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B yuebnom nocobuu «Ananumuueckas xumusy» 6 Kpamixou u OOCHYNHOLU
Gopme u3nodicen mamepua N0 OCHOBHLIM PA30ENaAM AHATUMUYECKOU XUMUU U 3d-
oanusi Ol Camocmosmenvholl pabomol. Jlannoe nocooue no380aum cmyoeHmam
HOMYYUMb OCHOBHbIE 3HAHUSL NO AHATUMUYECKOU XUMUU, MONCEM CILYHCUMb PYKO-
800CMBOM O/ CAMOCMOSAMENbHO20 U3VUEHUsL MAMePUand npu no020moske K 3d-
uémy unu oxk3ameny. Illpeonasnaueno 0ns OKA3AHUS MEMOOUUECKOU NOMOWU CY-
O0eHmam 8 GbINOJHEeHUU J1abOPAMOPHBIX pabom no pasoenam npocpammvl Kypca
«Ananumuueckasn xumusny. Kauecmeennwitl u KoauuecmeenHvlil Memoobl AHAIU3A
npeodycmMampusaom usyieHue meopemuyeckux 60npocos 8 npoyecce no020mosKu
K 3AHAMUAM, 3ANUCH OCHOBHLIX XUMUYECKUX (POpMYNL U XUMUYECKUX Pearyull,
ogopmnere ONbIMHLIX OAHHBIX 8 BUde MADIUY, UX AHATU3 U 3AKTIOYEHUE.

Aodpecosano cmyoeHmam azpapHuix 8y308, 00YYAIOWUXCS NO HANPABIEHUIM
noozomosku oaxanaspos (35.03.04 Aeponomus, 19.03.02 I[Ipodykmul numanus u3
pacmumenvHozo coipwbs, 36.03.02 3oomexnus, 35.03.07 Texnonozus npouzsoocmea
U nepepabomku CelbCKOX03AUCMBEHHOU npodykyuu) u cneyuarucmos (36.05.01
Bemepunapus) ounoii u 3aounou popmst 06yuerus.
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HPEAUCJIOBHUE

B arpapHom By3e aHanuTHuecKash XHUMHUS SIBISETCS OOIIETEOPETUUYECKOMN
muctuminHoi. CoaepkaHue Kypcea MpHu U3y4eHUH aHAIMTUYECKOW XUMHUH OIpeie-
JsieTcss pabouyed mporpaMMoil MO KOHKPETHOTO HaIlpaBJCHUSI MOATOTOBKU WIIU
cnenuanbHOCTU. OCHOBHBIMHU (pOpMaMu OOYYEHHS SBISIIOTCS JICKIUH, MPAKTHYE-
CKHe, Ta00paTOpHBIC 3aHATHS U CAMOCTOSTENbHAs padoTa crynenTa. [lomumo pas-
JUYHBIX 33124 U QYHKIMMA, Kaxaas u3 3TuX GopM OTIIMYAETCS YPOBHEM YCBOEHUS
uzydyaemoro Marepuana. llenb mpemsmaraemMoro y4eOHOTO MOCOOHsI TOMOYb CTY-

ACHTY B CaMOCTOATCIIbHOM H3YUYCHHUU MATCpHaa I10 AHAJIMTUYECKOU XHMMUHU.



Pazzen |. OBIIIME TEOPETUUYECKHE OCHOBBI AHAJIUTUYECKON

XUMHUHAN

1. MPEAMET, 3AJAYM, 3SHAYEHUE AHAJIMTUYECKON XUMUMH.
KJIJACCUPUKALIUA METO10OB AHAJIN3A.
OTBOP U ITOAI'OTOBKA ITPOBbI K AHAJIN3Y
1.1. Ilpeamer, 3amauu, 3HAUEHHWE AHAJIUTHUYECKONM XMMHU. AHAIUTHYECKas

ciTyko0a.

1.2. CtpykTypa coBpeMeHHOU aHanuTuyeckoil xumuu. Knaccudukarms metonos
a”Haym3a. CTaguyu aHAJTUTUYECKOTIO aHAJIN3A.
1.3. Buast mpo6. OT6op nmpod BemiecTs A aHAIU3A.

IHousiTue

OmnpenesieHue NOHATHSI, IPUMePbI

1.1.AHauTHYeCKas
XUMHUS

— 3TO HAyKa O METOAAaX OINPEACICHUS XMMUYECKOTO COCTaBa
BEIIIECTBA U €ro CTPYKTypbl. Hapsny ¢ obmieit, Heopranuue-
CKOM, OpraHu4YecKou, (U3MYECKOW XUMHEH, aHaIUTHYECKas
XAMUS SIBIISIETCS YaCThIO XHMHUYECKOW Hayku. Teoperuye-
CKYI0 OCHOBY aHAJIUTMUYECKONW XHWMHH COCTaBISIOT (PyHma-
MEHTAJIBHBIC 3aKOHBI XUMHUH, TAKHE KAK MEPUOJIUYECKUN 3a-
KOH, 3aKOH COXpPaHEHUs MAacChl BEIIECTB, MOCTOSHCTBA CO-
CTaBa, JEUCTBYIOIINX MAacC U JIp.

IIpeaxmeTrom anaau-
THYECKOU XUMHUHU

ABJIACTCA pa3pa60TI<a MCTOAOB aHallIn3a U UX BBIIIOJIHCHHUC, a
TAKKC IIHMPOKOEC HMCCICAOBAHHNEC TCOPECTUYCCKHUX OCHOB aHa-
JIUTUYCCKUX METOOAOB.

O0beKTaMu aHAJIH-
3a

MOTYT OBITh TPHUPOJHBIC TMPOIYKTHI, TPOMBIIUICHHBIC MaTe-
pHAJIBI HEOPTaHUYECKOI0 U OPraHUYECKOr0 POUCXOXKIACHUS,
YUCTBIE COCIMHEHHNS], METAJUIBI, CILIABBI.

CBa3p aHaJduTH4e-
CKOM XMMHHM C JApYy-
THMHM HAYKaAMH

C onHOM CTOPOHBI AaHATUTUYECKAs XUMHS MOJydaeT OT APY-
IMX HayK MPUHLMHIBI, 3aKOHOMEPHOCTH Ha OCHOBE KOTOPBIX
CO3JAI0TC METObI, IPUEMBI, METOJbI 0OPaOOTKU pe3yJIbTa-
ToB. C Ipyroil CTOPOHBI aHATUTHYECKAs XUMHUS 00ecTieurBa-
€T MHOTHE HayKH METOJIaMH U MpUOOpamu.

Oco0oe 3HaueHHE aHAIUTUYECKash XUMUS UMEET MPU MPOU3-
BOJICTBE M OIpPEJEJIEHNE KayecTBa TOBAPOB HAPOJHOIO IO-
TpeOJIeHNs, BHEIPEHUSI HOBBIX TEXHOJIOTHMM, YCOBEPILECHCT-
BOBaHHUsI CYIIECTBYIOIINX METOJOB KOHTPOJIA Ha BCEX 3Tarax
npou3BOJACTBA. JlaTh 0OBEKTUBHYIO OIICHKY KadecTBa TOBapa,
yIoOpeHunii, KOPMOBBIX J00aBOK, OWOMpenaparoB HEBO3-
MO’KHO 0€3 €ro KaueCTBEHHOTO M KOJMYECTBEHHOTO aHaJIN3a.
be3 xumMuyeckoro aHaian3a MOYB, YJOOPEHHI HEBO3MOXKHA
uHTeHcudukamus c/x. Ocoboe 3HaueHUE MPUOOpETaeT aHa-
JIM3 TIOYB HA COJEpP’KaHUE MUKPOIJIEMEHTOB U 000CHOBAHHOE
BHECEHUE HEIOCTAIOIINX KOMIIOHEHTOB JUIsl TOBBIIIEHUS
YPOKANHOCTH.

B Hacrosiee Bpemsl Kaxaas OTpacib HAPOJHOTO XO3SMCTBA
pacroJiaraeT NpUKJIaJHON aHATUTUYECKOU CcITy:k00H, KoTopas




UCIIOJIB3YET XapaKTEpHbIC I CBOEH OTpaciIv METOJbl aHa-
mM3a.

Hanpumep, B MHKpOOMONOrMYECKOH MPOMBIIUIEHHOCTH
IPUMEHSIOT OMOJIOTMYECKUE METOABI, Ul KIMHUYECKUX Bpa-
yeil HauOosee BakeH OMOXMMUYECKMI METOJ aHanu3za. Tak
onpenenenue B kpoBu Na u K nMeer BaxHOe 3HaueHHe, NO-
CKOJIBKY PUTM CEpJLa 3aBUCUT OT UX KOHIEHTpauuu. Jlims
DKOJIOTOB-AHAIIMTUKOB OIPOMHYIO POJIb UIPAET CAHUTAPHO-
XMMHAYECKUN aHAJIM3 BO3yXa, BOJbI, IIOYBBI U TOKCHUKOJIOTH-
YECKUM aHaM3. B KpUMHUHAIBHON IPAKTUKE UMEET 3HAUCHUE
Cy1IeOHO-XUMUYECKHUI aHAIN3.

AHasMTH4YeCKast — 3TO CEPBHUCHAsI CUCTEMa, OOECIIeUnBaOIas aHaIu3 O0bEK-
cayxda TOB C KCIIOJIb30BAHMEM METOJIOB PEKOMEHIYEMBIX AHAJIUTHU-
yeckod xumuen. B Hamel ctpaHe aHanmuTudeckas ciyxk0a
IpEJICTaBISIET COOON COBOKYIHOCTh YUPEKICHUM OTIAEIIbHBIX
BEJIOMCTB, B 00JIACTU MPOMBIIIJIEHHOCTH, T€0JIOTHUHU, C/X, Be-
JIOMCTB OXpaHsbl IIPUPOABI, 31paBOOXpaHeHusd. [ledaTenbHOCTh
aHAJINTUYECKUX JabopaTopuil UMeeT BakKHOE 3HadueHue. Jlis
s pexTrBHON pabOTHl J1TaOOpaTOPUU JIOJDKHBI pacrojiaraTh
KBATM(PUIUPOBAHHBIMUA KaJpaMH, COBPEMEHHBIM 000pY0-
BaHMEM, IpUOOpaMu, peakTUBaMHU, HOBBIMU METOJIaMH. AHa-
JUTUYECKasl CIy*)0a KOHTPOJMPYET 3arpsA3HEHUE BO3/yXa,
104YB, BOJ, 0cankoB. Kpurepusmu kauectsa siBysirores [TJIK.

1.2. B aHaimuTHYECKON XUMHHU BBIAEIIAIOT KAUECTBEHHBIN U KOJIMYECTBEHHBIN aHAIN3.

KavecTBeHHBIH - YCTaHaBJIMBAET MPUCYTCTBUE (UM OTCYTCTBUE) OTACIBHBIX
aHaJIM3 KOMITOHEHTOB (3JIEMEHTOB, HOHOB) B AHAJIU3UPYEMOM OOBEK-
te. [lpu nccnenoBaHuM cocTaBa HEM3BECTHOTO BEUIECTBA OH
BCETJa MPEIIECTBYET KOJUYECTBEHHOMY aHAJIU3Y.

KosnyecTBeHHBI |- YCTaHABIMBAET TOYHOE KOJMUYECTBEHHOE COJAECPKAHUE JIN-
aHaJIu3 00 OTHENbHBIX KOMIIOHEHTOB B aHAJIM3UPYEMOM OOBEKTE,
100 BCEX COJIEPKAIIMXCS B HEM KOMIIOHEHTOB.

Knaccudukanus BuIoB aHann3a MOKET ObITh OCHOBaHA Ha MPUPOJIE OOHAPYKHBae-
MBIX YaCTHUII, B 3TOM CJIy4yae pasjiMyaroT: 3JIEMEHTAPHBIN, U30TOMHbIN, BEIIECTBEH-
HBIU, MOJIEKYJISIpHBINA. Da30BbIN, CTPYKTYPHO-TPYIIIIOBON aHAJINS.
Bce cymecTByroniye METoAbl aHATUTHUECKOW XUMUU MOYHO Pa3/IeIUTh Ha METObI
po00oTOOpa, pa3aokeHus: Mpo0, pa3aeieHuss KOMIOHEHTOB. OOHApyKEHUS U OTI-
peznenenus, MocjaeHue UMEIOT MHOTO OOIIETO.
HauGonbiee 3HaueHre uMer0T MeTo bl onpeneneHus. Kinaccupuuupys MeTobl on-
peaeseHts o XapakTepy U3MepsieMOro BelecTBa WK MO CIIOCcO0y perucTpaluu co-
OTBETCTBYIOIIETO CUTHAJIA BBIACIISAIOT:

— XUMHUYECKHUE;

— (PU3UKO-XUMUYECKUE;

— (uznyeckue;

— OMOJIOTUYECKHE.




XyuMH4YecKHe MEeTo-
bl

— OCHOBaHBI Ha CIIOCOOHOCTH ONpPEACIISIEMOT0 KOMIIOHEHTA

BCTYIIaTh B XMMHUYECKHE PEAKIIMHU C TMOCICIYIONIUM OIpe/ie-

JICHUEM €ro KOJWYEeCTBA TPaBUMETPUYCCKHUM, JIMOO THUTPH-

METPUUYECKUM METOJIOM.

XUMHUYECKHE METOJIbI aHAJIN3a MO3BOJISIOT ONPEACIIATh Kaue-

CTBCHHBIN M KOJIMYSCTBECHHBIM COCTaB BEIIICCTB.
JlocTouHcTBA:!

- BBICOKAsl TOYHOCTD;

- MPOCTOTA amMapaTypbl;

- YHUBEPCAIbHOCTB;

- MOXHO ONpPEACNATh HE TOJBKO 3JIEMEHT, HO U CTEINEHb

OKHUCIICHUSI, POPMYTY XUMUYECKOTO COCTUHEHUS

Henocrarkm:

- HEOOJIbIIIast YyBCTBUTEILHOCTD;

- OospITIas 3aTpaTa BPEMEHH.

duszuko-
XHMHYEeCKHEe MeTo-
bl

— OCHOBaHBI Ha OIpeAeIeHNH (U3NIECKUX CBONCTB CHUCTEMbI
MPOUCXOMSIIUX B pe3yJbTaTe XUMUUECKUX PEaKluid omnpese-
asieMoro uoHa (kojopumetrpusi, pH- Metpusi) 11ub0 Ha 3aBU-
CUMOCTH (DU3UIECKUX CBOWCTB CHUCTEMBI OT MIPHUPOIBI OIpe-
JIeTIIeMOr0  KOMIIOHEHTa (pedpakTomeTpusi, Xpomarorpa-
bus).

JlocTonHcTBa:

-OBICTPOTA;

-BBICOKAsl 9YBCTBUTEIILHOCTb.

B nacrosimiee BpeMsi BCe 9TU METOJIbI ITUPOKO BHEAPSIIOTCS B
MPAKTUKY HAYYHO-UCCIIEI0BATEIBLCKUX U 3aBOJICKUX Jlabopa-
TOPUU U aBTOPU3UPYIOTCH.

JIns MaccoBBIX aHAJIM30B OOJIBIIIOE 3HAYCHHUE MPHOOpETacT
(bakTOp dKOHOMUYHOCTH OIPEAENICHUs, & Tak)Ke€ OCHOBHBIE
TpeOOBaHUS: MPABUIBLHOCTH, XOPOIIasi BOCIPOU3BOJAUMOCTb,
HU3KUU TIpenesl OOHapyKeHHs KOMIIOHEHTa, W30HMpaTeib-
HOCTb, IPOCTOTA, BOBMOYXHOCTH aBTOPH3AIIHH.

AHAIUTHYCCKHU I
aHAJIN3

— 3TO KOMIUIEKC TOCJIEeI0BaTENbHBIX OMNEpaluii HalpaBlICH-
HBIX Ha MOJTYYCHHE JOCTOBEPHOW MHPOPMAIIUU O KaUYeCTBEH-
HOM U KOJIMYECTBEHHOM COCTaBE aHATM3UPYEMOT0 OOBEKTA.
K OCHOBHBIM CTausIM aHaJIM3a OTHOCAT:

1. onpenenenue eIu aHanu3a

2 oT60p POOKI AHATTM3UPYEMOTO MaTepHaa

3. OIleHKa KaueCTBEHHOTO COCTaBa MPOObI

4. BEIOOp METO/a aHAIU3a

5. 00paboTka mpoOBI € IIENbI0 €€ MepeBoJa B yAOOHYIO IS
omnpenaeneHus: popmy

6. U3MEPEeHNE aHATUTHUYECKOTO CHUTHaja, CBI3aHHOTO C KOH-
IIEHTpaIlMEeH ONpeIesieMOro KOMIIOHEHTA

7. BBIYMCIICHHE U 00pabOTKa pe3yIbTaTOB ONPEACICHUSI.




OOwui yeriex aHaim3a B OOJIbLIEH CTENEHH 3aBUCUT OT TOTO,
HACKOJIBKO ITPaBWJIBHO BBIIIOJIHEHBI €70 HAaNOOJIEE CIIOKHBIE U
Ipe/IBapUTENbHbIE CTAUM, TaKHEe KaK OTOOp M MOJArOTOBKA
npoObl K aHaM3y. B OOJIBIIMHCTBE CllydaeB MMEHHO OTOOp U
HOJIFOTOBKA MPOOBI K aHAJIN3Y JUMUTHPYIOT HAJEKHOCTb U B
LIEJIOM KaueCTBO IOJIy4aeMbIX PE3yJbTaTOB, TPYJOEMKOCTb U
JUIUTENIBHOCTh aHAJIMTHYECKOro LUKiIA. [Tpuemel u nmopsaok
oTOopa mpoObI U e MOATOTOBKH Ba)KHbI IIPU MOBEJACHUH aHa-
au3a, uTo 00b19Ho npeanuceiBaoTest ['OCT.

1.3. Jlist mpoBeaeHuUs
HYI0) TIpO0Yy.

aHanmm3a OepyT Tak Ha3bIBAEMYIO CPEIHIOI0 (IIPEIBapPHUTEITh-

Cpennsist mpoda

— 3TO HauOOJIbIIIasA YACTh AaHATIU3UPYEMOTr0 00BEKTa, CPETHUN
COCTaB U CBOMCTBa KOTOPOU /0 MAEHTUYHBI BO BCEX OTHO-
HICHUSX CPEIHEMY COCTaBY M CBOMCTBAM HMCCIIETyeMOTo 00b-
€KTa.

I'enepanbuas (nmep-
BUYHAsI WJIH TpYy-

— OTOMpAETCsl HETOCPEJACTBEHHO M3 aHAM3UPYEMOro 00BEK-
ta. OHa gocTaTouHo Oobias 00sraHO 1-50 kr (MHOTHA 0,5 —

0as1) npoba 5 T nj1st pyJsl).

JlaGopaTopHas — oTOHMpaeTcss W3 TEHEPAIbHOM IMyTeM €€ COKpaIlCHHUS.

npooa OO6b1uHO OT 25 T 10 1 KT
Onny yacth 1a00paTOpHOI MPOOBI UCTIONB3YIOT JIJIsl TIpeaBa-
PUTENBHBIX UCCIICIOBAHUM, PYTYyI0 — COXPAHSIOT NJIsi BO3-
MOKHBIX B OyayIieM apOUTpakKHBIX aHAIU30B, TPEThIO — HC-
MOJIB3YIOT HEMOCPEJCTBEHHO JIJIsl aHAJIN3A.

AHajuTHYECKAS — oTOupaetcs U3 1abopaTOPHOM, IPUMEHSIETCS JJI TTPOBEIe-

npooa HUS aHAJIW34.

OT10op npodBI ra-
30B

CreneHp OTHOPOAHOCTH Ta30B M CMECEH Ia30B BEJIMKA: He-
OJTHOPOJTHOCTH HAOIIOAETCSl HAa MOJIEKYISIpHOM ypoBHE. OT-
O0op mpoObl HE NPENCTaBIACT TPYAHOCTEW M TeHEpalibHas
npo0a MOKET ObITh OTHOCUTEIHLHO HEOOJIBIIIOH.

[IpoOy raza orOuparot, U3Mepsisi €ro 00bHEM MpU MOMOIIH Ba-
KYyMHOUW MepHOM KOJIObI WM OIOPETKH C COOTBETCTBYIOLIECH
3aMOPHOM KUIKOCTHIO, YaCTO Ta3 KOHACHCUPYIOT B JIOBYIII-
KaX Pa3juvHOro THIIA MPU HU3KUX TeMIiiepaTypax. Tak Kak
COCTaB aHAIM3UPYEMbBIX T'a30B YAaCTO MEHSETCS BO BPEMEHH,
TO B 3aBUCHMOCTH OT TpeOyemou mHbopMamu MpoObl yc-
PEAHSIOT WU aHAIM3UPYIOT OTIAEIHHO OOBEMBI Ta30B, OTO-
OpaHHbIE B pa3HOE BPEMsI.

OT100p NMpooOBI
JKHAKOCTEM

Cnoco0bl 0TOOpa TOMOTE€HHOM M Te€TEPOreHHBIX KHUAKOCTEH
pas3IUYHBI.

I'oMoreHHble KUIKOCTH OTIMYAIOTCS BBICOKOW CTENEHBIO
OJHOPOIHOCTH M TOATOMY CIIOCOOBI 0TOOpa MpoO MPOCTHI.
[TpoOb1 0TOMPAIOT MPU TOMOIIM COOTBETCTBYIOIIUX MUTETOK,
O10peToK, MepHBIX K0J0. OTOOp mpoObl M3 00l eMKOCTH




MPOBOST TIOCTIE THIATETFHOTO MIEPEMEITUBAHUS. DTO BaXKHO,
T.K. B TIOBEPXHOCTHOM CIJIO€ >KHJIKOCTH MOTYT TPOXOIHTH
pa3IUYHbIE XUMUYECKUE PEaKIMd MEHSIONIUE cOocTaB o0pas-
na. Jlns orGopa mpoO BOJA HMCHOJB3YIOT OGaToMeTphl (IU-
auHAp 1-3 71 ¢ 3aKpBIBAIONIUMUCS KPBIIIKAMUA CBEPXY U CHHU-
3y).

I'eTeporenHble :KUAKOCTH OTOMPAIOT HE TOJIBKO MO 00BEMY,
HO U Mo Macce. YToOwr oToOpaTh mMpoly MOCTYHAIOT MO pa3-
HOMY: B OJHHX CITy4asix >KHIKOCTb TOMOTE€HU3UPYIOT, B JIPY-
X, Ha00OpOT, TOOUBAIOTCA MOJIHOTO €€ pacciaoeHus. ['oMo-
TeHU3AINIO TIPOBOJIAT, U3MEHSISI TEMIIEPATYPY, MepeMeIInBast
KUJKOCTh WM MojABepras ee BuOparuu. Ecnu romoreHusu-
pPOBATh KUJIKOCTh HEIb3sl, €€ PacCIauBalOT U OTOMPAIOT MPO-
Oy kaxaou ¢asbl, UCIIONB3Ys MPOoO0OTOOpHMKH. Tak oTOU-
paloT Ha aHaju3 pa3MyYHble (PpaKIUu MPOAYKTOB HedTere-
pepabatbiBaroleli npoMbliuieHHOCTH. OOBIUHO MTPoOy OepyT
MOCJIE OTCTAMBAHUSI CMECH JKUJIKOCTEH B YaHAX WJIH B IUC-
TepHax. Pasmep reHepaibHON MPOOBI KUAKOCTH OOBIYHO HE
BEJIUK W HE MPEBBIIIAET HECKOJBKO JIUTPOB WU KUJIOTPaAM-
MOB.

O100p MpooOBI
TBep/AbIX BelleCTB

[Ipu orGope mpoO TBEPABIX BELIECTB, MPEXK]IE BCEr0, BO3HU-
KaeT BOIpOC O pazMepe NpoObl. OnTuManbHas mMacca npoObl
00yCJIOBJIEHa HEOJAHOPOIHOCTHIO AHAIU3UPYEMOTO OOBEKTA,
pa3MepoM YacTull, TpeOOBaHWEM K TOUHOCTU aHAJIH3a.
Crioco6b1 0TOOpa reHepaibHOW MPOOBI TBEPJIOTO BEIIECTBA
pa3MuHbl ISl BEIIECTB, HAXOAAIIUXCS B BUJIE 1I€JIOTO (CIu-
TOK) WJIH chllTydero (3emuisi) nmpoaykra. [Iporecc paccnanBa-
HUS B CIUTKAX METAJJIOB HAa3bIBAIOT JIMKBAaIMen (IpoOsT,
pacnuiIMBalOT, BhICBepiMBaroT). [Ipu oTOope mpoOsI chimy-
YHUX BELIECTB MACCy MCCIEAYEMOr0 0OBbEKTa MEePEMEIINBaIOT
u 1poOy OoTOMpaIOT B pa3HBIX MECTaX €MKOCTH M Ha pa3HOM
riyouHe.

[Tocne oTbopa reHepabHOM MPOOBI OCYIIECTBIISIIOT MPOIECC
TOMOTEHHU3AllUY, BKIIOYAIOIINNA TPOIEecC H3MEIbUCHUS W
npoceuBanus. s 3TOro UCHOIB3YIOT APOOUTHHBIC MAITUHBI
Y MEJIbHUIIBI, CTYTIKH C TIECTUKAMHU.

Crnenytromuii 3Tan oT60pa MpoObl — YCpeTHEHUE, BKIIHOYAI0-
iee onepanuy NepeMenInBaHus U COKpalleHus npoosl. s
ATOTO UCIOIB3YIOT MEeTO KBapToBaHus. [Ipu kBapToBaHUU
npoOy pacKJIabIBAIOT B BUJE KBajJpaTa M JEIAT JUAroHassi-
MU Ha 4 TpeyroyibHUKa, JIB€ MPOTHUBOIOJIOXKHBIE YaCTU OT-
OpachIBaloOT, a 2 Ipyrue COeAUHSIOT, €Illle pa3 U3MEeIbYaroT U
CHOBa MPOBOJAT KBapToBaHue. [lomydyeHHas TakuMm oOpa3oM
cpeansisi mpoda maccoit ot 0,1 r — 1 Kr u3Menpyaercs, mpo-
CEUBAETCS U MOMENIAeTCsl B 0aHKY C MPUTEPTON NPOOKOH.




IloTrepu u 3arpss-
HEHMsI IpH MPo0o-
oTdope

B nponecce otOopa u XxpaHeHus: npoObl BO3MOXHBI MOTEPU
OIIPENENSIEMOrO BEIIECTBA, BHECCHUE 3arpsA3HEHUM, U3MEHE-
HUE XUMHYECKOTO cocTaBa. Bce 3TO MpUBOIUT K yBeIHYe-
HUIO IOIPEIIHOCTH AHAIIN3A.
Buabl morepu:

- IOTEPU B BUJIE MBLIN;

- IOTEPH JIETYYNX BEUIECTB;

- IOTEPH BCIIEICTBHE aIcOpOLUN
Takum 00pa3oM, y4uThIBas BO3MOXKHOCTb MOTEPh U 3arps3-
HEHUU mpu 0TOOpE MPOOBI, CIAEAYET CTPOTrO PErIAMEHTUPO-
BaTh METOAMKY IMPOOOOTOOPA: YHUCIO U MOCIEA0BATEIbHOCTh
omnepanui H3MEIbYEHUS W IPOCEUBAHUS, TEMIEPaTypHBIN
PEXUM, BpeMsl paCTHUpaHUsl U KOHTaKTa ¢ arMocgepoi, maTe-
pHaJ HCIIOJIb3YEMBIX YCTPOMCTB.

XpaHeHue npoobI

XpaHsAT npoObl B YCIIOBHSX FapaHTHPYIOIIUX MIOCTOSHCTBO €€
COCTaBa, JIIl KOHCEPBAIIMU MCIOJIB3YIOT pa3IndHbIe KOHCEP-
BaHTHI, TAK)KE MCIOJB3YIOT CTAOMIIN3AINI0 Ha HECKOJIbKO Ya-
coB oxnaxaenreM 10 0°C, HECKONBKO MECSIEB OXJIAKICHHU-
em y0 -20°C.

IIpu moaroroBkKe NpodbI K aHAJTU3Y BbIAEISIOT TPH CTAAMHU:
1 .BpICYIINBaHUE;

2. pa3ioxkeHue (Jaile ¢ nepeBeeHueM Mpoosl B pacTBOP);

3. ycTpaHEeHHE BIMSHUS MEIIAOIIMX HOHOB.

BricymuBanue 00-
pa3uoB

AHanusupyemsblii 00pasel] COAEp)KUT, Kak MpaBUJIO, Tepe-
MEHHO€ KOJIMYECTBO BOJBI. DTO MOXKET ObITh XUMHUECKH He-
CBS3aHHAs BOJA U XMMHUYECKAs CBA3aHHAs, T.H. SBIAIOIIAACS
HEOTBHEMJIEMOM YaCThIO BEIECTBA.

Jlis IpaBMIIBHOTO YCTaHOBJIEHUSI COCTaBa OOBEKTa M IMOJIY-
YEeHUs] BOCIPOM3BOAMMBIX pE3YyJIbTATOB HEOOXOAMMO YJa-
JUTH BJIAry U3 o0pasua, BBICYIIUTh €ro 10 MOCTOSIHHOW Mac-
Chl WM ONPENEIUTh COJEPHKAHUE BOJBL, T.K. PE3yJIbTAT aHa-
JM3a CIIeyeT NMEePEeCYNThIBATh HA MOCTOSHHYIO MaccCy.

Jlnst BeICYIIMBaHUS 00pasiia UCHOJb3YIOT CYIIMIBHBIN mKad,
DKCUKATOP.

Pasioxenue 00-
pa3uoB

[lepeBenenue mpoObl B pacTBOp. s HEKOTOPBIX METOIOB
aHanu3a JUIsl U3MEPEHUsT aHATUTUYECKOTO CHUTHAIA HMCTOJb-
3yIOT TIpOOBI 0€3 MPEeABAPUTEIIHLHOTO PAa3JI0KEHUs B BUJE TO-
MOTEHHBIX 00Pa3Il0B, TOPOIIKOB, TAOJIETOK.

B GonpmmHCTBE e METOJIOB aHalu3a TpedyeTcs MpeaBapu-
TEJIBLHOE TEPEBE/ICHUE OMPENEIIeMOT0 KOMIIOHEHTa B pac-
TBOp. JlJI1 aHanUTUYECKOW MPOOBI MPOBOAST HECKOJBKO OII-
peaesieHnii KOMIIOHEHTA: U3 OTIEIbHBIX HABECOK (OOBEKT —
TB. BemecTBO 10-100 Mr win aaukBOT (0OBEKT —KHUJIKOCTH
WJIU Ta3).




2. OCHOBHBIE TUITbI XUMHWYECKHWX PEAKIINI
HUCITOJBb3YEMbBIX B AHAJIMTUYECKOM AHAJIM3E

2.1. Peakuuu KHCIIOTHO-OCHOBHOTO B3auMOJIeHCTBUA. Teopuu AppeHuyca,
bpencrena - Jloypu, JIstouca. loHHOE TIpOU3BENCHUE BOIBI.

2.2. Teopusi cTpoeHUs] KOMIUIEKCHBIX COeAMHEHMH. Jlucconumanus KoM-
MJIEKCHBIX COEAUHEHU.
2.3. Ucnonp30BaHne peakIuii KOMIUIEKCOOOPAa30BaHUs JJIsl ONPEACIICHUS, MacC-
KUPOBaHUSI KOHOB, JUIsl pACTBOPEHUS OCAJKOB, JIJIsl U3MEPEHUS MOTEHIINAA.
2.4. OKHCIIMTETHLHO-BOCCTAHOBUTEIbHBIE TOTCHIMANBI W HampaBieHue OBP.
Hcnonb30BaHue peakiuii OKUCICHUSI-BOCCTAHOBIICHHS B aHAJU3E.
2.5. Peaknmm ocaxIeHHUsI.

2.1. Teopus kucjor | CormacHO TEOpUH KHCJIOTOM CUUTAETCA COEAUHEHUE, MPHU
1 OCHOBAaHHIi Appe- | SJCKTPOJIUTUYECKON UCCOIMAIMU KOTOPOTro 00pa3yroTcs
HHYCa IIPOTOHBI, & OCHOBAHUEM CUUTACTCS COCAUHEHUE, B PE3YJIb-
TaTe IUCCOIMAIMU KOTOPOTro 00pa3yercsl THAPOKCHI-HOH.
OO0s13aTeNbHBIM  YCIIOBUEM KHUCIOTHO-OCHOBHOTO B3aMMO-
JEeNUCTBUS 10 APPEHUYCY SIBISIETCS 00pa30BaHKE BO/IBI.
HenpocraTku Teopuu AppeHuyca:

* HE YYUTBHIBA€T 00pa30BaHME COJIbBATOB, B3aMMOJCHCTBUE
PaCTBOPEHHOIO BEIIECTBA C PACTBOPUTEIIEM;

* TEOpHUsI HEMPUMEHUMA K OTPOMHOMY YHUCITy pEaKIUi, mpo-
TEKAIOIIMX B HEBOJHBIX CPEIaXx;

* MHOTME pEaKIMU HE YKIAJbIBAIOTCS B KHCJIOTHO-
OCHOBHYIO CXEMY B3aUMO/JICHCTBUSI AppPEHNYCA;

* TEOpHs HE OOBSACHAET B3aUMOACHCTBUS MEXKIY KUCIOTAMHU.
HakonuBuimiics Marepuai IpuBeE K MEPECMOTPY 3TOU TEO-
pHH.

Teopuss kucaor u | B teopun bpencrena-Jloypu (1923 r.) mporoH paccmart-
ocHoBaHMid  BpeH- | puBacTCA KaKk KaTUOH, HE MMEIOIIMN HU OJHOTO 3JIEKTPOHA.
crega-Jloypu COOTBETCTBEHHO, OH UMEET BBICOKOE HAIPSIKEHUE DJICKTPU-
YECKOT'O IMOJIS U, CIEI0BATENbHO, HE CYIIECTBYET UHIUBUIY-
aJlbHO, a TOJIKO B BHJI€ COJIbBAaTOB. TakuMm 00pa3oM, KHC-
JIOTBI PACCMATPUBAIOTCA KaK JIOHOPHI MPOTOHOB. TO MOTYT
OBITh KaK MOJIEKYJIbI, TAK ¥ aHUOHBI, KATHOHBI:

H,O= H'+OH; NH; =H"+ NHy;

H,PO,= H' + HPO,”;

[A1(H,0)¢]* = H" + [A1(H,0)sOH]*".
[To cpaBHeHMIO C Teopuell AppeHuyca MOHSATUE KHUCIOT He
IIPETEPIIEIIO CYIIECTBEHHOTO U3MEHEHHS.
OcHoBaHHe — 3TO aKUENTOPbI MPOTOHOB. OHU MOTYT OBIThH
HEUTPaTbHBIMU MOJIEKYJIAMH WJIK HOHAMU:

H* + [A1(H,0)sOH*" = [A1(H,0)]’+:;

H'+ NH; = NH,';




H' + HPO,” = H,PO,

Kpome ocHoBanmii cymiecTByIOT aM(pUIIPOTOHHBIE MPOTOJIHU-
ThI, CIIOCOOHBIE BBICTYIATh U KaK KUCJIOTHI, U KaK OCHOBaHUS
(NH3, HQO, H2P04_ u ,Hp)

OcHoBHbIe n0J10:keHNs Teopun bpencrena-Jloypnu:

1. IIpu B3auMOJEHCTBUU KHUCIOTHI U OCHOBaHUS (pe-
aKIus MPOTOJIN3a) HE 00pa3yeTcs MOJICKYJbI BOJBI, a TPO-
UCXOIUT OOpa3oBaHHUE CONPSHKEHHOW KHCIOTHO-OCHOBHOM
Taphbl:

kucnoma 1 + ocnoeanue 1 = kucioma 2 + ocHosanue 2.

2. IlockoJIbKYy KHCIOTa — JOHOP MPOTOHOB, & OCHO-
BAHUE — AKIIENTOP, TO KUCIIOTA NEPEXOAUT B CONMPSIKEHHOE
OCHOBAHME M BO3HUKAET MPEACTABICHUE O CONPSIKEHHON
KHCJIOTHO-OCHOBHOM Mape. JTO MPE/ICTABICHUE CIPABEIIIH-
BO KakK JUIsl BOJHBIX, TaK U ISl HEBOJHBIX PaCTBOPOB.

3. CoenuHeHHne C KUCIOTHBIMU CBOMCTBAMH MOXKET
MOTEPATh MPOTOH TOJBKO B MPHUCYTCTBUM COEAMHEHUS, 00-
JaJaroniero OOJBIIMM CPOJCTBOM K MpoToHy. MM Moxker
OBITh WJIM PACTBOPUTEND, WIIU MTPOTOHKOOPIMHUPYIOIIEE OC-
HoBaHMe. OOpa3yroTCs MEHEE CUJIbHBIE KUCIOTBI, YeM HC-
XOJIHBIE.

OrtiienieHrne NpoToHa MPOUCXOUT HE CAaMOITPOU3BOJIBHO, a
Mo IEUCTBUEM MPOTOJUTOB (KOMIOHEHT MPOTOJIUTUYECKON
naphbl), 4acTO PaCTBOPUTEIIS, CJICIOBATEIIBHO, PACTBOPUTEID
MIPUHUMAET Y4aCTUE B IPOTOHHOM IIEPEHOCE.

Takum o0Opa3om, sl JBYX KHCJIOTHO-OCHOBHBIX Iap Ha-
IPaBJICHUE U MHTEHCUBHOCTb MPOTOHHOTO IEPEHOCA OIpe-
JIEIIAI0TCS. COOTHOLIEHUEM AKLIENTOPHBIX CBOWCTB K MPOTOHY
pearupytonieii napsl. CieaoBaresibHO, CBOMCTBA MPOTOJIUTA
HE SIBIISIIOTCS a0COJIFOTHBIMH, a TIPOSIBIISIFOTCS TIPU B3aUMO-
JEUCTBUU C pacTBoputesieM. Tak, B BOAHOW cpene (eHol
MPOSIBIISIET cabble KUCIOTHBIE CBOWMCTBA, B Cpeie aMMHAY-
HOM BOJBI ()EHOJ - CWIbHAS KUCIIOTA, a B MypPaBbUHOU KH-
CJIOTE - OCHOBAHHE.

Henocrarku Teopun bpencrena-Jloypu:

* B Ka4yeCTBE KUCIIOTHI PaCCMaTPUBAIOTCS TOJIBKO COEIUHE-
HUSI, IPU TUCCOLMAIIMY B BOJAHBIX PACTBOpPax KOTOPHIX 0Opa-
3yeTcsl IPOTOH;

*  HE OOBSICHEHBI MPOTOHHBIC CBOWCTBA aNPOTOHHBLIX Be-
LIECTB;

* HE YYUTHIBAIOTCS BO3MOYKHOCTH OOpa30BaHUS MEXKMOJIe-
KYJIIPHBIX CBSI3€H B MHTEPMEANATAX.

Teopuss kucjaor u
ocHoBaHui JIbwouca

B teopun Jlptonca 3a ocHOBY B3siTO HanboJiee 001Iee CBOM-
CTBO KUCJIOT U OCHOBAHHH - UX JJICKTPOHHOE CTPOCHHUE.
KucioTel - 3T0 BeliecTBa, CocOOHbIC TMPUCOCIUHSTH (aK-




LENTUPOBaTh) Mapy HEMOAEIEHHBIX 3JIEKTPOHOB OT OCHOBA-
HUS, a OCHOBAHUS - BEIIECTBA, CHOCOOHBIE OTAaBaTh HEIO-
JICJIEHHYI0 napy a1eKTpoHOB. [lo JIbtoucy OTIMYUTENBHOM
CHOCOOHOCTBIO KUCJIOT U OCHOBAaHUH SIBIAETCA UX B3aUMHas
HEeUTpanu3anus myTeM o0pa3oBaHMs KOBAJICHTHON CBSI3H.
ATIpOTOHHBIE KHUCIIOTHI, MOAOOHO MPOTOHHBIM, TAaKXKE BIIMS-
I0T Ha OKpPacKy MHAMKATOpOB. Tak, MpU pacTBOPEHHH XJIO-
puaa cypbmbl (1V) B X10pOEH30J1 B MPUCYTCTBUU KPHUCTAI-
JMYECKOro (hHoJIETOBOrO OKpacka MHJIUKATOpa MEHSETCS C
(rOoIETOBOM Ha JKENTYI0, KaK U MPU PACTBOPEHUHU XJIOPOBO-
JI0pOJia B BOJIE.

Bona siBnisiercs ciiaObiM 3JIEKTPOJIMTOM U B HE3HAYUTEIBHOU CTETICHU JIUCCOIUUPYET
Ha WOHBI IO PEAKIUU:

H,O =H"+ OH

K = ([HJ[OH-]) / [H,0] = 1,8 » 10™*® (1pm 22°C).
B 3namenarene 1poOu — KOHIEHTpAIUs HEUCCOIMUPOBAHHBIX MOJIEKYJT BOJIbI, KO-
TOPYIO MOXHO CUMTATh IMOCTOSIHHOW M ONpEeeNuTh B 1 11, mpuHSAB Maccy 1 J1 BOJIbI 3a
1000 r.

[H,O] = 1000/ 18 = 55,56 mounei,
Torma K, = ([H]J[OH])/55,56=1,8+10"°

w ([HJ[OH]=1+ 10™ (noHHOe npousBeneHne Boabi).

Kw = ([H]J[OH]=1+10"
Takum 00pa3oM, HOHHOE TTPOU3BEACHUE BOJIbI MO3BOJISICT AJIs JIFOOOTO BOJHOTO pac-
TBOpa HaiiTy koHuenTpanuo OH o ussecTHOit KoHUeHTpauun H', u Ha06GopoT.
[Ipu moGaBiaeHUN COJSHOW KHCJIOTHI, TUCCOIMMPYIONICH B BOJIC Ha MOHBI H" u CI,
KOHIleHTpalus 1noHoB H' B pactBope cramer ysenuumsathesd, a [OH] — ymeHs-
I1aThCS.
Ecoiu x Bome moOaButh 1mienouyb, To KoHIeHTpanus [OH] yBenwuwmtcs, a [H+]
ymenbiutes. Konnentpanun [H'] 1 [OH'] B3auMocBs3aHbl: yeM GoJIbIIe OfHA Be-
JUYMHA, TEM MEHbIIIE ApyTrasi, © HA000pOT.
KHCTIOTHOCTB PACTBOPOB OOBIYHO BHIPAKAIOT Yepe3 KOHIEHTpaLio noHos H™.
B kucisix pactsopax [H'] > 107 r-now/n, B Heiirpamsubix [H'] = 107 r-mon/n, B
mesnounsix [H] < 107 r-mon/x.
YtoObI HE TIMCATh YUCTIA C TTIOKa3aTeJIeM CTEIEHU, KUCIOTHOCTh PacTBOPA YacTO BbI-
paXKarT uyepe3 OTpUIaTeIbHbIN JiorapudM KOHIICHTPAIIMM MOHOB BOJIOPOJIa, HA3bI-
Basi Ty BEJIMUUHY BOJIOPOJIHBIM MOKa3aTesieM U o0o3Hauas ee pH:

pH = -Ig[H"].
To ecth BomopoaHblii noka3zareib pH — necstuunbiil Jorapud™M KOHIICHTPAIIUN
HMOHOB BOJIOPOJIA, B3SITHIN C OOPAaTHBIM 3HAKOM:
B xucnbix pactBopax pH < 7 B HenTpanbsbix pH = 7 B menounsix pH > 7.

2.2. KoMiulekcHbIE | - 3TO MOJEKYJISIPHBIE YACTHUIIbI, CTIOCOOHBIE K HE3aBUCUMOMY
coe/INHEeHNs CYILIECTBOBAHMIO JIMTaHa U [IEHTPAJIbHOTO aTOMA.

B 1893 r. A. Bepuep omy0JMKOBajl OCHOBHBIC MOJIOKEHUS TEOPUH, OOBICHSIONICH
XUMHUYECKYIO CBSI3b MOHOB M MOJIEKYJI B KOMIUIEKCHBIX COSUHEHUSAX (KOOPAUHAIIU-
OHHAsl TEOPHs).




enTpanabHblil aTOM

- YacTHIla, KOTOpask MOKET KOOPAWHUPOBATH BOKPYT ceOs
OTpULIATENILHO 3apsDKeHHbIE (0oJiee YacThli Cilydail) 4acTu-
bl (LEHTPBI KOOpAMHALWH). L[eHTpaIbHBIM aTOMOM MOXKET
obiTh MeTai (d- u f-aaemenTsl), uHOTIA KpeMHHiA, Gocdop,
MBIIIBSK, UX OJUH M Ooyiee 3apsKeHHBIM HOH. B coctaBe
KOMILJIEKCHOTO COEAMHEHUS Yallle BCETO IEHTPAJIbHBINA aToM
HECET MOJIOKUTETBHBINA 3apsijl, 3P(PEeKTUBHOE 3HAUYECHUE KO-
TOpOro yanie Bcero kosieonercs ot +0,3 10 +2 eaquHuUL 3eK-
TPOHHOTO 3aps/a.

Jluranpamu

MOTYT OBITh OJHOATOMHBIC (TAJIOTCHUIBI) WJIA MHOTOATOM-
HbIE aHUOHBI (TUIPOKCUI-AaHUOHBI, POJAHUJ-AHUOHBKI, alle-
TaT-aHUOHBI U JIP.), OTHOCUTEIHLHO MIPOCThIE OPraHUYECKUE U
HEOPTaHWYECKUE MOJIEKYJIbI (MOJIEKYJbl BOJBI, aMMHaKa,
KHCIIOPOJia, MOHO-, OM- M TOJUCPYHKIIMOHAIbHBIEC IMPOU3-
BOJIHBIE YTJIEBOJOPOIOB: AMUHBI, CIUPTHI, KETOHBI U JP.).
Knaccudukanuys muraiioB B 3aBUCUMOCTH OT Hamu4us (OT-
CYTCTBHSI) 3apsijia:

* AHMOHHBIE (JIUTaH/IbI-AHUOHBI);

* MOJICKYJISIpHBIC (JTUTaHIbI-MOJICKYJIbI);

* UKJI00Opa3yromue (XeJIaTUpyIolire), HalpuMep KOM-
IJIEKC STUJICHIMAMUHA C IIUHKOM;

* MaKpOILMKINYECKUE KOMIUJIEKCHBIE COSAMHEHUS (TaK Ha3bI-
BAa€MbIC MOJICKYJISIPHBIE CUTA).

B 3aBucMMOCTH OT XapakTepa JMraHja KOMILUIEKCHBIE CO-
€IUHEHUS JIeJIAT Ha AHAJIOTUYHBIE TPYNIIBI.

Tunnl B3auMojei-
CTBHH, NIPUBOASIIINE
K o0pa3oBaHHIO
KOMILJIEKCHBIX  CO-
e IUHHEeHHuH

1. DnekTpocTraTudecKkrue B3auMojeicTBrsA. B pe3ynbrare 00-
pa3yercsi OrpOMHBIM KJIAacC KOMIUJIEKCHBIX COCIUHECHUW -
WOHHBIE acconuyarel. B BOAHOM cpelle MOHHBIE ACCOLMATHI
M3-32 BBICOKON MOJIIPHOCTH MOJIEKYJ BOJIbI HEYCTOWYHBHI,
3aTO B OPraHUYECKUX Cpejiax MPEeuMYyIIeCTBEHHO 00pa3yIoT-
Cs HOHHBIE aCCOLIMATHI.

2. JIOHOpHO-aKIENTOPHOE B3aUMOAECHUCTBUE. Y CTOMYHUBOCTH
KOMIUIEKCHBIX COEJIMHEHHMI B BOJHBIX Cpefax 00yCIOBJIeHA
oOpa3oBaHMEM HMMHU JIOHOPHO-AKIIEITOPHBIX CBSI3€H, KOTO-
pbI€ TIPOSIBJISIIOTCS 3@ CYET B3aUMOJICHCTBUS JIMTAH]IOB, Mpe-
JIOCTABJISIIOIIMX HEMOAECICHHYIO 3JICKTPOHHYIO Mapy, KOTO-
pYyIO Ha CBOOOJIHYIO OpOUTANh UM MPUHOCUT KOMILIIEKCOO00-
pa3zoBarenb. DJEKTPOHHAS Tapa cTaHoBUTCA oOmied. Ecmu
Mpyd 3TOM MPOMUCXOJUT HEUTpandu3alus 3apsjgoB HOHA-
KOMITJIEKCO-00pa3oBaressi M JIMraHja, To o0pa3yeTcsi KOBa-
JIEHTHAsl CBSI3b, €CJIM HEUTpaIu3alvy 3apsi0oB HE MPOUCXO-
JIAT, TO CBS3b - JOHOPHO-AKIIENITOPHAS.

Ecnu nurang cOCTOUT M3 HECKOJBKUX JIOHOPHBIX aTOMOB, TO
C OJHUM KOMIUIEKCOOOpa3oBaTeIeM MOXET B3aUMO/ICH-
CTBOBAaTh HECKOJILKO aTOMOB JIMTAHJIa, - UX Ha3bIBAIOT IO-




JHUJAEHTAHTHBIMM, U CIEJCTBUEM TAKOTO BO3JIEUCTBUS SB-
JsieTcss 00pa3oBaHUE XENAaTOB WJIM IUKIMYECKUX KOMILIEK-
COB.

IMouaeHTAHTHBIE JHUTAHABI - 3TO OPraHUYECKUE COEJIU-
Henus, conepxanue OH', SH, NH,, COOH’, SOsH u ap.
XenaTel, TJIe OAWH U TOT e JUTaH]l CBS3aH C KOMILIEKCO00-
pa3oBaTeNeM U KOBAJEHTHOM U JIOHOPHO-AKLENTOPHOM CBS-
3b10, HA3bIBAIOTCSI BHYTPUKOMILIEKCHBIMH X€JIaTaMU.

Y KOMIUIEKCHBIX COEIMHEHUN MOKET ObITh HECKOJBKO ICH-
TPOB KOOPJMHALINY, TAKME KOMIIJIEKCHBIE COETMHEHMS Ha3bl-
BAIOT MOJIMSIIEPHBIMHU, HAIPUMED [Fe,(OH),(H,0)] "
KomMriekcHoe coeIMHEHHE C OJJHUM LIEHTPOM KOOpANHAIIUU
Ha3bIBACTCSI MOHOSIACPHBIM.

Y KOMIUIEKCHBIX COEJUHEHUM, UCKIIIOYas XEJaThl, pasJiv-
YalOT BHEIIHIOK U BHYTPEHHIOK KOOPAMHALMOHHBIE Ce-
pbl. LleHTpanbHbld aTOM M JUraHibsl 00pa3yloT BHYTPeH-
HIOI0 c(epy KOMIUJIEKCHOTO COEMHEHHUS, a BHEIIHIOK cde-
Py COCTaBJISIFOT MOHBI, 3apsiibl KOTOPBIX KOMIIEHCUPYET 3a-
psii BHYTpEHHEN cdepbl.

3apsaabl KOMIUIEKCHBIX HOHOB PaBHBI alreOpandyeckoil cyM-
Me 3apsI0B KOMIUIEKcooOpa3zoBarenss U JuraHaoB. Eciu B
MOJIEKYJIE B Ka4eCTBE JIUTaH/Ia UMEIOTCS HEUTpaJIbHbIE MO-
JEKyJbl, UX TPUCYTCTBUE HE OTPAKAaeTCAd Ha 3apsiie KOM-
TieKca. 3apsii KOMIUIEKCAa MOYXKHO TaKKe ONMpPENesuTh M0 CO-
CTaBy BHEIIHEH cdepbl, mocie 4Yero, HaWas 3apsig KOM-
IUIEKCHOTO HMOHA, JIETKO OIPENENIUTh CTENEHb OKUCICHUS
KOMILIEKCO0Opa3oBaTels.

KoopamHanmoHHoe YHCI0 - 3TO YHCIIO JIMTaHJO0B, CBSI3aH-
HBIX C HEHTPAJIBHBIM HOHOM B KOMIUIEKCHOM COEUHEHUMU.
Haubonee pacnpocTpaHeHHbIE KOOPAMHALMOHHBIE YHCIA
MOHOB (KaTUOHOB METaJUIOB) 2, 4 1 6.

Pexxe BcTpedaroTcsi KOOpAMHAIIMOHHbBIEC uncna 3, 7, 8, 9, 12.
KommnekcoobpaszoBaresib MOKET HE MPOSBISTH MAKCUMaIb-
HOTO KOOPAMHAIIMOHHOTO YKCIIa B KOOPAMHALIMOHHBIX HEHa-
CBILLIEHHBIX COEAMHEHUSIX.

Hanpumep, [Zn(NHs)g]* -HOH siBsleTcss KOOPAMHAIIMOHHO
naceiennsM, a [ZN(NHs),]”-HoH — KOOpAMHALMOHHO He-
HACBIIIICHHBIM.

2.3. KommiekcHbIe COEUHEHHs MIMPOKO MCIONB3YIOT AJisi OOHAPYKEHUS MHOTHUX
KaTHOHOB. OpraHnyYecKue COCIUHEHMsSI, B MOJIEKYyJIe KOTOPBIX COJEPKUTCS TpyIia
=CHOH (stumonHast, BUHHAsI KUCJIOTHI, pa3jMyHble caxapa W T.II.), 00pa3yloT KOM-
IUIEKCHl CO MHOTMMH KaTHOHaMu. [103ToMy MOHBI, BXOASIIKME B COCTaB KOMILIEKCA,
HE MOTYT OBITb OOHApY>KEHBbI, U PE3yJbTaThl aHAJU3a MOJIy4alOTCS HEBEPHBIMHU.
BcenenctBue sToro, npuctynasi K aHaiau3y, He0OOXOJUMO yJIaduTh OpraHU4YeCKUE Be-
miecTa u3 pactsopa. Ho oOpazoBaHue KOMIUIEKCOB MOYKET U O0JIETYUTh aHAJIU3 He-




OpraHUYECKUX BEIIECTB.

[Toutu 175t Bcex KATHOHOB UMEIOTCSI YyBCTBUTENLHBIE PEareHThl, 00pa3yrolue ¢ Ka-
TUOHAMU COEJMHEHUS, UMEIOIINE XapaKTepHble cBoWcTBa. Hampumep, MOHBI HUKEIS
00pa3yloT XapaKTepHOE PO30BOE COCAMHEHHUE C AUMETHITIMOKCUMOM. MOHBI KO-
OanbTa 00pa3yroT ¢ MOHAMU POAaHUAA PTYTU HEPACTBOPUMOE KOMILJIEKCHOE COEJIH-
Herne Co[HQ(SCN),4] cunero nera.

Bonpiioe npakTiueckoe 3HaYEHUE B aHAIU3E UMEET IPUEM CBS3BIBAHMS MEIIAIOLIUX
nonoB (Fe**, Cu " u JIp.) B MPOYHBIE KOMILJIEKChl — TaK Ha3blBaeMask MACKUPOBKA.
OTOT NpUeM JaeT BO3MOXKHOCTh OOHAPYKUBAaTh MHOTHE HOHBI IPOOHBIM ITyTEM.

Ipu o6Hapyxenuit Cu’'- nonos B npucyrcTBun Cd **-HOHOB MPUMEHSIOT IHAHH]
Kkaust st moxyderust kommmiekcos [CU(CN)4]* u [CA(CN)4]*. Kornentpaums Cu”'-
HMOHUOB B PACTBOPE CUJIILHO MOHMKAETCS, TaK KaK KOMILJIEKC [Cu(CN),]* 6oree pou-
HBIU, YeM [Cd(CN)4]2', U IpU JACHUCTBUU CEPOBOJOPOAA BBIINANACT JKEJITBHIM OCATOK
cynbdua Kaamusl.

[Ipu npubaBiieHUu TIHIIEpUHA K pacTBopy cMmecu HMoHOB |V u V aHanuTHueckux
rpynm o6pasyioTcst komrurekcsl ¢ Cut, Bi*'-, Pb* -nonamu, KoTopbie erko pasia-
raroTcs 1enoyamu. B 3Tux yciioBusix MOHBI He 00pa3yroT KOMILJIEKCA C TIIULEPUHOM.
B pe3ynbrare KoMIiekcooOpa3oBaHUsl U3MEHSIOTCS KUCIOTHO-OCHOBHBIE CBOMCTBA
coenuHeHuii. Hampumep, npu CBSI3bIBAHWM aHUOHOB CJIa00W KHUCIOTHI B KOMIUIEKC
ocnabnsercsa cBsa3b Ux ¢ H' - moHamu u obpasyercs Oojiee CUIbHAs KUCIOTA, 9eM
UCXOJHasA. B mpucyTcTBUM INIMIIEpUHA, TIIOKO3bl M JAPYTHX BEIIECTB YCUIUBAIOTCS
KHUCJIOTHBIE CBOMCTBA OOPHOU KUCIIOTHI.

DTOPUI-HOHBI 06pa3yioT TpouHsIii komrureke ¢ Al1°*-nonamu B Buze [AIF]® u Tem
CaMbIM TMPEMATCTBYIOT OOpPa30BaHUIO0 THJPOKCHIA ATIOMUHHUS. DTO MPUBOAUT K
YMEHBUIEHUIO TUAPOIN3a COJE allOMUHHUA, a CJIEI0BATENIbHO, K YMEHBIICHUIO H3-
MEHEHHUS KUCIIOTHOCTH WA LIEJOYHOCTH CPEBI.

C mnoMompbi0  KOMIUIEKCOOOPAa30BaHHUS  MOYKHO  H3MEHSTh  OKUCIMTEIbHO-
BOCCTAHOBUTEJBHBIE CBOWCTBA COEUHEHUH, BXOIAIIUX B KOMIUIEKC. DTUM IIPUEMOM
4acTO IOJIB3YIOTCS B aHAJM3€ HEOPraHWYeCKHUX BewlecTB. Hanpumep, xumuueckas
AKTUBHOCTb OKHCINTENs Fe’'-HOHOB yMEHbIIAGTCS BCIEACTBHE MOHIKCHHS €ro
KOHIIGHTPALMH B PACTBOPE MK CBs3bIBaHMK Fe’ -HoHOB hTOpHIOM 10 06pasoBaHus
xommiekca [FeFg]®. B mpucyrcreun dropuma Fe®* HOHBI TepsioT crmocoGHOCTH
okuciaTh | 1o |s.

KomMmniekcHble coOeIMHEHUS] TPUMEHSIOTCS 111 U3MEHEHHUs KUCJIOTHO-OCHOBHBIX U
OKHUCJIUTEJIbHO-BOCCTAHOBUTENIBHBIX CBONCTB KaTMOHOB U aHUOHOB. IIpu cBsi3bIBa-
HUU CIa0bIX KHUCIOT B KOMIUIEKC UX CHJIa YBEJIMYMUBAETCS BCIEIACTBUE OCHA0ICHHUS
CBS3M aHMOHA C MOHAMM Bojaopoja. Hampumep, KUCIOTHBIE CBOWMCTBA IlIaBEJIEBOM
KHCJIOTBI YBEIMUYMBAIOTCS B IPHCYTCTBUM HOHOB Marums MQ®', Tak kak oGpasyro-
mmticss komruteke Ho[MQ(C,04),] obnamaet Oonbliei CHION Kak KHCIOTa. AHaJOo-
TMYHO BO3pacTaeT cujia OOPHOM KHCIOTHI IIPH €€ CBSI3bIBAHUHM B KOMIUIEKC C TJIMIIe-
PUHOM WJIM MAHHUTOM, UMEIOIIUMU HECKOJBKO TMAPOKCHIbHBIX Tpynil. [Ipu ananu-
3¢ KaTHOHOB W aHHMOHOB KOMILIEKCOOOPa30BaHHE MOXKET YCUIIUBATH WM OCIA0IATh
OKHCJIMTEIbHO-BOCCTAHOBUTEIIbHBIE CBOWCTBA COeAuHEHWU. Hampumep, okucnu-
TeNbHBIE CBOHCTBA HOHOB Fe®* pesko MOHIKAIOTCS B Cydae 0Opa3soBaHMs OKCAIaT-
nonamn C,0,” , dochar-nonamu PO,> u bropua-moHamn F mpouHBIX KOMILIEKC-




HBIX HOHOB.
Komrnekcoobpa3oBanue MUPOKO UCTIOIB3YETCS B aHAIM3E I MepeBojia Majiopac-
TBOPUMBIX COCJIMHEHUU B PAacTBOp U pasjaesieHus moHoB. Hampumep, ocagox Hgl,
pactBopsiercsi B u30biTke Kl ¢ oOpazoBaHueM BOJIOPaCTBOPUMOIO KOMILIEKCA
K3[Hgls]; ocagox AgC1 pacTBopsieTcsi B pacTBOpe aMMHaka ¢ 00pa3oBaHUEM KOM-
wiekca [Ag(NHz),]CI.

Cnocobnocts ocagka AGCI pacTBOpsAThCS B pacTBOpPE aMMHaKa B OTIUYHE OT OCa-
xa HYCl, mo3Bomster otnennts noust Ag™ ot nonos Hg".

Peakuun KoMIuiekcooOpa3oBaHuUs JIETJIU B OCHOBY MHOTHX KOJMYECTBEHHBIX OIpe-
JIEJICHUHA METAJIOB.

2.4. VIHTEeHCUBHOCTH MPUCOCTUHEHUS I OTAAa4YH 3JIEKTPOHOB PA3TMYHBIMU HOHAMHU
U3MEPSICTCS OKHCINTETLHO-BOCCTAHOBUTEIBLHBIM (PEIOKC-) MOTEHIHATIOM.
Penokc-noTeHnman onpenesnstoT NIEKTPOMETPUUYECKUMH MeToAaMu. YeM Oosblie
PENOKC-TIOTEHLIMAJI JAHHOTO BELIECTBA, TEM MHTCHCUBHEE €r0 OKUCIAIOLIEE NEUCT-
BHE, a YEM MEHbIIE NOTEHIMAJ, TEM MHTEHCUBHEE BOCCTAaHABIMBAIOIIEE JCHCTBUE
JAHHOI'O BEIIECTBA.

[Ipu norpy>keHnu 31€KTPoJa B paCTBOP OKUCIIUTEIS UM BOCCTAHOBUTEISI OH OTAAET
WIA TPUHUMAET SJIEKTPOHBI. DIEKTPOJ OyJeT 3apskKaThCsl MOJOKUTENbHO WU OT-
PULATENIBHO 0 ONPENEIICHHOTO IOTEHIHMANA, YPABHOBEIIWBAIOIIETO CTPEMIICHUE
AIEKTPOHOB K IIEPEPACIPEACICHUI0, TPUYEM IIOJOKUTENBHBIN 3apsl JJIEKTPOaa
CTAHOBUTCSI TEM BBIILIE, YEM CHIIBHEE OKHCIMTEIBHBIE CBOMCTBA pacTBopa. [loren-
LHAJI, 10 KOTOPOTO 3apsiKaeTcs AJEKTPO IPU MOTPYKEHUH €ro B TAHHBIN PacTBOp,
ABJISIETC MEPOM OKHCIIUTEIIBHOW aKTUBHOCTH IOcCHeaHero. Ero Ha3bIBalOT 3JIeK-
TPOJAHBIM OKHMCJIMTENbHBIM IOTEHHAJIOM PacTBOPA.

OOBIYHO PACTBOP COAECPKHUT OKHCIUTENIb U BOCCTAHOBUTEIh. UeM cuiibHEE yKa3zaH-
HBI OKUCIIUTENb B ape, TEM JOJHKEH ObITh cilabee BOCCTaHOBUTENb, 1 HA00OPOT.
3Ha4YE€HHE OKHCIUTEIbHO-BOCCTAHOBUTEIBLHOTO MOTEHIMAIA 3aBUCUT OT IPUPOIBI
OKHUCJIUTENII U BOCCTAHOBHTENSA, OT MX KOHLIEHTpauud W TemMrepaTypbl. Eciu KoH-
LEHTpAalM OJWHAKOBBI, TO IOJIYYEHHBIE PEJOKC-NOTEHIMAIbI HA3bIBAIOT CTAH-
AapTHBIMH 1 0003Ha4aroT yepe3 @°. OnpeneneHue abCONIOTHBIX 3HAYEHUN OKUCIH-
TEJIbHO-BOCCTAHOBUTEIBHBIX IMOTEHIMAIOB OTIEIBHBIX Map HEBO3MOXHO. [IpakTu-
YECKHU CTAHJAPTHBIA PENOKC-TIOTEHIMAI Tapbl ONPEAEIISAIOT IO CPABHEHUIO CO CTaH-
JAapTHOM Mapou, T.€. CO CTAHAAPTHBIM BOAOPOJAHBIM YJIEKTPOAOM, IIyTEM OIpe/e-
JICHUSI SJEKTPOABIKYIIEH CUJIBI (3.]1.C.), MOJYYEHHOI'0 rajJbBAHMYECKOrO AJIEMEHTa
(T.€. pa3HOCTh PEIOKC-TIOTEHIIMAIOB 00X Tap).




CrangapTHblii  BO-
JAOPOXHBIN 3JTEKTPOX

- 310 mapa 2H"/H, npu KoHIIeHTpanuK (ToYHee, aKTUBHOCTH)
H" noHOB, paBHO# 1 MOJIB/TI, ¥ HOPMATLHOM JaBICHUH.
3HaueHUs CTAaHJAPTHBIX OKUCIUTEIBHBIX MOTEHIIUATIOB MPHU-
BOJISITCSL B CITPAaBOYHHKAX.

3aBUCUMOCTh MEX]y OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIM
MOTEHIIMAJIOM (0 JIaHHOM Tapbl U KOHIEHTpaIUsIMu (TOYHEE,
aKTUBHOCTSIMHM ) okuciieHHOH (Ok) u BoccTaHoBieHHoH (Boc)
dbopm BeIpakaeTcs ypaBHeHueM HepHcera, BRIBEICHHBIM Ha
OCHOBE 3aKOHOB TE€PMOIUHAMUKH:
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fIRed,
I'ne E— AIEKTPOJHBIN TOTEHLIHAI,
/" — CTaHJIapTHBIA 3JEKTPOJHBINA MOTEHIIMAJ, U3MEPAETCS B

BOJIbTAX;

R— YHUBEpCaJlbHasi ras3oBas IIOCTOsiHHas, paBHas 8.31
Jx/(monb-K);

— abcomroTHas TeMIepaTypa;

F — nocrosunas ®dapages, paBHas 96485,35 Kn-Mon{l;

1l — 4KMCIIO MOJIEH PJIEKTPOHOB, YYACTBYIOLIMX B MPOLIECCE;

(l0x y Red — aKTMBHOCTH COOTBETCTBEHHO OKHCIICHHOM H
BOCCTAHOBJICHHOHW (hOpM BEIIECTBA, YYaCTBYIOIIETO B MOIYPEAKIHH.
Eciu B dopmyny HepHcTa moacTaBUTh YHCIOBBIE 3HAYEHHs] KOH-

crant lu F'n nepenTu OT HATypaJIbHBIX norapug-
MOB K JE€CATUYHBIM, TO HpI/I T — 2981{ HOJ‘IleI/IM
0,059 ao
E=E"+ 2 —"g—=
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IpuunHbl OTIMYMSA
pPacyeTHbIX 3Haye-
HUM  CTAaHAAPTHBIX
JJIEKTPOAHBIX  I0-
TEeHIHAJIOB OT pe-
AJIbHBIX

OKHCIUTENBHO - BOCCTAHOBUTEIBHBIC CHUCTEMBI, B 3aBHUCH-
MOCTH OT CKOPOCTH PEaKIUi, MPOTEKAOIIUX HA JJIEKTPOIAX,
MOJPA3ACISIOTCd Ha oOpaTumblie U HeoOpaTtumble. CraH-
JapTHBIE TTOTEHIIMAIBI OOPATUMBIX CUCTEM HM3MEPEHBI HEMo-
CPEACTBEHHO, TOT/a KaK CTaHJapTHBIE MOTEHIIMAIbl HeoOpa-
TUMBIX CHCTEM B OOJBIIMHCTBE CIIy4aeB HAXOMIT IyTeM
TEPMOJUHAMUYECKUX pacueToB. BeieacTBrue 3Toro Ha mpak-
THUKE WX BEJIWYHMHBI OKAa3bIBAKOTCS MHBIMHM, TaK KaK HA HUX
OKa3bIBAIOT OOJIbIIIOE BIMSIHUE MHOTHE (pakTophl. [loaTomy
ropa3go OoJbplllee MPAKTHUUECKOE 3HAYCHHUE HMEIOT (op-
MajibHble (peajibHble) TMOTEHHUAJbI OKHCJIUTEIbHO-
BOCCTAHOBUTEJBbHBIX cHcTeM. DopMalibHBIA TTOTEHIIHA
CHUCTEMBI €CTh IOTEHIMAJ MOJIy3JIEMEHTa OTHOCUTEIIBHO
CTaHIAPTHOTO 3JIEKTPOJHOTO 3JEKTPOJAA MPHU YCIOBUHU, UTO
KOHIIEHTPAIIMK KaXXJOT0 PEarupyroilero BelecTBa U Mpo-
JIyKTa PaBHBI OJHOMY MOJIIO M KOHIIEHTpAIlUU JIFOOBIX JIPY-
r'UX KOMIIOHEHTOB PacTBOpa TOYHO M3BECTHBI. DTO JaeT 0o-
Jee TOYHOE MpEeJCTaBICHHUE 00 OXXKHMIaeMOM HaIlpaBJICHUM
OKHUCJIUTEIIbHO-BOCCTAHOBUTEIBHOM peakiuu. Takum obpa-
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30M, €CJIIM OKHUCIHUTCIBbHO-BOCCTAHOBUTCIBHBIC CHUCTCMbI
UMCIOT JIMIIb OANH CTaHIIapTHBIﬁ IHOTCHOHAJI, TO IJA HHX
BO3MOKHO CYHICCTBOBAHUC HCCKOJBbKHX (bOpMaHI)HBIX I10-
TCHIIMAJIOB B 3aBUCHMMOCTH OT YCJIOBI/Iﬁ CpCAHbI.

HUcnonb3oBanue pe-
aKIUHi OKMCJICHUA-
BOCCTAHOBJICHUSI B
aHaJIu3e

C nomompro OBP uwacTto mpoBOASAT pa3lesicHHE BEUIECTB.
JInst 3TOro MCHOJIB3YIOT MX Pa3iMuMsl B OKUCIUTEIBHBIX U
BOCCTAaHOBUTENBHBIX CBOMCTBax. Hanmpumep, n3-3a oanHako-
BoW pactBopumoctu rusipokcusioB Mn(OH), u Mg(OH), B
XJIOpUJE aMMOHHMS M XJIOPOBOJOPOIHON KHUCIIOTE Pa3/IeiuTh
kaTHOHBI MN>" 1 Mg2+ cinoxHO. [Ipy nmpumeHenun rugpo-
KCHJIa HaTpHs M MEPOKCUIAa BOJIOPOAA OOpa3yrOTCS OCAIKU
MnO(OH)2 151 MgOH)z
MnSO, + 2KOH = Mn(OH), + K;SOy;
2Mn(OH); + 2H,0, = 2Mn(OH), — MnO(OH), + H,O
MgCl;, + 2KOH = Mg(OH); + 2KCl.

Ocamoxk MQ(OH), pactBopsieTcsi B M30BITKE aMMOHHMIHBIX
cotiei, a ocagok MNO(OH), He pactBopsercs:

Mg(OH), + 2NH,C1 =MgCl, + 2NH,OH.
OGHapyxeHuIo HoHa Kanuss K' 0OBIYHO MEIIaloT HOHBI aM-
monusi NHy, Bcrynaromue B OJHOTHIHBIE peakiuu. MoHbI
ammonusi NH,; mnpeBpamarT B C€OJdb HUTPAT aMMOHUS
NH;NO;, a 3atem ux ymajisitoT myTeM pasjiOkKEHUS COJIH.
[Ipoucxoaut BHYTPUMOJEKYJSIpHAS PEAKIUsl OKUCICHUS-
BOCCTAHOBJICHUS:

NH4N03 — Nzo + 2H20

OO0HapykeHue HEKOTOPHIX KATHOHOB M aHUOHOB TaK>Ke MPO-
BOJSAT C TOMOIIBIO PEAKIUN OKUCIECHUS-BOCCTAHOBIICHUS.
Hanpumep, nonsl Mn** 0OHapy>KUBAIOT pPEaKIUe OKHCIIe-
HUg 10 MNnQO, ~, UMEIOIMUX MaJIMHOBBIN IIBET, MOHBI cr’t -
peakuueii oxucaenns 10 CrO;” ¢ OpaHKXeBOi OKPACKOIi;
nomun-uonsl |” - peakuueii okucnenus 1o |, , obpasyromux c
KpaxMaJIOM COEUHEHHUE CUHETO LIBETA.

Ha wucnons3zoBannn OB-peakuuii OCHOBaHbI MHOTHE MpH-
MEHsIEMbIE B KOJMYECTBEHHOM aHaJIU3€ TUTPUMETPUUECKHUE
METO/Ibl, MOJY4YUBIIME OOLIee Ha3BaAHHE METOJOB OKCH]IU-
MeTpuu. B OCHOBY 3THX METOAOB MOJIOKEHO B3aMMOJEHUCT-
BUE OIPEEISIEMBIX BEIIECTB C OKUCIUTENIIMH U BOCCTAHO-
ButessiMu. Hampumep, B MeToJle NEpMaHraHAaTOMETPUU B
KaueCTBE OKHUCIUTENS HCIOJIb3YIOT PAcTBOP IEpMaHraHara
kaimst KMnQO,, B iogomeTpun - pacTBOp Hojaa, B JUXpoma-
TomeTpun — pactBop auxpomata kamusa K,Cr,O;. Konuue-
CTBEHHOE€ OIpEJIEJICHUE COJIeH, HAMPUMEDP JBYXBAJICHTHOTO
JKeJe3a, OCYLIECTBISAIOT, MPOBOASA PEAKLIUIO OKUCIIEHUS HO-
HoB Fe®* 1o monoB Fe** ¢ momomio pacTBOopa auxpomara
KaJIHSL.




2.5. Peaknuu ocax-
JeHUA

B mpoueccax ocaxkaeHus, OTACIECHUs, PACTBOPEHUS U NPO-
MBIBAaHUS OCAJKOB MbI CTAJIKUBAEMCSI C PABHOBECHEM B IeTe-
poreHHbIX cuctemax. Jltobasi roMOreHHasi cucTeMa COCTOUT
u3 OlHOHN (a3pl. I'eTeporeHHbIE CHCTEMBI COCTOAT U3 He-
ckosbkuX (a3. Paza npeacraBisger coOOM YacThb CHCTEMBI,
OTIEJEHHYI0 OT JpPYIrMX 4YacTel IOBEPXHOCTBIO pasJena.
[TprMepoM TOMOTEHHOM CHCTEMBI SIBISIETCS JII0O0H pacTBop,
HO €CJIM B PAaCTBOPE MOSIBIAETCS OCAT0K, TO CHCTEMA CTaHO-
BUTCSl T€TEPOTCHHOM. B TreTEepOreHHbIX CHCTEMAx peaKuuu
UAYT Ha IOBEPXHOCTHU paszzena ¢as.
[Ipu conpuUKOCHOBEHHH pacTBOpa M OCajKa, T.e. AByX (a3 -
TBEPIOM M KUJKOW, IPOUCXOIUT PACTBOPEHHUE Ocajka. Be-
LIECTBO, ITOCTEIIEHHO PacTBOPSACH, HAKAIUIMBAETCA B pac-
TBOpE, U H30BITOK PAaCTBOPEHHOTO BEIIECTBA BHOBH BbI-
[1aJ1aeT B 0CAIO0K.
B pesynbprare npoueccoB paCTBOPEHUS U OCAXKICHUS MEXKILY
OCaJIKOM M €ro pacTBOPEHHOW 4YacTbI0 HACTYIAE€T JH-
HaMH4YECKOE PAaBHOBECHE:

0CaJI0K <> pacTBop.
[Ipn ycTraHOBHBHIEMCS AMHAMHAYECKOM pPAaBHOBECUHM CKO-
POCTh PaCTBOPEHHMS OCaJKa PABHSETCA CKOPOCTH €ro OCax-
JCHUS.
[IpousBeneHneM pacTBOPUMOCTH MaJIOPACTBOPUMOTO DJIEK-
TPOJIUTA SIBJIAETCS MTPOU3BEACHUE KOHIEHTPALMA NOHOB Ha-
CBIIIEHHOTO pAaCTBOPA IpPU HEU3MEHHBIX TEMIEpaType u
naBjieHUU. OHO SBJISIETCS BEIMYNHOMN TOCTOSIHHOM.
B oOmiem Buae ais ManopacTBOpUMOro 3jekrponuta KnAm
IIPOU3BEACHUE PACTBOPUMOCTH BBIPAXKACTCS YPABHEHUEM

IP= [K]" u [A]™

rae [K] u [A] - paBHOBECHbIE KOHIIEHTpAIlMd KaTHOHA M
aHMOHA, 00Pa3YIOLIUXCS MPHU IEKTPOTUTHUECKON AUCCOLIH-
anuu a1ekTpoauta KnAm.
3HaYeHUs1 BEJIWYUH MPOU3BEICHUS PACTBOPUMOCTU TpPH-
BEJICHBI B CIIPABOYHUKAX.
[IpaBriIO0 pOU3BENECHUS PACTBOPUMOCTH OCHOBAHO Ha JKC-
MIEPUMEHTAIIBHOM M3YyYE€HHH HACBILIEHHBIX PACTBOPOB Majo-
PaCTBOPUMBIX BJEKTPOIUTOB. OHO HENMPUTOJHO I yMe-
PEHHO M XOpOLIO pacTBOPUMBIX cosiell. B mpucyrcrBun
oonpmoro konmuectBa rmocropoHaux cojieid KNOs, NaCl u
Ip. NPOU3BEIECHHUE PACTBOPUMOCTH MaJOpPACTBOPUMBIX CO-
Jeil yBennduBaeTcs. ITO OOBSICHIETCS TEM, YTO NOHHbBIE CH-
Jbl B pacTBOPE BO3PACTAIOT, KOA(P(UIIMEHT aKTUBHOCTH CO-
JIe TIOHWXKAETCS, U PaCTBOPUMOCTh MAJIOPACTBOPUMBIX CO-
nen nosblmaercd. [IpaBuino nmpousBeneHuss pacTBOPUMOCTH
MaJIOPACTBOPUMBIX AJIEKTPOJUTOB MO3BOJISIET pa3o0paThCs B




nmpoueccax OCaAXKIACHHA, paCTBOPCHUA OCAAKOB, paCCUHUTATb
PaCTBOPUMOCTb BCUICCTB, BBIABUTH I[pO6HO€ OCaXKJIACHUC U
APYTruc 1nponccCol, UCIIOJIb3YEMBIC B MCTOAC OCAKICHUA.




Pasznen ||. KAUECTBEHHBINA AHAJINA3
3. OCHOBHBIE ITOHATHUA KAYECTBEHHOI'O AHAJIN3A
3.1. OcHOBHbIE TOHSATHS KAa4ECTBEHHOI'O aHajM3a: aHaJUTHYECKas peaklyus,
AQHAJIMTUYECKUI CHUTHAJ, TUIIBl AHAIATUYECKUX PEAKLUH, YCIOBHUS IPOBEICHUS,

YYBCTBUTCIbHOCTD.

3.2. X¥MHUYECKHE METOJIbl KaueCTBEHHOI'0 aHallh3a: APOOHBIA U cHUCTeMaTH4e-
CKHUI XOJIbl aHAJIN3a. [ pynmnoBor peaKkTuB.

3.3. Knaccudukanus kKaTuOHOB.

3.4. Knaccugukanus aHuOHOB.

3.1. KayecTBeHHBINA aHA-
JIN3

- 3TO pa3Jeil AaHAJTUTUYECKOW XUMUH, U3y4atOIINAN
METOABI OIPEIEICHUS COCTABA BEIICCTB.
KauecTBeHHbIN aHAIN3 IPOBOJAT XUMUUECKUMHU, PU-
3UKO-XUMHUYECKUMHU U GU3NYECKUMU METOJaMH.
OCHOBY XMMHUYECKHUX METOJOB COCTABIISIOT aHAJIUTH-
YECKUE PEAKLIHH.

AHajguTHYecKHe WJIH Ka-
YECTBCHHLIC PCaKIUH

- 9TO peaKIMH, KOTOpPhIE COMPOBOXKIAIOTCS TOSBIIC-
HUAEM aHAJUTHYECKOTO CHWTHAaja, T.C. BHEITHUM 3(-
dexkToM: 00pa3zoBaHUEM WJIM PACTBOPEHUEM OCAIKa,
U3MEHEHHEM IIBETa PacTBOpA, BBIIECIEHUEM Tra3000-
pa3HbIX BellecTB. JlaHHbIE peakiMK JAOJKHBI TIPOTE-
KaThb OBICTPO M MPAKTUYECKU HEOOPATUMO.

CylmHOCTh Ka4eCTBEHHO-
ro aHaJjm3a:

1) mepen BBIMOJIHEHWEM aHAJIM3a U3YYAIOT KavecT-
BEHHBIE PEAKLUUU HCCIECAYEMOTO MOHA M OTMEYAIOT
BHEIIHUE YP(EKTHI;

2) eciy TIpU BBIOJHCHUHM KAYECTBEHHOW PEaKIUU B
UCCJIEyEMOM DPACTBOpPE OKHUIAEMbIA BHEIIHUHA (-
(exT mosryyaeTcsi, TO OTKPbIBa€MbIi HOH B pPacTBOpE
IPUCYTCTBYET, €CIIA HE MOJYyYAETCS, TO HOH OTCYTCT-
BYET.

BeliecTBO, KOTOpOE BBI3BIBAET AHATUTHUECKYIO PEAKIUIO C aHAJIU3UPYEMbIM HO-
HOM, Ha3bIBAaETCS PEAKTHBOM WJIA PEArCHTOM.

Bce ananurnyeckue pe-
AKUMH JeJISATCH HA:

1) peakiuu BBINOJHIEMBIE «CYXHM» M «MOKPBIM»
CIT0CO00OM;

2) peakiuu crieiupuIecKue U CEICKTHBHbIC (M30u-
paTenbHbIE);

3) peakiuu OOHAPYKEHHUSA U OTACIICHUS;

4) peakiuu, BBINOJIHAEMBIC MAaKpO-, MUKPO-, IMOJTY-
MUKPO- U yIbTPAMHKPOMETOJIOM B 3aBUCHMOCTH OT
KOJIMYECTBA BEIIECTB, 0OBEMOB PACTBOPOB, B3SITHIX
JUTS BBITIOJTHEHUS PEaKIIHH.




AHAJIUTHYECKHUE PeaK-
MU, BBITIOJIHSIEMbIE «CY-
XHM) CIIOCOO0OM

OCYUIECTBJISIIOTCST 0€3 MpenBapUTeNbHOTO pacTBOpe-
HUS BEIIECTBA C MOMOINIBIO TAKUX MPUEMOB, KaK MPO-
0a Ha OKpalIMBaHUE IUIAMEHH, MOJYYEHUE I[BETHBIX
CTEKOJI (MEpPJOB) M PACCMOTPEHUE METAIITUYECKUX
«KOPOJIBKOB». DTH MPUEMBbI Ha3bIBAIOTCS MUPOXUMU-
YECKUMH (OT IPey. «IIUP» — OTOHb).

AHAJIUTHYECKHUE PeaK-
MU, BbITIOJIHSIEMbIe
«MOKPBIM» CIIOCO00M

- 9TO pCaKlIUHU, IIPOUCXOIAIIUC B paCTBOpPaAX. I[aHHI)Ie
pPCaKOn UMCHOT HanOOJIbIICE IMPUMCHCHHC B J1a60pa-
TOPHBIX YCJIOBUAX.

B kaduecTBEHHOM aHaIM3€ UMEIOT JI€JI0 MPEUMYIIECTBEHHO C pacTBOPAMU DJIEKTPO-
JIUTOB, a, CJIEAOBATEILHO, C MOHAMU, OOPA3YIOIIUMUCS MPU AUCCOIUAIMNA JAaHHOTO
AIEKTPOJIUTA.
Kaxaplii noH 00J1aj1aeT onpeeIeHHBIMUA CBOMCTBAMM, KOTOPBIE OH COXPaHsIET He-
3aBUCHUMO OT IPUCYTCTBHUS B PACTBOPE APYTHX HOHOB.

Hanpuwmep:

BaCl,+ H,SO, =BaSO,{ + 2HCI
Ba(NO3)2 + Na,SO, = B&SO4~L + 2NaNQO;
Ba(OH), + K,SO,= BaSO,{ + 2KOH
He3aBucuMo oT mpupoabpl aHMOHA 0APUEBOTO COSAMHEHUS U KaTHOHA B Cylb(darax,
MIPOJYKTOM BCEX PEAKIHMK SBJISCTCS OCNBbI MEJIKOKPUCTAUTMYCCKUN OCaOK CYIlb-
dara G6apus (BaSO,). CymHOCTs, TPUBEACHHBIX PEAKIMA MOXHO BBIPA3UTh HMOH-
HBIM YPaBHEHHUEM:
Ba’* + SO,*” = BaSO4¥

CrnenoBarenbHo, cyiabdar Oapusi oOpa3yeTcs BCAKUN pa3, KOrJa CMEIIMBAIOT
PacTBOpBI, cofepKamire Katnous! Ba®* u arnonst SO,” .

[ToaTOMy ¢ mOMOIIBIO CYIB(}AT ~-HOHOB MOKHO OOHAPYKUTHh B PACTBOPE KATHO-
Hbl Ba®" 1, HaoGopoT, ¢ momopo HoHoB Ba® — annonsr SO, .
AHQJIUTUYECKUE PEaKIMH, KaK MPaBUJIO, 3alIMCHIBAIOT B BHUJI€ MOHHBIX YPaBHEHUH,
B KOTOPBIX PEAKTHUB 11€JIeCO00pa3HO YKa3bIBaTh B MOJICKYJIApHOU (popMme.

Hanpumep: Ca>* +(NH,),CO; = CaCOgl+2NH*

OTKPBIBAEMBI  PEAKTUB
HMOH

Cnenuduyeckue aHau-
THYECKHE PeaKkIuu

- 3TO peaKIMH, KOTOPhIC IMO3BOJISIOT OOHAPYKUBAThH
WOH B MIPUCYTCTBHH JPYTUX MOHOB, T.K. TIOCIICIHUE C
JTAHHBIM PEaKTUBOM ITOA0OHBIM BHEITHUN (DPEKT HE

o0pa3ylor.

CenexTuBHbBIE (M30Mpa-
TeJIbHbIE) AaHAJIUTHYe-
CKHE peaKlnu

- 3TO pEaKlMu, KOrJ1a TaHHbIA PEAKTUB AAET CXOAHBIN
BHEIIHHH 2P(DEKT ¢ HECKOJIBKUMHU HOHAMM.

Peakuuu otTaeaeHust uo-
HOB

qamec BCCTO OCHOBLIBAIOTCS Ha pa3H0171 PaCcTBOPUMO-




CTH COEIMHEHHUH, KOTOpbIE 00pa3yrOTCsl IPU B3aUMO-
JIEUCTBUM MOHOB B PAacCTBOPE C MPUOABISIEMBIM peak-
THUBOM.

[Ipu 3TOM OOVH WM HECKOJIBKO MOHOB NEPEXOAUT B
0CaJloK, a Ipyrue HOHBI OCTaroTcs B pacTtBope. Otae-
JUB OCaJOK OT pacTBOpPa, TEM CaMbIM, OTHECISAIOT
OJWH HOH OT JIPYroro WM OAHY TPyHIly UOHOB OT
JIPYTOM.

JlaHHbIE peaKlMy BBIMOJTHSAIOT B LEHTPU(PYKHBIX

npoOUpKax.

Peaknum  oOHapy:KeHHsI | MO)KHO TPOBOJIUTH TOJBKO B TOM Cllydae, €CIU U3

HOHA pacTBOpa YJAJCHbl BCE MEIIAIONIUE OIPEACTICHUIO
WOHBI.

YciaoBus NMPOTEKAHUS | OTNPEACIAIOT IYTEM MPEABAPUTEIBHOIO H3YUCHHUS

AHAJIMTHYECKHUX PeaKkuui

OTHOUICHUS TOJIY4YeHHOTO B Kau€CTBEHHOW peakluu
BHelHero 3dekra (ocamok, 1BET, ra3) K KUCIOTaM,
1ieaouaM, TeMIepaType u ap. Gakropam.

[Ipu HECOOMIOIEHNU YCTAHOBJICHHBIX YCJIOBUU IPO-
TEKaHWS PEaKIUHA, MBI MOXEM IOJYYUTh HEBEPHBIM
pe3ynbTaT: MOJMYYUTh BHEIIHUNA 3P(EKT B OTCYTCT-
BUM MOHA W HE TOJYYUTHh BHEIIHUUA AP(DEKT B €ro
MPUCYTCTBHH.

YyBCTBUTEJIBbHOCTh aHA-
JIUTHYECKUX pearuuii

XapaKTepU3yeTCss MUHUMAIbHOW KOHLIEHTPALUEH HO-
Ha, TP KOTOPOU OH €Ille¢ MOXKET ObITh OTKPHIT C TO-
MOIIBIO JTAHHOTO peakThBa. UyBCTBUTEIBHOCTH pe-
AKIMU BBIPAXKAIOT MUHUMAJIBHOM KOHLIEHTPALUEH,
OTKpPhIBAEMbIM MHUHHUMYMOM WM TpeJeIbHbIM pa3-
OaBiIcHHEM.

AHQJIUTUYECKUE PEAKI[MU TEM YYBCTBHUTEJIbHEE, YEM
MEHBIIIE OTKPHIBAEMBbIII MHUHUMYM W MUHHMAaJbHas
KOHIICHTpAIUs, U 4yeM OoJbIle MpeAeabHoe pa30aB-
JICHHUE.

IOKAa3bIBAET, TPU KAKOW MPEAECIBHO MHUHUMAJIbHOU
KOHIICHTPALIMA OIPEAECIIEMOTO HOHA B PACTBOpPE
JaHHAsl PEaKIusl €IIe BO3MOXKHA JIIsT OOHAPYKEHHS B
ompenensieMoM 00beMe UCCIIETyEMOTO pacTBOpa.

MuHUMAJIbHA KOHIICH-
Tpauus

OTkpbIBaeMblil MUHH-
MYM

— HauMEHbIIasi Macca ONMpPeeIsIEMOro HOHA, KOTOpast
MOXET OBbITh OOHApYy’KeHa C MOMOIIbIO JTAHHON peak-
MY B HANMEHBIIIEM 00hEME HCCIIETyeMOT0 pacTBOpa.




IIpenesabHoe pazdaBiieHue | — HanOoJIbIce pa30aBICHUE PacTBOPA, COAEPIKAILIETO
1 r onpexnensieMoro noHa, MpyU KOTOPOM €I1I€ 3aMETHA
peaKkiusl.

OcHoBHBIE (l)aKTOpbl, onpeacasaommne NPpoTeKaHue aHAJIUTHICCKUX peammixi:

1. docmamounas koHyenmpayus 0OHaApyIHCUBAEMO20 UOHA.

[Ipy o4yeHb Masiol KOHIICHTpAIIUU OMPEACIISIEMOTO MOHA, PEaKIys MepecTaeT Mpo-
TeKaTh. MI3BECTHO, YTO BEIIECTBO MOXKET BBHINAJATh B 0CAaJ0K TOJBKO TOIJa, KOTda
€ro KOHIIEHTpAIMs B paCTBOPE MPEBBINIAECT PACTBOPUMOCTD MPHU JTAHHBIX YCIOBHSIX.
2. Omcymcmeue 6 pacmeope Meuarouux UoHo8.

Henb3st 0OHapyKXUTh MOH, €CIIM B pacTBOPE MPUCYTCTBYIOT JPYTHE MOHBI, TAIOITUE
C pPEaKkTHBOM aHaJorWuyHbi BHemHUN 3¢ dext. Ilepen obHapyxeHHeM HOHA, Me-
IIAIOIINE HOHBI HEOOXOIMMO YAAINTh U3 PacTBOpa.

3. Coomsemcmeyowas cpeda pacmeopa (HEUTpaabHas, KHUCIas, meiaouHas). Ha-
puUMep, 0CaJ0K, PaCTBOPUMBIM B KHUCIIOTaX, HE MOXET BBINAJaTh U3 PAacCTBOPOB,
MMEIOIIUX KUCIIYIO CPeNly; OCaJ0K, paCTBOPUMBIN B IleJI0YaX, HE BBHIMAAACT B IIIe-
JIOYHOM cpene.

4. Temnepamypa pacmeopa.

Ocanku, paCTBOPUMOCTb KOTOPBIX BO3PACTACT C MOBBIIICHUEM TEMIIEPATYPHI, BbI-
MaJIal0T U3 HArpeToro pacTBOpa HE MOJIHOCTHIO, MJIM COBCEM HE BhIMagaroT. Takas
peaKuus JOJHKHA BBIMOJHATHCS «HA XOJIOIY».

5. Yucmoma xumuyeckux peaxmueos.

[To cTeneHn YUCTOTHI XUMUYECKUE PEAKTUBBI KIACCUDULIUPYIOTCS Ha TEXHUUYECKHE
(T), uncteie (H) — comeprkar npumeceit 10 2,0%, uucteie i ananuza (UJJA) — no
1,0% mpumeceit, xumuuecku yucteie (XHU) — menee 0,1% mpumeceii, BbICOKOATa-
noHHO yncthie (BOY) u ocobo uncteie (OCYH). JIBe mocnennue rpymnibl peakKTUBOB
xapakrepu3yrorcss Bbicoko uucrorou: 0,01-0,00001% npumecein. Yucrora peak-
TUBOB pernamentupyercs 'OCTaMu U TeXHUYECKUMHU ycloBUsIMU. [l mpoBene-

HUS OOJIBIIMHCTBA aHAJTUTHYCCKUX PAOOT MOJIB3YIOTCS PEaKTHBAMH MapokK « XUy,
«HIA».

3.2. IpoOHbIii X0 aHAJH- | - 9TO OOHApYKEHHWE MOHOB C MOMOUIBIO crenudpuye-
3a CKHX pEakiliii, MPOU3BOJANUMOE B JI0OOON MOCIeI0Ba-
TEJILHOCTH, B OTJACJIBHBIX MOPIUAX aHATUZUPYEMOTO
pacTBopa.

Cucrematuyeckuii X0 | - 3TO ONpPENEIECHHAs MOCIEA0BATEIBHOCTD BBINOJIHE-
aHaJIM3a HUSI QHAIIMTUYECKUX PEAKIUU, TPU KOTOPOU KaXKIbIN
MOH OOHApYXUBAIOT IMOCJE TOTO, KaK OyayT oOHapy-
YKEHBI U yIaJICHbl MEIIAIOIITUE UOHBI.

I'pynnoBoii peareHt (pe- |- 5TO pearcHThI, MO3BOJISIOIINE BBIIEIUTh U3 CIOXK-
aKTHB) HOM CMECH OIIPEIEIIEHHYIO IPYIITY HOHOB. JleNCTBHS
I'PYIIOBBIX PEAreHTOB OCHOBAHO, KaK NIPAaBUJIO, HA
pa3NUYHOM PACTBOPUMOCTH COEAMHEHHH, o0Opa3ye-




MLIX MOHAMHU B pacCcTBOPEC IIpHU HpI/I6aBJI€HI/II/I K HUM
OIIPCACIICHHOI'O PpCAKTHBA.

B pesynbraTe ojHa rpymnna MOHOB IIEPEXOIUT B OCa-
JOK, Ipyras OCTaeTcsi B PaCTBOPE.

NHorpa nencTBus TpynmoBOrO peareHra COCTOUT HE
B OC&XJECHHH, & PACTBOPEHHUU KaKHUX-THOO COCTaB-
HBIX 4acTeU ocajka.

C nmomoIIpI0 IpyNIoOBBIX PEarcHTOB B CUCTEMaTHYe-
CKOM XOJI€ aHAJIM3a CJIOXKHAS aHAIMTUYECKas 3a7ada
NEIUTCS Ha PAL NMPOCThIX. Eciy rpynmoBoi peareHt
HE AT 0CalKa C UCCIEAYEMBIM PacTBOPOM, TO 3TO
YKa3bIBa€T HA OTCYTCTBHE LIEJOU IPYIIIBI HOHOB.

3.3. [IpumeHeHne TPYMNMOBBIX PEAKTUBOB JAa€T BO3MOXKHOCTH KiIacCU(UIIMPOBATH

KaTHOHBI M aHWOHBI Ha OTJENbHbIC aHAIUTUYECKHE Tpymnibl. Hanbombiee mpume-
HEHUE MOJYYWIH CYyIb(UIHAs, KUCIOTHO-OCHOBHAA U aMMuadHo-(pochopHas kiac-
cupukanuu. Hamu mpu u3ydeHMHM KaueCTBEHHOIO aHajn3a HUCIOJIb3YeTCsS CYJib-
buaHas knaccudukanus KaTHOHOB.

AHaIuTHYECKASA
rpynmna

KaTuonsl,
Cocrasisiomme rpynmny

I'pynnoBoit
pearenT

XapakrTepucTuka
TPYIIbI

NH," Na*, K, Mg”™ u np.

I'pynnoBoro  pea-
ICHTa HET

Kap6onartsl, cynbhusl
pPacTBOPUMBI B BOJIE

T Ca™, Ba” ugp.” (NH,)2CO3 Kap6oHaTsl HE pacTBo-
pUMBI B BOJIE, CyTbhH-
JIbI PACTBOPHMEI B BOJIE
i AP, Fe™, Fe®*, Mn”*, Zn®* | (NH,),S Cynbduasl HE pacTBo-

U Jp.

puUMBI B BOJie, HO pac-
TBOPUMBI B pa30aBiieH-
HBIX KHCJIOTaX.
Kapbonatel He pacTBo-
PUMBI B BOJIE

Ag’, Pb**, Hg,”, Cu*,
ng+ u Jp.

[lo pacTBOpUMOCTH XJIOpH-
noB IV rpynma genutcst Ha
JIBE no;[rgynnm

Ag’, Pb%, Hg,”* - mox-
rpymnma cege6pa

Cu®*, Hg* - mnoxarpymma
METH.

H,S B mpucyrctBun
HCI,

Cynbhuabl HE pacTBO-
pUMBI B BOJIE M HE pac-
TBOPUMBI B pa30aBlieH-
HBIX KUCIIOTaX.

1-1 moarpymnma — XJjo-
PUIBI HE PACTBOPUMBI B
BO/IE;

2-51 TIOATpPYIIa — XJIO-
pUIBI  PAacTBOPHUMBI B
BOJIE.

XoJ aHanM3a CMECH KaTUOHOB BCEX YETHIPEX TPYINI HAUYMHAIOT C OT/AEJICHUS YE€TBEPTOM TPYMIIBI €
MOCIEAYIOLIUM €€ aHAIU30M, 3aTeM OT/AEJICHUE TPeThel, BTOPOil TPYII U OCTaeTcs nepBas rpyn-

IIa.




3.4. Knaccudukaiys aHHOHOB

AHaJINTH- AHUOHBI, I'pynnosoit XapaKTepuCcTHKH
yeckast COCTaBJIAIOIIME TPYIITY peareHT rpynmnsl
rpynmna
| S0,%, COs%, PO, S m ap. BaCl, B wueiitpansHoii | Conu Gapusi HE pacTBOpH-
WIK  c1a0oIIeIOYHON | MBI B BOJIE, HO PacTBOPS-
cpene. I0TCA B Pa30aBIIEHHBIX KH-
CJIOTaX, HCKJIIOYEHHE CO-
crasisieT BaSO,.
1 Cl, Br,J u ap. AgNO; B mpucyrctBun | Comu cepebpa HE pacTBO-
HNO;3. pumsbl B Boae u B HNOs.
i NOs;™ u ap. I'pymmoBoro pearenra | Comu  Oapus u  cepebpa

HCT.

PaCTBOPUMEI B BOAC.




4. OBIIAA XAPAKTEPUCTUKA U XO/Jl AHAJIM3A KATHOHOB

YETBIPEX AHAJIMTUYECKUX I'PYIIII

4.1. O0mas xapakTepUCTHKa U TOCIEI0BaTeIbHOCTh XO/Ja aHalu3a KaTHOHOB

IIEPBOM T'PYIIIIHL.

4.2. O0mas xapakTepUCTHKa U TOCIEN0BaTeIbHOCTh XO/Ja aHalu3a KaTHOHOB

BTOPOM TPyNIIBIL.

4.3. OOmas xapakTepuCTHKa U TOCIEI0BAaTEIbHOCTh XO/Ja aHallu3a KaTHOHOB

TPEThEU IPYIIIIBL.

4.4, 06111215[ XApaKTCPHUCTHUKA M IIOCJIICAOBATCIIbHOCTL XOJa aHAJIM3d KaTHOHOB

YETBEPTOM TPYIIIHI.

4.5. buonornyeckoe 3HaYCHHE KaTHOHOB YCTBIPCX AHAJIUTHYCCKUX I'PVIIII.

4.1. | anaauTH4YeCKas
rpynna KaTHOHOB

K nepBoil aHanuTHyeckoil rpymne oTHOCAT KaTHoHbl K,
Na*,NH,", Mg u nexoropsie apyrue. BolbIIMHCTBO CO-
JE€W ATUX HOHOB XOpOWIO pacTBOpuMO B Boxe. [loaromy
IPYIIIOBOTO peareHTa, OCaKIAr0IIEro BCE YEThIPE KATUOHA,
HeT. [Ipu cucTeMaTH4ecKoM aHaliv3€ MOHBI Kallusl, HATPUs,
MarHusi 0OHapy>KUBAIOT B TOCJEAHIO OYepedb, TaK Kak
KaTUOHBI JPYTUX TPYyHI MEHIalT HUX OOHAPYKEHUIO H
JIOJKHBI OBITh yAajeHbl. B BOJIHBIX pacTBOpax BCe KaTHO-
HBI IEPBOM aHATTUTUYECKOU IPYIINbI OECIIBETHBI.

Kanuii u HaTpuii, OTHOCATCS K IEPBOM TPYIIIE CUCTEMBI
anemeHToB .M. MeHnneneeBa, ux ruApOKCUIbI - CUIIbHBIC
ocHoBanus (ménoun). NH', 6130k mo cBoiicTBaM K Ka-
THoHy K u 00pa3yeT HECKOJIbKO aHaJOTUYHBIX Majopac-
TBOPUMBIX coJieil. OueHb BaXXHO, YTO COJIM AMMOHUS B OT-
JUYUE OT COJIEW Kajlis M HATpHsl pasliararoTcsl MpU Harpe-
BaHUU U, CJICJOBATEIbHO, MOTYT OBITh yAQJICHBI TIPOKAIHU-
BaHMEM. Bce conm aMMOHUSA JIETKO TUAPOJIU3YIOTCS, TOTAA
KaK M3 COJICM Kajausd M HATPUS MOJBEPTatOTCs THUIPOIU3Y
TOJIBKO COJIM CJIA0BIX KUCIOT (YroJIbHOM, YKCYCHOM U JIp.)
Marunuii, OTHOCSAIIMICS KO BTOPOU T'PYIIIE MEPUOAAUECKON
CHUCTEMBI, BO BCEX COCAMHEHUSX MPOSIBIISIET CTENIEHb OKHUC-
JeHust +2 U OTJIMYAeTCs OT OCTAJIbHBIX KaTHOHOB IEPBOM
AHAJIMTUYECKON TPYIIBI PSIAOM CBOMCTB. Tak, rHApOKCUN
MAar"usl IJIOXO PacTBOPUM B BOJE W SIBISETCA JOBOJBHO
cirabpiM ocHOBaunueMm. MoH Mg+2, SABIIAETCS TEPEXOIHBIM
MEXJy KAaTMOHAMM II€PBOM M BTOPOM aAHAJUTUYECKHUX
rpynm. ['mapokcokap6onat maraus (MgOH),COj3, mogo6H0
KapOOHATaM KaTHOHOB BTOPOW T'PYIIIHI, MAJTOPACTBOPUM B




Bozie. OHaKO OH pacTBOpsieTCA B U30BITKE COJIEH aMMOHUS
U MpU JEUCTBUM KapOOHATOM aMMOHHUSI B IMPUCYTCTBUU
XJIOpH/Ia aMMOHHUSI HE BbIaAaeT B ocajok. [loaromy non
Mg*? ocTaérest B pacTBOpe ¢ KATHOHAMH TIEPBOM TPYIIIIBL

Xo1 aHAJIHU3a KAaTHO-
HOB | aHAaIMTHYECKOM
rpynnbl

1. Xon aHanu3a HAYUMHAIOT C OOHAPYMHCEHUA UOHA
amm Huﬂ/z[p@HQM MEFONOM PEaKTHBOM %Ieccnepa, T.K.
5Ta peakuus SABILETCH (CIEUU(PUYECKOM, € HE MEMIAoT
npyrue nousri&pome tofo non NH," ,6yzmer Memars o6Ha-
pyxenuto K* u Na* u o ero mpucyrcreum HeoOGX0IUMO
3HaTh 3apaHee. PeaktmB Heccnepa — cmech Kj[HQJi]s m
KOH, Beimensier w3 pactBopa cojiedi aMMOHHUSI KpacHO-
OypbIii 0CaZOK HOAMIa OKCOTUMEPKYPAMMOHUSL.

_~ Hg
NH,CI + 2K,[Hgls] + 4KOH — |O~_ = — NH, J| +
7KJ + KCI + 3H,0 Hg

WU B HIOHHOU (popMme:

NH," + 2[Hgd,]* + 40H — O NH, J| +7J +
3H,0

2. O0HapysiceHue uoOHA MAZHUAL.
OGHapyxennio Mg>" apyrie KaTHOHBI EPBOI TPYIIIBI HE
MEIIAIOT U OH TOXKE OOHAPYKUBAETCS IPOOHBIM METOJIOM.
I'mapodocdar matpus Na,HPO, B mpucyrcreun NH,OH u
NH,CI ¢ nonom Mg™ o6pasyer Geiblii KpHCTaTIMYCCKHUIA
ocanok ocdara Maruus aMMOHUS.
MgSO4 + Na,HPO, + NH,OH — MgNH4PO4l + Na,SO, +

H,O

WU B HOHHOU (popMme:

Mg* + HPO,* + NH,OH — MgNH,PO,| + H,0

3. Yoanenue uona ammonus.
HNon ammoHusi HE0OXOOUMO YIAIUTh W3 HCCIEAYEMOTO
pacTBOpa, T.K. OH MellaeT OOHAPYKEHUI0 MOHOB KaJlHs U
HaTpHSL.
Vnaneane NH," OCHOBaHO Ha TEPMHUYECKOM Pa3lOKEHHH
coJiel aMMOHMsI ¢ 0Opa3oBaHUEM Tra3000pa3HBIX MPOIYK-
TOB.

NH,Cl ‘= NH;1 + HCIp

4. Obnapyscenue uona Kanus.
B uentpudyrare, ne comepxkamero NH,', rexcaanTpoko-
oanpraT (111) HaTpus Nas[Co(NO,)¢] npu B3aumoaeiHCTBIM
C MOHOM KaJusl B HEMTpaJbHOW MM YKCYCHOKHCIION cpefie




oOpa3yeT O0cCaJoOK >KEITOro IBeTa T'€KCAHUTPOKOOANbTaT
(1) matpus - kamus - K,Na[Co(NO,)e].

2KCI + N&g[CO(NOg)(;] - KgNa[CO(NOZ)es]l + 2NaCl
WM B MOHHOU (hopme:

2K* + Na* + [Co(NO,)s]* — K,Na[Co(NO,)s]|
I'maporaptpar Hatpus NaHC4H,Og BwImenser u3 Hew-
TPAIBHOTO pacTBopa, copepikaiiero K*, Gembiii MeTKkoKpH-
cTayutndeckuid ocaaok ruaporaptpara kamms KHC,H4Og
KCI + NaHC4H406 — KHC4H406 + NaCI
WM B MOHHOU (hopme
K+ + HC4H4OG- — KHC4H4OGl

5. Yoanenue uona macnus.
Ecnu B pactBope Obu1 0OHapYy>KE€H MarHuii, To ero Heo0xo-
JTIUMO YJAJIUTh, T.K. OH MEIIaeT 0OHApYKECHUIO HATPHSI.
Vianenne Mg®" ocHOBaHO Ha TPYIHOH PAcTBOPUMOCTH
Mg(OH).
[Ipu noGasnenuu k ueHtpudyrary pactsopa KOH (Ho He
NaOH !!) Mg®* ocaxmaercst B Buge 6emoro aMophHOro
ocaJika TUJIPOKCHIa MarHus.

MgCl, + 2KOH — Mg(OH),| + 2KClI
Mg* + 20H — Mg(OH),|

6. Oonapyycenue uona nampus B TcHTpUdyrare,
koTopsiii He coxepxut NH," 1 Mg®".
[excaruapokcoctudouar (V) kamus K[Sb(OH)s] ocaxmaer
U3 HeHTpanpHOro pacTBopa, cojepskamero Na', Gembiit
KPUCTAJUIMUECKHI 0Caliok rekcaruapokcoctuouara (V) Ha-
tpust Na[Sb(OH)¢]

NaCl + K[Sb(OH)s] — Na [Sb(OH)¢]| + KCI

WU B HOHHOU (popMme:

Na" + [Sb(OH)s] — Na [Sb(OH)s]|

4.2. |l anaauTuyeckas
rpynna KaTHOHOB

Ko BTOpOM aHaNMTUUYECKOU IPyNII€ OTHOCSATCS MOHBI Ca+2,
Sr*2, Ba*?- o6pasyiomie HX METamibl PACIIOIOKEHBI BO 2
rpynne nepuopuueckor cucremsl .M. Menneneesa, Ha-
3bIBAIOTCS IIEJIOYHO3EMENIbHBIMUA U XAPAKTEPU3YIOTCS BbI-
COKOM XMMHMYECKOW aKTUBHOCTBIO, PACTYIIEH OT KaJIbLUS K
Oaputo. KaTuonsl BTOpOW aHAIMTUYECKOM Tpynmnbl Oec-
LBETHBI U BOJHBIX PACTBOPOB HE OKPAILIUBAIOT.

Wonsr Ca*?, Sr*?, Ba™ (B oTamume OT KATHOHOB MEpPBOii
rpynmbl) 00pa3yroT MaIOPaCTBOPUMEBIE B BOJIE KapOOHATHI.
[ToaToMy WX OCaXmarOT JCUCTBHEM KapOOHATa aMMOHUS
(NH,)2CO3, KOTOPBIi1 U ABISETCS TPYIIIOBBIM PEATSHTOM.
W3 coneit kanpuus, Oapusi U CTPOHIMS HEPACTBOPHUMEI,
KpoMme TOro, cynbgatel, gocharel u okcamaTel. OgHAKO
OCaXJaTh KaTUOHBI BTOPOU I'PYIIBI B BUJIE 3THX COJIEH He-
1enecoo0pa3Ho, Tak Kak cynb(arbl UX HE pACTBOPUMBI B




CHJIBHBIX KHCJIOTaX M C OOJIBIIMM TPYJOM CHOBa IEpPEBO-
-3
JATCSI B pacTBOP, a MPUCYTCTBHE B cMecH MOHOB PO, u
2-
C,0,” yCIOXHSET aHAJIN3.

Xoa aHaJIM3a KaTuo-
HOB || anaauTHYEeCcKOH
TPyNbl ¢ OTAeJIeHneM
or | aHaauTH4YeCcKOH
rpynnbl

1.X00 ananuza nauunawom c ooHaApyICEHUA UOHA AMMO-
nHusa peaktuBoM Heccrnepa, T.K. 3Ta peakuus sBIsSETCS CIie-
nududeckoit. Kpome Toro, mpu oTAeneHUN BTOPOM TPYIIIIHI
KAaTHOHOB Mbl BBOJHMM 3TOT MOH C I'PYIIIOBBIM PEAKTUBOM
(NH4),COs3 1 0 ero mpucyTCTBUH HEOOXOIMMO 3HATh 3apa-
nee. Peaxius NH," ¢ peaktusom Heccnepa nana B nepBoi
rpynme KaTHOHOB.

2.Ipynnoeoii peakmues. Omoenenue KaAmuonoe 6mopoi
2pynnsl om nepeoll B BUJE TPYAHOPACTBOPUMBIX B BOJE
KapOOHAaTOB IpH  IOMOIIM  TPYNIOBOTO  pPEaKTUBa
(NH,).CO3, kapOOHATBI KATHOHOB MEPBOM TPYIIITBI XOPOIIIO

PaCTBOPHUMEI U IIPpU 3TOM OCTArOTCA B paCTBOPC.
CaCIZ + (NH4)2C03 - CaC03l+2NH4CI

Oenblit

Ca”™ + CO4” — CaCOs)

B&CIQ + (N H4)2C03 - BaCOg,l + 2NH4C|

OebIit

Ba’* + CO;> — BaCOs|
OcHoOBHOE TpeOOBaHUE TIPU OTJEICHUU MOHOB — ATO MOJ-
HOTA OT/ICJICHHUS.

Jnst JoCTHKeHUsT TOJIHOTHI OTACICHHS KAaTHOHOB 2-OH
TPYIIBI UX OCAKJIEHUE BEIYT MPH CICAYIONINUX YCIOBUSX:

a. B npucyrcreuu NH,OH
B Boanbix pactBopax (NH4),CO; cuinbHO rHaposn3oBaH
KaK COJIb CJ1a00r0 OCHOBaHUS U C1a00M KUCTIOTHI:

(NH4)2C03+ HzOHNH4@§_+ NH4OH
Horn HCO; o0pa3yer ¢ KaTHOHAMH BTOPOW TPYIIIIBI
Ba(HCO3), u Ca(HCOz3), koTopsie pacTBOPHMBEI B BOJIC.
[TonHOTa OCaXkaeHUS MPU ITOM He OyaeT AocTurnyra. Uro-
OBl U30ekaTh 00pa3oBaHUE THIPOKAPOOHATOB, OCAKICHUE
KaTHOHOB BTOpO#l rpynibl BeayT B npucyrctsuun NH,OH,
KOTOpBIN cMmemaeT paBHoBecue ruaposmsa (NH,),CO;3 Bie-
BO.

6. [Ipu narpesanuu pacraopa xo 50 + 70 °C.
Kap6onar ammonust (NH;),CO3 B pe3yibrare pa3ioKeHus
conepxkutr kapoamuaatr ammonuss NH,COONH,, #e naro-
MK 0CA/IKa C KATHOHAMHU BTOPOW TI'PYIIIIbI:

(NH4)2C03 > NHzCOONH4 + Hzo + Q(-AH)

IIpu HarpeBaHuu pacTBopa J0 50+70°C paBHOBECHE CMe-
11aeTcs BIEBO.
Kpome Toro, HarpeBanue crnocoOCTBYET MpEBPaIICHUIO




amop(dHoro ocajaka kapOOHATOB B KPUCTAIIMYECKUH, Jerye
OTJIEJsIEMbIN LICHTPUDYTUPOBAHUEM.

B. [Ipu no6aBaennu k pacrsopy NH,CI.
[Ipu nelictBun kapOoHAaTa aMMOHUS, B TPUCYTCTBUU
NH,OH, momMuMoO KaTMOHOB BTOpPOH TPYyHIbI YaCTUYHO
ocaxxmaercss noH Mg’ B BHIe THAPOKCHIA MATHHS H €ro
OCHOBHOM COJIU:

2MgCl; + 2(NH,),CO3 + H,O0 — (MgOH),CO3| +
ANH,CI + CO,

B xnopuae ammoHusS KapOOHAT THAPOKCOMArHus U THIPO-
KCHJ MarHus pacTBOpsIoTcs W noH Mg® ocraercs B pac-
TBOPE C IEPBOU IPYNIION KATUOHOB.
WTak, KaTMOHBI 2-0i TPYNIBI OCAXIAIOT KapOOHATOM aMm-
monus B npucyrcteun NH,OH, NH,Cl, npu narpeBanuu
hite} 50+70°C.
3.Pacmeopenue ocadka KapooHamoe Kaivyus u d6apus B
YKCYCHOM KUCJIOTE:

CaCO; + CH;COOH — C&(CH3COO)2 + H,O +
CO,1

BaCO; + CH;COOH — B&(CHgCOO)g + H,O +
CO,1
4.0o6napyscenue uona dapus.
[Tockonbky Oapuii meriaeT OOHAPYKEHUIO KaJIbIUsI peak-
et ¢ okcamatoM ammoHus (NH4),C,04, T.K. 00pa3syer c
ATUM PEAaKTUBOM OeJbIii OCaJ0K, TO HEOOXOIUMO Y3HATh,
MPUCYTCTBYET JIK OH B PacCTBOPE.
Xpomatr kamus K,CrO, m aumxpomar (Omxpomar) Kaywus
K,Cr,0O7; o0pa3yioT ¢ KaTHOHOM Oapusi KeJNThIH KpUCTa-
andeckuit ocanok xpomara 6apust BaCrOy:

BaCl, + K,CrO, — BaCrO,4| + 2KCI
MM B HOHHOH (opme: Ba* + CrO,” — BaCrO,|

2BaCl, + K,Cr,0; + H,0 — 2BaCr0O,] + 2KCI + 2HCI
ZBa2+ + Cr2072- + H20 — BaCrO4J, + 2H+

5.0moenenue uona dapus nepeo oOHapyrsHceHUeM Kajlb-
yus.

OcymectBisieTcs A00aBIEHUEM K aHaIU3UPYEMOMY pac-
TBOPY XpOMATa I JUXpoMaTa Kamus. Ba®* ocaxmaercs B
BUJIC TPYIHOPACTBOPUMOTO Xpomara (peakiuu yKa3aHbl
BBIIIE), @ XpOMAT U AUXPOMAT KAJIBIUSI XOPOIIIO PaCTBOPU-
MBI 1 HOH KaJIbLIAS OCTAE€TCsl B PaCTBOPE.

6. Oénapyrncenue uona xanvyusa B pactsope (ueHTpUdy-

rare), KOTOpbIil HE COAEPKUT KaTUOH OapHs.
Oxcanar ammonus (NH,4),C,0,4 ¢ kaTHOHOM KaJbItust 00pa-




3y€T OenbIi KpI/ICTaJIJII/IIIGCKI/II?'I 0CaIOK OKCalJlaTa KaJbIUs
CaC,0,.
C&CIZ + (NH4)2C204 — CanO4i =+ 2NH4C|
Ca®" + C,0,5 — CaC,0s]

4.3. 1l aHaauTHue-
ckasi rpynmna KaTHuo-
HOB

N3 oOmeit xapakrepuctuku katnonos |l rpynmel crnenyer,
YTO UX COJIM - CyJIb(UIIBI - HEPACTBOPUMBI B BOJE, HO pac-
TBOPSIOTCS B pa30aBICHHBIX CHUJIBHBIX KUCJIOTaX, OTIUYa-
ACh TEM CaMbIM OT Cylb(pua0B KaTnoHOB | u Il rpymm.
['pynnoBeiM peakTuBOM Ha KaTuoHbI |l rpynmel sBisercs
CyJab(pua aMMOHMSI, C KaTHOHAMH >Kelie3a, LIMHKA, Map-
raiua oopasyet cyiabpuasl. C KaTHOHAMHU Xpoma, alFOMHU-
Husi oOpa3yer ruapokcuabl. OOpazoBaHHE THUIPOKCHUIIOB
XpoMa U alIOMUHUS OOBSCHSETCS HaJIMYUEM TUAPOKCHU] -
noHos OH.

[Tpu oOMeHHBIX peakuusx oOpa3yrTCsi HAUMEHEE PacTBO-
puMsble BemecTsa. B ciyuae katnonos Al n Cr¥* manwme-
HEe pacTBOPHUMBI TMIAPOKCHUJIBI, TO3TOMY OHH W BBIITAJAOT
U3 pacTBoOpa.

N3 coeguHenuii octanbHbIX KaTtuoHoB |l rpynmer Hau-
MEHBIIEH PaCTBOPUMOCTBIO OTIMYAIOTCS CYyIb(QUIBI, MO-
ATOMY OHU U BBINAJAIOT U3 pacTBopa. CiieyeT UMETh B BU-
Jy, YTO MPHU OCAXKJECHUU CYJIb(PUIOB OYEHb CUIBHOE BIIHS-
HUE OKa3bIBAET KOHLIEHTPALMsI HOHOB BOJIOPOJA.

Xo/ aHaJIM3a KaTHo-
HoB |l anaauTHye-
ckoii rpynnsi ot | u 11
rpyni

1. Xo0 ananuza nauunaiom c oéuapyycenus uoHa
ammonusa peaktuBoM Heccrnepa, T.K. 3Ta peakiust sSiBIsETCS
cnenupuueckor. Kpome TOro, mpu OTAENEHUU TPEThEH
IpyNIbl KATHOHOB MBI BBOJMM 3TOT MOH C TPYIIOBBIM pe-
aktuBoM (NH,),S 1 0 ero mpucyTcTBUM HEOOXOIUMO 3HATH
sapanee. Peakums NH," ¢ peaxtnBom Heccnepa nana B
IIEPBOU IPYIIIE KATUOHOB.

2. Oonapyscenue uona sncenesza (11).

Karnous! Fe**, Fe**, Mn?* umer crermduueckne peakuum,
MO3TOMY MX OOHApYKWBAIOT B HadaJle X0Jia aHallu3a B OT-
JETBHBIX TIOPIUSAX 3aauH.
PeaxtiBoM Ha Fe® sBistercst rexcarmanodeppar (111) ka-
mst Ks[Fe(CN)g], ¢ Fe** or 06pasyer TeMHO-CHHHUI 0CaToK
TypHOYeBoi cunu (rekcanunanodeppat (111) sxemnesa (11)):
3FeSO, + 2K3[F€(CN)5] - FG3[F€(CN)6]2l +
3K,SO,
3Fe” + 2[Fe(CN)e]* — Fes[Fe(CN)elol

4. Oonapyarcenue uona xncenesa (111).

PeaxtiBoM Ha Fe** sBistercst rexcaunanodeppar (11) kamms
Ki[Fe(CN)s], ¢ Fe** om obpasyer TemHO-cHHMII OCaZOK




oepnuHckol na3ypu (rexcarmanodeppar (1) sxenesa (11)):
4FeC|3 + 3K4[F€(CN)6] - Fe4[Fe(CN)6]3l + 12KCI
4Fe® + 3 [Fe(CN)s]* — Fea[Fe(CN)g]s|

5. O6napyacenue uona mapzanya (11).

PeakTiBoM Ha MN®" CIy)KHT IIEIOYHON PacTBOP THIIOXJIO-

puta Hatpust NaClO. C Mn** ou 06pasyer IepMaHrasar

Hatpuss NaMnO,, KOTOpBIii OKpalIMBaeT pacTBOpP B MaJH-

HOBO-(PMOJIETOBBII LIBET:

2MnSQO, + 5NaClO + 6NaOH — 2NaMnO, + 5NaCl +

2Na,SO, + 3H,0

2Mn?* + 5ClO" + 60H — 2MnO; + 5CI" + 3H,0

6. Omoenenue Kamuonoé mpemoeil Zpynnvl om Ka-

MUOHO06 6MOPOI U NEPEOIL 2pynn.

[pu neiictBun rpynmoBoro peaktuBa (NH,),S B mpucytct-

Buu NH,OH, NH,Cl| u narpeBanuu, KaTHOHBI 3-i TPYIIIIbI

Fe2+, Fe3*, Mn2+, zZn?* OoCakIarTcs B BUAC CYIb(HUIOB, a

AI** B BuIe THAPOKCHIA, T.K. IIPOM3BEICHIE PACTBOPHMO-

ctu Al(OH); OyneT MOCTHTHYTO paHbIlie, YeM MPOU3Be/e-

HUE PacTBOPUMOCTHU cyibduna amomunus. Katuonsl 1-if u

2-1i TPYIIN OCTAIOTCSI IIPH 3TOM B PAaCTBOpE.
Fe?* + S* — FeS|

YEPHBII

2Fe** + 3S% — Fe,S;)

YyepHbIH

Mn* + S — MnS|

TEJIECHBII

Zn* +S* — ZnS|

OenbIit

APP* + 3NH,OH — Al(OH);| + 3NH,"

Oenbrit

Jnst TOCTUKEHUS TOJIHOTHI OTAEIEHUS KAaTUOHOB 3-i TpyII-
bl X OCAXKJCHHUE BEAYT MPHU CIACTYIOUIUX YCIOBUIX:

a) B npucymcemeuu NH,OH.
Cynbdhuasl ¥ TUAPOKCHUIBI KATHOHOB 3-U TPYMIIBI PacTBO-
PUMBI B CHUJIBHBIX KHCJIOTaX, KOTOpbIE O0pa3yroTcsi B pe-
3yJbTaTe THUIAPOJIM3a PACTBOPUMBIX COJICH JTaHHBIX KaTHO-
HOB. ['UIpokcu i aMMOHUSI TOOABJISAIOT JJIsl HEUTpaTU3aluu
ATUX KUCIIOT.
Kpome Toro, NH,;OH nobGasnsitor ajist mogaBiaeHus Tuapo-
JM3a TPYIIOBOIO PEaKTHBA, B PE3yJIbTaTe KOTOPOro odpa-
3yeTcsi TUIPOCYIb(U — MOH, & TUIPOCYIb(UIBI KATHOHOB
3-ii TpyNIBI pACTBOPUMBI B BOJIE U TIOJTHOTA OCAXKJICHUS HE
OyZeT TOCTUTHYTA.

(NH,),S + H,0O <> NH4HS + NH,OH

0) B npucymcmeuu NH,Cl u nazpesanuu pacmeo-

pa.




Cynbduasl HEKOTOPBIX KAaTHOHOB 3-i TPYIIIBI JIETKO Tepe-
XOJST B KOJUIOMJHOE COCTOSIHHE M OCTAalOTCS B pacTBOpE.
YtoObl MpeaynpennuTh 3TO HEXKeNIaTeIbHOE SIBJICHHUE, OCaXK-
JICHUE BEIYyT M3 TOpSYEero pacTBOpa B MPHUCYTCTBUH DJICK-
tpoauta — koaryiastopa NH4Cl. Xnopua ammonus npuodas-
JISIOT ele U i Toro, 4roosl mocie BBeaenus NH,OH u3
pactBopa He Bbnai ocaiok Mg(OH),.
B) Ceescenpuzomosnennvie peaxkmuest (NHy),S u

NH,OH
Jlanubie peaktusl, ioraomas CO,, U3 Bo3ayxa, 4aCTUIHO
npeBpamarorcss B kapoonat ammonms (NH;),CO;. Tlpum
3TOM BMecTE ¢ 3-ii rpymIon OyayT 0caKaaThCsl KATHOHBI 2-
U TPYNIIBI.

7. Pacmeopenue ocaoka kamuonos 3-ii 2pynnot ¢ HCI:
FeS + 2HCI — FeCl; + H,S?T
Fe,S; + 6HC| — 2FeC|3 + 3H28T
Fe,S; + 4HCl — 2FeCl, + Sl + 2H2$T
MnS + 2HCI — MnC|2 + stT
ZnS + 2HC] — ZIlClz + stT

8. Omoenenue Fe**, Fe**, Mn* om AP u Zn* ¢
HOYUEHHOM CONAHOKUC/IOM pacmeope.
OTtneneHne OCHOBAHO Ha aM(OTEPHOM XapaKTepe THUIAPO-
kennoB Al u Zn*, koTopsie pacTBOPSIOTCS B M3OBITKE
IICIIOYH.
[Ipu noGaBneHUU MIENOYHM M MEPOKCHUIA BOJOPOIA K COJIsI-
HOKHCJIOMY PacTBOPY THAPOKCHUIIBI jKejie3a M MapraHiia
BHINIAJAIOT B OCAJOK, a QJIIOMHUHUHA W I[HHK B BHUJE
[AI(OH)4(H,0),] u [Zn(OH)4]* ocratorcs B pacTBope:
2FeCl, + 4NaOH + H,0, — 2Fe(OH)3| + 4NaCl
MnC|2 + 2NaOH + H,0, — MnO(OH)2 It 2NaCl + H,O
AICI; + 4NaOH + 2H,0 — Na[AlI(OH),4(H,0),] + 3NaCl

M30BITOK

ZnCl, + 4NaOH — Na,[Zn(OH),] + 2NaCl

U30BITOK
Ocafok OTHENSI0T U 0TOPAChIBAIOT, a B LIEHTpUdyrare oT-
kpeiBator AI** i Zn?*
9.06napyscenue uona anomutus.
Cuauana nevicteuem HCI paspyiiiaeM KOMITJICKCHBIH HOH H
noxydaem uon Al**

Na[Al(H,0),(0OH),] + 4HCI — AICl; + NaCl + 6H,0
NH,OH B mpucyrcrun NH,Cl ¢ AI** o6pasyer Gemsiii
xmonbeBUAHBIN  ocamok  Al(OH);. Tmapokcum 1uHKa
Zn(OH), B ocamok HE BBIMAAACT, T.K. OH PacTBOPSCTCS B
n30e1Tke NH,OH 1 consix aMmmonus.




AICI; + 3NH,OH — AI(OH)3| + 3NH,CI
AlP* + 3NH,OH — Al(OH)3| + 3NH,"
Zn(OH),; + 6NH,OH — [Zn(NH3)¢](OH), + 6H,0
8. Oénapyxncenue uona yunka.
Heiicteuem  HCl  paspymiaeM  KOMIUIEKCHBIH — HOH
[Zn(OH).]* u momyaaem non Zn*".
T'excaruanodeppar (11) xamus Ky[Fe(CN)g] ¢ morom Zn®*
oOpa3yeT Oenblii KPUCTAIUTMYECKUN OCaJ0K JBOWHOM COJH
KaZns[Fe(CN)s]2
3an|2 + 2K4[F€(CN)6] - Kzzng[Fe(CN)g]zl + 6KClI

4.4, 1V anajaurnue-
CKasi Tpynmna KaTuo-
HOB

B uerBepryio rpymmy BxoaaT katmonst Ag, Pb™, Hg,™,
Cu®*, Hg®* 1 ap. OT KaTHOHOB 3-# IPYIIIIBI OHU OTIHYAIOT-
Csl HEPACTBOPUMOCTBIO CYJb()UIOB B pa30aBICHHBIX CHUJIb-
HBIX KHCJIOTaX.
VY cynbunoB KaTHOHOB 4-i1 TpyNIbl 3HAUYEHUS IPOU3BEEC-
Husi pactBopuMoctd (IIP) HacToiIbKO Majbl, 4TO MpPEBBI-
IIAI0TCSI HE TOJIBKO NMpHU JAEUCTBUU CYJIb()UIOM aMMOHUS,
HO U IIPU MIPOIYCKaHUU CEPOBOJAOPOJA, JAIOLIETO ropasno
MeHbIe cyabpua — noHoB. IIpeBbimatorcst 3nauenus: [1P
CyJb(uI0B 4-i rpyMIibl JaXXe B MPUCYTCTBUU CUIIbHBIX KH-
CJIOT, MOJABJISIIOIINX THCCOLMAIIMI0 CEPOBOJOPOTHON KH-
CJIOTBI.
Katnonsl 4-i1 rpynmel mo pacTBOPUMOCTH XJIOPUIOB Jie-
JSITCS HA JABE TIOJTPYIIIIHI.
B noarpymmy cepe6pa Bxoxar Ag*, Hg,”" u Pb*, naroume
C XJIOPOBOJOPOAHOM KUCJIOTOM MAaJI0 PACTBOPUMBIE B BOJE
xjopuabl. K moarpynmne Meayd OTHOCSTCS Cu?*, Hq2+, XJI0-
pPUABI KOTOPBIX PACTBOPUMBI B BOJIE.

AgNO; + HCI — AgCH + HNO;

OeJbIi

Pb(NO;) + 2HCI — PbCl{ + 2HNO,

OeJbIin

Hg2(NOs), + 2HCI — Hg,Clyd + 2HNO;

Geublii
Maio pacTBOpUMBI B BOJIE TaKke TUAPOKCUABI, (hochaThl U
KapOOHAThl KATUOHOB 4-i TPYIIIBI.
I'pynnoBeiMm peakTuBOM 4-ii Tpynnbl CIYKHT CEPOBO-
nopon B kuchoii cpene (HCI). Katronsr 3-if rpymnmnsl npu
ATOM HE OCaXAAOTCSL.
2AgNO; + H,S — Ag,SY + 2HNO;

YEPHBIH

Pb(NO3), + H,S — PhS{ + 2HNO,

YepHbII

Hg2(NOs), + HyS — Hg,SY + 2HNO;

YEpHBIN

Hg,S — HgS + Hg




CuS0, + H,S — CuS!{ + H,S0,

YEpHBII

Hg(NO;), + H,S — HgS{ + 2HNO,

YEPHBII

Xoa aHaJIU3a KaTHO-
HoB |V anaauTmue-
CKOH IpPyNIbl

B BoaubIx pactBopax Ag® GecupeTeH.
1. Enxue menoun o6pasyror ¢ uonoMm Ag’ Oypslii ocanok
Ag,0, xoTopslii 00pa3yeTcsi BCJIEACTBHUE pacraja IoJIy-
Yarouierocs MepBOHAYAIbHO HEYCTOMYMBOTO THAPOKCHIIA
cepedpa:

AgNO; + NaOH — AgOHY + NaNOs

2AgOH — Ag,04 + H,0
Ocanok pactBopum B NH;OH ¢ o6pa3oBanuem KoMIuiekc-
HOTO COEJIMHEHUS THAPOKCU] JMaMMUHcepeopa:

Ag,0 + 4NH,OH — 2[Ag(NH;3);]OH + 3H,0
Peaxruto mposogst B npucyrcteuu NH,Cl
2. Xpomart kammusa K,CrO4 o6pa3yet ¢ moHOM cepedpa Kup-
MUYHO-KpacHoro mnBera ocagok Ag,CrOy,:

2AgNO3 + K,CrO, —» AngrO4~L + 2KNO;
3. PacrtBopwl xsopunoB, OpoMuioB, woauaoB (Monsr Cl,
Br, J) o6pasyior ¢ Ag" ocamku: Gensiii AGCN., 6emgno-
xenreie AgBrd u Agll:

AgNO; + NaCl — NaNO; + AgCI

AgNO; + NaBr — NaNO; + AgBrd

AgNO; + NaJ — NaNO; + Aglyd
Peakuun katuona Pb*
B BoHbIX pacTBopax Pb** Gecrperen.
1. Enxue menoun u NH,OH o6pasytor ¢ Pb** Genbiii oca-
nok ruapokcuaa ceuniia (11) Pb(OH),, koTopslit pacTBopuM
B M30BITKE IIEJIOYH, T.K. 00JamaeT aMm(pOTEPHBIMU CBOMCT-
BaMU:

Pb(NO3), + 2NaOH — 2NaNO; + Pb(OH),4

Pb(OH)2 <> H2Pb02

Pb(OH)z + 2NaOH — Na,PbO, + 2H,0

IUTFOMOUT
HATPHSI

2. CepHasi KHCIIOTA M pacTBOpuMBIe cyiabdaTsl (mon SO,™)
ocaxnaror Pb®" B Buze Genoro ocamka PbSO44
Pb(NO3), + H,SO4 — PbSO. + 2HNO,
3. Xpomar kamusa K,CrO4 u 6uxpomar kamus K,Cr,O; 06-
pasyior ¢ Ph** xpoMar CBHHIIA — OCAIOK JKEITOTO I{BETA:
Pb(NO3), + K,CrO, — PbCrO + 2KNO;
2Pb(N03)2 + K,.Cr,O; + H,O — 2PbCfO4\L +
2KNO;3; + 2HNO;
4. Nomuy xamus KJ ¢ Pb?* o6pasyer xenrsiit ocagok Pbl,:




Pb(NO3), + 2KJ — PbJ,d + 2KNO;

Peaknyu KAaTHOHOB PTYTH.

B BomHBIX pacTBOpax MOHBI PTYTH OeciiBeTHBI. COJIM PTYTH

anoBuThl! PaboTaTh C HUIMH OCTOPOXKHO.

Paznuuaror coeMHEHNs] IBYXBAJICHTHOM PTYTH Hg®* u co-

CAVHCHUS, B KOTOPHIX PTYTh 3JEKTPOXUMHYECKH OJTHOBA-

nentHa — Hg,™.

Peakuun katuonos Hg,™

1. llenoun BBIAETSAIOT U3 PACTBOPOB COJICH Hgg2+ YEPHBIN

ocagok okcuaa pryTH (1):
ng(NO3)2 + 2NaOH — ngOi« + 2NaNO3 + H,0O

2. NH,OH ¢ Hg,” o6pasyer 6eiblif 0cagoK KOMILICKCHO!

COJIU:

Hg,(NOs), + 2NH,OH — [NH,Hg,JNOsd +

NH;NO; + 2H,0

Ocafok JIeTKO pas3iaraercs ¢ BbIICIICHUEM YE€pPHOM CBOOO/I-

HOU PTYTH:

[NH,Hg,]NO; — [NH,Hg]NO; + Hgd
3. Boccranosnenue Hg,™ 1o Meramnmdeckoil prytu 6osee
AKTUBHBIMU METAJIJIAMU:

Hg,(NOs), + Cu — 2Hgl + Cu(NO,),

4. Xpomat kamusa K,CrO4 ocaxmaer ng2+ B BHUJIE KPACHOTO

ocaJKa XxpomaTa OJTHOBJIEHTHOU PTYTH:
ng(N03)2 + K2CfO4 —> Hg2CI‘O4»L + ZKNOQ,

Peakiun Hg**

1. Exkue menoun ¢ Hg®" 06pasyror skeatsiii ocagokx HgO:
Hg(NOs), + 2NaOH — Hg(OH),4 + 2NaNO;
Hg(OH), — HgOY{ + H,0

2. NH,OH ocaxmaer Hg2+ B BHze OeJIoro ocajaka KOM-

IIJIEKCHOW COJIN:

HgCl, + 2NH,OH — [NH,Hg]CN + NH,CI +
2H,0

3. KJ o6pazyer ¢ Hg®* oparmkeBo-kpacHsiii ocanox Hgd,:
Hg(NOs), + 2KJ — Hgl,l + 2KNO;

4. Xpomar kamust K,CrO, o6pasyer ¢ katiorom Hg®* sxen-

ThIN ocanok xpomara prytu (11):

HgCl, + K,CrO, — HgCrO4 + 2KClI

Peakiun katuona Cu’

PacTtBopbI conei Meau rosry0oro Wiy 3eJeHOro 1BETa.

1. Exkme memoun obGpasyior ¢ Cu”" romy6oii ocamox

Cu(OH),, depHerommii Mpy HAarpeBaHUM BCIEICTBUE TIpe-

Bpaienus B CuO:

CuSO, + 2NaOH — Cu(OH),{ + Na,SO,
CU(OH)z — CuO + H,0




2. NH,OH ¢ Cu* pearupyer ciieayrommm 06pazoM:
a) ipu Henoctatke NH,OH oOpasyercst ocagok OCHOBHOM
COJIY 3€JIEHOTO I[BETa

2CuSO, + 2NH,OH — (CuOH),SO.4 + (NH,4),S0,
0) u3oerTok NH,OH nepeBoaut ocHoBHOM cynbdar menu B
KOMIUIEKCHYIO coJib — cynbdaT Terpaammun-menu (1), co-
OOIIAIOIINNA PACTBOPY HUHTEHCUBHO CUHUI 1IBET:
(CUOH)2804 + (NH4)QSO4 + 6NH4OH —> 2[CU(NH3)4]SO4

+ 8H,0

45. buojornueckoe
3HAYeHHe  KATHOHOB
YyeThbipex AHAJUTHYE-
CKHUX Tpynin

KaTtnonsl mnepBoM AaHAJIUTHYECKONH TIPYNIbI HUIPAIOT
OOJBUIYI0O pOJIb B OHOXMMHYECKUX M arpOXUMHUYECKUX
nporeccax. OHM MOTYT COAEP/KAThCSA B MOYBAX Kak IOA-
BUYKHOM, TO €CTh JOCTYIHOM JUJISl YCBOCHHUSI PACTEHUSIMU,
TaK U B CBSI3aHHOM COCTOSIHUH. B BOJHOI BBITSKKE U3 MMOY-
BBl KaTMOHBI KaJlis, HATPHUS, AMMOHUSI U MarHusi OObIYHO
MPUCYTCTBYIOT B BHUJIE€ JIETKO PACTBOPUMBIX COJIeH (XJIOpH-
JIOB, CyJb(aToB, HUTPATOB, KAPOOHATOB U T.J.) 3HAYUTEIb-
HOE COJIEpKAHUE COJIEM HATpUs XapakTEpPHO JJIs 3aCOJICH-
HbIX ouyB. Haubonee BpeneH aiisg pacTeHUil B MOYBE TUJI-
pokapOOHaT HaTpusi, NMPUCYTCTBUE KOTOPOro Jake B He-
OOJBIINX KOJUYECTBAX BBI3BIBACT UX THOEh. VIOHBI Kamus
Y aMMOHHUSI HEOOXOIUMBI JIJI1 MUHEPAJIbHOTO MUTAHUS pac-
TeHU. Marauil COAEpKUTCSI B 3€IEHOM INUTMEHTE-
xJyiopoduie. KatnoHsl nepoBoil Tpynmbl BXOJSAT B COCTaB
BOKHEUIIUX MHUHEpaIbHBIX ynoOpenuidl. Kamuii BHOCAT B
MOYBY B BHUJEC KAIMMHOW CENUTPHI, Cyibdara, XjJopuaa u
JIpyrux ero coner. NoH aMMOHMS COAEPKUTCA B aMMOHM -
HOU cenuTpe, cyibdaTe U XJIOpUAe aMMOHHUS, B aMModoce
NH; H, PO, nu nmammodoce. Hatpuii siBisieTcst cocTaBHOM
gacThto ynnuiickor cenutpbl NaNOj. Maruuii BXOJIUT B CO-
ctaB gosomuta CaCO3*MgCO3 , KOTOpBII MPUMEHSIOT KaK
U3BECTKOBOE M MarHe3uajabHOe y100peHue.

[TockonbKy aMMHaK M COJIM aMMOHHUS OOpasyroTcs Mpu
THUEHUU O€JIKa, HAJMYue UX B MPHUPOJHBIX BOJAX CITYXKUT
MIPU3HAKOM 3arpsA3HEHHOCTH. KOHTponMpyss KadyecTBO BO-
JIbl, J€Na0T MpoObl Ha MPUCYTCTBUE KaTHOHA AMMOHMS U
HEKOTOPBIX JIPYTUX HOHOB.

B npupone mienouHele MeTauibl B CBOOOAHOM BHUIE HE
BCTPEYAIOTCS, HATPUM U KaJIM BXOAST B COCTAB Pa3JIMYHBIX
coenuHennii. HanOoiiee BaXHBIM SBJISIETCSI COEIUHEHUE
Hatpus ¢ xiaopom NaCl, kotopoe 00pa3yer 3a1exu KaMeH-
Hoit commu (Jlon6acc, Conmmkamck, Conb-Unenk u ap.) Xio-
pUA HATPUSL COJNEPHKUTCS TAKKE B MOPCKOW BOAE M COJIS-
HBbIX UCTOYHHMKAX. OOBIYHO BEPXHHE CJIOU 3aJEKEU coaep-
)Kat KanuiHble coiu. OHU UMEITCS B MOPCKOM BOJIE, OJI-




HaKO B 3HAYUTEJIbHO MEHBIINX KOJIMYECTBAX, YEM COJIM Ha-
Tpusi. Camble OOJIbIlIME B MHUpE 3aMachl KaJUWHBIX COJIEH
HaxonsATca Ha Ypane B paiioHe Conmkamcka (MUHEpasbl
cwibBUHUT NaCl * KC1 * MgC1 * 6H,0). Pa3senansl u
DKCIUTYaTUPYIOTCSl KPYIHBIE 3JIEKH KaJIUNHBIX COJIEU B
benopycu (r.Conuropck).

Hatpuii 1 xamuid OTHOCATCS K YHCIy PacIpOCTPAHEHHBIX
anemeHTOB. CopepkaHue HaTpusl B 36MHOW KOPE COCTaBIISI-
et 2,64%, xanug - 2,6%.

Hatpwuit o6pa3yer comm co Bcemu kuciotamu. [loutu Bce
€ro COJM PacTBOPMMEBI B BOJAE. BakHeWne U3 HUX - XJIO-
pua HaTpus (MOBapeHHAas COJIb), COJA U CyJb(}aT HATPUs.
Xnopun Hatpusi NaCl - nHeobxomumasi mpunpasa K MHIIE,
UCIIOJB3YETCS I KOHCEPBUPOBAHMS MHILEBBIX MPOIYK-
TOB, & TAKXKE CIIY’KUT ChIPbEM JISI MOJYYEHUS TUAPOKCUIA
HaTpus, XJI0pa, COJISTHOW KHUCIOThI, COABI U JIp.

Cynsdar natpus Na,SO, mpumensiercss B HPOU3BOCTBE
colbl U CTekJa. M3 BOAHBIX pacTBOPOB KPHUCTAJUIM3YETCS
necatuBoAHbI ruapar Na,SO, * 10H,O, Ha3piBaeMblit
riayoepoBoil combto. ['maybepoBa coib MPUMEHSIETCS B Me-
JUIUHE Kak cnadurenbHoe. Cosm HATpusl (MOHBI HATpUs)
OKpAIIMBAIOT TUIaMsI TOPEIKU B KEIATHIM LBET. ITO OUYCHb
YyBCTBUTEJIBHBIM METOJ JJIsi OOHApY>KEHHUSI HATpUsl B CO-
CIUHEHUSIX.

Kanuiinble cony MCHOJIb3YIOT TJIaBHBIM O00pa3oM Kak Ka-
muiiaeie yaoOpenusi. Conu kKanusi (MOHBI KaJldsi) OKpaIiu-
BAIOT IJIaMs TOPEJKU B (PUOJIETOBBIN 11BeT. OJHAKO B MpH-
CYTCTBUU [1a’)K€ HHUYTOXHBIX KOJIMYECTB COEAMHEHHI Ha-
Tpusi (PUOJETOBBIA IIBET MACKUPYETCA JKENThIM. B 3TOM
Clly4ae €ro MOYKHO 3aMETUTh YEPE3 CHHEE CTEKJIO, MOIJIO-
HIAIOIIIEE JKEIIThIE YU H.

KuBas matepusi COIEpKUT COThIE JIOJM MPOLIEHTA MarHus,
HO 3TH J0JIM MPOLEHTA HUCKIFOYUTEIIBHO BaXXKHbI. Maruui
BXOJIUT B COCTaB XJIOPO(UIIIa -3eJIEHOr0 MUTMEHTa pacTe-
HUW, IEPBUYHOIO NMPUEMHHMKA COJHEYHOU sHepruu. C mo-
TJIOHIEHUS] CBETa XJOpO(UIUIOM HAYMHAETCA OJUH U3 Ba-
KEHUIIUX TPUPOJHBIX MPpoleccoB - GpoTtocuntes. Ero npo-
JTYKTaMH SIBJISIETCSI U OCHOBHAsI paCTUTENIbHAS Macca, U K-
cinopon. bez maramst Het xnopoduiia, a 6€3 xjaopodusuia
Obl7a OB HEBO3MOXKHA JKM3Hb Ha HAIIICH TIIaHeTe.
KaTnoHbI BTOPOH aHAIMTHYECKOH IPYIIbI

HNoHbl Kanbplds LIMPOKO PpaCIpOCTPAaHEHbI B MPUPOJE,
UMEIOT 00JIbIIIOE arpOOHOIOTHIECKOE 3HAUCHHE.

[TouBa o6mamaeT OOMEHHOU MOTJIOTUTENBHON CIOCOOHO-
CTBIO, TOJ] KOTOPOW MOHUMAIOT CBOWCTBO OOMEHWBATH Ka-




THUOHBI, COZIEpKaluecs B TBEPAOH (pa3e, Ha SKBUBAJICHTHOE
KOJIMYECTBO MOHOB pacTBopa. Ha moBEpXHOCTH MOUBEHHBIX
qyacTHI] MpeodsagaeT OOMEHHBIN KalbIMi, OT KOJIMYECTBA
KOTOPOTO B OOJIBIIION CTENEHU 3aBUCIT CTPYKTYpa, BOIHO-
BO3AYILIHBIN PEKUM U JAPYTHE CBOIMCTBA MOYBBI. B oTinune
OT IJIOJIOPOJIHBIX KUCIBIE TIOUBBI COJIEPKAT MHOTO BOJIOPO-
J1a, COJIOHIIEBAThIE MOYBBI - OOMEHHOI'O HaTpHs, yJaydlle-
HUE 3THUX MOYB JIOCTUTAETCSI BHECEHHUEM COEIMHEHUN Kallb-
uusa. Hampumep, B CHIIBHOKHCIIBIE MOYBBI BHOCST H3BECT-
HSK, HEUTPAJIM3YIOIIUI IOYBEHHBIE KUCIIOTHI, & B COJIOHIIE-
BaThIE - TUIIC.

MHorue coelMHEeHHsI KaJlbLIUs UCIOJIb3YIOT KaK MUHEPAIIb-
Hble yoOpeHus. OH BXOAUT B cocTaB (POCPOPUTHON MYKH
Ca3(POy),, anatutoBoro kounenrpara  Caz(POy),*CaF,,
cynepdocdara Ca(H,PO,),+CaSOy, MIpEIUIIUTaTa
CaHPO,*H, O, nnanamuna xaneiusa CaCN, 1 kanbIueBon
CEJIUTPBHI.

Hounbl Oapus BecbMa s10BUTHL. XJIOpUJ U KapOOHAT Oapus
UCIOJIB3YIOT B C/X KaK Sbl.

Hon kanbiuss 0OHApYKUBAIOT, aHAIU3UPYS MOYBBI, YI00-
pEeHUsl U MPUPOJIHBIE BOABI, a Oapus - ISl pacro3HaBaHUSA
ATOXUMHUKATOB.

Kanpunii HENOCPEACTBEHHO YYaCTBYET B CAMBIX CJIOKHBIX
npoleccax, HampuMmep TaKUX, KaK CBEPThIBAHHUE KpPOBH,
nojJiep>KaHue HEOOXOJUMOTO PAaBHOBECHUSI MEXKIY BO30YXK-
JIEHUEM U TOPMOKEHHEM KOpbI F'OJIOBHOI'O MO3ra, pacuien-
JIEHUE PE3EPBHOrO MoJucaxapua - TIUMKOreHa, MMojaepxKa-
HUE JIOJDKHOTO KHMCJIOTHO-ILEJIOYHOTO PABHOBECHUS BHYTPHU
OpraHu3Ma M HOPMaJIbHOW MPOHUIIAEMOCTH CTEHOK KpOBE-
HOCHBIX COCYZIOB. Kpome TOro, IJIHATEIbHBIM HEIOCTATOK
KaJIbIUs B MHILE HEXKEIATeIIbHO CKa3bIBACTCsI HA BO30OYIU-
MOCTH CEPACYHON MBIIIIBI U PUTME COKpAILEHUN CEpALa.
Panmon B3pocioro uenoseka q0mkeH coaepxarh ot 0,8 1o
1 r xanpIys.

Tsoxenwiii mmar, BaSO,4, OblT IEPBBIM U3BECTHBIM COEIU-
HeHueM OapuH. Ero otkpeut B Hadane XVII B. uranpss-
ckuil anxuMuk Kacuumaposo. OH k€ yCTaHOBWII, UTO 3TOT
MUHEpaJ MOocje CUIbHOTO HArpEeBaHUsl YCTAHOBUI CBETUTCS
B TEMHOTE KPAaCHbIM CBETOM M Jaj €My Ha3BaHUE <{JIAINC
coJIapucy (COJIHEUHbIA KAMEHb).

Oxuceh 06apus BaO otkpeut B 1774 1. Lleene. On Ha3Ban ee
«TspKenon 3emnei». B 1797 r., npokanuBas HuTpat Oapus,
Boxkenen nomyuunn: okuck 6apus. Kapbonat Gapust 6611 OT-
kpeIT B 1783 r. B llloTnanauu , 1 Ha3BaH «BUTEPUTOM.
Metannnueckuii 6apuii Briepsbie nmosyunia J»Bu B 1808 r.




HasBanue, «b6apuil» MPOUCXOIUT OT ClioBa «Oapucy (TshKe-
JIBIH).

B npupope 6apuii BcTpeyaeTcs B BUAE COSAMHEHUN (CYITb-
¢daroB, kapOOHATOB, CUJIUKATOB, A TFOMOCHJIMKATOB U T.J.) B
pa3nuuHbIX MuHepanax. Conep)kanue 0apusi B 3eMHOU KOpe
0,05 Bec. % — Ooubliie, YeM coaep kaHue CTPOHITHSI.
Merammueckuii 6apuil mpuMeHsIeTCs I METaNIOTEPMU-
YECKOTO BOCCTAHOBJICHHSI aMEPULMsS W KIOpHS, B aHTH-
(PUKIIMOHHBIX CIUIaBaXx Ha OCHOBE CBHUHIIA, a TaKXKe B Ba-
KyyMHOU TexHuKe. CIuiaBbl CBUHEI] — Oapuil BBITECHSIOT
noyimrpaduIecKre CIIaBbl CBUHEI] — CypbMa.

KaTtunoHbl TpeTheil aHAIMTHYECKOM IPYNIIbI

AJIIOMMHUHN JIETKO TEPEXOJUT B KPOBb U HAKAIJIMBACTCS B
TOJIOBHOM MO3r€, KOCTAX, KJIETKaX 3PUTPOUIHOIO POCTKA.
ITopaxxenue IITHC nposiBiseTcss HEAOMOTaHUEM, CHU)KEHHU-
€M MaMATH, aCTEPUKCHUCOM, JIEMEHIIMEN, TOAECPTUBAHUIMU
MBI, SMUICNTUYCCKUMHU TPUNAIKaMU; BO3MOXEH Jie-
TaJIbHBIA UCXO/I.

Jpyrve CUMITOMBI BKJIOYAIOT OCTCOMAISIUIO, HE TIOJ-
JAIOIIYIOCS JICUEHUIO MpernaparamMyu BUTaMuHa D, mepeno-
MBI, MUQJITHIO, CTA00CTh, aHEMHIO.

[TonrBepxkaeHUEM IMArHO3a CIYKUT MOBBIIIEHUE KOHIICH-
Tpallud aJIOMUHHS B KPOBU TOCJE€ BBeAcHUs nedepokca-
MHHa.

OtpaBiieHrE aTIOMUHUEM JIy4llle BCETO OMMCAHO MPH JUa-
JIA3HOW JIEMEHIMU, BO3HUKAIOIIEH MPU BBICOKOM KOHIICH-
Tpaly AIIOMUHUS B pacTBOpE JJIs reMoiuanu3a. Pa3BuBa-
€TCsl HapacTaromas dHiedaaonaTus co CIyTaHHOCTHIO CO3-
HaHMUS, CHIDKCHHEM IIaMSTH, BO30YXXJICHHEM, KOTOPBIC
CMEHSIIOTCA COHJIMBOCTBEO M COIMOPOM. XapakTEpHbI BHE-
3allHbIe OCTAHOBKU PEYU W MHMOKJIOHWUM, BBIPAKEHHBIC Te-
Hepaau3oBaHHble U3MeHeHus: Ha DOI. CMepTHOCTh BBICO-
Ka. XapaKTepHBIX MATOJOTOAHATOMUYECKUX HAXOJIOK HET,
HO COAEPMAaHUE aTFOMUHUS B MO3T€ MOBBIIIEHO.
AJTIOMUHHHN SIBASETCS MOCTOSHHON COCTaBHOM YacThIO KJle-
TOK W TKaHEW opranusma. B cpemHem ero coaepx aHue B
tene yenoBeka coctasiser 70 - 190 Mr%, B ueapHON KpOBH
-0,5-0,7 mr/a, B mma3me - 85,24 MOJIB/II.

B 0CHOBHOM atOMUHMI MTOCTYIIAET B OPTaHU3M YEIOBEKA C
PaCTUTEILHOU THINECH, HE3HAYMTEIbHBIE KOJIMYECTBA BIbI-
Xal0TCSl C €CTECTBEHHOW MBLIBI0O U MPOMBIIUICHHBIMU BbI-
Opocamu. BcackiBaHre €ro 3aBUCUT OT MPUCYTCTBUS B TH-
e MOHOB (TOpa, UTO JIeTAeT ATFOMUHUI 00Jiee pacTBOPH-
MBIM.

bousibiie BCero aJltOMUHUS COJECPKUTCS B JIETKUX, NICYCHH,




KOCTSIX, TOJJOBHOM MO3re. BBIBOIUTCS OH yepe3 Kemynoy-
HO-KUIICYHBIN TPAKT. B MajbIX KOHLIEHTpAIUIX AIFOMUHUN
y4acTBYET B peakiusax o0pa3zoBaHus GhocdaTHbIX U OEIKO-
BBIX KOMIUIEKCOB, & TAKXKE B MOCTPOCHUHU SUTEIHAIBHON U
COCIMHUTEILHON TKaHU, B MPOIECCaX pEreHepaluu KOoCT-
HOM TKaHHW, BO3JIEUCTBYIOT Ha aKTUBHOCThH MUIICBAPUTEIIb-
HBIX XKene3 U epPMEHTOB.

Kene3o urpaer BaKHYIO POJib B KU3HH NMPAKTHUYECKH BCEX
OpraHU3MOB, 32 HCKJIIOYEHHUEM HEKOTOPBIX OaKTEepUil.

B opranusme >XKMBOTHBIX K€J1€30 (B OYEHb MaJbIX KOJIHYE-
CTBax, B cpeanem okoiio 0,02 %) BXOaUT B COCTaB MHOXKe-
CcTBa ()EPMEHTOB U OEJIKOB, YYAaCTBYIOIIUX B OKHCIIHTEIb-
HO-BOCCTAaHOBUTEIBHBIX PEAKIUSAX, TJIABHBIM 00pa3oM B
IIPOLIECCE JBIXaHUS.

OOBIYHO KeJe30 BXOAUT B (PEPMEHTHI B BHUJIE€ KOMIUIEKCA,
Ha3bIBAEMOI0 TeéMOM. B 4acTHOCTH, 3TOT KOMIUIEKC IpH-
CYTCTBYET B T€éMOIJIO0OMHE — BakHEHIIeM Oenke, obecrie-
YUBAIOIIEM TPAHCIIOPT KUCIOPOJA C KPOBBIO KO BCEM Opra-
HaM 4YeJOBEKa W JKMBOTHBIX. I MMEHHO OH OKpalluBaET
KpPOBb B XapaKTE€PHbIN KPACHBIN LIBET.

KomMmriekcsl xenesa, OTIMYHbIE OT TéMa, BCTPEYaroTCs, Ha-
npumep, B (pepMeHTe METaH-MOHOKCUT€HA3€, OKUCIISIOIIEM
METaH B METAaHOJ, B BAXXHOM (pepMeHTe PUOOHYKICOTHI-
penykrase, KOTophiil yuactByet B cuntese JJHK.
Heoprannueckoe »xene30 BCcTpevyaeTcsi B HEKOTOPBIX OakTe-
pUSAX, MHOTJA MCIOJb3YETCd MMM JJIsl CBA3BIBAHUS a30Ta
BO3/lyXa.

[TorpebHOCTH UenOBEKa B jkeJie3e Ha | Kr Beca cieayrouiasi:
netu - 0,6 mr, B3pocibie - 0,1 Mr, 6epeMeHHbIC KEHITUHBI -
0,3 Mr xene3a B CyTKU. Y >KCHIIHUH MOTPEOHOCTh HECKOJIb-
KO BbIIlIe, YeM y MyxuuH. Kak mpaBuio, xenes3a, MocTy-
NAOIIEro C MUILEH, BIOJHE JOCTATOYHO, HO B HEKOTOPBIX
CHenualbHBIX Ciy4asx (aHeMus, a TaKXke MpU JOHOPCTBE
KpOBH) HEOOXOJAMMO MPUMEHSATH KeJIe30CoAepKaIIie mpe-
napathl ¥ numieBbie 7o0aBku (I'emaroren, depporiekc).
N36sITouHas fgo3a xene3a (200 Mr 1 BbIlIE) MOXKET OKa3bl-
BaTh TOKcHueckoe neuncrBue. llepemosupoBka xkenesza yr-
HETAaeT AaHTHUOKCHUJATHYI0 CHUCTEMY OpraHH3Ma, IMO3TOMY
yIOTPEOISITh MperapaThl JKejie3a 3I0POBBIM JIIOSIM HE pe-
KOMEH/y€eTCS.

Mapranen akTuBUpyeT MHOTHE (DePMEHTHI U BXOJHT B CO-
CTaB HEKOTOPHIX U3 HUX.

VY XUBOTHBIX NEePHUITUT MapraHIia MPOSBIAECTCS MOPAKECHU-
em kocteil, nmopaxxenneM [HHC u mopaxkeHnem MOIOBBIX
xKene3. Y 4YeloBEeKa 3TO COCTOSHUE BCTPEYAETCS PENKO U




conpoBoxkaaercs yanHenueM 1B, He nopnarommmces kop-
pekuuu ButamMmuaoM K.

B chiBopoTke Mapraser] cBsizaH ¢ O€JIKOM-IIEPEHOCUUKOM.
BrIBOINUTCS € XK€Yb W MaHKpeaTH4ecKuM cokoM. Kown-
LEHTpalXsl MapraHiia B CbIBOPOTKE IMOBBIIAETCA MPU HUH-
dapkTe MHOKap/la U CHIXKACTCS TIPU IS THYECKUX MPH-
najgKax y JeTe. Y TOpPHSAKOB, KOTOpbIE B TEYEHUE IJIH-
TEJIBHOTO BPEMEHU BJBIXAIOT MbLIb, COJEPKAILYI0 Mapra-
HEll, pa3BUBAIOTCS ACTECHMSI, CHWKEHUE alleTUTa, anartus,
rOJOBHass 0OJb, MMIIOTCHIMS, OOJIC3HEHHBIC MBIIICYHBIC
cra3Mbl B HOTaX, paccTpoicTBa pedw, a MHOTJAA U Oojee
TSKEJIbIE HAPYILICHHUS.

OTHOCUTENBHO OOJIBLIOE COJEpKaHuEe MapraHua B 0000-
BBIX, XJIEOOIIPOYKTaX, OpEXax, E€UEHH, OBOIIAX, MEHBIIIE -
B pblO€, MOJIOKE, IPOAYKTaX MOPSL.

UpesBbruaitHo 6oratel Mapradiem kode u yaid. Tak vaiika
CBEXE3aBapEHHOI0 Yasl CONEPKUT OKoJIo 1,3 Mr Maprasua.
HenocraroyHocTh Maprasiia B OpraHu3Me 4ejaoBEKa BIIEP-
Bble onrcaHa B 1974 r. [Ipu uckiiroueHun U3 pauyvoHa map-
ra’iia OTMEeJaeTcs: pe3kas moTeps B BECE, TOIIHOTA, PBOTA,
M3MEHEHHUE LIBETA BOJIOC. MOXKET pa3BUBATHCA OCTEONOPO3,
3aMeIJIEHUE cpalluBaHusi KocTed mpu mnepenomax. dedu-
LUT Maprasiia BbISBIISIETCA B EPUOJT OEPEMEHHOCTH, OTMeE-
qaeTcs MpU pa3IuyHbIX GOpMax aHEMUHU.

KaTnoHsbl 4yeTBepTON AHAJITUTHYECKON IPYNIIbI

Menps yvactByeT B (GUKCAIlMM MOJICKYJISIPHOTO a3oTa (B
npouecce (OTOCHHTE3a), B BOCCTAHOBJICHUM HUTPATOB U
JIPYTUX BaXXHBIX PEAKIUAX a30THCTOr0 OOMEHa y paCTeHUH.
Ona oka3pIBaeT OOJBIIOE BIMSAHUE HA CTPYKTYPY U (PyHK-
LMY HYKJIEMHOBBIX KHCJIOT, YTO CBSI3aHO C TE€M, YTO MEJb -
CHJIbHBIN KOMITJIEKCOOOPa30BaTEeb.

[Tpu HenocTaTtke ycBanBaeMbIX (JOpPM MEIU B MOYBAX CEJlb-
CKOXO3SIUCTBEHHBIE KYJBTYPbl JAIOT HU3KUWA M HEMOJHO-
LICHHBIN I10 KayeCTBY ypoxkall. Pe3ko BbIpaKeHHBIN €€ He-
JIOCTATOK BENET K 3a0oJsieBaHUIO0 pacTeHuil. Takue 060ae3HU
pacTeHuii, Kak «00Jie3Hb 00pabOTKU», MYCTO3EPHOCTH 371a-
KOB M HEKOTOpBIE JPYTU€ BBI3BIBAIOTCA OCTPBIM Je(uIiu-
TOM MEJH.

Menb, KpoMe yyacTHsi B KDOBETBOPEHHH, HEOOXOAUMO JIJIs
HOPMAaJIbHOTO TEUEHHUSI MHOTMX (PU3HOJOTHMYECKUX IMPOLIeC-
COB - MUTMEHTAIIMA U KEPOTHUHHU3AIUH IIEPCTH, POPMHUPO-
BaHHE MHEIUHA, OCTEOreHe3a, BOCIPOU3BOAUTEIIbHbBIE
dbynkun u ap. B opranusme B3pociaoro 310pOBOro Yelso-
Beka BecoM 70 kr coaepxkurcs okoso 150-200 mrmenu.
OCHOBHOE KOJIMYECTBO €€ MPUXOJUTCS HA MBIIICYHYIO




TKaHb, CKEJIET U KOXY B CBSI3U C UX OTHOCHUTENIBHO OO0JIb-
ol Maccoil. Menib COEPKUTCST B TKAHEBBIX KHUIAKOCTSIX,
KPOBSIHOM CBIBOPOTKH (Y MYKYMH MEHbIIIE, YEM KEHIIHUH) U
BBIICJICHUSIX OpraHU3Ma.

Menp nns yenoBeka SIBISIETCS HE3aMEHMMbBIM MUKpOAJIe-
MEHTOB. UenoBeK MOCTOSIHHO MOJBEPraeTcs AeUCTBHUIO 0O-
JIC3HETBOPHBIX (PAaKTOPOB BHEITHEH cpeibl (MPOHUKAOIIAS
paauanusi, 31€KTPOMAarHUTHOE T0JIE, YIbTPa3BYKOBBIE BOJI-
HbI, BpEAHbIE XUMHUYECKUE COCIMHEHUS U MHUKPOOPraHU3-
MBI).

B cunre3e 0enKOBO-TUMHUIHOTO KOMIUIEKCA, U3 KOTOPOTO
COCTOUT MHUEJIUH, TAK)KE YUaCTBYET M€/lb.

[lepeHoc KHCIIOpPOJia OCYIIECTBIISIIOT KPAaCHBIE KPOBSIHBIC
TENbLA - SPUTPOLUTHI, C MOMOIIBIO KEIE30COACPIKAIIETO
MUTMEHTA - TeMorioouHa. OT TOro, CKOJIBKO B KPOBU FeMO-
rJI00MHA 3aBUCUT, CKOJIBKO KHCJIOPOJia CMOTYT IEPEHECTU
SpUTpOLUTHL. CUUTAETCS, UTO YEM BBIIIE B KPOBU MPOLICHT
coJiep KaHus TeMOTJIOOMHA, TEM CUJIbHEE UMMYHHBIN OTBET.
O6pa3oBaHue TeMOTJIOOMHA COBEPIIEHHO HEBO3MOXHO 0€3
noHOB Menu. [ToaToMy ofgHa U3 €e OCHOBHBIX (DYHKIMM -
KPOBETBOpEHHE.

VY CcTaHOBIEHO, YTO ACPUUIUT MEAH CHUXKAET aHTUMHUKPOO-
HYI0 aKTUBHOCTh (paronurtoB. OcnabiieHHbINH (arouur,
«TPOTJIOTUBY» MUKPOO, BMECTO TOTO YTOOBI

MepeBapUTh €ro, caM MOXKET CTaThb >KEPTBOU, MOCITYKUTh
HMCTOYHUKOM TUTAHUS U TEM CIIOCOOCTBOBATH pPa3MHOXKeE-
HUIO OaKTepHid.

Ho, ecniu 6akTepuu yHUYTOXKEHBI, UMMYHOIIUTHI HAYUHAIOT
OYHUCTKY OT TOKCHHOB U «OCTAHKOB» CBOHUX M UYXKHX KIe-
TOK. BocnanuTenbHble NpOLECChl CTUXAIOT, HACTYMAET BbI-
310poBJeHUE. B 3TOM ciydae roBopsT 0 MpPOTHBOBOCIA-
JINTEJIbHOM 3HAYECHUU MEJIH.

MHorue 3a00seBanHus, Kak y JeTel, TaKk U Y B3POCIBIX CO-
MPOBOXKIAIOTCS BBIPAKEHHBIM JAeUIIUTOM MeIu. Tskesbie
dbopMbI aHEMUU y AeTel - MPOSBICHUE COYETAHHOW HE0C-
TAaTOYHOCTU Meau M xkenesa. [Ipu serko3ax, B OCHOBE KO-
TOPBIX JIEXKAT 3JI0KAUYECTBEHHBIE TIPEBPAIEHUsS] KPOBETBOP-
HBIX KJIETOK, OpPraHu3M 4YeJjoBeKa TepsieT CIOCOOHOCTH
HOPMAJILHO BKJIFOYATh MEJIb B OOMEH BEIIIECTB.

Cauner; BxoauT B coctaB Oosiee 200 MuHEpanaoB, B 0OJb-
IIMHCTBE U3 HUX OH SIBJIIETCS] PUMECHIO U TOJIBKO 3 MUHE-
panma o0pa3yloT TPOMBINUICHHBIE 3amachkl: TaJeHUT P'bS,
aarne3ut PbgO,4, nepyccur PbCO;. CBunen Haxoautces B
COCTaBE TaKUX MOYBOOOPA3YIOMINX MUHEpAIaX, KaKk KaJne-
BbIC MOJIEBBIE MMNAThl. B 0Cago4HBIX MOPOJAX OCHOBHAS




Macca CBHUHIIA COCPEIOTOUYEHA B MIMHIHON (Ppakiuu.

B peuHbIX BoAgax CBHHEL COAEPKUTCS B pACTBOPEHHOM BU-
JIe 1 BO B3BCLICHHOM BEIIECTBE. B pa3iMuHbIX peKax MO-
KET MpeobiafaTh Kak pacTBOpPEHHAas, TaK M B3BEIICHHAs
dbopma cBHUHIIA.

CauHer u3 aTMoc(epbl MOCTYIAET HA TOBEPXHOCTh 3€MITU
B JIByX OCHOBHBIX (hOpMax: BOJOPACTBOPUMON U TBEPAOH,
NOCJIETHAS B BUAE aTMOC(HEPHON MbLIM Pa3IMYHOrO pa3Me-
pa.

VcTouyHUKY MOCTYIJICHHUS] CBUHIIA B aTMOC(epe AENsATCS Ha
2 rpymIbl: NOCTYIUIEHUE B PE3YJIbTaTE €CTECTBEHHBIX MPHU-
POJHBIX MPOU3BOACTB (M3BEPIKEHUSI BYJIKAHOB, C MOBEPX-
HOCTH MOpEW M OKEaHOB) U B pe3yJbTaTe aHTPOIOTCHHBIX
MPOU3BOJCTB (BBIOPOCH METALTYPrU4e€CKUX KOMOWHATOB,
BBIOPOCHI JIFOOBIX MPOMBIIIIICHHBIX PEANPUATUN).

[Ipy BbIIIaBKE CBHHIIA HA KaXAYH0 TOHHY IOJIYy4aeMOTo
MeTajula B OKPYXAaIOIyI0 Cpe/ly BHIOPACchIBAIOCH 10 25 KT.
B menom Takol exeroJHbI BBIOPOC COCTABIISIET OKOJIO
50TBIC.T.CBUHIIA.

CBuHell - JaBHO M3BECTEH CBOMM TOKCHUYHBIM JIEUCTBUEM
Ha OpraHu3M uesjoBeka. OTpaBieHUE CBUHIOM MPOSBIIACT-
csl Hecneu(pUUECKUMU CUMIITOMAaMM: BHayaje MOBBIIICH-
Has BO30yAMMOCTh U OECCOHHUILIA, TIO3KE YTOMIIIEMOCTh U
nenpeccus. boyee Mo3IHHE CUMITOMBI 3aKIIOYAKOTCS B
paccTpoiicTBe (DYHKIIMH HEPBHON CUCTEMBI U B MOPAXKEHUU
roJIOBHOro Mo3ra. CBHHEN, TaKKe Kak U JPYrue TSKEIbIe
METaJUJIbl, KaAMUN, PTYTh, OTPULATEIHLHO BJIMSET Ha TJia3-
HYIO CETUATKy W YXY/IIAET 3pEHUE.

PTyTh U ee coelMHEHUSI OYEHb SJIOBUTHL. PTyTh BXOJWT B
JeCATKY HambOojee omacHbIX sS710B. OCOOEHHO OIMacHbI CO-
enuHeHus: co cBsa3bio C-HQ, a moboe coenuHeHUe pPTYTH,
MoMaJarolee B OpraHusmM, obperaer Ttakue cBs3u. Kpome
TOTO PTYTh 00pa3yeT MPOYHBIE CBA3U C CEPOM, CBS3BIBAET
OCJIKM M OHM YTPAYMBAIOT CBOIO OHOJIOTMYECKYIO POJIb.
[lonagast B opraHu3M OHa HE BBIBOAMUTCS U3 HETO, a MOCTO-
SHHO HAKaIUIMBAeTCs, MOATOMY BO3MOKHBI XPOHUYECKHE
OTpaBJICHUS.

Meramnidueckass  pTyTh -  HUCHOJIB3yeTCSl  JUISl  M3rO-
TOBJICHHUSI ~ KaTOJAOB  MPHU AIEKTPOXUMUUYECKOM MOJIyde-
HUM €JIKUX IIeJo4Yerd W xJjopa. B 1pou3BOACTBE JtO-
MUHECIICHTHBIX JIaMIl, TE€PMOMETPOB, OapoMeTpoB, Ma-
HOMETPOB U JIPYTUX U3MEPUTEIHHBIX IPHOOPOB.

Cynema - mnpuMeHsieTcss s JAe3uHGEKIMU W s
MPOTPABIUBAHUS CEMSH, UCIIOIB3YETCSI B MEJIUIIMHE.
@®ynemunar pryru  (Il)- B3peIBuaTOE BemecTBo, WC-




MOJIL3YETCSI B  KaICIOJSX
MaTPOHOB U CHAPSIIOB B KAYECTBE JIETOHATOPOB.

Comu prytu (ll) - uCoNB3yIOT B KadecTBE KaTaau3aTo-
POB B OpPraHMYECKOM CHHTE3E.

BaxHocTh Hanwuus cepedpa B OpraHu3Me U, B YaCTHOCTH,
B (DOPMEHHBIX 3JIEMEHTAaX KPOBH, HILTFOCTPUPYETCS TEM 00-
CTOATEIBCTBOM, YTO B OJHOM DSPHUTPOLUTE COACPKATCS
ONMM3KHe KOJMYeCTBAa aTOMOB KoOambTa W cepebpa, duTo
CBUJIETEIHCTBYET O TOM, YTO A({ HE SBISETCS CIyJdalHBIM
MHUKPO3JIEMEHTOM. XOTsI Ouoioruueckas poyib cepedpa
dbopMaabHO HEW3BECTHA, HEKOTOPHIC ITaHHBIC MO3BOJIIOT
MPEOJIOKUTh, YTO Ta POJIb 3aKIIIOYAETCS, IPEXKIE BCETO,
B TOJJEPKaHUHM CTAOWJIBHOCTH TEHOMOB COMAaTHUYECKHX
KJIETOK. M3BecTHO, 4TO cepeOpo CBS3BIBACTCSA C a30TUCTHI-
mu ocHoBanusiMu JIHK, BciencTBue yero CHU>KaeTCs Ku3-
HECIOCOOHOCTh OakTepuil. BeposiTHO, cX0AHO BO3/CCTBIE
Ag u Ha reHOMBI BHpYycOB. [lo-Buanmomy, MOIIHOE Mpe-
MSTCTBYIOIEE JIEJCHUIO KIETOK JIEUCTBHE SIBISIETCS] OOIIUM
CBOMCTBOM cepebpa, 4TO, B YaCTHOCTH, CIEIYET U3 TOrO,
YTO OHO TMOJABIISIET POCT XJIOPEILIIBI.

OOHapyXeHO TMOJIOKHUTEIBHOE BIUSHUE cepedpa Ha yiyd-
[ICHHEe WMMYHHUTETa, YTO CBSI3aHO C yCHJIEHHEM oOMeHa
BEIIIECTB.

K 1910 roay xostougHoe cepeOpo HMCMOJb30BAIOChH IS
JedYeHUs MHPEKIIMOHHBIX 3a00JICBAaHUA M CETITUYECKUX OC-
noxxuenuit. Cpenu Hux: OpromHoN Tud, napatud, ckapia-
THHA, JIeNpa, MEHUHTUT, CU(PUINTUYECKUE PaHbl, TOHOpES,
MSTKUH IaHKP, SHIOMETPHT, IUCTHT, IPOCTATHUT, ITHEBMO-
HUS, SHAOKApAUT, QypyHKyJe3, Tpaxoma, KEepPaTUT, KOHb-
IOHKTHBHT, THHTUBUT, CTOMATHT.

A Taxxke, musA JiedeHUs 3a00J€BaHUN XUPYPTHUECKOTO
npoduiis, TpeOYIOMUX TMOJABICHUSI TATOTEHHON MHKpPO-
baopbl B 30HE paHEBOM MOBEPXHOCTU: aOCIECCHI, allleH-
JUITAT, MACTUT, HATHOCHUE TMPHJIATOYHBIX Ta3yX IOJOCTH
HOCa, HAaTHOCHHUE.




5. OBIIAA XAPAKTEPUCTUKA U XO/{ AHAJIN3A AHUOHOB

TPEX AHAJIMTUYECKHUX I'PYIIII

5.1. O6mas xapakTepruCTHKA TPEX aHATUTUICCKUX TPYII aHUOHOB.

5.2. TlocnemoBaTeIbHOCTh X0/1a aHAJIM3a CMECH aHHOHOB TPEX TPYII ¢ YKa3aHU-
€M XHUMHUYECKUX PEAKIUH.

5.3. buonorudeckoe 3HaUCHNE AHKOHOB TPEX aHATUTHYCCKUX TPYIIIL.

5.1. O6mas xapakre-
PUCTHKA Tpex AaHa-
JUTHYECKHUX  TPyNI
AHMOHOB

OOwmenpuHATON Kiaccu(uKalud aHUOHOB HE CYIIECTBY-
eT. B pa3paboraHHbIX Ha Kadenpe XMMUU METOANYECKUX
YKa3aHUSIX NPUHATO pa3/elIiCcHHEe aHMOHOB HAa TPU aHaJU-
TUYECKUX TPYMIbI IO paCTBOPUMOCTHU coJiel Oapus u ce-
pebpa.

AHaJlN3 aHHMOHOB MMEET CBOU OCOOEHHOCTU. B oTnuuuun
OT KaTUOHOB aHWMOHBI OOBIYHO HE MEIIAIOT OOHAPYKEHUIO
apyr apyra. IloaToMmy MHOrMe M3 HHUX OOHApyXUBaIOT
JIPOOHBIM METOZIOM B OTJEIBHBIX MOPLUHUIX HCCIETYEMOTrO
pacTBopa.

K 1-it ananuTH4ecKkoi rpymnmne aHuOHOB OTHOCST CyJbdart-
WOH, KapOboHaT-uoH, ¢ocdaT-uoH, CUIMKAT-UOH, Oopart-
WOHBI, Ccylb(aT-uoH U THocyibdar-uoH. C kaTHOHOM Oa-
pusi OHU 00pa3yloT COJIM, MAJO PaCTBOPUMBIE B BOJIE, HO
JIETKO PACTBOPSIOIIMECS B pa30aBICHHBIX MUHEPAIbHBIX
KHUCJIOTax (3a uckiaroueHuem cyibdara Oapusi). [loaTromy
IpyNIOBOM peareHT — XJIopuj O0apusi ocakJaeT aHUOHBI
1-# rpymnmbl TOJBKO B HEUTpaIbHOM (MU cladoIienoy-
HOI) cpefe.

Conu cepeOpa aHHOHOB 1-H1 TpyNIbI PACTBOPSAIOTCS B pas-
OaBJIEHHOW a30THOW KUCJIOTE, a HEKOTOpPhIE — JIa’Ke B BO-
Ie.

2-s1 Tpynna oobeaunset xiopua-uon Cl', 6pomua-uon Br,
nomun-uoH I, cynmedun-non S* u HEKOTOpBIE Jpyrue
aHMOHBI, CepeOpsSHbIE COJM KOTOpble HE PacTBOPUMBI B
BOJIC U B pa30aBJICHHON a30THOM KHCIIOTE.

Pearent Ha 2-10 rpynmy aHMOHOB — HUTpAT cepedpa AJ B
MPUCYTCTBUH pa30aBICHHON a30THOM KUCIIOThL. bapueBsie
COJIM ATUX aHHUOHOB PAaCTBOPUMBI B BOJIE.

K 3-ii rpynmne aHuoHoB oTHOCAT HuUTpaT-uoH NOj', HUT-




put-uoH NO, u np. Cosii 3TUX aHMOHOB, B TOM 4Huciie 0a-
pust u cepebpa, XOpoIIo pacCTBOPUMBI B Bojie. [ pymmoBoro
peareHTa Ha aHHOHBI 3-i TPYTIIBI HET.

5.2. Xoa anaaumsa
TPeX AHAJUTHYECKHUX
rpyni aHUOHOB

1. Oonapyscenue cynogham-uona.
Xnopun Gapus BaCl, B HeliTpanbHO# mnm ciiaborienod-
HOM CpeJie 0CaXIAeT aHUOHBI 1-1 rpynIsl B BUAE TPYIHO-
pPacTBOPUMBIX COJIei Oapusi:

SO, + Ba”* — BaS0,]

Na,SO, + BaC|2 — BaSO4l + 2NaCl

Oenblil

COs” + Ba®" — BaCOs|
Na,CO; + BaCl, — BaCO3L + 2NaCl

Oenblit

HPO,* + Ba®* — BaHPO,|
Na,HPO, + BaCIZ — BaHPO4i + 2NaCl

GemnpIit
B npucytctBun menoueit unu NH,OH, nepeBoasiimux nox
HPO,* B PO,¥, momy4aercst cpeIHsis COlb:
2Na,HPO, + 2NH,OH + 3BaCl, — Ba3(PO,),] + 4NaCl
+ 2NH,CI + 2H,0
Ocankun BaCO;, BaHPO, Baz(PO,), pactBopstoTcs B
HCI, a ocanox BaSQO, He pacTBopsiercss. Ha 3Tom ocHOBa-
HO o6Hapyxenune SO,° B mpucyrcteun CO3>, PO,
2. ObHapysicenue KapooOHam-uoHa.
Kucnoter (HCI, H,SO,4) pa3narator kapOoHaTHI ¢ BbIIEjIC-
Huem okcuaa yriepoza (1V):
Na,CO3 + 2HC] — 2NaCl + H,0 + COZT
3. Oonapy:xenue pochar-uona.
Marnesunansnas cmech (MgCl, + NH,OH + NH4CI) BbI-
nensieT u3 pactBopoB ruapodocdara natpus u pocdara
HaTpUsl OeNblii KPUCTATMYECKUN ocamok Qocdara mar-
HUS — aMMOHUS:
Na,HPO, + MgCl, + NH,OH — MgNH4PO,| + 2NaCl +
H,O
HPO,* + Mg** + NH,OH — MgNH,PO,] + H,0
4. Oonapyscenue xnopuo-uona.
Hutpat cepebpa oOpa3yeT ¢ aHMOHaMH 2-i TPyHIbI raio-
TeHUIBI cepedpa, KOTOpbIe HE pacTBOPUMBI B BOJIC U pa3-
OaBJICHHOW a30THOM KUCIIOTE:

Cl'+ Ag" — AgCl|
OeJIBIif TBOPOYKUCTHIA 0CATOK

NaCl + AgNO; — AgCl| + NaNO;
Br + Ag" — AgBr|

JKENITOBATBIA 0CAJIOK

NaBr + AQNO; — AgBr| + NaNO;
J+Ag" — Agl|




OJ1e THO->KENITHIH TBOPOKHUCTHIN
0CaZloK

NaJ + AgNO3; — AgJl| + NaNO;

[Ipu poOaBieHMM K OCaJKy AaHUOHOB 2-OM TPYIIIBI
NH4OH (peaktus mis pactBopenus AgCl) ocamox AgCI
pacTBOpsieTCsl ¢ O00pa3oBaHWEM XJIOpUJA JHAMMUH—
cepeopa (1).
Ocanxu AgJ, AgBr ue pactBopsitorest, Ho AgBr pactBops-
ercd B u30bITke NH,OH.
K pactBopy (uentpudyrary), coaepxamiemy Cl™ nmpuodas-
nsrot HNOs, xommekcusiit non [Ag(NHs),]" paspymaer-
csi B pe3ysibrare oOpazoBaHus 0ojiee MPOYHOTO KaTHOHA
NH," u xnopun cepebpa cHOBa BHIIANAET B 0CAIOK:
5. Obnapyscenue uoouo - UOHA U OPOMUO - UOHA 8 00-
HOIl npobupke.
[Ipu onHoBpeMeHHOM nipucyTcTBUM J U BI™ xitopHast Boxa
CHayasa okuciseT J° ¢ 00pa3zoBaHreM CBOOOIHOTO o/1a:

2KJ + Cl, — 2KCI + J,

2) + Cl, — 2CI' + J,
J, TpyZnHO pacTBOpUM B BOJIE, HO XOpOIIO PAacTBOPUM B
oenzone (CgHg), uernipexxiopuctom yriaepomae (CCly).
IIpu 3TOM OpraHUYECKHU PACTBOPUTEIL OKPALIMBAECTCS B
(b1OEeTOBBIN IBET.
Peakuuio mpoBoasT B pacTBope, noakucieHHoM 2H. cep-
HOW KHCJIOTOM, T.K. B IIEJIOYHOW CpEIE OKpacka uoxaa
o0ecIBEUnBaeTCs.
[Ipu nanpHeiiiieM npuOaBIECHUU K HCCIETYEMOMY pac-
TBOPY XJIOPHOW BOJbI, €€ H30BITOK OKUCISET TOJyYHB-
IINMCS o4 IO MOOHOBATOM KHUCJIOTHI:

J> + 5Cl; + 6H,0 — 2HJO; + 10HCI
dwuosneToBas OKpacka OpraHUYECKOr0 PaCTBOPUTEIS B pe-
3yJbTaTe 3TOro Mpoliecca 00ECIBEYNBACTCS.
[Tocne sToro xyopHast Bojia COAEPKUTCS B HEOOXOAMMOM
KOJIMYECTBE IS OKUCICHUS BI™ ¢ BhIeneHrnemM cBoOOIHO-
ro Opoma, OKPAIIUBAIOIIETO CJIOW OPraHUYECKOTO PacTBO-
pUTENS B KPaCHOBATO-OYPHIii IIBET:

2NaBr + Cl, — 2NaCl + Br;

2Br + C|2 — 2CI" + Br,
6. Oonapyscenue numpam-uona.
Hudenmnamun (CgHs),NH oxkucasercs monom NO;3 10
MPOJIYKTa, UMEIOIIEr0 TEMHO-CUHIOIO OKPACKY.

5.3. BuoJgornueckoe
3HAYEHHE

AHHUOHOB

OOnapyxeHue aHWUOHOB 1-il rpynmbl uUMeeT OOJbIIoe
MPAKTUYECKOE 3HAYEHUE, COCAMHEHUS MX UIUPOKO MpH-




TpeX AHAJTUTHYECKHX
rpynmn

MEHSIIOT B CEIbCKOM X03siicTBe. Hekoropwie cynbdarhl,
nanpumep K;SO,4, (NH4),SO4, BXOZAT B COCTaB MHHE-
panbHbIX yaoopenuii, runc CaSO4+2H,0 BHOCAT B TOYBBI
JUIL  CHWOKEHHS WX  3aCOJICHHOCTH, a  KYIOpPOCHI
CaSO4+5H,0 u FeSO4+7H,0 ucnonp3ytot kak C/X sibl.
Kon-Bo nonos SO42' MIPUXOJIUTCS OIPENEIIATh B BOIHBIX
BBITSDKKAaX M3 TOYBBI M B MPHUPOAHBIX Bojax. lluTheBas
BOJIa JIOJDKHA cofepxaTh He Oosee 60 mr cynbdatos B 1
7.

N3 kapbonarta B mouBax mpeobnamaer CaCO3; u MgCOs
KapOOHATHI K€ IIEJIOYHBIX METAJUIOB MIPUCYTCTBYIOT B HE-
3HAYUTENbHBIX KonuuecTBax. Ot coxpepxkanus CaCOs u
MgCO3; B mouBe 3aBUCHT €€ OOMEHHAas IMOTJIOTUTEIIbHAS
criocobHocTh; CaCO3 u gomomutr CaCOz;+MgCO3 mpume-
HSAIOT JJI1 HeWTpanu3anuu (M3BECTKOBAHMS) CHIJIBHOKHC-
JIBIX TTOYB.

[TouBbl comeprkat Takxe ¢Gocharbl B CBI3aHHOM M OTYaC-
TH B MOJABWKHOM, JIOCTYITHOM JJIsl PACTEHUM COCTOSTHUSIX.
[Tockonbky dochop sBIsETCS JIEMEHTOM IHUTAHHUS pac-
TEHHI, HEJIOCTATOK €r0 B MOYBE BO3MEIIAIOT C MOMOIIbIO
dbochopHbix ynobpeHuii. Bce oHu mpeacTaBisiOT coOoi
cosii pocdopHoii kuciaotsl. Tak, pochoput u anatur co-
nepxkat Caz(POy),, npenunurat - CaHPO,, cynepdocdar
- Ca(H2P04)2.

Annonsl ClI" u I” uMmeror cymiecTBeHHOE OMOJIOTHYECKOE U
CEJIbCKOXO3SMCTBCHHOE 3HA4YeHHE. XJIOPUA-UOH BCETAa
MIPUCYTCTBYET B NMPHUPOJHBIX BOJAX - B 1 JI. JUHUTHEBOM
BOJIbI €T0 JIOJDKHO OBITh He Oonee 40 mr. Mimeercs oH u B
BOJIHBIX BBITSDKKAX M3 mouBbl. I10uBHI, comepikamuecs: B
BepxHeM cioe Oojiee 2% cojiel, CUNTaOT 3aCOJICHHBIMH.
[Ipu >TOM Hepenko HaOIIOJAETCS XJIOPHUIHOE 3aCOJICHHE
MOYB, BBI3BIBaEMOE TJaBHBIM o00paszom comsimu NaCl,
CaClg 41 MgC|2

CoenuHeHue Hoaa - MOCTOSIHHAS COCTaBHAsl 4acTh opra-
HU3MOB PAaCTEHUW W KUBOTHBIX. [locimenHue momydaroT
MOJT ¢ KOpPMaMH U MUThEBOW BOAOM. MIOHBI HO1a HaKaIIu-
BAaIOTCS TKaHSMU B BHJIE MOJ] OPraHUYECKUX COCIMHEHUI;
O0COOCHHO MHOTO Hoja COJAEPIKUTCS B IIUTOBUIHOM »Keje-
3e. HepocTtaTok Hosa B MpUpOIHBIX BOJAAX U B PaCTUTEIIb-
HOU THINE BBI3BIBACT y YesoBeKa 00se3Hb (300). 3ameye-
HO, YTO OT COJIepKaHus HoJa B MUIIE 3aBUCAT TaKKe POCT
U Pa3BUTUE CEIIbCKOXO3AUCTBEHHBIX >KMBOTHBIX, UHTEH-
CUBHOCTH UX OTKOpMa. Takum oOpa3zoM, o - MUKpPOdJIe-
MeHT. CepoBoIopo U CyIb(puapl 00pa3yroTCs B IPUPOIC
IpU MUHEpaIN3aluu (pas3iokeHnn) OEIKOBBIX BEIIECTB.




Hutpatsl Tokcuunbl. Heopranuueckue HUTpaThl BbI3bIBA-
I0T OTEK JIETKUX, TOIIHOTY, PBOTY, OCTPYIO CEpJACUHO-
COCYIUCTYI0 HEIOCTaTOYHOCTh. CMepTenbHas J103a s
yesioBeka 8-15 mr/i, 1onycTuMoe CyTo4HOe OTpeOsieHHe
Swmr/n. Ins cymmel HutpatoB Na, K, Ca, NH, ITJIK: B Bo-
ne 45 mr/n, B nmouse 130 mr/kr, B oBomax u (¢pykKrax
(mr/kr): xaptodens 250, kamycra OeoKoYaHHAs MO3THSS
500, mopkoBb no3aussa 250, ceekna 1400, nyk penyarsiid
80, kabauku 400, neraM 90, apOy3, rpymm, s6710Ku 60.
Bapixanue mapoB OpraHM4eCcKUX HUTPATOB, MOMAJaHUE UX
Ha KOXXY U B MHUILEBAPUTEIbHBIN TPAKT BBI3BIBAECT T'OJIOB-
HYI0 00Jib, y4arieHHoe cepameoueHue. OKUCISIIOT reMo-
TJIOOMH B METI€MOIJIOOUH.

HutpaTsl aMMOHMS, HATPUS U KaJUs IIKAPOKO MPUMEHSIOT
KaK MUHEpaJbHbIE a30THBIC y100peHus. Tak Kak HUTPATHI
XOpOIIO PacTBOPUMBI B BOJI€, TO IOCJIE BHECEHUS ATUX
yI0OpeHuil B TOYBY OHU OBICTPO OKAa3bIBAIOTCS B pacTe-
Husax. [loaToMy CylecTByeT OrmacHOCTh U30BITOYHOTO CO-
JiepKaHUs HUTPAT-HOHOB B TUIOJIAX.

Hutputel, coim HEyCTOMYMBOM a30THUCTOM KHCIJIOTHI
HNO,. Haubonee mmpoko M3BECTHHI HUTPUTHI HATpPUS
NaNO; u kamust KNO,. Otu cTabmiibHbIe TPU XpaHEHUH U
HarpeBaHUM HUTPUTHI MOKHO MOJYUYUTh CUJIBLHBIM Harpe-
BaHUEM COOTBETCTBYIOIIUX HUTpaTOB. Bce HUTPUTHI XO-
poiio pactBopuMbl B Boge. O0magaloT Kak BOCCTAHOBU-
TEJIbHBIM, TaK U OKHUCIHUTENbHBIM JeicTBUEM. [Ipn okuc-
JIEHUU a30T, MPUCYTCTBYIOIIMN B HUTPUTAX B CTEINECHU
OKHCIICHUS +3, OKUCIISAETCS 10 CTENICHU OKUCIICHHS +5 (10
HUTpaT-UOHA), B KHUCION Cpelie a30T BOCCTAHABIMBACTCS
JI0 CTENEHU OKMCIeHHs +2 (10 MoHOookcumaa azota NO).
Hanpumep, HUTPUT HATPUSI UCHOJIB3YIOT B MPOMBIIIJICH-
HOCTH TIPY BBIJICICHUU AJIEMEHTApHOTO Hoja u3 pa3bdas-
JICHHBIX BOJHBIX PACTBOPOB MOAMJIOB:

2NaNQO, + 2Nal + 2H,SO, = I, + 2NO + 2Na,SO, + 2H,0
[Ipu otpaBiaennu NaNO;, B KpoBU 00pa3yeTcs METTeMOor-
J00WH, MOBPEXAAIOTCA MEMOpPaHbl 3PUTPOLUUTOB. Bo3-
MOXHO oOpa3zoBaHue HUTpo3aMUHOB 13 NaNO, u aMHHOB
HETOCPEJCTBEHHO B JKEJIYJOYHO-KUIIICYHOM TPAKTE.
Hurtpar natpuss NaNOj (uunuiickasi celuTpa) U HUTPAT
kannsi KNOj3 (MHauiickasi celutpa) BCTPEUaAlOTCsl B MPHU-
pone B Uunuu u B Y. B Poccuum HatpueByro cenutpy B
BHJIe O€JIOro HajeTa Mojdydyajad MPU THUEHUU Pa3IMYHbIX
OPTraHUYECKUX OCTATKOB PACTUTEIBHOIO U KUBOTHOIO
MPOUCXOKIEHUS. Tak Kak HUTPAT HATPUsI TUTPOCKOTTMYEH
Y HE TOJAUTCS JUIsl U3TOTOBJIEHUS MOPOXa, €ro MpeBpaiaim




B HUTpAT KaJiisi 00pabOTKOM ropsiaMM HACBIIIEHHBIM pac-
tBOopoM KCI. B HacTosiiee Bpemss HUTpaThl HATPUS U Ka-
JUs TOJYYaroT MPU HEWTpaau3aluu a30THOW KHUCJIOTHI C
ucrnojs3oBanueM cojel Na,COs, motama K,CO3 u 1p.
Hutputsl, Hanipumep, NaNO, u KNO,, TOKCUYHBI, BbI3bI-
BalOT TOJIOBHYIO 0OJIb, PBOTY, yTHETAIOT AbIxaHue. Ilpu
otpasiennud NaNO; B KpoBU 00pa3yeTcsi METTeMOTJIOOHH,
MOBPEXKAAIOTCSI MEMOpPaHbI APUTPOLIUTOB. Bo3MokHO 00-
pazoBanue HuTpo3aMuHOB K3 NaNO, ¥ aMHHOB HEMO-
CPEICTBEHHO B KEITyJOYHO-KUIIIEYUHOM TPAKTE.

Hutputbl opranndeckue BHICOKOTOKCHUYHBIE COCTMHECHUS.
OTWI- U TEHTUJIHUTPUTHI YYallalOT IMYJbC, MOHUXKAIOT
KPOBSIHOE JTaBJICHUE, OKUCIISIOT T€MOTJIOOMH B METTeMOT-
700MH, 00JIaal0T COCYIOPACHIUPSIONINM  JeHCTBUEM.
N30NeHTUIHUTPUT - TMPOTHBOSAUE TPH OTPABICHUU CH-
HUJIbHOM KHUCJIOTOU U €€ COJISIMM.

HuTpuThl UCHIONB3YIOT NPU CUHTE3E a30KpacuTeseu, Npu
MOJIYYeHUH KampoJjakTama, KaKk OKHUCIUTEIN WM BOCCTa-
HOBUTEIIM B IIPOMBINIJICHHOCTH. VIHOT/1a HUTPUTHI TIPUMeE-
HAIOT KaK MHUIIEBbIE KOHCEPBAHTHI.

HuTpuThl HaTpus W Kaausg BXOIAT B COCTaB HHUTpaT-
HUTPUTHON CMECH, KOTOpasi B pacIIaBJICHHOM COCTOSIHUU
CIIY’KUT XOPOIIUM HETOPHOYUM TEIJIOHOCUTENIEM (TeMIie-
patypa 200-450°C). NaNO, B oueHb HEOONBIINX KOJIHYE-
CTBax paHee J00aBJsIM B HEKOTOPbIE KOJIOACHBIE U3/IEIIUS
JUISL IPUAAHUS UM «ECTECTBEHHOT'0» KPACHOTO I[BETA.




Paszen |11. KOIMMECTBEHHBINA AHAJIN3
6. OCHOBHBIE ITIOHATUA U METO/bI KOJIMYECTBEHHOI'O
AHAJIM3A. METPOJIOT U B AHAJITUTUYECKOM XUMUHA

6.1. OCHOBHBIE IOHATHS KOJMYECTBEHHOTO aHAJIN3A.

6.2. Knaccugukanus MeTo/10B KOJIMYECTBEHHOTO aHAJIN3a, UX CYIIIHOCTb.

6.3. AHanuTHYECKas XUMHSI KaK METPOJIOTHYECKasl HayKa.

6.4. Knaccuukanus morpenHocTeil XuMU4eckoro anaiausa. MeTpoioruueckue
U aHAJIMTUYECKHE XapaKTePUCTUKU METOJIOB aHAJIN3a.

6.1.KotH4uecTBEHHBIH | - 3TO CIOXXHBIN MPOIIECC, B KOTOPOM IPHU aHATIU3€E JIF0OOT0
aHaIu3 00BbEKTa MOKHO BBIICTUTH CICTYIOIINE OCHOBHBIC ATAIIbI:
MIOCTAaHOBKA 3aJ]a4M, BEIOOpP METOAa U METOJIMKHM aHau3a,
oTOOp MpoOBI U MOATOTOBKA €€ K aHaJu3y, MPOBEJCHHE
U3MEpPEHUS aHAJTUTUYECKOTO CUTHaJa, 00paboTKa pe3yiib-
TaTOB U3MEPEHHUIA.

Heﬂb KOJIHYE€CTBECH- | - OTO OIIPCACIICHNUC 110 BCJIMYMHEC aHAIIUTUYCCKOI0 CUI'Ha-

HOI'0 aHAJIN3a JIJa KOHLOCHTpallMKM HJIM KOJINMYCCTBA KOMIIOHCHTOB, BXO-
JAMUX B COCTAB AHAJIM3UPYCMBIX MAaTCPUAJIOB.
MCTO}] aHaJIn3a - 9TO COBOKYIIHOCTH IPUHIMIIOB, ITOJIOKCHHBIX B OCHOBY

aHain3a 0€30THOCUTENIBHO K KOHKPETHOMY OOBEKTY M OTI-
pEeAeIsIEeMOMY BEILIECTBY.

MeTtoauka aHajiusa - 3TO TOAPOOHOE OINHCAHME BCEX YCJIOBHM U omepanui
IPOBEJICHUSI aHAJIN3a KOHKPETHOTO OOBEKTA.

Br16op MeToa 1 METOUKH aHAIM3a OINpPEAeieTCs] MPEXKIe BCEro 3aaadyei, cTosi-
mel Tmepen XWMHUKOM-aHAJMTUKOM: HEOOXOIWMOCTBIO OIPEACHISITh JJIEMEHTHI,
(GyHKIIMOHATBHBIE TPYIIIBI, XUMUYSCKAE COCIUHCHHUS; MPOBECTH aHanmu3 0e3 pas-
pyiieHus oOpasiia Wid Ha PaCCTOSTHHUH; OTPEICTUTh KOMIIOHEHT OYEHb OBICTPO | C
HEO0XO0IUMOI TOYHOCTBIO U T. 1.

B cBsi3u ¢ 3THM, BBIOMpas METOA M METOJIMKY, HY>KHO MPUHUMATh BO BHUMaHHUE OC-
HOBHBIC (PaKTOPHI, KOTOPBIC UX XaPAKTEPU3YIOT:

JYBCTBUTEIHHOCTb,

n30UpaTeTHHOCTD,

TOYHOCTH aHAJIN3a,

AKCTPECCHOCTh METO/1A,

CTOMMOCTb,

aBTOMATHU3AIIMS aHAJIA3a | JIp.

XUMHYECKUH aHAJIN3 HAYMHAIOT C 0TOOpa M TIOJITOTOBKH MPOOBI K aHAIIU3Y.

Jlis mpoBeAcHMsI aHAM3a, Kak MPABHUIIO, TOTOBAT TaK HA3BIBAEMYIO CPEIHIONO
(mpencTaBUTENbHYIO) MPOOY.

VVVYVYYVYYVY

Cpennsin  (mpeacrta- | - 3TO HEOOJbINAST YaCTh aHAIM3UPYEMOIro OOBEKTa, Cpe-
BUTeJIbHAsI) MPo0a HUM COCTaB M CBOICTBAa KOTOPOH JOJKHBI COOTBETCTBO-
BaTh CPEJIHEMY COCTAaBY M CBOMCTBAM HCCJENYEMOT0 00b-




| exra.

[Tprembl U TOpsAIOK 0TOOpa MPOOBI Pa3TUYHBIX MAaTEPHAIOB MPETyCMOTPEHBI I 0-
cynapctBeHHbIM cTanaaptoM ('OCT) wim texuuueckumu yciousimu (TVY). Bei-
MOJTHEHUE ATON OTEpalliy BCETAa MOIIMHEHO eUHOMY MPHUHIIMITY: CPEIHSS Tpoda
JOJKHA OBITH COCTaBJICHA U3 OOJIBIIIETO YUCIIA MEJIKUX MOPIUH, B3ATHIX B Pa3HBIX
MeCTax aHaU3UPYEeMOT0 HEOJHOPOAHOro Marepuana. Pa3nmuyaioT reHepaibHYIO,
71a00paTOPHYIO M aHATU3UPYEMYIO MPOOBHI.

I'enepaiabHasi mpo6a, Ha3pIBacMasi MHOTJA MEPBUYHOM, OTOMpPAETCS HEMOCPECT-
BEHHO M3 aHanu3upyemoro oobekTta. OHa qoctatouHo Oonbmias. M3 renepanpHON
poOBI MyTEM COKpAICHUS TOJIYYar0T JA00opaTOpHYI0 mMpoldy, KOTOPYIO AT Ha
Tpu yacTu. OAHY YacTh MCHOJB3YIOT JIsi MPEIBAPUTEIBHBIX UCCIEAOBAHUM, APY-
I'YIO0 — JJI1 BO3MOXKHBIX B OyaylieM apOUTpaKHbIX aHAJIU30B, TPEThIO — HEMOCPE-
CTBEHHO JJIsl aHalu3a (aHajau3upyemas rnpoda). Jns ananuzupyemoit npoOsl mpo-
BOJSIT HECKOJIBKO MapajlIeIbHBIX OINpPENEICHU KOMIIOHEHTA U3 OTIEJIbHbIX HaBe-
COK (€ciM BEILIECTBO TBEPIOE) WIM AJHKBOT (€CIM aHaJIU3UPYyeMbli OOBEKT —
KUJKOCTh WM Ta3).

Hageckoii Ha3bIBAIOT MAacCCy BeIEeCTBa, HEOOXOAUMYIO JJIA BBINOJI-

Henus a"anauza (10-1000 mr).

Ilpu otOope mnpodbI
HEO0X0AMMO YYHUThI-
BaTh:

1) arperaTHO€ COCTOSIHME AaHAIU3UPYEMOTO OOBEKTA;

2) HEOTHOPOJAHOCTh MaTepHUaa;

3) TpeObyeMyr0 TOYHOCTb OLICHKH COJIEp KaHus KOMIIOHEH-
Ta;

4) BO3MOXHOCTh M3MEHEHHS COCTaBa OOBEKTa M COJEpP-
KAHUSI KOMIIOHEHTa BO BPEMEHU;

5) crmocob n3MEepeHus aHATUTHYECKOTO CUTHAJIA.

pu MOAr0TOBKE
NpoObI K aHATU3Y

MO>KHO BBIJICJINTh TPU OCHOBHBIX CTaJWH: BBICYLUMBAHHE,
pasyiokeHue (Yalle ¢ MepeBeleHUeM MpoObl B PacTBOP),
YCTPAaHEHHE BJIMSHUS MEMIAIONIMX KOMIOHEHTOB MyTEM
OCAQXJICHUS, SKCTParupoBaHUsi OPraHMYE€CKUMU PaCcTBOPU-
TEISIMU, BO3TOHKH, TUCTULISLIUY.

ITocne oTOopa M MOArOTOBKM POOBI K aHAIN3Y HACTYIAET
CTaausi, Ha KOTOPOU OMpeNenstoT KOHIIEHTPALMIO U KO-
JMYECTBAa KOMIIOHEHTA IyTEM M3MEPEHUsS] aHAUTUYECKO-
IO CHrHaJja.

AHAIUTHYCCKUT
CUTHAJ

- 9T0 u3MepseMas ¢uzndeckas BeIuInHa, PyHKITMOHATb-
HO CBSI3aHHAsI C COJIEPKAHUEM OIPEACIIIEMOr0 KOMIIO-
HEHTa. JTa MOXeT ObITh cHiIbl Toka, DJIC cucrtemsl, OII-
TUYECKas MJIOTHOCTh, UHTEHCUBHOCTh M3YUYCHUS U T.1I.
[Ipn m3MepeHnUH aHAIMTHYECKOTO CHUTHAjda HEOOXOIUMO
YYUTHIBATh HAJTMYHE TOJIC3HOTO aHAJTUTHYECKOTO CHTHAja
Y aHAJIMTUYECKOro cUrHasia (oHa.

IHosie3HbIl aHAJUTH-
YyeCKHd CUTHAJ

- siBNIsieTCS (DYHKIMEH colepaHusl TOJIBKO OINpeesieMo-
r0 KOMIIOHEHTA.

AHAJIUTHYCCKUTA

aBsieTcss GYHKIIMEH coJlepyKaHusl IPYTUX BEUIECTB B aHa-




cursaJj gpona

JU3UPYEMOM Marepuaje, a TaKKe 3TO CHUTHAJIbI, BO3HU-
Kawmpe npu padoTe U3MEPUTETHHBIX NPUOOPOB, U HE
UMEIOIIME OTHOLIEHUSA K ONPEACIISIEMOMY KOMIIOHEHTY,
HO HAaKJIJbIBAIOIIMECS HA €r0 COOCTBEHHBIN aHAIUTHYE-
CKUU CUTHAJI.

JIyist ydera aHAIUTUYECKOTO CUTHAJIa (JOHA YaCcTO UCTIONb-
3YIOT MPUEM, HA3bIBAEMBII «XOJOCTOM OMBIT» («XOJ0CTast
po0ay).

«XoJ10cTas mpoda»

- 3T0 1po0a, KOTOpask COEPKUT BCE KOMIIOHEHTHI, KpOME
OIIPENEIIAEMOTO.

Omna nomkHa ObITh IPOBEACHA Yepe3 BCE CTalUU aHaJIu3a.
[Tose3HbIM CUTHAJIOM MpU 3TOM OyAET aHaTUTHYECKUN
CUTHAJI, PABHBIA Pa3HOCTH U3MEPSIEMOT0 AHAIUTUYECKOIO
CUTHaJIa M aHAJIMTUYECKOT0 CUrHaia (oHa.

CranaapTHble 00- | - 5T0 00pa3libl, paCTBOPHI C PA3IUYHBIM M TOYHO H3BECT-

pa3iibl, PACTBOPHI HBIM COJIEP’)KaHUEM ONPEJIeTIEMOr0 KOMIIOHEHTA.

Meton rPaayupo- | B €r0 OCHOBE JIGKUT CpaBHEHHE BEITUYMHBI aHAIUTHYE-

BOYHOIO rpauka CKOTO CHTHaJIa aHAJIM3UPYEMOT0 BEIIECTBA C 3HAYCHUSIMU
AHAIUTUYECKOTO CHUTHAlTa CTaHJAPTHBIX 00pasloB, pac-
TBOPOB (00pa3IOB CPaBHEHMUS).

CymHOCTh  MeTo/1a | TOTOBSIT CEpUI0 CTaHAAPTHBIX OOPa3IOB WM PACTBOPOB,

rpajyupoBOYHOI0 U3MEPSAIOT AaHATUTUYECKUM CUTHAJ, MO TOJyYEeHHBIM JaH-

rpadpmka 3aKJIKH4Ya- | HBIM CTPOST TpaJydpPOBOUYHBIN Ipaduk B KOOpIAMHATAX

€TCA B CJICAYIOLIEM:

«AQHAIIMTUYECKUN CUTHAJ — COJICPKAHMUE KOMITOHEHTA.
3aTeM TOTOBST aHATM3UPYEMYIO TTPOOY, UBMEPSIOT aHAJIH-
TUYECKUN CUTHAJN U TI0 TPATyHUPOBOYHOMY IpaduKy orpe-
JEIAI0T COACPKAHUE KOMIIOHEHTA B aHAJIU3UPYEMOM Be-
HIECTBE.

6.2. Knaccupuxanus
METOA0B  KOJIUYeCcT-
BEHHOI'0 aHAJIU3a

K xuMuyeckuM MeToJaM OTHOCST TPaBUMETPHUYECKHE
METO/bl aHalu3a (U3MEpSIOT Maccy BEILIECTBA), TUTPH-
MEeTpUYecKue (M3MepsitoT 00bEM pacTBOpa), ra30BOJIIO-
MeTpUYecKue (U3MEpPSIIOT 00BEM OTIEIbHBIX KOMIOHEH-
TOB a30BOM CMeECH).

K ¢usuko-xummnueckum u Gu3nyecKuM (MHCTPYMEH-
TalbHBIM) METOJAaM OTHOCSTCS CHEKTPOCKOMUYECKHE,
AIIEKTPOXUMUYECKUE, PAAMOMETPUUYECKUE, XpoMaTorpa-
buyeckre, OMOXUMUYECKHUE U JIP.

CnekTpocKkonu4ecKue MeTOlbl aHAJIU3a OCHOBAaHbI Ha
B3aMMOJCHCTBUM 3JIEKTPOMAarHUTHOTO H3JIy4yeHUsl C aTo-
MaM{ WJIM MOJIEKYJIaMHU aHaJUu3UpPyeMOro BEIECTBA. IJTO
B3aMMOJIEUCTBHE COMPOBOXKIAETCS SIBJICHUSIMU, U3 KOTO-
phIX HamboJiee BakKHbI UCHYCKaHWE (M3Iy4EHHE), MOTJI0-
HIEHUE U OTPAKEHUE JIyYUCTOW SHEPTHUH. DTU METOJbI
OOBIYHO JEST HAa aTOMHYIO M MOJIEKYJISIPHYIO CHEKTPO-
ckonuto. K HUM OTHOCSITCS SMUCCUOHHBIN CIEKTPATIbHBIN




aHanu3, (GOTOMETPUYECKHE METOAbl (KOJOPUMETPUS,
criektpooroMeTpusi, TypOuIUMETpHUs, HedeToMEeTpHs),
dboTomMeTpusl TUIAMEHH, aTOMHO-aO0COpPOIIMOHHBIA M JIO-
MUHECLEHTHBII METO/bl, PEHTI€HOCIIEKTPAIbHBIN aHau3,
MarHuTHasi CEKTPOCKOTHSI.

DJIeKTPOXMMHYECKHE MeTObl AHAJN3a OCHOBAaHBI Ha
W3YYCHUW W WCIOJIb30BAaHUHU IPOIIECCOB, MPOTEKAIOIIUX
Ha TIOBEPXHOCTH JJICKTPOJAa WIW TPUIIECKTPOTHOM TPO-
CTpPaHCTBE. AHAIMTHYECKUM CHUTHAJIOM MOXET CIY>KUTb
T000M 3JIEKTpUUECKU TapaMeTp (MOTEHIIUAll, CHJIa TOKa,
COTIPOTUBJICHUE W Jp.), (YHKIHOHAIHLHO CBS3aHHBIA C
KOHIIEHTpaIlMell aHaJIu3upyeMOro pacTBOpa W TMOIAAr0-
HIUICS IPaBIIIBHOMY U3MEPEHUIO.
Ilomenyuomempuueckue memoovl aHaiu3a OCHOBAHBI
Ha U3MEPEHUU MEeKTpoaBKyIen cuibl (DC).
KonaykromeTprueckie MeTo/ibl OCHOBAHBI HA U3MEPEHHUU
AIEKTPONPOBOIUMOCTH WJIU CONPOTHUBIICHHS pacTBOpA.
Kynonomempuueckue memoowsl ananuza OCHOBAHBI Ha
U3MEPEHUU KOJMYECTBAa DJCKTPUYECTBA, HM3PACXOJOBaH-
HOTO Ha DJEKTPOIpeBpalleHue (BOCCTAaHOBJICHHUE WU
OKHCJIEHHUE) OIPEAEIIIEMOr0 BEIIECTBA.
Bonvmamnepomempuueckue memoowt, K KOTOPIM OTHO-
CUTCS TOJsporpadusi, OCHOBAaHBI Ha PETUCTPAIIUU U H3Y-
YeHUH 3aBUCUMOCTH TOKa, MPOTEKAIOIIEro 4epe3 dIieK-
TPOJUTHUYCCKYIO SUCHKY, OT BHEITHETO HAJIO)KCHHOTO Ha-
PSDKCHHSL.

Paguomerpuyeckne MeTobl aHAJIU3Aa OCHOBAHbI HAa W3-
MEpPEHUHN HU3ITYYCHUN PaTUOAKTUBHBIX JJIEMEHTOB U TIPU-
MEHSETCA NIl KOJUYECTBEHHOTO OMpENETICHUsl pajroaK-
TUBHBIX U30TOIOB B UCCJIEAYEMOM MaTepHale.
Xpomarorpadpuuyeckue MeToAbl — 3TO METOJIBI pa3jaele-
HUS W OTPEJICTICHUSI BEIIECTB, B OCHOBE KOTOPBIX JICKUT
¢da3zoBoe pasnereHne cMecH Ha OTAETbHbIE KOMIIOHEHTHI C
MTOMOIIIBIO aJICOPOIINH.

BuoxuMmnyeckue MeToabl OCHOBAaHBI Ha HMCIIOJb30BAHHUH
IIPOIIECCOB, MPOUCXOAAIINX C YJaCTHEM OHOJIOTHYCCKUX
KOMITOHEHTOB ((PepMEHTOB, aHTUTEN U T.I1.). AHaIUTHYE-
CKMM CHTHAJIOM IIPU 3TOM 4YaIlle BCETO SBJSIOTCS JIMOO
HaYyaJIbHasl CKOPOCTh MpoIlecca, TUO00 KOHEYHasi KOHIICH-
Tparysi OJHOTO W3 TPOIYKTOB PEAKIHMH, OIpeaeiseMas
JTHOOBIM HHCTPYMEHTATHHBIM METOJIOM.

Ha npakTtuke knaccuyeckue (XUMUYECKHE) METOJIbI YCTY-
MalT MECTO HMHCTPYMEHTAIbHBIM, KaK 00Jiee 4yBCTBU-
TEIHHBIM U OBICTPBIM METOJIaM C BO3MOKHOCTBIO aBTOMa-
TU3AIMM U KoMIbloTepu3anuu. OJIHAKO OHU OCTaIOTCS




HEMPEB30MCHHBIMU 110 TOYHOCTH: OTHOCHTENIbHAs IIO-
IPEIIHOCTh ompeaesieHus peako mnpessimaer 0,1-0,2%,
TOTJIa KaK IMOTPEIIHOCTh MHOTUX HHCTPYMEHTAJIbHBIX Me-
ToA0B — 2-5%. Kiaccuueckue MeToabl MO-MPEKHEMY SIB-
JSIOTCS CTaHIAPTHBIMHU TSI OIEHKH MPaBUIILHOCTH OIpe-
JCICHHUS COJICP)KaHUS KOMIIOHCHTOB B aHAJM3UPYEMBIX
Marepuaiax.

6.3. Metpoaoruei

Ha3bIBAIOT HAYKY, U3YYAIOIIYIO METO/Ibl U3MEPECHUS BEIU-
YUH.

[log u3MepeHHMeM IOHMMAIOT OMNPEIEIECHUE YHCIOBOIO
3HAYEHUSI U3MEPSIEMON BEJIMUUHBI, BEIPAKEHHOTO B OIpe-
NEJEHHBIX enuHuIax. [Ipy XMMUYECKOM aHalIu3e MOy-
Yal0T METPOJIOTUYECKHE XAPAKTEPUCTUKU BEIIECTB U BbI-
SCHSIFOT UX COOTBETCTBHE OMNPENEICHHBIM CTaHAapTaM W
HOpMaM.

AHAJIUTHYECKAA XH-
MUSA

IPOBOJUT METPOJIOIMUYECKYIO OLICHKY BEIECTBAa M OIpe-
JeJIIeT €ro COOTBETCTBHE TPEOOBAaHUSM HOPMATUBHO-
TEXHUYECKON AOKyMeHTanuu. YToOBl pe3ynbTaThl KOJH-
YeCTBEHHOT'O aHalln3a ObUIM MPABIJIBHBIMH, BCE aHATUTH-
YecKue TMPHUOOPHI  PEryisipHO  MOABEpPraroTcss  00s-
3aTeJIbHON TMPOBEPKE B CHEIHMAIBHBIX METPOJOTHYECKUX
naboparopusix. B ciydae HE0OXOAUMOCTH MPOBOMAST Ha-
CTPOMKY U KaJIMOPOBKY NMPUOOPOB U U3MEPUTETIEH.

3agaunm  aHaJIUTHYe-

CKOMl XMMHHM KAakK
METPOJIOTHYeCKOH
HAYKH:

1) pacueT KOJIMUYECTBEHHOTO COJIEpXaHHs BELIECTB B Ma-
Tepuagax, 3JIEMEHTOB, (PYHKIIMOHAIBHBIX I'PYIN B Belle-
CTBax;

2) ompeneneHHe U pacueT NMPaBUIBLHOCTH U BOCIIPOU3BO-
JUMOCTH XMMHAYECKOI0 aHAJIN3a,

3) olleHKa MNpPaBWIBHOCTU AHAIUTHUYECKUX NPUOOPOB U
U3MEpUTENEH U UX KaTMOPOBKa;

4) pa3paboTKa METPOJIOTUYECKUX JOKYMEHTOB, HOPMUPY-
IOIMX KAUEeCTBEHHbIE M KOJIMYECTBEHHbIE XWMHUYECKHE
MOKAa3aTeJy BEIIECTB U MaTEPUAIOB, — I'OCY/IapCTBEHHBIX
CTaHAAPTOB, TEXHUYECKUX YCIOBUM, (hapMaKONenHbIX
CTaTeHu;

5) MeTposiornueckasi OeHKa MPUMEHUMOCTH XUMHUYECKHUX
peakiuii JUIs 1eJIeH aHaIu3a.

6.4. OTHOCHMTeJBLHAA

MOJKET OBIThH BBIpAa’>XCHA B A0JIAX WM IIPOLCHTAX.

NMOTPEeNIHOCTD

CucremMaTnyecKkue - TOTPENIHOCTH, BBbI3BaHHBIE TOCTOSIHHO JACHCTBYIOIICH

NMOTPEIHOCTH MPUYMHOM, OHU TIOCTOSIHHBI BO BCEX M3MEPEHUSX WA Me-
HSFOTCS COTJIaCHO KaKOMY-TO IOCTOSIHHO JE€HCTBYIOIIEMY
3aKOHY, MOTYT OBITh BBISIBIICHBI U YCTPaHEHHI.

Cayuaiinbie MO- | - TIOTPENTHOCTH, NPUYHMHBI, TOSBJICHUS KOTOPBIX HEH3-

TrPelIHOCTH

BCCTHBI, MOI'YT OBITH OLCHCHbI METOJaMHM  MAaTC-




MaTHYE€CKOM CTATUCTHUKH.

I'pyoObie mpomaxu

- MOTPEIIHOCTH, PE3KO MCKaXAIOIIHE PEe3yJIbTaThl aHaJIH-
3a, JIETKO OOHApY>XHBAE€MbI, BBI3BAHHBIC HEOPEKHOCTHIO
WM HeKoMIleTeHTHOCThIO aHanmuTHKa. Ky[Fe(CN)g].

IpaBuia
HHSA:

OKpYTI.Je-

3HaYalMMU [UpamMu Ha3bIBAIOTCS BCEe HUGPHI JAHHOTO
YyHuClia, KpOME HYJIEH, CTOSIIUMX CJIeBa, a TaKXke HYJIEH,
CTOSIIIUX CIIpaBa, €CIM OHM 3aMEHSIOT cO0Ol HEU3BECT-
HbIE HaM [U(PbI WK HOSBISIIOTCA B PE3ybTaTe OKpYTJe-
HUS YHCTa.

Hampumep, B uucne 0,0072 nBe 3navantue mudpsl (7 u 2),
TaK KaK BCE OCTaJbHbIC HYJIM SIBIAIOTCS HE3HAYAIIUMU U
MOKa3bIBAIOT TOJIBKO, K KaKUM paspsaaM OTHOCSTCS 3Ha-

qarue 1uQpel.

MeTtpoJsioruyeckue
XapaKTePUCTUKH:

® HIDKHSS TpaHUIIa ONPEIEIISIEMbIX COICpKAHUM;
MPaBUILHOCT;

CXOJIUMOCTH;

BOCITPOU3BOIUMOCTD;

YyBCTBUTEIHHOCTD;

npezen oOHapyKEeHUs;

WHTEPBAJ OMPEACIICMBIX COJCPIKAHMM.

AHAJIUTHYECKHE Xa-
PAKTEPUCTUKHU:

® CEJICKTUBHOCTD;
e DKCIIPECCHOCT.

IIpaBWIBHOCTH

- COOTBETCTBHUE MOJIYYEHHOTO Pe3ysibTaTa UCTUHHOMY €ro
3HaYeHU0. OIEHUBAETCS C MOMOIIBI0 CTAaHJAPTHBIX 00-
pasIoB, NPOBEACHUEM aHaJUu3a JPYTUM HE3aBUCHUMBIM
METOJIOM, METOIOM JI00aBOK U JIp.

BocnpousBoaumMocTh

- 9TO OTKJIOHEHHE PE3yJhTAaTOB OTACIbHBIX OMpeeICHUI
(pe3yabTaThl MOJTYYEHBI Pa3HBIMA METOJAMH, B Pa3HBIX
nabopaTopusix, B pa3HOE BpeMs U T.II.) OT CPEIHETrO
apu(pMETHIECKOTO.

YyBCTBUTEILHOCTD

4acTO pacIpOCTPAHSIOT Ha PA3IMYHBIE XAPAKTEPUCTHKH,
OPUMEHSIEMBIE U1 KOJMYECTBEHHON OLIEHKHM BO3MOYKHO-
CTH HaxOKJI€HUs MUHUMAJIbHOTO COAECPKAHUS KOMIOHEH-
Ta TEM WJIM MHBIM METOJ0M. B COOTBETCTBUU C HOMEHKJIA-
TypabiMu TipaBuniaMu MIOITAK uyBcTBUTENBHOCTH Xa-
pakTepusyercss KodQPHUIIMEHTOM YyBCTBUTEILHOCTH.

7. TPABUMETPUYECKHI METO/J AHAJIU3A

7.1. I'paBUMETpUYECKUI METO/T aHAJIU3
7.2. OCHOBHBIE OTepalui IPaBUMETPHUUECKOTO METO/IA M YCIIOBHS UX BBIMOIHE-

HH:.

‘ 7.2. I'paBumeTpuye- ‘ 3aKJIIOYAETCS B BBIICJICHUM BEIECTBA B YUCTOM BHUJE U €r0




CKHM aHAJIN3

B3BCIIIMBaHHU. BI)I,ZIGJIGHI/IC IMPOBOJAT OCAXKIACHHWEM HJIM BBI-
ACIEIIOT B BUAC JICTYUYCTO COCINMHCHUA (MCTOI[ OTFOHKI/I).

AHAJIMTUYECKUM CHUTHAJIOM B TPAaBUMETPHUU SBISIETCS Macca.
Maccy HaxomdT, CpaBHMBAsi C APYroM, U3BECTHOM, MaCCOU
IIPU TTIOMOIIIN BECOB.

1o 1980 r. aToT MeTOI Ha3bpIBAIM — BECOBOU. Maccy Bele-
CTBA OIPEAEISAIOT ¢ MOMOIIBIO BecoB. IlepBblii aHamuTHUE-
CKUN MpHOOp — BECHI — M3BECTEH C TITyOOKO# JAPEBHOCTH.
AHanu3y nojseprajiv pyAsbl, CIUIaBbl, IParoleHHbIE METAJI-
Jbl. Y pUMCKOTO HcTopuKa [limnHMs onmcana MeToauka aHa-
JM3a 30J10Ta, a ellle paHbllle 00 OLICHKE COJEPKaHMs 30JI0Ta
nucan umneparop Basuiona. B npeBHoCcTH ymenu ompene-
JUTh KOHUEHTPALMIO IO YAECIBHOMY BECy; CaMO IOHATHE
«YIENbHBIA BEC» U3BECTHO CO BpeMEH ApXUMea.
['paBuMeTpuueckuii (BecoBoit) aHamu3 ObLI onucan B 1846 T.
K. P. ®pe3ennycom. Meroa OCHOBBIBAJICS HA KOJIMYECTBEH-
HOM BBIJICJICHUM HYXKHOT'O BEILIECTBA B OCAJIOK, BBHICYIINBA-
HUM, NpOKaJMBaHuU, B3BemmBanuu. [loznuee (1883 r.) ObI-
JM TIPEAJIOKEHBI 0€3301bHbIE (PUIBTPBI, PUIBTPYIOLIUE TUT-
JIM, OPTaHUYECKHUE OCATUTEINH.

I'paBuMeTpHUYECKUM OBUT M AJIEMEHTHBIA aHAJIM3 OpraHuye-
CKHX BelecTB. OCHOBHYIO KJIIACCUUECKYIO CXEMY aHallh3a Ha
yraepoa u Bojopoa pazpadoran Hemeukud xumuk lO. Jlu-
o6ux B nepBoi nmonouHe XIX Beka. ®paniys XK. b. [roma
npennoxui (1831 r.) Metros onpenenenus a3oTa, HO ceidac
oospmiee 3HaueHue mmeer Meron WM. Keempmans (1983 1.).
ABctpuiickuit yuensiii @. Ilpernp pazpabortan crnocoOsl
MuKkpoaHanu3a u B 1923 r. O6s1 ymocroeH HoGeneBckoii
npemuu. 3os0ToB FO.A., [lopoxosa E.H., [lonmanosa N.D.,
npenoaasarenu MI'Y uMm. JlomoHOCOBa onmMcany rpaBUMET-
pruueckuil Merox ananu3za B 2001 r.

® UIUTEIHLHOCTH ONPEICIICHNS;
® HECEIICKTUBHOCTh — PEarcHThI-OCAIUTEII OBIBAIOT 3a
HEOOJIBIIINM UCKITFOUCHUEM CTIeITU(DUIHBIMH.

CymHocTh MeTOaA
rpaBUMeTPHUM:
Hcropus OTKpBI-
THUS:

Henocrarku rpa-
BUMETPUYECKOI0
MeToja:
IIpumenenune rpa-
BUMETPUYECKOI0
MeToAa:

1) nns onpeneneHus HEOPraHUYECKUX BEIIECTB (KOIUYE-
CTBEHHO MOXXHO OIpPEJEIUTh HEOPraHWYECKUE KaTHOHBI,
aQHUOHBI, HeWTpanpHble coeauHenus tumna |, H,O, CO,,
SO,). B arponomuu ompenensoT coaepxanue gocdopa B
bochopHBIX yn0OpeHusx, mousax (Mpu 3ToM PO," ocaxjaa-
ot B Buge comu NH;MgPO,, kotopas mocie npokaauBaHus
npeBpainiaercs B nmupodocdar maraus Mg,P,07). Metomom
OTTOHKHU OMPEAEISIIOT KPUCTAJUIM3AIMOHHYIO BOJY B COJIfIX,
TUTPOCKONUYECKYI0 BOJY B TIOYBE, YIOOpEHUSAX, PaCTHU-
TEJIbHOM Marepuane. MeToIoM OTFOHKH — ONPEAEJICHHbBIN




KOMIIOHEHT BBIJICJISIOT B BUJIC JIETY4ErO COCTUHECHHUS JCHCT-
BHUEM TEMIIEpaTyphbl U KUCIOTOW. OMpenesstoT coaepkannue
CYXOro BEIeCTBa B TUIO/AAX, OBOIIAX, KICTUYATKH, «CHIPOW»
30161 B PACTUTEIIFHOM MaTepuale.

2) Jlns omperdeleHUss OPraHMYECKUX BEIIECTB HMEET

OTpaHWYEHHOE TpPUMEHEHHUE (HampuMep CATHWIMIOBYIO KH-
CJIOTY OMPEICINIAIOT MO PEaKluu C WOAOM: JKENTHIA 0CaJIOK
OT(HILTPOBHIBAIOT, BBICYIIIMBAIOT, B3BEIITHMBAIOT).
Croco6s1 0TOOpa cpemHel MpoObl 3aBUCUT OT OCOOECHHOCTEH
aHAJIM3UPYEMOT0 MaTepuaia M OT IeNid OompeneneHus. B
MIPOU3BOJICTBE HEOOXOAMMO ONPEACIIUTh CPEIHUN XUMHYe-
CKHMIl cocTaB OOJIBIION MApTUM HEOJHOPOJHOTO Marepuasa
(sLMOXMMUKATa, yI0OpEHMUS], TIOYBHI).

7.2. B xoxe rpasu-
METPUYECKOIr0 Me-
TOAA Pa3IMYAKOT
claeAyoIue omnepa-
111175

» 0TOOp cpenHel MpoOkl BEIIeCTBA U MOATOTOBKA €€ K aHa-
u3Yy;

» B3ATHC HABECKU;

» PacTBOPCHHUE;

» OCaXJICHHE OIpeIeieMoro 3eMeHTa (¢ poOoi Ha ImoJ-
HOTY OCaXJICHHUS);

» (GuIbTpOBaHHUE;

» TIPOMBIBaHHE Ocajka (C MpoOOW HAa TOJHOTY MPOMBIBA-
HUS),

» BBICYIIIMBaHUE M MPOKAJTMBAHHUE OCAIKA;

> B3BEIIMBaHUE;

» BBIUMCIICHHE PE3yJbTAaTOB aHAJIM3a.

OT0op cpenneit
npoobI

Pa3IMYHBIX MaTEepUaAIOB MPEAYCMOTPEHA TOCYIapCTBEHHbI-
MU CTaHJApTaMU WM TEXHUYECKUMHU YCJIOBHUSIMU. Brimor-
HEHUE ITOW OMEpalMH TMOJYUHICTCS €AUMHOMY MPUHIIMITY:
cpeansis mpoba JobKHA OBITh COCTaBICHA M3 OOJIBIIETO YHC-
Ja MEJKUX TIOPIIHHA, B3ATHIX B Pa3HbIX MECTaX aHAIM3HpYe-
MOTO MaTepuala, MO3TOMY COCTaB OTOOPaHHOW MPOOBI MPU-
OJmmKaeTcs K CpeIHEMY XHMHUYECKOMY COCTaBY OOJIBIIIOTO
KOJIMYECTBa MccaeayeMoro marepuana. [loaroroBka mpoOsl
COCTOUT B M3MEJIBUYCHHH, MEPEMEIIMBAHUN M COKPAIICHHUH
710 HEOONBIIONW MacChl - KBapTOBaHUEM (KOTOPYIO TIOBTOPSI-
I0T MHOTOKPATHO), a 3aTeM OepyT HABECKY JUIs aHAJIU3a.

B3siTue TOYHOI HaA-
BEeCKH

AHanu3 HauMHACTCS CO B3SITHS TOYHOM HABECKU aHaJIU3H-
pyeMoro BeniecTBa. BeanunHa HaBeCKU ONpENEseTcs Npu-
MEPHBIM COJIEpP>)KaHHUEM OMNpPEAEIEHHOT0 KOMIIOHEHTA B IPO-
0c, OHa 3aBHCHT OT XapakTepa ocaxaaeMoin ¢popmbel. Ocagok
JTIOJI’KEH BBIJCIATLCI B TAKUX KOJMYECTBAX, UTOOBI €r0 MOX-
HO OBLJIO JIETKO OT(UIBTPOBATH U POMBITb.

AHQJIUTUYECKON TMPAaKTUKOW YCTAaHOBJIEHO, YTO HaumboJjiee
yA0OHBI B pa00Te KPUCTAUIMYECKUE OCAIKU MAaCCOM OKOJIO
0,5 r u o0bemucTrie amopdHbIe ocaaku ¢ maccoi 0,1-0,3 1.




HaBecka 0IHOTO M TOTO XK€ aHAJIM3UPYEMOTO BEIIECTBA MO-
KET OBITh Pa3IMIHON B 3aBUCUMOCTH OT BBIOPAHHOTO METO-
7la aHaJu3a.

CymiecTByeT JBa OCHOBHBIX METOJa B35THS TOYHOM HaBec-
KH:

B3BCIIMBAIOT HAa AHAIMTUYCCKUX Becax (C TOYHO-
cteio 10 0,0001 r) Ha TeXHHYECKUX Becax (C TOYHOCTHIO JI0
0,01 r)

TexHnka B3STHS HABECKHU pa3IMIHAasL.

IlepeBenenue Ha-
BECKH B PacTBOP

Baxxnoe ycrmoBue 3TOi omeparii — BBIOOP PacTBOPUTENS
JUISl TIOJTHOTO PAacTBOPEHHMS aHAIM3UPYEMOTO BelecTBa (4a-
IIe BCero Mcmonb3yrot Boay, kuciaotel: HCI, H,SO4, HNO,,
pexe: pacTBOPBI TUAPOKCHIOB IIEIOYHBIX METAIIIOB)
PactBopenue npoBoASIT B XUMHUYECKUX CTaKaHaX BMECTUMO-
cteio 20-250 M. PactBopuTtens 100aBISIOT MOCTENEHHO,
HEOOJBITUMHU TMOPIUSMHU, TMPUIUBAS €ro MO BHYTPEHHEU
CTEHKE CTaKaHa.

JIns1 yCKOpEHUsI paCTBOPEHUS CIIEYET HArpeBaTh COJECPKU-
Moe cTakaHa. HarpeBanuwe IOJDKHO OBITH TOCTENEHHBIM,
PaBHOMEPHBIM, JJIsi 3TOTO HMCIOJIB3YIOT BOJSHYIO WM Iie-
counyro Oanto. Ilocie okoHUaHUSI pacCTBOPEHHUE BEIECTBA
HEOOXOJMMO OTOJIOCHYTh BOJIOW W3 MPOMBIBAJIKH CTEHKHU
CTaKaHa, CMbIBasi MIPOMBIBHBIC BOJIbI B TOT JK€ CTaKaH.

Ocaxaenue omnpesae-
JSIEMOI0 3JIeMeHTa
(c mpoboii Ha mMOJI-
HOTY OCAK/IE€HUA)

[Ipu BBITIOJIHEHUH ATOM OMEpaIMK HEOOXOJMMO BBITIOJHSTh
yCJIOBUSL:

Ocanurens BbIOMPAKOT, MCXOAS M3 psiAa TPeOOBaHWI,
NnpeabsBJIEHHBIX K 0CA/IKY:

1. Ocamox (wnm ocaxmaemas (opma) HODKEH 001anath
MEHBIIECH PacTBOPUMOCTBIO B Boae. Hampumep, moH Ba**
00pa3yeT HECKOJIbKO MaJIOPACTBOPUMBIX COJIEH, a MpOou3Be-
neHue pactBopuMoctH Beimre y BaSO, — 1,1x10™° cremosa-
TenbHO HoH Ba?* cieayet ocaxaaTh B Buje BaSO,.

2. Jlerko OT(UIBTPOBBIBATHCS M XOPOIIO OTMBIBATHCA OT
IIPUMECEHN.

3. Ilpu mpokanuBaHUU OCAJ0K JOJKEH IPEeBpaliaThCs B Be-
coByi0 (popmy, KOTOpasi JOJDKHA COOTBETCTBOBATH OIpe/ie-
neHHo# xumuueckor ¢dopmyne. (Hampumep Fe(OH); mpu
npokayuBaHuu nepexoaut B Fe,03 — BecoBas ¢dopma, ero
B3BEIIIMBAIOT B KOHIIC aHAJIN3a).

4. He noJKkHAa U3MEHSTh CBOIO MacCy Ha BO3yXe€ H3-3a MO-
riioneHus mapoB Boel 1 CO, WM YaCTUYHOTO Pa3I0KECHHUS.
5. JloibkeH o00yiamaTh CENEKTUBHOCTBIO IIO0 OTHOIICHHUIO K
OTpeaeIsieMOMY HOHY.

Paccunrtatrb 00beM OCaguTeNIA:

O0beM ocauTenss — paCTBOPUTENISE PACCUUTHIBAIOT C YYETOM




ero HeOoJbIIOro M30bITKA (~10% ), UCXOAs W3 B3SATOH Ha-
BECKHM 00paslia U MPUMEPHOTO COJACPKAHHUS B HEM OIpeEjIe-
JSIEMOTO KOMITOHEHTA.

JIJIss TIpakTUYECKH TOJTHOTO OCAKICHHSI MOHA JOCTAaTOYHO
MOJTyTOPHOTO U30BITKA OCAIUTEIS.

Co0i01eHue yCJI0BHS OCAKIEHHsI. Y CJIOBHUS OCAXKICHUSA
KPUCTALIHYECKHX BelleCTB:

Ecnu ocagok monyyuTcs MENKO3EpHUCTBIM, OH OyleT yac-
TUYHO TPOXOJUTH Yepe3 MOphl (UILTPA, 3a0MBATH TOPHI
¢unbTpa 1 3aMeIIATh npoiecc GUIbLTPOBAHUS.

[TosToMy HEOOXOAMMO TTOTYYUTH KPYITHBIE KPUCTAJITHI.

[Ipu ocaxaeHUM B pacTBOPE MPOTEKAIOT JBa B3aWMOCBSI3aH-
HBIX MpoIlecca: BOSHUKHOBEHUE METbYANIINX 3apOIbIIIEBhIX
KPUCTAJIOB M WX pocT. [loaToMy HE0OXOAMMO YMEHBIIUTH
YHUCJIO IIEHTPOB KPUCTAJUIM3ALMUUA U YCUIIUTh POCT KPUCTAJI-
joB. Jyisg 3TOro HE0OXOAMMO, YTOOBI PacTBOpP ObLT MEHEe
MEPECHIIIEHHBIM, [0 OTHOIICHHUIO K OCAKJIEHHOMY COCINHE-
HUIO.

YciaoBug  ocaxae-
HUSI KpHUCTAJLJINYe-
CKHX BellecTB:

1. OcaxxneHue BeayT W3 AOCTATOYHO Pa3z0aBICHHOrO pac-
TBOpa pa30aBJICHHBIM PACTBOPOM OCATUTEIS.

2. PactBop ocaauTens MpuOaBISIOT MEIJICHHO, TIO KarllsaM,
IIPU OCTOSTHHOM TNEPEMEIINBAHNUH NTAIOYKOM.

3. OcaxneHue BenyT M3 MOJOIPETOr0 HCCIEIyeMOro pac-
TBOpA TOPSIYUM PACTBOPOM OCATUTEIIS

HocTuraembii  3¢-
(pexr:

Brimagenue ocaaka 3amensieTcs, 3TO CIOCOOCTBYET oOpa-
30BAHMIO KPYITHBIX KPUCTAJIOB.

Kannu pactBopa ocanutens paz0aBisioT O0JbIIUM 00BEMOM
aHAJIM3UPYEMOTO PACTBOpA, BCJEACTBHE YEro MpenoTBpa-
IIAIOTCS MECTHBIE MEPECHIIICHHS.

[Ipu moBbIIIIEHUU TeMMEPaTypbl BBHIMAJACHUE OCAJKa 3aMe/l-
JISIETCSI, YTO CIIOCOOCTBYET OOPa30BaHUIO KPYIMTHBIX KPUCTAJI-
JIOB.

Jlaxxe mpu COOJIIOZICHUN ATUX YCIIOBHUM, HEOOXOAMMO OCaI0K OCTaBUTh Ha HECKOJIBKO
9acoB I co3peBaHUs (YKpYIHEHHUs KpucTaioB). [lpu sToM Menkue KpUCTaIIbl
pacTBOPAIOTCA, U 332 UX CUET PacTyT KpymHbIe. bricTpoMy co3peBaHHIO Ocajika co-
JICHCTBYET TOBBIIIICHUE TEMIIEPATyphl, YCKOPSAOIIEe ABIKCHUE MOHOB B PACTBOPE
(mOATOMY CTaKaH C 0CaJKOM OCTABJISIIOT B TEIJIOM MECTE).

YciaoBusg  ocaxae-
HUSA amop¢dHbIX
0Ca/JIKOB:

I. Ocaxnenue BeayT B NPUCYTCTBUU DIEKTPOIUTA-
koaryisiHTa. OcakaeHue BeAyT U3 HAarpeToro aHajau3upye-
MOT0 pacTBOpPa HArpeTbIM PaCTBOPOM OCATUTENS

2. OcaxaeHue BeayT U3 JTOCTaTOYHOIO KOHLEHTPUPOBAHHO-
r0 HUCCIEIYEeMOro pacTBOpa KOHIEHTPUPOBAHHBIM PacCTBO-
POM OCaauTENs

JocTuraembiii  3¢-

[IpenoTBpanaercs nenTu3amus




(pexr:

N3-3a HeOombIIOr0 00BEMa pacTBOpa MOTY4aeTCss 00BEMHU-
CTBIH 0CaJ0K; YMEHBIIIACTCA afAcopOLrs 0CaTKOM TprUMeceit
U3 pacTBOpA.

IIpo0y Ha mosHOTY
0CaKIeHUS

MIPOBOJIAT, KOTJa PacTBOP HaJ OCaIKOM CTaHET Mpo3pad-
HbIM. [0 2-3 xammm npuOaBIsIIOT pacTBOP OCATUTES.

Ecnu B Mecte cmenieHusi JByX pacTBOPOB IMOSBUTCS MYTb,
TO MOJHOTA OCAXKJICHUS HE JOCTUTHYTA (TOra A0OaBISIIOT B
pPacTBOpP HECKOJIbKO MUJITAIUTPOB OCAAUTENS U MEPEeMEIIH-
BAIOT).

POuiabTpoBaHue U
NPOMBbIBAHHE OCa[-
Ka

OuUIbTPOBAHUEM OTJIENSAIOT MOJYYEHHBINA OCaZOK OT PacTBO-
pa, CoJep KaIlero MOCTOPOHHUE PUMECH.

Otaenuths 0caloK OT pacTBOPA MOYKHO € IIOMOUIBIO CIIEIU-
ATBHBIX (PUIBTPYIOMIMX TUTIICH WK GUIBTPOBATILHON Oyma-
rOM.

OuIbTpyIOUIUME TUTIX OBIBAIOT JBYX THIOB: (pappopoBbie
(BBIIEPXKUBAIOT TPOKAIMBAHUE J10 SOOOC) U CTEKJISIHHBIC
(MO>KHO BBICYIIMBATH MIPU TEMIIEPATYPE ISOOC).

Yaiie Bcero npuMeHst0T OymMakHble (PHIBTPBI — 0€330JIbHbBIE
(T. €. Macca 305bl, 00pa3yIOIIECUCS MPU CKUTAHUHU OJIHOTO
0e3305bHOTO (PrIIbTpa Maja U el mpeHedperarot). be3zolb-
HbI€ (PUIBTPHI BHITYCKAIOT PA3HOUN CTENEHU MOPUCTOCTH, KO-
TOPYIO 0003HAYAIOT CHEMAIbHON JIEHTOM:

UepHas (11 KpacHasi) JICHTa — HAaUMEHee IIJIOTHBIE, T.€. Obl-
CTpOUIBTPYIONIKNE, KPYIMHO MOPUCThIE (QUIBTPHI (HA HUX
OT(QWIHTPOBLIBAIOT KPYMHO KPUCTATIMYECKUE U aMOpGHBIE
OCaJIKH).

benas nentra — GuIBTPHI cpeHE MIOTHOCTU (IS OTHAEIe-
HUs1 OOJIBIITUHCTBA KPUCTAJUTMUYECKUX OCATKOB).

CuHsg neHTa — QUIBTPHI MEJIKOIOPUCThIE, Hanbojee MIoT-
HbI€ U MEJIJIEHHO PUIBTPYIOIINE (Ha HUX OTQUIBTPOBBIBAIOT
MEJIKOKPUCTANTMICCKUE OCAIIKH).

[Ipu mpoMbIBaHMM OCaJKa HEOOXOJUMO UCKIIOUUThH MOTEPU
OCaXJIEHHOTO BeriecTBa. [103ToOMy BbIOOp MPOMBIBHOM KU1
KOCTH OINPEJEISIETCS] CBOMCTBAMHU ITPOMBIBAEMOTO OCAJKA.

IIpombiBanue ocan-
Ka NPOBOJAT:

1. pa30aBiieHHBIM pacTBOpPOM ocaautens (T. €. B
MPOMBIBHYIO KUJIKOCTh BBOJSIT OCAQXKAAIOUIUKA HMOH, HAMpPH-
Mep OKcajaT KajblKsi — 0CaJI0K MPOMBIBAIOT OKCAIIATOM aM-
MOHHS).

2. PactBOpoM »sJekTpoiMTa — KOAaryisaropa, KOTo-
PBIN MPENATCTBYET nenTu3anuu (00pa30BaHUI0 KOJUIOUIHBIX
pacTBOpOB).

JuctunnupoBaHHOM BOJION (€ciau ocaJoK HEe pac-
TBOPSIETCSI B BOJI€, HE THUIPOJIU3YETCS, HE MENTU3HPYETCA.
Hcnonp3yroT ropssuyto BoAy, T. K. HATPEBaHUE YCKOPSIET Jie-
cOpOLIMIO TIPUMECE).




3. IlpombiBaHuE MPOBOJAT JEKaHTAlMEHd — T. €.
IPWIUBAIOT B CTaKaH ¢ 0caakoM 15-20 M1 MpOMBIBHOM KU/
KOCTH, TEPEMENIMBAIOT, Nal0T OCaJKy OCECTb U CIUBAIOT
IPOCBETIICHHYIO >KUAKOCTh IO Maloyke Ha QuibTp. ITYy
oTepaluio MOBTOPSIOT 2-3 pasa.

4. OcaZoK KOJUYECTBEHHO MEPEHOCIT Ha (PUIBTP.
JlJis 3TOr0 HaJIMBAIOT B CTakaH HEOOJNBIIYIO MOPIHIO MPO-
MBIBHOW JKHJKOCTH, B3MYYHBAIOT OCAJOK W TOJYYCHHYIO
CYCIIEH3HMIO OCTOPOXKHO CIUBAIOT Ha (PUIIBTP MO CTEKIISTHHON
najgoykKe.

5. Ocanok Ha puabTpe MPOMBIBAIOT 4-5 pa3 — 3TO
CIIOCOOCTBYET OBICTPOMY YJIAJICHUIO TTPUMECEH.

C nomoupbl0 MOAXOMSIIETO0 peareHTa MPOBEPSIOT
MOJIHOTY MPOMBIBAHUS Ocajika (HampuMep BBITIOJHSS TPoO0y
Ha nosHoTy ynanenus Cl” u3 ocamka BaSO, 6epyr 1-2 mu
¢ubTpara, nmoakucisitor HNO3+AgNO;, eciiu myts AgCl,
HE TIOSIBUTCS, TO MPOMBIBAHUE MPEKPAIIAIOT).

BeicymiuBanue U
NPOKAJUBAHUE
ocajKa

1. BeicymmBarooT ocajiok BMecTe C (UIBTPOM B
cymmasHOM mKady mpu Temmeparype He Bbire 105°C 20-
30 mMuH.

2. IlpokanuBaioT ocagku B (HaphOpOBBIX THUTISX B
My(penbHOM AnekTpruueckoi neun 25-30 MUH. IpHU TeMIiepa-
type 1500°C, 1 mepeHocsT B 3kcuKatop Ha 20 MHH. B BECO-
BOM KOMHATE, YTOObI TUT€NIb MPUHSI TEMIIEPATypy BECOB U
B3BEILIMBAHNE OBLJIO IPABUIIbHBIM.

3. llepen mnpokanuBaHWEM oOcajika HEOOXOJIUMO
y3HaTh Maccy IycTOro TUMIs. s 3TOoro TWrens npeaBapu-
TEIBHO IMPOKAJIUBAIOT 0 IOCTOSHHOM MAacChl, T. €. A0 TeX
1Op, NOKA Macca €ro NepecTaHeT U3MEHATHCS.

B3BemuBanue
0CaJIKa B THIJIE

ITPOBOJAT B BECOBOIl KOMHATE€ HAa aHAJIUTHUYCCKHX HJIM TEX-
HHUYCCKHUX BCCax.

Bbruuciienue pe-
3yJ1bTATOB AHAJIM3A

- B IPaBHUMETPUYCCKOM aHAJIM3E UCIOJIB3YIOT (PaKTOPHI Ie-
pecueta (D).

O Ar (Mr) — onpeodensiemozo seujecmasa

Mr — sewecmea, Haxoosuezocs 6 ocaoxe

® - 3T0 OTHOIIEHHE OTHOCHTEJIBHON aTOMHO# Macchl (Ar)
WM OTHOCUTEIBLHON MoJjekyisipHod maccel (Mr) ompene-
JIIEMOTO BEIIECTBA K OTHOCUTEJIILHOW MOJIEKYJIIPHOM Macce
BELIECTBA, HAXOSAIETOCs B OCaKE.

UTOoOBI BBIYUCITUTH COACPIKAHUE DJIEMEHTA B CIIOKHOM Be-
IIECTBE UCIOJIB3YIOT (OPMYITY:

% ="%100%
G




rJIe M — Macca MoJIyYeHHOTO 0cajiKa

@ - (hakTOp MEpecueTa

G — HaBecKa UCCIIeTyeMOTO BEIeCTBa.
unm m(aaeMmenta) = M(ocaaka)d

3nauenue  rpaBu- | 1. ['paBumeTpuueckuil aHaiu3 OCHOBAaH Ha U3MEPEHUHU Mac-
MeTpPHUH: CBI BEIIECTB.

2. CymIHOCTh METOJIa COCTOUT B TOM, YTO HABECKA aHAIU3H-
PYEMOTO BEIeCTBAa C TOYHO HM3BECTHOW Maccoi (HaBECKY)
MEPEBOIAT B PACTBOP, MPUOABISIOT K HEMY PacTBOpP OCau-
TEJIS W BBIJACISIIOT ONpPENeTIsSEeMbIi AJIEMEHT B BHJIE HEpac-
TBOPHUMOTO COEAMHEHHUS, KOTOPOE OTACNSAIOT OT PacTBOpA,
BBICYIIIMBAIOT, MPOKAJIUBAIOT M B3BEIIUBAIOT.

3. [lns ompeneneHusl Macchl 3JIEMEHTa, HEOOXOIUMO MacCy
ocajJika YMHOXKHUTh Ha (pakTop mepecuera: M (3jaeMeHTa) = m
(ocanka)d.

8. OCHOBHBIE NOHATHUA TUTPUMETPHUYECKOI'O AHAJIN3A

8.1. TutpumeTpuyeckuil aHaJIU3: CYIIHOCTb, KiIacCU(pUKAIUSI METOAOB, U3MEPHU-
TenabHas nocyna. CnocoObl BbIpaKEHHUs] COCTaBa PAaCTBOPOB B TUTPUMETpHUUE-
CKOM aHaJIM3e.




8.2. OCHOBHbBIE IOHITHUS TUTPUMETPHH.

8.3. KucnotHo-ocHoBHOe TUTpoBaHue. CyniHocTh MeToia. IlepBuuHblie cTranaap-
ThI JUI pacTBOPOB KUCIOT W mienodei. CtanmapTusanus pacTBOPOB KUCIOT U
nienoden. Touka SKBUBAJICHTHOCTH.

8.4. Ponb 1 BEIOOP MHAMKATOPOB B METOE KHUCIIOTHO-OCHOBHOTO TUTPOBAHUS.
8.5. CymHocTh MeTOJa OCaJAUTENbHOIO TUTpoBaHUs. Knaccudukanus MeTonoB
OCAJIUTEIILHOTO TUTPOBAHMSI.

8.6. CriocoObl yCTaHOBJICHUS TOYKH SKBUBAJICHTHOCTH B METO/I€ OCAIUTEIBHOTO
tutpoBanus. Metoael Mopa, @onberapaa, Pasguca. aaukatopsl, IpuMeHsIEMbIE

B OTHUX MCTOJaXx.

8.7. ApreHToMeTpu4ecKoe TUTPOBAHHE.

8.1. Turpumerpuyeckune
MeTOAbI

- OTO MCTOJObI KOJIMYCCTBCHHOI'O aHAJIN3d, KOTOPBIC OCHO-
BaHbl HA TOYHOM HU3MCPCHHUHU oO0BeMa pacTBOpa pCaKTHUBA,
3aTpauCHHOI'O Ha PCaKIHIO C paCTBOPOM OIIPCACIIACMOIO
BCIICCTBA.

JloctouncTBa  TUTpPH-
MeTPHYECKOro aHAIHU3Aa:

1) 6picTpOTa OIIPEICTICHUS;

2) IpocTOTa 00OPYIOBAHUS;

3) BO3MOKHOCTh aBTOMAaTH3aIIUH;

4) TOYHOCTH - OTHOCUTEIbHAs norpentHocThio 0,1-0,01%.

IIpumenenue TUTPU-
METPHYECKOI0 aHAIU3A!

TurpumeTpuyeckue METOAbl aHANIW3a CIyXaT ISl Oorpe-
neneHus OCHOBHbIX (¢ maccoBoi noneit 100-10%) xkom-
noHneHToB U npumeceii (0,1-1%).

TutrpoBaHue MIMPOKO NPUMEHSETCS B aHAJIN3€ OpraHvye-
CKUX U HEOPTaHWYECKUX COEIMHEHUH, a TaKKE€ B BOJHBIX
Y HEBOJHBIX Cpejiax.

CymiHOCTh THUTPHUMET-
PHYECKOI0 aHAJIN3A:

1. HopmanpHass KOHLEHTpauuss U TUTP OJHOIO pac-
TBOpA 3apaHee TOYHO W3BECTHBI. JTOT PACTBOP HA3bIBACT-
Cs1 TATPOBAHHBIM PACTBOPOM.

2. O0BeM Jpyroro pacTBopa, MOIICAIIETO Ha peak-
U0, ONIPEJIEISIOT MyTeM TUTPOBAHUSI.
3. HopmanbHasi KOHLIEHTpanusi HCCIIEIyeMOoro pac-

TBOpa PAaCCUUTHIBACTCS HA OCHOBAHHMM 3aKOHA YKBUBAJICH-
TOB U MOHATHS HOPMAJIBHOW KOHIIEHTPALIUA PacTBOPA.
N1 ‘V1: Ng'Vz, (1)
rae: Ni; N, - HopMmanbHbIe KOHIIEHTpAIluK PacTBOPOB,
V1; V; - 00beMbI pacTBOPOB, MOMIEANINX HA PEAKITHIO.
_Nh (2)
v
N; u V; - 3apaHee U3BECTHBHI;
V, — onpenensercs: myTeM TUTPOBAHUSI.
N3 ypaBHenus (1) cienyer, uto ABa pacTBopa oJHHa-
KOBOW HOPMAJIBHOU

N,




KOHIICHTpaIuu OyIyT B3aMMOJICHCTBOBATh B OJIMHA-
KOBBIX 00bEMAX.

4, Tutp uccnemyemMoro pacTBopa pacCuMTBHIBACTCS T10
bopmyie:
T N-M, |
1000

rae: T — tutpa pacTBopa, I/mi;
N —HOpMasibHas KOHILIEHTpAIUsl PacTBOPa, MOJIb/JI;
M, — MoJisipHasi Macca YKBUBAJICHTA BEIIECTBA, I/MOJIb.

HopmanbHasn
TPauus

KOHIIEeH-

pactBopa (Cy unu Cy) mOKa3bIBa€T YMUCIO MOJICH YKBUBA-
JIEHTOB paCTBOPEHHOI0 BEIIECTBA B | TUTpe pacTBOpa.

B Hacrosiiee BpeMs HOpMalibHasi KOHLIEHTpalusl Ha3bIBa-
€TCs MOJISIPHOM KOHIIEHTPAIIMEN DKBUBAJICHTA BEIIECTBA.

®opmyaa pacuera Cy

_ m(p — pa)

— MOJIb — K8 )
! M>(p.6 —e6a)* Vp — pasiumpax T

Tutp pacTBOopa

- 3TO Macca pacTBOPEHHOI'0 BEUIECTBA B IpaMMax, COIEp-
Kalasca B | MummnuTpe pactsopa.

dopmy.a pacuera T

T= m(p.6—e6a) _ N*M>

; (r/mut)
V(_ p-pa) 1000

Kaaccudpukauuss merto-
0B THTPHUMETPHUYECKO-
ro aHaJmsa:

1. MeToasl KMCIOTHO-OCHOBHOTO TUTPOBAHUS — OCHOBa-
HBI Ha PEaKIUi HeUTpanu3auu. (METO ] HEHTpaTu3aliim )
2. MeTroapl OKHCIUTEIBHO-BOCCTAHOBUTEILHOTO THTPO-
BaHUS (PEIOKC-METO/bI) — OCHOBAHBI Ha OKHUCIUTEIIBHO-
BOCCTAHOBMUTEIBHBIX pPEaKIUsIX (MEepMaHraHaTOMETpUUe-
CKO€, MOJIOMETPUUYECKOE TUTPOBAHUE U JIP.)

3. MeTroapsl 0CaauTENIbHOTO TUTPOBAHUS — OCHOBAaHBI Ha
pPEAKLMAX OCAXKIACHUS OMNPEACIIEMOro HoHa (apreHTo-
METpHUS U JIp.)

4. MeTtonbl KOMIUIEKCOMETPUUYECKOTO TUTPOBAHUS — OC-
HOBaHbl Ha OO0Opa30BaHUM MAaJOUOHU3UPYIONIUX KOM-
IUICKCHBIX HOHOB.

TpedoBanus, npeabsiB-
JisieMble K peaKkIusM B
TUTPUMETPUM:

» peakius TOJDKHA MPOTEeKaTh KOJIMYECTBCHHO;

» CKOpOCTh PEaKIMH JI0OJDKHA ObITh BBICOKOI;

» JOJDKHBI OTCYTCTBOBAThH MTOOOYHBIC PEaKIUH;

» I0JDKHA (DUKCHUPOBATHCS TOYKA DKBHBAJICHTHOCTH.

N3MmepuresbHast mocyaa

B turpumerpudeckom aHanmmsze I TOYHOTO HU3MEPEHHS
00BEMOB JKUJIKOCTH HauOoJiee YMOTpPeOUTETbHBI OIOpET-
KW, TTUTICTKH U MEPHBIC KOJIOBI.
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8.2. IIpudop nis Tutpo-
BaHMS

MPEJCTaBIIIET COOOM MTATUB, B KOTOPOM YKPEIUISIOT O0-
peTKy, moja OIpPEeTKOW MOMEIIAI0T KOHUYECKYIO KOJoy,
1101 KOJI0OM JTUCT 6eoit Oymaru.

TurpoBanue

- 3TO MPOLIECC MTOCTENEHHOIO NPUIMBAHUs TUTPOBAHHOTO
pacTBOpa K MCCIEIyEMOMY pPacTBOPY A0 JOCTHXKECHUS
TOYKHU DKBUBAJICHTHOCTH.

Cnauana pacTBop U3 OIOPETKH MPUIMBAIOT TOHKOW CTPY-
€l, HENPEPBIBHO I[€pEMELINBas TUTPYEMBIM PaCTBOP
BpaiieHueM koJiobl. [lo Mepe TUTpoBaHUsI pacTBOp MpH-
JIMBAIOT BCE€ MEIJIEHHEE W K KOHILy TUTPOBAHUS €ro J0-
0aBIISIOT YK€ MO KaruisiM.

TutpoBaHue mpeKkpamaT B MOMEHT OKOHYAHUST PEAKIUU
¥ 3TOT MOMEHT HA3bIBAIOT TOUYKON SKBUBAJECHTHOCTH WJIU
KOHIIOM TUTPOBAHUSI.

B Xxumuueckux MeEToJax TUTPUMETPUUECKOrO aHaIu3a
KOHELl TUTPOBAHMS OIPEAEISIIOT BU3YallbHO, 10 BHEIIHE-
MYy U3MEHEHHUIO, KOTOPOE JOJKHO MPOUCXOJUTH B TOUKE
SKBUBAJICHTHOCTH (M3MEHEHUE OKpAaCKH, IOSBJICHUE
ocaaka). Hampumep, B KUCIOTHO-OCHOBHOM THUTPOBAHUU
IUI ONPENICJICHUsT KOHLIA TUTPOBAHUS HCHOJIB3YETCSl WH-
JIUKATOP, KOTOPBIM MEHSIET OKPACKY B TOUKE SKBUBAJICHT-
HOCTH.

Buasbl HH/IAKATOPOB,
HUCIOJb3YyeMbIX B THUT-
pumMeTpum

1. KucnotHo-ocHoBHbIE. WHaukaTopbl, 00J1amaronMe
CBOWCTBOM IPUCOCAUHATH IMPOTOHBI, HA3BIBAIOT OCHOB-
HBIMA WHAMKATOPaMH, a WHIWKATOPHI, O0OJagaromme
CBOMCTBOM OT/IaBaTh MPOTOHBI, — KHUCIOTHBIMU. [Ipume-
POM  OJHOIIBETHOTO KHCIOTHO-OCHOBHOTO WHJIUKATOpa
saBisieTcs: (heHON(PTaNeHH, NBYXIIBETHOTO — METHIIOBBIN
OPaHKEBBII.




2. KommnekcooOpasyromiye:  XpOMOT€H  YEpHbIi
C20H1307N38, MYPCKCHUI C8H5N506.

3. OKUCAUTENIbHO-BOCCTAHOBUTEIbHbBIE —UHAUKATOPHI, Y
KOTOPBIX NEpeMeHa OKpPacKU HE 3aBUCUT OT crenuduyie-
CKHX CBOMCTB OKHCIIUTENS WM BOCCTAHOBUTEISI, pearu-
PYIOIIMX MEXIy cOoOOH MpU TUTPOBAHMM, A CBSI3aHA C
JOCTUKEHUEM TUTPYEMBIM PAacTBOPOM OIPEACICHHOTO
OKHCIIUTEIIbHO-BOCCTAHOBUTEIBLHOIO MoTeHIMana. [lpu-
Mepsl: nudermiamud, GepponH.

4. OcaguTenbHbIE:

4.1. Aprearomerpruyeckue HHIUKATOPHI (K,CrOy).

4.2. TuouuaHaTOMETPUYECKUE HMHAMKATOPHI (HACHIIICH-
ubiii pactBop NH4Fe(SO,), «12H,0.

4.3. Ponanomerpudeckue (nous Fe®*).

4.4. MepkypoMmeTrpudeckrue (pacTBOp poAaHHUAA >Kele3a
FeSCN, pacTBop opraHM4eckoro peakTtuBa JudeHUIIKAp-
0a3oHa).

5. AncopOLrMOHHBIE HHAUKATOPHI. BO3HUKHOBEHHE OKpac-
KU CBSI3aHO C aJicOpOLMell MOHOB ATUX MHIUKATOPOB Yac-
TULIaMU ocajika. [IpuMep: kpacuTeab 203H1H.

Ecnu BU3yallbHO KOHEI[ TUTPOBAHUSI OMPENEIUTh HEJb3s
(MyTHBIE WJIM CHJIBHO OKpAalll€HHbIE PacTBOPHI), TO MpPH-
MEHSIIOT ISl aHanu3a (PU3UKO-XUMHYECKHUE METOJbI (I10-
TEHIIMOMETPUUECKOE, KOHIYKTOMETPUYECKOE TUTPOBA-
Hue). B 3TomM cimydae oObeM pacTBOpa, MOMIEAIIETO Ha
TUTPOBAHHUE, OMPEAEISIOT MO0 WU3MEHEHHIO (U3UYECKOTO
nokasaresns (MOTeHIMaaa SJIECKTPONPOBOAHOCTH), KOTO-
PBI U3MEPSIOT C TOMOIIBIO0 MPUOOPA B X0OJIE PEAKITUH.

Cnoco0bl THTPOBAHMS

1. Cnocod mnpsaMoro
TUTPOBAHMS

3aKJIHOYAETCS B HEMOCPEACTBEHHOM TUTPOBAHHUM OMpEJIe-
nsieMoro BeriectBa (4) padbouum pactopom (B): 4 + B =
C +D. Hampumep, pactBop kucinotel HCIl ¢ u3BecTHOU
KOHIIEHTpAIMel MO KaruisiM MPWIMBAIOT K IIEJIOYU C He-
V3BECTHOU KOHIUEHTPALIUEH.

2. Cnocod oOpaTHOroO
TUTPOBAHMS.

PeaktuB B npuOaBisiioT K MCCIEAyeMOMY pacTtBopy A B
TOYHO HU3MEPEHHOM HM30BITOYHOM KOJUYECTBE, a 3aTeM
OTTUTPOBBIBAIOT ATOT M30BITOK KAKUM-JTMOO NIPYyTrUM pe-
aktuBoM E : B + E = F + G. DTOT MeTOI IPUTOJICH IS
ONpENICIICHUS] JIETKO M3MEHSIOMIMXCS HAa BO3AYXE Be-
mectB. Hanpumep, mna omnpenenenus CaCOjz; HaBecKy
BeIeCcTBa 00pabdaThIBalOT M30BITKOM THUTPOBAHHOTO pac-
TBOpa COJISTHOW KHUCHOTHL. OCTaBUIYIOCS TMOCTE pPEaKIUU
HCI Tutpyror pacTBOpoM IIEIOYM W TEM CaMbIM OIl-
pEeAeNsSIIOT €€ KOJMYECTBO, HE BOINIENIIEe B PEAKIHUIO0 C
CaCOg3. 3Has B35TO€ KOJHMYECTBO COJISTHOM KUCIIOTHI, pac-




cuuthiBatoT cojaepxxkanue CaCOs.

3. Cnocod TUTpOBaHUSNA
3aMeCcTUTeJst

OCHOBaH Ha peakuuu 3amenienusi: A + BC = AB + C. 3a-
TeM C TUTPYIOT JIOOBIM JpyruM paboduM pPacTBOPOM.
Hampumep, npu ompeneineHnn Cr’*, KOTOpBI JIETKO
OKHUCJISIETCSl KUCJIOPOJIOM BO3/lyXa M KOTOPBIN MPHU HEMo-
CPEICTBEHHOM THUTPOBAHUHM OKHCIHUTEIIEM OTMPEICIHUTh
TPYAHO, MOCTYMAIOT CIEAYIOMUM 00pa3oM: K OmpeseieH-
HoMy 00bemy comm xpoma (Il) mpubammsitoT M30BITOK
TUTPOBaHHOTO pacTBopa cosu xeinesa (111). B pesynpraTe
peakmun oOpasyercsi SKBUBAICHTHOE comepkanmio Cre’
KOTHYeCTBO Fe®*, TUTpOBaHHME KOTOPOrO OKHCIHTEISIMH
HE BCTpEYaeT 3aTPyAHCHHI.

TurpoBannbie pacTBO-
pbI

- 3TO PacTBOPBI, KOHLUEHTPALUs U TUTP KOTOPBIX 3apaHee
U3BECTEH.

TutrpoBaHHBIE paCTBOPHI MOTYT OBITH IPUTOTOBIIEHBI Pa3-
JAUYHBIMHM criocoOaMu. B 3aBucuMocTH OT 3TOrO pasiu-
YaroT CTaHAApTHBIE (IPUTOTOBJIEHHBIE) PACTBOPHI U CTaH-
JapTU3UPOBaHHbIE (YCTAHOBIIEHHBIE) PACTBOPBI.

Crangapribie (mpuro-
TOBJICHHbIE) PACTBOPbI

- 3TO T€, KOTOPBIE TOTOBAT U3 TOYHOW HABECKH BEILIECTBA,
qalue BCero AJIs TOro UCHOJIb3YIOT (PMKCAHAJIBL.
KonnenTpanus mpuroToBIEHHOTO pacTBOpa TOYHO COOT-
BETCTBYET PACUETHOM KOHLIEHTPALIMM IO HaBeCKe. Takum
00pa3oM TOTOBST PacTBOPHI TEX BEILECTB, KOTOPbIE MPAK-
TUYECKHU HE COAEPKAT IIPUMECH M Macca BELIECTBA HE U3-
MEHSIETCS B IIPOLIECCE NMPUTOTOBIICHUSA U XPAHEHMs pac-
TBOpA.

CranaapTu3upoBaHHbIe
(ycraHoBJIEHHBbIE) pac-
TBOPbI

- 3TO T€ PacTBOPBI, KOTOpPBHIE T'OTOBAT IO HABECKE, HO
HOPMAJIbHYIO KOHUEHTPALMI0 U TUTP PACCUUTHIBAIOT U
YCTaHABJIMBAIOT [0 APYTOMY CTAaHIAPTHOMY PacTBOpPY.
Takum 00pa3oM TOTOBAT PacTBOPHI TE€X BEUIECTB, KOTO-
pBIe: cojiepxaT MpuMecH (Hampumep, COJsiHasi KUCIIO0Ta);
U3MEHSIOT CBOIO MAccCy B pe3yibTaTe MOTJIONICHUs Belle-
CTBa U3 Bo3ayXxa (Hampumep, menoun noriomarT CO, u3
BO3/lyXa M NEPEeXOoAsIT B KapOOHAThI); U3MEHSIIOT CBOIO
Maccy B Pe3yJIbTaTe B3aUMOJEHUCTBHS C IPUMECSIMU BOJIbI
(Hanpumep, NepMaHraHaTa KaJiusl).

8.3. MeToabl KHCJIOTHO-
OCHOBHOI'0 THTPOBaHMSI

- 3TO METOAbl TUTPUMETPUUYECKOIO aHAIN3a, B OCHOBE KO-
TOPBIX JISKUT PEAKIMS HEUTPAIIA3ALINH.

(MeToabl  HeiiTpaam3a- | MeTos KMCIOTHO-OCHOBHOIO THTPOBAHUS OCHOBAH HA Pe-

HMH) axiun: H+OH =H,0
DTUMH METOJAMH ONPENEISIOT KOJMYECTBO MM KOHIIEH-
TPAIMIO KMCIOT, IIejodyell M JIErKOTMAPOIN3YEMBIX CO-
JICH.

IpumeHenne  MeToaa | MeTOJ KUCIOTHO-OCHOBHOTO TUTPOBAHMS HAMNIEN LIAPO-

KHCJIO0THO-OCHOBHOTI' O

KOC NPUMCHCHHC JISI OIPCACIICHUA paSHOO6p8,3HLIX BC-




TUTPOBAHUS IIECTB: CWJIbHBIX U CIa0bIX KUCIIOT U OCHOBAaHUM, MHOTUX
coJieH, OKCHJIOB.

[IpoBomsaT Takke ompeaesneHue azoTa, (pocdopa, Gopa.
Bo3moxkHOCTH MeTOoAa KMCIOTHO-OCHOBHOTO TUTPOBAHUS
OBLITM 3HAYUTEIBHO PACHIMPEHBI UCIOJIB30BAHUEM HEBOJI-
HBIX Cpel.

Ha KHCIOTHO-OCHOBHBIX pEakIMiIX OCHOBAaHO  OIl-
peneneHue MHOTUX OpPTraHUYeCKuX (YHKIIMOHATBHBIX
rpynn (Hampumep, aKWIMMHHHOW, aMUHHOW, allMJIBHOM,
TUAPA3UHHOW, KapOOKCWIBHOW, CYIh(OKCHUIHOM, DIOK-
CUJIHOM U Jp.).

Cynbsdamunnyro rpynmy SO,NH, ompexnensitor TuTpoBa-
HUEM XJIOPHON KHCJIOTOM B HEBOAHBIX CpPElax, a Ompese-
JIEHHE allWJIbHBIX TPy NPOBOJSAT B BOJHOM cpefie.

Boioop TtuTpanTta ads | [IpeanoutuTenbHO MCHONB30BATh JIMOO CHIIbHBIC KHCIIO-

KHCJIOTHO-OCHOBHOI'O ThI, THOO CUJIbHBIE OCHOBAHUSI.

TUTPOBAHUS 1. TurpoBaHue CUIBHOI KUCIOTON CUIBHOTO OCHOBAHHSI.
H;0" + OH = 2H,0.

2. TuTpoBaHue CHIBHBIM OCHOBAaHUEM CUJIBHOW KHUCJIOTHI.
H;0" + OH = 2H,0.

3. TutpoBaHHe CUIILHBIM OCHOBAHUEM CJIA00M KUCIIOTHI.

HAn + OH=H,0 + An’
4. TurpoBaHUE CUIIBHOW KHCIIOTOM c1a00T0 OCHOBAHUA.
H;0" + KtOH = Kt" + 2H,0.

TutpoBanue cnaObIM AIEKTPOIUTOM CJIA0OTO AJIEKTPOIH-

Ta B aHAJIU3€ HE HAXOIUT IPUMEHEHMS, TaK KaK KpHUBas

TUTPOBAHUsI B JAHHOM CJIy4ae HE UMEET CKayKa.

8.4. Touka »>KBHBa- | ONPEACISIETCS C TOMOIILIO HHANKATOPOB.
JIECHTHOCTH (KOHel THUT-
POBaHUsA)

Nuaukatopbl - 3TO cJlabble OPraHUYeCKUEe KUCIOTHI WM OCHOBAHMS, Y
KOTOPBIX HEIUCCOLIMMPOBAHHBIE MOJIEKYJIbl U oOpa3zye-
Mbl€ UIMH HOHBI UMEIOT Pa3IM4YHYIO0 OKpPACKY.

OCHOBHOE CBOMCTBO MHAMKATOPOB — U3MEHATH OKPACKY B 3aBUCUMOCTH OT pH cpenpl.
Hanpumep, denondraneun siBisgercs KUCIOTHBIM MHAMKATOpoM. Ero Monekyna co-

crout u3 H' u annona unukaropa Jnd . YpapHeHune qucconuarnuy 6yaeT UMeTh BUJT:
HJnd < H" + Jnd

Bbecusetrnpii  ManuHOBBIN

Ecnu x pacTBOpy, coaepxkamiemy dheHonadTanent, MpubaBUTh MIEJI0Yb, TO BBEICHHBIC
nousl OH™ cTanyT cBsasbiBaTh H' ¢ 00pa3zoBaHMEM MalogMCCOIMUPYIOMINX MOJEKYI
BozbL. [Ipu 3TOM paBHOBECHE AWCCONMAIIMMA WHIWKATOPA CMEHUTCSI BIIPABO M HAKOII-
JeHre noHOB JNd BBI30BET OKpaIIMBaHKE PACTBOpPA B MAJIMHOBBIN IBET.

Ecnu x pactBopy, conepxaiiemy (eHosdranent, mpudaBUTh KUCIOTY, TO MOBBIIIE-
HUe KoHLeHTpamuu H' OymeT cMemarh paBHOBECHE BIEBO, B CTOPOHY YBEIMUEHHS
KOHIICHTpaIuu OeciBeTHBIX MoJjiekysr HInd, pactBop obGeciiBeTurcs.




ObsacTs mepexoga WH-
AUKATOPA

— 3TO MHTEepBaji 3HadeHuil pH, B mpegenax KOTOpOro MH-
JTUKATOP U3MEHSET OKPACKY.

[Ipu KUCIOTHO-OCHOBHOM THUTPOBAaHUU MOJOUPAIOT TOT
UHIMKATOP, B KOTOPOM OOJIACTh Mepexo/ia BKIOYAET 3Ha-
yeHue pH, 10 KOTOporo TUTPYIOT pacTBOP.

Iloka3aTejsb THTpPOBaA- | - 3TO 3HadeHUe pH, 10 KOTOPOrO TUTPYIOT pPacTBOp C
Hus (pT) JIAHHBIM UHJIUKATOPOM.
WNunukarop Ob6nacts nepexona, pH ITokazarenb TUTpOBaHMA,
pT

MeTunoBbIi OpaH)KEBbIN 31-44 4.0

Jlakmyc 50-8,0 7,0

denondranerH 8,0-10,0 9.0
TpeGoBanusi k MHAUKA- | |) pe3koe OTIMUME B OKpacke ABYX (POpM MHAMKATOpa B
TOpam KHCJIOTHO- | HeOOoIbIIOM HHTEpBajie pH, npu qo6aBiIeHUN Maloro Ko-
OCHOBHOTI0 THUTPOBA- | JIMYECTBA TMAPOKCH/I-HOHOB WIIA TPOTOHOB;
HHSA: 2) U3MEHEHHUE OKPACKHU JOJKHO OBITh 0OPATUMO.

CocraB HanboJ1ee ynor-
peOUTEeNbLHBIX HMHIHKA-
TOpPOB:

1) metunossii puonerossiii — 0,05%-i pacTBOp B BOJIE;
2) metunoBsIi oparxkeBbiii — 0,1%-i1 pacTBOp B BOjE;
3) metunoBbii kpacHbiit — 0,02 r B 60 My sTanona + 40
MJT BOJIBI;

4) penondranenn — 1%-it pacTBOp B ITAHOIE;

5) Tumondranenn — 0,1%-i pacTBop B 3TaHOIIE.

8.5. CymHocTh MeTOAa

Mertoabl OCaXX/IeHHsI OCHOBaHbI Ha MCIOJIb30BaHUHU PEaAK-
UH, KOTOPBIE COMPOBOKIAIOTCS 00pa30BaHUEM OCAJIKOB.
[lo »TOMy NMpU3HAKYy OHU CXOJIHBI C TPABUMETPHUUYECKUM
aHanu3oM. Ho B oTiinuue OT rpaBUMETPUYECKUX METOOB
oOpa3oBaBIIMECsS OCAJKH, KaK MPaBUJIO, HE MOJBEPraroT
uccienoBanuo. MIx He QUIbTPYIOT, HE MPOMBIBAIOT, HE
B3BelIMBaOT. KommyecTBo onpezaensemMoro BelecTsa Ha-
XOJAT TaK e, KaK U B IPYIrUX TUTPUMETPUUYECKUX METO-
nax. s TUTpUMETPUYECKUX ONMPEAECICHUN HUCITOJIb3YIOT
TOJIBKO HE3HAUUTEJIbHOE YMCIIO PEaKIUH OCaXKIACHUS.
IIpesxae Bcero 31o peakius Mexay nonamu Ag* u Cl', Br
, I 1 (SCN)" nonamu, peaxuuu Mexay nonamu [Hgo]*" u
Cl', Br u |” noHamu, a Tawke MeXay woHamu Zn°* m
K4[Fe(CN)g].

0CaAUTEJIbHOI0 THUTPO-
BaHMSI.

Hepocratkm  peakumi
OCAKACHHSA:

1. oOGpatuMocCTh Mpolecca OCAKICHHUS;

2. HE3HAYMUTEIbHASI CKOPOCTh MHOTHX DPEAKIIMA OCaxje-
HUS;

3. moOouHbIe SBJICHUS TpU 00pa30BaHUU Ocajaka (cooca-
KICHHUE, KOJJION1I000pa30BaHue, acopoIus);

4. TPYAHOCTH B OIpEIeJICHIUH TOYKH SKBUBAJICHTHOCTH.

Kuaaccudpukanuss merto-

* ApreHTOMETpHS;




J0B OCAJAMTEILHOI0 TH-
POBAaHMSI:

*  MEpPKypOMETpHS;
* THOIIMAaHATOMETPHUSI.

Aprenromerpusi

OCHOBaHa Ha PEaKIMU OOpa30BaHMs MaJOPACTBOPUMBIX
coyieid cepebpa c rajoreHugamu. B kauecTBe TUTpaHTa
UCIIOJIb3YIOT HUTpAT cepedpa:

AQNO; + NaCl = AgCI| + NaNO:s.

Mepkypomerpusi

OCHOBaHa Ha 0Opa30BaHUM MaJOPACTBOPUMBIX COJIEH
prytu (1) Hg,Cl,, Hg,l, u T.1. B kauecTBe TUTpaHTa HC-
noJIB3YIOT HUTpAT pTyTH (1):

ng(N03)2 + 2NaCl = H92C|2 + 2NaNOs.

Tuounanaromerpus

OCHOBaHa Ha OOpa30BaHWM MaJOpPaCTBOPHMOM COJIM Ce-
peopa AgNCS. B kadecTBe TUTpaHTa HCHOJB3YIOT THO-

rmanat kanus win aMmmoHus (KNCS uimn NH4NCS):
AgN03 + NH4NCS = AgNCS- + NH4NO:s.

8.6. Touka >xBUBA-
JIEHTHOCTH

COBIAJACT B ATHUX METOAaX C MOMEHTOM IIPEKpaIlCHHSI
JajabHenIero oopa3oBaHus Ocajka.

DTOT MOMEHT MOXKET OBITh YCTAaHOBIICH 0€3 MPUMCHCHHSI
WHIUKATOPOB, HO JJIS 3TOTO HEOOXOAMM 3HAYUTEITHHBIN
HaBBIK.

B GombmmmHCTBE Cily4aeB TOYKY SKBHUBAJICHTHOCTH OIIpE-
JEISIIOT € TIOMOIIBI0 HWHIWKATOPOB WM K€ (PH3UKO-
XUMUYECKUX METOJOB (KOHIYKTOMETPUH, aMIIEpPOMET-

pun).

Cnoco0bl  ycTaHoBJIe-
HUS TOYKHM JKBHBa-
JIEHTHOCTH

» bBe3nHINKaTOpHOE THTPOBAHHE

» Cnocob Mopa

» Crioco6 ®onbrapaa (THOMAHATOMETPHS)
» Cnocob PasiHca

be3uHaukaTopHoe TUT-
poBaHHe

OCHOBAHO Ha peakluu Mexay MoHamu AQ™ u ramoreHus-
MOHAMH.

Cranpaptasiii pactBop AgGNO; npuiuBaroT 10 TOro Mo-
MEHTa, KOrja 3aKaHuMBaeTcs 00pa30BaHUE HOBBIX KOJIU-
yecTB ocaaka. Crnocod umen 3HaueHue 10 pa3paboTKH
MHANKATOPHBIX METOJOB.

Cnocod Mopa

OCHOBaH Ha WCIOJB30BaHUM B Ka4yeCTBE HWHAMKATOPA
xpomata kamusa K,CrO4. Crioco® nmpuMeHuM Uil ornpeie-
JICHUST XJIOPUJIOB U OPOMUIOB apreHTOMETPU-YECKUM Me-
TOJIOM B HEWTpalbHOW win ciiabomienounoi cpeae (pH
6,5-10), Tak kak Ag,CrO, pacTBOpUM B KUCIOTaX. Xpo-
MaT-MOHBI 00pa3yloT ¢ HOHaMH AQ’ KMPHMYHO-KpacHHIiA
ocanok A(g,CrO,, Oosee pacTBOPUMBIM, 4YEeM OCaIOK
AQCI. TToatomy nocne Boinaaenus o6enoro ocaaka AgCIl B
MOMEHT SKBUBAJICHTHOCTH HM30BITOYHAs Karulg TUTpPaHTA
AgNO; o6pasyer ¢ CrO4* nonamu ocagok Ag,CrOy, Ko-
TOPBI W OKPAIIMBAET COACPKUMOE KOJIObI B KUPITMYHO-




KPaCHBIM 1BET.

Cnoco6 @ouabrapaa
(THOLHAHATOMETPUS)

OCHOBaH Ha MCHOJb30BAHUM B KaueCTBE MHJUKATOpa XKe-
J1€30-aMMOHHUIHBIX KBacloB. Crioco® AaeT BO3MOXKHOCTh
OMpENENATh XJOPUJbI, OPOMHIIBI U HOAUABI B KHUCIIOU
cpene. K ananuzupyeMomy pacTtBopy MpuOaBIsIOT U30bI-
TOK cTanaaptHoro pactBopa AGNO; U OTTUTPOBBIBAIOT
€ro pacTBOpPOM THOIMA-HAaTa, B TPUCYTCTBUU >KEJIE30-
ammoHHUHBIX KBacioB NH4Fe(SO,), * 12H,0, obpasyro-
mmx ¢ NCS -monamu pacTBOpUMBIN B BOJIE HHTEHCUBHO-
KpAaCHBIM THOLIMAHAT JKeJe3a:

Fe** + 3NCS = Fe(NCS)s.
TuonranaToMeTpuyeckoe ornpeserieHrue OpoMHUIO0B Mpo-
tekaet no ypaBHeHusiM: KBr + AgNO; = AgBr + KNO; +
n306ITOKAgGNO3;

AgNO3 + NH,MC3 = AgNCS + NH4NO:s.
Kak Tombko Manopactopumas coms AGNCS (TP = 10)
BBITIAJIaCT B OCAJIOK, T.¢. puOaBieHHbIH N30bITOK AGNO3
OyZneT OTTUTpOBaH, W30OBITOYHAs Karigd pacTBOpa
NH4;NCS BbI30BeT MHTCHCHBHO KpacHOE OKpaIllBaHUE,
XapaKTEPHOE ISl THOITMAHATA JKeJe3a.

Cnoco6 dasiaca

OCHOBaH Ha MCIOJIb30BAHUU aJCOPOIMOHHBIX MHANKATO-
pPOB, KOTOpBIE aJCOPOUPYIOTCA OCaJKaMH, W3MEHSS TMpHU
ATOM CBOIO OKPAacKy.

AncopOIIMOHHBIE MHANKATOPHI, HarIpumep,  (iyopectie-
UH U DO3UH, SIBIISIIOTCA OPTraHUYE€CKUMH COEAUHEHUSIMU.
N3MeHeHne oKkpacku MpOUCXOUT HE B PACTBOPE, a Ha I0-
BEPXHOCTU OCaaKa. DJO3UH SIBIsETCA cnaboi opraHudye-
ckoii kmcioror. Ee o6o3nawaror ycimoBHO uepe3 HO.
AHUOHBI D03UHA D COOOIIAIOT PO30BYIO0 OKPACKY TUTpYe-
MoMy pactBopy, Hampumep NaBr. OOpasyromuecs mpu
TUTPOBAHUM YacTHUIIbl ocajka AQBr agcopOupyroT Haxo-
JSIIMECs] B PaCTBOPE B M30BITKE OJHOMMEHHbBIE OpOMU/I-
noHbsl Br- O0pa3yroTcs OTpUIIATEIbHO 3apsKCHHBIC Yac-
THUILIBI, KOTOPBIE MPEMSATCTBYIOT aCcOPOIIMU UMH aHUOHOB
Kpacutenda J. B Touke 3KBUBaJEHTHOCTH 3apsiii YacCTHIL
MEHSETCA Ha OOpaTHBIM, TaK KaK MPOUCXOIUT acopOLus
YacTULAMM Ocajgka u30bITouHBIX wnoHoB Ag'. Ilo-
JIOKUTENBHO 3apsKeHHbIE YacTUIbl ocaaka AQBr naum-
HAIOT aJICOPOMPOBATH AHMOHKI 03MHA 3 .

B pesynbrare 3T0r0 moBEpXHOCTh OCaJKa Cpa3y OKpaIllH-
BaeTCAd B KPacHO-(UOJICTOBBIN IBET, U TUTPOBAHHUE CUU-
TaeTCsl 3aKOHUYCHHBIM.

8.7.  ApreHTtomeTpuue-
CKO€ TUTPOBAHUE.

ocHOoBaHO Ha peakiuu ocaxaeuus Cl', Br u I'monos ka-
THOHaMU cepedpa ¢ oOpa3zoBaHueMm rajnoreHuaoB. [Ipu
B3auMozeiicTBum cranaaptHoro pactBopa AGNO; ¢ Cl' u




Br-uonamu o0pa3yroTcs MallopacTBOPUMBIE OCAIKH IO
ypaBHEHUSIM PEaKIIUiA:
Ag" + Br = AgBr
[Ipu ompenenenuu cojepkanusi cepedpa B CTaHIAPTHOM
pactBope AGNO; MoJIb3yIOTCSl CTaHAAPTHBIM PacTBOPOM
XJIOpUAa HATpusl WM Kanus. TUTpoBaHUE MPOBOJSAT He-
nocpeAacTBeHHO pacTBOpoM AGNO; win ke BBOASAT U30bI-
Tok AQNQO3;, a mocieaHuil OTTUTPOBBIBAIOT PACTBOPOM
NaCl unu tTronma-narom. Hanbonee pacrnpocTpaHeHHBIM
METOJIOM ONpEIEICHUs XJIOpUaa siBisiercs Meton Mopa.
B kauectBe MHAMKATOpa MCHOIB3YIOT PacTBOpP XpomaTa
KaJiisi, KOTOPBIN C HUTPATOM cepedpa oOpa3yeT manopac-
TBOPHUMBII 0CaJI0K XpomaTta cepedpa 1o ypaBHEHHIO
2AgN03 + KyCrO, = AgCrO4 + 2KNOs;.
[Ipu TuTpOBaHMU pacTBOPOM HHUTpaTa cepedpa B MPUCYT-
CTBUHU XpoMaTa Kajus KpacHbIA 0CaJIoK XpomaTa cepedpa
MosBIAETCS JUIIL T0che n00aBneHus n3bbiTka Ag', Ko-
I/1a BCEe XJIOPUI-UOHBI yKe ocaxkieHbl. [Ipu aTom Bceraa k
aAHATM3UPYEMOU KUJKOCTH MPUIIMBAIOT PACTBOP HUTpaTa
cepebpa, a He HA00OPOT.

OrpanuyeHust HCHOJIb-
30BaHUSA MeETO/a apreH-
TOMETPHU:

*  HCHOJB3YIOT TOJIBKO B HEUTPaJbHBIX WM CJIa0OIIe-
nouHbIX pactBopax (pH 7-10), B KUCHBIX pacTBOpax oca-
nok Ag,CrO4 pacTBOpsieTCs, B CHUIBHOIIEIIOYHBIX PacTBO-
pax HUTpAT cepedpa pasyaraercs ¢ oOpa3oBaHUEM Hepac-
TBOPHUMOT'0 OKcHa cepedbpa Ag,0;

*  METOJ HE MPUMEHUM, €CIIA AaHATU3UPYEMBIE PACTBOPBI
conepsxat uoHsl NH,', B NPUCYTCTBHH KOTOPBIX HOHBI
Ag"  00pa3yloT aMMMayHble KOMIUIEKCHBIE  HOHBI
[Ag(NHs),]"; memartor taxke Ba®*, Sr**, Pb** u npyrue
HOHBI, 00pa3yromue ocagku ¢ XxpomaroM Kainus K,CrOy.




9. OITHYECKUE METO/JbI AHAJIN3A.

®OTOMETPUUYECKHUI AHAJIN3

9.1. CymHocTth (hoTOMETpUUYECKOrO aHau3a, 3aKkoH byrepa-Jlam6epra-bepa, or-
THUYECKas MJIOTHOCTh PacTBOPOB. Jl0OCTOMHCTBA, HEAOCTATKH, OOJACTH MPUMEHE-
HUS (POTOKOJIOPUMETPUIECKOTO aHAITU3A.

9.2. YcnoBus mpoBeACHUS KOJOPUMETPUUYECKOTO aHanu3a. BusyanabHbie KOJIO-
PUMETPUYECKUE METO/IBI.

9.3. ®ortoanekrpokoopumerpsl, DOK -56M.

9.1. ®DoToKO0JOpH- | - 3TO METOJ| GUBUKO-XMMUYECKOTO aHajIM3a, B KOTOPOM OIIpeie-
MeTPUYeCKHil aHa- | JIIeMbI HOH C MOMOIIBIO PEaKTHBA NMPUBOJISAT B YCTONUMBOE OK-
M3 palleHHOe COeIMHEHHE, 3aTeM U3MEPSAIOT UHTEHCUBHOCTh CBETO-
BOTO MTOTOKA, MTPOIIE/IIIET0 Yepe3 OKPaIlleHHbII pacTBOp, ONTHYE-
CKYIO IDIOTHOCTh OKPAIIICHHOTO PACcTBOPA.
Kosopumerpus - 3TO METO/I aHaJIN3a, OCHOBAHHBIN Ha N3MEPECHUH TTOTJIONICHUS
CBETa OKPAIICHHBIMHA PACTBOPAMH B BUAMMOM YaCTH CIIEKTpa.
DOTOKOJIOPUMET- | - 3TO METOJI aHAJIM3a, OCHOBAHHBIN HA MOTJIONIEHUH CBETOBBIX
pus MTOTOKOB, aHAJIU3 MTPOBOJIAT C TIOMOIIBIO (POTOITIEMEHTOB.
CylmHoCTh MeTOoJa | MEXTy HHTEHCUBHOCTBIO OKPACKU M COZACPKAHUEM B 9TOM pac-
(doTokoIOpUMET- | TBOPE OKPAIICHHOTO BEIECTBA, COJIEPKAIIETO aHAIU3UPYEMBI
puu: WOH CYIIECTBYET 3aBHUCHMOCTh, Ha3biBaeMas 3akoHOM byrepa-
JlamGepra-bepa:
1=15*105
rne: J - ”HTEHCUBHOCTh CBETA, MPOIIIEAIIETO Yepe3 pacTBop; Jy -
WHTEHCUBHOCTH MAJAIOIIET0 Ha PACTBOP CBETA; € - KOA(PUILIUECHT
TIOTJIONICHUST cBeTa (TMOCTOSIHHAS BEJIMYWHA, XapaKTepHas IS
KaXJTIOTO OKPAIICHHOTO BEIIECTBA M 3aBHCAIIAS OT €r0 IPUPOJIBI);
C - KOHIIEHTpaIsl OKPAIIEHHOTO BEIIECTBA B PacTBOpE; KOH-
IIEHTpAIUs aHAJM3UPYEMOro MOHa; 1 - TOJIIMHA CBETOIOTJIO-
IIAOILETO CJI0s, CM.
dusuyeckui PacTBOPHI OJHOTO M TOTO YK€ OKPAIICHHOTO BEIIECTBA MPHU OJIH-
CMBICJ 3aK0HA | HAKOBOW KOHIICHTPAIIMU €T0 U TOJIIIMHE CJIOSI pacTBOpa MOTJIO-
Byrepa-Jlam0epra- | IIaIOT paBHOE KOJIMYECTBO CBETOBOM SHEPIUU.
bepa:

Onruyeckass IiIoOT-
HOCTH PacTBopa

Ecnu nposnorapudMupoBath ypaBHEHUE 3aKOHA
JlamGepra-bepa 1 u3MeHUTH 3HaKK Ha 0OpaTHBIE, TO

byrepa-

J
lg—2=ccl=D
gJ




J o o
Bemnuuna |g TO SABIIACTCA OYCHb BAXKHON XapaKTECPHUCTUKOH OK-

pAalLEHHOTO pacTBOpA.
Ee Ha3bIBalOT ONTHYECKOH IJIOTHOCTBIO PacTBOpa U 0003Ha-
qaroT OykBo# D.

D =ecl
W3 3T0TO ypaBHEHUS CIEIyeT, YTO ONTHYECKas TIOTHOCTH pac-
TBOpa MPSIMOIPOIOPIIMOHATIbHA KOHIIEHTPAIIMH OKPAIIIEHHOTO
BEILIECTBA, COJCPIKAIIETO aHATM3UPYEMbI MOH, U TOJIIMHE CIIOS
pacTBopa.
Takum 00pazoM, 4TOOBI ONPEETUTh KOHIIEHTPALIMIO AaHAIU3U-
pyemoro nona (C), He0OXOAUMO U3MEPUTH ONTUYECKYIO IJIOT-
HoCcTh (D) okpaiieHHOro pacTBOpa.

Merton KoJIOpH- | B KonopuMeTpun MCHOIB3yIOT XMMHUYECKHUE PEareHThbl, KOTO-

MeTpUH pble 00pa3yloT OKpAaLICHHbIE COEAMHEHUS C OMNPEIEIIsIeMbIM
BEILECTBOM.
CpaBHuBas OJYyYEHHYIO OKpPacKy CTaHAApTHOTO pacTBOpa TO-
ro K€ BEIECTBA, ONPEACIIOT COACPKAHNE OKPALIEHHOTO Be-
LIECTBA B UCCIIEAYEMOM PACTBOPE.
MHTEHCUBHOCTh OKpPAacCKH MOXKHO H3MEPATHh BU3YAJIbHBIM
(oueHb CYOBEKTHMBHBIH METOJ) U (POTOKOJOPUMETPUUECKUM
METO/IAMH.
[Tpubopsbl, TpegHa3HAYCHHBIE TSI U3MEPEHHS] HHTCHCUBHOCTH
OKpacK{ BU3yaJIbHBIM METOJIOM, Ha3bIBAIOT KOJIOPUMETPAMH.

JlocToUHCTBA KO- * OBICTPOTA;

JIOpMMETPHUH: * IPOCTOTA.

HenocraToxk koJjo- * HETOYHOCTb.

PMMETPHH:

JocTonHcTBa  (PO- | * BBICOKAst TOYHOCTD;

TOKOJIOPUMETPHUH: | * UCIOJB3YIOTCS IKCIIEPUMEHTAJIbHbIE JaHHBIE B TOYKAX; JOC-

TaTOYHO YJAJCHHBIX OT TOYKH SKBUBAJIECHTHOCTH, T.C. PEaKIIUs
HE MTPOXOIUT J0 KOHIIA;

* poToMeTprueckoe (PUKCUpOBAHNE KOHEUHOW TOYKH TpPHUME-
HUMO KO BCEM THUIIaM peaKIuil.

Henocrarok ¢orto-

* o0s3arenbHOE TpeOOBaHUE - BBIMIOJIHEHUE 3akoHa byrepa-

KOJIOPUMETPHU: JlamGepra-bepa.
OO0JiacTH  mpHMe- | * B arPOHOMHYECKUX HCCIICTIOBAHUSX;
HEHHSI: * B OMOXMMHH TSI ONIPEIICIICHHSI COACPKAHUS TeMOTJIOONHA B

KpOBH;
* B (papmanuu JJis OnpeeseHus IpuMeceid B JIEKapCTBEHHBIX
npenaparax;

* JUTA ONIPENEIIEHUS OKPACKHU Kuakocte u pH cpenpl.

9.2. YcaoBusi npo-
BelleHUsI  KOJIOPHU-
METPUYECKOr0

1. WcnpiTyeMblii U CTaHZApTHBIA PacTBOPbI TOTOBST COBEP-
IIEHHO OJIMHAKOBBIM CMOCOOOM U B OJAMHAKOBBIX COCYJaxX; pe-
aKTUBBI TPHUOABIAIOT B OJIMHAKOBOW TOCIICOBATEIHHOCTH.




aHaJIn3a:

Temneparypa cpaBHUBaeMbIX PACTBOPOB TaKXKe€ JIOJKHA OBITh
OJIMHAKOBA.

2. Ilepen mpubaBieHHEM pEaKTHBA, BBI3BIBAIOIIETO OKPACKY,
00a pacTBoOpa JI0JHKHBI OBITH OeclBeTHBI. [Ipy HE0OX0AMMOCTH
HEXKEJATEIbHYIO OKPACKY YCTPAHSIOT.

3. Ecnu ucnbITyeMblii pacTBOP COAEPKUT KaKue-HUOYb MpHU-
MECH, TO M K CTaHJAPTHOMY DPAacTBOPY JOOABISIOT TAKOE K€
KOJIMYECTBO 3TUX MNPUMECEM.

4. VIHTEHCUBHOCTb HM3MEPSAEMOIl OKpackd He JOJDKHA OBITH y
PAcTBOPOB HU CIUIIIKOM MaJIOH, HU CIIUIITKOM OOJIBIITOM.

5. HeoOxoaumo, 4ToOBl OKpacka pacTBOPOB ObLIa 1OCTATOYHO
YCTOMYMBON B TEUEHHE BCETO BPEMEHHM, HEOOXOAUMOTO ISt
KoJopuMeTpupoBanus. OOBIYHO OKpPACKH CpPaBHUBAIOT ceiuac
K€ TOCJIE IPUTOTOBIICHUS PACTBOPOB.

6. PacTBOpBI KOJOPUMETPUPYIOT MO BO3MOKHOCTH OBICTPO.
JlnutenbHOe HAONIOJEHWE YTOMIISIET TJla3a W CHIDKAeT TOdY-
HOCTb OTCYETA.

7. KoHIeHTpaluu CpaBHUBAEMBIX PAaCTBOPOB JOJIKHBI OBITh
HeOonbpuMu (He Oonee 1-2%) U He AOMKHBI CHIIBHO OTJIH-
4aThCs IPYT OT Apyra.

He Bcerna crangapTHBIMU OKpaIllEHHBIMH 00pa3laMu JJist
KOJIOPUMETPUPOBAHUS CITYKAT PaCTBOPHI.

OGpa3ipl MOTYT OBITh WM3TOTOBJICHBI M3 IBETHOM IJIacT-
MaccChl WK MPEJICTABISITE COOOM CTaHIApPTHBIE CTEKJIa, HA KO-
TOpbIC HAHECEHBI KEJTATUHOBBIE TUICHKU ¢ Kpacutensmu. B ka-
YECTBE CTaHJAPTOB MCIOJB3YIOT IIBETHBIC TaOJHUIIBI ¢ 00pas-
IaMH OKPACOK.

BusyajbHble KO-
JIOpUMeETPHYEeCKHUe
METO/bI:

1. MmeTon cTaHIAPTHBIX CEpUiL;

2. METO KOJIOPUMETPUUECKOTO TUTPOBAHUS;
3. MeTOJl ypaBHUBAHMS;

4. meTon pa30aBICHUS.

Meroa craHaapr-
HBIX cepuil (MeTOX
IBETHOM IIKAJIbI)

[IpuroraBnuBaroT psijg CTaHAAPTHBIX PACTBOPOB KAKOTO-JIHOO
BEILIECTBA C MOCTETICHHO U3MEHSIIOIIMMHUCS KOHIIEHTPALUSIMU B
omnpenesiecHHOM oObeme pactBoputens. [lomemiaror omnpene-
JICHHBIH 00BEM Ka)XJOTO CTAHAAPTHOTO M TaKOM ke 00BheM
aHaJIM3UPYEMOr0 pacTBOpa B MPOOUPKY, NOOABISIOT paBHBIE
00BbEeMBbl HEOOXOIUMBIX peakTuBOB. CpaBHUBAIOT WHTEHCHUB-
HOCTb TOJIYYEHHON OKpPACKH HCCIEIYEMOIO0 U CTaHAAPTHBIX
pactBopoB. Ecnu okpacka aHanu3upyeMoro pactBopa mo HH-
TEHCHUBHOCTHU COBIIAJIET C IBETOM CTaHIApPTHOTO pacTBOpa, CO-
nepxkaimiero 0,4 Mr JaHHOTO BEIECTBA, TO COJAEPKaHUE €r0 B
uccaenyeMoM pactBope paBHo 0,4 mr. Ecnu okpacka uccie-
JlyeMOr'0 pacTBOpa COOTBETCTBYET MPOMEKYTOYHOU KOHIICH-
Tpauuu, Hanpumep Mexay 0,4 u 0,5 Mr, TO KOHUEHTpAILUIO
aHAJIM3UPYEMOro pacTBopa OepyT cpeHer MEeXIy COCETHUMU




KOHIICHTPAIUSIMU CTAaHAAPTHBIX PAcTBOPOB (TPUOITH3UTEIHLHO
0,45 mr). PekomenayeTcst nis mojydeHus 0ojiee TOYHBIX pe-
3yJIBTaTOB MPUTOTOBUTH IMMPOMEKYTOUHBIE CEPUH CTAaHAAPTHBIX
pPacTBOPOB.

MeTton maet npuOIMKEHHBIC Pe3yIbTaThl, 1 BO BpeMs paOOTHI
HEOOXOMMO YacTO BO30OHOBIIATH KAy M3-3a HEYCTONYMBO-
CTH OKPAacKd HEKOTOPBIX CTaHIAPTHBIX pacTBOpoB. IIpu BbI-
MOJIHEHUU aHAJIM3a METOAOM CTaHAAPTHBIX CEPHl COOMI0IeHNE
OCHOBHOTO 3aKoHa KojopumeTpuu (3axkoHa byrepa-JlamOepra-
bepa) He sBusieTcss 00s13aT€NBHBIM U3-3a OOJBIION MOrPEIIHO-
CTH METOJIA.

Meton KOJI0OpH-
METPHYECKOro
TUTPOBaHus (Me-
TOX ayoupoBa-
HUA)

OrnpeneneHHbIl 00bEM aHATU3UPYEMOTO OKpAIIIEHHOTO pac-
TBOpPa HEU3BECTHON KOHIIEHTPAlMM CPAaBHUBAIOT C TaKUM XK€
00BEMOM BOJIbI, K KOTOPOI T00ABISIOT U3 OIOPETKU OKpallleH-
HbIIl CTaHJIaPTHBINA PacTBOP TOTO € BEMIECTBA ONPEAECICHHON
KOHIICHTPAIIMU 10 YpaBHUBAHUS MHTEHCUBHOCTH OKpacok. I1o
COBIIAJICHUI0 MHTEHCUBHOCTU OKPACOK CTaHAAPTHOTO U UCCIIe-
JyEMOI'0 PAaCTBOPOB ONPEAEISAIOT COAECPKAHUE BELIECTBA B
pacTBOPE HEU3BECTHOW KOHLICHTPAIWH.

KoHuentpanuio BemiectBa B aHanusupyeMoMm pactBope C, (B
I/MJ1) HaXo 4T o Gopmyie:

rae T — TUTp CTaHAApPTHOTO pacTBopa, I/mit; V — o0beM craH-
JTApTHOTO pacTBopa, Mi; Vi — 00BbEeM aHAIM3UPYEMOTO PacTBO-
pa, B3ATOTO JII KOJIOPUMETPUPOBAHUS, MJL.

MeToa HENPUMEHUM TIPH PEAKIHSIX, MPOTEKAIOIINX MEIJICHHO,
U TIpU HEOOXOJIUMOCTHU JOTOJHUTEIIBHBIX 00pabOTOK (KUIMsUe-
Hue, QUIbTPOBAHUE U JP.).

MeTtoa ypaBHUBa-
HUS

CpaBHEHHE MHTEHCUBHOCTU OKPACOK aHAIIM3UPYEMOTO U CTaH-
JApTHOTO PacTBOPOB MPOBOJSAT B KOJIOPUMETpaX. MeTo1 OCHO-
BaH Ha TOM, YTO, U3MEHsISl TOJIIMHY CJIOSI IBYX PacTBOPOB C
PAa3IMYHOM KOHILIEHTPALUHUEN OJHOrO0 M TOTO K€ BELIECTBA, J10-
OMBAIOTCSI TaKOTO COCTOSIHHS, TP KOTOPOM HWHTEHCHUBHOCTH
CBETOBOTr'0 TOTOKA, MPOIIEAIIETo uepe3 oda pacTtBopa, OyaeT
OJIMHAKOBa — HACTyMaeT ONTHYECKOe paBHOBecue. OnrTuue-
CKasl TJIOTHOCTh Ka)KJI0TO PacCTBOpa COOTBETCTBEHHO PaBHA:

A =eCili m A, =¢C,l,
rae C; u l;, — COOTBETCTBEHHO KOHIIGHTPALUSA M TOJIIHUHA
ciost aHanusupyemoro pactBopa; C, u |, — KoHIeHTpanus u
TOJIIIMHA CJIOS CTAaHAAPTHOTO PacTBOPA.
Tak xak kod(hduueHT morjomeHus € y oOOUX PACTBOPOB
OJINH U TOT %€, TO PABEHCTBO YIPOCTUTCSI:




Cl,=C,l, uC, :CZII"-

1
CrnenoBaTenbHO, TOJIIMHA CJIOEB JIByX CPaBHUBAEMBIX PacTBO-
POB IPH OJIMHAKOBOM OKpacke 0OpaTHO MPOMOPIHOHAIbHA OT-
HOILEHUIO UX KOHIEHTpaLUH.
Meton ypaBHMBaHMs SIBISETCS HauOosee TOYHBIM METOJIOM
KOJIOPUMETPUPOBAHUSI.

Metonx pa3bdasJie-
HUSA

OIMHAKOBYI0O HHTEHCUBHOCTh OKPAaCKH aHAIM3UPYEMOTO U
CTaHJAPTHOTO PACTBOPOB IOJIYYAIOT IYTEM ITOCTEHEHHOIO
paz0aBieHUs BOJAOW WJIM COOTBETCTBYIOIIMM PAacTBOPUTEIEM
TOT'O PacTBOPa, KOTOPBIN OoJiee OKpallieH.

Pa3baBnieHrie mpoBOAST B OJIMHAKOBBIX Y3KUX LUJIUHJPAX C Jie-
JICHUSIMU Ha MUWUIMJIUTPBI U JI€CSIThIE J0JIU. /[Ba OJMHAKOBBIX
1o pazMepam 4 hopMaM LUIUHJPA C aHATU3UPYEMBIM U CTaH-
JApTHBIMU PacTBOpaMM TOMEIIAIOT PSAOM B CHEIUATbHBIN
IITATUB C SKPAHOM M3 MATOBOIO CcTekia. B 6ojiee MHTEHCUBHO
OKpaAUIECHHBI PAacTBOP BJIMBAIOT BOAY WJIM PACTBOPUTENH 10
TeX MOp, MOKa OKpacka 00OMX pacTBOPOB HE CTAHET OJMHAKO-
Boi. [locie coBmaseHust OKpacok pacTBOPOB HU3MEPSIIOT 00be-
MBI PacTBOPOB B LWJIMHIpPAX U PACCUUTHIBAIOT COAECpKaHUE
BEILIECTB B PACTBOPE HEU3BECTHOW KOHIIEHTPAIIUU.

9.3. ®oTo03/1€eKTPO-

- 3TO IPUOOP 711 UIMEPEHUS ONITUYECKON TUIOTHOCTH PacTBOpa.

KOJIOpUMeETP
(PIK)

IIpuHuun padoThI | CBETOBOM NMOTOK IIPOXOJIUT YEpE3 KIOBETY C OKPAIIEHHBIM pac-
(oTorsexTpokoso- | TBOpoM. IIpomenimii yepe3 pacTBOp CBETOBOM MOTOK IOMAIAET
pumerpa (PIK): Ha (DOTORNIEMEHT, B KOTOPOM CBETOBAsl SHEPIHsl MIPEBpAILACTCs B

anekTpuyeckyro. Cuia 3IeKTPUYECKOTO TOKa, BO3HHUKAIOIIETO
npu JIEHCTBUM CBETOBOM PHEPrUU Ha (POTOIIEMEHT, MPSIMOIIPO-
MOpIIMOHAIbHA WHTEHCUBHOCTH OcBerieHus (3akoH A.Il. Crone-
TOBA), @ CJIEZI0BATEIBHO U KOHIICHTPAIIUU AHAJTM3UPYEMOT0 HOHA.
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Onrnueckas cxema GorodnekrpokogopuMmerpa DOK-56M:
1 — ucrounmk cBera, 2 — CBETOPWIBTP, 3 — MpU3Ma, KOTO-
pas IeJuT CBeTOBOM nmoTok Ha 1Ba, 4, 4'— quu3el, 5, S




— 3epkana, 6, 6'— xwBerbl, 7, 8 — muadparmsl, 9, 9'—
CypbMsiHO-TIe3ueBbIe  (hoTOIeMeHThI, 10—uHauKaTop (MHII-
JUAMITIEPMETD)

DOTO3IEKTPOKOTIOPUMETPHI MTO3BOJISIFOT OIEHUTH OKPAacKy 00-
nee 00BEKTHBHO, YEM TO MOXKHO cJienaTh Ha ria3. B ¢oToko-
JOPUMETPE MHTEHCUBHOCTH OKPACKU OTPEACIISAIOT C TIOMOIIBIO
dboTOdIEMEHTA, T.€. CIIOS TOJYNPOBOJHMKA (CENeH, CYIb(pu
cepebpa u Ap.), HAHECEHHOTO HAa METAUTMYECKYIO IUIACTUHKY.
DoTOd7IEMEHT MPEeoOpa3yeT CBETOBYIO SHEPTUIO B DJIEKTpPHUE-
ckyto. CBeTOBOI TOTOK, TIomaaasi Ha GOTOIIIEMEHT, BO30OYX1a-
€T B HEM JJICKTpUYECKUi TOK. Bo3Hukaromnmii B poTosieMeHTe
TOK PETUCTPUPYETCS BKIIOYCHHBIM B IICMb YYBCTBUTEIHHBIM
raJIbBAaHOMETPOM, OTKJIIOHEHUE CTPEIKH KOTOPOTro MPOMOPIIHO-
HaJIBHO OCBEUIEHHOCTH (POTOANJIEMEHTA.

Tunbl  ¢orodiek-
TPOKOJIOPUMeET-
poB:

OpsSIMOTO JEHCTBUS (C OJHUM ONTHYECKUM ILIeYOM) U Audde-
pEHIMANIbHBIE (C IBYMSI ONITUYECKUMHU TIICHaMH).
[lepBbie UMEIOT OJIUH (POTO3TEMEHT, BTOPHIE - 1Ba. DOTOKOIIO-
pUMETPHI ¢ IByMs porosiemeHTamu Oosee ynooHsl. [lomydae-
MBbIE C UX MOMOUIBIO OTCYETHl MEHBILIE 3aBUCAT OT KOJIEOAHMI
TOKa B LICTIH.
Jlist onpenenieHrss KOHUEHTpAMU BEIIECTBA U3MEPSIOT ONTH-
YECKYI0 IUIOTHOCTh Hcciieqyemoro pactBopa (Dyc) u cran-
naptHoro pactBopa (Dcr). Mexay 3TumMu BeIMUUHAMU U KOH-
LHEHTPALUSIMU PACTBOPOB - CIEAYIOIIEE COOTHOLLIEHUE:

CCT DCT
OTcrofa KOHLIEHTpALKS UCCIEAYEMOTO PACTBOPA ONPENEIIAETCS
o dhopmyire:
DCT
[Tpu mMaccoBbIX (POTOKOTOPUMETPUUECKUX aHATU3AX JIJIsl OIpe-
JINIeHUs] KOHLIEHTPAMU HUCCIEAYyEeMOro pacTBOpa MOJb3YIOTCS
IpalyipOBOYHON KPUBOM, KOTOpAsk U CIY>KUT JIJIsl rpaduiecko-
ro HaxXOXJECHUS KOHILIEHTPAlUU MCCIEIyeMOro pacTBOpa IO
€ro OITUYECKON INIOTHOCTH.

CHC = CCT

CymHocTh MeTOaa
rpagyMpoOBOYHOM
KpuBoH (rpaguka)

1. ToTOBAT cepHIo CTaHAAPTHBIX OKPAIIEHHBIX PACTBOPOB,
T.€. PaCTBOPOB C Pa3HbIM, HO U3BECTHBIM KOJIMYECTBOM aHAJIU-
3UPYEMOr0 MOHA.

2. VI3MepsitOoT ONTHUYECKYI0 TIUIOTHOCTh CTaHJAApTHBIX
OKpAIIIEHHBIX PaCTBOPOB.

3. Ilo moyiydeHHBIM J@HHBIM CTPOSAT TPATYUPOBOYHBIN

rpaduk.
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(KOHIIEHTpalMs HOHA B
CTaHJIapTHOM PacTBOPE)

4. TOTOBSAT aHAIM3UPYEMBIN OKpaIICHHBIH pacTBOpP, U3Me-
PSAIOT €ro ONTHYECKYIO IUIOTHOCTH [l M IO rpagynpOBOYHOMY
rpaduky, coorBeTrcTBeHHO [, onpenensaoT Cy — coaepkaHue
MOHA B aHAJIN3UPYEMOM PACTBOPE.




10. JEKTPOXUMHUYECKHE METO/BI.
HOTEHIHUOMETPUYECKNU METO/J AHAJIU3A

10.1. CymHocth MeTona. ['anpBaHnYecKuid 37eMeHT. MHAMKATOPHBIN 3JIEKTPO.
Onektpon cpaBHeHUs. J/]C raJlbBaHUYECKOTO JIEMEHTA.

10.2. TloteHmuomerpuyeckoe TUTpoBaHue, KpuBbie MOTEHIIMOMETPUUECKOTO
TUTPOBAHUS C UCTIOJIb30BAHUEM PEAKIIMI HEUTpaTu3aluu.

10.3. KucmoTHO-OCHOBHOE MOTEHIIMOMETpHUecKoe TuTtpoBaHue, CrocoObl Ha-
XOXJEHUSI KOHEUHOU TOYKH TUTpoBaHus. pH metp.

10.4. 3naueHue U onpeaeIeHne OKUCIUTEIHHO-BOCCTAHOBUTEIBHOTO TTOTEHIHA-

Ja cpepl.

10.1. IToreHuuoMeTpUst

- OTO @HBHKO-XHMH‘IGCKI/Iﬁ MCTOM, HpeﬂCTaBHHI-OIHI/Iﬁ co0o0ii dJ1€!
POB JJICKTPOJIUTOB.

JlocTonHCcTBA MeTOAA:

" OBICTPOTA;

» BBICOKas TOYHOCTH onpeaencHust (0,1%);

" BO3MO’KHOCThH U3MEPEHMSI B MyTHBIX M OKPAILIEHHBIX pacTBOpA:
" BO3MOXHOCTh M3MEPEHUS B ACTaX U B OUOJIOTHYECKUX O0BEK

Bo3moskHOCTH MeToAA.

» Penokcomerpus

» IloTeHIMOMETPUIECKOE TUTPOBAHHUE
» Honomerpus

>

>

>

CymHocTh MeTOAA 10o-
TEHIIHOMETPHH:

[ToreHUUOMETPUYECKUI METOJI OCHOBAH HA U3MEPEHUH DJIEKTPO
YECKHUX 3JIEMEHTOB, BKJIIOYAIOIINX JBA 3JIEKTPOJA, KOTOPHIE MO:
pacTBOp WJIM JIBA PA3JIUYHBIX IO COCTAaBY pacTBOpPAa, UMEIOIINX
TaKT.

Tak Kak MOTEHIMAJ OTAEIBHO B3STOIO 3JIEKTPOJA U3MEPUTDH HEI
Thl B IOTEHIIMOMETPUHN COCTABJISIIOT U3 U3MEPUTEIBHOTO (MHIUK:
KOTOPOI'O 3aBHUCHUT OT COCTaBa PacTBOPA U AJIEKTPOIA CPABHEHUS,
HE 3aBHUCHUT OT cocTaBa pactBopa: toraa J/{C raibBaHMYECKOTO =
LEHTPALHH ONPEETIIEMOro HOHA.

Hanbonee BaxXxHbIM MOMEHTOM B ITOTEHIIUOMETPUH SIBJISIETCS BBIO
3JIEKTPOJIbI ICJIATCS HA SJICKTPOIAbl CPABHEHUS U DJIEKTPOBI OMPE

JJIeKTPOAaMHU  CpaBHe-
HUsT (MWJIM BCHIOMOTra-
TeJbHBIMU JJIEKTPO/Ja-
MH)

Ha3bIBAIOT AJIEKTPO/IbI, UMEIOIINE U3BECTHBIA U CTAOMIIBHBIN TIC
LIEHTPALUHA pacTBOpA.
K HUM OTHOCATCA: HOPMAJIBHBIA BOJXOPOIHBIN, KAJIOMEJIBHBIN, XJI

DJIeKTpPOAbI  Ompeaesie-
HUsl (WM WMHIUKATOP-
HbIE IJIEKTPO/IbI)

UMEIOT TTIEPEMEHHBIN MMOTEHITNAN, 3aBUCSIITUN OT IPHUPOIBI U KOF
TtBOpe. CyIecTBYyeT JiBa OCHOBHBIX KJIacCa WHIUKATOPHBIX 3JIC
MOHOOOMEHHBIE.




JJIeKTPOHOOOMEHHbIE
3JIEKTPOABI

- OTO JJICKTPOJAbI HAa MC)K(I)&?)HBIX rpaHuax KOTOPLBIX IIPOTCKAIOT |
K HUM OTHOCATCS OKMCIMTEILHO-BOCCTAHOBUTEIBLHEIC QJICKTPOAE
KonnyecTBeHHass 3aBUCHUMOCTD QJICKTPOHHOT'O IMOTCHIOHMAJIA (E)
BOCCTAHOBUTCIIAA OIIMCHIBACTCA YPABHCHUCM !

E = Eo + [OX]

0,0591
n C[Red]

EO - CTaH,HapTHBIﬁ SHCKTpO,Z[HBIfI IOTCHOMAJI OKHUCJIIMTCIIBHO-BOCC

[OX ] — koHLIeHTpaLKsT OKUCICHHOMN (hOPMBI HOHOB
[Red] - xoHmeHTpaIUs BOCCTAHOBICHHON (OPMBI HOHOB.

HNoHHOOOMEHHBIE DJIeK-
TPOABI

- UX Ha3bIBalOT MEMOPAHHBIMU WJIM MOHHOCEJIIEKTUBHBIMHU — 3TO
HULAX KOTOPBIX MPOTEKAIOT HOHHOOOMEHHBIE PEAKIUU. DIIEKTP
onpenensercs ypasHeHneMm HepHcera.

S=Ey+0059IgC
rae C — KOHLEHTpauus ONpeleasieMoro HoHa
[IpuOopamMyu TNOTEHUMOMETPUU CIIyKaT MOTEHUUOMETPhI, pH-Me
OBITh HCIIOJIB30BAHBI KAK MUJUIMBOJIBTMETPHI, & TAKXKE MO3BOJISK
yuHbl pH.

10.2. IloreHuuomerpu-

OCHOBAHO Ha OIPCACIICHUHU TOYKH 3KBHBAJICHTHOCTH II0 PC3KOM

YyecKoe TUTPOBAaHUeE | TPOJA, PEArupyroliero Ha M3MEHEHUE KOHLEHTpauuu (aKTUBHC
(I1T) IIPOAYKTA PEAKLIUH.
Metoasl IIT kaaccu- e KwucioTHO-OCHOBHOE

¢GuuupyroT nmo Tuny pe-
aKIHUHU, Jexamen B 0C-
HOBE OIPe/AC/ICHUS:

e  OKHUCIUTENBHO-BOCCTAHOBUTEIBHOE
e (QOcagureiapHOE
o  KoMmIuiekCOHOMETpUUECKOE

Broinoanenue MOTEH-
HUOMETPUYECKOT0 THUT-
poBaHus

B TuTpOBaHHBIN pacTBOp MOMEMIAOT UHAUKATOPHBIN AJIEKTPO/I,
aKTUBHOCTH (KOHIIEHTPAIIMH) BEILECTB, YYaCTBYIOLIUX B pPEaKil
ANEKTPOJIbI 00Pa3yIOT rajdbBAaHUYECKUM DJIEMEHT, KOTOPBIA MO/
METpy, HOHOMETPY).

K pactBopy aHanm3upyemMoro BelecTBa U3 OIOPETKH MpHUOABIISIO
C HUM peareHTa (pabouuii pacTBop, TUTpaHT). [IpubaBneHue pe
JICHHBIMH JI03aMU : KPYIHBIMH BJAJIM U MEJIKUMH - B HETIOCPE/IC
IPU MOCTOSTHHOM MEePEMEILIMBAHUH.

[Ipu nobGaBnennn pabovero pacTBOpa aKTUBHOCTb MOTEHIIMAIIOC
pesynbrate usmensiercs u J/1C. 3aBucumocts I/IC ot 00bEMa T
pa n3o0paxaroT rpad@UUeCcKy U Ha3bIBAIOT KPUBOW TUTPOBAHUS (P




V,ma

VISKB.
KpI/IBaH IMOTCHIOUOMCTPHUYCCKOTO TUTPOBAHHA COCTOUT M3 HECKO

CKOPOCTBIO M3MEHEHUs MoTeHnana. HadyaneHplid ygacTok (40
YeCKM HEOO0XOJIMMOTr0 KOJIMYECTBA TUTPAHTA) XapaKTEPU3YETCs

nuana. BOMU3M TOYKU SKBUBAJICHTHOCTH HE3HAYUTEIHLHOE H3ME
JIOONPEAEISAIONIMX NOHOB BBI3BIBAET PE3KOE U3MEHECHUE TTOTECHIU:
TOYKE PKBUBAJICHTHOCTH KOJIMUYECTBO peareHTa, J0OaBICHHOTO B
BUBAJICHTHO KOJIMYECTBY OIpe/esieMoro Bemiectna. [Ipubasiet
BAJICHTHOCTH HE3HAYUTEIIBHO U3MEHSET BEJIMUMHY OTEHIIMAIA.

IToreHMOMeTpHUYECKOE
TUTPOBAHHE COCTOUT:

1. B UBMEpeHUH MOTEHIIMAaIa HHAUKATOPHOTO AJIEKTPOia B MPOIIE
2. B IOCTPOCHUU KPUBOU TUTPOBAHMUS;
3. B HaX0xAeHUH rpadudecku (MM BRIYUCICHUN) 00bEMa TUTpal

TpeOoBanus K peakuu-
M, HCHOJIb3yeMbIM B
NOTEHINOMETPHYECKOM
TUTPOBAHUM:

1. Peakunu AOJKHBI MPOTEKATH CTPOTO KOJIMYECTBEHHO.

2. PaBHOBECHE OCHOBHOW XMMHMYECKOM M MHIUKATOPHOM pEAKIIK
CTPO.

3. st KaxAoro cirydasi mog0MpaTh JIEKTPOJIbl CPABHEHUS U Ul
Maja KOTOPBIX 3aBUCUT OT KOHLUEHTPALIMH OMPEAEIIIEMOrO KOMIIC
4. B pactBOpe HE AOJHKHBI TPOTEKATh NOOOYHbBIE PEAKIIUU.

Onpenenenue TOYKH
IKBUBAJIEHTHOCTH

OcHoBHas 3aja4a MOTEHIIMOMETPUUECKOTO TUTPOBAHUS - OIPE
TpalMd AHAJIU3UPYEMOT0 BEIIECTBA TOYHOCTH 3TOTO ONMPEJICIICH]
peneNeHns] TOYKU SKBUBAJIEHTHOCTH.

To4Ky 3KBUBAJIEHTHOCTH IO KPUBOM MOTEHUUOMETPUYECKOTO TI
YCTaHOBHUB TOYKY Tepernda KPUBOW TUTPOBAHUS, TOCTPOCHHOM
TUTPAHTA.

To4YHOCTh aHanM3a 3aBUCUT OT TOYHOCTH YCTAHOBJICHUS TUTPA I
TOYKE SKBUBAJICHTHOCTH.

10.3. MeTtoa KHCJIOTHO-
OCHOBHOT'0 TUTPOBAHUSA

OCHOBAH Ha PEaKIUu:
H*+OH =H,0

[Tonp3ysich TUTPOBAaHHBIMU PACTBOPAMHU IIEIOYEH, OMTPEACIIAIOT |
CJIOT, @ C TIOMOIIBIO TUTPOBAHBIX PACTBOPOB, KUCIIOT, HAXOIAT KO
MeTon NpUTOJEH TAKKE U ISl ONPEAECIEHUS THAPOIU3YIOIINXCS
MOYKHO OIIPEJEIIUTh HE TOJBKO C ITOMOIIBI XMMUYECKUX WUHJMK
CKUM METOAOM. B pa3nmyHbIX METOJaxX TUTPUMETPUUECKOIO aH:
KaTOPHBIE 3JIEKTPOJBI CPABHEHUS B 3aBUCUMOCTH OT CBOMCTB K(




HBIX PEAKIIUU.

B ciyyae KMCIOTHO-OCHOBHOI'O THUTPOBAHMSI MHIMKATOPHBIMU 3
JOPOAHBIN, CTEKJIIHHBIN, U IPYTUE JIEKTPO/Ibl, IOTEHIHAI KOTO]
Tpaluuu (aKTUBHOCTH) MOHOB BOJIOpOJia. B kauecTBe 351eKTpo/ia ¢
HBII WIH XJIOpCEPEOPSHBIN 3JIEKTPO/IBI.

Pasnocte norennmanos A E Mex1y MHAMKATOPHBIM 3JIEKTPOJIOM
€TCs IPYU TUTPOBAHUM MPOIOPLUUOHAIBHO U3MeHEHNIO pH pactBo

AE=Ecp-0,058 Ig Cu"

o - AE — Ecp
0,058
rae Ecp - moteHmuan snektposa cpapHeHus; CH' - KOHLEHTPALIH:
AE
T.K. Ecp=const=a, o pH=—--2a (1
p PH = e 1)

Bripaxxenue (1) moka3biBaeT, 4To KpuBasi TATPOBAHUS B KOOP/IUH
Takoi sxe Bua, kak 1 pPH== (VTutpanra). B cBs3u ¢ 3THM 17151 ON
CTH B KUCJIOTHO-OCHOBHOM THUTPOBAHUU MOKHO BOCIIOJIb30BATHCS

pH — meTp

U3MEpSET Pa3HOCTh MOTEHITMAIIOB MEXIY 3TUMHU AJICKTPOIaME
pacTtBop. Kak/10i1 pa3HOCTH MOTEHIIMAIOB COOTBETCTBYET OIPE/I
3aMeHsIsI CTCKJISTHHBIHN 3JICKTPOJ APYTUMU HOHOCEICKTUBHBIMH 3J
3aBHCHT OT KOHIICHTPAIMH JIPYTMX MOHOB (KaTHOHOB WJIM aHHO}
[ICHTPAIIHY.

[TpOMBIIIIJICHHOCTh BBIMTYCKAET MOHOCEICKTUBHBIC JICKTPOIBI [

Ca*, Mg®*, Cu®*, CI, NOg, J.

HNucTpykuus no padore
¢ pH- meTpom

BHewHuit Bug pH-metpa

3 A A
r - f - "
S o M 12
TN t‘pac‘rrarqpa' 15
LIRS
| (a9
10 —J = 8
(LU0 i) S S
127 w3m. A
00000 17
¥anuop pH KpyTvsHa H \

13 14 15 16
1 - CTEKJISIHHBIN 3JIEKTPO/T
2 - XJ0pcepeOpsIHBIN SIEKTPOT
3 - MIJJTMBOJIBTMETP co mkanoi pH
4 - pe3ucTop U TeMriepaTypa pacTBopa
5 - KHOIKA BKJIFOUCHMS u3MepeHuit pH




6 - rpy6oe usmepenue pH
7 - Tounoe uzmepenue pH B nuanazone pH=1 -4
8 - Tounoe uzmepenue pH B nuanazone pH =4 -9
10, 11 - xHomnka usmepenus IJ1C
12 - KHOIKa BKJIIOUEHHUS U PETYIUPOBKHU TEMIIEPATYPHI
13 - 16 - pyyku HaACTPOUKHU.
Iopsinox padorsl Ha mpubope “ pH - merp”
IToaroroBka:
1. YcranoButh npubop Ha paboyeM MecTe.

2. IIpoBepuTh MEXaHUYECKHI HYJIb MMOKa3bIBAIOLIEro mpuodopa. I
PYUYKH “yCTaHOBKA HyJISl yCTAHOBHUTH HAa HYJIEBYIO OTMETKY.

3. I[IpucoeIMHATH MPOBOJ 3a3EMJICHUS K 3AKUMY 3a3E€MJIICHUS.

4. YcTaHOBUTH MEPEMBIUKY B po3eTKy “IloTeHnnomerp”.

5. IlepeBecTr NEepEKIOYATENb POAA TEPMOKOMIIEHCALIUHU B ITOJIOM
6. BkiarounTs npubop B CETb.

7. Haxatp kHOnKY “0,1” - M KHOIIKY J1H000r0 Mana3zoHa u3MepeH]
8. I[Iporpets B Teuenue 20 - 30 MUHYT.

9. C noMouibio 0ypepHbIX pacTBOPOB MPOBEPUTH MTOKA3aAHUS IIPH
Hsmepenue pH:

1. IIpu pydHOil TemMnepaTypHOW KOMIIEHCALIMN Ha)KaTh KHOIKY
TBOpA” YCTAaHOBUTH CTPEJIKY MOKA3bIBAIOIIETO MPUOOpa TIPOTHUB (
neparype pacTBopa.

2. [TomecTuTh 2IEKTPOBI B UCCIEAYEMBIN PACTBOP.

3. Haxatp kHonky auana3zonHa pH1 - 14. (Orcuer nokazaHwuii
npuodopa).

4. Ilns Gosee TOYHOrO ompeseneHus 3HayeHus pH Haxarbh kH
nuariazoHa pH. (OTcuet nokazaHuil MPOU3BOIUTH MO BEPXHEM IIIF
ITPUMEYAHMUE. Ilepen ucnoiab30BaHUEM JICKTPOJIbI KaX bl
HOM BOJOM.

10.4. OKuCINTeILHO-
BOCCTAHOBUTEJIbHBIN
noreHuuaua (OBII)

SIBJISIETCS OJHOM W3 (PYHKIMOHAIBHBIX XapaKTEPUCTUK OUOJIOTY
XapaKTEPU3yeT OTHOIICHUE OKUCIUTEIIBHBIX U BOCCTAHOBUTEIIbH
JUYWHA, MOKa3bIBaIOIIass CIIOCOOHOCTh CUCTEMBbI NMPUHUMATh WII
HIEHHIO K DJIEKTPOY CPABHEHUS.

Bennunna OBII nodB 3aBUCHT OT peXuMa BIAXXHOCTH, a’pail
Hampumep, B amopdubix mousax OBII uzmensercs B 10BOJIBHO
Ha Benmmuuny OBII BIusIOT cileyroniue COeANMHEHNs, BCTPEYAlO]
NO,-NH;; SO,*H,S; PO,*-PHz; Mn*" - Mn* - Mn*; Cu®- Cu®";
Ot Benmunabl OBII 3aBHCUT K KaKUX THUTAX COCIUHEHUN OyIyT
Maprasel B NO4Be.

OBII BnusieT Ha UHTEHCUBHOCTH (DUKCALIMU a30Ta a30THUKCUPY
HAJUICKUT BaXKHAS! POJIb B PEAKIUAX KIETOYHOTO JIbIXaHUsI, 00ec
XUMHUYECKOM 3Hepruen B Bujie ATO.




11. 3JIEKTPOXUMHUYECKHUE METO/IbL
KOHAYKTOMETPUYECKNU METO/I AHAJIM3A.

11.1. DneKTpONnpPOBOJHOCTH PACTBOPOB 3JIEKTPOIUTOB.

11.2. CymHOCTh MeTOJIa KOHAYKTOMETPUHU, NPEUMYLIECTBA, 001aCTU MPUMEHE-
HUSL.

11.3. Konagyktomerpuueckoe THUTpoBaHHE. KpuBas KOHIYKTOMETPHUYECKOTO
TuTpoBaHus. OnpenerneHne KOHEYHOW TOYKH TUTPOBAHUS.

11.4. Annaparypa. Beruncnenusi.

11.1.  DuexkTpuue- | Ha3bIBAIOT CIIOCOOHOCTH BEIIECTBA MPOBOJUTH 3JIEKTPHUUE-
CKOl  NMPOBOAMMO- | CKUI TOK IOJ ACUCTBUEM BHEIIHETO AIEKTPUYECKOrO IMO-
CTHIO ns1. Ee equnuiiet usmepenus siisietcst cuMmeHc (Cm).
[lepeHoc aneKkTpuvecTBa B MPOBOJAHUKAX MEPBOTO poja -
MeTaJlJIaX - OCYILUECTBISAECTCS ABHKEHUEM DIJIEKTPOHOB I10
MPOBOJIHUKY B HAIPaBJIE€HUH OT OTPUIATEIHHOrO MOJOCa
MCTOYHUKA TOKA K IMOJIOKHUTEIbHOMY. B mpoBoaHuKax
BTOPOI'O0 pOJa - PacTBOpax »dJIEKTPOIUTOB - TEPEHOC
AJICKTPUUYECTBA OCYIIECTBISECTCS JBUXXEHHUEM HOHOB.
AHUOHBI IBUXKYTCS K aHOJTY, KATUOHBI - K KaTOAY.
3akoH Oma ocTaeTrcs CIpPaBEIJIMBBIM M ISl PAacTBOPOB
AIEKTPOJIUTOB:

E=IR=Ipl/S,
rae E - pa3HOCTh MOTEHIIUAIOB MEXAY dJeKTpoaamu, B; |
- cuia Toka, A; R - conporuBnenue, OMm; p - yaenabHOE
conpotuBienne, Om ¢ cMm; | - paccTosiHue MEKIY IEKTPO-
JlaMH, CM; S - ceueHHe (TUIOMIA b ITOBEPXHOCTH), oM.
Benuuuna X=1/p, oOpatHasi yaenpbHOMY CONPOTHUBIICHUIO
AJIEKTPOJINTA, HA3BIBAECTCS YIEIBHOU 3JIEKTPUUECKON IIPO-

BOJMMOCTBIO.
VielbHasi 3JIEKTPH- | paBHA JIEKTPHUECKON POBOAMMOCTH 1cM® pacTBopa, Haxo-
yeckKast MPOBOIM- | JSIIETOCS MEXAY NapalieIbHbIMH 3JEKTPOJAMH ILIOIIA-
MOCTh m6i0 1 cM® T paccTOSHUM MEXAy HEME 1 cM, Wi, apy-

TUMHU CIIOBAMH, - 3TO 3JIEKTpUYECKasi MPOBOAUMOCTb CTOJI-
0a pactBopa JIMHOW 1 CM W MJIOMIAbI0 MOMEPEYHOro Ce-
genns | cm’. Ee enunnrieii m3mepenns spisiercss CM/CM.

B pasz06aBneHHBIX pacTBOpax yjAedbHAs JJICKTPUUECKAs




IPOBOJUMOCTh C YBEJIMYEHHUEM KOHLEHTpAlMu pacTeT,
IpU HEKOTOPOM TOCTATOYHO BBICOKOW KOHUEHTPALUHU JOC-
TUTaeT MakCUMyMa M 3aTeM yMeHbluaercs. Bozpactanue
ANIEKTPUYECKOM MPOBOAUMOCTH C POCTOM KOHLEHTpAalUHU B
pacTBOpax YMEPEHHO BBICOKMX KOHLIEHTPALUH MPOUCXOIUT
BCJIC/ICTBUE YBEIMYEHHS] YHMCJIAa MOHOB C KOHLIEHTpALUEH.
OpHako B KOHLEHTPUPOBAHHBIX PACTBOPAX BO3HHUKAIOT U
npyrue 3¢ }exTsl, TPUBOIAIINE YKE K YMEHBIICHUIO HJICK-
TPUYECKOW MPOBOIUMOCTH. B KOHIIEHTPUPOBAHHBIX PACTBO-
pax BO3pacTalOT CHJIBI MEKHOHHOTO B3aMMOJEHCTBUS,
BCJIC/ICTBHE YEro MPOMCXOAUT OOpa30BaHHE MEKHOHHBIX
acCcollMaTOB WJIM HOHHBIX Map, YBEJIWYMBAETCS BSI3KOCTh
pacTBopa M MPOSIBIAIOTCS JIpyrue 3(PQPeKThl, CHUKAIOIINE
CKOPOCTb JBMKEHHUS MOHOB M BBI3BIBAIOIINE YMEHBIICHUE
AIIEKTPUYECKON MPOBOAMMOCTH. Kak CyMMapHBI pe3yiib-
TaT JEHUCTBUS 3TUX (PAKTOPOB, HA KPUBOW 3IIEKTPUUECKOU
IIPOBOJIMMOCTH BO3HHUKAET MAaKCUMYM. JlJI aHaIMTUYECKUX
U3MEpEHU OOBIUHO MCHOJB3YETCSl YU4aCTOK KPUBOM C BO3-
pacTarouieil yJIenbHOW 3JIEKTPUYECKOW INPOBOJAMMOCTHIO,
T.€. 00J1acTh pa30aBICHHBIX U YMEPEHHO KOHLIEHTPUPOBAH-
HBIX PACTBOPOB.

IKBUBAJIEHTHOM
JIEKTPUYECKOM TIPO-
BOAUMOCTBIO

Ha3bIBAIOT MPOBOJUMOCTb PacTBOpa, cojepikamero 1 Moub
AKBUBAJICHTA BEIIECTBA M HAXOMSILErocsl MEXIy JByMsl Ta-
paJUIeTIBHBIMU AJIEKTPOJaMU, PACCTOSIHUE MEXAY KOTOPBIMHU
1 cm. Ee enunueii nsmepenns siasiercss CM * cM?/(MOTIb
DKB).

OueBUAHO, TJIONIAAb IIEKTPOJIOB TAKOBA, YTO MEXKIY HHU-
MU MOMEIIAETCSl pacTBOpP, colepx amuii 1 Monb 3KBUBa-
JIEHTOB BEILIECTBA.

VYienbHas U 3KBUBAJCHTHas MPOBOJUMOCTH CBSI3aHBI CO-
OTHOIIEHUEM

A = 1000x/c,

I7e ¢ — MOJIApHas KOHIICHTPAIMs YKBUBAJICHTA, MOJIb/JI.
B obmactu cpaBHUTEIbHO HEBBICOKMX KOHIICHTpAITUN JK-
BUBAJICHTHAS JJIEKTPUUYECKas MPOBOAUMOCTH SJICKTPOJIU-
TOB OOBIYHO PACTET C YMEHBIIICHUEM KOHIICHTpAIlUU pac-
TBOPA U MOBBIIIEHUEM TEMIIEPATYPHI.

11.2. Kongykromer-
puyeckue MeTO/bl
aHaJIu3a

- 9TO MeTOblI (PU3UKO-XUMUUECKOTO aHAJIN3a, B OCHOBE KO-
-1

TOPBIX JIGKUT H3MEpeHHe sjiekTpornpoBoanoctr (L, Om™)

uiu conpotusienus (R, Om) ananusupyeMoro pacTpopa.

CymHocTh MeTOIa
KOHJIYKTOMETPHU:

B OCHOBE IPSIMON KOHAYKTOMETPHUU JICKHUT METOJ TPaTyH-
pOBOUYHOTO TpaduKa: TOTOBAT CEPUI0 CTAHIAPTHBIX pac-
TBOPOB (COJEpKaHUE AHATU3UPYEMOIO0 HOHA W3BECTHO),
U3MEPSIOT MX DJIEKTPONPOBOTHOCTH WJIU COIMPOTHUBIICHHE,




CTPOSIT T'PAyUPOBOYHBIN TpaduK, ONMPEAENSIOT AJIEKTPO-
MPOBOJTHOCTh WJIM COMPOTUBIICHUE aHATU3UPYEMOTO pac-
TBOpa U MO IpaguKy ONpPENesiioT AKTUBHOCTh aHAJIM3M-
pyeMoro moHa (a), AeiCTBUTEIbHYIO KOHIIEHTPAIIMIO MOHA
PacCUYUTHIBAIOT IO YPABHEHUIO:

f- ko3 HULIMEHT aKTUBHOCTH.
i ompeneNneHrs AIeKTPOTPOBOIHOCTH, COMPOTUBIICHUS
pacTBOpa UCTOIB3YIOT MPUOOP — PEOXOPAHBII MOCT.

IIpenmymecrBa Mme-
TOAA KOHAYKTOMET-
puu:

" BBICOKAs dKCIIPECCHOCTH;

" [POCTOTA U AOCTYHHOCTb U3MEPUTEIBHBIX IPUOOPOB;

" JI0CTaTOYHAs TOYHOCTHIO (IIPSIMbIE KOHIYKTOMETpUYE-
CKME HW3MEPEHHs] MMEIOT IMOorpemHocts 1—2%, mpu co-
OJIIOICHUU CHEUHAIBHBIX YCIOBHI OHa CHUXKAaeTcs [0
0,2%);

" BO3MOXHOCTh MPOBEAECHUS aBTOMATHYECKOTrO W JHC-
TaHIIMOHHOT'O aHaJIu3a;

" BO3MOKHOCTb aHajin3a JIIDOBIX arpecCUBHBIX CPEJl, TaK
KaK 3JIEKTPOJBI C AHAIIM3UPYEMBIM PaCTBOPOM HE COIPU-
KacarTCsA. DJIEKTPOJIBl MOXKHO MOMECTUTh, HAIlpUMEP, C
Hapy>KHOW CTOPOHBI TPYOONPOBOJA, 10 KOTOPOMY MpPOTE-
KaeT >XUIKOCTh, M TMOJIy4aTh TakuMm obOpazoMm uHbOpMa-
IIUIO O COCTAaBE pacTBOpa B JIt0OOI1 MOMEHT BPEMEHU;

" aHAJW3 MYTHBIX PAacTBOPOB, B3BECEU, SMYJIbCUH, OK-
palIeHHBIX PACTBOPOB.

OobsacTu npumMeHe-
HUSIT MeToJa KOH-
AYKTOMETPUM:

[Ipssmoe u3mMepeHue JIeKTPUUECKOM MPOBOAUMOCTH SBJISI-
eTcs HanoOosiee 3(HPEKTUBHBIM METOJIOM KOHTPOJISI KayecT-
Ba JIUCTWIMPOBAHHON BOABI B JIaOOpaTOpUsiX, TEXHHUYE-
CKOM BOJIbI B TaK HAa3bIBAEMbIX TOHKHUX XUMUUYECKUX WJIU
(dhapmaneBTHYECKUX MPOU3BOJICTBAX, B TEXHOJIOTUHU BOJIO-
OYKMCTKHA U OLIEHKE 3arps3HEHHOCTH CTOYHBIX BOJI, TEMJIO-
TEXHHKE (MMUTAaHUE KOTJIOB) U T.]I.

KonaykroMeTprieckne JaT4YUKU C YCIIEXOM MPHUMEHSIOT-
CsS B aBTOMAaTU3UPOBAHHBIX CXE€MaxX KOHTPOJS MPOU3BOJ-
CTBa B HEKOTOPBIX OTPACIAX XUMUYECKOW, TEKCTUIBHOMN U
MUIIEBON MPOMBIIUIEHHOCTH, THUIPO3JICKTPOMETAITYPrun
U T.1.

Pa3paborana meToauka KOHIYKTOMETPHUYECKOTO OIpese-
JIeHusT ManbIx KonmmdecTs yriaepoxa (1072—10-2%) B cra-
JSX M MeTaiiaXx. MeTo/iMKa BKII0YaeT COXIKEeHHe 00pasiia
B TOKe Kucjopoja, nornouienue CO,, pacteopom Ba(OH),
U U3MEPEHUE €ro ANEKTPUYECKOM npoBoaumMocTH. Conep-
JKaHWE yriiepoAa HaXxoAsiT MO rpaaAyupOBOYHON KPHUBOM.
Metoibl TPSAMON KOHIYKTOMETPUM UCTIOJIB3YIOT JJIsl KOH-




TPOJISI KayecTBa MOJIOKA, Pa3IMYHBIX HANUTKOB U MHIIIE-
BBIX TIPOJTYKTOB.

OO6mmMpHYy0 00J1aCTh MIPUMEHEHHS] UMEET KOHIYKTOMETPHU-
yeckoe TuTpoBaHue. CUiIbHbIE MUHEPAJIbHBIE KUCIOTHI B
BogHoM pactBope (HCIO4 HCI, HNO;3; u ap.) tutpyrorcs
HIEJIOYbIO0 MPHU OOJBIIUX U JAOCTATOUYHO MaJIbIX KOHIIEHTpa-
musix (mo 10-* moms/m). Tak xe TUTPYIOTCSI CHUJIBHBIE OC-
HoBaauss (NaOH, KOH wu np.) cuiabHBIMH KHCJIOTaMH.
Jlerko TUTPYIOTCS MypaBbUHAs1, YKCYCHasl M APYTHE KHUCIIO-
ThI cpefHell cuibl. KpuBbie KOHIYKTOMETPUUYECKOTO THUT-
pPOBaHUS psijia OPTAHUYECKUX KHUCJIOT (SIHTApHOM, aJUIMu-
HOBOH M JIp.) IPU TUTPOBAHUU CIA0OBIM OCHOBAHHEM HMeE-
10T 00Jiee PE3KO BBHIPAKEHHBIN M3JI0M B TOYKE YKBUBAJICHT-
HOCTH, YEM KpHUBBIC THUTPOBAHUSI CHIIBHBIM OCHOBAaHHEM.
OTU KUCIOTHl TUTPYIOT PAacTBOPOM aMMHUaKa, MPUYEM B
peakIuio BCTYMalT 00a MpOoTOHA. AMHUHOKHUCIOTHI (TJIH-
I[MH, aJaHWH, BaJUH U JIp.) TUTPYIOTCS CHJIBHBIMH OCHO-
BaHUSIMU.

MeToaoM KOHIYKTOMETPUYECKOTO TUTPOBAHHUS OIpee-
JSAI0T MHOTHE KAaTMOHBI M aHWOHBL. HuTpaTom cepeOpa
TUTPYIOT XJIOPUJ, OpOMUJ, WMOAMWA, LIMAHUJ, THOLMAHAT,
OKcallaT, BaHaJaT, TapTpaT, CaMIUIaT U HEKOTOPbIE APY-
rue aHuoHsl. TutpoBanueM B cpeae 90% -ro crimpra omnpe-
nenstor Cl~ B MpUPOIHBIX BOJAX MPHU COJIEPKAaHUU MOPSI-
ka 10 mxr. Conepxkanue |~ u Cl- B cMecu MOXeT OBbITh OTI-
peneneHo 0e3 mpeaBapUTEeNbHOrO pasneneHus. Turposa-
HUE aleTaTOM WJIU XJIOPUIOM Oapuisi TPUMEHSIOT JJIS OTI-
peneneHus cynbdara, xpomara, kapOoHara, oOKcaara,
[UTpaTa U JIPYyrUX aHUOHOB OOBIYHO TMpHU T0OABIECHUU B
aHaNMM3UpyeMblid pacTBop criupTa. CynbdaTsl TAKUM METO-
JIOM OIpPEIENAOT B MPUPOAHBIX BOJAX U AHAIOTMYHBIX
00BEKTaX.

11.3. Kongykromer-
pUYecKMM  THTPO-
BaHHEM

Ha3bIBACTCS METOJ OOBEMHOIO aHajiu3a, B KOTOPOM HH-
JTUKATOPOM  CIIYXKHT DJIEKTPOIMPOBOJHOCTh THTPYEMOI'O
pacTBopa.

CymHocTh MeTOIA
KOHIYKTOMeTpHuYe-
CKOIr0 TUTPOBAHUS

B pactBopax 37€KTpOJIMTOB B MPOLIECCE PEAKIIMU HU3MEHSI-
€TCs BEJIMYMHA JJICKTPOIPOBOJHOCTH U B MOMEHT SKBUBA-
JIEHTHOCTU JIOCTUTAaeT MUHHMAIbHOTO 3HAYEHUS. DTO MPO-
HUCXOJUT MTOTOMY, UTO MOHBI, IBMXKYLIHUECS C OJJHOU CKOPO-
CTBIO 3aMEHSIOTCS MOHAMU, JBWKYLIUMHUCS C Ipyrou. Tax,
HanpuMmep, IpyU TUTPOBAHUU KHUCIOT U OCHOBAHUU PE3KOE
W3MEHEHHUE JJIEKTPONPOBOJHOCTH pacTBOpa HabIomaeTcs
IJIaBHBIM 00pa30M BCJIEICTBUE 3aMEHbI BHICOKOTIOBUKHBIX
noHos H'umn OH Ha MeHee NMOJBM)KHBIE KATHOHBI MU
annonsl (Na" mmu Cl B mpumepe)




HCI + NaOH = H,0 + NaCl
H"+ClI'+Na"+ OH =H,0 + Na" + CI
[Tpu TUTPOBaHMH IIIEKTPOIUTOB, HOHBI KOTOPBIX 0OPA3YIOT
TPYAHOPACTBOPUMBIC COCTUHEHUS, STICKTPOIIPOBOTHOCTh
MEHSIETCS TIPEUMYIIIECTBEHHO 32 CUET M3MEHECHHSI KOHIICH-
Tpamyuu HOHOB B pPacTBOpE:
NaCl+AgNO;=AgCI+ NaNO;

Na“ + Cl" +Ag" + NO; AgCH+Na'+NO;
PaccMOTpuM KpHBYIO KOHIYKTOMETPHUYECKOTO TUTPOBAHUS
CHJIBHOM KHUCJIOTBI CHJIBHBIM OCHOBaHWEM. Jlo Hauama TUT-
pPOBaHUS BJEKTPOMPOBOAHOCTH TUTPYEMOIO pacTBopa o0y-
cnosnena HammureM H' u Cl'npudem nonsl H o6nanaror
BBICOKOW TMOJIBIPKHOCTBIO, MOATOMY 3JIEKTPOIPOBOJHOCTD
pacTBopa BbIcoKa (puc. 1).

Lom™ Rx,0M
/:\
| |
3KB V,CM3 3KB V,CM3
A. B.
Puc.1

B xoxe TUTpoBaHUS B TUTPYEMOM PacTBOPE YMEHBIIAETCS
KOHLIEHTpalusi BBICOKOMOJIBHIKHBIX HOHOB H™ ,Tak kKak oHH
cBs3bIBatoTCa ¢ noHamu OH™ ¢ oO6pa3zoBaHreM MaslogUCCO-
nuupytomero coeaunenns H,O. BenencrBue aroro siek-
TPONPOBOJAHOCTh L MOCTENEHHO YMEHBIIAETCS 10 MOJHOU
HeUTpanu3aiuu ( TOYKH SKBUBAJICHTHOCTH).

L = i Oom™?,

R

X
rae RX- conpoTuBieHue TUTPYEMOTO PacTBOP, OM
L- 91eKTpOIpPOBOIHOCTS PACTBOPA, OM
ITocne noCTHKEHMSI TOYKHA 3KBUBAJICHTHOCTH JAJIbHEUIIIEE
npubasnenne NaOH Oyner yBennuuBath 3JIEKTPONPOBOI-
HOCTb PAacTBOpa W YMEHBIIATh COMPOTHUBIICHUE BCIIEACTBUE
TIOSIBJICHUSI B PACTBOPE CBOOOJHBIX BBICOKOTIOJBIKHBIX HO-
HOB ruipokcuina OH .
MunuMansHOe 3HadeHue 3JiekTpornpoBoaHocTy (L) u mak-
cumaibHOe 3HadyeHue cornportuBieHus (Ry) Ha rpadukax (a,
0) COOTBETCTBYIOT MO OCHU aOCIIMCC TOYKE YKBUBAJICHTHOCTU
(TD) obbema pacTBOpa, MOIIEIIETO HA TUTPOBAHUE.
OnycTuB nepneHauKyJsip Ha 0Ch a0CHUCC U3 TOYEK Mepesio-
Ma KpMBOM Ha rpaduke, onpenensieM 00beM IIEIOYH MO-




eI Ha TUTPOBAHUE HU3BECTHOTO O0BEMA KHCIOTHI.
HopManbHOCTh KUCIOTHI (MOJISIpHAsE KOHIICHTpAIUs KBUBA-
JICHTA) paCCUUTHIBAIOT 110 YPaBHEHHUIO:

N, -V,=N,-N,
:Nw'vm
Y

K

N

B otiunumne ot MeTona TUTPOBaHMS C LIBETHBIM UHAUKATOPOM
KOHAYKTOMETPUYECKUI METO]I TMO3BOJISIET YCIEIIHO CIEIUTh
3a XOJIOM XMMHUUYECKHUX PEaKIIUid, MPOTEKAIOIIUX B MyTHBIX U
OKpAILIEHHBIX PACTBOPAX, B KOTOPHIX M3MEHEHHE 1IBETAa WH-
JIMKaTopa MaCKUPYeTcsl.

11.4. TlpubGop puas
U3MepPeHHusl  COMPo-
TUBJeHNA RX

a cieaoBareabHO, AekTponpoogHocth L(I/RX), cxemaru-
YECKH MPEICTABJIEH HA PUC.2.

LN

AN

a b

Puc.2

HepeMemaﬂ KOHTAKT ~ II0 COIIPOTHUBJICHHIO a B.
HaxoOsT TAKOC ITOJIOKCHUC, KOrla IraJIbBaHOMCETP
«I'» ToKa3bIBaET PaBCHCTBO!

I, Rm
I, RX
rac RM- u3BecTHOE COIIPOTHUBIICHUC,

RX- nuckomoe COIIPOTHUBJICHHUC,

L
Otkyna omnpenensiem RX: Rx=Rm*—=

L

2

Onpez[enﬂeM OTHOILICHUA IMPOBOJUTHCA C ITOMOIIBIO

peoxopaHoro Mmocta P-38 cnexyromum o6pazom:

1. ITpubop BKIIIOYAETCA B CEThb NEPEMEHHOTO TOKA HAMps-
xenueM 220 B (8),mpu 5TOM BUIIKY BKJIFOUEHHS HAJIO TO-
CTaBUTh Tak, 4ToObI nudpa 220 HaxoauiIach Ha CTOPOHE
naHenu mocta. Ilepekitouarens nutanus (3) cTaBUTCS B
MOJIOKEHUE « ~ «

2. llocne omnoniacKMBaHUS COCyAa DJIEKTPOJIUTUYECKOU
aueiiku (9) uccineayeMbIM pacTBOPOM, OH HAMOJHSAETCS




TUM PAaCTBOPOM TaK, YTOOBI 3JIEKTPOAbl ObLIN MOJTHOCTHIO
MOTPY>KEHBI B PACTBOP.

3. CoeaMHSIOTCA DJIEKTPOABl IEKTPOJIUTUYECKON STYCUKHU
(9) ¢ xiremamu " RX" (1).

4. Ilepexitouarens 1uieda cpaBHeHus (4) ycTaHaBIMBaeTCA
B MOJIOKeHHE «YCTaHOBKa HyJs». [lepexitoyarensb rajibBa-
HOMeTpa (6) CTaBUTCSA B MOJIOKEHUE «TOYHOY», BpallleHUEM
KOPPEKTOpa YCTaHABIMBAETCS: CTpPEJKa rajabBaHOMETpa B
HYJIEBOE TIOJIOKEHHUE.

[Tocne yctaHOBKM raimbpBaHomeTpa (6) ompenensercs co-
MPOTUBJICHUE pacTBOpa. JJig 3TOro yctaHaBIuBaeTcs nepe-
KJIIOYaTeNlb rajiLBAHOMETpPA B MOJIOKEHUE «TPyOO» U mepe-
JIBIDKEHUEM PYKOSITKUA TEpeKIItouarTessl Iuieda CpaBHEHUS
(4) BBOUTCS M3BecTHOE compoTtuiieHne RM (10). Bpaie-
HUEM PYKOATKH peoxopjia (5)cTpelika raibBaHOMETpA MPH-
BOJIUTCS K HYJIEBOMY MOJIOKEHUIO. EClH 3TO HE yAaéTcs, TO
U3MEHSIOT CONMpOTHBICHUE RM U1 OIATH PYKOSITKON peo-
XOpJla ypaBHOBEIIMBAETCA MOCT. {11 TOYHOTO ompenene-
HUS COMPOTHUBIICHUSI TIEPEBOIUTCS MEPEKIIIoYaTEh rajbBa-
HOMETpa B MOJOKEHUE «TOYHO» M OMSTHh CTPEJIKa rajibBa-
HOMETpa NOABOIUTCS K «O»

5. IlpousBoautcs oTcué€r mo mkaie (7), KoTopas BbIAAET

YHCJI0BOC 3HAYCHHUC OTHOILICHHUC I1JICY —2

6. Bhruncisercs BeIMYHHA U3MEPSEMOI0 COIPOTHBIICHHS
o opmyiie:

Rx:RM*i
L,

rae RX-conpoTuBiieHnEe pacTBOPa, OM.
RM-conpoTuBieHue, B3STOE MNpU H3MEPEHUHU, HAMpUMEpP

100 owm;

—2% -MoKa3aHue M0 MIKaye («OTHOIICHHUE IIIeY»).

Jlnst monmyuyenus 0oJjiee TOYHBIX JIAHHBIX CJIEAYeT TMOBTO-
pUTH U3MepeHus 2-3 pa3a U B3AThb Cpe/IHEE 3HAUCHUE.

7. Ilpu KOHLYKTOMETPUYECKOM TUTPOBAHWM 3HAYEHHUE I10-
CTOSIHHOM COCYJ1a HEe 00s13aTeIhHO.
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NaHETs PEOXOIHOIO MOCTa. INMEKTPONHTHIECKAS SICHKa.
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12. METOAbI PA3JAEJIEHUSA BELLIECTB.
XPOMATOI'PAOUYECKHUE METO/IbI AHAJIU3A

12.1. CymHocTs XpomaTorpadMyecKoro aHajius3a, MOHATHE XPOMAaTOTPaMMBI,

xpomarorpad.

12.2. Knaccudukanus METOI0B XpoMaTorpapuyeckoro aHainusa, 001acTu npu-

MCHCHU:I.

12.3. MoHooOMeHHast xpomMaTtorpadusi.
12.4. T'a3oBas xpomaTorpadus.
12.5. PactipenenurensHas XpoMmaTorpadus.

12.1. Xpomartorpadus

- 9TO AKCTIEPUMEHTAJIbHBI METO/ pa3/eieHus] KOMIOHEH-
TOB CMECH MEXIY CTAallMOHAPHOU (HEMOABMKHOM) (a3oil u
MOJABUKHOM (ha3oM.

ITo xapakrepy crammoHapHoil ¢a3sl xpomarorpadus Moj-
paszensiercs Ha JBa TUIA - aJICOPOLIMOHHYIO U pachpese-
JUTETBHYIO.

B axcopOoumonHoii xpo-
Marorpaguu

CTarMOHapHOM (ha30M SBISAETCS TBEPIOE BEIIECTBO.
DTO TBEpJl0€ BEIIECTBO aJCOPOUPYET MOPLHIO KaKIOTO
KOMIIOHEHTA U3 CMECH.

B pacnpenennrtesbHO
xpomartorpaguu

CTalMOHapHOM (ha30i ABJISAETCS KUJKOCTb.
KoMnoHeHThl cMecu pacupeAensitioTcss MeXAy ITON Ku -
KOCTBIO Y MOJIBMXKHOM (ha30id.

MeTtoa xpomaTorpaduueckoro aHaau3a Nnpemioxui pycckuit yaensli M. C. IIBer
(1903). U3Bnekas meTpoJeHHBIM 3(PUPOM CMECh NUTMEHTOB U3 3€JICHBIX JUCTHEB,
OH MPOITYCKaJI PACTBOP Yepe3 CTEKISHHYIO TPYOKYy ¢ KapOOHATOM KaJIbIIMi U HAOJIIO-
7ai, KaK OTJAeIbHBIE MUTMEHTHI (XJI0pOUIUI, KAPOTUH, KCAHTODUILT), TTOCTIEA0BATEIb-
HO acopOupysICh B KOJOHKE, 00pa3ylT psii KOJIEI, TO €CTh Xxpomarorpammy. [lo-
3TOMY ¥ MeTOJ (ha30BOT0 pa3/esieHus] CMeCceil Ha OTAEeIbHbIE KOMIOHEHTHI C TTOMO-
IO aICOPOIMHU ObUT Ha3BaH XPOMATOrpaUUECKUM.

Xpomarorpadpuueckui ‘— (bU3BUKO-XMMHUYECKHI METOJ pa3fesieHHs] KOMIIOHEHTOB




MEeTO/X aHAJIN3a

CIIOKHBIX CMecel ras3oB, MapoB, >KUIKOCTEH WM PacTBO-
PEHHBIX BEUIECTB, OCHOBaHHBII HA HCIOJIB30BAHUU COPO-
[IMOHHBIX MTPOIECCOB B TMHAMUYECKUX YCIOBHSIX.

B mpocreiiiiemM Bue 3TH yCIOBHS OCYUIECTBISIOTCS MPH
IPOXOXKJICHUN PACTBOpA, COJEPKAIIEr0 pPacTBOPEHHBIE
BEIIIECTBA, Yepe3 KOJIOHKY CO CI0eM COpOeHTa.

Bceneactsue pasnuyHOl copOuMpyeM OCTH KOMIIOHEHTOB
CMECH MPOUCXOANT UX pas3jieleHHE IO JJIMHE KOJIOHKH 32
C4eT MHOT'OKPAaTHOTO MOBTOPEHUS COPOIUH, JecOpOLUU U
JPYTUX MPOIIECCOB.

CymHocTh MeTo/1a
xpoMmartorpaguu

[Ipn mpoBeneHun xpomarorpaduyeckoro aHaiu3a BHIOH-
PaIOT HYXHYIO MOJBMKHYIO U HETMOJIBI)KHYIO (ha3bl B 3aBU-
CUMOCTH OT CBOWCTB aHAJIU3UPYEMBIX BEIIECTB, YCTaHaB-
JUBAIOT HEOOXOMUMBIN peKUM XpomaTorpada (Temrepary-
Py, CKOPOCTh MOJA4y MOJABHKHOM (a3bl, JETEKTOP), 3aTEM
IPOBOJASAT XpoMaTorpaguueckoe pas3ieiieHue U PEerucTpu-
pytoT curHai. ['paduk, CBS3bIBAIONIUN CUTHAT C 00BEMOM
raza-HocuTens V WM BpEMEHEM €ro NnpoxokjaeHus t uepes
COpOLIMOHHYIO KOJIOHKY Ha3bIBaeTCsi XpomaTtorpammoi. Ha
XpOMaTrorpaMMe KaKJIOMy KOMIIOHEHTY aHaJIUu3upyeMOou
poObI OTBEYAET COOTBETCTBYIOIIMN MUK. XpoMaTorpaMma
npeACTaBisieT co00M 3aBUCUMOCTh CUTHaia mpubdopa (och
OpJIMHAT) OT BpeMeHH (och adcuucc) (cMm. puc. 1):

CurnHan

‘ Bpems
Pucynok 1 - Xpomarorpamma cMecH IByX BEILIECTB:
l1, 2, M — KOMIIOHEHTBI

B Hacrosee BpeMs OSBHIIMCH TPHOOPHI, 00bETHHSIOIIHE
XpoMaTorpaduyuecKkyro KOJIOHKY ¢ MPUOOPOM MPOTOUYHOTO
THUTIA, KOTOPBIA HEMPEPHIBHO (DUKCHUPYET KaKoe-TuOo CBOM-
CTBO BEIIIECTBAa Ha BHIXOJE U3 KOJOHKHU. Takoi mpubop Ha-
3BIBAIOT JIETEKTOpOM. Bcesi aHanuTHueckasi cuctema, code-
Talomas pa3ielieHne U U3MEPEHUE, COCTABIIACT OUH TIPU-
00p, Ha3bIBa€MbIi XpoMaTorpadom.

Xpomarorpadudeckuil Ipolecc 3aKiIoYaeTcs B Mepeme-
IIEHUH MOJBUXKHOU (pas3pl, cojepkameil KOMIOHEHTHI




pa3fgenseMold  CMECH, OTHOCHUTENIbHO HEIMOJBUKHOM.
HMoaBu:kHoii ¢a3zoii MoXeT OBITh KUIKOCTH (PacTBOP
aHAU3UPYEMOU CMECH BEIECTB) MM ra3 (cMech ra3oB
WM MapoB BEIIECTB), HEMOABHM:KHOH (pa30oif - TBepaoe
BEILECTBO WJIU KUJKOCTb, aJIcCOpOUpOBaHHAS HA TBEPAOM
BEIIECTBE, KOTOPOE HA3BIBAKOT Hocumenem. llpu nuxe-
HAW TOABIMXHOM (ha3bl BAOJIHP HETIOJABUKHOW KOMITOHECH-
Thl CMECH COpOHMpPYIOTCS Ha HemoABMXKHOU (aze. Kax-
Jbli KOMIIOHEHT COPOUPYETCA B COOTBETCTBUU CO CPOJI-
CTBOM K MaTepualy HEMOJABWXHOU (a3wl (BCIEACTBUE
azcopOuMu UK Ipyrux MexanusMon). [loaTomy Hemno -
BIDKHYIO (pa3y Ha3bIBAaIOT TakKe COPOEHTOM. 3axBayeH-
HbIE COPOEHTOM MOJIEKYJbl MOTYT TMEPEHUTH B TMOJBHXK-
HYI0 a3y U MNPOJABUTATHLCS BMECTE C HEH jalblie, 3a-
T€M CHOBa copOupoBathbcs. Takum 0OpazoM, MPOUCKXOAUT
pacupeaesieHue MOJIEKYJ KaXJI0ro KOMIIOHEHTA MEXAY
nByms dazamu. UeM cuiibHee CpoOJCTBO KOMIIOHEHTa K
HETOJIBU)XKHOUW ¢aze, TeM cHUIbHEE OH cOpOUpYyeTCs U
JOJIbIIE 3aJIEP’)KUBACTCA Ha COpPOCHTE, TeM MeJJICHHEe
ero mNpoJIBUKEHUE BMecTe C moaBukHOU (dazoii. Ilo-
CKOJIbKY KOMIIOHEHTHI cMecu 00JIaJaloT pa3HbIM CpO/I-
CTBOM K COpOEHTY, NP MEePEeMEIICHUU CMECH BIO0Jb COP-
OeHTa TpOU3ONIET pa3/elieHue: OJHU KOMIOHEHTHI 3a-
IepKaTcsi B Hayaje NYyTH, APYrue MOPOJABUHYTCS
nanpiie v T. 1. Korma KOMHOHEHTBI CMECH OKpalleHBbI,
NoJy4Yaromascs XpoMaTorpaMma Mo3BOJISIET HEMOCPEACT-
BEHHO CYAUTh O KAYECTBEHHOM M KOJWYECTBEHHOM CO-
CTaBe BEIIECTB, MPUCYTCTBYIONIUX B CMECH; OECIIBETHBIC
XpOMaTorpaMMbl OKPalIMBAaIOT CIENUAIbHBIMA PEAKTH-
BaMU. Maccy KaXJA0TrOo KOMIOHEHTA, BBIIEJIEHHOTO W3
cMecH XpoMartorpa@u4eckuM METOJO0M, ONPEACISIOT
OOBIYHBIMU XUMHYECKUMU, (HUHKO-XUMHUUYECCKUMHU WU
(bU3UYECKUMH METOIaMU.

HNrak, B xpomarorpadudyeckoM MpoIecce CoYeTaroTcs
TEpMOJUHAMHUUYECKUN  (YCTAaHOBJICHHUE paBHOBECUS
Mex1y (pazaMu) U KUHETHYECKUH (ABUKEHUE KOMIIO-
HEHTOB C Pa3HOW CKOPOCTHIO) ACIEKThI.

B kxonmoHoyHOM BapuaHTe pasjelicHHue MPOBOAAT B KO-
JIOHKE, B TMJIOCKOCTHOM BapuWaHTe — Ha Oymare uiu B
TOHKOM cioe copOenTta. Haumbomee mmpoko pac-
MpOCTpPaHEHa KOJOHOYHAsA XpomaTtorpadus.
CyliecTByeT HECKOJIbKO MPUEMOB pa3AeiCHUs BEIIECTB
Ha KOJIOHKaX.

B omHOM M3 HuUX TIpoOy B BHJIE pacTBOpA WJIM ras3a Mmpo-
MyCKAlOT 4Yepe3 KOJOHKY, MPH HATOM KOMIOHEHTHI




cmecu (Hanmpumep, A, B, C u D) pacnpenenstorcs
B10Jb copOeHTa, 00pa3ys 30HbI. CopOEHT C 30HaMu
Ha3bIBAIOT BHYTPEHHeW Xpomartorpammoi. Eciu Be-
[IECTBA OKpAIIEHbl, TO BHYTPEHHS XpOMaTorpamMMa Mo-
3BOJISIET CYJUTh O KaUECTBEHHOM COCTaBe cMecH. (TepBast
XpomaTorpamma, nojydyeHHas l{BetoMm npu pasneneHuun
XxJ0podusia Ha MUTMEHTHI, SIBIISIACH BHYTPECHHEH).
Ecny KOMIIOHEHTHI CMECH HE OKPAIICHBI WJIM HEOOXOIH-
MO KOJIMYECTBEHHO ONPEAEIUTh COJIEPKAHHE KOMIIO-
HEHTa B KaXJ0W 30HE, TO NMpUOEramT K JPYyrUM CIIO-
cobam xpomarorpadupoBanusi. OAUH U3 HUX - (PPOH-
TajJbHast Xxpomartorpadmus, KoTopas 3akjIOYaeTcs B
TOM, YTO CHaudaja KOJIOHKY IPOMBIBAIOT PaCTBOPUTEIIEM,
a 3aTeéM HENPEpPhIBHO  MPOMYCKAIOT pPACTBOP CMECHU
BemectBs  (Hampumep, A, B, C). Ha Brixone U3 KOJOHKH
coOMparoT pacTBOp, Ha3bIBaeMbIl agroamom. [lepBbiM
BBIIJIET HauUMEHee COpOUpyeMbld KOMIIOHEHT, 3aTeM
CMECh JTOr0 KOMIIOHEHTa M BEIIECTBA C HECKOJBKO
Oouibiieit copbupyeMocTtbio U T. A. TakuMm crnocobom
yJaeTCsl BBIACIUTh B YMCTOM BHJE JIMIb OJIMH KOMIIO-
HEHT CMECH - HauMeHee copoOupyembiii. Meton ¢poH-
TaJIbHOW XpomaTorpauu MMeeT OrpaHUUYEHHOE MpUMe-
HEHUE U UCIOJIL3YETCs AJs KOHIEHTPUPOBAHUS TIPUM -
Ceil Mo 4Yuciy CTYNEHEK Ha XpoMaTorpamMMe, a TaKke
IJ1 BBIIEJICHUS TOJIBKO OJHOTO KOMIIOHEHTa CMECH.
Hpyro#t BapuaHT - anwwermuasn xpomamoepagus. llpu ta-
KOM crioco0e xpomaTtorpadupoBaHusi B KOJOHKY BBOJISIT
HEOOJBIIYI0 TOPIUI0 CMECH W TPOMBIBAIOT KOJOHKY
pacTBOpUTENIEM, Ha3bIBa€MbIM a0enmom. llo mepe
MPOXO0XKAEHUS AIIOCHTA Yepe3 KOJOHKY BellecTBa mepe-
MEIIAI0TCSI BMECTE C HUM C pa3HOU CKOPOCThIO, 3aBUCS-
mel oT cpojcTBa K copOeHTy. B pesynbraTe Ha BBIXOJE
U3 KOJIOHKH CHaualla MosBIETCS HAMMEHee copoupyemoe
BEILIECTBO, 3aTE€M JIPYTHe BEIIECTBA B MOPSJIKE BO3pacTa-
HUA copoupyemMocTu. PUKCUPYS aHATUTUUECKUN CUTHAI,
Ha BBIXOJI€ MOJYYalT BJIIEHTHYI0O XpOoMaTorpam-
MY, COCTOSIIYIO M3 psAja MUKOB, KOKABIH U3 KOTOPBIX
COOTBETCTBYET OTAEIbHBIM KOMIOHEHTaM cMmecu. [1o ocu
a0cIucc OTKIaabIBAIOT BpeMs, a IO OCH OPJAWHAT KOH-
[EHTPAIMIO BEMECTB 10O BEIMUYUHY, CB3AHHYIO C HEH
(Hampumep, 3NEKTPONPOBOJUMOCTh WM ONTUUYECKYIO
IJIOTHOCTB).

[TonHOTa M CKOPOCTH pa3[efieHHs] BEIIECTB 3aBHUCIT OT
MPUPOABI MOJBUKHON U HEMOABWKHOU (a3, B 4aCTHO-
CTH OT WX arperatHoro coctossHus. [loxBmxknHas dasa




MOET OBITh Fa30M WJIU KUJAKOCTHIO, B 3aBUCUMOCTHU OT
ATOT0 PA3IUYAIOT METOJIBl 2A3080U N HCUOKOCMHOU XPO-
mamoepaghuu. HemonBuxHOW (a3oif MOTYT CIYXHUTh
TBEPJIbIe BEUIECTBA M KUJAKOCTHU, COOTBETCTBEHHO pa3iu-
Y4al0T METOJIbl ra30TBEepA0(a3Hble U ra30KUIKOCTHBIE, a
TaKXe KUJKOCTb - TBepAO(Pa3HbIe U KUIKOCTb - KUJIKO-
CTHEIE.

Pa3nenenue BemiecTB MPOTEKaeT MO pa3HbBIM MEXaHU3-
MaM B 3aBHCHMOCTH OT IPHUPOJBI COPOSHTA W BEMIESCTB
aHanmu3upyemon cmecu. 11o MexaHusMy B3auMOJEUCTBUS
BEILIECTBA U COPOEHTA pa3iuyvaroT copOyuoHHbvle Memo-
Obl, OCHOBAHHBIC HA 3aKOHAaX paclpeleeHus, U 2ejlb-
GunrempayuorHvlie (MIPpOHUKAIOIIAs XpoMaTorpadus), oc-
HOBAHHBIC HA pa3JM4YUMU B pazMepax MOJIEKYJ pasje-
nseMbiX BemecTB. HambGonee MHOrouucieHHas rpyimna
COpPOIIMOHHBIX METOJOB BKJIIOYAET: aJICOPOLIMOHHBIE,
pacnpeaeauTelbHble, HOHHO-OOMEHHBIE U 0CaJOYHBIE.

12.2.  Xpomatorpadu-
YyeCcKHe MeTOoIAbl KJac-
cu(pUUUpPYOT 1O 00-
MM NMPU3HAKAM:

1. mo arperaTHOMY COCTOSHHUIO CpE€Ibl pa3jaeisieMon
CMeCH KOMIOHEHTOB Pa3InyaloT ra30BYyI0, KUAKOCTHYIO U
ra30kUJKOCTHYIO XpoMaTorpaduio;

2. To MexaHu3My (WM XUMH3MY) TpoIiecca pa3aeiaeHus
BBIJICTIAIOT aJCOPOIMOHHYI0, MIOHOOOMEHHYIO, OCaI0UHYIO,
pacipeeNuTeNbHYI0, OKHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO
U a7IcCOPOIIMOHHO-KOMILIEKCOOOPa30BaATENBHYIO;

3. mo ¢opme (TeXHHKE) MPOBEICHUSI XpomaTorpadude-
CKOT'0 Tpoliecca pa3inyarT KOJOHOYHYIO, KaUJUIIPHYIO
U TJIOCKOCTHYIO XpomaTorpaduio (TOHKOCIOMHYIO0, MEM-
OpaHHyI0 U XpoMartorpaduto Ha Oymare).

Ob6acTu MpUMeHeHUs
xpoMatorpaguyecKux
METO/10B

B arpoxumuueckoii ciyx0e xpomarorpaduueckoe pasjie-
JI€HUE U KOHUEHTPUPOBAHUE HUCIOJIB3YIOT MEepes KoIuye-
CTBEHHBIM OIpPEJEICHUEM MUKPOIJIEMEHTOB WJIM TECTHU-
UIHBIX COEAMHEHUHN B 00bEKTaX OKPYKAIOIIEH Cpebl.

B TexHOJIIOrMYecKOM KOHTPOJI€ MUIIEBBIX POU3BOJCTB,
XpomaTorpaduio IpUMEHSIOT NpPHU aHalM3e cMecei opra-
HUYECKUX KUCIIOT, aMUHOKHUCIIOT U APYTUX MPOIYKTOB.
Xpomartorpadus 3¢ peKTUBHA HE TOJBKO B XUMHUYECKOM
aHAJIM3€, HO TAKXKE U B MpPOLECcCaX XUMMUYECKOW TEXHOJIO-
TUU.

12.3. HoHooOMeHHasi
xpomaTtorpadust

- 3T0 XpomaTtorpadusi, OCHOBaHHAas Ha CBOWCTBE ITOJIBHXK-
HBIX HOHOB COpOEHTAa BCTYINaTh B OOMEHHBIE PEAKIINU C HO-
HaMy OOMBIBAIOIIETO PACTBOPA.

HNoHHubIl 00MeH

- OTO IIpoHeCC, IIpUu KOTOPOM pPaACTBOP M HAXOAALICCCSI C
HHMM B KOHTAaKTC TBEPAOC BCIUICCTBO 0OMEHHUBAIOTCS MOHA-
MM OJHOI'O U TOT'O K€ 3HaKa.

HMonuTbl, MM HOHOO00-

- 9TO TBEPAbLIC HCPACTBOPUMBLIC BCHICCTBA, CITOCOOHEIE 00-




MCHHHUKH

MEHHUBATh CBOM MOHBI HA MOHBI BHEIIHEH cpejbl (MOHHBIN
oOMeH).
N3 Heopranndeckux MOHUTOB HanboJiee YacTO UCTIOIb3YIOT
CUWJIMKareyb, MEPMYTUT; U3 OPraHUYECKUX - IEJUTI0JI03Y,
CyJb(POyroiab U CUHTETUYECKH BBICOKOMOJEKYJISIPHBIE Be-
IECTBA - HOHOOOMEHHBIE CMOJIBI.
Peaxiiuu oOMeHa KaTHOHOB M aHUOHOB:

1) RAnNH + Na* = RAnNa + H*

(MOBBIIIAET KUCIOTHOCTH PacTBOpA);

2) RKtOH + CI' = RKtCI + OH’

(MOBBIIIAET MIEIOYHOCTH PACTBOPA);

3) RAnNa + K= RAnK + Na’;

4) RKtCI + NO3 = RKtNO; + CI

5) (M3MEHsIETCS COJIEBOM COCTaB PAacTBOpA),
rae RAn u RKt - kapkac, oOpa3ytomuii BMecTe ¢ HOHHOM
TPYIION 3JIEMEHTAPHYIO STYEHKY KaTHOHUTA WJIM aHUOHUTA.

Crpoenne noHuTa

HNonut - monvBajgeHTHBIM HOH C OTPUIATEIBHBIM WU I10-
JIOKUTEIIBHBIM  3apsSiIOM, CBSI3AHHBIA HWOHHOM CBSI3bIO C
MOJIBUKHBIM HOHOM MPOTHBOIIOJOKHOTO 3apsaa. OH mo-
X0 Ha T'yOKy, B MOpax KOTOPOHl HMUPKYJIUPYIOT MPOTUBO-
WOHbI. Ecin ee morpy3uth B pacTBOp, MPOTUBOUOHBI MOTYT
€€ MOKUHYTh U YHUTH B pacTBop. Ho mockoibKy o0s3aTeinb-
HO JIOJDKHA COXPAaHATBHCSA AJIEKTPOHEHUTPAIBbHOCTh HMOHMTA,
MIPOTUBOUOHBI CMOTYT MEPEUTH B PACTBOP TOJIBKO B TOM
ciydae, eciii B TyOKy IOmaayT HOBBIE HOHBI U3 pacTBOpPA B
KOJIMYECTBE, CIIOCOOHOM TOJIHOCThIO KOMIICHCHPOBAThH 3a-
PSAIl TPOTUBOMOHOB, TOKWHYBIIIHUX T'yOKY.

IIpumenenne HMOHO00-

MEHHOM

¢un

XpoMartorpa-

MerogamMu HOHHOW XpoMaTtorpauu ONPEeNeNsioT O4YeHb
MHOTHE aHUOHBI B MUTHEBON U TEXHUYECKON BOJIE, B MPO-
JYKTax TEXHOJOTUUYECKOW mepepabdoTKHU B MUILEBOH, (ap-
MaIleBTUUECKOW U JPYTUX OTPACIAX HMPOMBIIUICHHOCTH.
N3BeCcTHBI METOIUKHU OMpe/eSeHHs] TajloreHu10B, HUTpa-
Ta, HUTPUTA, CyJbdara, alerata u T. A., Bcero cpbime /0
QHUOHOB HEOPTaHMYECKUX U OPTaHUYECKUX KUCIOT. Yucio
KaTUOHOB 3HAYUTEIIBHO MEHbIIE. MeTogaMu MOHHOU XPO-
MaTorpaduu ONpeAeNSIIOT TJIaBHBIM O0pa3oM KaTHOHBI
HIEJIOYHBIX U MIEJIOYHO-3€MEJIbHBIX METAIJIOB, a TaKke
OpPraHUYECKHUE KATHOHBI 3aMEIIEHHBIX COJIE aMMOHHUS.
OrnpeneneHne MHOTUX JAPYTUX KaTUOHOB OKa3bIBAECTCS He-
HaJIe)KHBIM, TaK KaK OHM BBINAJAlOT B OCAJI0K B KOMIIEH-
CallMOHHOM KOJIOHKE C CUJIbHOOCHOBHOU CMOJioN. MoHHas
xpomaTorpadusi yCrnemHo MpUMEHSeTCS B aHallu3e 00b-
€KTOB OKpy»aroliei cpenbl (aTMocdepbl, BOALI U T. 1.), B
KJIMHUYECKUX HMCCIEJOBAHUSIX WU MHOTHX OTpPacisiX Mpo-




MBIIIJICHHOCTH.

12.4. T'a3oBasi XxpomMaro-
rpagus

- 3TO XpomMarorpadus, B KOTOPOH MPOUCXOJUT pacrpese-
JIeHUE KOMIIOHEHTOB aHAJIM3UPYEMOM CMECH MEXIy Ta3o-
00pa3HOMN U TBEPAON WM KUJIKUMH (a3aMH.

PasHoBugHOCTH  raso-
BOH Xpomarorpaguu

e['a30-TBepras xpomarorpadus (B yCTAHOBKE HCIOJIB3YIOT
TBEPbIA NHEPTHBIN MOPUCTHIA HOCUTED).

e ['a30-)kUaKOCTHAsT XpoMmaTorpadusi (HOCUTEIh TOKPHIT
CJI0eM KUAKON (a3b).

CymHocTh MeTOHAa ra-
30B0M Xxpomarorpaguu

[IpoOy B BuIe mapa BBOJSAT B KOJIOHKY; KOMIIOHEHTHI,
UMEIOIIME PA3HYI0 KOHEYHYH) pPACTBOPUMOCTh B HEMOM-
BIDKHOM JKMJKOW WK TBEpAOW ¢asze, pacupeaesitoTcs
MEXy 3TOHM (ha30il U Ta30M MO 3aKOHY paBHOBECUS. DIIOU-
POBaHHE OCYIIECTBISETCS NMPOITYCKAHUEM 4Yepe3 KOJIOHKY
KaKoro-1m00 MHEPTHOT'O ra3a, HalpuMep a30Ta WIN Telns.
CKOpOCTh MUTPALIMM PA3HBIX KOMIIOHEHTOB 3aBUCUT OT MX
CITIOCOOHOCTH PACTBOPATHCS B HEMOABUKHOM >KUAKON HIIH
TBepAoi (aze. KOMIIOHEHTHI C BBICOKUM KO3(D(OUIIMEHTOM
pacupenesneHuss UMEIOT HU3KYH0 CKOPOCTb IPOJBHKEHUS.
Hao0opoT, KOMIIOHEHTbI € HHU3KOM pacTBOPUMOCTHIO B
KUAKON win TBepAou (aze mMurpupyror Obictpo. Kauecr-
BEHHAs WJACHTH(UKAIMS KOMIIOHEHTAa OCHOBaHA Ha BEJIH-
YUHE MPOMEKYTKa BPEMEHH OT MOMEHTa BBOJA MPOOKI /10
MOMEHTA 3allMCHU BEPIIMHBI MHUKA; KOJIMYECTBEHHBIE HaH-
HbIE MOJIYYaIOT, BBIYMCIISAS TUIOMA/b MTHKA.

Ipeumymecrea raso-
BOM xpomarorpadumn:

® OKCITPECCHOCTD,
¢ BBICOKAasa TOYHOCTbD,
®* YYyBCTBUTCIIbHOCTD,
¢ aBTOMaTu3aluus

Ob6s1acTm  mpuMeHeHUs
razoBoM xpomarorpa-

¢uu

Metoa TMO3BOJISIET PEIINTh MHOTME AHAIMTHUYECKUE MPO-
onembl. KomuectBennbiit ['X aHanm3 MOXXHO paccMmaTpu-
BaTh KAaK CAMOCTOSITEIbHBIM aHAJIUTUUYECKUH METOJH, OoJjiee
3 PEeKTUBHBIN TPH pa3JCIICHUH BEIISCTB, OTHOCIIIUXCS K
OJIHOMY U TOMY %€ KJlaccy (YriIeBOAOpPO/Ibl, OPraHUYECKHE
KHUCIIOTBI, CIIUPTHI U T.1I.). DTOT METOJ HE3aMEHUM B He(-
TeXUMuU (OCH3UHBI COJEPKAT COTHU COECIMHEHUM, a Kepo-
CHUHBI U Macjia — TBICSYH), €ro UCIHOJIB3YIOT MPHU OMpee-
JICHUU TIECTUIUIOB, YIOOPEHUH, JICKAPCTBEHHBIX Tpernapa-
TOB, BATAMUHOB, HAPKOTUKOB U Jip. [Ipu aHanm3e CIOKHBIX
MHOTOKOMITOHEHTHBIX CMECEH YCIEITHO MPUMEHSIOT METO/
KanWUISIpHOU XpomaTorpadumu.

PeakimonHyto ra3oByro xpoMarorpaduio 4acTo MCIOJb3Y-
IOT TIPU ONPEICIICHUH COAEPKAHUS MUKPOKOIUYECTB BO/IBI.
Boma pearupyer ¢ rumpuaamMum MeTayuioB, ¢ KapOUaoM
KaJIbIUsl WIM METAUIMYECKUM HATPUEM U JIp., NPOAYKTHI




peakuuu (BOIOpPOA, aLETUIIEH) JETEKTUPYIOTCS C BBICOKOU
YyBCTBUTEIBHOCTHIO IUIAMEHHO-MOHU3ALMOHHBIM JI€TEKTO-
poMm. K mapam BOJbl 3TOT JETEKTOP MaJlOUyBCTBUTEJIECH.
upoKO IPUMEHSAIOT XUMUYECKHUE MPEBPALLECHUS B aHAJIU-
3¢ TEPMUYECKH HEYCTOMUYMBBIX OHOJOTMYECKUX CMECEH.
OOBIYHO aHATU3UPYIOT MPOU3BOAHBIE AMUHOKHUCIIOT, KHUP-
HBIX KHUCJIOT, CaXxapoB, CTEPOUIOB. [l M3ydeHus: BBICOKO-
MOJIEKYJIAPHBIX COEIMHEHUN (OJIUTOMEpPBI, MOJIUMEPHI, Kay-
YyKH, CMOJIbI U T. JI.) HO MPOJYKTaM HX pa3JIOKEHUS HC-
MOJIB3YIOT MHUPOJIU3HYIO0 Xpomarorpaduio. B stom mertone
ucrapesHue mpoObl 3aMeHsIOT nuposm3oM. KapOoHaTel me-
TaJVIOB MOYKHO TNPOAHAJIU3UPOBATh MO BBIACIAIOMIEMYCS
JUOKCHU]LY yIiiepoJa pu o0paboTKe UX KUCIOTaMHU.

I'X MCHONB3yIOT TakKe B MPEMAPAaTUBHBIX LEJSX Uil OYU-
CTKM XMUMHMYECKHX MPENapaToB, BBIACICHNUS UHIUBUIYAIIb-
HBIX BEUIECTB M3 cMeceld. MeTo] IMPOKO NPHUMEHSIOT B
(U3UKO-XUMHUYECKUX HCCIEIOBAaHUAX: JJIS OIpeneaeHUs
CBOMCTB a/IcCOPOEHTOB, TEPMOJMHAMUYECKUX XapaKTepH-
CTHK aJCOpOLMHU U TEIUIOT aJcOpOLUH, BEIUYUH TOBEPXHO-
CTH TBEpJBIX TEJl, & TAK)KE KOHCTAHT paBHOBECHs, KOApDu-
LMEHTOB aKTUBHOCTH U JIp.

[Ipu momomu ra3oBoro xpomatorpada, yCTaHOBJIEHHOTO
Ha KOCMUYeckoil craHiuu «Benepa-12», Obul ompenesieH
coctaB armocepsl Benepsl. I'azoBrie xpomarorpadsl yc-
TAHABJIMBAIOT B KUJIBIX OTCEKaX KOCMUYECKHX KOpaOJIeu:
OpraHu3M 4YeJIOBEKa BBIJEISAET MHOIO BPEAHBIX BEIIECTB, U
UX HAKOIIJICHHME MOXET MPUBECTU K OOJIBIINM HEMPHUITHO-
ctaM. [Ipy mpeBbIIEHUU JOMYCTUMBIX HOPM BPEIHBIX Be-
IECTB aBTOMAaTH4YecKas CUCTeMa Xpomartorpada aaer Ko-
MaHay Npubopy, KOTOPBIA OUMIIAET BO3IYX.

12.5. Pacnpenenurelib-
Hasl XxpoMartorpagus

- OTO pAa3feJeHUE BEIIECTB BCIEIACTBUE UX Pa3JIMYHOIO
pacnpenesieHus MeXy ABYMs KUAKAUMU (pazamu, OJHA U3
KOTOPBIX HEMOJBHWKHA, & IPYTasl - MOJIBUKHA.

CymHocTh MeTOAa pac-
npeaeuTeIbHON  Xpo-
MarTorpaguu

Meton pacnpenenutesbHOM XpomaTorpaduu OCHOBaH Ha
pa3IMYHOM paclpeiefieHnd xXpomaTtorpadupyeMbix Be-
HIECTB MEXAY JABYMSI HECMEUIMBAIOMIMMUCS KUIKOCTIMHU.
[Ipu 3TOM MOpPHUCTOE BELIECTBO YJEPKUBAET HA CBOEH MO-
BEPXHOCTH TOJIBKO OJHY W3 KUIKOCTEH, KOTOPAsl CIYKHUT
HETOJIBMKHBIM pacTBOpUTENEM. BTopas KXUAKOCTh, HE
CMEIIMBAIOLIASICS C TIEPBOU, UTPAET POJIb MOJABUKHOIO pac-
TBOPUTEJIS, TIPOITYCKAEMOTO 4Yepe3 KOJOHKY C HEOOJBIIOn
CKOpOCTBIO. TO €CTh KOMIIOHEHTBI CMECH IEPEMELIAIOTCS
4yepe3 MOPUCTYIO HEMOABWKHYIO (pa3y MoJ BIMSHHUEM JIBU-
KYIIEHCA KUAKOCTH WJIM Ta3a, Ha3bIBAEMbIX MOJBHKHOM
dazoii.




IIpeumymiecTrsa meroaa

¢ JICTKOCTB,

pacnpeaeJuTebHOI * OBICTPOTA UCIIOJIHEHUS.
xpomarorpadumu:
O6sactn mnpumeHeHus | PazneneHuss OMM3KUMX 1O CBOMCTBAM OPraHMYECKUX Be-
MeTolda  pacnpeaesm- | mectB. Hanpumep, paznesneHrne MHOTOYMCIEHHBIX aMHUHO-
TeJbHOH XPOMATOIPa- | KUCIOT, 00pa3yIoMMXCs PU THAPOIN3E OeliKa, pa3ieseHue
$un: U OmpeJelieHue POACTBEHHBIX aTnu(paTHISCKUX CHUPTOB U
pazzieJeHue caxapos.
* Pa3nenenne HEOpraHUYECKUX BEIIECTB C OYEHBb OJU3KHU-
MM XHMHUYECKMMH cBoMcTBaMH. Hampumep, pasnpeneHue
PEAKO3EMEIIbHBIX METAIIIOB.
* KOHLIEHTpUPOBAHUE 3JIEMEHTOB.
* Pazgenenue nuc-TpaHC-M30MEPOB HEOPTraHUYECKUX KOM-
IJIEKCHBIX COJIEH
* AHa)IU3 TepOUITUIOB.
* AHanmn3a 0OBEKTOB OKPY’KAIOIIEH Cpe/bl: BO3/yXa, MOY-
BbI, BOJBI U T.JI. B LIESIX NPEAOTBPAILICHUS UX 3arPsI3HEHUSL.
PasnoBuaHoctu  pac- | 1. Xpomarorpaduueckoe paslieeHue BEIIECTB B TOHKOM
NpeaeUTeILHOI  XPO- | CJI0€ HOCHUTEIIA, HAHECEHHOIO Ha TUIACTUHKY, - TOHKOCJIOM-
marorpaduu: Hast xpomaTtorpadus (Tex).

2. bymaxuas pacnpenenurenbias xpomatorpadpus. B nan-
HOM METOJIE HOCHUTEJIEM HEMOJBHKHOIO pPaCTBOPUTEIS
CIIYKUT OUHMILEHHasi OT mpuMeceil GuiIbTpoBaibHas Oyma-
ra.

3. 'a30xuAKOCTHAs paclpeneauTeNbHas Xxpomarorpagus.
4. KanuyuisipHas pacnpenenuTenbHas XxpomaTorpadusi.

5. Konmonounas pacnpenenutenbHas XxpomaTorpadusi.




13. CIIEKTPOCKOIIMYECKHUE METO/1bI AHAJIN3A

13.1. OO0mias xapakTepucTuKa, KIacCU(pHUKaIUs, IPEUMYIIECTBAa CIIEKTPOCKOIH-
YECKOIro METO/a aHAJIN3a.

13.2. CnekTp 5JIEKTPOMarHUTHOTO W3IMY4YEHHsS, OCHOBHBIC XapaKTEPUCTHKH,
KJ1acCU(PHUKALUS 3EKTPOMATHUTHBIX BOJIH.

13.3. MeToasl ONTHYECKON CHEKTPOCKOMUU. ATOMHO-DMHCCHOHHASI CIEKTPO-

CKOITHA.

13.4. ATomHO-aOCcOpOITMOHHAS CIEKTPOCKOTIHSI.

13.1. Cunekrpockonu-
YyecKHe MeTOAbl aHa-
Jun3a

- 3T0 (pu3MUYecKue METO/bl, OCHOBAHHBIE HAa B3aUMOJICHUCT-
BUU AJIEKTPOMArHUTHOTO U3JIyUYECHUS C BELIECTBOM.
B3aumopencTBre NpUBOAUT K PA3JIMYHBIM SHEPTETUYECKUM
IepexosaM, KOTOPbIE PErUCTPUPYIOT MHCTPYMEHTAIBHO B
BUJIE TOTJIONICHUS] W3JIYyYE€HUS, OTPAKEHUS U PACCETHUSA
AJIEKTPOMArHUTHOTO U3JTYYCHMUSI.

Knaccupuxauus
CIIEKTPOCKONMUYECKUX
METO/I0B AaHAJIH3A!

* OMHUCCUOHHBIN CIIEKTPAJIbHBINA aHaJM3 OCHOBAH HAa U3y4e-
HUU CHEKTPOB UCIYCKAHUS (M3IIyUYECHMSI) UM SMUCCUOHHBIX
CIIEKTPOB PA3JUYHBIX BEHIECTB. Pa3HOBUAHOCTBIO 3TOTO
aHaiu3a sBNseTCs (OTOMETpHUsl MJIAaMEHH, OCHOBAHHAs Ha
U3MEPEHUN WHTEHCHUBHOCTH H3JIyYE€HHS aTOMOB, BO30YX-
JTa€MOT'0 HAarpEBaHUEM BEILIECTBA B IUIAMEHMU.

* AGCOpPOLIMOHHBIN CTIEKTPaIbHBIA aHAIU3 OCHOBAH HA U3Y-
YEHUN CIEKTPOB INOTJIOIICHUS AHAIN3UPYEMBIX BEIIECTB.
Ecnn mpoucxoauT MOIVIOIIEHHE W3JIy4YEHUs aTOMaMH, TO
abcopOuusl Ha3bIBAETCA aTOMHOM, a €CIIM MOJIEKYJIaMH, TO -
MOJIEKYJISIPHOU.




Buabl adbcopOumMoHHO-
ro CIEKTPAJIBLHOIO
aHAJIN3a:

1. CriekTpodoTOMETpHS - YUUTHIBAET TOTJIONICHUE aHAIIH-
3UPYEMBIM BEIIECTBOM CBETa C OMPEICICHHON IJIMHOW BOJI-
HBI, T.€. TIOTJIONICHIE MOHOXPOMATHIECKOTO U3ITyUeHUSI.

2. ®OTOMETPUYECKHI METOJI OCHOBaH Ha HM3MEPEHUHU TIO-
TJIOIIEHUST aHAJIM3UPYEMBbIM BEIIIECTBOM CBETa HE CTPOTO
MOHOXPOMATHUECKOTO U3TYICHHS.

3. KosopumeTrpuss OCHOBaHa Ha HM3MEPEHUU MOTJIOIICHUS
CBETa OKpAIICHHBIMU PAaCTBOPAMH B BUAMMOM YaCTH CIEK-
Tpa.

4. HedenmomeTpust OCHOBaHa HA U3MEPEHUN MHTEHCUBHOCTH
CBETa, PaCCESTHHOTO TBEPIBIMU YaCTHIIAMH, B3BEIICHHBIMU B
pacTBope, T.€. CBETa, PACCETHHOTO CYCIIEH3NEH.

5. TypOugumeTpusi OCHOBaHa Ha M3MEPEHUU KOJUYECTBA
CBETAa, MOTJIONIAEMOT0 HEOKPAIIIEHHBIMU CYCIICH3USAMH.

B 3aBHCcHMOCTH OT TOTO, B KaKOW YacTH CHEKTPa IPOUCXO-
JUT TOTJIONICHUE WM U3IYYCHUE, Pa3IndaroT CHEKTPOCKO-
MU0 B yIbTpaduoIeTOBOM, BUIMMON U MH(]pakpacHOU 00-
JACTSX CIIEKTpA.

JlroMuHeclIeHTHAA
CNIEKTPOCKONUS

UCIIOJIb3YET CBEYEHHE HCCIENYEMOrO0 OOBEKTAa, BO3ZHHKAIO-
1iee noJi AEMCTBUEM YJIbTPa(UOIETOBBIX JIYUEH.

Cnexkrpockonus

- YyBCTBUTEJBHBIN MeTON ompenaesieHus: 6onee 60 jiemMeH-
TOB. Ero npuMeHstoT il aHajin3a MHOTOUYHCIICHHBIX MaTe-
pHaJIoB, BKJIIOYass OMOJIOTHYECKHUE CPEJIbl, BEIIECTBA PACTH-
TEJIbHOTO MPOUCXOXKICHUS, IIEMEHTHI, CTEKJIa U IIPUPOIHBIC
BOJIbl. Er0 MCIONB3YIOT B METAJTYPTrUYE€CKOW MPOMBIIILICH-
HOCTH, B T€0JOTHYECKUX U acTPOPU3UYCCKHX HCCICIOBA-
HUSX.

IIpenmyiecTrBa crnek-
TPOCKOIHUM:

* Bricokass 4yBCTBUTEIBHOCTH, MO3BOJIAIONIAS ONPEACIISITh
MHOTHE D3JIEMEHTHI, KOT/Ia MPUMECH UX B AHAJIU3UPYEMOM
BEIIECTBE HE MPEBBIMIAIOT JECATUTHICAYHBIX J0JECH MPOLECH-
Ta.

* B oTiuuyne oT XMMUYECKUX METOJOB OOBIYHO HE TpeOyeT
MIPEABAPUTEIILHOIO Pa3ACICHUs] aHAJIM3UPYEMOTO BEIIECTBA
Ha OTJETbHBbIE KOMIIOHEHTHI: OH MO3BOJISIET ONPEACIISTh He-
CKOJIBKO 3JIEMEHTOB IPU KX COBMECTHOM MPUCYTCTBHH.

* bBICTPOTA BBINIOJIHEHUS ONIPEAECTIEHUMN.

 Jlns aHanmu3a TpeOylOTCS BeCbMa HE3HAUMUTEIbHBIE KOJIU-
YeCTBA BEIIECTBA, HOT A HECKOJIBKO MUJUIMTPAMMOB.

13.2. JJieKTpoMar-
HHUTHOE U3JTy4YeHue

- 3TO BUJI PHEPTHH, KOTOpas PaclpOCTPaHSIETCS CO CKOPO-
CThI0, OJIU3KON K CKOPOCTH CBETA.

PacnpocTpaneHne 35eKTpOMarHuTHOTO U3IydeHus: yaoOHee
BCEr0 MPEACTaBUTh B BUJE BOJHOBOIO IMpOIIECcCa, XapaKTe-
PHU3YIOIErocsl TAKUMHU TTapaMeTpaMu, Kak CKOPOCTb, 4acTO-
Ta, JUIMHA U aMIUTUTYJ1a BOJIHBI. J{J1s mepegaun 3yieKTpomar-




HUTHOI'O M3JTY4YCHHA HEC HYXKHA ITPOBOJAAIIAA CpEaa.

CnexkTpbl  HCIycCKa-
HUS

N3nydaemMble 4YacTUIbI, JOCTATOYHO YAAJICHHBIE IPYr OT
Jpyra, BeIyT ce0s He3aBHCUMO OJHA OT JIPYyrod W HCITyC-
KalOT MEHBIIIEE KOJMYECTBO XapaKTEPHBIX CIEKTPAIbHBIX
JUHUMA (JIMHUM B CIIEKTpax AJIEKTPOMArHUTHOTO M3TyUCHHS
aTOMOB, MOJIEKYJ U Ap.), YEM 3TO TpeOyeTcs AJisl mpoBeje-
HUS aHanu3a. B pe3ynbrare nNodydaeTcs JIUCKPETHBIN
CIIEKTP, HA3bIBAEMBIA JIMHEWYATBHIM. TakuMH CHEKTpaMu
garie BCero o0JaJaroT Tra3bl, TaKk KaK MOJICKYJbI B JaHHOU
(daze BellecTBa pACMONOXKEHB HAa PACCTOSHHUM, TOpPa3Jo
MPEBBIIAIONIEM UX COOCTBEHHBIE pa3MEpHI.

CrutontHoit CHEKTp TpPEACTaBiIsieT COOO0W COBOKYITHOCTD
BCEX YacTOT B paccMarpuBaeMoit oOmactu. Ilpu sToM OT-
JeJbHbIE JIMHUM PAaCIOIOKEHBI TaK OJIM3KO, YTO MX pasje-
JIeHHe OOBIYHBIMH CTIOCOOaMM HEBO3MOXKHO. HernpephiBHbBIE
CIIEKTPbI U3JTy4arOT, BO-TIEPBBIX, TBEPJBIE U KUIKUE TEJA, B
KOTOPBIX aTOMBI HAXOMSTCS HA CTOJb MaJOM PacCTOSIHUU
OJIMH OT JPYroro, 4TO HE MOTYT BECTH ceOs HEe3aBHCHMO
JIpYyT OT ApPyTa, U, BO-BTOPBIX, CI0KHBIE MOJEKYJbI C 00JIb-
UM YHUCJIOM OJM3KUX JHEpreTuyeckux ypoBHed. Hempe-
PBIBHBIE CIIEKTPHI TaKXKe€ HAOIIOJAIOTCS B TOM ClIy4ae, €Ciiu
W3MEHEHHE JYHEPTUM OOYCJIOBJICHO YAaCTHUIIAMH C 3aracom
HEKBAaHTOBAHHOM KMHETUYECKOU YHEPTUHU.

BTOpHUYHBIM SMHUCCUOHHBIM U3JTy4CHUEM OOBSICHSETCS CIO-
COOHOCTh K CaMOCTOSITEJILHOMY CBEUEHHUIO TOJI Pa3InYHBI-
MM BO3JEUCTBUSAMU. ECIIM CBEUYEHHE MNpPEKpaIaeTcs cpasy
MOCJIe MCUE3HOBEHHUS BO30YXKIEHHUS, TO TaKOM Mpollecc Ha-
3pIBaeTCA (uryopecrieHTHBIM. CIEeKTp H3JIy4eHHs, HCITyC-
KaeMBbIil TIPH 3TOM, Ha3bIBACTCSI CIIEKTPOM (DITyOPECIICHITUH.

CnexkTpsl  morJonue-
HUA

JInst MOJIeKyJT pa3inyaroT BpalllaTeNIbHBIA U KoJie0aTeIbHbIN
CHEKTpPHI. DTO pa3/ieJICHHE CBSI3aHO C TEM, YTO SHEPTUIO MO-
JICKYJbI MOXHO TMPEICTAaBUTh B BHUJIE CYMMBI DHEPTHH, CBSI-
3aHHOH C pa3HbIMH OPOUTATSIMH BHEIIHUX SJIEKTPOHOB MO-
JICKyYJ1, JHEPTHUH MEKATOMHBIX KOJIeOaHU BCel MOJICKYIBI U
DHEPTUM BpAIICHHUS] MOJEKYJIbl BOKPYT IIEHTpa TSKECTH.
YucTo BpallatenbHbI CIEKTp MOTJIOMIEHUs (BCS SHEPrus
MOJICKYJIbI paBHA SHEPTHM BpAIEHUS) MOXKHO TOJIYYUTh
NOJT IeHCTBUEM MUKPOBOJIIHOBOTO U3IYUYEHHS, SHEPTHUsS KO-
TOPOTO MEHbIIE 3HEPTUU HHPPAKPACHOTO H3IydeHus. B
camoii ke nH(ppakpacHOW 00JACTH PHEPTHUST U3TyUYCHUS Ma-
Ja AJis 3JEKTPOHHBIX MEPEXOA0B, MO3TOMY TaM HaOJ0 aeT-
csi KoneOaTeNnbHasi ancopOmsi, XapaKTepU3yIomascs KoJe-
OaTesIbHbIM CIIEKTPOM.

CrnexkTpsl paccesiHust

[Ipu o0myyeHun pacTBOpa BELIECTBA MOHOXPOMATHUYECHUM
CBETOM B CIIEKTpE M3Iy4Y€HHUs, PACCESTHHOTO BEIECTBOM,




Ha0JII0JaeTCsl pAJ MOJI0C U3ITYyUEHUS - PAMAHOBCKUI CHEKTP.
OcCHOBHas I10JIOCA PACCESIHHOTO M3JIy4EHHUS] UMEET 4acToTy,
COBIAJIAIOIIYIO C YaCTOTOM BO30YKIAIOLIET0 U3IYUYEHUS, U
Ha3bIBAETCSI NIOJIOCOU peleeBCKOro paccesius. Kpome Hee B
PaMaHOBCKOM CIIEKTpe HaOJI0JAI0TCs U Apyrue nojockl. Mx
BO3HUKHOBEHHUE OOBACHSAETCS KOJEOAHUSIMU JTUIIOJIEH MOJIe-
KyJ, KOTOpbIE HAXOJATCA Ha PA3IMYHBIX KOJIEOaTEIbHBIX
ypoBHsX. YacTeb MOJIEKYJ NpU 3TOM HAXOAMUTCS Ha Ooliee
HU3KOM, 4acTO - Ha 00Jee BBICOKOM, [0 CPAaBHEHHIO C OC-
HOBHBIM, KO0JI€OaTeNbHBIX YPOBHAX. YacTroTa uU3IydeHHs,
CO3/1aBa€MOT0 KOJIECOIIOMIMMHUCS AUTIOISIMH TaKHUX MOJIEKYJ,
OTJIMYAETCS OT YaCTOThl BO30YXIECHUS HA BEIMYUHY, PaB-
HYI0 4acToTe KosuebaHuil. B cBsi3u ¢ 3TUM B paMaHOBCKOM
CIIEKTPE MOSBIAIOTCA JBE CUMMETPUYHBIE OTHOCUTEIIBHO
pelieeBCcKoro paccesHus mosiocsl. Ilomoca ¢ 6onee Hu3KoU
4acTOTON UMeEET OOJIBITYI0O HHTEHCUBHOCTb.

13.3. MGTOI[BI ONTUYECKOMN CIICKTPOMCTPHUHU OCHOBAHLI HA ITOTJIOIMICHHUN WJIN UCITYCKaA-

HHUH PCHTTCHOBCKOI'O, BH,

JAUMOTI'O0 NJIN YJIBTpa(l)I/IOJICTOBOFO N3JIYYCHU.

IMHUCCHOHHBIE
MeETOAbI

* JlyroBast aTOMHasi CIEKTPOCKOTHS (B Ka4eCTBE MCTOYHHUKA
DHEPTUH, TPeOyeMOU ISl SHEPTeTHUECCKUX IMEePEX00B, HC-
MOJTB3YIOT JIEKTPUUYECKYIO IYTY).

* MickpoBasi aToMHasi CIIEKTPOCKOMHs (B Ka4e€CTBE MCTOUYHH-
Ka SHEPTHH UCTIOIB3YIOT AICKTPUIECCKYIO UCKDPY).

* IImameHHO-?MHCCHOHHAS crHeKTpockonus (dhoTomMeTpus
IJJAMCHHM) - B KA4eCTBE HCTOYHUKA SHEPTUU HCIIOIB3YIOT
TIIaMs.

AOcopOuIMOHHBIE Me-
TOAbI

e ATOMHO-a0COpOITMOHHAsT CIEKTPOCKONHUSI OCHOBaHA Ha
W3MEPECHUM TIOTJIONICHHsS] CBeTa (OINpeAeIeHHON JJIMHBI
BOJTHBI) TIPU TPOXOKICHUHM €T0 4epe3 IuiaMs, TAC COJAep-
JKUTCS aHATTM3UPYEMBIN JIIEMCHT.

e HernamenHasi aToMHO-aOCOpOLIMOHHAST CHIEKTPOCKOIHS
OCHOBaHAa Ha U3MEPCHUHU TOTJIONICHUS CBETA TIPH MPOXOK-
JICHUH €T0 Yepe3 «HETUIAMEHHBIE aTOMH3aTOPhD» - MPUOO-
pBI, OCYIIECTBIIIONIME MPOIECC pacmaga MOJIEKYJlT Ha CO-
CTaBHBIC YaCTH W TIPEBPAIICHHUS MX B aTOMbl U MOHBI 0e3
HarpeBaHUs

TJIaMEHEM.

ATOMHO-
AIMUCCHOHHAA  CIEK-
TPOCKOIUSA

OMHCCHOHHBIN CIIEKTPaJbHBII aHAJIUM3 OCHOBAaH HAa M3y4e-
HUU CIIEKTPOB UCHYCKaHUS (M3TYyUEHHUSI) WU SMUCCUOHHBIX
CIIEKTPOB Pa3JIMYHbIX BELIECTB.

OMHCCHOHHBIN CHEKTpalbHBIA aHamu3 OblUT pa3padoTaH He-
MelKuMH ydeHbIMU byHzenom u Kupxropom B 1859 1. C
MTOMOUIBIO CIEKTPAIIBHOTO aHAJIM3a OHU OTKPBUIH 3JIEMEHTHI
ne3ud u pyouauii. B nanpHelinieM SMHUCCHOHHAsI CIEKTPO-
CKOIHSI TO3BOJIMJIA OTKPBITh MHOTHE JIPYTHE DJIEMEHTHI.




CyumHocTh MeTo/1a
ATOMHO-?)MUCCHOHHOMI
CNIEKTPOCKOIIMH

OMHCCHOHHAs CIEKTPOCKOMUS TPEOYET «CIKUTAHUS» MPOObI
aHaJM3UPYEMOr0 BEIIECTBA B IUIAMEHM Ta30BOM TOPEIKH
(2000 - 3000 °C), snmexrpuueckoi xyru (5000 — 7000 °C)
WM BBICOKOBOJBTHOM HCKpHI (~ 7000 - 15 000 °C). Ilpu
ATOM aHAIM3UPYEMOE BEUIECTBO UCMAPSETCS, JUCCOLUUUPYET
Ha COCTaBJISIIOIIME aTOMbI WM MOHBI, KOTOpPbIE, BO30OYX/1a-
ACh, IAIOT YMUCCUOHHBIE CIEKTPbl. CBET, U3Ty4yaeMblid pac-
KaJEHHBIMM Ta3aMHU WIHA IapaMu, OPOXOAsS YEPE3 MPU3MY
CIIEKTPOCKOMA, MPEJIIOMJISIETCS U PA3JIaracTcss Ha KOMIIOHEH-
Thl. [loaTOMY 3KCIIEpUMEHTATOp HAOIIOMAET Psii OTIEIbHBIX
LIBETHBIX JIMHUM, COCTABIAIOIINX BMECTE TaK HA3bIBAEMBbIN
JUHEWYaThId CHEKTp (HO HE CIUIOLIHOM CHEKTp, XapakTep-
HBIN JIJIS HarpeThIX JKUJIKOCTEH M TBepAbIX Ten). JImHeihya-
TBIA CHEKTP KaXKJI0r0 3JIEMEHTa XapaKTepU3yeTCsl MOCTOSH-
HBIMU CIEKTPAJIbHBIMU JUHUSMH, COOTBETCTBYIOIIUMH JIy-
yaM C OMNpEIeNIEHHON IJIMHOM BOJIHBI MU 4acTOTOM Koseba-
Huil. [Io HAIMYKUIO ATUX JTMHUM MOKHO CYIUTh O IIPUCYTCT-
BUU TOTO WJIM UHOTO 3JIEMEHTA B AHAJIM3UPYEMOM BEILIECTBE.
OT0 00BACHSCTCS TEM, YTO MOJ JEHCTBUEM TEMIIEPATYpPhl
aTOMBI CIIOCOOHBI BO30YKIAaThCS U 3aTEM U3ITy4aTh KBAHTHI
CBETa OMNpPEIICIICHHON SHEPTHM, MEPEeXOJsd NMPU 3TOM B HC-
XOJHOE cOoCcTOsiHUE. YacToTa W JIJIMHA BOJIHBI M3JIYYEHHOTO
CBETa JJIsl KaXI0r0 BHUJIa aTOMOB CBOSI U OMUCKIBaeTcs (hop-
mynoi [lnanka:

_¢ch

CE-E,’

rae E, - sHeprust atroMoB B BO30YKIeHHOM cocTosiHuu; E; -
SHEPrUsi aTOMOB B OCHOBHOM COCTOSIHHMM; h - MMOCTOSIHHAs
[lnaHka; v - 4acToTa BOJHBI, A- JIJTMHA BOJHBI; C - CKOPOCTh
CBETa.

A

JloctomHCcTBA MeTOAA
ATOMHO-D)MHUCCUOHHOM
CIIEKTPOCKOINMHA:

* BBICOKAs YYBCTBUTEJIBHOCTb, MO3BOJIAIOLIAS OMPEAECIATH
MHOTHE 3JIEMEHTHI, KOrJa MPUMECH HUX B aHAIU3UPYEMOM
BEIIECTBE HE MPEBBIMIAIOT AECATUTHICAYHBIX HOJIEH MpO-
LICHTA;

* B OTVIMYHUE OT XUMHUYECKHUX METOJI0OB OOBIYHO HE TpeOyeT
MPEIBapUTEIBHOTO PA3JCICHHS aHATM3UPYEMOTO BEIIECTBA
Ha OTAEIbHbIC KOMIIOHEHTBI: OH MO3BOJISIET ONPEACIISTh He-
CKOJIBKO 3JIEMEHTOB MPU UX COBMECTHOM MPUCYTCTBUH;

* OBICTPOTA BBHIMIOJTHEHUS OTPEICTICHUM;

* IS aHa/M3a TPEOYIOTCS BeChMa HE3HAYUTEbHBIC KOJIU-
YECTBA BEIIECTBA, MHOT A HECKOJIBKO MUJUIMTPAMMOB.

ObJsiactb mpUMeHe-

OMHCCHOHHBII CIEKTPAJIBbHBIA aHAJIU3 MO3BOJSET ONpeJe-




HusA METOoJda aTOMHO-

JIATH DJIEMEHTHBIN KOJINYECTBEHHBIN COCTAB COEIMHEHU.

SMHCCHOHHOM  cmek- | Ero ucnonap3yioT B METALTYPIrMYECKON MPOMBIIIIEHHOCTH,
TPOCKONHUM: B I€0JIOTHYECKUX U aCTPODU3NUECKUX HCCIICTOBAHUSX.
Buabpl koamuyectBeH- | 1. BuzyajibHble MeToabl. HaOmonas criekTp ¢ MOMOIIBIO

HBIX METOJ0B aTOM-
HO-IMHUCCUOHHOIO
aHaJM3a Mo CHocody
perucTrpanmum  CrHek-
TPOB:

CHEKTPaIBHOrO Mpudopa (CIEKTPOCKOM, CTUIOCKOI, CTUIIO-
METp), MO’)KHO YCTAaHOBUTH HE TOJBKO KOJIMYECTBEHHBIN CO-
CTaB aHAJU3UPYEMOr0 MATEpUaia, HO U OLEHUTH II0 SPKO-
CTH CIEKTPAJIBHBIX JIMHUM COEpKAHUE DJIEMEHTOB, TaK KaK
MPU YBEJIMYECHUU KOHIEHTPALUU MPUMECH B MpoOe€ yBEU-
YUBAETCS U UHTEHCUBHOCTH €ro jJuHuid. CaM (akt mosiBie-
HUS JIMHUU OTIPECIIIEMOTO 3JIEMEHTa B CIIEKTPe MPOObI yKe
ABJISIETCA YKA3aHUEM Ha €ro KOJIMYECTBO (METOJ MOCIEAHUX
JUHUN).

Jns monaydeHHsT KOJMYECTBEHHOM OIIEHKH COJEpKaHMS
AJIeMEeHTa TpUMeEcH B MpoOe OTpadaThIBAlOT C MOMOIIBIO
ATAJOHOB aHAJIUTUYECKHUE MPU3HAKU: UHTEHCUBHOCTD JINHUU
OMpENENIIEMOr0 METAJIJIa CPABHUBAIOT C PSIAOM JIMHUH 3Jie-
MEHTa OCHOBBI Pa3HOW MHTEHCHBHOCTH, NMPUHHUMAEMBIX 3a
YCJIOBHBIM CTaHJIAPT, 3a KAy MHTEHCUBHOCTEH. 3aTE€M MO
OTpaOOTaHHBIM aHAJIUTUYECKUM IMPHU3HAKAM MPOBOJAT aHa-
3.

KonuuectBeHHOE omnpeaenenue 0Oosee AOCTOBEPHO, €Ciu
ONPEAECICHUE MTPOBOAUTH MO AHAIMTUYECKON Mape JIMHUM C
MOMOIIbIO TPUOOPOB, HA3BIBAEMBIX CTUIIOMETpaMu. B 3THX
npudopax UMEIOTCS MPUCTIOCOOIEHNUS, TTO3BOJISIONINE yCTa-
HaBJIMBATh PAJIOM JIaJIEKO OTCTOAIINWE JIMHUM aHaJUTHUYe-
CKOM mapbl M OCIA0JIATh MX WHTEHCUBHOCTH C IMOMOIIBIO
dboToMeTprUUYECKUX KIMHbEB. KoIMuecTBEHHBIN aHAIU3 TIPO-
BOJISAT MO AHAJTUTUYECKUM KPUBBIM, IOCTPOCHHBIM I10 CTaH-
JTApTHBIM 00pasiam.

2. B ¢ororpapuueckux MeToaax CHEKTPHl aHAIU3ZHUpYyeE-
MBIX M CTaHAAPTHBIX 00pa3IOB CHUMAIOT Ha (poTorpaduye-
CKyl0 TutacTuHKy. Ilocne ee mposiBneHus, puUKCHUpOBaHUA,
MPOMBIBAHUSI U BBICYIIIMBAHUSI C TOMOIIBIO CHEIUATBHBIX
npuOOPOB - JEHCUTOMETPOB WJIM MHUKPO(OTOMETPOB - OII-
pEeACNAIOT ONTUYECKUE TIIOTHOCTH MOYEPHEHUS TMHUN aHa-
mutndeckux mnap. Ilo pesynbraram (poromeTpupoBaHUs
CTPOSIT TPaayUupOBOUYHBIE TpadUKH B CUCTEME «Pa3HOCTH
ONTUYECKUX IUIOTHOCTEHN MTOYEPHEHUS AaHATUTUYECKOM Mapbl
- jorapud™M KOHIEHTPAIMI» U 110 HUM OMPENEIISIOT COAeP-
KaHHUe 3JIEMEHTOB B aHAIM3UPYEMbBIX 00pa3iax.

3. B ¢orornekTpuuecKkOM MeTOe PETrUCTpaLi COOTHO-
HIEHUS WHTEHCUBHOCTU CHEKTPAJIbHBIX JIMHUI OmNpesense-
MOIO 3JIEMEHTA M DBJEMEHTA CPAaBHEHUS OCYIIECTBISIIOT C
MOMOIIbI0 KBAHTOMETPOB. MeTaminyeckyto npoly, cocTaB




KOTOPOM CJIeAyeT ONPEAECINTh, YKPEIUISAIOT B IITATUBE, OHA
CIIY’KAT OJHUM U3 3JEKTPONOB. Mexay 3IEKTPOJaMHU C IO-
MOIIIbIO TE€HEpaTOpa BO30YKIAETCS ICKTPUUECKUN pa3psi.
CrexkTpalibHbIl TIpUOOpP pasyaraeT H3JIyYeHUE B CIEKT.
AHQJINTUYECKHE JMHUU BBIACISIOTCS C MOMOIIBIO BBIXOJ-
HBIX IIeJieH, YCTaHOBJICHHBIX B (POKAJIHbHOM TIJIOCKOCTU
cnektpaibHoro npubopa. CBETOBbIE MOTOKM JMHUN IPO-
EUPYIOTCSI Ha KaToJbl (POTOAIEKTPOHHBIX YMHOXKHUTEIIEH,
(POTOTOKH KOTOPBIX OTPUUATENBHO 3apsSKAlOT HAKOMUTEIb-
Hble  KOHJIGHCATOPbl, MW  M3MEPSAIOTCS  DJIEKTPOHHO-
PETUCTPUPYIOIIUM  YCTPOMCTBOM.  BbBIXOgHOM  peru-
CTPUPYIOIIUI TTPUOOp BBIJIACT MOKA3aHUSI B BUJE Jorapud-
Ma OTHOLICHUS HMHTEHCHBHOCTEW JIMHUN OIPENEIIEMOro
AJIEMEHTA U 3JIEMEHTAa CpaBHEHUs. AHATUTHUYECKUE TpaPuKu
CTPOSIT B BUJI€ 3aBUCMMOCTH IOKa3aHUs MpUOOpa OT Jiora-
pupMa KOHIEHTpAIMK ONPEAEISIEMOrO JIEMEHTa B 3TAJO-
Hax.

13.4. CymHocTth Me-
TOAA aTOMHO-
a0copOUMOHHOM
CIIEKTPOCKONUHU

B aroMH0-aGcopOLIMOHHOM aHallM3€e UMEIOT €0 B OCHOB-
HOM C abcopOuuel pe30HAaHCHOTO W3JIyYEHHs], MpPEeCTaB-
JSIOIIEro coOO0M XapaKTEPUCTUYHOE U3ITYyYEHUE, COOTBETCT-
BYIOILIEE TEPEXOAY JIEKTPOHA U3 OCHOBHOI'O COCTOSIHHS Ha
Onvkaimii 0osee BRICOKUI SHEPreTUYECKUH YPOBEHb.

B xoxe omnpezeneHus 4acTh aHaIu3HUpYrOLIero odpasia mne-
PEBOASAT B aTOMHBIN nap (a3p030J1b) U U3MEPSIOT MOIJIoNIe-
HUE 3TUM NApOM M3Iy4YEHUs] XapaKTEPUCTUYHOIO VISl Ompe-
JEJSIOMEro 3JEMEHTa. ATOMHBIN Nap MOJy4YaroT paclblie-
HUE PACTBOPA, aHAIM3UPYIOILETO BEIIeCTBa B IuIaMeHH. [Ipu
TOM HeOOJbIIasg YacThb aTOMOB BO30YXJAaeTCs IIAMEHEM,
Oosbllas 4acTh MX OCTa€Tcsi B OCHOBHOM (HEBO30YXIEH-
HOM) cocTosiHuu. HeBo30yk/I€HHbIE aTOMBI AJIEMEHTa, Ha-
XOJSIIMecs B Miia3Me B CBOOOJHOM COCTOSIHMM, TOMEIIAIOT
XapaKTEPUCTUYHOE PE30HAHCHOE U3JIYYECHUE ONPEACIEHHOU
JUISL KaXI0ro 3JIEMEHTa JUIMHBI BOJHBIL. BceneacTeue 3Toro
ONTUYECKUI 3JIEKTPOH aToMa NEPEXOAUT Ha O0JIee BHICOKUI
HHEPreTUYECKU YpOBEHb M OJHOBPEMEHHO MPOMYCKalOT
yepes Mmia3mMy, U3JIy4eHue 0caadiisieTcs.

JloctomHCcTBA MeTOAA
aTOMHO-
a0copOuUMOHHOM
CNIEKTPOCKONMHU:

> BBICOKas CEJIEKTUBHOCTD),
» JIOCTaTOYHAs YyBCTBHTEIHHOCTB;
» ObIcTpOTA.

HenocraTtkm MeToaa
aTOMHO-
a0copOUMOHHOM
CIIEKTPOCKONMHU:

BbICOKas ormoka - 1-5 %.

Anmnaparypa aTOMHO-

YcTaHoBKHU JJIs1 aTOMHO-a6C0p6HI/IOHHOﬁ CIICKTPOCKOIINH




a0CcopOLIMOHHOTO
aHaJIN3a

BCETJla COJIEPKAT paspsaaHylo TpyOy (T.e. JamIy C MOJbIM
KaTOJIOM, W3TOTOBJIEHHBIM U3 OMPEEIEHHOTO 3JIEMEHTA),
aTOMM3aTOp, MOHOXpPOMATOp, (POTOYMHOXKHUTENb, YCKOPH-
TE€JIb MIEPEMEHHOT0 TOKa U BBIXOJAHOW U3MEPUTEIbHBIN MPU-
0op. CBeT OT pa3psIHOM TPYOKHU HCITYCKAIOIIeH JIMHEJa-
TBII CIIEKTP OMNPEACIIEHHOIO 3JIEMEHTA, MPOMYCKAaIOT uepes
IJ1aMs TOPEIKHU, B KOTOPOE BIPBICKUBAIOT TOHKHUI a3p03011b
aHecTe3upyromiero BemecTBa. O0IacTh CIEKTpa, COOTBET-
CTBYIOIIYIO PACIIOJIOAKEHHUIO U3MEPSIEMON PE30OHAHCHOM JIH-
HUU BBIJICTIIFOT MOHOXPOMATOPOM. 3aTEM U3JIyYEHUE BbIJIEC-
JICHHOW JIMHUU TOCTYMaeT Ha (HOTOyCKOpUTENb Wi (HoTo-
AeMEHT. BBIXOIHOM TOK €ro ycuiiMBaeTcsl B OJIOKE U peru-
CTPUPYETCS W3MEPUTENBHBIM MpUOOpOM. HMHTEHCUBHOCTH
PE30HAHCHOTO U3ITyYEHUSI U3MEPSIOT ABAXKIBI: IO paCIIbLie-
HUS aHAIM3UPYIOIIETO 00pa3ia B MJIAMEHU U B MOMEHT €ro
pacnbuieHus. Pa3HOCTh MEXY STUMH OTIIMUUASIMU U CITY>KUT
Mepoi abcopOIuu, a 3HAYUT, U MEPOM KOHIIEHTpAIlUU OTl-
penensieMoro 3yeMeHTa. [ aucrnepupoBaHs U3IyYEHUN B
MOHOXpOMATax CIyXaT MPU3MbI WK TU(PAKIIMOHHBIE pe-
meéTku. McenenayroT riiaBHbIM 00pa3oM yiabTpaduosieTOBYIO
Y BUJUMYIO 00JIaCTH CIEKTPA.

Jlnst aToMu3auuy pa3iuyHbIX 3JE€MEHTOB UCIOJIB3YIOT Ija-
Ms: BO3JIyX - CBETUJIbHBIM ra3, BO3JyX - MPOIMAaH, BO3AYX -
BOJIOPOJI, BO3JIyX - alleTHJICH, OKHCh a3ota (l) - ameruiieH.
MonynupoBanue u3ydeHHs! (C MOMOILIBIO BpallaroUIerocs
JIMCKa — MOJIYJIATOpa) HEOOXOJAMMO IO TOMY, YTO HMHOTJA
CBEUCHHE JIMHUN HCCIEAYEMOr0 3JEMEHTA B IUIAMEHU OKa-
3bIBaeTCs 00JIee MHTEHCHUBHBIM, Ye€M OT MoJioro karoxaa. Ilo-
CJIe MOJyJIMPOBAHUS U3ITyUYECHHUE U3MEPSIOT 0€3 OMeEX.

B ongHOHyneBOM BapuaHTE YCTAaHOBKHM NMPUHUMAIOT Kajauo-
POBKY IO CTaHIAPTHBIM pacTBOpaM, KOTOpas IO3BOJISET
CBS3aTh OTJIWYHUS WU3MEPUTEITHLHOTO TpHOOpa ¢ KOHIIEHTpa-
1MeN MPUCYTCTBYIOIIETO B PACTBOPE 3JIEMEHTA.
JByiyueBble YCTAaHOBKHM JIMHUU 3aBUCAT OT KoJIeOaHM
AJIeKTpUUYecKoro HampspkeHus. [Ipu paGore IBYIydeBBIM
METO/IOM, U3JyYeHue, uayliee OT pa3ieabHoil TpyOKH, pas-
JEJISIFOTCSL Ha JBa JIy4ya, U3 KOTOPBIX TOJBKO OJUH MPOXOIU
yepe3 IUlaMsi; PErucTpUpYIollee YCTPOMCTBO CPaBHUBAET
MHTEHCUBHOCTH 3THUX JIyUYEH.

Jlnst onipenenienuss HEOOJBIIOTO YKclia (OJHOTO WM JIBYX)
AJIEMEHTOB CKOHCTPYUpOBaH Oosiee MpOCTOW mpuOop, He
HMMEIOIINN MOHOXPOMATOPA.

HNuorpa nepex onpeneneHueM UCCIEAYEMbI 3JIEMEHT Bbl-
JENSIOT U3 00paza ¢ MOMOIIBIO IKCTPAKIIMN WA XPOMaTO-
rpaduu. DTO MO3BOJSIET MOBBICUTh YYBCTBUTEIHLHOCTh OTI-




peeneHuii B Tpu u 6oJee pasa.

Ob6actm  nmpumeHe-

HUSA ATOMHO-
a0CcopOLIMOHHOTO
aHaJIN3a

ATOMHO-a0COpPOLIMOHHBIN aHAJIU3 - 3TO YHUBEPCAJIbHBII Me-
TOJ1 OIIPEEIICHUS CIIEeN0B OONBIINHCTBA METAUIOB (M HEKO-
TOPBIX HEMETAJIOB); IPUMEHSAETCS OH U JUIsl ONpeAeSICHUs
BBICOKHX COJIEP’KaHUMN 3JIEMEHTOB.

K mHacrosmemy BpeMeHH OMUCAaHBI METOABl ATOMHO-
a0COpOLIMOHHOTO ompeneneHust 76 3J1eMEHTOB B oOpasiax
MaTepHaOB Pa3IMYHOTO MPOUCXOKIACHHS.

B03MOXXHOCTh  HCTIONB30BaHUS ~ aTOMHO-a0COPOLIMOHHON
CHEKTPOCKOIHNH JIJIsl OTIpeieNICHUS] OOMBIINHCTBA JIEMEHTOB
NEPUOANYECKON CHCTEMBI, BBICOKAsl CEIEKTUBHOCTh M UYB-
CTBUTEJIbHOCTb, TOYHOCTh M OBICTPOTA U3MEPEHUH, a TaKKe
JOCTYITHOCTh aBTOMAaTH3alluU ONpPEENIEHU CIocOOCTBOBA-
J HIMPOKOMY NPUMEHEHHUIO 3TOTO METOJIa HE TOJIBKO B Me-
TaJUTypru4eckoi , TOPHONM M XMMUYECKOW MPOMBIIIIEHHO-
CTH, HO ¥ MaJI0 OCBOEHHBIX aHAJIMTUKAMHU O0JIACTAX: B CEJIb-
CKOM XO35HCTBE, YKOHOMHUYECKHX HCCIIEJOBaHMSIX, MHILE-
BOI MPOMBIIINIEHHOCTH, OMOXUMHHU U MEAULIMHE.

B arpoxumuyeckoil ciy:x0e aroMHO-aOCOpOLIMOHHBIN aHa-
JIM3 UCHOJIB3YIOT JJIs ONpeeIeHUs] OOMEHEHHBIX HOHOB Ha-
TpHsl, KalHsl, Kbl ¥ MarHus B TIOYBax MOCJE U3BIEYe-
Hus 1M pacTBOpOM XJIOpHIa aMMOHMS, a TAKKE KAJIBLUSA U
MarHus nocye sKcTpakuuu u3 noussl 0,5 M yKCyCcHON Ku-
CJIOTOM.

Meton ucnonb3yercs Tak K€ B SKOJIOIMUECKUX MCCIIeI0Ba-
HUSIX, P U3YYEHUU 3arpsi3HEHUM MOYB CBUHLOM. [Ipume-
HSIETCA OH U TpHU 0oJiee OOMUPHBIX HKOJIOTHUECKUX HCCIIe-
JIOBaHMSIX, TPEOYIOIIMX OMpPEIEICHUs IOTHOTO COAEpKaHUS
MUHEPAJILHBIX BEILECTB B MIOYBE.

B pactutenbHbIX Marepuaniax — aTOMHO-a0COpPOIMOHHBIM
METOJIOM OINPEIENSIIOT COAEPKAHNE MUKPOAJIIEMEHTOB: LIMH-
Ka, MEJIM, MapraHua, a TaKxe jkejie3a U MarHus.

B mumeBsIx mpoayKTaX MeTasibl MOTYT MPUCYTCTBOBATH
KaK B BHJIC MTOJIC3HBIX MUHEPATbHBIX BEIIECTB, TaK U B BHJIC
HE)KENATEIbHBIX ~ TOKCHYHBIX  DJIEMEHTOB.  ATOMHO-
aO0COpOLIMOHHBIN aHaMU3 MCHOJB3YETCSA IS ONpeleNeHus
COJIEp)KaHusl CBUHIIA U MEIU B MsICE U MSCHBIX TIPOAYKTax,
[UHKA, PTYTH U MBbIIIbsIKAa B MULIEBBIX U KOPMOBBIX IPO-
JYKTaX, paCTUTEIBHOTO MpoucXoxkaeHus. Ciebl MEeTawioB
OTIPENETSIOT BO PPYKTOBBIX COKAX M HAIUTKOB.
ATOMHO-a0COpOIIMOHHAS CHEKTPOCKOMHUS HAXOIUT IMpHUMe-
HEHUE B aHAJIM3€ MPUPOJIHBIX BOJ (PEYHOW M MOPCKOW BO-
Jbl), @ TaK)Ke MPOMBIIIJICHHBIX CTOYHBIX BOJAaX Ha COJEp-
KaHHE CJIEI0B METAJIJIOB.




14. BUOJIOTTUYECKHUE METO/AbI AHAJIN3A.
AHAJIN3 KOHKPETHBIX OB BEKTOB

14.1. CymHOoCTh OMOJOTHYECKHUX METOOB aHaIU3a.

14.2. Vcnionbp30BaHUE MUKPOOPTaHU3MOB, OCCIO3BOHOYHBIX U MO3BOHOYHBIX B
KaueCTBE UHIMKATOPHBIX OPTaHU3MOB.

14.3. KayecTBEeHHBIN U MOJYKOJIMYECTBEHHBIM aHAJIM3 3a/la4yll U IUIAHUPOBAHHE
aHaIM3a.

14.4. Ananu3 0ObEKTOB OKpY’KAIOIICH cpesbl (Boa, BO3AYX, MOYBA).

14.1. bBuosoruvyeckue | OCHOBaHbl Ha TOM, YTO ISl KU3ZHEAECATEIbHOCTU—POCTA, Pa3-
MeTO/bl AHAJIM3A MHOXXEHHUSI U HOPMAJIbHOTO (PYHKIMOHUPOBAHMS SKUBBIX CY-
IIECTB HEOOXOAMMa Cpela CTPOro OIpPENEICHHOIO XUMUYe-
ckoro cocrasa. IIpy M3MEHEHMM 3TOro cOCTaBa, HalpUMED,
IpU HUCKIIIOUEHUH U3 CPe/bl KaKoro JIMOO KOMIIOHEHTa WIIU
BBEJICHUE JOMNOJHUTENBHOIO (ONpPENENsieMOro) COEIUHEHHUS
OpraHu3M 4Yepe3 KaKOe-TO BPeMs MOJAET COOTBETCTBYIOIIMIMA
OTBETHBI CUTHAJI. YCTAHOBJICHHE CBA3M XapakTepa Wd HH-
TEHCUBHOCTU OTBETHOI'O CHIHaja OPraHu3Ma C KOJUYECTBOM
BBEJICHHOI'O B CpEJly WJIM MCKJIIOYEHHOTO M3 CPelbl KOMIIO-




HEHTA CIIYKUT JIJIsl €r0 OOHAPY>KEHUS U ONPEACIICHHUS.
Bnepsoie Ouonormyeckuid meroxa omucan MI'Y, kadenpoit
a"Hanutuueckon xumun M.®. JlonmanoBou u T.H. IllexoBio-
Boi, 2000r.

AHaTUTUYECKUM HWHIUKATOPOM B OHOJOTHYECKHX METOJIax
SABJISIFOTCSL PA3JINYHBIE KUBBIE OPraHU3MBbI, X OpPraHbl U TKa-
HU, Pusnonorndeckue GyHKIMU. B pom MHANKATOPHOTO Op-
raHru3Ma MOTYT BBICTYNaTh MUKPOOPTaHU3MBbI, O€CII03BOHOY-
HBIC, IO3BOHOYHBIC, PACTCHUS.

Bce BemiecrBa mo otr- 1. xu3HEeHHO HEOOXOIUMBEIC;
HOIIEHUI0 K KHBBIM 2. TOKCHYHEBIE;
OPraHu3MaM  MOKHO 3. (QU3HOJOTHYECKU HEAKTHBHBIC.

pa3ieJuTh Ha:

Tonbko B JABYX MEPBBIX CIydasx MOXKHO OXKHJIaTh OBICTPYIO OTBETHYIO PEaKIUIO Opra-
HU3Ma (aHAIUTUYECKUM curHai). OU3MOJIOTHYECKH HEAKTUBHBIE BEIECTBA MOTYT JaTh
OTAAJICHHBIA PE3YJbTAT, NI UX MOXHO IIEPEBECTU B AKTUBHOE COCTOSIHUE B PE3YJIbTATE
peakiuii B3auMOIEUCTBUS C UHTUOUTOPAMU UITU CTUMYJISITOPAMU MPOIIECCOB KU3HEE SI-
TEJIbHOCTH OPTaHU3MOB.

Ot xapakTepa ONpeAe/sIEMOr0 BEIIECTBAa 3aBUCUT BHIOOP WMHIMKATOPHOTO OpraHU3Ma.
Ero oTBeTHBIN CUTHANI HA U3MEHEHHE XMMHUYECKOTO COCTaBa TBEPAOU, KHUJIKON WIIM BO3-
JTYIIHOW Cpellbl MOXKET ObITh CaMbIM Pa3HOOOPA3HBIM: U3MEHEHUS XapaKTepa IOoBejie-
HUSI, ”HTEHCUBHOCTH POCTa, MeTamop(do3a, cocTaBa KpOBU, OMOAIEKTPUUECKON aKTHB-
HOCTH OPTraHOB U TKaHEW; HapylIeHue (PYHKIIUM OpraHOB MHUIIEBAPEHHUS, JbIXaHUS, pa3-
MHOkeHHs1. O000IIeHHBIM TToKa3aTesieM Y ()EKTUBHOCTU NEUCTBUS ONPEALIIIEMOTO CO-
€AVMHECHUS Ha UHAMKATOPHBIA OPTaHU3M SIBJISICTCS BBDKUBAEMOCTH, WJIN JIETAIBHBIN HC-
XOZ.

Br16op crocoba peructpaiiuu OTBETHOTO CUTHAJa Ha 3aKJIIOUUTEIFHON CTauU  BBIMOJI-
HEHMS aHaJIW3a 3aBHUCHUT OT LEJIM aHaJIu3a, MEXaHU3Ma U CTEIIEHU B3aUMOJICUCTBHUS OII-
pelensaeMoro BEIIECTBA U MHAUKATOPHOIO OpraHu3ma. Uem ciokHee OpraHusM, TeEM
0O0JIbIIIE YHUCJIO €TO KMU3HEHHBIX (PYHKIHMM MOMXHO UCMOJIb30BaTh B KAU€CTBE aHAJIUTUY -
CKMX WHJIUKATOPOB, TEM BBIIIE WHPOPMATUBHOCTh OMOJIOTMYECKUX METOJOB aHaJIM3a.
OTBETHBI CUTHAJI WHAMKATOPHOTO OpraHW3Ma Ha OJHO M TOXKE BEIIECTBO 3aBUCUT OT
KOHIICHTPAIIMM BEIIECTBA: MAJIbl€ KOHLEHTPALUM CTUMYJHPYIOT MPOLECCHl KU3HEAES-
TEJILHOCTH OpPraHM3Ma, BbICOKME — yrHeTaroT. [loBbieHne koHueHtpauu bAB (6uo-
JIOTUYECKH aKTUBHOTO BEIIECTBA) MPUBOJIUT K JIETAIBHOMY UCXOY.

Junamna3oH ompeaensieMbIX COACp)KaHUM, OOHAPY>KEHHUS! COCTMHEHUN OHOJIOTHUYECKUMU
METOJIaMH, 3aBUCUT OT HAIIPABJICHHOCTH U MPOAOJDKUTEILHOCTH BO3JICHCTBUS XUMUYE-
CKOTO COemMHEHHs Ha opraumsm, t° u pH-cpess, YPOBHSI OpPraHU3aluy UHIUKATOPHOTO
OpraHu3Ma, €ro WHIWBUIYAIbHBIX, BO3PACTHBIX, MOJOBBIX OCOOCHHOCTEH.

14.2. Hcnoab3oBanue | [Ipyu ncnosb30BaHUM B KAYECTBE MHANKATOPHBIX OPTaHU3MOB
MHKPOOPraHU3MOB, MUKPOOPTaHU3MOB (0aKTepuu, APOAKOKH, BOJOPOCIH, TIECHE-
0ecrno3BOHOYHBIX M | Bble TpUOBI) HAOIIONAIOT, KAaK C M3MEHEHHUEM XHMHYECKOTO
MO3BOHOYHBIX B Kaue- | COCTaBa MUTATEIbHOW Cpelbl M3MEHSAETCS JMHAMHKA POCTa
CTBe MHIUKATOPHBIX | OTIECIBHON KJIETKH, U TOIMYJSIUU B 1IEJIOM U CPaBHUBAIOT C
OpPraHnu3MoB KOHTPOJIbHBIM OMNbITOM. VMIHTEHCUBHOCTh pocTa (pa3MHOXKe-




HUS, YTHETECHUs) NOMYJIALUNA OLEHUBAIOT ONTUYECKUMH WU
ANEKTPOXUMUYECKUMHU METOJAMH.

K mupoko ucnosp3yeMbplM B HEOPTaHUYECKOM AHAJIN3€ MUK-
pOOpraHu3MaM OTHOCSITCS IIECHEBbIE IpulObl. MIX ucnomns3y-
IOT KaK aHAJIMTUYECKHE MHJIMKATOPHI IPU aHalIu3€ MOYB Ha
COJIEp’)KaHuE DIIEMEHTOB ILIMHKAa, MEIU, Maprasia, Xele3a,
Mo, P, C, N, S.

PocToBbIe peakinnu MUKPOOPTaHU3MOB, W3MEHSIOMIMECS O]
JCHUCTBHEM Pa3IMYHBIX XUMUYECKUX COCTUHEHHUM, MPUMEHSI-
I0T B aHAJIM3€ MPUPOIHBIX U CTOYHBIX BOJ. C HMCIOIBb30BaHU-
eM OakTepHil u Ipoxokei pazpaboran nudPy3MOHHBIN METO
OoOHapy>XeHHsI B CTOUYHBIX BOAax (P€HOJIOB, HE(PTEMPOAYKTOB,
dbochopopraHuuecKux COeTMHCHUM.

BbuoaromuHeceHTHBIH
MeTO/1 OIpe/IesIeHUs

coaepxkanusi AT® B xKUBBIX KJIETKaX UCIOIb3YIOTCS JIA KC-
pecc — OMNpeesieHUs] aHTUOMOTUKOB B KPOBH, MHKPOOHBIX
OakTepuil B MOYE, U3YUYCHHS MOBPEXKICHUS KIECTOYHBIX MEM-
OpaH U Jp. OMOXMMHUYECKHUX aHAJTU3aX U UCCIICIOBAHUSX.
BricOKO#1 4yBCTBUTENIBHOCTBIO ompeneneHue bAB oTinuaer-
cs OUOJIOMUHECUEHTHBIM METOJI, OCHOBAHHBIM Ha peakiuu
OKHUCJIEHUSI KHCJIOpPOJOM BO3[yXa cyOcTpaTa JonudepuHa,
oOpa3oBaHHbIN (hepMeHTamu JonKdepazaMu, BbIJEICHHBIMU
U3 Pa3HbIX BUJOB MOPCKHUX CBETAIIUXCS OAKTEPUN U KYKOB-
CBETJIAKOB. JJIsi MpOTeKaHWsl HaHHOW peakiuu HeoOxoauma
AT®, koTOpas y4aCcTBYET B PEAKLHIX B OPTaHU3ME, SIBISAACH
AKKYMYJISITOPOM 3HEPTHHM U €€ UCTOYHUKOM JIJIsi CaMbIX pa3-
HBIX MPOLECCOB, MPOTEKAIOIINX B dKUBOW KIIETKE.

IIpumeHnenne MUKpo-
OPraHU3MoOB:

1. npu KOHTpOJIE OUOJIOTUYECKHUX MPOIIECCOB MPOMBIIIICHHO-
ro IPOU3BOJICTBA AHTUOMOTUKOB, BUTAMUHOB, aMUHOKHCJIOT;
2. KOHIICHTPUPOBAHUE M BbIIEJICHUE MUKPOIJIEMEHTOB U3
pa30aBJIEHHBIX PACTBOPOB (MOTPeOsii M yCBAaMBas MHUKPO-
AJIEMEHTHI B TPOIIECCE KU3HEIEATEIIbHOCTH, MUKPOOPTaHHU3-
MBI MOTYT CEJIEKTHBHO HaKaIlUIMBaTh HEKOTOpbIE M3 HHUX B
CBOMX KJIETKaX, OUYMINAs MPU ITOM MUTATEIbHbBIE PACTBOPHI OT
npumMeceil (TUIeCHEBBIE TPUOBI OCAKIAIOT 30JI0TO U3 XJIOPHUJ-
HBIX PACTBOPOB).

Ilpumenenune  Oecmo-
3BOHOYHBIX

OTBETHBIM CHUTHAJIOM OECMO3BOHOYHBIX—TIPOCTEHININX — Ha
U3MEHEHHE XUMHUYECKOTO COCTaBa CPEIbl SBIACTCS paspa-
KEHUE, TIPUBOJIAIISE K U3MEHEHUSIM JBUTATEIIBHBIX PEAKITUH,
CKOPOCTb PA3MHOKEHUSI, XapaKTep MUTaHUs, U JP.

C momoripio uH(PY30pri BO3MOKHO OTpe/eIeHIE HOHOB Tsi-
KEJBIX METaJUIOB, HO HE MPUTOHBI JIsl OTIPEEIICHUSI aHUO-
HOB. CKOpOCTh JBMKEHUH MH(Y30pHi MOBBIIIACTCS TP BBE-
JICHUH B CpEy MX OOUTaHUSI MUKPOKOJIMYECTB 3TaHOJIA, caXxa-
po3bl, ykcycHoit kucnotel, CaCl, u NH,OH a noGaBneHue
BaCl, 3ameisieT ABMKEHUE KIETOK. DJIEMEHTOOPTaHUYECKUE




COCAUMHCHUA IIPU OMMPCACICHHBIX KOHIOCHTpAUAX MOI'yT I[Cﬁ-
CTBOBATH KAK CTUMYJITOPHEI UX PA3MHOKCHHA.

IIpumMeHeHne BOJAHBIX
0eCImo3BOHOYHBIX |
NMO3BOHOYHBIX

BoHpIx 6€CrI0O3BOHOYHBIX - pakoOOpa3HBIX (padku, dadHHUH)
NPUMEHSIOT JJI1 OLEHKH CaHUTAPHO-TUTHEHWYECKOTO CO-
CTOSIHUA BOJl. B KadyecTBe aHATMTHUYECKOTO CHTHAJIA HCIIONb-
3yIOT (DU3HOJOTHYECKHE MOKa3aTeNu: BbDKUBAEMOCTh, 4acTo-
Ty JBIKEHHUS HOXEK, MEepPUOJ COoKpamieHus cepaua (y nad-
HEl), OKpacKy TeJ MOTHUOIINX OPTaHU3MOB.

Perucrpanuio n3MeHeHHusI CKOPOCTH U TPACKTOPUU JIBHKCHHUS
HAaCEKOMBIX, JUYMHOK KOMapOB, BRDKUBAEMOCTh OPTaHW3MOB
WCIIONB3YIOT IS OTPEEICHUSI OCTATOYHBIX KOJIMYECTB TEC-
TUIUJOB B BOJE, IKCTPAKTaX W3 MOYB, PACTUTEIBHBIX U KU-
BOTHBIX TKaHSX.

Ha6nronenue nox MUKpOCKOoM (OpMBbI U CKOPOCTU JIBUXKE-
HUSl 4YepBel, GUKCUPOBAHUE MPOJOJDKUTEILHOCTH UX JKU3HU
MO3BOJISIIOT OMPEJIEIATh KOJI-Ba HOHOB METAJIJIOB.
KnaccuueckumMu WHIUKATOPHBIMU OpPraHU3MaMH, IIIHUPOKO
UCIOJIb3YEMbIMHU JIJISI PEIICHUS MEIUKO-OMOJIOTMYECKUX Mpo-
oiem, sBisuMCh  ambuOuu. Ha M30IupOBaHHBIX OpraHax H
TKAHSIX JITYIIKA, THOO HAa BCEM OpPTaHW3ME MpoBepsieTcs Qu-
3MOJIOTUYECKAsT aKTUBHOCTh (PapMaIrieBTUUECKUX TPEIapaToB.
buomnorenman HepBHOM TKaHW MOYKHO HCTIOJIE30BaTh B Kaye-
CTBE WHIMKATOpPA VISl ONIPEACIICHUS] KOHIICHTPAIIUHA KHUCIIOT M
IEJI0YEH, HEKOTOPHIX TSHKEIIBIX METAJIIOB.

3HauyeHue OUoJIOrNMYe-
CKHUX METOA0B AaHAaJH-
3a

buonornyeckne MeTo/ibl aHaIU3a, OCHOBAHHBIE HA HUCIIOJIb30-
BaHUU B KAYECTBE aHAJUTHUYECKOTO CUTHAJIA CIIEeIU(PUIECKUX
OTKJIOHEHUW HMHIMKATOPHBIX OPTaHU3MOB OT HOPMBI, MO3BO-
JISIFOT:

1.c BBICOKOW YYyBCTBUTEIHHOCTHIO OMPEICISITh IUPOKUN
KpyT' HEOPraHUYECKUX M OpraHuuecKux (hU3UOJIOTHYECKH aK-
TUBHBIX COCJIMHEHUH, YTO BAXXKHO MPHU aHaIN3€ 0OBEKTOB OK-
PYXKAKOLIEH CPEbI;

2. yIpOCTUTh U COKPATUTh BpeMsI aHaJn3a, OIICHUBAs CTETICHb
3arps3HEeHUs] 00BEKTa U 11e71eCO00pa3HOCTh €ro JalbHEHIIEero
JETaTbHOTO0 XUMHYECKOTO aHAJIN3a;

3. MO3BOJISIIOT PEIIUTh PsIT 3a7ad, HE PEIIaeMbIX XUMHUECKHU-
MU Wi (QU3UIECKUMU METoJaMH (HampuMmep, OIMPEICTHUTh
0OIIyI0 TOKCHMYHOCTh aHAJTU3UPYEeMOTO OOBEKTa MPHUPOIHOU
WJIM CTOYHOM BOJIBI).

14.4. AHaiu3 KOH-
KPEeTHOIr0 00beKTa

- 3TO 3a/aya CJOoXHas, TpeOyrolas 3HaHUN MPEUMYIIECTB U
OTrpaHUYEHUI pa3HbIX JOCTYIHBIX METOJIOB aHAJIU3A.
TpynHOCTh aHanM3a peasbHbIX 0OBEKTOB 00YCIOBIIEHA MTPEXK-
JI€ BCErO CIOKHOCTBIO M Pa3HOOOpa3HeM UX HPUPOIBI U CO-
CTaBa

Knaccupuxkanus 00n-

1) mo arperaTHOMy COCTOSIHUIO;




€KTOB aHAJIN3a: 2) M0 XUMHYECKOW Tpupojae (HEOpraHWYecKue, OpraHuye-
CKHe, OMOJIOTUYECKHE);

3) 1O IPOUCXOXKICHUIO 00BEKTA;

4) IO CTENeHW pacIpOCTPaHEHHOCTH OOBEKTAa U €ro BaXK-
HOCTB;

5) aHaIM3 METAJIOB U CIIABOB,

6) YMCTBIX BCIECTB;

7) MUHEPATBHOTO CHIPHS;

8) 00BEKTOB OKPYIKAIOMICH CpeIbl.

Jlns mpoBeneHusi aHa- | 1) BBIOpaTh OOBEKT MCCIICIOBAHHUS,
JH3a He00XO0IAMMO Py-| 2) HEOOXOIMMO OIpPECIUTh IMOJHBIA WM YaCTUYHBIA aHa-
KOBOJCTBOBATbCA 3a- | IU3 Oy/leT IPOBOAUTHCS;

JadyaMHu. 3) ompenensioTcs M TIJaBHbIE M IMOOOYHBIE KOMIIOHEHTBI
WA CJICJIBI;
4) KaKOBO YHKCJIO MPOO M €CTh JIM BO3MOXKHOCTH ITOBTOPEHUS
OITPEICIICHHUI;

5) kakoBa TpeOyemas TOYHOCTh (IIOJYKOJUYECTBEHHBIC OII-
peneeHrs WM TOYHBIN aHaIu3);

6) 3aTparhl BpeMeHU (SIUHUYHBIHN, SKCIIPECC-METO/).

7) oxugaeMas CTOMMOCTh aHaJIM3a.

8) oleHuTh GU3NYSCKUE U XUMUICCKUE CBOWCTBA ITPOOKI.

9) NPUCYTCTBYIOT WM OTCYTCTBYIOT MEIIAIOIINE KOMIIOHEH-
THI.

[TnanupoBaHue aHanM3a HAYMHAIOT C U3YUYECHUS JUTEpPATyphl O OOLIMM BOIIpOCaM aHa-
JUTUYECKAsl XUMHSI M aHAJIM3Y MaTepHAJIOB JaHHOrO Buaa. Ha ocHOBaHuuM smrepaTyp-
HBIX JaHHBIX C YYETOM LI€JIEH aHajau3a U yCIOBUI HAYMHAIOT ITyTh PEIICHUS 3a/1a4H.
Ha nepBom sTane aHanu3a npenBapuTesibHbIE CBEACHHUS 00 OOIIEM COCTOSHUM MPOObI
MO’KHO MOJIy4YUTbh, PACCMOTPEB IMPOUCXOXACHUE Marepuana. [[ns 3Toro HE0OXOAUMO
IIPOBECTH YACTUYHBIN WU NOJIHBIA KaYECTBEHHBIA aHAJINS.
KauecTBeHHOE OOHApY)KEHHE OTIMYAETCA OT KOJIMYECTBEHHOI'O CTENEHbI0 TOYHOCTH,
MEHBIIUM 00BEMOM HMHPOpMaLUU U pabounMu MeToaukamu. [Ipu KkayecTBeHHOM OOHa-
PY’KEHHH OTBET JOJIKEH OBITh «J1a» WM «HET.
[Ipu KauyeCcTBEHHOM OOHAPYKEHUU CTABST TPU 3a/1a4U:
1) OmnpenesneHue MOIHOTO COCTaBa 00pa3Ia;

2) OmnpezeneHre mpuMeceit B o0pasiie;

3) OmpenencHue HATUYNS KAKOTO-THO0 KOMIIOHEHTA.
J1J1s BBIOJTHEHUS 3TUX 33/1a4 UCTOJIb3YIOT XUMUYECKUE METO bl aHAJIN3a UIIN (PU3UKO-
XUMHYECKHE METO/IbI.
MHorue MeToapl Ka4eCTBEHHOTO aHaJIM3a MO3BOJISIIOT IyTeM CpaBHEHUS, MOTYYHUTh IO-
JTyKa4eCTBEHHYIO MH(POPMAIIMIO O COAEPKAHUNA OOHAPYKEHHOT'O0 KOMITIOHEHTa (OTHOIIIe-
HHE KOMIIOHEHTA K IVIABHOM COCTaBHOW 4aCTH; MOOOYHOM YacTu; cliefam).
Oco0ObIM pa3fenoM aHAIMTUYECKONH XMMMU SIBIISIETCSl KaYeCTBEHHBIM aHaIM3- pasjerne-
HUE U UACHTU(DUKAIMSA OTACNbHBIX (a3 reTeporeHHoi cucrembl. OOBEKTHI UCCIIEN0BA-




HUS B ()a30BOM aHAIM3€ SIBISIOTCS METAJUIbI, CIUIaBbl, MUHEpAbl, pyasl. Onpenenstor
COCTaB HEMETAJUTMYECKUX BKJIIOUEHHUH B MeTaJllaX, U3y4aloT paclpeielieHue AIEMEHTOB
B CILJIaBax.

3anmava (a30BOro aHamM3a COCTOMT B pa3zeleHUH (pa3; CymecTBYIOT (PU3NYECKUE U XU-
MUYECKHE METO/IbI pa3nieieHus. B ocHOBe GU3MYECKUX METOJ0B MOJOKEHBI MAarHUTHBIC
U DJIEKTPUYECKHUE CBOMCTBaA (a3, p . Hanmpumep, nmocie uamenbueHus: mpoosl 3epHa MOXK-
HO pa3feluTh MO IUIOTHOCTH, HCIOJB3YS JKHAKOCTh C TOAXOMASAIIEH IUIOTHOCTBIO
(Ky,HgY,, BaHgY,). Ilpumensior doTallioHHOE pa3leicHHE ¢ IOMOIIbI0 (GoTopea-
T'€HTOB, TOBEPXHOCTHO-aKTUBHBIX BEILIECTB.

XUMHYECKHEe METOJIbI pa3ziesnieHus: (a3 OCHOBaHbI HA TEPMOJMHAMUKE, KHHETHKE, KOTO-
pbIe 00ecTIeYnBarOT pa3AeieHne MPOYHO CHOPMUPOBABIINXCSI MUHEPATIOB.

14.4. Anamm3 o0bek- | XUMHUUYECKUN cOCTaB aTtMocdephl, MPUPOAHBIX BOJ, IOYB
TOB OKpYy:Karomieii | GOpMUPYIOTCS 3a CUET €CTECTBEHHBIX, aHTPOTOTCHHBIX (haK-
cpeabl TOPOB, B PE3YJITATE TIOCTYIUICHUS 3arPsA3HCHUIN U CBS3aHHBIX
C HUMH XUMHYECKHMX MpeBpaienuil. BeiOpocy B OGuochepy
MPEBBIIAIOT €€ €CTECTBEHHBIE BO3MOMKHOCTH K CaMOOYHIIIe-
HUIO U IPUBOJST K TOMY, YTO B MTOYBAX, MPUPOJIHBIX BOJAX, B
IPU3EMHOM cJIoe Bo3ayxa, (uope, ayHe Bo3pacTaeT cojaep-
*aHue TokcuuHbIX dnemeHToB (Cd, Hg, Pb, Se). 3arps3Henue
SBJISIETCSI PE3YJITATOM HEIMOJIHOTO M HEPAIMOHAIBHOTO HC-
MOJIb30BAHUS TOOBIBAEMBIX MPUPOJIHBIX OOTATCTB U MPOIYK-
TOB TIPOMBIIJIEHHOTO MPOW3BOJICTBA, HECOBEPIICHCTBA TEX-
HOJIOTHH. MHOTHE XHUMHUYECKHE IMPOM3BOJICTBA IOCTABJISIOT
BpEIAHBIC KUIKUE W ra3000pa3HbIe OTXO/bl. MIcTOUHMKOM 3a-
TPSI3HEHUS BO37yXa CBHUHIIOM CITY)KHT TETPA3THUJICBUHEII, J10-
OaBnsieMblii B OeH3uH. Oc000€ OECrOKONCTBO BHI3BIBAIOT 3a-
TPSI3HUTEIN-HEPTEIPOIYKTHI, MOIOIINE CPEICTBA, TECTHIU-
JIbl, yIOOpEHUSI.

Bo3ayx: B BO3/yX€ 3arps3HSIOIINE KOMIIOHEHTHl MOTYT HaXOJUTHCS B
Buge ra3zoB (NO, NO,, CO, SO), mapoB u a3’po3zosneii (Tymas,
IbIM, TIbUTH). IHOTJa OJTHO M TO K€ BEIIECTBO MOXKET HAXO-
JIUATHCS OJHOBPEMEHHO B BHUJE IApOB U a’3po3oiieil. MHorue
IPUMECH B Ta3000pa3HOM BHUJE, MPEOOPa3yIOTCS B a3P030JIh-
HbIC YaCTHUILIbI MO AEUCTBUEM COJIHEUHBIX Jydyer. Hampumep,
(hOTOXMMHUYECKUM TTyTEM JUOKCHU]T CEPhI IEPEXOIUT B CEPHYIO
KHUCJIOTY U CYJIb(aThl.

JInsi KOHTpOJs cocTaBa BO3/yXa MCIOJB3YIOT aBTOMAaTHYe-
CKHE Ta30aHaIu3aTopbl. [IpOMBIIIIEHHOCTBIO BBITYCKAIOTCS
npuOOpsl ISl aHANIM3a KUCIOPOJa, BOAOPO/A, OKCUIA yriie-
poaa, aMMuaka, dTUIeHa H JIp.

Ot6op mpoO BO3MyXa OCYIIECTBISIOT B JKHIKHE IOTJIOTH-
TEJIbHBIC PACTBOPHI M HA 3€PHEHHBIE COPOCHTHI; KPEMHE3EM,
AKTUBHBINA YTOJIb, COPOCHTHI TOJIMMEPHBIE.




Jl7is u3BIIeYeHHsI BEIIECTB M3 BO3/AyXa B BUJE adpPO30Js HC-
MOJIE3YIOT QUIBTPHI-OyMaXKHBIC, MEMOpaHHBIC, CTCKIISTHHBIC.
[Tpu oTGOpe W3 BO3ayXa peaKIMOHHO-aKTUBHBIX COCAMHCHUN
NPUMEHSIOT KOHIICHTPUPOBAHUE W OXJIKICHHE IpPHUMECEH.
Hampumep, 9T00BI HW3BJCYb CBUHEI M3 BO3JyXa TMPOBOJIST
(GUIBTpaIIo B JIOBYIIKY W 3aMOpakuBaroT. JlJis pa3aeneHus
a’p0o30Jiel M0 YacTHUIIaM PA3IUYHBIX Pa3MEpPOB HCIOIB3YIOT
MpOOOOTOOPHUKHU, COCTOSIIME W3 HECKOJIbKUX CEKIUUA C
buIbTpaMu, Yepe3 KOTOPBIE MPOXOIUT BO3AYX C PA3TUIHBIMU
CKOPOCTSIMH.

ATMOc(hepHYIO TBUTH BBICISIOT U3 BO3AyXa METOJIAMH DJICK-
TPOCTATHUECKOTO U YAAPHOTO OCAXICHUS.

OnpenensdoT BEHIeCTBa Pa3IMYHBIMU HHCTPYMEHTAIbHBIMU
METO/IaMH: XpomaTorpauyecKuMu, aTOMHO-3MHCCHOHHBIM,
AIEKTPO-XUMUYECKUMHU, XPOMATO-MACC-CIIEKTPOMETPHUEH.

IHpupoausie u cTOY-
HbIe BOJBI:

B npupoHBIX U CTOYHBIX BOJIAX COJEPKUTCS OOJIBLIOE pas-
HOOOpa3ue HEOPraHWYECKUX, OPraHMYECKUX BELIECTB U TEX-
HOTE€HHOT'O MTPOUCXOXKACHHUS.

Bogna comepkuT 3TH BemecTBa B BUJE PACTBOPOB, (KOJUIOUI-
HOTO, AMYJIbCUH, cycrieH3uH). Ocoboe 3HaueHue mpuoOpeTaeT
M3YYCHHE COCTOSIHUA TKENBIX METAUIOB B BOje, HedTe-
NPOAYKTOB, (DEHONOB, MECTUIIUAOB, MPUCYTCTBYIOIINX B ObI-
TOBBIX CTOYHBIX BOJAX U MPOU3BOJICTBEHHBIX CTOKAX.
CnocoObl oTOopa mpoObl BOJBI 3aBUCUT OT IIE€NH, KOTOpas
CTaBUTCS Tepe]] aHAIUTUKOM. JIJis XpaHEeHHs BOJbI UCIIOJIb-
3YIOT MOCYAy U3 OOPOCHIIMKATHOTO CTeKja (MUPEKC) WIH U3
HNOJUATUIIEHA. AHANIU3 BOJBI MPOBOJAT Cpa3y WM B TEUEHUE
12 gacoB mocie ordbopa mpoOHI.

KauecTBO BO/BI OLIEHUBAIOT 110 MOKA3aTeNsAM: 1BET, IpO3pad-
HOCTb, 3aIlax, IEHUCTOCTb, KUCIOTHOCTb, IEJIOYHOCTb, 00111ee
coJiep)KaHue a30Ta, yriepojaa, cepbl, XUMUUYECKOe U OUOJIOTH-
Yeckoe MOTpeOseHue Kuciaopoaa, o0beM TpyOOIUCIIEpCHOM

dasbl.
Jlns ompeneneHus oOIero COAEpPKaHHUS CEPhl €€ OKHUCISIOT
70 CyJb(}aT-nHOHOB W OTPEICIAIOT TPABUMETPHICCKUM

WIA TUTPUMETPUUECKUM METOoJaMH. TspKenble MeTaulbl OTl-
pEeAeNSIIOT METOJJaMU aTOMHO-a0COPOIMOHHOM CIEKTPOCKO-
iy U GOTOMETPUH.

[Ipn aHanu3e MpPUPOAHBIX M CTOYHBIX BOJ Ha COJAEpKaHME
MHUKPO3JIEMEHTOB MPOBOJSAT KOHLIEHTPUPOBAHHE, pa3/IeICHHE,
HCIapeHue, SKCTPAKIINIO, COOCAXKICHHUE.

OmnpeneneHus OpraHUYecKUX BEIIECTB B BOJAX MPOBOMAST IO
JIBYM HaIlpaBJICHUSM.

1. IpenBaputenbHOe KOHIEHTPUPOBAHHE, COMPOBOXKIAEMOE
pa3feseHreM BEIIeCTB MO UX JWHAMHYECKUM M (HU3NUECKUM




CBOWCTBaM, MPUMEHSIOT pa3INYHbIe BUIBI XpOMaTOrpapuu.

2. Boigenenue U3 BOJBI OPTaHUYECKUX BEIIECTB MPU OJHO-
BPEMEHHOM HX pa3JIe]IeHUH Ha TPYIIbI COSAMHEHU, CBA3aH-
HBIX JPYr C APYroM OOUIHOCTHIO (PU3MUECKUX WM XUMHUYE-
CKuX CBOWCTB. Hampumep, /Ui onpezeneHusi NECTULIUAO0B HC-
MOJIB3YIOT METO/IbI TA305KUAKOCTHON U TOHKOCJIOMHON XpoMa-
Torpaguu. AMUHBI ONPEICISIIOT OTOMETPUIECKIM METOIOM.

ITouBa:

[To abGCoMOTHOMY COAEPXKAHUIO B TMOYBAX 3JIEMEHTHI MOTYT
OBITH O0BETMHEHBI B TPH TPYIIIIBL:

1. MakposnemeHnTsl, cocTaBisiloT B cymme 80-90% wmacchl
noussl (Al, Ca, Fe, Mg, K, Na, C).

2. IIpomexyrounsie smementsl (Ti, N, P, S, H) ux coumepxa-
HUE B MOYBaX BBIPAXKAETCA COTHIMHU M JCCSITUUYHBIMU JOJIIMU
IIPOLICHTOB.

3. Mukpo ¥ yJIbTpaMUKPOIJIEMEHTHl (OMOJIOTUYECKH aKTHUB-
ueie B, Cu, Mn, Y, Mo, Zn, conepxarcs B IToYBax B KOJIMYE-
cTBe n-107°% )

Jlnia ornpeneneHus CoEpKaHus dIIEMEHTOB MPOBOJAT pPasiio-
xeHreMm oopasima kucinotamu (H,SO4, HNO3, HCI, HF), wim
[IeI09aMy ¥ TIOCTIEAYIONIEM OIpeIeJICHHH JIEMEHTOB B pac-
TBOpaX XUMUYCCKUMH W WHCTPYMEHTAJLHBIMU METOJIAMH.
HaGop Bxoasimux B COCTaB MOYB OPraHUYECKUX BEIIECTB BE-
muk. PaznuyaroT cnenuuyueckne OpraHuueckue COeTMHEHHUS
— 310 BMC kucnoToi npupoisl (r'yMyCOBBIE BEIIECTBA).
Hecnennduueckue opraHnyueckue BelIecTBa 3TO - JIMTHUH
NyOUIbHBIE BEIIECTBA, MUTMEHTHI, JIUIIUbI, YIJIEBOJbI, a30-
TOCOJIEpKAIllUe COCTUHEHHUS, T.€. T€, KOTOPbIC MPUCYTCTBYIOT
B CBOOOJHOM BUJIE.

MonekynspHbI U CTPYKTOPHO-TPYIIIOBOM aHAJIM3 OpraHuye-
CKHX BEIIECTB OCYIIECTBIIACTCS METOJAMH MOJICKYJISIPHOM
a0COpOLIMOHHONW  CHEKTPOCKOMUHU, Xpomarorpaduu, Macc-
CHEKTPOMETpPUEH, Trenb(UIbTpaLMeil, 3JIEKTPOHHOM MUKpPO-
CKOIIUEH.

[TonHBIM aHAMM3 MOYBEHHBIX PACTBOPOB OCHOBAH Ha OIpEe-
JICHUW aKTUBHOCTH MOHOB M COSMHEHUN U y4eTa BCEX BUJIOB
¢dbopM, B KOTOPBIX OHH HAXOASTCS B PaCTBOpPAX, MOITOMY HC-
MOJIB3YIOT HMOHOCEJIEKTUBHBIC AJIEKTPObl. KoHIeHTparuio
MICJIOYHBIX U TIEIIOYHO-3€MEIbHBIX DJIEMEHTOB OIPEACISIOT
METOIOM (POTOMETPHUH TIIIAMEHU: ISl OTPeIeTICHUS OOJIBIION
TPYIIIBI 3JIEMEHTOB-METOI AaTOMHO-a0COPOIIMOHHOM CIIEKTPO-
CKOITHH.

CymiecTByeT OOLIErocy1apCTBEHHAsI cUCTeMa HAOIIOACHUN U
KOHTPOJIb 32 COCTOSTHUEM W YPOBHEM 3arpsi3HEHUN MPUPOI-
HOM cpenbl. DTO MOYBEHHBII MOHUTOPUHI, O0O€CIEeYMBAET
KOMIUJIEKCHBIM KOHTPOJIb 32 COCTOSIHUEM MOYBBI C TOMOIIBIO




Ha3CMHBIX Ha6JIIO,Z[CHI/II‘/’I H a9POKOCMOCA.

3HaveHune aHaJIM3a
KOHKPETHBIX  00beK-
TOB:

1. Jlng mpoBeAcHUST aHAIN3a KOHKPETHOTO 00BEKTa HEOOXO-
JUMO PYKOBOJCTBOBATKLCS OTPE/ICICHHBIMH 3a/1a4aMH.

2. IlnanupoBaHMe aHAIM3a HAYMHAIOT C U3YUYCHUS JINTEpaTy-
pBI IO OOIIMM BOIIPOCAM AHAJIMTUYCCKON XMMHH U aHAJIH3y
MaTEPHUAJIOB JJAHHOTO BH/IA.

3. IlpenBaputenbHble CBEAEHUS 00 OOIIEM COCTaBE MPOOI
MO>KHO TOJIYYHUTh IPHU MPOBEACHUN KAYeCTBEHHOTO aHAJIN3a.
4. 3amadyaMul KOHTPOJIA 3a COCTOSIHUEM BO3AYyXa, BOJbI, IOYB
- SBIIIOTCS HAOJIOJICHUE, OICHKA, IMPOTHO3 M3MEHEHHH WX
COCTaBa.

3AJAHUA JJISA CAMOKOHTPOJIA 1TO JUCHUITVIMHE

«AHAJIMTHYECKASA XUMUSA»

1. ITosicHuTe HOMEp MPABUIBHOTO OTBETA:
TeopeTnyeckyro OCHOBY aHAJIMTUYECKON XUMHH COCTABIISET
[] obmas xumus

[ ] ouoxumus

] dusuka

[] opranuueckas XuMus
2. IlosicHuTe HOMEp MPaBUIILHOTO OTBETA!
3aaueil aHAJIUTHYECKONM XUMHH SIBIIAETCS
L] coszmanme oOrielt MaTeMaTHIECKOH (HOpMYJTbI
[] co3maHue dKCIpecc METOI0B aHaIn3a
[] BEIYHCIIEHHE OTHOCUTENIHHON OMIMOKH
[ xauecTBEHHBIN aHAIN3
3. I[osicHuTe HOMEp MPaBUILHOTO OTBETA:
AHaJIUTHYECKasi XUMUS KJIaCCU(UIIMPYETCS HA CIICYIOIIEe YUCIO METOIO0B

15
L1 4
13
02

4. TlosicHUTE HOMED MPABUIIBHOIO OTBETA!
KauecTBeHHBIN aHAIN3 OTKPHIBAET
L] xumudeckue 3JIeMEeHTHI

] noHBI

L] ¢yHKIMOHATBHBIE TPYIIIIBI




(] XxuMu4eckne 3JIeMEHThI, HOHBI, (PYHKIIMOHAIBHBIC TPYIIIIBI
5. IlosicauTe HOMEp MPAaBUILHOTO OTBETA!
Jlyis aHanm3a mpeAnoYTHTEIFHEE METOIBI
L] xumuueckue
L1 dusnueckue
L] dusuko-xumMuyecKue
[J coderanue METOIOB IO HEOOXOAMMOCTH
6. [TosicHuTe HOMEp MPABUILHOTO OTBETA!
[To uncTOTE XUMHYECKHE PEAKTUBBI KIIACCH(PUITUPYIOT HA CIAEAYIONIEE YUCIIO
TPy
15
L4
13
]2
7. IlosicauTe HOMEp MPAaBHILHOTO OTBETA!
B ocHOBe CymHOCTH KaueCTBEHHOTO aHAIM3a JICKHUT PEaKIns
[] HeWTpamu3aruu
] OBP
[] aHanuTHyeckas
L] 3amereHus
8. [TosicHuTe HOMEp MPaBUILHOTO OTBETA!
[To ciocoOy peakiuu AensTCS Ha CICTYIOIISE YUCTO TPYIIIT
13
14
18
1 10
9. IosicauTe HOMEP MPABHILHOTO OTBETA!
K "cyxum" meronam aHanuza OTHOCATCS
[] momydeHue ocaikoB
(] mpoObI OKpalMBaHus TUIAMEHH
[] oOpa3oBaHHe OKpaIIeHHBIX PACTBOPOB
(] BBIIETCHHE ra30B
10. ITosicauTe HOMEP NPABHIILHOTO OTBETA!
Crieru(p)MYeCKUMHU B aHAJTMTUYECKON XMMHH SIBJITIOTCS PEAKIIUU XapaKTePHbIC
TOJIBKO
(] s qaHHOro BEleCcTBA
(] g magHOrO MOHA
[] mis JaHHOTO BEIeCTBAa M HOHA B YUCTOM PAacTBOPE
(] nms JaHHOTO BEIECTBAa M MOHA B MIPUCYTCTBUH JIPYTUX BEIICCTB HIIA HO-
HOB
11. TlosicHuTE HOMED MPABUIIBHOTO OTBETA!
CoznaHue 1eHTpa KpUCTALTU3AINH TPYTHOOOpa3yeMbIX 0CaIKOB JOCTUTASTCS ITy-
TEM
[ HarpeBaHUs pacTBOpa B IPOOHUPKE
[l moTupaHus CTEKISTHHOM MajJ0YKON O CTEHKH MPOOHPKH



L] HeWTpanmu3amus pacTBopa B IpoOUpKe

[J mpormyckaHHs 3JIEKTPOTOKA
12. TlosicHuTe HOMEP MPABUIILHOTO OTBETA!
Peakunn oTneneHns OCHOBAHbI HA

[] pa3Hoi pacTBOPUMOCTH COCIMHCHUI

(] oOpa3oBaHHEe KOJJIOUIHOTO pacTBOpa

LI peakmusx OBP

(] m3MeHeHUU OKpacKH pacTBopa
13. TlosicauTe HOMEP MPABWIILHOTO OTBETA!
[Toka3arenem 4yBCTBUTEILHOCTH aHAIMTUYECKOMN PEAKIIUU SIBIISIETCS

(] BeIIEICHME Ta3a

[ m3MeHeHue OKpacKu pacTBopa

(] OTKpbITHE MUHUMYyMa

[] BhImaseHue ocaaka
14. BocnionHuTe:
AHaTUTUYECKUE PEAKIIUU, BBITIOJIHIEMbIE "MOKPBIM' CIIOCOOOM - 3TO peaKIlui,
MPOUCXOIAIINE B ...
15. Bocnionnure:
UyBCTBUTEIBHOCTh aHAJTUTUYECKUX PEAKIIUN XapaKTepU3yeTCs] MUHUMAJIBHOM ...
MOHA, MPU KOTOPOH OH €II€ MOKET OBITh OTKPHIT C MMOMOIIIBIO JAHHOTO PEaKTHUBA.
16. TlosicauTe HOMEP MPABUIILHOTO OTBETA!
['pynmoBoi peakTUB Ha KATUOHBI TPETHEN TPYNIIBI SBIISACTCS:

O (NH,),S

O (NH,),CO,

L1 H,S B npucyrcreun HCI

(] rpynmoBoii peakTUB OTCYTCTBYET

17. TlosicHuTe HOMEP MPABUIILHOTO OTBETA!
KauecTBeHHOMI peakiel Ha KaTHOH aMMOHMUS SBJISIETCSL PEAKIUSI pEaKTUBOM:

L1 Heccnepa

[1 Na,HPO,

[l KOH

O] Na,[Co(NO,),]
18. BocrnonHuTe:
... = 3TO XOJI aHAJIN3a AHAJTIUTUYECKUX PEAKIIMNA B CTPOTO ONPEAEICHHOM MOCIEN0-
BaTEJIbHOCTH.
19. BocnionHwuTe:
... = 9TO PEAKIINH, KOTJa J00aBIsIeMbIil peaKTUB B aHAJTM3UPYyEMOM PacTBOpe 0Opa-
3yeT CXOJHBIN BHEITHUM d(PPEKT ¢ HECKOTBKUMH HOHAMHU.
20. YcTaHOBUTH COOTBETCTBHUE MEXK1Y AaHATTUTUUECKON TPYINOil aHMOHOB U KaTHO-
HaMH COCTABJISIFOIINE 3TY TPYIIILY:

[ rpynma NH;;Na*;K*;Mg*
Il rpymma Ca*;Ba*
I rpymma AI*"; Fe®; Fe*; Mn?*"; Zn*"

IV rpymma Ag*;Pb*; HgZ";Cu®"; Hg*



K*;Li";Mn*;Cu*
21. BocnonmHure:
... = 9TO pa3/iel aHAIMTUYECKON XUMHUU, KOTOPBIM N3y4aeT METOIbl KAUECTBEHHOTO
aHaJau3a BEUIECTB.
22. BocnoyHure:
- 3TO HayKa O METOJIaX aHaJI13a KAYECTBEHHOTO U KOJMYECTBEHHOI'O COCTaBa
BEILIECTB U UX XUMUYECKOW CTPYKTYPBHIL.
23. [losicHuTe HOMEp MPaBUIBLHOTO OTBETA:
[To cynbdatHoO# K1accupUKaAIIMKM YUCIO AaHATUTHUYECKUX TPYIIN KATHOHOB PaBHO
18
16
L4
L2
24. TlosicHuTe HOMEP MPaBUIBHOTO OTBETA:
Yucno aHATUTUYECKUX TPYIIIT AHUOHOB PABHO
[]8
L] 6
14
13
25. [losicauTe HOMEp MPaBUIBLHOTO OTBETA:
Xnopup 6apus B HEUTpaIbHOM WK C1a0O0IIeIIOYHON Cpeie OCakaaeT aHUOHBI 1-i
IPYIIbI B BUAE TPYJHOPACTBOPUMBIX COJIEH
L] Oapus
L] Harpus
L] nutus
L] xamus
26. ITosicHuTe HOMEp MPaBUIIBHOTO OTBETA:
Kucnotsr (HCI, H,SO,) pa3nararor
L] co
O so,
O co,
Ll a
27. BocrionHure:
Hurtpat cepebpa oOpasyer ¢ aHMOHaMu 2-i TPyMIbl ... cepedpa, KOTOphIE HE pac-
TBOPHUMBI B BOJIE U Pa30aBIEHHON B a30THOM KHUCIIOTE.
28. BocnonHure:
AHanu3 aHMOHOB MPOBOJAT ... METOJIOM B OTJIEJbHBIX MOPLMIX UCCIAETYEMOIO
pacTBopa
29. IlosicHuTe HOMEp MPaBUIBLHOTO OTBETA:
K nepBoil aHaIMTUYECKOW TPYyINIE KATHOHOB OTHOCATCS:
L] Ba2+:ca2+
L1 AP Fe*; Mn?;Zn*
] NH;;K*;Na*;Mg*
(1 Ag*;Pb*;Hg;;Cu*;Hg*



30. ITosicHuTe HOMEp MPaBUIIBHOTO OTBETA:
Ko BTOpOIf aHaTUTHYECKO# TpyIITie KATHOHOB OTHOCSITCS:
] Ba2+;Ca2+
L] AP Fe*; Mn?; Zn*
L] NH;;K*;Na*;Mg*
L1 Ag*;Pb*;Hg;;Cu®;Hg*
31. IlosicauTe HOMEP MPaBUIBHOTO OTBETA:
OTHOCHUTENBHBIE OMMOKH BRIPAKAIOT B:
L] mpormeHTax
(] r-skBHBaJIeHTaX
L1 momsx
L] rpammax
32. TlosicauTe HOMEP MPaBUIBHOTO OTBETA:
TutpoBaHue NMpEKpamIaloOT B MOMEHT OKOHYaHHUS pEaklid B KOHHYECKOHN Kojoe,
KOTODPBIN Ha3bIBAECTCS
] nenuka"Tanuen
[] TOYKOM 3KBUBAJICHTHOCTH
(] menTu3zarueit
[] koarymsiuei
33. Bocnonuure:
... TATPOBAHME - 3TO METOJ| TUTPUMETPHUSCKOTO aHaIM3a, OCHOBAaHHBI HA OKHC-
JUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUAX, IJC OKUCIUTEIEM SBJISICTCS TIepMaHTa-
HAT KaJIusl.
34. YcTaHOBUTE COOTBETCTBHE MEXKTY YCIOBHSIMH OCKICHUS KPUCTALTHYC-
CKHX BEUIECTB U JOCTUTAEMBIM 3PHEKTOM

OCaXJICHHE BEIYyT U3 Pa30aBICHHOTO BBITA/IEHUE 0CaJIKa 3aMeJISIETCS, ITO
pacTBopa paz0aBJICHHBIM PACTBOPOM CIOCOOCTBYET 00pa30BaHUIO KPYITHBIX
OCaJIuTeNs KPUCTAJJIOB
pacTBOp OCaAUTENS MPUOABISIOT ME/I- KaIlJIl pacTBOpa OCaaUTeNs pa30aBIsIOT
JICHHO, TIO KaIlJIIM TIPH MIEPEMEITMBAHUH | OOJIBITUM 00bEMOM aHATH3UPYEMOTO
TajJI0uKOU pacTBopa, 4YTO MPEAOTBPAIIACT MECTHBIC
TIEPECHIICHUS
OCXKJIEHUS BEIyT U3 TIOJIOTPETOTO UC- IIPY TIOBBIIIICHUU TEMIIEPATYPHI BhITIAJIE-
CJIElyeMOTO pacTBOpa TOPSYUM PAcTBO- | HHE OCAJKa 3aMeIJIseTCsI
POM OcaauTesI
IPEIOTBPAIIACTCS] KOATYIISIITUS

35. [losicHMTE HOMEP MPABUILHOTO OTBETA:
OcaxieHne onpeaesIeHHOTO HOHA - ATO MOIYUYEHHE ....
] ocanka
[] ra3oo0Opa3HOro BeiiecTna
(] TpyaHOPAaCTBOPHMOI'O COCTUHCHHS
[] okpalieHHOro pacTBopa
36. Bocnoanwure:




PaguoMeTrprueckre METO bl aHATM3a TIPUMEHSIOT JJIsT KOJTMYSCTBEHHOTO OIpe/Ie-
JICHUS ... B HCIIEIYEMOM MaTepHare .
37. Bocnonuure:
3TUM METOJIOM TIO 3aTpadyeHHOMY 00BheMY CTaHIAPTHOTO PacTBOpa U €ro TUTPY
BBIYUCIISIOT KOHIICHTPAIUIO B ONPEACIIIEMOM pacTBOpE.
[] cranmapTHBIX cepuit
(1 pa30aBieHus
L] myOnmpoBanus
L] ypaBHHBaHUS
38. Bocnionuure:
Jli1st oripeieieHus: ONTHYECKOW TUIOTHOCTH PACTBOPOB HCIIONB3YIOT MPUOOP:
L] moreHmmomeTp
L1 ¢orokomopumerp
(1 monomeTp
[] KOHIYKTOMETp
39. IlosicHuTe HOMEP MPaBUIBHOTO OTBETA:
KOoHIyKTOMETPUIECKUM METOJIOM OTIPEACIISIOT
[] maccy mcciieyemMoro BeecTna
[] oObeMm pacTBOpa
[] 27eKTpOonpOBOIHOCTh UCCIIEYEMOTO PacTBOpa
(] oNnTHYEeCKYIO INIOTHOCTH BEIIECTBA
40. Bocrionaure:
OTtHomieHrne 00beMa PaCTBOPEHHOTO BEIIECTBA K 00BEMY pacTBopa - 37O ...
[] maccoBasi KOHIICHTpAIIHS
(] MomspHas KOHIICHTpALHsI
[] oObeMHast KOHIIEHTPAIHSI
(] skBUBaJIEHT
41. TlosicauTe HOMEp MPaBUIILHOTO OTBETA:
AOGCOIOTHBIE OIIMOKHU BBIPAXKAIOT B
1 momsx
L] mpormeHTax
L] T - sKkBUBaJICHTaX
L] momsx ot 1
42. [losicHuTe HOMEp MPaBUIILHOTO OTBETA:
Kosnen TuTpoBaHus onpeaensieTcs
[] BelmeneHneM rasa
[l BelLmenieHHEM ocaaka
(] u3BMEHEeHHEM OKPaCKH
[] oOpa3zoBaHHEM MaJIOIUCCOIUUPYEMOTO BEIIIECCTBA
43. TlosicHUTE HOMEP MPABUIHLHOTO OTBETA:
TutpoBaHHBIM PabOYNM PACTBOPOM B IIEPMAHTAaHATOMETPHH SBJISICTCS PACTBOP ....
XJIOPHT KaJTHsI
NIepMaHTaHaT KaJIus
HUTPAT KaJUs
cynbdar kanus

oogd



44, TlosicHuTe HOMEP MPABUIBHOTO OTBETA:
AmopdHBIe 0CaIKH BEIIeCTB 00J1aIal0T CBOWCTBOM MEPEXOIUTh B KOJUIOUIHOE CO-
CTOSTHHE TAaKOE SIBJICHHE HA3bIBACTCS
L] xoarymsmuei
L] menrrusanueit
L1 amcopOrust
[l cenumenTanuei
45, Y CTaHOBUTH MOCJICIOBATEIIBHOCTD ONIEPAIN B TPABUMETPHUUCSCKOM aHAITH-
3e:
- 0TOOp CcpeHel MPOOBI BEMIECTBA U ITOJATOTOBKE €€ K aHAIH3Y
. B3ATHE HABECKHU
. pacTBOpEHHUE
- OCaXKJICHUE OIPEICIAEMOr0 dJICMECHTA
. duabTpOBaHKE
. MPOMBIBAHHE OCAJIKA
. BBICYIIIMBAHUE U TIPOKAJIMBAHUE OCaIKa
. B3BCIITUBAHUC
. BBIYUCJICHUE Pe3yJIbTaTOB aHAIHM3a
46. ITosicHUTE HOMEp MPABUIIHLHOTO OTBETA:
MeToJ ... yKa3bIBaeT, 4TO YeM BHIIIC KOHIICHTPAIUS pacTBOPa, TEM OOJIBIIE JIEK-
TpHUYECKast MPOBOIMUMOCTb.
L] moTeHmmomeTpusi
[] xKoHIyKTOMETpUS
L] motoanmexTpomeTpusi
L] xpomatorpadus
47. BocnioyiHUTE:
3Hast BBICOTY CJIOS M KOHIICHTPAIMIO CTAHJAPTHOTO PACTBOPA BBIYUCIISIOT KOHIICH-
TPAIMIO HCIIBITYEMOTO PacTBOPa METOJIOM ...
[] cranaapTHBIX cepuit
(] pa3baBnenus
L] myGmupoBaHus
(] ypaBHUBaHUSA
48. BocrmoHuTe:
®DOTO3EKTPOKOJIOPUMETPUICCKUM METOOM aHAIM3a MOXKHO ONPEACIUTh:
[] onTHYeCKyIO MJIOTHOCTh
L] pH cpenpr
[] 371eKTpOnpOBOIHOCTH PACTBOPOB
(] HaJM4Yue MOHOB
49. BocnoyiHUTE:
KonaykroMeTprieckoe TUTPOBAHUE HA3BIBACTCS METOOM ... aHAJIH3A.
50. Bocnonuure:
[ToxpoOHOE omvicaHWe BCEX YCIIOBUI U OTIEpaIlHs TPOBEICHUS aHAIN3a OTpe/ie-
JICHHOTO O0BEKTA - HA3BIBACTCA ....
L] meTon
L] meromuka

©Ooo~NOoOU ~WN



] mpaBmia
L1 comepxanue

MPUMEPHBIN MEPEYEHB BOITPOCOB JIJIS ITIOJAIOTOBKHA
K KOHTPOJIBHBIM TOYKAM I10 JUCHHUIIJIMHE
«AHAJIMTHUYECKASA XUMMUSA»

Pa3znen «KauecTBeHHBINH aHAJIU3»

3agadya KaueCTBEHHOI'O0 aHaiu3a. AHAIUTHUYECKUE PEAKUUHU. AHATUTUUYECKUI
curHajl. CylHOCTh Ka4YEeCTBEHHOTO aHayn3a. [[puBecTy mpuMepsl.

Ha yeM OCHOBaHO JelieHMEe YeTBEPTOW aHATIMTUYECKOU I'PYINIbI HA JBE MOJ-
rpynisl. [IpuBecTu peakiiuu ocaxxaeHus cepedpa.

AHaTUTUYECKHE PEAKIUU, TPOBOAUMBIE «CYXUM» U «MOKPBIM» IyTEM, MpHU-
BecTu mpuMep. UTo OOHApY)KMBAIOT aHAJIUTHYECKUE PEAKIMU TPU aHAIU3e
pacTtBopa.

KauecTBeHHas peakuysi Ha KaTHOH aMMOHMUS ¢ peakTuBoM Heccnepa.
Crnennduieckue aHATUTHUECKUE PEAKITNH, PUBECTH TPUMEPHI.
KauecTBeHHas peakiys Ha KaTMOH MarHus ¢ ruapodocdaTom HaTpus B pU-
CYTCTBUU TUAPOKCUAA AMMOHMUS.

CeleKTUBHbBIE AHAIUTHYECKHUE PEAKIUU, TPUBECTH MIPUMED.

KauecTBennas pCaKunA Ha KaTUOH KaJius.
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AHanmMTUYECKHE pEaKIUu OOHApYKEHUS MOHOB U AHAIMTHYECKHE DPEAKLUU
OTJICJICHUS] MOHOB, IPUBECTH TPUMEPBI.

KauecTBeHHas peaknyst Ha KaTHOH KaJbIus.

VYcnoBus MPOBEAEHUS aHAIUTUYECKON PEaKIUU Ha MPUMEPE PEaKLUU KaTHO-
Ha HaTpUA.

KauecTBeHHas peakiiusi Ha KaTUOH Oapusi ¢ OMXpOMATOM KaJlusl.

Jpobubiit xon ananuza. [IpuBecTu mpuMepsl peakifii Ha KaTHOHBI XKeje3a
(1), xene3a (I11), mapranma (11).

KauecTBennas peakuus Ha katvoH cBuHua (1) ¢ nogumom kanus.
Cucrematnuecknii xon a"aiani3a. COCTaBUTH IIOCIEAOBATEIILHOCTE NEHCTBUN
B XOJI€ aHaJIM3a CMECH KaTHOHOB MEPBOM IPYIIIBI U 000CHOBATH €€.
KauecTBenHas peaknus Ha kaTtuoH xeiesa (I11).

['pynnoBoii peareHT, Ha 4eM OCHOBaHO ero aeiicteue? IIpuBectn npumep oT-
JIEJICHUS TPEThEN aHATUTUYECKOW IPYNIbl KATUOHOB OT BTOPO.
KauecTBeHHas peakuus Ha kaThHoH xeie3a (I1).

OcHoBHOE TpeOOBaHUE K peaklUsM OTIEJICHUS MOHOB (Ha MpUMEpe Ocax[e-
HUS BTOPO# TPYIITBI KATHOHOB), OOBSICHUTE YCIOBHS OCAXKICHUS.
KauecTBeHHas peakuysi Ha KaTHOH MapraHiia ¢ TUIIOXJIOPUTOM HATPUSI.
Knaccudukaims KaTHOHOB Ha YETHIPE AHAIUTUYECKHE TPYMIblL. YKa3aTh
TPYIIOBBIE PEareHTHI.

KauecTBennas peakuust Ha kKatroH meau (1) ¢ ruappokcuaom aMmMoHUSI.
Knaccudukanus aHMOHOB Ha TpU aHATUMTUYECKUE TPYIIbI, yKa3aTh IPYyNIo-
BbIE PEAreHTHI.

KauecTBennas peakuus Ha katvoH pryTH (Il) ¢ Menbro.

[Touemy npu oOHapyXKEeHUU KaTHOHA Oapusi OMXpOMATOM Kajus MOTydaeTcs
ocaniok xpomara 6apusi? CoCTaBUTh YPAaBHEHHS PEaAKITHH.

Ha yem ocHoBano otaesnenue katuoHoB skenesa (I1), sxenesa (III), mapranima
(I ot amroMuuus U nuHKa. [IpuBeCTH peakiuu.

[ToueMy mpu Oca)kIE€HUU TPEThel AaHAIUTUYECKOW TPYMIbl CYIbUIOM aM-

MOHHA B IPUCYTCTBUU THAPOKCHUIA aMMOHUA, AJIFOMUHU U oCaXIacTCA B BUJC
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TUAPOKCHIIA, & HE B BUJE cynbduaa? [IpuBecTr peakuu OCaKIeHUS TPEThEH
aHAJTUTUYECKOU IPYyNIbl KATUOHOB.
OO0mmasi xapakTepuCcTUKa KaTUOHOB YETBEPTOM AHAIUTUYECKOW TPYMIbI, HX
OMOJIOrMYecKast poJib.
[Touemy 1uisi OCaKIeHUSI KATHOHOB YETBEPTOM AHATUTUYECKON TPYMIBI HC-
MOJIb3yeM CEPOBOJIOPOAHYIO KHUCIOTY, a He cynbbun ammonusa? [Ipusectu
pEeaKIMu OCaXJACHUS KATHOHOB YETBEPTON aHATTUTUUYECKOUN TPYIIIHI.
OO01mast XapaKTepruCTHKa KAaTHOHOB TPEThEH aHAIMTUYECKON TPYIIIIbI, UX OHO-
JIOTUYECKask POJib.
Paznen «KosnuecTBeHHBI aHAIU3)
3aiaya KOJIMYECTBEHHOTO aHallu3a, Kiaccudukaius MeToI0B (JaTh orpee-
nenust). Cpenssisi mpoOa JiJisi aHaliM3a, HaBeCKa BEIlleCcTBa JJIsl aHaJIn3a.
XuMuueckas mocyja. XMMUYECKHEe METOJIbl aHain3a, UX KiaccuduKaius,
JIaTh ONPEACICHUSI.
TutpumMerpruueckue MeTObl aHaIN3a, CYIHOCTh METOJIOB, pacyeTHas Qop-
MyJia HOpMQJIbHOM KOHUEHTPALUHU TUTPA UCCIIETyEMOTO PacTBOpA.
[Iponiecc TUTpOBaHUS, TOUKA SKBUBAJICHTHOCTH, OTNPEJICTIEHUE KOHIIa TUTPO-
BAaHMS B METOJIaX KHCIOTHO-OCHOBHOTO TUTPOBAHUSI, B IEPMAHTAHATOMETPHHU.
PaGoune TuTpoBaHHbIE, CTaHAAPTHBIE (TPUTOTOBJICHHBIC) U CTAHIAPTU3UPO-
BaHHbBIC (YCTAHOBJICHHBIC) pabOUKe PacTBOPHI.
Knaccudukanus MeTogoB TuTpuMeTpudeckoro anaian3a. CylnHOCTh METo1a
KHCJIOTHO - OCHOBHOTO TUTPOBAHUSI, OTIPEJICIICHNE KOHIIAa TUTPOBAHUSI.
CyurHocTh IpeMaHraHaTOMETPUH, OTIPE/IeSICHHEe KOHIIa TUTpOoBaHus. Pacuer
MOJISIPHOM MacChl 9KBUBAJICHTA OKUCIIUTENSI 1 BOCCTAHOBUTEIIS.
I'paBumMeTprueckue MeTo bl aHanu3a. CyIHOCTh METO/1a OCaXKIACHUS (Tepe-
YUCIIUTH MOCIEA0BATEILHOCTh BCEX OCHOBHBIX ONEpAIUu).
Meron ocaxnenusi (Ha mpumepe ompeneneHus Ba). Ocaxmaemas dhopma
ocaJika, mperbsiBlieHue TpeboBanus K Hemy. [ paBumeTpuueckasi hopma ocaji-

Ka, npenbsiBieHue TpedoBanus. «Co3peBaHue) ocajika, AeKaHTalHs pacTBO-

pa.
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OU3UKO - XUMUYECKUE METO/IbI aHaJN3a, X Kiaccupukauus (1aTh onpese-
JICHUA)

[ToTeHIMOMETpUYECKUE METOABl aHAJIN3a; UCIOJIb3yeMble Mpuoopsl. Cyi-
HOCTb ITOTEHIHOMETPUUYECKOTO TUTPOBAHUS, ONPEAEIECHNE KOHIIA, pacuyeTHAs
dopMyIna Juisl ONpeneaeH!s HOpMalIbHON KOHUEHTPAllMU U TUTpa HUCCienye-
MOTO pacTBOpa.

@DOTOIIEKTPOKOJIOPUMETPUSA, CYIIHOCTh METONA, CTAaHAAPTHBIE PACTBOPBI.
[TocnenoBaTrenbHOCTh ONEpalMU B XO0JI€ aHalIM3a (Ha MpUMeEpe OIpeeIeHUs
Cu). Ucnonbszyemblie npuOOpHI.

Konnykromerpus. CymHOCTh KOHIAYKTOMETPHUYECKOTO TUTpoBaHus. Pac-
yeTHas (opMyJia JJisl ONpeAeseHUs] HOPMAJIbHOM KOHUEHTPAllUu U TUTPa UC-
CJIElyeMOT'0 pacTBOpa.

Onpenenenue 00bEMa pacTBopa, MOLIEAIIETO HA TATPOBAHUE B METO1aX I10-

TCHOUOMCTPHUYCCKOI'O U KOHAYKTOMCTPHYCCKOI'O TUTPOBAHUA.

3amaun

1.

[TpuroroButs 500 mi1. 0,2 HOPMAJIBHOTO PACTBOPA COJITHOU KUCIOTHI U3 20%-
ro pacTBOpa coisiHOM kucnotel. [motHOCTH 1,1 r/cm.

[TpurotoButs 200 mi. 0,5 HOpMAJIIBHOTO pacTBOpa MEPMaHraHATa Kaaus IS
NIEPMAHTAHATOMETPUYECKOTO TUTPOBAHHUSI.

Macca nycroro turis 2,684 r. Macca TUTJIS ¢ MPOKAJICHHBIM OCAJKOM CYJIb-
dara 6apus 2,903 r. Onpenenuts Maccy O6apus B OCajke.

Ha tutpoanue 10mn 0,1 HOpmanbHOrOo pactBopa Oypwl (TeTpabopara Ha-
Tpus) nouwio 16,7 mi pacTBopa COJNSIHOW KHUCIOTHI. Onpenenutb HOpMaib-
HOCTb M TUTP PAcTBOpA COJITHOM KHUCIIOTHI.

[TpuroroButs 2 1 0,1 HOpManBLHOTO pacTBOpa COJAHOW KUCIOTHI U3 20%-T0

pacTBOpa COJSTHOM KUCIIOTHI, INIOTHOCTH 1,1 T/cMm.



YUYEBHO-METOJANYECKOE
N UHOOPMAIIMOHHOE OBECIIEYEHUE JUCHUIIJINHBI
@) OCHO6HAaA TUmMepamypa:

1. B «Tpyast yuensix CTI'AY»: AHanuTuyeckast XUMHUsl [3JIEKTPOHHBIN MOJIHBIN TEKCT|
: anekTpoHHbld yueoHuk / coct. E.C. Pomanenko, E.B. [leprynoBa, E.B. Bonocoga,
H.H. ®panuea; CtI'AY. — CraBponouib, 2012. — 118 Mb.

2. DObC «M3narennctBa «Jlanb»: Kycakuna, H. A. AHanuTryeckas XUMus u pu-
3UKO-XMMUYECKUE METO bl aHanu3a: yued. mocooue/ HoBocub. roc. arpap. yu-1; H. A.
Kycakuna, T. U. bokosa, I'. I1. FOcynosa. — HoBocubupck, 2010. — 118 c.

3. ObC JIAHb: Eropos B.B., Bopo6seBa H.U., CunsBectpoBa N.I'. Heoprannueckas u
aHAJUTUYECKas XUMUS. AHaIUTHYECKasd XUMHs: YueOHuk. — Jlanp, 2014. — 144 c.: un.
— (YaeOuuku nys By30B. CrienipasibHast TuTepaTypa).

0) OononnumenvHan 1umepamypa:

1. Hutosuu, U. K. Kypc ananutnueckoit xumuu : yueOnuk / U. K. utoBuu. - 8-e u3n.,
crep. - CII6. : Jlans, 2004. - 496 c. : ui.

2. DUBMKO-XMMHUYECKHE METO/Ibl aHallh3a: CIEKTPOCKONUS U XpomaTorpadusi: YyeOHoe
nocobue / E.B. JleprynoBa, A.H. llunyns, E.C. Pomanenko, O.A. Oranecosa, -
Crasponob: UIIL «ITaparpad», 2009. — 100 c.



3. Anamutnueckas xumusi: Pabouas terpaas / Pomanenko E.C., Jleprynosa E.B., ®pan-
rieBa H.H., Bonocosa E.B., - CtaBponons: UIIL «ITaparpad», 2012. — 60 c.

4. bromnerens BAK Mun.o6pa3zoBanust PO (mepuoandeckoe u3iaHue).
5. Xumus B POCCHMU (nepuoanyuecKkoe n3IaHue).

6. Xumus u xu3Hb XXI (mepuoanyeckoe u3iaHue).
8) npozpammuoe ovecneuenue u Hnmepuem-pecypcot
1. http://www.chef.ac.uk/chemistry/chemistry-www-sites.html (JIlupekTopus o XuMuu
Web).
2. http:/ www .hackberry.chem.niu.edu:70/0/webpage.html (Xumus B MuTepuere. Xu-
MHUYECKHUE PECYPCHI).

3. http://www.osc.edu/chemistry.html (Apxwue mo BerauciaurensHor xumun (CCL)).

PEKOMEHYEMBI IEPEYEHb TEM PEG®EPATOB
O IMCHUIIVIMHE «<AHAJIMTUYECKASA XUMMUS»

=

AHanuTtuyeckas XMMHs B CUCTEME APYIrux HaAyK.

N

[IpumeHeHrne METO/IOB aHAJUTHYECKOW XMMUU B BBHIOPAHHOW CIEIUATILHO-
CTH.

AHanUTAYECKAast XUMHUS U DKOJIOTHUS.

Knaccudukanus MeTo10B aHATUTHYECKON XUMHUH.

XuMHUecKas Nocyaa U €€ NPUMEHEHUE MPU BBITIOJIHEHUU aHAJIM3a.

o bk w

Knaccudukanus m npuMeHeHne XUMUYECKUX PEAKTHBOB IMPHU BBITTOJHEHUH

aHaM3a.

7. I'paBUMETpUYECKUN METOJI aHaJIM3a U €ro MPUMEHEHUE B BHIOpPAHHOU cIie-
IUAJILHOCTH.

8. OO0BEMHBINM METOJ aHajiM3a U €ro NMpUMEHEeHHE B BHIOpAHHOW CIeHaIbHO-
CTH.

9. Muaukatopsl U MX 3HAYCHHE MPHU BHITIOJIHCHUN aHAJIN3a.

10.OnTryeckue METOAbI aHATU3A.

11. Toxkcukoaoruueckas XuMusl.

12. Xpomarorpadudeckuii METOJT aHATH3A.

13.TTonmumepHbie MeMOpanbl. CBOMCTBA (PUIBTPYIOMIMX MAaTEPUATIOB.

14. Xumudeckuil aHaiau3 B HHGPaKpacHOM 001acTH CIIeKTpa.

15. Xumudeckoe ocaxkJieHue u3 ra3zoBou (assbl.

16. XuMuueckuil aHau3 BbICOKOYMCTHIX BEIIECTB.

17 .Tlonsiporpaduyeckuii METO aHATN3a.


http://www.osc.edu/chemistry.html

18. AmnienomeTpruyeckoe TUTPOBAHUE.

19.CunexTtpodoromeTpus.

20.XpomoTorpaduyeckrue METOAbl aHAJIU3A.

21.BonbraMniepMeTpruiecKrue METO bl aHAIN3a.

22.OMHUCCUOHHBIN CIEKTPAIBHBIN aHATH3.

23.PagnomMeTprueckre METO bl aHaIN3a.

24.0nTH4ecKre CieKTPOCKOTTMYECKHE METO bl aHAIN3A.

25.O1eKTpOMEXaHNYECKUE METO bl aHATH3A.

26.buonornueckre METOIbI aHAIM3A.

27.OCHOBHbBIE XapaKTEPUCTUKUA M 3aKOHBI MOJIEKYJISIPHONH (POTOTIOMUHECLICH-
1107078

28.Metoas! skcTpakiui. OCHOBHBIC TTOHATHSI.

29. ABTOMATH3AINS AaHATUTHICCKUX padoT.

30.2Ku3ub u gesrensHOCTh 1. Boiins.

31.2Ku3nub u aesrenpHOCcTh B.M. CeBepruHmu.

32.Ku3nb u aestenpHocts H.A. MeHIIyTKHHA.

PEKOMEH/IYEMBI MEPEYEHH BOITPOCOB
UTOI'OBOI'O KOHTPOJIA IO JUCHUITJIMHE
«AHAJIMTHYECKASA XUMUSA»

1. IIpenmer, 3agaun, 3HAUCHNUE aHAIUTHYECKOW XuMmuH. Knaccudukamums MeToa0B
aHaJIn3a.

2. OT00p U MOATOTOBKA MPOOKI K aHATHU3Y

3. MeTposnoruueckue XapakTepuCTUKU METOUK aHAJIHN3a.

4. CxopoCTh peakuuii B XUMHUYECKOM aHAJIN3€. BBICTPhIE M MEIJICHHBIE PEAKLUU.
Ckopoctb onpenenstomas craaus. PakTopsl, BIUSAIOIMIME HA CKOPOCTh. YIIpaBlie-
HUE PEAKIMSIMU U MIPOLECCAaMU B aHATMTUYECKON XUMUH.

5. Peakuuu KUCIOTHO-OCHOBHOTO B3auMoJelcTBUs. [IpoTonuTruekas Teopus Ku-
cinotr u ocHoBanuii bpencrena-Jloypu. OnextponHas teopust Jlptouca. Teopus
YcanoBrua u ap. KuciI0THO-OCHOBHBIE CBOMCTBA PACTBOPHUTEIIS.

6. KoHCTaHThl KHCIOTHOCTA U OCHOBHOCTH, HOHHOE MPOU3BEJICHHE PACTBOPUMO-
ctu. PaBHOBECHE B BOJIHBIX PacTBOpax KHUCJIOT M OCHOBaHUU, pacuer pH pactBo-
poB. Bennunna pH kak ycioBue mpoBeeHHs aHaTUTHYeCKuX peakuuid. 7. bydep-
HBI€ PACTBOPbI, UX UCIOJIb30BAHUE B AaHAIUTUYECKON XUMHUH.

8. KucinotHo-ocHoBHbIE MHIUKATOPBI. Teopus uHaukaTtopoB. MHTEpBan nepexona
OKpAaCKH MHIAUKATOPA.



9. M'nponu3 conelt, ero ponb B aHanu3e. DakTopkl, BIUSIONINE HA TIIyOUHY MPO-
TE€KaHUS TUIPOJIUTUUECKUX PEAKIIHIA.

10. CpoiicTBa KOMIUIEKCHBIX COEIMHEHHM, UCIOJIb3YEMbIX B AHAIUTUYECKOU XU-
muu. Mcnonb3oBaHue KOMIUIEKCOOOpa30BaHUs JJIs ONpENIeTICHUsI, MAaCKUPOBAHUS
WOHOB, ISl pacCTBOPEHUSI OCAJKOB, JUIsl MU3MepeHUs noTteHuuana. OcoOeHHOCTH
KOMIUIEKCOOOpa30BaHuUsl OPTraHUYECKUX BEILIECTB.

11. OcHOBHBIE HAIpaBICHUS UCTOJIb30BAHUSI OPTAHUYECKUX PEAreHTOB B XUMHUYE-
CKOM aHayu3e, HauboJiee pacIpoCTpaHEHHbIE XUMUYECKHe peareHThl. Komruiekco-
Hbl. O0IIME cBOMCTBA KOMILIEKcaHaToB. Mcnobp3oBanue kommiiekcoHa I11.

12. OcHOBHBIE HEOPTraHUYECKUE U OPTaHUYECKUE OKUCIUTEIN U BOCCTAHOBUTEIIH,
UCIIOJb3yeMble B aHanu3e. OKUCIUTEIbHO-BOCCTAHOBUTENBHBIE MOTEHIMAIBI U
Hanpasieane OBP. KosmuecTBeHHas XapakTepuCTHKa IOJHOTHI MPOTEKAHUS
OBP.

13. CxopoCTh 1 MEXaHU3M MPOTEKAHUS PEAKIINI OKUCICHUS-BOCCTaHOBJIEHUS. Pe-
JIOKC UHAUKATOPHI. McroNib30BaHNe peakiuii OKUCICHUSI-BOCCTAHOBJICHMUS.

14. Ocanxu u ux cBoictBa. Kpucrammueckue u amopdusie ocaaku. CBoiicTBa
OCaJIKOB W TMPUYMHBI HMX 3arpsA3HEHUS: COOCAXKICHHE, aJCcOpOLUs, OKKIIO3MS.
@pakIMOHHOE OCAXKIAEHUE. Y CIIOBUS MOJYYEHUSI YUCTHIX OCAIKOB.

15. Ilpou3BeaeHne paCTBOPUMOCTH, MMPOU3BEICHUE AKTUBHOCTEW U PACTBOPUMOCTD
anekTposuta. llpaBuna mnpousBeAeHUs PACTBOPUMOCTH. Y CJIOBHUS BbINAJACHUN
OCAaJIKOB.

16. IlonHoTta ocaxaeHust U (akTOphl, BIUSIONIME HA MOJTHOTY OCAXICHUS: BIIUS-
HHE€ OJHOMMEHHBIX HOHOB.

17. 3amadya KaueCTBEHHOTO aHaIW3a. AHAIUTUYECKHUE PEaKIMH, MPUBECTU MPUME-
pbl. CyIIHOCTh KAYE€CTBEHHOTO aHAJN3a.

18. AHanmuTUYECKOE PEAKINU, MPOBOAUMBIE «CYXUM» U «MOKPBIM» IyTEM, IMpHU-
BECTH IIPUMEPHI.

19. Cneunduyeckue aHaITUTUYECKHE PEAKIINU, IPUBECTU IPUMEPBI.

20. CelleKTUBHBIC AHATUTUYECKNE PEAKIINU, TTIPUMED.

21.YcioBus npoBeAeHU AHATUTHYECKON peakiii Ha TpUMEpe KaTHOHA HATpHsI.
22.Cuctematnueckuil Xox a"Hann3a. CoCTaBUTh ITOCIIENOBATEILHOCTE JIEUCTBUN B
X0JIe aHaJn3a cMecH KaTHOHOB | rpymnmbl 1 000CHOBATH €e.

23.AHaTUTUYECKUE PEaKIIMi OOHAPYKEHHSI MOHOB U aHAJIUTHYECKUE PEaKIUU OT-
JIeJICHUSI HIOHOB, MPUBECTH TTPUMEPHI.

24 Jlpo6Hblii X0 aHanu3a. [IpuBectu mpumepsl peakiuii Ha kaTuoHsl xenesa (11),
xenesa (III), mapranua (II).

25.I'pynnoBoii peareHt, Ha 4eM OCHOBaHO ero Aeiictue? IlpuBectu mpumepsl OT-
nenenus 11 rpynmer ot [1-o1.



26. Knaccudukaiys KaTHOHOB Ha YEThIPE aHATMTUYECKON TPYMIIbI, yKa3aTh IPyIi-
MIOBBIE PEArcHTHI.

27 Obmas xapakTepucTuka KaTuoHoB III-e¥ rpynmsl, ux Guosoruyeckas poJib.
28.006m1as xapakTepucTuka KaTHOHOB [V-0il rpynmbl, ux Ouosnorudeckast pojb.
Knaccudukaiys aHMOHOB Ha TPU AHAIUTUYECKUE TPYMIBI, YKa3aTh TPYIIIOBHIC
pEeareHThI.

29.0OCHOBHBIE TOHATUSA U METOJIb KOJTUYECTBEHHOTO aHAIU3A.

30. I'paBumerpuueckuii mMeton aHanm3a Kiaccudurarus XUMHUYECKUX METOOB
aHanu3a. CylmHoCTh rpaBUMETpUUecKkoro ananusa. O01acTb IpUMEHEHUSI.
31.0nepaiuu rpaBUMETPUUECKOr0 aHaIN3a: 0TOOp cpeaHell mpoOkl, MepeKpUCTaI-
Ju3alus, B3ATHE HABECKU BEIIECTBA, PACTBOPEHHE aHAJIU3HPYEMOIO BEIIECTBA,
ocaxkjieHue, PUIbLTPOBAHUE, COOCAKICHUE, POMBIBAHUE OCAJIKa, BHICYIIIMBAHUE U
IIPOKAJIMBAHUE OCAMKA.

32 TutpumeTpuuecKuil aHaiu3: KiaccUuUKalusg METOJOB, CYIIHOCTb METOJIOB,
n3MepuTenabHas nocyna. CrnocoObl BEIpaKeHUsI COCTaBa PaCTBOPOB M BHIYUCIICHUE
B Pa3JIMYHBIX METOAAaX TUTPUMETPUUECKOTO aHAJIN3A.

33. OCHOBHBIE MOHSATHUSA: TUTPOBAHUE, TOUKA HKBUBAJICHTHOCTH, KOHEL[ TUTPOBA-
HUs, CTAHJAPTHBIE U CTaHAAPTU3UPOBAHHBIE PacTBOPHI. [lepBUUHBIE CTaHIAPTHI U
TpeOoBaHuUsl, MpeabsBIsIeMble K HUM. DukcaHaiabl. TOYHOCTh TUTPUMETPUUECKOTO
aHanu3a. MICTOYHHMKHM MTOrpelHOCTEN.

34. KuciotHo-0CHOBHOE TUTpoBaHue. CyIIHOCTh METOAA.

35. ®u3uko-xuMu4ecKkue MeTo bl aHanu3za. Kinaccudukaims MeTo10B.

36. CymurHocTh (oTOMEeTpruyecKoro ananuza. DoTokoIOpUMETpUUECKHE METOJBI.
CymHocTh KOJIOpUMETpUUecKoro aHanusa. 3akoH byrepa-Jlam6epra-bepa. Ontu-
YyecKasi INIOTHOCTh pacTBOpa.

37. YcrpoiictBo @IK-56 M. [Ipumenenue HpoTomMeTpuuecKoro aHamusa.

38. Ilotenumomerpuueckuit metoa anamuza. CymHoOcTh MeToaa. OO6nacTh ero
MIPUMEHECHUS.

39. lN'anpBaHnveckuil 35eMeHT. UHINKATOPHBIN ANEKTPOA. DIEKTPOL CPABHEHUSI.
OJIC ranbBaHUYECKOTO DJICMEHTA.

40. MeToabl MOTEHIIMOMETPUYECKOTO aHan3a. lloTeHIHoMeTpruyecKkrue MeTOMAbl
ONPEAEIEHUS] KOHLIEHTPALMU BOJOPOAHBIX HOHOB. PH-MeTp.

41. IoreHumoMeTprueckoe TUTpoBaHue. KprBbie MOTEHIIMOMETPUUECKOTO TUTPO-
BaHUS C HMCIOJIb30BaHHEM peakiui HeuTpanuzanuu. CriocoObl HaXOXIEHUS KO-
HEYHOUN TOYKHU TUTPOBAHUS.

42. KonnykroMmeTpuueckuid Meros aHanuza. CylHOCTh METO/ia, 001acTh €ro Mpu-
MEHEHUSI, TPEUMYIIECTBA. DIEKTPOIPOBOIHOCTh PACTBOPOB JIEKTPOJIUTOB.
Konnykromerpuueckoe tutpoBanue. KpuBas KOHAYKTOMETPUYECKOTO THUTPOBA-
Hus. OnpenesieHne KOHEYHOW TOUYKU TUTPOBAHUS.



43. CyurHoCcTh XpoMaTorpapuIecKoro aHaIn3a.

44. Knaccugukanus METOJOB XpoMmaTorpaduueckoro aHanusza. Metozsl mnomyde-
HUS XpoMaTorpamm. THUIIbI CTAallMOHAPHBIX U MOABMKHBIX (a3.

45.1oHooOMeHHas XxpoMaTtorpadusi.

46.I"azoBast xpoMaTtorpadus

47. PacnpenenurenabHasi XpoMaTorpadusi.

48. Ilpumenenue xpomaTtorpaduu A OoNpeAeNeHUs] U pa3AeieHUs] HeopraHuye-
CKHX M OPIraHMYECKHUX BEILECTB.

49. Crnekrpockonuyeckue MeTojpl aHanuza. OOmias XapakTEepUCTUKAa METOJa.
Knaccudukarus.

50. OcHOBHBIE METOJbI PEHIE€HOCHEKTPAIBHOIMUCCUOHOrO aHanu3a. IIpenens
OOHapy>KEHHUs B METOJaX PEHTI€HOCIIEKTPAJIILHOTO aHAJIN3A.

51. KauecTBEHHBIN U KOJIMYECTBEHHBIN PEHT€HOCTIEKTPAIbHBIN aHAJIN3.

52. Meroapl ONTHYECKOM CHEKTPOMETPUU: AaTOMHO-3MHCCHOHHBIM, AaTOMHO-
a0bCOpOLIMOHHBIN, aTOMHO-(TyOPECIIEHTHBIN.

53. buonoruueckre MeToIbl aHaIn3a AHATUTUUYECKHE MHAUKATOPBI B OMOJIOTHYE-
CKHX METOJIaxX aHaJIM3a.

54 . Mukpoopraou3Mbl KaK aHAIUTHYECKUE UHIUKATOPHI.

55. AnHanu3 opraHu4ecKux 1 OMOJIOrMYECKUX OOBEKTOB.



HNPUJIOXKXEHHUE

1. Ilepuoanyeckas cucrema xumMudeckux 3jaemeHToB .. MenaesieeBa
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2. Tabauna pacTBOPUMOCTH KHCJIOT, OCHOBAHMIi U coJieii B Boje
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3. Cyabpuanas kiaccuukanusa KATUOHOB M AHUOHOB



AHauau- Katuonmbl, I'pynnosoii XapakTepucruka
THYECKAsl | COCTABJISIONINE TPYNIITY peareHT rpynmnbl
rpynna
I NH,*Na*, K*, Mg** u ap. | Tpymmosoro | Kap6oHaTbl,  Cymb(umbl
peareHTa HeT | paCTBOPHUMBI B BOJIC
I Ca™, Ba®™ u mp.” (NH4),CO; | KapOoHaTel HE pacTBOpH-
MBI B BOJE, CYIb(HIbI
pPacTBOPHUMBI B BOJIE
1 AP Fe*, Fe**, Mn¥, (NH,),S Cynbpduasl HE pacTBOPH-
Zn*" u gp. MBI B BOZIC, HO PacTBOpH-
MBI B DPa30aBIICHHBIX KH-
CJIOTax.
KapGonatsl HE pacTBOpH-
MBI B BOJIE
v Ag*, Pb*, Hg,”*, Cu™,|H,S B mpucyr- | Cymbdumsl HE pacTBOpH-

Hg®* u mp.

IIo pacTtBOpMMOCTH XJIO-
punos IV rpynna nenut-
Csl Ha JIBE MOJTPYIIIbI
Ag®, Pb*, Hg,”™ - mox-
rpyiima cepedpa

Cu®*, Hg* - moarpyrmma

creuu HCI

MCOU.

MBI B BOJIE U HE pacTBO-
pUMBl B  pa30aBICHHBIX
KHCJIOTaX.

1-1 moarpymnmna - XJa0puabl
HE PacTBOPUMEI B BOJIE;
2-s IOATPYIIA - XJIOPHIBI
pPacTBOPHUMBI B BOJIE.

XoJ1 aHanM3a CMECH KAaTUOHOB BCEX YETHIPEX IPYMIT HAUMHAKOT C OTAEJICHUS YETBEP-
TOW TPYNIIBI C MOCJIEAYIOLIUM €€ aHAJIU30M, 3aTEM OTIEJICHUE TPEThEH, BTOPOU

I'PYII U OCTaeTCs IepBas rpynna.

AHanu- AHUOHBI, I'pynnosoit XapakTepucTuKH
THYECKas | COCTaBJAIOIIME peareHt rpynnbI
rpynmna rpyniy

S0,%, COs*, PO,>
U ap.

BaCl, B HeiitpansHoii
WA Cla00IIEIIOYHON
cpene

Conu Gapusi HE pacTBOpHU-
MBI B BOJIe, HO PacTBOPS-
I0TCSI B pa30aBJICHHBIX KH-
CJIOTaX, WCKJIIOYCHUE CO-
craBisieT BaSO,.

I Cl, Br,J u ap. AgNO; B mpucytct- | Conu cepedpa HE pacTBO-
Bur HNO; pumsbl B Bojie 1 B HNOs.
1l NO3z u ap. I'pynimoBoro pearen- | Conmu  Oapus U cepedbpa

Ta HCT

pPacTBOPUMEI B BOJIE.

4. Tabiuua u3MeHeHHUs OKPACKH HHANKATOPOB




Hsmenenue OKpPAaCKH MHINKATOPOB B 3aBUCHUMOCTH OT CpE€ bl

Ha3eaHue
uHOukamopa

B HetumparnbHoU
cpede

B weno4yHou
cpede

B kucrnomHou
cpede

/Nakmyc

duroneToBbIN

CuHumn

KpacHbin

MetunaOpanx

OpaHxeBbli

Kentbin

KpacHo-po30BbIN

®enoadraseny

BecuBeTHbIN

ManuHoBbIN

BecuBeTHbIN

5. MoJiekyjasipHble MacChl HEOPTAaHMYECKHUX COeIMHEHU

I\IOHCK)’JIH])HLIE MAaCChbI HEOPraHHYECKIIX C oeTHHeHHIT

Homer | H* | NH,*| Na* | K* | Ba?"| ca?"| Mg* | a1 | ¢ | Fe?* | Fe | Mn?*| Za?*| cu® | Ag* | Pb2*

% = 7 62 94 | 153 | 56 | 40 | 102 | 152 | 72 | 160 | 71 81 80 | 232 | 223
OH" 18 35 40 56 | 171 | 74 58 78 | 103 | 90 | 107 | 89 99 98 | 125 | 241
- 36,5 | 53,5 (58,5|74,5]| 208 | 111 | 95 |[1385 | 1585|127 | 1625 | 126 | 136 | 135 | 1435 | 278
B~ 81 08 | 103 | 119 | 297 | 200 | 184 | 267 | 292 | 216 | 296 | 215 | 225 | 224 | 188 | 367
= 128 | 145 | 150 | 166 | 391 | 294 | 278 | 408 | 433 | 310 | 437 | 309 | 319 | 318 | 235 | 461
NO,~ 63 80 85 | 101 | 261 | 164 | 148 | 213 | 238 | 180 | 242 | 179 | 189 | 188 | 170 | 331
G2 34 638 78 | 110 | 169 | 75 56 | 150 | 200 | 88 | 208 | &7 97 96 | 248 | 239
50,2 82 | 116 | 126 | 158 | 217 | 120 | 104 | 294 | 344 | 136 | 352 | 135 | 145 | 144 | 296 | 287
S8, % 08 | 132 | 142 | 174 | 233 | 136 | 120 | 342 | 392 | 152 | 400 | 151 | 161 | 160 | 312 | 303

]0Toa 62 96 | 106 | 138 | 197 | 100 | 84 | 234 | 284 | 116 | 202 | 115 | 125 | 124 | 276 | 267
5i05% 78 | 112 | 122 | 154 | 213 | 116 | 100 | 282 | 332 3

1
PO, 08 | 149 | 164 | 212 | 601 | 310 | 262 | 122 | 147 | 358 | 151

st 3ameTok






YuebHOe U31aHNE
be3sruna IOnus AsiekcaHapOBHA
BoJjiocoBa Esiena BiragumupoBHa

ITamkoBa Ejnena BajieHTHHOBHA
IIunynas Auna HukosiaeBHa

AHANUTHUYECKASA XUMHUA

yueoHoe nocooue



