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Paszngea 1. KauecTBeHHBIN XUMHYECKHNHA aHAIN3
Tema 1. OcHOBBI IPOBe/IeHUST KAYECTBEHHOI0 aHAJIN3A

MeTopl KaueCTBEHHOTO aHallM3a MO CHOCO0y HCCIeAOBaHUs JACNATCS Ha
XUMHUYECKUE, (PU3UKO-XUMHUYCCKUE U (PU3HUECKHE.

dusuveckrue METOAbl OCHOBAaHBI Ha W3yYEeHHWH (DU3MUECKUX CBOWCTB
aHAIM3UpyeMoro BemecTBa. K ASTUM MeTomaM OTHOCATCS —CIEKTPabHBIN,
PEHTTEHOCTPYKTYPHBIN, MacC- CIIEKTPOMETPUYCCKHIA aHATHU3BI U JIP.

B ¢puznko-xuMuueckux MeTo1aX TeUCHUE PEAKITNH GUKCUPYETCS U3MEPEHUEM
OTpeIeNIeHHOTO (PU3MUECKOT0 CBOMCTBA HccieayeMoro pactBopa. K atum meTomam
OTHOCSTCSI ToJsiporpadusi, XxpoMarorpadus u 1Ip.

K xumMudeckum MeTo1aM OTHOCSITCSI METOIbI, OCHOBAaHHBIE HA NCITOJIH30BAaHUN
XUMUYECKHAX CBOMCTB MCCIIETyEMbIX BEIICCTB.

Peakun XMMUYECKUX METOJIOB MOTYT MPOBOJUTHCS «CYXHM» H «MOKPBIMY
My TEM.

AHanmM3 CyXMM TIyTeM — XHMHYECKHE PEaKIUH, MPOUCXOJANINE TpHU
HaKaJIMBaHWM, CIUTABJICHWM W OKpAlTMBaHWM. AHaMW3 TMOApa3ACisIeTcs Ha
MUPOXUMUYECKUN aHATIU3 U aHAJIU3 METOJ0OM PaCTUPAHHSL.

AHanM3 MOKPBIM ITyTEM — XUMUYECKHE PEAKITUH, POUCXOISIINE B PACTBOPAX
anekTpoiauToB. [lo  cmocoOy — BBIMOJTHEHUS  JITaHHBIA  METOJ|  JIEJUTCS:
MUKPOKPHUCTAJUIOCKOMTMYECKUN 1 KareJIbHbIN aHATHU3BbI.

MeToipl Ka4yeCTBEHHOTO M KOJUYECTBEHHOTO aHalM3a B 3aBUCUMOCTH OT
KOJIMYECTBA aHAJIM3UPYEMOTO BEIIECTBA JAENAT Ha: MakpomeTon (1-2 mut pacTBopa
wm 0,1 rp. BemectBa); momymukpometon (0,05-0,1 mn pactBopa wiu 0,1 Tp.
BellecTBa); Mukpomeron (1-2 xammm pactBopa wiu 0,001 rp. BemecTsa).
AHanmuTHYEeCKas peakins — XUMHUYECKUI MPOIECC, HaPaBJICHHBIN Ha OMpeIe/ICHNe
WCCJICTyEeMbIX BEIIIeCTB, HA HAJTUYHE 3aTaHHBIX YaCTHII.

[Ipu3HakaMy aHATUTHYCCKONW pEaKIUH SBJSIOTCS: BBIMAJACHUC WIIH
pacTBOpeHHE OcajaKa, W3MEHEHHE I[BETa PAcTBOPA, BBIJICICHHE Ta3000pa3HOTo
BEI[ECTBA, M3MCHCHHE OKPACKM WHAWKaTopa. [Ipm mpoBeacHWM aHATUTHYCCKOMN
peaknuu HEOOXOIUMO MPHUACPKUBATHCS OMPEICICHHBIX YCIOBUIN: KOHIICHTPAIIUN
pearupyronmx BeIIeCTB, PEAKIUU Ccpeabl, Temmneparypsl. CrnenupuyeckuMu
HA3bIBAIOT AHAIMTUYECKUE PEAKIINU, AaHATUTHIECKUHN 2P(HEKT KOTOPBIX XapaKTepeH
TOJIBKO JIJISl OJTHOTO MOHA B MPUCYTCTBUU JPYTUX UOHOB.

HNonbl aMMOHUS, K TIPUMEPY, MOKHO OOHAPY UTh B CMECH MOHOB, JIEUCTBYS Ha
aHaMM3UpyeMble 00pasiibl U30BITKOM PacTBOPA IICIOYH:
NH4Cl + KOH = NH; + KCI + H,0.

BaxxHBIM  yClIOBHEM TPaBHJIBHOTO TPOBEACHHUS  aHAJIM3a  SBISACTCS
JyBCTBUTEIBHOCTh. UyBCTBHTEIILHON HA3bIBACTCS TaKas pPEaKIUs, MPU TOMOITH
KOTOPOH MOKHO OTKPBITh MHUHHUMAJIbHOE KOJIMYECTBO BEIIECTBA WJIM HOHA W3
HauMeHbIlero  oO0bemMa  pactBopa.  KOJMYECTBEHHO  YYyBCTBHTEIBLHOCTH
XapaKTEPHU3yETCs TPEeMs B3aUMOCBSI3aHHBIMH TTapaMeTPaMHU:

1) OTKpBIBAaEMBIM MHHHUMYM M,



2) npenenbHON KOHIEHTpAUeH Cupex UM MPEAETBHBIM pa30aBiIeHuEM Vipex:

3) MUHUMAJILHBIM 00BEMOM TIPEIETHLHO pa30aBICHHOTO PACTBOPA.

[Ipn momomy crenuPUIecKuX pPeakuidi MOKHO OTKPBIBATH COOTBETCTBYIOIIHE
MOHBI HETOCPEJCTBEHHO B OTJEJBbHBIX MOPIHUIX UCCIEAYEMOro BemiecTBa. Takoi
CII0CO0 HA3BIBAIOT «IPOOHBIMY.

KOHmPOJleble eéonpocsl u 3a0aHus

1. JaTh onpeneneHne aHaIuTUYECKON XUMUH.

2. YTo NOHUMAIOT MOJT AaHAIMTUYECKON peaklHneil, peareHToM?

3. B yem cyliHOCTh XMMUYECKUX, (PU3UKO — XUMUYECKUX U (PU3NYECKUX METOJ0B
KaueCTBEHHOI'0 aHanu3a?

4. B 4éM OTIIMYHS «CYXOT0» METOJA aHaJIn3a OT «MOKpPOTo»?

5. B ueMm 3akirouaeTcd 3aj1aua KaueCTBEHHOT O aHaiamn3a’?

6. B ueMm 3akimrouaeTcd 3aj1aua KOJIMYECTBEHHOTO aHain3a?

7. Ha3zBaTh criocoObl TPOBEJCHUS AHATUTUYECKON PEaKIINU.

8. Kakue ycnoBuss HE0OXOAMMO COOJIO/aTh MPU MPOBEIACHUU AHATUTUYECKOU
peakuu’?

9. Kakue peakunu Ha3bIBalOT YyBCTBUTEIBHBIMU, KaKUE - CICHUPUIECKUMU?

10. B yeM otnmmune HOHOB OT AaTOMOB M MOJIEKYJI?

11. B yem 3akiroyaeTcs METOJT pacTUpaHUs?

12. Ha yeM OCHOBaHbI pEaKIIM1 OKPAIIUBAHUS TIJIaMEHU?

13. B ueM CyIIHOCTh MUKPOKPHUCTAIIIOCKOMUYECKOTO UCCIEA0BAHUSA?

14. Ha uem ocHOBaHa Kjiaccuukanys aHuOHOB?

15. OxapakTepusyiite IpOOHBIN U CUCTEMAaTUYECKHUI X0/ aHan3a.

Tema 2. | ananuTHyeckasi rpynna KAaTHOHOB
2.1. 3aKko0H gelicTBUA MACC KAK OCHOBA KAYeCTBEHHOI'0 AHAJIN3A

Kaxxnas xumudeckasi peakiusi MpoTeKaeT B TeUEHUE HEKOTOPOTO MPOMEKYTKA
BPEMEHU M UMEET OINPEAELICHHYI0 CKOPOCTh. CKOPOCTh pEaKIMU XapaKTepU3yeTCs
KOJIMYECTBOM BEILIECTBA, BCTYNMBLIETO B PEAKIMI0 B €IMHMILY BPEMEHH, WIU
U3MEHEHUEM KOHLEHTpAlMd OJHOIO W3 pEearupyrollux BELIECTB B EIUHHUILY
BpeMeHU. CKOPOCTh PEaKIMU 3aBUCUT OT IPUPOABI PEArMPYIOIINX BEIIECTB, OT UX
KOHIIEHTpAIMH1, TEMIIEPATyPbl U KaTaau3aTopa.

AHanmuTH4ecKas peakiys JOJDKHA POTEKaTh OBICTPO U OBITH crieluUIecKon
Y 4yBCTBUTENBHOU. Kak M3BECTHO CKOPOCTh XMMHYECKOW PEAKIMU OIPEIEIISIETCA
KOHLIEHTpalMel pearupyronx BEIIECTB B COOTBETCTBUM C 3aKOHOM JEHCTBUS
Macc: CKOPOCTb XMMHUYECKON peakiMu MpsSMO MPONOPLHUOHATIbHA MPOU3BEICHHUIO
aKTUBHOCTEW pearupyrouux BEIIECTB, B3AThIX B CTENEHH UX CTEXHMOMETPUUYECKUX
koa(durenToB. s pazdoaBieHHbIX pacTBOPOB KOAPHUIIMEHTH aKTUBHOCTH =1 1
AKTUBHOCTM pAaBHbl KOHIIEHTPALMU. 3aldIleM MaTEeMaTUYECKOE BBIPAKEHUE

JAHHOT'O 3aKOHA AJIA XI/IMI/I‘ICCKOﬁ peaKLII/II/I:
mMA+nB=C+D



V =k [A]"[B]"
rae K- ko3¢ UIHUeHT IPONOPIHOHAIBHOCTH, Ha3bIBAEMbIH KOHCTAHTOM CKOPOCTH.
IIpumep: BeraucinTh, BO CKOJIBKO pa3 YBEIUYHUTCI CKOPOCTh PEAKIIUN

NH,OH + HCI = NH,CI + H,0
P YBEJIIMYECHUHU KOHIIEHTPALIMK PEareHTOB B CUCTEME B 2 pasa.
Pemenue. 3anuiiemM ypaBHEHHUS 3aKOHA JICMCTBHUS MAcC JIJII UCXOHOTO COCTOSTHUS
cuctemsl J10 (V1) 1 mociie yBelmdeHus JaBicHus (Vy):
V1= k [NH,OH] [HCI]
V; =k (2[NH;OH] (2[HCI])

Haiinem oTHOIIIEHHE 3TUX CKOPOCTEM:

k-4 [NHs OH]-[HCI]

ViV = k- [NHa 0H]-[HCI]

=4
CrnenmoBaresibHO, MPU TMOBBIIIEHWM KOHIIEHTpAallud B CHCTEME B JiBa pasa
CKOPOCTh pPEeakiuu yBeJIU4YnBaeTcs B 4 pasa.

2.2. Teopus 3J1eKTPOJUTHYECKON JUCCOUUALUYT

PacTBOpBI BCEX BENMIECTB MOYXKHO PA3JEIUTh HA JBE PYIIbL: 3JIEKTPOIUTHI -
MPOBOJSAT JIEKTPUUECKUN TOK, HEAJIEKTPOIUTHI - IPOBOJIHUKAMHU HE SIBIISIFOTCS. DTO
JICJICHUE SBJISIETCA YCJIOBHBIM, MOTOMY YTO BCE PAcTBOPBI BELIECTBA MPOBOJAT
AIEKTPUYECKUN TOK, BCE OHM B TOW WM WHOW MEpE PACTBOPSIOTCSA B BOJIE U
pacnajaloTcs Ha KAaTHOHBI (TOJIOKUTEIBHO 3apsDKCHHBbIE HWOHBI) W aHUOHBI
(oTpuIIaTeNbHO 3apsHKEHHBIC MOHBI). JlMcconuamus KUcioT, OCHOBaHUN U COJICH B
BOJIHBIX PACTBOPAX C MOMOIIBIO TEOPUHU DIICKTPOIUTUUECKON NUCCOLUMALMU JTAIOT
ONPEIEIICHNS U ONMCBIBAIOT CBOMCTBA KUCJIOT, OCHOBAHUM U COJIEH.

Kucsoramm Ha3bIBalOTCS  AJIEKTPOJIUTHI, TPU JTUCCOLMALIMM KOTOPHIX B
KaueCTBE KaTUOHOB 00pa3yroTCs TOJIbKO KaTHOHKI Bojopoaa. Hanpumep:

HsPO4, —~H" + H,PO,4 (nepBas cTyneHs)
H,PO, <> H* + HPO,* (BTOpas cTymens)
HPO,* < H*+ PO* (tpeTbs cTyneHs)

OCHOBaHUSIMM HA3bIBAIOTCS 3JIEKTPOJUTHI, MPU AUCCOIUALINUHA KOTOPBIX B

KaueCcTBEe aHHOHOB 00pa3yI0TCs TOIBKO TUIPOKCUA-UOHBI. Hampumep:
KOH < K"+ OH"
NH,OH< NH;"+ OH"

CoasiMu Ha3bIBAIOTCS DJIEKTPOJIUTHI, TPH AUCCOLUAIINUA KOTOPHIX 00pa3yoTcs
KaTHOHBI METAUIOB a Takke KatnoH aMMoHus ( NHs") m aHMOHBI KHCIOTHBIX
ocrarkoB. Hammpumep:

(N H4)2804 «— 2NH,* 5042'
NasPO, < 3Na* + PO43'

Tak pguccouuupyrotr cpeanue cojd. Kucnble X€ U OCHOBHBIE COJIHU
JUACCOLMUPYIOT CTYNEHYATO. Y KHUCIBIX COJIEH BHAYAJIE€ OTIICIUISIIOTCS HOHBI
METAJIJIOB, a 3aT€M KaTHOHBI BoJIopoa. Hanpumep:

KHSO, — K"+ HSO4
HSO, <« H" + 8042_



VY OCHOBHBIX COJiel BHauajie OTHICIUISIOTCS KHUCJIOTHBIE OCTATKH, a 3aTeM

TUJPOKCUI-UOHBI.
Mg(OH)CI «> Mg(OH)" + CI
Mg(OH)* <> Mg?* + OH"

PaznuyatoT cuiibHbBIC U CIA0BIE SJICKTPOJIUTHI.
CuiibHBIE JIEKTPOJUTHI IPU PACTBOPEHUH B BOJIE JUCCOIMUPYIOT HA UOHBI.
1) mouTu Bce comnu;
2) MHorue MuHepaiabHble KuciaoTel, Hampumep H,SO,, HNOjz;, HCI, HBr, HI,
HMIIO4, HCIOg, HC104;
3) ocHOBaHMS MIETOYHBIX U IIETOYHO3EMENbHBIX METAJIIOB.

Cnabble DJEKTPOJMTHI MPU PACTBOPEHHMH B BOJE JHUIIb YaCTHYHO

JTUCCOIIMUPYIOT HAa MOHBL. K HUM OTHOCSTCS:
1) mouTH Bce OPraHUYECKUE KUCIOTHI;
2) HeKOTOpble MUHepaimbHbIe KHCIoThl, Hampumep HCOs, H,S, HNO,, HCIO,
H,SiOs3;
3) MHOrME OCHOBaHHUSI MeETauIoB (KpOM€ OCHOBAaHUM  IWIEJIOYHBIX U
HIEJI0YHO3EMENBHBIX MeTaJIOB), a Takke NH4OH, xoTOopbiii MOXXHO M300paxaTh
kak ruapat ammuaka NHseH-O.

J{nst mpaBUIILHOTO MPOBEICHUS] XUMUYECKONW UJECHTU(PUKAIIMUT HEOOXOAUMO
3HaTh, YTO TAKOE PEAKIIUSI CPEJIbl U KAKOBBI METO/IbI ONPEICICHUS PEAKIIUU CPEIbI.

Bona npencrasisier co0oii cinabblit 3JEKTPOIUT, OITOMY OHA TIOJIBEPraeTcs
JMCCOLUALINY B HE3HAYUTEIbHOM CTEIECHH.

BoopoaHbIM TOKa3aTesieM Ha3bIBA€TCS B3ATHIA C OTPULIATEIBHBIM 3HAKOM
NECATUYHBIN JTorapu(M aKTUBHOCTH HOHOB BOJOPO/ia B pacTBOPE:

pH=-1g on*

BonoponHbslii mokazaTenb ONPEAENSIET XapakTep peakiuu pacTBopa.
Bonopoisblii mokazaTeab uMeeT O0JIbIIoe 3HaYE€HUE JIsl TOHUMaHUs OOJIBIIIMHCTBA
IPOIECCOB, MPOTEKAINUX B  KUAKOW (a3e, Tak Kak wWOHBI H'wm
OH™ HenmocpeACTBEHHO y4acTBYIOT BO MHOTHUX U3 3THX MPOIECCOB.

Konmponwvnwvie 6onpocol u 3a0anus

1. OnpenenuTh U3MEHEHUE CKOPOCTH XMMHUYECKOW PEaKIUM, €CJIM KOHLECHTPALIUS
pearupyronmx BEUEeCTB B CUCTEME U3MEHHUTCS B TPU pa3a:

Ca + 2H,0 = Ca(OH); + H;
2. Ha3BaTb CUJIbHBIE AIEKTPOIUTHI KIacca KUCIOT U OCHOBAHUIA.
3. Kakue noHbl XapakTepu3yoT CBOMCTBA KUCJIOT, OCHOBAHMI1?
4. ChopmynupoBath 3aK0oH JeicTBUs Macc. Kakue (akTopel W Kak BIUSIOT Ha
CKOPOCTh XMMUYECKOW peakiuu?
5. Onpenenuts U3MEHEHUE CKOPOCTH XMMUUYECKOW PEaKIM, €CJIM KOHIICHTpaIus
pearupyromnmx BelecTB B CUCTEME U3MEHUTCS B TP pa3a:

CH3;COOC;Hs + NaOH = CH3;COONa + C,HsOH

6. UTo Takoe KOHCTaHTa XUMHYECKOTO PAaBHOBECHS U KaK OHA BhIpAXKaeTCs?
7. 3anucarh BBIPAXKEHUE KOHCTAHThl XMMHUYECKOTO PABHOBECHS [JIs CIIECAYIOIIEH
peaxkuuu B BOJHOM PacTBOpPE:



ZnCl; + HyS «- ZnS + 2HCI
8. UTo Ha3bIBAIOT CTENEHbIO AMCCOLMAIMU AJIEKTPOJMTOB, OT YEro 3aBHCHUT €€
BenuuuHa? [IpuBecTH mpuMepsl CHITBHBIX U CIA0BIX 3JIEKTPOJIUTOB.
9. MoXHO 1M KakuM- JHOO pPEaKTUBOM OCaauTh BCE KAaTHOHBI TEPBOM
aHanuTU4yeckou rpynmsl? OTBET 000CHOBATB.
10. 3anucarh BbIpa)k€HUE KOHCTAHThI XMMUYECKOTO PABHOBECHS ISl CIEAYIOIICH
pEaKIHUH B BOJIHOM PAacTBOpE:

NH; + H,O < NH,OH
11. Onpenenuts U3BMEHEHNE CKOPOCTH XUMHUUYECKON PEAKIUU, €CIIM KOHLICHTPALIUS
pearupyromux BeIeCTB B CUCTEME U3MEHUTCS B TPU pa3a:
4HCI + O, = 2H,0 = 2Cl;
12. 3anucars BbIpa)KE€HUE KOHCTAHThl XMMUYECKOTO PABHOBECHS IS CIEAYIOIIEH
peaKuuu B BOIHOM PacTBOPE:
2BaCl, + K,Cr,07 + H,O < 2BaCrO,4 + 2KCI + 2HCI

13. Yto Ha3bIBaeTCSt MOHHOM aTMoc(epoil, KaKUMU BEIUYMHAMU OMPEACIISIETCS €€
pasmep?
14. Yro takoe pH? Kakue BemecTBa sBiAwOTCS uHAMKaropamu? Ha3sath
WHJIUKATOPbI, TPUMEHSIEMbIC B aHAJTUTUYECKON XUMHUHU.
15. Kakue peakinu Ha3bIBatOTCS oOpatumbiMu? [IpuBecTu mpumep.

Tema 3. || anananTnyeckas rpynna KAaTHOHOB

[Ipouecc ocaxxieHHs MIMPOKO HMCHOJB3YETCS B KAaYECTBEHHOM AaHANIN3E, KaK
JUIsL ONPENEJICHNUs MOHOB, TaK M JJIs MX paszzaeneHus. PeakTuswl, oOpa3zyromiue
0CaJIK{, MOYKHO pa3esIuTh Ha crielu(uIecKue — Jarolie 0CaIK1 B OIPEICIIEHHBIX
YCJIOBHSIX TOJIBKO C OJHUM HOHOM, CEJEKTUBHBIE — JIAIOIIME OCAJOK C TPYyNIOn
noHoB. K crnenpuyeckuM OTHOCATCSI OOJBIIMHCTBO OPraHUYECKUX peakTUBOB. K
IPYNIIOBBIM PeareHTaM OTHOCATCS COJISIHASI KMCIIOTA U CepHas KUCIIOTa, IIeJI0UH U
pacTBOp aMMHAKa.

I'maposu3 — 5T0 B3aMMOJEHCTBUE BEIIECTBA C BOAOW. ['maposim3y MoOryr
MOJIBEPraThCsd XUMUYECKUE COEAMHEHUS PA3JIMYHBIX KJIACCOB: COJIM, YTIJIEBOJBI,
O€JIKU, )KUPBI U T.4. BaxkKHBIM clTyyaeM ruapon3a sBIsSETCs TUAPOIINA3 COJIEH.

[TokazaTeneM TIIyOWHBI THOAPOJIM3A  SIBISICTCS cmeneHs  eudpoausa h,
IpeCTaBISIoIasi COOOM OTHOIIEHHWE KOHUEHTPALUU TUAPOJIM30BAHHBIX MOJIEKYJI
Cruzp K MICXOAHOW KOHILIEHTPALMU PACTBOPEHHBIX MOJIEKYJI 3JIEKTPOJINTA:

h = Crunp/C
['unponu3 MokeT ObITh 0OPATUMBIM U HEOOPATUMBIM TTPOIIECCOM.
1 epynna - conu, obpazosannvie CUNbHOU KUCTOMOU U CUTbHBIM OCHOBAHUEM.

Takue conu rupoNn3y He MOABEPTarOTCs, T.K. B3AUMOJICVCTBHUS NOHOB COJIEH
C MOJIEKYJIaMH BOJIbl HE MPOUCXOAUT. Peakius cpeapl B BOAHBIX PACTBOPAX TAKUX
coJiekt OyzieT HeHTpaIbHOM.

NaCl + H,O — NaOH + HCI
(NaOH — Na*+ OH; HClI—H"+Cl")
2 epynna - conu, obpazosantvle ciabol KUCIOMOU U CUTbHBIM OCHOBAHUEM.



AHI/IOHBI KHCIIOTHBIX OCTATKOB FI/I,Z[pOJII/I?)y}OTCH MOJICKyJ'IaMI/I BOJHbI,
HaKaIlJINBAKOTCSI FI/II[pOI(CI/II[ - HWOHBI, TaKOﬁ FI/II[pOJ'II/IS Ha3bIBACTCsA FI/II[pOJII/IB 110
aHUOHY. Peakius cpebl BOJHBIX PacTBOPOB OYACT IEI0YHOM.

Na,SO3 + 2H,0O — 2NaOH + H,CO3
T NaOH — Na*+ OH-; H,CO3; —H,0 + CO,
3 epynna - conu, 06pazoeamnusle CUNbHOU KUCIOMOU U CIAObIM OCHOBAHUEM.

FI/IIIPOJII/IBY HOILBepFaeTCH HNOH cna60r0 OCHOBaHUs, HAdaHHasA COJIb
FH,Z[pOJII/IByeTCH I10 KaTI/IOHy. B paCTBOpe HpOI/ICXOI[I/IT HAKOIIJICHUC KAaTHUOHOB
BOI[OpOI[a, qToO YKaBLIBaeT Ha KI/ICJ'IOTHy}O cpez:y.

CuCl; + 2H,0— Cu(OH),| + 2HCl
HCl — H*+Cl -

4 epynna - conu, 0opazosanuble ci1aOO0U KUCIOMOU U CIAOLIM OCHOBAHUEM.

Takue com moABEPraroTCs THAPOJN3Y IOJHOCTHIO 10 KATHOHY W aHHOHY,
MIPOSIBIISAS HEUTPAIbHYIO CPey BOJHOIO pacTBOpA.

(NH4)2C03 + 2H,0 — 2NH4OH + H,CO3
NH,OH — NH3 + H,O
H,CO3; — H,0O + COz)

Conm KampIHs yY9acTBYIOT B OOpa3OBaHWM KOCTHOW TKaHH, PETYIHPYET
paboTy HEpBHOW CHCTEMBI, IMPEMIATCTBYET BO3HUKHOBEHHIO B OpPTraHU3MeE
qy’KepOJHBIX 00pa3oBaHUN U BUPYCOB, HEOOXOoauM st (popMHupoBaHUs 3yOHOMU
sMajd, 3y00B, HOITEH, BOJOC, 00JagacT MPOTHBOBOCHAIUTEIBHBIM U
AHTUAJJICPTUYECKUM JCHCTBHEM; PETYIHPYET ACATEILHOCTh MHOTHX (DEPMEHTOB;
CIOCOOCTBYET BBIBEJICHUIO U3 OPraHU3Ma COJICH TSKEIJIBIX METaJIOB.

MHoOro Kajublus B MOJIOYHBIX MIPOJAYKTaX, ppl0e, MOPENPOaYKTaxX, B KaIyCcTe,
opexax, B 0000BbIX, ceMeukax. KanbInii COIepKUTCS B SIMUHBIX KEITKAX, B TOPOXE,
YyeyeBUIle, UHXKHUpE, MeJe, sS0J0Kax, a0puKocax, YepHOW CMOPOJIMHE, MAJIUHE,
U3I0Me, Kypare, 4YepHOCIIMBE, KalyCTe, YEeCHOKE, MOPKOBH, €KCBHKE, BWIIIHE,
arnebCUHe, MePCUKax, KIyOHUKe, YKpoIe, anelbCUHaX, CelbJepee.

bapuii cnocoOCTByeT paccialieHHI0 CepAEYHOM MBILIIBI, HO B OOJIBIIOM
KOJIMYECTBE CMOCOOEH BbI3BATH OTpaBJeHUE OpraHu3Ma. B opraHusm uenoBeka
MOCTYIIaeT C BOJAOW U TAKMMH MPOAYKTaMH, KaK MOPETPOAYKTBI, TOMATBI, COSI.

KOHmPOJleble eéonpocesl u 3a0anusn

1. HamucaTe ypaBHEHHsS THApPOJIM3a U YKazaTh CPeay BOJIHOTO pacTBopa s
COJIEH: A|C|3, C&3(PO4)2 , A|2(SO4)3

2. Harmucatp ypaBHEHUS THAPOJIM3A U YKa3aTh CPEIy BOJHOTO PACTBOPA ISl COTICH:
KBr, LizSOg, Fel..

3. Hamucath ypaBHEHHs THIPOJIM3a W YKa3aTh CpPEAy BOTHOTO PacTBOpa s
coneit: KCl, MgSO,, ZnCl,.

4, Hanmcathb ypaBHEHHS THIPOJIM3a U YKa3aTh CPEIY BOJHOIO pacTBOPA ISl COJICH:
(NH4)Si03, C&(NOg)z, AgN03



5. Hanucarte ypaBHEHUMsI THAPOJIM3Aa U yKa3aThb CPEAYy BOJHOTO pacTBOpa JJis
coseit: NaCl, NazPO,, CaCOs,

6. Hamucate ypaBHEHHsI THAPOJHM3a U yKa3aThb CPEAYy BOJHOTO pacTBOpa s
coxeit: Na,COs3, BaCl,, NaCl.

7. HanucaTh ypaBHEHUs TUAPOIIN3A U yYKa3aTh CPEy BOJHOTO pacTBOpA JJIsl COJIEH:
BaCO3 NaNQOg3, CaCl,.

8. Hamucars ypaBHEHMS THAPOJIM3a W yKa3aThb CPeAy BOJHOTO pacTBoOpa s
COJIEH: A|(NO3)3, CaS0q, , K,SO.,.

9. HanucaTph ypaBHEHUs TUAPOJIM3A U YKa3aTh CPEy BOJHOIO pacTBOpa JJIsl COJICH:
Kl, FeCl,, NH4CI.

10. Hammcate ypaBHEHHs] THAPOJIHM3a M YKa3aTh CPeAy BOJAHOTO pacTBOpa JJis
coneit: K;SO3, MgSOy, ZnS.

11. Hanucate ypaBHEHHsS THIPOJW3a M yKazaTh CPEIy BOJAHOIO pacTBOpa IS
COJIEN: Fez(SO4)3, CaC03, B&C'z_

12. HanwucaTe ypaBHEHHs] THUAPOJIM3A M YyKa3aThb CPEeAy BOJHOIO pacTBOpa A
COJIEH: N&NOs, Cu 3(PO4)2, MnC|2.

13. Hanucate ypaBHEHHs THAPOJM3a U yKa3aThb CPeay BOJHOTO pacTBopa i
coneii: Na,COs, NaBr, CuCl,,

14. HanncaTte ypaBHEHUS THAPOIIN3a U YKA3aTh CPEY BOJIHOTO pacTBOPA JIJIs COJICH:
BaCOQ,, NaN03, ZnC|2.

15. HanmucaTh ypaBHEHMS TUAPOJIM3a U yKa3aTh CPEly BOJHOTO pacTBOpa JJIs COJICH:
BaSO4, FeS, Pb(NOg)z

Tema 4. |11 ananuTuyeckasi rpynna KATHOHOB

KoMmiiekcHble coeMHEHUsI — 3TO BEIIECTBA OINPEICICHHOIO0 COCTaBa,
cocTosime U3 00Jee MPOCThIX, CIIOCOOHBIX K CAMOCTOSATEILHOMY CYIIIECTBOBAHUIO
coenuHeHnii. KoMIieKkcHbIe COeMHEHUS CYIIECTBYIOT KaK B TBEPJIOM COCTOSTHUH,
Tak ¥ B pacTBoOpe, MpU4eM uX 00pa3oBaHKE HE CBSI3aHO C BOZHUKHOBEHHEM HOBBIX
ANEKTPOHHBIX Map. KoopauHaimonHas TeOpusi KOMIIEKCHBIX COSIMHEHUN CO3/IaHa
Anbdpenom Bepuepom (1839). [locnenorarenem Bepuepa Obun JIes Uyraes.

KommiekcHasi  yacTuma —  CJIOXHasli ~ 4acTuIla,  CIOCOOHas K
CaMOCTOSITEJIbHOMY CYIIIECTBOBAHUIO B KPUCTAILJIE UJTU PAacTBOPE, 0Opa3oBaHHas U3
IpyruX, OoJiee TMPOCTBHIX YACTHIl, TAKKE CIIOCOOHBIX K CaMOCTOSATCIHLHOMY
CYIIECTBOBaHMIO. IHOTIA KOMITJIEKCHBIMH YacTHUIIAMH HAa3bIBAIOT CJIOXKHBIC
XUMUYECKHE YaCTHIIbI, BCE WJIM YaCTh CBS3CH B KOTOPBIX 00pa30BaHBI IO JTOHOPHO-
aKIIETITOPHOMY MEXaHU3MY.

KommiiekcooOpa3oBatesib — IEHTPAJIbHBIN aTOM KOMIIEKCHOM YacCTHUIIbI.
OOBIYHO KOMILIEKCOOOPa30BaTEb — aTOM AJIEMEHTa, 00pa3yIoIIero MeTall, HO
9TO MOXET OBITh U aTOM KHCJIOPOJa, a30Ta, CEPhI, HoJla U JPYTUX DIIEMEHTOB,
oOpaszyromux HemeTaiiel.  KomrmiekcooOpa3zoBareiab OOBIYHO — MOJOKUTEIHHO
3apsSOKEH M B TakOM  Cllydya€ HMEHYeTCSi B  COBPEMEHHOM  HAyYHOWU
JUTEPATYPE METAJIONEHTPOM; 3apsij KOMIUIEKCOOOpa3oBaTesisi MOXKET ObITh
TaK)Ke OTPHUIIATESIILHBIM WJIH PABHBIM HYIIIO.


http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D1%8B
http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B2%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BD%D0%BE%D1%80%D0%BD%D0%BE-%D0%B0%D0%BA%D1%86%D0%B5%D0%BF%D1%82%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BD%D0%BE%D1%80%D0%BD%D0%BE-%D0%B0%D0%BA%D1%86%D0%B5%D0%BF%D1%82%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%99%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%8B

Jluranapl (AQIeHTbI) — aTOMbl WM HM30JUMPOBAHHBIE TPYIIbl aTOMOB,
pacriojararonecss BOKPYr KOMILIEKcooOpa3oBarensd. Jlurangamu MoryT OBITh
YaCTHUIIBI, 0 OOpa30BaHUS KOMIUIEKCHOTO COCJIMHEHWS, MPEICTABISBIINE COOOU
monexyasl (H,0, CO, NHz u ap.), anmonsr (OH -, Cl-, PO4*™ u ap.), a Takke KaTHOH
Bomopozaa H.

BHyTpeHHsism cepa KOMIUIEKCHOTO COCIUHEHUS — LEHTPAJIbHBIA aTOM CO
CBSI3aHHBIMH C HUM JIUTaH/IaMH, TO €CTh, COOCTBEHHO, KOMIUICKCHAsI YaCcTHIIA.

BHemnsis cdepa KOMIUIEKCHOTO COCAMHEHUS — OCTaJIbHbIE YaCTHIIBI,
CBSI3aHHBIC C KOMIUJIEKCHOM YacCTHUIIEH MOHHON WIJIM MEXKMOJICKYJISIPHBIMH CBSI35IMHU,
BKJIIOYasl BOJIOPOJIHBIC.

[Ipumep: oOpazoBanus ocaaka ruapokcuaa meau(ll) u pacTBopeHus: ero B
BOJTHOM aMMHaKe.

CuSO4 + 2NaOH = Na,SO,4 + Cu(OH)2|
Cu(OH); + 3NH3 = [Cu(NH3)4](OH);

Ha mpumepe MaHHOTO COEIUHEHUSI PACCMOTPUM CTPOCHUE KOMILIEKCHBIX

COCIMHEHN.

Buyrpennsis cdepa Jluranapl Buemnsisn
chepa

(B KBaJpaTHBIX CKOOKAX) (B KPYIJIBIX CKOOKAX)

\/ [Cu(NH3)4](OH):

KOMHJ’IBKCOOGPzBOBaTeJ’IB Koopmmaunonﬂoe ke 84 (W (1]

Cxema npeBpalleHuit:
AIClz— Al(OH); —Nao[Al(OH)¢]

reKcarnpocoajloMuHaT
HATpHSs

Koopaunauuonnoe yuciao (KY), mokaspiBaroiiee 4uciio JUTaHIOB BOKPYT
KOMITJIEKCOOOpa3oBaress, 3aBUCUT OT paguyca aToMa KOMILIEKCOOOpa3oBaTess U
ero 3apsna. KoopaunannoHHbie ynciia 00bIYHO YyeTHbIe. B Tabnuie nokazansl K4,
B CKOOKax — BCTPEYAIOIIUECS PEKe.


http://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%B3%D0%B0%D0%BD%D0%B4
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B6%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D0%B2%D0%B7%D0%B0%D0%B8%D0%BC%D0%BE%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C

KY 3apsin
KOMITJIEKCOOOpa3oBaTes
2 +1
4(6) +2
6(4) +3
8(6) +4

dopmyna KOMIUIGKCHOTO COEIMHEHHUs YHUTAeTCs ClpaBa HajaeBo. VOHBI
JIMTaHJIOB BHYTpEHHEN cepbl B Ha3BaHUM prodpeTatoT cydduxc «o»: Cl” — xiopo,
OH — rugpokco, CN — mmanHo. /[lid KOOPAMHMPOBAHHOW MOJEKYJIBI BOJBI
UCTIONIB3YIOT Ha3BaHUE «aKBay, I MOJICKYJIbl aMMHUaKa — «aMMHUH» (C IBYMS M).
Eciii KOMITJICKCHBIN MOH SIBISICTCSI aHMOHOM, TO €r0 Ha3BaHWE MMEET OKOHUYAHWE
«am.

K KOMIUIEKCHBIM  COEAWHEHUSM,  COJACPXKAIIUM  MOJEKYJISIPHBIC

MOHOJICHTAHTHBIC JINTAHbI, OTHOCSTCS:
1) AMMHaKaTbhl —  KOMIUIEKCHI, B  KOTOPBIX  JIMTAaHJAaMH  CIIyXar
moutekyibl ammuaka, Hanpumep: [Cu(NH3)4]SO4, [Co(NH3)s]Cls, [Pt(NH3)s]Cls 1
Ap.
2) AKBaKOMILTEKCH — B KOTOpBIX JranaoM BeicTymnaet Boga: [Co(H,0)e]Cly,
[Al(HzO)e]C's " 1p.
3) Kap6oHmnIbI — KOMIUICKCHBIC COCJMHEHUS, B KOTOPBIX JIMTAHIAMH SIBJISFOTCS
modiekyiisl okcua yriaepoaa(ll): [Fe(CO)s], [Ni(CO)4].
4) AHIOKOMILTIEKCHI — KOMILICKCHI, B KOTOPBIX JMTaHIaMH
SIBJISTFOTCS] KUCJIOTHBIE ocTaTku. K HUM oTHOcsATCs koMiniekcHbie comn: Ko[PtCly],
komruiekcHbie KucinoTel: Ho[CoCly], Ho[SiFs].
5) I'mapoKCcOKOMIJIEKCHI — KOMIUIEKCHBIC COCIMHEHHUS, B KOTOPBIX B Ka4eCTBE
JIMTaH 0B BBICTYIAIOT THApPoKcHaI-noHbBI: Na[ZN(OH),], Naz[Sn(OH)e] u ap.

CyIiecTBYIOT TakyKe MHOTOSICPHBIC KOMIUICKCHBIC COSIMHCHHS, B KOTOPBIX
JIBa WJTA HECKOJIPKO KOMITJIEKCOOOpa3oBaTesieil COeTMHEHBI TOCPEICTBOM JINTaH/IOB.
Hanpumep, nByxbsaepHoM komiuiekcHOM coenuHeHuu [(NH3z)sCr-OH-Cr(NHs)s]
nBa noHa Cr'®, geisrommxcs KOMILIEKCOOOPA30BATENAMHU, CBA3AHBI MOCPEICTBOM
rpynnsl OH. Takas cBsizyronias rpyIia Ha3bIBa€TCsI MOCTUKOBOM.

[Ipu cocraBieHMM Ha3BaHHWS KOMIUICKCHOTO COCAMHCHHUS TIEPBBIM
YIOMHUHAETCS aHWOH B MMCHHTEIHHOM IaJIeKe, 3aTEM KATHOH B POJMTEIHLHOM,
HE3aBUCUMO OT TOrO, KakOM W3 OTUX HOHOB KOMIUICKCHbIM. B Ha3BaHuu
KOMIUIEKCHOT'O MOHA CHAayaa NMEPEUUCIISIFOTCS JTUTaH bl B ali()aBUTHOM TTOPSIKE C
NpPHUCTaBKaMH, 0003HAYAIONIUMH HMX YHCIO0. ECIM KOMIUIEKCHBIH WOH — aHWOH,
Ha3BaHUE KOMILIEKcooOpa3oBaTenst coaepkuT cyddukcar. [locrne HazBanus
YKa3bIBAETCS CTEIICHb OKUCIICHUS IIEHTpaIbHOTO HoHa. Hampumep,

(NHy)2[PtCl4] — TeTpaxmoporutatunaT(Il) aMmmonwus,
[Co(NH3)6]Cl — xmopua rexkcaammuukooansTa(Ill).
[(Zn(NH3)4)]Cl; — xmopua tetpaammunannaka(1l)
[Pt(NH3).Cl;] — mnammusauxnopratiaa (11)


http://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BC%D0%B8%D0%B0%D0%BA
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0%28II%29
http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%BD%D1%8B%D0%B9_%D0%BE%D1%81%D1%82%D0%B0%D1%82%D0%BE%D0%BA

KOHmI)OJleble eonpocol u 3a0aHus

1. latp Ha3zBaHue coequHeHNI0. COCTaBUTh KOOPAMHAIMOHHYIO (hopMyTy
COCIMHEHUS.

A) Ky[BeF4]; b) Terparunpunoamomunar(Ill) murus.

2. aTtph Ha3BaHue coequHeHnt0. COCTaBUTh KOOPAUHAIMOHHYIO (POPMYITY
COCJIUHEHHSI.

A) Li[AlHg]; b) rekcannanodeppar (II1) kanmus.

3. laTh Ha3BaHue coequHeHnt0. COCTaBUTh KOOPAMHAIMOHHYIO (POPMYITY
COCJIUHEHHSI.

A) K3[Fe(CN)s]; b) Terpadropobepumnar (II) kamus.

4. Jlatp Ha3BaHue coeauHeHNI0. COCTaBUTh KOOPAUHALIMOHHYIO (hOPMYITY
COCIMHEHUS.

A) [Ni(CO)4]; b) nuxnopoanammunamiatuaa(ll).

5. Jlats Ha3Banue coenquHeHu0. COCTaBUTh KOOPAMHAIIMOHHYIO (popMyITy
COCIMHEHUS.

A) [Pt(NH3),Cl]; b) rexcarmanodeppat(Ill) kamus.

6. [latb Ha3zBanue coeauHeHn0. COCTaBUTh KOOPAUHAIMOHHYIO (popMyTy
COECIMHEHUSI.

A) [Cu(NH3)4]> b) TeTpakapOOHMITHUKET.

7. Natb Ha3BaHue coequHeHnt0. COCTaBUTh KOOPAMHAIMOHHYIO (POPMYITY
COECTMHEHUSI.

A) (NHa)2[PtCl4(OH),]; b) HuTpaT TeTpaaKBaNHTHSL.

8. JlaTh Ha3BaHue coenuHeHU0. COCTaBUTh KOOPIMHAITMOHHYIO (DopMyTy
COCIMHEHUS.

A) [Cr(H20)3F3]; b) TMHUTPUTOXITOPOTPUAMMUHKOOAITBT.

9. Hatb Ha3zBanue coearHeHN0. COCTaBUTh KOOPAUHAIIMOHHYIO (hopMyTy
COCIMHEHUS.

A) [Co(NH3)3CI(NO2),]; b) nuruapoxcorerpaxiopormaTaaat(IV) aMMoHwMs.
10. Jlatp Ha3BaHue coeauHeHN0. COCTaBUTh KOOPIAUHAIIMOHHYIO (HOpMYITy
COECIMHEHUSI.

A) [Pt(NH3)4Cl;]Cly; b) TpudroporprakBaxpom.

11. Jlatp Ha3Banue coeauHeHn0. COCTaBUTh KOOPAUHAIIMOHHYIO (hOpPMYITy
COECIMHEHUSI.

A) [Li(H20)4]NOs; b) xmopun nuxioporeTpaaMMuHILTATAHBI(IV)
12. laTh Ha3BaHue coequHeHU0. COCTaBUTh KOOPJAUHAIIMOHHYIO (OpMYITy
COCTMHEHUS.

A) [Pt(NHs),]Cly; b) TpuaMMHUHTpHHUTPOKOOATHTAT.

13. late Ha3zBaHue coequHeHU0. COCTaBUTh KOOPJIUHAIIMOHHYIO (DOPMYITY
COCTMHEHUS.

A) Ko[SiFs]; b) nmammunnuxnoprnaruaa (I1).

14. Jlatp Ha3BaHue coequHeHN0. COCTaBUTh KOOPIUHAIIMOHHYIO (HhOpMYITy
COEIMHEHUS.


http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%82%D1%80%D0%B0%D0%B3%D0%B8%D0%B4%D1%80%D0%B8%D0%B4%D0%BE%D0%B0%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B0%D1%82%28III%29_%D0%BB%D0%B8%D1%82%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D1%86%D0%B8%D0%B0%D0%BD%D0%BE%D1%84%D0%B5%D1%80%D1%80%D0%B0%D1%82%28III%29_%D0%BA%D0%B0%D0%BB%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D1%86%D0%B8%D0%B0%D0%BD%D0%BE%D1%84%D0%B5%D1%80%D1%80%D0%B0%D1%82%28III%29_%D0%BA%D0%B0%D0%BB%D0%B8%D1%8F

A) [Co(H20)6]Cly; b) TeTpaMMHHILIIATOXJIOPH/I.

15. Jlatp Ha3zBanue coeauHeHN0. COCTaBUTh KOOPIUHAIMOHHYIO (hOPMYITY
COCIMHEHUS.

A) [Ag(NHs); b) nuxiopoanaMMuHIIIaTHHA.

Pa3pgean II. OcHOBBI KOJIHYECTBEHHOI'0 AaHAJIN3A

Tema 1. [IpeaMeT n MeTOABI KOJIUYECTBEHHOI0 AHAJIU3A

KosiuvyecTBeHHBII aHAIM3 - COBOKYMHOCTb XUMHUYECKUX, (UZUKO-
XUMUYECKUX M (PU3NYECKUX  METOJOB  ONpENeNieHUsT  KOJUYECTBEHHOTO
COOTHOILIECHHUSI ~ KOMIIOHEHTOB,  BXOMAIIMX B  COCTaB  AHAIMU3UPYEMOTO
BellecTBAa. MeTolaMM KOJIMYECTBEHHOTO aHajau3a IOJb3YIOTCS B CAHUTApHO-
TUTHCHUYECKUX JTa00paTOpHUsX NIl aHAIHM3a MPOAYKTOB IMUTAHUS, TUTHEBOU BOIBI
T.IL.

B 3aBucuMocTH OT 00BEKTa UCCIEAOBAHUS PA3IMYAIOT HEOPTaHUYECKUU U
OpPraHUYECKUN KOJWYECTBEHHBIM aHAIN3, pa3JeisieMblii, B CBOIO OYepellb, Ha
AJIEMEHTHBIA, (DYHKUMOHAIBHBIA UM MOJICKYJISIPHBIM  aHANIU3. DreMeHmHbli
aHanu3 TO3BOJISIET YCTAHOBUTH COJIEPKAHUE DJIEMEHTOB (MOHOB), (DVHKYUOHAIbHBLI
aHanu3 — cojepkaHue (QPYHKIMOHAIBHBIX (PEaKIIMOHHOCIIOCOOHBIX) aTOMOB U
Ipynn B aHaJu3upyeMoM o0O0bekTe. MonexynsapHolil KOTWYECTBEHHBIN aHaIu3
NpeAyCMaTpUBAE€T  aHAIU3  MHAUBUIYAIbHBIX  XUMHUYECKUX  COECIUHEHUH,
XapaKTEepU3YIOLIUXCSL ONPENEIEHHON MOJIEKYJISIpHOW Maccod. BaxHoe 3HaueHue
MMEEeT TaK Ha3bIBa€MbIN (ha308bili aHAnu3 — COBOKYITHOCTh METOJIOB pa3/ieliCHuUs
aHaiM3a ¥ aHaliM3a OTJACNIbHBIX CTPYKTYPHBIX ((ha30BBIX) COCTABIISIOIIMX
TETEPOTCHHBIX CHUCTEM. BakHasi XapakTepUCTHKAa METOJOB KOJIMYECTBEHHOIO
aHajgu3a — TOYHOCTb, TO €CTh 3HAYEHUE OTHOCUTEJILHOW OLIMOKHU OMpEICIICHHUS;
TOYHOCTh M YYBCTBUTEIBHOCTh B KOJWYECTBEHHOM aHAJIM3€ BHIpaXalT B
MPOIICHTAX.

[Io cBoemy XxapakTepy OIIMOKM aHajau3a MOJAPA3JEISAIOTCS  Ha
CUCTEMAaTHUYECKUE, CTyYailHbIe U MPOMAaXHU.

K kimaccuyeckuM XHMMHYECKHM METOJAM KOJMYECTBEHHOTO aHaJIn3a
OTHOCSITCS: 2pABUMEMPUYECKULL U 00BEMHBIL AHATU3.

Pazgea II1. XumMuyeckue MeToabl aHAIM3A
Tema 1. 'paBumeTpuyecknii (BeCoBOii) aHAIN3

['paBuUMeTpHUUYECKU, WM BECOBOW, aHAIW3, OJIWH W3 BAXKHBIX METOJIOB
KOJIMUECTBEHHOT'O0 XMMHUYECKOI'0 aHajln3a, OCHOBAH Ha TOYHOM M3MEPEHUM MACChI
BEILIECTBA, BBIJICIICHHOTO JIUOO B AJIEMEHTAPHOM BHJIE, JIMOO B BUJE COCIAMHEHUS

ONpCACICHHOTO U ITOCTOSAHHOI'O COCTaBaA.

Puc.1 Becnl



Br1aenstoT BeChl TpEX KJIaCCOB:
1) 3 k1acc - TOProBbI€ BECHI C IOMYCTUMOM MOTPEITHOCTRIO 10 1Tp.;
2) 2 KiIacc - TEXHOXMMHYECKHE (J1abopaTopHbIE) BEChl C JOMYCTUMOMU
norpemHocTbio 10 0,01rp.;
3) 1 kiacc - aHATMTHYECKUE BECHI C JIOMyCTUMOM morpentHocThio o0 0,001rp.

[Ipuctynass K B3BELUIMBAHMIO, HY’)KHO NOMHHTb, YTO AHAJIUTUYECKHE BECHI
MPEACTABIAIOT CO0O0M YYBCTBUTENbHBIA (U3MUECKUN mnpubop, oOpalleHue c
KOTOPBIM TpeOyeT BecbMa OOJIBbIION aKKYypaTHOCTH U OCTOPOKHOCTH. UTOOBI BEChI
HE TOPTUIIUCh, W B3BEUIMBAHUE JIaBAJI0 TOYHBIM pe3yJibTaT, HYXHO CTPOTrO
COOJII0JIaTh CleAyIoIIMe MTpaBua;

- Iepe]] KaXAbIM B3BELIMBAHUEM MPOBEPUTH COCTOSTHUE BECOB;

- Kakyde Obl HEUCIIPAaBHOCTH HE OBUIM 3aMEUEHBI MPU OCMOTPE BECOB, YTOOBI HU
CIIyYWJIOCh C HUMHU BO BpeMsl pa0dOThI, HU B KOEM CIIy4ae HENb3s UCIPABIIATH BECHI
CaMOCTOSTEIBHO;

- HE CJIBUTaTh BECHI C 3aHUMAEMOI'0 MECTa;

- HE CTaBUTh HA YAIIKW BECOB BJIAYKHBIX U TPSA3HBIX IPEIMETHI;

- HE B3BELIMBATH IOpAYMX (MU CIMILIKOM XOJIOJHBIX) MPEAMETOB, UYTO MOXKET
BbI3bIBATh M3MEHEHHUE JJIMHBI KOPOMBICIA BECOB U NPHUBECTU K HEMPABHIIbHBIM
MOKa3aHUSIM;

- JUIsl YMEHBLICHUS BIMSHUS MIOIPEIIHOCTEN B3BEILIMBAHUS HA PE3YJIbTaThl aHAIN3a
BCE B3BCIIMBAHUS KEJIATEJIBHO MPOBOJNUTH HA OJHUX U TEX XKE BECAX, MOJIb3YSCh
OJITHUM U TE€M e HaOOpOM pa3HOBECOB (TUPB).

- HE ONMpaThCs Ha IMOJIKY, Ha KOTOPOM YCTaHOBJEHBI BECHl BO H30€kKaHHE
HapyLIEHUs YCIOBUHN X PaOOTHI.

['paBUMETpHUYECKOE OINPEAEIIEHHE COCTOMT W3 HECKOJbKHMX 3TanoB. [locie
oTOOpa ¥ pacTBOpeHHs] MpoObI, COAEpKaIIEH aHaTU3UPYEMOE BEIECTBO,
BBITIOJIHSIOTCS CJIEIYIOLIUE ONEePALIUN:

1) Ocaxzaenue ocajgka - OOBIYHO MPOBOAST U3 FOPSIYMX PACTBOPOB, MX BBICOKAsS
TeMIlepaTypa CHOCOOCTBYET OOpa30BaHUIO0 KPYMHOKPHCTAIUIMYECKOTO OCaIKa.
PactBop ocanutens O0JbIIEH YacThIO BIMBAIOT HEOOJBIIONW CTPYEH, HEPEPHIBHO
MOMEIIHNBAsl.

2) ®uIbTpOBAaHUE U TPOMBIBAHUE OCAJIKA - PUIIBTPYIO U/3 OyMakHbIN PUIBTP, a TaK
K€ 4/3 BOPOHKH C TIOPUCTHIM JTHOM.

3) IIpombIBaHME OCaJKa - IPOMBIBAHHE TPOBOJSAT METOIOM JE€KAHTALINN.

4) BeicymmBaHue ocajika - TpOBOJSIT B CYITMILHOM IIKa(y B Or0Kcax (CTEKIISTHHBIX
K0J10aX C KPBIIIKOM).

5) IlpokanuBaHue ocajka - BBIIOJHAIOT B (apPOpOBBIX THUTIIAX, UCHOIB3YS IS
3TOoro MydenbHyto neys. [IpokamuBanue NMpoBOAST HECKOJBKO pa3, MOKa Macca
0CaJIKa HE CTaHET MOCTOSHHOM.

BecoBas ¢popMa — Macca OKOHYATENBHO MOJIYYEHHOTO OcajiKa nociie onepanuii (B).
6)Bbiuncienue pe3yabTaToB OCAIKOB.

Boluncnenue B rpaBUMETPUYECKOM aHAIM3E:

1. Omnpenenenne BIAXHOCTU - COAEPKAHUSA TUTPOCKOMUYECKOW BOIBI B
aHaJM3UPyeMOM BelecTBe (B mpolieHTax) no popmyie: X=((A-B)/A)*100% , rue



X- BIaXHOCTh, %; A- Macca HaBeCKHM J0 BbICylIMBaHus, r; B- Macca BecoBoii
(dbopMBI TIOCIIEC BBICYIIIUBAHUS, T.

2. Omnpenenenue  30JIBHOCTH -  COJEPKaHUS ~ HEOPTaHWYECKOW  YacTh
aHaJU3MPYyeMOro BemiecTBa (B mporieHTax) mo popmyne: X=(B/A)*100%, roe X-
30JIbHOCTH, %; A- Macca HaBECKH JI0 NMpOKaIuBaHus, T; B- Macca BecoBoit (hopmbl
nocJie mpokaauBanus, r.3. OnpeneneHne Coaep KaHms JIEMEHTa B BEIIECTBE MPHU
nporenypax mo dopmyne: X=((n*Ar*B)/(Mr*A))*100%, rne X — comepxkaHue
areMeHTa, %; n- YUCJIO aTOMOB dJIEMEHTa B BelllecTBe; Ar- aToMHas Macca
anemeHTa; Mr- mosekyisipHas Macca BellecTBa; A- Macca HaBecku, I; B- macca
BECOBOU (hOPMBI, T.

Konmponvuwvie 6onpocul u 3a0anus

1. B yem CymHOCTh TPaBUMETPUUYECKOTO METO/IA aHAIM3Aa?

2. Kakumu BecaMu MOJIB3YIOTCS IIPH Ta0OPATOPHBIX UCCIEAOBAHMIX ?

3. Uto Takoe HaBecKa, BecoBas ¢opma?

4. Kakumu onepanusMu MoJab3yKTCsS TPU BECOBOM aHaIU3e?

5. Kakumu nipubopamu 1 IOCy 10 MOJIB3YIOTCS TPU BBICYIITUBAHUU ?

6. Kakumu nmpubopamMu 1 OCy/10¥ MOJIB3YIOTCS ITPU IPOKATMBAHUM ?

7. Kak BEIYUCINUTD BIIA)KHOCTH BelecTBa?

8. Kak BEMUCINTE 30JIHOCTH BellecTBa?

9. C nowmoimplo, Kakoi (OpMyJbI BO3MOXKHO OIPEAENICHUE COJEp KaHUs
XUMHYECKOT0 AJIIEMEHTA B UCCIIETyEMOM BEIIECTBE?

10. Kakoit o0beM ocanutenst pekoMmeHayercsa opath ais ananuza? Kakue dhaktopsl
BIIMSIOT HA MOJHOTY OCaXIEHHUs Ocajika’?

12. Ectp 5u pa3HUna MEXIYy XUMUYECKUMU (OpMyJIaMU OCaXIaeMou U
rpaBUMETpUUYECKON (HOpM ocajka, oOpasyromerocst Mpyu OCAKICHUU HMOHA Oapus
pPacTBOPOM CEPHOM KUCITOTHI?

13. Kak yMeHbIINTH pACTBOPUMOCTH OCaaKa?

14. Kak kinaccuuuupyroTcsi METO/Ibl KOJIMYECTBEHHOIO aHanu3a’?

15. KakoBo ocHOBHOE ycjoBue BbimajeHuss ocaaka? Kakue TpeboBaHus
MPEIBABISIOTCS K OCAIUTENIO?

Tema 2. Turpumerpuyeckuii (00beMHbBINH) aHAJIU3

O0beMHBI aHAMM3 — OBTO COBOKYNHOCTh  METOJIOB  XHMHYECKOIO
KOJIMYECTBEHHOTO  aHaju3a, OCHOBAHHBIX HA U3MEPEHUH OOBEMOB  JJIst
YCTAHOBJICHUsI KOHLIEHTPALUU (COJEpKaHus1) ONpeesieMOro BEeIECTRa.

TutpumeTpuyeckuil aHaiaM3 IIUPOKO TPUMEHSETCS B OMOXUMHYECKHX,
KJIMHUYECKUX, CAHUTAPHO-TUTMEHUYECKUX M  JAPYyTrux  JiabopaTopusix B
DKCIIEPUMEHTAIIBHBIX UCCIEAOBAHUAX U JUJI KIIMHUYECKUX aHAJIIU30B.

TurpupoBanHblii (CTaHAAPTHBIA, pado4ymii) PacTBOpP - STO PaACTBOP
peare’ra ¢ TOYHO U3BECTHOU KOHLEHTPALIMEN, KOTOPBIM MUCIIOJIb3YIOT I PEAKLIUU
C PaCTBOPOM aHAJIM3UPYEMBIM BELIECTBOM.

TurpoBanmue — 1pouecc NPWIMBAHUA  CTAHJAPTHOIO  pacTBopa K
HCCIIElyEMOMY PacTBOPY BEILECTBA.



Puc. 2. TTpuGopsI 1u1st THTPOBAHUS

Peakuuu, nucnosib3yemble NpU TUTPUMETPUUECKOM aHAIIM3€E, MPEIbIBISIOTCS
CJIeTyIore TpeOOBaAHMUS:
- BEIIIECTBA JJOJDKHBI pearupoBaTh B CTPOTO KOJIMUYECTBEHHBIX (CTEXUOMETPUICCKHX )
OTHOIICHHSAX 0€3 TOOOYHBIX PeaKInii;
- peaKIMU JOJKHBI MPOTEKATh OBICTPO M MPAKTUUECKH JI0 KOHIA;
- JIIs1 yCTAaHOBJICHHUS TOYKH SKBUBAJICHTHOCTH HEOOXOIMMO MPUMEHSTh JOCTATOUYHO
HaJIe)KHBIE CITOCOOBI;
- BIIMSTHUE MTOCTOPOHHUX BEIIECTB HA X0 PEAKIIUU JIOHKHO ObITh HCKITFOUYEHO.

Kpowme Toro, xenarenbHoO, YTOOBI MPYU TUTPUMETPUUECKOM aHAIIU3E PEaAKIUU
MPOTEKAIU P KOMHATHOM TeMIepaType.
Omneparust 00bEMHOTO aHATHN3A.
1. IIpurotoBiaeHne CTaHIAPTHOTO PACTBOpPA.
2. Beibop unaukaropa.
3. YcTaHOBJIEHHE TUTPA U HOPMAJIBbHOM KOHIIEHTPALIMU CTaHIApTHOI'O pacTBOpA.
4. TutpoBaHue pacTBOpa, aHATU3UPYIOIIETO BEIIECTBA CTAHAPTHBIM PACTBOPOM.
5. BriunciieHue pe3yibTaTOB aHAIU3a.

Knaccudukanus TUTPUMETPUYECKUX METOJOB aHajIM3a B 3aBUCUMOCTH OT
TUTIa XUMUYECKOUN peaKInu:
1. Meroa HelTpanu3anuu (KUCIOTHO-OCHOBHOE TUTPOBAHUE).
2. OKMCIHUTENbHO-BOCCTAHOBUTEIIBHOTO TUTPOBAHUS (PETOKCUMETPHS).
3. Metop ocaxaeHus.
4. Metoa KOMIUIEKCO00pa30BaHus (KOMILIEKCOHOMETPHUS).

N3mepuTenpHas ToCcyJa W €€ Ha3HaueHHe: OIOPETKH - CTeKJISTHHAs
rpajyupoBaHHasi TpyOKa C J103aTOPOM Jis OMNpEIENICHUs 00beMa 3aTpaueHHOTO
CTAHJAPTHOTO pacTBOpa, MHUMIETKH sl 3a0opa OMpeAeeHHOTO KOJIMYECTBa
pacTBopa, KOJOBI JUIsi TUTPOBAHUST W MEPHBIC MWIMHAPHI JJII OTMEpPUBaHUS
OTPEJIeICHHOT0 00BeMa pacTBopa.

CriocoObl BbIpa)KEHUS KOHIIEHTPAIIMK PACTBOPOB:
1) MaccoBas noisis pactBopéHHOTO BeniecTBa wW(B) - aTo 6e3pazmepHas BeIMUnHA,
paBHas OTHOIICHUIO MAacChl pACTBOPEHHOTO BEIECTBA K 00IIEH Macce pacTBOpa m
WM OTHOILIEHHE MAacChl pac-TBOPEHHOT'O BEIIECTBA K MPOU3BEACHUIO MIOTHOCTH

pacTBopa u oobema:
m(EB)

W (B) = ™) « 100%;

m(B)
W(B) = viPlxp o 100%
2) Monspuas konuentpauust Cm (B) mokasbiBaeT, CKOJIbKO MOJIb PACTBOPEHHOTO
BEIIECTBA COepKUTCA B |1 utpe pactBopa (M; Moib/m).

n(B) miB)
Cm(B) = Vip) — Cu(B)»V)
rne M(B) - MomsipHas mMacca pacTBOpeHHOro BemiecTBa T/moib, m(B)- macca
BEIIECTBA, T; V- 00beM pacTBopa, .




3) HopmanbHOCTh pacTBOpa 0003HAYAET YHUCIO T'PAMM-3KBHUBAJIEHTOB JAHHOTO
BEILIECTBA B OJIHOM JIUTPE PacTBOpa WM YUCIO MUIJITUTPAMM-3KBUBAJICHTOB B

OJIHOM MWJUIWJIUTPE PacTBOpa.
me1000

Cn(N) = 2 V(@)

['me m - macca BemectBa, I; V(p)- o0beM pacTtBopa, Ji; D- SKBUBAJICHT
BelecTBa. ['paMm - SKBHBAJIEHTOM BeIlIECTBA HA3bIBAETCS KOJUYECTBO I'PAMMOB
BEI[ECTBA, YUCJICHHO PAaBHOE €ro SKBUBAJEHTY. /I CIOKHBIX BEHIECTB - 3TO
KOJIMYECTBO BELIECTBA, COOTBETCTBYIOIIEE MPSMO UM KOCBEHHO MPU XUMUYECKUX
npeBpalieHusx 1 rpaMmmy BoiopoJa Wi § rpaMMaM KUCJIOpO/ia.

D ocHoBaHMs = M oOCHOBaHHUA / 4YHCJIO 3aMEIIaeMbIX B PpPEAKIUU
TUAPOKCHIBHBIX TPYIIT D KUCJIOTHI = M KHCIIOTBI / 9UCIIO 3aMEIIAeMbIX B PEaKIIUN
aTOMOB BoJIopoaa D conu = M coyn / Ipon3BeACHUE YMCiia KATHOHOB Ha €ro 3apsil.
4) Tutp — OTHOIIIEHUE MACChl PACTBOPEHHOTO BEIIECTBA K 00beMy pacTBopa (T/mi);

OTHOIIICHHUE TPOU3BEACHUS HOPMAIbHOM KOHIICHTpAlMUu M o0beMa pacTBOpa Ha
1000.

m(B)} CNsV

T =V = 1000

PacueTtsl B 00beMHOM aHaJIM3€E: OTHOIIICHHE 00HEMOB PaCTBOPOB PCATUPYIOIMINX
BCHICCTB PaBHO O6paTHOMy OTHOIICHHUIO NX HOPMAJIbHBIX KOHHGHTpaHHﬁ.
V1)

v(2) = Cy2/Cn1
Konmponwnsie eéonpocet u 3a0anus

1. B ueM cymHOCTh TUTPUMETPUUECKOTO 0Obema?

2. Yto Takoe TUTpoBaHUE?

3. Uto Takoe CTaHJapPTHBIN pacTBOp, B UEM €r0 POJIb?

4. CymHOCTh TOYKH YKBUBAJICHTHOCTH?

5. IloueMy mpu TUTPUMETPUYECKOM AHAJIU3E YACTO HCIOIb3YIOT HUHAUKATOPHI?
Kakue ObIBaroT HHIUKATOPHI?

6. Kakoii n3MepuTenbHON MOCyA0U MOJIB3YIOTCS IPYU TUTPOBAHUU?

7. IlepeunciuTh criocoObl BBIPaXKE€HUsI KOHLEHTPAMi PaCTBOPOB.

8. UTo Takoe SKBHUBAJICHT, CIIOCOOBI €TI0 BEIYHUCIICHHS.

9. Ha3BaTh MeTOA TUTPUMETPUUECKOTO aHAIN3a. UTO JIEKUT B OCHOBE METOI0B?
10. OnwmcaTh MPUHIAT JEHCTBUS KUCIOTHO-OCHOBHBIX MHIUKATOPOB. UTO Takoe
uHTepBal nepexona? Kak ero paccuurars?

11. Yto Takoe TUTp, THTPOBAHHBINA PACTBOP.

12. Ha3BaTh HauboJiee pacpoCTpaHEHHBIC HHIUKATOPBI, UX OKPACKY B PA3TUYHBIX
cpenax.

13. TlpuBectu popmyIibl 17151 pacueToOB pe3yJsibTaTa aHAIN3a B TUTPUMETPUICCKOM
aHasuse.

14. B kakux eauHuIax BeIpaxaroT TUTp? Uto Takoe TUTP?

15. Kakue peakuuu, UCHOIB3YIOTCA MPH TUTPUMETPUUECKOM aAHAIHU3E, W
MPEABSIBIAIOTCS K HUM TpeOOBaHUS?



Tema 3. Metoa HeliTpaau3anum (KUCJI0THO-OCHOBHOE TUTPOBaHMe).

MeToa HeillTpaau3amum NPUMEHSIETCS 1JI1 KOJUYECTBEHHOTO OIpeeTICHUs
KHUCJIOT, OCHOBaHUM U COJIeH (KOTOpbIE pearupyroT ¢ KUCIOTaMH U OCHOBAHUSIMU B
CTeXHOMETpUIeCKuX cooTHomeHusx, Harmpumep NaCOs, NH4Cl, u ap.)

MeTto KUCIIOTHO-OCHOBHOTO TUTPOBAHUS OCHOBAH Ha PEAKIUSIX B3aUMOJICUCTBUS
ME¥K]ly KUCIIOTAMH U OCHOBAHUSIMH, TO €CTh HAa PEAKIIUU HEUTpaIU3aluu:
H"+ OH < H,O

B 3aBHUCMMOCTM OT TUTpaHTa METOJ KHUCIOTHO-OCHOBHOTO THUTPOBAHUS
NOJIPA3NIECTSIOT Ha ayuoumempuio, €clii TUTPAHTOM SIBIIIETCS PAacTBOP KHCIIOTHI,
U AIKAIUMempuio, €CIIi TATPAHTOM SIBJISIETCS. paCTBOP OCHOBAHMSL.

PaGourie pacTBOpbl B OCHOBHOM TOTOBST KaK BTOPWUYHBIE CTaHIApTHbHIC
pactBophl. CorjacHO TpaBHIy OKBHUBAJECHTHOCTH THUTPOBAHHE HEOOXOIUMO
MPOJIOJIKATh 10 TeX IMOp, IMOKa KOJIMYECTBO MPUOABICHHOTO peareHTa HE CTaHET
SKBUBAJICHTHBIM COJICPKAHUIO OMpelessseMoro BemiecTBa. Hacrynaromuii B
MpoIleCCe TUTPOBAHUSI MOMEHT, KOIJa KOJUYECTBO CTaHJAPTHOTO pacTBOpa
peareHTa (TUTpaHTa) CTAHOBUTCA TEOPETUYECKU CTPOTO IKBUBAJICHTHBIM
KOJIMYECTBY OMNPEAEISAEMOTO BEIIECTBA COIJIACHO OMNPEAECICHHOMY YpPaBHEHUIO
XUMHUUYECKOHN peaKkliu, Ha3bIBaIOT TOUKON SKBUBAJICHTHOCTH.

MomeHT, Tpu KOTOPOM IPOUCXOAMUT HaOJ0/laeMOe H3MEHEHHE I[BETa
WHJIMKAaTOpa, HA3bIBAlOT KOHEYHOW TOYKOM THUTPOBAHUSA. IJTO TO KOJIUYECTBO
TUTpaHTa, KOTOPOE HEOOXOUMO JIJIsi B3aUMOJICUCTBHS C MHIUKATOPOM.

KucioTHo-0CHOBHBIE MHIUKATOPHI - 3TO OPTAaHUYECKHUE BEIIECTBA, CIIOCOOHBIE
0o0paTUMO U3MEHATH CBOIO OKPACKY B pacTBOpE Mpu uzMeHeHuu pH cpenbl.

[lepexon onHON OKpacku, MPUCYIIEH MOJEKYISIpHOH (opMe KHUCIOTHO-
OCHOBHOTO WHIMKATOpa, B JIPyTYylH0, CBOMCTBEHHYIO €ro HOHHOU ¢opme,
npoucxoautr mox BiausHuemM HY wmam OH wonoB, To ecth 3aBucur ot pH
pactBopa. MeTo/ bl OKUCIUTEIbHO-BOCCTAHOBUTEILHOTO TUTPOBAHUSI OCHOBAHBI Ha
peaKIUsX OKUCIICHUS - BOCCTAHOBJIEHUS. X Ha3bIBalOT OOBIYHO 1O UCIIOJIb3yEeMOMY
TUTPAHTY-OKUCIIUTENI0,  HAlNpuUMep,  HOJOMETpHUsl,  IEepPMaHTraHATOMETPUs,
OpoMaToMeTpusl, TUXPOMATOMETPUSI.

B nmnpouecce TUTpoBaHUST HU3MEHSETCS TMOTEHIMAT OKHUCIUTEIBHO -
BOCCTAHOBUTEIBHONM CHUCTEMBl NPU HM3MEHEHUU COOTHOUIEHUSI KOHIIEHTpalui
OKHUCJICHHOW U BOCCTAHOBJICHHOU (DOPM THUTpaHTa U TUTPYEMOTO BEIIECTBA.
KoHeuHy0 TOUKY TUTPOBAHUS yCTAaHABIINBAIOT:

l) MmO WCYE3HOBEHHUIO WM TIOSBICHUIO OKpPAacKM TUTpaHTa (Hampumep,
MepMaHraHara) Wid TUTPYEMOTO BEIIECTBA;

2) ¢ MOMOILBbIO OKUCIUTENBHO - BOCCTAHOBUTEIbHBIX HHIMKATOPOB — OPraHUYECKHUX
COCIMHEHUN, HW3MEHSIONIUX CBOIO OKpPAacKy B pe3yjbTare OKHUCICHUS WU
BOCCTAHOBJICHUS;

3) ¢ mnomomblo crneuuUUeckux MHIMKATOPOB, OOpa3yIoOUUMX HWHTEHCUBHO
OKpallleHHbIE COCAMHEHUS C OJHUM W3 KOMIIOHEHTOB OKHCIUTEIbHO-
BOCCTAHOBUTEIBHON CHUCTEMBI. J[JI1 KOJIMYECTBEHHOTO OMNPEAENICHUS TOIXOSAT
TOJILKO T€ PEaKIUHU, KOTOpPbIE:



- IPOTEKAIOT JI0 KOHIIA;
- POXOSAT OBICTPO;

- 00pa3yrOT MPOIYKTHI OIIPEICICHHOTO COCTABA;

- IO3BOJIAIOT (PUKCUPOBATH TOUKY SKBUBAJICHTHOCTH,

- HE BCTYIIAIOT B MTOOOYHBIE B3aMMO/ICHCTBUS,

- SIBJISIFOTCSL HEOOPATUMBIMU.

Penokcumerpusi. MeTon OKHUCIEHUSI — BOCCTAHOBJICHUSI OCHOBAaH Ha
OKHUCJIMTEIbHO-BOCCTAHOBUTEIbHBIX peaAKLHUSX, MIPOUCXOISAINAX MEXKTY
CTAHIAPTHBIM PACTBOPOM M ONPEAECIAEMBbIM BellecTBOM. Eciu cTaHgapTHBIN
pPacTBOp COJIEPKUT OKHCIUTENb(BOCCTAHOBUTENH), TO OIpPEASIsIeMOe BEIIECTBO
JIOJDKHO COZIEP)KaTh COOTBETCTBEHHO BOCCTAHOBUTEIb (OKUCIIUTEIID).

MeTtoabl peIOKCUMETPUN IPUMEHSIOTCS 111 KOJTMYECTBEHHOTO OIPEIeIICHUS
OKHUCJIUTEJIEH U BOCCTAHOBUTEJIEH.

Meton HeWTpaau3aluyd HWCHOJB3YIOT JUISI ONPEACICHUS KHCIOTHOCTH B
KHCJIOMOJIOYHOM CBhIph€ (TBOPOT), MSICHBIX MONy-(padpukatax s OnpeaciacHus
CBEXKECTH, TOTOBBIX Ot0/1aX (KUCIBIX CyIax).

Ilepmanranaromerpus. [Ipy nepMaHraHaTOMETPUYECKOM THUTPOBAHUU B
KaueCTBE TUTPAHTa MPUMEHSIOT PaCTBOpP MepMaHraHaTa Kajaus. TUuTpoBaHuE MOKHO
MIPOBOAUTH B KHUCJION CpeJie, HEUTPATBLHOU CPEJe U IICTOYHOM CPEE.

PactBopst KMnO4 rotoBsit 006610 0,1 unmu 0,05 H. [lepmanranar kamus
ABJISIETCS CUJIbHBIM OKUCIIUTENIEM U U3MEHSET CBOIO KOHLIEHTPALIUIO B IPUCYTCTBUU
CaMbIX Pa3JIMYHbIX BOCCTAHOBUTEJIEH — OPraHMUECKUX ITpUMeECce, ammuaka. Meton
MIEPMAaHTaHATOMETPUM HCIOJIB3YIOT MPHU OMNPEAEICHUN KOJMYECTBA MOBAPEHHOMU
coJii B nosty(adpukarax ¥ TOTOBBIX OJIFO/IaX.

HNonomerpusi. B ocHOBE MOJOMETPUYECKOTO TUTPOBAHUS JIEKAT PEAKIIUU
BOCCTaHOBJICHHS] CBOOOHOTO O/1a 10 MOJIU] - HOHOB U OKUCJICHHE UOUI-HOHOB B
CBOOOIHBIN HOJI.

NonomeTpudeckuii METOJ, MPUMEHSIOT [JIs OMNpEeJeTCHUsS COACPKaHUS
KpaxMalia B MyKe, Kpynax, xjiede u Apyrux npoyKTax.

Konmponwvnwvie 6onpocol u 3a0anus

1. CymHocTs MeToaa HelTpanu3anuu. Kakas xumudeckasi peakius JIS)KUT B OCHOBE
3TOro Merona’?

2. Yto Takoe CTaHJapTHBIN WU TUTPUPOBAHHBIN pacTBOp?

3. CymHOCTh IEPMAHTaHATOMETPHHU.

4. Posiib MTHAMKATOPOB B TAHHOM METO/IE.

5. CymHOCTh NepMaHraHaTOMETPUH, MPEBPAIICHUSI IEPMAaHITaHaT- MOHA B KUCJIOM,
HEUTPAJIIbHOM U IIEJIOYHOMU Cpeaax.

6. CylHOCTh MOJOMETPHH.

7. Uto Ha3zbiBaeTcs uHAMKatopoMm? Kakue MHIAMKATOPHI MPUMEHSIOTCS B METOJE
HeWTpanu3anuu?

8. Kak mpaBuiibHO 1oA00paTh MHAUKATOP K JAHHOMY CIy4ar0 TUTPOBaHUA?

9. I'me npuMEHSIIOT METOJ HEUTpanu3auu?



10. I'ne npuMeHA0T METO/] IEPMAHTAHATOMETPUM ?

11. Korga yctaHaBIMBalOT KOHEYHYIO TOUYKY TUTPOBaHUs?

12. KucioTHO-OCHOBHBIE HHAUKATOPHI 3TO- ...

13. Kakue peakiuu jexaT B OCHOBE METOJ1a HOJIOMETPUHN?

14. Kakue BeniecTBa MOKHO ONIPEACIISITE IEPMAHTAHATOMETPUUYECKUM METOI0M ?
15. Tlouemy HeNb3s TPUTOTOBUTH TOUHKIN pacTBop KMNO, psiMo u3 HaBeckn?

3aKJIroueHue

KoHTtpoiibHast paboTa nmpeAcTaBisieT co00i OTUYET CTYAEHTA O TOM, HACKOJIBKO
OH OBJIAJIEJI MAaTepUAIOM IO AaHHOMY Kypcy. Coaep:kaHue KOHTPOJIbHOW pabOThI
OXBaThIBA€T OCHOBHOM Marepuan Cleayolmux pa3fenos: «KadecTBEeHHBIM
XUMUYECKUH aHamu3» U «OCHOBBI KOJMYECTBEHHOro aHanuzax. [Ipu 3ToM
o0ecrieunBaeTcs 0JIMHAKOBasl TPYAHOCTh KOHTPOJIBHBIX BOIIPOCOB M 33]a4 JUIsl BCEX
BapUAaHTOB, YTOOBI MOYXHO OBLJIO BBIIBUTH 3HAHUS CTYJEHTOB IO OINpPEJEICHHON
TEME, pa3leiy, a TAK)KEe NOHUMAaHUE CYIIHOCTH U3Y4aeMBbIX MIPEAMETOB U SBJICHUN,
UX 3aKOHOMEpPHOCTEH, YMEHHsSI CaMOCTOSITENIbHO JeNiaTh BBIBOJABI U 0000IeHus,
TBOPYECKOE MHCMOJb30BAHME 3HAaHUW U (opmupoBaHue MpodhecCHOHATBHBIX
KOMIIETEHLIAM.

BapuaHTtsl
1 Bompoc mo BBIOOpPY CTYAEHTA M3 KaKAOH TeMbl (BCEro mojy4daercsi B
KOHTPOJIbHOI padoTe 7 BONPOCOB ¢ 0TBETAMM HA HHUX)
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