DHIeNbCCKUM TEXHOJIOTHUECKUA HHCTUTYT (puiinan) (henepaabHOro rocy1apCTBEHHOTO
OIOIKETHOTO 00pa30BaTEIIBHOTO YUPEKICHMS
BBICILIEr0 00pa30BaHMs
«CapaToBCKuUll TOCYAapCTBEHHBIN TEXHUYECKUI yHUBEpcUTET MMeHH [arapuna 10.A.»

Ka(bezlpa «EcTecTBEeHHBIE 1 MAaTEeMAaTUYECKHUE HaYKHU»

AHAJIMTUYECKASA XUMUA

Metoauyeckue ykazaHus K JJaDopaTOpHbIM paboTam
JUISL CTYJICHTOB HANPaBJICHUI

18.03.01 «XuMuueckast TEXHOJIOTHS)

OYHOH M 3204HOM (HOpMBI OOYUEHUS

HTEabc 2025



MeToauyeckue yKa3aHusi K BbINOJTHEHUIO
JJadopaTopHoOil padoThI
«Kommiiekconomerpus»

OBLUNE LIE/IN N 3ALAYU JTIABOPATOPHOTIO NPAKTUKYMA NO AHAJTUTUYE-

CKOV XM

1. O3HaKOMIICHHE C IPUEMaMH U METOJaMH MPOBEJACHUS XUMUUYECKOTO aHATH-
3a.

2. W3yuenue ocoOeHHOCTEH 00BEMHOTO aHAIH3A.
3. O3HAaKOMJICHHE C METOAMKAMH MPUTOTOBJICHHUS padOYMX PacTBOPOB, CTaH-
JAPTHBIX pab0YnUX PACTBOPOB M BCIIOMOTATEIHHBIX BEIIECTB.
4, [IpuoOpeTeHue MpakTUUECKUX HABBIKOB CTAHJAPTH3AIMK BEIIECTB U OIpe-
JIeJICHUS] KOHIIEHTPAIIMK UCCIIEyEMbIX paCTBOPOB.
5. [IpuoOpeTeHne MpakTUYECKUX HABBIKOB MPSMOIro, 0OOPaTHOTO M 3aMECTHU-

TCIIbHOI'O TUTPOBAHM.
6. O3HakOMIJICHHE ¢ 0COOCHHOCTSIMH IMPOBCACHUA PACUCTOB.

COLAEPXAHUE U OOPOPMIJIEHUE OTYHETOB
O JIABOPATOPHBIX PABOTAX

CTYILGHT MHUIIET OTYET O BBIIIOJHECHHOU pa60Te B TCTpaau AJIA Ha60paTOpHI)IX 3a-
HSTHUI. DTOT OTYET JOJIDKCH COACPIKATh CICAYIOIINC ITYHKTHI:

1) HOMED Y Ha3BaHUE JJab0PaTOPHOU pabOTHI;

2) (GOpMyITUPOBKY 11eTH PabOTHI;

3) OCHOBHbBIE TEOPETUUECKHE MOJT0KEHHUS,;

4) MOPSAIOK BBITIOJIHEHUS paOOTHI;

5) AKCIIEPUMEHTAJIbHBIC JIAHHBIE;

6) pacyeTsl U BBIBOJIBI IO padoTe.

TEXHUKADKCIIEPUMEHTA

1. O3HAaKOMUTBCS ¢ TEXHUKOW 0€301aCHOCTH U MpaBUJIaMU pa0OTHI B Jia-
OopaTopuu aHATUTUYECKON XUMUHU.
2. ITonyuuts y nabopanrta nocyay (KoaObl 1 OIOKC).
3.  BBIMBITH, BBICYIINTH H ITOITUCATH TOCYLY.
4, B3Becuts Grokc.
5. Omnpenenuth 00bEM Kalljiu AUCTUUIMPOBAHHON BOJBI, BHITEKAIOIICH
13 OIOPETKHU.
6. [TpucTynuTh K BHIMOTHEHUIO TAOOPATOPHBIX PabOT.

TPEBFOBAHNA BE3OIIACHOCTH TPY][A



1. Bce onepanyuu ¢ KOHOEHTPUPOBAHHBIMU KHMCJIOTAMHM M IHEJIOYAMH CIIETYET
IIPOBOAUTH TOJIBKO IO TATOM.

2. HarpeBaTh pacTBOpHI ClieAyeT TOJIBKO B CHEIUATBHON TYrOIUIABKOM MOCYye
U O] TIATOM.

3. [Ipu oTMepHBaHUU KHUCJIOT U IIEJIOYEH CleIyeT MOJIb30BaThCI MEPHBIMU U
U3MEPUTETLHBIMU MUMNETKAMU U TUJINHAPAMHU.

4, HaGupath KUIKOCTb B MUMETKHU CJIEIYET TOJIBKO C TOMOUIBIO TPYIIIH.

5. CoOmroiath Mepbl MPEIOCTOPOKHOCTU MPU pabOTE CO CTEKJISTHHOM MOCY-
JI0¥ BO M30€KaHUE paHEHUST OCKOJIKAMHU CTEKJIA.

6. He nomyckaTh momananus KUCIOTH WK mienour Ha pyku! [Ipu monaganum

KHUCTIOTBI Ha KOXY OOOXKEHHOE MECTO MPOMOMTE OOJIBIINM KOJIUYECTBOM IPO-
TOYHOM BOJBI, a 3aTeM oOpaboTaiite pa3daBieHHBIM pacTBOpoM (1 - 3%-HbIM) Ou-
kapOonaTta Hatpus. [Ipu monmagaHuy meno4Yn Ha KOXKY BHAYaje TakkKe MPOMOWTE
IPOTOYHOM BOJOM, a 3aTeM pa30aBiIeHHBIM pacTBOPOM (3 %-HbIM) YKCYCHOW WIIH
OOpHOM KHUCIIOTHI.
7. Bo BpeMs paboThl B XUMHUYECKOH JIa0OpATOPUH COOIOAANTE TULITUHY, T10-
PAAOK, YUCTOTY, PallMOHAIILHO CTPOMTE CBOIO padOTy, BEIUTE €€ TOUHO, aKKypaT-
HO, OBICTPO, HO 0€3 CIICIIKHY.
8.  He npuctynaiite k pabote 6€3 pa3peleHus NpenoiaBaress Wi 1abopaHTa.
Q. 3anpemaercs padoTaTh B 1a00paTOPUU OJTHOMY.
10.  Kaxnplii cTyfeHT nobKeH paboTaTh Ha 3aKPEIJICHHOM 32 HUM MECTE WU
Ha MECTe, CIEINATIbHO OTBEACHHOM JIJIsl JAHHON paOOTHI.

11.  Bo Bpems paboThl HaJieBalTE XajaT; UMENUTE caleTKy.
12. AKKypaTHO W OCTOPOKHO OOpaIaiTech ¢ XUMHUYECKOW MOCY/I0H, peaKTu-
BaMu u mipuOopamu. [lpu 3akperuieHnn CTEKISTHHOMN MOCY/bl B IITATUBE CIEANTE,
YTOOBI METAITNYECKHE JIATTKA UMENIA PE3UHOBBIE TIOKIIAIKH.

13.  Bce npubopsl 0043aTENBHO JOKHBI OBITH 3a3€MJICHBI.

14.  He paboraiite ¢ Tps3HOI MOCYI0M, HE OCTABIISIUTE €€ HE MBITOM.

15. He ocraBnsiiTe HUKaKUX BEIIECTB B MOCYe 0€3 ITUKETOK.

16. He myraiiTe mpoOKH OT CKIISIHOK, COJEPKAIUX Pa3HbIE PEAKTUBBI, BO

n30eXaHue 3arpsi3HEHUs MOCIeIHUX.

17. Ilpu B3BENIMBAaHHM CYXWUX PEAKTHBOB HE BBHICBHIMMAWTE MX MPSAMO Ha

YaIlKy BECOB.

18.  3ampemraercs KypuTh U IPUHAMATH TUIIY B TJAOOPATOPHH.

OBBEMHBIN AHAJIN3

[Tpu npoBeneHnU aHaNM3a PEeareHT Mo KarisiM J00aBIISIIOT K UCCIIelyeMOMY Bellle-
cTBy. Takas omepaunys Ha3bIBACTCS TUTPOBAHMEM, & METOJ AHAJIN3a TUTPUMETPHU-
YECKHUM.

TutpoBaHue IPOBOAAT N0 YCTAHOBIECHUS 9K8UBANEHMHOU MOYKU. IKEUBAIEHMHOU
MOYKOU HA3bIBAETCS TAKOE COCTOSHHME PacTBOPA, B KOTOPOM K HMCCIIEyEMOMY Be-
IIECTBY J00aBJIEHO CTPOro SKBUBAJIEHTHOE KOJUYECTBO peareHTa. MOMEHT OKOH-
YaHHUS TUTPOBAHUSA MOXKHO YCTAHOBUTH IIPU IOMOIIM XUMHUYECKOW PEAKLUUUA WUIINA
0 U3MEHEHUIO HEKOTOpPOro (hu3M4eckoro cBoictBa. Hampumep, npu B3aumoei-



ctBur NaOH u HCI skBuBaneHTHas TOUKa JOCTHTAeTCs, Koraa B peaknuio ¢ 40 T
NaOH Bctymaet 36,5 r HCI unu ¢ 4 r NaOH Bcerymaer 3,65 r HClu T. a.:
NaOH + HCI = NaCl + H,O
M (naon) = 40 r/mMonb
M ey = 36,5 r/monb
n(NaOH) 1
n(HCI) 1
OcHoBHOI equHUIEH 00beMa B MexmyHapoaHou cucteme enuuuil (CH) sBisercs
M°; TBHICSYHAS JOJSI M° 3T0 cM° (TOke MIuIanTp, Mir). CoepKaHie BEIIECTBA B
OJTHOM MJI pacTBOpa Ha3bIBaeTCs mumpom, odo3znavyaercs T (r/m).
PacTBOpBI ¢ WM3BECTHBIM TUTPOM HA3bIBAKOTCS MUMPOSAHHbIMU WA pabOYyUMU.
3Has TUTp U 00beM paboyero pacTBopa, 3aTpayeHHbI HA TUTPOBAHUE, PACCUUTHI-
BaIOT KOJIMYECTBO PEeareHTa, BCTYMHUBIIIEE B PEAKIIUIO C UCCIIEAYEMbIM BEIIECTBOM:
a(e)=T (r/mn) V (mn).
JIJisi IpUrOTOBJIEHUST pabOYUX PACTBOPOB HCIIONB3YIOT CHEIHalbHbIC BEIIECTBA,
BBIOOP KOTOPBIX 00YCIOBJICH TUIIOM PEAKIINU, UMEIOIIECH MECTO TIPU TUTPOBAHUH.
B coOTBETCTBHM C THUIIOM PEaKIUU PA3IAYAOT CICAYIOIINE METOIBI 0O0BEMHBIX
OTIpENICTICHUI: METOJl Heumpanuzayuu, METOJIbl OKUCIEHUS 80CCMAHOBIEHUS, Me-
TOJIBl OCAMHCOEHUS U KOMNAEKCOOOPA308aHUSL.

JIJist omnpeielieHusT TOYKHA SKBUBAJCHTHOCTH B OOBEMHOM aHAIM3€ HCIOJIB3YIOT
CICIMAJIbHBIC BEIECTBA uHOUKamopvl (MHOTJA WHIUKATOPOM SIBIISICTCS CaM pea-
reHr). JIJis TOYHOro M3MEpEeHHs 00BEMOB HCCIICYEMOT0 BEIISCTBA W pEarcHTa B
XOJIC aHaJlM3a UCHOJB3YeTCs CIenuaabHas MepHas IOoCyaa: MEpHBIC KOJIOBI, IH-
METKH, OFOPETKH U T. JI. B3BelMBaHue BEHIESCTB MPOU3BOAAT B OIOKCaX, JOBEICH-
HBIX JI0 IIOCTOSIHHOTO BEca.
PacueTr KOHIICHTpalMK UCCIIEIYEMOTO PACTBOPa, B COOTBETCTBHH C 3aKOHOM SKBH-
BaJICHTOB, TIPoBOAAT 1o dopmyie (1). Ilpoussedenue obvema nHa HOPMATLHOCHL
0J15 UCCTLeOYeMO20 8euleCmed U peaseHma eCmb eIUdUHA NOCMOSHHASA

C1'Vi= CyV,o=const, (1)
rae C; u C, MOJspHBIC KOHIICHTPAIIMHM 3KBHBAJICHTOB (HOPMaJIbHOCTH) HCCIIEYEC-
MOTO BEI[ECTBAa U TUTPaHTa, COOTBETCTBEHHO, MOJIb KB/, Vi, 00BEM HCCIIeaye-
MOTO BEIIECTBA, JI; V, 00beM TUTPAHTA, U3PACXO0I0BAHHBIN Ha TUTPOBAHHUE, JI.

JlaGopaTopuas padora 4
Kommuiekconomerpust

Heanb padorbl: HayuynuThbcs MPUMEHSITh METOJT KOMIIJIEKCOHOMETPUM JJISI ONpeJie-
JICHUSI KOHIIEHTPAIlUU PACTBOPOB.
OnpiT 1

N3yuyeHue CBOMCTB MEeTAJUIMHANKATOPOB

3aganme ombITa: W3YyYUTh CBOKCTBA METAJUIMHIAMKATOPOB: 3PHUOXPOM YEPHBIN,
MYPEKCHU I, KHCIIOTHBIA XPOM TEMHO-CUHUM.



Peaktusbr: 0,01 H pactBOpsI coneit MgCl,, ZnSO,4, MNSO,, CuSQOy, Al(SOy)s; am-
muauHbii 0Oydepusii pactBop | (pH 9,5 — 10,0 : 70 r NH4CI pactBopsroT B 250 Mt
H,0, nobasnstor 250 mi ammuaka ¢ @ = 25% u 10BoasaT 00bem 10 1 nutpa).

Nupaukatopsl: 3puoXpoM 4epHbId T, MypeKCHU]l, KUCIOTHBIM XpPOM TEMHO-CHUHUU
(cyxas cmech ¢ NaCl B cootnomienuu 1 : 100); 0,1 1 Tpuon b.

1. TToay4yeHrne KOMIUIEKCHBIX COEOMHEHUI WHIMKATOpPA DPUXPOMA YEPHOTO C HO-
2 - 2+ 24 AI3+ g 2F
mamu Mg, Zn“", Mn“", AI’", Cu“".

e 5 v comu MQCl, oTMepuTh NHUIETKON ¥ MOMECTUTH B KOJIOY JJIsl THTPOBA-
HUs, 100aBUTh 2 M OydepHoro pactBopa | (ammuauynbiii OydepHBI pacTBOD).
CocTaBUTh ypaBHEHUE PEaKIMM U YKa3aTh IBET MOJYYEHHOTO KOMILIEKCHOTO CO-
CAMHEHUS COJIU C METAILTUHINKATOPOM.

e  OrTUTpOBaTh MONY4YEHHYIO cMech TpuinoHoMm b u3 OropeTku 10 MOsBICHUS
CHHEH OKpackd. 3amucaTh 00bEM TPHUIIOHA, TMOMICAIIETO Ha PEAKINIO, U COCTABHUTh
YPaBHEHHUE pPEAKIMHM KOMIUIEKCAa MeTalmmMHAaukaropa ¢ Tpuinonom b. IloBToputh
onbIT ¢ coisamu ZNSO,4, MNSOy4, CuSQy4, Al (SO,)s.

2. [ToBTOPUTH pEABIAYIIEE 3a1aHNe, UCTIONb3YyS HHIUKATOP MypPEKCH]I.

3. IloBTOpHTH TpeabIIyIIee 3adaHKe, HUCIOIB3YS WHIAMKATOP KHUCIOTHBIM XpPOM
TEMHO-CUHUM.

[1o pe3ynpTaTaM OmbITa CAENATH BBIBO.
OmnbIT 2
IIpurorosyienue padodero pacrsopa Tpujiona b
3amanue onbiTa: npurorosuts 200 M 0,1 H pacTBopa Tpuiiona b.
ITops10K BBINOJHEHUSI ONIBITA

1. Pacuer HaBecku
Tpunon b — guHatpueBas Coib  ATUIAUAMUHTETPAYKCYCHOW  KHUCIIOTBI

M
(NazCyoH1408N2): M, = )

M (Na,C,,H,,O;N,) =336 r/mons; M ,(Na,C,yH,,O;N,) = 168 r/moisb

a C,-M, 19200 0,1-168 :16,8 _336 ¢
1000 5
2. B3semmBanne Tpunona b

a; — Macca 00OKca Ha TEXHUYECKUX Becax
a, — TeOpETHYECKas Macca OI0Kca ¢ HaBECKOM

a,=a;+3,36T



az— Macca OIoKca ¢ HaBECKOH Ha TEXHHUYECKHX Becax

anpaKT —a3— A

3. PactBopenne Tpuiiona b

HaBecky KOJIMYECTBEHHO TIEPEHECTH B MEPHYIO K0JI0y Ha 200 MJT 1 1OBECTH 00BEM
pacTBopa B KoJIO€ 10 METKH JUCTWIIMPOBAHHOW BOAOW. TOUHYIO HOPMaJIbLHOCTH
Tpuiona b MoXHO yCTaHOBUTH MO (prkcaHampHOMY pacTBOpy MgSO,.

Hns ycraHoBku TuTpa Tpwiona b mpuMeHSIOT XUMHUYECKH YHUCTHIM KapOoHAT
KaJIbIIASI, XUMUYECKH YMCTHIA OKCHJ IMHKA WM XUMHYECKH YHCTHIA METaJlTde-
CKH ITWHK. PaccunTaHHyI0 HaBECKY ATHX BEIECTB PACTBOPSIOT B XJIOPUCTOBOIO-
ponHOM win cepHo kuciore, HeuTpam3yroT NaOH wim ammuakom, pa3z0aBistoT
aMMUa4YHBIM Oy(epHBIM pacTBOPOM U THPYIOT pacTBopoM Tpuiona b B mpucyrct-
BUH WHIWKATOPA SPUOXPOM YECPHBIH.

Tutp pactBopa Tpruitona b MOKHO yCTaHOBUTB IO HATPATY WM XJIOPUAY KAJIbIUS.
OmnbiT 3
IIpuroroBieHne pacTeopa XJI0pUAa KajabUHs
3aganme onbiTa: nmpuroroButs 200 M1 0,1 H pactBopa CaCl,

HOpH}]OK BBIINTOJIHCHHUA OIIBITA

1. Pacuet HaBecku
. C,-M, v 0,1-55,5 200=111r
1000 1000
M, (CaCZZ) = %L =55,5 r/momns
2. Bssemusaune CaCl,

a; — Macca OI0KCca Ha TEXHUYECKUX Becax
a, — TeopeTHyecKasi Macca Orokca ¢ HaBeckoi (a; + 1,11)
az— Macca OroKca ¢ HaBECKOM Ha TEXHUYECKUX Becax

3.  PacrtBopenue CaCl,

Hagecky CaCl, koqu4ecTBEHHO MepeHECTH B MEpHYIO K0j10y Ha 200 My, pacTBo-
PHUTH COJTb B HEOOJIBIIIOM KOJIMYECTBE BOJBI U JOBECTH 00BEM JI0 METKH JTUCTUJLITH-
POBaHHOM BOJIOM.

OneiT 4
OnpeneneHue TOYHOI HOPMAJBLHOCTH XJIOPHAA KAJIbIIUA

3ajiaHue ONbITA: YCTAHOBUTH TOYHYIO HOPMAIbHOCTH PUTOTOBJICHHOTO PacTBOpPa
CaCl, mo cyxomy ocTarky.



HOpH}IOK BbINOJIHCHHUA OIIBITA

1. BIOKC C KpBIIIKON B3BECUTh HA AHAJTUTUYECKUX BECAX
a;— Macca IIycToro OroKca Ha TEXHUYECKUX Becax

2. Otrmeputp munerkord 10 mu CaCl, mepenecTn pacTBOp BO B3BEIICHHBIH
otokc. [ToctaButh Orokc B cymmibhbii mkad (+= 100°C).
3. Uepes yac NOMECTUTH OIOKC B AIKCUKATOP U TOCIIE OXJIAXK/ICHUS B3BECUTh

a,, a3, a, — Macca OI0Kca C 0CaJIKoOM

[Tocne B3BemIMBaHMS MOCTaBUTh OIOKC CHOBA B CYHIMIIBHBIN 1Kkad. BricymmBanue
ocajika IMPOBOJUTH JI0 TEX IOp, IIOKa Macca MOCIeNyIoIas U Npeablayas He 0y-
IyT paBHBI (Macca ap)

4.  Paccumrars maccy CaCl, B Grokce

aCaCI2 =a, -
Paccuurath HopmasibHOCTE CaCl,

10 Mt — acye, c (CaCI )__
1000 MI1 — Xgyq, " ?/ 555

OmnbIT 5
Omnpenenenue TOYHON HOPMAJIBHOCTH TPHJIOHA b
3aganue onbITA: ONpEACTUTh HOpMaTbHOCTH Tpuitona b mo pactBopy CaCl,
IHopsiioK BHINOJTHEHUS ONBITA

1. Oto6path nmunetkorr 10 mMa mpurorosienHoro pactBopa CaCl,, no6a-
BUTh NUIETKON 20 MJI TUCTHIUIMPOBAHHOW BoAbl M 10 Mi1 ammuadHoi OydepHoi
cmecH (muHapom) U 0,1 T “HAUKATOpa «XPOMOTEH YEPHBII.

2. bropetky 3anonnauts 0,1 H pactBopom Tpuiiona b.

3. OttutpoBats CaCl, Tpunonom b mo mpexoma kpacHOW OKpacku B CH-
Hro10. [ToBTOpUTE OMBIT 5 pa3. Paccunrars V,, (cpennee).

4. Paccuurare HopManibHOCTB U TUTP Tpuiiona b

C,(Ip)=C,(CaCl,)-V(CaCl,)

C,(Tp)-M,(Tp)
= 10003 [r/mi]

OneIT 6

Onpez[e.ne}me KECTKOCTH BOAbI TPUWIOHOMETPHICCKHUM crocooom



3anaHne omnbITa: OIMPCACIUTD 06HIYIO KECTKOCTDb BOJBI

Marepuraisl 1 peaKTUBbI:

1. 0,02 u pactBopa Tpuinona b.

3,36 r Tpunona b pacTBOpsIOT B OHOM JINTPE BOJIBI.
2. Bydepnsriit pactBop 1 (cMm. mabopatopHyto padoty 1)
3. PactBop mHAMKATOpa «XPOMOTEH YEPHBII)

0,5 T XUMHUYECKH YMCTOTO IpenapaTa pactBopsitoT B 10 mu1 OydepHoro pactsopa u
10BoAAT 10 100 Mi1 3THIIOBBIM CIIUPTOM.

HOpﬂHOK BbIINNOJIHCHHUA OIIBITA

1. 100 M1 aHANM3WPYEMO BOJBI OTMEPHUTH MHUMETKONW M TIEPEHECTH B KOJI-
Oy nist TUTpOBaHUs, 100aBUTH 5 MJ1 OydepHOro pacTBopa (OTMEPUTH HUITUHAPOM)
U 6-7 Karenap UHANKATOPa «XPOMOTEH YEPHBII.

2. bropetky 3anonauts 0,02 H pactBopom Tpusiona b.
3. OtrutpoBars Boay TpunmoHom b 1o mepexona po30BO-MalMHOBOM OK-
pacKu B CHHEBATO-CEPYIO.
4, PaccuuTath 00111y10 5KECTOKOCTh BOJIBI 110 (hOpMYJIE:
O :Vl -C,-1000 |
V(H;0)

rae Vi — o0beM u3pacxogoBanHoro Tpuiiona b,
C, — HopmansHOCTh Tpuiiona b,
V(H,0) — 00beM uccieayeMoii BOIbI, MJI.

Ecnmu HeoOXxoauMo OTIeTb,HO ONPENeTuTh KadbIllii W MarHui, CHadaja Onpeaess-
0T UX CyMMapHO€ KOJUYECTBO. 3aTEM B OTACIBHON MPOOE OCAKIAIOT KaIbIU B
BHIe okcamara kambuusi (CaC,0,), oTTHTpoBbIBatoT MOHBI MQ® 1 ompemensioT
MarHueBYIO JK€CTOKOCTh. KanbIIMeBYIO KECTKOCTh OMPENESIOT MO Pa3HOCTH 00-
el 1 MarHueBOM KECTKOCTH.

OIIpeIeIeHNIO JKECTKOCTH BOIBI THM METOIOM MeIIaeT MPUCYTCTBUE HOoHOB CU™,
Zn* 1 Mn®". VoHBI Mea¥ ¥ LHHKA TIEPEBOIIT B CyIb(HIbI IPHOABICHHEM K pac-
tBOpY 1 Mit. 2% pactBopa Na,S, mocine vero, He oTHENsAA Ocaaka Cyab()HUI0B, TUT-
pytot pactBopoM Tpunona b. IIpu Hanuuuu B pacTBOpe MapraHiia K pacTBOpy 110
TUTPOBAHUS MPHUOABIAIOT 5 Kamenb 1%-HOTO pacTBOpa COJITHO-KHUCIOTO THAPO-
kcunamuna NH,OH — HCI.

OnbiT 7
OnpenesieHue HUKEJIA TPUIOHOMETPHYECKHM CIIOCOOOM

3aganue ombita: npurotoBuTh pactBop NiSO4 U ompenesauTs ero TOYHYH HOP-
MaJbHOCTh TPUIIOHOMETPUUYECKUM CITOCOOOM.



IMopsiaok BHINOJTHEHUS ONBITA
1. 0,26 r NiSO,4 pacTtBopuTh B MepHyto koa0y Ha 100 mu. [lomydeHHbIN
pacTBOp MEPEIUTh B KOHUYECKYIO KoJIOy Ha 200 My, 106aBuTh 10 MJI aMMHUAYHOTO
oydepnoro pactBopa u 0,1 T Mypekcua.

2. OttutpoBats 0,1 H pactBopom Tpuiona b o mepexoza »xenroit okpa-
CKHU B CUHE-(DHOIETOBYIO.
3 Paccunrate HopManbHOCTH pactBopa NiSO, m comepkaHue HUKEIsS B

pactBope NiSO;.
OnpiT 8

Omnpenenenue meau TPUIOHOMETPHYIECKUM CIIOCO00OM

3ananme onbiTa: NpUroToBUTH pactBop CuSO, 1 onpenenuTs coepkaHue Meau
B HEM TPWJIOHOMETPUUYECKUM CIIOCOOOM.

HOpH}]OK BBIINTOJIHCHHUA OIIbBITA

1. 0,0625 v CuSO4 pactBopuTh B MepHyI0 K00y Ha 100 My, pa36aBuThH awc-
TUJUTMPOBAHHOM BOAOM 10 MeTku. [lepeHecTH pacTBOp B KOHMUYECKYIO KOJOYy Ha
200 mu, no6aButh 5 M 0ydepnoro pactsopa Il u 0,1 r uHAMKAaTOpPA TITUIUHTUMO-
JIOBOT'O CUHETO.
2. OrrutpoBars npurorosiieHHbId pactBop 0,1 H pactBopom Tpwiona b no
nepexoja MHTEHCUBHO CUHEHW OKPAaCKH pacTBOpa B )KEJITOBATO-3EICHYIO.
3. Paccuurtate HOpMasibHOCTH pacTBopa CuSO,4 u conmepkaHuE MEAU B STOM
pacTBope.

OnbIT 9

OmnpeneneHue Mapraiua TPUIOHOMETPHYECKHM CIIOCO0O0M

3aganue onbITa: NMPUTroToBUTH pacTBop MNnSO, 1 onpenenuTs copepKaHue Map-
raHa TPUIOHOMETPUUECKUM CIIOCOOOM.

IopsiioK BHINMOJTHEHHUS ONBITA
1. 0,22 r MnSO,4 momecTuTh B MepHyt0 kKo0y Ha 100 M, mpubaBuTh 5 M
ruApoxjopuaa ruapokcwiamuna u 10 mi pactBopa Tpunona b (0,1 H) u3 Oroper-
KM, JOBECTH O0BEM pacTBOpa /10 METKU NUCTHIUIUPOBAHHOU Boaou. Ilepenectu
pacTBOp B KOHMYECKYIO K00y Ha 200 M1, 7o0aBuTh 5 Mi1 OydepHoro pactopa | u
0,1 r METUITUMOJIOBOI'O CHHETO.

2. OtrutpoBats nostyueHHbIi pactBop 0,1 H pactBopom Tpusnona b 1o me-
pexojia CHHEH OKPAacKH PacTBOpa B CEPYIO.
3. Paccuurtats HOpMabHOCTH HicXOAHOTO pacTBopa MnSQO, u conepkanue

Maprasiia B 3TOM pacTBOpE.
OneiT 10

OmnpeneneHue NUHKA TPUJIOHOMETPHUYECKHUM CIIOCOOOM

3amanue onbITa: MPUTOTOBUTH pacTBop ZNSO, U onpeAeuTh cofepKaHue IMHKA
B HEM TPWJIOHOMETPUUYECKUM CIIOCOOOM.



Peaxrtussr: 0ydepusiii pactop Il (pH 5,5-6,0)
550 r CH3COONa - 3H,0 pactopstot B ropstueit H,O, noBomsatr o0beM pacTBopa
Bojo# 10 1 1 u mpubasmusior 10 mi koui. CH3;COOH.

Ilopsiaok BHINOJIHEHHS ONBITA
1. 0,25 r ZnSO, momecTuTh B MepHYIO K0JIOYy Ha 100 My, moBecTn 00BeM
pactBopa B koi0e 10 100 M1, mepeHecTu ero B KOHMYECKYr K00y Ha 200 mui,
npubaButh 5 M Oydepnoro pactsopa Il u 0,1 r unAKKaTOpa «IPUOXPOM YEPHBIII.

2. OTtTuTpoBarh nosy4deHHbld pacTBop Tpunmona b no mepexona kpacHo-
(duoIeTOBOM OKPAaCKH pacTBOpa B CHHIOIO.
3. Paccuntates HOpMmanbHOCTH pacTtBopa ZnSO, (100 M) u coaepkaHue

IMHUHKAa B paCTBOPC.

MeToanuyeckue yKa3aHUs K BbINOJIHEHHUIO
J1adopaTopHOM padoThI
JlaGopaTopHnas padora 1

Memoo neumpaauzauuu

I.Ie.m; paﬁoTbII Hay‘-IHTBCH IIPpUMCHATbL MCTOI HGﬁTpEUIPI?:&IIHH HJIsL OIIPCACIICHUA
KOHIOCHTPpAIU paCTBOPOB.

IIpn ompeneneHM KOHUEHTPAUUKW KUCIOT U OCHOBAHHMM MCHOJIB3YIOT METOJ
KHMCJIOTHO-OCHOBHOI'O TUTPOBAHHUSI, B OCHOBE KOTOPOTO JIEKUT pPEaKLys HEUTpAJIU-
3a1uu:

H + OH: < H,0

C moMouipl0 JaHHOTO METOJa MOKHO ONpPEAENSTh KOHUEHTPALMIO KHUCIIOT,
HIeJI0YeH, a TaKXKe COJIeH, UMEIOIINX KUCIYI0 WIH IIEJIOYHYI0 PEaKIHMIO CPelbl B
pesynbrare ruapoiausa. Eciu B kadecTBe pabovero pacTBopa MCHOJIb3YETCs KU-
CJIOTa, TO METOJT Ha3bIBACTCS ayuoumempus: e€Ciau pabovuii pacTBOp IICNOYb -
kanumempus. Touka SKBUBAJICHTHOCTH ONPENIENAETCS C MOMOILIBIO WHIUKATOPOB,
M3MEHSAIOIIUX CBOIO OKPACKY MPHU U3MEHEHUU PEAKIINU CPEJIbI.

Jlns mpoBeAeHUs aHaln3a HeOOXOIUMO IPUTOTOBHTH CTaHAAPTHBIC pabodme
pPacTBOpHI, TUTPOBAHHBIE pabovKe PACTBOPHI, a TAKKE MPABUILHO BHIOpATh UHIU-
karop. Cmanoapmuuimu: pabouumu pacmeopamu B aluIUMETPUN SIBJISIOTCS pac-
TBOpBI OYphI Na,B,07-10H,0 unu coawt Na,CO, -5H,0; mumposannvimu pabouumu
pacmeopamu PacTBOPHI XJIOPOBOJOPOIHON KUCIOTHI, peKe APYTUX KUCIOT. B an-
KUTUMETPUN CIMAHOAPMHBIMU PAOOYUMU PACMBOPAMU SBIISIIOTCS PaCTBOPHI I1aBe-
neBoi kuciaotel H,C,04-2H,0 nnmu okcanara matpust Na,C,04°-2H,0.



Meton HelTpanu3aluu Kak METOJl KOJWYECTBEHHOTO aHajau3a MOJYy4YWIT IIU-
pPOKOE pachpoCTpaHeHue, T. K. peakuus cpenbl (pH cpenbl) onpenensieT Hanpasie-
HUE 11eJIOT0 psasa GU3HKO-XUMHUYECKUX MPOLIECCOB M XMMUYECKUX peakiuii. Ha-
npUMeEp, MPOLECChl OKUCICHUS BOCCTAHOBJICHUS, O0Opa30BaHUS U PACTBOPEHUS
0CaJIKOB, KOPPO3UU METAJIIOB, 1yOJICHUS KOKH U T. JI. 3aBUCAT OT PEaKLUU CPEIbl.
Takum 006pa3om, B MPOU3BOACTBEHHBIX YCIOBUIX IMOCTOSTHHO BO3HUKAET HEOOXO-
JUMOCTb KOHTPOJUPOBATh PEAKIUIO CPEIBI.

JlaGopaTopHbie pabOTHI, BKIIOYEHHBIC B JaHHBIE METOAMYECKUE YKa3aHUs, T0-
3BOJISIIOT TIPHOOPECTH HEOOXOIMMBIE MTPAKTUYECKUE HABBIKU TSI KOHTPOJS peak-
AU CPEJIbI U BBITIOJIHSIIOTCS KaXKIbIM CTYI€HTOM CaMOCTOSITEIIBHO.

Onoit 1

IIpuroroBienue ctaHaapTHOrO padoyero pacreopa o6ypsi Na,B,0,-10H,0
3aganme onbiTa: npurotoBuTh 200 M1 0,1H pacTBOpa OypHI.

Paboune pacTBOpHI MOAPA3ACIAIOTCS HA CMAHOAPMHbLE U YCMAHOBIEHHbIE
pacmeopuol.

Cmanoapmuulmyu Ha3bIBAIOTCS PACTBOPBI, KOTOPBIE MOJIYYarOT MyTEM pac-
TBOPEHUSI TOYHOW HABECKH BEILECTBA B CTPOIO ONPEAEICHHOM 00BbEME KHUJIKOCTH.
Tutp Takux pacTBOPOB OIPEIEISIOT IO (GOpMYyJIE:

a
=, / D
v (r/mn)

rJile @ HaBEeCKa BellecTBa, I'; V 00beM KOJIOBI, MII.
JI1s1 IPUTOTOBJICHUS CTAHIAPTHBIX pab0YMX PACTBOPOB IPHUTOHBI BEIIECTRA,

KOTOPBIC YIOBJICTBOPSIOT CIICIYIOIINM TPEOOBAHUSIM:

1) BeIecTBO JOJDKHO OBITH MOJYYE€HO B XUMHUYECKH YHCTOM BH/IE;

2) COCTaB BEILECTBA JIOJDKEH CTPOTo OTBeYaTh (popmysie;

3) cocTaB BeIIECTBA HE JOJDKCH H3MEHATHCS MPU XPAaHCHHH,

4) BelIeCTBO JOJDKHO UMETh JOCTATOYHO BBICOKYIO DKBHBAJICHTHYIO Mac-

Cy, 4TO TTO3BOJISICT YMECHBIINTH MPOIEHT ONTUOKU MTPH B3BECIIMBAHUH.
MopaaoK BbINONIHEHMA ONbITa

1.  Pacuer HaBecku:
a=C, M,V /1000,

r7ie a — HaBeCKa BEIlEeCTBa, T;
Cy HOpPMaJbHOCTBH PacTBOPA;
M, macca SKBHBaJICHTHAs BEIIECTBA, I/MOJIb;
V 00bem pacTBopa, Mil.
M,(Na,B40;-10H,0) = M(Na,B,0; 10H,0) / 2 = (2 -22,9897 + 4-10,8100 +
7-15,994 + 20- 1,0079 + 10 -15,9994) / 2 =381,3672 /2 ==190,6836 (r/m011b)

2. B3pemmBanue Oyphi:



a=0,1-190,6836-200/1000 = 3,8137 (1)
Macca mycToro 0r0kca Ha TEXHUYECKUX BECcax a;.
Macca mycToro 010kca Ha aHAIUTUIECKUX Becax a;.
TeopeTnueckas Macca OroKca ¢ HaBeckoi az =(a, + 3,8137).
Macca Orokca ¢ HaBeCKOH Ha TEXHHUECKHUX BEcaxX ag.
Macca Orokca ¢ HaBeCKOW Ha aHaJTUTHYECKHUX BecaxX as.
HaBecka MpakTHYECKAS: a,q0n = A5-27

3. PactBopeHnue Oypsbl.
Hagecky Oypbl n3 OroKca KOJMYECTBEHHO MEPEHOCIT B MEPHYIO KOJIOYy Ha
200 M1 gyepe3 BOpoHKY. Bece kpuctammmku Oyphl Ha cTeHKaxX OIOKCca M Ha BOPOHKE
THIATEJIbHO CMBIBAIOT B KOJIOY. Bypa mioxo pactBopsiercs B BOJ€, MOTOMY JIJIsl €€
PacTBOPEHMs B KOJIOYy HAJMBAIOT HEOOJBIIOE KOJIUYECTBO ropsyed NUCTUILIUPO-
BaHHOM BoabI (150 mur). Conepkumoe KoJObl OCTOPOXKHO TepementnBarot. [locie
TOro Kak Oypa pacTBOpUTCA B BOJE, KOJIOY OXJIaXJaloT JO KOMHAaTHOM TemIiiepa-
TYpBl U JJOBOJAT 00BEM B KOJIOE€ 10 METKU JTUCTUILIUPOBAHHOM BOJION KOMHATHOM
temneparypbl. Konly miIoTHO 3aKpbIBalOT U pacTBOP TIIATEIBHO MEPEMEIINBAIOT.
[IpuroToBiIeHHBIM PaCTBOP MEPEIUBAIOT B INTIOCKOJOHHYIO KOJIOY.
4. PacueT HOpMAJIBHOCTHU U TUTPa OYpHI.
PaccuuTaTh nonpaBoYHbI KO3(PPUIUEHT:
K= anpakm. / ameop = anpaKm./3’8137-
PaccuntaTh HOpMATLHOCTB OYpBI:
CH(HpaKT.) =K CH(Teop) =K 071
Paccuurate TUTp OypBHI:
T:CH(HpaKT.) M3(6ypbl)/ 10009
T = a,pam. | V, THE V - 00BEM KONOBI.
OmnbIT 2

IIpuroroBjeHne padouero pacTBopa XJ0pPOBOIOPOIHOMH KHCIOTHI

3apanme onbiTa: npurotoButh 500 M 0,1 H xI0poBogopoHoi KucaoTel HCI.

[IpoMblnieHHast XJIOPOBOAOPOIHAS KHUCIOTa MpPEACTaBIseT COOOWM Kua-
KOCTb, COAEPKAIIYIO IMPUMECH Y HE NPUTOJHYIO Ul IPUTOTOBJIEHUS CTaHIAPT-
HbIX pacTBOpoB. [loatomy 3 HCl roToBsT pactBop nmpuOIU3UTENBHO 3aJaHHOM
HOPMAJIBHOCTH, @ TOYHYK) HOPMAJIBHOCTh YCTAaHABJIMBAIOT 10 CTaHIAPTHOMY pa-
0ouyeMy pacTBOPY WM MO TUTPOBAHHOMY pacTBOpY. JJisi mpUroTOBIEHHS PACTBO-
POB M3 TEXHUYECKOW KHUCIIOThl HEM3BECTHOM MPOLIEHTHOW KOHLEHTPAIMU HEO0XO-
MO U3MEPUTH IUIOTHOCTBH KUCIIOTHI C IIOMOILBIO IEHCUTOMETPOB, 3aTEM I10 CIIpa-
BOYHHMKY HAaWTH IPOLEHTHYK KOHLEHTPALMIO KUCJIOTBI U TOJBKO IIOCIE 3TOrO
IIPUCTYIIUTH K IPUTOTOBJICHUIO KUCIIOTHI.

1. OnpeneneHue IUIOTHOCTH U MPOLIEHTHON KOHIIeHTparuu kuciaotel HCI.

Kucnory nomecTuTh B HUIMHAP €MKOCTBIO 1 J1 U OMYCTUTH JEHCUTOMETD.
Hanpuwmep, p(HCI) = 1,09 r/min. B cnipaBouHnKe 10 aHAIMTHYECKON XUMHUHU HaXO-



UM MacCOBYIO JIOJIFO (ITPOLIEHTHYIO KOHLEHTPAIMIO0) UCXOAHOW KUCIOThL. B Ha-
iem npumepe -18%-uas HCI.
MopAaAoK BbINONHEHUA onbiTa

2. PacueT HaBeCKHU:
a=C, M»>-V/1000,
r7ie, a HaBeCKa BEIIEeCTBa, T;
Cy HOpPMaJIbLHOCTBH PAacTBOPA;
M, macca 3KBUBaJICHTHAsl BEIIECTBA, I/MOJb;
V 00BeM pacTBOpa, M.
3. Pacuer maccol 18%-HOM KUCHAOTHI, HEOOXOIUMOM ISl MPUTOTOBJICHUS pac-
TBOpA:
_ m(HCl)
= '
m(pactBop HCI)

rae o = 0,18.
3unas M (HCI) (maBecka m. 2), Haxoaum M (pacteopa HCI).
4, Pacuer oobema 18%-noit HCI, HeoOxomauMoro st IpHUrOTOBJICHHS
KHUCJIOTHI:
V(pactBopa HCI) = m (pactBopa HCI) -p.
5. Ilpurotosaenue 500 mn 0,1 1 HCI.
HeoOxonumpliil Jyisi MpUroTOBICHUSI OOBEM KHCJIOTHI, PACCUUTAHHBINA TIO TI.
4, oTMEpUTh LWJIMHIPOM U NIEPEHECTH B MEpHYIO K00y Ha 500 mit. /JoBectu 00b-
€M B KOJIOE 0 METKH JUCTHIUPOBAHHON BOJIOH, 00ABIISISI €€ HEOONBIIUMH TIOP-
UMK W TIIATEIBHO TEpEMEIINBas cofepkumMoe KoiObl. [IpuroToBiieHHBIN pac-
TBOP MEPEHECTH B MJIOCKOIOHHYIO MM KOHHYECKYIO KOJIOY.
OneIT 3

OnpenesneHne HOPMAJIBHOCTH H TUTPA XJI0POBOIOPOIHOM KUCJIOTHI

3ajaHuMe onbITa: YCTAHOBUTH HOPMaJbHOCTh MPUTOTOBJIEHHOI'O pacTBOpa
HCI o crangaptHOMY pacTBOpy OYpBHI.

Jlns onpesiesieHus HOPMaJIbHOCTH U TUTPA KUCIOThI HEOOXOAUMO OTTHUTPO-
BaTh KUCJIOTY pacTBOpoM Oypbl. UTOOBI ONpeieiuTh TOUKY SKBUBAJICHTHOCTH, MPU
TUTPOBAHUM HEOOXOJIMMO BOCIIOJIB30BaThCA WHAMKaTOpamu. MHAWKaTOpamMu Ha-
3bIBAIOTCS BEIIECTBA, U3MEHSIONINE CBOIO OKPACKY MPU M3MEHEHUHU PEaKIMU Cpe-
nbl. THAMKATOpEl B OOJBIIMHCTBE CIIy4aeB Clla0ble OPraHUYECKUE KUCIOTHI WU
ocHoBaHus. B oOmiem Buje ¢hopmyily KUCIOTHI WJIM OCHOBAHUSI MOXHO MpeJcTa-
BUTH CJICAYIOIINM 00pa3oMm:

Hind mmm KtOH,
rae Ind” anmon xucnotsr; Kt' - kKaTHOH OCHOBaHMSL.

NHaukatop U3MEHSIET OKPacKy, T. K. €r0 MOJIEKYJbl U MOHBI OKpAIIICHbI B
passble 11BeTa. Eciu B pacTBOpe nmpeo01aiatoT MOJIEKYIIbI, TO PACTBOP UMEET IIBET
MOJIEKYJI, © Ha000poT. PaBHOBecHe MeXIy MOJEKyJIaMHd U MOHAMH WHIUKATOpa
MOYKHO CMECTHUTh, U3MEHSIS peakiuio cpeapl. Hampumep, ciabast KucaoTa 4acTHY-
HO JIUCCOLIMUPYET 0 YPABHEHHUIO:



Hind <> H" + Ind".

ITpu no6asnenuu H' paBHOBecHe AMCCOLMALMM CMEIAETCS B CTOPOHY He-
JMCCOLMUPOBAHHBIX MOJIEKYJ KUCIOThIL. KHcias cpefia moaaBisieT AUCCOIUALHUIO,
pacTBOp UMeeT OKpacKy MoeKyil. B menounoii cpene H u OH™ B3aumoseiicTBy-
10T, 1 PaBHOBECHE AUCCOLMALMKA CMENIAETCS B CTOPOHY 00pa3oBaHus HOHOB. Il]e-
JIOYHas cpefia CIOCOOCTBYET AMCCOLMALIAN, PACTBOP MPUOOPETAET OKPACKy HO-
HOB. I3MeHEeHNE OKpaCKW MHAMKATOPA MPOUCXOIUT B HEKOTOPOM MHTepBase pH,
KOTOPBIA HA3bIBAECTCS MHTEPBAJIOM IEPEX0Ja OKpacKu MHANKATopa. LlenTpanbHas
TOYKa 3TOr0 MHTEpPBaJa HA3bIBACTCS MOKa3aTeJIeM TUTpPOBaHUs, o00o3Hauaetcs pT
(Tadm. 1).

MopAaoK BbINONHEHUA ONbITa

1. 10 ms1 Oypbl OTMEPUTH MEPHON MUIETKON U MEPEHECTU B KOJIOY ISl TUT-
poBanusi. Jlo6aBUTh 1-2 Karim METUIIOBOTO OPaHKEBOTO.

2. BropeTKy 3amoJIHUTh PACTBOPOM XJIOPOBOJOPOIHOM KUCIOTHI.

3. OTrTHTpOBaTh OYpPY PACTBOPOM XJIOPOBOJOPOJHOM KHCIOTHI 10 MEPEXoaa
KENTON OKpacku B KenTo-po3oByro. 3amucatk oobeM HCI, koTopsiii nomren Ha
TUTpOBaHUE, B TAOIUILY 1.

OmnpeneneHue NOBTOPUTH S pas.

Ta6nuna 1
JlaHHBIC 17151 pacyeTa HOPMaJbHOCTH U TUTPA XJIOPOBO-
JIOPOHOMN KHUCITOTHI

O0BeM OypbI, MIT O6bvem HCI, M Cpennuii 00em HCI, M
10
10
10
10
10

4. PaccuurtaTth HOPMAJIbHOCTb U TUTP XJ'IOpOBO)]OpOI[HOﬁ KUCJIOTHI:
CH Oypsl * V6yp1>1 = CH (HCI) Vv (HCI)’
THCI = CH (HCI)Ma (HCI)/].OOO

MeToguueckue yKa3aHMA K BbINO/HEHUIO
nabopaTtopHbix pabot «MepmaHraHaTomeTpua»,

«Hopgometpusan».




JlabopaTropHasi pabora 2
Wonomerpus

Heas padorbl: HayuuThcs NpUMEHSTH METOA HOJOMETPHUM JIA OINpEACIICHUS
KOHIICHTPAI[MU PaCTBOPOB.

OnbiT 1

IIpuroroByieHue padouyero pactBopa TuocyJabdara HATPUS

3aganue onbiTa: npurotoButs 500 mi 0,05 H pacTBOpa THOCYIb(aTa HATPHS
Na,S,055H,0.

[TonmyunTth cranmapTHBIM (TUTpoBaHHBEINA) pacTBop Na,S,035H,0 pac-
TBOPEHUEM TOYHON HABECKHW HEBO3MOXKHO, T.K. KPHCTAJIIBI €T0 BEIBETPUBAIOTCS Ha
Bo3nyxe. [1oaTOMy cHavasa rOTOBAT pAacTBOpP C MPUOIU3UTEIBLHOM HOPMAaIbHOMU
KOHIICHTpAIlUEH, a 3aTeM CTaHIAPTU3HPYIOT €ro MO KaKOMYy-HUOYIh OKUCIIH-
Temo, dame Bcero Omxpomary kamus K,Cr,O; wunm mepmaHraHaTy Kajus
KMnO,.

OxBuBaneHTHYI0 Maccy Na,S,035H,0 ompenenstoT mo peakiuu ¢ Ho-
JI0M, B KOTOPOH Kakjas MoOJEKyla THOCyJIb(aTa TepsieT OJUH SIECKTPOH.
CrnenoBaTelnbHO, BOCCTAaHOBUTEJIbHAs JKBUBAJCHTHAs Macca THOCYJbdaTa
HATpUs paBHA €ro MoJisipHoO# macce, T.e. 248,21 r/Mo7b.

IMops10K BLINOJTHEHUSI ONIBITA
1. Pacuer HaBecku Na,S,03 -5H,0:
a=C,-M,-V;
a (NaS,035H,0) = 0,05 -248,21-500 / 1000 = 6,25 T.
2. B3emmBanue Na2S203.5H20.

Hagecky Na,S,;03-5H,0 (6,25 1) MOXHO B3BEIIUBATh HA TEXHUYECKUX Be-
cax. DKCIIEpUMEHTAIbHBIC TAHHBIC 3aHECUTE B TA0OPATOPHBIN KypHAIT:

a=a; + 6,25,
rgc a; - Mmacca OIOKCa Ha TEXHUYECKUX BECax,
d; - Macca OIOKCa C HaBECKOM HAa TEXHOXMMHUYECKUX BECaX.

3. IIpuroroBnenue pacteopa Na,S,03-5H,0.



Haecky Na,S,03'5H,0 nepenecute B MepHyto koi0y Ha 500 mi. [TomaUN-
TE€, YTO B BOJHBIX PaCTBOpax THOCYJb(aT pasjaraercs moj ACHCTBUEM KHCIOPO-
Jla BO3/1yXa U YIOJbHON KHCIIOTBI:

2Na,S,0; + O, = 2Na,S0O, + 2S¢
Na,S,0; + H,CO5; = NaHSO3 + NaHCO; + S

Oco0eHHO MHTEHCUBHO MJET Pa3IoKeHHE HA CBETY U B IPUCYTCTBUU MHUK-
poopranu3MoB. [103ToMy pacTBOPATH HABECKY HYKHO B CBEKEIPOKUIIAYE HHOU 1
OXJIAKAEHHONW AUCTUIIMPOBAHHOM Boje. s OoJbliedl yCTOMYMBOCTH THUTpa
no6aBbTe K pactBopy 0,1 T kapOGonara Hatpus. Konly ¢ pacTBopom 3akpoiTe
poOKo M o0epHUTE YEPHOH Oymarom s 3aluThl OT cBeTa. UTOOBI TUTP THO-
cynbdara HATPUS CTAOMIM3UPOBAJICS, OCTABBTE PACTBOP M0 CIEAYIOMIETO 3aH -
THSL.

Onpit 2
IIpuroroBjieHre CTAHAAPTHOI0 pPadoyero pacrBopa OuxpomMara Kajaus

3apanme onbita: npurotosienue 0,2 n 0,05 H pactBopa duxpomara
KaJusl.

buxpomar kamus K,Cr,O; 5erko moiaydyuTh B XMMHUYECKH UHUCTOM BHJE,
NEPEKPUCTAIUIN3AUMEN U3 BOAHOIO PAacTBOpPA € MOCIEAYIOIHUM BBICYIINBAHUEM
npu 150°C. PactBopsl K,Cr,O; upe3BpiuaiiHo yCTONYUBHI TP XPaHEHUH B 3a-
KpeIThIX cocynax; K,Cr,0O; He pasnaraercst gaxe Mpu KUMSYCHUU MOIKUCIICH-
HOTO pacTBOpa M MPAKTHYECKH HE M3MEHSETCS NMpPHU CTOSAHUU pacTBopa. Ilo-
sTomy pabounii pactBop K,Cr,O; rotoBaT mo tounoi HaBecke. Takoi pabo-
YUl pacTBOP HA3BIBAETCS CTAHIAPTHBIM.

Kpome toro, K,Cr,0O; BoccTaHaBiIMBaeTCs OpraHUYECKHMH BEIIECTBAMM,
MI03TOMY OH HE OKHCJISCT CIy4ailHble IPUMECH OPTraHMYECKUX BEMIECTB. JTUM
oOycnoBnuBaetcs noctosiuctBo K,Cr,07 TuTpa B pactBope.

2-
B okucnuTenbHO-BOCCTAHOBHUTENBHBIX peakiusx ouxpomar woHbl Cry0O;
3+,
NPUOOPETAIOT MIECTh 2JIEKTPOHOB M BOCCTaHaBIMBalOTCs 10 Cro':

Cr,0.% + 6¢ + 14H" = 2Cr** + 7H,0.

CnenoBatensHo, dkBuBaieHTHas macca K,Cr,O;  pasua 1/6 MomspHOI
Macchl B cocTaBiseT: 294,2:6 =49,03 r/MoJIb.

IHopsinok BbINOJIHEHHSI ONIBITA
1. Pacuet HaBeckn K,Cr,0Oq:

a (K,Cr,0;) = 0,05 49,03 200/ 1000 = 0,4903 .



2. B3semmBanue K,Cr,0.

B3BemBaTh MOXKHO TOJIBKO Ha aHATUTHYECKUX BeCaX. JKCIEPUMEHTAIbHbBIC
JTAaHHBIE 3aHOCSTCS B TaOOPATOPHBIN KyPHAJI IO CXEME:

a; - Macca OIOKCa Ha TEXHOXMMHYECKHUX BECax;
a, - Macca OIOKca Ha aHAJIUTHYECKHUX BECaX;
a3 - TeOpeTUYecKas macca OroKca ¢ HaBeckoil: az = ap + 0,4903;
a,4 - IPaKTUYECKass Macca OIOKCa C HAaBECKOW Ha TEXHOXMMHUYECKUX BECax;
as -MpaKTHYeCcKas Macca OF0KCa ¢ HAaBECKOM Ha aHAJTUTHYECKHUX Becax;
IIpakTndeckas HaBECKA: Appaer. K2Cr07 = a5 - a,.
[TormpaBouHbIi K03(pPUITHEHT HOPMATBHOCTH:

K = appaxr./areop = Anpair./0,4903.
HopwmanbHocTs ipuroToBienHoro pacteopa K,Cr,0;:

CH(I‘Ip.) =K~ CH(Teop.) = 0,05 K.
Tutp npurororiaerHHoro pacrsopa K,Cr,0;:

T = a,,/V = a,,/200.

[Tpurorosnenue pactsopa K,Cr,0;.

B3BemienHbIi OuxpomaT Kaiausi KOJTUYECTBEHHO MEPEHECUTE B MEPHYIO KOJI-
Oy émkocThio 200 mi1, 106aBbTe MPUOIU3UTENBHO 2/3 00bEMa NTUCTUIITUPOBAHHON
BOJIbI, OCTOPOKHO TIEPEMEIIANTE IO MOTHOTO PACTBOPEHUS U JOBEAUTE 0 METKU
JTHUCTWLIMPOBAHHOW BOJIOM.

OmnebiT 3
Crangapruzanus THOCY/IbGATA HATPHS [0 OMXpOMATy KaJIMst

3aiaHue onbITA: YCTAHOBUTH TOUYHYIO HOPMAaJbHOCThH MPUTOTOBICHHOTO
pacTBopa THOCYJIb(aTa HATPUS.

HOpﬂ[[OK BBIINTOJIHCHHUA OIIBITA

1. B xoHn4eckyro Koj0y ¢ moMoIibio muianHapa goodasbre 15 M 10%
pactBopa noauaa kamus, 15 ma 20% pactsopa H,SO4. C nomonipo NUNETKH,
posuo 10 M crangaptHoro pactBopa K,Cr,0;. B pesynbraTe peaknuu Bbije-
JISIETCS CBOOOIHBIN MO

61 +Cr,0.+14H" > 31,+2Cr** + 7 H,0.



HakpbIB KOJIOY CTEKJIOM M 3alllMTHB OT MPSMBIX COJHEYHBIX JIy4YeH, oc-
TaBbTE €€ HA 5 MUH. JUI 3aBEPILICHUS PEAKLIUH.

2. OTTUTpy#iTE PacCTBOP B KOHMUECKOW KOJIOE pacTBOPOM THOCYJb(aTa Ha-
TpHs 10 Nepexoaa TEMHO-0YpOil OKpAaCKH KHJIKOCTH B COJIOMEHHO-KEITYIO.

[Tocne aToro mpubaBbTe 5 MII Kpaxmaja U IPOJOJIKANTE TUTPOBATh pac-
TBOpOM THOCYIb(MaTa. Korga okpacka KUAKOCTA CTAaHET YHCTO CHHEH, OCTOPO K-
HO TMpUOaBIgTe THOCYNbGAT HATPHS, B30aNThIBAsS COACPKUMOE KOJOBI TOCIHE
Kaxaoi mpubaBieHHOM kamu. Okpacka Kpaxmana J0JDKHA OOeCHBETUTHCS OT
OJTHOM M30BITOYHON KAl THOCYIIb(ara.

1. IToBTOopuTe oOmpeneneHue 3—5 pa3 U BO3BMHUTE CpPEIHEE 3HAUCHUE
00bEéMa THOCYNIb(aTa. DKCIIepUMEHTAIbHbIE JaHHbIE 3aHECUTE B TaOIULy 2.

Tabmuna 2
PesynbraTe! THTpOBaHUs padodero pactBopa Na,S,03 cTanmapTHEIM pabodnm
pactBopoMm K,Cr,05
Ne V (K,Cr,05), ma V (Na,S,03), mn V¢ (NaS;03), mn
1
2
3

2. Paccumraiite HOpManbHOCTh U THTP pacTBopa Na,S,03; mo dopmye:
V (Na;S;03) - C(NayS;03) = V (K;Cr,07) - C, (K2Cr,07);

T (N&gSgOg) = CH(NaZSZOg) "M, (NaZSZO?,) /1000, [F/MH].

Nmes TutpoBanubiil pabounii pactBop Na,S,03, MOXKHO TPOBOAUTH pa3-
JUYHBIE aHAJIM3bI, TPUMEPHI KOTOPBIX MPUBEACHBI B paszzeie «KoHTpoabHbIE aHa-
JIU3BDY.

KoHTpoJbHbIN aHAIN3

3ananme 1. Onpenenenuie coaep:kanusi ME B pacTBope cylbdara Meau
CuSQO,.

JI71s1 BBIMOJIHEHUS aHaIM3a MOJIyYuTe y JabopaHTa pacTBOp, KOJIUYECTBEH-
HO MEPEHECUTE ero B MepHyo k010y Ha 100 M1 1 1OoBEeUTE TUCTUIIIIUP OBAaHHOM
BOJOU 10 METKU. PacTBOp TmiaTeibHO TIEpEMEIIANTE.

) 2 o
Nonomerpuuecku onpeaensior CU™" B MemecoaepkKallux CelbCKOXO03sHCT-

BEHHBIX fJ1aX, @ TaK)K€ MPHU aHaAJIU3€ CIUIABOB U Py B METALUTYPruuyecKou mpo-

MBIIJIEHHOCTH. [10 TOUYHOCTH HOJOMETPUYECKOE ONpeIeTIEHUEe MEIU HE YCTyTaeT



> 2+
SJICKTPOXUMHUYCCKOMY. OHO OCHOBaHO Ha B3auMMOJEUCTBUM KaTHOHOB CU™" C
aHuoHamu | 1o YPaBHCHHIO

2CU%" + 41" = 2Cul + Iy,
HNJIN B 4aCTHOM CJIy‘-Ian
2CuS0, + 4KI1 = 2Cul + 1, + 2K,SO0,.

2+ +
HpI/I stom wuoHBI Cu BOCCTAHABJIINBAKOTCA 10O Cu C BBIACIICHUEM
OKBHUBAJICHTHOI'O KOJIHNYCCTBA CBO60I[HOF0 P’IO,ZIa, KOTOpI)II\/’I H TUTPYKOT paCTBO-
poM Na,S,0s.

Peakiusi mpoTeKaeT KOJIMYECTBEHHO HM3-3a 00pa30BaHUs MAIOPACTBOPUMO-
_ . 1012
ro noauaa meau (1) Cul (ITPgy, =5 107).

TeueHuto peakiuu CrnocoOCTBYeT M30BITOK Moauaa kaaus. Jist mpemot-
BpAILICHUA THIPOJIN3a COJIM MEJIH aHAJIM3UPYEMBIN PACTBOP MOJKUCIISIOT.

MeToanka npoBeieHUs] aHAJIN3A

1. B KoHHYECKYIO KOJIOY JUIsl TUTPOBAHUS OTMEPHTE C MOMOIIBIO ITUIUH]IPA
10 mu pactBopa Kl ¢ maccoBoii goneit 20%. [lepenecure tyna xe numnetkoit 10
MJI aHAJTU3UPYEMOTO pacTBopa coiu Menu. Hakpoiite koji0y 4acOBBIM CTEKJIOM U
MOCTaBbTE B TEMHOE MECTO MPUOIU3UTENbHO Ha 10 MUH. JJIsl 3aBEpIICHUS pe-
aKIHU.

2. [1oOypeBIIyI0 OT BBIICIUBIIETOCS HOJa KUIKOCTh TUTPYHTE U3 OIOpeT-
ku pactBopoM Na,S,03 10 Tex mop, moka oKpacka CTaHET COTOMEHHO-KEITOM.
[Tocne aToro mpubaBpTe 3 MJ Kpaxmana W MPOJOJDKANTE TUTPOBATH 0 00ec-
IIBEYUBAHUS PACTBOpPA CHUHETO I[BE€Ta OT OJHOM nm30bITouHOM Karman Na,S,0s3.

3. TloBTOpHTE TUTPOBAHUE HECKOJBKO Pa3, BO3BMUTE CPEHEE W3 CXO -
IIUXCSI OTCUYETOB, CAMOCTOSITEBHO BBIYUCINUTE HOPMAIBHYIO KOHIEHTPALUIO
pactBopa CuSO, u xonuyecTBo rpaMmoB meau B 100 mi ananusupyemoro pac-
TBOpA.

YurtuTte, 4TO OKUCIUTENbHAS SKBUBajJeHTHas macca CuSO, - 5 H,O paBHa
249,7 r/M0ab, a SKBUBaJICHTHAas Macca Meau - 63,54 r/MoJb.

3apanue 2. OnpeneneHue coaepKaHus MEAu B XJIOPOKUCH MEM.

Xnopokucs meau CuCl, - 3Cu(OH), - H,O BbimyckaeTcst B Buje CMayu-
BAIOILETOCS MOPOIIKa ([JIsI ONPBICKUBAHUS) WIH JIycTa (s ONbUICHUS) pacTe-
Huii. OHAa OMpakTUYECKU HE pacTBOpHMA B BOJE, HO PACTBOPSIETCS B CEPHOMU,
XJIOPOBOJOPOAHON M a30THOW KHUCIIOTAX.

HNonomerpuueckoe OIpeaesieHHe COAEpkKaHUsI MEIU B XJIOPOKUCU MEIU
MPUHIIMIIHATIBHO HE OTJIMYAETCS OT OINpPENEJICHUs MEIH B pacTBOpe cyibdara.
Paznuuust cCOCTOSAT TOJIBKO B TEXHUKE OMPE/ICIICHHUS.



MeTtoauka IPOBECACHUA aHAJIN3A

1. Tounyro HaBecKy xjopokucu Menu (= 0,2 r), B3sATyI Ha aHAIUTUYE-
CKHUX Becax, IepeHECUTe B KOHUUECKYI0 KoJoy, nmpuieite 20 mi 0,1 H pacTBopa
H,S04, no6aBpTe 1 r KI 1 20 Ma ykcycHON KHCIOTHI ¢ MaccoBoit nojeit 40%.
[lepemenaiite coaepKUMoe KOOI, HAKPOUTE YaCOBBIM CTEKJIOM U OCTaBbTE Ha
10 MuH, 1714 3aBEpIICHUS PEAKIIUAM.

2. IloOypeBiIyro OT BBIACIMBIIETOCS HOAA CMECh TUTPYWTE W3 OIHOpETKH
pabouum pactBopoM Na,S,03; 10 comomeHnHO-x)ENTON okpacku. [Ipunerite 3
MJI Kpaxmaja u MpOoJ0JDKANTe TUTPOBATh O 00ECIIBEUMBAHUS CHHETO PACTBO-

pa.
3. [loBTOopuTe ompeaeneHne HECKOJIbKO pa3 M BO3BMUTE CpEIHEE U3

OTCUYETOB.
4. BpIUMCINTE MacCOBYIO A0J10, %, MEIU B XJOPOKUCH Meau mo (op-

MyJIaM:
Ocy = acy/ m100;

rJie a — CoJiepKaHue MEIH B Hcclienyemon npooe, 220 mu;
M — HaBeCKa XJIOPOKKUCU MEU.
acy = C, M, /1000 200=C, 63,54 /1000 200,

rae C,; — HOpMaJIbHOCTh PacTBOPA COJIM MEAU;
M, — SKBUBaJICHTHAas Macca MEJIH.
Cy (comn mean) = V(Na,S,03) - C,, (NayS,03) / V conu menu

Cy (comu mean) = 0,05 - V(Na,S,053) / 10.
Torna ac, = V(Na,S,03) * 0,05/ 220 63,54 / 1000 - 220

acy = V(Na,S,03)  0,003177 r;
ocu %) = V(Na,S;03) 0,003177 / m * 100.

[IpuBeneHHy0 popMynTy MOXKHO HUCIOIB30BaTh AJI1 CEPUHUHBIX ONMpeaese-
HUM C JaHHBIMU paOOYUMU PACTBOPAMH.

3apanue 3. OnpeaesneHue cojiep>kaHusi HITPUTA B pacTBOPE.

B HeuTpaJbHOM WIIM IIEJTOYHOM PACTBOpPE NEPMAHTaHAT KaJjiksl HE JIEUCT-
BYET HAa HUTPUTHI, HO B KUCJION CpEeAE OKUCISAET HUTPUT A0 HUTPATA:

5NaNO, + 2KMnO, + 3H,S0, = 5NaNO; + 2MnSO, + K,SO, + 3H,0
5 NOZ_ + HZO —-2e = NOg_ +2 H”
2 MnO4 + 8 H' + 5" = Mn*" + 4 H,0



[TogkucasTh pacTBOpP HUTPUTA HEAOMYCTUMO, T.K. TP ATOM 00pa3yroTcs
aeryune okcuasl NO u NO;, mo3TOMy MOJKHUCIISIOT PAcCTBOp NepMaHTaHaTa Ka-
TS, U K OIpeaAcIEHHOMY 00bEMY, B3SITOMY B M30BITKE, MPHIMBAIOT U3BECTHBIN
o0beM pacTtBopa HUTpHUTA. [lociie 3aBepIICHUS 3TOW peakKIUU, KOTOpas UICT
JMIOBOJIBHO MEIJIEHHO, K CMECH A00aBisioT moauna kamnus. Moanna xamust U30bI-
TOYHBIM IEPMaHTaHATOM OKHCIISICTCS JO CBOOOJHOTO HOJ1a, KOTOPBIA OTTUTPO-
BBIBAIOT pacTBOPOM Na,S,0s.

MeToauka npoBeaeHUs aHAJIN3A

1. B xonuueckyto kos0y HajnelTe u3 Oropetku 40 M1 pacTBopa mepMaH-
rafara kajius, noakuciante ero 15 mia 2 H H,SO, u BHecute nunetkon 20 M uc-
CJIElyeMOT0 pacTBOpa HUTpUTA HATpus. s 3aBepIlIeHHs peakuy 3aKpoiTe KOJ-
Oy mpoOKoi 1 OCTOPOKHO B30anThIBalTE 10 MUH.

2. 3ateM K pacTBOpy, CoOJAEprKallleMy HM30BITOK IEepMaHraHata Kajus, Ipu-
06aBpTe 2 T TBEpumoro Kl, mepememiaiite cMech U JaiiTe KoiaOe MOCTOATH 3-5
MHHYT.

3. Pa3zb6aBbTe pactBop 100 MJI AUCTUINMPOBAHHOW BOABI, MpUiIeHTE 3
MJI KpaxMayia U TUTPYHTE BbIAeNUBIIUiCS Hoa pactBopoM Na,S,03; mo obec-
IBEYMBaHMs CHHEW Ookpacku. Pacxom pactBopa Na,S,03; Ha 3TO TUTpOBaHHE
0603HaubTe uepes V.

4. B npyryro KOHMYECKYIO K00y HaneiTe u3 Oroperku 40 mi pactBopa
nepMaHranara kaiaus, npuoasste 15 M 2 H H,SO,4 u 2 T Kl, mepememnaiite, oc-
TaBbTE€ cMech Ha 3-5 muHyT. [locie storo pasbaBbTe cmech 100 mia Bobl,
npubaBbTe 3 MJI Kpaxmana u OTTUTpyiTe pacTBopoMm Na,S,03. Pacxox Tuo-
cynb(dara HaTpus Ha TUTpoBaHHe (0€3 ydacTHsi HUTpUTA) 0003HAUYBTE Yepe3
V,. O6vém pactBopa Na,S,03, sKkBUBaJIEeHTHBIA B3ATOMY 00BEMY pacTBOpa
HUTpUTa, Oyaet paBeH V,-Vi. 3Hasa, uyto skBuBajeHTHas macca NaNO, pas-
Ha 1/2 MONApHOW MACCHI, BRIYUCIUTE TUTP TUOCYIb(aTa HATPHUS MO HUTPUTY
HaTpUs:

T(NﬂzSzOg / NaNOZ) =M, (NﬂNOz) " Cy (NﬁgSgOg) / 1000 r/mu1.

Maccy HUTpuUTa HATpHUsl BO B3ATOM JJid aHa/IM3a 00bEME pacTBOpa BbI-
qucauTe o Gpopmye

a= T(NaZSZO;g) / NaNO, - (Vg — V]_)
Omnpenenute maccy NaNO, Bo BceM ucciienyeMoM pacTBope.
3ananme 4. OnpeneneHue coaepkaHus CBOOOTHOTO XJI0opa B BOJIE.

OnpenesieHUe OCHOBaHO Ha CBOMCTBE XJOpa BBITECHATh AKBHUBAJICHTHOE
KOJIMYECTBO CBOOOMHOTO MOaa U3 HOAUIOB:

Cl,+2KI=1,+2KCI.



[To pacxony pactBopa Na,S,0; Ha TUTpoBaHUE 10/1a MOKHO BBIYHC-
JHTH COJEPIKAHUE XJIOpa B BOJIE.

MeToanka npoBeIeHUA AHAJIM3A

1. OrmeppTe nunerkoit 20 My BOAONPOBOIHON BOABl B KOHHYECKYIO KOJI-
Oy, mpubasbTe 15 mi pactBopa KI ¢ maccoBoii noneit 10%.

2. Tutpyiite BeIIenuBmIuiica Hox pactBopoM Na,S,0; 10 coomeHHO-
xKenToil okpacku. Jlob6aBpTe 1 M Kpaxmania U CHHUNU PAcTBOP MOTUTPYHUTE 110
oOeciBeurBaHMusA OT OJHOH N30bITouHOM Kaman Na,S,0;.

3. TuTpoBaHHE TIOBTOPHUTE HECKOJBKO pa3 W BO3BMHTE CpPEIHEE U3
CXOSIINXCSA OTCUETOB.

4. Conepsxanue xJjiopa (B T Ha 1 J1 BOJIbl) BRIYUCIUTE 11O GopMyIIie
m = T (Na,S,05) - V - 50,
rae T (Na,S,03) — tutp pactopa Na,S,03, r/mi;
V — 06bem pactBopa Na,S,03, 3aTpadyeHHbIN HA TUTPOBAHUE;
50 — ko3 dunmenT mis nmepecuera Ha 1 1 BOJEHI.
3aganne 5. Hogomerpuueckoe onpeaeneHue KHCIOT.

HefiTpanbHuble pacTBOPBI HOAUCTOTO M MOJHOBATOKUCIOTO Kallusd HE pea-
TUPYIOT MEXIy coOoi. OHAKO eclii K CMECH pacTBOPOB ATUX COJIEH MPUIHUTH
CIJIBHYIO KHUCIIOTY, TO HOHBI 103" u | pearupytor ¢ BeiieneHneM CBOOOIHOTO
nona:

|03_ + 51" + 6H+ = 3'2 + 3H20,
WA K103 + 5KI + 6HCI = 31, + 6KCI + 3H,0.

Kon4ecTBO BBIICTUBIIETOCS #0Ja SKBUBAJICHTHO KOJUYECTBY MpHOaB-
nenHoi kuciaotel. Moa tutpyrot pactBopoMm Na,S,03 1 onpenesstoT KOTUIeCTBO
KHCITOTHI.

M €TOAMKA NPOBEJACHUS aHAJIN3A

1. 0,2 r KIO; u 1 r KI pactBopure B 20 mi Boxsl. K GecuBeTHOMY pac-
) 3

TBOPY IHUINETKOW INPUIEHUTE AHAIM3UPYEMYIO KHUCJIOTY, XOpOIIO MepeMelanTe

COAEPKUMOE KOJIOBI.

2. Turpyiite BweimenuBIuiica on pactBopoM Na,S,0; 10 comomeHHO-
xKenToil okpacku. [[o6aBbTe 3 M Kpaxmana W MPOJOJDKANTE TUTPOBAHUE 0
oOecIBEYMBaHUsI CHHEHW OKpPAaCKH KpaxMalia.



[ToBTOpUTE Ompenenenue 3-5 pa3, BOSbMUTE CPEHEE U3 CXOISAIIUXCS OT-
CUETOB.

PaccunTaiite HOpMaabHOCTh U TUTP KUCIIOTHI.
JlabopaTtopnas paGora 3
Ilepmaranaromerpus

Ieap pa6oTnl: HaydnThcsi MPUMEHATh METOJI TIEPMaHTaHATOMETPHUH JIJIS OTIpEie-
JICHUS KOHIICHTPAI[U! PacTBOPOB.
OnbiT 1

IIpuroroBiaenne padouero pacreopa KMnO,

3aganue onbita: npurotoBuTsh 500 ma 0,05 H pacTBOpa mepmanranara
kanusg KMnQO,.

TurpoBannslit pactBop KMNnO, Henb3st IpUTrOTOBUTH PACTBOPEHUEM TOYHOM
HaBeckd, Tak kak KMNO, coaepKuT psia MpuMeceid U ero Helb3s MOJTYYUTh B XH-
MU4Yeckn ductoM Buae. Kpome toro, xonmeHtpamuss KMnQO,, mepeBeaeHHOTO B
pPacTBOp, 3aMETHO INOHMKAETCS, TAK KaK OH PAacXOAYETCs Ha B3aWMMOJEUCTBUE C
aMMHMAaKOM, OPraHUYECKUMU BELIECTBAMU U APYTMMH BOCCTAHOBUTEISMU, IIPUCYT-
cTByromuMu B Boze. [losTomy HOpmanbHOCTh pacTBopa KMnO, ycraHaBImBaioT
yepe3 5-7 AgHEW mocie €ro npurotoBieHUs. VCXOOHBIMH BEHIECTBAMM I €r0
CTAaHJAPTU3ALMU CIIy’)KaT CBEXEIEPEKPUCTAIUIN30BAaHHAs 1aBejieBas KUCIOTa
H,C,042H,0 unu ee coau okcanatel Na,C,04 u (NH,),C,04-H,0.

IHopsinok BbINOJIHEHHSI ONIBITA
1.Pacuem Hasecku.

Hopmanbhyto konmeHTpanuio pactBopa KMnO, ycraHaBiIMBaioT Mo peax-
IIMM, TPOTEKAroIel B KHCIOW cpese, B 3ToM ciaydae M,(KMnO4) = 158,03:5 =
31,61 r/monb. CnenoBatenbHo, g npurotoBienus 500 mu 0,05 H pactBopa He-
00X0AMMO B3SITh

C, M, _ 0,0531,61

a(KMnO4) = 1000 1000

=0,97r.

2.B3zeewusanue KMnO,

YuuThiBas, 4TO UMEIOIIUICS B MPOJaXKe MpenapaT HE COBCEM YHCT U, KpOME
toro, uto KMnQO, pacxoayercs Ha OKUCJICHUE MPUCYTCTBYIOIIUX B BOJE BOCCTa-
HOBHTEJIEH, HEOOXOIMMO B3BECUTh Ha TEXHHYECKHX BECa B METAIMYECKHUX OIOK-
cax 0,8 T KMnO,.

Macca Orokca a;

Macca 6rokca ¢ HaBecKoii a, = (a; + 0,8 T KMnQOy)



HaBecka (a;-ay)
3.Pacmeopenue KMnO,.

Hagecky pactBopsitoT B 500 mi1 ropsiueit BoJbl (BOJLy MOKHO OTMEPUTH Mep-
HBIM [WJIUHAPOM) CIEIYIOUIMM 00pa3oM: BOJY MPUIMBAIOT B CTAKaH HEOOJIbITUMHU
MOPIUSMHU, IEPUOJUYECKH CIIMBAs )KUAKOCTh C KPUCTAIJIOB B CHELIUAIBHO MPUTO-
TOBJICHHYIO CKJISIHKY. PacTBOpeHHE YCKOPSIIOT MyTEM HENPEPHIBHOTO IMEpEMEIIN-
BaHus. Korja Bcst HaBecka nepeieT B pacTBOp, MPUIMBAIOT K HEMY OCTaBIIYIOCS
BOAY, TINATEIbHO MEPEMEIINBAIOT, 3aKPBIBAIOT MPOOKOW (pE3HMHOBBIE NMPOOKHU HC-
MOJIB30BaTh HEINb3s!), 00epPTHIBAIOT TEMHOW OyMaroil U Ha HEKOTOPOE BpeMs OC-

TaBJIAIOT. HpH XPaHCHHUHN PACTBOpPAa HA CBCTY IMPOHUCXOIHUT PCAKIUA PA3JIOKCHUA
KMnOy,:

KMnO, + 6H,0 = 4MnO(OH), + 4KOH + 30..

Takoit xe ocamok MN(OH), Bbeiaensercs B pe3ynbTare B3auMOJCHCTBHS
KMnQO, ¢ BoccranoBuTenssMu. Yepes 5-7 MHEH pacTBOP OCTOPOIKHO CIMBAIOT CH-
(GboHOM C ocajika WK QUIBTPYIOT YEPE3 CTEKIIAHHBIA (PUIIBTP B IPYTYIO CKISHKY U
UCIIOJIb3YIOT JIJIS1 CTaHJApPTU3ALUU.

OnbIT 2
IIpurorosiaenue 200 ma 0,05 u pacrBopa Na,C,0,
Heas padorel: npuroroButs 200 M 0,05 v ctangapTHOro pactBopa Na,C,0,
IHopsinok BbINOJIHEHHS ONBITA
1.Pacuem nasecxu.

Jlast pacuera HaBecku HeoOxommmo 3Hath M, (Na,C,0,). KMnO, B3aumo-
nerctByeT ¢ Na,C,0,4 B KHCIIOHN Cpelie 10 YpaBHEHHUIO:

2KMnO, + 5Na,C,0, + 8H,50, = 2MnSO, + 10C0O,+K,S0,+5Na,S0O,+8H,0.

B 10l peakuun OKUCIISIOTCS MOHBI CZO42', KaXblil U3 HUX TEPAET MO JBa
AJIEKTPOHA W MpeBpaniaeTcs B 2 3neKTpoHehTpanbabie MoJiekyisl CO,, a Mn(VII)
BoccTanaBnuBaercs 10 Mn(II).

5| C,04% -2 =2CO0,,
2 | MnO4 + 8H* + 5¢” = Mn** + 4H,0.

Ouesuano, M,(Na,C,0,4), KOTOPBIM BOCITIOJIb3yeMCsI KaK CTaHIAPTHBIM pac-
TBOpOM, paBHa 1/2 momsipHOI Macchl, T.€. 134,00/2 = 67,00 r/mob.

Jlist mpurotosnenus 200 mi 0,05 1 pactBopa Na,C,04 HYKHO B3SITh

a(Na,C,0,) =2 70200 _ g 67 .

1000



2.Bszeewusanue Na,C,0,.
Macca 0rokca Ha TEXHUYECKUX Becax (a;)
Macca OroKca Ha aHAIMTHYCCKUX Becax (ap)
TeopeTrueckas Macca OroKkca ¢ HaBeckoi (az= ap + 0,67)
Macca 0rokca ¢ HaBECKOIH Ha TEXHUYCCKHX Becax (az)
Macca 0rokca ¢ HaBeCKO# Ha aHAJIMTUYCCKUX Becax (as)
Hagecka a,,,, = (as - ay).

[TorrpaBounsbIit Ko duiuent K paBen:

K — anpaK — anpaK
a,,, 06700
3.Pacmeopenue Na,C,0,.

Haecky Na,C,0,4 6e3 moTeps mepeHoCIT B MEpHYIO KO0y eMKocThio 200
MJI, paCTBOPAIOT B XOJIOJIHOW JUCTUJUIMPOBAHHOW BOJZIE, JOBOJAT BOJOW PacTBOP
JI0 METKH U TIIATEJIBHO MEPEMEIINBALOT.

4.Pacuem C,ppaemp Tinparm)y Naz2C20a.
Cougmpaxr) = Cureop) K= 0,05 K, T npaxr) = anpar/200 [1/mi1].
OmnbIT 3
Cranpapru3anus pacrsopa KMnO, no okcanarty Hatpusi Na,C,0,

3amaHue onbITA: YCTAaHOBUTH TOUYHYIO HOPMAJIBHOCTH pabOYero pacrBopa
KMnO,.

HOpHIlOK BbINOJIHCHHUA OIIBITA

1.Xopo1110 BEIMBITYIO OIOpETKY POMBIBAIOT pacTBopoM KMnO, u 3amomHs-
10T TUM PACTBOPOM JIO HYJIS 110 BEPXHEMY MEHHUCKY.

2.0nonackuBaioT nuneTrky pactBopom Na,C,0,4, mepenocsat 10 M B KOHU-
YECKYI0 KOJIOy NIl TUTpOBaHuUsA, 3aTeM npubaBisioT 8-10 mu 21 pactBopa H,SO,,
HarpeBatoT 10 70-80°C, He momyckas kumsueHus, nmpu kotopom Na,C,0, pasnara-
€TCsl, ¥ TOPSIYUA PacCTBOP TUTPYIOT pactBopoM KMNO,.

3.IIpu TutpoBanuu pactBop KMnO, nmprimBaroT MEJICHHO, TIO KaTlIsM, TIPH
HEIMPEPHIBHOM TepeMenBaHui. KaxIyro Ciaeayronyo Kamio A00aBIsiOT Mocie
TOTO, KaKk 00eCIBETIIIACh TIpeAbIayIas Kamisi. [lepBoHadansHOe 00eCIIBEUNBaHHE
pactBopa KMnO, OyaeT mpoxoauTh MEIJIEHHO, HO 3aTeéM IO Mepe 00pa3oBaHUS
MnSQ,, urparomiero pojb KaTaauzaropa, OHO yCKOpsieTcs. TuTpoBaHHE MpeKpa-
aroT, koraa u3ositounas karist KMnO, coobmmt pactBopy OleIHYI0 MaauHO-



BYIO OKpacKy, He ucYe3aryto B Teuenne 1-2 MuayT. O0nembl pactBopa KMnO,
OTCYHTHIBAIOT TI0 BEPXHEMY MEHHCKY, TaK KaK HWKHHH 1aoxo BujeH. Omnpenene-
HUE MOBTOPSIOT 3-5 pa3. Pe3ynpTaTsl TATPOBAHUS 3aHOCST B TaOIHUITY3.

PGSYJ'IBTE[TBI TUTPOBAHUA

Tabmauma 3

O0wem Na,C,0,, M
V(N a2C204)

O6veM KMNQO4, Mt
V(KMnO4)

CpenHee 3HaueHue 00be-
Ma KMnQO,, ma

V,(KMnOy)

[To nanubiM TUTpOBaHus paccuuThiBaOT C,(KMNOy4) u T(KMNOy,);
CH(KMnO4)V(KMnO4) = CH(N3.2C204)’V(N3.2C204)

- C,(NayC304)'V(Na,C04)







