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INPEAUCIOBHUE

Kypc xumuueckux METOAOB aHallu3a B XUMHMKO-TEXHOJIOIMYECKHX BY3ax
UTpaeT B CYIIECTBEHHOM CTENEHH poiib 00111€00pa30BaTeIbHOTO Kypca, TECHO
CBSI3aHHOTO C IPYTMMU JUCIUILTHHAMU. Pacnipeienenue Mmareprana B yueOHUKE
BITOJIHE TPAJAUIIMOHHO. BOo BBeneHHMM MaHa KiacCHU(pHKAIMsS METOIOB aHAIIU-
THYECKOM XUMUH, ONPEIEIECHBI OCHOBHBIE MOHATHS JTOW HaykKd. B mepBoit
YacTH MPUBEICHbI OCHOBHBIC CBEACHUS M3 Kypca OOIIeH M HEeOpraHUYeCcKoH
XMUMUU U JPYTUX JUCUUIUIMH, U3JIOKEHHBIE MOJ YIJIOM 3PEHUsl aHaJIUTU4e-
CKOM XMMMHH, PACCMOTPEHBI METObl CTATUCTHYECKOI 00pabOTKU pe3ybTaToB
M3MEPEHMSI U METPOJIOIMUECKHE XapaKTEePUCTUKU METOAOB aHasin3a. Bropas
YacTh IOJIHOCTBIO IOCBSILEHA KaueCTBEHHOMY aHaiu3y. JlaHo Oosblioe Ko-
JMYECTBO KaY€CTBEHHBIX M30MPATENFHBIX U TPYIIIOBBIX peakiuii, 00Cykaa-
IOTCS METOZbI CHUCTEMAaTHYECKOTO M APOOHOTO aHanm3a. ABTOPBI CUMTAIOT
M3y4YEHHE Ka4€CTBEHHOI'0 aHAJM3a U BBIIOJHEHUE COOTBETCTBYIOIIMX PabOT
HEOOXOIUMBIM 3TalioM B Mpo(ecCHOHANbHOW MOATrOTOBKE XMMHUKa. Kpome
TOr0, MMEHHO Ha 3TOM JTare OTpabaThIBAIOTCS OCHOBHBIE MPUEMbI MPAKTH-
YecKo paboThl cTyneHTa B JIabopaTopuu. MeTo/bl KOMTUYECTBEHHOTO XHMU-
YECKOT0 aHAJIM3a PACCMOTPEHBI B TPeTheWd 4acTu. lIpwiiokeHns copepxar
HEOoOXO/IMMbIe CIPaBOYHBIC JAHHBIC.

JlaHHbIl y4eOHMK HAmUCaH JUII XUMHKO-TEXHOJOTMYECKUX WU XHUMH-
YECKUX BY30B, B KOTOPBIX AHAJUTHUECKas XUMHS SBISIETCA 00s3aTenbHOMN
YacThIO €CTECTBEHHOHAYYHOM NOJATOTOBKM CTyAeHTa. Brimaromuiicsa pyc-
ckuil xumMuk H. A. MenmyTtkun™ mmcan: «IIpeacTaBuB Bech XOJ 3aHSITHIA
[0 aHAIIMTUYECKONM XUMHUU B BHUJC 3a/1a4, PEIICHHE KOTOPHIX IPEA0CTaB-
JICHO 3aHUMAIOLIEeMYCsl, MbI JIOJDKHBI YKa3aTh Ha TO, YTO JUIs MOJOOHOTO
pelIeHus 3aay aHAJIUTHYECKass XUMUS J1aCT CTPOro OMNPEAESCHHBIH MYTh.
OTa omnpeAeneHHOCTh (CUCTEMAaTUYHOCTh PELICHMs 3a/lad aHAJIUTUYECKON
XUMHUH) UMEET OOJIBIIOE IMEJaroruyeckoe 3HaYeHUe. 3aHUMAIOIIUNCS TPH-
y4aeTcsi IPUMEHSTh CBOWCTBA COECJMHEHUN K PELICHHUIO BOIPOCOB, BBIBO-
TIUTh YCJIOBHS peaklni, KOMOMHHPOBaTh MX. Bech 3TOT psiii yMCTBEHHBIX
IIPOLIECCOB MOYKHO BBIPA3UTh TaK: AHAIUTHYECKAs XUMUS NPUYYAET XUMHU-
YecKu TymaTh. JIOCTHMKEHUE MOCIETHEr0 NMPEACTABIAETCS CaMbIM Ba)KHBIM
[PU NPAKTUYECKUX 3aHATHAX aHaJUTHUYECKOoW xumuei». Hecmorpsa Ha To,

Menmytkua H. Ananutwueckas xumus. M3n. 8-e. — CII6: Tumorpadus B. [umanoBa,
1897. — 485 c.
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YTO [WTaTa 3aMMCTBOBaHA W3 y4deOHWKa, BbIIeaniero B 1897 1., 1o6aBuTh
K HEW Heyero.

W3noxeHnne MeTo0OB XMMUYECKOTO aHajlu3a B JAHHOM Y4YEOHHKE OC-
HOBaHO HAa MHOTOJIETHEM OIBITE Pa0OThI COTPYAHUKOB Ka(eaphl aHAIUTHU-
yeckodt xumuu PXTY um. JI. U. MenneneeBa. OqHa U3 OCHOBHBIX 3ajad,
KOTOpBIE TIepel CO00# CTaBMIJI aBTOPCKUI KOJUIEKTHB, 3aKIIOYAETCS B TOM,
9TOOBI B OTHOM KHUTE COOpaTh BeCh HEOOXOMUMBIH 1Isi 00ydeHHUs MaTepu-
aj, OXBATUB BAJKHEWIIME pa3/iesibl aHAIUTUYECKONH XUMHH. OCOOEHHOCTH
HACTOSILEr0 M3JaHus — B COBMEUICHUMH B cebe yueOHuKa, MpakTUKyMma
U 3a7a4Huka. [IpakTUKyM COAEpX UT OMHCaHUE MPAKTUYECKUX paboT Mo
Ka4eCTBEHHOMY XMMHUYECKOMY aHaju3y, TPaBUMETPUUECKOMY U TUTpUME-
TPUYECKUM KOJIIMYECTBEHHBIM METOJaM aHayn3a. BBOIHBIE pa3jensl Co-
JepKaT TEOPUIO0 COOTBETCTBYIOIIMX METO/IOB B 00beMe, JOCTATOYHOM JIS
BBINIOJIHEHUS MPAKTUYECKUX 3a/1a4y. B KOHIlEe HEKOTOPBIX INIaB MPHUBEIEHBI
BOIIPOCHI ISl CAMOKOHTPOJISL U TUIIOBBIE 3aJ1a4l C MPUMEPaMU PEILEHHUS.

Takum o0pa3zom, 3Ta KHHra, COXpaHMBILAs TPAaTULMK y4eOHUKA, Ha-
MUCAaHHOTO B CBOE BpeMs IO/ pelakiuell ocHoBarens Kadeapbl aHAIUTHU-
geckor xumuu mipod. A. II. KpemxoBa, Oymer mocrarouHa ajisi U3ydeHUs
Marepuana Kypca «AHaIUTHYECKAs XUMHS: XUMUYECKHUE METOJbl aHAaJIH-
3a». B To ke Bpems HEoOXOOMMO eIme pa3 MOAYepKHYTh, YTO 3TO y4eo-
HUK, KOTOPBIA HE TMPEAINoaraeT MOATOTOBKY XHMHKOB-NIPO(GECCHOHAIOB
B aHAJUTHYECKOW XUMUU (IS CTYAEHTOB, KENAIOUIMX YIIyOUTh CBOM 3Ha-
HUS, U aCUPAHTOB XMMHUKOB-aHAJIUTUKOB MOXKHO PEKOMEHJIOBAaTh Y4eOHU-
KH{, MOATOTOBJIEHHBIE KOJUIEKTHBOM Kadenpbl aHaIuTHYecKoH xumuun MI'Y
uMm. M. B. JlomoHocoBa). boree Toro, Hajo y4uThIBaTh, 4TO 00BEM HUHGOP-
Malli{, HAKOIJICHHBIA B aHAJMUTUYECKOM XMMUHU M CMEKHBIX 00IacTsIX 3Ha-
HUSl OYEHb BEJIMK; 00 3TOM CBMJETENBCTBYET, HallpUMeEp, 00bEM H3IaHHOMN
B EBporie sHIMKIONEANN 10 aHAIMTUYECKON XUMUU — JJISl U3JIOKEHUS CO-
BPEMEHHON TEOPUH M MPAKTUKU aHAJUTUYECKOW XUMHH aBTOpaM MOTpedo-
Basiocs Oonee 14 000 crpanun tekcra. Tak 4TO mMpekae 4eM «yrIyOssTh
CBOM 3HAHUS 10 aHATMTHYECKOW XMMHHU TIPaBUIIbHEE BCE-TaKU MPOKOHCYIIb-
THUPOBATHCS CO CIICIUAIUCTOM B COOTBETCTBYIOIIEH 00IacTu.

Knwra Oynet nonesHa npenogaBaressiM, a TakXkKe COTPYIHUKAM Hay4yHO-
HCCJIEZIOBATENIbCKUX MHCTUTYTOB. [IpuMepaMyu XMMUYECKOrO aHaiu3a, mpe-
JKJI€ BCEro aHajn3a 0OBEKTOB OKPY)KAIOIIEH Cpesibl, MOXKHO OyJeT BOCIOJb-
30BaThCs W JUISL M3YyUYEHHs SKOJIOTUM U XMMHHU B CTapUIMX Kjaccax, 0CoOeH-
HO B IIKOJAX C YIIyOJIEHHBIM M3yYE€HHUEM XHUMUH.

Y4eOHUK TOATOTOBIIEH KOJUICKTHBOM Kadenpbl aHAIUTHYECKOH XH-
vun PXTY wum. JI. 1. Menneneesa. [Ipeaucnoue, masel 1 u 3 Hamw-
caupl mpod. O. M. IlerpyxunbiM; pazzmenst 2.1 u 2.5 mmaBel 2 — JoL.
A. ©. KyxoBbiM, pazgeinsl 2.2.1, 2.2.2 — nou. JI. b. OranecsH, pa3nen 2.2.3 —
mou. JI. b. Kysneunosoit, pazmen 2.3 — mpod. O. M. IlerpyxunbiM, pasz-
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nen 2.4 — mom. C.JI. PoraruHckoit; maBa 4 — npod. A. P. TumepbOaeBbivm;
masa 5 — gou. E. A. KyukapeBbim; masbl 6 u 7 — gou. U. @. Konocogoii;
masa § — gou. JI. b. Ky3ueuosoif; mmasa 9 — gou. M. ®. Komocosoit
n pou. JI. b. Ky3neuosoii; maBa 10 — gou. M. @. KosocoBoil; pasnesnsl
11.1 u 11.3-11.9 masm 11 — pou. JI. b. Ky3neuosoit, pazmen 11.2
u mpaktudeckue padotel 3—7 maBel 11 — gou. E.I. Bmacosoit; mpakrtu-
geckue pabotel 1, 2 miaBer 11 — gom. H. JI. PymsuneBoii; masa 12 u pas-
nmenbr 13.1, 13.3, 13.4, a Takxke mnpakTUdeckue paboThl B TiiaBe 13 —
norn. JI. b. Oranecsin, paznen 13.2 — gou. JI. b. Ky3nenosoii; pazgen 14.1
maBbl 14 — pou. C. JI. Porarunckoit, paznen 14.2 — mou. K. A. KomapoBoit,
pasnensl 14.3—14.5 u npaktudeckue padotel miaBel 14 — mor. JI. H. Men-
BezieBoi; pazmensl 15.1-15.5 massl 15 — npod. B. B. Ky3nenossiM, pazne-
el 15.6-15.8 — mom. M. b. OrapeBoii; mpakTuueckue pabOThI TaBbl 15 —
no1r. O. JI. Camopykoroii. [Ipunoxenus 1 u 2 cocrasnens! aoil. JI. b. Ky3ne-
noBoi, npunoxenue 3 — gou. C.JI. Poratunckoil, npunoxenue 4 —
non. JI H. MenseneBoi.

Penaktopsl BeIpaxkaroT Mpu3HaTeILHOCTH Ipod. Ky3nerory B. B. 3a nien-
HBIE COBETHI M KOHCYJIBTAIIHH.
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I[asa 1 BBEIEHUE
B AHAJIMTHYECKYIO
XUMHUIO

HCJ'H:IO AHAJIMTUYECKOM XVMHUHU SIBIIETCS OMpeaACIICHUE XUMHUYCCKOIO CO-
CTaBa MaTepHajbHbIX Tell. IIpy 3TOM MHOIZNA PA3IUYAIOT AHATUMUYECKYIO
Xumuro KaK HaydHYIO AWCIHIUINHY, 3a/adell KOTOPOW SBISIETCS DPa3BUTHE
COOCTBEHHO METOJIOB aHAJIM3a, U XUMUYECKUL AHAIU3 KAK CEPBUCHYIO CITYXK-
Oy, HETOCPEACTBEHHO OTBEUAIONIYIO 3a OOecredYeHue OOIIEeCTBa pe3ynbTa-
TaMu aHanu3a. B cocTaBe 3TOW CHUCTEMBI HAaXOIATCS THICAYM OTPACIEBBIX
mabopaTopuil, CueUaTIn3UPYIOIUXCS Ha aHAINU3€ Pa3IMYHBIX MPOMBIIIICH-
HBIX M CEJIbCKOXO3SHCTBEHHBIX MPOIYKTOB U OOBEKTOB OKPYXKAlOIIeH cpe-
nbl. TakuM oOpa3zoM, 007acTh 3HAHUS U MPAKTUKU aHAJTUTUYECKOM XUMHUH
orpomMHa. B ToM nimM MHOM BuAE Kypc aHAIMTHYECKON XMMMU NPEJICTABICH
B IpOorpaMMax OOJIBIIMHCTBA Y4EOHBIX 3aBEICHUM.

Boratoe pa3zHooOpa3me aHaTUTHYECKUX 3334 M CPEICTB UX PELICHUS
00yCTIOBUIIM Pa3BUTHE CHCTEMBI MOHSATUH U TEPMUHOB, MCIIOJIB3YEMbIX IS
XapaKTEPUCTUKU U OOCYkICHUS METOOB U METONUK aHann3a. OcTaHOBUMCS
TOJIbKO Ha OCHOBHBIX TEpMHUHAX aHAJIMTHUECKON XUMUH.

1.1. KJACCHOUKALIAA METOAOB AHAJIM3A.
OCHOBHBIE TEPMHUHBI AHAJIUTUYECKOHU
XUMHUH

MeTonbl XMMUYECKOTO aHaju3a OCHOBAaHbl HA HCMOIb30BAHUU (YHKIIHO-
HAJIbHON 3aBUCHMOCTH KaKOTO-TMOO CBOICTBA OIpenesieMoro 3JIeMeHTa
WA COEMHEHUS MO0 MCCIeyeMON CHCTEMBI B IIEJIOM OT €ro KOJIMYecTBa
WIH CONCp)KaHWs B aHamu3upyemou mpobe. KauecTBeHHOE WM KoOJHYe-
CTBCHHOE 3HAUCHHWE ASTOM (PYHKIMU HA3BIBACTCS AHAIUMUYECKUM CUCHA-
oM. B KauecTBe aHATUTHUYECKOTO CUTHAja MOXKET MCIOJIb30BaThCA JIt00O0E
CBOMCTBO cucteMbl. [loa npoboii TOHUMAKOT YacTh aHATU3UPYEMON CMecCH,
XUMHYECKHI COCTaB M (PU3MUECKHE CBOMCTBAa KOTOPOW MOJHOCTBHIO COBIIA-
JAIOT C OCHOBHOHM YacThIO aHAJIM3HpyeMoro oObekra. [Ipm 3TOM HMCTONb-
3yIOTCSl Camble pPa3IMYHbIE CBOWCTBA; KJiaccCH(HKAIMs METOJOB aHau3a,
Mpekie BCEro, ¥ OCHOBaHA Ha MPHUPOJAE ATHUX CBOUCTB. B xumuuecxom
ananuze UCTIONb3YIOT Pa3IMYHblE XUMUYECKUE PEaKIMM, B pe3ysbTare Ko-
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TOPBIX M3MEHSETCS TO WM WHOE CBOWCTBO PAacTBOpa, Hampumep, odpasy-
€TCsl OKPALLEHHOE COEAMHEHHWE WM MajopacTBOpPUMBIN ocanok. Takas pe-
aKLMsl HA3BIBACTCS AHAIUMUYECKOU peaxyueu, a UCIOJIb3YEMbIM MpPU 3TOM
peareHT — ananumuyeckum peazenmom. Hapsny ¢ HeopraHm4ecKMMHU aHa-
JUTHYECKHUMH peareHTaMu OOJbIIOe 3HAYEHHE B AHAIUTHUYECKON XMMHUU
UMEIOT OpeaHuyecKue aHaiumudeckue peazeHmsvl. XUMHUYECKUE PpPEeaKIUuH
COIIPOBOXKIAIOTCS M3MEHEHHEM (DM3NYECKHX CBOMCTB pacTBOpA, HAIpUMEP
WU3MEHEHUEM 3JIEKTPONPOBOJHOCTH WJIM KHCIOTHOCTH PacTBOpa, HU3MeEpss
KOTOpBIE MOKHO KOHTPOJIMPOBATh MOJHOTY XUMUYECKON peakiuuu. MeToabl
aHaJIn3a, OCHOBAaHHbIE HA M3MEPEHUH (PU3NYECKUX CBOHCTB CHCTEMBI, KOTO-
pbI€ TIPOUCXOMAAT B pE3yJIbTaTe XMMHUECKOW PEAKINH, HA3bIBAIOTCS (DUIUKO-
xumuueckumu memooamu. C U3MEHEHHEM KOHIIEHTPALMN COEJMHEHUI Ya-
CTO CBSI3aHO M3MEHEHHUE (PH3MUECKUX CBOMCTB CUCTEMBI — HanOosee HaIsAA-
HBIM IPHUMEPOM SIBIIIETCS M3MEHEHHE CIIEKTpa IMOINIOIIEHUs pacTBOpa WU
SMUCCHHU, MPOSBISIIOIINECS B U3MEHEHUHM OKpPACKU PacTBOpA MJIM IUIAMEHH,
BBI3bIBAEMOE PACHPOCTPAHEHHOM peakireid OOHapy>KEHUsS LIEJIOYHBIX Me-
TajioB. Takue MEeTOabl Ha3bIBAIOT Qu3uUUeCKUMU MEemoOamu aHAIU3A.
Vcropuuecku Juis ONpEAETCHUs COCTaBa BEIIECTBA HCIIOIb30BAIIH
B OCHOBHOM aHAJUTHYECKHE XMMHUYECKHE PEAKIMM IOJYyYEHHUsS COEAMHE-
HUH, 001agaromuX TeM WIM WHBIM aHAIWTHYECKUM IPHU3HAKOM, HarpHMep
Maccoi. Takast cuTyanus, AJi1 KOTOPOM OBLJIO XapaKTepHO, YTO 3a OIpeje-
JICHHE COCTaBa MaTepHaJIbHBIX TEJ HECJa OTBETCTBEHHOCTb XHUMHUS, 3aKpe-
NWIAaCh B Ha3BaHUU OOJIACTH 3HAHUS U MPAKTHKU — AHAIUMUYECKAS XUMUSL
U xumuyeckuil ananuz. IlpaBna, u B TOT NMEPHOJ Pa3BUTHs aHATUTUYECKAs
XUMHSI KaK 4acTh, IyCTh HEOOINBINYI0, comepkajia, HalpuMep, aTOMHBIN
SMHUCCHOHHBIN aHAJIN3 B BHJIE KAUECTBEHHOW peakUU Ha LIEJIOYHbIC U Ie-
JIOYHO3EMEJIbHBIE AJIEMEHTBI, HE TOBOPS YXKE O TOM, YTO TAKOH BayKHEHIIMH
METO/ KOJIMYECTBEHHOI'O aHaN3a, KaK epasumempuyeckutl, OCHOBBIBAETCS
Ha U3MEPEHHH Macchl, T. €. (pu3nueckoro cBoiictBa. B Hacrosiee xe Bpems
UMEHHO (U3UKO-XUMHUYECKHEe M (U3UUECKHe METO/bl aHajIM3a yalle Bce-
TO HCIONB3YIOTCS B XUMHUYECKOM aHajm3e (MOSBHIOCH TMPEIIOKEHUE HC-
II0JIb30BaTh MOHATHE AHAAUMUKA BMECTO NOHATUS AHATUMUYECKAS XUMUSL).
Kpome TOro, akTUBHO pa3BHBAIOTCS OUOXUMUYECKUE MEMOObl AHAIU3A.
B »THX MeTomax B KayecTBE aHAJIUTUYECKHUX PEAreHTOB UCHOJIb3YIOT MpU-
POZIHBIE U CUHTETUYECKUE OUOXUMUUECKU AKMUBHbIE COCOUHEHUS.
Paznuuaror xauecmeennuvlii XumuuecKkuil aHaiu3, 1EIbI0 KOTOPOTO SB-
nsieTcss oOHapy)KeHHe TOTO MJIM MHOTO SJIEMEHTA WIIM COCIMHEHUS, U KOolu-
yecmeenHvlll xumudeckuti ananu3. KadecTBeHHBIM aHanmM3 mnpuodOperaet
0COOEHHO OOJIbIIOE 3HAYCHHE B HACTOSILIEE BpeMs MpHU aHaJIN3€ OOBEKTOB
OKpY’Kalolleil cpezbl, BOABI, MOYBBI HA COACPKAHHME TSKEIBIX METAIJIOB
U psfia OPraHUYEeCKUX COEAMHEHUH (MECTHIMIOB, AUOKCHHOB, OTPAaBIISAIO-
IIUX BEIIECTB). bHoXxuMuyeckue METObl aHaanu3a UMEIOT 0COOCHHO 0O0JIb-
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[Ioe 3Ha4YCHHWE NPU aHaIN3e OOBEKTOB OKpYXKAIOIIEH Cpelbl Ha COuepiKa-
HUE pa3JIMYHBbIX OPraHUYECKUX COCIUHEHMH, MPEeXkIe BCEro MeCTULUI0B.
B nacrosimee Bpems XMMHUYECKUN KAa4eCTBEHHbIN aHaJIM3 BBILIEN 3a Mpe-
JIeNbl J1abopaTopuyd U HUCIONB3YeTCS B TOJEBBIX YCIOBHUAX KaK cHCTEMa
mecm-ananu3zo8. TecT-cuctemMa IpeACcTaBiIsieT coOOW TBEpAbIl HOCHUTEIb,
HampuMep Oymary WM CWIMKarellb, Ha KOTOPHIH HAHECEH aHAIUTHYECKUI
peareHT. AHaJIUTHYECKas Ka4eCTBEHHAsl PEAKIMsS B 9TOM Cllydae MPOBOAMT-
Csl Ha MOBEPXHOCTU TaKOro Hocutens. Takue TecT-CUCTEMbl MOTYT HUCIOJIb-
30BaThbCsl U B OBITY.

KonuuecTBeHHble XMMUYECKHE METO/BI aHaJIM3a, TaK K€ Kak U Kade-
CTBEHHBIC, OCHOBAaHbI Ha HWCIOJb30BAHMM B KAa4€CTBE AHAJIUTHUYECKUX pe-
aKIUP COOTBETCTBYIOIIMX XHMHUYECKUX PABHOBECHM, I'PaBUMETPUYECKHM
aHanmn3 O0asupyeTcsl Ha PeaKUUsIX OCAXKICHHS MaJOpPacTBOPHUMBIX COEIMHE-
HUH, TATPUMETPUUYECKHE METOJIbIl OCHOBAaHbI HA KUCIOTHO-OCHOBHBIX, OKHC-
JIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIUAX M PEAKIMIX KOMIUIEKCOOOpa3oBa-
Hus. Ha ucnonb3oBaHuu 3THX K€ peakluid OCHOBaHbl MHOTHE XUMHUKO-TEX-
HOJIOTHYECKHUE Tporiecchl. [IpuHnmnuanbHas pazHula B IENAX aHAJIWTHKA
M TEXHOJIOTa COCTOUT B TOM, YTO XHMHUK-TEXHOJIOT 3a4acTyi0 YIOBJIETBO-
pSIETCSl HETOJIHBIM BBIXOJIOM NPOAYKTA PEAKLUH, AHAJTUTHK K€ JOJKEH Tak
ONTUMHU3HUPOBATH YCIOBHS COOTBETCTBYIOLIEH peaklUy MOJIy4YEeHUs IPOIyK-
Ta peaKIuu, 4ToObl BbIX0 ero Obl1 O30k K 100%.

Konuuecmeennviii ananauz npeacTapisier coOOOH COBOKYIMHOCTh XUMMUE-
CKUX, PU3NYECKUX U (U3UKO-XMMHUECKHX METOJOB HCCIEIOBaHMUs, MO3BO-
JSIOIIMX ONPEAEATh B 00paslie aHaIM3HPYEeMOro BeIlecTBa KOJIMYECTBEH-
HO€ COJIEpP’)KaHUE M COOTHOILIEHUE COCTAaBHBIX YacTed WIM KOHILIEHTPALUIO
UX B PacTBOpPE, a TAK)KE YCTAHABIMBATH COACPKAHME PUMECEHN B UCCIIEMY-
eMoM oObekTe. KonnuecTBeHHBIN aHaIW3 OCHOBAaH HAa TOYHOM H3MEPEHHUH
Macchl WIM O0beMa OMNpeAesieMbIX BEIIECTB, MPOAYKTOB MX XUMHUYECKHX
MpEeBpaIeHUI WM PEeareHTOB, BCTYMAIOIIUX B PEAKIMU C OIpeessieMbl-
Mu BemecTBaMu. OH SBISIETCS OCHOBHBIM METOZOM KOHTPOJISI Pa3iHMYHBIX
MPOM3BOJICTB, a TAKXKe, HAPSAY C KAYeCTBEHHBIM aHAIIM30M, — BAKHEUIITUM
METOZIOM HCCIIEI0BaHMUSL.

MeToauKN KOJMYECTBEHHOTO aHalln3a XapaKTepU3yITCs, MPEkKIe Bce-
ro, pabOYMM MHTEPBAJIOM ONPEENIIEMbIX CONEPKaHUM, WIH TUHAMUYECKUM
JIMana30HOM, — HWKHEN M BEpXHEW I'paHULIE onpenessieMbIX ColepKaHuil.
Pe3ynbrarel KOJIMYECTBEHHOIO aHalIM3a OLICHUBAIOTCS METOJAaMHM Mare-
MaTH4YeCKoi cTaTUCTHKH. OCHOBHBIE OIEHKHM Ka4eCTBA KOJIMYECTBEHHOTO
aHaM3a — NPAsUIbHOCHb U B80CHPOU3800UMOcmb. YacTo OoblIoe 3Have-
HUE UMEIOT TOJIYKOJIIMYEeCTBEHHBIE, 0030pHBIE METOMABI aHAIN3a, MO3TOMY
JIelIeHNe Ha KaueCTBEHHBIM M KOJMYECTBEHHbIN aHalIM3 BeCbMa YCIOBHO.
[Ipu ananuse crjaaBOB M TOPHBIX MOPOJ, HAPUMEP H3-3a HEPaABHOMEPHO-
CTH paclpeseieHys] MpUMeceil, Ba)KHa BO3MOXKHOCTb aHAlM3a Marepuasna
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B KOHKPETHOW TOUYKE Marepuana, T. €. JoKkalbHocmy aHanu3a. MHorna cra-
HOBSITCSI BKHBIMU TaKH€ XapPAKTEPUCTHKU KAK IKCAPECCHOCMb U OUCMAH-
YUOHHOCHMb — BO3MOYKHOCTB IIPOBEJICHUS aHAJIM3a Ha PacCTOSIHUM.

Cnenuduka 0ObEKTOB aHAIM3a MPUBOANUT K JCIICHUIO METOJIOB aHAIN3a
Ha olpenencHHble rpynmbl. [Ipexae pasnuuaroT xeopeanuueckuii U opea-
HU4YecKull ananu3, T. €. aHAJIM3 CMECEH OPraHMYeCKHX U HEOPraHMYECKHX
coenuHeHmid. [lanee BBIACISAIOT, HAapUMEp, aHAIU3 yaoOpeHuid, HedTeH,
(dapmareBTHUECKUX TpernaparoB, MeTaioB. Kpome Toro, He0OX0auMO I0-
HUMAaTh, YTO aHaJM3 B YEPHOW METAJUIyprU{ WIM aHalu3 JErKUX aBHALU-
OHHBIX CIIJIAaBOB — COBCEM HE OJHO U TO KE.

1.2 3HAYUEHUE AHAJMTUYECKOH XUMHH

3HaueHNe AHAIUTUYECKOW XHMHHU OIpPEeNIeTCs] 3aBUCHMOCTBIO CBOMCTB
BEIIECTB OT MX KA4eCTBEHHOTO M KOJMYECTBEHHOTO XMMHMYECKOTO COCTa-
Ba, a CIEeIOBaTeNIbHO, HEOOXOJMMOCTBHIO 3HAThb W KOHTPOJIMPOBATH €ro.
OObexTamMu aHalin3a MOTYT ObITh MPUPOJIHBIE MPOAYKTHI MU MPOMBIILICH-
Hble MaTepuajbl HEOPraHUYECKOIro JIMOO OPraHUYeCKOro HMPOMCXOXKAEHUS,
YUCThIE COEAMHEHUs, METaJlIbl U CIIOXKHbIE cIulaBbl. MHOrma HEoOXoauMo
BBINOJIHUTh AHAJIU3 OYEHb OBICTPO, MOpPOW — Ha OOJIBIIOM PACCTOSHUM.
3HaueHNe aHAINTHYECKONH XUMHUH, TAaKUM 00pa3oM, ONpeAessieTcs HEe TOJb-
KO YPOBHEM pa3BUTHUS OOIIECTBA, OOIIECTBEHHOI MOTPEOHOCTHIO B PE3Yiib-
TaTax aHaiM3a, HO U YPOBHEM pa3BUTHSA CaMOM aHAJIUTUYECKOW XMMHHU.
YeM xe ompenensercss 3Hau€HUE aHAIUTHYECKONW XMMUU AJISI COBPEMEHHO-
ro obmecrtsa? OTBETUTh HA ATOT BONPOC MOXHO C IOMOIIBIO IPUMEPOB.
MsbI ucnonb3yeM 3TOT HpueM, Mpeanoniaras, 4yTo BCAKHN 3aWHTEpPECOBaH-
HBII YWTaTeNb BIIOJHE CMOXET HAWTH HY)KHbIE aHAJIOTHH.

Tak, oqHOI M3 MI00ANBHBIX MPOOJIEM, C KOTOPHIMU CTOJIKHYJIOCH YeJo-
BEUECTBO, CTAJIO 3arpsi3HEHHE OKpPY’KaloIIed cpenbl. 31ech, OJHAKO, YMECT-
HO IMOJYEPKHYTb, YTO OCO3HAHMIO IPAMaTUYHOCTH SKOJIOIMYECKOH cUTya-
LUK TpelIecTBOBajla OTPOMHAs 10 00beMy paboTa XMMHKOB-aHAJIUTHKOB.
Ceituac CTaHOBUTCS SICHOM HEOOXOAMMOCTb KOHTPOJHMPOBATH COMEp’KaHHE
OONBIIOTO YMCIAa KaK HEOPraHWYECKUX, TaK U OPraHWYECKUX COEAMHEHHH
B BO3ZyXe, II0YBE, BOJIE. B CBS3M C 3TMM BO3pPOCIO BHUMAaHHE K aHAJIUTHYE-
CKOM XMMHH MaJbIX KOHIICHTPALUH OpraHMYeCKUX COEIMHEHHA.

[TosiBuack HacTosiTeNbHAsT HEOOXOAMMOCTh pa3padarbiBaTh METOAbI
olpeesIeHHs] NOTCHIIMAIBbHO KaHIIEPOT€HHBIX COCJUHEHUI: apoMaTHUeCKUX
YIJIEBOJIOPO/IOB, aMUHOB, a30KpacuTesel, CHIIbHOACUCTBYIOIINUX SIAOBUTBIX
OpPraHMYECKUX COEJMHEHHUH, HalpuMep XJIOPIPOU3BOIHBIX OEH30IMOKCA-
Ha W OeHzodypana. Jlns ATOM 1enu pazpadaThIBalOT METOIBI 0TOOpa Mpoo,
KOHIICHTPUPOBAHUS M aHAN3a, CO3/AIOT CIIEIMaJbHBIE, OCHAIEHHBIE JI0-
porocrosieil TEXHUKOHN J1abopaTropuu.
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3arpsi3HEHHE OKPY)KaIOILIeH cpesbl, C OJHOH CTOPOHBI, 1 MHTEHCUBHOE
UCTIOJIb30BaHKE yNOOPEHUH, MEeCTUIHIOB, CTUMYJSTOPOB pOCTa C APYTOii,
MPUBENU K HACTOATENbHONH HEOOXOJUMOCTU KOHTPOJIS BCEH CENbCKOXO35M-
CTBEHHOU MPOJYKIIMH M BCEX MUILEBBIX MPOAYKTOB. B psine crpan maciirad
MPOBEACHNS aHAJHM3a MHILEBLIX MPOAYKTOB MPEBBIIIAET MAacIITad aHATUTH-
YECKOTO KOHTPOJISI B TAKOH TPaIUIIMOHHONW 007acTH MPUMEHEHUS! aHAJIUTH-
YEeCKOM XMMHH, KaK MeTayuryprus. TakuMm oOpa3om, 3HaAHHE COCTaBa OKpY-
JKAIOWIEeH cpepl cTajJo B OyKBaJbHOM CMBICIIE CJIOBA JKU3HEHHO BaXKHBIM.
3azaya KOHTPOJISA CTOJb OOJBIIOrO 4Kcia OOBEKTOB M BO3POCLIMM B CBSI3U
C 3TUM 00beM paboThl MPUBEIH K HEOOXOAMMOCTH MOBBICUTH I(PHEKTUB-
HOCTh QHAJIUTUYECKON CIyXkObI, pa3pabareiBaTh U MIMPOKO BHEAPSITH aBTO-
MaTH4eCcKHe METObl aHaIu3a.

Crenyronuii Ba)KHBIH MOMEHT, XapaKTEpPU3YIOIIUH COBPEMEHHBINH CO-
UaIbHBIA 3aKa3 oOIIecTBAa AHAIUTHYECKOM XHMMHH, CBSI3aH C CO3/aHUEM
MOJTHOCTBHIO WJIM YaCTHYHO aBTOMATH3MPOBAHHBIX XUMHUYECKUX IPEIIpPH-
ATANA U TIOSIBUBLICHCS TEHACHIMM YBEJIMYEHHUS TOJIU TaKUX NPEANpUsTUN
B 0o0miemM o0bemMe Mpou3BOACTBA. TEeXHOIOTUYECKUN MPOIIECC YCIOKHACTCS,
U JUISL TIOBBIIEHUS €ro 3((EeKTUBHOCTH HEOOXOIUM JI€TalbHBIH KOHTPOJb
COCTaBa TEXHOJOTMYECKHX IIOTOKOB. Bce wamie KOHTPOTUpPOBATH IMPOU3-
BOJICTBO U3 J1a0OpaTOpHH CTAHOBUTCS TPyAHEE, BOSHUKAET HEOOXOIMMOCTD
NepeHoca CPeACTB KOHTPOJS HEMOCPEICTBEHHO B IIeX, TyAa, OTKyna, coO-
CTBEHHO, M YIPABISAIOT TEXHOJOTHYECKUM mporeccoM. COOTBETCTBEHHO
MPOLECC aHaJIn3a JOJHKEH OBITh aJalTUPOBAH MO 3TH YCIOBHUS.

ITox ananuzom B 11€710M MOHUMAIOT MOCIEA0BATEIBHOCTD POLEAYP OT-
6opa npoObI, TPAHCIIOPTHPOBKH €€ B JIAOOPATOPHIO, IPUTOTOBIICHUS K aHa-
Tu3y, COOCTBEHHO aHan3a, 00paboTKK MH(POPMAIINU U TIepeaadu ee MoTpe-
OWTEINI0, KOTOPBIN, ONHMPAsCh HA PE3yNbTaThl aHAIN3a, MPUHUMAET TO WIH
uHoe pewieHue. [IpoMbIIIEeHHBIH aBTOAHAIN3ATOP — OAMUUK XUMUYECKO20
cocmasa (JIC) — Bce mpoleaypbl aHalau3a JOKEH MPOBOIUTH ABTOMATH-
yecku u 0e3 yuactusi omneparopa. bonee Toro, JIC nomkeH yaoBIeTBOPSTH
OTIpe/IeIEHHBIM TPeOOBAHUSAM U OBITH YACTBIO UHDOPMAYUOHHO-USMEPU-
menvrou cucmemvl (UUC). JIC, pa3menieHHbIA B 11€Xe, JOJKEH JJTUTEb-
HOe Bpemsi paboTarh 0e3 O0OCHyXMBaHUS W TIepelaBaTh AHAIUTHYECKYIO
MH(GOPMAIMIO HA LUEHTPAJbHBIA MYJIBT YHPABICHHUS WM HENOCPEIACTBEHHO
NUC asmomamuueckoti cucmembvl YnpasieHus mexHoi02U4ecKum npoyec-
com (ACY TII). ns oObIYHON aHANMMTUYECKOW J1a0OpaToOpuu KOHEYHBIM
IPOIYKTOM €€ paboThl ABJSETCSA Pe3yabTaT aHain3a. BeIBOIBI U3 pe3ysbTa-
TOB aHaJM3a JIelaeT MOTPeOnuTeNb HHpOopMAIH, 00pa3HO TOBOPS, B APYTOn
komHare, Ha Apyrom staxe. s JIC, kak wactu UUC, pesynbrar ananmza —
JUILB CPEJICTBO JUIsl OLEHKHU OTKJIOHEHHSI KOHTPOJIUPYEMOTO JUHAMUYECKO-
ro mpolecca oT ONTHUMAJIbHOTO, U BCS CUCTEMa B IIEJIOM JIOJDKHA 00Ja/1aTh
CIIOCOOHOCTBIO TPUHUMATh PpEIIeHHEe, KaK JOJDKHBI ObITh M3MEHEHBI Ba-
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pbHpYEMBbIE MapaMeTphl Uil TOTO, YTOOBI BEPHYTH YNPaBISEMBIH MPOIEcC
K ONTHUMAJIBHOMY PEXHUMY.

Jna xoppexktHoro ¢yunknuonuposanus JJC NUUC, xonTponupyromero
JUHAMHYECKYIO CHCTEMY, HEOOXOAMMO YYMUTBHIBATH COOTBETCTBUE OBICTPO-
neicTBus nmpubopa ckopoctu mporecca. Kpome toro, croumocts JIC ompe-
JeNSIeT HeOOXOIMMOE YHCIIO JaTYMKOB W MX MECTOPACIOJIOKEHHE B JCH-
CTBYIOIIEH KOHTpOIMpyeMo# TexHonorudeckoin cxeme. JIC nomkeH Bwiep-
KUBATh YCJIOBUS XUMHUYECKOTO MPOMBIIUIEHHOTO MPEANPUITHS, HAIIpUMED,
JIOJDKEH OBITh JOCTATOYHO KOPPO3MOHHO-YCTOMUMBBIM HIIM MEXaHUYECKU
MPOYHBIM B YCJIOBHSIX BUOpalnu. 3HAUUTENbHO OOJiee BaKHBIM IO CpaBHE-
HUIO C JIaOOPaTOPHBIMH YCIOBHSIMH CTAHOBUTCS TpeOOBaHUE K O€30TKa3HOM
pabote /IC.

OO6nacTe MCCIEOBAaHUM W TEXHHUKH, IENBI0 KOTOPOHl SIBISETCS COo37a-
nue JIC MUC xoHTponst kadectBa 00bekTOB HccienoBanuss u ACY TII,
OBICTPO TMpeBpaIaeTcs PaKTUYECKH B HOBYIO OOJIACTh aHAIMTHUYECKOW XH-
Muu. OpHako TpeOOBaHUS B TPAJUIUMOHHBIX OOJACTSIX MPUMEHEHHs aHa-
JUTHYECKOM XWUMUU, HApUMeEp, B TOPHOAOOBIBAIONIEH MPOMBIIIICHHOCTH,
B METAUTYPTHH, TAKK€ BO3POCIH KaK C TOUKH 3PEHHs pacTyliero oobema
MIPOBOJIMMBIX aHAJIM30B, TaK M MX KadyecTBa.

Pa3BuTHe XMMHUYECKON MPOMBIIUIEHHOCTH U TEXHUKH IIPHUBENIO K PE3KO
BO3pOCIIEH TEXHOI€HHOM HArpy3Ku Ha NPUPOAY — IKOJIOIMUECKHE U TEXHO-
TeHHbIE KaTacTpo(bl CTAM yIpoxkKaTh KU3HU YeJIoBeKa Kak Buaa. O6ocTpu-
Jach mpobiaemMa KOABOJIOLMUHU HPUPOABl U YelOBEKa B paMKaxX KOHIICTIIIHUU
YCTOHYMBOTO pa3BUTHs 00mIecTBAa. B 3TOHM CBs3M aHAIMTHYECKas XUMUS
npuoOpeTaeT 0coboe 3HaYeHHE, TaK KaK UMEHHO C MTOMOIIBI0 METOIOB XH-
MHYECKOTO aHaJIN3a HEOOXOAMMO KOHTPOJIMPOBATH COCTAB U MCXOAHOTO ChI-
pbsi, U IPOAYKLUUH, U 0TX0N0B. [loaTOMY 3KOJIOTHS KaK Hayka, KakK >KH3HEH-
Hasi TO3MIMS CTaja aKTMBHO BHEAPATHCS B OOIIECTBEHHOE CO3HAHUE YiKE
Ha JTare IIKOJbI, a MPENoAaBaHue IKOJIOTMU €CTECTBEHHO BJIEYET 3a co00i
paccMOTpEeHHE MHOTHX acCHEeKTOB aHAIMTUYECKOW XHMHH, MPEXKIE BCETro —
XUMHYECKOTO aHAIM3a W XUMHUYECKON aHaTUTHKH.

1.3. POJIb XUMHUYECKUX METOA0OB AHAJU3A
B NOAI'OTOBKE XUMMUWKA-TEXHOJIOTA

Ectp OIIpCAC/ICHHAsT B3aUMOCBA3b MCKAY TCOPCTUYCCKHMU IOJIOXKCHUAMU
AHAJIMTUYCCKOM XUMUH, METOAaMU aHaJin3a W KOHKPCTHBIMHU oOBEKTAMH
a”anu3a. MIMeHHO IMO3TOMY y‘-Ie6HI/IKI/I 0 aHAJIUTHUYECKOM XMMMHU JISI Me-
TaJllIypros, (bapMaL[eBTOB HJIN TCXHOJIOTOB-TCKCTUJIBIIUKOB Pa3JINYarOTCA.
I[aHHaSI KHUT'a Ip€aHasHa4YCHa AJId CTYACHTOB XMMHUKO-TCXHOJIOTMYCCKUX
CHCHH&HBHOCTCﬁ, T. €. 6y,[[yIJ_[I/IX XUMUKOB. B 3TOM ClIydac KypC aHaJIUTUYC-
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CKOM XUMHH UTPACT NBOSKYIO poiib. C OIHOW CTOPOHBI, CTYACHTBI JOJIKHBI
MTO3HAKOMUTHCS C OCHOBHBIMH TOHSATHSMH M METOIAMH aHAJTUTUYCCKON XH-
MuH. C Apyroil CTOpOHbI, KypC aHAIUTHYECKON XUMHU UTPAET BAXKHYIO POJIb
B OOLLIEXUMHUYECKON MOATOTOBKE CTYJACHTOB. Tak Kak METOJbl aHAIUTHYECKON
XMMHU OCHOBaHbI HAa WCIOJIb30BAHUM XHUMHUYECKHX PABHOBECHH, KOTOpBIE
M3yYaroTCs B PA3IMYHBIX OONIACTAX XUMHHU U SIBIISIOTCS OCHOBOM IpH pas3pa-
0OTKE TEXHOJOTHH XMMHYECKUX IPOIECCOB, B yU4eOHUKE TIOAPOOHO PaccMo-
TPEHBI PAaBHOBECHUS 0CAaJIOK—PACTBOP, pa300paHbI MOHATHS KUCIIOT U OCHOBA-
HUM, OKUCIUTENEH U BOCCTAHOBUTENEH, a COOTBETCTBEHHO, KHCIOTHO-OCHOB-
HBIX PABHOBECHI U OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX METOI0B TUTPOBAHUS,
YAENCHO BHUMAaHUE KOMIUIEKCHBIM COCJUHEHHUSM M KOMIUIEKCOHOMETpHYE-
CKMM MeToaM. XMUMHYECKHEe PAaBHOBECHS B OOIIEM BHUJE IPEICTABICHBI
B IIaBe 2, a Oosee moapoOHO, KaK OCHOBA COOTBETCTBYIOIIMX METOIOB aHa-
nu3a, B miaBax 11-15. B ydeOHMKe NpencTaBieH M KadeCTBEHHBIH XMMUYEC-
CKUH aHaJu3, pojb KOTOPOTO OYCHb BEIIMKA B CTAHOBICHHH XHMHUYECKOTO
MbIlUIeHUs. KauecTBO KOJIMYEeCTBEHHOTO XMMUYECKOTO aHalu3a Onpeaesser-
Csl TAKMMU METPOJIOTMYECKUMH MapaMeTpaMH, Kak MPaBUIBHOCTb U BOCIIPO-
M3BOIUMOCTh (TNI. 5). OTa 0COOEHHOCTh AHAIMTHYECKOW XUMHU TPUBOAUT
K HEOOXOAMMOCTH TIPOBEICHUS aHal3a, 4TOOBl BBIXOJA MPOAYKTa PEaKIUU
ObUT KOMMYECTBEHHBIM U Onu3kuM K 100%. B 3TOM OTHOIICHMM OonTHMU3a-
IIUsl YCJIOBUH aHaJIM3a B NPUHIIMIIE HUYEM HE OTJIMYACTCS OT ONTHMM3ALUU
TEXHOJIOIMYECKUX MPOLIECCOB, OCHOBAHHBIX HAa TEX K€ XUMHUYECKUX PaBHO-
BECHSIX, HO, KOHEYHO, NP ONTUMH3AINN MOCIECAHUX MPUXOTUTCA YUUTHIBATH
ropasfno Oonblee Yuciio mapamerpoB. VIMEHHO MOSTOMY Kypc aHaIMTH4e-
CKOM XMMHU B XMMHKO-TEXHOJIOTHUECKUX By3aX SIBISCTCS BAKHEHIINM dJie-
MEHTOM OOIIEXMMHUYECKOW TIOATOTOBKH CTYICHTOB.
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[asa 2 XUMHUYECKHUE
PABHOBECHA

2.1. KOHCTAHTbBI PABHOBECHUA

PaBHOBecue B cucTreMe MpH MOCTOSHHBIX TeMIIeparype W JIaBlieHUH ycTa-
HaBIIMBAeTCs TOT/A, KOTJa cBOOOIHAS SHEPIHsi MUHUMAJIbHA.
Hns peaxkuun

aA + bB = cC + dD 2.1)

M3MEHEHHE CBOOOTHOW OSHEPruM B MPOIECCEe MPEBPALCHUS PEareHTOB
¢ aktuBHOCTSIMU &(A) u a(B) B mpoaykThl peaknuu ¢ aktuBHOCTsIMU a(C)
u a(D) paBHo:

AG = cG.. + dG[, — aG, — bGy,. (22)

Bripakass cBOOOIHYIO SHEpPTUIO0 OJHOTO MOJISI BEHIECTBA Yepe3 aKTUB-
HOCTH, HalpuMep JUIsl BellecTsa A,

G, =G +RT Ina(A), (2.3)
nonyqaeM ( ) d( )
a®(C)a’(b
AG=AG’+RTIn—————~ 2.4
RN a2 () @4
Trac
AG? = cGQ + dGY — aG) — bG). (2.5)

Ecmu HCXOJHBIC BCHICCTBA W HNPOAYKTbI pCaKIIMKW HAXOOATCSA B CTaH-
JApTHBIX COCTOSHUAX, To Benuuuna AGC HaswiBaeTcss cmandapmuoii snep-
euel I'ubbca n ABISETCS KPUTEPUEM CAaMOIIPOU3BOJIBHOTO MPOTEKAHHS pe-
aKUMU IpPHU CTAHJAPTHBIX COCTOSHUSIX MCXOJIHBIX BELIECTB M IPOAYKTOB
pEaKIyu.

Eciim AG < 0, To peakuuss IpoTEKaeT CaMOINPOU3BOJIHLHO B TOM Ha-
IpaBJIeHUH, Kak OHa 3anucaHa; npu AG > 0 peakius caMONpPOU3BOJIIBHO
mpoTekaeT B oOparHoM HampasieHu#; ecimu AG = 0, cucreMa HaXOTUTCS
B paBHOBecuH. [Ipu paBHOBecun ypaBHeHue (2.4) mprHUMAET BU]

2.6
AG? = RT InKT, (2.6)

e KT =a%C)ad(D)/[a¥(A) a’(B)] — TepMomuHamMuueckas KOHCTAaHTA
paBHOBECHS.
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OcHOBO# 17151 pacyeTa paBHOBECHI B PacTBOpPAxX SIBISICTCS 3aKOH JICH-
ctBust Mmacc (3[AM). Otknonenue ot 3/[M 3aBUCHUT HE TOJBKO OT KOHIICH-
Tparuu (C), HO M OT 3apsJI0B MOHOB, HaXOAAIIUXCS B pacTBope. s yuera
BIIMSIHUSI 3TUX (PAKTOPOB BBOJAT MOHSATHUE UOHHOU culbl pacmeopa |, ompe-
JIeTIIEMO paBEHCTBOM

i
_1 2
=Y, cz.
1

Hanpumep, ns 0,1M-ro pactBopa CaCl, noHHas cujia pacTBopa paBHa
I =1,(0,1 22 42-0,1-1%) = 0,3 mMonb/m.

Cpeoneuonnwiii k03¢ppuyuenm axmuernocmu (K03QEOUIUEHT aKTUBHO-
CTH OTJICNBHOTO MOHA ONPENeNUTh Hellb3sl, TaK KaK HeJb3sl IPUTOTOBHTH
pacTBOp TOJNBKO KAaTMOHA WIIM AHHOHA) 3aBUCUT OT 3apsiOB HOHOB (Z)
Y MOHHOHW cuiIbl pacTBopa. JlebaeM u XrokkeneM OBUIO MPEIIOKEHO ypaB-
HEHHE, CBS3BIBAIOIIEE 3TU BEIUYMHBL:

—lgy, = A>T (2.7)

Bennumna A 3aBHCHUT OT TeMIeEpaTypbl U TUAICKTPUUECKOW MPOHUIIAEMO-
CTH PacTBOPUTEIIS.

3akoH (2.7) OCTaTOYHO XOPOILO BBINOJHACTCS AJISl pACTBOPOB, HOHHAS
cuna KoTopsiX He mpeBbimaer 103 momb/n. Ilpu Gonbledl MOHHOM cuie
pacTBopa BILIOTH 110 1072 MOJIB/J MOJIB3YIOTCA PACIIMPEHHBIM yPaBHEHHEM
JleOas—X1oKKes

—lgy, = Az2N1/(1+ Ba 1), (2.8)

rae B — BenuuMHaA, 3aBUCSAIIAs OT PACCTOSHUS MEXAY HWOHAMM; d — MHU-
HUMaJIbHOE PACCTOSIHUE MEXJAYy HOHaMH TPOTHUBOIIOJIOKHOIO 3HAKa B
pacTBope.

B ycnoBusx, xorma | > 10! Monb/j1, 3HAUMTENBHO yMEHBIIAETCS YHC-
JI0 MOJIEKYJI pacTBOPHUTEIIS, 00pa3yIOIIUX CONbBATHYIO 000JI0UKY (B BOIHBIX
pacTtBopax — rujparnyto). [Ipu 3Tom xapakTep B3auMOAEHCTBHS 3HAUNUTEINb-
HO YCJIOKHSIETCSI, U B 3TOM CJIy4yae BbILIEIPHUBEICHHBIE BAPUAHTHI ypaBHe-
Hust JleOas—XroKKemns: MPUMEHSITh Helb3sl.

Ecnu B cucteme MMEIOTCS TOJIBKO 3JIEKTPOCTATHUECKHE B3aWMOJICH-
CTBHSI (MOH-MOHHOE, HWOH-JWIOIBHOE, JUMOIb-AUIIOIbHOE), AKTHBHOCTH
KOMITOHEHTOB CBSI3aHA C MX KOHLEHTpaLMeH:

a(i) = [i] y(), 2.9

rae [i] — paBHOBecHas KOHIEHTpals KomroHeHTa i; y(i) — ko3 duipeHt
AKTUBHOCTH.
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KoHcTanTy paBHOBECHs peakifif, BBHIPRXEHHYIO Yepe3 PaBHOBECHBIC
KOHIIEHTPAIUU PearupyrolinX BEMIeCTB M UCXOAHBIX MPOAYKTOB, HAa3bIBAIOT
konyenmpayuonnou (K.):

K. = [CI° [D]*/(TA]? [B]"). (2.10)

OTOT mapameTp CIy>KUT MEPOH TMOJHOTHI MPOTEKaHHsI PEaKUu B JIaH-
HOM HampapieHuH. YeMm OoJjbllie 3HaYeHHWE KOHCTAHThI PABHOBECHS, TEM
TIOJIHEE PEAKIKs CABMHYTA BIIPABO, & MaJble 3HAYEHUS K. CBUIETENbCTBY-
0T, 4TO B cuctemMe KoHueHTparun C u D He3HaYMTeNbHBI [CM. YpaBHEHHE
(2.1)]. Koncranta paBHOBEcHsI 3aBHCHT OT TEMIIEpaTyphbl W JaBICHUS, HO
HE 3aBHUCUT OT KOHLEHTPALMU BEIIECTB, YYaCTBYIOIUX B PEAKLIUU.

Kommnonentsr peakuuu (2.1) MOryT mpUHHMaTh ydacTHE U B JIPYTHUX
peakMax — TaK Ha3bIBAEMBIX KOHKYpupyiowux (MOOOYHBIX) peakIusaX I0
OTHOIIIGHWIO K meneBoi. Hambomee THUMMYHBIMH MOOOYHBIMH PEAKITUSIMHU
MOTYT OBITh pPEaKLUUH MPOTOHUPOBAHUS JIMTAH/IOB, KOTOPBIE MPEICTABISIOT
co0o#t cialble KUCIOTHI, peaku 00pa30BaHUs THAPOKCOKOMILIEKCOB IS
KaTHOHOB-KOMILIEKCOOOpa3oBaTeneili. B peasbHbIX MHOTOKOMITOHEHTHBIX
CHUCTEMax 3JIEMEHTHI MPHUCYTCTBYIOT B HECKOJBKUX (hOpMax, HaXOISIIUXCS
B PaBHOBECHH.

dopma CyniecTBOBaHMS 3JIEMEHTa B PacTBOPE OINpPEJEeIIeTCsl ero npu-
pO/O#i, MPHUPOJON PACTBOPUTENS,, MOHHBIM COCTAaBOM CHCTEMBI B IIEJIOM
(KMCTIOTHOCTBIO, HAIMYMEM JIMTAHIOB), & TAK)KE TEMIIEpaTypou, JaBlIeHHEM
U T. 1. B3auMOCBs3b KOHIIEHTpAaUUU OAHON u3 (OpM C OOIIUM COfepIKa-
HUEM KOMIIOHEHTa BO BceX (opmax (aHaTUTHUECKOM MM oOuieil KOHIIEeH-
Tpalyel) OMHUCHIBAECTCS C TOMOIIBIO Kodghuyuenma nobouHolU peaxyuu.
B peakmun (2.1) koMrioHeHT B MOkeT yuacTBOBAThH B MapajuieIbHO HIyIIEH
peaKIyy, ¥ B 3TOM CJIy4ae ero paBHOBECHAas KOHIIEHTpauus OyleT paBHa

[B] = ¢(B)/a(B), @2.11)

rae C(B) — xoHnenTpanus komroHeHta B, a(B) — xoaddunmenT modouHoi
(KOHKypHUpYIOLIel) peakl1y, 3aBUCSIINN OT KOHCTAHTbI IPOTOHHUPOBAHMS,
KOMILIEKCOOOpa30BaHMsL.

Tak, mis oOmero ciydas ydacTus KOMIIOHEHTa B B peakuuu mpo-
TOHUPOBAHUSA KOI(PGUIMEHT TNOOOYHOW peakuuu OyaeT OIpenensiThCs
BBIpa)KEHHEM

a(BH) =1+ K [H ]+ KK [H TP + KK/ KHT + ., (2.12)

rne Ky, Ky, Ky, ... — KOHCTaHTBI IPOTOHMPOBAHUs KOMIIOHEHTa B.
AKTHUBHOCTh KOMIIOHEHTa B OyneTr paBHa

a(B) = c(B) v(B)/a(B). (2.13)
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VYpasuernne (2.10) B oOmiem ciayyae mpuMeT BHUJT
KYer = ¢¢(C) cY(D) a?(A) a(B)/[a%(C) e (D) ¢A(A) ¢*(B)] =

= c%(C) cY(D)/[cX(A) ®(B)] [aX(A) a°(B)]/[a(C) a’(D)].  (2.14)

Koncranty KY, yuuteiBaroiryro mo6ouHble (KOHKYPHPYIOIIUE) peak-
UM, HA3BIBAIOT YCI06HOU Koncmanmou paenosecus. OHa CBS3aHa ¢ KOH-
nenTpatmonHoit K, u Tepmomnuamuueckoii K' koHCTaHTaMu paBHOBeCHS
CICAYIOIIMMU BBIPAXKCHUSAMMU!

Kyer = K_k;

kyer — gt Y(©) YD) ’
Y3(A) v*(B)

e k = a?(A) a?(B)/[ad(D) af(C)].

BhbIunC/ICHNS, POBEICHHBIC HA OCHOBAHMM BenuuuH K, 1aroT 3Hade-
HHE aKTHBHOCTEH KOMIIOHEHTOB, YYaCTBYIOIIUX B JAHHOM PaBHOBECHH; BbI-
YMCJICHUs, OCHOBAHHBIC HA MCIONB30BAHMU BENHUMH K, JAIOT 3HAYCHHE
PaBHOBECHOM KOHIIEHTpAIMK KOMIIOHCHTOB, a OCHOBaHHbIe Ha K¥®', — 3Ha-
YCHHs AHAJWTHYCCKOW KOHICHTPAIWM KOMIIOHEHTa BO BCEX €ro (opmax.
C 1mOMOMIBIO 3THX KOHCTAHT XapaKTePU3YIOTCS BCE BHIbI PABHOBECHIA B TO-
MOTEHHBIX U TeTEPOTCHHBIX CHCTEMaX.

2.2, ITPOTOJJUTUYECKHUE PABHOBECHA

Ha npaktuke Hanbojee 4yacTo MMEIOT AENO C HPOMOIUMUYECKUMU PABHO-
gecuamu, T.€. PEaKIMUIMHU, CBSI3aHHBIMU C IEPEHOCOM MPOTOHA (peaKiuu
HEUTpamu3anuu, THAPOIIU3a U AUCCOIHAIINN).

Jls paccMOTpeHHsI TIPOTOJIMTHYECKUX PaBHOBECHH KOPOTKO OCTaHO-
BUMCSI Ha TCOPHM KHUCIOT M OCHOBaHMH . DTa Kiaccumdyeckas Teopusi Oblia
pa3paborana B koHue XIX B. A. C. Appenunycom. B ee ocHOBe JIeXKUT mpe-
CTaBjleHHE OO0 OAIIEKTPOJIUTHUYECKOW JTUCCOLMAIMM BEIIeCTBA B BOJIHBIX
pacTBopax.

B 1923 r. bpéucren u Jloypu npenioKuin npomoaumudecKyro meopuro
KUCZIOM U OCHOBAHULL, COTIIACHO KOTOPOH K KHCJIOTaM OTHOCST BEIIECTBa,
CIOCOOHBIE JTUCCOIMHPOBATh C OOpa30BaHUEM MPOTOHOB, a K OCHOBaHU-
SIM — BEILlECTBA, CIIOCOOHBIE MPUCOECTUHATH MPOTOHBI.

B 1923 1. Obua co3nana Taxxke a1ekmponnas meopus Jlviouca, cornacHoO
KOTOPOH KHCJIIOTHO-OCHOBHOE B3aMMOJICHCTBUE 3aKIIIOYaeTcs B 00pa30BaHUU
JIOHOPHO-AKLENTOPHOM CBSI3U C MOCHEAYIOIIEeH HOHU3alMeNd U IUCCOLal-
el 00pa30BaBIIETOCS COCAMHEHUS B COOTBETCTBYIOIIEM PAaCTBOPHUTEIIE.

[Toapo6HO TeoprM KUCIOT M OCHOBaHHII paccMaTpuBaroTCs B 1. 13.
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2.2.1. Boguble pacTBOpPbI CHJIBHBIX H CJ1a0bIX IPOTOJHTOB

Teopust bpéncrena—Jloypu OMMCHIBAET CPABHUTEIHHO MEHBIIIEE YHCIIO Be-
LIECTB, 4eM, Hampumep, Teopus Jlbrouca, ogHako yaoOHee Ui pacueToB
U CPAaBHEHMs CHJIBI KUCJIOT M OCHOBaHHMH BOCIIOJIb30BAaTbCS UMEHHO EH.
[locnenHsis HaxOAWT IIMPOKOE NPUMEHEHHE B MPAKTHUKE aHaJIUTHYECKOU
XUMUHU U OyIeT paccCMOTpeHa HaMHU HUXKe.

Teopust bpércrena—Jloypu ompenenser KUCIOTHl I OCHOBAHMS COIIAC-
HO MX IOBEIEHUIO 10 OTHOLIEHUIO K MPOTOHY: KHCIOTHI — JOHOPHI IPO-
TOHA, OCHOBaHUS — AKLENTOphl MPOoTOHA. KUCIOTHI M OCHOBaHMS 00BEAH-
HAIOTCSI MOA OOILMMM Ha3BaHUEM MpOmMOAUmsl, a X B3aUMOJCHCTBUE Ha-
3BIBAIOT NPOMONUMUYECKUM pasHoecuem. B TPOTOIINTUYECKUX pPeaKLUAX
MOXET IPUHUMATh y4acTHe aM(pHUIPOTHBIN pacTBOPUTEIb.

ABTOIPOTONIN3 — CaMOMOHUW3ALUs PACTBOPUTENS, MOJIEKYJIbl KOTOPO-
rO MPOSBISIOT CBOMCTBA M KUCJIOTHI, U OCHOBaHUs. Hanpumep, koHcTaHTa
paBHOBECHSI Mpoliecca aBTONPOTOIN3a BOJBI

H,0 + H)O 2 H;0" + OH"
MOXKET OBITh BBIpa)KEHA Kak
K = a(H;0")a(OH")/a(H,0). (2.15)

Tak xkak paBHOBECHbIE 3HAUCHUS a(H3O+) n a(OH") ouenn mainbl, MOX-
HO CYHMTaTh, YTO Ha aKTUBHOCTb H,O NMpakTHYECKH HE BIUSET MPUCYTCTBHE
HE3HAUNTENbHOrO KonnyecTsa HoHoB H;O™ u OH™ u oHa paBHAa aKTHBHO-
CTH yucTOro pactBoputens. Torma ypaBuenue (2.15) nmpumer Bujg

Ky = a(H;0")a(OH"),
rne Ky, — koncmanma asmonpomonusa 600bl, WIN UOHHOE NPOU3EEOeHue.
[pu 25 °C Ky, = 1,00+ 10714,
B o6mem Buae mis pactBoputens HS
+ _
HS + HS 2 SH, + S
KOHCTaHTa aronporonusa (K)
K, = a(SH})a(S").
[TonoxxnuTenpHO 3apsKeHHas! YaCTUIA HOCUT Ha3BaHUE JIUOHUSA, OTPHILIA-

TCJIbHO 3apsiKCHHAA — Juama.
MHuorue PACTBOPUTECIIN ITPOABJISIIOT CBOICTBa U KHUCJIOTBI, U OCHOBAaHUA:

2NH; = NH; +NH,;  Ky=a(NHj)a(NH,),
2CH,COOH = CH3COOH) +CHyCO0 ™ ; K, = a(CH,COOH ) a(CH,CO0"),
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[TpoTonuT NposBIIET B JaHHOM PAaCTBOPUTENIE CBOWCTBA KHMCIIOTHI, €CIIU
aKIIETITOPHBIE CBOIMCTBA K MPOTOHY BBIPAXKEHBI Y HETO ciadee, 4YeM y pacTBO-
puTels, B 9TOM CIydae IEepPEeHOC MPOTOHA MPOMCXOAUT IO HAMpPABICHUIO OT
HpOTOJINTA K pacTBOpUTENO. M, Ha000pOT, IPOTOJIUT HPOSBIAET B JAAaHHOM
pacTBOpUTENIE CBOMCTBA OCHOBAHUS, €CJIM aKLENTOPHBIE CBOMCTBA K IIPOTOHY
y HEro BBIPaKeHbI CHJIbHEE, UM y PacTBOPUTENS; MEPEHOC MPOTOHA ITPOHC-
XOIUT OT PAaCTBOPUTEIIS K IPOTOJIHMTY.

[IpoTOHHBII MEpPEeHOC OCYLIECTBISETCS B JBE CTAIUH — COOCTBEHHO
IPOTOHHBIM IepeHoc ¢ 00pa30BaHMEM HOHHOIO accoluara M Jajiee ero
JUCCOLIMALNS:

HAn + HS & SHjAn™ & SHj + An’,
B + HS 2 BH'S =2 BH" + S~

B nomsipHBIX pacTBOpUTENSAX, HAPUMEP B BOJE, MOHHBIM accouluar
JIMCCOLIMUPYET TOMHOCTHIO. Ecin KOHCTaHTa paBHOBECHS TaKoro Iporecca
Benuka (K > 1), kuciioTa WM OCHOBaHHUE MPAKTUYECKH MOJTHOCTHIO JTUCCO-
UUPYIOT C 00pa30BaHUEM aHMOHA W THUAPOKCOHHUS WIJIH, COOTBETCTBEHHO,

KaTHoOHA U THJIPOKCHI-UOHA!
[H3O+] = c¢(Kucnora) u [OH] = ¢(OcHoBanmue).

B nanHOM ciiydae pedb MAET O CHIBHBIX KHCIOTaX WM OCHOBAaHMSIX.
Bonee cunmbHble Kucnotsl, yeM H;O', n Gomee CHibHbIC OCHOBAHHSA, H4eM
OH™, B Bojie HE CYIIECTBYIOT.

Korma koHcTaHTa paBHOBECHS TUCCOIMAIIMU MOHHOTO accolrara B BOJIC
mana (K < 1), pH Takux pacTBOpPOB pacCUUTHIBAIOT C HMCIOJIb30BAaHUEM
KOHCTAHT KHCJIOTHOCTH WJIM OCHOBHOCTH. B maHHOM ciy4ae pedb HIET
0 cial0bIX KHCJIOTaxX WJIM OCHOBaHHX. [Ipu pacdere ciemyeTr yduThIBaTh
paBHOBecHE:

HAn +H,0 2 An™ +H,0",
1-a o o
IJIe 0. — CTEIICHb JINCCOIUAIIUN KHCIIOTHI.
C y4eTroM KOHIIEHTPAIMH KHUCIIOTHI C, @ TaKXKe

K = [An] [H;0"]/[HAn]
HOJIy4aeM:
— 242
K, = cca/[c(l — a)].
Ecnu yyectb, 4TO BenMUYMHA 0. MaJia, TO

K,= c2o?/c = ca?,
OTKy/1a
[H;0'l=co mm [H;0']=K,c.
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B cmyuae, xorga mpuoOmmwkenueM c(1 — o) & ¢ TOIB30BaThCsS HEIb3S,
[H,0"] pacuer BeayT clieyromumM o0opasom:

a’c + Ko — K, =0,
o =(-K, +,KZ +4K c)/ 2,
[H,0"]=0c=(-K, + /K2 +4K,c)/2.

IIpumep 2.1. IIpu xaxoit konnentparmu HCI pH pactBopa Oynet paBusiM pH
0,08M-ro pacteopa ykcycnoii kucnorei? K (CH,COOH) = 1,75 1075,

> [H,0"] = VK c = V1,75-105-0,08 = 1,18- 1073,
pH = —lg [H'] = -1g(1,18-1073) = 2,93.
B cnyyae HCI (cuiibHOM KHCIOTHI)
[H;0"] = c(HCI),
pH = —Ig [H,0"] = 2,93,
c(HC) = 1,18-10> M. ®

I[I/ICCOI_II/IaL[I/IIO MHOTOOCHOBHOM KHCJIOTBI HnA B BOJHOM pacCTBOpPC
MOXHO IPEACTABUTDH IMOCICAOBATCIIbHO MPOTCKAIOIIUMU CTAAUAMMU:

H,A + H,0 2 H, A"+ H,0",
H, A+ H,0 2 H, ,AY + H,0",
HA""! + H,0 & A"™ + H;0",

MO3TOMY PACTBOP COAECPKUT HAOOp YACTHUIL[ PA3IUYHBIX (POPM.
Jist IpOCTOTBI PACCMOTPUM TPEXOCHOBHYHO Kuciory H,PO,, xotopas
JUCCOLIMUPYET B TPU CTAJUU:

pKy = 2,125 pK, = 7,215 pK 53 = 12,38 (pK, = —1g K)).

[Tocnemyromas KOHCTaHTa COCTaBJISAET 1/100000 OT mpeablaylend. Jrta
3aKOHOMEPHOCTb SIBIIAETCS OOIIEeH ISl TeX KHCIOPOACOACPIKAIINX KHUCIOT,
y KOTOpbIX Bce rpynmnsl —OH cBs3aHbl C OAHUM U TEM K€ aTOMOM.

YuuTeiBas yclOBUsI paBHOBECHI

[H*][H,PO;] = K,[H;PO,],
[H'][HPOZ ] = K_,[H,PO;],
[H*][PO;] = K3[HPO3 ],
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W MarepuaibHOTo Oamanca s pocdar-moHOB,
[H,PO,]+[H,PO;]+[HPO;]+[PO;] = c(H,PO,),

rne ¢(H;PO,) — ananutuyeckas koHuenrpamus GocHOopHOH KUCIOTHI.
Bripasum nomro 3apaHHOM (OPMBI KHCIIOTHI, TPUCYTCTBYIOIIECH B pac-
TBOpE, B BUJE OTHOLICHUI:

o3 = [H;PO4]/c(H;POy),
op =[H,PO;1/c(H;PO,) = 0,K,, /[H'],
oy =[HPO; ] /¢(H,PO,) = ;K K,,/[H' T,
ap =[PO; ]/c(H;PO,) = 0,K, K K, /[H'],

e 0 — JIOJIs TOJHOCTBIO JIETIPOTOHUPOBAHHOM H3PO4, T. e. gonst PO3~;
2. -
o, — mons ¢popmer HPO;™; a, — Hy,POy; oy — HyPO,.
Jomu otnenbHBIX (HOPM CBSI3aHBI yCIIOBUEM
oy o, ta, +ay =1
Hons mo6o# Gpopmel, nomydennoi npu nporomusze H,PO,, 3aBucur ot
[H30+] W, cienoBaTesbHo, oT pH pacTBopa, a TakKe OT COOTBETCTBYIOIINX

koHcranT nporonmusza K |, K ,, K ;. I'papuueckoe nsobpaxenue 3aBucH-

MOCTH 0y, 0, O,, Oy OT pH HaspiBarOT pacnpedenumenvrou ouazpammou
(puc. 2.1).

ag o
ay oy

O 0

g o,

Il Il Il Il
1,0 3,0 5,0 7,0 9,0 11,0 pH

Puc. 2.1. Pacnipenenutenshas auarpamma HyPO,

PacnipenenurensHast nuarpaMMa IOKAa3bIBaeT, YTO MHpU JOOOM 3Ha-
yeHuu pH CymiecTBYIOT NMpPaKTHUECKH TOJNBKO JBE (OPMBI, @ COAEpIKaHUe
OCTAJIbHBIX HE3HAUYUTENBHO.






lu? 108 109
PESEPBOPMIA Rf AYEHMIA Db CHBOPTHA S BOPHIA XACCHIA S MEHTHEPHHM
: [261,11] [262] |"63| [262] [265] [266)

h GNEPOBHA Fl MOCKOBHA MC NMBEPMOPHIA I_V TEHHECCHH T

[289]

61 3 64 66
OfuM Pm MNPOMETH A ALLONM A ANCNPO3MI|
| L.




	cP19-4front92
	001-464vlasova_2016-12-23_1_3(4_0)TrimBox
	cP19-4end92empty



