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1. IlosicHUTEILHAS 3aMIUCKA

MeTtonnueckre peKOMEHIAlMM K BBIMOJHEHUIO MPAKTUYECKUX paldoT MO
JTUCHUTUTMHE «AHAJTUTHYECKasi XUMUSD MPETHA3ZHAUCHBI JIsl OpraHUu3aluy padoThl
CTYJAE€HTOB BTOPOrO Kypca OYHOTO oOTiaelieHus cneunanbHoct 35.02.03
TexHonorus nepeBooopadoTKH

CornacHo ydyeOHOMY IUTaHy OOs3aTeNbHasl ayJuTOpHas y4yeOHasi Harpyska
COCTaBJISIET 78 4acoB, B TOM YHUCIE 24 yaca COCTABIISIOT MPaKTUYEeCKUe 3aHATHs. B
CBSI3M C TMPAKTUYECKOM  HANPaBIEHHOCTHIO  JUCHMIUIUHBI  Pa3pabOTaHBbI
MpaKTUYECKUEe paboThI.

[IpakTuueckrie  pabOThl  COCTABJISIOT  BaXKHYI  YacTh  MOJTOTOBKH
oOyuaroruxcs. OcHOBHasE 1I€Jib  MPOBEACHHUS  MPAKTHUYECKUX  paboT -
dbopmupoBaHue y OOydYarolmUXCAd OOIMX KOMIETEHIUNM, aHaJIUTUYECKOTO,
TBOPYECKOTO MBIIUICHUS TyTeM TPUOOPETCHUS TPAKTUUECKUX HABBIKOB.

Bpewms BbinonHeHUs: paboThl cocTaBisgeT 90 MUHYT.

Kputepun onieHMBaHMs IPU BBITIOJIHEHUU TPAKTUUECKOTO 3a1aHUS:
Oyenka «5» - CTaBUTCS B TOM CIIy4ae, €CIU CTYICHT OOHApy»XUBAaeT BEpPHOE
MOHMMAHUE CYHIIHOCTU PACCMATPUBAEMBIX SIBJIICHHM, MPABWIBHO U B MOJHOM
oObeMe BBINIOJHIET 3aJaHus, 3aJaHUi U Tpeaaraet HauOosee palrOHaJIbHOE
pelIeHHe.

Oyenxa «4» - 3adaHusl BBIIOJHEHBI B TIOJIHOM O0O0BEME, HO JOIYIIECHBI
HE3HAYUTEIbHBIE HETOYHOCTH.

Oyenka «3» - TpU BBHINOJHEHUU 33JaHUNA OOHAPY>KMBAIOTCS HETOYHOCTH,
BBITIOJTHEHO NTPAaBWIIBHO HEe MeHee 60% 3anaHnid, pearacMblil BApDUAHT PEIICHUS
HE pallOHaJIEH.

Oyenka «2» - ydallMics HE OBJAJel OCHOBHBIMM YMEHUSMHU B COOTBETCTBUU C
TpeOOBAHUSIMU IPOTPAMMBI.

B npouecce nHCTpyKTaXxa mpenoaaBareib NPEeayNpekIaeT CTYJEHTOB O

BO3MOKHBIX TUITMYHBIX OIIUOKAaX, BCTPEUAOUTUXCS MIPU BHITIOTHEHUHU 3a1aHUSI.

[Tpu M3ydyeHUn IUCHUIUIMHBI « XUMUsD» (AHATUTHYECKAas XUMUS) CTYIACHTHI
JIOJDKHBI OBJIAZETh TEOPETUUYECKUMM 3HAHMSIMU W TPAKTHUYECKUMH YMEHHSIMU B
COOTBETCTBHM C TOCYAapPCTBEHHBIMH TPEOOBAHUAMH K MUHUMYMY COJICpKaHUS U
YPOBHIO MMOJITOTOBKU BBIITYCKHUKOB

K BbIMOMHEHWIO WHAMBUAYATBLHOTO 3adaHusi (MpakTHUYeckas padora,
TECTHPOBAHUE) CTYJEHTbl NPHUCTYNAIOT TMOCIE HW3YYEHUS TEOPETHYECKOTrO
MaTepHaa 1o KOHCIeKTaM, yaeOHUKaM U JIOTIOJTHUTEIILHOH JINTepaType.



2.Conep:kanue U CHUILTHHBI
BBenenue
[Ipenmer aHaIMTHYECKONM XUMHMHM. KadyeCTBEHHBIM M KOJIMYECTBEHHBIM aHAJIM3.
Hctopust pa3BUTHS aHATUTUYECKOW XMMHUU, COBPEMEHHBIX METOJ0B aHAIM3A U UX
Kkiaccudukaiys. 3HaUeHNE aHATTUTUICCKON XUMHUH U XUMHUYECKOTO KOHTPOJIS.

Pa3nea 1. KayecTBeHHBIH aHAJIU3.
Tema 2.1. TeopeTnueckre OCHOBBI KAaYECTBEHHOTO aHaimu3a. Vctopus pa3BUTHSI

QHAJIMTUYECKOW XHMMHU.

Kparkasg xapakTepucThka METOAOB KAa4ECTBEHHOTO aHanu3a. YyBCTBUTEIBLHOCTH
AHAJMTUYECKUX pEeaKUUd. YCIOBUA IIPOBEICHMUS AaHAIUTUYECKUX PEaKIUu.
CneunpuyHOCT M W30UPATENBHOCTh AHAJIUTHUYECKUX peakuuid. PacTBOpBHL
Cnoco0Obl BbIpaKEHUsI KOHIEHTPALIUK PACTBOPOB. 3aKOH JIEUCTBYIONIUX MAacC Kak
OCHOBA Ka4E€CTBEHHOI'0 aHAJIN3a

Tema 1. 2. OCHOBHBIE MOJOKEHUS TEOPUU DIECKTPOIUTUYECKOW JAMCCOIMAIUU.
Bonopoanbiii mokaszareins cpebl. bydepHbie pacTBOPHI.
OcHoBuble monoxeHus TIJ[. CunbHble U cialOble BIEKTPOJUTHL.  Teopuu

C.Appenunyca, bpencrena-Jloypu, teopust Jlptonca. BomoponHbelii mokaszarelib
cpenbl. MunukaTopel. BydepHbie pacTBOpHI.

Tema 1.3. PaBHOBeCHE B reTEpOTEHHBIX CUCTEMAX.

PaBHOBecuHe B rereporeHHsix cucremax. [Iponssenenue pacTBOpUMOCTH. Y CIHOBUS
MOJIHOTO ocaxkieHus noHoB. CosieBoit 3pdeKT. Y cioBus ciBUra paBHOBECHS.

Tema 1.4. 'napoaus colieii. AMMBpOTEPHOCTH THIPOKCUIIOB

I'mppomm3 coneii. MoHHOE W MOJEKYJSIpHBIE ypaBHEHUS THUIPOJIU3a COJICH.
Crenenb ruaposinsa, pacder. AMQPOTEPHOCTh THUAPOKCUIOB — JIBOMCTBEHHOCTH
CBOWCTB.

Tema 1.5. OxkucanreapHO-BOCCTAHOBUTENBHBIE peakimmin OBP.

CrenieHb OKHUCIEHHUS 3JIEMEHTOB B XHMHUYECKHX COEAMHEHUAX. OKHUCIUTEIBHO-
BoccTaHOBUTENbHbIE peaknuu, TNl OBP. CocraBnenne OBP wmetomom
AIIEKTPOHHOTO OajaHca.

Tema 1.6. KoMIIEKCHBIE COETUHEHUSI




KommnekcHele umm KOOPpAWMHAOMOHHBIC COCAMHCHMA. [TonsiTus HCHTPAJIBHOTO
aroMa, JIMraHad, KOOPAWHAIIMOHHOI'O 4YHCIIA. KJ'IaCCI/I(bI/IKaHI/I}I KOMIIJICKCHBIX
COG,Z[HHGHI/Iﬁ. CocraBieHue u HOMCHKJIATYypa

Paznen 2. Kinaccupukanuss KAaTHOHOB M AHHOHOB.
Tewma 2.1. Knaccudukarus KaTHOHOB M aHHOHOB

Tema 2.2. O6m1as xapakTepuCcTUKa KaTHOHOB | aHAJIMTUYECKOM TPyIIbl. 3HaYECHUE
KaTMOHOB |  aHaNWTUYeCKOM  Tpynmbl B OCYIIECTBICHHMM  XHUMHUKO-
TEXHOJIOTUYECKOTO KOHTpOJs. YacTHble peaklMH KATHOHOB | aHaIUTUYECKOU
TPYIIIIHIL.

Tema 2.3. O6mias XxapakTepUCTUKa KaTUOHOB 2 aHAJIMTUYECKOM IPyIIbl. 3HaYEHUE
KaTHOHOB 2  AQHAJMUTUYECKOM  Tpynmbl B OCYIIECTBICHHMH  XUMHKO-
TEXHOJIOTHYECKOrO0 KOHTpoJiA. YacTHble peakuud W JCHUCTBUSA TPYIIIOBOTO
peareHTa Ha KaTUOHBI 2 aHATUTUYECKOHN TPYTIIIBL.

Tema 2.3. O6mias XxapakKTepUCTUKa KaTUOHOB 3 aHAJIMTUYECKOM IPyIIIbl. 3HaYEHUE
KaTHOHOB 3 AQHAJMTUYECKOM  Tpynmbl B OCYIIECTBICHHMH  XUMHUKO-
TEXHOJIOTUYECKOr0 KOHTPOJIA. ['pynmnoBoil peakTuB U YCIOBUSA €ro MPUMEHEHUS.
YacTHbIe peaklii KaTUOHOB 3 aHAJTUTUYECKOUN IPyIIIbI.

Tema 2.4. CucremMaTH4eCKH X0/ aHAIU3a CMECU KaTHOHOB 1,2,3 rpymnr.

Tema 2.5. O6mias xapakTepucTUKa KaTHOHOB 4 aHAIMTUYECKOM TPyIIIbl. 3HaYEHUE
KaTHOHOB 4  aHAJMTUYECKOM  Tpynmbl B OCYIIECTBICHHMH  XHUMHUKO-
TEXHOJIOTUYECKOr0 KOHTPOJs. ['pynnoBoi peakTHBBI U YCIOBUS UX MPUMEHEHUS.
YacTHble peaklMi KaTUOHOB 4 aHAJTUTUYECKOUN IPYTIIBI.

Tewma 2.6. O0611as xapakKTepruCTUKa KATUOHOB 5 aHAIUTUYECKON TPYIIIbI. 3HAYCHUE
KaTHOHOB 5  AHAJMTUYECKOM  TIpynmbl B OCYIIECTBICHHMH  XUMHKO-
TEXHOJIOTUYECKOr0 KOHTPOJIs. ['pynnoBoii peakTUBBI U YCIOBUSL UX MPUMEHEHUS.
YacTHbIEe peakliMi KaTUOHOB 5 aHAJIUTUYECKON IPYIIIIbI.

Tewma 2.7. O61m1as xapakKTepruCTUKa KATUOHOB 6 aHAIMTUYECKOW TPYIIIbI. 3HAYCHUE
KaTUOHOB 6  QHAJUTUYECKOM  Tpynmbl B OCYUIECTBIEHHH  XHMHUKO-
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TEXHOJIOTUYECKOTO KOHTPOJIA. ['pynmoBoi peakTHBBI M yCIOBUSA UX NPUMEHEHUS.
YacTHbIe peakiii KaTUOHOB 6 aHAJIMTUYECKOW I'PYIIIIBI.

Tema 2.8. CucreMaTnueCcKuil X01 aHaIM3a CMECU KaTUOHOB 4,5,6 TpyIIIL.

Tema 2.9. Anwmonsl. Kimaccupukammss aHuOHOB. 3HAUCHHWE AaHWOHOB B
OCYILECTBIICHUM XHMHUKO-TEXHOJIOTUYECKOTO KOHTpOJis. YacTHblE peakuuu
aHnoHOB | rpymmbl. YacTHbIE peakunu aHWOHOB 2 rpymnmbl. YacTHBIE peakLMu
AHUOHOB 3 TPYIIIBI.

Tema 2.10 Ananu3s cyxoi coiu. CHCTEMAaTUYECKUI X0/ aHaIu3a COJIH.

Pasznea 3. KosanyecTBeHHBIN aHAJIN3

Tema 3.1. 'paBuMeTpuueckuii (BECOBOM) METOI aHATIU3A

CylIHOCT, ~ TPaBUMETPUUYECKOTO  aHaidu3a.  [eXHHWKa  BBINOJHEHUSA
rpaBUMETPUUECKOro aHanu3a. OCHOBHBIEC OINEpallMU TPABUMETPUYECKOTO aHAJIN3a:
oTObOp cpemHel TpoOBI, B3SITHE HABECKH, €€ pacTBOPEHHE, OCaXKICHUE,
(bunbTpoBaHNE MPOMBIBAHUE, BHICYIIMBAHUE, MPOKAJTIMBAHUE 1 B3BEIIMBAHHUE.

Tema 4.3. Turpumerpuueckuii (00bEMHBIN ) METOI AHAIN3A.

CymHOCTh M pacyeTsl B THTPUMETPUUYECKOM METOAE aHalu3a. 3aKoH
HKBUBAJICHTOB.  XUMUYECKHE  WHAUKATOPHI  JJI1  YCTAHOBJICHHS  TOYKH
HKBUBAJICHTHOCTHU.
KucnorHo-ocHoBHoe TUTpoBaHue. CyIIHOCTh aHalW3a YCJOBUS BBIIIOJHEHUS U
TpeboBaHHEe K peakiusM. Paboune pacTBOpPHI M CIOCOOBI UX MPUTOTOBIICHUS.
OKHCINTENHFHO-BOCCTAHOBUTEIBFHOE TUTpOBaHUE. OcaauTebHOe TUTPOBAHNUE.
Kommnekconomerpusi. CylniHOCTh METOAOB OCAXKJEHUA. ApreHTomMeTpust (MeTon
Mopa), ycinoBusl TpUMEHEHHUS METOJla U €Tr0 3HA4YCHHE B TPOBEICHUU XWMHKO-
TEXHOJIOTUYECKOT0 KOHTpOJst. CyIIHOCTh METO/Ia KOMIUIEKCOOOPa30BaHUS U €Tro
3HAYEHUE B OCYIIECTBICHUN XUMHUKO-TEXHOJIOTUYECKOTO KOHTPOJIS.
Pasnen 4. ®u3uKo-XUMHYECKHE METO/IbI AHAJIM3A.

CymHoCTh (PU3NKO-XMMUYIECKOTO METO/1a aHAJIN3a U UX OCOOCHHOCTH
(ciekTpasbHBIC, XpOMaTOTrpadUICCKUC U DICKTPOXUMUICCKHAE METO/IBI);
MPUMEHEHUE ITHX METOJ0B B XUMHKO-TEXHOJIOTHIECKOM KOHTPOJIE.



B pe3ynbrarte u3ydeHus IUCHUILUIMHBI CTYJIEHT JOJKEH

yMeTh:

l. TpUMEHSATh OCHOBHBIE 3aKOHBI XHUMHHU JJIs pEIICHUs 3a7ad B 00JacTu
npodeCCUOHAILHON JIeATEIbHOCTH;

2. UCIOIb30BaTh CBOMCTBA OPTAHUYECKUX BEIIECTB, JTUCIEPCHBIX U KOJTOMIAHBIX
CUCTEM JIJIs1 ONTUMM3ALNK TEXHOJIOTUUECKOTO MPOIIECCa;
3. OMUCHIBATh YPABHECHUSIMU XUMUYECKUX PEaKIMil MPOIECCHI, JIekKaIUe B OCHOBE
MIPOU3BO/ICTBA MIPOIOBOIBCTBEHHBIX MPOAYKTOB;
4. IpOBOJIUTH PacyUeThl IO XUMUYECKUM (HOpMYJIaM B YPAaBHEHUSIM PEaKIUU;
5. HCTOJIb30BaTh JA0OPATOPHYIO MOCYAY U 000PYI0BAHHUE;

6.BIOMpATh METOJI M XOJ XHMHYECKOrO aHaiu3a, IoAOHpaTh pPEaKTUBBHI U
anmnaparypy;

7.IpOBOJUTh KAYECTBEHHBIC PEAaKIMM HAa HEOPraHWYECKHE BEIIECTBA U HMOHBI,
OT/IeJIbHBIC KJIACCHI OPTAHUYECKUX COEAUHEHUI;

8. BBINOJHATh KOJUYECTBEHHBIE pPACUEThl COCTAaBa BEIIECTBA IO pe3yJbTaTam
U3MEpPECHUM;

9. cobmofaTh MpaBWiia TEXHUKA O€30MacHOCTH NpH paboTe B XHUMHUYECKOMN
nabopaTopuu;
3HATh:

1. OCHOBHBIE ITOHATHS M 3aKOHBI XUMHH;
2. TEOpETUYECKUE OCHOBBI OPraHUYeCKou, PU3NUecKol, KOJUIOUTHON XUMUH,

3. IOHSITHE XUMHUYECKON KHHETUKH U KaTajn3a;
4. xnaccu(pUKAIUI0 XUMUUECCKHUX PEAKIIMK M 3aKOHOMEPHOCTH MX MPOTEKAHUS;

5. oOpatumble M HeOOpaTHUMbIC XUMHUUCCKHE PEaKIIMH, XUMHYECKOE PaBHOBECHE,
CMEIIIEHUE XUMHYECKOT'0 PAaBHOBECHS IO/ ACHCTBHEM PA3TUIHBIX (PAKTOPOB;

6. OKHCITUTEIIFHO-BOCCTAHOBUTEIIPHBIC PEaKIIMU, PEAKIIMH HOHHOTO 0OMEHa;

7. TUIPOJIU3 COJIEH, TUCCOIUALINIO AJIEKTPOJIUTOB B BOJHBIX PaCTBOPAX, MOHSITHE O
CUJIBHBIX U CJIA0BbIX JICKTPOJIUTAX;

8. TeroBoi AP(HEKT XUMUUECKUX PEAKIINA, TEPMOXUMUYECKUE YPABHEHUS;

9. XapaKTEpUCTUKW PA3JTUYHBIX KJIACCOB OPraHWYECKUX BEIIECTB, BXOJAIIMX B
COCTaB ChIPbSl U TOTOBOW NMUIIEBOW MPOTYKIUU;

10. cBolicTBa pacTBOPOB H KOJUJIOMAHBIX CHUCTEM BBICOKOMOJICKYJISIPHBIX
COCIUHCHUM;

11. qucriepcHbIe U KOJUIOUIHBIE CUCTEMbI MUIIEBBIX MPOIYKTOB;

3 12. pomp W XapakTEpUCTHKHA NOBEPXHOCTHBIX SIBJIECHUWA B MPHUPOIAHBIX U
TEXHOJIOTUYECKHUX MPOoIeccax;

13. OCHOBBI aHATUTUYECKON XUMHUH;

14. ocCHOBHBIE METOJbI KJIACCHYECKOT0 KOJTMYSCTBEHHOTO M (hHM3UKO-XUMHYECKOTO
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aHaIu3a;

15. HazHaueHWe M TpaBUJIA HCIOJIB30BaHHS JTaOOPATOPHOTO OOOPYAOBaHUS U
anrmaparypsl,

16. METObI M TEXHUKY BBIITOJHEHUS XUMUYECKIX aHAJIN30B;

17. mpuemsbl 6e30macHoi pabOThl B XUMUYECKOH J1a00paToOpuu

3.JlepevyeHb MPaKTHYECKHUX PadOT

[Tpaktuyeckas padora Ne 1. HyBctBuTensHoCTh. [Ipenen oOHapykeHUs. Crp.11

[TpakTuueckas padora Ne 2. CriocoObI BBIpaKeHHUsI KOHIIEHTPAILUK PAaCTBOPOB Crp.12

[TpakTrueckas padota Ne 3. OKUCITUTEILHO-BOCCTAHOBHUTEIIbHBIE PEAKITUN Crp.13
[IpakTuueckas padora Ne 4. 3aKoH IEHCTBYIOIINUX Macc Crp.15
[IpakTuueckas paborta Ne 5. ['mnponus coneit Ctp.16
[Ipaktnyeckas pabora Ne 6. OcHoBuble  monoxenus  Teopuu | Ctp.18
ANEKTPOJIMTUYECKON Aucconuanyy. BogopoaHelii mokasarenib

[IpakTuueckas pabora Ne 7. KoMIekcHbie coOeTMHEHUS Crtp.25
[Tpaktuyeckas padora Ne 8. KauecTBeHHBII aHAIN3 KATHOHOB Crp.29
[IpakTruyeckas pabora Ne 9. KauecTBeHHBII aHaIM3 aHHOHOB Crp.33
[Ipaktuueckas pabora Ne 10. KonnuectBennslit ananus. ['paBumMeTpus Ctp.40
[Tpaktuueckas pabora Ne 11. KonnuectBennslit ananusz. Tutpumerpus Crtp.41
ITpakTryeckas pabora Ne 12. @uU3NKO-XUMHUECKUE METO/Ibl aHATIN3a Crp.54

IIpakTnueckas padora Ne 1. UHyBcrBuTeabHOCTD. [Ipenes o0Hapy:keHus.

YyBCTBUTEJIBbHOCTD

[Ipenen obnapyxeHust Cmin (Chpen) (I/MI1) — MUHUMAaNbHAS WM NIPEAEIbHAS
KOHIIEHTpAIs; ’TO HAUMEHbIIIasi KOHIICHTPAIlUS NOHA WM BeIIecTBa (fanee —
KOMITIOHEHTA) B pacTBOPE, MPU KOTOPOH OH MOKET ObITh OOHAPYKEH C MOMOILIBIO
JTAHHOM aHAIMTUYECKOUN pEeakIuu ¢ 3aJJaHHON TOBEPUTEIBHON BEPOATHOCTHIO.

[Ipenen obHapyxkeHUs: M (MKT) — OTKPbIBAEMbIi MUHUMYM; 3TO
HaMMEHbIIIas Macca ONpPeIEasIeMOro KOMIIOHEHTA, C 3aJaHHOW JOBEPUTEIIBHON
BEPOSITHOCTHIO OOHApYy’KUBaeMasi JaHHOW aHAIMTUYECKON peakiueii B
MUHUMAJILHOM 00beMe TIPEICIIbHO pa30aBIeHHOTO PacTBOPA.

[IpenensHOE pazdaBieHue, Vipes (MI/T) — MAKCUMaJIbHBIN 00bEM pacTBOPA,
B KOTOPOM OOHApy>XKMBaeTcsl | I KOMIIOHEHTA C MOMOIIbIO JaHHOU PEaKIIUH.

MunuMaIbHBIN 00bEM MpeesIbHO pa30aBIeHHOTO pacTBopa, Vmin (MII) —
HAaMMEHbIIMN 00bEM aHATU3UPYEMOTO pacTBOPa, HEOOXOAUMBIN JIJ1s1 OOHAPY>KEHUS
KOMITIOHEHTA B IAHHOW aHAIMTUYECKON PEAKIIHH.
TpeOyemble BETMUMHBI BRIUUCISIOT 110 (hOpMyIam:




= (g
Chin= o (3)

I3* npu oGHApY)XeHUH

Ilpumep 1. lIpenenbHoe pa3daBIeHUE HOHOB A
MUKPOKPHUCTAIUIOCKOTTYeCKOH peakiueit pasHo 150000 Ma/r, Vyin BiCCIeIyeMoro
pactBopa coctaisieT 0,06 Mil. BEIYMCIUTD OTKPBIBAEMbIN MUHUMYM.

Pemenue.Ilo popmyne (2) Haxonum:
Vipin 105 _ 0.06-10°
Vipes 150000

m= =0,4 MKT

IIpakTuyeckas padora Ne 2. Ciocodbl BhIpaskeHHs] KOHIEHTPauuu
PacTBOpOB
PacueTHble 3aga4n
Bapuanr 1
Tutp BemectBa A, pactBopeHHoro B 20 mi Bojsl, coctasisger 0,0324 r/mi.
Paccuuraiite Maccy BemecTBa A.
PaccuuTaiiTe MaccoByl0 M MOJISIDHYIO JOJIIO THUAPOKCHIA HAaTpus B pPACTBOPE,
MOJY4E€HHOM pacTBOpeHueM 3,35 ero B 35 MJT BOJIBL.
BbluncnuTe 0OTHOCUTENbHYIO MOJIEKYJISIPHYI0 Maccy (GOoC(HOPHON KUCIIOTHI.
Bapuant 2
Tutp BemectBa B, pactBopennoro B 30 mu Boasl, cocrtaBiser 00,1234 r/mi.
Paccuuraiite Maccy Bemecrsa B.
PaccuuTailiTe MaccoByl0 W MOJSPHYIO JOJIO THUAPOKCHAA JIMTUA B PACTBOPE,
MOJy4€HHOM pacTBopeHueM 4,54 ero B 50 M1 BOJIBL.
BpiunicnuTe OTHOCHUTENBHYIO MOJIEKYJISPHYIO MacCy 2-X MOJIEKYJ a30THOU
KHCJIOTHI.
BapuanT 3
Tutp BemectBa C, pactBopenHoro B 10 mu Boawi, coctaBmser 0,0025 1/mu.
Paccunraiite maccy BemectBa C.
PaccuuTaiiTe MaccoByl0 M MOJISIPDHYIO JOJK0 THAPOKCHAA MarHvsi B pPacTBOPE,
MOJIYYEHHOM PacTBOPEHHEM 2,5 ero B 45 MJI BOABI.
Bbluncnure OTHOCUTENBHYIO MOJEKYJISAPHYIO Maccy 3-X MOJEKyJd CEepHOU
KHCJIOTHI.
Bapuanr 4
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1. Tutrp BemectBa /I, pactBopennoro B 40 mu Boabl, coctasmsier 0,0324 r/mi.
Paccunraiite Mmaccy Bemecta /l.

2. PaccuuraiiTe MaccoBy0 M MOJISIDHYIO JIOJI0 THAPOKCHUIA Kalus B PacTBOpE,
MOJy4€HHOM pacTBopeHueM 5,41 ero B 55 M1 BOJIBL.

3. BbruncnuTte OTHOCUTENBHYIO MOJIEKYJISIPHYIO MacCy THIPOKCHIa MarHHsL.

IIpakTunyeckas padora Ne 3. OKHCIUTETbHO-BOCCTAHOBUTEIbHbIE PEAKIIUH
OxHCINTEIBLHO-BOCCTAHOBUTEIbHbIe  peakuun (OBP). Teoperunueckue
OCHOBBI

OxucautensHO-BOCccTaHOBUTENBHBIE peakiuu (OBP) — aro peaxkuum, npu
IIPOTEKAHUU KOTOPBIX IPOUCXOJUT U3MEHEHHUE CTEIEHU OKHUCICHHUS XUMHUYECKUX
AIIEMEHTOB, BXOJAIIMX B COCTAB PEAr€HTOB.

CreneHb OKHUCIEHUSI — YCIOBHbIM ((hopmanbHBIA) 3apdl aroMa B
XUMHYECKOM COCOUHEHHM, KOTOPBIM HAXOIAT, CUHATAsI XUMHUYECKHE CBS3U B
COEIMHEHUN YMCTO MOHHBIMH.

Oxucienne
norepst AJIEKTPOHOB, T.C.
MIOBBIIIIEHUE CTEIIEHU OKHUCIICHHUS.
Oxucaurenab

MIPUCOCIUHSAET DJICKTPOHBI, CaM
BOCCTaHAaBJIMBAETCH, MMOHMKAET

CBOIO CTCIICHBb OKHCJICHUA

Boccranosienue
MpUOOPETEHUE HIIEKTPOHOB, T.€.
MMOHMKEHUE CTETIEHU OKHCIICHHUS.

BoccranoBuren
OTIaeT AJIEKTPOHBI, cam
OKHCJIIETCS, TOBBIIMIAET CBOIO

CTCIICHb OKMCJICHUA

Yucno SIEeKTPOHOB, OTIABAEMBIX

BOCCTAHOBUTCJICM, pPABHO 4YHCITY

9JICKTPOHOB, IPUCOCAUHACMBIX OKHCIUTCICM

st cocraBieHus

YpPaBHEHUU

OKHUCJIUTCIBHO-BOCCTAHOBHUTCIIBHBIX

peakiuii MCTOJIB3YIOT JBa MeToja mojadopa Kod(D@PHUIIMEHTOB: 3JIEKTPOHHOTO

OayiaHca M JIEKTPOHHO-UOHHOTO OasaHca.

Hanwumem ypaBHEHHE peakuuy MEXy aATFOMUHUEM U KUCIOPOAOM:

Al + O, = A|203

bananc — 310 paseHctBo. IloaTomMy crneagyer cuaenate OAWHAKOBBIM

KOJIMYCCTBO JJICKTPOHOB, KOTOPLIC omoaem OJHH J3JICMCHT W npurHumaem I[perﬁ

QJICMCHT B I[ElHHOIZ PCaKInu. HepBOHa‘-IaJ'H)HO 9TO KOJIMYCCTBO BBIIIAIUT PAa3HBIM,

YTO BUJHO M3 PA3HBIX CTCIICHEW OKHUCJICHUS aJIOMUHUS U KHCJI0poaa:

0
Al +

0 +3 -2
02 = A|203
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ANIOMUHUI OTHAeT BJEKTPOHBI (IPUOOPETAET MOJOKHUTEIbHYIO CTENEHb
OKHUCJICHHS), & KUCIOPOJ — MPUHUMAET JIEKTPOHBI (MPUOOpPETAaET OTPUIIATEIHHYIO
CTeNEeHb OKUCIEHUs). UTOOBI MOMYYUTh CTENEHb OKUCIEHHUS +3, aTOM aJlOMHUHHUS
JOJDKEH OTHaTh 3 3JeKTpoHa. Moliekyja KUCIOpoaa, 4YTOOBI MPEBPATUTHCS B
KHCJIOPOJHBIE aTOMBI CO CTENIEHBIO OKHMCIIEHUS -2, IOJKHA PUHSATH 4 3JIEKTpOHA:

+3

0
a1 - 33_“—:- J—‘-.lfﬂ,..dl

0, + 48 w2 D i3

UToOBbl KOJIMYECTBO OTHAHHBIX M MPHUHATHIX D3JIEKTPOHOB BBIPOBHSIOCH,
NepBOe ypaBHEHUE HAJI0 YMHOXKUTH Ha 4, a BTopoe — Ha 3. [l 3TOro J0CTaTtoyHo
MEPEMECTUTh YHUCIA OTJAHHBIX W MPUHATHIX DIJIEKTPOHOB IMPOTHUB BEPXHEN U
HIDKHEW CTPOYKH TaK, KaK TOKa3aHO Ha CXEME BBEPXY.

Ecnu tenepp B ypaBHeHUUM mnepeq BoccTaHoBUTeNeM (Al) Mbl mocTtaBuM
HalIeHHbIN Hamu KoddunmeHT 4, a nepen okuciureiaem (O2) — HallICHHBIN HaMH
ko3 duurenT 3, TO KOJMYECTBO OTHAHHBIX W MPHUHATBIX 3JIEKTPOHOB
BBIPDABHUBAETCA W CTAHOBHUTCS PaBHBIM 12. DJEKTPOHHBIA OajnaHC TOCTUTHYT.
Bunno, uyto mepex mpoxaykrom peakiuu Al,Os; Heobxoaum koddduimeHt 2.
Tenepp ypaBHEHHE OKUCIUTEIbHO-BOCCTAHOBUTENBHOM PEAKIIUHA YPABHEHO:
4Al + 30,=2Al,03

Bapuanr 1
HamumuTe KOMIUIEKCHOE COCIMHEHHE W3 COCTABHBIX YacTeH, OTMEThTE
KOMITJIEKCO0Opa30BaTellb, JINTAaH I, KOOPINHAIIMOHHOE YHUCIIO M KOOPIUHAITMOHHYIO
cBs3b: 2NH3, NO3, Ag.
. Hanmummre OBP, onpenenure ee Tum. YKaXUTe BOCCTAHOBUTEIb U OKHUCIUTENb,
paccraBbTe K03 purentsr: H2S+HCIO=HCI+S+H20
Omnpenenure BEIMYMHY M 3HaK 3apsaa komiuiekcHeIx noHoB X: [Ag(NH3)2]X,
[Fell(SCN)3]X, [Felll(CN)6]X, [Zn(NH3)6]X, [PtIVCI]X
Omnpenenure cTeneHb okuciaeHus cepbl U ceuHIa: Cr2(S04)3, PbO2
Bapuant 2
HamummTe KOMIUJIEKCHOE COEIMHEHME W3 COCTABHBIX YacTEeH, OTMEThTE
KOMITJIEKCO00pa30BaTelb, JIUTaH I, KOOPIMHAIIMOHHOE YHUCIIO ¥ KOOPIUHAITMOHHYIO
ces3b: Cl, Pt, 4NH3.
. Hanmummre OBP, omnpenenure ee TUIl. YKaXUT€ BOCCTAHOBUTENIb U OKHCIIUTEINb,
paccraBbTe Kodhpuimentse: KMnO4+HCI=MnCI2+CI2+KCIl+H20
Omnpenenute BeIUYMHY M 3HaK 3apsjga komiuiekcHbix noHoB X: [Ag(NH3)2]X,
[Fell(SCN)3]X, [Felll(CN)6]X, [Zn(NH3)6]X, [PtIVCI]X
Omnpenenute cTeneHb okucieHus xpoma u mapranma: K2CrO4, MnO2
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Bapuanr 3

HanumuTe KOMIUJIEKCHOE COEIMHEHME U3 COCTaBHBIX 4YacTed, OTMEThTE
KOMILJIEKCOOOpa30BaTeb, JIUTraH I, KOOPJIMHALMOHHOE YHUCIO U KOOPJUHAIIMOHHYIO
cBs3b: Na, 4ANO2, Co.
. Hanummre OBP, onpenenure ee Tum. YKaXUTE BOCCTAHOBUTENIb U OKHUCIIUTEIb,

paccraBbTe Kodpdunmentsr: KCIO3=KCIO4+KClI
Omnpenennure BEIMYMHY M 3HAK 3apsiaa KoMiniekcHbIx noHOB X: [Ag(NH3)2]X,
[Fell(SCN)3]X, [Felll(CN)6]X, [Zn(NH3)6]X, [PtIVCI]X
Omnpenenurte cTeneHb okuciacHus cepol: Fe2(S04)3, H2S

IIpakTuyeckas padora Ne 4. 3akoH neiicTByromux mace (34M)

KoncTanTa XMMHU4YeCKOro paBHOBECHS paBHA OTHOIICHUIO MPOU3BEICHUS
PABHOBECHBIX KOHIIEHTPAIMN MPOAYKTOB PEAKIIMU K MPOU3BEACHUIO PABHOBECHBIX
KOHIICHTpAIIUH UCXOIHBIX BEIIECTB, MPUUYEM 3HAUYCHUE KAXIOW KOHIIEHTPALUU
BBOJIUTCS B CTENICHB, PABHYIO CTEXHOMETPHUUECKOMY KOIDDUITUEHTY TIepea
dbopmyII0ii BelecTBa B XUMHUUYECKOM YPaBHEHUHU.

Ecnu B ypaBHeHHH peakIMi UMEIOTCSI CTEXHOMETpUYecKrue KOd(DPHUITUEHTHI,
Hanpumep, m, n, p,d:
MA+nB < pC+dD, (4)

TO BbIpaKEHUE ISl KOHCTAHThl PABHOBECHS IPUHUMAET BU]T
_ e} [Do]°

U

Ilpumep 1. PaBHOBECHBIE KOHIIEHTPAIIMH BOJOPO/Ia, HOJa U MOI0BOIOPOA B
peakuun Hj + I, »2H I npu Hekoropoii Temnepatype cocrtapisoT no 0,03

Moub/1, 0,03 mosb/nu 0,04 MOJIB/JT COOTBETCTBEHHO. BBIYUCINTE KOHCTAHTY ATOM
pEaKIny.
Pewenue:

Cornacto 3JIM Kpeauum = 2L = 22" =1 77

(7 1[,] 0.03-0,03
OrtBert: Koncranra sroit peakuuu Kp= 1,77
IIpakTnueckas padora Ne 5. 'mapo.siu3 coJieit
I'mapos3oM Ha3bIBaeTCs B3aMMOIECHCTBUE HOHOB PAaCTBOPEHHON B BOJIE COJIU C

WOHAMH BOJIbI, BBI3BIBAOIIEE OOBIYHO M3MEHEHHE KOHIICHTpAllui HOHOB H™ n
OH". Xora [H*] u [OH] B Boge o4yens He3HaunTenbHbI (107'MOMIB/T), HO 5TH HOHBI
HaXOJSITCS B TMHAMUYECKOM PABHOBECUHU C OTPOMHBIM YUCJIOM
HEIMCCOLMUPOBAHHBIX MOJICKYJI BObl. CBsi3biBaHue ogHoro u3 Hux (H* mam OH)
MOHAMHU COJIM COMPOBOK/IAETCS] HAPYILICHHUEM PAaBHOBECHS U BBI3bIBAET
JIMCCOLUALINIO HOBBIX MOJIEKYJ BOJIbl. B pe3ynbTare HakaminBaroTCs B pacCTBOPE
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3HaunTenbHbIe KomnuecTBa OH™ wim HY, BeencTBue yero pactBop npruodperaet
HISJIOYHYIO WJIM KUCITYIO Cpey.

['unponus —obpatumast peakuus. . [I[puunHOi ero sBisieTcst 00pazoBaHuE
MaJIOIMCCOIMUPOBAHHBIX MOJIEKYJI KUCTIOTHI WJIM OCHOBAHUS, WIH TO U IPYTroe
BMECTE.

T'uoponusz coneti, 06paA308aHHBIX CUTLHLIM OCHOBAHUEM U CLAOOU KUCIOMOU.
CH3COONa — ykcycHokucinbii HaTpull (win arietat Hatpus). [Ipu pacTBopeHuu B
BOJI€ MOJHOCTHIO AucconuupyeT Ha HoHbl Na* u CH;COO'. 'uaponus npoTekaet
10 YpaBHEHUIO:

CH3COONa+ HOH < CH3COOH + NaOH
WU B HOHHOU (popMme:
CH3;COO" + HOH < CH3COOH + OH
B pactBope 00pa3zyercs nzositok OH noHOB, co3naércs menoynas cpena pH>7.

2. Tuoponus coneil, 00pa308anHbIX CIAOLIMU OCHOBAHUAMU U CUTbHBIMU
KUCTOMAMU.

[Ipu pacTBOpeHUU B BOJIE TaKUX COJeil, HapuMep, xjaopucrtoro ammoHust NH4Cl,
B BOJIC HACTYIIaeT paBHOBECHE

NH;CI+HOH < NH,OH+HCI

WU B HOHHOM (popmMme:

NH;/+HOH < NH,OH+H"

B pactBope HakamuBaroTcs nonbl H, cosmaetcs kucias cpena: pH<7.

3. Tudponus coneil, 00pa308aHHbIX CAAOLIMU OCHOBAHUAMU U CIAOLIMU
Kuciomamu uoem 00 KOHya

Hampumep, ykcycubiit ammonnit CH3COONH,. E€ ruaponus nporekaet mno
YpaBHEHUIO:

CH3COONH4 + HOH « CH3;COOH + NH,OH
WM B UIOHHOU (popme:

CHsCOO™ + NH4* + HOH < CH3;COOH + NH,OH
[Tpoucxoaut oOpazoBaHue ABYX CIAOBIX DJIEKTPOJUTOB: YKCYCHOM KUCIOTHI U
TUJIPOOKUCH AMMOHHSL.
Peakuust pacTBopa mojo0HBIX COJIEH 3aBUCUT OT OTHOCUTEIILHON CHJTBI
00pa3yrouXxcst KUCIOTH U OCHOBaHUsI. Eciii KOHCTaHTa JUCCOIMAllUi OCHOBAHUS
paBHA JUCCOIMAIIMYN KUCIIOTHI (KaK B IAHHOM CJIy4ae), TO peakiusi pacTBOpa Oyier
HeutpanbHoM pH = 7. Eciin kOHCTaHTa 1MCCONMAnU KUCIOTHI IIPEBBIIIACT
KOHCTaHTY JIUCCOITMAIIMN OCHOBAHMS, TO PACTBOP COJIA UMEET CIAOOKHCIYIO CpEay
1, HA000pOT, OyAET UMETh CIIA0OIIETIOUHYIO CPEY, €CIIH KOHCTAHTA TUCCOITUAIITN
OCHOBaHWsI 00JIbIIIE KOHCTAHTHI TUCCOIMAIIMHA KUCITOTHI.
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Comnm, 06pa3oBaHHBIC CIA0OBIMH MHOTOOCHOBHBIMU KHACIIOTAMH HJIA CIa0BIMU
MHOTOAQTOMHBIMH OCHOBaHUSAMHU, TUAPOIU3YIOTCSI B HECKOJIBKO CTYTICHEH.
Hanpumep: Na,CO; ruaponusyercs B 1€ CTYIICHH.

[lepBas cTymneHs:

Na,CO3; + HOH < NaHCO3; + NaOH
W B mornow opme:

COsZ- + HOH < HCOs5 + OH"
Bropas crymnens:

NaHCO; + HOH < H,CO3; + NaOH
WNnu B nonHou popme:

HCOs; + HOH < HCO3 + OH

4. Conu, obpazoeannvle CUTbHBIMU OCHOBAHUAMU U CUTLHBIMU KUCIOMAMU,
2UOPONU3Y He N0OBep2alomcsl: BOJHBIC PacTBOPHI TakuXx coiiel, Hanmpumep NaCl
win KCI, umeror HelTpanbHyto peakiuo pH = 7.
IIpakTuyeckas padora Ne 6. OCHOBHBbIE OJI0KEHUS TEOPUU
JIEKTPOJIUTHYECKON Aucconuanuu. Boropoausiii mokasareib

BemectBa 1o cnocoOHOCTH MPOBOAUTH dIEKTPUUECKUNA TOK B PACIUIABICHHOM
¥ PACTBOPEHHOM COCTOSIHUHU JEIATCS Ha:

Anekmpoaumepl — BENUIECTBA, CIIOCOOHBIE MPOBOJIUTH JICKTPUUECKUM TOK
(cosiu, KUCIOTHI, OCHOBAHUS ).

Heynexmpoaumot — BeNeCTBa, HE CIIOCOOHBIE MTPOBOJIUTD AIEKTPUUCCKUIN
TOK (OpraHM4ecKre COeTMHEHMUsI, caxap, TITI0K03a).

DNEKTPONPOBOAHOCTD IIEKTPOJIUTOB OOBICHSIETCS TEM, YTO UX MOJICKYJIBI B
pacTBOpAaxX M paciijiaBax pacraaroTcsl Ha HOHBI (TIOJ0KUTEIHLHO U OTPHUIIATEIILHO
3apSKEHHBIE).

MoJteKyJbl HE3JIEKTPOJIMTOB Ha HOHBI HE PACTIAIA0TCs, TIOITOMY HUX
PacTBOPHI HE TIPOBOASAT DJICKTPUUECKHUH TOK.

DNIEKTPOJUTHI 00J1aJal0T PAa3TMYHON CIIOCOOHOCTHIO K JUCCOIUALINH,
MOATOMY Pa3JIMYAIOT CUIbHBIE U C1A0ble DIECKTPOIUTHL.

CusibHBIE DJIEKTPOJIUTHI B BOJHBIX PACTBOPAX IUCCOIUUPYIOT MOTHOCTHIO.

B pactBope cnaboro snekTponnTa uayT OJHOBPEMEHHO J[Ba Mpoliecca:

- Tuccoranus (pacraj MOJICKYJT Ha HOHBI);

- acconyanys (COeTMHCHHE HOHOB B MOJICKYJIBI ).

K CHIIBHBIM 3JIEKTPOIMTaM OTHOCSITCSI TIOYTH BCE COJIM; MHOTHE MUHEPaIbHBIC
kucaothl, Harpumep HpSO4, HNO3, HCI, , HCIO4; ruapokcuab! mea0uHbIX |
IeI09HO3eMeNbHBIX MeTauioB (tmenoun) NaOH, KOH.

15



Cna0pble 3JIEKTPOJIUTHI ITPU PACTBOPEHUU B BOJIE JIUIIb YACTUYHO
JVCCOLUMUPYIOT HA HOHBL. B OTIMYME OT CHIIBHBIX 3JIEKTPOIUTOB UX AUCCOIUALINS
MPOTEKAET OOPATUMO C YCTAHOBJIICHHEM PABHOBECHS:

KA—K+A"

K cnaOpiM 37eKTpoIuTaM OTHOCSITCSI OPTaHUYECKUE KUCIOTHI, MHOTHE
muHepaibHbie kKucioThl, Hanpumep HCN, HoCOs, HaSOs, HoS, HNO2, HoSi03, Bee
TUAPOKCHIBI, 32 UCKITIOYECHUEM IIEI0UeH, aMPOTepHbIC TUIPOKCHIBI, HATIPUMED,
Zn(OH)z, Al(OH)g, Sn(OH)z, Be(OH)z.

CylmHOCTh TEOPHH JIEKTPOJUTHYCCKON JUCCONMALMHU 10 APPEHHYCY:

1. IIpu pacTBOpeHHH B BOAE IJIEKTPOJIUTHI JUCCOUUUPYIOT HA MOJOKUTEIBHO U
OTPHUIIATEIBHO 3apsKEHHBIC YaCTHUIIBI (MOHBI).

2. ITpu poX0KACHUHU SJICKTPOJIUTAYECKOTO TOKA Yepe3 paCTBOP WM paCIIaB
AIIEKTPOJIUTA MOJIOKUTEIHHO 3aPSXKEHHBIE HOHBI (KATUOHBI) JBUXKYTCS K KaTOy,
OTPHULIATENIHHO 3aPSKEHHBIC HOHBI (AHMOHBI) — K aHOJTy. Y 3JIEKTPOJI0OB HOHBI
Pa3psKAOTCA U IPEBPAILAIOTCS B ATOMBI WJIM MOJIEKYJIBL.

3. CreneHb pacnajaa 3aBUCUT OT NPUPOIBI SJIEKTPOIUTA, Er0 KOHIIEHTPALUH,
TEMIIEPATYpPhbl, OT XAPAKTEPA PACTBOPUTEIIA.

4. TIpornecc ANMEKTPOIUTHUECKOM TUCCOIHAIIUN O0paTHM.

JAucconuanus KUCJI0T, OCHOBAHUM U COJIeH

Huccoyuanua kucinom. CorinacHO TEOPUU JEKTPOJIUTUUECKON
JIACCOIMALINY KUCIOTaMU HA3bIBAIOT BEIIECTBA, KOTOPBIE B BOJIHBIX PACTBOpPax
00pa3yroT B KaueCTBE KAaTHOHOB MOHBI BO10poaa H.OqHOOCHOBHAS KHCIIOTA
JACCOLIMMPYET HA MOHBI B OAHY CTyleHb. Hanpumep:

HCI—-H"+ CI

JIByXOCHOBHBIE KMCJIOTBI pACNIaJat0TCs HA MOHBI B JIBE CTYIICHU:
H,SO,— H* +HSO,
HSO,— H' +SO42'

[lepBas cTyneHb qUCCOIMALINY, KaK MPABUIIO, OCYIIECTBISAETCS B OOJIbIIICH
CTEIEeHU, YeM BTOpasi. M3 ypaBHEHUI TUCCOIMALIMM BUIHO, YTO B pACTBOPE CEPHOMU
KUCJIOTBI UMEIOTCS TpH Buaa noHos: HY, HSO, u SO4*

TpexOoCHOBHBIE KHCIOTHI TUCCOUUMUPYIOT IO TPEM CTYIIEHSIM: 110 TIEPBOU
CTYTICHH B OOJIBINICH CTEMEHU, YEM 110 BTOPOH, a TI0 BTOPOl — B OOJIBIIIEH, YeEM TIO
TpeTheit. Hanpumep, aucconmanust GochopHOil KUCTOTHI MPOTEKAET IO CXEMaM:

nepsaa crynenr: H3PO, = H* 4- H,PO; (aurumpodocdat-#oH)
BTopas cTynens: HyPO;” = HY 4 HPOZ“‘ (rugpodochat-HoH)

TPETb: CTYTEHb! HPO‘;;" = H* 4+ PO;™  (¢ocdar-Hon)
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Boamnslit pactBop (hochopHOI KHUCIOTHI COAEP>KUT HOHBI Bogopoaa H+,
nuruapodocdara HPO4, ruppodocdara HPO4| u pocdara PO,>, mpuuem nonon
H,PO4 6onbiue, uem HPOy4, a nocnennux 6onsire, yem PO,> . KonnuecTBo HOHOB
PO, HUYTOXkHO MaJIo.

Juccouyuayusn ocnoeanuit. 110 Teopru dMEKTPOTUTHICCKON THUCCOITHAITIN
OCHOBAHMSIMU HA3bIBAIOT BEIIECTBA, KOTOPHIC B BOJHBIX PACTBOPAX B KAYECTBE
aHUOHOB COJIEPKAT TOJILKO HOHBI ruapokcria OH .

Jlucconmanyio OCHOBaHM MOYKHO BBIPA3HTh, HAPUMED, CICTYIOIIIMHI
ypaBHEHUSIMU:

NaOH—Na" + OH"
Ba(OH), — Ba?" +20H"

BelecTsa, KOTOphIE AUCCOMUPYIOT M KAK KUCIOTHI U KAK OCHOBAHMS,
Ha3BIBAIOTCH aM(OTEPHBIMU COSIUHEHUAMH WM aMposuTamu. K HUM oTHOCATCS
THAPOKCHTE! HeKoTOpbIx Metamnos. Hanpumep, /41 (OH)s, Zn(OH)2 1 zp.

Zn(OH), = Zn?* 4 20H"~ (auccoumnauus no THNY OCHOBAHIA)

H,ZnO, = 2H++Zn02_ JHUCCOLHALUSA TIO THUNY KHCJOTHI
2 2 2 y

CrnepnoBatenbHO, B pacTBOpe aM(POTEPHOTO COEAMHEHUS COJIEPKATCS MOHBI
MeTajlia, THAPOKCUI-MOHBI, MOHBI BOJIOPOAA U KUCJIOTHOTO OCTaTKa.
Bopa nuccounnpyer no ypaBHEHUIO
H,O = H* + OH~
CrnenoBatenbHO, BO/IA TAKKE MPOSIBIISIET CBOMCTBA KUCIIOThI, 00pa3ysi HOHbI
H", u cBolicTBa ocHOBaHus, 00pa3yst noHsl OH".
Huccoyuayusa conei. [{uccoyuayus Hopmanviou coau. HopmaiibHas coib

JMCCOLIMMPYET Ha MOH METaJula ¥ MOH KHCJIOTHOTO OCTaTKa!
KNO3; —K* +NOs’

Jluccoyuayus xucaou conu. B 1aHHOM ciydae Auccoumanys MpOTEKAET Mo

HecKoJbKUM cryneHsMm. Hanpumep, KHSO4 nuccounupyer 1o AByM CTyNEHSIM:
nepsas crynesn: KHSO, — K* 4 HSO;"

BTOpas crynenb: HSO; — H* 4 SO;™

Kak BUIHO, pacTBOpP KMCIION COJIM COCPKUT KaTHOHBI BOJOpOoaa (KaK
pe3yabTaT TUCCOIMAIIAN TT0 BTOPOH CTYIIEHN) U MeTayia (B OTJIMYHE OT KUCJIOTHI,
coJieprKalllel TOJIbKO HOHBI BOAOPOAA).

CreneHb JUCCOLMAIIMH.
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KonudecTBeHHO Mporiecc TUCCOIUAIA MOKET ObITh OXapaKTEPU30BaH
PSAIOM BEJIMYKH U, B YACTHOCTHU, CTENIEHBIO AJIEKTPOJIUTUYECKON JUCCOIMALINH.
CmeneHb Ouccoyuayuu o, IpeICTaBIIeT COOON OTHOILIIEHUE YKCIIa PacaBIINXCs Ha
MOHBI MOJIEKYJI 71 K 00IIEMY YHUCITy PACTBOPEHHBIX MOJIeKyJ N:

o=—

Y 9)

CreneHb qUCCOLMALIMY JICKTPOJIUTA OMPEALIAETCA SKCIIEPUMEHTAIBHO U
BBIPAXKAETCA B OJSX €AUHUILIBI WK npoueHTax. Eciu o=0, To aucconmanus
OTCYTCTBYET, a eciid o=1 win 100%, TO 3MEKTPOIUT JUCCOUUPOBAH MOTHOCTHIO.
Ecnu xe, Hanpumep, a=20%, To 3T0 03Ha4aeT, yTo U3 KaxapiX 100 pacTBOpEeHHBIX
MoseKya 20 quccouMupoBaHbl HA UOHBI.

KoHcTanTa 1ucconmpanmuu

Jucconmanus 3JIeKTpoIuTa — MpoIecc oOpaTuMbiid. B pacTBope Mex iy
KOHIICHTpAI[MEeH HEeMCCOIMUPOBAHHBIX MOJIEKYJI U KOHIICHTpAIlMei HOHOB
CYILIECTBYET OMpeIeSICHHAs 3aBUCUMOCTb. Hanpumep, B pacTBOpe YKCYCHOM
KHUCJIOTHI, JUCCOIIUUPYIOIIEH COTJIACHO YPaBHEHUIO

CH3COOH « H'"+ CH3COO"
HaxoIATCs HeauccorupoBantbie Mojiekyasl CH3COOH, nonst H* u CH3COO: .
O0603Ha4YMB paBHOBECHBIE KOHIIEHTPAIIMU HOHOB BOJIOPO/Ia U alle€TaT-MOHOB Yepe3
[H+] u [CH3COO~], paBHOBECHYIO KOHIICHTPALIMIO HEAUCCOLMHUPOBAHHBIX
Mosiekya B Moib/1 uepe3 [CH3COOH] u npuMeHUB 3aKOH JEHCTBUS Macc K
MPOIIECCY AUCCOIMAIMH, TTOTYYHM CIIEIYIOIIEe BhIPA)KEHUE KOHCTAHThI
PaBHOBECHSI, KOTOPasi Ha3bIBAETCSI KOHCTAHTON JIUCCOIUAIINU:

X _ [H*][CH;C00"]
CH;COOH — [CH3COOH]

(10)

KoncTanTa aucconuanuu TaHHOTO 3JIEKTPOJIUTA paBHA OTHOIICHUIO
MPOU3BEICHUS KOHIICHTPAIIUX HOHOB B PACTBOPE K KOHIIEHTPAIUU
HEJIMCCOLMUPOBAHHBIX MOJIEKYJI 3TOr0 AekTponuTta. Eciu B pactBope CH3COOH
U3MeHHUTh KoHIeHTpanuto nonoB H' i CH,COO", cOOTBETCTBEHHO U3MEHHUTCS U

KOHIIeHTpalus HeauccounnpoBanHbix Mosiekya CH,COOH, To oTHouieHue
[H*] [CH3CO07]

[CH;COOH]  mpy TaHHOM TeMIEpPaType OCTAHETCS HEU3MEHHBIM.

[Ipu nanHOM TeMreparype AJisl OJTHOTO U TOTO K€ JIEKTPOJIUTAa KOHCTaHTa
JIMCCOIUAIIMY OCTACTCS TOCTOSTHHON. DTO MPaBUJIO TPUMEHHUMO TOJIBKO K
pa30aBIEHHBIM PacTBOPaM CIA0BIX JIEKTPOIUTOB.

KoncTanTy nucconuanum MOXHO pacCUMTaTh 3HAsi CTENEHb TUCCOLIMAIIUU
c1a00T0 ANEKTPOIIUTA!
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Co - Ca Ca2
——, W K=
C — Ca

,
l —a (11)

VYpasuenue (11) evtpasrxcaem 3axon pazoasnenun Ocmeanvoa. Ou
YCTaHaBJIMBAET 3aBUCUMOCTh MEX]y CTETIEHBIO JUCCOLMAIIMN U KOHIICHTpaluen
cinaboro anekTpoiauTa. C yBellMuyeHUEeM KOHLEHTPAIMHU CIa00Tro AJIEKTPOIUTa
CTENEHb AUCCOLUAINU €TO YMEHBIIAETCS, C YMEHBIIIEHHEM KOHIICHTpallUu
CTENEHb AMCCOLMALNU Bo3pacTaeT. i1 BecbMa Ci1adbIX 3JIEKTPOJIUTOB, CTEIICHb
JUCCOTTMAITMN KOTOPBIX OYCHb MaJia, 3HaMeHaTelb B ypaBHeHUH (11) MokeT OBITH

K

IIPUHAT paBHBIM enuHULE. Torna

K"—"’-Cdz H a= V"?
(12)

Booopoonwiit noxkazamens pH
Yucras Boga OYCHb IJI0X0, HO IPOBOIMT JICKTPUICCKHUI TOK, UTO
00BsICHAETCS HEOOIBIION auccormanuu Boasl Ha voHel H™ 1 OH : H,O <« H' +
OH'. KonueHTpanys HOHOB BOAOPOJA paBHA KOHIIEHTPALIMU NOHOB THAPOKCUAA:
[H*] = [OH]. ITo 3akoHy meHCTBYIOIIMX MAacC KOHCTAHTa AUCCOLMALIMN BOIBI
_ [H+] M (13)
[ 20]
wm K[H,O] =[H*] [OH] (14)
rae K — KoHCTaHTa AIEKTPOIUTHYECKON TUCCOLUALNY;
npu 24°C omna pasna 1,8 - 1078, TIpoussenenne K[H,O] npu nanHoii

TeMmIIeparype MoCTOSHHO ¥ paBHo 110714,

K[H-0] o6o03nauatot uepe3 Kuy0.

K20 = [H*] [OH] — aT0 npou3BeacHHE HA3BIBACTCS UOHHBIM NPOU3BEOCHUEM
8000l.

Umn [H*] [OH]=10%* (15)

OOBIYHO peaKIUIO CPeIbl BRIPAXKAIOT Yepe3 BOAOPOIHbIN Noka3zarens pH.
Booopoonulii nokazamens — 3T0 OTpULIATEIbHBINA AECITUUHBIN Jorapudm
KOHLIEHTpallMi HMOHOB BOJOPOAA:

pH=-Ig[H"]. ~ (16)
Torna ypaBuenue (15) 3anuiiercst kak
pH+pOH=14 (17)
IIpu pH =7 cpena HelirpaibHasi,
pu pH <7 cpena kucnas,
npu pH > 7 cpena menounas.
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Ilpumep 1. Beruuciute [OH'], onpenenure pH pactBopa u xapakrep cpenbl,
ecim [H*] paBna 1 - 10 mons/i.

JlaHo: Pemenue:
[H*]=1"- 10" monn/n 1. HannireM BbIpaskeHHE HOHHOTO IPOU3BEACHUS
BOJIbI:

[OH]="? ' [H*]-[OH] =1-10%
pH="? 2. Beraucimm [OH):
1-10% 1-10%
[OHT] = --------= = ==ememmem- =1 - 107 (mons/n)
[H'] 1-10*

3. Halinem 3nauenue pH:
pH=-Ilg[H]=-lg(1-10% =4
Otser: [OH]= 1" 10" mons/n
pH = 4, pacTBOp UMeeET KUCITYIO Cpeny.

ITpumep 2. Borauciute [H'], onpenenure pH 0,05 1. pactBopa HCI.

JlaHo: Pemienue:
CH.(4cn = 0,05 H‘ 1. CocraBum ypaBHeHHe aucconuanuu pactsopa HCI:
HCl < H*+ CI
[OH] =7 ‘ 1 morb 1 Monb 1 MOJIB
pH="? 2. Haxomuwm [H'], T.k. npu aucconmanuu 1 mons HCI
oOpa3zyeTtcs

1 mons H', TO KOHIIEeHTpalus noHoB H* paBHa:
[H*]=0,05=5"- 102 (Monb/n)
3. Haitnem 3nauenue pH:
pH=-Ig[H]=-1g(5-10?) =-(lg5+1g10?%) =- (0,699 +2)=1,3

Otset: [H*] =5 - 102 mons/n; pH = 1,3, cpena pacTBopa Kucias.
IpakTnueckas padora Ne /. KommiekcHble cOeIUHEHUSA

EORIIOIEECOO EI:I A30EATEIE ITIFTAHIEI

[Cu(NHz)4]CL
By THE T /‘ TBHEI.LE-LHH
BOOEIHEAIHOHEAA cepa KOOPIHHAIMOHHAT chepa
KO Op ZHHATTHOMRHOE
wpero (F)

KomriekcHoe coefHeHe, COCTOUT U3 BHYTPEHHEW 1 BHEITHEH cephl.
[leHTpanbHas 4yacTUIa, BOKPYT KOTOPOM PacroyiOKEeHbl OKPYKAIOIKUE €€ JIUTaH/IbI,
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Ha3bIBACTCSI KOMILIEKCOOOpa3oBaTeneM. Uncio muranaoB KOMITIEKCO00Opa3oBaTess
HA3bIBACTCSI KOOPAMHAIITMOHHBIM YUCIIOM.

HomeHki1aTypa KOMILIEKCHBIX COeAMHEHUN

KomMriekcHoe coeTMHeHHE MOXKET COCTOSITh U3 KOMIUIEKCHOTO KaTHOHA,
KOMITJIEKCHOT'O aHHOHA WJIH MOXET OBITh HEHTPATHHBIM.

CoennHeHuUs1 ¢ KOMILUIEKCHBIMHM KaTHOHAMM. BHauane Ha3pIBatOT
BHeITHeC(EepHBII aHMOH, 3aTeM MEPESUUCIISIIOT JIMTAHIbI, 3aTEM Ha3bIBAIOT
KOMIUIEKCO0Opa30BaTeNb B POJUTEIBHOM Ma/iexke (EMy JTaeTCsl pyCCKOE Ha3BaHHUE
JaHHOTO 3ieMeHTa). [lociie Ha3BaHuUsl KOMILJIEKCOOOpa3oBaress B CKOOKax
pUMCKOI IU(PpOI yKa3bIBaeTCA €ro CTENEHb OKUCIICHUS.

K naTuHCKOMY Ha3BaHUIO AaHMOHHOTO JIMTaHAa T0OABIISIETCS OKOHYaHUE “0”
(F - ¢ropo, Cl" -xmopo, OH™ - ruapokco, CN™ - mraHo u T.1). AMMUaKk 0003Ha4ar0T
tepMuHOM “‘ammuH”’, CO — kapOonmi, NO — autposmi, H,O — akBsa.

Ywrciio oMHAKOBBIX JIMTAHAOB HA3bIBAIOT TPEUECKUM YHNCIUTEIBHBIM: 2 —TH, 3 —
TpHU, 4 — TeTpa, 5 — nenra, 6 — rexkca, 7 — renra v T.4.

[Cu(NH3)4]SO4 — cynbdar Terpaammunamenu (11),

[Ni(H20)6]Cl; — xnopu rexcaaxBanukens (11).

Brauane nepeuucisior JUran/ibl aHMOHHBIE, 3aT€M HEUTpaJIbHbIE, 3aTEM
KaTHOHHBIE.

[Pt(NH3)sCI]Cls — xmmopun xmopornenraaMmmuHIuiaTuasl (1V) .

Ecnu B koMIIeKCe UMEIOTCSI HECKOJIBKO JIMTAHI0B OJMHAKOBOTO 3HAKa
3apsifia, TO OHU HA3bIBAIOTCS B aji(haBUTHOM TOPSIAKE:

[CoCl2(H20)(NHs3)3]Cl — xmopua auxnopoakBatpuammuakobaista (111).

CoennHeHUs1 ¢ KOMILUIEKCHBIMM aHUOHAMU. BHauane Ha3bIBalOT
KOMITJIEKCHBI aHUOH B UMEHUTEIHLHOM TaJIekKe: TIEPEUHUCIISIOT JINTAHIbI, 3aTEM
KOMITJIEKCO0Opa3oBarelb (eMy JaeTcs JaTUHCKOE Ha3BaHHUE M K HA3BAHUIO
noOasisgercst okoHuanue “at’). [locne Ha3BaHUs KOMILUIEKCOOOpa30oBaTENs
YKa3bIBA€TCS €r0 CTETEHb OKUCIICHHUSI. 3aTeM B POJUTEILHOM MaJ1€3Ke Ha3bIBACTCS
BHEIIHEC(EPHBII KATHOH.

Naz[Zn(OH)4] — rerparuapokcormukar (1) HaTpus;
Kas[Fe(CN)g] — rexcartmanodeppar (1) kamus;
K2[CuCly] — Terpaxmopokympar (II) kasmusi.

Coenunenusi 0e3 BHelHel cepbl. BHauane Ha3bIBaIOT JIMTAH b, 3aTEM
KOMILIEKCOOOpa3oBaTeIbh B UMEHUTEILHOM TaJIeKe ¢ YKa3aHUEM €0 CTEIICHU
oKuciieHusl. Bce Ha3BaHME MUIIETCS CIUTHO.

[Ni(CO)4] — TerpakapOonmiHukess (0);

[Pt(NH3),Cl4] — Terpaxnopoanammunmiatuaa (IV).
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JAuccoumanusi KOMILUIEKCHBIX COeIMHEHUN

KoMmruiekcHble COEqUHEHNS B BOOHBIX PACTBOPAX NPAKTHUYECKU MTOJTHOCTHIO
JUCCOIIMUPYIOT HA BHEIIIHIOK U BHYTPEHHION cdephl. B To xe Bpems
KOMIUJIEKCHBIA HOH IUCCOLMUPYET B HE3HAYNUTEIIBHOM CTENIEHU KaK
ACCOLMUPOBAHHBIN JEKTPOIUT. KOINYECTBEHHON XapaKTEPUCTUKON
JUCCOTIMAITMY BHYTPEHHEH c(pephbl B pacTBOpE SABISAETCS KOHCTaHTa HECTOMKOCTH,
MIPEICTABIIAIONIAS COO0I KOHCTAaHTY PaBHOBECHS IMIPOIIecca TUCCOITUAITIN
KOMIIJIEKCHOT'O MOHA.

Hanpumep, B pacTBOpE KOMIIJIEKCHOE COCTMHEHNE
[Ni(NH3)6]SO4 auccoruupyet ciaeayromnmm o0pa3oM:
[Ni(NH3)6]SO4 — [Ni(NH3)6]2+ + S0,
Jlns komruiekcHoro noHa [Ni(NHjz)s]?!, THcCOnMMpPYIOIIETo 110 YpaBHEHUIO

] S
[NI(NH3)6]2+ «— Ni?* + 6NHjs,

KOHCTaHTa paBHOBECHS IIpoliecca AUCCOIMAIMA HOCUT Ha3BaHUE KOHCTAHThI

HectovikoctH Ky. [lima paccmarpuBaemoro nponecca Ky, paBHa

Benuuuna, oopatHas K, Ha3pIBaeTCcd KOHCTAHTOM YCTOMYUBOCTH:

Ky =1/K,. (17.2)

Omna npezcTaBisieT coO00M KOHCTAaHTY paBHOBECHUS IIpoliecca 00pa3oBaHus
KOMIUIEKCHOI'O HOHA:

Ni2* + 6NHs &= [Ni(NHz3)e]?".

Ilpumep. a) Jlaiite HazBanus komruiekCHbIM coeauHeHusM: [Ni(NH3)g]Cl, |
Naz[Zn(OH)4];

6) CoctaBbTe (hOpMYITYy KOMILIEKCHOTO COSAMHEHUS TI0 €T0 Ha3BAHUIO:
rekcarmanodeppat (I1) kanust; rexcatuonmanodeppar (II1) kamus.

st (a) u (0) ykakuTe [EHTPATbHBIN aTOM, JIMTAH/Ibl, BHYTPEHHIOIO
KOOpPJIMHALIMOHHYIO c(epy, BHENIHIOW chepy. Hanumure ypaBHeHUS
JVCCOIIMAIIIH 3TUX COSAMHEHUN B BOJHBIX PACTBOPaX U BBIPAKCHUS JISI KOHCTAHT

HECTOMKOCTH.

Pewenue

dopmyna Kommnekco- | Jlurang | Koopau- | BayTpeHHss HNonsl

KOMILJIEKCHOT'O oOpa3oBareib HaIlMOH- ctepa BHEIIIHEN
COEJIMHEHHUS U €ro HOE€ | KOMILUIEKCHOIO | c(epsl

Ha3BaHUE YHUCIIO0 COEJIMHEHUS
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[Ni(NH3)6]Cl. Ni2* NHs® 6 INi(NHa)e* | CF

XJIOPHU]T
reKCaaMMUHHUKEIIS

(1

Naz[Zn(OH),] Zn% OH- 4 [Zn(OH),)* Na*

TETParuJpPOKCOLUHKAT
HaTpus

rekcaranodeppar Fe2* CN- 6 [Fe(CN)e]* K*
(IT) xanus
Ka4[Fe(CN)e]

rexcaTuonuanodeppar Fe3* SCN- 6 [Fe(SCN)e]* K*
(IIT) xanus

Ks[Fe(SCN)g]

YPaBHeHI/ISI AUCCOIUAIMU U BBIPpAXKCHUA I paCuCTa KOHCTAHTBI HECTOUKOCTH:
1) [NI(NHg)e]Clz — [NI(NH3)6]2+ + 2CI

[Ni(NH3)e]®* E—=Ni®* + B6NH°
[Ni**]-[ NHs°]°

[ [Ni(NHs)e]**]
3amanue 1. Hanucats koopAauHAIMOHHBIE (DOPMYITBI CIEAYIOMINX COSAMHEHUI:

rexcaruapokcoxpomart (111) 6apus,
xnmopua HutputoneHTaammuaxpoma (1),
rexkcadropoamomunar (111) marpus,
tuormanatorpuninanokymnpart (1) 6apus,
JTUXJIOPOJUAMMUHILIATHHA,
nucynbharodeppar (1) ammonus,
rekcauuanoko6anstar (1) kanus,
rexcarmanodeppar (1) Bogopona,
rexkcadropocmukat (1V) Bogopona,

© oo N OEWNRE

23




10. ruapokcun rekcaammuaKo6anbTa (I1),
3ananue 2. Ha3zpath ciieyroniye KOMIUIEKCHBIE COSIUHEHUS. YKAKUTE
IIEHTPaJIbHBINA aTOM, JINTaH/Ibl, BHYTPEHHIOI KOOPAMHAIIMOHHYIO cepy,
BHENTHIOO cepy. HanummTe ypaBHEHUS TUCCOIMANIAN YTHX COSTUHEHHUH B
BOJHBIX PACTBOPAX M BBIPAKEHUS JJII KOHCTAHT HECTOMKOCTH

Naz[Pt(CN),Cl,],
[CU(N H3)4](NO3)2
[CU(H20)4]SO4
K4[Fe(CN)e]

K3[F€(CN)6]
Ka[Hgl4]
[CU(N H3)4]C|2

[Ni(NH3)]Cl2

IIpakTuyeckas padora Ne 8. KauecTBeHHBIH aHAJIN3 KATHOHOB.
AHaJIuTHYeCKadA KJIacCH(PUKALUA KATHOHOB

B kauecTBEHHOM XMMHUYECKOM AaHAJIU3€ MPEUMYIIECTBEHHO UMEIOT JIENO0 C
BOJHBIMU PAcTBOPAaMHU 3JIEKTPOJIUTOB, MOITOMY AHATUTHUYECKUMHM  PEaKIUsSIMU
OTKpBIBAIOT 00pasylolyecss Mpu JUCCOLMALMU KaTHOHBI U aHUOHBL. B dopme
KaTHOHOB CYILIECTBYIOT 3JIEMEHTHI PA3IMYHBIX TPYII Nepuoanyeckoil cucremsl (|
A 1 B I A TITB, IITA IV A, VIII), nosTtoMy 1 aHaTuTAYECKUE CBOMCTBA
KaTHOHOB pa3iandHbl. OHAKO C MOMONIBIO IPYIIIOBBIX PEAKTUBOB U3 00IIEH cMecH
KaTHOHOB MOXHO BBIJEIUTh OTAEIbHBIC TPYIIBl KATHOHOB CO CXOAHBIMHU
aHAJIMTUYECKUMU CBOMCTBAMHU — aHanumuieckue 2pynnwl. 'pynnoBbie peaKkTHUBbI
MOTYT OBITh OCaIUTEISIMH, U30UPATENFHO OCAXKIAIOIUMHU KaTHOHBI OIpeIeJICHHON
Ipynnbl B BUAE Pa3IMYHBIX COEAMHEHUH (KapOOHATOB, CYNb(PHUAOB, XJIOPHUIOB,
cynbdaroB, ¢dochaToB, THAPOKCUIOB U Jp.), WIH pPEareHTaMH, CEJICKTHUBHO
BBIICTISIOIIMMHI U3 CMECH TPYJHOPACTBOPUMBIX BEIIECTB TPYIIY PACTBOPUMBIX
COEIMHEHUN (PAaCTBOPUMBIX KOMILJIEKCOB U aM(pOTEPHBIX TUIPOKCUAOB U T. I.).
[IpumeHneHnue pa3zHOOOpPa3HBIX TPYIINOBBIX PEAKTUBOB TMO3BOJIMIIO pa3padboTaTh
pa3iiMyHble aHAIUTHYECKHE KiIacCU(PUKalUU KaTHOHOB (M aHMOHOB). Hanbomnbiee
pacrnpocTpaHeHHe TMONIY4YMSIU CyiIb(GuIHAs, KHCIOTHO-OCHOBHAs W aMMHayHO-
dbocdarHas kaccupuKaIum.

Cyabduanas KJaaccupukaums, IpEeJI0KEHHAs elie
H. A. MeHIIyTKUHBIM, OCHOBaHa Ha pa3IMYHOM PACTBOPUMOCTH CYIb(UIOB,
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KapOoHaTOB M xJOpuAOB. 1o 3TOi KimaccuuKaum Bce KaTHOHBI JCNST Ha IISITh
aHanuTuyeckux rpyni. CepoBONOPOIHBIA METOJ aHalau3a, OCHOBAHHBIM Ha
cynbuaHoON KiaccuuKanuy, UMEeT JBa OCHOBHBIX HEIOCTaTKa: TOKCHYHOCTH
CEpOBOIOpOIa TpeOyeT CrenuaIbHO 000PYJIOBAaHHBIX XUMHUYECKUX JIa0OpaTOpHil;
BBITIOJTHEHUE aHAJIM3a OTHUMAET MHOT'O BPEMEHHU.

KucioTHO-0CHOBHAsE  KJacCH(UMKANUA OCHOBaHA HA  Pa3jMyHOMN
PacTBOPUMOCTH THAPOKCHUIOB, XJIOPHUAOB, Cylb(aToB. ['pynmoBeIMU peakTHBaAMU
ATOr0 METOJAA SIBJIAIOTCS PACTBOPHI KUCJIOT U OCHOBaHUU. [10 KMCIOTHO-OCHOBHOM
KJ1acCU(PUKAIIMY KaTHOHBI IETISIT Ha MIECTh aHATMTUIECKUX Tpym (Tadm. 1).

Tabmuma 1

Kucj10THO-OCHOBHAasI KJIaCCI/I(l)I’IKaHI’IH KaTHOHOB

Ne Katunonsl Ha3Baunmue I'pynnoBoii | Xapakrepucruka
TPYIIIIbI rPyIIbI peareHt rpynnbI
I PacTBopumas Her Xnopupel, CcynbQarThl,
K+ Na* IPYNIOBOrO | TUAPOKCUIBI
R ’ peareHTa pPacTBOPUMBI B BOJIC
NH4
1 Pb?*, [Hg,?"] | Xnopumnas 2M HCI O6pasoBanue
MaJIOPaCTBOPUMBIX
Ag", P P
XJIOPHUJIOB

1 Ba?*, Sr#, | Cynbdarnas 2M H,SO, OGpasoBanue

Ca* MajiOpacTBOPUMBIX B
BOJZE M  KHCJIOTax
cyJb(aToB
v APt Cr¥, | Amdorepnas 2M NaOH OGpasoBaHue
Zn%*, Sn*, PacTBOPUMBIX
Sn*,  As®t TUIPOKCOKOMILIEKCOB
As**
V Fe?*, Fe®, |Tuapokcumnas | 2M NaOH OGpasoBanue
Mn2*, Mg#, MaJIopacTBOPUMBIX
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Bi¥*, Sb?, TUJIPOKCHIOB
Sh®*
Cu?*, Cd*
VI Co?*, Ni%*, | AMMuakarHas 2M NH,OH | O6pa3zoBanue
Hg?* (36biTOK PacTBOPUMBIX —
aMMHAKATHBIX
KOMILJICKCOB

BrinosHeHUe aHaIM3a IO KUCJIOTHO-OCHOBHOM CXEME UMECT OIIPCACIICHHBIC
IMpCUMyIICCTBA:

® HCIOJB3YIOTCSl KHUCJIOTHO-OCHOBHBIE CBOMCTBA SJIEMEHTOB, CIIOCOOHOCTH K
KOMILIEKCO0Opa30BaHUI0, aM(POTEpPHOCTh THJIPOKCHJIOB, YTO OOYCJIOBJIICHO HX
MOJIOKEHUEM B IEPUOANYECKON cucTteme 3iieMeHToB JI. M. Menneneena;

® HCKJIFOYAETCS TOKCUYHOE JEUCTBUE CEPOBOIOPOIA;

® COKpAaIIarOTCs 3aTpaThl BPEMEHU HA aHAJIN3.

Henocratkom 3Toi KiaccuuUKaMu SBJISIETCS HEKOTOpash HEYETKOCTh B

paszelicHUH KaTUOHOB HA aHAJIMTHYECKUe rpynmnsl. Tak, nonsl Pb?*, otHOCAIMECs
Kk | rpymne, ocaxkmarorcs rpynmnoBsiM peakTuBoM B Bujae PHCl, He MONHOCTBIO
BCJICZICTBUE €r0 3HAUYUTEIBHON pacTBOPUMOCTH. [[0ATOMY 3TH MOHBI YaCTHUYHO
nepexoaar Bo |l rpynmy m ocaxmarorcst B Bume PbSO,. Hekortopeie omepammm
ATOTO METOJla JOCTAaTOYHO TPYIOEMKH, Hampumep mepeBoj cyiabdaroB BaSO.,
SrS0,4, CaSO,4 B cooTBeTCTBYIONTHE KapOOHATHI. KHCIOTHO-OCHOBHBIN MeTO (KaK
¥ CEPOBONOPOAHBIN) 3HAYMTENHHO OCIOXKHSAETcs npucyrctueM PO,* —moHa,
MOATOMY MPU HAJUYUHM STOTO MOHA MPHOOPETAET OMpeNesieHHbIE MPEUMYIIECTBA
amMmMuagHo-(pochaTHBIA METOI.

IIpumepHbIii TecT M0 TeMe «|| aHaIUTHYECKas rPpyNNa KATHOHOBY»

1. Bvibepume epynnosoil peakmug 051 KAMUOHO8 2-0U AHATUMUYECKOU
epynnwi:

A) TpYIIIOBOr0 peakTUBa HE UMEIOT, T.K. 00pa3yrOT XOPOIIO PACTBOPUMBIE COJIU

b) pacTBOp COJISIHON KUCIIOTHI
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B) pacTBOp cepHOI KUCIOTHI
') pacTBOp ruApOKCHIa HATPUS
2. Buibepume xamuonwl, xoosauue 60 2 aHAIUMUYecKyro epynny:
A) cepebpo, pTyTh, CBUHEII
bB) pTyTh, BUCMYT, cepeOpo
B) natpwii, kaauii, aMMOHUIMA
I') cepeOpo, kanuii, CBUHEI]
J) antoMuUHUH, ITUHK, XPOM
3. Kanomenv —osmo
A) KOHIUTEPCKOE U3JCIHE
b) Tokcu4HBII pacTBOp PTYTH
B) ocanok Oenoro 1BeTa AMXJI0puaa pTyTa +2
') yepHbIil OCaiOK PTYTH
J1) Oemnblif ocafok cynabdara CBUHIIA
4. Buibepume npasunivHbiii NOPSOOK AHAIU3A CMECU KATMUOHOB:

A) ocaxkJieHHe KaTHOHOB B BHUJE COJIEH — OTJIEJICHUE MOHOB CBHUHIIA — OTJCJICHHE
HMOHOB cepedpa — OTKPHITHE HOHOB PTYTH

b) ornenenne MOHOB CBUHIIA — OTACJICHHE HMOHOB cepedpa - OTKPHITHE HMOHOB
PTYTH — OCaXJICHUE KATUOHOB B BUJIE COJIEN

B) oTaenenre MOHOB CBUHIA — OT/IEJIEHUE HOHOB cepedpa - OCaKIEHUE KaTUOHOB
B BHJIE COJIEU — OTKPBITUE HOHOB PTYTH

I') oTaeneHue MOHOB CBHMHIA — OTAEJICHUE HOHOB cepedpa — OTKPHITUE HMOHOB
pTYTH

5. Kaxoii kamuon soccmanasiusaemcs hopmanib0ecudom.
A) cepebpa
b) prytn

B) cBunna
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I') BucMyTa

) Gapust

6. Omy rkauecmeenHyi0 peakyuio MOICHO NPOBOOUMb O08YMS CNOCOOAMU — 8
npobupke u nHa gpurbmposanvrol bymaze. O yem uoem peuv?

A) peakiusi BOCCTAaHOBJICHUSI HIOHOB PTYTH C (hOpMaTbIAETUIOM
b) peakius coneobpa3oBaHus C COMSHON KMCIOTOU

B) peakuust noHOB cepeOpa ¢ XpoMaTOM Kayusl

') peakius BocCTaHOBJIEHUS HOHOB cepedpa ¢ hopMaIbIeruaom
J1) peaxkiiysi MFOHOB PTYTH CO IIEIOYaAMHU

7. Ilouemy xamuon ceuHya OOHOBPEMEHHO 6X00um 6 2 aHaIumuiecKue
epynnwl?

A) ero oueHb TPYJAHO OOHAPYKUTH

b) y Hero HeECKOJIBKO IPYIIOBBIX PEareHTOB

B) o0Gnanaer xopoielr pacCTBOPUMOCTBIO

') o6agaeT HU3KOM PaCTBOPUMOCTHIO

J1) He B3aMMOJEICTBYET C IPYIIOBBIM PEAreHTOM
8. Buwibepume hopmyny xpomama xaaus:

A) KCrOq4

b) KoCrOq4

B) K2Cr;04

F) K>Cr,0O;

IpakTuyeckas padora Ne 9. KauecTBeHHbIH aHAJIN3 AaHUOHOB

O01mas xapakTepucTuKa aHUOHOB

AHMOHBI TIO 3JIEMEHTAPHOMY COCTaBY, KaK IPaBUJIO, CI0KHEE, YEM KATHOHBI,
HO aHaju3 OCYLIECTBJSETCS MPOIIE, TAK KaK OHM HE MEIIAIOT OTKPBITHUIO JAPYT
npyra. I[loaToMy aHanu3 MOXKHO BBIMOJIHUTH JAPOOHBIM METOJIOM B OTACIHHOU
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HOPLMU MCCIENYEMOro pacTBOpa, HE COOJIOasl CTPOTroil Mociae10BaTeIbHOCTH B
uX OOHApYKEHUH.

Knaccudukaius aHHOHOB OCHOBaHAa Ha Pa3JIMYHOM OTHOIIEHHU UX K JBYM
peaktuBam BaCl, m AgNOs. JlaHHBIE peaKTHBBI HCIOIB3YOTCS JIST OTKPBITHS
TPYIIIbl AaHUOHOB.

[lepBas ananmuTHueckas rpynna anuonos: S04, SOz%, $,03%, CO3%.

AHUOHBI 3TOH TPYIIITHI OCAXIal0TCs rpynnoBbeiM peaktruBoM BaCl, Toibko B
HEUTpaIbHOU U CIa0OIIEeIOYHON cperie.

Bropas ananutuueckas rpynma: Cl=, S~

AHHUOHBI BTOPO# TPpYIITEI 00pa3yroT ¢ kKaTnoHamu AQH ocaiky,
HEPACTBOPUMBIE B BOJIC U A30THOM KUCIIOTE. [ pynnmoBbIM peaKTHBOM HA aHUOHBI
aToi rpymibl cirykuT peaktB AGNOs;. bapueBsie coim aHHOHOB BTOPOH TPYTITIBI
PAacCTBOPSIOTCA B BOJIE.

Tpetbs anammtrueckast rpymma NO3z', NO2

AHUWOHBI TpeThel rpynmbl He AaroT ocaakoB ¢ BaCl, m AQNOs u,
CJIEJIOBATENHbHO, TPYMIIOBOTO PEaKTHBA HE UMEIOT.

Ipumep 1. TlpuBeaute ypaBHEHHUS peakiMii OOHapyKeHUs HUTpara cepedpa.
(YuuThiBaTh TOJIBKO KHCJIOTHO — OCHOBHYIO Kiaccu(uKaiuio) VYKaxure, 4To
MIPOMCXOINUT B PE3YJBTATE€ PEAKIUH, U NPU KAKUX YCIOBUSAX INPOTEKAIOT 3THU
peakiuu. K KakuM aHaJIUTUYECKUM TpynnaM OTHOCITCA KAaTHOH W aHMOH,
BXOJSLIME B COCTAB CONU? YKaXWUTE IPYIIOBOM PEAreHT, YTO MPOUCXOAUT IMpHU
JEHCTBUU I'PYIIIIOBOIO PEAreHTa.

CoriacHo KHUCIOTHO-OCHOBHOM KJIaCCU(PUKALIMKU KATUOH OapHsi OTHOCUTCS KO
BTOPOM Ipynie KaTUOHOB. DTU KATHOHBI 00pa3yr0T HEPACTBOPUMBIE B BOJIE
XJIOPUBI, IO3TOMY IPYIIIOBBIM peakTuBoM || rpymnmsl siBiisseTcs X10poBOIOpOAHAS
kuciora HCI

Ag*+ClI- — AgCl |;

OOHapyxeHue KaTHOHOB Ag+ MPOBOANM C XpOMAaT-HOHAMH B HEUTPATIBHOU Cpee
(pH « 6,5-7,5) BoinensieTcst ocanok xpomara cepedbpa Ag,CrO, kupmudHo-
KpPacHOTO I[BETA:
2 AgNO; +K,CrOs — Ag2CrOs | +2 KNO3
2 Agt+ CrOs# — Ag.CrOy |
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Hutpart — annoH oTHOCUTCS K 3 TpyIIIle aHMOHOB. [ pynmnoBoro peareHra Ha
annonsl 3 rpymmsl HeT. Cynbdar xene3a FESO4 BoccTaHaBIMBaeT COMU a30THOM
KUACJIOTHI 10 okcuaa azora NO:

2 NaNO3; + 6 FeSO,+ 4 H,SO, =3 FEQ(SO4)3 + Na,SO4 + 2 NO T + 4 H,0O

BBIICIISTFOIINICS OKCHJT a30Ta 00paszyeT ¢ FeSO, HempoYHOe KOMITJIEKCHOE
coequnenue [Fe(NO)]SO,4 Oyporo 1Bera.

[IpuBenuTe cxemy pasleiaeHUsi CMECH, COJiepKallled KaTHOHBI HUKEs,
cepebpa, aMMOHUSI, MapraHiia

AHanuzupyemasi CMeCh Ipe/icTaBiieHa KaTuoHamMu 6,2, 1 u 5
COOTBETCTBEHHO.

1. OcaxknaeM KaTHOH aMMOHHSI C TIOMOIIBIO PEAKIIUU C PEAKTHBOM
Heccnepa K3[Hgl4] +KOH o6pasyet ¢ karmonom NH4* Oypbiii amopdHbIi 0caiok
nouaa okcoaumepkypammonus [NH;Hg,O]l:

NH.C1 + 2K2[Hg|4] +4KOH — [NHQHQQO]LL + 7K1 + KC1 + 3H,0,
NHq*+ 2Hgl2 + 40H- — [NH,Hg,O]l| + 71" + 3H,0.

2) OcaxxaeM cepeOpo COISTHON KHUCIOTOM.

Ag'+ClI- — AgCl |;

B pacTBOpe ocTaercs HUKENb U MapraHell.

3) k cmecu no00aBisieM aMMHAaK, 00pa3yloTCs OCAIKH.

Mn?* + 20H — Mn(OH),|,

2NiSO4 + 2NH4,OH — (NiOH)2SO4] + (NH4)2SO4,
CBETJIO-3€JICHBIN

JleiicTByeM M30BITKOM aMuaKa, HUKEIb IEPEXOIUT B paCTBOP, a TUPOKCHU]
Maprasiia He pacTBOpsETCS

(NiOH),S04 + 12NH,OH — 2Ni(NHa)s2* + SO42 + 20H + 12H,0,
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IIpumepHbId TecT 0 TeMe «KayecTBeHHBbIN aHAJIU3 AHUOHOB))

1. Kakoil rpynmoBoii peareHT HCHOJb3yeTcs AJasi oOHapy:xenus |l
AHAJTUTHYECKOM IPyNIIbI AHUOHOB?

A) HuTpar cepebpa
b) pactBOp KHCIOTHI
B) nepmanranar kanus
I') xnopua 6apus
2. Ha kakoM 0CHOBaHHM BbIeJIeHbI 2 AHAJTUTHYECKHE TPYNIbI AHHOHOB?
A) Ha UX c1IOCOOHOCTH B3aMMOJICHCTBOBATD C COJISIMU Oapust
b) Ha ux cnocoOHOCTH PacTBOPATHCS B BOJIE
B) Ha cnocoOHOCTH X OapUEBBIX COJIEH PaCTBOPATHCS B BOJIE
') Ha cnOCOOHOCTH MPOSBIIATH OKUCIUTEIBHBIE CBOMCTBA

3. PacTBopumbI Jin cojim Oapusi B BoJe, KOTOpPble 00pa3ylOT aHMOHBI |
aHAJIMTHYECKOH rpynnbi?

A) na
b) et

4. CootHecute (opMyJIbl 1 HA3BAHUSI AHMOHOB:

A)S?Z 1. Cynsdar
B) NO; - 2. Cynbhun
B) NO3~ 3. ApceHut
') SO, % 4. Apcenart
) SOz % 5. Kapbonar
E) S;03% 6. Xmopun
XK) COz % 7. ®ocpar
3) PO,* 8. Cynbdur
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) AsOq 3

9. Tuocynbdar

K) AsO3 3

10.Hutput

11.Hutpat

12.®ocdonar

5. CooTHecHTEe AHMOHBI M AHAJIMTHYECKHUE TPYNIIbI:

A)S?Z

B) NO; -

B) NO3-

T) SO, %

1) SOs*

E) S,03 2-

XK) COs %

3) PO,

1) AsO, 3

K) AsOs >

6. Haiigure omuoky:
NaCl+AgNO;=AgCIl+NaNO;
YEPHBIA 0CAOK
KBr+AgNO3;=AgBr+KNOs;
JKEJITBIN ra3

Nal+AgNOs;=Agl+NaNO;
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KpPaCHBIM 0CaJI0K

7. Kakoii pPe€arcHT HCHOJb3YHOT B KAaY€CTBEC OKUCIUTEIS TJIsA 06HapymeHnﬂ
paia aHUOHOB H YTO ¢ HUM HpOI/ICXOI[I/IT?

A) TepMaHTaHaT Kajaus, U3MEHSET OKpPacKy Ha OECIBETHYIO

b) obpasyercs cosb, BbIIaJIeHUE OCaIKa

B) nepekuch Boopoa, BHIICISIOTCS My3bIPhKU ra3a

') oOpasyercs jeTyyee COeIMHEHNE, U3MEHSET OKPACKY IJIAMEHU

8. BoiOepure HeBepHbIii oTBeT. Kakum o00pa3oM MOXXHO OOHAPYKUTH
caeayromue npoaykrbl N2 u NH3?

A) BblZIeTIEHHE Oyporo rasza

b) no cnenmduyeckomy 3anaxy

B) o nokpacHeHn0 HHANKATOPHON Oymaru
[') Mo mOMyTHEHHUIO U3BECTKOBOW BOJIbI

9. Ipu B3amMogeiicTBum ciaeayomux anuoHoB SOs %, SOz 2, 5,03 + ¢
XJIOpUa0M Oapusi o0Opa3yercs 0eJiblid 0CaJA0K. Y CTAHOBHUTE COOTBETCTBHUE
«aHHOH — 0COOEHHOCTH PeaKIHM»:

A) SO, % 1. «TIpoGUpOUHAs peaxIus»,
UCTIONB3YETCSl  CTEKJI. Majodka Juis
hopMupOBaHUS IICHTPOB
KPHCTAIUTA3AIIH

B) SOz % 2. 0CaJIoK pacTBOPUM B KHUCIIOTaX

B) $;03% 3. 0Ca0K HE PaCTBOPAETCH

10. Kakoii nmpoaykT ofpasyercs B pe3yabraTe peakuuu: BaCl,+P0O, %=
A) Bag(PO4)2
b) BaHPO

11. lonuiunTe ypaBHEHHE PeaKIMHU, paccTaBbTe KO3QPUIIHEHTDI:

N&zSO4+Pb(N 03)2=
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12.YpaBHsiiTe peakuuIo, paccTaBUB KO3(PPUIHEHTHI:

Na,SO3+KMnO4+H,S0,=MnS0O,4+Na,SO,+K,S0O4+H,0

13.¥YcTraHoBuTe cooTBeTCTBHE «c0Jb — PH cpenbi»:

Kucnas 1. AsO,*
HeiitpanbHas 2. HAsO4
CunpHOIIEI0UHAS 3. HAsO, %

14. HanumuTe peakuui0 KapOoHATa HATPHsl € COJISIHOH KHUCJI0TOH (10
BblJleJIEHUS T'a3a U BO/bI).
15. Kakoii aHMOH ¢ HUTPATOM cepedpa 1aeT 4YepPHbIH 0CAI0K, HANTUIIUTE

ero gopmy.ry.
16. Haiimune KaKkoro aHMOHA MOATBEPKAAeTCS BblJAeJIeHUEM YIJIEKUCJIO0T0
rasa.

A) xapbonata
b) Hutpura
B) nutpara
I') Tnocynwara
17. Pe3kuii 3anax ropsiiei cepbl Mo3B0JsIeT O0HAPYKUTD:
A) cynbdua
b) cynbdar
B) cynbdur
18. ITo 3anmaxy «TyXJIbIX» sIMI O0HAPY:KHMBaeM CJIeTYIOUIUIl AaHHOH:
A) cynbdua
b) cynbdut
B) cynbdar

19. C kakoii HeabI0 MCHOJB3YIOT OpPraHUYecKMil pacTBOpHUTENb NPH
00Hapy:KeHUH OPOMM/I-UOHA:

A) ninisg OoJibliiel YyBCTBUTENBHOCTH

b) B kauecTBe KaTanu3aTopa
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B) nns usmenenust pH cpenbl

20. AHaTM3 cMecH KATHOHOB IIePBOM AHAJIUTHUYECKOH IPynnbl aHHOHOB

HAYUHAIOT:
A) ¢ JeTy4HnX COEUHEHUI
b) ¢ oOHapyxeHUs1 HUTPUTOB
B) ¢ o6HapyxeHus cynbhuI-HOHOB
') c oTnenenus XJI0pUI0B, OPOMUIOB U HOJUIOB
IIpakTuyeckas padora Ne 10. KosimuecTBennblii ananu3. ['paBumerpust

ILnan oTBeTa
Ha yem ocHOBaH MeTO/I
CyTp MeTO1a
O0i1acTh NPUMEHEHHUS
JlocTonHCTBa METO 1A
Henocratku MmeTona

OO E

Pacuernl B IPaBUMETPUHYECCKHUX METOJAaX aHAJ/IN3a

OcHoBHbIE pacyeTHbIe (GOPMYJIbI B TPABUMETPUYECCKUX METOAAX
aHa/Iu3a.

ConeprxaHue onpeieieMOro BeIecTBa 0OBIYHO BBIYUCIISIOT B TpaMMax UiTu
npolieHTax. Pacuer BenyT ¢ moMoIpio aHaauTudeckoro gakropa (daktop
nepecuera) F paccuuThiBaeTCs Kak OTHOIIEHUE MOJISIPHOM MacChl
OTIPEIEIIIEMOTO BEIECTBA K MOJIIPHOW Macce TPaBUMETPUUIECKON POpPMBI €
Y4ETOM CTEXHOMETPUYECKUX KOA(D(OUIIMEHTOB CXEMbI aHAJIM3A.

- M {onpederneozo sewernsa

&5-A {cpasiowemipusarcol Gopitol}

rjie a u b — dncia, HeoOXOaUMBIE [T YpaBHUBAHMS YMCIIa MOJICH
OTIPE/ICIIIEMOTO BEIIIECTBA B YHCIUTENE U 3HAMEHaTelNe (HiTn
CTEXHOMETpUYEeCKre KOI(DPUITMEHTHI CXEMBI aHATTN3A).

Ipumep 1 :Breraucnuts dhaxtop nepecuera mpu onpeaencann FesOq4, ecu
rpaBuMeTpuueckoi popmoii ssisiercst Fe,Os.

Pemenne. CocTaBuM COOTHOLIEHUE MEXKIY ONpPEAETIIeMbIM KOMIIOHEHTOM U

IpaBUMETPUUECKON (DOPMOIA C yIETOM CTEXHOMETPUUIECKUX KOADDUITMEHTOB:
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2Fe;04 —3Fey05. U3 nByx momneit FesO4 o6pasyetcs tpu monst Fe,Os. Dakrop
nepecyera paBeH:

2-M(Fe,0,) 2231537
_2M(Fe0) 2231537

= - = 0,9666
3-M{Fe,0.) 3-159.691

IIpumep 2. Boraucauts GaxTop nepecyera, €Clid MpHu OMPEICICHUN MBIIIBSIKA
(IIT) cragana ocagumm AsyS3, 3aTEM OKUCIIIIH CEPY JI0 CYIb(haT-nOHOB,
KOTOpBIE OCAUIIN XJIOpUJOM Oapus 1 B3Becwsu B Buje BaSOs.

Pemenne. CocTaBUM CXEMy OIPEIEIICHNS MBIIIBAKA C YYETOM
CTEXHOMETPUUIECKUX KOA((HUIIUEHTOB:

2As% — AS,S3 + 38042- — 3BaS0O, — 3BaS0Oq
Ananus. Ocaxn. Ocaxn. ['paBumerp.
pacTBop dbopma | Pacraop dopma 11 dbopma

N3 cxeMbl BUIHO, YTO U3 IBYX MOJIE HOHOB MBIIIbAKA 00pa3yeTcs: TpU MOJIS
BaSO,. ®akTop nepecyera paBeH:

2 A(As) 2749216

F= = =1,7140
3.3(3aS0,) 3-23339

IMpakTuyeckas padora Ne 11. KosimuecrBennblii ananus. Turpumerpusi.

Turpumerpuyeckuii( 00beMHBbII) MeTO aHAIN3a. CIoco0bI BbIpasKeHUS
KOHLEHTPALMH.

Konyenmpayueii pacTBOpa Ha3bIBA€TCS KOJIMYECTBO PACTBOPEHHOTO
BEIIIECTBA, COJICPIKAIICTOCS B ONPEACIEHHOM BECOBOM HIIM 00BEMHOM KOJIMUECTBE
pacTBopa wiu pactBoputeisi. KoHIeHTpanuu paCTBOPOB BBIPAXKAKOT PA3HBIMU
criocobamu.

1. Becosvle npoyenmol 03HAYAIOT YHUCIIO TPAMMOB PACTBOPEHHOTO
BertectBa B 100r pactBopa. Hampumep, B 100r 20%-noro pactBopa NaCl
coaepxutcs 20r conu u 80T BOABI.

IIpoyenmuas KonyeHmpayus pacmeopa noxaszvieaem, cKoabko %
coCmasisaem macca pacmeopEeHHO20 8euecmea Om Maccobl pacmeopa. ATy
BEJIMYMHY HA3BIBAIOT MACCOB0U 0osieti — W.
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W = My / Mppa 100%,

r7e Mg, — Macca paCTBOPEHHOTO BEIIECTBA; My.p, — MAacca pacTBopa.

2. MonsipHas Konyenmpayus pacmeopa ( MOJIb/J1)— OTHOIIICHHE KOJINYECTBA
PacTBOPEHHOTO BEIIECTBAa K 00BEMY pacTBOpa (KOJIMYECTBO MOJIEH PaCTBOPEHHOTO
BelecTBa B nuTpe pactopa) —C(X).

CX)=m-/MYV,

rJ1e M — Macca pacTBOPEHHOTO BEIIECTBA, T;
M — mosnsipHast Macca, I/MOJIb;
V — 00B€éM, 1.

3. Monapuas xonyenmpayus sxeusaienma ( MOJIb/J)— OTHOIIIEHUE KOJTUIECTBA
BEIIECTBA SKBUBAJICHTA B PACTBOPE K 00BEMY 3TOTO pacTBOPA MIIH KOJTMYECTBO
MoJiel KkBUBajicHTa BemecTBa B 151 pactBopa — C(f o ( X))

C(fex (X)) =m [ Maks(X) V

MonsipHast Macca SKBHBaJICHTa BEILIECTBA paBHA MTPOU3BEIECHNUIO (haKTOpa
skBUBajIeHTHOCTH HKB(X) Ha MoOIIpHYIO Maccy BemiecTBa M(X)

MbpkB(X) = fHK(X) * M(X).

OKBUBAJICHT — 3TO peajibHas WM YCIOBHAs 4acTHIIA BEIIECTBA,
COOTBETCTBYIOIIAsl B PEAKIMAX OOMEHa OJTHOMY aTOMY WX HOHY Bojpopoaa (H wiu
H"), a B OKUCIUTEIBHO-BOCCTAHOBUTEIIBHBIX PEAKIIUAX — OJJTHOMY JJICKTPOHY.

Daxmop 5K6UBANEHMHOCMU — YUCII0, TTIOKA3bIBAIOIIEE, KAKYIO YaCTh OT
peanbHOM YacTHUIIbI (MOJIEKYJIbI, aTOMA, MOHA U T.J.) BEIIECTBA COCTABIISIET
SKBUBAJIEHT 3TOTO BEIIECTBA.

fHK(X) = 1/ ynucia0 KTHOHOB™ BaJIEHTHOCTh

Hanpuwmep, st Na3PO4 3apsn katroHa Na* paBeH 1, 4nciio KaTHOHOB — 3,
TOTa

=
H

¢ MaP0 =

H
E

r_,_'p|.....1.-

3.

i
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3aK0H DKBHBAJICHTOB.

PacTBOpBI OAMHAKOBOW HOPMAJIBHOCTH PEarupyroT MeKy coOoi Bcerna
paBHbIMU 00OBEMamMu. Hanmpumep, Ha tutpoBanue 10mn 0,1H pactBopa KOH
noi et Takoi ke 00bpéM 0,1H pactBopa H,SO.. Eciin HopManbHOCTE pacTBOPOB
HEOJMHAKOBA, TO paCTBOPAa, HOPMAIbLHOCTh KOTOPOTO MEHBIIIE, IPU TUHTPOBAHUU
OyZeT U3pacxo0OBaHO B COOTBETCTBYIOIIEE YHUCIIO pa3 OO0JbIIIE MO O0BEMY.

Takum 00pazom, 06vEMbL pacmeopos, KOTUYECMBEHHO Peazupyrouue mMexcoy
co00tl, 00pamHo NPONOPYUOHATLHBL UX HOPMATLHOCHISM.

win C(F e ( X1)) Vi=C(fa ( X2)) Vo,
rae Vi u N1 — 00b€M 1 HOpMAJIBHOCTh OJTHOT'O U3 PEarupyroinX pacTBOPOB;

V2 u Nz — 00bEM 1 HOPMATTLHOCTH BTOPOTO PacTBOpa.

4. Tump — Macca BelecTna, I, coaepkamascs B 1My pactsopa — T(r/mi).

T=m/V

Tutp cBsI3aH C MOJSIPHOM U HOPMAJIBHOM KOHIIEHTPALIUEN YPABHEHUEM

T=CmM/1000=Cn 3/1000

(HopmastbHast KoHIeHTparus — CH eme o0o3HagaeTcs N)

TuTp SBIAETCS YACTHBIM CIIYYaEM MACCOB0U KOHYEHMpAayuy — Macchbl
BEIIECTBA, I B 1)1 pacTBOpa:

a=T1000=m 1000/ V, r/n

Ipumepsr:
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3apaua 1. Berauciauth MOJISIPHYIO H MOJISIPHYIO KOHIICHTPAIIUIO SKBUBAJICHTA
20%-HoTrO0 pacTBOpa IMAPOKCHIA HATPHS, ITIOTHOCTh KOTOPOT'O IIPH H.Y. paBHA
1,219r/m.

Pewenue:

1) BecoBble MpOIIEHTHI MOKA3bIBAIOT YKCIO TPAMMOB PAaCTBOPEHHOTO BEIIIECTBA
B 100r pacTBOpa, ciemoBaTenbHO, UCXOA U3 yeiaoBus 3aaauu, B 100r pactBopa
conepxkurcs 20r NaOH u 80r H,0.

2) Paccuantaem 066éMm NaOH

m , TJI€ P — IUIOTHOCTH = 20 _ 16,4(Mmn)
Y 1,219

V =
3) Paccuutaem 00bEM pacTBOpa:
80 + 16,4 = 96,4(mn)
4) Paccuntaem MOJSIPHYIO KOHIIEHTPAIIMIO YKBUBAJICHTA PAaCTBOPA:
C(f »xs x (NaOH)) =m 1000 / Maks(NaOH) V
Mok (NaOH) = 40 1/ moib;

20-1000

C(F aax (NaOH)) = S22

= 5,19 mons /i

5) PaccuntaeM MOJISIpHYIO KOHIIEHTPAIIMIO pacTBOPa

C (NaOH) = ml'\jgoo; M(NaOH) = 401/ mob:

20-1000

C(NaOH) = =064

= 5,19 (Moab/n)

OtBeT: C(f s (NaOH)) =5,19 monsb /i ; C(NaOH) = 5,19 (mo:s/)

Hpumep 2. Kaxyio maccy Hasecku gpocgoproti kuciomol HzPOq
Heobxo00umo 63amv 0151 npueomosnenus 2 1 0,06 n. pacmeopa HzPO,4?

Jlano: Pemenue:

39



V H3POs=2n 1. Beraucaum mosnspuyto maccy M (HsPO4) u

C(f s (H3PO4)) =0,06 H.  momspHyto Maccy skBuBasieHTaH3;PO4 (MakB
H3P04):

m HsPO,=? M( H3PO4y=1-3 + 31 + 16-4 = 98 (r/mMm011B)
M> (H3PO4 = M(H3PO4)/3=98/3 = 32,7 (r/mMm0b)
Maccy HaBeCKH TakyKe MOYKHO paccuuTaTh 1o GopMylie:

m=C(f . (HsPOy)) - Maks (H3PO,) - V= 0,06 mons/ 1 -32,7 (r/mM031b) -2 1
=392r

OtBeT: macca HaBecku HzPO,4paBHa 3,92 1.

Ipumep 3.. Boiyucaume mump pacmeopa, eciu 8 25,00 mn cooepacumces 0,5
2 NaOH.

Hano: Pemienue:

V(NaOH) =25,00 | mi  Tutp pacTBOpa HaxXoUM 110 hopmyiie:

m(NaOH) = 0,5 m 05
T = = - = 0,02 (/M)
T NaOH = ? vV 2500

Otser: T NaOH = 0,02 r/mn

Ilpumep 4.. Boraucnaute MOJPHYIO KOHIICHTPAIIMIO SKBUBAJICHTa pacTBOpa
H,SO4, eciu Ha HelTpanu3zanuto 24,50 mi ero uzpacxogorano 23,00 mi 0,15
H.pacTtBopa KOH.

Jano: Pemenue:
V H2804 = 24,50 MII
V KOH = 23,00 mn
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C(f e (H’%POA)) =0,151

C(f 5s(H2S04)) =7

1.CocTtaBuM ypaBHEHHE pEaKIIMU HEUTpaIu3aluu:

H,SO, +2 KOH =K, SO, + 2 H,0

2. Beruncnum HopMalibHYI0 KOHIIeHTparuio HySO4:

Ha OCHOBAHHMH 3aKOHA 3KBHUBAJICHTOB:

C(f ,(KOH)) - V( KOH) 0,15 - 23,00
C(F a(HoS04)) = wmemememmmmmmememememmcmemememee = e ~ 0, 14 (Mors/)
V H,S0, 24,50

Otset: N H,SO,4 = 0, 14 mons/n

IIpumep 5.. Hasecka Ba(OH), pacmeopena ¢ mepnoii konbe na 250,00 ma.
Obvem pacmesopa 0oseden 0o memku. Ha mumposarnue 25,00 ma nonyuennozo
pacmeopa uzpacxooosano 23,00 ma 0,09908 n. pacmeopa HCI. Boruuciume,
ckonvko epammos Ba(OH), cooepoicumces 6 nasecke.

Jlano: Pemienue:

V p-pa = 250,00 mn 1. CocTtaBUM ypaBHEHUE PEAKIIMU HEUTpaATU3AIUU:
V Ba(OH), = 25,00 M Ba(OH), + 2HCI = BaCl, + 2H,0

V HCI = 23,00 M 2. BeIuuCIMM MOJIIPHYIO

KOHLCHTPAIUIOOKBUBAJJCHTA

C(f ,(HCI) =0,09908 . Ba(OH),, ucronb3yst 3aK0H SKBHBAJICHTOB:

m (Ba(OH),) = ?

C(f o(HCI) -V (HC)l  0,09908 - 23,00
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C(f sa(Ba(OH))) = mmmmmmmmmmmmmemmemmemmeee = e = 0,091 (Momb/m)
V Ba(OH), 25,00

2. Berurcimum mossipayio maccy Ba(OH), u MoisspHyro Maccy 9KBHBaJICHTA
B&(OH)z

Mr Ba(OH); =137+ (16 + 1) - 2=171 (r/mo0Jb)
Mbks (Ba(OH),) =M( Ba(OH);)/2 = 171/2 = 85,5 (r/mMob)

3.. Beruncium HaBecky Ba(OH), o dpopmyie:

C(f »xs(Ba(OH),) - Maxs (Ba(OH),) - V
0,091-85,5-250,00

M (BA(OH);) = =-mrmrmmmmemmmmemmmmemmmeme e D e
- =1,95 (1)

1000 1000
Otger: m (Ba(OH),)

Ipumep 6.. Ha mumposanue 0,2650 2 wasenesoui kucromor H,Cy0,4 - 2 H,0,
PACMBOPEHHOT 8 NPOU3BOJILHOM 00beMe 800bl, uzpacxodogano 49,20 mn pacmeopa
wenoyu NaOH. Onpeodenume monsapHyro KonyeHmpayuro 2K8UsaIeHma u mump
pacmeopa NaOH.

JaHo: Pemenne:
M(H,C;04 - 2 H,0)=0,2650r 1. CocTaBuM ypaBHEHHE PEAKI[UH ITOJTHON

V NaOH =49,20 mn ‘ HelTpaIu3aluy:

‘ 2 NaOH + H,C,04 = Na,C,0O4 + 4 H,0O
C(f ,o(NaOH) = 2

2 MoJIb 1 MOJIb

T NaOH =7
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2. Beruncnum monsipayto maccy M NaOH u momsipuyio macecy HoCo0y4 - 2
Hzo =

¥ MOJISIPHYIO MacCy SKBHBaJIeHTa M,,;; (NaOH):
M (NaOH) =23 + 16 + 1 =40 (r/mo1b)
M (H,C,04 - 2 H,0) = 1-:2+12:2+16:4+2 (1-2+16) = 126 (r/mM01b)
M, (NaOH): =M (NaOH) /1 =40 (r/mob)
3. Berunciium maccy NaOH coneprkamrytocst B 49,20 mut pactBopa:

[To ypaBHeHuro peakiuu mMacca 1 Mmoias H,Cy0,4 - 2 H,O skBuBanenTHa
Mmacce 2 moib NaOH, a maBecka 0,2650 r H,C,0;, - 2 H,0 skBHuBasieHTHA
macce NaOH , conepsxamerocs B 49,20 mn pactBopa NaOH. CoctaBum
IPOIIOPIIHIO:

2 -40 r NaOH cootBerctByer 126 r H,Cy04 - 2 H,O

xrNaOH  ----- 0,2650 T H2C,04 - 2 H,O
2-40-0,2650
X = =emmemmemeeeeeeae =0,17 ()
126

B 49,20 mu pactBopa NaOH conepxxurcs 0,17 T.

1. Beruucaum tutp pactBopa NaOH:
m 0,17

T === -=-mmmm- =0,0034 (r/mi)
V 49,20
2. Bpruucaum MONSpHYIO KOHIIGHTpaIruioo SkBuBajieHTa pactBopa NaOH,
UCTIOJNIB3YSI (POPMYITY:

3. C(f 5xs x (NaOH)) = m / Mbaks(NaOH) V =0,17 r/ 40 r/momnb 49,20 mi =
0,02 Mo/ 11

Otset: C(f s x (NaOH)) = 0,02 moms/m;
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T NaOH = 0,0034 r/mn

IIpumepHblii TecT «TUTpUMeTpUUYECKHE METOAbI AHATIU3Aa»
Ilpasunvnvix omeemoe moxcem ovimo om 1 00 5.

1. BoiOepuTe mpeuMyniecTBa THATPUMETPHYECKOTO AHAIH3A:
A) TOCTYITHOCTh

b) GbicTpoTa onpeneneHuit

B) nmpocroTa annapatypsl

') BBICOKAsi TOYHOCTH

J1) xoMIbrOoTEepHU3aIus Mpolecca

2. TurpumMeTpuyecKue MeToAbl — ITO:
A) METO/IbI, OCHOBaHHbBIE Ha SIBIICHUSIX, POUCXOSIINX HA SJIEKTPOJAX

B) MCTOAbI, B OCHOBC KOTOPBIX JICKHUT IIPOLCCC TUTPOBAHUA

B) MCTOM, OCHOBAHHBIN Ha BBIACJICHHUHN OIIPCACIIAACMOTIO BCIICCTBA U CI'O
B3BCIIIMBAHHNHN

') METOT OTTOHKH OTIPEICIISIEMOTO BEIIECTBA

J1) MmeTos, OCHOBaHHBIN HAa U3MEPEHUU MOTEHIIMAJIA JIEKTPOAa, MOTPYKEHHOTO B
HCCJIEYEMBIN PACTBOP

3. UTto Takoe TUTPUMETPHYECKHIT CHTHAJI:
A) MOMEHT 100aBJICHUs] THAMKATOPA B UCCIIETyEMBIN PacTBOP

b) usmenenue kpacku
B) MoMeHT, Kor/1a BeCh TUTPAHT M3PACXOI0BaH
') B3anmoieiicTBHE UCCIIElyEMOT0 pacTBOpa C TUTPAHTOM Mocie 1-oi Kanim

4. BbiOepuTe MOCIEA0BATEIbHOCTD ONlepaluii B TATPUMETPUN:
A) IPUTOTOBJICHHE UCCIIEYEMOTO PACTBOpa, A00ABIEHUE TUTPAHTA, HOOABICHUE
WHUKATOPa, TATPUMETPUUECKUI CUTHAJI, H3MepeHUEe 00beMa TUTPAHTA,
MOUIEAIIETO HA TUTPOBAHUE, PACUET KOJUYECTBA ONPEAEIIEMOro BEIIECTBA
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b) npuroroBieHue uccienyeMoro pacTBopa, 100aBiIeHne HHANKATOPA,

I[O6aBJ'ICHI/I€ TUTpAHTA, TI/ITpI/IMeTpI/ILICCKHﬁ CUTHAJI, U3MCPCHHC o0BeMa TUTpPAHTA,

momeJuero Ha TUTPOBAHUC, paCUYCT KOJIMYCCTBA OIIPCACIIACMOTO BCIIICCTBA

B) mpurortosieHue uccieayemMoro pacteopa, 100aBieHre HHIUKATopa,
no0aBlieHUE UHIUKATOPa, W3MEPEHHE 00beMa TUTPAHTA, MOILIEAIIEr0 Ha
TUTPOBAHUE, TUTPUMETPUUECKUIN CUTHAII, pacUeT KOJIMYECTBA OMPEALIIIEMOro
BEILECTBA

[') mpuroToBieHHe UCCIEIYEMOro pacTBOpa, 100aBIIEHUE HHIUKATOPA,
TUTPUMETPUUECKHUI CUTHAJ, U3MEpEHUE 00beMa TUTPAHTA, MOMIEIIIEr0 Ha
TUTPOBAHUE, PACUET KOJIMYECTBA ONPEIETIEMOTO BEILIECTBA

5. Ilo TUIYy TUTPUMETPUYECKOH peaKkuuy MeTOAbI MOAPA3eJIAI0T HA:
A) ocaguTenbHOE
b) koMIiekconoMeTpust
B) okucianTenpHO-BOCCTAHOBUTEIBHOE
[') KUCTTOTHO-OCHOBHOE
J1) xocBeHHOE
6. Ilo cmoco0y BbINOJIHEHUS] TUTPOBAHUE ObIBAET:
A) ipsimoe
b) ocanurensHoe
B) unnukaropsHoe
') obpatHoe
J1) KUCIOTHO-OCHOBHOE
7. YcTaHOBHUTE COOTBETCTBHE «HA3BAHNE TUTPOBAHMUS — HA YeM
OCHOBAaHO»:

1. Kommiekconometpusi | A) Ha B3aumoeiicTBUU KUCIOT U OCHOBaHUH

2. OKHUCIUTETHHO- b) Ha GpicTpom BhIMaieHn HEPACTBOPUMBIX
BOCCTAHOBHUTCJIIBHOEC YCTOﬁqHBBIX OCaJIKOB

3. OcagutenbHOE B) Ha nepenoce 351eKTpOHOB
TUTPOBAHUE

4. KucnoTHO-OCHOBHOE

I') Ha 0Opa3oBanuy MpOYHBIX KOMIUIEKCHBIX
COCIMHEHUNU

8. BbiOepure OydepHblii pacTBOP /1J151 HOHOB IUHKA'
A) meno4Hou
b) kucbiii
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B) cMmech 1m1e104HOro U KUCIoro
I') OydepHas cucTteMa He Hy»KHa
9. BuiGepure OydepHblii pacTBOP AJIs1 TATPOBAHUSA HOHOB KaJIbIMSI:
A) menouHon
b) kucniit
B) cMmech 11e104HOro U KUCaoro
') 6ydepHas cucrema He Hy)Ha
10.YcTaHOBUTE COOTBETCTBHE «METO/1 (BAPUAHT) - HHAUKATOP»:

1. TlepmaHnranatroMeTpus A) Tpunon b

2. ApreHTtoMeTpus b)2puoxpom yepHbIit

3. KommnexkconomeTpust B)Penokc-unaukatopsl

4. CynbdaTromerpus ') MeTuioBblii OpaHKeBbIT

5. KHcinoTHO-0CHOBHOE 1) Xpomar kanus
TUTPOBaHUE

6. Mepkypumerpus E) ®enondranenn

7. Nonometpus 2K) OpranunioBsiit A

8. Ammnumerpus 3) Audennnkapbazon

9. AnkanumeTpus N)Kpaxman

10.OcanurenpHOE K) Ilepmanranar xanms

11.Kakue KaTuOHBI 00pa3yIOT YCTONYMBBIE KOMIUIEKCHBIE COSMHEHUSI:
A) Zn
b) Ca
B) Mg
I') Ni
12. BoiOepuTe TUTPAHTBI, HCIOJIb3yeMble B AllMIUMETPHUH:
A) HCI
b) H,SO4
B) HCIO,
') KOH
J1) CI;CCOOH
13.Bbi0epuTe TUTPAHTBI, HCMOJIb3yeMbI€e B AJIKAJTUMETPHM:
A) Ba(OH),
b) HNO;



B)NaOH

I') KOH
1) HCIO4
14.YcTaHOoBHUTE COOTBETCTBHUE «ONpeaesisieMoe BelecCTBO — METO:
1. Komruiekc ¢ Mmarauem A) MepKypUMETpHUS
2. Cepa, dpochop b) nonomerpus
3. Okcuabl B) cynbdaromerpus
4, Xmopuasl ') aprenTomeTpus
5. Hutpar Gapus J1) mepMaHraHaTOMETpHUsI
6. TuonnoHaThI E) Ankanumetpus
7. CepoBosiopon K) Aumaumerpust
8. Cynbbhuth 3) KommekcoHoMmeTpust
9. Harpus xnopun
10.bpomus
11.TTepexuck Bosiopoia
12 . 1uaauasr
13.Tuocynbbats
14.Cynsbat HaTpus
15.Noanael
15.¥YcTaHoBHUTE COOTBETCTBHE «KTUTPAHT — MeTO/l (BAPUAHT)
TUTPUMETPUMN:
1. Aumaumetpu | A)CepHasi KUcCIoTa
s
2. Aprenrometp | b) I'uapoxcua Hatpus
us
3. Cynbparomer | B) 'mapoxcuna Gapust
pus
4. Anxamumerp |I') Kucnora xmopnas
us
5. Kommnekcon | Jl) Tuocynedar Hatpus
OMETpHs
6. Mepkypumer | E) Hutpat prytn
pus
7. Ilepmanranar | JK) A3oTHas kucinoTa
OMETpHSI
8. Monomerpus | 3) Xnopuna 6apus




N) I'mapokcua maruaus

K) TpuxnopykcycHasi KUCIIOTa
JI) Kucnora consnas

M) kanus

H) Ilepmanranar kanus

O) Hutpar cepebpa

IT) Tpunon b

Ok~ wnE

=

No ok

IIpakTueckasi padora Ne 12, ®u3uko-xuMU4YecKUue MeTO/IbI AHAJIU3A

Ilnan nokaana
Ha yem ocHOBaH MeToA
CyTtb MeTO1a
O6sacTh NPUMEHEHHUS
JlocTonHCcTBa METO 1A
Henocrarku metona

Tembl 1ok1a10B (pedpepaToB):

DIIEKTPOXUMHYECKUE METOIbI aHanu3a. [loTeHnmomerpus.
CHeKTpOCKOIMMYECKHE METOIbI aHATTN3a. ATOMHBIC CIICKTPATLHBIEC METO/IBI
(3MHCCHOHHBIN, a0COPOLIMOHHBIN aHAIU3bI)
CriekTpasibHbIE METOJIBI aHAIH3a. MOJIEKYISIpHBIE CIEKTPATbHBIC METOBI
(Y®-, UK-crieKTpOCKOIHHN )
CrekTpoCKOIMYecKre MEeTOIbl aHanu3a. Pegpakromerpus.
Xpomatorpadusi. 'azoBas xpomaTtopradusi.
XKunkoctHas xpomarorpadusi.
Xpomatorpadusi HOHOOOMEHHAsI U HOHHAS.
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5.

NudopmanuonHoe odecnevyeHue

Nudopmanmonnoe  oOecriedeHue  OOy4YCHHST  COACPKUT  IEPEUYCHD
PEKOMEHJIyeMbIX Y4eOHBIX wu3gaHui, HWHTepHeT-pecypcoB, TOMOJHUTEIHLHOM
JUTEPATYPHI.

OCHOBHBIE€ HCTOYHUKH

AnexkcanapoBa, 3. A. AHaiuTuyeckasa xumusa B 2 kHurax. Kaura 1. Xumudeckue
METO/bl aHajdu3a : YYEOHWUK M TPAKTHKYM ISl CpEeIHEro MpodhecCHOHATHLHOTO
obOpazoBanus / D. A. AnekcannpoBa, H. I'. l'aiinykoBa. — 3-e u3n., uchp. U JOIL.
— Mocksa : U3narensctBO FOpaiit, 2023. — 533 c.

Hukutnna, H. I'. OOmas u Heopranuueckas xumua. B 2 u. Yacte 1.
Teopernyeckue OCHOBBI : Y4YEOHHK M TMPAKTHUKYM  JJI  CPEIHETrO
npodeccuonansaoro odpazosanus / H. I'. Hukutuna, B. . I'pebenpkoBa. — 2-¢
u3., nepepad. u non. — Mocksa : M3narensctBo Opaiit, 2023. — 211 c.
AHanuTu4eckas XuMus U (PU3UKO-XUMHUYECKHUE METO/Ibl aHanu3a. YueOunuk / [lon
pen. Nmenko A.A. - M.: Akanemus, 2017T

FO.A. 3onotoB, OCHOBBI aHATUTUYECKON XUMHH (B 2-X Tomax). M.: Akamemus,
2020r

JlonoJIHUTeIbHbIE HCTOYHUKHT
Xaputonos 10.4., «Ananurudeckas xumus». Mocka «Breicias mkomay, 2001
J.H. xabapoB. COOpHUK yHpaXHEHUW M 3a7a4 MO aHAJUTUYECKOM XUMUU
(KaueCcTBEHHBIN aHaAIN3, TATpUMETpHUs). YueOHoe nocodue. M3narennctBo: MUA,
2007
Caenko O.E. « Ananutuyeckast xumus» Dennkc 2009

IHepeuens UHTEpHET-pEcypcoB
Ananutnueckas xumus B Poccuu - http://www.rusanalytchem.org/default.aspx
[Tone3nas nudopmarus mo xumuu - http://www.alhimikov.net/

Poccuiickuii XUMHKO-aHATMTHUECKUH mopTai - http://www.anchem.ru
CroBapu u sHumKIoneauu - http://dic.academic.ru

DnexkTpoHHas Oubimoreka mo xumuu - http://www.chemnet.ru/rus/elbibch.html
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