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BBenenune

JlanHoe kpaTkoe yueOHOe MocoOue aapecoBaHO CTYIECHTaM - IEpPBO-
KYpPCHUKaM, KOTOpbIE TOJbKO HAYMHAIOT CBOW HMCCIENOBATEIbCKUN MYyTh B
00JaCTH XMMHH U JISJAI0T NEPBbIC ATk B TO3HAHUU AHAIUMUYECKOU XUMUU.

B yHuBepcurerax Poccum CTyneHThl HEXMMUUYECKUX CIEHUAIBHOCTEU
U3YyYaroT IucuuIuinay «O01asi 1 HeopraHuueckasi XuMUsh» B T€UEHUE OJTHO-
r0 WJIX IBYX CeMeCTpOB. B yueOHBIX mporpaMMax mpeaycMOTPEHO U3YUCHHE
CIIELIMAIIBHBIX PA3ENOB, OJMH U3 KOTOPBIX MOCBAIIECH BOIIPOCaM aHAIUTHYE-
ckou xumun. lIpuznannon B Poccum nureparypoy 1o 3TOM MHTEPECHEUIEN
TEeMe SBJISIFOTCS Y4eOHHMKH, yueOHbIe TTOCOOMS O/ pefakmuei mpodeccopa
1O0.A.3010TOBa. DTH CEephe3HBIC, COIMIHBIC M3JaHUS UMCIOTCS B OMOIHMOTEKE
TIIY nu  ux, 6e3ycioBHO, HEOOXOAUMO M3y4aTb BCEM COTPYIHUKAM U CTY-
JIEHTaM, UHTEPECYIOIIMUMCS aHAJTUTUIECKOU XUMUEH.

Henp npemiaraeMoro Kparkoro y4eOHOro mocoousi — moMoub MepBoO-
KypCHUKaM OCBOUTH B paMKax M3yudeHus kypca «OOiel 1 HeopraHu4aeckou
XUMHUW» CHEUUAJIbHBIE BOIPOCHI, MOCBAIICHHBIE AHAJUTUYECKON XUMHH.
DOTO M aHAJUTUYECKUI CUTHAJI, KAUYECTBEHHBIM U KOJMYECTBEHHBIN aHAIU3,
busndeckue W (PU3NKO-XUMUYECKHE METOJbI OOHApYKEHHUSI BeIleCTBa.
VYyebHoe mocobue MIaHuPyeTcs B IBYX YaCTSAX U COJAEPKUT MaTepHabl U3-
naHHBIX B Poccun yueOHUKOB U y4eOHBIX MOCOOM B 3TOM 00acT 3HAHUH.

[Ipennaraemas mepBasi 4acThb MOCOOMS MOCBSIIIEHA BOIIPOCAM UOEHMU-
Quxayuu eewyecmsea. COCTOUT W3 YETHIpEX TJaB: 1) oOmme cBeaeHus 00
aHanu3e; 2) XUMUYECKAe METOIbl OOHAPYKEHHUS; 3) METOIbI pasneneHus; 4)
aHanu3 00beKTOB. OCOOCHHOCTBHIO MOCOOUS SIBISIETCA CUCTEMHOCTh B TIOJI-
X0JIe K UCCIIE0OBAaHMIO BelllecTBa. B kauecTBe MPaKTUUECKOTO UCCIIEeI0BAHUS
BEIIECTBA IPUBOJUTCS METOANKA MCCIEIOBAHUS COJIM HEU3BECTHOTO COCTa-
Ba C MOJPOOHBIM ONKUCAHUEM X0J]ia PabOThl U CIPABOYHBIMU CBEAEHUSMU 00
OTKPBIBAHUM KaTHOHOB U aHHOHOB.

JlanHoe yuyeOHOe mocoOue SBISIETCS YacThiO yueOHO-METOJUYECKOTO
KOMILIEKca KadeIpbl 1 BMECTE C APYTHUMH y4eOHBIMU MTOCOOUSIMH U METOIM-
YEeCKMMU MaTepuaiamMu OyJAeT MOJIE3HO JJIsi CAMOCTOATENLHON padOThl CTY-
JICHTOB TIPU OCBOEHUU Kypca 00IIe XUMUHU.

Asmop



I'naBa 1
OBIIUE CBEJEHMHUSA Ob AHAJIM3E

1.1. IlpenmMeT aHAJIMTHYECKOM XUMMH

Bormpoc o Tom, u3 ueco cocmoum ewjecmeo, BOSHUKACT IIPH JH000H pa-
00Te XMMHKa — TIPH Pa3pabOTKE M peaTH3aliK TEXHOJOTHIECKUX MPOIECCOB,
B MCCIIEAOBATEIIbCKOW HITH 3aBOJICKOM JTAOOpaTOpHH, TIPU TPOBEICHUH CaMbBIX
pazHooOpa3HbIxX 3KkcnepTu3s. [lepBoHavaibHO 3a/lauyM aHAIUTUYECKON XUMUU
OTPAaHUYMBAIKNCH YCTAHOBIICHHEM COCMABA Gewecme WU 2lA8HbIX KOMHO-
HeHmos 8 ux cmecsax. B mporecce mepepabOTKH MOJIE3HBIX HCKOTIAEMBIX, TTO-
JyYEeHUS JIEKaApCTB, MOUCKOB «IJUKCUPA KU3HUY» WJIU TOIMBITOK MPEBPATUTH
HeOJIaropogHbIe METaUIbl B 30JI0TO, BCE BEIIECTBA HEOOXOIUMO OBLIO pasje-
JSITh, pa3jaraTh W OomnpeaensaTh. B xone oOiero pa3BUTHS XUMUM pPa3BUBA-
J1ach M TEXHMKA XMMHUKO-aHAJUTUYECKOTO 3KcrepumenTa. Yxe B 1821 r. K.
[Ipadt uznan «Ilocobue Mo aHATUTUYECKON XUMHH JIJIT XUMUKOB, TOCyAap-
CTBCHHBIX Bpadel, anTekapei, SJKOHOMHUCTOB U PYJ03HATIIEBY», a aHAJIUTUYC-
CKasi XuMus cpopMHUpOBaTIach KaK BITOJTHE CAMOCTOSITEIIbHASI OTPACTbh XUMHUH.

3aTeM MOSBHINCH METOJIBI, TIO3BOJISIOIINE ONPEICATh Cledosbie, T.C.
BEChbMa HE3HAYHUTEIbHBIC, KOJIMYECTBA DJIEMEHTOB HJIM XHUMHYECKHX COEIH-
Henuil. Kpyr 3amay aHaquTUKOB CTaj BKJIOYATh B CEOSl M YCTAHOBJICHUE
CMpPYKmypsl MOJIEKYJT WU TBEPIBIX TEIl.

Hayxa, pazeusarowas meopemuueckue 0CHOBbL XUMUUECKO20 AHA-
JU3A  Beecms U MAmepuaios u papadbamvleaowds Memoobvl
uoenmugbukayuy, oOHaApyIceHuss, pazoeieHuss U onpeoeseHus Xu-
MUYECKUX INeMEeHMO8 U UX COeOUHeHUl, Ha3bleaemcs aHaIumuye-
CKOUL Xumuei.

Xumuueckan uoeHmugurkayus — 3mMo YCMAHOBGIEHUE BUOA HAC-
muy (MONEKy1, amomos, UOHO8, PAOUKALO08), COCMABIAIOWUX UC-
cneoyemyro cucmemy.

B 1894r. B.OctBanbsa nybnukyer kHUTY «TeopeTndeckrne OCHOBBI aHa-
JUTUYECKOW XUMHUW». B HEl OH BHEPBBIE ONMCHIBAET MHOTHE SIBJICHUS aHA-
JUTUYECKON XUMHUU C TOYKH 3peHHUS (U3UYECKOM XUMHUU — JUCIMILIAHEI,
OypHO pa3BuBaBIeiics B To BpeMs. Celiuac PU3NKO-XUMHUYECKHUE OCHOBBI CO-
CTaBJISIFOT JIMILb OJWH W3 Pa3feioB aHAIUTUYECKOW xumuu. [lomMuMo HuX,
JUIS. AHAJUTHUYECKOW XMMHUH BaXXHOE 3HAYEHHWE MMEKOT OCHOBBI HEOPraHHU-
YECKOW XHMMHH, HalpuMep, B CBSI3M C IMpoOJieMaMu 3JIEMEHTHOTO aHaju3a.
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XpoMmaTtorpadguaeckoe OnpeaeIeHne OPraHuIeCKIX BEIIeCTB ObLIO OBl
HEBO3MOKHO 0€3 MCIIOJIb30BaHMsI TEOPETUUECKUX MPEACTAaBICHUI OpraHuye-
ckoi xumun. B cBs3u ¢ pa3zButueM B cepeanHe XX BeKa BHICOKOI(PPEKTUB-
HBIX CIHEKTPOCKOMUYECKHX M XpoMmaTorpaduueckux METOAO0B HoTpeboBa-
JOCh UCHOJB30BaTh B AHAIUTUYECKOW XUMHUH MHOTHE HJeH U3 olnactu (u-
3UKH, U3MEPUTENbHON TEXHUKU, HHPOPMATHUKH, MATEPUAIOBEIACHHS, a B TO-
clieHee BpeMs — TakyKe OMOJIOTHH U TeHHON HHXKEHEPHH.

Takum o00pazom, aHanMMTHYECKass XWMHSA B HACTOSIIEE BpeMs Mpe-
CTaBJIACT COOOU MedcoucyuniunapHyro oTpacip 3HaHuil. OHa B 3HAUNTENb-
HOI CTETEeHU OmpeAessieT o0l mporpecc B HayKe, TEXHUKE, MEIUIMHE, U
3a/la4yd AHAIUTUYECKONW XUMHH MOXHO C(hOpPMYJIMPOBaTh CIAEAYIOMIMM 00pa-
30M:

AHAIUMUYECKAsSL XUMUSL 3GHUMAEMCsl pa3padomKou Memooos, an-
napamypul u oowjel cmpame2uu UCcle008aHuUs KA4eCmeeHHo20 U
KOIUYECMBEHHO20 COCMABA Beujecms U OMOEeNbHbIX XUMUUECKUX
KOMNOHEHMO8, A MAKH#Ce UX NPpOCMPAHCMBEHHOU CMPYKMYpbl U
U3MEHEeHUsl 80 8PEMEHU.

MeToapl XUMUYECKOTO aHalu3a MPUMEHSIOT B KIMHUYECKUX HUCIBITAHMSIX,
JUTSI KOHTPOJISI KQ4eCTBa MUTHEBBIX, IPUPOJAHBIX, CTOYHBIX BOJ, JJISI OTIpEJIe-
JICHUS CJICIOB TICCTUITUIOB WM TSOKEIBIX METAJUIOB B IMOYBax. B HUX HYX-
JAIOTCS apXEOJIOTH M MY3C€HHBIC paOOTHHKH, HAIPUMED, IS YCTAaHOBJICHUS
MOJITTMHHOCTH TIPOM3BEACHUI MCKYCCTBA WM JIPEBHUX KJIAJ0B. AHAIUTHYE-
CKass XUMHUs HeoOXoauMa JUIsl TIPOM3BOJICTBA KaK CBEPXOONBIIMX HHTE-
IPaJIbHBIX CXEM, TaK W MPOAYKTOB IUTAHUS, JICKAPCTB U APYTOW MPOMBIIII-
JaeHHOM TpoayKiuuu. CerojHs XWMHKHA-aHAJTUTHKHA PEIIA0T BOIPOCHI KOH-
MpOoJisi NPOU3B00CMBEHHBIX NPOYECCO8 U COCMOSHUSL OKPYdCalouell cpeowl,
paspabamwviéarom  COOTBETCTBYIOIIUE CUCMEMbl AHAAU3A U XUMUYECKUE
oamyuKu.

1.2. AHAJIUTHK — HCCJIEI0BATEIb

[Ipenmer uccnenoBanus aHAIUTUKA Ha3bIBACTCS 0Opasyom (npoooti).
DTO0 MOXET ObITh, K MPUMEPY, CTOYHAS BOJA, CTallb, I0YBA, BO3/yX, CIIOHA
WK 00BEKT HEU3BECTHOM XUMUYECKOM Mpupoisl. [Ipexae ueM npucTynurh
HEMOCPEACTBEHHO K aHAJIN3Y 00pasia, HE00XOAMMO YETKO chopMyIUpOBaTh
yenv ananuza. Heo6xoauMo, B 4aCTHOCTH, OTBETUTH Ha CJIEAYIOLIUE BOIPO-
CBI.



* Yto cnexyeT nmpoaHanu3upoBath? VHBIMU CJIOBaMH, 4TO MPEJICTa-
BIISIET CO00M 0O0vexkm ananuza? B mpocrteiiiieM cirydae 3TO MOXKET
OBITh MHANBUIYAIEHOE XUMHUUECKOE COCIMHEHHE, CTPOCHUE KOTO-
poro HeoO0X0MMO ycTaHOBHUTh. OJIHAKO, €CIIU peub uieT o Ooiee
CJIO)KHOM 00pasiie — MPOMBINIJICHHOM MaTepHuaie, ImoYBe, BO3ayXe,
— HEOOXOAMMO TPEXAE BCEro PEIInTh, KaK MPOU3BECTH 0moOOp
npobbl N KaK 00ECTICUUTh €€ npedCcmasumenbHOCHb.

» Kakylo nnpopmanuio cieayer NoiayduTh B pe3yibTaTe aHanu3a’?
TpeOyeTcs 11 yCcTaHOBUTH COCTaB 00pasiia B LIEJIOM WM CTPOCHUE
ero nosepxHoctu? Crenyer Ju NPOBOAMTH MOJHBIN aHAIN3 pac-
TBOpA WM MO>KHO OIPaHUYUTHCS TOJIBKO u3MepernneM pH?

* 3ayem npowusBoauTcs aHanus? [IpeanonaraeTcs a1 Ha OCHOBE €T0
pe3yJIbTaTOB HaJOXKEHHUE ITpada Ha MPOMBILUICHHOE MPEANpuUs-
THE UM HEOOXOJMMO YCTaHOBUTBH, MPEBBILLIEHA JIU MPEAEIbHO J0-
IIyCTHMas KOHLIEHTpalus BPEIHOIO BEIIECTBA B OKPYKAIOLIEH
cpene? Nnu 3aka3uuk BOOOIE HE 3HAET, JJISl YETO €My HYKHBI Oy-
YT pe3yiabTaThl aHaIu3a?

Takum 00Opa3oM, aHAJIUTHK HE TOJBKO pa3padaThiBa€T METOAMKY U
BBIINIOJIHAET COOCTBEHHO aHanu3. Ero ydactue HeoOX0auMO B Mpouecce no-
CMAHOBKU KOHKpemHou 3adauu, IpU npoboombope U uHmepnpemayuu pe-
3yabTaToB. [Ipy BHINOJIHEHUH aHAIU3a MPUXOJUTCSA UATH HA KOMIPOMHUCCHI,
MOCKOJIbKY HU OJIHA JIaDOpaToOpHsl HE pacrojaraer MoJIHbIM HabopoM Bce-
BO3MOXKHOTO 000pynoBaHus. MeTonyeckue BO3MOKHOCTH aHAJUTHKA He-
130€KHO OTPAaHUYEHBI UMEIOIIUMCS 000PYIOBaHUEM, OIIBITOM pabOThI J1abo-
paropuu 1 KBanudukanueil nepconana. Eciu TpeOyeTcst ycTaHOBUTH COCTaB
o0pasia, 3TO 03HAYaeT, YTO HEOOXOAUMO OINPENEIUTh COJIEPKALIUECS B HEM
3JIEMEHTHI, MO0 XMMHUYECKHE COEAMHEHMs. B COOTBETCTBUU € 3TUM pas3iu-
YalOT JJ1EeMEHMHbIU AHANU3 U 8eujeCmeenHblll ananu3. Jns ycTaHOBIICHHUS
CTPYKTYPbI MOJIEKYJI MJIM TBEPABIX TEJI UCIIONB3YIOT TEPMUH «CHIPYKIYPHbLU
ananuzy. JJMHaMH4YECKOE TOBEJECHHE BEIIECTB B XOJI€ MPOU3BOJICTBEHHOIO
npolecca — NpeaMeT UCCIEI0BAHUS NPOU3BOOCMBEHHO20 AHAIU3A.

1.3. DiieMeHTHBIH M BelleCTBEHHLIA aHAJIN3

CoctaB 00pa3ia MOKHO HCCIIEOBATh KaK ¢ TOYKU 3PEHUS npupooul,
TaK U KOAu4ecme COJCPIKAIIUXCA B HEM XMMHUUYECKUX KOMIIOHEHTOB. Paznu-
YaroT CJIEIYIOLIME BUJIbI AaHAIN3A.



» Kauecmeennuwiit ananus. Ilpoyecc ycmanosnenus cocmasa 00-
pasya ¢ mouKu 3peHusi RPUPOObL COOEPHCAUUXCSL 8 HeM KOMNO-
HEeHMOo8 HAa3bl8Aemcs. KA4eCmeEeHHbIM aHanuzom. Pezynovmam
KA4eCmMBeHHO20 AHANU3A: COOEPHCUMCA PACCMAmMpuUaemoe Ge-
wecmeo ubo siemMeHm 6 npooe U He COOePHCUMCA.

B xitaccuyeckoM Kypce HEOPTaHUYECKOT0 KaYeCTBEHHOTO aHAIN3a JIJIs
OTBETa Ha 3TOT BOIPOC HCTOIB3YIOT CXEMY pa3JesIeHHs, 3aBEPIIAIONLyIOCs
OOHApyXEHHEM OTICNBHBIX IJIEMEHTOB C MOMOIIBI0 COOTBETCTBYIOIIUX XH-
MHUYECKHX peakiuii. B HacTosiee BpeMs BOMPOCH Ka4eCTBEHHOTO aHaJIM3a
BO3HUKAIOT TMPEXKJE BCETO B CBS3U C OOHAPY)KEHUEM CIEAOBBIX KOJIHYECTB
BEIICCTB: TpUMEced B IMOIYIPOBOAHUKOBBIX MaTepuanax, 3arps3HCHUN B
BO3/yX€, 3aIPEIICHHBIX MEAUIIMHCKHX MTPEMapaToB B OMOJIOTMYECKHX 00BEK-
TaX WM MOOOYHBIX MPOITYKTOB B 00pa3ax XUMHUYECKOHN MPOTyKIIUH.

B npocretimem ciydae 3¢ GhekTsl, CBA3aHHBIE C HATUYHUEM KOMITOHEH-
Ta, MOXXHO HaOJIIOAATh BU3yaJIbHO, HAPUMEP, MOSBICHUE YEPHON OKPACKH
ocajka cyibpuaa npu oOHapy>KEHUU MEJU JeHCTBUEM cepoBojiopoaa. Ecimu
OKpackKa JIOCTaTOYHO MHTCHCHBHA, MOKHO CZAENaTh BBIBOJ O TOM, YTO JIaH-
HBIN 3JIEMEHT B Mpo0e MPUCYTCTBYET. MBI Kak Obl CpaBHHUBAEM OKPAacKy 00-
pasiia ¢ HeKOeH TojJpa3yMeBaeMol IBETOBOHM mKanoi. [lomoOHbIe 1IKaTbI
JAEHCTBUTENHHO CYIIECTBYIOT H MOTYT OBITh UCTIOJIB30BaHbI B METOIaX TOJY-
KOJIMYECTBEHHOTO M KOJUYECTBEHHOTO aHaiHW3a, B TOM YHWCJIE MHCTPYMEH-
TaJbHBIX.

Takum 00pa3oM, paznuune MEeXy KaueCTBEHHBIM M KOJIMYECTBEHHBIM
aHAJIM30M JOCTATOYHO YCIOBHOE. MOYKHO TPaKTOBaTh KAUECTBEHHBIN aHAJIH3
KaK pPa3HOBUIHOCTh KOJHMYECTBEHHOTO, KOT/Ia OIICHKA BEJIMYUHBI CHUTHAJA
MIPOU3BOIUTCS dOCmMamouto 2pyoo, npubaudicenro. I'TaBHBIN pe3ysbTaT Ka-
YECTBEHHOI'O aHajM3a — MPHUCYTCTBYET JIM ONPEJCICHHOE BEIIECTBO B HC-
ClIeyeMOM OOBEKTE, HOCUT Ha CaMOM JieJie KOJIMYECTBEHHBI XapakTep, Mo-
CKOJIBKY OH CBSI3aH C 00beKMUBHbLM Kpumepuem — npeoeiom 0OHAPYI*HCeHUs
(monpobHee cM. pazaen 1.4).

Ilpeoen oonapyscenus — 3mo HaumeHbuiee KOAULECMBO UU
KOHYeHmpayusi KOMNOHeHma, Komopoe ewe modicem ovims 0OHA-
PYHCEHO C NOMOWBIO OAHHOU MEMOOUKU.

[ToguepkHem, 4TO pe3yJIbTaT KAYECTBEHHOTO aHaN3a 3aBUCHUT OT 803-
ModicHocmell  8blOpanHol memoouku. Ecnu, k  mpumepy, B XO0J€ CH-
CTEMAaTHYECKOTO KauyeCTBEHHOTO aHaiW3a MpH JACHCTBHHM CEPOBOAOpOAA HE
HaOII01aeTCsl YePHOTO OcajiKka Cysibpuaa Meau, 3TO HE CBUJCTEIBbCTBYET O
ToM, uto HoHOB Meau (IT) B oOpasne HeT BooOIIe. DTO 03HAYACT JIUIIb, YTO
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UX COJEp)KaHUE HIDKE, YeM Mpezesl OOHAPYKEeHUS JUIsl JTaHHOW METOJIMKH.
Jlst oOHapysxenust (1 omnpeeneHus) 6ojaee HU3KUX COACPKAHUNA MOKHO HC-
II0JIb30BaTh, HAIIPUMEP, METOJbl aTOMHOW CIHeKTpockonuu. Ho u npu wuc-
IIOJIb30BaHUU 3TUX METOJOB OTPULIATENBHBINA PE3YJIbTAT CBUACTEIBCTBYET HE
00 a0CONIFOTHOM OTCYTCTBUM MEJH, & JHUIIb O HEBO3MOXXHOCTH €€ OOHapy-
KUTb BBIOPAHHBIM METOJIOM.

Ha npakTuke npumMeHEeHHEe TOW WIA MHOW METOIMKM Ka4eCTBEHHOTO
aHAJIM3a 3aBUCUT OT KOHKPETHOM 3amauu. [Ipy 3TOM HHMKOrja He CTaBUTCSA
BOIIPOC O JI0KA3aTEJIbCTBE NOJIHO20 OTCYTCTBHUSI HEKOTOPOTO AJIEMEHTA WIIU
COEIMHEHUS, A JINIIb O TOM, MPEBBIMIAET JIM €r0 COJAEPKAHUE Ty WIA HUHYIO
rpa”uily. B cooTBETCTBUM € 3TUM M BHIOMPAIOT KOHKPETHYIO METOJIUKY.

* Konuuecmeennulit ananus. 3a0aua KoiudecmeeHHo20 amaiu-
3 — onpedeﬂumb KOIUUeCmeo s1emenma uiu cOeOUHeHUsl.

B konmdecTBEeHHOM aHaIu3e BO3MOXKHO HE TOJBKO OMpeJeieHHe a0COIOT-
HOTO KOJIMYECTBA BEIIECTBA, HO U OMpeJeieHne KoHyewmpayuu (TIpu aHa-
JIM3€ PAcTBOPOB) WJIUM MACCO80U 00U BEUIECTBAa (IIPU aHAIU3€ TBEPJbIX
po0).

B ocHOBe KOMMYECTBEHHOTO aHAIW3a JICKHUT MOUHOe U3MepEeHUe Ge-
JUYUHBL aHarumudecko2o cuenana (noapodunee cM. pasnen 1.4.). B npocreii-
meM cliydae aHaJUTHYCCKUM CUTHAJIIOM MOXKET CIY>KHUTh Macca (B TpaBH-
METPUYECKOM METOJIC) UJIM HMHTCHCHBHOCTH OKpacku. Ho ObiBaeT, 4ToO M3Me-
PEHHIO CUTHAJIa TPEIIIEeCTBYET HeKasl CIIOKHAs MPOIleypa, HallpuMep, BO3-
Oy»KJIeHHEe aTOMOB 3JIEMEHTA C IMOMOIIIBIO J1a3epa.

* CmpykmypHuslii ananu3. 3a0aua cmpykmypHo20 anaiuza — on-
peoeieHue npoCmpancmeeHH020 PACHON0NCEHUSL U NOPSAOKA CE53U
INEeMEHMAPHBIX PpacMenmos amoMHO20 YPOGHS, COCMABIAIOUUX
gewecmaso.

[Ipu cuHTE3€ HOBOTO XUMHUYECKOTI'O COCIMHEHUS MPEICTABISET UHTEPEC
YCTAHOBJICHHE CTPYKTYpPbl €ro OTIAEIbHBIX Monekyn. 1Ipu pa3paboTke HOBBIX
MaTepHaioB HEOOXOAUMO HCCIEAOBATH CTPYKTYPY meepoo2o meid.

[Ipu uccnenoBaHuyd MOJEKYJI HEOOXOIUMO MPEXKIE BCETO YCTaHOBUTH
UX cOCmae, BBISICHUTh, U3 KaKUX aTOMOB WJIM CTPYKTYPHBIX ()parMeHTOB CO-
CTOUT MoJIeKyJia (MOMYYUTh KauecmeeHHyto uHpopmMaiuio). Jlainee HeoOxo-
JUMO YCTaHOBUTh KOH(PUTYPAIUMIO MOJIEKYJbl  (KoIuuecmeeHHbuili aCTeKT
CTpyKTypHOro ananu3za). [lon xongueypayueri Monexybl 31ech IOHUMAETCA
MOPSJIOK, B KOTOPOM B MPOCTPAHCTBE CBA3aHBI MEX]y COOO0H €€ CTPYKTyp-



HbIe (PparMeHThl. DTOT MOPSAOK MO3BOJISIET, B YACTHOCTH, OTIIMYUTH OJUH
u3zomep ot Apyroro (puc. 1.1).

H
| CH,
H,C—C— CH,
H,C CH,
KyMOJ 1,3,5,-TpuMeTHIOCH30)

Puc. 1.1. H3omepuvie yeneeodopoowvt oowetl popmynvt CoH )

» Pacnpedenumenwvustit ananu3z. J1o cux nop npu oOCYKJI€HUA METO-
JIOB KOJIMYECTBEHHOTO aHaJIM3a Mbl MPEIoaraiu, 4To uxX 3ajaya — oIpe-
TICJICHUE CpedHe20 COACPIKAHUS AIeMEHTa WA COSAMHEHUS B IpoOe. MHbIME
clIoBaMH, OOBEKTOM aHallM3a CIyXKuia 6cs npoda. Ecnu ke, Hanpumep, He-
00X0IMMO BBISICHUTB, KAKUM 00pa30M JIEMEHT JOOABKU pacipeiesicH B 00-
pasiie MoJyImpoOBOJAHUKOBOTO MaTepuaia, TO TaKue METO/Ibl He rosiTcs. B
NOJAOOHBIX CIIy4asix IPU aHAIN3€ TBEPABIX TEJI HEOOXOAUMO UCIOJIb30BATh
METOJZIbl pachnpedenumenvro2o ananuda. C uxX TOMOILIBIO MOXHO HCCIIEN0-
BaTh pacmpeiesieHUe 3JIEMEeHTa M0 nogepxHocmu oopasna (puc. 1.2), no ero
2/1ybuHe Uiy, B 11eJIOM, BO BCEM 00ObeMe TBEPIOH MPOOHI.

Puc. 1.2. HepasHomepHoe pacnpedeneHue amomos d1eMenma Ha N08epXHOCMU
mamepuana

* I[Ipouzeoocmeennutii anaau3. B xone npou3BOACTBEHHOIO aHaIM3a
HE0OXO0IMMO MOCTOSIHHO KOHTPOJIUPOBATh MAKPOCKOTTUYECKUE HOMOKU Be-
wecme Wi NPou3800CmeeHHbvle npoyeccyl B 1IeJoM. Takum o0pa3om, B Ka-
YECTBE HE3aBUCUMOM MEPEMEHHOM BBICTYMAET BPEMS; 371€Ch MPOSIBIIACTCS
OuHamudecKull acnekm aHaATUTUYECKOW XuMUM. B 3aBUCHMOCTH OT XapakTe-
pa mpoiiecca JJisl OJTHOTO aHaJIN3a MOXKET TPEOOBAThCA BPEMSI OT MUHYTHI J10
HECKOJIbKMX 4acoB. Eciii 5TO BpeMsi 10CTaTOYHO BEIUKO, TPOOY MOXKHO OT-
IIPaBJISAThH B JIAOOPATOPUIO M aHAJIU3UPOBATH OOBIYHBIM 0Opazom. Crie-
I[MaJIbHBIE PEIICHUS HEOOXOAUMBI, €CIIA MMPOMEKYTOK MEKY ABYMS I10-



CJICIOBATEILHBIMY aHAIIM3AMH (8peMeHHOe pa3peuleHie) He TOJDKEH Tpe-
BBIIIATh JECATH MUHYT. B 3TUX Cllydasx MOHO MCIIOJIb30BaTh, HAIIPUMED,
nHeemamuyeckyro noumy (Ha METaJUTyprudecKuX npeanpusatusx). M3zmepe-
HUS HETIOCPEJICTBEHHO B X0JI€ IPOIECCa MOYKHO OCYIIECTBIISTH C TIOMOIIBIO
xXumuyeckux oamuuxog (puc. 1.3).

H3MEPHTEILHBII
npubop

Y

N

BpeMst

KOHUEHTPALHA

U

NPOH3BOJACTBEHHBIH
MOTOK

Puc. 1.3. Ananuz npouszso0cmeeHH020 NOMOKA NPU NOMOWU  XUMUYECKO20 0am-
yuKa

CYHICCTBYIOT Pa3HbIC KJIaCCI/I(I)I/IKaHI/II/I MCTOJOB aHaJu3a. B JaHHOM IIOCO-

onn pacCMOTpUM aHaIUMUYecKull npoyecc B IICJIOM U IIO3HAKOMHUMCH CO

CBSI3aHHBIM C HUM MemOoOUYeCcKUM apCceHaiom COBPEMEHHBIX aHATMTHICCKUX

METOJIOB U BBITCKAIOITUMHU OTCIOZIA UX BO3MONCHbIMU 0OIACAMU NPUMEHE-

HUAL.

1.4. IIpouecc aHaamM3a: OT MEPBOH 0 MOCJIEAHEH CTAAUKU

Kak npakTruecky BBIIVIIIUT NPOLECC PELICHUS aHAJTUTUYECKOU 3a1a-
yn? Hanpumep, mpeamnpusitue coOupaeTcsi WHBECTUPOBATH HOBOE CTPO-
UTEIBCTBO M HYXKIAETCA B 3AKIIOYEHWM O KAadyecTBE IOYBBI. 3ajaya aHa-
JIMTUKA — HCCIIEIOBATh KAYECTBO IMOYBBI B MECTE MPEANOJIAraeéMoro CTpOHU-
TenbcTBa. COBMECTHO € 3aKa34MKOM OH JIOJDKEH PELINTh, KAKUe KOMIIOHEH-
Thl TPEOYETCs ONPEAETUTh B IOUBE, KaKHe OOIIENpU3HAHHbIE, HA/IE)KHbIE Me-
TOAMKHU aHaIW3a JJIA 3TOTO CIENYEeT NPUMEHHUTh, KaKUE, BO3MOXKHO, B HUX
ClIeJlyeT BHECTH U3MEHEHUS U B KaKOoi (popme NMpeacTaBUTh PE3YJIbTaTh.

Tounas nocmano6xka aHarumMu4eckoll 3a0a4u — HeodXo00uUMoe yc-
JI08UE MO20, HMO pe3yabmamvl aHaiuza 0yoym nNpumMeHeHvl ¢
Nnoab30U 01 0ed.

3aTeM HauMHAETCS COOCTBEHHO aHamuTHYecKas pabdorta. Heobxommmo
0TOOpaTh MPOOyY MOYBHI U MOATOTOBUTH €€ NI aHaiau3a. [loATOTOBIICHHYIO
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npoOy cieayeT MPOaHaTU3HPOBATh C IMMOMOIBIO BHIOpAaHHOH MeETOAUKH. B
3aKJIIOUCHHE ClieayeT 00paboTaTh MOJy4YeHHBIC Pe3yIbTaThl M MPEICTABUTH
UX B OTYETE.

CranmapTHas cXeMmMa npoyecca aHaiu3a HAYWHACTCS C IPEBpaIICHUS
3amauu B (hopme, MOCTaBICHHON nompebumenem, B COOCTBEHHO aHATUTHYEC-
CKYIO 3a0auy. 3aTeM CIENyeT U3 00beKxma ucciedo8anus, B JAHHOM CITydae
MIOYBBI, omobpams npobdy. Ilocne 3Toro cieayer craaus npobonood2omosKu
U 3aTeM uzmepenusi. 3aBepIlaeT MPOIecC aHalu3a obpabomka pe3yibma-
mos, X CBEICHNUE BOCAMHO, ITPEACTABIICHUE B omuenie U Tiepeiada moTpeou-
temio (puc. 1.4).

AHAAH3A

METO aHAaAH3a

METOIHEA aHAAHSZA

Puc. 1.4. Obwas cxema npoyecca ananusa
CrnemyeT pa3nudaTh npuHyun, mMemoo u Memoouxy aHaiusd.

Ilpunyun ananuza — 5mo Hexomopoe sgleHue Hnpupoosl, Ko-
mopoe Modicem npedoCmasums UCC1e008amento UHmepecyo-
wyio e2o ungopmayuio.

TunuuHble IPUMEPBI — B3aUMOJICUCTBUE 2IEKMPOMACHUMHO20 U3YYEHUS C
BELIECTBOM IMPUMEHUTENIBHO K CIIEKTPOCKOIUU UJIU SGleHUe pa3oeieHus Ge-
wecms B xpomarorpaduu. [Ipu 3ToM cieayer moHUMAaTh, KaKOWM UMEHHO
KOHKPETHBIN TUI B3aUMOJCHCTBUS MOXET J1aTh TpeOyeMyro UHGOPMAIUIO O
naHHou mpobe. [IpuMeHUTENbHO K MPOIECCY aHalu3a HPUHYUN AHANU3A
MOJCHO 0XAPAKMEPU308AMb CO2NACHO CROCOOY UMEPEHUsL.
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Memoo ananuza xapaxmepusyem Xo00 AHAAU3A C MOYKU 3PEHUS]
€20 BadCHeUwux cmaouti 8 COOmMeemcmeuu ¢ mem Uid UHbIM
NPUHYUNOM AHATU3A.

B yactHOCTH, ME€TO/ aHANMM3a OMpPENENsIeT XapaKkTep U crocod mpoOonoaro-
TOBKHU U 00paOOTKH pe3ybTaTOB MPU aHAIN3E OMPEIEICHHOTO THIA MPOOKI U
ONPEIEIICHNH B HEW TOTO MM MHOT'O KOMIIOHEHTA.

Memoouka ananuza — 3mo nojiHoe ONUCAHUe 6Ce20 X00d aHa-
auza. B ueti 6 popme noopobHwvix nponuceti ocosapusaromcs
6ce demanu aHaIU3d, 8KIOYAs OMoOoOp Npoovl U NPeocmaesieHue
pesynomamos. OcobeHno cmpozue mpebo8anus nPeovbAGIAIOM-
Csl K ONUCAHUAM CIAHOAPMHBIX MeMOOUK.

PaccMmoTpum nogpoOHee BayKHEHIITNE CTaJANK TIPOIIecca aHan3a —
ombop npobvl, NPOOONOO2OMOBKY, UsMeperue U 00pabomxy pe3yibmamos.

1.4.1. OT60p MpoodHI

Ycnex XUMHUYECKOTO aHaliu3a B PEIIaolleil Mepe 3aBUCHUT OT KadecT-
Ba 0TOOpa poOkl. PaccmoTpumM, Hanpumep, 0TOOP MPOOBI ISl ONpEAeIICHUS
CpEIIHEero cocTaBa KOMIIOHEHTa B 00paslie, HalpuMep, CBUHIIA B JTUCThSIX WA
TJIIOKO3bI B KpoBH. [Ipoba nomkHa ya0BIETBOPATH psily TpeOOBaHUM.

Bo-nepBbIX, oHa 10KHA OBITH HpedcmasumesnbHoL 0 OTHOILICHUIO K
00BEKTY aHajan3a. DTO MPEANoaraetT, 4yTo npooda J0JKHA ObITh 20MO2EHHOL,
a ecJM OHa reTeporeHHa, To ee clieyeT roMoreHu3uposarb. Hanpumep, uro
JUISL aHallu3a pyJbl C pa3MepoM 3epeH mopsaaka 1 MM cieayer oToOparh He
MeHee 8 Kr MpoObl, YTOOBI €€ MOXHO OBLJIO CHAENaTh JAEHUCTBUTEIHHO TOMO-
TeHHON W mpeactaBuTenbHOW. Kpome Toro, mpoOy cieayeT oTOHpaTh B
HY’KHOE BpeMsl U B HYXXHOM MecTe. Bpemsa ombopa npobsi MOXKET OINpee-
JSTHCS BPEMEHEM TOJIa WIIH CYTOK, a IPU 0TOOpe OMOJIOTHYECKUX MPoO Cy-
IIECTBEHHO 3aBUCETh OT OMOPUTMOB HCCIEIyeMOro maruenta. Mecmo om-
bopa npobbl MOXKET UrpaTh OOJIBLIYIO POJIb, HAPUMED, MPU HCCIEI0OBAHUU
re0JIOTMYECKUX MAaTepUAIOB WM PACTEHUH (3/1€Ch BaXXHO, KaKHe 4acTH pac-
TEHUW aHAJIU3UPOBATh — JIUCThsI, KOPHU, IIBETHI U T.1.).

Bo-BTOpBIX, Mpo0a HE NOKHA COJACPKATh HUKAKUX 3A2PAIHEHUU —
HU U3 YCTpocTBa MpoOo0TOOpa, HU U3 MaTepuaia KOHTeWHepa, HU U3 BO3-
JyXa, HU U3 KOHCEPBUPYIOIIETO PEAKTUBA.

B-TpeTbuX, BIUIOTH /10 BBIMOJHEHHUS aHalM3a Mpoda JOJDKHA OBITH
yemouyugou. JIns 3Toro ee MHOrAa MPUXOJUTCS CHELHATIbHO KOHCEPBUPO-
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BaTh. 13 Hee He MOJKHBI BBIIEIATHCS HUKAKUE BEIIECTBA, U HUKAKUE Belle-
CTBa HE JIOJDKHBI TPOHUKATH BHYTPh MPOoOKI. CieayeT Takke MpeoTBpaIiaTh
NPOTEKaHNE BO3MOKHBIX XUMHYECKUX (OKHCIICHHE, BOCCTAHOBJICHHUE) WIIU
OMOXUMUYECKUX (C ydyacTueM OakTepuil) peakuuid. XoJl TPaHCTIOPTUPOBKHU U
XpaHEeHHsI POOBI CICAYET TOYHO JTOKYMEHTHPOBATH.

B-ueTBepThIX, TpoOa MODKHA OBITH TMPEACTABIICHA B KOJaUYecmae,
oocmamounom 01 ananiusa. 1lpyu ucciaeaoBaHuy BOJI ¥ MHUHEPAIBHOTO ChI-
pbsi OTOOP JTOCTATOYHOTO KOJMYECTBA MPOOBI HE MPEICTaBISCT MPOOJIEM.
Opnako, ©Ha4Ye OOCTOUT JIEJI0, HApUMeEp, MPU aHAJIU3e KPOBH y MJIaJICHIIA
WM U3JETUST MHUKPOIJICKTPOHUKU. Koauuecmeo TpoObI, oTOMpaeMoOu is
aHaM3a, ONpeAeIAeTCs MOrPEIHOCTIIMU NPoOo0TOOpa U TpeOyeMOi TOYHO-
CTBIO pe3ysbTaToB (pazzaen 1.4.5). Uem BbIIIe NOrpenIHOCTh MPoO600TOOpa U
YeM BbIlIe TpeOOBaHUSI K TOUHOCTH, TeM OOJIbllie JOJKHA ObITh Mpobda. Kaxk-
nasi mpoba oJKHA ObITh  npoMapKuposana, a BCe JEUCTBUSL C HEW — 3a-
npomoxonuposansl. IlyTanuia B 3TUX BOIMPOCAX MOXKET MPUBECTH K KpaiiHe
HEMPUATHBIM MOCJIEICTBUSIM.

['a3pl ¥ KUAKOCTH W3HAYAIBHO MPEACTABISIOT COOOH TOMOTEHHBIE
00BEKTHI, OTOOP TaKUX MPOO OCYMIECTBIATH HAMHOTO TPOIIE, YeM TBEPIBIX
TEJ, KOTOPBhIC, KaK MPaBUIIO, TETEPOTCHHEI.

* Omoop npoo sncuokocmeii. OTOOP KUJIKOMU MPOOBI PAKTUUECKU CBO-
JUTCS K TTOMEIIECHUIO €€ B 3aKPBITHIA COCY] U3 CTEKIIa, KBapila WA MOJUITH-
neHa. YToObl n30exkaTh HeKeNaTeIbHbIX (OTOXUMHUYECKUX MPEBPAILICHUM,
YacTO UCIOJIB3YIOT COCY/Ibl U3 TEMHOTO cTekJIa. XKuakue mpoObl MOXKHO KOH-
CEepBUPOBATh (PUBMUECKUM CIIOCOO0OM, oxaxaas ux jao 2— 5°C unu 3amo-
paxuBas 10 -20°C. J{ia xuMuuecKoi CcTaOMIM3auy Ipo0 BOJIbI MX YaCTO
MOJAKUCIIAIOT A0 3HaueHus pH Hroke 2 uian 100aBIsIOT crieluaibHbIe KOH-
CEpPBUPYIOILINUE PEAKTUBBI, HAIPUMED, XJIOPUJI PTYTHU IS MPEAOTBPAIICHUS
OMOXUMHYECKHUX ITPOIIECCOB.

* Omoop npoo 2azoe. Ilpu or6bope Mpod Bo3ayxa U IPYTUX Ta30B Clie-
IyeT UCXOAUTDH U3 TOTO, TPEOyeTCs TN aHAIIN3 CaMO 2a30601i (ha3vl NIH CO-
JepKAIINUXCS B HEH a3pOo30/IbHbIX Yacmuy, HapuMep, YaCTHIL MTbLTH.

Jlnst HemocpencTBEHHOro oTOopa MpoObl Ta3a CIYKUT YCTPOMCTBO,
n300paxkeHHoe Ha puc. 1.5. I'a3, noaexamuii aHainu3y, NpOKaJIuBaOT HACO-
COM B TEUEHHE OMPEEICHHOTO BPEMEHH Yepe3 COCYl, KOTOPBIA MOCIE 3TOr0
3akpbIBatoT. OTOOp MpOO U3 ITOro COocysa MOKHO OCYIIECTBUThH UEPE3 BEH-
TWJINA WIKM C TOMOUIBIO IINPHULIA Yepe3 NPOKIAAKY U3 CUIMKOHOBOM pE3UHBI.
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Puc. 1.5. Yempoiicmeo ons ombopa npobd eazoe

* Omoop meepovix npoo6. TBepAble Tema JIMIIb B PEAKUX CIIydasiX, Ha-
MIPUMEDP, CTEKJIO, SIBJISIOTCS TOMOTEHHBIMH. Pyjbl, TOpHBIE MTOPOIBI, CYCIICH-
3UM, TIOYBBI, TAOJIETKA UM TMPOMBIILJICHHBIE MaTepuaibl Bcerja B OObIIeiH
WJIM MEHBIIEH CTENEeHU HEOAHOPOAHbI. B 001iem citydae, uem 0osiee HEOTHO-
pojieH OOBEKT, TeM OoJIbIlIe JOJDKHA OBITH OTOMpaeMas mpoda. st romore-
HU3AIMH TPO0Y pa3MallbIBAIOT, PACTBOPSIIOT WJIM Pa3jararoT, a TaAKXKe CIUIaB-
JSIOT B CTEKJIIOBHIHYIO Maccy. HacTo MOrpemHocTh mpodooTdopa mpeBoc-
XOJIUT TIOTPEITHOCTUA BCEX MOCIEAYIOMUX CTaauil aHanu3a. Ee o0s3aTenbHO
HY’KHO YYHUTHIBATh MIPH OILIEHKE OOIEH MOTPEITHOCTH PE3yIbTaTOB aHATN3A.

1.4.2. IIpodonoaroroBka

Crnenyromuii 3Tamn npolecca aHajiu3a COCTOUT B MOATOTOBKE MPOOBI K
u3MepeHuto. JlJis 3TOro MCHONBb3YIOT Qu3uueckue u Xumuyeckue TMPUEMBL
Yacto ompeaenseMblii KOMIOHEHT MPUXOIUTCS OTICIATH OT COMYTCTBYIO-
IIMX KOMMOHEHTOB (Mampuywl). Ilpu ompeneneHun CIEAOBBIX KOJIMYECTB
4acTO MPUXOIUTCS MPUMEHSTh KOHYEHMPUPOBAHUE.

* Quzuueckue memoowvl npooonoozomosku. I1pu mpoOOMOArOTOBKE
HauOoJIee pacIpOCTPAHEHBI CIAENYIOUINE usuyecKue npuemvl. y1ajieHUue Bia-
I'l, U3METbYEHNE U 00pabOTKa TOBEPXHOCTH.

Hns yoanenus énaeu w3 o0pasia MOXHO HMCIIOJB30BATh MPOCTOE Bbi-
cywusanue Ha o30yxe, HaIIpUMEp, BBICYIIMBAHUE CJIOS MOYBbI TOJIIUHON 1-
2 cM. BricymmBaHue Ha BO3/IyXe MOXKET, OJJHAKO, 3aHATh HECKOJIBKO CYTOK.

Jlnist usmenvuenuss TBEpABIX MPOO CIYKAT MenbHUYbL, B KOTOPBIX Mpoda
IpeBpallaeTcsa B MOPOIIOK C ONPEIEICHHBIM pa3MepoM YacTull (0ObIYHO Me-
Hee 0,1 Mm). UToOBI mpeaoTBpaTUTh 3arpsi3HEHUs], JI€Tajdl MEJIbHUIl U3ro-
TaBJIMBAIOT U3 TBEPJOr0 MHEPTHOTO MaTepuaia — HampuMmep, arata Wil Ko-
pyuna. [{ns orbopa dpakuuii mOpomKooOpa3HbIX MAaTEPUAIOB C ONpeIeIeH-
HBIM pa3MEPOM YacCTHL] UCTIOJB3YIOT CUMA.

[Ipu npsiMOM aHanu3e TBEPABIX MPOO nosepxHocmsb, HANPUMED, PU
aHAJIM3Ee METAIUIOB, ULIUGDYIOM VITH NOJUPYIOM.
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* Xumuueckue memoovt npooonodzomoexku. Pacmeopenue, pasio-
JiceHue, niagleHue U dauposanue  TPUMEHSIOT Ji NEpeBOoJa TBEPAOM
poOBI B pacTBOP, KOTOPBIM 4aCcTO HEOOXOAUM JIJIsi TIOCIEAYIOIINX aHATUTH-
YECKHUX Olepalltii, a Tak’Ke BbIMBbIBAaHUS U3 00pa3la ONpeaeICHHbIX KOMIIO-
HEHTOB. JJ1s1 3TOro MUCHOJIB3YIOT BOJlY, KHUCIOTHI (Hampumep, JJisl pacTBOpe-
HUS METAJUJIOB U CIUIABOB), II€JIOYHBIE PACTBOPHI UM OPraHUYECKUE PACTBO-
pUTENU, OKUCIUTENW WM BOCCTAHOBUTENM (HAIpPUMEpP, IJI Pa3JIOKEHUS
npo0 MOYB M JOHHBIX OTJIOXKEHUN). Dnrouposanue (gvlujerauusanue) — xa-
pPaKTEpHBIA MpHUEeM IpU aHajdu3e NMouB. [IoMUMO MpUMEHEHUs >KUIKUX pea-
TEHTOB, JUISl Pa30oKEeHUs MPOO UCIIONB3YI0 U «CYXHE» CIOCOOBI, HAIPUMED,
CKUTaHKe MPOObI WK €€ IJIaBJICHUE.

* Pazoenenue u KOHUuenmpupoearnue. Kak HJIA OTACJIICHUA OIIPCac-
JEICMOI'O KOMIIOHCHTA OT MaTpullbl, TaK U JJIA €TI0 KOHLHCHTPUPOBAHHA MOIK-
HO IIPUMCHATDb OAHHU U TC KC CIIOCOOBI.

Konyenmpuposanuem nasvisaemcs npoyecc, 8 pezyibmame Ko-
Mopo2o 803pacmaem KOHYEHMpayus KOMIHOHEHMA 8 pacmeope Jji-
00 €20 00151 N0 OMHOWEHUIO K MAMPUye No CPAGHEHUIO ¢ UCXOOHOU
npoooll.

Baxuenmmumu MCTOAaMU Pa3JICJICHUA U KOHLUCHTPUPOBAHUA ABJIAIOTCA:

* OTTrOHKa JIETy4YUX KOMIIOHEHTOB;

* DKCTPAKIIUS U MOHHBIN OOMEH;

* OCAXKJEHHUE UM COOCAKICHUE KOMIIOHEHTA Ha KOJUIEKTOpE, HapuMep,
ruapokcuie xenesa (III) npu onpenenenun ciie10B METAIIOB;

* 3JIEKTPOJIUTUYECKOE BBIJICIICHHUE;

* KOJIOHOYHAs1 XpoMaTtorpadust u copOrmsi.

PaccMmoTpeHHbie MeTOABI pa3feiiecHuss U KOHIIEHTPUPOBAHMS TIPUHITN-
NUAJIbHO BO3MOXKHO MPHUMEHHUTb W JJs yJOaleHus mampuysl obpasma. Ha
npakTUKe Haubojee pacrnpoCTpaHeH copoOyuonusiii MeTon. Kuakyro (uinu
NEePEeBEICHHYIO B PACTBOP) MPOOy MPOIMYCKAIOT Yepe3 CTEKISTHHYIO WU TIia-
CTMAacCOBYIO KOJIOHKY, 3allOJIHEHHYIO COOTBETCTBYIOIIUM COPOCHTOM; TMpHU
3TOM KOMITOHEHTHI TIPOOBI COpOMPYIOTCS. Memaroniiue KOMIIOHEHTBI MaTpH-
bl 3aTEM YAAISIOT IyTEM NPOMbI6AHUS KOJOHKH TMOAXOJSAIINM DIIFOCHTOM.
3areM JIPYruM SIIOEHTOM BBIMBIBAIOT M3 KOJIOHKH OIPEACSEMbId KOMIIO-
HeHT (cM. gacTs 11, pasnen «XpomaTorpaguaeckre METOIbI aHATTU3a).

15



1.4.3. U3mepeHune. AHAJIUTHYECKHU CUTHAJI U €r0 BU/bI

[Tpu oOHapykeHHH KaKOro-Tu00 KOMIOHEHTA OOBIYHO (DUKCUPYIOT MO-
SBIICHUE AHAIUMUYECKO20 CUSHALA — 00pa308anue ocalka, UsMeHeHue OK-
PAcKuU, noseieHue TuHUU 8 CneKmpe u m.o.

JIns moJiydeHus CUrHajla B aHAIMTHYECKOW XUMUU UCTIONB3YIOT XUMU-
yeckue PEAKIUH Pa3HBIX THUIOB (KUCIOTHO-OCHOBHBIC, OKHCIIMTEIHHO-
BOCCTAaHOBUTEJIbHBIC, OCAXKIACHUS, KOMILUIEKCOOOpa30BaHus), a TaAKXKE pPa3HO-
oOpasHbie uszuueckue u gaxe OuoiocuyecKue CBOMCTBA CaMUX BEIIECTB HUIIH
MPOAYKTOB MX peaknuii. [ToaToMy aHanmWTHYECKass XUMHs pacriojaracT pas-
JUYHBIMA METOJIAMHM ISl PEIICHUST CBOMX 3aJ]lad: XUMUYECKUMHU, (PHU3NIECKU-
MH 1 OMOJIOTHYSCKUMU.

B xumuueckux memooax oOmapysceHus cucHan, G03HUKAOWUL 6
pe3yivmame XUMUYECKOU peaKyuu, Habaoanm, laeHblM 00pa-
30M, 6U3YATIbHO.

Hanpumep, npu nqo6aBnenuun k pactBopy xsopusa sxenesa (I111) pactso-
pa rekcanmanodeppara (1) kanus nosBisieTcs: UHTEHCUBHASI CHHSSI OKPAcKa.
[losiBnEHHE OKpACKM — AHAIUTUYECKUM CUTHal. [[pyroil mpumep: npu BHe-
CECHMU COJICH HATpHs B IIaMsi OHO OKPAIllIMBACTCA B JKEJITHIM LBET. B 1anHOM
CJIy4ae aHAJIMTUYECKUM CUTHAJIOM SIBJISIETCS OKpAllMBAaHUE IJIAMEHU.

B @usuueckux meronax aHaIUTUYECKUN CHUTHAJ, KaK MPaBHUIIO, MOY-
YAlOT U PETUCTPUPYIOT C MOMOIIBIO CIIEIMATIBHON anmaparypbl. DTO MOXKET
OBITh CHJIA TOKA, DJIEKTPOJBUKYINASI CUJIa CUCTEMbI, ONTUYECKAS] TIOTHOCTb,
MHTEHCUBHOCTb U3JTyYEHHUS U T.1.

Cpeonee uz pe3ynrbmamo8 usmepeHull Qu3uU4eckol BeluyuHtbl,
@DYHKYUOHANBHO CEA3AHHOU C COOEPAHCAHUEM ONPeOesislemMo20 KOM-
HOHEeHma, — MO U eCb AHATUMUYECKUT CUZHAL.

Crnenyer pa3jauvarh METOJbI, OCHOBaHHbIC Ha M3MEPECHUU WHTCHCHUB-
HOCTH CHUTHaja B €IWHCTBEHHOW HM3MEPHUTEIBLHON IO3HMIMHU (HArpuMep, H3-
MEpPEHHE CBETOMOTJIOMICHUSI IIPU OJHON JUIMHE BOJIHBI), © METOJbI, B KO-
TOPBIX HCIIOJIB3YIOT HECKOJBKO HM3MEPUTEIBbHBIX IO3UIMN (perucrparus
MOJTHOTO CIIEKTpPa TMOTJIONMICHUS] B ONTHYECKUX METOJaX aHaiau3a). MeTosl
MIEPBOM TPYIIIBI HA3BIBAIOT 00HOMepHbiMu. OHU TIPUTOIHBI JIUIL IS OJTHO-
KOMITOHEHTHOTO aHajn3a. MeTojpbl, MCIONB3YIONINE HECKOJIbKO H3MEPH-
TEJIBHBIX TO3UIINN, HA3BIBAIOTCS O8yMepHbimu. VIX MOXHO HCIIONB30BATh U
JIUIsSi MHOTOKOMITOHEHTHOT0 aHanu3a (puc.1.6.).
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Kaxk npaBuno, kraccuueckue memoosi Takue, Kak TpaBUMETPHUS U THUT-
pumetpus (cM. yactsh II), sBnsroTcs onHoMepHbIMU. K IByMEpHBIM MeTO1aM
OTHOCSITCSI MHOTHUE UHCHMPYMEHMAIbHble: CIEKTPOCKOMUYECKHE, XPOMaTo-
rpaduueckue, snexkrpoxumudeckue (cMm. yacte 1I). /laHHbIe, mOMTy4YeHHBIE C
MOMOIIIBIO JIBYMEPHBIX METOJIOB, MOXXHO MPEACTaBUTh B BHUJIE KPUBOWU Ha
mwiockocTu. [Ipu 3ToM oiHa (BepTUKalIbHAs) OCh KOOPAMHAT ATOM MJIOCKOCTU
COOTBETCTBYET BEJINYUHE (UHMEHCUGHOCTMU) AHATTMTUYECKOTO CUrHaia. Bro-
pas (rOpU3OHTaJbHAsl) OCh B CHEKTPOCKONUU COOTBETCTBYET OIUHE BOJIHbL
(wu suepeuu pomonog), B XxpoMarorpadhun — pemenu, B dSIEKTPOXUMUYE-
CKHUX METOJIaX — HOMmeHyuary Uiu cuie moxd.

OOGBIYHO KpUBBIE, MMOJYUYEHHBIE C TMOMOILBIO IBYMEPHBIX METOJIOB, CO-
JepKaT OTAeNbHbIe nuku (Xpomarorpadus, 3JIEKTPOXUMUUYECKHE METOIbI)
WK nosocwl (ciekrpockonus) (puc. 1.6). Ionoxcenue makcuMmyMa 1uKa Uiv
MOJIOCHI JAET KauecmeeHHyo MH(GOPMAIMIO O MPUPOJE COOTBETCTBYIOIIETO
AJIEMEHTA WM COeAUHEHUs. Boicoma unu niaowyade nuxa (nonocvi) HECET
KOJIUYecmeeHHy0 UHPOPMAIIUIO U UCTIONB3YeTCA JUIsl ONpEeNeNIeHUsl cCoaep-
AHUSI COOTBETCTBYIOILIETO KOMIIOHEHTA.

CHTHaI, y

2 2

N
-

BTOpas KOOPIHHATA, Z

Puc. 1.6. Kauecmeennas u KoauuecmeeHHass UHGopmayus, uzeiexaemasn u3 pe-
3Y16Mamos8 08YMepHO20 Memooa aHaIu3d

Mexay XUMUYECKUMU U (PU3MYECKMMHM METOJaMU HE BCErja MOXKHO
IIPOBECTU CTPOTYIO TpaHully. I B XUMUYECKHX METOAX CUTHAJl pETUCTPUPY-
10T, UCTIONB3YS (pU3MYecKre cBOMCTBa MPOAYKTOB peakuuu. Hanpumep, akBa-
KOMIUJIEKCHI LIMPKOHUS HE JtomMunecyupyrom (He ceemsamcs) MOJ NeHCTBUEM
yJIbTPa(HOIETOBOTO CBETA, a KOMILJIEKC ITUPKOHUS C UHAMKATOPOM MOPHUHOM
CIOoCOOEH JTIOMUHECIIMPOBAThH, TOITOMY CHadajia MPOBOJIAT XUMUYECKYIO pe-
aKIMI0 KOMIUIEKCOOOpa30BaHus, a 3aTEM MCIOJIb3YIOT (PU3NYECKOe CBONCTBO
KOMITIJIEKCA CBETUTHCS IO/ ACUCTBUEM YIbTPaduoIeTOBOTO n3nyueHus. Cur-
HaJI, OCHOBAHHBIN Ha (DU3UYECKOM CBOWMCTBE BEIIECTBA, MOKHO HAOJIOIATh H
BU3yaJIbHO, HANPUMeED, KEITYI0 OKPAacKy IUIaMEHHU, BO3ZHUKAIOUIYIO IPU HC-
yCKaHUU KBAaHTOB CBETa BO30YKJACHHBIMU aTOMaMH HaTpPHUSI.
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Ilpu obnapysiceHuu KaKo2o-1ubdo eeuecmea HaoeiCHo QuKcupyrom
nosieiexue AHAIUMU4ecKo20 CUSHANd, Npu onpeoeneHuu Koauye-
cMmea eeuiecmea usmMepsaIom elUuyUny CUsHAaIA.

[To xonMyecTBy BelleCTBa WM CMECH BEILECTB (ITPOOBI), UCIOJIb3YEMOM
JUIS aHaIu3a, Pa3InyaloT Makpo-, MOJIYMUKPO-, MUKPO-, CyOMUKpPO- U YJIbT-
pamukpoananu3. Hike mpuBeaeHbl AUana3oHbl Macchl U 00beMa pacTBOPOB
poObl, PEKOMEHIyeMbI€ OTACJICHUEM AHATMTUYECKON XUMHUHM Mex1yHapoI-
HOTO coro3a yuctoi u npukiannoi xumuu (MIOITAK).

Taomuna 1.1
MacitaObl aHaTUTHYECKOTO IKCIIEPUMEHTA
Buj ananuza Macca npoOsl, T O6bemM pacTBOpa, Ml
Makpoananus >0,1 10- 10°
[Tonymukpoananus 0,01-0,1 10" -10
Muxkpoananus <0,01 107 -1
CyOMukpoaHanus 10*-107 <10
Y ibTpaMuKpOaHaIN3 <10 <107

@OyHKIIMOHAJIbHASI 3aBUCUMOCTh aHATUTHYECKUI CUTHAJ - COJICpKAHUE
koMmrioHeHTa (y=f (C)) yctaHaBnmuBaeTcs pacyeTHBIM WIJIM OIBITHBIM ITyTEM H
MOJKET OBITH OIpeesieHa B BUI€ (POPMYIIbl, TAOIUIBI UK Tpaduka.

Baxxno nipu 3TOM (DUKCUPOBATD NnOIE3HBIN AHATUMUYECKULL CUSHA, PaB-
HBI PA3HOCTH U3MEPEHHOTO AHAJUTHUYECKOTO CUTHAJA U AHAIUTHYECKOTO
curnana ¢oHa.

AHanumuueckuil cucHan ona - >mo aAHATUMUYECKUU CUSHAI,
00YCNI0BNIeHHbIIL NPUMECIMU ONPedessieM020 KOMNOHeHmMA (8 pe-
akmueax, pacmeopumeiie), a maxkice KOMHOHEHMO8, Meulaouux
onpeodenenuto (8 Mom yucie 8 mampuye aHaIUUPyemo2o obpas-

ya).

B ananutuyeckuii curtan ¢oHa BKIIOYAIOTCS OOBIYHO TAKXKE «IIIyMBD)
npubOpPOB, TO €CTh CHUTHAJBI, BO3HUKAIOIINE B WU3MEPUTEIHHBIX MPUOOpAX,
YCWINTENSAX U APYTrOM ammaparype, He UMEILIMe OTHOLIEHHUS K Olpeeisie-
MOMY KOMITOHEHTY, HO HAKJIaJIbIBAIOIIHUECS HAa €r0 COOCTBEHHBIN aHAIUTHYE-
CKU cWrHaj. 3ajjadya aHaJUTUKA COCTOUT B TOM, YTOOBI MaKCUMaJIbHO CHH-
3UTh BEIIMYMHY AHAIMTUYECKOTO CHUTHaIA (JOHA W CHeNaTh CTAOWIBHBIMU U
MUHHUMAJIbHBIMU €r0 Kojie0aHus. YacTo BeIMUMHY aHAIMTHUYECKOTO0 CUTHasIa
(oHA YUUTHIBAIOT MIPU MIPOBEACHUN KOHMPOIbHO20 Onblma («XOJIOCTOrO OIIbI-
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Ta»), MPU KOTOPOM HYEpe3 BCE CTAIUU XUMHUUECKOTO aHajau3a MPOBOJUTCS
npo0a, He cojeprkalas onpeaesIieMoro KOMIIOHCHTA.

1.4.4.Y9ucrorta BemecTBa

Bo3moxxHocTH O6Hapy>K€HI/I5[ HpI/IMeCGﬁ JIC)KAT B OCHOBC IIpCACTaBJIC-
HUU O yucmome seuecmea.

Abconomuo wucmuix sewecne He moatcem ObImMb 6 npuHyune.

DTOT BBIBOJI CJIEIYET U3 TEPMOJANMHAMUKH, TAK KaK €CJIU KOHIIEHTpAIUs KaKo-
ro-nmmbo peareHTa (MIPUMECH, OT KOTOPOUM MBI XOTUM H30aBUTHCS) CTPEMUTCS
K Hy;t0, To AG 1F000¥ peakiuu, MPUBOAIICH K €€ YIaJICHUI0, CTPEMHUTCS K
OECKOHEYHOCTH, U TMOJHAs OYUCTKA BEIECTBA CTAHOBUTCS TEPMOJMHAMUYE-
CKU HEBO3MOKHOMU.
B Poccun miisi XuMU4YeCKUX pEaKTUBOB YCTAHOBJICHBI CIEAYIOIIME
KBaTM(UKAIUU:
® «yucmwlliy (4.) - pEaKTUBBI, MPETHAZHAUYCHHBIE JIJISI CAMOTO IIMPOKOTO-
IPOU3BOICTBEHHOTO ¥ JTA0OPATOPHOTO MPUMEHEHNS,
® «uucmulll 0151 aHaau3ay (4.0.a.) - Ha3BaHUE TOBOPUT CaMo 3a ceOs;
®  (XUMUYECKU YUCMDbLUY (X.4.) - IJI1 UCCIEAOBATEIbCKUX PabOT U MPUTO-
TOBJICHUS AHAJTUTUYECKUX CTAH/IAPTOB;
® «0c000 yucmulily (oc.u.) - 1UIsl 0OCOOBIX IIENeH, HampuUMep, MaTEePHAIIbI
JUIsl KBAHTOBOM AJIEKTPOHUKH, MOTYIPOBOJIHHUKHU U T.II.

TpeboBaHus K YUCTOTE MPOAAKHBIX PEAKTUBOB OIMPEACIISIOTCS
COOTBETCTBYIOIIMMH CTaHapTamu. OHU pa3JIMYHbI 1JI1 PA3HBIX BEIIECTB.
Hampumep, cepHast Kuciiota I0KHA PEACTABIATh COO0H OECIIBETHYIO
MACJISTHUCTYIO KHUIAKOCTh ¢ MIOTHOCTHIO oT 1,8300 mo 1,8350 xr/m u comep-
xanueM H,SO, 93,56 -95,60%. Kpome Toro, oHa He AOJDKHA COJEPKATh
npumecei, BocctanaBnuparomx KMnQO,. Haubomnbime pomycTumbie KOJIH-
yecTBa (% Mac.) HEKOTOPBIX TpUMecel NpuBeAeHbI B Tadnuie 1.2.

Tadmuna 1.2

HonycTtumeie koiaudecTBa (%) HEKOTOPBIX IPUMECEH B peaKkTHBaxX

[Tpumecn X.4. Y.J1.a. 9.
HEJIETYYU OCTaTOK 0,001 0,002 0,01
nonsl Cl 0,0001 0,0002 0,0005
noHbI NO; 0,0001 0,0002 0,0005
TSDKEJIbIE METaJIJIbl 0,0002 0,0005 0,0005
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O4eBUAHO, YTO YEM YHMILIE PEAKTUB, TEM OH Jopoxke. Hampumep, xiio-
pun HaTpust 99,999% uucToThl cTOUT B 15 pa3 qopoxe, 4eM peakTuB, COJIEp-
xamuit 99% ocHoBHOroO npoaykra. CHUKEHHE COJEp KaHUsI TPUMECEN HUXKE
10° % , KaK MPaBUJIO0, HEJIOCTHKUMO OOBIYHBIMU METOIAMH XMMHUYICCKOU
OUYUCTKHU U TPEOYET METO/IOB, CHEIMAIBLHO pa3padaThIBAEMBbIX ISl OMpEIe-
JICHHBIX TPYII BEIIECTB WM JaXKe OTJIEIbHbBIX BEIIECTB.

1.4.5. O0padoTKka u nmpeacTaBJeHne TaHHbBIX.

BaxHoii yacThiO TipoIiecca aHaan3a SBISETCS 00padoTKa U3MEPEHHBIX
BEJIMYMH CUTHAJIOB M TPEOOpa3OBaHUE UX B AHAIUMUYECKYIO UHDOpMAYUIo,
KaCaloIyroCs PUPOJIbI M KOJUYECTBA BEIIECTBA, €r0 XUMHUUYECKON CTPYKTY-
PBI UM TIPOCTPAHCTBEHHOTO pacmpeseneHus B oopasiue. brnaronaps oobenu-
HEHUIO AaHAJIMTHYECKOW M BBIYMCIUTEIHLHON TEXHUKUA 3HAYUTEIBHYIO YacTh
ATOM pabOThI TETEPh BBIMOJIHAECT KOMIBIOTEP. TeMm Oosiee HEOOXOaMMOM CcTa-
HOBUTCSL NPOBEPKA NPABUIbHOCMU PE3YIHTATOB aHAIIN3a U UX OYeHKA CTaTH-
CTUYECKUMHU METOJ/IAMH, BBITIOJIHSIEMAsT XUMHUKOM-aHATUTUKOM. OCHOBHI Hau-
0oJee BaXKHBIX U3 TAKMX METOJ0B PACCMOTPEHBI HUXKE.

Pe3ynbpTaThl aHaM3a, BKIIIOYAs MX OLICHKY, CIEAYET MPEACTAaBUTh B BU-
Jie oTYeTa U 0OCYIUTh B COOTBETCTBUHU C CYThIO IOCTaBJICHHOH 3amaun. Bce
BO3pacCTalolee 3HAYCHUE MPABUILHOCTH PE3yIbTaTOB aHaiau3a (XOTS Obl 1O
NPUYUHE BBICOKOW OTBETCTBEHHOCTH MPUHUMAEMBIX HA UX OCHOBE PEIICHHIA)
JIeJIaeT Ype3BhIUAHHO aKTyalbHOU MPOOIEMY obecneuenus Kayecmea pe3yib-
TATOB aHaJIM3a HA MAKCUMAaJIbHO BHICOKOM YPOBHE.

[Ipu obOcyxaeHnn kadecTBa aHaiu3a (OCOOCHHO KoOIUYECMBEHHO20)
AHAIMTHUK OTIEPUPYET IIEJIBIM PSAOM BEIMYMH U mMoHATUN. K HUM oTHOCATCS
T€, KOTOPhIE MOKHO OIICHUTH B PE3yJIbTATE IPAAYUPOBKU U CTATUCTUUCCKOMN
00pabOTKHN MaHHBIX: YY8CMBUMENbHOCb, MOYHOCMb, 80CHPOU3BO0UMOCTD,
NPABUILHOCMb, A TAKKE npeoeil 0OHAPYHCeHUs N 2PAHUYA ONPEOensieMblX CO-
Oeporcanuii. XapaKTepUCTUKOMN, OMPEEAIone BO3MOKHOCTH OIpeIeIeHUs
KOMITOHEHTA B MMPUCYTCTBUU TOCTOPOHHUX BEIIECTB, CIIYKUT CEIeKMUBHOCHLb
(u3bupamenbHoCMyv), a SIKOHOMHYSCKUMU TTOKA3ATEISIMU — 3ampamul pecyp-
€08, CMOUMOCMb U 8peMsl aHATIN3a.

I'paoyuposounwiii 2paghux.

Ienv epadyupoexu — onucanue ces13u mexncoy 8eUUUHOU
(UHMEHCUBHOCMBIO) AHAIUMUYECKO20 CUSHANA U MACCOU, OM-
HOCUMEIbHLIM COOepicanuem 1ubo KoHyenmpayuet onpeoe-
JI1eMO20 KOMNOHEHMA C NOMOWbIO 2PA0YUPOBOUHOU (DYHKYUU
— Kax npasuo, npsamoauHeunou (puc. 1.7).
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Jlna ompeneneHust COAEpKaHUs KOMIIOHEHTAa Ha OCHOBE pE3YJIbTATOB
U3MEPEHU He0OXO0IMMO B IPOIECCe aHalli3a XOTs Obl OJIMH Pa3 BBINOJHUTH

TPalyupOBKY.

A

CHrHaJ, y

v

KOHLIEHTpAUUA, X -

Puc. 1.7. Jluneiinas epadyuposounas ¢yukyus, nocCmpoenHas no namu
3HAYEeHUsM KOHYEHMPAyuil X U COOmMeemcmeyiowumM eIUYUHAM CUSHANLA Y

BripaxkatoT rpagyupoBOYHYIO (PYHKIIMIO B BUJE CIIECAYIOIIErO ypaBHE-
HUS:
y:b0+b1X (11)
CBoOoaHBIN 4iieH by (0TPE30K, OTCEKaeMBbIil TPagyupOBOYHON MPAMOI
Ha OCH OPJIMHAT), IPEJICTABIAET COOOM curHan (poHa.

Cuenan Cj)OHCl — 9MO 6eJlUYUHA dHaAlumudeckozo cucrauia, co-
onmeemcmeyrouia HyJZBGOlZ KOHYermpayuu onpedeﬂﬂeﬂweo KOM-
NOHEHRmMA.

Crnenyer umeTh B BUJY, UTO IIpU 00pabOTKE IpayMpOBOYHBIX JaHHBIX
YHUCIEHHBIMU METOJAMU CUTHaJ (JOHA BCera OTIMYeH OT HyJs. Eciu curnan
(oHa MOKHO HKCIIEPUMEHTAIBLHO U3MEPUTH, TO €0 MOXKHO BBIUUTATh U3 BCEX
CUTHAJIOB U IIPEJICTAaBUTh YpaBHEHHUE IPalyHpPOBKU B BUJE ) = byx.

TaHreHc yria HakjoHa T'paJyHMpOBOYHOW MPSMOM, b;, HA3BIBAIOT KO-
sppuyuenmom  uyscmeumenvHocmu. B ciydae  uckpuenennou  rpa-
AyWPOBOYHON (DYHKUIMHU 3HAYCHUS KOIPPUIIMEHTa YyBCTBUTEIBHOCTU B pa3-
HBIX €€ TOYKax pasHbie. B 3ToM ciydae 0ObIYHO MCTONB3YIOT 3HAYEHUE, CO-
OTBETCTBYIOIIEE CePEeINHE AUANa30Ha OMPEACIIeMbIX KOHIICHTPAIUI.

TepMuH «4yBCTBUTEIBHOCTh OOHAPYXEHUS» He clledyem WCIOIb30-
BaTh, IOCKOJIBKY OH HE UMEET OJJHO3HAUYHOTO UCTOJIKOBAHHUS.

Cpenu METOZ0B aHaJIN3a Pa3InYaT aOCONIOmMHble U OMHOCUMENbHbLE.
K abcontomnvim memooam OTHOCAT T€, B KOTOPBIX KOHLIEHTPALUIO OIpEse-
JSIFOT MIPU OMOIIM (PyHIaMEHTaIbHBIX (PU3UYECKUX MOCTOSHHBIX U 3aKOHOB,
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TaKHX, KaK MOJIIPHBIE MAcCChl U COOTHOLIEHUSI CTEXUOMETPUH B TPAaBUMETPUU
U TUTPUMETPUH, noctosiHHas dapanes u 3aKOHbI AIEKTPOIU3a B KyJIOHOMET-
puu (dactp I1). AGcomoTHBIE METOABI HE HYXIAIOTCA B TPaayHpoBKe (B ca-
MOM KpalHeM ciydae IpaJlyupOBKY MOKHO BBIIIOJHUTE OAMH pa3). B oTHOCH-
TENBbHBIX METOAAX MapaMeTpbl T'pagyupoBOYHOU (yHKUUU (Ko2hduyuenm
YYECMBUMENTbHOCMU U CUSHAN (oHa) CIeAyeT KaXKIblil pa3 3aHOBO oIpeje-
JSATh 3KCHEPUMEHTANBHO. METO/Ibl, OCHOBaHHbIE HAa (PU3HUYECKHUX SIBJICHUSX,
KaK IPABUIIO, SIBJISIFOTCSI OTHOCUTENIbHBIMU U TPEOYIOT IPalyuPOBKH.

JIist HaXOKJEHUsI HEM3BECTHOM KOHIIEHTPALUU MO0 U3MEPEHHOMY 3Ha-
YEHUIO0 aHAJUTUYECKOTO CUTHalla V4 HEoOXoIuMo pewmuth ypaBHeHue (1.1)
OTHOCUTEIBHO KOHUEHTpallMu Xa. B pe3yibrare mojgydyuM aHaJIUTHUYECKYIO
byHKIHUIO:

X, =% (1.2)

eIIpumenenue memooa 0006a6oK 014 yuema MaAmMpudHvlX I-
ghexmos. OcoObIM CTIOCOOOM TPATYHPOBKH SBISIETCST MeTOA Mo06aBok. [Ipu-
MEHEHHE 3TOT0 METO/Ia MPU3BAHO UCKITIOUUTD GIuUsHUEe Mampuybl (HEKOHTPO-
JUPYEMOH OCHOBBHI aHAIM3UPYEMOTO OOBEKTa) Ha pe3yJbTaThl aHAIW3a, Ha-
npuMep, TpHU aHaIW3e IIa3Mbl KPOBH. B 3TOM cilydae TpaayrpOBOYHYIO
GYHKIHIO CTPOSIT HE OTACIBHO OT o0pasiia, UCIOJb3Ys CEPUI0 CIEIUaIbHO
MPUTOTOBJICHHBIX PACTBOPOB PA3IMYHON KOHIICHTPAIIMH, a HEMTOCPEACTBCHHO
000a61510m W3BECTHBIE KOJMYECTBA OMPEIEISIEMOr0 KOMIIOHEHTa K OT/EIb-
HBIM TOPIHSM pacTBOpa obpasiua. M3 pe3ynbTaToB U3MEpeHHs pacCTBOPOB 00-
pasia 6e3 100aBOK M C pa3IMYHBIMHU JOOABKaMU HaXOJSAT HEM3BECTHYIO KOH-
[EHTPAINI0 KOMIIOHEHTa B 00pasiie, Kak MmoKa3aHo Ha puc. 1.8.

CHIHAJ, ¥

npoba 6e3 nobasku

[exorneHTpaIH-H KOHIIEHTpauua 100aBKH, X
X, 0

Puc. 1.8. I'padyuposxa no memoody 0006asox. Kk npobe 0obasieHvl uemvlpe pac-
meopa onpeoensiemMo20 KOMNOHEHMA U36eCMHOL KOHYEHMPAayu.

U3 puc. 1.8 MOXHO yOeauThCs, UYTO METOJ JO0OABOK IMO3BOJISET MPO-
BOJUTH OTpENEICHUE W B Cllydae H3MEHEHUsS Ko3pduyuenma uyecmeu-
menbHocmu, 00yCIIOBICHHOTO BIMSHHEM MaTpuibl. OIHAKO BEIMYUHA ClUl-
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Hana ¢ona ¢ TIOMOIIBIO METO/Ia I00aBOK HE MOXET ObITh HaifneHa. [Ipu wuc-
[I0JI30BAaHUU METO1a J00AaBOK OHA JOJKHA OBITH TOYHO MU3BECTHA.

*Buympennuii u énewtnuii cmanoapm. [ yderta BIMSAHUS pa3iInd-
HBIX BHEIIHUX YCJIOBUI HA PE3yJIbTAThl aHAJIU3A CIEAYET U3MEPSTh aHAJIUTHU-
YECKUW CUTHaJ [0 OTHOILIEHHUIO K CUTHAJTY HEKOTOpOro cranjapra. Ecnu cur-
HaJl KOMIIOHEHTA, CIIy>Kalllero CTaHJapTOM, U3MEpPEeH OTIENbHO OT 00pasia,
TaKOW CTaHAApT Ha3bIBAIOT gHewHum. Hamnpumep, B aHaM3e METAIIOB Ha
coJiepKaHUEe MUKPONPUMECEH B KaueCTBE BHEIIHETO CTaHJapTa MCIOJb3YIOT
CIUIaBBI C TOYHO U3BECTHBIM COJIEP>KaHUEM MPUMECEH.

Ecnu >xe ctanaapT BHOCUTCS HEMOCPEJICTBEHHO B MPOO0y MO0 B Kaue-
CTBE CTaHAapTa HCIOJIb3YIOT OJUH U3 KOMIIOHEHTOB CaMOM MPOObI, OH Ha3bl-
BACTCS 6HYMpeHHUM cmanoapmom. MeTo BHYTPEHHEro CTaHJIapTa MOXKHO
UCIOJb30BaTh U JUISl MPOBEPKU METOAMK, €CIH, K MNpUMepy, HEOOXOAMMO
POKOHTPOJIUPOBATH BECh XOJI aHAJIM3a OT MPOOOMOATOTOBKHU O 00pabOTKU
pe3ynbTaToB. B 3TOM cilyyae BHYTPEHHUH CTaHIApT BHOCHUTCA B MCXOIHYIO
npoOy /[0 Hayana BHIMOJIHEHHs aHanu3a. Hampumep, mpu aHamm3e CTOYHON
BOABl Ha COJAEpP)KaHUE MEIU KYJOHOMETPUYECKHMM METOJIOM, B KadeCTBE
BHYTPEHHEr0 CTaHIapTa BBOAST CTPOrO OINPEIECICHHOE KOJWYECTBO CTaH-
naptHoro pactBopa conu meau (I1). CnernumanbHbie TpeOOBaHUS, MPEIbSB-
JsieMble K BHYTPEHHUM M BHEIIHUM CTaHAapTaM, OyJIyT pacCMOTPEHbI MpHU
00CYX/I€HUH OTACIIbHBIX METOJIOB aHAJIM3A.

Cmamucmuueckas oopadomka pe3yarvmamog. Pe3ynprar ananmsa, He
00pabOTaHHBIN CTATUCTUYECKHU, IMEET MAIYIO IIEHHOCTh. J[J11 0TBETa Ha ATOT
BOIIPOC PACCMOTPUM CJEAYIOIIYIO CUTYaLHIO.

B o6pasie cTouHoit BOJIbI TPUXKIBI OMPENIETICHO coAepxkaHue GpeHoa ¢
NOMOIIIBIO CTaHJAAPTHON Metonuku (repmanckuii crangapt DIN 38 409 H
16). Haiinennoe cpennee 3Hauenue cocrasiser 0,51 r/n. [Ipedenvrno donyc-
mumas Konyeumpayus GEHOIOB B CTOYHBIX BoAax B cTpaHax EC cocraBmser
0, 5 r/n. MoXHO JH yTBEpXAaTh, UTO 3Ta KOHIEHTpalus npesbimieHa? bes3
MPUMEHEHUS CTATUCTUYECKUX TECTOB Ha ATOT BOMPOC OTBETUTH HEBO3MOKHO,
noCKOJbKY BenmuuuHa 0,51 /1 ecTh cpednee 3HaUCHUE; B TO K€ BpeMsi HEOO-
XOJIMMO YUYE€CTh U CTENEHb pa30dpoca JaHHBIX OTHOCUTEIBHO 3TOTO CPEIHETO.

[Ipu BBITIOJIHEHUH JTFOOOTO AHAJIUTHUYECKOTO H3MEPEHHMs, HaIpHUMeED,
npu omnpejeneHu GeHosia B CTOYHON BOAE, MOTYT BO3HUKHYTh MOTPEIIHO-
CTU JABYX BUIOB. B 0HOM ciydae pe3ysbTaTbl U3MEPEHUN MIPU UX TOBTOpE-
HUU CITy4ailHBIM 00pa3oM pa30pocaHbl IPYT OTHOCUTENBHO Jpyra. Takas mo-
IPEIIHOCTh HA3bIBAETCS C1yuatiHol. BennuuHy ciiydyallHOW MOTPEIIHOCTH pe-
3yJbTAaTOB aHAJIW3a XapaKTepU3yeT MOHITHE gocnpouszsooumocms (puc. 1.9).
B npyrom ciywae pe3yibTaThl aHalIM3a OTKJIOHSIOTCS OT UCTUHHOI'O 3Haye-
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HUS Ha MOCTOSHHYIO BEJIMUMHY. Takas NOTpelIHOCTh HA3bIBACTCS cucmema-
MUYecKoll, €€ XapaKTEPU3yeT IOHATUE NPABUTLHOCHIb.

Bocnpouzeooumocms pe3yabTaToOB aHal3a MOXKHO OLIGHUTh, BbI-
IIOJIHUB HE3aBHCHMYIO CEPHUIO IMOBTOPHBIX U3MEPEHUN (IapajuIesIbHbIX OIpe-
JIeJICHUI) OJTHOM U TOM e MpOoObl U pacCUUTaB BEJIIMUUHY CTAHJIAPTHOIO OT-
KJIOHEHHSI PE3yJIbTATOB OTHOCUTEIIBHO CPETHETO.

Cpeonee 3nauenue 0OOOILEHHO XapaKTEPHU3YET pe3yJIbTaT U3MEPEHUS,
T.€. TIOJIO)KEHHE TOYKH Ha HEKOTOPOH YHMCIIOBOM OCH (MPUMEHHUTENBHO K M3-
MEPEHUIO CUTHaJIa 3TO OyJleT och OpauHAT, y). CpeaHee U3 n napajjiebHbIX
OIPEICIICHUI PaBHO

F=ILn. (1.3)

Cmanoapmnoe omkloHeHue s €CTh Mepa pa3dopoca 3HaYeHUN U3MepaeMon
BEJIMYMHBI OTHOCUTEIILHO CPEJTHETO:

n -
g = (ix-fil_ﬂz (1.4)

CraHgapTHOE OTKJIOHEHHE MOYHO BBIPA3UTh U B OTHOCHUTEIBbHOM (op-
Me, pa3JeNiiB ero Ha cpeHee 3HaueHue. OmuocumenbHoe CmaHoapmHoe om-
KJIOHEeHUe S, BBIUACIIAETCS KaK

(1.5)

& =

=:'_|. R

Ero M0O>XHO BBIpa3uTh U B IPOLEHTAX: S, (%0) = s, * 100.

CHUrHa, y

clydvaiiHag
TIOTPEIIHOCTB

CHCTEMaTHIECKas
NOrPEIIHOCTE

Puc. 1.9. Cayuaiinvie nocpewnocmuy usmeperus CUCHaIA y U CUCMeMamuiecKoe
OMKIOHeHUe CPeOHe20 3HAUEHUsL Y OM UCIMUHHO20 3HAUEHUSL V),

Bce BenmuuuHbl (CpenHee, CTaHIAPTHBIE OTKIOHEHHUS), PaCCUUTAHHBIC
o dopmynam (1.3)—(1.5), oTHOCATCS K BenwduHe cueHanra y. YUToObl oxa-
PaKTEpU30BaTh BOCIPOU3BOAMMOCTh IMIPUMEHUTENIBLHO K KOHYeHmpayuu X, Ha-
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JI0 MCIIOJIB30BATh COOTBETCTBYIOLIYIO BEIIMYMHY S,. E€ MOXHO paccuurars,
VICIIOJIb3YS TPASyUPOBOYHYIO 3aBUCHUMOCTb:

sx=:-'f. (1.6)

Benuunny s, Ha3bIBAIOT CMAHOAPMHBIM OMKIOHEHUEM MEeMOOUKU.

OO1ast MOrpenrHOCTh MpoIecca aHajan3a ONpenesseTCsl He TOIBKO TOo-
TPEITHOCTHI0 U3MEPEHHSI COOTBETCTBYIOIIUM 00pa3oM MOATOTOBICHHOMN MPO-
Obl, HO W TOTPEHIHOCTAMH MTPOO0OTOOpa, MPOOOMOATOTOBKH U 00pabOTKH
naHHbBIX. HeKoTopyro mOrpenHocTb MOKET BHECTH Jake MPOLECC CUUTHIBA-
HUSl Pe3yJbTAaTOB CO ILIKAJIBI U3MEPUTEIBHOrO Mpulopa Wi OoludpoBKa HU3-
MepsieMoi BeMYuHbL. J{J1s OLIeHKH OOIIel MOTPeuIHOCTH CIYKUT 3aKOH pac-
npocmpanenus nozpeuwtnocmei. 1lpyu HATMYUU HECKOJIBKUX CYMMUPYIOITUXCS
HE3aBUCUMBIX JIPYT OT JApyra UCTOYHUKOB MOTPEIIHOCTEHN ISl OIICHKU OOIIei
MOTPENIHOCTU CJIEYeT CJOKUTh KBAAPAThl CTAHJAPTHBIX OTKIOHEHHH —
oucnepcuu — OTIENBHBIX COCTABIAIOMUX. [ ONEHKH MOTPENTHOCTH MPO-
W3BEJICHUS WJIM YaCTHOTO CJICTYET CIOXHTh KBaJpaThl OTHOCHTEIBHBIX CITy-
YaWHBIX NOTPEITHOCTEMN.

IycTh 06Iasi MOrPEIIHOCTh PE3y/IbTATOB AHANM3A S°, COCTOUT M3 IO-
IPELIHOCTH TIPOGO0TOOPA S,° U HOrPEIIHOCTH H3MEPEHHUS S, . 1Ipu 9TOM Gbl-
70 oToOpaHo m npod U KaxkJas OblIa MpoaHAIM3UpOBaHa 1 pa3. B atom ciy-
qae

s?=3 431 (1.7)

MHOXXECTBO OTIIEITBHBIX MCTOYHUKOB TOTPENIHOCTEH HAI0 OCOOCHHO
TUIATEIBHO YUYUTHIBATH JISl MHO20CMAOUIHbIX METOJIUK aHallu3a, T. €. TaKuX,
rae npoba oT oTOOpa 1O MU3MEPEHHS] CUTHAja MPOXOIUT Yepe3 MHOXKECTBO
omnepaluii: pa3ioKeHue, KOHUEHTPUPOBAHUE, PA3ICICHUE KOMIIOHEHTOB.

BocnpouzBoguMocTh — 3TO JIMIIb OAHA U3 COCTABIISIIOIIMX TOYHOCTHU
pe3yJIbTATOB aHaiau3a. MOXET TakK CIIYYUThCS, YTO JOCTATOYHO XOPOIIO BOC-
MPOU3BOSIIIUECS PE3YJIbTATBl TEM HE MEHEE HE COOTBETCTBYIOT JEUCTBU-
TEJIbHOCTH: HalJICHHAsl KOHLIEHTPAllUsl KOMIIOHEHTa 3HAYUTEJIbHO OTJIMYACTCSI
OT €ro MCTHUHHOTO cojepxaHus B oOpasie. [logobHoe cucmemamuueckoe
omau4ue U3MEPEHHOW BEIWYUHBI OT MCTUHHON XapaKTEPHU3YeTCs MOHSITHEM
npasunbHocms. O0IAS nocpeuHocms OJJTHOTO €IUHUYHOIO pe3ysibTaTa aHa-
7134, €;, CKJIIAIBIBACTCS U3 CIIyYalHOM U CHCTEMATUYECKON COCTaBJISIONICH:

l!f= [:.‘»‘.’z.—f:['l'(.'f—xumJ. (1.8)
cnyqaﬁHaﬂ cCUCTEeMaTn4eCcKas
TIOIPEIIHOCTH TIOIPEIHOCTD
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Ilo0 ucmunnvim suauenuem Cﬂedyem noHuUMams 3HA4Y€eHUe, Uu3-
8E€CHMHOE C 8bICOKOU MOUYHOCMbIO U nomomy npuHumaemoe 6 Kade-
cmee UCMUHRHOZO0.

Hcmunnoe 3nauenue MOXHO TOTYYUTh MyTEM aHanu3a oOpasla MHO-
YKECTBOM PA3JIMYHBIX, HE3aBUCUMBIX JPYT OT APYyTa, METOAOB, JTUOO TIPH IO-
MOIIM CTaHJAPTHBIX 00PAa3IOB, AJSl KOTOPHIX 3HaYCHHE CONEp KaHus O(HIIM-
aJbHO YJIOCTOBEPEHO. AHaNIM3 00pa3lia HE3aBUCUMBIMU METOAaMU OOBIYHO
MPOBOJAAT B hopMe medcrabopamopHroco (KKpyroBoroy) akcnepumenma. J1jis
ATOr0 00pa3el] pacCchUIalOT B pa3HbIe Jab0paTopuu M TaM aHaIu3upyroT. Mc-
TUHHOE 3HAYCHHE HAXOJIT B pE3ysbTaTe aHaIM3a U OICHKH MAacCHBa MOIY-
4YeHHbIX JaHHBIX. ColepKaHuEe KOMIIOHEHTOB B CMAHOAPMHOM 0Opasye Ha-
XOJISAT TIOJIOOHBIM K€ 00pa3oM: KpOME TOTO, COCTaB CTaHAAPTHBIX 00pa3IoB
THIATEIIBHO KOHTPOJIUPYIOT YK€ Ha CTaJAUHU UX IPUTOTOBIICHHUS.

[Tpu mpeacTaBieHnn pe3ybTaTOB aHAIW3a TPeOyeTCsl yKa3aTh U OIICH-
Ky UX HeompeaesreHHOCTH. HeompeneneHHOCTh pe3ynbTaToB BbIpaXaroT B
dbopme dosepumenvrozo unmepsana. Ins abconrrommuvix Memooos Takux, Kak
TUTPUMETPHSI, JOBEPUTEIBHBI MHTEPBAJ PACCUYUTHIBAIOT M3 CTAHIAPTHOTO
OTKJIOHEHUS § M YWCJIa MapajuIeIbHBIX ONPEACIICHUIA 71 TIPU TIOMOIIH CTICTIH-
aJIbHOTO CTaTUCTHUYECKOro kKodd¢uuuenta — xodpdumuenta CrprogeHTta ¢
JiJIsl BRIOpAHHOM JOBEPUTEILHON BEPOSITHOCTH P U unclia cTerneHei cBoOO bl

J; Ay = BRLS (1.9)

A

Jyis pe3ynapTaToB aHANIM3a OJAHON MpoOkI /= n - 1. OLeHKY BEIUYUHBI
CTaHJAPTHOTO OTKJIOHEHUS S, KaK MPaBUJIO, HAXOAAT U3 TOU K€ CaMOU cepuu
napajyieIbHBIX PE3yIbTaTOB, JIMOO OMPENENSIOT OTIEIbHO. 3HAUYCHUS KO-
¢unmentoB CtbrofieHTa ¢ O€pyT U3 CIIPABOYHBIX TAOJIHII.

Jnis omunocumenbHblX MemoO0o8 TPU pacdeTe IOBEPUTEIHHOTO HH-
TepBaJia HEOOXOJMMO YUUTHIBATh U MOTPEUTHOCTh, BHOCUMYIO TPaIynpOBOY-
HOW (DyHKIMEH:

Feir &
&x=s-t{F,f}-‘{%+i+bE;F—ﬂ (1.10)

E;_':?ﬁ'mz ’

r7ie § - CpelHee 3HaueHWEe CUTHAJA JIJISl 71 TapajuIeNIbHBIX aHaJU30B MPOObI, a
V - cpeJiHee 3HaUC€HHUE CUTHAJIOB JUIsl BCEX M TOYEK IPaJlyupOBOYHOrO rpadu-
Ka.

Pe3synpTaT aHanm3a npeacTaBisioT B (hopMe CpeaHEero 3HAUCHUH U3 Ce-
pUU NapajuieNIbHbIX ONPEACIICHUN C pACCUMTAHHBIM JOBEPUTENbHBIM HHTEp-
BAJIOM:

Xt ax. (1.11)
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1.4.6. IIpenes oOHapy:KeHUs

B pazgene 1.1 nokazano, 4TO BO3MOKHOCTH OOHAPY>KEHUS BEIIECTBA C
MIOMOIIBI0 JTF000H aHATMTHYECKOW METOANKY orpaHudeHsl. [Ipemen oOnapy-
KCHHS SIBIIICTCS BaXKHEHIIEH XapaKTepuCTUKON 3((HEeKTUBHOCTH METOAA
aHaJu3a U peakluu. 3HaHUE BEJIUYUHBI npedena oOHapycenusi 0OCOOCHHO
BaYKHO MPU aHATU3E C1€008bIX KOJIUYECHS.

AHQJIUTUYECKUM CUTHAN ), , COOTBETCTBYIOIIUN TMpejeny oOHapy-
KEHUS, CKJIAJbIBAECTCS W3 BEJIIMYMHBI CUTHaNa (pOHa yp U CTAHIAPTHOTO OT-
KJIOHEHUs CUTHaJIa (hoHA Sp KaK

Frata =¥5 T 355 . (1.12)

C nmoMmo1pt0 TpagyupoBOYHON (HYHKIIMH MOXKHO BBIPAa3UTh Mpejen 00-
Hapy»XEHHS HEIOCPEACTBEHHO B €IMHULIAX KOHLICHTPALUH:

Xy, = Lmia=Fe (1.13)

Takum oOpazom, mipenen oOHApPYKEHHSI TEM HIDKE, YeM BhIlIe KodhPUuimeHT
YyBCTBUTEIHHOCTH b; ¥ 4€M MEHBIIE CIIydaiiHasi OTPEITHOCTh METOINKH.

Ilpeoen oonapysicenun — HaumeHnvuiee coOepI*HCAHUE OOHADYIHCU-
8aeM020 ewecmed, npu KOMopoM CUSHAT euje HACMONbKO UHMEH-
CUBEH, YMO €20 MONCHO CUUMAMb HAOEHCHBIM.

JIst yBEepeHHOTO OOHaApY>KEHHs JOBEPUTENIbHAs BEPOSTHOCTh JTOJKHA
ObITh OyM3Ka K enunuile. [1oaToMy Ha IPaKTUKE B OCHOBHOM TOJIb3YIOTCS
npeaenoMm ooHapyxenus rpu P=0,95.

[Ipenen oOHapykeHHS OCOOEHHO YAOOEH MpU OILIEHKE pPe3yJbTaTOB
aHanmM3a TBEPJbIX 00pa3oB. [Ipu aHanm3e pacTBOPOB HYKHO YKa3bIBaTh Ipe-
7ien 0OHapyKeHHs B OIpeAesieHHOM o0beMe V. O0beM aHaIM3upyeMoi mpo-
OBl ompeIesieTCsl CIOCOOOM MPOBEICHUS aHATN3A.

[Ipenen oOHapyKEHUS HE SBIISCTCS MOCTOSHHONW XapaKTEPUCTUKON XHU-
MHUYECKOW PEAKIMHU, UCIIOIb3YEMON ISl AaHAIU3a, U B 3HAUUTEIIbHON CTENIEHU
3aBUCUT OT YCJIOBUM MPOTEKAHUS PEAKIIMU: KUCIOTHOCTU CPEJibl, KOHIIEHTpa-
I[MA PEareHTOB, MPUCYTCTBUS MOCTOPOHHUX BELIECTB, TEMIIEPATyphl, BpeMe-
HU HaOJIIOJICHUS U JIP.

CoBpeMeHHBII Ka4eCTBEHHBIM aHaIU3 pacrojaraeT OOJIBIIUM YHUCIOM
peakumii ¢ HU3KUM IpenenoM ooHapyxkeHusi. OObIYHO 111 OOHAPYKEHUST KO-
HOB MPUMEHSIOT PEaKIMy ¢ npeeioM obHapysxkenus n-107 T B 1 M1 pacTBo-
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pa. lllupokue BO3MOKHOCTH MOHMKEHHUSI TIpejiesia OOHAPYKEHUS B XUMUYeE-
CKMX METO/JaX KauyeCTBEHHOI'O aHalIn3a CBA3aHbI C MPUMEHEHHEM OpraHuye-
CKHMX PEareHTOB M CMEIIAHOJUTaHHbIX KOMIUIEKCHBIX coeauHeHuid. Hampu-
Mep, mpenen oOHapyKeHHUsI HOHOB cepedpa B pacTBOPE C OPraHMYECKUM Be-
HIECTBOM N-JIUMETUIaMUHOOEH3WIHAeHpoJaHuHOM cocTaBisieT 0,02 mkr. Pe-
akuus ¢ K,CrO,4 no3Bossier 00HapyKUTh TOJIbKO 2 MKT cepedpa. Hampumep,
JUTU30HAT HUKENS MOXET KOOPAHMHUPOBATH PA3JIMYHbIE OPraHUYECKHE OCHO-
BaHus. Britouenue B koopAuHaMoHHyto chepy Hukens 1,10-penantponrna
MPUBOAUT K 00OpPa30BaHUIO CMENIAHOJUTaHAHOIO KOMIUIEKCa ¢ 00jiee MHTEH-
CUBHOM OKpacKo#, 4eMm y JuTu3oHara Hukens. [lpu oOpa3zoBaHuu cMelaHo-
JIMTaHJAHBIX KOMIUIEKCOB M3MEHSETCS DJIEKTPOHHAS CTPYKTYpa LEHTPAIBHOTO
aToma, 3apsJl U CHMMETPHS MOJIEKYJIbl KOMILJIEKCA.

®uznyeckre METOJbl MO3BOJSIOT OOHAPYKUTH SJIEMEHTHI B TBEP/IBIX
o6pasiax ¢ ere 6olee HU3KUM MpeeaoM obHapyxkenus (venee 1077 2). Me-
TOJIOM JIa3€pHOM CIIEKTPOCKONMU BO3MOXHO CEJIEKTUBHOE OOHApY’KEHUE Je-
CSITKOB OTJIEJIbHBIX ATOMOB, @ C TOMOIIbIO 3JIEKTPOHHOI'O MUKPOCKOIIA MOKHO
OOHAPYKUTbH OT/AEIbHBIC AaTOMBI.

Jlns oOecnieueHust Hu3koeo Tipeaena OOHapyKEHUS HCMOJb3YIOT P
pueMoB. PaccMOTprUM HEKOTOpPBIE U3 HUX HA IPUMEPE OTAEIbHBIX PEAKIIHM.

1. Mukpoxpucmannockonuyeckuul ananuz. [{ns oOHapyKeHHs] HOHOB MarHus
MPUMEHSIIOT peakiuio ocaxaeHus ero B Buge MgNH,PO,+6H,0, npenen 06-
HapyxkeHus — 10 mkxr maraus. [lpu npoBenenuun 3Toi peakuuu npeaen oo-
Hapy>KeHus noHmxaercs 10 0,6 MKr.

2. Kanenvnwiii ananus. JIuMeTUITIIMOKCUM 00pa3yeT ¢ HOHAMU HHUKEJS B HEHl-
TPaJbHbIX, YKCYCHOKHUCIIBIX U aMMHAYHBIX PACTBOPAX SIPKO-KPACHBIA OCAIOK.
[Ipy BbITIOJIHEHUHM pEaKIMU Ha (GUIBTPOBAIBLHON Oymare WM KaneabHOM
IUIACTHHKE Tpenen ooHapyxkeHus Hukenss — 0,16 MKr; B mpoOUpKe MOMKHO
oOHapyxuth 1,4 mxr Hukens B 1 mun. [Ipexen oOHapykeHUSI MOKHO CHU3HTH
70 0,015 MKr, ecnu Kamio aHATM3UPYEMOT0 pacTBOpa HAHECTH Ha (QUIBTPO-
BAJIbHYIO Oymary, MPONUTAHHYIO JTUMETUITTUOKCUMOM.

3. @romayus. Ocagok JTUMETWITIMOKCUMAaTa HUKENIsS (JIOTUpyeTcs Ha rpa-
HUlle pazfena ga3 BoJa — HM30aMUJIOBBIN CIUPT WM BOJA — JAUAITHIIOBBIN
a¢up. [Ipu sTom npeaen ooHapykeHust Hukens noHuwxaercs 10 0,002 mxr.

4. Dxcmpakyus. JvmdTunautrnokapdamuHatel o0pasyroT ¢ nonamu meau (II)
BHYTPUKOMIUIEKCHOE COEAMHEHUE KPACHOIO I[BETA, XOPOIIO PACTBOPUMOE B
xjopodopMe U TeTpaxyjopuae yriaepoja, npeaen odHapyxenus meau(ll) —
0,01 Mxr.
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5. Memoo «ymnoorcarowuxcsa peaxyuiiy. «Y MHOXKAIOITUECS PEAKITUN» — P
IIOCJICIOBATENBHBIX PEAKLHM, B PE3YJIbTaTE KOTOPBIX ITOIYyYAETCS HOBOE BE-
LIECTBO B KOJIMYECTBE, BO MHOT'O Pa3 MPEBBILIAONIEM [IEPBOHAYAIIBHOE KOJIK-
4ecTBO OOHapyKMMaeMoro Bemectsa. Hanmpumep:

Cl + AglOs=AgCl| +10;
10; +51 +6H =3I, + 3H,0

Kak BuIHO, KOTMYECTBO BBIJICIIUBUIETOCS B PE3YJIbTATE PEAKLIMI nojJa B 6 pas
Oonplle KoJaudecTBa xJOpuA-uOHOB. Koadduuuent ymHoxxenus paseH 6.
Kosduunent yMHOXKEHUST MOXKET IOCTUTATh IECATKOB M COTEH.

5. Kamanumuueckue peaxyuu. OKUCIEHUE THOCYJIb(PAT-HOHOB MOHAMU KeJle-
3a (III) yckopsieTcst B MpUCYTCTBUU HOHOB MEJIU:

Fe'" +2S,05" =Fe(S,05),”
Fe(S,05),+Cu* " =Cu ™ +Fe*" +S,04~
Cu'+Fe’"=Cu™ + Fe**

Bpewms oGecriBeunBaHus THOIIMAHATA KeJe3a THOCYIb(ATOM HATPHUSI B OTCYT-
CTBHE M€Y OKOJIO 2 MUH. B mpucyTCTBMM HOHOB MeIU PacTBOP 0OECIBEUH-
BaeTcsa MrHoBeHHo. [Ipenen ooHapyxenust meau — 0,02 Mkr.

7. Jlromunecyenmuole peakyuu. B HEUTPaAIbHBIX U YKCYCHOKHUCIIBIX PACTBOPAX
MOHBI AIFOMHUHUS 00pa3yloT ¢ MHAMKATOPOM MOPHHOM KOMIUIEKCHOE COEIH-
HEHUE, CIIOCOOHOE K MHTEHCUBHOW 3€JIeHOUM (PIIyOpecleHIIuy Npyu JHEBHOM U
yinbTpaduonetroBoM ocseuieHuu. Ilpenen obHapyxkenus amomunuss — 0,2
MKr. [Ipenen oOHapyxenust MoxHO cHU3UTH 10 0,005 MKT, eciii HaHeCTH Ka-
IUTIO aHAJIM3UPYEMOI'0 pacTBOpa Ha (QUIIBTPOBAIBbHYIO Oymary, NpONUTAHHYIO
pactBopoM MmopuHa. [locie obpaborku msaTHa pactBopom HC1 naGmromaror
CBETJIO-3€JICHYIO0 (hITyOpECLEHIIHIO.

8. Peaxyuu na Hocumensax. B IpUCyTCTBUM MOHOB F€pMAHUS HA TOBEPXHO-
CTH aHUOHOOOMEHHHUKA, 00padOTaHHOI'O PACTBOPOM I'eMaTOKCUIIMHA, TOSBIISA-
eTcs puosieToBoe UK YepHoe okpatrBanue. [loBepxHOCTh copOeHTa B OT-
CYTCTBUE FeépMaHUsl OKpalleHa B »enThlil 1BeT. [Ipenen oOHapyxkeHus rep-
Mmanusg — 0,003 MkT.
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1.4.7. Ce1eKTUBHOCTHh METOIUKH aHAJIN3A

Cy1ecTBeHHOM XapaKTepUCTUKON aHaIN3a SIBISIETCS CeNeKMUBHOCHb
(uzbupamenvnocmy). Cornacuno pexomennauuu MIOITAK paznuuator cneyu-
@uueckue n uzbupamenvHole (cerekmugnvie) Memoobl, peakyuu U peazenmai.

Cneyuguueckumu nasvigaiom me Memoovl, peakyuu uiu pea-
2EHMbl, C NOMOWbIO KOMOPLIX 6 OAHHBIX VCIOBUAX MONCHO 00-
Hapys#cums mMoJIbKO OOHO 8eujecmeo, d CeAeKMUBHbIMU — He-
OonbULOE YUCTO BeleCTns.

CeJIeKTUBHOCTD JTOCTUTACTCS MPaBUIHHBIM BEIOOPOM U YCTaHOBIICHUEM
COOTBETCTBYIOIIUX YCIIOBUHM peakiuu. Peakinio MOXKHO cienath Oojiee u3-
OuparenbHON WM aaxe cnenuduueckord BapsupoBaHuem pH, koHIEeHTpa-
[IMY, MAaCKUPOBAHUEM, N3MEHEHUEM CTETICHU OKHCIICHUS DJIEMEHTOB, TEMIIE-
patypsl. 1o n30upaTenbHOCTH peareHThl MOYKHO pa3IeuTh Ha TPH TPYIIIHL.

1. Cneyugpuueckue peacenmui. Hampumep: kpaxman s oOHapyxeHus I;
NaOH nmu KOH nns o6Hapysxerns NH,'; MmunnansHas kucinora B 7 M HCI
Uit oOHapyxkenus Zr (IV).

2. U3boupamenvubie (cenexmusHvle) peacenmul. Hanmpumep: NUMETHUITIHOK-
cuM B ammuayHoM OydepHom pactBope pearupyer ¢ Fe(Il), Co(Il), Ni(Il),
Zr(1V), Th(IV); H,0, B xucmnoit cpene — ¢ Ti(IV), V(V), Mo(VI); penunap-
COHOBAs KMCJIOTa B cuiibHOKUCIION cpeae — ¢ Zr(IV), Nb(V), Ta(V)

3. I pynnogvie peacenmsi, UCTIOIB3YEMbIE B CUCTEMATHYECKOM aHAIN3€ CMECH
karnonoB. Hampumep: HC1 na Ag(l), Hg(I), T1(I1), Pb(1l); H,SO, na Ca(Il),
Sr(II), Ba(II), Pb(Il), Ra(Il); H,S B xmcmoit cpene na Cu(ll), Zn(II), Cd(1I),
Sn(H, IV), Sb(II1, V), Hg(II), Bi(III).

I'pynnosvie u cenexmuenvie peazenmsl, 00pa3yroIINEe MAIOPACTBOPUMEBIE CO-
CAMHCHUS C MOHAMH, UCNONIL3YIOM NPU pazoesieHuu KAamuoH08 Ha aHaIumuye-
cKue 2pynnul U OJisl CeNeKMUBHO20 OCANCOCHUSL HEKOMOPBIX UOHOS.
[TocnenoBarenbHOE pa3feiieHUe HOHOB HA OTHEIbHBIC aHAIUTUYCCKHUEC
IPyNIBl METOJOM OCKJCHHS TPYIIIOBBIMH PEarcHTaMH SIBJISICTCS TIEPBBIM U
Hanbosiee BEPOSATHBIM ITAIOM CUCHEMAMUYUECKO20 KAYeCMBEeHHO20 XUMude-
CK020 ananu3a uccieayemoro obpasna. Meroa opobHoco obHapysicerus: No-
HOB OCHOBaH Ha MIPUMCHECHUH CICIIU(PUICCKIX U CEIICKTUBHBIX PEarcHTOB.
JpoOHOe 0OHApYKEHHE HOHOB C UCIIOJIb30BAHUEM CEJICKTUBHBIX PEareHTOB
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0e3 pazzereHus Ha TPYIIbl BO3MOXHO OJlaroiapsi MackupoaHuro Mela-
IOIMX MOHOB, U3MEHEHUIO PH 1 Ipyrux ycioBui.

Pemaroriryto posib ipu ApoOHOM OOHAPYIKEHUH MOHOB UTPAIOT OPTraHU-
yeckue peareHTsl. KoHeuHO, ellle HeT TaKoro OpraHu4ecKkoro peareHTa, KoTo-
pBIi ObI B3aUMOJICHCTBOBAJ TOJIBKO C OJHUM 3eMeHTOM. Ho XoTs 3TOT uze-
aj, MO-BUJIUMOMY, MPEACTABISAETCS HEAOCTHKUMBIM, HEKOTOpPbIE PEareHThI
npubnamxatorcs Kk Hemy. Hampumep, apcenaso III pearupyer B 8 M HCI ¢
Zr(IV) ¢ o0Opa3oBaHMEM KOMILJIEKCOB 3€JEHOTO I[BETA, MEIIAIT PEAKIIUU
tosibko Th(IV) u Ti(IV). Peakuuu upuaus (IV) ¢ ManaxuTOBbIM 3€J€HBIM B 2
M CH;COOH wmemarT Toapko pyTeHuid U 30J10T0. LlIupokne BO3MOKHOCTH
OpraHUYECKUX PEareHTOB CBS3aHbl, BO-NIEPBbIX, C X MHOTOOOpa3ueM, u cie-
JIOBaTEJIbHO, BO3MOKHOCTBIO BHIOOpA MOJIXOSIIET0 peareHTa. Bo-BTOphIX, C
pa3Ho00pa3reM CBOWMCTB KOMIUIEKCOB, TAKMX KaK YCTOMYHBOCTb, PACTBOPHU-
MOCTb, JIETYY€CTh, OKPACKA, OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIE CBOWCTBA.

Oénapysicenue 31emenmos 6 cmecu — mpyoHas AHATUMUYECKASL
3a0aua, NOCKOIbLKY OOHapydcugaemvle UOHbL U CONYMCMBYIOWUe
UM UOHBL MO2YM 6CMYNAMb 8 PeaKyul CO CXOOHbIM GHEUIHUM I¢)-
Gexmonm.

ITomexu co CTOPOHBI COIMYTCTBYIOIIUMX HOHOB HAYMHAIOT IPOABIIATHCA
ITpH ONpPEACIICHHOM COOTHOIICHUHA O6Hapy)KI/IBaCMBIX 1 MCIIAKOIIUX MOHOB U
YCUIIMBAIOTCA C YBCIMUYCHHUEM KOHLCHTpAIMU ITOCICAHUX. I[JIE[ YCTpaHCHHA
MCHIAIOIICTO BJIMUAHUA COITYTCTBYIOIIKWX HMOHOB MCIIOJB3YIOT, I'NITABHBIM o6pa—
30M, JBa IIYTH.

1. Macxuposanue mewarowux uonos. Jjisi 3TOr0 HUCMHOJIB3YIOT XUMHUYECKUE
peakiuu, IpOTEKAIOIINe B TOW *e (a3e, 4TO U PeaKIuu ¢ 0OHAPYKHUBAEMbBIM
MOHOM, U TPUBOJAIINE K YMEHBIICHUIO KOHUEHTPALUUH MEUIAIOIIUX HOHOB
win peareHTa. JlJis MacKUpOBaHUS U IE€MAaCKHUPOBAHUS IPUMEHSIOT PEAKIIUU
KOMILJIEKCOOOpa30BaHMs, KHCJIIOTHO-OCHOBHBIE u OKUCIIUTEIIbHO-
BOCCTAHOBUTEJIbHBIE.

2. U3bupamenvroe pacnpeoenenue KOMNOHEHMO8 AHANUUPYEMOL CUCTEMbL
mexncoy 08yms pasoenaowumucs gazamu (memoowvt pazoenenus). Hanbonb-
IIee 3HaYCHUE B MPAKTHKE aHAJIN3a UMEIOT OCKIICHUE, SKCTPAKIIMI U XpoMa-
Torpadusi.

B cnydae nenoinocmoro cenekmugHbvix Memooux B JBYMEPHBIX METO-
Jax aHallM3a UMEET MECTO HAJOKEHUE aHATMUTHYECKUX CUTHAIIOB OTACIBHBIX
KOMIIOHEHTOB. [l ToNyueHusl MpaBWIBHBIX PE3YJIBTaTOB TpeOyeTcs OTJe-
JSTh MENIAIOIINEe KOMIIOHEHTHl WJIM BBOJMTH HEOOXOJIUMBIEC TOIPaBKH pac-
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YEeTHBIM IyTeM. [I0JHOCTBIO CENEKTUBHBIE (cneyuguunbie no OMHOUEHUIO K
onpeoenreHHoMy KOMNOHeHmy) METOJMKHM BCTpedaroTcsl KpaiiHe peakxo. Ha
IPAKTHKE OKa3bIBa€TCsS JIOCTATOYHBIM, YTOObI KOHILIEHTpAIMsl MEIIAOIIEro
KOMIIOHEHTa ObljIa JOCTATOYHO Majla U HE BbI3bIBaNA (B Mpejesiax MOrpeiHo-
CTH U3MEPEHUI) UCKAKEHUN aHATUTUYECKOr0 CUTHAJIA.

F.9 F. 9
CHrHan, y —
& b
j (Iz \‘ } z “ >
BTOpad KOOpJAHHATA, Z BTOpaﬂ KDOp,‘lHHaTa, Z

Puc. 1.10. /[symeprbie Memoovl aHanu3a ¢ pa3iuyHbIMU 3HAYEHUAMU pA3peula-
towetl cnocoonocmu N

B kadyecTBe KOJIMUYECTBEHHON XapaKTEPUCTHKU CEJICKTUBHOCTH B pa3-
HBIX METO/aX MPUMEHSIOT pPa3Hble BeTUINHBI. K HUM OTHOCSTCS K03 (h-
Quyuenm cenexmueHocmu B IOTEHIIMOMETPHUH WU pa3peuleHue 8 Xpomamo-
epaguu. JIns nanboiiee 00IIET0 OMUCAHUS CTEIICHN Pa3pEIICHUS IBYX aHa-
JUTUYECKUX CUTHAJIOB UCTIOJB3YIOT BEIMUNHY, HA3bIBAEMYIO paspeuarouyeli
cnocoonocmoio (puc.1.10.). /IBa nmuka cuuTarOTCA pa3IMuUMbIMU, €CJIH OHU
OTCTOST APYT OT APYyTa Ha BEIMYMHY, PAaBHYIO UX TOJYIIUPUHE (T.€. ITUPUHE
Ha TI0JIOBUHE BBICOTHI) Az. Pa3peraroiast crtocCOOHOCTh OMPEISIACTCS KaK

OTHOHICHUC ITOJIOKCHHUA ITNKA Z K CTO IMOJYIHINPHUHC Az:
=3

N==. (1.14)

OTa BeJIWYMHA MOXKET U3MEHSATHCS B 3aBUCUMOCTH OT MOJIOKSHUS MUKA Z.

1.4.8. DkoHOMHYECKHE XaPAKTEPUCTUKU METOAUKH

[Tpouecc aHanu3a HEOOXOIUMO OLIEHMBATh U C YIKOHOMHYECKOW TOUKHU
3peHus. BcemepHoe cokpalleHue sampam W pemeHy aHalln3a SBISIETCS He-
peMEeHHOM 3ajauell mpu pa3paboTke MeToJIuK. B 3ToM 0O0ibIIyI0 MOMOIIH
MOXKET OKa3aTh MEXaHU3alus U asmomamuzayus ananuza (dacts II).

Cmoumocms aHanu3a BKJIIOYAET B ceOs, Hampumep, MPOU3BOIACTBEH-
HBIE PACXO/IbI TT0 TPHUOOPETEHHIO, YCTAHOBKE U IKCILTyaTaIlliu HEOOXOAMMOTO
000OpyI0BaHUSs, 3aTPAThl HA MOKYIKY CTaHIAPTHBIX 00PA3IOB U CIEIUAIBLHOM
JUTEpaTypbl, OIIIATY TPYAa COTPYAHUKOB COOTBETCTBYIOIIEH KBATU(PUKAIIIY.
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I'naBa 2

XUMHNYECKHUE METO/bI OBHAPYXEHUSA

Kauecmeennovlii ananu3 HEOPraHUYECKUX M OPraHUYECKUX BEIIECTB,
OCYIIECTBIISIEMBIH XuUMUueckumu mMemooamu, OCHOBaH Ha PEaKIHsIX o0pa3o-
BaHUS OCaJKa ONPEIEIIEHHOrO 1BETa, (POPMbI U CBOMCTB, OKPALLIEHHOI'O pac-
TBOPUMOTO COEIMHEHUS WM OKpPALICHHOIO0 TMPOAYyKTa OKUCIUTEIbHO-
BOCCTAaHOBUTEJIBHON pPEaKIMM, a TaKXKe ra3a co CHeHHU(PUUIECKUMH XUMHUYE-
CKUMU U (PU3NYECKUMU CBOMCTBAMH.

XVUMUYECKUE PEaKINH OOHAPYKEHUS Pa3INyalOTCs 10 MeXHUKe U Me-
moouxe 8bINOJIHEHUSL U CNOCOOY HADII0OEeHUs.

Peakunyu MOXXHO BBITIONHITH «MOKPbIM» U «CyXumy» TyTeM. Peaxiuun
«CyXHM» IyTEM HMHOT]Ia MCTIONB3YIOT IS aHAJIW3a TBEP/ABIX BEIIECTB, HO Ya-
IIe IS POBEJICHUS MPEIBAPUTEILHBIX UCIIBITAHUN. Yalie MpUMEHSIOT aHa-
A3 «MOKPBIMY» ITyTEeM; TIPU STOM HCCIIETYEMOE BEIECTBO HEOOXOAMMO MPE/I-
BapHUTEIHLHO PACTBOPUTH B BOJIE, KUCIOTE WM IeJI04Yd. Eciu BemecTBo He-
pacTBOPUMO, ClEAyeT CIUIaBUTh €ro, HalpuMep, CO IIEJIOUbl0, a 3aTeM YXKe
HOJIyYEHHBIN TJIaB PaCTBOPUTH B BOJIE MIIM KUCIIOTE.

Peakuuy, BBIMOJIHAEMbIE «MOKPBIM» IIyTEM, HPOBOAAT IpPEUMYIIIE-
CTBEHHO B MPOOHMPKAX, W PE3yJIbTaT Peakiuu HaON0nalT BU3yalbHo. Ecnu
PEaKIUI0 MPOBOISAT B T€TEPOreHHONW CHUCTEME M3 JBYX HECMEIINBAIOIIUXCS
pactBopuTteneit (3xcmpakyus), TO UCHOIB3YIOT JIEIUTEIbHBIC BOPOHKU WIIH
npoOHPKH ¢ MPUTEPTHIMHU TIpoOkamu. OOpazyrouirecs: Ipyu BCTPAXUBAHUH CO-
€IMHEHUs TIePeXOIT B OJAMH U3 pacTBoputreneil. OcoOEHHO YacTO MCIOJb-
3YIOT peaklid, COMPOBOXKIAIOUINECS 00pa30BaHUEM OKpPAIICHHBIX COCIMHE-
Huil. Vcnonb3oBaHuEe HSKCTpakmuu OOBIYHO OOECTIEYMBAET OTHOCHUTEIHHO
HU3KHIA TTpeie] 00Hapy>KeHUS 1 TIOBBIIIAET W30UPATEITLHOCTb.

st oOHapy>KeHUsT UOHO8 MOXKHO HCIIOJb30BaTh PEAKIUU, B pe-
3yJlbTaTe KOTOPBIX O0pa3yloTCs COSAMHECHHS C XapaKTepHOW (QopMoill KpH-
CTAJUIOB (MuKpoKpucmaniockonudeckue peakyuu). Ilpu ananuze MUKpOKpH-
CTAJJIOCKOITMYECKUM METOJIOM PEaKIMHU MPOBOJAT HA IMPEIMETHOM CTEKIIE.
®opmy 1 1BET 00pa3yIOIIUXCS KPUCTAJUIOB PACCMATPUBAIOT MOJI MUKPOCKO-
TIOM.

s oOHapyKEeHHsI 6elyecms WCTIONb3YIOT TAKKE KaneabHuli Memoo
aHanm3a. MeToauKa BBIOJHEHUS KaleIbHBIX PEaKIUil 3aKII0YaeTCs B HaHE-
CEHHH Kallelb UCIIBITYeMOTI'0 pacTBOPa M pacTBOPA peareHTa Ha MOBEPXHOCTh
NOPUCTBIX MaTepuasoB ((puibTpoBajdbHas Oymara), Ha HEIPOHMIIAEMbIE Cpe-
7b1 (KareabHbIe MIACTHHKHN ), B MUKPOTHUTIIM, HA YaCOBBIE CTEKJIAa M B MPOOU-
KU U1 MUKpoaHanu3a. HekoTopbeie XUMHUYEeCKHe, 0OCOOCHHO LIBETHBIE, peak-
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MU UMEIOT OoJiee HU3KUU Mpejiesn OOHAPY)KEHHUs, €CIU WX BBIMOJHUTH Ha
Oymare, a HE Ha KameJIbHOM IJIACTUHKE WM B MpoOupke. XOopoluM IpruMe-
POM B JIaHHOM CJTy4ae MOKET CIY>KUThb 0OHapykeHue Mn(2+) o peakiuu:
oH o

Mn>" —— Mn(OH) , — MnO(OH) , + Bensunut — BeH3MANHOBAS CHHB
DTy peaxiyio MOKHO MMPUMEHSATD NIl OOHApyKEHUSI Ha Oymare MajiblX KOJIH-
4YeCcTB Mapranua; npenen oonapysxenus — 0,15 mkr. Ecnu peakuuio mpoBo-
JUTh Ha KaneJlbHOW IMJIACTUHKE WM B MPOOUPKE, MOKHO OOHAPYKUTh TOJIBKO
3 MKT B Karuie pacTBopa.

2.1. Texuuka BbINOJHEHUS PeaKIUil

*Peakuyuu ¢ npooupke. Vccnenyemblii pactBop (2 — 3 Karim) BHOCST
B NPOOMPKY KANWUISPHON MHUIETKOW TaK, YTOOBI KOHYHK MHIIETKH HE KOC-
HyJICSl cTeHOK npooupku. Co0mroaast yciaoBHs MPOBEACHUS PEeaKIny, MpruOaB-
Js110T 2 — 3 Kamm pactBopa pearenta. Habmogaror BHemHui 3¢ ekt peak-
1107078

sMukpokpucmaniockonuueckue peaxkyuu. Karmo wuccieayeMoro
pacTBopa MOMENIAIOT Ha YUCTOE M CyXO€ MPEeIMETHOE CTEKJIO, PSIJAOM MOMeE-
IIAOT KaIjIl0 pearcHra M COCIUHSIOT MX CTEKISTHHOM manmoukoi. Kars
JoJDKHA OBITh HeOonbmon (d= 5-10 mwm). Tlom MuKpockomoMm HaOIIOAAOT
dbopmy kpucramuioB. HaGnroeHne HauUMHAIOT Yepe3 HEKOTOPOE BpeMs MOCIe
BHECEHHUSI peareHTa. B pa3nuyHbIX TOYKax Karuld yCIOBUS POCTa KPUCTAIIIOB
pasznuusbl. [lo mepudepun, rae B OObINEH CTENEHW HCTAPSIETCS PACTBOPHU-
TeJh, KPUCTAILIBI 00pa3yloTCs B MIEPBYIO ouepeab. B meHTpe Karwm, rae uc-
MapeHne He UMEET OOJIBIIIOTO 3HAUYCHUS, KPUCTAIUTHI TTOSIBIISIOTCS TTO3KE.

*Kanenwvnwvie peakyuu. Kario pacTBopa peareHTa HaHOCST Ha IMOJ0C-
Ky (QuibTpoBanbHOM OyMarum KanmwuisipoMm (KOHEI] JOJIKEH OBbITb POBHBIM).
J171s 5TOrO KOHIIOM Kamwulsipa clierka MmpukacaroTcs kK Oymare. [1aTHO J0MK-
HO ObITH Kpyriiol popmbl (d =2-3 mMm). B nieHTp mosydeHHOro msiTHa aHajo-
TMYHBIM 00Pa30M HAHOCST KaIlII0 UCCIEAYEMOr0 PacTBOPA.

*Peakyuu memooom pacmupanus. HebonabIoe KOIMIECTBO UCCIETY-
€MOT0 TBEPJIOTO BeIIeCTBa pacTuparoT Ha (aphopoBoOl TIACTHHKE WIH B
CTYINIKE ¢ MPUMEPHO PaBHBIM KOJUYECTBOM TBEpIOro peareHra. Ecim B uc-
CJIElyeMOM BEIIIECTBE MPHCYTCTBYIOT HOHBI OOHAPYKMBAEMOTO JJIEMEHTA,
pacTepTasi cMech MPUOOPETACT XapaKTEPHYIO OKPACKY MPOIYyKTa B3anMMOICH-
CTBUS ITHX MOHOB C peareHToM. Hampumep, npu pacTUpaHuu MUHEpaia, Co-
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nepxkamero Fe(Ill) m NH4SCN, Bciencreue o6pazoBanus (NHy),Fe(SCN),
CMECh MPUOOpETACT KpacHyr okpacky. CiemyeTr 3aMeTUTh, YTO OOJIBITUHCT-
BO PEaKIUi NP PACTUPAHUM TBEPIBIX BEIIECTB MJIET C y4aCTUEM BOJBI, al-
COpOMPOBAHHOW W3 BO3AyXa WM COJEpXAIICHCS B JAaHHOM COCIUHEHUU B
BUJIE KPUCTAJUTM3AIMOHHON BOJBI, U K PEAKIUSAM CYXUM TYTeM OHU MOTYT
OBITH OTHECEHBI JIUIIIH YCIOBHO.

*Qonapyscenue ¢ UCnOIb306aAHUEM IKCmpaKyuu. Peakuuu n1poBOJsT
B NpoOUpKax ¢ NpUTEepThIMU MpoOKamu. [ moHmxkeHus mpenena oOHapy-
JKEHUsI BEIIECTBA COOTHOILICHHE OOBEMOB OpPraHUYeckoil W BoJgHOU a3
00b14HO 6epyT 1:3 mnm 1:4. K HECKOJIBKUM KaIljIsiM UCIIBITYEMOIO pacTBOpa B
npoOupKe 100aBiIsSI0T BCe HEOOXO0IUMbIE peareHThl U OPraHUYECKUil pacTBO-
putens (5 — 10 kamens), 3aKpbIBAIOT MPOOUPKY MPOOKON M B30ANTHIBAIOT B
teuenue 1 — 2 munyt. [locne paccnanBanusi HaOMIOAAIOT OKPACKY WJIU JIIO-
MHUHECLEHILIHIO CJIOS OPraHUYECKOTO PACTBOPUTEIIS.

o/Itomunecyenmnule peakyuu. JIIOMUHECHEHTHBIE pEAaKIUU OOBIYHO
IOPOBOJAT B BUJE KaleIbHBIX HAa MPEIMETHOM CTEKJIE MU Ha (QUIBTPOBAIIb-
HOli Oymare. BeimonmHeHune 3Tux peaxiuii Tpedyer OONbIION TIATEIHHOCTH,
TaK Kak caMo cBeueHue (gnyopecyenyus unu gocgopecyenyus) cyuecTBeH-
HO 3aBHCHUT OT NPHUCYTCTBUS IMPHUMECEH, KOHLUEHTpAIM peareHTa u omnpese-
JSIEMOTO BEIIECTBA, MPUPOJIBI PACTBOPUTEN, TeMiepaTypsl. [Ipu BeimosHe-
HUU JIFOMUHECIIEHTHBIX peakiuil (0COOEHHO ¢ OPraHMYECKUMHU peareHTaMu)
HEOOXOAUMO IPOBOAUTH KOHMPONbHbIU onbim. JJI 3TOro psiioM ¢ Karuien
AHAIIM3UPYEMOI0 pacTBOPAa HAHOCAT KAaIUIK0 KOHTPOJBHOIO PacTBOpa, COIEp-
JKAIIEero BCE KOMIIOHEHTBI, KPOME OIIpenensseMoro. TeXHUKa HaHECEHMs Ha
OyMary Kareib UCCJIEelyeMOro pacTBOpa U peareHra oobiuHas. BiaxHoe msr-
HO BBICYUIMBAIOT Ha BO3JlyX€ M HAOJIOAIOT JIOMUHECICHIIUIO B yJIbTpauo-
JIETOBOM CBETE.

*Hazpeganue u evinapuganue. Ilpu NpoBeIeHUN MHOTHX peakUui
TpeOyeTcsi HarpeBaHue. HarpeBatb pacTBOpbl Ha OTKPBITOM IUIAMEHH TOpEJI-
KU Henb3s. [I[poOupku HarpeBaroT Ha BOASHON OaHe (B cocyze, 3al0IHEHHOM
KUTISIILIENH TUCTUIIMPOBAHHOMN BOION).

BrimaprBanue pacTBOPOB JUISl MX KOHIICHTPUPOBAHUS WM yIIapUBaHUS
aocyxa npoBoJAT B (apdopoBbIX YalllKax WIM TUIJSX. PEKOMEHyeTcsl Bbl-
HOJIHATH 3Ty OIEPALMIO HAa IECOYHOU OaHe.
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2.2. Peakuum 00Hapy:KeHHsSI KATHOHOB.

AHanmuTH4eckas KiaccuduKamys KaTHOHOB CBsI3aHA C MX pa3/ieJICHuEM
Ha aHAIMTUYECKUE TPYNIbI NPU MOCIEI0BATEIIBHOM JCHCTBUM TPYIIIOBBIMU
peareHTaMmH.

B kauecTBe rpynmoBbIX peareHTOB JJisl pa3AeieHUs] KATUOHOB MPUMeE-
HAIOT KaKk Heopranuyeckue (tabdin. 2.1 — 2.4), Tak U opraHMYecKrue ocaauTe-
U (8-OKCUXMHOJIMH, JTUMETUWITIIMOKCUM, KyridepoH). [l pa3aeneHus: aHuo-
HOB OOBIYHO MCIOJIB3YIOT Pa3IMUHYI0 PACTBOPUMOCTD coJieil Oapust u cepeo-
pa. C moMoIIbI0 IPYIIOBBIX PEareHTOB CMECh KATUOHOB PA3JEIISIIOT HA IPYII-
bl U MOJATPYIIBI, @ 3aT€M B KaXKJI0M OOHAPYXKUBAIOT MOHBI XapaKTEPHBIMU
JUTSL HUX PEaKUUsIMH.

Ha3zsanue cucmemamuueckozo xooa anaiuza v COCTaB aHATUTUIECKUX
IPYII KaTUOHOB OMPEAENSIOTCS TPYNHOBBIMU peacenmamu. CoOcTaB rpymm
KaTHOHOB MEHAEMCs C U3SMEHeHUeM 2PYNNo6blX PEareHTOB.

Jlns pazneneHusi KAaTUOHOB HauOoJiee U3BECTHBI CEPOBOAOPOIHAS, aM-
MuagHo-(pochaTHass ¥ KUCIOTHO-IIIETOYHAS CXEMbI aHAIIH3A.

Cepoeooopoonan cxema aunaiu3a OCHOBAHA Ha Pa3JIMYHOM pac-
TBOPUMOCTU CYJIb()PUAOB, XJIOPUAOB, TUIPOKCUJIOB U KapOOHATOB METAJIOB
(Tabn. 2.1). DTa cxema B HACTOsIIIEE BpeMsl yTpaTuja CBOE 3HAUCHUE H3-3a
SJIOBUTOTO T'a3a CEPOBOOPOA.

Ammuauno-gpocpamnan cxema OCHOBaHa Ha PaA3TUIHON PaCTBOPH-
MocTu (dochaToB U XJ0pHA0B MeTaIOB (Tabd. 2.2). OOBIYHO ATy CXEMY HC-
MOJIB3YIOT JJisi aHaiu3a OOBEKTOB, conaepxammx ¢ochar-uoHsl (TOYBHI,
ynoopenus u ap.). Bo Bcex apyrux cxemax ananmza gocdar-uoH HeoOX01u-
MO oTnenuTh. C 3TOM 1eNbI0 ero MO0 OcaxAaroT B BUAE GocdaTa IIUPKOHUS,
100 OTAETISIOT HOHOOOMEHHBIM METOJIOM.

Kucnomno-wenounasa cxema ocHoBaHa Ha Pa3IMYHON pacCTBOPUMOCTH
XJIOPUJIOB, CyIb(AaTOB U THAPOKCHIOB KATUOHOB B MUHEPAJIbHBIX KUCIOTAX,
TUAPOKCUJIE HaTpusa U ammuake (tadi. 2.3). B nacrosimem nocobun sta cxe-
Ma u3noxxkeHa Haubosee noapooHo. [lockonbky katnon Mg(Il) npakTuuecku
Bcerza BeTpevaercs ¢ karnoHamu | u Il rpynn v no aHamuTUYECKUM CBOMCT-
BaM 3aHHUMAET MPOMEKYTOUHOE IMOJIOKEHUE, XapAKTEPHbIE peakluu KaTUOHA
MarHus U3y4aroT I10CJI€ peakuil KAaTHOHOB | rpynibl.

HekoTopsle cnenuduyeckie 1 xapakTepHble PEAKIUN KATHOHOB BCEX
rpymI npeacTaBieHsl B Tabnunax 4.3 — 4.8 (tnasa 4).
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Tabmuma 2.1

Knaccudukarmm KaTHOHOB 110 CEPOBOJIOPOIHOM CXEME aHaTI3a

Homep| Karnonst ['pynno- | O6pasyromuecs XapakTepucTuka
TPYIIIIBI BOH COCTMHCHHSI TPYIIIIBI
peareHT
I |NH,", Na(l), Her Cynbduasl u kapOoHa-
Mg(11), K(I) Thl PACTBOPUMEI B BOJIE;
OCHOBHOM KapOOHaT
MarHusi paCTBOPYM B
pacTBOpax coJiel aM-
I |Ca(Il), Sr(IT), |(NH4),CO{CaCOs;, SrCO;, |Cynsduasl pacTBOpH-
Ba(II) BaCO; MBI B BOJI€; KapOOHATHI
HEPACTBOPUMEI B BOJIC
1 |AI(II), Cr(IID), [H,S (mpu [A1,0;3 - nH,O, |Cyasdunst (wiam ruapo-
Mn(II), Fe(Il), [pH>7) Cr,0;5 - nH,O, |kcuabl) HEpaCTBOPUMBI
Fe(III), Co(IT), MnS, Fe,S;, FeS,[B Boae, pacTBopumbI B
Ni(IT) Zn(II) CoS, NiS, ZaS |pa306aBieHHBIX KHUCJIO-
Tax
IV |I-12 nooepynna:|H,S (npu |CuS, CdS, HgS, |Cynbdunst HEpacTBO-
Cu(I),Cd(I1), |pH 0,5) |[B,S;, As,Ss, pPUMBI B pa30aBICHHBIX
Hg(II),Bi(I1I) Sb,S3, SnS, SnS,|kucnorax; cyabhumbt
KaTUOHOB 2-1 MOJI-
2-s nooepynna: TPYIIIBI PACTBOPUMBI B
As(IIT), As(V), MOJIUCYTBPHUIE aMMO-
Sb(III), Sb(V), HUS ¢ 00pa3oBaHUEM
Sn(II), Sn(1V) THO-aBHOHOB
VvV  |Ag(), Hg(I), |HCI AgCl, Hg,Cl,, |Xnopuasl u cyabduabl

Pb(II)

PbCl,

HCPACTBOPUMBLI B BOAC U
p336aBHCHHBIX KHCJIO-
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Tabmuma 2.2

Knaccuduxkanus kaTHOHOB 10 aMmMuadHoO-(ochaTHON cXxeme aHam3a

Homep| Karnonst ['pynmoBon OOpa3yro- | XapakTepuCTHKa
TPYIITIB] peareHt IHeCs TPYIIIBI
COCTMHCHHS]
I |NH,", Na(l), Her docdatsl
K(I) PacTBOPUMEI B BOJIE

II |/l-a (NH,4),HPO4,NH;|MgNH,PO, |®Pocdars HepacTBO-
noozpynna: CaHPO, |pumsl B BoA€E U
Mg(II), Ca(Il), MnNH,PO,|NH,OH.

Mn(II), Fe(II), FeHPO, docdarpl KATHOHOB

Sr(1T), Ba(Il) SrHPO, I moarpymnmel pactBo-
BaHPO, pumbl BCH;COOH

2-5 AlPO, docdaTel KATHOHOB 2+

noozpynna: CrPOy 1 MOJArpyNIIbl HEpac-

A1), Cr(I1I), FePO, TBOPUMBI B

Fe(III), Bi(III) BiPO, CH;COOH, pactBo-

pumbl B HCI

1 |Co(ID), Ni(II), NH; Co(NH;)s™ |®@octhars pacTBOpu-
Cu(Il), Zn(II), Ni(NH;)s>" |MBI B BOZHOM pacTBo-
Cd(II), Hg(1T) Cu(NH;),*" |pe NH;

Zn(NH3),*"
Cd(NH;)s*"
Hg(NH;),*

IV |As(IID), HNO; HSbO;, MeracypbMsiHasg U Me-
As(V), Sb(I1), H,SnO;,  |TaosioBsiHHAS KUCIOTHI
Sb(V), H3;AsO, HEPacCTBOPUMEI B BOJIC
Cn(II), Cn(1V) U a7IcopOUpyIoT

MBIIIbSIKOBYIO KHCIIO-
Ty

V  |Ag (D), Hg(D), HCI AgCl, Xopubl HEPACTBO-

Pb(II) Hg,Cl,, pPUMBI B BOJIE U pa3-
PbCl, OaBJICHHBIX KHUCJIOTaX
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Taomuna 2.3

Kiaccudukaiys KaTHOHOB 10 KHCJIIOTHO-ITIEIIOUYHON CXeMe aHalln3a

Homep | Katnonsr | I'pynmosoit Obpasyromuecs = XapaKTepuCTHKA
TPYIIIBI peareHr COCTMHCHHSI TPYIIIBI

I NH,". Her Xnopuel, cyib(arTsl,
Na(l), TUAPOKCH]IBI PACTBO-
K(I), pUMBI B BOJIE
(Mg(ID)

II Ca(Il), H,SO, SrSO4,BaS0O,, | Cynbdatel HEpacTBO-
Sr(11), CaS0, PUMBI B BOJIe U pa3baB-
Ba(II) JIEHHBIX KUCIIOTaX

r | Ag(D, HCl AgCl, Hg,Cl,, | Xnopunabl HepacTBO-
Hg(I), PbCl, PUMBI B BOJI€ U pa30aB-
Pb(II) JIEHHBIX KUCIIOTax

IV | Zn(1D), NaOH, Zn(OH),”, I'mppoxcuasl HEpac-
Al(ID), | H,O, Al(OH),, TBOPUMBI B U30BITKE
Sn(ILIV), Sn(OH)™", IeJI0YHU
Cr(11I) CrO,”

A% Sb(1IL,V), | NH;, H,O, | HSbOs, IM'mapoxcuasl HEpac-
Bi(I11), Bi1,05xH,0, TBOPHUMBI B U30BITKE
Mn(II), MnO(OH),, aMMuaKa
Fe(ILIII) Fe,05xH,0

VI | Co(Il), NH;, H,0,  Co(NH;)s I'mppoxcuasl pacTBo-
Ni(ID), Ni(NH;3)¢™", PUMBI B U30BITKE aM-
Cu(Il), Cu(NH;),™", MHUAKa; TUIAPOKCHU]T
Cd(II), Cd(NH;),™, MarHusi paCTBOPUM B
Hg(II), Mg(II) pacTBOpax coJieu am-
(Mg(11)) MOHMUS

2.3. Peakuuu oOHapyKeHUS] AHNOHOB

B ocHOBy knmaccudukanuii aHHOHOB TOJIOKEHBI JTUOO WX OKUCTUMENbHO-
soccmaHnosumenvtule ceolicmea, Mubo omuowenue anuonos k Ag(l), Ba(ll),
Ca(ll), nubo cnocobnocmeb 00pazoevieams 2a3000pa3HbIE Geujecmed Npu
Oeticmeuu kuciom U T.4. B Ttabnune 2.4 npuBeaeHa kiacCUUKAIMSI aHHO-
HOB, OCHOBaHHasi HAa PA3JIMYHON PACTBOPHMOCTU cojiel Oapusi u cepedpa.
Takoi#t Tun kinaccudukanuu HanOoJee YacTO UCTOIb3YeTCS B KaUeCTBEHHOM
HEOPTraHWYECKOM aHaIN3€ HA AHUOHBI.
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Ta0muna 2.4
Knaccuduxkanus annoHoB

Howmep AHUOHBI
IpyHIbl
I B(OH),~, CO5>", SiOs™, PO4”, AsO;”", AsO,", SO4”~, SO~
F~, S,05

11 S*~, CI7, Br~, I, I0;~, SCN™

II NOs~, NO,", CH;COO

Crnenuduueckrue U XapaKTepHbIC PEaKIMd aHUOHOB BCEX T'PYIIN IPe-
cTaBJieHbI B TabuIe 4.9 (rnasa 4).

2.4. O0Hapy:xeHHe OPraHNYeCKHUX COeUHEHMUI

OyHKIMOHAJIbHBIE TPYMIbl B OPraHUYECKUX COEAMHEHUSX OOHapy-
’KUBAIOT IPUMEPHO C TOM K€ 1I€JIbI0, YTO U KAaTUOHBI UJIM aHWOHBI B HEOpra-
HUYECKUX coeanHeHus. CpaBHUTEIBLHO HEMHOTHE (PYyHKIIMOHAIbHBIE TPYIIIIBI
MOYKHO OOHAapyXUTh XUMHUYECKMMHU METOJaMH HENOCpeACTBEHHO. Penko B
peakiuu o0pa3yroTcs COeAMHEHNUs, UMEIOIINE XapaKTePHYI0 pacTBOPUMOCTD,
OTIPENEJICHHYI0 OKpAacKy NMpu AHEBHOM WM YIbTPa(UOIIETOBOM CBETE WU
JpyTHUe CBOMCTBA, KOTOPBIE MOTYT CIIY>KUTh OCHOBOHM ISl UX HUIACHTH(HUKA-
nuu. Yacto Heo0X0IMMO MPEIBAPUTEIBLHO OJABEPTHYTh BEIIECTBO PEAKLUAM
KOHJICHCALIMH, OKUCIIEHUS U APYTHM, YTOObI 00pa30BalIlCh COCIUHEHUS, KO-
TOPBIE MOYKHO JIETKO OOHAPYKUTh C IIOMOILIBIO NOAXOJAIIETO PeareHTa.

OcTtanbHast 4acTh MOJIEKYJIbI, B KOTOPOUH COAEPKUTCS (PYHKIIMOHAIbHAS
rpynna, MOKeT BJIMATh HA PACTBOPUMOCTb COEIMHEHHUSI U MPOYKTOB €ro pe-
aKLUU B BOJIC UJIM OPraHUYECKUX PACTBOPUTENISIX, CKOPOCTh U MOJIHOTY IpO-
TEKaHUs peaklMH, [BET IPOAYKTOB peakluu U Apyrue cBoiicrtsa. Takum o0-
pa3oM, AJisl OJJHOW M TOM K€ peaklUH BeJIMYMHA Ipeneaa 0OHapyKEeHUsT MO-
’KE€T OUeHb CHJIbHO KOJIeOaThCs Jake MPH MCCIEIOBAaHUM B OJUHAKOBBIX yC-
JIOBUSIX COETUHEHUH, COEpKAIMX OJHY U Ty k€ (PYHKIIMOHAJIbHYIO TPYIIILY.

He pexkomeHnayeTcs HauMHaTh XUMUYECKOE HCCIEAOBAHME OpPraHU-
YECKOT0 BEIIEeCTBa ¢ Mpo0 Ha TUNHMYHBIE (PyHKUMOHANIbHBIE rpynmsl. Jlydie
TaK *e, KAK U B KaUeCTBEHHOM HEOPraHWYECKOM aHaJu3€, MPOBECTH Psij
IIPEIBAPUTEIBHBIX UCCIEIOBAHUM, KOTOPbIE MOTYT JaTh OPUEHTHUPOBOYHBIE
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JaHHBIE O HAJIMYUU WIM OTCYTCTBHM TOW WJIM MHON (PYHKIIMOHAJILHOMW TpyI-
TbI.

OCHOBHOI LIENBIO MPEABAPUTEIBHBIX UCCIEN0BAaHUNA B Kau€CTBEHHOM
OpPraHUYECKOM aHaJu3€ SBIISETCS OOHApPY)KEHHE HEKOTOPBIX AJIEMEHTOB, yC-
TAHOBJICHHE KHUCIJIOTHOTO MJIM OCHOBHOI'O XapaKTepa MUCCIEAYEMOIO BEHIECT-
Ba, 3HAKOMCTBO C €r0 OKHCJIMTEIbHO-BOCCTAHOBUTEIBHBIMH CBOWCTBAMU U C
JIPYTUMH XapaKTepUCTUKaMH (OKpacka, 3amax, IIaBjIeHue, paCTBOPUMOCTh U
np.). Hampumep, ecnu npu noMoIu OpocToro mpeiBapuTeabHOr0 UCCIeno-
Banus (npokanuBanue ¢ CaO c oOpa3oBaHMEM aMMHaKa) yCTAHOBJIEHO OT-
CYTCTBHE a30Ta, TO HET HEOOXOIAUMOCTHU MPOBOAUTH HCCIIEOBAHUS HA MPHU-
CYTCTBHE AMHUHO-, HUTPO-, HUTPO30-, OKCHAMUHO- U JPYTMX a30TCOAEpKa-
IIUX TPYII.

Kpome Toro, npu onpezaenennn GyHKIMOHAIBHBIX IPYIII BCETa PEKO-
MEHJIYETCS MMPOBOAUTH KOHTPOJBHBIE ONBITHL. JIJis1 3TOTO0 MPOBOAAT OMBITHI C
pa3HbIMM KOHLIEHTPALMSIMHU COEIWHEHHUH, CoAepalluX NaHHYIO (DyHKIHO-
HaJlbHYIO Tpymniy. Eciu cymiecTByeT HECKOJIBKO CIOCOOOB OOHapy>KeHUs
JaHHOW (YHKIIMOHAIBHOW TPYIIIbI, HEJNb3s OTPAaHUYUBATHCS TOJIBKO OJTHOM
npo6oi. I[lpumepsr 0OHapyXeHHS HEKOTOPBIX OPraHUYECKHX COCAUHEHUHN
npuBeeHbl B Tabnuuax 2.5 — 2.7

Tabnuma 2.5
Oo6napyxenue heHosoB peakiuei JInbepmana
deHon dopmyna Oxpacka B kucioM | Cyy,
IEJIOYHOM PacTBO- MKT
pax
denon C¢Hs;OH CUHSAA—KpacHas— 1
3eJIeHast
Pe3opuun 1,3-C¢H4(OH), KpacHasg— CHHSA 5
[Tupokarexun 1,2-C¢H4(OH), 3eJIeHasi—KpacHags— | S5
KpOBaBO-KpacHasi
I'uapoXxnHOH 1,4-C¢H4(OH), 3eJIeHass—KpacHasi 10
[Tuporayon 1,2,3-CcH;3(OH); dbuoneroBas—Oypas | 10
Opcun 3,5-C¢H3(CH;3)(OH), xKenaTas—KpacHas— | S
nyprypHas
DI0pOrIOIMH 1,3,5-CcH3(OH); KpOBaBO-KpacHasl 10
Tumon 1,5,3- 3eJeHas—KpacHas—
CgH3(OH)(CH;)(C3H7) | cunsis
denuncanunmiar | 1,2- 3eneHags—KpacHas— | 4
(cason) CsH4(OH)(COOC¢Hs) | cunsisa
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Ta0muna 2.6

OO6HapyXeHHe abJACTHIOB 110 PEAKIUHU C O-THAHU3HIHHOM

Anpaerun dopmyiia Oxkpacka Crunns
Ha XOJIOMy | mpw MKT
HarpeBaHUH
®opmansaeruny | HCHO onemHo- opaHxeBo- | 50
KenTas Oypas
Aneranpnerun | CH;CHO OpaHXeBasi | TEMHO- 30
Oypas
[Tapanbaeru (CH;CHO); OJINBKOBO- | KpacHO- 4
3eJieHas Oypas
AKpoJsieuH CH,CHCHO KpacHO- ¢uoneroro- | 0,1
Oypas Oypas
KpoTonoBbIit CH3;CH=CHCHO | TemHo- Oypo- 2
KpacHas KpacHast
[Tpormmonoseii | CH;CH,CHO OJIMBKOBO- | KpacHas 20
3eJieHas
DHaHTOBBIN CH;(CH,)sCHO KpacHO- KpacHas 9
Oypas
AHNCOBBIN 1,4- TEMHO- KpacHas 2
C6H4(CHO)(OCH3) OpaH>XCBast
benzanpaerun Cs¢Hs;CHO OpaHXeBasi | KpacHoO- 3
OopaHXeBast
CaymummaoBeii - | CgH4(CHO)(OH) OpaH)KkeBas | opamxkeBas |5
o- CsH4(CHO)(NO,) | 3eneno- KpacHO- 5
Hurtpobenzann- Oypas Oypas
JIETH]T
Oypdypon C4,H;0(CHO) KpacHO- CUHE- 0,02
¢buosieroBas | puoneropas

42



Tabmuma 2.7

Oo6HapyxeHue KapOOHOBBIX KHUCIIOT IIEPEBOJIOM HX B THAPOKCAMOBBIC

Kuciora dopmyna Oxkpacka kom- Cruss
iekca ¢ Fe(Ill) | mxr
VYkcycHas CH;COOH dburoneToBo- 100
KpacHas
Momnoxnopykcycnas | CICH,COOH duosneroBas 12
JluxyiopykcycHas Cl,CHCOOH KpacHoO- 11
buoneToBas
1-AmunoykcycHas | HbNCH,COOH JIUJIOBast 15
[TanbMUTHHOBAS CH;(CH,)4COOH Oypo- 16
dbuoneToBas
CreapuHoBas CHj;(CH,),,COOH Oypo- 20
(buosieroBas
KpoToHoBas CH;CH=CHCOOH buosieroBas 33
Oneunonas CHj;(CH,),CH= KpacHO- 11
=CH(CH,),COOH dbuoneToBas
SuTapHas HOOCCH,CH,COOH dbuoseroBas 11
JlumonHHas HOOCCH,C(OH)x ¢dbuoneToBo- -
x(COOH)CH,COOH KpacHast
DeHMITyKCyCHas CsHs;CH,COOH KpacHO- 11
dbuoneToBas
Kopuunas CsHsCH=CHCOOH dbuoneToBas 33
AHTpaHuiIOBast 1,2-C¢H4(NH,)(COOH) | TemMHO- 12
buoneToBas
TuoykcycHas CH;COSH ¢duoneroBo- -
KpacHas
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I'naBa 3

METO/AbI PA3AEJIEHUSA DJIEMEHTOB

[TogroroBneHHas AJisi aHaiau3a mpoda MpeAcTaBisieT co0ol omaHodas-
HYIO CUCTEMY, B KOTOPOH MOTYT MPUCYTCTBOBATh HECKOJIHKO KOMIIOHEHTOB B
pa3MuYHBIX COOTHOIIECHUAX. Mcnonwe3dys cneyughuueckue peakuuu, MOMKHO
OOHapyXUTh HEKOTOPHIE BEIIECTBA TAKOW cMeCU OpOoOHbIM METOJOM B OT-
JEJIbHBIX NopuusAX MpoOsl. IlpuMeHss pa3nuuyHble IPUEMBI MOBBIILICHUS CeE-
JEKTUBHOCTH, MO’KHO 3HAUUTENBHO PACIIUPUTh KPYT OOHAPYKUBAEMbIX KOM-
noHeHToB. K coxxanenuto, oOHapyKeHHe MHOTMX BELIECTB JAPOOHBIMH peak-
USIMU HE OYEHb HAJIEKHO WM MPOCTO HEBO3MOXKHO. B 3TOM citydae npuxo-
JTUTCsl mpuleratb K MpeABapUTEIbHOMY pa3fesieHUI0 KOMIIOHEHTOB CMECH.
JI1st 3TOro  UCMONB3YIOT METOAbl OCAXKACHMS, COOCAXIACHHS, SKCTPAKLUH,
XpoMarorpaduu, 3JeKTpoIIn3a, JIeKTpodopesa, IUCTULIALNH, CyOIuManuu,
30HHOM TUTaBKH, (PIIOTAIMH U AP.

B ocnose 6onvuwuncmea memoooe pasoenenus aexcum 0OUH U
mom jce npuHyUn — uzoupamenvHoe pacnpeoenenue KOMno-
HEHMO8 anHanuuUpyemou npoovl mMexcoy 08yMsl pa30earouUMUCs
Gazamu. ObHapyxcusaemvlii KOMHOHEHM CMeCU Nepegoosim MNo
B03MONCHOCIU HOTHOCMbIO 8 0OHY U3 (has3.

Haunbomnee mmpoko B Ka4ECTBEHHOM aHAJU3€ /IS pa3/iesieHUs BEIIECTB
UCIIOJIB3YIOT OCAXIACHHUE, IKCTPAKIINIO, OyMaXHYI0 XpoMaTtorpaduio U HOH-
HBI 0OMEH. DTHU METOJbI pa3leleHUs JieKAT B OCHOBE CUCMEMAMUYECKO20
aHanu3a CMECe KaTUOHOB U aHUOHOB.

CucmemamuyecKkuil aHaiu3 OCHOBAH HA NOCIE008AMENLHOM
8bl0eNIeHUU HeOOIbUIO20 YUCIA UOHO8, UX SPYNN C HOMOWBIO
2PYNNOBHIX PeazeHmo8 ¢ NOCAeOVIOWUM OPOOHBIM OOHAPYHCEHU-
eM, a npu HeobXooUMOCmu ¢ OONOJHUMENbHLIM pa3ideneHuem 6
Kaxcoou epynne.

CymiecTByeT HECKOJIBKO CXEM CHCTEMAaTHYECKOrO0 aHaju3a CMeceu Ka-
THOHOB M aHHWOHOB. JIro0asi cxema paszeneHus: MpeayCMaTpUBaCT CMpOcyHo
nociredogamenvHocms omoenenus rpynn. Ha npaktuke ayis ananmsa cMmeceit
AJIEMEHTOB HCIIOJB3YIOT COUYETaHWE APOOHOr0 M CHUCTEMATHYECKOTO XOja
aHaJIn3a.
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Memoo 0pobnozo obHapyscenHus UOHO8 OCHOBAH HA NpuMe-
HeHUU cneyuuiecKux u celeKmuHblX peazeHmos.

3.1. Ocaxknenue

Pazoenenue memooom ocascoenuss OCHOBAHO Ha Pa3JIMUYHON pac-
TBOPUMOCTU COEAWMHEHUM pa3lieNiieMblX HOHOB TMpU JCHCTBUM CIEIU-
(bryecKux WIM TPYIIOBBIX pPEareHTOB. DTOT METOJ HaumboJiee MIUPOKO HC-
MOJIB3YETCS B MPAKTUKE HEOPraHMYECKOr0 KaueCTBEHHOTO aHanuza. JJist mo-
BBIIICHUS CEJIEKTUBHOCTU OCAXKJEHUsI BapbupytoT pH pacTBopa, UCHIOIB3YIOT
KOMILJIEKCOOOpa30BaHUe, U3MEHEHHUE CTENEHU OKHCICHUS SJIEMEHTOB U JIp.
[Tpu mpaBUIbLHOM TIOAOOPE ocadumeneti N YCLOBUL 0CAMCOeHUs YIACTCS pa3-
JICIATH MPAKTHYECKH JIF0ObIE CMECU KaTHOHOB ¥ aHHMOHOB. [Ipu ananuze
OTJIETILHBIX TPYII B 000 CXeMe BMECTO pa3/ielieHui ¢ TOMOIIBIO OcaauTe-
JIell MOKHO MCTIOJIb30BaTh KCTPAKIIUIO U XpoMaTorpaduro.

3.1.1. AHaIu3 cMecH KATHOHOB KHUCJIOTHO-IIEJI0OYHBIM METOI0M

Haubonee gacto ucnonb3yeMblii MeToa. ['pymoBbIMU peareHTaMH 5B-
nsitotest HCL, H,SO,4, NaOH u NHj; (Tabi. 2.3). B ocHOBe MeToa nexuT pas-
JUYHAsl PACTBOPUMOCTD B BOJIE XJIOPHUJIOB, CYIb(HAaTOB U THIPOKCHIIOB, aM(o-
TEpHbIE CBOMCTBA TMAPOKCHUIOB HEKOTOPBIX METAUIOB M CIOCOOHOCTh K 00-
pa30BaHUIO PACTBOPUMBIX aMMUAYHBIX KOMIUIEKCHBIX COCTMHEHUH.

Ananm3upyembiii 00pasel; MOXET IPECTaBIATh COO0M CMECh TBEPIBIX
coneil (BO3MOXHO TPUCYTCTBHE OKCHIIOB), PACTBOP WJIM PACTBOP C OCAJKOM.
[TonoBuHy 00pasia OTAEISAIOT U COXPAHSIOT 10 KOHIA aHalIu3a. JTO HElpu-
KOCHOBEHHBIH 3arac, KOTOPbIi NCTIOIB3YIOT B ClIydae MOBTOPEHUS aHAIIN3A.

[Ipexne yeM NPUCTYIIUTH K CUCTEMATUYECKOMY XO/1y aHalln3a, BBIMOJ-
HSIOT HEKOTOpbIE MpeABapUTEIbHbIC HCIBITAHUS, KOTOpPhIE MOMOTaroT INpHU
UHTepIpeTanun pe3yiabTaToB. CieayeT Takke OOHapYXKUTh psAJ KaTHUOHOB
JIPOOHBIM METOJOM, MCIONB3Ys CHEeHU(PUUYECKHE U CEJIEKTHBHBIE PEaKIIMH,
MaCKUpPys MEIIAIOIINE HOHBI.

Ilpedsapumenvnsie ucnvimanusa. 1. O0pamarOT BHUMaHUE HAa OKpa-
cKy oOpa3slia U JeNaroT NpeIBApUTEIbHBIE BBIBOJBI O BOBMOKHOM MPUCYTCT-
BUU WJIM OTCYTCTBUU OKPAIICHHBIX KATUOHOB.

2. Onpenensitor pH ¢ momoIipl0 YHUBEpPCAIbHOTO MHAMKATOpa (eciau
aHAJIM3UPYIOT PACTBOD).

3. IIpoBepstoT OTHOLIEHHE O0pa3la K JEHCTBUIO KUCJIOT U ILIEIOYEH.
Jis 3TOr0 OTOMPAIOT B MPOOUPKY HEMHOTO TBEPAOro oopasua uinu 1 — 2 karn-
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JU pacTBOpa ¢ ocaakoM, nobasisroT 2 — 3 kammu 6 M HCI1. Ecou ocamok
PaCTBOPUJIICS TOJTHOCTHIO, B €T0 COCTaB, BEPOSITHO, BXOSAT KapOOHATHI M TH/I-
POKCH/IbI KaTUOHOB. ECIM MOJIHOrO pacTBOPEHHUSI HE MPOUCXOAUT, BO3MOKHO
npucyrcteue SbOCI, BiOCl, PbCl,, AgCl, BaSO4 u PbSO,.

AHaJOTHYHO TMPOBEPSIOT OTHOIIEHUE 00pasla K JEHCTBUIO H30BITKA
2M NaOH wnnun KOH. Ecnu ocanok pacTtBopsieTcs, B €10 COCTaB BXOIAT TUA-
POKCH/JIbI ATFOMUHUS, IIMHKA, XpOMa, CBUHIIA U 0JIOBA.

AHanu3upyemblil o0paselr] MOMENaloT B MPOOUPKY U PACTBOPSIOT B
MUHUMaIBHOM KonudectBe 2 M HCI. B oTAenbHBIX NOPUUSAX MOTYYEHHOTO
pacTBOpa 0OHAPYKUBAIOT KATUOHBI APOOHBIM METOAOM (cM. Tabdi. 4.3 — 4.8).

CucremaTrueckuil XoJ1 aHalii3a npeacTaBieH B Tadaunax 3.1. — 3.2.

3.1.2. AHaaIm3 cMecH AaHHMOHOB

CucremMaTHyeCKUd XOJI aHAJIM3a AHUOHOB OCHOBAH Ha Pa3JIMYHON pac-
TBOPUMOCTHU cOJiel Oapusi U cepebpa B BOJAEC M pa30aBICHHBIX MUHEPATbHBIX
kuciorax (tabia. 3.3). ['pynmoBeIMu peareHTamMu SIBJISIOTCS XJIOpUJ Oapus |
HUTpAaT cepedpa.

Kak u mpu aHanm3e cMecu KaTHOHOB, CHCTEMATHYECKOMY XOJy aHalu-
3a MPEAIIECTBYIOT MPEABAPUTEIIbHBIE HCIBITaHUS. BOJIBITMHCTBO aHMOHOB
MO>XHO OOHApYXHUTh B OTJEIBHBIX MOPIHUSAX aHAIM3UPYEMOI'O PacTBOpa WIIH
TBEPJIOTO BellecTBa IpoOHBIM MeToaoM. OOHApYKEHHIO aHHOHOB HE MeIla-
I0T KaTUOHBI Kalivs, HATpUA U aMMOHHUs. Eciiu B aHaIM3mMpyeMoM pacTBOpe
MPUCYTCTBYIOT IPYTHUE KATHOHBI, X YIAISIOT KUIISTYCHHEM C KapOOHATOM Ha-
TpUSL.

Ilpedsapumenvnuvie ucnotmanusn. 1) Onpenenenrie pH pactBopa. B kucoi
cpene orcytcTByroT CO 32_, 8032', 82032', NO,, S%". B kucinoii cpelne HE MO-
ryT ogHoBpeMeHHO npucyrctBoBath I' u NO, , NCS u 105, I" u I05. B
LIEJIOYHOM Cpelie MOTYT IPUCYTCTBOBATh BCE aHUOHBI. He Moryt omHoBpe-
MEHHO HaxoIuThes 103 u s>,

2) IIpoGa Ha COBMECTHOE MNPUCYTCTBUE OKHUCIHUTENIEH U BOCCTaHO-
Buteneii. K 3 — 4 xamnsMm ananmu3upyeMoro pactBopa no0aBisioT 2M
CH;COOH no xucnoii peakuuu. [Ipu ogHnoBpeMeHHoM nipucytctBuu NO, u
I” unu 105" u [” pacTBOp CTAaHOBUTCS KpPacHO-OypbIM H3-3a BBIJE-
auBmerocs uoxaa. Ilpu goOGaBieHUMH Kpaxmana MOSBISAETCS CHUHSAA
okpacka. [Ipu go6aBinenun k 2 — 3 KamasiM HCCIEAYEMOTO PacTBO-
pa 2 M HCI B npucyrcteuu I' u CIO; Takxke Beinensercs non. B npu-
cyrereun S,05° mmm cvecn SO;°" u S° pacTBOp MEUICHHO MYTHEET.
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Tabmuma 3.1
Cxema pa3zeiieHusl KaTHOHOB Ha TPYIIIBI ACHCTBHEM TPYIIIOBBIX PEarcHTOB

Ha pactBop unu pactBop ¢ ocaakom cmecu kKatnoHoB [-VI rpynn gerictByror
6M HClu 1 M H,SO,
—_ — —
Ocanok 1 PactBop 1
Xnopunael u cynbgatel kaTuoHoB [l u Karunoner I, 1V, V, VI rpynn u
I rpynn AgCl, PbCl,, Hg,Cl,, Ca(ll).
PbSO,, BaSO,, SrSO,, (CaSO,), Ha pactBop 1 neiicTByeT H30BITOK

(SbOCl), (BiOCl), 2M NaOH wu 3%-Horo pactBopa
H202
— — —~
Ocanok 2 PactBop 2
I'mapoxcuel, oOCHOBHBIE KapOOHATHI Katuonst 1V u I rpynn
katuoHoB V u VI rpynm u Ca(Il). [AI(OH),], Zn(OH),%,
Ha ocanok neiictByror 2 M HNO; CrO42', Sn(OH)62',
— —"~ —~
Ocanok 3 PactBop 2
HSbO; Karwonsr 1, IV, V, VI rpymm u Ca(Il).

Ha pactBop 3 nelictBytoT 25%-HbIM
pactBopom NH; u 1 M NH,CI

A

— —
Ocanok 4 PactBop 4
I'mopoxkcuasl katnoHoB Kartuowst VI rpynm [Cu(NH3)4]2+,
V rpynner Fe,O5-xH,0, [Cd(NH3)4]Z+, [Ni(NH3)6]2+,
MnO(OH),, BiOCI [Co(NH;)e]™, [Hg(NH;),]*,

Mg(1I), Ca(Il).
Ha pactBop gelictBytoT Na,S,0;

(xpucr.)
Ocanok 5 PactBop 2
Cynsduast Cu,S u Katuonsr Cd(II), Ni(I),
HgS Co(II), Ca(II), Mg(IT)
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Ta0muna 3.2

AHam3 cMecu KaTHOHOB

Uccneny- | Pearent | Habmrone- BriBon CoctaB (a3sl mocne
eMBbII HHE paszesieHust
00BEKT Ocanok PactBOp
Pacteop |HCl+  |bensbrit Conepxarcsi  |ocaodoxk I: pacmeop I:
uc- H,SO, |ocamok cynearet B |AgCl, PbCl,  |kaTnoHbI
XOJTHOT'O xnopunsl ka- |Hg,Cly, PbSO,, |1, 1V, V, VI
oOpasia troHoB [ u Il |BaSQO,, SrSO,, |rpynn u
rpyni CaSO,, Ca(Il)
(B1OCl, SbOCI)
Ocanok 1 |I'opsauas |Yactuunoe |Bo3aMokHO 0Ca0oK 2: pacmeop 2:
BOJA pactBope- |mpucyrcrByer |AgCl, Hg,Cl,, |PbCl,
HUE Pb(II) PbS0O,4,BaSO0Oy,
ocajJka SrSO4, CaSOy,
(B1OCl, SbOCI)
PactBop 2 |[K,CrOy, [Kenteiit  |[IpucyrcTByer
anerar- |0caJloK Pb(II)
HBIN
Oydep
Ocanok 2 |NH; [Touepne- |IIpucyrcTByer
(xonit.) [nme ocan- [Hg(I)
Ka
Ocagnok 2 |[HCl+  |Yactuunoe |» 0caook 3: pacmeop 3:
Br,-H,O |pacTBo- AgCl, PbSO,, [HgCl,
peHue BaSOy, SrSOy,
ocaJika CaSO,
(B10OCl, SbOCI)
PactBop 3 |SnCl,> |Besrii »
HIEJIKOBHUC-
THIN
0CaJIoK
Ocanok 3 |NH; Yactuunoe |[IpucyTcTByeT |0cadok 4: pacmeop 4:
(koni.) [pactBo-  |Ag() PbSOy,, Ag(NH;),"
peHue BaSO,, SrSOy4
ocaJika CaSO,
(B10OCl, SbOCI)
PactBop 4 | HNO;  |benbiit »
(KoHII.) |ocazok
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Tabmuma 3.3
Knaccudukanus annoHoB

Howmep AHHOHBI I'pynmoson XapaKkTepuCTUKa IPyIIIbI
TPYIIIIBI peareHT
B(OH),", CO5™, BaCl, |Conu 6apus (II) HepacTBOpUMBI B
I Si0;™, PO, BOJIE, COJIU cepedpa pacTBOPUMBI
AsO;”, AsO,”, B KHCJIOTaX
80,7, SO;™,
$,05, F7,
m |s? CI,Br 17,1057, | AgNO; |[Comu cepebpa (I) HepacTBOpH-
SCN™ MBIl B BOJI€ M pa30aBJIEHHOM a30T-
HOW KUCJIOTE
I |NO;, NO;, HET Comu 6apus (II) u cepedpa (I)
CH;COO™ pacTBOPUMBI B BOJIE

3) Ilpoba Ha npuCyTCTBUE aHMOHOB — BoccTaHoBUTeNeH. K 2 — 3 kar-
JISIM aHAJIU3UPYEMOTO pacTBopa jao0aBisitoT karto 2M NaOH u 1 — 2 kamu
pazbaBnennoro pactBopa KMnQO,. Harpesatot Ha BojsiHo# 6ane. B npucyT-
CTBUU aHHOHOB — BOCCTAaHOBUTEJICH SO32', 82032', CNS |, I" Beimamaer Oy-
peIii  Oypblii ocanok. Eciu aHWOHBI — BOCCTAHOBUTETU OOHAPYXKEHBI, TO K
JIpYroy Mopiuu  aHaIM3UpyeMoro pactBopa nooasisior 2M H,SO4 u 1 —
2 xamm pacteopa I,. B mpucyrereun SO;™” u S,05°” Gypast okpacka noja
UCYe3aerT.

4) IIpo6a Ha npucyTcTBUE aHHMOHOB — okuciurened. K 3 — 4 xamnsam
aHanu3upyemoro pactsopa no6asisitor 2M  H,SO,4 1o kucioit peakiuu, He-
CKOJIbKO Kamenb OeH3zona win xjopodopma u 1 — 2 xamm pactBopa KI.
CMech BCTpSAXMBAIOT. B mpHCYTCTBHMM aHMOHOB — OKMCIWTEIEH OpraHuye-
CKUI CJIOM OKpaIIMBAETCs B PO30BO-(PUOJIETOBBIM 1IBET.

Credyem noMHUmv, 4mo Hpu OOHOBPEMEHHOM NPUCYMCMEUU
OKuUcaumenen u eoccmaHosumesell Heab3a 0elamb OKOHYA-
meJibHble 8b1800bL 00 OMCYMCMBULU MeX UIU UHbIX AHUOHO8 HA
OCHOBAHUU OMPUYAMETILHBIX Pe3YIbmMamos NpeosapumeibHblX
UCNBIMAHU.

5) IIpo6a Ha BbIENEeHNE ra30B. K HECKOJBKUM KAIUIIM aHAJIU3UPYEMO-
ro pactBopa nob6asistor 1 — 2 karum 2M H,SO,4 u Harpesatot. B npucyrcr-
BUU CO32_, 8032_, 82032_, NO,, S*" BpIgensieTcs Tas. Cnedyem obpamumo
sHumanue Ha ceoticmea 2aza. CO, — OeCUBETHBIN ra3 0e3 3amaxa, BhI3BIBACT
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MMOMYTHEHHE U3BECTKOM BoABI (HackieHHbIN pacTBop Ca(OH),). SO, — 6ec-
[[BETHBIN Ta3 ¢ 3amaxom ropsimen cepbl. NO, — Oypblil ra3 ¢ pe3kum 3ara-
xoM. H,S — OecrBeTHBIN ra3 ¢ 3a1maxoM TyXJIBIX SHII.

6) [Ipoba Ha npucyrcTBue aHuoHOB | rpymnmbl. K HECKOIBKUM KaruisiM
aHanusupyemoro pactBopa (pH 7 — 9) noOansror 2 — 3 KamM pactBopa
BaCl,. B nmpucyrctBun anmnonoB | rpymmbel oOpasyercss ocamok. Cremyer
MOMHUTH, 4TO 105, S,057, F~, BO, ocaxmarorcst pactBopom BaCl, Tombko
U3 JIOCTaTOYHO KOHIIEHTPUPOBAHHBIX PACTBOPOB.

7) IIpo6a na npucyrcreue annoHoB Il rpynmel. K 2 -3 kamnsm ananu-
3UpPYyEeMOro pacTBopa 100aBisioT 2 — 3 karuu pactBopa AgNO; u 2 — 3 karuu
2M HNOs;. B npucyrtcrBuun anuonos II rpymibsr o6pasyeTcst ocaiok.

*Oonapysicenue aHuoHo8 OPOOHLIM Memo0OM. B OTIEIIBHBIX TOPIHUIX
MOJIYYEHHOTO pacTBOpa OOHAPY>KMBAIOT aHUOHBI JPOOHBIM METOJOM IO pe-
aKIMAM, TIPEJACTaBICHHBIM B Tabuie 4.9.

3.2. UoHHBIIT 00MeH

Houmnbwtit oomen 3axnovaemcs 8 mom, 4¥mo HeKkomopbsle seuiecni-
6d NpU NOZCPYIAHCEHUU 6 pACMEBOP IJIEKMPOIUMA NOTIOWAIONT U3 He-
20 KamuoHbl UJlU AHUOHDbI, 8vloesIsis 8 pacmeop IK6UBANEHMHOe
YUucio Opyeux UOHO6 C 3ap}100M noeo JHce 3HaKd.

Mexny kamuoHooOMeHHUKOM W PacTBOPOM MPOUCXOJUT OOMEH KamuoHo8,
MEXIy AHUOHOOOMEHHUKOM W PACTBOPOM — 0OMeH aruonos. K mpupo-
HBIM aHMOHOOOMEHHHMKAaM OTHOCSTCS TJIMHBI U TEoNUThl. CHHTETUYECKUE
MOHOOOMEHHUKH MPEJCTABISIOT COO0W BHICOKOMOJICKYJIIPHBIE MAaTePUAIbI.
[TouTn BCEe OHM UMEIOT B KAYECTBE OCHOBBI MATPUILy U3 CIIMTOTO MOJUCTHU-
posia. B kauecTBe CIIMBAIOIIETO peareHTa MPUMEHSIOT OOBIYHO JUBUHUII-
oensou (/IBB). B marpuue 3akpernyieHsl HOHOT€HHbIE IPYIIBI — Y KaTHO-
HOOOMEHHUKOB KucIoTHOTO xapakrepa (— SO; H, — COOH, — OH, — POs;H,,
— AsO;H,), y aHHOHOOOMEHHNKOB OCHOBHOTO XapakTepa (— N(CH3);',
=NH," u apyrue).

Ceoticmea UOHOOOMEHHUKOG 3ABUCAM OM MPeX OCHOBHBIX (haKmMopos:
NpUpoObl UOHO2EHHBIX 2PYNN, CIMEeNeHU CUUBAHUS, XAPAKMepPU3yemol npo-
yenmom BB, uucia puxcuposanuvix uonos ua I epamm uoHo0OMEHHUKA 6
oannotl popme.

Ecnu matpuily ¢ gpukcupoBaHHBIM MOHOM 0003HA4YUTH R, 00paTtumblit
mpoiiecc oOMeHa MPOTUBOMOHOB Ha MOHBI PacCTBOPA MOXKHO 3aIMCaTh B BUJIC
peakiuii
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R-H + K'=R-K +H"
R-Cl + A=R-A +CI
DKCIEpUMEHTAIBHO YCTAHOBJIEHO, YTO JIJI1 HOHOB OJJMHAKOBOTO 3apsiia pas-
Hasi copOIust 00yCIOBIIEHA pa3MEPOM TUIPATUPOBAHHOTO NOHA, HATIPUMED,
Li(I) < Na(I) < K(I) ~NH,"
Mg(IT) < Ca(I) < Co(IT) ~ Ni(II).

HNoHOOOMEHHUK MPEeNMYILECTBEHHO copbupyem (noziowaem) WOH C
HauOOJIBIIINM 3apsIIOM, €CJIM PACTBOP pa30aBiieH, M C HAUMEHBIITUM 3apsiIOM,
€CJIM PacTBOP UMEET BHICOKYIO KOHIICHTPAIIUIO.

Cogpemennvie nipeAcTaBieHUs 00 HOHOOOMEHHON CEJEKTUBHOCTHU 3a-
KJIIOYArOTCs B clieaytomeM. MMIoHOOOMEHHUK paccMaTpUBaIOT KaK KOHIIEHTH-
POBaHHBIN pacTBOp 3JeKTpoiauTa. OT OOBIYHOTO BOJHOTO KOHIEHTPUPOBAH-
HOTO BOJIHOTO PAacTBOpPa OH OTJIMYAETCA TE€M, YTO MOHBI OJIHOTO THIA HEMO/I-
BIKHO 3aKpeIJIeHbl Ha MaTpuile MOHOOOMEHHHKA. MaTpuiia u3MeHsIeT CTPYK-
Typy BOABl BHYTPH MOHOOOMEHHUKA. CenekmueHocms UOHHO20 0OMeHa on-
peoensiemcs OMHOCUMENILHLIM CPOOCEOM OOMEHUBAIOWUXCS UOHO8 K
Kax#coou ¢ghaze — UOHOOOMEHHUKA U paCcmEopa.

CunpHOE B3aMMOJEWCTBHE OJHOTO W3 HMOHOB C (DPUKCHUPOBAHHBIMU
rpynmnaMd MOHOOOMEHHHMKA HE TaPAHTHPYET BHICOKOW CEIEKTUBHOCTH HMOHO-
OOMEHHHKA MO OTHOIICHUIO K 3TOMY HOHY, [IOTOMY YTO JIaHHBIM MOH MOKET
CTOJIb K€ CWJIbHO B3aMMOJICMCTBOBATh C MOHAMH WJIM MOJIEKYJaMU BOJbI B
pacTBope.

Hanpumep, eciiu u3 n1Byx noHoB A u b MOH A ruapatupoBaH CUJIbHEE,
yeM MoH b, 3HaUUT UOH A mpu MPOUYUX PABHBIX YCIOBUSAX OYAET HAXOIUTHCS
B BOJHOU (aze, rje umeeTcs: OO0JbIIe «CBOOOAHBIX» MOJIEKYJ BOJBI AJIS €r0
rujpaTalyy, 4eM B KOHIICHTPUPOBAHHOW (a3ze MOHOOOMEHHUKA. 3HAYWT,
noH b nepexoaut B ¢azy HOHOOOMEHHUKA HE MMOTOMY, YTO OH OOJajaeT Ka-
KUM — TO OCOOBIM CPOJICTBOM K 3TOH ¢haze, a MOTOMY, YTO CKIIOHHOCTh MOHA
A K rugpartanuu BelpakeHa cuibHee. [Ipyu 3TOM CeNeKTUBHOCTh ONPeAeIIseT-
csl KOMIUIEKCOOOpa3oBaHMEM HOHAa A B pacTBOpE , a HE B3aMMOJICHCTBUEM
noHa b ¢ monooomMenHuKOM. Eciii mpOTUBOMOHBI HEOAMHAKOBO B3aMMO/ICH-
CTBYIOT ¢ (DMKCHPOBAHHBIMU TPYIIAMU MOHOOOMEHHHKA, T.€. MOH A B3au-
MOJICUCTBYET C HUMHU CUJIbHEE, TO CEJICKTUBHOCTh HOHOOOMEHHUKA K MOHY b
MOHU3UTCHL.

Takum 00pa3oM, CEIEKTUBHOCTh HOHOOOMEHHHUKOB OMPENENeTCs Ppsi-
JIOM KOHKYPUPYIOIIUX pPEakiuil OOMEHHMBAIOIIMXCS MPOTUBOMOHOB — HUX
B3aMMOJICCTBHEM C (DUKCUPOBAHHBIMU HOHAMU MOHOOOMEHHUKA, HOHAMU B
pPacTBOpPE U MOJICKYJIaMH PACTBOPUTENIS B 00enx (pazax.

SIBieHNe CEeNEeKTUBHOCTH HOHOOOMEHHMKOB HMCIOJIB3YIOT B KadecT-
BEHHOM aHaJIU3€ — JJIsl pa3/iesieHus U OOHApYKEHHUs OKPAIIEHHBIX KaTHOHOB
B pacTBOpe; ISl OTIENEHUs Melarolux aHainuizy aHuoHoB (B(OH),)
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3- 2~
PO,”, SO, u ap.); Iias OTAENCHUS KATUOHOB TSKEJIBIX METAJLUIOB OT aHHO-
HOB B pactBope. Hanbosee yacto HOHOOOMEHHOE pa3AciieHUue IS PEIICHUS
JIBYX IOCJICTHUX 3a]1ay.

3.3. OkcTpakuus

1100 Ixcmpaxyueit nonumarom nepexoo eeujecmea 8 pacmeop u3
Opy2oul AHCUOKOCMU UIU MEePOOU (ha3bi.

[Tpu sToM BemecTBO, copepxkaiieecs B ¢aze 1, mepexoauT (IKCTparu-
pyetcsi) B a3y 2. OCHOBOM TEOPETHUECKOIO OMKCAHUs PACHpPEICIICHUS Be-
eCTBa MEXKIy ABYMs (ha3aMu CITY>KUT BBIPAXKEHUE TSI KOHCTAHTHI Mex(as-
HOT'O PaBHOBECHSI:

Bennunna K HaszpiBaeTcs koHcTanTou pacnpenenenuss Hepuera, C; u
C, — xoHueHTpauuu (6ojiee CTPOro - aKTUBHOCTH) BemlecTBa B pazax 1 u 2
COOTBETCTBEHHO. Y paBHEHHE U3BECTHO, KaK 3aKOH pacmpeneneHus Hepucra:

sewecmen pacnpedensomcs mexcoy HeCmeuusarnwumucs a-
3amu makum oopazom, umo omHouieHue e2o KOHyenmpayuii 6 ooe-
ux ¢hazax ecmo enUUUHA NOCMOSHHAS NPU NOCMOSIHHOU Memne-

pamype.

Coenunenue (0OBIYHO B OpraHuyeckou (asze), OTBETCTBEHHOE 3a 00pa-
30BaHUE PKCTPArupyeMoro COeIMHEHUs, Ha3bIBaeTCs axcmpazennom. O4eHb
4acTo JJIsl SKCTPAKIIUA TPUMEHSIOT OPTraHUYECKUE PeareHThbl, 00pa3yromue ¢
MOHAMU METAJJIOB BHYTPUKOMILIEKCHBIE COCIMHEHUS, KOTOpPhIE MaJlo pac-
TBOPUMBI B BOJIe, HO PaCTBOPUMBI B OPraHUYECKUX pacTBOpUTENsx. B kaue-
CTBE JKCTPAreHTOB HamOOJiee YacTO HMCHOJIb3YIOT JTUTU30H, JAUAITHIIUTHO-
KapOaMHHAT HaTpHs, 8-OKCUXHHOJUH, alleTUIaleTOH U aApyrue. HHepTHbIe
OpraHUYECKUE PACTBOPUTENM, TAKUE KaK XJIOPO(DOpPM, TETPAXJIOPHU YIIIEpo-
na, OCH30J1, TPUMEHSIEMbIE JIJIs yIIy4IIeHUus (PU3NYECKUX U IKCTPAKIIMOHHBIX
CBOMCTB DKCTpareHTa, Ha3bIBAIOT pazbasumensmu. BpiOOp OpraHuyeckoro
pacTBOpUTENS AJIsl SKCTPAKLIMK 3aBUCHT OT COCTaBa coennHeHus. Opranuye-
CKyI0 (pa3y, OTIIEJICHHYIO0 OT BOJHOM (Da3pl M COAEPIKAIILYIO0 SKCTPAarupoOBaH-
HbIE COEJIMHEHMS, HA3bIBAIOT dKkcmpakmom. [lepeBon BellecTBa U3 OpraHu-
4ecKo# (a3bl B BOJIHYIO Ha3bIBAIOT peskcmpaxyuetl, a pacTBOp, UCIIONIb3ye-
MBIH ISl 3TOTO - PeIKCMPASEHMOM.
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DKCTpaKIUIO0 MPOBOJAT B Odenumenvhvix 6oponkax. Ilocne cnuBaHws
BCEX HEOOXOIMMBIX PEAareHTOB M JKCTPAreHTa JENUTEIBHYI0 BOPOHKY 3a-
KPBIBAIOT CTEKJISTHHOM MPOOKOW U B30aNTHIBAIOT OOBIYHO B T€YCHHE 2-3 MH-
HyT.ECM MI0THOCTH OPraHUYEeCcKOro PacTBOPUTENS OOJbIIE TNIOTHOCTH BO-
161, Oprannyeckas (pasa HaXOAUTCS CHU3Y, a €CIU TUIOTHOCTh OPTaHHYECKOTO
pacTBOPHUTENSI MEHbIIIE TNIOTHOCTH BOJBI, TO — cBepXy. [locne paccnanBanus
(haspl pa3aeNstoT C TOMOIIBIO0 KpaHa U paboTaloT ¢ KK I0# (a30i OTIEIBHO.
Jlyis m3BIeYeHHs BEIIECTBA M3 OPTaHUYECKON (pa3bl MCHONB3YIOT pe-
skcTpakiuio. K opranndeckoil ¢asze B AETUTEIbHYI0 BOPOHKY T00ABISIOT
PEIKCTPAreHT, 3aKpbIBAIOT JACIUTEIbHYI0 BOPOHKY MPOOKON U B30ANTHIBAIOT
B TeueHHe HeoOxomumoro BpemeHu. [locne paccrnanBaHus pa3nemsioT ¢asbl
U OOHapy)KMBAIOT MCKOMBIN DJIEMEHT B PEIKCTpakTe.PesKkcTpakmmsi MOKeT
OBITh UCIIOJIb30BaHA W IS Pa3/IelCHUs SJIEMEHTOB, HAXOISIINXCS B OpraHu-
gyeckoi (aze. I 7TOro UCMOB3YIOT CEIEKTHBHBIC YKCTPAreHTHI.
B Tabnure 3.4. nmpuBeneHa Ui IpUMepa cxema pas3ziesieHUs KaTHOHOB
Cu(Il), Hg(II), Co(II), Ni(II), Cd(II) c moMoI1160 SKCTPAKITUH.
Tabnuma 3.4
CxeMa aHanm3a KATHOHOB MEJIH, PTYTH, [IMHKA U KaJIMUS

1. O6napy>xkenue nonos Cu (II)

2. DKcTpakuus anetTuianeronom npu pH 1-2

Oprannueckas | Bognas dasa: wonsr Hg(Il), Zn(I1), Cd(II)
daza: anerwi-
aIeTOHAT MEJIU

Oo6napyxenue | 3. Ornenenune Hg(Il) u sxcTpakuus pacTBOPOM TMUTHU30HA B
Cu(ll) B opra- | CCly npu pH 1-2
HUYECKOM (haze

Opranuveckast Bonnas ¢aza: nonst Zn(II), Cd(II)
daza: TUTU30HAT
PTYTH OpaHKe-
BOTO I[BETA

OGHapyxeHue
Hg(ID)

4. Paznenenue Zn(Il) u Cd(I1) sxcTpak-
e pactsopoM autuzona B CCly ipu
pH 4 B mpucyrctBun Na,S,0;

Opranudeckas ¢aza: | Bonnas ¢aza:

NUTHU30HAT [IUHKA nonsl Cd(II)

KpacHOTo I[BeTa OObHnapyxeHue
Cd(1)
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3.4. Xpomarorpaguueckue MeToabl

B ocnose xpomamoepaguu nexcum npoyecc pacnpeoeneHus pas-
oensiemMblx KOMNOHEHMO8 MedHcOy O08YMsS HeCMeuusarouuMucs
Gazamu.

[IpoOy BBOAST B noodgusichyto ¢pasy, KOTOPOU MOKET OBITh KUIKOCTh
wiu ra3. [lonBmwxkHas (aza ABUKETCS OTHOCUTEIIBHO HEeNnoOB8UICHOU ¢hazwl,
HaXOJAIICHCS Ha KOJOHKE MM IUIOCKOM TOHKOM ciioe. HemoasmkHo# (cTa-
IMOHApHOM) (a30i 0OBIYHO CIYKUT TBEPJOE BEIIECTBO (€ro 4acTo Ha3bIBa-
10T copbeHmoMm) VN TUICHKA JKUJKOCTH, HAHECEHHAs! Ha TBEPJIO€ BEIIECTBO.
Paznuuusa B cuiie B3auMOACHCTBUS KOMIIOHEHTOB MPOOBI € HEMOIBUKHOM
dazoit (agcopOiusi WM KaKOH-IMOO APYrod MEXaHW3M) MPUBOIAT K TOMY,
YTO TPHU JOCTATOYHO OOJBIIIOM BPEMEHU JBWKEHUS KOMITOHEHTBI Pa3fieisi-
I0TCSL.

[To TexHUKE BBITIOTHEHUS BBIJCHSIOT KOJIOHOYHYIO U NIAOCKOCHHYIO
xpoMmarorpaduro. B mepBom cirydae pasziaenieHue MPOBOIUTCS B CTICTTHATBHBIX
KOJIOHKaX, a BO BTOPOM — Pa3feJICHHE MPOBOJIUTCS HA CIEIUATBHOU Oymare
(bymaoicnas xpomarorpadus) UiId B TOHKOM ClIo€ copOeHTa (monKociouHas
xpomarorpadus).

B kauecTBEHHOM aHalIu3e IJis pazodeneHus U 0OHApPYIHCeHUss KAaTHOHOB
¥ QHUOHOB YaCTO HUCIOJIB3YIOT OYMAJiCHYI0O U MOHKOCIOUHYIO XpoMaTorpa-
¢uto. JlocTouHCTBaMU METOAOB SBJISIOTCS MPOCTOTA, SKCIPECCHOCTh, Ha-
TJITHOCTh pa3felieHHs, BO3MOXKHOCTh aHAJIM3UPOBaTh MUKPOOOBEKTHI (Ma-
JIbI€ KOJIMYECTBA BEIIECTB).

byMaxknast 1 TOHKOCIIOWHAsE XpoMaTorpadus CXOIHbBI TI0 TEXHUKE BbI-
MOJIHEHUS aHanu3a. B metone OymaxkHO# xpoMarorpaduu B KauecTBe HOCH-
TEJsl HETIOJBWKHOM (hasbl, HAIPUMEDP, BObI, UCIOJIB3YIOT IEJUTIOI03HOE BO-
JOKHO Oymaru, a B METOJIe TOHKOCIOHWHOW XpomaTorpaduu — pa3INdHbIC
COpOEHTHI (OKCH]I AIFOMUHUSI, CUJIMKATeNb U JIp.), HAHECEHHbIC Ha TUIACTUHKY
TOHKHM cJioeM. B kadecTBe moaBMKHOHN (ha3bl UCTIOIB3YIOT pa3IMuHbIC pac-
TBOPHUTEIIA WJIM UX CMECH, OPTaHUYECKHUE M HEOPraHWYECKUE KUCIOThI. Pas-
nejeHrue 00yCIIOBIICHO MEPEHOCOM KOMITOHEHTOB IMOJBMXKHOM (ha3bl BAOJb
CJIOSI HETIOABUKHOM (pa3bl ¢ pa3TuYHBIMU CKOPOCTSIMHU.

*Hanecenue npoovl u nonyuenue xpomamozpamm. Ciold TOHKOU3-
MeJIbYeHHOTr0 Hocutess Toamuaon 200-250 MxkM ¢ pazmepom yactul] 20MKM
u Oosiee HaHOCAT Ha TwIacTUHKU pazmepoMm 10 x20 wmm 20 x20 cm. Kamtro
pacTtBopa 00BEMOM JI0 5 MKJI HAHOCSIT HAa pacCTOSIHUU 1-2 cM OT Kpas Iuia-

54



CTMHKH. /Il KauyeCTBEHHOTO aHaln3a AMaMeTp OOpa30BaBUIETOCsA ISTHA
pacTBopa HE JOJKEH MPEBBILIATh 5 MM.

JUis mosTydeHus: XpoMaTorpaMM HeoOXOIuMO 00€CTeUuTh JBH)KEHUE
MOJIBUYKHOM (pa3bl BAOJb IUVIACTUHKU. {7151 3TOr0O MIacTUHKY MOMEIIAIOT B 3a-
KPBITYIO XpoMaTorpapuieckyto kamepy (puc.3.1).

e
[
1 /

/f»— MJaCTHHKA

™ TomKmii croil HOCHTEIA

F-— pacTBOPUTEND
Puc 3.1. Xpomamoepaghuueckas kamepa 0 MOHKOCIOUHOU Xpomamozpaghuu

Ha naHO kamepbl HAJIMBAIOT HEMHOTO PAaCTBOPUTEINS — MOJIBUKHOM (a-
36l M HACHIIAIOT ee napamu. [Ipu ycTaHOBKE IUIACTMHKK HEOOXOIUMO Clie-
JIUTh, YTOOBI MATHO MPOOBI HE KACaloCh JKUIKOTO ciosi pactBopurens. [lox
NEUCTBUEM KaNWJUISIPHBIX CHJI PAaCTBOPUTENIb HAYMHAET IEPEMEIIAThCS
BBEpX N0 mactuHke. [locne Toro, kak pacTBOpUTENb NPOUAET IPUMEPHO JIBE
TPETH JUIMHBI IUIACTUHKH, IJJACTUHKY BBIHUMAIOT U3 KaMephl. Ha aTom nomy-
YEeHUE XPOMATOIPAMMBI 3aKaHYMBAETCsA. PacTBOpUTEND BBICYIIMBAIOT U J€-
TEKTUPYIOT MATHA KOMIIOHEHTOB MIPOOBI.

o/[emexmupoeanue. PaznensieMble KOMIIOHEHTHI HA IUIACTUHKE WJIN
Oymare o0pa3yroT OTJeIbHbIE 30HbI (TIsiTHA) (puc.3.2).

Hg
Cu
Cd
Bi

Q
o
o

0000

Pol @O~ - - - T

Puc 3.2. Pazoenenue ousmuioumuoxapoamMuHamos memaiiog memooom
TCX
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[To xapakTepHOl OKpacke 00pa3yroIIMXCs I[BETHBIX 30H CYIAT O CO-
CTaBe aHalIu3upyemoil mpoObl. HeBuaumbie XpomMaTorpaMMbl MPOSIBISIOT
COOTBETCTBYIOIIMMU pPeareHTaMu, Kak MpaBuiio, TpyImnoBbIMU (puc.3.3).

0
P:
\ /OH
/ “
C OH
|
0
HHHTHJIPHH
R-NH,
0 &)
4
C
N
C=—/=N
e
C\\
o o
CHHHH MPOIYKT peaKiHH

Puc 3.3 Obpazosanue npodykma, OKpaueHHo20 8 CUHULL Y8em, Npu 3aumMooeucn-
euu Huneuopura ¢ NH>-epynnamu

[Tpumepsl peareHToB — NPOSIBUTENEHN JUISl PA3JIMYHBIX KJIACCOB OpraHu-
YECKUX COCIMHEHUI PUBEAEHBI B Ta0uIe 3.5.

Tabmuua 3.5
PeareHTsl 151 TPOSIBJICHUSI HEKOTOPBIX OPTaHUYECKUX COCTMHEHUN
Kitace co- Pearenr Oxkpacka nsTeH
eIMHEeHUN
Kucnorsr BpOMKpe3010BbIif 3€7I€HBIA | 3€JIEHOE MSTHO
Cnuptsl Hurpar uepus-ammonus KopruHeBoe NATHO Ha kKEATOM
dbone
8-OKCUXHHOJIMHAT BaHa- | KpacHoe mSITHO Ha 3€JI€HOM
musi(V) done

Anpnerunsl | 2,4-muautpodeHuwruapasud | OT )KeNToro 10 KpacHOro Ha
OneHO-0parkeBOM (poHe

AMUHBI Tuonuanar kobanbTa lNomy6oe nsiTHO Ha pO30BO-
oesmom Qone
DeHoJb Xnopun xenesa (I11I) KpacHo-¢uoneroBoe nsiTHO
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Wnentudukaiuio BemecTsa Mo MOJ0KEHUE ero MATHA MOXKHO OCyIIle-
CTBUTH OYEHb JIETKO, €CJIM OJHOBPEMEHHO ¢ MpoOO Ha TOM K€ TIACTHHKE
JUIsI CpaBHEHHUS TPOBECTH XpomaTorpadupoBaHUE WHIWBHAYATbHBIX TMPE-
noJyiaraeMbIX BemiecTB. [Ipu 3TOM B ciydyae MCHOJIb30BAHUS MPOSBIISIFOITNX
pPEaKTHUBOB JIOJKHBI COBIIACTh HE TOJBKO TMOJIOKEHUS MATCH, HO U UX OKpa-
CKa.

[TomoxeHue mATEH HAa XpOMaTOTpaMMeE XapakTEPU3yeTCs  OTHOCH-
TETBHOW CKOPOCTBIO MEepPEMENICHUSI KOMIIOHEHTOB B TBEPAOM CJIO€ WU IO
OyMaXHOW TMOJIOCKE. DKCIEPUMEHTAIBFHO OMPEIEISIOT KaKk OTHOIIEHUE pac-
CTOSIHUSI, TTIPOUJICHHOTO BEIIECTBOM K PACCTOSHUIO, MPOHACHHOMY PacTBOPH-
TeJeM OT cTapTa 0 JuHuu Pponta (puc.3.4). 3aBUCUT OT NPUPOAbI HOCUTEIS
(6bymara, copOeHT, TONIIMHA CI0sI COpOCHTA), Ka4yecTBa M MPUPOJIBI PACTBO-
puTens, crnocoba HaHECEHHs! MPOOBI, TeMIEepaTypbl U HEKOTOPBIX IPYTHX
(haxkTopoB.

JIMHUA CTapT], Zy
rd

> dponT
Zy | PAaCTBOPHTEIA

A

ot

CHIrdan
JeTEKTOpa

I

v

NPOHIEHHOE PACCTOSHHE, CM

Puc 3.4. K pacuemy xapakxmepucmux y0epiCu8arusi 8 moHKOCIOUHOU XPO-
mamoepaguu

bonee noapo6HO xpomarorpaduyueckre METOAbl aHaIu3a OyIyT W3JI0KEHBI
BO BTOPOM 4acTH MOCOOHUS.

57



I'naBa 4

AHAJIN3 OBBEKTOB

[lepen BbIMIONIHEHHEM aHallM3a MOJE3HO PACCMOTPETh oOpasel MoA
MUKpPOCKOIIOM, oOpaliasi BHUMaHUEe Ha LBET U (POpMYy OTAEIbHBIX YACTHII.
WNHorna 370 MO3BOJISIET MOMYYUTh MPEIBAPUTEIbHBIE CBEICHUSI 00 OAHOPOI-
HOCTH 00pa3ia 1 4nuciie KOMIIOHEHTOB B HEM.

3areM MPUCTYMAIOT K MOArOTOBKE o0pasiia K aHainu3y. TBepibie Belle-
CTBa M3MEJIbYAIOT PACTUPAHUEM B araTOBOM CTYIIKE, TAK KaK U3MEIbYEHHOE
BEILIECTBO Jierdye pacrBopsercs. lIpu ananuse cMecu BEHIECTB WM IIPUPOJI-
HBIX O0BEKTOB (PYJ, MUHEPAJIOB) U3MEIbUEHUE HEOOXOIUMO I paBHOMEP-
HOT'O0 CMEILIEHUS BCEX COCTaBHBIX yacTel o0bekTa. Kycok criiaBa ¢ mOMOIIbIO
HallMJIbHUKA WM CBEpJia MPEBPALIAIOT B CTPYKKU WIM ONUIKUA. V3mMenbueH-
HBI 00paszen aAesar Ha Tpu yacTh. OQHY UCHONB3YIOT ISl IPEABAPUTEIbHBIX
UCIIBITAHUM, PYTyl0 — s OOHAapyKEHUs KaTHOHOB M AHUOHOB, a OCTaB-
LIYKOCA YacTh COXPAHSIOT Ha CIydaill NMOBTOpPEHUs aHain3a. ONTUMaJIbHBIM
JUISL UCCIIENOBAHUSI KOJIMYECTBOM BEILIECTBA SIBJIAECTCS 25 M.

B kauecTBe mpumepa IpakTHYECKOTO OCBOCHMS Marepuala I0 WIEH-
TU(UKAMK BELIECTBA PEKOMEHIYEM Ja0opaTOpHYI0 paboTy «AHAIU3 COJH
HEU3BECTHOTO COCTaBay. B naHHON paboTe CTYIEHTHI OJIy4aT HABBIKA CaMO-
CTOSITEJIbHOM paboThl C BELIECTBAMU, OCBOSIT TEXHUKY BBITTOJHEHHS SKCIIEPHU-
MEHTA U MPOSBIT CBOI MHAUBUIYAIBHOCTb U XapaKTep.

4.1. AHAJIN3 COJIM HEM3BECTHOI'0 COCTABA

Xumuyeckuu aHaiu3 — 3T0 YCTAHOBJIICHUE KaYECTBEHHOTO U KOJIMYECT-
BEHHOI'0 COCTaBa M3y4aeMOM XMMHUYECKON CUCTEMBI. KauecmeenHnviii XUMU-
YECKMI aHalIu3 OTBedyaeT Ha Bompoc: «Kakue BelecTBa NPUCYTCTBYIOT B
aHAJIU3UPYEMON XHMHYECKOU cucteMe?». Konuuecmeenmnviii aHanu3 ycra-
HABJIMBACT, CKOJIBKO KaXKJOT0 U3 BELIECTB UMEETCSI B CUCTEME.

L]envio naHHON pabOTHI ABJSAETCS BBINOJIHEHNE KaYECTBEHHOI'O aHaJIU-
3a MPOCTEHIIEN CUCTEMBI, COJEPKAIIEH TOJIBKO OJHO HEU3BECTHOE BEILECT-
BO. Takoi aHanu3 Ha3bIBaeTCsa uoenmuguxayuei semectna. [Ipu naentudu-
Kalliu BelllecTBa TpeOyeTcsl OTBETUTH Ha Borpoc: «Kakoe BemiecTBo BbIJaHO
Bam nns ananuza?». [l oOHapyskeHus BelllecTBa MPUMEHSIOT peakluu, Co-
IPOBOXKJIAIOLIUECS JIETKO HA0JII01aeMbIMU SIBJICHUSIMU, TAKUMH KaK BbINaJie-
HUE 0CaJiKa, OKpaIllMBaHUE pacTBOPA, BBIIECIICHHE Ira3a U Ap. B KaueCTBEHHOM
aHaJIM3€ pa3IMyaloT I'PYNIOBbIEC, XapaKTEPHbIE U CHELU(PUUECKHUE PEAKLUU.
I pynnogvie peakuuu — 3TO PEAKLIHMH HECKOJBKUX HMOHOB C OMNPEIEICHHBIM
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pEareHTOM, KOTOPBII Ha3bIBACTCS 2PYNHOGLIM PEaKmueoM, OHU COIPOBOK-
JTAIOTCSl OJIMHAKOBBIM 3¢ (EeKTOM, HampuMep, BBIMAJEHUEM Ocajka. Xapak-
mepHble — PEaKLUUH, CBOMCTBEHHBIE TOJBKO JAHHOMY BELIECTBY WJIM HOHY.
Cneyughuueckue — peakuu, KOTOpblE JalOT BO3MOKHOCTb B OINPEAEICHHBIX
YCIIOBUSIX OOHApY’>KUTh OJHU MOHBI B MPUCYTCTBUU JIPYTUX MO crienuduye-
CKOMY H3MEHEHUIO LIBETa, 00pa30BaHUIO OCaKa M T.II.

OTKpbITHE HMOHOB C MOMOIIBIO CHIEIU(PHUECKUX PEAKIHA, TPOU3BO-
JUMBIX B OTJAEJbHBIX MOPUHUAX HCCIEAYEMOIrO pacTBOpa B MPOU3BOJIIBHOU
MOCJICI0BATEIbHOCTH, HA3BIBAETCA OpOoOHbLIM aHanuzom. MeToj naeT BO3-
MOHOCTh OBICTPO OOHAPYKUBATh OTPAHUUECHHOE YUCIIO (OT OJHOTO JIO ISITH)
MOHOB, COJIEPKAILLUXCS B CMECH, COCTAB KOTOPOM MPEABAPUTEILHO U3BECTEH.
B sToM cityyae HET HEOOXOAMMOCTH B MPOBEACHUU MOJTHOTO Ka4e€CTBEHHOTO
aHaJM3a MCClieyeMoro oopasia, Tpedyercs JIMIlb YCTAHOBUTh HAJTUYHE WU
OTCYTCTBUE B HEM HEKOTOPBIX KOMIIOHEHTOB. ECIIM UCIIONb3yEeMbIE€ B aHAIU3E
peakiuu Hecreun(UyHbl, a MeUIalollee BIUSHUE OCTOPOHHUX MOHOB YCT-
PaHUTb HEBO3MOKHO, TO MPOBOJAT CUCTNEMAMUYECKUL AHAU3.

[Ipu BBIMIOJIHEHUU CUCTEMATHYECKOTO aHajlu3a COOJIIOAAI0T onpede-
JIEHHBIU NOPAOOK pPA30esieHUsi U NoC1edyrouie20 OMKPbLMUs UCKOMbIX UOHOS.
Pa3zoenenue uonos na epynnel npogoosam 8 onpeoenieHHol nocie008amelbHO-
cmu. JIJ1g 3TOro UCHOJIB3YIOT CXOJICTBA WIIM PA3IUYUs JEHCTBUS TPYIIOBBIX
pearenToB. Hamboisiee M3BEeCTHO NEWCTBUE KUCJIOT M OCHOBAHHMI Ha HOHBL.
CornacHo KuciomHo-oCHOBHOMY METOJly pa3leleHUs] BCE KATHOHBI JENSTCS
Ha IIeCTh, 3 AaHMOHbI Ha TPU aHaJIUTHYeckue rpynnsl. B Tabnuue 4.1 u 4.2
npuBeAeHa KiaccuuKalus HauOojiee pPACHpPOCTPAHEHHBIX KAaTHUOHOB U
AHUOHOB I10 KHUCJIOTHO-OCHOBHOMY THITY.

AHaJIU3 COJM HEU3BECTHOTO COCTAaBa MPOBOJAT B /Ba dTana. CHavyana
ONPENEIAIOT TPYIIbI, B KOTOPBIX HAXOAATCS KAaTUOH WM aHWOH JAHHOW COJHU
(Tabmuet 4.1 — 4.2). Ha BTOopom stamne paboThl MPOBOJAT Ka4€CTBEHHBIE Pe-
aKIUM, XapaKTepHbIE JJIsl KaTUOHA M aHMOHA OTPECICHHON TPyNbl (Tabiu-
ubl 4.3 — 4.9). Ilockonsky katuon Mg(Il) mpakTuuecku Bcerga BCTpeyaercs ¢
katuoHamu [ m Il rpynn m 1mo aHanIMTHYECKUM CBOMCTBAM 3aHMMAET IPOME-
KYTOYHOE IMOJIOXKEHHUE, XapaKTEPHbIE PEAKIIMM KaTUOHA MarHusl U3y4aroT I0-
CJIe peakuni KaTuOHOB | rpynibl.

HO]queHue yCI’I’ZOIZI{MGOZO npusHaka peakyuu ceuéemeﬂbcmeyem

O HaJau4duu 6 cocmaee aHaﬂusupyeMoﬁ CONU OOHO20 U3 KAMUOHO8
U OOHO20 U3 AHUOHO8 8 usyuaembslx ecpynnax.
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Tabmuma 4.1

KJIaCCI/I(l)I/IKaHI/IH KAaTHOHOB I10 KHUCJIOTHO-OCHOBHBLIM IIPpU3HAKAM.

Ne | Karmons! | I'pynnosoii | IIpomykTel [IpusHaky peakunu
rpyIm peareHr peakuu
-TIBI
Na' , K, | I'pynmoso- OTcyTcTBHE TIPHU3HAKOB
NH, ro peaKTuBa C TPYHIIOBBIMHU pe€arcH-
I Mg*") HET TaMH IPyTUX CPyml.
Ca2+, Sr2+, IM H,SO,; | CaSOy, Brimagenune ocaaka Oe-
Ba™ SrSOy,, JIOr0 1BETa, HEPACTBO-
11 !
BaSO, pUMOTO B BOJIE U pa30aB-
JICHHBIX KHCIIOTaX
Ag', Pb*, | 2M HCI AgCl, PbCl,, | Bemanenne ocamka Oe-
Hg,™ Hg,Cl, JIOTO IIBETa, HEPACTBO-
I pUMOTr0 B BOJIEe U pa30aB-
JICHHBIX KHCIIOTaX
Zn2+, 4AM NaOH | Me(OH), Brinmagenue ocanka, Ko-
A, Cr'", | mm KOH [Me(OH),,,]" | Topblii pacTBOpsieTCS B
v Sn*", Sn** U30BITKE
, IIEJIOYH.
Mn2+, 25% NH; Me(OH), Brimanenue ocajaka, He-
\V Fe*', Fe’", pPacTBOPUMOTO B HU30BIT-
Bi’", Sb*>" K& aMMHaKa
Co™", 25% NH; | Me(OH), BrinageHne 0CaIKOB
Cu™, [Me(NH;)]*" | pasmuunoro 1uBera, Ko-
Ni**,cd* TOphIE Jalee pacTBOpS-
) ; P A\ p |y
Hg2+, I0TCS B M30BITKE aMMHa-
(Mg™) Ka ¢ 00pa3oBaHUEM
VI OKpaIleHHbIX U OeCIIBET-
mix (wit Cd*) pacrso-
poB. ['mapokcua MarHus
pPacTBOpMM B PacTBOpax
conert ammonusi (NH,4CI,
NH4NO; u npyrue).
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Tabmuna 4.2
Knaccudukaiys aHHOHOB IO KUCIIOTHO-OCHOBHOMY THITY

No AHHOHBI ['pynnoBou IIponyxtsel | IIpusHaku peakuuu
TPYIIIBI peareHT peakuuu
SO;%, PactBop BaCl, | BaSO; Brmanenue ocajka.
CO5™, B HEUTPaIbHOH | BaCO,4 3a  HCKIYCHUEM
I SO~ Wi cnaboie- | BaSO, BaSO,; Bce conu
PO, JIOYHOH cpesie. | Bay(POy), | PACTBOPSIOTCS B
Si0s™, BaSiO; | CH;COOH,  HCI,
F BaF, HNO;
Ccr, PactBop AgCl Boinagenue 6enoro,
11 Br, AgNO; AgBr JKEJITO-3€JICHOTO,
I, Agl JKEJITOTO,
S*, Ag,S YEpPHOI'0 OCAJKOB
CNS'. AgCNS
NO;, Jupennnamun TemHo-cuHee
il NO;~ OKpalIuBaHUE
CH;COO™ pacTBopa
Xo00 pabomowi

1. Ilomyuwre y mpenogaBarteliss BEHIECTBO JUIS aHAIU3A.

2. PasnmenuTte BemeCTBO MPUMEPHO HA JIBE YACTH, OJHY U3 KOTOPBIX
pacTBopuTe B BOJE (€ciau HE0OX0AUMO, TO MOJOTPENTE pacTBOp), a APYryIo
Y4acTh OCTaBbTE Ha CIIy4ail HEYyIaYHOTO MCXO0/1a MIEPBOl MOMBITKH aHAJIHN3a.

3. Orbepure 5—6 Karenb aHAIU3UPYEMOTO pacTBopa U npudaspTe 3 — 4
karu rpynmnoBoro peaktuBa IM H,SO4 nna II ananuTruecko rpynmsl Ka-
THOoHOB. Ecnu BeImazaer ocagok Oenoro 1seTa, To Bam moBes3no, u B pac-
TBOpE MPUCYTCTBYET KATUOH U3 ATOM IPYIIIbl. 3aIUIIUTE PE3YIbTAT ONBITA:

uccnedyemulii pacmeop + IM H,SO,= ocadok benozo yeema.

61



Jlanee Hy’»KHO JIMILIb ONPENEINUTh KATUOH W3 TPYIIIbI, NPOJEIaB KauyeCTBEH-
HbIe peaknuu 10 Tadnuie 4.4. Ecnu ke ocamok He HaOII0JaeTCs, TO KaTHO-
Ha 3TOM TpyNIbl HET B AHAIM3UPYEMOM pacTBOpE. 3alUIIUTE pe3yJibTaT
OIbITA:

uccnedyemoiil pacmeop + IM H,SO; = nem ocadxa

4. IlepexoauTe K HCCIECIOBAHUIO CBEKEW NOPLUMHM AHAIU3ZUPYEMOTO
pacTBopa Ha cojepxkaHue KaTHoHOB Il aHanmMTHYECKOM Ipynmsl ¢ TPYIIIO-
BbIM pearenToM 2M HCI. Kax it pa3 3anuceiBaiite pesynbTaT onbita. Eciu
HET IIpU3HAKa peakuuu s katuoHoB III rpynmel, To nmepexonure x uccie-
JIOBAaHUIO CBEXEH IMOPLUHU PACTBOPA HAa COACPKAHUE KATUOHOB CIECAYIOLIEH
Ipynnsl ¥ Tak ganee. Ecnu oTcyTcTByeT BUAMMAs peakuus (Harpumep, BbI-
naJicHue OcaJika) Ha IPYNIOBBIE PeareHThl, TO CKOpPee BCEro, odpasel co-
JEPKUT KaTUOHBI | rpyIIbL.

5. Ilocne onpeneneHnuss HOMEpa IPyIIbl KATHOHOB ITPOBEPHTE PE3YJib-
TaT y NpernofaBaTeis U NEPEXOAUTE K ONPEIEICHUI0 KOHKPETHOTO KaTHOHA B
rpyme. s 3Toro BOCHOIb3yHTECh KAUECTBEHHBIMU PEAKLUSAMH, KOTOPBIE
npenacTaBiieHbl B Tabnuuax 4.3 —4.8.

6. Eciim Bel onpenenunu, Hanpumep, III rpynmy xatnoHoB, TO IpoBoO-
JUTE TOCIEA0BATENBHO BCE KAUECTBEHHBIC PEAKIIMM, XAPAKTEPHBIE I Ka-
THOHOB 3TOM Tpymmbl. Kaxaplii pa3 HCHOJB3YyUTE CBEKYIO MOPLHUIO UCCIE-
nyemoro pacrtsopa. Hampumep, k 5 — 6 kamsiM aHaIM3UpyeMOro pacTBopa
no6asbTe peaktus K,CrOy4, koTopslit 06pasyer ¢ Ag' (Il rpynna KaTHOHOB)
KUPIUYHO-KPACHBIN ocanok. Eciau ocanok Habmromaercs, TO B aHAIU3UpYe-
MOM pacTBOpe HPUCYTCTBYeT Ag' . 3alHUIIuTe Pe3yIbTaT OMbITA:

uccnedyemoil pacmeop + K,CrO, = 0cadok KupnuuHo-KpacHoz2o0 yeema

s cpasnenusi oba3amenvHO npogeoume peaKyuro ¢ pacmeopom
+

conu Ag  u3 wmamueéa u cpasHume ocaoxku. Hoemmuunocms

0CcaodKko8 ceudemenbCmeyem o NPaguilbHOM peuleHuu!

Ecnu ocamok OTCYTCTBYET, TO NPUCTYHAUTE K UCCICAOBAHUIO CBEXKEU
NOpLUHU aHaJIU3UpyeMoro pactsopa. Jlodasbre, Hanpumep, pactBop Kl, ko-
TOPBII JaeT APKO KENThlil 0caoK ¢ KaTHoHOM Pb>". Eciu ocafok B Mccle-
JlyeMOM pacTBOpe HaGJIIONAaeTCs, TO B PacTBOpe HpHCyTcTByeT Pb’’. 3amm-
LIUTE Pe3yJIbTaT OIbITA!

uccnedyemoiil pacmeop + Kl = apko-scenmulii 0cadok
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Ecnn ocanok He HaOMOanM, TO BBINOJIHUTE XapaKTEPHYIO PEaklMi0 Ha Ka-
THOH Hg?*  Pe3ynbTar omnbita (OKpallMBaHHE PacTBOPA, BBINAICHHUE 0CA/IKa,
BBIJICJICHUE Ta3a U TOMY IOJO00OHOE) SIBJISETCS OCHOBAaHUEM Il BBIBOJA O
IIPUCYTCTBUM B COCTaBE AHAIM3UPYEMOM COJIM OJHOTO U3 KaTHoHOB Il rpyn-
TIBIL.

7. st onpeneneHuss HOMepa IrpyIibl aHUOHOB IIPOBEINUTE MOCIEI0BA-
TEJIBHO PEAKIUU C IPYNIOBBIMU peareHTamu (Tadbnuua 4.2). Kaxnprii pa3 uc-
NOJIb3YHTE CBEXKYIO MOPLMIO UCCIENyEMOro pacTBopa. Pesynbrar npoBepbte
y npenoaasarens. Ecin BepHO omnpeneneH HOMep Ipylibl aHUOHOB, TO IO-

CIIEJIOBATENIbHO TIPOBOJUTE ONBITHI, XapaKTEPHbIE IS AHHUOHOB TPYIIIBI
(Tabmuna 4.9).

8. Ecnu Bel onpeaenuiiv, HalipuMep, 4TO aHUOH cojid oTHOocuTcs K 111
AHAJMTUYECKOU T'PyMIIE, TO MPOBEINUTE MOCIEAOBATEILHO KAaYECTBEHHBIE Pe-
aKIIMK, XapaKTEPHBbIC U1l aHUOHOB 3TOW rpynmsl. Kaxkaplii pa3 UCIOIB3YyNUTE
CBEXYI0 TOpLHUIO HccieqyemMoro pactBopa. Yurute, yto NO, u NOj
AHUOHBI MOXHO PA3IHUUTh MO OTHOmEeHnI0 kK KMnO, (Tabmmma 4.9). 3anu-
LIUTE PE3yabTaThl ONbITOB. Ha OCHOBaHMM NMPOBEAEHHBIX KAaYECTBEHHBIX pe-
aKUUM YCTAHOBUTE, KAKOM aHUOH BXOJUT B COCTaB AaHAIIM3UPYEMOU COJIH.

9.CnemnaiiTe OKOHYATENBHBLIN BBIBOJI O COCTABE COJIM, BBIJIAHHOM A

aHaiM3a, 3alHIINTEe €€ XUMHUYECKYI0 (OopMylly U MpeloCcTaBbTE pe3yjIbTaT
MPErno/IaBaTelto.
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Tabnuna 4.3
KauecTBeHHbBIE peakuny Ha KaTUOHBI | rpymnmel

Karuon XapakTepHasi peakius [Ipu3Haku peakuu

Na" |[Na' + KH,SbO, = NaH,SbOy,| + K" Brimmamaer 6enbrit kKpu-
CTAJUIMYECKHUI 0CAJIOK,
€CJIH TIOTEPETh CTCK-
JITHHOM ITaJIOYKOH O
CTEHKH MPOOUPKHU

K" 2K" 4+ Na3[Co(NO,)s] = Brimanaer xentoiit Kpu-
K,Na[Co(NO,)e] | +2Na" CTaJUTMYECKUN 0CAJIOK,
€CJIM MOTEPETh CTEK-
JISHHOM ITAJIOYKOU O
CTEHKHU MTPOOUPKHU

K" + NaHC4H,0¢ = KHC4H,O¢|+ Na" | Brimazaer Gesnblii KpH-
THAPOTAPTPAT HATPUS CTAJUIMYECKHUH OCAJIOK,
€CJIM IOTEPETh CTEK-
JITHHOW MaJI0YKOM O
CTEHKH MPOOUPKHU

NH,” |NH, +OH™ =NH;?1 + H,0 [Ipu HarpeBanuu pac-
TBOpa IIOSIBJIEHHE 3alla-
Xa aMMHUaKa
NH," + 2 K,[Hgl,] + 4KOH = O6pasyercst OpaHKeBbIi
peaxtus Heccrepa ocajiok. B mpucyrcTBum
[Hg,ONH,]I| + K" + 7KI + 3H,0 crentos NH,™ pactsop

OKpAaIlIMBAETCs B OPaH-
JKEBBIN IIBET

64



Tabmnuma 4.4

KauecTBeHHbIe peakunu Ha KaTUOHBI I rpymims

Karuon

XapakTepHasi peakuus

[Ipu3Haku peakuuun

2+
Ca

Ca™ + C,04 7 = CaC,04]

Brmanaet Oenblil ocagok, He-
pactBopuMsblii B CH;COOH

2+
Sr

Sr*" + CaSO, = SrSO,| + Ca

Brmmanaet Oenblii 0cagok B
TEUEHHUE BPEMEHU IPU Harpe-
BaHHMH PAacTBOpPA. DTa PEaKIIHUs
MO3BOJIACT Pa3IN4aTh HOHBI
Ca’ u Sr**,

2+
Ba

Ba’ + CrO,” = BaCrO4)

Brimagaer »enTeii 0cajiok,
HepactBopumbiii B CH;COOH
B OTJIMYHE OT XPOMATOB KaJlb-
1[MSI U CTPOHIIMS

Tabmuma 4.5

KauectBennbie peakunu Ha kaTuoHbl III rpymnms

Kartnon

XapakTepHas peakius

[Ipu3Haku peakuu

Ag+

2Ag" +20H™ = Ag,0] +H,0

2Ag" +CrO, =AgCrOy |

Brimagaer cepo-KOpUYHEBBIN
0Calo0K

Beinmagaer kupnuyHo-
KpPacCHBIA 0CaI0K, KOTOPBII
pactBopsiercss B NH,OH un
HNOs;, HO He pacTBOpsieTCS B
CH;COOH

Pb2+

Pb™" + 21" =Pbl,}

Brimmamgaer sapko-xkenteii oca-
JIOK, KOTOPBI1 pacTBOPSAETCS
B pazbasnennoit CH;COOH
MIpY HArpPEBaHUM U OCAXKJACT-
Csl IPU OXJIAXKJICHUU B BU/JIC
30JIOTHIX KPUCTAJJIOB

Hg,”" +2CI” = Hg,Cl,|
Hg,”" + 20H™ = Hg,0|+ H,0

Beinagaer Oenblil ocagok
Beimamaer cepo-4yepHslii oca-

JIOK
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Tabmnuna 4.6

KauectBeHHbIe peakuu Ha KaTUOHBI [V rpyrmsl

Katunon XapakrepHasl peakuus [Ipu3Haku peakuuu
Zn*" | 3Zn*" 2K [Fe(CN)] = Obpazyercs Oenbiid
K,Zn;[Fe(CN)y] +6K* 0CaJI0K, KOTOPBI pac-
TBOPSIETCS B LIEI0UYHU
37Zn*" + 4Na,HPO, = Zn3(PO,),| + Oobpazyercs Oenbii
2NaH,PO, 0CaJ0K, KOTOPbIA B
OTJIMYKE OT APYTUX
dbocdaroB pacTBopseT-
cs B NH4,OH nnun
CH;COOH
A" | AP’ + anusapun + NH,OH + OO6pasyeTcs ocaok
HarpeBaHue WHTEHCUBHO KPAaCHOTO
1BeTa (ATFOMUHUEBBIN
JaK), He
pacTBOpsIETCS B pas3-
oasiennorn CH;COOH
Cr" | Cr’" +3NaOH = Cr(OH);| + 3Na" BeImagaer cuHe-
3€JICHBIM 0CaJI0K, KOTO-
Pl pacTBOpSETCS B
KHUCJIOTax U IIeIoyax
cr’ + 3H,0, + 100H™ = 2CrO42'+ CuHe-3e1eHbIi IBET
14H,0 pacTBOpa CTaHOBUTCH
KEJITHIM
Sn*" | 3Sn*" +2Bi*" + 180H" = 3Sn032'+ BrinagaeT ocamok
2Bi] +9 H,O YEPHOTO 1[BETA
Sn*" | Sn*" + (NH,),S = SnS,| + 2 NH," O6pasyeTcs ocajiokK,

KOTOPBIA PacTBOPSICT-
cs B (NH,),S
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Tabnuma 4.7
KayecTBeHHbBIE peakliMy Ha KATUOHBI V TPYIIIIbI

Kartunon XapakTepHas peakius [Ipu3naku peakunu
Mn* | Mn*"+20H = Mn(OH),| Brinagaer 6exeBblii
2 Mn(OH), + O, + 2 H,0 = 0CaI0K, KOTOPBIA OBbI-
2Mn(OH),| CTPO OKHCIISIETCS Ha
BO3/[yX€ U CTAHOBUTCS
KOPUYHEBBIM
Fe*" |Fe’+20H = Fe(OH),| Brinmamaet 3eneHbli

4Fe(OH), + O, + 2 H,O = 4Fe(OH);| | OCa/I0K, KOTOPbI ObI-
CTPO OKUCJISIETCS Ha
BO3YyXC N CTAHOBHUTCA
KOpI/ILIHeBI)IM

Fe2' + K;[Fe(CN)s] = KFe[Fe(CN)q] | Brimamaet ocanok sipko

«TypHOYJIEBa CHHBY» CHUHCTO IIBETA
Fet | F ¢’ +30H = Fe(OH);) Brimmagaer kopuyuHeBbIi
0CaJioK
Fe’* +3 CNS = Fe(CNS); PacTBOp OkpammuBaercs

B SIPKO-KPACHBIN LBET

Fe’* + Ky[Fe(CN)s] = KFe[Fe(CN)] OO6pa3zyetcs ocaJiok

((66pHI/IHCKaﬂ J1asypb» UHTEHCUBHO-CUHETO
BeTa
Bi3 |2 Bi** + 3SnCl,2 + 12NaOH = Belnaaer yepHbIit

3Na,SnO; + 2Bi] + 6NaCl + 6 H,0 0CaJloK
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Taomuna 4.8

KauectBeHHbIe peakyu Ha KaTUOHBI VI rpyIsl

Katunon XapakTepHasi peaKLus IIpyu3Haky peakuuu
1 2 3
Mg™" | Mg*+20H = Mg(OH),| Brimagaer 6enbrit oca-
JIOK, KOTOPBIN pacTBO-
pSI€TCS TOJIBKO B KH-
CJIOTaxX
Mg2+ + NH4,OH + Na,HPO, = BrimagaeT Oenbiit
MgNH4PO,| KPUCTAINYECKU N
0CaJI0K
Co™" | Co* +O0H =[Co(OH)]" CHavana BBINAIaeT CU-
HEOCTRTOR HUW 0CaZ0K, KOTOPBIN
[Co(OH)]" + OH = Co(OH),| B JaJIbHEHIIIEM CTAHO-
HU30BITOK BUTCA PO30BBIM
Co*" +6KNO, = K;3[Co(NOy)e] | +3K" | Boimagaer skeaThlit
B mpucyrersun CH;COOH KPHCTAJUTHYECKUI oca-
JTOK
Cu®" | Cu* +20H = Cu(OH),| Brimagaer cune-
Cu(OH), = CuO + H,0 roiry6oi ocasiok, KOTo-
pBIF YEPHEET IPH Ha-
rpEBaHUU PACTBOPA
Cu®"+4 NH,OH = Cu[Cu(NH;),]+ | O6pa3syercs sipko-
4H,0 CUHMH pacTBOp
Ni** | Ni*" + 20H = Ni (OH),| (3enensrit) 3eseHblil 0caJloK cTa-

ONi (OH), + Br, + 20H =2 Br +
2Ni1 (OH)31, (uepHBIiT)

Ni*" + NH,OH + 2C,H;N,0, =

JUMCETHIITITTHOKCHUM

Ni[C4H;N,0,], + H,O + NH;

HOBUTCA YCPHBIM

O6pa3yeTtcs spKo-
KpacHOE OKpaIlTuBaHUE
pacTBopa
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Oxonyanue ta0auuel 4.8

1 2 3
Cd** | Cd*+20H = Cd(OH),| Berinaznaer Geblii oca-
JIOK
Cd*" + H,S=CdS| + 2H" Brimamaer ocanok yiu-

MOHHO-KCJITOT'O IIBCTA

Hg*™ |Hg” +2I =Hgh] Brinmagaer kpacHbIi
0CaJI0K, paCTBOPUMBIN
Hgl, + 2KI = K,[Hgls] B n30bITKe K1
Tabmuua 4.9

KauecTBenHbIe p€aKuun Ha aHNOHBI

AHHOH XapakTepHble peakiuu IIpu3Haku peakuuun
1 2 3
SO;* | S0;* +1,+ H,0 =2HI +S0,” O6eciBeunBanme
KOPUYHEBOI'O pacTBOpa
noja
SO,> |SO,” +Ba’ =BaS04] O6pasyercs Genblii
0CaJI0K
CO32_ CO32_+ 2HC1 =CO,1 + H,O Brigenenue yrieku-
CJIOTO rasa
CO;” + Ca(OH), = CaCOs] + 20H | O6pasyercst Gebiit
0CaJl0K
Si0;* | Si0s* +2H = H,S10;] B mpucyrcteun NH,4CI
BbINIAAET O€NBbIN CTY-
JICHUCTBIN 0CaJIOK
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[Tponomxenue Tadauib 4.9

1 2 3
PO, |PO, +Mg> +NH, = O6pasyercs Genblii
MgNH,PO,| KPUCTAJIINYECKUI
0CaJioK
Cl Cl + AgNO; = AgCl] + NO; Brimamaet 6enblit oca-
AgCl + 2NH4OH =[Ag(NH;),]Cl + | 1ok, KOTOpBIi pacTBO-
2H,0 psercs B NH4,OH ¢ 006-
pPa30BaHUEM KOM-
TUIEKCHOTO COEIMHEHUS
Br Br + AgNO; = AgBr| + NO; OO6pa3zyeTcs xKenToBa-
TBIA TBOPOKUCTHIN
0CaJIOK, KOTOPBIN pac-
TBOPSIETCS B PACTBOPE
Na,S,03, Ho Maniopac-
tBOopuM B NH,OH
2Br + 2H,S04 (coun) = Bro + SO, + | Beigensrorcs 6ypele
2H,0 + SO, napsl Opoma
I I +AgNO;=Agl| + NO; O6pa3yercs KeNThIit

21_ =+ 2H2804 (koHIL) — Iz + SOZ +
2H,0 + SO,’

10I +2MnO, + 16H" =50, +
2Mn** + 8H,0

TBOPOKHUCTBIN OCAJIOK,
KOTOPBIN pacTBOPUM
TOJBKO B Na28203

Breinenstorcs duoe-
TOBBIE TIAPhI HOJIA

Ha xonony obecuBeyn-
BAETCS PO30BBIN pac-
tBOp KMnQO, 1 BbIjIE-
JII€TCSL KOPUYHEBBIN
0CaJI0K MO/
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[Tponomxenue Tadauib 4.9

1 2 3
NO, 6KNO, + Co™" = K;5[Co(NO,)¢] | + | Bermagaer sxemrstit
31(+ npucyrctsue CH;COOH KpHUCT aJlJIMUYEeCKUi oca-
JIOK
NO, + (C6Hs)>NH + H,SOuomm)— [losiBrsieTcst IpKO-
A e TaMI CHHee OKpalUBaHHE
pacTBopa
NO, +KMnO, + H,SO, = NO; + ;‘ﬁ"%’m pacTBop
K,S0, + MnSO, + H,0 4
o0OecrBeUnBacTCS
NO3_ NO3_ +(C6H5)2NH +HQSO4 (koHIL) IosiBiisieTcs SPKO-
AHhEHHIAMHH CHHEE OKpallMBaHHE
pactBopa. B otiinune
oT NO,™ po30BbIii pac-
tBOop KMnQO, He obec-
I[BCYMBACTCS
CH,COO | CH;COOH + C,HsOH = B npucyrcreun H,SO,
= CH;COOC,H;s + H,O MIPY HATPEBAaHUHU CMECH

CH;COO + FeCl; = Fe(CH;COO);
+Cl

CH;COO +H'= CH;COOH

oOHapyKHUBaeTCs MpHU-
STHBIN 3aI1ax YKCYCHO-
ATUIIOBOTO 3(upa

YaliHO-KpacHOE OKpa-
IMBaHUE pPacTBOpA.
[Ipu HarpeBaHuM BbI-
aJaeT 0CagOK TaKOro
K€ [IBETa

3anax yKCyCHOM KH-
CJIOTBI YCUIIUBAETCS
IIpU HarpeBaHUU pac-
TBOpA
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Oxonyanue Tadauusl 4.9

1 2 3

S* S* +Ag'=AgS| BrimagaeT yepHblii

) 0CaJIoK

S* +2H" = H,S1 ITosiBIeHME 3amaxa ce-
poBOZOpOIa

CNS | CNS + Fe’" = Fe(CNS); [losiBieHUE sIpKO-

KpacHOTO I[BETa pac-
TBOpa

8.

9.
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