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BBEJEHHUE

Ienb Kypca « AHAIUTHUYECKAs] XUMUSD COCTOUT B (POPMUPOBAHUM Y CTYIEHTOB 3a0UHOU
(dopMbI 00yUeHMsI 3HAHUM 110 TEOPUU U IPAKTHKE OCHOBHBIX XUMUYECKUX METOJ/IOB aHAJIN3A.

J1st 3T0ro He0OX0AUMO:

1 YcBOUTh NpUHLIUIIBI — IPOSBICHUS XapaKTEPUCTUUECKUX XUMUYECKUX CBOMCTB BEIIECTB,

Ha KOTOPBIX OCHOBAHBI COOTBETCTBYIOIINE XUMUUYECKNE METO/Ib] AHAJIN3A;

2 Umerp YeTKoe IMpEACTaBICHHE O TPEOOBAaHUAX, NPEABSIBIIEMbIX K XUMHYECKUM
peakuusaM B XUMUYECKUX METO/AX;
3 YcBOUTH CYyHIIHOCTh OCHOBHBIX XUMUYECKUX METO/I0OB aHAJIN3A.

Pabota cTtyaeHta 3a0uHOi (opMBl 00y4eHHS HaJ KypCcOM AaHaJIUTUYECKOH XUMHHU
BKJIIOYAET CaMOCTOSITENIbHOE HU3y4YEHHE Marepuaja 0 y4dyeOHMKaM M y4eOHBIM MOCOOUsM,
BBINOJIHEHHE KOHTPOJBHBIX PaboT U 1aOOPaTOPHOIO MPAKTUKyMa, a TaKKe MOCELCHUE JEeKIUN
BO BpEMs 3aU€THOM CECCUU U cllauy 3a4eTa.

Hacrosiee yue6HOe mocobue COAEpKUT pas3ziesbl, COOTBETCTBYIOIIUE IpOrpamMme IO
AQHAIUTUYECKON XMMMH (XMMHUYECKUM METOJaM aHajiau3a) JUlsl CTYJIEHTOB 2-T0 Kypca XHUMHKO-
TE€XHOJIOTMYECKHUX CHELMAIBHOCTEH.

Tembl 1M 3amaHud, OTpaXKalOUIME CTPYKTYpy U HpPOrpaMMy H3y4aeMoOH IJUCLMILIUHBL,
U3J0KEHbl B KOHTPOJBHBIX paboTax. Jlns oka3zaHMs IOMOLIM CTyACHTaM B OBJIAJCHUU
HEOOXOJUMBIMU pacyeTamMH, B JAHHOM Y4YeOHOM MOCOOMH NPUBEIEHBI HPHUMEPHI, KOTOPHIE
OXBaThIBAIOT MPAKTUUYECKN BCE BAPUAHTHI KOHTPOJIBHBIX PACUETHBIX 3a/1ad.

KonTponbHble paboOTHl SBISAIOTCS HE TOJIBKO (OpMOM KOHTpOJIL, HO U (OpMOi
METOIMYECKON IMOMOIIM CTYJIEHTaM IpU HU3ydeHHM npeamera. K BBINOIHEHHIO KOHTPOJBHBIX
paboT Ha/lo MPUCTYTATh TOJIBKO MOCJE U3YUEHHUS] COOTBETCTBYIOLIETO pa3jieia Kypca.

Bce cnpaBouHble 1aHHbIE, HEOOXOAMMBIE NP PEILICHUH PACUETHBIX 3a7ay, MOXKHO HalTh
B «CnipaBouyHuke 1o ananutuaeckoit xumun» H0.10. JIypwe [10].

B mpouecce nzyuenust Kypca aHaTUTHUECKON XUMUU cmydenmul Hanpaeienus 18.03.01
«Xumuueckana mexmonocusn» GblnNOJAHAIOM KOHmponvHovie pabomovr Nel u Ne2, a cmydenmot
nanpaenenusn 19.03.01 «buomexnonozua» || moavko konmpoavuyo pabomy Nel!

KonTponbable pabOThl AOMKHBI HMMETh TUTYJBHBIM JUCT (0Opasen 3amoiaHEHUs
TUTYJBHOTO JIUCTa MpuBedeH B pasaene «lIpunmoxenue»), ObITH aKKypaTHO O(OPMIIECHBI
(PyKONMCHO WMJIM Halrle4yaTaHbl), AJI 3aME€YaHUN PELIEH3EHTa CIIEYET OCTaBJIATh LIUPOKUE OIS,
nUcaTh SCHO M YETKO; HOMEpa M YCIOBMs 3aJaHUM HEO0OXOAMMO NHUCATh B TOM MOpSAIKE, B
KOTOPOM OHHM yKa3aHbl B BapuaHte. [Ipu pemieHnn 3aad Hy>KHO IPUBOJUTH BECH XOJ PEILICHUS
U MaTeMaTU4YecKue MpeoOpa3oBaHus, €AUHHUIIBI H3MEPEHHUS.

Ecnu paborta He 3auTeHa, CTYJIEHT [OJDKEH BHECTH HCIPABICHHS B COOTBETCTBHM C
yKa3zaHUsMHU npernojaBaTens. Pabora 1omkHa ObITh JaTUPOBaHA U MOJMUCAHA CTYAECHTOM.

Kaowcovtit cmyoenm evinoninsem eapuanm KOHMPOIbHOU padomvl, 0003HAYUEHHLL
HauanbHoU 0YKeoUl hamunuu cmyoenma u noci1eoHell yugdpoii Homepa 3a4emHOol KHUNCKU.
Ecnu yughpa uemnasn, évinonnaemces uemuolii 6apuanm, eciu yugpa neuemnas — HeuemHolil
séapuanm. Ecnu nocneonas yugpa 0, mo evinonnaemca uemnslit 6apuanm.

B xoHTposbHON paboTe CTYyAEHT NOJDKEH M3JI0KUTh OTBET MO CYLIECTBY YKa3aHHOTO
3aJaHMsl, NMPUBECTH MAaTEMAaTUYECKHE BBIKJIAJKU WM COOTBETCTBYIOIIUE (DOPMYJIBI, €CIM 3TO
TpeOyeTcs B 3alaHUH.

Konmponvnaa paboma, 6bin0ONHEeHHAA HE NO C6OEMY 6APUAHMY, npenodasamesiem He
peuenzupyemca u He 3acuumoviéaemcs!

KonTposibHylo paldory Ha TMpoOBepKy MOKHO TNIPHHOCHTH Ha Kadeapy
AHAJMTUYECKO XUMMH 3apaHee.

Hapsny ¢ KOHTpOJBHBIMU 3alaHUSIMM CTYZEHTBI JOJKHBI BBIIIOJHHUTH J1a0OPATOPHBIN
IPAKTUKYM M IOCETUTH JIEKIMHM B IEPHOJ 3a4ETHOM CecCUM. BBINOJHUB BCE KOHTPOJbHBIE
3a7laHus U TaOOPaTOPHBIN MPAKTUKYM, CTYyI€HTBI CIAIOT 3a4€eT 110 AHATUTUYECKON XUMMUH.



1 MIPEAMET AHAJITMTUYECKOW XUMUN

Ananumuueckasa xumua — OJHA W3 BaXHEHIIUX oOiacTedl 3HAHWA B COBPEMEHHOM
[IUBUJIN30BAaHHOM OOIIECTBE.

Tounas u skcnpeccHas UHPOpPMALUSA O XMMHUYECKOM COCTaBE BELIECTB U COEIUHEHUM
UMEET BaKHOE, @ BO MHOTHX CIyyasiX, U pellarollee 3HaU€HUe Il KOHTPOJIS TEXHOJIOTHYECKUX
IPOIIECCOB, Pa3pabOTKU HOBBIX TEXHOJIOTUH, CO3[aHUsl MaT€pPHAJIOB C 3aJaHHBIMU CBOHCTBaMH,
KOHTPOJISI COCTAaBa OKPYIKAIOIIEH cpelbl M KauecTBa (CepTHU(HKAIMN) JTF000T0 BHIA MPOTYKIIHA
U T.[1.

Wudopmanmio 0 XWMHUYECKOM COCTaBE BEHIECTB, T.€. O COJCPKAHUU XHUMHUYECKHX
9JIEMEHTOB WIM MX COCIMHEHUN B Pa3JM4YHBIX MPUPOAHBIX M IPOMBIIUICHHBIX MaTepuanax
IPEIOCTaBIsAECT AHAINTUYECKass XWUMHUA. SIpKUM  CBMJIETEIBCTBOM  OTPOMHON  poiin
AHAJTUTUYECKON XMMHUU SBJISIETCS TOT (aKT, YTO B MPOMBILIIIEHHO Pa3BUTHIX cTpaHax okoio 10%
CTOMMOCTH BaJIOBOTO HAllMOHAJIIHOTO MPOAYKTAa COCTaBIS€T CTOMMOCTb €ro KOHTpOJId U
ceptudukarmm.

AHnanumuueckana Xumusa — 3IMO HAYKA O NPUHUURAX, Memooax U CcpPeocmeax
uoeHmuuKkayuu u onpeoeneHuns Xumuueckozo cocmaea eeujecmé u coeounenuu. Ilon
UICHTHU(PHUKAIMEH MOHUMAIOT OIpE/IeIeHHe KAYeCTBEHHOTO COCTaBa, CTPYKTYPhl H XUMHUYECKOTO
CTpPOEHHMS paccMaTpuBacMblX coeauHeHuil. [log  XMMHYECKMM  COCTaBOM  INTOHUMAlOT
AIIEMEHTHBIN, MOJIEKYJISIPHBIN, BEIIECTBEHHBIN 1 (Pa30BbIi COCTABBI aHATU3UPYEMBIX OOBEKTOB.

Teopernueckue OCHOBBI aHATUTHYECKOW XHUMHH BO MHOTroM (GOpMHPYIOTCS Ha
TEOPETUYECKONH 0a3e CMEXHBIX XUMUYECKUX JUCLMIUIMH: HEOPraHW4YecKOW, (U3HUYECKO,
OpraHMYECKOM, KOJUIOMJHOM XMMHHM, DJJIEKTpoxumuu. Bwmecre ¢ Tem, COBpeMEHHas
AQHAIUTUYECKAs! XUMHUS IIUPOKO UCTOIb3YET TEOPETUUECKUE U IKCIIEPUMEHTANIbHBIE TOCTHKEHUS
MHOT'MX HaIlpaBJIeHUH COBPEMEHHOM (pU3MKH, MaTEMAaTHUKU U HHPOPMATUKH.

Crtpyktypa W Kiaccu(UKanys COBPEMEHHOW AaHAJUTUYECKOH XHMHU IO METOJaM
aHaJIM3a MHOTOIUIaHOBa. [Ipexne Bcero, BBIIEISIIOT KaA4eCHMEEHHbll W KOJIUYECHEEHHbLIL
aHaIu3.

B ocHOBe KayecTBEHHOI0  aHalWM3a JeXaT JIMOO  XMMHUYECKHE  peaklHH,
COMpPOBOXKAAIOIIMECS  BU3YAIbHBIM H3MEHEHHEM KAuyeCTBEHHOTO COCTOSHUS — pacTBopa
(M3MEHEeHHe OKPACKH, BBINAJEHUE OCaJKa U T.I.), TMOO MHIUBHyaJIbHbIE XapaKTePUCTUUECKUE
¢u3uueckue  CBOWCTBA  OOHAPYXKMBAEMBIX  BEIIECTB  WJIM  DIEMEHTOB  (Hampumep,
XapaKTepUCTUUYECKOE U3TyUECHUE WITH MOTJIOIEHNE CBETA ONPEICIEHHBIX UINH BOJIH).

KonuuectBeHnHsle onpeneneHuss 0a3upyroTCsl Ha 3aKOHE COXPAHEHHsSI MaccChl BELIECTB B
IIPOLECCE HMX XUMHUYECKOIO IPEBpPALICHWs W Ha 3aKOHE HKBHBAJIECHTOB IPH XUMHUYECKOM
B3aMMOJIEMCTBUM BellecTB. B OCHOBy ompeneneHuss MOTyT ObITh IOJIOXKEHBI pPa3IUYHbIC
OPUHIUNBL — TPOSBICHUE XapaKTEPUCTUYECKMX XUMHUECKUX WM (U3UUYECKUX CBOMCTB
OTpeIesieMbIX KOMIIOHEHTOB (QHAIUTOB).

IIpn cucremarn3anuy METOAOB AHATUTHYECKOM XHMHHM, OCHOBAaHHOW Ha IIPUPOAC
OOHapy>KMBAaeMbIX WM  ONPENCNIIEMbIX  KOMIIOHEHTOB,  DPAa3jIMYyalOT:  J71eMEHmHbLI,
MONEKYAPHDLIL, 6eU{eCMEECHHDLIL, ()a306blil U CMPYKMYPHO-2PYNNOE0IL BUIbl AaHATIN3A.

B m1060M Buae aHanusza Ui MOMYYEHMs] PE3YJIbTaTOB IMPUMEHSIOT OJHOWMEHHBIE
METO/bI, T.€. BO3MOKHBIE CIIOCOOBI MOJTyYeHHs] ONTUMaIbHON aHaNUTHYEeCKOH MH(opManuu Ha
OCHOBE IPUMEHSAEMOro IpuHOMNA aHaiu3a. Ilpy 3TOM BO Bcex MeTojnax IOJydyeHHE
JIOCTOBEPHON HMH(pOpMAlMKU OO0ECNEeYMBAETCS CO3AAHUEM ONTHUMAJIBHBIX YCIOBHM, Kak JUIs
IPOTEKAaHUsl XMMHUYECKOM peakuuu, Tak U I8 U3MEPEHUS] AHAIUMUYECKO20 CUZHANA —
perucTpupyemMoii (uU3MUEeCKOW BEIUYWHBI, (PYHKIIMOHAIBHO CBSI3aHHOW C KOHIICHTpAIMei
ONpEIETAIEMOT0 KOMIIOHEHTA (aHAIUTA).

Knaccuueckne  XMMHUYeCKHME  METOJABl  aHaIW3a  IIMPOKO  HUCHOJIB3YIOT  IIPH
KOJINYECTBEHHBIX OIPENEICHUAX OONBIINX U CPETHUX coaepkaHuil komnoHneHToB (o1 100% no
0,1%). Onu u B Hacrosiee BpeMs SBISIOTCS HE3aMEHHMMBIMU TPU aHalIHM3€ pPa3IMYHbIX



MaTepUajoB Ha OCHOBHbBIE KOMIIOHEHTHI. A JUJIsl ONpEAeseHUs] MallbIX COJIep)KaHuM IpumMecei
(10* = 1077%) NPUMEHSIOT pa3iuyHble pu3nueckue U GU3NKO-XUMHUYECKHE METO/Ibl aHAJIH3a.

Bce ocHOBHbIE METOABI 3JIEMEHTHOTO M MOJIEKYJSIPHOTO aHallM3a, HCXOAS M3 HX
CYLUIHOCTM M Ha3HaueHMs, MOAPa3ACA0T Ha METOAbl NpoOooTOOpa, pas3iokeHus mpoo,
KOHLICHTPUPOBAHUS M  pa3/elIeHUuss KOMIIOHEHTOB, OOHapyXeHMs, UACHTU(PUKAIUK U
KOJIMYECTBEHHOTO OIIPEIEIICHHUS.

AHaIUTHYECKYI0  XMMHIO  YCJIOBHO  TOJApA3JeNsAlOT Ha JIBE€  COCTaBISIOLIKE:
byHIaMeHTalbHYI0 U OpukiIaanyto. dyHnaMeHTarabHas COCTABIAIONIAS MM aHAIUTHUYECKas
XUMHS, KaKk HayKa, pa3pabaTblBaeT TEOPETUYECKUE OCHOBBl AHAIUTUYECKOM XUMHH U
IIPAKTUYECKHE MPHEMBblI METOAOB aHAIN3a, ONPENENAeT I'PaHULbl IPUMEHUMOCTH METONIOB, MX
AQHAIUTUYECKUE M METPOJIOTUYECKUE XapaKTEPUCTUKH, IMpeajaraeT crnocodObl M METOJUKU
aHau3a pa3iMyHbIX 00BEKTOB. [IpuKiagHas cocTaBisIOmas — 3TO CEPBHUCHAs aHAIUTHYECKas
cityx0a: COBOKYNMHOCTb OOCIYy>KMBAIOIIUX AHAJIUTUYECKUX J1a00OpaTopuil Ha MPOMBIIUIEHHBIX
OPENIPUIATHAX M B OTPACiIEBBIX HAYYHO-UCCIIEJOBATEIbCKUX  OpraHu3alusax. 31ech
UCTIONIB3YIOTCS, KaK TPaBUIIO, YK€ M3BECTHBIE METOABI M Pa3paOOTaHHBIE METOIMKH aHAJN3a,
KOTOpble cojJepXkaT NOoApoOHOE ONMUCaHHWE BCEX ONepaluid Mpu MPOBEACHUM aHAIN3a,
o0OecreunBarOUX MOJyYEHUE PE3YyJbTaTOB C PErilaMEHTUPOBAHHBIMU (METPOJIOTrMUYECKUMH)
XapaKTepUCTUKAMHU.

B OonpmmacTBe BY30B no aucnuiuiiHe «AHalIWTHYECKass XUMHsD) Y4€OHBIM IJIAHOM
npeaycMaTpuBaeTcs M3y4deHue, IJIaBHbIM 00pa3oM, METOJOB 3JEMEHTHOIO M MOJIEKYJISIPHOTO
aHaJIN3a.



2 XUMMNYECKHUE METO/Ibl AHAJIM3A

2.1 Meroaguueckue peKOMEeHAAUUM K padore Haa pasaearaMu
XHMHYECKHUX METOA0B aHAJIN3a

XUMHUYECKHE METONbI aHalli3a OCHOBAHBI HA XHUMHYECKHX PEAKIHUSAX, B KOTOPBIX
MPOSIBIISIIOTCS XapaKTePUCTUUYECKHE CBOMCTBA aHANM3UPYEMBIX BEIIECTB, IMO3BOJISIONIME HX
UACHTU(DUIIUPOBATH U OTPEENIATH KOJTHUYECTBEHHO.

XUMUYEeCKHEe METObl BKIIOYAIOT TPaBUMETPUUYECKHUE U TUTPUMETpUUYECKUE METOIbl. Mx
HA3bIBAIOT KJIACCHYECKUMH U IIMPOKO MPUMEHSIOT B JBYX HAIPABJICHUSAX: B AHAIUTUYCCKOM
KOHTpOJIE HAa OCHOBHbIE KOMIIOHEHTHI (C MaccoBoi nosei > 1%) u B pazpaboTke U CO3aHUU
CTaHJAPTHBIX 00Pa310B A PUIUKO-XUMUYECKUX M (PU3MYECKHX METO/I0B aHAIM3A.

[Ipu u3yueHuu Kypca XMMHUECKUX METOJIOB aHAJN3a CTYJICHTHI B 3HAUUTEIHHON CTEIEHH
3aKPEIUISIOT 3HAHUS, TIOTyYeHHBIC B KypCce HEOPTraHNUECKON XUMHUH, U OJHOBPEMEHHO MOTyYatoT
3HAaHUS 10 MPUMEHEHUI0O XMMUYECKHX peakluuid B aHamuTHueckux ueisx. [Ipm moaroroske
KOHTPOJIBHBIX PabOT CTYAEHTHI JOJDKHBI UYETKO YCBOUTh KaKWe XHUMHUYECKUE PEeaKIuu
UCIOJB3YIOT B XMMHUECKUX METOJax aHalu3a U Kakue TpeOOBaHUA K HUM HIPEIbSIBISIOTCS;
3HaTh OCHOBHBIE TEOPETUYECKHE TMPEANOCHIIKA BO3MOKHOCTH  IOJIYYCHHS XOPOIINX
PE3YIIBTATOB: B IPaBUMETPHH — MaJasi PACTBOPHMOCTD IOJIY4aeMbIX 0camKoB (s < 10 mous/1) u
CTPOTO CTEXHOMETPHUYECKHI COCTaB TpPaBUMETpPHUYECKON (OpMBI Ocajka; B TUTPUMETPUU —
BBICOKAsl CKOPOCTh pPEaKIMM U CTPOras CTEXMOMETPUYHOCTH B3aUMOJICHCTBHUSI pearupyroniux
BEILECTB.

Heorbemiemoli 9acTbio MOATOTOBKH CTYJEHTOB IO XMMHUYECKMM METOJaM aHaju3a
SIBIIIETCS. YMEHHE peIIaTh pacdeTHhlEe 3adadd. HeoOXOoauMo yMeTh BBIMONHSITH PacyUeThl,
CBS3aHHBIE C MPUTOTOBJICHHEM M CTaHIApTHU3allledl pacTBOPOB, C BBIUMCICHHEM pE3yIbTaTOB
aHAJIM3a B TPaBUMETPUYECKHX M TUTPUMETPUYECKHX MeTonax. s mpuoOpeTeHHsl HaBBHIKOB
pacdyeToB PEKOMEHIYETCsl BBIBOJUTH pacueTHble (OPMYIJIbI CaMOCTOSITEIbHO Ha OCHOBE
CTEXHOMETPHUH TPEBPAIICHUI B K&KIOM KOHKPETHOM CITydae.

[lepen pemeHuem 3aaay CTYACHTHI JIOJDKHBI O3HAKOMHUTBCS C COOTBETCTBYIOIIMMHU
pasaenaMu peKoMeHAyeMbIX YYeOHUKOB U TaHHOTO yueOHoro mocodus. [Ipexne Bcero, ciemyer
YETKO YCBOWTbH IMOHITHE KOJMYECTBA BEIIECTBA U €r0 B3aWMOCBS3b C APYTUMHU (PU3HUYECKUMU
BEJIMYMHAMU (MAaccoil, KOHIIEHTpallMel, MaccOoBOW JOJEH BemecTBa); 3HATh CIOCOOBI
BBIPQXXEHHSI KOHLIEHTPALIUU PACTBOPOB M yMETh MEPEBOJAUTH KOHIEHTPALMH, BHIPA)KEHHBIE B
OJIHUX enuHuIaxX, B npyrue. Ocoboe BHMMaHUE CIeIyeT OOpaTUTh HA TOHATHE SKBHBAJICHTA
BEIIECTBa, €r0 3aBUCUMOCTh OT KOHKPETHOM peaklUu U CIOCOOBI OMpEesIeHUs SKBHBAJICHTA
BEIIECTBA B  KHUCJIOTHO-OCHOBHBIX M  OKHCJIMTEIHHO-BOCCTAHOBUTENBHBIX  PEAKIIHSIX,
UCIIOJIb3YEMBIX B THTPUMETPHUHU.

[Ipy BBINONHEHUM KOHTPOJBHBIX pabOT CHEAyeT HCIONIb30BaTh OOMIETPUHSATHIC
o0o3HaueHHs] (U3NYECKUX BEIMYMH W UX eAuHull. [lockonbKy B JuTEepaType BCTpEUaroTCs
pa3HbIe CUMBOJIBI JUISI 0003HAYEHUS OJTHUX U TEX K€ BEJIMYMH, HI)KE MPUBOIATCS HAUMEHOBAHHUS
u 0003HayeHHs (U3MYECKUX BEJIMYMH U MX €IUHUI], MPUHAThIE Ha Kadeape aHATIUTHYECKON
xumun CIIOI'TU(TY) B cooTBeTcTBUU C TpeOOBaHUSMU MEXKIYHAPOTHOW CHUCTEMBI €IMHUIL
(CHN) u pexomenmanusimu MexayHapogHoro Coro3a TEOPETHUYECKON W TMPUKIATHONW XUMUU
(MIOITAK).



2.2 ®uznyeckre BeJIMYUHBI M COOTHOIIEHUS] MeXAy HUMM. ExuHuMubI
(pusnvecknx BeJIMYUH

OcHoBHbIME ~ (pu3nueckumu  BenmunHamMu CH, ucnonb3yeMbIMH TpH  pacdyerax B
XMMHMUYECKHX METOJAaX aHaJIn3a, ABJIAIOTCA Macca M KOJUYECTBO BEILECTBA. JTO JBE PA3INYHBIC
BEJIMYHMHBI, HO 00€ CBSI3aHHBI C YMCIOM YaCTHII.

o Macca eewgecmeéa A (m(A)) — BenUUWHA, SBISIIOMIASICS MEPOH €ro WHEPUUOHHBIX U
TPaBUTAIMOHHBIX CBOMCTB. Maccy BelecTBa ONPEACNSIIOT B3BEIIMBAHHEM €ro Ha Becax.
OcHOBHasl eIUHUIIA MAaCChl — KWJIOTpaMM (KT), HO B pacyeTax OOBIYHO HCIOJB3YIOT JOJbHBIC
€MHUILIBI — TPaMMBI (T'), 1 MUJUTUTPaMMBbl (MT).

e Konuuecmeéo eewgecmea A (n(A), moap) — BeIUYMHA, NPOMOPLUUOHAIBHAS YHUCTY
3JIEeMEHTapHBIX YACTHI] 3TOTO BEIIEeCTBa (aTOMOB, MOJIEKYJI, HOHOB, SKBUBAJICHTOB U T.1.).

OnHu  sreMeHTapHbIC YaCTUIBI CYIIECTBYIOT pealbHO (peajbHbIE YAaCTUIIBI), HAIpHUMED,
monekyna H,, uon MnO, . Jlpyrue — BBIACISIOT HCKYCCTBEHHO (YCJIOBHBIE YACTHIIbI), HAIPUMED,

1
Mmouiekysia NaCl B pacTBOpe, 4aCTh MOJICKYJIbI 5 H>S0,.

OCHOBHOH eMHUIICH KOJTMYECTBA BEIICCTBA SBIISICTCS MOJb (JI0JbHAS - MMOJIB).

Monwb — 3TO KOJIMYECTBO BEIIECTBA, COACPIKAIIEE CTOJIBKO KE PEATbHBIX WM YCIOBHBIX YaCTHII,
CKOJIbKO aToMOB coaepxkutcs B 0,012 kr yrinepona-12, T.e. 6,02-10%.

OCTaJIBHLIe BCJINYHNHDBI, paCCManI/IBaeMBIe HHXKEC, ABJIAIOTCA HpOI/ISBOI[HBIMI/I, T.C. OHpCI[GJISIIOTCH
4yepe3 OCHOBHBIC (DU3UUYECKUE BETUYUHBI.

o Monapnaa macca eewecmea A (M(A), 2/monp) — BenuuuHa, paBHas macce | MoJb
BelecTBa A. OHa BhIpa)KaeTcsi OTHOLIEHUEM Macchl BellecTBa A4 K KOJIMYECTBY BellecTBa A B
3TOM Macce:

m(4)

MAD=2 )

(1)

3HaueHUEe MOJISIPHOM Macchl BelIecTBAa B I/MOJIb YHCIEHHO PaBHO 3HAYEHHUIO
OTHOCHUTEIILHOW MOJIEKYJSIpHOM Maccel 3Toro BemectBa — M(A4). M, (A) — Oe3pa3mepHas
BEJIMYMHA, YHCJICHHO paBHAas CyMME€ OTHOCUTENIBbHBIX aTOMHBIX Macc (A4,) BceX aTOMOB,
BXOJSIIUX B COCTaB MOJEKYJIbl JaHHOTO BemniecTBa A. OTHOCUTENbHBIE ATOMHBIE MAaCChl
XUMHYECKMX  JJIeMEHTOB  mpuBeneHsl B [lepuoguueckoit  cucreMe — 3J€MEHTOB
JI.11. Menneneena.

N3 ypaBuenus (1) ciemyer, 9TO KOJIMYECTBO BEIIECTBA CBA3aHO C MAacCOM ATOro
BEILIECTBA COOTHOILLIEHUEM:

m(4)

n(Ad)=——- (2)

M(4)

o Monapnaa konuenmpayusn eeuyecmea A (c(A), moav/n) — BelIUUMHA, paBHAs OTHOIICHUIO
KOJIMYECTBA BelIecTBa A K 00beMy ero pacTBopa:

n(A)

RRNT)

€)



PacTBOpBI ¢ MOJISIPHON KOHUEHTpAUMEl aTOMOB, MOJIEKYJI, HOHOB Ha3bIBAIOT MOJISIpPHBIMHU. B
TEKCTE CIIOBO «MOJIAPHBILY COKpalleHHO oOo3HaudatoT OykBoit M. Hampumep, 0,1M pactBop
HCI. Dra 3anuck o3Havaer, uro c¢(HCI) = 0,1Moub/11.

W3 ypaBHenus (3) cnemayeT, YTO KOJIMYECTBO BEIIECTBA CBA3aHO C MOJISIPHOM
KOHIICHTpAIUeH BeliecTBa 1 00bEMOM €0 pacTBOpa COOTHOIIICHUEM:

n(Ad) =c(A4)-V(4) 4

o Maccoeasa oona eewgecmea A (w(A), %) — BenvurHa, paBHAsi OTHONIEHUIO MacChl BEIIECTBA
A x obmel Macce pacTBOpa WIIM CMECH BEIIECTB:

_m4)

moﬁm

o(A) -100 (5)

U3 cootHomenu#t (2) u (5) MOXXHO HAWTH CBSI3b KOJMYECTBA BEIIECTBA C MAacCCOBOM J0JIeH
BEIIECTBA:

@ (A)
100 "™ /
n(Ad)=———- 5
(4) M) (5)
o ITnomnocms pacmeopa (p, 2/cm’) — BeTMUNHA, PaBHAS OTHOIICHHIO MACCHI PACTBOPA K €TI0
00beMy:
m
p=—tr (6)
VP*P“

[MnotHOCTH pacTBOpPOB (p) Hambolee PacCHpPOCTPAHEHHBIX BEIIECTB (KUCIOT U OCHOBAHUM),
IpeJcTaBiIeHbl B Ta0iaumax. Tam ke MpUBEACHbI COOTBETCTBYIOIINE 3HAYEHHS] MAaCCOBOM 0NN
BeniectBa w(A) B %. 3Has p u w(A), MOKHO PacCUUTATh MOJISIPHYIO KOHILIEHTPAILMIO pacTBOpa,
UCTTIONB3YS (OPMYITY:

_a(4)-p-10

=0

(7

B HEKOTOpBIX CIIpaBOYHBIX TAOJMIIAX MPUBEACHBI Cpaszy 3 BENIMUYUHEL: p, w(A) u c¢(A). IlosTomy,
3Hast p WId ®(A), MOKHO Oe3 BBIUUCICHHI, N0 TAOIWIE HAWTH MOJSPHYIO KOHIEHTPAIIUIO
pactBopa.

o OJkeueanenm eeuyecmea A (lA)
z

Yactb (bl/IBI/II-IeCKI/IX BCJIMYMH CBSI3aHA C MOHATHEM IKGUGAIEHMA. DTO TIOHATHUE MPUMCHSAIOT B
pacducTax 4Jamec BCEro i1 KUCJIOTHO-OCHOBHBIX H OKHUCIUTCIIbHO-BOCCTAHOBUTCIIBHBIX peaKuHﬁ.
B O6H.I€M CJIyuac IKeueaileHmom eeuiecmea A Hazviearom yciaoenyro uacmuuy eeuiecmea -

1 . .

—A, pasHoueHHyl) 6 OAHHOU KUCIOMHO-OCHOBHOU PEaKyuu O0O0OHOMY UOHY 6000p00a
z

(npomony), a 6 OKUCIUMENbHO-60CCIMAHOBUMEILHOU PEAKUUU — OOHOMY IJIEKIMPOHY .

1
— - Ha3bIBAIOT (DAKTOPOM IKBHBAJICHTHOCTH U 0003HAYAIOT CUMBOJIOM foys.
z



Dakmop IKeusaneHmHOCmuU — YUCII0, NOKA3bIBAIOLIEE, KaKasl J0Js pealbHOM YacTullbl (aToMa,
MOJIEKYJIbl, HOHA) BellecTBa 4 SKBHUBAJEHTHA OJHOMY HOHY BOJOpPOJA B JAHHOW KHCIOTHO-
OCHOBHOHM peaklMM WM OJHOMY D3JEKTPOHY B JaHHOW OKHCIMTEIbHO-BOCCTAHOBUTEIHHOMN
peakiuu (fors < 1).
Z — 4uc1o IKeueaneHmuocmu. 3HAYEHUE z HUMEET LIEJOYUCIEHHOE 3HaueHue (z > 1),
OTpeieNsIeTCsl Al KaKJ0ro BEIeCTBAa HA OCHOBAaHUM CTEXMOMETPUHU IPOTEKAIOLIECH peakuu U B
PaBHSETCS YUCITY OTJABAEMBIX (IPUHUMAEMbIX) IPOTOHOB (B KUCJIOTHO — OCHOBHBIX PEAKIUX)
niu 31exkTpoHoB (B OBP).

OKBUBAJEHT BELIECTBA HEIMOCTOSHEH M 3aBUCUT OT TUIA XUMHUYECKOW pEaKIUU U €e
CTEeXHUOMETPUH.

Hanpuwmep, B peakiuu

H,PO, +2KOH = K,HPO, +2H,0

3

Mmonekyna H;PO, 0TAaeT ABa MPOTOHA, Z = 2, foxs =

N |~

. 1
HKBUBAJIECHT OPTOPOCHOPHON KUCTIOTHI — ) H;POy,

a B peakluu
H,PO, +3KOH = K,PO, +3H,0

1 .
monekyia H3PO, 0TAAaeT TPU NMPOTOHA, z = 3, foe = — ; SKBUBAJIEHT OPTOHOCHOPHONH KUCIOTHI —

(O8]

1
3 H;PO,.

Jlnist onipenienieHus SKBUBAJIEHTa BelllecTBa, yuacTBytouiero B OBP Heobxoaumo 3anucats
HOJIY PEAKLIMIO.
Hanpuwmep:

MnO,” +8H" +5¢” = Mn™* +4H,0
1

noH MnO,” TIpUHUMAET IATh NIEKTPOB, Z = 5; fom = g;

1
SKBUBAJICHT NIEPMAHIaHaTa KaJnsl — g KMnO,4

A B monypeakuuu

MnO, +4H" +3e =MnO, +2H,0

noH MnO,” TIPUHUMAET TPU 3JIEKTPOHA, Z = 3, fors =

W | =

1
SKBUBAJICHT NIEpMaHraHaTa KaJinsl — § KMnO,.

1
e  Konuuecmeo eeuiecmea Ixeusanenmos A (n(—A), moip) — BeIMUUHA, TPONOPIIMOHATBHAS
z

YHCIly IKBUBaJIEHTOB BemlecTBa A. (B psjne y4eOHHMKOB KOJIMYECTBO BEIIECTBA 3KBUBAJICHTOB
HA3bIBAIOT YHCIIOM MOJIb SKBUBAJICHTOB).



[Tockonbky B 0HOH peanbHOM 4YacTule BemectBa 4 (arome, MOJEKYJE, UOHE M T.I.) MOXKET
COIEPKAThCs z OSKBHUBAJIECHTOB STOrO BEIIECTBA, TO KOJWYECTBO BemlecTBA A CBA3aHO C
KOJINYECTBOM BCIICCTBA DKBUBAJICHTOB A COOTHOIIEHHEM:

0 4) = z-n(4) (8)
z

1
o  Monapnaa macca rxeusanenma eeuwecmea A (M(—A), 2/mons) — BenMUMHA, paBHas Macce
z

1 MOJIL DKBUBaJIEHTA BemecTBa A:

ME =1 ©
z n(= A)
z

W3 ypaBuenus (8) u (9) cneayert, 4To MOJIsIpHasi Macca SKBUBAJICHTA BEIECTBA A B KOHKPETHOM
XMMHYECKON PEaKLMH B Z pa3 MEHBIIIE MOJISIPHOM Macchl 3TOr0 BELLIECTBA, a IpU z = 1 , paBHa €il:

MEA) =2 M ()=, M (4) (10)
CornacHo ypaBaeHuo (9):
() =D (1)
M(=A)
z

1
o Monapnan xonyenmpauusa rxeueanenmos eeutecmea A (c(—A), monv/n1) — BeIUUWHA,
z

paBHasi OTHOIICHHIO KOJMYECTBA BELIECTBA SKBUBAICHTOB A K 00beMYy pacTBOpa:

oA
C(; A)= W (12)
W3 ypasnenus (12) cnenyer, 4ro:
M A) = (- 4)-V () (13)

Monapuylo KoHueHmpauulo IK6UGAIEHMOE8 Geulecmea MmMpaouyuoHHO HA3bIEAIOM
HOPMANbHOU KOHUeHmpayueil, a pacCTBOPbI C HOPMAIbHON KOHIIEHTpAIle — HOpMaJIbHbIMH.
B Tekcre g cioBa «HOPMAalbHBINY) HCIOJIB3YIOT COKpAlllEHUE «H.» C YKa3aHHEM B

1
CKoOKax (hakTOopa JKBHBAICHTHOCTU (f,). Hampumep, 1H. pactBOp H,SO, (fm:E) WU

1 .
la. H>S0, (fm:E). 3anuch O3HAYACT, YTO HOpPMajbHAas KOHIIECHTpAIUsS CEPHOW KHUCIOTHI —

c(%HzSO4) =1monv/ 1.
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W3 npusenennsix Boile popmyi (3), (8) u (12) cinenyer, 4To HOpMaibHasE KOHLIEHTpALUS
pacTBopa B z 00JIbIIIE €r0 MOJIIPHOM KOHLIEHTpALUH, a IpU z = 1, paBHa eii:

et ay=z-c(4) (14)
z

B mnpaktudeckoit pabore Hapsgy € MOJSIPHOW W HOPMAJIbHOM KOHIICHTPALMSIMHU
OPUMEHSIOT U JApyrue crnocoObl  BBIPAKEHUS  KOHLIEHTPAIMM  PAacTBOpA:  MAacCOBYIO
KOHIICHTPAIMIO, TUTP U TUTP IO ONPECIISIEMOMY BEIIIECTBY.

o  Maccoeaa konuenmpayusn eeugecmea A (p(A), 2/n) — BenuunHa, paBHAs OTHOLICHUIO MAaCChI
BeriecTBa 4 kK 00beMy ero pacTBopa:

_md)

p(A) Vid)

(15)

MOJ'IHpHaH u HOpMaJIbHasA KOHOCHTpaluu CBs3aHbI C MacCcoBOM KOHI_IeHTpaLII/Ieﬁ
COOTHOIICHHUAMMU

_ P4
c(A) = VD (16)
c(lA) =L1A) (17)
z M(~ A)
zZ

o Tump pacmeopa eewecmea A (T(A), &/mn) — BeluunHa, paBHas Macce BellecTBa A,
coJieprkamierocst B 1 M1 pacTBopa:

m(4)

=y

(18)

Tutp pactBopa cBsizad ¢ MoJsipHO# (19) 1 HOpManbHOH KOHIIEHTpaIusIMu (20) COOTHOIIICHUSIMU

_T(4)-10°
c(4) = M (19)
ot a)= m (20)
M4
y4

o Tump cmanoapmnozo pacmeopa peazenma R no onpeoensemomy eeuyecmey A (Tgu,
2/mJ1) — BeIMUYMHA, pPaBHAsl Macce ONpeAeieMOro BeuecTsa A, B3auMoaecTyromei ¢ 1 M
CTaHJapTHOT'O pacTBOpa peareHra R:

T(R/A)=%g @1)

Tutp cTaHAapTHOTO pacTBOpa IO OINPEACIIEMOMY BEIIECTBY CBsI3aH C MOJSIpHOW (22) u
HOpMAaJIbHOM (23) KOHLIEHTpalUsIMU CTaHAaPTHOI'O PACTBOPA peareHTa R COOTHOIIEHUSIMU:

11



r T(R/4)-10°

c(R)=— , 22
(R) 2 M) (22)
T7Ie a U r — CTeXHOMEeTpuYecKrue KOdPPUIIUEHTHI B YPABHEHUU PEAKIIUU:
aA+rR — npodykmul peaxyuu
3
(R = w (23)
o M(_-4)
z

A

2.3 3navamme wmu@pbl U NpaBwJaa OKpyrjeHus. Tounble u
NpuOJIHKeHHbIE BHIYMCICHUS] IPH pacyeTax B XUMHYECKOM aHAJIu3e

DKCIIEpUMEHTAIILHBIC JAHHBIE W PE3yJIbTAaThl PACUYCTOB, B KOTOPBIX HCIOIB3YIOTCS
MOJTYYCHHBIC SKCIICPUMEHTAIbHBIC JAHHBIC, IPUHATO BBIPAXKATh TOJILKO 3HAYAIIIUMU IH(pamMH.

3nauawumu yugpamu HA3BIBAIOT BCE JOCTOBEPHBIC LU(DPHI MAHHOTO YMCIA, TLUTIOC
niepBasi U3 HeIOCTOBEPHBIX HU(P. ECiin KOHKPETHBIC TaHHBIE OTCYTCTBYIOT, TO HEJIOCTOBEPHOCTh
nocneaHe nudpel npuHUMaeTcs paBHo £ 1. [TosicHuM MoHATHE 3HAYANMX TUP HA TPUMEpax.

Tabauna 1 — Onpenenenue yucia 3Ha4aux uugp
No N3mepennas uinu Yucno No N3mepennas unu Yucno
paccuuTaHHas 3HAYAIIHUX PP paccuuTaHHas 3HaYaImux udp
BEJIMYMHA BEJIMYMHA

1 215 mr 3 11 3,050 mn 4

2 2235 mr 4 12 23 mn 2

3 0,2506 T 4 13 34,5 mn 3

4 12,270 r 5 14 115 mn 3

5 0,20 Monb/1 2 15 1,00 i 3

6 0,2001 mons/n 4 16 0,104 m 3

7 0,2153 mMons/1 4 17 1,040 m 4

8 0,0956 monb/n 3 18 104000 cm 6

9 0,010 1 2 19 1,04-10° r 3
10 4,56 mn 3 20 1,04:10" * monb 3

W3 mpencraBneHHO#l TaOMUIBI BUAHO, YTO HENB3s MyTaTh YUCIO 3HAYalMX mudp
YHCII0 QP TOCIIE 3aISATOH.

B nabopatopun XuMU4YeCKIMX METO/IOB aHAJIM3a MPU BCEX U3MEPEHUAX U TSl TPABUIBHOM
3allUCH TIOJYYEHHOW BEJIMYMHBI HEOOXOAMMO PYKOBOACTBOBATHCS BEIUYMHOW aOCOIIOTHOM
MOTPEIIHOCTH U3MEPUTENIBHOTO PpUOOopa MM HHCTPYMEHTA.

Hanpuwmep:

e a0COJIOTHAs TOTPELIHOCTh B3BEIIMBAHHMS Ha AHAJTUTHUECKUX Becax (MEXaHHYECKHUX,
anekTpoHHbIX) cocTtaBiseT + 0,0001 r (+ 0,1 mr). ITosToMy NpaBUIIBHO 3aKUCaHHOE YHUCIIO MPU
B3BEIIMBAHUM B TpaMMax [JOJDKHO COJEpKaTh YeThlpe LMQpBI IOCie 3amdaroi, a mnpu
B3BEIIMBAHUU B MT — OJIHY ITdpy nocine 3ansaTor. T.e. 8,9730 r, no ue 8,973 r; 0,3540 1, HO He
0,354 1; 256,0 mr, HO He 256 wmr. IloaTomy pe3yabTaT pacuera mMacchl B TPaBUMETPUYECKOM
aHaNM3e JO0JDKEH COJepKaTh 4YeThipe 3Havamue 1udpsl, Hanpumep, m(BaSO4) = 0,2350 r wnu
235,0 mr.
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® B TUTPUMETPHUECKOM aHaJM3€ pacxoJ THUTPaHTa, HU3MEPEHHBIA TNPUMEHSIEMOW B
naboparopun OropeTkoil Ha 5 wut, ¢ meHoi aenmenust 0,01 mur, momkeH OBITh H3MEpPEH C
abCONIOTHON MOTPEIIHOCThIO + )2 MHUHMMAIbHOTO JAeNeHUus, 4To cooTBeTrcTBYyeT + 0,005 wmu
OTHOCHUTENBHAS TOTPENTHOCTh U3MEPEHHsS 00beMa B 5 MIT (MaKCUMAIBHO BO3MOYKHOTO JaHHOU
oropetkoit) coctasnseT: 0,005:5-100% = 0,1%. CnenoBaTenbHO, 00bEM TUTPAHTa W3MEPEHHBIN
0 IIKaJie JaHHOW OIOPETKHU JOJDKEH OBITh BBIPAKECH YUCIIOM, COJEPIKAIIMM YEThIpE 3HAYaIlne
nudper (Tpu mocne 3amsroi). T.e. 4,570 mm; 4,855 ma — mpaBunbsHO. 4,57 mi; 4,86 M —
HEIPaBUIIBHO.

® IpU CTaHJIAPTHU3AIMM pPAacTBOpa HABECKa YCTAHOBOYHOI'O BEIIECTBAa B3BELIMBAETCS Ha
AHATUTUYECKUX Becax, 00bEM pacTBOpPA TUTPAHTA U3MEPSIETCS C MOMOIIBIO YKa3aHHOM OIOpeTKH,
MO3TOMY U pacueTHasi KOHLEHTpAIUs pacTBOpA JI0JIKHA ObITh MPECTaBICHA YHCIOM, UMEIOIUM
yeTeipe 3Havamue nudper. T.e. 0,2070 monw/m; 0,1783 monb/n — npaBuibHO, a 0,207 Monb/i;
0,21 mounb/1t; 0,178 momw/mn; 0,18 MOIB/T — HEIPABUITHHO.

® NpU ONpENCIIEHUH TUTPUMETPUUYECKHM aHAJIM30M MacChl BEIIECTBA IPOBOJSAT
TUTPOBAaHUE AIMKBOTHI HCCIEyEeMOTO pPAacTBOpa CTAaHJAPTHBIM PAacCTBOPOM THUTPAHTA,
KOHIIEHTpAIUsl KOTOPOr'0 U3BECTHA C TOYHOCTHIO B YEThIpe 3Hayamue Hudpsl. O0beM TUTpaHTa
3aMUCHIBAIOT MO MIKaie OIOPETKH ¢ TOYHOCTHIO B uUeThIpe 3Havamue mudpel. [Toatomy macca
aHAJIM3UPYEMOI0 BellecTBa JOJDKHA OBITh paccuMTaHa TOKE B YeThIpe 3Hadamue LuQpbl.
Hanpuwmep, m(Cu2+) = 0,05546 r WA 55,46 MIT  — MPaBUIBHO;
0,0555 r unu 55,5 Mr — HENPaBUIIBHO.

2.3.1 Oopamenue ¢ HYyJIIMH

Oco0eHHO BHUMATENbHBIM HaJI0 OBITH IPH OTHECEHUH HYJIEH K 3HaYaIum nudpam.

Hymu, crosimue mexay apyrumu mudpamu (mpumepsl B Tadm. 1 Ne 3, 6, 11, 16, 17, 18,
19, 20) siByIsitOTCS 3HAYAIIMMU [P paMH.

Hymm, crosimue B Havane yncna (mpuMepsl B Tadim. 1 Ne 3, 5, 6, 7, 8, 9,16) He sBIsAOTCS
3HAYaLIUMH, T.K. OHU MOKa3bIBAIOT TOJIBKO MECTO 3aISITON B JECATUUHOMN ApoOH (ITOPSAIOK 3TOrO
ancina). B mpumepe 9 wmcino 0,010 MOKHO HpencTaBuTh B craHzapTHoM Bume 1,0 <10 2.
[Toka3zarenp crteneHu (—2) — MOPSIOK 3TOrO YHUCIA, @ YUCIO MMEET TOJBbKO JBE 3HAyallue
mudpsrt: 1,0.

Hanpumep, maccy npo0Obl aHaIM3UpyEeMOro BELECTBA MOXKHO BBIPa3uUTh B rpaMMax WIH
muumarpammax: 00,2256 v wmm 225,6 wmr. [lpy 3TOM HEIOCTOBEPHOCTH (aOCOFOTHAS
MOTPENIHOCTh) TOCHeqHeH 3Havamed Hudpbl MpU B3BEIIMBAHMM HAa AHAIUTHYECKHUX Becax
coctaBisier * 0,0001 r (£ 0,1 mr) u ocraercs Hen3MeHHOW. Yuncio 3Ha4Yanmx mUpp B TOM U
JPyTOM CIIy4ae TOXke OJIMHAKOBO M PABHO YETHIPEM.

Hynu B koHe yucna (mpumepst B Tabm. 1 Ne 4,5, 9, 11, 15, 17, 18) 00buHO cuuTaroTcs
3HaYalMMu nudpaMu. Ecau Takue HyiaM He SBJISETCS 3HAYALIUM, UX CJIEIyeT UCKIIOUUTh U
3amMcaTh YKCIO, MpUMeHss yMHoxenue Ha 10" (mpumep B tabm. 1 Ne 19). Hanpumep, B uncie
104000 (mpumep B Tabn. 1 Ne 18), 3amucanHOoM B Takoil (opme Bce MIECTh HUDP CUUTAIOTCS
3HaYaMMH. AGCOIIOTHAS TOTPEITHOCTh H3MEPEHHSI B 3TOM cirydae cocTtaBisieT +1. Ecim 510 ke
gncio 3ammcano B ¢opme 1,04:10°, T0 B HEM TONBKO TPU 3Havamme 1Pl ¥ aOGCOMOTHAS
MOrPENIHOCTh H3MepeHus coctasmsieT = 0,01-10°.

2.3.2 OxpyriieHue yuceJ MPH pacyeTax pe3yJbTaTOB aHAIM3A
[Tpu pacuere pe3ynbTaTOB aHANIW3a HEOOXOJMMO TPAMOTHO NPOBECTH OKpYTJIEHHE, T.C.
OCTaBUTHh HEOOXOAMMOE YMCIIO 3HAYAIUX HHU(P B YHCIE, TTOIYIEHHOM ITyTeM apru(METHUECKUX

JEHCTBUI € SKCHEPUMEHTAJIbHBIMHU JAHHBIMU MPSIMbIX MU3MEPEHUN WM JAaHHBIMU, B3SITHIMU U3
CIPABOYHBIX TAOJIHII.
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OObIuHO, OKpYIJIASA YHCIO, He3Hadamue nudpbl HcKiIovaT. Eciam orOGpaceiBaemas
nudpa OoJbIlIe WIK paBHA 5, TO MOCIEIHIOI COXPaHAEMYIO HEUETHYIO U(PY YBETUYUBAIOT Ha
SIMHUILYy, a YETHYIO OCTaBIIAIOT Oe3 m3MeHeHuid. Ecnmu orOpackiBaemas mudpa MeEHbIIEe 5, TO
nocyeHss coxpaHseMas Iudpa ocTaeTcss HEU3MEHHOM.

2.3.3 CioxeHnue M BLIYUTAHHE

[Ipu crokeHMM W BBIYUTAHUHM KOJIMYECTBO 3HAUYAIIMX LUPpP B pe3ysbTaTe pacyera
yCTAQHABIMBAIOT, HCXOJS W3 CpPaBHEHUS aOCONIOTHOM MOTPEHIHOCTH (HEJOCTOBEPHOCTH)
HCIIOJIb3YyCMbIX BCJIWYHH. B PE3YIIbTATC CJIIOKCHUA (BI)ILII/ITaHI/ISI) OCTaBJIAIOT CTOJIBKO XK€
3HAYalUX LUQp, CKOJIBKO MX B CJaraéMoM C HauOoiblIeld aOCOMIOTHOHW IMOTPEHIHOCTHIO
(HEIOCTOBEPHOCTHIO), T.€. TI0 CIIAaraeMOMY ¢ HAMMEHBIIMM YHCIIOM 3HAYaIuX udp.

Ilpumep 1.
0,5362 +0,0014 + 0,25 =0,7876

DTOT pe3yNbTaT HaJ0 OKpyruTh 110 0,79, T.K.

0,5362 — geThIpe 3Havamue nudpbl; abCoI0THAS MorpemHocTs n3mepenus £ 0,0001.

0,0014 — nBe 3Hauanwe nudpsr; aOCOMOTHAS TOrpenTHocTh u3MepeHus + 0,0001.

0,25 — nBe 3Havamue nudpel; aOCOMOTHAS MOrPeHOCTh u3Mepenus + 0,01.

HaunGonpiiasi HETOCTOBEPHOCTh Y ATOrO CJIaraéMoro, KMMEIOLIEro JBE 3Haydalue LHUQpHI,
CJIeI0BaTeNbHO, B MOJIYYEHHON CyMMe Ha/l0 OCTaBUTh JIBE 3HAUaIIe HU(PHI.

Ilpumep 2.
[Ipn  BBIYMCICHMH OTHOCHUTEIBHOH MOJIGKYJISIPHOH MacChl XUMHYECKOTO COCJIMHCHUS

NOJIB3YIOTCS TAOJIMYHBIMH  (CIIPABOYHBIMU) 3HAYCHUSMHU OTHOCUTEIIBHBIX aTOMHBIX Macc
AJIEMEHTOB 3TOTO COSAMHEHHUSI, KOTOPHIE MOTYT OBITh 3a/I1aHbI C PA3HOW TOYHOCTHIO.

Paccuntaem Monexysipayto maccy xsuopuaa crposius (SrCly):

M(Sr) = 87,62 r/monb

2-M(Cl) = 2-35,453 = 70,906 r/momnb

M(SrCl,) = 87,62 + 70,906 = 158,526 r/monb

Cnaraemoe 87,62 umeet 4eThipe 3Havalme nugpsol,

cinaraemoe 70,906 — naTh 3Havanux MUdp, CISA0BATEIBLHO, UX CYMMY CJIEAYyeT Ha/J0 OKPYTJIUTh
10 yeThIpex 3Hadamux mudp u 3anucarb: M(SrCly) = 158,53 r/monb.

IIpumep 3.
UYwucna, comepkamue CTENeHH, MpeoOpasyloT, MPUBOJA TOKA3aTeNd CTEMEeHEH cilaraeMblx K

HaHGOJIBIHeMy 3Haqumo, a 3aTcM HpOBOI[SIT CJIOJKCHHC.

210+ 1,810°%+3,510° =0,02-102 + 1,8-10 2+ 0,35:10 2= 2,17-10 > =2,2:10 >

B 3TOM cnyqae OprFJIeHI/Ie HpOBOI[HT I10 cnaraeMOMy C HAMMCHBIIUM YHCIIOM ACCATHUYHBIX
3HAKOB.

2.3.4 YMHOKeHHE U JeJIeHue

[Tpu nepeMHOXEHUH WM JEJIEHUH YUCeNl OOBIYHO MOJaraloT, YTO YHCIIO0 3HAYALIUX ITU(P
pe3ynbTara paBHO YMCIY 3HAa4YaluX HUGp BEIUYUHBI, COIEp)Kallell HauMEHbIlee YUCIIO TaKuX

uudp.

IIpumep.
24 -0,452:100,1 =0,108 =0,11
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24 umMeet Be 3HaYaIIKE UDPHI;

0,452 — Tpu 3Hauamme uupsl;

100,1 — yeTbIpe 3HAYAIIHE TUPPHI.

B cooTBeTcTBUYM ¢ HAUMEHBIIMM YHCIOM 3HAYaIIMX HU(P OKPYIJIEH pe3yIbTar.

2.3.5 Tounbie u NPpUOJMKEHHbIC BHIYUCICHUS

Bce BeumMCneHHs B XMMHYECKHMX METOAAX AaHaIM3a MOXKHO pa3lelUTh HAa TOYHBIE H
npubmmKeHHsie. [Ipyn TOUHBIX pacdeTrax At MOTy4YEHUs pe3ysbTaTra HaJ0 HCXOAUTh U3 TOTO, YTO
TOYHOCTh pe3yJbTaTa ONpEIeNseTCS HECKOJIBKUMH ()aKTOpaMH: TOYHOCTHIO HCIOJIB3YyEMOTO
METOJla aHa/IN3a, KJIACCOM TOYHOCTU HCIIONIB3YyEMONH MEPHOH MOCYyIbl €€ YHUCTOTOW, TOUHOCTHIO
UCTIOJIb3YEMBIX PHOOPOB M TIIATEILHOCTHIO U3MEPEHUIA.

TouHocTh oOmpeneneHus] HENmb3sl IOBBICUTh HMyTeM apH(METHYeCKHX JAeHCTBUI HaJ
pe3yJbTaTaMu MPSIMBIX H3MEPEHH.

Pe3ynbraThl npsMBIX H3MEPEHUI, HAIIPUMEP, MAacChl HABECKH, B3STOH HAa aHATMTUIECKUX
Becax WM O0bEMa TUTPaHTAa, M3MEPEHHOTO MO INKaje OIOPETKH, 3aBUCAT OT aOCONIOTHOM
HOTPEITHOCTH M3MEPEHUsI COOTBETCTBYIONIMX BEIWYHMH. JTH 3HAUCHHUS JTOJDKHBI OBITH 3aIIHCAHbBI
B dYeThlpe 3Hauamue Iudpel. CienoBaTenbHO, pe3yiabTaT BBIUMCICHHH C HCIIONIb30BaHUEM
TaHHBIX MIPSIMBIX H3MEPEHHH JOIDKEeH OBITh 3aIlUCaH C TAaKOW K€ TOYHOCTBIO B YETHIPE 3HAUAIUe
udpsl (cm. 1. 2.3).

[TpubnikeHHbIE BBIYMCICHUS TPOBOIAT IPH pacdyeTaXx MacChl HAYalbHBIX HABECOK
YCTaHOBOYHBIX BEIIECTB, MCIIOJIB3YEMBIX JUIS CTAaHAAPTU3ALUU PACTBOPOB MPUMEPHO 3aTaHHOU
KOHLIEHTPALUH, 00bEMOB MCXOJHBIX XHJIKUX PCAKTUBOB HAa CTaJUH IPUTOTOBICHUS pacTBOpa
TUTpaHTa. B 3THX citydasx He TpeOyeTcst Ooiblasi TOUHOCTh BBIYUCIEHHA. B pesynpraTe Takux
NPUOIMKEHHBIX BEIYUCICHUSX OTPAaHUYMBAIOTCS 2-3 3HAYAIIMMH HUPPAMH.

IIpumep.
U3 peakTtuBa «apimsmiein» xiaopoBogopoaHoit kucnotsl (HCI) Heo6XoauMo MPUTOTOBHUTH

pactBop HCI xonnenTparus koroporo (C,) nexut B uaTepBane 0,17 + 0,23 monp/n. Paccunrars
00BveM ucxomHoro pacteopa (Vi), HeoOxomuMeblid it ipurotoBieHUs 20 TuTpoB (V) KUCIOTHI
MPUMEPHO 3a/1aHHOM KOHLIEHTPALIUH.

KoHueHTpanus nCX0AHOT0 pacTBOpa «JIBIMALICH» XJIOPOBOAOPOAHOM KUCIOTH TOYHO HE
m3BecTHA. V3MEpHB ILIOTHOCTB (p;, I/CM®) 9TOrO pacTBOpa, IO CIpaBO4HOM Tabmuue [10]
OTIpEeNIeNIAI0T MOJISIPHYIO KOHIIeHTparuio pactBopa (Ci, MOib/1).

Hycts p; = 1,190 r/em® — C; = 12,50 moub/1L.

C] 'V] = Cz 'Vz

Paccunrtaer naTepBan o0beMa UCXOTHON KUCIOTHI:

12,50 -V;=0,17-20 — Vi=027n

12,50-V;=0,23-20 — Vi=037n

Yucno 3Havammx mudp npu pacyere 00beMa KUCIOThI COOTBETCTBYET UMCITY 3HAYaIIuX
rdp B KOHIIEHTPAIMK U 00bEME MOTYyUYEHHOTO PacTBOPA.

MOHO paccuuTaTh CpeHee 3HaYeHne 00beMa UCXOHON KUCIIOTHI:

Viep. =032 1

ITocne mpuroroBnenus pactBopa HCI, ero HeoOXoaumo TIIATENbHO MEpeMeliaTh U
CTaH/IapTU3UPOBATh, T.€. ONPEACIUTH €r0 TOUHYIO KOHIEHTPALHUIO.

CrangapTuzanyio NpoBOJAT IO YCTaHOBOYHOMY BemlecTBy (Hampumep, Na,COs), macca
HABECKU KOTOpOro OyJeT Moiy4yeHa B3BEIIMBAHHEM Ha aHAJMTUYECKHX Becax C TOYHOCTBHIO B
yeThIpe 3Hauvamue udpsl (Hanpumep, 0, 2258). [Ipu tutpoBanuu o6sem HCI Oyner nuzmepen no
IKaje OIOPETKH ¢ TOYHOCTBIO B UeThIpe 3Havammue nudpsl (Hanpumep, 4,220).

B sToM citydae npu pacyeTre KOHIICHTPALUU KUCIOTHI HEOOXOUMO 3aIucarh pe3yJsbTar B
BH/JIC YMCJIa, UMEIOIIETO YeThIpe 3Havarue nudps! (Hampumep, 0,2019 monb/i).
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2.4 I'paBuMeTpuyecknil aHaau3 (rpaBumerpusi). OCHOBHbIE NOHSTHSA
rpaBUMETPUYECKOr0 AHAJIHU3A

I'pasumempuueckuii ananus (2pagumempus) — METOJl KOTMUECTBEHHOTO XMMHYECKOTO
aHaNM3a, OCHOBAHHBIA HA BBIICICHUH OINPEACNSIEMOr0 KOMIIOHEHTAa B BHJE COCIMHCHUS
MIOCTOSIHHOTO COCTaBa WWJIM B BHJE DJEMEHTa C MOCIEAYIOIUM TOYHBIM H3MEpPEHUEM
BBIJICJIECHHOW MAacCChI.

Hcxonss wu3 cmocoba BbLAEICHUS ONPENEIsIeMOro KOMIIOHEHTa, I'paBUMETPUUYECKHE
METOJIbI TOJpa3AeNsioT Ha METOJbl OCAXKICHHS, OTITOHKM U BbiAeNneHus. HaubGombiiee
MPUMEHEHHUE HAXOUT METOJ OCAXICHUS. B 3TOM MeTozie onpenensieMplii KOMITOHEHT BBIICIISIOT
B BUJIE MAJIOPACTBOPUMOTO COeTUHEHMs (Ocakaaemasi opMa ocaka) U MOocie OTACIEHHUS ero OT
pacTBOpa M COOTBETCTBYIOIIEH TEPMUYECKON O0OpaOOTKH (BBICYIIMBAHUS WM MPOKATUBAHUS)
U3MEPSIOT MAcCy IpaBUMETPUYECKON (OPMBI OCaJKa B3BEIIMBAHUEM Ha aHAJTUTHUYECKHUX BECax.
ITo macce rpaBumerpuueckoir (opmbl ocaaka m(/ @) pacCUUTHIBAIOT MacCy OIPENeIsIeMOro
kommnoHeHTa m(X):

m(X)=m(I'®P)-F, (24)

rae F — rpaBumerpuueckuii gaxrop (pakrop mepecuera), T.e. Ko3dduuueHt nepecyera
Macchl ONPEeNsieMOro KOMIIOHEHTa U3 MAacChl TPaBUMETPUIECKON (POPMBI OcajKa.

Uucnennsle 3HaYeHWs F A pa3iUyHBIX TpaBUMETPUUYECKUX (OpM MPHUBEACHHI B
crnpaBoyHUKax. [Ipw BbMHMCICHUH TpaBUMETPUYECKOro ¢akTopa HEOOXOAMMO YUYUTHIBATH
CTCXHOMETPHUIO pCAKIIUN OCAXKACHUA NN TCPMHUYCCKOI'O IMTPCBPAILICHU .

Ecnu B ofmem cimyyae KOMMYECTBAa BEIECTBA OIpPENETseMOro KOMIIOHEHTa X M ero
rpaBUMETPUIECKOM (GOopMbI /' D CBSI3aHBI CTEXHOMETPUUECKUM COOTHOIIIEHUEM

n(X) a

n(I'd) b

2

TO TPAaBUMETPUUYECKUMA (PaKTOp BhIpakaeTcs: (OPMYJIOi:

_a M) 05)
b M(I'D)
rnie M(X) u MUI®) — wMonsgpHble MacChl ONPEIEISIEMOrO0 KOMIIOHEHTa M

IPaBUMETPUYECKON (DOPMBI, COOTBETCTBEHHO;
a;b — crexuomerpuueckue KodHPHUIIMESHTHI.

Hampumep, npu onpenesneHny antoMUHNS B BUAE OKCHJIA AIIOMUHMS TPAaBUMETPUUECKHUI (aKkTop
F onpenensror, UCX0As U3 CXEMBI:

241 — Al,0;
[Tockonbky B 3TOM IpeBpatienuu a =2, b=1, to

b 2-M(AD)
M(41,0,)

IIpu pacuere maccsl Fe,O, 1o Macce rpaBUMeTpUUecKoil popmel Fe,0; UCXOIAT U3 CXEMBI:
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2Fe,0, — 3Fe,0,
B atom cinyuae a =2, b=3, Torna

o 2 M(Fe0,)
3-M(Fe,0y)

Hcnons3oBaHne MajopacTBOPHUMOTO COCIMHEHHS ONPENEIsIeMOro d3JeMEHTa IS
IrPaBUMETPUYECKOTO aHalu3a BO3MOXHO TMpU COOMIOACHWHM psaga TpeOOBaHUI K 3TOMY
coemnHeHUIO. OMHUM W3 Takux TpeOOBaHWW SBISCTCS Majlas PacTBOPUMOCTb OCaXKIaeMOU
dbopMBbI ocajika, YTO 00eCIIeYNBAET MOJHOTY OCAKICHHS OMPeIesIeMOro HOHA.

Pacmeopumocms ocaoka (S, mMoav/1) — IMO MONAPHAA KOHUCHMPAUUSA BEULECMEA 6
€20 HaACblUWeHHOM pacmeope.

Jns  KOJMMYECTBEHHOW OLEHKM PACTBOPUMOCTH  MaJOPACTBOPUMBIX  COEIUHEHMI

0
UCIIONB3YIOT MEPMOOUHAMUYECKYI0 KOHcmanmy pacmeopumocmu — K¢ (B nurteparype ee

4acTO HA3BIBAIOT TEPMOAMHAMUYECKMM MPOU3BEIECHUEM PACTBOPUMOCTH M 0003Ha4aoT [IP").
Jist ManopacTBopuMoro coefuHenust M , A, , HCXOZS U3 paBHOBECHS

M, A, pM +qA
BBIpa)KEHUE KOHCTAHTBI PACTBOPUMOCTH UMECT BH/I:
ngaﬂﬂj, (26)
T1e da,, U a, — aKTUBHOCTH KaTHOHA U aHHOHA 0CaJIKa, COOTBETCTBEHHO.

KSO 3aBUCUT OT TEMIICPATYPbI, AABJIICHUS, HNPUPOAbI PACTBOPUTCIA, U €€ 3HAYCHUC

MPUBOUTCS B CTIPAaBOYHUKAX (Hampumep, B [10]).
KoHcTanta  pacTBOpUMOCTH,  BBIp@KEHHas  4Y€pe3  MOJISIPHbIE  PaBHOBECHBIE

KOHLCHTPAllud, HAa3bIBACTCA KOHUCHMPAYUOHHOU KOHCMAHmou pacmeopumocmu K

(koHyenmpayuonnvim npoussedenuem pacmsopumocmu — I1P):
Ky =1IP=[M]"-[4] (27)

B ornuume oT TepMOAMHAMUYECKOW, KOHIICHTPAI[MOHHAs KOHCTAHTa PACTBOPUMOCTH
3aBUCHUT TaK)K€ U OT MOHHOM CHJIBI pacTBOpa — 1.

3HaueHusMH K, MOXKHO TOJB30BAaThCS TOJLKO MPU Majoi MOHHOH CHIie pacTBopa
(/ £ 0,001) unu mpu mpoBeNeHMM NPUOIMKEHHBIX pacuyeroB. Ecnu mpeneOpeub BIUSHHEM
MOHHOHM CHJIBI PacTBOpa HEJb3sl, TO B pacdyeTaxX HUCHONB3YyIOT K, KOTOPYIO PaCCUMTBHIBAIOT U3

Tab1M4HOro 3HaueHus K, 1o Gopmyse:

Ky

ST 0
VvV a

K (28)

rae y, ny, — KO3(1)(1)I/II_II/IGHTBI AKTHBHOCTH KaTHMOHA M aHHMOHAa OCaJKa, COOTBCTCTBCHHO.
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Jns  HaxoXOeHWs ~ 3HaueHWH  KOAP((UIIMEHTOB  aKTHBHOCTH  IEPBOHAYAIBHO
pPacCYUTHIBAIOT HOHHYIO CUILY PacTBOpA:

=522, (29)

rac ¢, U z; —MOJIsIpHaA KOHICHTPALWs U 3apsal KaXXA0ro U3 HOHOB, COOTBCTCTBCHHO.

3ateM, 3Has [, HaXomAT 3HA4YCHHE KOIPPHUIMEHTOB AKTUBHOCTU IO CIIPABOYHBIM
TabiunaMm (1160 PacCYUTHIBAIOT IO COOTBETCTBYIOLIMM (OpMyJaM) M BBIMMUCIAIT K¢ 110

dbopmye (28).
Hcnone3ys uncineHHoe 3HaueHHe K, HAXOIAT yCIIOBHE Hauala oOpa3oBaHUs Ocalka
WIH yCIIOBUE, P KOTOPOM OCAJIOK HEe 00pasyercs.

Ecau [M]"-[A]" > Ky(M ,A4,), 0CaooK oopasyemcs (30)
Ecau [M]"-[A]" < Kg(M ,A4,), 0Ca0oK He obpazyemcs (31)

Ilo uucieHHOMY 3HA4YEHMIO KOHCTAHTBI PACTBOPUMOCTH BBIUUCIISIIOT PaCTBOPUMOCTD
ocajka. B HaCBIICHHOM pacTBOpEe MaIoOpacTBOPUMOro coequHeHus M , A, yCTaHaBIHBACTCS

paBHOBecHe

M, 4, 2 pM +qA (32)

p

Ecau PaCcTBOPUMOCTb OCaJiKa MpAq 0003HaYUTH S MOJ'IB/J'I, TO B COOTBETCTBUH C YpPaBHCHUECM

(32) paBHOBECHBIE KOHIIEHTPAILIUN HOHOB OCajiKa OyIyT PaBHBI:

[M]=p-S
[4]l=¢-S

[Tpu moacTaHOBKE ATHX 3HAYEHHM B ypaBHEHHE (26), MOTydHUM:

Ky =[M)-[4] =(pS)"-(¢S)" =p”-q*-S""* (33)
Orcrona:
S = r+g [{{S - (34)
p -q

B cnyuae, xorna p = g = 1 (manpumep, BaSOy4; AgCl):

=K (35)

[Ipu ucnons3oBanuu ypasuenuit (34) u (35) ans pacyera paCTBOPUMOCTH OCAJIKOB B BojE (WM
0e3 yueTa BIMSHUS HOHHOM CHIIBI PACTBOPA) Mmojiaraiot, uto K = K .
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1o 3HaueHuIO0 pacCTBOPUMOCTH, B CBOIO OUEPE/b, PACCUNTHIBAIOT:
1) maccy 4acTu ocajka, paCTBOPSIOIIETOCS B YUCTOM PACTBOPHUTETIE;
2) paBHOBECHBIE KOHILIEHTPALlMU HOHOB OCAJIKa WM UX MacCy B HACBIILIEHHOM PAaCTBOPE.
3HaueHNe PACTBOPHUMOCTH HCIONB3YIOT TaKKe€ MPU OLEHKE TOJHOTHI OCaKICHHUS
onpezensseMoro noHa. OcaxxJieHue CUUTaeTCsl MPAKTUYECKU MOJHBIM, €CJIM Macca IOTEPU 0CajKa
He MPEBBIIIACT aGCOTIOTHOMN MOTPEIIHOCTH B3BEIIMBAHMS Ha aHAIMTHYECKHX Becax (£107 1), T.e.
mnomepu < 10_4 .
[Ipu o6veme pactBopa = 0,5 1 U MonsipHOU Macce ocanka =~ 200 r/Moib HOMyCTUMOE
3HAUYEHHE PACTBOPHMOCTH 0CAIKA (Syon.) HE TOIDKHO mpeBbmaTh 10 Moms/m:

4
S < om. _ Myom, _ 10 = 10_6 MOJIB/JT

Ty V.M, 0,5-200

Buvinoanenue Héepasencme
Myomepn < 107 (1), (36)
Son. < 107 (MoutB/11) (37)
npurnumaemcs KaK KoJluuecmeennlil Kpumepuﬁ ROJIHO20 0CAIHCOCHUA.

Jnis obecriedenust BoimoyHEeHUsT HepaBeHCTB (36) u (37) ocaxaeHue oObIYHO BEAYT MpPHU
1,5 — 2-x KpaTHOM M30BITKE HOHA-OCATUTENS TI0 OTHOUICHUIO K CTEXUOMETPUIECKOMY.

PacdeTsl moka3pIBaIOT, YTO B Cllyyae OMHAPHBIX MaJIOPACTBOPUMBIX COCTUHCHUIN
( =qg =1 mpu 1,5 — 2-x KpaTHOM H30OBITKE OCAAUTENS] KOJIMUYECTBEHHOE OCAXJECHUE

-8

mocturaetcs aumb npu 3Hadennn K, < 10°. IlosToMy B rpaBUMETpUH OWHApHbIE
-8

MaJlopacTBOPMMBIE COEMHEHHUS, TS KOTOpbIX Ky > 107, Kak MpaBHII0, HE UCTIOJIB3YIOTCS.

HNon ocamutens m00aBISAIOT TAaKXKe K KUAKOCTSIM, HCIIONB3YEMBIM ISl TPOMBIBAHHUS
ocaakoB. [Ipu pacuere HEOOXOAMMOW KOHIICHTPAIIMH OCATUTENS B IMPOMBIBHOM >KHUIKOCTH
3a[Jal0TCSl 3HAYCHUEM JIOMYCTUMOM PaCTBOPUMOCTU Ocanka (Syon. = 10° MOJIB/JI) ¥ MCTIOJIB3YIOT
CleNlyIollee ypaBHEHHUE:

Ks=(p-8)"-(q-S+C,)", (38)

rne Cy — u30bITOUYHAsE KOHIEHTpauus ocanutens (Moib/i). O0bruHO Cy >> S, mosTomy
BEITMYMHON ¢S MOKHO nipeHeOpeds. Torma ypaBuenue (38) mpumeT BUA:

Ks=(p-S)"-C/f (39)

Ucxons u3 ypaBHenust (39) paccuuThIBAIOT TaKKe€ PacTBOPUMOCTb OCaJKa B MPUCYTCTBUU
u30bITKa ocamutens. [Ipu sTom nomarator, uro K, =K, (eclu BIMSHHEM HMOHHON CHIIBI

pacTBopa MOXHO npeHeOpeus). Torna:

(40)

Ecnu p = g = 1, ypaBuenue (40) ynpouaercs:
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§==5 (41)

[lockoNbKy —uYHCIEHHBle 3HadeHus K, W3BECTHBI C  TMOrPEMHOCTBIO  5-10%,

YAOBIIETBOPUTEIBHYIO JIOCTOBEPHOCTh YHCIICHHBIX 3HAUEHUH B pacyeTax IMOJIy4yaloT NpH
MCIIOJIb30BaHUU OJJTHOM — JIBYX 3HAUaAIIMX IUGD.

2.5 Ilpumepsl pacyeToB B TPABUMETPHUH

[TockoabKy rpaBUMETPUYECKOE OMPEIEIECHUE COCTOUT U3 PsAJa ITANOB, HA HEKOTOPBIX UX
HUX HEOOXOJMMBI pacueThl. Tak, CleqyeT pacCuuTaTh BEIUYUHY HABECKH MPOOBI U KOJIUYECTBO
OCaJMTeNIsA, MOTEPU OCAJKA IPU IIPOMBIBAHMH, BBIYMCIUTh PE3YJIHTAT AHAIN3A C ONPEACIICHHON
TOYHOCTBIO.

2.5.1 Pacuer pe3y1bTATOB rPAaBHMETPHYECKOI0 aHAIN3A

OOuryro cxeMy pacuera pe3yJIbTaTOB I'PaBUMETPUUECKOrO aHaJM3a PAacCMOTPUM Ha
npuUMepe orpeieNieHuss Maruus B Buje nupodochara maraus (I @ — Mg:P,0y).

1) Ha nepBoMm 3Tamne coCTaB/IAIOT YPaBHEHUE PEAKIMM WIN 3alMCHIBAIOT CXEMY MPEBpAILEHUs,
HaIpumep:

2M. g — M: g 2P 207
oTpesensieMoe rpaBUMETpUIECKAs
BEIIECTBO dbopma ocaaka

2) Ha BTOpOM 3Tare COCTaBISIOT YpaBHEHUE MaTEpUAIILHOTO OajlaHCca, MCXOJS M3 IMOCTOSHCTBA
KOJIMYECTBA BEIIECTBA, yYaCTBYIOIIETO B PEAKIINH.
[TOCKOIBKY CTEXHOMETPUYECKOE COOTHOIICHUE KOMITOHEHTOB B JAHHOM CJIy4ae BhIpakaeTcsl Kak

nMg) 2
n(Mg,P,0;) 1

TO ypaBHEHHE MaTepPHAJIbLHOTO OaJaHca UMEET BHI:
n(Mg)=2-n(Mg,P,0,)

3) Jlanee BrIpaXkaroT KOJIMYECTBO BEILIECTBA YEPE3 Maccy, UCHOIb3ys ypaBHEHHE (2):

m(Mg) _ 2-m(Mg,P0,)
M(Mg) M (Mg,R0,)

Otcrozna:

2-m(Mg,P.0,)- M(Mg)
M(Mg,P0,)

m(Mg) = =m(Mg,P,0,)-F,
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raoe F :—2-M(Mg)
M(Mg,P,0;)

4) Ha nocnenHem sTame B IOJyYE€HHOE BBIPAKEHUE IOJACTABIIAIOT YHCICHHbBIE 3HAUCHUS U
PacCUUTHIBAIOT HCKOMYIO BeIMUMHY. [Ipu onpenenenuu 3Havanmx qudp ciaenyer NOMHUTh, YTO
JIOCTOBEPHOCTb ~ BBIUMCJICHHOIO  pe3ysibTaTa  JOJDKHA  COOTBETCTBOBAaTh ~ HAaMMEHbBILIEH
JIOCTOBEPHOCTU U3MEPEHHBIX BEJIMYHH.

HpI/IBeI[CM MNpUMCPBI PCIICHUA 3adad C pacdCTaMH pe3yJibTaTa TI'PaBUMETPHUYCCKOTIO
aHaJm3a.

Ipumep 1. U3 nasecku 0,5000r crunaBa, conepskaiiero anfoMuHui, nomyqwiu 0,1288r
docdara anroMuHNS. BRIMUCIUTE MACCOBYIO JIOJIIO AJIFOMUHUS B CILIABE.

Pemenue.
3anuceiBaeM CXeMy MpEBpaIICHUS:

Al — AIPO,
CocrasisieM ypaBHEHHE MaTepUaJIbHOTO OanaHca.

n(4l) 1

[TockonbKy =
n(AIPO,) 1

2

n(Al)=n(AIPO,)
Bripaxaem KoIM4eCTBO BEIIECTBA Y€pPE3 MACCY, UCIOJIb3Ys YpaBHEHHE (2):

m(Al)  m(AIPO,)
M(Al)  M(AIPO,)

Otcrozna:
m(Al)=m(AlPO,)-F,

M(Al) 26,98

= = =0,2212
M(AIPO,) 121,95

BrrancnseM maccy amoMUHHS
m(Al)=0,1288-0,2212 =0,02849 (1)
[To ¢popmyne (5) paccuntsiBaeM MaccoBYIO 10110 A/ B cIiiaBe

(a1 ="4D 190

061y.

0,02849

-100=5,70 %
0,5000

Otget: w(A4l) =5,70%.
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Ipumep 2. Jua ananuza B3sud 0,1534r TexHudeckoro cyibdara HATpus W MOCTE
o0paboTku xmopuaoM 6apust nomyumnu 0,2233r cynsdata Oapus. Paccunrats MaccoByto 100
cylib(haTa HATPUSI B HABECKE CYXOU COJIM, €CIIA BIAXKHOCTH cocTaBsieT 4,25%.

Pemenue.
3anucbiBaeM ypaBHEHHUE PEAKIINU:

Na,SO4+ BaCl; = BaSOy | + 2NaCl

CocrasisieM ypaBHEHHE MaTEpUaIbHOTO 0anaHca ¢ YYETOM CTEXUOMETPUU PEaKIIUU:
n(Na,SO,) = n(BaSO,)

Bripaxaem KOJIM4ECTBO BEIIECTBA YE€pPE3 MACCY, UCIIOJIb3Ys YpaBHEHHE (2):

m(Na,50O,)  m(BaSO,)
M (Na,SO,) M (BaSO,)

oTCrofa: m(Na,S0,) = m(BaSO,)-F ,

_ M(Na,SO,) 142,04

= =0,6086
M (BaSO,)  233,4

Brruucnsiem maccy NaxSOy:
m(Na,S0,)=0,2233-0,6086 =0,1359 (1)

Berauciisiem mMaccy CyxoW CONHM TEXHHUYECKOTO CyJb(ara HaTpHsi, UCXOIs M3 OOIIeH Macchl H
BIIQXKHOCTH (T.€. MaCCOBOM 10NU BOJBI — w(H>0)):

m =m W:O,ISM-

cyx. 00wy. : 100

100-4,25 _ 0,1469 (1)
100

[To popmyme (5) paccunuThiBaeM MacCOBYIO JOMIO Cyib(aTa HaTPHs:

m(Na,SO,) 0,1359

100 = ————-100=98,51%

O(Na,50,) = 0,1469

cyx.

OtBet: w(NayS0,4) = 98,51%.

2.5.2 Pacyer Ha4a/IbHOIl HABECKH NPOOBI

[Ipu pacyere onTHUMaIbHOM MacChl HAYaJIbHOM HABECKM HMCXOIAT M3 TOro, 4YTO Macca
rpaBUMeTpUYeckoi (Gopmbl ocaaka AomKHA cocTaBuTh He Menee 0,1 r. B astom ciydae
OTHOCHUTENIbHAs TOTPEIIHOCTh B3BEIIMBAHUS HA AHAIMTUYECKHX BECaX HE TPEBBICUT
JIOIyCTUMOM MOTPEIIHOCTH IPaBUMETPUUECKOI0 aHaIn3a, T.€. 0,1%.

[Ipu pacuere wucmomp3yeTrcs Ta JK€ CXeMmMa, YTO M TPH pacdeTe pesysbTaTa
rPAaBUMETPUUECKOTO aHAIM3a.
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Pacuer HavambHOW HAaBECKHM HOCHT NPHOJFMKEHHBIM XapakTep, 4YTO oOO0ecrednBaeTcs
YHCIIEHHBIMU 3HAUYCHUSMU BEJIMYUH C IByMS 3HAYAIIUMU [TUPPAMH.

Ipumep. PaccunraTte Maccy HaBecKy cynbdara allOMUHUS, KOTOPYIO CIIEAYET B3ATh
auis mosrydenust 0,30r BBICYIIEHHOTO 0caika OKCUXHHONMHATa amoMuaus AI(C,H NO), .

Pemenne.
3anuceIBaeM CXeMy MpPEBpaAIICHUS:

AL(SO,), — 241(C,H NO),
I/ICXOI[FI N3 CTCXHUOMETPUYCCKOT'O COOTHOIICHUA KOMIIOHCHTOB

n(AL(SO,),) 1

n(Al(C,H,NO),) 2

COCTaBJIIEM YpaBHEHUE MaTepUaIbHOT0 OanaHca:
2-n(A4L,(S0,),) =n(Al(C,H,NO),)
Wcnonb3ys ypaBHeHue (2), BbIpaskaeM KOJIMYECTBO BELIECTBA YEPE3 MacCy:

2'm(Alz(SO4)3) _ m(Al(C9H6NO)3)
M(AL(S0,),)  M(AI(C,H NO),)

Orcropa: m(AL(S0,);) =m(A(C,H,NO),)- F,

_ M(AL(SO,),) 3422
2-M(AI(C,H,NO),) 2-459,4

rIe =0,3724

Brruucnsem Maccy Ha4aJIbHON HABECKMU:
m(AL(SO,),) =m(AI(C,H,NO),)-F =0,30-0,3724=0,11(r)

Otset: m(A4L,(S0,),)=0,11r.

2.5.3 Pacuer KoJMYeCcTBA 0CATUTEIHA

Jlns Oojee MOJHOIO BBIACICHUS OCAXAACMOT0 HOHA OOBIYHO J00ABJISIOT H30BITOK
OCamuTeNsT 1O CPaBHEHHIO CO CTEXHOMETPUYECKHM KOIW4ecTBOM. (CTeXHOMETpUYECKOoe
KOJIMYECTBO OCQJIUTENSl PACCUUTHIBAIOT, HMCXOJ M3 YpPaBHEHHUS COOTBETCTBYIONICH peaKIuu
OCaXKIEHUS.

Ipumep. PaccuutaTh 06beM 1% pacTBopa ocaautens (p = 1 r/cM’), HEOGXOAMMOTO
V1A  OCaXICHHUA HOHOB Nt us pactBopa, cozaepxkamiero 00300r NiCl,, B BHIE

quMetuaranokcumara aukens Ni(CsH 4N,Oy).

Pemenue.
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I/ICXOI[H N3 YpaBHCHUA PCAaKIIUU XJIOpUaa HUKEIIA C AUMCTUIITTIMOKCUMOM
NlClz + 2C4H3N202 + 2NH3 — Ni(C8H14N404) + 2NH4C1

n(NiCly) 1

MOXXHO 3a1ucartb, 4YToO =
n(C,H,N,0,) 2

Toraa ypaBHeHHEe MaTepuaIbHOro OajlaHca IpUMET BUJ:
2-n(NiCl,) =n(C,HyN,0,)

Ucnonb3ys ypaBaeHus (2) u (4), MOIyqIUM:

2-m(NiCL,)
WiCl;) =c(C,HN,0,)-V(C,HN,0,)
Orcrona V(C,H,N,0,) = 2 m(NiCL)

M (NiCl,)-c(C,HyN,0,)
[IpenBaputenbHO paccyuTaeM MOJIIPHYIO KOHLIEHTPALMIO OCAAUTENS 10 ypaBHEHUIO (7):

o(C,HN,0,)-p-10 _1-1-10
M(C,H,N,0,)  116,0

c(C,HyN,0,) = =0,0862 (Momb/1)

Tenepb MOKHO paccUMTaTh 0OBEM OCAAUTEIS:

2-0,0300
V(C,H,N,O,)=———————=10,0054 (1) = 5,4 (M
(CHN,0) = o e (1) = 5.4 (w)

Ortser: V(C,H N,0,)=5,4 M.

2.5.4 Pacuer nmorepu ocaJaKa nNpu NPOMbIBAHUM

Jnst  TpOMBIBaHUS — KPUCTAUIMYECKUX  OCAJAKOB C  HHU3KOH  PacTBOPUMOCTBHIO
(S < 10° wmomb/n) UCIIOJIB3YIOT AUCTHWIUIMPOBAaHHYKO BOAY, a OCaJKM C 3aMETHOMU
pacTBOPUMOCTHIO (S > 10° MOJIB/JT) TIPOMBIBAIOT JKUIKOCTSIMH, COACPKAIIUMUA HOH OCATUTEIIS.
OcagoKk 4aCTMYHO PACTBOPSAETCS B MPOMBIBHOM >KHMJKOCTH, MO3TOMY pacueT MOTEpH OcCaika
CBOAMTCS K pacyeTy pacTBOPUMOCTH B BOJEC WJIM B NPHUCYTCTBHUH H30BITKA OCAAUTENS (CM.

dopmysl (34), (35), (40) u (41)).

IIpumep 1.  PaccuuraTh Maccy MOTEpU KalbLiMs IPU MPOMBIBAHUM OKcajaTa KajibLUs
0,271 BOJIBI 1 TakuM xe obsemoM 7-10° M pacTBopa okcanata aMMOHHs?

Pemntenue.
C yuerom o0bemMa MPOMBIBHOM XKUIKOCTH (V) motepst KajubIUs (M,0,.) 32 CYET PACTBOPUMOCTHU
0Cajika COCTaBHT:

m_=8-V-M(Ca)

nom.
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1) Ecim 0caiok pOMBIBAOT BOJIOW, TO PACTBOPUMOCTB €TO MOKHO PACCYUTATh U3 TaOJIMYHOTO
sHauenns K. =2,3-10" no ¢popmyne (35):

S =JK2(CaC,0,) =/2,3-10" = 4,8-107° (monn/n)
Torna: m, =4,8-107-0,2-40,08 = 4-10™ (r)

2) Ecnu ocaiok IpOMBIBalOT PacTBOPOM OKcallaTa aMMOHHUSI, TO PACTBOPUMOCTh PAaCCUUTHIBAIOT
no ypaBHeHuto (41). IIpu 3TOM HMOHHYIO CHIIy pacTBOpa MOXXHO HE YUMTHIBATH, I1OJIaras, yTo

K,(CaC,0,) =K (CaC,0,):

K{(CaC,0,) 2,3:10”

- = =3,3-10" (Monw/n
c((NH,),C,0,) 7107 ( )

Torma Macca oTepH Ocajika COCTaBUT:

m_ =33-10"7-0,2-40,08=3-10"°(r)

nom.

Otser: 1) m,_ =4-10"(r); 2) m,__ =3-10°(r).

nom. nom.

Ilpumep 2. Ha mnpombiBanue 0,45r ocaaka cynbdarta Oapust 3aTpatwim  300mi
2,5-10-4 M pactBopa H>SO,. Paccuntath MaccoByIO 10JIIO MOTEPU OCAJIKA IIPH POMBIBAHUU.

Pemenue.
Jlns pacuera MaccoBOil 10U MOTEPU OCAAKA (Wyom) HEOOXOIMMO 3HATh MACCy MOTYYEHHOTO
ocajka (m,.) U Maccy 0cajika, paCTBOPEHHOTO B XOJI€ TPOMBIBAHUS (Myom.):

o ="hon 100 %

nom.
m

oc.

st pacuera my,, CHaudajga pacCYMTaeM pacCTBOPUMOCTH ocajaka (S), ucroyib3ys ypaBHeHue (41)
u Tabnuunoe 3Hauenue K. (BaSO,)=1,1-10""" (MoHHyIO CHIly HE yUHTBIBAEM):

¢ _Ki(Baso,) _11-107"
¢(H,80,)  2,5-10°

=4,4-10"7 (Monn/n)

Paccunraem MaccCy MnoTepu ocajakKa 4€pe3 €ro paCTBOPUMOCTD

m_=4,4.107-0,3-233=3,1-10"(r)

nom.

-5
Torpma: @, = 3,1-10

 om. = 100=7-10" (%)
‘ 0,45

Otser: @ =7-10" %.

nom.
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2.5.5 Pacuer ycs10Buii 00pa30BaHMs U PACTBOPEHHUS 0CaKOB

YcnoBust 00pa3oBaHus WM PAaCTBOPEHHUS 0CAIKA PACCUUTHIBAIOT, UCXOMS U3 MTOCTOSTHCTBA
MIPOM3BE/ICHUS KOHIICHTPALU HOHOB B HACKIIIIEHHOM pacTBope (cM. HepaBeHcTBa (30) (31)).
KonruecTBeHHBIM KPUTEPHEM ITOJIHOTO OCaXICHUS SIBIISCTCS BBIMIOJTHCHUE HEPABCHCTB

(36) u (37).

Ipumep 1. Haceimennsnii pactBop CaSO, cMmewmanu ¢ paBHbIM 00BEMOM pacTBOpa
(NH,),C>0, ¢ KOHLIEHTpauuei 2,5- 107 t/m. O6pazyetcs nmu ocanok CaC,04?

Pemenue.
Ionaraem, uro K (CaC,0,)=K:(CaC,0,)= 2,3-10° (BIusHMEM MOHHON CHIBI PAacTBOPA
npeHeOperaem).
VcnoBue 06pa3oBaHus 0CAIKA: [Ca®*][C,0,” 1> K(CaC,0,)
Ncxoanyro MOJSIpHYIO KOHIEHTPALMIO HAChIIIEHHOTO pacTBopa CaSO, paccuuThiBaeM, UCXOS
u3 K '(CaSO,)=2,5-10". B cooTBeTCTBHY C ypaBHEHHEM (35) MOMydHM:

¢(CaS0,) = S = \JK2(CaS0,) =+/2,5-10° =5-107 (Mou/1)

HcxonHyto MOJSIpHYIO KOHIIEHTpauuio pactBopa (NHy),C,O4 paccuntaeM yepe3 ero 3aJ1aHHyIo
MacCOBYIO KOHIIEHTPALUIO:

p((NH,),C,0,) _ 2’5'1072
M((NH,),C,0,) 124,1

c((NH,),C,0,) = =2-10"* (Momnb/n)

HOCJIC CMCIIIMBAHUA paBHBIX 06’beMOB paCTBOpOB X UCXOIAHBIC KOHI.[GHTpaI_II/II/I YMeHBH_II/IJII/ICI: B
2 pasa, cIe0BaTeIbHO:

2-107

[Ca*]= =1-10"* (Mob/m)

5107

[C,0,” 1= =2,5-107 (Monn/1)

Tornma: [Ca2+][C2042‘] =2,5-107-1-10* =2,5-10""
Hockonbky 2,5-107 > 2,3-107 , ocamok 06pasyercs.
Otgert: ocanok CaC,0, obpazyercs.

IIpumep 2. MOXHO 1M NPAKTUYECKH IOJTHOCTBIO OCAJUTh Ca’" B Bume CaF,?
Paccuntate n30bITOUHYIO KOHIEHTpanui NH,F, HeoOXoauMmyio it 00€CTeueHUs TMOTHOTHI
OCaKIEHUS KaJIbIIUS.

Pemrenue.

Vciosure monHoro ocaxiaenns nouos Ca’ ' [Ca’ ] < 10 mounb/i1.

+
PaccunraeM paBHOBECHYIO KOHLEHTPALUI0 HOHOB Ca’" B HaCHIICHHOM pactBope. [ns 3Toro
3anuiueM paBHoBecue pactBopumMocTu Cal’s:
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CaF; = Cd’" + 2F

I/ICXOI[H U3 CTCXUOMCTPHUU PABHOBCCHA PACTBOPUMOCTH, PABHOBCCHBLIC KOHUCHTpAaUHWHW HOHOB

Ca’" u F cocrassar: [Ca®']=S; [F]=2S.
BhipakeHue 1l KOHCTAHTBI PACTBOPHMMOCTH OY/IET MMETh BUIL:

K, (CaF,)=[Ca*' ]-[F T =S-(25)* = 45"

Orcrona:

Ca 1= 5 — o Ks(CaF)
4

(Takyro xe Qopmyny mns pacdera pactBopuMmoctH Cal’; momydmm, eciu B ypaBHeHHe (34)
MojCTaBuM p = 1; g =2).
Honaras, uto K (CaF,)=KJ(CaF,)=4,0-10"", nomyunm:

—-11
[Ca* =S = 3/% =2,2-107* (momnb/m)

PacueTr moka3sbIBaeT, 4TO KOHIEHTpalMs HOHOB Kanbliusg ~ B 200 pa3 Oojblie IOMYCTUMOIA.
CrnenoBaTenbHO, TOJHOCTHIO OCAAUTh KaJIbIIMM MOXKHO TOJBKO B TOM Cllydae, €cClid
HCITOJIB30BaTh U30BITOK ocaauTess, Hanpumep, NHF.

N36bITOuHYIO MOJISIpHYIO KOHLEHTpanuio NH,F paccuuTbiBaeM, u3 ypaBHeHus (39):

—11
K (CaF,) :\/4,0 10 =6,2-107 (Momb/n)

C(NH,F) = \/ [Ca®'] 10°°

Ucnonezys dopmyny (16), mo momydeHHOMY 3HAUYEHHUIO MOJSPHONW  KOHLIEHTPALUU
pacCUUTBHIBAEM MACCOBYIO KOHUEHTpALU0 NH/F':

o(NH,F)=c(NH,F)-M(NH,F)=6,2-10"-37 = 0,23 (r/n)
Otser: p(NH F)=0,23 r/n.

IIpumep 3. Houbl cepebpa ocaguiu CTEXMOMETPUYECKUM KOJMYECTBOM XJIOPUI-
MOHOB W3 pacTBopa obummM obbemoM 100mia. Paccumrats Maccy cepeOpa, ocraBiierocs B
pactBope. byner sim momHbIM ocaxieHre HOHOB cepebpa?

Pemenue.
CHavana paccuntaeM pactBopuMmocth AgCl, ucnonn3ys ypaBHenue (35). Ilomaras, drto

K (AgCl) = K{(AgCl)=1,78-10"", momyuum:

S =K,(A4gCl) =/1,78-10"" =1,33-10" (Monn/)
3Hasi pacTBOPHUMOCTh, MOYKHO pacCYMTaTh Maccy cepedpa, OCTaBIIErOCs B PacTBOPE:

27



m(Ag)=S-V-M(Ag)=1,33-107-0,1-108 =1,4-10* (t/n).

ITockomnbky m(Ag) > 10 (Gomblie MOrpelIHOCTH B3BEIIMBAHMS HA AHAIMTHYCCKHX BeEcax),
OCakJIeHHE NOHOB cepedpa 13 pacTBopa OyeT HEMOIHBIM.

Otget: m(Ag)=1,4-10""r/n. Ocaxnenne HEMoIHOe.

Ipumep4. K 150ma1 0,05M pactBopa H>SO; nobGaBunu 100mn  pactBOpa,
conmepxkamiero 0,42r BaCl,. Beramenuth Maccy Oapus B pacTBope Haja ocaiakoMm. byner ym
OCaXKIeHHe Oapus MOJHBIM?

Pemienue.
Cuauana paccuntaem kosinuecTBo BemiectBa H>SO,u BaCl, B UCXOAHBIX pacTBOpax:

n(H,S0,) = c(H,80,)-V(H,S0,) = 0,05-150 = 7,5 (MMob)

m(BaCl,) _ 420,0
M(BaCl,) 2083

n(BaCl,) = = 2,0 (MMOb)

I/ICXOI[SI N3 CTCXUOMETPUHN PCAKIIUU
BaCl, + H,SO, = BaSO, \ +2HCI

¢ 2,0 mmounb BaCl; B3aumoneiictryet 2,0 mmons H,SO,, caenoBaTenbHO, B PE3yJIbTaTe PEAKITUN
obpasyercs 2,0 mmons BaSO4 u B n30bITKE ocTaercs H>SOy:

n(H,80,),, =7,5-2,0=5,5(Mmo0Ib)

usb.
N36p1Tounas korneHTpanus H,SO, cocTaBuT:

C(H2S04 )11364 = n(HIZ/SO4 )

obwy.

wo. _ 3,5 =2,2-107 (Mmomb/M) = 2,210 (Mob/7T)
150+100

PactBopumocTs BaSO, B IpuCyTCTBUM U30BITKA OCAAUTENSI pacCUUThIBaeM o ¢opmyie (41):

_ K'(BaSO,) 1,110

S =[Ba] = _
¢(H,S0,)., 2,2-10

=5-10"° (Momns/m)

Torma: m(Ba)=S-V-M(Ba)=5-10"-0,250-137=2-10" (1)
m(Ba) <« 10~*r, crnenoBaTeabHO, OCAKICHUE Oapus OJTHOE.
Otger: m(Ba)=2-10"r. OcaxaeHne MonHoe.

IIpumep 5. PaccuuraTh, NpM KaKOH KOHLEHTPALMM THIPOKCUA-UOHOB HAYHETCS
ocaxxaenue runpokcuna maraus u3 0,010M pactBopa xnmopuja mMarHus. PacyeTr BBINOJIHUTH C
YUeTOM BIIMSHUS HOHHOM CHUJIBI PacTBOpA.
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Pemenue.
Ocanok HauHeT 00pa3oBbIBaThCs Mpu ycaosuu (cM.(30)):

[Mg™ 1 [OH T > K (Mg(OH),)

Orcrona:

[Mg™]

s pacueta K (Mg(OH),) He00X0AUMO 3HATh HOHHYIO CHIIy pacTBOpa, CO3/1aBacMyl0 HOHAMU

MarHusi u xJjiopuja-uoHamu. B coorserctBuu ¢ (29):
_ 1 2+ 2 2+ -\, .2 -V 1 2 2y =
1—5-(C(Mg ).z (Mg~ )+c(Cl™)-z° (Cl ))—5(0,01-2 +2-0,01-1°)=0,03

W3 tabnuiel cripaBounuka mpu I = 0,03 Haxoaum ko3 PHUIMEHTH aKTUBHOCTH MOHOB:

Y(Mg™") = 0,54;
¥(OH) =085

U BBIYHCISIEM KOHIIEHTPAMOHHYIO KOHCTAHTY pPAcTBOPUMOCTH THAPOKCHAA MarHus IO
ypaBHEeHHIO (28):

KJ(Mg(OH),) _ 1,12:10™"
y(Mg*")-7*(OH™) 0,54-(0,85)

—11
[OH " ]= KS(Mg(f)H)z): 2,87.10 =5,4-107 (MomB/1)
[Mg**] 0,010

Otset: [OH ]=5,4-10" Momb/m.

K (Mg(OH),) = =2,87-107"

Torna:

2.6 Temaruueckue BONPOCHI JJIA CAMOCTOATEJIbHOM MOATOTOBKH
CTYIEHTOB K KOHTPOJIbHOII padoTe MO AaHAJIUTHYECKOH XUMHH IO TeMe
«['paBuMeTpUUYeCcKUil aHAIU3)

I CymHOCTh TpaBUMETPUYECKOIO aHaiu3a. MeToabl OTIOHKM M ocaxieHus. Kparkas
XapaKTEPUCTUKA OCHOBHBIX CTAUN B METOAE OCAXKICHUSI.

2 IlpuHIMO  BBIYMCICHUS  PE3YJIbTATOB T'paBUMETpPUYECKOro aHanuza. [lonarwe o
IpaBUMETPUIECKOM (haKkTope.

3 Ocaxpmaemas u rpaBuMeTpuueckas Gopmbl ocajaka. TpeGoBaHuUs, IPEABSBISEMbIC K HUM.

4 TepmonuHamMHyecKass M KOHIICHTPALIMOHHAS KOHCTAHTa PAacTBOPUMOCTH (TIpOM3BE/ICHUE

pacTBopuMoOCTH). PacTBOpUMOCTD OcajiKa.

YcnoBue 0O6pa3oBaHUS ¥ PACTBOPEHUS OCAJIKA.

6 YcnoBue KOJIMYECTBEHHOTO OCAXIACHHUS ONPEETIeMOro HOHA.

N
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11
12
13
14
15
16
17

18
19

u)

PacTBOpHMOCTh OCajka B €ro HACHIIIEHHOM PacTBOPE MPU OTCYTCTBHH M30BITKA OCAJWUTEIS
U NP U30BITKE OCATUTEISL.

BrnusiHre MOCTOPOHHUX IIEKTPOJIMTOB (MOHHOM CHIIBI PACTBOpPA) HA PaCTBOPHUMOCTH OCAJIKa.
«Coneoit a¢hpexT».

Brnusiaue Temmiepatypbl ¥ IpUPOABI OCAIUTENS HA PACTBOPUMOCTD OCAJIKA.

Bnusaue pH M KOHKypHpYMOIIMX peakLui KOMIUIEKCOOOpa3oBaHMs Ha pPacTBOPUMOCTb
ocaJika (KaYeCTBEHHBIN aCIeKT).

Mexanusm nporecca ocaxjeHus. OTHOCUTENbHOE NEPECHIIEHUEe PacTBOpa U €ro BIMSHUE
Ha CTPYKTYPY U IUCHIEPCHOCTH OCAJIKOB.

VYcioBus nosyyeHus KpucTainueckux ocajakoB. CriocoObl ykpynHeHus yactuil. CtapeHue
(co3peBanue) KPUCTAUIMYECKUX 0CaAKOB. OcaxkIeHHe U3 TOMOT€HHBIX PACTBOPOB.

VYcnoBust mnosydeHust amopdHbIX ocaakoB. OOpa3oBaHHME U KOAryssiiys KOJIJIOMAHBIX
pactBopoB. [lenTu3zanus ocajxa.

3arps3HEHUE OCaJAKOB MpUMecsAiMHU. Buuel coocaxiaeHus: ajncopOLusi, OKKIIO3HUSA,
uzomopdusm. [locneocaxxaenne. CriocoObl yMEHBIIEHUS COOCAKICHHS.

Br16op ocagurens. [IpenmyiecTBa opraHn4eckux ocaguTeneil.

OwibTpoBaHUE 0CaIKOB. BHbl GUIBTPOB.

[TpombiBanue ocankoB. TpeOoBaHMs, NpeAbSABISEMble K JKUIKOCTH JJsl NPOMBIBAHUS
KPHUCTAUTNYECKUX U aMOP(HBIX 0CAJKOB.

BricymmBanue v mpokajauBaHUE OCaIKOB.

[IpuHIIMTIIaTPHBIE OCHOBBI METOJIOB T'PAaBUMETPHUYECKOro ompexaeneHus. Cxema aHammsa,
ypaBHEHHE PeakLUi, CTpyKTypa Oca/ika, 00OCHOBAHUE YCJIOBUI MOJyUYEHHUs OCaKIaeMOM U
IpaBUMETPUYECKON (GopM ocaaka (YHCICHHbIE 3HAUEHHs pElEeNnTypbl HE 3allOMHHATH),
IPUHIMIIBI 3arPSI3HEHNS 0CaJIKa U MEPHI 110 €r0 YCTPAHEHUIO, BBIOOP MIPOMBIBHOM KHUIKOCTH,
BBIYUCIICHHE PE3YJIbTATOB aHAIN3A MIPU OTIPENICIICHUH CIIeTYIOIINX BEIIECTB:

Oapus B Buje cyibdata Oapus;

Cephl B PACTBOPUMBIX CyJb(aTax;

KaJblLIMsl OKCAJIATHBIM METOOM;

Maruusi pochaTHbBIM METOJIOM;

KaJIbIMs U MarHus Ip1 COBMECTHOM IIPUCYTCTBUY;

HUKEJIS B CTaJIH;

AIIOMUHMUS (OCaIUTENb — THIPOKCHU]] aMMOHUS; 8-OKUXUHOJIMH);

xene3a B coid Mopa (ocaauTelb — THAPOKCU aMMOHHUS);

XJIOpa B paCTBOPUMBIX XJIOPHIAX.
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2.7 Turpumerpuyeckue MeToAbl aHaAu3a (TUTpUMeTpHUsi). OCHOBHBIE
MOHATHUSA TUTPUMETPUYECKOI0 AHATHU3A

Tumpumempuueckuii ananau3 OCHOBaH Ha TOYHOM M3MEPEHUU KOJIMYECTBA pearcHTa R,
3aTPaYCHHOI0 Ha PEAKLHUIO C ONPEAEIIEMbIM BEILIECTBOM A B X0O/1€ TUTPOBAHUS.

Tumpoeanue — OCHOBHas onepalus TUTPUMETPUM — 3aKIOYAETCS B IOCTEIIEHHOM
J00aBJIEHUH CTaHIapTHOTO PACTBOPA peareHTa K pacTBOpPY ONPEAEIIIEMOro BEIECTBaA.

Cmanoapmmuulii pacmeop — 3TO pacTBOP C TOYHO U3BECTHOM KOHILIEHTPALUE XUMUYECKU
aKTUBHOT'O BEILECTBA.

CraHzapTHBIA pacTBOP, KOTOPBIM MPOBOJUTCS TUTPOBAHUE, HA3bIBAECTCS IMUMPAHMOM.

B kmaccuueckoil TUTpUMETpUM OH IIOJAETCA B HCCIEAYEMBIH PACTBOP MEXaHUYECKH,
HEOOJIBIIMMU MOPLUUAMHU (KAIUISIMU), W3 CTEKJISHHOW TI'paJyMpOBaHHOW OIOpETKH, KOTOpas
MO3BOJISIET TIIATELHO U3MEPUTH 00BEM THTPAHTA.

TurpoBanue MpoaOHKAIOT A0 TEX HOp, MOKa KOJUYECTBO JOOABIEHHOIO TUTPAHTA He
CTaHET PKBUBAJIEHTHBIM KOJIMYECTBY ONPEAEIAEMOr0 BEIIECTBA. DTOT MOMEHT IPU TUTPOBAHUU
Ha3bIBaeTCs TOUKOW SKkBUBajeHTHOCTH (T.9.).

Ha mnpakTtuke KOHELl TUTPOBaHHWS OOBIYHO YCTAaHABIMBAIOT MO M3MEHEHUIO OKpPaCKH
MH/IMKaTOpa — BEIeCTBa, IPEABApUTEIHHO BBEJCHHOTO B TUTPYEMBIH pacTBOP.

B MOMEHT M3MEHEHHs OKpacKM HMHAMKATOPA, KOTOPBIM HA3bIBAIOT KOHEYHOW TOYKOHN
tutpoBanus (K.T.T.), TuTpoBaHue mpekpaiiaoT U 1Mo LKajue OIOPEeTKH W3MEPSIIOT 3aTpayeHHbIN
00BbeM cTaHIapTHOTO pacTBopa R (TuTpanTa) B Mil. Micxons u3 u3aMepeHHoro oobemMa TUTpaHTa U
€ro KOHLEHTPAlU1, PACCUUTHIBAIOT KOJMUECTBO BEIIECTBA ONPEEIAEMOro BEIECTRA.

O6pryro K. T.T. He coBmamaer ¢ T.D. m 3T0 0OYCIOBIMBAET CHUCTEMATHUYECKYIO
HOrPEIIHOCTh TUTPOBAHUS (€€ 4aCTO Ha3bIBAIOT MHIAMKATOPHOM MOIPEIIHOCTHIO).

JUia  TUTpOoBaHMsST MOTYT OBITb HCIOJb30BAaHbl pa3HbIE TUIBl PpEAKLUUH, HO OHHU
00513aTeNIbHO JOJKHBI YJIOBIETBOPATh PALY TpeOOBaHMIA: NPOTEKATh OBICTPO, KOJIMYECTBEHHO,
CTEeXHOMETpUYHO. [Ipu 3TOM NOKEH CymIecTBOBATh YJAOOHBIN CrOCO0 (HUKCAMU OKOHYAHHUS
peaKuuu.

[To Tunmy ucnonp3yeMoil peakiuu B TATPUMETPUUYECKOM aHAIN3€E Pa3IMyaloT CleIyIOIIe
METO/BI: KHCIOTHO-OCHOBHOT'O, OCaJUTEIbHOI0, KOMIUIEKCUMETPHUECKOTO U OKUCIUTEIIBHO-
BOCCTAaHOBUTEJIBHOI'O TUTPOBAHUS.

B 3aBucumocTH OT crocoba TUTPOBAHMS BBIIENAIOT CIAEAYIOIINE NMPHUEMbl TUTPOBAHUS:
npsiMoe, 00paTHOE TUTPOBAHUE U TUTPOBAHUE 3aMECTUTEIIS.

Pacuer pe3ynbTaToB TUTPOBAHUS NPOBOAAT UCXOS U3 YPABHEHUS XMMUYECKON pEeaKkIUu
Y CTEXMOMETPUUECKUX COOTHOLIEHUM MEX Ay IPOPEarupoOBaBIINMH BEIIECTBAMHU.

Ecnu peakiuo THTpoBaHMS MIPEICTABUTh B BUJIE

aA+rR =2 npodykmoel peakyuu , (42)

To B T.D. KOoJIMYECTBA CTEXMOMETPUUECKH IPOPEArupOBaBLINX BEIIECTB 4 U R OTHOCATCS, Kak
CTEXHOMETpUYEeCKUe KOI(PPUIMEHTHI B ypaBHEHUH PEAKIIUU 3TUX BEIIECTB:

n(4) _a
l’l(R) - 7 ] (43)
OTKyJa
n(4)=<-n(R) (44)
r

PackprsiBasi 00e yactu ypaBHeHusi (44) c¢ ucnonb3oBanueM Qopmyn (2) u (4), U yduThiBas
COBMECTHUMOCTD €IMHHI] U3MEPEHNS, MOTYJal0T CIEIyIOIee BhIpaKEeHHUE:
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m(A) _a o 107
M(A) 7 ¢(R)-V(R)-107, (45)

OTKyJIa
m(A)=2.¢c(R)-V(R)-M(A4)-107 (46)
r

Pacuer pe3ynbTaToB  aHaiM3a OpPU  KHUCIOTHO-OCHOBHOM U OKHCJIMTEJIbHO-
BOCCTAHOBUTEJIBHOM TUTPOBAHUU OOBIYHO NPOBOJAST Ha OCHOBE MPUHIUIA SKBUBAJIEHTHOCTU
(3aKkOHa HKBHMBAJIEHTOB), COTJIACHO KOTOPOMY BEIECTBA pEarupyroT Mexay co0oid B
AKBUBAJICHTHBIX KOJHMYECTBaX. B COOTBETCTBUU C MPUHIIAIIOM 3KBUBAJICHTHOCTH I PEAKIIUU
(42) MOXXHO 3amucaTh:

(L a)=nLR), (47)

rae n( LA ) un( LR ) - COOTBETCTBEHHO, KOJIMYECTBO BEIIECTBA SKBUBAJIEHTOB A U R, MOJIb.
Z4 ZR
PackpeiBasi 00e uactu ypaBHeHusi ¢ wucnonb3zoBanuem ¢dopmyn (11) u (13) u yuursiBas
COBMECTHMOCTD €AMHUI] H3MEPEHHSI, TOTYYaroT:

Lf):c(LR)-V(R)JO}, (48)
M(—A4) Za
OTKyZa
m(A)=c(—=R)-V(R)-M(——4)-10" (49)

Ecnu Tpebyercst BBIYUCIUTE APYToi mapaMmeTp omnpenenseMoro Bemectsa A (w(A4), c(4), T(4) n
TIp.), TO TMOJB3YIOTCSI COOTBETCTBYIOIMUMH (opMyamu (cM. paszaen 2.2).

2.8 Ilpumepsbl pacueToB B TATPUMETPUH

2.8.1 PacueTsl Ipy NPUTrOTOBJIEHUH PACTBOPOB

PactBOopbl peareHTOB TOTOBAT JHOO pa30aBlIeHUEM KOHIICHTPUPOBAHHBIX PACTBOPOB
M3BECTHOI KOHIIEHTpAIMH, TUO0 PACTBOPEHHEM COOTBETCTBYIOIIECH HABECKH TBEPAOrO BEIECTBA
B OINpeAeNieHHOM O0BbeMe JUCTHILUIMPOBAHHON BOJbL. [lockonmbKy B mporiecce pa3daBieHUs
HCXOJIHOTO pacTBOpa WM PAcTBOPEHMS TBEPAOrO BEIIECTBA KOJIMYECTBO BEUIECTBA HE
M3MEHSIETCS, B pacueTax UCXOJIAT U3 OJJHOTO U3 COOTHOIICHUM:

n(A)ucx.p—p = n(A)n(myq.p—p nin n(A)m& = n(A)p—p

WHorna pacTBOpBl TOTOBAT IyTEM IMOBBILICHUS HMX KOHLEHTPALUH («YKPEIICHUS»),
N00aBIsII K HMCXOAHOMY  pa30aBIEHHOMY  PacTBOPY  COOTBETCTBYIOHUIMH  00beM
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KOHILIEHTPUPOBAHHOTO PAcTBOpA ATOTO BElIeCcTBAa. B 3TOM cilyyae pacueTHOE ypaBHEHUE WMEET
BHU:

n(A)uchp—p + n(A)6064p—p = n(A)nwlyq.p—p

Ipumep 1. Kakyro HaBecky npenapara ¢ maccoBoil nosned NaOH 95% cnenyer B3Th
st mpurotosiienust 51 0,2M pactBopa ruapokcuaa HaTpusi?

Pemenue.
KomnuectBo NaOH B HaBecke Takoe e, Kak U B pacTBope. Cie0BaTebHO:

n(NaOH ),, =n(NaOH ), ,
PackpriBas 00e yacTu ypaBHEHHUS ¢ UCIIOJIb30BaHUEM (hopmy (2) u (4), MOITydnM:

MM(NaOH) _ . NaOH )-V'( NaOH ),
M (NaOH )

OTKyZa
m( NaOH ) =c¢(NaOH )-V(NaOH )-M(NaOH )=0,2-5-40 =40(1)
3uas m( NaOH ) n o( NaOH ), BblauciInM Maccy HaBECKH Mpernapara:

m =MNGOH) 6630 00— 42(r)
" w(NaOH ) 95

OtBeT: Macca HaBeckH npenapara — 42r.

Ipumep 2. Kaxoif o0beM pacTBOpa C MaccoBO jgoneld ammuaka, paBHOU 12%,
Tpedyercs st nmpurotorierus 8,0 2,0M pactBopa?

Pemenue.
KonuyecTBo amMmmuaka B KICXOJAHOM PAacTBOPE TAKOE K€, KAK U B MOJIyYEHHOM PacTBOPE.
CrnenoBaTebHO:

n(NH, ), =n(NH,)

cxX.p—p noayy.p—p

Hcxons u3 popmyisl (4) 3T0 ypaBHEHHE MOXKHO 3aIIUCaTh B BUJIE:

C(NH3 )ucx'pfp ' V(NH3 )“CX~P*P = C(NHS )nn:tylt.pfp ’ V(NH3 )no,zymp*p ’
OTKYda
c¢( NH .V(NH
V(NH3 )ucx_p_p — ( 3 )}'lufly‘-l.p—p ( 3 )?10/7}"1417—1;
C(NHS )ucx,p—p

3nauenue c¢( NH, ), HAxoJIUM U3 TaOIuIIbI 3a7auHuKa [S] nau cnpaBounuka [10].

cx.p—p
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Ilpu 3agansom 3Hayennn o NH, ), , ,= 12% MoisipHas KOHIEHTpAlHs BOJHOIO pacTBOpa

ammuaka c( NH, ), = 6,71 Momb/11.

icX. p—p

IlozcTaBuB 3TO 3HAYCHUE B PAacYETHOE ypaBHEHHE, BorancisieM V(NH, ), -

2,0-8,0
V(NH =———=24(n
( 3)ucx.p—p 6,71 ( )
Otser: V(NH, ), , ,= 2.4 1.

IIpumep 3. Kakoit 06beM BoabI ciienyeT n06aButh K 1,21 0,24M pactBopa HCI, uToObI
nosyunts 0,20M pactBop?

Pemenue.
[Ipu pazbaBiaeHUU pacTBOpa BOJOW OOIee KOJMMYECTBO pacTBOpeHHOro BemiectBa (HCI) He
H3MEHSIETCS.
CnenoBaTebHO:

n(HCl)

ucx. p—p

=n(HCI)

noayu.p—p

Bripasus konmnuectBo HC/ 1o ypaBHEHUIO (4), TTOTYYUM:

C(HCl)uchp—p ' V(HCl)ucx.p—p = C(HCl)n(myq.p—p ’ V(HCl)mmqup—p °
OTKy1a
HCl)..  -V(HCI),. .
verct), =Sy VO C ey 02402 4y
oy c(HCI),,. 0,20
V(H,0)=V(HCl),,,  —V(HCl),  =144-12=0,24(x)=240(sn)

Otgert: ciienyet 100aBUTH 240 MJI BOJIBL.

Mpumep 4. Kakoit 06beM pacTBopa mIoTHOCTsI0 1,30 r/eM’ 1 maccoBoii goneit H,SO,

39,7% nyxHo no6aButh Kk 1200Mi1 0,16H. pactBOpa ( f,

IK6.

= %), 410081 oyunuth 0,10M pacTBOp

H>50,?

Pewenue.
Jo6aBisist kK ucxoguomy pactBopy H>SO, KOHIIEHTPUPOBAHHYIO CEPHYIO KUCIIOTY, «YKPEIUIIIOT
pactBop. Ciie1oBaTeabHO, pACUETHOE YPABHEHUE MOXKHO 3aIIMCaTh B BUJIE:

n(H,S0, ),

1CX. p—p

+n(H,S0O, )ooapfp =n(H,S0O,),

noayd. p—p
C yuetom opmybl (4) 3TO ypaBHEHUE TPUMET BU:

¢(H,S0, V.. 4V

ucx.p—p Ooﬁ.p—p)

)ucx.p—p ’ I/ucx.p—p + C(H2S04 )()oﬁ.p—p ) V()Oﬁ.p—p = C(H2S04 )no.vylt.p—p )
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Momnspuaas xouuentpamusi 0,16H. pactBopa H,SO; ¢ ydetom ¢akropa >SKBUBAJICHTHOCTH

fow = 1 =% B COOTBETCTBUH ¢ (hopmyioii (14) cocTaBurt:
z

1

c¢(H,S0,) 5 0,16 = 0,080 (Moub/1)

ICX. p— P =

MonsipHy10 KOHIIEHTPALHUIO 100aBJICHHON KOHIIEHTPUPOBAHHON CEPHOM KHCIIOTHI BRIYUCIUM I10
dbopmyie (7):

39,7-1,30-10
C(H2S04 )006‘1)_17 = %T = 5,26 (MOHB/H)

HOI{CTaBI/IB HaﬁHCHHBIe 3HAYCHHA KOHICHTPAUWUH B PACUCTHOC YPABHCHHUE, ITOJIYUUM:

0,080-1,2-10° +5,26-V, =0,10-(1,2-10°+V,, ),

06.p—p

oTkyzaa V, =21 (mu)

06.p—p

OtgerT: HykHO n00aBUTH 21 M pactBopa H,SO,.

2.8.2 Pacuer pe3yJibTATOB TUTPOBAHUSA
2.8.2.1 O0mue yka3aHusi K IPOBEJCHUIO PACYeTOB

Pemenue pacueTHbIX 3a7ja4 pEKOMEHIyE€TCS IPOBOJAUTH B HECKOJIBKO TAIlOB:

1) yka3zaHue TuINA peaklUy WIM Ha3BaHHs METO/Aa TUTPUMETPHUUECKOTO aHAIIN3a,

2) HamucaHue YpaBHEHUS XUMUYECKOM PEaKIuu, Ha KOTOPO OCHOBAHO THTPOBAHHCE;

3) cocraBlieHHE pAcCUYETHOTO YpaBHEHHS B OOIIEM BHUJIE, HCXOAS U3 CTEXHOMETPUYECKUX
OTHOIICHUN pearupyronmx BemecTB (ypaBHeHus (43) - (44)) uiam Ha OCHOBE MPHUHIIMIIA
SKBUBAJIECHTHOCTH (ypaBHeHue (47));

4) BBIpaKEHHE KOJMYECTBA BEIIECTBA B PACUYCTHOM YPaBHCHHHM uepe3 Ipyrue (U3NdecKue
BEJTMYUHBI (CM. pazzen 2.2);

5) mNOoACTaHOBKA YMCIOBBIX 3HAUEHUN B MOJYUYEHHOE BBIPAKEHUE U PacyeT pe3yJibTaTa aHaIH3a.

[Tpu BbIYMCIIEHUH pe3yibTaTa ClIeyeT IPaMOTHO 3alMChIBATh HY)KHOE YHCJIO0 3HAYaAIIUX [HUPP.

CTyleHTHI TOMKHBI YMETh BBIYHCIISATH PE3YJIbTaThl aHAIN3A B TPEX CIIOCO0aX TUTPOBAHUS
(mpsiMoMm, 0OpaTHOM M TUTPOBAHUHU 3aMECTHUTENS1) B PA3IMUHBIX METOAAaX TUTPUMETPUYECKOTO
aHaJIM3a: KHCJIOTHO-OCHOBHOM, OCAJIUTEIIBHOM, KOMIUIEKCUMETPUYECKOM, OKUCIUTEIbHO-
BOCCTAHOBUTEIBHOM TUTPOBAHUH.

[Ipy HanucaHMM ypaBHEHUM pEAKUUNA B KOMIUIEKCOHOMETPUYECKOM TUTPOBAHUH
(JacTHBIN ciydald KOMIUIEKCUMETPHH) CIEeIyeT IOMHUTh, YTO HOHHOE cocrosiuue J3/[TA
(Tutpanta) 3aBucuT ot pH pactBopa.

CxemaTHuecku paBHOBECHUSI peakiuil KoMIUIeKcooOpa3zoBaHUs B 3aBucumoctd oT pH
MO>KHO MPEICTABUTH CIEAYIOIUMHU YPaBHEHUSAMMU:

M*™ +HY 2 MY~ +2H" pH=4+6;
M7 +HY 2MY""+H" pH=7+10;
M*+YY 2 MYy pH>11,
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r/1ie z — 3apsn nona Metamia M (2 <z <4).

-4

[Tpu 5TOM 06pasyroTes Komiuiekconarsl MeTamios ( MY ™" ) cocrasa 1:1 He3aBucHMO OT
pH pactBopa u 3apsnga nona meramia, T.€. 1 Monb 9/JTA Bcerna pearupyer ¢ 1 mMoib MOHOB
MmeTajuia. Pacuersl, TakuM 00pa3oM, CyIIECTBEHHO yIPOILIAIOTCA.

2.8.2.2 PacyeThl B IPSIMOM TUTPOBAHUH

B mnpsiMoM THTpOBaHWH OMpeAeNseMOe BEIIECTBO HEMOCPEACTBEHHO pEearupyer c
TUTpaHToM. [lJIs TpoBeleHUs aHauM3a B ITOM clydae JOCTAaTOYHO OJHOTO THUTPOBAHHOTO
pacTBopa.

Pe3ynbrar aHanmm3a pacCUMTHIBAIOT 10 YpaBHEeHUIO (44) uinu (47).

[IpsiMmoe TUTpOBaHKE YAaCTO UCIIONB3YIOT MIPH CTAHAAPTU3ALUN PACTBOPOB.

e Pacuernl IIPpHA CTAHAAPTU3AIIUHA PACTBOPOB

Cmanoapmusayua pacmeopa — 3TO TIPOLENypa HAXO0XKIEHUS TOYHOIO 3HAYEHUS
KOHIEHTpAallUd  IPUrOTOBJIEHHOrO  pacTtBopa. [lns  craHgapTu3alud — KCIHOJIB3YIOT
crielMaibHble YCTAaHOBOYHbIE BEleCTBA (MEPBUYHBIE CTAHIAPThI) WU JPYrHe CTaHIapTHBIE
pacTBOpHI (BTOPUYHBIE CTAHIAPTHI).

Ipumep 1. Boluuciaute MONApHYIO KOHLEHTpanuio pactBopa HCI, ecnu Ha
turpoBanue 0,7841r Na,B,0, -10H,0 3arpaueno 22, 15mn pactBopa HCI.

Pemenue.

Hus  crangaptusanuu  pactBopa HC[ ucnonb3yeTcs MeETOJ KHCIOTHO-OCHOBHOI'O
TUTPOBAHUS, pE3YyJbTaT KOTOPOIO pALMOHAIBHEE pAacCUUTHIBATH Ha OCHOBE IPHUHIMIA
HKBUBAJIEHTHOCTH. JIJI1 BBIBOAA pPACUETHOTO YpPABHEHUS B SKBUBAJIEHTHOH Qopme (cM.
ypaBHeHue (47)) HEOOXOAUMO ONpPENEIUTh YKBUBAJICHTHl pearupyromux semects — Na,B,0,u

HCI. Vicxons n3 ypaBHEHUS peaKkLIuu

Na,B,0, +2HCI +5H,0 = 2NaCl + 4H,BO,

1
cienyer, 4ro oxHa Monekyna HCI otmaer oguH npotoH (z = 1; f, =—=1), cienoBareisHo,
z
SKBHMBAJIEHT XJIOPOBOAOpOAHOW kucinotel — HCl. Opgna monexyna Na,B,0, NpHHUMAaeT JBa
1 1 1
nporoa (z = 2; f :—:E), CIIEIOBATENIFHO, 3KBHUBAIEHT Oyphl — EN%B407- B
z

COOTBCTCTBUH C IPUHIHUIIOM 3KBUBAJICHTHOCTH PACUCTHOC YPAaBHCHUC 6YI[CT UMCETb BU:
1
(- NasB,0; 10H,0) = n( HCI)

Ucnonbsys dopmynst (11) u (13), momyuum:

m( Na,B,0, -10H,0 )

1 = ¢(HCl)-V(HCI)
M(_ NaB,0; -10H,0)

36



Otcrona

m(Na,B,0, -10H,0) ~0,7841-1000

M(ANa,B0, 10m,0) vemcr) 19072213

=0,1856 Momb/n

¢(HCI ) =

Otert: ¢(HCI) = 0,1856 moib/m.

Ipumep 2. [l crangapTu3aiuu pacTBOpa NMEpMaHraHaTa Kajdus HABECKY OKcajiaTa

. . 1
Hatpust Maccoit 0,1655r pactBopuian B MepHO# KoinOe BMecTUMOCThIO S0Mi. Ha TuTpoBanue 3

4acTU 3TOro pacrBopa pacxoxyercs 4,750mn pactBopa KMnO, (TUTpOBaHHE IPOBOAAT U3
HOJTyMHUKpOOIOpeTkH). PaccunTarh HOpMasibHYIO KOHIEHTpanuioo pactBopa KMnO,, TUTp

KMnO, n tutp KMnO, 1o xenesy.

Pemenue.
Jnsa craHpaptuszanuMM - pacTrBopa KMnO, UCIIOJIB3YIOT  METOJX  OKHUCIIHUTENIBHO-

BOCCTAHOBHUTEIBHOIO TUTPOBAHUS, PE3YJIBTAT KOTOPOrO YJOOHEE pacCUUTHIBATH HA OCHOBE
IPUHIMIIA SKBUBAJIECHTHOCTH.
Cnavayna onpenenuM SkBuBaneHTsl KMnO, wu Na,C,0,, HUCX0Ad H3 OKHUCIMTEIHHO-

BOCCTAHOBUTEJILHOW pEaKLUU

5C,0,” +2MnO,” +16H" =2Mn** +10CO, +8H,0
Ota peaKkuus CKIIaAbIBACTCA U3 ABYX HOHypeaKHHﬁZ

MnO,” +8H" +5¢” = Mn>* +4H,0

C,0,” —2e =2C0,

W3 npuBeneHHbIX MOJIypeakUuil BUAHO, YTO HOH Mn(O,  NPUHUMAET IATh NIEKTPOHOB (z = 5;

1 1 1
f. =—=—), CIICIOBATEIILHO, SKBUBAJICHT IEPMAHTaHATA KaJIUs —gKMnO4 .
z

IK6.

. 1 1
Hon C,0,” otnaer aBa 3JIeKTpOHA (z = 2; =—= 5 ), CIIeI0BaTeNIbHO, YKBUBAJICHT OKcajiaTa
y4

1
HaTpHUs ) Na,C,0,.

B sTOM cityuae pacueTHoe ypaBHeHue (47) MOXKHO 3anucaTh B BUIE:

n(%Na2C204) = n(%KMnOJ

1
[Tpumenss popmynst (11) u (13) 1 yauTeIBas, 4To TUTPYIOT 3 4acTh HaBECKW OKcaJjlaTa HaTpus,

HOJTy4HM:
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m( Na,C,0, )
5-M(;Na2C204)

= c(% KMnO, )-V(KMnO, ),

OTKyJa

m( Na,C,0, ) 0,1655-1000

5-M(; Na,C,0,)-V(KMnO,) > 67,01:4750

=0,1040 momnp/n

c(%KMnO“) =

ITo HaiiieHHOMY 3HaYEHHUIO HOPMAJIBHOW KOHIIEHTPALMU PacTBOpa paccyuTbiBaeM TuTp KMnO,,
ucrob3ys ypaBHeHue (20):

1 1
c(gKMn04)-M(gKM”O4) ~0,1040-31,61

T(KMnO, ) =
(KMnO,) 1000 1000

=0,003287 /M

Turp KMnO,no xenesy paccuutbiBaeM 1o ¢Gopmyiie (23). IIpuy 3TOM yduTBIBaeM pPEakKIUIO
KMnO, ¢ Fe’*

MnO, +5Fe* +8H"* = Mn** +5Fe* +4H,0

N3 nonypeakuuu
Fe*' —e = Fe**

BUJHO, 4TO oAuH HOH xene3a (II) ormaer omuu snexktpoH (z = 1; f, =1), ciegoBarensbHO,

OK86.

MoJIsIpHas Macca SkBuBasieHTOB >kene3a (II) paBua momsipHoit Macce xene3a. OTcrona:

I
(S KMnO, ) M(Fe) o 1040.55,85

=0,005808 /M
1000 1000

T(KMnO, / Fe) =

Otger: c( % KMnO, )=0,1040mo1b/11;

T(KMnO, )=0,003287 r/mu;
T(KMnO, / Fe)=0,005808 r/m.

IIpumep 3. BpuncauTs MOJSIPHYIO KOHUEHTpauui pactBopa I/JTA, ecnu Ha
TUTPOBAHUE PACTBOPA, IPUTOTOBIEHHOIO U3 HABECKU METAJIIMYecKoro nuHka mMaccout 0,1035r,
uzpacxonoBaiu 10,20 mu pactBopa I4TA.

Pemenue.
Jna  cranpgaptuzaunn  pactBopa IJTA WUCHONB3YyETCS METOJ KOMIUIEKCOHOMETPUYECKOIO
TUTpPOBaHUS. TUTpPOBAaHME HOHOB IHMHKA OOBIYHO TMPOBOAAT B MPUCYTCTBUM HHJUKATOpPA
pUOXpoMoBoro uepHoro T B cpene ammuauHoro OydepHoro pactsopa ¢ pH = 8+10.
[Ipu 3TOM NpOTEKAET peaKLHMs:
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Zn* +HY  =ZnY* +H"
N3 ypaBHEHHUS peaklMu CIEAYET, UTO

n(Zn) 1
n(DATA) 1

U TOTJ]a pacUeTHOE YpaBHEHUE UMEET BUJI:
n(Zn)=n(34TA)

[Tpumenss popmynsl (2) u (4) morydum:

m(Zn) _
Mz c(DATA)-V(DATA),
OTKy/a
c(3/TA) = m(Zn) _ 21035-1000 =0,1552 (monb/m)

M(Zn)-V(DATA) 65,37-10,20

Otger: ¢(34TA)=0,1552moib/m1.

e Pacuer PE3YyJbTATOB NPAMOI0 TUTPOBAHUA

IIpumep 1. UYemy paBHa Macca CEpHOM KHUCIIOTHI, COJEPKALIEHCS B pacTBOpE, €CIU Ha
ee TUTpoBaHME pacxonxyerca 23,50Mi pacTBOopa THMAPOKCHUIA HATpPHUsl C TUTPOM, DPaBHBIM
0,005764 r/mn?

Pemrenue.

I[JI)I KOJIMYCCTBCHHOI'O ONPCACIICHUA C€pHOI71 KHUCJIIOTBI HCIIOJB3YCTCA MCTOH KHCIIOTHO-
OCHOBHOI'O TUTPOBAHHUA, B OCHOBE KOTOPOI'O JIC)KHUT pCaKIUs:

H,S0, + 2NaOH = Na,SO, +2H,0

W3 ypaBHEHus peakuuu cienyer, 4ro oaHa Moiaekyna /1,50, orgaer nBa IpoToHa (z = 2;
1 . 1
S :E)’ CJIEZIOBATENIbHO, SKBUBAJIEHT CEPHOI KHCIOTBI — 5H2S04. Opnna monexkyna NaOH

IPUHUMAET OJHUH NIPOTOoH (z = 1; f, =1), cienoBaTenbHO, SKBUBAJICHT I'MPOKCHIA HATPUS —

NaOH.
Toraa, B COOTBETCTBHHU C IMIPUHIMITOM 3KBHBAJICHTHOCTH, PACYETHOE YPABHCHUE UMEET BHUI:

n(%H2S04) =n(NaOH )

Ucnone3ys ypaBaenus (11) u (13), momyunm:
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m(H,S0,)

I =c¢(NaOH )-V(NaOH ),
M(5H2S04)

OTKyJa

m(H,80, )= c(NaOH )-V(NaOH ) -M(% H,50, )

Boruncnum monsipuyto koHuentpauuto (¢ NaOH ) ), ucxons uz tutpa (7(NaOH)), no dbopmyie
(19):

T(NaOH )-1000 _ 0,005764-1000
M(NaOH ) 40,00

¢(NaOH ) = =0,1441 (monb/m)

Torna

m( H,S0, )=0,1441-23,50-49,04 =166,1 (mr)
Otset: m( H,50,)=166,1 mr.

Ipumep 2. [lpu apreHTOMETPUYECKOM ONPEACICHUU XJIOPUI-MOHOB HA TUTPOBAHHUE
20,00mn pactBOpa Xxjopuna Hatpus 3arpadeHo 18,0mm 0,0459M pactBOpa HuTparta cepedpa.
Paccuntarh MOJIIpHYIO KOHLIEHTPALIMIO U MAcCy XJIOpHJIAa HATPUS B PACTBOPE.

Pewrenne.

Jns onpeneneHus XJopuia HATpUs UCIOJIb3YETCsI METO/ OCAAUTENLHOIO apreHTOMETPUUECKOTrO
tuTpoBaHus. [Ipu TUTpOBaHUYU NPOTEKAET peaKLus:

NaCl + AgNO, = AgCI \ + NaNO,

B cooTBeTCTBUY CO CTEXHMOMETPHEH PEaKIUN pacueTHOE YpaBHEHHUE NMEET BHI:
n(NaCl ) =n( AgNO; )

Ucnoneiys hopmyiy (4), momydum:
¢(NaCl)-V(NaCl)=c( AgNO,)-V(AgNO, )

Ortcroza paccunTaeM MOJISIPHYIO KOHLEHTPALMIO PacTBOPa XJIOPH1a HATPUS

¢( AgNO, )-V( AgNO,) 0,0459-18,0

c¢(NaCl) =
V(NaCl) 20,0

=0,0413 (momb/m)

3Hast MOJISIPHYIO KOHIICHTPAIIMIO PACTBOPA, pACCYMTAEM MAcCCy XJIOPH/Ia HATPHUS B PACTBOPE:
m( NaCl ) =c(NaCl)-V(NaCl)-M( NaCl )=0,0413-20,0-58,44 = 48,3 (mr)
Otget: ¢( NaCl ) =0,0413 mons/n; m(NaCl) = 48,3mr.
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Ilpumep 3. PaccuutaTh MaccoByr0 JOdI0 IIMHKa B pyJe, €CIW Ha TUTPOBaHUE
pacTBOpa, MPUTOTOBIEHHOTO W3 ee HaBecku Mmaccoud 0,9003r, 3arpauenol9,51mn 0,1015M
pactBopa I/TA.

Pemenue.
Jns omnpeneneHuss IUHKA HCIOJIb3YETCA METOJ KOMIUIEKCOHOMETPUUYECKOTO THUTPOBAaHUS, B
OCHOBE KOTOPOTO JIEKUT PEaKs

n* +HY® & ZnY* +H'

pH=8-10

Hcexons n3 cTeXxuomMeTpuu 3TON peakliMy, PaCUETHOE YPAaBHEHUE UMEET BU/I:
n(Zn)=n(34TA)

[TpumenuB Gopmynsl (2) u (4), moxydnm:

m(Zn) _
—M(Zn) =c(DATA)-V(D/ITA)

Otcrona
m(Zn)=c(3ATA) - V(SUATA)-M(Zn)=0,1015-19,51-65,37 =129,4 (mr)

3Has MacCcy IMHKA W MacCy HAaBECKH pPYy/bl, BBIYHCIUM MAacCCOBYIO JOJIO LIMHKA B PyIe IO
dopmyne (5):

o(zn)="2 100=—122% 100-14,38%
m 0.9003-1000

OtBet: MaccoBas J10J1s HUMHKA B pyze cocrasiseT 14,38%.
Ilpumep 4. Haecky xene3Hoil pyael Maccoil 0,2500r mnepeBenu B pacTBOp.
Conepxameecs B pactBope Fe (111) BoccranoBuiu 110 Fe(ll) u ortutpoBaiiu ero. Ha turpoBanue

u3pacxogosamu 28,55mn 0,1050 H. pactBOopa mepmanranara kamusi ( f

JK6.

= % ). Paccuurath

MacCOBYIO JIOJIIO XKeJie3a B pyie.

Pemenue.
Hns  ompeneneHus  keine3a  HUCMHOJB3YETCd  METOA  OKHUCIUTEIbHO-BOCCTAaHOBUTEIBHOTO
TUTpOBaHUsA. [Ipy TUTPOBAHMYU NTPOTEKAECT PEAKLIMSL:

Fe* —e =Fe™*
MnO,” +8H" +5¢ = Mn*" +4H,0
S5Fe’ + MnO,” +8H" =5Fe”" + Mn™ +4H,0

41



VunteiBas, uTo 0JuH UOH Fe(ll) oTnaeT oauH 3MEKTpoH (z = 1, f, =1), SKBUBaJIEHT Xkeje3a —

1

N _

Fe*'. Viou MnQO,” npuHHMMAaeT IATh 3JIEKTPOHOB (z = 5, f. =~ =—), DKBUBAJICHT [I€pMaHraHaTa
5

Kanus — lKMnO4 .
5

CrnenoBartenbHO, B COOTBETCTBUU C IMIPUHITUTIOM YKBUBAJIICHTHOCTH:
1
n(Fe)= n(gKMnO4)

[Ipumenus Gpopmyisl (2) u (13), nomyuum:

m(Fe) 1 _
—M(Fe) = c(5 KMnO, )-V(KMnO, )

Otcrona
m( Fe)= c(%KMnO4)-V(KMnO4)-M(Fe) =0,1050-28,55-55,85=167,4 (mr)

3Hasi Maccy jkele3a M MacCy HaBECKU PYJbl, BBIUMCIMNM MAacCCOBYIO JOJIO JKejie3a B pyAe B
COOTBETCTBUU C hopmyJoi (5):

M-IOO :&.100 =66,96%
m 0,2500-1000

Has.

w(Fe)=
OtBeT: MaccoBas 104 XKees3a B pylie cocTaBisieT 66,96%.

2.8.2.3 PacueTrsl npu 00paTHOM TUTPOBAHUU (TUTPOBAHUM IO OCTATKY)

[Ipu oOpaTHOM THUTPOBAHMU HCIIOJB3YIOT JBa CTaHAAPTHBIX pactBopa R; u R, K
aHAJIM3UPYEMOMY BeLIECTBY A 100aBIJIAIOT TOYHO N3BECTHOE KOJIMYECTBO MEPBOIO CTAHJAPTHOIO
pacTtBopa, B3SATOro B M30BITKE, a 3aT€M OCTATOK IMEPBOIO CTAHJAPTHOTO PAcTBOpAa TUTPYIOT
BTOPBIM CTaHJAPTHBIM pacTBOpoM. Cxemy peakuuid npu OOpPaTHOM TUTPOBAHUU MOYKHO
IIPEACTABUTH B CIEAYIOLIEM BUE:

A+ R, — npodykmwl peaxyuu

U36bLIMOK

R, + R, = npooykmui peakyuu

ocmamok

B cooTBeTcTBHE C MIPHUHOUIIOM 3KBHBAJICHTHOCTHU KOJIMYECTBO BCIICCTBA DKBUBAJICHTOB A
6yZ[eT paBHO PpPa3HOCTU KOJMYCCTBA BCUICCTBA IJKBHUBAJICHTOB R1 1N KOJIHWYCCTBa BCIICCTBA

SKBHUBAJIEHTOB R, .

n(—A]:n —R, |-n —R, (50)
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Ipumep 1. B 25,00mn pactBopa HCI ¢ tutpom 0,007860 1/Mi OBLIO TIPOIYIIEHO
HEKOTOPOE KOJIMYECTBO razoodpaszHoro ammuaka. Ha turpoBanue ocratka HC/ u3pacxomoBaiu
6,30mn pactBopa NaOH, 1mn xotoporo skBuBanieHTeH 1,025mn pactBopa HCI. Paccuurath
Maccy TOTJIONCHHOTO aMMHUaKa.

Pemrenue.
Jns ompeneneHus aMMMaka MCHOJIB3YETCS METOJA KHCIOTHO-OCHOBHOTO THUTpoBaHus. [lpu
TUTPOBAHUU MPOTEKAIOT PEAKIINH:

NH, + HCI — NH,CI

u36bLIMOK

HCIl + NaOH — NaCl+ H,0

ocmamok

B cooTBeTcTBMM €O CTEXHOMETPHEH TMPHUBEICHHBIX peakiuid u yuuTbiBas, 4to HCI
B3aumozeiicteyer ¢ NH, u NaOH, pacuetHoe ypaBHeHue (50) Oyaetr umMeTs BUJ:

n(NH,)=n(HCI)-n( NaOH )

Ucnone3ys hopmysl (2) u (4), momydum:

A";((NTIZZ)) = ¢(HCI)-V(HCI)—-c(NaOH )-V(NaOH )

Otcrona
m(NH, )= [c(HCI)-V(HCIl)-c(NaOH )-V(NaOH )] -M (NH, )

CHayvana HaiiieM MoJisipHyto KoHLeHTpauuto (c(HCl)) no 3agannomy 3Hauenuto tutpa (7(HCI)),
ucnomns3ys popmyiry (19):

T(HCI)-1000 0,007860-1000

¢(HCl)=
M(HCI) 36,50

=0,2154 (momnb/n)

[lo mnomyuyeHHOMY 3HayeHMIO MOJSpHOM KoHUeHTpauuun HC/ paccuyuTaeM MOJISPHYIO
KoHueHTpauuto NaOH, ucnons3ysi oobemHoe cootHomenue HCl u NaOH:

VI(HCL) o 5154, 1025
V'( NaOH ) 1,000

¢(NaOH )=c(HCI)- =0,2208 (Monb/m)

[ToncraBuB mNOJy4YEHHBIE 3HAYEHHsT MOJIIPHBIX KOHLEHTPALUN XJIOPOBOJOPOIHOM KHMCIOTHI U
THJIPOKCUIA HATPHUS B PACUETHYIO (POPMYITY, TTOTYUHM:

m(NH, )=(0,2154-25,00—0,2208-6,03)-17,03 = 68,0 (mr)

OTBeT: Macca IIOTJIONIEHHOT0 aMMHaKa cocTaBisdeT 68,0MT.

IIpumep 2. Haecky Opomcozaepkamiero BemiectBa maccoir 0,5020r pacTBOpuiu B
Bosie u nmpubasmwin 50,00mi 0,1101M pactBopa AgNO;. U36siTok AgNO; ortutpoBaiu 10,40mi
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0,1158M pactBopa NH,SCN . Paccuutath MaccoByl0 JOJK0 OpomMa B aHaJIU3UPYEMOM
BEILIECTBE.

Pemienue.
Jns ompenenenuss OpoMa HUCHOIB3YETCSI METOJ OCATUTENLHOTO TUTPOBAHHUSA, MPU KOTOPOM
MPOTEKAKOT PEAKLUHU:

Br + Ag" — AgBri
Ag" +SCN™ — AgSCN |

ocmamok

C y4eToM CTeXHOMETPHH MPUBEACHHBIX peakiuii ypapHeHue (50) MOXKHO 3amucarth B BUJIC:
n(Br~)=n(AgNO, )-n(NH,SCN )
[Tpumensist popmynsl (2) u (4), noxyqdnum:

m(Br) ‘ ~ .
M(Br) = ¢( AgNO, )-V ( AgNO, ) —¢( NH,SCN )-V(NH,SCN )

Orcrona

m(Br)=[c( AgNO, )-V( AgNO, )—c(NH,SCN )-V(NH,SCN )] - M ( Br ) =
=(0,1101-50,00—0,1158-10,40 )-79,90 = 343,6( m2)

Paccuntaem MaccoByto oo 6poma o gopmye (5):

w(Br)= =
(Br) 0,5020-1000

Has.
OtBet: MaccoBas 101 Opoma coctaBisieT 68,48%.

Ipumep 3. K kuciaoMy pactBopy, coleprkalieMy HOH amtoMuHus, o6asuau 20,00mi1
0,04520M pactBopa 3/[TA u Ha THTpOBaHUE M30BITKA MOCIEAHEr0 B Oy(epHOM pacTBOpe MpH
pH = 5 3arpatunu 6,05m1 0,0500M pactBopa cynbdara nuHKA. Beraucinute Maccy antoMUHUS B
pacTBope.

Pemenne.
21.]'[5[ KOJIMYCCTBCHHOTI'O onpeneneHI/m AJTFOMHUHUA I/ICHOJ’II)SyeTCSI METOL
KOMIUIEKCOHOMETPUUECKOT0 TUTpOoBaHus. [Ipu THTpOBaHMY MPOTEKAIOT PEAKLIUH:

AP+ H,Y* =AY +2H"

u30b1MoK

H Y27+Z 2+ PH_:5 2— +
5 n” = ZnY" +2H

ocmamok
B cooTBercTBHM CO cTeXHMOMETpUEH peakiuii u ¢ yuetoM ypaBHeHus (50), MOKHO 3amucath:
n(Al)=n(34TA)—n(Zn)
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([l mpocTOTHI HANTMCAHUSA 3aPsiIbl HOHOB OITYIIICHBI ).
Hcnone3ys hopmyisl (2) u (4), HOTyduM:

m(Al) . ~ .
oAl = ¢(DITA)-V(DIATA)—c(ZnSO, )-V(ZnSO, )

Otcrona

m(Al)=[c(DATA)-V(DATA)—c(ZnSO, )-V(ZnSO, )] -M( Al ) =
= (0,04520-20,00—0,05000- 6,05 )- 26,98 =16,29( 2

OtBet: m(4/) = 16,2 mr.

Ipumep 4. Jlnsa ompeneneHus cepoBomopoaa k 25,00mi ero pactBopa J00aBUIH
50,00mn 0,01965H. pactBopa noza ( f,

IKE.

1
=§), MOCJI€ Yero OCTaTOK hoja ortutpoBanu 11,25mn

0,02056M  pactBopa THOCyNb(aTa HaTpus. DBBIYHCIUTE MaccoOBYI0  KOHIICHTPAIUIO
CEpOBOIOPOa B pacTBOpE.

Pemenne.
Jisa onpenenenua H,S HCIONB3yeTCs METOJ OKUCIUTEILHO-BOCCTAHOBUTEIILHOTO TUTPOBAHMS.

1, B3aumogenicTByer ¢ ,S mo peakuuu:

H,S+ I, =S{+2HI

U30bLIMOK
H,S-2¢ =S"+2H"
I, +2e =21

W3 npuBeneHHbIX MONypeakuuil BUIHO, YTO OJHa Mojekyna /,S ormaer 2 sneKkTpoHa (z = 2;

1 1
Soe. :E)’ CIEJI0BATENIbHO, SKBUBAJIEHT CEPOBOIOPOJA — EHQS, a oznHa Mouekyna I,

NpUHUMAET 2 3JIeKTpoHa (z = 2; f

9K6.

1 1
=—), ClIeA0BaTeIbHO, DKBUBAJICHT Hoa — — 1/, .
27 ’ 22

Ocratok /, B3aumozeicTByer ¢ Na,S,0,, 00pa3ys TETpaTUOHAT HATPHUS:

I, +2Na,S,0, =2Nal + Na,S,0,

ocmamok
I, +2e =21
2- - 2-
25,0, =2¢ =8,0,
W3 monmypeakiuu BHIIHO, YTO JBa THOCYJIb(AT - MOHA OTHAIOT ABa SJEKTPOHA, 3HAYMUT, OJUH
THOCY/Ib(aT-uOH TepsieT OAMH D3IeKTpoH (z = 1; f, =1), cienoBaTenbHO, 3KBUBAJIECHT

tHocynbdata Hatpusd — Na,S,0,.

Cornacto (50), 1o NpUHIKUITY SKBUBAJIEHTHOCTH MOYKHO 3aIIUCaTh:

1 1
n(Est) = n(Elz)—n(N6125203)
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C yuerom popmyisl (13), monyunm:

(5 HoS )V (H,S )= (5 1)V (L)~ NasS,0, )V (NauS,0,)

OTcrona
1
1 co(-1,)V(l,)-c(Na,S,0;)-V(Na,S,0;)
2
of=H,5)= —
2 V(H,S)

_0,01965-50,00-0,02056-11,25
25,00

=0,03005( monv/ 1)

[To HaiigeHHOMY 3HAUYEHHUIO HOPMAJBHON KOHIIEHTPALIMM PACTBOPAa CEPOBOAOPOJIa PACCUUTAEM
€ro MacCOBYIO KOHIICHTPAIIHIO, UCXOs U3 popmysl (17):

p(H,S)= c(%HzS) -M(%HZS) =0,03005-17,04 = 0,5121 (r/n)

OTBeT: MaccoBasi KOHIIEHTpaIUs cepoBoopoaa coctarisier 0,5121 r/m.

2.8.2.4 PacueThl IpU TUTPOBAHUM 3aMeCTHTEJIS

B sTtom Mertone k ompezaensieMoMy BeLIeCTBY A J00aBISIOT BCIOMOTaTeIbHBIN peareHT
B, npu 3TOM 00pasyercs MpOAYKT peakuuu (3aMecTHTeNIh) DD B KOJIMYECTBE, SKBHBAJICHTHOM
KOJINYECTBY olpenensemoro Bemecrsa 4. OOpa3oBaBiuiicss 3amecTuTellb D OTTUTPOBBIBAIOT
CTaHJapTHBIM pacTBOpoM R. CxemMy MeTo/a TUTPOBAHHUS 3aMECTHUTENS MOXKHO IPEICTaBUTH B
CIENYIOIEM BHUJIE:

A+B—> D +..

3amecmumenv

D+ R — npooykmul peakyuu

3amecmumeib

Pacuer pe3ynbTaToB TUTPOBAHUS 3aMECTUTENS MPOBOAUTCS AHAJIOTMYHO DPACUETy IpHU
npsMoM THUTpoBaHUHM (cM. ¢opmynsl (44) u (47)), HO TpU ITOM HEOOXOJUMO YUHUTHIBATH
CTEXHOMETPHUIO BCEH IENHU MPEBPAIICHUI:

n(iA)zn(iD)zn(LR) (51)
z z z

A D R
HyHO 3aMeTUTh, 4TO HEPEIKO MPOBOISIT HECKOJIBKO peaKIuil 3aMerieHus (cM. mpumepsl 1 - 3).
IIpumep 1. HaBecky cepycoaepikailiero opraHu4eckoro coeamnenusi maccou 0,121r
COXINIM B TOKe Kucimopona. OOpa3oBaBIIMKCS IUOKCHA CEPbl MOTJOTUIN HEHUTpaTbHBIM
pacTBOpOM TIEpoKcHaa Boaopoja. Ha TurtpoBanme oOpa30BaBIICHCS CEPHOM KHCIOTHI
u3pacxonoBanu 20,5mn1 0,107M pactBopa ruapokcuia Kanus. BblYMCIUTB MaccoBYIO IOJIO

CEPbI B OPraHN4YC€CKOM COCIMHCHUU.

Pemrenue.
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I[JIH OIPCACIICHUSA CCPbl HCIIOJB3YCTCA MECTOJ KHCJIOTHO-OCHOBHOI'O THTPOBAHMUA. Cuauaia
IMPOBOJAT pCaKIUU IJIA TOJYUCHUA 3aMCCTUTCIIA:

1) S+0,= S0,

3amecmumensl
2) SO,+H,0,= H,SO,

3amecmumens?2

3ateM, noiry4eHHbI 3amecturens (1,50, ) tutpyrot pactBopoM KOH:
3) H,50,+KOH =K,S0,+2H,0

Hcxons u3 3To# peakiy, onpenesor s3xksuBaienTsl H,50, n KOH .

1 o
ITockonsky omgna monekyna H,SO, ormaer nBa mpotoHa (z = 2; f, :5), HKBUBAJIEHT CEPHOI1

1
KHCIIOTBI — 5H2S04. Onna monexyna KOH mnpuHumaer oauH npotoH (z = 1; f,  =1),

[I03TOMY SKBHMBAJIEHT r'UApoKkcuaa Hatpust — KOH .
W3 1 mone S nomyvator 1 mone SO, (peakuusa 1) u 1 moms H,SO, (peakuus 2), mo3ToMy

1
9KBUBAJIEHT CEphl — ES. Torna no npuHIKITY SKBUBAJIEHTHOCTH, coriacHo popmyie (51):

n(%S) = n(%SOZ) = n(%HzSO4) =n(KOH )
Otcrofa pacueTHOE ypaBHEHHME IPUMET BH/I:
1
n(ES):n(KOH).
Ucnionb3ys hopmyisl (2) u (4), MOXKHO 3aMCaTh:

LIS) =c(KOH )-V(KOH )
M(35)

Otcrona
m(S):c(KOH)-V(KOH}M(%S):0,107-20,5~16,03:35,2(Mr)

3Hasi Maccy cepbl U Maccy HaBECKH aHAIM3UPYEMOr0 OpraHMYECKOIro COeIMHEHUs Mo (opMyiie
(5) MOXHO paccuuTaTh MaCCOBYIO JIOJIO CEPBI:

oS )="05) 1002222 100 229.1%
m 121,0

HA8.

OtBeT: MaccoBas 10J1s1 CEPHI B OPraHNYECKOM COEAMHEHNN cocTaBiseT 29,1%.
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Ipumep 2. Hasecka pynasl maccoit 0,2000r, comepxkamast MnO,, 6buta obpaboTana

U30BITKOM KOHIIEHTPUPOBAHHON XJIOPOBOJOPOJHON KHCIOTHI. OOpa30BaBIIMNCS TIPH pEaKIuN
XJIOp OBbLT OTOTHAH W TOTJIOLIEH PacTBOPOM HoauAa kKanusa. Ha TUTpoBaHHE BBIIEIHUBILETOCS
noxaa uzpacxomonano 32,55mi 0,06052M pactBopa THOCYNIb(aTa HaTpUsi. BEIYUCIUTE MaCCOBYIO
nomo MnQO, B pyne.

Pemenue.
Jusa  ompenenenus  MnO,  HCHOIB3yeTCSs  METOA  OKUCIIUTEIBHO-BOCCTAHOBUTEIIBHOTO

TUTPOBAHUS 3aMCCTHUTCIIA. CHauaia MMPOBOJAT pCaKIUU JIA TTOJYUCHUA 3aMCCTUTCIIA:

1) MnO,+4HCI = MnClL, +CL, +2H,0
MnO, +4H" +2¢” = Mn>* +4H,0

2CI -2 =Cl,

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

Cl, +2e =2CI"

21" —-2e =1,

IMonyuennslit 3aMecTuTeNb /, TUTPYIOT CTAHJAPTHBIM PACTBOPOM THOCYIb(haTa HATPHS:
3) I,+2Na,S,0, =2Nal + Na,S,0;

Hcxons u3 nomypeakuuit

L+2e =21
28,07 —2¢" = 85,0

Haxonum skxBuBanentsl /, u Na,S,0;.

T.x. ogHa Monekyna /, IpUHUMAET J1Ba 21EKTpoHa (z =2, f,

K6.

= ! ), 95KBUBAJICHT HO/1a ! I
27 2%

JlBa THOCYNb(AT-MOHA OTAAIOT [JBA BJIEKTPOHA, OAMH THOCYJIb(AT-UOH — OJUH DJIEKTPOH
(z=1,f,, =1), cnenosarenbHo, 5KBUBAJIEHT THOCYIb(aTa — Na,S,0,.

OksuBaneHtsl C/, 1 Mn(O, HaxoAMM U3 COOTBETCTBYIOIIUX MOJIYpPEAKIMH (CM. ypaBHEHHs
peakuuii(1) u (2)).

ITockoneky w™monekynsl CI, m MnO, npuHMMalOT 0O JBa JMeKTpoHa (z=2;f . :5),

1 1
9KBUBAJIEHTHI 9TUX BEILECTB, COOTBETCTBEHHO, — ECZZ u EMnO2 .

CornacHo MpUHLIUITY SKBUBAIEHTHOCTH ((hopmyna (51)) MOXKHO 3anmucath:
1 1 1
n(EM”ZOz) = ”(EClz) = n(alz) =n(Na,$,0;)

Otcrona
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n(%MnOz) =n(Na,S,0, )

Ucnone3ys ypaBaenus (11) u (13), momydnm:

m( MnO, )

M(;‘MnOZ)

=¢(Na,S,0,)-V(Na,S,0,)

m(MnQO, ) = c(NazSZO3)-V(NazSzO3)-M(%Mn02) =

=0,06052-32,55-43,47 =85,64 (mr)
3Has Maccy MnO, u maccy HaBeckH, 1o popmyie (5) paccuntaeM MaccoByro gomo MnO, :

85,64

M.mo: 100 =42,82%
200,0

o(MnO, ) =

HA8.

Ortser: MaccoBas nona MnO, B pyne —42,82%.

Ilpumep 3. Hagecky 0,2505r nomomuTa pacTBOPWIM B KUCIOTE, OCAAWIA KadbLUUN B
BHJIC OKcaylaTa KajbllMs, OCAJOK PAaCTBOPWIM B HM30BITKE CEepHOM KuciaoTel. Ha turpoBanue
oOpa3oBagiiIeiics 1aBeneBoil KuciaoTel uzpacxomoBaiu 20,10M1 pacTBopa mepMaHTraHaTa Kaius,
TUTp KoToporo mo jxene3y paseH 0,01200 r/mu. BBMUCIUTH MaccoBYIO MO0 KapOoHaTa
KaJbLHsA B JOJIOMUTE.

Pemenue.
Hnsa  ompenenennas CaCO;, ucnonb3yeTcs METOJ  OKUCIUTEIbHO-BOCCTAHOBHTEILHOIO

TUTPOBAHUA 3aMCCTHUTECIIA.
Cuauaima MMPOBOJAT pCaKUU JIA MOJYUCHUA 3aMCCTUTCIIA:

1) Ca* +C,0," =CaC,0,{
2) CaC,0,+2H" =CaSO, + H,C,0,

[Tonyyennsnii 3amecturens — H,C,0, TUTPYIOT CTaHIApTHBIM pacTBOpoM KMnO, B KuCIOU
cpene:

3) 5H,C,0,+2MnO, +6H" =2Mn*" +10CO, +8H,0
OxsuBanentsl H,C,0, 1 KMnO, Hax01uM U3 COOTBETCTBYIOUIMX IOJIyPEaKIUM:

H,C,0,-2¢ =2CO,+2H"
MnO,” +8H" +5¢" = Mn** +4H,0
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1
Onmna wmonekyna H,C,0, otpaer nBa diekTpoHa (z=2,f. :5), MO3TOMY JSKBUBAJICHT

9K6.

. 1
I1aBEJIEBON KUCIIOThI — EH ,G,0,.

IK6.

1
Onna wmonexkyna KMnO, mnpuHHUMaeT NATh 3NEKTPOHOB (z =35 f, =§), SKBUBAJICHT

1
nepMaHraHaTa Kajaus — gKMnO4 .
B peaxiusx ob6pasosanus u pacteopenus ocanka CaC,0, (peakuuu 1 u 2) Ha oaun uon Ca’*

2- 1 2+
npuxomurcs oxauH nmoH C,0,”, cIeloBaTelbHO, SKBUBAJICHT HMOHA KalbLMA — ECa Ha

OCHOBAHWY TPUHIIMIIA SKBUBAIIEHTHOCTH, COTJIacHO dopmyie (51) nmeem:
1 | 1 1
n(—CaCO,)=n(—Ca™ )=n(—-H,C,0,)=n(-=KMnO,)
2 2 2 5
Orcrona
1 1
n(ECaCO3) = n(gKMn04)

Ucnionb3ys hopmyasl (11) u (13), momyunm pacyeTHOE ypaBHEHHUE:

M — (L kMo, ) v (KMRO, ),
M(; CaCO,)

m(CaCO, ) = c(%KMnO“}V(KMnO4)‘M(%CaCO3).

1
HopManbHyt0o KOHIEHTpAluI0 pacTBOpa IepMaHraHata kamus (c( gKMnO4 ))  MOXHO

BBIYUCIIUTH 11O (hopmyiie (23):

T(KMnO, / Fe)-1000 _ 0,01200-1000
M(Fe) 55,85

c(% KMnO, ) = =0,2149 (Moab/m0).

[ToncraBuB HaliZICHHOE 3HAYEHHE HOPMAJIBHOW KOHUEHTpauun KMnO, B pacueTHOE ypaBHEHHE,
MOJTyYHM:

m(CaCO, )=0,2149-20,10-50,04 = 216,2 (mr).
MaccoByto 10110 KapOOHAaTa KalbIHsI BRIYUCIUM 110 hopmyie (5):

216,2

m(CaC0;) 00— 100 =86,3%
250,5

w(CaCO, )=

Has8.

Ortser: MaccoBas nons CaCO; B nonomure — 86,3%.
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IIpumep 4. K 2500mn pacrBopa Hutpata pryta (II) mpobaBumm W30BITOK
KOMIUIEKCOHaTa MarHusi. Ha TuTpoBaHMe BBIJENMBIIETOCS MarHus H3pacxopoBaHo 22,45mi
0,05145M pactBopa 3/[TA. BbluuCANTh MOJIIPHYIO U MAaCCOBYH0 KOHLIEHTPALMIO MCXOIHOIO
pacTBOopa HUTpaTa pPTyTH.

Pewrenue.

Jnsa  ompeneneHusi KOHLEHTpAlMM  pacTBOpa HUTpaTa pPTYTH  HCIOJIB3YETCS  METOJ
KOMIIJIEKCOHOMETPUUYECKOTO TUTPOBAHUS 110 CIIOCO0Y TUTPOBAHUS 3aMECTUTEIS.

CHauana K aHaAIM3UPYEMOMY pacCTBOPY JJ00ABISIOT KOMILUIEKCOHAT MAarHus, IPU 3TOM
KOJIMYECTBO BEIIECTBA HIOHOB MAarHus SKBUBAJIEHTHO KOJIMUYECTBY BEILIECTBA HOHOB PTYTH:

1) Hg* + MgY* = HgY* + Mg™*
n(Hg™ )=n(Mg™")

3areM BBIJENUBIIMECS HOHBI MarHus TUTPYIOT pactBopoM 3/[TA B amMMuayHoMm OydepHOM
pacTBOpe B IPUCYTCTBUM UHIUKATOPA 3PUOXPOMOBOTr0 uepHoro T:

2) Mg + HY  =MgY* +H"

IIpu sTOM:

n(Mg> )=n(20TA)
VYunteiBas 00€ peakiuu, MOKHO 3aIUCATh:

n(Hg(NO, ),)=n(Hg*" )=n(Mg* )=n(D]TA)
Otcrona

n(Hg(NO, ),)=n( TA)
Ucnoneiys popmyiy (4), momydnm:

c¢(Hg(NO, ),)-V(Hg(NO, ), )=c(34TA)-V(O4TA)

¢(DATA)-V(DATA) _0,05145-22,45

c(Hg(NO;,), )= V(Hg(NO,),) 25,00

=0,04620 (Mmomnb/m)

3Has MOJISIPHYIO KOHILIEHTPAIMIO pacTBOpa HUTpaTa PTYTH B COOTBETCTBUH ¢ (opmyinoil (16),
paccurTaeM MacCOBYIO KOHIIEHTPALUIO:

p( Hg( NO, ), ) = c( Hg( NO, ), )- M ( Hg( NO, ), ) = 0,04620-324,6 = 15,00 (/)

OtBet: MoJsipHas KOHUEHTpalus pactBopa HuTpara prytu — 0,04620 Moms/i;
MaccoBast KoHIeHTpamus — 15,00 r/m.
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2.9 KHuCJ10THO-0CHOBHOE TUTPOBaHHE
2.9.1 CymHocTh MeTOAA

Kucnommno-ocnognoe mumpoeéanue — 6LICTpBII>1 U TOYHBIM KOJWYECTBEHHBINM METOJI
OIpeCaACIICHHUA BCUICCTB, 06nazlarom1/1x KHUCJIOTHBIMHA WM OCHOBHEIMH CBOMCTBaMH. B ocHOBe
METOMa ITPU TUTPOBAHUHU B BOAHLIX paCTBOpPAX JICXKUT PCAKIIUA:

H;0" + OH = 2H,0
niu, B yl'IpOI_HeHHOM BHU]IC:
H +O0OH = HO.

Ecnm tutpanToMm siBNsieTcs cTraHaapTHBINA pacTBop kuciotel (HCl, H,S0,, CH;COOH), To
METOJ HasbIBaeTCid ayuoumempusa. Eciu TUTpaHT — CTaHJAApTHBIA pactBop menouun (NaOH,
KOH), To meTo1 Ha3bIBaeTCs ankaaumempus. [10CKobKy TOUHOE COJIEp)KaHUE ITUX BEILECTB B
MPOMBINUICHHBIX ~PEaKTHUBAaX HEW3BECTHO, TO W3 HHUX CHadaja TOTOBAT pacTBOPHI C
npUOIU3UTENILHO U3BECTHOM KOHIIGHTpAIMeH, a 3aTeM CTaHAapTU3UPYIOT (ONpPEeNsiioT TOYHOE
3HAUEHUE KOHIICHTPAIINH) TI0 MIEPBUYHBIM CTaHIapTaM (YCTaHOBOYHBIM BEIIECTBAM).

B amupumerpun B KayecTBe YCTAHOBOYHOTO BEIIECTBA MCIIOJB3YIOT O€3BOJHBIM
kapOoHat Hatpus (Na,CO3), unu 6ypy (Na,B,O7-10H0).

B ankamumerpunm — maseneByto (H,C>0, - 2H,0) wmm Genzoitnyto (CsHsCOOH)
KHUCJIOTHI.

2.9.2 HuHauxaTopbl B MeTOe KHCJIOTHO-OCHOBHOIO TUTPOBAHMS

Crnioco6s! pukcupoBanust KTT B MeTozie KUCTTOTHO-OCHOBHOTO TUTPOBAHMUSI OCHOBaHBI HA
UCTIOJIb30BaHUM pe3koro usmeHenus pH Bomm3u TO Yamie Bcero TO ompenemnstoT BU3yalbHO, €
MOMOIIbIO KHCIOTHO-OCHOBHBIX HHINKATOPOB (pH-UHINKATOPOB).

Kucnommno-ocnosnvle unHOuUKamopvl — BELECTBA, MEHAIOIINE CBOK OKpacKy B
3aBHCUMOCTH OT pH pacTBopa (T.e. OT KOHLEHTPALUU HOHOB BOJOPOIA).

[To cBoelt xumuueckodl mpupoje OONBIIMHCTBO KHCIOTHO-OCHOBHBIX HWHAMKATOPOB
ABIIAIOTCSA CJIO)KHBIMM OpPraHMYECKHMHU COEAMHEHUSMU C CHCTEMOI COMNpPSKEHHBIX JBOMHBIX
CBs3el (HampuMep, a30COeTUHEHUSIMU WM MTPOU3BOJIHBIMU TPUPEHUIMETAHA):

/
HsC

HO 0
H3C \©\ /li;/’/
N N=—N SO3Na c”

COOH

METHIIOPAHK

(dhenondranenn

KucinoTHO-0CHOBHBIE HHIUKATOPHI OBIBAIOT OJHOIBETHBIC (HarpuMep, GeHoadTanent) u
JBYXIIBETHbIE (METUJIOBBIM OpaH>KEBbIN). BOJBIIMHCTBO KUCIOTHO-OCHOBHBIX HMHIUKATOPOB —
JIByXLIBETHBIE.

MOJIGKyJIBI KHUCJIOTHO-OCHOBHBIX HWHAWKATOPOB O6Ha,Z[aIOT CJIaGBIMI/I KHUCJIOTHBIMH WU
OCHOBHBIMH CBOMcCTBaMH. [1ycTh MHIUKATODP SBISETCS CIab0W OPraHMYECKOM KHUCIOTOW, TOT/a
paBHOBECHE TUCCOLMAIIMU MOXKHO 3aIHCaTh B BUJIE:
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Hind = H + Ind "~ (52)
okpacka 1 OKpacka 2
(xucnoTtHas popma)  (ocHOBHas Gpopma)

L[BeT HEAMCCOLMUPOBAHHBIX MOJIEKYJI OTIIMYAETCS OT I[BETa 00pa3yeMbIX UMU HOHOB, T.€.
KHACIOTHAasE M OCHOBHas (opMa HMEIT pa3IudHyl OKpacKy. lI3MeHeHue oOKpacku mpu
u3MeHeHuu pH oObsicHsieTcst caBuroM pasHoBecus (52). [Ipu yBenndeHnn KOHIIEHTPAIMH HOHOB
BOJIOpoJia (yMeHbIIeHUN pH), paBHOBECHE CMEILIAeTcsi BJIEBO M Mbl BUAUM OKpacky 1. Ilpu
YMEHBIICHUH KOHIIGHTPAllMd HOHOB Bojaopona (yBenuueHuH pH), paBHOBECHE CMEIACTCS
BIPABO, BUJUM OKPACKY 2.

PaBHoBecue (52) KOJMYECTBEHHO XapaKTepU3yeTcs KOHCTAHTOM  JMCCOLMAINU
UHAUKATOPA — Kpjjng

H"]-[Ind”
Hind — (2L / (53)
[HInd ]
OTKyJia:
N [HInd ]
H =K, -—. 54
[ ] Hind []nd—] ( )
Jlorapudmupyst ypaBHerue (54) v, MEHsISI 3HAK HA TPOTUBOTIOIOKHBIN, TIOTYUHM:
. [ Hind ]
—Ilg[H ] =-IgK
g[H" ] E B pina ~ [ Tnd- ]
oTcroja:
[ Hind ]
H=pK,  —Ig 55
p PR g [Ind" ] (55)
rae pK,, , =—IgK,, ,, npuBogutcs B cupaBouynuke [10].

Ecnu wnTeHCHBHOCTH OKpacku oOeux (opMm HHAMKATOpa MPUMEPHO OJUHAKOBA, TO
YeJIOBEYECKUIl TJ1a3 BOCIPUHUMAET OKPACKy TOJBKO OAHOW (hOpMBI B TOM cCily4ae, KOrja
KOHIeHTpanus 3Toi popMbl B 10 1 6omee pas mpeBpIlIaeT KOHIEHTPALUIO IPYroi (OpMEI.

CJ‘IGI{OBaTeJ'ILHO,

[Hind] _

eciamn —, TO TJ1a3 BUJUT [IBET KUCIOTHOH popmebl (okpacka 1);

[Ind™ ]

Hind
[ / < —, TO IJ1a3 BUAUT I[BET OCHOBHOM (hopmbl (OKpacka 2);

Yrmd ] 100

_[HInd] _

eciIn — T TO TJ1a3 BUAUT MEPEXOHBIN BET (7151 ABYXIIBETHOTO MHANKATOPA).

10 [Ind ]

IloncraBuB mpenenbHbIE 3HAUEHHS OTHOLIEHUS KOHIEHTpauuii, paBhsle 10 u 0,1 B
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ypaBHeHHE (55), MOIyyuM ypaBHEHME i1 pacueTa UHmMepeana nepexooa OKpacKu
osyxyeemnoz2o unouxkamopa — ApH :

ApH = pK,, , 1. (56)

B »Tom wmnTepBane 3HaueHuit pH (OH COCTaBIISIET MPUMEPHO 2 €IWHHUIIBI) WHIUKATOD
U3MEHSET CBOIO OKPACKY.

Haubonee pe3koe WM3MEHEHHWE OKPACKW HWHIUKATOpa HAOIIOAAaeTCsS MPHOIM3UTEILHO B
cepenrHe MHTepBaia nepexoia.

3Hauenue pH, mpu KOTOPOM WHAMKATOP HamOoJee 3aMETHO M3MEHSET CBOKO OKPACKy H
TUTPOBAaHUE 3aKAHUYMBACTCS, HA3bIBACTCS HoKazameinem mumposanus — pT. Bemwmuuna pT
UMeeT 3HaueHue, 0m3koe K pKyjq .

WurepBan nepexona (ApH ) u mokazatenp TuTpoBanust (p7) SBISIOTCS OCHOBHBIMU

XapaKTCPUCTHKAMH KHCJIIOTHO-OCHOBHOI'0O MHIAMWKATOPA. Hixe MPUBCACHLI O3TH XapaKTCPUCTUKH
AJIsL ABYX Hauooee pacnnpoCTPaHCHHBIX KUCIIOTHO-OCHOBHBIX HHAUKATOPOB.

Ta6mz1ua 2— HpI/IMepBI HHAWKATOPOB, UCIIOJIb3YCMBIX IJISI KNCJIIOTHO-OCHOBHOI'O TUTPOBAHUA

OKpacka Ghopmbl WHTEpBAJI Iepexo/1a
WHJHUKATO = " K T
A P I kucrnortnoiit | ocmosmoit | (n3menenus usera), ApH | Phind P
METUIIOPAHK KpacHasi xKenras 3.1-44 4.2 4.0
(denondranenn | OecuBeTHas | MaJuHOBas 8.2-10,0 9.7 9.0

[Ipu pH ot 3.1 10 4.4 METUIIOPAHK UMEET MEPEXOTHYIO OPAHIKEBYIO OKPACKY.

[IpaBuiibHBI BBIOOpP MHAMKATOpPA — OYEHb OTBETCTBEHHBIH MOMEHT NMpPHU THUTPOBAHHH.
Br16op nponsBoauTCs, UCXO/I U3 OCHOBHBIX XapakTepucTHK uHaukaropa (ApH u pT) u KpuBoii
tutpoBanus. [IpaBuiio BeIOOpa MHAMKAaTOpa OyneT chopMyITHpPOBAHO MO3KE, TP PACCMOTPEHUH
U pacueTe KPUBBIX TUTPOBAHHUSL.

2.9.3 KpuBble KHCJI0THO-OCHOBHOTO TUTPOBAHUS

B mpomecce THTpOBaHUS H3MEHSIOTCS PABHOBECHBIC KOHIIGHTPAIMH OHPEACIIEMOTO
BEILECTBA, TUTPAHTA U NPOAYKTOB peakuuu. lIpy uM3MEeHEHMM KOHLEHTpaluuil KOMIIOHEHTOB
KHCJIOTHO-OCHOBHOW pPEakIMM W3MeHseTcsi pH pacTBopa, IO3TOMY KpWBash THTPOBAHUS
npeacTaBisieT coboil rpaduyeckoe n300paxeHne 3aBUCUMOCTH pH OT oObema 100aBICHHOTO
TATpanTa — V!

pH = f(V),

WIIH OT BEIMYHMHBI CTENICHN OTTUTPOBAHHOCTH — T:

PH = f(9).

Cmenens ommumpoeannocmu — 3To OTHOIIEHHE 00beMa MPUOABIEHHOTO TUTPAHTA K 00beMY
TUTPAHTa, HEOOXOAUMOTO JJIsI JOCTHIKCHHS TOYKH SKBUBAJICHTHOCTH:

v
T = _R .
Va,
OOBIYHO CTENEeHb OTTUTPOBAHHOCTHU BBIPAXKAIOT B MPOLICHTAX.
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J1st pacueTa BBILACTAIOT CJIEIYIONIME YYaCTKH KPUBOM TUTPOBAHMUS:
1) HavanbHas Touka TuTpoBaHus, 7= 0 %,
2) yd4acTOK A0 TOYKH SKBHBaJleHTHOCTH, 0 <7< 100,
3) Touka skBUBaJIEHTHOCTH, T = 100 %,
4) yd4acTok mociie TOYKU IKBUBAJIEHTHOCTH, 7> 100 %.
KpuBbie TUTpOBaHUSI TOMOTAIOT BHIOPATh HHIUKATOP, OLIEHUTH MOTPEUTHOCTh, HATTISIAHO
MIPOCIIEUTH 32 XOJI0M TUTPOBAHMSL.

2.9.3.1 Pacuer KpPlBOﬁ TUTPOBaHUA CHJIbHOM KHCJI0ThI CHJILHBIM OCHOBAHHUEM

Benem crienytomyie 0603HauYeHUS:
Cy — MCXO/THAS KOHIICHTPAINS PAacTBOPa KUCIIOTHI;
Vp — ucxoHbIi 00bEM PacTBOPA KUCIOTHI;
Cr— KOHIIEHTpAIIUS PacTBOpa TUTPAHTA (I1ET0UN);
Vr— o0bem nmpubaBIeHHOTO TUTPaHTA (IIeI0Un).

1) 7=0%
Tutpant He mo0aBiieH, 3HaueHWe pH pacTBOpa OMpeaesieTCss KOHIIEHTPAIMEH HCXOIHOTO
pacTBopa KHUCIOTHI.

[H'] =c, u pH = —lg c,; (57)

2) 0<7<100%
Mo TD 3nauenue pH pactBopa onpeaensieTcs KOHIEHTpalued HEOTTUTPOBAHHON KUCIIOTHI:

[HF] _ nneommump. — n,—ng — COV; _CTVT ) (58)
vV V. +V, V. +V,

o6

YuuteiBas, 4To

T
HOJTYYHM:
C,-V,=C -V -t. (59)
Torna ypaBHeHue (58) MOXKHO 3amucaTh B BUAE:
/i€ 7 BBIpaXXEeHa B JOJISAX.
Ecnu 7 BeIpa3zuth B %, TO NOTyUYnM:
[H] = C”(loloo;T)VfVT' 61
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3) =100%
B Touke SKBMBAJIECHTHOCTH BCS KHCIIOTa IOJIHOCTHIO IMPOpEarrupoBajia Co IIEIOYBIO.
3HaueHue pH pacTBopa ONPENeNseTCs aBTOMPOTOIM30M BOJIBI:

[H'] = [OH] = K, =107 =107 (mons/n),
pH =7,

— 14
rae Ky =100 " — noHHO€ MpOU3BEICHUE BOJIBI.

4) 7>100%
B u30bITKE TUTpAHT, 3HaUeHUE pH pacTBOpa onpeaenseTcs n30bITKOM HIeJI0UU:

[OH—jznusﬁ.=nT_no=CT'VT_Co'Vo. (62)
Voww Vot Vs Vo+Vr
C yuerom (59), BeipaxkeHue (62) npuMeT BUI:
o =Stet=C Vo ooy Lo (63)
I/0 + VT I/o + VT
/1€ T BBIpaXKEHA B JIOJISAX.
Beoipasus 7 B %, nony4um:
7—-100 V
OH ]=C,- e 64
[OH"] o(lm jK+Kq (64)
107"
[H] = - (65)
[OH"]
Ecmu ¢7 >> ¢y, u3MeHeHHEeM 00beMa MOXKHO MpeHeOpeus u hopmyia (64) mpuMeT BUI:
7-100
OH ]=C,- . 66
[OH"] o(lm:j (66)

IIpumep. Paccuutats u noctpouts KpuByto tutpoBanus 10 ma 0,1M pactBopa HCI 0,1M
pactBopoM NaOH.

Ucxonusle gannsie: Cp= 0,1 MoIb/1;
Vo=10 mi;
Cr=10,1 moinp/m.

Peakuust TMTpOBaHUS: HCI + NaOH = NaCl + H,0.

Pe3ynbraThl pacuera npejacraBieHsl B Tadnuie 3.
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Tabmuna 3 — Pacuet kpuBo#i TuTpoBanus cuibHON KucaoTsl (0,1M HCI) cumpHBIM OCHOBAaHHEM

(0,1M NaO
I[(;\?ag};}lo Ocranoce HCI, Pacuer [H'], Mons/n
aOH, (100 — 7), % . pH
. % (HOMEp pacueTHOH (HOPMYJIBI)
0 100 [H']=10" (57) 1,0
90 10 [H+]=-O,l-£- 10 _s5.0 (61) 2,3
100 10+9
1 10
99 1 H]=01—: =5-10" 61 33
] 100 10+9,9 (61) ’
01 10
99,9 0,1 H]=0l——-—=510" 61 4
’ ’ ] 100 10+9,99 1) >3
100 0 [H]=10" 7,0
Msbpirok jorry =01 2L 19 50+ (64)
{001 NaOH, 100 10+10,01
’ (z— 100), 10" o %7
0.1 [H'] = S 107 =2-10 (65)
1 10
OH]=0,1-—: =5.10" 64
[OH] 100 10+10,1 64)
101 1,0 Lo 10,7
[H'] = 5107 =2-10™" (65)
10 10
OH]=0,1-—-: =5.10" 64
[OH] 100 10+11 64)
110 10 0 11,7
[H'] = S 107 =2.10" (65)

[To pe3ynbratam pacuera mocTpoeHa KpuBasi TUTPOBAHUS, TIPEACTABICHHAS HA pUCYHKE 1.
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Pucynok 1 — Kpusas tutpoBanus 0,1M pactBopa HC/ 0,1M pactBopom NaOH
(crutomHas nuHus). Kpusas tutposanus 0,1M pactopa NaOH 0,1M pactBopom HCI
(MyHKTHpHAs! IUHUSA)

XapakTepucTHKA KPUBO TUHTPOBAHUS CHJIbHOI KHCJI0THI CHJIBHBIM OCHOBAHHEM

1 pH pacTBOpa B MpoOIECCe TUTPOBAHUS YBEIWUYUBACTCA (MPU TUTPOBAHUU IIETIOYU KUCIOTOU
pH ywmenbmaercs). Touka skBuBanieHTHOCTH (TD) cooTBeTCTBYeT Touke meperuda KpUBOIA
TUTPOBaHUA U coBnaaaer ¢ Toukor HeWrpanpbHocT (TH). KpuBas cumMMerpruHa OTHOCUTEIBHO
TO.
2 Peskoe u3MeHeHHe pH TMPOUCXOAUT BOIW3HM TOYKH HKBUBAJIEHTHOCTH, B TOT MOMEHT, KOTJa
tuTpanta AobasieHo Ha 0,1% wmeHblne WM OOJNbIIE CTEXMOMETPUYECKOTO KOJMYECTBA. JTOT
y4acTOK KpUBOM TUTPOBAHUS HA3bIBAIOT CKAYKOM MUMPOBAHUS.
3 KonudecTBeHHass OLICHKAa CKayKa TUTPOBAHUS OIPEAEISIETCS 3HAYEHUEM OONYCHUMOLL
cucmemamuyeckoil nozpewrnocmu mumpoganus. OO0bIYHO 3a7ar0TCs TorpenrHocTeio + 0,1%.
B sTOM cnydae CUMTArOT, YTO TOYKA HAayaja CKayka TUTPOBAHMS COOTBETCTBYET T = 99,9%, a
KoHIa ckauka TutpoBaHus — v = 100,1%. T.e. ckayOoK TUTPOBAaHUS COOTBETCTBYET JUANA30HY
T =999 + 100,1. IIlpyn momycTMMOW MOIrPEMIHOCTH TUTPOBaHUS B + 1%, CKA4OK TUTPOBaHUS
OyZIeT cOOTBETCTBOBATH Auarnazony T =99 + 101%.
4 Ha BenuuuHy CKauyka BIMSIET ps (PaKTOPOB:
a) KOHLIEHTPALlKs aHAIU3UPYEMOTO BEILIECTBA U TUTPAHTA.
[Ipy yMeHbIIEHUH KOHLEHTpAlUi CKayOoK YMEHbLIaeTcs. TUTpOBaHUE CHIIBHO pa30aBlIE€HHBIX
pacTBOPOB — CIIOKHAs aHAJIMTUYECKast 3adada. [Ipu KoHLeHTpanuax < 10~ Mounb/11, ckauok Ha
KpUBOMW MPAKTUYECKH OTCYTCTBYET;
0) cuia TUTPYEMOU KUCIIOTHI MJIM OCHOBAHUSI.
Ecnm BenmnumHa KOHCTaHTHI TUCCONMAIIMMA KUCIIOTHI (OCHOBaHHUS) < 10"8, TO CKa4OK Ha KpUBOM
OTCYTCTBYET JaK€ MPHU 3HAUYUTEIbHBIX KOHIIEHTPALIUAX PACTBOPOB.
5 Ilo ckauky TUTPOBaHUS MPOBOAT BEIOOP MHAMKATOPA.

58



Ilpasuno evioopa unoukamopa MOXHO C(HOPMYITUPOBATH CIEIYIOIUM 00pPa30OM:
UHOUKAMOpP HAO0O0 6blOUPAMb MAKUM 00paA30M, UMoObl OH MEHAN C6010 OKPACKY 601u3u
mMoYKu IKEUBATIEHMHOCHU, Ml.e. 6 npedenax CKayka mumpoeanusn. /lpycumu cioeamu,
unmepean nepexooa oxkpacku unouxamopa (ApH) oOonsxcen nonnocmvro unu 4acmuyHo
coenadams co cKaukom mumposanus. B uoeane, noxazamens mumposanusn (pT) oonxcen
coenacms ¢ pH ¢ mouke 3xeusanenmnocmu.

[Ipu TUTpOBaHUM CHIIBHOM KUCIOTHI CHIIBHBIM OCHOBAaHUEM (M HA00OPOT) 3TOMY MPABHITY
COOTBETCTBYIOT METUJIOBBIN OpaHKeBbIN U eHOIPTaICHH:

Apl_IM—o = 351 - 4’47 pT;w—o ~ 4;
Aqub_q{, =8,2+10,0; qub-qb ~9,

Vcnionb3ys METUIIOBBIA OpaHKEBBIN, CHIIbHYIO KHCIOTY CHJIbHBIM OCHOBAaHHEM THTPYIOT
OT PO30BOM 10 XKENTOW OKPAaCKH, a CHIbHOE OCHOBAHHE CHIIBHOM KHCIOTOW — OT KEJITOH A0
OpaHKEBOM OKPACKH.

Hcnone3ys Qenondranent, CHIbHYIO KHCIOTY CHJIBHBIM OCHOBaHHEM THUTPYIOT OT
OecBETHOI 70 ere 3aMEeTHOW MaJMHOBOW OKPAaCKH, a CUJIbHOE OCHOBAaHUE CUJIBHOM KUCIIOTOM —
OT MaJIMHOBOM 10 OECIIBETHOM OKPACKH.

IIpu TUTPOBAHUM CUIIBHOM KHUCJIOTHI I1E104bI0 ¢ METUIOBBIM opaHkeBbIM KTT (okenras
OKpackKa) HaxOJUTCs Ha cKauke TUTpoBaHud 10 TO (pactBop HenoTutpoBaH). [Ipu TuTpoBanuu ¢
¢denondranennom KTT (ene 3aMeTHass ManuHOBask OKPAcKa) HAXOJUTCA HA CKaukKe TUTPOBAHUS
nocsie T (pacTBOp MEPETUTPOBAH).

KpuBast TUTpOBaHUSI CHIIBHOTO OCHOBAHHUS CHUJIBHOM KHUCIOTOM (IyHKTHUpHas KpuBas Ha
pUCYHKE 1) paccuMThIBAaeTCSl aHAJOTMYHO U TMPEACTaBisgeT co00il 3epKalbHOE OTOOpakeHHe
KPUBOM TUTPOBAHUS CUJIBHON KHCIOTHI CHJIBHBIM OCHOBaHHEM. CTyJIeHTaM peKOMEHAyeTcs
CaMOCTOSITEJIBHO PacCUUTATh U MOCTPOUTH KpuByro TUTpoBanud 10ma 0,1M pactBopa NaOH
0,1M pactBopom HCI.

2.9.3.2 Pacuer KpUBO#l TUTPOBAHHUA CJIA00H KHUCIOTHI CHJIbHBIM OCHOBAHHEM

[Ipn TuTpoBanmm cnaboOi KHUCIOTHI CHIBHBIM OCHOBaHHEM HEOOXOAMMO YUYUTHIBATH
clenyroniee:
1) cnabas KuCIOTa AUCCOLMHUPYET B HE3HAUMTENbHOW cTemeHu. [103TOMy mpu BBIUMCIIEHUSIX
PaBHOBECHYIO KOHIIGHTPAIIMIO HOHOB Bojopoja [H'] Hemb3s NpUpPaBHHBATH K OOIICH
KOHIIEHTPALUU KUCIJIOTHI (¢p) B PACTBOPE;
2) Ha yuyacTke 0 Touku 3kBuBaieHTHOCTH (0 < 7 < 100%), B mpoliecce TUTpOBaHUsI 00pa3yercs
OyepHbIii pacTBOp;
3) B TOUKE PKBUBAJIEHTHOCTU 00pa3yeTcs COJib, MOJBEPratolascs TUIPOIHU3Y.

PaccMoTpuM A3TOT ciaydail Ha TpuMepe TUTPOBAHUS YKCYCHOM KHCIOTHI PAacTBOPOM
IIEJIOYH.
Peaknust THTpOBaHUS UMEET BU:
CH;COOH + NaOH = CH3COONa + HO.
BriBOa pacuyeTHBIX (popmy.n
BriBenem pacuetHble pOpPMYJIbL, UCXOAS U3 YCIOBHUS:

Cy — MCXO/IHAsE KOHIIEHTPALIUS PacTBOpa ciaboi KUCIOTHI,
Vo — ucxomHelii 00bEM pacTBOpa KUCIIOTHI,
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Cr— KOHIIEHTpAIIU pacTBOpa TUTPAHTA (1ET0UN);
Vr— o0bem TuTpaHTa (I1e104u).

— 00
Y ;TOC){(;)L[HOM pacTBope, cojaepiKalieM claldylo YKCYCHYIO KHUCJIOTYy, YCTaHaBJIMBAETCS
paBHOBECHE:

CH;COOH+H,0 = CH;COO +H;0 ",
WA B YOPOILICHHOM BUE:

CH;COOH = CH;COO +H ™.

DTO0 paBHOBECHE XapaKTepU3yeTCss KOHCTAHTOM Juccoruanuu cnaboit kucnotsl — K:

_[CH,COO™]-[H"]
“~  [CH,COOH]

[TockonbKy CTENeHb AMCCONMAMK KUCIOTHI Mata (< 5%), TO MOKHO CUMTaTh, YTO PaBHOBECHAS
KOHIIEHTpAIUsl HEAUCCOIIMMPOBAHHON KUCIIOTHI paBHA €€ 00IIel KOHIICHTPAIUH:

[CH;COOH] = ¢, .

YuuThIBas 3TO JOMyIIeHHe U nonaras, uto [H '] = [CH;COO ~], nonyunm:

+ 72
x L[HT
CO

Otcrozna:

[H"] =K, -C, . (67)

2) 0<7<100%

JIo TOYKM SKBHUBAJICHTHOCTH B TUTPYEMOM pAaCTBOPE MPHUCYTCTBYET cllabas KHCIOTa
(CH3;COOH) u ee comb (CH3;COONa), T.e. obpasyetcs OydepHast cMech (KUCIOTHBIN OydepHbIi
pacTBop).

B pacTBope mpoTekaroT clieAyIonme peakuu:

CH;COOH < CH;COO +H
CH;COONa — CH;COO ~+ Na".

Bricokas koHuentpauus nonos CH3;COO ~ npaktuuecku nogasiser nuccouuanuto CH;COOH,
MO3TOMY MOXHO cuuTaTh, uto [CH;COOH] = Ck.

Conb ke AUCCONMHMPYET MPAKTUYECKH TMOJHOCTHIO, MO3TOMY MOXHO CUMTaTh, YTO
[CH;COO "] = Ceom
Toraa BeIpakeHUE AJIs1 KOHCTAHTHI JUCCOLMALMN KUCIOTHI IPUMET BHI:

K [CHCOO|-[H'] _ 1) Cop
[CH,COOH ] C,
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Otcrona

[H*]=K, e (68)

conu

KoHIeHTpaIuto KuciaoThl MOKHO paccuuTath 1o dhopmyde (60):

(69)

Com Cﬂ_(lOO—rj_ v,

100 ) Vy+V,

Y4YUTBIBasL, 4TO COJIU 0OPA30BAIOCH CTOJIBKO XK€, CKOJIBKO TOOABJICHO IIEI0YH, KOHIICHTPAIIUIO
COJIM MOKHO PacCUUTaTh 1Mo Gopmysie:

W

Ceomn = T . 70
° 100 V,+V, (79)
[Toncrasus (69) u (70) B (68), nonyuum
[H] =K, A2 (n
T

W3 ypasaenus (71) cnenyer oueHb BaxkHbIN BeIBOA. pH Oygheprozo pacmeopa ne 3asucum om
paszbaenenus.

3) 1=100%

B TOuke SKBHUBaNEHTHOCTH 00pa3yeTcst COJb CIa0OW KHCIOTHI M CHIIBHOTO OCHOBAHUS:
CH3;COONa.
DTa CcoJib MOJHOCTHIO JUCCOLMUPOBAHA! CH;COONa -» CH;COO ™+ Na'".
AHI/IOH COJIn HOI{BepFaeTCH FI/IIlpOJ'II/I3y (COHp?I)KeHHOG OCHOBAHHC HAaXOOIUTCA B
MPOTOIUTHYECKOM paBHOBecHuH ¢ Bojok): CH3;COO ~+ H;O = CH;COOH + OH
Koncranrta 310ro paBHOBECHsI — KOHCTAHTA AUCCOLUALIMH COMPSKEHHOTO OCHOBAHMUS:

_ [CH,COOH]-[OH ]
a(de”) [CH,COO" ] '

(72)

3HayeHUE 3TOI KOHCTAHTHI B CIIPABOYHUKE HE MPUBOAUTCSA, IOITOMY €€ PaCCUUTHIBAIOT, UCXO/S
n3 K, u K.

CBs13b 3TUX KOHCTAHT MOXXHO YCTAHOBMTb, €CIIM YHUCIIUTENb U 3HAMEHATeNlb B ypaBHeHHUHU (72)
YMHOXUTb Ha [H ']

_[CHCOOH]-[OH ]-[H'] K,
“«) [CH,COO ]-[H'] K

a

(73)

VYuuteiBas, uro [CH;COOH] = [OH ], a [CH3;COO "] = Ceony, TOTYUUM:

_K, _[OH ]’
it " g l , TOrjaa
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K
OH ]= |=*.C .,
[ ] K coau

a

7 KW _ KW'Ka
i “joH ]\ C. 7

KonuenTpanuto conu paccuuteiBarot 1o ¢popmyie (70), kotopas 6e3 yuera pa30aBieHUs IPUMET
BUJI:

(74)

Ccozzu = CO : L .
100

4) 7>100%

3a TOUYKOW HKBHUBAJIEHTHOCTH pPACTBOP MPEACTaBIseT CO0O CMech Ciaboro W CHIBHOTO
ocHoBaHus. bonee cunpHoe ocHoBanue (NaOH) momaBisieT TUCCOIMAIUIO CJIa00TO OCHOBAHUS
(CH3COQO), u moatomy pH omnpenensieTcss n30bITKOM 100aBIEHHOM 11enouun (TUTpanTa). Pacuer
pH nipoBoasT no hopmynam (64) u (65).

IIpumep. Paccuutath M nocTpouth KpuByro TuTpoBaHus 10mn 0,1M pactBopa ykcycHOU
kucnoTsl 1,0M pacTBOPOM T'MIPOKCHIA HATPHSL.

Ucxonusie ganneie: Cy= 0,1 Moab/m;
Vo= 10mu;

Cr=1 Momb/m;
K coon = 1,810,

Peakuus tutpoBanusi: CH3;COOH + NaOH = CH;COONa + H;O.

B nmanHOM pacyere M3MEHEHHEM O0beMa MOXHO NpeHeOpeub, T.K. MCXOJHBIC KOHIICHTPAIUH
pactBopoB (Cy u Cr) paznuuarotcs B 10 pas.

Pacuet kpuBO#l TUTpOBaHMS NpPEACTaBIEH B TaOIHIIE 4.
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Tabmmua 4 — Pacuet xpuBoii TutpoBanus 0,1M pactsopa CH;COOH 1,0M pactBopom NaOH

Ocrasioch
JloGaBieHo
HEOTTUTPO- +
TUTpaHTa . Pacuer [H '], Mmonb/11,
BaHHOU CocraB pacTBopa . pH
NaOH, CHCIIOTEL (HOMEp pacueTHOH (HOPMYJIbI)
5% (100-0),.%
—1),%
0 100 CH;COOH 100% | [H*]=418-10"-01=13-10" (67) |29
CH;COOH 50% v 1e10s 20 o 10
50 50 NGOH 50% [H ]=18-10 50—1,8 10 (71) | 4,7
CH;COOH 10% vr _1e.105 10 o0
90 10 CH:COONa 90% [H"]=18-10 % =2,0-10 (71) | 5,7
CH;COOH 1% v 1e.105. L 1o 107
99 1 CH:COONa 99% [H ]=18-10 9% =18-10 (71) | 6,7
CH;COOH 0,1% + 5 0l -8
’ H ]=18-107"-——=18-10 71
99,9 0.1\ crcoona 99.9% | 177 999 a7
-14 -5
100 0 CH;COONa 100% | [H"] :\/%:1,3-109 (75) | 8,9
_ 0,1 ;
N306bITOK [OH ]=0,1- 100 =10 (64)
100.1 NaOH, CH3;COONa 100% 10
’ (z—100) NaOH  0,1% 10
0,1 [H] = = =10" (65)
_ 1,0 5
[OH ] = O,l~m:10 (64)
101 1 CH3;COONa 100% 1
NaOH  1,0% 10
[H'] = e =10" (65)
_ 10 5
[OH ] = O,l~m:10 (64)
110 10 CH3;COONa 100% 12
NaOH  10% 10"
[H'] = o =10" (65)

[To narHBIM TabIUIB! 4 TOCTPOCHA KPUBAst THATPOBAHUS, TIPE/ICTABICHHAs HA PUCYHKE 2.
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Pucynok 2 — Kpusas tutpoBanus 0,1M pactBopa CH;COOH 1,0M pactBopom NaOH

XapakTepucTHKA KPUBOIl TUTPOBAHUSA

Xapaktepusys 3Ty KpUBYI0, OyJIeM CpaBHUBATh €€ C KPUBOH, IPEICTABICHHON Ha pUCYHKe 1.

1

2

(O8]

3HaueHue pH B HaydalbHOW TOYKE TUTPOBAHMUS BBINIE, YEM MPU TUTPOBAHUU CUIIBHOU
KHCJIOTHI JIaXKe€ IPU OJUHAKOBOM KOHILIEHTPALIMU UCXOJIHBIX PACTBOPOB, T.K. [H * ] # Co.
Touka PKBUBaJICHTHOCTH HE COBMAAAET C TOUYKON HeUTpanbHOCTH (pH7H = 8,9). CMemieHue B
IIEJIOYHYIO 00JIACTh MPOUCXOAUT 32 CUET 00Pa30BAHUS CONPSIKEHHOTO OCHOBAHUS.

KpuBas HecummeTpruyHa OTHOCUTENBHO TO.

Ckauok TUTpOBaHUs yMeHbIIMICS. MI3MeHenue pH B npezenax ckauka cocTaBiseT oT 7,7 10
10,0.

WuTepBan mepexoja OKpackKd METUIOBOro-opamxkeBoro (ApH,., = 3,1 + 4,4) nexur 1o
CKauKa TUTPOBAHMUsI, 3HAUUT, 3TOT MHAUKATOP HE MOAXOAMT JUJIsl JAHHOTO TUTPOBAHUS.

Jlis TUTpOBaHUS MOXKHO BbIOpPAaTh TOJBKO OAMH MHAUKaTOp — (heHondTanens. VHTepBan
nepexoja OKpacku Kotoporo (ApHg.g = 8,2 + 10,0) mMOIHOCTBIO MEPEKPBIBAETCS CKAYKOM
tuTpoBanus. Vcnonb3ys (enonranent, TUTPYIOT OT OECLBETHOW OKPACKH /10 MOSBJICHHUS
eJle 3aMETHON MalnnHOBOM okpacku. KoHeyHast Touka TUTPOBaHMsA B 3TOM ciay4dae (pTy.4 = 9)
JeKUT oueHb 6mu3ko k TO (pHrp = 8,9).
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AHAJIOTUYHO PACCUMTHIBACTCS KpWBas TUTPOBAHUs ClIabOr0 OCHOBAHUSI CHJIBHOM
Kkucaotoil. Huxe npuBeneHs! pacueTHble (OPMYIIBL:

HcxonHble ycaoBus:
Co — ucXoHask KOHIIGHTpAIMs pacTBOpa cl1aboro OCHOBAHMS;
Vo — ucxoHbIi 00beM pacTBOpa €1ab0ro OCHOBAHUS;
Cr — KOHLEHTpalusl pacTBOpa TUTPAHTA (KUCIIOTHI);
Vr— o0bem TuTpanTa (KUCIOTHI).
Pacuernbie popmyIsl BBIBOAATCS aHaIoruuHO Gopmyiam (67) — (75). Ilpu BeIBOE TOTYUIHM:

1) 1=0%
B pactBope — cnaboe ocHOBaHueE:

[OH ] =K, C,, (76)

rac Kg — KOHCTAaHTa AUCCOIIMallun ¢J1aboro OCHOBaHMUS.
10—14
[H] = ———.
[OH"]

2) 0<t<100%
B pactBope cnaboe ocHOBaHWE U COJIb TOTO OCHOBAHMS M CUJILHOM KHCIIOTHI, T.€. OCHOBHOM
OydepHsIii pacTBOp:

100 -7
—

[OH ] =K, - (77)

3) 1=100%
) +
B pactBope conb cinaboro ocHOBaHUS W CHIBHOHN KucnoThl. (CompshkeHHass kuciora NHy
HAXOAUTCS B MPOTOJIUTUIECKOM PABHOBECHH C BOJIOK):

(78)
(79)
be3 yuera pazbaBnenus:
Ceomn = C(, .
4) 7>100%
B pacTBOpe M30BITOK CHIIBHOW KHCIIOTHI (TUTPaHTA):
r—-100 V,
H" ]=C,- —0 80
HHET=% 00 Vy+V, (80)

be3 yuera pa3baBneHus:
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7-100

H ]=C,-
[H ]=C, 100

CryneHTaM peKOMEHIyeTCsl CAaMOCTOSTENIbHO BHIBECTH PacdeTHbIC (DOPMYJIIbI, PACCUUTATD

M TMOCTPOUTh KpuBYyr TUTpoBaHua 10mn 0,1M BoaHoro pactBopa ammuaka 1M pactBOpom
XJIOPOBOJAOPOHOM KucTOoThI. (Pa30aBieHre He yUUTHIBATS).

2.10 Temaruyeckue BOMPOCHI IJIsI CAMOCTOSATEJNbHOH MOATOTOBKHU

CTYACHTOB K KOHTpOJ’IbHOﬁ paﬁoTe o TeMe «TI/ITpI/IMeTpI/I‘IeCKI/Ie METOAbI
aHaJIn3a»

—

-

11
12

13
14
15
16
17
18
19
20
21

22
23

24
25

CymHocTs TuTpuMeTprudeckoro ananmusa (TA).

TpeboBanust K peakiusaM, UCTIONb3yeMbIM B TA.

OcHoBHble TOHATHS TA: TUTpPOBaHWE, CTAHJAPTHBIA pacTBOp, THUTPAHT, TOYKA
SKBHUBAJIEHTHOCTH, KOHEYHAsI TOUKAa TUTPOBAHMSI, MHAUKATOP, SKBUBAJICHT, YUCJIO U (aKTOp
9KBHBAJICHTHOCTH.

CrnocoObl  MPUTOTOBJIEHHS  CTAaHJAPTHBIX  pacTBOpOB.  Pacuerhl, CBSI3aHHBIE C
NPUTOTOBJICHUEM CTaHIAPTHBIX PACTBOPOB.

[lepBuuHble cTaHAAPTHI (YCTAHOBOYHBIE BEILIECTBA) U TPEOOBAHUS, MPEIbSIBISIEMbIC K HUM.
Bropuunble ctannaptel, puKcaHaibl (CTaHAAPT-TUTPHI).

CrniocoObl OT/IETBHBIX HABECOK U MUNETHPOBAHUS.

CriocoObI BeIpaXeHUsI KOHIIEHTPALUHN CTaHAAPTHBIX PaCTBOPOB.

Knaccudukanus THTpUMETPUYECKHX METO/IOB 10 THUIY PEaKLUK TUTPOBAHUS U MO TEXHHUKE
TUTPOBAHUSI.

CymHOCTh NpSAMOro, 00paTHOTO TUTPOBAHUS U TUTPOBAHUS 3aMECTUTEIIS.

Pacuer pe3ynbTaToB NpSAMOro, OOpPAaTHOTO THUTPOBAHUS W TUTPOBAHUSA 3aMECTHUTEIIS.
[TpuHIIUTT SKBUBAJICHTHOCTH (3aKOH YKBUBAJIICHTOB).

CymHOCTh METOZ]a KUCIIOTHO-OCHOBHOT'O TUTPOBAHMS.

CrangapTHble pacTBOPBHl KHCIOT W OCHOBaHUH. VX mpUroToBIeHHE U CTaHAApTH3aALuS,
yCTaHOBOYHBIE BellecTBA. PacueTsl npu cTaHIapTU3aMN PaCTBOPOB.

BreiBon pacueTHbix Gopmyn U BbluMcieHue pH pacTBopa, colepikaliero CUIbHYIO WU
c1a0yro OJJHOOCHOBHYIO KHCIIOTY, OCHOBaHHE, Oy(pepHyro cMech.

Pacyer u moctpoeHrne KpUBOW TUTPOBAHHUS CHIBHOM KHUCIOTHI (OCHOBaHHS) CTaHIAPTHBIM
PacTBOPOM CHUJILHOTO OCHOBaHUS (KUCIIOTHI).

Pacuer u mocTtpoeHHe KpWUBOW TUTPOBAHUS CJIA0OW KHUCIOTHI (OCHOBAHHS) CTaHIAPTHBIM
PacTBOPOM CHUJILHOTO OCHOBaHUS (KUCIIOTHI).

Ckadok TUTpOBaHUS U (DAKTOPHI, BAUSIONIME HA €T0 BeIMYMHY. Pacuer ckauka TUTPOBaHUS
IIPY 33JaHHOM Oy CTUMOM IOIPEIIHOCTH TUTPOBAHHUS.

KucnotHo-ocHOBHBIE HHAUKATOPHI. MIOHHAs TEOpUS HHIUKATOPOB.

NHuTepBan nepexoia OKpacKH JBYXIBETHBIX WHANKATOPOB M MMOKa3aTeh TUHTPOBAHMUS.
[TpunLM BEIOOPA KHCIOTHO-OCHOBHOTO MHIMKATOPA.

CymHOCTs METOAa OCAIUTENBPHOIO TUTPOBAHMUSA HA MPUMEPE aApPreHTOMETPHUUECKOTO
TUTPOBAHUS.

OnpeneneHue XJIOPUA-UOHOB METOAOM ApreHTOMETPHUYECKOTO TUTPOBAHHS IO CHOCOOY
Mopa, @onbrapna u dasHca.

CymHOCTh METOZa KOMIIJIEKCOHOMETPUUYECKOTO TUTPOBAHMS.

Kommnekcon II (B4TVK) xommuiekcon Il (34TA) m wux cBoiictBa. DOpMBl HOHHOTO
cocrosinus J/{TA B 3aBucumoctu oT pH pactBopa.

[IpuroroBnenue u cranaaptTusanus pactsopa 3/[TA, ycTaHOBOUYHBIE BEIIECTBA.

Peakuun koMIuiekcooOpazoBaHHs HMOHOB METaIOB pasHoro 3apsna ¢ IJ/JTA Crpoenue
KOMIUIEKCOHATOB METAJLIOB.
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44

45

Otnuuutenshble ocoOeHHOocTH J/[TA, Kak TUTpaHTa (CTEXMOMETpPHUS B3aUMOJECHCTBUS,
YCTOWYMBOCTH 00Pa3yIOMIMXCS KOMIUIKCOHATOB METAJLIOB).

@DakTOpPBI, BIUSIOIINAE HA YyCTOMYUBOCTh KOMIUIEKCOHATOB METAJIJIOB.

MeTannoxpoMHble WHIUKATOPHl U MPHHIMI WX JEHCTBUS HA MPUMEPE SPHOXPOMOBOTO
yepHoro T.

TexHWKa KOMIIJIEKCOHOMETPUUYECKOTO THUTPOBAHUS: TNpAMOE OOpaTHOE, KOCBEHHOE
TUTPOBAHUE, TUTPOBAHHUE 3aMecTUTENs. [IpuMepsl U pacyeT pe3ysIbTaToB TaKMX CHOCOOOB
TUTPOBaHUs (OMpe/eleHre MOHOB IIMHKA, MAarHusi, aHUOHOB, OPTaHMYECKUX COCAUHEHUI,
YKECTKOCTH BOJIbI).

CyIHOCTh METO/1a OKMCIUTENbHO-BOCCTAHOBUTEIBHOTO TUTPOBAHMSL.
OKHCIUTENBbHO-BOCCTAHOBUTEIbHBIE  PEAKIMM U OKUCIHUTEIbHO-BOCCTAHOBUTEIBHBIN
notenuuan (OBII). YpaBuenue Hepucra.

CrangapTHBIN, HOpMaIbHBIN U YCIOBHBIN ((popmanbHbIi, peanbHblii) OBII.

®axropsl, Baustomue Ha BeanuuHy OBII (pH pactBopa, o6pa3oBaHre ManopacTBOPHUMBIX
COCIMHEHHH U JIp.).

Pacuet u mocTpoeHne KpUBBIX OKUCIUTEIHbHO-BOCCTAHOBUTEIHLHOTO TUTPOBAHUSI.

CkadoKk TUTPOBAaHHS B METOAE OKHCIUTEIbHO-BOCCTAHOBUTEIBHOTO THUTPOBAaHUS U
(dakTophl, BIUSIONIUE HA €70 BETUYHHY .

WNHaukaTtopel B METOJE OKUCIMTEIbHO-BOCCTAHOBUTEIBHOIO THUTPOBAHUS: OOpaTUMBIE,
HeoOpaTuMeble, crieruUIecKue.

[lepmanronaromerpusa.  CranpaptHbli  pactBop  KMnO,  €ro  HOpUTOTOBJIEHHUE,
CTaHJapTH3aIMsI U XpaHEeHHUE.

OnpeneneHue  BOCCTAHOBUTENEH  METOJOM  MPSMOIO  IEPMaHraHATOMETPUYECKOTO
TuTpoBaHus (Ha nmpumepe Fe(ll)).

OnpeneneHne OKUCIUTENEH METOIOM OOPATHOTO TIEPMAHTaHATOMETPHYECKOTO TUTPOBAHHUS
(na mpumepe MnQ,).

[IepmanranaTomerpuueckoe oIpeze/ieHue HOHOB METaJJIOB, 00pa3yroumx
MaJjiopacTBOPUMBIEC OKCAJIaThl, METOJIOM TUTpOBaHMs 3amectutens (Ha npumepe Ca(ll)).
HNonomerpusa. CrangapTHelil pacTBop Hojaa (/2), IpUroTOBIEHHUE, CTaHAAPTU3ALMS.
HNonomerpuueckoe onpeerecHue BoccTaHoBuTener (Ha npumepe As(1l)).

HNonomerpus. CtanmapTHblii pacTBop THOCYb(aTa HaTpus (NaxS>03), ero NpuroToBieHHUE,
CTaHJapTU3aLMs U XpaHEHHUE.

Wnomerpudeckoe ompeneneHUe OKHCIUTENeH crnocoOOM TUTPOBaHMS 3aMecTUTeNs (Ha
npumepe As(V), Cu(ll); cunbHbIX KUCIOT;, HOHOB MeTamuioB (Ba(ll), Pb(ll)), obpa3yronumx
MaJIOpaCTBOPHMBIE XPOMATHI).

Huxpomaromerpusi. Onpenenenue Fe(1l).
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3 3AJAHUA 111 KOHTPOJIBHBIX PABOT

3.1 BapuaHTbl KOHTPOJAbLHOI padoTbl Nel Mo aHAJIUTHYECKOH XUMMU

JJIA 6aKaHaBpOB 3a04YHOI'0 OTACJICHUA

Koumpononuyrw padomy Nel BbINIOTHSAIOT CTYIEHTBl BCEX TPy,

O6y‘-IaIOI_HI/ICC$I 1o CJICAYIOUIMM HAIlPABJICHUAM IMOATOTOBKU:

«Xumuueckan mexuonozusn» (18.03.01);
«buomexnonozua» (19.03.01).

BriOop BapmaHTta KOHTpPOJBHOW paOOThI HMPOBOAUTCA MO NepBOil OykBe (amummuu u

nocieaHel mudpe HoMepa 3aueTHOM KHIDKKH. Eciu nocnensss nudpa 4eTHasi, HaJo BBITOJIHAT
YEeTHBII BapuaHT, €CIM HeYeTHas — HedeTHbId Bapuant. Ecnu mocnenuss mudpa 0, To
BBITIOJIHAETCS] YETHBINA BApUAHT.

TI/ITYJ'IBHHﬁ JIUCT HCO6XO,I[I/IMO O(bOpMI/ITB B COOTBCTCTBHH C 06pa3u0M, npeaCTaBJICHHBIM

B paznene «lIpunoxenue».

Bapuanr A-1

1

Ornpenenenne MarHus B NpUCYTCTBUU Kanblud. [louemy nepen ocaxxaeHueM Mar’us mnocie
OTJENCHHUs] KaJbIMs HEOO0XOAMMO YIANIUTh coid aMMoHus? BeiBenute dopmyny s
BBIUMCJICHHS] MACCOBOM J10JIM KapOoHaTa MarHusl B MHHEpaJie Mo pe3ysbTataM aHaJInu3a.

2 Beoluucnaure MomsipHyo KoHueHTpanuio (NHy),C>O4, OTBeHaOLIyl0 Hayaly 00pa3oBaHHUs
ocagka CaC,04 n3 3- 10*M pacTBOpa XJI0pHaa KaablHs.

3 TlpuroroBiieHHe W CTaHAAPTHU3AIUS PACTBOpPA TUAPOKCUIA HATpHsl. BeiBeaure dhopmyny nms
pacuera MOJIIpHOW KOHUEHTpaumu NaOH wu Ttutpa NaOH 10 CcepHOM KHUCIOTE
(T'(NaOH / H,S0,)).

. 1

4 Kakoii 06bem Boasl ciaenyeT no6asuts k 200,0m1 0,1000n. ( f, :g) pacTBopa IuxpomMara
xkamus (K,Cr,0,) nnsa momydeHus pactBopa ¢ tuTpoM no xenesy (7(K,Cr0,/Fe)),
pasubM 0,005000r/mn1?

Bapuant A-2

1 Kaxk BOusIoT TeMrepaTtypa U Mpupoa pacCTBOPUTEIIS HA PACTBOPUMOCTh OCaKa?

2 MaccoBas n1omas cepsol B yrie coctasiseT 0,6%. Paccunraiite macCy HaBeCKH yrIiisg, KOTOPYIO
HaJ0 B34Th 151 nosyuenus 0,15 r ocanka BaSO,?

3 Kak mpoBoauTcs ornpeneaeHre aHUOHOB METOJOM KOCBEHHOT'O KOMIUIEKCOHOMETPUYECKOTO
TUTpoBaHus? PaccMoTpuTe Ha mpuMepe onpeaeneHus Cyab(paT-HOHOB.

4 Beruuciaure MaccoByro 10710 kapOoHaTa kanbuus (CaCO, ) u kapbonara marnus (MgCO,) B

W3BECTHSKE, eciu mocie pactBopenus 1,000r mpoOsl 1 COOTBETCTBYIOINIECH 00pabOTKH 00BEM
pactBopa nosenu Boxod o 100,0mn. Ha tutpoBanme 20,00mn 3toro pacrtBopa uist

OIIPEIEIIEHUS CYMMAapHOIO COACPKAHUSA Ca** n Mg2+ m3pacxonosanu 19,25ma 0,05140M
pactBopa I/[TA, a na tutpoanue 20,00mi pacTBopa JJj1sl ONPEaETICHUS COAEPKaHUS TOJIBKO
Ca™ wm3pacxomoBamn 6,35mn pacteopa ITA.
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Bapuant b-1

1

2

OObsicHUTE BIUSHUE KUCIOTHOCTH pactBopa (pH) Ha pacTBOpUMOCTH  OCaJIKOB,
00pa30BaHHBIX aHUOHAMU CJIA0BIX U CUIIBHBIX KUCJIOT.

[Tpemapat ¢ maccoBoit goneit A(SOy)s I8H>0 80% comepX UT Tak:ke UHEPTHBIE MPUMECH.
Kakyro HaBecky mpemaparta Hajo0 B3ATh JUIS aHAIM3a, 4TOOBI MoNydnTh He Oosiee 0,11 T
npokaneHHoro ocaaka 47,0;3?

JuxpomMaTomMeTpruecKoe onpeeieHue xene3a. Hanumure ypaBHEHUs peaKkIuii U BBIBEIUTE
dbopMyIy IS pacyeTa MacChl JKeesa 1Mo pe3yabTaTaM TUTPOBaHUS.

[Ipu anammse mpoObI MPOM3BOACTBEHHBIX CTOYHBIX BOA oObeMoM 100,0mi cynbdar-moHBI
(SO,*") ocamumu pacTBOpoM xjopuaa Gapus. Ocajnok cyibdara 6apus OTGUILTPOBAIH,

npombLIu U pactBopuid B 30,00mi 0,02503M pactBopa 3 TA. Ocrarok 34TA oTTUTpOBaIU
15,60mn1 0,02497M pactBOopa xjopuaa Maraus. OmnpenenuTe MacCOBYIO KOHIEHTPALHIO

SO,” B cTouHOH BOJIE.

Bapuant b-2

1

2

Bripaszute rpaBumeTrpudeckue (GaxkTopbl MpH onpeneneHuu P;0s, eciu rpaBUMETpUUYECKON
dbopmoii ciyxkunu cienytomue coequHeHus: Caz;(POy); MgoP,07; (NHy)3PO4-12MoO3.
Cwmemanu 100 M 0,05M pactBopa xsnopuga 6apust u 150 ma 0,04M pactBopa cepHOi
KHUCIOTHI. BeIman ocagok. Beraucaure Maccy Oapuisi B pacTBOpE Ha/l OCAIKOM.

B uem cymHOCTh METO]a TUIIETUPOBAHMS M METO/a OTAEIbHBIX HaBecok? Ilpenmymiectsa u
HEJOCTaTKU Ka)X/10Tr0 U3 HUX.

Kakoit o6wem 11,7% pactBopa ykcycHoit (CH,COOH ) xucnotsl TtpebyeTca s

npurotosieHus 121 1% pactopa?

Bapuant B-1

1

2

KakoBa ponb pa3OaBieHus, NepeMEIIMBAHUs, PETYJIUPOBAHUSA TEMIEpPaTyphbl, CKOPOCTH
N00aBIICHUS OCAIUTENIS TIPHU TTOYYEHUH KPUCTAIUIMIECKUX B aMOP(HBIX OCaIKOB?

Byner nu nHabmiogaThcsi MOMYTHEHHE pPAacTBOpa TOCIE CMEIIMBAHHUS PAaBHBIX OOBEMOB
pacTBOpOB CyJiib(ara KaIbIUsS ¢ MacCOBOM KoHIeHTparmed 0,2 r/1 u okcajiaTa aMMOHHUS C
MaccoBol kKoHleHTparmei 0,26 r/n?

Paccunraiite ckadok tutpoBanus 10mn 0,1M pactBopa NaOH 0,1M pactBopom HCI nipu
nomyctumoit norpemHoctd = 0,1%. Beibepute nHAMKATOP A JAHHOTO TUTPOBAHMSL.
Paccunraiite maccy HaBeckn comn  K,Cr,O,, He0oOXOIUMYIO JUId HPUTOTOBIECHHA 21

pacTBopa auxpomara Kamus c¢ TuTpom 1o kenesy (I(K,Cr,0,/Fe)), paBHbIM
0,002792r/mi?

Bapuaunr B-2

1

Bripazute u paccuuTaiiTe rpaBUMETpUICCKIE (PAKTOPBI IPH ONPEICIICHUN
a) AgsBune Ag,CrOy;
6) AlB BUIC A1203;
B) KO B Bune K»/PtCl4];
r) FeO B Bune Fe,0;.
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2 Ilpm ananuze 0,1726 r nmpenapara noayueno 0,5341 r (NH);PO, 12MoQOj;. KakoBa maccoBast

noins P,Os B npenapare?
Onpenenenne xmopuna-uonoB (CI7) meromom DasHca. [loscHUTe NpUHIMN ACHCTBUS

aJICOpPOLIMOHHBIX HMHIMKATOpOB. BeiBemutre ¢dopmyny mans pacuera Mmaccsl CI- 1o
pe3yJibTaTaM TUTPOBAHMUSL.
W3 naBecku 1,200r obpasua, cogepaxarero xpomar kanus ( K,CrO, ), IpUroTOBUIN PacTBOP

B MepHO#l kosnbe BMectuMocThio 100,0m. K 25,00mn momyueHHOTo pactBopa J0O0aBHIN
U30BITOK pacTBOpa HuUTpara cBuHUA (PH(NO, ), ). IlodydeHHbll ocanok Xpomara CBHHLIA

(PHCrO,) ordunpTpoBaiu, MIPOMBLIU, IEPEBEIU B pacTBOp 1 0oOpadoTanu 10,00ma 0,1000M

pactBopa I/[TA. Ocratox 3/{TA orturpoBanu 8,00mn 0,05109M pacTtBopa cynabdara 1uHKa
(ZnS0, ). Paccuuraiite MaccoByIo J10J110 XpoMat-uoHos ( CrO,”” ) B 06pasiie.

Bapuant I'-1

1

Kakue ¢pakTopsl BIUSIOT HA pACTBOPUMOCTh 0Ca/IKa (Ka4eCTBEHHBIH acneKT)?

Kakyio HaBecky pynabl ¢ MaccoBoi aoieit keneza 60% Hy»XHO B3STh JJISI aHAIU3a, YTOOBI
nonyuuts 1,16 r Fe,03?

TutpoBanue nonos xenes3a (III) crannapTHBIM pacTBOPOM BOCCTAHOBUTENS 3aKOHUYWIN MIPU
noreuuane 0,59B. MHcnonb3ys ypaBHenue HepHcTa, BBIYMCINTE COOTHOLICHHE

[Fe™]

KoHIeHTparuii noHos xene3a (III) u xemnesza (I1) ( [Fe ] ) B KOHIIE TUTPOBAHUSI.
e

K 10,00mn pactBopa xiopuaa Hukens (NiCl,) noGaBwin JUCTWUIMPOBAHHYIO BOIY,

ammuayHblii Oydepnsiii pacteop u 20,00ma 0,01080M pactBopa I4TA. Ocratox I4TA
orturpoBamu  5,47mn  0,01292M  pactBopa xnopupa wmarnus (MgCl,). Paccuuraiite

MOJIApHY10 KoHIeHTpanuo NiCl, .

Bapuant I'-2

1

HO‘IGMY OCaAXIACHUC KaJlbllMsgd B BHAC OKCajJlaTa KaJbIHUA BBI'OAHEC BCCTH H3 KHCIIOI'O
pacTBOpa, HIOCTCIICHHO HeﬁTpaJ'IPBy;I KHCIIOTY aMMHaKoOM?

2 KakoBa GyzeT morepst Macchl ocanka PhSO, npu nmpomsiBaruu ero 250 mi 3-10°M pacreopa
(NH,),50,?

3 Cwmemanu 10mn 0,30M pactBopa HCI u 20mn 0,20M pactBopa NaOH .Kakyio oxpacky
OyJZeT UMETh UHIMKATOP METUJIOBBI OPAH)KEBBIN B TIOJTYYEHHOM pacTBOpe?

4 Kakoit 00beM 10% pactBopa coasl (Na,CO,) IIOTHOCTBIO 1,105r/cM® Hamo B3ATH I
npurotoBieHus 1i pactBopa ¢ Tutpom Na,CO, , paBabiM 0,0050r/mn?

Bapuant JI-1

1

[epeuncnure TpeOOBaHMSI, TPEIBIBISEMbIE K OCAXKIACMON opMe ocajka.

KaKOBa IOOJI’)KHA 6I)ITI) MOJ'I?IpHaﬂ KOHHeHTpaIII/ISI OoKcaJlatTa aMMOHHA B HpOMBIBHOfI
JKUJAKOCTH, YTOOBI B 250 MII ee IpH MPOMBIBAHUHU OCAJKa OKCalaTa KaJbIUs PacTBOPHIOCH
ue 6oxaee 0,2% ocanka?
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3 Ha twurpoBanune 0,IM pactBopa ykcycHoir kucnorel (CH,COOH ) wun3pacxonoBaiu

skBUBajeHTHOEe KoiudyecTBO 0,1M pactBopa NaOH B TPUCYTCTBUH HHAMKATOPA
denondranenna. Kakyo okpacky UMen Mpu 3TOM pacTBop?

4 Kakoii 00beM pacTBOpa ¢ MaccoBoi posiell ammuaka ( NH,) 12% u miIoTHOCTBIO 0,95r/cm’

Tpedyercs s mpurotosienus 8,01 2,0M pactBopa?

Bapuanr /I-2

1

B yem cymHOCTh OcakeHHs W3 TOMOTeHHOTO pactBopa? [IpuBeaure mpuMepbl OCaKICHUS
U3 TOMOT'€HHOT'O PacTBOpa:

a) peryaupoBanueM pH cpenpr;

0) myTeMm CHHTE3a OCaTUTENs B pacTBOPE.

ITpu anammze 0,6528 r cmnaBa momyueHo 0,1215 r AgCl. Beluncaute MaccoBylO AOJIIO
cepebpa B cIUIaBe.

Kakoe nmpakTuueckoe 3HaYeHHE UMEET BEIMYMHA CKAYKa TUTPOBAHUsA? BeIUUCITUTE BETHUNHY
CKauka TUTpoBaHUs pacTBopa cyibdara xene3a (II) (FeSO,) crangapTHBIM pPacTBOPOM

cynbara nepus (IV) (Ce(SO, ),) mna nomyctumoil norpemHoctu tutposanus + 0,1%.
E° =0,77B; E’_ = 1,44B.

Fe** /Fe** et /Cet
Paccuuraiite MaccoByio JOJIO IIMHKa B pyJe, €CId Ha TUTPOBAaHUE pPaCTBODPA,
MPUTOTOBJIEHHOTO W3 HaBecku pyabl Maccoi 0,9003r, uzpacxomoBano 19,51mn 0,1015M
pactBopa 3/[TA.

Bapuaunr E(E)-1

1

[epeuncnure TpeOOBaHUS, IPEIBSBIIIEMbIC K TPABUMETPHUYECKON (opMe ocaka.

ITpu anammsze 0,2215 r raunbl BaaxxHOCTHIO 2,45% nonydeno 0,1096 r nnokcunga KpeMHHUS.
Brruncnnre MaccoByro JOJIFO KPEMHUS B CyXOH TJIMHE.

KakoB mnpuHLUI [EHCTBUS METAJUIOXPOMHBIX HWHAMKATOPOB B KOMIUIEKCOHOMETPHH?
PaccmoTtpuTe Ha npumepe HHAMKATOPa 3pUOXPOMOBOTro YyepHoro T.

K anammsupyemomy pactBopy cynbbura Harpus (Na,SO,) npubasunu 24,74mn 0,1158M

pactBopa mona (/,). Ha tutpoBanue ocratka [/, 3arparmmu 19,34mn 0,1146M pactBopa

tHocynbdaTa Hatpusd ( Na,S,0, ). PaccunTaiite Maccy Na,SO, B aHaIM3UPyEMOM PacTBOpE.

Bapuanr E(E)-2

1

[louemy mpu ompeneneHWH KajblHs B MPHCYTCTBUM MarHusi HEOOXOIUMO MpHOEraTh K
nepeocaxnenuto CaC,0,? [loueMy mpu BTOPUYHOM OCAXKIEHUHU OCAJOK MoNydaeTcs Oosee
YUCTBIM, YEM IIPU [IEPBOM OCAKICHUU?

Cmemamn 220 ma 1,0-10°M xyopuga Kanpnugd U 130 mi 2,0:10°M pacTBOpa OKcajaTa
aMMOHMUsI. BbruncnuTe Maccy Kanbliys B pacTBOpE.

[TpurotoBneHne u craHAapTU3ALMS PacTBOPa XJI0poBogopoaHoi kucnotel (HCI). BriBenute
dbopmyny nnsi pacdera MOJSPHOW KOHIIGHTpaluu U TUTpa pactBopa HCI mo pesynapTaTam
TUTPOBAHUS.

Paccuuraiite maccy xiopuga Kanus, couaepxkamierocss B 250mi ero pactBopa, €ciu Ha
tutpoBanue 25,00mi storo pactBopa uzpacxomoBanu 34,00ma 0,1050M pactBopa HUTpata
cepedpa (AgNO;3)?
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Bapuant XK-1

Onpenenenue Hukens. OO0OCHyiTe BBIOOP YCIOBUH OCaXAEHUS U BbIBeAUTE (hopMyny Ais
BBIUMCJIEHHS] MACCOBOM JIOJIM HUKENS B CTAJIM 110 pe3yJIbTaTaM aHaIu3a.

Bo ckonbko pa3 pacTBopuMOCTh XpomaTa 6apust B Bojae Ooibiue, yeM B 0,010M pactBope
KgCl"04?

[TosicHuTe, MoYeMy KHUCIOTHO-OCHOBHBIE MHIUKATOPHI M3MEHSIOT OKPACKY NPH U3MEHEHUHU
pH pactBopa. OCHOBHbBIE XapaKTEPUCTUKHU KHCIOTHO-OCHOBHBIX HHAMKATOPOB (MHTEpPBAJ
Hepexo/ia OKPacKy; MOKa3aTeslb TATPOBAHUS ).

Paccunraiite maccy xuopuaa 6apus ( BaCl, ), cogepxamierocsa B 250Mi1 ero pactsopa, eciu

nociie nobasierus kK 25,00mi aToro pactsopa 40,00m 0,1020M pactBopa HETpaTa cepedpa
ocratok AgNO, orrurpoBanu 15,00mn 0,09800M pactBOpa THOLMAaHATa aMMOHUS

(NH,SCN).

Bapuanr 7K-2

3arpsi3HEHHE OCAJKOB MYTEM TMOCIIEAYIOMEro ocaxaeHus (mociaeocaxaenus). Kak nzodexars
TaKOT'0 3arps3HeHHsI ocaaka?

[Ipu ananuze 0,5628 r munepana noxyyeno 0,1097 r Mg,P,0;. Beraucnure MacCOBYIO J0JTI0
MgO B MuHepaie.

[TosicauTe, kak BiHsIeT OOpa30BaHUE MAJIOPACTBOPUMOIO COCIUHEHHUS OJHOTO W3
KOMIIOHEHTOB OKHCIIUTEIbHO-BOCCTAHOBUTEIBHON CHUCTEMBbl Ha BEIMYMHY OKHCIUTEIBHO-

BOCCTaHOBMTEIHHOIO IOTeHIHMana. Paccmorpute nHa mpumepe cuctembl Cu’*/Cu’, ecnn
[Cu® ] =0,02momb/m; [1™ ] =0,5momb/m. E°, =0,15B.

u* /Cut
PaccunTaiiTe MONApPHYIO KOHIEHTparuio ImHKa (Zn°") B pacTBope, €Ciid Ha THTPOBAHHE
20,15mn atoro pactBopa uzpacxonoBanu 9,35mi 0,05000M pacteopa 3/TA.

Bapuanr 3-1

UYem coocakaieHUE OTINYAETCS OT COBMECTHOIO U MOCIEAYIOLIETO OCAXKACHUA?

[Touemy CaCOj; siBnsiercs 6osiee yaoOHOM rpaBuMeTpudeckor popmoii ocanka, uem CaO?
[Ipu anamuze 0,5335 1 cunmkara BiaaxHoOcThO 1,23% mnomyueno 0,0963 r Mg,P,0;.
Brruucnure maccoByro 100 MgO B CyXOM CHIIMKATE.

Omnpenenenne xiopua-uoHos (C/7) meronom Mopa. Hanumumre ypaBHEHHs peakuuid H
BbIBeAUTE (hOPMYITY AJIs pacueTa MOJSPHON KOHIIEHTPALIMU XJIOPU-HOHOB.

Paccuuraiite MOJSIpHYIO KOHLIEHTpAIUIO, TUTP U TUTP I/[TA 10 OKCUIY KalbllUs, €CIId Ha
tutpoBanue 0,1035r kapOonara kanbius uzpacxonoanu 20,15mn pactBopa 3/TA.

Bapuaunt 3-2

1

2

Bripasure rpaBuMeTpuueckue (aKTOphl INPH ONPEACICHUM KalbIHs, €CIM B KayecTBE
rpaBUMETPHUECKON (HOPMBI UCTIONB30BAHBI CIIECIYIONINE COCTUHCHUS:

a) CaO;

6) CaCO:s.

Bpruncnure maccy MOHOB cepeOpa, OCTaBIIErocs B PacTBOpe, ecind K 53 Mi1 pacTBopa,
conepxamiero 85 mr AgNO;, npubasumum 47 mu 0,010M pacTBopa kapOoHaTa HaTPHSL.
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3

10mn ananusupyemoro 0,20M pactBopa HCI tutpytor cranzaptasiM 0,20M pactBOpoM
NaOH. BpruuciuTte CKadyoK TUTPOBAHHUS MpHU HeJocTaTke M u30bITke 1menouu B 0,1% ot
HKBUBAJICHTHOTO KOJIMYECTBA.

4 Paccuuraiite Maccy HaBecku conu K,Cr,O, , Heobxoaumyto s npurorosienus 21 0,1500H.

(Sfoe = é) pacTBopa IUXpoMara Kajiwusl.

Bapuant M(H)-1

1

[Touemy ocamox MgNH,PO, npoMBbIBalOT HE YWUCTON BOJOM, a pa30aBIICHHBIM BOJHBIM
pactBopoM ammuaka? Ilouemy ocaxnenue Mg2+ B Bune MgNH,PO, BeayT B IPUCYTCTBUU
NH,CI?

Brrancnure Maccy morepu ocajka cyib(ara CBUHLA IPU €T0 TPOMBIBAHUH:

a) 200 M BoaBI

6) 200 mu 0,001M pactBopa H>50,

TpeGoBaHMs K peakuysM, MCIOIb3yEMbIM B TUTpUMETpU4eckoM aHanuse. Knaccupukanus
TUTPUMETPUUECKUX METOJOB aHAJIN3a 10 TUILY UCIIOJIb3YEMOU peaKkLuy.

Kakoit o0weM Boael HeoOxomumo pobaButh K 1,00 0,24M  pactBopa HCI, 4T0OBI
npurotoButh 0,20M pactBop. UeMy paBeH TUTP UCXOAHOIO pacTBOpa?

Bapuant M(M)-2

KakoBbI mpruuHbI 1cOpOIIMK HOHOB Ha MOBEPXHOCTHU ocajka? Kakue HOHBI acopOupyroTcs
0caZIkoM B niepBy1o odepeib? CrnocoObl yCTpaHEHUs! MELIAIOIET0 BINUSHUS aICOPOLIUH.

2 U3 25,00 mu pactBOpa cynbdara Menu moiydeH ocaiok tuouuanara menu CuSCN maccoi
0,2144 r. Beiuncnnre MacCOBYIO KOHIICHTPAIUIO MEAU B PACTBOpE.

3 IlpuroroBieHue M cTaHIapTU3alMs pacTBopa nepmanraHata kamus (KMnO,). Hanumunre
ypaBHEHUs peaKIyii U BeIBeAUTE (HOPMYJITy I pacdeTa HOpMalbHON KoHIeHTparuu KMnQO,

1
([ = g) 110 pe3yJIbTaTaM TUTPOBaHHU.

4 Ha tutrpoBaHMe pacTBOpa MarHus, IpUrOTOBJIEHHOTO pacTBOpeHneM HaBecku MgSO, maccoi
0,1250r, uzpacxomoBanu 21,10mn pactBopa 3/[TA. PaccuntaiiTe MOJISIPHYIO KOHLIEHTPALUIO
pactBopa 3/[TA u ero TUTp.

Bapuanr K-1

1 Kaxkwue ycrmoBus HEOOXOAMMO CO3/1aBaTh MIPH MOJYICHHH aMOP(HBIX 0CaIKOB?

2 PaccuuTaiiTe MaccoBylO JOJIIO Xeje3a B pyne, €clid U3 HaBecku pyasl maccoi 0,7020 r
nosyuyeHo 0,4344 r Fe,0;.

3 B kakux cayyasx MOPUMEHSIOT CINOCOO0 TUTPOBAHUS 3aMECTUTEN (BBITECHUTEIBHOE
TUTPOBAHUE) B KOMIJIEKCOHOMETPHUHM U KaK OH ocyiiecTsisiercs? [lpuBenurte npumepsl.

4 K nasecke nuxpomata kamus ( K,Cr,0, ) maccoit 0,1100r ro6aBuny u30bITOK HOAUIA KaJIUsS

U XJIOPOBOJOPOAHYIO KUCIOTY. Beiaenusmmiics non (/,) orrutposanu 20,00mi pactBopa
tHocynbdaTa HaTpus ( Na,S,0, ). Beruucinure MOIApHYI0 KOHIEHTpaLUo pactsopa Na,S,0,
u titp Na,S,0, no wony (T( Na,S,0,/1,)).
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Bapuant K-2

1 Yro Takoe rpaBUMETpHUECKU (AKTOp M Kak €ro BeIMYMHA BJIMAET Ha IOrPEIIHOCTb
onpenenenus? IlokaxuTte pacyeToM, B KaKOM cilydae noreps 1 Mr ocagka ckaxercs Ha
pesyJibTaTax aHajlu3a CUibHee: Ipu omnpeneneHuu ¢ocdopa B Bune Mg.P,O; uiu B BUjaE
(NH4)3P04]2M0039

2 MHonbl Oapus ocaauiM CTEXUOMETPUUYECKHM KOJIMYECTBOM CyJb(aT-HOHOB M3 pacTBOpa
o0umm odsemoM 200mit. Paccuuraiite Maccy Oapusi, ocTaBuIierocst B pactsope. MoxkHO 1
CUMTATh OCAYKICHUE MOJIHBIM?

3 Jlalite ompeneneHusl MOHSTUN SKBUBAJIEHTA, (paKTOpa M uMciIa 3KBUBaJeHTHOCTH. KakoBa
¢dopMysa SKBUBAJICHTA LIABEJCBOW KHMCIOThHI NPU TUTPOBAHMM €€ PACTBOPOM THAPOKCHIA
HaTpus 110 cpenHeit comu ( Na,C,0,).

4 Kakylo HaBeCcKy peakTHBa I'MIpOKcHIa HaTpusi ¢ MaccoBoil noneit NaOH 93% neob6xoaumo
no6asuts k 101 0,1945M pactBopa NaOH, uro0sl nonyuuts 0,2000M pactBop?

Bapuant JI-1

1 TIlpeanoxure u 0OOCHYWTE COCTaB MPOMBIBHOM KUAKOCTU MJsi TPOMBIBAHUS OCAIKOB
Fe(OH)s; Al(CoHsNO)3; AgCl.

2 Bemaget au ocagok Caz(POy), npu cMmemmBanuu paBHbIXx 00bemMoB 0,1M pactBopa CaCl; u
0,05M pactBopa Na;PO,?

3 IlpurortoBnenue u crangaptusanus pactBopa 3/[TA. Kakue cranmaptHbie (YCTaHOBOYHBIE)
BEIIeCTBA JUIS 3TOTO MpuUMeHst0T? Hamummre ypaBHEHUs Peakiuii U BhIBEAUTE (BOpMymy
JUTSL pacdeTa MOJISIPHOM KOHIIEHTpaIuu pactBopa I/ TA no pe3ynbrataM TUTPOBAHHSL.

4 PaccuuraiiTe Maccy HaBECKM pEaKTHBA I'MJIPOKCHA HATpus ¢ MaccoBoil nonert NaOH 92%,
HEOOXO0UMYIO JIJIsl MPUTOTOBIIEHUs 111 pacTBOpa ¢ TUTpoM, paBHbIM 0,0050001/mi1.

Bapuant JI-2

1 Yro Takoe TepMOAMHAMHUYECKas M KOHLIEHTPALMOHHAs KOHCTAHThl pacTBOPUMOCTHU
(mpomsBeneHne pacTBOpuMOCTH) ocanka? Ot kakux (akTopoB OHM 3aBUCAT? B Kakumx
cilydasix 10 BEJIMYMHAM KOHCTAHThl PACTBOPUMOCTH MOXKHO CpaBHHMBATh PACTBOPUMOCTh
MajopacTBOPUMBbIX coeauHeHui? OnuHakoBa JU pactBOpuMocTh MnF>; nu BaCQO; , ecnu
U3BECTHO, YTO MX KOHCTAHThI PACTBOPUMOCTH OJIU3KU MEXKITY COOON?

2 Bolunciaure MaccoBYIO OO KPEMHHSI B YyTyHE, €CIM M3 HAaBECKH YYTYHHBIX CTpPYKEK
Mmaccoii 1,4255 r nonyuyena rpaBumetpudeckas popma SiO, maccoii 0,1020 r?

3 Homomerpuueckoe ompexenenne cpuHma (Ph°T) MeTomoM O0GpaTHOro THUTPOBAHHSL
Hanummre ypaBHeHUs peakuuil ¥ BbIBeAuTE (HOpMyTy JUIsl pacueTa MacChl CBMHLA IO
pe3ynbTaraM TUTPOBAHUS.

4 Beruucioure tuTp HuUTpara cepedpa (I'(AgNO,)), ecim x 10,00mn 0,1100M pactBopa

xjopuja Harpus fobasunu 15,00mn pactBopa AgNO,, a 0CTaTOK MOCIEAHEr0 OTTUTPOBAIIU
5,20m1 0,09000M pactBopa ponanuga ammonus ( NH,SCN ).

Bapuanr M-1

1 Kaxkumu npuauHamMu 0OYCIIOBICHO 3arps3HCHHE KPUCTALIMYCCKHX M aMOP(HBIX OCaTKOB?
Kak yctpanuts 31 3arpsi3HeHus?
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2 PaccuuTaiiTe Maccy aqlOMHHHS B aHAIM3UPYEMOM PaCTBOPE, €CIIM Macca TPaBUMETPUUECKON

dopmet A/(CoHsNO); paBua 0,1920 r?

3 OOparumble OKHCIIUTEIbHO-BOCCTAHOBUTENIbHbIE HMHAMKATOpbl. Paccuuraiite uHTEpBal
nepexoja  OKpacku  (eHwntanTpanunosoit  kucnotel.  (E°,  =1,08B,  mepexon
OCYILECTBIISICTCS MIPH YYACTHU OJTHOTO AJIEKTPOHA).

4 Ilpu ompenenenun xene3a B mpode cTouyHOM Boabl oObeMoM 200,0Ma €ro OKHUCIWIN 0
TPEXBAJCHTHOTO COCTOSIHUS, OCAIWIM aMMHAKOM, OTACIWIA OCAaJ0K THAPOKCHUAA
xkenesa (III) ot pacTBopa 1 mociie pacTBOPEHHs B XJIOPOBOAOPOJIHON KHCIOTE OTTUTPOBAIH
5,14m 0,005505M pactBopa I TA. Berunciaute MOJSPHYIO KOHLIEHTPALUIO JKeJe3a B BOJIE.

Bapuantr M-2

1  Cddopmynupyiite ycioBusi 00Opa3oBaHHs M pacTBOpeHUs ocaaka. Beimaaer nmu ocagok AgCl
pHU cMelIeHuH paBHBIX 00beMoB 0,2M pactBopa NaCl u 0,1M pactBopa AgNO;?

2 Bpluncnure MaccoBYIO JIOJIFO IOTEPU INPpU NpOoMbIBaHUHU ocajika BaSO, maccoi 0,4200 r:

a) 250 M BoaBI
6) 250 mu 0,001M pactBopa Na,SO,,

3 Jlaiite ompezaelieHHEe TOHATHS CTaHAAPTHOTO pPAacTBOpPA. YKaXHUTE CIOCOOBI BBIPAKECHUS
KOHIICHTPAIIUU CTaHAPTHBIX PACTBOPOB.

4 Kakoii 06beM xI0poBogopoaHoil Kucnotsl (HCI) miotHOCTBIO 1,19r/cM’ 1 MaccoBoil moieit
38,82% cnenyer B3aTh 1 npurorosienus 1500ma 0,2M pactBopa?

Bapuanr H-1

1 BeBeaure ¢opMyny uis pacdera pacTBOpUMOCTU coeauHeHus M,A4, Paccuuraiite
pPacTBOPUMOCTb:

a) ¢ocdaTa HMHKA;
0) xpomara cepebpa.
2 K 50 ma 0,02M pactBopa CaCl; npubaBunu 50 ma 0,03M pactBopa K>SO,.Ckonbko
+
rpaMMOB Ca’" ocranercst ripu 3ToM B pactBope? [Ipuroausl mu ocaaku, nogoousie CaSOy , B
KayeCcTBE OCaxa1aeMoil pOpMbI B TPaBUMETPHUECKOM aHan3e?

3 Kakue peareHThl Ha3bIBAIOT KOMIUIEKCOHAMHU? YKaKUTE€ OCOOCHHOCTH CTEXHOMETpPUU
peakuuii komruiekcona (I1I) ¢ nvonamu MeTasioB pa3HbIX 3apsI0B.

4 PaccumraiitTe MacCy HaBECKM peakTHBa THoCcydb(ara Hatpus (Na,S,0,-5H,0),
HeoOxoauMyo i npurorosiaeHus 1500mn pactBopa ¢ tutpoMm no uony (7( Na,S,0,/1,))
0,015r/mi.

Bapuant H-2

1 UYro Takoe okkmo3us? Kak BIUsSET CKOPOCTh JOOABJICHUS OCATUTENs Ha KOJIHYECTBO
OKKJIIOJJUPOBAaHHBIX 0CaKOM Npumeceii? Kak MOKHO YMEHBIINTD OKKIIIO3UI0?

2 Kakoit oovem 0,25M pactBopa (NHy.C,O, motpeOyeTcss Uisl OCaXICHUS KaJIbIHs W3
pacTBopa, nosydeHHoro npu pacrsoperuu 0,7 r CaCOs?

3 Tlepmanranaromerpudeckoe omnpeaeneHne w#oHoB keneza (II). VYkaxkure ycmoBus
TUTPOBAHUS, NMPUBEANTE YpPAaBHEHUS pEaKUUi M BbIBeAWTE (OPMYIy JUISI pacueTa MacChl
Kelle3a Mo pe3ysibTaraM TUTPOBAHMUSL.

4 K pactBopy, coxepxamemy 0,7500r murugparta maseneBoit kucnorsl (H,C,0,-2H,0)

npubasunu 25,00mn pactBop ruapokcuaa kamus (KOH), ocTaTOK KOTOPOTO OTTUTPOBAIU
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4,02mn 0,1250M pactBopa xiopoBoaopoaHoi kuciotel (HCI). Paccuurtaiite MOJSIpHYIO
KoHIeHTpauu KOH.

Bapuanr O-1

Yro Takoe wuzomopdpusmM? CmemanHble Kpuctauibl? Kak mnpenoTBpaTuTh 00pazoBaHME
CMEIIaHHbBIX KPUCTAJIJIOB?

W3 pactBOpa, coleprKallero coiau Maprasua u xenesa, noxyunnu 0,2836 r MnS u 0,1823 r
Fe;0;. Beruncnure Maccy Maprasiia u >kejie3a B pacTBOpeE.

Bnusaue pH Ha BeIMUMHY OKHCIHUTEIBHO-BOCCTAHOBMUTEIBHOIO MOTEHIMada. Berauciure
OKHUCIIUTENIbHO-BOCCTAHOBUTENbHBIM MoTeHIMan cuctemsl H,A4sO,/ HAsO, npu pH=0 u

— v v 0 —
pH=6. CranapTHBI MOTEHIHKAN 9TON CUCTEMBL £~y 10 = 0,56B.

Berancnanure mMaccoByro 1o okcunaa amomuHus (A/,0,) B cuukaTe, €CIM HaBECKY €ro

Mmaccort 1,020r nepesenu B pactBop, modasmiu 25,00mt 0,2150M pactBopa 3/[TA. OcraTok
OATA orrurposanu 9,70m1 0,1025M pactBopa cynbdara uunka ( ZnSO, ).

Bapuantr O-2

CpaBHUTE BIUSHUE DIIEKTPOCTATUYECKUX B3aHMMOJCHCTBHI MOHOB (MOHHOM CHIIBI PacTBOpa)
¥ KOHKYPHUPYIOIIMX XUMHYECKHX peaKkiuil (IPOTOHUPOBAHUS U KOMILIEKCOOOpa30BaHus) Ha
pPacTBOPUMOCTB OCAJIKOB (Ka4eCTBEHHBIH aCIeKT).

Ha mpowmeiBarme 0,30 T ocanka xapOonaTta Kambims 3arpatwin 300mi Boasl. Berawmcnmre
MaccoByto foito norepu ocaaka CaCO; mpy TPOMBIBAaHHH.

Uro Takoe CKa4OK THUTPOBAHMS B METOJE KHCIOTHO-OCHOBHOTO TuTpoBanusa? Kakwue
dakTopbl BIMAIOT Ha BeIMUMHYy ckauka? Paccuumrtaiite ckauok TutpoBanus 0,1M BomHOro
pactBopa ammuaka 0,1M pactBopoMm xyopoBomopoaHoil kuciotel (HCI). Jomyctumas
norpemtHocTs + 0,1%.

Kakoii o6vem 1,0H. ( f

9K86.

1
:g) pactBopa auxpomata kanus (K,Cr,0,) HykHO 100aBUTb K

1300mn pactBopa K,Cr,O, c turpom no xenesy 7(K,Cr,0,/Fe), paBapiM 0,0045r/mi,
4T00bI OTyuuTh pacteop ¢ I'(K,Cr,0, / Fe) = 0,0050r/mn?

Bapuant II-1

1

Kakue ¢punbTpbl NpUMEHSIOT B TPaBUMETPUH Il OTJCNICHUS OcCaXJaeMoil popMbl ocajka OT
MaToyHoro pactBopa? I[louemy mns QuubTpoBanus ocagka AgCl mnpeanodTUTeNbHEE
UCIIOJIb30BaTh HE OyMa)kHbIe (DMIIBTPBI, & CTEKIISHHbIE (PUIIBTPYIOIUE TUTIIN?

Boruncnure maccy norepu ocaaka MgNH PO, ipu npoMbiBaHUH €ro 250 MJT BOJBIL.
PaccunTaiite ckauok TUTpOBaHUS M BbIOEpUTE MHAMKaTOp Mpu TUTpoBaHuu 0,1M pactBopa
ykcycHoit kucaorel (CH,COOH') 0,IM pactBopoM ruapokcuga Hatpus (NaOH).

Honyctumast norpemsocts + 0,1%.
PaccunTaiiTe = Maccy  HaBecKM — @pemapaTa  STWICHAMAMHUHTETpaaleTara  HaTpUs
(Na,C,,H,,O,N,-2H,0), HeoOxomumyo ans npuroroBieHus 500ma 0,020M pactBopa

DITA.
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Bapuant II-2

1

Kak BimsieT Ha pacTBOPUMOCThH OCaJika MPUCYTCTBHE MOCTOPOHHUX SIEKTPOJUTOB (MOHHAS
cuwita pactBopa)? Uro Takoe coneBoil addekr? Paccuuraiite pacTBOPHMOCTH THAPOKCH]IA
maraus B 0,05M pacTBope XJopuaa Kajlusi U CPaBHUTE C pACTBOPUMOCTHIO B UUCTOM BOJIE.
Breraucnute maccoByto nomo MgSO,7H,0O B TeXHWYECKOM Tperapare cyibdaTa Marxus,
ecau u3 HaBecku ero Maccoi 0,4285 r nonyueno 0,1920 r Mg.P,0;.

Kax npoBogutcs onpenenenue xiaopua-uoHoB merogoMm Ponbrapaa? Hanumure ypaBHEHUS
peaxiuii ¥ BeIBeqUTe POpPMYITy ISl pacueTa MacCOBOM KOHIIEHTPAIMH XJIOPHI-HOHOB.

Jns onpenenenus okcuaa kanbius (CaO ) HaBecKy u3BecTHska Maccoit 0,2010r pactBopuiu

IK6.

1
B kuciote u obpabortamu 25,00mn 0,1045H. ( f, =5) pacTBopa IIABEIEBOW KHUCIOTHI

(H,C,0,). Ocrarok kotopoil orrutpoBamu 4,10mn 0,1250H. ( f, m:%) pacTtBopa

nepmanranara kanusi (KMnO, ). Paccuntaiite MaccoByto gonto CaO B U3BECTHSKE.

Bapuanr P-1

1

B xakom cirydae ocakieHue cuMTaeTcs nmpakTudecku nmonHsM? [lokaxkurte pacyerom, Oyaer
JU TOJNIHBIM ocaxneHnue BaSO,; u3 pactBopa obmmM obdsemMom 0,5 I, MpU HCTIONTH30BAHUH
CTEXMOMETPUUYECKOT0o KojmyecTBa ocaautens (H>S0,).

Kakyto maccy Fe3;0y cnenyer B3saTh Juist noaydenus 0,2 r Fe;03?

Hanumure ypaBuenue peakuuun 3/[TA c uvoHamu MarHusa. B kakoil cpexne cienyer
MPOBOAMUTH TUTPOBaHUE U moueMy? BreiBeaute Gopmymy [uis pacyeTa Macchl MarHus, eCiu
Ha TuTpoBanue 3arpadeHo 15,20mi 0,1050M pactBopa I/[TA.

Boerunicnute MONApHYIO KOHIEHTpAIMI0O W TUTP MO XJIOPY pacTBopa HUTpara cepebpa
(T(AgNO,/Cl)), ecnmn k HaBecke xnopuaa Hatpus maccoit 0,1173r npubasunu 30,00mn

pacTBOopa HHUTpaTa cepedpa W ero ocTaTok OTTHUTpoBaym 3,20 M pacTBOpa THOIMAHATA
ammonus (NH,SCN ). U3BectHo, uto 1,000mn1 pactBopa NH,SCN »skBusanenteH 0,973mn

pactBopa AgNO, .

Bapuaunr P-2

1

4

Onpenenenne XJIOPUA-UOHA B PACTBOPUMBIX Xjopuaax. OOOCHYHWTE YCIOBHS OCaKICHUS
HMOHaMH cepelpa, yCIOBUS MPOMBIBAaHMS W MPOKAJMBAHUs ocalka. BeiBenure dhopmymy as
BBIUHCIICHUS] MACCOBOM J10JIM XJIOPUJ-MOHA B HABECKE.

Ocanok cynpdpuna xaamus (CdS), MONMy4eHHBI TpPHU TPABUMETPUUYECKOM OIpeIeTICHUH
kaamus, npoMbutn 100 M Boabl. PaccunTaiite Maccy kaamusl, EpENIEIIIEro B pacTBOp MpH
MIPOMBIBaHUH OCAJIKA.

Kak onpenenuth TOYHYIO KOHILIEHTPALMIO pacTBopa ruapokcuaa Hatpus (NaOH ),
UCIIONB3ysl B KadecTBE YCTAHOBOYHOIO BEIIECTBA JUTHMIpAT UIABEJIEBOM KHCIOTHI
(H,C,0,-2H,0)? Hanummre ypaBHEHUE peaklUM U BbIBeauTe (HopMyily s pacuera

MOJISIpHOM KOHILeHTpauuu NaOH .
Paccunraiite maccy HaBeckn comn  K,Cr,O,, He0OXOIUMYIO JUId HPUTOTOBIECHHA 21

0,1500M pacTBOpa quxpomMara Kajus.
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Bapunant C-1

1 Beimager nu ocaok oOKcajaTa KalblUsi B CHJIBHOKHCIOH cpele Npu 100aBIEHUU K
aHanusupyemMomy pactopy (Ca’ ") n36bitka ocamurers (C:04). OGOCHYIiTE OTBET.

2 TloHu3WTCA WM MOBBICUTCS PACTBOPUMOCTH AgBr mipu 100aBIEeHUH B PACTBOP HAJ OCAJKOM:
a) 0,1M pactBopa KBr;

6) 0,1M pactBopa KNO;

3 Vkaxure, KakuM TpeOOBaHUSAM [OJKHBI YJOBJIETBOPATH CTaHJAPTHbHIE (YCTAaHOBOYHBIE)
BemlecTBa. [IpuBeanTe mpuMepsl CTaHAAPTHBIX (YCTAHOBOYHBIX) BEILECTB, HUCIONIb3yEMbIX B
METO/I€ KUCIOTHO-OCHOBHOI'O TUTPOBAHUSI.

4 B mepHoii kosi6e BMecTUMOCTBhIO 250,0MJT MPUTOTOBWIIM PACTBOP M3 HABECKH XWMHYECKH
yrcroro xjopuaa Hatpus ( NaCl ) maccoit 0,3076r. Beruucnure MOJISPHYIO KOHLIEHTPALIUIO
U TUTP MOJIYYEHHOTO pacTBOpa.

Bapuant C-2

1 Yrto Takoe KOJUIOWIHBIN pacTBOp, KoaryJsmwus, rnentuzanusa’? Kakue ycmoBuss HE0OX0aUMO
CO31aTh JJISI KOATYJISIIIUU KOJUIOUAO0B?

2 W3 HaBecKM KaMEHHOro yrias waccol 2,6248 1 wu BiaxHocTeio 2,58% mocie
cooTBeTcTByOIEH 00paboTku momyuwnu 0,3248 r BaSO,. Berauciaure MaccoBYIO [OJIO
Cepbl B KAMEHHOM YTJI€ B [IEpecyeTe Ha CyX0e BEUIECTBO.

3 Hopomerpuueckoe oOmNpenelieHne CUIbHOW KUCIOoThl (Ha mnpumepe HC/). Hanwmure
ypaBHEHUS peakiuil u BbiBeAuTe HOpMYITy AJIs pacyeTa MacCOBOM KOHLEHTPALUU KHUCIOTHI
0 pe3yJibTaTaM TUTPOBAHUSL.

4 PaccuuTaiiTe MOJISIPHYIO KOHLUEHTPALMIO U TUTP MO MArHuio Jisi pactBopa I/TA, ecnu nipu
TUTPOBAaHUU HaBecKH cyibdara maruus (MgSO,) maccoit 0,1250r uspacxogosanu 21,40mn

9TOI'0 pacTBOpAa.

Bapuant T-1

1 UYem oObsicHsieTcs BIusHUE BenW4MHBI pH pacTBopa Ha TOTHOTY  OCAKICHHS
MaJIOPACTBOPUMBIX COE€AMHEHU? B Kakux ciy4yasx »5TO BIUSAHUE MNPOSBISETCS B
3HAYUTENILHON CTENEeHH, a KaKUX OHO IMOYTH HE CKa3bIBaeTCs? YKaxHUTe, pacCTBOPUMOCTH
Kakux coequnenu — BaSO,; CaCO;; AgCl; ZnS — He 3aBUCUT OT KUCIIOTHOCTH PacTBOPA.

2 U3 naBecku ¢ocdoputa, cogepxamiero 20% P,0Os, nomyunnu 0,30 T nupodocdaTta Maraus
Mg,P,0;. PaccunTaiiTe maccy HaBeckH (ocdopura.

3 TloscHuTe cmoco0 THUTPOBAHHS 3aMECTHTEIS HAa MpUMEpPe IEPMaHTAaHATOMETPUUYECKOTO
onpenenenus kanbius (Ca”™ ). Hamuimure ypaBHEHHs peakiuii U BbIBeauTe (HopMyTy s
pacyeTa Macchl KaJbIUs 1O IAHHBIM TUTPOBAHMUS.

4 PaccuuraiiTe Maccy HaBECKHU COJHM HUTparTa cepebpa, HEOOXOAMMYIO AJIs MPUTOTOBIICHUS
800mu pactBopa AgNO; ¢ TutpoMm 1o xaopy (I'( AgNO, / Cl) ) paBabiM 0,003682r/mi1.

Bapuantr T-2

1 Kak Brnuser mopsaoK CIMBaHUS PACTBOPOB Ha MPEINOUYTUTENBHYIO a/ICOPOLIUI0 KATUOHOB U
anuoHoB? Kakue uoHbI OyayT ajacopOMpoBaThCcsi Ha IOBEPXHOCTH OCajgka B Hauaie
OCaXJICHUS:

a) BaCl, pactBopoM Na,SOy;
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0) Na,SO4pactBopom BaCl,?

Boraucnure pactBopumocts BaSO, B 0,01M pactBope Na»SO, 6e3 yueTa u ¢ yueToM HOHHOU
CHUJIBI pacTBOpA.

KucnotHo-ocHOBHBIE MHAMKAaTOpbl. MHTepBan mepexona W IoKa3aTelb TUTPOBAHUS
uHaukaropa. [IpuHIun BeIOOpa MHIUKATOPA.

K pacrBopy xnopuna amomunus (AI/CL) nobGasumu 25,00mn 0,1000M pactBopa 34TA,

ocTatok koroporo orrurposanu 12,50mn 0,05000M pactBopa cynbsdara nusaka (ZnSO,) ¢

WHAUKATOPOM KCUJICHOJOBBIM OPAaH)KEBBIM B MPHUCYTCTBUM aleTaTHOro OydepHoro
pactBopa. Paccuuraiite Maccy XJIOpua aJtOMUHUS B PaCTBOPE.

Bapuanr Y-1

O6ocHyiiTe yenosus ocaxaenns SO, pactBopom BaCl,. TlodeMy 5T0 OCaXICHHE BEAYT B
npucytctBun HCI u u3 ropsiuero pactBopa? BeiBenute Gopmymy A BHIYMCICHUS MaCChI
SO,/ 10 pe3yIbTaTaM aHaIH3a.

Boraucnure pacrBopumocts AgCI B 0,01M pactBope MgCl,.

B dem cocTouT CymHOCTh TUTpUMETPpHUECKOTo aHanu3a? YTo Takoe ToOuKa SKBUBAJICHTHOCTH
U KOHEYHas Touka THUTpoBaHUsA? Kak paccuuThIBaIOT pe3ynbTaT TUTPUMETPUUECKOTO
aHanuza?

Paccuuraiite Maccy HaBecku coiu AgNO;, HeoOXoaumyro sl mpurotoBieHus S00mi
0,0500M pactBopa HUTpaTa cepedpa.

Bapuanr Y-2

UTO mpoUCXOUT MPHU CO3pEBAHUM («CTapeHUU») ocanka? MOXKHO JIM OCTaBISATh CO3PEBATh
amopdHbIe ocaaku?

Kakyro maccy BemiectBa, comepikaiiero okoio 20% NaCl u 30% KCI , cnenyeT B3ATh ISt
nosryuenus 0,30 r AgCI?

Hanumure ypaBaenue peakuuii 3/{7A4 ¢ noHaMH METAIIJIOB Pa3HbIX 3apsii0B. Y CTOMUMBOCTD
KOMIUIEKCOHATOB METaJUIOB. YeM OHa XapaKTepu3yeTcs U OT YEero 3aBUCHUT?

K pactBopy cynsdura narpus (Na,SO,) npubasumu 30,00mn pactBopa moxa (/,). Ha

TUTpOBaHUe ocTatka [, m3pacxomosanu 21,00 mu 0,1200M pactBopa THOCYyIB(ATa HATPUSL
(Na,S,0,). Paccuuraiite maccy Na,SO, B aHaIU3UPYyEMOM PACTBOPE, €CIM U3BECTHO, YTO

1,000mn 7, sxBuBanentel 1,050mn Na,S,0; .

Bapuanr ®-1

1

2

OObsicHUTE BIMSIHUE OTHOCHUTEIBHOTO TMEPECHIIICHHs] pacTBOpa Ha CTPYKTypy H
JUCTICPCHOCTH OCAJIKOB.

Brruncnute Maccy HaBeCKHM CHJIMKaTa ¢ MaccoBoil moneit kpemHus 11%, KOTOpyro HyKHO
B3Th U1 nosydyenus 0,1024 r npokanenHoro ocaaka SiO.

KommiekcoHoMeTprudeckoe Onpe/esieHne KeCTKOCTH BOJbI. Brruucnure o0y KeCTKOCTh
BOJIBI (Go6uy.; MMOAL/1), ecnu Ha TuTpoBanue 100,0Ma 3T0# Boasl M3pacxomoBanu 16,20Mia
0,04424M pactBopa I/TA.
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4 Ilpm ananuze 0,2512r xxene3ocoaepkaiieit pyabl Ha TuTpoBanue xenes3a (II) uzpacxogoanu

28,15mn pactBopa nepmanranata kanus ¢ tarpom (7(KMn,O,)), pasasim 0,002218r/mi.
Bprunciute MaccoByto 0O Kele3a B py/ie.

Bapuanr ®-2

OKCUXMHOJIMHOBBIA MeTOJ ompexaeicHus amoMuHusa. OOocCHyiTe BBIOOp YCIOBUI
ocaxneHus. BreiBeaure (GopMydTy Ui BBIYHCICHHS MAacCOBOM JIONM QIIOMHUHUS B
aHaIM3upyeMoi npooe.

Paccunraiite mMaccy pacTBOPEHHOro ocajika cyib(para Oapus, €Cli Ha €ro NpOMBIBaHHE
6bL10 3aTpadeno 300 m 1:10° M pacTBOpa CEpHOM KHUCIOTBHI.

Ananmusupyemblii  0,20M  BOAOHBIA pacTBOp amMMmHaka TUTPYIOT craHgaptHeiM  0,20M
pactBopom HCI 1o mepexona OKpacku MHIMKATOpa METHIIOBOI'O OPAaH)XEBOTO U3 XKEITOH B
opanxeByto. KakoBo npu 3tom nmpubnusutensHoe 3Hauenue pH pactBopa? Beruncnure pH
pacTBopa B TOUKE IKBUBAJIEHTHOCTH.

Kaxkoii 06bem 6M pactBopa H,SO, cnexyet no6asuth k 51 0,1M pactBopa, 4TOOBI MOIYIUTH

0,3H. pactBop ( f,,, = %)?

Bapuanr X-1

N —

Kakwue cBolicTBa 0ca kOB HYKHO YUHTHIBATh MPU BEIOOPE COCTaBa MPOMBIBHOM KUAKOCTU?
Kakoii 00BbeM BOJHOrO pacTBopa ammuaxa (p=0,99 r/cM’) HyXHO OyIeT 3aTpaTWTh Ha
OCXKICHHE aTIOMUHUS B BUe ero ruapokcuaa mnpu ananuse 0,15 v A1(SO4);?

OTnuurie KPUBBIX TUTPOBaHMS CUIbHOW KUCIOTHI (HC/) cunbHbIM ocHOBaHueM (NaOH) ot
KpUBBIX THTpoBaHUs cinaboii kucnorel (CH3COOH) cunbHbIM ocHOBanueM (NaOH).
PaccMoTpuTe HavanbHyl0 TOYKY W TOYKY OKBHUBAJICHTHOCTH, CKAa4OK THTPOBaHUS
(morpemsocts + 0,1%).

PaccuuTaiiTe Maccy HaBeCKM METAITMYECKOTO IIMHKA, HEOOXOAMMYIO Ul CTaHAapTH3alUuU
pactBopa 3/[TA MeTOIOM OTAETbHBIX HABECOK, 4YTOOBI Ha €€ TUTPOBaHUE TIOCHEe
pactBopenus pacxomoBanoch 10,00mn 0,0505M pactBopa I4TA.

Bapuant X-2

Onpenenenue Oapus. OOOCHYHTe BBHIOOp YCIOBHH OCAXIEHHS M TPOMBIBAHHMS OCAJKa.
BeiBenute popMyity Ui BEIUMCIIEHHS MAacChl OapHsl IO pe3yJibTaTaM aHajIu3a.

[osiBuTCst MM 0CcanoK, eciu cMemarh paBHble 00bemMbl 0,001 M pacTBOpOB XJIOpUAA CTPOHIIUS
U cysbdaTa Kaaus’?

[losichuTe mpuHUMO JEHCTBUSA cHeUU(UIECKHX M HEOOpaTHMMbBIX HHIMKATOPOB B METOJE
OKHCIIUTEIbHO-BOCCTAHOBUTENBHOIO TUTpOBaHus. [IpuBenuTe mpuMepsl.

K 100,0mn1 pactBopa, comepkamero xnuopua-uonsl (C/™), mo6asunu 10,00mm1 0,0500M
pactBopa HHUTpara cepebpa (AgNO;). Ha tutpoBanue ocratka AgNO; HU3pacxoaoBalu
3,65Mn1 craHgapTHOro pactBopa TuoumaHata kaiaus (KSCN). Belumciute MaccoBylo
KoHUeHTpauuio C/° B aHATU3UPYEeMOM pacTBOpE, €CIM MpHU CTaHAAPTU3ALUU PacTBOpa
V(AgNO;) _

0,995.
V(KSCN )

KSCN 65110 HaliIeHO, YTO
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Bapuant II-1

1 Omnpenenenne kanbuuss. OOOCHyHTe BbIOOp YCIOBHM OCaXJIEHHs M MPOMBIBAHUS OCAJKA.
BeiBenure (opmyity mIs pacyera MaccoBOM JOJHM KalbIMA B MPoOe Mesa Mo pe3yibTaTaM
aHaIu3a.

2 Ilpu xakoll KOHLUEHTpPALUU THAPOKCHUIA KaJlus HAUHETCS] OCaKJIEHUE TMAPOKCUAA MarHus u3
1,2:10° M pacTBopa XJopuja Maraus?

3 OmpeneneHue OKHCIUTENEH METOJOM OOPAaTHOTO NEPMAHIAHATOMETPUYECKOTO TUTPOBAHUS
(Ha mpumepe onpenenenus MnQO,). Hanummre ypaBHeHHs peakuuil U BbIBeguTe HOpPMYITY

JJIA pacdy€Ta MacCChbl Mn 02 [0 pe3yJibTaTaM TUTPOBAHU:L.

4 Kakas macca prytu (II) (Hg") comepsxanach B 250,0M11 pacTBOpa, eciiy mocie NpubapIeHus

k 50,0mn1 sroro pactBopa 25,00mn 0,01000M pactBopa 3/[TA, OCTAaTOK MOCIETHETO
orrurpoBanu 10,50ma 0,01000M pactBopa cyibdara maraus ( MgSO, )?

Bapuant I1-2

1 Kak BiusieT BbIAEPKUBAaHUE KPUCTAJUIMUECKOTO OCaJKa B MAaTOYHOM pacTBOpPE Ha €ro
CTPYKTYpY?

2 Hagecky cmiaBa maccoit 0,40 r ¢ maccoBoii noneit cBuHIa 20% pacTBOpUIIM, HOHBI CBUHLA
ocaaunu 0,3M pactBopoMm H,S0,. Kakoit 00beM ocaauTesst 3aTpaTHId Ha Ty OINepaIuio?

3 Jlaiite ompeneneHuss MOHATUNA MOJSPHOM M HOPMAJIbHOM KOHILIEHTPAllMM CTaHAAPTHOTO
pacTBOpa, THUTpa CTaHAAPTHOIO pacTBOpa W THUTpa CTAaHAApPTHOIO pacTBopa IO
omnpenenasieMoMy BeUIECTBY. Bbruucinre, yeMy paBHbl TUTP M HOPMallbHAas KOHLEHTpalus

([ = %) 0,2056M pacTBOpa CEPHOMN KMCIIOTHI.

4 Kakas Macca mpenapara Tupokcuia Kaiuus ¢ MaccoBoi goineit KOH 97% tpeGyercsa ans
npurorosieHus 4,01 0,20M pactBopa?

Bapuanr Y-1

1 C xako# 1ebl0 0CAaIKU BBICYIIMBAIOT WU MpoKaanuBatoT? Kakue HexenaTelbHbIe MPOIECCh
MOTYT TMPOUCXOAUTH TIpH TpokanmuBaHuu? (OOBsICHUTE Ha mpumepe ocanakoB Fe,O; u
auMeTuarinokcumara aukens Ni(CH,0,N5))).

2 KakoBa gomKkHa ObITh MOJSpHAs KOHIEHTpauus CcyJbdaTra amMMOHUS B IPOMBIBHON
KHUJIKOCTH, YTOOBI IPH MPOMBIBAHUHU OcajKa cyibdara 6apust 250 MI1 3TOH KUAKOCTH, MOTIIO
pactBopuThCs He O6omee 0,25 mr ocaaka?

3 Kraccugukanus MeTo10B THTPUMETPUYECKOTO aHaK3a Mo croco0y TuTpoBanus. CymHOCTh
psIMOro, 0OPaTHOTO TUTPOBAHUS U TUTPOBAHUS 3aMECTUTEISL.

4 Kaxoii 00BEM XJIOPOBOJOPOIHOM KHCIOTHI IUIOTHOCTBIO 1,10r/cM’® m MaccoBoit poneit HCI
20% tpebyercs mst npurotosnenus 10m 0,10M pactopa?

Bapuanr Y-2
1 Kakue uHIuBUAYyaNbHbIE CBONCTBA OCAXKAAEMOr0 COECMHEHUS U KaKUEe YCIOBUS OCAKICHUS
BIIMSIIOT HAa CTPYKTYpPY ocajaka?

2 U3 pactBopa, coxepxkamiero 0,2145 r xanbuus, Bbiaenunun ocagok CaC,0y Berumcnute
Maccy MOJIy4eHHOTO OCaJIKa.
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3

TutpoBanue BoccTaHOBUTENS cTaHAapTHBIM pactBopoMm 1epust (IV) (Ce(1V)) B cpene 1,0M
xsopHoit kucnotsl (HCIO,) 3akoHunnu npu noreHuuane 1,52B. Ilomp3ysck ypaBHEHHEM

[Ce™]

Hepncra, Bbuncaure cootHomenue koHuenrpauuit Ce(IV ) n Ce(1ll ) ([C =
e

) B KOHIIE

TUTPOBAHUS U CTETIEHb OTTUTPOBAHHOCTH (7) B 3TOT MOMEHT.

N3 nasecku 0,8500r cruraBa, conepiKamiero IUHK, MPUTOTOBUIIA PACTBOP B MEPHOU KOJIOE
BMecTuMocThio 100,0mi1. Ha TutpoBanue 10,00mn storo pactBopa uzpacxoaonainu 20,00mu
0,0500M pactBopa 3/[TA. PaccunTaiiTe MacCOBYIO JOJIO LIMHKA B CIUIABE.

Bapuaunt LI-1

B dem cocrouT cymHOCTh rpaBuMeTpuueckoro aHanuza? Kak paccuuTbiBaeTcsi pe3yibTaT
aHaJii3a B rpaBUMETpUU?

Kaxkoit 06bem 0,10M pactBopa AgNO;3 TpebyeTcst sl OCaKICHUS XJIOPUI-UOHOB U3 HABECKU
NaCl maccoii 0,12 r?

IIpurorosnenne u cranzapruzanus pactsopa uoaa (/,). Ykaxure CBOWCTBA pacTBOpa, U

yCIIOBHA €ro XpaHeHus. Hamumure ypaBHEHHs peakluuid U BeIBeaUTE (GOPMYITy Ul pacyera

HOpPMAaJIbHON KOHIIEHTpauu uoxaa ( f,

9KE6.

1
= 5) 0 pe3yibTaTaM TUTPOBAHHUS.

Bbruncnure 0011yr0 KECTKOCTh BOABI (g5, ), €cnu Ha TutpoBanue 100,0mMi 5TOH BOMIBI
u3pacxonoanu 15,12mi 0,04459M pactBopa I4TA.

Bapuanr II-2

Omnpenenenue xeneza. OOOCHYHTE YCIOBUS OCAXIEHHUS M MPOMBIBaHHUA Ocajika. BriBeaute
dbopMyIy 17151 BBIYUCIIEHUSI MACCOBOM JOJIM Keje3a 10 pe3yIbTaTaM aHaiu3a py/abl.

Kakyio konnenrpauuio Na,CO; HyXHO CO31aTh B HACBHILIEHHOM pacTBOpe KapOoHara
KaJbIust, 9T0OBI B 250 Mu1 3TOTO pacTBOpa pactopmiiock He 6omee 0,01 mr CaCO;3?
Anammsupyemsiit 0,1M pactBop HC!/ tutpytor cranmaptaeiM 0,1M pactBopom NaOH.
Boeruucnure pH ucxomnoro pacrsopa HCI. Berancnure pH nociie 1o6aBiaeHus K KICXOTHOMY
pacTBopy KHCIOTHI 99,9% mienoun oT ee SKBUBAJIEHTHOI'O KOJIMYECTBA.

Kakas macca comu okcanara ammonus ((NH, ),C,0,)tpebyercs ans npurotosienus 3,01

2,0% pacTtBOpa, IIIOTHOCTh KOTOPOTO 1,0r/cm’?

Bapuant III-1

1

2

3

OOmbsicHUTE BIMSIHAE W30BITKA OCAAMTENS Ha PaCTBOPUMOCTH ocajka. [IpuBenure mpumMepsl
WCTIOJIb30BAHUS ATOTO CBOMCTBA U3 MPAKTUKH aHAIH3a.

PaccuuTaiite, T1e MOJsIpHAs KOHIICHTPAIMSI HOHOB cepedpa HUKE: B HACHIIIEHHOM PacTBOpE
docara unu xpomara cepedpa?

Yro Takoe CKa4OK TUTPOBAHUSI B METOJIE OKHUCIHTEIBHO-BOCCTAHOBUTEIBHOTO TUTPOBAHHS?
Ot 4ero 3aBUCHUT BEIMYMHA CKauka? BplUMCINTE CKauOK NPU TUTPOBAHUM B KHUCIOW cpere
(pH = 0) pactBopa xnopata kanus ( KCIO,) cranmapTHbIM pacTBOpoM xsopuaa xenesa (1I)

(FeCl, ) npu nomyctumoii norpemHocty £ 0,1%.
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4

KakoBa Macca XJIOpHI-HOHOB B pacTBOpe, €CIM Ha THTPOBAaHHE JTOrO pPacTBOpa
m3pacxomoBanu  30,00mn  pacTtBOpa HUTpaTa cepedpa, THUTP KOTOPOrO IO XJIOpY
(T(AgNOs/Cl)) pasen 0,003512r/mn?

Bapuant I1-2

1

2

Onpenenenne Marausi. OOOCHy#Te BBIOOp YCIOBHH OCAaXACHUS W TPOMBIBAHHS OCAJIKa.
BriBeaure hopmyity A BEIYUCICHHS] MAaCCOBOM TOJIM MarHus Mo pe3yjibTaTaM aHalln3a.
Kakoii 06seM 6:10°M pactBopa Al>(SO,); TpeGyeTcst B3sTh ISl aHATH3a, YTOOBI ONYIHTH
0,15 r ocanka oxcuxuHonuHata amoMuHus Al(CoHsNO);?

Onpenenenne 1uHKa ( Zn™") METOOM MPSIMOr0 KOMIIIEKCOHOMETPUUECKOTO TUTPOBaHUs. B
Kakol cpele MOXHO MPOBOAWTH 3TO THUTPOBAHHME, C KaKUM HHAMKatopoM? BriBeaute
dbopMyiy 175 pacyeTa Macchl LIMHKA [0 pe3ysibTaTaM TUTPOBAHUS.

K naBecke u3BectHsika maccoi 0,1500r mpubdaBunu 20,00mn 0,2150M pactBopa HCI, mocne
YEro OCTaTOK KHUCIOThI oTTUTpoBaM 7,60mMn pactBopa NaOH. llpu cranmaptuzauuu
V(HCI)
V(NaOH )

kap6oHara kaneius (@ CaCO, )) B U3BECTHSKE.

pactBopa NaOH onpenenwiu, 4To = 0,983. Bpruncnure MaccoByIO OO

Bapuanr 3J-1

1

Kakue ycinoBust He0OX0IMMO CO3/IaTh MPU OTYUYEHUU KPUCTATUIMYECKUX OCATKOB?

N3 pactBopa Obula BbIIETEHA Meabr B Buue ocaaka CuS, macca KOTOpPOro TocCie
BbIcyIMBaHus coctaBuia 0,1403 r. PaccuuTaiite Maccy Meid B aHAJIU3UPYEMOM PacTBOPE.
[Ipurorosnenue n cTaHAapTU3anus pacTBopa THocynbpaTa HaTpus ( Na,S,0,). Hanumnre

YPaBHEHUs peakLuil u BeIBeAUTE (HOPMyYITy UL pacyeTa MOJISIPHON KOHLeHTpauun Na,S,0,.
Ha turpoBanue 20,00mn pactBopa xyopuna Hukens (NiCl,) wmspacxomoBamu 21,22mn
0,02065M  pactBopa IJTA. Omnpenenure MaccoByr KoHueHTpamutoo  NiCl, B

aHATU3UPYEMOM PacCTBOPE.

Bapuantr J-2

1

Onpenenenne cynbdhar-uoHOB. OOOCHYWTE BBHIOOpP YCIOBUM OCQXICHHS W TMPOMBIBAHUS
ocanka. BeiBenute opMymny Ans BBIYMCIEHUS MAacCOBOHM JOJH CyJib(ar-uoHA B Mpode 1o
pe3yibTaTaM aHalIu3a.

Bremmager mu ocagok AgCl, ecnu k 10 M 0,001M pactBopa AgNO; npubasuts 10 ma 0,001M
pactBopa NaCl?

Kakue pactBopsl HasbiBatoT OydepubiMu? KakoBsl ux cBoiicTBa? Brruncianre cooTHOLICHHE
MOJISIPHBIX KOHIIEHTpaLui YKCYCHOM KHUCJIOTBI u arerara HaTpus
(¢(CH,COOH )/ c(CH,COONa)) B aueratHoM OydepHOM pactBope, ecinu pH pactBopa

4,76.
Kakoii 06beM pactBopa KOH ¢ IIOTHOCTBIO p = 1,29r/cM’ Tpebyercst ast IPUrOTOBICHHS
4.01 0,50M pactBopa?
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Bapunant IO-1

N —

B kakux cimyyasix u30bITOK OCaAUTENS YBETUYUBAET PACTBOPUMOCTh OCaKa U oyemy?

K 100 mn 4,0-10'3M pactBopa BaCl, no6aBunu 2,8 miu 0,15M pactBopa H>SO,. Beruncnure
Maccy Oapusi, OCTaBIIETrOCs B PaCTBOPE HaJ OCAAKOM. ByJeT iy momHbIM OCaKIeHUE HOHOB
Oapust?

B kakux ciydasix IpuMEHSIOT cocod 00paTHOro KOMIIEKCOHOMETPUYECKOTO TUTPOBAHUS?
Kak on ocymectBisercs? [IpuBeaure nmpuMepsl, BeIBeAUTE (GOPMYIIBI JUISI pacueTa MacChl
AHAIM3MPYEMOTr0 HOHA METajlla Mo pe3yJibTaTaM TUTPOBAHMS.

Kaxkoit 00beM cepHOM KUCIOTHI TUIOTHOCTBIO 1,84r/cm’ TpedyeTcs ISl MPUroTOBIICHUS 2,51

0,1n. pactBopa ( f,,, = %)?

Bapuant FO-2

Onpenenenne cyibhatHoil cepbl. OOOCHYHTE BBHIOOP YCIOBUN OCAKICHUS W MPOMBIBAHUS
ocanka. BreBenute (opmyny JUis BBIYMCICHHMS MaccOBOW JOIM cepbl B o0Opasue Io
pe3yibTaTaM aHalIu3a.

[Ipu ananuse HekoTopoll HaBecku (ocdara amomuuus nomyueno 0,1126 v Mg,P,0;.
Cxkoibko rpaMMOB A/;0;3 MOMKHO TOTYIUTHCS U3 TAKOH K€ HABECKHU?

TutpoBanue >xenesa (II) pactBopoM oxkucnurens npekpatwid npu noreHuuane +0,95B.
[Tonw3ysick ypaBHeHMeM HepHCTa, BBIUMCIUTE COOTHOIIEHUE MOJIAPHBIX KOHIIEHTPALUI
[Fe]
[Fe ]
HeoTTuTpoBaHHOrO *eneza (II) B koHue tutpoBaHus? MOXKHO JM CUUTATh TUTPOBAHUE
MOJIHBIM ?

K 20,00m1 0,1210M pactBopa 6pomuaa kanusi (KBr) no6asunu 23,00M1 pacTBopa HUTpaTa
cepebpa (AgNO;3). U36siTok AgNO; ottutpoBamu 3,55mi 0,1000M pactBopa THOIMaHATA

kanus (KSCN). Beraucinute MOJISIPHYIO KOHIIGHTPAIIUIO pacTBOpa OPOMUJIA KaJIHs H €r0 THUTP
o 6pomy (7(AgNOs/Br)).

xene3a (III) m xenesa(ll)  ( ) B O3TOT MOMEHT THUTpoBaHusa. KakoBa moms

Bapuanr -1

B ueMm 3axmrodaercsi CylIHOCTh METOAA OTTOHKHM U MeTo/a ocaxJeHusi? KakoBbl OCHOBHBIE
3Tanbl METOa OCAXKACHUA?

Kakoif 00beM pacTBOpa CepHOH KHCIOTBI IUIOTHOCTBIO 1,27 T/cM® motpebyercs s
ocaxxaenus Oapus npu ananuze 0,85 r pyabl ¢ MaccoBoit nomneit 6apus 23%?
Nonomerpuueckoe ompeneneane memu (Cu’) crmoco6oM THTPOBAHHSA 3aMECTUTENS.
Hanummre ypaBHeHUs peakuuil u BbIBeauTe (GOpMydy Ui pacdyera Macchl Meau IO
pe3yJibTaTaM TUTPOBAHMSL.

K pactBopy cynsdara ammonus (( NH, ), SO, ) no6asunu 25,00mn pactBopa NaOH ¢ TUTpoM
NaOH, pasuabiM 0,00902r/mn. KunsuenueM yaaiauid aMMHaK, a Ha TUTPOBAaHHE OCTaTKa
NaOH 3atpatunu 8,65mn pactBopa HCI ¢ tTutpom HCI paBabiM 0,007860r/mi1. Berauciaure
maccy (NH, ),SO, B aHanu3upyeMoM pacTBOpE.
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Bapuant 51-2

1

AMMUAYHBIA METOJ OTpeJeNIeHUs] alFOMUHUSA, €T0 HEJOCTaTKU. UeM BBI3BaHBI OrpaHUYCHUS
nuana3zoHa pH monHoro ocaxJeHusi aJrtOMUHUS CO CTOPOHBI KUCJION U 1IET0YHON 00sacTeit?
BreiBegure Gopmyny ans BBIUMCICHHS MAacCOBOW JOJM aJlOMUHUS B MHHEpaie [0
pe3yJbTaTaM aHaIH3a.

Kakyo ™Momsipuytro koHueHtpanuio KOH HYXHO co34aTh B HACBIIIEHHOM pPacTBOpE
Mg(OH),, ato6s1 B 100 M1 pacTBOpa pacTBOpmiiock He O6otee , 06 mr ocanka Mg(OH),?

Kak mpoBoguTcsi omnpeneneHue OPraHUYECKUX COEIWHEHUH METOAOM KOCBEHHOIO
KOMILJIEKCOHOMETPHYECKOTO TUTpoBaHMs? PaccMoTputre Ha mnpumepe onpeaeicHus 8-
OKCUXUHOJIMHA.

Kakoii 00beM BOJIBI clietyeT 100aBuTh K 11 pactBopa ¢ MaccoBoit nonei HNO, 30%, 4To0bI

nosryuuts 3% pactBop?
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3.2 BapuaHTbhl KOHTPOJIbHOI padoThl Ne2 Mo aHAJTUTHYECKONH XUMHU
JI1 0aKaJABPOB 3204HOI0 OTHAEJICHUS

Konmponwvnyto padomy Ne2 BHINIOTHSIOT CTYJIEHTHI BCEX TPYII, 00ydaromumecs
10 HAMPAaBIICHUIO:
o «Xumuueckas mexnonozusn» (18.03.01).

BriGop BapmaHTa KOHTPOJBHON pPabOTHI MPOBOAMTCS MO TEpBOM OykBe (ammwimu u
nocneaHel nudpe HoMepa 3a4eTHOM KHIDKKH.

Ecnu mocneansisi uudpa deTHas, BBINOIHSIETCS YETHBIM BapHaHT, €CJIM HEYeTHas —
HeueTHbIN BapuanT. Ecinu nocnenusis nudpa 0, TO BBINOIHAETCS YETHBIA BApHAHT KOHTPOJIbHON
paboTHI.

KonTponbHble paboThl, BBHIIIOJHEHHBIE HE 10 CBOEMY BapHaHTy, HE MPUHUMAIOTCA U HE
IIPOBEPSIIOTCS MIPENOAaBaTENEM.

TutyapHBIN TUCT HEOOXO0IUMO O(DOPMUTH B COOTBETCTBUU C 00pa3IOM, MPEACTABICHHBIM
B paznene «lIpunoxenue».

BAPUAHT A-1

1 Cymmuocts rpaBuMmerpuueckoro a”ammza (I'A). Merox ocaxnenus. [IpenmymiectBa u
Henocratku ['A.

2 UYto mnOpoMCXOOUT C BEIMYMHOM TMOTEHIMAJda B MPOLECCE TUTPOBAHMUS OKHCIMTENS
BoccTaHoBuTeNneM. [loka3aTh Ha mpuMepe TUTPOBaHUS MoseKysipHoro uoza (I,) pactBopom
trocynbdara Hatpus (NapS,0;). Pacder BBIMOTHUTH IS TOYEK CO  CTETCHBIO
ortutpoBaHHOCTH T = 50%, 99,9%, 100%, 100,1%. 3Hadyenust craHgapTHBIA MOTEHIIMAJIOB
B3aMMOJICHCTBYIOLIUX nap UMEIOT BEJIMYUHBI:
E°(I/21) = 0,54B; E(S406 %7/ 28,05 %).

BAPUAHT A-2

1 Tpemmer um 3amaun aHanuTU4YecKOM xumuu. Kiaccupukamust METONOB aHATUTHYECKOW
XUMHH.

2 VHpukatopsl, UCHOJIb3yEMbIE B METOAAX OKUCIUTEIbHO-BOCCTAHOBUTEIBHOIO TUTPOBAHUS
(0e3uHAMKAaTOpHOE TUTPOBAHUE, crielu(UIECKUe UHIUKATOPbI, 00paTUMble U HEOOpaTHUMBbIe
OKHUCJIUTEIbHO-BOCCTAHOBUTENIbHBIE MHAMKATOPHI). [IpuBectu npumepsl. [IpaBuiio BbIOOpa
00paTUMBIX OKUCIIUTEIbHO-BOCCTAHOBUTEIIbHBIX MHUKATOPOB.

BAPUAHT b-1

1 TIlepeuncnuTte OCHOBHBIE 3Tarbl rpaBuMeTpuueckoro aHanusza (I'A). IlpuHuun BbrYMCIECHUS
pE3yJIbTaTOB IPaBUMETPUYECKOTO AHAIN3A.

2 PaccuuTaTh CKauOK TUTPOBAHMSI HOHOB Fe’" momamu Sn** s JIOITy CTUMOW IOTPELIHOCTH +
0,1%. IIpaBuiio BeIOOpa OOPATUMBIX OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIX UHIUKATOPOB. [l
JAHHOTO THUTPOBAaHUS IO CIPABOYHBIM TaliHIaM BBIOpaTh MOAXOIAIINN 0OpaTUMBIN
OKHCJINTEIbHO-BOCCTAHOBUTEIIBHBIN UHIUKATOP.
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BAPUAHT B-2

[lepeuncnure ocHOBHBIE 3Tarbl rpaBuMeTpudeckoro anainusza (I'A). [laiite xapakTepucTuKy
3Tarna MoAroTOBKU MPOObI K TPaBUMETPHUUECKOMY aHAIM3Y.

VYpaBuenue Hepncra. [lepeunicnutb (GaxkToOpbl, BIMSIONINE HA BEIUYWHY OKHUCIHTEIBHO-
BOCCTQHOBUTEJIBHOTO MMOTEHIMaNa. YCIOBHBIA ((popMaibHbIM, peasbHbI) MNOTEHIHAT
OKHUCJIUTEIbHO-BOCCTAHOBUTEJIBHOM Haphbl.

BAPUAHT B-1

[lepeuncaure ocHOBHbIE 3Tanbl rpaBuMeTpudeckoro ananusza (I'A). [aiire xapakTepuctuky
sTamna ocaxaeHus. Kakyro ¢popMmy ocazika moiy4yaroT Ha 3TOM dTarie.

VYpaBuenue Hepucta.  BnusHume o00pa3oBaHUs TpYAHOPACTBOPUMBIX COEIMHEHUI Ha
BEJIMYMHY OKHCIUTEIbHO-BOCCTAHOBUTENBHOrO NoTeHIana. [lokazaTe BIusHUE A citydas,
KOTJja 0caJlok 00pa3yeT oKHcIeHHas (opMa mapsbl.

BAPUAHT B-2

Kaxue ctpykrypbl ocankoB Bbl 3Haere. [lpuBeaure npumepsl. CpaBHUTE YCIOBUS HX
OCAKICHMUS.

CyImHOCTh M€TO/1a OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOIO TUTpOBaHMs. YpaBHeHue HepHcra.
CraHpapTHBIM  OKHCIMTEIbHO-BOCCTAHOBUTENBHBIA moTeHUual. llpu Kkakux ycinoBusx
U3MEPSIOT €r0 BEIUUYUHY.

BAPUAHT TI-1

Ha3zoBure ycnoBus mnosyueHHsl KpHCTaLIMUECKUX ocaikoB. Kakue nenu npecriemyror,
co3laBasl OIpEAEICHHbIE YCIOBUS ocaxiaeHus. llpuBenurte npuMepsl KpUCTANIMYECKUX
OCaJIKOB, UCIIOJIb3YEeMbIX B ['A.

Uro Takoe HMHIUKaTOpHas ommOka. OO0bACHUTH Ha mpumepe tutpoBanus 10 ma 0,1M
pactBopa HCI1 0,1M pactBopom NaOH. Paccuurtarh ckadok it TOIMyCTUMOW MOTPEITHOCTH
+ 0,1%. TurpoBanue NpoBOJAT C UHAUKATOPOM METUIIOBBIM OPAHIKEBBIM.

BAPUAHT /-1

[lepeunciiute OCHOBHBIC 3Tambl TpaBuMeTprdeckoro aHanmmusa (I'A). JlaiiTe XxapakTepuCTUKY
JTamna co3peBaHus ocaaka. g Kakux 1o CTPYKType OCaIKOB OH MPOBOAUTCS?

VpaBuenue Hepucra. BausgHue HMOHHOM CWiIbl Ha  BEIMYUHY  OKHCIUTEIBHO-
BOCCTAHOBUTCIILHOI'O ITIOTCHIIMAJIA.

BAPUAHT [I-2

Uro Takoe ocaxmaemas ¢opma ocaaka (OD)? Ha kakom srtame ['A ee momyuaror?
TpeboBanus, npeabspisiembie K OD.

Pacuer u mocTtpoeHne KpUBOM TUTPOBAHMS CHUIIBHOM OJHOOCHOBHOW KuCIOTHI (10 ma 0,1M
pactBop HCI) cunpabiM ocHoBanuem (0,1M pactBopom NaOH). JlomycTumasi mOrpemHoCTh
coctaniseT £ 0,1%. BeiOpath moaxonsmuii HHIAKATOP.
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BAPUAHT E, (E)-1

[lepeuncnure ocHOBHBIE 3Tarbl rpaBuMeTpudeckoro anainusza (I'A). [laiite xapakTepucTuKy
JTana MpoMbIBaHUS ocaaka. KakoB cOCTaB MPOMBIBHOM XKHMJIKOCTHU Ul KPUCTAJUIMYECKHX
0CaJKOB?

Yro Takoe MHAMKATOpHas omuoOka. OObsAcHUTH Ha mpumepe tuTpoBanus 10 mu 0,1M
pactBopa CH3;COOH 0,IM pactBopom NaOH. PaccuurtaTh CcKauok s JOMYyCTUMOM
norpemHocty + 0,1%. TurpoBaHnue MpoBOIAT C UHAUKATOPOM (heHOIPTATIEHHOM.

BAPUAHT E, (E)-2

Uro Takoe rpaBumerpuueckas ¢opma ocaaka (I'dD)? Ha kakom stame ['A ee momywarot?
TpeboBanusi, npeabsaBiasieMbie K ['D.

N3BecTHO, UTO TUTPOBAHHWE OKHUCIUTENS BOCCTAHOBHUTEJIEM 3aKOHYMWIM IPU MOTEHLHaue +
0,76B. Kak Ha3biBaeTcsi 3TOT MOMEHT TuTpoBaHusa? llomb3ysice crpaBouHOU TabmuUIeH,
noa0epuTe MOIXOAAIINA OOpaTHMBIM  OKHCIUTEIbHO-BOCCTAHOBUTENBHBIA  WHAMKATOP.
Kakoe m3MeHeHue okpacku OyJeT HaOII0AaThCs B MPOIECCE TUTPOBAHUSL C BBIOPAHHBIM
HUHAUKATOPOM.

BAPUAHT XK-1

[lepeuncanre OCHOBHBIC dTarnbl rpaBuMeTpudeckoro ananusa (I'A). Jlaiite xapakTepucTuky
sTamna o3oyeHus OymaxkHoro ¢puibTpa. Kakyro BenmnunHy uMeeT Macca 3016l puinbTpa?
VYpaBuenne Hepucra. BrausHume oOpa3oBaHus TpPyAHOPACTBOPHMBIX COCIUHEHHH Ha
BCJIIMYMHY OKUCIUTCIIbHO-BOCCTAHOBUTCIIBHOTO IMMOTCHIHAJIA. IlokazaTh BausaHue JId cJiy4das,
KOT'/Ia 0CaJioK o0pasyeT oKuciaeHHas (hopma mapsbl.

BAPUAHT XK-2

HazoBure ycnoBusi momydeHus amophHBIX ocaiakoB. Kakue 1menu mpecienyroT, co3maBas
omnpejeNieHHble  ycnoBHs ocaxaeHus. [lpuBeautre mnpuMepsl aMOpHBIX  OCAJAKOB,
UCHOIb3yeMBIX B ['A.

Pacuer um moctpoeHne KpHBOW TUTpOBaHUs ciIaboW 0aHOOCHOBHOW Kuciothl (10 mum 0,1M
pactBop CH3COOH) cunehabiM ocHoBanueMm (0,1M pactBopom NaOH). Jomyctumast
norpemHocTs coctaBinseT + 0,1%.. BeiOpaTh moaxo syl HHIUKaTop.

BAPUAHT 3-1

[lepeuncnure ocHOBHBIE 3Tarbl rpaBuMeTpudeckoro ananusza (I'A). [laiite xapakTepucTHUKY
stana ¢uiasTpoBaHus ocaaka. Kak mpoBoasar BeIOop moaxozsmiero ¢punstpa? Kakue mapku
OyMaKHBIX 0€330JIbHBIX (QUIBTPOB BBl 3HaeTE?

Yro Takoe KpHBas OKUCIHUTEIBHO-BOCCTAHOBHUTENBHOIO TUTpoBaHMs. Kakoe ypaBHeHME
UCTIONB3YIOT JJIsl pacyeTa KpuBOM. UTO Takoe CKA4OK OKHCIMTEIbHO-BOCCTAHOBUTEIHHOIO
TUTpoBaHusA. JlJisi TUTpOBaHUA HOHOB Fe** pactBopom KMnQO,s paccuntaiiTe Ckadok
TUTPOBAHUA AJIs AONMyCTUMOH norpemHoctd + 0,1%. 3HaueHus craHgapTHBIA TOTEHIIMAIOB
B3aHMO/ICHCTBYIOLINX map uMetoT Bexmuunusr: B (KMnOg, 8H /Mn™?) = 1,51B; E'(Fe™/Fe™?)
=0,77B.
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BAPUAHT 3-2

OO0ObsicHuTe, TOYeMy IS (PHIIBTPOBAHUS OPTAHUYECKUX OCAJKOB UCIOIB3YIOT CTEKIISTHHBIC
(UIBTPBHL.

CyIIHOCTh KOMITIEKCOHOMETPHUYECKOTO THUTPOBaHHS. Kakue KaTHOHBI MOXKHO ONPEIENISThH
nanaeiM MetogoM. Kommnekcon I (DATVYK), kommnekcon III (DUTA). Ilpuectun ux
xumudeckne Gopmysbl. JlaTh XapaKTEpPUCTUKY ITHX BEIIECTB.

BAPUAHT W, ()-1

Kakue ocanku (mo mpupope BemiecTBa) HeoOXxoauMmo BbicymmBath? Ilouemy 3TH ocaiku
Henmb3s  npokanuBaTh?  IlpuBenure mpumepsl.  TpeOoBaHus, MpeabsBIsIEMBbIE K
rpaBuMeTpudeckoit popme ocaaka (I'D).

VYpaBHenne HepHcra. BuusHue KoMmIiuiecooOpa3oBaHUS Ha BEJIWYMHY OKHCIIUTEIbHO-
BOCCTAHOBUTEJIBHOTO MoTeHIMana. [loka3zaTb BIMSHHE Ui Cilydas, KOI/la YCTOMYMBBIN
KOMILIEKC 00pa3yeT OKUCIeHHAs (hopMa maphl.

BAPUAHT W, (i1)-2

[lepeunciaure OCHOBHBIC dTarnbl rpaBuMeTpudeckoro ananusa (I'A). [laiite xapakTepucTuky
JTara MPOMBIBaHUS ocajka. KakoB cocTaB MPOMBIBHOM KUIAKOCTH 1T aMOP(HBIX 0CaIKOB?
[Tonsitue pH pactBopa. Berancnenue pH pactBopa, comepxkaiiero: a) coiib C1adoi KUCIOTHI,
0) conb cnaboro ocHoBanus. Paccunrars pH 0,1M pactBopoB anierata Hatpusi (CH;COONa)
u xaopuaa ammonus (NH4CI).

BAPUAHT K-1

Kakwue Buzp! 3arpsi3HeHHs 0CaIKOB BbI 3HaeTe? YTo Takoe OKKIII03Ms U n3oMophuzm?
[IpuHnmn npsimoro TuTpoBaHus. Pacuer pesynbrara mpsMOro TUTPOBAHUS Yepe3 ypaBHEHHUE
matepuainbHoro 6ananca (YMB). O0bsicHUTh Ha IpUMepe TUTPOBAHUS pacTBopa KapOoHarta
Hatpusi (Na,CO;) pactBopoM xsopoBogopoaHoit kuciotel (HCl). Hammcare ypaBHeHue
pEaKIMU ¥ COCTaBUTh YPAaBHEHUE MAaTEPUAIBHOTO OaslaHca.

BAPUAHT K-2

Kakne Buabl 3arps3HEHUsS OCAAKOB Bbl 3HaeTe? 3arpsA3HEHHE OCAJAKOB 3a CUET
MOBEPXHOCTHOW ajcopOuuu. BrusHHEe TeMmeparypbl, BEITWYHHBI TOBEPXHOCTH OCAJKa,
KOHIEHTPALUU U IPUPObI aACOPOUPYEMBIX HOHOB Ha MPOLECC aICOPOIIHH.

[IpurotoBnenue u cranpaptusauus pacrsopa OATA. VcnoBus tutrpoBanus (ypaBHEHMs
peakumii, pH, nHIUKATOP, U3MEHEHHE OKPACKW pacTBOpa). BriBecTn dopmymy mis pacuera
maccel HaBecku DJITA, Heooxoaumoit st npuroroBienus Simutpos 0,1M pactBopa.

BAPHUAHT JI-1

Kak mpoBoasT pacdeT pe3ynbTaToB TIpaBUMETpHUeckoro anammza? Yrto Ttakoe (axkTop
nepecuera (rpaBuMerpudeckuil (axrop)? BeiBectu ¢dopmyny s pacuera maccel Fe B
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aHAJM3UPYEMOM CIUIaBE, €CIM B pe3yJbTaTe NMPOBEICHHOTO T'PAaBUMETPHUYECKOTO aHaIN3a
ob11 momyden okcuy xxenesa (I1I) (Fe,O3).

VYpaBuenue HepHcra. BnusHune pH Ha BeIMYMHY OKHUCIUTEIBHO-BOCCTAHOBUTEIBHOTO
noTeHIMana (mokasark Ha npuMepe mapst KMnO,, SH/Mn ™).

BAPUAHT JI-2

OOBbscHUTE, KaK OTHOCUTEIILHOE NIEPECHIIICHUE BIUAET HA IUCIEPCHOCTD OCAIKA.
MeTannoxXpoMHble MHAMKATOPbl M IPUHLMI MX JACHCTBUS Ha IMPUMEPE 3PUOXPOMOBOIO
yepHoro-T (OXY-T). B kakoii cpene (pH) nmpoBoasT onpeneneHue AByX3apsiIHbIX KaTHOHOB,
TaKUX Kak Mg2+ u  Zn”', ¢ »tum wuHaumkatopom? Kakoii Oy(epHbIii pacTBOp Hamo
ucnonp3oBath? Kakoe m3MeHeHUe OKpacku OyJeT HaONoAaTbCs B IMPOLIECCE TUTPOBAHMS?
HanucaTth cOOTBETCTBYIOLINE YPABHEHUSI pEAKLIUN.

BAPUAHT M-1

[lepeuncnure ocHOBHBIE 3Tarbl rpaBuMeTpudeckoro anainusza (I'A). [laiite xapakTepucTuky
JTamna npokanuBaHus ocajka. Kakyro gpopMy ocasika moiayyaroT Ha 3TOM dTarne?

Kaxoit pactBop HaspBaloT cTaHgapTHbIM? [lepBuuHbBIE M BTOpUYHBIE CTaHJAPTHBIE
pactBopbl.  CranmapTu3anusi  HPUTOTOBIEHHOro  pactBopa. Kakme  TpeOoBaHus
IOPEIBSABISIOTCS K PpPEaKkTUBAaM, HCIOJIb3yEMbIM B KadeCTBE IEPBUYHBIX CTaHIapTOB
(YCTaHOBOYHBIX BEIIECTB)?

BAPUAHT M-2

Koncranta pactBopuMOCTH  (IPOM3BEAECHUE PACTBOPHUMOCTH): TEPMOIUHAMUYECKAS,
KOHIIEHTPAllMOHHAs, yCIOBHAS.

Knaccudukanuss MeTOIOB  OKHUCIHUTEIbHO-BOCCTAHOBUTEIBHOTO THTPOBAaHUS: a) IO
MPOTEKAIOMEe XUMHUYECKOM peaknuu; ©0) MO0 HCIONIb3yeMOMY THUTPAHTy; B) TO
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIM CBOWCTBAM TUTPAHTA; T') MO COCO0Y TUTPOBAHMS; 1) 110
UCIIOJIb3YyE€MOMY MHAUKATOpYy. /laTh MONHYIO KiaCCU(UKALMIO METO/Ia B ClIyyae TUTPOBAHUS
noroB Fe*” pactBopoM nepmanrasaTa kanus (KMnOy). Hanncats ypaBHEeHuE peakuuu.

BAPHUAHT H-1

Kakue BubI 3arpsi3sHEHUs] OCaJAKOB BbI 3HaeTe? UTo Takoe coocaxaeHue?

Kak ompenenuts ymcino u (akTop SKBHUBAJICHTHOCTH BEIIECTBA B PEAKUUSAX KHUCIOTHO-
OCHOBHOTO B3aumojieicTBus? Kakylo yacTHIly BellecTBa Ha3bIBAlOT 3KBUBAJICHTOM B 3THX
peakimax? OOBSICHUTH HAa NpUMEpEe TUTPOBAaHHUs pacTBopa kapOonata HaTpus (Na,COs)
pactBopoMm xjopoBoaopoanoi kuciaoTel (HCl). HanucaTts ypaBHEHHE peakIluu U COCTaBUTh
ypaBHEHHE MaTepHalbHOTO OajaHca B 3KBUBAJICHTHOH (opme.

BAPUAHT H-2
@akTophl, BIMSIONIME Ha PACTBOPUMOCTh oOcaaka. KoHIEHTpalnoHHAas KOHCTaHTa

pacTBOpUMOCTU. BiusiHue MOHHON cuibl (IOCTOPOHHUX 3JIEKTPOJIUTOB) Ha PACTBOPUMOCTD
(«coneBoit apdexT»).
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KommiiekconomeTprueckoe onpeaeseHne oOmmeld >KeCTKOCTH BOIbL. EnuHWIA M3MepeHus
JKECTKOCTU BoJbl. HamucaTe ypaBHEHUs peakuuil, IPOTEKAIOUX IPU TUTPOBAHUH. Y CIIOBUS
tutpoBanus (pH, nHAMKATOP, H3MEHEHHUE OKPACKH).

BAPHUAHT O-1
Paccunrats pactBopumocTs ocagka BaSO4 B 0,1M pactBope Na,SO4 ¢ yuetom u 6e3 ydera
BITUSTHUS WOHHOM CHJIBI pactBopa. K'(BaS0,) =
1,1-107°.

Kak ompenenuTs MOJSIPHYIO KOHIIEHTPAIMIO PacTBOPA, M3MEPHUB TUIOTHOCTH 3TOTO PacTBOpA.
Onpenenute MOJSIPHYIO U HOPMaldbHYIO KOHIICHTPAIMM PACTBOPA CEPHOM KHUCIOTHI, €CIH
M3MEpEeHHasI IIOTHOCTB ITOr0 PacTBopa coctasisier p = 1,012r/cv’.

BAPUAHT O-2

[lpn KakuxX YCIOBHAX HEOOXOAMMO OXJaXAAaTh W XPAaHHUTh MPOKAJICHHBIC (BBICYLICHHBIC)
ocanku? Kakast xuMuueckast ocyja Juist 3Toro UCHoIb3yeTcs?

Ocob6ennoctu (npeumymiectsa) DJATA kak TUTpaHTa (CTEXMOMETpHsI B3auMOJEHCTBUA,
YCTOMUYMBOCTH 00Pa3yIOMIUXCSI KOMIUIEKCOHATOB METAIIOB, pH).

BAPHUAHT II-1

PaBHOBecne pacTBOPMMOCTH  MallOPACTBOPUMBIX coenuHEeHHil. TepmoauHamuueckas
KOHCTaHTa PacTBOPUMOCTU (TE€PMOJMHAMUYECKOE MPOU3BEIECHUE PACTBOPUMOCTH). UTO
TaKO€ PacCTBOPUMOCTh OCaJKa, €€ €MHUIIA u3MepeHus. Paccunrars pactBopumocts BaSO4 B
soze. K'(BaSO4) =1,1-107"7.

VpaBuenne HepHcra.  Bnusame o0pa3oBaHus TPyAHOPACTBOPUMBIX COCIUHEHHH Ha
BCJIIMYMHY OKUCIUTCIIbHO-BOCCTAHOBUTCIIBHOTO IMMOTCHIIHAJIA. IlokazaTh BausaHue AJId ciiy4das,
KOT/Ia 0caJiok o0paszyeT BOCCTaHOBJICHHAs (opma maphl.

BAPHUAHT II-2

['paBumerpuueckoe ompenencuue Oapus (Ba®"). OGOCHOBATH YCIOBHS OCAXKICHHS U
IpOMBIBaHMs oOcajika. BeiBox (opMmyibsl A pacdeTa Macchl Oapusi IO pe3yJbTaTam
IPaBUMETPUUECKOTO aHAIIN3A.

CriocoObl MPUrOTOBJIEHUS CTAHAAPTHBIX PACTBOPOB (M3 HABECKM TBEPJOrO BEIIECTBA,
pa3baBiIeHHE MCXOJHOTO pacTBOpa, YKpeIUieHHe HCcXogHoro pactBopa). CocTaBHUTh
ypaBHEHHUS MaTepUaIbLHOTO OaslaHca JUIsl BCEX CIIOCOOO0B B 00IIEM BHUJIE.

BAPHUAHT P-1

['paBuUMeTpHUeCKOe ONpeneNicHuEe HUKEIS (Ni2+) B ctanu. OcaguTenb — IUMETUITIHOKCUM
(HC4H;,O;N;). OOGocHOBaTh  yCJIOBHUS  OCQKICHHUS  JUMETHITIUOKCMMATa  HHUKEJS
((Ni(C4H70,N2),), BoIOOpa (hunbTpa U mpoMbIBaHUs ocalika. BeiBoa (hopMyisl i pacyera
MacChl HUKEJIS TI0 Pe3yJibTaTaM aHajIu3a.
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VYpaBuenue Hepucra.  BrumsHume 00pa3oBaHus TPYIHOPACTBOPHUMBIX COCIMHEHUH Ha
BEJIMYMHY OKHCIIUTEIbHO-BOCCTAHOBUTEIBLHOIO MOTEeHIMANA. [10Ka3aTh BIMsSHUE LTS CITyyasi,
KOTJ]a 0CcaJIoK 00pa3yeT BOCCTAaHOBJICHHAs (popMa Maphbl.

BAPUAHT P-2

Yro Takoe pacTBOPUMOCTh Ocajika? YclIoBHE HMOJTHOTO (KOJIMYECTBEHHOI'O) OCAXKICHUS IO
BEJIMYMHE PACTBOPUMOCTH ocajka. KakoBa BeJIMUMH JOIyCTUMOM OTEPH MACChI 0CAJKa, KaK
OHAa CBS3aHa C MOTPEIIHOCTHIO B3BEIIMBAHMS?

OcCHOBHbIE MOHATUS B TUTPUMETPUUYECKOM aHAIM3€: TUTPOBAHUE, CTAHIAPTHBIM PacTBOD,
TUTPAHT, AJMKBOTHAs 4acTh, MHJIMKATOP, TOYKA 3KBHBaJeHTHOCTU (TD), KOHedHas Touka
tutpoBanus (KTT).

BAPHUAHT C-1

KoHueHTpalmoHHass KOHCTaHTa pPAacTBOPUMOCTH  (KOHLEHTPALlMOHHOE MPOU3BEACHUE
pacTBOPUMOCTH). Y CJIOBUE BBINAJECHUSI OCAAKA.

[TpuroroBnenne u crangaptusanus pactBopa IJTA. YcnoBus TurpoBaHus (ypaBHEHUS
peakuuii, pH, uHIUKaTOp, W3MEHEHHE OKpacku pacTBopa). llo ypaBHEHMIO peakIUU
COCTaBUTh YPaBHEHUE MaTEpHAJIbHOIO OajlaHCca M BBIBECTH (OPMYILy Ul pacueTa MOJISIpHON
KOHLEHTpAalluu IpUroToBiaeHHOro pactBopa OJTA. Vuect, 4YTO Macca HaBeCKH
ycTaHoBo4HOTO BeriectBa (ZnSOy - 7 H,O) uzBectHa.

BAPHUAHT C-2

Brusinue moOoYHBIX peakuui (KOHKYPUPYIOIIHUX TPOIECCOB) HAa PACTBOPHUMOCTH OCaJKa
(Ka4eCTBEHHBIN acmeKT). YCIIOBHAass KOHCTAaHTA PACTBOPUMOCTH (YCJIOBHOE IPOU3BEICHUE
pacTBOPUMOCTH).

Ckauok TuTpoBaHus. Kak Ha BenMuMHY CKauyka BIUSIOT clefymomue (akTopel: a)
KOHIICHTpAIUsl aHAJIM3UPYEMOT0 BEIIECTBA M TUTPAHTA; 0) CUJIa TUTPYEMOW KUCIOTHI WIH
OCHOBaHUS. B) BEJIMYMHA JOMYyCTUMOW CHUCTEMAaTHYECKON MOrpelmHocTd TuTpoBanus. [lpu
KaKUX KOHULEHTpalUsAX CKayOK Ha KPHUBOW TUTpPOBaHUsA OTCYTCTByeT? Kak mo BeinuuHe
CKauyKa BBIOWPAIOT MOAXOISAIINI KUCIOTHO-OCHOBHBIA HHIUKATOP?

BAPHUAHT T-1

Brusinue mporecca KOMIUIEKCOOOpa3oBaHMsI HA PACTBOPUMOCTh OCaJKa (KaueCTBEHHBIH
acriexT). BeiBectn (opmyity st pacuera pacteopumoctn ocagka AgCl (K°(AgCl) = 1,78-107%)
npu BBCIACHUHU B MaTOYHBIN pacTBOp aMMHaKa, MOJIIpHAasd KOHLCHTpALuUs KOTOPOro
coctanisieT C(NH3) = 0,01 moinb/n. (KoHCTaHTBI yCTOWYHUBOCTH 00pa3yIOMIMXCSI KOMITJIEKCOB
UMEIOT 3Ha4YeHUsI: B = 103’32; B= 107’23).

CyurHoCTh THTpUMETpUYECKOro aHanmu3a. [IpemmyrmectBa TutpumeTpun. HeoOxomumas
naboparopHas mocyja, ee moJAroToBKa.
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BAPUAHT T-2

TeMmmepaTypHbIl PEXHMM IPOLECCOB MPOKAIMBAHMA M BBICyLIMBaHUA oOcaakoB. Kakoe
000pyI0BaHUE MCIIONB3YIOT JUISl BBIMOJIHEHUS 3TUX MPOLIECCOB?

Kak onpenenuts MaccoByO TOIK0 paCTBOPEHHOTO BEIIECTBA, U3MEPUB IUIOTHOCTh PacTBOpA.
Onpenenure MaccOoByIO JOJK PAacTBOPEHHOIO TMAPOKCHAA Kajlusl, €CIM H3MEpPEHHAs
ILIOTHOCTB €r0 PacTBOpa cocTaBisieT p = 1,513r/cm’.

BAPHUAHT Y-1

[lepeuncaure (axTopsl, BIUAIONIME Ha PAaCTBOPUMOCTb OCajKa. BiusHUE OJHOMMEHHOrO
MoHa (M30BITKAa MOHA OCA/IUTEIIS) Ha BETMYMHY PACTBOPHMOCTH.

Yro Takoe HOpMalbHas KOHIEHTpauus pactBopa? Paccuuraiite HOpPMaJbHYIO
koHuentpamuio a) 0,1M pactBopa cepHoit kuciotel; 0) 0,05M pactBopa KMnOy; B)
pactBopa Na,COs ¢ turpom 0,002514r/mi; r) 0,15M pactBopa AgNO:s.

BAPUAHT Y-2

JaiiTe xapakTepucTHKy 3TanoB QuiubTpoBanus u mpombiBaus ocaakoB AgCl m CaC,04
(punbTpHl, TEXHUKA POMBIBAHUS, COCTAB MPOMBIBHOM kHJKoCTH). Hamuimunre xumuueckue
dopmynsl rpaBumerpudecknx ¢opm (I'®) stux ocaakos. BeiBenute Gopmyiry mist pacuera
MaccoBo gonmu Ag B aHaIuM3UpyeMoM o0paslle M0 pe3yJbTaTaM MpPOBEIECHHOIO
IpaBUMETPUUECKOT0 aHAJIN3A.

[Tpuniun oOpaTHOro TUTpOBaHMs (TUTpoBaHMs ocTaTka). OOBACHUTH Ha INpUMeEpe
apreHTOMETPUYECKOI 0 OIIpeEICHUS XJIOPUJI-MOHOB
(CI') (meton domwrapna). Beisectn dopmyny mist pacuera maccel ClIT mo pesynpTaTtam
TUTPOBAHUS.

BAPUAHT &-1

BnusiHue mporecca mMpOTOHHPOBAHUS HAa PACTBOPUMOCTH OCaAKa (Ka4eCTBEHHBIM acCIeKT).
BeigecTr (opMyity 1ist pacdera pactBopumocti BaSO, mpu pH = 1. (K°(BaSOy,) = 1,1:107%;
K(H,SO;4) = 1,15-10%).CpaBHuUTS ¢ pacTBOPUMOCTBIO B Boje. Cielath BHIBOJ O BimsiHuE pH
Ha paCTBOPUMOCTb.

CymrHocTh MeTona KucioTHo-ocHoBHOTO TuTpoBaHus (KOT). CrammapTHbie pacTBOpHI B
KOT. Paccuurats MossipHyto KoHLEHTparuto pactBopa HCI, ecniu Ha TUTpOBaHUU HAaBECKU
Na,CO; maccoit 0,04500 1 oo 4,255 mut pacteopa HCI.

BAPUAHT ®-2

Koncranta pactBopuMOCTH  (IPOM3BEACHUE PACTBOPHUMOCTH):  TEPMOJUHAMUYECKAS,
KOHIICHTPALlMOHHAs, YCIOBHASI.

[IpurotoBnenue u cranpaptusauus pacrsopa OTA. Vcnosus tutpoBaHus (ypaBHEHMS
peakumii, pH, wHAMKaTOp, W3MEHEHHE OKpacku pacTtBopa). [lo ypaBHEHHIO peaKIuH
COCTaBUTh YPaBHEHHE MaTepHaJIbHOTO OajaHca W BhIBeCTH (OPMYIy Ul pacyeTa Macchl
HaBECKH yCTaHOBOYHOTO BemiecTBa (ZnSOy - 7 H,0).
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BAPUAHT X-1

I'paBumerpuueckoe ompeaernenne kambimst (Ca’’) okcamateHeiM MeTogoM. OGOCHOBATH
YCIIOBUSI OCaXICHUS U MPOMbIBaHUs ocajka okcanata kanpius (CaC,04). BeiBoa Gpopmysl
JUISL pacdeTa MacChl KaJbIMsI 1 MacCOBOM JIOJIM KaJIbLUS TI0 Pe3ysIbTaTaM aHaJIN3a.

Kak ompenenuts uncio u (HakTop 3KBUBAJIECHTHOCTH B OKUCIHUTEIHHO-BOCCTAHOBUTEIBHBIX
peakmusax (OBP)? Kakyro gacTuily BelecTBa Ha3bIBAIOT SKBUBAJIEHTOM B 3THX PEAKIUAX?
OO0bsicuuth Ha mnpumepe TuTpoBanuss uoHOB Fe(Il) pacTBopom mnepmaHraHara Kamnus
(KMnQOy4) B cepHokucnoii cpeae. Hamucate mosiypeakuuu C ydacTHEM DJIEKTPOHOB U
COCTaBUThH ypaBHEHUE MaTepUaIbHOIO OallaHca B 9KBUBAJICHTHOH dopMe.

BAPUAHT X-2

KauecTtBeHHas xapakrepucTuka (Ka4eCTBEHHBIN acleKT) BIMSHUS Pa3UYHBIX (aKTOPOB Ha
pacTBOPUMOCTh OcCaJlKa: M30bITKa OCagUTENs, KUCIOTHOCTH, HMOHHOM CHJIBI pacTBOpa
(«coneBoit a3¢pdexTy), KoMIIEKCO0Opa30BaHUs U IPUPOJIBI PACTBOPUTEIIS.

Kak npuroToBuTh CTaHAAPTHBIA pPAacTBOP XJIOPOBOJOPOIAHOM KHCIOTHl M3 pEakTHBa C
U3BECTHON  mioTHocThio. Ilouemy mpuroroBnenHelii  pactBop HCl  HeoOxomumo
cTaHgapTu3upoBaTh? Kakue ycraHOBOUHBIE BelleCTBA (IEPBUYHbBIE CTAHAPTHI) UCIIOJIB3YIOT
JUIS CTaHJApTH3AIMKA PAacTBOPOB KUCIOT? Kakue TpeOoBaHMS MPEIBSBISIOTCS K PEaKTHBAM,
UCIIOJIb3YEMbIM B KQU€CTBE NMEPBUUHBIX CTAaHIAPTOB?

BAPUAHT 1I-1

JlaiiTe XapaKTepUCTHKYy JTana NPOMBIBAHHUS OcCaJKka (TEXHUKAa TPOMBIBAHHS, COCTaB
MIPOMBIBHOM JKUIKOCTH). [Ipeaokure cocTaB mMpOMBIBHOM KUJIKOCTH MPHU pabOTe ¢ 0CaTKOM
JUMETHITIIMOKCUMAaTa HHUKEII ((Ni(C4H70,N3)2), TepmomuHamuueckass KOHCTaHTa
pactBopuMOcTH KoToporo umeer Bemmunay: KU (Ni(C4H,0,N,),) = 2,3-107% .

TpeboBanus, mnpenbsBIseMble K peakuu TUTpoBaHHUS. (OCHOBHBIE XapaKTEPUCTUKH
UHAMKATOPOB, HCIOJB3YEMBbIX B  KHCIOTHO-OCHOBHOM TUTpPOBaHMM (Ha TpuUMeEpe
METHJIOBOTO-OPaHKeBOT0 U eHoN(TaNIeHHa).

BAPUAHT II-2

'paBuMerpuueckoe ompexenerue amomuans (AI'Y). Ocagurens — THIPOKCHI aMMOHHS
(NH4OH). O6ocHOBaTh yCIOBHUS OCAXJIECHHS M IPOMBIBAHUS 0CAJIKA THAPOKCHIA AITIOMUHUS.
BriBon hopmyiibl A1 pacueTa Macchl allFOMUHUS MO pe3yJibTaTaM aHalIn3a.

IIpn xaxom 3HaueHun pH KOMIJIEKCOHOMETPUUYECKH ONPEAEISAIOT ABYX3apsAHBIE KaTHOHBI
MetamuioB? Kakoit OydepHbIii pacTBOp MpU 3TOM HCMOIL3YIOT? Hamumure ypaBHEHUs
peaKuyii, IPOTEKAOIIMUX [IPU OIIPEACICHUN Mg2+ . Kakoil uHIuKaTop Hajgo HUCIOJIB30BATH?
Kakoe n3meHnenue okpacku pactBopa HaOJI0aeTcs B poLiecce TUTPOBAHUS?

BAPHUAHT 4Y-1

Bnusinue mpoliecca MpOTOHMPOBAHMSI HA PAacTBOPUMOCTH ocanaka. BeiBectu dopmyity st
pacuera pactopumoctr CaC,0, mpu pH = 2. (K°(CaCy04) = 2,3:107; K (H2C204) = 5,6:10°
2; Ky(H,Cy04) = 5,4-10'5). BpInosiHUTE pacyeT M CpaBHUTH C PACTBOPUMOCTHIO B BOJE.
Cnenatb BbIBOJ O BiIUssHUM pH Ha pacTBOPUMOCTBH OCajIKa.
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OOBSCHUTH YTO Takoe: a) KpHBash TUTPOBAHMUS U B KaKMX KOOpDAMHATAX OHA CTPOMTCH; 0)
CKAQUOK THUTPOBAHMs, €ro MOJOXEHHE Ha KPUBOH TUTPOBAHUSA, JUI1 KAaKOM JOIMYyCTUMOMH
MOTPEIIHOCTH OOBIYHO TPOBOAAT pPacyeT CKadka; B) Touka skBuUBasieHTHOCTH (TD) m ee
MIOJIOKEHHE Ha cKauke; T') KoHeuHas Touka TutpoBanus (KTT). ITo kakomy y4acTKky KpuBOH
MIPOBOJIST BEIOOP MHAMKATOPA.

BAPUAHT 4-2

[Tpennoxute TeMmepaTypHBI PeXUM MOTyUYEHHUs] TPAaBUMETPUUECKONU (POPMBI 7SI OCAJIKOB
cynbdara 6apust (BaSO4) n okcuxunonunara amromunus (Al(CoHeNO)s3). ObocHylTe cBOM
BbIOOD. BriBenuTe hopMyiy amnst pacuera Macchl Oapus Mo pe3yabTaTaM rpaBUMETPUUYECKOTO
aHaiu3a.

[TonsiTue SKBHBaJeHTa BellecTBa, uyucia U (akTopa HSkBUBajeHTHOCTH. [loka3ath Ha
npuMepe B3auMoaeucTBust optodochoproit kucmorel  (H;POs) ¢ rumpokcmmom HaTpus
(NaOH). Hanncate xumuueckue ¢opMyIibl SKBHUBaJIeHTa OPTO(HochOpHOM KUCIOTHI A 3-X
BapHaHTOB B3aUMOJICHCTBUS 3TUX BemecTB. COCTaBUTh ypaBHEHUs MaTepHaIbHOTO OanaHca
JUTSL BCEX TPeX CIy4aeB B3aUMOJCHCTBHUS.

BAPUAHT I1I-1

I'paBuMerpudeckoe  onpenenenne amioMmunms (AI’")  OKCHXHHOMHMHOBBIM  METOZOM
(ocamutens - CoHeNOH). ObGocHOBaHME YCIOBUH OCaXIECHHS M MPOMBIBAHMS OCaaKa
okcuxuHomuHata amomuausa (Al(CoHeNO);3). BeiBog Qopmynbr uis pacuera Macchl
IIOMUHUSA 110 pe3yJibTaTaM aHaJu3a.

CyImHOCTP TUTPUMETPUUYECKOIO aHanu3a. MeToA OTAENbHBIX HAaBECOK M  METOA
nunerupoBanus. [IpenmyiiecTBo MeTo1a MUIIETUPOBAHUS.

BAPUAHT -2

JlaTb CpaBHHUTENIbHYIO XapaKTEPUCTHKY VYCJIOBHM TMOJyYEHUS KPUCTALIUYECKOTO U
amop¢Horo ocaakos. [IpuBecTu npuMepsl COOTBETCTBYIOIINUX OCAJKOB.

Uto Takoe anukBOTHas 4acTh pactBopa? Kak 3Ta BelWYMHA YYMTHIBAECTCS MpPU pacyeTe
pe3yabpTaToB TUTpOoBaHUA? PaccuuTtaTh MonspHyto kKoHIeHTparuio pactBopa HCI, ecou Ha
tutpoBanuu HaBecku Na,COs maccoit 0,2528 r monwto 4,255 M pactBopa HCL. Yuects, 4ro
Uil ipuroToBieHus: pactBopa Na,COs HMCMonap30Baii MEpHYI0 KOOy oOobemoM 50 M.
O0beM MepHOU MUNETKU cocTaBisut 10 M.

BAPUAHT III-1

['paBUMETpUYECKOE OMpeieieHre ompeneleHne cyisdar-mona (SO4”). OGocHOBaHHE
YCIIOBUH OCAXKICHHS M TIPOMBIBaHUS Ocajka cylbdara Oapus. BeiBoa Gpopmynsl 1j1s pacueTa
MaccOBOH J0JIH CyJIb(aT-nuoHa 1o pe3yabTaTaM aHaIu3a.

Cranpaptusanust pactBopa HCl. BriOpars ycranoBouHoe BemiecTBo. Hamucath peakiuio
TUTpOBaHUs. Yepe3 ypaBHEHHE MaTepuaIbHOTO OajlaHca IS MPOTEKAIoMEeH XHUMHYECKON
peakIMu BBIBECTH pacueTHble (OPMYJbI: a) MacChl YCTaHOBOYHOIO BelIeCTBAa; O)
koHueHTpaiuu pactsopa HCI mo pesynprataM TUTpOBaHHMS.
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BAPUAHT III-2

CDI/IJ'II)TpBI n (1)I/IJ'H)Tp0BaHI/Ie OCaJIKOB. HpOMI)IBHLIe KHUAKOCTHU, TCXHHUKa IPOMbIBAHUSA
KPUCTATMUECKUX ¥ aMOP(HBIX OCAJKOB.

[Tonstue pH pactBopa. Boeruuciaenme pH pactBopa, comepkamiero: a) CHIbHYIO
OJIHOOCHOBHYIO KHUCIIOTY, 0) cnalyr OJHOOCHOBHYyIO Kkucioty. Paccuutats pH 0,1M
pactBopoB xioposogopoanoit (HCI) u ykcycnoit (CH;COOH) kucinor.

BAPHUAHT 2-1

I'paBumeTpuyeckoe ompexaeneHue cepbl (S) B pacTBOPUMBIX cynbgarax. BeiOpare HOH-
ocanutenb. OO0OCHOBaHUE YCIOBHI OCa)XJE€HUS U NMPOMBIBaHUS ocazka. BbiBoa (opmyiibl
JUISL pacyeTa MacCOBOM J0JIM CEpPHI IO Pe3yJIbTaTaM aHalu3a.

Knaccudukanmss MeTomoB THTPHUMETPHUYECKOTO aHanmu3a (M0 THITy MPOTEKaIOMIen
XMMHUYECKOW peaknuu, Mo crnoco0y THTPOBAHUS, MO HCHOIB3YEMOMY THUTPAHTY, IO
UCTIONIB3yEMOMY MHAMKATOPY). JaTh MOMHYIO KiIaccH(DHUKAIMIO METO/Ia TIPH CTaHIaPTH3AIHH
pacTBOpa THOCyidb(ara HaTpus (COOTBETCTBYIOIIME pEaKIMU CMOTPU B CBOeH 2
KOHTPOJIBHOH padore).

BAPUAHT 2-2

TpeboBanus k ocaxnaemoit ¢popme (OP) u rpaBumerpuueckoit popme (I'd) ocanka. Ha
KaKHX dTanax rpaBUMETPUYECKOT0 aHaIN3a MOIyJaloT JaHHbIe (OPMBI Ocaaka?

M3BeCTHO, YTO TUTPOBAHUE BOCCTAHOBHUTENS OKUCIUTENIEM 3aKOHUYWIN MpHU MOTEHLHUaie +
0,76B. Kak Ha3bpIBaeTCsl 3TOT MOMEHT TUTpoBaHMs? Kak Ha3bIBaeTCsl Takoe TUTPOBaHHE?
[Tonp3ysick CrpaBOYHOW TaOIHUIEH, MOIOEPUTE MOIXOIAIINNA OOpAaTUMBIA OKUCIUTEIHHO-
BOCCTAHOBUTENIbHBIA UHAUMKaTOp. Kakoe wu3MeHeHune okpacku Oyaer HaOmoAaTbes B
nporiecce TUTPOBAHUS ¢ BEIOPAHHBIM WHINKATOPOM.

BAPHUAHT 10-1

I'paBumerpuueckoe ompenencHue KaabLus (Ca®"). OGocuoBaTh YCJIOBUSL OCaXACHUS H
npoMbiBaHMs ocanka okcamara kampiusa (CaC,O4). Kakoe BemectBo OyAeT SIBISATHCS
IpaBUMETPUUECKOM (opMOIt 3TOro ocanaka. BeiBos hopmyssl Ui pacueTa Macchl KalnbLus U
MacCOBOM JOJIM KaJIbLIUA [0 pe3yJibTaTaM aHaJInu3a.

Wnpukaroper B meroge KOT. Kak woHHas Teopus OOBACHSET HU3MEHEHHE OKpPACKU
nnaukaropa? IlpaBwio BeIOOpa KHCIOTHO-OCHOBHOTO HWHAWKatopa. JlaTe mosHYIO
XapaKTePUCTHKY METUIIOBOTO OPAaH)XEBOTO U (eHoN(TanenHa: MHTEpBaj Mepexoa OKpacku
unaukaropa (ApH), nmokazarens tutpoBanus (pT), okpacka MHAMKATOpAa B 3aBUCUMOCTH OT
pH.

BAPUAHT 10-2
Kakue mporeccel mpOTEKalT NpU CO3PEBAHUU («CTAPEHUN») KPUCTAIUIMUECKUX OCAJKOB B

MaTOYHOM PacTBOpe. BiusHue «cTapeHus» Ha YMCTOTY KPUCTAIMYECKOro ocaaka. [Touemy
aMop(HbIE OCa/IKU HE M0/IBEPTaloT CO3PEBAHUIO?
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[IpuHIMTT pacyeTOB B TUTPUMETPUUYECKOM AHAIM3E IO PEAKUHUH TUTPOBAHUSA. Y PABHECHHE
MaTtepuanbHoro Oananca (YMB). YpaBHenue marepuanbHOro OanaHca B SKBHUBAJICHTHOM

dbopwme.

BAPUAHT s-1

[lepeuniciure ycaoBUsl OCaXIECHHS KAaTHOHA Ba®" ammonom SO4* . OGbsicHuTE oyeMy
OCAXKICHUE BEAYT W3 TOpsSYMX pacTBOpoB, B mpucyrcrBue HCI, BBOms M30OBITOK HOHa-
ocanuTens. 3aueM HE0OXOIMMO MOCTOSTHHO MEePEeMEeNnBaTh PacTBOpP?

[Tonstue pH pactBopa. Beraucnenne pH pactBopa, cosepikaniero: a) CHIbHOE OCHOBaHUE, 0)
cmaboe ocuoBanue. Paccumtate pH 0,1M pactBopoB ruapokcuaa Hatpus (NaOH) wu
ruapokcua ammonus (NH4OH).

BAPUAHT s1-2

OObsicHUTE KakOW MOH Hag0 BBECTH B MPOMBIBHYIO JKUAKOCTb MPHU MPOMBIBAHUHU OCAJIKa
BaSO, eciu a) aHanH3upyeMsIii noH Ba’"; 6) aHammsupyemsiii non SO, . BimsHue Kakoro
(dakTOpa Ha PacTBOPUMOCTh OCaJKa 3[1€Ch YYHTHIBACTCS. PaccuuTaiTe pacTBOPHUMOCTD
ocaaka BaSO4 B 0,01M pactBope NaySOs.

[Tpunuun TutpoBaHus 3amectutens. OObSICHUTH HA MPHUMEpPE MEePMaHTaHATOMETPUIECKOTO
ompeseieHus]  KaibIMs  (OKUCIMTEIbHO-BOCCTAHOBUTEIBHOE THUTpOBaHHWE). Hammcarp
ypaBHEHHsI peakiuii. Yepe3 ypaBHEHUS MaTepHaIbHOrO OajaHca BhIBECTH (HOPMYIY JUIs
pacuera mMaccs (Ca™") B aHAIM3HPYEMOM pacTBOpe.
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