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BBegeHue

MeTtoanyeckoe nocobue kK nabopaToOpHbIM 3aHATUSIM COCTaBEHO B COOTBETCTBUM C
paboyen nporpammon ancumninunHel EH.01 «Xnumus».

Pabouen nporpammon ancumninHel NpegycMoTpeHo 44 akageMmnyecknx yaca ans
npoBeaeHnst NabopaTopHbIX 3aHATUN, N3 HUX:

-ana 1-2 pasgenoB No cneunanbHOCTM NpeaycMoTpeHo 14 akagemMudecknx Yacos
Ha npoBefeHne 7 nabopaToOpHbIX 3aHATUMN;

- ona 3-4 pasgenos otBegeHo 30 akageMmyeckux 4acoB Ha nposefeHune 15
nabopaTopHbIX 3aHATUN.

Llenbto  npoBegeHus  nabopaTopHbIX  3aHATUA  SIBRISIETCA  3aKkpensneHue
TEOpeTUYECKNX 3HaHWK, oTpaboTka NpMemMoB M NpUOBpeTeHne HeobXOO4MMbIX HaBbIKOB
nabopaTopHbIX  UCCreaoBaHWUN. JTabopaTopHbIN NpaKkTUKyMm HanpasneH Ha
CTUMYIMpPOBaHNE MO3HaBaTENbHOIO WHTEpeca OOy4alolmMXca W OpPUEeHTUPOBaH Ha
OyayLuyto NpodeCcCUoHanbHy AeATENbHOCTD.

Mepen npoBegeHnem nabopaTOpHOro 3aHATUS  oby4darowmecs  o0b6s3aHbl
npopabotatb COOTBETCTBYHOLWNA MaTepuan, YACHUTb Lefb 3aHATUSA, O3HaKOMUTbCHA C
coaepXaHnem 1 nocnenoBaTeNnbHOCTbIO €ro NPpoBeAeHUs, a NnpenofaBaTeflb — NPOBEPUTL
MX 3HaHMS WU TOTOBHOCTb K BbINOSIHEHUIO PaboThbl, MPOBECTU MHCTPYKTaX MO TEeXHMKe
BGesonacHoCTW.

JTabopaTopHble 3aHATUSA BbINOMNHAKTCSA B 060pyaoBaHHON nabopaTopum XMMUW.
Ona BbiNONHeHWA nabopaTopHOro 3aHATMS yyebHasa rpynna pasbuBaetca Ha [fBe
nogrpynnsl (no 12—-15 4yenosek). PaboTa BbinonHaeTca oby4arowmMmmca nHanBnayanbHoO 1
CaMoOCTOATENbHO. HekoTopble OnbiTbl MOrYT ObiTb BbIHECEHbI Ha LOEMOHCTPALMOHHBIN
9KCMNEPUMEHT.

lMepea BbINONHEHMEM NepBOro nabopaTtopHOro 3aHATMS MPOBOAUTCA BBOAHbIV
WHCTPYKTaX MO TexHUKe GesonacHocTM Ans ydawmxca o6 obwmx npaBunax paboTbl U
nosegeHnss B nabopatopum Mo crneuuanbHONM WMHCTpyKumMn. OTMeTka O npoBedeHMM
BBOAHOIO MHCTPYKTaXa no TexHuke 6e30nacHOCTM fenaeTcsl B cneunanbHOM XXypHane
noA poCnuChb yyalumxcs.

Mpn nogrotoBke K nabopaTopHOMYy 3aHATUIO npenogasaTens M nabopaHT
NpPOBEPSOT UCNPaBHOCTL HeobxogMmoro obopyaoBaHMs U KOMMEKToBaHMe paboyero

MeCTa y4vallerocs.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Mocne BbINOMHEHMSA ONbiTa 06yYaloLWMACA OOIMKEH 3anucaTth pesynbTaT UCNbITaHUS
C npuBeAeHNEM HeobXoauMblx Tabnuu, ypaBHEHUN peakuun U pacdeTHbIX dopmyn. B
KOHLle oTyeTa no nabopaTtopHOMY 3aHATUIO OBy4YaloLWMINCH AOMMKEH caenaTth 3aknioveHve
(BbIBOL), COMOCTaBMB OMbITHble [JaHHble C TeopeTUdecKUMU BblKragkamu, Co
CrNpaBoOYHbIMU AAHHLIMMU.

3anucy genatTcsa NTAaKOHUYHO U akKypaTHO B cneuuwanbHoOW TeTpaau, Tabnuubl v
rpacoukn — KapaHgallom.

B npouecce BbinonHeHus nabopaToOpHOro 3aHATUA Heobxoanmo pasBuBaTb
no3HaBaTeNbHbIi UHTEPEC, CaMOCTOATENbHOCTb oOby4vatowierocs, obpawaTb ocoboe
BHMMaHWE Ha WHTErpatuMBHbIA NpUHUMN B OOy4eHuu, NpuBMBaATbL CTyAeHTaM YMeHue
TWaTenbHO BbINOMHATL paboTy, 6GepexHOo OTHOCUTbCS K nabopaTopHOM nocyge wu
npubopam, 3KOHOMHO pacxofoBaTb peakTuBbl, CTPOro cobnogate Mepbl 6e3onacHOCTH
npu paboTte B nabopaTtopumn, paumoHanbHO UCNosib3oBaTb paboyee Bpems.

KoHTponb 1 oueHka  3HaHWW, oby4yarwuxcd, OOMKHbl  NPOBOAUTLCS
CUCTEMATUYECKM NOCIe U3YYeHUS KaXXaon TeMbl npeameTta. OTO AOSMKHO OCYLLECTBNATLCS
nyTem poHTanbHOro U MHAMBUAYaNbHOro ONpoca, TeECTUPOBaHUS, 3aLMTON KOHTPOSBHOWN
3aja4m no pesynbTataMm cobecefoBaHus BO BpeMs nabopaTtopHbix paboT. Npu oueHke
nabopatopHon paboTbl YyYNTLIBAKOTCA TEXHMKA €€ BbINOSIHEHUSA, Ka4yecTBO OopMIeHns
nabopaTopHOro XypHana, TOYHOCTb pe3ynbTaToB aHanmaa.

B nocnegHwe rogbl B cucTteMe cpefHero npodeccuoHanbHOro obpasoBaHus
LWMPOKO CTan MCNonNb30oBaTbCA TECTOBbIN KOHTPOSMb. Ero nonynspHocTb obycrnoBneHa
MHOMMMU NPUYMHAMN KakK coaepXaTenbHOro, Tak U TexHonorndeckoro xapakrtepa. Cioga
MOXHO OTHECTW BblAeneHne B coAepXaHuum yy4yebHOro npeameTra MHBaApPUAHTHOW YacTu
yCBOEHMUS, KoTopasi obsa3aTenbHa Ang obyyarowerocs, U BHeCEHUS B y4ebHble nporpamMmmbl
BapuaTUBHOINO KOMMOHEHTA, MO3BOMSOWEr0 pasBmBaTb CMNOCOOHOCTU CTYAEHTOB, WX
no3HaBaTeNbHbIN 1 NPOdECCUOHANBHLIN MHTEPEC. TECTOBLIN KOHTPOSb MOXeET ObicTpee,
YyemM TPagWUUOHHbBIA, MPOBEPUTb 3HAHUSA CTYOEHTOB, NPOCT AN OUEHMBaHUA B
COBpPEMEHHOM cucteme obpaboTkn MHopMaLMn 1, Kak NpaBusio, aenseTcsa oba3aTernbHON
COCTaBHOWM YacTbH HOBbIX NeAarorn4eckux TEXHOMOMMNA.

Mocne kaxpgoro nabopaTopHOro 3aHATUS npoBoauTCcA 3adeT. Ha 3avete
o0yYaloLNNCAa OOSMKEH: 3HATb TEOPWUI0 MO [AHHOW TeMme; MOSCHUTb, Kak MpOBOAMTCS
nabopaTopHbIN JKCMEPUMEHT; YMETb NpoaHanuanpoBaTb MNOSyYEeHHble pe3ynbTaTthl (B
COOTBETCTBUMN C OCHOBHbIMW TpebOBaAHUAMM K 3HAHMAM U YMEHUSIM MO OaHHOW Teme

paboyen nporpammbl).
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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B pesynbTaTe ocBoeHusi MaTepuana no nabopaTtopHbiM pabotam y obyyaromxcs
dopmupytoTcs  crnepylolmMe KOMMETeHUMU: B pesynbTaTe OCBOEHWs MaTepuana no

nabopaTtopHbIM 3aHATUAM Y oBydatowmxces oopmupyeTcs obiasa komneTeHums - OK 01.

PA3LOEN 1 ®DUSNYECKAA XUMUA
1.1 ArperaTtHble COCTOSIHUA BellecTBa

INNabopatopHoe 3aHATHEe Ne 1. OnpeneneHne NOBepPXHOCTHOIO HaTAXXeHUA
XNUAKOCTH
Llenb pabomei:

O3HakoMUTbCA ¢ MeToAamMm onpegeneHna NnoBepxXHOCTHOroO HaTAXXeHUA XUOKOCTEN

MamepuarnbHoe obecrnedyeHue:

aHalrimTn4ecKkmne Bechl,

pa3sHOBECHI;

OlOKCbI;

cTanarMomeTpbl (KanenbHuLbl);

Boda ANCTUNITNPOBaHHAA,

nuccrnegyemble XUOKOCTU (OeH30n, rMuuepuH, 3TUMOBbIA  CNUPT, aueToH,
pacTUTeENbHOE Macro u ap.).

Ucnonb3yembie ucmoyHuku: [1]

Teopemuyeckasi Hacmb:

[MOBEPXHOCTHBIM HaTshkeHMem obnagalT TONbKO XuAKocTU. [loBEepXHOCTHOE
HaTskeHne — 3To paboTa No yBenn4eHMo NOBEPXHOCTM XKUAKOCTH.

MpunynHom oB6pa3oBaHMsi MOBEPXHOCTHOIO HATSXKEHUS SBMSIETCA MEXMOSIEKYSIPHOE
B3anmogenctame. Monekyna BepxHero crnosi XXUaKocTn BTArMBaeTCsl cunamm npuTsSKeHus
CO CTOPOHbl MOSEKYN BHYTPb XWOKOCTWU, MO3TOMY MOBEPXHOCTb XWOKOCTU Bcerga
CTPEMUTCHA COKpaTUTbCA. Hanuume B NOBEPXHOCTHOM CIOE MOMEKYN XWOKOCTU C
HEKOMMEHCUPOBAHHbIMM CUNaMn MNPUBOAUT K CO34aHUK0 M3ObITOYHOM MNOBEPXHOCTHOW
3Hepruun, KotTopasi Takke CTPEMUTCSH YMEHbLUUTBCA.

CyuwectByeT 605bLIOE YACO METOLOB onpeneneHns NOBEPXHOCTHOIO HaTSHXKEeHUS.
Hanbonee pacnpocTpaHeHbl cTanarMoMeTpudeckun meton (MeTon cveTa Kanenb) u
mMeToA HambornbLUero AaBrneHns ra3oBbiX My3bIPbKOB.

CranarmMoMeTpuyecknin MeTog HETOYEH, HO MPUMEHSETCHA YacTo U3-3a NPOCTOThI U
OblCcTpOTbl onpefeneHnsa. MeTog 3aknyaeTcd B OnpedernieHMM  MaccChbl  Kannw,

BbITeKaI-OLLI,eI;I 13 Kanunnsapa. B mowmeHT OTpblBa MacCa Karjim rnpeonornieBaloT cuiy
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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NOBEPXHOCTHOIO HaTAXeHUA, KOToOpoe yaepXmBaeT KarnJiio Ha KoHue K&I'II/IJ'IJ'IFIpHOVI pr6KI/I.
Yem 6onblie kanns, Tem donblue NOBEPXHOCTHOE HAaTAXEHUNE. 3Hasi YnMcno kanenb BoAbl U
MCCﬂeﬂ,yeMOVI XNOKOCTU N X MaccCbl, NOBEPXHOCTHOE HaTAXXeHne Mccnenyemoﬁ XNOKOCTH

0, H/M, BblMUCNAOT NO popmyre
01=02(M1—mg) - n2/(m2—mg) - N1, (1)

roe o7 — MNOBEPXHOCTHOE HaTshKeHWe nccrenyemMomn XXUAKOCTU, H/M;
02 — TOBEPXHOCTHOE HaTsXXeHue OUCTUNNIMPOBAHHOM BOAbl, paBHoe 72,75
H/M;
mo — macca nycrtoro 6rokca, T;
m+— Macca BroKca ¢ uccrnegyemom XnakocTtblo, T;
my — macca 6rkca ¢ ANCTUNNMPOBAHHOM BOAOW, T;
M1 — YNUCIOo Kanenb UCcCreayemMon XXUAKOCTU, LWT.;

M2 — YUCIO Kanenb AUCTUNIIMPOBAHHOW BOAbI, LUT.

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTLCSH C TEOPETMYECKOM YaCTbHO.

2 lMonyuntb y NnabopaHTa obpasew uccregyemMomn XUaKoCcTu.

3 BbinonHntb nabopaTtopHoe nccrnegoBaHue:

3.1 OnbIT 1. MeToa cyeTa Kanensb.

BaBecuTb Ha aHanMTMYeCKMx Becax cyxomn Owkc (mg), otcumtatb 50-100 kanenb
nccneayemMomn XXMaKocTn u CHoBa B3BECUTL (m1).

3aMeHUTb UccrnegyemMyro XUAKoCTb AnctunnuposaHHon Bogoun (50-100 kanens) u
CHOBa B3BECUTb (My).

[Ona nonyyeHna 6onee TOYHOro peaynbrtata nabopaToOpHOro 3KCnepuMeHTa
Heobxoaumo cTporo cobniogaTe nNpasBuna B3BELUMBAHUSA Ha aHanUTUYECKUX Becax W
aKKypaTHOCTb B NpoOBeAEeHUN OMbiTa, UCMNOSb3ys TOMbKO CyXOW OIOKC U He3arps3HeHHbIN
Kanunnsip KkanenbHULbI.

4 PaccuyuTaTb MOBEPXHOCTHOE HaTsXKeHUe UccreayemMon XuOKoCcTU no opmyne
(1).

5 CoenaTtb BbiBOAbI MO pe3ynbTaTaM nabopaTtopHOro nccrnegoBaHus:

5.1 cpaBHUTb pa3mep Kanersnb UCCreayeMOn XXUAKOCTU U BOAbI;

5.2 06bACHUTB pasnuune B pasMmepax C TOYKM 3PEHUSI MOBEPXHOCTHOIO HATSXXEHWS;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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5.3 nonyyeHHbI pe3ynbTaT CONOCTaBUTb CO CNPaBOYHbIMU LAHHBIMMU.
6 OTBETUTb Ha KOHTPOSbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboTbl

Llenb pabomsbi

Ncenenyembin obpasel, XKUakocTu

OTyeT 0 BbINOMHEHUN PabOoThI

[aTbl n nognucu o6yl-|arou.|,er009| U npenogaBartesnd

KoHmpornbHble 80rpocsi:

1 Uem onpepensaoTca CBOMCTBA BELLECTB B PasfnMYHbIX arperaTHbIX COCTOSAHUAX?

2 Kakne pusnyeckune ycrnoBus HasbliBatoTCS HOpManbHbIMN?

3 Yto Takoe wupeanbHbii U peanbHbI rasbl? [Npy KaknMx YCrnoBMsIX CBOWCTBA
peanbHOro rasa npubnmxarTcs K CBOMCTBAM MAEANbHOMO?

4 Y710 NOHMMAIOT Nog, CKMxKeHneM rasa? [NpoMblLLIEHHOE NPUMEHEHKE.

5 CBoncTBa XNOKoCcTu: NOBEPXHOCTHOE HaTSXKeHUe, BA3KOCTb, TEKYYeCTb, KUNeHune,
ncnapexue.

6 UTo aBnaeTca Mepon NOBEPXHOCTHOMO HATSXKEHUS XXNOKOCTUN?

7 Kakve thaktopbl BANSIOT HA BA3KOCTb XNOKOCTN?

8 B yeM OCHOBHOE pasnnyne B CTPOEHUM KPUCTANINYECKNX U aMOPdHbIX Ten?

9 MNnaeneHne n cybnuvaums Teepabix Ten. B yem cyTb ABNeHUN?

1.2 OCHOBbI XMMWYECKOW TepMOAMHAMMKU, TEPMOXUMUM U XUMUYECKOW
KUHETUKMN

Na6opartopHoe 3aHATME N2 2 OnpeaeneHue TennoBoro accekra XMMNYeCKnxX
peakuun. TennoBble ABMEHUA NMPU pacTBOPEHUN

Llenb pabomei:

O3HakoMUTBLCA C TENNOBLIMU 3PheKTamMmM NpU pacTBOPEHUM Pa3fNYHbIX BELLECTB

MamepuanbHoe obecrieyeHue:

- TeXHUYEeCKue BeChl;

- pasHoBECHI;

- Xnmu4yeckume ctakaHbol Ha 50-100 mn;

- MepHble umnmnHapbl Ha 25-50 mn;

- TEepMOMETpbI;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- UMHKOBas (MarHueBas) nbifb;
- Me[HbI Kyrnopoc;

- Xrnopwug HaTpus;

- edKnn HaTp;

- HMTpaT aMMOHMUS;

- BaTa;

- 4YacoBoOe CTeKIo;

- NaJioYKn CTEKIAHHbIE.

Hcnonb3yembie ucmoyHuku: [1]

Teopemuyeckasi Hacmab:

Tepmoxumna — pasgen U3n4eckon XuMum, u3yyvarowmin TennoBble 3PGEKTbI
XUMUYECKNX peakunin n nepexonbl BeLecTBa U3 OOHOro arperatHoro COCTOAHNA B Apyroe.
XnMmnyeckme peakuum CONpOBOXAAIOTCS BblAENEeHMEM (3K30TEPMUYECKUI MPOLIECC) UK
nornoweHnem (aHgoTepmmyeckmii npouecc) Tennotbl. OCHOBHLIM 3aKOHOM TEPMOXMMUU
ABMSeTCA 3akoH [ecca, a Takke ero crneacteue. 3anuUCb XUMUYECKOW peakuuum C
yKaszaHuem TennoBoro adekta (M ero 3Haka), HasblBalOT TEPMOXUMUYECKUM
ypaBHeHneM. TennoBon apdeKT BblipaxXaeTcs 00bIYHO B KMITOKANOPUAX U KUITOAXKOYNAX
(1 kkan = 4,184 k[x).

Mpouecc pacTBopeHns B BONbLUMHCTBE CrydaeB NpeacraBngeT cobon HanoxeHue
ABYX MpoueccoB: PU3NYECKOr0 U XUMUYECKOro, Tak Kak MpouCXoauT B3aumMoaeuncteue
YacTuL BeLlecTBa C pacTBOPUTENEM, U B TO XE BPEMS paBHOMEPHOE UX pacnpeneneHune
no Bcemy obbemy. PacTBopeHue rasoB, XUOKOCTEN U TBEPAbIX BELLECTB MPOTEKAET C
pasnuyHbIMM TENNOBLIMU APPeKTammn No 3Haky.

PactBopeHne TBepAdblX BELLECTB CKMaablBaeTCs W3 HECKOSbKMX MNPOLEeCCOoB,
KaXkObIN U3 KOTOPbIX COMPOBOXAAeTCA TennosbiM 3EKTOM:

1) paspyLueHne Kpuctannnyeckon peeTtkm —Q1;

2) npouecc conbBataumn +Qz;

3) npouecc andyanmn, HoO 3TOT IPGPEKT HACTONBKO Marl, YTO €ro He y4YuTbiBatoT.
Tennosoun appekT pacTBOpeHNa TBEPAOro Tena onpenensaercsa anredbpanyeckon cymmomn
ABYX 3HaYEHUN.

CodepxaHue u nopsidok 8bINnosIHEHUST pabombi:

1 O3HaKOMUTBCA C TEOPETUYECKOM YacCTbHO.

2 BbInonHuTb NabopaTopHble nccnefoBaHus:
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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2.1 OnbIT 1. OnpeageneHne Tennosoro adpdekTa, 3ameLLeHns mean n3 pacteopa ee
CONU LIMHKOM (MarHuem).

B3BecbTe Ha TexHMYecKnx Becax S5 r medHoro Kynopoca um pacrtsopute B 50 mn
BOObl B CTakaHe C Tennousonduuen (Baton). 3amepbTe W 3anuwimMte TemnepaTypy
nosly4eHHoro pacteopa. BosbmuTe 1 r UMHKOBOW MNbIIM M BbICbINbTE €€ B pPacTBOp
cynbata mean. PasmeluanTte pacTBOp CTEKNAHHOM nanoydkon. [Npn nomowm TepMmomMeTpa
onpeaenuTe MakcumarnbHyK TemnepaTtypy pacteBopa. KonnyectBo BblgenmBLLETOCA Npwu
peakuuu Tenna paccuMtante no opmyrne:

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

roe: Mzn, Mcuso4, MH20 — MAcca COOTBETCTBEHHO LMHKA (MarHus), cynbdaTta meam
N BOAbI;
At — n3MeHeHne TemnepaTypbl pacteopa, °C;
C — yaenbHas TennoemkocTb, [k/(kr - K), paBHas npubnnanTtenbHo eanHuLE.
MMonyyeHHbIN pesynbTaT nepecymtanTe Ha 1 r-aTom UMHKA (MarHus) 1 3anuwmTte

TEPMOXMMUNYHECKOE YpaBHEHNE AaHHoM peakunn.

OnbIT 2 TennoBbie ABMEHUS MPU PaCcTBOPEHUMN.

B TpuM nNpoHyMepoBaHHbIX CTakaHa Haneute no 25 mn Bogbl. WMamepbTte
TemnepaTtypy Boabl. B3BecbTe Ha Becax no 10 r noBapeHHOW COMnW, a30THOKWUCIIOro
aMMOHMS1, €0KOro HaTpa. 3aTeM BbICbINbTE B 1-1 CTakaH NOBAPEHHYH COMb, BO 2-1 CTakaH
— A30THOKWUCNbIK aMMOHWUK, B 3-1 — e KNI HaTp.

PacTBopbl AaHHbIX BELLECTB SHEPIMYHO pa3MellanTe CTEKMSHHbIMK Manovkamm u
n3mepbTe TemnepaTypy MNOSyYeHHbIX pacTBOpPOB. Temnepatypa OyaeT M3MEHSATbCA MOo-
pasHoMy. O6bAcCHMTE Habnogaemble ABNEHUS.

3 CoenaTb BbiBOAbBI MO pe3ynbTaTtamMm nabopaTtopHbIX UCCreLOBaHUN.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHoi paboTbl
Llenb paboTbl

OT4eT 0 BbINONHEHUN paboThI

[aTbl 1 nognucy obyyatoLlerocs 1 npenogaeartens

KoHmporibHble 80rpocsi:

LIOKyMeHm yripaensiemcs npo2paMMHbIMU cpeocmeamu 1C: KOeox
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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1 YTto nsyyaet Tepmoxmumns’?

2 Y70 HasbiBaeTcs TeNnoBbiM 3PPEKTOM XUMUYECKOW peakumn? EgmHmubl
n3mMepeHus.

3 Kakne peakumn Ha3bIBaOTCS 9K30TEPMUYECKUMUN, SHOOTEPMUYECKUMU?

4 Yem oTNU4aOTCA XMMUYECKNE YPaBHEHUS OT TEPMOXMMUYECKNX?

5 Kak cbopmynunpytotcs 3akoH 'ecca u ero cnegcrasne?

6 B yeMm cyLHOCTb npoLecca pacTBOPEHUS TBEPAbIX BELLECTB?

7 Kakune Tennosble siBfeHUs NMPOUCXoOAT Npu paCTBOpeHI/II/I?

JTa6opaTtopHoe 3aHATHME N2 3 OnpeageneHne CKOPOCTU XMMUYECKNX peaKLMn.
daKTopbl, BNUAKOLWME HA CKOPOCTb XMMUYECKUX peaKkuumn
Llenb pabomei:
M3yunTb CKOPOCTb M MEXaHU3M XMMWUYECKMX peaKkumn, akTopbl, BAUAKOLLME Ha
CKOPOCTb XMMUYECKNX peaKLmm
MamepuarnbHoe obecriedyeHue:

BoasiHaA 6aHs;

NnnTKa aneKkTpuyeckas;
- rpagyvpoBaHHble Npobupku Ha 20-25 mn, konba Ha 100 mn;

- TEPMOMETPbI;

- 0,1 M Naz2S20s3;

- 0,1 M H2SOyq;

- 0,1 M 1 koHueHTpupoBaHHbI pacteop FeCls;

- 0,1 M n koHueHTpupoBaHHbI pacTtBop NH4SCN (pogaHug aMMoHus);

- kpuctannuyecknin NH4Cl (xnopua ammoHus);

NanoYkn CTEKISAHHbIE.

Ucnonb3yembie ucmoyHuku: [1]

Teopemuyeckasi Hacmhb:

XnumMumyeckass KMHeTUKa n3y4yaeT CKOPOCTb M MEXaHM3M XUMUYECKUX peakumn, a
TaKkKe BMMUSIHUE Ha HUX PasnnyHbIX (PaKTOPOB: MPUPOAbLI U KOHLEHTpauUn pearnpyromx
BeLLeCTB, TeMnepaTypbl, KaTann3aTopos un Ap.

Moo CKOpPOCTbID XMMUYECKOW peakuuu MOHUMAKT W3MEHEeHWe KOHUEeHTpauuu
OLHOr0 M3 pearvpyroLmnx BewecTB B €AUHULY BPEMEHU. OTO MOXET ObiTb UK OOHO U3
NCXOOHbIX BeLecTB, KOHUEHTpaumMsa KOTOpOro B npouecce peakuun yMeHbLUaeTCs, WUin

OOUH M3 obpasyllmnxca NpoayKTOB peakuun, KOHLEHTpaUWs KOTOPOro C TeYeHUeM

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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BpeEMEHN Bo3pacTaeT. 3aBMCMMOCTb CKOPOCTM peakumMm OT KOHLEHTpauuM BeLLeCTB B
XUMUYECKOW KUHETUKE BblpaXXaeTCs 3aKOHOM AENCTBYIOLLMX MACC: CKOPOCMb XUMUYecKoU
peakuyuu (npu T = const) nporopyuoHasibHa MpPoOU3BEOEHU KOHUeHmpauyuu
peazupyrowux eewecms, 839mbIX 8 CMEerneHu, pasHolU CcmexuoMempuyecKkomy
KoaghghuyueHmy, daHHO20 sewecmea 8 ypasHeHUU peakyuu.

3aBUCMMOCTb CKOPOCTU peakuum oT TemnepaTypbl onpeaensercs aMnMpuyeckum
npasunom BaHT-lodda: npu nosbiweHuu memnepamypbl Ha 10 epadycoe CKoOpoCcmb
Xumu4yeckou peaKyuu ysenu4dueaemcsi 8 2-4 pa3a. Takoe yBennyeHne CKOpoCTU peakumm
Henb3st OOBACHUTL TONBbKO YBENMYEHWEM 4YMCHA CTOSIKHOBEHWA Mexay MOreKynamm
pearvpyrolmnx BellecTB. AppeHUyC BrepBble BbiCKa3an npeanosiokeHme, 4Yto B
XUMUYECKOe B3auMMOAEWCTBME BCTYNalT TOSMbKO aKTUBHbIE  MOJIEKYMbl, MHaue,
obnagatome 3anacom n3bbITOYHON SHEPTUN — SHEPTUM aKTUBALIUN.

M3MeHeHne CKOpPOCTM XUMMUYECKOW peakumMuM nopg BIIUMSIHMEM KaTann3aTopoB
HasblBaeTCcs KaTanusaoM. MexaHusM [eWCTBMSA KaTanusaTopa CBOAUTCA K CHUKEHWUIO
9Heprmn aktmeBauuun. Katanmsatop OAMHAKOBO M3MEHSET SHeprun aktmBauumum npsMon u
obpaTHOM peaKkumn, HaxoasLLeENCa B paBHOBECUM.

HanpaBneHne cCMelWeHNss  XMMWYECKOr0  paBHOBECUMS  MPU  U3MEHEHUSAX
KOHUEeHTpaumn, TemnepaTypbl W [OaBfEeHUA MNOOYUHAETCA NPUHUUMNY  MOABMXHOIO
paBHoBecus (NpuHuunom Jle LWaTtenee): ecriu Ha cucmemy, Haxo0sWyCs 8 pagHo8eCcuUU,
g8030elicmeogameb U38He, USMEHSIS1 Kakoe-HUbyOb U3 ycriogul pagHo8ecus, mo 8 cucmeme
ycunumcss mo U3 HanpassfeHull rpouyecca, MmeyYeHue Komopoz2o ocrnabnsgem 3mo

so30elicmaue.

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsbi:

1 O3HaKOMUTBCHA C TEOPETUYECKOM YacCTblO.

2 BbInonHuTb NabopaTtopHble NCCneaoBaHus:

2.1 OnbiT 1. 3aBMCUMOCTb CKOPOCTU peakumm OT KOHLEHTpALUUW pearnpyromx
BELLECTB.

B Tpu npobupkn HanuTb:

B 1-t0 — 5 mn pacTtBopa runocynbguta n 10 mn Boabl;

BO 2-t0 — 10 mn pacTtBopa runocynbcuta n 5 Mn Boabl;

B 3-t0 — 15 Mn pacTteopa runocynbduTa HaTpus.

B kaxayto npobupky nobasuTtb No 5 M cepHon kucnoTel. Habnogas nossneHve

MYTHU, OTMETUTb BpeM4A B CEKYHOaX. Pe3yJ'IbTaTbI 3anncaTtb B Ta6nmuy 1.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Tabnuua 1
Howmep O6bem runocynbduta O6bem BoAbI, MI Bpewms, CkopocTb
npoBupKM HaTpus, Mn I c peakuun,
: ' u=1/T1
1
2
3

2.2 OnbIT 2. 3aBMCUMOCTb CKOPOCTb peakumm OT TemnepaTypsbl.

B Tpn npobupkn HanuTb No 5 mn runocynbduta Hatpud. [lobaButb B 1-t0 NpobupkKy
5 Mmn cepHown kncnotbl. OTMETUTb BPEMS NOSABMAEHUS MYTW.

OTtmenbHo HarpeTb Ha 10 rpagycoB Bbllle KOMHATHOWM TemnepaTypbl BTOPYHO
npobupky ¢ 5 mMn runocynbuta HaTpua 1M Npobupky ¢ 5 mn cepHon kucnotbl. Cnutb
pacTBOPbI 1 OTMETUTL BPEMS NOSABIIEHUSA MYTH.

MoBTOpUTL ONbIT, HarpeBas peakTuBbl Ha 20 rpagycoB Bbie KOMHATHOM
TemnepaTypbl U TakkKe 3aMepuTb BpeMS NOABNEHUS MYTW.

PesynbTaTtbl 3aHecTn B Tabnuuy 2.

Tabnuua 2
Homep Ob6bem Obwem Temneparypa, Bpewms, CkopocTb
KWUCNOThI, peakuuu,
Npodupku rmnocynbduTa, Mn oC T, ceK 2l
M1 u=1/1

1

2

3

2.3 OnbIT 3. Xnmmnyeckoe paBHOBECUE U €r0 CMeLLeHneE.

B kon6y Ha 100 mn BnueatoT no 20 mn 0,1 M FeCls n 0,1 M NH4SCN. Nony4eHHbIN
pacTBOpP KPaCHOro LBeTa pasnmBatoT B YETbIPE NPOHYMEPOBAHHLIE NPOOUPKN.

B 1-t0 npobupKy BHOCAT 1 MM KOHLEHTPMPOBAHHOIO pacTBopa XTOPHOro Xernesa;

BO 2-10 NpOBUPKY — 1 M KOHLEHTPUPOBAHHOIO pacTBopa pogaHUCTOro aMMOHMUS;

B 3-10 NPOBUPKY — HEMHOrO KPUCTanNIM4eckoro xnopunaa aMMOHMS.

PactBop B 4-11 npobupke OCTaBMnAT AN CPaBHEHWS.

Mpobupkn TWaTenbHO nepemeluMBaloT KU HabnogarT 3a U3MEHEHMEM OKpacKu
pacTBOPOB, CpaBHMBAA C OKPACKOM pacTBopa B KOHTPOJSIbHOM Npodupke.

3anuwmTe, Kak M3MeHsieTca okpacka pacteopoB. Mcnonb3ysa npuHumn Jle Wartenbe,

06bACHUTE HabngaeMble U3MEHEHMS B UCCreayeMon 06paTtMon XMMMUYECKOWN peakLnn.

3 Hanucatb YpaBHEHNA XUMNYECKUX peaKLl,I/Iﬁ O5Aa BCeX OnbITOB N MaTeMaTnyeckoe

BblpaXXeHne KOHCTaHTbl paBHOBECUA ON1A CUCTEMbI B TPETbEM OMNbITE.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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4 CpenaTb BblBOAbI MO pesylibTatam na6opaToprlx nccrnegoBaHnin no Kaxaomy
onbITy, NpoaHarnn3npoBaB X C TEOPETUYHECKNMWN BblKIagKaMN.

5 OTBETUTb Ha KOHTPOJSIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHom paboTbl
Llenb pa6oTbl

OT4eT 0 BbINONHEHUN paboThI

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTtens

KoHmporsibHble 80rpochi:

1 YT0 NOHMMAIOT NOA CKOPOCTbIO XMMUYECKON peakummn? EguHnLbl namepeHuns.

2 HasoBuTe (hakTopbl, BANAIOLLME HA CKOPOCTb XMMUYECKON peakuuu.

3 3aBMCUMMOCTb CKOPOCTM peakuunm OT TemnepaTtypbl? dopmynupoBka W
MatemaTunyeckoe BbipaxeHune npasuna BaHTt-lNodda.

4 3aBUCUMMOCTb CKOPOCTW peakumm OT KOHUeHTpaumm? dopmynupoBka U
MaTeMaTunyeckoe BblpaXkeHne 3akoHa AenCTBUS Macc.

6 YTOo noHMMalOT noag XuMMYecKUm paBHoBecuMeM? [N Kakux peakumin OHO
xapakTepHo? ®opmynuposka npuHuuna Jle WaTtense.

7 YTto Has3bIBaOT KaTann3om u katanudatopomMm? Vx Buabl 1 xapaktepucTuka.

8 Uto Takoe epmeHTLI? B uyem 3aknoyaeTrcs cneumpuyHOCTb U YCroBUA UX

nencTena?
1.4 CBoncTBa pacTBOpPOB
Na6opartopHoe 3aHATME N2 4 OnpeageneHue pH cpeabl pasnMyHbIMKU

MeToAamMum.
Llenb pabomai:

Hay‘-II/ITbCFI onpenendrTb pH cpedbl pa3nM4HbiMn MeTogamMu

MamepuarnbHoe obecrieyeHue:

pH-meTp;

dapdopoBas vaLlka;

CTEeKNnAHHasA narno4yka,

nccnegyemble pacTBopbl;

yHUBepcanbHbli uHamnkatop MM (unu yHMBepcanbHas nHaukaTopHas 6ymara);

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- XMMU4YecKme ctakaHbl Ha 50 mn;

- BybepHble pacTBOpbI ANA KanMOpPOBKU U XpaHEHUS.

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckasi Yacmb:

BooopogHble WMOHbI  3aHMMalOT ocoboe MOoNnoXeHne cpean  Opyrmx MOHOB
BCNeACTBME WX BAUAHUSA Ha XO4 MHOMMX peakuun, npoTekawwmx B pacTteope. [ns
XapakTepuUCTMKN cpedbl MNONMb3ylTCA BOAOPOAHbIM  nokasatenem (pH), koTopbiv
BbIYUCAIAOT NO hopmyne

pH =—Ig cH*. (3)

Ons HenTpanbHol cpedbl cH* = 107 monb/n; pH = —1g107 = 7, B knCnbIX cpeaax
pH < 7, B weno4Hbix pH > 7.

Pasnuuatotr obwyro n akmusHyto KucriomHocmb. B pasbaBneHHbIX pacTBopax
CUNbHbIX KMUCIOT U LUENOYen, B KOTOPbIX CTENEHb auccoumaumm a = 1, KOHUEHTpauus
BOOOPOAHbIX (MM TMAPOKCUIBbHBLIX) MOHOB paBHa OOLLEN KOHLUEHTPaLMM KACTIOT.

B pacTtBopax cnabbix 3NeKTPONMTOB KOHLEHTPaUus MWMOHOB MeHbllue obuen
KOHLEHTpaumMm BellectBa W Mo mepe pasbaBneHus pactBopa npubnmxkaetrcs K Hew.
[Mo3TOMY KOHUEHTpaumMs BOOOPOAHLIX WMOHOB paBHa oOOLWeENn KOHueHTpaumnm (Co),
YMHOXXEHHOW Ha CTeNeHb Anccoumnaumm, T.e.

CH'=Co- Q. 4)

Tak Kak KMCNOTHble CBOMCTBa OOYCNOBMEHblI MPUCYTCTBMEM B pacTBOPE WOHOB
BOOOPOAA, B pacTBOpe crnabon KMCNOTbl TONbKO Ta €€ YacTb ABNSETCS aKTUBHOW, KOTopas
pacnanacb Ha MWOHbl. Takum o06pa3oMm, akTMBHAA KUCNOTHOCTb onpeaensieTcs
aKTUBHOCTbHIO (KOHLEHTpaLmen) BOAOPOAHbIX MOHOB U XxapakTepuayeTcs pH.

OanH mn3 cnocoboB onpegeneHns pH ocHoBaH Ha WCMNONb30BaAHUM BELLECTB-
WHOMKATOPOB, W3MEHSIIOLMX CBOK OKpacky B 3aBUCUMMOCTW OT CTEMEHW aKTUBHOW
KMCNOTHOCTM unu weno4dyHoctn. Mx nogbupatotT Takum obpasom, 4Ttobbl MHTEpBan
nepexoga oKpacku, pasnuMyYnMoro rnasom, BKMYan TO 3HayeHue pH, koTopoe pacTBop
AOIDKEH MMeTb B TOYKE 3KBMBANEHTHOCTW. Hanpumep, deHondTanemH MeHSieT CBOH
oKpacKy oT bGecuBeTHoOM 40 KpacHou B npegenax pH 8,0 — 9,8; meTnnosbIn KpacHbI — B
npegenax pH 4,2-6,3 n 1.4.

Cnocob onpegeneHnss KOHUEHTpaUUM WOHOB NO W3MEPEHWUO MOTEeHuuana

MOHOCENIEKTUBHOIO MeM6paHHOFO ANeKTpoaa Ha3blBakOT UOHomempueU.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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OTO0 npocton M yaobHbIM MeTond onpedeneHuss MHOMMX WMOHOB B pacTBOpE.
CoBpeMeHHble nNpubopbl Ansi NPsSAMOM MNOTEHUMOMETPUN HasbiBalOT uUoHomepamu. OHU
MOryT 6bITb MCMONb30BaHbl NPU HaNMYUM COOTBETCTBYIOLMX MHAMKATOPHbLIX 351EKTPOOO0B
AN onpeaeneHns pasHbiX MOHOB.

Kpome TOro, BCe COBpPEMEHHbIE MOHOMEpPLI ABNATCA U pH-mMeTpamu, T.e. uX
ncnonb3ywT W ansa onpegeneHnss pH pasHbix pacTtBOpoB. B HacTosiwee Bpewms
NPOMbILLITEHHOCTbLIO BbINYCKAOTCA MOpTaTUBHbIE MOHOMEpPbI (pH-MeTpbl), no3BonstoLmne
NPOBOANTL MOTEHUMOMETPUYECKME ONpeaeneHnsa pasHbiX BELECTB, Kak B nabopaTopusix,
Tak 1 B MONEBbIX YCIOBUSIX.

Hanbonee wupokoe nNpuMEHEHME Hawna npamMasi noTeHUMOMeTpus  Ons
onpegeneHnss pH pacTBOpoB C MCNOMb30BaAaHMEM CTEKNSIHHOro anektpoga. [lpwu
namMepeHun ¢ HUM pH-meTp HacTpamBatoT (rpagyvpytoT) no OydepHbiM pacTBopam C
N3BECTHbLIMW 3Ha4YeHnaAMM pH.

LLnpoko uncnonb3ylTcss yHUBEpPCanbHble WHOMKATOPbLI, NpeacTaBnstowme coboun
CMECb HECKOSTbKMX MHAMKATOPOB C pasfiMyHbIMKM MHTEpPBanamMm nepexona; MHOrOKpaTHO
N3MEHSIOLLME CBOK OKpacKy nMpu pasnuyHbix pH. OgHaKo MX MOXHO MCNOMb30BaTb NULLb
ANa NpubnmxkeHHbIX onpeaeneHnn atoro nokasaTtens. OObldHble M yHMBepcarsbHble
WHOMKaATOpPbl MOryT ObiTb B BuOe pacTBOPOB M B BMAE WHAMKATOpHOM Oymaru. K
YHMBEPCANbHOMY  MHAMKATOPY  npunaraetca  Tabnuua  UBETOB  MHAMKATOPA,
COOTBETCTBYHOLUMX oOnpefeneHHbiM 3HadeHnsm pH. [losBumBLIasca okpacka npu
CMeLllMBaHUN UccregyeMoro pactBopa C MHAMKATOPOM CpaBHMBaETCs C Tabnuuen
LBETOB.

CodepxaHue u nopssdok 8bINnoSIHEHUST pabombi:

1 O3HaKOMUTLCS C TEOPETUYECKON YacTbHO.

2 BbinonHuTb NabopaTtopHble NCCneaoBaHus:

2.1 OnbIT 1. Onpegenexne pH pacTBopa ¢ NOMOLLLIO YHUBEPCANbHOIO MHANKaTopa.
1-2 Mn uccnegyeMmoro pacrtBopa HanvBakT B papdopoByk0 4Yalky v npubasnsawT 1-2
Kannu yHMBepcanbHOro nHaukaTopa, CoaepXXmmoe pasmeLllnBatoT CTEKMSHHOM Nanoykon,
cnegs 3a okpackon pactsopa. Okpacky nHaukaTopa B pacTBOpe CpaBHMBAKOT C LIBETHOM
LWKanon Ha bymare yHMBepcanbHOro nHamkaTopa.

Q10T MeTog rpyobIn (ToyHoCTb 0,5 pH), HO AOBOMBHO BLICTPLIN.

Bnun3ok no BbINOMHEHUIO M TOYHOCTM MeTon onpegeneHns pH Cc nomoLbo

YHUBepcarnbHOW MHAMKaTOpPHOM BGymaru.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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2.2 OnbIT 2. CHUMKUTE C anektpoga pH-meTpa 3awuTHbLIM Konnadok. [lorpysute
ANEeKTpPo4 B uccnegyembint pactBop. Hu npu kakmx obCcTosaTenbCTBax He norpyxamte
anekTpoa 6onee yem Ha 5 cm. Cnerka nomellanTe anekTpoLOM aHanM3npyeMbli pacTBop,
noka He cTabnnunanpyrTca NokasaHusa Ha gucnnee.

[Ana nonyyeHWsa TOYHbIX MOKa3aHWW, Nepes TeM Kak Norpy3uTb 3MEeKTPOL4 B HOBbLIN
obpaseL, peKoMeHOyeTCH CNOSIOCHYTb ero uccrnegyemMbiM pacTBOPOM.

Mocne paboTbl anekTpod HeobBXO0ANMO BbIMbITb U XPaHUTb B 3aLMTHOM Kosinadke,
3arofiHEHHOM cneumanbHbIM PpacTBOPOM.

Hu B KoeM cry4ae He xpaHuTe 3nekTpo B ANCTUNNUPOBaHHOM Bode. cnonb3ynTte
ANSA 3TUX Lenen cneyunarnbHbl pacTBOp ANS XPaAHEHUST U MPOCTO OCTaBASINTE CYXUM.

3 CoenaTb BbIBOAbI MO pe3ynbTaTtaM nabopaTtopHbIX UCCreLOBaHWUN.

4 OTBETUTb Ha KOHTPOSIbHbIE BONPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopaTtopHom paboTbl

Llenb paboThl

OTyeT 0 BbINOMHEHUN paboThI

AaTbl n nognucm obyyatoLlerocs u npenogasartens

KoHmpornbHble 80rpocsi:

1 Ut0o XapakTepumsyeT BOOOPOAHbIN NOKasaTenb?

2 [1Ns Yero Hy>XHbl HOUKATOPbLI?

3 Kakue pactBopbl HasbiBatoTca 6ydepHbiMn? lMpuBegute npumepbl 6ydepHbIx
pacTBOPOB C N3BECTHbIMU 3Ha4YeHnsMn pH?

4 Kakue cyuiecTtBytoT cnocobbl onpegenenuns pH cpeabl?

5 B yeMm 3akntoyaeTcs nogrotoBka pH-meTpa k pabote?

6 Kak xpaHaT u ncnonbaytot pH-anekTpon?

1.4 CopOLUMOHHbIE Npouecchl

Na6opatopHoe 3aHATMEe Ne 5 AacopOums yKCYyCHOM KACTOTbI
aKTUBUPOBAHHbLIM yrfiem
Lenb pabombi:

N3yunTb siBneHne agcopbumm
MamepuarnsHoe obecriedeHue:
- TEXHU4YECKMe BECHI;

- pa3HOBECHI;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- MepHble UMnNuHApbI Ha 50 mn;

- kon6bl koHU4Yeckme Ha 100 mn;

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

- BOPOHKY;

- 0,1 H NaOH;

- aKTMBUPOBAHHbLIN Yrosb;

- 0,4 H CH3COOH,;

Boda ANCTUNINTNPOBaHHAA,

deHondgTaneuH;

PUnNbTPbl ByMaxHbIE;

CTYNKKM C NeCTnkKom.

Ucnonb3yembie ucmoyHuku: [1]

Teopemu4yeckasi Hacmab:

AsneHne agcopbumm 6bINo OTKPLITO pycckuM yyeHbiM T.E. JloBuuem B 1785 roay.
Mon adcopbuueti 06bIMHO NMOHMMAIOT NOrnoLeHNe OQHOro BewecTBa Apyrmm. BeluecTso,
Ha MNOBEPXHOCTU KOTOPOro npoucxoauT apcopdbumsa, HasbiBaetcsa adcopbeHmowm, a
BELLLEeCTBO, KOTOpoe nornowaercs, agcopbupyetcsa — adcopbmueom. Agcopbumsi moxeT
NPOUCXOANTb Ha rpaHuue pasgena cnegywwmx ¢as: XMAKOCTb - ras, XUMAKOCTb -
XNOKoCTb, TBEPOOE TENO - pacTBOp, TBEPAOE TeNO - ras. Bnepsbie agcopbumst ndyyanaco
Ha NOBEPXHOCTN TBepaoro agcopbeHTa.

MpuunHon agcopbumn ABNSETCA NOBEPXHOCTHAA SHEPrusi, CBOMCTBEHHAA KaXKOow
NOBEPXHOCTU, ABMNEHne agcopbumm ConpoBOXAAETCA YMEHbLUEHMEM NOBEPXHOCTU UK 3a
CYET CHUXEHUS MOBEPXHOCTHOIO HATSXXEHUS.

Apcopbuus 3aBMCUT OT NpUpOoAbl MNOrNOTUTENsT U MOrfoLaemMoro BeLlecTBa, OT
TemnepaTypbl, OT AaBNEHNA rasa UM KOHLEeHTpaLuumn pacTBOpOB.

3aBncuMocTb agcopobumn, A, MOMb/Kr, OT KOHUeHTpauuu (B obnactm cpegHen
KOHUEeHTpaumm agacopbvpyemMoro BewecTBa B pacTBOpe) Npu AaHHOW TemnepaTtype

BblpakaeTcsi SMNUMPUYECKUM YpaBHeHeM OpenHanmxa:

A=x/m, (9)

rge X — KoJin4ecTtBo a,u,cop6l/|pyeM0ro BeLllecTBa, MOJlb;

m — KOJIN4ECTBO B3ATOIO a,u,cop6eHTa, KT.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx



MO-43 02 15-EH.01.113 KMPK BIr'AP® ®I'60Y BO «KI'TY»

XUMUA | C.19/82

CodepxxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTBLCHA C TEOPETUYECKOM YacCTblO.

2 BbinonHuTb nabopatopHoe nuccnegoBaHue:

2.1 OnbIT 1. Aacopbumst yKCYCHOM KUCIOTbl aKTUBUPOBAHHbIM YrIiEM.

B natu npoHymepoBaHHbIX Konbax Ha 250 Mn roToBAT pacTBOPbI YKCYCHOW KMCMNOTbI
nytem pasbaBneHns WCXOOQHOro pacTBopa AUCTUNMPOBAHHOM BOAOW B CReAyHLnX

COOTHOLLUEHNAX, YKa3aHHbIX B Tabnuue 3.

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

HayanbHoe cogepxaHue yKCycHowm kucnotbl, Co, onpeaenstoT TutposaHnem 0,1 H
NaOH B npucyTtcTBun nugukatopa deHondTanemHa B konudectee 1-2 kanenb 4o cnaboro
pO30BOro LBeTa pacTtBopa, Heucyesawwero B TedeHne 30 cekyHa. [Ona dero
nepBoHa4vanbHO oTOMpatoT nuneTkon no 10 M KaXKaoro pacteopa KUCNOThl U MOMeLLaloT B
COOTBETCTBEHHO MPOHYMepoBaHHble KoNbbl Ha 100 mn. PesynbTaTbl TUTpOBaHUS AN
nocreayLlero pacyeTta KoHUeHTpaunm pactBopa YKCYCHOM KUCMOThI.

[anee B kaxagyt Konby ¢ octaBwmMmMca o6beMOM KucnoTbl B 30 Mn BHOcAT no 11
aKTUBUPOBAHHOIO Yyrnsa (npeaBapuTesibHO XOPOLWIO M3MESNbYEHHOrO B MOPOLUOK) WU
3akpbiBaloT npobkamu. OBpaTUTb BHUMAHME Ha TO, YTO HABECKWU YrNs NepeHoCAT BO BCe
Konbbl o0HogpemeHHo! B TeuyeHne 15-20 mmHyT B3GanTbiBalOT COOEPXMMOE BCEX KONb
nooyepeaHo.

Mocne aToro unbTPYKOT pacTBOpbl vepe3 OyMaxHble (UNbLTPbI B OTAESNbHbIE
KOHn4eckne konbbl Ha 250 mn. KonunyectBo agcopbupoBaHHOM KUCOTbI YriieM, MOXHO
y3HaTb, NpoaHann3npoBaB KOSIMYECTBO YKCYCHOM KUCMOTbl, OCTaBLUEeNCs B dounbTpaTe.
Ona atoro ot6epute no 10 mn kaxgoro dunbTpaTa B oTaernbHble konbbl Ha 100 mn n
otrtutpynte 0,1 H NaOH aHanorMyHo onpefeneHuio HayasrbHOro coaepXXaHusa YKCYCHOW
KMCNOTbl, NPOBOAUMOro A0 agcopbumn. PesynbTaTbl TUTPOBAHUSA Takke 3anuuiunTe.

HopmanbHyto KOHUEHTpaumio (HOpManbHOCTb) YKCYCHOM KUCNOTbl OO aacopbuuu,

Co, n nocne Hee, C, B Kaxxgomn konbe paccumtanTte no popmyne (3akoH 3KBMBANEHTOB):

Ck -Vk=Cuw - Vwy, (6)

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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roe Cy, Cy — HOPManbHOCTb KMCAOTbI U LWENOoYn, H (r-ake/n);
Vi, Vo — ob6bembl pacTBopa YKCYCHOW KMUCNOTbl U U3PacXOAOBaHHOW Ha

TUTPOBAHME LLIENOYN, MI1.

Onpepgenute konnyectBo aacopbUpoBaHHOM YKCYCHOW KUCIOThbl, X, B KaKgow
Konobe no pasHuue KoHueHTpaumn: X = Co— C.

KonunyecTtBo KMCnoThbl, nornoweHHon 1 r agcopbenTa (yrnsa) ns 30 mn ee pacrteopa,
X/m, Mmonb/r, onpegenaeTcsa no gopmyne:

x/m = (Co— C) 30/1000, (7)

roe m— macca akTMBMPOBAHHOIO Yrig, T.
PesynbTaTbl BblMMCNEHUIN 3aHECTH B Tabnmuy 4.

Tabnuuya 4
Homep konbbl Co C x=Co—C x/m

A WIN|—

3 Vicnonb3ys aaHHble onbiTa, MOCTPOUTL M30TEepMy aacopbumm, oTknaabiBasi No ocu
abcuucc 3HayeHme C, a No ocu opamHaT — KONMYeCTBO aacopbupoBaHHOM KUCNOTbl Ha 11
agcopbeHTa.

4 CpenaTb BbIBOA NO pesynbrartam nabopaTtopHOro nccnegoBaHnsi 0 3aBUCMMOCTU
agcopbunm oT KOHLEHTPaLUK pacTBOPEHHbIX BELLECTB.

5 OTBETUTb Ha KOHTPOJIbHbLIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopaTtopHon paboTbl
Llenb paboTbl

OT4eT 0 BbLINONHEHMN paboThI

[aTbl 1 nognucy obyyatoLlerocs 1 npenogaeartens

KoHmpornbHbIe 80rpochi:

1 Yto HasbiBaeTcsa agcopbumen n abcopbumen?

2 YTto Ha3biBaeTcsa agcopbeHToMm, agcopbTmBom?
3 B yem npuynHa agcopbumm? YpasHeHue 'mbbca.

4 Kakune Bngbl a,EI,COp6eHTOB CyLLI,eCTByI-OT? Nx npakTn4eckoe npnMmeHeHune.

LIoKymeHm yripasnsiemcs npogpaMMHbIMU cpedcmeamu 1C: Komneox
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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5 B 4em cyTb MoHOOGMeHHON agcopbunn, xpomaTtorpadumn?

6 KakoBo 3HayeHne aacopbLUMOHHbIX MPOLLECCOB AS1S NULLEBLIX TEXHOMOMMIN?

7 lMo4yemy npu HEKOTOPbIX MULLEBLIX OTPAaBIIEHUSIX PEKOMEHAYEeTCs NpUHMMaTb
TabneTkn akTMBMPOBAHHOIO yrna?

8 [1ns Kaknx uenemn ncnonb3yeTcs aacopbeHT cunukarens?

PA3AOEN 2. KONNOUOHAA XUMUA
2.2 T'nppohoBHbIe KonnonaHo-auUcNepcHble CUCTEMbI
Na6opartopHoe 3aHATME Ne 6. NMonyyeHue KONMONAHbLIX CUCTEM
Llenb pabomei:
OsHakomneHve C pasfMyHbIMWU MeTOAaMWU MOSTYYEHUS U OYMCTKU KOJMOUAHbIX
cuUcTem

MamepuanbHoe obecriedyeHue:

MEpHbIEe UMnmMHApbl Ha 25, 50 mn;

- Konobl KOHUYeckme, ctakaHbl Ha 100 mn;

- BOAA AUCTUNNUPOBaHHas;

- Nanoykm CTEKNSHHbIE;

- NANTKa aneKkTpuveckas;

- Npobupku, rpagympoBaHHbie Ha 20-25 mn;

- 0,1 M Na2S20s3;

- 2 % -Hbin pactBop FeCls;

- HacCbILWEHHbIN PacTBOP XENTON KPOBSAHOM COMK;

- 0,1 M H2SOyq;

- pacTBOp HuUTpaTta cepebpa;

- Bymara neprameHTHas unu uennodat.

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckasi Hacmab:

Tak kak KonmomgHble CUCTEMbl 3aHUMAKT MNPOMEXYTOYHOE MOSMIOXKEHNE MexXay
rpy6oamcnepcHbIMN 1 UICTUHHBIMK pacTBOpamMM, Nony4vaTb UX MOXHO KOHOEHCaUUOHHbIMU
nnbo ducnepaalyUoHHbIMU METO4AMM.

MeToap! ancneprmpoBaHus OCYyLLEeCTBNATCSA nyTem MeXaHN4ecKoro,
3MEKTPMUYECKOrO UNK YINbTPa3BYKOBOro ApobGneHns BELLECTB A0 pPa3MepPOB KOJMOUOHbIX

yacTtuy. Bce 3T meToabl TpebytoT 3aTpaThl 3HEPTUM U3BHE.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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KoHaeHcaumoHHble MeToabl AeNnAT Ha mandeckne n xummudeckme. ObLWmMM ansa HUX
ABNSAETCA NpoLecC BO3HWKHOBEHWA HOBOW (pasbl NyTEM COEOUHEHWS MOSEKyrl, MOHOB,
aTOMOB.

K ¢usuyeckum OTHOCAT MeTOo[ HenocpeAcTBEHHOM KOHAeHcauuuM MOonekyn
ncrnapsioLlerocsa BellectBa M MeTo4 3ameHbl pacTtBoputens. [lpu meToge 3ameHsbl
pacTBOpUTENSA pacTBOpUTESNb, B KOTOPOM BELLECTBO pacTBopsieTcs, obpasys UCTUHHBIN
pacTBOp, 3aMeHAEeTCH ANCNEePCUOHHON CPeaomn, B KOTOPOM 3TO BELLLECTBO HEPACTBOPUMO.

K xumuyeckum OTHOCAT MeTOAObl NOSNyYeHUs TPYAHOPACTBOPUMBLIX BeLecTB Mpu
PasNUYHbIX XUMUYECKNX peakunsax (rmaponns, oKMcneHne, 4BONHOM obMeH u T.4.).

Ocoboe mecTo npu Nony4YeHUn KONMONOHbIX CUCTEM 3aHUMaeT MeTo4 NenTusaumnm:
rnepexod ceexernpuaomossieHHo20 ocadka (KONMOMAHON CTENEeHW [OUCNEPCHOCTUN) 8
pacmeop. B aToM crniyyae He npoucxoauT U3MEHEHUA CTeneHun OUCNEePCHOCTU YacTul
ocajka, a TONbKO UX pa3beguHeHMe.

BakHbIMKW yCNOBUSMW NPU NOMYyYEHUM KONNOMAHBIX CUCTEM SBMAIOTCA:

1) ancnepcHasa asa He JOMmKHA B3auMO4eNCTBOBaThL C ANCMNEPCUOHHON Cpeaon;

2) [ormkHa ObITb JOCTUTHYTa onpeaeneHHas cTeneHb AUCNEPCHOCTY;

3) KOHUEHTpaLmm pacTBOPOB AOMKHbI ObITb MUHMMASTbHBIMMU;

4) npucyTcTBme ctabmununsaTopos, 00yCrnoBNMBatoLNX YCTONYMBOCTb CUCTEM.

Ouunctka KonnomaoB OT MPUCYTCTBYHOLUUX B HEM MOMEKYNSPHO-UOHHBIX NpuMecen
pacTBOPEHHbIX BeLlecTB HasblBaeTca Ouanu3oMm. [unanu3 OCHOBaH Ha pasHuue B
CKOpPOCTAX  AUPY3UM  UCTUHHO- U KONNTOMOHO-PACTBOPEHHbLIX BELWeCcTB 4Yepes
nonynpoHuuaemMyo neperopogky. B kavyectse nonynpoHUUaembIX Neperopofok, NoOMMMOo
XMBOTHbIX W pacTUTESIbHbIX MEePenoHOK, WCMNOMb3YyT WCKYCCTBEHHble MeMOpaHbl U3
uennodgaHa u neprameHTa.

CodepxxaHue u rnopsidok 8bIrnosiHeHuUs1 pabomsoi:

1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbHO.

2 BbinonHuTb NnabopaTtopHoOe nccnegoBaHue:

2.1 OnbIT 1. MNMonyyeHune 30na rmgpokcnaa xenesa.

B koHmn4eckon konde HarpeBalT 40 KuneHus 95 mn aunctunnmpoBaHHoW Boabl. He
CHMMas Konbbl, BbIKNOYAOT 000rpeB N HEDOMbLUOW CTPYEN BNUBAKOT B KUMSLLY BOOY 5
Mn 2 %-HOoro pactBopa Xxnopuaa xenesa [o 00pa3oBaHWA WHTEHCUBHOW KpacCHO-

KOPUYHEBOW OKPaCKW.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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O6pasyetca rvMapos3onb rmapokcuaa xenesa, CTabunmsmMpoBaHHbBIA  XNOPUOOM
xenesa. 3onb gomkeH bbITb COBEPLLUEHHO NpoO3padvHbiM B npoxoasiiem ceeTe. CocTaBbTe

ypaBHeHue peakuuun. Hanuwute popmyny muuensol.

2.2 OnbIT 2. MNMony4yeHune 3ona 6eprmnHCKON nasypu.

K 5 mMn 2 % -Horo pactBopa xrnopuaa xenesa npv nepemelumMsaHumn npunuearot 1
M HaCbILEHHOr0 pacTBopa XenTton KpoBsHOW conu. Bbinagaet ocagok 6GepnuvHckon
nasypu. Ha KOHYMKe CTEKISAHHOW Manoyky BHOCAT B kOnby C ANCTUNNMPOBAHHOW BOLOW
HeMHOro atoro ocagka. ObpasyeTcsa 30Mb sipKo-cuMHero upeta. CocTaBuTb ypaBHEHUE
peakumn. Hanuwwute  dopmyny  muuennbl  GEpnMHCKOM  nasypw,  y4uTbiBas

NpenMyLLECTBEHHYIO aacopbumio MHoroBaneHTHoro noHa [Fe(CN)e]*.

2.3 OnbIT 3. lNMony4yeHune 30n5 cepbl.
K 10 mn tunocynbgata HaTpus npubasButb 4 M pacTtBopa CEPHOM KUCHOThI.
Habntogaetcsa nosisneHne mytn. Obpasyetca 305b cepbl. COCTaBbTE YpaBHEHUE peakumn.

Hanunwwute popmyny muuennsl. Kakum nytem obpasyeTtcs 305b?

2.4 OnbIT 4. nanus 30ns rmgpokcuaa xeneaa.

B neprameHTHbIN MeLloYeK, CMNOXEHHbIN B BUAE KMACETa, HaneuTte ropavmin 305b
rTMOPOOKMCK XKenesa, nofiydeHHbin B 1  onbiTe. [lomectute ero B cocyd C
anctunnupoBaHHon Bogon. Yepes 10-12 MUHYT OTnenTe HEMHOro BOAbl, OMbIBAKOLLEN
MeLLoYek, B Npobupky n gobasbTe K HEM pacTBOP a30THOKUCNOro cepebpa. Hannume noxHa
xnopa obGHapyxuBaeTcss No cnabomy MNOMYTHEHWIO pacTBopa. HanuwuTe ypaBHeHue
peakumn. O6bsACHUTE, NOYEMY HE MPOUCXOOUT OKpalLUMBaHME 30S5IEM BOAbI, OMbIBAIOLLEN
MeLlo4vek? Ob6bsACHUTE NosiIBIEHME B ANCTUNNMPOBAHHOW BOAE MOHOB Xnopa.

3 CpenaTtb BbIBOAbI MO pe3ynbTataMm Kagoro rnabopaTopHOro uccregoBaHus u
onpeaenuTb MeTo Nosly4YeHns Konnovaa.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HanmeHoBaHue nabopaTtopHon paboTbl
Llenb paboThbl

OT4eT 0 BbINONHEHMN paboThI

NaTbl M nognucy obyyatoLerocs 1 npenogasartens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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KoHmporibHble 80rpochi:

1 UTo HasblBaeTcA OUCNEepCHOWM CUCTEMOW, AUCMEPCHOW (has3on, AUCNEPCUOHHOMN
cpepon?

2 Kakne npusHaku xapakTepHbl Ang ANCNepcHbIX cuctem?

3 Kak cBsi3aHa gucnepcHOCTb C pa3MepoM YacTtuu?

4 Kakve gucnepcHble CUCTEMbl OTHOCATCS K KONNOUAHBIM?

5 Kakumun metogamu nonyyatoT KONNongHble CUCTEMbI?

6 KakoBa cyTb METOA0B OYUCTKN KONMOUAHBIX PAaCTBOPOB: Ananns, anekrpoguanus,
ynbTpadpunbTpaumnsa?

7 YTO UCNOnb3ylT B Ka4ecTBe NOMyNpPOHULIAEMbIX NEPErOPOAOK?

8 Kak 3aBMCcUT ckopoCTb Andpdpyanm oT pasmepa yactmy?

9 KakoBbl MECTO 1" pOJib KOJINMOUOHbLIX CUCTEM B npupoae 1 I'IpaKTVIKe?

2.5 CTpyKTypOoOOpa3oBaHMe B KONOAHbIX CUCTEMAX
INTa6opaTtopHoe 3aHATMEe Ne 7 HabyxaHue nonumeposB
Llenb pabomei:
N3yuntb siBneHne HabyxaHua nonvMMepa U BRMSIHWE 3MEKTPONIMTOB Ha npouecc

cTygHeobpasoBaHus

MamepuarnbHoe obecriedeHue:
- wraTtme ans npobupok;

- rpagyvpoBaHHble NPOBUPKN ¢ NPUTEPTLIMK NPoBKamMu Ha 15 mn;
- HWUTW PE3MHOBBbIE;

- XXenaTuH Cyxou (NOPOLLOK);

- 6eH30on nnn 6eHsunH;

- BOAA ANCTUNINPOBaHHas;

- 0,1 HNa2S0gy;

- 0,1 H H2SOq4;

- 0,1 H NaCl;

- 0,1 H HCI;

- 0,1 H NaOH;

- TPYOKMN CTEKNSAHHbIE;

- MNariovKn CTeEKNAHHbIE.

Ucnonb3yemblie ucmoyHuku: [1]
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Teopemuyeckasi Hacmab:

HabyxaHue — camMOnpou3BOSbHbLIN MNPOLECC MOrMOWEHNS BbICOKOMOMEKYNAPHbLIM
BewectBoM (BMC) HM3KOMONEKYNSAPHOW >KWUAKOCTWU, COMPOBOXOAKLWMNCA yBerMYyeHneMm
ero maccol n obbema. HabyxaHne — nsbmparenoHoe sBneHue, T.e. NonMMepbl CNOCOOHbI
HabyxaTb B TeX XWOKOCTSX, KOTOpPble MO OTHOLIEHUIO K HUM CriykaT pacTBOpUTENAMMU,
HanpuMep, XenaTuH, arap-arap HabyxalT B BOAe, Kay4yK, pe3vHa — B yrneBogopOaHbIX
xngkoctax. [lpu aTtom pasnuyaloT gBa Buaa HabyxaHuss — HeorpaHuW4YeHHoe W
OorpaHn4eHHoe.

CmyOHU — CTPYKTYpPUPOBaHHbIE CUCTEMbLI, Monyyvyaemble M3 pactsopoB BMC, B
OTnMumne oT renen, obpasoBaHHbIX U3 KONNOMAHBLIX pacTBOpPOB. CTyQHM MOXHO Nofy4vaTth 1
B pesynbTaTe orpaHuMdeHHoro HabyxaHus. lNMpuynHa 3acTygHeBaHust (KenaTMHUPOBaHUS,
reneobpasoBaHns) COCTOUT B BOSHUKHOBEHUWN CBA3EN MeXAy MOSMEKynamu (4actmuamm) un
NOCTENEHHOrO YNPOYHEHNSA B CUCTEME NPOCTPAHCTBEHHOW CETKMW.

Ha npouecc  CcTpykTypoobpasoBaHusi  BAMKAIOT  cnegywowme  aktopsl:
KOHLEHTpauus, dopma M pasMep MakpoOMOMEeKys nonvMMmepa uMnmM KOMMOMAHbIX YacTuu,
TemnepaTtypa, BpemMs U NPUCYTCTBME 3NeKTponuToB. [locnegHee oyeHb cnoxHo. Kak
npaBuno, KaTUOHbl Mano BAWAKOT Ha CTygHeobpasoBaHue, Torga Kak aHWOHbl MOTyT

YCKOPATb, a MOryT 3amMesiaATb 3TOT npouecc.

CodepixaHue u nopssdok 8bINoSIHEHUST pabombi:

1 OsHakoMUTbCA C TeopeTUdeckom 4YacTblo. 2 BbinonHuTb nabdopaTopHoe
nccnegoBaHue:

2.1 OnbIT 1. HabyxaHne pe3nHOBOM HUTW.

Otpes3atoT 4-5 cM pe3nMHOBOM HUTU M MOMELLAKT B TOHKYK CTEKMAHHYH TPYOKYy,
AnvHon 12-15 cM € BHYTPEHHUMM [uMaMeTpoM HeMHormm 6Gonblie guameTrpa  HUTW.
Pe3nHoBas HUTb JOMKHA HaxoAUTbCA B cepeauHe Tpyoku, 4Tobbl o6a KOHLA HUTU MOTN
cBobogHO yBenuuuBaTbCa nNpu HabyxaHun. TpybKy C Pe3MHOBOW HUTLIO MOMELLAlT B
rpagyvpoBaHHyl0 Npobupky C nputeptor npobkon, BnuBawT 6GeH3on (6eH3UH) wu
3aKkpbIBalOT Npobkon. Yepes kaxable 5 MUHYT OTMeYaloT yBENUYeHne HUTKU 4O Tex nop,
noka He NpeKkpaTuUTCs yBeNMYeHne OfMHbl HUTW.

Mony4yeHHble AaHHble HAHOCAT Ha rpaduk, rge no ocu opauHaT OoTKnagbiBakoT

ANVHY Habyxatrowen HATK, a No ocn abcumnce — Bpems.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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2.2 OnbiT 2. BnuaHne anekTponutoB Ha HabyxaHue (cTyaHeobpasoBaHue)

XenaTtunHa.

LLlecTb rpaHynMpoBaHHbIX NMPOOMPOK HYMEpYyKT M yCTaHaBnuBalT B WTaTvB. B

KaxXayro np06|/|pKy HacbINakT MOPOLLUOK CYyXOro >enaTuHa (TOJ'ILLI,I/IHa crnos 1 CM). 3aTtem B

KaXXayro Wn3 I'IpO6VIpOK BnueatoT no 10 mn pa3nnMyHblX pPacTBOPOB JJIEKTPOJIUTOB WU

OCTOPOXHO nepemelnBaroT, YTOObI YacTuLbI XenaTunHa onycTtuiincb Ha gHo. Onpe,u,en;uoT

obbeM xenaTuHa A0 HabyxaHus. llocne 3Toro, BCTPSAXHYB MNPOOMPKM HECKOSbKO pas,

OCTaBnNAT UX B Nokoe. Yepes yac kaxayo Nnpobupky elle pas BCTPSXMBAIOT, AAlOT 0caaKy

OCeCTb N 3aMepArT BEJIMHYUNHY obbema Ha6yXLLIeFO XenaTtuHa B Kaxaom r|p06|/|p|<e nocne

HabyxaHus.

CteneHb HabyxaHus, a, %, BbIMUCASIOT NO hopmyne:

a=(V-Ve)100/ Vo,

roe Vo n V, o6bem xenatnHa oo 1 nocne HabyxaHus, Mi.

Mony4eHHble pe3ynbTaTbl 3anMcbiBalOT B Tabnuuy 6.

Tabnuuya 6
Homep PacTtBop Obbem Obbem CTeneHb
npobupkm arnekTponuTa XenatuHa o )enatuHa nocne HabyxaHus,
HabyxaHus, cm3 HabyxaHus, cm3 a, %
1 Naz2S04
2 H2S04
3 NaCl
4 HCI
5 NaOH
6 H20

Ha ocHoBaHuu noNny4veHHbIX OaHHbIX AenaloT BbiBOA O BJIIMAHUWN 3NEKTPOJINTOB Ha

npouecc H86yX3HM$I XenaTtunHa, a Takke O BIinaH1Un npunpoabl aHNOHOB.

3 Coenatb BbIBOAbI NO pesynbTaTaM Kaxagoro na6opaTopHoro ncecnegoBaHUA.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HanmeHoBaHue nabopaTtopHon paboTbl

Llenb paboTbl

OT4eT 0 BbLINONHEHMN paboThI

NaTbl 1 nognucy obyyatoLerocs 1 npenogasartens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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KoHmporbHble 80rpocsi:

1 Yto Takoe HabyxaHue NofiMMepoB U Kakve CTagun B HEM pasnnyaroT?

2 B yem npuynHa HabyxaHua?

3 YTo noHnmatoT nog cteneHbo HabyxaHua? dopmyna.

4 KakoBO 3Ha4yeHune HabyxaHus B TEXHONOMMU NULLIEBLIX MPOM3BOACTB?

5 lNo kakum npuaHakam pasnuyaroT orpaHNYeHHoOEe U HeorpaHn4yeHHoe HabyxaHne?
6 Kakne cuctembl HasbiBalOTCA CTYAHAMMU?

7 Kakune chaktopbl BNUSOT Ha cTygHeobpa3oBaHme?

8 KakoBo 3HaueHue cTtyaHeobpasoBaHus B Npupoae, NULLEBOM NPOM3BOACTBE?

PA30EN 3 KAMECTBEHHbIA AHANU3
3.1 NepBasa aHanuTU4eckKasn rpyrnna KaTUOHOB

NabopatopHoe 3aHATMEe Ne 8 KauyecTBeHHble peakuum KaTUOHOB MNepBOM
aHanUTUYecKou rpynnbl
Llenb pabomei:

3akpenntb HaBbiku B paboTe ¢ nabopaTtopHon nocygon u peaktmBamu. U3yuntb
cBorcTBa kaTtnoHoB K*, Na*, NH4*

MamepuarnbHoe obecriedyeHue:

- BbITSDKHOW LWKad;

- gepxaTtenb ons npobupok;

- 9NeKTponnuTKN nabopaTopHble C Hacagkamm (CNMPTOBKN);

- CTEeKNSAHHbIE NaNoYKu;

- wraTtuB «lopka» ons peakTnBOB,

- wrtaTtme ¢ npobupkamu;

BCnoMoraTenbHble MaTtepuansl (Boga AUCTUNINMPOBAHHAs, NOMNOTEHLE, MbINo);

- NPOBOJIOKa NMJ1iaTnHOBaA, HUXpoOMoOBaA (MeD,HaFI);

- aMmMmuak pasdasneHHbin NH4OH -2H

- ammoHus xnopug NH4ClI -0,5H

- egkmnn Hatp NaOH -2H

- egkoe kann KOH -2H

- rekcarngpokcoctnobunat (V) kanusa K[Sb(OH)s] - HacblILW,. p-p
- kanna xnopug KCI -0,5H

- kncnota consiHaa HCI -2H

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- HaTpus kobanbTUHUTPUT (cBexun) Nas[Co(Noz2)s] -5 % p-p
- HaTpun xnopua NacCl -0,5H

- peaktTuB Heccnepa Kz[Hgls] + KOH;

- Bymara yHuBepcanbHas MHanKaTopHas;

- CMHee CTeKINo unu rnakoH ¢ pacTBOPOM UHAUIO.

Ucnonb3yembie ucmoyHuku: [2], [3].
Teopemuyeckasi Yacmb:

AHanuTmyeckass XMMMa — 39TO Hayka O MeTodax onpeaeneHvust XMMUYECKOro
COCTaBa, CTPYKTYpbl BELLECTB M KONIMYECTBEHHOIO onpeaeneHns coctaesa. Bce BeluecTBa
N MaTtepuarnbl XapaKTepuayloTCs COCTaBOM W CTPYKTYpoWn. PasnunyaloT KauyeCTBEHHbIN U
KONMYECTBEHHbIA COCTaB BelwecTBa. B COOTBETCTBUM C 3TMM B aHaANUTUYECKON XUMUN
pasnuyatoT ABa 60nbLINX pasgena: Ka4eCTBEHHbIM N KONMYECTBEHHbIN aHann3bl. CHavana
yCTaHaBnMBalT Ka4YeCTBEHHbIN COCTaB BELLEeCTBa, a 3aTeM ONpeaenstT coaep)KaHue
3N1eMEHTOB MeTO4aMM KONIMYECTBEHHOrO aHanmaa.

TexHuka 6e3onacHocmu pabomesi 8 nabopamopuu

K BbINonHeHuo nabopaTopHbiX paboT CTyAeHTbl OOMycKakTCsA TONbKO Mocne
NPOXOXOEHMUS UHCTPYKTaka W obyyeHuMss npaBunam TEXHUKM 6GesonacHoCTn wn
NPOTMBOMNOXAapPHbIM NpaBuiiaM, MNPOBEPKN YCBOEHMA MpaBuil U COOTBETCTBYHOLLEINO
odhopmneHns gonycka k paboTe B cneunanbHOM XypHane.

MpaBuna TtexHukn 6e3onacHocTn. OByyaroWmMecs HECYT JIMYHYIO OTBETCTBEHHOCTb
3a HecobnoageHne TpeboBaHun TEXHUKM Be3onacHocTu. [lanee nepevncrneHbl OCHOBHbIE
TpeboBaHNA TEXHMKM BE30MAaCHOCTN.

1. MMpun BbINONIHEHMN NabopaTopHbIX paboT cnegyeT CTPOro PyKOBOACTBOBATbLCS
MeToamnveckummn nocodbumsamu. Jlioboe OTKNOHEHWE OT MEeTOAUKM UK Nopsidka aHanmsa
BO3MOXHO TOJIbKO C pa3peLueHunst npenogasartens.

2. K BbinonHeHnio nabopaTopHbiX paboT CTyAeHTbl LOMYCKAaKTCA TOMbKO Npu
HanM4yumM 3aWMTHOM oaexabl — XxanaTa.

3. PaboTtasa ¢ xummnyeckummn peaktmpamm, Heobxoammo mnsberatb Mx nonagaHus Ha
pykun. Henb3s TporaTb nuvuO W rnasa pykamu B npouecce paboTtbl. 3anpelaeTcs
npuHMMaTb nuuwy B nabopaTtopuu, B T.4. XeBaTenbHyl pe3uHKy. [locne paboTbl
Heo6Xxo4MMO TLiaTeNbHO BbIMbITb PYKW.

4. 3anpewaeTcs npoboBaTb XMMUYECKME BeLLecTBa Ha BKycC. HioxaTb xummnyeckmne
BELLLECTBA MOXHO, TONbKO Hanpaenss K cebe mapbl Mnn rasbl OBUMXXEHWEM PYKU, a He

BAbIXas 3anax MoyiHow rpyabto.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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5. Ona paboTbl MOXHO MWCMONb30BaTb TOMbKO PEeakTUBbI, Haxoaswmecs B
XMMUYECKOM nocyae, CHabXXeHHOM 3TUKETKaMM C Ha3BaHUAMM PEaKTMBOB.

6. OObeMbl KMCNOT M LUENOYEN, a TakkKe APYrMX €OKUX U SAO00BUTbIX XUAKOCTEN
paspellaeTca M3MepATb TOMbKO C MOMOLWLLID MEPHOro UMNuHApa, aBTOMaTU4eCcKow
NUNETKN U NUNETKM C PE3NHOBON rPYLUEN.

7. 3anpelyaeTcsa HaKMOHATb Hag, COCy4OM, B KOTOPbIA HanMBaeTCs XNOKOCTb UM B
KOTOPOM OHa HarpeBaeTcs (KUMUT), Tak Kak OpbI3rM XXMOKOCTM MOryT nonactb B NMLO U
rnasa. 3anpewlaeTcsa HarpeBaTb XNOKOCTN B repMeTUYECKN 3aKpbITON nocyae.

8. Bce paboThl, cBA3aHHbIE C BblAENEHMEM FNEeTy4MX BELLECTB, BbiMapuMBaHUEM U
KMNAYEHMEM pPaCTBOPOB, COAepXaluMX KUCNOTbl M ammunak, paboTbl C OpraHU4ecKumu
pacTBOPUTENSIMU, a TaKKe CXUraHume wuccnegyembiX BeLecTB MNPOU3BOOAT TONbKO B
BbITSP>KHOM LUKadpy Npu BKITHOYEHHOW TSre U onyLeHHOM 3aLUMTHOM 3KpaHe.

9. 3anpelwaetca pabotaTb C NErkoBoCnfaMeHsoWUMNCSa BellecTBamu B6MM3n
OTKPbITbIX 3fIEKTPOHAarpeBaTenbHbIX NPU6opoB.

10. MNpu nsBnevyeHnn Turnen 3 mydensa n nx NnepeHoce UCnosnb3yrT creunanbHble
WMNubl, Tak Kak Temnepatypa B mydene Bbilwe 600 °C. Turnu ctaeBaT Ans oxnaxgeHus
TONbKO Ha OrHEecCTOMKYyK MNOACTaBKy. B akcukaTtop TUrMM nomeLwlatoT TOMbKO nocne
oxnaxaeHus.

11. lNpu nepemeLlleHnn Konb M XMMUYECKMX CTaKaHOB C FOPSYMMU KUOKOCTAMMU
HY>KHO cObntogaTh NOBbLILEHHY OCTOPOXHOCTb.

12. Pabotatb cnegyetr B OCHOBHOM CTOS; TOMbKO paboTbl, He CBs3aHHblEe C
OMacHOCTbLIO BOCMIaMeEHEHUs, pa3bpbI3rmBaHNA XUOKOCTEN, B3pbiBA, MOXHO BbIMOMHATb
cnps. Pabotatb B nabopaTtopum 0gHOMY 3anpeLlaeTcs.

13. lpu pabote c anektponpubopamm cTporo cobnogaT Bce npaBuna,
npuBeaeHHble B onucaHun npubopa. NepeHocuTb unm pemMoHTUMpoBaTb 0bopyaoBaHue,
HaxoAsLLeecs No4 HaNpsXKeHMeM, 3anpeLlaeTcs.

14. KaTteropudecku 3anpewaeTtcd OCTaBnAaTb  AeucTBylowme  npubopbl
BKINIOYEHHbIMK ©€3 NnpucmoTpa.

15. Tlpu BbINONMHEHUM paboOT  MNOBbLIWEHHOW  OMacHOCTU  (BO3MOXHOCTb
CaMOBO3ropaHusi, B3pbiBa, pas3bpbl3rMBaHNA rOPSAYMX W arpeCcCUBHbBIX XXUOKOCTEWN)
HageBalT 3aWMTHbIM  KO3bIPEK K3 OpPrcTekna, npeaoxXpaHUTENbHbIE OYKUM UMK
yCTaHaBNMBAOT 3aALLUTHbBIN 3KPaH.

16. 3anpewaeTcs BKNHOYEHME MOCTOPOHHUX 3NEeKTponpubopoB, B YacTHOCTU

3apsiaHbIX YCTPOMCTB MOOUNbHBIX TenedoHOoB, 6e3 paspelleHnsa npenogaBaTtens.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx



MO-43 02 15-EH.01 113 KMPK BIr'AP® ®I'60Y BO «KI'TY»

XUMKUA | C.30/82

17. MNpun paboTe co CTeknsAHHOW nocyaow, cbopke m pasbopke NpuBopoB N KX
aeTanemn n3 ctekna cobnogatoT crneayroume Mmepbl NPegoCTOPOXHOCTH:

- CTeKnsiHHble TpybKM BCTaBMAKT B NPOOKM MAM B pPE3VHOBbLIE TPYOKM,
npenBapuTenbHO CMOYMB UX BOAOW, MMULEPUHOM UMK Ba3eNMHOBLIM MacrioMm;

- NpY 3aKpbiBaHUN NPOBKOK cocyn, 0BepHYTbIN NONOTEHUEM, AepXKaT 3a BEPXHIO
YacTb ropna Kak MoXxHo bnumxe k npobke.

18. OcTaTkn pacTBopuTENEN, KOHLEHTPUPOBAHHBLIX KUCIIOT WU LUENOYeEn, a Takke
APYrUX enKkmx XuOKOCTEN CNMBAKOT B KaHanNM3auuilo TOMbKO MOCre HenTpanuMsaumm u
o0be3BpeXxnBaHumS.

19. B cnydae BocnnameHeHUA TOPKYMX KUOKOCTEW UMW  OPYrnx BeLLecTB
HarpeBaTenbHble NPpMBopPbI BbIKNIOYAOT, COCYAbl C OrHEONACHbIMU XUOKOCTAMM yaansatoT
OT OTHS U MPMHUMAKOT MepbI NO NMKBUAALUNN NoXapa.

20. B nabopatopun Heobxoammo cobnogatb U nogaepkuBaTb NOPSLOK U YUCTOTY.
Mo oKOH4YaHUM PabOoTbl BLIKIOYAKT 3MEKTPONpmnbops.I, TWATENBHO MOKT UCNOSb30BaHHYHO
nocyay, yovpatwT paboyee MeCTO, MOKT PYKM C MbIFIOM U 3aKpbiBalOT BOAOMNPOBOAHbLIE
KpaHbl.

MepBas NnoMoLb NPU HECYACTHbIX Cny4vasx

[lo npubbiTns Bpaya NepByl MOMOLLb NOCTpagaBLIEMY NPU HECYHACTHOM crnyyae
AOJDKHbI OKasaTtb konneru no pabote. YacTto 34opoBbe, a MHOr4a M XXU3Hb NOCTpaaaBLLEro
3aBUCAT OT TOrO, HACKOSIbKO ObICTPO M NpaBuibHO Oblna eMy Oka3aHa nepBas NMOMOLLb.
Kaxabin coTpyaHuk nabopatopum mn paboTtarowmn B Hen CTydeHT obsidaH 3HaTb, Kak
npakTU4ecKne nNpuemMbl NEPBON MOMOLLM, TAK U MEPbI CHMKEHUS OMACHOCTU UMK TSXKECTH
TpaBMbl B MOMEHT HECHYACTHOIO Cry4vas.

Hanbonee w4actble TpaBmbl nNpu pabote B nabopaTopum — TepMuyeckne u
XUMUNYECKMNE OXKOIM KOXM PYK U NOPE3bI.

Mpwn oxorax Heobxogumo cobntogaTth cneayowmne npasuna:

- Mpyv nonagaHmm KUCIMOT W LUEeNoYen Ha KOXy W npu Hebonblom oxore
nopaxxeHHoe MEeCTO HeMeaSIeHHO MPOMbIBAlOT OONbLUMM  KONMMYECTBOM MPOTOYHOWN
BogonpoBoaHoun Boabl B TedeHne 10-30 MuH;

- MpU TEepMUYECKUX oOxorax nocne o6paboTkm BoOOM OOOXKEHHOE MeCTOo
NPOMbIBAKOT PacTBOPOM MEpMaHraHaTa Kanusa unm 3TUNOBbIM CNUPTOM M CMasbiBatoT

Ma3blo OT OXKOroOB;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- MPU XMMUYECKUX OXOrax KMCnoTom o0boxokeHHOe MecTo nocne obpaboTkm Bogomn
npombIBaldT 5 %-HbIM pacTBOPOM NUTbEBOW codbl. IMpy oxore Lwenoybto 060XOKEHHOE
MecTo nocne ob6paboTkm BO4OM NPOMbIBAKOT 5 %-M pacTBOPOM YKCYCHOW KUCIIOTbI;

- nNpu 06paboTke MOpaXeHHOro Mecrta COOOW UNN KUCIIOTOW UCMOSb3YHT BaTHbIN
TaMMoH, He JoMnycKas pacTekaHUs XUOKOCTU MO KOXe;

- NPV 3HauYUTEsNbHbIX MNAOWaAAX MNOPaXKeHUs WNu npu nonagaHum KACIOT U
Leno4en B rnasa Heobxoamma cpoyHast MeguUUHCKas NOMOLLb.

B cnyyae nopesa paHy cneayeT obpaboTaTb pacTBOpOM Koda WM nepokcuaa
Bogopoaa.

Mpu 3acopeHuun rnas TBepabIMU YacTuuamm He TepeTb rnasa, He genaTb MOoMnbITOK
caMoMy yaanuTb COPUHKY, @ HemMeaneHHO 00paTUTbCA K Bpady.

Mpn oTpaBneHMn XMMUYECKMMK BeLlecTBaMuM HeobxoauMO BbI3BaTb Bpada W
OAHOBPEMEHHO MPUCTYNUTL K OKasaHu nepsor nomown. Ecnn oTpaBneHue BbI3BaAHO
BObIXaHWEM SAO0BUTbLIX MapoB MM rasoB, HeobxoOuMMO BbIHECTM MOCTpajaBLUero Ha
CBEXMWIN BO3yX, €CNN XXe OHO NPOU30LINOo B pesyrnbTaTte nonagaHusa siga BOBHYTPb —
BbI3BaTb PBOTY W AaTb NpoTUBOsSiAME, B Criydae HeobXoaMMOCTU caenaTb UCKYCCTBEHHOE
AbixaHue. ickyccTBeHHOe AblXxaHue NPOTMBOMNOKa3aHo Npu OTpaBfieHUn XITOPOM.

TeopeTnyeckn 6Gason gns knaccuukaumm  KaTMOHOB  MOXET  CIYXUTb
lMepuogunyeckaa cuctema anemeHToB MeHgeneeBa, KOTopas XapakTepusyeTcsl 4YeTKOWm
aHanornen coBOKYMHbIX CBOMCTB 3fIEMEHTOB BHYTPU KaXO0W UX Fpynnbl.

lMoaTomy aHanuTudeckas Knaccudgukaumsi KaTMOHOB Ha rpynnbl NPOBOAUTCS HEe Mo
BCEN COBOKYMHOCTU XUMWUYECKMX CBOWCTB 3NeMEeHTOB, a no Hebonblwomy 4ucny
BblOpaHHbIX CBONCTB KOHKPETHbIX MOHOB, KOTOPbIE ONpeaensitoT KOHKPETHY cneunduky
NX Ka4YeCTBEHHOro aHanuaa.

B meTogmyeckom nocobum npuBoguTCHA KMCIIOTHO-OCHOBHAsS cXxemMa KayeCTBEHHOro
aHanusa KaTMOHOB, B OCHOBY KOTOPOW MOSIOXXEHO HEOAMHAKOBOE OTHOLUEHWE KaTUOHOB K
AENCTBMIO Ha HMUX pPa3HbIX KACIOT N ocHOBaHuK, B YacTHocTh, HCI, H2SO4, NaOH, NH4OH.

B cooTBeTCTBMU C UX OENCTBMEM BblAENEHbI LLECTb rpynn KaTMoHOB:

Npynna KaTnoHbl "pynnoson KpaTkas
peakTuB XapaKkTepucTuka
MepBas K*, Na*, NH* OtcyTctBYET -
Btopas Ag*, Hg2?*, Pb2* HCI Xnopuabl HepacTBOPUMbI B

BOAE 1 B pasbaBneHHbIX
pacTBopax KMCNOT

TpeTbs Ba2*, Ca?* H2S04 CynbdaTtbl HepacTBOPVMbI B
BOJE M pa3baBieHHbIX

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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pynna KaTnoHbl 'pynnoBomn KpaTkas
peakTus XapakTepucTvka
pacTBopax KMcrnoT
Yeteeptasn | A, Cr3*, Zn?* NaOH n36biTok MMapoKcHabl pacTBOPUMbI B
M30bITKE LLenoym
MaTasn Fe?*, Fe®, Mn?", Mg?* | NaOH MapoKcHabl HepacTBOPUMbI B
N30bITKE LLENOYN 1 ammmaka
LecTas Cu?*, Hg?*, Cd?*, Ni?*, | BogHblli pacTBop MMapoKcHabl HepacTBOPUMbI B
Co?* ammuaka LLLeNI04K, HO PacTBOPUMbI B
n36bITKE amMmMmaKka

K nepson aHanutuyeckom rpynne kaTmoHoB oTHocATcs: K¥, Na*, NH4™.

[pyrnnosoco peakmuea (XMMWYECKOrO peakTuBa, OAENCTBYIOLLEro Ha KaTUOHbI BCEN
rpynnbl) KAaTUOHbI 3TON rpynnbl HE MMEKT. Peakunn ¢ rpynnoBbiIMU peakTMBaMn Ha3biBatoT
obwumu. MHoOrme conm 39TUX KaTMOHOB XOPOLLO pacTBOpPSAKTCA B BoAe, OecuBETHbI.
CoeguHeHns Kanusa, HaTpusi, U aMMOHUSI Hambonee pacTBopuMmbl. B BOoge Xxopollo
pacTBopsTCA KapboHaTbl, cynbdaTbl, CynbpuTbl, Cynbguabl, docdaTtbl, Xropuasl,
rMOpoKCUAbl U Apyrme CoOeauHEHUs Kanna n HaTpus.

KaTnoHbl nepBor aHanUTUYecKon rpynnbl 06pasyoT XapakTepHble COeaUMHEHUS C
HEMHOIMMU  crieyucbudeckumMu  peakmusamu  (peakTMBOB,  OEUCTBYKOLWIMX  Ha
onpegeneHHbIn MoH). Peakunn co cneunduyeckummn peaktuBamm HasblBatOT YaCmHbIMU.

MHorne KadecTBeHHble peakumm TpebyoT onpeaeneHHbIX YCIOBUN, TaKMX Kak:

- pH cpeabl onpeaeneHHon BENUYUHbI;

- HarpeBaHusi NN OXNaXaAeHus:;

- MEXaHWYEeCKOro BO34enCTBUS (nepemMeLllnBaHns CTEKNAHHOM NanoyKkon);

- nobaBneHuns cnmpTta 3TUNOBOroO U T.4.

3anncb pesynbTaToB HAabNAEHMA NPU N3YYEHNN KAYECTBEHHLIX peakuun gaeTcs B

BMae Tabnuupbl:

OnpenensiemMbiin PeakTtus Ycnosus -
AHanuTuyeckui
WOH (KaTWOH unu (cbopmyna npoBeAeHUs
YpaBHeHMe peakumm achdpekT
aHWOH) n ero peakuuu
peakuum
HasBaHue)
NH4* NaOH unu HarpeBaHue NH4Cl + NaOH = NaCl + Peskuit 3anax
KOH + NHast+ H20 aMMnaKa;
Eakune NHs* + OH- = NHst + H20. yHMBepcanbHas
Lenoym NHAMKaTOpHas
Oymara cuHeet

CodepxxaHue u nopsidok 8bINnoSIHEHUST pabombi:

1 O3HakomMuUTbCS C TeopeTquCKoﬁ 4acCTblO.

2 MNony4unTb y NnabopaHTa wraTtns «lopka» c peakTMBamu.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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3 BbInonHuTb na6opaToprle ncenengoBaHnA:

Peakuyuu kamuoHa Kanusi K*

OnbiT 1 Peakuuss okpawmBaHus nnameHu. JleTyyme comnu Kanus okpalinsatroT
BecuBeTHOe nNnams ropenku B 6negHo-ononeToBbIN LBET.

BbinonHeHne peakunu:

Conb kanus, nydwe Bcero KCI, cmaunBatoT XnopoBOgOPOAHON KACIIOTOM N BHOCAT
B OCHOBaHue nnamMeHn Ha TOHKOW MMAaTUHOBOW UITM HUXPOMOBOW (MeLHOM) NpOBOSIOKe, a
3aTeM NepeBOAAT B 30HY NSlaMeHn C HamBbICLLEN TemMnepaTypon. [laxe He3HauyuTenbHoe
KONMYEeCTBO COMEen HaTpus MelaeT onpejeneHvto, T.K. duoneToBass okpacka
MacKMpyeTCsa XeNnToM OKpackoW, KOTOpYK npupaeT nrameHu Hatpun. [JaHHas peakuus
asnseTca papmakonenHon. CMOTpeTb Nyylle 4Yepes CUHee CTeKNo UM vepes MNNOoCKun
dorakoH ¢ pacTBOPOM UHAMUTO.

OnbiT 2 KobanbTuHnTpnt HaTpusa Nas[Co(NOz2)s] AaeT ¢ KaTuoHaMu Kanus XenTbln
0CafoK rekcaHuTputkobanbTaTa Kanus-HaTpus:

Nas[Co(NOz2)s] + 2KCI = Ka2Na[Co(NO2)s]| + 2NaCl

2K* + Na* + [Co(NOz2)e]* = K2Na[Co(NO2)g]|.

BbinonHeHne peakunu:
K 2 kannsam pactBopa conu kanust nobaensoT 2 kannu peaktusa. Habnwogatot

BbiNageHne XXenTtoro ocagka.

Peakyuu kamuoHa Na*

OnbiT 1 Peakunsa okpawumBaHus nnameHn. Conn HaTpus okpawmsaroT 6ecuBeTHoe
nnamsg ropesiku B XenTtbi UBeT. Peakums ssnseTtca papmakonenHomn.

BbinonHeHne peakuyunu:

Peakunto npoBogAT aHaNorM4YHO C MOHOM Karnusi.

OnbiT 2 lNekcarngpokcoctnomar (V) kanua K[Sb(OH)s] gaet ¢ consammn Hatpusa B
CTPOro HenTpanbHoOWM cpeae MeaneHHo obpasyoLmincs 6enbivi KpUCTanIMYEeCKUn ocagok:

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

Na*+ [Sb(OH)s]- = Na[Sb(OH)s]| .

BbinonHeHne peakunu:

K 2 kannsam pacTtBopa conu HaTpua gobasnaoT 3 kannu peaktmea. [Npobupky

oxnaxgatoT nog cTpyemn xonoaHon sogbl. OgHOBPEMEHHO NOTUPAKOT CTEKNAHHOMN

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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nanoyYkow BHYTPEeHHMEe CTeHKN Npobupkn. HabnioaatoT BeinageHne 6enoro

Kpuctaninm4eckoro ocagka.

Peakyuu kamuoHa ammoHusi NH4*

Onbit 1 Tngpokemabl wenoyHblx MetannoB NaOH u KOH npu pobaBneHum k
BOAHOMY pacTBOpPY CONMM aMMOHUS BbIAENAIOT amMuak:

NH4Cl + NaOH = NaCl + NHst + H20.

Mpwn HarpeBaHWn pacTBOpa aMMuak yrneTy4ymBaeTcs.

BbinonHeHne peakunu:

K 1 kanne pacrtBopa CONMM aMMOHUSA, NOMELLEHHON B nNpobupky, gobasnsawTt 3-4
kannn NaOH. [epxa BHYTpM nNpoOMPKM YHUBEPCASNbHYH WHAUKATOPHYK Oymary,
CMOYEHHYI0 BOAOW, HarpeBakT NpobupKky Ha cnuptoBke. Ha Bymare nosaensieTcsi cuHee
naTtHo. [lpyM  BbINOMHEHUM peakuun Hago cneauTb 3a TeMm, 4Tobbl Oymara He
conpukacanacb ¢ BHYyTPEHHUMU CTEHKaMu Npodupku.

OnbIT 2 PeaktnB Heccrnepa (cmeck TeTpanogormapaprupym kanus Kz[Hqls] ¢ KOH)
AaeT ¢ CoNsiMM aMMOHUSA KpacHO-BypbIi 0Cagok:

2K2[Hqls)] + 4KOH + NH4CI = [Hg2ONH2]l| + 7KI + KCI + 3H20.

BbinonHeHne peakuunu:

K 1 kanne pactBopa ammoHus pobaesnsawT 3 kannm peaktmBa Heccnepa.
HabntogatoT BbinageHne kpacHo-6yporo uBeTa.

4 Coenatb BbIBOA NO pe3yrnbTatam f1labopaTopHbIX UCCNeLOBaHNUN.

5 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopatopHoun paboTbl
Llenb paboTbl

OTyeT 0 BbINOMHEHUN PabOoThI

[atbl 1 nognucu oby4yatoLlerocs 1 npenoaaBaTens

KoHmporibHble 80rpocsi:

1 Kakne KaTnmoHbl OTHOCATCS K NEPBOM aHanUTU4eckon rpynne?

2 [lanTe obLLyt0 XapakTepuUCTUKy NepBor aHannMTUYeCKon rpynmneol.

3 Kakow rpynnoBon peakTus Ha NepByt0 aHanuTUYeckyto rpynny?

4 OnuwunTe oKpalluMBaHMe NaMmeHn ropesnku, CBOMCTBEHHbIE KaTUOHaM Kanus.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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5 Onuwute OKpawunBaHue rninamMmeHu roperku, CBOWCTBEHHbIE KAaTMOHaM HaTpuA.

3.2 Bropasi aHanuTu4yeckKas rpynna KaTUOHOB

NabopatopHoe 3aHATME Ne 9 KauyecTBeHHble peakuuMu KaTUOHOB BTOPOM
aHaNUTU4YeCcKomn rpynnbi
Llenb pabomei:

MN3yunTb cBoiicTBa kaTuoHoB Ag*, Pb?*, Hg2?* n oencTeume rpynnoBoro peakTvea

MamepuarnbHoe obecriedeHue:

- BbITS>KHOW LLKad;

- gepxxartenb ans npobupok;

- 9NeKTponnnTKN NnabopaTopHble ¢ Hacagkamu (CNMPTOBKK);

- CTEKNSAHHbIE NMaroyKu;

- wTaTtmB «[opka» Ans peakTueoB;

- wTaTtmB c npobupkamu;

- BCMoMoraTesbHble Matepuansl (Boga AUCTUNNUMPOBaHHAas, epwn aAns npobupok,

NnosioTeHLUE, MbISO);

- kanun noaua Kl -0,5H
- kanusa xpomat K2CrO4 - 1H
- kncnota consiHaa HCI - 2H
- pTyTK ogHoBaneHTHon HuTpaT Hgz(NO3):2 - 0,2H
- ceuHUa HutpaT Pb(NOs)2 nnmn Pb(CH3COO)2 - 0,2H
- cepebpa HuTpaTt AgQNOs3 -0,1H
- kncnota ykcycHass CHsCOOH -0,1H

- Bymara yHuBepcarbHas nHaMkaTopHas.

Ucnonb3yemblie ucmoydHuku: [2], [3].

Teopemuyeckasi Yacmhb:

Ko BTOpoW aHanMTHu4eckow rpynmne kKaTMoHoB oTHocATca: Ag*, Pb?*, Hg2%*.

pynnoBon peakTB — congaHasi KUCNoTa, garowas ocagkm xnopuaa cepedpa AgCl un
pTy™! (1) Hg2Cl2, NnpakTnu4eckn HepacTBOpUMbIE B BOAE, 1 ManiopacTBOPUMbIN Xnopua
cBuHua PbCla.

KaTnoHbl aTONn rpynnbl B BOAHbLIX pactBopax 6ecuseTHbl. Conu pTyTy (I) 1 cBrHUA B

Bode noasepratoTca rugponuay. Mpu geiictBum wenoun Ag* um Hg2?* obpasytoTtcs

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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rmapokcuabl, KoTopble pasnaraltcsa Ha Bogy u okemabl Ag20 n Hg20; n3 pactesopos
CBMHUA npu gencteBum wenoyen Bbinagaet Pb(OH)2, obnapatowmii ampoTepHbIMU
cBovicTBamMu. KaTmoHbl BTOpOW rpynnbl 0OpasyloT pacTBOpMMblE B BOAE HUTpATbl U
auetaTbl. CoeguHeHUa pTyTM K CBUHUA OONagaloT BbICOKOM TOKCUYHOCTbIO, MO3TOMY

cnenyeT cobnogaTb Mepbl NPeaoCTOPOXKHOCTM Npy paboTe ¢ HUMM.

CodepxxaHue u nopsidok 8bInosiHeHuUs1 pabomsi:
1 O3HaKOMUTLCS C TEOPETUYECKON HaCTbHO.
2 MNonyunTb y NnabopaHTa wraTtne «lopkay» c peakTMBamu.

3 BbinonHnTb nabopaTtopHbie nccrnegoBaHus:

Peakyuu kamuoHa Pb?*

OnbiT 1 XnopoBogopogHasi kucnota u pacteopumble xnopugbl HCI n NaCl
ocaxpgarwT u3 pactsopoB conen ceBuHua (ll) co cnabokucrnon peakumen 6enbin
XNonbeBUOHLIN 0cagok xnopuga cauHua (1), nerko pactBOpUMbIN B ropsiven Boae:

Pb(NOs3)2 + 2HCI =PbCl2] +2HNOs3

Pb?* + 2CI = PbCl2|.

BbinonHeHne peakuuu:

B npobupky nomewarwT 2 kannu pactBopa Hutpata cBuHua (Il) Pb(NOs)2
pobaensaoT 2 kannu xnoposogopoaHon kucnotel HCI. K pactBopy ¢ ocagkom gobasnstoT
1 MmN OUCTUNNUMPOBAHHOM BOAbI W HarpeBakT CMecb Ha cnuptoBke. Habnwogatot
pacTBOpeHMe 0caaKka 1 NOCTEeNeHHoe ero BbinageHne Npu oxnaxmneHum pacteopa.

OnbIT 2. Mloana kanus Kl, B3aMmoaencTeys ¢ pacTBOpamMu CBMHLOBLIX Conen, gaet
XenTbin ocagok noamaa cemHua (l):

Pb(NO3)2 + 2KI = Pbl2| +2KNOs3

Pb?* + 2|- = Pbl2|.

BbinonHeHne peakunu:

K 2 kannam pactBopa HuTpata csuHua (l1) gobasnaT 2 kannm pacteopa noguaa
Kanua. B nony4yeHHbIn pacTBop € ocagkom pobGasnsawt 1 mn Boabl M 3-4 kannu
pa3baBrneHHON YKCYCHOW KUCNOTbl; HarpeBaT CMECb Ha CMUPTOBKE B TEYEHWE 2 MWH.,
3aTeM OxnaxgarwT coaepxumoe nNpobupkn nog cTpyer BoAabl. PacTBopuBLUMCA nNpu
HarpeBaHuMK ocagok moauaa cesuHua (1) BHOBb BbinagaeT B BMAE KPacWBbIX 3010TUCTbIX

YeLuyex.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Onbit 3 XpomaT kanua KoCrOs4 BblogensieT mn3 craboKucrnbiX pacTBOPOB COSeEWN
ceuHua (ll) xxenTbIn ocagok xpomata ceuHua (ll):

Pb(NO3)2 + K2CrO4 = PbCrOs4| + 2KNOs3

Pb?* + CrO4% = PbCrQOa].

BbinonHeHne peakuyunu:

K 2 kannam cnabokucnoro pacteBopa conu ceuHua (ll) gobasnsawT 2 kannwu
pacTBopa xpomaTta kanusa u HabngalT BbiNageHne ocajka.

OnbIT 4 Cynbuna-aHMoH AaeT ¢ KaTUOHOM CBUHLLA OCaZlOK YepHOro LBeTa:

Pb?* + S = PbS|.

Peakyuu kamuoHa cepebpa Ag*

OnbiT 1 XnoposogopogHas kucnota HCIl n pactBopumMble Xnopuabl ocaxaarT u3
HenTpanbHbIX U KUCIbIX PacTBOPOB conen cepebpa B Buae 6enoro TBOPOXMCTOro ocajka
xnopuaa cepebpa:

AgNOs + HCI = AgCl| + HNO3

Ag* + ClI=AgCl|.

BbinonHeHne peakunu:

B npobupky nomeLyaroT 2 Kannu pacteopa HutpaTa cepebpa, Aob6aBnsatoT K HeEMy 2
Kannu pasz6aBneHHON XNopoBOLOPOAHON KUCMOTHI.

OnbIT 2. Moana kanus Kl obpasyeT ¢ moHom Ag* CBETNO-XeNThbI 0cagokK:

AgNOs + Kl = Agl| +KNO3

Ag* + - =Agl].

BbinonHeHne peakunu:

K 2 kannam pacTtBopa HuTpaTa cepebpa obaenswT 2 kannu uoguaa kanuvsa u
HabnoaaoT BbiNageHne XenToro ocajka.

OnbiT 3 XpomaTt kanusa K2CrOs4 BblgensieT u3 pactBOpoOB corien cepebpa ocagok
XpomaTta cepebpa KMPrNMYHO-KPaCHOrO LiBeTa:

2AgNOs3 + K2CrO4 = Ag2CrO4] + 2KNO3

2Ag* + CrO4> = Ag2CrOa4].

BbinonHeHne peakuunu:

K 2 kannsam HenTpanbHOro pactBopa HuTpaTta cepebpa [obasnsawT 2 kanmu

pacTBopa XpoMaTta Karnmda n HabnogalT BbiNnageHMe ocaaka KMPNMNM4YHO-KpacCHOro uBeTa.

Peakuuu kamuoHa pmymu Hg»?*

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Onbitel 1, 2 1 3 BbINONHUTL aHanormyHo. O6pasytoTca cooTBETCTBEHHO ocagku: Hg2Clz
6enoro ugeTta (kanomens), Hgzl2 rpsisHo-3eneHoro ueeta, Hg2CrO4 kpacHoro LBeTa.
4 Cpoenatb BbIBOA NO pe3ynbTatam flabopaTopHbIX UCCNegoBaHN.

5 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboTbl
Llenb paboThl

OTyeT 0 BbINOMHEHUN pabOoThI

,D,aTbI n noanmcu o6yl-|a+ou4erocq U npenogaBartesnd

KoHmpornbHble 80rpocsi:

1 Kakon peakTus 9BNAe€TCA rpynnoBbIM 45151 BTOPOM aHannTUYeCcKon rpynnbl?

2 Kak gokasaTb, 4To rugpokcug csuHua (I1) obnagaet amotepHbIMU cBOMCTBAMN?

3 [anTte obLlyo XxapakTepuCTUKy BTOPON aHanUTUYECKOWN rpynnbl.

4 Kakoro uBeTa obpasyoTcsa ocagku npyu AENCTBUM Ha KaXKablA N3 KATMOHOB BTOPOM
aHanUTU4eCKoW rpynnbl C NOAMAOM Kanna?

5 Kakoro useTa obpasytoTca ocagkvm npu 4enCTBUN Ha KaXabl U3 KaTUOHOB BTOPOWN

aHanMTUYeCcKOM rpynnbl C XpoMaToM Kanusa?

3.3 TpeTbA aHanUTU4YecKas rpynna KaTUOHOB

Na6opartopHoe 3aHATME N2 10. KauyecTBeHHble peakum KaTUOHOB TPeTbeN
aHanUTM4YecKom rpynnbl
Llenb pabomei:

M3yunTb cBOMCTBA KAaTMOHOB Bapus 1 Kanbuusa n 4eNcTBue rpynnoBOro peakTmeaa

MamepuanbHoe obecriedyeHue:

- BbITSDKHOW LLKad;

- gepxaTtenb ona npobupok;

- ANeKTPONNUTKN nabopaTopHbie C Hacagkamu (CrMPTOBKN);
- NPOMbIBanNKM Anst ANCTUNIMPOBAHHON BOAbI;

- wratme «lopka» Ans peakTVBOB;

- LWWTaTMB C Nnpobupkamu;

- CTEKINAHHbIE NAaro4vKu;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- BCnomMoraTtersibHble MaTepuarnbl (BOﬂ,a OncrTtunnnpoBaHHasa, epwmn and npo6|/|p0K,

NnosioTeHLUe, MbISO);

- kncnota cepHasi H2SO4 -2H
- ammoHum okcanat (NH4)2C204 -0,5H
- amMmoHui kapboHaTt (NH4)2COs3 -2H
- 6apun xnopug BaCl2 -2H
- kanbuun xnopug CacClz -0,5H
- kanuun xpomat K2CrOg4 -1H
- rekcaunaHodeppat kanua () Ka[Fe(CN)s] -1H

- CANPT 3TUMNOBbLIN
- ammuak pasdasneHHbin NH4OH -2H
- aMMuayHbIn 6ydpepHbi pactBop (NH4Cl + NH4OH);

- 6ymara YHUBepcalribHad NHOUKaTOpHa4.

Ucnonb3yemblie ucmoyHuku: [2], [3].

Teopemu4yeckasi Yacmb:

K TpeTbelt aHanMTU4YecKol rpynne oTHoCATCS KaTuoHbl: Ca?*, Ba?*.

B pacTtBopax kaTWOHbI TpeTben rpynnbl 6ecuBeTHbl, OHM 0DOpPa3yT OKpalleHHble
conu ¢ uBeTHbIMU aHnoHamu CrO4%, Cr207%, MnO4. KaToHbI TpeTbel rpynnbl 06pasyioT
3HaA4YNTENbHOE KOMMYECTBO MariopacTBOPMMbIX coeanHeHunn. [mapokcnabl obnagatoT
HW3KOW PacTBOPUMOCTLIHO.

B kaudecTtBe rpynnoBOro peaktvBa MNPUHUMAIOT CEPHYIO KUCROTY, obpasyloLlyto
Genble kpuctannmyeckue ocagku cynbdatos CaSO4, BaSOa4.

HavMeHbLLy0 pacTBOPUMOCTb U3 HUX UMmeeT cynbdat 6apusa (1,1 - 10-1°), nostomy
OH BbiNagaeT M3 pacTBOPOB B OCAAOK MPaKTUYECKM MIHOBEHHO, a CynbdaTt Kanbuma —
TONbKO N3 KOHLEHTPUPOBAHHbLIX PacTBOPOB, TaK Kak MMeeT HanbonbLUy0 pacTBOPUMOCTb
(6,1 -107).

CodepxxaHue u rnopsidok 8bInosiHeHUs1 pabomsni:

1 O3HaKOMUTbLCS C TEOPETUYECKOWN YACThIO.

2 MNony4nTb y NnabopaHTa wWTtaTtns «lopkay» c peakTMBamu.

3 BbinonHutb nabopaTtopHble nccnegoBaHus:

Peakuuu kamuoHa 6apusi Ba2*

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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OnbiT 1 CepHasa kucnota BblgenseT gaxe u3 o4vyeHb pas3baBreHHbIX pacTBOPOB
ocafgok cynbdaTta 6apus:

BaClz + H2SO4 = BaSO4| + 2HCI

Ba?* + SO4% = BaSO0u4|.

Ocafok He pacTBOpsieTCA B KACNOTax U LenoYvax.

BbinonHeHne peakunu:

K ogHon kanne pacteopa conu 6apusa gobasnstoT 1 kannto pazdasneHHon H2SO4 —
BbinagaeT 6enbii ocagok BaSOa.

OnbiT 2 KapboHat ammoHusa (NH4)2COs unm gpyro pactBopuMbln kapboHaT c
conamu 6apusa gaet 6enbin ocagok kapboHaTa bapus:

BaClz2 + (NH4)2CO3 = BaCOs| + 2NH4Cl

Ba?* + CO3? = BaCOs|.

Ocagok pacTtBopMM B pas3baBneHHbIX MUHepasnbHbIX KUACNOTax U B YKCYCHOW
kncnote. OcaxageHne cnenyet BeCcTu B crnabollenoyHon cpefe (nyywle B aMMUayHon),
TakK KaK B KUCNOTax 0CaoK pacTBOPUM.

BbinonHeHne peakuunu:

B npobupky nomewatT 2 kannm pacteopa BaClz, pobasngawt 1 kannwo
pa3baBneHHOro ammmnaka u 2 kannm pacteopa kapboHaTa aMMOHMS.

OnbiT 3 Xpomat kanusa K2CrOs4 ocaxgaeT M3 HenTpasbHbIX WUMAW YKCYCHOKUCHbIX
pacTBopoB 6apueBon conun xpomaT Bapust XXenToro upeTa:

BaCl2 + K2CrO4 = BaCrO4| + 2KCI

Ba?* + CrO4%> = BaCrOa4|.

BbinonHeHne peakunu:

Peakuuio cnegyet npoBoanTb B cnabokucrnon cpefe auetata HaTpus (1 kanng).

K 1 kanne pactBopa GapueBon conu pgobaensT 1 kanmw pacTtBopa xpomaTta
Kanus.

OnbiT 4 Okcanat ammoHus (NH4)2C204 obpasyeT ¢ conammn 6apusa ocagok 6enoro
uBera:

BaClz +(NH4)2C204 = BaC204|+ 2NH4ClI

Ba?* + C204> = BaC204].

BbinonHeHne peakunu:

K 2 kannam pactBopa conun bGapus gobaBndaoT 2 kannu pacTtBopa okcanarta

aAMMOHMUA.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Peakyuu kamuoHa Ca?*

OnbiT 1 CepHasa kucnota H2SOs obpasyeT ¢ moHamu kanbuus Genbii ocagok
cynbarta Kanbums:

CaCl2+ H2SO4 = CaS04| + 2HCI

Ca?*+ SO4> = CaS04].

M3-3a BbICOKOW pacTBOPUMOCTU cyrbdarta Kanbumsa ocaxeHne BO3MOXHO TOSbKO
M3 [OCTaTOMHO KOHLEHTPMPOBAHHbLIX PacTBOPOB corien kanbumda. bonee nonHoe
ocaxaeHue cynbdaTa NpomMcxoauT npu obaBneHnn K pacTBopy 3TUIOBOrO cnupTa.

BbinonHeHne peakuunu:

K 3 kannsm conu kanbums nodaesnsat 3—4 kannu pasbaBneHHON CepPHOW KUCNOTbI.
K nomyTHeBlemy pactBopy npunueatoT 8—10 kanenb aTunosoro cnupTta. Habnwogatot
BbliNnageHne ocaaka.

Onbit 2 Okcanat ammoHus (NH4)2C204 paeTr Ha xonoge B HeuTpasnbHbIX,
YKCYCHOKUCIbIX UK cnaboLenoyvHblX pactBopax Genbii MenkoKpucTanamyeckmm ocagok
okcanara Kanbuus:

CaCl2 + (NH4)2C204 = CaC204|+ 2NH4Cl

Ca?* + C204% = CaC204].

310 Haubonee BaxHas KavecTBeHHas peakuus wuoHa Ca?* wun asnsaeTca
drapmMakonenHom.

BbinonHeHne peakuyunu:

K 2 kannsam pacTtBopa xnopuga kanbuus gobaenaiT 2 kannu pacTtBopa okcanaTta
aMMOHUS.

OnbiT 3 TekcaumnaHodeppat (lI) kanua (kentas kpoBsHasi conb) Ka[Fe(CN)s] ¢
consmm Kanbumsi obpasyeTt B cnaboLlenovHon cpeae XenTblin KpUcTanamyeckuin ocaaok,
HepacTBOPUMBbIN B YKCYCHOW KUCMOTE:

CaCl2 + K4[Fe(CN)s] + 2NH4Cl = Ca(NHa4)2[Fe(CN)s]| + 4KCI

Ca?* + 2NHs* + [Fe(CN)e]* = Ca(NH4)2 [Fe(CN)s]|.

B npucyTCTBUK 3HAUUTENBHBLIX KONUYECTB MoHa Ba?* He pekomeHayeTcA NPUMEHSTh
3Ty peakuuio AnA oTKpbITMA MoHoB Ca?*, T.K. MoH Ba?* nmpu OOCTaTOYHOM KONUYEecTBe

MOXeT gaTtb ocagok ¢ Ka[Fe(CN)g].

BbinonHeHne peakuuu:
B npoGupky nomeluatoT 2 kannu pacteopa Xropuaa kanbuus, 0o6aensoT 1 kannto

pacTtBopa xnopunga aMMOHUA U 2 Kannm pactBOpa amMMmaka A0 LLIeNTO4HON peakunnm umn

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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HarpeBatloT 1-2 MuH. Ha cnupTtoBke. K ropsuyemy pactBopy npubaBnstioT 5-6 kanenb
pacTBopa Xenton KpoBsHOW conn. BHoBb HarpeBawT 2-3 MuH. Peakuma meHee
4YyBCTBUTENbHA, YEM C OKCanaToM amMOHMS.

4 Cpoenatb BbIBOA NO pe3ynbTatam flabopaTopHbIX UCCNegoBaHNUN.

5 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboTbl
Llenb paboThbl

OTyeT 0 BbINOMHEHUN PabOoThI

,D,aTbI n noanmcu o6yl-|a+ou4erocq U npenogaBartesnd

KoHmpornbHble 80rpocsi:

1 HasoBuTe KaTMOHbI, OTHOCSLUMECS K TPETbeN aHannTU4Yeckomn rpynne.

2 Hanuwwnte ypaBHEHUSI C rpynnoBbIM pPeakTUBOM B MOJSIEKYNSPHON U MOHHOW
dopmax.

3 KakoBa o4yepedHOCTb OCaXaeHus un3 pactBopa cynbdata 6Gapus, kanbumsa?
O6bACHUTE NPUYKUHBI TAKOro nopsagka.

4 HanuwuTte ypaBHEHUS KavyeCTBEHHbIX peakuMh Ha 6apuin-uoH, KanbLMA-UOH.

YKaxute aHannTuyecknin apgekT peakumnmn.

3.4 YeTBepTas aHanuMTMYeCcKas rpynna KaTMUOHOB

Na6opaTtopHoe 3aHATMe N2 11. KayecTBeHHbIe peakLum KaTUOHOB YeTBEPTOM
aHanUTUYecKou rpynnbl

Llenb pabomoi:

MN3yuutb cBoiicTBa KaTnoHoB Al**, Cr*, Zn?* 1 neiicTBme rpynnoBoro peakTnsa

MamepuarnbHoe obecredyeHue:

BbITSKHOW WKad;

AepxaTenb Ansa Npobupok;

SMNEeKTPONNUTKN NabopaTopHble C HacaakaMu (CIMPTOBKK);

wraTme «opka» AnNa peakTUBOB;

LWTaTMB C Npobupkamu;

CTEeKINAHHbIE NaJ104Ku;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- BCnomMoraTtersibHble MaTepuarnbl (BOﬂ,a OncrTtunnnpoBaHHasa, epwmn and npo6|/|p0K,

NnosioTeHLUe, MbISO);

- ann3apuviH KpacHbIN, HacCbILWEeHHbIM pacTBOp;

- ammmak pasbasneHHbii NH4OH 1 KOHUEHTPMPOBaHHbI -2 H, 25%
- egkoe kanu KOH -2H

- egkun Hatp NaOH -2H

- nepokeug, Bogopoaa H202 -3 % p-p
- antoMmnHus xnopwug AlCIs -2H

- xpoma cynbdat Crz(SO4)3 -0,5H

- ymHka xnopug ZnClz -0,5H

- cynbcug HaTpus NazS -0,5H

- ammoHusa xnopug NH4Cl TBepabii NOPOLLOK;
- rekcaumnarHodeppat kanusa (l11) Ks[Fe(CN)s] -1H

- Bymara yHuBepcarbHas nHaMkaTopHas.

Ucnonb3yemblie ucmoyHuku: [2], [3].

Teopemu4yeckasi Yacmb:

K yeTBepTOIn aHaNUTUYECKOW rpynne KaTUOHOB OTHOCATCA KaTuoHbl: AlS*, Crd*, Zn2*,

pynnoBbIM peareHTOM Ha KaTWUOHbI YETBEPTON rpynnbl ABMSETCA eakas Lwenoys (B
n3bbiTke). Obpasyrowmeca rmgpokenabl aMOoTepPHbI, T.e. CMNOCOBHbLI AnccounnpoBaTh B
pacTBOpE M MO TNy OCHOBAHWUS, 1 MO TUMY KACNOTbI:

Me?* + 20H < Me(OH)2 «» 2H* + MeO2* (1)

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

Ho 4yawe Habniogaetcs 6onee cnoxHoe sBMAeHMe Juccouvauum B CBS3U C
TeHaeHumen Me(OH)s k oTLenneHno Mosekyrbl Bogb!:

Me3* + 30H" <> Me(OH)3 +» H20 + H* + MeOz. (3)

[MepBas cxema COOTBETCTBYET AuccouMauMm B pacTBOpE rMMOPOOKUCU LMHKA, a
TpeTbs CxeMa COOTBETCTBYET ANCcoLaunm rmapooKncent antoMmHUS 1 XpoMma.

XpoOMUTbI 1 antoMUHaTbl YCTONYMBLI TONbKO B MPUCYTCTBUM M30ObITKA LLENOYN.
BonbLUMHCTBO coner KaTMOHOB YeTBEPTOM rPynnbl B TOM UM MHOW CTENEHN nogBepraeTcs

rMAponuay.

CodepxxaHue u nopsidok 8bInosiHeHUs1 pabomsbi:

1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbHO.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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2 MonyynTb y NnabopaHTa wraTnB «'OpKka» ¢ peakTMBamu.

3 BbinonHnTb nabopaTtopHbie nccnegoBaHus:

Peakuuu kamuoHa xpoma (Ill) Cr3*

OnbiT 1 M'mgpokeng Hatpmst NaOH sBnsieTca rpynnoBbIM peakTUBOM AN YeTBEPTON
rpynnbl. 'mgpokeng Hatpust M3 pactBopa conu xpoma (lll) BbligensieT cepo-3eneHbin
amopdHbIN ocagok rmgpokenga xpoma (1), koTopein B n3bbiTke LWEeNoYn pactBopsieTcs:

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

Cr3* + 30H" = Cr(OH)3|.

BbinonHeHune peakuum: K 2 kannam pacteopa conu xpoma (lll) gobaensatot 1 kannto
pacTBopa rmapokcuaa HaTpus UnNu Kanus, a 3atem elle HeCKONbko kanenb. HabnwopatoT
BblNadeHue 1 nocneayollee pacTBoOpeHue ocagka.

OnbiT 2 Cynbcua HaTtpua NazS BbigenseT u3 pactesopoB conien xpoma (lll)
aMmopdHbIn ocagok rmgpokemnaa xpoma (111):

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

BbinonHeHne peakunu:

K 2 kannsm pactBopa conu xpoma (Ill) gobasnsatoT 2 kannu pactBopa cynbduaa
HaTpua. HabniogatloT BeinageHmne ocagka.

OnbiT 3 lMNepokeng Bogopoaa H202 B NpuCyTCTBUM LLIENOYM OKUCIISIET MOH XpoMma
Cr3* B xpomaT-noH CrO4%. Peakums conpoBOXOaeTcs XapakTepHbIM BHELLHUM MPU3HaKOM
— W3MEHEeHMEM OKpacku pacTBopa M3 ApKo-3eneHoi (uBeT MoHoB Cr3*) B ApKO-XenTylo
(uBeT noHoB CrO4%).

CymmapHas peakuums:

2CrCl3 + 3H202 + 10NaOH = 2Na2CrO4 + 6NaCl + 8H20.

Peakyuu kamuoHa Zn*?

OnbiT 1 M'vapokeng HaTpua NaOH kak rpynnoBov peakTus BblAENSET U3 pacTBOPOB
conewn unHka 6enbii CTyAeHUCTbIN 0OCaAoK rMapPOKCMaa LUMHKa:

ZnCl2 + 2NaOH = Zn(OH)2| + 2NaCl

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

M'mapokcna unHka obnagaet aMOTEPHBIMU CBOMCTBAMU U NOITOMY pacTBOPSIETCH

B U30ObITKE LLEMNOYMN.

BbinonHeHne peakuunun:
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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K 2 kannsm pactBopa conu uUuHKa AobaBnsioT cHadana 1 kanmw pacTtsopa
rmgpokcuaa HaTpus unu Kanus, a 3atem ero nsbbiTok. HabnogatT BbinageHne ocagka u
nocriegytllee pactBoOpeHue ero.

OnbiT 2 Cynbgug HaTpus Naz2S ocaxgaeT u3 HenTpasibHbIX paCTBOPOB MOH LMHKa B
Bnae 6enoro amopgHoOro cynbuaa umHka:

ZnCl2 + Na2S =2ZnS| + 2NaCl

Zn%* + S =7Zn§|.

BbinonHeHne peakuunu:

K 2 kannam pactBopa conu UuHKa gobaBnsoT 2 Kannum pactBopa cynbduna
HaTpusa. HabniogawT BbinageHne 6enoro amopdHoro ocagka. Peakuus sBnsietcs
dhapmMakonenHom.

OnbiT 3 lNekcaunaHodeppat (llIl) kanua Ks[Fe(CN)s] (kpacHas kpoBsiHasi conb) C
CONAMM LUMHKa [aeT KopuUYHeBaTo-XenTbli ocafok rekcaunaHodeppata (l1l) umHka:

3ZnCl2 + 2Ks3[Fe(CN)s] = Zn3[Fe(CN)s]2|+ 6KCI

3Zn?* + 2[Fe(CN)e]* = Zns[Fe(CN)e]2].

BbinonHeHne peakunu:
K 2 kannam pacTtBopa convM UuHKa npubaBndawT 2 kannu pacTtBopa KpacHOM

KpOBFIHOI?I conun. HabnogatoT BblinageHne KOPpUYHEBATO-XKEJTTOro ocajkKa.

Peakyuu kamuoHa AP*

OnbiT 1 'vgpokena HaTpuss NaOH, kak rpynnoBon peakTuB, C COMSIMU antoMUHUSA
obpasyeT 6Genbiin ocagok rngpokcnaa anomuHua Al(OH)s. BcnepcrteBue amdoTtepHoro
Xapakrepa rmgpokcuaa antoMUHUA 0cagok pacTBOpPSETCS B U30ObITKE LLEenoYyun:

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

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

BbinonHeHne peakuyunu:

K 2 kannam pactBopa conu anioMuHus npnbaBnsaioT cHadvana 1 kannw pactBopa
rmgpokcuga Hatpusi, a 3aTem ero u3bbiTok. HabnogaloT BbinageHne ocagka rmapokcuaa
anMUHUS U NocrieayroLlee ero pacTBopeHue.

OnbiT 2 AnusapuH (1,2-gMoKcnaHTpaxmHoOH) obpasyeT C rmapokcuaoM antoMUHUSA
SIPKO-KpacHOe COoeAuHEeHWe, TaK Ha3blBaeMbl «antoMUHMEBBLIM Nak». JATO ofgHa U3
Hanbornee YyBCTBUTENMbHBIX peakuuii Ha NoH AlS*,

BbinonHeHne peakunu:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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B npobupky nomeliarot 3 kannu conv antoMuHna 1 aobasnsaT pacTBOp aMMmnaka
Ao cnabouwenoyvyHon peakuumn cpegbl (obpasosaHue Al(OH)s3). HarpeBaioT peakunoHHyto
CMecCb 00 KuneHunsa n gobaenaT K Hen 4-5 kanenb pactBopa anusdapuHa. ObpasyeTtcs
coeanHeHne anm3apyHa ¢ rmapoKCUaoM antoMUHNSA, OKpaLLEHHOE B APKO-KPaCHbIN LIBET.

4 Cpoenatb BbIBOA NO pesynbTaTam labopaTopHbIX UCCnegoBaHNi.

5 OTBETUTb Ha KOHTPOJSIbHbLIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHune nabopaTtopHom paboTbl
Llenb paboThl

OT4eT 0 BbINONHEHMN PaboThI

,D,aTbI n noanmcu o6yl-|a+ou4erocq U npenogaBartesnd

KoHmporsnbHblie 80rpockl:

1 Kakne KaTMoHbI OTHOCATCS K YeTBEepPTON aHannTU4eckon rpynne?

2 Oxapaktepusynte AOenctBvMe T[pynnoBOro peakTuea. HanuwuTte ypaBHEHME
peakuunn.

3 Hanunwute ypaBHEHUST KaveCTBEHHbIX peakuun Ha UMHK-MOH. YKaxuTe
aHanUTU4eCKnn apex.

4 OnuwnTe gencTBne anmsapuHa Ha antoMUHUIA-MOH.

5 Kakoro Tvna peakumm n kakve peakTuBbl NO3BOMSOT 0BHAPYXUTb XPOM-MOH?

3.5 MNaTaa aHanuTU4yeckas rpynna KaTMOHOB

Na6opartopHoe 3aHATME Ne 12. KayecTBeHHble peakunum KaTUOHOB NATOMN
aHanUTU4YeCcKom rpynnbl

Llenb pabomei:
MN3yuuTb cBoicTBa kaTuoHoB Fe?*, Fe3*, Mn?*, Mg?* u peiicTBMe rpynnoBoro

peakTnBa

MamepuarnbHoe obecrieyeHue:

BbITSKHOW WKad;

aepxarenb ans npodupok;

ANeKTponnnUTkn nabopaTopHble C Hacagkamu (CNUPTOBKK);

LiTaTne «FopKa» OnA peakTnBOB,

lwTaTme ¢ Nnpobmpkamu;
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- CTEKIAHHbIE Nario4ku;

- BComoraTenbHble Matepuanbl (Boga AUCTUNIMPOBaHHAs, epLun Ans Npobupok,

nosioTeHLUe, MbISO);

- ammunak pasbasneHHbii NH4sOH -2H

- amMoHus xnopug NH4ClI -0,5H
- ammoHusa TnoymoHat NH4SCN -1H

- egkoe kann KOH -2H

- egkun Hatp NaOH -2H

- kucnota cepHasa H2SO4 -2H

- kanusa rekcaunanodeppart (I1) -1H

- kanusa rekcaunanodeppart (I11) -1H

- HaTpua rmgpodgocdat NazHPO4 -1H

- )xenesa 3akucHoro cynbdgat FeSO4 -0,5H
- MmapraHua cynbdaTt MnSO4 -0,5H
- enesa xnopug (I11) FeCls -0,5H
- marHusa xrnopug MgClz -0,5H
- nepokcua Bogopoaa H202 -3%
- HaTpua cynbdung NazS -0,5H

- Bymara yHuBepcarbHas nHaMkaTopHas.

Ucnonb3yemblie ucmoydHuku: [2], [3].
Teopemuyeckasi Hacmab:

K nAToi aHanuMTUYecKom rpynne OTHOCAT KaTuoHbl: Fe?*, Fe3*, Mn?* , Mg?*.

KaTnoHbI NsaTOM rpynnbl B OTAMYME OT KATMOHOB APYrnX rpynmn npu B3anmMonencTenm
CO LWenoyamn obpasyoT ocagkm rmopokCuaoB, HEPAcTBOPUMbIE B M3ObITKE LLENoYen u
pacTBOpe ammuaka, HO MoA BO3OENCTBMEM MUHEpPAsbHbIX KUCMOT (a30THOW, COMSIHOW,
CEPHOW) OHM NErko NepexoaaT B pacTBop.

Takum oOpasom, TrpynnoBbIM pPeakTUBOM  HABMAIOTCS PacTBOPbl  LUESToYENn.
PacTBOopMMOCTb 0CagKoB rMapoKCNAOB pasnmnyaeTcs Ansi pa3HbiX KAaTUOHOB.
NoHbI, 06pasyemble Xene3om u MmapraHuem, MOryT UMeTb pPasfnyHyto CTENEHb OKUCTEHUS
N NPOSABNAT OKUCIUTENbHO-BOCCTAHOBUTENbHbIE CBOWCTBA. KaTMOHbI nATOM rpynnbl
00pa3ylT KOMMIMEKCHble COeAUHEHUsi, obnagarowme XxXapakTepHbIMM OKpackamu, 4TO

ncnosib3yeTcd B Ka4eCTBEHHOM aHalrmse.

CodepxaHue u nopsidok 8bINoSIHEHUST pabombi:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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1 O3HaKOMUTLCS C TEOPETUYECKON HaCTbHO.
2 MNonyunTb y NnabopaHTa wraTtns «lopkay» c peakTMBamu.

3 BbinonHnTb nabopaTtopHbie nccnegoBaHus:

Peakuyuu kamuoHa xene3a (ll) Fe2*

OnbiT 1 NaOH — rpynnoBon peakTuB, KOSIMYECTBEHHO OcCaxdaeT rmapoKCu, xxenesa
(I) B ocapok 6negHo-3eneHoro ugeta:

FeSOs+ 2NaOH = Fe(OH)z2| + Na2SO4

Fe?*+ 20H- = Fe(OH)2].

Ocapok Ha Bo3gyxe ObICTpo OypeeT BCreACTBME OKUCNEHMS OO0 rMapokcuaa
xenesa (lll):

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

BbinonHeHne peakunu:

K 2 kannam pactBopa cynbdgata xenesa (ll) npubaensaiT 2 kannu pactBopa
rmgpokcuga HaTpusa unu kanua. HabnogatoT nsMeHeHne OKpacky Npu CTOSHUN.

Onbit 2 lekcaumaHogeppaT (Ill) kanna Ks[Fe(CN)s] (kpacHas KpoBsiHasi coOfb)
BblAENSET TEMHO — CUHUI 0CafoK TYPHOYNEBOW CUHM:

3FeSO4 + 2K3[Fe(CN)s] = Fes[Fe(CN)s]2] + 3K2SO4

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

OTa camas 4yBCTBUTENbHas peakuus Ha conu xenesa (Il). N3bbITka peakTuBa
cnepnyet m3beraTb, TaK KaK ero enras okpacka npuaaeT ocafKy 3eNeHOBaTblil OTTEHOK.
Peakuunsa sasnsietcs oapmMakonenHom.

BbinonHeHne peakuyunu:

2 kannu pactBopa cynbdaTta xenesa (ll) nogkncnsawT ana nogasneHus rmgponuaa
CONnun ogHomn kannen pasbaBneHHOW CEPHON KMCNOTbl U 00aBNAT O4HY Kanmo pacTeopa
KPOBSIHOM COMW.

Peakuuu kamuoHa xene3sa (lll) Fe3*

OnbiT 1 NaOH — rpynnoBon peaktuB BblaensieT Oypbin CTYAEHUCTbIN 0CafokK
rmgpokcnga xeneasa (l):

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

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

BbinonHeHne peakuunu:

K 2 kannam xnopuga xenesa (lll) gobasnawT 2 kannu rugpokcuga HaTpus unm

Kanus.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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OnbIT 2 TuouyunoHat kanna KSCN unun ammonuss NH4SCN gaet ¢ pactBopom comnm
xenesa (lll) B cnabokucnon cpene KpoBaBO-KpaCHOE OKpaluMBaHWe BCreacTeve
o6pa3oBaHns Xene3o-poaaHNUCTbIX KOMMEKCOB:

FeCls + 3KSCN « Fe(SCN)s + 3KCI

Fe3*+ 3SCN- «> Fe(SCN)a.

MpvBeaeHHOe ypaBHeHUe ABNSeTca ynpoleHHbIM. Peakuua obpaTtuma, nostomy
ANSA NOBbILWEHWS ee YyBCTBUTENbHOCTU PeakTUB A0SMKEH ObiTb B3AT B U30bITKE.

BbinonHeHne peakuunu:

B npobupky nomewatoT 1 kannto pactBopa xnopuga xenesa (Illl) n 2 kannm
pacTBopa pogaHuaa Kanus (aMMoHus).

Onbit 3 TlekcaumnaHodeppat (lI) kanmsa Ksa[Fe(CN)s] (kentas KpoBsiHas CoOrlb)
ocaxpgaet wu3 conen xenesa (lll) 6epnnHckyo nasypb — 0cagoK MHTEHCMBHOIO CUHEro
uera:

4FeCls + 3K4[Fe(CN)s] = Fes[Fe(CN)s]s| + 12KCI

4Fe3* + 3[Fe(CN)e]* = Fea[Fe(CN)s]a|.

Peakuns o4eHb YyBCTBUTENbHA.

BbinonHeHne peakuuu:

K 2 kannam pacteopa xnopuaa xeneaa (lll) gobaBnsaoT 2 kannm pactBopa Xentomn

KPOBSIHOM COMW.

Peakyuu kamuoHa Mn2*

OnbiTr 1 NaOH — rpynnoBon peaktue ¢ consmu mapradua (1) gaet 6enbin ocagok
rmgpokcuga maprandua (I1):

MnSO4 + 2NaOH = Mn(OH)2|+ Na2S04

Mn2* + 20H- = Mn(OH)2|.

Ocapok 6bicTpo BypeeT Ha BO3ayxe BCNeACTBME OKUCMEHUSA KACITOPOAOM BO3ayxa
Ao coeguHenus mapradua (IV) MnO2 nnu HaMnOs.

BbinonHeHne peakuyunu:

K 2 kannsm pactBopa conu MapraHua [obaBnsitoT kannu pacTtBopa rmgpokcuaa
HaTpus unu kanus. HabniogaloT M3MeHeHe OKpPacKn Npy CTOSHUM.

OnbiT 2 Cynbtug Hatpua Naz2S ocaxgaeTt M3 pacTBopa Cornen MapraHua cynbhua
mMapraHua (Il), okpalleHHbIN B TENECHbIN LBET.

MnSO4 + Na2S = MnS| + Na2SOa.

BbinonHeHne peakunu:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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B npobupky nomeluatot 2 kannu pacteopa conu mapradua (I1) n gobasnsaiot 2
Kannu cynbunga HaTpus.

Onbit 3 lMepokeua Bogopoga H202 B npucyTCTBMM LLENOYEN OKUCNSIET COMn
mapraHua (Il) oo TemHo-6yporo ocagka maprarua (IV) HaMnOs unu MnO(OH)z2:

MnSO4 + H202 + 2NaOH = MnO(OH)2| + Na2S0O4 + H20

Mn?* + H202 + 20H- = MnO(OH)2| + H20.

Peakuyuu kamuoHa maeHusi Mg?*

OnbiT 1 NaOH — rpynnoBon peaktMB ocaxgaeT 6enbini CTyAeHUCTbIM 0cafok
rmgpokcuaa MarHus:

MgSOs4 + 2NaOH = Mg(OH)2|+ Na2S04

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

BbinonHeHne peakumu:

K 2 kannsm pactBopa conu marHust nobasnsatT 2 kannu pacTBopa rngpokcuaa
HaTpUS UK Kanus.

OnbIT 2 MoHorngpodocgat Hatpuss NazHPO4 gBnseTcs xapakTepHbIM peakTUBOM
Ha mMarHuin. B pacTtBopax conen marHus, cogepXalux Xsopug aMMOHUS, B NPUCYTCTBUK
aMmmuaka obpasyeTcs 6enbin Kpuctanmyeckui ocagok oocdaTta MarHns - aMMOHUSA:

MgCl2 + NazHPO4 + NH4OH = MgNH4PO4 |+ 2NaCl + H20

Mg?* + HPO4?% + NH4* = MgNHsPO4|.

OTa peakuuss — BaxHelllas KayeCTBEHHas peakuuss Ha MoH Mg?* u saBnseTcs
dapmMakonenHom.

BbinonHeHne peakunu:

B npobupky nomewjaroT 2 Kannu pacteBopa xfiopuaa MarHus, 2 kannm pactBopa
aMmmuaka u pacTBop Xrnopuga aMMOHUS A0 NOSIHOro pacteopeHus ocagka Mg(OH)2. 3atem

K nony4yeHHOMY pacTBopy AobasnsatoT 1-2 kannm pactBopa MoHormapodgocdarta HaTpus.

4 CpenaTb BblBOA NO pe3yrnbTaTtaM fabopaTopHbIX UCCNEA0BaHU.

5 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboTbl
Llenb paboTbl

OT4yeT 0 BbINONHEHUN paboThI

[aTbl 1 nognucy obyyatoLlerocs 1 npenogaeartens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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KoHmporibHbIe 80MpoChI:

1 Kakne KaTMoHbI OTHOCATCS K MATOM aHanuTudeckoun rpynne?

2 Oxapaktepusynte OencTBME rpynrnoBOro peakTmBa Ha pacTBOpbI, coAepKalime
COJIM KQTUOHOB MNATON aHaNUTUYECKOW rpynnbl.

3 Yto npoucxoauT c ocagkamu rugpokcumaoB xenesa (II) n mapraHua (ll) Ha
BO3ayxe?

4 Kak oTnnunTb KayecTBeHHble peakummn Fe3*n Fe2*?

5 Kakue xapakTepHble peakuum aaT Mg?* n Mn?+?

3.6 LlecTtas aHanuTU4ecKas rpyrnna KaTUOHOB

NabopaTopHoe 3aHATMEe Ne 13. KayecTBeHHble peaKkLm KaTUOHOB LLeCTOMN
aHanNMUTU4YeCcKomu rpynnbl
Llenb pabomai:

MN3yuutb cBoicTBa kaTuoHoB Cu?*, Hg?*, Cd?*, Ni?*, Co?* n geicTBue rpynnoBoro

peakTmBa

MamepuanbHoe obecriedyeHue:

- BbITSKHOW LWKad;

- gepxaTtenb ons npobupok;

- 9NeKTponnuTKN nabopaTopHble C Hacagkamm (CNMPTOBKN);
- wraTtue «lopka» ons peakTnBOB,

- wTaTtue ¢ npobupkamu;

- CTEKIISIHHbIE MarO4Ku;

- BCMomoraTternbHble Matepuanbl (Boga AUCTUNIIMPOBaHHAs, epLlun Ans Npobupok,

nosioTeHLUe, MbISo);

- aMmmuak pasdasneHHbin NH4OH -2H
- aMMMaK KoHUeHTpupoBaHHbIM NH4 OH -25%
- egkoe kanu KOH -2H
- egkmnn Hatp NaOH -2H
- kanusa rekcaunanodeppart (I1) Ka [Fe(CN)s] -1H
- meam cynbgart (Il) CuSOg4 -2H
- pTyTn gByxBaneHTtHon HUTpaT Hg(NO3):2 -0,2H
- kanui nogua Kl -0,5H

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- kagmus xnopug  CdCl2 -0,5H
- kobanbTa xnopug CoClz -0,5H
- Hukenb xnopug  NiClz -0,5H
- ammoHus xnopug NH4ClI -0,5H

- 6ymara MHOWNKaTOPpHaA yHMBepCalribHasA.

Ucnonb3yemblie ucmoydHuku: [2], [3].

Teopemuyeckasi Yacmb:

K LecTon aHanUTU4YecKom rpynne oTHOCATCA kaTuoHbl: Cu?*, Hg?*, Cd?*, Ni?*, Co?*.

KaTWOHbI LWeCcTON aHanMTUYECKOM Trpynnbl OCaXKOAlTCA pPacTBOPOM aMMuaka,
obpa3ysi 0cagku rMapoKCMA0B U OCHOBHbIX COMEN.

Ocagkn rMgpoKCMAOB M OCHOBHbLIX COMEn pacTBOPSOTCA B M3ObITKE peakTuBa,
o6pa3sysi KOMMMEKCHble CONMu. OTO CBOWCTBO OTMMYAET KaTWMOHbl LUIECTOM rpynnbl OT
OCTanbHbIX FPYNn KaTMOHOB, NO3TOMY PACcTBOP aMMUaka ABNSETCHA rpynnoBbIM PeakTUBOM
Ha KaTWOHbI LWEeCTOoW rpynnbl. KaTuoHbl Mean, kobanbTa n HUKenNs B pacTBOpax OKpalleHbl
COOTBETCTBEHHO B CMHUI, PO30BbIN N 3eSEHbIN LiBET.

Bcneactene BbICOKOM TOKCMYHOCTM CONEN MeTamnsnoB PTYTW, HUKens, kobanbra,
KagMUS KaTUOHbl KOTOPbIX OTHOCATCS K LIECTON aHanuTUYecKon rpynne, yyalmmcs
npeanaraeTcs npoAenatb peakumn Tonbko ana katmoHa meau (I1) Cu?*, ¢ o6sasaTenbHbIM
O3HaKOMJIEHMEM B BMAE OOMALUHEro 3afaHus no y4ebHUKYy C peakunsmMmn KaTUoHa pTyTu
(1) Hg?*, 4TOGbI 3HATb OTNNYME ITMX peakumin OT peakuuii Ha kaTuoH pTyTu (1) Hg2?*.

KoHUEeHTpMpoBaHHbLIN  pacTBOp amMmuaka B UM3ObITKe JaeT pacTBOpUMMbIE
KOMMMEKCHbIE COMW, KOTOPble OKpalleHbl COOTBETCTBEHHO B CUHWIA, 6GecuBeTHbIN,
OecuBeTHbIN, 3eMeHbIN N CUHe-3eMeHbIN LBeTa:

CuSO04+ 4NH4OH = [Cu(NH3)4]SO4 + 4H20

HgCl2 + 4NH4OH = [Hg(NH3)4]Cl2 + 4H20

CdCl2 + 4NH40OH = [Cd(NH3)4]Cl2 + 4H20

NiClz2 + 6NH4OH = [Ni(NH3)s ]Cl2 + 6H20

CoCl2 + 6NH40H = [Co(NH3)s]Cl2 + 6H20.

O6pasoBaHne ammuakata pTyTM (OKMCHOM) M kKobBanbTa NPOMCXOAUT NpwU
pobasneHun k cmecu conen xnopmaa ammoHunsa NH4Cl.

CodepxaHue u nopsidok 8bINnosIHEHUST pabombi:

1 O3HaKOMUTbLCS C TEOPETUYECKOM YaCTbIO.

2 TMonyuntb y nabopaHTa wWraTtns «loOpkay» Cc peakTmBamu.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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3 BbinonHuTb na60paToprle ncenengoBaHuA:

Peakuuu kamuoHa medu (Il) Cu?*

OnbiT 1 Tnapokengbl weno4vHblx metannos NaOH u KOH wmn3 pactBopoB conemn
mean (I) BbigensatoT Ha xonoge ronybon ocagok rmgpokcmuaa meam (I1):

CuSO4+ 2KOH = Cu(OH)2| + K2SO4

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

Ocapgok pacTBOpUM B KOHLEHTPUPOBaHHOM pacTBOpe aMMmnaka:

Cu(OH)2 + 4NH3 = [Cu(NH3)4](OH)z2.

BbinonHeHne peakunu:

K 2 kannam pacteopa conu mean (lI) gobasnsoT 2 kannv pacTBopa ruapokcuaa
HaTpUs N Kanust 1 HabnaaT BeinageHue ronyboro ocagka.

OnbiT 2 BogHbi pacTBOp ammunaka, B3ATbI B N3bbITKe, 0bpasyeT ¢ conamm meam
(II) komnnekcHoe coeguHeHne meau (ll) cnHero ugeTa:

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

Cu?* + 4NH3s = [Cu(NHsz)4]?".

Peakuus aBnseTca HauGonee xapaktepHou ana uoHa Cu?* u vaule Bcero
npuMeHseTcsa Ans ero obHapyxeHus.

BbinonHeHne peakuunu:

K 2 kannam pactBopa conu meaum (ll) pobaBnsawT n3bbLITOK pacTBopa aMMmuaka.
HabntogatloT okpalumBaHue pacTeopa.

OnbitT 3 Woama kanus Kl pearmpyet ¢ consmm meam (lI) ¢ obGpasoBaHuem
ceobogHoro rnoaa u xento-byporo ocagka nognga megm (1):

2CuSO04 + 4Kl =2Cul| + I2 + 2K2SO0a4.

BbinonHeHne peakunu:

K 2 kannam pactBopa CuSOs4 pobaBnsoT 2 kannu pacTtBopa uogvaa Kanus.
HabnogaoT naMeHeHne okpacku pacTteopa.

OnbiT 4 lekcaumaHodeppat (IlI) kanua KaFe(CN)s] Bblaensetr u3s HenTpanbHbIX
unu cnabokncnbix pacteopos conen meau (l1) kpacHo-Bypbii 0cagok rekcaunaHodepparta
(1) mean (11):

2CuSO0s4 + K4[Fe(CN)s] = Cuz[Fe(CN)s]| + 2K2SO4

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

Ocapok He pacTBopsieTcsl B pacTBOpe aMMuaka.

BbinonHeHune peakuunun:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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K 2 kannam pacteopa meau (Il) go6aenstoT 2 kannu pacTBopa rekcaumaHodeppaTta

(Il) kanns n HabnogalT BbiNnageHne ocaaka.

4 CpenaTb BbIBOA MO pesynbTatamMm na6opaToprlx nccnegoBaHnin.

5 OTBETUTb Ha KOHTPOJSIbHbLIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHune nabopaTtopHon paboTbl
Llenb paboThl

OT4eT 0 BbINONHEHUN paboThI

,D,aTbI n noanmcu o6yl-|a+ou4erocq U npenogaBartesnd

KoHmporsibHble 80rpochi:

1 Kakne KaTMOHbI OTHOCATCS K LUECTOW aHanMTUYeCcKon rpynne?

2 OxapaktepusynTte gencTBmne rpynnoBOro peakTMea Ha KaTUOHbI LLECTOW rpynnbl.

3 UYto obGpasyetca npuM AOENCTBMM Ha KaTUOHbI LIECTOM rpynnbl  M3bbITKa
KOHUEHTPMPOBaAHHOroO ammMmmaka?

4 HanvwuTe ypaBHeHWe peakumm noguaa Kanmsa Ha KaTMoHbl Meaun.

5 MpuBeauTe ypaBHeHUs crieumndundecknx peakumin Ha Cu?*.

6 Hannwute oTnmMumMTenbHble peakumnn Ha KaTUOHbI OOHO- U ABYXBarNeHTHOM PTYTW.

3.7 AHUOHBI

Na6opartopHoe 3aHATME Ne 14. KauecTBeHHble peakuum aHNOHOB NepBOWn,
BTOPOM U TPeTben aHaNUTUYeCKUX rpynn
Llenb pabomei:
M3yunTb CBONCTBA aHMOHOB U AENCTBME rPynnoBOro peaktnea
MamepuasnbHoe obecriedeHue:
- BbITSDKHOW LLKad;
- fepxaTenb Ans npobupok;
- ANeKTPONNUTKN nabopaTopHbie C Hacagkamu (CrMPTOBKN);
- wtaTtue «lopka» Ans peakTUBOB;
- LWUTaTMB C Nnpobupkamu;
- TpyOKM ra3o0TBOAHbIE;
- unbTpoBanbHasa dbymara;

- YacoBO€ CTEKIO,
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- BCnomMoraTtersibHble MaTepuarnbl (BOﬂ,a OncrTtunnnpoBaHHasa, epwmn and npo6|/|p0K,

NnosioTeHLUe, MbISO);

- 6bapus xnopug BaCl2 -0,5H
- andpeHunamuH (CeHs)2NH

- kncnota congaHaga HCI -2H

- kncnota cepHasi H2SO4 -2H

- kncnota ykcycHass CHsCOOH - 2H
- aueTtat Hatpusa CH3COONa -2H
- HaTpusa HuTpaT NaNO:2 -0,5H

- bymara nHavkaTopHasi yHMBepcarnbHas;

- kanun vogua Ki -0,5H
- HaTpua cynbdung NazS -0,5H
- HaTpusa xnopug NacCl -0,5H
- HaTpus cynbdaTt Na2S04 -0,5H

- HaTpua kapboHaT Na2COs3 -0,5H

- HaTpua docdaT NasPO4 -0,5H
- HaTpusa MoHorngpodgocgaTt NaHPO4 -0,5H
- HaTpusa 6pomung NaBr -0,5H
- cepebpa HuTpaT AgNO3 -0,1H

- azotHas kucrnota HNO3 -0,1H

- xnopHas soga (Cl, + H20);
- pactBop roga (2 + Kl);

- kpaxman 1%;

- peaktuB ['pucca;

- bymara nHavkaTopHas yHMBepcarnbHas.

Ucnonb3yemblie ucmoydHuku: [2], [3].

Teopemuyeckasi Hacmb:

MeToauka KayeCTBEHHOro aHanmsa aHMOHOB OTNM4YaeTca OT MEeTOAMKM aHanmsa
KaTMOHOB TEM, 4YTO B OCHOBE [ESfIeHUS aHWOHOB Ha aHanuTUYecKkne rpynnbl NEXUT
pasnuyHasi pacTBOPMMOCTbL cornen bapusa n cepebpa. Bo3aMoXHbI pasnnyHblie BapuaHTbl
AerneHnst aHMOHOB Ha rpynnbl. HO ¢ TOYKM 3peHnss pacnpoCTPaHEHHOCTM 3TUX BapuaHTOB
npeanaraeTcsa cxema geneHnst aHMOHOB Ha TPU aHanMTUYeCcKmue rpynnoi.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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MNepeasi epynna aHuoHos: docdaT-noH PO4*, cynbdat-moH SO4%, kapboHaT- MOH
CO3%.

MepeyncrieHHble MOHbI 06GpasyloT ¢ MoHamu Gapus Ba?* TpyaHO pacTBopuMble B
Boge conu. ['pynnoBbIM peakTnBoM Anis aToun rpynnel aensetca BaClz B HeTpansHOn nnm
cnaboluenoyHom cpege.

Bmopasi epynna aHuoHos: xnopua-moH CI, 6pomug-woH Br, wnogug-woH I,
cynb®Ua-NoH S2°. AHMOHBI BTOPOW rpynnbl 06pasytoT ¢ moHamn Ag* TpyaHO pacTBOpPUMblE
B BOAE W HepacTBOpuMMble B pasbaBneHHOM a30THOW Kucrnote conu. [pynnoBbim
peaktnoM siBnsietca AgNOs B npucyTcTBumM pa3baBneHHOW a30THOM KUCAOThI.

Tpembsi epynna aHuoHog: HutpaT-uoH NOs3, HuTpuT-moH NO2, auetaT-uoH
CHsCOO..

CepebpsaHble 1 GapueBble CONMM 3TUX aHMOHOB XOPOLLUO PacTBOPUMbI B BOAE.
‘pynnoBoro peaktuBa HeT, Bcnegcteme vero HM AgNOs, HM BaClz He ocaxgaloT aHUOHBbI
TpeTben rpynnol.

ObLenpuHATOro cucTtemMaTUYECKOro Xoda aHanu3a aHWOHOB HeT. B oTnuuune ot
aHanu3a KaTWMOHOB nMNpW aHanuM3e aHWoHOB Hambonee uenecoobpasHO BeCcTU
HenocpeacTBEHHOE OOHapyXeHue OTAeNbHbIX aHWOHOB 6e3  npeaBapUTEsNbHOro
pasgeneHusi. 9ta BO3MOXHOCTb OOyCroBfeHa TeM, YTO aHMOHbl Bonbluen 4acTblo He
MeLlalT OTKpbITUIO Apyr Apyra. B cooTBeTcTBMM C 3TUM, [pYMnoBble peakTuBbI

NPUMEHAKTCA HE ONA pasaeneHuna rpynn, a and mnx 06Hapy>KeH|/1$|.

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:
1 O3HaKOMUTBCHA C TEOPETUYECKOM YacCTblO.
2 MNonyunTb y NnabopaHTa wraTtns «l'opka» c peakTMBamu.

3 BbinonHntb nabopaTtopHbie nCcnegoBaHus:

Peakumm aHMOHOB NepBOW aHAaNUTUYECKOMN rpynnel

Peakuuu cynbgpam-aHuoH SO4%

OnbiT 1 Xnopug 6apusa BaClz ocaxgaeT ns pasbaBneHHbIX pacTBOPOB CynbdaToB
Genbin ocagok cynbgarta 6apus:

BaCl2 + Na2S0O4 = BaSOs4| + 2NaCl

Ba?* + SO4> = BaSO0a4|.

Cynbdat Gapus HepacTBOPUM B KUCIOTax. OTMM OH OTIMYaAEeTCA OT ApYyrux

BGapueBbIX conen aHMOHOB NepBON rpynnbl. Peakums aenaetca hapmakonenHon.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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BbinonHeHne peakuunu:
K 2 kannam pactBopa cynbata HaTpua Na2SOs4 gobasnsioT pactBop xnopuaa

6apusa BaClz n HabntogatoT BeinageHne ocagka.

Peakuyuu ¢gpocgpam-uoHa PO 4>

OnbiT 1 Xnopua 6apus BaClz BblaensieT vM3 HeWTparbHbIX pacTBOpoOB 6enbliii
amMopdHbIN ocagok rmapodocdarta bapus:

Na2HPO4+ BaCl2= BaHPO4| + 2NaCl

HPO4% + Ba?*= BaHPO4|.

Ocapok pacTBOpMM B MWHeparbHbIX KUCOTaxX (KPOME CEPHOW KUCMOThbl) U B
YKCYCHOW KMCRoTe.

Ecnn npoBoguTtb peakuuio B cnabowienoyHom cpege unum Cc pacTBOPOM COMK
NasPOqs, Bbigensetcsa ocagok Bas(POa4)2|

3Ba?* + 2P0+ = Bas(POa4)2}.

BbinonHeHne peakuunu:

K 4 kannsm pactBopa moHorngpodgocoata Hatpus gobasnatoT 4 Kannu pacteopa
xnopuaa 6apus. NpoBepsaOT pacTBOPMMOCTb OCafka B pa3baBneHHbIX XSTOpOBOAOPOAHOM
N a30THOWM KMUCroTax.

Onbit 2 Hutpat cepebpa AgNOs gaet ¢ cdocdaTOM-MOHOM KenTbld 0cafokK
docata cepebpa, nerko pacTBOpPUMbIA B a30THOW KUCNOTE M B pacTBOpe amMmuaka.
[MonHoe ocageHne BO3MOXHO TOSMbKO B HEMTPASibHOM UIN LLENOYHON cpefe.

NasPOas + 3AgNO3 = AgsPO4| + 3NaNOs3

PO43 + 3Ag* = Ag3PO4|.

Peakuus ssnsetca papmakonenHom.

BbinonHeHne peakunu:

K 4 kannam pactBopa gocdarta HaTpusa npubaensoT 4 kannm pactBopa HuTparta
cepebpa 1 HabnaT BbiNageHne ocaaka.

Peakuuu kapboHam-uoHa CQO3z%

KapboHaT-noH SBNsieTCsl aHMOHOM YrofbHOW KMCNOThLl. OTa KMcnota B cBOO6OOHOM
COCTOSIHUM HE BCTpeYaeTCs, TaK Kak NoYTn NONHOCTbIO pacnagaetca Ha CO2 n Boay.

H2CO3 — o4eHb crnabas kucnota U ee amMMOHUIMHBLIE COMM U COMKU LLEMNOYHbIX
METansoB B 3HAYMTENbHOW CTENEHN NOABEPratoTCs rMApPonmay.

OnbiT 1 Xnopug 6apus BaClz n3 pactsopoB kapboHaToB ocagaeT Ha xonoae

Genbin ocagok kapboHaTa Gapus:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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BaCl2 + Na2COs = BaCOs| + 2NaCl

Ba?* + CO3> = BaCOs|.

BbinonHeHne peakunu:

K 5 kannam pactBopa kapboHaTta HaTpusa obaBnsoT pactBop xnopuga Gapua u
HabnoaaloT BbinageHne ocagka.

OnbiT 2 KucnoTel pasnaraoT Bce kKapboHaTbl C OypHbIM BblAeNieHMEM oOKcuaa
yrnepoaa (IV):

Na2COs3 + 2HCI = 2NaCl + CO21+ H20

CO3?% + 2H* = H20 + CO21.

Peakuunsa ssnsetcs bapmakonenHom.

BbinonHeHne peakuunu:
K 2 kannam pactBopa Na2COs npubasnsioT no kannsam pasbasreHHyto

XJIOPOBOAOPOAHYIO KMCNOTY (unu gpyryto). HabniogatoT 6ypHoe BblaeneHume rasa.

Peakyumm aHNOHOB BTOPOMWN aHaAaNUTUYECKOWN rpynnbl

Peakuyuu xnopud-uoHa CF

OnbiT 1 Hutpat cepebpa AgNOs ¢ noHom Cl- gaet 6enbii TBOPOXUCTLIN OCafoK
xropuga cepebpa:

NaCl + AgNOs = AgCl| + NaNOs3

Cr + Ag* = AgCl|.

BbinonHeHne peakuyunu:

K 2 kannam pactBopa xnopuaa HaTpus npubaBnaioT 2 kannu pactBopa HuUTpaTta

cepebpa.

OnwiT 2. Aencteue xnopHon Boapl (Clz + H20)

CB006OAOHbIN XIOp OKUCNSAET MOHbI Moaa |- o cBoboaHOro noaa B KUCNOW cpeae:

2Kl + Clz2 = |2+ 2KCI

21"+ Cl2 =2+ 2CI.

CBoboaHbIM Mo OTKpbIBAOT AENCTBMEM Kpaxmarna: Kpaxman okpaluvBaeTcs B
CUHWUN LBET.

BbinonHeHne peakuuu:

B dapdopoByto 4valwkKy HanmBalrT BOOOMPOBOAHYIO BOAY, COOEpXallyr XIiop,

pobasnaT 3—4 Mn pacTBopa nogvaa Kanus, NpunmnBatoT CEPHY0 KUCNOTY U 2—5 kanenb

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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pacTBopa kpaxmana. Cogepxvumoe nepemelunBalnT U HabnoaalT U3MEHEHUE OKpacKu

pacTBopa B CMHWUN LBET.

Peakuyuu 6pomud-uoHa Br -

OnbiT 1 Hutpat cepebpa AgNOs ¢ noHamu Br paet xentoBaTto-6enbin ocagok
6pomuaa cepebpa:

NaBr + AgNOs = AgBr| + NaNO3

Ag*+ Br = AgBr|.

BbinonHeHne peakunu:

K 4 kannsam pactBopa bpomuaa HaTpus NpunuBaloT 4 Kannu pacTBopa HuTparta

cepebpa. HabntogatoT BbinageHne ocagka.

Peakyuu uodud-uoHa I

Onbir 1 Hutpat cepebpa AgNOs Bbigender w3 MOAMOOB CBETNO-XENTbIN
TBOPOXMCTbIN 0Cagok noguaa cepebpa:

KI + AgNOs = Agl| + KNOs

Ag* + I'=Agl].

BbinonHeHne peakunu:

K pactBopy uvogupa kanua [obaBnsitoT HEMHOro pacTBopa HuTpaTa cepebpa.

HabntogatoT BbinageHne ocaaka.

Peakuyuu cynbguod-uoHa S?%

Onbit 1 Hutpat cepebpa AgNOs obpasyeT c cynbdua-MOHOM 0OCafoK YEepHOro
uBeTa cynbduaa cepebpa:

Naz2S + 2AgNOs = Ag2S| + 2NaNOs

S% + 2Ag* = Ag2S|.

BbinonHeHne peakuyunu:

K 2-3 kannsam cynbduga Hatpua npunueatoT 1-2 kannm pactBopa a30THOKUCIIOro
cepebpa 1 HabnwogaT BbiNageHne ocagka.

Peakunm aHWMOHOB TpeTbeW aHaNUTUYECKON rpynnel

Peakuyuu Humpum-uoHa NO»

OnbIT 1 enctene nognaos

Hutputbl okmucnsoT |- go |2 B npucytcteumn H2SO4:

2127 + 2NO2 + 4H* = |2 + 2H20 + 2NO1.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx



KMPK BFAP® ®rB0Y BO «KITY»
XUMKUA | C.60/82

MO-43 02 15-EH.01.J13

Buliaenerue |2 0GHapyxuBatoT pacTBOPOM Kpaxmarna, KOTOpPbI Npy 3TOM CUHEET.

OnbiT 2 [encTtBne peaktnsa 'pucca (cmecb pacTBOPOB CySibaHUITOBOM KUCIOThI U
o-HadpTMnamuHa)

lMpn B3aMmopencTBum peaktmsa [pucca ¢ HUTpuTammn obpasyeTcs asokpacuTenb

apko-kpacHoro useta HaN — C1oHs — N = N — CsH4 — SO3H.

Peakuyuu Humpam-uoHa NO3-
OnbiT 1 dencteue gudpernnammna (CeHs)2NH
OndeHnnamuH okmncnsaetca noHom NOs 0O npoaykTa, MMEKLWEro TEMHO-CUHIOH

OKpacky.

BbinonHeHne peakunu:

Ha 4yacoBoe cTekno BHocAT 3—4 kannu pactBopa gudeHunamuHa, 3-5 kanenb
CEePHOM KUCMNOTbl 2 H, 2 Kannu pacTBopa HUTpaTta HaTpus U HabniogalT nosiBrieHue
TEMHO-CUHEN OKpackn. Peakumnsa oyeHb YyBCTBUTENbHA, HO He cneuuduyHa.

Takyto okpacky ot gencteus (CeHs)2NH gatoT Tonbko noHsl NOs™.

Peakyuu ayemam-uoHa CHsCOO-

CepHas kucrnota H2SO4 BbITECHAET YKCYCHYKO KWUCHIOTY U3 €e COfel, O 4YeMm
CBUAETENbCTBYET XapakTepHbI 3anax, 0CO6EHHO Npu HarpeBaHWK:

2CH3COONa + H2S04 = 2CH3COOH + Naz2SOa.

Peakuus ssnsetca papmakonenHom.

BbinonHeHne peakunu:

B npobupky nomewiatotr 6-8 kanens CH3COONa n 6 kanenb H2SO4 cmech crnerka

HarpesatoT. OLlyLaeTcs 3anax YKCYCHOWM KUCNOTbI.

4 CpenaTb BbIBOA NO pe3ynbTaTtaM fabopaTopHbIX UCCNeaoBaHMUN.

5 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboTbl
Llenb paboTbl

OT4yeT 0 BbINONHEHUN paboThI

[aTbl 1 nognucy obyyatoLlerocs 1 npenogaeartens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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KoHmpornbHble 80rpochi:

1 Yem gencreume rpynnoBbIX peareHTOB Ha aHMOHbI OTIMYaeTCs OT UX AENCTBUA Ha
KaTWUOHbI?

2 Kakne aHNOHbI OTHOCSATCA K MepBOM aHanMTUYeCcKon rpynne?

3 Pa3bepute gencraune rpynnoBbIX peakTUBOB HA aHNOHbLI NEPBOW aHaNUTUYECKON
rpynnbl.

4 [Moyemy obecLBeunBaeTCs 1Mo4 Npu B3aMMOAENCTBUM C CyNbputamm?

5 Kakne aHMOHbI OTHOCATCS KO BTOPOW aHanuTuyeckoun rpynne?

6 Pas3bepuTe gencreme rpynnoBoro peaktnea Ha aHMOHbI BTOPOWN rpynnbl.

7 Kakne aHMOHbI OTHOCATCS K TpeTben rpynne?

8 Kaknmu peaktmBamm MOXHO OBHapPYXnTb HUTPAT- N HUTPUT-AHUOHbI?

9 Kakvum peakTMBOM MOXHO OBHapyXuTb aueTaT-aHNOH?

PA30EN 4 KONIMYECTBEHHbIA AHANN3
4.1 N'paBnMeTPMUYECKUMIN MeTOo4 aHanus3a

JTa6opaTtopHoe 3aHATME N2 15. OnpeaeneHue NPOLLEHTHOrO coAaepXXaHus

KpI/ICTa.I'I.I'IVI3aL|,VIOHHOI7I BOAbl B KpUcTamsindyeCKom xnopuae 6apm1

Llenb pabomai:
NccnepoBaHue KpucTannuyeckoro  xnopuaa bapus Ha coaepxaHue

KpMCTEiJ'IJ'IVI38LI,I/IOHHOI?I BOAObI

MamepuanbHoe obecriedyeHue:

- BIOKCHI;

- TUrenbHble WMNUbI;

- wnaTens;

- BCnoMoraTtesibHble MaTepuans! (Bo4a OUCTUNNMPOBaHHAsA, NONOTeHLUE, MbISO);
- CKNsIHKa C KpUCTannuMyecknm xmnopuaom bapus;

- CYLWWNbHbIN WKad obLiero nonb3oBaHus;

- TepMOMETP;

- TexHn4eckune Becbl BJIK obLiero nonb3oBaHus;

- aHanuTM4yeckne Becbl 0OLLEro NoNb3oBaHUs;

- 9KCUKaTOopbI obLero nonbL3oBaHuA.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Ucnonb3yemblie ucmoydHuku: [2], [3].

OpezaHusauyus u memodukKa 8bInosiHeHUs pabomel:

B TBepabix BelwectBax Boda MOXeT OblTb  KpUCTaNnM3aLMOHHOW U
rMrpPOCKONMUYECKOMN.

KpucmannusayuoHHass eoda — BO@a, YydyacTBywwas B  obpasoBaHuu
KpuctannormgpatoB. Ee cogepxaHve Ona  Kaxgoro  KpuctannormgpaTta  CTporo
onpegeneHo. OgHM KpucTannormgpatbl Npy XpaHeHUU B CYXOM BO3gyxe TepsalT 4acTb
KpUCTannm3aLumMoHHON BoOAbl. OTO sBfieHMEe Ha3blBaeTCs BblBETPMBAHUEM KpUCTasmoB.
Adpyrve kpuctannormgpaTbl NOrNoWaT M3 BMAaXHOro BO3dyxa Bnary. JOTO sBMNEHWe
Ha3blBaeTCs pacnbiBaHNEM KpucTannos. YTobbl Kpuctannornapartbl HE M3MEHSANM CBOEro
cocTtaBa (He BbIBETPMBaNMCb WU He pacnibiBannCb) UX CyllaT U XPaHAT B CTEKMNAHHbIX
BaHkax ¢ npuTepTbiMu Npobkamu, a maneHbkne Npobbl B 6Grokcax. BbicyluMBaHMe HaBeCOK
KpuctannormgpatoB [Ansi  kaxgoro obpasua BegyT npu CTpOro  onpeneneHHon
Temnepatype. Hanpumep, maccoByto Aonto KpuctannusauynoHHon Bogbl B BaClz - 2H20
onpeaenstoT npu 120-125 °C.

luepockonuyeckasi enaza — BOAsHblE Mapbl, agcopbupoBaHHble W3 BO3gyxa
yacTuyamm wmuccnegyemoro BewectBa. Ee  copepxaHue 3aBUCUMT  OT  BNAXXHOCTU
oKpyXatowen cpegbl U OT CTEeNeHn wu3aMernbyeHus BewecTBa (OT MOBEPXHOCTU
COMPUKOCHOBEHNS). YeM TOHblUe M3MeNbYeHO BELECTBO, TEM OHO TUrPOCKOMUYHEE.
OnpepensitoT  TMrpoCKONMMYECKyd Brary (BMaXHOCTb) W3  BO34YLIHO-CYXOM  TOHKO
n3menb4YeHHOM HaBeckn (nocne pactupaHusa obpasua B CTyMKe Ha TbIfIbHOM YacTu PYKU He
OOJIMKHbI OLyLAaTbCA OTAENbHbIE KPYNUHKK). BbicylumBaHMe HaBecok Bcex obpasuoB (B
OTNMYME OT onpeaeneHnsa KpuctTannmsaunoHHon Boasl) BegyT npu Temnepartype 105-110
°C.

[MoBTOpPUTbL OCHOBHblE onepaumn B pabote. OGpaTUTb BHMMAHWE Ha TO, 4TO
BbICyLLUMBaHME crieqyeT NpoBoauTb Npu Temnepatype He Bbiwe 120-125 rpagycos, nHave
xnopua 6apus 6yget pasnaraTtbcs. PaboTaTb OCTOPOXHO, Tak Kak xnopug 6apusa aooBuT.
HanomHuTb npaBuna paboTbl C anekTpoHarpeBaTeNbHbIMM MpubopaMn  (CyLIMIbHbIN
wkad). O6bpaTnTe BHUMaHME Ha ONepaLnio «BbICYLUMBAHUSA OO NOCTOSIHHOW MaccCbl», T.€.
Korga pesynbTaT 2-X NocnegHux B3BeLMBaHUA HaBeckW He oTnu4varotcs Ha = 0,0002 r
(TOYHOCTb aHaNUTUYECKNX BECOB).

B xope onpegeneHvs KpuctannuM3auMoOHHOM BOAbl B KpucTannorngparte xnopuaa

Gapus NPpoMEXyTKM MeXAy BbICYLUMBAHUSIMWA 3aHSATb pacyeTaMu HaBECKW M MPOLEHTHOro

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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cogepxaHus BoAabl. Bo Bpemsi paboTbl cneauTb 3a MPaBUbHOCTbIO B3BELLUMBAHUSA Ha
aHanuMTU4eCcKnx Becax M TOYHOW 3anncbio Macchbl.

MpakTnyeckoe BoiNoNHeHne paboTbl

B npocyLlueHHbIi A0 NOCTOSAHHOW Macchbl BIOKC OTBECUTb Ha aHanuMTUYeckux Becax
HaBecKy Kpuctannuyeckoro xnopuga 6apus 1-1,5 rpamma.

BbicywueaHue Hasecku. OTKpbITblA OOKC C HaBECKOW BMECTE C KPbILUKOW
noctaeuTb Ha 1,5 yaca B cywmnbHbIN WKad npyu Temnepatype 120-125 rpagycos, 6toKC
3aKpbITb KPBLILKOW W OXMNaguTb B SKCUKaAToOpe, B3BECUTb Ha aHanuMTUYeCcKux Becax
(BbICYLLMBaAHWE NPOBECTM 0 NOCTOSAHHOW Macchl).

OKCUKATOp — CTEKMSHHbIA COCyhd, ChyXawuihn AN XpaHEeHUS BbICYLUEHHbIX [0
NMOCTOSAHHOM MaccCbhl OOKCOB, TUIMENW U OXMNaXOEHUSA BbICYLUEHHbIX WU  COXCKEHHbIX
HaBECOK, C LIeNbl UCKNIYEHUss nx obBOAHEHUSA B OKpyxawwen cpege. MuHumanbHas
BNaXXHOCTb BO3[yXa 9KCMKaTopa obycnaBnuBaeTCs HanvumeM B HeM rmapodUIibHbIX
agcopbeHToB, Hanpumep, SiO2 (cunukarens), CaClz, H2SO4 (koHUEHTpUpOBaHHORN) 1 Op.

[aHHble ona aHanuaa 3anucaTtb No popme:

Macca nycrtoro 6tokca Ne ... —10,0000r
Macca 6tokca ¢ HaBeCkon 0 BbICYLLUMBaHUSA -
Macca HaBecku, B3siTON Ans uccriegosanus (H) -

Macca 6rokca ¢ HaBeCkoMn nocne BbiCYyLLIMBaHUSA -

a b 0N =

Macca kpuctannuaaumoHHom sogpl (m H20) -

Macca kpuctannmsaumMoHHOM BOAbI HaxXoAUTCHA MO pPa3HOCTM Macchl Owkca ¢
HaBEeCKOM [0 BbICYLUMBaHMS W MNOCTOSIHHOM Maccbl Olkca C HaBeckon nocne
BbICYLUMBaHUS.

Co,qep>|<aH|/|e KpMCTaJ'IJ'IVI3aLl,I/IOHHOI7I BOAbl B NMpoOUEeHTax HaxoaAT no cbopmyne:

% H20 = m H20 -100/H,

rae m H-0 — macca Boabl, T;
H — HaBecka, B3dTasi Ang aHanmaa, r.
Haxoanm TeopeTnveckmii NpoLEeHT KpUcTannm3awmMoHHON BOAbl U3 NPONOPLUN:
244 28 r BaCl2 - 2H20 — 36,03 r H20
100 r BaCl2 - 2H20 — x r H20
x =100 - 36,03 / 244,28 = 14,75 %.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Haxogum GGCOJ'II-OTHyI-O N OTHOCUTEJIbHYIO OLIJI/I6Ky onpepeneHnd.

AbconomHasi owubka — 3TO pasHOCTb MeXAy NPakTUYECKUM U TeOopPeTU4eCKUM

coaepXXaHnem KpuctannmsaumoHHON BoAbl, MOXET ObITb CO 3HAKOM (+) unu (-).

OmHocumenbHas owubka — 93TO OTHOWeEHWe abComMTHOW OWMUDKU K

TeopeTn4eCKomMy coepKaHuUro KpI/ICTaJ'IJ'II/I3aL|,I/IOHHOIZ BOAbl (B npou,eHTax).

BOAbI.

CodepxxaHue u nopssdok 8bINoSIHEHUST pabombl:

1 O3HaKOMUTbCA C OpraHM3aumen u MeTOOUKON BbINONHEHUS paboThbl.

2 Mony4yunTb y NnabopaHTa KOMMNNEKT NOCYAbl N PEaKTMBbI.

3 BbinonHnTb NnabopaTtopHbie NCCneaoBaHUsa U HEOOXOAMMbIE paCHEThI.
4 CpenaTb BbIBOA NO peaynbTatam nabopaTopHbIX NCCNenoBaHUMN.

5 OTBETUTb Ha KOHTPOJSIbHbLIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHne nabopaTtopHom paboTbl
Llenb paboTbl

OT4eT 0 BbLINOMHEHMN PaboThI

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTtens

KoHmporsnbHblie 80rpockl:

1 B 4yem 3aknoyaeTcs CyLHOCTb BECOBOro aHanmsa?

2 [1aTb noHATME KpUCTanM3aunoHHOW U rTMrpoOCKONMYECKON BOAbI.
3 YTO 3HauMT BbICyLUMBAHWE 0O MOCTOAHHOW Macchbl?

4 MNepeuncnuTb NpaBuna B3BELLUNBAHUS HA aHaNMTUYECKNX BECaX.
5 C kakowm uenblo NpUMMEHSIETCS 3KCMKaTop?

6 Paccuutatb HaBecKy MeOHOro Kyrnopoca Ha cogepXaHue KpuctannmsaumoHHON

4.2 MeTtoabl TUTPUMETPUNYECKOIO aHanus3a

Na6opatopHoe 3aHATMe Ne 16. NMpuroTtoBneHne pacTBopa Lenoyun, yctaHoBKa
TUTPa U HOPMasibHOCTMU LLENI0o4YUN NO KUCNoTe

Llenb pabomei:

MpurotoBneHne paGoyero pacTBopa LWEenoyu, YCTaHOBMeHMe Tutpa U

HOpPMarnbHOCTY LWEeNoYn no KucnoTe (CTaHAapTM3auUms pacTBopa LLernoYn).

3akpenneHue HaBbIKOB NONb30BaHWsi MEPHOM NOCYAONM U NPOLLECCOM TUTPOBaHUS

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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MamepuarnbHoe obecriedeHue:

- Konba mepHas Ha 200 mn;

- cTakaH Ha 250 mn;

- wnaTenb Unu NUHUET;

- nuneTka Ha 10 mn;

- CTEKIIIHHaA NarnoukKa;

- BropeTKa;

- Konba ans TMTpoBaHuS;

- YyacoBoOe CTEKII0 Unu BIoKC;

- BCMomoraTenbHble Matepuansl (Bo4a ANCTUNNMPOBAHHas, NOMNOTEHLE, MbIO);
- TEXHOXMMWNYECKNE BECHI;

- egkun Hatp unu egkmi kann NaOH mnnun KOH;
- 0,1 H pactBop congaHomn kncnotbl HCI;

- METUIOBbIN OPaHXXEBbLIW;

- anctmnnmpoBaHHad BoAa.

Ucnonb3yemblie ucmoyHuku: [2], [3].

OpeaHu3sauus u memoduKa 8bInosiHeHUs pabomabl:

MokasaTb y4yawmmcsa, kak HabupaeTca XMOKOCTb B MUMETKY WU MNepeHocuTcs B
apyron cocya. O6bembl, oTbupaemble nuneTkamu, HebonblumMe, MNO3TOMY HEBEPHOE
namepeHne obvema pact 6Gonbuwyko ownbKy B pesynbTate aHanu3a. [lonb3oBaTbes
TONbKO COBEPLUEHHO YMCTOM MNWUMNETKOW, NpW 3acacbiBaHMM PTOM BO34yxa W3 NUNETKU
HWKHUIA KOHeL, ee OormkeH ObiTb BCe BPeEMS NOrpyXeH B XMAKOCTb. HabpaB XMAKOCTb B
NMNEeTKy Bbllle METKM, ObICTPO BbIHYTb TPYOKY MMNETKM M30 pTa U 3aKpbiTb OTBEPCTUE
yKkasaTenbHbIM Nanbuem. [epxa 3akpbiTylo nanbuem nuneTky Tak, 4Tobbl MeTka
Haxo4mnacb Ha ypOBHe rnas, ocrnabuTb HaXXuUM NanbLla Ha oTBepcTMe NuneTkn. XKMakocTb
CnMBaeTcs OO Tex NOop, MOKa HWKHUA Kpanm MEeHUCKa XWOKOCTU HEe KOCHETCS METKM.
Ycnnutb HaXknm nanbueM, BblTEKaHWE XMAKOCTM npekpatutcs. OCTaBLUYOCS XUAKOCTb U3
nNMNeTKN He BblayBaThb.

MokasaTb yvalwmmcs, Kak AOBECTU YPOBEHb XUAKOCTU B MEPHOWN Konbe A0 MeTKW.
Mpn nonb3oBaHuM konbow GpaTb ee 3a ropno Bbie MeTKUM, YTOObl He W3MEHUTb

TemnepaTtypy pacTBopa U camoi konbbl. HanneaTb pacTBop Tak, YTOObl BOFHYTbIA MEHUCK

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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MOBEPXHOCTN XMAKOCTM Kacarncss MeTKM Konbbl, MeTKy Konbbl npu 3TOM AepxaTb Ha
YpOBHe rnas.

Mpy nonb3oBaHUM OIOPETKOW HYXHO MOMHWUTb, YTO YKpPennsaTb ee B LITaTuBe
crnenyeT CTporo BepTukanbHo. Npu Kaxxaom TMTpoBaHMKM 3anonHATb 60peTKy OO HYNeBOro
aenenuns. lNepen TuTpoBaHMEM onpedenuTb LeHy aeneHunsa 6opeTku, obbem ee Kannw.
3anonHUTbL HOCKK BOpeTKM Tak, YTobbl HEe BbINO Ny3bIPbLKOB BO3ayxa. [1pu 3anonHeHun oo
HYNEeBOro AeneHus HYXXHO, Y4Tobbl rnas 6bln Ha YpoBHE YepThl.

B xope paboTbl npenogaBaTenb AOMKEH KOHTPONMPOBaTh BCE Bbille OMMCAHHbIE
onepauuu, a Takke TOYHOE B3BELUMBaAHME Ha aHaANUTUYECKMX BeCaX.

Ana npurotoBneHns paboyero pacTBopa LienoyM MOonb3ylTCa Yale TBepaown
Wenoyblo. TBepayl LWernoyb HYyXXHO 6paTb wnaTeneMm unu nuHueTom. Ecnu nonb3yroTcs
KyCKOBbIM TEXHUYECKMM HaTpOM, TO packasrbiBaHME KyCKOB MpPOM3BOAUTCA O4YEHb
OCTOPOXHO, TakK Kak MeSikMe KyCOYKM MOryT nonacTb B rnasa (packanbiBaTb B O4KaXx,
BbINOSHATL MNpaBuna TexHWkM 6e3onacHocTu). [MOMHUTb, YTO pPacTBOPbI LLENoYen U
KUCIOT, KOHLUeHTpauua koTopbix 6Gonbwe 0,1 H, Henb3s GpaTb B nNuneTky, cosgaBas
BaKyyM PTOM. XpaHWUTb pacTBOpPbI LLEenoYen Hago repMeTMYecKn 3akpbiTbiMU. 3akpbiBaTb
npuTepTeiMM  nNpobkamn Henb3s, nydwe nogobpaTb pPe3nHOBYD NPobKy C  OBYMS
oTBepcTuAMU. B OOHO OTBeEpCTME BCTaBAAKT XNopKanbuMeBY TPyOKy, HanoOSIHEHHYHO
HaTPOHHOM M3BECTbO. B Apyroe oTBepCcTUE BCTABMAT CTEKMSHHYIO TPYOKy C pe3MHOBON

pr6KOIZ n MeTariM4eCKMM 3aXXMMOM.

MpakTnyeckoe BbiNnONHeHNEe paboThl

1) lNpuaomosumse 0,1 H pacmeop eOko2o Hampa 8 obveme 200 ms, ycmaHO8UMb
e2o0 mump no paboyemy pacmeopy cossHOU Kucriomel (cmaHOdapmu3ayusi pacmeopa
wersoyu).

PaccuntaTb HaBeCKy eakoro Hatpa:

ONnaoH =M/ 1; Mnaon =3 - N - V/1000.

B3aBecuTb HaBecky Ha TEXHOXMMUYECKNX BECAX B KONNYeCTBe, ONn3KoM K pacHe THON
N NepeHecTu ee B MepHyto konby, emkocTbto 200 mMn, 06MbITb AUCTUNNMPOBAHHOW BOLOM
yacoBoe cTekrno (6tokc). PacTtBopuTb HaBecky M OOBECTU 06beM OO METKW, TwiaTenbHO
nepemMewartb. bropeTKky 3anonHnTb pabounm pacTBOPOM COMSIHOW KucnoThl. B konby ansa
TUTpoBaHUss oTMepuTb 10 Mn pacTBopa WeEenoYn U KanHyTb 1-2 kannm MeTUNoBOro
opaHxeBoro. OTTUTpoBaTb pPacTBOPOM COMSAHOM KUCIOTbl A0 Nepexona KenTon OKpacKu

nHoukatopa B 6negHO-po30BYyl0. M3  cxofdwmxcs Tpex pesynbTaToB  TUTPOBAHUS

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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paccuntatb cpegHu. 1o HOpManbHOCTWM pacTBOpa CONSTHOM KUCIOTbl paccyuTaTb
HOPMarnbHOCTL LWenoyun n ee maccy B o6beme 200 mn.

NnaoH = Nhci - VHer /' VNaoH,
MnaoH =3+ V- N/1000.

TuTpoBaHuMeco«cBMgeTene m»

TuTpoBaHMe MOXHO NPOBECTU CO «CBMAETENEMY, TO €CTb 06Pa3LIOBLIM PacTBOPOM,
UMEIOLLMM TaKylo Xe OKpacKy, Kak Ta, Npu KOTOPOMW HYXXHO 3aKOHYUTb TUTpoBaHue. [pu
TUTPOBaHUN «CBUAETENbY CTaBAT OKOMO cocyaa C TUTPYEMbIM PacTBOPOM 4151 CPaBHEHMS
nx okpackn. «Cemngetenb» 0bs3aTtenbHO AOMMKEH ObiTb MPUIrOTOBMNEHHBIM B COCYAE TaKowm
e (PopMbl 1 eMKOCTU, KaK TOT, B KOTOPOM NpoBoAAT TutpoBaHme. O6bem ob6pasyoBoro
pacTtBopa AOMKeH OblTb paBeH 0ObeMy TUTPYEeMOro pacTtBopa B KOHUE TUTPOBAHUA.
MHankaTop K «CBMOETENO» N TUTPYEMOMY PacTBOPY HYXHO npubaBnsaTb B OAMHAKOBOM

Konnyectse no 1-2 kanne Ha 10 mn pacTBopa. TUTpoBaHue BECTU 0 LBeTa «CBUAETENs».

CodepxxaHue u nopssdok 8bInosIHEHUsST pabombi:

1 O3HaKOMUTbCA C OpraHM3aumen u METOOUKON BbINONHEHUs paboThbl.

2 MNony4nTb y NnabopaHTa KOMMMEKT MNOCYAbl U peaKkTUBHI.

3 BbinonHutb nabopaTopHble nccnegoBaHns U HEOBXoAMMbIE pacyeThl.
4 CpenaTb BbIBOA NO pe3ynbTatam nabopaTopHbIX NCCNegoBaHUMN.

5 OTBETUTb Ha KOHTPOJIbHbLIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHme nabopaTtopHon paboTbl
Llenb paboTbl

OT4eT 0 BbLINONHEHMN paboThI

[atbl n nognucu oby4yatoLlerocs 1 npenogaBaTens

KoHmporsibHbIe 80Mpochi:

1 KakoBa Benu4ynHa nokasatens TMTpoBaHusa doeHondTanenHa n metunopaHxa?

2 B kakom cny4yae B MeTode HeWTpanusaumm npu TUTPOBAHUW HYXXHO OpaTb
dheHondTanenHa, B KAKOM — METUNOPaHX?

3 MoxHO N1 No HaBecke LWernoyn onpeaenuTb TOYHYIO ee HOPMaribHOCTbL?

4 Yro nponcxoanT ¢ eaknMmMun weno4yamm npm CToAHMM X Ha BO3,D,yX6?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Na6opartopHoe 3aHATMe N2 17. OnpegeneHue BPpeMeHHOM XXeCTKOCTHN BOAbI

Llenb pabomei:
MccnepoBaHme BoOoonpoBOAHOM BOAbl Ha coaepaHue GukapOoHaToB Kanbuus u

MarHuna

MamepuarnbHoe obecriedeHue:

- MepHasd konba Ha 100 mn;

- BropeTKa;

- BOpOHKa K BropeTke;

- nuneTtka Ha 10 mm;

- Konba ansa TutpoBaHus Ha 250 mn;

- BComoraTenbHble Matepuansl (Bo4a ANCTUNNMPOBAHHas, NOSIOTEHLE, MbISO);
- 0,1 H pacTBOp COSISIHOWN KMCNOTbI;

- METUIIOPaHX.

Ucnonb3yemblie ucmoyHuku: [2], [3].

OpeaHusauus u memoduKa 8bInosiHeHUs pabomabl:

YecTkocTb BOAbl onpeaensieTcsl B Hel coaepXaHMeM pacTBopuMbIX coneit Ca*? u
Mg*?: ruapokapboHaToB, cynbdaToB 1 XNOpUaOB.

KapboHamHas unu spemeHHasi xecmkocmb (XKk) obycrosrneHa npuCcyTCTBUEM B
Boge pacteopumsblx cornen Ca(HCO3)2 n Mg(HCO3)2. Mpu knnavyeHnn sogbl GukapboHaThbl
nepexogaT B HepacTBOpUMble KapboHaThbl:

Ca(HCO3)2 — CaCO3|+ H20 + CO21

Hakunb

Mg(HCO3)2 — MgCO3|+ H20 + CO21.

HaKunb

HekapboHaTHass WM nNOCTOAHHAA XeCTKOoCTb Boabl  (XK;) obycrnoeneHa
NpUCYTCTBUEM B Hell cynbdaTtoB 1 xnopuaos Ca*? n Mg*2. MNpu KUNAYEHUN OHU OCTalOTCS
B pacTteBope. KapboHaTHy XeCTKOCTb BOAbl ONpedensioT MeToAoM HeuTpanusaumu, a
o0yt xecTtkocTb (XKo) — MeTogoMm komnnekcoHomeTpum (cMm. paboty Ne 25). PasHocTb
Mexay oOLLen XeCTKOCTbIO M KEeCTKOCTbio kapboHaTHOW [acT 3HayeHue MOCTOSIHHOM
XECTKOCTW.

CaHvtapHbiM1  npasunamum Ha nuteeByto Bogy (CadluH  2.1.4.1074-01)

pernameHTNpyeTcd 3Ha4eHne obLen xecTtkocTn Boabl He bonee 7,0 Mr-aks/n.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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3a eaunHnuly MnaMepeHuna XecCcTKOCTU MNPUHAT 1 Mr-ske/n, a wuHorga MCNoNb3YyOT

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

MpakTnyeckoe BbINONHEHNE paboThl

Mpn onpeoeneHun KapOBOHATHOM XKECTKOCTU TUTPOBaHWE BbINOMHATL  CO
«cBMaeTenemy, To ecTb ¢ 06pa3LOoBLIM pacTBOPOM, MMEIOLIMM TaKyko >Xe OKpacKy, npwu
KOTOPOM HYXHO 3aKOHYUTb TuUTpoBaHue. [lpn TUTpOBaHWMM «CBMAETENb» CTaBAT OKOSO
cocyga ¢ TUTpyeMbiM pacTBOPOM [f1sl CpaBHEHMSA MX OKpacku. «CBuaeTenby obasarensHo
AOJTKEH ObITb NPUrOTOBIIEHHBIM B COCYAe Takom e dOpMbl U EMKOCTU, Kak TOT B KOTOPOM
npoBogAaT TuTpoBaHue. ObGa cocyga LOMKHblI ObiITb M3 oguHakoBoro ctekna. Ob6bem
pactBopa «cBugeTensay» [OMmkKeH ObiTb paBeH O0O6beMy TUTPYEMOro pacTtBopa B KOHLE
TUTpOBaHWA. VIHOMKATOP K «CBMAETEMO» U TUTPYEMOMY PacTBOPY HYXXHO NpubaBnaTb B
OAMHaKOBOM Konn4yectse no 1-2 kannu Ha 10 mn pacteBopa. TUTpoBaHMe BECTU OO LBeTa
«cBMaeTens».

OnonocHyTb MepHyto konby Ha 100 mn 2-3 pasa aHanuMsnpyemon BOAOW,
HaNoONHUTL A0 MeTKW. [lepeHecTn B KOHuMYeckyto konby Ha 250 mn ana TUTpoBaHus,
npubaeuTtb 1-2 Kannn MeTunoBoro opaHxesoro. OTTuTpoBaTb 0,1 H pacTBOPOM CONSIHON
KMCINOTbI 40 uBeTa «cBmuaetensa» (4o 6neagHo-po30BOM OKpacku).

BbluncneHne pesynbTtaTtoB aHanusa:

XK« =Vhe - Nuci- 10.

CodepxxaHue u rnopsidok 8bIrnosiHeHUs pabomsai:

1 O3HaKOMUTLCS C opraHmM3aumen U MeTOANKOW BbINONHEHNSA paboThl.

2 MNonyunTb y NnabopaHTa KOMMMEKT NOCYAbl N PeaKTUBbI.

3 BbinonHnTb nabopaTtopHbie nccnegoBaHus U HeOOXoaMMbIE pacyeThI.
4 CpenaTb BbIBOAbI MO pedynbTatam nabopaTopHbIX NccnegoBaHUN.

5 OTBETUTb Ha KOHTPOSIbHbIE BONPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboTbl

Llenb paboThbl

OT4eT 0 BbLINONHEHMN paboThI

NaTbl 1 nognuncy obyyatolerocs 1 npenogasartens

KOHmpOJ'IbeIe 80r1IpOoChkI.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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1 MNepeuncnutb conu, obycnaBnmBalone BPEMEHHYH XECTKOCTb (KapOoHaTHYHO)
»KECTKOCTb BOAbI?

2 Kakon pabounin pacTBOp MOXHO WMCMOMb30BaTb Npu onpeneneHnn kapboHaTHoOM
XeCTKOCTW BOAbI U novemy?

3 HasoBuTe BUAbI XXeCTKOCTU BOAbI U NX CYLLHOCTb.

4 B Kaknx egmHuLax namepsieTcst XKecTkocTb Boabl?

4.3 MeToabl peAoKCUMeTPUU

NNa6bopatopHoe 3aHATHMe NeNe 18-19. NMpuroTtoBneHmne pabo4umnx pacTtBopoB
nepmaHraHaTa Kanus v waBerneBoMn KUCINOTbl. YCTaHOBKA HOPMarbHOCTU U TUTpa

nepmMmaHraHata Kanaumsa no LiaBesieBON KUcCnore

Llenb pabomoi:

MpuroToBneHne paboynx pacTBOPOB NepMaHraHata Kanus v LaBerieBon KMCMOoTbI
UIn okcarnarta HaTpus.

YcTaHoOBKa HOPManbHOCTU U TUTPaA NEepMaHraHaTa Kanusi no LaBerieBon KUCIoTe
Unn okcanarty HaTpus (CTaHgapTu3aums pacTteopa).

3akpenneHne HaBbIKOB MOSb30BaHMUSA MEPHOM NOCYAOWN 1 NPOLECCOM TUTPOBAHUSA

MamepuanbHoe obecriedyeHue:

- CKNsiHKa ¢ nputepToun npobkon Ha 500 mn;

- cTakaH Ha 500 mn;

- MepHasa konba Ha 200 mn;

- NUNeTKa Ans A0BEOEHUS XXNOKOCTU A0 METKMU;

- KOHMYeckas konba ans TutpoBaHus Ha 100 mn;

- OUCTUNNUPOBaHHAsA BOAa B MPOMbIBANKe UM yCTaHOBKA C OMCTUINMPOBAHHOW
BOOOMN;

- BropeTka Co CTEKNSAHHbIM KpaHOM 1 BOPOHKA K HEMW;

- nneTka Ha 10 mn;

- MEPHbIV UnnmMHAp Ha 25-50 mr;

- yacoBoe CcTekno (6roKC);

- lwnartens;

- BCNoMmoraTenbHble MaTepuansl (Boga ANCTUNNMPOBaHHASA, NONOTEHLUE, MbIO);

- BOPOHKa;

- ONEKTPONNINTKA;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- acbecToBas ceTKa;

- aHanUTU4YecKne BeCbl 0OLLEro Nonb30BaHuS;

- TexHn4eckue Becbl BJIK 0bLero nonb3oBaHus;
- okcanat HaTtpusa Na2C204;

- 2 H pacTBop cepHou knucrnoTbl H2SO4;

- nepmanraHart kanumsa KMnOa.

Ucnonb3yemblie ucmoydHuku: [2], [3].

OpeaHu3sauus u memoduKa 8bInosiHeHUs1 pabomabl:

Mpn nonb3oBaHMM OBHOPETKOM HYXHO MOMHWUTbL, YTO YKPENNATb €e B LiTaTtueBe
cnefyeT CTPOro BepTukanbHO. [1py kKaxxgom TUTPOBaHUKM 3anonHATL 6opeTKy 40 HYNEBOro
aenenuns. lNepen TUTpoBaHMEM onpedenuTb LEeHy aeneHunsa GopeTku, obbem ee Kannw.
3anonHnTb HocKK BropeTkmn Tak, YTobbl He BbINo Ny3bipbKOB BO3ayxa. [pun 3anonHeHun go
HYNEBOro AeneHusi HyXHo, 4YToObl rna3 Obil Ha YpPOBHE 4YepTbl. TUTpPOBaHME BECTU
MeAJSIEHHO, Mo KannaMm. B cnyyae ¢ nepmaHraHaToM Kanusi caenaTtb YCTaHOBKY Ha Hymb U
OTCYeTbl fy4lle BECTU He MO MEHWUCKY, a MO BepXHen KONbLEBOW rpaHuue pacTtBopa.
MOMHWUTB, YTO OTCYETbI HE OOSMKHbI OTNMYaTbCs APYr OT Apyra 6onee 4Yem Ha 0,05 mn, B
NPOTUBHOM Crlydae TUTpoBaHue nNoBTopuTh. [log konby Ans TMTpoBaHMUS NONOXUTL BenbIn
nnct dymarn.

MpakTnyeckoe BbiNONHeHUe paboThl

1) MNpueomosums UCX00HbIU pacmeop okcanama Hampus Na2C204 8 ob6beme 200
ms1 0,1 H KOHUeHmpauuu.

PaccumtaTb HaBecKy okcanarta HaTpua no oopmyne:

m=3-N-V/1000.

"pamm-akBnBaNeHT (Ona.c.0,) HANTN U3 YPaBHEHUS peakLnn TUTPOBAHUS:

2KMnO4 + 5Na2C204 + 8H2S04 = 2MnSO4 + 10C0O2 + K2SO4 + 5 Na2S0O4 + 8H20

ONa:c:0,= M/ n,

roe M — monekynspHas macca;

N — 4nCrno nepexoasLmnx 3N1eKTPOHOB MO ANEKTPOHHOMY BanaHcy:

2 Mn™*+ 56 — Mn?*

5110 | C204%2 — 28 — 2CO2°.

OTBecuTb Ha TapupoBaHHOM 4YacoBoM cTekne (Blokce) npy  NOMOLUM

TEXHOXMMUWYECKNX BECOB, a 3aTeM aHanuTuyecknx BecoB. BcTtaBuTtb B ropno YNUCTON

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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MepHON Konbbl eMKOCTbIO 200 M HEBOMbLLYIO YNCTYHO BOPOHKY C OKOPOYEHHBIM KOHYMKOM
N cbpocnTb B3BELLEHHYIO HAaBECKY Yepe3 BOPOHKY B MEPHY Konby. BopoHKy u yacoBoe
ctekno (6rokc) obmbITb CTpyen Bogbl. Ha cnonackuBaHme BOPOHKM u3dpacxogoatb 100—
150 mn guctnnnmpoBaHHom Boapbl. [JoGnTbCa NONTHOro pacTBOPEHUst HaBeCckn, B3banTbiBas
Konby KpyroobpasHbiMy OBWKEHUAMU, NpU HeobxoammocTn nogorpeTb. [onuTb pacTeBop
ANCTUNNIMPOBAHHOM BOAOWN TakK, YTOObI MeHUCK ero Haxoauncs Ha 0,5 cm Huxe meTku. [Mpu
NOMOLLM NUNETKN OONUTb NO KanmsM BOAY, MOKa HWXHSAS YaCTb MEHMCKA HE COMbeTCH C
meTKown. MNMepemeluaTtb coaepxmMmoe Konbbl B TeyeHne 3—5 MUHyT.

PaccumMtaTtb No B3BELIEHHOW HABECKE oKcarata HaTpusi HopManbHOCTb U TUTP MO
dopmynam:

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

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

2) lNpuezomosums 0,1 H pacmeop nepmaHzaHama Kasnus 8 obbeme 500 mr.

PaccuntaTb HaBecky nepmaHraHaTa Kanusi no gopmyne:

m=3-N-V/1000.

"pamm-akBnBanNeHT (Okmno.,) HAUTU aHaNOIMN4YHO.

PaccunTaHHyl0 HaBecKy B3BECUTb Ha TEXHOXMMWYECKUX BeCax Ha TapvpOBaHHOM
4YacoBOM CTekne (btokce) n nepeHecTu B ctakaH eMkocTbio 500 mn. PactBoputb B 100 Mn
NPOKUNAYEHHON U OXIaXOEeHHOW OUCTUIINMPOBAHHOW BOAbI, CNUTb PacTBOP B YUCTYHO
TEMHYIO CKNAHKY. B cTakaH cHoBa npubaButb 100 mn Bogbl. [lony4eHHbI pacTBop
AEKaHTUPYIOT B CKNSAHKY. Tak pacTBOpATb 40 TeX Nop, noka He byaeTt napacxogosaHo 500
M BoAgbl. CKMAsiHKY C pacTBOPOM OCTaBUTb Ha Hedento. 3a 3TO BpeMs nepmMaHraHat
OKUCIUT BCe CriydarHble oOpraHuyeckue rnpuMecH, codepxawuecs B Bode, a
obpasoBaBLumecsa AByokucb mapraHua MnO2 ocageT Ha OHO CKNAHKW. XpaHUTb B TEMHOM
MecTe.

3) YcmaHoska mumpa pacmeopa nepmaHeaHama Kasusi 1o okcanamy Hampusi
(cmaHOapmu3auyusi pacmeopa repMmaHeaHama Karsiusi)

MpUroToBNEHHbLIN pPacTBOP MepMaHraHaTa kKanumsa CcnuTb C ocagka. bropeTky
3anosIHUTb MPUrOTOBMIEHHBIM PACTBOPOM MepmMaHraHata. 3anofHUTb HOCUK U YCTaHOBUTb
YpOBEHb pacTBopa nepMaHraHata Ha Honb. B koOHuyeckyio konby ans TUTpoBaHWUSA
OTMepUTb 12 MN 2 H pacTBopa CEPHON KUCMNOTbI, HarpeTb NOYTU OO KuneHus. B ropsuni
pactBop nepeHecTtu nunetkon 10 Mn pacTBopa okcanaTta HaTpusa U NPOBECTU TUTPOBaHME.

MepBoe TUTPOBaHWE MOXHO MPOBECTU rpybo, npunueas M3 GropeTkn cpasy no 0,5 mn, B

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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uenax 3KOHOMUM BpemeHu. B npouecce TUTPOBaHUA [OOMNOSMHUTENLHO MoJorpesaTb
TUTPYEMbIA pacTBOp. Tak NPOBECTU TPU TOYHbIX TUTPOBAHWUA, 4YTOObI pesynbTaTbl KX
oTnM4Yanucb Opyr oT gpyra He 6onee 4yem Ha 0,05 mn.

Bbluncnutb cpegHuin obbem nepMaHraHaTta, nowefwuvni Ha TUTpoBaHwe (Ccymma
Tpex pes3ynbTaTtoB TUTPOBaHUSA, AerleHHasa Ha Tpu). Ha ocHoBaHuM cpegHero pesynbstaTa
HaWTN HOPManbHOCTb NepMaHraHaTa Kanusa no opmMyne (3aKkoH 9KBUBANEHTOB):

V1/ V2= N2/ Ns.

HanTtu TuTp ero no xeneasy:

Txkmno./ Fe = 2-3k8 re - Nxmno. / 1000.

CodepxxaHue u nopsidok 8bInosiHeHuUs1 pabomoi:

1 O3HaKOMUTLCS C opraHmn3aumen U MeTOANKOW BbINONIHEHNSA paboThl.

2 MNonyunTb y NnabopaHTa KOMMMEKT NOCYAbl U PEaKTUBbI.

3 BbinonHnTb nabopaTtopHbie nccrnegoBaHus U HeOOXoaMMbIE pacyeThI.
4 CpenaTb BbIBOA NO pesynbTatam nabopaTopHbIX NCCcneaoBaHun.

5 OTBETUTb Ha KOHTpPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboThl

Llenb paboTbl

OTyeT 0 BbINOMHEHUN pabOoThI

AdaTbl n nognucm obyyatoLerocs u npenogasartens

KoHmporibHbIe 80MpocChI:

1 MoOXHO nn npuroToBUTb pabounin pacTBOp MNepmMaHraHata Kanusi TOYHOW
KOHLEHTpauun no HaBecke?

2 Kak xpaHuUTb pacTBOp NepmaHraHaTta kanusa?

3 Kakne ncxogHble BellecTBa NPUMEHSIOTCA AN YCTaHOBKM TUTpa nNepMaHraHarta
Kanua?

4 KakoBbl TpeboBaHNSA K UICXOOHbIM BELLECTBAM?

5 HasBatb uHOukaTOp MeToda nepmaHraHatomeTpuu. Ha 4em OCHOBaHO ero
WHOWKaATOPHOE CBOMCTBO?

6 [Insa kakon uenu npnbaBnstoT CEPHYIO KMCMOTY Npy TUTPOBAHUKN OKcanaTta HaTpus

nepmaHraHaTom?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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7 Mo4yeMy Npu TUTPOBAHMM OKcanaTa HaTpus NepMaHraHaToOM Kanusi NepBbli Kanmnm
pacTBopa nepmaHraHaTa kanusi obecneuvBalTcs MeasieHHO, a B [anbHenwem
NPaKTU4YECKN MIHOBEHHO?

8 Kak paccuntaTb HOpMarbHOCTb MepMaHraHata kanusi rnocrie TUTPOBaHMSI UM

okcanaTa HaTpusa?

Na6opatopHoe 3aHATMe NeNe 21-22. NMpurotoBneHmne pabo4nx pactBopoB
Tuocynbcara HaTpua, GuxpomaTa Kanus, noaa. YCTaHOBKa TUTPa U HOPMarbHOCTH
THocynbpara HaTpUA No GuxpomaTty Kanusi, yCTaHOBKa TUTPa U HOPManNbHOCTH

noaa no TuocynbgaTy HaTpus

Llenb pabomoi:

MpurotoBneHne paboyero pactBopa Ouxpomata Kanud, nNPUroToBreHNE
NpUBIN3NTENBHON KOHLEHTPaUnn pacTBOpOB TMOCynbdaTa v noaa.

YcTaHOBKa TUTpa M HOPMarnbHOCTU TUoOCyrbdaTa HaTpus No Ouxpomaty Kanus,
yCTaHOBKa TUTpa M HOPMarnbHOCTM Moda Mo TuocynbdaTy HaTpusa (CTaHgapTusaums
pacTBOpPOB).

3aernneHme HaBbIKOB MOJIb30OBAHUA MepHOVI I'IOCWJ,OVI 1 npoueccom TMTpoBaHuUA

MamepuanbHoe obecrieyeHue:

- CKNsiHKa ¢ NnpuTepTon Npobkon 13 TeMHoro ctekna Ha 500 mn;

- cTakaH Ha 200 mr;

- MepHasa konba Ha 100, 250, 500 mn;

- KOHM4Yeckas konba ansa TMTpoBaHus Ha 250 mr;

- BlopeTKa 1 BOPOHKA K HEW;

- nmneTka Ha 10 mn;

- MEPHbIN UMnnHAp Ha 25-50 mr;

- YyacoBoOe CTEKII0 Unu BIoKC;

- lunartens;

- BCMomoraTtenbHble Matepuansl (BoAa ANCTUNNMPOBaHHAA, NOMOTEHLE, MbINO);
- aHanNUTU4YeCKne N TEXHOXMMMNYECKNE BECHI OOLLEro Nofb30BaHus;
- KpuctannuaaTtop A4S CNMBHbBIX BOL;

- BOPOHKA;

- Buxpomar kanua KaoCr207;

- TBepAbIn kapboHaT HaTpus Na2C0Os;
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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- TBepabIn TMocynbdat Hatpmua Na2S20s3 - SH20;

- TBepAbIi noaua kanus Kil;

- X.4. BeLlecTBo lz;

- 0,1 H pacTBOp oaa lz;

- 0,1 H pactBOp THocynbdaTta HaTpusa Na2S203 - 5H20;
- 0,1 H pactBop Buxpomata kanus K2Cr207;

- 2 H pacTBOp cepHou knucrnoTbl H2SO4;

- 5-10 % pactBop noauaa kanus Kil;

- pacTBOp Kpaxmana.

Ucnonb3yembie ucmoyHuku: [2], [3].

OpeaHusauus u memoduKa 8bInosiHeHUs pabomabl:

Onepauun npurotoBneHna pabodero pactBopa OuxpomaTa kanus MOAOGHbI
NPUroToOBNEHMIO oKcanata Hatpus (cMm. paboty NeNe 16-17). Buxpomat kanus aBnaeTcs
CUIMbHbIM OKMCNUTENEM, B3BELUMBATb €ro HYy>XHO B OlOKCE OCTOPOXHO, He paccbinas.
MpurotoBneHne paboyero pactBopa Moda NPOBOAMTbL M3 MpenapaTta X.d. BellecTsa.
B3Becutb HaBecky 1ofa B GrOKCe M pacTBOPUTb B KOHLEHTPUPOBaHHOM pacTBOpe Moanaa
Kanua Tak, 4Tobbl He OCTaBanoCb HEPACTBOPMMbIX KpUCTannukoB noga. Npu xpaHeHun
pacTBOPOB MOAa Hemnb3s 3aKpblBaTb NOCYAY KOPKOBBIMU UM PE3NHOBbIMK Npobkamu, a
TONbKO CTEKNsiHHbIMK. PacTBop Tuocynbdata HaTpuss XpaHuTb B OyTbifike U3 TEMHOro
CTeKna, 3akpblTOM nNpobKon, CHabXeHHoOW TpPyOKOM C HATPOHHOM W3BECTbID, T.K. €ro
KOHLIEHTpaUmns M3MEHSIETCS M3-3a Hannumsa B pactBope TMobakTepuin 1 yrinekucrnoro rasa.

Mpn yctaHoBKe TUTpa paboyumx pacTBOPOB HYXHO MNPaBUIBHO MOSb30BaTLCSH
GropeTkon, nuneTkon (cm. paboTbl NeNe 10-11).

Mpn ycTaHoBKe TUTpa TMOCynbata HaTpus OuUxpomMaTtoMm B peakuui C
TMocynbcaTtom BCTynaeT noa ¢ obpasoBaHMeEM TeTpaTuoHaTa HaTpus. B ocHoBe nexart
ABEe peakumu:

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

2Na2S203 +l2 = Na2S406 + 2Nal.

MHavkaTop pacTBop Kpaxmana Ao0aBnsaATb B KOHLIE TUTPOBaHUA, Korga pacTBop
CTAHOBMUTCS CBETNO-XENTbIM, MpyM 3TOM pacTBop npuobpeTaeT cuHee OKpaluMBaHue.
TutpoBaTh OO0 WCYE3HOBEHUSI CUHEN okpacku pacTBopa. OTMEpsATb CEepPHYH KUCMOTY

MepPHbIM UUJTMHOPOM.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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MpakTnyeckoe BbiNONHEeHNe paboThl

1) Npuzomosums 0,1 H pacmeop buxpomama Kanusi 8 ob6beme 100 mr.
PaccunTtaTb HaBecky GuxpomaTa Kanusa no gopmyne

m=3 N-V/1000.

[‘(pamMM-3aKBMBANEHT HAUTU N3 YpaBHEHUS peakLuuu:

K2Cr207 + 6Kl + 7H2SO4 = Cr2(SO04)s + 3l2 + 4K2S04 + 7H20

1 2Cr%* + 6& = 2Cr3*

316 2|-—2¢ = |,°.

BaBecutb paccynTaHHyrO HaBECKYy B Otokce npn nomMoLn TEeXHOXMMUNYEeCKUX, a

3aTeM aHanuMTMYeCKUX BEeCOB, MEPEHECTM B MepHyk konby Ha 100 mn. PactBopuTb B
HebOoNbLLIOM KONMYecTse ANCTUNIMPOBAHHOW BOAbI, 4OBECTU 06beM pacTBopa 4O METKM B
konbe. TwartenbHO nepemMewaTb. PaccuMtaTtb HOPManbHOCTb U TUTP MPUrOTOBIIEHHOMO
pactBopa buxpomaTa Kanusi:

T=m/V,;

N=T-1000/3.

2) lNpueomosums 500 mn 0,1 H pacmeopa muocyrnbghama Hampusi Na2S203 - -
5H-0

PaccuntaTb HaBecKy TMocynbdaTta HaTpusi No opmyne:

m=3-N-V/1000.

["paMM-3KBMBaANEHT HAaUTN U3 YpaBHEHUN:

2Na2S203 + |2 = Na2S406 + 2Nal

1
1

2
2

2S203%2— 2é = S406%

[0 +2& =2]|.

B3BecuTb paccuMTaHHyl0 HaBeCKy TuocynbdaTa HaTpusi Ha TEXHOXUMMUYECKUX
Becax. [NepeHecTn B MepHyt Kondy Ha 500 mn, pacTBOpUTbL B CBEXENPOKUNAYEHHOWN U
OXNaXXOAEeHHON ANCTUNNMPOBaHHOM Boge. PacTBop JoBecTy OO MeTKU B kKonbe n nepenntb
B CKMSIHKY M3 TEMHOrO CTeKna, 3akpbITyl0o NpobKon, CHabXeHHOW TpyOKOW C HaTPOHHOM
n3BecTtblo. B pactBop Tmocynbgata Hatpusa npmbasutb 0,05 r cogbl Na2COs, ans Toro
4yTobbl TMOCYNb(aT HaATPUA He pearnpoBan C PacTBOPEHHOW ABYOKUCbIO yrrnepoga no
ypaBHEHUIO

Na2S203 + H20 + CO2=NaHCO3 + Na:HSOs3 +|S.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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Copa cBA3bIBaeT MOHbI BOAOPOAA M3 YroSNIbHOW KUCNOThI
Na2CO3 + CO2 + H20 = NaHCO:s.
[obaBneHne coabl NO3BONSET yCTaHABNMBATbL TUTP TUOCYNbdaTa HaTpus yxe Ha

,El,pyFOIZ OeHb nocrie NpuroToBrieHnA ero.

3) Npueomosumse pacmeop toda 0,1 H KOHUeHmMpauuu 8 obreme 250 mr.

PaccuutaTtb HaBecky nofa n B3BeCUTb B OIOKCE HA TEXHOXMMWYECKMX BECAX:

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

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

BaBelleHHy0 HaBecky noaa 3,175 r pacTBOpuUTb B pacTBope noguaa kanusa (6 r Ha
10 mn BoAabl) 1 0bwmii 06BLEM OOBECTU AUCTMNNUPOBaHHOM Bogon o 250 mn. PacTtBop

nepenuTb B CKNAHKY U3 TEMHOIO CTEKra C NPUTEPTON CTEKNAHHON NPOOKOMN.

4) YcmaHogKka mumpa pacmeopa muocyrbthama Hampusi rno buxpomamy Kasusi
(cmaHOapmu3sayusi pacmeopa muocyrbthama Hampus).

BtopeTky 3anonHUTb pacTtBOpoM TuocyrnbdaTta Hatpusa. B konby ana TuTpoBaHus
BNUTb nocnegosatenbHo 8 mn 5-10 % pacTtBopa mnogmaa kanud, 12 mn 2 H cepHom
kncnotbl n 10 Mn NpUroTOBMEHHOrO pacTtBopa buxpomaTta kanua. Cmecb nepemellaTs,
aaTtb noctoaTb 3—5 MWHYT B TemHoTe, pa3baButb 40 Mn AUCTUNNMPOBaAHHOW BOAbI.
BoligenuBlumniica 1Moa OTTUTpPOBaTb PacTBOPOM Tuocynbdata HaTpus cHadvana 6e3
WHOMKaTOpa OO0 CBETNO-XenTon okpackn. 3atem pgobaButb 1-2 MM kpaxmana wu
NPOAOIKUTL TUTPOBaHUE TUOCYNb(gaTtoM OO0 MCYE3HOBEHMSI CMHEW OKpacku pacTBopa.
Bcnencteue o6pasoBaHusa uoHoB Crd* pacTtBop npuobpeTaeT crnerka 3eneHoBaTyio
OKpacky.

TutpoBaHMe NPOBECTU YeTblpe pasa, paccumtatb cpeaHui obbem TuocynbdaTa,
NCNONb30BaHHOIO Ansi TUTPoBaHWUSA. HanTu HOpManbHOCTb TUOCynbdata HaTpusi (3aKoH
93KBMBAneHTOB):

VNazs:0s / Vik:cr:00 = NizCr:07/ NNazs:0s

TNazSan = 3NazSan : NNazSzOs /1000.

5) YcmaHoska mumpa pacmeopa (oOa N0 muocynbthamy  Hampusi
(cmaHOapmu3sayus pacmeopa 1ioda)
BropeTky 3anonHuTb paboynm pacTtBOpoM Tuocynbdata Hatpus. B konby ans

TUTpoBaHnsa otmeputb 10 Mn pactBopa wnofa, pasbaBuTb Takmm xe 06beMOM BOAbI.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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OttutpoBath paboyMm pacTBOpPOM TuOCymnbata [0 NOSBMEHUA CBETNO-XEeNToro
okpawwmBaHusa. [JobaBuTb 1-2 KkannuM pacTBopa Kpaxmana W [oTuTpoBaTb [0
obecuBevnBaHnsa pacteopa.

TutpoBaHMe NPOBECTWN YeTbIpe pasa, paccuntatb cpeaHui obbem Tuocynbdara.
Hantn HopManbHOCTb Mofa Mo 3aKOHY 9KBUBAJSIEHTOB:

Ni: = Nna:s:0: © VNa:s:0:/ Viz;

Ti. =31 N1,/1000.

CodepxxaHue u nopsidok 8bInosHeHuUs1 pabomsi:

1 O3HaKOMUTLCS C opraHmn3aumen U MeTOANKOW BbINONHEHNSA paboThl.

2 MNonyunTb y NnabopaHTa KOMMMEKT NOCYAbl U PEaKTUBDI.

3 BbinonHnTb nabopaTtopHbie nccnegoBaHus U HeOOXoaMMbIE pacyeThI.
4 CpenaTb BbIBOA NO peaynbTatam nabopaTopHbIX NCCNenoBaHUMN.

5 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHon paboThl
Llenb paboTbl

OTyeT 0 BbINOMHEHUN pabOoThI

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTens

KoHmporsbHble 80rpocsi:

1 YkasaTb OCHOBHbIE paboyme pacTBopbl METOAA NOAOMETPUMN.

2 [Insa kakow uenu rotoBAT B MogomMeTpun paboynin pacteop buxpomaTta kanus?

3 Yemy paBeH rpaMm-3aKkBMBaneHT bBuxpomara kanusi B peakumm ¢ noanaom kanms?

4 Y10 ny4we B3ATb B Ka4yeCcTBe pacTBOPUTENSA — BOAY UM pacTBOp noauaa Kanvs —
npu NpPUroToBneHnn paboyero pacTeopa noga u novyemy?

5 Bcerpa nu cootBetctByeT dopmyrne Na2S203 - 5H20 xumuyeckuin coctaB
Tnocynbcarta HaTpna?

6 Kakve wncxogHble BellecTBa NPUMEHSAIOTCA ANS YCTaHOBKM TUTpa pacTsopa
TMocynbarta HaTpua?

7 Mepeuncnntb yCrnoBmus XpaHeHUss pacTBOPOB TUOCybdaTa 1 noaa.

8 Kak onpefnenstoT HopmarbHOCTb pacTBOPOB TUOCYNbdaTta HaTpusa U hoga?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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9 TlMoyemy npu WNOOOMETPUYECKOM ONpedeneHun okucnutTenenm woaua Kanumg
pob6aBnalT B N30bITKE?
10 KakoBbl yCcnoBusa NpUMEHEHNs1 nHanKaTopa B ogoMeTpumn?

11 YT0 Takoe «TUTpoBaHME METOLOM 3aMeLLEHNA» ?

4.4 MeToabl ocaXxaeHUs U KOMNnekcoobpasoBaHUA

NNa6opaTtopHoe 3aHATME N2 23. OnpeaeneHue coaepxaHusa xnopuaa HaTpus B
TEXHU4YEeCKOM obpas3Lie NnoBapeHHOW CONMn MeToAO0M NUNEeTUPOBAHUA U OTAENbHbIX
HaBeCoK

Llenb pabomoi:

WNccneposaHue pacTBopa Ha NPOLIEHTHOe coep)KaHue xnopvaa HaTpus

MamepuarnbHoe obecrieyeHue:

- CKNsIHKa ¢ NnpuTepTon nNpobkon 13 TeMHoro ctekna Ha 500 mn;

- cTakaH Ha 200 mn;

- MepHasa konba Ha 200 mn;

- KOHM4eckas konba ansa TutposaHus Ha 100 mr;

- BlopeTKa 1 BOPOHKa K HEW;

- nuneTka Ha 10, 25 mn;

- MEPHbIN UMnnHApP Ha 25-50 mr;

- YacoBOe CTEKII0 Unu BIoKC;

- lunartens;

- BCnoMoraTtesibHble MaTepuans! (Bo4a OUCTUNNMPOBaHHAsA, NONOTEHLUE, MbISO);
- aHanNUTMYeCKNe N TEXHOXMMUYECKNE BECbl 0OLLIEro NONb30BaHUS;
- KpuctannuaaTtop A8 CNMBHbIX BOL;

- 0,05 H pacTtBOp HUTpaTa cepebpa AgNOs3;

- obpasen ons aHanuaa xnopuga Hatpusa NaCl (TexH.);

- 10 % pactBop xpomata kanus K2CrOa.

Ucnonb3yemblie ucmoydHuku: [2], [3].

OpezaHu3sauus u memoduKa 8bInosiHeHUs pabomsbi:

Cobniogatb BCce ycnoBusi paboTbl ¢ HUTpaTom cepebpa (cm. paboty Ne 22 n 23).

ToYHO B3BECUTb Ha aHaANUTUYECKMX Becax TexXHU4eckun obpasel, xrnopuga HaTpus
1 NpaBUIbHO NEPEHECTN B MEPHYIO KONby (cM. npeablaywme paboThbl).

I'IpaKTqueCKoe BbiMNOJIHEHUE pa6OTbI
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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1) Paccyumamb Haegecky xsiopuda Hampusi Orns aHasnusa, ucxoosi u3z 0,056 H
pacmeopa u obbema 200 mi1.
Mnaci = Onaci - Nnaci - V' / 1000.

2) B3gewusaHue HagecKu U mumposaHue rnpuaomoessieHHo20 pacmeopa xsopuda
Hampusi

B3aBecuTb paccumTaHHyO HaBeCKy Ha TapMpoBaHHOM YacOBOM CTeKre unu B Grokce
(NpegBapuTenbHO B3BECUTb Ha TEXHUMYECKMX, 3aTeM Ha aHanuTudeckux secax). Maccy
3aHeCTu B JJaHHble aHanusa.

B mepHyto konby Ha 200 mn BCTaBUTb BOPOHKY M OCTOPOXHO CCbiNaTb HaBECKY C
YacoBoro crekna (6rokca), CMbIB OCTaTKM CONMU OUCTUNNIMPOBAHHOW BOoAoW. PacTtBoputb
nepeHeceHHy HaBecKy xsfiopuaa HaTpus 1 obwmi obbemM pacTBopa AOBECTUM OO0 METKMU.
TwaTenbHO nepemMeluatb. bropeTky 3anonHUTb paboymm pacTBopoM HUTpaTta cepebpa. B
konby ans TutpoBaHus otmeputb 10 Mn nccnegyemoro pactsopa n 1 M xpomaTa Kanus.
OTttntpoBatb HuTpaToM cepebpa B npucyTcTBuM «ceuagetens» (cm. paboty Ne 23).
TuTpoBaHue nosTOpUTL 3—4 pasa.

Peakunn apreHToMeTpruyeckoro TUTPOBaHUS:

AgNOs + NaCl = AgCl| + NaNOs

2AgNOs3 + K2CrOs4 = Ag2CrOs| + 2KNO:s.

BaxHbIM yCcnoBumeMm B apreHTOMEeTpPUYEeCKOM TUTPOBaHUM SBRsieTCA cobntogeHue
ypoBHA pH = 7 (HemTpanbHasa cpefa). B kucnbix cpepax (pH<7) xpomaT nepexogut B
Ouxpomart, KoTopbini obpasyeTr ¢ Ag® KpacHbI OCadoK, pacTBOpuMMbIA B Kucnote. B
LLLeNoYHOM cpefe TUTPOBaHWE HEBO3MOXHO NMOTOMY, 4TO ByaeT Bbinagatb 6enbin ocagok
okcupaa cepebpa:

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

TutpoBaHne Bcerga BefyT oT ranoreHnaa Kk AgNOs (T.e. ranoreHug TUTPYHOT
pactBopom AgNOs3, a He HaobopoT), TOMbKO MPWU TakOM YCMOBUU KUPMUYHO-KPACHLIN

ocagok Ag2CrO4 obpasyeTca B TOUKE SKBMBANEHTHOCTM.

3) Pac4yem pe3ynbmamoe aHanu3a
Tagnos/ Naci = Onaci + Nagnos / 1000.
HaBecka cogepXXut mNaci:
m naci = Tagnos/naci = V1 - V/ V2,

e2de V1 — obbem HuTpaTa cepebpa, noweaLwero Ha TUTPOBaHWUE;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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V> — 06bem nccnegyemoro pactsopa, B3aTOro Ha TUTPOBAHUE;

V — 06beM NpUroTOBIEHHOMO pacTBOpa Xfiopuaa HaTpus.
MpoueHTHOE coaepxaHne xropuaa HaTpus B npobe, %:

Mnacr 100 / Myasecku,

roe muyac: — Macca xfopuga HaTpusi B HaBECKE;

Muasecku — MaCCa HABECKM, B3ATOW ANt UCCNeaoBaHUS.
CodepxaHue u nopssdok 8bINnoSIHEHUST pabombl:
1 O3HaKOMUTLCA C OpraHM3aumen u MeToaNKON BbINONHEHUs paboThbi.
2 Mony4yunTb y NnabopaHTa KOMMNNEKT NOCYAbl N PEaKTMBbI.
3 BbinonHnTb nabopaTtopHbie nccnegoBaHus U HEOOXoaMMbIE pacyEThI.
4 CpenaTb BbIBOA NO peaynbTatam nabopaTopHbIX NCCNegoBaHUMN.

5 OTBETUTb Ha KOHTpPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue nabopaTtopHom paboThl
Llenb paboTbl

OTyeT 0 BbINOMHEHUN pabOoThI

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTens

KoHmporsbHble 80rpocsi:
1 Kak paccumtatb TUTp HMUTpaTa cepebpa no xnopuay HaTpua?
2 Kak BeCTu npouecc TUTpOBaHWA Npu onpegeneHnn xnopmnaos metogom Mopa?

3 B uem CYLWWHOCTb NMPpUMEHEHUA XpOMaTa Kalnima Kak UHOUnKaTtopa B MeToae Mopa?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lpoeepb akmyanbHOCMb 8epcuu Mo opuauHary, xpaHsauwemycsi 8 1C: Konnedx
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