepevncnuTb YCnoBUA XpaHeHUst pacTBOPOB TUOCYbMaTa un noga.

8 Kak onpegensitoT HopMarnbHOCTb PacTBOPOB TUOCYNbghaTa HaTpusa 1 hoaa?
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9 Tlo4yemy npu noOOOMETPUYECKOM OMpefeneHun okKucnutTenen wvoaua Kanus
nob6aBnsaoT B 30bITKE?
10 KakoBbl yCnoBua NpUMeEHeHUs1 MHanKaTopa B NogoMeTpun?

11 YTO Takoe «TUTpOBaHME METOAOM 3aMeELLEHNA» ?

4.4 MeToabl ocaXaeHUs1 U KOMMeKcoobpazoBaHus

NabopaTtopHoe 3aHaATHE N2 23. OnpeaeneHue coaepXxaHuUs xropuaa HaTpus B
TeXHUYECKOM obpa3Lie NoBapeHHOW COSIM MeTOAOM NUNETUPOBAHUSA U OTAESbHbIX
HaBeCOK

Llenb pabomei:

WccneposaHue pacTBopa Ha NPOLEHTHOE coaiepkaHne xnopuaa HaTpus

MamepuanbHoe obecriedeHue:

- CKMsiHKa C NnputepTon Npobkon 13 TemHoro crtekna Ha 500 mn;

- cTakaH Ha 200 mn;

- MepHagd konba Ha 200 mn;

- KOHMYeckas konba ans TutpoBaHma Ha 100 mn;

- BropeTKa 1 BOPOHKa K HEW;

- nuneTka Ha 10, 25 mn;

- MEPHbIV UunNuHAp Ha 25-50 mr;

- YacoBOe CTEKINO unu B61oKc;

- lwnartenb;

- BCrnomMoraTtesibHble MaTepuansl (Boga AUCTUNNMPOBaAHHAsA, NONOTEHLE, MbISIO);
- aHaNUTUYECKNE N TEXHOXUMUYECKMNE BECHI OBLLIErO NOSTb30BaHUS;
- KpuctannuaaTtop AN CNUBHbIX BOZ;

- 0,05 H pacTtBop HUTpaTa cepebpa AgNOs3;

- obpasey ons aHanuaa xnopuaa Hatpusa NaCl (TexH.);

- 10 % pacTtBop xpomarta kanusa KoCrOa.

Ucnonb3yembie ucmoyHuku: [2], [3].

OpeaHu3auyusi u Memoduka 8bINosIHEHUST pabombi:

CobnogaTb Bce ycnoBusi paboTbl ¢ HUTpaToM cepebpa (cMm. paboTy Ne 22 n 23).

To4HO B3BECUTb Ha aHaNUTUYECKNX Becax TexXHMYeckuin obpasel xropuaa HaTpus
N NpaBWIbHO NEPEHECTN B MEPHYIO KONBY (CcM. npeabigylime paboThbl).

MpakTnyeckoe BbINONHEHNE paboThl
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1) Paccyumamb Hagecky xsiopuda Hampusi Ons aHanu3a, ucxoos u3 0,05 H
pacmeopa u obrema 200 M.
mnac; = 3naci - Nnacy - V' / 1000.

2) B3sewusaHue HagecKku U mumposgaHue rpuaomossieHHo20 pacmeopa xsopuoda
Hampusi

B3Becutb paccunTaHHyto HaBeCKy Ha TapupoBaHHOM YacCOBOM CTEKe unu B 6rokce
(NnpeaBapuTenbHO B3BECUTb HA TEXHMYECKMX, 3aTEM Ha aHanuMTMyeckux Becax). Maccy
3aHEeCTM B JaHHble aHanunsa.

B mepHyto konby Ha 200 mn BCTaBUTb BOPOHKY M OCTOPOXXHO CCbiNaTb HaBECKy C
YacoBoro crekna (6rkca), CMbIB OCTaTKM COnMv OUCTUNNIMPOBaHHOW Bogon. PacTtBoputb
NnepeHeceHHyl0 HaBecKy xnopuga HaTpus u obwmun obbem pacTBopa AOBECTM A0 METKMW.
TwartenbHO nepemellatb. bropeTky 3anonHuTe paboynm pacTtBopomM HUTpaTa cepebpa. B
konby aons TutpoBaHust oTmepuTb 10 Mn nccnegyemoro pacteopa u 1 Mn xpomaTa Kanwms.
OttutpoBatb HuTpaTOoM cepebpa B npucyTcTBuM «cBuaetens» (cm. paboty Ne 23).
TuTtpoBaHue noBTOpUTbL 3—4 pasa.

Peakunn apreHToMeTpruyeckoro TUTPOBaHUSA:

AgNO3 + NaCl = AgCl| + NaNOs3

2AgNO3 + KoCrOs4 = Ag2CrOs) + 2KNO:s.

BaxHbIM ycnoBvem B apreHTOMeTpu4ecKOM TUTPOBaHUW SABMSETCH cobniogeHue
ypoBHA pH = 7 (HenTpanbHas cpefa). B kucnbix cpegax (pH<7) xpomaTt nepexoauTt B
Ouxpomart, KoTopbini obpasyeT ¢ Ag® KpacHbI OcadoK, pacTBOpMMbIA B Kucnote. B
LLIeNIoOYHOM cpefie TUTPOBaHWE HEBO3MOXHO NOTOMY, 4YTO ByaeT Bbinagatb 6enbin ocagok
okcmaa cepebpa:

2Ag* + 20H = Ag20| + H20.

TutpoBaHme Bcerga BeayT oT ranoreHmaa kK AgNOs (T.e. ranoreHug TUTPYHOT
pactBopom AgNO3, a He HaobopoT), TOMbKO MPU TAKOM YCIOBUU KUPMUYHO-KPACHbLIN

ocagok Ag2CrO4 06pasyeTcs B TOUKE SKBUBANIEHTHOCTMW.

3) Pacuem pe3ynbmamos aHarnu3a
Tagnos/ Naci = Onaci - Nagnos / 1000.
HaBecka cogepXuT m Naci:
m naci = Tagnos/Naci - V1 -V / V2,

ede V1 — 0bbem HuTpaTa cepebpa, noweaLwero Ha TUTPOBaAHMUE;
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V2 — 06BbeM uccnegyemoro pactesopa, B3ATOro Ha TUTPOBaHUE;

V — 06bem NpuUroToBMNEHHOrO pacTBopa Xnopuaa HaTpus.
lMpoueHTHOE coaepxaHue xnopuaa HaTpus B npobe, %:

mnac; - 100/ Mhrasecku,

roe mwac; — Macca xfiopuga HaTpusl B HaBECKE;

Mhagecku — Macca HaBECKW, B3ATOW AN1s1 UCCNeaoBaHUS.
CodepxxaHue u rnopsi0ok 8bInosiHeHuUs1 pabome:
1 O3HaKOMUTLCS C OpraHm3aumen U METOANKOWN BbINOSHEHUST paboThbl.
2 MNony4ntb y nabopaHTa KOMMMAEKT NOCYAbl N peaKkTUBbI.
3 BbinonHnTb NnabopatopHble MCCneaoBaHUs U HEOOXOANMbIE pacyeThl.
4 CpenaTb BbIBOA MO pesynbTtaTtam flabopaTopHbIX UCCegoBaHUMN.

5 OTBETUTL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboTbl
Llenb paboTbl

OT4eT 0 BbINOMAHEHMN PabOoThI

HaTtbl n noanucu obyyaroLierocs 1 npenogaBaTtens

KoHmporsnbHbie 80rpochi:
1 Kak paccuntaTtb TUTp HUTpaTa cepebpa no xnopuay HaTpua?
2 Kak BeCTu npoLecc TUTpOBaHWs Npu onpeaeneHmm xnopmaos metogom Mopa?

3 B yeM CyLLUHOCTb NPUMEHEHNSA XpoMaTa Kanus Kak nHgmkatopa B metoge Mopa?
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