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BBepeHue

ATOMHO-a0COpOLIMOHHAsL CIIEKTPOCKONUSI — JUHAMHYHO pPa3BUBAIOLIUNCS
METO]1 OTIpeIeNICHUsI MUKPOKOJIIMYECTB BEIIECTB B CI0KHBIX MHOTOKOMIIOHEHTHBIX
cUcTeMax U o0beKTax. B psamy Ipyrux MHCTPYMEHTAIBHBIX METOJOB €€ OTINYaeT
pEeAKOEe COYETAaHUE HU3KUX TPENIEeJIOB OOHAPYKEHHUS, BBICOKON CEJIEKTUBHOCTH,
XOpOIIIe BOCIPOU3BOIMMOCTH, MUHHUMAJIBHOTO HEOOXOAMMOIro oObema IpOObI.
PazButne aTromMHO-aOCOPOIIMOHHOW  CHEKTPOCKOMHMHM TPOTEKAeT MO IyTH
COBEPINICHCTBOBAHMUS Tapka NpPHOOPOB — CO3JaHUS HOBBIX aTOMH3AaTOPOB,
MHOTOAJIEMEHTHBIX METOJIOB aHaJIN3a, COBEPIICHCTBOBAHUS METOJIOB KOPPEKITUU
HECEJICKTUBHOTO TOTJIONICHUS, a TaK)Ke M0 MyTH pa3pabOTKH METOM0JIOTHICCKUX
MOIX0/I0B XUMHUYECKOTO0 MOIU(MDHUIIMPOBAHUS BBICOKOTEMITEPATYPHBIX MPOIIECCOB
aTOMM3AIlM{, WCIOJIB30BAHMS METOJOB TMPEABAPUTEIBHOTO pa3leiCHUS W
KOHIICHTPUPOBAaHMS, 00JIee  COBEPIICHHBIX  CIIOCOOOB  MPOOOMOATOTOBKH.
Metonosiorusi  aTOMHO-aOCOPOLIMOHHOTO aHaJIM3a CJIOXKHBIX MPUPOJHBIX U
MIPOMBIIIUICHHBIX OOBEKTOB HW3JIOKCHA B PA3IMYHBIX PYKOBOACTBAX IO aHAIHM3Y
YEpHBIX, I[BETHBIX METAUIOB, OJaropoJHBIX 3JIEMEHTOB M HUX COCIUHEHUH,
OPUPOAHBIX M CTOYHBIX BOJ, Py, Mopoa M MuHepasoB. [IpenomaBanue ocHOB
aTOMHO-a0COpPOIIMOHHON CHEKTPOCKONMUU B OOIMIMX M CHEHHAIBbHBIX Kypcax
XUMHUYECKUX bakyIbTETOB YHUBEPCUTETOB TpeOyeT yHUDUKAIIHH,
CTPYKTYpUpPOBaHUS M 0000IICHHs] Pa3pO3HEHHOTO OMYyOJIMKOBAHHOTO Marepuaa.
Kpome Toro, TpeboBanusi MOATOTOBKH BBICOKOKBATH(UIIMPOBAHHOTO AHAIUTHKA
TpeOYIOT W3JOKEHHUS Ppsila OTCYTCTBYIONIMX B PYKOBOJCTBaX BOIPOCOB:
rOCIIOBEPKAa aTOMHO-a0COPOITMOHHBIX CIIEKTPOMETPOB, TMOBBIIICHHE TOYHOCTH
pEe3yNbTaTOB aHaNMM3a B TUIAMEHH U JJICKTPOTEPMUUYECKUX aTOMHU3ATOPAX,
BBICOKOTEMIIEPATYPHBIC TIPOIECCHl ATOMHU3AllMA JJIEMEHTOB M CIIOCOOBI WX
XUMHUYECKOTO MoaudunupoBanus, GpyTepoBKa rpad)UTOBBIX M€Y TYromjIaBKUMHU
KapOuaaMu, TEPMOIMHAMUYICCKOE KOMITBIOTEPHOE MOJCIUPOBAHUE IPOIIECCOB B
30HC aTOMM3aIluu, WHPOPMAIMOHHBIE pecypchl VHTepHeTa B  aTOMHO-
aObCOpOIIMOHHON CHeKTpocKonmuu. Bce 3T W Jpyrue BOMPOCHl M3JIOKEHBI B
HACTOSIIIIEM MOCOOMH, KOTOPOE OTpakaeT YMTaeMbli Ha Kadeape aHaTUTUYECKON
XUMHUHU J[OHEIIKOro HaIMOHAJILHOIO YHHUBEPCHUTETa CHEIKYpPC «AHaIUTHYecKas
aTOMHO-a0COpOIIMOHHAsT creKTpockonus». Ilocobue Bkito4aer 000OIIEHHBIC
JUTEpATypHbIC CBEJCHHUS U COOCTBEHHBIM MHOTOJICTHHM OIBIT MPAKTUYECKON
paboThl aBTOPOB B 00JIACTH aTOMHO-a0COPOITMOHHOW CHEKTPOCKOMHH, a TaKkKe
OMBIT PabOTHl AKKPEAUTOBAHHOW JTA0OpATOpUU, W COJEPKHUT CCBHUIKA Ha
JCHCTBYIONME B HACTOSIIEE BpeMs TOCYIJapCTBEHHBIE W MEXIYHAPOIHBIE
CTaHJapThl, HOPMATUBHBIE JOKYMEHTHI U T.1. B mocoOum mpencTaBieHbl METOIbI
MPEABAPUTEITLHOTO BCKPBITUS ¥ TOATOTOBKM MPOO MHINEBBIX MPOIYKTOB,
reoJIOrMYeCKUX MaTepHuasoB, MOYB, 00OBEKTOB OKpYKaroIiei cpenbl U T.1. Ocoboe
BHUMaHHE  OOpameH0 Ha  YCTPAaHCHHWE  CHCHU(PUYHBIX i1  aTOMHO-
a0COpPOLIMOHHOTO METOAAa CHCTEMATHYECKUX U CIy4YalHBIX MOMEX, HAa TEXHUKY
paboThI, MEXKDJIEMCHTHBIC W MAaTPUYHBIC BIIMSHHS, KaK B IJIJAaMEHHU, TaK M B
AIEKTPOTEPMHUICCKUX aTOMU3ATOPaX.



3HAUUTETHbHOE MECTO B MOCOOMU 3aHUMAIOT BOMPOCHI TEXHUKU M METOJUKHU
paboThl C ANEKTPOTEPMUUYECKUMU aTOMU3ATOPAMU, KOTOPbIE MPUMEHSIOTCS MPHU
OTPEJICTICHUH MUKPOKOJIMYECTB TOKCUYHBIX METAJUIOB B OOBEKTaX OKPY’KaIOIIeH
Cpellbl, MUIIEBBIX MPOAYKTaX, B KIIMHUYECKUX aHAIN3ax U T.A. U TpeOyroT Oonee
BBICOKOM KBaIM(PUKAUM AaHAIUTUKA, W KOTOPBIM YJEICHO HEI0CTaTOYHOE
BHUMAaHHE B IPYTUX OCOOUSAX M KHUTAX.

B ymoGHoM gmns  cuctemaTu3anudyd TAaOJMYHOM BHUJAC MPEACTABICHBI
MHOTOYHMCJICHHBIE JIaHHBIE 10 XHMHYECKUM MoaudukaTopaMm, crocodam
YCTpaHEHHsI TIOMEX B IUIAMEHHU, CIEKTpOXuMHUYecKuM Oydepam u T1.1. [TocoOue
COJIEPKUT OOIIMPHBINA CIIUCOK PEKOMEHIYEMOW JTUTEPATYPBHI.

B mocobue BKIIIOYEHBI TakXe BOMPOCHI M 3aJadd JJIsl CaMOCTOSITEIbHOM
paboTHI CTYJEHTOB, TECTOBBIE U MHIUBUAYaJbHbIC 3a1aHUSL.

ABTOpBI BBIpaXaroT HAACK Y, UTO TOCOOUE OyIeT MOJE3HBIM JJIsl CTYACHTOB,
aCIMPAHTOB, HAYYHBIX COTPYAHUKOB XUMHYECKUX (DAKYIHTETOB BBHICHIIUX YUEOHBIX
3aBEJICHUM, a TaKXKe JJIsl XUMHKOB-aHAJINTUKOB, pabOTAIOIIMX B 00JIACTH aTOMHO-
a0COpOIIMOHHOM CITEKTPOCKOIHUH.



Pazgen 1. ATOMHO-abCOpPOLMOHHAA CNEeKTPOCKONMA U ee
BO3MOXHOCTU MpU onpeaenieHnn cnegoB 3NIeMEHTOB.

Meton  aTOMHO-aOCOPOLIMOHHOW  CHEKTPOCKOINHH, PAa3BUTHE  KOTOPOTO
Hepa3pbiBHO cBsizaHo ¢ paboramu H.C.Ilomyskrosa, b.B.JIbBoBa, /I.Ilanesa,
V.CnaBuna, B.Ilpaiica, B HacTosiliee BpeMsl SIBJISIETCS OCHOBHBIM, a 4acTO U
apOUTpaXHBIM ~ METOJIOM TMpU  OMNPEACNICHUH COJIEpKaHUS  METAUIOB B
00BEKTax OKpYyXKalollel cpeabl, TPOJOBOJIBCTBEHHOM ChIpb€ M IPOJIYKTaX
IIMTAHUsS, YEPHBIX M LBETHBIX METAJUIaX M CIUIaBaX, IOYBAX U T. 1. ATOMHO-
abCcopOLMOHHAs  CHIEKTPOCKOMHUS BKJIFOUEHA B roCyZapCTBEHHBIE,
MEXIOCYyAAPCTBEHHBIE U MEKyHapOJAHbIE CTaHAAPTHI, IPyrue HOPMATUBHBIE U
PYKOBOJSAIIME JOKYMEHTHI.

B tabu. 1.1 npuBegeHBI HEKOTOpbIE JaHHbIC, WLIOCTPUPYIOIINE
UCIIOJIb30BAHUE 3TOI0 METOJA B AHAJUTHYECKOM KOHTPOJIE.

Tabmuua 1.1 - AToMHO-a0cOpOLIMOHHAsE CHEKTPOCKONUS HpPH ONpeIeTIeHUU
CJIEIOB DJIEMEHTOB

O0nexT Onpenensempre HopmatuBHBIN TOKyMEHT
AHAIL3A 3JIEMCHTBI
[Ipuponnsie BOJIbI Cd, Ni, Cu, Pb, Zn MexyHapoIHbII
crangapt MCO 8288
IloBepxXHOCTHBIE u|Cu PykoBomsimmii ~ TOKyMEHT
CTOYHBIC BOJIbI KHJI 211.1.4.032-95
[Tpuponnsie u | Pb, Zn, Ag, Cu, Cr, Co, | PykoBoasiuii  JOKyMEHT
OYHIIICHHBIC crounsie | Ni, Be, Mn PJI 52.24.28-86
BOJIbI
Mopckue BobI Cd, Cu, Pb, Co, Ni, Fe, | PykoBogsmuii  T1OKyMEHT
Mn, Cr PJ1 52.10.243-92
Bona Hg MexyHapoJHbIN
crangapt MCO 5666
ATtmocdepHblii  BO3ayX, | Pb MexnyHnaponsie
BO3JlyX pabo4yumx MecT crangaptel  UCO 9855,
NCO 8518
[Toussl, otBanbl, goHHbIe | Cd, Cu, Ni, Hg, Pb, Zn | Meroauueckue ykasaHus 110
OTJIOKCHUS OIIPCACIICHUIO TSKCIIBIX
METAaJIJIOB B I104YBax
CeIbXO3YyroMi W MNPOAYKLIUHU
pactenueBoacTea. — M., 1992
Coippe  u  mpoaykrtsl | Cd, Cu, Zn, Fe, Pb Mexrocy1apCTBEHHBIM
MMUILEBEBIE crangapt ['OCT 30178-
96
IInogel, oBoOIIM u | Cd, Pb, Zn, Hg, Fe, Zn | MexayHapoaHbie CTaH-
MPOAYKTHI UX naptel  MCO 6561, 6633,
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nepepaboTKu 6636/2, 6637, 9526

I{uHKOBBIE CILJIABHI Al, Cu, Mg, Pb, Cd, Fe |T'ocynapcTBeHHBIA  CTaH-
napt  Ykpaunel  JICTY
2856.0-94-2856.8-94

(I'OCT 25284.0-95-

25284.8-95)
CBuHeInn Ag, Cu, Zn, Bi, As, Sn, | 'ocygapcTBeHHbId ~ CTaH-
Sb, Fe, Mg, Ca mapt ['OCT 26880.1-86,

I'OCT 26880.2-86 (CT
CoB  5010-85-CT CO5B

5013-85)
JloMm 51 otxonsl | Au, Ag, Ru, Rh, Pd ['ocynapcTBeHHBIN
J(parMeTajljIoB, Karajau3a- crangapt Ykpaunsl JICTY
TOPBI, NBUIH, IIUIAKH, 2897-94

N3  mamneix Tabn. 1.1 cmemyer, 9ro MeTOJ — aTOMHO-aOCOPOIMOHHOM
CHEKTPOCKOTNHN IIUPOKO TMPEACTABICH B MEXKIYHAPOJHBIX, TOCYIapCTBEHHBIX
U MEXTOCYyJAapCTBEHHBIX CTaHAApTaX TPH OMPEACICHUH MHUKPOKOJIUYICCTB
METaVIOB B MPUPOJHBIX M MPOMBIIUIEHHBIX O00BEKTaX. OTO 0OYCIOBIEHO
BBICOKOM  UyBCTBHTEIBHOCTBIO  METOJA, €ro CEJICKTUBHOCTBIO, XOpPOIIEH
BOCIIPOM3BOJMMOCTBIO,  SKOHOMHUYHOCTBIO.  lcmonb3oBanue CoUueTaHUs
pa3IUYHBIX BApPHUAHTOB TEXHUKHM  aTOMHO-aOCOPOIIMOHHON  CIIEKTPOMETPHUH
(utaMeHHBIH ~ BapuaHT, TpaduTOBas  I€4Yb, TCHEpAlMs  THUIPHUIOB, METOJ
XOJOIHOTO  Mapa) JieJaeT 3TOT METOJl Haubojiee MOAXOASIIUM IS
ONpEJENICHUs]  COoepKaHUsl OOJBIIOr0 4Yuclia dJeMeHTOB (okono 70) B
IIMPOKOM  JAuamna3zoHe  KoHIeHTpauuil. KOHKypeHLHI0  MeToqy  aTOMHO-
aOCOpOIIMOHHOM  CIEKTPOCKONUU  COCTaBIISIET aTOMHO-?MHUCCUOHHAs
CHEKTPOMETpUSI € HUHAYKTUBHO-cBsA3aHHOM 1uiazmoi (MCII), mo3Bonstoias
MPOBOJUTH  MHOTORJIEMEHTHBIM  aHanmu3. B Tabm. 1.2 mpencraBiieHbI
CpaBHUTENIbHBIC JIaHHBIE O Tpefelie  OOHApY>KEHUs 3JIEMEHTOB AaTOMHO-
abcopOunonHbiM MeTonoM ¢ muaMeHHo (ITAAC) u  s;meKkTpoTepMHUUecKOoit
(OTAAC) aromuzanmei, a TakXke AaTOMHO-3MHCCHOHHBIM METOJIOM c
WHyKTUBHO-CBA3aHHON Tma3moit (AD-UCII).

Ta6muma 1.2 - [Ipenensl oOHapyXKeHUS aTOMHO-aO0COPOIIMOHHOTO METOJa U

ATOMHO-PMHUCCHOHHOTO METOJIa C MHIYKTHBHO-CBSI3aHHOHN TIa3MOM

[Ipenen oOHapyKeHHsI, MKI/JI
OneMeHT TTAAC DTAAC AD-UCII
Al 25 0,01 4
As 140 0,08 30
Au 6 0,01 4
Ag 1,2 0,001 3
Be ] 0,003 0.5




Bi 30 0,04 30
cd 1 0,002 2
Ca 2 0,01 0,5
Cr 3 0,004 4
Co 4 0,008 3
Cu 1,8 0,005 2
Fe 5 0,01 2
Ga 50 0,01 20
Ge 50 0,1 50
In 30 0,02 30
Mg 0,3 0,0002 0,5
Mn 1.8 0,0005 1
Mo 25 0,03 5
Ni 5 0,05 5
Nb 2000 - 20
P 30000 20 50
Pd 20 0,05 40
Pb 9 0,007 30
Pt 50 0,2 30
Sb 40 0,08 30
Re 800 10 10
Se 80 0,05 30
Si 60 0,6 10
Sn 90 0,03 30
Ta 800 ; 20
Ti 60 0,3 2
W 5000 ] 30
Zn 1.2 0,001 2
Zr 2000 - 3

BunHo, 4TO0 MO YyBCTBUTENBHOCTU OMNpEEiIeHUsT OOJBIIMHCTBA 3JIEMEHTOB
Meron AD-MCII 3aHHMaeT NOPOMEXKYTOYHOE TOJIOKEHUE MEXKIY METOJI0M
TJIAMEHHOM M DJIEKTPOTEPMHUYECKON aTOMHO-aOCOPOITMOHHON CHEKTPOCKOMHEH,
HO, Omaromapsi  BbeIcOKOM  Temmeparype 1miasmbl (1o 8000°C), umeet
MPEUMYIIECTBA TIEpe]] aTOMHO-a0COPOLIMOHHBIM METOJIOM TpPH OMNpPEACICHUN
TaKuX TYrOIUIABKMX  METAJJIOB, KaK TUTaH, IUPKOHWUM, HUOOWH, TaHTal,
pEeIKO3eMEIbHbBIE 3JIEMEHTHI. B 11€10M 4yBCTBUTEIBHOCTH 3JIEKTPOTEPMUUECKOTO
aTOMHO-a0copOIMoHHOro Metona 1o cpaBHeHuto ¢ AD-UCII Beime. B
MOCJIEAHUE TOJbl BBIMYCKAIOT NpUOOpHI, coueTtaromue cnekrpomerpbl UCIT ¢
Macc-criektpomerpom. [Ipubopsr MCII-macc-cieKTpoMeTpur UMEIOT BBICOKYHO
YyBCTBUTEJIIBHOCTh M  HHU3KHE TpeAesbl  OOHApYy>KEHHs, CpaBHUMBIE C
npeaenamu  obHapyxeHuss OTAAC, a uwHorma u Oosiee HU3KHE, HAIpUMED,
npeaen oOnHapyxenus B, Ti, Sc, As, Hg — 0,001-0,01 mxr/n; Be, V, Mn, Fe, Co,




Ni, Ru, Rh, Pd, Ag, Cd, Sn, Sb, Pb, Bi, Ir, Pt, Au, Nb, Hf — 0,0001-0,001 mxr/m;
Mg, Cr, Al, Cu, In, Te, Ta, La, Ce, Pr, Tb, Ho, Tm — menee 0,0001 Mkr/..

Merton  mepcHeKTUBEH IS MHOTO?JIEMEHTHOTO ~ aHaju3a  CJe/IOB
MeTamuioB. OTHAKO CTOMMOCTh TaKUX MPUOOPOB W PACXObl MO SKCILTyaTalluu
3HAYUTEIBHO TMPEBOCXOMAAT aHAJOTUYHBIC PACXOABI IIPU UCIIOJIH30BAHUU AaTOMHO-
a0COpOIIMOHHBIX CIEKTPOMETPOB C TpadHUTOBOM IE€UbI0, YTO OOYCIIABIMBACT, B
CBOIO ouepep, CTOMMOCTH aNeMeHT-onpeneneHus. Eie OJTHUM
npeumymectBoM OTAAC sBmsieTcss Manblii pacxoj oOpasna Ui aHalu3a:
OTpEJICICHNE OOBIYHO MOXKET OBITh BBIMIOJIHEHO C HCIOJIB30BAHUEM 5 MK

(0,005 mi) o6Opasua, makcumyM - 100 mxa (0,1 mun). IlnameHHble MeTOJbI
0ObIYHO TpeOyroT 2-5 ML
CoBpeMeHHOE COCTOSIHUE aTOMHO-a0COPOIIMOHHOTO MeTOo/1a

XapaKTepU3yeTcs BHICOKOH HMHTEHCHUBHOCTBHIO HAyYHBIX MyOIHKaIuii, OONbIIuM
YHCIIOM MOHOTpaduil W CHEMUATU3HPOBAHHBIX MEPUOAMUYECKUAX  KYPHAIIOB.
Nudopmanmonnsie pecypcsl MHTepHeTa B 00JacTH aTOMHO-a0COPOLIMOHHOMN
CIEKTPOCKOMNUHU TpeacTaBieHbl B Taou. 1.3.

Tabnuna 1.3 — OcHOBHBIEC KYpHalIbl IO aTOMHOM abcopOuuu

Kypnan Anpec Bun undopmarnumn
B CBOOOJHOM JIOCTYIIC
Journal of  Analytical | www.rsc.org/is/journals/cu | Conepxanue, pedeparsi

Atomic Spectrometry

rrent/jaas/jaaspub.htm

Analytica Chimica Acta

www.elsevier.nl/inca/publi
cations/store/5/0/2/6/8/1/

CopepxaHue, IOUCK cTaTed 1O
aBTOPY WIH KIFOYEBEIM CIIOBAaM

Spectrochimica Acta. Part | www.elsevier.nl/inca/publi | Conepxanue, —mouck 1o
B Atomic Spectroscopy cations/store/5/2/5/4/3/7/in | @BTOPaM, KIOYCBBIM  CJIOBaM,
dex htt pedepaTtsl Ha  AHIJIMKACKOM
A3BIKC
Analytical Chemistry http://pubs.acs.org/journals | Cogepxxanue, pedeparsi,
/ancham/index.html uHpopmansi o KoH(e-
PEHIIMSIX, CHMITIO3HyMaX
Analyst www.rsc.org/is/journals/cu | Conepxkanue, TTOJTHBIM
rrent/analyst/anlpub.htm TEKCT HEKOTOPBIX CTATEH
Talanta www.elsevier.nl/inca/publi | Conepxanue, MOUCK
cations/store/5/2/5/4/3/8/ | ctateit mo aBTOpY WU
KITFOUEBBIM CJIOBAM
Kypnan ananutuueckoit | www.geochi.ru/~zhakh Conepkanue,  CTpaHHUIIA
XHUMHH TJIaBHOTO penakropa,
uHpoOpMaIUsi O  CeMHU-
Hapax M0 aHaJUTHYECKOM
XHUMHH
Journal of  Analytical | www.maik.rssi.ru/journals/ | M3naunue Kypnana
Chemlstry anChem.htm aHAJIMTUYECKON XUMHHN Ha

AHTJIMHMCKOM SI3BIKE
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Kpome »Tux wu3ganuii onepatuBHyr0 UHGOpPMAIMIO 1O  aTOMHO-
a0COpOLIMOHHONW  CIIEKTPOCKONMUU  MYOJMKYIOT ~ YKPauHCKUH  XUMHUYECKHUI
KypHal, XKypHan mpuKiIagHoOW crekTpockonuu (e-mail: jas@imaph.bas-net.by ;
jas@dragon.bas-net.by) u apyrue wu3gaHUS TO AHAIUTUYECKOW XUMHUU U
MPUKJIAHON CIEKTPOCKOIIHH.

1.1. MpuHUMN meToAa

ATOMHO-a0COpOIIMOHHAs  CHEKTPOCKOMHS OCHOBaHA Ha  TMOTJIOIMICHUU
AJICKTPOMAarHUTHOTO U3JyYCHHs] CBOOOAHBIMM aTOMaMH B HEBO30YKJICHHOM
cocrosiauu. [lpu oTnpeeICHHON JUTHHE BOJIHBI, COOTBETCTBYIOIICH
ONTHYECKOMY TIEPEXOJy aToMa M3 OCHOBHOTO COCTOSHUS Ha BO30YKICHHBIH
YpOBEHB, TIOTJIONICHHE W3Iy4eHUs BeIeT K YMCHBIICHUIO 3acelEHHOCTH
OCHOBHOTO  ypOBHS. BemnumHa  aHAIMTUYECKOTO CHUTHajla  CBsA3aHa  C
KOHIICHTpAIlMeii aTOMOB B OCHOBHOM  HEBO30YXKICHHOM COCTOSIHUHM W,
CJIEIOBATEIbHO, C KOHIEHTpAIMEel JJIEeMEHTa B aHAJIM3UPyeMOM 0Opasile.
W3mepsist  TOJII0  TOTJIOMIEHHOTO — 3JIEKTPOMArHUTHOTO — W3JIYYCHHS, MOYKHO
KOJMYECTBEHHO  ONpPENETUTh  COJEP)KaHHE  COSJUHEHUN  OMpeaessieMoro
aJeMeHTa (aHaInuTa).

Hcxons w3 mnpuHIOMIIA METOAa, aTOMHO-aO0COPOIIMOHHBIN CIEKTPOMETP
JOJDKEH  COCTOSITh M3 HWCTOYHUKA  TEPBUYHOTO  MBIIYYCHHS, KOTOpPOE
MOTJIONIACTCS ~ aTOMaMH, WCTOYHHMKA CBOOOJHBIX  aTOMOB, CBSI3aHHOTO  C
CHUCTEMOM BBOJAa 00pa3ia, ONTUYECKOW JUCIIEPCHOHHON CHCTEMBI, IETEKTOPA,
AJIEKTPOHHBIX CHUCTEM cbOopa, 00padoTku JaHHbBIX (puc.l.l).

8
o

Pucynok 1.1 - ATOMHO-aGCOpPOIIMOHHBIN CIEKTPOMETP
] — UICTOYHUK MEPBUYHOTO M3TYUYEHHUS; 2 - aTOMU3ATOP; 3 — BBOJ MPOOBI;
4 — BBOJI TOPIOYMX Ta30B; 5 — ONTUYECKAsl TUCIEPCUOHHAS CUCTEMA,
6 — netektop; 7 — cOop u 00paboTKa MAHHBIX; 8 — IPUHTED.
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Pacnpez[eneHI/Ie dTOMOB 110 pPaA3JIMYHBIM  OHCPICTUYCCKUM  YPOBHAM

OIINCBIBACTCA 3aKOHOM BOJ'IBHMaHa, COINIACHO KOTOPOMY 3aCCIICHHOCTD ypOBHCﬁ
E

MIPONOPLHMOHAIIBHO  BEJIMYMHE e_ﬁ, rne E — sHeprus  B030yXIeHHUS

cooTBeTcTBYIOIIEero ypoBHs; T — temneparypa (K); k — xkoncranta bonbumana.
W3 sroro cremyer, YTO MpH YBEIWYEHUU TEMIIEPATypbl 3aCEICHHOCTb YPOBHS
OuYeHb OBICTPO BO3pACTaET.

Jlaxke mpu CpaBHUTEIIBHO BBICOKMX TeMmIlepaTtypax B atromm3arope (2000 —
3000°C) GOJNBIIMHCTBO AaTOMOB OCTA€TCS B  HEBO30YKIEHHOM COCTOSHHH
BCIICACTBUE  DKCIIOHEHIIMAJIBHOM  3aCEJICHHOCTH  BO30YXKICHHBIX  YpPOBHEH.
[TootoMy B aroMHO-aOCOpPOLIMOHHOM  CHEKTPOCKOMHHM  HMCHOJB3YIOTCS
ONTUYECKUE TIePEeXOJbl MEXKAY OCHOBHBIM M TEpPBBIMH BO30YXICHHBIMH
YpOBHSIMU  (PE30HAHCHBIE ypoBHHu). T.k. morjiouieHue U3ITyYeHUs
IPONOPIUOHATIBHO KOJMYECTBY MMEHHO HEBO30YXKICHHBIX AaTOMOB, aTOMHO-
aOCOpOLIMOHHAs ~ CHEKTPOCKONUS — 4Ype3BblYailHO 3 (EKTUBHBIA  METOA.
AOCOpOLMOHHBIE CIEKTPbl 3HAYUTENBHO MPOILE 3MUCCHUOHHBIX, YTO CBA3aHO CO
3HAYUTEIbHBIM CHIDKEHUEM CHEKTPATBHBIX oMeX, OO0YyCIOBIEHHBIX
CTHICKTPaIbHBIM HAJOXXEHUEM JIMHUWA. ATOMBI, BO30YKIEHHBIE  BCIICJCTBHE
abcopOouuu AIEKTPOMATHUTHOTO U3Iy4eHus, OyIyT nepens3ayyarhb
OMHUCCHOHHBIC JIMHUA HE TOJBKO TOW JK€ CaMOW JJIWHBI BOJIHBI, YTO U
MOTJIOIIEHHOE M3JyYeHHe, HO TaKXke | Jpyrue JUIMHbl BoJH. W3nydeHwue,
UCITyCKaeMoe aToMaMM mocjie (OTOHHOTO BO30Y>K/I€HHUS, HAa3bIBAETCSI ATOMHOM
dbayopecuennueii. I[lpouecc  dayopecueHuu — 3T0, MO CYTH, KOMOUHAIIMS
mpoiieccoB abcopOimu U smuccuu. CrekTpsl QuiyopeclieHInu OOBIYHO OYEHBb
IPOCThl, UHTEHCUBHOCTh (DIIyOPECLIEHTHBIX JIMHUW 3JEMEHTOB BBILIE, YeM
COOTBETCTBYIOIIMX 3MHCCUOHHBIX JHUHUN. [IpW HCIONB30BAHUKM HMHTEHCUBHOTO
HNEPBUYHOTO HCTOYHHUKA U3dy4yeHus (Hampumep, Jlazepa) AaTOMHO-
¢iryopecueHTHasl CIIEKTPOCKONHUS SBISETCS OJHUM M3 CaMbIX YYBCTBHUTEIBHBIX
aHAIMUTHYECKNX MeTo0B. OHAKO B HACTOALLEE BpeMs Ja3epHash aTOMHO-
(dayopecleHTHasl CIEKTPOCKOINHUS HE MOJy4YWia LIMPOKOrO pPACIpPOCTPAHEHHS,
YTO CBA3aHO C TPYAHOCTSIMH MCIOJB30BaHMS Jlazepa B Y@ obmactu.

KonnuecTBeHHBINT aTOMHO-a0COPOIMOHHBIN METOJI OCHOBAaH Ha OCHOBHOM
3aKOHE CBETOIOIJIOMICHMS], KOTOPBIA CBSA3BIBAET a0COPOLUMOHHOCTD (ONTHYECKYIO
IJIOTHOCTh) aTOMHOTO Tapa A ¢ KOHIICHTpalMed OmpenessieMoro 3JIEMEHTA:

A:—lgTzlg%:klc, (1.1)

rae T — nponyckanue; I, m | — MHTEHCHBHOCTh MANAIOIIETO W MPOLIEAIIETO
yepe3 aToOMH3aTOp CBeTa; | — TONIMHA MOTrJOoUIAONIero cios; k — aTOMHBIN
KO3((PUIMEHT NOrJIOLIEHUs, MPONOPUNOHANBHBIA BEPOATHOCTH ONTHYECKOrO
nepexoza.

[ourn M1 BCeX OSIEMEHTOB 3HAaueHHe k Haxomurcss B mpemenax 107 —
10°. CpaBHeHHe ¢ (POTOMETPUUECKAM METOLOM, [I€ MAKCHMAIBHOE 3HAYCHHE
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MOJISIpHOTO K03 duImeHTa cBerornornomenuss € ~10°, MokasbIBaeT, uTO
YyBCTBUTEJIbHOCTh aTOMHO-a0COPOIIMOHHOTO METOJIa BHIIIIE.

VYpaBuenue (1.1) ucmonb3yercs Uisi TpagyUpPOBKU aTOMHO-a0COOIIMOHHBIX
npu6opoB. OnHako 3Ta GyHIaMEHTAJIbHAS TEOPETHYECKass 3aBUCUMOCTb MOXKET
Hapymathcsi. OCHOBHBIMU MNPUYMHAMHU OTKJIOHEHHUS 3aBUCHUMOCTH ONTHYECKOMN
IJIOTHOCTH W KOHIEHTpPAllMM  OT  JIMHEHHOCTH  CHYy’)KaT  ammaparypHbIe
orpaHuyeHusi (HEAOCTaTOYHAass MOHOXpOMAaTH3aIldsd | BIUSHUE PACCESHHOTO
CBETa HMCTOYHHMKA W3JyYCHHS, HCOJHOPOJAHOCTh ATOMHOIO mMapa) M IO0OOYHBIE
(UBUKO-XUMHUUYECKUE TTPOIIECCHI.

1.2. AcTOMHUKKN cBeTa

Hanbonee pacnpocTpaHeHHBIMM HCTOYHMKAMM TEPBUYHOTO HM3IYyUYCHHUS B
aTOMHOM  abcopOIuu  SBISIOTCA  JaMIIbl  C  MOJBIM  KaTogoM |
BBICOKOYACTOTHBIE  0O€33JIeKTpOoJHbIe JiaMmibl. JlamMmma ¢ ModbIM  KaToJIOM
COCTOMT W3 TOJIOro (ITyCTOTO BHYTPHM) KaTo/a, U3TOTOBJICHHOro JHOO U3
COCJIMHEHUN OMpeNesieMoro JJeMeHTa, JU00 U3 MaTepualia, COJEpKallero
OTOT DJIEMEHT.

NHorga Kkatom MOXET BKJIOYATh COCIMHEHUSI HECKOIBKHX 3JIEMEHTOB
(MHOTORJIeMEHTHBIE Jamnbl). Ecnmu  mMeramn crtabwiieH Ha BO3QyXe, UMEET
JIOCTATOYHO BBICOKYIO TEMIIepaTypy IUIaBJIEHUSA, TO MJ1 W3rOTOBJIEHUS KaToja
WCIIOJB3YIOT YHWCTBIM METAJLI, HAIIPUMED, ATFOMUHAN. Eciin MeTaimn Xpynok, Kak
Maprasen, Wid BojJb(ppam, TO JI1 H3TOTOBIEHUS KAaToAa MCIHOJB3YIOT €ro
nyapy. B ciywae, koraga MeTain OKMCISETCS KUCIOPOJAOM BO3JyXa WM HMMEET
OTHOCHUTEJIbHO BBICOKOE JaBJIEHWE NapOB, HAPUMEDP, HATPUNA WIM KaAMHUM, TO
OOBIYHO MCHOJIb3YIOT OKCHJbl WJIM TaIOT€HHJIBI 3TOrO 3JIEMEHTA.

JIns  JNEerkoIuiaBKuX WU JIETKOJETYYUX  METAJUIOB  KaTOJ  JIAMIIbI
U3rOTaBIMBAIOT M3 rpaduTa WM MeTaula C BBICOKOM TeMIiepaTypoi
MaBiaeHus, OodbIIMM  KO3(P(PUIMEHTOM  KATOAHOTO  paclbUIeHUs U
MaJOJMHEHYaThIM CIIEKTPOM HU3JIy4eHHs] (OOBIYHO 3TO MeIb WM cepedpo).
JlerkormnaBkuid WM JIETKOJIETYYHM METAJUI BBOJMTCS Kak IPUMECh B BHUJE
MUKPOBKJIFOUEHUII B OCHOBHOM METaJlJI, YTO J1a€T BO3MOXHOCTb IOBEPXHOCTHU
KaToJa JUIMTEIBbHOE BPEMsI COXPAHATH IOCTOSIHHBIM JJIEMEHTHBIM CcoOcCTaB. B
psae ciydaeB, HampuMmep, asd P30, coeanHEHHs ONpeAesseMoro >JIeMEHTa
BKJIIOYAIOT B Kepamuueckuil katoia. Katog u aHom pasleneHbl CTEKJISTHHBIM
UATUHIpOM. MexJy KaToJIOM M aHOJOM MPOXOJUT MOCTOSHHBIA  TOK
Hanpspbkenrem 400-600 B, cuna Toka B ynammax kosebsiercss B uHTepBaie 3-40
MA. Ilpy 3TUX ycnoBUAX B TMOJOCTM KaroAa BO3HUKAaeT paspsa. Jlamma
HaIlOJIHEHA HMHEPTHBIM Ta30M (aproHoM uiu HeoHoM) ¢ naBieHueM 130-400 I1a
(1-3 MM pt. cr.). Heon mnpeamoututesneH Jyuisi SJIEMEHTOB C  BBICOKHM
MOTEHIIMAJIOM  MOHM3alMU. AProH OOBIYHO HCHOJB3YETCs, KOTrJa JIMHUU
CIIEKTpa HEOHAa OKa3bIBAIOTCA CIMIIKOM OJM3KO K PpPE30HAHCHOM JIMHHUU
ompenensgeMoro sneMeHTa. I[lmazma Traeromero paspsga B JJaMIIE  UMEET
temmneparypy oxono 800 K, mosTomy TepMuYecKoro BO30YXKIACHUS CBEUYCHUS
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aTOMHBIX TapoB He  HaOmojaercs. BceiencTBue NPUIIOKEHHOTO — MEXIY
DJICKTPOJAMHU HAMpPSDKEHHsI OJIAarOpOJHBIA Tra3 BHYTPU JIAMITbl MOHU3UPYETCH.
[TonoXKUTEIbHO 3apsDKEHHBIE HOHBI Ta3a C OOJBIIOW CKOPOCTHIO YIApSIOT B
KaToJl, BRIOMBAIOT W3 HEro aTOMbI OINPEACISIEMOro 3JIEMEHTa H, COYAapssich C
HUMH, BO30YXKIal0T MX J0 OoJiee BBICOKOI'O JHEPreTHYECKOro ypoBHs. MeHee
yeM uepe3 107 cekyHI BO3OYXJCHHBIE aTOMBbI BO3BPAIIAIOTCS B OCHOBHOE
COCTOSIHWE, N3JTydasi y3KHWe, MHTCHCUBHBIC JHMHHH AaTOMOB W HOHOB 3JICMCHTOB,
oOpaszyromux 1miasmy (puc.1.2).

Ar*

=

PucyHok 1.2 — MexaHu3Mm IEWCTBUSA JAMIIBl C IOJIBIM KaTOJIOM
1 - bomMOapaupoBKa KaTojJa M KaTOIHOE pacCIbUICHHE;

2 - BO30yK/IeHHE€ aTOMOB HMOHAaMHU 3alOJHSIOIIEro rasa;

3 - u3nydeHue BO30YKIECHHBIX aTOMOB.

Jlamnbel ¢ MOJBIM KAaTOIOM CO3JaHbl MPUONHU3UTENBHO A 70 3JIEMEHTOB.
HauGonbmas mnuHa BoJHBI onpenensiercs auHuedl Cs 852 HM, HaMMeHbIIas —
auauen As 193,7 am.

B umenom Bce mammbl € MOJBIM - KaTOAOM HMEIOT  psf  OOIIMX
HEJOCTaTKOB: 1) CpaBHUTENBHO  HHU3Kas  HMHTEHCUBHOCTb  PE30HAHCHOIO
U3Iy4YeHUs; 2) CIEKTP UX HM3IY4YEHHUsS JIOCTATOYHO CJIOKEH, T.K. OOBIYHO KpoMe
ATOMHBIX JIMHUI UMEIOTCS JIMHUM WOHU3MPOBAHHBIX aTOMOB; 3) CPaBHUTEIBHO
KOPOTKUH  CpPOK  CIyXObl JIaMIl Ui ONPENENIAeMbIX JIETKOJETYYHUX U
JIETKOIJIABKUX METAJIIOB.

[Ippu onpeneneHuM  JIETKOJETYYUMX W JIETKOIUIABKUX  METAUIOB U
nemeramwioB (Pb, As, Ga, Sb, Bi, Se, Te, Na, K u 1p.) mmpe mHOpuMEHSIOTCS
0€33JIEKTPOJHbIE  JIAaMIbl BBICOKOYACTOTHOTO paspsja. bamioH Takod mgamIibl
W3rOTaBIMBAIOT W3 KBaplla WM CHEUaIbHOrO0 CcTekjia. BHyTpp Oamnona
BBOJSITCSA COEAMHEHUS OMPENEIIEMOro 3JIEMEHTa B BHUJAE JIETKOJETy4Yeil coiu
(0ObuHO MONMAA). bamioH 3amonHsSeTCs WHEPTHBIM Ta3oM IPHU JIaBJICHUU B
100-400 ITa (Heckoapko MM pT.cTO0a). JlJIs TUTAHUS JaMIbl MPUMEHSIOT
reHepaTopbl BBICOKOYACTOTHOTO AJIEKTPOMAarHUTHOTO TOJisA, paboTaroliue Mpu
gactore nopsaaka 200 MI'u. Ilpu BkiIrOYeHMM TIOJIsi B HWHEPTHOM Trase
BO3HMKAET pa3psll, M TMOJ JCWCTBHEM BBIJIEISIONIETOCS Terjaa MeTall
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UCIIApsSIeTCs, €0 aTOMbl BO30YXIAIOTCSA, U BO3HUKAET H3IyYCHHE, B CIEKTpE
KOTOPOrO MNPUCYTCTBYIOT MPEUMYLIECTBEHHO ATOMHbIE JUHUU. IHTEHCHBHOCTH
PE30HAHCHBIX JIMHUM, U3JIy4a€MbIX BBICOKOYACTOTHBIMHU JaMmamu, Ha 1 — 3
MOPSIAKA BbIIIE, YeM WHTEHCHUBHOCTb JIMHUW, U3JIyYaEMbIX JIaMIaMU C IOJIbIM
KaTOJIOM, OJTHAKO CTaOWJIBHOCTh H3JIYYCHHUS HIDKE.

B HacTosimiee BpeMs CO3/1aHbl BBICOKOYACTOTHBIE JIAMIBI MOYTH ISl BCEX
AJIEMEHTOB, HO HaWJydilield CTaOMIBHOCTBIO W WHTCHCHBHOCTBHIO O0JaIar0T
JaMIbl JUIsl JIETY4YUX METAJIOB. be3anekTpoanbie ra3zopaspsiiHble JaMIlbl He
3aMEHSIOT, @ YJAyHO JOMNOJHSIOT JIaMIbl C TOJBIM KaTOAOM B  pAndy
CHEKTPAJIbHBIX HMCTOYHUKOB. K HemocTtarkaM O0€33JIEKTPOJHBIX JaMIl MOXKHO
OTHECTU cienyromue: 1) He0OX0JUMOCTh UMETh CIELHATBbHBIA OJIOK MUTaHUS —
BBICOKOYACTOTHBIN TeHepaTop; 2) CTaOUIbHOCTh pabOThl HMKE, YEM Y JIaMm C
MOJIBIM ~ KaTojxoM; 3) BpeMs mporpeBa Juisl JOCTHIKEHHS  ONTHUMAIbHBIX
napaMeTpoB uznydeHus mnopsaka 30-40 MuUHYT, B TO Bpems Kak y JiaMm €
noynbiM KaTtoaoMm 10-15 MuHyT.

Jist Toro, yToObl OTAENUTH W3IYYEHHE JAMIbl C IOJIBIM KaTOJOM WIIU
0€37JIEKTPOJHON  JamMmbl  OT  HMBJIy4YeHUs  aroMu3artopa (IUIaMEHH WM
packajieHHON TpyOKH) U3IIyYeHHE MEPBUYHOIO HMCTOYHHKA MOAYJIUPYIOT ITyTEeM
oJa4vl UMIIYJIbCHOTO HANpsSDKEHWs Ha JIaMIly WJIH MYTEM YCTaHOBKH
MEXaHUYECKOTrO  TpephiBaTedsl HAa  MyTH  CBETOBOrO  Iydyka  Mepen
atomuzatopoM (MoayiasTtop). CrnenuanbHbIl  yCUJIMTENb HACTpAWBAaeTCAd Ha
4acTOTYy MOJIYJSIUMA U TOCTOSHHAs, HE MOJYJHUPOBAaHHAS, COCTaBIISIOIIAs
AJIEKTPUYECKOr0 CHUTHasIa, OOyCIIOBICHHAs H3JIy4eHHEM CaMOro aTroMHu3aropa,
HE MPOXOJUT B CHUCTEMYy peructpauud. B psae ciaydaeB npu padbore cC
OOOTalllEHHbIM  CBETALIMMCS IJJAMEHEM 4YacToTa (DIyKTyauud U3Iy4YeHHUs
MOXXET COBNACTh C YAaCTOTOM MOAYJSALUMU MEPBUYHOIO M3IydeHusd. B 3rtom
cllydya€ CBETOBble TIOMEXM OT IUJJaMEHU MOTYT MPOXOAUTh Yepe3 BCIO
CUCTEMY PETruCTpalud, HE OTHENSISICh CUHXPOHHBIM JETEKTOPOM. DTO BIHSET
Ha BEJMYMHY MOJYYEHHOro CHUrHaja. Takue mnoMexXu MOXXKHO OOHApyKUTh U
YCTPaHUTh TOJIBKO IMyTEM HW3MEHEHHUs pEKUMa TOPEHUsS IIJIaMEHH.

Hapsiny ¢ onucaHHbIMH HCTOYHMKAMU B aTOMHO-a0COpPOIIMOHHOM METOJIE
UCIIONB3YIOT JHOJOHBIE JIa3epbl W HENPEPBIBHBIE HCTOYHUKU H3ITyYCHHUS.
HenpepbIBHBIE HCTOYHUK COCTOMT U3 KCEHOHOBOW JIyTOBOW  JIaMIIbI
BBICOKOTO JIaBJICHUSI, U3JIyYAIOLIEH HENPEPBIBHBIA CIIEKTp. Takod HCTOYHUK
MO3BOJISIET TUOKO BHIOMPATh HEOOXOAMMYIO PE30HAHCHYIO JIMHUIO M Yalle
BCETO UCIIOJIb3YETCS B MHOT'03JIEMEHTHOM aTOMHO-a0COpPOIIMOHHON
cnekTpockonuu. [uogHbie Ja3epbl, BEPOSATHO, WJCAIbHbIE HUCTOYHUKH  JJIsS
aTOMHO-a0COpPOIIMOHHOTO METOAA, T.K. MU3Iy4alOT OYeHb HMHTEHCUBHBIC, Y3KHE
nuHuu. OIHAKO B HACTOSIIEE BPEMsS WX JUaNa30H OTPaHMYEH JJIMHOW BOJIHBI
620 HM, 4TO MHPEMATCTBYET UX HCIOJIb30BAHUIO.

OnHako MCTOYHMK HENpPEpPhIBHOTO CIEKTpa BCE KE MCHOJb3YeTcs B
aTOMHO-a0COpPOIIMOHHBIX CIEKTPOMETpAaX MJisl y4eTa BIUSHUS HEPE30HAHCHOTO
(HEeCeJIeKTUBHOT0) MOIJIOLIEHUsl. DTO0 — AeiTepueBblid  KoppekTtop (ona. OH
MpeACTaBisieT Cco0OM HamoJHEHHbIH neitrepuem D, OaioH, B KOTOPOM
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pacmnoioKeHbl HarpeBaeMbli KaToOJl, METAJUIMUYECKUI aHOJ W OrpaHUYuTeIbHas
aneprypa Mexay HuMU. [Ipy Toke B HECKOJIbKO COT MA ra3 Bo30yXkaaercs
HACTOJIbKO, YTO HCIYCKA€T MHTEHCUBHOE H3JIyYeHUE HENPEpPHIBHOTO CIEKTpa B
nmuanasoHe miMH BoiaH oT 190 mM mo 400 am. UMeHHo B »ToH o001acTu
pPacrnoyioKeHbl PE30HAHCHBIE JIMHUKM OOJBIIMHCTBA HMCCIEIYEMBIX 3JIEMEHTOB U
HanOosiee BbIpakeHbl 3(PGEKThl HECENeKTUBHOrO TMoriomeHus. s ycnenHoi
Koppekiuu (oHa HE0OXOIWMO BBIPABHUBAHWE WHTCHCHUBHOCTEH JIAMITBI C
MOJIBIM KaTOJOM W JIEUTEPUEBOM JIAMIIBI, IPU ATOM BaXXHO, YTOOBI 00a ATUX
W3ITyYCHHs] MPOXOAMIA MO OJHOMY U TOMY JK€ ONTHYECKOMY ITyTH.

1.3. ATomusartopsbl

Ha3nauenne aromuzatopoB —3¢h(PEeKTUBHO MpeoOpa3oBaTh aHAIM3UPYEMbIN
oOpasell B aTOMHBIM Map (COBOKYIMHOCTh CBOOOJHBIX aTOMOB B OCHOBHOM
coctosinun). CBOOOJIHBIE aTOMBI PpACIONaralTCsl Ha IyTH CBETOBOrO Jiy4a
MEXKJIy WCTOYHHUKOM [E€PBUYHOTO H3IYYECHHUS] U JUCIHEPCUOHHON CHCTEMOM
TakuM 0O0pa3oM, 4TOOBI TMONYYUTh JOCTATOYHO MPOTSHKCHHBIA IOTJIOMIAOITII
cioil. B HacTrosimiee BpeMsl HMCHOJIB3YIOT CIEAYIOIIME OCHOBHBIE CHOCOOBI
aTOMU3AIUU:

1. nnameHHas;

2. DIIEKTPOTEPMHUYECKAS;

3. B XOJOAHBIX Mapax (IJsl PTYTH).

lnamsi. B nmnnameHax pa3lIdyHOrO THMA aTOMHU3ANUA  JOCTUTAETCA
narpesangreM poOsl 10 2000 — 3000 °C. B 3ToM TeMmIeparypHOM HHTEPBAIIE
6onee 90 % aTtoMOB HaxoAsATCs B HEBO30YXKIEHHOM COCTOSHUU. B aTtomHoi
CHEKTPOCKONMU  MCHOJIB3YIOT IJJaAMEHAa TOPIOYUMX Ta30B B CMECH C
OKUCIHTENsAMHA. B oTnuyme OT MeToma SMUCCHOHHOW (hOoTOMETpUM TUTAMEHH
ropenka uMeer MIMHY S5 — 10 cM a1 yBENMYEHHUS JJIMHBI TOIJIOLIAIOIIETO
cios. B aToM ciydae mosiy4arOT JIAMUHApHOE IIaMs. Y CTPOMCTBO TOPENIKU H
paclbUIMTENBHON  KaMepbl MPeJOoTBpalllaeT OJOKUPOBKY WIEAM  TOPEJIKU
COJIIMU TPU HX BBICOKON KOHIIEHTpauu. [Iis onmpenesneHus: >JIE€MEHTOB, HE
oOpasyromux TtyromiaBkux okcuaos (Ca, Cr, Fe, Co, Ni, Mg, Sr, Mo, Cd, Cu u
Ip.), 4alle BCEro MCMOJB3YIOT IUIaMs aleTWIeH-Bo3ayX. i TyromiaBKHX,

TPYIHOJIETYYMX METAJIOB, OOpa3yOIIHNX Ipy  aTOMH3AIlUU  TYTOIIaBKHE
okcunbl u aAp. coenunenus (Al, Si, Ta, Ti, V, Zr, P33 u 1p.), UCHOIB3YIOT
TIJ1aMst alleTWJIEH-3aKUCh a30Ta. B psane clyJacB UCITOJIB3YCTCS

HU3KOTEMIIEpPATypHOE ILIaMsl MpomaH + OyTaH — Bo3ayX. OCHOBHbBIC peaklIud B
30H€ TOpEeHHMs W TeMIepaTypa IUIaMEH, HUCIOJIb3yeMbIX B  aTOMHO-
abCcopOIIMOHHOM MeTojze, NpuBeACHBI B Tabi. 1.4.

Tabmmma 1.4 — XapakTepuCTHKU TIJIaMEH

Toprounit | Oxucurens Peaknuu B 30HE ropeHwus TCMH%%aTyp %
ras

CsHy- 0, Bosnyxa | C3Hg + 5,0, — 3CO + 4H, 1700

CsHyo CsHyp+20, > 4CO + 5H,
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H2+ 1/202 —> HQO
2C0 + 0O, —» 2C0O, + hv -
XEMHJIFOMUHECIICHTHAS peakiusi,
oOycnaBnuBaromias cuHe-puoseTo-
BbII [BET BTOPUYHOM pPEAKIHUOH-
HOM 30HBI IIAMEHU

O, Boznyxa | C,H, + O, — 2CO + H, 2300
C2 H, H, + ]/202 — HZO
2CO0+ 0, = 2CO, + hy
C2 H2 Nzo C2H2 + 2N20 — 2CO + Hz + 2N2 2950

H, + ]/202 —> HZO
2CO0+ 0, —» 2C0O,

Hapsiny ¢ 3TUMHM OCHOBHBIMH TpPOLIECCAMHM B PA3JIMYHBIX 30HAX IUJIAMEHU
MPOTEKAET MHOXKECTBO (PU3MYECKUX W XUMHUYECKHUX MPOLIECCOB, 00pa3yeTcs
0OJIBIIOE KOJMYECTBO HOBBIX COEJIMHEHUN, MOJIEKYJ, paaukanoB. Tak, mocie
BHECEHMsI pacTBOpa MNpoObl B IJaMi B BHAE aj’po30Jsi C IOMOIIBIO
ITHEBMATUYECKOTO PACIBUIMTENS. MPOUCXOJUT MCHAPEHUE PACTBOPUTENS C
oOpa3oBaHHEM  TBEPHABIX YACTUIl BEIIECTBA, UCTIAPEHHE TBEPIABIX YACTHUI[ C
oOpa3oBaHHEM aTOMHOTO Tapa, JUCCOLMAIMS MOJIEKYJ Ha aTroMbl H
accollMalMsl PA3JMYHBIX aTOMOB B MOJIEKYJIbl, YACTUYHAs HOHU3ALMS aTOMOB
U PpEKOMOMHAIMs HWOHOB M T.J. B IMmIaMeHH MNpUCYTCTBYIOT Ppa3iIM4YHbIE
YacTULbI (MOJIEKYJIbI, HOHBI, PaJNKalbl), B3AUMOJIEUCTBYIOIIUE CO CBOOOIHBIMU
aTOMaMH  OMpeAeNIeMOro »3jeMeHTa. Tak, B 30HE€ BHYTPEHHEro KOHyca
npeodaanarT paJvKaibl ¥ MOJIEKYJIbl € BOCCTAHOBHMTEILHBIM JICHCTBUEM —
C,,CN, CO, CH, H,, NH . Bo BTOPUYHON PEAKIMOHHOW 30HE, O0OTalleHHOM
KHCIIOPOJIOM, IPe00IafaloT paaiKaibl ¢ OKHCIHTeIbHBIM aeiictBueM — CO, O,
OH', NO', HCO . Hns pgoctkeHus: 3QQPEKTUBHON aTOMHU3AIMKA COOTHOIICHUE
rOpIOYEro ra3a M OKUCIUTENS MOXHO MEHSTh. TaK, B BOCCTAHOBUTEIbHOM
(cBeTsimiemcsi)  mamMeHu  omnpeAensroT  Sn, Mo. OnTuMmaibHBIM — BBIOMPAIOT
TaKK€ BBICOTY AHAJIUTHUYECKONW 30HBI HAJ YPOBHEM TOpPEIKU. ATOMU3ALUs B
IIaMeHU TMpoTeKaeT JUOO0 TEPMHUYECKH BCIEJCTBUE BO3JACUCTBUS BBICOKOM
TeMIiepaTypbl, 100 o paguKaIbHOMY MEXaHU3My BCJICJICTBUE
B3aUMOJICUCTBHUS CO CBOOOAHBIMU paaukanamu. Eciiu omnpenensieMbliii 31eMeHT
o0pa3yeT TEpPMOCTOMKHE OKCHJbl, THAPOKCUABI WM  KapOWIbl, CTEHEHb
aTOMM3alMU PE3KO YMEHBLIAETCS M, COOTBETCTBEHHO, YMEHBUIAETCS aTOMHO-
abcopOuMoHHbIM  curHai. [losToMy 37€eMEHTBI, 00pa3yroIIe TEPMOCTOMKHE
OKCHIBI M TUApOKCHUIbl (Hampumep, Al, Mo u mp.), cieayer ompenensth B
BOCCTAHOBUTEJIBHOW 30HE BHYTPEHHET0  KOHyca. OJIEMEHTHI, Jalolue B
miamenn  kapouaesl (Si, V, W u  mp.), moutu Bcerga oOpasylT U
TepMocTOiikhe  OKcuabpl. CoeauHeHus JTHX  DJEMEHTOB  JIydllle  BCEro
aTOMHM3UPYIOTCSI B BEpPXHEH I[OJOBMHE BHYTPEHHETO KOHYycCa, CoJepKallen
YaCTULBI C BOCCTAHOBUTEIBHBIM JeHCTBUEM. Takue nsnemeHThl, kKak Cu, Ag,
Zn, Mn, 1ieno4Hble MeETaibl, HE OO0pa3yloT TEPMOCTOMKHX COEAMHEHUN B
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mwiamMeHu. B mpuHmune, ux MoxkHO ObulO OBl OMNpeAeNaTh B K000 30HE, HO
NPEeANOYTUTEIbHON  SIBISIETCS.  BTOPUYHAs — pEakUMOHHAs  30HA, HMMerouas
HAWIYYlIyl0 CTa0WJIBHOCTb U, CJIEJOBATENbHO, BHOCSIIAS HAUMEHbBIIME IIyMbI
B aTOMHO-a0COPOIIMOHHBIC HW3MEPEHUS.

Kak u B sMuccHoHHOH MilaMeHHOM (oToMeTpuu, Mpoda pachbUIsSETCS C
MOMOIIbI0  MMHEBMATHYECKOTO  pACHBUIATENS B  KaMepy, CMENIMBAETCA C
TrOPIOYMM Ta30M H OKHCIUTEIEM, © OSTO TOMOTE€HHas CMeCh IIOJaeTcsl B
ropenky. CKOpOCTb 3acachblBaHUSI pacTBOpa MpPoObI OOBIYHO cocTaBisier 3-5
mi/muH. [lomawa mpoOBI  TpocTa W BOCIPOM3BOJMMA — TOTPEIIHOCTh
coctaBisier 0kojgo 0,2 %. OCHOBHOM HEIOCTATOK TAaKWX PACIBUIMTEIbHBIX
cucteM — HU3Kasi 3PEHEeKTUBHOCTH: TONBKO 3-10 % mpoOBl AOCTUTalOT IUIaMEHH,
a Oonmee 90 % He wucnoiap3yerca M YXOAMT B JpeHax. TakuM oOpaszom,
YyBCTBUTEJIBHOCTh IIJIAMEHHOTO aTOMHO-a0COpPOIMOHHOIO aHajin3a OrpaHuYyeHa
CIeAyIMMUMHU (HaKTOpaMHu:

HU3KOU A((PEKTUBHOCTHIO PACTIBIICHUS;

KpaTKMM BpEMEHEM TMpeOBbIBaHUS aTOMOB B PEaKIMOHHON 30HE (MOpsaka
MUJITUCEKYH);

NMOOOYHBIM PEAKLUSIMH, MPOUCXOAIIUMU B TUIAMEHH;

pa30aBiIeHHUEM AaTOMHBIX MApPOB PACHIMPAIONIMMUCS Ta3aMH IJIaMEHHU, KOTOPbhIe
MOTYT Tak)Ke JaBaTb COOCTBEHHBIE TOJIOCHI TOTJIOMICHUS AMUCCUU (POHOBHIE
IIYMBI).

UyBCTBUTEIBHOCTh  OMPEICICHUS HEKOTOPBIX OSJEMEHTOB B IUIAMEHU
MOXXHO TIOBBICUTh, BBOJASI MpoOy B Tulamsi B Ta3zooOpasHoit ¢dopme. [Ipu
TaKOM CcHocobe BBeACHHMS MpoObl B IUIaMsi TOTEPH B PACIBUINTEIHHON
KaMepe MCKJIKYATCsA, 3TO IO03BOJIAET MOBBICUTH ATOMHO-a0COPOLIMOHHBIN
curHall He MeHee, yeM B 10 pa3. [Ipounecc aroMu3anvu DPOTEKAET MOJHEE,
T.K. OTCYTCTBYIOT CpPaBHUTEIBHO MEJJICHHbIE CTaJUH JCCOJbBAaTAllMHd U
ucrmapenus. T.k. cama wucciaeayemass mnpoda peako  ObIBaeT  rasoM,
ONpeNeNsieMblid 3J€MEHT OOBIYHO NEPEBOJAT B ra3 XUMHUYECKUM CIIOCOOOM.
[IpumepoM SABISIIOTCS THAPUIHBIE CHUCTEMBI, TAE€ ONPEACNIIeMbId 3IEMEHT
MEepPeBOAUTCS B Ta3000pa3HbIM THAPUJ JNEHCTBUEM CHIIBHBIX BOCCTAaHOBUTEIEH
B KHUCJIOW cpejie (Jalie Bcero i 3THX LeJied HCMOJIb3YI0T TeTparuapooopar
Hatpusi NaBH,). 'a3000pa3ubie TUIpUABl BBIAYBAIOTCS WHEPTHBIM Ta3oM U3
peakTopa, CMEUIMBAIOTCS B KaMepe C TOpIYMM Ta3oM (Yamie BCero ¢
BOJZIOPOJIOM), M TIOJTyYeHHasi TOMOT€HHasi cMech mojaeTcs B miams (puc 1.3).

WNuorpa Bmecto Aud@y3HOro BO3IYIIHO-apPrOHOBOJOPOJHOTO IUIAMEHU C
THJIPUIHON CHCTEMOI HCHOJB3YIOT IJIaMsl 3aKHCh a30Ta-alleTUICH. JTO TIIaMs
npo3payHo B obmactu oT 190 HM, 4TO OCOOEHHO BaXKHO, T.K. PE30HAHCHBIE
JUHUU  OCHOBHBIX DJIEMEHTOB, OMPENCISIEMBIX C TOMOINBIO  THAPUIHBIX
CUCTEM, Jie)KaT B  KOPOTKOBOJIHOBOW 00JacTH  cHEKTpa. DTO  3JIEMEHTHI
oOpasyrolue JIeTKOJeTy4le TUIPUIbl, Takue, Kak MbIbsiK (193,7 HM), ceneH
(196,0 um), cyppma (217,6 um), BucmyT (223,1 HM), Temnyp (214,3 HM), 0J0BO
(224,6 am).
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NPoIyBKA

OKHCJICHHE Hl]{)ﬁiﬂ

CHCTEMBI
p s + LA
H:504 + H:0: Ar win Nz
NaBH,
peakropf———

IH:AsS0 + 4NaBHy + 2H:50 — 3AsH: Y + 4H:B0O: + 4H2 T + 2Na50,
H:SbOy + 2ZNaBH: + H:504 + 2H0 —= ShH:t + 2ZH:BO, + 4H:t + Naa S0y
4H:Sel)h + aNaBHs + 3H:504 + 6H: 0 — 4H:5¢t + 6HB Oy + 12H: T + INa:50

AsH;, SbH3, SeH;
‘L Fi

ILTaMH A

CHI'mA

Pucynok 1.3- Cxema rupugHOil CUCTEMBI

[Ipeasioxkensl W JApyrue yCTpOMCTBAa HJisi MepeBeleHHus TpoObl B
razooopasHoe coCcTosiHhE. TakK, 4YyBCTBUTEIBHOCTH OIIPEICIICHUS Si
yYBEJIMYMBACTCS Ha TMOPSIOK, €CIM OH BBOAUTCA B IIaMsi B Buje ¢ropuia
SiF4. bop Takxke ompenensieTcs ¢ ropasao OoJbllield YyBCTBUTEIBHOCTHIO, €CIIU
OH BHOcuUTci B mamsi B Buje ¢ropuna BF; unum B Buae TpUMETHUIOBOTO
a¢upa OOpPHON KHCIIOTHI.

[Ipu BBeneHMM B MiIamMsi ra3oo0pa3HO mMpPoObI Ha BBIXOJE aTOMHO-
aOCOpOIIMOHHOTO  CIIEKTPOMETpa  BO3HMKAeT MUK, KOTOPBIH  pacTer ¢
YCKOPEHUEM peakluyd oOpa3oBaHMs THAPHUIA, MTOCIE YEro BHOBb MaJaeT 1o
MEpe yHajJeHus M3 CHUCTEMbl ONPENETISEMOro 3JEMEHTa U 3aBEpLICHUS
peakiuu. Ilnomans nox KpuUBOM CHTHaja MPONOPLMOHAIBHA COACPKAHUIO
ompenenseMoro  snemMeHTa. ['mapuaHble aTOMHO-a0COPOLIMOHHBIE  CHUCTEMBI
UCIIOJIB3YIOTCS TMpPU OMNpEeAeIeHMH Se B CTOYHBIX BOAax (MeXAyHapOIHbBIN
cranaapt UCO 9965), As B NHUTHhEBOI, TOBEPXHOCTHBIX M TPYHTOBBIX BOJAX
(UCO 11969) u T.1.

DJIEKTpOTEpMHUYECKass aTOMHU3alMs, UCIOIb3YIOIIas AaTOMHU3aTOp B BHJE
rpadguToBOi  TpyO4aTOM TMeuM, 3HAYUTENBHO yMEHbIIaeT (Qunyeckue U
XUMUYECKUE OrPaHUYEHUs, CBSI3aHHBIE C MPOLIECCOM IUIAMEHHON aTOMHU3ALINU.
B oraumume or aromuzanuM B IUTAMEHH BECh JIO3UPYEMbI B TpadUTOBBIN
aToMu3aTop OOBEM pacTBopa o0Opa3na yd4yacTByeT B  (DOPMUPOBAHHH
AHAIUTHUYECKOIO CUTHala, W, CJIEJOBaTEIbHO, NOTEPH dakTuecku
uckimouarorcs. B rpadutoBoii  TpyOuaroi < meun — ucnmapeHue  mpoObl
IPOUCXOJUT B KBa3M3aMKHYTOM O0OBEME NIpPH €€ HarpeBaHUM AJIEKTPUYECKUM
TOKOM. ATOMHBIM Tap OMNPENEIIEMOrO >3JEMEHTa YIEPKHUBAETCS B IOJIOCTH
rpauTOBOM IME€YM B TEUEHHUE JIOCTATOYHO JJIMTEIBHOTO HWHTEpBaja BPEMEHU
(o 5 c) B omHMYME OT KOPOTKOIO BPEMEHM UX MpeObIBaHUS B
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aHanmuTHYecKoi 3oHe mmiamenu (107 ¢). D10 BbIpakaeTcss B 3HAYUTEIHHOM
YBEJIMYEHUH YYBCTBUTEIBHOCTH ompeneneHus (tTadin.l.2).

Hpyrum  BaXHBIM  NPEUMYIIECTBOM  3JEKTPOTEPMUYECKOH  aTOMHO-
a0COpOIIMOHHON CIEKTPOCKOIIMM SBJISACTCS  Majblii  pacxoj oOpasma s
aHamusza  (5-100 mkir). IlmamenHble MeTonbl OOBIYHO TpeOyrOT 2-5 MIL
Pasymeercs, aToMHO-aOCOPOIIMOHHBIMI aHAIU3 c BJIEKTPOTEPMHUUYECKOU
aTOMM3aIMed MMEET M HEKOTOPhIC HEJOCTATKH:

1) DOnexTporepMuYecKas aTOMHU3AIMSA SBISETCS aHATUTHYCCKOM
TEXHUKON OJIHOTO HM3MepeHUs-QUKCUPOBAHHBIA 00BEeM 00pasia aHaTu3upyeTCs
OJTHOKpAaTHO B  OTJIMYME OT TIUIAMEHHOW  aToMu3aluu, rie  obpaser
pacmbUISeTCS TPOJODKUTEILHOE BpEMs, B TEUEHHWE KOTOPOTO MOXKET OBITh
BBITIOJTHEGHO  HECKOJNBKO  M3MEpPEHWH. DTO  MPUBOAUT K  YXYAIICHUIO
BOCIIPOU3BOAUMOCTH.

2) bonbimas TUIOTHOCTh aTOMHBIX TApOB BEACT K YBEIMUYCHHUIO
HECEJIEKTUBHOrO (HeaToMHOro) morjomieHus. [lomexu B 3ToM cilyyae, Kak
MpaBWIO, 3HAYuTeIbHEE, 4eM B IulamMeHd. lloaTomy mnpu  aHanuse B
rpaguToBOM Te4YM, B OTIMYME OT OOJIBIIMHCTBA IUJIAMEHHBIX aHAJIHU30B,
obsi3aTeNTbHO TpebyeTcst Koppekius (oHa.

3) Bpemss ananmu3a B HECKOJIbKO pa3  Oonblie, 4eM B
MJIAMEHHOM aTOMHO-a0COpPOIIMOHHOM METO/IE.

4) IlpomomxurenbHOCTh oAHOro omnpenenenus B 10-20 pa3
6ombiie (1-4 MuH), 4eM y TUIAMEHHBIX METOAOB. DIEKTPOTEPMUUYECKUE METO/IbI
HMCIOT BBIIIE CTOMMOCTH OJHOTO DJIEMEHT-OINpEeacHusS W TpeOyroT Oosee
BBICOKOW KBajudUKaluu orneparopa.

DNEKTPOTEPMHUUECKUE aTOMU3ATOPhI, MCIOJIb3yeMble B KOMMEPYECKUX
npubopax , MOKHO pa3leliuTh Ha 2 THUIA — METAJUTMYECKHUE U rPadUTOBBIC.

K MeramimdyeckuM aToMu3aTopaM OTHOCSATCS BOJb()PaMOBBIC CHUPATBLHBIE
aToMHM3aTOpbl U TpaduTOBbIE TMe4yd, (yTepoBaHHbIE (OJBrOM  pPa3TUUHBIX
METaJUIOB (TaHTaJ, JaHTaH, MUPKOHUN W 1p.). B OOJBIIMHCTBE OTEUYECTBEHHBIX
U 3apyOeXHBIX KOMMeEpYecKuXx mpubdopax peanu3oBaHbl  TpadUTOBbBIE
aToMu3aTopbl — meud. KoHCTpyKuuu BBICOKOTEMIIEPATYPHBIX neyen
3HAUUTEIBHO PA3IMYaAIOTCS, OJTHAKO BCE OHU TEHEPUPYIOT CBOOOJHBIE aTOMBI
aHaIMTa TakuM 0Opa3oM, 4ToObl Morja ObITh U3MepeHa abCcopOIMOHHOCTH.
OOBIYHO ATO JTOCTUTAETCS TPEMs IIaraMu:

1. Cymika — cTaausi, HA KOTOpOW YJajsieTcsi pacTBOPUTENb M3 0OpasIa.

2. Iluponu3 — cragus, HA KOTOPOW YHAISIIOTCS OCHOBHBIE KOMIIOHEHTBI
MaTpPHIlbl, & AHAIAT TMEPEBOAUTCS B MPEAATOMHU3AIMOHHOE COCIMHCHHE.

3. Atommzanus — cTamus, Ha KOTOpPOW OOpa3yroTCs CBOOOJHBIE ATOMBI
OMPENIENAEMOr0o 3JIEMEHTA.

CurHan TOTJIONIEHUS, TIOJTy9aeMblid Ha CTaMd aTOMH3AIUU, UMEET (OopMy
pE3KOro THKa, BbicOTa (WIM IUIONIaJb) KOTOPOrO CBSI3aHbl C KOJIUYECTBOM
MPUCYTCTBYIOIIETO OMpeeIIeMOro anementa. llpu aHanu3e
MHOTOKOMITOHEHTHBIX ~ CJIOXKHBIX TPO0 KOJIMYECTBO CTAaaui 3HAYMTEIILHO
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yBenuuuBaeTcs. [IpuHuun BeiOOpa  TeMmIepaTypHO-BPEMEHHOW  MpPOrpaMMbl
HarpeBa rpauTOBOM Meyu WILIOCTpUpyeT puc. 1.4.

[IpoGa B Buae pacTBOpa WM B3BECH, CYCIIEH3MH (Tak Ha3biBaeMas slurry
- TEXHUKA) ¢ TOMOIIBI0 aBTOCaMILIepa (aBTOMaTa MPOOOIOaaun) WU J03aTopa
MOMEIIaeTcss Ha  CTeHKY TpyOkM WM Ha IUatgopMmy, pacroyioKEHHYIO
BHYTpU TpaduTOBON TPyOKH C MHUPOIUTHYCCKUM IOKPBHITHUEM JUIMHON 16-28
MM C BHEIIHHM auameTpoMm 6-7,6 mm (puc.l.5). Ilnardopma, mpencrasisromnias
coboit TpaduToBOE KOpHITIE, ObTa Tpemnoxkena b.B. JIbBoBeM. ['paduroBas
TpyOKa HarpeBaeTcsi NMpU MNPOXOXKICHUM dYepe3 Hee cuibHoro Toka (mo 400
A) 1npu HU3KOM HamnpsbkeHud. VHepTHBIM ra3 (OObIYHO aproH WM a3oT)
MpoTeKaeT dYepe3 TpaduTOBBIE BTYJIKU, YACPKUBAIOIINE TIECUYKY, M 3alUIIACT
BHYTPCHHIOIO W BHEIIHIOK IMMOBEPXHOCTh TPYOKH OT OBICTPOTO OKHCJICHUS.

6
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£ 1500 -
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e 3
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Pucynox 1.4 — HarpeB rpaduToBOil meun B SJIEKTPOTEPMUUYECKONH ATOMHO-
a0COpPOIIMOHHON CIIEKTPOCKOTTUHU

I — BKJITOYEHHE TOTOKA aproHa; 2 — CTaJusl CYUIKH; 3 — cTaaus 030JieHus; 4
— OTKJIFOYEHUE aproHa; 5 — BKIIOUYEHUE aproHa; 6 — ctajus aTOMU3aluu; 7
— CTaausl OXJIAXKJICHUS (KOHIUIIMOHUPOBAHUS TICUM).

y

Pucynok 1.5 — I'paduroBas meusb ¢ miargopmoii
1 — mnatdopma; 2 — HAKOHEUHUK J103aTOpA.
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CKOpoCTh ~ MHEPTHOTO  Ta3a  BO  BHYTPEHHEM  TMOJIOCTH  TI€YKH
nporpammupyercs. [luponutudeckoe MOKPHITHE, TOMIIMHA KOTOPOro okojio 30
MKM, YMEHBIIAET MOTEpU aHaiuTa BcaeAcTBue Iud@y3uum B mopbl rpadura,
MpeNoTBpaIlaeT OKUCICHUE W paspylleHue Tpadura BCIASACTBUE XUMUYECKON
WHEPTHOCTH, CHIDKAET BEPOSITHOCTh OOpa3oBaHUA KapOWAOB, yBEIMYHUBACT
CPOK CHY>XObl T€YM ¢ aHAJUTHUYECKYI0 YYBCTBUTEIBHOCTH OIPECICHHUS.
JleiictBue miaThopMbl 3aKIIOYAaeTCS B TOM, YTOOBI 3a/epkKaTh HCIApEHUE
oOpaslia 10 Tex Top, moka rpadutoBas TpyOKa HE HArpeeTcs IO MOCTOSHHOU
TEMIIEpaTyphbl, T.€. 10 HU30TEPMHUYECKUX YCIOBHM.

[TogoGubie snexTporepmudeckue  ycrpoiictBa HGA (heated graphite
atomizer) HCHOJB3YIOT HE TOJBKO B AaTOMHO-aOCOpPOLIMOHHOM MeTojne. Tak,
KOHTPOJIMPYEMBIA  KOMIIBIOTEPOM  3JIeKTpoTepMuueckuii  atomuszarop HGA-
600MS mOTHOCTBIO MHTETPUPYETCS € MACC-CIEKTPOMETPOM U MO3BOJISIET
MeHee 4YeM 3a | MUH. BBINOJHUTH ompeneiaeHrue okoyio 70 3IeMEeHTOB MpoObI
o0beMoM 5 Mki. B rpaduToBoil mneun aHanuzupyemas Mnpoda BBICHIXAeT,
nojiBepraeTcs nuponu3y M ucnapsiercs. [lapsl TpaHCHOPTUPYIOTCS ~ MHEPTHBIM
ra3oM B MAacC-CIIEKTPOMETP C MHAYKTUBHO-CBSI3aHHOW IUIa3MOM, Ui 4ero
JIO3UPOBOYHOE OTBepcTHE B TpadutoBoi meun mnepekpbiBaerca. Craaus
MUPOJIKN3a MO3BOJSET YAaCTUYHO OTOTHATh MATPUIy W MUHUMH3UPOBATh €€
BIIUSIHAE HA YCJIOBHUS OOpa30BaHUS IIJIa3MBbI.

CoBpeMeHHbIE  aTOMHO-a0COPOIMOHHBIE  CHEKTPOMETPHI  OCHAILlAIOTCS
rpauTOBHIMU neyaMu HE€ C NpoaoJbHbIM (puc. 1.6, a), a moONEpEeYHbIM
(puc.1.6, 6) pacmonoxxeHrueM TpadUTOBBIX TPYOOK OTHOCHTEIHHO BTYJIOK-
JepKaTEIICH.

I'padutoBas ~ TpyOka  [JONMOJHHUTENBHO  OCHAIAETCs  IpadUTOBOU
matgpopmoii. [TonoOHast KOHCTPYKUMST aTOMHU3aTopa TMO3BOJISIET BBINOJIHUTH
aHalIM3 B YCJIOBHSX TEMIIEPAaTypHO-CTAOMIM3UPOBAHHOM TMe4Yu C Iuiat(opmoit
JIbBoBa (stable tempreture platform furnace - STPF) — B onTuManbHbIX YCIOBUAX
IpyU  aTOMHO-aOCOPOLMOHHBIX M3MEPEHUSX KOHLUEHTPUPOBAHHBIX  COJIEBBIX
pactBopoB. B ycnoBusax STPF mnpaktuyecku HE OTMEUYaeTCsi MATPUYHBIX
BIUSHUNA Ha pe3yJbTaThl W3MEPEHUMN, ONTUMAJIbHBI MPOLeCChl 00pa30BaHUs
CBOOOJHBIX aTOMOB, OTCYTCTBYIOT IMOTEpPH aHAJIUTa M KOHACHCAIMS MPoObl Ha
XOJIOIHBIX KOHIIaX TpaduTOBON TPyOKH.

DTO MO3BOJISIET BO MHOTUX CJy4dasX YCTPAHUTh XHUMHUYECKHE BIIUSHHS,
UMEIOIUEe MECTO B TPOJOJBHBIX aTomu3aropax. Hmwke bl 1oapoOHO
ocraHoBUMcsi Ha  STPF-koHuenuuu, peanuzanus KOTOpPOW  00s3aTENBHO
BKJIFOYAET HCIOJIb30BaHNE XMMHYECKUX MOIU(UKATOPOB.

AmomMHo-abcopbyuoHHoe onpedesieHue pmymu Memooom
«X0J/1I00Ho020 napa». B 1963 rony akamemukom H.C. ITomysKkTOBBIM ¢
COTPYJHHMKAaMHU  [OKa3aHO, YTO YYBCTBUTEJIBHOCTh IUJIAMEHHOIO  aTOMHO-
aObCOpPOLIMOHHOIO OMNpeNeJeHUsI PTYTH MOXKHO 3HAUUTEIBHO TOBBICUTH MPH
N00aBJIEHUH K PacTBOPY XJIOpUJA OJOBAa KaK BOCCTAHOBUTEINS.
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Hanp A K eHHe

0
Pucynok 1.6 — CpaBHeHue TemnepaTypHbeIX mOpoduieil mpoaosibHO (a) u
nonepevyHo (0) pacmoyioKEHHbIX TpadUTOBBIX TNedei

PTyTh, BOCCTaHABIMBAsSICh 0 aTOMAPHOTO COCTOSHUS, TIOJTHOCTBIO TEPEXOIUT B
razoByro (aszy. B pesynprare ObLT pa3paboTaH NOPUHIMIIAAIBHO HOBBIN
HETUTAMEHHBI ~ aTOMHO-aOCOpOIIMOHHBIM ~ METON  OMNpenesieHus  PTYTH,
OCHOBAaHHBIH  HAa  W3MEPEHHHM  TMOTJIOIICHHMs CBETa  aTOMaMu  PTYTH,
BBIJICICHHBIMU M3 aHAJU3UPYyEeMOro pacTBopa (IOCiE€ €€ BOCCTAHOBJICHUS)
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IIOTOKOM BO3yXa HWIHW HWHCPTHOI'O rasa. OT1OT MCTOA IIOJIYUYWJI Ha3BaHUC
MCTOAA «XOJIOAHOI'O IIapay».

Muorue ¢upMeHHbIE CHEKTPO(POTOMETPHl  CHAOXKEHBI  CHEIHMATBHOU
annaparypoil, HeoOXxogumoll i paboTel mo 3TomMy Mmetony. llpenen
oOHapyxeHus: pryTH 3TUM MeTonoM 0,1 Hr. BepxHsis rpaHuna ompenensieMbIX
COJIEP)KAaHU JaHHBIM METOJAOM 3aBHCHUT OT PACTBOPUMOCTH 3JIEMEHTHOM
PTYyTH U B Boje cocTaBiser 5,85 mkr/mil. OnpeneiaeHuto pPTyTH MEIIAT
HOHBI, IPEMSATCTBYIONIME TEPEBEICHUI0 PTYTH B razoBywo ¢asy (Se, Te, S, Ag,
Au). benzon, TOayon W JApyrue = apoMaTHYeCKUE  YriaeBOAOPOJAbI B
ra3oo0pa3HoOM COCTOSIHUM CWJIBHO TorjomawT B obmactu 253,77 HM U
JIOJKHBI OTCYTCTBOBATb.

PacnipocTpaHeHHOCT, PTYTH B OO0BEKTaX OKPYXKAIOMIEH Cpelibl, BHICOKAs
TOKCUYHOCTh €€  COCAMHEHWH, CIMOCOOHOCTh K  HAKOIUICHUIO  KUBBIMU
opraHu3MaMu  TpeOylOT  IOCTOSSHHOTO  AHAJUTHYECKOTO  KOHTpOJIA €€
COep’KaHW B TMPUPOAHBIX U MPOMBIIUIEHHBIX o00bekTax. B Tabm. 1.5
MPE/ICTABIICHBI JIaHHBIE TIO0 COJEPKAHUIO PTYTH B HEKOTOPHIX OOBEKTaX.
Tabmuua 1.5 — [IpenenpsHO AOMYyCTUMBIE M HOPMATUBHBIE KOHUEHTPALMH PTYTH
BO BHEIIHEH cpeje, B MHJIWKATOPHBIX Cpelax M OpPraHu3Me YeJoBEeKa

Ne

W Bua coenvHeHuss pTyTH U MECTO HaxOXKIACHUS Konnenpanus
1. TIOK st MmeTamindeckod pPTYTH B BOJE 0,005 mr/n
2. IIJK gis qusTuiapTyTd B BoAE 0,0001 mr/n
3. IIIK pyist HeOpraHUYECKOW PTYyTH B BO3AyXeE 0,05 MKr/n
4. Jlen I'pennanguun 1o 1900 r. 6 HI/KT
5. Bopa He3arpsi3HEHHBIX HWCTOYHHKOB no 200 vr/n
6. Boma HCTOYHHKOB OKOJIO 3QJIEKEW PTYTHBIX PYyA 10 80 MKr/n
7. Boma B 3amuBe MuHamara B mepuos MmaccoBblXx g0 600 Hr/n
OTpaBJIEHUMN
8. CpenHee conepkaHue pPTyTH B atmocdepe 0,020 ur/n
9. IlumeBble MPOIYKTHI, KPOME PHIOBI no 60 Mkr/n
10. PpiOa He3arpsi3HEHHBIX BOJOEMOB no 200 MKr/kr, B
KPYIHBIX XU~
HuKax o 5000
MKT/KT
11. Pwiba B 3amuBe MuHamarta 11 Mr/kr
12. TlosiBnenue MIEPBBIX CUMIITOMOB OTpAaBJICHUS
METWIPTYThI0 B MuHamara u Mpake mpu coaepkaHuu
pTyTH:
a) B KpOBHU; 20-40 Mkr/100mr
0) B BoJOCax. 50-60 mr/kr

13. HeoOxomuMm pAucnaHCepHbI yuyeT mpu couepkanuu Oonee 50 Mkr/in
pPTYTH B MOYE

B HacTosLIee BpeMsI 3aj1a4a OBICTPOro, CEJIEKTUBHOIO U
BBICOKOUYBCTBUTEJIBHOIO  ONpeNeieHUuss OOLEero coaepKaHusi PpTyTH B
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pa3sIUYHBIX  OOBEKTaX pemiaeTcss 4Yalle BCero  aToMHO-abCOpPOLIMOHHBIM

METOJIOM B BapHaHTe «XOJIOAHOrO Tmapa». Meroa aroMHO-abCOpPOLMOHHON

CHEKTPOCKOMMU  PEKOMEHJOBaH KaK YHU(PUIUPOBAHHBIA TMPU ONPEACICHUU

prytu B cucreme EBpomeiickoro wmonutopunra. Pazpaboranst ['OCTel u

YHU(GUIUPOBAHHBIE METOJUKH ISl OMNpENETeHUs PTYTH B  Pa3IUYHBIX

o0bekTax (Tabs.1.6) ATUM METOIOM.

Pa3paboTtaHo MHOrO BapHWAaHTOB ammapaTypbl U METOJUK, MO3BOJISIOIINX
ompeneNnsTh ofmmiee coaep)aHue PTYTH WIA  OTACIBHBIX ee  (dopwm,
OTIUYAIONINXCS  PA3IMYHOW  UyBCTBUTEIHHOCTBHIO, TOYHOCTHIO U JIPYTUMH
METPOJIOTUYECKUMH  XapakTepucTukamMu. Ho mpuHIMmmambHas cXxema BCex
METOJMK ONPEETIeHUs] PTYTH aTOMHO-aOCOPOLUMOHHBIM METOJOM XOJOJHOTO
napa 3akjIo4aeTcs B CIEIYIOLIEM:

1. Orbop M KOHCEpBUpOBaHHE MPOO IS aHAIU3A.

2. PaznoxxeHue wuccienyeMblX Tpo0 C LEIbl0  YCTpaHEHUs MEMIAoIIero
BJIUSIHUS OCHOBBI M COIYTCTBYIOLIUX 3JIEMEHTOB.

3. BoccraHoBneHue pTyTH 1O aTOMapHOTO COCTOSIHUSI M TPAaHCIIOPTHPOBKA e€e
napoB B U3MEPUTETHHYIO KIOBETY aTOMHO-a0COpPOIIMOHHOTO
CHEKTPOMETPA.

4. VI3amMepeHue aTOMHO-aOCOpPOIITMOHHOTO CHUTHajda MapoB PTYTH TPH JIJTUHE
BOJHBI 253,7 HM.

5. Tlornoiienne mMmapoB PTYTH COPOEHTOM Ha BBIXOJE U3 HU3MEPUTEIHHOU
KIOBEThl C LEJIbI0 NPENOTBPAIICHUS MOIMAJaHUus €€ B OKPYXAlOUIyl Cpemy.

Tabmuua 1.6 - CtangapTHble METOAMKM ONpPENEICHUS PTYTH METOJIOM

«XOJIOJHOTO Tapay

OObexT ananu3a Jnana3oH HopMaTtuBHbBIN JOKYMEHT
onpeaensieMbIX
COJICPKAHUI
Atmocdepnsiii Bo3ayx | 0,16-17 Hr/n PJ1 52.04.186-89
2-70 ur/n Pryte B  armocdeprOM
BO3/lyX€
IIpompInIEHHBIE 0,1-4 mxr/n JAmutpues M.T., Kaznuna
BBIOPOCHI B HMW., Ilmaurmna H.A.
aTMoc(hepHbIi BO3AYX CaHuTapHO-XUMHUYECKUN
aHaJIN3 3arpsI3HAIOIINX

BELIECTB B OKPYXKAIOLIEH
cpeae.M.: Xumus, 1989.

Atmocdepubie ocanku | 0,05-10 mkr/n PJ1 52.04.186-89.
Pryte B atmocdepHOM
BO3/TyXe

IIutbeBas BoOIa 0,1-10 MKr/n ISO 5666.4. 2

[Ipupoanbie BOJIbI 0,1-10 mkr/n ISO 5666.4. 1
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0,08-10 Mkr/n

PJ1 52.24.30-86.
Meroguueckue  yKa3aHWS
o ONPEICIICHUIO
COIEPKAHUSA pTYTH B
MIPUPOJIHBIX BOJIAX

0,1-10 Mkr/n

YHaudunupoBaHHbIe
METO/TBI MOHHTOpPHHTA
¢dboHOBOTO 3arps3HEHUS
npupoaHoir  cpeanl /Ilox
pen. PoBunckoro  @.4.
JI..I'mppomereounsnar,
1986.

HOBCpXHOCTHLIe
CTOYHBIC BOIBI

0,1-10 mkr/n

ISO 5666.4.1, 4.3

COB. VYauduuupoBaHHbIe
METO/IbI UCCJIeIOBaHUS
KauecTBa BOoa.M.;1983,
T.2,qa.1.

ITouBBI pa3sHBIX THUIIOB

2,5-250 MKr/Kr

Can Ilun 42-128-4433-87.
CanurapHsie HOPMBI
JOMYCTUMBIX  KOHIEHTpa-
O XUMHYECKHX COEIOU-
HeHuM B mouBe. M., 1988.

ITouBbl cenbX03yroaui

2,5-250 MKr/Kr

Meronnueckue — yKa3aHHUs
1o OIPELIEIICHUIO
TSDKEIBIX ~ METAZIOB B
[I0YBaxX CEIbXO3yrOJUN U

MPOAYKTaX  PacTCHUEBO/I-
ctBa.M.,1992.

[TumeBpie TIPOTYKTHI

Cpin = 5 MKI/KT

['OCT 26927-86. Coipbe u

IIPOIYKTHI IIAILIEBBIE.
Mertonpr OIIpEAECICHUS
PTYTH.

Meroauueckue ykKasaHus IO
OOHAPYKEHHUIO U OMPEIEICHUIO
colepaHus oOOIeld pTyTH B
MUIICBBIX MPOAYKTAaX MCTOAOM

OccrmaMeHHOM aTOMHOM
abcopbumu. M.,1990.
IToBapenHnas comnp Cuin = 1 MKI/KT KonekcHrIi CTaHJAPT.

Codex Standart for

analyses food grade,
150-1985.

Hekotopsie METOIUKN

BKJIOYAKOT

AOITOJIHUTCIIbHYIO CTaauro

KOHIIEHTPUPOBAHMS WJIM COYETAIOT OTOOp MpoO0 M KOHIIEHTPUPOBAHHE PTYTH
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OTHOBpEMEHHO. OTAENbHBIE METOAUMKH HCKIIOYAKOT CTAaIUI0 NEPEBOJA PTYTH B
JBYXBAJI€HTHOE COCTOSIHME, B HHUX OCYLIECTBJISETCS IIEPEBOJ PTYTU B
aTOMAapHOE COCTOSTHUE HEMOCPEJCTBEHHO M3 TBEPAOH MPOOBI.

Paccmorpum onHy wu3 HauOoliee yMOTPEOUTENIBHBIX [IJISI  ONpENeTeHUs

pTyTH cucteM (puc.l.7).
2 .

Y .

B 73

Pucynok 1.7 - YcraHoBka njisi onpeneneHus pTyTH METOJOM XOJIOAHOTO Iapa

C 3aMKHYTOM CHCTEMOM KOMMYHHUKAIUW

1 — peakTop; 2 — Hacoc; 3- GunbTp; 4 — KIOBETA; 5 — MOTJIOTUTENh; 6 — KPaHBI.
AHanuzupyemyro 1poOy NpeaBapUTENbHO TMEPEBOIAT B PacTBOp, B

KOTOPOM PTYTh HAxXOJWTCS B JABYXBAJE€HTHOM COCTOSIHMH. PacTBOp MOMEIIAIOT

B KkosOy-peaktop(l), Kyaa 3arem mnpuiuBaroT pactBop xisopuaa oiosa (II),

BOCCTaHABJIMBAIOIIET0 PTYTh 10 METaJlja:

Hg (II) + Sn (II) <> Hg°® + Sn (IV) (1.2)

3ateM C TOMOULIBIO  IHMPKYJSLHUOHHOTO  Hacoca(2) MpPOKauYuBarOT

HAXOJSIIYIOCS B CHUCTEME Ta30BYIO CMECh, COJCPIKAIYI0 BbIJACIUBIIUECS Mapbl

pPTYyTH, Uepe3 KIOBETY C KBaplUeBbIMM OKHamu(4) , yCTaHaBIMBaeMyl Ha

ONTUYECKOW OCH KOHACHCOPHOM  CHUCTEMBI  CIEKTpOGOTOMETpa  BMECTO

IJJAMEHHU WJIM 3JEKTPOTEPMUYECKOro aTomu3aropa. Jljisi OYMCTKM MOTOKa rasa

OoT yacTtull a’posojiei ciykut ¢GunbTp(3). Tak Kak cucTeMa KOMMYHUKAIMH

3aMKHYTasl, TO B HEH CIYCTS HECKOJIbKO JIECSITKOB CEKYHJl IIOCJe€ Hayaja

peaKiMu yCTAaHABJIMBAETCS pPABHOBECHAS KOHIICHTpAIUsi MapOB PTYTH; MpHU

ATOM aTOMHOE TMOTJIOIICHUE €€ aHaJIUTH4YecKoW JMHUH (253,7 HM) JIOCTUTaeT

MakcumymMa (puc.1.8). A

v

T

Pucynok 1.8 - 3aBucuMocTh aOCOPOIMOHHOCTA A OT BpEMEHH TpH padoTe
YCTAHOBKH 110 METOAY «XOJIOAHOTO Iapa» € 3aMKHYTOW CHCTEMOWU
KOMMYHHUKAILIUI
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3aBUCUMOCTh aTOMHO-a0COpPOLIMOHHOTO CHUrHajga OT BpPEMEHH UMEET
bopmy KpUBOM C HACBIIIEHUEM, MPUYEM npeaen HACBIICHUS
MPOIMOPIIMOHANIEH COACPXKAHUIO PTYTH B pacTBope mpoOsl. [locne oxoHyaHUs
W3MEpPEHHUS  OTKPBIBAIOT KpaHbl (6) W  PTYTHBIE TMapbl  YyJaBIWBAIOTCS
nornotureneM (5). B omMcaHHBIX  YCIOBUAX — JaXe IPU  KOMHATHOM
TEMIIepaType CoJepiKalascsi B pacTBOpPE PTYTh MEPEXOJUT B Ta3z000pa3zHOe
COCTOSIHME, Onarofaps 4YeMmy JOCTUTalOTCS JOBOJBHO HHU3KHE  MPEICIIb
oOHapyxeHuss (mpumepno 1 Hr). Jlus MOJTy4YEHUS rpagyupoBOYHOU
XapaKTEPUCTHKU, KaK  OOBIYHO, HCIIOJIB3YIOT  pacTBOPbl € HM3BECTHBIM
comepxanuem pryTd. CTtaHgapTHele pacTBopbl pryTH TOTOBAT U3 HE(NOs),,
xu; HgCly,x4 unm ucnons3yroT crangapTHseie oOpasusl ['COPM-1.

[IpucraBky K aTOMHO-a0COpPOIIMOHHOMY CIIEKTPOMETPY In:
ONMpENENeHUs] PTYTH METOJIOM  «XOJOJHOrO Mmapa» Jerko coOpaTh B
nabopaTopHbIX ycioBusax. IIpekpacHo 3apekoMeHzioBaiu ce0sd yCTaHOBKH,
npuBefeHHble Ha puc. 1.9, 1.10. OHu npocThl B HCHOJHEHUH, YJIOOHBI U
HaJIe’KHBI B padore.

h
Pucynok 1.9 - [Ipumep ycTaHOBKH 111 ONIPEACIICHUS PTYTH
1 — cxaTblil BO3/TyX WM MHEPTHBIN Ta3; 2 — poTaMeTp; 3 — JAera3alioHHas KoJioa;
4 — aspanMoHHas TpyOka; 5 — camonucelr; 6 — CeKTpOMeTp; 7 — KBaplieBas
U3MEpHUTENbHAs KaMepa; 8 — HarpeBareib; 9 — pTyTHas nammna; 10 — abcopbep

PTYTH.

0,7 n/Mun

2.8 a/mun

2,1 afmun

=100_| ——6

Pucynok 1.10 - Cxema ra3o-npoTo4yHOM CUCTEMBI JJIs1 ONIPEICIICHUSI PTYTH
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|1 - MarHuTHas Memaika; 2 — adparmoHHas Kojioa; 3 — ra3oBbId QUILTpP; 4 —
abcopOep mapoB pTyTH; 5 — U3MEpUTENbHAs sUeiiKa; 6 — aTOMHO-a0COpOIMOHHBIN
CIIEKTPOMETP.

Cucrema KOMMYHUKauuMid He3aMKHyTas. B mpomecce ompeneneHus
NpOXOJSIIMKA 4Yepe3 CUCTeMY BO3AyX C MapaMud pPTYyTH T[OCTyNaeTr B
AQHAJIUTUYECKYIO KIOBETY. AHAJUTUYECKUH CHUTHAJl BO3pAcCTaeT IO Mepe
MOCTYIUICHUSI aTOMOB B SUEUKY, MIPOXOJUT YE€pe3 MAaKCUMyM U YMEHbIIAETCS
JI0 HYJIA TOCJE BBIACICHUS PTYTH U3 cucTeMsbl (puc.l.11).

A
A

»
>

7

Pucynok 1.11 — 3aBucuMocTh aOCOPOIIMOHHOCTH OT BPEMEHH IpU padboTe
YCTAHOBKH 10 METOAY XOJIOJHOTO Iapa ¢ HE3aMKHYTOW CHCTEMOM
KOMMYHUKaIU!

KuneTuka BblIENEHHUS PTYTH M3 PACTBOPA OIMHUCHIBACTCS CIIEAYIOIIMMU

YPaBHEHUSIMU:

A=Ba[l-(1-K)] (1.3)
Ana=Ba[l-(1-K) ] (1.4)
A=Ba(l-K),[1-(1 -K)l;] (1.5)

Cootnomienuss (1.3) wu (1.5) onuceiBalOT XapakTep HU3MEHEHUS

abCcopOIMOHHOCTH A  BO BpeMs TMPOXOXKACHUS TMapoB PTYTH B KIOBETE:
BoipaxkeHue (1.3) - Bocxonsiiyto BeTBb, BblpaxkeHue (1.5) — Hucxopsuryio.
VYpaBuenue (1.4) mO3BOJISIET TOJY4YUTh 3HAYeHUE aOCOPOLMOHHOCTH B
MaKCUMyM€ KPHUBON MOTJIOIICHUS:
K — nmons Belaenstonierocss KoJIMUeCTBa PTYTH 3a paBHBIE IPOMEXKYTKHU
BPEMEHH; a — KOJIMYECTBO PTYTH, HaxoAsmleecs B pacTBope; B — koadpdumment
MPOTNOPLMOHAILHOCTH; t; — BpeMsl ¢ Hayaja 3arfoJIHeHHS KIOBETHI, ¢; U — 00bem
KIOBETHI, MJI; V — CKOPOCTh TMOTOKa BO31yXa, MJI/C; t, — BpeMsl CHUTHajla Tocie
MaKCUMyMa Ha KPUBOW MOTJIOILIEHUS.

N3 npusenenubix ypaBHeHuit (1.3) - (1.5) BuaHO, 4TO0 aGCOPOIIMOHHOCTH
ra3oBoii (a3l B 000N TOYKE KPUBOW  TIOTJIONMICHUS  OMPEIEIsIeTCs
COZIEp’KaHHEM PTYTH B PACTBOPE, CKOPOCTHIO IMOTOKAa BO3AyXa WU IMapaMeTpamu
KIOBETBL.

Jlnst  mocTikenus OONbIIeH YyBCTBUTEIBHOCTH OMNpPEACNECHUS PTYTH
cieayer  BO3AyX TMpOAyBaTb C  MEHBIIEH  CKOPOCTbIO. ODTH  BBIBOJIbI
MOATBEPKACHBI IKCIEPUMEHTAIBHO WU TNPHUBEICHBI HA puc.l.12.
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050

0,25
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|
100 T¢

Pucynok 1.12 - 3aBucumoctb aOCOPOLIMOHHOCTH OT BPEMEHH IIPHU
Pa3IMYHOM CKOPOCTH BO3AYIIHOTO MOTOKA. V| < V< Vi< V,.

AHQIUTUYECKUNA  CHUTHAl 3aBUCUT U OT JUIMHBI  KiOBeThl. [lpum
yBennueHnn JMHbBL 0T 20 1o 40 cM curHaim pTyTH BO3pacTaeT BABOE, a IpHU
m3MeHenun aiauHbl oT 80 mo 120 cm —Bcero B 1,3 paza.

B kayecTBe BOCCTAaHOBHUTENEH MpPU ONPEACICHUU PTYTH METOAO0M
«XOJIOJHOTO Tapa» ucnoyib3yroT xjiopug osnosa (II), 6Goporuapun HaTpus,
aCKOPOMHOBYI0O ¥ JUOKCHUMAJEUHOBYIO KHUCIOTHI, xjopun repmanus (II) wu
npyrue. Beioop TOro WiM WHOTO BOCCTAHOBUTENS 3aBUCUT OT HEOOXOJIMMOCTH
ompesneneHusi OoOIEro cofep>KaHus PTYTH WM OTIEIBHBIX €€ (opM, OT
coctraBa npobd W cmocoba WX TOArOTOBKH. PaccMoTpuM — MexaHU3M
BOCCTAHOBJICHUSI PTYTU HEKOTOPHIMU peareHTaMu.

Xnopud osoea (ll) e kasecmee eoccmaHosumesnss pmymu (ll).
Haunbonee yHOTpeOUTEIbHBIM BOCCTaHOBUTEIJIEM CUMTAETCA XJIOpUJ
JIByXBAJIECHTHOT'O 0JIOBA. BOCCTaHOBIIEHNE PTYTHU MPOUCXOIAUT IO YPABHEHHUIO:

Hg Cl, +[SnCl,]© — Hg’+ [SnCl]” (1.6)
Peakius nporekaer yepes craauio obpazoBanus kamomenu Hg, Cly:
2Hg Cl, +[SnCl4* — Hg, CLy +[Sn Clg]* (1.7)
Hg, Cl, +[Sn CL,]* — 2 Hg"+ [Sn Cls]” (1.8)

Xmopua osoBa (||) siBIsercss  yaoOHBIM  BOCCTAaHOBHUTENEM, OJHAKO
BOCCTAaHOBJICHHE PTYTH XJIOpUIOM oJioBa 3aBuUcHT oT pH, cmocoba
MOJITOTOBKU TIPOO, COCTOSTHUSI PTYTH B aHAIU3UPYEMOM pacTBOpE.

OOBEeKTUBHON  XapaKTEPUCTUKOW  JFOOOTO  BOCCTAHOBHUTENSA WM
OKHCIIUTENS SIBJSETCS CTaHIAPTHBIA PEIOKC-TMOTCHIIMAN, KOTOPBIH B JaHHOM
CHCTEME DPAaBCH:

0
E snavysnan = +0,15 + 0,21 B, (1.9)
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E'hy g = +0,85 B (1.10)

[TotHOTA OKHUCTUTENHHO-BOCCTAHOBUTEIHLHON PEAKIIMU JOCTHTACTCA TPHU
Pa3HOCTH TMOTEHUMAJIIOB pearupyrommx peaokc-nap He MeHee 0,2 B.
Cpasuenne mnotenmuanoB map Sn(IV)/Sn(Il) u Hg®"/Hg mokasbiBaer, 410
roHHbIe hopMmbl pryTH Hg®' 7erko BOCCTAHABIMBAIOTCS XJIOPHUIOM OJOBA.

[Tpumenenne SnCl, npakTHYeCKH B OAHUX W TeX K€ YCIOBUAX
MO3BOJISICT CUUTATh EOSn(IV)/Sn(H) HEHU3MCHHBIM.

OKHCITUTETbHO-BOCCTAHOBUTEIBHBIM  MOTCHIIMAN ~ PEIOKC-TIap  PTYTH,
BOCCTaHaBIuBaeMbIX xjopuaom ososa (II), nomken ObiTh He Menee 0,41 B:

Eltgiate = Elsnavysnan + 0,20 =021 +0,20=0,41 B,  (L.11)
rae Ln — nmurang.

Torma KOHCTaHTBI YCTOHYMBOCTH COCAMHCHUN PTYTH, KOTOpbIE OyayT
BOCCTAaHABIIMBAThCS XIopHaoM ososa (II) , momkHbel GbITh He Gomee 10

0 2 0o 2 0,059
E Hgln/Hg T= E Hg +/Hg - b lg Bn (112)
2E, 2 e~ Ergng) _ 2(0,85-0,41)
lg B, < — e IS = S50 S2U=15 1.13
g Pn 0,059 0,059 (1.13)

Takum oOpaszoM, coequnenuss prytu (II), umeromue ycroiuuBocts 1g B,
< 15 Oyayr BoccraHaBiauBarbca xjopugoMm ojoBa (II) momHocThIO, a
coenuuenus ptyTH (II), umeronue OobIIME KOHCTAHTHI YCTOMYMBOCTU OYIyT
BOCCTAHABJIMBATHCS JIMIIIb YaCTUYHO WJIM BOBCE HE OyAyT BOCCTAHABIMBATHCS.

B BomHBIX pacTBOpax pPTYTH B HIMPOKOM HHTepBajie pH Bo3MoxkeH ee
TUApOIN3 ¢ oOpaszoBaHMeM ruapokcokommnekcoB HgOH', Hg(OH), Hg(OH)3,
KOTOpbIE HE  BOCCTAaHABJIMBAIOTCS  MOJHOCTHIO  xjopujpoM  osioa (II).
PaccunraeM E’ygomypm, - YeToiunBocts kommuiekca Hg(OH), xapakrepusyercs
oOmeld KOHCTaHTOM ycronWuuBoctH Ig 3, = 20,5.

: = E 0059 15 B, =0,26 B (1.14)

Hg(OH)2/ Hg He™" | He 2

[Totenmmansr map Sn(IV)/Sn(II) u Hg(OH),/Hg otnmuarorcs Menee, ueMm
Ha 0,2 B, moaTomy BoccTaHOBUTENbHOU crnocoOHOcTH SnCl, HEAOCTAaTOUHO ISt
BOCCTAHOBJICHHUSI PTYTH M3 €€ THUIPOKCOKOMILIEKCOB.

OOpaboTka THIPOKCOKOMIUIEKCOB PTYTH COJISIHOKMCIBIM —PacTBOPOM
opomua-opomarHoii cmecu (KBr + KBrO; + HCl) npuBoguT k mnpeBpallleHUIo
WX B pasiMuHblE XJOPUIHBIE M OpomuaHbie KoMmruiekchl (1gBgci = 6,74,
lgB Hg c1i = 14,17, 1gBugar+ = 9,05). Ilpn >TOM moOTEHIMANn peNoOKC-apbl PTYTH
MOHIKAETCSI HE CTOJIb CYIIECTBEHHO, KaK JJI THAPOKCOKOMIIIICKCOB:

E’Hecrtmg = 0,66 B; E°Hgcn-mg = 0,44 B; EOHgBr+/Hg =0,59B

[ToaToMy XJ0puj 0JIOBa B KHUCIOW Cpejle MOJHOCTHIO BOCCTaHABIMBAET
PTYTh U3 OOpa3yIOLMXCA COCTUHEHUII.

B nmpecHpix Bomax pTYTh HaxOAWTCS B BHUIAE THAPOKCOXJIOPHUIHBIX
KOMITJIEKCOB, a TaKKe KOMIIJIEKCOB C BBICOKOMOJICKYJISIPHBIMH
noJIM(PYHKITMOHAIBHBIMUA ~ (DYJIbBO- M TYMHUHOBBIMH KHCIIOTaMH, IpUYEM TPHU
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pH 7-8 nomunupyror mnociennue. B mpucyrctBum  ¢ynpBo — (PK) wu
rymMuHoBbIX (I'K) KuCIOT pTyTh BOCCTaHABIMBAETCS XJIOPUAOM OJioOBa HE
MOJHOCTBI0. CTENEHb BOCCTAHOBJIEHUS TEM MEHBIIE, YEM BBIIIE KOHLIEHTPALIMS
TyMYCOBBIX BellecTB B pactBope. Ha crenens BocctaHoBienuss pryta ['K
BIUAIOT OoJjbile, ueM DK.

BoccranoBienuto prytd Memaer ee KomiuiekcooOpazoBanne ¢ DK u
I'K. B kucimoii cpene J10as BOCCTAHOBJIECHOW PTYTHM  BBILIE, YTO  MOKHO
0o0BsiCHUTh mpoToHmM3anued  (yHkmuonaneHbix Tpynmn @OK wu TK #
3aTPYJHEHHBIM B CBSI3M C 3THUM HMX KOMIUIEKCOOOpa3zoBanuem co pTyThio (II).

Kak u B cnydyae TuApOiIM3a, HEMOJHOE BOCCTAHOBJIEHUE PTYTH U3
kommiekcoB ¢ 'K u @K MOXHO OOBSICHUTh CHUXKEHHEM CTaHIAapTHOTO
pPEIOKC-IOTEHIINANA PTYTH (EOHg(H)/HgO = 0,85 B) B pe3yinbTaTe TMOSBICHUS B
pactBope  HOBbiXx  peaokc-map: Hg ®K/Hg wu Hg I'K/Hg. 3nauenus
IOTCHIMAIOB TaKWX Iap B 3aBUCUMOCTH OT Ky, KOMIIJIEKCOB B Cllydae
peunbix DK (Ig Ky.,.Hg ®K = 11,3), tophsaneix OK (Ig K,.,.Hg OK =18,3),
peunsix I'K (Ig K,.,.Hg I'K = 20,4) paBabl cootBerctBenno 0,52 B; 0,32 B; 0,26
B. I3 npuBeneHHBIX JAaHHBIX CIEIYET, YTO BOCCTAHOBUTEIHHON CIOCOOHOCTH
SnCl, HemocTaToyHO JIi BOCCTAHOBIICHHS €€ U3 T'YMaToB U (pyJIbBAaTOB.

Kommiaekcer prytu (II) ¢ CI, SO,”, CO;”, CH;COO", uutparamu,
OKCajaTaMH, OKCUKapOOHOBHIMH M aMHHOKHCJIOTAMH, MPUCYTCTBYIOITUMHU B
npupoAHbIX  Bojgax, umewr lg Ky, < 15, mostomy pryrs (II) Oyzmer
BOCCTaHABIMBATbCA U3 TakuX KoMIUiekcoB xjopujaom ososa (II). A HgS u
xomiuiekcl prytH (II) ¢ tmoconmepxkammmu  gurangamu (Ig Ky, >>15) ne
IOJDKHBI BoccTaHasiuBarbes SnCls.

Ucnonb3oeaHue Ge (Il) e kayecmee eoccmaHosumerns. U3
MCTAJIJIOB nepeMeHHoﬁ BAJICHTHOCTH IICPCIICKTHUBHBIM BOCCTAHOBHTCJIEM PTYTHU
apigercs xiaopu repmanus (II).

Boccranosnenue prytu (II) mpoucxoaut mo peakuuu
Hg*" + Ge* + 2H,0 <> Hg’ + GeO, + 4H" (1.15)
E? =-0,15B (1.16)

BenuunHa  OKHMCIHMTENBbHO-BOCCTAHOBHUTENIBHOIO MOTEHIMATa peakUuu
BOCCTaHOBJIEHUSI PTYTH npu ucnosb3oBaHuu Ge (II) Oonee wem Ha 50 %, a
KOHCTaHTa paBHOBECHUS — HAa |6 MOPSAIKOB BEJIMYMHBI BBILIE, YEM IUISI PEAKIUU
¢ mupoko ucnoiasdyembiM Sn (II). Takum oOpaszom, coenunenuss Ge (II) Gonee
CWIbHBIE  BOccTaHoBHTeNnd, uyeM  coenuHeHus Sn (II). Heopranuueckue
COCIIMHEHUS PTYTH BOcCCTaHaBinuBawTcs B kuciour cpexe, C(HCI) = 0,2 — 8
Moub/1. OpraHu4ecKkue COSAMHEHUS PTYTH BOCCTAHABJIMBAIOTCS PACTBOPOM
repmanusa (II) B miemo4yHoil cpene B NOPUCYTCTBUU JIMMOHHOM  KUCJIOTBHI,
Urparomieldl pojb KaTaausaropa, Ipu mojgorpese pactsopa jgo 70 —80°C.

Honwr OGonmpmmHcTBa MeTtawioB (K, Na, Ca, Mg, Cs, Ba, Cu, Al, Pb, Mo,
Fe, Ni), a Takke cold aMMOHHUS HE MEIIAIOT OMpeaeiieHnut0 pPTyTH. MoHBI
METaVIOB, BOCCTAHABJIMBAIOUIMECS  JI0  BJEMEHTapHOIO  COCTOSHUS U

e?* | GeO, ,4H "
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CBS3BIBAIOLIME  CBOOOJHYIO  PTYTh B  amansramy (Ag, Au), MemawmT
onpeneneHuo  prytu. Oropuabl W OpOMHIBI METaUIOB HE  OKa3bIBAIOT
CYLLIECTBEHHOI'O BIIMAHMS, @ HOAUIbI U CyJAb(QUIb MEIIAIOT JOCTATOYHO
cuibHO. [Ipy COBMECTHOM NPUCYTCTBUU PTYTH, CEJICHA U TEJUIypa CO PTYThIO
BOCCTaHABIMBAIOTCS M MEIIAIOIINE SJEMEHTHI C IMOCIEeAYIONUM 00pa3oBaHUEM
cesieHnia (TeUTypHia) PTYTH, YTO TPEMSTCTBYET BBIICICHUIO €€ B Ta30BYIO

dazy:

Hg™" + Ge*" + 2H,0 <> Hg’+ GeO, + 4H"; (1.17)
TeO, +2Ge* + 2H,0 <> Te’ +2GeO, + 4H; (1.18)
H,SeO; +2Ge™ + H,0 <« Se’ +2GeO, + 4H". (1.19)
OKI/ICJ'II/ITCJ'IBHO—BOCCTaHOBI/ITeJ'IbHBIe IIOTCHII AJIbI peaKI_II/Iﬁ BOC-

CTaHOBJICHHsI PTYyTH, celieHa, Teymypa xjopuaoM repmanus (II) pacmomararorcs
B CIIEAYIONIEH TMOCIIeI0BATEIbHOCTH:

Eg. > EHg > Er..

TToNydJeHHBIH PAJ MOKA3BIBACT, UTO IPH COBMECTHOM MpPHUCYTCTBHH Se'
u Hg”" nepBoHAuaNbHO BOCCTAHABIMBACTCS CEJICH, a M30BITOK BOCCTAHOBUTEIS
pacxofyercs Ha BOCCTaHOBJIEGHHE pPTyTH. B mpucyrctuu xe Te' cuauana
BOCCTAHABIIMBACTCSl PTYTh, @ MOTOM TEIUIYp C OJHOBPEMEHHBIM 0OOpa3OBaHUEM
TeJUTypuUa.

BoccranoBieHHble PTyTh U CelieH (TEUlyp) B3aUMOJEHCTBYIOT MEXKIY
coboii, 00pa3yst ceneHu (TeJUTypHUa) MO PEeaKIUsIM:

Se’ + Hg” — Hg Sed ; AE =0,066 B ; IgK = 2,23 (1.20)

Te’ + Hg” — Hg Ted ; AE=0,289 B ; IgK = 9,76. (1.21)

BepostHocTh 00pa3oBaHHs TeTypuaa Ha CEMb TMOPSAKOB BEJIHMYHHBI
NPEBBIIIIAET BEPOATHOCTh 00pa3oBaHUS CceNeHHAa, 4eM OOBsCHSIeTCS Ooiee
CWJIBHOE BIIMSHUE TEUIypa IO CPABHEHMUIO C CEJICHOM.

lMpumeHeHue 2udpa3uHbopaHa Onsi eoccmaHoesieHuUsi pmymu
(ll). TuapasunOopan BocctaHaBiauBaer pryth (I[) ©W3  Heopranudeckux
COCIMHECHUI B KHCIOW W IEJTOYHON cpefax, a W3 (DEHWIBHBIX W aJKHJIBHBIX
COCOMHECHUN TOJBKO B KHUCJION Cpexe.

B kucnoii obmactu ruapasuHOOpaH  sABigeTcs  Oojnee  CHIIbHBIM
BoccTaHoButeneM, yeM SnCl,, KOTOpBI B ATHX YCIOBHUSX HE BOCCTAHABIMBACT
PTYTBOPTAaHUYECKHE COEAMHEHUS. DTH JaHHBIE HAXOJATCA B COOTBETCTBUM CO
3HAYEHUSAMH OKHUCIUTEIHHO-BOCCTAHOBUTENbHBIX ToTeHIHanoB SnCl, (+0,15 B)
u ruapasunoopana (- 0,30 B). [IpeumyniectBa ruapasuHOopaHa 1Mo CpaBHEHHIO
c OOpruIpuiOoM HaTpus COCTOST B TOM, YTO THAPA3MHOOpPAH MO3BOJISET
muddepeHunpoBatb (QEHUIbHBIE U AJKWIbHBIE COEAMHEHUS PTYTH, B TO
BpeMss kak NaBH; mOHOCTBIO WX BOCCTaHABIMBAET B YCIOBUAX OypHO
nporekatouieii  peakuuu. C  yderoM — TUAPOJM3a, XapakTepHOro IS
rupazuHOopaHa B KHUCIOW cpene

N2H4 : BH3 =+ 3H20 = N2H4 + H3BO3 =+ 3H2 ) (122)
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YpPaBHEHHSI PEAKIUi BOCCTAHOBJIEHUS OpPraHUYECKUX COEAUHEHUW PpPTYTHU
rupa3uHOOpPaHOM MOXKHO 3alKcaTh B BHJIE
2N,H, - BH; + 3RHg" + 6H,0 — 3RH + 3Hg + 2N,H, + 2H3BO; + 3H, T + 3H" (1.23)
2N,H, - BH3 + 3R,Hg + 6H,0 — 6RH + 3Hg + 2N,H, + 2H;BO; + 3H, (1.24)
Pa3nuuHyto CTeneHb BOCCTAHOBJIEHUS PTYTH W3 €€ QJIKUIbHBIX W
(EeHWIbHBIX COCAMHEHUM MOXKHO OOBSICHUTH CcleaylomuM oOpazoMm. B
pe3ynbTare CUCTEMATHYECKUX AIEKTPOXUMHUYECKHUX UCCIIEIOBAHUMN
YCTaHOBJICHO, YTO PTYTbOPraHUYECKHE COCIUHECHUS JIeTYe BOCCTAHABJIMBAIOTCS
Npu  yBEIWYEHUU TMOJspHOCTH cBsi3u R — Hg. Huwxke npuBeneHsl 3HaueHHS
noTeHuanoB monyBoJiH Ey, (B):
CH;Hg' (- 1,3); C,HsHg' (- 1,39); C¢HsHg' (- 1,02); (1.25)
(CH;), Hg (- 2,88); (CoHs), Hg (- 2,86); (CsHs). Hg (- 2,49). (1.26)
Buano, yto B  psgax  Kak ~ MOHO-, TaKk W  JM3aMEILICHHBIX
PTYTBOPTAHUYECKHX COCIWHEHWW Jier4e BOCCTAaHABIMBAIOTCS  (DEHMIbHBIE
dbOpMBI, 9UeM aJKUIBHBIE.

Bopz2udpud Hampusi @ Kayecmee eoccmaHosumesisi pmymu
(ll). boprunpun Hatpusi NaBH, sBnsiercs OoJjiee CHIIBHBIM BOCCTaHOBUTEIIEM,
yem runapasuHoopan N,H, - BH; wu xmopun omoBa SnCl, IIpuuem NaBH,
MIOJTHOCTBIO BOCCTAHABIMBACT W HEOPraHWYECKHWE M OpraHuveckue (HopMbl
PTYTH.

['uaponus Goprujpuga HATPUS MPOUCXOIUT IO CXEMeE:

BH, ™+ 3H,0 + H" — H;BO; + 4H.,. (1.27)
BoccranoBnenue coeauHEHUH PTYTH NPOUCXOAUT MO YPaBHEHMSM:
BH, ™+ Hg*" + 3H,0 — H;BO; + 3H, + H" + Hg" (1.28)

BH, ™+ 2RHg" + 3H,0 - H;BO; + 2R —H + 2H, + H + 2Hg"  (1.29)

AdumemunamuHobopaH. [lumerunamuunobapan (JIMAB) obOmamaert
XOpoIIel CTaOMIIBHOCTBIO W 3HAYMTEIBHOM CKOPOCTBIO  BOCCTAHOBJIEHHUSL.
BoccraHoBiieHre pTYTH IPOUCXOIMT 110 YPaBHEHHMIO:

(CH3),NH- BH;+3H,0+3HgCl,—>H;BO; + 6H" + 6CI” + (CH;),NH + 3Hg (1.30)
JAMADB M0>XXHO MCIIOJIb30BaTh B NIMPOKOM JHAIa3oHe KUCIOTHOCTH — OT SM
H,SO4 no 5SM NaOH. Meniarotr CHIbHBIE OKHUCIHUTENN: MnO4',CrO42', Cr2072', a
TaK)K€ MOHBI METAJIJIOB, BOCCTAHABJIMBAIOIIUECS JI0 DJIEMEHTHOI'O COCTOSIHUS (Au,
Pt) u cBs3pIBaronye cBOOOAHYIO PTYTh B amanbramy. B menounoit cpene
nckimodaercs Biausaue Pt, Se, Te.
JInss  BOCCTAHOBIIGHHMS PTYTH  HCIOJIB3YIOT TaKXe acKOpOWHOBYIO,
JTIMOKCUMAJIEUHOBYIO KHUCJIOTHI:
H2C6H606 + ng+ —> Hgo + 2H+ + C6H6O6- (131)
Hns  BoccraHoBieHuss u30biTKa  okuciutens (I, KMnO, u  ap.),
OCTAIOIIErocsl IOCe PaA3JIOKEHUs] aHAJU3UPYEMBIX MPOO HCIOIL3YIOT yalle
BCETr0 THAPOKCHJIAMUH, THAPAa3UH, ACKOPOMHOBYIO KHCIIOTY.
[Ipu 5TOM MOPOTEKAOT CIACAYIONIUE PEAKIUMU:
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Iz + H2C6H606 —2I' + 2H+ + C6H6O6 (132)

I, + 2NH,OH + 20H — N,° + 2I'+ 4H,0 (1.33)
2MnO,” + 10NH,OH + 6H" — 5N, + 2Mn*" + 18H,0 (1.34)
4MnO,” + 5H4N, + 12H" — 5N, + 4Mn*" + 16H,0 (1.35)

Bapeupyst paznuyHble BOCCTAHOBUTENIM W CHOCOOBI 00pabOTKH Mpoo,
MOXHO Ju(dPepeHIUPOBAHHO OMNpEEsATh HeopraHudeckue, (EeHWIbHbIE U
aIKWIIbHBIE (OPMBI PTYTH TPH WX COBMECTHOM MPHCYTCTBUH. PaccMoTpum
OHY M3 METOJUK ONpEICNICHUs pa3IudHbIX (OopM pTyTH B NPUPOTHBIX
BOJAX.

lMpsimoe  onpedeneHue  Heop2aHUYECKUX, apUJIbHbIX U
aNlKunbHbIX pOPM pmMymu 6 rMPUPOOHbIX e800ax. Meroauka aHaan3a
npencrasiena Ha cxeme 1.13. [locme orbOopa mpoOBl BOABI W OOIIETIPUHATOMN
MeMOpaHHOW (GUIbTpAlUU JJIS  pa3[eieHUs PACTBOPEHHBIX M B3BEIICHHBIX
dbopm pryTH nomyckaetrcsi kKoHcepBupoBanue Boabl 0,2 M HNO; Ha cpok, He
Oosnee 7 nHEM.

Jus onpeneneHus PTyTH, CBA3aHHOM B KOMILIEKCHL g Ky,  KOTOpBIX <
15 (C,), ucnons3yror BocctaHoBieHne SnCl, B CONSHOKHCIOW — cpeje.
OnpeneneHne CyMMbl HEOPraHMYECKMX U OpraHuueckux ¢GopMm  pTyTH,
BKJIIOYAsl €€ TUIPOKCOKOMIUIEKCHl ¢ (DyiabBO- M T'yMUHOBBIMH Kuciotamu (C,),
NPOBOJAT TMOcje mpeaBaputesnbHol o00padoTku cmechio NaCl — HNO; c
nomoipio SnCl, B CepHOKHCIION cpene.

C nomouipio THUIpa3uHOOpaHA ONPENEISIOT CYMMY HEOPraHHMYECKUX |
apuwibHbIX coenuHeHuil pryTu (C;). Pasuuna mexay C; m C,  COOTBETCTBYET
COAEPKAHUID apUIIBHOM PTYTH.

[Tocne paspymienus npoObl BOJBI OKHCIHMTEIBHOW OpoMHI-OpoMaTHOM
cMechto WM cmecbto okuciautene (HNO; + H,SO4 + Na,S,05 + KMnOy) co
SnCl, wmm ruapasurOopaHoM ompeaensioT obmee coaepxkanue pryTa (Cy).
Pazuuna mexny C; u C3  COOTBETCTBYET COJIEPKAHUIO ANKWIBHBIX (HOpM
PTYTH.

JInst  pa3nenbHOro  ONpenesieHuss CYMMapHOIO — COJIEp)KaHHUsl — BCEX
HEOPraHUYECKUX M CYMMBI BC€X OpraHUYecKux ¢GopM PpTYyTH yA0O0HO
BOCIIOJIb30BAaThCS CIEAYIOLIEN CXeMOW. HeopraHmdeckyr pryThb OIPEAECIISIOT
nocie o00padotku mpodsl Boabl NaCl + HNO; ¢ BoccTaHOBIEHHUEM XJIOPUIOM
osoBa (II), a oOuryro pPTYTh ONpEnemstOT MOCTE PA3NOKEHUS OKUCIUTEIHHBIMU
cMecsiMd TIpoObl BoAbl M BoccTaHoBieHUs Bceil prytu SnCly. Ilo pasnoctu
MEXAY OTUMU  ONpEACNICHUSAMH CYIAT O COJAEpPXKAHUU  OPTraHUYECKUX
COCIUHECHUN PTYTH.

Ho paxe mnpu omnpeneneHun oO0mero coaep)kKaHus pPTYTH B BOJAAxX
croco0® TMOATrOTOBKM IPOO 3aBUCHT OT THUMA uccheayemoit Bojasl. Tak, MCO
5666 ycraHaBIMBaeT METOAbl aHadu3a OOl PTYyTH B BOJEe OecIIaMEeHHOU
aTOMHO-a0COpPOITMOHHONW  CHEKTPOMETpUE W COCTOMT W3 TpPeX dYacTei.
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OTU YacTW OTJIMYAIOTCS JPYr OT Jpyra crocodamu MOATOTOBKU Mpo0
JUIsL  YCTpaHEHUsT  MEILIAIOLIEro  BIMSHHUS ~ OPraHMYECKUX  BEIIECTB B
3aBUCUMOCTH OT MX KOHUEHTPALMK B Pa3IUYHBIX THUMAaX BOJ.

Yacte 1 ycraHaBnMBaeT METOJX aHaIM3a NyTEM MHUHEPAIU3ALMU
aHAIM3UPYEMbIX TPOO MEepMaHTaHATOM Kajlusl B CEPHOKHUCIION cpefe, a 3aTeM
nepcyibparom kKamuss npu 95°C ¢ 1eNbl0  yHANCHUs BCEX OpPraHHYEeCKHX
COEIMHEHUA. MeTo MNpHUMEHMM K MPUPOJHBIM, MPOMBILUIEHHBIM, CTOYHBIM
BOJaM M BOJaM, MPEAHA3HAUYCHHBIM JI1 XO3SiCTBEHHO-OBITOBBIX HYKII.

Yacte 2 ycTaHaBIMBAaEeT METOJ  aHajiu3a I[YTEM  MHUHEpPAIU3aALHU
ynbTpaduoneToBiM  obmydenuem (puc.1.14) ¢ menmpo  pazpymnieHUs
OpraHMYECKUX BEIIECTB M PTYThbOPraHUYECKUX COEAMHEHUN U MPUBEICHUS
BCEd PTYTH B JBYXBAJICHTHOE COCTOSHHE. METOJ NpPUMEHHUM K IUTHEBBIM
BOJAaM M  BOJaM, MPEJHA3HAYEHHBIM JJisi NPUTOTOBJICHHUS HAMHUTKOB U
MUIIEBBIX MPOIYKTOB.

Yactb 3 ycTaHaBIMBaeT METOJ aHaM3a MyTeM MHUHEpalu3aluu OpomMom
npu 45°C. MeTtox TpWMEHHM K MPECHBIM, COJEHBIM M THTHEBBHIM BOJaM, a
Takke K JpYyrdM TUIAM BOJ, COJAEpXAIlIMM HEOOJbIIOE KOJIHMYECTBO
OpPraHUYECKUX BEIECTB.

0

Pucynox 1.14 - VYcranoBka g yiabTpadHUOIETOBOTO  OOIy4YeHUs
BMeCTUMOCTBIO 100 M1 mpoOBI

I — BHOyCK OYMHIEHHOTO Ta3a; 2 — MOABOJA  OXJIAXKIAIOWEH  BOIBI
(HeoOs13aTenbHbIN); 3 — aHanU3UpyeMasi mpoda BOJbI; 4 — MArHUTHBIA CTEPIKEHb;
5 — nensiHast OaHsi; 6 — ynapTpaduoneTOBas JlaMIma CpeIHero JaBjieHus; 7 —
BBIITYCK BOJIBI.

37



[Tpun ananuze Boxbl JIIOOOro THIA cpa3y mociae ordopa mnpold cieayer
npuBectd pH kaxaol wucciaegyeModl npoObl K 3HAYEHUIO, MEHBIIEMY WJIU
paBHOMY 1, 100aBisisi KOHLEHTPUPOBAHHYIO a30THYIO KHUCIOTYy. Ecnu ananus
MPOBOJSAT Yepe3 HEKOTOpoe BpeMs Tocie oTbopa mpod BOMABI, TO KpoMme
a30THOM KHUCJIOTHI, MpUOABIAIOT OJWH W3 KOHCEPBUPYIOIIUX areHToB (B
3aBUCUMOCTH OT JajbHEHIIEero crocoba MHUHEpaTu3alliK): IepMaHraHaT Kajus,
auxpomar  Kainus  uiam OpoM. Ecnm ompeneneHue  pacTBOPUMBIX U
HEPAaCTBOPUMBIX COEIWHEHUN PTYTH MPOBOISAT OTAEIBHO, UCCIETyeMble MPOObI
cpasy mocie oTOopa COOTBETCTBEHHO pa3feisiioT ( myTeM (UIbTPOBAHHMS
gepe3 Guibtp ¢ mopamu 0,45 MKM WM TEHTPU(PYTUPOBAHUEM ).

Jns omnpeneneHus (QOHOBOro M HaA()OHOBOTO COJEpPKAHUS PTYTH B
o0BbEeKTaX  OKpyXaroleh  cpelbl  HEOOXOJMMO €€  NpeaBapUTEIbHOE
KOHIIeHTpupoBaHue. Hambonmee YacTo MCHONB3YIOT aMaiblaMHUPOBAaHHE U
COpOLIMIO B TOTJIOTUTENIBHBIE PacCTBOPBHI.

Amanb2amupogaHue. CriocoOHOCTh PTYTH OOpPa30BBIBATH YCTOWYWBEIC
amMaibraMbl CO MHOTMMHM MeETa/llaMHU  YCIICIHO HCIHOJB3YIOT I  ee
KOHIIEHTpUpOBaHUA. [IpUMEHSIOT Kak 30JI0TYy10, CepeOpsAHYIO, IJIATHHOBYIO,
POJIMEBYIO IPOBOJIOKY, TAK M 30JI0TO, HAHECEHHOE Ha JKeJie30, IECOK W T...
[Ipu  mocnenyromeM  ONpeAeieHUd  aTOMHO-aOCOPOIIMOHHBIM — METO/0M
XOJIOJHOIO IIapa JecOpOIHI0 IPOBOAAT HarpeBaHueM Koiuiekropa mo 800 °C.
ATOMapHyl0 pTyTh HEPEHOCAT B KIOBETY aTOMHO-a0COPOIMOHHOIO Mpudopa
TOKOM BO3/yXa, a30Ta WU Teusl.

HccnenoBana  cpaBHuTenbHass  AG(EKTUBHOCTh  YJIABIWUBAHUS U
JnecopOIMu  PTYTH JIPEBECHBIM yTJeM, cepeOpoM H 30JI0TOM TIPU  aHAJIHU3e
atMocepHoro Bosayxa. [lo cpaBHeHWI0O C yraemMm u  cepeOpoM  30JI0Ty
OTJaeTcsi mpeanoureHue. Tak, copOmuss Ha cepedpe H yrie 3aBUCUT OT
CKOPOCTH TOTOKa, BPEMEHU B3aUMOJCUCTBUSI, MPUPOAbl COCAUHEHUU PTYTHU U
MPUCYTCTBUSI MeIIAIIMX BemecTB. Kpome Toro, tepMuueckas jaecopOuusi ¢
AKTUBHOTO VISl HEKOJIMYECTBEHHA. [[0ka3aHO, 4TO Ha 30JI0TOM MOPOBOJIOKE
copOupytorcst Bce GOpPMBI  PTYTH, BKJIIOYas METAUIOOpTraHUYecKue. ITOT
BApUAHT KOHILICHTPUPOBAHUSI HCMOJB3YETCS [JIi HAKOIUICHUS PTYTHBIX MapoB
W3 BO3JyXa M Tra3oB, U3 PACTBOPOB M BOJ| TOCJIE BOCCTaHOBJIECHUS PTYTH, U3
TBEpPABIX MpoO (IOoUBa, pacTEHUs, MUIIEBbIE MPOIAYKThI, TOPHbIE TOPOABI U T.J.)
MOCJ€ MUPOJIU3A.

[Ipouiecc amanbramMmupoBaHUsi W JecOpOIMU TApoB PTYTH B Ipoliecce
aHajgu3a MOXKET OCYIIECTBIATHCS HECKONbKO pa3. Tak, s ompeaesieHus
CPEIHECYTOYHOM  KOHIIEHTpallMM TMapoB  PTYTH  HUCCIEAYEMBIM  BO3IYyX
acupupyloT B TedeHHMe 24 dYacoB uepe3 MNpoOOOTOOPHBIM amanabramarop,
MpEACTAaBIAIONIMK  co0Ol  KBapleByld  TpyOKy C  mocepeOpeHHbIMU
CTEKJISHHBIMU Inapukamu (puc. 1.15). Jlna ompeneneHuss KOHIEHTpaUUUd PTYTH
mpoOOOTOOPHBI  aMallbraMaTop  MPHUCOCIUHAIOT K H3MEPHUTEILHOMY
amManabramMaTopy, 4epe3 CHUCTEMY TMOJAT a30T W TMOMEMAIT MPOOOOTOOPHBIM
amManpraMaTop B TpyOuYaTyio meds, Harperyio 10 300 °C. OcBOGOXIAIONIy0Cs
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pPTYThb TIOTOKOM a30Ta TMEpPeHOCIT Ha U3MEPUTENIbHBIA  aMalibramaTop,
MPEACTaBIAIONIMI CcO00M KBaplEBYIO TpPYyOKYy CO cCHHpajblo M3 cepeOpsHOn
NpPOBOJIOKU. [l  mpoBeAeHWs — aHajdu3a U3MEPUTEIbHBIM  amanbramarop
COCNIMHAIOT TMOCJIENIOBATEIbHO C KIOBETOM CHEeKTpodOTOMETpa, HAa BBIXOJE
KIOBEThl YCTAHABJIMBAIOT MATPOH C AKTHUBUPOBAHHBIM YIJIEM JJisi TOTJIONICHUS
MapoB PTYTH TOCIE U3MEPEHHUS.

Z ! J
— \.Vj /
______ N
g H_____g//é S &Y |
100 3¢ 200 N

Pucynok 1.15 — Amansramarop:
1 — copbenr, conmepxkamuii cepebpo; 2 — cTekjioBaTa; 3 — Meperopojaka u3
MOPUCTOTO CTEKJIa

[IpomyckaroT uepe3 CHUCTEMY IMOTOK OYHMIIEHHOIO OT PTYTH BO31ayXa
Wiu  a3oTa. BBOOAT U3MEpUTENbHBIM amMainbraMatop B  IPEABAPUTEIBLHO
narperyio g0 500 °C tpy6uaryio meus. [IpH HArpPEeBaHHH H3MEPHTEIBHOTO
amajpraMaropa MNpPOUCXOAUT BBIICICHHE PTYTH M MOCTYIUIEHUE €€ B KIOBETY
cnektpooroMerpa, mpu  ITOM  (PUKCUPYETCS  MaKCUMaJIbHOE  3HAYCHHE
abcopOuuu. M3mMeputenbHblii amaiabramMaTop TpagyupyrOT IyTEM BHECEHHUS B
HEr0 C TOMOIIbI IINpUIA JO3UPOBAHHBIX KOJUYECTB MApOB PTYTH.
YCTpolCTBO 1711 TpaJlyMpOBKHA amalibramaropa npuBeaeHo Ha puc. 1.18. [dns
IPalydpOBKM  HCIMOJB3YIOT HACBIIMICHHBIE Tapbl PTYTH, HAXOMSIIMECS B
PAaBHOBECHUH C METAJUIMYECKOW PTYyThIO B 3aMKHYTOM COCYJ€ IpPU CTPOTO
dbukcupoBaHHON Temmeparype. Maccy pTyTH, BHECEHHYIO B amajibramarop,
BBIYUCIISIIOT, UCTIONB3YSl JaHHble Tabm.l1.7.

Tabnuua 1.7 - 3aBUCUMOCT, MacCOBOM KOHIEHTpAIMH (p) HACBHIIIEHHOTO
napa pTyTd B BO3JyX€ OT TeMIiepatypsl (t)

t,°C P, HI/MJI t,°C p , HI/MJI t,°C P, HI/MJI

12 6,75 18 11,30 24 18,50

13 7,36 19 12,30 25 20,10

14 8,05 20 13,40 26 21,80

15 8,80 21 14,50 27 23,50

16 9,60 22 15,80 28 25,50

17 10,50 23 17,10 29 29,70

[Ipumeuanue. KOHIEHTpaLUIO  HACBHIMIEHHBLIX  APOB  PTYTH  JUId

IPOMEKYTOYHBIX TEMIIEpPATyp PaCCUUTHIBAIOT IyTeM JTVMHEWHON
UHTEPIIOJISALMH.

Huskux mnpenenoB oOHapyXeHHsT PTYTH B OOBEKTaX OKpYy’Karollen
Cpelbl TO3BOJISIET JOCTUYb NPUMEHEHUE YHUBEPCAIbHOW MPUCTaBKH, B
KOMIUJIEKT KOTOPOM BXOAUT OHMCHHMpaiIbHbIM 30510TON KosuiekTop (puc. 1.16,
1.17).
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Meron ocHOBaH Ha 00pa30BaHUM amajiblaMbl Ha MOBEPXHOCTU 30J0TOU
MIPOBOJIOKM, HAMOTAaHHOW Ha HUXPOMOBYK CIHpallb, KOTOpas IOMELIEHAa B
KBapleByl0 TpyOKy, ObICTpod JecopOUMM PTYTH MPSMBIM  HMMIIYJIbCHBIM
HarpeBoM TpoBoJokd g0 750-800 °C  mpm mpomycKaHWM ~4epe3  Hee
ANEKTPUYECKOTr0 TOKA WM pa3psaoM KoHjaeHcaTopoB. IlornoiieHHas pryTh
IpU HTOM BO3TOHSETCS M €€ Mapbhl MOCTYMAIOT B H3MEPUTEIbHYIO KIOBETY
npubopa. bucnupanbHblid 30J0TOM KOJUIEKTOP IMO3BOJISIET OMNPENEHsATh PTYTh C
Oonpleld  4YyBCTBUTEIBHOCTHIO (puc.1.19), yeM npu HCHONB30BAHUM APYTUX

HOFHOTHTeHeﬁ Ha OCHOBC 6HaF0pOI[HLIX MCTAJIJIOB.
Atonto-aBeopBunostan KoaeTa
i
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Pucynok 1.16 - YHuBepcanbHas NpucTaBKa Il ONPENEIICHUS PTYTH

155 M

KoHTakKTHbIE

Keapuesas Tpyoka
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Pucynoxk 1.17 - bucniupanbHblii 30J0TOM KOJUIEKTOP
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Wnpuy

Wrna ana Bo3nyxa

PeavHogas npodka

_.-—-—""'—.—r—i_‘

Tennouaonupyrowmi
®opnyc

Horu4ecian konda

Nepn

PTyTb
NopcTasuKa

Pucynok 1.18 - YcrpolictBo mid rpaaydpoBKH amaibraMaTopa
A

1z 3 4 5 6 7 &8 9 0
Bpewus, ¢

Pucynok 1.19 - CpaBHeHne aOCOpOLUMOHHOCTH PTYTH A NpU €€ aTOMHO-
a0COpPOLIMOHHOM OIPEAEIIEHUH C TMOMOIIbI0 KOHUEHTPUPOBAHMUSI HA Pa3IUUHBIX
KOJUIEKTOpax:
1 — OucnupaibHBI 30J0TOM KOJUIEKTOp; 2 — 30J0TOM copOeHt; 3, 4, 5 —
KOJUJIEKTOPBI C BHEIITHUM HarpeBoM: cepeOpsHblii (3),30510ToM(4), MIIaTUHOBBIM (5).

AHQIUTUYECKUE  XapaKTePUCTUKH  aTOMHO-aOCOpPOIIMOHHOIO  METOja
omnpenesieHus PTYTH C KOHIEHTPUPOBAHUEM Ha OUCTUPAIBHOM  30JI0TOM
KOJIJICKTOPE :

[Ipenen oOHapyxeHUs 1-110" ¢

Jlvana3oH omnpenensieMblX COACp KaHUM 3102 -1-10%r
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OtHocuTensHOE crangaptHoe oTkioneHue 0,03 — 0,20
[Ipenen oOHapyXeHUS:

rasel (00beM mpoOsl 1 1) 1-10™"° t/n
KUAKOCTH ( 00beM mpoObl 1 M) 1-10” r/n
TBep/bie MpoOkI ( Macca 1) 1107 r/kr

XeMocopb6UuUuoOHHOe KOHUeHmpupoeaHue ( KOHUeHmpupoeaHue
nozsiomumenbHbIMU pacmeopamu). Tlocne BOCCTaHOBIEHUS PTYTH [0
MeTajljla €€ TMapbl BBIAYBAOT TOTOKOM Ta3a U TMOIJIOMIAI0T HEOOIbIINM
o0beMOM  MOTJIOTUTENBHOTO  pacTBOpa. B kadecTBe  MOTJIOTUTEIBHBIX
pacTBOPOB 4Halle BCETO HCHOJB3YIOT IOJKUCIEHHBIM CEPHOM  KHUCIOTOU
pacTBOp TNEpMaHraHata Kajiusi WKW pacTBOp Mojaa B moaujae kamus. [Ipu stom
MPOUCXOMAT CIEAYIOIINE PEaKLUU:

5Hg® + 2MnO4+ 16H" = 5Hg>" + 2Mn*" + 8H,0 (1.36)

Hg® + Iy + 1" > Hgl,” (1.37)

Cxema yCTaHOBKHM [UIsi KOHIICHTPUPOBAHUS PTYTH IpHUBEJIEHA Ha pHC.
1.20, 1.21. IlornomeHHy0 Npu KOHIIEHTPUPOBAHUU PTYTh BOCCTAHABIMBAIOT
0 MeTajula OJHUM U3 TIEPEYMCICHHBIX BbIIe BoccTaHoButened. [lpu
OMpeNelICcHNH PTYyTH B BO3JIyXe OTOOp MpoO BKIOYAaeT B ce0s CTaIuIo
KoHIleHTpupoBanus. Uccneayemplii Bo3ayx oObemom 60 — 80 11 acnmupupyroT
yepe3 HeOombmol 00beM (5 M) MOTJIOTUTENHHOTO pAcTBOpa B TEUYCHUE
onpeneseHHoro BpemeHu (20 MuH). CoequHEHHs] PTYTH, NPUCYTCTBYIOIIUE B
BO3JyXe, MPU ITOM OKHCISIIOTCSA, MEPEXOJAAT B PACTBOPUMBIE COCIUHEHUS
PTYTH U KOHIIEHTPUPYIOTCA B TMOIJIOTUTEIBHOM pacTBope. Takum MeToJIoM
BO3MOXKHO OIIpe/AesieHne PTYTH B Bo3ayxe B juamnasone 0,16 —17 ur/m, t.e.
Ha ypoBHe Hmxke [1/IK nns neopranmueckoit prytu (50 Hr/n).

Pucynok 1.20 - Cxema yCTaHOBKM [Ji1 KOHUEHTPUPOBAHUS PTYTH :
l-peakumoHHbI cocyh; 2,4- MOPUCTBIE HACANKU; 3- MOMVIOTUTENbHAS. CMECh IS
napoB  HMOJa; 5- mpoOMpKH ¢  HOJAOM; O- XJIOpKajblueBas TpyOka; 7-
MOTJIOTUTENIb TIAPOB PTYTH; 8- YTOJbHBIA (GUIBTP; 9- rOJIOBKAa €O HUIU(OM.
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Pucynok 1.21 - Cxema aspatopa - 6apboTepa

Pa3HOBUAHOCTPIO  JTaHHOTO  METOAA  KOHIIGHTPUPOBAHUS  SIBIISIETCA
NpUMEHEHUE COPOLMOHHBIX TPYOOK, COJAEPKAIIUX CTEKJISHHbIE LIAPUKU WITU
CIWJIMKarellb C HAHECEHHBIM HAa HHUX IUIEHOYHBIM XEMOCOPOEHTOM — pacTBOPOM
CrO; B 40%-noi1 H,SO,. XeMocOpOEHT HAHOCUTCS TMyTeM MOTPYKEHHUS
COpPOIIMOHHBIX TpyOOK B NOTJIOTUTEIbHBIN pactBop. YnaneHue
HEeCOpOMpPOBaHOTO M30BITKA pacTBOpa Uil 00pabOTKM TPyOOK MPOU3BOIAT C
MOMOIIbIO YCTAaHOBKH, NpeAcTaBiIe€HHOW Ha puc. 1.22. Jlng onpeneneHus
pa30BOM KOHLEHTpAalMd NapoB PTYTH HCCIEAYEMBbId BO3AYyX AacCHUPHUPYIOT
yepe3 COpOLMOHHYI0 TpPyOKy CO CKOpoCcThl0 10 4 1n/MuH B TedeHue 20
MUHYT. OTOOpaHHBIE MPOOBI  3aKPBIBAIOT  3aryIylIKaMH, YIAKOBBIBAIOT B
MOJIMATUJIICHOBBIA MAKeT W TPAHCIOPTUPYIOT K MECTy MPOBEJACHUS aHaIH3a.
Cpox xpaHeHuss oToOpaHHBIX MpoO - 30 CyTOK NMpU KOMHATHOHM TeMIiepaTtype.

IIpr BBINONHEHMM UW3MEPEHUN Ha aHajau3aTopax MOIVIOLIEHHYIO pPTYTh
pacTBOPSIIOT B  COpOLIMOHHOW TpyOKe TIpU TOMOIIM CEPHOM  KHUCIOTHI.
OTOuparOT amuMKBOTY TOJYYEHHOIO pPAacTBOpA, ONMPENENSIOT KOHIIEHTPAIUIO
PTYyTH METOAOM XOJIOJHOIO TIapa W BBIYUCISAIOT COJIEpPKAHUE PTYyTU B
Bo3ayxe (c) mo dopmye:

c=mlo, (1.38)
Va-Vp
TJIe C — KOHIICHTpAlusl PTYTH B BO3IyXE, MKI/JI;
m — Macca PTyTH, HalJIeHHasl 10 TpaTyHpOBOYHOMY TpaduKy, MKT;
V. — 00beM aJMKBOTHI PacTBOpa, B3ATOTO Ha aHAIU3, M,
V,— o0mmii 00beM pacTBOpa IJs aHAIW3a, M,
V, — o0beM mpoOBl  BO3AyXa, NPHUBEIEHHBIH K  HOPMAalbHBIM
YCIIOBHUSIM, 1.
JlnanazoH W3MEpeHUss MAcCOBOM KOHIICHTPAllUU PTYTH B aTMOCPEpHOM
BO3MyX€ MOXET OBITh 3HAYUTEIHHO PACIIUPEH TyTeM W3MEHEHUS o0bema
QIMKBOTBHI PAcTBOPA, B3SITOM Ha aHAJIM3.
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Pucynok 1.22 - YcranoBka nans yjAalleHUs HeCOpOMPOBAHOTO H30BITKA
pacTBoOpa U3 COPOIIMOHHBIX TPYOOK
1 - acuparop; 2- a3po30abHBIA  GUILTP; 3- pe3uHoBass MydTa; 5- GUIBTP I
OYUCTKH BO3/yXa; 6- IPUEMHUK; 7- COpOIIMOHHAsT TpyOKa; 8- OpbI3rOOTOOMHUK.

[Ipu omnpeneneHUM  COIEpPKAHUM  PTYTH, OCOOCHHO  CIIEIOBBIX, B
HKOJIOTUYECKUX OOBEKTaX Ba)XHOE 3HAUYEHHWE HMEET IPOBEICHUE XOJOCTOTO
OMbITAa, TAK HA3bIBAEMbIM aHaIM3 HyJEBOW MpoObl. JlJIsi 3TOro MCHONB3YIOT
COpOLIMOHHBIE TpyOKH  (MOTJIOTUTENbHBIC pacTBOpBI,  KOJUIEKTOPHI),
00pabOTaHHbIE OJHOBPEMEHHO € TpyOKaMH (MOIJIOTUTEIBHBIMH pPacTBOPAMH,
KOJUIEKTOpaMH), KOTOpble MNPUMEHSUIMCh i1 0oTOopa mnpob. Ux mpoBoasT
yepe3 BCE CTaJAMM aHalu3a, KpoMe oTOopa mnpol. [lomydeHHyl0 KOHIIEHTpALUIO
pTYTH B  HyJeBOM mnpoOe BBHIYUTAIOT M3  KOHIEHTpAalMU PTYTH B
aHanu3upyemon mpooe.

[Tapsl pTYyTH JIerKO COpPOMPYIOTCS Ha KOMMYHMKALUSAX, B CBSI3M C 4YEM
COCJIMHUTENIbHBIE IUIAHTH OT PEaKTOpa K KIOBETE JOJIKHBI ObITH BBIMOJHEHBI
Y3 MOJUMBUHWIXJIOPUIHOIO IJJACTUKA M HMETh MHHUMAJbHYIO JIMHY. BBHIY
TOTO, YTO TMOIJIOTUTENbHBIE PACTBOPHI JIETKO COPOUPYIOT TMapbhl PTYTH U3
BO3/lyXa, UX XPaHAT B CKJIHKax C MNPUTEPTBIMU IpoOkamu. ITormorurenbHbI
pacTBOp monaa Oojee yCTOWYMB, YeM pacTBOp IepMaHraHaTta kamus. [lepBbrit
U3 HUX MOXXHO XpaHUTh B TEYEHHE 3-X MecsleB, a BTOpol He Oosee Tpex
CYTOK B XOJIOJHMJIbHHKE.

OnpedeneHue codepxxaHuss pmymu e meepobix npobax. IIpu
aHaJIM3C TOPHLIX IOpPOAd, IMOYB, TBECPAbLIX IMHIICBBLIX IMPOJAYKTOB MW Pa3JIMYHBIX
OMOJIOTMYECKUX OOBEKTOB BO3MOXHBEI 2 OCHOBHBIX BapHaHTa IIOATOTOBKH
npo®6 TMpu aTOMHO-aOCOPOLIMOHHOM  OMNpPEACICHUU PTYTH, Pa3IMYAIOIIUXCS
crnocoooM Pa3JI0KCHHUA Hp062 MOKpasa U CyXad MHUHCpAJIN3alu:d.

Mokpass MUHEpaIM3alUsA 3aKI0YAeTCAd B KUCIOTHOM WM  IIEJIIOYHOU
JeCTpYKUMM Tpo0 ¢ MPUMEHEHHWEM  OKHUCIUTENed Il [epeBeAcHus
COCIMHEHUN PTYTH B HEJIETy4yUue pacTBOpUMBbIE (QOpMBI U  YCTPaHECHUS
MEIIAIONIETO  BJIMSHUS OCHOBBI. Yaiie BCEero UCHOIB3YIOT CMECH WU
nocienopatenbHoe npudaBienue H;SO, HNOz;, KMnO,. Ilpu  menounoit
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necTpykuuu — npumeHsioT  45%-nmbiii - pactBop  NaOH. Jlna  cHukeHus
NeHO00pa30BaHus MPUMEHSIOT H-OKTAaHOJI WJIM H-JEKaHOI.

Kucnornas MUHEpaln3auus npo0 XapaKTepu3yeTcs BECbMa
JUIUTEIIbHBIM ~ HarpeBoM, OOJIBIIIMM  PAacXoJOM  pEaKTHBOB M  BechMa
HeOe3omacHa B HCHOJHEHUHU. bojee TpPOCThIM, SKOHOMHYHBIM U OBICTPHIM
aBisgercss MetoJ Surma-Aho. BakHbIM JOCTOMHCTBOM 3TOTO METOJIa, HAPSAY C
BO3MOXXHOCTBHIO ~ aHaju3a B IOJEBBIX  YCJIOBUSX, SABJISIETCA  pPa3leiabHOE
OTIPEJICTICHNE HEOPTaHWYECKUX ¢ METWIMpPOBaHHBIX (opm prytu. [lomHoe
pa3noKeHHe OWOJOTWYECKUX TKaHEH MPOWCXOAUT B JBa JTama : MEeTOYHON
THAPOJIN3 TIPU HarpeBe Ha BoAsHoW OaHe B TedyeHnue 30 MUHYT U
nocienyroniee — a00aBiIeHUWE  a30THOM  KHUCIOTBI W XJIOPHAA  HATpus,
MPUBOJAIIEE K HArpeBy pEakIMOHHOW CMECH U TMOJHOMY pPacTBOPECHUIO
oOpasioB. Bech mporecc pasfnokeHUs MPOUCXOIUT B OOBIYHBIX CTEKJISTHHBIX
npobupkax. CKOpPOCTh JECTPYKIUH 3aBUCUT oT XapaKTePUCTUK
aHaJTM3UpyeMbIXx 00pa3noB. Tak, mpu aHaiIM3e MBIIIEYHBIX TKaHEW pbhIO B
3aBUCHUMOCTH OT WX JKUPHOCTH OCBETJEHHE KHUCIOTHOIO JECTpyKTaTa
npoucxoaut B TedueHue 10-30 MUHYT, Opu aHaIuM3€ I[E€YEHU — B TEUCHUE
onHoro yaca. Takas k€ MNPOAOJIKUTEIbHOCTh KHUCIOTHOM CTaJIMM JIECTPYKIUHU
(1 yac) TtpeOyercs mpu aHaIU3€ BsUIGHBIX OOPa3lOB MBIIIEYHBIX TKaHEH.
HeobxomumbiM  ycioBueM miisi  ObicTpoil W 9(PQPEKTUBHOM  ECTPYKIIUU
o0pa3lloB SIBISETCA WX TMpeABapUTENIbHAs TOMOTEHU3AIMS WU TIIATEIbHOE
u3MmenbuyeHue. PasnenbHoe ompenesieHHe HEOPraHMYECKUX W OpPraHHYeCcKUX
dbopM pTYyTH OCHOBAaHO Ha pa3IMYUU B BOCCTAHOBUTEIHHON CIOCOOHOCTH
xaopuga osoBa (II) B kucimoit u wmenouHod cpenax. B kucioit  cpene
BOCCTAHABJIMBAETCSI  HEOpPraHWYeckass pTyTh, a B  IIEJOYHOU  cpelne —
HEOpPraHU4YecKas U OpraHuvecKas.

OCHOBHBIM HEJOCTATKOM MOKPOH MHHEpaU3aluu TpoO SBISETCS €€
JUTUTEIBHOCTh U BO3MOXXHOCTh 3arpsi3HEHUS PEaKTUBOB PTYThIO, YTO TpeOyeT
WX JIONOJTHUTEILHON OYMCTKHU.

OnpedeneHue pmymu e meepobix rnpobax ¢ mepmMu4YyecKol
npob6ornodzomoekoll. Tepmuueckas  JECTPYKIHSA  MPoO  MPaKTHYECKH
HUCKJIFOYAeT TMPUMEHEHWE XHMHUYECKHX pPEaKTUBOB, MO3TOMY YCTpPAHSAETCS
3arpsi3HEHUE NOpo0 PTYThIO, HAXOJALIEHCS B peakTuBax. MeToJ, OCHOBaH Ha
TOM, YTO TMPU CHUTAHUU TBEPIbIX MpoO oOpa3zyercs HEYCTOWYMBBIA MpU
BBICOKOI Temmneparype okcua pryTH (II), KoTopslii pa3naraercs ¢ BbIICICHHUEM
METAJUIMYECKON PTYTH.

HgS + 0, —— Hg’+0, (1.39)
C,H,Hg + O, - nCO, + %Hzo + Hg® (1.40)
2HgO —» 2Hg" + O, (1.41)

[Tpouiecc wu3MepeHHs] COAEpKaHMs PTYTH B TBEPABIX MPOOAX COCTOUT
U3 JIByX orepauuil : 1) TepMuyeckas BO3TOHKa PTYTH M3 MpoObl B MeYd MpHU
700°C W mOMNOHmIEHHWE MApoB  PTYTH  COPOEHTOM, 2) BOCCTAHOBIICHHUE
XUMHUYECKH CBS3aHHOM PTYyTH B COpPOEHTE 10 METaNIMYeCKOM, MepeBoj| €€ B
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ra3oByto (a3zy MHOTOKOM BO3AyXa C MOCJIEIYIOUMM IPOKAYMBAHUEM BO3AyXa
C MapaMH PTYTH 4YEpe3 H3MEPUTEIbHYIO KIOBETY. BBINOIHEHHE OmNpenesieHUs
MPOBOAAT cienyromum odpazom ( puc. 1.23).

Hapecky mpoObl 1 B TapupoBaHHOH CTAJIBHOM JIOKEUKE ITOMEIIAIOT B
KBapleBYI0 TpPyOKy IMeuu 2, Tie MPOUCXOAUT BO3roHKa pryTu. [lapsl pryTn
yepe3 GuiabTpel 3 W 4 mocTymaroT B cocyd (MPOOMPKY) C  KUIKUM
copoertom 5. CopbGentoMm sBiseTcss pactBop moxa ¢ KI. M3 cocyma 6 depes
peometrp 7, kpaH 8, TpoiHUK 9, OydepHyro emMKocTh 10 BO3IyX BBIKAYMBAIOT
Hacocom 11 B armocdepy. 3ateMm B cocyn 6 100aBISIOT BOCCTAaHOBHTEINb -
xJyiopuz onosa (II). BoccTaHOBIIEHHYI0 10 METANIMYECKON PTYTh M3 cocyaa 14
C TMOTOKOM Bo3ayxa uepe3 O¢uibTp |6 NpOKauMBAIOT B H3MEPHUTEIHBHYIO
KtoBeTy 17.

Pucynok 1.23 - binok-cxema PA®-1M

[Tpyn BBIXOJE W3 KIOBETHI BO3IyX MPOXOAUT YEpe3 IOIJIOTUTENb (OKCHI
cepedpa) 18 u, CBOOONHBIN OT MapoB PTYTH, MOCTyNaeT B KIOBETY CpPaBHEHHUS
19. 3 xroBeThl cpaBHeHHs 4Yepe3 peomeTp 13, kpan 12, OydepHyro eMKOCTbH
10 Bo3myx otkauuBaerca B arMmoctepy. Ilpumensemas B mpubope
W3MEpUTEIbHAs CXE€Ma CpPaBHEHMS  IO3BOJSET HCKIIOYHTh M3  CXEMBI
MOHOXpOMaTop. UCTOUHMKOM W3MydeHUs C JIMHOW BOJHBI 253,7 HM SBISAETCS
prytHas nammna [IPK-4, kotopasg nuraeTcs OT BBICOKOYACTOTHOTO TE€HEpPATOpa
20. OT WUCTOYHMKA H3JIYYECHHE NPOXOAUT MO HU3MEPUTEIIBHOW KroBeTre 17 u
KioBeTe cpaBHeHusa 19. Ilpomenmmii yepe3 KIOBEThl CBET HaNpaBisieTcsl Ha
dborosnementsl 22 u 23 (-1 wim  D-4). OoTO’IEMEHTHI COEAUHEHBI B
MOCTOBYIO CXE€My, CUTHAJI C KOTOpOM uyepe3 IMpeoOpa3oBareiib IMOCTyHaeT Ha
YCWINTENb  TMEPEMEHHOTro  Toka 24. YCWIEHHBIA  CUTHaJI  HU3MEpPSEeTCs
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MHUKpOaMIIEpMETPOM 27, KOTOpbIA porpaayupoBaH B eAMHUIIAX
KOHLIEHTpanuu pTryTd. KpoMe Toro, umeercs HMHTETpUpPYIOIIMNA Kackaa 26 c
BBIXOJIOM Ha MHKpoammepMmeTrp 28, MporpajiydpoBaHHBIA B  MacCOBBIX
COJIEPXKAHUSX PTYTH.

BmecTo KHAKOCTHOTO HWOAMIHOTO COpOEHTa HMEETCs] BO3MOXKHOCTh
MOTJIONIATh TMAapbl PTYTH, BO3OTHAHHOM W3 mNpoObl WIM W3 BO3JIyXa, Ha
30J10TOM copOeHTe. 30JI0TOMl COPOCHT BBIMOJHECH B BHJE TOHKOH CIMPAIIH,
HAMOTaHHOW w3 MpoBoJiokM auamerpoM 0,05-0,075 MM HAa HHUXPOMOBYIO
Cnupalib, KOTOpask TOMEIIeHa B KBapieByr TpyOky. [locne copOmuum mapos
PTYyTH  HUXpPOMOBas  CIHpallb  HArpeBaeTcsl  BJEKTPUUYECKUM  TOKOM,
MOTJIONIEHHAs 30JIOTOM PTYTh BO3TOHSIETCS, U €€ TMapbl IMOCTyHalT B
U3MEPUTENBHYI0 KIOBeTy mpubopa. OaHako il TMHUIIEBBIX MPOAYKTOB C
OOJNBIIMM COJIEpKAHUEM JKHpPa JaHHBIM METOJIOM IMOJY4YarOTCS HEIOCTaTOYHO
BOCIIPOU3BOJAMMBIE pe3yiabTaThl. JIJisi Takux m0poO0 MNPUMEHSIOT TEPMUUYECKYIO
MUHEpAJIM3aIMI0 B TOKE KHUCIOpOJa B NPHUCYTCTBUU Te€CKa, OKCHUJIa MarHus U
MEeHTaoKcuaa  BaHamus  (KaranuzaTop). Beigenstonuecs — mapel  pTyTH
yJIaBJIMBAIOT PAaCcTBOPOM MOJia C MOJSIPHOM KOHIeHTparuen sxBuBasienta 0,05
Moub/11 B 1%-HOM wnoauae kanus. PTyTh omnpenenstoT aTroMHO-aObCcopOIMOHHBIM
METOJIOM  TOCJ€ €€  BOCCTAHOBJCHHMS. YCTaHOBKAa Ui  TEPMHUYECKOM
MUHEpanu3aluu npod mpeacTaBieHa Ha puc. 1.24.

[PRZZZ2Z) [ )
| L |

¢ T Z

Pucynox 1.24 - Cxema yCTaHOBKU Ui TEPMHUYECKON NECTPYKIMU TPOO:
1 - meup g wmukpoananmsza CYOJI- 0,15.06/12 MII; 2 - nmeur CYOJI-
0,15.2/12 MII; 3 - xBapueBast TpyOka miuHOM 60 cM; 4 - KBaprieBasi JOJI0YKa; S -
CTEKJISIHHasg TPyOKa C CHUTYAThIM KOHIIOM; 6 - mpoOupka co nutmdom

OOpazelnr CKWUralOT B KBapleBou Jiogouke 7x13 cM, MOMENIEHHONW B
HIMPOKYI0 4YacTh KBapueBoll TpyOku mimHOM 60 cM, cocTodmeid W3 JBYX
yacteil — mupokoil (nnamerpom 1,7 cm m pnouHour 20 cm) u y3koi (0,6 u 40
cM cooTBeTcTBeHHO). TpyOky momorpeBaror g0 800°C aByMsS MUKpOIE€YaMU
tuna CYOJI-0,15 ngnunoir 6 m 20 cm. HarpeBaemas B meuMm Yy3Kas 4YacThb
TPYOKH CIIyXKUT JJI1 JIONOJHUTEIBHOTO CHKUTaHMUSI TBEPABIX YacTUIll (IpIMa),
BBIICNIAIONIMXCA TP HarpeBaHuu oOpasma. K KoHIy KBapieBoil TpyOku
MPUCOCIUHSAIOT COTHYTYIO TIOJ TMPSAMBIM YIJIOM CTEKISIHHYIO  TpyOKYy,
3aKaHYMBAIOIIYIOCA CEeTYaThiM JHOM. TpyOKy OINYyCKalOT B TOTJIOTHTEIbHBIN
pacTtBop. B TeyeHume Bcero mepHojJa CKUIaHUsA MOJAETCS  KUCIOPO.
[lornouieHHyo  pTYThb  ONPEICNSAIOT  aTOMHO-aOCOpPOLIMOHHBIM ~ METO/0M
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“X0J10dHOTO napa’, HCHOJb3YS B KayecTBe BOCCTaHOBUTEJIA
JTUOKCUMAJICMHOBYIO KHUCIOTY wuiaud xjopun osioBa (II) B miemouHoit cpene.
DTOT MeTOoJ TPUMEHHM K aHalIu3y OOBEKTOB KHWBOTHOI'O, PACTHTEIHLHOTO
MIPOUCXOXKJICHHUS, TIOYB U T.]I.

B mouBax cCOAEpKUTCA 3HAYMTEIBHO MEHbIIE OPraHMYEeCKUX BEIIECTB,
MOATOMY TEPMHYECKOE BBIJICJICHUE PTYTH 3HAYUTEIBHO yrpouaercs. Ornagaer
HeoOxomumocTh mpuMeHenus V,0s u MgO. [l moaHOTO 030JIeHUS MPOOBI
BO BpEeMsl HarpeBaHWsl JTOCTATOYHO TMPOMYCKaHUs HaJ o0pa3ioM BO3AyXa, a
He kuciaopona. OTnamaer HEOOXOAUMOCTh HArpeBaHMsl Y3KOHW 4YacTH TPyOKH
nias  oxuranud. Ilpenen oOHapyKeHUs PTyTH AaHHBIM METOJOM COCTaBJIsieT
1:10 7 %. TIpomo/KUTEIbHOCTh aHANHM3a HE MpeBbimaeT 10 MUHYT.

1.4. OnTMYecKne cuctembl

OnTuyeckue CXemMbl aTOMHO-a0COPOIIMOHHBIX CHEKTPOMETPOB TaKHUE Ke,
KaKk B AaTOMHO-DMHUCCHOHHBIX  CIeKTpoMeTpax. Kommepueckne  aTOMHO-
abcopOmroHHbIE TPUOOPHI — OJHOAJIEMEHTHBIC aHanmu3atopbl. st BeIOOpa
AHAIMUTHUYECKOW JIMHUM HCHOJIB3YIOT MOHOXpPOMATOp, MPEACTaBISIOMUNA CO00it
NOJBIXKHYIO IUIOCKYIO JU(PPAKUMOHHYIO pemieTky (cxema YepHu-TepHepa).
VYeunuss  KOHCTPYKTOPOB — HAmpaBJIeHbl Ha  CO3JaHUE  MHOTOAJIEMEHTHBIX
npuOOpPOB C  HCHOJB30BAHMEM 3IIEUIE MOJIUMXPOMATOpoB. B oTimume oOT
SMUCCHUOHHBIX  CIEKTPOMETPOB, B  aTOMHO-a0COPOIMOHHOW CHEKTPOCKOIUU
TpeOyeTcss 3HauUTENbHO MeHblIas aucnepcus. [103ToMy OOBIYHO HCHONB3YIOT
JuH3bl ¢ HeOosbUM (okycHbIM paccrosiHueM (0,25-0,5 m), AU pakunoOHHYIO
pemetky 1800 mTpuxo/mMM u 1mienp mupuHor 0,2-1 HM.

Bce onrtuueckue cuctembl JeNSAT Ha OAHOJIY4YEBbIE U JIByXJydeBbie. B
JBYXJIy4EeBBIX MPUOOpaX CBET OT MCTOYHMKA TMEPBUYHOTO HM3IYUCHHUS JIETUTCS
C TIOMOIIBIO  3€pKAJIbHOrO MOIYJISATOpa HA [Ba JIyya, OJMH M3 KOTOPBIX
MPOXOJUT 4Yepe3 aTOMU3aTop, a BTOPOM — MUHYyeT ero (puc. 1.25).

1 2
s ,
A
4
100% / 50%
.
o | 2
| I | :
B f ;

Pucynok 1.25 — OgnonyueBast (A) u nByxiyueBas (B) ontuueckue cxembl
npuOopoB: 1 — MCTOYHUK PE30HAHCHOIO M3JIy4YeHHUs; 2— aToMu3aTop; 3 —
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MOHOXpOMATOp (AMCHIEPCUOHHAsI cUcTeMa); 4 — MOAYJATOP; 5 — MOMYIPO3pavuHOe
3epKajo

[lepen BXOAOM B MOHOXpoMarop o0a Jydya CBOJATCA C IOMOIIbIO
MOJIYNIPO3pavyHoOro  3epkana. JIByxiyueBass cxema MO3BOJSET YCTPAHUTh
HEKOHTpOJUpYEeMble  U3MEeHeHus  (Apedd) B MHTEHCUBHOCTH  MCTOYHHUKA
nepBuyHOoro  umsnydenus. OJHAKO  OHA  HE  KOMIICHCHpPYET  Jpeud
YyBCTBUTEIIBHOCTH caMoro arommuszaropa. [locie moHOXpomaTopa H3TydYeHHUE
MonajgaeT Ha JIETEKTOp, B KayecTBE KOTOPOrO B aTOMHO-a0COPOIMOHHOMN

CIIEKTPOCKOMUHU WCIIOJIb3YETCS (hOTORIICKTPOYMHOKUTEITb (®BY). B
MJIAMEHHOM  aTOMHO-a0COPOIIMOHHOM CIEKTPOCKONUA  TIOCTOSIHHBIA  CHTHAJ
UHTETPUPYETCS 3a nepuos BpPEMEHHU HECKOJBKO cekyHa. B

BJIGKTpOTepMH‘IeCKOfI - CHUr’Haln HUMECT BHU IMMKa, HU3MCPCHHUC KOTOpOIo
BBIIMOJIHAIOT KaK IIO BBICOTC, TAK M II0 IIIIOIOAOM.

1.5. locnoBepka aTOMHO-abCOpPOLMOHHbLIX CMEKTPOMETPOB

[Topsimok  MeETpoJIOTHYECKOTo  oOecneyeHHs  aTOMHO-a0COPOITMOHHBIX
CHEKTPOMETPOB YCTAHOBJIEH TIOCYJapCTBEHHBIMU CTAHIApTaMH, BBIIIOJIHEHHE
KOTOpBIX  oOsi3aTenbHO g J00od smabopaTtopuu, a  OCOOEHHO, JJIst
akkpenuToBaHHOW. IIpuGop  cHaOaeTcs  TEXHUYECKONM  JOKYMEHTAalHeu
(macnopt, ¢popMyssip, CBUAETENBCTBO M T.II.), BKIIOYAIOLIEH HaWUMEHOBAHME,
o0O3HaueHUWe TUNAa M 3aBOJAa W3TOTOBUTEINS, 3aBOJCKOM HOMEp, a TakKkKe
JIOKYMEHT, YIOCTOBEPSAIOIIMM  €ro  METPOJOrMYEeCKYyl0  MPUTOAHOCTb, T.€.
CBUJETENbCTBA O TocrnoBepke. CIEKTPOMETp MOKEH HSKCIUTyaTUpOBaThCs B
COOTBETCTBHUM C TPEOOBAHMSIMH, YCTAHOBICHHBIMH HOPMATHBHO-TEXHUYECKOU
JOKYMEHTAlMEN, UHCTPYKIUAMU [0 3KCIUTyaTallUd, XPaHEHUID M PEMOHTY.
['ocrioBepka  IPOBOAUTCSA JII  YCTAHOBIEHHS ~ NPUTOJHOCTH  CPEACTBA
MU3MEpEHUs, TPOLIEIIET0 TOCYAAPCTBEHHBIE HCIBITAHUSA. | 0OCIOBEPKY NPOBOAAT
OIMH pa3 B TOJ TEPPUTOPUAIBHBIE ~ OpPraHbl  OCYJIapCTBEHHOMN
METPOJIOTMYECKON CITy>KObl, B 4aCTHOCTH, OOJACTHOM LIEHTp CTaHAapTU3aluH,
merposorun u  ceprudukanuu ['occranmapra VYkpaunsl. [lepuoanueckas
MOBEpPKa MPOBOJMUTCSI B COOTBETCTBUM C METOJWYECKHUMH YKa3aHHIMH,
pa3pabOTaHHBIMU JI1 JAHHOTO AaTOMHO-a0COPOLMOHHOIO CIEKTpOMETpa, U
BKJIFOYAeT B ceOs: NPOBEIECHUE BHEIIHETO OCMOTPA, ONPEAEIEHUE OCHOBHOMN
aOCOJIOTHOM  MOTPEIIHOCTH W ONpEAeNIeHHE  CPEIHEKBAAPATUYECKOIO
OTKJIOHEHUsS CIyYalHOW COCTaBIAIOLIEH MOTPELIHOCTH clekTpomerpa. llpu
MPOBEICHUH TMOBEPKU NPUMEHSIOT HAO0Op HEUTpaJbHBIX CBETOQUIBTPOB C
u3BeCTHbIM mnponyckanueM T (%), mpolenmux MeTpPOJIOTrHYECKY0 aTTeCTalUIo
B OpraHax TIOCYJapCTBEHHON METPOJOrMYeCKOM CIyKObl, 1 IOBEPOYHBIE
pacTBOpbl. lIpy mpoBEeACHUMM BHEIIHETO OCMOTpPAa YCTAaHABIMBAIOT IOJHOTY
KOMILJIEKTalluX npubopa, Haau4ue MEXaHUYECKUX IIOBPEXKICHUN,
HEUCIIPAaBHOCTEM  PEryJMPOBOYHBIX M COCIMHUTEIBHBIX  JJEMEHTOB,
COOTBETCTBHE MAapKHUPOBKU CIEKTPOPOTOMETPA TEXHUUYECKOMY ONMCAHUIO U
MHCTPYKLIMM 1O  3KcIuryarauuu. OnpeneneHue  OCHOBHOM — IOTPEIIHOCTH
ceKTpoOoTOMETpa MO KaHaTy HW3MEPEHUl ONTHYECKOH IUIOTHOCTH U €€
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npeoOpa3oBaHus B DJEKTPUUYECKUNW CHUTHAJ MPOBOAST IO JIMHUU KaJbIUs
(422,77 =M) Wu Menu (324,8 um). s ATOTO YCTaHABJIMBAIOT
COOTBETCTBYIOIIME  JIaMIIbl €  TIOJIBIM  KAaTOJIOM, IPOBOAST  HACTPOUKY
creKTpooToMeTpa MO JABYXJIYYEBOH CXEeME€ B COOTBETCTBHH C HWHCTPYKIIUEH.
[locnemoBaTenbHO BBOAAT B CBETOBOM IyYOK paboOYyero Jyda aTrTeCTOBAHHBIE
CBeTOQWIBTPHl W TPOBOJAT  HM3MEPEHHE aO0COPOIMOHHOCTH (ONTHYECKOM
MJIOTHOCTH) TIO0 TH(PPOBOMY HHIUKATOPY MPUOOpa, yUUTHIBAS, YTO Ap.x=0,999.
[lepecuntaB mpomyckanue cBeToPmibTpoB T Ha BeaMunHYy aOCOPOIIMOHHOCTH
(onrtrueckoit TuioTHOCTH) (A = - 1g T), onpenensitoT abCOMOTHYIO MOTPEITHOCTD
A 15 Kaxaoro cBeToQuIbTpa:
A:AI/BM._AaTTCCT. (142)

OcHoBHasi morpemHocTh A He JToJpbKHa mpeBblath BenuuuHbl  + (0,005
+ 0,045 A ;rrecr) UISL BCEX CBETO(UIBTPOB.

Jna  onpeneneHus OCHOBHOU a0COJTFOTHOM MOTPEITHOCTH
CeKTpooTOMETpa TOTOBSIT CEPUI0 TPATYMPOBOYHBIX PACTBOPOB IyTEM
MOCJIeI0BaTeIbHOTO  pa30aBiieHust  craHaapTHoro pactBopa wmeau (II) ¢
KoHUeHTpanued 2,5;5,0 u 10 MKr/mu, a TakkKe 4YeThlpe aHaJIU3UPYyEeMbIX
pacTBopa [Jisi NPOBEPKM OCHOBHOW MOTPEIIHOCTH C KOHUeHTpauuen 2,0; 4,0;
6,0 u 8,0 Mkr/mi. Jlyi1 NPUTOTOBIEHUS 3THX PACTBOPOB MOYKHO HCIOJB30BATh
MOBEPOYHBIE PACTBOPHI TOCYJAPCTBEHHBIX CTaHIAPTHBIX OOpa3lloB coOCTaBa
BOJIHBIX PAacTBOPOB COJIed METaJIJIOB, aTTECTOBAaHHBIX OpraHamu [ 'occTaHmapTa
VYkpaunsl. HactpanBaroT crekTpopoTOMETp B COOTBETCTBUM C WHCTPYKLIHMEH U
MPOBOJAT (POTOMETPUPOBAHKE BHAYajieé I'PAJyUPOBOYHBIX PACTBOPOB, a 3aTEM
aHAIM3UPYEMbIX. 3alUCHIBAIOT TOKa3aHUsi IUGPOBOr0 HMHAUKATOpa Mpudopa u
OJIHOBpeMeHHO TpoBoasT 3amuch Ha camomumcie KCII 4. OGpabaTeiBaroT
JAHHbIE HM3MEPEHHII METOJOM HAUMEHBIIUX KBAJApPAaTOB M  MOJYYarOT
ypaBHeHHe rpagyupoBodHoro rpadmka A = a + BC (Cu’"), muGo crposT
rpagyupoBOYHBIA  Tpaduk Ha wmwumMerpoBoi — Oymare. [lo  rpaduxy
ONPENENAI0T  KOHIICHTPAIMI0O MEOu B  aHAJIU3UPYEMBbIX acTBOpax H
PaCCUMTHIBAIOT OCHOBHYKO MOTPEIIHOCTh A; = |C mair. — C er. F, A€ C g —
HaliJleHHble TI0 TpaduKy 3HAYEHUs KOHIECHTPALMH ONPEIEIIEMOro 3JIeMeHTa
B MKIr/mit;, C 4. - UCTHHHBIE 3HA4Y€HUs KOHILEHTpauuu B MKr/mi. OcHOBHas
MOTPENIHOCTh HE JoJbKHA mpeBblmaTh 3HaueHus * (0,01« C ../ A+ 0,06 °
C uer), tae C o — UCTUHHAS KOHIICHTPAILMSl OMPENeNseMoro 3JieMeHTa; A —
abCOpOIMOHHOCTh (ONMTHUYECKash IUIOTHOCTh) MO HUGPOBOMY HHIUKATOPY
npudopa. AHAJIOTMYHO ONPENENsIOT OCHOBHYIO aOCONIOTHYIO TOTIPEIIHOCTb
JUISL 3JIEKTPOTEPMUYECKOI0 aTOMHU3ATOpA.

W, HakoHel, NOpOBOIAT  OMNpeNeieHUE  CPEIHEro  KBaJpaTUYECKOIo
OTKJIOHEHHUS CIy4YalHOM COCTaBJIAIONICH MOrPEIIHOCTH CHEeKTpodoToMeTpa.

[IpousBoasT JIBaIIATUKPATHOE dboToMeTpupoBaHUe aHATU3UPYEMbBIX
pacTBOpPOB  MeEJM, MPUTOTOBJIEHHBIX, KAK YKa3aHO BbIIE, M MOJYy4aroT
MOCJIEIOBATENBHOCTh MOKa3aHUW Ay, rae Aj; — nmokazaHue abcopOIMOHHOCTH

(omTHYECKON IIOTHOCTH), OTHOCAIICHCS K 1-TOMY HM3MEPCHHMIO IIEPBOM CEpHH.
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Yepesz 0,5 yaca cHOBa MPOM3BOJAT ABAALIATHUKPATHOE (HOTOMETPUPOBAHUE TEX
K€ PpacTBOPOB U MOJIYYarOT — MOCJIEIOBAaTENbHOCTh  MOKa3aHUU  Ay;.
PaccuuThiBatoT cpenHee 3HaueHUE aOCOPOIMOHHOCTHU (OMTHYECKOW TIIOTHOCTH)

A= o g Ay,= 1.43
fep 20 P00 (1.43)

C TOYHOCTBIO JI0 TpeX 3HAKOB 1Mocje 3amsatoil. Haxomar abGcomoTHyio
BEJIMYMHY OTKJIOHEHUS  KaXJOro IIOKa3aHUs TMEpPBOM CEpUH OT CPEIHEro
3HAUEHHUA TOKa3aHUM 3TOH Xe cepuu mo (GopmyJe:

A= |A1i_Alcp|- (1.44)
Omnpenensaror ko3ppuuuentel K nmo gpopmynam:
K= A7d g, AnAd g A4 (1.45)
Ci—Co C.-C, C:-C:
rae C;, C,, C; — KoHIIeHTpauuu aHanu3upyembix pactBopoB memu (I1), C, —
HYJIEBOU pacTBOp  (AMCTWILIIMPOBAHHAS Boma), A, A, Ay A; -

COOTBETCTBYIOIIME 3HAYEHUSA aOCOPOIMOHHOCTH (ONTHYECKUX TIJIOTHOCTEH),
HaWJICHHBIE TIPU OMNpPEACICHUA  OCHOBHOM aOCOJIFOTHOW MOTPENIHOCTH.
Jlanee BBIYMCISIIOT BEJIMYMHY CPEAHEro KBaJIpaTUYECKOrO0 OTKJIOHECHUS:

(1.46)

rae K; — koadduimeHT Ha HMHTEpBaje ONTHYECKOH IUIOTHOCTH,
COOTBETCTBYIOIIEH Aq. Ecium A, TOYHO COOTBETCTBYET TPaHHUIEC MEKIY
UHTEpBaJaMu ¢ pa3nudHbiMu K, To BeIOMpaeTcs MeHbni kKoddduiueHr K.
Beluncisror uM3MeHeHHe 3HadyeHMs curHaia 3a 0,5 daca  Clleayronum
obpazom:

Alm_AZr
A = A=A (1.47)
Ki
Ecmm Ay, ¥ Ay, TONAnalOT Ha MHTEPBANbl € pasauuHbiMH K , TO
BBIOMpaeTcs MEHBIIINI KO3 puieHT Ki. 3nauenue CPEIHETO

KBaJpPaTUYECKOrO0  OTKJIOHEHMS  CIYyYallHOM  COCTABJISIOIEH MOTPEUIHOCTH
JTOJDKHO ObITh He Oonee 1/3  COOTBETCTBYIOLIErO 3HAYE€HHUS OCHOBHOM
aOCOJIIOTHOM TMOTpeuIHOCTH, a U3MEHeHHe curhana 3a 0,5 dvaca He JOJKHO
npesplmath 0,5 OoT mpezaena AOMYCKAEMOrO0 3HAYE€HHMSI OCHOBHOM IOIPEIIHOCTH.

Pesynbratel  moBepku  odopmisitoTcss TpoTokosioM. [lo  pesynbratam
IIOBEPKU BBIJAETCS CBUJAETEILCTBO O TOCYAAPCTBEHHON IIOBEPKE CPEACTB
U3MEpEHHs CpoKoM Ha | rom.

BOI'IpOCbI ANSA CaMOCTOATENIbHOMN paGOTbI n 3agavun

1. IlpuHUMI aTOMHO-aOCOPOIMOHHONW CHEKTPOCKOMUHU.
2. Tlpunnun paboOThl JIaMIbl C TIOJHBIM KaTOJOM H© €€ OCHOBHbBIC
MPEUMYLIECTBA.
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3. [louemy B  aTOMHO-aOCOPOLUMOHHOW CIEKTPOCKONHUHU  HCIOJb3YIOT
TOPEJIKK C JIMHHOM MIeNbio?

4. Onumure pa3jaudyHble CTaJAUMU SIEKTPOTEPMUUYECKON MPOrpaMMBbl.

[Touemy B  aTOMHO-aOCOPOIIMOHHOW CHEKTPOCKONHMU  HE  HY)KHBI

JUCTIEPCUOHHBIE CUCTEMbI C BBICOKHM pa3pelieHueM ?

6. MoxxHO JIU  METOJIOM  aTOMHO-a0COPOLMOHHOM  CHEKTPOCKOIUU
ONpeAeIuTh OJHOBPEMEHHO 2-3 3jieMeHTa B UX cMmecu? UTo 1y 3TOro
HE00X01uMO ?

7. Ilouemy wmeTon aTOMHO-aOCOPOIIMOHHON CHEKTPOCKOMUU HCIOIb3YETCs
JUIL  ONpENENICHHUs] IICJIOYHBIX METAJIOB  PEXe, YeM 3MUCCHUOHHAas
miameHHass ¢poromerpus’?

8. IlpuBemute MPUHIUNHATBHY IO cXemy aTOMHO-a0COpOIIMOHHOM
cnektpooromerpa. Kakue Mapku  OTEUYECTBEHHBIX MPUOOPOB  BbI
3HaeTe?

9. Kakue »s1eMeHTBhl MOXKHO OIpeessiTh METOJOM aTOMHO-abCOpOIMOHHOM
CHEKTPOCKOMHUHU U B KaKMX KOJM4ecTBax? MOXHO JIM MCIOJIb30BaTh 3TOT
meton s onpenenenus S, N, Cl, C?

10.IToyemy muaMeHHas aTOMHO-a0COpPOLIMOHHAS CIEKTPOCKOMUS MeEHee
YyBCTBUTEJIbHA, YEM DIIEKTPOTEPMUUECKasi?

11.Ilepeuncnure OCHOBHBIC CHOCOOBI OMPEICICHHUS KOHIICHTPAllUU B
KOJIMYECTBEHHOM aTOMHO-a0COpPOIIMOHHOM aHaJIn3e.

12./Ins  ompenenenuss mnpumecu Na B o0pasie METOJAOM aTOMHO-
a0COpPOIIMOHHON  CIIEKTPOCKOIUHU HAaBECKY oOpasiia 1,0000
pacTBOopuiaM U 00beM joBenu B MepHOoM koibe g0 100,0 mu. Ilo
rpagyupoBaHomMy rpaduky Hanum 11,3 mxr/mn Hatpusa. Paccuuraiite
MacCoBYIO 00 Hatpusi B oOpasiie (%).

13./IBa obOpa3na HepTH, CTAaHAAPTHBIN M aHANM3UpyeMbIil, Maccord mo 1,000
r pa30aBuUIM METWIM300yTWJIKETOHOM W  pacObUIMIM B  IJIJaMEHHU
aTOMHO-a0COpPOIIMOHHOTO  CHEKTpoMeTpa. AOGCOpPOUMOHHOCTh A JIMHHUH
BaHQJMA JUIs CTaHJapTHOro oOpasma c coaepkanueM BaHamus 0,01 %
coctaBuia 0,740 u nis oOpasna ¢ HewsBeCTHBIM cojepxkanuem 0,520.
Borunciute MaccoByio goito BaHanus B HedTu (%).

14. Anperuapl  MOXKHO OIPEAEIUTh KOCBEHHBIM aTOMHO-a0COPOITMOHHBIM
METOJIOM IO pEeaKIMM OKHUCJICHHs MOHaMHu cepebpa ¢ oOpa3zoBaHueM 2-
X MOJEeH  METaNTMYeCKOro cepebpa Ha KaXKIblii MOJb albJAeTuja.
Cepebpo 3arem pactBopsatoTr B HNO; wu  omnpenensitor  aTOMHO-
aOCOpOLIMOHHBIM ~ MeTOoOM. MHTepBan oOmnpeaenseMblX KOHLEHTPALMA
cepebpa cocrtaBmsier 2-20 Mkr/mi. OmpeneianTe COOTBETCTBYIOUIMM emy
WHTEpPBAJI KOJMYECTB alibJieruja (B MHUKPOMOJIAX) NPU YCIOBUHU, UYTO
o0beM mpoObl coctaBisieT 10 mir.

15.MaccoBasg fong »kene3a B  AJTIOMUHHUEBOM CIUIaBe  Kojebiercs B
npenenax 0,1-0,5 % . Kakyro HaBecKky cIUlaBa ClEAyeT B3STh s
aTOMHO-a0COPOIIMOHHOIO OIpEAeNIeHUs jKelie3a, €ClIM YYBCTBUTEIbHOCTD
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onpeneneHust 3roro anemeHta 10 mkr/mu ? KoHeunslii 06beM pacTBopa
CIuiaBa Uil aHaim3a cocrtaBisier 50 M.

16.JIna onpenenenus monudaeHa HaBecky ctanmu 0,2000 r pacTBOpuiIM IO

I'OCT u o0bem gmoBenu B MepHOM koyibe BMectMocThio 100,0 m.
[Ipu aToMHO-aOCOPOIIMOHHOM  ONpEAEeICHUHW JUJII OTOTO  pacTBopa
nonyueHa abcopOrmonHocte A = 0,250. I'pagynpoBoyHass 3aBUCHMOCTH
npu d5toM umeer Bug A = 0,020 + 99,8X; rme X — KOHIIGHTpaILUs
MoymnOieHa, Mr/Mi . PaccunTaiiTe MaccoByro MO0 MOnHOJEHAa B CTajau

(%).

17.0nummTe OPUTOTOBIECHUE TPAJTyUPOBOUYHBIX PACTBOPOB JUIsi ATOMHO-

a0COpOILIMOHHOTO OMpEeNeNIeHNs] Kejle3a B IBETHOM CIUIaBE MPH  €ro
maccoBor none 0,1-1,0 %, ecnm crangapTHBIA pacTBOp JKelie3a HMEET
koHueHTparuio 1,0043 mr/mi , HaBecku uccieayemoro crasa 0,2000 r,
MepHble K0J0bl BMecTUMOCThIO 100,0 mir.

18.Paccunraiite Maccy m00aBKH Il IPOBEPKH MPABHIBHOCTH PE3YyJIbTaTOB

aTOMHO-a0COpPOIIMOHHOI0 ornpejaesieHns MmarHus B 0aboute BK-2. Macca
npo6sr  0,5000 1, o6bem (doromerpupyemoro pactopa 50,00 mur,
MaccoBas oyt maruusa B cruiaBe 0,025 %.

TecTOoBbIe 3apaHuA

YcTaHOBUTE  COOTBETCTBHUE: OIpeJesieMbli  KOMIIOHEHT — Haubosee
palMOHAIBHBIM METOJ aHaJIN3a:

KommoneHt Meton
Mertanmibel U CIUIaBbI A. UnaukaropHble TpyOKH
["azoBbIe 3arpsi3HEHUS aTMOC(EpPHI b. MonomeTtpus
Hutpatel 1 apyrue aHWMOHBI B. ®oromerpus
B BOJE
MukpokonndecTBa docdopa u [ .AToMHO0-a0COpOIIMOHHBIHI
KPEMHHUsI B CTajlv METOJ

[Ipuponnass Bojga MO MpeIBApUTENbHBIM JaHHBIM COAEPKHUT OONbIIOE
KOJIM4YeCTBO cojelt Harpus. [lpemnoxkure Hambonee parmoHAIBHBIN
METOJ] KOJIMYECTBEHHOI'O ONPENEICHHUs HATPUS B BOJAE M YKAXKUTE
IIPaBUJIbHBIA OTBET:

a) C MOMOIIBIO IIMHKYPAHWJIALIETATa;

0) IyroBbIM aTOMHO-3MHUCCUOHHBIM METOJIOM;

B)  OMHCCHOHHBIM  IJIJAMEHHO-()OTOMETPUUYECKUM

METOJIOM;

r)  MOTEHIMOMETPUUYECKUM METOJIOM C

VOHCEJIEKTUBHBIM JJIEKTPOJOM.
[Ipennoxkure  Hambonee  palMOHAJIBHBIM ~ METON  UIASHTU(DUKAIIUU
METAJUIOB B BEILIECTBAX  HEHM3BECTHOIO  COCTaBA W YKAXUTE
MIPaBUJIbHBIA OTBET:
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a) aTOMHO-a0COPOITMOHHBIH;

0) mamMeHHO-(pOTOMETPUUECKHUI;

B) aTOMHO-SMHCCHOHHBIﬁ;

') aTOMHO-(DJIyOpPECIIEHTHBIN.

4. YcraHoBUTE COOTBCTCTBHUC

(bakTopoB, BIUSAIOIIMX

Ha

BCIINYUHY

AHAJIIMTUYCCKOIro CurtHajla IIpH HCIIOJIB30BAHHMHN MCTOAOB CIICKTPAJIBHOI'O

aHaJIn3a;
1. ATOMHO-3MUCCHUOHHBIH

2. ATOMHO-a0CcOpOLIMOHHBII

b.

A. Temneparypa mjaME€HH HCTOYHHUKA

BO30YKJICHHUS
KoHuenTpamust onpenensemMoro
JJIEMEHTA

B. TonmmHa ci10d OOTJIONIECHUS
I'. CtpoeHue atoma omnpeenseMoro

DJIEMCHTA

5. YcTaHOBUTE COOTBETCTBHE aTOMHBIX CIICKTPAJIbHBIX MCTOJOB aHa/In3a
N HUCIIOJb3YCMbBIX HMCTOYHHKOB H3JIYUCHHUA:

1. ATOMHO-a0COPOIIMOHHBIIM
2. ATOMHO->MHCCHOHHBIN
3. AToMHO-(JTyOpeCIIeHTHBII

6. VYCTaHOBUTE COOTBETCTBUE

METOda

A. DnekTpuyeckas nyra

b. Dnexrpuueckas uckpa

B. Jlamna ¢ mosibiM KaTtogom
I'. [lmams

aTOMHOM  CHEKTPOCKOIIHH

croco0a BBeJEHUS MPOOLI B aTOMH3ATOP:

1.JlyroBass aTOMHO-3MUCCHOHHAS

A. Ilpoba momeniaeTcsi B MOJIBINA

CIIEKTPOCKOTIUS KaToJ
2.OMuccUOHHas TuiamMeHHas  (poro- b. AHaIM3UPYyEeMBIil pacTBOp
METpHUS pacnbUIIETCA B IUIaMs
3. [LimamenHbIA aTOMHO- B. AHanu3upyemsblii pacTBOp
abCcOpOLIMOHHBIN METOT HAaHOCAT Ha HArpeTylo
4. DIeKTpOTEepMHUYECKUH  aTOMHO- MTOBEPXHOCTh

a0bCOpOIIMOHHBIN METOT
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7. CdopMmynupyiiTe NPUHIMUI aTOMHO-a0COpPOLIMOHHOTO MeTona. Metoj

OCHOBAaH Ha.

1) moryomeHuy cBeTa MOJIEKYJIaMH;

2) MOTJIOLIEHUH CBETa CBOOOIHBIMH AaTOMAaMU;

3) u3ny4yeHuu cBeTa BO30YKICHHBIMM aTOMaMU M HOHAMH.
[Tpennoxxen oOpazel; CTOYHOM BOJBI XMUMHYECKOro mnpeanpustus. Bam
HEoOX0IMMO BbIOpaTh HaubOosee YyBCTBUTEIbHBIM METOJA OMNpeeiaeHUs
(OHOBBIX KOJMYECTB KaJMHsS B CTOYHOW BOJI€ M YKa3aThb MPABHIIbHBIN
OTBET:

1) smMuccHOHHAas IUIaMeHHass (OTOMETPUS;



10.

11.

12.

13.

14.

2) TIaMeHHBIH aTOMHO-a0COpPOIIMOHHBIN METO/;

3) BAEKTPOTEPMUYECKUI AaTOMHO-a0COPOLMOHHBIN METO/I.
Boibeputre  onTUMallbHBIA ~ METOJT ~ aTOMM3alMU s TUIAMEHHO-
(hOTOMETPUYECKOTO OMPECICHHs MEIOYHBIX AJIEMEHTOB:

1) SAEKTPOTEpPMUYECKUI aTOMU3ATOD;

2) muaMs TpoIaH — BO3AYyX;

3) miams 3aKuCh a30Ta — alleTHIICH.
Breibepure Meron aroMuzamuM Il HaumbOoJee  UyBCTBUTEIHLHOTO
aTOMHO-a0COPOITMOHHOTO OMPEIEICHUSI PEIKO3EMEIbHBIX 3JIEMEHTOB:

1) miamsi aneTusieH — BO3yX;

2) maaMs 3aKHCh a30Ta — aleTHJICH,

3) 2JEeKTPOTEPMUUECKUN aTOMHU3ATOP.
Breibepure MeTonm aroMm3aruu IS ONpEneieHUus PTyTH Ha (POHOBOM
YPOBHE:

1) muiamsi aneTusieH — BO3yX;

2) B XOJIOAHBIX Mapax;

3) BIEKTPOTEPMUYECKUIM aTOMU3ATOP.
VYkaxxurte, Kakue HOHBI MEIIAIT TUIAMEHHOMY aTOMHO-a0COpOIMOHHOMY
OTIPEJICIICHUIO KaJIbIU:

1) PO,’;

2) ClI';

3) NOs.
VYKkaxxutre MeTauibl, KOTOpblE HE MEIIalT aTOMHO-a0COpPOIMOHHOMY
OMPENIENICHUI0 PTYTH METOJIOM XOJOAHOrO mapa:

1) metamibl, 00pa3yrone aMaabraMabl;

2) meTauibl, 00pa3ylole KOMIUIEKCHBIE COCIUHEHUS;

3) MeTauibl, HE PEearupyromue ¢ METALINYECKOU PTYTHIO.
Breibepure mapaMerp, KOTOPBIM  HWCHOJB3YIOT JJII  KA4eCTBEHHOTO
aTOMHO-a0COpPOIIMOHHOTO aHaju3a:

1) abcopOIIMOHHOCTE;

2) 4yacToTa W3JIy4YEeHUS;

3) UHTEHCUBHOCTb W3JIyYCHUS;

4) 4acToTa MOIJIOLICHHUS.
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Pasgen 2. MeTponormyeckue xapakrepmMCcTMKM aToOMHO-
abcopOUMOHHOro meTtoaa

ATOMHO-a0COPOIIMOHHBIN aHATU3 MPUHAMJICKUT K YUCTY OTHOCHUTEIbHBIX
METOJIOB, JUIsl KOTOPBIX KOHLEHTPALXs ONPEAEIIEMOrO 3JIEMEHTA OLIEHUBAETCS 10
IpalyipOBOYHON KPUBOM, TOCTPOCHHOM MO CTAaHJAPTHBIM pacTBOpaM (TaJIOHAM).
B ee ocHoBe nexut 3akoH byrepa-Jlambepra-bepa A4 = kic, T.e. nuHelHON 3aBU-
CUMOCTH BEJIMYMHBI a0COPOLIMOHHOCTH A OT KOHIICHTPAIIUU SJIEMEHTa ¢ B aTOM-
HBIX Tlapax U, COOTBETCTBEHHO, B pacTBOpPax, BHOCUMBIX B aTomu3atop. ['paduue-
CKOe OTOOpaKeHHWE HSTOW 3aBUCUMOCTH — KaJMOPOBOYHBIM (IrpagyHpOBOYHBIN)
rpadux (puc. 2.1). Ha ocu opauHaT OTKJIAABIBAIOT PA3HOCTHBIM aHATUTHYECKUIN
CUTHaJ — Pa3HOCTh CUTHAJIOB B UCIIBITYEMOM U XOJIOCTOM OMBITAX.

A

C

Pucynok 2.1 — I'pagynpoBouHbIi Tpaduk

YHyecmeumenbHoCcmMb. UyBCTBUTENLHOCT METOAA ONpEACsIeTCs Ha-
KJIOHOM JIMHEWHOM 4YacTh KaJuOpPOBOYHOU KPUBOU k =1g a =%. B ormnume ot
MOJIEKYJIIPHBIX a0COPOIMOHHBIX METOJIOB Ipaduk juHeeH B npenenax A = 0,1 —
0,4.

Yem kpyde XoA TpaayHMpOBOYHOro rpaduka, TeM OOJibllle YyBCTBUTEIb-
HOCTb, TEM KOHTPACTHEE M3MEHSETCA aHAJUTUYECKUN CUTHAI IPU OJHOM U TOM
K€ U3MEHEHHHM KOHIEHTpaluu. B aToMHO-aOCOpOLIMOHHON CHEKTPOCKONUU IS
XapaKTePUCTUKU YYBCTBUTEJIBHOCTU OMpeAeNieHUsl BBEJCH crenuduueckuil Tep-
MHUH — XapakTepucTHIecKas KOHUEHTpAUs Cy,p. ITO KOHIEHTPALMS JIEMEHTA B
pacTBope, cooTBeTcTBYyOas 1 % mornomenus unu 99 % npomnyckanus. A6cop0-
IIMOHHOCTH MpH 3ToM cocTaBiisier A = -IgT = -1g0,99 = 0,0044. Xapakrepucruue-
CKas KOHIIEHTpalKs OOBIYHO BBIPAXKAETCS B MKI/MIJL.

IImamennas aroMu3anus > Cxap =0,01 — 10 MKr/mn
B CpeJlHEM
DJIeKTpoTEpMHUUECKAs > Cxap = 0,0001 — 0,1 MKr/mu, T.€.
aToOMH3aIUA Ha 2-3 mopsijKa HUXe

qYBCTBI/ITeJ'IBHOCTB OIpCACIICHNA 3aBUCUT OT BCPOATHOCTH JAHHOI'O 3JICK-
TPOHHOTI'O IICPCXoada, OT THUIIA aTOMH3ATOpPa (HHaMCHHI)Iﬁ HJIX SJICKTPOTCPMHYIC-
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CKHii), OT 3((HEKTUBHOCTH aTOMHU3alHUHU. BooOIe, BO3MOXHOCTH BapbHUPOBAHHMSI
YyBCTBUTEIIPHOCTH B paMKax JAaHHOTO THITA U KOHCTPYKIIMM aTOMH3aTOPOB OTpa-
HUYCeHBI. [l03TOMY 3HauYeHUs XapaKTEPUCTUUYCCKUX KOHIICHTPALMW IS pa3iInd-
HBIX MPUOOPOB C IJIAMCHHBIM aTOMH3aTOPOM MEHSETCS BCEro JIMING B 2-5 pa3, a

JUTSI IPUOOPOB C DIIEKTPOTEPMUUYESCKUMHU aTOMHU3aTOPAMHM — B IIPeJIeiiaX MOPsIKa.
B mociennem citydae s XapaKTEPUCTUKH YYBCTBUTCIIBHOCTH HCIIOJNB3Y-
IOT MOHSATHE «XapaKTECPUCTHUYCCKAS Maccay. XapaKTePUCTHICCKash Macca dJIeMEH-

Ta, BBI3bIBAIOIIAsE a0COPOIMOHHOCTD, paBHYIo 0,0044, Beruucisercs o hopmyrie:

C-V.0,0044
My, = Q , (2.1)
A

rae  C — KOHIIEHTpaIus, I/MJI;
V — 00b€M BBOIUMOM JO3BI, MII,

t
Qa= JA (t) - dt — yHTErpanpHOE 3HaYEHME A6COPOIIMOHHOCTH.

o
Ecnmu peructpupyromiasi cucrema CIeKTpoMeTpa He MO3BOJISET (PUKCUPO-
BaTh UHTETPAJIbHOE 3HaUYCHHE a0COPOIMOHHOCTH, TO XapaKTEPUCTUUECKYIO0 MacCy
MOXKHO OIPEICTUTH 10 (hopMmyiie:
C-V.0,0044
mxap - A D)
rae A — rmokaszaHus caMOIUIIYILEro mpudopa.
XapakTepucTudeckas Macca 0OBIYHO BBIpaXkaeTcsl B MUKOrpaMmax. Bemnu-
YrHA XapaKTePUCTUUECKON MACChl SIBJSETCS OOBEKTUBHON XapaKTEPUCTUKON UyB-
CTBUTENIbHOCTHU. Ee TeopeTnyeckoe 3HaueHue AJisi OOJIBIIMHCTBA SJIEMEHTOB pac-
cuutan b.B. JIpBoB. Tak, B 3JIEKTPOTEPMHUECKUX aTOMHU3aTOPAX XAPAKTEPUCTHUYE-
ckast macca As cocrasinsier 14 nr, Cu — 2,4 or, Cd — 0,45 nr, Hg — 68,8 nr (j1yu-
1asi YyBCTBUTEIBHOCTh JIOCTUTAETCA aTOMM3allMel B XOJOAHBIX mMapax), Pb — 11
rr, Se — 30 mr.
[ToBBIIIIEHNIO YYBCTBUTEIBLHOCTU CIIOCOOCTBYIOT CJIeYIONIKE (haKTOPHI:

1. Xopouiee paspelieHUE AHANUTHYECKOW PE30HAHCHOW JIMHUU M JIPYTHUX
OJIM3KUX MO JIJTMHE BOJIHBI JIMHUM (3TO JOCTUTACTCS] YMEHBIIIEHUEM IIUPUHBI
1IeJId MOHOXPOMATopa).

2. VYBenuMYEHUE KOJIMYECTBA U JIUCHEPCHOCTH a’p030Jis, BHOCUMOI'O B aTOMU-
3aTOp B €IMHUIY BPEMEHU (HAmpuMmep, JH00aBICHUEM OPraHUYECKUX pac-
TBOpUTEJEH, HATPEBAHUEM PACTBOPA WJIM IPUMEHEHHUEM CIIEIMAIbHBIX KOH-
CTPYKUUU PACHIBUIUTENS U PACHBUIUTEIBHON KaMephl).

3. OnTuMwu3anus yciaoBUW aTOMU3AIMU — COOTHOILIEHHE FOPIOYUI ra3 — OKHUC-
JUTENb, paboyas BbICOTA IJIAMEHH, BBEJICHHUE CIIEI[MATIbHBIX 100aBOK.

4. HWcnonws3oBaHue Oo0jee Y3KOMOJOCHBIX MCTOYHUKOB (BBICOKOYACTOTHBIC
0€33JIEKTPOIHBIE JIaMIIbI, JIAMIIbI TTOBBIIIEHHON SPKOCTU) WM NMPUMEHEHUE
MaJibIX TOKOB MpHU paboTe ¢ JIaMION C MOJBIM KaTOJOM M ra3opa3psiAHOM
JIAMIIOM.

(2.2)
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JI71s1 HEKOTOPBIX AJEMEHTOB, COEIMHEHUSI KOTOPBIX TPYJIHO aTOMU3UPYIOT-
csl B BO3/yIIHO-alleTiieHoBoM mamenu (Ba, Ca, Cr, Mo, Sn), 4yBCTBUTEIBHOCTD
MO>XHO TIOBBICUTb TPUMEHEHUEM 3-X IIEJIEBOM TOPENIKU WK Oojee y3KOoro CBETo-
BOro nyuka. MlHOr/ia mpu ornpeaeneHun BHICOKUX KOHIICHTPAIUA 3JI€MEHTOB UyB-
CTBUTEJIbHOCTh HEOOXOAMMO YMEHBIIUTD WJIH, KaK TOBOPSIT, «3arpyOUTh)» IPUOOP.

YMeHbIIeHne 4YyBCTBUTEIBHOCTH JJOCTUTAETCH:

1. PazbaBnenuem pactBopa. 1o OyAeT K TOMY K€ YCTPAHSATh MaTpUUHBIE (-
(heKTHI.

2. Vcnonp30BaHWEM HEPE30HAHCHBIX Oosiee Ca0bIX aHAIMTUYECKHUX JIMHUM.
OTH NUHUM HEPEIKO MMEIOT Jydlliee COOTHOIIEHHWE CUTHAI/IIyM U Ooee
IIUPOKYI0 00JACTh ONpeEsieMbIX KOHIIEHTpaIUii, YeM HauboJjiee YyBCTBU-
TEJIbHbIE PE30HAHCHBIC IMHUHU. Tak, B Ta0.. 2.1 npusenena Cy,, MIs Kee-
3a Ha Pa3IMYHbIX AHATIMTUYECKUX JIMHUSX.

Ta6numa 2.1 — UyBCcTBUTEIbHBIC JIMHUU KeJe3a

AHanutnyeckast 2483 | 252,3 | 271,9 | 302,1 | 296,7 | 372,0 | 386,0 | 382,4

JIMHMA KCJIC3a, HM

Cyap, MKI/MII 0,08 | 0,3 0,5 0,7 1,0 1,0 2,0 | 30,0

3. UyBCTBUTENBHOCTb JIETKO MOYXHO YMEHBIINUTh MPUMEHEHUEM 0oJiee KOpOT-
KO TOopenku win e¢ moBoporoM Ha 90°. TIpu 3TOM JMHEHHOCTH KaauOpO-
BOYHOM KPHMBOM, KaK MPABUJIO, YIYUYIIAETCS, HO YBEIIMYUBAETCA MATPUIHBIN
s dexT u yxyaiaercss BOCIPOU3BOIUMOCTb.

UyBCTBUTENBHOCTh 3JIEKTPOTEPMHUUECKUX aTOMHU3aTOPOB 3aBUCUT OT HEKOTO-

PBIX JOMOJHUTENBbHBIX (PaKTOPOB:

- KOHCTPYKUUU MeYH (MUPOIUTHYECKOE MOKPBITHE, CKOPOCTh HATPEBAHUA);

- IPUPOJIbI, PACX0Ja U IBH>KCHUS MHEPTHOI'O ras3a;

- TeMIIepaTypHOW MporpamMmbl (TEMIEPATyp OTHENIBbHBIX CTaJuil U CKOPOCTU

HarpeBaHusl);

- (OpMBI XUMHUYECKOTO COEAMHEHHUS OIpPENEIsIeMOro 3JE€MEHTa U BBOJIMMBIX

100aBOK;

- o0bema mpooHkI.

lMpeden obHapyxeHuUsl. Bo3MOKHOCTh ONpPEACICHUS OUY€Hb MajbIX CO-
JIepIKaHMIi OrPaHMYMBAETCS HE TOJIBKO BEIUYMHON aHAIMTHYECKOIO CHI'HAJA, HO
YPOBHEM IIyMOB, Ha (POHE KOTOPBIX 3TOT CHIHaJ M3Mepsercs. Ha puc 2.2 mpuse-
JIEHBI 3aIMCH JIBYX PABHBIX CHTHAJIOB C XOPOLIMM M HEOJarOonpUSITHBIM COOTHO-
IIEHWEM CUTHaI/yM. BuHO, 4TO XapakTepucTHYeCKash KOHIIEHTPALUs Y CUTHA-
0B a U 0 oxuHakoBa. HO BOT yMEHBIINTH KOHIIEHTPALIMIO BO 2-OM CIIy4ae yxKe
HEJIB3s, T.K. COOTBETCTBYIOIINI CUTHAI HEOTJIMYUM OT (piaykTyaruii GoHa.

[IpenenoM oOHApYKEHHUS HA3BIBAETCS MUHUMAJIbHAS KOHIIEHTPALHS DJIe-
MEHTa, KOTOPYIO MOYKHO OOHAPYKUTh C 3aJJaHHOM CTaTHCTHYECKOM JOCTOBEPHO-
CTBIO.

58




B (T 1

Pucynok 2.2 — ATOMHO-aOCOpOLIMOHHBIN CUTHAI
a — XOpollee COOTHOIICHUE CUTHAI/IITYM; O — IJI0X0€ COOTHOIICHUE CUTHAI/IITYM;
B — CUTHAJI U JOH Ha Mpeziesie OOHAPYKECHHS.
[Ipenen oOHapyxeHUs

AOCOTIOTHBIN OTHOCUTENBHBIN
(T, MT', MKT WJTA MKT/MJT) (%)

OObIYHO 3a/laHHasg JOBEpUTEIbHAS BEPOATHOCTH JIOCTATOYHO BBICOKA
(P =0,95 umu P = 0,99). IIpenen obHapykeHUs] MOXKET OBITh 3a1aH U MUHHMaJIb-
HbIM AHAJIUTUYECKUM CUTHAJIOM A, KOTOPbIA MOKHO YBEPEHHO OTJIMYATh OT
CHTHaJIa KOHTPOJIBHOT'O (XOJ0CTOr0) OIBITa — Agop.

B atoMHO-aGCOpPOIIMOHHOM METOJIe TPEAeiOM OOHApYXKEHHUS CUUTAIOT
KOHLIEHTPALMIO 3JEMEHTA, MPU ONpPENEICHUU KOTOPON aHAIMTHYECKHI CHUTHAaj
paBeH YTPOEHHOMY 3HAYEHUIO CTaHJAPTHOTO OTKIOHEHUs Gaykryauuit ¢oHa
So gora- ITO TAK HA3BIBAEMBIM TPEXCUIMOBBIM 36 — KpUTepul. TpEeXCUIMOBBIH
KpUTEpUil 00eCIIeurnBaeT CTATUCTUYECKYIO JOCTOBEPHOCTh 0O0Hapykenus 0,997.
CrnocoObl onpeenenus npeaena 0OHaApyKEHUsI Ha «YUCTBIX)» PacTBOpaXx:

1. MHorokpatHoe usMepeHue abcopOIIMOHHOTO CUTHAJIA HYJIEBOTO pPacTBOpa.
Cuumatot 15-20 nokazanuii upoBOro perucTpUPYIOIIEro YCTPOUCTBA A;.
PaccuuThiBatoT 3HaU€HHE CTAHJAPTHOT'O OTKJIOHEHHS (OHA

(2.3)

38
Jlanee paccUMTHIBAIOT Mpeiesl 0OHAPYKEHUSI, KaK Cuin,, = —%,rne S — Ko-

S
3¢ PUIEeHT YyBCTBUTEILHOCTH.

2. B teuenune 30-60 ceKyH[ 3aMUCHIBAIOT IIYMOBYIO TOPOXKKY» Ha CAMOITHC-
1€, 10CJI€ YEero OLEHMUBAIOT Ipeies 0OHapYKEeHHUsI 110 IPaTyupOBOYHON KpH-
BOM KaK KOHIIEHTPALMIO, COOTBETCTBYIOLYIO CUTHAILY, KOTOPBIil paBeH
YTPOEHHOMY 3HAYE€HHIO CTAHAAPTHOI'O OTKJIOHEHHSI CUTHAja HyJEBOIO pac-
TBOpA.
[Tpenenbl 0OHApYKEHUS HEKOTOPBIX 3JIEMEHTOB Ha aTOMHO-a0COPOLIMOHHOM
cnektpomerpe CatypH-3 JUisl «4UCTBIX» paCTBOPOB MPUBEIEHBI B Ta0J. 2.2.
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Tabnuua 2.2 — Ipenensl 00HapyKeHUS 3JIEMEHTOB MIPU UCIIOJIb30BAaHUU CIIEKTPO-
Metpa CarypH-3

[Ipenen oOHapyxeHuUs
OneMeHT [LTAMSL, MKD/MIT rpa¢uroBas TpyOuaTas
IeYb, MKI/II

Al 0.15

\Y 0.08

Bi 0.10 3.0
W 2.0

Ga 0.05 5.0
Ge 0.20 30
Fe 0.015

Au 0.03

Ir 40
In 0.07 1.5
Cd 0.007 0.05
K 0.005

Ca 0.004

Co 0.025 0.6
Mg 0.0007
Mn 0.004 0.05
Cu 0.004 0.5
Mo 0.06

Na 0.0015

Ni 0.02 4.0
Nb 10

Sn 1.0 5.0
Pt 0.4 8.0
Pd 1.5
He 0.4

Rh 2.0
Pb 0.05 0.5
Ag 0.004 0.1
Sb 0.06 2.0
Tl 0.06 0.5
Ta 10

Te 0.45 1.0
Ti 0.4

Rb 0.01 0.4
Cr 0.005 0.8
Cs 0.006 3.0
Zn 0.004

Zr 4.0

B monorpaduu M.D. bpuiike npuBoauTCS METOAMKA OIICHKH Tpeesnia 00-
Hapy’>XKCHUS 13 TaK Ha3bIBAEMBIX CKEJIACTHYCCKUX KPHBBIX. DTO 3aBUCUMOCTH
CTAaHIAPTHOTO S M OTHOCUTEIBLHO CTAaHJAPTHOTO OTKIOHEHHUS S, cHTHajia abcopO-
IIHOHHOCTH OIPEACISIEMOTO 3JIEMEHTA OT €r0 KOHIISHTPAIIHH.
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JI711 MHOTHX aHAJIMTUYECKUX METOJIOB, B TOM YHCJIC U JIJIT aTOMHO-
a0COpOIIMOHHOTO aHaIK3a, TPaUKH 3aBUCUMOCTH S U S; OT KOHLICHTPAIIMU UMe-
10T BU/I, IOKa3aHHBIA Ha puC. 2.3.

S., S

0,5

0,33

Pucynok 2.3 — Buj 3aBUCMMOCTH CTaHAAPTHOTO OTKJIOHEHUS! S U OTHOCUTEIBHO-
ro CTAaHJAPTHOT'O OTKJIOHEHUS S, OT KOHIIEHTPAIUU OMPEACIISIEMOTO 3JIEMEHTA:
20 ¥ 36 — KOHLEHTPAILINHU, COOTBETCTBYIOIIIHE MpeiesiaM OOHAPYKEHUS 110 26 U
3 o - kputeputo; Cy u Cg — rpaHullbl AMana3oHa padounx (ONTUMAJIbHbIX )
KOHICHTPALUH.

BuaHo, 4TO OTHOCHUTENBHOE CTaHJAPTHOE OTKJIOHEHUE S, B JIOBOJBHO
OOJIBIIIOM JHMaNa30OHe KOHIICHTPAIMi MMEET MOYTU MOCTOSTHHOE 3HayeHue, OJIn3-
KO€ K MHUHUMAaJbHOMY, KOTOPOE JJIsi COBPEMEHHBIX MPUOOPOB BBHICIIErO Kiacca
00b1yHO He mpesbimaet 0,01-0,02. DToT Auana3oH Ha3bBIBAIOT JUANIA30HOM «pabo-
YUX KOHIIEHTpaUUii», a €ro rpaHulbl YKa3blBAIOT B MHCTPYKUHUAX U MPOCIEKTAX
npubopoB. [Ipy ymMeHbIIEHMH KOHILIEHTpAIMU OIpPEAeNIIeMOro 3JIEeMEHTa B pac-
TBOpE S, BO3pacraeT, 0COOEHHO pe3ko BOMM3M mpejena ooHapyxkeHus. Haubomnee
BBITOJHO pa0OTaTh UMEHHO B IMANAa30HE KOHIIEHTPAILIMM, B KOTOPOM S; MOCTOSTHHO
U OJIM3KO K MUHUMAJILHOMY.

[To 2 6 -xpuTeputo mpenen oOHaAPYKEHUS — TO KOHIIEHTPAIUs, CUTHAIT TSI
KOTOpPOM paBeH yJABOCHHOU BEJIMUMHE CTAaHAAPTHOIO OTKJIOHEHUS S,. Toraa

S
S =——=0,5
Y (2.4)
SO
Io 3 6 -KpUTEpHIO S, = S 0,33 (2.5)

o
OTknaapiBast Ha OCH OpAMHAT 3HaYEHUE S, , paBHOE coOTBEeTCTBeHHO 0,5 U
0,33, mo cKeacCTUYECKON KpUBOM OMPEENsOT BEIMUYUHY Mpejena oOHapyKEeHHUs.
BunHo, yTo npu onpeneneHuu npenena oOHapyKeHus 1Mo 3 ¢ -KpUTEPUIO MOrpel-
HOCTh HIKE (0K0JI0 33 %), T.€. 3T0 OoJiee Ha/IeKHBIN KPUTEPUH.
CriocoObI CHIKEHHS Tpejiesia OOHAPY KEeHHUS:
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1. Mcnonp3oBaHMe MaKCUMAIbHOM SIPKOCTU CBEUEHHUS UCTOYHMKA (HO Oe3
camMo00pallleHrs COOTBETCTBYIOUIEH JIMHUH).

2. MakcuManabHO BO3MOKHAS! IIMPUHA 1N, HO HE MPUBOAIIAS K IEPEKPhI-
BAaHUIO IPYTUMH OJTU3KUMU JIMHUSIMHU.

W

MI/IHI/IMI/ISaI_[I/ISI HECCIICKTUBHOI'O ITOI'JIOIIICHUA.

4. YcpenHeHue CUTHANIa U YMEPEHHOE MO/IaBJICHHUE TyMOB (JeMiipeprupoBa-

HUE).

5. OOmias onTUMH3AIUS COOTHOIICHUS CUTHAJI/TITY M.
JIy1st CIeKTPOMETPOB C OOJIBITUMU TOTEPSIMU CBETa (HAIIPUMED, ABYXITyUe-
BbIE C YCIIO)KHEHHOW OMTUYECKON CXEMOI) CHU3UTH Ipeiel 0OHAPYKEHUSI MOXKHO,

€CJIM IIEPEUTH HA OJHOJYYEBOM PEKUM.

Bocnpou3eodumocmb. Bocupon3BoIuMOCTh aTOMHO-a0COPOIIMOHHOTO

MCTO/Jia OIMPCACIIACTCA:

1) cimyyaltHBIMH MOTPEIIHOCTSIMU aHATN3a, BOZHUKAIONUMHU Ha BCEX MPEIIIECT-
BYIOIIUX CTAJIUAX aHATUTHYECKOTO MPOIECCa;
2)OrpeuIHOCTSIMU, BO3HUKAIOIIMMH MPU aTOMHO-a0COPOLIMOHHBIX U3MEPEHUSIX.
Bocnpou3BoaAMMOCTh 3aBHCUT OT MOMEX pa3IMYHOro Tuma. Jlroboe Biusi-
HU€ HA aHAJUTUYECKUN CUTHAJ, BBI3BIBAIOIIEE €T0 YXY/IICHHE, Ha3bIBACTCS IO-

Mexoi. Pasznnyaror 2 BU1a moMex.

Ilomexu

aJIUTUBHbBIC
(TOCTOSIHHBIE)

[IpucyrcTBue Kakoro-iubo MOCTO-
POHHEro KOMIIOHEHTa B TpooOe
NPUBOJTUT K CIOXKEHUIO aHATUTHYE-
CKOTO CHUTHaja C CUTHaJoM, 00y-
CIIOBJICHHBIM JTHM KOMIIOHEHTOM.
['panyupoBouHblli Tpaduk mapa-
JeNbHO cMeraeTcs. Meroa 100aBoK
HE YCTPaHSET aJIUTUBHBIC TIOMEXH.

MYJbTUTUTUKATHBHBIE
(mepeMeHHbIE)

Kakoil-unOyp KOMIIOHEHT HpOObI HE
naetr caMm curHail. Ho oH ycuiuBaet
WIK OCJIa0seT aHAIUTUYECKUH CHT-
Hain. M3mensiercs yroia HakioHa (4yB-
CTBUTEJILHOCTD ) rpagyrupOBOYHOTO
rpaduka 6e3 ero mapayuieIbHOTO CMe-
nieHusi. MyJIbTUTUIMKATUBHBIE TTOMEXH
MOTYT OBITH CBSI3aHBI C BIUSHUEM OC-
HOBHOTO KOMIIOHEHTa, CMEIECHUEM
paBHOBecHs B ra3zoBoi ¢ase u T.1. Me-
TOJ A00aBOK YCTpaHsAeT MYJIbTHILINKA-
TUBHBIEC TIOMEXH.

CyMMmapHasi BOCIIPOM3BOIUMOCTh aTOMHO-a0COPOIIMOHHBIX U3MEPEHUIM
COTJIACHO 3aKOHY CJIOKEHHSI OTPEIIHOCTEN MOKET OBITh MpeCTaBIeHa:

s= (5L, + 5!

aToM

+S?

NEKTP . » (26)

r71€ S;cr. — CTAHAAPTHOE OTKJIIOHEHUE (DITYyKTyaruii HCTOYHUKA,
Sarom. — CTAHIAPTHOE OTKIOHEHUE (IYKTYaIMii aTOMHU3aTOPa;
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Sexrp. — CTAHIAPTHOE OTKJIOHEHUE JIEKTPOHHOI'O PETUCTPUPYIOLIETO
YCTpPOWCTBA.

2 2
[Tpuuem, Kak MpaBHIIO, \/ Sier + Soeep < Sarow., T-€. OCHOBHBIM HCTOY-

HUKOM IIIYMOB sIBJIsieTCs atomu3atop. [lnmamsi — 3170 quHaMuueckas cuctema, reo-
METPHS M CTEXHOMETPHUS KOTOPOW MEHSETCS B M3BECTHBIX MpEenax, U I KOTO-
poil XapaKTepHbI JIOKAJIbHBIC TEMIICPATypHBIC TIEpenajbl, 3aBUXPCHUS W T.1.
dnykTyaruu cCOOCTBEHHOT'O IMOTJIONMICHUS MPOIMOPIMOHATBHBEI BEIMYMHE abcopo-
UM TUTAMCHU W MOTYT OBITh CHIDKEHBI NMPUMEHEHHEM O00Jie€ OKHCIUTEIHHOTO
IJIJaMEHU, BEHIOOPOM ONTUMAILHON padodeil BBICOTHI IJIAMEHH, MOIXOISIIET0 pac-
TBOPUTEJNISI U YMEHbBIIICHUEM KOHIICHTPAIIMH B PACTBOPE OCHOBHBIX KOMITOHEHTOB
poObl. CTaOUIBHOCTh ATOMHU3AIMK 3aBUCUT OT KOHCTPYKIIMU TOPENIKH, PeXHMa
ropeHusi (Haubosiee cTaOUILHOE TOPEHUE HAONIOMAETCS Yy CTEXHOMETPUYECKOTrO
MJIaMeHM), CTAOMIIBHOCTU pabOThl CUCTEMbI PACIIBUIMTENh — TOpeJiKa U MPOIECCOB
aTOMM3AIIMU OMpEeesieMoro daemMeHTa. [Ipu mpoYnx paBHBIX YCIOBUAX TPYIHO-
aTOMHU3UPYEMbIE METAJIIbI 00JIee YyBCTBUTEIBHBI K (IIYKTYalUsIM TJIAMEHU | OTI-
pPEAENSIOTCS ¢ XyAUIeH BOCIPOU3BOAUMOCTBIO.

@DITyKTyaIrui UCTOYHUKA S, 3aBUCAT OT KOHCTPYKIIUU U MTATAIOIIETO TOKA
namibl. Tak, namnel ¢ moabiM Katogom st As, Bi, Te, Se, Sn pabGotator meHee
cTabmibHO. ENMWHCTBEHHBIA MapamMeTp, KOTOPHIM aHATUTHK MOXKET YIPaBJISATh —
3TO TOK JamImbl. [Ipu Gojiee BHICOKOM TOKE BOCHPOU3BOJIMMOCTD yiIydIinaeTcs (B
OCOOCHHOCTH JJIsl JIETKOJETYUYUX METAJJIOB U AJIEMEHTOB, COSAUHEHUS] KOTOPHIX
nerko aromusupyrtces — Ag, Cd, Cu, Zn, menounsie Metaiibl.) Ho npu stom
YMEHBIIAETCS BpPEeMSs KU3HU JaMIlbl, HECKOJIbKO CHUKETCS YyBCTBUTEIBHOCTh U
Cy’KaeTcsl TMHENHas 4acTh IrPaJyupOBOYHOIO rpaduka.

JI71s1 OTHOJTYYEBOTO CIIEKTPOMETpA IIYM U Apeiid CBETOBOTO MOTOKA MOCIE
BKJIIOUEHHUS JlaMIibl B TeyeHue 15 — 30 MuHyT 3HauuTENbHO yMeHbluaercs. s
JBYXJIy4E€BBIX MPUOOPOB IIyM HCTOYHHKA BOOOIIE OOJBINION pONM HE HUrpaer.
[Iym™m, cBsi3aHHBINA C HECTAOMIIBHOCTBIO DJIEKTPOHHOU CXEMBI Syexrp, KK IIPABUIIO,
HU30K. Hambosee cyiecTBeHHbIN BKJIaJ BHOCUT (DOTOHHBIN 1IyM (POTOYMHOKH-
TeJs, MPONMOPIHUOHATBHBIA KOPHIO KBaJpPaTHOMY M3 WHTEHCHBHOCTH CBETOBOTO
nmoToka (Kak OT MCTOYHWKA, TaK W OT aTtomu3aropa). [losromy mrym (onoOBOM
OMUCCUU (POTOYMHOKHUTENS CTAHOBUTCS 3HAYUTEIBHBIM TPU OIPEACICHUN dJie-
MEHTOB C CWJIbHBIM H31yueHueM B miamenu (Ca, Ba, Cs, K, Li, Na, Rb) unu s1e-
MEHTOB, YbH JIMHUM PACIIOJIOKEHBI B 00JIACTU CIEKTpa CO 3HAYUTEIBHOU COOCT-
BEHHOM AMHUCCHEN MJIaMEeHU, WA PAJAUKATIOB, 00pa3yOIMUXCs MPU MUPOJIU3E MaK-
pokoMnoHeHTOB. Hampumep, aGcopOIMOHHBIN CUTHAN HEeCTaOWJIeH MpU Ompene-
JeHuu Oapusi B CBETSIIEMCS CWJIBHO BOCCTAHOBUTEIBHOM  BO3JYIIHO-
allETWJICHOBOM IJIJaMEHU WM NMPHU U30BITKE B PACTBOPE KaJbLIMs UM JIAHTAHA U3-3a
3HAUMTENbHON ASMuccuu panukanoB CaOH® u LaO*® u camoro miaMeHu BOJIW3U
JUHUM Oapus ¢ JJIMHON BOJIHBI 553,6 HM.

lMpasunbHOCMb. [1paBIIILHOCTh AHATUTHYIECKOTO METO/Ia XapaKTepU3y-
€TCSl OTKJIOHEHUEM CpEJHEro pe3yJibTara OOJIBIIOr0 Yuciia OMpeesIeHU OT uc-
TUHHOTO (HAJEKHO YCTAHOBJIEHHOI'0) COJIepkKaHus jieMeHTa B mpoode. [IpaBusib-
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HOCTb TE€M BBIIIE, YEM MEHBIIIE CUCTEMATHYECKas MOrpemHOCThs Metona. [Ipnun-
HAMU CHUCTEMATHYECKUX OLIMOOK, CHelU(PUYHBIX JJii aTOMHO-a0COpOIMOHHOTO
aHaIu3a, ABJISIOTCS:

~  BpEeMEHHOU apeid HyneBol JTHUHUHM (OCOOSHHO TSI OJTHOTYYEBBIX CIEK-
TPOMETPOB);
BPEMEHHOM ipeii() YyBCTBUTEIBHOCTH;

— BIIMSHMS, BbI3BAaHHBIE Pa3JIMYMEM BaJOBOTO COCTaBa MPOO M CTaHIAPTHBIX

pPacTBOpPOB.

O} heKTUBHOCTh aTOMU3AIUU 3aBUCUT OT MHOTHX (DaKTOPOB, HEKOTOPHIE
U3 KOTOPBIX MOTYT MIOCTENIEHHO U HEKOHTPOJIUPYEMO MEHSTHCA BO BPEMEHH. JTO,
B CBOIO OYepe/lb, IPUBOJUT K JIpeiiy UyBCTBUTEILHOCTH U3MEPEHUSI.

NHTEHCUBHOCTDh CBETOBOTO MOTOKA, IMIMPUHA SMHUCCUOHHON JIMHUH, COOT-
HOIIICHWE WHTEHCUBHOCTEH AHAIIMTUYECKOW M COCEAHUX JIMHUH 3aMETHO Jpei-
dyror B nepebie 10-30 MUHYT TOCII€ BKIIOYCHHS JIAMIIBI. DJICKTPOHHBIC OJIOKH
TaK)Ke TOJBEPKEHBI OMPEJICTICHHOMY BpeMEHHOMY Jpeiidy. OT HarpeBaHUs IoO-
CTENEHHO MEHSIOTCS pa3Mephl IIEIN TOPEIKH U JIJIMHA BOJIHBI, HA KOTOPYIO Ha-
CTpO€H MOHOXpomaTop. B npeiide 3Tux mapameTpoB onpe/ieeHHYI0 pOJb Urpa-
I0T U Heu30ekHble BUOpauu kommpeccopa. [Ipu aiurenbHOM pachblIeHUU pac-
TBOPOB C BBICOKHM COJIEP>KaHUEM COJICH Ha IeJIM TOPEIKUA OTKIAAbIBAIOTCS COIU
U YIJIEPOI; 3TO 3aMETHO MEHSIET JaBJICHHE W PacXo]] PacIbUISIONIECTO raza, a TaK-
K€ COOTHOILICHHE TOPIOYEro ra3a u OKUCIUTEIIS.

Hpeiid 4yBCTBUTENBHOCTU, MPUBOISIINN K CUCTEMAaTHYECKON MOTPEIIHO-
CTH, CJIEIYET MO BO3MOKHOCTH UCKIIIOYaTh. JTO JOCTUTAETCS PALMOHAIBHON Me-
TOAUKOW U3MEPEHUS: IPOBEACHUEM CEPUU U3MEPEHUM 3a KOPOTKHI MPOMEKYTOK
BPEMEHH, YaCThIM Y€pEJOBAHMEM U3MEpPEHUU MPOObI, CTAHAAPTHOIO PacTBOpPA U
pacTBOPUTENS, YACTHIM PACIBUICHUEM HYJIEBOTO PACTBOpA U MPOBEPKOM MOJIOKE-
HUSI HYJIEBOU JINHUMU.

JIist DNIeKTPOTEepPMHUUECKUX aTOMHU3AaTOpPOB Habitomaercs apeiid 4yBCTBU-
TEJIbHOCTH, BHI3bIBAEMBII:

— HaKOIUICHUEM MPOAYKTOB MHUPOJIM3a MPEAIICCTBYIOMUX MPoO (yriiepos,
TPYAHOJIETY4YHE COJIN);

— 3apaxeHueM (0COOCHHO IJisg TPYAHOJICTYYUX U KapOua000pa3yroniux
3JIEMEHTOB);

— YXy/JAIIeHHEeM KOHTaKTa MEeX1y TpaduToBoi TpyOKOH U TOKOIIOIBOAAMM;

— HW3MEHEHHUEM CBOMCTB MOBEPXHOCTH MeYU (MUPOJIU3HOTO MOKPBITHS, TO-
PUCTOCTH ), MEXaHUYECKUMU MOBPEKICHUSIMU TTOBEPXHOCTH KOHUYHUKOM J103aTOPA;

— IIOCTENEHHBIM YMEHBLIECHUE TOJIIMHBI CTEHOK B PE3YyJIbTaT€ BO3TOHKH U
OKHucJeHus rpadurta u ap.

Hpeiid 4yBCTBUTEIBHOCTH MOXHO HUCKIIOYUTH, MPUMEHSA MOMHUMO pa-
[IUOHAIIBHOW METOJIMKM M3MEPEHHS €Ille M METOJ| CTaHJApPTHBIX 100aBOK, KOTO-
pBI THUMHYEH MpU paboTe ¢ ANEKTPOTEPMUUYECKUMH aToMu3aTopamu. Pamukaib-
HOE pelieHre MpoOIeMbl BOCIIPOU3BOJUMOCTH U MPABUIBHOCTH AJIEKTPOTEPMHU-
YECKUX METOJOB JAaeT MPOrpaMMHOE YIIPABICHUE TEMIIEPATYPOil ¢ 0OpAaTHOM CBSI-
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3bI0, PETUCTpAIUsl MHTErpajbHOU aOCOPOIIMOHHOCTH M aBTOMATH3AIINS TI03UPOB-
KU TPOOHI.

Bansnaus IMOCTOPOHHUX KOMIIOHCHTOB, IIPUCYTCTBYIOIIUX B AHAJIU3UPYC-

MBIX np06ax, TAaKIKC MOI'YT IIPUBOAUTDb K CUCTCMATHYCCKHUM ITOI'PCITHOCTAM.

1.
2.

9.

BOHpOCbI ANS CaMOCTOSATeNIbHOMN pa60Tb| n 3agavun
B yeMm pasHuLa NOHATUI «UyBCTBUTEIBHOCTbY U «IIpe/ied OOHAPYKEHUD) ?

Paccuuraiite XapaKTEPUCTHUCCKHEC KOHIICHTpAIU! npu aTOMHO-
a0COpPOIIMOHHOM OTIPE/ICIICHUH 3JIEMEHTOB, UCIIOJIb3YSI CISAYIOIIHE JTAHHBIC!
H3mepeHHbIE TapaMeTPhI TOTJIOMIEHUS
DJIEMEHT Konnenrparus P P P m
VT TIPOTTY CKaHUS
Ni 10 MKT/™MIT A=0,292
Sn 100 MKr/mi T =280 %
Ag 0,0185 mMomw/n A=0,151

Boeluncnure xapakTepUCTUUYECKYI0 KOHLIEHTPALMIO T€PMaHUsl IIPU €ro aTOMHO-
a0bCOpOIIMOHHOM OMpeIeNIeHUH, €CM Npu KoHeHTpauuu 100 mxr/mi abcopO-
HUOHHOCTH repManus cocrasisier A = 0,352,

XapakTepucTUyecKkass  KOHIEHTpalus  MapraHiia TMpud  €ro  aTOMHO-
a0COpOIIMOHHOM HW3MEPEHWHM B IUIAMEHM alleTHWICH-BO3yX COCTaBIISICT
0,05 ppm. Berauciaute MossipHyto KoHrleHTpaiuo Mn (II).

BbluncauTh XapakTEpUCTUYECKYIO MacCy TaJUIUs MPHU €ro 3JIeKTpPOTepMUYe-
CKOM ompejeneHuu, ecnu npu BeegeHun 20 Mk pactBopa tawius (I) ¢ koH-
ueHtpanuen 3,75 10 r/n WHTETpaibHas a0COPOIMOHHOCTh cocTaBuia Qa =
0,110.

[lepeunucnure nOpuembl, MOBBIIIAIONINE  YYBCTBUTEIBHOCTH  ATOMHO-
abcopbumonHoro onpeneneHus xeneza B 0,01 M pacTtBope a30THON KHUCTOTHI
B IJTAMEHU alleTUJIEH-BO3IYX.

Kak MOXXHO yMEHBIIUTH YyBCTBUTEIBLHOCTh NMPU aTOMHO-20COPOIIMOHHOM OTI-
pEIEIeHNH KaJIblLUs B MUTHEBOU BOJE?

Ot kakux (aKTOPOB 3aBUCUT BEJIMYMHA TIpenaesia OOHAPYKEHUS B aTOMHO-
a0CcopOLIMOHHOM MeToie?

[lepeuncnuTe NMpUYMHBI BO3HUKHOBEHUS (oHA (1IymMa) MpHU IJAMEHHOM H
3JEKTPOTEPMUYECKOM aTOMHO-a0COPOITMOHHOM U3MEPECHUSX.

10.Kak KOJIMYECTBEHHO MOKHO OXapaKTepPU30BaTh MPABUILHOCTH U BOCIPOU3BO-

AUMOCTDB pE3YyJIbTAaTOB aTOMHO-a600p6HI/IOHHOFO aHanuza?

11.Cnoco6bl MpoBEepKH MNPABUIBHOCTU PE3YJIbTATOB aTOMHO-a0COPOIIMOHHOIO

METOA.

12.1lepeuncnure BO3MOXKHBIE CITOCOOBI CHUKEHHS Tpejesia OOHapyKeHHs Iia-

MCHHOI'O aTOMHO-a6C0p6]_II/IOHHOFO OoIIpCACICHUA MCIN B KHCJIIOTHBIX MHUHCPA-
Jan3aTax OMOJOrMYECKUX TKAaHEH.

13.Kakumu npueMamu yCTPaHSFOTCS PUYUHBI CHCTEMAaTHYECKUX MOTPEIIHOCTEN,

cneuuPUUHBIX Il aTOMHO-a0COPOIMOHHOTO aHau3a’?
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14.11pu rocroBepke aTOMHO-a0COpPOIIMOHHOIO CIEKTpoMeTpa Oblla MpOoBe/IeHa

cepusi U3MepeHui cTanaapTHOro pacteopa meau (I1) u mosydeHs! cieayromnme
3HayeHus1 abcopormonHoctu A: 0,242; 0,244; 0,238; 0,232; 0,240; 0,246;
0,246; 0,240; 0,230; 0,242. Yepe3 monuaca noBtopuin usmepenue: 0,244;
0,246; 0,250; 0,241; 0,240; 0,252; 0,254; 0,248; 0,240; 0,246. Ouenure I0-
I'PEIIHOCTh U3MEPEHUSI CUTHAJIA. SIBIAETCS U pa3HUIA PE3YJIbTATOB JABYX M3-
MEpPEHUN CTATUCTUYECKH 3HAYUMOW?

15.1lpu aToMHO-aOCOPOITMOHHOM OTIPEJEIICHIUN MacCOBOM JIOJIM HATPHS B CTaH-
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naptaoM ob6pasie npeanpusatus (COIl) 6a66urta xansimeBoro bK2 ¢ arrecro-
BaHHBIM cozepxkanueM HaTpus 0,200 + 0,007 % ObuiM OTyUYEHBI CIEAYIOIINE
pesyabtarsl (%): 0,195; 0,199; 0,206; 0,204. ConepxKuT i1 METOUKA CUCTE-
MAaTHYECKYIO MMOIPEIIHOCTH?



Pazgen 3. TexHuka n metoguka paboTtbl HaA aTOMHO-

abcopOLMOHHbIX Npubdopax

OO61muii mopsA0K MOATOTOBKH Mprbopa K padboTe, MPUHITUI U 0UYE€PETHOCTh
MOATOTOBUTENBHBIX W pabo4yux ormnepanuid s NpUOOPOB pa3HbIX Mojemei
OpUMEpPHO OAMHAKOBHL. [Ipomenypa mMOATOTOBKH aTOMHO-aOCOPOIMOHHOTO
CHEKTPOMETpPa K padoTe OOBIYHO YKA3bIBAETCS B MHCTPYKLUUU K KOHKPETHOMY
npubopy. Ilpu mnoaroroBke Kk paboTe B TMEPBYIO OYEpeab MPOBEPSETCS
MOJIKJIFOUEHHEe MpHOOpa K 3JIEKTPUYECKUM, Ta30BBIM CETSIM, CUCTEME BOJSHOTO
OXJIQXKJICHUS, HaJMYME BBITSHKHOM BEHTWISIUMU Haj npubopom. Ilpu aromuzanmu
npo0 B IUIAMEHM H B BJIEKTPOTEPMUYECKHUX ATOMHU3ATOPaX BbLACIAIOTCS
TOKCUYHBIE TIapbl U TEIUIO. BBITS)KHAA BEHTUIISIUMSA TOJKHA YIAIATh ra3bl U Hapbl
CO CKOpPOCTBIO HE MEeHbLIE 5 JI/C.

ITocne ycraHoBkM B mOpuOOp HEOOXOIUMOW JIaMmbl  (MCTOYHHK
PE30HAHCHOTO H3JIyYeHHsS — Jiamra C MOJIbIM KaTOJIOM WJIM BBICOKOYAaCTOTHAs
0€37JIeKTpOIHAs JlTaMIla) TPUOOP BKIIIOYAIOT B AJIEKTPOCETh U JJI CTAOUITU3ALNU
peXXuMa MpeBApUTEIHHO MPOTrPEBAIOT CXEMbl MUTAHUSA U UCTOYHUKHU U3ITyUYCHUS.
OT0 0COOEHHO Ba)KHO MpH paboTe Ha OJIHOTYUYEBBIX NMpubopax. B 3aBucuMocTH OT
npubopa u Jammbl Bpems mporpeBa coctaBiaser ot 10 go 30 MwuHyT.
YCcTaHaBIMBaIOT ONTUMAIBHYIO BEJIMUYMHY TOKAa 4epe3 JaMIily, KOTopas OOBIYHO
COCTaBJISIET JBE TPETH OT MAKCHMAaJbHOW, YKa3aHHOW Ha jamie. Bo Bpewms
porpeBa JjamIibl HEOOXOJMMO YCTaHOBUTb HEOOXOAUMBIA pazMep (LIMpPHUHY)
BXOJIHOM 1€ MOHOXPOMAaToOpa, BBIBECTH HA BXOJHYIO IIE€JIb MOHOXpPOMAToOpa
AHATMTHUYECKYIO JIMHUIO ONPEENISIEMOro 3JIeMEHTa. BbICOKast 4yBCTBUTEIBHOCTD U
TOYHOCTh M3MEpPEHUN O00ecrneyrBaeTcss NpH TLIATEIIbHOM YCTaHOBKE HMCTOYHMKA
PE30HAHCHOTO H3JIyYeHHUs M aTOMHU3aTopa Ha ONTHYECKON OCH, a M300pa)keHue
HMCTOYHUKA C(HOKYCHUPOBAHO HA BXOJHOM IIEIM MOHOXpomartopa. MoHoxpoMaTop
U OCBETHUTENIbHASI ONTHKA OOBIYHO OTHIOCTUPOBAHBI IMPHU HM3rOTOBJICHUH, a IS
IOCTUPOBKHM UCTOYHHKA PE30HAHCHOTO M3JIYYEHHS U aTOMHU3aTopa MpeaycMOoTpeHa
BO3MOXKHOCTh PETYJIMPOBKH MPOCTPAHCTBEHHOTO IMOJOKEHUS IIEIU TOPEIKU WU
OCH TPYOKHM OTHOCHUTEJIBHO OINTHYECKOM Ocu Mpubopa. YcTaHOBKA HCTOYHHKA
PE30HAHCHOTO M3JIy4YEHHUS Ha ONTHUYECKYIO OChb OCYIIECTBIIAECTCA MEPEMELICHUEM
JaMIibl B JIByX B3aUMHO MNEPHEHAUKYISPHBIX HAIMpPABICHUSAX C IOMOIIbIO
pEryJIMpOBOYHBIX BHUHTOB. KOHTPOJIb FOCTUPOBKH MCTOYHHUKA MPOBOMST MO YIIIy
OTKJIOHEHHUS CTPEJIKM Ha Ikaie npudopa. Koraa katoq HCTOYHMKA pE30OHAHCHOTO
U3Jy4EHHs] YCTAHOBJEH HA ONTHUYECKOM OCH, Yrod OTKJIOHEHUS CTPEJIKU
MaKCUMaJIbHBIA. Ecim pabora mpoBoamTcs ¢ Koppeknmer (oHa, HE0OX0auMOo
BKJIFOUMTbH B CETh JaMIy KOppekTtopa (poHa, KOTopas 0ObIYHO OTHIOCTHUPOBAHA MPU
uzrotoiienun npubopa. Korma o00e sammbl  mporperorcs, HeEo0X0IuMO
cOalaHCUPOBATh UX CUTHAJIBI B COOTBETCTBUU C MHCTPYKILHMEH K TprOOpy.

KOctupoBka 1menu Tropenkd WM TPYyOKH  BIEKTPOTEPMHUYECKOIrO
aTOMM3aTOpa OCYIIECTBJISIETCS TaKXKe MyTeM HM3MEHEHHUS MPOCTPAHCTBEHHOIO
MOJIOXKEHUS! HACaJKW TOpEeIKM WM TPyOKHM aTOMH3aTOpa C  IOMOIIBIO
PEryJIMpOBOYHBIX BHHTOB. [lOJIOKEHHME TOpENKM peryjupyercss cHayana 0e3
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IUJAMEHH, MO0 «3alYUMKYy» OT HMCTOYHHKA XAPAKTEPUCTUYECKOTO H3IY4YEHUS C
MOMOIIBIO JIUCTa Oymaru. «3aifluuK» JOJDKEH pacrojiaraTbCsi CUMMETPUYHO HaJl
HIENBI0 TOPENIKU NMPU MEPEMEIIEHUN BAOJb BCEH [JIMHBI, @ LEHTP «3ailuvKa» —
BbIIIE cpe3a Tropenku Ha 5—7 MM. OKOHYATEIbHO IMOJOKEHUE TOpPENIKU
OTHOCHUTEJIbHO ONTUYECKOW OCH MOYXXHO YTOUHUTH FOCTUPOBOYHBIMU BUHTAMHU IIPU
paclbUIEHUM B IUIaMs pacTBOpPA, COJEPMALIEro ompenenseMblid snemeHT. [lpu
ATOM J00MBAIOTCSI MAKCUMAJIbHOIO 3HAYEHUS AaHAIMTUYECKOIO CUTHAIA.

lTodzomoeka k pabome 2opesnku u pacnbiniumerns. llpexiae yem
3aKeub IJ1aMsl, 1eaecoo0pa3Ho MPOBEpUTHh paboTy Topenku U pacnbuiuTens. Ha
ropenke J0JHa ObITh Hacajka, COOTBETCTBYIOIIAsi COCTaBy roproueid CMecH, ¢
KOTOpOM mpenamnonaraercss padorath. JlJisi paboThl ¢ TUIAMEHEM CMECH 3aKHCh
a30Ta—alleTWJICH MOXXHO MPUMEHSTh TOJIBKO CHEIUaJbHYI0 Hacaaky, Oosee
KOpPOTKYI0, 4eM JUIsl TUIJaMEHM BO3JIyX—aleTwieH. BpicoTa BojasHOro cronbda B
cocyJie TUIpO3aTBOpa JOJKHA OBITh He MeHbIe 10—15 cMm.

Xapaktep paboOThl 1O IOCTUPOBKE pACHBUIMTENSE 3aBUCUT OT €ro
KOHCTPYKIIMU  (peryaupyemMorl  wiaM  jkecTkod). Pacmeuiurenu — kecTkoit
KOHCTPYKIIUU OTPETYJHUPOBAHBI TPH M3TOTOBICHUU TaK, YTOOBI OOECIEeYUTh
onTUMalibHyI0 3()PEeKTUBHOCTh pacmbiieHus. [IpoBepka pabOTHl pPACTBLIUTEINS
JKECTKOW KOHCTPYKIIMU CBOJHUTCS K CIEAYIOLIEMY: IPOBEPSETCS, HE 3aCOPUIICS JIA
KaluJUIsIp, 4€pe3 KOTOPBIN MOJAETCS pACTBOP B PACIBbUIUTENb, U HE YMEHBIINIAChH
1 3¢ (PEeKTUBHOCTH paclbUICHUsS. PaclblIuTENh HEXKECTKON KOHCTPYKIMH MOKHO
peryJupoBath B IMpOIECCe HIKCIUTyaTallUM C I1EIbl0 MOJy4YeHHUs TpeOyeMoi
CKOPOCTH M MAaKCHMaJIbHOI'O AHAJUTUYECKOTO CHUTHAJla WU TOJBKO C UEIbIO
M3MEHEHUsI CKOpOCTH (MeJJIEHHass CKOPOCTb pachbUICHUSI HeoOXoauma Tpu
aHaju3e HeOOJIbIINX 00BEMOB PACTBOPA).

Ecnu nipu koHTpoOsIe pacnbuiUTelsi OOHAPYKEHO, YTO 3aCOPHIICS KamWLIsp,
TO €ro HeoOXO0JUMO MPOYUCTUTH C TTOMOIIBIO TOHKOW MPOBOJIOKU. PacnbuinTesnsp,
pacibUIUTENbHYI0 KaMepy W TOpeiKy HEoOXOIUMO MOJJIEPKUBATh B UYHUCTOM
cocTOostHUM. YacToTa NOpPOMBIBKM 3aBUCHUT OT  HACBIILIEHHOCTH  COJIAMH
aHaJIM3HPYEMbIX pacTBOPOB. OTIOKEHUSI OPraHUYECKNX COEAUHEHUMN, Yriaepoa u
COJIEd MOXHO VYJAJIUTh CTPYE€ BOJABI W C TMOMOIIBKD MOYAJIOK, IIETOK H
HEWUTpaJbHBIX MOIOIIUX CPEICTB, MPUMEHSIEMBIX [JII MBIThbA TOCyAbl. Hemnb3s
YUCTUTh MOBEPXHOCTh HACAJKH U IIEJIb FOPENKA METAUIMYECKUMU MPEAMETAMU,
T.K. MOXHO OCTaBUTb UapalnvHbl HA TOBEPXHOCTH, KOTOPBHIE HAPYUIAKOT
JAMHUHAPHOCTh Ta30BOr0 MOTOKA Yepe3 WIedb TOpelKM W TakuM o0pa3oM
YXYALIAT XapaKTepUCTUKH uiameHu. [llenp ropenkn MOXKHO YUCTUTh KyCOUKOM
TBEpJOi OymMaru uiu KapToHa.

OkoHuatenbHasi TPOBEPKAa pabOThl PACHBUIMTEINSI U TOPEJIKH MPOBOJAUTCS
MIPY PaCbUIEHUH KOHTPOJIBHOIO pacTBopa B miiams. [Ipexae, yem 3axeub miams,
HEOOXOJIUMO YCTaHOBUTh B TIOJABOJSINEH Tra3oBoM cucreme Tpedyemoe
MHCTPYKIHUEH AaBiieHUE ra3oB. [Ipyu 3TOM moAaroT B rOpesiKy CHadajia BO3AyX, a
3aTeM TroproYui raz (B 4acTHOCTH, aleTuseH). UToObl MpeaoTBpaTUTh MPOCKOK
IJJAMEHU B TOpEJKY, Jydllle IMepel MOKUIaHUEM IUIaMEHU YCTaHABIIUBATh
CKOPOCTb MOTOKA ra30B HECKOJILKO BBIIIE HOPMAIBHONU. DTO OCOOCHHO Ba)KHO TIPH
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paboTe c ra30BOil CMEChIO 3aKHCh a30Ta—alleTUIIEH UMEIOIIEH BBICOKYIO CKOPOCTh

ropenus. [lpu rameHun miaamMeHu TakkKe HEOOXOAMMO MPEBBIINIEHHE CKOPOCTH

MIOTOKA Ta30B HAaJ CKOPOCTbIO TOpeHHs IUIaMeHHW. [[03TOMy rasel BKJIIOYAIOT B

ONpENEICHHOM MOpPSJIKE: CHayajga TOpPIOYMil ras3, 3aTeM ra3—okuciautTenb. Eciam

MOCJI€ TOJKHUra IUIaMsi OTPBIBAETCS OT TOPEJIKHU, 3TO O3HAYAET, YTO CKOPOCTh

MIOTOKAa Ta30BOM CMECH BBICOKAa IO CPAaBHEHUIO CO CKOPOCThO TropeHus. C

MOMOIIbI0O BEHTWIEH B ra3opacnpe/ieIuTeIbHOM OJIOKE CIEAYeT OTPEryaupoBaTh

COOTHOIIIEHHE CKOPOCTEH MOTOKOB TOPIOYEro raza U OKUcIUTeNs (BO31yxa) Tak,

9TOOBI 00€CTIEUUThH CTIOKOMHOE TOPEHHE TUIAMEHHU.

JlanbHEWIyI0 MOATOTOBKY K pa0OTe CHUCTEMBI PACIBUIMTENh — TOpeika
Jydille TPOBOJUTH MNPH PACHBUICHHH B IUIaMsi KOHTPOJBHOIO pacTBOpa, s
KOTOPOTrO H3BECTHA BEJIIMUYMHA AHATUTUYECKOTO CHTHAJIa TPU ONTUMAJIbHBIX
YCIOBUSIX PACTBUICHUS W aTOMHU3ALMHU. YJIOOHO JIsi 3TOM IeM NPUTOTOBUTH
pacTBOpPBl C TaKOW KOHIEHTpALMEH OMpeAessIEMOro JJIEMEHTa, [JIsi KOTOpOMH
BeJnunHa abcopOuuoHHoctu coctapisieT 0,1 — 0,2 u He BBIXOJIUT 3a MPEIEIIbl
MPSIMOJIMHEWHON YacTu rpagyupoBoyHOro rpaduka. Eciu nmonydeHHas BeIudyuHa
AHAJIMTUYECKOTO CUTHAala MEHbIIE KOHTPOJBHOW, TO MIPOBOIAAT KOHTPOJIBHYIO
MPOBEPKY ONTHUMAJIbHOCTH BBIOPAHHBIX YCJIOBHUHA (IOCTUPOBKAa HCTOYHHUKA
XapaKTEPUCTUUECKOTO U3ITyUYECHUS, TOPEIIKU, YCIOBUN PACTIBUICHHS, COOTHOILIEHUE
ra3oB B roproueid cMecu u Ap.). TOJIbKO Mocie Takod MPOBEPKH MOXKHO CrEiIaTh
3aKJII0YCHUE O CHIDKCHMH 3(PPEKTUBHOCTH PACTIBUICHHS B CUCTEME PaCHbUIATETh
— roperka.

B mpomecce skcmityaTanuu, Korja MCHOIb3YeTCs OOOTallleHHOe TutaMs |
pacobuisitoTest Ooratbie cossiMu (~ 10 Mr/mu) pactBopel, ObICTPO OOpa3yeTcs
OCaJIOK COJIe M KOIMOTH Ha Kpasx TOpEeIKU. Y CTPAaHUTh ATOT Harap Jjydile Npu
BBIKJIIOYEHHOM TIJIAMEHH.

ATtoMu3anus pacTBOPOB B IUJITAaMEHHM NPU TOJTHOM HCIAPEHUH YacTHIL
a’po30Jisg 00eCIeUnBaeT UASHTUYHOCTh COCTaBa AaTOMHBIX MApOB B MOIJIOMIAIOIIEM
cjoe U cocraBa pacTBopoB. CTaOUIBHOCTD aHATUTUUYECKOTO CUTHAJIA JOCTUTaeTCs
3a CYET AMHAMHUYECKOTO PAaBHOBECHS B IMOIMVIOLIAIOIIEM CJIOE, KOrJa CKOPOCTh
MOCTYIUIEHUSI aTOMOB M3 a3p030Jis1 PaBHA CKOPOCTH BBIHOCA UX MOTOKOM Ta3oB B
miaMeHd. Bpewms, 3aTpaueHHOE HAa YCTAaHOBJIEHHE JUHAMHYECKOTO PaBHOBECHS,
3aBUCUT OT KOHCTPYKTHBHBIX OCOOCHHOCTEW CHCTEMBbI PACIBUIMTENb — TOpesiKa
(06pruHO HE0OXO0AMMO 3 — 5 ¢). 3a 3TO BpeMs pacxojyeTcst OKoyio 1 mMi1 pacTBopa.
Eciu B omHOM pacTBOope HEOOXOIWMO 3aMEpPUTh KOHIEHTPAIMI0 HECKOIBKUX
AJIEMEHTOB, TO pPAacXoAyroTcs Oojibpliue 00bEeMbl pacTBOpa, T.K. aTOMHO —
a0COpOLMOHHBIA AHAIUTUYECKUN CUTHAI 3aMepseTcsl sl KaKJIOro >3JIeMEHTa
MOCJIeI0BAaTEILHO U3 HOBOM J103bl PacTBOpA.

[Ipu paGoTe B peKruMe IIEKTPOTEPMUIECKON aTOMHU3AINN HEOOXOAMMO:

— YCTaHOBUTH  aTOMH3aTOpP BMECTO TOPEJNKH; C IOMONIbIO  BHHTOB,
MepeMEeIIaIMX €ro MO0 TOPU3OHTAIM W BEPTUKAIU, MPOU3BECTH €r0
IOCTUPOBKY TaKUM 00pa3oM, UTOOBI 4Yepe3 Medyb MPOXOJAWJIO MaKCHUMaIbHOE
KOJIMYECTBO CBETa OT UCTOUYHUKA U3JTyUEHUS,

— BKJIIOYUTH OJIOK YIPABJICHHWS W BBECTH HEOOXOIMMYIO0 TIporpammy. Breibopy
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OporpaMMbl HarpeBa 3JEKTPOTEPMUYECKOTO aTOMU3aTOPA MOCBAILLIECH pa3aes
5.6 TaHHOM KHUTH,

— OTKpBITh OQJJIOH C 3allUTHBIM Ta30M M IOJaTh Ha MpuOOp HEOOXOIMMOE
NaBIICHUE;

— OTKpBITH BOJIONPOBOAHBIM KpaH UM YCTAaHOBUTh HEOOXOIUMBIA pacxos
OXJIaXK/Ia0ILIEeH BOJIbI UEPE3 ATOMU3ATOD;

— BKJIIOUUTH OJIOK MUTAaHUS aTOMHU3ATOPA;

— TPOU3BECTHU MPOTOH MPOrPaMMbI O€3 BKIIFOUCHUSI TUTAHMUS;

— MPOU3BECTU OYHUCTKY KIOBEThI OOKHUIOM IMpU TeMmImeparype, OOJbIIeH WiIH
paBHOW TOM, KOTOpass YCTaHOBJIIEHA B Mporpamme JJisi aTOMHU3alUU
COCIMHEHUI OMPENIeNIeMOro 3JIEMEHTA, 10 TeX MOp, MOKa CUTHAJ MPU 00KUTE
HE CTaHET HE3HAUYUMBbIM;

— W3 pacTBOpa MpoObl OTOMPAIOT CHENUATBHON MUIIETKOM — 103aTOPOM aJIUKBOTY
pacTBopa 20—-30 MKJI ¥ BBOJST €€ BHYTPb TPYOKHU Yepe3 OTBEPCTUE B CEPE/INHE
OOKOBOI1 CTEHKH;

— 3amyCKaloT  YCTAHOBJICHHYI  MporpaMmy  HarpeBa ©  (UKCHUPYIOT
AHAINTUYECKUIN CUTHAL.

Ecnmn  pguamazoH  ompenensemMblx  COJIEpKaHUM  COOTBETCTBYET
CpPaBHUTEJIBHO OOJIBIIOMY CHUTHANy HamOojiee yJA00HO CUMTHIBATH IOKAa3aHUS
uu@poBOoro  BOJIBTMETpPAa  WJIM  PErUCTPUPOBAThH  €ro  IOKa3aHUs  Ha
nugponeyararpeM ycTpoiicTBe. B nmiameHHOM BapuaHTe OOBIYHO (DUKCHUPYIOT
CpellHEee 3HAUEHHE CUTHaJIa 3a HECKOJIbKO CeKyH[. Takoil cnmocod perucrpauuu
MO3BOJIET OBICTPO MPOBOJAUTH U3MEPEHUS MIPU MPOBEACHUU MACCOBBIX aHAIN30B
OMHOTUMHBIX Tpo0. Ilpu pabore C DJIEKTPOTEPMHUUECKUMH aTOMH3aTOpaMu
Ba)KHO, YTOOBI JIETEKTOP, YCUJIUTEIb U CUCTEMA PETUCTPAllUU TOKa3aHUN UMENH
MaJyro MOCTOsHHYI0 BpemeHnu (ropsaka 0,1 — 0,2 ¢).

IIpu ompeneneHuM OTHOCUTENBHO HHM3KMX KOHLEHTpalMil, Koraa
BenuuuHa curHasa He mpesbimaer 0,010 — 0,020, Gonee ToyHBIE H3MEpPEHUS
MOXHO TMPOBOJUTH C HCIOJb30BAHUEM PETUCTPAllMM CUTHAJIA Ha JICHTE
MOTEHIIMOMETPA, IPUYEM CUTHAT MOXKET OBITh «PACTSIHYT» C TIOMOIIBIO IETUTEIS
HampsDKeHUsT  (paciiupeHre Imkainel). MacmTa® BbIOMpaeTcs M0  JKEJIaHUIO
oreparopa, MpUYeM KPUTEPHEM BbIOOpa CIIYXKHUT BeauunHa (GIyKTyamuu (oHa.
Pacmipennrie mIkaabl COMPOBOXKAAETCS TMOBBIICHHEM YpOBHS 1IyMoB. Het
CMbICIa yBEIMYMBATH MAacIITad IIKalbl [OTEHIIMOMETPA, €CIU YPOBEHb
baykTyarum («rymMoBasi Topoxkka») 6osee 2 — 3 MM.

[loBblllIeHHE TOYHOCTHM B ATOM CIyda€ MOXKHO JOCTUTHYTH 3a CYET
YCpEIHEHUs CUTHAJa: yBEJIWYEHHWE BPEMEHHM 3alKiCU U TOCTOSHHOW BpPEMEHU
npubopa (nemmndepupoBaHue). YBeIWYEHUE MOCTOSHHOM BPEMEHHU IMO3BOJIAET
HECKOJIbKO YMEHBIIUTh aMIUIUTYAY (DIyKTyaluii, OJHAKO IPH STOM CHHXKAETCS
CKOPOCTb 3aIMCH U YBEJINYUBAETCS KOJIUYECTBO PACIBUISIEMOIO PacTBOPA.

Hanuune wmukponponeccopa (Mau MOAYJS CBS3U, IPeoOpa3yrouiero
CHUMAEMBIil CO CIIEKTPOMETpa CUTHAI B ITU(GPOBOM KOJI U O MOCJIEI0BATEILHOMY
uHTepdeiicy mnepenatomero ero Ha OBM) mo3BossieT NpPOU3BOIUTH pacyer
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KOHLEHTpalMii MNpu MPOU3BOJIBHON (opme TrpaayupoBOYHOro rpaduka
(IuHEHOM U HeuHelHo). bosbie BO3MOKHOCTH UMEET MUKPOIIPOLIECCOp MPpHU
00paboOTKe  UMITYJIbCHBIX  CHUTHAJOB, MOJydaeMblX mpu  pabore ¢
ANEKTPOTEPMUUYECKUMHU aToOMHU3aTopamMu. VIMIyJIbCHBII XapakTep MOCTYIICHUS
aTOMHBIX TApOB B TOTJIOMIATEIbHYIO SUEWKY ompesnenser (GopMmy CHUTHAlA, U
MOA3TOMY CHUTHAJ MIPH 3alKMCH Ha MOJBIKHYIO JICHTY UMeeT (OpMy MUKa C OJHUM
WIM  HECKOJbKMMHU  MakcuMmymamu. Ilnomanb, orpaHuueHHasi  KpUBOW,
ompesensieTcs:  a0CONIOTHOW  BEJIMYMHOW  COJCPKAaHWS ~ DJIEMEHTOB B
aHanu3npyeMoM pacTtBope. Ecnu 3amuch nuka MMEET Malylo LIUPUHY U OAHY
BEPIIMHY, TO AHAIUTUYECKUM CUTHAJIIOM MOKET CIY>KUTh BBICOTA MTUKA.

Cuctema peructpauui (PUKCHUPYeT HHTEHCUBHOCTH MOIYJIUPOBAHHOIO
W3JIy4EeHUs, TMPOUIEAUIEr0 4Yepe3 AaTOMHU3aTop B  MPUCYTCTBUHM  IapoOB
anamuzupyemor mpoObl (I) u 6e3 Hux (Iy). YMmeHbllleHHME WHTEHCUBHOCTHU
MOZYJINPOBAHHOTO H3JIyYEHHS IOCJE MPOXOKICHHUS €ro 4epe3 MOTJIOLIAIOLIYIO
SYeWKy C TlapaMHd aHaJIU3UpyeMoW MpoObl OOYCJIOBJICHO CEICKTUBHBIM
MOTJIOIIIEHUEM CBEeTa CBOOOJHBIMU HEWUTpaJbHBIMU aTOMaMH, a TakXe He-
CEJIEKTUBHBIM TIOTJIOIIEHUEM CBETAa HA PE3OHAHCHOW 4YacTOTe JApYrUMU
XUMUYECKUMHU COEIMHEHUSIMA M PACCESHHEM W3JIyYEHUs Ha MEJIKHX 4YacTHIax,
NPUCYTCTBYIOIIUX B aTomu3arope. PaboTa mo oJHONY4YeBOM cXeme ¢
KOPPEKTOPOM YCTpaHSET ATH MoMeXu. UTOOBl y4ecTb BO3MOXKHBIE (IYKTYyalluu
WHTEHCUBHOCTH OOOMX HCTOYHHMKOB CBETa, B TMOCJICAHMX MOJEISAX AaTOMHO-
a0COpPOLIMOHHBIX CIIEKTPOMETPOB peaycMaTpUBaIOTCS JIBYJy4€BbBIC
OCBETHUTEIIbHBIE CUCTEMBI [ 000X HCTOYHUKOB.

Peructpanusi BBIXOAHOTO CHTHaJla OCYIIECTBIISIETCS  CTPEIOYHBIMU
npubopamMu, caMonucuamu, U(PpoBbIMH YCTPOMCTBAMU C BbIaueld pe3ylibTaTa
u3MepeHuss Ha I1udpoBoM TabNO WIM Ha UU@pOIeUaTaroneM YCTPOUCTBE.
Kaxmoe #3 3TUX PETHUCTPUPYIOMIMX YCTPOMCTB 001afacT oOMNpenesIeHHbIMU
JIOCTOMHCTBAMH U TaK)K€ HE CBOOOJIHO OT HEJOCTATKOB.

Haubonee npoctel B pabote cTpenoynbie mpubopsl. OHAKO BO MHOTHUX
CIy4asX HEBO3MOXHO C JOCTaTOYHOM HANEKHOCTBKO OLIEHUTHh CpEaHEe
MOJIOKEHUE CTPEIKU. JTO CBS3aHO C (QIIYKTyallMssMM CHUTHalIA M3-32 U3MEHEHMUS
KOHIICHTPAIlMM Ta30B M NapoB B IUIAMEHHU, T.K. AHAIU3UPYEMOE BEILECTBO
MPOXOJUT Yepe3 IulaMsi B BHJAE OTAECIbHBIX 4YacThyeK. lIpu BBINOJTHEHUH
U3MEpPEHUN C BBICOKUM KOA(DPUIIMEHTOM YCWJICHUS NJIsi OMpPENeNICHUs MallbIX
KOHIIEHTpAIlui SJIEMEHTa KOJeOaHMUsI CTPEJIKH CTAHOBSTCS HEPETYJISIPHBIMU H
3HAQUUTENBHBIMU 1O amIuutyae. Jlis yMeHbIIeHUS aMIUTUTYAbl IIYMOB
MPUMEHSIOT JeMII(epupoBaHNEe PETUCTPUPYIONUX YCTpoucTB. OmHAKO TpH
3HAYUTEIHLHOM JeMIIPEpUPOBAHNY TTOKAa3aHUS TPHOOPA HCKAKAIOTCA.

Peructpanusi BHIXOAHOTO CHUTHajla C MOMOINbIO CAMOMUCLEB MMEET P
MPEUMYIIECTB IO CPaBHEHUIO CO CTPEJIOYHbIMU TmpuOopamu. CurHaI nOpu
aTOMH3allMM B IUITAMEHU WIH DJJIEKTPOTEPMUYECKOM aTOMH3ATOPE HMEET
JUHAMHUYECKUN XapakTep, W 3aluch Ha JABUXKYIICHCS JeHTe mpuoOperaeT BUJ
MUKOB, (popMa KOTOPBIX 3aBUCUT OT KHWHETHKHA aTOMHU3AIUU, UHEPIIMOHHOCTH
CaMOITMCIIa, CKOPOCTH JBIKCHHS JICHTHI, BEJIIMYMHBl CHTHAJIa M WHTEpBaJia
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u3MepsemMoro Hanpspkenus. [lpu atom puxkcupyroTcs Bce kojiebaHusi cUrHala, a
Takxke apeiid dona. OOBIYHO MPUMEHSIOTCS MaJIOMHEPIMOHHBIE CAMOMUCIBI, Y
KOTOpbIX Bpems ImpoOera Imikaidsl MeHblne lc. Ha camomnucue wumeercs
BO3MO>XXHOCTb MEHSTh CKOPOCTb [JBHMXKEHHUSI JIEHTBI W HMHTEPBAl H3MEPSIEMBIX
HamnpspbKeHWl. TexHUKa perucTpauuy CHEKTPOB MOTJIOUIEHUS NPU HUMITYJbCHOM
UCIIAPEHUH B  JJIEKTPOTEPMUYECKUX aTOMHU3ATOpAaX CJOXKHEE, YEM MpH
PaBHOBECHOM, T.K. HaJ[0 PETUCTPUPOBATh ObICTPO MEHAOIUICS curnai. [loatomy
JUIs 3aliCH CUTHAJla TPU HUMITYJIbCHOM HCIapeHHH Mpo0 MPUMEHSIOTCS
caMomnucIbl ¢ BpeMeHeM Tipobera 1mkambl okono 0,1c. 3amuch curHaia
MaJIOMHEPLIIUOHHBIM CAMOMUCIIEM MO3BOJIAET MPOBOIUTH HCCIIEN0BaHHE (HOPMBI
CUTHAJIa NpPHU aTOMM3aLUMU B SJIEKTPOTEPMHUYECKMX aTOMH3aTOpax M JPYrux
clly4asiX UMITYJIbCHOM aTOMHU3aluu Ipoo.

ATOMHO—a0COpPOLIMOHHBIE TPUOOPHI B  psiie  CiIydyaeB CHaOXEHbI
UM(POBBIMU BOJIBTMETPAMHM C BbIJaued pe3yJbTaTa Ha CBETOBOM TalJO WIH
nuponeyararomem ycrpoiictBe. LludpoBas perucrpanus mo3BosisieT U30€xKaTh
OLIMOOK HEMPaBUIBHOTO OTCUETA MOJOKEHUS CTPEJIKU WM BBICOTHI THKa Ha
nente. Kpome Toro, mpu uudpoBoil perucTpanui MOXKHO MOJYUYUTh CPEIHHMA
CUTHAJ WM IPOBECTH HWHTETPUPOBAHME CHUTHANIA 3a ONPEACIICHHOE BpEMs.
[Iponecc ycpeaHeHust MPpOBOAUTCS B TAKOM MOPSAKE: BBITOIHAIOTCS IECATKUA WIH
COTHM MTHOBEHHBIX 3aMEpPOB BEJIWYMHBl CHUTHajJa B MPOLECCE pPaCHbLICHUS
pacTBOpa B IUIaMs B TEUYEHHE HECKOJBKMX CEKyHI. IlepecueTHoe ycTpOMCTBO
CYMMHpPYET BC€ pe3yJbTaTbl 3aMepoB M  BblUMCISIET cpenHee. llpum
WHTErPUPOBAHUU MPOBOJAMUTCS HENPEPBIBHOE CYMMHPOBAHUE CHTHAja B TCUCHHE
OIPEJEICHHOI0 BPEMEHHU (HECKOJIBKO CEKYH[T). Y CPEJHEHHBIN CUTHAN MOCTYIAET
Ha CBeToBoe Tabio wuinu Ha I1udpomneyartaromiee ycrpoiicteo. Ecnu
perucTpupypomas cucremMa uMeer MUHU-OBM, TO mNOSABIAETCS BO3MOXKHOCTH
pPEruCTpUPOBaTh CUTHAJT JUOO B €IMHHUIIAX a0COPOUMOHHOCTH (ONTHYECKOM
IJIOTHOCTH), 100 B €IMHULIAX KOHIIEHTpauuu. Eciiu peructpaius mpoBOAUTCS B
eMHMIaX KOHILIEHTPAlUU, TO HEO0OXOJIMMO BBeCTH B namatb DOBM nannbie 00
oOpasuax cpaBHeHus. [IpakTrudecku Bce aTOMHO—aO0COPOIIMOHHbBIE CIIEKTPOMETPHI
MOTYT paboTaTh B SMHUCCHOHHOM BapHaHTe, T.€. BBIACIATH CIEKTPaIbHbIC JIUHUM,
U3JIy4yaeMbl€ aTOMAMU U MOHAMU B aTOMHU3aTOPE, PETUCTPUPOBATH U U3MEPATHh UX
UHTEHCUBHOCTh. [loKa3aHUs M3MEpUTEIbHBIX NPUOOPOB MPONOPLHUOHAIBHEI
MHTEHCUBHOCTHU U3JIyYEHHS U BBIPA)KEHBI B IPOU3BOJIBHBIX €AUHUIIAX. B aTOMHO—
a0COpPOIIMOHHOM CHEKTPOMETpE CUTHaI ¢ (OTOYMHOXKHTENS IIOCTYMaeT Ha
CHEIUATBHBIA YCUITUTENh, KOTOPHIN paboTaeT KaKk CHHXPOHHBIA ETEKTOP U Kak
JUHENHBIN YCUIIUTENb MOIYJHPOBAHHBIX CHUTHANOB. UTOOBI HMCHOJB30BATH €rO
JUISl yCWJICHHSI U PETUCTPALIMM MHTEHCUBHOCTU M3IYUYEHUS IUIAMEHH WM JPYroro
aTOMM3aTOpa, HEOOXOJMMO JTO U3JIy4eHHE MOJYJHUpOBaTh JO BXoJa B
(OTOYMHOXKHUTEINb WA MOCJE HEr0 C TAaKOM K€ YacTOTOW, Ha KaKyl YCHIHTEIb
HacTpoeH. Takoe mpeoOpa3zoBaHME H3IYUYEHHUS OCYIIECTBIIAETCS CHEUUaTbHBIM
MOJAYJISITOPOM, BKIIIOYAIOIIMMCS B pabOTy NpH MEPEKIIOYEHUH PYKOSATKH Ha
nepeHei nmaHenu npudopa B MOJ0KEHUE «IMUCCHUS.

[Ipu paGoTte Ha aTOMHO—AaOCOPOIMOHHBIX CIIEKTPOMETPAX B IMUCCUOHHOM
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BapuaHTE HEOOXOJUMO YUYHUTBIBAThb, YTO CHEKTPHI SMUCCHUU OOrade JUHUSMU IO
CPaBHEHHUIO CO CHEKTpaMU MOTJIOMICHUSI aTOMOB M BEPOATHOCThH CIEKTPaJIbHBIX
HAJIOXKEHUH B CIIEKTPaxX U3yUYECHUs 3HAUUTENIHO BBIIIIE.

CBs3b  MEXIy BEIUYUHOW aOCOPOIMOHHOCTH W KOHIIGHTpallUeH
omuchbiBaercs  ypaBHeHueM — A=kIC.  Meton  aToMHO—aOCOpPOIIMOHHON
CHEKTPOMETPUU OTHOCUTEIBHBIN M TO3TOMY JJIsi yCTAaHOBIIGHUS BHJIA
3apucumMoctTt A oT C UCHONB3YIOT CTaHJApTHBIE PACTBOPBI, B KOTOPBIX
KOHIIGHTpAIsi  ONpEeNesieMOro  dJeMeHTa  u3BecTHa.  KoHIeHTpamwms
OTIPEICIISIEMOTO DJIEMEHTAa B CTAHIAPTHBIX pPacTBOpax yCTaHABIMBAETCS B
TUana3oHe  OXKHUIAEMBIX  W3MEHEHHH  coIepkKaHUsi ero B pacTBOpax
aHanmm3upyeMbix 1mpo0. [Ipyu BBemeHWM B aTOMHU3AaTOp CTAaHIAPTHBIX PacTBOPOB
3aMepSAIOT BEIWYWHY CHTHAJOB W CTPOSAT TPaayHMpPOBOYHBIA Tpadhuk B
KOOpJIMHATaX ITOKa3aHWsl MpuOopa — KOHIEHTpamus. [Ipw 3TOM ydYWTHIBAIOT
XOJIOCTOH OTBIT W MO0 OCH OPJWHAT OTKJIAJIBIBAIOT PA3HOCTHBIN aHAIMTHYCCKHMA
CUTHAJ (Pa3HOCTh CHTHAJIOB B HMCIBITYEMOM M XOJIOCTOM oOIbITaX). OOBIYHO OCh
KOHIICHTpaIuii (HE3aBUCHUMBbIC TIEPEMEHHBIC) BBHIOMPACTCS B KAueCTBE OCH
abcrucc.

[Ipn >TOM HCMONB3YIOT CIAEAYIOIIME OCHOBHBIE CIOCOOBI OMpeaeseHus
KOHIIEHTpAI[MU aHAIM3UPYEMOr0 dJIeMeHTa B IIpooe.

1. Meroa rpaayupoBOYHOTO Tpaduka.

OH OCHOBaH Ha HCIIOJIb30BAaHWU BOJIHBIX TPATYHPOBOYHBIX PACTBOPOB
OTIpPEICISIEMOT0  AJIEMEHTa, KOHIIEHTpAIusi KOTOPBIX W3BECTHA (HAJEKHO
ycTaHoByieHa). Ecnu MeToauka nmpeanonaraeT uCnoib3oBanue 0y(epHbIx 106aBoK
K aHaJM3UPYEMOMY PacTBOPY, TO UX BBOIST M B TPATyHMPOBOYHBIC PACTBOPHI B
ONIMHAKOBOW  KOHIeHTpammu. CrlemyeT TakKe CTapaThCsi IOJJICPKUBATH
OJIMHAKOBYIO KOHIICHTPAITUIO KUCJIOTHI B MPOOaxX M TPaayHpPOBOYHBIX PACTBOPAX.
[Tocne pacmbuieHUsT TPagyUPOBOUHBIX PACTBOPOB (OOBIUHO TpPEX — YETHIPEX)
MPOBOAAT U3MEPEHHUE pacTBOPOB Mpobd (8 — 10), mociie yero NpoBepsrOT XOTs Obl
OJIHY TOYKY TpaayupoBOYHOro rpaduka. PacxokaeHne MeExXIy BeTMYMHAMH
CUTHAJIOB TPaJyUpPOBOYHOIO pacTBOpa HE JAOHKHO MPEBBINIATH YTPOEHHOTO
CTaHJAPTHOTO OTKJIOHEHUS ISl JAHHOTO YpOBHs KOHUEHTpaiuil. [lo okoHuanuu
U3MEpPEHUI TPOBEPSAIOT BCIO KaTHMOPOBOUHYIO KPUBYIO. BOJNBIIMHCTBO aTOMHO—
aOCOpPOIIMOHHBIX METOAMK TpeOYIOT TpoBeneHUs AByX wu3MepeHui. s
MCKIIFOUCHUST BO3MOXHBIX TMOTPEITHOCTEH PEKOMEHAYETCS PAaCIbUISTh PaCTBOPHI
npoO cHavyana B OJHOM TOpsJIKe, 3aTeM — B oOpaTHOM. OOBIYHO TpagyUupOBOYHBIN
rpaduK UMEeT BHUJ IPSMOM, BBIXOAAIICH M3 Hayaida KoopawHaT. st GOJbIIMX
Benu4nH abcopormonHoctu A (topsnka 0,3 u Gonee) HabMIO1aeTCS NCKPUBIICHUE
rpaduka — yMEHBIIACTCSI YYBCTBUTEIBHOCTh AHAIMTUYECKOTO curHama. MHorma
rpagyupOBOYHBIA TpadUK OTKIOHSIETCS BBEPX OT OCH KOHIEeHTparuil. OObIYHO
ATO CBSI3aHO C MOHMU3AITUEH OMPEEISIEMOTo dJIEMEHTA.

2. Meroa 106aBoK.

[Ipn aHanm3e HETHMWYHBIX TPOO C MATpUIlEd HEW3BECTHOTO COCTaBa
HCITIOJIB3YIOT METO ] J00aBOK. B 3TOM ciydae B kauecTBe CTaHAAPTHBIX pacTBOPOB
CIIy)aT aHaJIM3UpPyeMbIe, KOTOpPBIE TOTOBATCA K aHAIHM3y II0 CICAYIOIICH
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nporpamme. bepyr 3 — 4 oaumHakoBble MOpUMHU aHaIu3uMpyemoro pactBopa. K

KOKIOW TMopuuu M00aBIsAIOT O0BEMBI pacTBOpa — JJ00aBKH, COAEpIKaIIne
pa3nuuHbIe KOHIICHTPAIIMU ONpEeIIIeMOro 3JeMeHTa. B mepBoii mpobe oOBIYHO
onpenensiemMblii 3nmeMeHT otcyTcTByeT (C, nmo6aBku = 0). Bo BrTopoit ero

conepxxkanue — Cy; B Tpetheit C, u T.1. J{7s1 BceX pacTBOPOB U3MEPSIOT BEIIUUUHY
a0COPOIIMOHHOCTH M CTPOAT IPaAyMpPOBOYHBIN I'paduK, TUITUIHBIN BUJ KOTOPOTO
MoKa3aH Ha puc. 3.1.

A

O CX Cl C2 C3 C J00aBKH

Pucynok 3.1 - I'panyupoBounslii rpaduk npu padbote mo MeToay 100aBok

B meTone no6aBok mpobiieMa X0JI0CTOro OmbITa emle 6ojee akryanbHa. 1o
OCH OpJMHAT TaKXKe CIleyeT OTKJIAJbIBaTh pa3HOCTHbIM curHan A. Yepes
MOJyYE€HHBIE TOYKU MPOBOJAAT NPSIMYIO J0 MEePEeceUyeHus ¢ OChI0 abcuuce B TOUKE
0. Dta Touka Oyaer HavamoM KoopauHat, a oTpesok 0 — C, Oyzer
COOTBETCTBOBATh KOHIEHTPALIMHU OIPEAEIEMOT0 3JI€MEHTa B PACTBOPE MPOOHI.

MeTton cTanAapTHBIX 100aBOK CHPABEJINB MPHU BBHITOJHEHUH CIETYIOIINX
YCIIOBHIA:

— JWMHEHHOCTh  TPaJyMpOBOYHOTO rpaduka BO  BCEeM  JUAra3oHE
OmpeAeIsieMbIX KOHLIEHTPALUN;

— BJIMSHUE MATPUYHBIX 3P(PEKTOB OCTAETCS MOCTOSIHHBIM MPU HW3MEHEHUU
OTHOILIEHUSI KOHIIEHTPAIH OIpeIesieMOoro IeMeHTa K MaTpuliie o0pa3ua;

— HJEHTHUYHOCTH (OPMBI XHMHUYECKOTO COCAUHEHHS OIpenesieMOoro
3JIEMEHTA B aHAJTU3UPYEMOM PacTBOpE U B 100aBKeE;

— OmpeeneHne CBOOOIHO OT CIIEKTPAIbHBIX BIUSHUI;

— HECEJICKTUBHBIE TOMEXU CKOPPEKTUPOBAHBI.

Hcnonb3zoBanne Merona n00aBOK IiesiecooOpa3HO MpH aHalu3e Mpoo
HEU3BECTHOTO COCTaBa MM CO CIOXHOW MaTpHIled, a TakXkKe IMpU IPOBEPKE
MPaBUILHOCTH BHOBB pa3pabaThIBAaEMbIX METOJUK MPU OTCYTCTBUM CTaHJAPTHBIX
oOpasnoB. Hemocratkamu wmeToja sABISETCS €ro Ooiblas TPYAOEMKOCTh H
Xyauias BOCHPOU3BOAMMOCTh — BEJIMYMHA OTHOCUTENBHOIO CTAaHIAPTHOTO
OTKJIOHEHHS S; B 2—3 pa3a 0oJbllle M0 CPAaBHEHHUIO C METOJOM I'PaTyHpPOBOYHOTO
rpaduka.

3. MeToj orpaHUYHBAIOIINX PACTBOPOB.

JUJ1s1 TOBBILIICHHS] TOYHOCTH Pe3yibTaTa aHAIN3a MOXKET OBITh UCIIOJIb30BaH
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METO]] OTPAaHMYMBAIOIINX pacTBOpoB. OH 3akitouaeTcs B cienytomieM. [lo Mmetomy
IpagyupOBOYHOTIO TpaduKa ONpeNeNsioT coiep)aHue dieMenTa B pactBope Ci.
['otoBsaT 2 rpanyupoBouHblx pacTBopa ¢ MeHbIMM (C;) u Oonbmum (C,)
COJICp)KaHUEM aHAJINTa, YeM OIPEICICHO B MCCIECAYeMOM pacTBOpe. PacmbuisioT
pactBOoppl B Takoi mocinenoBarenbHoctu: C;, C, C,, perucrpupys
COOTBETCTBYIOIIIME WM BeJIMYUHBI aOcopOuuonHoctu (A, Ay, A). Tounoe
coJiep KaHMe JIEMEHTa B UCCIIEAyeMOM Tpo0e ompeaestsitoT o Gpopmyiie:
(C, —C))e(4,-4))
Az - AI

Yem Onmxe OyayT MKy COOO0# colep KaHus aHAIKUTA B TPATYUPOBOYHBIX
pactBopax C; u C,, TeM To4Hee OyJeT OMpEeNeICHO ero COJAepKaHue B Mpoode.
MeTon OrpaHMYMBAIONIMX PACTBOPOB MPUMEHSETCS KaK B IJIAMEHHOM, TaKk U B
AIEKTPOTEPMHUIECKOM aHaM3e. B mocienHeM ciaydae ero UCIoIb30BaHUE MOXKET
MO3BOJIUTh COKPATUTh KOJMYECTBO HW3MEPCHUU, MPOJOJDKUTEIHHOCTh KOTOPBIX
0oJbIIIe, YeM TS TNTAMEHHOTO METO/Ia.

C.=C, +
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Pasgen 4. NNoBbiweHne TOYHOCTU NJIAME@HHOro aTOMHO-

abcopOLUMOHHOro aHanusa

Ecniu  omuH  wiaM HECKOJNBKO  TOCTOPOHHUX ~ KOMIIOHEHTOB
MPUCYTCTBYIOT B aHaJIM3UPyeMOW MpoOe, HO OTCYTCTBYIOT B TPaayHpPOBOYHBIX
pacTBopax, TO YYBCTBUTEJIBHOCTH OIPENEICHHUS] JJIEMEHTAa MOXET OBbITh
HEOJIMHAKOBOM. DTO SBJIEHUE HA3bIBAIOT B AaTOMHO-aOCOPOLIMOHHOM aHaIHu3e
noMexamMu  (BAMSHHUSMH) M SBISIOTCA ~ MCTOYHMKAMHM  3HAYUTEIBHOTO
YXYALIEHUS TOYHOCTH pe3ydbTaToB aHaiu3a. [lpu BBegeHue B  1miams
pacTBOpa  aHaJIM3UPyeMOro oOpa3ua MpPOTEKAT  pa3ivyYHble  (PU3UKO-
XUMUYECKME M  XUMHUYECKHME  TPOLECChl, Beaylmue K  (HOPMUPOBAHHIO
AHAIMTHUYECKOr0 CHUTHaNAa. DTU TPOLECCHl MOJABEPKEHBbI Pa3IUYHBIM ITOMEXAM,
kinaccudukanus kKoropbix mnpemioxkena Jl. [lanessiMm. Ha puc. 4.1 npuBeneHsl
OCHOBHBIE  MPOUECCHI, MPOUCXOMASIINE TPU  BBEACHUM  AHAJIU3UPYEMOTO
pacTBOpa B IUIaMs, © BO3MOXKHbIE TOMEXH, BOSHUKAIOIINE Ha ONPEIEICHHBIX
craausix. PaccMoTpum Gosiee MOJIpOOHO TMOMEXH B IJIAMEHH M CIOCOOBI HX
YCTpaHEHHUS.

Momexu npu nony4YeHuu U repeHoce as3po3oJsis. B
MOJABJISIIONIEM  OOJBUIMHCTBE  COBPEMEHHBIX  CIIEKTPO()OTOMETPOB IS
MOJIYYEHHS] a3pO030JIEd HCIOJIb3YIOT MHEBMATUYECKOE PACIbUICHHE.

Cpennuii nuameTp Kamejb B aj’po30jie 00paTHO MPONOPIMOHATICH
CKOPOCTH Ta3a OTHOCHUTENIbHO >KMJIKOCTH W 3aBUCHT OT (PU3UYECKUX CBOWCTB
pacnbUIieMOro pactBopa. Juamerp kamenb yMmeHbliaercs or 65 go 10 Mkm
npyu U3MeHeHuH ckopoctd Taza oT 50 nmo 350 m/c. BsizkocTh M MJIOTHOCTH
pacTBOpUTENS HE3HAUUTEIBHO BIMSIOT Ha pa3Mep Kareib;, YMEHbUIEHUE
BSA3KOCTM W IUIOTHOCTHM  PACTBOPUTENS MPUBOAUT K POCTY CKOPOCTH
notpedysieHus pacTBopa U CHOCOOCTBYeT pocTy curHaia. Pasmuuue B
BEJIMYMHE TOBEPXHOCTHOIO HATSDKEHHMS] OPraHMYECKUX JKHUJIKOCTEH U BOJIbI
NpPOSIBIISIETCS B JUCIIEPCHOCTH a’3po30Jisi; pa3Mep Kamelb i OpraHuYecKHx
KUJOKOCTe mnpumepHo B 1,5-2 pa3a MeHsblle, yeM I BOJbl. A3p030Jib U3
METWIN300yTUIIKETOHAa COACpXKUT 65% (Qpakuuu Kamenab ¢ pa3MepoM MeHee
5 MKM, a BOAHBIA a3po30ib — 35%. Kpome Toro, 3¢(eKTUBHOCTh pacHbLICHUS
cocraBisger 18,6% s merunuzoOyTtuikeroHa W 6,8% g Boawl. braarogaps
3TUM (aKkTopaM 3HAUUTEIBHO CHI)KAETCA TMpeaen OOHapyXEHHUS 3IIEMEHTOB
IpU paclbUIEHUH B IUIaMsi OPraHUYECKOrO0 PacTBOPHUTEIIS.

Jns  noBbllieHUst 3(QPEKTUBHOCTU  PACHBUICHUS  HMCHOJB3YIOT
TaK)Ke JpYyrue MNpPUEMbl: HArpeBalOT BOAHBIA PAcTBOpP WM Ta3-HOCUTENb IMEpe]
ux MOCTYIIJIEHUEM B pacnbpUIMTENb, HArpeBalOT  HEMOCPEICTBEHHO
pacibUIUTEIbHYIO kamepy. OpnHako npu 3TOM yXyIIaeTCs
BOCIIPOM3BOIMMOCTbh M3MEPEHUM.
[lopomok rpadura, 700aBIEHHOIO B aHANM3UPYEMBI pacTBOp B BHUJE
CYCIICH3UU WM KOJUIOMJHOTO pacTBOpa MpPU OMpPEAeNICHUU Kejle3a W KaaMus,
U3MEHSeT (OopMy M pa3Mep YacTUIl CyXOro a’po30Js.
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cDOpMI/IpOBaHI/Ie AHAJINTUYCCKOT'O CHUTI'HaJIa 1 Ilomexu
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______________________________________ R
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IIEPEHOCE A3PO30IL
Adp03011b KUAKOCTH-Ta3

2. Bamsaame cocraBa
npoObl B caMOM

UCIIapEHHUE PACTBOPUTEIIS

Aspo30J1b TBEPAOE TENO-Ta3

IUIAMEHU.
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["a3 (KOMIIOHEHTHI AHATU3UPYEMOTO base

pacTBOpa U MPOAYKTHI TOPEHUS)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
¢ aTOMHU3AINA : 2.2.momexu B
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

ra3oBoii dase.

>
HMOHBI CBO60,IIHI>IC aTOMBbI MOJICKYJIbI

|

AHanUTHYECKUI CUTHAJ

3.CeKTpaJIbHbIE
noMexu

Memnrarorue
aTOMBI, HOHBI,
paarKabl

Pucynok 4.1 - IIpoueccel, onpeaenstomue (GpopMUpOBaHUE aHATUTUYECKOTO
CUTHaJla B TUIAMEHM U KJaccuUKaus Mmomex

B nmpucyrctBum rpadura yactunbl npuolOperaroT dopmy chepsl
pa3MepoM ~5 MKM, B OTJIMYKE OT YacTull B GopMe CTEpKHEH, eclii pacTBOp HE
comepxan rpaduroBoro mopoinka. KpoMe TOro, HECKOJIBKO BO3pacTaeT JoJIs
YacTUI[ CyXOro aj’po30Jid Mmajioro pasmepa (MeHee 1 MKM), 4TO SIBISETCS
NPUYMHON yBEJIWYEeHHS 4YyBCcTBUTENbHOCTU. JloOaBnenue 0,08% rpaduroBoro
MOpOIIIKA Takke ycrpaHser BiausHue SO - HOHA Ha AHATUTHYSCKUNA CHUTHAI
Ca, Ba, Mg He3aBHUCHUMO OT KHCJIOTHOCTH CPE€bl U MPUPOJIbI KATHOHOB OCHOBBI
(H", K", NH,").

Bpemsi mpeObiBaHusT a’po30Jii B IUIAMEHU OMNPEACISIETCS CKOPOCTHIO
rasoBblX 1OTOKOB H coctamser 107 c. IIp KHHETHYECKOM pPEXHUME
UCMIAPEHUs] CKOPOCTh HCIApEHUsl Kameilb WIM YacTull chepudeckoil (opMbl
3aBUCUT OT HX pa3MepoB. Bpems, HeoOXoaumMoe Jis TMOJHOTO HCHapeHwus,
paBHO
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= (4.1)

rae d, — mepBOHAYANIbHBIA JUAMETp Karulu;
K — KOHCTaHTa, XapaKTepu3yIollas CKOPOCTb HCIapEeHUs.

KBagpaTtnunass 3aBUCMMOCTh CKOPOCTHM WJIM BpPEMEHU HCHAPEHUs
Kanejib OT UX pa3MEpOB OOYyCIIaBIMBAET OBICTPBIA POCT CTENEHH ATOMU3ALUU
pacTBOpa MpH MOBbIMIEHUH 3(PPexkTuBHOCTU pacnbuieHus. [Ipouecc ucnapeHus
Kamejib aj’po30Jisi MOXKHO pPa30UTh Ha 2 CTaJWM : CHauaja HJAET HCIapeHue
pacTBOpUTENS, 3aT€M TBEPAOro oOcTaTka. PazMep wyacTuil CyXxoro ocrarka
Kareyib a’po30Ji1 ONPEAEISIETCS BbIPAXKEHUEM

C 1/3
r= ’/'Kamu( j s (4‘2)

100

rae F,_,  — CPEeIHWUW paauycC Kalllu;

C — comepxaHHe PACTBOPCHHOT'O BellecTBa, Mac.%;
p- TUIOTHOCTh PAaCTBOPHTEIIS.

CrnemoBaTellbHO, YeM OOJIbIlIe COJIEP)KaHHE PACTBOPEHHOTO BEIECTBA,
TeM OOoJbllle pa3Mep Kalejidb, KPYIHee CyXHe 4YacCTHIIbI, MEIJICHHEe HJIET
ucrapeHue a’po30iia. TpeOoBaHHE TMMOJIHOIO HCHApEHHs Kareib a’dpo30Jsi
HaKjIaJbIBaCT OrPAaHUYECHHS Ha KOHIIGHTpAI[MI0 BEIIECTBA B  PacTBOpaXx.
HenonHoe wucmapeHHe 4acTHIl a’po30Jid HACBIIMIEHHBIX PAacTBOPOB IIPHBOIUT K
WCKPUBIICHUIO TPAaJTyUPOBOYHBIX TPadUKOB.

CkopocTh HWCHApeHHs YacTHI[ a’po3oyisi IPU  PaBHBIX pa3Mepax
3aBUCUT oT TCMIICPATYPHI IIJIaBJICHUA COJIGI;'I, COCTABJIAOIINX JacTuny,
CKOPOCTH yJaJCHHs IapoB OT €€ IOBEPXHOCTH, TEMIICpaTyphl IUIAMEHU |
pekrMa ucrnapeHus. B BBICOKOTEMITEpaTypHBIX Cpelax IpoIecc HCIapeHus
HqaCTHUIL] HEC BCEraa COOTBCTCTBYCT KHHECTUYCCKOMY PEKNUMY, BO3MOKHO
TEPMUYECKOE  pa3pyLIEHHE YaCTULbI Ha OCKOJKWU. Ilpu 3TOoM  mapsl
BBIOpACBhIBAIOTCS M3 4YacTUI[ B BHUJE OTHAEIbHBIX CTpyd. M3 kammu pacmiaBa
BO3MOXKHO (PpakIIMOHHOE HCHapeHue, Kakoe HaOJrofaeTcs MPH WCIApeHUU W3
KpaTepa TIpadHUTOBOro 3JeKTpoja. B psjge ciaydacB BO3MOXKHA CyOJIMMAIlus,
T... HCIOApPEHHe U3 TBEPAOr0 COCTOSHHMA. B HajguMuMd Takoro MexaHH3Ma
ucrapeHus yOeKJaeT MPUCYTCTBUE B  IUIAMEHH  CBOOOJHBIX  aTOMOB
DJIEMEHTOB, KOTOPbIE HAXOMATCSA B YaCTHIIAX a’pPO30js B BHUAEC TCPMOCTOHMKHX
COCOUHECHUN, HMEIIIMX TEMIIEPATypy  IUIABJIEHUS  BBIIIE  TEMIIEPATYPbI
m1aMeHu. Eciu mponccCc HCIHAPCHUA OTINYACTCA OT KHHCTHYCCKOI'O, TO BPCMA
II0JIHOI'0 HCITAPEHUS YaCTHUIl OIPENEIACTCS YpPaBHEHUEM

t—? (4.3)
IIpy Takom pexuMe wucHapeHusl IMpeaeabHas KOHLEHTpalus BEIIECTBA B
pacTBope MoOKeT ObIThb Oonblle. B wWTOre BCEX MPOLECCOB HCHAPCHHS B
IJIaMC€HHU OOAHOBPEMCHHO IIPHUCYTCTBYIOT pPa3IMYHbBIC COCAMHCHUSA, OCTATKHU
Karecjib U CyXuec 4YacCTHUIIbI.
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ITomMexn mpu mnepeHoce a’po30Js YCTPAHSIOTCS OTHOCUTENBHO IIPOCTO.
B cranpapTHbie pacTBOpbl OOBIYHO BBOJAT MAaKpPOKOMIIOHEHT, YPaBHUBAsS €ro
collepkKaHhe B CTaHIApTHBIX pacTBopax M mpodax ¢ ToyHocThio A0 10%.
Tak, B rpagyupoBouHble pacTtBopbl 1pu onpexaenenun Ca, Na, Zn B
kanpuueBbix 0ab6outax mo ['OCT 9519.3-77 BBOAST (POHOBBIA pacTBOP
HUTpaTa CBUHIA. AHAJIOTMYHO TMOCTymaiT npu omnpenenenun Ag, Cu, Zn, Bi,
Sn, Fe, Mg, Ca B merammmueckoM cBuHie Mapok CO0, Cl, C2, C3C u C3 no
I'OCT 26880.1 — 86. Ilpm aHamm3e  OHOJIOTHYCCKHX  JKHJIKOCTEH  HX
pa30aBisIlOT, @ HWHOTAAQ, HA00OPOT, BBOAAT B TPaJyUPOBOYHBIE PACTBOPHI
[IIMLEPUH JUIsl YPaBHUBAHUS BA3KOCTH AaHAJU3UPYEMBIX M TPayduPOBOUYHBIX
pacTBOpOB. [[puMeHsIOT Takke MeToj J00aBOK.

Eme opgHOM TmOMEXOW SBIAETCA HEPABHOMEPHOE  pacIpeleiICHUE
aspo3onst B 1uameHu. boinee 80% CBOOOIHBIX aTOMOB COCPEIOTOYEHBI B
Y3KOM ILEHTPAJIbHOM 30HE IUIAMEHW IIUPUHOM 2-3 MM, KpaeBble€ K€ 30HBI
OKa3bIBAIOTCS MPAKTUYECKH “TYCTBIMM , XOTSI TeMIEpaTypa WX Bbelle. B psae
Clly4aeB A3TO J1a€T BBIMIPHIII B YYBCTBUTEJIBHOCTU. Tak, B MPUCYTCTBUU COJIEH
WM HEJETy4YMX KHUCJIOT B IUIAMEHU alleTWICH-3aKUCh a30Ta Kalljld a’po30Jis
CTAaHOBSITCS KUHETUYECKH OoJiee HMHEPTHBIMH, UX mornepedyHas auddysus B
IJIaMEHU YMEHBIIAETCs, MPU 3TOM YBEIMYMBACTCS COJEpKaHHE a’po3ois (a,
CJIEIOBATENbHO, U CBOOOJHBIX ATOMOB) B Y3KOW LIEHTPAJIbHOW 30HE HAJl OCBIO
TOpeNKU. OTOT MEXAaHU3M, B YaCTHOCTU, OOBSICHSET MOBBIIIECHUE
YyBCTBUTEJIbHOCTH OMNPENEICHUS] ATIOMUHUSI B MPUCYTCTBUU CEPHOM KHUCIOTHI.
[TonoOupIii 3ddekr oTMeuaeTcs TIJIaBHBIM 00pa3oM HJisd IJIAMCHH 3aKHCh
a30Ta-alleTWJIEH. DTH TOMEXH MOXXHO YCTPaHUTh METOAOM J00aBOK WM
YPaBHUBAaHUEM COJEpKaHUS MaKPOKOMIIOHEHTa B Npo0ax MW CTaHIAapTHBIX
pacTBOpax.

lToMmexu & KOoHOeHcupoeaHHOU ¢ha3e. OCHOBHBIC PUYMHEI
noMeX B KOHJEHCHUPOBaHHOW (a3e cCBsi3aHBI C TeM, YTO BpeMs mpodera
YacTHI[ a’3pO30Jisi OT OCHOBAHMS TOPEJKH /10 OOJacTH ONTUYECKOHW OCH OYEeHb
mano (mopsimka 107 ¢). B NPHCYTCTBHM MEMIAIOMMX KOMIIOHEHTOB, KOTOPBIC
XUMUYECKHU CBS3BIBAIOT  WJIU busnuecku OJOKUPYIOT  HCIIapeHHe
ONPENENSIEMOr0  3JIEMEHTAa, 3TOr0 BPEMEHHM HENOCTATOYHO JUIsl  IIOJHOTO
IPOTEKaHUsl TMPOLECCOB AaTOMM3aUMU. THUI TOMEXHM MOXXKHO YCTAaHOBUTH H3
BuJa (YHKIMOHAIBHOM 3aBUCUMOCTH  “‘a0COPOIMOHHOCTH  ONPEAENSIEMOTro
AJeMEHTa — KOHUEHTpauuss  Memaroniero  kommnoneHta  C,”. Hawubonee
XapaKTepHble  3aBUCUMOCTH  MpeAcTaBieHbl Ha puc. 4.2. brnokupoBka —
¢du3nueckoe BIMSHUE, CBS3AHHOE C M3MEHEHHEM CKOPOCTH  HCHapeHHUs
OMpENEeNIeMOro d3JIEeMEHTa B MPUCYTCTBUU OOJBIIOTO M30BITKA MAaTPHUIIBL.
®uznyeckass OJOKMPOBKA MPUBOAUT K OYEHb MEIJIEHHOMY MOHOTOHHOMY
YMEHBIIICHUIO CHUTHAJIA.

Kak nmnpaBuino, B NOpHUCYTCTBUM BBICOKMX COAECPKAHUN  MATPHUILIBI
CKOPOCTb  MCIIAPEHHUs] M, CJIEOBATEIbHO, YYBCTBUTEJIBHOCTh  OMPEAEIICHUS
MOHMXKAIOTCS MO CPABHEHUIO CO CTAHJAPTHBIMU PACTBOPAMH.
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Pucynok 4.2 - XapakTepHble 3aBUCUMOCTH a0COpPOLUMOHHOCTH  OT
KOHIICHTPAIIMU MEMIAIONIer0 KOMIIOHEHTa C pa3IMYHbIM MEXaHH3MOM IOMEX
B KOHJEHCUPOBAHHOMU (haze:
1-pusnueckas OJI0KHMpPOBKA; 2-00pa3oBaHUE TPYIHOJETYUUX CIIJIABOB;
3-o0pa3oBaHMEe XUMHUUYECKUX COCIUHCHMI; 4-T0JaBJIeHHe MPEKICBPEMEHHOTO
BOCCTAHOBJICHHS.

Hanpumep, npu onpeneneHny JIErKOaTOMU3UPYIOMUXCS Meu, cepedpa
W CcBUHIIA B pactBope, comepxkameMm 2% AI(NOs); oOpasyercs Hemerydas
daza AlLO;, © YYBCTBUTENBHOCTh TMOHWKACTCS H3-3a  3aTPYJAHEHHOTO
UCMIAPEHUS]  OMpEAENsiIEMbIX  3JEMEHTOB W3  4YacTUIl CyXOro  a’po30Js.
TpyaHoaucconmMupyOmuMu COSANHEHUSIMUA B TulaMeHH siBisitorcs Takke CaO,
MgO, V,0s5, Nb,Os, AIPO; u gap. BiokupoBKy MOXHO B 3HAYUTEIbHOMN
CTENEHU TMOJIaBUTh pPallMOHATBHBIM BBIOOPOM pACTBOPUTENS U ONTUMHU3ALMEH
anmnapatypHsix  mapameTpoB. [logxonsimumu — pacTBOPUTEISIMU  SIBISIFOTCS
kucinotel (HCI, HCIO,, CH;COOH, HNO;), a Takxe pacTBOp aMMmHaka, T. K.
COJIU YKa3aHHBIX KHUCIOT CPaBHUTEIBHO nerkonetyuu. HaoGopor, mpu
ucnosib3oBanuu Heneryunx H,SO, m H;PO4 a Takke eakux mienoyen,
JIOTIyCKAeTCsl 3HAYUTENIbHO Ooyiee HHU3Kas KOHIICHTpalus Marpuilbl. DPdexT
OJIOKMPOBKM  MOXKHO  CKOMIICHCUPOBAaTh  YpaBHUBAHMEM  KOHIICHTpAIUU
MaKpOKOMITIOHEHTOB B Mpo0ax U TpaJydpOBOYHBIX pacTBopax. [IpumeHnsercs u
METO]l J100aBOK.

IIpu oOpa3zoBaHMU TPYAHOJETYYMX CIUIABOB WM TBEPABIX PaCTBOPOB
(puc. 4.2, xpuBast 2 ) d>@deKT 3HAYUTENIeH, HO KpuBas HE HUMEET pPE3KOro
nepern0a, XapakTepHOTO JUIi XHMHYeckux Tmomex. OOpa3oBaHuEe CIUTABOB
XapaKTEPHO IS TUIATHHOBBIX METAIIOB, XpOMa U MOJIMOJICHA.

Haubosnee MHOroumcieHHbl XUMHUYECKHE MoMexu (KpuBas 3, puc. 4.2).
Onu BbBI3BaHBl O00pa3oBaHWEM B IUIAMEHH TPYIHOJETYYHX COCIMHCHHM
OMpeNeIIeMOro M Memlaroliero KomrnoHeHta. KpuBas mpu 3TOM uUMeEET 4YeTKHUi
neperuo, moMexa MNPOSBISETCA YK€ MPU MaJlbIX KOHIIEHTpAIUAX MENIAoIIero
KoMroHeHTa. Yacto  mMecto  meperuda  ompenensieTcs  CTEXHUOMETpHei
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oOpasytouierocs TPYAHOJIETY4ETO COCIMHEHUA. XUMHUUYECKHUE MIOMEXU
cnemuuynel. B camom  oOmiem  Buie — oOpasymolieecss — COeIUHEHHE
IpEeACTaBIsAET COO0OM cMmemaHHbli okcun (Gopmynsl AByO, Hekoropele wu3
NOMOOHBIX  COCAMHEHWM  W3y4YeHBl  METOJaMu MOJISIDHBIX ~ OTHOUIEHUH,
M30MOJISIPHBIX CEPUH W PEHTTeHOCTPYKTYPHBIM aHaiu3oM. B miameHu wmoryt
oOpaszoBbIBaThcs  cienyromue  coenuHenus : CaSO,, Caz;(POy),, BaTiO;,
MgA1204, CaSiO3, MgZI‘O:;, AlLaO3, A1V204, Ca0'2M003, C&zFGzOg, CEIA1407.
XUMUYECKUM TIOMEXaM MOJIBEPKEHbl MHOTHE OIpeJieisieMble 3JieMeHThl (Mg,
Ca, Sr, Ba, Al, Y, La, P32, Sn, Zr, V, Nb, Ta, Cr, Mo). Memaromumu
saeMeHTaMu oObIuHO siBisitorcess B, Al, Si, Ti, Zr, P, V, Mo, W.

YMEHBIINT, WM YCTPAHUTh TMOMEXH B KOHICHCUpPOBaHHOU (a3ze
MOYHO, UCTIOJIb3YSl CIEAYIOIIUE TPUEMBI.

. Onrummzanus anmapaTypHbIX IAapaMeTpOB.

BricoTa cBeTOoBOro myuyka HajJ TOPEJIKOW ompenensieT Bpemsi mpodera
YacTHUIIbI, MMOATOMY TIpu OoJiblied paboyell BBHICOTE IJIAMEHH IIOMEXH
ymenbiiatorca. Hanpumep, npu onpenenenun Ni u Ca B MmjiaMeHU alleTHIICH-
BO3IYyX BJIMSHAE€ MHOTMX D3JIEMEHTOB YMEHBIIAETCS IPU YBEJIMYEHUH BBICOTHI
CBETOBOr0 IIyyka HaJ Tropenkod. Kpome TOro, mjis MHOTHMX 3JIEMEHTOB B
OKHUCJIMTENIbHOM TIUJIaMeHH (M30BITOK BO37yXa) IOMEXH YMEHBIIAIOTCA WIH
MOJIHOCTBIO  YCTPAHSIOTCS ~ OJlaromapsi  BBICOKOW — TeMIiepaType IUIaMeHH,
OTCYTCTBUIO TIPEKJEBPEMEHHOTO BOCCTAHOBJIIEHUS M KapOMmI000pa3oBaHHs B
KOHJICHCUpOBaHHOW  (a3ze. HampoTuB, B BOCCTAaHOBUTEIHLHOM  BO3IYIIHO-
alleTWJICHOBOM IIJIJAaMEHU HAOJIOMAIOTCS XUMHUYECKHE TMOMEXH Jaxe IS TaKuX
JIErKOaTOMU3UpPYIOIUXCcst 3emMeHToB, kak Co, Fe, Mn, Ni, Cr u 1p.

2. lloBplllIeHHE  JUCIEPCHOCTH  a’po30Js. OTO  MOXKET  OBITh
JOCTUTHYTO HACTPOWKOW PAaCIbUIMTENA, @ TAKXKE ONTUMHU3ALMENH MOJOKEHUA
UMIIAKTOpa  (CTEKJISIHHBIM  WMJIM ~ TAHTAJOBBIA  IIapUK, YCTAHOBJEHHBIM B
CMECUTENIbHOW KaMmepe Ha BbIXOJIE€ M3 paCIHbUIATENS, KOTOPBI obecrneurnBaeT
JIOTIOJIHUTENIbHOE pa3OouBaHue Oojiee KPYMHBIX Kareilb aj’po3oyisi Ha Oofee
Meskue).  JlucnmepcHocTh  a’po30iis, KaKk OTMEYaloCh  BBIIIE, MOXKET OBbITh
yBEJINYEHA n00aBKO OpraHUYECKOTO pactBoputens.  Hampumep,
nenpeccupytoiiee BiusgHue ¢docdaT-uoHa Ha ONpeNeeHUE Kbl MOXKHO
ycTpaHuTh nob6aBkoir 50% areroHa.

3. Hcnonp3oBaHuE  BBICOKOTEMIIEpATYpHBIX  MIaMeH. HekoTopeie
JIETIPECCUPYIOLINE IIOMEXH, MPOSABIISIOLINECS B HU3KOTEMIIEPATYPHBIX
IJIAMEHAX, MOXKHO YCTPAaHHTh IMEPEXOAOM K IUIAMEHHM 3aKUCh a30Ta-all€TUJICH.

4. BBeneHne CHENHAIBHBIX MT00ABOK CIEKTPOXMMHYECKUX Oydhepos.
bydep BBOAST Kak B pacTBOpHl MpoO, TAK U B TPATYHPOBOYHBIC M XOJOCTHIE
pactBopbl. [lo wmexanmm3my neiictBusi Oydepsl mensTcs Ha  3allUTHBIC,
UCIapAIONIUe, 0CBOOOKIAIOIIIHE.

3amuTHeIe  100aBKM  pa3leNAOT  ONpeAeNseMbld Y MELIAKoMIUl
KOMIIOHEHThl B 4YacTulE a’po3ois. MiHornja B KayecTBE 3alllUTHBIX J00aBOK
WCTOJIB3YIOT OpPraHMYeCKUE pPEareHThl, KOTOPHIE CBSI3bIBAIOT  MEIIAIONIUN
3JIEMEHT B YCTOWYMBBIE PACTBOPUMBIC KOMIUIEKCHI. B KauecTBe HCHapsromux

81



100aBOK HCIONB3YIOT JIETKOJETyure, TEePMUYECKU HEYyCTOWYMBBIE COEIUHEHUS,
takue kak NH,Cl, HBF,, NH,ClO4, Na,SO, u 1p., KoTopble HCHapsIoTCs U
MOMajaloT B IUIaMs Jaxe IpPU HU3KUX TeMIlepaTypax MU MO JTOH NpUYUHE
YIYYIIalOT AUCIIEPCHOCTh CYXOTO a’po30Jis, JU00 Ke B3aUMOJCHCTBYIOT C
OTIpeIeIsIEeMbIM AJIEMEHTOM, TEPEeBOJAsl €ro B  JIETy4YWe  COCJUHEHUS
(Hanmpumep, B XJIOPUIBI, XJOpaThl, (TOPHUABI, CYJIbHHUIbI U T.IL.).
OcBobOoxmatorue  J00aBKM  00NAgalOT  CHCHMU(PUYSCKAM  XUMUYECKHUM
JNEUCTBUEM U TIPEXKIE BCEro YCTPAHAIOT MPUYUHY TMOAABJICHHUS aTOMHU3AINU
OTIPEJICIISIEMOTO 3JIEMEHTA, CBA3AHHYIO C OOpa30BaHUEM MEXKIY OMPEICISIEMbIM
U MENIAIOIIMM KOMIIOHGHTAMHU TPYIHOJETYYHX XUMHUYECKUX COCAMHCHUI.
Pe3koro pazaeneHus MEXTY 3alIATHBIMHU, HUCHAPSIONTUMU u
OCBOOOXKJAIOIIUMH  0OaBKaMHU HET, OHM  OKa3bIBAlOT KOMOWHHUPOBAHHOE
nerictBue U 0coOeHHO 3((PEKTUBHBI MPU COBMECTHOM HCIOJb30BaHUU. CMmecu
3aIIATHBIX, UCTIAPSIIONIUX W OCBOOOXKIAIOIINX JTOOABOK MO3BOJISIIOT YMEHBIITUTh
oOlllee KOJUYECTBO BBOAMMOro Oydepa u, clieqoBaTelbHO, CHU3UTh BEIUYUHY
CHUTHaJla XOJOoCTOH TpoObl. [IpuMepbl  OCBOOOXKIAIOMINX, WCIAPSIONIAX |
3alllUTHBIX J00aBOK IMpuUBEJEHbI B Tadq. 4.1.
Tabnuua 4.1 — Cnekrpoxumudeckue 100aBKU-0yhepsl

Onpenens Memaromuit Jlo6aBka MexaHu3m
eMbIe KOMITOHEHT JIEUCTBUSA
3JIEMEHTBHI JI00aBKHU
Cr,Mo |Fe wu unerupyo- | rMApOKCUIAMUH,TUAPA3AH | HCTIAPSIOIIas+
IHE KOMIIOHEHTBI OCBOOOKTaroIast
cramu (N1, V nu
J1p.)
Mo Cr, Fe, N1, Co,V dbopmamu, MOYEBHHA, | 0CBOOOXKJarOIIas
JTaHOJIAMHUH,
TUAPOKCHIIAMUH
A% KOMITOHEHTBI 8-OKCHMXHHOJINH 3alUTHAS
CTaJIn
Si Ca 8-OKCUXHHOJINH 3alUTHas+
OCBOOOXKTaroIas
Cr, Fe, Pb, | Mmuorne xatuons | KCN 0CBOOOKTaroIIas
Au 1 aHHUOHBI
Fe H,PtCls, K,PdCly, | amunocynbdocanuiuioBas | 3aluTHas+
Cu2+, C02+, Ni** U CcyJibhOocaTuInIoBas +0CBOOOKIArOII[asT
KHCJIOTBI
Mn, Cr, Mo, Rh, H;PO,, Si, nuanoanmnaneTaipaerua- |[0CBOOOXKIarOMas+
Ni Ge, V, As, Sb TUAPa30H BalATHAS
Co, Ni, Cu W JoAewicyib(aTr HaTpUs  BalllUTHAS
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Rh OJTA, 8-okcuxu- Oyrunamun + HCIO, BaIUTHAS -
HOJIMH, CYJbdoca- M CTIapsroIas
TAIAJIOBAS K-Ta,

MAPOT IO,
[IIMIICPUH

Ca muMmonHasi, BuHHas, HBr, HCI, HI 0CcBOOOKIaroIIas
IaBejieBast K-ThbI ECTIapSIOIast

Mg S1 (NH4)2MOO4 + NH4VO3 +

HNO;
Ca, Mg, SO.”, PO,”, Si, Alj HCIO, + TJIMIICPUH BalllTHAS
Sr, Ba [T
Ca, Mg, Al Cr, PO43', Si SrCl, umn LaCl;s OCBOOOKIaI0IIIast
Sr, Ba
Fe, Mn, [Si, Ca, Mg Cs+La 0CcBOOOK Taromas+
Cr, Co, N1 [MOJABJICHHC
MOHHU3AIIMOHHBIX
ImoMeXx
Fe,Mn Si CaCl, wm BaCl, 0CBOOOKIaroIIast
Mo,V (Ca AICl; 0CBOOOK1aroIIast
Sr Al, Si, PO, OJITA BaIUTHAs
Cr, Mo |Ca, Fe 1 -2% NH4CI rcapsromas
Cr, Mo, W | maorue snemMeHTHI | Na,SOy vcapsronas

Ca OKCHUKapOOHOBBIE HI rcapsronas
KUCJIOTBI

Ca 4 OUITUJICHTPUAMUHIIEHTA-  MCIHapsronias +

yKycHas k-ta + NH,OH 3alUTHAsI

Sr Cu, N1, P35 OITA + CsCl + NH,4Cl M CIiapsonias +

BalllTHAS
Yb H,SO,, H;PO, CyJb(OoCaTUITUIOBAs  KHC- BallATHAS
jota + noaeumicynbdar Na
Os, Pt, Ru (oimaroponsie Na,SO, + CdSO, + BamwutHag
METaJTbI TIIALICPUH
Mg, Al Si HBF, ucnapsiromas  +
OCBOOOKTar0IIast

Mo  [Ca+PO, +S0O,” |NH,CIl+ AlCl; pcrapstomas -+

0CBOOOK1aroIIast
Cr MmHorue 3nemenTsl | NH4HF, + Na,SOy4 McTIapsAroLas +
BalllTHAS

P35 B3auMmuble BiusgHus | NH4ClO,4 HcTIapsroas +
BalATHas

N3  pmamebix  Tabn. 4.1  cioegyer, 4TO  XMMHYECKUM  BIUSHUAM

noABepxkeHbl MHorue snemeHthl (Mg, Ca, Sr, Ba, Al, Y, La, P33, Sn, Zr, V, Nb,
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Ta, Cr, Mo, Fe, 6naropoansie 3jeMeHThI). MemamnuMu 3JIeMeHTaMi  0O0BIYHO
gpisitorest B, Al Si1, Ti, P, Zr, V, S, Mo, W. BBeneHue 3HAYUTEILHOIO
komnuectBa (0,5-2%) ocBoOoxkparomieli 100aBKM MOXET caMo 1o cebe
Co37aTh HEXKeJaTeIbHbIH MAaTpUYHbIH Jh(PEKT WM JApyrue METOIUUYECKHE
OCJIO)KHEHMSI  (BBICOKME  CHUTHaJbl  XOJIOCTOM  MpoOBI, HEIOCTATOYHAS
pPacTBOPUMOCTh peareHTa B NPUMEHSEMOM PAaCTBOPHUTEIIE, 3aCOPECHUE IIEIIH
TOpEJIKM, yBEJIMYEHHE CTOMMOCTH aHaimm3a U Jp.). [loaTomy 0coOeHHO
3 PEKTHBHO TPUMEHEHHE CMECEH pas3lIMYHbIX 110 JCHCTBHIO JT00AaBOK —
CIIEKTPOXUMHUUYECKHX Oy(depoB.

W, HakoHern, eme OJWMH THII IIOMEX B KOHACHCHpOBaHHOW (aze —
KOCBeHHbIEe BiMsHUA (puc. 4.2, kpuBasg 4). B BOCCTaHOBUTEIHHOM BO3/YyIIIHO-
alleTWJICHOBOM IIJJaMEHHW M TUIAMEHHM aIlleTUJICH- 3aKUCh a30Ta BO3MOXKHBI
BIIUSIHUS, TIPU  KOTOPBIX TPYJAHOATOMU3UPYEMBIE SJIEMEHTHl  yBEIUYUBAIOT
CUTHaJIBl Jpyrux osiemMeHToB. [IpennoxkeHo crieayiomee OOBSCHEHHE H3TOrO
BIIUSHUS. DJEMEHTHI, 0ojiee TPYAHO JIETy4yue B METAUIMYECKOM COCTOSIHUU
wm B Qopme KkapOMUJIOB, 4eM B BHJE OKCHJOB, OIPEICTSAIOTCS B
BOCCTAHOBUTEILHOM IIJIJAMEHUM C HU3KOW YYBCTBUTEIBHOCTBHIO. DTO CBSI3aHO C
TeM, 4YTO €ml€ B  TBEPAbIX  a’pO30JbHBIX  YaCTUIAX  IMPOUCXOIUT
BOCCTAaHOBJICHUE JJIEMEHTa JI0 HEJIETYuYMX MNpPOAyKTOB. IIpucyTcTBHE OKCHIO0B
JIPYTUX  DJIEMEHTOB CIIOCOOCTBYET TMPOIECCY OKHCICHHS  ONPEACIIIeMOro
aleMeHTa 10 Oojiee  JeTydero oOkcuaa. B aToM  ciydae  mcmapeHue
a’pO30JIbHBIX YacTHUIl TpeoOjagaeT HaJ MPOIECCOM BOCCTAHOBJICHHUS U
MOJTYYeHHsI HeJIeTydux ¢as3.

Tak, B MNPUCYTCTBUM  KHUCJIOPOAHBIX COCIMHEHUN  aJlOMUHUA B
BOCCTAHOBUTEIBHOM IIJJAMEHHM TIOBBIIIAETCS YYBCTBUTEIBHOCTH OMPEACIICHUS
T, V, Mo 51 Ip. Onaronaps NPOTEKAHUIO CIIEIYIOLLETO
BBICOKOTEMIIEPATYPHOT'O MpoIecca:

Mo +Mo:C + ALO: — MoO:+MoO + Al
Mo+ Mooty T ARUS MOoL5 + VIOV

Heseryuue dasb MeLIAOIIHIT neryqune asbl
KOMITOHEHT

OtnenpbHO paccMaTpPUBAIOTCA B IUIAMEHHOM aTOMHO-a0COpPOIMOHHOM
CIIEKTPOMETPUHU TTOMEXH B Ta30Bo (a3e. B WX OCHOBe jexar CpaBHUTEIHHO
JIETKO YYHWTHIBAEMBIC PABHOBECHBIC TMPOIECCHl, & HMMEHHO — BIUSHHC Ha
JIMCCOLMAIINIO B TUIAMEHU COEIMHEHHM OMpeNessseMoro »JIeMEHTa, BIUSHUE Ha
oOpa3oBaHUE OMNpPENEIIeMbIM HJIEMEHTOM HOBBIX MOJICKYJISIPHBIX COCIUHEHUI
B ra3oBoil (aze (accoumaius), BIMSHUE Ha paBHOBECHE Ipollecca MOHU3AIUU.
JleficTBUe mMepBBIX ABYX MPOLECCOB OrPAHUYEHO, OHO MPOSBISETCS TJIaBHBIM
o0pa3oM TMpU OMNpEAENICHUU IIEJOYHbIX M UHIEJIOYHO3EMEIbHBIX 3JEMEHTOB B
HU3KOTEMIEpaTypHOM IUlaMeHu. B sTtom  ciaydae wu30bITOK B mpobe
TaJIOTeHUI- U TUJIPOKCUI-HOHOB CIIBUTAaeT PAaBHOBECHE MEXKIY TajloreHuamMu
U TUJIPOKCHUJAMH METAJJIOB B IUIaMeHW. Hanmnume BiusHMIT B Tra3oBoi ¢ase
JTIOKa3aHO HKCIIEPUMEHTATILHO METOJIOM  JIBYX  pacHbUIUTENeH; OHH
MNPOSIBIISIIOTCS KAk TPH  pa3/ieTbHOM, TaK U TPU COBMECTHOM BHECEHUH B
IaMsi ONPEAeNIIEeMOr0 W MEMIAIONIET0 KOMIIOHEHTA.
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Jns TOCTHXKEHUST MAaKCUMaJIbHOW YYBCTBUTEIBHOCTH W TPABUIBHOCTH
aHajgu3a HEOOXOAMMO, YTOOBI CTENEHb HOHU3AIMU OIpPECIIeMOro 3JeMEHTa
OblJla MHHUMaJbHa M TIOCTOSSHHA KakK B aHAJIM3UpPyeMbIX Ipo0Oax, TaK U B
CTaHJIAPTHBIX pacTBopax. CTeneHb MOHU3ALMM 3aBUCUT OT TEMIIEPATypbl
MJIaMEHH, MOTEHIIMaJIa MOHU3AIlMU M KOHIICHTPALMU OMPEAECIsieMOro 3JIEMEHTA,
a TaKke OT KOHIIEHTpauuu 3JeKTpOoHOB. [lociienHsis 3aBUCHUT OT COJEpKAHUS
MOCTOPOHHUX  KOMIIOHEHTOB  (IPEXJE BCEro — OT  JIETKOMOHU3ZHPYEMbIX
METaJVIOB), OT CTEXHOMETPUU H paboueil BBICOTHI IJIaMeHU. OHM3aIMOHHbIE
MIOMEXU BO3MOXKHBI B CIEAYIOUIUX CIIy4asx :

- B BO3IYIIHO- MPOIIAHOBOM ITIaMeHH mpu ompeneincaun Cs u Rb;

- B BO3JYIIHO- allETUJICHOBOM IUIAMEHU — I BCEX IIEJIOYHBIX METAJLJIOB, a
Taxkke 1y Ba um Sr;

- B IUIAMCHH AaIleTHJICH — 3aKHCh a30Ta IJISI BCEX DJICMCHTOB.

B nmnocnenHem ciyyae TMOJMHOCTBIO WJIM B 3HAUYUTEIBHOM CTENEHU
MOHU3UPOBAHBI  IIEJOYHBIE M  IIETOYHO3EMEJbHbIE METAJIbl, YaCTUYHO —
QTIOMUHUH, TAJUIMN, UHIWA, TAJUIMA U PEIKO3eMEIbHbIE JJIEMEHThI M  CJ1a0o
(mo 10-15%) — Gonpliass 4acTh OCTaJbHBIX JJIEMEHTOB, B uyacTHocTH, Cu, Mg,
Si, Ti, Pb, V, Cr, Mo, Mn wu gap. B okuciautenpHOll dYacTu IJIaMEHH
(BHYTpEeHHUN KOHYC alleTHJICHOBO- BO3AYIIHOTO IJIAMEHHM)  KOHIICHTpAILMS
AJIEKTPOHOB 3HAYUTEJBHO BBIIIE, YeEM B BOCCTAHOBUTEIHLHOM IUIAMEHH. IJTO
BeleT K CIBUIY paBHOBecHs IIpollecca MoHM3amud M <> M + e BIeso.
Tak, mns CTPOHITUS CTETICHb MOHHU3AIINN COCTAaBJIACT 7% B
BOCCTAaHOBUTEIBHOM ILIaMeHU U 20% B OKHUCIUTEIBHOM.

HNonuzanuio MOXHO MOJIaBUTh J00aBJICHUEM B aHAJIU3UpyeMble U
CTaHJApPTHBIE  pPAaCTBOPbl  MOHHW3AIMOHHOrO  Oydepa. i  sTol  1enm
UCIIOJIB3YIOT XJIOPUJBI Kauus, 1ie3us, iutusd u sanrana (0,1-1 mac.%).

CnekmpasnbHble nomexu. CrekTpajabHble ITOMEXH IIPH aTOMHO-
a0COpOLIMOHHBIX M3MEPEHUSIX BO3HUKAIOT BCJEACTBUE:

1) HanoXeHus JIMHUIA;
2) OIU3KOr0 paCMONOXKEHUSI JTUHUK;
3) HECEJIeKTUBHOI'O TOTJIOMICHHUS CBETA.

N3-3a Manoil cnekTpaiabHOW IIMPUHBI A0COPOLMOHHBIX JUHUM U UX
HEOOJIBIIIOTO KOJMYECTBA BEPOSTHOCTb HAJIOKEHUS JIMHUM JIOBOJBHO Maja.
DT noMeXH B aTOMHO-a0COPOLIMOHHOW CIEKTPOCKONUM HE3HAYUTEIbHBI B
CpaBHEHHUHM C OMHCCHOHHBIMHU MeToJamMu. Bce ke HEeKOTOphle COBIAJICHUS
PE30HAHCHBIX AHAJUTUYECKUX JIMHUM CO CJIa0bIMU JIMHUSAMU —MEHIAIoIINX
AJIEMEHTOB BO3MOXHBI, Hanpumep, Al 308,216 um -V 308,211 um; Fe 271,903
HM — Pt 271,904 am; Au 242,79 am — Fe 242,82 nam; Ga 403,307 am - Mn
403,307 um; Zn 213,856 um — Fe 213,859 um; Hg 253,652 um - Co 253,65
HM.

DOTH NMOMEXH MalT O ceOe¢ 3HATh TOJABKO NPH 3HAYUTEIHLHOM H30BITKE
MEIIaromero  KoMmmoHeHTa. CHeKTpaJdbHBIX  TOMEX  MOXKHO  H30exaTh
UCIIOJIb30BaHUEM JAPYrod JIMHUM MOTJIOIICHUS WIM XUMHUYECKUM OTHIEJICHHEM
MEIIANIET0 KOMMOHEHTA. [IpyM MCMOoab30BaHUM HEKOTOPBIX MHOTO3JIEMEHTHBIX
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JaMIl WK IIUPOKUX H.IGJ'I@IZ MOHOXpOMATOpPa, 4 TAKKC JIaMIl C HCAOCTATOYHO

YHUCTBIM

OIIMCaHHBIM

MaTrepuagomM
BBIIIIC,

CTAaHOBATCA

KaTroaa
NEE

CHEKTpabHbIC
BEpOSTHbIMU. Tak, mpu

AHAJIOTNYHBIC
aTOMHO-

ITIOMEXHU,

aOCOpOIIMOHHOM OMpEJeICHNH XpoMa B PacTBOPaX, COACPKAIIUX KEIE30, C
mHoroanemeHTHon (Ag, Cr, Ni, Ca, Fe) nammoil ¢ mnojabiM KaToJIOM MOTYT
ObITh TIOJNIy4EHBl HEBEPHBIE JIAHHBIC BCJIEJICTBUE CIEKTPAIBHBIX IOMEX.
MHorosnemMeHTHasi JiamMmna H3JIydaeT CHEKTp xkene3a. 3BecTHO, 4To psiioM C
auHuen xpoma 3579 HM pacnonioxkena JwmHuA xene3a 358,1 wHwm. Ilpwm
IIMPOKOM IIEIM MOHOXpOMaTopa CBET OT JMHMHU kene3a 358,1 HM momagaer
Ha (OTOKATON, U TIOITOMY pE3yJbTaThl OIpPEACIICHUS XpOMa 3aBUCAT OT
KOHLIEHTpaluu >keie3a B pacTtBope. [Ipu pabore ¢ OAHOANEMEHTHOW JaMIION
u Oonee y3koM mienb0 MoHoxpomaTtopa (0,2 HM) TPUCYTCTBUE Keje3a B
pacTBOope 10 2 MI/MJI HE BJIMSET Ha pe3yJbTaThl ONpPEACIICHUS XpoMma, T.K.
UCKJIIOYAeTCs CIIEeKTpajbHas IIOMeXa - TMOIJIOUIEHUE AaTOMOB JKeje3a Ha
nuaun 358,1 HM. HekoTtopoe CcHuXeHHUe pe3yiabTara ONPEAECICHHUS Xpoma C
OJIHODJIEMEHTHOM JIaMIOW B TMPUCYTCTBUM 4 MI/MJI JKejie3a OOBICHACTCS
oOpa3oBaHWEM U HEIMOJHBIM HCHAPEHUEM KPYMHBIX YaCTHI[ CYXHX OCTaTKOB
MocJie  BBICHIXaHUS Kallelb pacTBOpa C OOJIBIIMM COJIEpKaHUEM JKele3a.
BooOmie crnekrpajgbHble [OMEXH dYaile HaOJNIOJAaTCs  IpH
OMpENeNICHUH 3JEMEHTOB, JAIOIMX MHOTOJIMHEWYaTble chekTpbl. CreKTpaibHas
oMexa  NPUBOAUT K  3aBBIIICHUIO  pe3yJbTaTOB  aHalu3a, Kak B
PAacCCMOTPEHHOM ClIy4ae ONpPEACNICHUS XpoMa, KOrJa aTOMbl COIYTCTBYIOIIETO
AJIEMEHTA TOTJIONIAI0T H3JIy4YeHUE C JJIMHOW BOJIHBI, OJIM3KON K PE30HAHCHOMN
JUHUU ONpeAeisieMoro »sjeMeHTa. Ecin OnuM3Ko K aHAIUTHUYECKOW JMHUU
ONPENENSIEMOr0 3JIEMEHTA PACMOJIOKEHbl JIMHUM WM TOJIOCHl  U3JTyYEHHUS
COMYTCTBYIOIIUX JJIEMEHTOB, TO PE3yJbTaThl aHadu3a OyAyT 3aHUKATHCS B
3aBUCUMOCTH OT KOHIICHTPAI[MU COMYTCTBYIOIIUX JJEMEHTOB. Takoil 3(dexT
HaOII0/IaeTCsl TPU  PETUCTPALMM aHATUTUYECKOTO CUTHAjIa HUKENSl 1O JIMHUHU
232,0 HM C IIAPOKOW MIENbIO, T.K. TPU OSTOM HE OTHECIACTCS W3IyUYECHUE
HEepe30HAaHCHBIX JHUK Hukens 231,1 u 232,1 #M. Toapko y3kas 1IEb
MOHOXpOMAaToOpa BBIJICTSACT PE30HAHCHYI JUHUIO Hukens 232,0 am. B Tadm.
4.2 mpuBenEeHBI HEKOTOPHIE JAHHBIE O CIEKTPAIbHBIX ITOMEXax MpPH aTOMHO-
a0COPOIIMOHHBIX U3MEPEHUSX.
Tabnuna 4.2 — CnekTpalibHble TOMEXH TMpPU aTOMHO-a0COPOIIMOHHBIX

WU3MEPEHHUSX
OnemeHT |AHanuTuueckas CrnekrpanabHas IoMexa, Pexomenmauuu 1o
JVHUS, HM | DJIEMEHT, IJTHHA BOJIHBI, HM YCTPAHEHHIO
Ba 553,6 11oJI0ca IOTJIOLICHUS | y3Kas IIEIb, KOPPEKTOP
CaOH- (oHa,BBIOOP ONTUMATBHOM
001acTH IJIaMCHH,
yaaneHue 00JIbIIOro
KOJIMYECTBA KaJbIIUs
Co 240,7 Co 241,0 neaOGcopOIMOH- | y3Kasl IIeb, KOPPEKTOP
Hasl JIUHUS dona
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Si 251,6 Fe yaainenue Fe, koppekTop
dbona
Li 670,6 MOJIEKYJISIpHAs 110J10Ca | y3Kas 1IeJb, KOPPEKTOP
MIOTJIOIICHUS B | pona, cBeTOGUIBTP 110
IIPUCYTCTBUHU Sr, | 600 HM
pacCeIHHBIA CBET
Mn 279,5 279,98 wu 280,1 Mn | y3kad wenb, KOPPEKTOP
cnabbie  abcopOunoHHBIE | PoHA
JTUHUU
Cu 3247 Fe 324,8 OJTHORJICMECHTHAs JlaMIia,
Ni 324,85 y3Kas 11eJib, KOPPEKTOP
dbona
Ni 232,0 Ni 231,7 U 232,1 | y3kas 1ienb, KOppeKTop
HeaOCcoOpOIMOoHHbIE JUHUK | oHA
Rb 780,0 paccesiHHBIN CBET KoppekTop ¢oHa,
ceerobuiabTp 10 700 HM
Pb 217,0 Pb 217,6 neabcopOuuroHHas | y3Kkas 1Ieib
Cu217,8;216,5 y3Kasi IIeb, OAHOIJIE-
MEHTHasl JamIia
Ar217,5 HAIIOJTHECHHUE JIaMIIbI
HEOHOM
Ag 328,1 Cu 327,1 y3Kas IIEeJIb,
0JIHORJIEMEHTHAsI JIaMIIa
Sb 231.,5 Ni 231,096 y3Kasi 11eIb, KOPPEKTOP
217,58 Pb 217,0 ¢dboHa, 0THORJIEMEHTHAS
217,02 JjamMIia
Cr 357,9 Fe 358,1 y3Kasl 1Ieb,
OJIHORJIEMEHTHAs JaMIia,
KoppekTop ¢oHa
/n 213,86 Fe 213,8 OJTHODRJIEMECHTHAs JaMmIia,
Cu 213,85 y3Kasi IeIb, KOPPEKTOP
dbona
Cs 852,1 pacCesiHHBIN CBET ceeropmibTp 10 700 HM,
y3Kas 11eJb

XapakTep  CHEKTpPaldbHBIX MOMEX OT OJM3KO  PaCIOJIO0KEHHBIX
PE30HAHCHBIX JIMHUMN O4HOI'O 3JIEMCHTA 3aBUCUT OoT I PUHBI mean
MOHOXpomatopa. Hampumep, pasnenpHass perucrpauus JIUHHN PE30HAHCHOTO
TpUILIETa MapraHila BO3MOXKHA TOJIBKO C Y3KOW IHIENbIO, KaK 3TO TOKa3aHO Ha
puc. 4.3.
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Pucynok 4.3 — Beinenenue pe3oHaHCHOW JnWMHUM Mapradia 279,4 Hm
MOHOXpPOMAaTOpOM C Y3KOHM (a) U mupokou (0) mensimu

Huskuii mpegen oOHapykeHuss MapraHiia obecreunBaeTcs Tpu padoTe
no Haubojiee CUIBHON B MOIJOIICHUH JuHUM 2794 HM u3 tpurmiera: 279.4;
279,8 m 280,1 BM. Ho BOCIpPOM3BOIMMOCTB pE3yJIbTATOB W3MEPEHUMN ILIOXAs
U3-3a CHJIBHOI'O OIPaHWYEHUs CBETOBOIO IOTOKA Y3KOM wienbto. Pacmmpenue
eI TIOBBIMIAET  BOCHPOM3BOJMMOCTh  QHAJIMTHUYECKOrO  CHUTHAJIa, HO
OJTHOBPEMEHHO CHIKAETCS KOI(PPHUIIMEHT YYBCTBUTCIBHOCTH, T.K. IIHPOKAs
1ieJib MOHOXpOMAaTopa MPOMYCKAeT U3Jy4YeHHE CJIa0bIX B TMOTJIOLIEHUU JIUHUN
tpurieta 279,8, 280,1 uMm (puc. 4.3, 6).

HecenektuBHoe mnornomenne (background) — ocHOBHas CIEKTpasibHas
nomMexa B aTOMHO-a0COpOLIMOHHOM aHanu3e. HeceiaekTWBHOE MOIIOLIEHUE
(meatomHoe, (pOHOBOE) TIPEACTABIsACT COOOM CyMMy HECKOJIbKHX 3(PGheKToB.
OTO TOTJOMIEHHEe M pacCesHHe CBETa aTOMaMH, MOJEKYyJIaMH U MEIKUMH
YacTHIIAMH B TOTJIOMIAIONIEM cJioe. B KOPOTKOBOJHOBOM YacTH CHEKTpa
3HAUUTEIBHYIO POJIb UTPAET PACCESHHE CBETa, KOTOPOE 3aBBIMIACT PE3yJIbTAThI
U3MEpPEHHs aTOMHO-a0COpPOLMOHHOrO curHana. [lpy Haimuumm paccesHus cBeTa
rpagydpoBOYHbIE TpaQUKU CMEHIAIOTCS BBEPX OTHOCUTENIBHO OCH abcimcc.
JUist UCKIIOUEeHUS BIUAHUS PACCESIHHOTO CBETAa HEOOXOJUMO UCIOIb30BaTh
pacTBOppl € HHU3KOM KOHLIEHTpAlMEW COJIEM U  BBIPABHUBATH  COCTaB
IpaayupOBOYHBIX PACTBOPOB C aHAIM3UPYEMBIMHU.

MounekyiipHOe HECEIEKTUBHOE TOTJIOIIEHNUE, UTPAIOIee OCHOBHYIO
pOJIb B HECEJICKTMBHOM IOIJIONIEHUM CBETA, CBSI3aHO C AJIEKTPOHHBIMU
nepexogamMu B MOJIEKYJIaX U paJuKaliax, SBISIOMUXCSA MNPOAYKTaMHU IMUPOJIK3a
marpunel SO°, SO,, SOz, PO’, NO', CaO, CaOH’, MgOH’, NaCl, KBr, KI u ap.
MounekynsipHass aOcopOIusi CHUJIBHO 3aBUCUT OT JJUHBI BOJHBI  (CIIEKTPBI
norjomenus). OcoOGeHHO 3HAYUTEIbHA BEJTMYMHA HECEJIEKTUBHOTO
MOTJIOMIEHUSI ~ B DJIEKTPOTEPMHYECKUX  TOJIY3aKPBITBIX  aTOMM3aTOpax
BCIEACTBUE WX Majoro o0beMa W BBICOKOM IUIOTHOCTHM TIApOB MAaTPHIIBI.
OCHOBHBIC SIBJICHUS, MPUBOAIINE K (POHOBOMY IOTJIOMICHHUIO, 3TO — PACCESIHUE
U3ITy4eHHUs]  BIMOM  (TyMaHOM), BO3HHUKAIOIIEM TpU  TEPEKOHIACHCAIIUU
MaTpUIbl B XOJOJHBIX 30HAaX TPauUTOBONM TPYOKH IIIEKTPOTEPMHUUECKOTO
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aTOMM3aTOpa, paccessHue U3IYyYEeHUs] 4YacTUUaMu Tpadura, moCcTynarolumM Cco
cTeHOK rpaduToBoii TpyOku mnpu Temmeparype 2000-3000°C, morsomieHue
MOJIEKYJIaMHU, KOTOPbIE HCHApSIOTCS WM 00pa3yloTcsi B MEPUOJ aTOMHU3AIUU
obOpasmna. HecenmekTuBHas abcopOLMsl  DJIEKTPOTEPMHYECKUX  aTOMH3aTOPOB
OTJINYAETCS, K TOMY K€, IJIOXOW BOCIPOU3BOAUMOCTBIO CHUTHAJIA U IO3TOMY
OCOOCHHO HYKJAETCS B aBTOMAaTHYECKON KOpPPEKTUpOBKe. (s TIaMeHHBIX
METOJIOB  JIOMYCKAeTCsl  MOCJIEIOBATEIbHOE  W3MEpPEHHE CYMMapHOro U
HECEJICKTUBHOTO TOTJomeHus. HecenekTuBHass aOCcopOIMsl MOXKET YXY/IIUTh
HE TOJIbKO MPAaBWIbHOCTh, HO M BOCIPOU3BOAUMOCTH U TpEAea OOHApYKEHHUS.
[TootToMmy mnpu moadoOpe YCIOBHM aHalW3a HECEICKTUBHOE TIOTJIONICHUE
HEOOXOJIMMO MHUHUMM3UPOBATh. DTO JIOCTUraeTCs pa30aBICHHEM pPacTBOPOB,
palMOHAJILHOM  MOATOTOBKOM Mpo0 W ONTUMHU3AIMEN  anmapaTypHBIX
napameTpoB. [lon panuoHaNIbHON MOATOTOBKOM B JAHHOM CIy4ae MMOHUMAETCS
BBEJCHUE HCMApSIONIMX J00aBOK, PAaCTBOPEHHME BEIIECTBA B OTHOCHUTEIBHO
JeTy4YnX KHCJIOTax, Hajuiexaimias o0paboTka mpoObl [JIsi M3MEHEHUS ee
coctaBa. M3 anmapaTypHbBIX MapaMeTPOB HECEIEKTUBHOE TMOTJIOIICHUE 3aBUCHUT
oT paboyeil BBICOTHI IMIAMEHH, CTEXMOMETPUU M TeMmreparypbl IuiameHu. s
ANEKTPOTEPMUUYECKHX METOJNOB XapaKTEpPHO €UI€ M BIHSHUE TeMIepaTypshl, a
TaKkK€ BPEMEHU NUPOJIM3 M aTOMHU3AlMU, pacxoJa HWHEPTHOrO Tra3a, BBOJUMBIC
n00aBKU U Jp.

N3mepsieMblld aHATUTHUYECKUM CHUTHAJI CKJIAJBIBAETCA W3 JBYX BEIIMYHMH
— CEJICKTUBHOE (aTOMHOE) W HECEJIEKTUBHOE (HeaTOMHOe) TmorionieHue. Bee
anmnapaTypHble METOAbl KOPPEKUMHU OCHOBaHbl HAa HW3MEPEHUU CYMMapHOro
CUTHajda W BBIUYUCICHUM (PYYHOM WJIM aBTOMATUYECKOM) BEJIUYMHBI aTOMHOMN
abcopOuMM Kak MX Pa3HOCTU. BelMunMHy HECENEKTUBHOTO MOTJIONIEHUS MOXHO
U3MEPSATH CIEAYIOUMMU CIIOCO0aMU:

1) npu mnomMomm “HyJeBOro” pacTBOpa, HE COJEpKallero
ONpENENSIEMOr0 3JIEMEHTa, HO COJEP)KALEro BCE KOMIIOHEHTHI, CO3/aI0IIHe
HECEJICKTUBHYIO a0CcopOLMI0 W BIUSIONIME HAa Hee. ITO — HAWIy4Iluid, HO
MPAaKTUYECKA TPYAHO OCYIIECTBUMBIA METOL;

2) no cocenHed HedyBCTBUTeNbHOW suHMM. [locine u3mepenus
CyMMAapHOT 0 MOTJIONIEHUS 1o PE30HAHCHOM JIMHUN U3MEPSIETCS
HECEJIEKTUBHOE TMOIJIOIIEHHE COCEIHEN HEPE30HAHCHOW JIMHUM OMNpPENeieMOro
AJEMEHTa, UHEPTHOTO Ta3a WU APYyroro sjiemeHTa. Eciu mopgxonsiasi JUHUS
B CIIEKTPE JIaMIIbl OTCYTCTBYET, HECEJIEKTUBHOE MOIJIONIEHUE MOYXHO H3MEPSTh
C JApyrol JamMmoll ¢ MOJBIM KaTtoaoM. JIMHUS OJi1 KOPPEKIUMU JOJKHA OBITh
HEUYBCTBUTE/bHA, JOCTATOYHO CTaOWJIIbHA W  BbI3bIBATH TaKO€ K€ IO
BEJIMYMHE HECEJICKTUBHOE TMOIJIONICHHE, KAK U PE30HAHCHAs JIMHUS,

3) 1mocienoBaTeNbHOM WM  aBTOMATHYECKOW  perucrpanuei
aHAJTUTUYECKOro WM (OHOBOTO CHUTHaJa C MCTOYHUKOM HENPEPHIBHOTO
CIIEKTPA;

4)  npu nomowu 3¢pdekra 3eemaHa;

5) npu nomou 3ddexkra Cmuta-Xudtu;

6)  ApYrdMH METOJIaMH.
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[Ipu pabore cO CIUIOMIHBIM KMCTOYHUKOM Yepe3 IUiaMs WIH
rpauUTOBYI0 TMeuYb MOOYEPEAHO MPOMYCKAIOT PE30HAHCHOE W3Iy4YeHUuEe U
U3JIy4YEHUE CIUIOLIHOIO CHEKTpa JeUTepueBoil jamibl. B mepBoM  ciiydae
U3MepsAeTcs CymMMapHoe (pEe30HAaHCHOE M HEeCEJIEKTMBHOE) IOIJIONIEHUE, a BO
BTOPOM — HECEJIEKTUBHOE, U B KauyeCTBE pe3yJbTaTa BBIAAETCA MX Pa3HOCTh. B
obnmactu nnauH BojH 190-350 HM B KadyecTBe HMCTOYHMKA CIUIOIIHOTO CIIEKTpa
UCIIONb3YyeTCsl JieitepueBass jammna, B obnactu 350-770 HM — rajoreHHas
namna. [lpu  wucmonwp3oBaHMu  KoppekTopa ¢oHa  HeoOXonWMa  TOYHAs
IOCTHPOBKA OOOMX CBETOBBIX ITy4YKOB, OOECIIEUMBAMOIIAS UX MPOXOKICHUE
yepe3 OJAHY U Ty e obnacte aromm3aropa. CyllecTByeT mpeneibHas
BEJIMYMHA HECEJIEKTUBHOI'O CUTHAJIA, BBIIIE KOTOPOW KOMIIEHCALMS C IMOMOIIBIO
JIEUTEPUEBOTO  KOPPEKTOpa  HEBO3MOXKHA. JTa  BEIIMYMHA  pa3Has A
pa3NUYHBIX THUIOB MPUOOPOB, Hanpumep, st npubopa “CarypH — 31117 ona
nopsiaka 30% mkanel. [Ipu paGote ¢ kKoppekTopoMm (oHa BO3pacTaeT IIyM,
YXYILIAIOTCS BOCHPOU3BOJAUMOCTh U Tpenen oOHapyxeHus. [Ipu xomneHcanmu
HECEJICKTUBHOIO CHUI'Hajga C  TOHKOW  CTPYKTYpOM  CIIEKTpa  BO3MOXKHBI
CUCTEMATHYECKHE TMOrPEIIHOCTH. ABTOMATUYECKAN KOPPEKTOP KOMIIEHCUPYET
YCPEAHEHHOE 3HAYEHHUE HECEJIIEKTUBHOIO CHUTHAaja B JAHHOM CHEKTPaJIbHOM
MHTEpBAJIC, KOTOPOE MOXKET HE COBIAJNAaTh C €r0 3HAYEHUEM Ha JIJIMHE BOJIHBI
pe30HaHCHOM JMHMM. Tak, mpu ONpeneseHUur 30J0Ta B XJOPUIAE HWHAMUA
ABTOMATHUYECKUN JNEUTEPUEBBIN KOPPEKTOP “IepeKOMIEHCUPYET”
HECENIEKTUBHbINM curHai. llpaBuinpHOCTH ~ paboOTBI  KOPpPEKTOpa  MOKHO
IIPOBEPUTH, MMPOU3BOJASA HM3MEPEHUS CO WICISAMHM PA3IMYHOM I[IUPHUHBI 3HAYEHUS
aTOMHOW W HECEJIEKTUBHON a0copOLMHM MPU 3TOM HE JOJKHBI MEHSTHCS.

Pan TtpyaHocTel, BOZHMKAKOIIUX MpU paboTe ¢ JAeUTEpPHEBBIM
KOPPEKTOPOM, MOXET OBbITh YCHEIIHO MPEOAOJEH IpPU HCIONb30BAHUU JUIS
KOMIICHCAIlUU HECEJIEKTUBHBIX MoMmex 3¢ dekra 3eemana (puc. 4.4).
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Pucynok 4.4 — Cxema yd4eTa HECEIIEKTUBHOTO TIOTJIOUIEHUS Ha
ocHoBe 3¢¢dekra 3eemaHa:
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]l —mamna ¢ modbIM KaToAOM; 2 — BpAILAIOMIMIICA TOJIIpU3aTOp; 3
— aTroMM3aTop Mexay mnoiirocamu MarHuta (5-15 kI'c); 4 — MoHOXpoMarop; 5 —
(bOTOYMHOXHTENb; 6 — YCUIIUTEIb; 7 — pErUCTPUPYIOIIee YCTPOUCTBO; 8§ — KOHTYD
T-KOMIIOHEHThI JIMHUU ToOryouieHus; 8', 8” — KOHTYpbl +G-KOMIIOHEHT JIMHUU
MOMJVIOWIEHUSA; 9 — HECENIEKTHUBHOE ToromeHue; 10 — KOHTyp 3MUCCUOHHOMU
JIMHUH.

B  1mOCTOSHHOM  MarHUTHOM Moje  aOCOpOIMOHHAs  JIMHUS

pacuierisiercss Ha Tpu KOMIOHEHTH: T (AM=0) u Zo(AM= *1), npuuem TT-
KOMIIOHEHTa HE CMEIIAeTCsl OTHOCUTEIbHO IIEHTpa JUHUU, HO MOJSPU30BaHA
B HalpaBJICHUM, MapaUieIbHOM HAIMpaBJICHUI0 MAarHUTHOro Iojis, a +Go
KOMIIOHEHTBI ~CMEIIEHBl OTHOCUTEIBHO IIEHTpA JMHUU U TOJAPU30BAHBI
MEPHNEHIUKYJIIPHO MarHUTHOMY T0Jit0. COOTBETCTBEHHO, KOTJa C IMOMOIIBIO
BpallaroNIerocss MoJispyu3aTopa Ha aTOMHU3AaTOpP OT JIAMIBI C TOJBIM KaTOJIOM
MOCTYIAeT HU3JIyYeHHUE, MOJISIPU30BAHHOE MapajuieIbHO MAarHUTHOMY IIOJIO,

OyIeT perucTpupoBaThCsi CyMMapHOE TMOTJIOIIEHHUE 7T- KOMIOHEHThl U (oHa, a
KOrja TMOCTyHaeT U3JIy4YeHHE, MOJIIPU30BAHHOE MEPIEHAUKYIIPHO MarHUTHOMY
MOJII0, B aroMu3atope (PUKCUPYETCs TOJbKO HECEIEKTUBHOE TOTJIOUIEHUE,
npu4yeM CTpOro Ha TOM K€ JJIMHE BOJHBI, YTO M CHUTHAJ AaTOMHOM
abcopOuuu. PasHOCTh OSTHUX JABYX U3MEpPEHUN JaeT 3HayeHUE IOJIE3HOTO
CUTHAJA.

B nmocnegHee BpemMs OPEANOYTEHHE  OTHAIOT  MPOJAOJIBHOMY
3eeMaHOBCKOMY Koppektopy. [lonepeunas 3eemaHOBCKasi cucTeMa KOPPEKIUMU
UCIIOJb3YET MArHUTHOE II0JI€, HAMPABJICHHOE MNEPHEHAUKYISPHO ONTHYECKON
ocu (Ha puc. 4.4 HanpaBJIE€HUE MArHUTHOTO TIOJISI TIOKa3aHO >KUPHBIMHU

ctpenkamu). B pesynprare  gns ONOKUpPOBAHUS  TT-KOMIIOHEHTHI  MIPU
U3MEPEHUN HECEIEKTUBHOTO MOTJIOIMICHUSI 4Yepe3 aTOMHU3AaTOp JOMOJIHUTEIBLHO
MPOMYCKAIOT NOJIAPU30BAHHOE U3ITy4YCHHE (mapasienbHOe — U
AHTHIAPAICILHOE | MATHUTHOMY MOJIO). DTO  3HAYHTEIBHO  CHHKAeT
KOJIMYECTBO CBE€Ta B  CHUCTEME, 4YTO, B  CBOK  O4Yepedb, yXyIUIaeT
aHaJIUTUYECKHEe  xapakrepucTuku. lIpomonbHas  3eeMaHOBCKas  cucTeMa
Koppekiuu (puc. 4.5, 6) UCHONB3yeT MAarHUTHOE II0JIe, HAMPaBICHUE KOTOPOTO
MapajyieJbHO  onTH4Yecko ocu. M3 puc. 4.5 BUAHO, YTO pacCLICIUICHUE

a0COpOLIMOHHON JMHMM ynpomaercss. OTCyTCTBUE TT- KOMIIOHEHTBI YCTPaHSET
HEOOXOJUMOCTh  MCIOJIb30BAaHUSl MOJISIPU3AaTOPOB, YMEHBIIAIOMIUX CBETOBOM
notok. Ilpy BKJIIOYEHHOM MarHUTHOM I[I0JIE HAa PE30HAHCHOW  JIMHUU
U3MepsieTCcsl TOJbKO HecelleKTUBHOEe morjiouieHue. Ilpu stom npocturaercss He
UMEIOIlee aHAIOIOB COOTHOLIEHME CHUTHAal / IIyM.

3eeMaHOBCKasg Koppekuus (oHa TMO3BOJIAET KOMIICHCHPOBATh
HECEJIEKTUBHOE TMOTJoleHne a0 ypoBHA 2,0 enuHul abcopOLMOHHOCTH
(ontuueckoi mnotHocTH). Kpome Toro, ona oOecrnednBaeT KOPPEKLHUIO Kak
HENPEPBHIBHOTO (OHOBOTO TMOTJIOMIEHHUS, TAK U JIMHEWYATOrO.
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Pucynox 4.5 - Ilonepeunsiii (a) u npoaosbHbiii (06) 3ddexkT 3eemana

[IpeumymiectBOM 3TOro cmocoba KOPPEKIMU SBISETCS  TO, YTO
o0OecrieuynBaeTcs yCIOBUE PABEHCTBA WHTEHCHUBHOCTEH U IOCTUPOBKU 2-X
Jyded, BO3MOXKHA KOMIICHCAIMSl HECEJIEKTUBHOTO TIOTJIONIEHUS BO BCEM
JManazoHe JUTHH BOJIH, KOMIICHCHUPYIOTCS OombIme BEITUYNHBI
HECEJICKTUBHOTO TIOTJIONIEHUS, B TOM 4YHCJE€ B CIEKTpPaxX TMOTJIOMICHUS C
TOHKOW CTPYKTYPOM.

Bo3MOXHO, €TWHCTBEHHBIM HEIOCTATKOM HCIOJIb30BaHUSA 3¢ dekTa
3eemaHa ans  KOPpeKIUH (OHOBOTO TOIJIOMICHUS SBJISIETCS  HEOOJBIIOE
YXYIIICHHE JIMHEWHOCTH TPaJyUPOBOYHBIX T'paUKOB M  HE3HAYUTEIbHAs
MOTEePsST YYyBCTBUTCIBHOCTH JIJII HEKOTOPBIX 3JIEMEHTOB. DTO KOMIICHCUPYETCSI
TOYHOCTBIO  (hOHOBOWA KOPPEeKIIMM W 3HAYUTENBHBIM  YJIy4YIICHUEM
COOTHOIIIEHMSI CUTHAN / IIyM MO CpPaBHEHUIO C KOPPEKIHEeH ¢ MOMOIIbIO
MCTOYHHUKA HEMPEPBIBHOTO CIEKTpa. Pe3ynbTaToM A3TOro SBISIETCS YIydllleHUE
BOCIPOU3BOIUMOCTH, MTPABUIBHOCTH M TPEAENIOB OOHApYKEHUS ISl peallbHbIX
00pa3IioB.

Koppektop Cwmura-Xudtu cBs3aH ¢ Tak HazbiBaeMbiM “dddexTom
camooOpatieHus” PE30HAHCHOW JTUHUHU, KOTOPBIA BBIPAXKAETCS B TOM, YTO TIPH
JIOCTaTOYHO  OOJIBIIOM  MaplUHUaIbHOM  JIABJICHHUM aTOMOB  HUCCJIEIyEeMOTO
JeMEHTa B KOJIOE  JIaMIbl  WCIYIIEHHOE  BO30YKICHHBIMH  aTOMaMu
W3ITyYCHHUE TIOTJIONIACTCSI HEBO30YXKJICHHBIMH aTOMaMH, TIpUdeM B OOJbIIEH
CTETICHU TIOTJIOMIAETCS IEHTpPaJbHAS YacTh CHCKTPAIBHOW JUHUW W3ITyYCHHS.
[TootToMmy  ¢dopma  CHEKTpaJbHOH  JMHUM  PE30HAHCHOTO  H3JIy4YCHHS,
BBIXOJAIIIETO W3 JIaMIIBI B YCJIOBHSIX  CaMOOOpaIeHUs, WMEET TpOBaj
(MUHUMYM) Ha IIEHTPAJBLHONH YacTOTE€ PE30HAHCHOTO IEpPeXo/la U MAKCUMYMBI
cieBa W cmpaBa OT 3Toil 4yactorel. llupyHa u ri1yOMHAa LEHTPAIBHOTO
MUHHMyMa 3aBHCSAT OT BEJIMYMHBI TOKa mNUTaHUs Jammnbl. [Ipu  3TOM
UCIOJIB3YIOT MMIYJbCHOE TMHUTAHWE MCTOYHUKA PE30OHAHCHOTO H3Iy4YeHUS
TOKaMU pa3MYHOM BenuuuHbL. [Ipu moctaToyHo OONBIIMX TOKaX MOXKHO
JOCTHYb TOTO, YTO B HEKOTOPOM OKPECTHOCTH IIEHTPAJIbHOM YacCTOTHI
WHTEHCUBHOCTh BBIXOJAIIETO0 H3JIydeHUs OyAeT paBHA HYJ0. DTO SBISETCS
HEOOXOJIUMBIM  YCJIOBMEM HCHOJIb30BaHus 3¢ dexra camooOpamieHus s
y4eTa HeCeJNeKTHMBHOro moriomieHus. Jlocturaercss 3To ciaeayroomumM myteM. Ha
JamMIy C TIOJIBIM KaTOJOM TIOTIEPEMEHHO TMOJAl0T TO Cia0biii (0OBIYHO OT
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HeckoJIbKUX MA 10 30 MA), To cwibHBIM TokK (1o 150-300 MA). [Ipu cnabom
TOKe QopMa CHEKTPAIbHONW JIMHUU BBIXOJAAIIETO M3 JIAMIIBI PE30HAHCHOTO
U3JTy4eHHUs] UMEET OOBIYHBIM BHUJ C MaKCUMyMOM Ha UEHTPAJbHOM YacToTe
aToMHOro mepexona. [loatomy (QoTonpueMHHUK 3aperucTpupyeT CyMMapHBIH
CUTHAJI, OOYCJIOBJIICHHBIH  PE30HAHCHBIM  TOTJIOIIEHUEM  OINPEICNIIEMOro
AJIEeMEHTa U HECENEKTUBHBIM (POHOBBIM TorjomeHueM. [Ipu cumbHOM TOKEe B
Jamne B aTOMM3aTOpE MOIVIOUIAETCS M3JIyYeHHE, B CIIEKTpPE KOTOpPOro H3-3a
saddexTa camooOpalieHrsi UHTEHCUBHOCTh pPaBHAa HYJIO KaKk pa3 B HEKOTOPOH
OKPECTHOCTM ULEHTPAIIBHOM 4YacTOThl aTOMHOIO Iepexona. Ecam mupuHa sTou
YacTOTHl CIEKTpa OoJbllle CHEKTPaJbHOM IIMPUHBI JIMHUU PE30HAHCHOTO
U3JTy4YEeHHsI, BOSHUKAIOIIET0 TMpH CcJIaboM TOKe, TO (OTONMPUEMHHK B 3TOM
cllydyae 3aperucTpupyer curHaia abcopOIuu, COOTBETCTBYIOUIMNA  TOJIBKO
HECEeJeKTUBHOMY (pOoHOBOMY morjomeHuto. U3mepurensHas cuctema mnpudopa
BBIJIAET PA3HOCTh CUTHAJIOB, COOTBETCTBYIOIIUX CJIa0OMy M CHUJIBHOMY TOKY,
T.C. CUTHAJ, CBSI3aHHBIN C TOIJIONIEHHWEM CBETa TOJIBKO aTOMaMH
ONpEENsIeMOro 3JIEMEHTa. DTOT CHoco0 Koppekuuu (oHa UMEeT Te Ke
IUTIOCKI, 4TO W dddext 3eeMana, ogHako 37ech 3PPEKTUBHOCTh KOPPEKIUU
3aBUCUT OT KadecTBa MCTOYHHMKA u3MyudeHus. Kpome Toro, mpu Takoil pabote
JamMI € TMOJBIM KaTOJIOM 3HAUMTEIbHO COKpAaIllaeTcsa BpeMs UuX SKHU3HHU,
OCOOCHHO Uil JIETKOJIETYYMX 3JIEMEHTOB, TAKUX KaK CBHUHEL, KaJIMUH, HIUHK U
Ap.

Takum oOpa3zom, B 3TOM pazjene ObUIM pPacCMOTPEHbl OCHOBHbBIE
OPUYUHBl  yXYALIEHUS  TOYHOCTH  PE3yJbTaTOB  aTOMHO-a0COpPOIIMOHHOTO
U3MEPEHHUs, a TAKXKE I[OMEXHU, BEAyUIME K TMOSIBICHUIO CUCTEMAaTUYECKUX U
CIIy4alHBIX IIOIPEIIHOCTEW. B peanbHBIX YCIOBHSIX aHAIUTUYECKUM CHUTHAl
UCIBITHIBAET BIMSHUS HE OJHOM, a LEJIOro psAja IOMEX, KOTOPhIE MNPUHATO
Ha3bIBaThb MaTpPUYHBIM  3PdexkroM. Matpuunbiii 3ddexT — 3To  BAUSHUE
BAJIOBOI'O0 COCTaBa aHAJIM3UPYEMOIo BellecTBa Ha aOCOPOIMOHHBIN CHUTHAT
onpeensieMoro  sneMeHtra. MaTpuuHbli  3pQPeKT — 3TO  COBOKYHHOCTbH
HECKOJBKHUX PA3IMYHBIX IO CBOEH mpupone 3(P¢eKToB: mepeHoca BEIIECTBa,
WOHU3allUU, XUMUYECKUX BiIUsSHUNU u np. Hanpumep, npu pacnbuiennn 1-2%-
HBIX PpPAacTBOPOB COJ€l BO3HUKAET OIMNACHOCTh CHEKTPAIbHBIX TMOMEX —
paccessHUsT M MOJEKYJSIPHOrO norjomeHus. He3aBucuMo OT 3TOro MOXKeT
nposBUThCS IPGEKT OJOKUPOBKM M XHWMHUUYECKHE BIUSHHS, & TaKXKE CIBUTH
paBHOBeCHs peakuuid HoHM3auuu B MIamMeHu. O0001mas BBIIIEU3I0KECHHbIE
JAHHBIE O CMOCO0aX YCTpaHEHUs OTIEIbHBIX BHUJOB IOMEX B IUIAMEHHOMN
aTOMHO-a0COpPOIIMOHHON CHEKTPOCKONHMM, MEPEUYUCIUM METOAbl  IMOBBILICHHUS
TOYHOCTH PE3YyJbTAaTOB B MOPSAKE UX YCIOKHEHUS:
1.Paz0aBnenne pacTBopa — oOciaOisieT JACCTBHE  BCEX  IIOMEX, KpOMe
MOHU3aLUOHHBIX, OTHAKO HEA((PEKTUBHO MPHU CUIIBHBIX XMMHYECKHX IMOMEXax.
2.YpaBHHUBaHUE COJIEP)KAHHMSI OCHOBHOI'O KOMIIOHEHTa B TI'PagyHMpPOBOYHBIX
pacTBopax u mpoOax. [IpumeHsOT 1uisi y4eTra BIAMSHUS MaTpudyHoro s¢dexra
B TOM Ciydae, KOrjla M3BECTEH MaTPUUYHBIN COCTaB Mpoo.
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3.0nTuMu3anus anmnapaTypHbX yciaoBui. B mepByro ouepeab 3TO OTHOCHUTCS
K CTEXMOMETpUM  IUlaMeHH, paboyeil  BbicoTe  HabOmoneHus. BaxkHbiM
napamMeTpoM  fABJISETCS  TOK  JIaMIlbl, CHEKTpajbHas  LIMpPUHA  ILEJIU
MOHOXpOMATOpAa.

4.BBeieHME OCBOOOKTAIOMIMX CIIEKTPOXHMHYECKUX OydepoB, HCHapsIomux |
3alIUTHBIX J00ABOK M HMX cMecel. DTO OCHOBHOM METOJ]l yCTPAaHEHHUS IOMEeX
B KOHJCHCUPOBaHHOW (ha3ze.

5.Mcnonb30BaHue BBICOKOTEMIIEPATYPHOrO IJIAMEHHM allETHIEH — 3aKUCh a30Ta.
Merton OTHOCHUTCS K 3JIEMEHTaM, ONpPEAeNIIeMbIM B BO3YIIHO-AllETUICHOBOM
IJJAMEHH C OTHOCHUTEIIbHO HHU3KOM UYyBCTBUTEIBHOCTHIO M OOJIBIIMMU
nomexamu (Ca, Sr, Ba, Cr, Mo, Sn), a Takke K >JE€MEHTaMm, ONpeaeasieMbIM B
HU3KOTEMIIEPATYPHOM IJIJAaMEHM C CWIbHBIMU  Memawmumu  sddexkramu
(TIaTUHOBBIE  METAJUIbl, MarHui, MBIIIBSAK, C€lI€H). B HEKOTOPBIX clydasx
BBICOKAasi TeMmIeparypa IMOJHOCTbIO  yCTpaHSeT TOMEXH, OJHAKO  Yalle
MPUXOAUTCS MCHOJB30BATh U APYrHe PACCMOTPEHHBIE CPEJCTBA.

6.Meton 100aBOK.

7.Jo06aBiieHne OpraHuueckux pactBoputenei. [lpu pannoHadbHOM BKIIOUEHHUH
ATOT0 METOJa B AHAIUTUYECKYIO MPOLEIYyPY MOKHO CPaBHHUTEIBHO MPOCTHIMU
cpelncTBaMH JOOUThCS 3HauMTeNbHOro 3ddekra. Yacto ucnonb3yror 20-50%-
HbIi pacTBOp aimeroHa, 8-50 % pactBop 3TaHosa, 2% - HBIA  PacTBOp
[NIMIEpPUHA U Pa3IMYHbIE CMECH.

8.bydepupoanue. Nonuzannonnsie Oydepsl HCHOIB3YIOT, KaK MPABUIIO, TPH
aTOMU3AllMU B IJIAMEHH alleTWJIEH — 3aKHCh a30Ta.

9.XuMHnueckoe paszaeicHue.

B Tabn. 4.3 npuBeaeHbl TpPUMEPHl PA3TUYHBIX THUIOB TMOMEX U
cnocoOpl HMX ycTpaHeHus. B Tabn. 4.4 yka3zaHbl ONTHUMaJbHBIE YCIOBHS
OIpEJEIICHHS 3JIEMEHTOB.

Tabmuua 4.3 - HekoTopple mOMeXu TOpH IJIAMEHHOM aTOMHO-
a0COpOLIMOHHOM  OTPEJENCHUH XUMHUYECKUX DJIEMEHTOB U  CHOCOOBI  UX
YCTpaHEHHUSI

DJIEeMEHT Tun ITomexu Ycrpanenue
TJIAMEHU
Ag  Bosmyx-mipoman [H,SO, u H;PO, [IPUBOJIAT B COOTBETCTBHE
151 BO3yX-CHWXKAKOT CHTHAT Ag cojiep)KaHHe KHCJIOT B MpoOax U
ALETUICH BCJICACTBAC H3MCHCHHUA  rparyMpOBOYHBIX pPacTBOPAx
BSI3KOCTH
AHAIN3UPYEMBIX
acTBOPOB
Al AIeTUJICH- MOHU3AIINS mobGasissror 2000 mr/m KNOs.
BaKHCh a30Ta MoxxHO ucnoab3oBarh La
As  [BO3IyX- Al, Cr, Mn, Mo, Pb, Sn mpuoast B COOTBETCTBHUC]
AIICTUIICH MOHMXKAIOT CUTHAT AS MaTpHIIbl STAJIOHOB U PaCTBOPOB
Ha 8-10 %
B alleTUIICH- BiMsiHME Na TpH EryJIUPYIOT JIamsi 710
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BAaKKHCh a30Ta [0YCHb BBICOKOM HeHTpaIbHON CTEXHUOMETPUHY|
oTHolIeHMH Na : B (KpacHBIi KOHYC BBICOTOH 1 cM)
C MOCJIEAYIOLIEH MoTepeH
YYBCTBHUTEIIBHOCTH
Ba jauermien- MOHU3ALINS moo6asistror 2000 mr/n KCl  uny
3aKHUCh a30Ta NaCl B rpagyupOBOYHBIC
acTBOpPHI M B MPOOy
Ba  po3myx- nonoca CaOH" B mcnone3ytoT miams C,H, — N,O
AlCTUIICH PUCYTCTBUH MM U3MEpSAIOT  abcopOLMIO MO
0O0JILIIIOr0 KOJIMYSCTBA MOHHOM JmHUKM Ba 455,4 am
Ca
Ba  Bo3myx- PO.”, Si, Al mobasisror 2000 mr/n La Bo Bce
AIlCTHIICH MOHUXAIT CUTHAI Ba [po0sI u ATaJIOHBI WY
ucnonp3yoT miama C,H,; — N,O
Be |aueruien- Nau Si B mob6assotr 1,5 r/n dropuaa
3aKUCh a30Ta  KoHIeHTpamuu 1000
MTI/JI CHJIBHO CHUIKAIOT
curan Be; Al
CHW>KaeT curHai Be
Ha 25 %. A30THas,
cepHasi, TeTpadTop-
OOpHasi U yKcycHas
KHCJIOTHI YBEJIH-
urBalOT curHai Be.
Ca BO3IyX- Na, K, Li, Mg MOOABIAIOT St J10 KOHIIEHTpAIUH
aIeTHUIICH yBenuuuBaroT curHan [S000 mr/n wam La (10000 mr/m).
Ca na 5-10 %. Al, Be,
Cr, Fe, Ti, Zr, V, SO,”,
PO,”, HCI, HNO;, HF
cHmkarT curran Ca.
Ca  anerwmieH- nonu3anuss Ca (10-20 jmoOaBisOT Ooiee JIETKO
3AKUCh a30Ta (%) MOHU3UPYEMBIN AJIEMEHT,
nanpumep, K (2000-5000 wmr/m).
[Imams 3akuch a30Ta - aleTHIICH]
MPENOYTUTEIHHO
Cd Bo3myx- MHHUMAJIbHBIC
AIlCTHIICH
Co  [Bo3myx- MHUHUMAJIbHBIE. Fe
AllCTHIICH pu KOHIICHTpAIUY|
1% YBEJIIMYUBACT|

curHar Co Ha 25%
P €ro CoJep KaHuH

10 MKr/mon.
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BO3yX-ITPONaH MHOT'OYHCIICHHbBIC
Cr  BO3myx- Co, Ni u ocobenno Fe pcnonb3yroT OKHCIIUTEIILHOE
AlleTUJICH rmoHmxaroT curtai Cr [ams BO3/TyX-alleTHJICH,
MPEANOUYTUTEIIBHO 3aKHCh a30Ta-
areTusicH. MoXKHO JI00aBUTH
TO K€ PO43' MOHMKAIOT NH,Cl. Beogsar coemnuenus Ca.
CUTHaJl Xpoma BBomsT coemunenus Ca
Cr  Bakuch a30Ta-BTOPOCTETICHHBIC
AIlCTUJICH MEKPJICMCHTHEIC
BITUSTHHS
Cu  BO3myx- HUKAKUX CYIIECTBEH- [IPUMEHSIOT OKHMCJIUTEILHOC
AIlCTHUJICH HBIX [OMEX HE HaOJI0-BO3IYITHO-AIICTUICHOBOE  IUIaMs]
naercsa. OueHb WA 3aKHUCh a30Ta-arcTHIICH.
0OJIBIIION H30BITOK
HEKOTOPBIX AJIEMEHTOB,
Hanpumep, Fe u Zn
caHmkaroT curHan Cu.
Fe  Bo3myx- Si nmonmxkaer cur"an [nodasistor CaCl,
QLICTUIICH Fe. JlumoHHast Kuc-
J10Ta TPU KOHIIEH- Jlo6anstor  H3PO,, BeIOMparoT
rparuu 200 Mr/n ONTUMAJIBHYIO BBICOTY TOPEJIKH.
rnmoHwxaer curian Fe |[Mcnosb3yror iams 3aKHUCH
Ha 50%. a30Ta-allCTUIICH.
K BO3TyX- MOHU3AIUSI moOasisitor Na, L1 wiu Cs
Al TUJICH
Li BO3yX- nonm3anus. lllenounsiemo6apnsatoT n30bITOK K.
AllCTUJICH METaJUIbl BIIMSAIOT Ha
curnan Li
Mg  [BO3ayX-NpOINaH MHOTOYHUCICHHbIE U  [paboTaroT Cc JIPYTUMHU
B3aMMO3aBHCUMBIC rIaMEéHAMM
IMOMCXU
BO3/TyX- Al, Ti, Zn, SiO5>, BBOJISIT M30BITOK oydepa,
aleTUIICH CO;™, SeO5” Hanpumep, Sr (1000-5000mr/i)
noHwxawT curHai, i La (10000 mr/m).
Mg, Li — noBblIIaer.
BAKHCh  a30Ta-lICIOYHbIC METaIbl  |100aBIISIOT Sr.
AIlCTHUJICH YBEIUYUBAIOT CUTHAI
Mg na 15%.
TO JKe T1 moHmxaer curHan |mooasistiror La.
Mg
Mn  Bo3ayX- MOMEXHU PEJIKH. paboTaloT B OKHCIUTEIHLHOM
AICTUIICH Brustor Fe, Ni, Co, [muamMeHn BO3AyX-alleTHJICH WIH
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PO,”, ClO,

B  IIJJAMEHHM  3aKUCh  a30Ta-
AIICTHIICH
BO3yX- Si moumxkaer curdan |jmodasigaror Ca
aIeTUIEH Mn
Mo  Bo3myx- Cu, Sr, SO, u moOasisitor  NH4Cl wnm  AlCI;,
AIICTHIICH ocobenno Fe MPUMEHSIOT Iams 3aKHCh
IMOHUKAIOT CHUTHAJI A30Ta-allcTWICH, B KOTOPOM
Mo rncuesaer BiausHue Fe, a npyrue
IMOMEXH HWCKIIIOYAIOT BBEJICHHUEM
Al (1000 Mr/m)
Na  Bo3gyx- MOHU3AIUI mobGaBiassror KNO; wmwm  KCI
AlCTUIICH (2000 MI/T); MIPUMEHSIOT]
BO3IYIITHO-TIPOITAHOBOE TLJIAMSI.
BO3TyX-IIPOITaH CUJIbHBIE MUHEpasb-
HbIE KHCJIOTBI
[MOHMKAIOT CUTHA
Na.
Ni  Bo3myx- IMOMEXH MPUMEHSIOT OKHCIIMTEIILHOE
AIICTHIICH He3HAUUTENbHBI; Fe, [miamMs  BO3dyX-alleTWIEH WK
Co, Cr B pacTBOpax |[UIamMsl 3aKHUCh a30Ta-alleTUIIEH.
HCl u HCIO,4
MOHIKAFOT cuUrHaia Ni
(HA 5%)
Pb  Bo3myx- MOMEXH
AIIETHIICH HE3HAYUTEIILHBI;
BJIMSET OOJIBIIIOE
konnuectBo Fe (1% u
0oJiee)
Sb  Bo3myx- IMOMEXH rpaayupOBOYHBIE PacTBOPBI
AIICTHIICH HE3HAUYNTEIILHBIC, FOTOBST C YYETOM COJEp KaHusl
MUHEpAJIbHbIC MOHOB B UCCIIETyEMBbIX
KUCJIOTHl CHIDKAIOT pacTBopax.
curfai Sb.
Si sakuch aszora-HF, H;BO; u K B MCMOJIb3YIOT MEHEe BOCCTa-
AIlCTHIICH BHAYUTEIBHBIX KO- HOBUTEJILHOE IIJIaMsi C KpacHBIM|
TMYEeCTBAX MOHMXKAIOT KOHYCOM BbIcOTOM 0,5 cM.
curHai Si
Se  [Bo3myx- Ba, Pb, Li, Na, Sr MPUMEHSIOT TIaMst BO3/yX-
BOJIOPOJI MOHWKAIOT CUTHAN Se jarneTusieH (BausHue Na u St He

Ha 25,55,12.6 u 15 %,
COOTBETCTBEHHO.

YCTpaHSeTCs) UM IUlaMsl 3aKHUCH
a30Ta-alleTWIEH (B 3TOM CIly4dae
YMEHBIIAETCS] YYBCTBUTEJIBHOCTD)
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Sn  BO3myx- BO3MOKHBI MIPUMEHSIIOT I1aMst 3aKHCH
AIICTHIICH A30Ta-alleTHIEH
Sr BO3yX- Al, P, Si Bimusior Ha |mobGaBmsaror Camimm La
AlETHIIEH CUTHAJI St
TO K€ BBLICOKHE IMIPUMCHSIIOT IUIaMst 3aKHCH
KOHIICHTPAIIM! MHOTHXQ30Ta-alleTUJeH, a B  IIPOOBI
AHNOHOB W KAaTHOHOB [BBOISAT HMOHHU3AIIMOHHBIN Oydep.
[MOHMKAIOT CUTHA
Sr
BaKWCh  a30Ta-uoHU3aNus St (10 BBOJSIT MOHHU3ALIMOHHBIN Oydep
aleTUIICH 84%)
Ti BAaKNCh a30Ta-WOHU3AIUI BeogAT KNO; wmm  KCl 1o
AIETHIIEH KoHIleHTparuu Kanus 2000 mr/n
BO BCEX pacTBopax WY
MPUMEHSIOT BO3/TYIITHO-
AIIETUIICHOBOE TIIIIaMsi
V  pakuce azota-Al, Ti, Fe u HekoTo- [rOTOBST rpagyupOBOYHBIC
AIICTHIICH pbIe pacIpPOCTPAHEH- [PACTBOPHI C YYETOM COJACPIKAHUS
HBIE DJIEMEHTBI B TIpo0ax OCHOBHBIX HMOHOB
YBETMYUBAIOT CUTHAIT
V.
Zn  BO3AyX- HECYIIEeCTBEHHBI; Si
AIICTHIICH ci1a00 CHMIKAET CUTHAI

/n
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Taomuna 4.4 — VYcnoBus

OIIpCACICHUA

QJICMCHTOB

MCTOJOM

IJIaMEHHOM

aTOMHO-a0COpOIIMOHHON
CHEKTPOCKONHH (YCIOBHBIC 00O03HadYeHUSA: B — Bo3ayx, A — ametrwmiieH, 3 — 3aKHCh a30Ta, OKUCI. — OKHCIIUTEIBLHOE, BOCCT. -

BOCCTaHOBHUTEJIHHOE).
One- | Inuna Iupuna Hpyrue Tun Xapakrepuctuuec- | IIpenen DHeprus DHeprus
MEHT BOJI- NN JIMHUH, HM IJIaMEHU | Kasl KOHLEHTpalus, | JIUHEHMHOC- | Auccolua- MOHU3a-
Hbl, | MOHOXpOMa- MKT/MJT TH 1007051 uuu, 5B
HM TOpa, HM rpaduka, | MOHOOKCH]A,
MKT/MJI 5B
Ag 328,1 0,5 3383 B- 0,06 1o 4 1,4 7,57
A,0KuCII.
Al 309,3 0,5 308,2 3-A, 0,8 10 50 4,99 5,98
3944 BOCCT.
As 193,7 0,5 197,2 B-A, 0,8 10 50 4,9 9,81
189,0 clierka
BOCCT.
Au 242.8 0,5 267,6 B-A, 0,2 1o 2 9,22
274.8 OKHCII.
Ba 553,6 0,1-0,2 4554 B-A, 7,0 5,95 8,29
BOCCT.
3-A 0,4
Be 2349 0,5 - 3-A, 0,02 1o 15 4,6 9,32
BOCCT.
Bi 223,1 0,2 222.8 B-A, 0,4 1o 20 3,65 7,29
306,8 OKHCII.
2277
Ca 4227 0,5 239.9 B-A, 0,06 1o 4 5,0 6,11
3-A, 0,03
OKHUCTI




001

Cd 228.8 0,5 326,1 B-A, 0,02 Jo 2 3,77 6,11
OKHCIL.
Ce 520,0 0,14 569,7 3-A 30 6,91
Co 240,7 0,1-0,2 242.5 B-A, 0,08 J0 5 3,80 7,86
252,1 OKHCII.
341,3
Cr 357,9 0,2 360,5 B-A,okuci. 0,05 JI0 2 42 6,76
4254
Cs 852,1 0,5 455.5 B-A, 0,5 1o 15 3,00 3,87
OKHCIL.
Cu 324,8 0,15 327,4 B-A, 0,04 1o 4 4.9 7,72
217,9 OKHCII.
222.6
2492
2442
Fe 248.3 0,1 252,3271,9 | B-A 0,08 o 5 4,19 7,87
302,1;296,7
372,0;386,0
344,1,382,4
Ga 287.,4 0,2 294 .4 B-A, 2.3 mo 100 2,5 6,0
417,2 OKHCJI
403,3
Ge 265,2 1,0 2593 3-A, 1,5 1o 65 6,5 7,88
271,0 BOCCT
275,4
Hg 253,7 0,2 - METO/I 0,4 ur 10,43
XOJIOTHO-

ro napa
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In 303,9 0,5-1,0 325,6 B- 0,9 1,1 5,78
410,5 A,OKHCII. 0,10
271,0 3-
A,0oKucCII.
K 766,5 1,0 769.,9 B-A, 0,04 Jo 2 2,9 4,34
404.4 OKMCII.
La 550,1 0,1 418,7 3-A,BOCCT. 40 1o 2500 7,0 5,61
357,4
392,7
Li 670,7 0,5 3233 B- 0,03 1o 1,5 3,34 5,39
A,0KuCII.
Mg 285,2 0,2 279,6 B-A 0,005 no 0,4 43 7,64
202,5
Mn 279,5 0,2 403,1 B-A 0,025 10 3 4,11 7,43
2222
321,7
Mo 313,3 0,5 317,0 B- 0,5 1o 20 4,98 7,10
379,8 A,BOCCT. 0,2
320,8 3-A,BocCCT.
Na 589,0 0,5 330,2 B- 0,02 1o 0,8 2,6 5,14
A,BOCCT.
Ni 232,0 0,1 234,6 B- 0,1 0 5 4.1 7,61
341,5 A,BocCCT.
346,2
352,5
339,1;247,7
Pb 217,0 0,2 261,4 B- 0,12 o 15 4,1 7,42
2833 0,5 A,oxmcCH. 0,2




01

Pd 247.6 0,15 2448 B- 0,5 8,33
276,3 A,0oKuCII.
Pt 265,9 0,2 306,5 B- 2,5 1o 30 9,0
217,5 A,0oKuCII.
299.,8
Rb 780,0 0,5 794.,8 B- 0,5 1o 10 2,6 4,18
420,2 A,0KuCII.
Sb 217,6 0,2 231,2 B- 1,1 1o 50 3,2 8,64
A,0KuCII.
Sn 224.6 0,2 286,3 B- 2,5 5,1 7,34
270,6 A,BOCCT.
303.4
Sr 460,7 0,5 407,8 B-A 0,12 10 2,0 4,85 5,69
Tl 276,8 0,5 377,6 B-A 0,2 1o 100 6,11
238,0
Y 410,2 0,05 412,8 3-A,BocCT. 3,0 10 50 7,0 6,51
407,7
4143
Yb 398,8 0,05 346,4 3-A 0,25 1o 20 6,22
246,5
/n 2139 0,5 307,6 B-A 0,012 1o 1,0 3,94 9,39




10.

11.

12.

Bonpochbl ansa camoctoATenbHOW paboTbl U 3agavun

Hapucyiite 0y0k-cxeMy aTOMHO-a0COpPOIIMOHHOTO CHEKTPOMETpa W
OXapakTepU3yhWTe Ha3zHadeHUE Kaxzaoro Onoka. Yem »sta cxema
OTJINYAETCS OT OJIOK-CXEMBbI KBapIeBOTo criekTporpada?

B kakux enuHUIAX U3MEPSIOT AHAIUTUYECKUW CHUTHAl B aTOMHO-
a0CcopOLMOHHOM MeTojie? YKa)uTe CIoCOObl perucTpalii CUrHalia.
[lepeuncauTe OCHOBHBIE CHOCOOBI  ONPEACNICHHS  KOHIICHTpAIuu,
MIPUMEHSIEMbIE Opu  KOJIMYECTBEHHBIX aTOMHO-a0COPOIIMOHHBIX
OTpeIeTICHUSIX.

[Ipenmy1iecTBa U OrpaHUYEHUsI METO/IA I00aBOK.

[Ipn  >IEKTPOTEPMHUECKOM  aTOMHO-a0COPOIIMOHHOM  OTpPEICICHUH
KaJIMusg B IMIAXTHOW Boje (X) MeToJoM J100aBOK OBUIM TOTYYEHBI
CJIeTyIOLIUE TaHHbIE:

C (mkr/m) X X+1 X+3 X+5

A 0,025 0,075 0,18 0,29
BbluncnuTe KOHUEHTPALUIO COSUHEHHM KaJMHS B BOJE U CPaBHUTE C
[T1K.

[Toyemy cocTaB CTaHAAPTOB, UCMOJb3YEMbIX B aTOMHO-a0COPOIMOHHOM
METOJIE, JOJKEH OBITh MaKCUMaJIbHO NPUOIMKEH K  COCTaBy
aHAJIM3UPYEMBIX POO?

[Ipu atomMHO-aOCOpPOIIMOHHOM ONpEJCICHUN 3Kejie3a B pacTBOpe IO
METOJy OrPpAaHMYMBAIOIIMX  PACTBOPOB  ObLIM  MPUTOTOBIEHBI 2
rpalydpoBOYHBIX pacTtBopa ¢ KoHueHtpauueit Fe (III) 9 mxr/mn u 14
MKT/MJI, 1711 KOTOPBIX 3HaueHue abcopOrmonHocTy cocrtaBmio A=0,14 u
0,23, cootBercTBeHHO. OmnpeneauTe KOHIUEHTPAIMIO JKejle3a B
HCCJIelyeMOM pacTBOpE, €ClIM U3MEpPEHHOE 3HadeHue abCOpOLMOHHOCTH
Jenesa st Hero coctaBuiio A=0,15.

3adeM MpU aTOMHO-a0COPOIIMOHHOM aHAJIN3€ ATFOMUHUEBBIX CILJIAaBOB IO
['OCT B rpaxyupoBOYHBIE PACTBOPHl BBOJAT (DOHOBBIM pacTBOP
aTIOMUHUSA?

[lepeunciuTe OCHOBHBIC TIPOILIECCHI, BeAylme K (HOPMHUPOBAHUIO
aHAJUTUYECKOT0 CUTHAJA B IUIITAMEHHOM aTOMHO-a0COPOILIMOHHOM METOJIE.
OObsicaute, modyemy >kene3o ymenbinaer curHan Cr (III) B mimamenu
aleTuIeH-Bo3ayx, HO mano BiuseT Ha curHan Cr (VI). Kak yctpanuth
MeIlaroIlee BIUSHUE JKelle3a IIPH onpeieieHu Xxpoma?

Kenezo B OOJBIIMX KOJMYECTBAX MEIIAET aTOMHO-a0COPOIIMOHHOMY
ONPEAEIICHUIO 30JI0TAa HA JJIMHE BOJHBI JIMHUM 30J10Ta 242,8 HM. YKaxuTe
BO3MOYKHBIE IPUYUHBI 3TOTO BIUSHUSA U CIIOCOOBI €r0 YCTPaHEHUSI.
CpaBHute 3((PEKTUBHOCTL COBPEMEHHBIX  CIOCOOOB  KOPPEKIHH
HECEJIEKTUBHOTO MOTJIOIICHHUS.
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Paszgen 5. NoBbiWeHWe TOYHOCTHU ANEeKTpoTepMunyecKkoro

aTOMHO—-abCcopOUMOHHOIro MeToaa
5.1. OcoGeHHOCTU aNeKTPOTEeEPMUYECKOro cnocoba atommsaumm
[TImamMeHHbBIe CTOCOOBI ATOMH3AIIMHU TAIOT MPEKPACHBIC PE3YJIbTAThI, OHU
MPOCTHl U IMHPOKO PACIPOCTPAHEHBI, TTO3BOJSIOT OBICTPO MPOBECTH H3MeEpe-
HUS. OI[HaKO HHaMeHHOﬁ aTOMHU3alIUH MPUCYIIHN HCKOTOPBIC HCAOCTATKH, OI'-
paHWYMBAIOMHKE €€ MPUMEHEHUE MPHU ONpeNeieHUd (POHOBBIX KOHIICHTpAIM
JJICMCHTOB:

— 3(1)(1)CKTI/IBHOCTB MHEBMAaTUYECKOU CUCTEMBI paciblIICHUA O6BI‘IHO HC
npessimaet 10 %;

— CTCIICHb aTOMHU34AllMU B IINIAMCHU 3aBHCHUT OT €Ir0 TCMIICPATYpPbI, OT
BSaHMOHGﬁCTBHH MCXKOY ra3daMH IIJIaMCHH, KOMIIOHCHTAMU MAaTpPUIbl U aHAJIU-
TOM — OIIPCACIIAACMBIM 3JICMCHTOM, OT XUMHUYCCKHUX IIOMCX B IINIAaMCHH,

— 30Ha MJIAMEHH, B KOTOPOU OOBIYHO UMEET MeCcTO abcopOIusi, OUeHb He-
3HAYUTEJbHA MO CPABHEHUIO CO BceM IuiaMeHeM. CiienoBartenbHO, 3P (heKTuB-
HOCTBb npouecca nmorjiomcHHusA 3aBUCUT OT TOW YaCTH aTOMOB B OCHOBHOM CO-
CTOsIHUH, KOTOpaH HaxXOAUTHCSA HaA IyTH CBCTOBOTI'O qua B I[aHHBIﬁ MOMCHT
BpemMeHu. BpeMs npeObiBaHHS aTOMa B CBETOBOM IOTOKE YPE3BbIYAHO Majo
(~ 10“‘c) M 3aBHCHUT OT CKOPOCTH I'a30B MJIaMCHH,;

— YHUCIIO aTOMOB YYacTBYIOIIMX B CO3JaHUM AHAJIUTUYECKOTO CHUTHala,
OYE€Hb MaJIO MO CPABHEHUIO C OOIIUM KOJIMYECTBOM PACIHBIIICHHOTO 3JIEMEHTA;

— Tas3bl MUIAMEHU TAaKXKe JAl0T COOTBETCTBEHHBIE MOJIOCHI MOTJIOMIEHUS U
AMHUCCHUHU, KOTOPHIE MOTYT BBI3bIBATh BIUSHUE U (POHOBBIC IIIYMBI.

DNeKTpOTepMUYECKasi aTOMU3ALIMS, UCIIOJIb3YIOIlas aTOMU3aTOp B BUJIE
rpaduToBOl TpyOuUaTOW Me4yu, HArpeBaeMon SJICKTPUUECKUM TOKOM, 3HAUHU-
TEJIbHO YMEHbIAeT (U3UUYECKHE M XUMHUYECKHE OrpaHUYCHUS, CBA3aHHBIE C
MPOLIECCOM INIAMEHHOW aTOMHU3aluuu. B oTivume OT aToMHU3alMu B MJIaMEHU
BECh JI03UPYEMbI B IrpadUTOBBIA aTOMHU3aTOp 00bEM pacTBopa oOpasla yua-
CTBYET B (JOPMUPOBAHUM aHATUTHYECKOTO CUTHANA M, CIEIOBATEIHHO, TOTEPHU
(baKkTUYEeCKH HMCKIIOYAOTCS. ATOMHBIN Tap OMpeaenaseMoro 3JIEeMeHTa ylep-
’KUBAETCS B MOJIOCTU TpadUTOBON MEUYU B TEUCHUE JOCTATOYHO JITUTEIHHOTO
WHTEPBAJIA BPEMEHH (HECKOJBKO ceKyHH). O0mmuid 3¢(exkT oT mpuBEIEHHBIX
BbIllIe ()aKTOPOB COCTOUT B 3HAYUTEIHPHOM YBEIWUYCHUW UYBCTBUTCIHHOCTH
MPHU UCTOJIb30BAHUU 3JIEKTPOTEPMUUECKON aTOMHU3AIIUHU.

JIpyruM BaXHBIM HPEUMYIIECTBOM 3JIEKTPOTEPMUUYECKUX aTOMHU3ATO-
pOB SIBIIIETCS Mallblii pacxoja oOpasua ais aHanusa. OnpeneneHue OObIYHO
MOJKET OBbITh BBIMOJIHEHO ¢ HcMoJib3oBaHueM 5 Mk (0,005 mi) oOpasna, Mak-
cumyM — 100 Mk (0,1 min), miiaMeHHbIEe METObI OOBIYHO TPEOYIOT 2—5 M.

Hapsiny ¢ aTum cienyeT OTMETUTh U HEJOCTATKU 3JIEKTPOTEPMHUYECKOM
aTOMU3aLHU:

— OHa HE MPUTOJHA JJIs ONpEAeNICHUs] TYroIJIaBKUX METaJIOB (BOJb(]-
pam, TaHTaJl, IUPKOHUI);
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— DJJICKTPOTEPMUUECKAsT ATOMHU3AIUS SIBISACTCS aHATUTUYECKON TEXHUKOMN
OolHOTO u3MepeHus. OUKCUPOBAHHBIN 00BeM 00paslla aHaIU3UPYETCs OJHO-
KpaTHO B OTJIMYME OT IUIAMEHHOW aToMHU3allMH, rJae oOpasell paclblIseTcs
MPOJOJDKUTENIBHOE BpeMsi, U B TE€UEHHUE IEepHoJa PACIHBUICHHUS MOXET OBbITh
BBITIOJIHEHO HECKOJIBKO M3MEPEHUW. DTO MPUBOJIMUT K YXYIIICHHUIO BOCIPOU3-
BOJIMMOCTH U3MEPEHUN TIPU INEKTPOTEPMUUECKON aTOMU3AIMH 110 CPABHEHUIO
C TIJIAMEHHBIM BapUAHTOM;

— TpUW aHAJIM3E B TpadUTOBOM MEYH, B OTIUYHE OT TIAMEHHU, 0053aTECIIb-
HO TpeOyeTcs Koppekius GoHa;

— BpeMs aHaju3a B HECKOJBKO pa3 0oJjblle, 4eM B IJIAMEHHOM aTOMHO-
a0COpOIIMOHHOM  METOJle, YBEJIMYHMBACTCI W  CTOUMOCTh  DIIEMEHT—
ompeeeHHUS;

— Tmpouecc pa3paboTKu METOAMK M HCIOJb30BAHUE METOAA IJIEKTPOTEp-
MHYECKOW aTOMHO-a0COPOLMOHHON cHeKTpockonuu TpeOyeT Oojiee BBICOKOM
KBaM(PUKaIMU onepaTopa.

5.2. DopmMmupoBaHMe aHaNUTUYECKOro CUrHasra B 3JfieKTpoTepmMuye-
CKOM aTOMHO-abCcopOLIMOHHOM CNEeKTPOCKONumn
B snexTporepmuueckoil aTOMHO-aOCOPOIIMOHHOW  CHEKTPOCKONHUH CBSI3b
MEXTy aHATUTUYECKUM CHUTHAJIOM M MAacCOi OMpPENesieMOro 3JIEMEHTa SIBIISCTCS
MHOTOCTYIICHYATON M BKIIOYACT 1O KpaiHel Mepe 4 MpOMeXyTOUHbIe CTyInieHH. B
MPOIECCe TEPMUIECKON aTOMH3AINH MPoba MEePexXoIuT B ra3oByI0 ¢a3y co CKOpo-
¢TI0 S(T) at-c”' ¥ mepeHocuTes B 00beMe aToMu3aTopa, GOPMUPYS HECTALMOHAD-
HBII morjomarnmi cioi ¢ yncioM atomoB N(t). [IpocBeunBanue oOpa3oBasiiie-
rocst o0JaKa aTOMOB JIMHEHYATHIM H3Ty4eHHEM TOTO K€ DJIEMEHTA J1aeT Ha BBIXOJIE
MEHSIIOIYIOCST a0COpOIIMOHHOCTh A(t), KOTOpasi 3aTéM B CUCTEME PETHCTpaIu
cnexkTpodoroMerpa npeodpasyercs B aHanuTuueckuii curnan U(t):
m Aoy g (t) Meperoc N[ (®) Abcopbunn_y A (t) —

Peructpanust

(5.1
———>U ()

Hes3aBucumMoO OT KOHCTPYKIIMM aTOMH3aTOpa IPOLIECCHI UCIIAPEHMS, BBIHOCA aTO-
MOB M3 aHAJUTUYECKOW 30HBI, IPOXOXKICHHUS CHUTHAJA 4Yepe3 PErucTPUPYIOLIUI
TpakT mpubopa MPEACTaBIAOT COOOM IMOCIEN0BATEIbHOCTh CTAAUM, KaKIas W3
KOTOPBIX OMHCHIBACTCS CUCTeMOM AuddepeHnnaibHbplx ypaBuenuil. Torna, Hesa-
BHCHMO OT THIIA aTOMHU3aTOpa CUrHaj adbcopOuuu A, MpONOPLUUOHAIBHBINA KOH-
HEHTPAILlMU aTOMOB OMPEENIIEMOro 3JeMeHTa B ra3oBoil (paze N(t), omuchiBaeTCs
UHTETpabHOMN CBEepTKOM (5.2)

t
A)=aN(t) =« js (r)R(t-7)d7, (5.2)

rje o - Ko3pUIMEHT TPONOpLUUOHATILHOCTU MeXay A(t) u N(t);
S (t) - dbyHKUUS MOCTYIUICHHSI MAapOB, BBIPAXKAIOIIAsl KOJIMYECTBO aTOMOB,
BBIXOJSIIIIMX C TOBEPXHOCTU HUCHApPEHHs B €IUHUILy BpeMeHu. Ee
TaK)Ke Ha3bIBAIOT QYHKIIMEH NCTOYHHUKA WM (PYHKITMEH UCTIapCHHUS.
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R (t-1) - dyHKUMA TEepeHoca, ONMUCHIBAIONIAs M3MEHEHHE 4YKClia aTOMOB B
aHAIMTHUYECKOW 30HE ITPU MTHOBEHHOM HMITYJIbCE UCHIAPEHHUS.

[Ipu peanuzanuu COOTBETCTBYIOIMUX yciloBui PpyHkimii S (1) u R (t-1) MoryT
ObITh HCCJIEIOBAaHbl HE3aBHCHMO. TeopHI0 MepeHoca aToMOB B IMOTJIOIIAIOIIEM
clioe, TMO3BOJIAIONIYI0 YCTAHOBUTH CBSI3b MEXKAY KOHCTPYKIMEH aroMu3aTopa U
XapaKTepUCTUYECKUMHU MapaMeTpaMy aHAJIUTUYECKOTO CUTHAJIA, MOKHO CUUTATh B
o0umx yeprax cHopmMyIUpOBaHHOM JJI1 aTOMHU3ATOPOB KaK OTKPHITOTO, TaK H TO-
Jy3aKpBITOrO TUTIOB.

bbi10 mokaszaHo, 4TO AJisl 3JIEKTPOTEPMHUECKUX aTOMHU3aTOPOB C MPOTOKOM
Ar ¢opma aHaTUTUYECKOTO CUTHAJIA OMPEEISICTCS B OCHOBHOM (DYHKIIMEH HCIIa-
penust S (t), a s aToMu3aTopoB ¢ AU Py3nOHHBIM BEIHOCOM TIapa, HAIpPUMED,
neyr MaccMaHa B pexume “Taz-cton’” - (pyHKIMEH OoTKiIuka aTomm3aTopa R (t).
[Ipu ucnonb30BaHMM psifia YHIPOIIAKOIIUX JONYIIEHUH ObLla IMOJTy4YeHa 3aBUCH-
MOCTb, OITUCHIBAOIIAsl CUTHAT OT PyHKIMH nepeHoca R (t):

k+1 2
A(t):aN_OR(t):%i i“&e){p-{@} D't (5.3)
S S w5 2k-1 [
rae Ny - MOJTHOE KOJUYECTBO aTOMOB B Ipo0e;
o - K03 PUIMEHT, CBI3BIBAIOIINN U3MEPsAEMYI0 aOCOPOIIMOHHOCTh ¢ KOHIIEH-
Tpalueil MeTajljia B OTJIOIIAOIIEM CIIOE;
S - TI0MA Ik TOTIEPEYHOTO CEUCHUS BHYTPEHHEH TOJIOCTH TICYH,
D' - kosdduupent mubdy3un aTOMOB MeTaiIa B aTMoc(epe MOCTOPOHHETO
rasa;
t - Bpems; | - nimHa neywu.
B cBoto ouepenpb:
m
pr—pr| L| Yo (5.4)
T, P
rae P, T - naBineHue u Temmneparypa NOCTOPOHHETO rasa;
m - TIOKa3aTelb CTETEeHU, BEJIMYMHA KOTOPOTO I Pa3IMYHBIX KOMOMU-
HallMi MeTaJll - UHEPTHBIN ra3 cocTaBiseT 1,5 - 2;

Dg- koddurrenT nuddy3un npu temrnepatype T U JaBJICHUU UHEPT-
Horo raza P.
[Ipu ouenp GosbIIMX WHTEpBaJax BpemeHu t ¢popmyna (5.3) tpanchopmupy-
eTCsl:
At) = “1;0 Ry (t > 0.151,) = ‘ﬂso exp——, (5.5)

o

12
« = gt (5.6)

I7ie T, - BpeMs MpeObIBaHUSI aTOMOB B TOTJIONIAIOIICH 30HE, 00yCIOBICHHOE TUd-

by3ueil.
Takum 00pa3oM, aHATUTUYECKUN CHUTHAJ OMNpEAeNsIeTcs] BEIUYUHOU T,. U3

BeIpaxkenus (5.5) caemyer, uro R(t) = 1™ mpm t<0,15 1, , mpu 5T0M BenmunHa A(t)

T
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OKa3bIBaeTcs MocTosiHHOM. TakuM 00pa3omM, Hayano peasbHOro abCOPOIIMOHHOIO
CUTHAJIa OIpe/IeNsieTCs TOJbKO KHHETUKON MCIapeHus, MpUYeM eciiu rnpobda ucna-
psieTcs 3a Bpemsl Ts , MeHbIe 4em 0,157, , To A = (aNp)/S. Crenyer Takke ydu-
TBIBaTh, YTO BBIHOC AaTOMHOIO Mapa M3 00beMa MOJIYyOTKPHITOIO aTOMHU3aTopa
MOXKET MPOUCXOJIUTh HE TOJIBKO YePe3 KOHI[bI MEYH, HO U Yepe3 JO3UPOBOUYHOE OT-
BepcTUe, a Takke 3a cueT nuddys3uu uyepes rpadur. Cpennee BpeMs npeObIBaHUS
aTOMOB MeTaJljia B rpadure:

T =bYn’ D', (5.7)
rze b - ToNIUHA CTEHKU M€Y H;

D" - kosdduument auddy3un MeTaIa B TBEPIOM BEIECTBE.

D"'=D"; exp (- E/RT), (5.8)
rne Eq - sHeprusi aktuBanuu mporecca Auddy3un OmpeneasieMoro MeTaia B
rpadure; T - Temreparypa.

Hcnapenne U BBIHOC MAapOB aHATU3UPYEMBIX BEIIECTB MPOUCXOAAT MPHU Tie-
PEMEHHOM TeMIEepaType MeYu U, CJIEAOBATEIbHO, AaHATUTUYECKON 30HBL. B 3TOM
cilydae BpeMs IpeObIBaHUsI aTOMOB B MEYH MPEIJI0KEHO OLICHUBATh KaK

1. = d(to)/(dT/dt) to , (5.9
rae T(t,) - TemmepaTypa, COOTBETCTBYIOIIAsi MOMEHTY (t,) MOCTYIUICHHS Tapa B
AHAJTUTUYECKYIO 30HY.
JI1st MOMyOTKPBITHIX aTOMHU3AaTOPOB C MPOTOKOM AT Ha BEJIMUMHY T MOKET MOBJIU-
ATh TaK)K€ U3MEHEHUE CKOPOCTH Ta3a MpU HarpeBe atomusatopa. st olieHKH 3To-
ro akropa mpeasioxKEHO UCIOIb30BaTh CICAYIONIYI0 HOPMYITy:
14 =300HV/FT, (5.10)
rae V - 00beM IIeYH;
F - HauanpHas ckopocTh rasza (X0J10/IHOTO);
H - ko3¢ punment, 3aBucsuinii ot crnoco0a BBEICHMs ra3a B MeUb.
Jlns medeir o0beMOM B HECKOJIBKO MJI BenumuuHa T4 oneHuBaercsa B 0,05 - 0,1 c.
O¢ddexTuBHOE BpeMs npeObIBaHUS aTOMOB B aHAJTUTHYECKOW 30HE OINpEAeaeTCs
CYMMapHBIM BO3JICWCTBHEM NEPEUMCICHHBIX BbIle (hakTopoB. Ero MOXHO pac-
CUUTATh:
S (5.11)
T 7T,
IIIE T, COOTBETCTBYET KaXJIOMY OTJIEJILHO B3ITOMY IIPOLIECCY.

Oynkius S(tT) onuckiBaeT ucnapenue meramia. [Ipu ucnapenun wim cyoiu-
MallM¥ CKOPOCTh MOCTYIJICHUS YaCTHUI] B aHATUTUYECKYIO 30HY MPOIMOPIIMOHATbHA
yAEIBbHOMY TIOTOKY (j) ¥ TOBEPXHOCTH UcHapeHus (G), T.€. s S (T) MOXKHO 3aru-
cath :

S(t)=j-c (5.12)

B Bakyyme MossipHBIi TOTOK j onuckiBaetcs popmynoit ['epra-Kuyncena
e (5.13)

(2aMRT)* '

rae P - paBHOBecHOe aBieHue napa npu temmeparype T;
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M — mossipHas Macca aTOMOB B Mapax;
R - razoBas nocrtosiHHas;
o - Ko PUIMeHT ucnapeHus, JJIsl YUCTHIX METAIIJIOB OJIM3KUHN K SIUHHUIIE.

B ycrnoBusix aToMHO-aGCOPOIIMOHHOTO METO/1a MPOIIECC JIUMUTHPYETCS Ta30-
Boi muddysueit B Ar. Hag moBepxXHOCTHIO MCTIAPEHUS CYIIIECTBYET PABHOBECHBIN
CJION mapa TOJIIMHOMN, NPUOIN3UTENILHO PaBHOM JJIMHE CBOOOJHOTO mpobdera aTo-
MOB. M3 3TOrO c€iosi mMpOUCXOAUT BBIHOC aTOMOB 32 CYET KOHIICHTPAIMOHHOM
mupdy3un. C yuerom 31010, QyHKIMS NOCTYIUIEHUS aTOMOB S 3aBUCUT OT

-TUTOIIAIU UCTIAPCHUS;

-paBHOBECHOI'O JAaBJICHUS Mapa meTasia P;

-KOHCTPYKIIMM aToMu3aTopa (TpagueHTa AaBJieHUs MapoB Mexay auddysu-
OHHBIM CJI0€M U 00JIaCTHIO HA HEKOTOPOM PACCTOSIHUU OT MTOBEPXHOCTH) ;

-ckopocTH 1uddy3un.

PaccmoTtpum 311 paktopsl 6osee nopoOHO. Eciu moBEpXHOCTh UCTIApeHUs
MpeACTaBIsAeT COOOM YUCTHIM MeTall, TO BeIMYMHA P COOTBETCTBYET JaBICHUIO
€ro HacCBILEHHBIX NapOB (PO) npu JaHHOW Temmeparype. B HekoTopom mpubiim-
xennu, Beipaxast P’ uepes m3menenue sutanbmui AH’p IpU MCIIAPEHHH, MOXKHO
CUUTATh, YTO

In P °~— AH"/RT + const. (5.14)
3aucumocts In P = f(1/T) anst GONMBIIMHCTBA METAIOB B MIHPOKOM HHTEp-
BaJie TeMIepaTyp NpeCTaBiIsieT co0oil mpsiMyro JuHUI0. YTo KacaeTcs mionmaan
UCIIApEHUs U TPAJIMEHTAa KOHIEHTPAIUU aTOMOB, TO JUIsl U30TEPMUUYECKOTO TMOITY-
OTKPBITOTO aTOMHU3aTOpa Mpu OOJBIION IUIolaau 00pasiia, CpaBHUMOM C MIIomIa-
JIbI0 TTOBEPXHOCTH MEYM, KOHIEHTpAIKs Mapa B aHATUTUYECKOU 30HE MpHUOIIMKa-
€TCsl K paBHOBECHOM. [Ipu 3HAYUTETLHOM YMEHBIIEHUU MOBEPXHOCTH PaBHOBEC-
HOE JIaBJICHUE Mapa yCTaHaBJIMBAETCS TOJIbKO B AUG(PY3MOHHOM CliOo€ Haj MO-
BEPXHOCTBIO HCIAPEHUS IJI0Ia/Ib0 G. Toraa GyHKIMS MOCTYIUICHUS TapoB
S =26D"\P/RTI, (5.15)
rae | - nmuHa TpyGuaroi neuu; G - oAb UCIapeHus.

B snexkrpoTepMuueckoii aTOMHO-a0COPOIIMOHHON CHEKTPOCKONUU TOBEPX-
HOCTBIO MCHIApEHUs SIBJISETCS, KaK MPaBUIIO, CYXOM OCTaTOK pacTBOpa, pacipenie-
JICHHBIM IO TOJJI0KKE. ECTECTBEHHO, YTO CTPYKTypa OCTaTKa U COCTOSIHUE MO-
BEPXHOCTH MCTIAPCHUS TaKXKE BIUSIOT HAa (PYHKITUIO TIOCTYIUICHUS mMapoB. PacTBop
MpoObl BBICHIXAET B BHJIE€ MEJIKUX KPUCTAIJIOB, PACHPEICIICHHBIX HAa HEKOTOPOU
mwiomaan. OTcroa ciaeayeT 3HaUUMOCTh TaKUX (PaKTOPOB, KaK MIIOTHOCTH PACTBO-
pa, Ko3QPUIIMEHT MOBEPXHOCTHOI'O HATSHKEHUS HCCIEIyEeMOro MeTajlla, CMayu-
BAa€MOCTh, IIIEPOXOBATOCTh MOBEPXHOCTH. BOIbINYyI0 3HAYUMOCTh UMEIT AU Py-
3MOHHBIC MPOIECCHl MPU HUCMApEeHUHU. PacTBOp 3a cUeT KaMWIISPHBIX CHJI MPOIHU-
THIBAET HEKOTOPBI MOBEPXHOCTHBIN CIIOW M pacnpenaeisercs B nopax. [Ipu Ha-
IpeBe MPOUCXOAUT BBIHOC METAJUIA U3 MOP B AHAIMTUYECKYIO 30HY, IPUYEM B 3a-
BUCHUMOCTHU OT MOPUCTOCTH MEXaHU3M BbIHOCA pasnudeH. [losepxHnocTtHas auddy-
3HS IPOUCXOUT B CIIO€ TOJIIMHON, OJIM3KOM K JJIMHE CBOOOHOTO IIpodera aToma.
Jns mopucroro Tena ¢ pa3MepoM Mop< 5 HM 3TOT MEXAHU3M SIBJISIETCS OIpeJie-
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nsromuM. Ho cpeanuit panuyc nop rpaduta, UCHOJIb3yeMOro i U3rOTOBICHUS
aToMu3aTtopoB, coctaBiisieT 2500 - 1400 um. IIpu TakoMm paguyce op OCHOBHBIMU
MeXxaHU3MaMH, (POPMUPYIOIUMH MOTOK aTOMOB, SIBJIAIOTCS UCIIApEHHE U CBOOOI-
Hast auddysus. DHeprus akTuBanuu AUQPQGy3UOHHOTO MPOIEcca ONpeeIseTCs
TEIUIOBBIM 3 dexTom B3aumonencTBuss AHer MeTania ¢ MaTepuaioM MOAJIOKKH.
Takum 06pa3zom, HE3aBUCUMO OT TOr'0, pACCMaTPUBAETCS JIM MPOLECC CMAaYUBaHUS
WIN pacTeKaHus, GOPMHUPOBAHUE MUKPOCTPYKTYPhI MOBEPXHOCTH UCMAPEHUS OIl-
penensercs B3auMOJCHCTBUEM MeTailjla ¢ MOI0KKOM. [locKonbKy mpu HarpeBe
poObl B aTOMHU3ATOPE OJAHOBPEMEHHO MOTYT U3MEHATHCS yIEIbHbII MOTOK Belle-
CTBa 3a CUET U3MEHEHMsI TEMIIEPATYPhl U TUIOLIAAb UCTIAPEHUS 3a CUET U3MEHEHHUS
CTPYKTYpbl 0Opa3la v yObUIM Macchl IPU MCMAPEHUH, B JaJbHENIIEM (PYHKIHUIO
MOCTYIUIEHUS CTaJu Pa3JIesATh HA IBA COMHOXKHUTEIIS:
S(t,T) = k(T)-N(t), (5.16)

rae k(T) - ¢dyHkuus, onuceiBaroniasi TOJIbKO TEMIIEPATYPHYIO 3aBUCHUMOCTb,
MOCTOSIHHASI IPY ONPEJIETICHHON TeMIiepaType JUisl JaHHOTO MPoLiecca;

No(t) - KoTMYecTBO BellecTBa Ha MOBEPXHOCTH UCTIAPEHUS B JAHHBIN MOMEHT
BPEMEHH.

Pewaromyro poap B mpouecce aTOMU3alUHA UTPAOT XUMHUYECKHE PEaKLMU

Ha CTaauu aTomMu3anuu. [Ipu 3ToM cienyeT yuyuThiBaTh HE TOJBKO PEAKIUU aTo-
MU3alMU, BEAYIIUE K MOABICHUIO CBOOOAHBIX aToMOB. K pa3inyHbIM peakiusm
npuBoauT Haimuuue O, B MHEPTHOM Tra3e, B3aMMOJCICTBUE MMApOB METajlia CO
CTEHKON TpauTOBOM Ne€4M, BIUSHUE MNPOAYKTOB MUPOJIU3A, B3aHMMOJECHCTBHE
AJIIEMEHTOB JIPYT C JIPYrOM U C KOMIIOHEHTaMU MAaTpulbl U T.N. Beleynomsny-
Tble (PAKTOPbI CBHJIETEIBCTBYIOT O MHOr0OOpa3WHh MU CIOKHOCTH XHUMHYECKUX
npoueccoB. Bo3MoxHbIE JOMHUHHUPYIOLIME CXEMBbI MPOLECCOB MPU ATOMU3ALMH
BELIECTB HE pa3 00CYyX AAIUCh B JIUTEPATYpPE, OJITHOZHAYHON TPAKTOBKM MEXaHU3-
Ma aTOMHM3alMK MHOTHX 3JIEMEHTOB B JINTEPAType HET.

1. TIpoba TepMuuecku pasziaraercs 10 OKCHUIOB METAIOB, IMOCJE YEero
MIPOUCXOIUT BOCCTAHOBJIEHNE OKCUA YIIIEPOAOM Ha IMOBEPXHOCTU MEYH C MOCE-
OYIOIIMM UCHapeHHEeM MeTajlla, MPOUCXOASIIUM 3a4acTyl0 Yepe3 cTaauio oOpa-
30BaHUs JUMEpa

MXOy (TB, X) + yC(TB) —> YCO(F) + XM(TB, xK) < x/2 M, T — XM(r) (5 17)
OTOT MEeXaHHW3M OTMEYAEeTCs NP HUCIAPEHUU JOCTATOYHO OOIBIIMX KOJIH-
gecTB 11po6sI (10 7-107 ).
2. MexaHu3M aTOMM3alMU, TPOUCXOMASIINNA MOCPEACTBOM PaA3JIOKEHHUSI OKCHIOB
10 PEAKLIHUH
MXOy(TB, xK) > XM(F) + y/2 Oz(r), (5 1 8)

YTO OOBIYHO OTMEYAETCsl MPU HEOOJBIINX KOJUYECTBAX JO3UPYEMOU B MeUb MPO-
661 10™°- 10 "% r. Psit aBTOpOB TOIAraet, 4To mporecc BOCCTAHOBIICHHUS YTIIEPOIOM
IpU MPOYMX PABHBIX YCIOBUAX MPOTEKAET 3HAUYUTEIBHO OBICTpEe, YeM MPOIECC
TEPMHUYECKON JUCCOLMALMN OKCHIOB. MeXaHu3M yIiIeTepMHYECKOIO BOCCTAHOB-
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JICHUA OKCHAA CBOAUTCA K KOHIACHCAIIMU ITapa YIJICpOda B o0BeMe HYaCTHILIBI. IIo
MpOomMCCTBUHU MHAYKIIHOHHOI'O MICPHUOJa HAYMHACTCA pCAKIIUA BOCCTAHOBJICHUA.

3. MexaHusm aTOMM3alluH, XapaKTepHBIﬁ M1 CUCTEM, B KOTOPBIX ITIPHUCYTCTBYIOT

rajJoreHnabl METAaJIJIOB:

MXm(TB, xK) > MXm(r) —> M(F) + mX(F), (519)
4. B cucremax ¢ BBICOKHUM COACPIKAaHUEM a30Ta BO3MOKHA aTOMH3alUA ITOCPCI-
CTBOM PAa3JIOKCHHA THAHUAOB 110 PCAKIINHN
MCN(F) —)M(r) =+ C(r) + N(F) (520)

5. AtoMu3anus MyTeM HENOCPEACTBEHHOIO HCIAPEHUS METAJIIIOB

M(1B) = M(T) (5.21)

MOXHO BBIIENIUTH JBE OCHOBHBIE XUMHYECKAE MOJEIH, IIPUTOIHBIE IS KO-
JIMYECTBEHHOTO ONMHCAHUS MPOTEKAIIMNX XUMUYECKUX MPOLECCOB - TEPMOIAUHA-
MHYECKYI0 U KHHETUYECKYIO.

-ABTOpBI pabOT MEpPBOro HAMpaBIEHUS MPEANOJIOXKUIU, YTO TeMmIeparypa
MOSIBJICHHS] UMITYJIbCA CUTHAJIA MOIJIOLIEHHUSI COOTBETCTBYET TEMIIEpAType Hayaja
BOCCTAHOBJICHUS] OKCHJIa METAJLJIa YTIIEPOAOM, PACCUUTHIBAEMOM I peaKuu

MO + Czg) = Mgy + COqry 13 yenosust AG® = 0, rae G° - sneprus I'ud6ca.
[Ipu onpenenenHoi temneparype AG® CTaHOBHUTCS OTpULATENbHOW. BpIme 3Toi
TEMIEPATYPbl PEAKUUsS TEPMOJMHAMHYECKHA OCYIIECTBUMA. MOYKHO paccyuTaTh
1151 3ToM TemnepaTypbl AG® peakuuu
AGOpeaKHHH = AC}ofl\/[(r) + AGOf Co(r)_ AC}Of MO(TB)_ AGOf C(TB) (522)

DTta TemnepaTypa COOTBETCTBYET MUHHUMAJIbHON TEMIIepaType, Ipu KOTOPON Ha-
OJro/1aeTcs CyIIeCTBeHHAs MOMYJISIIUS aTOMOB B rpaduToBOM neun. PaccuuTtanbl
JIAana3oHbl TEMIIEPATyp, IpU KOTOPbIX AG® CTaHOBUTCS OTPULIATENBLHOM, U TEM-
nepaTypsl OSIBJICHUS] CBOOOIHBIX aTOMOB B ra3oBoi (asze s 18 anemenTtos. [le-
JIATUCh TOTBITKM CBA3aTh BO3MOXKHBIM MEXaHH3M aTOMHU3AIMU C COOTHOIIECHUEM
HHEPruil BO3TOHKH M JIUCCOLMALMU OKCHUIOB B ra3o00pa3HOM cOCTOSHUM. Eciu
TEPMOJIMHAMHMYECKasi BEPOSTHOCTh AMCCOLMALMM Ta3000pa3HOTO OKCHJla Malla,
T.€. TEIJIOTA BO3TOHKHA MEHBIIE TEIUIOTHI AUCCOLMALMNA, TO €r0 NEPEXO] U3 TBEP-
JIOTO COCTOSIHMSI B Ta3000pa3HOE COBEpIIACTCS MPaKTUYECKU Oe3 auccolraluu
MGO(TB) —> MGO(F'(B).

CyTh KHMHETHYECKOIO0 METOJA HCCIEAOBAHMS 3aKIIOYAETCS B HKCIIEPUMEH-
TaJbHOM OIPENEICHUH KAKYLIENCd KOHCTAHThI CKOPOCTH aTOMH3ALUUA JJIEMEHTA
(() B 1OCTAaTOYHO IIMPOKOM MHTEpBajie TEMIEpaTyp, MOCTpOoeHuu rpaduka Appe-
Huyca lg x = f (1/T) u onpenenennn u3 HaKJIOHA 3TOTO rpaduka IHEPrUN aKTUBA-
MM uzydaemoro npouecca E,. Halinennas Bennunna E, conocTtaBiisieTcs ¢ BEU-
yruHaMH TeroBbiX 3¢ dexToB AHC, Hanbosee BepOsSTHBIX MPOLECCOB, BEAYLIUX K
nepexo.ly 3JeMEeHTa B ra3000pa3Hoe aToMapHoe cocTosiHue. Hamnydiee cornacue
AKCIIEPUMEHTAIIBHON Benn4yuHbl E, ¢ 0o1HUM U3 pacueTHbIX 3HaueHu AH®, sBis-
€TCsl KpUTEpHEM BbIOOpA TOrO MJIM MHOTO MEXaHM3Ma MpoLecca aTOMHU3aLUU.
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bosnee HanekHBIM TPEACTaBIAECTCS METOJ aHaiM3a aOCONIOTHBIX CKOPOCTEH
MIPOLIECCOB aTOMU3alMU, T.K. P CONOCTaBiIeHUU E, ¢ pacyeTHbBIMU BEIIMYMHAMU
AH®; ynyckaetcst U3 BUAy, 4TO BeluunHy E, Ha0 cpaBHUBATh C CyMMapHBIM Tell-
J0BBIM 3 (HEeKTOM pe3yIbTUPYIOLIETO Mpoliecca aTOMU3AIINY, @ HE C SHEPTHUeil 0T-
JIENbHBIX €r0 3BEHBEB (IHEPrUeil UCCOIMAIMU ra3000pa3HbIX OKCHJIOB WIIN JIH-
MEpOB METAJUIOB U T.1.). IIpennaraemblii METONI CBOAUTCS K COMOCTABICHUIO JKC-
NEePUMEHTANbHBIX 3HAYEHUN SHEpPruM akTuBauuu E, ¥ 4acTOTHBIX (DakTOpOB Yo
JUIS KOHCTAHT CKOPOCTEN M3y4aeMbIX MPOLIECCOB C PACUETHBIMHU BEIUYMHAMHU dTUX
napaMeTpoB JUisl MPEANOJaraéMbIX CXE€M aToMu3aluud. MeToJ NpUMEHEH IS
YTOYHEHHSI MEXAHU3Ma aTOMHU3AalUHU KHUCIOPOACOAEPKAIIUX COCAUHEHUU |5-TH
AJIEMEHTOB. Y CTAaHOBJIEHO, YTO MEXaHU3M IIPOLIECCa B 3HAYUTEIBHOM CTENIEHU OIl-
penensercs COOTHOLIEHWEM TEMIIEPATYpPhl IJIABICHHUsS OKCHIA METajla U TeMIIe-
paTypsl aroMu3anuu. K rpynne ucnapsironimxcst METaJIJIOB OTHECEHBI Ag, Au, Tuia-
tunouasl, Co, Cu, Fe, Ni, Pb u Sn; k rpynne TepMuU4ecKu IUCCOLUUPYIOIINX
kapouaos — Mo, V, Ti, Zr, Hf, Nb, Ta, Th; k rpynme TepMUYECKHA AUCCOLUUPYIO-
nx okcunoB — Ca, Cd, Mg, Zn, Al, Cr, Be, Sr, Ba, Y, Sc, nantanounsl. Kuneru-
YECKHE MOJIENN Pa3JINYHOM CTEIEHH CIIOKHOCTH ONMMCHIBAIOT MOCTYIJIEHUE U BbI-
HOC aTOMOB U3 TI€YH CHUCTEMOW JMHEHHBIX TudPepeHlnaNbHbIX YPaBHEHUN Tep-
BOro nopsiika. OIHaKO CIOXKHAsE PYHKIUS MOCTYIUIEHUS aTOMOB B N€4b BPs JIU
MO>KET OBITh MOJHOCTHIO ONMKMCAHA KOHCTAaHTOW CKOPOCTH MEpPBOTO mnopsiaka. Tem
0oJjiee, UTO aTOMBI UCCIEAYEMOro dJeMEHTa Ha MOBEPXHOCTH aTOMM3aTOpa JHEp-
reTUYECKH HEOTHOPOAHbI. ClieyeT OTMETUTh, UTO B JIUTEpPAType MPAKTHUYECKU HE
pPacCMOTPEHBI BBICOKOTEMIIEPATYPHBIE IPOLIECCHI HA CTAAMAX IPEABAPUTEIBLHOU
TepMHUYECKOl 00paboTku. B TO ke BpeMs Ha 3THX CTaAUAX MPOUCXOAMUT (HopMH-
pOBaHME TE€X COEIUMHEHHH, U3 KOTOPBIX BIIOCIEICTBUU 00pa3ylOTCs CBOOOIHBIC
aTOMBI.
5.3. TepMO,DMHaMM‘-IeCKOG MoaeinuvnpoBaHue npoueccos atTomm3aumn B

aTOMHO — aGCOpPOLIMOHHOM CMEKTPOCKONUMU

[Ipy KOMIOBIOTEPHOM MOJEIUPOBAHUM BO3MOXKHBIX MPOILIECCOB 00pa3o-
BaHUs CBOOOJHBIX aTOMOB IPHU BBICOKOHM TeMIepaType MCHOJIb3YIOT TEPMOJIU-
HAMHAYECKOE MOJECIMPOBAHUE TEPMOXUMHUUYECKUX MPOLECCOB, KOTOPOE 3aKIIO-
4aeTcsi B TEPMOJMHAMUYECKOM aHAJIM3€ PABHOBECHOI'O COCTOSIHUSI CUCTEM B
uenoM. [lox TepMoaMHAMHUYECKON CUCTEMON MMOHUMAIOT YCIOBHO BbIJECICHHBIE
MarepualbHble 00JIaCTH, B3aUMOAEHCTBHE KOTOPBIX C OKpY’Karollel cpemoit
CBOJIUTCS K OOMEHY TerjoM U paboToil. MoenupoBanue Mmo3BoJIsIET MPOTHO-
3UpOBaTh COCTAaB M CBOMCTBA CJIOKHBIX TI'€TE€POr€HHBIX, MHOTO3JIEMEHTHBIX,
MyJIbTH(A3HBIX CUCTEM B IIMPOKOM JHAIa30HE TEeMIepaTyp U JaBICHUN C
y4eTOM XMMHUYECKUX U (Pa30BBIX IMpeBpalleHuil. ITo AaéT BO3MOXKHOCTH 3(-
(GEKTHUBHO HM3y4YaThb TEPMOXHMHUYECKHE MPOLECCHl B CYIIECTBYIOIIMX BBICOKO-
TEMIIEPATypPHBIX yCTaHOBKax. CHCTEMAaTU3UPOBATh TEOPETHUYECKYI M IKCIIe-
PUMEHTAIBHYI0O WH(POPMAILNIO, ONTUMHU3UPOBATH YCIOBUS MPOBEICHUS HEOO-
XOAUMBIX TMPOLECCOB, MPOTHO3UPOBATH PE3YJNBTATHI BBICOKOTEMIIEPATYPHBIX
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B3aMMOJICHCTBUI, TPOBOJUTH O0Jiee pe3yibTaTUBHOE OOYUE€HUE CTYJICHTOB U
CIIELIMAJIUCTOB.

Pacyer TepMOoaMHAMUYECKOTO paBHOBECHSI TPOU3BOJBHBIX CHUCTEM (OII-
peleNIeHUE BCEX PABHOBECHBIX I1apaMeTpPOB, TEPMOJMHAMHYECKUX CBOWCTB,
XUMHYECKOTO U (ha30BOr0 COCTaBa) OCYIIECTBISETCS NMyTEM MHHUMH3AIUU
1n300apHO—M30TEPMHUYECKOTO MOTEHIMANA WJIM MaKCUMU3AIUU YHTPONUM CHUC-
TEMBbI S TIPU yueTe BCEX MOTEHIHAIbHO BO3MOXKHBIX B PABHOBECHUU UHIAUBUIY-
albHBIX BelIEeCTB (. PacueTHble ME€TOIBI pa3BUTHI HA OCHOBE BAPUALMOHHBIX
MPUHIAIIOB TEPMOJIUHAMUKU

1. I3 Bcex MOMyCTUMBIX 3HAYEHUN KOJMYECTBA BeulecTBa My MHIUBHIY-
aJbHBIX BEIIECTB B TEPMOJMHAMUYECKOW CUCTEME T€ U3 HUX, KOTOPbIE MUHHU-
MU3UPYIOT TEPMOJUHAMUYECKUNA MOTEHIIMAI CUCTEMBI, COOTBETCTBYIOT PABHO-
BECHBIM 3HAYECHUSM.

2. 13 Bcex momycTUMBIX 3HaueHH sHeprun Uj, BHOCUMOMN KaXK/IbIM He3a-
BUCUMBIM KOMIIOHEHTOM (aTOMOM), T€ W3 HHUX, KOTOpPble MaKCHUMHU3HUPYIOT
CYMMAapHBIN BKJIaJ 3HEPTUHU OTACIbHBIX aTOMOB B CUCTEMY, COOTBETCTBYIOT
PaBHOBECHBIM 3HAYECHUSIM.

OpnHoit u3 Haunbosiee 3QPEKTUBHBIX MPOTPAMM, PEANU3YIONIUX TaKue
pacyeTsl, SABJISAETCS MPOTrpaMMHBIA KomIiuiekec Actpa-4. Ilpu co3zmaHum anro-
pUTMa pacyeTra NPUHATHI CIEAYIOIIUE NONYILICHUS JJI MaTeMaTUYE€CKOUW MO-
JIeJIN: PAacCMATPUBAKOTCSA 3aKPBIThIE U W30JUPOBAHHBIE TEPMOJMHAMHUYECKUE
CHUCTEMBI, B KOTOPBIX TPAHUIIBI HEMPOHUIIAEMBI JIJIsI 0OMEHa BEIIECTBOM, TeIl-
JOM W pabOTOi C OKpYyKalolIeH Cpesoi; aHAIU3UPYIOTCS CUCTEMBI B COCTOSI-
HUU BHEIIHETO W BHYTPEHHEro TEPMOJMHAMUYECKOrO paBHOBECHUS (MOJIHOTrO
WJIM JIOKAJIBHOT0); CYMTAETCS, YTO HCCIEyeMasi CUCTEMA SABJISETCS T€TEPOreH-
HOM, COCTOAIIEH U3 HECKOJIILKUX OJHOPOJHBIX yacTel (pa3), pa3aenéHHbIX BU-
JTUMBIMHM TPaHUIAMU; TPUCYTCTBHUE Ta30BOil (a3bl B cHCTeME 00s3aTENIbHO;
BCE razoo0pa3Hble MHAMBUAYAIbHbIE BEIIECTBA (aTOMbI, MOJIEKYJbl, POCTHIE
U CJIOKHBIC MOHBI, DJIEKTPOHHBIN Ta3) BXOASIT B COCTAaB OJHOM ra3oBoil (a3bl;
razoBasi (paza OMNHCHIBACTCS YpaBHEHHEM COCTOSIHUSI HJI€adbHOrO rasa; Io-
BEpXHOCTHBIE A(PPEeKTHl Ha TpaHUIle pa3fesia a3 He YUYUTHIBAIOTCS, pACTBOPHU-
MOCTh T'a30B B KOHJACHCHUPOBAHHBIX (’KUJIKUX W TBEPJbIX) (hazaX OTCYTCTBYET;
KOHJEHCUPOBaHHbIE (Pa3bl MOTYT OTCYTCTBOBaTb; KOHIECHCUPOBAHHBIC (a3bl
00pa3yloT OJHOKOMIIOHEHTHBIE, HE CMEIIUBAIOIIUECs NPyr ¢ JIpyrom Qassl
7100 BXOJSIIHUE B COCTaB MJICATbHBIX KOHJICHCUPOBAHHBIX PACTBOPOB; WHJIU-
BHUAyalbHBIC BEIIECTBA, UMEIOIINE OJWHAKOBYIO XHMHUYECKYI0 (GopMyiay, HO
BXOJSIIUE B pa3invyHble Pa3bl, CYUTAIOTCS Pa3HbIMU KOMIOHEHTAMU; BEIIECT-
Ba C OJMHAKOBON XMMHYECKOW (popMysioi, HaXOoaAImuecs B pPa3IudHBIX MOJIH-
MOp(hHBIX MOAU(UKAIIUAK, KPUCTALIMICCKOM WM KHUJIKOM COCTOSIHHH, pac-
CMAaTPUBAIOTCS KAK OJUH KOMIIOHEHT, Y KOTOPOTO U3MEHEHUE CBOWCTB MPOUC-
XOJUT CKa4YKOOOpa3sHO NMpHU TeMIepaTypax npeBpallieHuil; 00beM KOHAEHCUPO-
BAaHHBIX KOMIIOHEHTOB MPEHEOPEIKUMO Mall.

PaBHOBecHe MOJOOHBIX CUCTEM B COOTBETCTBHHM CO BTOPBHIM 3aKOHOM
TEPMOJUHAMUKHA XapaKTEPU3YETCd MAKCUMyMOM OSHTPONUHU OTHOCUTEIBHO
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TEPMOJMHAMUYECKUX CTEMEeHEH CBOOOABI, K YUCIY KOTOPBIX OTHOCSTCS CO-
JepKaHusl KOMIIOHEHTOB PaBHOBECHOU cMecH (Mg, Mob/KT), Temneparypa T u
nasieHue P. Y nenbHbll 00beM V, Kak U BHYTpeHHsa dHeprus U, mpu 3TOM OcC-
TAlOTCAd HE3aBUCUMBIMH TNEPEMEHHBIMH, T.K. YCJIOBUS PaBHOBECUS CHCTEMBI
OTHOCUTEJILHO OKpYIXKaroliei cpenbl MOTYT ObITh BBIPAKEHBI C MOMOIIBIO pa-

BEHCTB:
dV =0udU =0wuwm V =const u U = const ,

S = Zk: [se =R, m(R,TM, /1 V)M, + ZR: S°M, +

1:1Nm r=l1
£y {Z [sc—R (M, /M, )]Mm} S, (5.23)
N m=1
rae M,,M_,M_,S’ — 4uCJI0O MOJIEH W CTaHAApTHas SHTponus (mpu
temneparype T u naBnenuu 0,1 MIla) B ra3zoBoii (1), KOHIEHCUPOBAHHOU (T)
¢dazax u B pacTBope (m) COOTBETCTBEHHO;
k, R, N — koaumyecTBO Ta3000pa3HbIX, KOHJACHCUPOBAHHBIX
KOMIIOHEHTOB ¥ pacTBOPOB B TEPMOJIMHAMHYECKON CUCTEME COOTBETCTBEHHO;
M,,,— KOJHMYECTBO MOJIEH BEIIECTBA B M-M KOHJECHCHUPOBAHHOM

pacTtBope; R, — yHUBepcalibHas ra3oBasi MOCTOSIHHAS.
U u V takxke CBs3aHbl C KOHIEHTPALlME! KOMIIOHEHTOB TEPMOJUHAMHU-

YeCKOM cucteMsbl, ¢ P u T npu nomMouu COOTHOLIEHUN:
k R Nm
U->UM,-> UM, ->>U, M, =0 (5.24)
i=1 r=1

N m=Il
k
uV-R,T/P)>Y M, =0, (5.25)
i=1
rae U, U, Uy, — MoJIHasg BHYTPCHHSS dHEPrusi MHIAUBUYaJIbHBIX BCIICCTB, OT-

HECceHHas K 1 Moo u BKJIFOHAaromas B ce0s DHTAJILITUIO O6pa30BaHHﬂ MHAWUBH-
AYaJIbHBIX BCHICCTB.

T
U = _[TOCVSdT + AH°(T,), (5.26)

rae € =i, r,m.

OTH ypaBHEHHS MOTYT PaCCMAaTPUBATHCS KaK OTPAHUYECHUS WU CBS3H,
HaKJIaJAbIBAEMble Ha 00JaCTh JOMYCTUMBIX 3HAYCHUU MEPEMEHHBIX MPHU yCTa-
HOBJICHUW XMMHUYECKOro U ()a30BOT0 PaBHOBECHUS MPHU JOCTHKEHUM MAKCUMY-
Ma JHTPONHUHU S, CUCTEMBI. J|OMOTHUTENBHO HAKIAABIBAKOTCS CIEAYIOLINE

CBsI3M (ypaBHEHMS), OTPaHUMYMBAIOIIME YCIOBHUS CYIIECTBOBAHUS CHUCTEMBI:
IIOCTOSIHCTBO MAacChl XMMMYECKMX DJJIEMEHTOB M 3aKOH COXPaHEHHs 3apsna
(3MEeKTPOHEUTPAIIBHOCTH) Bcel cucTeMbl. [lapamerpsl paBHOBECHS TEPMOJIH-
HAMHAYECKON CHCTEMBI OINPEAECIAIOTCA PEIIEHHEM MAaTeMaTHUYEeCKOM 3aJadd o
HAaXO0JAEHUU HKCTPEMYMA C YYETOM IEPEUMUCICHHBIX CBA3EU IyTEM HMCIIOJIb30-
Bauus pynkuun Jlarpamxka. st BeryuciaeHuil ucnonbizyercs Meton Heiotona
(MeTo mocie1oBaTeNIbHbIX MPUOINAKEHHUHN), KOTOPbIA 00€CIEeYMBAET BHICOKYIO
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CKOPOCTh CXOJMMOCTH PE€3yJbTATOB HAa KOHEUHBIX CTAAUSIX HUTEPALMOHHOTO
nporecca.

[IporpammHbIil KOMIUIeKC AcTpa-4  mpenycMaTpuBaeT ClEAYHOLINE
BO3MOKHOCTH:

— 3aJJaHue YCIOBUM paBHOBECHUS TEPMOJUHAMHYECKOM CHUCTEMBI C
OKpyKarolei cpenoil 000N mapod 3HAYEHUNW TEPMOJAMHAMHYECKHUX
napaMeTpoB M3 4Yucia CAEAYILUX IIeCTHU BenuuuH: P(maBienue),
V(ynenbneit  00bem), T(Ttemmneparypa), S(oHTpomnus), I(sHTanbmnus),
U(BHYTpEHHSS SHEPTHs);

— TIPOBEJIEHUE pacueTa TEPMOJAMHAMUYECKONW CUCTEMBI MPOU3BOJBHOTO
AJIEMEHTHOI'O COCTAaBa;

— BKJIIOYECHHUE B YUCIIO 0XKUIAEMbIX KOMIIOHEHTOB PABHOBECHOI'O COCTaBa
JT00BIX MHIWBUYATbHBIX BEIIECTB 32 CYET U3MEHEHUS TOJIHKO MCXOJIHBIX JIaH-
HBIX;

— ompeneseHre paBHOBECHOTO (a30BOro cocraBa CUCTEMBI 0e3 mpejBa-
PUTEIBHOTO YKa3aHUs TEPMOJUHAMHUYECKU JOMYCTUMBIX COCTOSIHUH.

Takum oOpazoM, 1 onpeaeneHus KOHKPETHBIX NMapaMeTpOB COCTOSI-
HUSI CUCTEMbI HEOOXO0AMMO 3aJ1aTh JBe €€ xapakTepuctuku (Hampumep: P u T,
VuT,1uPurT.na), maccoBele cofiepKaHUsI XUMUYECKUX DJIEMEHTOB B pabo-
YeM TeJi€, CIHUCOK MOTEHIMAJIbHO BO3MOXHBIX B PAaBHOBECHU WHIUBUIYaJb-
HBIX BEIIECTB C UX TEPMOJUHAMUYECKUMU (PYHKIUSAMU — DSHTPONHUEH U DH-
TaJbIUEH.

B nporpammHoM komiuiekce Actpa-4 mpeaycMOTpeHa TaKkKe BO3MOXK-
HOCTb y4Y€Ta HEKOTOPBIX OTKJIOHEHUUN OT UACAIbHOCTU: UCKIIOYEHUE U3 Yuclia
KOMITIOHEHTOB PaBHOBECHUS JIIOOBIX MHIMBUIYAJbHBIX BEIMIECTB; BO3MOXKHOCTD
Ha3Ha4daTh (HUKCUPOBATH) KOHIIEHTPAIMU OJJHOTO MJIM HECKOJIBKUX BEIIECTB C
MOCJIEAYIOIIMM PAacueTOM PAaBHOBECHS IIO OCTAaBLICHCSA YaCTHU CUCTEMBI; pac-
CMOTpPEHUE HEHJI€aIbHbIX KOHJEHCHPOBAHHBIX PACTBOPOB MyTEM 3aJaHUS H3-
ObITOUHON 3Hepruu ['mb06ca; yuyer coOCTBEHHOro 00beMa, 3aHUMAEMOr0 KOH-
JICHCUPOBAHHBIMU (Pazamu.

PacueTsl coctaBa a3 u XxapaKTepUCTUK PaBHOBECHUS MPOBOASATCS C UC-
MOJIb30BAHUEM CIHPABOYHOM 0as3bl JaHHBIX MO CBOWCTBAM HWHIAMBUIYaJIbHBIX
BenlecTB. ba3a JaHHBIX SBIISIETCS COCTABHOW YaCThKO NPOrPaMMHOTO KOMILIEK-
ca. OcHoBy uH(popmanuu B 0a3ze JaHHBIX COCTABIAIOT TEPMOJUHAMHUYECKUE,
TemoprU3NIEeCKHEe U TEPMOXHUMHUUYECKHE CBOMCTBA MHIMBUAYAIBHBIX BEIECTB,
cuctematuzupoBanubsie B MHcTutyTe BhicOKMX Temmepatyp PAH u Hanwo-
HanbHOM Oropo crangaptoB CIIA, koTtopbeie omyOJIMKOBaHbBI B psijie CIIPaBOY-
HHUKOB, a TaK)K€ CBOWCTBAa, pacCUUTaHHble B MOCKOBCKOM rOCyAapCTBEHHOM
TEXHUYECKOM YHUBEPCUTETE MO MOJEKYIAPHBIM, KAaJOPUMETPUUECKUM U CIIEK-
TPOCKOMUYECKUM JaHHBIM. ba3za JaHHBIX cliesaHa OTKPBITOM MJIsl MOJIb30BATE-
Jeil ¥ IOMyCKaeT pacliupeHue U KOPPEKTUPOBKY HH(POpMAIUH.

TepMmoanHaMu4YecKoe MOACIUPOBAHUE B MPUIOKEHUM K 3ajjadyaM HU3y-
YeHUsI TEPMOXUMHUUYECKUX MPOIECCOB B UCTOUHMKAX aTOMM3AIUM — MIaMEHAX,
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MO3BOJIIET ONMpPEACATh aAuadaTHYeCcKyl0 TeMIlepaTypy TOpeHHs U paBHOBEC-
HBbI COCTaB IJIaMEH, yCTaHABIMBATH 3 (PEKTUBHOCTh aTOMU3ALUN U MOHH3A-
LU 3JIEMEHTOB, CTENIEHb UX CBA3BIBAHUS B Pa3JIMYHbIE MOJEKYISAPHBIE COEIH-
HEHUS, IEPEXOAUTh K 3aBUCUMOCTSIM aHAJIMTUYECKOT'0 CUTHANIA OT CTEXHOMET-
puu MiaMEH, yCTaHABIMBATH OTHOCUTENIbHBIE TIPEIeNIbl OOHAPYKEHUS DJIEeMEH-
ToB U Ap. [Ipu MoaenupoBanuu njaamMéHa paccCMaTpPUBAIOTCS KaK KBa3HMPaBHO-
BECHBIE TEPMOJUHAMUUYECKHE CHUCTEMBI CO CTAllMOHAPHBIM PAacXxoJ0M roproue-
ro ra3a, OKUCJIUTENSl U aHAJIU3UPYEMOro pacTBOpPa, UTO MO3BOJISIET 3a7aBaTh
HUCXOJHBIA COCTaB TEPMOJMHAMUYECKON CHCTEMbI YHCIEHHO PAaBHBIM Macco-
BOM CKOPOCTH pacxoja KOMIMOHEHTOB(T/MuH). OCHOBHBIE NOMYIICHUSA: OTCYT-
CTBHUE MOCTYIJICHUS KUcJopoa u3 atMmochepHoro Bo3ayxa; aapienue P=0,101
MIla (unu 3agaHHOE); PAaBHOMEPHOE paCIpeAcICHUE PaBHOBECHBIX KOMIIO-
HEHTOB I10 MJIaMEHHU.

Hanpumep, ¢ nenpro OoNTUMHU3ALMK MPOLIECCOB aTOMHU3AIMU COEIUHE-
HUM KaJMUs B MUIAMEHU alleTUJIEH—BO3AYX ObUIO MPOBEIEHO TEPMOJUHAMUYE-
CKO€ MOJICIUMPOBAHUE BBICOKOTEMIIEPATyPHBIX MPOLECCOB MpEBpAllCHUsS Kaj-
mus. [Ipu pacuere MCnoOnAb30BaNNCh CIEAYIOUIME MCXOJHBIE TAHHBIE: PACXOL
BO3ayxa — 1270 51/4yac 1 XUMUYECKUM COCTaB BO3yXa; Pacxo] aHAJIU3UPyEMO-
ro pacrBopa — 1,7 MJI/MHH; XUMHYECKHUH COCTaB BBEJCHHON MpPOOBI —
Cd(NOs),; pacxon anetusieHa. B pe3ynbTare pacdyera mojiydeHbl JaHHBIE TEM-
nepaTyphl alleTHUIEH — BO3AYIIHOrO INIAMEHU U COAEPKAHUE PA3JIUUYHBIX KOM-
MNOHEHTOB aHAJWUTa B MOJSAX, MPUBEAEHHOE K 1KI aHATUTHUYECKOW 30HBI, MO
KOTOPOW MOHWUMAETCA IJIaMsl, UMEIKOIIEe OJWHAKOBBIM XUMHUYECKHI COCTaB,
TeMmineparypy u cBoiictsa. [losiyueHHbIe JaHHBIE NTpEACTaBIEHbl B Tabmd. 5.1.
Tabnuua 5.1 — Pe3ynbTaThl TEPMOJMHAMUYECKOTO MOJAEIMPOBAHUS Ipolecca

aTOMH3AIIMU COCAUHEHUN KaJIMUs B IUIAMEHH aLlETUIIEH — BO3AYX

Pacxon  anerunena, | 5 220 350 440 530
j1/4ac
Pacuernas Tewmmepa- | 5390 2184 1959 2004 2058
Typa miamenu, K

ConepxaHue KOMIIOHEHTOB, MOJIb/KT
Cd 8,210 |7,710° |6,710% |6,4107 |6,2°107
Cd, 3,0010°  |2,510° [1,910° |1,710° |[1,610°
CdO 2,410° [2,510° |2,1107 |3,610" | 1,710
CdH" 4,710° [8210° [3,9107 |3,2107 6,710
cdoH" 2,6'10° [2.810° [1,310° |1,7107 |6,410°
Cd(OH), 74107 | 1,710° [9,310" |1,410"" 1,610

BI/II[HO, 9TO CTCIICHb aTOMH3allMH KaAMHUA B HAIUX YCIIOBUAX HpI/I6J'H/I-

xkaetcsa K 100%. O6 3TOM CBUIETENLCTBYET COJCP)KAHUE PA3IUYHBIX (OpM
KaaMmus B 30He aromuzanuu. [IpeobmamarommumM KOMIIOHEHTOM SIBJISIFOTCS CBO-
6omabie atombl kagmusi. Conmepkanue Apyrux gdactui, — aumepa Cd,, okcuma
CdO, rugpuna CdH', rugpokcumoB — Ha 3-5 mopaakoB MeHbme. CTENeHb
aTOMH3AIMN HE3HAYUTEIbHO U3MCHSIETCS MPHU YBEIWYCHUHU pacxoja areTuiie-
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Ha oT 115 mo 530 a/gyac, ciaenoBaTEIbLHO IJISI COCIMHEHHMHM KaaMHs B OYEHb
HIMPOKOM HHTEpBaJie TEeMIEepaTyp HaOJIIOJa0TCs ONTUMAaJbHbIE YCIOBUS Iie-
peBesieHus MpoObl B aToMapHoe cocTosiHue. Mcxons u3 3TUX pe3yJsibTaToB
MOYXHO TPEJINOJOXKUTh, YTO CIOCOOBI TMOBBIIMICHUSI YYBCTBUTEIbHOCTU, OIHU-
CaHHbIe B pa3zneinie 4, OylyT HE3HAUYUTEIbHO BJIHSATH HA CTENEHb aTOMU3AIUU
COCIMHEHUW KaJMHUS U Ha YYBCTBUTEIBHOCTH €r0 ONPENEJ]ICHHS B MJIAMEHHU
alleTUIICH-BO3AYyX. JTO MPEJINOJIOKEHHE MOATBEPKAAIOT JaHHbIE TEPMOJIMHA-
MHYECKOT0 MOJIEJIMPOBAHUS MPOIECCOB aTOMHU3ALlMU COCAMHEHUN KaaMHs B
50%-HBIX BOJTHO-OPTAaHUYECKUX PACTBOpaxX MpH pacxoje aneruieHna 530 yi/gac
(Tabiu. 5.2).

Tabnuna 5.2 — MojaenupoBaHue MpoIeccoB aTOMU3ALNU COCIUHEHUN KaJIMUs

B IPUCYTCTBUU OPraHUUYECKUX PACTBOPUTENEH

Komnonentsl | ConepkaHue KOMIOHEHTOB, MOJIb/KT

aHaJ}HTqu_ H,O aleToH : Boma=1:1 sTaHoJ : Boga=1:1
CKOHM 30HBI

Cd 6,2°107 6,210 6,2°107

Cd, 1,510° 1,6'10° 1,6'10°

CdO 1,710 1,110 1,110

CdOH" 6,410° 4,010 4,310

CdH" 6,610 6,710 6,710

Cd(OH), 1,610 6,510 7,410

W3 nansbix 1aba. 5.2 BUAHO, YTO BBEJACHHE OPTaHMYECKOrO0 PAaCTBOPUTE-
7151, CIIOCOOCTBYIOIIIEE MOTYUYSHUIO METKOJUCIIEPCHOTO a’p030Js U ero 3 (exTuB-
HOMY MCHapeHHIO, MaJIo BIMSET Ha JIOJI0 CBOOOHBIX aTOMOB KaJaMUs B IJIAMEHHU.
[Ipn 5TOM B BOJHO-OPTraHUYECKHUX PACTBOPAX YMEHBIIAETCS, MO CPABHEHHIO C
BOJHBIMH, JIONISl KHCIOPOACOAEPKAINX coenunenuit kagmus CdO, CdOH' nu
Cd(OH); , 9To, yunuTHIBas MEXaHU3M aTOMM3AIINH, JIOJDKHO MPUBECTH K yBEIHUYE-
HUIO0 aHATUTHYECKOTo curHana. Cieayer OTMETHTh, YTO MPHUCYTCTBHE 3TAHOJA U
alleTOHA HE3HAYNTEIIPHO U3MEHSET COIepKaHNe KaJMHs B CBOOOHOM aTOMapHOM
COCTOSHUM.

TepMmoauHaMUYECKOe MOJCITMPOBAHUE TO3BOJIIET MPOCICAUTh 0COOCHHO-
CTH TIOBEACHHS B TUIAMEHHM COCIWHEHUN OIPEACIIIeMOro 3JIEMEHTa B Pa3IMYHBIX
CTCTICHSX OKUCICHUSA. Tak, TePMOJIMHAMUYECKHI pacueT CoIep KaHus CBOOOTHBIX
aTOMOB XpPOMa B AHAJIMTUYECKOM 30HE IJIAMEHU MO3BOJISIET MPOCIEAUTh BIUSHUE
OKHUCJIMTENIbHO-BOCCTAHOBUTENIbHBIX XapAaKTEPUCTUK IJIAMEHU HA CTENEHb aTOMHU-
3aruu coequnenuit xpoma (III) u xpoma (VI). B Tabu. 5.3 npuBeneHs! pe3yabTaThl
MOJIEITUPOBAHMUSI.

Bunno, 4to HabI01a€TCS 3aBUCUMOCTD TEMITEpaTyphl TJIaMEHU U KOJInde-
CTBa CBOOOJHBIX aTOMOB XpOMa, a, CJIeIOBATEIbHO, U CTETIEHH aTOMHU3AIUU CO-
equaenuit Cr(Ill) u Cr(VI), ot pacxona roptouero raza C,H,. Habmonaercs mak-
CUMYM KOHIICHTpAIlMu CBOOOJHBIX aTOMOB TIpH pacxoe aneruieHa 220 /4 Hesa-
BHUCHUMO OT CTETICHH OKHCIICHUS XPOMa B PACIbUIIEMOM PAaCTBOPE.
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Ta6muma 5.3 — Coneprkanue CBOOOJIHBIX aTOMOB Xpoma (X) B aHaJIUTHYE-
CKOM 30HE TUIAMEHH alleTUJICH — BO3AYX B MOJIb/KT
pacxo Bo3ayxa — 600 /9

Pacxon auerniena, /4 180 220 270 300
Temnepatypa rmamenu, K 2229 2116 1992 1941

X npu BBenenuu B miams pactBopoB Cr(VI) 0,0184 0,0711 |0,0401 |0,0225
X npu BBenennu B miamsi pactBopoB Cr(I11) 0,0089 0,0157 [0,0131 |[0,0112

Kak nokazano mogenupoBanue, ¢ yBeanuenueM pacxoaa C,H, remneparty-
pa IJIaMEHM CHUXAEeTCs, OJHAKO JI0Js CBOOOJHOTO yriepoaa pacteT. CremoBa-
TEJIbHO, YBEJIMYMUBAIOTCS BOCCTAHOBUTEJbHBIE CBOMCTBA IJIaMeHHM. bamaHc 3Tux
JIBYX TPOLIECCOB U OMPEACIISIET CTENEHb aTOMU3alui. MoJeIupoBaHue MOKa3aio
TaKkK€ HaJu4yue B TUIAMEHU 3HAYUTEIBbHOI'O KOJIMYECTBA TEPMOCTOMKOrO TPYIHO-
nmuccoruupytomero okcuaa Cr,O; B BUIE KOHACHCUPOBAHHOM (a3bl, B TO BpeMs
KaK 3HAUYUTENbHBIX KOJIMYECTB KapOWIOB XpoMa pacyeT He mokazan. CremoBa-
TEJIbHO, POCT AaHAIMTUYECKOT0 CUTHAIIA ¢ yBennueHueM pacxona C,H, MoxxHO cBsi-
3aTh CO CJIEIYIOIIUM MEXaHU3MOM aTOMHU3AIMU COEAMHEHUN XpoMma:

Cr,0, ko —-—>Cr,0, (ra3)—) 5 Cr(ra3)+ CO (5.27)
[Tocnenyroniee yMEHbIIEHHE aHAIUTHYECKOTO CUTHAJA TIPU YBEJIMYEHUHU pacxoja
alieTwieHa oOyCJIOBIEHO, MO-BUAMMOMY, yMeHblleHueM cyomumanuu Cr,O; B
KOHJICHCUPOBAHHOM (pa3e Ha MepBOii CTaUU aTOMU3AIUH.

MonenupoBaHue MO3BOJISET MPEICKa3aTh BIUSHUE BBOJAUMBIX I00aBOK HA
BEITMYMHY aHAJIMTUYECKOTO CUTHaNIA 0€3 MpeIBApUTEIHLHOTO IKCIIEPUMEHTATHLHOTO
uccienoBanus. Tak, MOAEIMPOBAHUE TOKA3AJI0, YTO MPHU ATOMHU3ALUU COEOUHE-
Huii kak xpoma(Ill), Tak u xpoma(VI) cepHas KucioTa OKa3bIBaeT JAEMPECCUPYIO-
niee BIUSIHUE HA COJiepKaHue CBOOOJHBIX aTOMOB XpOMa B aHAJIMTHYECKOU 30HE,
T.€. Ha CTENEeHb aToMu3anuu (Tadm. 5.4).

BiusiHuto cepHoii KUCIOTHI 00Jiee MOJBEPKEH MPOIECC aTOMHU3ALUU CO-
eaqunenuit xpoma (III). enpeccupyromee Bausaue H,SO, mposiBisieTcs: 3Ha4Yu-
TeJIbHEE MPHU MOBBIIIEHHOM PacXo0/e alleTUIeHa B BOCCTAHOBUTEILHOM IJIAMEHHU.
Ta6mumna 5.4 — Bimusaue H,SO4 Ha aromuzanuio coenunenuit Cr(IIl), Cr(VI) B

IJIaMEHU alleTHUIICH-BO3yX
pacxoj Bo3ayxa — 600 /9

Pacxon anerniena, /4 180 220 270 300

Conepxxanne  atomMoB  xpoma | 6e3 HoSOy 0,0185 [0,0710 |0,0401 |0,0227

(MOJIB/KT) TIpU BBEJICHUHU B TLIaMS

pactsopos Cr (VI) B 0.1 M pac-14 5188 10,0300 |0,0129 |0,0126
tBOpe HySO4 ’ ’ ’ ’

Conepxanre  atromoB  xpoma | 6e3 H,SO4 0,0089 |0,0157 |0,0131 |0,0112

(MOJIB/KT) TIpY BBEACHUU B TLIAMS

pacrsopos Cr (I1I) B 0.1 M pac-1 0491 |0,0142 | 0,0042 |0,0032
tBOpe HaSO4

Kak moka3bIBaeT pacuer, OHO CBSI3aHO C IOSBJIEHUEM HOBOW TEPMOCTOMKON KOH-
neHcupoBaHHoU (a3el CrS, 10758 KOTOPOMl, 04eBUAHO, OYAET PacCTH C yBEIHYEHU-
eM koHueHrpauu H,SO4. OgHako, HECMOTPS HA MOSIBICHUE HOBOW KOHAEHCHPO-
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BaHHOM (a3bl, MEXaHU3M aTOMM3AIMU HE MEHSETCS, YTO MOATBEPKIAET HEU3MEH-
HOCTb MOJIOKEHUS MAaKCUMyMa Ha 3aBUCUMOCTH AHAJIMTUYECKOrO CUTHAja OT pac-
X0/1a alleTUIICHA.

DKCIepUMEHTAIbHbIE UCCIEAOBAHUS BEJIUYMHBI aHAJTUTUYECKOTO CHUTHaja
xpoma B mpucyrctBun H,SO4 m Na,SO, nmoaTrBep:kaaroT pe3yiabTaTbl PacyeToB.
Jns coenuuenunii Cr(III) u Cr(VI) 0,04 M pactBop H,SO, cHmkaer BenuuuHy
aHajguTuyeckoro curHaia B 1,5-2 paza. [lenpeccupytomiee Bausinue Na,SO4 Ho-
CUT aHAJIOTUYHBIN XapaKTep, XOTs U BBIPAKEHO HECKOJIBKO ciadee.

TepMmoxumMudeckne mpoIecchl, MPOUCXOAITNE B KOHACHCUPOBAHHON (a3e
Ha MOBEPXHOCTH 3JIEKTPOTEPMHUECKOTO aTOMHU3aTOpa, B MEPBYIO OYEpEdb OIpe-
JEJSIIOT TeMIIepaTypy CTaJAuM MUPOJIU3a U3y4aeMoro 3jeMeHTa U (GopMy ero oc-
HOBHBIX MOTEpPb Ha AaHHOU cTaauu. [Ipu TepMOIUHAMHYECKOM MOJACIMPOBAHUU
MOAOOHON CUCTEMBI MOXHO MPUMEHSTh MOJIEIh TOHKOTO IpaHUYHOro ciosi JIeH-
IMIOpa, B KOTOPOM 33 KOPOTKUU MPOMEXYTOK BPEMEHU YCTaHABIMBAETCS PaBHO-
Becue. [Ipu npoBeeHnr MOACIUPOBAHUS UCTIONB3YIOT CIEAYIOIUN alrOPUTM.

1. Pa30uBaroT rpaHUYHBINA CJION Ha 30HBI, KOHTAKTUPYIOIIUE U HE KOHTaK-
TUPYIOILIKE C MMOBEPXHOCTHIO aTOMHU3aTOPa, YTO MOAEIUPYET MPUCYTCTBHUE 10CTa-
TOYHO TOJICTOT'O CJIOS aHAJIUTa Ha MOBEPXHOCTU DJIEKTPOTEPMHUYECKOTO aTOMM3a-
Topa. CocTaB MOBEPXHOCTHOTO CJIOS: COCTaB MPOOBI (MaTpUIla U U3ydaeMble MPHU-
MECH WJIM TIPOCTO aHAIUT B OKCUIHOU (popMme), MPUBEIEHHBIE K YCIOBHOMY MOJIIO,
U MOJIb MHEPTHOTO ra3a aprona. CocTaB cii0sl, KOHTAKTUPYIOLIErO0 C MOBEPXHO-
CThIO aTOMH3aTOpa: COCTaB MPOOHI (B OKCUAHON (hOpME), TPUBEIACHHBIN K YCIIOB-
HOMY MOJIIO, IUTFOC MOJIb MHEPTHOIO Ta3a, mitoc 10 mosel BemecTBa Marepuana
aTOMM3aTOPA.

2. BBINOJHSAIOT pacyeT B COOTBETCTBUU C MOCJIEI0BATEIbHOCTHIO TEPMUYE-
CKHX IpeoO0pa3oBaHUi BEIECTBAa B KOHJICHCHUPOBAHHOM (aze MpoObl: €CIH BhIsSC-
HSETCS, YTO MPU KAKUX-TO TeMIepaTypax MEHseTcs (opma CyIIeCTBOBAHMS aHa-
JUTa Ha MIOBEPXHOCTH aTOMU3aTOpa (HanmpuMep, OKCU dJIeMeHTa IpeoOdpa3yeTcs B
KapOua WM METasul), TO JIJIsl pacyeTa paBHOBECHOT'O COCTaBa CUCTEMBI IpH OoJiee
BBICOKOI Temreparype HeoOXOAMMO 3aJaBaTh UCXOJHBIN COCTAB CUCTEMBI C yye-
TOM BO3MOKHBIX TEPMHUUECKUX MPeoOpa30BaHUM.

3. Ilo pe3synpTaTaM pacueToB CTpOAT TIpaduueckue 3aBUCUMOCTHU
lg[m,,, (X Me)/ Y Me] or Temmeparypbl, rae m_ (X Me) — COAEpIKAHUE H3y9aeMOro
aJIeMEHTa B Ta30Boi (haze. BriOpanHyro 1Mo 3TUM rpadkaM HaNMEHBIIYIO TEMIIe-
paTypy TEPMOJMHAMUYECKOW CHCTEMBI, IPU KOTOPOM YPOBEHb COIECPKAHUS 3Iie-
meHTa Me B raszoBoii (ase mocruraer (0,01-0,0001)>.Me, MOXHO MpPHHAMATH 3a
MPOTHO3UPYEMYIO TEMIIEpaTypy CTaAuu MUPOJIN3a, T.K. 3TO COOTBETCTBYET MUHU-
MaJbHO OOHApPYXKMBA€MOMY YPOBHIO CHIIKEHHUS CUTHAJA MOTJIONICHUs. BriscHs-
10T, U3 KAKOT'0 CJIOS MPOOBI ¥ B KaKOW OCHOBHOW (hopMe HIYT IMOTEPH Ompeesie-
MOT0 3JIEMEHTA Ha CTaJAUU MUPOJIN3a.

4. BappupoBaHu€ ¢ TOMOIIBIO TEPMOJIUHAMUYECKOTO MOJICIIUPOBAHUS XU-
MUYECKOTO Moau(uKaTopa, MaTepualia MOBEPXHOCTH aTOMHU3aTOpa WM aTMOche-

118



PBI IO3BOJISIET YCTAHOBUTH YCJIOBUS MMUPOJIN3A, CIBUTAIOIIME TEMIIEPATYPY CTAAUN
JI0 HEOOXOJUMOTO 3HAYEHUSI.
Tax, B Tabn. 5.5 npuBeneHbl JaHHbIE, WUTIOCTPUPYIOIIUE BIUSHUE XUMU-
YECKMX METaJUIOKOMIUIEKCHBIX MoaudukaTopoB — KomruiekcoHaToB Fe(IlI),
Bi(IIT), Ni(I) — Ha XxumMu4yeckuii coctaB KOHJICHCHUPOBaHHOHN (a3bl MpoObI MpHU
AIEKTPOTEPMUYECKOM aTOMHO-abcopOuronHom omnpezaenennn cunma (II), xan-
mus(Il) n 6epunnus(l) B 0ObI9HOM TeMIIEpaTypHOM JWana3oHEe CTAJAWH MMHPOJIH3a
pu pH=3.
Tabmuma 5.5 — TepmoaumHaAMHUYECKOE MOJCIMPOBAHUE IIPOIICCCOB IMHUPOJIH3a CO-
equaernii Pb(Il), Cd(II), Be(I)

One- Xumnyeckuii | Temnepa- | CoctaB koHneHcH- | Temmepa- | CocTtaB KOHJIEHCH-
MEHT | MoguduKa- Typa Hada- | poBaHHOH (a3pl B | Typa KOHIIA | pOBaHHON (a3bl B
TOp Jla TIUPOJIU- | Havyaje MUpoIr3a MUpOJIN3a, | KOHIIE MUPOJIH3a
3a, °C °C
Pb - 300 PbO, KNO;, | 1000 PbO, KNOs;,
KOH, K,CO; KOH, K,CO;
Fe ODJITA = | 300 FeOOH, PbO,, | 1000 PbO, NaFeO,,
N32CO3, K2C03 K2C03
Bi DJITA™ | 300 Bi, Pb, Na,CO; | 1000 Bi, Pb, Na,CO;
Ni DIATA® | 300 Ni(OH),, PbO,, | 1000 Ni, PbO,
NElzCOj,, KzCOg, NEIQCO_?,, K2C03
KNO;
Cd - 300 Cdo, KNOs, | 1000 KNOs, KOH,
KOH, K,CO; K,CO;
Fe OJITA™ | 300 FeOOH, 800 Fe,0s, Cdo,
Cd(OH)z, N&FGOz, KOH,
N&zCOg, Kz CO3, K2C03, KNO3
KNO;
Bi DJITA™ | 300 Bi, Na,COs, | 800 Bi, Cd
Cd(OH),
Ni DATAZ | 300 Ni(OH),, 800 NiO, Cdo,
Cd(OH)z, N&2C03, K2C03,
Na2C03’ K2C03, KNO3
KNO;.
Be 300 Be, BeSO,, 1000 BeO
Fe OJITA™ | 300 FeS,, BeO, | 1000 FeS, BeO, Na,S
N&zSO4
Bi DJITA™ | 300 Bi1,0;, Be(OH),, | 1000 BeO, B1,0;,
BeSO4, NaQSO4 NﬂzSO4
Ni DATAZ | 300 NiO, Be(OH),, | 1000 Ni, BeO, NaOH,
N&zCOj,, K2C03, KOH, KQSO4

K,SO4

[Ipu hopmupoBaHrKr MacCUBa UCXOIHBIX JAHHBIX YYUTHIBAJIM, YTO CBUHEI
Y KaJIMUI BBOAWJIM B PacTBOp MpoObI B BUAE HUTpATa, a OEPUILTUN — B BUJIE CYJIb-
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dara. Ucnonb3oBanu auHaTpueByro coib DATA. Heobxomumoe pH cosnaBanu,
noaienadyusas npody pactsopoM KOH wnu noakucnsist pactsopom HNO;.

N3 nannbix Tabi. 5.5 cnegyer, yTo Moau(UKATOP B psijie CIy4aeB U3MEHS-
€T XapakTep NPelaTOMHU3AIMOHHOTO COCJAMHEHHS, T.e. HU3MEHSeT (U3HKO-
XUMHUYECKHE MPOIIECChl, BEAyIIHe K 00pa3oBaHUIO CBOOOIHBIX aTOMOB OMpelie-
asiemoro anemenTta. Tak, Bi 3[ITA™ mepeBoauT Mo 3aBepiIeHUH MUPOTIU3A CBU-
HEll U KaJIMUH B METAJJIMYECKOE COCTOSIHUE, a He B okcul. IIpucyrcrBue monu-
dbukaropa BeAeT K 00pa30BaHUIO HA CTAANM MHUPOJH3a, HAPSALY C MPOCTHIMU TIpe-
JTATOMHU3AIMOHHBIMY COCTMHEHUSMH aHAJINTA, TIPOYKTOB BHICOKOTEMIIEPATYPHO-
ro paszjoxkeHus: Mmoaudukaropa — okcuaoB Bi,Os, NiO, Fe,0s, meTamios — Bi, Ni,
0ojiee CIOXKHBIX coequHeHu — Hamnpumep, pepputoB NaFeO, u np. OcHoBHOE
JEeUCTBUE XUMHUYECKUX MOJU(PUKATOPOB — TEPMUUECKAsi CTAOMIN3alls aHAINTA U
paszeneHre aHajauTa U MaTPULIbl — MOXKET OBITh XOPOIIO 0OBSICHEHO 00pa30BaHHU-
€M CMEIIaHHBIX OKCHJIOB, MHTEPMETALIUIOB M JAPYTUX COCAUHEHUM, HAIpumep,
dbeppuToB, Ha TpeIBAPUTEIBHON cTaauu aTomu3auuud. ComocTaBleHUE dKCIEPH-
MEHTAJIbHBIX JIAHHBIX C JIAHHBIMH TaOJI. 5.5 CBHUJIETEIIbCTBYET, YTO YBEIMYCHHUE
MaKCHUMAaJIbHO JIOMyCTHUMOW TeMIepaTypbl MUPOJIM3a U MPUPOCT CUTHANA HaOIo-
JTAETCSl TOJIBKO B TOM CiIy4ae, KOrja MpeIaToMU3allMOHHbIE COeIMHEHUST MOIUDU-
KaTropa M aHaJuTa MPeACTaBISIOT COO0N POJCTBEHHBIE COCUHEHHUS, T.€. METaLI-
MeTaJlI, OKCHI-OKCHJ, a mHOTIa U cyiabdua-okcun (B cinyuae Be—Fe DJITA™), Ho
HE METAUT-OKCUJ. MOXKHO TPEIONIOKUTh, YTO 3TO OOBIACHICTCS (HU3HMUECKIMU
dakTopamu (CTENEeHb IUCIIEPCHOCTH, CMAaYyMBAaeMOCTh BEIECTBA pAcIsIaBaMH H
T.1.), 0OyCJIaBIIMBAIOIIMMHU B3aMMOJICHCTBUE MPEIATOMUBAIMOHHBIX COSIMHEHUN
aHanuTa U Moaudukaropa. B tex ciywasx, korga gpuznyeckue QpakTopbl cocoo-
CTBYIOT MX BBICOKOTEMIIEPATypPHOMY B3aWMOJICHCTBUIO, HAOIIOIAETCS BhIPaKeH-
HbII aHanuTU4Yeckuil 3¢ ek, T.e. B 3TOM cityuae Moaudukatop 3pHeKTUBeEH.

Takum 00pa3zom, TEPMOJUHAMUYECKOE MOEIUPOBAHUE BBICOKOTEMIIEpa-
TYPHBIX MPOIECCOB MUPOJIN3A, AaTOMU3AIUMU U JP. B IJIAMEHHU U DJIEKTPOTEPMUYE-
CKHUX aTOMHU3aTOpax MO3BOJISIET MPOTHO3UPOBATH MOBEICHUE COCIMHEHUN ompee-
JISIEMBIX AJIEMEHTOB, BBHIOMPATh ONTHUMAJIbHBIC YCIIOBUSI ONPEIECICHHS, CIIOCO0CT-
ByeT MOUCKY Oosiee 3 (HEKTUBHBIX XUMUUECKUX MOAU(PHUKATOPOB.

5.4. MNomexn B aTOMHO-abCOPOLMOHHOM CNEKTPOCKONMM ¢ rpadmTo-

BOU NeYblo

du3uyeckue nomMmexu e 2pagpumoeou neyu. Brusaue puU3NIECKUX
CBOICTB pacTBOPOB Ha MPABUIBHOCTh PE3yJbTAaTOB B AaTOMHO-a0COPOLMOHHOM
CHEKTPOCKONMUHU ¢ rpadUTOBOM MEYbI0 MEHEE CYIIECTBEHHO, YeM B IJIaMEHHOM
aHanuse. OTHaKo, BSI3KOCTh PAaCTBOPOB MOYKET BIMUATH HA IIPOLIECC €T0 AO3UPOBa-
HUs B rpaUTOBYIO TPYOKY: pacTBOPHI C OOMIBIIEH BA3KOCTBIO (HAllpUMEP, C BBICO-
KOM KOHLIEHTpalMed KUCIOTbl) MOTYT OCTaBaThCsl B HAKOHEYHHKE J03aTOpa, HE
nocturas neud. HaoGopoT, pacTBOpbl ¢ Majioil BA3KOCTBIO MOTYT BBITEKAaTh U3 Ha-
KOHEYHUKA, HE JOCTUTas Meur. DTU MpoOJeMbl peliatoTcs: pa30aBiIeHueM pacTBO-
POB C BBICOKOHM BA3KOCTHIO M MPABUIBHOM TEXHUKOW MHXKEKIIMHA pacTBOpa B rpa-
¢dbuToByto neyb. [I0BepXHOCTHOE HATSKEHUE U BSI3KOCTh PAcTBOpPa MOTYT CKa3bl-
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BaTbCsS Ha BOCIPOU3BOJAMMOCTHU €0 paclpeesieHus] BHYTpU TpadUToOBON TpyOKH,
BJIUSTH HA CTENEHb Pa30pbI3rMBaHMs 00pa3lia Ha CTAAUH CYLIKH.

Wcnapenue aHanuta U3 pa3iMyHbIX MOJOXKEHUN HA MPOJOJILHOM OCH rpa-
(GbUTOBOM TPYOKH MOXKET BJIMATH HA U3MEPSIEMbII CUTHAI B PE3YJIbTAaTe BO3JCHCT-
BUs 1BYX (bakTopoB. Bo-nepBrIX, BpeMs npeObIBaHKUs aTOMOB B rpa)UTOBOM IEeUn
CWJIBHO 3aBUCUT OT TOTO, KakK JIaJeKO OT IEHTPa TPYOKH MPOUCXOIUT MPOIIECC HC-
MapeHusi, aTOMbI, UCTIAPSIONTUEcs OJMKe K KOHIIAaM TPYyOKH, B MpoIlecce UX y/a-
JeHusT U3 TPYyOKH NOJDKHBI OyIyT MPONTH MEHBIEE PACCTOSHUE J0 €€ KOHIIOB,
4eM Te, KOTOPhIE UCTIAPSIOTCS B IIEHTPEe TPYOKu. ITOT 3pdekT OyaeT 3ameTeH mpu
MpEKpaIleHUH MOJa4l MHEPTHOTO ra3a Ha CTaJIUM aTOMU3AlUH, T.K. IIPU 3TOM OYy-
JIET OTCYTCTBOBAaTh KOHBEKIIMOHHBIM MOTOK, MPUBOMISIINN K BBIHOCY aTOMOB W3
TpyOKHU 4epe3 e€ IeHTpaIbHOe OTBEepCTHE. BO-BTOPHIX, B 3aBUCUMOCTH OT KOHCT-
PYKLIMHU aTOMH3aTOpa B IrpaUTOBBIX TpyOKax B OOJIbIIEH WIIM MEHbBIIEH CTENEHU
HMEET MECTO rpaaueHT Temmeparyp. OOBIYHO LEHTpalibHAs 4YacTh TPyO4aTOro
aToMu3aTopa MPUOIU3UTEIHLHO W30TEPMHUYHA TIPU MPOTEKAHUU CTaIUN MUPOJIH3a
u aromuzaiuu. [loaTomy HeOonbIIOE pacTekaHue oOpasiia, 3aKI0YEeHHOrO B 1EH-
TPaJIbHYIO YaCcTh TPYOKH, HE OKA3bIBACT CYIIECTBEHHOI'O BIUSHUS Ha BOCIIPOM3BO-
JUMOCTH Pe3yJIbTaTOB.

CooTtBeTcTBUE PU3NYECKUX CBOMCTB 00pasiia U rpaJlyupoBOYHOTO PacTBO-
pa SIBJISIETCS. BAXKHBIM yCJIIOBUEM B AJICKTPOTEPMHUYECKON aTOMHO-a0COpOIIMOHHOM
cnektpockonuu. CocTaB IpalyupOBOYHBIX PACTBOPOB JOJDKEH OBITH OJIU30K CO-
cTaBy oOpasiia, 4ToObl YMEHBIIIUTh PA3HUILY B TAKUX CBOMCTBAX, KaK MMOBEPXHOCT-
HOE HATSKEHHUE U BA3ZKOCTbD.

JIist MHOTHX 3JIEMEHTOB HET 3HAYUTEIbHOW Pa3HUIbI B OTKIIMKE MEXKIY
IpalydpOBOYHBIMU PACTBOPAMHU, MPUTOTOBJICHHBIMU Ha JUCTUIUIMPOBAHHOM BOJIE
U Ha BOJIHBIX PacTBOpax, CoJAepKalluX HECKOJIbKO MPOLEHTOB MUHEPAIbHBIX KHU-
cnotT. Pa3nuuusi B curHaje CTaHOBSTCS 3aMETHBIMHU C YBEIMUYEHUEM KOHIIEHTpa-
uu KucaoTel. [Ipu Gosee BHICOKMX KOHIEHTPALUSIX KUCIOThI MOKHO KOHTPOJIHU-
pOBaTh CUTHAJ MOJXOJSAIIUM BEIOOPOM yCIOBUH CyIIKA. OHHM JOJKHBI OBITH BBI-
OpaHbl TaKUM 00pa3oM, YTOOBI 00ECTIEUNTh MTPAKTUYECKU OJIMHAKOBYIO JI€COJIbBa-
TallMI0 TPayUPOBOYHBIX PACTBOPOB U aHAIM3UPYEMBIX 00pa3LoB. /s BBeaeHUS
oOpaslia jKellaTeJIbHO MOJIb30BaThCA ABTOMATHYECKUM J03aTOpOM (aBTOcCaMILIe-
pOM), T.K. TIPU 3TOM JIOCTHUTAETCS Jydlllas BOCIHPOU3BOJAUMOCTD TMOJIOKEHUS 00-
pasua B TpyOke. Ecnu rpaduToBBIi aTOMU3aTOP YKOMILJIEKTOBAH aBTOJI03aTOPOM,
TO TPUTOTOBIICHUE T'PAyUPOBOYHBIX PACTBOPOB U aHAJIN3 0OpPa3IOB MOTYT OBITh
BBITIOJTHEHBI aBTOMAaTH4YeCKHU. JlJisi 3TOro aBTO03aTOp MPOrpaMMHPYIOT Ha CMe-
[IMBAHUE PA3TUIHBIX 00BEMOB I'PATyUPOBOYHBIX PACTBOPOB U PACTBOPOB 00pasIia
C XOJIOCTBIM PACTBOPOM JUTsI TIOTYUYEHHUS OJMHAKOBBIX OOIUX 0OBEMOB pacTBOpA,
HACKOJIBKO 3TO BO3MOXKHO.

Xumudyeckue nomMexu. XvMUUYeCKHE TMOMEXH TPEOYIOT, KaK MPaBHIIO,
0O0JIbIIIer0 BHUMAHUS JIJIs1 00ECIIeUeHHsI TOYHOCTH pe3yJibTaTa aHaim3a. OHU nuMe-
IOT MECTO, KOT'/1a KOMIIOHEHThI MaTPHUIIbl OKa3bIBAIOT BIUsSHUE HA 3 (PEKTUBHOCTH
aTOMM3AIMU aHAJIUTA.
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XVUMHUYECKHE TMOMEXH MOXHO YCIIOBHO KJIaCCHU(UUUPOBATH CIEAYIOIIUM
o0Opazom.

1. O0Opa3zoBaHu€e aHAIUTOM JIETYYUX COCIUHEHUMN, MPUBOJSILIEE K €ro Mo-
Tepe MPHU CPABHUTEIHHO HU3KUX TEMIIEpaTypax J0 CTalud aTOMHU3AIUU (BO3MOXK-
HO, HA CTaaUsAX CYIIKM WK muponu3a). Hampumep, MHOTHE MeTaibl 00pa3yroT
CTaOWJIbHBIE KOBAJICGHTHBIE XJIOPHUbI, U B MPUCYTCTBUU OOJBIIOrO M30BITKA XJIO-
PUI-MOHOB METAJIJI MOXKET YJIETYUYUBAThCA B BUAE XJIOPUJA €IIE 10 TOTO, KaK Mpo-
M30MJIET €ero aToMu3alus. ITO XapakTepHO, HAIpUMED, ISl TAKUX SJIEMEHTOB, KaK
CBUHEII, OJIOBO M IIMHK. VcnapeHue aHanuTa B BUJE XJIOPUAA MOXKET MPUBECTU K
OOJIBIIIMM €T0 MOTEPSIM.

Haunbonee nogxoasumm crnocoboM ycTpaHeHHus: 3Toro 3¢ dexra sBisercs
n00aBIIEHHE ONPEEICHHBIX XUMHUYECKUX BEIECTB — MOAU(PUKATOPOB. Y UYUTHIBAs
3HAYMMOCTh BOIIPOCAa XUMHUYECKOTO MOJIU(DHUIMPOBAHUSA BBICOKOTEMIIEPATYPHBIX
MPOLIECCOB aTOMU3ALIMH, eMY OyJIeT OCBSIIEH OTAEIbHBINA pa3ien.

2. OGpa3oBaHuEe OJHOTO WM HECKOJIbKUX OTHOCHUTENIBHO YCTOMYMBBIX CO-
CAMHEHUI aHalIuTa C 3JeMEHTaMU MaTpUllbl. ITO MOXKET MPUBOJIUTH KaK K CHH-
KEHUI0 3P(HEKTUBHOCTH aTOMHU3AIMHM, TaK U K TOSIBICHUIO HECKOJBKUX IMHKOB
aTOMM3AIMH, TTOCKOJIbKY TeMIlepaTypa WX MOSBICHUS 3aBUCUT OT MPHUPOABI MPO-
MEXYTOYHBIX XUMUYECKUX (POpPM aHAIHTA.

HekoTtopsle 351eMeHTHI py B3aUMOJIEHCTBUM ¢ TpaduToM TpyOKH oOpasy-
I0T CTa0WIbHBIC KapOUIbl, KOTOPHIE TPYIHO PA3IOKHUTh J1a)Ke€ MPHU BBICOKHX TEM-
neparypax atomuzanuu. O6pazoBanue KapOUJOB MPUBOAUT K CHUKEHHUIO YyBCT-
BUTEJIbHOCTH OIPEJEICHUS, K MOSBJICHUIO 3HAYUTEIBHOTO CUTHAla MaMsTH, T.€.
CUTHaJja, MOJIy4aeMOoro Mpy MOCeayIolled aToMu3aluu 0e3 1ooasiaeHust ooOpasiia.
KapOunoobpasytoiye Meranibl, KOTOPbIE €IIe MOKHO aHaJIU3UpPOBATh B rpadu-
ToBOM mneuu, 3to Ba, V, Mo, Ti. Onnako o0pa3yroiine ycTOHYUBbIE KapOuabl Me-
tamuibl Ta, W, Zr He MOTYT YCIEIIHO aHAJIU3UPOBAThCS B TPaUTOBBIX Mevax. Xu-
MUYECKHE TIOMEXH MOTYT OBITh A0 HEKOTOPOMl CTENEHW CHMXKEHbI IyTEM TIla-
TEJIBHOT0 BHIOOpA MapaMeTPOB CTA/IUU MUPOIU3a, YTOObl YMEHBIINUTh KOJIHMYECTBO
MaTpHIIbl, OCTalOIIEHCA K Hayally aTOMHU3alKU. DTH MOMEXH 4acTO YMEHbIIAIOTCS
IIPY UCTOJB30BAHUH MOBBIIICHHOW TeMIepaTypbl aTOMHU3alMU, & TTIOCKOJIbKY aTo-
MU3alus ¢ MmIaThopMbl MO3BOJSET 3HAYUTENBHO YBEIMYUTH TEMIIEpaTypy 3TOH
CTaJINM JIJI1 MHOTUX DJIEMEHTOB, TO UCITIOJIb30BAHUE MUPOTUTHIECCKON TUIATHOPMBI
MOJKET MPUHECTH OOJBIIYIO TOJIB3Y B MPAKTUUECKUX aHATU3aX.

Haubonee pacnpoctpaneHHBIM 3P (HEKTUBHBIM CIIOCOOOM YCTpaHEHUS XU-
MHUYECKHX TIOMEX SBIIAETCS XUMUYecKass MoAuduKanus oopasia, T.e. 100aBieHne
BEILECTBA WJIM CMECH BELIECTB, KOTOPbIE OKA3bIBAIOT BIMSHUE HA JIETy4ECTh KOM-
MMOHEHTOB MPOOBI (MATPHIIHI UM AHAIIATA).

CnekmparsnbHbie noMexu. CriekTpalbHble IOMEXHU B DIICKTPOTEpMUYC-
CKOM aTOMHU3aTOpe UMEIOT Ty K€ MPUPOJY, UTO U B IuIaMeHHOM. CBET MOTJIOMIAI0T
HE TOJIbKO aTOMBI OINpPEIENSIEeMOro 3JIEMEHTa (CEJEKTUBHOE MOTJIONIEHUE), HO U
MOJIEKYJIbI, 00pa3yronIrecs Ipyu I1eCTPYKIUU MATPUIIbl, UK aTOMbI COITYTCTBYIO-
[IMX JIEMEHTOB (HECENIEKTUBHOE (DOHOBOE MJIM HEATOMHOE TorJioiieHue). Pe3yns-
TUPYIOIIEE MOTJIONICHUE 3aBUCUT TAK)KE OT TETUIOBOT'O U3JIyYSHHS] HArPETO Meuu.

122



CnexTpanpHbIE IOMEXH, BbI3BAHHBIE IPYTHUMU 3JIEMEHTAMU, UMEIOT MECTO,
KOTJa CIEKTPAJIbHBIE JIMHUM MEIIAIOUIEr0 M aHAJIU3HPYEMOIrO 3JIEMEHTOB IEpe-
KpbiBatoTcs. K cyacThio, 3TOT TUI OMEX JIOCTATOYHO PENIOK Mpu padore ¢ rpadu-
TOBOM IEYBIO W3-3a Y30CTH MCIIOJIb3YEMbIX CIEKTPaJbHbIX JIMHUW. Kpome Toro,
pa3paboTKa MOAXOAAIINX TEMIIEPATYPHBIX MMPOTPaMM U UCIOJIb30BAHUE JIAMIT BbI-
COKOH CIIEKTPaJIbHON YMUCTOThI B KAYECTBE UCTOYHUKA CBETA MOKET MUHHUMU3HUPO-
BaTh BO3MOKHOCTb MPOSIBIICHUS] TIOMEX 3TOT0 THUIIA.

DoHOBOE (HECEJIEKTUBHOE) IMOTJIOIIEHUEe OOBIYHO BBI3BAHO WM MOJICKY-
JISIPHBIM TIOTJIOIIEHUEM COJIEH, KOTOpbIE, MCHapUBLIMCh, MONAAAl0T HA ONTHYE-
CKHI IyTbh, UJIU PACCESTHUEM CBETA HAa OTJEIbHBIX YaCTHUIAX BEIIECTBA MPHU HCHa-
pPEHUU MAaTPUYHBIX KOMIIOHEHTOB Ha CTaJuM aToMu3auuu. PaccesHue cBera
OOBIYHO UTPaeT HEOOJBIIYIO POJIb, B TO BPEMsI KaK IIMPOKOMOJIOCHOE MOTJIOIIEHHUE
MOJIEKYJIIPHBIMHM 4YacTULaMU 0oJiee CyIECTBEHHO. [10I0Chl MOJIEKYISIpHOTO TO0-
TJIOMICHUS] MOTYT IPOCTUPAThCS HA HECKOJIbKO COTEH HAHOMETPOB, yBEIMYMUBAs
TEM CaMbIM BEPOATHOCTH CIEKTPAIbHBIX MOMeX. VIMEHHO Takol THIl CHEKTpalib-
HBIX IOMEX HamOoJiee pacpoCTpaHeH MpH aHaIu3ax ¢ rpa@uToBoii neusto. Benu-
YIHA HEPE30HAHCHOTO ((POHOBOTO) MOTJIOMICHUS MOXKET CUIIbHO U3MEHSTHCA B 3a-
BUCUMOCTH OT Tuma oOpasma. I[loatomy sddexkTuBHOCT (HOHOBON KOppEeKIUU
npudopa MOKET 3aBUCETh KakK OT MCIOJIb30BAHHOM JJIMHBI BOJIHBI ONPEIEIISIEMOTrO
AJIEMEHTA, TaK U OT NPUPOJbl U BEJIMYUHBI IOMEX.

[Ipn ananuze B rpaduTOBOM MEUYM HECEICKTUBHOE MOTJIOMIEHUE MOXKET
OBITh 3HAYMTENILHBIM Ha JUTHHAX BOJIH 10 340HM, U (OHOBBIN CUTHAT MOXKET TIpe-
BocxoauTh 1,0 abcopOrmonnoctu. CymiecTByeT Tpu criocoba 60pbObI ¢ ITHM SIB-
JICHUEM:

— Koppekuus (oHa;

— TIOoAXOASAUIEE MPOrPaMMHUPOBAHUE TEMIIEPATYPHI;

— XHUMHYECKasi MoJU(pUKaIus.

Kak yxe ormeuanoch paHee, KOppekiuio (poHa ciaeayeT NPUMEHITh Bceraa
npu aHaiau3e B rpadutoBoil meun. Bo-mepBbIX, YTOOBI MONYYUTH JOCTOBEPHBIN
aHAIMTHUYECKUI pe3ysibTaT. Bo-BTOPBIX, YTOOBI YCTaHOBUTH, NEHCTBUTEIBHO JIH
UMeEET MECTO (DOHOBOE IMOTIJIOIICHHE, U U3MEPUTH (POHOBBIA CUTHAJI, €CJIA ATO He-
00xo1uMo. B-TpeTbux, 4T00BI MPOBEPUTH 3PPEKTUBHOCTD IPYTUX MEP.

Ceppe3Hyto mpo0semMy NpH aHaIHM3€ CI0KHBIX MATPHI] COCTABIISIET HaJIM-
Yyhe CTPYKTYPUPOBAHHOro (oHa, T.€. pAla Y3KHUX MOJIEKYJSAPHBIX MOJOC OKOJIO
auHUM aHanuta. Takoi (oH HaOIoAaeTcs, HapuMep, MpU ONpPE/IETICHUHU CIEI0B
As, Se, P B matpuriie FeCl;. Haubonee paaukanbHo npobiema ydyeTa Takoro (oHa
pemaeTcs ¢ MOMOUIIBI0 3€EMAHOBCKOWM KOppeKIuu. JleMTepueBblii KOPPEKTOP B
ATUX CIIy4asix MOXKET JlaBaThb HENPaBWIbHBIA pe3ynbTat. [IpeumyniecTBoM 3eema-
HOBCKOW KOppeKIUU (OHA SBISETCS TAKKEe BO3MOKHOCTb Y4YeTa HECEICKTHUBHBIX
MIOMEX BO BCEM JIMANa30HE JIJIMH BOJIH CIEKTPOMETPA, B TO BpeMs Kak JEHCTBUE
JEUTEPUEBOTO KOPPEKTOPA PaCIpOCTpaHSIETCs JIMIIb Ha YIbTPaduoIeTOBYIO 00-
nactb (1o 400 Hm).

JloGaBka Ha CTaauy MUPOJIM3A K MHEPTHOMY Ta3y APYroro (IOTOJTHUTEb-
HOT'0) Ta3a, HampuMep, KUCI0poia JJis OPraHMYEeCKUX MaTpUILl WIK BOJOPOAA JJIs
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raJIOTeHUIHBIX MAaTpHI, MOXKET CIOCOOCTBOBATh 3HAUYUTEILHOMY CHUKEHHUIO He-
CEJICKTUBHOI'O TIOTJIOLIEHUSI M XMMUYECKUX MOMeX B razoBoi ¢aze. B mepBom
cllydae KHCJIOpPOJ CIocoOCTByeT Oosiee ObICTpoMY U 3(PGHEKTUBHOMY YIaJICHUIO
OpPraHUYECKOM COCTABIISIONIEH MPOOBI, BO BTOPOM — YAAJIICHUIO TAJIOT€HUI-UOHA B
BHU/IE TAJIOTEHBOJIOPO/Ia M YCTPAHEHUIO €r0 BIMSHUS Ha aHAJIUT.

3HAUUTEIPHO CHU3HUTH BEJIMYMHY HECEJICKTUBHOI'O TMOTJIONMIEHUS MOXKET
BBEIOOp TEMIIEpPaTypHO-BPEMEHHOW MpOTrpaMMbl HarpeBa aromuzatopa. llens mpo-
rpaMMHPOBAHUS TEMIIEPATyphbl MPU HAMMYUK (HOHOBOTO TOTJIOMICHUS COCTOUT B
TOM, YTOOBI:

— YIaJUTh BEIIECTBO MATPHIIbI, BhI3bIBatoIIee (POHOBOE MOTIIONIEHUE, /10
CTaJUu aTOMU3aIMU 0e3 MOTepU aHAIIUTA,

— CO3/1aTh MEX]y CUTHAJIOM (JOHA M CHUTHAJIIOM aHalMTa TaKOW BPEMEH-
HOM MPOMEXYTOK, 4TOOBI 3TH J[Ba CUTHaJa HAOJIIOMATUCh U U3MEPSUIUCH IO OT-
JETbHOCTH.

Ecnu 5T0 mpakTudeckue HeoCyIecTBUMO, HE0OX0IUMO HCTIOIB30BaTh XH-
MuYeckue MoaupukaTopbl. Hem30TepMHYHOCTh aTOMHU3aTOpa CO3/JA€T YCIOBHS
JUIsi 0Opa30BaHUs MOJIEKYJI M YBEJIMUYMBACT HECEIIEKTHUBHOE Torjomienue. [1oaTo-
MYy OJIHHM U3 CIIOCOOOB OOpHOBI ¢ HECEIICKTUBHBIMM TIOMEXaMH SIBJISICTCS aTOMH-
3anusl TP U30TEPMHUYECKUX YCIOBHUSAX. ATOMH3AIUA ¢ TIAT(HOPMBI TIPU MaKCH-
MajJbHOW CKOPOCTH TIOBBIIICHUS TEMIIEpAaTypbl Ha CTaAWuM aToMH3aruu (>
2000°C/c) crocoOCTBYET CHHXKEHHIO HECEIEKTHBHOIO IOIJIOIIEHHUS, OJHAKO MPU
HTOM MOABISETCS ApPYyTas TPYAHOCTb — HEOOXOAMMOCTb KOMIICHCAIIUU HEeCeJeK-
TUBHBIX TOMEX TpHU Pe3KOM (OBICTPOM) BBIXOJI€ AHATUTHUYECKOTO CHUTHAja, YTO
TpeOyeT HaTu4Msl B CIIEKTPOMETPE CHUCTEMBI OBICTPOIl 00paboTKK curHana (ObICT-
POACHCTBYIOIIETO KOPPEKTOPA).

OcranoBuMcs Ha 3¢ deKTe 3acBeUrMBaHMs OT Meud. B HOpMalbHBIX yCIo-
BUSIX CBET, UCITyCKAEMbI CTCHKAMU TPYOKU TIEYH W JTOCTUTAIOIINI JETEKTOpa, HE
OyZIeT BBI3BIBATH HUKAKUX TPOOJIEM, T.K. SBISETCS CTAIMOHAPHBIM TIO TIPUPOJIE.
OH yBenMYMBAET MOCTOSHHYIO COCTABJSIONIYI0 CUTHala M JIETKO MOXET OBITh
CKOPPEKTUPOBAH 3JIEKTPOHUKOHN mpuOopa. OJIHAKO, MOXKET CIIYYUTHCS, UTO U3IY-
YeHUEe OT TeYH, JOCTUraromee (HOTOyMHOKUTENS, HACTOJbKO UHTEHCUBHO, YTO
MOCTOSTHHO JCHCTBYIOIINI CUTHAN (MOCTOSIHHASI COCTaBJIsAIONIast curHana) shpdek-
TUBHO «3aTOIUIAET» IIE€Nb YCUIIUTENS IETEKTOpa U MOCTOSHHOE HAMPSKEHUE CMe-
HICHUS] HE MOXET ObITh MPUJIOKEHO NJIsl MOJyYeHHUs NPaBUIbHONW Koppekiuu. B
ATOM CiIy4ae MOXKET HaOJII0AAaThCsl CMEILEHNE HYJIEBOM JTMHUHU, COOTBETCTBYIOIIIEE
omnbke B Koppekiuu. GOTOTOK, BOZHUKAIOIIUN B (POTOYMHOXKHUTENE, COOTBETCT-
BYET NPHOIU3UTENLHO JarHe BoHbl S00HM mpu Temmeparype meun 2700 °C. Tlo-
HTOMY BEPOSITHOCTh BKJIaJa B BEJIMYMHY CHUTHAJTA M3JIyYEHHUS OT Meud Hambojee
BEJIUKA JIJIS1 DJIEMEHTOB, OCHOBHBIE a0COPOITMOHHBIC TMHUU KOTOPHIX JIEXKAT B paii-
oHe 500HM U KOTOpbIE TPEOYIOT BHICOKOM TEMIEPATYpPhl aTOMHU3ALMU. DTO TaKUe
anemenTsl, kak P33 (Dy, Er, Eu, Tb), Ba u Ca.

AToMu3aTop Bcerjga JOJDKEH ObITh YCTAHOBJIEH TaKUM 00pa3oM, YTOOBI
MUHHUMAJIbHOE KOJMYECTBO H3IYUYEHHS] OT TEYM JIOCTUTano (HOTOYMHOKHUTEINS.
OOBIYHO 3TO MOXET OBITh TOCTUTHYTO PErYJIUPOBKOM BBICOTHI MTEYM TaKUM OOpa-
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30M, 4TOOBI Yepe3 Hee MPOXOJUI MaKCHUMyM CBETa OT JIAMIIbI C MOJBIM KaTOJIOM.
Kpome Toro, MoxeT ObITh UCIIOJIb30BaHA YMEHbIIEHHAs (peAyLIMPOBAHHAs) BBICO-
Ta IeJIM B TEX ClIydasix, Korjaa 3to tpedyercs. [lepen Hadyanmom aHaiusza HEOOXO-
JMMO TIPOBECTH XO0JIOCTOM 00T meun (6e3 oOpasma) sl Toro, 9To0bl OBITH YBe-
PEHHBIM, YTO HET CMEIIIEHUS HYJIEBOU JTUHUU BCIEACTBUE IMUCCHUHU.

Cucmemamu4eckue rnoepewHocmu. [ToMruMo MaTPUYHBIX BIUSHHM,
CBS3aHHBIX C PA3NMUYUAMH MEX]Yy COCTAaBOM TI'PaJyMPOBOYHBIX PACTBOPOB U pe-
aJIbHBIX 00pa3LOB, Ha PA3JIMYHBIX CTAIUSAX aHAJIM3a MOTYT BO3HUKATh U APYIHe
po0JIeMbl, KOTOPbIE CTOCOOHBI OKa3bIBaTh BIUSHUE HA TOYHOCTh U MPABUIILHOCTD
pe3ynbTaToB. OCHOBHBIMU MOTEHIIMAIBHBIMUA HCTOYHUKAMHU OIIMOOK SBIISIFOTCS:

a) 3arpsi3HeHue Tpyoku (rpaduToBoil meun);

0) 3arpsi3HeHHE TOCY/Ibl U PacCTBOPOB (peareHToB, KOHTEIHEPOB, MOAUDH-
KaTopoB);

B) IaMsITh TPYOKH.

B HOBBIX rpaUTOBBIX aTOMU3AaTOPAaX MOTYT MPUCYTCTBOBATH CIEbl HEKO-
TOPBIX AJIEMEHTOB KaK CJEACTBHE Ipoliecca U3roToBieHusa. TpyOku MOryT ObITh
JIETKO OYHIIEHBI B TIpoiiecce 2-3 X0aocThiX 00KuToB (0€3 BHeceHus oOpasiia) nmpu
temrepatrype 2700 °C, mpu KOTOpOi yaaisiercsi GOJIBIIMHCTBO Ipumeceit. [l
3JIEMEHTOB, TEMIIEpaTypa aroMu3alu KoTopsix Beime 2700 °C, TpyOka 1o/KHA
OUYMUIATHCS MPU PEKOMEHIOBAaHHOHN TeMIiepaType aroMu3anuu. Heobxoaumo nos-
TOPSTH 3TOT MPOLECC 10 TEX MOp, NOKa He OyAET MOIYUYeH MOCTOSHHBINA YPOBEHb
CUTHAJIa OT XOJIOCTOTO pacTBOpa.

Jlo Havana aHAJIM30B JOJIKHO OBITH yJIaJEHO 3arpsi3HEHHE JIOOBIX peareH-
TOB, XUMUYECKOT0 MoaupukaTopa Wid nocyasl. B rpadguroBoii meun BbICOKas
CTeNeHb OYMCTKHU HCIIOJIb30BAHHBIX PEAreHTOB M MOCY[Ibl OY€Hb BakHa. Bcerna
HEO0OXOJIMMO MPOBOJUTH aHAIU3 XOJOCThIX pacTBopoB (blank). I[Ipu s3ToM HEoO-
XOJIMMO TOTOBUTH U KOHTPOJIUPOBATH CIEAYIOIINE XOJIOCThIE PACTBOPBI.

Kanu6GpoBouHsblif X010cTOM pacTBOp — (HDOHOBBIM PacTBOP, MCIOJB3YIO-
HIMICS U1 MPUTOTOBJICHUS U pa30aBiIeHUs] TPaayHUpOBOYHBIX PACTBOPOB (Ualle
Bcero 0,1-1% pactBop a30THOM KUCHOTHI). KanOpOBOYHBIN XOJIOCTOM OMBIT — 3TO
HYJIEBOW IPaJyUpPOBOYHBIA PACTBOP, UCIIOIB3YEMBIN Ul aBTOMAaTHUYECKOW yCTa-
HOBKHM HYJII B aTOMHO-a0CcOpOLIMOHHOM criekTpomeTpe. [lo BennunHe curnana xa-
JUOPOBOYHOI'O XOJOCTOIO MOXKHO CYJIUTh O 3arpsi3HEHHH HCIIOJIb30BAaHHBIX pea-
IeHTOB (BOJAA, KHCIIOThI) ONpENEISIEMbIM 3JEMEHTOM. B ciyuae, eciim MeTonuka
IpeanojaraeT MCMOoIb30BaHUE MOAM(PHUKATOPOB, MPH aHAIM3E KaIUOPOBOYHOTO
XOJIOCTOTO pacTBopa A00aBIsAETCd HEOOXOJMMOE KOJIMYECTBO MOJU(pUKATOpa.
Hepenko BBICOKMI CHTHAJ MOTJIOIIEHHS KATMOPOBOYHOIO XOJIOCTOrO CBA3aH C 3a-
IpA3HEHUEM MOAM(PUKATOPA OMPEAEIIEMbIM FIEMEHTOM.

JlaGopaTopHBIil XOJIOCTOW ONBIT OJKEH COJIEPKAaTh BCE PEAreHThl B TEX
e caMbIX 00beMax, KOTOpbIE UCIOJIB3YIOTCS MpU 00paboTke 06pa3ioB. OH 10JI-
’KEH BKJIIOYATh MOJHYIO cXeMy oOpabOTKH 00pa3loB, B TOM YHCIE Pa3IOKEHUE
POOBHI.

OrnonackuBarIIM XOJOCTOM pacTBOp — PacTBOP, HMCHOJIb3YEMBIN IS
MIPOMBIBAHUSI CUCTEMbl aBTOMATHYECKOTO JO3UPOBAHUS MPU UCIOJIL30BAHUU aB-

125



Tomata npobdonogaur. OObIYHO AJIA 3TUX LIeJIel UCMONIBb3YIOT OMAUCTUITUPOBAH-
HYI0 WIH JACMOHU3UPOBAHHYIO BOAY C J00aBlieHHEM HEOOJBIIOr0 KOJIMYeCTBa
a3oTHOM KucaoThl (1:1000) umm moBEepXHOCTHOT'O aKTUBHOTO BeriecTBa Triton — X
100 (ipu paboTe ¢ OpraHMYEeCKUMU PACTBOPAMH ).

WU, nakonen, 06 r¢dpdekrax namsatu rpaduToBoi TpyOKHU. Psi smemMeHTOB —
Ti, Sr, Mo, V u ap. — o6pa3yeT craOuibHbIe TyTroIJIaBKUe KapOubl BHYTpHU Tpa-
(GbUTOBOTO aTOMHU3aTOPA, B PE3YyIbTATE YETO YaCTh OMPEACIIIEMOr0 3JIEMEHTa OCTa-
eTcsi B rpaduToBOM TpyOKe Tociie aToMu3anuu. B cBsi3u ¢ 3TUM BO BpeMs clie-
JYIOIIETO OIpPEACIICHUS MPOSBISIETCS] OCTATOYHBIN cUTHAM, T.€. dQPeKT mamsTu.
YMeHbmuTh 3G(HEKT mamMsITH MOKHO CIEAYIOIUMHU CITIOCO0aMMU:

— YBEJIIMYEHUEM TeMITepaTyphl HJIK BpEMEHEM aTOMHU3AIIHH;

— BKJIIOYEHUEM B KOHIIE aHAIUTUYECKON MPOrpaMMBI I11ara OYUCTKH TPYOKH,
00eCIeYnBaIoIIero MOJHOE YAAICHHE OCTATKOB OIPEIEIISIeMOro 3JIeMEHTa TpH
MaKCHUMaJIbHOM IMOTOKE 3alllMTHOTO Ta3a.

OddexThl maMsITH MOXHO OOHAPYKUTh MPU BHITIOJIHEHUH XOJOCTOTO 00-
JKUTa aToMmu3aropa (T.e. B OTCYTCTBUM 00pasima). Eciu curHanm st XoJocToro 00-
Kura OoJIbIlie, YeM MPU MOCIEAYIOIIEeM 00XHUIe B MPUCYTCTBUU XOJOCTOTO pac-
TBOpa, TO HEOOXOIUMO TIPEANPUHATD IIATH JIJIsT YMEHbIICHHS 3P deKTa maMsTH.
5.5. dnekTpoTepmMmuyeckoe atoMHo-abcopOUMOHHOE onpeaereHue

TpyAHOATOMU3NPyeMbIX 3J1IeMEeHTOB

B kauecTBe aTroMM3aTOpPOB IS aTOMHO-a0COpOLIMOHHOIO aHaju3a IIu-
pPOKO mpUMeHsIOTC TpaduToBble neun. OAHAKO KPyr OMpeAessIEMbIX C HUMU
AJIEMEHTOB B OCHOBHOM OTpPaHUYEH JIETKO- W CPEAHEICTYYMMH METalaMHu.
OnpeneneHue TPYAHOJETYYHUX METAJUIOB CBA3aHO C HEOOXOJUMOCTBIO HC-
HOJb30BaHMs MaKCUMalbHBEIX Temreparyp Harpesa (2700-2800°C), omnako
Jake B OTOM Clly4yae IepeBe/IeHNEe 3JIEMEHTOB B ra3oBYIO a3y OKa3bIBaeTCs
3aMEUICHHBIM W HEMOJHBIM. DTO MNPHUBOAUT K MOSBICHUIO “NaMsTH’ TI€YH,
YMEHBIIIEHUIO YYyBCTBUTEIBLHOCTU H3MepeHuil. KpoMe Toro, BbICOKasi Temriepa-
Typa BbI3BIBA€T OBICTpOE paspylieHue rpaduTa U TOSBJICHHE ITyMOB OT 3a-
CBEeTKH (OTONPUEMHUKA pPACKaJCHHBIMH CTEHKaMHM TI€YM, a CJIEJO0BaTENbHO, U
CYILLIECTBEHHOE YXYIIECHUE NpPEeaesoB OOHApYKEHHUS.

K 4uciny Takux TpymHBIX I8 WUCMApEHUs B TPapUTOBBIX IMEUYaX METall-
JIOB OTHOCSITCSI: CKaHJWW, UTTPUM, JaHTAH, JAHTAHOUJbI (32 HUCKIIOYCHUEM WT-
TepOust), Oapuil, KPeMHHI, TUTaH, ypaH, UPKOHUM, BaHaguil U Jp. OCHOBHOMI
MPUYMHON HHU3KOM CKOPOCTHM UCIApPEHUs] YKa3aHHBIX SJIEMEHTOB B rpaduro-
BBIX Ie4yax sBJseTcs oOpa3zoBaHue Ooree TPYIHOJETYYMX IO CPABHEHUIO C
MeTajllaMi KapOUJOB OMNpeNesieMbIX 3JIEMEHTOB, a Takke oOpa3oBaHHME IH-
pPOYIJIEpOAUCTBIX 000J04YeK Ha yacTulax mpooObl. OueBUIHBIN crocod ycTpa-
HEHHUsI ATOr0 HEAOCTaTKa 3aKIIYaeTcsl B HM30JSIUU BBOAMMOW B aTOMHU3ATOP
mpoObl OT CTEHOK TpauTOBON IMEeUM WIM B IPUMCHEHHH O€3yriepoJUCThIX
reyen.

Pemennto mpoGiieMbl  aTOMHO-aOCOPOIIMOHHOTO OMpPEACICHUS TPYIHO-
aTOMU3HPYEMbBIX 3JIEMEHTOB C HCIOJIb30BAHUEM BJIEKTPOTEPMUUYECKUX aATOMHU-
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3aTOpPOB TMOCBSIIEHO MHOTO paboT. M3 pa3nuyHbIX MONBITOK Haubojee yc-
NENIHBIMU CJIEAYeT NPU3HAThH CIIETYIOUIUE:

l)Vcnapenue mnpoO C MOBEPXHOCTH TaHTAJIOBOM (osbru, kKoTopoir ¢dyre-
poBaHa M3HYTpU TpaduTOBaAS TEUb.

2)[IpuMeHeHre TaHTAJIOBOM JIOJAOYKUA MJIs M3OJAIMH TpoO OT rpaduta
MEYH.

3)Ucnapenne mpob6 ¢ TaHTanmoBoil Twiatrgopmbl B rpaduToBOM meuw, dy-
TEPOBAaHHOW TaHTAJIOBOW (DOIBTOM.

4)BBenenue npo6 B rpaduTOBYIO TIeYh HAa METAUIMUECKOM 30HAE u3 W-
IIPOBOJIOKH.

S)Ucnapenne npod B TpyOuaTOd me4M, LETUKOM M3TOTOBJICHHOM U3
BoJb()pamMa WM TaHTaJIa.

Otu mnpuemsl obOecneunBaroT A psga daeMeHToB  10-100-xpaTHbId
BBIUTPBIII B UYYBCTBUTEIBHOCTH OIpPEACIICHUS, YMEHbUICHUE TeMIepaTypbl
aTOMM3allMd U CHIDKeHHE 3(¢¢ekta namsatu neud. K coxanenuro, mociaeaHue
JBa TpuemMa TpeOyloT HEKOTOpOl MOoJau(UKaIMUd aTOMH3aTOpPa, PETUCTPUPYIO-
el cxeMbl M TMpoueAyphl HU3MepeHuil. Tak, UCTOIb30BaHUE IE€YU U3 BOJIb(Q-
pamMoBOil (oJIbrM TIpeAnojaraeT He TOJIbKO CMEHYy BCEro aroMu3aropa u
O0Jloka MHUTaHWS, HO W TPUMEHEHHE BBICOKOpa3pelIael ocuuiorpadpuye-
CKOM CHCTEMBI PETMCTPAllMU CUTHAJIOB. DTO CBA3aHO C MAJOW JUIMTEIbHOCTBIO
UMITYJIbCOB aOcopOInu, coctapisroniet B psae ciaydaeB 0,1 c. [lpu atom yt-
pauMBaIOTCd HEKOTOPBIE MPEUMYIIECTBA PACHPOCTPAHEHHBIX CHCTEM aTOMHO-
abCOpOILMOHHBIX CIEKTPOMETPOB, B TOM YHCJE€ BO3MOXKHOCTb HAJIEXKHOW KOp-
PEKLIUU CHEKTPaJIbHBIX MOMEX.

Kpome mnepeuncneHHbIX Bbllle HaumOosee 3(PPEKTUBHBIX NPHEMOB IO-
BBIIICHHUS] YYBCTBUTEJIBHOCTU OIPEAENICHUS TPYAHOATOMU3UPYEMBIX 3JEMEHTOB
NPUMEHSIOT TaKXe: MOKPBITUE CTEHOK IMe4YM IUICHKOM KapOuja TaHTaja WU
HUOOMSI TYTEM pa3JIOKEHUS METAJUIOOPraHUYeCKUX COeAUHEHUH, 00paboTKy
CTEHOK TIpa(UTOBBIX Me€Yel COJIAIMH LUPKOHUS WIM JaHTaHa, CyCIIeH3WEeH OK-
CUJia TaHTaja, COJIsIMU BOJIb(Ppama, TUTAHA, KaJIbIHUA.

Paccmorpum  Gonee moapoOHO HekoTOophlie HambOosiee 3h(EKTUBHBIC
CIOCOOBI TOBBILMIEHUS YYBCTBUTEIBHOCTH aTOMHO-a0COPOMOHHOIO 3JIEKTPO-
TEPMUYECKOTO ONPENEIEHUS TPYAHOATOMU3ZUPYEMBIX 3JIEMEHTOB U TEOPETHYE-
CcKoe 00OCHOBAaHME 3THUX IPOILIECCOB.

UcnapeHue npob6 c¢ noeepxHocmu 2pachumoeol ne4yu, ¢y-
mepoeaHHOU maHmasnoeol osibeou. dyrepoBKy TpadUTOBBIX Medei
TaHTaJI0BOW (HONBrod MNPOBOAAT CIEAYIOIIMM O0Opa3oM. 3arOTOBKY M3 TaHTa-
noBoit ¢onbru TommmHou 0,10-0,15 mm (puc.5.1), mpeaBapUTENbHO CBEPHY-
Tyl0 B BHJI€ UWIMHAPA, BCTABIAIOT B I€4Yb TaKUM 00Opa3oM, 4YTOOBI KOHIIbI 3a-
TFOTOBKHM BIUIOTHYIO CTBIKOBAJIMCh MEXIy COOOMH, a oTBepcTthe B (oJbre aua-
METpOM 2 MM COBMAJajo C JIO3UPOBOYHBIM OTBepcTHEM Tmeuu. [l craH-
JApTHBIX Te4Yell ¢ BHYTPEHHUM AUAMETpOM 5,8 MM M JUIMHOH 28 MM HeoO-
XOJMMa 3aroToBka u3 ¢onbru mupuHoir 17 mMm. B sTom ciyuae Mexnay Hel
U CTeHKaMu Tieyn oOpaszyercs HeOoubioil 3a3op. [Ipu oTkure mnpoucxoauT
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pacliupCHUC MCTAJIa, B PC3YyJIbTATC YCTO 3a30p IMIPAKTHYCCKU HCYUC3ACT U
(1)0.]]1)1"8, AOCTATOYHO INNIOTHO IIPHIICTAaCT K CTCHKaM. BmecTe ¢ tem IIpu HE00-
XO0AUMOCTHU €€ JICTKO BBIHYTb H3 IICYH.

- A
o2
o 4 - 4
\ \
15

Pucynok 5.1 - ®opMa u pa3mepsl (MM) 3arOTOBKM U3 TaHTaJOBOU (OJib-
'

Pexkomennayercss ¢yrepoBarh rpaduTOBYIO MeuUb IWIMHAPAMU U3 (HONBrU
nuHoM 14-15 mwm. [lpu Oosbliel 1uHE HWIWHIApPAa B pe3yibTaTe ITyHTHPO-
BaHMs LENH MEXAY UWIUMHAPOM M CTEHKaMU II€YM BO3HHMKAET JYyrOoBOW pas-
P U TPOUCXONUT BechbMa OBICTpoe paspyiieHue kpaeB ¢onbru. M36exaTts
ero MOXKHO, QyTepysl HOJOCTh HECKOJbKUMHU KOPOTKUMH LWJIMHIPAMH, HE CO-
IpUKACAOIIUMUCA JIpYT C ApyroM. MOXHO HCHONb30BaTh (PYTEPOBKY IE€UYU
Tpemsi UmuiaMHApamMu JuiMHOW 10 (ueHTpanbHas cekuus) U 6 MM (OOKOBbIE
CEeKLIMH) C 3a30poM Mexay Humu okosno 1 Mmm. [locne ycraHoBku Qoabru
neyb HarpeBarT NpPH PAaBHOMEPHOM (B TEUYEHHE 5 MUHYT) MNOIBEME TEMIIe-
patypel g0 2000°C mpu HempepsIBHOM MNpoayBKe meun aproHom. dyrepoBka
npaktruueckn (B mpenpenax 20°C) He BiauMseT Ha (HaKTHYECKYIO TEMIIEpPATypy
ey MO CPaBHEHUIO C HedyTepOBaHHBIM aTtoMu3aTopoM. Bo m30exanue pac-
TEKaHUs pPacTBOpa IO 3aHOBO YCTAHOBJIEHHON (onbre M BO3MOXKHOIO KOH-
TakTa MpoObl ¢ rpauTOM HCIApEeHUE MpPOOBl MPOBOAAT B TaHTAJIOBOH JIO-
JIOYKE C BBICOTOIO OOpTHKAa OKOJO | MM, KOTOPYIO NMOMEUIal0T B LIEHTPE Iie-
YM 107 J03UPOBOYHBIM OTBepcTheM. [locine MHOrokpatHoro o6xura (osibru
OpU BBICOKMX TEMIIEpaTypax €€ IOBEPXHOCTh CTAHOBUTCS OyrpucToil U pac-
TeKaHue MpoObl HEe HaOIIoJacTCs.

Meronuka u3MepeHui oObIUHAs: B meub Ao3upyroT 10-20 Mk pacTBopa
UCCJIETYyEMOTO 3JIEMEHTA, MOCJIE€ €ro BBICYIIMBAHHUA NpPH IUIABHOM IOAbEME
temmeparypsl g0 150°C B Teuenwe 30 C BKIIOYAIOT PEXHM aroMu3amuu (8-
10 ¢ B 3aBUCMMOCTH OT OIpPEAEIAEMOIO JIEMEHTA) C OJHOBPEMEHHBIM IpH-
KpalleHUEM Ha 3TO BpeMs MPOAYBKM aproHa 4epe3 BHYTPEHHIOI IOJIOCTh
neyd. JlJie MCKIIOYEHHsS] HECENEKTUBHBIX IIOMEX CO CTOPOHBI TaHTalda IMpHU
temmeparype Bbire 2500°C aTOMM3AIMIO JIEMEHTOB B (YTEPOBAHHOW I€YH
IIPOBOJSAT B MUHUIIOTOKE aproHa.

JlanHble O BAMSHUM (PYTEpPOBKM I€YM Ha AHAIUTUYECKUE XapaKTepHU-
CTMKM METO/a IpPEJCTaBJIEHbl B Tabi.5.6.
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Tabnuua 5.6 - Temneparypa aroMu3ali M 4YyBCTBUTEIBHOCTH™ ormpeje-
JeHusl KapOoumpo00pa3yomux 3JIEeMEHTOB

= OObIYHAas MeYb dyTepoBaHHAs €YD m,,

o:) t, °C Mygp, T t, °C Mygp, T 9“ (m,,)
E <
Al 2700 |4,0-10 " 2500 |2,6-10 " 200 1,5
As 2660 |4.0-10" 1700 [ 4.0-10" 960 1,0
B 2700 | 1,010 2700 |6,0-10°° - 1,6
Ba 2700 [4,0-10 " 2400 [8,0-10 " 300 50
Be 2700 |1,0-10 " 2500 [1,0-107" 200 1,0
Cs 2600 [4,0-10 " 2100 [1,6-107" 500 3,0
Cu 2600 [5,0-10 " 2200 [40-107" 400 1,3
Dy 2700 |3.0-10 " 2500 [4,0-107" 200 8,0
Er 2700 |1,0-10"° 2500 |6,0-107" 200 17,0
Eu 2600 [3.0-10 " 2400 [3,0-10" 2100 10,0
Ga 2600 [2.0-10"° 2400 [80-107" 200 3,0
Gd 2700 |8,0-10° 2550 [2,5-10"° 150 35,0
Ho 2700 |50-10 " 2500 [6,0-10" 200 8,0
La 2700 |1,8-107 2500 |8,0-10"° 200 | 22,0
Li 2600 |[1,6-10 " 2000 [50-10 " 600 33
Lu 2700 |3,0-10° 2500 |3,0-107" 200 10,0
Rb 2500 [1,2-107" 2000 [4,0-10 " 500 3,0
Sc 2700 |5,0-10 ' 2500 |5,0-10 " 200 10,0
Sm | 2700 [1,0-107° 2400 |1,0-107° 300 10,0
Sn 2600 |1,4-107"° 2200 |50-107" 400 3,0
Sr 2700 |1,0-10 " 2450 | 4,0-10 " 250 2,5
Tb 2700 |3,0-10°° 2600 |4,0-107" 100 80,0
Ti 2700 |2,0-10° 2500 |3,0-10"° 200 1,0
Tm | 2700 |8,0-10 " 2400 [2.0-107" 300 4,0
U 2700 |1,7-10"7 2650 6,010 50 28,0
\% 2700 [2.0-10 " 2400 [2,0-107" 300 1,0
Y 2700 |6,0-10° 2500 |6,0-10 " 200 | 100,0
Yb 2500 |7.0-10 " 2400 [4,0-10 " 100 1,8
Zr 2700 |6,0-10° 2600 [4,0-10°° 100 1,5

*qYBCTBI/ITeJ'II)HOCTB BbIpaXXCHA B XAapaKTCPUCTUUYCCKUX KOJIMYECTBaX JSJICMCHTOB
Myap, COOTBCTCTBYIOMINUX 1%-HOMy MOrJIOICHNUIKO TIpHU aMIUIMTYIHOM crocooe perucTtpanuu
CUT'HaJ1a

**3HaMeHaTeb COOTBETCTBYET OOBIYHOM, 8 YUCIAUTEND - (yTEPOBAHHOM ITEUH
Kak crmemyer w3 mnpuBeAcHHBIX B Ta0id. 5.6 JaHHBIX, IpUMEHEHHE QY-
TCPOBKU A1 MHOI'HMX 3JICMCHTOB O4CT CymeCTBeHHBIﬁ BBIMI'PBIII IIO CpaBHC-

129



HUIO C OOBIYHBIMU YCIIOBUSMHU ONPEICICHUN, COCTOSIINNA B yBEIUYCHUH YYB-
CTBUTEILHOCTH W(WJIHM) YMEHBIICHWH TEMIEpaTypbl aToMu3anuu mpod. B ka-
YeCTBE WUTIOCTPAIlMU Ha pHC.5.2 TMpHUBEACHA PErHCTPOrpaMMa CHUTHAJIOB ca-
Mapus TIpU HCIAPCHHH €r0 B OOBIYHOW IMeYdM W B Teud, GyTepOBaHHOW TaH-
TaJIOBON (HOJIBIOM.

A
0,10

T
—
—

005 |

0,15 -
g, 10 i

0,05 F

Pucynok 5.2 - Peructporpamma curuanos 4-10° r, 8:10° r, 16:10° r ca-
mapusi B 06braHoit meun (a) u 1-10° 1, 2:10% 1, 4-10° r camapust B dyrepo-
BaHHOU Teun (0)

[To BenmumHe s¢dekTa, odecneunBaeMoro (QpyTepoBKOH, UCCIIETOBaHHBIC
KapOuA000pa3yoIIre 3IEMEHThl MOXKHO DPa3feUuTh HA 3 TPYIIIIBL:

1. MeTtamiel, ¢ TPyAOM M HEMOJHOCTBHIO HCHAPSAIONIMECS TPHU TPEaAeib-
HBIX Temieparypax (2700°C) M MmOYTH CTONb K€ TPYAHO HCHIAPSIOIIUECT B
dbytepoBannoit mneuun: Al, Be, Ti, V, Zr. Beiurpeiln B 4yBCTBUTEIBHOCTH  JJISI
OTUX DJIEMEHTOB He IpesBblmaer 1,5-2 pasa.

2. Metamibl, ¢ TPyJAOM H HEMOJHOCTBIO HCHAPSIONINECS TPU TMPEAeIb-
HBIX TemIeparypax HedyTepOBAaHHOW IME€YM W CPABHUTEIHHO JIETKO HCHApSIO-
mmecs B QyrepoBanHoi meuw: La, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu, Sc, Y,
U, Sr, Ba. Bearpeliii B 9yBCTBUTEIBHOCTH JII OOJBIITMHCTBA TEPEUUCICHHBIX
AJIEMEHTOB JOCTUTaeT 1-2 mopsnka.

3. MeTamibl, MpakTUYECKU TIOJHOCTBIO HcHapsmonecss B HedyTepOoBaH-
HOM TMeuyu Mpu TemIepaTypax HarpeBa, MEHbIIMX MPENeTbHOM, ISl KOTOPBIX
TeMmIiepaTypa aToMu3alud B (yTEepOBAaHHOW TN€4M MpPU TOW K€ WU TMOYTH

TOM K€ YyBCTBHUTEILHOCTH MOXeT ObITh cHukenHa Ha 400-900° C: Cu, Cs, Ga,
Li, Rb, Sn.
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Jist aneMEeHTOB, HE 00pa3yloUuX TPYAHOIETYYUX KapOuJ0B, IpUMEHe-
HUE (QYTEpOBKM HE Jae€T KaKUX-IMOO OUIyTHMBIX MpeumylnecTtB. K ux uwuciy
OTHOCSTCS, B yacTHOCTH, Mo, Co, Ni u Omaroponusie metauibl (Ir, Pd, Pt, Rh,
Ru). bonee Toro, BcieacTBUe 00pa3oBaHUS WHTEPMETALIUIAOB C TAHTAJIOBOM
bobroil OHM UCHAPSIIOTCS 3HAYUTENIBHO MEIJIEHHEE W HE TMOJHOCTBIO Jaxke
IpU MAKCUMAaJbHO JOCTHXKHMBIX TEMIIEpATypax.

B armocdepe aproma mpu Temmeparypax arommsanuu 2500-2600°C wu
NPOAOKUTEIBHOCTH HarpeBa okojo 8-10 ¢ ¢yTepoBka OKa3bIBaeTCsl yCTOM-
yuBoi B TeueHue 200-300 UMKIOB BKJIKOYEHUsS Neyd (IIpU YCIOBUHU TIA-
TEIbHON YCTAHOBKU (DOJIBIH), YTO 3HAYUTENHHO IPEBOCXOAUT OOBIYHYIO TPO-
JOJDKUTENBHOCTh HAJIEKHOW pabdOThl MEYM NMPU MAKCHUMAJbHBIX TEMIIEpaTypax,
cocTaBIAOMy0 okojio 20-50 mukiioB. B oTinume OT aproHa ImpoayBKa €YU
a30TOM BCJIECTBHE OOpa30BaHMsSI HUTPUAA TAHTAJIA NPHUBOJUT K MOMEHTANb-
HOMY pa3pyleHuto ¢yrepoBku. BapbupoBanue ¢yTtepyeMoil yacTu TMeud B
npeaenax 10-25 MM mokasanio, YTO ONTUMAJIBHOM sIBIsieTCs AjuHA Qoyibru 15
MM. OTa JJIMHA COOTBETCTBYET PACCTOSHUIO MEXKIY KOJBIEBBIMU Hape3KaMu
Ha Kpasx Ieueu, npuiaraemeix Kk atomuzaropy HGA-76. beuin uccienoBaHbl
ANIEKTpUUECKHE TapaMmeTpbl (GyTepoBaHHONW U OObIUHON meuyelt. ConpoTUBICHUE
neun ¢ ¢onbroil amuHou 15 MM Bcero Ha 10% MeHbIE CONMPOTUBICHUS
OOBIYHON mTeuu. B cBA3M ¢ 3TUM MOXXHO HpeHeOpeyb HEKOTOPBIMU pa3IHyusi-
MU B dakThuueckon Temreparype ¢yTepoBaHHONW W He]yTepoBaHHOW Tmeuei
IIpU YCTAaHOBKE OJHOM M TOH K€ TeMIepaTrypbl Ha CTaOMJIM3HUPOBAHHOM 10
HaMpPsHKEHUIO OJIOKE MUTaHUA.

Takum 00pa3oM, mpuMeHeHue (yTEPOBAHHBIX TaHTAJOM T'papUTOBBIX
neyerd nos3Boiser B 10-100 pa3 MOBBICUTH YYyBCTBHUTENIBHOCTb, IO KpalHEN
mepe, mast 10-15 snementos, Ha 200-900° C CHM3HMTH TEMIIEpPAaTypy aTOMH3a-
uun s 20-25  kapOuaoo0pa3yrommx 3JIE€MEHTOB, 3aMETHO YMEHbBIIUTh Ta-
MSATH TE€YM M B HECKOJIbKO pa3 yYBEIUYHUTb €€ JOJIOBEYHOCTh. ONMUCaHHBIN
IpUeM MPUMEHHUM [JIsi TpyOuaThIX Medeil JtoObIX KOHCTPYKUMH M pa3MepoB.

lMpumeHeHue maHmManoeol JI000Y4YKU, NMOMEWEHHOU 6 2pa-
¢pumoeyro nedb. [lpumensst ciocod ucHapeHuss MpoObl W3 TAHTAIOBOW JIO-
JIOYKH, ITOMEIaeMoil B TpauTOBYIO I€Ub, MOXKHO JIOCTMYb TE€X € aHaJIUTHU-
YECKUX XapaKTepUCTHK, YTO W TPHU HCIAPEHHH CO CTEHKU (yTepOBaHHOW Iie-
yn. TpynoeMKuii U HEBOCIPOU3BOIUMBIN Mpouecc (yTepoBKU TIpadUTOBBIX
neyeil MoxkeT ObITh 3aMEHEH Ha 0ojee MpPOCTOM M TEXHOJOTMYHBIM — IITaM-
MOBKY JIOJOYEK M3 TaHTajgoBoi ¢onbru. Heo6xogumo oTMEeTHTH Takke ya00-
CTBO pabOTBl C JIOJOYKOW IO CpaBHEHUIO € (yTEpPOBKOH - 3T0 M ObICTpas
CMEHa JOJI0YEK IO Mepe BbhIXOAa MX M3 CTPOs, U HUCIOJIb30BAHUE OOJIBIINX
00BEMOB PACTBOPOB MPHU JO3UPOBKE.

Cnoco0 wucmapeHus npoOd U3 IITAMIIOBAHHBIX JIOJAOYEK 3aKIIoYaeTcs B
cienyromeM. JIoJouku MOKHO H3TOTOBUTH BPYYHYIO U3 TaHTAJIOBOM (oJbru
tonuHon 0,05-0,10 mM. IIpumepHbie pa3mepsl, MM: JJIMHA-15, mmpuHa-4, BbI-
cota-1. B HacTosimee BpeMsi HEKOTOpble MapKh AaTOMHO-a0COPOIIMOHHBIX
CIIEKTPOMETPOB YKOMIUIEKTOBAHbI IITAMIOBAHHBIMU TAHTAJIOBBIMHU JIOJOYKAMM.
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Jlomgoukn nomemarT Ha AHO NE€Yd Mo AO3UPOBOYHOE oTBepcTHe. lleup ¢
HaxXOJslIEHCss B HeW JIOAOYKOM TpeOyeT HEKOTOPOW IOCTHUPOBKM IO BBICOTE.
[IpoOy mnomemarT B JIOAOYKY C MOMOIIbIO MHKPOJ03aTOpa WM MHKPO-
mmpuia. O6beM BBOAUMOTO pactBopa coctaBisier 20 M. [loTok uHEpTHOTO
ra3a 4epe3 BHYTPEHHIOI IOJOCTh MEYM Ha CTaAUU ATOMM3ALHMH OTKIIOYAOT.
Peructpanuio curHana Jiydiie BECTH MO AMIUIMTYIHBIM 3HAYEHUSIM.

Heo06XxoIuMoO OTMETUTh, YTO [JIsl TOJIyYEHUs CTaOWUJIbHBIX pe3yJIbTaTOB
HAJ0 TOM00paTh TaKWE YCIOBHS, YTOOBI TpemoTBpaTuTh auddys3uio Bo3mgyxa
4yepe3 JO03UPOBOYHOE OTBEPCTHE B NPOLECCE M3MEpeHHil. B mpoTtuBHOM Ciy-
yae BHYTPEHHS MOBEPXHOCTh JIOJOYKU OKHUCISETCSd WU TOKPBHIBAETCA HUT-
pUIOM TaHTaja, YTO 3aMETHO MO OejJoMy WM CUHeMy HaneTy Ha Hei. C
ATOM 1ENIbI0 TOCJE€ CTaJuud aToMU3alMu TpoO BBOJAUTCS €II€ OJHA CTaaAus
JUIsL OCTBIBaHUSI TpadUTOBOM IMeuyd B HENPEPHIBHOM MHUHUMAIBHOM MOTOKE
aprona (~ 5 11/4) 4epe3 BHYTPEHHIOIO IOJOCTh ICYH.

CUJIBHO KHCJIBIE PACTBOPHI TPHU JIUTEIBHOM TPUMEHEHUHU OKHUCISIOT
BHYTPEHHIOIO TOBEPXHOCTh JIOA0UYKH. [I0ATOMYy HEOOXOIMMO TOCJE CEepUU M3-
MEpEeHUI JeNaTh XOJOCTOM OOXKHUT MeYd C JIOJOYKOW, B TEYEHHE KOTOPOro
0o0pa30BaBIIMKCA OKCHUJl WJIM HUTPHUJ TaHTaja BOCCTAHABIMBACTCS.

bblo wWccienoBaHO HUCHApeHue psija dJEMEHTOB CO CTEHKH I€Yd U C
TAHTAJIOBOM JIOJOYKH, IIOMCIICHHOW B Iedb. B Tabi. 5.7 mpuBeneHbl pe3yibTa-
ThI, IOJIyYEHHbIE TPU ONTHUMAIbHBIX YCIOBHUSIX U3MEPEHUN IJIs1 KaXJOro CIO-
coba wucnapeHuss MNpoObl. YyBCTBUTENBHOCTh OMPEICICHHUST BCEX HCCIEIOBaH-
HBIX 3JIEMEHTOB MpPU HCHApPEHUU M3 JIOJOYKU BBIIIE, YEM MPU HCIAPEHHUH CO
cTeHKH TrpadutoBoii neun. CpaBHHBasi €€ C YYBCTBUTEIBHOCTBIO, TOITYUYEHHOM
MpU HCHApPEeHUU PacTBOpPA CO CTEHKU (PyTEpPOBAHHOM TME€UYM, MOXKHO 3aKIIO-
YUTh, YTO, B OCHOBHOM, 3TU BEJIMUUHBI OJIM3KU JAPYT K JAPYTY.

3amMeTuM, 4TO TIpEeACTaBJICHHbIC B TaOJ. 5.7 MaHHBIC MOJTYYEHBI Pa3HBIMHU
aBTOpaMU Ha pa3HbIX NpuOOpax W MOITOMY CJieJIaHHbIC HA UX OCHOBE CpaBHU-
TeJbHbIC OIICHKH UMEIOT MPUOMKEHHBIN Xapaktep. Tak, Hampumep, A dJiie-
MEHTOB, UMEIOIIUX aHAIUTUYECKHE JIMHUM B BUAMMOW 4acTu crnekrpa (Oapui,
TUTUR) W TpeOyrommx OOJBIIMX TEeMIEpaTyp aTOMHU3AlMH, YyBCTBUTEIBHOCTb,
MOJTy4YeHHasl MpH KMCHoJib30BaHuM aTomu3zatopoB HGA-74 u A-2 Oyner HuUKe,
4yeM mnpu ucnosib3oBaHuu aromuszatopoB PE-603 u HGA-76 : Ha aTomu3arope
HGA-74 poBoibHO HM3Kasi TeMIllepaTypa HarpeBa IME€4H, KOTOpas K TOMY XKe
JIOCTUTaeTCsl OTHOCUTENIbHO MEJJICHHO; Ha aToMm3aTope A-2 HaOmromaercs 3a-
cBeTKa (OTOYMHOMKHUTEINSI M3IYyUYCHHEM OT pacKaJIeHHOW Joaouku. CHekTpo-
Metpel PE-603 u HGA-76 He MMEIOT 3TUX HEJOCTaTKOB.

Tabmuma 5.7 - XapakTepucTUYECKUE MACChl psa dJIEMEHTOB TPHU Pa3-
JUYHBIX CIIOCcO0ax ucmapeHuss npoObl

Mygp, T
DJIeMEHT CO CTEHKH OOBIY- | CO CTEHKH (PyTe- W3 TAaHTAJIOBOU
HOH IIeUM pPOBAHHOM TEYU JIOJOYKH
Ba 1,4-10"° - 53-10™"
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Li 3,9-10™" - 1,4-10™"
Sb* 1,810 - 3,810
Sm 3,0-107 - 1,0-107
Pb** 1,2-10™M - 4,7-10"
In 53-10™" 1-1071° 1,4-10™"
Cr 9,6 - 107" - 42-10™"
Al** 7,210 2,6- 107" 3,2-10™"
Ga** 8,8 107" 810" 3,6-10"
Y - 6-10" 8,7-107"

*  Cnektpomerp PE-503 ¢ atommzaropom HGA-74 ** [leur u3 rpadura mapku [1I'U

Ha puc. 5.3 mnpencraBieHbl PErHCTPOrpaMMbl CUTHAJIOB WTTPUSl TIPU
pa3sTUYHBIX Ccroco0ax ucmapeHusi npoOwl. IMmynbe curHama WUTTpUS TPHU HC-
nmapeHuu TpoOBl CO CTEHKH MHUPOINEYH HE chajaeT aaxke mo ucredeHuu 10 ¢
C MOMEHTa Havana HarpeBa. Crmag cur’ana IE€peKphIBAETCS BO3PACTAIOIIMM
curHasiom “‘namstu’. [Ipu ucnapeHuu pactBopa co CTEHKH (PyTEepOBAaHHON NE4H
CUTHAJl uMeeT Ooyiee yAOBIETBOPUTENIBbHYIO (OpMY, NPUTOJHYIO U Jaib-
Helel 00paboTKM (HaXOXKJIEHWEe MaKCUMYyMa, IUTOIIAaIn).

Ar a g 4
0,100 - - |

U LA

Pucynok 5.3 - Curnansl uttpusi npu ucnapenun 20 MK pacTBopa ¢
KoHIeHTpareit 0,1 MKr/Ma W3 TaHTaJIOBOM JIOMOYKU (a); CO CTEHKH (yTepo-
BaHHOW Tie4M, KoHlleHTparusi pactBopa 0,1 Mkr/min (0) M CO CTEHKH MHPO-
nedu, KoHIeHTpanus pactBopa 0,5 Mkr/mia (B)

HeGonpmas “mamsate” 0OycClOBJIEHa 3HAYMTENBHBIM IPOJOJIBHBIM Ipa-
JUEHTOM Temneparyp rpapuroBoil neuu. [Ipy ucnapeHun pactBopa M3 JO-
JIOYKH B TpaUTOBOM IMEYM MHUKUA CTAHOBSITCS HECKOJIBKO BBILIE M OCTpEE.

Takum 00pa3oMm, MpU ONPEACICHUH TPYIAHOATOMU3UPYEMBIX 3JIEMEHTOB
NPUMEHEHUE TAHTAJIOBBIX JIOJOYEK JUIsl HchapeHus npod B rpadUTOBBIX Iie-
yax SBISETCS YJIAyHOM ajlbTEPHATUBOW TPYAOEMKOMY W HETEXHOJOTHYHOMY
croco0y aromuzanuu Mpo0d B mevax, GyTEpOBAHHBIX TAHTAIOBOU (DOJBIOM.

UcnapeHue npob ¢ maHmanoeol nnamgopmbl 8 2paghumo-
eol ne4u, pymepoeaHHOU maHmMasnoeou ¢osibeol. Vcnapenue mpod ¢
rpa¢uToBON TIATGOPMBI B KAaUECTBE CPENCTBA, MPUOIMKAIOUIETO pacHpocTpa-
HEHHbIE CepUilHbIe TPyOUaThle aTOMU3ATOPHl K M30TEPMUUYECKON MEYM THUIIA Tpa-
(UTOBOI KIOBETHI, HALIO IIUPOKOE PACHPOCTPAaHEHUE B ATOMHO-a0COPOLMOHHOM
aHanuze. Bmecte ¢ TeMm, BBISIBUWIMCh M OTPAHUYEHUS STOM CUCTEMBI aHAIM3a.
[Ipexxne Bcero 310 Kacaercs OOJIBILIOTO YKCIIa 3JIEMEHTOB, KOTOPbIE HEBO3MOKHO

fal -
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ucnapsaTh ¢ rpagurtoBoil miaatdopmbl. K HUIM OTHOCSTCS, B YaCTHOCTH, BCE IIe-
JOYHO3eMeNbHbIE U peako3eMenbHble (P32) anementsl. CienyeT OTMETUTDH, YTO
Jaxe co CTeHKU rpadutoBoit neun Hekotopeie u3 Hux (Ce, Gd, La, Pr, Tb, Y u
JIp.) UCHIAPSIIOTCS C TPYAOM U HE MOJHOCTBIO, TAK YTO YYBCTBUTEIBHOCTh UX OIpE-
JIEJICHUSL YPE3BBIUAHO HHU3KA.

[Ipobriema aToMHO-aOCOPOIIMOHHOTO OMpPECICHUS IIEI0YHO3EMENbHBIX U
PEAKO3EMEBHBIX MIEMEHTOB B PAMKAaX paclpOCTPAHEHHON CHCTEMBI TEMIEPATYP-
HO-CTaOMJIM3UPOBAHHOM Meun C miaTGopMoil ¢ OOBIYHOW ammapaTypoil pelieHa
MyTeM pealu3alid SBHBIX MPEUMYIIECTB METaUIOB mepes rpaduToM mpu
WCMIAPEHUH YKA3aHHBIX METAJUIOB M MPUMEHEHUS mwiaTopM, TETHUKOM
M3rOTOBJICHHBIX M3 TaHTaja, a JAJid YMEHBIICHUS BIMSHUS YIiiepoda CTEHOK Iedn
Ha 00pa3oBaHMe Ia3000pa3HbIX KapOHUIIOB, KAK U paHEe HCIONb3YIOT (PYTEpOBKY
neun Ta-onsroii. Mertonuka mpoBeneHUs HKCIIEPUMEHTa Takas e, Kak Ta, 4YTo
oMHcaHa B MpeAblaymux paszaenax. [IpsmoyronbHbie miaTGopmbl pasMepoM 8
X3 MM ¢ OOpTMKaMH BBICOTOM 1,5 MM MOXXHO M3rOTOBUTH BpyuHyro Hu3 Ta —
dboneru Tommuuo 0,10 mM. Macca Takoil T1IaTGOPMBI  COCTaBISE€T OKOJIO
0,1 r, emxocTs — okosio 30 MK pacTBopa. Jyia crabuiau3anuu HYJEBOW JUHUU
npubopa B YCIOBUSIX HWHTEHCHUBHOM 3aCBETKM (POTOYMHOXKUTENS CTEHKaAMU
neyn u I1UatQopMoil U3MEpeHHs HEOO0XOJUMO TMPOBOJAUTH C BKIHOUYEHHBIM
KoppekTopoMm. IIporpamma HarpeBa meuM BKIIOYAET CIEIYIOLIUE CTaIUU:
BbicymuBaHue pactBopa (<190°C); muponus mpoosr (500°C); mpomexyTodHOe
oxnaxaenne meun (20°C), crmocoOCTByIOIee COBUTY HMITyJIbca aOCoOpOIHU B
U30TEepMUYECKYI0 00JacTh, aToMu3alus B pPEXKUME OBICTPOro MoabeMa
temmeparypsl (~1900 °C/c) u ocTaHOBKHM TOTOKa aprona; ooxwur (<2600°C).
Temnepatypy craguu aromuszauuu BapbupyroT B npeaenax 2300 - 2650° C B
LEesIX JOCTHXKEHHMS MaKCHUMAJIbHOM BEIWYMHBI HHTErPAIIBHOIO CUTHAJNIA U
yMeHblIeHus:  3¢d@dexTta maMATH MeYd [Opd  MHUHUMAJIbHOM  3aCBETKE
dbotoymHOXuTENA. [TpOaOIKUTENBHOCTh HM30TEPMUYECKOIO ydyacTKa CTaauu
aTOMM3alMu He MpeBblmaer 5 c. Oka3anoch, 4TO paclpOCTPAHEHHYIO CHCTEMY
TEeMIIepaTypHO-CTAOUITM3UPOBAHHON Teud ¢ MIaTHOPMONH MOXKHO — TOJHOCTBIO
pacrpoCTpaHUTh Ha OMNPEAECIEHUE TPYAHOATOMH3UPYEMBIX C TIOBEPXHOCTH
rpajgura MeETamIoOB, B YAaCTHOCTH PEIKO3EMENbHBIX M  IIEI0YHO3EMEIbHBIX
METaJUIOB.

Oxazanoch JOCTaTOYHBIM 3aMEHUTh CTaHJAPTHYI MUPOrpaduTOBYIO IJIaT-
dbopmy Ha tiatdopMy U3 TaHTajga u ¢yrepoBaTh neuyb Ta-gonbroit. IIpu sTom
NPUHLUIKATIBHBIE TOCTOMHCTBA MIATPOPMBI KaK CpPeICTBa JOCTHXKEHUS H30Tep-
MUYECKHX YCIOBUN aTOMM3AIMH MPOObI HE TOJIBKO COXPAaHUIKNCh, HO JaKe YCHIIU-
muck. Kak BugHO U3 puc. 5.4, Ha KOTOPOM IIPUBEAEHBI PETUCTPOrPaMMBI CUTHAJIOB
UTTepOuNsl Ha (OHE M3MEHEHHUS BO BPEMEHU TEMIEPATypbl Meuu, 3aJepiKKa M-
yJibca MPHU UCHApPEHUH MPOOBI ¢ MIAT(OPMBI 0 CPABHEHHIO C €€ UCIIAPEHUEM CO
CTeHKHU cocTaiisier okoio 0,5 c. [ToaToMy Bech UMITyJIbC pacrojaraercs Ha u30-
TEPMUYECKOM YYaCTKE CTagud aToOMH3aluu. s OCTalbHBIX HCCIEAOBAHHBIX
AJIIEMEHTOB 33/Iep’KKa UMITYJILCOB OKa3bIBAETCA €1le OOJIbIIE, YeM ISl UTTEpOus.
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[Tpu comocTaBieHUU JUHAMUKH Harpesa miaaTdopM U3 TaHTana u rpadura
CJIelyeT YYUTHIBATh JIBa OOCTOSITENIbCTBA: TEIIOEMKOCTh Ta-miardopmel, B 5 pas
MEHBIIYIO 110 CPABHEHHIO C ATOM K€ BEIMUYUHOMN NIl MUPOTrpadUTOBOM neun (mpu
OJIMHAKOBOW Macce), M B 3 - 4 pa3a MEHBIIYIO M3Iy4aTeIbHYIO CIIOCOOHOCTH I10-
BEPXHOCTHU TaHTaJa IO CPABHEHUIO C TOBEPXHOCTHIO MUpoTrpadura.

A T.°C
3 42500

|1_J ! 20

] I 2 J

fipema, L

Pucynok 5.4 - Ucniapenne uttepobusi co creHku (1) u ¢ Ta — mnardopmbr
(2) B meum, pyrepoBaHHOl (oabroi, kpusas (3) COOTBETCTBYET U3MEHEHUIO
TEMIEPaTyphl MeYH

PesynpTupytomiee neictere 3Tux GakTOpoB IOKHO CIOCOOCTBOBAThH Ooliee
CYILLIECTBEHHOMY OTCTaBaHUIO TeMmIiiepaTypbl Ta-muiargopMbl OT TeMIlepaTyphbl
CTEHKH II€YH, C OJAHON CTOPOHBI, U HECKOJIBKO 00Jiee OBICTPOMY HapacTaHUIO TEM-
nepatypsl MIaTGOpMBl, ¢ APYyroil. B KoHEUHOM HTOre 3TO JOJIKHO ONaromnpusT-
CTBOBATh JOCTWKEHHUIO ONTUMAJbHBIX YCJIOBUH aTOMHU3AaLMU HpOOBl -
U30TEPMUYHOCTH T€Ur U OBICTPOMY MCHAPEHHUIO ONPECIIIEMbIX 3JIEMEHTOB.

OnHako eme Oosipliiee BIMSHUE Ha yBEIMYEHUE CKOPOCTH HCHApPEHUs Me-
TaJJIOB U YYBCTBUTEJIBHOCTb OIPENEICHUS OKa3bIBACT U3OJIALMS HCHapSIOLIEHCs
npoObl ¥ TapOB aTOMOB OT yriiepoaa. Jleno B TOM, YTO MHOTHE M3 3TUX Me-
tauioB (Ba, Ca, Eu, Sm, Sr, Tm u Yb) BecbMa neTyun m HE 00pa3ylOT CKOJIb-
KO-HHOY/Ab TPYAHOJIETY4YMX coeAuHeHud. Hampumep, Temmneparypa KUINEHUS
METAJUINYECKOro eBpomusi cocraBisier Bcero 1600°C, a maBieHwe mapa Han
kapounom EuC,, oOpazoBaHue KOTOPOro MPHUHSATO CYUTATh OCHOBHOW MpUYHU-
HOM HH3KOW JeTydecTH TpoObI, yke mpu Temmeparype 1130°C mocturaer 1
ITa.

Pemaromyro ponp B mpoleccax HMCIAapeHUs M aTOMHU3ALMU METaJJIOB B
rpauTOBBIX Ieyax HUrpaer oOpa3oBaHME TIa3000pa3HbIX KapOWIOB, a JUIsl He-
KOTOpBIX 31eMeHTOB (Ba, Sr) - ra3000pa3Hbix MoHOLIMaHU10B. OOpa3oBaHuE 3TUX
COCMHEHUH NPUBOAUT HE TOJIBKO K YMEHBLICHHIO JOJU CBOOOJHBIX aTOMOB B
IIeYH, a CJIEeI0BATENIbHO, K CHI)KEHUIO UyBCTBUTEIBHOCTH OIpPEAEICHUs, HO U K
0o0pa3oBaHHIO Ha 4YacTHUIAX HCHAPSIOMEHCs MPoObl MUPOYTISPOTHBIX 000JI0-
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YeK, MPEMSITCTBYIONIMX MCIAPEHUIO BElEeCTBAa. JTU 000JOYKH BO3HHUKAIOT B pe-
3yJbTaTe YaCTUUHON KOHJIEHCAIIMU U PA3JIOKEHUSI MOJIEKYJI ra3000pa3HbIX KapOu-
JIOB Ha 00Jiee XOJOIHBIX M0 CPABHEHHUIO CO CTEHKOM mneuun (MM miatdopmoil) yac-
TULIAX TMPOOBI. DIEKTPOHHO-MUKPOCKOIIUYECKUE HCCIIEIOBAHUS TOJHOCTHIO TOJI-
TBEPXKAAOT 3TO Ipenanonoxenue. Ha moBepxHocTu nuporpadutoBoi miaThopMbl
nociie ucnapenus ¢ vee npu 2650° C 60apmMX KOIUYECTB (25 MKTr) JaHTaHa OT-
YEeTIUBO HAOIIOJAIOTCS MOJIbIE MHPOYIJIEPOIHBIE O0OJOYKH pa3MEepoOM O He-
CKOJIbKMX MUKPOMETPOB.

Cnengyer OTMETHTh, YTO TEPMOCTOMKOCTH ra3000pa3HbIX kapOumoB P35 B
LEJIOM BBIIIE, YeM KapOHUIOB OCTAJIbHBIX 3JIEMEHTOB. B cBOIO ouepenb, U3 rpyi-
nel P30 nanbonee mpounbie kapOuaesl tuna MeC, obpasyror Ce, La, Pr u Y.
DOHepruu AUCCOLMALMH KapOUa0B JaHHBIX MeTauioB HAa Me u C, paBHBI COOTBET-
cTBEHHO 678; 669; 661 u 653 k/{x/Monb. [I03TOMY HE YIMBUTENBHO, YTO UMEHHO
JUTSL TUX METAJIOB J10J1s1 CBOOOJIHBIX aTOMOB B Ipa()UTOBBIX MeYax OCOOEHHO Ma-
na, a 3pdexT odbpazoBaHUs TUPOYTIIEPOIHBIX 000I0UCK, 3aTPYIHAIONIUX UX UCIIA-
peHue, HauOosee cyuiecTBeHeH. [IpennaraeMblii cioco0d aroMu3alu yCTpaHseT
3TH TPYAHOCTH.

B Tabn. 5.8 mnpencraBieHbl — XapaKTEPUCTUKU  YYBCTBUTEIHLHOCTH
OTIpEJICNICHHs] TPYIHOATOMHU3UPYEMbIX JJIEMEHTOB, MOJYYEHHbIE TIPU Pa3HBIX
crocobax wucmapeHus mpoObl: 1) co cTeHku TpaduToBON TeuH; 2) CO CTEHKHU
neuyn, ¢yrepoBanHorr Ta — domwroif; 3) ¢ Ta — JI0J0YKH, TOMEIICHHOH B
rpaduToByI0 Teub, GyTepoBaHHy0 Ta-Ghoabroii.

Tabmuna 5.8 - UyBCTBUTEIBHOCTh OmpeneneHus (Ir) MIeJI0YHO3EMETbHBIX
U PEIKO3EMENIbHBIX 3JEMEHTOB

DneMeHT m m!
Crenka rpaduTOBOH MeUYn Ta-dpyrepoBka Ta-nomouka B rpadu-

06e3 Obl- | OBICTPBIM | OTKPBITHIN rpaguToBOil me- | TOBOH  meun, (yTepo-
CTporo HarpeB | gepxkarens | 9M; 0€3  ObicTpo- | BammHO# Ta-(pombroii;
HArpeBa HeYn meYyn ro Harpesa OBICTpPBIII HarpeB MNe4u

Ba - 9,4 - 8 2,5 4,3

Ce - - - 56000 1000 3200

Dy 200 40 9 40 2,8 6,5

Er 1500 70 23 60 6,6 17

Eu 60 20 5 30 1,7 4,2

Gd 14000 11000 400 2500 200 210

Ho 400 - 12 60 7,0 18

La 56000 26000 1200 8000 250 550

Nd 6000 1800 260 3500 46 140

Pr 30000 - 3000 3600 330 1300

Sc - - 37 50 3,6 8,7

Sm 1000 240 70 1000 30 100

Sr - 2 - 4 0,3 0,8

Tb 6000 - 700 400 80 90
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Tm 40 13 3 20 1,1 3,1

Y - 13000 180 130 44 49

Yb 14 2,5 1 4 0,75 1,7
MOXHO BHAETb, YTO HAOJIOAAETCA 3HAYUTEIIBHOE IIOBBILICHUE

3¢ (EeKTUBHOCTH aToMu3auuu, a CJIEOBATEIBHO —  IIOBBILICHUE

YyBCTBUTEIBHOCTU (CHUKEHUE XapaKTEPUCTUUYECKON Macchl) MpHU MEPEXOoAe OT
NEpPBOro crnocoda aroMu3alMK KO BTOPOMY M K TPEThEMY.

Bce 3T naHHblE TOJMyYEeHBl B pa3HOE BpEMs, pa3HbIMHU aBTOPAaMH, Ha
paznuuHbix ~ npubopax. IloaroMmy B MOBBIIIEHHME  YYyBCTBUTEJIBHOCTH
OTpEJIEIICHHs] BHOCUT ONPEJEICHHbIA BKJIaJ TEXHUYECKOE YCOBEPILEHCTBOBAHME
aTOMHO-a0COpPOIIMOHHBIX  CIIEKTPOMETPOB: OBICTPBIII  HarpeB  Ie4Yd, MEHee
WHEPIIMOHHAS] CUCTEMa PErucTpaluy HMITYJIbCOB, OTKPBITHIA JepKaTeib Meyu
(mpu HarpeBe TmeYM BBIHOC PACHIMPSIONICTOCS Ta3a MPOUCXOAUT HE uepes
JI03UPOBOYHOE OTBEpCTHE, a B OCHOBHOM 4epe3 OOKOBbIC, IpPU HSTOM
CYIIECTBEHHO YMEHBIIAIOTCS KOHBEKTHBHBIE TIOTEpPU TNApOB B IIPOLECCE
HarpeBa ME€YM M CHMKAETCA KOHIIEHTPALMsl HEPaBHOBECHOIO TIa3000pa3HOro
yriepojia B IIEHTPaJbHON 30HE Meud Haj mnpoboit). Ho ocHoBHas mnpuumHa
MOBBIIMICHUS YYBCTBUTEIBHOCTH — UCMapeHue mpod ¢ 1miaTGopmMbl B TI€Yb,
KOTOpas oOecrnieuriBaeT Oojee TMOJHYIO aTOMM3alMI0  Tra3000pa3HbIX
coelMHEeHU, a ana a”Haiuthdeckux JmHuid Ce, Pr, Sm — u  Oonburyro
3aCEJIEHHOCTh HM)KHHX HEPreTUYECKUX YPOBHEI.

OueHka 4YyBCTBUTEIBHOCTH IPUBE/IEHA B XapaKTEPUCTHUECKUX Maccax
AJIIEMEHTa, COOTBETCTBYIOIMX 1| %-HOMY TMOIJIOUIEHUIO TPU PErucTpanuu
MUKOBOTO  (aMIUIUTYAHOTO) 3HayeHus abcopOumoHHOCTH (M?) W  TmpH

peTHCTpallid  WHTErPAIbHOTO  3HadeHus  abcopOumonHocTH (m'). Ilpm

UCIIOJB30BaHUM  HUcHapeHuss npo0 ¢ Ta-10104Yku, TMOMENIEHHOW B  TIeYb,
dbyTtepoBaHHyto Ta-Ghonbroi, BRIMTPHIINT B YyBCTBUTEIBHOCTH IO CPABHEHUIO C
ucrapenuem 1npo6 B ¢dyrepoBaHHoi Ta-donprot mneunm Ge3  JIOJOUKHU
coctaBysier: misa Ba, Tb, Y, Yb— ot 3 mo 5 pas; Dy, Er, Eu, Gd, Ho, Pr, Sc, Sr,
Tm —or 9 no 20 pa3; Ce, La, Nd, Sm — or 30 gm0 80 pa3. U3mepenue
MUKOBBIX, & HE HWHTErpajibHbIX CUTHAJIOB, TAKXXE CIOCOOCTBYET CHIKEHHIO
npejenoB oOHapykeHus. M3 comocTaBiieHHs MEXay coOoi 3HaueHud m’ u

i

m! BHJIHO, 4TO Kpome Haubosee TpyaHoieryuux Gd, Tb u Y, mis kotopeix m' /

m? =1 , LI OCTAJIbHBIX 3JIEMEHTOB 3TO OTHOIIEHUE COCTaBJISIET OT 2 10 3, a

st Pr - okosno 4. 3MepeHue cTosib KOPOTKUX HUMITYJIHCOB JUIUTEIBHOCTBIO 10
3 ¢ OMaronpuATCTBYET CHUXEHUIO MPEAEIOB OOHAPYKEHHUS.

Eme oIHMM JTOCTOMHCTBOM IMpEAJIaraéMoro MeToJia SBIAETCS BeChbMa
He3HAYUTEeNbHBIN d(PdekT mamsatu neuu. [IpakTuyuecku BO Bcex Ciiyyasx IMpU
MIOBTOPHOM HArpeBe IEeYM OCTAaTOYHOE NMHUKOBOE 3HAUYCHUE CUTHaja HE IMPEBOC-
xoauT 1%, a uHTerpanpHas BeauuuHa - 10% oT npeaplaymux 3HaueHuil. s
CpPaBHEHHMS: OCTATOYHBIN IMMK CUTHAJIA IIPH TTOBTOPHOM HarpeBe rpaduToBoil meun
pocturan 10 - 12% mims Gd, Lu u Nd, 17% nna Ho u Sm, 24% nns Tb u 30%
s Pr.
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YMmepennsie Temmeparypsl (1o 2600° C) u Manas mpoJI0HKUTEIBHOCTh
crtaauu aromuzanuu (3 - 5 ¢) oOecrneunBaroT paboduii pecypc rpaduToBoil me-
YM, JIOCTUTAIOIINI ThICSuM U OoJsiee LUKIOB HarpeBa. K coxkanenuto, pabouunii pe-
cypc Ta-mmarpopmpel U 0coOeHHO (YTEPOBKH CYIIECTBEHHO MeHbIe. [Ipu
temriepatype 2550° C ¢yrepoBka miauHOM 14 - 15 MM BbIIEpKUBAET OKOJIO
100 nukiIoB Harpema, mocjae uero Kpas (oJbrd HAUMHAIOT pa3pyliaTbCs U
qyBCTBUTENBHOCTh ompeaeneHuid manaet. [Ipu oOHapykenuu nedextoB B ¢y-
TepoBKe (oJbry HE0OX0oAuMO 3aMeHUTh. KOHTponb 3a ee COCTOSITHMEM He-
TPYIHO OCYIIECTBISATH C TOMOIIBI0 3epKaibiia. Cpok ciryx0b1 Ta-miaatdopMbl
OKa3bIBACTCS OTPAHUYCHHBIM TEM, YTO TPH €€ MHOTOKPATHOM HarpeBe MHOT/A
pacxonsTcsi OOpTUKUA IAaTPOpMbl, U uepe3 oOpaszyroluecs IIeJd PacTBOp
YaCTUYHO BBITEKAET Ha CTEHKY. DTOT HEJOCTATOK MOXKET OBITh YCTpaHEH MpHU-
MEHEHHEM IITAaMIIOBAHHBIX TIAT(HOPM.

[TonyueHHass MpU KMCHOJIB30BAHUM JAHHOTO CIOCO0a YYBCTBUTEIHHOCTh
onpeesIeHUsI IIEJIOYHO3EMENTbHBIX M PEIKO3EMENIbHBIX 3JIEMEHTOB, HE SIBIISCTCS
npeaeibHO BO3MOXKHOM (3a HCKiIroYeHueM, ObiTh Moxket, Dy, Sc, Tm u Yb).
Oto crmeayer w3 comoctaBieHus (akthyeckux 3HadeHud m'! s Ba, Er, Eu

u Sr, npuBeAEHHbIX B Ta0i. 5.8, ¢ ux pacyeTHbIMU 3HaudeHussMu (mr) : 0,63;
2,7;2,2 n 0,30. Xotss yBeluueHHE JIUHBI (PyTepOBaHHOM yacTu meyu a0 22
MM II03BOJIMJIO CHHM3UTh XapaKTEPUCTHYECKHE Macchl miig Oapus 1o 2,7, a
eporust 10 3,0 mOr, Bce XK€ pacxoKIEHUE C PACUETHBIMU JTAHHBIMHU, OCOOEHHO
st Oapusi, ocTaeTcsl 3HAYUTENbHBIM. TeM He MeHee g OOJIbIIMHCTBA HC-
CJIEIOBAHHBIX 3JIEMEHTOB XapaKTEPUCTHUECKHE MAacChl HAXOJATCA Ha TOM HKe
YPOBHE, UTO U JJI1 OCTaJbHBIX AJIEMEHTOB, OMPEICISEMbIX B YCIOBUSAX TEM-
nepaTypHO-CTa0MIM3UPOBAHHON TIeuH ¢ uiatopmoil. O61iee YUCIO 3IEMEHTOB,
KOTOpbIE MOTYT OBITh OIpPEIEICHbl B paMKax 3TOW CUCTEMbl, COCTABJISIET B Ha-
crosiiee Bpemsi okosio 50.

[Tpumenenue Ta-mmatdopmbl B KOMOMHAIMK C OOBIYHON uiu QyTepo-
BaHHOW (onbroéi rpadUTOBON TEYHI0 0OECTICUMBACT CYIIECTBEHHBIA BBIUTPHIII
B CKOPOCTM WCHApEHHUs U JUIsI HEKOTOPBIX JAPYTHX METAJJIOB, C TPYAOM HCIIa-
pstomuxcs ¢ rpaduroBoil miardopmsl, Hanpumep, Be, Cr, Li u Si.

5.6. CoctaBneHue nporpamMm ansa rpadMTtoBOon neyun

PaGouune napaMeTpsl e4n — 3TO aHAIMTUYECKAsi IpOrpaMMa, BbIIIOJTHEHHE
KOTOPOM NMPUBOAMUT K IOJYYEHHUIO AHHBIX JJIS ONPEIEIEHHOTO AJIEMEHTAa B KOH-
KpeTHOM Matpuie. HeoOXoqumMo ycTaHOBUTH Takue MapaMeTpbl HarpeBa Ieuw,
KOTOpBIE MO3BOJIAT MOJHOCTHIO BBICYIIUTH 00pasel, yAaduTh MaKCUMalbHOE KO-
JUYECTBO MaTepHajla MAaTPULbl HA CTAJWU MHUPOJIH3A, MOIYYUTh HEOOXOIUMYIO
YyBCTBUTEJIBHOCTh U OTJAEIUTh MK aHAJIUTA OT MMUKOB HECEJIEKTUBHOIO (HEaTOM-
HOT'0) MOTJIOUIEHUS.

Kak ormeuanocs panee, mporpamma OObIYHO BKIIIOYAET CIIEIYIOIIME CTa-
IUU: CyIIKa, MUPOJIU3, HEMOCPEACTBEHHO aTOMHU3alus, OYUCTKa rpaduToBOM me-
yu. TemmepaTypa ¥ BpeMs CTaJuu CYLIKH BBIOMPAIOTCS TaKUM 00Opa3oM, 4TOObI
00ecreyuTh MOJHOE BHICYIIMBaHWE 00paslia JO HACTYIUIEHUS CTaAuH MUPOJIM3A.
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[TapameTpbl cTaAuK CYHIKK 3aBUCST OT MPUPOABI PACTBOPUTENS U 00bema oOpas-
na. OObIYHO TemImepaTypa yCTaHABIMBAETCS HECKOJIBKO HUXKE TeMIepaTypbl Ku-
neHus: pacteopurens. Eciau Temneparypa CIMIIKOM BBICOKA, 0Opaselr OyJeT pas-
OpBI3rUBATHCA, UTO MPUBEIET K €r0 MOTEPSIM HA BHEIIHEH MOBEPXHOCTH MEYH WIH
Ha OKOINKaxX Ha KOHIIaX aToMu3aTopa. Pa3Ophi3ruBaHre MOXKET MPOUCXOIUTH U B
cily4ae, KOT/ia Ha CTaJuI0 UCMApPEHUs] OTBOAUTCS HEIOCTATOYHO MPOJIOJKUATEIh-
HOE BpeMsl, U, CIIEJIOBATEIbHO, TIOILEM TEMIIEPATYPhl HA CTAJANH MUPOJIM3a HAYH-
HaeTcsl 10 OKOHYAaHWS ucnapeHus oOpaszua. OOBIUHO MCHApEHUE PACTBOPHUTENS
MO>KHO JIETKO KOHTPOJIMPOBATH C TIOMOIIBIO 3epKaIbIIa.

OO6miee Bpemsi CyIIKM BOJHBIX PAaCTBOPOB MPH TEMIIEPAType HECKOIBKO
HUKE TEMITepaTypbl KUTIEHUSI OOBIYHO COCTaBseT OT 1 0 3 CeKyHI Ha MHUKPO-
mutp (M) oobema obOpasna. Hanpumep, nis 20 MKJI BOJHOTO pacTBOpa Bpemsi
cymku o0biuHO paBHO 40 c. [ Toro ke o0beMa OpraHu4ecKoro pacTBOPHUTENS
BpeMsi CYIIKHM MOXET ObITh 0ojiee KOpOTKHUM. OOBIYHO NO3UpYEeMblii 00bEM CO-
craBiisieT oT 5 110 40 mxi1. OH He JOKEH OBITh CIUIIKOM OOJIBIIINM WA BBOIUTH-
csl TakuM 00pa3om, 4ToObl OTBEpCTHE B TPYOKe OjoKMpoBaiock. B aToMm ciydae
OKOIIIKM MOT'YT MOKpBIBaTbCs KOHJeHcaToM. Kpome Toro, Oosbiinoi oo0bem 06pas-
1a TpeOyeT HempueMaeMo OOJIBIIOr0 BPEMEHHU CYIIKH, a TAaKKe MPUBOJUT K XY/I-
et Bocripon3BoguMocTH. [Ipu ucnonb3oBanuu rpadutoBoil miatGopmel 00JIb-
10 00BbEM JI03UPYEMOTO 00pa3iia MOKET MPUBECTHU K €0 MOTEPSIM MPU CTEKAaHUU
¢ mnatdopmbel. Hanbonee moaxomsmum sBisgercs oobem oOpaszma 10-20 Mk
['paduroBas meusr ¢ nmuponuTuueckor miatGopmoit TpeOyeT ucronbp3oBaHus 60-
Jiee BBICOKOWM TeMIIepaTyphbl CYIIIKH, YeM IMPHU JO3UPOBAHHH O0pa3lla Ha CTEHKY
meYu, T.K. TeMreparypa miatGopmMbl HIKE TeMIIepaTypbl CTeHKH neun. Ha craguun
CYIIIKH BCEr/ia A0JKEH MPOMYCKAThCs 3allIUTHBIN Ta3 ¢ MaKCUMaIbHON CKOPOCTHIO
TUTSL YAQJICHHS TIPOAYKTOB CYIITKH WU TTUPOJIN3A.

Cragus mupoynza (WU O30JICHUS, WU PaA3JIOKEHHUs) HeoOXoauma Jist
JanbHENIero y1ajeHus KOMIIOHEHTOB MaTpHUIlbl 00pa3lia 10 CTaJlui aTOMU3AINY.
KOMITOHEHTBI MaTpHUIIBI MOTYT UCTIAPATHCS WIIA pasjiaraThCs IPH HArPEBaHUU. JTO
MOXKET PUBOJIUTH K (POHOBOMY (HECEIEKTUBHOMY) MOTJIOIIEHHUIO BCIEICTBUE MO-
JIEKYJISIPHOTO TMOTJIOIICHHsT 00pa3la WM paccesiHus CBeTa Ha YaCTHUYKaX BEIIECT-
Ba. [loaToMy HE0OXOIMMO Kak MOKHO TOJHEE YJIAIUTh MATPUILy Mepes cTaauen
aTOMM3AIMY C MUHUMAJILHBIMU TIOTEPSIMU OfpeiesiieMoro anieMenta. C ynaneHu-
€M MaTpuIllbl Ha CTaJUU IMUPOJIM3a XUMHUYECKHE MOMEXHU TaKKE YMEHbIIAIOTCS.
JIJisT HEKOTOPBIX MPOCTHIX 00pa3loB TpeOyeTcss MUHUMAaIbHAS CTaJus MUPOJIHU3A
WM OHA BOOOIIE MOXXET OTCYTCTBOBaThb, B TO BPEMs KOTJa JIpyrue oOpasilbl CO
CIOXHBIMH ~ MaTpUIlaMH  TPEOYIOT TIATEIHHOTO BBIOOpA  TEMIIEpaTypHO-
BPEMEHHBIX TapaMeTpoB 3TOH cTaauu. Kak W mis cTaguu CyIIKd, aTOMHU3aTop
MOXKET MPOTrPaMMHUPOBATHCS Ha HECKOJBKO IIaroB ¢ pa3HbIMH TeMIIepaTypaMu Ha
CTaJuu MUPOJIM3a B 3aBUCUMOCTH OT CJIOXKHOCTH 0Opa3ua. Temreparypa nuposu-
3a BBIOMpAETCS U3 AKCIEPUMEHTAIBHON 3aBUCUMOCTH aTOMHOTO TOTJIOIICHUS HC-
CJIEyeMOro 3JIEMEHTa OT TeMIlepaTypbl Ha CTaJAUM MHUPOJU3a NMpU (HUKCUPOBAH-
HBIX TeMIIepaTypax JIpyrux craauii. Tak Kak Ie/IbI0 MUPOJIU3a SBISICTCS MUHUMU-
3arusi (poHa, BRIOMPAIOT MAKCUMaJIbHO BO3MOXKHYIO TEMIIEpaTypy MUPOJIU3a, IPU
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KOTOpOH emié He HaOMroAaeTcsl MoTeph COCIMHEHUM OMpeeNsieMbIX 3JIEMEHTOB.
Ecnu gake mpu MCNoNb30BaHUM MaKCUMAaJIbHOM TeMIIepaTypbl MUPOJIH3a BEIUYH-
HA HECEJIEKTUBHOI'O MOTJIOLIEHUS OCTAeTCs CIUIIKOM OOJIBIION IS TOJHOM ee
KOPPEKIMU, TO CJEIyeT MCIOJIb30BaTh XUMHUYECKYI0 MOAUQUKaLUI0 o0pasla.
Xumuueckass MoauduKaius oopas3a BO MHOTUX aHATUTHYECKUX CUTYalHUsIX TO-
3BOJIIET A (PEKTUBHO pa3/IeuTh MUKKA aHaIuTa U GoHa. B HEKOTOPBIX aHAIM3ax
3HAYNTEIhbHOE (H)OHOBOE TIOTJIONICHUE TOSBIISIETCS y)KE TIOCIIe CUTHAJIa aHanuTa. B
ATOM CiIy4dae MaTpHIla MOXKET OBITh XMMUYECKH MOJIU(DHUIIMPOBAaHA C IEIBIO TO-
HUKEHUST TEMIIEPATyPhl aTOMHU3AIMN AHAJIWTA M TIOJYUYCHUS JIYUIIIeTo Pa3eCHHs
MMUKOB aTOMHOTO W (pOHOBOTrO morjiomieHus. [Ipu ncrnonp3oBaHUM MUPOIUTHYE-
CKOH MIaTdOopMbl TeMIIepaTypa MUPOIU3a JOHKHA OBITH BBIIIE, YEM TPU TTHUPOIIH-
3e co creHkH neun (00brano Ha 100-200 °C).

B uneane cragus nuponnsa T0DKHA yAATISATh BCE KOMIOHEHTHI MATPHUIIBI U
OCTaBJIATh TOJBKO OMpEACTSIEMbI DJIEMEHT, KOTOPHI Ha CTaJud aTOMH3AINH
JIOJDKCH J1aTh €IWHCTBEHHBIM MHUK. OJHAKO HEKOTOPBIE 00Opaslbl COIEp:KaT KOM-
MOHEHTHI, KOTOPbIE UMEIOT OJMHAKOBYIO C OMPEACIIEMbIM JIEMEHTOM JIETYy4eCTh.
OTH KOMITIOHEHTHI MOTYT BbI3BaTh 3HAUMTENbHbIE (PU3MUECKHE U XUMUYECKUE TO-
MEXH, KOTOpbI€ B OOJBIIMHCTBE CIIy4aeB MOTYT OBbITh YMEHBIICHBI UM YCTPAHEHbI
HCIOJIb30BAaHUEM:

— 3eeMaHOBCKOM KOppeKIuu GoHa;

— XUMHUYECKOW Moaudukaum oopasia;

— METOJla CTaHAAPTHBIX I00ABOK;

— pazbaBieHus;

— ONTHMAJIBHBIX TEMIIEPATyp U BPEMEH IIaroB Ha CTAIUU MTUPOJIU3A.

TemmepaTypa cTaguu aTOMHU3allMd U CKOPOCTh HarpeBa aTOMH3aTopa Ha
ATOW CTAJNH BIUSIOT Ha YyBCTBUTEIBHOCTh ONpesencHus. V3MeHeHne BeTMauHb
a0COpPOLIMOHHOCTH B 3aBUCUMOCTH OT TEMIIEpaTypbl aTOMHU3ALMHU ISl JIETKO —,
CpeqHe — U TPYIAHOJETYYHX METauIoB (KaJMUH, Meb W BaHAIWN) MOKa3aHbl Ha
puc. 5.5.

0,8 —
Ilux  mormo-

[IEHNS

I I I I I
500 1000 1500 2000 2500 3000 ¢ °C
2

Pucynok 5.5 — BimsiHue teMneparypbl aTOMU3alUU HA BEJIMYMHY aHAJIU-
tudeckoro curtana Cd(1), Cu(2), V(3)
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OObIYHO onTHUMAaNbHAsE TeMIlepaTypa JUisl 2JEMEHTOB B BOAHOM MaTpule
WIH B MaTpHIIE, COCTOSALIEN M3 MUHEPAIbHBIX KUCIIOT, 10JKHA ObITh MUHUMAJIb-
HOW TeMIlepaTypoH, Aaroliell MAaKCUMaJIbHBIA CUTHAJI, T.K. BpPEMsI )KU3HU TpaduTo-
BbIX TPYyOOK IpPH KCIIOJIb30BAHUU OOJee HU3KUX TeMmIeparyp npoisieBaercs. M3
puc. 5.5 BUAHO, YTO 3THU ONTUMAJIbHbIE TEMIEpPaTypbl PaBHbI MPUOIUZUTEIHHO
1300 °C ms Cd, 2100 °C g Cu m 2700 °C nns V. BennuuHa aHAIMTHYECKOTO
CUTHAJIa HE YBEJIMYMBAETCS C MOBBIIIEHUEM TEMIIEPATyphl, T.K. CKOPOCTh MOTEPD
aTOMHBIX IIAPOB M3 aTOMHU3ATOpa TaKXKe€ YBEIMYHMBAETCS C POCTOM TEMIIEpATYypPHhI.
[Torepu aTOMHBIX TAPOB MPOUCXOIAT U3-3a AUPPY3UH, KOHBEKIIUU U PACIIMPEHUS
raza B aromusarope. CKOpoCTh yJaleHus aTOMHOTO Tapa u3 rpadutoBoil TpyOKu
BcaeAcTBUE TU(DPy3Un YBETUUMBAECTCS C TOBBILIEHUEM TEMIIEPATYPBI M3-3a pOCTa
xkoohdurmenta quddysuu D: D ~ t7, rae mokasarenb CTEIEHH M HU3MEHSETCS B
npenenax oT 1,5 1o 2. CKopoCcTh pacHIMPEHHs] aTOMHOTO I1apa TAKXKE yBEIUYUBa-
€TCs ¢ TeMIIepaTypoi. Bellie onpeneneH ol TeMIepaTrypsl YBEJINYEHUE CKOPOCTH
aTOMU3ALMM aHAJIWTa yXe He MpeobiasaeT HaJ| yBEJIWYEHHEM CKOPOCTH yXoJa
aTOMOB M3 onThyeckoro mytu. OJTHaKo B T€X CIydasx, KOrja MaTpuia MajoJeTy-
4a, O0Jiee BbICOKAsi TEMIIEpAaTypa aTOMU3ALUA MOKET ObITh HEOOXO0AUMa ISl TOTO,
4yTO OBbI MPOJYKTHl MAaTPUILIbI HE HAKAIUIMBAINUCh B aToMu3arope. Hanpumep, Tem-
neparypa aromuzanun kaamus 1300 °C MokeT OBITh CIHIIKOM HU3KOM IS yia-
JIEHUSl U3 TE€YM OCTAaTKOB MaTpPHII MOPCKOM BOJbI, JJII KOTOpOM HeoOXoauma
temmeparypa 2000 °C nnum Bbime. Bpemst atromusanuu 00BIYHO yCTaHABIUBACTCS
KaK MHHHMaJIbHOE BpeMs, HEOOXOAMMOE ISl MOJIHOIO MCHApeHHs] U yJajdeHUs
aHaJIMTA U MATPUILIbl U3 aTOMU3ATOpa. 3a 3TO BpEMs CUTHAJ JOJKEH BO3BPATUTHCS
Ha HyJIeBYIO (0a30BYIO) JIMHUIO. DTOT BPEMEHHOW MHTEPBAJ MOXKET ObITh YMEHbB-
eH Onaronapsi yBEJIMYEHMIO CKOPOCTH MPONYCKaHWs MHEPTHOTO Tra3a Ha 3TOM
ctaguu. JlJi1 HEKOTOPBIX TPYJHOJETYUMX METAIOB, TakuX, kak V, Ti, Mo, u tem-
neparypa U BpeMs aTOMU3ALMU SBJISIIOTCS BaKHBIMHU IapaMeTpaMu JJIsi MUHUMMU-
3auuu 3¢ dexToB namsatu. Eciu onpenensiemMblii MeTalll HE TIOJHOCTBIO UCTIApSET-
Csl M yJlalsieTcs B TEUYEHHUE CTAIWU aTOMU3ALMM, CUTHAJI MPH MOCIEAYIOIENH aTo-
Mu3aluu yBeianuuBaercs. [Ipo0ieMbl naMsaTu npeooeBaloTCs YBEITUUSHUEM JIU-
00 Temmeparypbl aTOMHU3alUH, JUOO BPEMEHU, WM OOOMX YKa3aHHBIX NapameT-
poB. [IMK aHaTUTUYECKOTO CUTHaja 3aBUCUT TaKXe OT CKOPOCTH MOJAbEMa TEMIIE-
patypsl. BausiHre ckopocTu HapacTaHus TemrepaTypsl Ha muk curaainoB Cd, Cu u
V nokazano Ha puc. 5.6. [{ns kagMusi CUTHA JOCTUTAET HACKIIEHHS (TIJIaTO) MPU
ckopoct npuban3uTensHo 1000 K-c'!, B TO BpeMs Kak MeIb U BaHAIUM MOKA3bI-
BalOT 00Jiee BBICOKYIO YyBCTBUTEIBLHOCTh MPU MaKCUMAaJIbHON CKOPOCTH MOJbeMa
temnepaTypsl (2000 K-c™'). OObIYHO U1 MEHEE JIETYYHX METAUIOB HanboJjee 3Ha-
YUTEIbHOE YJIYUIIEHWE YYBCTBUTEIBHOCTH HaOIIOAAeTcd IpU MAaKCUMAaJIbHOM
CKOPOCTH IoAbeMa Temneparypsl. Hu3kas cKkOpocTs pa3orpeBa aTOMH3aTOpa sB-
JETCSL PUYMHON OCHOBHOI'O HEJOCTATKA I0JIy3aKPBITBIX ATOMU3aTOPOB — HEU30-
TepMUYHOCTH. CUTHAJl ONPENEsieMOro IEMEHTA MOSBISIETCS. B TOT MOMEHT, KO-
rja TemmepaTtypa rpauTOBOro aTOMU3aTOpa U3MEHSETCS.
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Pucynok 5.6 — BiustHue ckopoctu pocTta TeMiepaTypsl Ha CTaAul aTOMHU-
3alMK Ha BeNnuuHy aHanutuyeckoro curana Cd (1), Cu (2), V (3)

JIyist kamMusi CUTHAJ JOCTUTAET HACHIIIEHUS (IJIaTO) TIPH CKOPOCTH TPH-
omusurensHo 1000 K¢, B TO BpeMs Kak Meb U BaHAIWH MOKA3bIBAIOT 0OJIEE BbI-
COKYI0 YyBCTBUTEJIBHOCTh MPH MAaKCUMAJIbHOW CKOPOCTH IMOIbEMa TEMIIEPaTypPhI
(2000 K-c'). OObIUHO [UIs MEHee JIETYYUuX METAUIOB HauOOJIee 3HAYUTEIHLHOE
VIy4IICHHEe YYBCTBUTEIHHOCTH HAOMIOAACTCS TMPU MaKCHUMAJIbHOH CKOPOCTH
nmoabeMa TeMreparypbl. Huskas ckopocTh pa3orpeBa aToMHu3aTopa SIBISICTCS MPH-
YMHOW OCHOBHOI'O HEIOCTATKa TOJY3aKPBhITBIX aTOMHU3aTOPOB — HEM30TEPMHYHO-
cti. CUTHAII OTPEICIAEMOTO DJIEMEHTA TMOSABIISICTCS B TOT MOMEHT, KOTJa TeMIIe-
paTypa rpaduTOBOr0O aTOMHU3aTOpa H3MEHSCTCH.

HaunbGonee ynayHoil MONBITKOM YCTPaHUTh HEU3OTEPMUYHOCTH I€YH, a
TaK)kK€ MHOTOYHCIICHHbIE TIOMEXU U BIUSHUSA, SIBISICTCS npeuioxkeHHas Y. CnaBu-
HBIM KOHIIETIIUS TEMITepaTypHO—CTAOMIM3UPOBAHHOM Meun ¢ maaTdopmoit (stable
temperature platform furnace — STPF), koTopas npeanonaraer:

1. MakcumansHo ObicTphIil HarpeB meun (> 3000 K/c), koTopsbrit 1aeT Bo3-
MO>XXHOCTh 00pas3ily UCMApPUTHCS TaK OBICTPO, YTO BCE aTOMBI OIMPENEIIEMOro dJie-
MEHTa MPOObl YyYaCTBYIOT B 0Opa30BaHMM aHAIMTHYECKOTO CHUTHAJIa JIO0 Hadaja
npolecca yajaeHusl aToMOB U3 TpyOku B pesynbrare quddysuu. s HeKOTOpbIX
aHAJIM30B MaKCHUMaJllbHas CKOPOCTh MOJabheMa Temmeparypsl He TpeOyercs. Ha-
nmpuMep, Korjga MUK abcopOIMOHHOCTH TIEPEKPHIBACTCS C MUKOM (POHOBOTO TIO-
TJIOIICHMS, YBEIMYCHUE CKOPOCTH YXYIIIACT pa3AelieHHe 3THX IMHKOB, YTO TIO-
BIIUSICT Ha TOYHOCTh M3MEPEHHH CKOPPEKTUPOBAHHOW aOCOPOIIMOHHOCTH H, Clie-
JI0BAaTEIbHO, HA MPABUIILHOCTh pe3yJIbTaTa aHAIM3A.

2. OToi Xe 1enH CIYXKUT HCIapeHue BelllecTBa ¢ rpadurtoBoi miuardop-
Mbl. TeMmriepaTypa miatr@opMbl, KOTOpas HArpeBaeTCs B OCHOBHOM PaJHAIlMOHHO,
otcTtaetr oT pazorpea neun Ha 400-500 K. T.e. ucnapenue u aromusanus ornpese-
JSIEMOTO DJIEMEHTA OCYIIECTBIISIOTCS B M30TEPMUUYECKUX YCIOBHUAX, KOTNa IeYb
Harpera 70 3aJaHHOW TemriepaTypshl. [Ipu ucnonb3oBaHUU TIATHOPMBI CIETYET
MPUMEHSATh MAKCUMAJIbHYIO CKOPOCTh Harpena. JKenaTeslbHO TakKe UCIOJIb30BaTh
U KaK MOKHO 0oJiee BBICOKYIO TeMIIepaTypy aToMu3anuu. Bo-mepBbix, MUK CTa-

142



HOBUTCSL 00Jiee Y3KMM C YBEJIMYEHUEM TeMIEepaTyphl, U, BO-BTOPBIX, MpU Oojee
BBICOKMX TEMIIEpaTypax XMMHUUYECKUE MMOMEXU TAaKXKE yMEHbIIATCA. TemMrepary-
pa aToMHU3alMK JOJIKHA ObITh HACTOJBKO BBICOKOM, YTOOBI CHTHAJ MOSBISJICS B
TaKOW MEPHUOJI TeMIEPaTypHOro MpoQuiisi, KOrja TeMIeparypa MoAaepKUBacTCs
ITOCTOSIHHOM.

N30TepMUYHOCTH CIIOCOOCTBYET TaK)K€ BBEJICHUE TIEpe]l CTaJuei aTOMH-
3alMM €Ile OJHOrO JIONOJHUTEIBHOIO I1ara — YCKOPEHHOI'0 pa3orpeBa Medu Mnpu
MaKCHMaJbHOW CKOpOCTH HarpeBa. Tak, Ha cmekTpodoromeTpax tuma CaTypH
CTajiisl YCKOPEHHOTO pa3orpeBa MOXeT UMeTh Temieparypy 10 4000 °C, oxHako
POJOJKUTENBHOCTD 3TOM CTAaAUM JOJDKHA OBITh Majla C TEM, YTOOBI HE MPOUCXO-
JIAJIa YaCTUYHAsI aTOMU3ALMs YJIEMEHTA U €T0 MOTEPHU 3a CUET yieTyunBaHus. Ha-
npumep, npu ompeaeneHun (ochopa YCKOPEHHBIM pa3orpeB MPOBOAAT IPHU
3900 °C B Teuennu 0,65 ¢ ¢ OMHOBPEMEHHBIM MIPEKPAIICHUEM [TOaYH aproHa.

3. UnrterpupoBanue abcopOUMOHHOrO curHana. MmnynbcHbI XapakTep
MOCTYIJIEHUS aTOMHBIX IMApOB B MOTJIOMIATEIBHYIO SUEHUKY ompenessieT gopmy
CUTHAJIA, U MIOTOMY CHUTHAJ MPH 3alKCH Ha MOABUKHYIO JIEHTY UMeeT (hopmy Mu-

t2
Ka C OJHUM WJIM HECKOJBKMMHU MakcuMymaMu. [linomans Q= .[A(t)dt , OTpaHUYCH-
tl

Hasi KPUBOM, OMpeNemseTcss aOCONIOTHOW BEIMYMHON CONEp)KaHHs JJIEMEHTA B
aHAM3UpPyeMoM o0beMe pacTBopa. Eciu 3amuch muka UMeeT Majlyr HIUPHHY |
OJIHY BEpIIMHY, TO aHAIMTUYECKUM CUTHAJIOM MOXKET CIYKUTh BbICOTa muKa. Jljis
HEKOTOPBIX 3JIEMEHTOB UYBCTBUTEJIHHOCTh M3MEPEHUN MO BBICOTE MHUKA Jy4lle,
yeM 1o rionaan. OcoOeHHO 3TO XapaKTepHO Ajisl Oojee JeTyYuX MEeTalioB, Ta-
kux kak Cd u Pb, umeronux y3kue nuku. Y 3JeMEHTOB, TPEOYIOIIMX 00Jiee BhICO-
KHX TeMIlepaTyp aToMu3aluu, Hanpumep, P33, nuku Oosee Mupokue, U 4yBCTBHU-
TEJILHOCTh OIpEJeCHUs MO IJIOMIAJN MUKAa MOXET ObITh CpaBHMMa C YYBCTBU-
TEJILHOCTBIO TIO BHICOTE MUKA.

4. TlpexpanieHue TpoaAyBKHM 3aIMTHOIO ra3a Ha CTaAuu aTOMHU3ALMU IIPO-
Obl, TaK HA3bIBAEMBI peXUM «ra3-cTom». MHepTHbIN ra3 (yaiie Bcero apros) oo-
JyBa€T BHYTPEHHIOK U BHEIIHIOKO MOBEPXHOCTh MEYH, CO3/1aBasi HHEPTHYIO aTMO-
chepy. D10 mpeoxpaHseT Marepuan nedu (rpadurt) or OKUCIECHHs, TPEIOTBpa-
[[aeT MpoTeKaHWe MOOOYHBIX peaKkluii BO BpeMs HarpeBa, ClIOCOOCTBYET BBIHOCY
U3 TOJOCTH TE€YM MPOJYKTOB PA3JIOKEHUS HAa CTAAUU HCHAPEHUs U MUPOJIU3a, a
TaKkK€ aTOMU3UPOBAHHOM MPOOBI HA cTaauu aTomu3anuu. [IpekpamieHue mporyB-
KM aproHa 4epe3 BHYTPEHHIOIO TMOJIOCTh TPaUTOBOM MEUM BENET K YBEIHMUCHUIO
BpEMEHU MPeObIBAaHUS aTOMOB B PEAKIIMOHHOMN 30HE, K COKpaieHnto auddy3noH-
HBIX TOTEPh U K 3HAYUTEIHHOMY YBEIMYCHHUIO UYBCTBUTEIBHOCTH OMPEACIICHHUS.
BapeupoBaHue pacxoja MHEPTHOrO ra3a, Kak 3TO MPEyCMOTPEHO B CHEKTPOdo-
tomerpe CarypH, MO3BOJISIET U3MEHSTh UYBCTBUTEIBLHOCTh M OMpPEC/IATh 3HAUU-
TEJIBHO pa3MyarouIMecss KOJIMYecTBa MCCIEAYyeMOro 3JeMEHTa, He mpuleras K
pa3zbaBneHuto pactBopoB. Hampumep, 00K ymnpaBiieHHs HarpeBOM 3JEKTPOTEp-
MHUYECKOI0 aTOMH3aTOpa IMO3BOJISAET 337aBaTh CIEAYIOUIME TUANa3oHbl pacxoja
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aproHa BO BHYTpeHHeW mnojoctu meuu: 0 («ras-crom»); 0-0,6 n/gac («ras-
MUHUMYMY); 3-4,5 n/4ac; 5-7,5 n/gac; 8-10 n/4gac.

5. Ucnonb3oBanue mneyeil U miatrgopM ¢ MUPOYIIIEPOJHBIM MOKPBHITHEM.
[Tuponutndeckuii rpaduT HAHOCUTCS Ha I'PadUTOBYIO MeYbh M3 Ta30BoW (a3bl B
pe3yJbTaTe TEPMUYECKOT0 Pa3loKeHUs1 NpocToro yriaerogopoaa merana CHy npu
HU3KOM JIaBJIEHUU. JTO BBINOJIHAECTCS HATPEBAHUEM II€YM B MIPUCYTCTBUU aprOHO-
MetaHoBoi cmecH. ITpu Temmeparype 2200 °C mMetaH pasjaraercsi © Ha OCHOBHOM
rpaduTe MOSBISETCS TJIOTHBIA TBEPJBIN CIION MUPOJMTHYECKOTO YTIIeposia TOJI-
nHOM npuomm3uTenbHo 30 MxM. Kpuctamibl mupoauTudeckoro rpadura mexar
MPAKTUYECKU MapaJljIeIbHO MOBEPXHOCTU U OYEHb aHU3OTPOIHBI KAaK 3JIEKTpUUe-
CKH, TaK U TepMudecku. KauyecTBO TaKOro MOKPHITUS LETUKOM 3aBUCUT OT TaKUX
napaMeTpoB, Kak MOTOK rasa, TeMrneparypa, JUIMTeJIbHOCTh Ipoiiecca U T.1.

[IpenmMyiiecTBa MUPOJUTHUECKOTO MOKPHITUS TpadUTOBBIX MEuUel clie-
JyIOIINeE:

a) OHO MEHEE MPOHUIIAEMO JIJIsI TOPSIYMX Fa30B U aTOMOB;

0) nmpeaoTBpaIiaeT OKUCICHHUE U pa3pyllieHue rpadura;

B) XMMHYECKH WHEPTHO, CHUKAET BEPOATHOCTH OOpa30BaHMs KapOHUIOB TaKUMHU
anemeHTamH, kak V, Tiu ap.;

I') YBEJIUYHUBAET CPOK CITYKObI MeUu;

1) YBEIMYMBAET aHAIUTUYECKYIO YyBCTBUTEIBHOCTD JJIsl HEKOTOPBIX JIEMEHTOB.

6. Ucnonp3oBaHrne XUMUYECKUX MOJIU(PUKATOPOB.

IIpu cocraBieHun NporpaMm HarpeBa 3JIEKTPOTEPMUUYECKUX aTOMHU3ATO-
POB cieayeT YUUTHIBaTh A3G(HEKT 3aCBEUNBAHUS OT 1Meur. IHTEHCUBHOCTD U3ITyde-
HUS OT MEeYU MOXET OBbITh ONMKMCaHA YPAaBHEHHEM U3JIy4EHUs a0COIIOTHO YEPHOTO
Tena, o0lass MHTEHCUBHOCTh KOTOPOTO YBEJIUYUBAETCS C TEMIIEpPaTypoi Mo 3aKo-
Hy Credana-bonbiMana, B TO BpeMsl Kak JJIMHA BOJIHbI, HA KOTOPOW MHTEHCHUB-
HOCTh MaKCUMaJIbHa, TOXKE 3aBUCHT OT TemIeparypsl. Temmeparypa neun 2700 °C
COOTBETCTBYET MAaKCUMYMY M3JIyuyeHUs Ha JjuHe BoJHbI 1000 M. OniHaKo, B CBSI-
3M C TE€M, YTO OTKJIUK (POTOYMHOXKHUTENS, TAKXKE KaK U MPOIyCKaHUE MOHOXpOMa-
TOpa, 3aBUCUT OT JJIMHBI BOJIHBI U3TYyYEHUS, TO COUETAHHE ITUX JABYX (PaKTOPOB B
pe3yibTaTe MPUBOJUT K TOMY, 4TO ()OTOTOK, BOZHUKAIOIIUN B (HOTOYMHOXKHTEIIE,
COOTBETCTBYET MPHUOIMU3UTENBHO JIMHE BOJMHBI 500 HM MpU Temmeparype nedu
2700 °C (puc. 5.7).

ATomuzaTtop Bcerja JOJDKEH ObITh YCTAHOBJIEH TaKUM 00pa3oM, YTOOBI
MUHUMAJIbHOE KOJUYECTBO H3JIYYCHHUS OT IEUYU JOCTUTAIO0 (POTOYMHOKUTES.
OOGBIYHO ATO MOKET OBITh TOCTUTHYTO PETYJIMPOBKOMN BHICOTHI IEYU TaKUM OOpa-
30M, YTOOBI Yepe3 Hee MPOXOANIO MAKCUMAIIBHOE KOJIMYECTBO CBETA OT JIAMIIBI C
MoJibiM KaToaoM. KpoMe Toro, MokeT ObITh UCIIOJIb30BAHA YMEHbIIICHHAsI BHICOTA
IIeJIA B TEX CIIy4asix, Koraa 3To Tpedyercs. [lepen Hagaiom aHanm3a HEOOX0IUMO
MPOBECTU XOJIOCTON 00xur neuu (6e3 oOpasia) Jjsi TOro, 4Toobl OBITH YBEpPEH-
HBIM, YTO HET CMEIICHUS HYJIEBON JIMHUU BCIICICTBUE IMUCCUH.

B oOmiem ciaydae usiydeHue Me4Yu PeKO MPENCTaBISIET MpoOsiemMy, U OHO
MOXET BO3HHMKHYThH JIMIIb ISl 3JIEMEHTOB, TEMIEpaTypa aTOMHU3alUUd KOTOPBIX
BBICOKA, @ MHTCHCUBHOCTh M3JTy4YCHUS JIaMITbl CPAaBHUTEJILHO HU3KA.
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PucyHok 5.7 — 3aBUCMMOCTh HHTEHCHBHOCTH U3JIydeHus redn mpu 2700 °C
OT JYTUHBI BOJTHBI
[Ipu Takux oOCTOATENbCTBAX MHTEHCUBHOCTh MCTOYHMKA CBETA JIOJKHA
OBITh YBEIWYEHA M0 OTHOLIEHUIO K MHTEHCUBHOCTH AMHUCCHH TPYOKH. DTO MOMKHO
JIOCTHYb HECKOJIBLKHMH CTIOCO0aMMU:
— yBeJIWYEHUEM paboyvero TOKa JaMIIbl C TTOJIbIM KaTO0M;
— HCHOJIb30BaHUEM CHEIUATBHON YMEHBIIEHHOM BBICOTHI IIETH;
— YMEHBIIIEHHEM CHEKTPAIbHOW HIUPUHBI LIENH;
— YMEHBIIIEHUEM TeMIIepaTypbl AaTOMU3ALIUH.

5.7. MoaucdnumpoBaHme rpaduToBbLIX NeYen TyronsiaBKMMun Kapoum-
Aamum

[Tponenypa moaudunmpoBanus rpa@uToBOl MeUd COCAUHEHUSMHU TYIO-
MJIaBKUX KapOWJIOB AJIEMEHTOB 3aHMMAET MPOMEKYTOYHOE TMOJIOKEHHE B METOJIE
TeMIIepaTypHO-CTAOUITU3UPOBAHHOM NIeun ¢ miatdopmoil. Bo-niepBbix, kapOumaHoe
MOKPBITUE YACTUYHO BBIMOIHIET T€ K€ (PYHKIUHU, YTO W MUpoJUTHYEecKoe. Bo-
BTOPBIX, MPOUCXOJUT XUMUYECKOE MOAUPUIIMPOBaHUE (M3MEHEHHE) TTOBEPXHOCTH
neyn. Takoe MOKPBITHE YaCTO HA3bIBAIOT «IOCTOSHHBIM XMMHUYECKUM MOJUpHKa-
TopoM».  OO30pHBIE  CTaThu MO  JAaHHOW  mpobOieme  OomyOJUKOBaHbI
A.B.BonbiHCKHM.

Cpeny MHOTOYHUCICHHBIX (PU3NYECKUX CBOMCTB KapOHWIOB, YUHUTHIBAEMBIX
MIpU BBIOOpE MOKPHITUS, HAUOOJIbIIIEE 3HAYCHUE UMEIOT UX TEeMIIepaTyphl IJIaBJie-
HUS ¥ KuneHus (tabi. 5.9).
Tabnuma 5.9 — Temnepatypbl MIaBJICHUS U KUIIEHUS HEKOTOPHIX KapOuI0B

Kap6ui 0TgMHepaTypa IIJIABJICHUS, 0Té:MnepaTypa KUIICHUS,
BeC, pacnag >2100 -

B,C 2350 ~3500

CaC, — 2300

Cr:G, 1890 3800

HfC ~ 3890 -
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MoC 2692 —
NbC 3500 —
SiC ~ 2700, cy6u1., pacnan —
TaC 3880 5500
ThC 2655 —
TiC 3140 4820
WC 2870 6000
UG, 2350 — 2400 4370
VC 2810 3900
ZrC 3540 5100

HanmMenee TyroraBkuil kapOuJl, UCHONb3yeMbIH i Lened (yTepoBKH,
kapoux 6opa B4C (2350 °C). Haubonee repmocroiikue — TaC, HfC u ZrC — ume-
10T TeMmeparypy IwiaBjienus cBbime 3500 °C. HckimounTenbHas TepMHYECKas
CTaOMIILHOCTh KapOUI0B MEPEXOIHBIX METAIJIOB MOKET MPUBOJIUTH K HEBEPHOMY
BBIBOJIY 00 UX XMMHUYECKOW MHEPTHOCTHU B neun. HekoTopsie TyromiaBkue kapou-
Ibl 0071a/1al0T JTOCTaTOYHO CHJIBHBIMM BOCCTAHOBHUTEIbHBIMU CBOMcCTBamHu. Ha-
npumep, nipu miaBinenun kap6oug VC BoccranaBiauBaer Fe(Ill), xapobunm Mo,C
BoccraHaBiauBaeT Ag(Il). Byayun oueHb CTOMKMMM IIPU HArpeBAaHUM B MHEPTHOMU
atMocgepe, TyTroIuiaBKue KapOuIbpl JOCTaTOUYHO XOPOIIO OKHUCISIOTCS KHCIIOpPO-
JIOM WU JAPYTUMHU OKUCIHUTEISIMU. AKTUBHBIM YTIIEpO]] HAUWHAET PearupoBaTh C
9uCTBIM KUCTopoaoM mipu 420 — 490 °C, a rpadurossii mopomrok — mpu 780 °C. B
stux ke ycnoBusx ZrC, VC, NbC, WC, TaC u HfC pearupytor ¢ Kuciopoaom
pu Temmeparypax 510 — 530 °C, 550 — 570 °C, 590 — 610 °C, 650 — 680 °C, 720 —
740 °C u 750 — 770 °C, COOTBETCTBEHHO. Y CTOMYMUBOCTD MOPOIIKa KapOUIOB K
xuciopony ysennuupaerca B pagy VC, TiC, NbC, B4,C, WC, ZrC, TaC, Cr,Cy n
SiC. T.e. kapbua kpeMHUsI — HanboJjee CTAOUIBLHBIA K OKUCICHUIO CPEeIn KapOu-
JIOB, UCTIOJB3YEMBIX JIJIsl MOAU(PUKAIKU FPAPUTOBBIX TPYOOK.

Cy1miecTBYIOT JABe Kiaccupukamuu KapOua-MoaudUIIMPOBaHHBIX Tpadu-
TOBBIX TPYOOK.

ITepBrIii crmoco6 KiaccupuKaIid OCHOBAH Ha CTPYKType 0Opa3yromerocs
KapOUIHOTO CIIOS:

1. I'paduroBbie TpyOKu, MOAUPHUIIMPOBAHHBIC MMyTEM (PU3UUECKOTO HAHE-
ceHus mapoB. TBepAblid clI0il KapOuaa Ha WX MOBEPXHOCTHU MPEMATCTBYET B3aUMO-
JACMCTBUIO aHAIUTA U MaTpullbl ¢ rpadurom. Kak mpaBuio, Takue TpyOKH UMEIOT
OobIIoe BpeMsi )KM3HHU, UX MMOBEPXHOCTHAS aKTUBHOCTh 3HAYUTEIHLHO HUXKE, YeM
y OOBIYHBIX TPaUTOBBIX TPYOOK.

2. TpyOxu, o6paboTaHHbIe IpHU aTMOC(HEPHOM TABIECHUU PACTBOPAMH MO-
IUGUUIMPYIOHINX 3JE€MEHTOB, Ha IPa@UTOBON MOBEPXHOCTU KOTOPBIX MOAU(DHULIN-
PYIOIIME 3JIEMEHTHI paclpesesisiioTCsl B BUAE OCTPOBKOB COOTBETCTBYIOIIUX Kap-
O6unoB. B 3THX TpyOKax 4acTUYHO COXPAHAETCS KOHTAKT MEXKIY aHaJIU3UPyEMbIM
o0pasiom u rpaguTom.

3. I'paduroBbie TpyOKH, MOAU(PHUIIMPOBAHHBIC TP MOBBIIIEHHOM JaBJe-
HUW PacTBOpaMH (MJIM YUCTBIMH >KUJKUMHU COCAMHEHHSIMH) MOAUPUITUPYIOIINX
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AJIIEMEHTOB. DTH TPYOKHU 3aHUMAIOT MPOMEKYTOYHOE MOJIOKEHUE IO OTHOIICHUIO
K TpyOKaM mepBbIX ABYX TuUmoB. [locne omnpeaeneHHoN 00paOOTKU B ONTHUMAab-
HBIX YCIIOBHUSIX Ha MOBEPXHOCTH TPYOKH TakkKe BO3MOXKHO 0Opa3oBaHUE TBEPIOTO
KapOUJTHOTO CIIOSI.

Bropas knaccudukaiys ocHOBaHa Ha XUMHUYECKUX CBOMCTBaX MOAUDUIIN-
pyromux kapouaos. B cooTBeTcTBUM ¢ HUMH, KapOUI-MOAUGUIIMPOBAHHBIE TPYO-
KM JICJIAT Ha:

A. I'padutoBbie TpyOKH, MOIUPUITMPOBAHHBIE METAILIONOIOOHBIMU Kap-
ounamu TiC, ZrC, HfC, VC, MoC u WC. Dtu xapOubl 00jiee XUMUYCCKH aKTHB-
HBI, YeM MUPOJUTHYECKU Tpadut. B To e BpeMss OHM MOTYT CHUXATh aKTHB-
HOCTb 3JIEKTporpaduTa B HEKOTOPBIX PEAKLHUSAX.

b. I'paduroBbie TpyOKH, MOAU(DUIIMPOBAHHBIE METAIIONOAOOHBIMU Kap-
ounamu TaC u NbC. Otu nBa kapbuna 6osee yCTOMYMBBI K OKHCIEHUIO KHCIIOTa-
MU, YeM NUPOIUTHUECKUI rpaduT, U MPOSBISAIOT IPUMEPHO TAKYIO K€, KaK U I0-
CJICIHUH, CIIOCOOHOCTh B3aMMOJIEUCTBOBATH C KuciaopojaoM. KapOunabl TaHTaia u
HUOOMSI CHUXKAIOT aKTUBHOCTh T'paUTOBOM MOBEPXHOCTH B OONBIICH CTENEHH,
4yeM JIpyrue MeTauionoa00HbIe KapOu/Ibl.

B. I'paduroBbie TpyOku, Monu(UIIMPOBaHHbIE KOBAJIEHTHBIMU COEIMHE-
Husimu B4C u SiC. DTt kapOuIpl XapakTEepU3yIOTCS OUYE€Hb BHICOKOW XUMUYECKON
MHEPTHOCTHIO U MOTYT JHOO MOHMXKaTh aKTUBHOCTh IpaduTOBOM meuu, J1M00 He
OKa3bIBaTh Ha aKTUBHOCTH CYIIECTBEHHOI'O BIMSHHUSL.

I'. I'paduroBbie TpyOKH, MOAMGDUIIMPOBAHHBIC dJIEMEHTAMHU TPEThEH
rpynmsl (La, Th, Y). IloBepxHOCTHAst aKTUBHOCTB ATUX TPYOOK CUIILHO 3aBUCUT OT
MeToa MoAH(PUKaUUU. [ 'MIAPOIU3 COOTBETCTBYIOIIMX KapOHIOB B Hayaje Kaxo-
ro AHAJIMTUYECKOIO LIMKJIA BBI3BIBAET MOCTOSIHHOE pa3pylICHUE MEPBOHAYAIBHON
CTPYKTYpbI rpadutoBoii TpyOku. [Ipouecchl B Takux TpyOKax 3HAUMTEIHbHO OTJIH-
YaloTCs OT TAKOBBIX BO BCEX JIPYruxX TpyOKax, T.K. B 3TUX TpyOKax aHAIMTBl U
MaTpuia MOTYT B3aUMOJEHCTBOBATh C OKCUJAMU U TMAPOKCUIAMU MOAU(PUKATOpa
Ha CTaJAMSIX CYUIKU U nuposin3a. OOpa3oBaHUE CPABHUTEIBHO OONBIINX KOJIUYECTB
KapOuJia JlaHTaHa B TMpollecce AKcIulyartanuu La,0, +7C —2LaC, +3CO 3Hauu-

TeIhHO yBenuunBaeT KoHIeHTpamnuio CO B ra3oBoi (dasze.

CBeneHust 0 XUMHUYECKON (popme MOKpBITHI TpaduTOBON MEYH, XapakKTe-
PUCTHKE 00pPa3YIOIIETO CJIOSl U METOJMKE MOKPBITUS 000011eHb! B Ta0. 5.10.

OObIyHas mpoLeypa MOTyYeHUsI KapOUAHOTO MOKPBITUS IPH HOPMaJIb-
HOM JIaBJICHUH CBOJUTCS K UMIIPETHUPOBAHUIO (TIPOMUTHIBAHUIO) TPaPUTOBBIX
nevyei ¢ MUPOIUTUYECKUM MOKPBITUEM BOAHBIMU pacTBopamu cojneit Ta, W, Hf, Ti
B T€UEHHE 24 4acoB.

3areM rpaduTOBBIE TPYOKH CylIaT B CymmiabHoM 1mkady mpu 120 °C B Te-
4YeHUHU 12 4acoB M HECKOJIBKO pa3 OO0XKHUIarT YK€ B aTOMU3ATOpE MO OOBIYHOM
TpeXCTaAuNHHON (CyIIKa, MUPOIU3, aToMu3amus) nporpamme. M3 ta6mn. 5.10 Bua-
HO, YTO U3MEHEHMS ATOM METOJMKH MOKPBITUS KacaloTCs B OCHOBHOM XHMHYECKO-
ro COoCTaBa MPONHUTHIBAIOLIEIO pacTBOpa U  JUIMTEIBHOCTH  00paboOTKu.
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Ta6muma 5.10 — Kapbua-moauduiimpoBaHHOE MOKPHITHE IPadUTOBBIX TPYOOK

XuMHUYecKast
Mo nudurm-
jomme e Mertonuka Moauduka- | dopma Moaudu- | Pacnpenenenue MoauQUIMPYIOMIUX SJIEMEH- JN——
BIZHTH 105051 UPYIOIIHUX  JIe- | TOB MO IpaUTOBON MOBEPXHOCTHU ’
MEHTOB
OO6paboTka  TBEpIbIMHU Kysosues,
TBepablii cioii kapOuaoB TommuHoi 100 — 150 | K
Ta, Nb sanementoprannueckumu | TaC, NbC P poui H YSHETOB,
MKM CeepauHa,
COCAUHCHUAMU 1973
La, Zr, B, Si, | BBenenue auCKpeTHBIX MoC,, La(OH) ['paduroBbie TPYyOKH JOCTATOYHO OTHOPOIHO ﬁ/lir;?;tl‘fél d
X 3 )
V, Mo, Ba AJIMKBOT MOKPBITHI KapOu1000pa3yoMUMU dJIeMEHTaMHU Fisher, 1975
Ta u W pacnpenenensl no rpa@uToBOM IO-
O6paboTka Tmpu HOp- pactpei pad
: BEPXHOCTHU JIOCTATOYHO TOMOT'€HHO; CTPYKTypa | Ortner, Kan-
Ti, Ta, Hf, W | ManbHOM JaBICHHH B |— :
rpaduta He MeHseTcs; pacnpeaenenue Ti u Hf | tuscher, 1975
TeueHue 24 yacos
HEOAHOPOJHO
JIByxkpatHast o06paboTka TaC He MONMHOCTBHIO MOKPHIBAET MOBEPXHOCTD,
Ta Ipu TMOHWXEHHOM naB- | TaC OH paBHOMEPHO MPOHUKAET B TOJIILY rpaduro- | Zatka,1978
JICHUHU BOW CTEHKH
Havezov
TKa TpU TIOHU- ’
Zr Obpadotka np 0 ZrC — Russeva, Jor-
YKEHHOM JIaBJICHUU danov, 1979
G0a6 Ortner,
O6paboTka pu Schlemmer
CrpykTypa rpauTOBOM MOBEPXHOCTH OCTAECT- ’
W, Zr HOPMAJIbHOM  JIaBJICHUM | — PYKTYP pv(l) p Welz,
24 gaca Cs HCMSMCHHON Wegscheider,
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Fritzsche,

Ta OOGpaboTka cycreHsueit | Coenunenust Ta 00pa3yroT MJIOTHYIO CETKY Ha | Wegscheidr,
Ta(OH);s rpadHTOBOM MOBEPXHOCTH Knapp, Ortner,
1979
R OpHo-, nByKpatHas 00- Bo Bpemsi ucnosib3oBaHusi Si ucnapsieTcss u3 | .
S, Ti (8 e abotka mpu moHmkeH- | SiC eHTpa TpauUTOBOM Te4YM W OCelaeT Ha ee Driedger,
XJIOpHUIA) p p LieHtpa Tp A Seitz, 1979
HOM JaBJICHUH KOHIIaX
OO6paboTka He M3MEeHseT Tonorpaduu MOBEPXHO-
CTU. Zr pacrpenensercss B OCHOBHOM IO TIOBEpX- | _ .
V, Cr, Mo, | O6paborka mnpu Hop- B ocHoBHOM Z1O,, Pactiped P Vikrey, Buren,
7t Ta MATLHOM TABICHHI HACTIMHO — ZrC HOCTH «HOBOW» meuku. JIns «cTapbix» TPyOOK 1980
’ A KOHLICHTpalMs Zr Ha IOBEPXHOCTH COCTaBJIACT
okoJ10 50% o6mieit kormenTparmu (0,1 %)
OnHo-, nByKpatHas 00- . .
A0, ABYKP HepaBHomepnsbiii ¢ TpemmHamu cioit TaC;
paboTKa TpH MOHMKEH- Wabhab,
Ta, La, Zr — OOJIBIIIOE YHCIO TPEIIMH o0pa3yeTcs IoCIe hake :
HOM JIaBJICHUM B Teue- BTOPOI 060a60TKIL Chakrabarti,
Hue 24 Jacos P P 1981
TaC pacnpenesieH B OCHOBHOM B MHUKPOIIOpax i Ki-
JIByX-, NATHKpaTHas 00- Pactipest POTIOPaX | Takahashi, Ki
rpaduTa. YBeIUUeHNE BPEMCHH U (WIIM) KOJIH- | tahara, Hira-
Ta paboTka mpu mnoHmxkeH- | TaC -
yecTBa 00paboOTOK crocodcTByeT (hopmuposa- | bayashi, u ap.,
HOM J1aBJICHHUU 1981
HUto TBepAoro ciost TaC
Zr Ta V OnunokpartHast 00paboT- Ta pacnpenensercs mo NOBEPXHOCTH TOMO- | Vickrey, Har-
MZ) W ’ | Ka TOpU  HOPMAJIBHOM | — reHHo; Zr, W u Mo B OCHOBHOM TpyIIIAPYIOT- | Tison, Ra-
’ JaBJICHUU Cs B OTJICJIbHBIC YACTUIIBI melow, 1981
Hf 1) BBeieHHE AIUKBOT Benzo, Fraile,
2) nByxkpatHas 00paboTKa Hns mepBoro crnocoba Hf pacmonaraercss B kom- | 1984
pH TIORWKCHHOM NABNEHUH | 1o~ nakTHeIX 30HaX. Konnentpamms Hf B TpyOkax

I0J] BO3JICWCTBUEM YJIbTpA-
3ByKa

VMMIIPETHUPOBAHHBIX 110 BTOPOW METOIUKE, IMpaK-
TAYECKU MOCTOSTHHA




0S1

Ti, Mo, W (B
BUJIE XJIOPH-
JIOB)

OnHo-, nByKpatHas 00-

B ocHoBHOM —
WC, W,C, W,0C,

KapOuapl npeumyIiecTBeHHO 00pa3yloT JUCKPET-
HbIe (a3bl, a HEe clIoil Ha rpadure. YacTuisl Kap-
OWJIOB B OCHOBHOM KOHIICHTPUPYIOTCS B IOpax

pabotka mpu mnoHmwkeH- | MoC, Mo,C, TiC; | rpapura. TiCl, mpoHumKaeT dYepe3 BCIO CTCHKY g;@el?gé 6
HOM JIaBJICHHH B MEHBIIICH cTere- | TPyOKH, B TO BpeMs kak npoHukHoBeHne W,C He- ’
HU — WO,, TiO, 3HauyntenbHo. [Toreps Ti, Mo u W npu skcrutya-
TalluM TPYOKH HE HAOII0JaeTCs
Ortner,
O6paboTka pu Schlemmer,
W, Mo — CrpykTypa rpaduta HE MEHsSIETCS Welz,
HOPMaJbHOM JaBJICHUU Wegscheider,
1985
JIByxkpatHast o6paboTka
Ta npu TOHWXKEHHOM JaB- | TaC — Taddia, 1986
JICHUU
Vcnapere pi B OCHOBHOM, | OIHOPOJTHOE MOKPBITHE TOJIIUHON 3 MKM. Benzp, Castro,
W W,C; yactuuHo — | BO3MOXHO BOCCTaHOBJIEHUE «CTapbix» rpadu- | Cerrion,
MOHMKEHHOM JABICHUA | o, TOBLIX Tedeil Flores, 1986
Hanecenue ¢usznueckum Ortner, Birzer,
Ta MCmapenuem - (KarozHoe TaC [Tnotueli cior TaC tonmuHo ~ 4 MKM Welz,
pachbUICHHE 3JIeMEHTa- Schltmmer u
Moau(UKATOPA) ap-, 1986
O6paboTka Tmpu HOp- Tombers,
7 MajJbHOM JaBJICHUH B 7rC, ZrOs, ZrOy 35 CrpykTypa rpadura CymecTBEeHHO HE MEHseT- | Weidig, Wan-
TeueHue 24 4acoB = | e nemacher,
Zensch, 1987
Nb (B Buze | OnHokpaTtHass 00paboT-
Soman,
NbCls) Ka npu HopmaiabHOM | NbC —

JaBJICHHUH

Gilbert, 1989




IG1

Onno-, JIByXKpaTHasl

Ta, W, V,|o0OpaboTka mnpu TOHH- LaC O6paboTrka pacTBOpoM cojii La He u3MEHseT \SK}];Z%L Shuyu
Mo, La ’KEHHOM JaBJICHUH B Te- CTPYKTYpPY MTOBEPXHOCTH Sakai, 1989
yeHue 90 MUHYT
Welz, Schlem-
KaronHoe pacnbuieHue [lonHOE MOKpBITHE BHEUIHEHW IIOBEPXHOCTH | mer, Ortner,
Ta, W aJIeMEeHTa-MO - — TpyOku u tutargopmbel. Ha BHyTpeHne# mo- | Wegscheider,
KaTropa BEPXHOCTH MOKPHITHE YACTO HE MOIHOE 1989
TpexkpatHas oO6paboTka
IpU TMOHUKEHHOM JIaB- Pantano, Sned-
Mo — [TnotHOTO C0sT HE 0OpazyeTcs
jjeHnu B teueHue 30 uya- don, 1989
COB
OnnokpatHast 00paboT- TaC, Ta,0s,WC, Chen, le,
Ta, W Ka TIpU TOHHXEHHOM W — Zhou, Qi,
JaBJICHUN Qian, 1990
JlecsiTukpaTHOE BBEJCHUE Mo— coaepikaiiue 4acTUIlbl Ha TOBEPXHOCTU Shirasaki, Yo-
Mo — . netani, Uchino,
AITUKBOT rpaduTOBON TPyOKH Sakai, 1991
Benzo, Ce-
W KatomHoe pacmblIeHHe [ImoTHbd ogHOpOAHBIN ciio WC TonmumHOM fiaor lflh’ Alv;:;'
pIIEMEHTa-MOIu(pUKaTOpa OKOJIO 5 MKM Roje;s, Rosso:
1992
OOpaboTka 1pU NOHHU-
’KEHHOM [JIaBJICHUH B TE- Monteiro, Cur-
W% — HeonnopoaHoe nmokpeitue

yeHue 30 MUHYT U IIpU

HOpMaJbHOM - 18 yacoB

tius, 1995




Tak, BHayane rpapuToBYyI0 TpyOKYy MOTYT MOMEIIaTh B ClIaObld BOAHBIN
pacTBOp MOBEPXHOCTHO-aKTUBHOro BemiectBa Triton X — 100, a 3aTem B Hachl-
HICHHBIA pacTBOp OKcuxjopuaa Hupkonus. Emie ofuH crnocol yinydimuTh cMayu-
BaeMOCTh I'papuTOBOM TPYOKH — YIBTPA3BYKOBOE BO3/ICHCTBHE.

AHanornyHasi METOAMKa MOKPHITUS OCHOBaHAa Ha BBEJCHHH AJIMKBOT pac-
TBOPOB KapOHM1000pa3yIoliero 3JieMeHTa B rpaduToOBY0 TPYyOKy HENOCPEICTBEH-
HO uepe3 JA03MpoBoYHOE oTBepcTue. bonee apdexTuBHO mocnenoBaTenbHOE BBE-
JIEHUE PAaCTBOPOB JIBYX MOIU(MDUIMPYIONTUX deMeHTOB (Hampumep, La u Zr). bo-
Jee CTa0MIbHOE M KA4YE€CTBEHHOE MOKPBITUE IOIYYarOT MPH MNOBBILIEHHOM HWJIU
MOHIKEHHOM JlaBlieHnH. Tak, mpocToit u 3G GeKTHUBHBIN MeTO; 00pabOTKH TPyOOK
pactBopomM TanTana B cmecu ¢ HF, H, C,04 u H,O, 6bu1 ipeioxken Zatka. I'pa-
¢uTOBBIE TPYOKH B BEPTUKAIBHOM IOJOKEHUU MOTpy*k)arT B 6% -HBII pacTBOp
COJIM TAHTAJIA, HAXOJALIMICS B IUIACTUKOBOM cocyne, n noMemaroT Ha 20-30 ¢ B
BAKYYMHBIN 3KCUKATOP, COCAUHEHHBIN C BOJOCTPYHHBIM HacocoM . Ilocne Bricy-
IUBaHUsS TpadUTOBBIC TPYOKH 0OxuraroT B Havane npu 1000 °C, a 3aTeM B Teue-
HHe HeCKONbKUX cekyHa mpu 2500 °C. B ciryyae KaToIHOTO PaCIbUICHUS TOKPHI-
THEe 00paszyercs OYeHb TUIOTHBIM, H TAKOM aTOMHU3aTOp y>K€ HEJb3s B MTOJIHON Mepe
Ha3BaTh TpaUTOBBIM, KaK HEJb3s UM Ha3BaTh I'paUTOBYIO TPYOKy, (pyTepoBaH-
HYI0 TaHTaJNoBO# (ombroii. Bmecre ¢ TeM mokazaHO, YTO MPU UCIOJIb30BAHUU
HamOoJiee pacpOCTPAaHEHHOTO M HauboJiee MPOCTOro MeTona — 0O0pabOTKU aTo-
MHU3aTOpa BOJAHBIMHU PaCTBOPAMHU COEIMHEHUN MOIU(PUKATOPOB MIPU aTMOCHEPHOM
JABJICHUU — TUIOTHBIN CJI0M KapOuaoB He oOpa3yeTcs. B maHHOM ciydae MbI TIpo-
CTO UMEEM JIeJI0 ¢ MOJIU(UKATOPOM MPOJIOHTUPOBAHHOTO AelcTBusA. Ero oueBu-
HbI€ JJOCTOMHCTBA — YIPOILEHUE M YCKOPEHUE aHA/IW3a, & TAKKE BO3MOKHOCTh
MCIIOJIB30BAaTh JJI1 MOAU(MULIUPOBAHUS HEAOCTATOYHO YUCThIE PEAreHTHI.

OOBIYHO TIPU KaXJIOM BKJIIOYEHUU KapOUI-MOAHU(PUUIMPOBAHHBIX IE€YEK
HaO0JII0A0TCS TOTEPH MOIUPULIMPYIOLIEro 3aeMenTa. JlJig npeJoTBpalleHus 3To-
ro pPeKOMEHIYIOT JIONOJHUTEIbHBIE Mpoueaypbl o0padoTku. Camasi mpocras u3
HUX — Jo0aBKa pacTBOpa MOAM(PUUMPYIOMIET0 COCIMHEHUS B aHAIU3UPYEMBbIN
pacTBOp. B HEKOTOPBIX CiIyyasix Mmosyie3Ha JOMOJHUTEIbHas 00paboTka TpyOKH yT-
JIEPOJOCOAEPKALIUMU COETUHEHUAMH. DTO CBSI3aHO C TEM, YTO 00pa3oBaHUE Kap-
OMJIOB Ha MOBEPXHOCTH oOpabaThiBaeMoi rpadUTOBOM TPYOKH MPOUCXOIUT OJia-
roJaps IByM OCHOBHBIM MPOLECCAM:

Me+C—>MeC

Me O, +(x+y)C—> xMeC+ yCO.

U3 storo cnegyer, yTo 0Opa3zoBaHuE KapOUIOB COMPOBOXKIAETCS YACTUY-
HBIM pa3pylIeHUeM BHYTPEHHEH MOBEPXHOCTU 00pabaThiBaeMoOil TpyOKH.

MoauduiupoBanue TYTrorjaBKUMH KapOWJIaMd MOXKET CHUXKaTh aKTHB-
HOCTh TpaUTOBON MOBEPXHOCTH B OJHOW peakluu U (OJHOBPEMEHHO) YBEIUYH-
BaTh €€ B JIpyroil. I3MeHeHne 4yBCTBUTEILHOCTH OIPECIICHHs B TAKHX TPyOKax
HE MOXET CIY>KUTh JI0Ka3aTeJIbCTBOM 00Jiee BHICOKOM MM 00Jiee HU3KOM TTOBEPX-
HOCTHOM aKTUBHOCTHU. JTO CBSI3aHO C TE€M, YTO YBEJIMYEHUE UYBCTBUTEIHHOCTH
MOXKET NPOUCXOUTH Oyiarofapsi NpeaoTBPAIICHUIO TOTEPh aHAIUTA B BUJE JIETY-
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YUX COEAMHEHUN Ha cTaauu nupoiusa. Eciau 3Tu coennuenus oOpa3oBaiuch B pe-
3yJbTaTe MPOILIECCOB BOCCTAHOBJICHUS, HU3Kass XMMHUYECKas aKTUBHOCTb MOBEPX-
HOCTHM aTOMHU3aTopa MpensTcTByeT ux odpazoBanuio. OIHAKO, CPABHUTEIBHO BbI-
COKasi aKTUBHOCTh TMOBEPXHOCTH MOAUGPUIIMPOBAHHON TPYOKH TakKe MOXKET Ja-
BaTh YBEIUWYECHHE YYBCTBUTEILHOCTU B pe3yjbTaTe 00jee MHTEHCUBHOTO BOCCTa-
HOBJICHHS OTPEENISIEMOr0 3JIEMEHTa U3 €ro COSAMHEHUH, WM B PE3yJbTaTe UX
0o0J1e€ MOJHOM IUCCOUMALMU HA CTaJUH AaTOMU3ALINH.

MomudurupoBanre rpaduTOBBIX TPYOOK TYTOTUIABKUMHU KapOuJaMu yBe-
JUYMBAET UX YCTOMYMBOCTh K OKMCIIEHUIO KHCIOPOJOM M, BCIEICTBUE 3TOr0, YBE-
JUYUBACTCS BpPEeMs KU3HU TpyOok. Matepuan TpyOOoK, MOIU(MUIIMPOBAHHBIX Ka-
TOAHBIM paclblIEHUEM, ciadee ucnapsieTcss IpH dKCIUlyaTaluu TpyOOK, MOTepU
Macchl TPyOKH COKpalaroTCs. 3HAYUTEIbHO YBEJIMYMBAETCS YCTOMYMBOCTH I'pa-
(GuUTOBBIX TPYOOK K KuciaoTaM. Tak, MpU aHaIM3€ HHUKEJIEBBIX CIUIABOB, KOTOPHIE
pPacTBOPSIIOT B CMECH KHUCIOT, rpaduTOBble TPYOKH C MUPOJUTUYECKUM MOKPBITH-
€M HaYMHAIOT pa3pyliaTbes yKe mocie 5 nukiaoB HarpeBa. OOpaboTka TpyOOkK
pacTBOPOM OOpPHOM KHUCJIOTHI YBEJIIMUUBAET BpeMs KU3HU TPYOok 10 200 mUKIOB
Osarosiapsi yCTOMYMBOCTU K JACHCTBUIO KUCIOT O0OPa3yrOMIErocsi Ha MOBEPXHOCTH
KapOuaa Oopa. YBenuueHue yCTOWYUBOCTH TPYOOK, MOIU(MDUIIMPOBAHHBIX UHEPT-
HBIMHM KapOHJlaMU TaHTaja U HUOOUS, TAaKXKe CBSI3aHO C XMMUYECKOW yCTOWYUBO-
CTBHIO MOCJIEAHUX II0 OTHOIIEHHIO K KucioraM. YcroiuuBocth ZrC u WC 1o ot-
HOILIEHHUIO K a30THOM KHUCJIOTE€ HE3HAUYUTEJIBbHO OTJIMYAETCS OT YCTOMYMBOCTHU Ipa-
duta. Ognako Bpems xu3Hu ZrC- u WC- moauduimpoBaHHbIX TpyOoK B 2-3 pasa
BBIILIE, YEM Y CTaHAAPTHBIX C MUPOJIUTUYECKUM MOKPBHITUEM, UYTO OOYCIOBIEHO
CHM)KEHHEM MOPUCTOCTH MOBEPXHOCTU TpYOKkH. IIpu atomMmuzanuum B HEMoauduim-
poBaHHBIX TpyOkax kuciora (Hanmpumep HCIO,4), ancopOupoBanHas B rpaduro-
BBIX MIOpPax, OBICTPO HUCMAPSAETCS, IPOUCXOIUT CBOEOOPA3HbII «MUKPOB3PBIBY», KO-
TOPBIN pa3pyliaer cTpykTypy rpaduta. Bropoii ¢akrop, oObICHAIONIMI yBeaue-
HUE BPEMEHHU KU3HU KapOUA-MOIU(ULIUPOBAHHBIX TPYOOK, — 3TO OJOKHpPOBAHUE
KapOuJlaMy aKTHBHBIX IIEHTPOB Ha moBepXxHOocTU. KapOumooOpasyromue s1emMeH-
THl (Zr, Za, Si, V, B u T.1.) npu uX onpeaesiecHuu B MOAUMUIIMPOBAHHBIX MeYax
KaTalM3UPYyIOT Ipoliecc rpa@uTH3anuu J1ecOpOMPOBAHHOIO yriiepojia B rpaduTo-
BoM TpyOke. KoHeuHo, kapOu1 Ha MTOBEPXHOCTH €YU MOXKET MPUHUMATH YYaCTHE
B XMMMYECKHX peakLUusX OOpa30BaHMS COOTBETCTBYIOIIETO MeETajla, OKCHIA,
XJIOpUIa WIH JpyTrux coeauHeHuil. OJQHako, Mpu IOCJIENYIOIEM HarpeBe B
MHEPTHOI aTMocdepe B MPUCYTCTBUU OOJBIIOIO KOJUYECTBA yrjepoja BHOBBb
oOpa3yeTcsi nepBOHaYaJdbHbIM KapOua. Hanpumep, mpolecc aromMu3anuu repma-
HUS B IpaUTOBBIX TpyOKax, MoauuIupoBaHHbIX ZrC, MOKHO MPEICTaBUTh Clie-
QYIOIIMMHU YPAaBHEHUSMM:

2 7ZrC ,,, +GeO,,,, &2 Zr,, +Ge,,, +2CO,, (5.28)
27xC(,,) +GeO\yy) = Ztiyy) +Geyy 1) + COy (5.29)
Ge () = G (5.30)
Zt(,) +C ) = ZrCy,y, (5.31)

CyMMupyst 3TU ypaBHEHUS, TIOJTy4aeM:
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GeOz(TB) + 2C(TB) —)er Ge(m) + 2C0(ra3) (5 .32)
ZrC
GCO(ra3) +C(TB)—>Ge(m) +CO(ra3) (533)

W3 sTux ypaBHEHUH clefyeT, 4To KapOuJl IUPKOHUS KaTalu3upyeT BOC-
CTaHOBJICHHE OKCUJIOB aHayuTa (repManus) rpadpurom atomuzaropa. KonieHrpa-
II1s1 CBOOOTHOTO KMCIOpPO/a Ha CTaJMHM aTOMU3AIMK B TaKMX TPYOKax HUXKE, YEM
B CTaHJApTHBIX aTOMHU3ATOPaxX.

B ycioBHSX, OTIMYHBIX OT TEMIIEPATypPHO-CTAOMIM3UPOBAHHON MEYH C
m1aTpopMo, B TpyOKax, MOIU(DUIIMPOBAHHBIX TYTOIJIABKUMH KapOuaaMu, MOKET
BO3pacTaTh YyBCTBUTEIBHOCTh ONPEIEICHUS 3JIEMEHTOB, UMEIOIIHUX IMPOYHbIE MO-
HOOKCHU/IBI C SHEpTrHel auccormanuu okoyio 650 kJx/monb win 6onee — Ge, B, Si.
OTO CBSI3aHO C MOHMKEHHEM KOHUEHTpAlMU KUCIOpOoJa B ra3oBOi (aze meuu u
CIBUIY BIIpaBO paBHOBecust MO, 5 Me,, +O,,, . IIpuauHON CHIKCHHS
KOHLIEHTpaluu CBOOOJHOrO KHUCJIOPOJA SBIISETCA KATAIMTUYECKOE JIEUCTBUE TY-
rOIUTAaBKUX KapOMJIOB Ha OKHCJICHHE rpaduTa aTOMU3ATOPa KUCIOPOJIOM, COAEp-
JKAIIMMCSl B KauecTBE NMPUMECU B MHEPTHOM Tra3e. M3BECTHO, YTO TYroIlaBKUE
kapouaer W, Mo, Zr npu Temneparypax Boimie 1000 °C 04eHb JIETKO OKHCIISFOTCSL.
OOpa3oBaBuIvecs B pe3yabTaTe OKUCIEHUS CBOOOHbIE METAJI, OKCUJ UJIM OKCH-
KapOuJ OmsiTh MEPEXOASAT B KapOuJ B pe3ysbTaTe B3aUMOICHCTBUSA C rpaduToM
aTOMM3aTOpa, YTO yXke ObLJIO OTMEYeHO paHee. MoauduuupoBaHue KapOUaamu
NeYy MpeA0TBpAlIaeT KOHTAKT MEXAY apaMu aHajauTa U rpaduToBOM MOBEPXHO-
cThto. IlosTOMy mnepBOHAYaIBbHO ATOT NPHUEM MPUMEHSJICS [UJII aTOMHO-
a0bCOpOLIMOHHOTO OMpE/IEeTCHUsI DJIEMEHTOB, 00pa3yIoIIUX TEPMOCTOMKHE KapOu-
nel, Takux kak B, Si, Cr, Be. Ognako, cieayer y4ecTb, 4TO B PEAIbHBIX YCIOBHUSAX
B ME€YM MPOUCXOIUT cBoeoOpa3Has 00pbOa MeXIy MOIUMDUIMPYIOUTUMHU HJIEMEH-
TaMHU U KapOu1000pa3yoOIUMU ONPEIeIsIEMbIMU IEMEHTAMU 32 aKTUBHBIE MECTa
Ha noBepxHocTU rpaduTta. [losromy mMomubunupoBaHue He yaydllaeT 4yBCTBU-
TenapHOCTH onpeneneHus P30 u ypana (3a UCKIIFOUEHHEM UTTEpOUsi). ITOT MpUEM
Takke He 3(dexTuBeH I mepexoaHbix 31eMeHToB [V-VI rpynnm moGouHbIx
HNOATPYIIIL.

Tem He menee, kapOugHOE MOAUUIIMPOBAHUE T'PadUTOBBIX TPYOOK 3HA-
YUTEJIbHO PACIIMPSET TMOTEHIHAIbHBIE BO3MOXXHOCTU 3JIEKTPOTEPMUUYECKON
aTOMHO-a0COpPOIIMOHHON CHEKTPOCKONMH. B 3aBUCMMOCTH OT CTPYKTYphI KapOui-
HOT'O CJIOSl U CBOMCTB KapOuja Moau(pUKaus MOKET YBEIMUNUTh WIH YMEHBUIUTh
aKTUBHOCTb IrpaduTa M0 OTHOIICHUIO K aHAJIUTY WK MaTpulie. Yacto kapOuasl Ha
MOBEPXHOCTU TIpaduTOBOM TpyOKH ACHCTBYIOT KaK THIUYHBIA MEPMaHEHTHBIN
(mocrosiHHbIN) Moaudukarop. B HacTodiee BpeMsi OKOHYATENLHO HE YCTaHOBJIE-
Ha KOppessuus MEeXAy CBOMCTBaMHM KapOWUJOB M COOTBETCTBYIOLIUMX KapOuI-
MOAUPUIIUPOBAHHBIX TPyOok. KapOua-moaudunupoBaHHbie TPyOKH OCOOEHHO
3¢ EeKTUBHBI 11 aHalu3a 00pa3IoB ¢ OOJBIIUM COACPHKAHUEM KHCIIOT, a TaKKE
JUIsl aHaIW3a OPTraHWYECKUX HKCTPAKTOB, SJIEMEHTOOPTaHHMYECKUX COCIUHEHUN,
TBEpABIX  00pa3loB, cycrneH3ud. Jlaxke B yCIOBHSIX  TEMIEpPaTypHO-
crabunmsupoBanHoi neun ¢ miatdopmoit (STPF — ycnoBus) npumeHeHue kapoua
— MOU(ULMPOBAHHBIX TPAPHUTOBBIX TPYOOK MPEAMNOUYTUTENBHO MIPH OMPENEICHUN
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Ge, Si u B. IlepcniekTuBHBI HCCIEAOBaHUA MO MPUMEHEHUIO KapOuI-
MOIU(MUIIMIPOBAHHBIX TPYOOK BMECTE C XUMHUYECKUMH MOJU(HUKaTOpaMu, 0COOEH-
HO IINIATUHOBBIMU METaJlJIaMU.

5.8. Xumunueckune mogucpunkaTtopbl

Kak 0pu10 yKa3zaHo paHee, XMMHUYECKHUE MOAM(PUKATOPBI — HEOThEMIIEMAs
4acTh METOJIa TEMIIEPATYpPHO-CTa0MIN3UpoBaHHOM neun ¢ margopmoit STPF.

Xumuyeckuii moouguxamop — dTO peareHT (WM CMeCh PEeareHToB), J10-
OaBJieHHE KOTOPOro K 0Opa3lly yMEHbBIIAeT MOMEXUM U XUMUYECKU pa3lieiisieT B
TBeplor (aze aHamUT U Matpuily. MieanbHplii XUMHYECKUNA MOJIU(PUKATOP — ITO
peareHt, KOTOpbIi He TOJIBKO YMEHbIaeT ()OH ¥ B3aUMOBIUSHUSA, HO U yBEIHYU-
BaeT YYyBCTBUTEJIBHOCThH OmpejaesieHus. JelicTBue XMMUYECKUX MOAM(PUKATOPOB
CBOJIMTCSI, TJIABHBIM 00pa3oM, K U3MEHEHHIO JIETYYECTH Pa3IMYHbIX KOMIIOHEHTOB
MPOOBL.

OcHoBHBIE (paKTOPHI ACHCTBUS MOANGMUKATOPOB HA aHAIU3UPYEMYIO TMPO-
Oy 0000I1IeHBI HIKE.

1. DddexkTrBHAS TepMOCTAOMIU3AMSA BHICOKO U CPEIHEIICTYYHUX AHAIUTOB —
npu onpeneneHuun 6osxee 30 37€MEHTOB, BKIIOYAsl TaKUE BakKHbIE, Kak As,
Bi, Cd, P, Pb, Sb, Se, Tl, Sn u 1.1.

2. OOpa3oBaHHE HOBBIX, MEHEE JIETYyUHX XMMUYECKUX (OPM aHAIUTA, HAIIPH-
Mep, TaKUX, KaK apCeHHUT, apCeHaT, MOHOMETUJIAPCEHAT, AUMETHIIapCeHarT,
apCeHOOETUH, apCEHOXOJIMH U JIp. IPU ONpeJeIeHUH OOLIEro coAaep>KaHus
MBIIIbSIKA B MOYE.

3. YBenuyeHue JETYYEeCTH HEKEJIATEIbHBIX COMYTCTBYIOIIMX KOMIIOHEHTOB
npoObl M MX OTrOHKA HAa CTAUU MHUPOJIU3A, HAPUMEp, YCTPAHEHUE XJIO-
PUIHON MaTpUIlbl MOPCKOM BOJBI Wi Mouu nobaBiennem NH4NO;, pas-
6asnenrem HNO;, pacTBopaMu aMMOHHUITHBIX COJIE OPTaHUYECKUX KHUCIIOT,
WJIM MCTOJIb30BAHUEM HA CTaJUU MUPOJIU3a aJbTEPHATUBHBIX UHEPTHBIX Ta-
30B (H,-Ar).

4. TlpenMylIECTBEHHOE 030JI€HUE, a HE OOYIJIMBaHUE OPTraHUYECKUX MATPUIL
(yram, caxap, KpoBb, TBEp/IbIE WM CYCIIEH3UPOBAHHBIC OPTraHUYECKUE MaT-
pHUILIBI U T.JA.) MYTEM HCIOJIb30BaHUS HA HU3KOTEMIIEPATypHOU CTaauu MH-
poJI3a albTEPHATUBHOIO T'a3a, CoJlepKallero 100aBky Bo3ayxa uiau O,.

5. TlpeBpallieHuEe HEKOTOPHIX MEIIAIOIINX KOMIIOHEHTOB B MEHEE BpEIHBIE
BEILECTBA, HANPUMEp, CBSA3BIBAHUE CYJIb()ATOB C MOMOLIBIO CMEIIAHHBIX
MOAM(PUKATOPOB, COAEP)KALIUX CMECU HUTPATOB IIETIOYHO3EMENIbHBIX Me-
TayuioB M HUTpaTa namutaaus (11).

6. Moaudukarop AeMCTBYeT KaKk «UCHApUTENb», T.€. 00JerdyaeT HU3KOTEMIIe-
paTypHYI0 aTOMHU3ALMI0 aHAJIMTA 10 TOr0, KaK MPOUCXOINUT aTOMHU3ALMs OC-
HOBHOM Maccel MaTpuiibl. Harmpumep, Cd, Pb u Zn B Mopckoii Boje onpene-
JSIOT B MPUCYTCTBUM IIABEJIEBOM KUCIOTHI, IpU omnpenesieHnu Dy B ChIBO-
POTKE KPOBM B MHEPTHBIN ra3 (Ar) Ha craguu ouucTKU meud mpu 2700 °C
BBOJIAT 100aBKy (ppeona 23 CHF;.
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7. YnyduieHue KOHTaKTa MEX1y 00pa3lioM U MOBEPXHOCTbIO aTOMHU3ATOpa My-
TeM J00aBKM CMAauyMBAIOIIMX areHTOB U (WJIM) OPraHUYECKUX PEareHToB s
oOecrieueHus1 IJIaBHOM, CIIOKOMHOM CYIIIKH M TTUPOJIN3a.

8. Paznmuunbie GopMBI ONpeAenIeMoro 3JeMeHTa MPeBpalialoT B OJHO COENU-
HEHHE, YTO MOBBIIIAET TOYHOCTh aHaNM3a (HampuMmep, MpU ONpe/eICHUH
dbocdhopa B Macnax, copepkaimmx HECKOJIbKO (hopM (pochopHBIX coenrHe-
HUW C Pa3iMyHOM JIETy4eCThl0, N100aBJIEHHE HUTpaATa Majuiagus MO3BOJSET
MOJIYYUTh HA CTAJIMM aTOMU3ALIMU OJIMH MHK).

9. VYBenuueHue 4yBCTBUTEIBLHOCTH OmpeaeneHus. B psae ciaydaeB ahdexTus-
Hasl aTOMU3AIMS HE MOXKET ObITh IOCTUTHYTa B OTCYTCTBHE MOAU(UKATOPA,
HaIlpuMep, IpPU ONPEACICHUHN JIETKOJETYYUX OJIOBOOPTAHUYECKHUX COEIHM-
HEHHI BCIIEJICTBHUE MPEKIEBPEMEHHBIX ITOTEPH, MOCIECIHUE MOKHO CYIIECT-
BEHHO YMEHBIIUTh B MPUCYTCTBUU NAUIAJUHOPTraHUYECKOr0 MOAU(PUKATO-
pa PdClz(CH3CN)2

10.CHuXeHre WK yCTPaHEHHE HECENIEKTUBHOTO ((POHOBOT0) MOTJIOIIECHHUS.

11.JIy4dmast ycTOM4MBOCTh HEKOTOPBIX KapOMANOKpbIThIX oBepxHOcTel (TaC,
WC, NbC) k AeCTBUIO KUCIIOT, OPTAaHUYECKUX PACTBOPUTENEH U DKCTPaK-
TOB, MaTPHII, BbI3BIBAIOIINX KOPPO3HIO, U T.J.

12. IToaxoasmuii MOAU(GUKATOP MOXKET MO-Pa3HOMY BJIHMSAThH HA JIETYYECTh pa3-
JMYHBIX BAJIEHTHBIX (DOPM OINpeAensieMoro 3JIeMeHTa, YTO MO3BOJISIET OIpe-
JIeNIATh 3JIEMEHT B ONPEEIICHHON CTENeHH OKUCIIEHUs (HampuMep, 100aBKa
aleTuIaleToHa JaeT BO3MOXHOCThH ompenenuts Cr(VI) B mpucyrctBuun
Cr(IIT) BcnenctBue yaanenus aueruianeronara xpoma (III) na craguu nu-
poJin3a.)

[IpumMeHeHnI0 XUMUYECKUX MOAU(UKATOPOB B aTOMHO-a0COPOLIMOHHON
CHEKTPOCKOMMUH MOCBALIEHB MOHOTpa()uu aBTOPOB JAHHOrO MOCOOUs, T U3JIO0-
’KEHbl OCHOBHbIE MPUHIIMIIBI KX BHIOOPA, MEXaHU3M JICUCTBUS U UCIOJIb30BAHUS B
aHAIMTUYECKOW NpakTuKe. B JaHHOM M31aHuM MBI IpUBeaeM 0000IIaoIIne AaH-
HbI€ MO XUMHUYECKUM MOAM(PUKATOpaM, MO3BOJISIIOIIME OPUEHTUPOBATHCS B HUX
MHOTO00pa3uu TMpHU DIIEKTPOTEPMUUYECKOM aTOMHO-aO0COPOIIMOHHOM —aHaJnu3e
CJIOHBIX, MHOTOKOMITOHEHTHBIX 00BbeKTOB (Tadu. 5.11). OTMeTUM B 3aKiIOUYeHHE,
YTO, HECMOTPS Ha COBEPILICHCTBOBAHHE AHAIMTUYECKON ammaparypsl, mpodiema
VIYUYLIEHUS W TPaBUIBHOCTH, W BOCIPOM3BOJMMOCTH PE3YJIbTATOB ATOMHO-
abCcOpOIIMOHHOI0 METO/la aHaIM3a TaKUX OOBEKTOB OCTAETCS MO-NPEKHEMY aKTY-
aNbHOW aHaTUTUYEeCKOH 3amaueil. [IpeneOpekeHre MepaMu MO MOBBIMICHUIO TOY-
HOCTHU PE3yJbTAaTOB MOXKET MCKA3UTh PE3YJIbTAT Ha MOPSIIOK U Ooee.

5.9.0praHuyeckue peareHTbl U MeTarnIOKOMMNNEKCHble CoeAUHEHUA
Kak mogudukaTopbl B 3N1eKTPOTEPMNYECKOM aTOMHO-
abcopOUMOHHOM aHanuse
HecMoTpst Ha COBEpIIEHCTBOBAHHE ATOMHO-a0COPOLMOHHBIX CHEKTPO-
METpOB, IpoOiieMa CHUKEHHUS Tpenena OOHapy EHUs U MOBBIILIEHHUS TOYHOCTH
OTpEJIENICHUs] MUKPONPUMECEH METAJIJIOB B CIOXHBIX MaTpHUIlaX OCTaeTCs aKTy-
AJIbHOM.
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Tabmuna 5.11 — Mcnone3oBanue Xxumudeckux MOaAUPUKaTopoB (Ty,p0, — TeMIeparypa nuponusa, [IpO — npenen 06-

HapyxeHus, Zeeman STPF — ycrmoBusi TemmnepaTypHO—CTaOUIN3UPOBAHHON TIeun ¢ TiaTdhopmMoil u
3€€MaHOBCKHUM KOPPEKTOpOM (hoHa)

f;a- Marpuua Moaudukarop KoMmeHTapuu
Ag Kucnorueii  munepanu- | 4%(NH,4),HPO, +2% tromoueBrHa Munepanuzatr HNO;+HF+HCIO,
3ar
Ag Boanslii pactBoOp AckopbuHoBasi kucinora, coib Ca(2+),
Tputon X — 100
Ag KpoBb, 3y0b1, MOUa 4% NH4NO; — 0,05% Tputon X — 100 Toupor 700 °C, TIpO 0,4 MKT/71
Ag Bricokomunepanuso- 4-10°M cynwdat 1,10-¢penantponuna + | pH=7, nonyctumas kourenrpamnus CI'— 0,01M
BaHHBIC MIAXTHBIC BOABI | 8-10~° M IHMpOTaUIONOBhIi KPACHBIH
Ag Jleryuas yromeHas 3oia, | 0,62 mxr Pd Tuupos 700 °C, TIpO 1,9 nir
TOPHBIE TIOPO/IBI
Ag Ileuenn, Monoko, mucThs | 5 Mxr NH4SCN Artomuzarop — Mo Tpy6ka, Tyupos 500 °C
pacTeHun
Ag Mopckast Boaa Mg(NO;),, NH;H,PO,4, PA(NO;), [TpensaputenbHas o0paborka MgE(NOs)2;  Thupon
800, 900 u 1100 °C, ITpO 0,5-1,1 mxr/i; STPF
Al Bonneiit  pactBop (ku- | Ca(NOs),, Mg(NO3),, Pd(NOs;),, | C moauduxaropom Mg(NOs3), MHOXKECTBEHHbIC
CJIOTBI, XJIOPUA-UOHBI) NH;H,PO, IIUKHU, OCOOCHHO B «CTapbIX» TPYOKax; Tyypon >1700
°C, Zeeman STPF
Al [IBetnpie w  uyepHbie | 0,1M cynbdocanummiosas, XpomoTpo- | [IpO — 5-107°% (MemHbIe cIaBbl), 9-107°% (CTUIaBBI
CILJIaBbI MoBasi KHUCJIOTHI, OEH30JICYyIh()OKHUCIOTA, | )KeJe3a); OTnaaaeT HeooxoaAuMocTh oTronku HCl
CMECh CYJb(POCATULUIOBON KHUCIOTHI C
aJIM3apUHOBBIM KPaCHBIM S
Al [TuBo K,Cr,07, Mg(NO3),, Mg(NOs), — Tputon | [IpO 6,4 mxr/n

X-100
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Al buonoruueckue Tkanu, | Mg(NO;), — Tputon X-100, HNO;
Moua
Al Buomornueckne  crad- | Mg(NO3), Tuupos 1400 °C; STPF
JapTHBIE OOpas3Ilbl: IIell-
JII0JI03a, KYKypy3a, sila,
MyKa, MsSCO, MOJIOKO,
Kpaxmat
Al Kocru, 3y0bI Ca(NO3),, NH4H,PO, Tuupon 1200 °C, Zeeman STPF, pasnoxenue HNOs;
Toupon 1450 °C; Zeeman STPF
Al Koctu 0,1% Ca(NOs), — 1% HNO;3 Mopaudukatop 100aBISIOT TOJIBKO K CTaHIAPTHBIM
pactBopam; Tpon 1400 °C; STPF
Al Koctu, Bosiockl, 3y0bl Mg(NOs), Ycrpanser Bnusinue Ca
Al 3y6sn1, ycrpuinl, nuctbs | 1 v/1 K,CrO; Tuupon 1400 °C; ycrpanser Biausiaue Gocdar-noHoB
pacTeHUM
Al [epebpocnmHanbHast Mg(NOs), Thupon 1400 °C
KHUJKOCTh, CBIBOPOTKA,
MoYa
Al KepatenbHas pe3uHKa 0,2% Mg(NO3), — 4% H,0,— 1% HNO; — | O301eHHBI 00pa3en, JucneprupoBaH B pacTBOpPE
8% C,HsOH Moaugukaropa; Temmneparypa cymkua 200 °C; Obl-
CTpBIN HarpeB
Al [TueBsie npoaykTel: | Mg(NO;), STPF
dacomab, xy1ebd, MiIco, Mo-
JIOKO, Yal U T.]I.
Al [TnmeBsie npoaykThl: | 50 Mkr Mg(NOs),— 0,3 % HNO; Paznoxxenne HNO; — HC1Oy; Typon— 1000 °C; IIpO
sifia, peroa, Msaco, Gpyk- 0,24 ur; STPF
ThI, OBOILLIM, Yall U T.J.
Al MonouHble JecepThl Pd — Mg (NOs), Beenenue cycnensuu (slurry); Tryupon — 800 1 1700

°C
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Al Mo10KO0, MOJIOYHEIE Mg(NOs),, Pd, HF, H;PO, Tuupon 1500 °C, mpennoururener Mg(NOs),
KOKTEWIN

Al [1na3ma, cpIBOpOTKA HNO; — Tputon X-100; Mg(NOs), O6a paszbaBuTeNsd YAOBIETBOPUTENBHBL;  Tpypon
1400 wm 1700 °C, coots.; STPF

Al Monntocku 10 MM Mg(NOs), MukpoBOJIHOBOE  pasznoxeHue 3M  pactBopom
HNO3; Toupon 800 mm 1700 °C

Al Si Mg(NOs), Ycrpanenue Bnusinus HE

Al 3yOb1 0,2% Mg(NO;), — 2% HNO; — 0,2% | Jo3upoBaHue TBepJbIX 00pa3IoB: nAuarna3oH pado-

Tputon X — 100 yux KoHueHtpauui 0,2 — 100 Mxr/r
Al Bona Pd — Mg(NO3), Toupor 1100 °C; STPF
As BonHble pacTBOpEI Pd(NO;), N3yuen mexanusm atomuzanuu; STPF
15 mkr Pd — 10 mxr Mg(NO;),

As Boausie pactBopsl, Moda | CpaBHEHHE pa3IMYHBIX XUMHUYECKHX MO- | OnieHeHb «3()(PEeKTUBHBIE) TeMIEepaTypbl aTOMHOTO
mudukaropoB: Co, Cu, Ni, Pd, Ni — H,0,, | mapa
Ni — KzSzOg, Ni — KMI’IO4’ Pd - HzOz, Pd
— KzSzOg, Pd - KMI’IO4

As IIuBo 100 Mkr N1 — 400 MKr ackopOMHOBOM KH- | BBeieHue cycrneH3un 03071€HHOM MPOOBL;, Trypos
CJIOTBI 800 u 1400 °C; Zeeman STPF

As CoenoOHEbIE osomy, | PdCl, O6pazenr comobmwmm3upoBan B 3M 3TaHOJBHOM

MacJja pactBope KOH; T, p0x 1400 °C

As [MTurmentet Ha ocHoBe | 25 Mkr Ni— 0,1 % Triton X — 100 Hosuposanue cycnensuii (slurry); Tpupon - 14000

okcuza Fe(I1) °C; IIpo 0,05 mkr/r; STPF

As Pr10a 50 mxr Ni Paznoxxeane HNO; — H,0O,

As Bomnocsl Pd — Mg (NOs), Jlo3upoBaHue TBEpPJON H3MEIBbYEHHOH N0 5 MM
poOkI 7151 BBISICHEHUS (DOHOBOTO W TIOBBIIIIEHHOTO
coaepkaHus As

As H;PO,4 Pd, Ni [Ipennoututenen Pd; xamuOpoBka 1o MeToIy

CTaHJAPTHBIX 100aBOK
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As DIIFOEHTHI BbICOKOA(- | P[d, Wu Pd - W 6Mkr Pd — 20Mkr W — onTUMaJIbHBI JJIS1 MBIIIBIK-
(heKTUBHOM >KUJIKOCTHOM OpraHu4eckux BemecTB; Tycnapenne 1400 — 1500 °C
Xpomatorpadun

As [Terxu po6oBeIX matpo- | 100 mxr/mm Ni Toupon 1000 °C
HOB

As Txaam Mopckmx XHBOT- | 50 mMkr Ni wmm 15 mxr Pd — 10 mxr | MexnaGopaTopHBbIil SKCIIEpUMEHT; 00a MoaudrKa-
HBIX Mg(NOs), topa npuroausl; Ty, 1100 — 1300 °C

As Tkanu Pd — Mg(NOs), Ho3upoBanus cycnensuu B 0,015% Tpuron X —

100; Topon 480 °C (Bo3ayx) m 1200 °C (Ar)
As Mopckast Boga CpaBHeHHE pa3IMYHBIX XUMHYECKUX MO- | [Ipeanourutenen 0,8 mMxr Pd — 4 Mkr ackopOuHoO-
nuduxatopos: PA(NOs),, Mg(NOs),, Pd — | Boit kucI0ThI; Tyypon— 1200 °C; STPF
Mg(NOs),, Pd Boccranosnennsiii, LaCls,
ZI'OClz, AgNO3
As Moua 25 mxr Rh B Bune (NH,); RhClg 1,5 H,O | Pas6asienne npo6sr 1:4; Tyypoq - 1600 °C; BiausiHUE
— 1,2 MI' TUMOHHOM KUCIOTHI docdaToB myume ycrtpansercs cmecbhto Rh — mu-
MoHHas kuciota; IIpO 25 mr; IIpO 6,3 Hr/mi;
Zeeman

As H,O Ni, Pd — Mg(NO3),, H, — Ar Zeeman STPF

Au Ag Ag Matpuna

Au Boansiit pactBop AckopOHMHOBas KMCJIOTA Toupox 700 °C; m3ydeH MeXaHHU3M

Au BoiHpie pacTBOpEI Heckobko KOMIIOHEHTOB Ha ypOBHE MKT: | MI3ydueHa KOHIeHCaIs TTapoB

Au, MgClz, NaCl, (NH4)2HPO4,
La(N03)3, Pd - Mg(NO3)2

Au BoHbie pacTBOpEI \Y Tuwpor 600 — 900 °C; Zeeman STPF

Au Boaueie pacTBophl 1 opra- | ACKOpOMHOBAsI KUCIIOTa, TIIOK03a, caxa- | 3yueH MexaHu3m
HUYECKUE PACTBOPUTEIH po3a

Au Bonnsle pactBopsl, pyasl | 0,1 % V Tuupor 600 °C; M3yueH MexaHU3M CTaOWIIH3AINH

Au I'eonornueckue  crad- | Cu(NO3), Toupon 700 °C
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TapTHBIE OOpaslbl: MH-

HEpaJibl, TOpPHBIE MOPO-
b1, PYJIbI
Au I'econmorunueckue o6pasupl | 5 Mxr Pd Tuupox 900 °C; STPF
Au Moutoko, nedenb, TUCThs | 100 Mr/Mi THOMOYEBHUHBI Mo Ttpy0uaTsiii atomMu3atop; Tuupes - 720 °C; IIpO
pacTeHuit 130 nr/n
Au Pynbl, cunukatsl 0,1% V Thupon 450, 600 1 900 °C; xapakTepHCTHUYECKasl
koHueHtpauus | or; [IpO — 0,1 MKr/r
Au ChIBOpOTKa, MOYa Cu, Ni, Pd, Pt, Re, Rh, Ru, Re — Rh B | Tyyypox 700 — 1000 °C; mydrnasi 4yBCTBUTEIBHOCTD
orcyTcTBUU U B mpucytctBuu 20 Mkr ac- | anig Re — Rh, Pd — ackopOunoBas kucnora u Rh —
KopOrHoBoM KkucyioThl uiau NH4SCN ackopOMHOBas KMCJIOTa
B CrumaBer Ni, Cu — Ni; [ 10 MM St(NO;), — 10 MM Ni(NO3), — | Trupon 1400 °C; rpadmroBast tpyOka obGpaborana
cTanu 0,8% ackopOuHOBas KUCIOTA IPEABAPUTEIBHO
Ti-W
B Boansie pacTtBopbl Ca — Mg, Ti — ackopOuHOBasi kuciora, | Jlyumras gyBcTBuTensHOCTh 11 Ca — Mg; usydeH
obOpaboTtka Tpy6ok La nmu W MEXaHU3M
B CmiaBel Ha ocHOBe Ko- | 60 Mkr Ni— 20 MKT Zr OxonuarenbHoe pazioxkenue B 0,2% HNO;, Heit-
OanbTa tpamusanusa pactsopom NH,OH; Tyypon 1200 °C;
o0paboTka TpyOKu Zr
B Cmael Ha ocHoBe Fe, | Ni — Zr B rpadutoBoii TpyOke, 06pabdo-
Ni, Fe — Ni TaHHOH Zr
B Pactenus Ni, Mg(NO;), unu La(NO3); BBepnenue cycniensun; pekomeHaoBaH Ni
B Jluctes pacrenuit Ca, La, Mg, Ni, Y; TpyOku o6pabotansl | 10 mxr Ca (B Bume CaCl,) mpenmnodtutensHo; T,
Ta wiu W; dyreposka Ta—dobroii bon 1350 °C
B Bona 0,5 mr/n Ca(Il) Toupos 1000 °C
B Peunas, crounas Bona Ni, Pd, ackopbunoBass kucnora, NaF, | Jlyummue pe3ynbrarsl gatoT 20 MKTr Ni Ha HOKPBITUN

rpadutoBble TpyOkH, MOKpeIThie Ta, V,
Zr

13 Zt; Toyposn - 900 °C
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Ba Mopckast Bonia, otiioxe- | Si—V Thupon 1150 — 1200 °C, XxapaKTepuCTHUECKas Macca
HUSA 5,6 ir; Zeeman
Ba TBepapie 0Opa3ibl Monu6aaT, Monub10BaHaIaT, BaHAIAT Ycrpansercs BiausHie PO, u SiO3
Ba Bona OJATA u H, - Ar Atomuzatop — W Huth; 3/TA mogaBisieT BIUsSHUE
Ca; I1pO 2 nr; xapakrepuctuyeckas macca3,b nr
Be buonoruuyeckne  mate- | 1 MM Mg(NO;), Kucnornoe paznoxenue npo0; Trypos - 1250 °C
pHUaJbl, IEYCHb, BOJA
Be Jlerywas yrombhas 3oma, | Pd Pasnoxenns B 0,1 M HNO;; Bo3smoskeH 0e33TanoH-
OTJIOKCHUS, CHJIMKAThI, HbIi aHanu3; Tyenapenns - 1100 °C; XxapakrepucTude-
1mo4Ba ckas macca 0,41 rr; STPF
Be OTnoxeHus AI(NO3); Paznoxxenre HNO; — HF; T,p0, 1500 °C
Be Boma (crounas, mutbhe- | AI(NO;); Bonbdpamossiii  atromn3atop; Tuwpes 1400 °C;
Bas) IIpO- 0,16 nr
Bi BonHble pacTBOpEI CpaBuuBasiu 12 moaudukaropos: Ag, | Cd u Pb ysenuuusarot curnain; Pd — nenpeccupyer;
Au, Cd, Co, Fe, Mo, Pb, Pd, Pt, La, Zn Co, Mo, Zn narotT 1BOMHBIC TMKU
Bi KpoBs, ceiBOpOTKa PdCl, — NH4NO; JlenmpoTenHUPOBaHUE  CBIBOPOTKA C  MOMOIIBIO
HNO;; remneparypa cymku 95, 110 u 200 °C; Ty,
von 1030 °C; Zeeman STPF
Cd Al,O3 BrIcokoit unctoThl | AI(NOs)s(matpunia); PACl,, NH4NO; O6pazen crumasisaoT ¢ Na,B,0; — Na,CO;; peko-
menayercst NHyNO3; Toypon 1100 °C; aTommzanus
CO CTEHKH
Cd Boansie pacTBOpEI (NH,), HPO,, (NH,), SO, 1% S B CS, ,Mo TpyOuaThiii aToMU3aTOp
Cd Buosnornyeckue  craH- | AJNbTEpHATUBHBIA Tra3 (Bo3ayx) Ha cra- | Pt TpyGuaTslit aroMu3atop; Thupon 1450 °C
JapTHBIE O0paslbl: yCT- | AMM MUPOJIU3a
PHIIBL, JINCThSI PACTEHUM
Cd KpoBb HNO;, (NHy4), HPO,4, (NHy), SO, HenporennupoBanue 1M pacrtBopom HCI u pas-
oasiearie IM HNOj3; Toypon 300 °C
Cd KpoBb Mg(NOs), - (NH,), HPO, XHUMUYCCKHH MOIU(PUKATOp H00ABISICTCS TOJIBKO K
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CTaHIAPTHBIM  pacTBOPaM; Tiupen -450 °C; mat-
dbopma; usmMepeHue BHICOTHI MHKA

Cd [ToBepxnoctubie Bobl, B | 0,005 M cynwsdar 1,10-dbenantponuna Ucnapenne co CTeHKH; Typon 400 °C; m3mepenue
TOM YHCJIE IIaXTHHIC rommanu; [pO 0,005 mMxr/n
Cd KpoBb, M0JIOKO, MOYa 6 mxr/mi Pd — 500 mxr/mir NH4NOs Tuupor 700 °C; TIpO 0,5 mkr/i; Zeeman STPF
Cd KpoBs, citona 2% HNO; - 0,1% Tputon X-100, | Paz6aBnenne npoObl pacTBOpoM MoaudukaTopa
0,2%((NH4),HPO,) — 2%HNO; 1:1; Toupos 350 °C; STPF
Cd KpoBs, Moua 20 mxr Pd, 30 mxr Pd — 20 wkr | [IpennouytureneH naaaaguid — MarHUEBBIA MOJIU-
Mg(NO3),, 50 mxr Pd — 500 mxr NH4NO; | pukarop; Toupon 700 °C; ounctka Moxupuka-
TOpa OT 3arpsi3HEHHI HEMOCPEJICTBEHHO B TpyOKe
npokanuanueM npu 1200 °C
Cd Kamycra, myka, nedens, | Pd, NaH,PO, ackopO6unoBas kucinora [Tnatpopma, nokpeitas Ta-ponabroi; Tyypon - 1200
TIOPOJIBI, OTJIOKEHHUS, °C
[10YBa, Yau Pd — maBeneBas kucnora, Pd, ackopbu- | [IpeamouTuTenbapl cMemaHHble MOIU(DUKATOPHI U
HOBasl KUCJIOTA mwiatdopma ¢ W-dosbroit
Cd Huernueckue mnuieBsie | O6paboranunas coenunenusmu Mo miat- | Pasnoxenne HNO; — V,0s; Tiypon 450 °C; STPF
POJIYKTHI dbopma
Cd Myxka 5 mkr Pd Buecenue cycnensuu (slurry) B 0,1% Tputone; Ty,
ox 300 °C (0,) m 700 °C (Ar); ITpO — 0,28 ur/r
Cd Bomocsl, Bogopociu Tpmtundocdur, tpudTHadocdar, tpu- | Temneparypa ucnaperus 950 °C, Tyupon 700 °C;
metuidocdut, NHH,PO, BCJIeACTBUE 00Jiee HU3KOTO XOJOCTOrO MPEeANOUTH-
TEJIeH MepBbIY ra3000pa3HbIil MOIUPHUKATOD
Cd H;PO, H;PO, (Marpuma); pazdasnenue 1:4 Toupor 350 °C; TIpO 3 nr wirw 1 MKr/it
Cd Ileyens, pacTeHus, ycT- | cepa Bnecenue cycnen3un; Mo TpyOUdaTblii aToMUA3aTOP
PHIIBI
Cd Pactenus 50 mxr NH4H,PO4 — 1 Mmxr Mg(NOs), — 2 | Paznoxenue B 0,2M HNO;; Tyypon 950 °C; 6ytanon

MKT AlCl;— 5% OyTtaHnoia

YIIy4llIaeT CMauyMBaHKE IIAT(HOPMBI
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Cd Mopckas Boaa (NH,4),HPO, Zeeman STPF; MHOTOKpaTHOE TO3UPOBAHUE
800 mxr NaOH Toupor 1400 °C; TIpO 15 ur/n
[IlaBeneBas, JUMOHHAs, MOJIOYHasA, ac- | PekomeHayeTcs IiaBesieBas KHUCIOTa; MOHUXKACTCS
kopounoBas kucnotel, DJTA, H;PO,, | Temneparypa aromuzamuu; [IpO 3 Hr/a ¢ MHOro-
HNO; KpaTHbIM JO3UpOBaHUEM; Zeeman; aTOMHU3alus CO
CTEHKH
Cd ITouBa CpaBuuBarorcss pasimunele  Moaubuka- | IIpennournrenen 5 mMxr NH4H POyu; Trypon — 750
topsl: 0,6% HNO;, 5 mxr NH,H,PO,, 30 | °C; STPF
MKT Mg(NOs),, 200 mxr NH4H,PO, — 10
MKT Mg(NOs),
(NH4),SO, Paznoxenne HNO; — HCI — HC1O,
Co BoiHble pacTBOpEI 10 mxr Mg(NOs),, 5 mxr Pd — 15 wmxkr | ['padutoBbIii aTOMU3aTOP € IOTIEPEYHBIM HATPEBOM
Mg(NO3)2, 200 mkr NH4H2PO4 — 10MKT
Mg(NO;),
Co Kposb 50 mxr Mg(NOs), MHuEKPOBOIIHOBOE Pa3iokeHUE; Tiypon 1400 °C
Co [Teuenn Mg(NO3),, PA(NOs), Paznoxenune HCIO,; monudukatopsl HE peKOMEH-
OytoTca Onarojapsi ommMOke 4Ype3MepHOU (M3IUII-
Hel) koppekuuu ¢ D, — koppekropom; STPF
Co Pacrenus, pactutens- | 50 Mmxr NH4;VO; — 100 Mxr NH4NO; — | Tyypos 1300 °C; no3upoBaHKe TBEPILIX 00pa3IOB
HBIH KOpM 50% C,Hs;OH
Co ChIBOpOTKA 10 mxr PA(NO;), Toupox 1300 °C; IIpO 0,7 mxr/i; STPF
Cr Boxnbie pactBopbl Mu- | I'paduroBsie meun, obpabotanHbie W | Tpypon 900 °C; TIpO 0,45 n 0,48 MKr/i, cooTBeTCT-
HEPAJIbHBIX KHUCIIOT unu Zr BEHHO
Cr buonornueckue  mate- | Mg(NO;), Cyxoe paznoxxenue oopasnos; STPF
pHUabl, MPOAYKTHI
Cr ['eonornueckue cTad- | AMMoHuiHas coib D(TA

JapTHbIE 00pas3lpbl, OT-
JIOKEHUS
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Cr

I[eTCKOG MOJIOYHOC IIH-
TaHHUC

0,5 % Mg(NOs), — 0,2% Tputon — 0,2%
HNO;

PazbaBnenne npoObl pacTBOpoM Moaudukaropa
1:1; rpadutoBsie TpYyOKH, 0OpaboTanHbie La

Cr Pactenusi, ocaaku NaVO0O;, Mg(NOs), u PdA(NO;3), [Tpennourutened NaVO;
Cr Hoxneass Boga, cbiBO- | 20 Mkr Mg(NOs),, 1 Mxr Rh, 1 mxr Pt Thupon 1100 — 1400 °C; TeCTUPOBAHO MHOKECTBO
pOTKa MOAU(PUKATOPOB; XapaKTepuUCTHIECKas macca 2,8 —
3,2 mr
Cr Mopckass Boma, cbiBo- | 5 mr/mi Ca(NOs), — Mg(NOs3), T senaperns 1350 °C
pOTKa, Moy4a 20 mkr V; 20 mxr V — 20 Mxr Mo YBeMueHne BpEMEHH KU3HU aTOMU3aTOpa
Cr Moua 2 % HNO; — 0,001 % Tpuron X-100 T upox 800 °C; TIpO 0,5 MKr/a
Cr [Tpubpexusie u Mopckue | 10 Mxr Mg(NOs),; 2,5 Mkxr Na, WO, Jlyummii ITpO ¢ Mg(NOs),
BOJIbI
Cu Boansie pacTBOpbI Mo, Pd, W; Mo u W — obGpaboranssle | MI3ydeHa kuHeTuka aToMu3anuu; Trypon 1300, 1400,
m1aTHOPMBI 1300, 1400 u 1300 °C, coorBercTtBeHHO; STPF
Cu ITpupoansie Boabl, B ToM | 0,005 M nupuaunnazope3opuuH Ucnapenne co crenku; D, — xoppekrop; 1IpO 0,1
Yucjie  BBICOKOMUHEpa- MKT/JT
JIM30BaHHBIEC IIAXTHbHIC
Cu Crexkio 0,5 mr NH4F Brenenue cycnensun (slurry) (30 mr/Sma 10%-
HOTO IITUIEPUHA); Tiypon -700 °C
Cu buonrarsl neuenu Pd — Mg(NO3),— 0,2 % Tpurton X-100 Beenienne tBepabIx 00pasnos; T ypox 1100 °C
Cu ITimazma, ceIBOpOTKa 1% NH4H,PO, — 0,6% Mg(NO;), — 0,4 % | 50 — kpaTtHOEe pa3zbaBieHue MPoObI PACTBOPOM MO-
Tpuron; Pd — Mg(NO;), muduKaTopa; NPEANOYTHTEILHO MOoaupHUIpoBa-
HUE
PO, ; Tuupon 900 °C; Zeeman STPF
Cu Mopckas Boga 700 mxr NH4NO; Tuupon 1500 °C; TIpO 0,07 mxr/m; 5x20MKI MHOTO-
pa3oBoe no3upoBanue; Zeeman STPF
Cu CiMBKH MOJIOYHBIE 15 mxr Pd — 10 mxr Mg(B Buzne HUTpA- | Tyypon 1000 °C; TIpO 0,47 mkr/n; Zeeman STPF
TOB)
Fe Pr10a, meuens,SeS 20 mxr N1, 5S0mkr Mg(NO3), PexomenioBat Ni; Tiypen 1450 °C




991

Ga Kopynn Al,O; Martpuna Al,Os Jlo3upoBaHue TBEPIbIX OOPaA3IOB; aTOMM3AIUS CO
CTEHKH U ¢ TIaTHOpMBIL; T pon 800 °C
Ga BopaHbie pacTBOpBI AckopOHMHOBas KHCJIOTA Toupor 600 °C; STPF; Hepe3oHaHCHAS JTHHUS
Ga Boansie pacTtBopbl UccnenoBanbl 0,001M  kcuineHoJIOBbIN | XapaKTEPUCTUUYECKUE Macchl cocTaBwid (mr) 37;
OpaH)KEBbIM, aIU3apMHOBBIM KpacHbId, | 66; 35; 30; 37; 40; 92; 92, COOTBETCTBEHHO; My,
MAPOKATEXUHOBBIN (DUOJIETOBBIN, cepHO- | 6e3 Mmoaudukaropa 92 nr
kuciaeie  1,10-penantporma u 8-
okcuxuHonuH, [IAP, tpumon b, ackop-
OMHOBas KUCJIOTA
Ga Boansie pacTBOpbI Hurpatsr Al, Ca, Co, Cu, K, Mg, Na, Ni; | 50 MM (NHy), SATA — 20 MM Ni(NO3), — 1 MM
OJITA AI(NO;);3
Ga Bonubie u xnopodopm- | AckopOuHOBasi, JUMOHHas, uaBeneBas | Hanbonee spdexkTuBHB ackopOMHOBas KUCIOTA U
HBIE PACTBOPHI KHUCIIOTBI, TJULEPUH, TMOJIUAITWICHIIIH- | HPYKTO3a
KOJIb, MOHOCAXapHU/Ibl
Ga VYrons, nerywas yromb- | Hutpate, Al, Co, Mg u Ni, PdCl,, | Cycnensus B 20 % C,Hs;OH; pexomenmoBan Ni;
Had 30J1a (NH4)4MO7024 Trmpon 1200 OC
Ga CrnosxHble 00pa3ibl Ni(NOs), STPF ¢ niargopmoii 63 NOKpbITUS
Ga OO0bekThl  Okpyxaromieit | Cu—V I'padurosas TpyOka, pyrepoBanHas Ta-¢ponbroi
cpenbl
Ge BoiHbIe pacTBOPHI Pd, Mg(NOs), Toupox 1000 °C (Mg), 1400 °C (Pd)
Ge Boansie pacTtBopbl PactBopst HNO;, HCIO,, KOH, NaOH; | [IpenoTBpaiiaercsi npexaeBpeMEHHOE YJeTy4YuBa-
rpaduroBblie neyn, MOKpbiTbie W min Zr; | Hue GeO; Trypon 900 °C
20% CO — N,
Ge buoxunkoctu 0,5 % Ca—0,25% Tputon — 1% HNO; Paz6aBnenrie mpoObl pacTBOpoM MoauduKaTopa
1:3; Tuupos 1000 °C; TIpO 1,7 Hr
Ge Xnopuansie u cyinbdar- | Hurpater Al, Co, Cu, Mg, Na, Ni; D/ITA, | PekomengoBano 10 MM Co(NO;), — 20 MM

HBIC MaTPHIIbI

CH;COONH,; ackopOuHOBast KUCoTa

AI(NO3); — 0,2 M HNOs; Tyypon 870 °C; st C1 -
Matpunibl 106aBasitor 0,2 M CH3;COONHy; s
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SO42* — Marpunbl gobasmsor 0,1 M ackopOuHo-
BYIO KHCIIOTY

Ge Jleryuas yroneHas 3o1a, | Ca(NOs),
Ge-opraHnnueckue  co-
€UHEHUSI
Ge YeCHOK, »KEHbILICHb 30 mxr Pd(NOs), — 10 mxr Mg(NO;), Toupon 1200 °C
Ge JlekapctBennbie Tpasbl, | Ni(NOs), Paznoxenne HNO; — HF
JKCHBIIICHb, Yal
Ge NaCl, nuHKOBBIN IITAK CpaBHenbl pasnuunble  MOAUGUKATOPHIL: | Trypon 1000 °C; NaCl He BiMseT 1O KOHIEHTPALUH
NH;NO;, Ni(ClOy),, Ni(NO3),, | 300 MKT; HEMTOKPBITBIE TPYOKH
Zn(ClOy),, Zn(NO3), npu KOHIIEHTpALIUU
0,25 MKMOJIB
Ge Moua Ca, La, Mg, Mg — Pd, Ni, Pd, Pt, opra- | PekomennoBano pasz6asinenue 0,1 M pacTtBOopom
Hnueckue Kucnotel, DJTA, trnomoueu- | La(Ill) 1:4; Tyyupox 1200 °C; TIpO 133 nr
Ha, HNO3, H3PO4
Hg Pri0a, Bomubie pactenus, | 15 mxr Pd Thcnaperms 400 °C; Taroymsaman 1000 °C; xapaxrepu-
OTJIOKCHUS ctuyeckas macca 0,1 Hr
Hg Kanycra, ppi6a, mmunat | Tuoarneramunu, PACl,, (NH4),Ce(NO;)s Paznoxenne HNO;, nosupoBanue cycneHzuu; Ty,
ox 220 — 240 °C
Hg IIuteeBasg Boaa TeO, — HCI
Hg [Tousa Au, Ir, Pd, Rh, Au — Rh, snekrpoocax- | Pd min Au — Rh MoryT cinyXuTh nepMaHeHTHBIMU
nennsie Pd uiam Rh MoauduKaTopaMu; xapaktepucruueckas macca 80
— 200 nr; Zeeman STPF
Hg Moua Pd Zeeman
In Boansie pactBopsl, uuHk | MccnenoBanbl  0,001M  kcunenosoBbiil | PekoMengoBan cepHokuciabiid 1,10-penantponus;
Y LIMHKOBBIE CILJIABBI OpaHXEBbI, aJM3APUHOBBIA KpAaCHBIW, | ICApeHHe ¢ MIaTGoOpMbl C MOKpbITUEM; D)-

MUPOKATEXMHOBBIA  (PMOJIETOBBIN, cep-

KOPPeKTOP; Trupos 900 °C; TIpO 0,1 nr
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cepHokucnbeie 1,10-penantpona u 8-
okcuxuHonuH, IIAP, tpunmon b, ackop-
OMHOBas KUCJIOTA

In Boausie CI° — cogepxka- | 50 MM (NHy), DATA — 4 MM Ni(NO;), — | YBenuuenue dyBCcTBUTENbHOCTH B 20 pa3; yBemnu-
1I1€ PacCTBOPHI 0,3 M NH; — 1 MM AI(NOs); yeHue AonmycTuMbIX komudecTB Cl”— nonos B 400 —
1000 pa3
In ['eonormueckue  o6pa3- | Pd — (NHy), SATA ATtomuzanmst u3 V-00pa3HOU JIOAOYKHA MPEITOYTH-
11bl, IOPOJIbl, OCAJKU TeJbHA
In Moua 20 mkr PdCl, Tuupon 1200 °C; HenokpsiTbie rpaduToBBIe TPYOKH;
Zeeman
In BoiHBIE pacTBOPEI Pd — (NHy), DATA VYayumiena 3 peKTUBHOCTh aTOMU3ALMH
In Bonnsie pacTtBopbl Zr— unn W— obpabotanubie rpadguTtoBbie | U3yueH MeXxaHHW3M aTOMHU3AIMHM; PACCYUTAHO 3Ha-
TpyOku; nobaska O, unu CO yeHue E,
K buonornueckne  cTraH- | THOMOYEBUHA Paznoxenne HNO; — H,O,;Mo-TpyOuaThiii aTomu-
JTapTHBIE 0Opa3Ilbl: MOJI- 3atop; [IpO 0,12 Hr B anukBoTe 1 MK
JIIOCKHU, PACTEHUSI. TKAHU
Li OpUTPOLUTEI 0,2 M K,HPO,— 1% Tpurton IIpO 50 nr; atToMHU3anusi CO CTEHKU
Li [Toueunas KUIKOCTB, | [Tnardopma, dyrepoBannas Ta-pombroit | Tyupex 400 1 800 °C; TIpO 45 Hmoibs/1
miazma
Mn BopaHbie pacTBOpBI 800 mxr/mi Ca®'— 0,5 M H3PO4 — 0,5 M | Tyypon 1100 °C; STPF, aroMu3arus co CTEHKH
HNO;
Mn Bonnpie ClI — comepxa- | HNO; Ycrpansiercs Bnusiaus xjopuaos Ba, Ca, Mg, Sr
1[ME€ PACTBOPBI
Mn PactBop MgCl, AckopOuHOBAsI KHCIIOTa AckopOMHOBasi KHUCJIOTa MPEJOTBpallaeT MOTEpPU
Mn p#t T p0n > 700 °C
Mn ITeuens, monoko, pacre- | 10 mxr TnomoueBunsl; H, — Ar —ra3 Mo-1py6uartsiit atoMu3aTop; Trypon 1000 °C

HUA
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Mn [TopoikoBoe MOJIOKO Pd — Mg(NO;), Paznoxenne 0,8 M HNOj3; Typos 1200 °C; Zeeman
STPF
Mn Mopckast Boza NaOH Toupos 1400 °C
Mn CbIBOpOTKaA 0,2% Mg(NOs), Paz6asnenne npobsl pacTBopoM Moaudukaropa 1:1
Mn CuliMKaTHbBIE TTOPO/IbI 40 Mkt Ni— 19 mxr Mg — 18 mxr Pd Cmnasnenue ¢ Na,CO; — H3;BOs;; pexomennoBan
Ni; Toupon 1000 °C; Zeeman STPF
Mn [TponykThl mUTaHKS 5 % ackopOuHOBas KUCIOTA Pasznoxenue B aBTOKIABE;, Tpypon 1000 °C; IIpO
0,04 Mxr/n
Mn Moua 0,2 % Mg(NOs), Paz6asnenue 1:1
Mo Bouocel, ceiBOpoTKa CaF,
Mo JHlerckoe mnuranue, wmo- | 0,005 % BaF, - oktaHon ITpO 0,89 Mkr/n
JIOKO
Mo IleueHb BaF, na o6paborannoii La mrardopme Trupon 1800 °C
Mo Monoxko 0,3 % HNOs; 0,005 % BaF, Toupor 600 1 1700 °C; TIpO 0,89 mxr/a ¢ BaF,
Mo Puc CaCl, B La-06pa6orannoii rpadutoBoii | Ycrpausercs Bausuue SO,
euu
Mo ChIBOpOTKA Mg(NOs),, BaF,, HNO3, Pd — Mg(NO3); | Typos 600 u 1700 °C; xapaktepucTuueckas macca
Pd - NH,OH - HC1 18,22,17,12 u 13 0r, cCOOTBETCTBEHHO
Mo ChrIBOpOTKA 0,005 % Mg(NO3),— 0,05% Tputon Tpon 600 1 1900 °C
Mo Bona Pd — Mg(NOs;),, Pd — NH,0OH - HCI Toupor 600 1 1800 °C
Ni HNO; — wmunepamusartsl | 0,0002 — 0,0005M pactBop mupuaninaszo- | Trupex 1200 °C
00BEKTOB OKPYXKAIOIIEH | pe30opIrHaTa TajuiaIus
CpeIbl
Ni CeIBOpOTKa NH4VO; na Mo-nokpbIToil rpadgurtoBoii | OOpa3Lbl NalMeHTOB, OOJIBHBIX PAKOM
TpyOke, La
P Boansie pacTBOpbI Zr N3ydyeH mexaHusm
P Iledens, pacTenus HF, NaF, NH,F, Pd, KF, CsF PexomennoBat NaF; Ty por 1350 °C
P TkaHu, TUCThA Yast Pd - Ca Toupor 1600 °C
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Pb Boznyuiasie puibTps 200 mxr NH4H,PO, — 70 Mxr Mg(NQs), - | Pasnoxxeane HNO; — HClIO,; oxoHYaTenbHO pac-
6H,0 — 1 % HNO; 180p | % - HrHBI 10 HNO3; Thypos 900 °C; TIpO
0,03 ur/n
Pb BosnyiiHas B3BeCh 1,5 mxr NH,H,PO, Pasnoxenune B 6oM0e HNOs; Typon 700 °C; STPF
Pb Boansie pacTBOpbI 200 MKT acCKOpOMHOBOW KHCIIOTHI Tiupor 700 °C; u3ydeH MeXaHH3M
AckopOuHOBas, naBeneBast KucioTel, 1 | [Ipemmoxen razoda3Hbiii MEXaHU3M PEaKIIuU
% HNO;
H, — Ar H, ycrpanser Bausinue Cl — noHOB
K, Mg, N1, Pd, Pt, T1i, Y B npucyrctBum mMonudukatopa yBeIUUMBACTCS
«(dexTuBHas TeMIepaTypa UCHapeHHs»
Mg(NOs),, MgCl,, Cr(NOs);, CrCl;, | U3yuen mMexaHuU3M aToMU3alMK; TeMIeparypa Io-
(NH4),CrOy4, K,Cr,0; sieHus 1o 1400 K
Pb Cl' — conepxamue Boa- | Pd N3y4eHo BAusiHME KATHOHOB U KHCIIOT
HBIE PACTBOPHI
Pb Boniabie pacTBOpEI 300 mxr/n PA(NOj),, 0,1% Mg(NO;),, | UccnenoBanbl 3 pa3iMuHbIX aTOMH3aTOpa; PEKO-
NH4H,PO4 u HNO; MeHsioBaH Pd Ha rpadurtoBoii moBepxHocTH ¢ Ta-
aThopmMon
Pb IToBepxHocTHBIe BOAEL, B | 0,005M  IIAP; 0,004M umubHOIUMETH- | Typpos 580 °C; IIpO 0,2 u 0,1 MKI/11, COOTB.
TOM YHCJIe BBICOKOMUHE- | JeH(poc]oHOBas KUCIOTA
paJIM30BaHHBIC MAXTHBIC
Pb IToBapeHHas coib 0,005M sTaHoBHBIN PacTBOP MUPHAMIA- | Tyype, 1200 °C; TIpO 2 - 10°%
3opesoprunHata Pd(I)
Pb Comn menm, crmasel Ha | 0,01M  ammHOnomugocpoHoBeie Kucao- IIpO 9 - 10°:1,8 - 10°; 1,3 - 10° %, coots. D, -
OCHOBE M€EIN TBI: MMUHOAUMETUIEH()OCHOHOBAS, HUT- KOPPEKTOP
puntpuMeruieHpochoHoBas, ITHICHINA
MUHTETpameTHiIeHPocPoHOBas U ap.
Pb BoHble pacTBOPHI Pd — Mg(NO3), Toupos 1100 °C




IL1

Pb BopaHbie pacTBOpbI \\ Macca moaudukaTopa BapbUPyETCS B IITUPOKOM
Jana3oHe
Pb ITuso NH,H,PO, Zeeman STPF; ITpO 0,87 Mxr/n
Pb KpoBb 10MM Mg(NO3), — 150MM Tuwpon 700 °C; pactBOp [utsi pasbaBieHus MpoObI
NH4H,PO, — 20MM HNO; conepxut Takxke Mg(NO;),, aBeneBy0 KUCIOTY,
Tputon u antuBcnenuBarenu; STPF
(NH,), HPO, Zeeman STPF
(NH,), HPO,—PdCl,
0,2% NH,H,PO,— 0,1% Tpuron Pas6asienne nmpoosl 1:9; Tiuper 700 °C; STPF
1% Ni(NOs), — 0,5M HNO; ITocne ocaxxneHust OEIKOB
20 ur Pd — 200 MKr 1uMOHHOM KHUCIOTHI | Tiypos 800 °C (O2) u 1100 °C (Ar); xapakTepucTH-
— 10MM HNO; yeckas macca 15 nr
Pb KpoBs, ceiBopotka, Bo- | 0,5Mkr/ma Pd — 2% numonnast kucinota; | Thupen 600 °C 1 800 °C, coots.; ITpO 0,1 mkr/m; xa-
nopociu, yainele nuctsl, | 0,3% NH,H,PO, - 0,3% Mg(NO;), — 8% | pakrepuctuueckas macca 10 nir; STPF
YaCTMYKH  BBIXJIOMHBIX | IAIMOHHAS KHCJIOTA
ra3oB
Pb CpoIp, MOJIOKO, sIif1Ia NH4H,PO, — Mg(NOs), Cyxoe osonenue mpu 460 °C, sarem o6paboTKa
HNOsg;
Toupor 900 °C, Zeeman STPF
Pb Pri6a Bi(NOs);, Pd(NO;), u Mg(NO;), - |BinpennoururensHee
NH4H,PO,
Pb Puc, myka NH4H,PO, BBenenue cycnensuu
Pb Bomnocsr 0,4 mxr Pd — 0,5 Mmxr Mg(NOs), Beenenue cycnensuu B 0,4% rmmuepuna; Tyenapenus
1100 u 1300 °C msst cycrieH3uu ¥ BOTHBIX CTaHIap-
TOB, cOOTB.; STPF
Pb Heneranenele nexaper- | Pd npennouyrurenen B cpaBHeHnu ¢ Pd — | Tpypon 1000 °C

BEHHBIE MIPENAPATHI

Mg(NO:3),
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Pb Cepa MarpuyHas cepa; Bo Bpems muponusa | JlosupoBanue TBepabIX 00pasuoB; Tpyupes 850 °C
JIOTIOJIHUTEIIbHBINA BO3YX (ctynenyaroe o3osienne); Zeeman STPF
Pb Conesble matpuisl: | 5 Mxr Pd — 0,5 mxr Mg
NaCl, MgCl,, CaCl,,
N&zSO4, MgSO4, CaSO4
Pb Mopckas Boaa Pd — Sr(NOs),; Pd - Mg(NOs),; Pd; | Bmusane SO; mydme ycrpanser Pd — Sr; Thupon
La(NO;); 1100 °C
Pb [TouBa Pd - Mg(NO;), Jlo3upoBanue TBEPABIX 00pas3noB; Typor 900 °C
Pd - Mg(NOs),, NH4H,PO,, Jlo3upoBaHue TBEPJbIX 00pPa3lOB; PEKOMEHIOBAHO
(NH,4), HPO, ompenenenne 0e3 MoaudukarTopa; ObIcTpas Mpo-
rpamma; STPF
Pb Caxap Mg(NOs), O3zonenue Ha Bo3ayxe; STPF
Pb Buno 75MM HNO:; - 0,037 % Tpuron Toupon 650 °C; STPF
Pazoasnenue H;PO, — NH,OH Zeeman STPF
NH4H,PO, STPF
4 mxr Pd — 20 mxr W Toupos 800 °C; TIpO 3 MKr/m
50 mxr NH4H,PO4— 3 mxr Mg(NO;3), Toupor 500 °C (Bo3ayx), 3aTem 850 °C (Ar); STPF
Pd Pd (NH,), Cl, Pd — ackopObunoBas kucjaota Bonusrit pactBop NHs; Tyypon 1300 °C
Pd (NH,), (NO,),
Rb Bonma AckopOHMHOBAas KHCIIOTA ITpO 0,27 Mxr/n; Zeeman
Sb Boznyuinsie B3Becu Ni(NOs), Yactuupsl rpadura npoObl CIy’KaT KOJUIEKTOPOM U
aTOMH3aTOPOM
Sb BonHble pacTBOpEI 0,1M (NH4)4 DATA — 10MM Bmustane SO, uCl™ ycTpaHsieTcss B HPUCYTCTBUH
Ni(NO;), — 20MM AI(NO3)3; Mg(NOs), | 80 MM Mg(NOs),
Sb KpoBb, moua, NaCl 0,025 % kaxgoro Pd — Pt —Rh —Ru Toupos 1200 °C
(+ ackopOMHOBas KUCJIOTA)
Sb Moua 20 mkr Ni Tupon 1200 °C; STPF
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Sc NnbmenuTt La
Se Boznyuineie B3Becu 7,5 mxr Pd — 5 mxr Mg(NO;), wiu 1,25 | AroMuzanys npoOsl; HET CTaAUU MUPOJIN3a; MOIH-
MKI' aCKOPOMHOBOMW KHCIIOTHI (buKaTop ycTpaHsieT ABOMHOM MUK
Se BonHble pacTBOpEI Hutpatst Al, Ca, Eu, La, Mg, Ni, Pd [lepeBenenue paznmuunbix (opm cenena Se(IV),
Se(VI), cenenomernonnna, (CH;);Se” B Se
Se Boansie pacTBOpbI Cu, Ni; H, N3ydeH MmexaHu3m
HgCl, N3ydeH MexaHu3M
Ir, Pd, Pt, Rh mpu 1500-xpaTtHOM MoOssip- | U3ydeHbl U OOCYXJACHBI IMPEUMYIIIECTBA U HEIOC-
HOM M30BITKE TaTKU TYTOIUIABKUX MOAM(DUKATOPOB
Ni Tucnapenns 1200 °C; NpennoYTUTENHHO BHECEHHE
poObl B BUJIE a3P030JIs
Pd Toupor 1000 °C
Pd(NO;),; mpenBaputenbHO BOCCTaHOB- | 3yueH MexaHU3M
nennsiid Pd mpu 1300 K
Pt — ackopOrHOBas KUCIIOTA; Towpor 1100 °C; BmsiHME kenes3a ycTpaHseTcs: uc-
Pd — ackopOuHOBas KuciI0Ta 10JIb30BAaHUEM IIPOMUTKON MIaTHOPMBI
CpaBHeHbl paznuuHbie MoaudukaTophl: | Jlydmas yyBctBuTensHocTh Hg — Pd; paccumtano
Ag, Cu, Hg, Mg, Ni, Pd, Hg — Pd 3HaueHue E,
(NH4),[Pd(C,04),] 2H,0, Pd(NOs),, | JIydmas TtepmocTabuinzanus BOCCTaHOBICHHBIM
KOJIJIOUHBIN I1aj11aauii npu 1000 °C Pd
Se Kposs Ir - Mg(NO3), Thupor 800 °C (Oy) u 1300 °C (Ar); xapakTepucTH-
yeckas macca 35 nr; Zeeman STPF
Pd Toupor 600 1 1200 °C; IpO 5 Mkr/n
Pd - NH,OH Zeeman
Pd — Mg(NOs), - Tputon 10-kpaTHOE pa3baBiieHHE
Se IIutheBas Boga Ni, Pd — Ni
Se OpPYyKTOBBIE COKH Hurpater Pd, Mg u Ni JlozupoBanue cycneHsud; Tipos 900 °C; pexomeH-

noBau Pd
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Se Boiocsl, HOrTH 5 mxr Pd Pasznoxxenne HNO; — HyOs; Toupon 1200 °C; STPF
Se N1 crutaBbl Pd Paznoxxenune B 6ombOe mapckoi BOJIKOU
Se CobIBOpOTKa 0,1 % Pd(NO3), — 0,2 % Tputon Zeeman; [IpO 8 Mkr/n
5,64MM PdCIl, — 24MM HCL - 25 % | Pa36aBnenue 1:1 unu 1:2 pactBopoMm Moaudukaro-
NH,OH pa; STPF
10 mxr Rh — 5 mxr Mg B Bugie HUTPatoB | Toupon 1100 °C; Zeeman STPF
7,5 Mxr Pd — 5 mxr Mg(NOj),; Ni, Cu, | U3ydeHnsl celieHUT, celeHaT, CEeIEHOMETHUOHUH U
Pd, Mg(NO;),, Cu— Mg(NO;), (CH3); Se'; pekomenioBad Pd — Mg; Tiupo, 1100 °C
Se Peunas Bona 200 mxr Pt — Imr ackopOonHOBOM KHCHO- | Tyypos 1200 °C; STPF
TBI
Se Bona 6 mMxr Pd — 12 mkr Ni — 16,2 MKr | Tyupon 1100 °C; IIpO 5,4 nir
Mg(NO;),
Se [TieHnyHast Mmyka Pd - Mg(NO;), Beenenne cycnensunm (slurry) B 0,005 % Tpurone
X -100
S1 AnbGymuH, mnasma Oen- | 490 mr/n Ca(NOs), Toupor 600 1 1600 °C
KOBOT'0 pacTBOpa
Si Au Marpuna Au Beenenue tBepabIx 00pasnoB; Tiyupes 1200 — 1400
°C; IIpO 3 Mkr/T
Si Koctu, 3y0sn1 Ca — La — NH4H,PO, (3y0n1); okcanat | Pasnoxxenne HNOj;; xapakrepuctudeckas macca 37
HaTpus (KOCTH) I
Si DOTOPE3UCTOPEI Ca”" B 20MM HCI Trpor 850 1 1200 °C
Si Kommonentst npoussoictsa | 1-2,5 mkr Pd [IaTukpaTHOE yBEIMYEHUE YYBCTBHUTEIBHOCTH; IIE-
TOTYIPOBOTHHUKOB. pel aHaJIu30M OPraHUYeCKUE pacTBOPUTEIU U
gglo O}}IINSIzP OIiCIO“’ H;0,, H,SO, Bemapusaror ¢ NaOH
Si Cranu 10 mxr Pd ViydineHue 9yBCTBUTENLHOCTH; T 100,400 1 1300°C
Si Moua NiCl, npeanourutenes, uem Ca u Pd Tcnapess 2200, 2000 1 1600 °C B npucyrtcrBuu Ni,

Cau Pd, coots.




CLI

Sn Boansie pacTBOpbI Ag, Au, Mo, Pd, W, Zr Temnepatypa nosBieHus yBeauuusaercs ¢ 1600 no
2200 °C (Pd, Zr)
Ag, Au, Mo, Pd, W, Zr bonee kopoTkoe Bpemsi aroMu3alMd B MPUCYTCT-
BUHU KapOu000pa3yronmx MOAN(GUKATOPOB
[Teun, oOpaboTannas La; La(IIl) VYcrpansercss BAUsHUE S—colepiKalluX aMUHOKHC-
JIOT
Pd; Zr — oOpabortanHas rpaduToBas | YBeIudeHUE YyBCTBUTEILHOCTU U ()OPMbI CUTHAJIA
TpyOKa
Sn KpoBs, ceiBOpoTKa KNO; JloOaBiisieTcs opraHuyeckas SMyJIbCHsl
120 mxr/mn Ni — 0,1 % H3PO, — 10 % | [IpO 20 mxr/n
ackopOMHOBas KMCJIOTa
Cpasuensl Pd, Pd—ackop6uHoBas kucio- | Pd npexnoururesnet; Toypon 1200 °C
Ta, aCKOPOMHOBAs KHCJIOTA
Sn KoncepBupoBaHHbIe 200 mxr/ma Cu(I1) Paznoxenne HNO; — HCI; rpadurtoBas TpyOKa,
rpUOBI pyrepoBannas Ta—donbroit; Hy — Ar; Tpypos 1000
°C
Sn Fe, ctanp JIMMOHHas KUCI0Ta
Sn Priba 100 mxr Na,WOy; W-, Zr-, Ta u Pd — 06- | UyBCTBUTEIIBHOCTH BO3pacTaer JUTS W-—
paboTaHHbIE TPYOKHU 00paboTaHHbBIX TPYOOK
Sn Ga Mo Pasnoxxenne HNO; tipu 60 — 70 °C B Teuenue 6-7
4acoB
Sn XKenatun, momnoko, mo- | Pd—Mg(NOs), Toupon 1200 °C; Zeeman
JTUMEPHI
Sn H;BO; Acxkopbunosas kuciaora; PACly(1 mxr Pd) | Tyupon 1400 °C; STPF
Sn Ni criaBsbl, cTanu Pd — Mg(NOs), W — oOpaGotannele rpaduroBsie TPyOKH; Tiupon
800 °C
Sn PactBop T1pubytundoc- | 10 mxr/mn Pd B Bune PACl,(CH;CN), B | U3yueHna Tepmudeckas yCTOMYMBOCTh OyTHII0JIOBA

dara

TpubyTHIdochare
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Sn Bona Pd — Ni — MgCl, Toupos 850 °C
Sr OTi10KeHUS 10 mxr ammoHuitHoM conu DJITA Toupor 1400 °C
Te Xnopunst Ca, K, Mg, Na | Ni — u Pd — nokpsitas mnardopma; Ta- | Moaudukatop youpaet aoitHoi nuk; STPF
mwiaTdopma
Te Cu, Cu-cIuiaBsl 20MM Ni(NO;), — 10MM AI(NO3); — | Ycrpansiercs Biusane  Cl, SO;”
20mM (NHy), DJITA
Te Ge, GeCly, GeO, Ni Toupor 900 °C; Zeeman STPF
Te [IpombitienHsle  cTou- | 5 Mkr Pd — 0,25 % Tputon X-100 [IpenBapurenbHas o0padoTka 0Opasia MIEeTOUYHbIM
HbIE€ BOJBI pactBopoM DITA; Tupos 1250 °C
Te Moua Pt, Mg(NOs), Zeeman STPF; Mg(NOs), npeanourutenex Pt; Ty,
o 900 1 1150 °C, cooTts.
Ti OTioxxeHus, nery4das | 40 mxr Pd(CH3COO),; PtCly; IrCly Pd npeanoutureneH; Tryupox 1000 °C
yroJibHasi 3071a
TI PactBopbl MuHepanbHbix | Ni, Ta, Zr, W; Ta-, W- u Zr — 06pa60- | Tpyupon 1000 °C (W)
KHUCJIOT TaHHbIe rpaUTOBbIE TPYOKHU
Tl Cl™ -comepxamue  pac- | (NHy)s SATA — Ni(NOs3), (NHy)4 DATA ycTpansieT BIUSHUE XJIOPUIOB
TBOPBI
Tl Cl -cogepxkaume  pac- | 6 mxr Pd — 100mkr NH4NO; [IpeaBaputenbHblii nuponu3 Moaudukaropa Mpu
TBOPBI 900 °C; momyctumoe komuuectBo NaCl 200 Mkr
pH Tpon 900 °C
Tl Bi,Te; Mg(NOs), — maBeneBas kucinora — ac- | [IpO 12 nr unu 0,6 Mxr/n
KOpOMHOBAsI KUCJIOTA
Tl KpoBs, Moua 6 Mxr Pd — 100mkr NH4NO; Jlydiiee ycTpaHeHHUE BIMSHHUS XJIOPUIAOB, YEM MO-
mudukarop H,SO,
Tl OO0bekTl  okpyxatomieit | Pd — ackopOunoBasi kucnota; H,SOy; | Zeeman STPF
cpeasl Tputon X-100
Tl Ni cruiaBbl AckopOuHOBAasi KHCIIOTa [IpenBapurenshas oopadorka H,SO, — HNO; — HF

win H,SO, — HF — HyOy; Toypes 500-550 °C; TIpO




LLT

0,1 mxr/n; STPF

Tl Mopckas Boga 20 mkr Pd Tupor 900 °C; TIpO 20 MKr/i

Tl OTJI0KEHUS Pd — Mg(NO;), u H, — Ar Toupon 250 1 700 °C (H, — Ar), 3atem 700 °C (Ar);
Zeeman STPF

A% [IlenouHoM wi Cr(NOs); I1pO 0,56 ur

\Y Kposs, sputrpouuTsl, | 100 mxr/a Pd — 2 % numonHas kucnora — | Pa3zbaBiienue npoObl pactBopoM moaupukaTopa 1:1

IJ1a3Ma, CbIBOPOTKA 0,1% Tpuron — 10MM HNO;
\Y TormmBHOE Macyo La(III) Cyxoe o30JieHHE 00pa3IoB
A\ Macno, Boja CpaBHenbl pasmuunble Moaugukaropsl: | Pekomennosano 1 Mxr Pt; Tyypo, 1400 °C
ackopOuHoBas kucinorta, NH4SCN,
Mg(NO3)2, Pt, Rh

\Y OTtnoxxeHusi, cTanu 0,25 % (NH4)4 DATA — 15 % NH,OH [IpeanoyTuTenbHbl TPYOKH C MUPOTMOKPHITUEM

Vv MuHepanbHas BoJia 2,5 mr/mi1 Mg(NO3), Tuwpon 1500 °C; BBemeHHE TOpSYUX PacTBOPOB;
MHOTOKPATHOE JIO3MPOBAHNE

Yb Cwmeck okecnnos P33 Eu, Sm [Ipennoururenen Eu; [1pO 0,25 nr

Y, BoniHble pacTBOpEI 0,3 % ¢dpeon(CHF;) B Bo3ayxe Ycrpanenue s dexra mamMsaTH B IPUCYTCTBUU (Ppe-

P35 OHA; U3YYEH MEXaHU3M HCTapeHUs

Zn Boansie pacTBOpbI CoCl,

Zn Moioko 0,1 % Tputon — 0,1 — 0,3M HNO; CpaBHeHO TIpsiMOe pa3baBliieHHE MPoObl TpUTOHOM
WIH CYX0€ U MOKPO€E Pa3lokKeHUE; Tiypon 650 °C

Zn Mopckas Boga 0,7M miaBenieBas KUcCiIOTa CpaBHEHBI pa3IUYHBIE HUTPATBl U OPraHUYECKHE
KHCIIOTHI

/n Mopckas Boga 5 mxr V (8 Bune NH4VO3); 70 MKr su- | Thypon 400 °C; IIpO 0,11 1 0,024 mxr/in ¢ V u B ero

MOHHOM KUCJIOTBI

OTCYTCTBHE, COOTB.; Zeeman STPF




Jlsis pellieHus 3TOW 3a7jaud Hapsily C COBEPIICHCTBOBAHHMEM aIlmapaTyphl
UCIOJIB3YIOT XUMUYECKHE MOAM(PUKATOPHI, MO3BOJISIONINE U3MEHATh BBICOKOTEM-
nepaTtypHsbie npoieccbl 00pa3oBaHusi CBOOOAHBIX aTOMOB B IPA(UTOBBIX MeYaxX U
MIPOBOJIUTH KOHTPOJIUPYEMYIO aTOMHU3AITHIO.

Hawnbonee nmocnenoBaTenbHOM MOMBITKON CO3aHUs KOHTPOJIUPYEMOTO XUMH-
YECKOTO OKPY>KEHHS aTOMOB OMPEEIsIEMOro AJIEMEHTa Ha BCEX dTarnax mpoiecca
aTOMU3ALIUN SIBJISIETCSI MCIOJIb30BaHNE B KAUECTBE XMMHMUYECKUX MOAU(PUKATOPOB
OpPraHUYECKUX PEareHTOB, CIIOCOOHBIX M30MpaTENIbHO B3aMMOJECHCTBOBATH C HO-
HaMU ONPENEIIEMOI0 3JIEMEHTa ¢ 00pa30BaHUEM YCTOMYMBBIX KOMILIEKCHBIX CO-
€IUHCHUM.

Bbi6op modughukamopoe. PazpaboTka TCOPETUIECKHX OCHOB MOAU(DU-
KallMM BKIIIOYAET B ce0s OlpezesieHne MPUHIIMIIOB BbIOOpa MOAU(PUKATOPOB, KPH-
TUYECKOE PaCCMOTPEHHE 00pa3yIoIIerocs JIUTaHAHOTO OKPY>KEHHsI aToMa C MO3HU-
A TPOYHOCTH CBSI3M METAII-MOJU(UKATOp, OMpeesieMoil, B CBOIO Ooudepeb,
KaK TIpUPOAON MeTasula, TaK M XapakTepoM (PYHKIMOHAIBHBIX TPYHN Moauduka-
TOpa U UX CPOJICTBOM K ompeesieMomy metamty. [Ipu aTom Heobxoaumo, 4ToObI
BBIIOJIHSJIUCH CIIEAYIOIINE YCIOBHS:

- HUCHOJb30BaHUE MOAU(PHUKATOPOB C 3aJaHHBIM PacMOiIOKeHUEM (QYHKINO-

HAJTbHO-aHAJTUTUYECKUX TPYMI, KOTOPhIE TO3BOJISIIOT 00pa30BbIBATH HAM-

0osiee CTOMKUE BHYTPUKOMIUIEKCHBIE COEIMHEHHUS, COAEpKALUE MATH- U

HIECTUYJICHHBIE LIUKIIbL;

- HCIOJIb30BAaHUE MOAM(PUKATOPOB, TEPMUUYECKAsE CTAOMIBHOCTh KOTOPBIX
MO3BOJISIET KOPPEKTUPOBATH TEMIEPATYPY MUPOIH3a 00PaA3YIOIIHUXCA KOM-
IJIEKCOB W TEM CaMbIM oOOecreuyMBaTh COXpaHEHHE (HUKCUPOBAHHOTO
OKpPYEHUSI aTOMOB MeTaJlja.

Hccnenoanue OONBIIOTO KOJUYECTBA PA3IUUYHBIX MOAU(PHUKATOPOB MO3BO-
U0 otoopaTth Haubonee A3 PEeKTUBHBIE KOMIUIEKCOOOpa3yroIue U METaNIOKOM-
MJIEKCHbIE MOJIU(UKATOPHI, KOTOPbIE UCIOJIB3YIOT MPU ONPEIEICHUHN Pa3InYHBIX
anemeHToB — 1,10-penantponun (Ni, Cd, Ag), nupuaunazopeszopiun [TAP (Ni,
Cd, Pb, Cu, Zn, Co), mupuamnazonadron [TAH (Ni, Cd), mumerunriaunokcum (Ni),
aJIN3apUHOBBIA KPACHBIM S, XpoMaszypoid S, XpOMOTpOINoBas U CyJb(ocanuuuio-
Bast KUcIoThl (Al), 8-okcuxunonun (Zn, Cd, Cu, Ni, In, Sn, Bi, Pb), amunononu-
dbochoHOBBIC KHUCITOTHI M KCUJICHOJOBBIM oOpamkeBbiii (Pb), (2-6en3tmazomnw)-
MEpKanTOMEeTWICYAb(UI, TUPPOIHINHAUTHOKapOamMaTr amMoHus (Cu), TUATUIAM-
tuokapOamat Hatpus (Cu, Pb, Cd, Ni, Mn), nupuaunazope3opuuHaT nauiaaus
(Pb, Ni), okcuxuronuHaThl Maraus u Meau (In, Mn, Ni, Sb, Cu). B BogHbIX nin
BOJHO-OPraHUYECKUX PACTBOpPAX BBIIICYNOMSHYTbIE MOAU(UKATOPBI 00pa3yroT
IIpU YCTAaHOBJIEHHOM 3HaueHUH pH ¢ moHamu omnpezenseMoro 3JeMeHTa yCTONYH-
Bbl€ (KOHCTAHTbl YCTOMYMBOCTU M3MEHSIOTCS B Auanasone lg B = 5-28) xenatsl u
KOOpJIMHALIMOHHBIE coeuHeHusi. HekoTopble M3 ATUX PEaKTUBOB TPATUIIMOHHO
UCIIOJIB3YIOTCSl B KaYECTBE aHAJTIMTUYECKUX PEAreHTOB B MOJIEKYJISIPHOM CHEKTPO-
dboToMeTpun Asig nonyyeHus: aHanutuueckux gopm (manpumep ITAH, ITAP, xpo-
Masypoil S), Ipyrue — CHHTE3UPOBAaHbl M UCIIOIb30BaHbl HAMH BIiepBbIe (OeH3THA-
30JIMJIMEPKANTOMETUIICYIb(UT).
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VpOoBeHb CHIDKEHHMS TIpeiesia OOHAPYKEHHs B IPUCYTCTBUH KOMILIEKCOOOpa-
3YIOIUX MOIU(PHUKATOPOB OMPENEIIETCS TEPMUUECKON CTAOMILHOCTBIO MOIU(H-
KaTopa, €ro CrIoCOOHOCTBIO KOPPEKTHUPOBATHL TEMIIEPATYPY IMHMPOJIH3a 00pasyro-
IIUXCSA KOMILIEKCOB U IPUPOJION ONPENENIIeMOro dJIEMEHTa M KOMILIEKca. Tak,
naHHble Ta0.5.12 Ha mpuMepe ompeaeieHHus KaaMHUs U HHUKEIS IEMOHCTPUPYIOT
BJIMSIHHUEC TEPMHUYCCKON CTAOMILHOCTH MOAM(UKATOPA HA BEIUYHMHY OTHOCHUTEIIb-
HOT'O HU3MCHCHUA AHAJIUTUYCCKOI'O CUTrHalia, KOTOPOC OLICHHUBAJIN KaK
AA= A — Axon

Ao
abCOPOLMOHHOCTH X0JIOCTOrO OmbIiTa. CleayeT OTMETHUTD, YTO BEIHMYHHA AA 3aBH-
CUT OT MHOTHX (paKkTOpOB — BeauunHbl pH cpeasl, pacTBopuTels (BoJaa UM CMEChH
BOJIa-TAHOII), TEMIIEPATYPHO-BPEMEHHOM IPOrPaMMBbI, CII0c00a HCIIAPEHHMS U T.JI.

, Tne Ag—abcopOimoHHOCTh 0e3  Moaudukaropa;  Axo—

Tabmuna 5.12 — Bausiaue TepMUYecKoil yCTOMYMBOCTH MOAU(BUKATOPOB HA
AHAJIMTUYECKUN CUTHAJI

Temnepatypa AA+O0,1
pa3lIoKEHUS »
Moaudukatop MOTHHKATO- KaJIMHIA HUKEJb
pa,’C
O6aToeHaHTPOIUH 417 3,7 4,3
1,10-penanTponaun 408 3,6 2,8
I[TAH 324 2,0 2,3
[TAP 315 1,9 2,2
8-OKCHUXWHOJIMH 296 1,3 2,0
MAPUIVH 194 1,0 1,1

[TosTomy nenath BbIBOJIbI 00 3(hPEKTUBHOCTH TOM WJIM UHOW JOOABKM Ha OCHOBA-
HUU CPAaBHEHUS BEJIUYMH AA MOXKHO TOJIbKO MPU OJUHAKOBBIX YCIOBUSX U3MEpE-
Hus. U3 nannbix Tabi. 5.12 BUIHO, UTO C YMEHBIIEHHEM TEPMHUUECKON CTaOUIIBLHO-
cti MoaudukaTopa ymeHsinaercs Benuunna AA. [lpu aToMm crienyet uMeTh B BU-
Ty, 9YTO KOPPETAIU MEXAY CTENEHBIO BO3ICUCTBHS MOIU(UKATOPA HA MPOIIECCHI
aTOMU3AIMU METAJJIOB U TEPMHUYECKON YCTONYMBOCTHIO COXPAHSIETCS TOJBKO IS
MOIU(UKATOPOB C OJIMHAKOBBIMU JIOHOPHBIMH aTOMaMHU.

Ncnons3oBanre Moau(pUKaTOPOB MPUBOJIUT HA TIEPBOM CTAUN aTOMU3ALIUU K
00pa3oBaHUIO MPOMEKYTOUHBIX KOOPJUHAIIMOHHBIX COCIMHEHUN U K MOBBIIICHUIO
TeMIepaTyphl MUpoau3a 6e3 noreps aHaiauta. Jlanasie Taba. 5.13 cBUIETENbCTBY-
10T, YTO MAaKCUMAaJbHO JOMYCTUMAsl TeMIepaTypa MUPOJIM3a COCIMHEHUN Ompe/ie-
JSIEMBIX 3JIEMEHTOB B MPUCYTCTBUU MOAMGUKATOPOB Bo3pactaeT Ha 250-800°C,
IIPU OTOM TaKasi TePMOCTaOMIHM3aIs 00eCIeuYnBaeT JOMOTHUTEIHHBIC BO3ZMOXKHO-
CTU OTTOHKHM MATPUIIbl U CHUKEHUSA npeniena ooHapyxkenus. U3 ganueix tadi. 5.13
CJIeyeT, YTO METANIOKOMIIEKCHBIE COCIMHEHUSI — XeJIaThl MarHusl U majuiajus —
o0naaroT OoibIIEH TEPMOCTAOMIM3UPYIOLIEH CIIOCOOHOCThIO, YEM OPTraHUYECKUe
MOIU(DUKATOPHI.
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Tabauua 5.13 — Biusgaue MouduKaTOpOB Ha TEMIEPATYPY MUPOJIU3a

DneMeHT Monaudukarop Temneparypa nuponusa, °C
0e3 Moguduka- | ¢ Moguduka-
TOpa TOPOM

Ag MAPOTAJIIOJIOBBIA KPACHBIN + 600 950
1,10-penanTponuu

Al CyJib(pocaauImiIoBasi KUCIOTa 1400 1650

Cd 1,10-penanTponun 300 700

Cu OEH3THA30IMIMEPKAITOMETHII- 900 1100
CyJbGu

In 1,10-penanTponun 750 950
OKCUXWHOJIMHAT MarHus 1000

Mn OKCHUXHHOJIMHAT MarHus 1200 2000

Ni OKCHUXWHOJIMHAT MarHus 1700 1900

Pb MUPUIWIA30PE30PIIMHAT  MaJlIa- 500 1300
st

Sb OKCUXWHOJIMHAT MarHus 900 1200

O4eBHIHO, YTO YPOBEHb CHIKEHHS Tpeesa OOHApY>KEHUS HCCIETyeMbIX
METaJVIOB ONpENEseTcs KaK CBOMCTBaMU MOAM(PUKATOPOB (YTO OBUIO MOKA3aHO
BBIIIE), TAK W MPUPOJION OMPENEIIEMOro 3JEMEHTa. JTO MOATBEPKIAIOT JaHHbIE
Tabn. 5.14, nomydeHHbIe ISl MOAEIBHOW CUCTEMBI MUPUANIA30PE30PLUHATOB Me-
TaJUIOB.

Tabnuua 5.14 — BiusgHue npupo/ibl MeTajljla Ha aHAJIMTUYECKUNA CUTHA

Xenar Cd(ITAP) Pb(ITAP) Co(ITAP), Cu(ITAP),
Temnepatypa 275 295 410 435
pa3NoXKEeHHUs,

°C

AA+0,1 1,4 1,0 0,5 0,1

HauGonee 3HaunTEeNpHOE N3MEHEHHE AHAIUTUYECKOTO CUTHAIA OTMEUEHO JJIS
KOMILUIEKCOB C 0oJiee HU3KOM HadallbHOM TeMIiiepatypoil pasnoxkeHus. Tak, nmis
CdITAP ona cocraBnser 275°C, a BenuunHa AA = 1,4, B To Bpemsi Kak s
Cu(ITAP),, pazmararomierocs npu 435°C, u3MeHEHHE aHAJIUTUYECKOTO CHUTHaJa
CTAaHOBUTCS He3HAUUMBbIM. JlaHHbIe Ta0m. 5.14 MOATBEPKAAIOT MOJIOKEHUE O BIIUS-
HUU TIPOYHOCTH CBSI3U MeTajia ¢ MojudukaTopoM Ha 3PPEKTUBHOCTD MOCIEIHE-
ro. [{ns TeopeTnyeckoro 000CHOBAHUS ATOTO MOJIOKEHUS U JIJISl IPOTHO3UPOBAHUS
3G (HEKTUBHOCTH BBIOPAHHBIX CIIOCOOHBIX K KOMILJIEKCOOOPA30BAHUIO MOJAU(UKA-
TOPOB MCIIOJB30BaH IApAMETP CPEIHEN DJIEKTPOHHOW IUIOTHOCTM HA BHEIIHEHN

000JI0YKe aToMa Jo N3 MHOTHX paccCMOTPEHHBIX (PU3UKO-XMMHUYECKUX CBOMCTB

AJIEMEHTOB (TePMOJIMHAMUYECKHE, TEIJIOBbIE, MEXaHUYECKUE, ONTUYECKUE U Hp.
XapaKTEPUCTUKH ) MMOYTU BCE MOKA3bIBAIN Ty WU UHYIO 3aBUCUMOCTh OT Jo Ha-

6J'IIOI[aeTC${ 4dCTKasd Koppesiuda MCEKAY INIOTHOCTBIO BAJICHTHBIX ATOMHBIX 3JICK-
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TPOHOB U KOJIMYCCTBCHHBIMU ITapaMCTPaMH, UCITIOJIb3YCMBIMU IJIs1 TCOPCTHUYICCKOTO
IMPOTrHO3UPOBAHUA U OIMUCAHHUA ITPOLCCCa ATOMU3AIINN B I‘pa(l)I/ITOBBIX rnéyax — TCII-
JIOTOU O6p330BaHI/I$I OKCH OB U3 IIPOCTHIX BCIICCTB, TCMHGp&TYpOﬁ IIJIaBJICHUA OK-

CHIOOB, TCMHCpaTYPOﬁ ITOABJICHUA CBO60,Z[HI>IX daTOMOB U 1p. BCJII/I‘H/IHy pGH o1c-

HHUBAKOT U3 YPABHCHUAA: ng = V , TIC N — 9UCJIO 3JICKTPOHOB, ITOTCPAH-
am

VMOH

HBIX aTOMOM Ipu 00pa30BaHWM MOHA JAHHOTO 3apsiia (BCe WM YacTh BaJICHTHBIX
ANEKTPOHOB), Vi U V oy — 00BEMBI ATOMA U MOHA C JJAHHBIM 3apsIZIOM.

Hamu ObutO ycTaHOBIIEHO, YTO /0, XOPOLIO OIHCBIBACT yPOBEHb BO3JCHCT-

H
BUSI CIIOCOOHBIX K M30MpATENIbHOM KOOpJIUHAIIMU MOJIU(PUKATOPOB HA MPOLECCHI
aTOMU3AIMU KaK MEPEeXOJHBIX, TaK U HEMEPEXOHBIX 3JEMEHTOB - KO3 UITUEHT

koppessinuu aiis [TAP cocrasnsiet 0,84, ninsa 8-okcuxunonuna — 0,85 (tabin. 5.15).
3aKOHOMEpPHOE YMEHBITICHUE aHATUTHICCKOTO CUTHANIA 3JIEMEHTOB C YBEIIMUECHUEM

ng CBUACTCIBCTBYCT 00 YBCIIMYCHUN TIPOYHOCTHU CBA3HM B COCOAMHCHHUH HCCIIC-

JTyE€MOTO 3JIEMEHTA U O 3aTPyJHEHUHU Mpoliecca 00pa3oBaHusi CBOOOIHBIX aTOMOB.
Tabmauua 5.15 — Bnusiaue .~ Ha N3MEHEHHE aHAIMTUIECKOTO CHIHaNa AA
6H

DnIeMeHT L., -103, >1/aM° AA
ITIAP 8-OKCHUXHWHOJIMH
Cd 0,169 2,7 3,2
Pb 0,142 1,9 1,1
Cu 0,207 1,8 0,98
Al 0,263 1,1 0,93
Mn 0,325 0,98 0,89
N1 0,318 0,67 0,87

C uenbto nporHo3upoBaHus 3dpdextuBHoctu ITAP u 8-oxcuxuHoIMHA IS
JIPYTUX 3JEMEHTOB PAaCCUUTAHbl KOPPENSILIMOHHbIE YPAaBHEHMS M TOATBEPXKIEHA

BO3MOKHOCTb HUCIIOJIb30BAHHA TMPCIOKCHHOI'O IapamMeTpa p6‘H AJIs1 TIPOTHO3HBIX

OLICHOK 3((EKTUBHOCTH BBIOPAHHBIX MOJU(PHUKATOPOB JIsi SJIEMEHTOB CO CXO/I-
HbIM MEXaHHU3MOM aTtoMu3aluu. Tak, B Tabu. 5.16 Ha nmpuMepe UCIONb30BaHUS B
KayecTBe MoAM(UKaTOpa 8-OKCHXMHOJIMHA IOKAa3aHO, YTO HKCIEPUMEHTAJIbHOE
3HaueHne AA XOpOILO COINIAcyeTcsl ¢ PaCUETHBIMU 3HAYEHUSIMH.

Tabmuma 5.16 — IlpornosupoBanue 3ddekTuBHOCTH MomudukaTtopa 8-
OKCUXHWHOJINHA
JIeMeHT yon 10°, sn/um’ AA+0,1
pacueTHoe HKCIIEPUMEHTATILHOE
In 0,100 2,3 2,1
Sn 0,166 1,9 1,9
Bi 0,167 1,9 1,8
Zn 0,226 1,5 1,4
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| Ga | 0,293 | 0,99 | 1,0 |
OpnHako ciemyeT UMETh B BUY, YTO B PsAJE CIy4yaeB MOTYT MOSBIATHCA (ak-
TOPBI, JCTAIONMIME MCTIOIB30BAHNE TIApaMeTpa O Hed(DPEKTUBHBIM, HAIIpUMED, B

ciydae omnpesaeneHus Mo, korja B TpaduToBo# rmeun o0pa3yroTcss KapOuIbl, WK B
ciydae Moau(UKaTOPOB, 00Pa3yIONINX KOMIUIEKCHBIC COCIMHECHHS C Ompeesie-
MBIM 3JIEMEHTOM TOJBKO 3a CYET KOOPJWHAIMOHHOW CBsi3u (Hampumep, 1,10-
dbenantponun). Tak, pacueTHoe 3HaueHue AA 111 MOIUOAEHA B MPUCYTCTBUU 8-
OoKcHUxuHOIMHA cocTaBiseT 0,15, a sKCrepUMEeHTaIbHO HaWJeHHOE 3HAYCHUE PaB-
Ho 0,44.

Takum 06pazom, BEIOOP OpraHMYEeCcKOro Moau(UKaTopa TOJKEH ONPeaeaTh-
Csl CIENYIOIIMMU TPeOOBaHUSMU: MOIUGUKATOP JOJIKEH 00ecreuynBaTh KOHTPO-
JUPyEeMOe XHUMHUUYECKOe OKPY)KEHHE aTOMOB ONpPENEIieMOr0o 3JIEMEHTa B PacTBOpE
U BIIOCJICJICTBHH B TBEPJIOH ¢ase, st 3TOro MOANGUKATOP JOKEH ObITh TEPMHU-
YECKU JOCTATOYHO CTAOMJIBHBIM U JIOJDKEH IMOBBIMIATH JIOMYCTUMYIO TEMIIEpaTypy
TepMOOOPAOOTKH COCAMHEHHI ONpPEAeNIeMOro dJIeMeHTa. BrimomHenue 3Tux Tpe-
OoBaHUI 00ECIEUMBACT CHUKEHUE MpeJiesa 0OHAPYKEHUSI METAJUIOB JIEKTPOTEP-
MUYECKUM aTOMHO-a0COpOLMOHHBIM MeTOJIOM. B Tabn. 5.17 mokazana 3¢ dexTus-
HOCTh HCIIOJIh30BaHUS BBHIOPAHHBIX MOIU(MUKATOPOB MJIsi CHIDKCHHS Tpesena 00-
Hapy>KEHUS METAJUIOB B Psijie JETPECCUPYIONUX BBICOKOCOJIEBBIX MATPHUIIAX TPU
aHaJIM3€ MAXTHBIX BOJl, KUCIIOTHBIX MHHEPAJIN3aTOB MI0YB, aKTUBHOTO HJIa, OHUOJIO-
TMYECKOr0 MaTepuajia, YepHbIX U I[BETHHIX CILIABOB.
Tabmuma 5.17 — CHuxeHue mnpejena oOHapyXeHUsT METAJIJIOB B JICIPECCUPYIO-
HIMX MaTpUIax

Dite- Marpuria MoaudukaTop Kpamtocts  crikeHms
MEHT nperieria  OOHapy KeHs|
TIO CPABHEHHIO C PACTBO-
pom 6e3 MorMHKaTopa
Ni 0,5M HNO; NUPUIUIA30PE30PLUHAT Pd(II) 10
MUPUANIA30PE30PLIUH 7,4
XJIOpU ] Hajutaaus 2,9
Cd 0,1M HNO; cynbdar 1,10-dbenanTponarHa 2,2
HUTpAT Nauiagus 1,3
0,1M HCI cynbdar 1,10-dbenanTponarna 5,5
Al 0,15M CuCl, |cynaphocanuimioBas KUCIOTa 50
0eH30JCyIb(OKHUCIIOTA 31
cynbdocanuiuiaoBas KUcaoTa+ 125
aNM3apUHOBBINA KPACHBIN S
0,12M FeCl; Cynb(hoCaTUIIUIOBas KUCIOTa 50
0eH3051CcyIbGOKHUCIIOTA 59
cysbhocaTuuaoBas Kuciora+ 105
ANM3apUHOBBIA KPACHBIM S
KoMIuUIeKCOoH 11 20
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Cu |CaCl,, MgCl,, NaCl,|ben3Tna3onmiMepKanTOMETHII- 60
KCl, HNO; (conep- |cynbbun
xaHue coseit 30r/m)

Pb 0,07M CuCl, uMuHOANMeTIIIeH()OCHOHOBAS K-Ta 156
HUTpUITpUMeTHICHPOCHOHOBAS K-Ta ]3
ATUWJICHIUAMHUHTETpaMeTuIeHpoc- 47
¢dboHOBas KUCIOTA
KomruteKkcoH 111 1,9
muruapodocdar HaTpus 2.3
HUTpAaT JIaHTaHa 1,6

Ag | Ca(NOj),, MgCl,, |1,10-benanTtponua + mHpoOTAIIO- 32

K,SO,4, NaHCO;, |110BBIN KpacHBIM
KCl, Fez(SO4)3 (CO-
JIEpKaHUE CONen
22r/m)

Buano, uto npenen oOHapyKeHUs, HAPUMEP, HUKENS B PacTBOpax a30THOM
KHUCJIOTHI B MPUCYTCTBUU NMPEJIOKEHHBIX MOJIUPUKATOPOB CHIKaeTcst B 2-10 pa3
10 CPaBHEHUIO C pacTBopoM Oe3 moaudukaropa. Panee ncnosibzyemMbiii Moaudu-
katop PdCl, camxaet npenen oOHapykeHus: Bcero B 1,5 pasza, T.K. COIM Majjiaaus
B OKHCIUTENbHBIX MaTpuiiax Hed(pdekTuBHbl. Hanbosiee Brneyatsionme pe3yib-
TaThl MOJYYEHbI MPU OMPE/EICHUN AIIOMUHUS W CBUHIIA, KOT/IA HCIOJIb30BaHUE
MIPEIOKEHHBIX MOIM(PUKATOPOB CHIKAET Tipeen ooHapyxkeHus Al ot 30 mo 125
pa3, a ceuHia — B 80-156 pa3. Cienyer OTMETUTh, YTO UCTIOJIL30BAaHUE TIpEIjiarae-
MbIX Monu(puUKaTOpoB Tem Oosee (h(PEKTUBHO, YEM CIOKHEE COCTAaB MATPHIIBL.
[Ipu sToM cmecu Moau(pUKATOPOB, KaK, HAPUMEp, B Cllydae OMPESICHUS ajto-
MUHHS, HanOoJIee CYIeCTBEHHO CHIXKAIOT mpeen ooHapyxenust — B 105-125 pas.
Moducukauus ebicokomemnepamypHbIX MPOYECCo8 6 3J1IeKMmMpo-
mepmMuYecKkol amoMHO-abcopbyuoHHOU crnekmpockonuu. Vcmons3o-
BaHUE MOJU(UKATOPOB BIICUET 3a COOOM M3MEHEHUE XapaKTepa MPOIECCOB aTOMHU-
3allMM, TPOTEKAIOIINX C yYaCTUEM KaK caMUX MOAM(PUKATOPOB, TaK U KOMILJIEKCOB
C ompenesieMbIMU 3JIEMEHTAMU U 3JIEMEHTaMHM MaTpuIlbl. MI3MeHeHue Xapakrepa
BBICOKOTEMIIEPATYPHBIX MPOILECCOB OOYCIOBIEHO HECKOJbKUMHU (akTopamu - B
YaCTHOCTH, XMUMHYECKUM pa3JCIICHUEM OMNPEAEIIeMOro 3JIEMEHTa U MaTpHIbI,
TEPMOCTOMKOCTBIO camMoro mMojudukaTopa u 00pa3yromerocs: KOMIUIEKCa, pa3HbI-
MU TEeMIEpaTypHbIMH HWHTEPBAJIAMH PA3J0KEHUS COCIUHEHUN OIMpeAessieMOro
AJIIEMEHTa U MAaTPUIIbI.

VY CcTaHOBIEHO, YTO CIMOCOOHBIE K KOMILIEKCOOOpPa30BaHUI0 MOAN(PUKATOPHI
NPUBOJAT K YIIyOJIGHUIO TMPOLECCOB pa3/iefICHUs] OMPEAessieMOro 3JIeMEHTa U
MaTpuIlsl. MeHsst oluH MOAU(GUKATOP HA JPYTOH H, CIEAOBATEIIBHO, MEHSS XapakK-
T€p B3aUMOJCUCTBUS MOAUGUKATOPA C OMPEACISIEMBIM 3JIEMEHTOM M MaTpUIIEH,
MOXHO JOOUTHCSI CHUKEHUS Mpeiesia 0OOHAPYKEeHUs, HarpuMep, B 2 pasa.

VYriy0aeHre npoieccoB XUMUUECKOTO pa3AesieHUs! ONpeesieMoro AIeMeHTa
W MaTpUIIbl JJOCTUTAETCS TOJBKO MPU ONTUMAIBHOM KOHIIEHTpALMK MOAU(UKATO-
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pa, KOTopasi ONpeeseTcss XUMUYECKUM COCTaBOM M KOHLICHTpALMEeH MaTpHIlbI, a
TaKKe XapaKTepoM MUpou3a camoro moaudukaropa. B tabn. 5.18 Ha mpumepe
aTOMHO-a0COpPOIIMOHHOIO OMPEICICHUs] CBUHIIA M HUKEIS B JICNIPECCUPYIOMIMNX
MaTpullax IMOKa3aHa 3aBUCHUMOCTH Ipejiesia 0OHapYKCHHS METaJlJIOB OT KOHIICH-
Tpaluu MoJIU(PUKaTOPOB.

Tabmuma 5.18 — 3aBucuMocTh Ipeseia oOHapyKEHUsI CBUHIIA U HUKENS OT KOH-
IEHTpAI MouduKaTopa

One- Mo- Kosn- [Tpenen One- | Mo- Konuent— | [Ipenen
MEHT, | qudu- | HCHT— oOHapy- | MeHT, |audu- | panus oOHapy-
MaTrpu- | katop | Palui JKEHUSA Mart- KaTtop Momudu- | KEHUS,
na Mozuu- Cpin'10°, puia KaTopa, MKT/JT
Kkaropa, % MOJIB/JT
MOJIB/JT
Pb, | UD* | 0,001 3,0 Ni, | PdITAP | 0,0001 2,7
0,08 M 0,002 1,8 0,5M 0,0002 2,0
CuCl 0,005 1,3 HNO; 0,0003 2,0
0,008 0,92 0,0004 2,0
0,010 0,92 0,0005 2,0
0,020 0,92 0,0006 moudu-
0,030 0,92 KaTop Moj
0,050 1,0 HOCTBIO HE
0,10 BEIITAJIA€T E:EEBOPH_
0CaJIoK

* umuHOIUMeTUIeH(ochOoHOBAsT KUCIOTa

[IpuBeneHHBIE JaHHBIE CBUAETEILCTBYIOT, YTO C YBEJIMYEHUEM KOHIEHTpa-
uuu MoaudukaTopa npeen oOHapyKeHHsI METalIOB CHavajla YMEHbIIIAeTCs, a 3a-
TEM BO3PACTAET, YTO CBSA3AHO C YBEJIMUYEHUEM HECEJIEKTUBHOTO MOTJIOIICHHS CaMo-
ro MoauduKaropa. AHaJIOTUYHAsL 3aBUCUMOCTh HAOIIOIAeTCs U JJI1 METaJUIOKOM-
MJIEKCHBIX MOAU(UKATOPOB.

CyMMupys Bce BBIIIIECKa3aHHOE, MOKHO TOBOPUTH O BIMSAHUM XapakTepa 00-
pa3yroluXxcsl MPOMEXYTOUYHBIX COEAVMHEHUI Ha MPOLECCHl aTOMM3aLUU OIpese-
JISIEMBIX 3JIEMEHTOB, YTO MPOSIBISAETCS B U3BMEHEHUHU [MapaMETPOB UMITYJIbCOB aHa-
JUTUYECKOro curHaia. B tabn. 5.19 moka3aHo 3TO BIUsSHHE HA IpUMEpE Ompeje-
JICHUS MEJU U CBUHIIA.

Tabmuia 5.19 - TemnepaTypa u BpeMsi MakCUMyMa uMIyJsbca curnana (n=5; P=0,95)

Dne- MakcuMyM UMmyJibca
MEHT PactBop CUTHasIa
BpeMs, C | TeMIIepaTy-
pa, °C
Cu [BOIHO-3TaHOJBbHBIN (3:2) pacTBOP 1,49+0,05 1950
0,01 M BoaHO-3TaHOIBHBINA PACTBOP BTMMC 1,75+0,05 2207
0,01 M BogHO-3TaHOJIBHBIN pacTBOp caxapo3bl  |1,52+0,07 1990
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0,01 M BoAHO-3TaHOJNBHBIN pacTBOp ackopouHo-|1,61+0,05 2100
BOW KHCIIOTBI

Pb 1% HNO; 0,80+0,07 1050
0,001 M pacTBOp KCHJIEHOJIOBOTO opaHxkeBoro B(1,17+0,04 1580
1% HNO;
0,1% HNO; 0,52+0,05 998

0,005 M pactBop cynbdara 1,10-penantponnnal0,85+0,06 1050
B 0,1% HNO;

* OCH3THA30IMIMEPKAIITOMETHIICYIb(UI

B a30THOKHUCIIBIX U B BOJHO-OPraHUYECKUX pacTBOpax J00aBKa KOMILIEKCO-
oOpasytomero mMoaudukaropa OCH3THA30IUIMEPKANTOMETHICYIbGUIA U KCUJIe-
HOJIOBOT'O OPAH)KEBOT'O BEAET K CTATUCTUYECKH 3HAYMMOMY YBEIMUYEHHUIO BPEMEHU
U TeMIIEPATypbl MAaKCUMyMa UMITYJIbCa aHAJTUTHUECKOI0 CUTHAJIa 110 CPAaBHEHUIO C
caxapo30oil U acKOpOMHOBOM KHCIIOTOW, KOTOpbIE€ HE OOpa3ylOT MHPOYHBIX KOM-
TUIEKCHBIX COSAMHEHUN C HOHAMU MEJIH U CBUHIIA.

Hab6mrogaembie 3p(HeKTbl MOXKHO OOBSCHUTH JOMOJHHUTEIBHBIM (PaKTOpOM
TEPMOCTAOUIN3AIMM AHAJIMTA O CPABHEHHMIO C OOUIEHPHUHATHIMH (PaKTOpamH,
JCHCTBYIOIIMMU B IPUCYTCTBUH MOJAU(PUKATOPOB OpraHrnueckoi mpupoasl. K uuc-
Jqy Takux (PaKTOPOB MOXXHO OTHECTH, Hampumep, oOpazoBaHHEe CBOOOJHBIX paju-
KaJIOB, BO3HUKAIOIUX MPH MUPOJIU3E KOMIUIEKCA, U B3aUMOJEHCTBHE MPOIYKTOB
NUPOJIU3a C COMPSKEHHON CUCTEMOI rpaUTOBOTO C0sl. DKCIEPUMEHTAIBHO ObI-
JI0 TIOKAa3aHo, 4TO M0I00HOE B3aUMOEHCTBHE UMEET MECTO Ha CTAJIMU MUPOJIN3a B
nuamnazone temnepatyp 300-500°C, xoTOpblid XapakTEepU3yeTcs MaKCUMaJIbHOM
KOHIIEHTpalueil crnuH-IeHTPoB. [IpoayKThl TEpMUYECKOr0 pa3ioXKEeHUs aKTUBH-
PYIOT MOBEPXHOCTh aTOMHU3aTOpa, 00pa3ys Ha Hel aKTUBHBIE LIEHTPHI B BUE 000p-
BaHHBIX XMMHUYECKHUX CBsI3ed. DTO MPUBOAUT K JOMOJIHUTEILHOW TEPMOCTAOMIIH-
3alliy aHAJIWTA TIPU HU3KUX TEMIIEpaTypax, COKPAIICHHUIO ero MOTeph Ha IMpeiBa-
PUTENBHBIX CTAAUSAX, YMEHBIICHUIO TU(DPY3UN COSAMHEHUI OMpPENeIsieMOro 3Je-
MEHTa B XOJOJHBbIe nepudepuitupie 30Hb neun. C HagbHEHIINM MOBBIIICHUEM
TEMIEPATypPhbl XapakTep TEPMOCTAOMIN3AlNN U3MEHSETCS U CBSA3AH MPEUMYIIECT-
BEHHO C MPOBaJMBAaHUEM YACTHUI] OKCHJOB aHaJUTa BIIyOb paciiaBa OpraHude-
CKOTO BEIIECTBA, OKKJIIO3MEW YaCTHIl aHaJWTa CyXWUM YTIEPOAHBIM OCTAaTKOM
BCJECTBUE 00pa3oBaHMsI BOKPYT HUX IJIOTHBIX YIJIEPOJIHBIX 000JIOUEK B pE3yJib-
TaTe rpaQuUTU3aLUM yIriepoja.

[TonTBepkieHUEM ITOMY CIIYKUT U3MEHEHHE HHEPIMM aKTUBALMU IIpoLecca
aTOMU3AlLlMM, OLIEHEHHOE, HaIllpuMmep, AJIs Ipolecca aTOMU3ALUU COEIWHEHUMN
CBUHIIA B MPHUCYTCTBUU KCUJIEHOJIOBOTO OpaH)keBoro. lIpsMonunelinas 3aBuCH-
MOCTb Jlorapr@ma KOHCTaHTbl CKOPOCTH aTOMHU3alUU OT TEMIIEpaTypbl CBUJIETEIIb-
CTBYET O TOM, YTO B MCCJIEJI0BAaHHOM TeMIIEpaTypHOM JAMaIa30He CBUHELl HE B3au-
MOJICHCTBYET C YIJIEPOJOM B KOHJIEHCUPOBAaHHOM (pa3ze. MI3MeHeHNe SHepTUH aKTH-
Baluu coctaBuiio 12 x/[k/MOJb, 4TO COOTBETCTBYET M3MEHEHUIO DHTAJIBIIUHU IPU
duznyeckoil ancopOuu, HapUMep, 3a CYET BaHAEPBaaIbCOBOIO B3aUMOICHCTBUS
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MEXIy MOBEPXHOCTHIO U aJCOPOMPOBAHHON MOJIEKYJION. VIMEHHO BIMSHHMEM He-
KOHTaKTHOW (JIOTaluu ISl YacTHI] OY€Hb MaJICHbKOTO pa3Mepa, 00yCIOBICHHOU
MOJIEKYJISIpHO# ajare3ueid 3a cueT cuil Jlonaona - Ban-nep-Baanbca, oObscHseTCS
CMA4YMBaEMOCTh OKCHIOB pacIilylaBaMi MOJIU(DUKATOPOB U MPOBATMBAHUE ITUX YaC-
THUILl BHYTPb pacIliaBa, YToO BEJIET K 3aJIepKKE UCTIapEHUSI.

UccnenoBanre BIUSHUS MOAU(PUKATOPOB HA MPOIIECCHl AaTOMU3AIMH BBISBUIIO
TaKOW BaXKHBIN (haKTOP, KaK COOTHOIIEHNE TEPMHUUECKON CTAOMILHOCTH Moaupu-
KaTtopa U 00pa3yromierocss Komruiekca. JIjist moATBepKAeHUS 3TOr0 ObUTH CUHTE3U-
poBanbl komruiekcbl Cu(Il), Co(Il), Pb(Il), Zn(IT), Cd(Il) ¢ gudTriiauTHOKapOama-
toM (ADATK), nupponuauuauruokapbamatom (IITK), ITAP u Genzruazonui-
MepkanTomeTuicyibpuaom (BTMMC). Bee onn ObUIM 0XapakTepu30BaHbl aHAJIH-
TUYECKHU, PEHTIeHO(A30BbIM U CIEKTPOCKOMUYECKUM MeToaamMu. CpaBHUTEIIBHOE
n3yuyeHre MoAu(PUKATOPOB M KOMILJIEKCOB OBLIO MPOBEAEeHO MeTogoM Auddepen-
[IMAJTLHOTO TEPMHUUYECKOTO aHaJlM3a C 3alKUChl0 TEPMOTPABUMETPUUECKUX XapaKTe-
PHUCTUK.

[IpuBenennsie B TabJ. 5.20 gaHHBIE MO TEPMUUYECKOMY pacraay KOMILICKCOB
Cd, Pb, Co, Cu c [TAP yeTko AeMOHCTPUPYIOT HEOOXOJUMOCTh y4eTa COOTHOIIIE-
HUSI TEPMUUYECKON CTAaOMILHOCTH MOJuUKaTOpa U 00pa3yIOIIUXCsl KOMIUIEKCOB U
HaJu4yue KOPPEJSIUU MEXAY STUMH JaHHBIMM U 3HAYEHUSIMH AHAIMUTHYECKOIO
curHana. [Ipu »ToM TepMuueckuil pacraj BCeX KOMILIEKCOB MPOUCXOJUT B JBE
CTaJIMM ¥ PA3HOCTh TEMIEPATYpP Pa3IoKeHUs] MOAUPUKATOPA U KOMIUIEKCa KOppe-
JUPYET C BEJIMYMHOW M3MEHEHHS] aHAJTUTUYECKOr0 CUTHAJIa B MPUCYTCTBUU MOJH-
¢ukaropa AA.

Tabnuua 5.20 — Biusaue TepMuyeckol ycroiunBoctd moaudukaropa [T1AP u
METAJJIOKOMILJIEKCOB ATOT0 PeareHTa Ha U3MEHEHUE aHAIUTHYECKOTro curHana AA

Momudu- | Ycnosnas koH- | Temmeparypa pazmo- | AT*,°C AA
KaToOp U | CTaHTa yCTOM- xeHus**, °C
KOMILUIEKC | YMBOCTH KOM- | I3tammu- | Il atam
iekca lg B pojiM3a | MHAPOJIH3a
ITAP 280
Cd(ITAP) 6,53 195 275 5 1,4
Pb(ITAP) 6,48 295 445 15 1,0
Co(ITAP), 11,57 378 410 95 0,52
Cu(ITAP), 11,82 395 435 155 0,07

*AT — pa3HOCTb TeMIIepaTyp pa3ioKeHus MoaupuKaTopa U KOMIUIEKCa TPU MaK-

CUMAaJIbHOM HEU30TEPMHUYECKON CKOPOCTH ITOTEPU MACCHI;

**_  TepMOIrpaBUMETPUYECKHE JAHHBIE I1OJTYYEHBI

5 K'mun"' B BO3/IyXE

Crnenyer OTMETHUTB, 4TO MOJYyYEHHAss KOPPEISLHS XOPOIIO COINIACyEeTCs C Be-
JUYMHONW KOHCTAHT YCTOMYMBOCTH 3THUX KOMIUIEKCOB. JlaHHble Tabm. 5.21 Takxke

JEMOHCTPUPYIOT 3TY KOPPEIALHIO.
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Tabnuua 5.21 — BriusHue xapakTepa TEPMUYECKOT0 pacnaja KOMIUIEKCOB Ha U3-
MEHEHHE aHAJTUTHUYECKOro curuaga AA

Momudukarop u | Temneparypa paznoxenus®, °C | AT,°C AA
KOMILICKC I 3tanm mupo- | 1l atan nupo-
m3a mn3a
BTMMC 332
[Cu(bBTMMO)], 335 390 3 3,0
OB ATK 325
CA(ADATK), 317 331 8 1,3
OB ATK 325
Pb(JIDATK), 250 | 345 20 1,2
I[MATK 167
Cu(IIATK), 293 | 335 126 1,1
OB ATK 325
Cu(IDATK), 278 47 0,9

* TepMOrpaBHMETPUUYECKHE JAHHBIE TTOYICHbI IPU CKOPOCTH Harpesa 5 K-Mun' B
atMocdepe aprosa

OpmHako Koppessius Beerjaa OyJeT UMETh MECTO B TeX CiIydasiX, KOTia MIUpo-
U3 00pa3yroIUXCsd KOMIUIEKCOB IPOMCXOIUT cTymneH4aTo. IloaTBepxkiaeHuem
ATOMY CiyXaT AaHHble 1o Komruiekcy meau ¢ JIDJITK, kotopelii paznaraercs B
onHy cranuto. B atom cimydae koppemnsitua mexay AT u AA Hapymaercs. O0bsic-
HUTHh OOHAPY>XEHHYI0O HAMHU 3aKOHOMEPHOCTh MOXHO, BEPOSITHO, CJIEAYIOIIUM 00-
pasom.

C oHOM CTOPOHBI, MPU U30BITKE MOAU(DUKATOPA BO3MOKHA U30JISIIUS YACTHIL
aHaJuTa OT BOCCTAHOBUTEJILHOM IMOBEPXHOCTU TpadUTOBON Ieuu, 3a CUET YEro
CJICAYIONIME ATallbl PEaKIMi ¢ y4acTHUEeM MPOAYKTOB pacriaja KOMILJIEKCOB OyayT
UJITU MEJICHHEE, HAIPUMED, PEAKLINS BOCCTAHOBJIEHUS OKCUJIOB YIJIEPOJIOM U Xe-
MOCOPOIIMS paUKaIoB, 0OPa3yIOIIMXCs MPU MUPOIU3E KOMIUIEKCOB, Ha TOBEPX-
HOCTHU Tleuu. biauzocTh TemmnepaTyp pacrnajga MoauduKaTopa U KOMIUIEKCa MaKCH-
MaJbHO 00ECIeYMBACT PAJANKAIBHBIA XapaKkTep MUPOJIM3a KOMIUIEKCA, YTO CIIOC00-
CTBYET XEMOCOPOIIMM aHAJIUTa 33 CUYET METAaCTa0WJIBHOIO KOOPIAUHHUPOBAHUS Me-
TaJUICOACPIKAIUX PAIUKAIOB U CAaMOT'0 KOMIUIEKCa BOJIM3HM aJCOPOIIMOHHOTO CIIOS
paJNKajIoB HA MOBEPXHOCTH IPaPUTOBOM MEUH.

[TonTBepxkaeHNEM paIMKATBLHOIO XapaKTepa pacnaja MpOMEKYTOUHBIX KOM-
IJIEKCOB SIBJISIFOTCSL DKCIIEPUMEHTAIbHBIE JTaHHBIE MO MUPOJIU3Y, HAPUMEP, KOM-
mwiekca Cu(Il) c BTMMC u Pb(Il) ¢ ADATK. Metonom DIIP-criekTpockonuu mo-
Ka3aHO, YTO MPOMEXKYTOUYHBIE MPOAYKThI TEPMOJIM3a ATUX KOMIUIEKCOB, MOJYYEH-
HbIE MpU TeMIiepaTrypax mnepBoro sHA03¢pdeKTa, coaepxaT CTaOWMIM3UPOBAHHbBIC
pagukanbl. X camonpou3BosibHAs CTaOWJIM3ALUSI OCYIIECTBIISIETCS BCJIEACTBUU
B3aMMOJICHCTBHUSL 00pa3yIONIUXCS PAJAMKAIOB C CUCTEMOW T-CBS3EH YTriepoHOU
MOBEPXHOCTHU IrpadUTOBOM MEUYU U yriepojaa, 00pa3yroierocs B pe3yjabTare mupo-
Ju3a MOIU(UKATOPOB.
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Hcnonb3zoBaHue CoCOOHBIX K KOMILJIEKCOOOPa30BaHUIO MOJIU(DUKATOPOB TO-
3BOJISIET peajbHO KOHTPOJIUPOBATH U PETYJIMPOBATH MEXaHU3M OOpa3oBaHUs CBO-
OOJHBIX aTOMOB, BO-MIEPBBIX, IYTEM LI€JICHANIPaBICHHOr0 (POPMUPOBAHUSL COCTaBa
MPEIaTOMU3AIIMOHHOTO COSIMHEHMSI, BO-BTOPBIX, ITyTEM YBEIUYEHUSI BOCCTAHOBH-
TEJbHBIX CBOMCTB aHAIIUTHYECKON 30HBI. MeTooM peHTreHo(a3oBOro aHaau3a
OBLJIO MOKa3aHO, YTO OCHOBHBIMU MPOAYKTAMH paclajia B Ciiydae MCIOJb30BaHUS
OpPraHUYECKUX MOAU(PHUKATOPOB, COACPKAIIUX a30T U KHUCIOPOA B KadyecTBE J0-
HOPHBIX aTOMOB, SIBJISIIOTCS OKCHUJl METajula M yTJIEpoAd, a B Ciydae S-IOHOPHBIX
MoauduKaTopoB — cynbdua win cyabdar u yriepon. [locnegauit ciocobcTByeT
pa3BuUTHIO Oojiee ObICTPOMl peakiuu KapOOTEepMUYECKOTO BOCCTAHOBIIEHUS OKCH-
JI0OB METAJUIOB ¥ YMEHBIICHUIO MApIUATBHOTO JaBICHUS KUCIOpOAa. ITO 0COOCH-
HO Ba)XHO B CIIy4ae MCIOJIb30BAaHUS B KAU€CTBE XUMUYECKUX MOAU(PHUKATOPOB CO-
enuHeHn# naymtagus. iMenHo MonnduuMpoBaHne ¢ MOMOIIBIO XEIaTOB MajuIaus
CIIOCOOCTBYET €r0 BOCCTAHOBJIEHUIO JI0 METajlla U MOCIEAYIolIe TepMocTaOuu-
3alliy aHaJIMTa 3a CUeT 00pa30BaHUS WHTEPMETAIMOB U TBEPIBIX PacTBOpoB. B
Tabn. 5.22 npenacraBieHbl JaHHbIE 00 YMEHbBIIEHUH B MPUCYTCTBUU MOJAU]HUKATO-
POB Tak Ha3bIBAEMON WHEPTHOW MacChl CypbMbl M KaaMUs, MPONOPIUOHAIBHON
KOHIIEHTpaIuu cBOOOAHOr0 KHCIOpoa B razoBoi ¢aze. Bumno, uyto addexr cau-
KEHUS apIUAIBHOIO JIaBJICHUS KUCJIOpOJia HauboJiee 3HAUUTENICHO B CIIy4ae Xe-
JATOB MAJIJIAMS.

Tabnuna 5.22 — Koadbdumment (K) cHm>keHHUss ”HEPTHOM MacChl dIeMeHTa

Moaudukarop K+0,1

Cd Sb
AcKopOMHOBAs KMCJIOTA 1,5 1,2
XJIOpUJ1 MAJUIAIAS 1,6 1,3
Cwmech xyopuaa namiaaust v 1,6 1,3
aCKOPOMHOBOW KHCJIOTHI
OKCUXUHOJIMHAT MaJlJIagus 1,7 1,4
1)
Cwmech xnopuaa nauiaaus u 1,8 1,5
ITAP
[Tupuannazope3opiHaT 4,0 2,2
naytaaus (11)

[Tporiecchl BOCCTaHOBJIEHMS C y4yacTHMEM MOAU(UKATOpPOB B TBeploil (aze
MOXHO OLICHUTbH, UCXOAS U3 3HAYCHUM NMOTECHIHMAIA MOHU3ALUU MOJIEKYJIbl MOJHM-
¢ukaropa. Ha puc. 5.8 npencrasieHa 3aBUCUMOCTh U3MEHEHHS aHAJIUTHYECKOrO
CUTHajJa HUKENs OT 3HAYeHW MOTEHIMada HOHU3AIUU MOJEKYJ MOIU(PUKATOPOB.
IIpu 5TOM XapakTep BBILIECYIIOMSAHYTBHIX 3aBUCUMOCTEN C OJHOW CTOPOHBI ONpee-
JSIeTCS TUIIOM CBSI3M HUKEJs B KOMILUIEKCE (KOOPIMHALMOHHBIM TUI CBSI3U WIIA
MOHHO-KOOPJAMHALMOHHOE B3auMmozencTeue). C Apyroil CTOpOHBI, YETKO MpOCIe-
KUBAETCs yBEIMYECHHE 3Ha4eHMsI AA ¢ yMEHBUIEHHMEM MOTEHLIHMAIA WOHU3ALWU
MOJIEKYJIbl HE3aBUCUMO OT THIIA CBA3U B KOMILUIEKCE.
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Pucynok 5.8 - 3aBUCMMOCTh aHAJIMTUYECKOTO CUTHAJIA HUKENSI OT 3HAYEHUS IO-
TEHIIMaJia HOHU3alUKU MOJIEKYJIbl MOAU(pUKATOpA:

I — B3aumopelicTBre MOHOB HUKENS C MOJAU(PUKATOPOM MPOUCXOTUT MO KOOPJIHU-
HallMOHHOMY THUTY; I — HOHHO-KOOPIMHAIIMOHHOE B3aUMOICICTBUE

1 — 6arodpenantponun; 2 — 1,10-benantponun; 3 — [1AH; 4 — [1AP; 5 — xunonus,;
6 — OKCUXUHOJIMH; 7 — NMUKOJUH; 8 — MUPUINH; 9 — nuMeTunrimokcum; 10 — am-
muak; 11 — ackopOuHOBas Kucnota; 12 — TeTpa’TUIOCH3UITAMMOHHMN XJIOPHU/T

OTU JaHHBIE MOTYT CIIYyKUTh KOCBEHHBIM MOATBEPKICHUEM YUacTHsI CaMOr0
MoauduKaTopa B TBep0Pa3HbIX BHICOKOTEMITEPATYPHBIX PEAKIUIX BOCCTAHOBIIC-
HUS COCJIMHEHUI ONpeesieMOoro 3JIEMEeHTa, a BeJIMYMHA MOTEHIMala HOHU3alINH,
BEPOSITHO, MOKET HUCMOJb30BaThCS B KAYECTBE €II¢ OJHOr0 MapaMeTpa Mpu BbIOO-
pe monudukaTopa.

MemannokomnnekcHble MoOuguKkamophbl. Vicnions30BaHue METaJLIo-
KOMITJIEKCHBIX MOJIU(PHUKATOPOB MPUBOIUT K 00Jiee 3HAUUTEILHOMY CHUKEHUIO
npenena oOHapykeHUs MeTaioB. Tak, mpenen oOHapykeHus Hukens B 0,5M
HNO; yMeHnbI11aeTcsi B IpUCYTCTBUU NUpUIMHA — B 1,9 pasza; AMMETUIrInoKcuMa —
B 2,5 pa3a; 8-oKkcuxuHOJWHA — B 3,3 pa3a; xuHoiuHa — B 7,1 paza; IIAP —B 7,4
pa3za; cmecu [TAP u PA(NOs), — B 7,4 pa3a; komruiekca PAITAP — B 10 pa3. Takum
oOpa3zoMm, opranudeckue Moaudukaropel, B ToM uucie u [IAP, obecneunBaroT
CHI)KEHHE Tpejiena oOHapyKeHHsI HUKeNs He Oojee, yueM B 7 pas. MckinroueHuem
apisiercs auiib komiieke PA(I) ¢ [TAP, no3Bomsitomuii CHU3UTH npejen oOHapy-
KEHUS HUKeJsl Ha nopsuiok. CiemnyeT OTMETHTh, YTO OJIHOBPEMEHHOE BBEICHUE
[TAP u HuTpaTa namiagus v Jgake Bo3MOkHOoe oOpazoBanue komruiekca Pd(II) ¢
ITAP He npuUBOAUT K JOCTHMKEHUIO TE€X IMOKa3aTeIel, KOTOPhIEC MOIYYEHBI PU He-
nocpeacTBeHHOM BBenennn komiuiekca Pd(I) ¢ ITAP.

[Ipyn paccMOTpeHMH METaUIOKOMIUIEKCHBIX MOJU(UKATOPOB Ha MpUMEpe
COEJIMHEHUN MalIaius CIeNyeT YUYUThIBaTh, YTO UX d3(PPEKTUBHOCTD OMpeeseT-
cs psaoM dakropos. [lepBoe — 3TO xapakTep KOOPAMHUPOBAHHOIO JIMTAHAA, YTO
OTIpeJIeNSIET TEPMUYECKYIO0 CTAOUIBHOCTh METAJTIOKOMILIEKCHOTO MOAU(UKAaTOpa
U ocoOeHHoCcTH ero nuposnza. B tabn. 5.23 mpencraBiieHbl JaHHBIC TIO BIUSHHUIO
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TeMIIepaTypbl Pa3ioKEeHUsS METANIOKOMIUIEKCHBIX MOJU(DHUKATOPOB Majljiaaus Ha
BEJIMYMHY aHAJTUTUYECKOr0 CHTHaja CBUHIA, U3 KOTOPBIX CIIEyeT, YTO HauboJsee
s PeKTUBHBIM sIBIIIETCS Hanbosiee Tepmudecku ycronuuBbiii PAITAP.

Tabmuma 5.23 — BausHue TepMUYECKOW CTAOMIBLHOCTH METaJUIOKOMILICKCHBIX
MOJIM(PUKATOPOB HA U3MEHEHNE aHATUTHYECKOTO CUTHAaJa CBUHIIA

Moaudukarop Temmeparypa nupoJinsa, AA
°C
[Iupuannazope3opuuHar naaiagus 365 2,1
1)
Anerunaneronat namnaaus (1) 350 0,82
JusTunauTuokapbaMar — mayutaaus 230 0,73
D

Kak crmenyer u3 pe3ysibTaToOB TEPMOJAMHAMUYECKOTO MOJEIUPOBAHUS C HC-
noJyib3oBaHueM mporpammuoro komiiekca ACTPA-4 u G6anka TepmoauHaMuye-
ckux naHHeix UBTAHTEPMO, npupoaa KOOpJAWHUPOBAHHOTO JIMTAHAA B MOJIU-
dbukarope ornpeaenseT XapakTep MpeaaTOMU3AIMOHHOTO COSIUHEHUS Onpeersie-
Moro anemeHTa. Tak, B ciaydae nupuauiazopesopurnara namiaaus (II) takum co-
CAMHECHUEM SIBIISICTCS METANTMYSCKUN CBUHEI, B Ciiy4ae amerwnaneroHara Pd —
OKCHJ] CBUHIIA, B Clly4ae AudTUIANTHOKapOamara Pd — cynbdua cBunma. Xumu-
YECKMM COCTaB MPENATOMM3ALMOHHOIO COEAUHEHHUs ONPENENAeT HE TOJBKO II0-
CJIEIyIOLIMI MEXaHU3M 00pa30BaHUsl CBOOOJHBIX aTOMOB, HO U MEXaHU3M TE€PMO-
CTaOMJIM3allMM COEMHEHUIN ONMpeaesieMoro 3jeMeHTa. B yactHocTH, cBUHEL 00-
pasyeTr ¢ majiaaueM HHTepMmeTainueckue coeauHenus PdPb,, PdPbs;, Pd,Pb; ¢
TEeMIEepaTypol IJIaBJICHUS 3HAYUTEILHO O0Jiee BHICOKOM, YeM y CBUHIIA, YTO I0-
3BOJISIET YBEJIWYUTh JOMYCTUMYIO TEMIIEPATYPy MUPOJIN3A COEAUMHEHUN CBUHIA J10
1300°C, B TO Bpems B OTCYTCTBHE MOJAU(UKATOPOB CUTHAJ MAJAET YK€ MPU TEM-
neparype nopsaka 400°C.

XapakTtep JUraHjia B METAJIOKOMIUIEKCHOM MOJAU(PUKATOPE BIMSIET TaKkKe
U Ha MPOIECC BOCCTaHOBJIEHUs nayaaus. Tak, nepuBarorpaduyeckue Uccieno-
BaHUs paznoxeHus nupuamiazopesopiunara Pd(Il) u okcuxunonunara Pd(I1), a
TaKXe CTEXHUOMETPUUYECKON CMECH XJIOpH/Ia MaUIaivsi U COOTBETCTBYIOIIMX Opra-
HUYECKUX PEareHTOB, CBUJETEIbCTBYIOT, YTO U3 XEJIATHBIX KOMILIEKCOB MaJliaauil
BOCCTaHaBJIMBaeTCs Mpu OoJiee HU3KoM Temnepatrype (363°C nis nupuauiazope-
sopuunara Pd(IT) u 400°C nnsa oxcuxunonunata Pd(I), B To Bpems kak u3 cre-
XxuomeTpuieckor cmecu xiopuaa nawiaaus(ll) u okcuxmHonrHa BOCCTAHOBICHUE
naiagus Habmonaercs npu Oosee BbicOkoil Temmepatype 495 °C. Pentrenoct-
PYKTYPHBIM aHaW3 MPOAYKTOB MUPOJIM3a MPU ITUX TEMIIEpATypax MOATBEPKIACT
MPAKTUYECKU MOJTHOE BOCCTAHOBIICHUE COSAMHEHUH Naiaaus 10 CBOOOJHOTO Me-
Tasuia. J{is npeaBapUTebHOrO MPOrHO3UPOBAHUS BOCCTAHOBUTEIIBHON CIIOCOOHO-
CTH JIUTaHJa TIPU BHIOOpE METAIOKOMIUIEKCHOTO MOJu(UKaTOpa MOKHO, BEpO-
ATHO, UCIIOJb30BaTh BEJIMYMHY MOTEHIMANA NOHU3AUN MOJIEKYJIbl OPraHu4eCcKo-
ro pearedHta. OpraHu4ecKuil JUTaH/ BIUSET TakKe Ha Qu3nyeckyro GopMy BoC-
CTaHOBJICHHOT'O MAJIAAMs — pa3Mep 4acTHIl, uX GopMy, XapakTep pa3MeIleHus Ha
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IOBEPXHOCTU aromu3aropa. McciaenoBanue cocTossHUS IpadUTOBOM MOBEPXHOCTH
[I€YM C MOMOUIBI0 CKaHUPYIOIIEr0 MUKPOCKOINA C CUCTEMOW PEHTI€HOCIEKTPalb-
HOI'0 aHaju3a CBUJETEJIbCTBYET, YTO HA NMOBEPXHOCTH, 0OpaboranHoil PdCl,, Ha-
OJIOAIOTCS XaOTHUECKU PACIIONOKEHHbIE MEJIKME YacTHUIlbl BOCCTAHOBJIEHHOTO
namtaaus pasmepom ot 0,1 go 0,5 mxM. Ha moBepxHOCTH, 00pabOTaHHOM OKCH-
XMHOJIMHATOM M MUPHUINIA30pE30PLMHATOM Majulagusi, 00pa3yroTcs CIUIOIIHbIE
00JaCT TOHKOI'O T'y04aToro MOKpPBITHS, COCTOSLIErO M3 arjoMepaToB MENKHX,
PaBHOMEPHO pacHpene€HHbIX YaCTUL METANINYECKOIro Majulajus pasMepoOM Me-
Hee 1 HM, OKPYXXEHHBIX NPOAYKTaMHU JECTPYKLUUU OPraHWYECKHUX JINTAHAOB, YTO
CIIOCOOCTBYET MPOTEKAHUIO MTPOLIECCOB 00pPa30BaHMS TBEPABIX PaCTBOPOB, NHTEP-
METAJUIMAOB, KaTalln3a C y4aCTHEM METAJUIMYECKOro mnamiaaus. McnonszoBanue
CBA3aHHOI'O B KOMIUIEKC C OPTaHWYECKUM JINTaHJIOM MaJUIaIns MTO3BOJIAET yCIenl-
HO pemath NpoOjeMy TaK Ha3bIBAEMBIX 'OKMCIMTENIBbHBIX" MaTpHI], T/I€ Heopra-
HUYECKUE COeTMHEHUS Nayaaus HedP(HEeKTUBHBI.

UHamBuayanbHble TBOpYeCKMe 3afaHuA

1. 3anummuTe OCHOBHBIE XMMHYECKHUE MPOIIECCHI, MPOTEKAIOIINE MTPU aTOMU3A-
[IMU DJIEMEHTOB B TPa(UTOBBIX TPYOKax 3IEKTPOTEPMUUYECKUX aTOMHU3ATO-
pOB.

2. Kakue OoCHOBHBIE XMMHUYECKHE TIPOIECCHI Jie)KAT B OCHOBE JICUCTBUS XUMU-
YECKUX MOJIU(DUKATOPOB PA3IUIHOTO THTIA?

3. C ucnonbp3oBaHueM MOHOTpaduyeckom, Oubamorpadudeckoil, MaTeHTHON
muteparypsbl, HTEpHET 00001TUTE, KAKUE XUMUYECKUE MOIU(PUKATOPHI UC-
MOJIb3YIOT:

3.1 B aHanu3e 0OBEKTOB OKPYKAIOIICH Cpeibl;
3.2 B aHaAIM3€ OMOJIOTMYSCKUX U KIIMHUYSCKUX OOBEKTOB;
3.3 B aHanM3€ METAJUIOB U CILIABOB.

4. C ucnonap30BaHHEM MOHOTpaduueckon, oubauorpaduyeckoi, MaTeHTHOU
autepaTypbl, HTepHET 0000IMTEe, KakKue XUMUYECKHEe MOIU(PUKATOPHI
3 PEeKTUBHBI:

4.1 nns sneMeHTOB, He 00pa3yIolIUX C YIIIEPOJIOM TEPMOCTOMKHUX KapOu-
JIOB, OJIHAKO HMEIOIIMX JIETyYH€ U CPABHUTEIBHO IMPOYHBIE OKCHJIbI
(In, Ga, Cd, Pb, Sn, Zn, Co, Cu, Ag, Be, Cr u ap.);

4.2 st TPYIHOJNETYYHX METaUIOB, UMEIOIIUX MOHOOKCHJBI C DHEpruei
nucconuanuu Mmenee 650 kJx/mons (Mo, Be, V);

4.3 st pneMeHTOoB, 00pa3yIomuX B Ta30BOM (Da3e meun mpovHbIC COCTH-
Henwus (Se, Sb, As, Bi, Te);

4.4 ns xkapbumooOpaszyromux 3meMenToB (Mo, V, P32 u ap.).

5. Ucnonp3yst MmoHOTpaduueckyro, oubimorpadudeckyro, MaTeHTHYIO JIUTEpa-
TYpYy, pecypcsl HTEpHET, poaosnkuTe Tadbuuily 5.11, 06001muB faHHBIE TIO
MPUMEHEHUI0 XHUMHYECKUX MOAN(PUKATOPOB B COYETAHUU C METOIAMH
MpeABAPUTEIBLHOIO Pa3/ICICHUS] U KOHIICHTPUPOBAHUSI.
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Bonpochbl Ana camocToAaTenbHOU paboThbl

1. Ilepeuncnure HEAOCTATKH, OrPAHUYMUBAIOUIME IMPUMEHEHHUE IUIAMEHHOIO
METO/Ia aTOMHU3alUU TPU OIpeesieHnd (HOHOBBIX KOHUEHTpAIUil 3JeMeH-
TOB.

2. KakoBbl 0COOEHHOCTH 3JIEKTPOTEPMHYECKOTO CIOco0a aTOMHU3allUU, CIO-
COOCTBYIOIIIME MOBBIIICHUIO YYBCTBUTEIBHOCTH OMpEAENEHUs MO CpaBHe-
HUIO C IJIAMEHHBIM CITIOCOOOM aTOMM3AINH?

3. Tloyemy BOCHPOM3BOJMMOCTH U3MEPEHHUI B AJIEKTPOTEPMUUYECKON aTOMHO-
a0COpOLIMOHHOMN CIIEKTPOCKOIUHU XYKE, UEM B IIIAMEHHOU?

4. KakoBbl OTrpaHMYEHHS] HCIOJIb30BAaHUS JIIEKTPOTEPMHUUYECKONM aTOMHO-
a0COpPOLIMOHHON CIIEKTPOCKOIUU ?

5. Kakue ¢uznueckue (akTopsl BIUSIOT Ha (POPMUPOBAHHE AHATUTHUYECKOTO

CUTHAJIa TPH JIEKTPOTEPMHUUECKOM U IJITAMEHHOM CIOCO0aX aTOMU3ALNU?

Kakue xumMuueckue peakuu IpoTeKatoT B aTOMU3aTOpax?

Kakoit MexaHu3m aToMH3aluu SBJIAETCS MPeoOIagatonUM IS

a) Ag, Au, JIaTUHOU/IOB;
6) Co, Cu, Fe, N1, Pb, Sn;
B) Mo, V, Ti;

r) Zr, Hf, Nb, Ta, Th;

n) Ca, Cd, Mg;

e) Zn, Al, Cr, Be, Sr, Ba;
K) Y, Sc, JJaHTaHOU I0B?

8. Ilonw3ysce Tabmuuen 5.1, NMpemaioKUTE ONTUMAIBLHBIA Pacxoj] aleTHIeHa
IPY aTOMHO-a0COPOLMOHHOM OIPEAEICHUH MUKPOKOJIMYECTB KaMuUs B BO-
Jax.

9. Tlonw3ysick Tabauuei 5.3, ycTaHOBUTE, 3aBUCHUT JIM YyBCTBUTEJIBHOCTD ILIA-
MEHHOT'O aTOMHO-a0COPOLIMOHHOTO OIpPEAENIEHHUs XpoMa B BOAE OT CTENEHU
€ro OKUCJICHUS.

10. Kak Oyner usmeHsTbesa crenenb aromuzanuu xpoma (II1) B mmamenu are-
TUJICH-BO3/YyX C YBEIMYEHHEM PacXo/ia alleTUIeHa, €CIM U3BECTHO, YTO MPHU
TOM:

a) TeMIieparypa IjiaMeH!u yMEHbIIaeTCs;
0) moJi1 CBOOOIHOTO yTIIepo/ia BO3pACTaET.

11. Tlouemy npu ocTaHOBKE MPOJYBKM MHEPTHOTO r'a3a Ha CTalUd aTOMU3ALINU
B 3JIEKTPOTEPMHYECKOM aTOMHU3AaTOPE UYBCTBUTEIBHOCTh OMPEIEIICHHS BO3-
pacraer?

12. IloueMy npu HCHOJB30BAHUM aBTOMATHYECKOTO J103aTOpPa JOCTUrAETCS
Jqy4uiasi BOCIPOU3BOIUMOCTh?

13.Kakue xuMuuecKue BIIMSIHUS OCHOBBI (MaTpHIlbl) B 3JEKTPOTEPMUUYECKOM
aTOMM3aTOpE NPUBOJAT K CHIDKEHHMIO aHaTIMTU4YecKkoro curhana? Kakwue
NPUEMBI MO3BOJISIIOT YCTPAaHUTh WJIM YMEHBLIUThH JENPECCUPYIOLIEE BIIUS-
HHUE MATPHULIbI?

14. Kakue BemiecTBa MOTYyT ObITh MCIOJB30BaHbl B KAUECTBE XUMUYECKUX MO-
nudukaTopoB?

—



15.Kakoil KOppEKTOP HECEIIEKTUBHOIO MOIVIOMIEHUS — ACUTEPUEBBIA WIIA 3€€-
MAaHOBCKHM — MpPEANOYTUTENbHEE MPHU OmpeacsieHuu cieqoB As, Se, P B
XJIOpUJE Kenesa?

16. Tlouemy aTomu3zarusi mpoObI ¢ TIATGOPMBI CIIOCOOCTBYET CHMKEHHUIO HE-
CEJIEKTUBHOTO MOTJIOLIEHHUS ?

17. B ueM 3akirodaeTcsi KOHIEHIUS TEMIIEPaTypPHO-CTAOUIN3UPOBAHHOM Meun
¢ uiatopmoit?

18. IIpennoxkure nporpamMmy HarpeBa 3JIEKTPOTEPMUUYECKOIO aTOMHU3aTOpa
IIpU ONpPEEIICHUH KaJMHUsl a) B I0KAEBOM BoJie; 0) B MOPCKOI BOJIE.
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Pazpgen 6. [lpumeHeHne aTOMHO-abCOpPOLIMOHHON

cneKkTpomMmeTpuun B aHanNUTN4YeCKoOn XMmMumn Pa3JINYHbIX

6.1. NMuweBble NPOAYKTDI

00BLeKToB

B cootBeTcTBUM C MCKAYHApPOJIHBIMHU Tpe6OBaHI/I$IMI/I, npcabABIACMBbIMHA

O6bvenunennort Komuccuein: DPAO/BO3 Komekc Anmmenrtapuyc,

HauboJiee

BAKHBIMU B TMTMEHUYECKOM KOHTPOJIE€ MUUIEBBIX MPOAYKTOB SIBJISIOTCS BOCEMb
MUKpPORJIEMEHTOB — PTYTbh, KaJMHUH, CBHHEL], MBbIIIbIK, LHHK, MEIb, OJOBO U
xene30. O0001eHne MHOTOYHCIIEHHBIX JaHHBIX MO MIMPOKOMY KPYTY OTIEIbHBIX
BUJIOB IPOIYKIMHU MTO3BOJIWIIO COCTABUTH TabI. 6.1.
Cpennee coaepxkanue (BEpXHss siueiika CTPOKHM) U JIHAINA30H
colep)KaHUM (HIDKHsISL —sYeiika CTPOKM) Haumboyiee 4YacTo OIpeaesieMbIX
TOKCUYHBIX AJIEMEHTOB B MUILIEBBIX TPOAYKTaX, (MI/KT)

Ta0omuma 6.1 —

[TummeBsie TPOTYKTHI Menp Huuk [XKeneso| Omnoso CauHerlt Kammuit MpbIbsk PryTh
H CbIPbHC
X1€000y/104HbIE U
KOH[[I/ITePCRI/Ie
3cpHOBHIC 5.0 23 20 |02 02 0,03 0,03 0,02
320 [11-40  |20-110 |0,02-0,40 |0,1-0,6 |0,01-0,04 |0,004-0,08 |0,008-0,07
3epHOGOGOBEIE 6,0 28 80 |0,15 |02 0,03 0,02 0,015
49 2040 [25-250 |0,03-0,22 |- - - -
Kpym: 49 » 31 ot 017 0,018 0,03 0,015
212 [1035  [15-70 |0,01-0,13 |0,1-0,3 |0,002-0,04 |0,006-0,19 |0,004-0,06
MyKa, MakapoHHbic |34 20 4 ol 0,1 0,018 0,03 0,015
HBAeTIA 037|530 [20-80 |0,03-0.22 |0,02-03 |0,003-0,05 |0,06-04 |-
X1c6 2.6 10 3 012 0,023 0,02 0,005
1-6 520 |10-55 0,01-0,4 [0,003-02 |- -
BapaHouHBIe U 24 7 25 0,10 0,026 0,05 0,01
CyXapHbIe M31emuA  [0.13  [3-10  |8-80 0,01-0,15 [0,01-0,07 |- -
Orpy6u mutermarbie |79 100 60 040 0,07 0,10 0,025
227 [60-150 [10-150 0,02-1,5 [0,02-023 |- -
Conb mosapermas |27 6 38 1,0 0,05 0,05 0,005
- - 1-200 - - - -
Caxap (1ecoK) 04 0,9 0.8 017 0,004 0.1 0,005
0,1-09 [022,0 [02-4.0 1,01-0,5 [0,001-0,016 |- 0,004-0,006
- 15 5.0 30 0.6 0,01 0,05 0,005
0430|0826  |5-50 0,05-7,1 [0,001-0,06 |- 0,003-0,01
Opexu (s1po) 138 |21 3 012 0,03 0.1 0,02
518|645 19-57 0,01-0,34 [0,005-0,18 |- 0,007-0,05
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IInmeBnie
NMPOAYKTHI U ChIpbe

KapaMeJ'H, 1,6 2,5 2,7 0,18 0,03 0,2 0,005
0,4-5 0,7-9 1-8 0,01-0,45 |- - R
KoHeTs! 5.6 7.8 39 0,10 0,045 0,2 0,005
212 2-30 - 0,01-0,6 [0,008-0,11 |- 0,005-0,01
Ilokonan i Kakao- |33 60 100 0,08 0,1 0,067 0,08
HOPOIIIOK 2-94 3-85 20-600 0,01-0,65 [0,02-045 [0,03-0,16 |0,016-0,35
MyuHsble 2,6 6.8 9,7 0,12 0,03 0,03 0,015
KOHZIUTCPCKHUC 13- 1-3,5 2.6-8.0 |4-26 0,01-0,3 [0,01-0,08 |0,01-0,04 |0,004-0,03
JICIIUdA
MoJjo4nble
Mornoxo, 0.1 4,5 0,7 0,03 0,05 0,02 0,03 0,003
KHCTOMOTOYHBIC 0,04-0,6 [0,3-6,5 [022 |- 0,01-0,2 [0,01-0,04 |- 0,001-0,005
n3aejinsa
nyoe U CTYIIEHHOE 0,12 5 1 28 0,05 0,025 0,03 0,003
MOJIOKO 0,05-0,8 10,3-6,0 0,7-3,0 [20-40 0,01-0,3 10,01-0,05 |- 0,001-0,006
CeIpbl, TBOpPOT 0,8 44 10 0,2 0,1 0,1 0,01
0,1-2,5 [36-50  [0,6-16 0,05-04 [0,01-02 |- 0,004-0,02
Macio cnuBounoe  |0,04 0,3 2,0 0,03 0,01 0,02 0,02
0,02-0,2 0,01-2,5 [0,4-0,8 0,01-0,08 [0,001-0,05 [0,002-0,05 [0,01-0,05
PacTureabHbie
NPOAYKTHI
Macio 0,28 0,36 1,0 0,027 0,025 0,036 0,025
PacTUTCIILHOC 0.01-2.0 ]0.06-2,0 [0.09-3 0,002-0.4 [0.001-0.1 _ [0.005-0.1 _[0,005-0,06
Maprapus  u 0,88 2,0 22 0,05 0,03 0,045 0,040
KyJTMHAPHBIC XKUPBL [0 055  [0,05-10 |0,05-10 - 0,01-0,1  [0,01-0,1 |-
Osomy, GpykTs, ssroaer  |0,95 1,5 4.5 0,1 0,2 0,02 0,05 0,010
CBeIHC 1 024  [02-10 0,824 [0,05-02 [0.03-0,7 [0,007-0.07 |0,002-0.16 |0,003-0.03
CBG)K@B&MOPO)KCHHBIC
I'pubsI cBEXME, 29 2,9 31 0,3 0,05 0,3 0,03
KOHCGpBI/IpOBaHHLIC - 25.4.0 10-70 _ _ _ _
U CYXHUe ’ ’
KoHcepBrl oBoIIHEIE, 1,0 2,0 5,5 0,15 0,2 0,02 0,05 0,010
ATOJHBIC, (PPYKTOBEHIC B
crexroTape 0,1-10 [02-12 |- 0,05-0,3 |0,03-0,7 [0,009-0,06 |0,008-0,3 [0,002-0,06
To ke B CGOPHOIA 1,45 2.5 12 23 0,5 0,03 0,05 0,010
KECTSHOH Tape 0,1-15  [0,4-15 |- 2-290  [0,04-3,0 [0,01-0,2  [0,007-0,4 [0,004-0,03
MsicHbIE IPOAYKTHI
Msico 1 nTHuA 2.0 25 25 0,5 0,2 0,02 0,05 0,012
CEEXHE I 0,2-4 4-80 4-60 0,1-0,8 [0,003-0,4 [0,001-0,1 |0,001-0,01 |0,001-0,08
1I3AMODOXKCHHBIC
Konbachbie u 1,5 25 28 0,5 0,2 0,02 0,05 0,01
KOITYCHBIC U3ACTIUA
0550 |- 16-50 |- - - - R

H3 MsACa U IITULBI
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KoncepBsl u3 Msca u 1,5 28 33 26 0,3 0,04 0,05 0,010
ITHIEI B COOPHOM
JecTaHoi Tape 0230 |5-70 6-88 |5-120  |0,01-3,0 |0,005-0,08 |- 0,001-0,1
Cyomponykrsl (euenp) |40 50 94 0,2 0,1 0,2 0,018
MACHBIC H TTTHHbH 50-60 |10-80  [20-400 0,09-0,6 [0,01-03 |0,01-0,8  [0,0015-0,2
CBCIXKHUC
Siina v ANYHBINA 0,8 11 25 0,08 0,005 0,05 0,009
IIOPOIIOK 0,3-2,5 5-50 10-100 0,02-0,25 10,001-0,007 |- 0,005-0,02
PbIGHbBIE POAYKTHI
Pri0a cBexxasga u 1,5 10 12 2 0,50 0,1 0,8 0,25
MOpOKCHHAs 03-40 |4-100 [3-30 [0,3-10 |0,03-3,5 |0,01-0,8  |0,05-8,0  |0,017-1,5
Koncepss! poiOHbIC B |1, 15 20 35 0,7 0,12 0,8 0,25
MeTaHdeckoii Tape |0,1-200 |- 9-100 2200 [0,04-50 [0,01-09  [0,01-8,0  |0,02-1,5
MOIIIOCKA U 8,0 80 18 1,2 3,0 0,61 2,0 0,2
paKOO6paSHLIe 0,1-200 |3-150 4-180 10,8-2 0,2-15 0,01-25 0,4-45 0,01-2,5
Hanutkn
MHHepaJ'H,HHe Boxasl |0,05 2,0 35 0,05 0,005 0,01 0,001

; ; 2-40 ; ; ; ;
[IuBo, BUHO U Ipyrue 0,6 0,3 0,8 0,2 0,05 0,01 0,04 0,001
CTMPTHBIC HAMHTIH 0,1-50 0,034 [0,1-7 |- 0,01-02 |- 0-0,1 }

Bwmecte ¢ Tem, MOCTENEHHO HAKATUIMBAKOTCS PE3YIbTAThl KCCIIEIOBAHUS
COAECpXaHUSI U JIPYTMX MHUKPOSJIEMEHTOB B NHUILEBBIX NpoaykTax. OmHAKO Ipu
ATOM MCCJEAOBAINCH JAJEKO HE BCe MPOAYKTh. TeM He MeHee, 0000IIeHHBIE
JUTepaTypHbIC JTaHHBIC MO TPYyIIaM IPOIYKTOB (Tabiy. 6.2) MOTYT MpENCTaBISITh
MHTEPEC MPHU OMPEJEICHUH BO3MOKHOCTEH aTOMHO-a0COPOIIMOHHOIO0 METOoa st
KOHTPOJISl KaueCTBa 3TOW MPOLYKIHH.

Tabnumna 6.2 — CpegHee cofepkaHue HEKOTOPBIX SJIEMEHTOB B OCHOBHBIX

rpynmnax OpoAyKTOB, B MI/KT (* juisi MOPCKO# pbIObI)
DneMeHT Pri6a Msico | Monoko | 3epuossie |Kaprodens | Oomu | PpykTsl
NPOAYKThI M ATOJbI
Sb (0,04 0,01 0,001 0,006 0,006 0,006 0,003
Ni |0,06 0.1 0,02 0.2 0,05 0.05 0,05
Se 10,06 0,05 0,04 0.2 0.1 0,1 0,05
Cr |0,15 0,09 0,02 0,05 0,05 0,04 0,03
Al |25 1.0 0.3 12 8.6 5.0 4.0
F 7.0%* 0.4 0,3 0.4 0.3 0.2 0.1
I 0.7* 0.1 0.14 0.15 0.05 0.03 0.05
Br [1.2 0.4 0.15 0.6 0.4 0.4 0.35
B 0.4 0.35 0.18 1.5 1.15 2.0 1.5
Mn |09 0.35 0.6 40.0 1.7 2.0 0.8
Mo |0.35 0.1 0.05 0.2 0.08 0.1 0.05
Co |0, 0,07 0,009 0,04 0,05 0,04 0,01
\% 0.5 0.1 0.01 0.15 0.1 0.1 0.05
Si (2.8 5.0 2,0 15,0 80,0 30,0 50,0
Sr 10,5 0,2 0,05 0,5 0,4 0,4 0,3
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[Ipy ucnosb30BaHUM aTOMHO-a0OCOPOIMOHHOIO METOJa B CAaHUTAPHO-
TUTUEHUYECKOM KOHTPOJIE MUIIEBBIX MPOAYKTOB IJIABHBIM KPUTEPUEM, HApSALY CO
CPEIHUM COAECPKAHUEM AJIIEMEHTOB, SBJISETCA BO3MOXKHOCTD HAJIEKHO ONPEACIIUTD
COOTBETCTBHE 3THUX HPOJYKTOB YCTAaHOBJIEHHOHM HOpPME — MPEIEIbHO
JIOIyCTUMOMY COZAEPKaHUIO0 IpuMeceid. Bompoc 0 BO3MOKHOCTH UCIIOIb30BaHUS
aTOMHO-a0COpPOIIMOHHOTO0 METOJIa PeIlaeTcs CpaBHEHUEM Ipesesia 0OHapYKeHHS
MeTo/1a, BeIpaxkeHHOro B Mr/kr, u Benmuunbl [1/IK. [Ipuuem npu pacuere npenena
OOHapYy>KEHUS YIUTHIBAIOT, YTO OINPEACIICHNE TOKCUYHBIX AJIEMEHTOB B IMHIIEBBIX
MPOAYKTaX >KECTKO OTPAaHWYEHO BEJIMYMHAMM HaBecKu Mpoaykra. [lo ycrmoBusim
030JICHUSI OHA HE MOYET MPEBBIIIATH ISl TBEPbIX MPOAYKTOB SOT, IJIs )KUAKUX —
100 r. Crenyer Takke yYUTHIBaTh, YTO HAJECHKHOE OIMPEICICHUE BO3MOXKHO JTUIIb
B Ciyyae, KOrja mnpenena OOHapyKEHUs HUXKE OINPEAENsieMOro COAEpKaHUs I10
KpaiiHell Mepe Ha mnopsgok. B Tabn. 6.3 mpuBeAeHbl BEIUYHUHBI MPEACIHHO
JOTYCTUMBIX KOHIIEHTPAIM OCHOBHBIX DJIEMEHTOB.

Tabnuma 6.3 — [IpenenbHO TOMYyCTUMBIE COACPKAHUS TAXKEIBIX METALIIOB U
MBIIIbSIKA B MMPOJOBOJBCTBEHHOM CHIPhE U MUIIEBBIX MPOAYKTaX (MI/KT)

[IuweBble IPOAYKTHI 1 Pb Cd As | Hg | Cu | Zn | Fe | Sn
X1e000y/109HbIE U

KOHIHTEPCKHE U3/IeTusl
3epHOBBIE 0,5(0,3) |0,1(0,003) (0,2 0,03 (10,0 (50,0
3epH0606OBbIC 0.5(0,3) 10.,1(0,003) [0.3 (0,02 {100 {50.0
Kpymst 0,5(0,3) |(0,1(0,003) (0,2 (0,03 (10,0 |50,0
Myxka, KOHIMTEpCKHE 0,5(0,3) (0,1(0,003) (0,2 10,02 [10,0 |50,0
U3ICITNS
X1eb 0.3 0.05 0.1 (0,01 |5.,0 (25.0
Bapanounble u3menus 0,5 0,1 0,2 10,02 {10,0 {30,0
OTpyOH MIICHUYHBIE 1.0 0.1 0.2 (0,03 |20.0 [130.0
Coub moBapeHHas 2.0 0.1 1.0 (0,01 |3.0 (100
Kpaxman 0.5 0.1 0.1 10.02 |{10.0 |30.0
Caxap (mecok) 1.0 0,05 0,5 10,01 [1,0 (3.0
[Mextun 1,0 0,1 0,5 (0,1 (10,0 |30,0
Kenaruu 2.0 0.03 1.0 |0.05 |[15.0 |100.0
Opexu (s171po) 0.5 0.1 0.3 (0,03 |{20.0 (50,0
Kongerst 1.0 0.1 0.5 (0.01 |15.0 (30.0
Kakao-nopormok n 1,0 0,5 1,0 0,1 (50,0 {70,0
IIOKOJIA]
[Teyenne 0.5 0.1 0.3 10,02 {100 |30.0
Cemena moziconuednnka, (1,0
XaBa

MoJiouHble U31e U
Mo10K0, KMCIIOMOJIOYHEIS 091 (0705) 0303(0902) 0,05 09005 170 590
nu3acims

Monoko crymenHoe 0,3 0,1 0,15 (0,0153,0 [15,0 200
KOHCEPBUPOBAHHOE
Momnoko cyxoe 0,1(0,05)(0,03 0,05 10,005{1,0 |5.0
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ChIpelL, TBOpPOT 0,3 0,2 0,2 10,02 |4,0 (50,0
Macio clmBoYHOE 0,1 0,03 0,1 (0,03 [0,5 |5,0
Kaseun 03 0.2 4,0 1500
PacTturtesnbHble
MPOAYKTHI
Macio pacTUTeNLHOE 0.1 0.05 0,1 10,03 10,5 |5.0 |5.0
MaprapuHsl ¥ KHPbI 0.1 0,05 0,1 10,05 {1.0 {10,0 |5.0
OBomwm cBexue u 0,5 0,03 0,2 (0,02 |5,0 (10,0
CBEKEMODOKEHBIE
®pyKThl, Arosl cexue u (0,4 0,03 0,2 10,02 {5,0 (10,0
CBEKEMOPOKEHBIC
I'pubsI cBexue, KOHCEPBH- |(),5 0,1 0,5 10,05 {10,0 |20.,0
POBaHHBIE M CYXHE
Yaii 10,0 1.0 1,0 (0,1 {100,0
KoHCepBbI OBOLIHBIE B 0,5 0,03 0,2 0,02 |5,0 (10,0
CTEKIAHHOM, Al 1
J)KECTSIHOU Tape
Koncepgsl oBomHbIE B 1,0 0,05 0,2 10,02 |5,0 (10,0 200
cOOpHOI XKecTAHOU Tape
Koncepser  dpykroBsie (), 4 0,03 0,2 (0,02 |5,0 (10,0
ATOIHBIE W  COKH B
CTCKJITHHOM, Al u
LEJbHOTSAHYTOU KECTSIHON
Tape
Koncepss! ¢ppykroBie n |1,0 0,05 0,2 10,02 |5,0 (10,0 200
STOJTHBIC U COKH B
cOOpHOM )KEeCTAHOH Tape
OBomy CyIieHsie 1 0,5 0,03 0,2 (0,02 |5,0 (10,0
KOHCEPBHPOBAHHBIC
B ckoOkax ykasansl [1JIK B Tpo10BOJILCTBEHHOM CBIPhE, TIPETHA3HAUCHHOM JIJIS
ITPOM3BOJICTBA JICTCKUX U JJUCTUICCKUX MPOTYKTOB

MCTO,III/IKI/I aTOMHO-a6COp6HI/IOHHOFO daHaJin3a MMCPCUNCIICHHBIX B

Ta0y1.6.1-6.3 37eMEHTOB, AJII KOTOPBIX YCTAaHOBJICHBI MPEACIIBHO JOMYCTUMbIE
CoJIep KaHMsl, BXOJSIT B COCTAB PA3IMUHBIX HOPMATUBHBIX TOKYMEHTOB (Ta01. 6.4).
N3 pannbix Tabn. 6.4 BHJIHO, YTO aTOMHO-aOCOpPOIIMOHHBIA METO
UCIIOJIB3YETCsl MPHU OMNPECTICHUH HIUPOKOTO0 Kpyra MHUKpOdJIeMeHToB. B psme
CllydaeB aTOMHO-a0COpPOITMOHHBIA METOJl SIBIISIETCA apOUTpaXHBIM (HAIpUMED,
npu ompenenennn Mn, Mo, Fe, Zn, Cu, Sb, As, Cd, Pb, Hg) u wumeer
MPEUMYIIECTBA Mepe] NPYTUMHA METOAaMH aHAJIHA3a.
Tabnuma 6.4 — Ilepeyenb aTOMHO-aOCOPOLMOHHBIX METOAMK OIpEICICHHS
TSDKEJIBIX METAJUIOB B MUIIEBBIX MPOAYKTAX

OOBEKT aHaM3a

Onpenens-
CMBIC
DJIEMEHTHI

HopmaTuBHBIN JOKYMEHT

Y TBepKaeHHbIE METOAUKHA

CphIpbe U IPOAYKTHI
IUILEBbIE

Pb, Cd, Cu,
Zn, Fe

MexrocyaapctBennbiii crangapt ['OCT 30178-96.
ATOMHO-20COPOIIMOHHBIN METO ONIPEICICHUS
TOKCUYHBIX AJIEMEHTOB
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Pr16a, Mmopckue
MJICKOTTHTAIOIIIHE,
MOPCKHE
0€CI03BOHOYHBIC U
MPOIYKTHI UX
nepepaboTKu

Hg

I'OCT 26927-86. Cpilpbe 1 IPOIYKThI MUILEBBIE.
Meroas! onpeieneHus pTyTu

[ToBapeHnHas conb

Cu

I'OCT 26931-86. Cplpbe 1 IPOIYKThI MUILIEBBIE.
Meron onpenenenust menu. Jomnonnenue Ne 1 ot
01.10.1990

Pb

I'OCT 26932-86. Cpipbe 1 NpOAYKTHI MUIIEBBIE.
Merton onpenenenus ceunua. JJononHenue Ne 1
ot 01.10.1990

/n

I'OCT 26934-86. Cbipbe 1 IPOAYKTHI MUILIEBBIE.
Meron onpeaenenus nuHka. Jlononaenue Ne 1
ot 01.10.1990

Cd

I'OCT 26933-86. Chipbe u NpOAYKTHI MUIIEBBIE.
Merton onpenenenus kaamus. Jlononuenue Ne 1
ot 01.10.1990

Hg

I'OCT 26927-86. Metoab! onpeneneHus pTyTH.
Homomuenne Ne 1 ot 01.10.1990

[TumeBsie TPOIYKTH U
MUIIEBOE CHIPHE

Pb, Cd, Cu,
Zn, Fe, Ni, Cr

Metonuueckue ykazanus TY 01-19/47-11. AtomHO-
abcopOLMOHHBIE METOIbI ONPEENIEHUS TOKCHUHBIX
3JIEMEHTOB B MUIIEBBIX MPOJIYKTAX U MUIIEBOM
ChIpbE. - ['0Cy1apCTBEHHBIN KOMUTET CAHUTAPHO-
3MUIEMHUOJIOTHYECKOT 0 Ha30pa Poccuiickoit
Oepepanun. — M., 1992

[IuieBbie TPOTYKTHI

Zn, Cu, Cd, Pb

MertorKa BBINIOJHEHNS] U3MEPEHUN MACCOBOM J0JIN
IMHKA, MEeI1, KaIMHU ¥ CBUHIIA B ITHIIEBBIX
MPOAYKTaX. — XapbKOBCKUW LIEHTP CTaHAAPTU3AIUH,
METPOJIOTHH U cepTudukanmu. — Xappkon, 1994

Metoanyeckue yka3zaHus 110 0OHapyKEHUIO U
OIIPEJICJIEHUIO COIep KaHuUs O0ILEeH PTYTH B
MUIIEBBIX MPOAYKTAaX METOAOM OecIyIaMeHHON
aTomMHoM abcopOmu, Ne 5178-90

OOBEKTHI
OKPYXaIoIIeH cpebl U
OMOJIOTUYCCKHUE
MaTepHAJIbI

Hg

MVK 4.1005 — 4.1.008-94. Onpenenenue
CoJIepKaHUsl PTYTU B 00BEKTaX OKPYKAIOIIEH CpeIbl
1 OMOJIOTHYECKUX MaTepuaiax.

MexxayHapoaHbIe CTAHAAPTHI

[IuieBbie TPOTYKTHI

Cd

HNCO 6561-83. I1noap1, OBOIIM ¥ TPOTYKTHI KX
nepepabotku. OnpeneneHue coaepKanus KaaMusl.
Meroa HeTIIaMeHHON aTOMHO-a0COpOIIMOHHOM
CHIEKTPOMETPHH.

Pb

NCO 6633-84. OpyKThI, OBOIIH, IIOA00BOIIHBIC
npoaykThl. Omnpenenenue coaep:kaHusi CBUHIA.
CrieKTpOMETpUIECKHI METO/I AaTOMHON abcopOruu
0e3 MmIaMeHu.

/n

NCO 6636/2-81. [1n0a51, OBOLIH U TPOITYKTH UX
nepepabotku. OnpeaeneHue nuHKa. Yactp 2.
ATOMHO-a0CcOpOLIMOHHBII CIEKTPOMETPUUECKUI
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METO/I.

HNCO 6637-84. [1moabl, OBOIIX U TIPOTYKTHI UX
Hg nepepabotku. OnpeeseHne coaepkanus pTyTH.
Merton HemIaMeHHOW aTOMHOM abcopOLuu.

NCO 9526-90. ®pyKThI, OBOIIM U MPOAYKTHI UX
nepepadbotku. OnpeneneHue coiep kanus xKeesa

Fe o .
METOJIOM TJTAMEHHON aTOMHO-a0COpOITMOHHOM
CHIEKTPOMETPHH.

HNCO 6636/2-81. [1noap1, OBOITH U TPOIYKTHI UX

Zn nepepadotku. Yactb 2. ATOMHO-a0CcOpOIMOHHBIH

CHeKTpOMCTpI/I‘ICCKI/Iﬁ MCTOA.

AOCONIOTHBIA mpenesl OOHApPYXKEHUsSI SJIEKTPOTEPMUUYECKOTO BapuaHTa
mertoma 107 — 107" 1. YcranoBieHo, 4TO MIaMeHHBIH aTOMHO-aGCOPOIMOHHEIH
METOJ MO3BOJISIET OMNPENENsATh CleAyrole cojaepkanus 3jaeMeHToB (% mac):
xeneza 00,0001, mmaka 0,00001, xoGamsra 0,00005, wmapranma 0,00002;
OTHOCHUTEJIbHOE CTAaHIAPTHOE OTKIIOHEHUE cocTaBisieT 2-4 %.

Opnako aTOMHO-aOCOPOIIMOHHBIN METOJ, KaK U aTOMHO-3MUCCHOHHBIN ¢
WHIYKTUBHO  CBSI3aHHOM  IUIA3MOM, TakXe IIUPOKO  HUCIOJb3yeMbId B
AHAIMUTUYECKOM  KOHTpOJIE  KayecTBa  MHINEBBIX  IMPOAYKTOB,  TpeOyeT
MPEIBAPUTEITHLHOTO PA3JIOKEHUS HcclieayemMon mpoObl. Ctanus mpoOOTOArOTOBKU
ABJISIETCS OYEHb BAXXHOM B IMPOLIECCE aHAIN3a U HEPEAKO BHOCUT OCHOBHYIO
MOTPENIHOCTh B €ro pe3ynbrar. OCTaHOBHMCS Ha OCOOCHHOCTSIX M TpUeMax
pa3lIOKEHUsT THUIIEBBIX MPOAYKTOB MPH OMNPEACIICHUH COAECPKAHUS B HUX
TOKCUYHBIX AJIEMEHTOB.

Pa3noxxeHue 8 OMKpbIMbIX cucmemax. Pa3nokeHue NIHUIIEBBIX
MPOAYKTOB W TMHIINEBOTO ChIPhS MJI OINPEACTICHUS COJACPKAHUS TOKCHUUHBIX
AJIEMEHTOB MPHUBOAAT JUOO «MOKPBIM» CIIOCOOOM KHUIISTYEHHUEM C KHCIIOTaMH,
b0 «Ccyxum» crocoOoM mpu HarpeBe B MydenbHoU anekTporneuu. [Ipouemaypa
Pa3NIoKEHHsI PEerJIaAMEHTUPYETCSl CTaHAAPTAMU:

1) TOCT 26929-86. Ceippe u TpOAyKTHl TuIIeBbie. [loaroroBka mpood.
MuHepanuzanus 1151 ONpeIesIeHHs] TOKCUYHBIX 3JIEMEHTOB;

2) MexrocynapctBernblii cranmapt ['OCT 26929-94. Ceipbe U TpOAYKTHI
nuieBsie.  [logroroBka mnpo6. MuHepanuzauuss sl ONpeeTIeHUs
COJIEp’KaHMSI TOKCUYHBIX 3JIEMEHTOB.

B cBs3u ¢ Tem, yTO MaTpulla MHUIIEBHIX MPOIYKTOB OOBIYHO COACPIKUT
OOJIBIIIYI0O OPTraHUYECKYI COCTaBJISIONIYI0, MPOBOISAT MUHEpAIU3AIUI0 TPOOHI,
T.€. MOJHOE OKHCJICHUE U YyJalieHue opraHuyeckoil yactu. OOBIYHO HUCTIOIB3YIOT
CYXYI0 WJIM MOKPYIO MUHEpaU3aIHIO.

Cyxyio MUHEpaJu3alfio MPOBOJAT MpPOKaJIMBAHUEM MPOObI Ha BO3AYyXE.
[Ipu conepkanuu B npoaykre 10 20 % Biaru 4amky ¢ HaBECKOM NMOMENIAIOT Ha
ANEKTPOIUIUTKY U MPOBOJAAT OCTOpoxHOoe oOyrnuBanue. [locie oOyrivBaHus
YaliKy MOMEIAIOT B 3JEKTPONeydb, OTPErYJIMPOBAHHYIO paHEe Ha TeMIlepaTypy
okoio 250 °C.

[Ipu conepxanun Biaru B npoaykre oT 20 mo 80 % uamiky ¢ HaBecKoOu
MOMEIIAIOT Ha KUISIIYI0 BOJSHYIO OaHIO WM B CYUIWIbHBINA 1mKad (I0BOAS €ro
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temmeparypy a0 150 °C), wiu Ha SJIEKTPUYECKYIO IUIMTKY W YAAIAIOT BIATY.
3aTeM OCTOpPOXKHO OOYTJIMBAIOT COACPKUMOE 4Yallll Ha Tra30BOM TOpENKE WU
ANEKTpUUECKOW TuMTKe. Yally MmoMemarT B 3JEKTpONedb, OTPEryJIMpPOBAaHHYIO
paHee Ha TeMmmeparypy okosio 250°C, a mpoaykimio, copepxamryio 6omnee 20 %
caxapoB, IOMEINAIOT B JIEKTPOIEYb, OTPETYJIMPOBAHHYIO paHee Ha TEMIIepaTypy
okoio 150 °C.

[Ipu conepxkanuu B mpoaykre Biaru Oosiee 80 % HaBecKy B uyaile
00pabaThIBAIOT CIAEAYIOLUIUM 00pa3oM:

— BHUHOJIETIbYECKUE MPOJYKTHl YIMApUBAIOT JOCyXa Ha BOJSHOW OaHe WU
MOMEIIAIOT B AJIEKTPOIIEYb;

— TMBO, MUHEPAJIbHYIO BOJY, 0€3aJKOT0IbHbIE HATUTKUA M IJI0JI00BOIIHbIE
COKH Y HAIlUTKH Ha DJIEKTPOIUIMTKE yIapUBaIOT J0CyXa U MPOBOIAT 00yTIIMBaHUeE,
3aTeM IMOMENIAIOT B DJIEKTPONEeYb, OTPETYIUPOBAHHYIO Ha TEMIIEPaTypy OKOJIO
250 °C.

Jlst uHTeHCHUKAIMK TTpoIiecca O0yTIMBAHUS PEKOMEH Ty ETCS:

a) OJTHOBPEMEHHO 00O0TpeBaTh YaIIKy C HABECKOW MPOAYKTa MHPpaKpacHOU
JIAMIIOM;

0) B 4aIlKy ¢ HaBECKO J00aBJIATh STUJIOBBINA CIIUPT U3 pacuera S Ma Ha 1 T
CyXOro BENIECTBA, 3aKPbITh YACOBBIM CTEKJIOM U BBbIAEpkaTh 24-48 yacoB, 3aTeM
MPOBOAUTH OOYTJIMBAHUE;

B) MJig ipo0 MpoAyKTOB, coaepxkaiux o6osiee 20% caxapoB (BapeHbe, JKeM
U Jp.), a TaKKe€ TEMHOOKpAIIECHHbIX COKOB M KOMIIOTOB J100aBUTh K HaBeCKe
pacTBOp cepHOM KUCJIOTHI (1:9) U3 pacuera 5 M1 Ha 1 T CyXOro BelIeCTBa, 3aKPhITh
YaCOBBIM CTEKJIOM U BbIJIEpkKaTh 48 4acoB, 3aTeM MPOBOIUTH O0YTIIUBAHHUE;

r) s npod mpoaykToB, coaepxammx 20-60 % xupa (Cblp, MacaIu4HbIe
ceMeHa, O€JKOBbIE TPOAYKThI), B HaBECKy J100aBUTh pacTBOp Aa30THOM
kucinothi(1:1) u3 pacyera 1-15 mu Ha xkaxapie 10 r HaBeCKu, BbIAEpXaTh 15 MUH,
3aTeM MPOBOJUTH OOYTIMBAHUE.

YToObl OKHCIEHHE OPraHWYEeCKOro BelIecTBa MPOTEKalo CIOKOHHO, 0e3
pa30phI3TUBAHMS, TUTENIh WU YaIIKy ¢ HABECKOM MPOObI MOMENIAIOT B XOJIOHYIO
MydeabHYyI0 MeUb U MEAJICHHO HarpeBaroT 0 HYKHOUM TeMIiepaTypbl (0OBIYHO CO
ckopocteto He Gosiee 100 °C B wac). Ilpu onpejieseHnd CBUHIIA, KaJMUS, [IUHKA,
Menu pabouas TemrepaTypa o030jeHHs He nomkHa mnpessimate 450 °C Bo
n30exaHue MOTEeph OIpPEAeIeMOro ayeMeHTa. MHorna mo0aBisitOT BELIECTBA,
cnocoOcTBytoue Oonee dPpPexkTuBHOMY U OBICTPOMY  OKHCICHHIO U
MpeIOoTBpallaloNIMe YJIETYYMBaHUE HEKOTOPhIX KOMIIOHEHTOB 30Jbl. Tak,
METO/IMKA Pa3J0KE€HUS MUILEBBIX MPOIYKTOB JUIsl TOCIEAYIOMIEro ONpeaeaeHUs
MBIIIbSIKA TPEAYyCMAaTpUBAET IMPOBEACHUE CYXOM MUHEpalu3allii HaBECKH B
NPUCYTCTBUM OKCUJA WM HUTpata MarHus. OnHako poOaBieHUE OOJIBIIOTO
KOJIMYECTBa COJIed MpU CyXOH MUHEpaU3alMy HEXENaTelbHO BCIEACTBUE
MOJIYYSHHS] B 3TOM Clly4ae MUHEpaiu3aTa ¢ OOJIBIIUM COJIEPKAHUEM COJIeH, 4TO
MOXXET MeIIaTh IMOCJIEIYIONEMY AaTOMHO-a0COPOIIMOHHOMY  OIpPEACIICHUIO
MpUMecell TOKCUYHBIX MeTaylioB. Kpome Toro, Bo3pactaeT pe3ysibTaT XOJIOCTOTO
OTIBITA M3-32 UCTIOIH30BaHUS OOJIBIIIOTO KOJTUYECTBA PEarcHTOB.
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Huxe npuBeneHbl HEKOTOpBIE CBEACHUS O MOBEACHUU 3JIEMEHTOB IMpU
CYyXOM 030JIEHUH OPTaHUYECKUX MATEPHUAIIOB.

AJIIOMUHUNA TepAETCS NPU CyXOM O30JIEHHM 33 CYET B3aMMOJCHCTBUS
OKCHJIa QJIFIOMUHHMS C KBapleM WiIK TIa3ypelo ¢dapdopoBoii mocyasl Ipu
temneparype Boire 500 °C. Jlus mpeaoTBpamieHdst STHX MOTEPh PEKOMEHIYIOT
00aBIATh a30THYIO KUCJIOTY WJIA HUTPATHI.

bapuii onpeaensoT B OpraHn4ecKux Marepuaiax nociie X 030JIEHUs IpH
temreparype 600-800 °C 6e3 106aBoK.

bepuwmuii. [lpr 0307€HMM OpPraHUYECKUX MATEPHANOB, COAECPXKAILIUX
docdarsr, nocnaennue mnepexonar B Na,P,O; u Moryt memarb BBIICICHUIO H
OIpPEEICHUI0 OEPUIUIMH B PaCTBOPE 30JIbHOTO OCAIKA.

Bananuii. bBuonornueckue marepuanbl, KAIMEHHBIN yroiib, rpadur, HePTh U
MPOIYKTHI IEPepadOTKH O30JISI0T MPU MEJIEHHOM HarpeBaHuu 0e3 J00aBOK MU C
BBEJICHUEM OKHcauTeneil. JlaHHble O moTepsAx BaHagusi U HEOOXOJIMMOCTH
7100aBOK MPOTUBOPEUYHUBBI.

Bucmyr. O3o0jieHHEe MpoBOAAT Hpu Temieparype He Bbime 550 °C u
n00aBJIeHUH a30THOM KUCTOTHI. Habroar0Tcsi HEKOTOPhIE €ro MOTEPH.

I'epmaHuii TepsieTCs NMPU CyXOM O30JICHMM OPraHUYECKHX BEIIECTB, €CIU
temneparypa Boime 600 °C. CkopocTh HarpeBaHus He JOJDKHA npesbimaTh 4 °C B
MUHYTY. YTOOBI yMEHBIIMTH TMOTEPU TepMaHUs B BHAE TETPAXJIOPHIA,
PEKOMEHIyIOT J00aBJIATh BEIIECTBA OCHOBHOTO XapaKkTepa, HalpuMep, THIPOKCHUT
HaTpus, KapOOHAT HATPHsl, OKCUJ] MarHusl.

Kenezo. O3osieHne 00pa3loOB, COAEPNKAIIMX KEIE30, MPOBOIAAT MpHU
temmeparype 500-600 °C, unoraa mpu 6osee Boicokux — 10 800 °C. Oxucauren,
KaK IpaBWiIO, HE J0OABIISIOT, XOTSA a30THAas KUCIOTa M HUTPATHl YCKOPSIOT
okucinenue. Ilpu o30meHMM 00pa3LOB, COAEPKAIMUX XJIOPUABI, TEPAETC
HEKOTOpOE€ KOJUYECTBO >keJje3a. Jlo cux Mmop HET €IMHOTO MHEHHS: MOXKHO JIU
030JIATh PaCTUTENbHbIE MaTeprabl B (hap(HOpOBBIX TUTIISAX.

Kanmuii. OOHapy:keHbl IOTEPH KaAMUs MPU TEMIIEpaType 030J€HUS BbIIIE
400 °C, 1.x. xJ0pHI Kaamus jeTyd. [ToaTroMy cyxoe 030j1eHHe P00, CoaepiKaIIuX
KaJIMUH, MPOBOJAAT C J0OaBKaMU a30THOM KHCIIOThI, HATpaTa MarHus, CepHOMN
KUCIIOTHI, KapOoHaTa Harpusi. brnaromaps no6aBkamM ToTepu  KaaMUs
YMEHBUIAKOTCA.

Kamuii Tepsiercs, €ciau 030J€HUE IPOBOAAT IIPU TEMIIEPAType BBIIIE
400 °C. Ilorepu kanus B (appOpOBBIX THUINIAX OOJbIIE, YeEM NPH O30JIEHHH B
KBapLIEBBIX WM IUIATUHOBBIX TUTJISIX.

Kanpuumii. O301€HME OpraHMYEeCKUX MAaTepuajoB, COAEPKAIUX KaJbIHil,
npoBoAIT B (paphopoBeIX TUTISX 0e3 BBEACHHUS N00ABOK; TEMIIEpaTypy MOKHO
nossImath 10 700 °C.

KobGanbr. 3ameueHsl mnorepu KoOajabTa NHpPH O30JEHUM OPraHUYECKUX
BEILECTB BCJEACTBUE B3aMMOJEHCTBUA €ro ¢ MaTepuajioM TUris. Mcmonb3yroT
KBapleBble, MIaTUHOBBIE U (apdopoBble TUTIU. UTOOBI NMpPelOTBPaTUTh MOTEPU
KoOasbTa, YBETUUUBAIOT 00bEM 30J1bI BBEJIEHUEM JJOOABOK.
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Kpemuuii. Ilorepu mnpu o301eHUM He oOHapykeHbl. buonorunueckue
Marepuaibl MeJeHHO HarpesaroT g0 850 °C B mIaTuHOBOM yamike 6e3 J106aBOK
WM B IPUCYTCTBUU CyJib(aTa Maruus.

JluTuii TepsieTcs pu HarpeBanuu Beiire 550 °C B BUjie XJIOpHIA.

Marnuii. He oO6HapykeHO MOTeph MarHus B BUJIE JIETYUYHUX COCIMHEHUH.
Temneparypa o3oseHus MoxeT ObITh Bbiie 650 °C. J[0OaBKM HE NPUMEHSIOT,
XOTSI B IPUCYTCTBUU a30THOU KHUCIOTHI OKUCIEHUE YCKOPSETCS .

Mapranen. PekoMenayembie TeMIIEpaTypbl 030JICHUS MPOO, COAEpKAIIUX
mapraden, ot 500 mo 850 °C. B HEKOTOPHIX OHOJIOTHYECKHX MaTepuajax
MapraHel IpUCyTCTBYET B BUJAE JETyYUX COCAUHEHUM, MMO3TOMY MOTYT OBITh €ro
MOTEpPU TMPU HArpeBaHUU 1O BBICOKHX TemmepaTyp. CKOpoCTbh 030JIeHUS
yBEIIMYMBACTCS C J0OaBJICHUEM a30THOW KHUCJIOTHl WJIM HUTpaTa MarHusl.
[IpumensitoT kBapueBsie, papdopoBbie, MIATUHOBBIC TUTIIH.

Menp TepsieTcss MpU  O30JICHMM B IUIATMHOBBIX THIJIAX BCJICACTBUE
B3aMMOJICHCTBUS C TIJIATUHOW. 30JIbHBINM OCTATOK MOKET OBITh 3arpsi3HEH MEJbIO
u3 raazypu GapPopoBbIX TUTJIEH, OITOMY O30JEHHUE JIyUllle BCEro MPOBOJUTH B
KBapIeBbIX TUIIIX. TemmepaTypsl o3o0ienus pekomenaytores 400-500 °C. YUro6s
YMEHBIUIUTH TOTEPU MEJIU MIPU CYXOM O30JICHUU PEKOMEHIYIOT JO0OABISATh CEPHYIO
KHUCIIOTY.

MonuOaeH MOXKET TepSAThCA MPU CyXOM O30JICHUU 3a CUET CyOJIMMaIluu
MoO;. [ToaTomy 0307eHHE P00, CoepKAITUX MOJIUOICH, TPOBOAAT C J0OaBKaMHu
cyib(hara Maruus Uiau a30THOW KUCIIOTHI.

Harpuii yieTy4uBaeTcs B BHJE XJOpHIa IpU HarpeBaHuu 10 550-650 °C.
O3oJeHre MPOBOJIAT B INIATUHOBBIX TUTJISX C 100ABJIEHUEM CEPHOU KUCIOTHI.

Hukens. 3aMeueHbl HEGOJIBIINE IOTEPH HUKENS pH Temmueparype 500 °C.
O3oneHue npoBoasAT 0€3 BBeIeHHs 100aBOK.

Omnogo. [Tpu cyxom 03051€HUH 0J10BO yieTyuuBaercs B Buae SnCly.

CBuHel TepsieTcsl P CyXOM O30JI€EHUU B 3aMETHOM KOJIMYECTBE, €CIIU B
npo0ax MPUCYTCTBYIOT XJiopuabl. (O30Ji€eHHME BEIIECTB, COJAEPXKAIIMX CBUHEL,
nposoautcs 1pu Temmeparypax 500-600 °C. IIpumMeHsroT 100aBKU: a30THYIO
KHUCIIOTY, HUTpAT MarHus, KapOoOHAT HATPUs, CEPHYIO KUCIIOTY.

CTpoHIIMI NpHU HArpeBaHWU HE YJIETYYMBAETCSA, IOATOMY B HEKOTOPBIX
ciydasx mpoObl HarpesaroT 10 900-1000 °C.

Cypbma. UYToObI HUCKIIOYUTH TOTEPU CYpPbMBI TPU  O30JICHHH,
PEKOMEHIYIOT J00aBisATh K MpoOaM OKCHJ MarHus ¥ HEOOJBIIOE KOJIMYECTBO
HUTpaTa MarHus.

Turan He TepseTCs NpU 030JICHUHN Jaxe pu Temmeparype 850 °C.

XpoMm. O3oneHre npod, comepKallux XpoM, IPOBOAAT MPU TEMIEpaType
600-700 °C. JTo6aBKkH, KaK PaBHUIIO, HE UCTIOIB3YIOT.

[le3uil TepsieTcss MpU O30JIEHUU B BUJAE XJIOPUAA U HHUTpATA, €CIu Mmpoda
HarpeBacTCs JIMTENLHOE BpeMs pH Temieparype Boime 500 °C.

LuHK TepsieTcsl MPU CYyXOM O30JICHHHM B BHUJIE JIETYy4ero XJOopHjaa IHHKA.
[Totepu yMmeHblIatoTCcsi ¢ AoOaBieHWEM K MpoOe CEepHOM KUCIOThl M HHUTpaTa
MarHusi, kapooHara kaiaplius U Jp. TemmepaTypy 030JIeHHsS YCTaHABIMBAIOT B
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3aBUCUMOCTH OT BHJA 030JI51€MOI0 BEIECTBA U MPUMEHSIEMOI 100aBKU: 500-
550 °C B mpucyrcTBuM KapboHata Kajbuus ¥ 850 °C — B NPHCYTCTBHHM CMECH
CEpHOM KHUCIIOTHI U HUTpaTa MarHusa. HeobXxoauMo y4uThIBaTh, YTO B pE3yjbTaTe
B3aMMOJICUCTBUS IIMHKA C Ia3ypbio (HapdopoBbIX TUIIIEH BO3MOXKHBI TMOTEPU
[IMHKA WK 3arpsi3HeHHE MPOObI OCTaTKaMu OT MPEABITYIINUX TPOO.

Kak BMAHO W3 NpPUBENECHHBIX BBHINIE JAaHHBIX, OOJIBIIOE 3HAYECHHUE TPH
MPOBEJEHUU CyXOW  MHUHEpalu3allui MMEET MaTepuaid  HCHOJIb3yeMOU
71a00paTOPHOI MOCYABI: JIy4llIE€ BCErO HUCMOJb30BaTh JJIsl 3TUX LIEJIEH KBapIleBbIE
WU CTEKJIOYTJIEPOAHBIE YalllKu U TUIIK. Kpome TOro, BaKHO MPUIAEPKUBATHCS
PEKOMEHAYEMOM CKOpPOCTH TMOBBIIICHUS] TEMIEpaTypbl B Hayaje O30JICHHS U
CTPOTO KOHTPOJIMPOBATH MaKCUMAaJbHYIO TemmepaTypy oOxkwura. [lapamnensHo
MPOBOASAT MUHEPAIU3ALIUIO 100aBIIEMbIX K HABECKE PEAKTHUBOB I KOHTPOJIS UX
YUCTOTHI.

Hcnonb3oBanue crnocoba Cyxod MHUHEpATU3ALMU MPU  Pa3I0KEHUU
MUIIEBBIX TMPOJYKTOB, CBIPbS, KOPMOB M JPYrUX OOpa3loB C BBICOKUM
COJIEp>KaHUEM OPTraHUYECKUX BEIIECTB UMEET CIACAYIOIIUE HeIOCTATKHU:

— OouibIliasi MPOJODKUTEILHOCTh CTaAuM paszioxeHus (mpu HaBeckax 10-
20 T NpoOAOKUTENBHOCTh cOCTaBisAeT 6-14 vacoB). MuHepalu3aluuiO CUUTAIOT
3aKOHYCHHOHM, KOrja 30ja cTaHeT Oelloli WM CJerka OKpalleHHo, 0e3
MPUCYTCTBUSI OOYIVIEHHBIX 4YacTull. [Ipy HanuM4uu TNOCIEIHUX TOBTOPSAIOT
00paboTKy 30/bl PAcCTBOPOM a30THON KHUCJIOTHI, BHIIAPUBAHUE K IOBTOPHOE
npokanuBanue mpu temmeparype g0 300 °C. DTOT MK OPUXOAUTCS ITOBTOPATH
HECKOJIBbKO pas;

— BO3MOJKHbBIE TOTEPHU OIpPEACNIEMbIX 3JEMEHTOB BCIJEJICTBUE JIETYUYECTH
HEKOTOPBIX COEIMHEHUM;

— OoJibllI€ 3aTPAThl AJEKTPOIHEPTHH (MOUTHOCTh MYy(QENbHBIX Me4Yei
00BbIYHO cocTaBisieT 3-8 kBT).

Oco0eHHO O0MBIIOE 3HAYCHUE YACNISIETCS MPOIECCY NECTPYKIIUU MUIIEBBIX
MPOAYKTOB MPU ONPEACICHUU B HUX COCJUHEHUN PTYTH B CBSI3M C UX BBICOKOU
JeTy4ecThl0. B 3TOM ciiyyae cTaHIapThl PEKOMEHAYIOT MPOBOJUTH NECTPYKIIHIO
«3aKPBITBIM» U «OTKPBITBIM» CIIOCOOAMH.

Hdecmpykuyus «3akpbimbIM» €rlOCO6OM (Ui aHaiW3a TBOpPOra U
TBOPOKHBIX U3JIEJNI, CIMBOYHOIO MAacia, ChIYY>KHBIX U TUIABJIEHBIX CBIPOB,
MaprapuHa, pacTUTENIbHBIX Maceld, JKUPOBBIX MPOAYKTOB) TMPOBOAUTCS B
CHEIMAIbHOM afmapaTte, KOTOPbIi COCTOUT U3 JABYTOPJION KPYTJIOJOHHON KOJIOBI,
XOJIOIUIIFHUKA U KaleJIbHON BOPOHKH, COeIMHEHHBIX MOCPEACTBOM LI (OB (puc.
6.1).

B peakmumonHyro konOy ammapatra i JA€CTPYKIUMU  TTOMEIAIOT
UCClIeyeMyIo MpoOy, 100aBISIOT pacTBOP mepcyiibdara Kanus, pacTBOp a30THOM
KHUCJIOTBI, COEIUHAIOT C OOpaTHBIM XOJOAWJIBHUKOM U IO KaIljisiM 4epe3
KareJIbHYI0 BOPOHKY MPUOABIISAIOT KOHIICHTPUPOBAHHYIO CEPHYIO KUCIOTY. Konby
BBIJICP)KMBAIOT MPU KOMHATHOM TeMIieparype, a 3aTeM IMOMEIIA0T Ha BOJISHYIO
OaHro.
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Pucynok 6.1 — Amnmapar nains aecTpykumu: | — XOJOAWIBHUK, 2 —
KarenbHas BOPOHKA; 3 — peakImoHHas Koiba

Bpems nHaxoxnenuss koynObl Ha OaHe 3aBHCHT OT BHJA MPOMYKIIHH.
JlecTpyKuMiO TPOBOAST [0 TMOJHOIO MPOCBETIeHUs mpujgoHHoro cios. Ilo
OKOHYaHUU JCCTPYKIMHU almapaT CHUMAIOT ¢ 0aHW U OXJIAXKJAIOT B TeueHue 15
MUHYT. KonOy OTCOEIUHSAIOT OT XOJOJWJIbHHKA, COJEPKUMOE (PUIBTPYIOT B
KOHMYECKYI0 K0JIOy. PeakiinonHyto koyi0y U QuiIbTp HECKOIBKO pa3 MPOMBIBAIOT
KUIISIIEH BOJOMH.

Hdecmpykyuro «omKpbimbIM» CrMOCO60OM (nns BceX BHIOB
MPOJYKTOB) MPOBOJAT B TEPMOCTOMKONW KOHMYECKOW KoJiO€ BMECTUMOCThIO 750
mi. [IpoOy paBHOMEpPHO pacmpenensifoT 10 JHY KOJIObI, 100aBISIOT
OTIpEJICICHHBIE KOJIMYeCTBa TMepcyibdara kamusa, 3TtaHod, nopuusiMu HNO;
(HeOONBIIMMH TIOPIUSMHU), 3aKPHIBAIOT KOJOY BOPOHKOM AMaMeTpoM 25 MM,
COJICP’)KUMOE TIEPEMENIUBAIOT U BBIACPKUBAIOT MPU KOMHATHOM TeMmmepaTrype B
3aBUCUMOCTH OT BHJa mpoAykuuu ot 20 mo 30 MUH WM OCTaBIISIIOT HA HOYb
(3epHO, KoHuTepckue wuszAenus). CepHyr KHCIOTYy HaJUMBalOT B CTaKaH
BMECTUMOCTBHIO 50 MJT U OCTOPOXHO MO KaIlJisiM BBOJST B KOJIOY C mpoOoi yepe3
BOpOHKY. CKOpPOCTh BHECEHHSI CEPHOM KHUCJIOTHI JOJKHA OBITh TaKOM, YTOOBI
MOCTOSTHHO TPOXOAWJIA PeaKIus pa3fioKeHUs a30THOM KUCIOTHL. 1o okoHUaHUM
BHECEHUSI CEPHOW KHUCJIOTHl KOJOY OCTaBISIOT B BBITSDKHOM IKady Mpu
KOMHATHOM Temmeparype 10 MpeKpalleHusl BbIIEJIEHUs OyphIX MapoB OKCHUIOB
azota. 3ateM Koyi0y MOMELIAIOT Ha BOAsSHYIO OaHioo. B mepBeie 15 wmuH
HAXOXKJEHUsI KOJObl Ha BOJASHONW OaHe BO3MOXHO OypHOE pa3joKeHHUE a30THOMU
KHUCIIOTHI C OOJIBIIIUM BBIJICJICHHEM OKCHAOB a30Ta. [Ipu OypHOM TE€UeHUH peakIuu
B K0JIOY TO0ABIISIFOT MOPIUSMH KHUIISIIIYIO BOAY WM CHUMAIOT Ha 3-5 MUH ¢ OaHHU.
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JleCTpyKIMIO TPOBOJAT 1O TMOJHOTO MPOCBETICHUS MPUAOHHOIO CJIOS
KUJKOCTH B K0j0e, HO B TeueHue He MeHee 45 muH. Konly cHumaror ¢ 6aHu, u
ropsiuuil JeCTpyKTaT (UIBTPYIOT B MEPHBIM IWIMHIAP, OOMbIBast KOJOY H3-MOJ
JECTpyKTata U QUILTP ropsiueid BOJAOW U coOMpasi MPOMBIBHBIE BOJBI B TOT Ke
muuHAp. JKHUIKOCTh  OXJIKIAIOT, JOBOAST JO OIpPEACIEHHOTO o0bemMa u
BBUIMBAIOT B CKJISIHKY JUIsl ompenaefieHus pTyTd. J[00aBisioT B CKISHKY MpHU
MOMENIMBAHUU PACTBOP TMEPMaHTAaHATAa Kajlus B KOJUYECTBE, OOECIICUMBAIOIIEM
MOJIHOE OKHUCIEHHE PTYTH B uUcclenyeMoM obOpasue. M30bitok KMnO,
BOCCTAHABJIMBAIOT THUAPOXJIOPUJIOM THUAPOKCUIAMUHA. 3aTeM MNPWIUBAIOT B
CKIIIHKY pactBop xjopuna osnosa(ll), cpa3y xe BBoasT OapOarep (a’partop) u
MPOBOJSAT ONPEICNICHUE PTYTH METOJIOM «XOJIOJIHOTO Hapay.

Cnocob MOoKpoU MuHepasiu3zayuu. DToT criocod OCHOBAH Ha MOJTHOM
pa3pylIeHUd OPraHUYECKUX BEIIECTB INPU HAarpeBaHUM HABECKU MPOOBI ¢
OKUCJIMTENIbHBIMU ~ CMECSIMH  KUCJIOT. Vcmonme3yloT it 3THUX — Ieneu
KOHIIEHTPUPOBAHHBIE CEPHYI0O W a30THYIO KHUCJIOTHI C J00aBJIEHWEM COJISTHOM,
XJIOPHOW KUCJIOTHI I TEPOKCUIa Bojopoaa. MHora HaBeCKy HarpeBaroT TOJIbKO
c mepokcuaoM Bogopona. Cmocod  MOKpOW  MHUHEpaIu3allud  MOXKET
UCIIOJIb30BaThCA MPU PA3JI0KEHUU BCEX BUJIOB MUILEBBIX MPOIYKTOB MU CHIPHA,
KpOMe€ Macell U JKUPOB.

Pa3noxenue npoBOAAT B CTEKISHHOM WM KBapLEBOMl mocynae (KOJIObI
Ksenbaans), nias HarpeBaHUsl TIPUMEHSIOT JJICKTPOIUIMTKUA WJIW TeCYaHble OaHMU.
HaBecku *XuAkux Wid OpOIYyKTOB B BUJE MIOpPE MepeHOcsAT B Kojly Krenpaans
WIUM B IUIOCKOJIOHHYIO KOJOYy, OOMBbIBasi CTEHKHM CTaKaHa JUCTUJUIMPOBAHHOM
Bojoii. HaBecku TBepAbIX U NAcTOOOpa3HBIX MPOJAYKTOB TMOMEIIAIOT Ha
00€330JIeHHbI  (PUIIBTP, 3aBOPAYMBAIOT B HEr0 M C MOMOIIBIO CTEKJISTHHOM
MaJOuKu MEPEeBOJAT B COCY[ sl MUHepanu3aiuu. V3 npod nmuBa, MUHEpaIbHOMN
BOJbI, OE€3aJIKOrOJIbHOIO HAaNUTKa, MPEIBAPUTEIBHO OCBOOOXKIECHHBIX  OT
YIJIEKHUCIIOTO ra3a, MUIETKOW OTOMPaoT HEOOXOAMMYIO aJUKBOTY, MEPEHOCIT B
kos10y Kbenpaans u ynapusaroT Ha 3iekTporiutke 10 10-15 M. HaBecku cyxux
MPOIYKTOB (PKEIATHH, CyXHe SIMYHbIC MPOAYKTHI) MoMemaT B Kooy Kbenbnas,
n00aBIAIOT 15 MIT BOJIBI, TIEPEMEITUBAIOT.

B xonly c¢ mpobGoii mpomykra MOPIUSMU HOOABISIOT CMECH KHCIOT,
J00aBISIOT 2-3 CTEKJISTHHBIX MIApUKa JUIsl pABHOMEPHOCTH KUIICHHS U YIAPUBAIOT
COZIEp’KUMOE KOJIObI 10 00bema 3-5 mul. DTy Hpoueaypy MOBTOPSIOT 2-4 pasa.
Hcnons3yloT a30THYI0, CEpHYIO, XJIOPHYIO KUCIOTHL. He gomyckaercs U3MEHSITh
MOCJIEIOBATEIbHOCTh BHECEHMsI KHUCIJIOT: XJIOpHas KHCIOTa BCerjga J100aBisieTcs
nocienHe. [lapamiensHo MPOBOIAT MUHEPATU3ALMIO 100ABISIEMBIX PEAKTHBOB
JUISL KOHTPOJIE WX YHUCTOTHI. l[lojlydeHHBIi MuHEpanu3ar MOocjie OXJIaXIACHUs
KOJIMYECTBEHHO MEPEHOCAT BOJON B MEPHYIO KOJOY, TIOBOJSAT 10 METKH BOJON U
NEepPEeMEIINBAIOT, TOCIIE YeTO BHIMOIHAIOT aHAIU3.

PacturenbHoe U CIMBOYHOE MAcCiO, MAaprapuH, MUIIEBbIE KUPBl U CHIPHI
nepes; aToMHO-aOCOPOIMOHHBIM OIpPECICHUEM B HHUX TOKCHYHBIX JJIEMEHTOB
00pabaThIBalOT MO CMOCO0Y KHUCIOTHOM SKCTPaKIMKU (HEMOJIHAS MUHEpaIu3ausl).
B TepmocToiikyro K010y ¢ HaBECKOH MPOAYKTa I00ABJISIOT PacTBOP COJSHOM
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KUCIOThI (1:1), BHOCAT 2-3 CTEKJIIHHBIX IIApUKa JUIsi pABHOMEPHOCTHU KHUIIEHUS,
BCTaBIIAIOT XOJOJWIBHUK M KUIATAT 1,5 daca. 3aTeM coAepk UMOE KOJIObI
MEIJIEHHO  OXJaXJalT JO KOMHATHOM  TEMIIepaTrypbl, HE  BbIHUMAas
xononuinbHuKa. Konly ¢ SKCTpakIMOHHOW CMECBhIO MOMEIIAIOT B XOJIOAHYIO
BOJSHYIO OaHIO ISl 3aTBEepJieBaHUS KHpA. 3aTBEPACBIIMNA KUP MPOKAIBIBAIOT
CTEKJITHHOW TaJ0YKOM, BOIHBIM CIOM (UIBTPYIOT uepe3 (UIbTP, CMOYCHHBIM
pacTBOPOM KHUCJIOTBI, HCIOJb3YEMOM JUIsI HKCTPAaKLHMH, B MEPHYI KOJOy.
OcraBmuiicss B KOJI0€ XUP PACIUIaBIAIOT HAa BOASHOW O0aHE M BHOBH MOBTOPSIOT
KHCJIOTHYIO 3KCTPAKLHUIO.

Crioco6 MOKpOil MUHEpaIU3allMi UMEET CIICAYIOIINE HETOCTaTKH:

— OoJblas JIUTeILHOCT onepanuii (mpu HaBeckax 10-20 r — 6-20 yacoB);

— OOJIBIIION pacXo KUCIOT;
— BBICOKOE 3HAYEHHUE PE3YJIbTATa XOJIOCTOrO OIbITA;
— BO3MOXKHAsl MOTEPS OMNPENEISIEMOro 3JIEMEHTa B BHJE JIETKOJETYy4HX
COECIMHEHU.

UumeHcugukayusi npob6ornod20moeku. PamukaibHO YMEHBIIUTH
JUIMTEIBbHOCTh ~ aHajiu3a  MHIIEBbIX  MNPOAYKTOB  MOXHO,  MNPUMEHSs
UHTEeHCU(DUKAIMI0O MPoOONnoAroToBKU. OmHuM ©3  APGEKTHUBHBIX MPUEMOB
JOCTUKEHUS DBTOr0 SBISETCA YIbTPa3BYK. YJbTPa3ByK — 3TO aKyCTUYECKHUE
BOJIHBI, 4ACTOTa KOTOpBIX npesbimaet (1-2)-10* T’y (10-20 xI'x). XoTs yibTpasByk
HE OTJINYAETCS MO0 CBOEH MPUPOE OT YIPYTUX BOJH CIBIIIMMOIO IAANa30HA U €ro
pacnpocTpaHeHUe MOJYUHSAETCS OOUIMM 3aKOHAaM pacHpOCTpPaHEHUS! 3BYKOBBIX
BOJIH, OH 00J1afjaeT cneupuyecKuMu 0COOEHHOCTSIMU. B miane uHTeHCUUKauu
pOOOMNOJITOTOBKU CJIEIYeT MPEkKIE BCEro OTMETUTh BBICOKYI0 MHTEHCUBHOCTh
yIbTPa3BYyKa, a TaKK€ BO3SHUKHOBEHUE HEIMHEHHBIX 3(P(HEKTOB — MPEkKIE BCETO
aKyCTUYECKUX TE€YEHUN U KaBUTAUUU. AKYCTUYECKHE TEUEHUS — ITO PETYJSPHOE
CMEILIEHUE Cpelpl BHUXPEBOIO XapakTepa, 3aKIoyYaronieecs B TOM, YTO
IIEPEHOCHUMOE  3BYKOBOM BOJIHOM  KOJMYECTBO JBHKEHHUS, CBSI3aHHOE C
KoJIeOaHUSIMU YacTULl CpeAbl, NpPHU TMOIJIOIIEHWH BOJHBI MEpelaeTcsi Cpele,
BbI3bIBasi €€ PAaBHOMEPHOE JBUKEHHE. AKYCTHMUECKHE TEUEHHUS CIIOCOOCTBYIOT
MHTEHCU(HUKAUU MacCOOOMEHHBIX MPOLECCOB, SIBISAACH BAKHEUIIUM (DAKTOPOM
WHTEHCU(HUKAMU MTPOLIECCOB KOHIIEHTPUPOBAHUS COOCAXKIECHUEM MU SKCTPaKIUEH
IpU BO3JCHCTBUM HAa CHUCTEMY YJIbTPa3BYKOBBIX KoyieOaHui. KaBuranms — 310
o0pa3oBaHHE B KUAKOCTH MYJbCUPYIOIIMX Iy3bIPbKOB, 3alOJHEHHBIX IapoM,
ra3aMu U Ux cMechlo. [Ipu cXJtonbpIBaHMM KaBUTALIMOHHOTO My3bIpbKa Pa3BUBAETCS
nasnenue 3-107 ITa u Temneparypa 2700°C. ITpu 5TOM BellecTBa, COIEpKAIIIecs
B KaBUTAIlMOHHOM MY3BIPbKE M MPUJIETAIONICH K HeMy 00JacTH, pacragaloTcs Ha
aTOMbI, 00pa3yeTcss MHOXECTBO PAJMKAJIOB, MOSBISAECTCS CBEUCHUE KUIAKOCTH —
COHOJIOMHUHECHEHIMS. [IpucyTCTByIommMe B KUAKOCTH BEIIECTBA PEATUPYIOT C
pagukaiamMu, C BO30YXKIEHHBIMH MOJEKyJaMH Tra3a U BOJbl, CO BHOBb
00pa30BaHHBIMU XUMUYECKUMU coequHeHusMu. [Ipu aHamu3e BOAOPacTBOPUMBIX
MPOIYKTOB (IIOBAapeHHas COJIb, HEKOTOPbIE CyXHW€ HANUTKH, caxap, JUMOHHas
KHCJIOTAa W [Jp.) YJAbTPa3ByK MNPUMEHSIOT JUIsi WHTEHCU(UKAUUU Mpolecca
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pacTBOpeHUs] MpoO, Al pas3pylieHUs OPraHUYEeCKUX COETUHEHUH, Jerasanuu
aHAJIU3HPYEMbIX pacTBOpOB, JUTS UMHTEHCU(DUKAIUU IIPOLIECCOB
KOHLIEHTPUPOBAHMS, a TAKXKE ISl IEPEBOJIAa ONMPEILISIEMbIX JIIEMEHTOB B opMy,
yAOOHYIO JJIs MOCJIEAYIONIEr0 KOHIIEHTPUPOBAHUS U OTIPEICIICHHUS.

[Ipn ananu3e nuBa, BUH, HEKOTOPBHIX HANUTKOB W KOHbSIKAa BO3MOKHO
npsimoe atoMHO-abcopOironnoe omnpenenenne Cu, Zn u Fe mocie npoBeaeHus
JIera3aluy pacTBOpa MHTEHCUBHBIM IEPEMEIIMBAHUEM B TeueHue 20 MUHYT WU
BO3JeHCTBUEM YJbTpa3Byka B TedueHue 20-30 c. [Ipu stom Bpems ynaneHus
ATaHOJIa U3 aHATM3UPYEMBIX TTPOO cokpamaercs B 20 pas.

Caxap — oauH M3 HauboJiee CIIOXKHBIX OOBEKTOB JII MUHEpATU3aLUU.
Cyxass wmuHepanuzaiusi 3anumaeT 40 u u Oonee. M3 pacTtBopoB caxapa
skctparupytores Pb, Cu u Cd B BuIe JIUITUIAUTHOKApOAMaToB B
METUIN300yTUIKETOH. OJHAKO, SKCTPAKIMs BO3MOXKHA JIMIIb MPHU COAEPKAHUU
caxapa He Ooznee 15r/n, mpu 3TOM cTemneHb W3BJIeYeHUS He mpesbimaer 90 %.
[IpenBapurenbHas o00pabOTKa aHaJU3UPYEMBIX PACTBOPOB  YIBTPA3BYKOM
oOecrieunBaeT ypenuueHue creneHu uzsiedenus Pb, Cu u Cd go 98-99 % npu
HKCTPAKIIMK U3 PACTBOPOB C COJIEPIKaHUEM caxapa 10 75 /1. YabTpa3ByK, HapsLy
C yIbTpadHOIETOBBIM O0JTyUYEHUEM, OKHCICHUEM, O30HUPOBAHUEM, CIIOCOOCTBYET
pa3pylIeHuI0 OpraHuYecKux coeauHeHuit npu omnpenenenuun Pb, Cu, Cd, Zn, B,
Hg B pacconax um pacTtBopax moBapeHHOW coid. Bo3nencTBue yibTpa3ByKa Ha
pacTBOPBI MOBAPEHHOW COJIM TO3BOJWJIO YBEIMYUTH CTENEHb coocaxaeHus Pb,
Cu, Cd u Zn ¢ 90 mo 99 %, a romoreHmu3aIusi SKCTPAKTOB YIbTPAa3BYKOM IIPH
aHajgu3e ToBapeHHOM conau Ha coxaepxkanme Pb, Cu, Cd m Hg ymyumaer
METPOJIOTUYECKHE XAPAKTEPUCTHKU PE3YJIbTATOB aHajiu3a W TOBBIIAET €ro
IKCIPECCHOCT.

[Ipn aHanu3e NOPOOYKTOB, HEPACTBOPUMBIX B BOJE (XJ1€000yIOUYHBIE
U3JIeNUs, MsCO, HaTypajbHbIi Kode U JAp.), YIbTPa3ByK HCHOJB3YIOT IS
WHTEHCU(UKAMU TPOIECCOB MHUHepanu3auuu. l[IpuMeHeHHne yibTpa3ByKa
no3BoiisieT B 20-30 pa3 MOBBICUTH CKOPOCTH MOKPOM MHMHEPAIM3ALHUHM MSCHBIX,
XJIEOHBIX U MOJIOYHBIX MPOJYKTOB, KOMOMKOPMOB, KyKYpPY3bl, MICOKOCTHON MYKH,
MIIIEHUYHBIX OTpyOel - B 4-6 pa3. Bo3aeiicTBue ynbTpa3Byka yactoTon 18-44 xI'1t
¥ MHTEHCHBHOCTBIO Ooiiee 8 BT/cM® B TedyeHHe He MeHEe 3 MHH IIOBBIIIACT
AKCIPECCHOCTh MHHEpPAIU3AUUN MOJIOKONpoaykToB B 20-30 pa3. Ilpumenenue
yIbTPa3ByKa IO3BOJIMJIO YBEIUMYHUTH CTENEHb M SKCIPECCHOCTh W3BICYECHUS
MHUKPO3JIEMEHTOB M3 00pa3lla B pacTBOp NpU aHAIU3€ MOYB M PACTEHUH IO
CPaBHEHHMIO C CYXMM M MOKpBIM oO30jeHHeM B 15-20 pa3. VYiupTpa3BykoBas
MHTEHCU(UKAUS KUCIOTHOM MUHEpaIM3aluu KUPOB U Macesl, XJIEOONpOayKTOB
B 20-40 pa3 cokpamiaetr BpeMsi MUHEpanu3aluu, ctenens uzsnedenus Pb, Cu, Cd
noBeimaercas ¢ 90 go 98-99 %. VYapTpa3sByk HUCHOJB30BaH TaKxke MW JUISA
MHTEHCU(UKAMU CTaJUM MHUHEpAIU3aldd TpPU ONpPENCCHUU MBIIIbIKa B
pa3NuYHBIX MHILEBBIX MNpPOAYKTax. I[IpuMeHeHuwe ynbTpa3Byka B COTHU pa3
YCKOpPSIET CTaJMI0 MHUHEpaJIM3alUHU, COKpAIAaeT OOIIYI0 MPOJAOIKUTEIbHOCTh
aHanu3a B 15 pa3 u B 2 pa3za — pacxo/i BBOAUMBIX OKUCIUTENECH.
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PasnoxeHue e 3aKkpblimbix cucmemax. UYtoObl yCTpaHUTH
yKa3aHHbIE BBILIE HEIOCTATKH, CBSI3aHHBIE C HCIOJb30BAaHUEM Ui Pa3IOKEHUS
OTKPBITBIX CHUCTEM, pa3pabOTaHbl M MPEIJIOKEHbl albTEPHATHBHBIE CIIOCOOBI
IpOOOIMOATOTOBKM C HWCIOJB30BAaHUEM 3aKPBITBIX PEAKIUOHHBIX COCYIOB —
aBTOKJIaBOB, aMITyJ, 00M0. B mocneanue roapl mpeanodTeHue BCe Yalle OTJaeTCs
METO/IaM aBTOKJIaBHOM MPOOONOrOTOBKY B MUKPOBOJHOBBIX MeYaXx.

JlocToMHCTBA METO/Aa Pa3IOKEHUS B ABTOKJIABE:

— OBICTpOE BCKPBITHE (BpEMS pasiio’KEHHUsI HABECKHU MUIIEBBIX MPOIYKTOB

cocTaBlieT 3-4 yaca IUII0C OXJIAKIEHUE aBTOKIaBa 1 yac);

— BbICOKast 3(pPEeKTUBHOCTD JECTPYKUUHU NPU NOBBILIEHHOM JaBJICHUY;

— MPaKTUYECKH MOJHOE UCKIIOUEHHE OTEPh JIETYUUX 3JIEMEHTOB;

— HeOOJbIINe KOIWYECTBA MHUHEPAJIbHBIX KHCIOT, HEOOXOAWMBIX st

pa30KEHHUs U, CIEI0BATEIbHO, YMEHBILIEHUS PE3YJIbTaTa XOJIOCTOrO OIbITA;

— DKOHOMHMYHOCTb [0 CpPaBHEHUIO C CyXOM MHHepalu3auuen ¢

UCIOJIb30BaHUEM MY (DETbHBIX MeueH.

OrpaHuueHue  HCMOJb30BAaHUS  ABTOKJIABOB  OOBIYHO  CBA3aHO C
BO3MO>KHOCTBIO Pa3jOXKEHUs CpPaBHUTENbHO HeOonbliux HaBecok (1-4 1), yro
TpeOyeT HCIOJIb30BAHUS YYBCTBUTEIBHBIX METOJIOB MPU OMPEICIICHUH HUKHX
KOHIICHTpAIil 3JIEMEHTOB. ABTOKJIaB MPEJCTABIAECT COOON repMETU3UPYEMYIO B
METATIMYECKOM KOXKyX€ (TOPOILIACTOBYIO PEAKIMOHHYIO Kamepy, B KOTOPOH
UCcClelyeMble  BElIeCcTBAa  IOJBEpraroTcs  00pabOTKE  peakTUBaMH  IOJ
BO3JEHCTBHEM TeMmIeparypsl W AaBieHus (temmneparypa — g0 320 °C, pabGouee
nasneHue — 10 130 arm). PeakiinoHHast kKaMepa COCTOUT U3 PEaKLIMOHHON €MKOCTH
M KpBILIKM PEAaKIMOHHOW eMKOCTH. Marepuan peakuuMOHHOW  KaMepsbl
(¢pTopomutact) obecneurBaeT XMMUYECKYIO HUHEPTHOCTh BHYTPEHHETO 00beMa IpH
paboTe B arpeccUBHBIX cpefax. PeakuumoHHasi kamepa MmoMenieHa B pa3beMHbIN
METAIJIMYECKUA KOXYX, COCTOSILMN M3 KOpIyca C CEIOM (JIOHBIIIKOM) U
KpBILIKK. B KpbIlIKe CMOHTHPOBAH IpENOXPAaHUTENbHBIM KianaH. JlaBieHue B
pEaKMOHHOIN KaMepe co3JaeTcs IIPU HarpeBe aBTOKJIaBa 3a CUET pOCTa JIaBJICHUS
[apoB PAacCTBOPOB U BBIAEIEHUS I'a3000pa3HbIX MPOIYKTOB peakuuu. KoHcTpykius
YIUIOTHSIIOIIETO YCTPOMCTBA pacCUMTaHa Ha FepMETHU3AINI0 PEAKIIMOHHON KaMepbl
npu pabouyeM JaBiI€HMM B HEH M MCKIIOYAET IMOTEPI0 MCXOAHBIX BELIECTB U
IPOAYKTOB peakluu B TeueHUe Bcero pabouero mukia. IIpegoxpaHuTenbHbIN
KJIallaH cpabaThIBaeT MPU ONPEIEICHHOM JaBJICHUM, IMPEBBIIIAIOIIEM paboyee
JIaBJICHUE B aBTOKJIAaBe. JTO CIy4aeTcs, €CIU JOMYILIEHbl OMMOKU B JO3UPOBKE
peareHToB, He COOTIOAAIOTCS PEKOMEHIAINH, YKa3aHHbIE B KOHKPETHON METOINKE
aHanmuza. llpu cpabaTblBaHMM TNPEJOXPAHUTENBHOIO KIAMaHa TMPOUCXOIUT
pasrepMeTh3anus peakliMOHHON KaMepbl U cOPOC M30BITOYHOTO JaBICHUS.

KoHCTpyKIMs peakIMOHHON €MKOCTH TMO3BOJISIET pa3Meliatb B HEH
JIOTIOJIHUTENIbHBIE MPUCIIOCOOIEHUS: BKJIAABIIIN U3 KBapla Ui (roporuiacta ajis
00paOOTKU BELIECTB OYMILEHHBIMM IUCTWIUISILUEN pEeakTMBAaMM M HMX Iapamy;
rpauTOBBIE AJIEKTPOABI C HAcaJKaMU U1 KOHLEHTPUPOBAHMs INpUMeEcCEHl U3
HAaBECOK BEIlleCTBa HEMOCPEACTBEHHO B KpaTepe rpaduTOBOTO 3IIEKTpoaa C
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OTTOHKOM MaKpOKOMIIOHEHTa B BHUJIE JIETYYErO0 MOJIEKYJSIPHOTO COEIUHEHMUS.
CyliecTByIOT aBTOKJIAaBbl, € OAHOBPEMEHHO B KBapLEBBIX COCYJaX MOXHO
pasnarath 21 oOpaserl.

Bonblyto monyisipHOCTh 3a MOCIEIHEE BPEMsI 3aBOEBala MUKPOBOJIHOBAs
(B pycckoit TtepmuHosiorun — CBY) nmpobGomoaroroBka, 0ocoOE€HHO, KOrja OHa
COYETAECTCS C TOBBIIMICHHOW TEMIIEpaTypord H JaBjieHUEM. MHUKPOBOJIHOBOE
U3JIy4YE€HUE — BHUJl DJIEKTPOMArHUTHOTO W3IYyYEHUS. OTO HEUOHU3UPYIOUIEE
U3y4YeHHUe, YaCTOThl KOToporo jexaT B auanazone 300-300000 MI'n. Haubonee
gacto ucmnoipdyercs dactota 2450 MIn. OcHoBHBIM (DakTOpOM BO3ICHUCTBUS
MoJIsl TPU Pa3N0XKEHUU MPOO0 MUHEPATbHBIMU KHUCIOTAMHU CUYUTAIOT OBICTPBIN
pa3orpeB CMeCH 3a CYeT aKTHBU3AIMU BPAICHUS IUIOJIEH pacTBOPUTEINS MOJ
JNEUCTBUEM  BBICOKOUYACTOTHOI'O 3JIEGKTPOMArHUTHOTO TIOJS, a TakkKe 3a CYeT
MOHHOM TPOBOAMMOCTH. BKiam Kaxaoro M3 STUX MEXaHW3MOB 3aBUCHUT OT
TEeMIIEpaTypbl PacTBOpPA, €ro BS3KOCTU, COACPKAHHUS COJIEM W psana JIpyrux
dakTopoB. CUHMTAIOT, YTO MUKPOBOJHOBOM MOJIOTPEB CIOCOOCTBYET pa3pyIICHUIO
MIPUTIOBEPXHOCTHBIX CJIOEB TBEPAOr0 BEIIECTBA, oOOecreurBas CYIIECTBEHHOE
YBEIIMYEHUE TOBEPXHOCTH B3aUMOAEHCTBHUS ¢ Kuciaoramu. Kpome Toro, B
pacTBOpe aKTUBUPYIOTCS Tpoliecchl nuddys3un u macconepenoca. CyiiecTBeHHOE
BIIMSIHUE HA CKOPOCTh MPOTEKAHUSI XUMHUUYECKUX PEAKIIMI MOTYT OKa3bIBaTh TAKKE
HETeIIoBble A(PPEKTh, K KOTOPHIM OTHOCAT TMOJSAPHU3ANUI0 W HOHU3AIUIO
MOJIEKYJI, HAPYIICHHE CTPYKTYPhI KUIKOCTH, OCIabJeHUE COJIbBATAIIMOHHBIX U
ruapaTaiuoHHbIX dddexToB. [lox BIMsIHEEM MUKPOBOJIHOBOIO TOJS BO3MOXKHO
oOpa3oBaHHE€ B pacTBOpax CBOOOJHBIX pPAJAWKAJIOB U aKBAaTHPOBAHHBIX
ANEKTPOHOB,  AKTUBHU3AllMS  MPOILIECCOB  3aMEUIEHUs] BO  BHYTPEHHEH
KOOPJIMHALMOHHON c(epe KOMIUIEKCOB, TMAPOIM3a M KOMILIEKCOOOpa30BaHMS.
[To-Buaumomy, TeruioBbie S(QEKTHl OKa3bIBAIOT HaWOOJbIIee BIUSHUE Ha
MPOIIECChl PACTBOPEHUS] TBEP/ABIX BELIECTB, a HETEIJIOBBIE CKa3bIBAIOTCS B
OCHOBHOM Ha XMMHUYECKHUX MpeBpalieHusx B pactBope. Mcmonw3oBanue CBU-
U3JIy4eHUsS B AHAIIMTHUYECKON MPAKTHUKE MO-HACTOSIIEMY CTajlo BO3MOXKHBIM B
cepeauHe 80-X TroJOB C MOSIBJICHHEM CEPUUHONW MHUKPOBOJIHOBON YCTaHOBKH,
CHA0KEHHOM CHelaIbHON BEHTUIISIIIUOHHONW CUCTEMOM JIs OTBOJIa arpeCCUBHBIX
MapoB, KOPPO3UOHHO-CTOMKAM  TIOKPBITHEM, 0COOBIM ~ MAarHeTPOHOM,
BpAIAIOIINMCSI CTOJIMKOM, aBTOKJIABAMHU M YCTPOMCTBOM JJI1 KOHTPOJISI TaBJICHUS
B HUX. BO3MOXHOCTh BapbUpOBaTh IMPOrpaMMy HarpeBa, PEryiaupys BpeMs U
TEeMIIepaTypy Pa3joKeHUS MO MOIIHOCTH M3JIyYeHHs T03BOJIMIIA YHUPUIIUPOBAThH
MpoIlecC, CJenaTh €ro CTporo ympaBisieMbiIM ©  HajexHbiM. Celyac
MUKPOBOJTHOBBIC TI€UH JJIS PA3JI0KEHUS BBITYCKAET MHOXKECTBO (DUPM; CO3/IaHbI
aBTOKJIABBI-OOMOBI IS CIeHUaIbHBIX 1ened (nmaBiaenue g0 8,4 Mlla u
temreparypa 10 250 °C). Hapsiay ¢ 5THM HDpOHM3BOISTCS YCTPOMCTBA HE TOJBKO
JUISL pa3floKeHUs, HO W ISl CYIIKH, THAPOJIHW3a, CTEepUIu3alluu, OOXura u
cruiaBieHust (MmydenbHbie neun). PazpaboTanbl U HOBBIE (JIBOMHBIC) aBTOKJIABHI,
obOecrnieunBaroIre OOJIbIIYI0 HAASKHOCTh U BO3MOKHOCTh UCIIOJIB30BaHUS 30H0B
JUISl KOHTPOJIS IABJIEHUS U TEMIEPATYPHI.
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Cnegyer 0co00 OTMETUTh FAPMOHUYHYIO COYETAEMOCTh MUKPOBOJIHOBOM
pOOOMNOrOTOBKM C MHCTPYMEHTAJIbHBIM OIpeziesieHneM. Tak, MoAroTOBICHHbIE K
aHaJM3y pacTBOPbl MOTYT OBITh MPOAHAIU3UPOBAHBI ATOMHO-a0COPOIMOHHBIM
WM aTOMHO-3MUCCHOHHBIM C HWHIYKTHUBHO CBSI3aHHOWM IIJIa3MOM MeToAaMu B
aBTOMAaTHYECKOM pEXKHUME C  HCIOJb30BAHUEM  MPOTOUYHO-MHKEKIMOHHOMN
cucteMbl. BO3MOXHO M HEMOCPEICTBEHHOE COYETAHUE PA3JIOKEHUS] B MOTOKE C
HEIMPEPHIBHOM MoAauel TpaHc(hOopMUPOBaAHHON MPOOBI B aHATM3ATOP: PA3IOKEHUE
CyCHeH3Wil TBepAbIX NpoO, KPOBU U CHIBOPOTKM W T.A. BecbMa uHTEpecHa
poOOTH3UpOBAHHAS CHUCTEMa JUCTAHIMOHHOTO YIPABICHUS MHUKPOBOJHOBOMN
MeYbl0, KOTOpasi MO3BOJIACT OMPENENATh BIAary W TOTOBHUTHh K aHAIN3y OOpa3Ibl
PaIMOAKTUBHBIX OTXOAOB. (OUYEBUIHOM TMEPCHEKTUBOM SBISIETCA M IOJHAA
aBTOMaTH3alus MPOOONOATOTOBKHU: OTOOP HAaBECOK, BHICYIIIMBAHUE, PACTBOPECHHUE,
paz0aBiieHue, Mojaya pacCTBOPOB B aHAIM3ATOp. Takue CUCTEMBI YK€ CO3JaHbl U
HCTIOJIb3YOTCHL.

JIJ1s1 MUKPOBOJTHOBOT'O PA3JIOKEHUSI MCIOJIB3YIOT T€ YK€ PEaKTHBBI (Yalle
BCET0 KHUCJIOTHI M HMX CMECH), YTO M MPU PaA3JIOKEHUU OOBIUHBIM HArpeBOM,
HampuMep, Ha 3JeKTporuiuTKe. OOpaboTKy MOMXHO TPOBOJUTH KaK B OOBIYHBIX
OTKPBITBIX COCYJlaX M3 CTEKJa, KBapla WM (PTOpOIUIacTa, Tak U B 3aKPBITHIX
CUCTEMAaX — MPH MOBBIIIEHHBIX TEMIIEPATYPE U JABICHUU. DTO AAET BO3MOKHOCTh
HarpeBa aHaJIU3HpPyeMOW CMECH BBIIIE TEMIIEPATypbl KHUIIEHUS HCIOIb3YEMbIX
KUCJIOT TMPU HOPMaJIbHOM JaBJIEHUU, a IMO3TOMY CKOPOCTb M IOJHOTA
nepeBe/ieHusT o0pas3lia B PpacTBOpP CYIIECTBEHHO yBenuuuBaercs. lmeHHO
TeMIlepaTypa pa3joKeHUs OMpeIessieT BHIOOP MPUMEHSIEMBIX KUCIIOT, OBBIIICHUE
€€ 3a4acTyl0 J1aeT BO3MOXHOCTh HCKIIOYUTh U3 TMPOIECCa BBICOKOKHUIISIIHE
XJIOPHYIO (K TOMY K€ B3pBIBOONACHYIO), cepHYI0 U (HOChHOpPHYIO KHUCIOTHI,
3aMEeHUB UX 0OoJsiee YJIOOHBIMU ISl pACTBOPEHUS XJIOPOBOAOPOIHON WIIM a30THOM
KUCJIOTaMH. bonblnas TOJHOTa pacTBOPEeHHMS TPOObl TPU  TMOBBIIMICHHOMN
TeMIepaType WHOT/Aa MO3BOJISIET UCKIIOUUTh ONepaluio goriaBieHus. Oco0eHHO
3 PEeKTUBHO pa3lioKEHHUE B MHUKPOBOIHOBBIX CHUCTEMaX OPraHUYECKUX MAaTpHIL,
KOTOpPOE MPOBOJISIT U B 3aKPBITHIX, M B OTKPBITHIX cucTeMax. YacTo nenecoobpazHo
HCIIOJIb30BAHUE OTKPBITHIX CHUCTEM BCJEICTBHE OOpa3oBaHMs B MPOIECCe
OKHUCJICHHS] OOJIBILIOrO KOJIMYECTBA Ta3000pa3HbIX BEUIECTB (YIJIEKUCIIOrO ra3a u
BOJIbI). B 3aKkpbITBIX cOCyAax HW3-3a 3TOTrO JAaBJIEHUE PE3KO BO3pPACTAET YyKE Ha
MEPBBIX MHUHYTaX, MO3TOMY OINEPALMIO PAa3JIOKEHUS HMHOTJA IPOBOJAAT B JIBE
CTaJuu.

[IpyHUIMOMANBHBIMU ~ NPEUMYIIECTBAMU  MHUKPOBOJIHOBOTO  croco0a
MpOOOIOArOTOBKH SABJISIOTCSL:

— OblcTpOoTa TMpOTEKaHUs Tpollecca, BKIOYAs BpeMs HarpeBa U

OXJIQXJIEHUS COCY/I0B (MUHYTHI);

—  YHHUBEPCAJIbHOCTh, T.€. IPUMEHHMOCTb JUISI PA3JIUYHBIX BHUIOB

00BEKTOB;

—  BO3MOKHOCTb HEIMOCPEACTBEHHOTO KOHTPOJISI napaMeTpoB

MPOUCXOIAIIUX MPOILIECCOB (TEMIIEpaTypa U AaBJICHUE);
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—  BBICOKas MPOU3BOAUTENBHOCTh U SKOHOMHUYHOCTB;

— OTCYTCTBME KOHTaKTa arpecCHBHBIX Cpell C METaUIMYeCKUMU

JETaISIMU 000pYOBaHMUS;

— HCIOJIb30BaHHE COCYJOB Pa3IUYHOM KOHCTPYKUUHU (OTKPBITHIX,

3aKPBITHIX, TPOTOYHBIX CUCTEM).

OObIYHOE MHUKpPOBOJIHOBOE YCTPOWCTBO, HCIOJNb3yEMOE JMJid Harpesa
aHAIMTUYECKUX O00pa3loB, COCTOUT W3 CIEAYIOIIMX OCHOBHBIX KOMIIOHEHTOB:
MUKpPOBOJIHOBOI'O TeHeparopa (MarHeTpoHa), BojHoBonaa, CBY-pezonartopa,
CMECHUTENsI, LUPKYJIATOpa W  Bpallalolerocs CTOJUMKAa. MHKPOBOJIHOBOE
U3ITy4eHHE TeHEePUPYETCS MArHeTpPOHOM, MEpPEeNacTcsi ¢ MOMOIIbI0 BOJHOBOAA B
CBUY-pe3onatop, rie cMecuTelb pacrnpeAesiseT MOCTynaronee n3IydeHne MexIy
Pa3IMYHBIMU HaMpaBJICHUSIMHU. J{J11 paBHOMEPHOT0 HarpeBa peakiuOHHbIE COCYIbI
MOMEIIAOTCS Ha BpaIIaronuiicss cToauk. OOBIYHO B MUKPOBOJIHOBOM MIEYH MOYKHO
MPOBOJIUTh  PA3J0KEHHUE OJHOBpeMEHHO B 6-12 cocymax. KonTteliHepbl
(aBTOKIABBI) MTOJDKHBI OBITH M3TOTOBJICHBI M3 MAaTEPHANIOB, OOECTICUMBAIOIIUX
Majble MOTEPU HHEPruu, YTOObl MHUKPOBOJHOBOE H3JIyYEHHE HE MOTJIOIIATIOCH
CTEHKaMH cocyJa, a IMonajajo yepe3 HUX K pacTtBopy. C TOUKM 3peHHs
«MIPO3PAYHOCTUY JJIE MUKPOBOJIHOBOTO M3JTYUYEHHUS MOIXOMSIIUMHU MaTepraiaMu
ABJIAIOTCS (PTOPOIUIACT W NOJUCTUPOJ. [lnaBiieHbI KBapl M CTEKIO TaKke
MOAXOJIAT JI1 U3TOTOBJICHUSI MUKPOBOJHOBBIX KOHTEHHEPOB. JIpyrue maTepuanisl,
MOTEHIIUAJIBHO TPUTOJHBIE 11 M3TOTOBJICHUS COCYJOB — MOJUCYJIb()OHOBBIE U
apMUPOBAHHbBIE CTEKJIOBOJIOKHOM AIMOKCHAHBIC CMOJIbl. DTOPOILIACTHI SBISIOTCS
UJcIbHBIM MaTE€pPUAJIOM JIsl U3TOTOBJIEHUSI COCYJIOB, MUCIOJb3YEMbIX MOYTH BO
BCEX BapUaHTaX KUCIOTHOTO pa3JIOXKEHUs, Onarogaps YCTOHYMBOCTH KO BCEM
KUCJIOTaM W Temreparype Iiasienus okosno 306 °C. Ilockosibky ¢roporuiact
Mpo3payeH Jii MHUKPOBOJHOBOTO U3JIYYEHHUs, HArpeBaeTcsi HEMOCPEICTBEHHO
pacTBOp BHYTPH COCyJa, a CTEHKH ciyxaT u3osnsitopoMm. OmHako (roporuiact
HEIb3d  HMCIOJB30BaTh B Ciydae pasjokeHus oprodochopHON WU
KOHIICHTPUPOBAHHOU CEPHOI KUCIOTaMH, T.K. TEMIEPATypa KUMICHUS ITUX KUCIIOT
MPEBBINIACT TEMITEpaTypy IuTaBieHus ¢proporutacta. KBapiy siBisieTcs mpeKpacHbIM
MaTepuasoM I  MHUKPOBOJIHOBOTO  Pa3JIOKEHUS B  MPUCYTCTBUM  Kak
optoocopHO, TaKk U CEPHON KHUCIOT, HO HE MPUTOACH MPU HCIOJIH30BAHUU
(GTOPOBOAOPOAHON KHCIIOTHI.

[Ipn pasnokeHUW TMHUIIEBBIX MPOAYKTOB B MHUKPOBOJHOBOW I€UU C
MCIIOJIb30BAaHUEM AaBTOKJIABOB YaIlleé BCEr0 MPUMEHSIOT a30THYIO KHUCIOTY HWIIU
CMECh €€ C IMEpPOKCHUIOM BOJOpOAa. A30THAsi KUCJIOTa MOKET MMETh BBICOKYIO
CTeNeHb YHUCTOTHI, YTO OCOOCHHO Ba)XXHO [UIsI XOJOCTOro ombiTa. M3-3a
CPaBHMTEIILHO HU3KOM Temmeparypbl kunenus (120 °C) pasnoxkeHue a30THOM
KHUCJIOTBI B OTKPBITBIX CHUCTEMaxX 3aHMMAET MHOTO BPEMEHH, W [JIsi IOJHOTO
Pa3NoKEeHUsI CJI0KHON OPraHMYECKONW MaTPHIIBl 4acTO TPEOYIOTCs 0oJiee BHICOKUE
TeMIlepaTypbl Win AoOaBieHue Apyrux cuwibHbIX okuciureneit (H,O,, HCIO, u
np.). [lox Bo3meiicTBUEM MUKPOBOJHOBOIO M3JIyYEHHS! B 3aKpPBITOM COCYJlEe MpHU
napineHun okoso 0,5 Mlla a3oTHasg KucioTta MOXKET AOCTUraTh TEMIEPATYpPhI
176 °C, T.e. TeMmepaTypa KHIICHHS B 9THX YCJIOBHUSX IMOBBIMIACTCS Ooyiee YeM Ha
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50 °C, mpu 3TOM BO3pacTaeT OKUCIMTEILHBIM MOTEHI[MAT U PEAKIMU TPOTEKAIOT
owIcTpEe.

CpaBHUTENBHOE H3YYEHUE JBYX METOJOB HMHTEHCU(UKAIMHU IPOILIECCOB
MOKPO MUHEpaIU3aIMU MUIIEBbIX MPOAYKTOB — MUKPOBOJIHOBOTO OOJIyYCHHS U
yIbTpa3ByKa — IMOKa3aja0, 4TO Jyisi OOJNBIIMHCTBA BUIOB MHIIEBBIX MPOTYKTOB
yibTpa3Byk Oonee dpdexkTuBeH. Ecinm npuMmeHenue ynbpTpa3Byka 1mo3oiisieT B 20-
30 pa3 NOBBICUTH CKOPOCTh MOKPOH MHUHEpAIU3ALUU MSCHBIX, XJIEOHBIX U
MOJIOYHBIX TPOIYKTOB, TO MHKPOBOJHOBOE OOJIydeHHE B OTKPBITON CHUCTEME
yCKOpsieT 3TOT mporecc Bcero B 10 pa3. OTo oOwsicHsaeTcs Oornee BBHICOKUMU
HSHEPreTUYECKUMH  BO3MOXXHOCTSIMU  yJbTpa3BykKa IO  CpPaBHEHUIO  C
MUKPOBOJHOBBIM 00sTydeHreM. OJIHaKO MUKPOBOJHOBOE OOIy4EHUE B aBTOKIIABAX
B 3aKpBITOM CHCTEME UMEET MPEUMYIIECTBO MePel UCI0JIb30BAHUEM YIIbTPa3BYKa,
COCTOsIIIIEE B OJJHOBPEMEHHOM BO3JICUCTBUU HA XOJ XMMHYECKUX PEAKLUUN TPeX
dakTopoB: Temmneparypsl, naBieHuss 1 CBY oOnydenus. Tak, st pa3inokeHHs
YIJIEBOJIOB B MUKPOBOJIHOBBIX T€4axX ¢ aBTOKJIaBaMu TpeOyetcs B 30 pa3 MeHbIIIe
BPEMEHHU, YeM B CJIydyae O30JICHHS, a YJIbTPa3ByK HHTEHCU(PUUHUPYET MPOIECC
TOJBKO B 20 pas.

AmomHo-abcopbuyuoHHoe onpedesieHue MOKCUYHbIX
asiemMeHmMoa8. IlockonbKy aTOMHO-aOCOPOIIMOHHBI METOJ — OTHOCUTEIBHBIM,
JUIS. KOJIMYECTBEHHOTO OMNpPEEICHUS MHUKPO3JIEMEHTOB B MUIIEBBIX MPOIYyKTaX
yalie BCEro HCIOJNb3YIOT METOJ TpagyHMpoBOYHOro rpaduka. CraHgapTHbIE
PAcTBOPBI UCCIEAYEMBIX SJIEMEHTOB TOTOBSIT IO COOTBETCTBYIOIIUM CTaHJapTaMHU.
JlomyckaeTrcss ~ MCMOJB30BAaHWE  TOTOBBIX  KOMMEPYECKHMX  pPacTBOPOB  C
rapaHTUPOBAaHHON KoHUeHTpanued snemeHToB 1000 MKI/Ma Ha a30THOKHCIION
WIA COJITHOKHUCIJIOW OCHOBE C MAacCOBOM Jojied KHUCJIOTHI He MeHee 1%.
[TpomexyTouHbIe CTaHJIapTHBIC PacTBOPBI 3JIEMEHTOB TOTOBSIT
MOCJICIOBATEIbHBIM pa30aBiIeHUEM OCHOBHBIX pacTBopoB B 10 m 100 pa3
pacTBOPOM a30THOM KHUCHOTBHI ¢ MaccoBoil noneit 1%. CranmapTHble pacTBOPBI
CpaBHEHUS (TPayupPOBOYHBIE PACTBOPHI) TOTOBAT U3 MPOMEKYTOUHBIX PACTBOPOB
nyTeM HuX pa30aBlieHUs TEM >X€ PAcTBOPOM KHCIOTHI, YTO W PACTBOPHI TPOO.
Jlnana3oHsl KOHIEHTpaUWid TpagyHpOBOYHBIX pPAaCTBOPOB OrOBapHBAIOT B
CTaHJapTU30BAHHONW METOJIMKE aHainu3a. B pabouux nuama3oHax OmpeaessieMbIX
COEp)KaHMM JOCTATOYHO MMETh MmO 3-4 pacTBOpa cpaBHeHHs. PacTBopbl ¢
KOHIICHTPAIUsIMA HOHOB MeTa/IoB OoT 1 10 10 MKr/mut XpaHsT He Ooyiee MecsIa, ¢
KOHIICHTPAIUsIMU MEHee | MKI/MJI TOTOBSIT €KETHEBHO.

[Ipu wucnonb3oBaHuM croco0a CyXOro O30J€HUS WM KHUCIOTHOM
HKCTPAKLMK C O30JIEHUEM 30J1y PACTBOPSIOT B THUIJIE MPU HArpEBaHUM B a30THOM
kucyote (1:1). PacTBop BbIMapuBarOT A0 BIAXHBIX COJIEH M pacTBOPsIOT B 15-20
MJI XJIOPOBOAOPOJIHOM KUCIOTHI ¢ MaccoBoul goisieit 1%. PacTBop KOIM4eCTBEHHO
MEPEHOCAT B MEPHYIO KOJIOY BMECTUMOCTBIO 25 MIJI U JIOBOAST 10 METKH TOU ke
KHUCJIOTOM.

[Ipy HEnmosHOM pPACTBOPEHUH 30Jbl MOJYUYEHHBIH PACTBOP C OCAAKOM
noBOAAT A0 oobeMa 30-40 M1 XJIOPOBOAOPOIHOM KHUCIIOTOM C MacCOBOM Jojei
1 % wu momorpeBalOT Ha BOASHOW OaHe WM DJIEKTPOIUIMTKE NpH cllabom
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HarpeBaHuu B TeueHue 0,5 4. Ecim B 3TOM cCiiydae IOJHOTO PAacCTBOPEHUS HE
HaOJI0IaeTCsl, PacTBOP OT(PUIBTPOBBIBAIOT YEpe3 MPOMBITHIA PACTBOPUTEIEM
buIbTp, OCAZAOK MPOMBIBAIOT U OTOPACHIBAIOT, a (PUIBTPAT NEPEHOCAT B MEPHYIO
KOJIOY BMECTUMOCTBIO 50 MIJT ¥ TOBOJIAT /10 METKH TOM )K€ KUCIIOTOM.

[Ipn wcnosp30BaHUM Ccroco0a MOKPOW MHMHEpAIU3allUd  IOJTYyYEHHBIN
pacTBOp MHHEpalM3aTa YNApUBAKOT JO BIAXHBIX COJEHM W MOPOJOIIKAOT
pacTBOpeHHe, Kak omucaHo Bbie. [lapaiutenbHO 4Yepe3 Bce CTaiuu aHaIN3a
MPOBOJAT XOJIOCTOM OMBIT. ECnu coaep:kaHue 3J1EMEHTa B UCIIBITYEMOM PAaCcTBOpE
P U3MEPEHUSIX OKAa3bIBACTCS BBIIIE BEPXHEH TpaHMIlBl JMana3oHa padouux
COZIep KaHUi, TO TPOBOIUTCS pa30aBlIeHUE HCIBITYEMOTrO pPacTBOpa HYJIEBBIM
CTaHIAPTOM.

MHorue craHaapTHbIE METOAWMKH MPEAYyCMATPUBAIOT MPEIABAPUTEIBHOE
AKCTPAKIMOHHOE KOHIEHTPUPOBAHUE COCIUHEHUN OIPEICIIEMOro >JIEMEHTA.
KoHueHTprpoBaHue METOOM SKCTPAKIIUU MMPOBOIST, €CIU:

— HA  OCHOBAaHMM  PE3yJbTAaTOB  MPEABAPUTENBHBIX  U3MEPEHUI
OKa3bIBA€TCS, YTO KOHIIEHTpAlUs AaHAIU3UPYEMBIX 3JIEMEHTOB OKa3bIBAETCS
MEHbIIIE, YeM HIKHSS TpaHula pabodero nuana3oHa KOHIICHTPalU;

— Heo0XOAMMO MOBBICUT TOUHOCTh AHAJIN3A;

— TpU OTCYTCTBUHU KOPPEKIIUH (POHOBOTO IMOTJIONIEHUS.

Haubonee pacnpocTpaHeHHbIE SKCTPAKIMOHHBIC CHUCTEMBI IMPHU aTOMHO-
a0COpOLIMOHHOM aHaJiM3€ MUIIEBbIX MPOAYKTOB, PEKOMEHIyeMble METOAUKAMH,
BKJIIOYEHHBIMU B HOPMATUBHBIE JJOKYMEHTHI, TPUBEJICHBI B Ta0. 6.5.

Tabmuua 6.5 — ATOMHO-aO0COpPOLIMOHHOE OMpeeIeHNe MHUKPOIJIEMEHTOB B
MULIEBBIX MPOAYKTaX MOCIE IKCTPAKIMOHHOIO KOHIEHTPUPOBAHUS

OneMeHTHI OKCTpaKIMOHHBIN PactBoputeins Crioco6 aromuzanuu  |HopmaTtuBHBIH
peareHT JIOKYMEHT
Pb, Cd JvTnautnokapba- M30TICHTHIAICTAT BHECEHHE PKCTPAKTOB B T'OCT
MaT HaTpus M OyTunanerat Iams 30178-96
C,Hs5 S
N4
N—©~C
/ AN
C,H;5 SNa
Cd, Pb, TV 01-
Cu, Zn, —/)— —/)— —/)— 19/471111
Ni, Fe
Hg JIIUTU30H YEThIPEXXJIOPUCTHIN pasz6asnenue 3xctpakta [[OCT 26927-
CeHs~HN—HN yrIIeposI 3TAHOJIOM M OIpeieIeHHE 86
_=s Hg B xomoaHbIX mapax
CGH5_N:N
Cd TUDTIIIIUTHOKAPOa- | YETBIPEXXJIOPUCTHINA | PEIKCTPAKITUS coequ- ['OCT 26933-
Mat HaTpus YILJIEPOL win | Henuit Cd(II) pactBopom 86
OyTuianerar HCI(I:I) m BHeceHue B
IaMs WIH Hero-
CPEJCTBEHHOE BHECEHHE
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B IJTaMsl SKCTPAKTOB
Cu OyTuianeTar uin HEIMOCPEICTBEHHOE ['OCT 26934-
—//— METHIN300YTUIIKETOH | BHECEHHE IKCTPAKTOB B 86
1ams
Cu, Pb, MUPPOIUAUHIAUTAO- | METHIN300y THIIKe- HENOCPEICTBEHHOE CT COB
Zn, Cd KapbaMar aMMOHHUSL | TOH WJIH BHECEHHE PKCTPAKTOB B 5340-85
H,C CQz //S OyTuianerar 1amst
N C\
H,C—CH, SNH,
WA
TUATAIINTHOKAapOa-
MaT HaTPHsI
Cd, Pb JTATH30H xsopodopm PEIKCTPAKIIUS PACTBOPOM | METOJIHMKA
0,2 M HCI, peskcrpakt | XapbKOBCKOro
BHOCHT B IIJIaMs HEHTPpa  CTaH-
JlapTU3aLNH,
METPOJIOTUN W
cepTUhHUKAIMN
(cBugerens-
ctBO Ne40/2 oT
29.11.1994)
N3 nmannpiX Tabna. 6.5 BHUJIHO, 4YTO B CTAaHAAPTHBIX METOAMKAX

PEKOMEHAYETCsl KaK HENOCPEICTBEHHOE BHECEHHME OPraHMYECKMX DKCTPAKTOB B
IJ1aMsl, TaK U PEIKCTPAKIUA — NEPEBEICHNUE ONPEACISIEMBIX 3JIEMEHTOB B BOJIHBIN
pacTBOp — U aTOMHO-a0COpPOIIMOHHOE OIpEACNICHUE 3JEMEHTOB B PEIKCTPAKTE.
OKCTPaKIIMOHHOE KOHLUEHTPUPOBAHHUE IO3BOJSET CHU3UTH Ipeaesl OOHapyKEeHHUs
IIaMeHHoro crnoco6a atomusauuu. Ilpu 3ToM B cilyyae pacnbuleHHs B IUIamst
OpPraHMYECKOro 3KCTPAKTa PACXOJ IOpIoYero rasa (aueTWIeHAa) YMEHbBIIAIT 0
MCYE3HOBEHHUS CBETALIErocs KOHyca, a HyJeBble IOKa3zaHus mpuodopa
YCTAaHaBJIMBAIOT HE M0 JIUCTWUIMPOBAHHOW BOJE, a IO PACTBOPUTEIIO —
OyTuianeTaTy, METUIN300yTUIIKETOHY U T.[.

Oco0eHHOCTH W3MEpPEeHUs] HU3KUX KOHIICHTPALUWA B3JIEMEHTOB TpeOyroT
TUIATEJIBHOTO  COOJIIOJIEHUS  CJEAYIOIUX TpeOoBaHUM, CIOCOOCTBYIOLIUX
YMEHBIICHUIO JIpeiida 1 «aMsITi» U YBEIMUEHUIO OTHOIICHHS CUTHAJA K ITyMY:

a) TPOrpeB HCTOYHMKA PE30HAHCHOTO M3IY4YEHUS TMepe]] HayaioM
U3MEPEHUI 10 MOJy4eHUs CTAOMJIbHOM HMHTEHCHUBHOCTHU W3IyueHUs (HE MeHee
0,5 u);

0) I0CTUPOBKA HCTOYHHUKOB PE30HAHCHOTO 1 HEPE30OHAHCHOT'O U3TyUEHUS;

B) IMpOrpeB BKJIIOUEHHOM TOpEIKH TMepel] HadajloM HU3MEpPEHUl C
OJTHOBPEMEHHOM €€ MPOMBIBKON JUCTWLIMPOBAHHOM BOJIOW B TeueHue S-10 MuH;

I) TOYHAs HACTPOlKa MOHOXPOMAaropa Ha PE30HAHCHYK JIMHUIO IO
MAaKCUMYyMY M3JIyY€HUs P MUHUMAJIBHOW LIETH, HO POBENCHUE U3MEPEHUN ITPU
MaKCUMaJIbHOM 1IEIIM MOHOXPOMATOPa;

1) FOCTUPOBKA BBICOTHI TOPEJIKM U COOTHOIIECHHS BO3yX — alleTHJIEH Mepea
KOKIOW cepueld M3MEpPEHHUH MO0 MAKCHMYMY CHUTHaja OJHOTO M3 CTAHJAPTHBIX
pPacTBOPOB CPaBHEHMUSI.

N3mepeHne TmpoOBOAAT, pacnblisid B IUIAMs  HYJIEBOM CTaHAApPT U
yCTaHaBJIMBas [0 HEMYy HyJEBble TOKazaHus npubopa. 3aTeM B MOPSAKE
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BO3PACTaHUSI KOHUEHTPALWH HU3MEPSAIOT CHUTHAJI B TIPaJlyHpPOBOYHBIX PAaCTBOpPax
(wmm skcTpakTax). M3mepstor curHan HeOosbinoro yucia (5-10) UCOBITYEeMBIX,
XOJIOCTBIX U TPaAyHpPOBOYHBIX PAacCTBOPOB, MPOMBIBAs MOCIE KaXXI0r0 U3MEPEHUS
CUCTEMY pACHBbUIATENSI W TOPEJIKUM AUCTUUIMPOBAHHOW BOJON WM HYJIEBBIM
CTaHAApTOM (IJIT DKCTPAKTOB — PACTBOPUTENIEM) 10 BO3BpAIEHUS CHUTHAla K
MOKa3aHusM, ONM3KUM K Hymo. [IpoBepsitoT BO3MOXKHOE CMEIICHHE HYJIEBOMN
JUHAM W TPOJOJDKAIOT HU3MEPEHUE CHUTHAla HUCHBITYEMBIX PacTBOPOB,
MEPUOIUYCECKNA TIOBTOPSIE KOHTPOJIb Jpeida Hylass W YyBCTBUTEIBHOCTH U
3aKaHYMBAsl M3MEPEHUs IIOJHOM TpaaynpoBKOM. M3mepeHune curHama Kaxaoro
pacTBOpa MPOBOJUTCSA HE MEHEE JBYX pas.

Ecim  muHepanu3zathbl MUIIEBBIX  MPOJIYKTOB aHAJTU3UPYIOTCS
ANEKTPOTEPMUUYECKUM aTOMHO-a0COPOIIMOHHBIM METOJOM, TO TIpU BbIOOpE
pOrpaMMbl  HarpeBa AJIEKTPOTEPMHUYECKOTO AaTOMHU3ATOpa YUYHUTBHIBAIOT BCE
pEeKOMEHJAluU, H3J0KEeHHble B paszzaene 5.6. I'naBHas 3amaya npu STOM —
MaKCUMaJIbHO OTOTHAaTh MAaTpHUIy Ha CTaJAWM MHUPOJIU3a, HE TMOTEPSIB MPU STOM
COEIIMHEHHUs ompeensieMoro sjaemeHTa. [1oaToMy aHanu3 NUIIEBBIX MPOAYKTOB
00s13aTeNIbHO TPeOyeT MPUMEHEHHS] XUMUYECKUX MOJAU(PUKATOPOB, MO3BOJISIOIINX
TEpMOCTAOUIU3UPOBATh  COCNMHEHMsS] ~ aHanuTa.  [IpuMepbl  XUMHYECKHUX
MOAU(PUKATOPOB, MPUMEHAEMbIX MPU aHAJU3€ MUILIEBBIX MPOAYKTOB, IPUBE/ICHBI B
tabn. 5.11. B ocrampHOM mpolienypa W3MEPEHHs] TPaAyUPOBOUYHBIX, XOJOCTBIX
pacTBOPOB U PAacTBOPOB MHUHEPAIM3ATOB aHAJOTW4YHAa. B KadecTBe mpumepa B
Tabs. 6.6 MPUBOIATCS YCIOBUSI IJIEKTPOTEPMUUYECKOTO aTOMHO-aOCOPOLIMOHHOIO
OTpeJeNICHNs] TOKCUKAaHTOB B TMHUIIEBBIX MPOJAYKTax, pa3pabOTaHHBIE B
1ab0paTOpUM aBTOPOB JAHHOTO U3/IaHUA.

Tabmuna 6.6 — YcnoBus 3JIEKTPOTEPMHUUECKOTO aTOMHO-a0COPOIIMOHHOTO

ONpeIeJICHHUs] MUKPO3JIEMEHTOB B MUIIEBBIX MPOYKTaX

Ompe- |O0bekT aHanmu3a | Xumuudeckuii| [Iporpamma 35eKTpOTEPMUIECKOTO aTOMH3aTOpa

nes- MoauduKa- | cymika HMPOJIN3 aToOMM3aInsL
eMBIi TOp t,°C |Bpems, ¢ |t,°C |Bpems, ¢ |t °C | Bpems,c
s1e-

MEHT

3enenwii  waii, | Fe DJITA™
Pb | Oemblii xi1eb 110 30 1020 20 2100 5

3enensii  4ai, | Fe OJATA™

Cd | Oemprii xeb 110 30 810 30 {2100 5
benprit x1e0 Bi DJITA™
Be 120 30 1620 30 2300 5
Mén, Kommieke
KOH(UTIOP Pd(II) c
Mo KCWJIEHOJIO- 110 20 1300 15 2400 5
BBIM
OpPaH)KEBBIM
Mn —//— —//— 110 15 600 15 2100 5
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Cr —//— —//— 100 20 700 20 2100 6

Ni —//— —//- 110 15 1600 15 2200 5

Pacxon aprona Bo BHyTpeHHElN MoJI0CcTU rpaduTOBOM NeYr BapbUPOBAJIU B
KOKJIOM KOHKPETHOM CcClly4yae ISl JOCTHKEHUS JIMHEHMHOCTH T'palyHpOBOYHOTO
rpaduka.

[Ipy Hamuuum B TpuOOpPEe KOMIBIOTEPHOM CHUCTEMBI  pacyera
KOHIICHTPAIIUHU 0 3HAYCHUIO aOCOPOITMOHHOCTH HCIIOIB3YIOT PEKOMEHIOBAHHbIE
B TEXHUYECKON MHCTPYKIMU MPUOOpa KOMIbIOTEPHBIE MporpaMmbl. [lpu pyuHoi
o0paboTKe MJaHHBIX CTPOST TpaduK 3aBUCMMOCTH PA3HOCTHOTO CHUTHAIA
a0bCcopOLMOHHOCTH OT KOoHUeHTpauuu. [lo rpaduky onpenensitor KOHLEHTPALUIO
AJIEMEHTA B MCHBITYEMBIX M XOJOCTBIX PAacTBOpaxX. MacCoByIO JOJIO AJIEMEHTA B
npo0e pacCUUTHIBAIOT B ppm (MKI/T TPOIYKTA).

6.2. NlopHble nopoabl, pyabl U MUHEpanbl

PacripocTpaHEeHHOCTP OCHOBHBIX XHMHYECKHX 3JEMEHTOB B BEpPXHEU
mutocdepe (3eMHasi Kopa) B KIApKax BRITISIUT cleayronmm oopaszom: O — 45,6;
Si1—-27,3; Al - 8,4; Fe — 6,2; Ca — 4,66; Mg — 2,76; Na — 2,3; K — 1,8; Ti — 0,63;
H - 0,15; P — 0,11; Mn - 0,106; F — 0,054; C — 0,018; CI — 0,0126 u T.1.
OCHOBHOI XMMHUYECKUN COCTAB OCaJAOYHBIX MOpPOA (TJMHBI, TJIMHUCTBIE CIAHLBI,
NEeCKM W TECYaHWKH, KapOOHATHBIE IMOPOJbI) W TPAHUTHBIX NOPOA (TPaHUTHI,
nuoputhbl, 3(G@dy3uBbl, ClaHIbl, THEHCHI, Oa3anbThl, radbpo, amM@uodOIbI)
npejacTaBlieH B Tadu. 6.7.

Tabnuna 6.7 — OCHOBHOM XMMHUYECKHI COCTaB TOpPHBIX mopo (mac.%) mo B.U.
Bepuaackomy

KoMnoHneHT [Topona
ocajo4Has rpaHuTHAas
S10, 49,9 63,94
Al,O3 12,97 15,18
Fe, 05 2,99 2,00
FeO 2,8 2,86
MgO 3,06 2,20
CaO 11,7 3,98
Na,O 1,7 3,06
K,O 2,04 3,29
P,0:s 0,16 0,20
CO, 8,20 0,84
S 0,18 0,04
Ti0, 0,65 0,57
H,O 2,9 1,53
Cl 0,21 0,05
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MnO 0,11 0,10

OPTraHUYECKUN YIIEPOa 0,48 0,17

Takum 00pa3om, ropHble MNOPOAbI, PYAbl U MHUHEPAJIbl MO XUMHUYECKOU
MPUPOJIC — CIOKHBIC CUITUKATHI. AHAJOTUYHBIM XUMHUYECKHM COCTaBOM O0Ia/Iaf0T
¥ HEKOTOpPbIC MPOMBINIICHHBIE 00BeKTH. Hampumep, mmakoobpasyromue cMecH,
UCIIOJIb3yEMbI€ B YUEPHOU METAJUTYpPIyH, UMEIOT Clielytoui coctaB (Mac.%): S10;
— 28 - 50; ALL,O; — 10; CaO — 28 —50; MgO — 10; CaF, — 6 —20; Na,0+K,0 — 3 —
10; C-1-20;S-1;P,05—1,5; MnO — 2; FeO — 3.

Hcnonb3oBaHuio aTOMHO-a0COpPOIIMOHHON CHEKTPOCKOHUH B
r€OXMMUYECKOM aHaju3€ IMOCBAIIEHO HECKOJIbKO MoOHOrpaguil, B KOTOPBIX
MIPUBOJIUTCS MHOXECTBO METOUK Pa3IOKEHUS PA3TUYHBIX THUIIOB TOPHBIX MOPO/I,
Pyl ¥ MUHEpAJIOB MpPHU MX MOJArOTOBKE K aHanu3y. g Hammx nened yaoOHO
MOJIPa3JIeNsATh BCE T€OJOTrnYecKrue o0pas3ibl Ha JBE KAaTETOPUHM — CHIIMKAThI U HE
CWJIMKAThI, T.K. B TIOCIIETHEM CIIy4ae yallle BCTPEUalOTCs 3aTPYIHEHUS HA CTaJUU
POOOMOITOTOBKU TaKUX 00pa3IoB.

[Ipn mnpoBeneHun aToMHO-aOCOPOIIMOHHOTO aHalu3a Te0JIOTHYECKUX
MaTepuanioB dacto Tpebyercs ompenenenue 20-30 snementoB. CremnoBaTenbHO,
MIPHU PA3IOKEHUU MTPOO HEOOXOAMMO KaK MOXKHO OOJIBbIIEe YUCTO ONMPEACIIIeMbIX
AJIEMEHTOB TEPEBECTH B PAcTBOp M3 OJHOW HaBecku. Ecim HeoOxonumo
ONpENENATh OJIMH-IBA AJIEMEHTA, TO IOJIHOE PACTBOPEHHWE HABECKM HE BCeEraa
o0si3atenbHO. [Iporiecc BCKPBHITHS MOXKET BBIMOJIHITCS KaK B OTKPBITBIX COCYIax
[IPY HOPMaJILHOM JaBJIEHUHU, TaK U B aBTOKJIaBaX MPU HarpeBaHUU U MOBBIIIICHHOM
JTABJICHUU.

Pa3snoxeHue Kucriomamu. He cunukaTHble MUHEpaIbl (KapOOHATHBIE,
CyJIb(UIHBIC) JIETKO pa3IararoTcs XJIOPOBOAOPOIHON U a30THOM KucioTaMu. [1pu
Pa3JIOKEHUU CUJIIMKATOB, €CJIM KPEMHUM MpeAnoiaraeTcsl OnpeAesisiTh U3 Ipyrou
HAaBECKH, IKEJIATEJIbHO YJaJlEHUE KPEMHEKHUCIOThbl, T.K. OHAa OKa3bIBaE€T
3HAUWTEJbHBIE TIOMEXM TIPU PACTBUICHUH ¥ aTOMM3AIMU aHAJIU3UPYEMBIX
pactBopoB. Ilosromy mnpoOBl CUIMKAaTOB 00palaThIBalOT (PTOPOBOAOPOIHOM
KUCJIOTOM TIpU HarpeBaHuW, 4YTOOBI YJaduTh KPEMHUH B BHJIE JIETYy4ero
coequuenus SiF,.

Si0, + 6HF = H,SiFg + 2H,0

H2SiF6 — 2HF + SIF4

Onnako QTOpUIIHBIE KOMIUIEKCHI HEKOTOPBIX KAaTHOHOB YCTOWYMBBHI, U
MO3TOMY ISl YCTpaHEHHUs MOMEX HeoOXOJMMO TINATeIbHOE YyJaieHue Qropa.
OOBIYHO KHUCJIOTHOE BCKPBITHE MPOO MPOBOJAAT CMEChIO (PTOPOBOJAOPOIHON C
KaKON-HUOYAb KHUCIOPOJCOACPIKAICH KHUCIOTONW (CEepHOM, XJIOPHOW, a30THOM).
Yro6sl obecrieuyuTh MOJTHOE ynaajieHue (GTopa, OTTOHKY NPOBOIST B HECKOJIBKO
MIPUEMOB, Kbl pa3 100aBIIsIsA B YAIIKy HEOOJBIIIOE KOJIMYECTBO BOABL. PacTBOp
nocie 00paOOTKM HAaBECKM CMEChIO KHCIOT, KakK TPaBWIO, COJEPKHUT
HEPACTBOPUMBIN OCTAaTOK, B KOTOPOM MOTYT MPUCYTCTBOBATH HEPA3I0KHUBIIHECS
YacCTHUIbl MPOOBI, OPraHUYECKHE U YIVIEPOJUCThIE MAaTepHUallbl, OKCHJbI OJIOBA,
CypbMbI, TUTaHa, XpoMa u JAp. [Ipu HCHOIB30BaHUM CEPHOM KUCIOTHI OCAIOK
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MOXXET CcOJepKaTh cyibharbl Oapus, CTPOHIMS, Kaiblus, cBUHIIA. He Bce
CUJIMKaTHbIE MOpOAbl M MuUHepanbsl paznaratorca cmecbto HF u H,SO,. He
paznmaratotcsi  toma3z  AlLSiO4(F,OH),, mmpxon ZrSiO,, cnoaymen (Na,
K),Al;S140,,, 6epmn BesAl,SigO;5, HEKOTOpBIE Pa3sHOBHUIHOCTH TypMalliHA M
TaKhe MHHEpaJbl, KOTOPbIe HE OTHOCATCA K cuiukatam: pyTui Ti0,, KacCUTepUT
SnO,, kopyun Al,O;, xpuzobepunn (anekcauapur) BeAl,O,4, mmunens MgAl,Oy,
xpomut FeCr,O4, u ap. Paznoxenue mpo6 cmecbro HF+H,SO, mpumensercs,
KOT/Ia HEOOXOJMMO OIpe/esieHne M3 OTACIbHONW HABECKH IIEIIOYHBIX METAJIJIOB,
3aKHCHOrO JKeJjie3a, THTaHa, mapranma v jap. M B 3Tux ciydasx HEoOXOoAuM
KOHTPOJIb TOJHOTO MEPEBO/Ia B PAaCTBOP OINpPEJENsAeMbIX 3JIEMEHTOB. BCKphiTHE
CEpPHOM KHUCIOTOM U €€ CMEChIO0 C JAPYTrMMHU KHCJIOTaMH MPOBOJAT B COCyAaxX W3
IUIATHHBI, CTEKIIOYIJIepoaa, (hToporiacTa.

BcekpeiTHe  KuCIOTaMu  HMCHOJB3YIOT  TakkKe W [pU  aHAIK3e
MPOMBIIIEHHBIX alfoMocriinKkaToB. Tak, mo ['OCT 5382-91 onpenenenune Na,O u
K;O B memMeHTax M MaTepHajiax IIEMEHTHOTO MPOM3BOACTBA MPOBOMSAT IOCTE
pasnoxenus HaBecku cMmecbto HF+H,SO,, orronku HF u SiF,, a 3atem nu30nITKa
H,SO,4 ¢ nocnenyromeit o6padotkoit cyxoro octatka HCl u ropsiueit Bogoi, u
dbunbTpoBanueM. Hirke mpuBeneHa METOJMKA KHUCIOTHOIO Pas3siokKeHUs: mpol B
OTKPBITBIX COCYJIaX, pekoMeHyemasi B MoHorpaduu B.M. CuMOHOBOM.

Hagecky 0,1-0,5 r uccienyeMoro marepuaiia, B3SITYIO ¢ TOYHOCTBIO /10
YeTBEPTOrO0 3HAKAa, MOMEIIAIOT B YalllKy WM CTakaH u3 ¢Toporuiacta WU
creksoyriaepona. CmauuBaroT Boaou, mgobapmsitor 10 ma 40%-uwori HF u 5 mn
azoTHOM kucnotel (p = 1,4 r/mu). [lo okOHYaHUM Tpolecca Pa3iIoKEHUs YALIKH
HarpeBalTCs Ha IUIMTKE J0 YAAJICHUS KHUCIOT. B oOXJaxJeHHbIE YallKu
no6asnsrot 10 i HF, 2 M HCIO, (60%-n0i1) unmu H,SO4 (p = 1,84 r/mim). Cmech
HarpeBaroT /10 BBIJCICHUSI MAapOB XJIOPHOUM (CEpHOM) KHUCIOTHI. B oxia)aeHHbIe
gamkd npo6asiasaior 2 ma HCIO, wnu 5 M CBEXKENPUTOTOBICHHOM CMeECHU
HCI+HNO; (3:1), ecnu paznoxeHue NpoBOAUTCA cepHOU kuciotoi. Harpeanue
MPOBOJIAT JI0 yIAJCHUsS MapoB KUCIOTHL. [ rapanTtun ynanenusi GTopa CTCHKU
Yalikyd OOMBIBAIOT CTpyed BOJABI, KOTOPYIO BbIMapuBaroT aocyxa. OOpaboTky
BOJIOM MOBTOPAIOT 2-3 paza. OCTaToK CoJIel pacTBOPSIOT INPU HArpeBaHUU B
yamike, no6asiss 10-20 ma HCI (1:1). KucnoTy BeIlapuBaroT Opu TeMIlepaType
BOJSHOM OaHu 70 MOJy4YeHUs! BIaXHBIX cojiei. OcTaTok cojied pacTBopsitoT B 20
ma HCI (1:1), pacTtBop mepeHocat B MepHyt0 koJsi0y. Eciu B pacTBope mMmeetcs
0CaJIoK, TO HEOOXOAMMO €ro OTAeAuTh. DWIBTP € OCAAKOM MPOMBIBAIOT
HECKOJIbKO pa3 BOJOH, NOMENIAIOT B IUIATUHOBBIA THUTENb, MOJCYLIMBAIOT,
030JII0T, J00aBIAIOT HEOOJBIIOE KOJWYECTBO IUIABHS, CIUIABISAIOT. PacTBop
1J1aBa MPUCOEANHSIOT K OCHOBHOMY, 00beM 00BEeTMHEHHOTO PAcTBOPA MEPEBOIST
B MEPHYIO KOOy ¥ TOBOJAT BOJON JO METKH.

Jns paznoxkenus: mpoO, cCoAep:KalIUX TPYAHOPACTBOPUMBIE B KHUCIOTaX
HF u H,SO, wmunepanbl, npumeHsitor 0oJiee CHUIbHBIE PEAareHThl — CMECH
(GTOPOBOOPOAHOM, a30THOM UM XJIOPOBOJOPOJHOW  KHUCJIOT, a  TaKxke
(GTOPOBOOPOAHOM M XJIOPOBOJOPOIHON KuCioT. Ecnu B mpobax HeoOXoauMmo
OMpEeNeNUTh CBUHEI, MOJUOIEH, IIETOYHO3EMEIbHbIC JIEMEHTHI, TO MPUMEHSIOT
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XJIOPHYIO KHCIOTY. [lepxiopaTel METalNIOB B OCTaTKE IMOCJE yAaleHUs KUCIOThI
BbIIIAPUBAHUEM [P HArpEeBaHUM TEPEeXOASIT B XJOPHUIABI (IIETOYHbIE U
HIEJIOYHO3EMENbHbIE METAJLIBI) MIIM OKCUABI (3KeJI€30, aTFOMUHUNA U Jp.), KOTOPbIE
JIETKO PAaCTBOPSIIOTCS B BOJIC MJIM pa30aBiICHHON XJIOPOBOJOPOAHOM Kuciore. Kak
MPaBUIIO, IEPXIIOPATHI HE MEIIAI0T ATOMHO-20COPOIIMOHHBIM U3MEPEHUSIM.

B Tex ciydasx, korga BO3MOXKHA IOTEPS OMNPEACNISIEMbIX DJIEMEHTOB B
BHUJIE JIETYyYMX XJOPHUJIOB JJIi  BCKPBITHSL TpoO  TMPUMEHSIIOT  CMECh
(GhTOPOBOIOPOAHOM, CEPHOM M (POCHOPHOM KHCIOT, KOTOpAs SBIISICTCS aKTHUBHBIM
peareHTOM M paszjaraeT MaTepualibl, YCTONYMBBIE K JNEUCTBUIO APYTUX KHUCIOT.
Opnako B aTroMHO-abcopOIMOHHOM aHanu3e QocdopHas KUCIOTa MPUMEHSIETCS
OYEHb PEeIKo, T.K. Bsi3kas meTtadocdopHas KUCIOTa U TepMocTolkue Qocdarbl
MHOTHUX 3JIEMEHTOB MPENSATCTBYIOT PACIBUICHUIO U aTOMU3ALIUH.

[Tocne pa3noxxkeHust mpod KUCIOTaMU B PacTBOpPax IMOYTH BCErAa UMEETCS
OCTAaTOK HEPA3JIOKEHHBIX YaCTUL[ WJIM HEpPacTBOpUBIIMXCA coJier. llomHoe
pPacTBOPEHHE TPYJHOpPA3TaraéMblX MaTepuaioB oOOecreunBaeTcs, eclii mpoda
oOpabaTbhIBaeTCsl KUCJIOTaMH TIPU MOBBIIIEHHOM JIaBJICHUH, KOTOPOE pa3BUBAETCS
B TepPMETHYECKHM 3aKPBITHIX aBTOKJIaBaX Ipu HarpeBanuu ot 120 mo 250 °C.
PactBoppl, monydeHHbIE TMOCIE pa3NOXKEeHHs Mpo0 KUCIOTaMH, COJAEpKaT
HEOOJBIIIOE KOJMYECTBO COJIEW M BIOJHE MPUTOJIHBI ISl ONpeNeNieHus Kak
OCHOBHBIX 3JJIEMEHTOB, TaK U NPUMECHBIX JJIEMEHTOB METOJAOM aTOMHO-
a0bCOpOIMOHHON CIIEKTPOCKOTINH.

CnnaeneHue. CraBiieHUE C TOCIEIYIONUM DPACTBOPEHHEM ILIaBa B
KHCJIOTaX 00ecrneyrBaeT MOJTHOE PacTBOPEHUE MHUHEPAJIOB, HE pa3jaraéMbIX WIIU
TPYAHO pasjiaraeMbIX KHUCJIOTaMU. [I[pUMEHSIOT 1IeI0YHbIe IaBHU (TUAPOKCHUIBI,
KapOOHAaThI, MEPOKCUIBI, OOpaThl IIEJIOYHBIX METAJJIOB), KUCIOTHBIC ILJIABHU
(Oucynbdatel, nmupocyabdarsl, GTOPUIIBI IIETOUYHBIX U APYrux metamioB). [lpu
aHaJIM3€ Te0JOTMYECKUX MaTepraioB HauboJee MUPOKO MPUMEHSIETCST OE3BOHBIIM
KapOOHAT HATpUS WJIM CMECH KapOOHATOB Kajus W HaTpus, KapOoHaTa HATpUS U
Oypbl, KapOoHaTa JIUTUS U OOPHON KUCIIOTHI.

CuiaBiieHue npeycMaTpruBaeT MOCTENIEHHOE HarpeBaHUe CMECH MOPOIIKa
npoObl ¢ (IIOCOM 0 pa3pylICHUsT CTPYKTYphl U OOpa30BaHUS KUIAKOW (a3bl.
BzaumopeiictBue dyacTtui mpoObl € pacIiylaBUBIIMMCS (IIOCOM TPHUBOJUT K
00pa3oBaHUIO pa3IMuHbIX coenuHeHui. CriaBieHne ¢ KapOOHAaTaMU IIEIOYHBIX
METAJIJIOB MPOBOJSAT B IUIATUHOBBIX THUIJISIX, B OTACJIBHBIX CIydasiX B KEJIE3HBIX
WM HUKENEBBIX TUIIIAX. KapOoHaThl WIETOYHBIX METANIOB IUIaBATCS 0e3
pa3lioKEHHUs, B TO BpeMs KaK KapOOHaThl APYTUX 3JIEMEHTOB pasjiaratoTcsi Mpu
HarpeBaHUM C BBIJACICHHEM TUOKCHIA yriepoaa. B mpoiecce craBieHuss npod
cyib(daroB, cuiaukaroB, ¢GochaToB M APYrUX COEIUHEHUUA C KapOOHATaMH
HIEJIOYHBIX METAJIOB 00Pa3yI0TCS COOTBETCTBYIOIIME COJM LIEIOYHBIX METAILIOB.
[Ipu pacTBOpeHuUU IJ1aBa B BOJIE COJIM LIEJIOYHBIX METAJIIOB MEPEXOAIT B PACTBOP.
HepacTBopuBIIMIACS OCTaTOK COAEPKUT KapOOHATHI, OKCHAbl WJIM THUIPOKCHJIbI
MeTtaioB. KpemHeBasi KucioTa BeilafaeT B Buae refis. Ecinu miaB pacTBOPSIOT B
XJIOPOBOJOPOAHON KHUCJIOTE, TO OOJBINas 4YacTh KATHOHOB MEPEXOJSAT B PacTBOP,
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HO KpeMHeBasi KucjoTra oOpasyeT reineoOpa3HbIi 0OCaJOK, Ha KOTOPOM MOTYT
COpOUPOBATHCS] MOHBI TTOJIMBAJIEHTHBIX METAJIOB.

CnnaBneHue ¢ KapOOHaTaMd MIEJIOYHBIX METaNIOB HE 00ecreynBaeT
pa3NoKEHHE BEIIECTB C BBICOKUM COJIEP)KAHHEM aIOMUHUS, HEKOTOPBIX
Pa3HOBUIHOCTEW OEpUIUIOB, IMPKOHOB, XpOMUTOB. bojee cuibHbIE peareHThl —
cMecu kapOoHara Hatpus W Oypbl WM KapOoHaTa JUTHS W OOPHOW KHCIIOTHI.
CrnaBineHWe C OTUMHU TUIABHSAMHU OOECIEYMBACT PA3NIOKCHUE YIOMSIHYTHIX
MUHEPAJIOB W TMOPOJ, a TaKXKe TYPMAJIMHOB, JUCTCHA, XPOMHUTOB, MIHBMEHHUTOB.
AKTHUBHOE JICTBUE IJIABHEN 00YCIOBIEHO TEM, YTO MPU MEIAJICHHOM HarpeBaHUU
B Hayale CIUIaBJeHUs BbIAEHSAOTCS My3blpbkun CO, U Apyrux rasoB. ITO
crocoOCTBYET OBICTPOMY U O0Jiee MOJTHOMY pa3siokKEeHUIO BemlecTBa. [Ipo3payunbrit
wias moiaydaercs 3a 10-30 munyT mpu temmeparype 900-1000 °C. CruraBienue
MIPOBOJIAT B TJIATHHOBBIX THUTJISX.

[InaB pacTBOpSItOT B BOJIE WM KHUCJIOTE. B BOAHBIA pacTBOp MEPEXOIST
AIIOMUHUHN, IIETIOYHbIE METAJUIbl, XPOM, YaCTUYHO KPEMHUH, jKene30, MOJIUO/IEH.
B ocanke ocraroTcs OKCHBI, TUAPOKCUILI, KAPOOHATHI U OCHOBHBIE KapOOHATHI
MOJIMBAJICHTHBIX MeTasuioB. [lociie moGaBieHust XJIOPOBOAOPOMHOM KHCIOTHI
0CaJIOK TMOJHOCTBIO pacTBopsieTcs. Bce aneMeHThl mpoObl, HUCKIIOYash KPEeMHHIM,
nepexoAsaT B pacTBop. [Ipu Mcronb30BaHWKM METOJA CIUIABJICHHS HAOJIOMAI0TCS
noTepu psana snemMeHToB. COelMHEHUs] BUCMYTa U MEIU BOCCTaHABIIUBAIOTCS 10
METaJUIOB M TpPHU KOHTAKTE C THUTJIEM O0pa3yloT CIUIaB C IJaTUHOW. B Bume
JETy4YNX COEJAMHEHUW TOJIHOCTBIO TEPSIOTCA TaUIMi, PTYyTh, YACTUYHO CEJICH,
MBIIIIBSIK.

Macca nobGaBisieMoro mmiaBHsi oOblyHO B 6-10 pa3 mpeBbllaeT maccy
aHAIM3UPYEMOM HABECKH, 3a MCKJIIOYEHUEM TeX CIIlydaeB, KOrja HEeOoOXOAMMO
pasznaraTh  KapOOHATHbIE TMOPOJAbI, B KOTOPBIX COJEpPKAHUE KPEMHUS
HE3HAYUTEIbHO, T.K. TP HArpeBaHUM KapOOHATHOW MpOoOBI 0OPa3yHOTCS OKCHJIbI
KaJIBIIUSI WJIM MarHus, KOTOpbIE CaMU SBJISIOTCS IJIaBHSAMU. B pesynbraTe mnocie
pPacTBOPEHHUs IJIaBa, KaK MPaBUIIO, MOJy4aeTCsl MPO3payHbId pacTBOp, B KOTOPOM
coJiep>kaHue cojied MokeT cocTaBisith 20 mr/mui U Gojiee B 3aBUCHUMOCTU OT
o0beMa pacTtBopa W KonuyecTBa (Quroca. M3 3TUX pacTBOpOB MPOBOAMUTCS
ONpEJICTICHHE OCHOBHBIX DJIEMEHTOB U  DJIEMEHTOB-TIPUMECEH, eclii uX
COIEep’)KaHHE€ B PACTBOPE MPEBBINIAET TpPaHUIy OOHAPYKEHUS ATOMHO-
abcopOuronHoro meroaa. [ nmpoBeeHUs: aTOMHO-a0COPOIIMOHHBIX U3MEPEHHI
pacTBOPHI, KaK MpaBuiIo, HEOOX0IUMO pa3baBuTh B 2-10 pa3 B 3aBUCHMOCTH OT
oOIIIelt KOHIIEHTPAINK COJIEH B pacTBOpeE.

OrnpeneneHue OCHOBHBIX 3JIEMEHTOB B MHUHEPAJIbHOM CHIPhE CI0KHOTO
coctaBa (pa3iWyHbIE PYIbl, KOHIICHTPAThI, MHUHEPAIbI) TMPOBOAUTCS TIO
TPAJUILIMOHHO CIOXKUBIIUMCS cxemaM. Huxke nmpuBeeHbl peKOMEHTyEMbIE CXEMBbI
pa3nokeHusl Ipod reoJOrMYECKUX MaTepuaioB MPU OMPEAEIEHUH UX OCHOBHOTO
COCTaBa C MPUMEHEHHEM aTOMHO-a0COPOLIMOHHON CIIEKTPOMETPUHU.

CnnaesneHue co cMmecbro kapboHama Hampusi u 6ypbl. Hasecky
0,1-0,2 r npenBapuTeIbHO U3MEJIBYEHHOIO MCCIETYEMOr0 MaTepuaia, B3SITYIO C
TOYHOCTBIO JI0 YETBEPTOTO 3HAKa, MOMEIIAIOT B IJIATUHOBBIM TUTENb, T00ABIISIOT
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1-2 t cmecu kapOonata HaTpuss W Oypbl (2:1) M THIATENBHO MEPEMEIIMBAIOT
CTEKJIIHHOW nanoukoil. Turenb momemaroT B XOJOAHYIO I€Yb, HArpeBaroT 10
900°C ¥ CILIABIAIOT €ro coiep:kumoe B Tedenue 15-20 munyT. Termislii TUreIb
OIYCKAaIOT B CTaKaH ¢ BoJoil. [Ipu 3ToM mi1aB pacTpecKkuBaeTcs Ha KyCKH, KOTOpPbIE
JIETKO OTJEJSIOTCA CO CTEHOK THUIJISI U OBICTpPO pacTBOpsArOTcs B Boze. Ilnas
BBILIEIAUYMBAIOT, [EPEMEIINBAs PACTBOP TMOJUATUICHOBOM MaJIOYKOW WU
MAarHUTHOM Memankon. MoXHO ocTaBuTh Ha HOYb. l[locie momHoro paspyueHus
miaBa nobasisroT 15 mur paz6asnennoit HCI (1:1). PactBop mepememuBaroT u
MOJOTPEBAOT 10  MOJIHOTO  pPAacCTBOPEHHs  TUIAPOKCUAOB.  [Ipo3paunbiii
OXJIQXJEHHBIN PACTBOP MEPEBOJAT B MEPHYIO K0JI0y. OOMBIBAIOT CTAaKaH U TUTEIh
BOJIOW, MPOMBIBHBIE BOJIbI CIMBAIOT B K0i0y. O0BEM pacTBOpa B KOJ0O€ ITOBOASAT
BOJOW O METKM M mepeMemuBaroT. [lapamiensHo uyepe3 Bce CTaauM aHAIW3a
MPOBOJIAT XOJIOCTOM OIIBIT.

B nocnenanee Bpems i onpeesieHHs OCHOBHBIX KOMITOHEHTOB, Hapsay C
XUMUYECKUMU, UCTIONB3YIOT U aTOMHO-a0COPOIIMOHHBIA METOJI, YTO B HECKOJIBKO
pa3 yCKOpsieT MpOBEJAEHUE TOJHOTO aHaiu3a Oe3 CHIKEHHs TpeOOBaHUN K
TOYHOCTH OIIPEIETICHUS.

Amomunuii. [lpu aHanM3e TEOJIOTMYECKUX MATEPHAIOB BO3HHUKAET
HEOOXOJMMOCTh OMpEJEICHUS ATIOMUHUS, KaK NPUMECH U KaK OCHOBHOTO
KOMITOHEHTa B Auana3one conaepxkanuii ot 0,01 mo 60 mac.% Al,O; (B 60kcuTax) u
Oosee (B KopyHIax). ATOMHO-aOCOPOIIMOHHBIN METO/ 00SCIIeUYnBACT JOCTATOYHO
HU3KHE Mpeiesibl OOHAPYKEHHS aTIOMUHUS U BBICOKYIO TOUHOCTh ONPEACIICHUS U3
pPacTBOPOB BCKPHITHIX MPOO 0€3 OTAeNeHUsI COMyTCTBYIOMUX deMeHTOB. [Ipnyem
Oojee BBICOKAsT TOYHOCTb ONPENEIEHUS JOCTUTaeTCsl M3 pPACTBOPOB, HE
COJIepKAIlUX KPEeMHUW MU C HU3BKUM CcoJieBbIM (oHOM. MeToa MO3BOJISIET
onpenensats ot 0,1 mac.% Al u BbIle Npu aTOMU3aIMKU B INIAMEHU 3aKHCh a30Ta —
alleTUIICH. OCHOBHBIE TIOMEXHM, KOTOpbIE BCTPEUAIOTCA TNPU ATOMHO-
a0COpPOLIMOHHOM OIpPENEICHUN AFOMUHUS, CBA3aHbl C HEMOJHOW aTOMHU3alMeH,
T.K. [IPY UCHIAPEHHUH a3p030Jisl B IJIaMEHU 00pa3yroTcsi TEPMOCTOMKNE COEAMHEHUS
C KHUCJOpOAOM, Hampumep, okcul. CTerneHb MOHW3AlUU{ ATIOMHUHHUS B IUIAMEHU
3aKkuch azora — anetwieH cocrasisieT 10 %. IlomaBienne MOHM3ALMU aTOMOB
QIIOMUHUSA B MPUCYTCTBUU HATPUS, JUTHUS, Kaiaus, Oapusi, Kajdblus MPUBOAUT K
YBEJIMYEHUIO CUTHaia antoMuHus. [Iponecc aroMu3anuu COeIMHEHUN altOMUHUS
B miiameHu N,O — C,H, 3aBucur ot KoHIIeHTpaluu KpeMHus B pactBope. [loatomy
JUIS. aTOMHO-a0COpOIIMOHHOI0 aHajau3a HE0OXOAUMO MPUMEHSTh PACTBOPHI IPoO,
U3 KOTOpBIX KpeMHUU ypaaieH. [[ns ycTpaHeHUss mOMEX B PacTBOpPbI MpoO,
IpalyipOBOYHBIE U XOJIOCTHIE PACTBOPHI JOOABISIOT COJIM JIAHTAHA WJIA CTPOHIIMS
u3 pacuera 0,1 mac.% La unu Sr B pactBope.

Kene3o HaXoOUTCS MPAKTUYECKA BO BCEX TOPHBIX MOpPOAAX U SBISIETCS
COCTaBHOW YacCThIO COTEH pa3IMYHbIX MarepuanoB. [Ipu aHanmuze reosorudyeckux
MaTepuasioB M TEXHOJIOTMYECKUX TMPOJAYKTOB BO3HHUKAET HEOOXOAUMOCTh
Ompe/IeeHNs Keie3a B IMMPOKOM JHMaNa3oHe KOHIeHTpammii — oT 107 g0 70
Mmac.%. [lpu onpenenenun oOuIero couepkaHus kejie3a UCCIeyeMblii MaTepuan
HEOOXOJMMO TOJIHOCTBIO MEPEBECTH B PAcTBOpP. B OTHENbHBIX ciiyyasx, Npu
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aHanu3e KapOOHATHBIX MOPOJI, KEJIe3HBIX PYJ M MHUHEPAIOB HABECKY CHauaja
obpabateiBaroT HCI, a 3aTeM Hepa3noXUBIIUKCS OCTaTOK 00pabaThIBAIOT CMECHIO
KUCJIOT WJIM CIUIaBJIEHUEM OJHUM U3 OINUCAHHBIX BbIIIE CHOCO00B. MeToj
aTOMHO-a0COpPOIIMOHHON  CIIEKTPOCKONHUHU  TIO3BOJIIET  OMNpENesaTh  oOIee
coJiep KaHMe jKelie3a B pacTBOpax 0€3 OTIENeHHsI COMYTCTBYIOMIUX AeMeHTOB. Ha
pesyabTarhl omnpenencHus He BausioT Al, K, Na, Ca, Mg, Zn, Cu, eciu ux
collep)KaHNe HE TPEeBBIMAET 5 Mr/mil. UTOOBI MCKIIIOUUTH BO3MOXKHBIC BIIWSHHUS
COMYTCTBYIOIUX HJIEMEHTOB, TI'PaAyUPOBOHBIE PACTBOPHI JOJKHBI COAEPXKATh
TaKue K€ KOJIMYECTBA OCHOBHBIX 3JIEMEHTOB, KaK W PacTBOPHI aHAIU3UPYEMBIX
npo0. Jlyisi aroMu3anuu Kejae3a MPUMEHSIIOT BO3AYILIHO-AlETUIICHOBOE ILIamsl.
OTMeuaroTcsi TOMEXU B KOHACHCUPOBAHHOM (ha3e CO CTOPOHBI KPEMHUSI, IOATOMY
PEKOMEHIYEeTCsl KpeMHUM yJalsiTh U3 pacTBopa MpoObl B MPOLIeCcCe Pa3loKeHUsI.
[ToMexu 4acTUYHO YMEHBIIAKOTCS MPU J0OABICHUU B PACTBOPHI CTPOHIIMS WU
nantaHa.  OpraHuueckue  BemiecTBa  (QleToOH,  W30aMWJIOBBIA  CIHPT,
MOHOKapOOHOBBIE KHUCJIOTHI), BBEJICHHbIC B aHAJIM3UPYEMBIH PacTBOP, MOBBIIIAOT
CUTHAJI JKeJie3a.

Mapranen. [lpu anHanuze MapraHueBbIX pyJ U MHHEPAIOB, HalpuMEp,
nupomo3uta MnQO,, nnicrwiiomenana MnO - MnO, * nH,0O, manranara Mn,0; * H,O,
ponoxpo3ura MnCO;, pomonura MnSiO; rpanata Mn;Aly(SiO4);, a Taxke
IPYTHX TeOTOrMYECKUX MaTepHaIoB HeoOXoauMo ompenessith ot 107! mac.% mo
JIECSATKOB TPOIIEHTOB MapraHiia. ATOMHO-a0COpPOITMOHHAS CHEKTPOCKOMHS B
BO3/IYIIHO-ALETHICHOBOM IUIAMEHH IO3BOSIeT ompexensts mo 10 mac.%
MapraHila B  HUCXOJHOM  Marepuayie. AIIETOH, HW30aMWIOBBIM  CIHPT,
MOHOKApOOHOBBIE  KHUCIOTHI ~ CHIDKAIOT  mpeden  oOHapyxkeHus.  bonee
CYIIECTBEHHOE  CHUXXEHHUE  TPEACNOB  OOHApY>KEHHs  JIOCTUraeTcsa  C
HCIIOJIB30BAaHUEM  BJIEKTPOTEPMHUUECKOTO aroMu3aropa. Pasnoxenue npo0d
OCYILIECTBIISIETCSL KUCJIOTAMU WJIU CIUIaBieHueM. Eciu B uccieryeMoM mMaTepuasie
MPUCYTCTBYIOT OpTaHUYECKUE BEIIECTBA U CYIb(UIIBI, TO HEOOXOIUMO MPOKATUTh
HABECKY, MOCJIE YeTo MPOSBIACTCS JCMpEecCUpylollee BIUsSHUE CYIb(aT-nHOHOB Ha
aHAJIUTUYECKUI curHan Mapranua. IIpw aTomuzanuu pacTBOpOB B BO3AYIIHO-
alleTWICHOBOM IUJIAMEHU HaOJI0/Ial0TCsl MOMEXH CO CTOPOHBI COIYTCTBYIOLIUX
anemeHToB. Hanbonee 3ameTHoe BiusiHue okaszbiBatoT 0,2-0,5 Mr/mi amtoMuHUS,
kpeMHus, pochopa, 1 mMr/mi xenesa U MarHusi, 2-3 Mr/Mil KaiabIUsi U HATPHS.
[Tomexu y4UTBHIBAIOT METOIOM JOOABOK M UCIIOIB30BaHUEM KOppEKTOpa (PoHa.

Tutan. Meton aToMHO-aOCOPOIMOHHOM CHEKTPOCKOMHH 00ecreuynBaeT
KOJIMYECTBEHHOE OMpeie/iecHne TUTaHa B uMHTepBasie cojaepxkanuit 0,01-5 mac.%
TiO, B ucxoaHOM MaTepualie B IUIAMEHM 3aKHCh a3oT-aleTwieH. Habmonarores
MOMEXU OT COMYTCTBYIOIIUX 3JIEMEHTOB (KPEMHUM, KaJblIUH, KeJIe30, aTIOMUHUMH,
Marauii, docdop, HaTpuit). XapakTep M CTENCHbL IIOMEX 3aBHCAT OT KHCIIOTHI,
npucyTcTByrolen B pactBope. Tak, B pactBopax HCl — HF no 1 mac.% xenesa He
OKa3bIBAIOT BIMAHUS Ha CUTHAI TUTaHa. B pactBopax ¢ HF B mpucyrcrum xenesa
YBEJIMYMBACTCSl CHUTHAJl TUTaHA W YCTPAHSIOTCS TMOMEXU CO CTOPOHBI JIPYTHX
COMYTCTBYIOIIUX 37eMeHTOB. Eciu B pactBopsl nobasute HF, NH4F unu comm
XpPOMOTPONOBOM KHUCJIOTHI, TO AaHAIUTUYECKUN CUTHAJ TUTAaHA YBEJIMYMBAETCA Ha
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50-60 %, BeposITHO, BciencTBue paspbia cBsazeil T1 — O. [IpouHbie KUCIOpOIHBIE
coenuuenus  Ti gaxe B BblcokoTemmneparypHoMm Iuiamenn N,O — C,H,
pa3pymalTcs HE MOJHOCTHIO. JIJis MOBBIIIEHUS] TOYHOCTU PE3YyJIbTaTOB aHAIM3a
U3 PacTBOPOB MPOO YIAISIIOT KPEMHUMN, a B IPayuPOBOYHBIE PACTBOPHI BBOIST
takue xe coumepxkanusi Al, Fe, Na, koTopble MpUCYTCTBYIOT B aHaJU3UPYEMBIX
pacTBOpax.

Kamprmii. Ilpm aHanmm3e  WM3BECTHSAKOB, JIOJOMHUTOB,  (PTOpHIOB,
docdopuToB pasznoxeHue Mpod palnroHaATIbHEE HAaUYWHATH C 0OpabOTKH HAaBECKH
HCl. 3arem HepacTBOpEHHBI OCTATOK pa3iaraloT CMEChI0 KHUCIOT WJIU
crutaBiienneM. Korma HeoOX0IUMO ONpeAenaTh KalblUid TOJBKO B KapOOHATHOM
4acTu ucclieayeMoro marepuana, HepactBopumbiii B HCI octatok oTOpachiBaroT.
ATOMHO-a0COpPOLIMOHHBII METOJ MO3BOJSAET ONPENEATh COAEPKAHUE KalbLUA B
npodax ot 0,1 wmac.% CaO wu BbllE C OTHOCUTEIBHBIM CTaHAAPTHBIM
orkinoHenueM  0,01-0,02. Bmwmaame cocrtaBa pacTBOpa Ha  BEIUYUHY
aHAJIMTUYECKOTO CUTHAJIa UCKJIIOYaeTCs BBEJICHHEM B pacTBop
cHeKTpockonuueckux Oydepon, ucnosb3zoBanueM Ooiiee ropsuero miamMmenu N,O
— C,H,, BBeagenuem nonuzanuonnoro Oydepa KCl (u3 pacuera 1 mr/min kanus).
CkopocTh UCHapeHHs COJed KajdblWs B IJJAMEHH YMEHBIIAETCS B PAIY XJIOPHUII-
HUTpar-cyibpar kKaublus. CregoBaTelbHO, B MPOIECCE Pa3NOXKEeHHUs TPoo
HEOOXOJMMO BCE COJIM KajbIMsl MEPEBECTH B XJOPHUABI, U B PacTBOpE IOHKHO
obITh goctatoyHoe koimuectBo HCI. Ilpum atoMu3auuu B IUIaMEHH BO3IYyX-
anetuieH curdan Ca 3aBUCHT OT KOHIIeHTpaluu B pactBope Si, Al, P, Ti, V, Zr u
JPYTUX 3JEMEHTOB, O00pa3yIolUX TepMOCTOHKHE OKcHIbl. OCBOOOXKIAIOIIUMU
n00aBKaMu CIIy»aT COJId CTPOHIMS U naHTaHa, DJITA, okcuxuHonuH. B ropsuem
miamenn  N,0O-C,H, obGecnieunBaercsi Oosiee MOJMHOE MCHAPEHUE YACTHUEK
a’po30J1s1, U MOATOMY M3MEHEHHE COCTaBa PacTBOPA B HE3HAUUTENILHOW CTENEHH
BJIUSIET HA CUTHAJI Kajblus. 3aMeTHble MoMmexu okaszbiBatoT Si u Al. Kpemuuit
MOXXHO yJaJUTh U3 PacTBOpa B IMpOLECCe pasyioKeHUs NpoObl, a BiausHue Al
YCTPaHSIETCSI METOJIOM J100aBOK.

Maruuii omnpezensieTcss aTOMHO-aOCOPOIIMOHHBIM METOJOM, HAauWHas C
0,0005 wmac.% Mg B ucxomHoM wmatepuane. Takoil mpeaen oOHApYKEHUS
oOecrieynBaeTcs Kak B IUIAMEHHM BO3JYyX-alleTWJICH, TaK U B IJJAMEHHU 3aKUCh
azoTta-aneTwieH. OnpeneneHue MarHusl NMPOBOAAT M3 PaCTBOPOB, MOJYYEHHBIX
1ocjie pasjoKeHUs MNpoObl MO OJHOW M3 CXEM, OIMCaHHBIX Bbille. MeTon
o0ecrieunBaeT TOYHOCTh OIpPEAETICHUM, XapaKTepU3yeMyl0 OTHOCUTENIbHBIM
ctangapTHeIM oTkiaoHeHueM 0,02-0,06, B nuamazone coaeps:xkanuit 0,02-40 mac.%
MgO. Atomuzanuto jayumie npoBoguTh B muiamenn N,O-C,H, nns yctpanenus
noMex B KoHJeHcupoBaHHOU (aze ot Si, Al, P, Ti u apyrux snementoB. s
YCTPAHEHHsI MOMEX HapsiAy C BBICOKOTEMIEPATYPHBIM IUIAMEHEM HCIIOJb3YIOT
BrIcBOOOX Haromue qooasku (SrCly, LaCls, CaCl,, Na, 5JITA).

bapuii. Ilpu pasnoxxkeHuH NOpPOJ M MHUHEPAJIOB, COAEpXKAIIMX Oapuii
(6aputr BaSO,, Butepur BaCO;), cineayer yuuThiBaTh, 4TO Ccyibhar Oapus
MPAKTUYECKA HEPACTBOPUM B MHUHEPAIbHBIX KucIoTax. OmNpelnereHuIo MeuiaeT
KPEMHHUM, MOATOMY €ro yJaustoT u3 pactBopa. HaBecky 0,5-1 r uccnemyemoro
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MaTepuana ooOpabateiBaroT kuciotamu HF+H,SO, B OTKpBITBIX cocymax st
yaanenus kpemHus. Kak MoxkHo mnonnee ypamsitor ¢rop. Cyxoil ocraTok
CIUIABJISIIOT C KapOOHATOM HAaTpHsl WJIM CMeChblo KapOoHarta HaTpus ¢ Oypoii. [Ipu
criaBienun  BaSO, mnepexoaur B BaCOs;. IlnaB BbllenayuMBarOT BOJIOM.
HepacTBopuMbIii OCTATOK COAEPKUT KapOOHATHI IIEIIOYHO3EMENBHBIX METAIIIIOB U
MarHusi, OKCHUJbI eje3a, TUTaHa, YaCTUYHO OKCHJ aJioMHUHHSI. B BoaHYyIO
BBITSKKY TIEPEXOAT CyIb(aThl MET0YHBIX METAIIIIOB, OOJIBINNAs 9YaCcTh ATFOMUHUSI.
HepacTtBopuMblii OCTaTOK OTIEJSIOT, MPOMBIBAIOT HECKOJBKO pa3 1-2 %-HbIM
pactBopoM Na,COj3, 4TOOBI MOTHOCTHIO YIATUTh M3 OcTaTKa cyibdarel. Ecim nx
HE yJaluTh, TO TIOCIE pacTBOpeHmsi octatka B paszbaBineHHoit HCl cHoBa
oOpaszyercsi HepacTBopuMblii BaSO,. 3aTreM oCTaTOK NPOMBIBAIOT BOJIOH.
JanpHelimass o0paboTka ocTaTKa 3aBUCUT  OT CXeMmbl aHanu3a. Korga He
TpeOyeTcss OTHENATh COIYTCTBYIOLME 3JIEMEHTHI, OCAJOK CMBIBAIOT C (UIbTpa
cTpyeit Bonbl B crakaH U pactBopsitoT B 10 ma HCI (1:1). [IpombiBatroT GuiabTp
HeOoubmoi moprueir HCl (1:1). BeimapuBaroT KHCIOTY 0 BJAXHBIX COJIEH,
KOTOphIe pacTBopsrOT B 25 Ma 5 %-noit HCI. PactBop mepeBomsT B MEpHYIO
KOJIOY M pa30aBiIstOT BOJAOM J10 METKH.

Ecnu HeoOXomMMo yJIanuTh COMYTCTBYIOIIME JJIEMEHTHl M OCTaBUThH B
pacTBOpe BCIO TPYMIY IIETOYHO3EMENbHBIX, TO OCaJ0K B CTaKaHE PacTBOPAIOT B
25 mn 5M HNOs;. PactBop HarpeBaroT moutd 10 KumeHus. [IpubaBmisioT mo
KarmisiM  pactBop ammuaka (6e3 CO,) nmns ocakIeHUs Keles3a, aTOMHHHS,
Maprasiia u Ipyrux MetaiioB. Ocagok oTGUILTPOBBIBAIOT, TPOMBIBAIOT 2 %-HbIM
pactBopom NH4NO; u orOpaceiBatotr. PacTBop mepeBoasiT B MEpHYIO KOJOy H
pa30aBisit0T BoAoi A0 MeTku. Ilpu onpenenennn 6apust B mnopoaax U MUHepaiax,
coJiepKallluX OOJBIIOE KOJWYECTBO KalbLUs, COOCAXKAAIOT Oapuil ¢ cynb(paTom
CBUHLIA.

B mnonyudeHHbIX pacTBOpax Oapuil ompenensieTcss METOJAOM aTOMHO-
aOCOpPOLIMOHHON CHEKTPOCKONHMM 0€3 OTIEIEHUS! COMYTCTBYIOUIUX 3JIEMEHTOB
HaunHas ¢ 0,1 mac.% Ba. Ilpu onpenenenuu Oosiee HU3KUX coaepx aHUU Oapus
HEOOXOIUMO OTJICJICHUE IIETOYHO3EMENbHBIX 3JEMEHTOB OT COIYTCTBYIOIIUX.
[Ipu ucnapenun a’po30Jii B IJIaMEHU O0pa3yloTCs TEPMOCTOMKHE COCAMHEHUS
Oapus, mnosToMy Oapuii aToMu3upyrT B ropsueM 1iameHu N,O-C,H,.
Habmronarorcss 3HaunTeapHble ToMexu co ctoponbl Si, Al, Fe, Ca, Mg, Na, K,
SO42_, PO43_, KOTOpPBIE  YCTPaHSIOT  METOJIOM  J100aBOK, BBEJICHHEM
MOHM3ALIMOHHBIX W  crnekTpockonuueckux OydepoB — KCI, Na,3/TA,
okcuxuHonuH, NH,Cl, conmu mantana. OTMeyaeTcsi TakKe CIEKTpaabHas rmoMexa
CO CTOPOHBI KaJIbIIMsI — MOJICKYJISIPHAS 110JI0CA MOTJIOMICHHS TUIPOKCUIA KaTbIIHs
COBMaJaeT ¢ Hamboyee CUIBHOW JMHHUEH moriomenus Oapus 553,6 HM. OTo
BIIMSIHUE CHUJIbHEE B BO3AYIIHO-AlETUJICHOBOM IUIAMEHU, T.K. MPU BBICOKOH
TeMIepaType YyMEHbIIAETCs] KOJMYECTBO MOJIeKysl B ImaMeHu. I[lomexu oOT
MOJIEKYJIIPHOM MOJIOCHI UCKIIIOYAKOTCS, €CJI U3MEPEHUE aHAIUTUYECKOI0 CUrHaja
NPOBOJUTh MO HMOHHOM JnuHUM Oapus 4554 HM. bBosee pagukanbHbI MyTh
MOBBIIICHUS] TOYHOCTHU ONpeaesieHUus Oapusi — OTACJIEHHE €ro OT KaJbLMs B
npoliecce MOAroToBKU paboyero pactBopa mpoo.
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Crponnuii. Hanbonee mupokoe NpuMEHEHHE B aHAIMTHYECKON CITy»)Oe
JUIS OTNpeJIeiCHUs CTPOHIMS HalllJla SMHCCHOHHAs TUIaMeHHas (OTOMEeTpus,
OJIHAKO aTOMHO-a0COPOLIMOHHBIA MeToa Oojiee crnenuduueH U oOecreynBacT
Oosee HU3KHUE Tpenesbl 0OHapyx)eHus, ocodenHo B miamenu N,O — C,H, (0,006
MKkr/mi Sr). [lpu onpeneneHun CTpoHIMS HAOMIOAAIOTCSA Takue K€ MOMEXH, Kak
npu onpezencHun Oapus W Kaiblusg. JJIs uX ycTpaHEHUS B aHAIM3UPyEMBbIe
pacTBOPbI BBOAAT MOoHM3AIMOHHBINA Oydep (1-2 mr/mi K) u cnekrpockonmaeckue
oydeper (Na, DJITA, conm naHTaHa, S-OKCMXWHOJWH, TJIMIEPUH W Ap.). B
ropsiueM miiameHd N,O — C,H, xumuyeckue momexu MpOsBISIOTCS B MEHbIIEH
CTEIICHH M TOJIBKO MpH OOJBIIMX KOHLEHTpamusaxX (> 2 MI/MII) BIHSIONMIETO
SJIEMEHTA.

[llenounble MeTamwibl. HaTpuil 1 kanuii — OCHOBHBIE TOPOA000Opa3yIOIIKe
AJIEMEHTHI, TUTUN, pyOuauid, nie3uit — penkue sneMmenTsl. Li, Rb, Cs BcTpeuarorcs
B HEOOJIBIIMX KOJUYECTBAX BO MHOTHMX IIEJIOYHBIX MHHEpaiax, Halpumep, B
MOJIEBBIX IIMAaTax, ciarogax. JIutuit u nue3uid o0pa3yroT COOCTBEHHbIE MUHEPAbI,
HarpuMmep, crnoaymeH — amomocwiukar jutus LiAl(Si0;),, nenupoaut —
JUTHEBAs CJI0JIa HETIOCTOSTHHOTO COCTaBa C cojaepkaHuem ot 1,5 10 5 mac.%
L1,0. B nenunonure coxaepxkurcs 10 0,7 mac.% Cs,O. [letanut — anroMocuivkaT
mutusa Li[AlS1404¢] conepxur mo 4,5 mac.% Li,0. Munepansl 11€3us1 TOJUTYITUT
Cs,Al,S1404;, (H,0 - S10,) u aBoraapur (K, Cs)BF, sBnstorcs peakumu. Pyouauit
— TUINHAYHBIA PACCESIHHBIA 3JIEMEHT, He 00pa3yeT COOCTBEHHBIX MHUHEPAJOB, HO
Oosiee pacmpocTpaHeH, 4YeM JUTHH U 1e3uil. OcHOBHas Macca pyouaus
COCpPEJIOTOYCHA B KaJIMEBBIX MUHEPAIaX, OTHOCUTEILHO BBICOKHE €T0 COACPKaHUs
HaxoJITCS B MHUHEpajax JUTUs W ue3us. [Ipu aHamusze ropHbIX MHOpOAd, PYI,
MUHEPAJIbHOTO  CBHIPbSl  COJCpP)KaHHME IIEJIOYHBIX  METaUIOB  HEO0OXOIUMO
ONpeAeisiTh B IUPOKOM auana3zone KoHueHtpauuii — ot 0,001 mac.% no necsitkon
MPOIICHTOB. DMHUCCHOHHAs (poToMeTpusi MmiiaMeHu obecrieurBaeT 0oJjiee HHU3KHUE
npeaebl 00HAPYKEHUS MISTOYHBIX METAJIJIOB, OJTHAKO BIMSHHE COCTaBa MEHBIIE
B aTOMHO-a0COpOLIMOHHOM MeTone. Jlns ompeneneHus IMIETOYHBIX METaIJIOB
METOJaMHd aTOMHOW CIIEKTPOMETPUHM HEOOXOJMMO BCE IIEJIOYHBIC METaJlIbI
MEPEBECTH B XJIOPUJBI, KOTOpPHIE XOpOUIO pacTBOpsitoTcsi B Boje. Ecim
aHamm3upyemasi mpoba nHepactBopuma B HCI, To ee cHauana oOpabaThiBarOT
cmecwto kucinotr HF, HCIO,, HNO; win HF, H,SO,, HNO;. O6paboTka HaBeckH
npoObl STUMHU CMECSIMH CHOCOOCTBYET YJAJCHUIO KPEMHHs. 3aTeM HE0O0XOIuMO
yaaneHue Gropa u npeBpaileHue cyJbPpaToB UK MEepXJaopaToB B xjopuasl. Kormaa
B MpoOax cojepxaTcsi MUHEpabl, TPYAHO pa3jiaraeémMbie B KHUCJIOTaX, BCKPBHITHE
MPOU3BOJAT criekaHueM HaBecku poObl co cmechio NH,Cl — CaCOj;. Crekiryrocs
Maccy BBIIIEIIAYUBAIOT BOJOM, €10 K€ W3BJICKAIOT IIeJIOYHble MeTauibl. B
Mporiecce pasyioKeHUss MpoObl W TMOJTOTOBKH PacTBOpa K aHAIM3Y IOTEPHU
IIEJIOYHBIX METaUIOB MOryT jgocturatb 4-5 otTH.%. IlosTomy Haunbomee
MPEANOYTUTEIIBHBI METOJT Pa3lOKEHHS — 3TO BCKPBITHE CMECHhIO KHCIIOT B
3aKPBITBIX COCYJIaX WJIM aBTOKJIaBax.

[[lenounbIe METAIIIIBI ATOMU3UPYIOTCS B HU3KOTEMIIEPATYPHBIX TJIaMEHaX
— BO3JAYILIHO-IIPOMAHOBOM WM BO3AYLIHO-alleTUIECHOBOM. (OCHOBHasi MpUYMHA

226



B3aMMHOTO BIIMSHUS Ha WHTEHCUBHOCTh JIMHUN B CHEKTpPEe HU3Iy4YeHHUs M Ha
BEJIMYMHY aHAJUTUYECKOTO CUTHAJIA — 3TO MOHM3alus aroMoB. Hanbonee Bricokast
CTerneHb HOHM3auu HaOmogaercs st atomoB Cs u K. JloOaBieHue B miiams
JPYroro IeJOYHOr0 MeTajula YMEHBINAeT CTeNeHb HOHHM3AlMU TEpPBOTO, YTO
MPUBOJUT K POCTY MAPIHMAIBHOIO JABJICHUS MEPBOr0 METAIIA; COOTBETCTBEHHO
YBEJIMYMBACTCS HHTEHCUBHOCTh €r0 M3JIY4YEHHUS WM BEJIUYMHA AaTOMHOTO
norjomenus. JPPexT TeMm 3HaYuTeNbHEE, YeM BHIINIC TeMmIeparypa IJIaMeHH,
MEHBIIIE KOHIICHTpAIMs TMEPBOTO MeTayuia, OOJbIIe ATOMHBIA HOMEpP TEPBOTO
(ompenensieMoro) M BTOpPOro (J00aBIsEMOr0) dJEMEHTOB. B CBsi3M ¢ 3TuM
HamOoJyiee monxofsane OydepHble DJIEMEHTHI, CHIDKAIOININE HOHU3AINIO
IIEJIOYHBIX METAJJIOB, — KaJIMK U Ie3UH.

CrereHb WOHU3AIMH MIEIOYHBIX METAUIOB PACTET, €CIM B IUIaMEHU
MPUCYTCTBYIOT aTOMBI, CIOCOOHBIC 3axBaThIBaTh JJICKTPOHBI (HAIpHUMEp, II0
ypaBHeHuto Cl +& <> Cl'). D10 onHa u3 npuyuH aHuoHHoro sddexra. Jpyroe
MPOSIBJICHHE aHUOHHOTO d(dexkra — ToMeXH B KOHJIECHCHpOBaHHOU (hase,
CBs3aHHBIE C 0Opa3oBaHWEM TepMOCTOWKHX coenuHenur Al, Si, Ti  wu gp.
CnocobHOCTh K X 00pa3oBanmio Bo3pacraeT B psaay Na, K, Li, Rb, Cs. Takum
oOpa3oM, KOHIICHTpallus aTOMOB pyOuMmus W 1e3us B IUTaMEHH HauOosee
MOJBEp)KEHA M3MEHEHUI0 W3-3a MPUCYTCTBUS B PACTBOpPE IPYTUX KAaTHOHOB U
aHUOHOB. XHWMHUYECKHE TMOMEXH B KOHACHCHUPOBAHHOW (ha3e YCTPAHSIOT MyTeM
NOBBIIIEHUS 3()PEKTUBHOCTU paclbUIEHUs, 100aBisisi B pacTBOpbl 3-5 00.%
OyTHUJIOBOTO CHUPTa WIM APYrOro OPraHMYECKOTO PacTBOPUTENSA. AHHOHHBIN
3p(EKT MPOABIAETCSA, €CIM B PacTBOPE MPUCYTCTBYIOT OONBINNE KOHIICHTPAITUU
kucioT. B mpucyrctBun Ca, Sr mnm Fe HaOmromaroTcs CHEKTpalIbHBIE ITOMEXH,
CBSI3aHHBIE C M3IIYYECHUEM MOJEKYJISPHBIX IMOJ0C, KOTOPhIE HAXOIATCA OJIM3KO K
PE30HAHCHBIM JIMHUSIM I1IETTOYHBIX METAJIJIOB.

XpoM, HUKENb, KOOanbT. PacrpocTpaHEHHOCTh ITHX 3JEMEHTOB TPYIIIBI
’Keye3a B 3EMHOM KOpe 3HAYUTENIbHO MEHbBINEe, YeM >Kelie3a W Maprasia.
OcHOBHBIE MUHEPAJIBI XpOMa — XPOMHTBI — MPEACTABIAIOT COO0H XPOMIITTUHETH
coctaBa (Mg, Fe)(Cr, Al, Fe),0,. Conepxanue XpoMa B XPOMIIIIUHEIIIX MOXET
u3MeHaATbes oT 18 o 62 mac.% Cr,0s, conepxkanue xkenesa - ot 2 10 30 mac.%
Fe,O; u FeO no 18 mac.%, conmepxanue marHus - oT 6 go 16 mac.% MgO,
conmepkaare amoMuHus - 10 33 mac.% Al,Oz;. M3BecTHBI TakKe CUIMKATHBIC
MuHepanbl xpoma — XxpomrpaHaT Ca;Cry(SiO4);, Bonkonckout (Cr, Fe,
A1)4(Sl4010)(OH)82H20 " Ip.

W3BecTHBI HUKENEBbIE MHUHEpaNbl THUNA CYJIb(UIOB, AapCEHHUIOB,
cyiboapceHu0B, ciMKaToB. KOOAIBT — MOCTOSHHBIN CITyTHUK HUKENS U MOYTH
BCETrJla COJEPKUTCS B HUKENEBbIX MuHepanax. OH oOpa3yeT psjg cOOCTBEHHBIX
MUHEpAJIOB, B KOTOPHIX XapaKTepHa CBs3b KOOambTa C MBIIbIKOM. Hampumep,
KoOanbTHH Wi KoOambTOBBIM Oneck CoAsS, ckyrrepymutr CoNiAs;, 3putpuH
Co03(As0y),-8H,0. KobanbT 4acTo NpuCyTCTBYET B MapTraHIIEBhIX pyax.

[Ipu aToMHO-aGCOPOIIMOHHOM OTPEEICHUH ITHX SJIEMEHTOB HEOOXOANUMO
MOJIHOE PACTBOPEHHE HABECKU MPOObI, T.K. XPOMHUTHI OOBIYHO pa3jaratoTcsi B
MOCJICAHIO o4Yepenb. YUYTOOBI TOJHOCTBHIO Pa3lIOKUTh HaBECKy, 00paboTKy
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KHCJIOTaMU MPOBOAST B aBTOKJIABaX WJIM MPUMEHSIOT cruiaBieHue. lllenounbie
IJIaBHU HE BCEr/a pas3jaraiT XpoMUThl. bojee monHoe pas3inoxkeHue MHUHEPAJIOB
XpoMa HabJo/aeTca MpU CIUIABJICHUWU C TMEPOKCHUJIOM HATpuUs U KapOOHATOM
KaIUs-HATpUsL WM C KapOoHaToM Hatpusi U Oypoi. [lpu pasmoxkeHun mpob ¢
ATUMHU IJIABHAMH XPOM IMOJTHOCTBIO OKUCISIETCS /10 IIeCTUBajIeHTHOro. Ecnu uias
BBHIIIENIAYMBAIOT BOJIOM, TO XpOM TIEPEXOJAMT B PACTBOP M TaKUM 00pa3om
OTJENAETCS OT OCHOBHOM MaccChl Kelie3a U psja APYTruX KOMIIOHEHTOB MpOOBI,
COEJIMHEHHSI KOTOPBIX HE PACTBOPSIIOTCS B Boje. Hukenb u KoOalbT HAXOASTCS B
octatke, KoTopblii 00buHO pactBOpsitor B HCL. Ecnu B mpobax comepkarcs
CyabGuAbl WIM OpraHNYecKOe BEIIECTBO, TO UX IMPEIBAPUTENILHO MPOKAIUBAIOT
uin oopadarsiBaroT HCl mimn HNO; 1151 03071€HUST OpraHnYecKol COCTaBIISIIOLIEH,
yAaJeHus] OCHOBHOW MAacChl CEphl M MBINIbAKA. 3aTeM pasloKEeHUE MPOObI
MIPOBOAMTCS IO OOIIEH METOANKE KUCIOTAMH MU CIUIaBIICHUEM.

ATOMHO-2a0COpOIIMOHHAS CHEKTPOCKOMUS TIUIAMEHH TMPH  PAaCTIbUICHUU
pacTBOPOB TPOO, TIOMYYEHHBIX IIOCIIE pa3NOKEHUS HAaBECKH, MO3BOJISET
onpenenarh coaepxkanue Cr, Ni u Co ot 0,001mac. % u Bwilie 6e3 OTAEICHUS
COITyTCTBYIOIIUX 5JIeMeHTOB. [Ipu 3TOoM HeoOxoauma koppekuus ¢oHa OO
KOPPEKTOpOM, JMOO  KakUM-IHOO  JPYruM  CrocoOoM, Hampumep, 0
Hepe3oHaHCHBIM JuHUAM. ATomuzamus Cr, Ni u Co mnpoBoautcs OOBIYHO B
BO3/YIIHO-alIETHJIEHOBOM TM1aMeHH. CTelneHb OKUCICHHsS XpOMa OKa3bIBaeT
BIMSHUE Ha BEJIMYMHY AHAJUTHUUYECKOrO CUTHajla. B BO3MyIIHO-alleTUIICHOBOM
OOOralieHHOM IIJJaMEHM CHUTHaJ TPEeXBaJEHTHOrO Xpoma Oousblie, dYeMm
niecTuBajJeHTHOro. [Ipu CTEeXMOMETPUYECKOM COOTHOIICHHWU Tra3oB B Troprouei
cmecu paznunia Mexnay nornomenuem Cr(III) m Cr(VI) mpaktuuecku He
HaOmonaercs. B ¢BA3M ¢ 3TUM HEOOXOMMO MOJHOE OKUCIEHHE XPOMa B MPOLECCE
MOJTOTOBKMA PAacTBOPOB MPOO, CTPOTMH KOHTPOJH 3a COOTHOIIEHHWEM Ta3oB B
IUIAMEHH W COOTBETCTBME BaJCHTHOCTH XpOMa B TPaIyHPOBOYHBIX U
aHAM3UPYEeMbIX  pacTBopax mpod. [lpm  3HAUMTENTPHOM  COACpX)AHHUH
conyrctBytomux amemeHToB (K, Ca, Mg, Fe, Na u gap.) HaOmomaercs
HECEJIEKTUBHOE TMOTJIONICHHE, BEJIMYMHA KOTOPOrO0 3aBUCHUT OT THUIA IJIaMEHH,
COOTHOIIIEHHSI TA30B B TOpIOYE CMeCH U MPUPOJLI aHMOHOB. B azoTHO — W
CEpPHOKHCIIBIX ~PACTBOpaX HECEJICKTUBHOE TMOIJIOUIEHUE OoJibllie, 4YeM B
npucytctBur HCl. B niiamenax, o6eJHEHHBIX TOPIOUYKUM, HECEJIEKTUBHbBIE TOMEXHU
MEHbIIIe, HO OJHOBPEMEHHO YMEHBILAETCS U BEJIMYMHA aHATUTHUYECKOIO CUTHAJa
Xpoma.

L[BeTHBIE METAJIBI — ME/b, ITUHK, CBUHEIl, BUCMYT, KaJMUH, CypbMa — B
OONBIIMHCTBE MOPOJ MPUCYTCTBYIOT B CIEAOBBIX KoiaumdecTBax. OHU 00pa3yroT
MUHEpabl B BUIE CYJIb()HUIOB MPOCTOTO WM CIOKHOTO COCTaBa WJIM OKCHJIOB
pa3HOil crTemeHu OKucieHud. [lpumepamMu MOTYT CIHyXHUTb CyJIbQUIHBIC
MuHepaibl Meau (xanbkonuput CuFeS,, xanpko3ud CuS), uunka (chanepur ZnS),
cBuHUa (rasenut PbS), Bucmyta (BucmyTtuH Bi,S), cypbMbl (CypbMsHBIN Olieck
Sb,S). IlponykroM OKHUCIEHHUS CYJIb(QUAHBIX MUHEPAIOB SBISIIOTCA OKCHIBI,
CWJIMKAThI, KapOoHaThl IBeTHbIX MeTawioB: ManaxuT CuCO;-Cu(OH),, azyput
2CuCO;-Cu(OH),, xpuzokon CuSiOs3-2H,0, uuakur ZnO, cmutrcoHut ZnCOs,
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BWIIeMHUT Zn,Si0,4, anrnesutr PbSO,, mepyccutr PbCO;, Bucmytur (BiO,;)COs;,
6azoBucmyTuT 2B1,03C0;-H,0, BasierTuHUT Sb,03, cepBanTuT Sby04, CypbMsHas
oxpa Sb,03-H,0, ctubuxonutr Sb,O4,H,O u ap. Munepansl KaaMus Malo
U3BECTHBI, BCTpedaroTcsi penko. Kaamuii — TUNUYHBIA paccesTHHBIM SJEMEHT.
Berpewatoress moponbl, oOoraiieHHbleé MUHEpajaMu OJHOTO IBETHOIO MeTallja.
[Tomumeramauiyeckue pyasl — OTO TOPOABI, OOOTalIeHHbIE MHHEpaJTaMH
HECKOJIBKUX IIBETHBIX MeTaoB. [[BeTHBIE MeTauibl BCTPEUYalOTCSI B CBOOOIHOM
COCTOSIHUU B BHJIE€ CAMOPOJIKOB.

[Ipn pas3nokeHUH HABECOK pya IBETHBIX METAUIOB MpoOy BHauaie
obpabarsiBatoT HCl npu kumisiueHun A7is yJaaeHus OCHOBHOTO KOJIMYECTBA CEPHI.
PacTtBop BBIMapuBarOT 70 BI@XKHBIX COJIEM M MPOMOIKAIOT 00pabOTKYy APYrUMU
kucinotamu (HNO;, HCIO,4, HF). Cepuyto KHCIOTY MPUMEHATHh HE CIEAYyeT, T.K.
BO3MOXHBI TIOTEpU CBHUHIA W3-3a ocaxkiaeHus PbSO,. Omnako cynbdaT cBHHIIA
MOXKET 00pa3oBaThCs B pe3yibTaTe OKHUCICHUS CYJIb(PHUI0B, TPUCYTCTBYIOMNX B
npobe. Eciau B ocanke numeerca BaSO,, TO BEpOATHOCTh NMPUCYTCTBUSL CBUHIIA B
ocaJke BoO3pacTaeT BCIEACTBHE wu30MOphHOTro coocaxacHus. I[lostomy s
o0ecIteYeHus TIOJTHOTO PACTBOPECHMS HABECKH OCTATOK OTICISAIOT (GUIBTPOBAHHEM
W cIaBsatoT. [lmaB pacTBOpSIOT B KHUCIIOTE, PacTBOp IUlaBa W (QHUIbTpaT
00BETUHSIOT.

Paznoxenue cruiaBieHueM CleqyeT MPEeArnouecTh JUisi OKUCICHHBIX Py U
pyn c OonbmiuM coxaepxkanuem Pb, Cu, Bi, Sb. Ilpu pactBopeHuu miaBa u
pa30aBieHUU PACTBOPOB COJU BUCMYTa U CYpbMBbI JIETKO THIPOIU3YIOT. [loaTOMy
OTJIeJICHUE HEPACTBOPUMOTO OCTaTKa W MIPOMBIBAHUE €0 JOJKHO MPOBOJUTHCS B
JIOCTaTOYHO KHUCIBIX pacTBopax. Korma pasmaraercst 60ombias HaBecka MUHepasa
C BBICOKHM COJIEp’)KaHUEM CBHHIIA, HEOOXOAMMO YYHUTHIBATH HEBBICOKYIO
PacTBOPUMOCTH XJIOPH/Ia CBUHIIA.

B monydeHHBIX pacTBOpax OMPENENSIOT IBETHHIE METAIBI B TUIAMCHH
alleTWJICH-BO3IyX METOJIOM aTOMHO-a0COPOIMOHHON CHEKTPOCKONUHU, KOTOpas
o0OecreynBaeT JOCTATOYHO HU3KHUE TIPENeiabl OOHAPYKEHUS ATHUX DIIEMEHTOB:
Cu — 10* mac. %, Zn u Cd — 10~ mac.%, Pb, Sb u Bi — 10°mac.%. Eciu
HEOOXOJMMO ONpENeTuTh 00jiee HHU3KHE COJCPKAHMs, WX IMPEABAPUTEIHLHO
KOHIICHTPUPYIOT C TOMOIIBIO 3KCTpakiuu. OTAETbHBIE IBETHBIC METAJUIBI WU
BCIO TPYMITY 3KCTPArupyroT XJI0popopMoM, OyTUIIAIIETATOM, YEThIPEXXIOPUCTHIM
YIJIEpOJIOM,  METHIM300YTUIKETOHOM  WJIM  CMEChI0  M30-TIEHTaHoja  C
METUIN300y TUIKETOHOM B BU/JIE KOMILJIEKCOB C N-UHMHHAMOUJI-
(beHUITUIPOKCUITAMUHOM, N-6eH30naheHUITUIPOKCUITAMUHOM, 8-
OKCUXHHOJUHOM, JTUATHIIIUTHOKapOaMaToM HaTpHS,
NUPPOIUAMHIAUTAOKapOaMaToM  aMMoHus W jp. CHWKEHHIO  Tmpenesa
OOHapy>XeHHUSI CIOCOOCTBYET TaK)K€ HCIOIb30BAHUE DJIECKTPOTEPMHUUECKOTO
criocoba aToMH3aIuu.

AHaTUTUYECKUN CHUTHAJd IIBETHBHIX METAJUIOB TIOBBIMIAETCS Ojaromaps
n00aBIICHUIO B PAacTBOp alleTOHA, W3OMPOIMIOBOTO CIHUPTA, MOHOKaApPOOHOBBIX
KHCIIOT ¥ JPYTUX OPTaHUYECKUX PACTBOPUTENCH. ITOT MPOCTON MPHEM CHUKCHUS
npenena ooHapyxeHus 3(h(HEKTUBEH B TEX CITydasiX, KOrJa KOHIIEHTPAIIUs COJICH B
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pactBope HeBenuka. AHamutuueckud curHan Cu, Zn, Pb, Bi, Cd, Sb
YMEHBbIIIAEeTCs, €ClM B pacTBope npucyrcrByer 6onee 1 mr/mi Si, Al, Ca, Ti, Zr
unu 6onee 2mr/mn Fe, Mg, Sr, Ba, Na u nap. [IpuunHOl CHUXEHUS CUTHAJIOB
OTIPEJICISIEMBIX AJIEMEHTOB SIBJISICTCSl HEMOJIHOTA MCHAPEHHS YacTUUYEK a’pO30Jis
pacTBOpOB C OoJbIEH KOHIIEHTPAIMEH pPACTBOPEHHOI'O BEIIECTBA, HEMOJIHAs
JUCCOIIMAINS TEPMOCTONKHUX COCIMHEHHI COIMYTCTBYIOIIUX JIEMEHTOB, B COCTaB
KOTOPBIX BXOJAT I[BETHBIE MeTasuthl ((pusnyeckas OokupoBka). Kpome Toro, mpu
6onbmon kouteHTparuu Ca, Si, Fe, Mg, Na HaG1r01a10TCs TOJIOCHI TTOTIIOMICHUS
MOJICKYJIIPHBIX COCIWHEHWN BOJM3M HanOoliee CWIBHBIX JIMHUN B CIEKTpax
nornomenus Cu, Zn, Bi, Sb, Pb. [Toatomy npu pabote ¢ pacTBOpamu ¢ BBICOKOI
KOHIICHTpaIuei PacTBOPEHHOIO BEIllECTBA HEO00X0IUM KOPPEKTOP
HECEJIEKTUBHOTO MOTJIOIICHHUS.

Monubaen oOpasyer psJl MUHEPAJIOB CYJIb(PUAHOTO U OKUCIEHHOTO TUIIOB.
HaubGonee pacnpocTpaHeHHbI U3 HHUX — MoJuOAeHOBBIA Oneck MoS,.
Berpewatoress takke wmonubmar Fe(MoOy);-7H,O, mosemmutr Ca(Mo,W)O,,
BybheHuT PbMoO,. MonunbieHoBbie MUHEpAIBI UMEIOT CPABHUTEIBHO MPOCTOMN
COCTaB, OHM XOPOILIO pa3zjaratorcs KuciaoTamu. JlJisi OUEHKH MECTOPOXKICHUS
gacTo TpeOyeTcss pa3felibHOe OMpejesieHne Cyab(UIHOTO U OKUCICHHOTO
MonnOaeHa. OnpeneneHue OCHOBaHO Ha Pa3HOM PacTBOPUMOCTH MOJIMOJEHUTA U
OKHCJICHHBIX MHUHEPAJIOB MOJuOAeHa B kucioTax. OmnpeaesieHue MOIUOeHa KaK
puMecH B MOPOJAaxX, pyJax M MHHepaiax — OoJiee CIOXKHas 3ajada. ATOMHO-
a0COpOLIMOHHAsT ~ CIEKTPOCKOIHUSI ~ TMPU  aTOMH3allMM  PacTBOPOB  MpoOd
reojiorudeckux matepuaioB B rmiameHu N,O-C,H, mosBosser ompeaensith OT
10 mac. % Mo. PasnoxeHne npo6 MPOBOMAT KHUCIOTAMH WM CIUIABICHHEM.
[IpoOsbI, comepxalire OpraHUYECKOE BEIIECTBO, MPEABAPUTENILHO MPOKATUBAIOT
WIM pasliaraloT CIUIaBJIeHUEM ¢ J00aBKoil cyxux okuciuteneil. CruiaBieHue
MPOBOJSAT B IJIATMHOBBIX, I'PaUTOBBIX, HUKENEBBIX TUTIIAX. Hukenesbie TUTIU
MOTYT cojepaTh MonubOaeH. [lpu cmiiaBieHMH W TPOKAIMBAHWUM HarpeBaHUE
JOJDKHO OBITh  MEJICHHBIM, OCOOEHHO B Havaie. OXJIaXICHHBIA TJ1aB
BBHIIIENIAYMBAIOT BOJIOM, KyJa TMEpPeXOoisaT Ccyiab(daThl MIEJIOYHBIX METAJIOB,
rajioreHuibl, ¢GocdaThl, aTOMHUHATHI, TePMaHAThl, MOJIMOIATHI, BOJb(paMartsl,
CTaHHAThl, XpomaThl. UTOOBl 00€CHEeUYUTh MOJHOE PACTBOPEHHE MOIUOCHA,
JNO0ABJISIOT MEPOKCUJ BOJAOPOAA B BOJAHYIO BBITSKKY U KHUISITAT BMECTE C
octatkoM. IIpu »TOM oOecneyuBaeTcsi MOJHOE OKHUCICHUE MOJUOJEHa [10
[IECTUBAJICHTHOTO, PAacTBOPUMOCTh  COCIMHEHUN  KOTOPOTrO  BBINIE, YEeM
COCIMHEHUN MOJUOeHA HU3IIIECH BaJEHTHOCTH.

[Ipu onpeneneHuun MoAMOIEHA METOJOM ATOMHO-a0COPOLMOHHOM
CHEKTPOCKOMMUHU TPEANOYTUTEIbHO KHUCIOTHOE pa3lIokKEHUE, IOocie KOTOPOro
KOHLIEHTpalusi cojied B pacTBope HeBenuka. [IpoObl, comepkainue cyibuisbl,
npeaBaputenbHo obpadateiBaroT HCl u HNOs, 4T00BI y1aiuTh OCHOBHYIO Maccy
ceppl. Ecim B mpobe comepkuTcs MOMMOIEHUT, TO €ro MEJKHE YaCTHUIIbI
BCIUTBIBAIOT, OOpa3yss Ha TMOBEPXHOCTH KHUIKOCTH CEPYyI0 IUICHKY, KOTOpas
MOCTETNIEHHO MOJHUMAETCS M0 CTEHKaM 4Yaiiku. [[IeHKy peKOMEHIYIOT CMBITh CO
cteHoKk cnuptoMm (1-2 mut). KonumdecTBeHHBI TNEpeBOJ MOIUOAEHA B PacTBOP
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obecnieunBaercs cmecbto HF+HCIO4,+HNO; mpu pa3iokeHMHu B OTKPBITHIX
cocylax, OJIHOBPEMEHHO yaanserca KpeMHuil. HeoOxonumo TiiareiabHoOe
yaanenue ¢propa u odpadborka ocrarka cojieid pactsopom HCI. DTo crmocobcTByeT
MOBBIIICHUIO CTETICHN aTOMU3AIUU COSTMHEHUN MO0 IeHa B TIJIaMEHHU.

Monubaen - TyromiaBkuii merami (t,, = 2630 °C); kpome TOro, oH
oOpa3yeT TyroriaBkue kapOouzabl. [losTomMy ajis aToMHU3alMyd MPUMEHSIOT TUIaMs
N,O-C,H,. Crenenp aroMu3alyy BbIIIE€ B IJIaMEHH, OOOTallleHHOM YTJIEPOJOM.
[ToaTomy mpenen oOHapykeHuss Mo M3 OpraHUYECKUX PACTBOPOB HUXKE, YEM W3
BOJHBIX. BennunHa aHAJIUTUYECKOrO CUTHajda 3aBUCUT OT MPUCYTCTBUS
noctopoHHux 31eMeHToB — Al, Ca, Fe, Cr, Mn, SO, Jlob6aBnenue B pactBop Na,
K, HCI cumxaet npenen ooHapyxeHust Mo B BO3AYIIHO-ALIETUJIEHOBOM IIJIaMEHHU.
Otor sddekt eme cunpHee B miaamenn N,O-C,H,, T.k. mobGaBka coeluHEHUN
HATpHUs U Kajiusg yYMEHbIIIaeT MOHU3AIMI0 aTOMOB MonuOaeHa. Korma cogepkanue
COMYTCTBYIOIIUX D3JIEMEHTOB B PAacTBOPE BEJIMKO, MPOBOAT MpPEaABAPUTEIHLHOE
OTHIEJICHHWE W KOHIEHTPUPOBAHUE MOJUOJCHA, HCIOJIB3ysd HOHHBIA OOMEH U
sKcTpakiuoo. Hanbonee HU3kMe mpeaeibl 00HAPYKEHUST MOJIMOIeHa IOCTUTAIOTCS
Py KCIOJB30BAHUM  DJECKTPOTEPMUUYECKUX aATOMHU3aTOPOB. ATOMHU3ALMS B
rpaUTOBBIX TPYOKaX OCIOXKHAETCS 00pa3oBaHUEM TEPMOCTONKHUX KapOUIOB.

bepumnuii OTHOCUTCS K paccessHHbIM djemeHTaM. lIpucyTcTByeT B
OCHOBHOM B CHJIMKATHBIX TTOPOAAX B MAlbIX KOJHYECTBaxX, mopsmka 10~ mac. %.
W3BecTHBI MHMHEpandbl C BBICOKMM COJEpXKAaHUEM Oepuuius. OTO CHUIIUKATHI,
aJIOMHUHATBI, atoMocuinkaTel. Hanbonee pacpocTpaHeHHbI MUHEPATl — OSpUILIT
Be;Alx(Si103)¢. Berpeuatorcst Oepwiiibl ¢ IpUMeECSIMU  1I€3Us, PYOUIusi, JTUTHS,
xpoma, kenesa, Hatpus. [lpu aHanmuze mopoid, pya U MUHEpPAIOB HEOOXOIUMO
OMpEeNeNATh OYEeHb HU3KUE COJIepkKaHUA OCpulIusi, €clid K€ MCCIEeAYIOT
OepuITMeBble MUHEPAJIBI U COJTH — OTIpeAeisitoT Be Ha ypoBHE 1ebIX npoleHTa. B
X0Jle aHamu3a OCpUJUTUIO COIMYTCTBYET aIIOMUHUN,  MOITOMY Pa3jI0oKEHHUE
aHAJTM3UPYEMbIX MHUHEPAJIOB MPOBOJAT TaK K€, Kak M TPU ONpPEACICHUU
anmtoMuHUs. [I[pUMEHSIOT CIUIaBIeHUE U KUCIIOTHOE Pa3jioKeHHE B aBTOKJIaBax WU
OTKPBITBIX COCyJaxX C JOIMOJHHUTEIbHONH 00pabOoTKONW HEpacTBOPUMOIO OCTaTKa.
bepuumii ipu BhIIETaYMBAHKUHY T171aBa MPOOBI ¢ KApOOHATOM HATPHS BBINAJAET B
0CaJIOK.

Hns aromuzanum Oepuuius npumensitor miameHa C,H,-Boznyx u C,H,-
N,O u snexkrporepmuueckuii atomuzarop. [Ipenensl oOHapyKeHUS COCTAaBISIOT
n-10*, n:10° u n-10° % Gepumius, COOTBETCTBEHHO. B IuIaMeHM BO3IyX-
alleTUJICH OTMedaeTcss MHoro mnomex, B riameHu N,O-C,H, BausHue coctaBa
pacTBOpoB MeHble. [Ipu aroMuzanuu B SJIEKTPOTEPMUUECKOM aTOMHU3ATOPE
Ha0JII01aeTCsl HECEJIEKTUBHOE TOTJIONIEHUE B MpUCyTCTBUU Oosiee yeM 0,2 Mr/mi
coenquHenur Si, Al, Ca, Mg, Ti. Ilpu pa3noxeHUU XJOPHOU KHUCIOTOMN
MOJIYyYarOTCSl IEPXJIOPATHI, KOTOPbIE CO3AAI0T HauboJee CUIIbHbIE HECEIIEKTUBHBIC
MOMEXH B DJIEKTPOTEPMUYECKOM aTOMHU3ATOPE.

YroObl HCKIIOUHUTH BIHMSHUE COCTaBa MNpoO Ha pe3yJbTaThl ATOMHO-
a0COpOIIMOHHOTO OmpeeleHuss OepWIns, B TIPOIecCe Pa3oXKEeHUs IMpoo
YAAIAIOT KpeMHHA. B moydeHHBIE pacTBOPHI JOOABISIOT CIEKTPOXHUMHYECCKUE
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Oydepbl, KOTOpble  MpelOTBpallalOT  00pa3oBaHUE  TPYIHOJIETYYHX U
TEPMOCTOMKHX COCIUHEHUU AaIOMUHUS, KaJIbLUS W JIPYTUX COMYTCTBYIOIIKUX
aneMeHToB. [Ipu aHanmuze pacTBOPOB B 3JEKTPOTEPMUUYECKUX ATOMH3ATOpPaAx s
pasnoxkeHuss MpoO HE MNPUMEHSAIOT XJIOPHYIO KHUCIOTY. YCTpaHEHHE TOMex
JIOCTUTAeTCs  HWCIOJIb30BAaHUEM METOJIOB TMPEABAPUTEIBHOTO pa3JieNiCHUus |
KOHIIEHTPUPOBAHMSI, YaIlle BCErO — AKCTPAKIIMOHHOTO KOHIIEHTPUPOBAHUS.

ONOBO B pACCESTHHOM COCTOSIHMM (PUKCHUPYeTCsl B T'PaHUTOUAX,
nerMaTuTax, CIIJax, MOJIEBBIX INMATaX W Pa3IUYHBIX OCAJOYHBIX TOPOJIAX.
brnaromapsi OonpIIONW ~ MJIOTHOCTA MUHEPAIbl O0JOBa KOHIICHTPUPYIOTCS B
pocchimisix. OsoBo oOpa3yeT OKOJIO JBAAIATH MHHEPAJIOB, KOTOPBIE 10
XUMUYECKOMY COCTaBYy OTHOCSATCS K CymbuaaM, OKCHAAM, CyIb(OoCTaHHATaM.
Haubonee pacmpocTpaHeHHBII MUHEpal OJOBAa — KAaCCUTEPUT- HE pa3jaraercs
KucioTaMu. TOoIbKO KOJUTOUIHBIC (POPMBI TUOKCH 1A 0JIOBA, KOTOPHIE BCTPEUAIOTCS
B OKHCIICHHBIX CYJb(DHUIHBIX pyJaX, pacTBOPSIOTCS B pa30aBIICHHBIX KHCJIOTaX.
CraHHUH W CynbQUIHBIC MUHEPAIBI 0JIOBA Pa3jIaraloTcsl B KOHIIEHTPHUPOBAHHBIX
KHCIIOTaX MPU HarpEBaHMH.

Ecnu npo6sl, coneprkaiue ooBo, oopadbarsiBate HCI, To npu HarpeBanuu
B OTKPBITBIX COCYJlaX MOTYT OBbITh 3HAYHUTENIbHbIE TOTEPU OIMPEIEISIEMOro
aJIeMeHTa u3-3a 0osbiIon Jetydectu xjopuaa onosa (II). OnoBo tepsiercss naxe
P BBIMIAPUBAHUK pacTBOpa 0€3 KUIMECHMsI, KOTJa Ha CTEHKaxX YallKu o0pa3yeTcs
KOJBII0O CyXHMX COJieH. YJeTyuyMBaHHE HE TPOUCXOJUT, €CIU Pa3JIOKEHUE
npoBouTh B pactBope HCI moj 4acoBBIM CTEKJIOM WM B 3aKPBITOM COCY/IE.
Xnopun omoBa (II) He ymerydymBaeTrcsi, eciu B pacTBOp J00aBUTh CEPHYIO
kucnoTy. [lpu pasnoxkeHnn Mopoja, pyJ U MUHEPAIOB a30THOW KHCIIOTOW OJIOBO
OCKIAETCS B BHJIC METAOJOBSHHON KHCIOTHL. KoNMMuecTBEeHHOE MepeBelICHUE
OJIOBA B OCAJOK OOECIEYMBACTCS TPHU TOBTOPHOM BBITAPUBAHUU C A30THOM
KHUCJIOTOW U TOJICYIIIMBAHUM OCAJIKA.

IlepeBeneHne  COeAMHEHMH  OJioBAa B PacTBOPUMOE  COCTOSIHUE
OCYIIECTBISIETCSl  CIUIAaBIEHMEM HMX €O  ImejoyamMd Tpu  J00aBIeHUH
METaJUIMYECKOro IWHKa, HaTpus, Kaiaus. KaccuTepuT MoxeT OBbITh pas3iioxkeH
CIUIABJICHUEM CO CMECSMM NEPOKCHAA HATpus U Oypbl WM KapOoHATa HATPUS U
Oypsl. [lnaB pacTBOpsIOT B Boze, a 3aTeM J00aBIISIOT TOCTATOYHOE KOJIUYECTBO
HCI, uyToObl mpenoTBpaTUTh TUAPOIU3 coeauHeHHi onoBa. [lpu moGaBieHuuU
Imac. % BHHHOWM KHCIOTHI OJIOBO HE THAPOJIM3YETCS Oake B pa3z0aBICHHOM
pactBope HCl. AToMHO-a0copOLIMOHHBIN METO ] ¢ aToMHu3anuel B uiameHu N,O-
C,H, mnosBonser ompenensate or 0,001 mac.% Sn u Bbilie; B BO3AYILIHO-
alleTWIICHOBOM  ITUTAMEHM HIDKHUWA — TIpeieNl  OMPEACNSIeMBbIX  COJEPIKaHHMA
0,01mac. % Sn. IIpeaen oOHapyEHUSI CHUKAETCSI, €CIIU OJIOBO HAXOJUTCS B BUJE
(TOPUHBIX KOMIUIEKCOB WM COCIWHCHUW W aTOMHU3UPYETCSs B IUIAMCHH,
0o0OTallIeHHOM TOpPIOYMM Ta30M, WIH B CpeIe C BOCCTAaHOBUTEIHHBIMU
CBOVCTBAMMU.

ATOMHO-a0COpOIIMOHHBIN CUTHAJ 0JIOBA B 3HAYMTEIILHON CTEIIEHU 3aBUCUT
OT COCTaBa pacTBOpa MpU aTOMM3ALMU B BO3QYIIHO-AIlETHIEHOBOM IulamMeHu. B
6onee ropstuem minamenu N,O-C,H, nmomexu mposiBisitoTcst npu 0oJiee BHICOKUX
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KOHIICHTPAIUSAX COMYTCTBYIOIIUX 3JIEMEHTOB. AJIIOMUHUHN, XpOM, MarHui, TUTaH,
BaHA/IM YMEHBIIIAIOT aHATUTUYSCKUN cUTrHall ojioBa. CHUTHA TaKXe CHHYKACTCS B
npucyrctBun HNOj;, H;PO,4, H,SO,. HabmomaeTcs yBennueHue cUrHajia ojoBa
IIPY BBEJCHUU B IJIaMsI KaJIvs, MEJT0YHO3EMEIbHBIX 2JICMEHTOB, JIJAHTaHA U .

6.3. lNouebi

[louBa — 3TO €CTECTBEHHO-UCTOPUYECKOE OOpa30BaHUE, BO3HUKIIEE B
pe3yibTaTe W3MEHEHHUs IOBEPXHOCTHOIO CJOA  JHUTOCHEpbl COBMECTHBIM
BO3JIECTBUEM BOJIbI, BO3/IyXa M KMBBIX OpraHu3moB. [louBa — 3T0 reojornyeckoe
TEJI0, OTJIMYAloNIeecss OT BCEX IMOXO0XKHMX Ha Hee TJIMHUCTBIX M MeCYaHbIX
oOpa3oBaHUl TpPeXJe BCEr0 HAKOIJIEHUEM PA3JI0KUBIIUXCS OPraHUYEeCKUX
BEILIECTB U IJI0I0POIHEM.

[TouBa cocTOUT U3:

1. TBepABIX KOMIIOHEHTOB;

2. XUJKHX KOMIIOHCHTOB;

3. raz000pa3HBIX KOMIIOHCHTOB;

4. Makpo- U MUKPOOPTaHU3MOB (PACTUTENIbHBIX U KUBOTHBIX).

TBepaplii KOMIIOHEHT COCTOUT U3 MMUHEPAJIBHOW M OPraHWYECKOW 4acTei
(rymyca). MuHepaabHYyI0 4acTh COCTABJISIIOT IEPBUYHBIE MAaTEPHAIIbI, OCTABIIHUECS
OT MATEPUHCKON IMOPOJIbl, & TAKXKE BTOPUYHBIE MHUHEpPAJbI, 00pa30BABIIMECS B
pe3yibTaTe pas3loXKEHUs MEePBUYHBIX — 3TO IJIMHUCTBbIE MHMHEpajbl, a TaKke
MUHEPAbI-COJIN — KapOOHATHI, CyIb(aThl, FaJTOr€HU bl U Jp., BHIIABIINE B 0CAJ0K
U3 TMOYBEHHbIX BOJA. OpraHuyeckas 4YacTh IOYBBI - TyMyC —  CJOJKHOE
OpraHMYecKOe BEIleCTBO, OoOpa3oBaBlleecs B pe3ysibTare (PU3MKO-XHUMHUYECKOTO
pa3lIOKEHHUsT OTMEpPIIMX OpPraHWYECKUX BeHlecTB. ['yMyc COIEpKHUT OKOJIO
50 mac. % yrmepona B Buae O€NKOB, aMHUHOKHUCIOT, YTJEBOAOB, JUTHHUHA,
OPUPOIHBIX CMOJ. PaspyllieHHe JUIHMHA BEAET K MOSBICHHUIO NMHPOKATEXHUHA,
NUPOTajioNia, OKCUTMAPOXUMHOHA. Pa3pplB  apoMaTH4ecKOro KOJbpLa JaeT
MYKOHOBYIK) WJIM IIABEJIEBYIO KHUCJIOTHl. Bce 3THM coeauHEHus y4acTBYIOT B
peakusX BTOPUYHOTO CHHTE3a, MPHUBOIALUIMX K OOpa30BaHUI0 T'YMHHOBBIX
KHCJIOT. ['yMHHOBBIE KHCIOTBI — HamOOJiee PACIPOCTPAHEHHBIE MPUPOIHBIE
OpraHMYECKUE COEOUHEHUs, OO0pa3yroulMecss B  pe3yibTaTe pa3oKEeHHS
PACTUTENBHOIO BEUIECTBA U MOCIEAYIOIIEr0 B3aUMOICHCTBHS MPOIYKTOB paciajia
OpyU yYacTUM MHUKPOOPraHM3MOB. MomsipHas Macca TYMHHOBBIX —KHCIIOT
koseosercsa ot 2000 mo 300000. ['yMHHOBBIE KMCIIOTBI SKCTPAarupyroTCs U3 MOYB
cina0bIMU IIEJIOYaMH M BBINAJAIOT B OCANOK Npu mnoakuciaeHur. CoeauHeHws,
OCTAIOLIMECS] B PACTBOPE IOCIE OCAXACHUS T'YMHHOBBIX KHCIIOT, Ha3bIBAKOTCS
(GyJIbBOKUCIIOTHI.

XKunakuii KOMIIOHEHT TIOYB TMpPEJCTaBiIeH CBOOOJHOM, CBS3aHHOU W
KanWUIIPHOW BOJOM. Bech XUIKHII KOMIIOHEHT IOYB HA3bIBAIOT MOYBEHHBIM
pacTBOpOM, KoTopsiii comepskut NO; , HCO;, HPO4>, SO,* — aHHOHBI 1 ApyTHe
COJIU, BOJOPACTBOPHMMBIE OpPraHMYECKHE KHUCJIOTHl M HUX COJIM, caxapa u [p.
COEIMHEHUS, B TOM YHKCIIE€ U TPYIHOPACTBOPUMBIE.
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[TouBennas Ouorta mpencrarieHa Quiopoil u dayHoOU (I0XKIAECBbIE YEPBU,
MOKpPHIIbI, 3€MJISIHbIE KJIEIIU, TpuObl, Oakrtepuu, Bomopociau). OcolOyroo poib
UTPAIOT ra3bl MOYBBI — a30T, BOAOPOI, KUCIOPOJ, YIJIEKUCIBINA ra3, MeTaH, aproH u
np. MakpococTaB MOUBBI SIBIISIETCS OJHUM M3 PelIaoimux (HakToOpoB MpPH B3ATUH,
MOATOTOBKE W BCKPBITHMM OOpa3IoB IOYB Iepe, MX aTOMHO-abCOpPOIMOHHBIM
onpeneneHreM. Tak, OOJBIIMHCTBO 3JIEMEHTOB B3aUMOJICUCTBYIOT C TYMHUHOBBIMHU
BCII[ECTBAMH ITOYBBI, U WX CBS3U MOTYT OBITh OIKCAHBI C TOMOINBIO SIBJICHUN
MOHHOTO OOMeHa, COpOIMU Ha TIOBEPXHOCTH, XEIaTOo00pa30BaHus, KOATyJISIUN U
nentuzanuu. CBA3bIBAHUE METAIAa MOXET MPOXOAUTh IO HECKOJIbKUM
pPEaKIMOHHBIM  IIEHTpaM TyMHUHOBOM KHUCIOTBHL. Bce peakuum  Mexmy
OpraHMYeCKMMHU  BEIlECTBAMU W  KaTHOHaMM BEAYT K  0Opa30oBaHUIO
BOJIOPACTBOPUMBIX W/WJIM HEPACTBOPUMBIX B BOJIE KOMILIEKCOB. BhieneHbl Tpu
IPYIIIbI 3JIEMEHTOB O UX CPOJICTBY K TYMHUHOBBIM BEIIECTBAM:

a) HamOoJIbIlIee CPOJICTBO K OpraHudeckoMy BeliecTBy umeroT Ga, Be, B,
Br u Sb;

0) cpennee — Co, Ni, Cu, Cr, Se;

B) MHUHUMAaJbHOE cpojacTBo umeror Cd, Mn, Mo, Fe, Zn u As, HO OHH
MPUCYTCTBYIOT BO BCEX OPraHUYECKUX (PPaAKIUIX.

Oco0eHHOCTh  aTOMHO-a0COpPOIIMOHHOTO W HMHOIO0  aHajiu3a I0YB
3aKJII0YaeTcsl B TOM, 4YTO OILIEHKY IOYB MPOBOJAST HE TOJBKO IO BaJlOBOMY
COJIEP)KAHUIO SJIEMEHTOB, HO U MO COJEPKaHUIO WX MOABMKHBIX (opMm. [loxg
MOJBIKHBIMUA (hOpPMaMH 3JIEMEHTOB OOBIYHO MOHUMAIOT Ty WX YacTh, KOTOpas
W3BJICKACTCS TEMU WJIM WHBIMA PACTBOPUTEISIMU — pacTBOpamMu COJIEeH,
muHepanbHbix kucior (1M HCL, 1M HNO;, 1M CH;COOH), 0ydepHbimu
pacTBOpaMu (amMmmuauyHo-aueraTHeiil 0ydep pH 4,5-4,8). Ilpu atom Mmoaenupyetcs
B3aMMOJICCTBUE NIOYBBI C KOPHEBOM CUCTEMOM PACTEHHM.

CpaBHeHUE CpeHEro COJEpXKaHUs DJIIEMEHTOB B MOYBAX U MPEJETOB UX
OoOHapy»XeHUsI aTOMHO-a0COPOLIMOHHBIM METOJIOM TIOKa3bIBAET, UYTO MPSIMbIM
METOJIOM B MUHEpaJIU3aTe MOYB MOXKHO OMPEACNIUThL BajioBoe cojaepkanue Al, Fe,
Ca, Mg, K, Na, Mn, Ba, Sr, Cr, Rb, Zn, Ni, Li, Ga, Cu, Pb, Co, Be. DnemenTsi,
oOpasyrollue B IJIaMEHU TEPMOCTOMKUE COCAMHEHUS UM COSIMHEHUS C BHICOKOM
sHepruen pucconmaiyuu (B, Zr, nekotopsie P33), He MOTYT OBITH ONpEENEeHbI C
JIOCTaTOYHOU ISl IPAKTUYECKUX LEJIEeH YyBCTBUTEIBHOCTBIO. Henb3sa onpenenursb
AJIEMEHTBHI, CHEKTPhl KOTOPBHIX HE HMMEIOT JIMHHUI TOTJIONICHUS, JIeKAluX B
JOCTYITHOM yis HaOmroneHus obnactu crekrpa (Hmwke 200 am): ato F, Cl, C, N,
S, P, O.

B unTepecax mo4yBOBeNICHUS, aTPOXUMUM U 3aIIUTHl OKPYKAIOIIEH Cpebl
aTOMHO-a0COPOITMOHHBIA METOJI TTO3BOJISET peliaTh CICAYIONINE AHAIUTUYECKUAC
3amauu: 1) mpoBeeHHE BaJIOBOTO aHalW3a MOYB U 30JbHOIO aHAJIM3a PACTEHUIA;
2) omnpeaelieHME KAaTHOHHOIO COCTaBa BOJHBIX BBITSDKEK U3 TIOYBBI; 3)
OnpeieSIeHHe €MKOCTU MOTJIOIIEHHUSI M COCTaBa OOMEHHBIX KaTHMOHOB IMOYBBI; 4)
OMpeNeJICHHEe BaJOBOrO cojepkaHuss U (GopMbl COeAUMHEHUN Haubosee
OMOJIOTUYECKH BaXXKHBIX MHKPOSJEMEHTOB; 5)  KOHTPOJb 3arpsi3HEHUs] TOYB,
pacTeHUi, BOJI TSHKEIBIMU METAJIJIaMU U HEKOTOPBIMU HEMETaJlJIaMH.
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JlaHHble O HOPMATHBHBIX JIOKYMEHTaX, pPErJIaMeHTUPYIOIIMX aTOMHO-
a0bCcOpOLIMOHHbIE METOAMKU OIpEAENICHUs COCTaBa W 3arps3HSIONIMX BEUIECTB B
IIoYBaxX M OTBaJIaX, 0000IIEeHbI B Ta0d. 6.8.

Meton or6opa mpoO MOYB 3aBUCHUT OT Iiejel uccienoBanus. B memsx
KOHTPOJISL 3arpsi3HEHUs TOYB MeTaylaMdu OTOOp Npo0 clieayeT MpOou3BOAUTH B
COOTBETCTBHH CO CJIECIYIOUUMHU JOKYMEHTAMMU:

1. TOCT 17.4.4.02.-84. TlouBsl. MeTonbl 0TOOpa W TOATOTOBKH TPOO s
XUMHUYECKOTO, 0aKTepUOIOTHYECKOT0, TeIbMHUHTOJIOTMYECKOTO aHaan3a. —
M.: M3parenscTBO cTaHaaptoB, 1985.

1. TOCT 17.4.3.01. Metoauueckue peKOMEHIAlUK 11O TPOBEACHUIO MOJEBBIX
U 7a00paTOpPHBIX HCCIECJOBAaHUM IMOYB W PACTEHUH MpPU KOHTPOJIE
3arpsI3HEHUs OKpYJKarolle cpeasl meramnamu. — M.: ['mapomereousnar,

1981.

2. BpemeHHBIE METOAMYECKHE PEKOMEHIAIMM 110 KOHTPOJIO 3arps3HEHUs
noyB. — M.: I'unpomereounsnar, 1983.

[Ipu orbGope mpoO mOYB JOJKHA OBITH OMNpeJeieHa MNPOTSHKEHHOCTh U
tonorpadusi 30H 3arpsA3HEHUs, KOTOpas 3aBUCHUT OT pPO3bl BETPOB, MNEpPHOJA
BBINIQZICHUST O0CaKOB. JIJIsi KOHTpOJISI 3arps3HEHUs] TSKEIBIMA METalaMH OTOOP
npo0 MPOBOAAT HE MeHee OJHOro paza B 3 rona. [lpu u3yueHUH OUHAMUKHU
CaMOOYHIIICHHS 0TOOp TPOO MPOBOAAT B TEUEHUE TIEPBOTO MeECsIa €KEHEIETbHO,
a 3aTeM eXKEMEeCAYHO B TEUYCHUE BETETAIMOHHOTO TEepHoja [0 3aBEPIICHUS
akTUBHOW  (a3pl  camoouuieHus. I[lpu  KOHTpone 3arps3HEHUsT TIOYB
OPEANPUATASIMH  TPOMBIIUIEHHOCTH TPOOHBIE TUIOMIAJKM HaME4aloT BJIOJb
BEKTOPOB «pO3bl BETpOB». llpm HEomHOPOAHOM peibede MECTHOCTH MPOOHBIE
IJIOIIA/IKM PACIOJIaraloTcs MO 3JEMEHTaM pelibeda. YdacTku ajig ordopa npod
MOYB JTOJDKHBI XOPOIIO OTPaKaTh CTPYKTYPY paiioHa MCCIICTOBAHUS: TOYBEHHOTO
MOKPOBa, MAaTEPHHCKON TOpPOABI, penbeda, TEOJOTMH | THaposorud. J[ms
KOHTPOJISL 3arpsS3HEHUS TIOYB CEIIbCKOXO3SMCTBEHHBIX YIOIUN B 3aBUCHMOCTH OT
XapakTepa WCTOYHHMKA 3arps3HEHU, BO3JCNBIBAEMON KYJIbTYphl M penbeda
MecTHOCTH Ha Kaxjsie 0,5-20 ra TeppuTOopuU 3aKiIabIBalOT HE MeHee 1 mpoOHOM
miomanku pasMepom He MeHee 10x10 m. Toueuynwsie nmpoObI OTOMpArOT Ha
MPOOHO TIJIOMIAKE U3 OJTHOTO WIIM HECKOJBKUX CJIOEB WM TOPU30HTOB METOJIOM
KOHBepTa (YeThIpe TOUYKH B yriaXx W ojaHa B 1meHTpe). Kaxmas mpoba momxHa
MPEICTABIATh COOOI YacTh MOYBHI, TUITUYHOM JIJIsI TEHETUICCKUX TOPU3OHTOB WITH
CJIOEB JJAaHHOT'O TUMa MOYBKI. [IpoOBI MOYBKI Ha IIeTMHE HEOOXOAMMO OTOMpaTh Ha
riiyoune 0-5 cm, Ha mamHe — 0-20 cM (WM Ha rayOMHE MaXOTHOTO TOPU30HTA).
OObenvHEeHHYI0 Tpo0y COCTaBJISIOT MYTeM CMEUIMBAaHUA TOYEYHBIX Mpoo,
OTOOpaHHBIX Ha OAHOW mpoOHOM TuIomIaAKe. [l XMMHYECKOro aHaiu3a
O00BEMHEHHYIO MPOOY COCTaBISAIOT HE MEHEee YeM M3 MSATH TOYEYHBIX Mpoo,
B3SITHIX C OJHOW MPOOHOM IIomaaku. Macca 00beIMHEeHHON MPOObI JOHKHA ObITh
He Menee 1 kr. Jlmd KOHTpOds 3arpsi3HEHHs] TIOYBBI  BEIIECTBAMH,
pacnpeensomUMHUCS 0 MOBEPXHOCTH, B TOM YHUCIE TSKEIBIMA METaJUIaMu,
TOYEYHBIC MPOOBLI OTOMPAIOT MOCIOKHHO ¢ TiIyouHbI 0-5 1 5-20 cM Maccoii He 6oJiee
200 r kaxnasi.
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Ta6JII/II_Ia 6.8 — HCpG‘ICHB aTOMHO-a6COp6HI/IOHHBIX MCTOAUK OIIPCACICHUA COCTaBa IIOYB M OTBAJIOB, @ TAKIKC BCHICCTB,
3arpA3HAIIINX YKA3dHHBIC 00BEKTHI

Jnana3on
omnpenaense-
[Toka3zarenb HanmeHoBaHue METOUKA OOBeKT MBIX Jluteparypa
coaepka-
HHI, MI/KT

Oxkcup xenesa (II1) | Marepuainbt u m3aenust | KpeMuesemsl, 0,01-6 % | TOCT 2642.5-86

OTHEYIIOPHBIE. Metonbl | aFOMOCHIIMKATBI, Fe, 05

OMpeIeSICHUs] OKCHU/JIA KeJe3a. TJIMHO3EMHO-H3BECTKOBBIC,

MarHe3uajibHbIe
MaTepuabl.

Kanpuwmii B BonHoit | [TouBsl. Metoasl onpenenenus | [TouBbl 3acone€HHbBIC > 1,25 I'OCT 26428-85
BBITSI)KKE ITIOYB KaJdpllUd W MarHusg B BOJHOM MMouIs/100r

BBITSXKKE. Ca
Kaneonii ITouBer Temmudble. Metox | [IoUBEI TEIUIMYHBIE > 125 Ca I'OCT 27753.9-88
BOJIOPACTBOPUMBIN | OIIPECIICHUS >25 Mg

BOJIOPACTBOPUMOTO KaJIbIUSI U

MarHus.
Kanpnuii ITouyBEI. Onpenenenue | Bce Tumel mnous, kpome | > 0,3 I'OCT 26487-85
0OMEHHBII 0OMEHHOTO KaJIBITUS U | KapOOHATHBIX, MMOJ/100r

0OMEHHOTO (TTOJIBMYKHOTO) | 3aTrUTICOBAHHBIX u|Ca

maraust Metoaamu [IMHAO. 3aCOJICHHBIX TOPU30HTOB. 1-

10MMmo11B/100
r Mg

Kamgmuii Onpenenenue kaaMus B 1nouse | [I0UBBI CEIBX0O3yTroIMil. 0,2-20 Meroanyeckue — yKazaHHsA




LET

aTOMHO-a0COpPOIIMOHHBIM
METOJIOM.

10 OMPCACIICHUIO TAXKCEIIBIX

METaJIJIOB B o4YBax
CEIbX03yroAui u
NPOAY KLU

pacTeHHEeBOACTBA (M3aaHKE
2-e mepepaboTaHHOE U
nonojgHeHHoe) — M., 1992,

[TonBuxHBIC Onpenenenue kaamusi B 1nouse | [IouBbI cenbxo3yroauit 0,4-40 Meroanueckue yKazaHus
(hopMBI KaaMUS aTOMHO-a0COpOLIMOHHBIM 1o OTIPE/ICTICHUIO
METOIOM TSDKEJIBIX ~METaJUIOB B
Ornpezesnenue NOABMKHBIX GopM | ITouBbI pa3HOTO THITA 0,5-10 TOBAX CENbX03yTOMui 1
COCIMHEHUN KaaMus B TOYBE TpOAYyKIMH
aTOMHO-a0COPOIIMOHHBIM Il) gcégeHneB oxcrsa. — M.,
METO0M '
Maprasery ITouBsL. Omnpenenenue | [louBbl pazHoro tuna 11-138 I'OCT 26486-85
0OMEHHBIN 0OMEHHOTO MapraHiia MeTojaMu
[MTMHAO.
[TonBuxHbIE ATtomHO0-a0copOumonHbiii MeTon | [TouBsl pazHoro Tumna 2-25 MYV 3210-85
dbopmbl MeTu onpeieNICHUs MOJABUKHOU
dbopmMbl MeIH.
Onpenenenne Menu B 1ouse | [IouBbl cenbxo3yrogui 1-300 Meronuieckue ykazaHus
aTOMHO-a0COPOIIMOHHBIM 1o OMPEICIICHUIO
METOJI0M TSKEJIBIX ~ METAJUIOB B
Mo4YBax CCIbXO3yroauu 1
POAYKIIUH pacre-
HHEBOJICTBA (M3HaHUE 2-
e nepepaboTaHHOE U
JIOMOTHEHHOE) — M.,
1992.
Menp obmas Onpenenenue menu B nouse | [TouBbl cenbpxo3yroauit 5-150 Meronuyeckne  ykasaHus




8¢C

aTOMHO-a0COpPOIIMOHHBIM

110 ONPECACIICHUIO TAXKCEIIbIX

METOJI0M METaAJIJIOB B Imo4yBax
CGJ'IBXO?»er,I[PIﬁ )51
MPOYKIIAU pacre-
HHUeBojCcTBa. — M., 1989.
ITonBrxHbBIE ATtomHO-abcopOimonnbiii Metoy | [1ouBbI pa3HBIX TUIIOB 3-42 MYV 3210-85
(hopMBbI HUKEIIS ONpeICIICHUS MOJBMXXHOM
(GhopMBbI HUKENIS B TOYBAX.
Huxenb Onpenenenne Hukens B 1oyse | [IOYBBI pa3HBIX TUITOB 3-42 Meronudeckne  ykazaHus
aTOMHO-a6COp6HHOHHBIM MO OIPCACIICHUIO TAKCIIbIX
METOIOM MECTAJIJIOB F IIoyBax
CCIIbXO03yTroauunu u
MPOAYKLIHUHU
pacTCHUCBOACTBA. — M.,
1989.
Pryth AToMHO-a0copOLHnoHHBIN MeToT | [T0ouBBI pa3HbIX TUIIOB 2,5-250 CanlluH 42-128-4433-
ONPEAEIIEHUS PTYTHU B ITIOYBE 87
CBuHell AToMHO-a0copOIMOHHBIN MeTo | [IouBBI pa3HBIX THUIIOB 12-120 CaulluH 42-128-4433-
ONPE/ICIICHUE CBUHIIA B MIOYBE 87
CBuHeIl BAJIOBBIH AToMHO-a0copOIoHHBIN MeTo | [louBhI cenbxo3yroauii 5-200 Meromieckne  ykazamua 1o
OIIPEACITICHUIO TSIKEIIBIX
ONpeAeICHUE CBUHIIA B IOYBE METAILIOR s HOUBAX
CeNbX03yroAM M  IMPONYKLUHU
pacTeHHeBOJCTBa (U3maHUE 2-€
nepepaboTaHHOe u
JonosHeHHoe) — M., 1992,
MeTOZ[I/I‘ICCKI/Ie YKa3zaHusa 10
OIpeACICHUIO TSIKEIIBIX
METAJIJIIOB B IIo04YBax
CeNbX03yroAMid U  MPOLYKIUH
pacteHueBozcTBa. — M., 1989.
CBuHen AToMHO-a0copO1MoHHBIN MeTo | [louBhI cenbxo3yroauii 1-400 Mertomeckue  ykasanua 1o
o OIIPEACITICHUIO TSIKEIIBIX
MMOABMKHBIN ONpEeAEIICHUs] CBUHIIA B TIOYBE METAILIOR s HOUBAX




6¢¢

CENbX03YTOUH ¥ TPOAYKIIUH
pacTeHueBoACTBa (M3maHUE 2-¢

nepepadboTaHHOE u
JornoiaHeHHoe) — M., 1992,

Meroquueckue yKazaHus 110
OTIPEJICIICHUIO TSDKEJIbIX
METaJIJIOB B MOYBax

CENIbXO3YTOMH H  TPOAYKITUH
pacteHueBojcTBa. — M., 1989.

[TonBkHbIE BHIBI | ATOMHO-a0COPOIMOHHBIN MeTo | [10UBBI pa3sHBIX THUITOB 2-200 CanllnH 42-128-4433-87
Xxpoma onpeacICHUs ITOABMKHOM
(dhopMBI XpoMa B TTOYBE.
[luHK BaJIOBBIM Onpenenenue uuHka B mouBe | [IouBbI cenbxo3yroauit 2-150 Meroanyeckue ykasaHus 110
aTOMHO-a0COpOLMOHHBIM OTPCICICHHTIO TAKCIBIX
MCTAJIJIOB B IIoyBax
METOO0M CEeNBbXO03YTOouil U MPONYKINU
[unk noaBwxkHbli | Onpenenenne 1nuHKa B mnouse | [[ouBwl cenbxo3yroaui 2-300 pacTeHueBosCTRA (U3aHHE 2-
aTOMHO-a0COpPOIIMOHHBIM © nepepaboTanHoe H
nmomojHeHHOE) — M., 1992.
METOIOM Meronnueckue ykazaHds IO
OIIPEACIICHUTIO TAXKECIIBIX
MCTAJIJIOB B IMIOo4YBax
CEIbX03YroIMi U MPOAYKLHH
pacteHueBoAcTBa. — M.,
1989.
Kucnoropactsopu- | Meronnka BbITONTHEHUS | [I0UuBBI ot 20 ppm Ni, | PJT 52.18.191-89.
MbIe (GOpMBI | KI3MEPEHUI  MacCOBOil 10U Cu, Pb, Zn; | MeTtonuyeckue
METaJlJIOB KHCJIOTOPACTBOPUMBIX bopm or 1 ppm Cd; YKa3aHusd
METAaJIJIOB (Menn, CBHHIIA, BCPXHHUHN
IIMHKA, HHUKEIsd, KaaMus) B fpeael HE
OTpaHUYCH
npobax MMOYBBI aTOMHO-

a0COpOIMOHHBIM aHAJIU30M




[Ipu otTGope TOYEHHBIX MPOO M COCTABJICHUS OOBEAMHEHHOW MPOOBI
JOJKHA OBITh  MCKJIIOYEHA BO3MOXKHOCTh WX BTOPUYHOIO  3arps3HEHUs.
HNHcTpyMeHTHl 111 0TOOpa MpoO MOYB JOJDKHBI OBITh M3 MPOYHOM ILTACTMACCHI.
MO>XHO TPUMEHSATH UHBEHTAPh U3 JIFOOOW CTaIM, MPEIBAPUTEIHHO OYUCTUB €r0 OT
pkaBunHbl. OJHAKO Tiepen B3sATHEM MpoObI CIIOH, KOTOPBIM COIMpHUKacaics ¢
METaIoM, HEOOXOIUMO yAaUTh OCTPHIM HOXKOM W3 muiactMacchl. [Ipu otGope
npo0 He cheayeT ymnoTpeOsaATh OIMHKOBAHHBIE BeApa, MEIAHBIC U3NIEIus,
AMaJMpPOBAHHbBIE Ta3bl, OKPAIICHHbIE WHCTPYMEHTHl W J€Taju, COJepKaliue
[BETHBIE METAJIBI UJIU APYTUE ONPEACIISIEMbIE JIEMEHTHI.

[TpoObl TOYBKI IS XMMHUYECKOTO aHalIn3a BBICYIIMBAIOT JI0 BO3/YIIHO-
cyxoro cocrosgauss no ['OCT 5180-75. BozaymHo-cyxue mpoObl XpaHAT B
MaTepyaThIX MEIIOYKaX, B KapTOHHBIX KOPOOKAaX WM B CTEKJISIHHOM Tape.
OtoOpanHbie  MmpoOBl  HEOOXOAMMO  3apEerUCTPUPOBATH B JKypHajie W
MPOHYMEpPOBaTh, 3alOJHUB COMPOBOJUTENBbHBIM TaloH. [[ns ompeaeneHus
XUMHUYECKUX BEIECTB MPOOY MOUYBBI B JJA0OPATOPUU PACCHINMAIOT Ha Oymare Wiu
KaJIbKe U pa3MHUHAIOT MECTUKOM KPYITHbIE KOMKH. 3aT€M BBHIOMPAIOT BKIIOYCHUS —
KOPHHU PACTEHUI, HACEKOMBIX, KAMHHU, CTEKJIO, YIOJib, KOCTH KUBOTHBIX, a TaKXKe
HOBOOOpa30BaHUs — JIpy3bl THIICA, H3BECTKOBBbIE oOpa3zoBaHus U Ap. [louBy
pacTUpalOT B CTYNKE MECTUKOM U MPOCEUBAIOT YE€pe3 CHUTO C JUAMETPOM
orBepctuii 1 Mm. OtoOpaHHbIE HOBOOOpA30BaHMS AHAIU3ZUPYIOT OTIEIHHO,
MOATOTABIMBAS UX K aHAIM3y TaK ke, Kak MmpoOy mouBhl. [[ns ompeneneHus
BAJIOBOTO COJICP’KAHUSI MHUHEPAIbHBIX KOMIIOHEHTOB W3 MPOCESHHOW MPOObI
OTOHMPAIOT MPEICTABUTEIbHYIO MPoOy Maccoil He Oosiee 20 T U pacTUPAIOT €€ B
CTyNKE€ W3 arara, SIIMbl WIM I[UIaBJICHOTO KOPYHAA 10 IyJIpooOpa3HOro
COCTOSIHUSI.

Pa3noxeHue no4ye u no4eoobpa3yrouwjux nopoo crsiassieHuemM.
Y 100HBIM cIOCOOOM PAa3l0KEHUs MOYB U MOYBOOOPA3YIOLUX MOPOA Mepel UX
aTOMHO-a0COpPOIIMOHHBIM ONpPENEICHUEM SABIIIETCS CIUIABICEHHE C TEeTpabopaToM
ctpoHuusa. IlpucyrcTBME B pacTBOpe  CTPOHIIMSI B COYETAHUU  C
BbICOKOTeMNepaTypHbiM  1uiameneM N,O-C,H, mnpuBomuT K MOAABICHUIO
B3aUMHBIX BIUsHUN 31eMeHTOoB. [lnaBens Sr(BO,), mony4aroT nytemM cMemnBaHus
toukousMmenpueHHbIXx  SrCO; u H3BO; m marpeBanus B mydene mo 300 °C ¢
HOCJIEAYIOIIUM BBIAEPKUBaHKEM B TeueHue 1 uvaca npu temmeparype 700 °C.
ToukousmenpueHHy mnpoOy maccoi 0,1 T m 0,5 T MIaBHA CMEMIMBAIOT H
MOMENIAl0T B TpaduToByr0 Kamcyny (turens). Twurenb MOMEMAIOT B
BBICOKOYACTOTHYIO MHAYKIMOHHYIO TI€4Yb U CIUIABISIIOT COAECPKUMOE TMpHU
temmneparype 1100 °C B Tedenwe 15 MHHYT OO MOJHOW MPO3PAYyHOCTH IUIABA.
['opstumii maB BMECTE C TUTJIEM MOMEMIAIOT B CTaKaH C pa30aBICHHOW a30THOMN
KUCIIOTOW M MNEPEeMENINBAOT C IOMOLIBKD MAarHUTHOM Mewajaku. PactBop
paz0apisitor Bojgod o0 200 MJI U HUCHONB3YIOT JUIsi aTOMHO-a0COpPOIIMOHHOTO
ananuza. Onpenenenue Si, Al, Ti, Fe, Ca, Mg npoBoasar B miamenu N,O-C,H,,
s onpenenenus Na, K, Mn, Cu, Ni u Apyrux 3Je€MEHTOB HUCMOJB3YIOT IIams
alleTUICH-BO3AyX. [’ payupoBOUHbIE PACTBOPHI TOTOBAT pa30aBICHUEM HCXOJAHBIX
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pPacTBOPOB 3JEMEHTOB pacTBOpoM, coaepxaium S0 r Sr(BO,), u 50 ma 65 %-noi
HNO; B 1 1.

Jis  ompexaeneHus — MOpoJ0OOpa3yIOIMX M HEKOTOPBIX  JIPYruX
MHUKPORJIEMEHTOB ~ aTOMHO-a0COpPOIIMOHHBIM ~ METOJOM  TPEIOKEHO  TaKKe
CIUIABJICHHME CO CMEChIO COJABbl U Oypbl, CIUIABJICHHE C METabopaToOM JIUTHS,
kucinoTHoe paznoxkenue cmecbto HF+HNO;+HCIO, (B cinydae HENoaHOTO
Pa3IOKEHUSI OCTATOK JOMOTHUTEIBHO CIUIABIISIIOT CO CMECHIO COMBI U OYphI WU
MeTadopaToM JIUTHUS; KPEMHUW ONpEeNeNsioT U3 OTIAeIbHOM HaBecku). [lnmaBbl,
cozepkammue MerabopaT W TeTpadopar JUTHS, HE PACTBOPSIIOTCS B BOJE H
KHCJIOTaX NPU KOMHATHOM TeMIlepaType, MO3TOMY MJis BbILIEIAYMBAHUS TAKUX
miaBoB ux oOpabateiBatoT ropsiueir 1M HCI, pactBopeHune mnpoBOIAT C
MCIOJIb30BaHUEM MArHUTHOW MEIIaNKH.

KucnomHoe pa3snoxeHue noys. llpu o0paboTke MOYB, MOPOJ H
JIPYTUX TEeOJIOTUYECKUX OOBEKTOB KHCIOTaMU B JIIOOOM coueTaHuu Oe3
npuMeHenuss HF Bcerga umeeTcst puck moTepu psifia 3JEMEHTOB M3-3a2 HEMOJIHOTHI
pasnoxkeHus: mpoO, T.K. Mpu oOpabOTKe PTHUMH KHCIOTaMU MHHEpajbHash 4acThb
[I0YB MOJIHOCTBIO He pasznaraercsa. B mnpucyrctBum HF ocHOBHass wacth
MOYBEHHBIX MHHEPAJIOB (32 HCKJIIOYEHHEM OYE€Hb PEIKHX M YCTOWYMBBIX)
paznaraercsi moJHOCThIO. [Ipy MOBBIIEHHBIX TEMIlepaTypax oOpa3yeTcs JeTy4uit
SiF,, xoropmlii yHOCHMTCA U3 peakUMOHHOW cpenpl. KoHueHnTpauus conei B
KOHEYHOM PACTBOPE 3a CUET 3TOr'0 3HAYMTEIBHOI'O CHIXKAETCS, @ CaMO€ TJIABHOE —
yAausieTcss KPEeMHHM, KOTOpBIM 4YacTO MeEIIaeT aTOMHO-a0COpOIMOHHOMY
OTPEJEICHUIO APYTHX IEMEHTOB.

YroObl OmpenennTh BaJIOBOE COJAEPKAHUE AIEMEHTOB B MOYBAX OOBIYHO
ucnosib3ytoT HF B mpucyrcrBun H,SO,4. Takoil mpueM CiayXUT IJIs 3aMeJICHUS
HadyaJlbHOM peakuuu wMexay HF ¥ TOHKOM3MENbYEHHOM IIOYBOM M IS
NEepeBEACHUS JIETKOJETyYnX (PTOPUIOB HEKOTOPHIX DJIEMEHTOB B TPYIHOJIETYyUHE
cynbdarsl. [lepen paznoxeHneM peKOMEHyeTCsl BCIO MAacCy TOHKOM3MEIbYEHHOM
MOYBbI CMa4yMBaTh BoJIoM. HecoOutoaeHue 3Toi pekoMeHAaINI BEACT K IEPErpeBy
MOYB W K BO3MOXKHOHM moTepe obpasma 3a cuer pa3OpeisruBanus. OmgHaKo mpu
aTOMHO-a0COPOITMOHHOM OIPEICIICHUN YJIEMEHTOB CYJIb(aT-HUOH SIBIISIETCS BEChbMa
HEXKEJaTeIbHBIM KOMIIOHEHTOM pacTBOpa, MOAABISIONIMM CUTHAl MHOTHX
AJIEMEHTOB, a Takxke OoOpa3yloluM C HEKOTOPhIMU KaTHOHAMHU TPYJHO
pPacTBOPHUMBIE OCAJIKH.

Y100HBIM KOMIIOHEHTOM IIpH pa3jIoKeHUH MouBbl C¢ nomompo HF
apisiercs HCl, T.k. OONBIIMHCTBO €€ CoJiel JIETKO pacTBOPUMMO, cama KHUCIIOTa
JIETKO yJalusdeTcss NpW BhIMApUBAHUM, OJHAKO IMPU aATOMHO-a0COpPOIMOHHOM
ONMpENENICHUH HEKOTOPhIX METaUIOB  BO3MOXKHA  HEMOJHAas  aTOMHU3alus
noJlydyaeMbIX XJIOpuaoB. HeoOXoauMo TakyKe y4UThIBaTh, YTO MPHU PA3I0KEHUU C
HCl u BblmapuBaHuM pacTBOPOB BO3MOXHBI MOTEPU TAKUX 3JEMEHTOB, KaK AsS
(I11), Se (IV), Sb (III), Hg (IT) u apyrux, o6pa3yrouux JeTy4nue XJI0pU/Ib.

OddexTuBHBIA CcHOCOO pa3loKEeHUs TMMOYB M JPYrMX CHIMKATHBIX
matepuasnioB cMmecbto HCI+HNO;+HF ¢ xoHe4yHBIM pacTBOpEHHEM OCTaTKa B
pasz6aBnennoii HNO; s ompeneneHuss MHOTHMX MAakKpo- U MHKPODJIEMEHTOB
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onucaH B MeTOAUYECKUX pEeKOMEHIAUUAX [0 TPOBEACHUIO TMOJEBBIX U
71a00paTOPHBIX HCCIAEAOBAHUN MOYB W PACTEHU MpHU KOHTPOJIE 3arps3HEHUs
OKpyKaromiel cpenbl Mmetayuiamu (roa pexd. 3vipuna H.I'., Manaxosa C.I'. — M.:
['unpomereousnar, 1981). Paznoxenue mnpoBoasaTr BO (TOPOIIACTOBBIX WIU
CTEKJIOYTJICPOAHBIX cTakaHax wiH Jamkax. K 0,5-1 r cMmoueHHOM OMAUCTHILISITOM
MOYBbl MPWIMBAIOT 3-5 Mi mapckoi Boaku W 10 min HF, crakaHuuk MeajeHHO
HarpeBaloT Ha IJIUTKE, BhIIApUBas COJIEPAKUMOE 0 BIAXKHBIX cojieil. OOpaboTKy
nouB HF (ecnu BblmapuBaHue NPOM3BENCHO J0CYyXa, TO M IAPCKOM BOJKOW)
MOBTOPSIOT 2-3 pasa, nocienyrume anukBoTtel HF cokpamaror no 5 mu. [dns
ynaneHus (ropa Cyxol ocTaTok oOpabaThiBaioT KOHIeHTpupoBaHHONW HNO; u
BBITIAPUBAIOT JIOCyXa (omepanuio MOBTOPSOT 2 pasa). K octaTky B cTakaHUMKe
npuiuBaioT 10 mu pazbasnenHoit HNO;, HarpeBaroT 10 KUNEHUS U QPUIBTPYIOT
yepe3 QUIbTp cpeHel TUIOTHOCTU B KOJIOY BMeCTUMOCTBIO 25-50 M. CTakaHuMK
u (unsTp Heckosubko pa3 mpombiBaoT 0,5M pactBopom HNO;. IlomyueHHbIi
pacTBOpP UCHOJIB3YIOT [Jisl OINpPEICNCHHs] SJIEMEHTOB AaTOMHO-a0COPOLIMOHHBIM
MeTonoM. [l ompenesieHus: HEKOTOPhIX MHUKPO3JIEMEHTOB Ha ()OHOBOM ypOBHE
HEOOXOJAMMO TOJYYUTh MAaKCUMaJIbHO BO3MOXHYIO KOHIICHTPALIMIO SJIEMEHTAa B
pactBope. [IpakTHuecku 3T0 MOKHO JOCTHYb, PACTBOPSAsS | I MOYBBI B KOHEUHOM
oO0beMe  pactBoputens 25  wi.  JlanpHeliee — yBeJIMYEHHE ~— HABECKH
HeleIecoo0pas3Ho.

Kucnomopacmeopumbie ¢hopmMbl coeOuHeHul 3/1IeMeHMmoe 8
noyeax. Jlyisi XapaKTepUCTUKH COJIEpKAHUS B MOYBAX MOJBMKHBIX (HOpPM
COEIMHEHU 3JIEMEHTOB B KAaYECTBE JKCTPAreHTOB YACTO HCIOJIB3YHOT KHCIIOTHI.
Tak, noABMXXHBIA KOOadbT B HEKapOOHATHBIX M MaJOKapOOHATHBIX IMOYBaX
npeoxkeno uspnekats |M HNO;, mens — 1M HCI, Mn — 0,05M H,SO,. B stux
BBITSDKKAX ONpPENeNsitoT U ipyrue aneMenTsl — Fe, Zn, Ni, Pb, Cd u ap. BeITsKKYy
IM HNO; ycnemHO UCHONB3YIOT [JIs M3BJICUYECHHUS DSJIEMEHTOB M3 IIOYB,
MOABEPKEHHBIX TEXHOTCHHBIM BO3/IEUCTBUAM. 3 CUIIBHO 3arpsA3HEHHBIX MTOYB 3Ta
BBITSDKKA u3BJiekaeT 60-95 9% TskenplX METauioB, MO3TOMY IOJIYYEHHBIE
pe3ynbTaThl MOTYT OBITh HCIOJNB30BAaHBI JJII  XapaKTEPUCTUKU CTENICHU
3arpsi3HEHUs. TOYB. MaccoBO€ OTHOIIEHUME HABECKM IIOYBBI K PacTBOPY
skcTparentra - 1:10, Bpemsi B3aumojeicTBus - 1 uyac mpu B30AITHIBAHWUU Ha
poTarope WJIM HACTAMBAHMM B TEYEHHE CYTOK IIOCIE KPaTKOBPEMEHHOTO
BCcTpsxuBaHusA. [IpoOy mouBbl Maccoil 2-5 r momMemarT B K00y BMECTHMOCTBIO
100 mu, no6asmstor 20-50 MJI COOTBETCTBYIOIIETO 3KCTPAr€HTa M B30ANTHIBAIOT
CYyCIIEH3UI0 Ha poratope B TeueHHe | waca. [Insg mpenynpexnacHuss KOHTaKTa
pacTBOpa C pe3MHOBOM MPOOKOHN MOCIETHIO 3aBOPAYUBAIOT B MOJIUITUICHOBYIO
IJIEHKY. BRITSDKKY QUIBTPYIOT Uuepe3 CyXoH cCKilaayaThiil GUiIbTp, IEpBbIE TOPIIUU
¢unabTpara OTOPACHIBAIOT, B MOCIEAYIOMIMX ONPEAEISIOT MHKPOIJIEMEHThI C
WCIIOJB30BAaHUEM  PA3JIMYHBIX  IUIaMeH. KHCIIOTh, TOPUCYTCTBYIOIIME B
aHAJIM3UPYEMbIX PACTBOpPAaX A0 KOHUEHTpaluu 1 MoJb/J, MNpaKTUYEeCKH He
OKa3bIBAIOT BIMSHUSA Ha omnpeneneHue Zn, Mn, Cu, Ni, Co, Pb, Cd B miamenu
aueTuaeH-so3ayx. [Ilpu DIIEKTPOTEPMUYECKOM OIPENEIECHUU JJIEMEHTOB B
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BBITSDKKAaX ~ Hambojee  KOPPEKTHbIM  OyleT  HUCIOJIb30BAaHUE  MPOLETypbl
IpaayrupOBKH MO METOAY CTaHIAPTHBIX 100aBOK.

lModeuxxHble opmMblI cOeQUHEHUl 3JIeMeHmMoe8 & [o4yeax,
u3esiekaeMble auyemamHoO-aMMOHUUHbIM O6yghepHbIM pacmeopom.
[Togswxubie hopmbl coequHennit Mn, Zn, Ca, Co U Ap. PIEMEHTOB H3BJICKAIOT
aleTaTHO-aMMOHMIHBIM OydepHbIM pacTBopoM ¢ pH 4,8. Meroa npuroaeH kak
JUIs HEKapOOHATHBIX, TaK U JJIsi KapOOHATHBIX MOYB, OH MPUHST arpOXUMHUYECKON
CITyO00M TSI OIIEHKH 00ECTIEYCHHOCTH TTOYB MUKPOIJIEMEHTAMH.

[IpoOy mouBbl Maccoil 2-5 r, pacTepToil M MPOCESHHOW Yepe3 CUTO C
oTBepcTHsIMH 1 MM, momemarT B koj0y eMkocTeio 100 M u npunusatoT 20-50
M OydepHoro pactBopa. CycneH3uio B30aiThIBalOT B TeyeHue | dyaca wim
HACTaWBaIOT B TEUEHHUE CYTOK IMOCJIE KPATKOBPEMEHHOI'O BCTPSAXUBAHUS. BBITSHKKY
GUIBTPYIOT Uepe3 CyXou ckiaadarblii QuibTp B MPOOUPKY, NEPBBIMU MOPIUIMHU
OMOJIACKUBAIOT MPOOMPKY W HUX BbUIMBAIOT. B momyuyeHHOM (QuiabTpaTe
ONPEACISAIOT MHKPOITIEMEHTHI aTOMHO-a0COpPOIIMOHHBIM METOJIOM.
['pamyupoBouHBIE  pacTBOPbl  TOTOBAT 1O  CTaHAApPTHBIM  pacTBOpam
COOTBETCTBYIOIIMX  MHUKPODJEMEHTOB,  IPUTOTOBJIEHHBIX  HA  all€TaTHO-
aMMOHUMHOM Oydepe. PeakTuBbl I NPUTOTOBJICHUST Oydepa TOKHBI OBITH
KBAIM(PUKALUA HE HUXKE «X.4.», BoAa — OunuctuuimpoBaHHas. OJHOBPEMEHHO
CTaBAT XOJIOCTOM ONBIT, MPOBOJS €ro uepe3 Bce cTaauu aHanuza. s
npurotoBienuss 1 1 Oydepnoro pactBopa ¢ pH 4,8 Gepyr 108 mn 98 %-Hoi
CH;COOH u 75 mn 25 %-Horo pactBopa NH;, po6apmsior 800-900 M
OMIUCTUJUTMPOBAHHON BOJBI, TMEpeMEIMBalOT, omnpeaensioT pH wu, ecnu
HEO0OXO0IMMO, JOBOJST €ro BeIMUUHY 10 4,8, mociie yero pa3oasisitoT a0 1 1.

Onpenenenue Co, Cu, Ni B HEKOTOPBIX NTOYBaX B all€TaTHO-aMMOHHUITHOM
OydepHOM pacTBOpE B IJIAMEHU HEBO3MOXKHO M3-32 OU€Hb HU3KUX KOHIICHTpAIUI
TUX 31eMeHTOB. Takxke HeBo3MOxHO omnpenenst Cd u Pb B BbITSXkKE H3
HE3arpS3HCHHBIX WJIM MaJlO3arps3HEHHbIX TMMoYB. [l ompeaesneHuss Meau
JIOCTATOYHO OBIBAET MPOBECTH MPOCTOE BHITIAPHMBAHUE BBITSKKU C PACTBOPEHUEM
MOJIYYEHHOT0 oOcajka B MeHblleM oObeMe (10-kpaTHOe KOHIEHTPUPOBAHUE).
CHU3UTH Tpenien oOHapYKEHUs aTOMHO-a0COPOLIMOHHOTO ONPEEICHHS] MOKHO C
MCIIOJIb30BAHUEM DJJIEKTPOTEPMHUUECKUX aTOMHU3ATOPOB JIMOO MpeaBapUTEIbHON
AKCTPAKIMENU TUTU30HATOB OMPEACISIEMBIX JIEMEHTOB U3 BBITSIKKHU.

CormnocraBiieHHE JaHHBIX, MOJIYYEHHBIX IPU M3BJICUYEHUU IOJBHKHBIX
GbopM MHKPOIJIEMEHTOB PA3IMYHBIMU JKCTPAreHTaMHu, MOKa3alio, YTO BBITSKKA
IM HCI sBnsiercst myumeid qyist m3Bneuenust meau, 1M HNO; — kobansta, 1M KCl
— muaka, 0,05M H,SO,4 — Mapranma, okcanaTHbiid Oydepnsiii pactBop ¢ pH 3,3 —
monubOaeHa. «Crnabbie» 3KCTpareHTbl — IM pacTBOp YKCYCHOM KHCIOTBI U
areTaTHO-aMMOHUKHBIN Oydep ¢ pH 4,5 wnu 4,8 U3BICKAOT WML HEOOIBIIHE
KOJIMYECTBA MHUKPOAJIEMEHTOB B pacTBop. [lo cTemneHu u3BIICUECHHS DJIEMEHTOB
AKCTPAreHThl MOTYT OBITh PACIOJIOKEHBI B TAKOU MOCIIEI0BATEILHOCTHU

Cu 1M HCl > 1M HNO; = 2,5 % CH;COOH =~ 6ydep pH 4,8;

Co IM HNO; > 0,02M tpunon b > 1M HCI > 2,5 % CH;COOH =~ =

Oydep pH 4.8;
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Zn 1M HNO; > 0,02M tpunon b > IM HCI;

Mn IM HNOj; > 0,05M H,SO4 > 0,02M TpunoH b.

JUIs  XapaKTepUCTUKM KOMILUIEKCHOIO 3JIEMEHTHOI'O COCTOSIHUS TI0YB
MPEJIOKEHO OJHOBPEMEHHO JENATh 3 BBITSIKKHU:

1. IM HCI (1M HNO;) nns u3BiIe4YeHHUS SJEMEHTOB, BXOJMSIIMX B COCTaB
aMOp(HBIX COEMHEHUI, YTO XapaKTepU3yeT BECh MOTECHIMAIbHBIN 3amac
AJIEMEHTA B MOYBE;

2. amMMoHUiHO-aneTaTHeIi Oydep pH 4,5 g usBiedeHuss OOMEHHBIX U
pPacTBOPUMBIX B CIA0OBIX KUCIOTaX (OpM, UYTO XapaKTepU3yeT aKTyaJlbHbBIN
3amnac 3JIEeMEHTa B MOYBE;

3. 1 % pactBop TpwioHa b B amneratHo-ammonuiinom Oydepe (pH 4,5). On
MO3BOJIAET B JIONOJHEHHWE K OOMEHHBIM M PACTBOPUMBIM B CIA0BIX
KHCIIOoTax (opMaM W3BIEKATh AJIEMEHThl W3 TOYBEHHBIX, B OCHOBHOM
OPraHWYECKUX, KOMIUIEKCOB U1 OLCHKH “‘aKTyaJIbHbIX , JOCTYIHBIX
pPacCTEeHUSIM 3aI1acOB TKEIIBIX METAJIOB.

JInst OLIEeHKM TOTEHIMAIbHBIX 3alacoB MOABUXKHBIX (OPM  TIKEIBIX
METa/VIOB B TMOYBE B CBSI3M C YXYJALIEHUEM DSKOJOTMYECKOH 0O0CTaHOBKH,
HEOOXOJMMOCTBIO KOHTPOJII HMX COJEpKaHHUs B MPOAYKTaX pPacCTUTEIBLHOTO
MIPOUCXOXKJICHUS HCIIONB3YIOT PACTBOPbl MUHEpAIbHBIX KUCIOT. LlenecoobpazHo
aHanu3upoBath BHITSDKKM Ha ocHoBe 1M HCl (1M HNO;) u ameratHo-
amMmoHuitHoro Oydepa (pH 4,5) ¢ Tpunmonom b, 4To 1M03BOJIIET KOHTPOJIUPOBATH
COIEp)KaHHME OJJIEMEHTOB — 3arpsA3HUTENCH MapaJyIeIbHO C ONPEIEICHUEM
OMOAPJIEMEHTOB B OJTHUX U TE€X K€ BBITSHKKAX, a TAKXKE MPOBOJUTH OIIEHKY BCETrO
MOTEHIIMAIBHO JOCTYMHOTro 3amaca mo coiepkanuto B 1M mo HCl (1M HNO;)
BBITSDKKE. [Ipv 3TOM OJHOBPEMEHHO MO COJEPKAHUIO B3JIEMEHTOB B BBITSKKE
NH;+ CH3;COOH + Tpunon b MOXHO onpenensitb KpUTHYECKHE YPOBHH, INpHU
KOTOPBIX BO3MOKHO 3arpsi3HEHHUE BO3/IEJIBIBAEMBIX KYJIBTYP.

JUis u3BI€YEHUS COCAMHEHMI KaaMusg M CBUHLA W3 YEPHO3EMOB H
cepozemoB ucrnonb3yioT 1M pactBoper CH;COOH, NH4,NO; u HCI. Tlpwm
M3YUYCHUM TMOBEACHUS XpOMa B MOYBaX, MPOYHOCTH €r0 CBSA3U C KOMIIOHEHTaMU
MOYBBl, & TaKXe JOCTYIHOCTM W BO3MOXXHOCTH TOCTYIUICHHUSI 3JEMEHTa B
pPacTEHHE M €r0 HAaKOIUIEHUS TaM MCIOJIb3YIOT B KayecTBe peareHToB 0,1 m 1M
HCl, 0,5M HNO;, 1M CH;COONH,, 1M KClI, 0,IM NaF, 0,1M KH,PO,, 0,1M
NaOH, 1M NH,CI.

O6MeHHbIe ¢hopMbl COEQUHEHUU MaKpoO- U MUKPO3JIeMeHmoe &
noyeax. OOMeHHbIe (DOPMBI COCAMHEHUN HJIEMEHTOB B IOYBAX OIPEICSAIOT
nocne ux wusBnedeHuss 1M pactBopom CH;COONH,. B dunbrpate MoxHO
onpenenutb Ca, Mg, K, Na, Mn, Zn; nocie konueatpupoBanus — Cu, Co, Ni, Pb,
Cd. Kiaccuyeckass TeXHHMKa BBITECHEHHS OOMEHHBIX (DOPM COEIMHEHHI
AJIIEMEHTOB CBOAMUTCS K cieayromemy: 5-10 r mouBbl, IPOCEIHHONW Yepe3 CUTO C
nrameTrpoM 1 mm, npombiBatoT aekantanuerd 1M pactsopom CH;COONH,4 ¢ pH
6,5-7,0 1o mpekpamenus peakiun Ha Ca®'— 1oH. PUIBTPAT COGUPAIOT B MEPHYIO
KoJI0y, noBoaAT 10 MeTku 1M pactBopom CH;COONH,, nepememuBaroT, a 3aTemMm
OTNPEENSIIOT KOHLUEHTPAIUIO 3JIEMEHTOB aTOMHO-a0COPOIIMOHHBIM MeToAoM. [l
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MOJIABJICHUS JICTIPECCUPYIOIIETO BIMSHUS antoMuHud, Gochopa u JIpyrux
AJIEMEHTOB Ha aHanuTuueckud curHan Ca u Mg B mOJy4YeHHBIH pacTBOP
N00aBISAIOT crIeKTpoxuMudeckuit Oydep (10 konuentpauuu 1,5-2 r/n La wnm Sr).
['panyupoBounsie pactBopbl rotoBIT Ha IM pactBope CH;COONH,; ¢
no0aBJIeHNEM COOTBETCTBYIOIIMX KoJnuecTB OydepHoro pactBopa. Ilpu
OTIpeJIeTICHNH OOMEHHBIX (OpM COeMHEHUN MUKpodneMeHToB (Zn, Mn, Cu, Co,
Ni, Pb, Cd) no ynpomiennoit metoauke 6epyt 10-20 r moussr, qob6asisroT 100-200
mia IM CH;COONH,, B30anThiBatoOT Ha poTaTope B TeueHue 1 yaca (uimm
HACTAaWBaIOT B TeueHue cyTok) u GuibtpytoT. Co, Ni, Pb, Zn u apyrue Tspkemnbie
METaJUTBl MOKHO OTIPEICTUTH MPSIMBIM TJIAMEHHBIM METOZOM B (UIIBTPATE TOIHKO
B MTOYBAX, 3arPSA3HCHHBIX dTHMH JIEMEHTAMHU.

CrnenyeT 0co00 OCTAaHOBHTHCS HAa BO3MOXKHBIX MATPHUYHBIX MOMEXax MpPH
aTOMHO-a0COpOIIMOHHOM  aHajdu3€ I[0YB, KaKk B IUIAaMEHH, TaK U B
AIEKTPOTEPMHUYCCKUX aTOMHU3aTOpax. B IIaMeHHM OTMEYArOTCs 3HAYHMTEIIbHBIC
XUMHUYECKHE W WOHHU3AIMOHHBIC TIOMEXH, MPOUCXOXKICHWE KOTOPHIX MOJIPOOHO
oOcyxneHo B pasaene 4. TUNUYHBIM MPUMEPOM TaKOTO POJa IMOMEX SIBIISCTCS
MOHI)KEHHE CUTHAJIa IIEJOYHO3EMENbHBIX DJJIEMEHTOB TMpU OIpEACNICHU:d B
pacTBOpax BCKPBITBIX M MOATOTOBJICHHBIX IMOYB B MPUCYTCTBUU ATIOMUHUA,
KpeMHus, (ocdopa, a Takke 3I€MEHTOB, O0pa3yIOIIMX YCTOWYUBBIE OKCHJIbI
(amomMuHUE, BaHagui, OOp, MOJMUOAEH U JOp.). YCTpaHUTh TIOMEXH B
KOHJICHCUPOBaHHOW  (asze  MOXHO  AByMS  TYTSIMH: UCIIOJIb30BaTh
BBICOKOTEMIIEPATYPHBIC TJIAMEHA, SHEPTUsl KOTOPHIX JOCTATOYHO BBICOKA, YTOOBI
pa3pymiuTh MOJICKYJbI, W JOOAaBIATh K aHAIW3UPYEMBIM, XOJOCTHIM U
rpagyrupOBOYHBIM PACTBOPAM CIIEKTPOXUMHUUYECKHE T00aBKH. B kauecTBe mpumepa
MO>KHO TTPUBECTH J00ABJICHNE K MIOYBEHHOM BBITSDKKE COJIM JIaHTaHA. B mouBeHHO-
arpOXMMHYCCKON MPAKTHKE JIAHTaH, KaK MPAaBUIIO, HE SBISICTCS OMPEICTISICMbIM
AJIEMEHTOM, M €ro 4YacTo MCIHOJIb3YIOT B KayeCTBE 3allMTHOIO peareHTa.
HMoHun3annoHHbIC TOMEXH YCTPAHSIOTCS IMyTEM J00aBJICHUS B aHATU3UPYEMbIC U
rpaayrupOBOYHBIC PACTBOPHI M30BITKA JIETKOMOHU3UPYEMBIX 3JIeMeHTOB — Cs, Rb,
K, Li.

[Tomexu mpu TMOJTYyYEHWHM U TEPEHOCE a’po30Jii BO3HUKAIOT M3-32
pasnuyuii B cocTaBe Mpod U ATAJOHOB, B BA3KOCTH, TOBEPXHOCTHOM HATSHKEHUH U
T.J. DITUMUHUPYIOTCS 9T MOMEXHU Ojarojapsi UCIOJIb30BAaHUIO METOJ/Ia T00aBOK.
CaMbIMU HEXENaTeTbHBIMU KUCJIOTaMU TPH MPOOOMOATOTOBKE MOYB SIBISIOTCS
cepHas 1 ¢ocopHas KHCIOTHI — BBI3BIBAIOT Jenpeccupytonuii a3gdekr. JlobaBka
CH;COOH Be3bIBaeT poct curhHaia. Ha mnpumepe onpeneneHus BajoBOrO
comepkaausi Mn B mouyBax OBLJIO IMOKAa3aHO, YTO TMPU PA3IOKCHUH TTOYBBI
CIUTABJICHHEM CO CMECBIO COABI U OYphI HAOMIOAAIOTCSA 3HAYUTEIBHBIC TIOMEXHU CO
CTOPOHBI MHOTUX 3eMeHToB. Jyis ycrpanenus Biausiaus Si, Al, Fe, Ca, Mg, Ti, P
u S Ha CUTHAJI MapraHia NPeaokKeHO (OTOMETPUPOBATH YYaCTOK BO3IYIITHO-
alleTWICHOBOTO  TUTAMECHM, HAXOJAIIUMHCSA  3HAYUTEIBHO  BBIIIE  OOJACTH
MaKCHUMaJIbHOW YYyBCTBUTEIILHOCTH OIpeaeaeHus. [Ipu KUCITOTHOM pa3ioXeHUU
nouB cMmecbto HCI, HNO;, HF ¢ mocnenyronium pactBopenunem octatka B HCI
uwin HNO; momex BcTpewaeTcsi ropa3fqo MeHblie. Hampumep, mpu KUCIOTHOM

245



pa3NoKeHUH MpPOObl TMOYBBI OMpEAENICHUE *Kejle3a BO3MOXKHO IO «YUCTBHIM
rpaayupoOBOYHBIM PACTBOpPAM, COJEPKAIUM TOJBKO kene3o. OmnpeneneHue
’Keye3a B IMOYBaX IPU Pa3JIOKEHUHM CIUIABJIEHUEM CO CMEChl0O Oypbl M COJbI
MPOBOJAT mocie OypepupoBaHUS PACTBOPOM COJIM JIAHTAHA, €CJIA HCIOJB3YIOT
miamsi aneTUsIeH-BO3lyX, WA MO TPagyHMpPOBOYHBIM PACTBOpaM, COAEPIKAIIUM
TOJBKO Kene3o, npu npumeHeHun tiameHn N,O-C,H,. Ilpu onpenenenuun
QTIOMMHUSL B TOYBAaX IIOCJAE€  KHUCJIOTHOTO  Pa3fioKEHUs  HEoOXOAUMO
oydepupoBanue pacropom, coaepxamum 0,1 mac.% xanus (1), npu paznoxeHuu
npoObl CIUIABJIEHUEM CO CMECBHIO Oypbl M COJbI OIpEIETICHUE MPOBOIAT IOCIE
OoydepupoBanus pactBopoM, coaepxammm 4 mr/mi nantana(lll), dboTomerpupys
y4acTOK IJIAMEHU Ha BBICOTE 4 MM OT YPOBHS TOPEIIKH.

[Ippy ananu3e MOYBEHHO-OMOJIOTMYECKUX OOBEKTOB  CYIIECTBEHHO
YBEJIMYHMBACTCS HECEJIEKTHUBHOE IOIJIOLIEHNE, YTO OCOOEHHO CKa3bIBaeTCs Ha
MPaBWIBHOCTH W BOCHPOM3BOJMMOCTH  PE3yJbTAaTOB  aHajdu3a  METOJ0M
AIEKTPOTEPMHUYECKON aTOMHO-a0COPOIIMOHHON creKTpockonuu. HecenexkTuBHOE
MOTJIONIEHNE OCOOCHHO BEJIMKO TIPU ONPEACICHUH MaJIbIX KOHIICHTpAIUil
AJIEMEHTOB, AaHATUTHUYECKUE JIMHUHA KOTOPBIX PACIOJIOKEHBI B YIbTpadroIeTOBON
gactu cnekrpa (200-300 awm). [lodToMy mnpH 3IEKTPOTEPMUUYECKOM AaTOMHO-
aOCOpOIIMOHHOM ~ OMNpE/ENIEHUH  MHKPOKOJMYECTB  METAaUIOB B IMOYBax
OTIpeJIeICHHEe  0053aTeNbHO MpOBOAST IO  METOAYy  TEeMIlepaTypHO-
CTaOWIIM3UPOBAHHOM TIeUH C MIaTGHOPMON, OMMCAaHHOMY B pazfenax 5.4, 5.6.

B ciyuae onpenenenusi (OHOBBIX COACPKAHUN AJIEMEHTOB B MOYBAX WIH
IpU  HEJOCTATOYHOW UYyBCTBUTEIBHOCTHM Mpubopa mpuderaroT K MeTojam
MpEeABAPUTEILHOIO0 KOHIIEHTPUPOBAHUS. B MOUBEHHO-arpOXUMUYECKON MPAKTUKE
4acTo [JIsi KOHLIEHTPUPOBAHUS NPUMEHSAIOT MPOCTOE yHapuBaHWe Mpod 10
OINPEJENICHHOr0 00beMa C MOCIEAYIOIIUM PACTBOPEHUE CYXOT0 OCTaTKa B MajoM
o0BeMe MMOAXOISIIIETO IS aTOMHO-a0COpPOIIMOHHOM CIEKTPOCKOUU
pacTBOPUTEIISL.

[IInpoxo pacpoCTpaHEHHBIM 151 YHUBEPCAJIbHBIM METOAOM
KOHILICHTPUPOBAHUS SABIISIOTCS DKCTPaKUUsg U coocaxieHue. IIpu skcrpakuuu
JJIEMEHTOB qarie BCEr0 UCIIOIb3YIOT B KauecTBe peareHTa

NUPPOIUAUHIUTHOKapOaMaT aMMOHUS, KOTOPBIH 00pa3yeT KOMILIEKCHI OoJiee yeM
c 30 omemenTtamMu B mUpokoMm auamazoHe pH. ATomHO-aGcopOIIMOHHOE
ONPENEIICHUE DJEMEHTOB HENOCPEJACTBEHHO B OPraHUYECKUX SKCTPAKTAX
METHUJIM300yTUIIKETOHA TIO3BOJISIET CHU3WUTH TMpefen OOHapy>KeHUs Ha JBa
nopsJIKa.

JloGaBieHue B aHAIU3UPYEMbId PACTBOP CMENIMBAIOIIUXCS C BOJOU
OpraHUYECKUX pacTBOpPUTEIEH (HAampuUMep, 3TAHOJIA) TAKKE MOMKET YBEIUYHUTh
YyBCTBUTEJIBHOCTh MJIAMEHHOI'O aTOMHO-a0COpOILIMOHHOIo MeToaa B 5-10 pa3, uro
4acTo ObIBA€T IOCTATOYHO JJISl PEIICHHS] KOHKPETHBIX MOYBEHHO-arpOXUMUYECKUX
3amad. Hanmpumep, BBeJleHHE ATaHOIa B 00bEMHOM COOTHOIIEHUH 1:1 B alneraTHo-
aMMOHUHBIN Oydepubiii pactBop ¢ pH 4,8 mo3BojisieT HaJEXKHO ONPENEsiTh B
MOYBe JOCTYNHYIO JUIsl pacTeHuil meab. KoHeYyHO opraHuyeckue pacTBOPUTETU
HE00X0AMMO J00aBIATh B rPAyUPOBOYHBIE U XOJOCThIE PACTBOPHI.
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6.4. MeTannbl n cnnasbl

6.4.1 LiBeTHble meTannbl U cnnasbl

ATOMHO-a0CcOpOIIMOHHAST CIIEKTPOCKOMUS SBIICTCS TMPEUMYIIIECTBEHHO
METOJIOM ONpeAeieHUs] MeTaIoB. [103TOMy HEYIUBUTENBHO, YTO CAaMOE IITUPOKOE
NPpUMEHEHUE  JaHHbIH  METOJ  TOJy4yud B Pa3lIMYHbIX  OTpaCisix
METAJTypPrUYecKoro mpous3BoACTBa. KOHEUHO, O3TOT METOJ HE  MOXET
KOHKYpPHpPOBaTh IO OKCIPECCHOCTH C ONTHYECKUM WM PEHTTCHOBCKUM
crekTpoMeTpoM. (OJHaKO BBICOKas TOYHOCTh MeETOJa M HE3aBUCHUMOCTH
MOJTy4aeMbIX PE3yJIbTaTOB OT MHOTMX (AaKTOPOB IMO3BOJISIIOT OTHECTH AaTOMHO-
a0COpOLIMOHHBIA METOJ K YMCITy HanOoJiee MPUTOIHBIX ISl TOBEPOYHOr0 aHaM3a
W Ui 1eNed aTTecTalldd COCTaBa CTAHJApPTHBIX 00pa3loB, HEOOXOMUMBIX IS
KaJIMOpPOBKU ONTHUYECKUX M PEHTICHOBCKUX CHEeKTpoMeTpoB. Kpome Toro,
aTOMHO-a0COpPOIIMOHHASI CIIEKTPOMETPHUSI OKa3bIBAECTCS MPEANOYTUTEIHLHON B
71a060paTOPHUSAX, BBHITOJHSIONMIUX CPAaBHUTEIHLHO HEOOJBINONW 00BEM aHAIHM30B, a
TaKkK€ aHalu3 METaUIOB, CIUIABOB UM MPOAYKTOB  METAJLTyPrHu€CKOro
MPOU3BOJICTBA CIIOKHOTO, MEPEMEHHOT0, a MOPOM M HEYCTAaHOBJIEHHOI'O COCTaBa,
JUISl KOTOPBIX OTCYTCTBYIOT CTaHAAPTHBIE 0OPA3IIbI.

[Ipu ucnosib30BaHUM aTOMHO-a0COPOIMOHHON CIIEKTPOCKOIUU B IIBETHOM
METAJUTYpPTrUd 4allle JPYTUX MNPUXOAUTCS aHAJU3UPOBATh CIEAYIOIIUE THIIbI
METAaJIJIOB U CIIJIaBOB:

— QJIIOMUHUH U €ro CIUIaBbI;
— Melb U €€ criaBbl (OpOH3bI, TATYHH, MEITbXUOP, HEH3UILOED U JIp.);
— CBHHEII U €ro cIuiaBbl (0a00UTHI, MpUnou, TUnorpadCKuil CIijiaB u ap.).

CmnaBel Menu ¢ 1uHKOM (JatyHu) cozaepxat ot 80 mo 20mac.% menwm,
ocTtasibHOE — IIUHK. JlaTyHu ObIBatOT kpacHbie (MeHee 20Mac. % 1uHKa, 00J1a1al0T
Xopoleld Tarydectbio), skentele (20-50mac.% uumnka) u Oenbie (50-80mac.%
[MHKA, Xpynkue). [ToMruMo 3TOro BBIIETSIOT CHEIUaIbHbIE JaTyHH, COJepKaIlue
kpoMe Cu u Zn taxxke Pb, Ni, Mn, Fe, Sn, Al

CrnaBbl MeM € OJIOBOM WIIM antoMuHueM (OpoH3bl) copepxkat 90mac.%
Meaqu u 10mac.% onoBa. BpoH3bl KiIacCUPUIMPYIOT B 3aBUCUMOCTH OT HX
XUMHUYECKOTO COCTaBa Ha  OJIOBSHHBIE, aJlOMHUHHEBBIE, (OChHOpPUCTHIE,
cnenuanbhbie. [Tocnenuue Hapsay ¢ Cu u Sn comepxkat Takxke Al, Pb, Ni, Mn, Fe,
Si, Be. K nambonee mMpOKO MPUMEHSEMBIM CIJIaBaM MEIU OTHOCSATCSA TaKKe
HAM (cnnaBbl IMHKA-aIIOMUHUS-Marausi) 1 Menbxuopsl (80mac.% Cu, 20mac.%
Ni).

Hanbonee pacnpocTpaHeHHbIE aTlOMUHUEBBIE CIUIaBbl - CUiIymMuH AK
(Al+Si, mpumecu Fe, Mn, Ca, Ti, Cu, Zn), AB (Al+Si+Mg, npumecu Ca, Zn, Pb,
Sn u op.), AMrMr (Al+Mg+Mn).

baOOuTel, mpunon u TUNOrpadCcKkue CIUIaBbl COAEPKAT B KadyecTBe
OCHOBHBIX KOMIOHEHTOB Pb, Sn, Sb. Mapku 06a00uUTOB paznuyarOTCA B
3aBUCUMOCTH OT MacCOBOM JI0JIM 0JI0Ba (OJIOBSIHHBIC U CBUHIIOBBIE 0a00uTHI). Tak,
06a66ut b83 comepxut okoso 8mac.% cypbMsl, 2,5-3,5mac.% menu, 0,8-1,2mac.%
kaamus, 1o 0,3mac.% Hukend, 0,1mac.% cBuHIIa, ocTalIbHOE - 0J10BO. badoout b16
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coaepxut aumb 17Mac.% onoBa u 64mac.% cBunma. ba6out BK comepxut
kanmplui, a BKA — eme u amroMuHui. AHAJOTMYHBINA COCTaB MMEIOT OJIOBSHHO-
ceuHIoBeie npurnou (ITOC). CnenuanbHbie TPUIION MOTYT ColiepKaTh 10 SMac.%
cepedpa.

CmutaBel HUKENS — 3TO OpOH3BI, JIATYHHW, MOHETHBIC CILIABBI, CIUIABBI IS
ANEKTpUUECKUX comportubienuit. Hanpumep, konctantan (40mac.% Ni, 60mac.%
Cu), nukenus (31mac.% Ni, 56mac.% Cu, 13mac.% Zn), maaraans (4mac.% Ni,
12mac.% Mn, 84mac.% Cu), cruraB ajist 3yOHBIX TPOTE30B — TUKOHUYM (68,2Mac.%
Co + Ni, 30mac.% Cr, 1,8mac.% Be). AToMHO-aOCOPOIIMOHHBIM METOJIOM YacTO
aHAJIM3UPYIOT OCPUJIIMNA M €r0 CIUIaBbl; 30JI0TO U €ro CILJIaBbl; MAarHUMN; HUKEIb,
€ro CIUIaBbl W TMPHUIIOW; OJIOBO, €r0 CIUIABbI U MPUNOU. XUMHUYECKHI COCTaB
METauIOB (IIPUMECH) U CIUIAaBOB (HOPMHUPYEMBIE KOMIIOHEHTHI W IPUMECH)
OMpEeNIEeNACTCS] COOTBETCTBYIOIIMM CTAaHIAPTOM WJIM TEXHUUECKUMHU YCIOBUSIMHU.

Oco06eHHO clleTyeT OCTAaHOBUThLCS HA aHAJIN3€ YUCTHIX IBETHBIX METAJIOB
— MeIY, IIUHKA, aJIOMUHUSA, CBUHIA U T.1. YucThie padUHUPOBAHHBIE METAJUIbI
HMEIOT COOTBETCTBYIOIIYIO MAPKUPOBKY, MO3BOJISIIOITYIO0 YCTAHOBUTH UX YUCTOTY,
HarpuMep:

mapka | CO | ClI c2c | 2 | ¢ | c3c

Ceunen;  MaccoBas 99,992 | 99,985 | 99,99 | 99,95 99.9 99,5
nonsa Pb, %

mapka | A999 | A995 | A99 | A95 | A8 | A7 | A6 | A0

AJIFOMUHMHA  MaccoBas |99,999|99,995 99,99‘99,95‘99,8‘99,7‘99,6‘99,0

o Al, %
mapka | MO¢ | MO | MI | M2 | M3
Menb MaCCOBa’IO 99,97 99,93 99,90 99,70 99,50
nois Cu, %

Kak mpaBuio, mpu aHaam3e YUCTBIX METAJUIOB COJEPIKAHHE CaMOro
MeTajljla HE OMPENENsIOT, a ONPENesioT MpuMecu. MaccoByr MO0 MeTallia
HaxoaiaT Kak pa3HocTh 100 % W CymMMblI MacCOBBIX N10JE€H BCEX HOPMHUPYEMBIX
npuMecei. Vckirouenne cocTaBisieT Melb — IPU MaccoBOM Aoiie meau ot 99,0 no
99,9 % ™Menp B cymMme C cepeOpoM ONpPENENSIOT 3JIEKTPOrPAaBUMETPUUYECKU C
MOCIEAYIOIIUM  aTOMHO-a0COPOIMOHHBIM  OINpEJEICHUEM  OCTaBIICHUCS B
anekTposure meau. Ecim maccoBast 1onst Meau npesbiaet 99,9 %, ee HaxonsT mno
Pa3HOCTH, BBIUNATASI CyMMY ompeneinsieMsbIx npumeceit u3 100 %.

Hopmupyembie KOMIIOHEHTBHI HEKOTOPBIX Haubojee pachHpoCTPaHEHHBIX
[BETHBIX METAJIJIOB U CILJIABOB MPEJICTABJICHBI B Ta0J1. 6.9

W3 npuBeeHHbIX TaHHBIX CIEAYET, YTO MPHU aHAIKU3E BETHBIX METAJIJIOB U
CIUIABOB HEOOXOIUMO ONpPENENsTh JAOBOJIBHO 3HAUYUTEIBHOE YUCIO AJIEMEHTOB B
JIiana3oHe COACpKaHUM OT 107 1o 15-20mac.%.
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Tabanma 6.9 — XUMHUYECKHMH COCTaB I[BETHBHIX META/UIOB U CIUIABOB
COTJIACHO HOPMATHBHBIM JIOKYMEHTaM

OOBbekT JIokyMeHT, periiaMeHTupytouui | KoMInoHeHTHI Hunanazon
aHaJm3a XUMHUYECKHUN COCTaB CoAepKaHusA,MacC.
%
I'OCT 3640-94 Ilunk. Texnuueckue JKEJIe30 0,001 - 0,2
Huuk YCJOBHUSL. MeJb 0,0005 - 0,08
MBIIIBSIK 0,00025 -0,03
0JIOBO 0,0005 — 0,06
cypbMa 0,0005 — 0,05
AJTFOMUHUI 0,002 -0,03
CBUHEI] 0,002 -3,0
KaJMHH 0,001 - 0,3
I'OCT 19424-97 (ACTY 3586-97) ATIOMHUHUN 3-13
Crnassl CnaBel IUHKOBBIE JINTEHHBIE B Menb 0,005 -8
OUHKOBBIC | yyiikax. TeXHUYECKUE YCIOBUS. MarHum 0,005 -0,1
I'OCT 25140-93 CnnaBbl LIMHKOBEIC CBHUHEII 0,002 — 0,05
auTenHbie. Mapku. KaJIMUH 0,001 — 0,03
I'OCT 21437-95 (UCTY 2774-94) KeJe30 0,01 -0,4
CnnaBsbl IIMHKOBBIC 0JIOBO 0,0005 - 0,05
aHTUQPUKITNOHHBIC. Mapku, KPEeMHHUI 0,005 -0,1
TEXHUYECKHE TPEOOBAHUS U METOJIbI
HCIIbITAHUH.
I'OCT 21438-95 (JACTY 2775-94)
CruiaBbl IIUHKOBBIC
aHTU(DPUKIIMOHHBIE B YyIIIKax.
TexHu4yeckue yCcaoBusl.
I'oCT 3778-98 CauHerl. cepebpo 0,0001 — 0,02
CBuHeln TexHu4ueckre ycloBHs. Meb 0,0002—-0,2
IIUHK 0,0005 -0,2
BUCMYT 0,001 - 0,2
MBIIIBSIK 0,0002 - 0,1
0JIOBO 0,0002 - 0,2
cypbMa 0,0002 - 0,4
JKene30 0,0005 - 0,02
Mar"um 0,0005 — 0,05
KaJIBLITAHN 0,0005 - 0,05
HaTpUi 0,0005 — 0,05
CmuiaBsl I'OCT 1292-81 CrnnaBbl CBUHIIOBO- cypbMa 0,05 -20
CBUHIIOBO- | CYPbMSIHUCTHIE. TexHuueckue Melb 0,001 - 0,3
CYpPbMSIHUC- | YCJIOBHS. 0JIOBO 0,001 - 0,6
ThIC MBIIIBSIK 0,001 -1,0
BHCMYT 0,01 -0,15
LIUHK 0,0005 — 0,05
JKee30 0,0005 - 0,04
cepedpo 0,001 - 0,1
HHUKEITb 0,0005 — 0,005
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[Ipunon I'OCT 21930-76 Ilpumou 010BSIHHO- 0JIOBO 1,8 -96
OJIOBSIHHO- | CBUHIIOBBIE B UyIlIKaX. TeXHUYECKUE cypbMa 0,002 -6
CBUHIIOBBIE | YCIIOBHUSI. Me€eIb 0,002 -2

KaJIMHU 17-19
MBIIIBIK 0,002 0,05
JKee30 0,001 — 0,02
HUKEITb 0,0005 - 0,08
[IUHK 0,0005 — 0,002
AJTFOMUHUI 0,0005 — 0,002
cepa 0,001 — 0,02
BUCMYT 0,002 - 0,20
ba6ouThI I'OCT 1320-74 baGOUTHI OJIOBIHHEIC 0JIOBO 5-20
OJIOBSIHHBIE U | U CBUHLIOBBIE. TexHuueckue cypbMa 5-20
CBUHIIOBBIE | YCIIOBHSI. MeIb 0,1-7
KaJMUM 0,01 -1,2
HHUKEIb 0,1-0,5
MBIIIbSK 0,01 -1
CBUHEII 0,1-3
JKene30 0,002 -0,10
[IUHK 0,001 - 0,15
BUCMYT 0,002 -0,10
AJTFOMUHHUHI 0,002 - 0,05
I'OCT 860-75 OmoBo. Texunueckue MBIIIBSIK 0,00001 — 0,25
OnoBo YCJIOBHSL. JKeJIe30 0,00002 — 0,05
Melb 0,002 0,12
CBHUHEII 0,005 -3,1
BUCMYT 0,002 -0,10
cypbMa 0,00001 — 0,35
cepa 0,001 — 0,06
LIMHK 0,0003 — 0,002
AJTFIOMUHHUHN 0,0005 - 0,05
Cypbma I'OCT 1089-82 Cypbma. CBUHEII 0,02-5,0
TexHuyeckue yciaoBusl. MBILIbSAK 0,00002 — 4,0
JKeJIe30 0,008 — 0,15
cepa 0,005 -0,2
HHUKEIIb 0,005 - 0,05
30JI0TO 0,000001 — 0,002
HATpUI 0,00005 — 0,0002
I'OCT 613-79 BbpoH3bl OJOBSIHHBIE MeIb 50 u 6otee
Bpon3sl auTelHble. Mapku. 0JIOBO 0,25 —12,0
OJIOBSIHHBIC ['OCT 5017-74 BpoH3bl OJOBSHHBIE, IIUHK 0,1 -30,0
obpabaTeIBaeMbIe JTaBJICHUEM. CBUHEII 0,002 — 30,0
Mapxku. dbocdop 0,005 -1,2
I'OCT 614-97 bpoH3sl nuteiiHbie B HUKEITb 0,05-2,5
yymkax. TeXHUYECKHUE YCIIOBHUSI. AJTFOMUHHI 0,001 —0,25
Kene3o 0,0025-0,6
KPEMHHUI 0,001 —0,30

250




cypbMa 0,001-0,6
BUCMYT 0,001 — 0,02
MBIIIBSIK 0,01 -0,15
Mar"uu 0,001 — 0,05
cepa 0,001 — 0,10
THTaH 0,02-0,2
Mapraser| 0,05-0,3
I'OCT 614-97 Bpon3bl JIHUTEHHbIE B MeIb 50 u bonee
BbpoHn3ssl yymkax. TeXHUu4ecKue ycloBusl. 0JIOBO 0,01 -0,5
0€30JI0BsIH- Irocrt 493-79 Bpon3sel LUHK 0,01 -10
HEIE 0€30JI0BSIHHBIC JINTEHHBIC. MapKH. CBUHEII 0,002 — 65
Iroct 18175-78 Bpon3ssr dbocdop 0,005 -1,2
0€30JIOBSHHEIE, oOpabaThsiBaeMbIe HHUKEIb 0,05-7
naBieHreM. Mapku. AIFOMAHHN 0,005 —-13
JKeJIe30 0,001 —7
KpPEMHUI 0,01 -4
cypbMa 0,001 — 0,65
Mapraser| 0,01 -6
MBIIIBSK 0,001 -0,4
Maraui 0,001 — 0,05
KaJIMUM 0,1-1,5
cepedbpo 0,02-2,5
XpoM 0,2-1,5
Menb I'OCT 859-78 Menp. Mapku. BUCMYT 0,00005 - 0,02
cypbMa 0,0005 - 0,10
MBIIIBSIK 0,0005 -10,10
JKene30 0,0005 10,10
HUKEITb 0,0005-0,6
CBHHEI] 0,0005 - 0,06
0JIOBO 0,0005 - 0,06
cepa 0,001 — 0,02
IIUHK 0,0005 - 0,006
dbocdop 0,0003 — 0,06
cepebpo 0,001 — 0,005
CnuiaBsl I'OCT 4515-93 (ACTY 2530-94) Me[lb 80 u Goiee
METHO- CruiaBbl MeHo-(ochopucThIe. dbocdop 5-14
dochopuc- | Texuuueckue yciaoBus. BUCMYT 0,0008 —0,02
ThIE cypbMa 0,001 - 0,20
JKene30 0,01 -0,5
CmuiaBsl I'OCT 17711-93 CnnaBsl MeIHO- MeJlb 45 u Oonee
MeEJTHO- IIUHKOBbIE  (JIaTYHHU)  JIUTEHHBIEC. ATFOMUHUM 0,005 -8
[IAHKOBBIE Mapxku. JKene3o0 0,01-5
(JlaTyHH) I'OCT 1020-97 (UCTY 3473-96) Maprasery 0,01 -7
JlaryHu  nuTelHBIE B YYyIIKax. KpPEMHHUI 0,05-5
TexHuuecKue ycloBUs. 0JIOBO 0,001 -5
I'OCT 15527-70. CmmaBel MegHO- CBHUHEII 0,005 -5
LIMHKOBBIE (J1latyHm), cypbMa 0,001-0,3
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obpabaTeIBaeMbIe JABJICHUCM. docdop 0,002 - 0,1
Mapku. HUKEIb 0,01 -7
[IUHK 3,0-45,0
BUCMYT 0,0005 - 0,05
MBIIIBIK 0,001 - 0,2
cepa 0,001 — 0,05
I'OCT 4784-97 AmomuHuii u IIUHK 0,004 - 12,0
ANOMUHMUI U | CILIaBbI AJIIOMHUHUEBBIC Maprasei| 0,005 -2,0
CILJIaBbI nedopmupyembie. Mapku. KeJe30 0,005 -2,0
amomuuann- | TOCT 295-98 AmnroMuHUA U1 Menb 0,001 — 12,0
eBbIE PAaCKHUCIICHHUS, MPOU3BOACTBA Mar"um 0,01 -13,0
(beppocIiaBoB U aTIOMHUHOTEPMUMU. KpPEMHUI 0,02 -25,0
TexHu4YecKre yCcIoBUS. UUPKOHUI 0,002 - 0,5
I'OCT 1131-76 CnnaBsl HaTpuii 0,0002 — 0,05
aTIOMUHHEBBIE AehOpMHUpYyEeMbIE B MBIIbSIK 0,002 — 0,04
yymkax. TeXHu4ecKue ycloBusl. OeprLIHii 0,001 -1,0
JACTY 2839-94 (I'OCT 1583-93) THTaH 0,005 -0,7
CruiaBpl  aJJFOMUHHEBBIE JIUTEHHEBIC. 6op 0,0001 - 0.5
TexHuueckue ycaoBusl. BUCMYT 0,005- 1,0
BaHa UM 0,005 -0.,5
KaJui 0,001 — 0,05
KaJMHH 0,005-1,0
JIUTHAMN 0,05-3,0
HHUKEIb 0,005 -28,0
0JIOBO 0,005-1,0
CBHUHEII 0,01 -1,5
cypbMa 0,0002 - 0,3
XpoMm 0,001 -1,0
cymma P39 0,2-2,0
UTTpUI 0,1-2,0
CKaHIUH 0,02-5,0
raJuIumn 0,001 - 1,0
KaJIbIIHAI 0,03 -0,30
I'oCT 14957-76 CnnaBsl AITFOMHHUMN 0,003 -12,0
CnnaBbl MarHueBbIe nedopMUpyeMBbIE. Maprasery 0,01 -3,0
MarHueBbie | Mapku. IIUHK 0,02 -8,0
I'OCT 2856-79 CrtaBel MarHueBbIC UUPKOHUM 0,00005 1,5
nuTeliHbie. Mapku. HUKEITb 0,0005-04
Mellb 0,001 - 0,8
KpEMHUM 0,003 - 0,6
oepuIunit 0,0001 — 0,015
JKEJIe30 0,001 —0,2
KaJIMHH 0,02-2,0
JIaHTaH 0,2-20
JIUTUMN 10,0 - 25,0
KaJIun 0,002 — 0,02
KaJIbIIAI 0,01 -0,2
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HaTpui 0,001 — 0,05
HEOUM 1,0-5,0
cymma P39 0,3-5,0
uepuii 0,1-1,5
cepebpo 0,5-2,0
THTaH 0,001 — 0,02
XJIOp 0,002 - 0,01
Hukens u I'OCT 492-73. Hukenb, CIUIaBbI MEJIb 0,005 u BbIIIE
CILJIABBI HHUKEJICBBIE M  MECIHO-HUKCIICBEIC, HUKEJIb 0,5 u BbIIIIC
HUKEJIeBbIE | oOpabaThiBaeMbIc JTaBJICHUEM. KOOaIbT 0,02-1,5
Mapxku. UHK 0,001 — 30
JKee30 0,001 —6.,5
Maprasery 0,001 — 15,0
KpEMHUI 0,001 - 1,6
aJTFOMUHUI 0,005 -3.5
BOJIb(hpam 2-4
MarHui 0,002 - 0,20
MBIIBSIK 0,0005 - 0,05
XpoM 8—11
cypbma 0,0005 — 0,05
BUCMYT 0,0005 -0,02
cepa 0,001 — 0,05
dbocdop 0,0005 - 0,05
CBUHEII 0,002 -2,5
TUTaH 0,05-0,4
0JIOBO 0,0005 — 0,25

Poaps aToMHO0-2a06CcOpOIIMOHHOTO METO/Ia B PEIICHUH 3TOM CIIOKHOM 3aJ1auun

WUTIOCTPUPYIOT AaHHbIE Ta0a. 6.10, B KOTOpO MpUBE/ICHBI CBECHUSI 00 aTOMHO-
a0COpOLIMOHHBIX METOJMKAX, BKJIIOUCHHBIX B CTAHAAPTHI HA METOJIbl XUMUYECKOTO
aHaJu3a [IBETHBIX METAJIOB U CIUIABOB.

N3 mnpencraBiaennbix B Taba. 6.10 maHHBIX BHJIHO, 4YTO AaTOMHO-
a0COpOLMOHHBIA ~ METOA, HapsAy C JOpPYyrUMH, BKJIOYEH BO  MHOTHE
roCcyJIapCTBEHHBIE CTAHJIAPThI U 00ECTIeUnBaET omnpeeneHue 6osee 15 reMeHToB

B IIMPOKOM AUAITA30HC COI[Gp}KaHI/II‘/’I.

Tabmuma 6.10 — CrangapTHble aTOMHO-a0COPOIIMOHHBIE METOJIUKH TIPHU

AHAJIM3C IBCTHBIX MCTAJIJIOB M CIIJIAaBOB

Junanazon
Omnpenensie-
oTpeAeIIIeMbIX
HanmeHoBaHHE HOPMAaTUBHOTO JIOKYMEHTA MEbIE .
KOHIIEHTpAIUH,
9JIEMEHTBI o
Mmac. %
I'OCT 19251.1-79, TOCT 19251.3-79, TOCT 19251.4-79, CBHUHEII 0,002 - 3,0
I'OCT 19251.6-79. lluuk. Metoas! ananu3a. OCT 19251.7-93 KaJMUi 0,001 - 0,3
Huuk. Mertoasl omnpeaenenust amtomunus. 'OCT 23957.1-80, JKene3o0 0,001 - 0,2
I'OCT 23957.2-80. Iluak. Metoasl aToMHO-aO0COPOIIMOHHOTO Menb 0,0005 - 0,08
onpenenenus Pb, Cd, Sb u Sn. 0JIOBO 0,01 —0,06
amomuan | 0,002 — 0,03
cypbMa 0,0005 — 0,05
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I'OCT 25284.1-95- T'OCT 25284.8-95. aJTIOMHHUN 3-13
CrutaBbl IUHKOBEIE. METOABI aHaIM3a. Meb 0,005 -8
Maraui 0,005 -0,1
CBUHEIL 0,0025 - 0,05
JKene30 0,01 -04
KaJIMUi 0,001 —0,03
I'OCT 11739.4-78, TOCT 11739.9-78, TTOCT 11739.13-78, LIMHK 0,01 -12,0
I'OCT 11739.16-78-'OCT 11739.18-78, TOCT 11739.20-78, Maprasery 0,01 -3,0
I'OCT 11739.21-78, ’'OCT 11739.3-82, JKEeIe30 0,01 -2,0
FOCT 11739.6-82, TOCT 11739.7-82, TOCT 11739.11-82- |  MOA®. 0.01-7,0
FOCT 11739.20-82, TOCT 11739.23-82, TOCT 11739.24-82, | ~ MarHuit 0,01 =12,0
FOCT 11739.1-90, TOCT 11739.2-90, TOCT 11739.4-90, | _Marpuii | 0.0002-0,05
TOCT 11739.5-90, TOCT 11739.8-90, TOCT 11739.9-90, Ocpunmuii | 0,001 -1,0
BUCMYT 0,05- 1,0
I'OCT 11739.10-90, TOCT 11739.16-90, I'OCT 11739.17-90, BaHa M 0,05-0,5
I'OCT 11739.18-90, I'OCT 11739.19-90, I'OCT 11739.21-90, Kaaui 0,001 — 0,05
I'OCT 11739.22-90, TOCT 11739.25-90, I'OCT 11739.26-90, KaMUi 0,01 - 1,0
I'OCT 11739.11-98, TT'OCT 11739.12-98, I'OCT 11739.13-98, JTATUN 0,05-3,0
I'OCT 11739.24-98, TOCT 11739.6-99, I'OCT 11739.7-99, HUKEIb 0,005 — 8,0
I'OCT 11739.14-99, I'OCT 11739.15-99, I'OCT 11739.23-99. OJIOBO 0,01 - 1,0
CIu1aBbl allOMUHHEBbIE TUTEHHbIE U 1e(GOopMUpyeMble. MeTOIbI CBUHCI 0,01 =1.5
ananuza. TOCT 12697.2-77, TOCT 12697.3-77, TOCT cypEMa 0,01-0,3
12697.5-77- TOCT 12697.11-77. Amiomumnii. Metozpl XpoM 0,01-1,0
xummeckoro anammsa. FOCT 1762.1-71 — TOCT 1762.7-71. MTTpHit 0,1-2,0
CwiyMHH B 9ymKax. MeTo/bl aHaIM3a. CKannu 0,1-5,0
raJjutiui 0,05-1,0
I'OCT 1953.1-79-T'OCT 1953.12-79, I'OCT 1953.13-79, 'OCT LIMHK 0,1 -30,0
1953.14-79, TOCT 1953.15-79, T'OCT 1953.16-79-'OCT HUKEJTb 0,05-2,5
1953.17-79 CBHUHEI] 0,002 — 30,0
BpoH3bI 0J10BSHHBIE. METO/IbI aHAIN3A. KEIE30 0,0025 — 0,6
BUCMYT 0,001 — 0,02
AJTFIOMUHUN 0,001 — 0,25
Maprasery 0,05-0,3
MarHui 0,001 —0,05
I'OCT 15027.1-77- TOCT 15027.12-77, TOCT 15027.14-77, | almroMuHHMI 0,01 -13,0
I'OCT 15027.16-86-'OCT 15027.18-86. KeJes3o 0,01 -7
Bpons3bl 6e3010BsHHbIE. MeTo bl aHANM3A. Mapraten 0,016
0JI0BO 0,05-7
CBHUHEII 0,002 -12
cypbMa 0,01 - 10
HUKEJIb 0,02-2,5
IIUHK 02-1,5
BUCMYT 0,1-1,5
I'OCT 1652.1-77- TOCT 1652.8-77, 'OCT 1652.9-77, ATIOMUHUN 0,03-8
FOCT 1652.10-77- TOCT 1652.13-77. KEIIE30 0.01-2
Maprasery 0,01 -4
CHHaBI)I MCIHO-IITMHKOBBIC. 0OJIOBO 0’005 -2
MerTo/bI aHAN3A. CBHHCI 0,005 — 4.5
I'OCT 24978-91. CmiaBel MeJHO-IIMHKOBBIE. MeTOIBI Cyppma 0,001-0,2
Onpe/ieeHNs [IUHKA. HUKCITb 0,01 -1
IIUHK 0,001 - 6,0
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BUCMYT 0,0005 - 0,05
I'OCT 13938.2-78 — T'OCT 13938.12-78. Meas. Metoabl KeJes30 0,002 - 0,10
aHajn3a. HUKEJIIb 0,02-04
CBUHEI] 0,001 -0,1
IIUHK 0,0005 — 0,006
cepebpo 0,001 — 0,004
I'OCT 26880.1-86 —T'OCT 26880.2-86 cepebpo 0,0002 - 0,015
C MeJlb 0,0003- 0,15
BHUHEL. ATOMHO0-a0COpOLIMOHHBIE METO/IbI aHAIHU3A.
TOCT 20580.1-80 — TOCT 20580.8-80. Crerr. MeTozbi LMHK 0,0005 - 0,2
XMMUYECKOTO aHAJIN3A. BHCMYT 0,002 —0,2
MBIIIBSIK 0,01 -0,1
0JIOBO 0,01 -0,2
cypbMa 0,0002 - 0,25
JKene3o 0,0005 -0,015
MarHui 0,0005 - 0,02
KaJIbIAH 0,0005 - 0,02
HaTpuii 0,0005 - 0,05
I'OCT 1293.1-83 —T'OCT 1293.5-83, 'OCT 1293.7-83, 'OCT MeJlb 0,001 -0,3
1293.10-83 — TOCT 1293.13-83. CnnaBel CBHHIIOBO- MBIIIBSIK 0,001 -1,0
CypbMSIHUCTBIE. METObl XUMUYECKOTO aHATU3A. BUCMYT 0,01 -0,15
IIUHK 0,0005 - 0,05
JKene30 0,0005 - 0,04
cepebpo 0,001 - 0,1
HHUKEJb 0,0005 — 0,005
I'OCT 21877.1-76-T'OCT 21877.11-76. MEIb 0,1-7
Bab0uThI 0JI0BSIHHBIE ¥ CBUHIIOBBIE. METOIBI aHAIIM3A KaJMHUH 0,01 -1,
HUKEJIb 0,1-0,5
CBUHEI 0,1-3
JKene30 0,002 -0,1
IIUHK 0,001 - 0,15
BUCMYT 0,002 -0,10
AJTFIOMUHHUI 0,002 - 0,05
I'OCT 1367.2-83 — T'OCT 1367.7-83, TOCT 1367.10-83. kKele30 0,008 — 0,15
Cypsma. MeTobl aHanm3a. HUKEJb 0,005 - 0,05
30J10TO 0,000001 —
0,002
HaTpuil 0,00005 —
0,0002
I'OCT 15483.1-78 — T'OCT 15483.10-78. OmnoBo. MeTtonnl JKEIe30 0,002 - 0,05
aHajausa. Meb 0,005 -0,10
CBUHEI] 0,005 -3,1
BUCMYT 0,01 -0,10
IIUHK 0,0003 — 0,002
I'OCT 6689.1-92 — T'OCT 6689.2-92, TTOCT 6689.4-92 — [IUHK 0,1-0,6
I'OCT 6689.9-92, TOCT 6689.11-92 — T'OCT 6689.15-92, Kele30 0,01 —6,5
I'OCT 6689.17-92 — T'OCT 6689.22-92. Hukenb, CIIaBbI Maprasery 0,01 -1,5
HUKEJIEBLIE U METHO-HUKEIEBbIE. MEeTOabI aHaIn3a Marsum 0,002 - 0,05
cypbMa 0,001 — 0,05
BUCMYT 0,001 — 0,02
CBUHEI 0,002 -0,1
0JI0BO 0,01 - 0,25
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I'OCT 6674.1-96-'OCT 6674.3-96. BHUCMYT 0,0008 —0,02
cypbMa 0,001 — 0,20
CraBel MeHO-(ochopucTsie. MeToapl aHaIn3a ene30 0.01 0.5
I'OCT 3240.1-76 — T'OCT 3240.21-76. CrmiaBel MarHueBbIE. AJTFIOMUHUN 0,003 -12,0
MeTtoapl aHaIM3Aa. Maprasery 0,01 -3,0
[IUHK 0,02-28.0
HUKEJIb 0,0005-0,4
Meb 0,001 - 0,8
OepuILTHit 0,0001 — 0,015
JKene3o0 0,001 -0,2
KaJIMHM 0,02-2,0
KaJIui 0,002 — 0,02
KaJIbITHi 0,01 -0,2
HaTpuit 0,001 — 0,05
cepebpo 0,5-2,0
I'OCT 27225-87. baOOutel KamblueBble. MeTOx aTOMHO- Meb 0,01 -0,20
a0bCOpOITMOHHOTO OTIPECIICHHS] MarHHsl, MEIH U aTFOMUHHS. Marsum 0,01 -0,20
aJTIOMHHUN 0,02 - 0,20
I'OCT 9519.3-77. babOutel kajaplueBble. MeTox aTOMHO- KaIbIUNA 0,1-12
a0bCOpOIIMOHHOTO CIIEKTPAILHOTO aHATN3A. HaTpuii 0,1-1,2
LIUHK 0,001 — 0,06

TodHOCTh PeE3yJbTaTOB aTOMHO-a0COPOIIMOHHOTO METO/Aa TMPU aHAIM3E
IBETHBIX U YEPHBIX METAJIJIOB U CIUIABOB O0ECIIEUnBAET OTOOP MPEICTaBUTEIHLHOMN
npoObl. CocTaB Marepuana LIBETHBIX U YEPHBIX METAJUIOB U CIUIABOB HE MOXKET
OBITH COBEPILICHHO OJHOPOJIHBIM IO Bceil Macce. HeoaHOpOMHOCTh XUMUUYECKOTO
COCTaBa CIJIaBOB 00YCIIOBJICHA JINKBAIIUEH.

Kpucrannuzanus crijaBa npoXoAuT HE MIPU ONPEAECICHHON TeMnepaType B
OTJIMYKME OT YHUCTBIX METAJUIOB, a B HEKOTOPOM HWHTEpPBAJIE TEMIIEPATYP.
XUMHUYECKHM COCTAB 3aKPUCTALIM30BABLIMXCS MPU PA3HOM TEMIIEpaType 4acTeu
CIUlaBa OKa3bIBAETCA HEOAMHAKOBBIM. OTIENbHBIE COCTABISIONIUE CILJIaBa TPU
OXJIAXKJECHUU TMEPEeMEIIAIOTCS B TJIYOMHHBIE 30HBI CJIMTKA W 3acCThIBAIOT B
MOCJIEHIO oYepeab. B pe3ynbrare MOBEPXHOCTh MeETajllla YMIle €ro oobema.
DTO sBIeHUE HHOrJa OOHapyXMBaeTcs BHU3yaldbHO. Hampumep, B KENThIX C
KpacHOBAaThIM OTTEHKOM CIUIaBax MEIu C OJIOBOM MOXXHO HaOmtoaath Oesbie
natHa osoBa. [lpuuem Takux msTeH B oObeMe cCIlaBa OoJibllle, YEM Ha €ro
MOBEPXHOCTU. 3HAuYWTENIbHAsl JIMKBalMs HAOMIOAaeTCsl IJid CIJIAaBOB CBUHIA U
[IMHKA, MEJIM U CBUHIIA, IMHKA U 0JI0Ba, MEJIU U cepedpa.

B cBs3u ¢ 3TUM T1aBHas 3ajjada Mmpu oTOope Mpod METAJIOB U CILJIABOB —
oOecreyeHue MNpPeICTABUTENLHOCTH MPoObl. OTOOpP MpoO LBETHBIX METAJIOB U
CIUIABOB PErJIAMEHTHPOBAH JTUOO TEXHUYECKUMHU YCIOBUSIMH Ha JIAHHBIN CIUIaB,
Harpumep, ['OCT 3640-94 «{unk. Texunueckue ycnoBusi», uiu CT COB 456-77,
I'OCT 3778-98 «Csunen. Texnuueckue ycaoBusi», uau ['OCT 21930-76
«IIpurion 0JIOBIHHO-CBUHIIOBHIE B UyIIKaX. TeXHUYECKUE YCIOBH», TUOO OOIIHMM
CTaHJapTOM IO OTOOpY W TMOATOTOBKE MPOO sl XUMHUYECKOTOo aHamuza. Jlms
IBETHBIX MeTauioB M crmjiaBoB — 3T0 ['OCT 24231-80 «llBeTHble MeTalIbl U
crutaBel. OOmue TpeGoBaHUS K OTOOPY M TOJATOTOBKE MPOO IJIsi XUMHUYECKOTO
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aHanmuza» U ['OCT 28053-89 «CTpykKa IIBETHBIX METAJJIOB U CILJIAaBOB. MeTO bl
otbopa, MOJArOTOBKH MPOO M METOABI UcTbITaHus» (115 criaBoB Al, W, Cu, Mo,
Ni, Sn, Pb, Ti, Zn). Yka3aHHbIe CTaHAAPThl HOPMUPYIOT OTOOP MPOO 3aroTOBOK U
nonypabpukaToB, a TakKe CTPYXKH. TodedHple MPOOBI OT YYIIEK, OTJIMBOK,
CIMTKOB, TMPYTKOB, MNpoduiied NpPOBOJOKH  OTOMPAIOTCS  CBEPJICHUEM,
dbpesepoBaHuEM, PACTIUIOBKOM, pe3koi, 00Toukoi. JIjist 0TOOpa TOYEUHBIX MPOO
JOJDKHBI TIPUMEHSATCS MAIlUHBI U WHCTPYMEHTHI, HMCKJIIOYAIONINE 3arps3HEHUE
npoObl. [ToBEepXHOCTH 3aroToBOK WK TOMydadpUKaTOB mepes oTOoOpoM mpod
JOJDKHA OBITh OYHWIEHA OT TIOBEPXHOCTHBIX 3arps3HEHUN W OKCHIIOB
(METAIITUYECKOM MMIEeTKOM, 00TOYKOH, (pe3epoBaHUEM HIIU JPYTUMHU CIIOCOOAMU).
Toueunyro poOy OT KaTOJI0B OTOMPAIOT CBEPICHUEM HACKBO3b B MATH TOUKAX — B
CEepeIMHE W B YETHIpEX MO yriam Ha pacctosHuu oT 50 go 100 mMm ot kpas. B
TEXHUYECKUX YCIOBHUSIX OMOBOPEHO, CKOJBKO YYIIEK U3 MAPTUU METaia CieayeT
B3SITh ISl XUMHYECKOro aHanu3a. Kaxayro dyiiky, oToOpaHHyI0 B BEIOOPKY, WU
CIUTOK TOMIIHUHON 10 100 MM CBEpIAT HACKBO3b B IISITH TOYKAX: B CEPEIUHE U B
YEeThIPEeX TOYKAxX IO JUArOHAIM — Ha paccTosHuu oT 1/5 mo 1/6 nuaroHamu ot
yraa. [lpu TonmmHe yymku uiau ciautka O6osee 100 MM 3aroToBKH CBEPIST B
HIECTH TOYKAaX: MO TPU HA BEPXHEW U HUIKHEH MOBEPXHOCTSX, MPHU 3TOM OJIHO
CBEpJICHHE MPOBOJAT B CEPEANHE U JBa HA paccTosiHuU OT 1/5 mo 1/6 nuaronanu
OT YIJIOB, Ha TIyOMHY, PaBHYIO MOJOBUHE BBICOTHI 3aroTOBKHU. [Ipu moaroroBke
00BEIMHEHHOM MPOOBI MOTYUYEHHBIE TOYCUHBIE TPOOBI TIIATEIHHO MEPEMEITUBAIOT
Ha YUCTOM MOBEPXHOCTH M, MPHU HEOOXOAMMOCTH, MU3MEIIbYAIOT A0 MOTYyYECHUS
YacTHI HEOOXOAMMBIX pa3MepoB. B 3aBHUCHMOCTH OT MacChl OOBEIMHEHHOMN
npoObl MpU MOATOTOBKE MPOOBI s XHMMHUYECKOIO0 aHaluu3a OTOMPAIOT
KBApTOBAaHWEM  4YacTh OOBEAMHEHHOW MPOOBI WM  UCIOJB3YIOT  BCHO
o0beauHeHHy0 npoOy. Ilpu kBapTOBaHMM OOBEIUMHEHHYIO NPOOY pPaBHOMEPHO
pacrpeeNstoT Ha MOBEPXHOCTU U Pa30MBAIOT Ha YETHIPE PABHBIX CEKTOpa ABYMS
MEPECCKAIOIMUMHUCS B IIEHTPE NEPICHAUKYJISIPHBIMU APYT K APYTY MPSMBIMHU
auHusSMU. JIJIsi KBapTOBaHUST PEKOMEHAYETCS NMPUMEHSTh KpPeCTOBHHY. MeTamn
IBYX TUAMETPAIbHO MPOTUBOIOIOKHBIX CEKTOPOB OTOPACHIBAIOT, a IBYX APYTUX
— coeMHSIOT BMecTe. [Ipu HEOOXOAMMOCTH 3Ty OMNEPALMIO TOBTOPSIOT, KaX bl
pa3 orOpacbiBas MeTal MPOTHUBOMOJOXKHBIX CEKTOPOB. MUHUMAaIbHYIO Maccy
nabopaTopHO# MPOOBI YCTaHABIMBAIOT B 3aBUCHMOCTH OT YMCJIA ONPEICIISIeMbIX
AJIEMEHTOB U B COOTBETCTBHM C TpeOOBAaHUAMH CTaHJAPTOB Ha METOJbI
XUMHUYECKOTO aHaIN3a, a TAKXKe C YYeTOM Macchl 3amacHou npoosl. JlaboparopHas
mpo0a HEMarHUTHBIX METAJUIOB M CIIABOB JIOJDKHA OBITH OYHUIIIEHA OT BO3MOXKHBIX
puMecei xejae3a MarHuTOM JI0CTaTO4HOM MourHocTu. JlaGopatopHyro mpoOy
JIEJIST HA JBE PaBHbIE YAaCTH M MOMEMIAIOT B JIBE COOTBETCTBYIOIIME YMAaKOBKH,
o0ecIeynBaroIne COXPaHHOCTh MPOO; OHA TpPEIHAa3HA4YCHA [JIi XUMHYECKOTO
aHajgu3a y U3TOTOBUTENSA, Jpyras COXpaHseTcsl Ha cily4aldl TMOSIBICHUS
pasHoriacuid B OlleHKe KadecTtBa mnapTtuu. [lo TpebGoBaHuio mnoTpeOuTeNs
nabopatopHyto mpoOy MeisT Ha TPU paBHbIC YAaCTH, NPU ITOM TPEThSl YacTh
npeaHa3HayeHa JUisi MPOBEACHHMS XUMHUYECKOro aHaiusza y mnotpedutens. [lpu
pa3HOracusx B OLEHKE KayecTBa JOMYyCKaeTcs OTOOp Mpod Uisi XMMUYECKOIO
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aHanu3a NoBTOpUTh. Kaknmas ymakoBka JODKHA OBITh CHAOMKEHAa STUKETKOM C
yKa3aHUEM BHJa 3aroTOBKM WM ToiydabpukaTa, Mapku MeTalljla WU CIUIaBa,
HOMEpa MapTUW WIM TIUIaBKU, AaTbl OTOOpa mMpoObl, TOBAapHOIO 3HAKa WJIHU
HAWMEHOBAHUSA MPEAIPUITHS — U3TOTOBUTENS. B KaXX1y10 yIaKOBKY JIOJKHA OBIThH
BJIO’K€HA TaKas K€ DTHKETKA. YTMAaKOBKH JOJKHBI ObITh 3aruioMOupoBaHbl. Cpok
XpaHEHHUs 3aTaCHBIX MPO0 — HE MEeHee 6 MECSIIEeB.

[Ipu orbGope mpod CTPYKKH NBETHBIX METAUIOB W CIUIABOB Macca
TOYEUHOU MPOOBI TOJKHA OBITH HE MeHee | kr. MUHMMAaIIbHO HE0OX0AMMOe YUCIIO
TOYEYHBIX MPOO 3aBUCUT OT OJIHOPOJHOCTU MAPTUU CTPYKKU U MIPU MacCe MapTUU
cBeimie 20 T cocTaBseT 32 MUHMMAaIbHO HEOOXOIUMBIX TOYCUHBIX ITPp00. OTOOP
TOYEUHBIX MPOO MpU pa3rpy3Ke CTPYKKU MPOBOJSAT B Ha4alle, CEPEIMHE U KOHIIE
pasrpy3ku ¢ Kaxaol BHOBb oOpasyromieics mnoBepXHOCTH. Touku oTOOpa
TOYEYHBIX MPOO pacmojiaraloT B IIAXMATHOM TOPSIKE MO BCEM MOBEPXHOCTHU
onpodbyemoro Marepuana. OTOOp TOYEUHBIX NMPOO CHIMYYEH CTPYXKKH MPOBOAST
METO/IOM BBbIYEPIIbIBAHUS: BBIKANbBIBAIOT JyHKU TiyouHou 200-400 MM, U BAOJB
CTEHOK JYHOK B OJIMH-JIBa MpPHEMa COBKOM CHHM3y BBEPX OTOMPAIOT TOYEUHYIO
npoOy. Coaep’kuMoe COBKa CCHINAIOT B 3akphiBarolytocs Tapy. OToOpaHHbBIE
TakuM 00pa3oM TOYEUYHbIE MPOOBI COCTaBIAIT O0BEeAUHEHHYIO Mpoly. OTOOp
TOYEUYHBIX MPOO CMECH ChIMTydel U BUTOW CTPY>KKH MPOBOJST OT ChINTydyel 4acTu
COBKOM, OT BUTOW — C IOMOIIIbIO HOMKHHUII.

OO0benuHeHHYI0 TpoOy CTPY)KKH TIOJBEPralOT pacceBy Ha CHTE C
JIONIOJIHUTENbHBIM ~ M3MEJIbUCHHEM MaTepuaja, OCTAaBUIErOoCs Ha pPElEeTHOM
nosiotHe. OObeMHEHHYI0 TTPOOY TEPEMENINBAIOT U COKPAIIAOT KBAPTOBAHUEM.
[TonoBuny o0beauHEeHHOM MpoObl (okoso 10 Kr) maccoll He MeHee 2 Kr
WCIIOJIB3YIOT JUIsl ONpENEeieHHUs] IMoKa3aTesned kadecTBa. [[pyryro yacTh mpoObl
B3BELIMBAIOT U XPAHAT Ha CIydyail pacXx0KICHHUs MEXIY pe3ysIbTaTaMH aHajiu3a u
JTAHHBIMU, YKa3aHHBIMU B OTTPY30YHBIMHU JOKYMEHTaxX (/10 MOMEHTA UCKIIFOUCHUS
paszHoriacuii). XpaHsaT npoObl B 3aKPhITON OTUIOMOMPOBAHHOM Tape, 3aroTHEHHON
Ha 3/4 oOvema. B Tapy ¢ mpoOoil BKJIAIbIBAIOT ITHUKETKY, COJIEPXKAIILYyI0 HOMEp
npoObl, HAUMEHOBAaHKE MaTeprasa, HOMep NapThH, Maccy IpoOkl, JaTy 0TOOpa.

Jlaniee TpoOBOASAT HUCHBITaHUE JabopaTOpHON MpoObl. OTHOPOAHOCTH
napTu 1Mo (U3HUYECKOMY COCTOSIHHUIO YCTAaHABIMBAIOT PAacCEMBAHHEM Ha CUTE U
omnpeneneHneM oTHoueHus (B %) Macchl CTPYKKH, OCTaBILIEHCS HAa PEHIETHOM
MOJIOTHE, K Macce 00beIMHEHHON MpoObl. Eciii 3TO OTHOIIIEHUE HE MPEBBIIIACT 5
%, mapTUIO CYUTAIOT OJHOPOAHOM, B IPOTUBHOM Cilyyae — HEOAHOpoAHO. [lanee
ONPEAETSAIOT 3aCOPEHHOCTh NPOOBl — HAIWYME MEXaHHYECKUX IpUMeceit
HEMETAJUTMYECKOr0 XapakTepa (Mycop, IE€peBO, YIMAaKOBOYHBIE M CTPOUTEIbHBIE
Marepuanbl). OcTaBlIyloCs TOCJHE YJaleHUsT Mycopa CTPYXKKYy cymaTr mpu
temmeparype (400 + 10) °C 10 moCTOSHHON MacChl M PACCYMTHIBAIOT BIAXKHOCTH U
conepxanre wmacen. I[locne ynaneHuss Biard M Macel MarHUTOM M3BJIEKAIOT
bpakiu YepHBIX MeTauioB. Py4dHOU COPTHpPOBKOW M3 MarHUTHOW (pakiuu
BBHIOMPAIOT [IBETHBIC METAJUIbI, & M3 HEMAarHUTHOW — HEMarHUTHBbIC YEepHbIE
MeTasuibl. J[amee mpoBOIAT OmpenesieHne METaUIypruuecKoro BBIXOJAA CTPYKKHU
ATIOMUHUSA, MEIN U UX CIutaBoB. Kaxkmyro mpoOy CTPY>KKH, MOJIYYSHHYIO MOCHe
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yAaJleHus Mycopa, TOMEIIaloT B TUTeNb TMOJA  CJIOM  MpeaBapUTENIbHO
pacriaBieHHoro ¢uroca maccord 300-500 1. st CTpyKKH aqlOMUHUS U €ro
cruiaBoB  (uiroc  gomxkeH coctosth M3 NaCl m KCl B cootHomenun 1:1.
Temneparypa maaBku 750-800 °C. Jlust CTPYKKH MeEJH, JaTyHH, OJOBIHHOMN
OpoH3BI (BITFOC JOJDKEH COCTOSTh M3 OYPHBI; IS CTPYKKH aJTFOMUHHUEBOM OPOH3BI —
u3 kpuonuta. Temneparypa miaBKu CTPYKKW HE JIOJDKHA MPEBBIIATH: ISt MEAH U
amomMuHreBord Opon3sl — 1150 °C, omosstHHOM Opon3sl — 1100 °C, maryHm —
1000 °C. Tlocie mOJHOrO pacIiuIaBiCHHs NMPOOBI METAI IEPEMEIINBAIOT, HAaf0T
OTCTOSITCS B TE€UEHHWE 2 MHUH, CHUMAIOT ILJAK, METaul BBUIMBAIOT B KOKWIb U
UCIIOIB3YIOT JIJIsl CIEKTPAIbHOTO aHaliN3a, a OCTATOK MOMEIAIT B MOJOTPETYIO
W3JIOKHUILY U UCIOJIB3YIOT JJII XUMUYECKOro aHanu3a. [Ipoly nis XumMudeckoro
aHaM3a OTOMPAIOT CBEPJICHUEM UYLIKH.

OT60p npo6 nutakoB 1BeTHOU MeTautypruu nmpooast mo 'OCT 28192-89
«OTX0/Abl IIBETHBIX METAUIOB M CIIaBOB. MeTolbl 0TOOpa, MOATOTOBKUA MPOO U
METO/Abl HcHObITaHuW». OT 1Ulaka KpymHOCThIO MeHee 10 MM oTOMparoT
IpeaBapuUTeNbHyI0 Mpoly, cocTaBisonyo 2,5 % Maccbl mapTUH, B TOM YHUCIE
KpynHocThio 1-50 MM — 5 %, kpynHocThiO 50 MM U Gonee — 10 %. MunumanbHas
Macca TOYEYHOM MpoObI 3aBUCUT OT MacChl U OJHOpOAHOCTU napTuu. Hampumep,
P pa3Mepe MaKCUMaJIbHOTO Kycka nmpoObl 10 MM MUHUMAaJIbHAs Macca TOYEUHON
poObI COCTaBIseT HE MeHee | K.

AnmoMuHuid u e2o cnnasbl. IloaroroBka 00pa3lOB CIUTABOB
QIIOMUHUSA K aHalu3y AaTOMHO-a0COpPOUMOHHBIM METOJAOM OCHOBaHa Ha
aM(OTepHBIX CBOMCTBAX MATPHIIbI, JJIs1 BCKPBITHUS KOTOPOl MOKHO HCITOJIH30BaTh
KaK KHCJIOThI, Tak W Mmeno4yd. Hamuunme KkpemHUS B cCIUlaBaX U JUratypax
QIIOMUHUS 3aCTaBlisieT, Kak MpPaBWIO, OTAAaBaTh MPEANOYTECHUE IIETOYHOMY
PacTBOPEHHUIO WM BBOJWUTH 3HAYUTEJIBHOE KOJIMYECTBO (PTOPUIOB B KaYECTBE
KOMILJIEKCAHTOB. [Ipy MOBBIIEHHBIX TPEOOBAHUSX K TOYHOCTU OMPEICICHUS
KaJIbLIUs, MarHusi, M U JIPYTUX DJIEMEHTOB PEKOMEHAYETCS KOJUYECTBEHHO
BBIICNIATh KPEMHUS U3 pacTBOPOB, coaepxkamux H,SO4 nmum HC1O,4, nocpeactsom
OTTOHKM TeTpadTopuaa KPEMHUS WM Pa3JIoKEHUS OOpas3IloB B aBTOKJIaBax.
Cornacuao 'OCT 11739-82 u 11739-90 amomunueBsie criaBbl pactBopsitoT B HCI
(1:1) ¢ nobaBnenrem nepokcuaa Bojgopoaa. [lpu HeoOX0AUMOCTH pacTBOP cierka
nogorpeBatoT. M30BITOK NEpOKCHAAa BOAOPOJAA MOCIE pPAaCTBOPEHHUS MPOObI
yAQISIOT KumsiueHueM. Eciu maccoBast oyt kpeMHUst He mpeBbimaer 1 %, a
pacTBOp HEMPO3paueH, ero (UILTPYIOT Yepe3 CyXxou QUIbTP CpeaHEN MIOTHOCTH
(«Oenast yneHTa») B MEpHYHO KoyiOy, MpoMbIBas ocajok Ha (uibTpe 3-4 pasa
rOpsS'YMM PacTBOPOM XJIOPOBOAOPOIHOM KUCHOTHI (1:99).

[Ipu conepxanuu kpemHus 6oaee 1mac.% QuIbTp BMECTE C CONEPKUMBIM
030JIII0T B IUIATHHOBOM THIJIE, HE JIONYCKas BOCIUIAMEHEHHS, U MPOKAJIUBAIOT
npu temieparype okono 550 °C. Tlocie oxmaxaeHus 100aBasSiOT 2 M pacTBOpa
ceproit kucnotsl (1:1), 5 mu 40 %-Horo pacTBopa GTOPOBOAOPOIHON KUCIOTHI U
MO KarulsiM a30THYK KHCIOTY 10 TMOJY4Y€HHUs MPO3pPavyHOro pacTBOpa. 3aTem
pacTBOp BBIMAPUBAIOT JI0CYyXa M MPOKAIMBAIOT B TEUEHUE HECKOJIILKUX MUHYT MPHU
temneparype 700 °C. Ilocie OXIaKaeHHs OCTATOK pPacCTBOPSIOT B a30THOM
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kuciore (1:4) u, npu HEOOXOAMMOCTH, (PUIBTPYIOT M  MPUCOCAUHSIIOT K
noyiyueHHOMY ¢uibTpary. [lapamienbHo depe3 Bce CTaauu aHaiu3a MPOBOAST
XOJIOCTOM OMBIT. PacTBOpBI MEPEeHOCAT B MEPHbIE KOJIOBbI, pa30aBisioT BOAOU J10
METKH, TIIATEIbHO MEPEMEIINBAIOT U, €CJIM HEOOXOAUMO, Pa30aBIsIOT PaCTBOPHI
po0 B COOTBETCTBUU C METOJIMKON aHAJIN3A.

PactBopsl amtomunueBbix cmiaBoB B cMecu HNO; nu HBF, ucnonssyror
st onpenenenus B Hux Sb, Cr, Cu, Fe, Pb, Mg, Mn, Ni, Si, Sn, Ti u Zn B
mamenax C,H,-Boznyx um C,H,-N,O. HaBecky cmnaBa 0,5 r pacTBOpSIOT B
macTukoBoMm crakane B 25 mi 40 %-noro pactBopa HNO; mpu HarpeBaHum.
I[Tocite mpekpaiieHns peakiuy K oxiaaxkaenaomy 10 50 °C pacTBopy m1006aBistor 6
min HF, ugepe3 10 mun - 20 mn 20 %-Horo pactBopa Na,B,O; - 10H,O u
pa3baBisitoT pactBop 10 oobema 100 mu. M3 mcxomHoro pacrBopa, a Takxke W3
pacTBOPOB, TMOJYYEHHBIX €ro pa30aBlieHUEM, ONPEICISIIOT  AJIEMEHTHI,
coJiepKaluecs B CriaBax.

BiusitHue OCHOBBI cIulaBa Ha pe3yJjbTaThbl aHajiu3a BBIpAXKAETCs B
CHI)KCHUM WHTCHCUBHOCTH aOCOPOIIMOHHBIX JMHUN BCIEACTBUE (U3UIECKOM
OJIOKUPOBKM ¥ TIOMEX B KOHJeHcHpoBaHHOUW (aze. [lomexu yuuTHIBatOTCS
BBEJIICHHEM (OHOBOTO pACTBOpa alOMHUHHS, MPUTOTOBIEHHOTO W3 Al ocu, B
IpafydpOBOYHBIE PACTBOPBI, HMcHosb3oBaHueM IuameHn N,O-C,H,, a Ttaxxe
BBEJCHUEM B TpaJyUPOBOYHBIC U aHAIU3UPYEMbIE PACTBOPHI COJIEH CTPOHIIMS
WU JIaHTaHa B KadyeCcTBE OCBOOOXKIaronux peareHToB. [IpucyrcTBue KpeMHHs
CHMYKAeT aHAIMTUYECKUNA CUTHAJI MarHus U Meau B iamenu C,H,-Bo3ayx; meap u
JUTUNA MEIIAIOT MIPU OMPEICICHUN MarHus, MeJlb — IIPU OMPEIeICHUH [TUHKA.

3HaUUTENbHOE CHIDKEHHUE TNIPEeNesioB OOHApy»XEHUs DIIEMEHTOB NpH
OJIHOBPEMEHHOM YIIYUYIICHUH CEJIEKTUBHOCTU OMPEEICHUN TOCTUraeTcs MpH
MCIOJIb30BAaHUU METOJIOB AKCTPAKIIMOHHOIO KOHLIEHTpUpoBaHus (Tadn. 6.11).

Tabmuma 6.11 — DOKCTpaKIMOHHO-aTOMHO-a0COPOLIMOHHBIE METOIbI
a”HaJIn3a [[BETHBIX MATEPHUAJIOB
AnammsupyeM | Omnpenense- Pearent PactBopurens | Xapakre- | UyBcTBH-
pl€ CIIAaBLI HAa | MBI DJIEMEHT PHCTHKA | TEJBHOCTH,
OCHOBE BOJHOM %
dazbl
Al 6arodeHaHTpO-
Cu JIUH, ,I[I(})STI/IJ'IZ[I/II)TI/IO— MCTHIT30- - 3107
xapGamar Na Oy THIJIKETOH
Fe - TO XKe 7M HCI 510
Zn 8-OKCHXUHOHH 1O %e pH9,096 | 1.10*
NI JUTHU30H
Bi HH6§:§2§§:§“° TO XKe 0,2M HNO; 0,5 MKr/™mi
0,5-IMHCI | ™
Zn, Fe, Ni,
Cu,Pb, Ga, | ' PPORTAMII T0 e HCI(1:1) | (1-20)-10°°
V. Sb, Cd, Bi THOKapOamaT
Zn, Pb, Mg,
Cu, Fe, Cr, D THIIIATHO- TO XKe pH3 1-10°
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Mn, Cd Kapbamar
Sb, Bi, Pb, Sn | TPHOKTHIdOCUN TO ke 10M HCl | (2-10)-10™*
OKCHJT
Be - alEeTWIALIETOH pH 5-7 1-10°7°
Cd TPU-H-OKTHJIAMHUH MCTHIII30- HCl1:4 1107
OYTHIIKETOH
Sb — TO XK€ 6M HCI 1-10°°
Bi 7n 8-OKCHXHHOIINH METHITU30- pH 9,0-9.6 1107
WJIH JIUTHU30H Oy THIJIKETOH
Cu, Pb, Zn, Cd, Fe B METHITU30- HCI (2:3) 107
Co OyTHIIKETOH
Ag TS TUIITUTHOKAD METMIMZ0- |y o, 10
O6amaT OyTHIJIKETOH
Cu
Au - M30aMUIIOBBII HCl1 0,2 MKr/MII
CITUPT
Pb - leTHITRe HCI 11107
OYTUITKETOH
Zn 8-orcuxuHOMH TO K€ pH 9,0-9,6 1-107
NN JUTU30H
JTUTH30H,
Ag STAMITHOHIILIO- CCly pH 3,0 1-107*
reKcaTeTpayKcyc-
Has KHCJIOTa
anerodeHoH, 3,3- 1 | MK/
Se TUaMHUHOOEH3HU- CHCL;, pH 6,5 MKI/MI
TOITYOlI pH 2-2,5 2,3-107"
JTUH
Te - JIETHIEO” 1 4MHCI 1-107*
OYTUITKETOH
Sb — TO XKe HCI 0,1 MKr/mi
Ni Bi 10 % K1 TO e HCI 2:107°
Bi [HpPOJH A TO ke HCI+HNO; | 1.10°*
THOKapOamaT
Nb Mo 8-OKCHXUHOJIMH OyTaHOI pH 4,5 6-10°°
Mo 8-OKCUXUHOJIUH ATUJIALETAT pH 4,5 1-10*
TeHouTpudTOp-
Sn Cd alleToH, KCHJIOJ pH 5,0 2.107*
0-(eHAHTPOJIUH
Cd, Mg, Zn,
Re Mn, Ag, Cu, | Tpu-H-OKTHJIAMHH TOJIYOJI H,O, 510
Fe, Cr
Pb Tl Br METIUIHE0: 1\ NO; | 0,2 e/
Oy THJIKETOH
Zn 8-OKCHXHHOHH, T0 ke pH 9-9,6 107
JTUTH30H
7n In ﬂuzzngnnmo- 6MCTI/IJII/130- pH 4.5-5 10
pOamat YTHIIKETOH
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['pynnoBoe onpeneneHue 18 mnpumeceil B BBICOKOYMCTOM aTOMHUHHUH
npoBoAsAT mo ciaeayromied cxeme. I[locne pactBopenus mnpoosr B HCl (1:1)
N00aBIAIOT PACTBOP MUPPOIUAMHAUTAOKApOaAMaTa HATPUS M IKCTParupyror
oOpa3oBaBIIKecs] ¢ 3TUM dKCTpareHToM KoMmiuiekcel Zn, Fe, Ni, Cu, Pb, Ga, V,
Sb, Cd u Bi MeTunuM300yTUIKETOHOM, 3aT€M OJKCTParupyroT KpeMHUU
METUIN300yTUIIKETOHOM B BHJI€ KPEMHEMOJIUOICHOBON KUCIOTHI M OJIOBO B BUJIE
KoMIuiekca ¢ kBepuetuHoM. [locne pactBopenus amomunus B NaOH otnpenstor
runpokcuasl Cu, Mn, Fe, Mg, Ti, Bi, Ni, Co u Ag. [locnequue pactBopsror B HCI
U U3MEPSIOT aOCOPOIMOHHOCTh SKCTPAKTOB U COJSIHOKUCIIONO pacTBOpa B
miamean C,H,-N,O mnsa V, Si, Sn, Mn u Ti wim B uiamenn C,H,-Bo3ayx mis
octanbHbIX npumecei. [Ipu HaBecke 10 r u koHeunoM oOveme 100 mn mpenen
obHapyxeHns cocraBmsier (1-5)-10% mac.% st GONBIIMHCTBA HpUMeceil ©
pocturaer 5-107 mac.% mis Mg, Agu 2-107 mac.% JuIst [IUHKA.

[IpssiMbIM aTOMHO-a0COPOLIMOHHBIM METOJOM B IUIaMEHaX pa3jIu4yHOro
TUINA T1I0CJE€ PACTBOPEHUS NPOOBI MPOBOAAT ONpEIEICHUE aTOMUHHS (B
auraTtypax), a Takke OepuiUivs, BUCMYyTa, Tajlulus, Keje3a, KaJMus, KalbIusi,
KpEMHHUS, JIUTUS, MarHus, Maprafiia, MEIW, HUKENs, O0JO0Ba, CBUHIIA, CYpPbMBHI,
XpoMa, IUHKA. J[Mama3oH ompeaessieMbIX COJepKaHWuU, Tpeaes OOHApYKEHUS U
METPOJIOTHYECKUE XAPAKTEPUCTUKU METOJUK, a TaKkKe YCJIOBHS OMNpPEICIICHUS
JOCTAaTOYHO  MOJAPOOHO  M3JIOXKEHBI B  MOHOrpadusiXx ©M  METOJUYECKUX
PYKOBOJICTBAX.

[Ipy KOHTpOJIE XMUMHYECKOTO COCTaBa IIUIAKOB, OOpa3yIOIIMUXCA TpH
MPOU3BOJICTBE ATIOMUHHMEBBIX CIUIABOB, HaBECKY | T TOATOTOBIEHHOW MPOOBI
MOMEIIAIOT B CTAKaH, MPWIMBAIOT FOPAYYIO MPOKUIISTYCHHYIO JUCTHILTUPOBAHHYIO
BOJy U HarpeBaloT J0 TNpeKpamieHus pacTBopenus. (OCTaToOK Iiaka, HE
PacTBOPHUBILIETOCS B BOJE, OT(UIBTPOBBIBAIOT 4Yepe3 (UIbTp «Oenasi JIeHTay,
MPOMBIBAIOT BOJIOM M COOMPAIOT (UIBTPAT BMECTE C MPOMBIBHBIMH BOJAMHU B
MepHYI0 KosOy. [lomydeHHbIH pacTBOp UCIONIB3YIOT AJI1 aTOMHO-a0COPOLIMOHHOTO
onpeesICHUs MarHusi ¥ OSMHCCHOHHOTO TUIAMEHHO-()OTOMETPUUYECKOTO
onpenesieHus] HaTpusi U Kainus. OuiabTp BMECTE C OCTATKOM IIIaKa MEPEHOCST B
CTakaH, B KOTOpoM Benu pactBopenue, npwimBaroT 100 mm HCl (1:5) u
pacTBOpSIOT mpu cinabom HarpeBaHuu. Ilocne mnpekpaiieHusi pacTBOPEHUs
OTQWIBTPOBBIBAIOT HE PACTBOPHUBIIYIOCS YacTh IIJIaka 4epe3 (PUIbTP «CHUHSAS
JIEHTa» C HEOOJBIIUM KOJUYECTBOM 0€330JbHOM OyMakHOW MaccChl, MPOMBIBAIOT
ropsiueil BojoW, cobuparoT (QUIbTpaT W MPOMBIBHBIE BOJbI B MEpPHYIO KOOy,
OXJIQXIAI0T, Pa30aBsAIOT BOJON 10 MeTKH. [loaydeHHBIM pacTBOP HCIOIB3YIOT
JUTSL OTIpENIeTICHUS] METAITMYECKUX COCTABJISIONIMX IUIAKA: aTFOMUHUS, MarHusi,
’Keyesa, MapraHila, HUKeNsd, XpoMa, IMHKa. HepacTBOpUBIIYIOCS 4acTh IIIaka
BMecTe ¢ (UIbTpaTOM TMMOMENIAIOT B IUIATHHOBBIM THTEb, IOJCYIIUBAIOT,
030JIAI0T W IpOKanuBalT B MydensHoi neun mpu 700-800 °C B Teuenue 40-50
muH. K ocaaky mpubasnstor 5-6 kanemnp H,SO,4, 2-3 mu HF u marpeBatoT 1o
MpPEKPaILCHHs] BbIJICICHUS MapOB CEPHOTO aHTUJIPUIA. 3aTEM OCAJIOK CIUIABJISIOT C
12-15 r nupocynbdara kamus mupu 700-800 °C. Ecnu ocafiok HE CIUIABHUIICSH, B
TUTEeIh 100aBIAIOT enie 1 r mupocyibdara kamus, 4-5 Kanejib CEpHON KUCIOTHI U
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BHOBb CIUIABJISIOT. [locine 93TOro coaepKUMoe THUIS — OXJaXJAT U
BBIIIENIAYMBAIOT T1aB B 50-10 M1 XJIOpoBOgopoAHON KucaoThl (1:1). TlomyueHHbIi
pacTBOp KOJMYECTBEHHO MEPEBOASIT B MEPHYIO KOJOYy M OMNPENEisioT B HEM
COJIEp)KaHHE AIIOMUHMS UM MarHus € MOCIEAYIOUIUM IEePEecYETOM IOITYYEHHBIX
pPE3yJbTAaTOB HA OKCUbI ATIFOMUHHUS U MarHusl.

MeOb, ee cnnaebl u npunou. TIpucyTCTBHE CKIOHHBIX K THAPOIU3Y
Sn, Sb u Si B psine cruiaBoB MeAM CO3AAeT TPYAHOCTHU MPU Pa3IOKEHUH NMpod U
MOCJIEYIOIIE KOHCEPBALMKU PACTBOPOB 1O MOMEHTA U3MEPEHHS aHATUTHYECKOrO
curHasna. EnuHoro cmoco0a pas3noxeHuss Npo0 MaTepuasoB Ha OCHOBE MEAH
NpakTUYeCKu He cyuecTByeT. be3zonoBsHubie Opon3sl THHa BbpAJK, BpAKH,
BbpAXKMii, Ge3zonoBsHHbIe jatyHu Tumna JI163, JIC59-1 u ap. uenecoobpazHo
pacTBOpsITH B a30THOM kuciore (1:1). Kpemuuctoie Oponssl tuna Bbp3, bpKH,
bpKMu pactBopsitor B napckoi Boake. Ilocie pacTBOpeHHs] HABECKM B PacTBOP
no6asnsaotr 10-20 mn H,SO4 (1:1) m BbImapuBaroT 10 TYCTBIX O€JNbIX MapoB.
BrienuBiiytocsi KpEMHEBYKO KHUCIOTY MEped B3SITUEM aJUKBOTHOM 4YacTH
pacTBOpa OTGUIBTPOBHIBAIOT.

CypbpMmsiHucteie Oponssl Tuna Bb24H, BB23HII, onoBsiHHBIE OpOH3BI BCEX
MapoK, OJIOBSIHHBIE JJaTYHH PAacCTBOPSIOT B CMECH KHMCIIOT, COCTOSLIEN U3 2 yacTel
HNO; (1:1) u 1 vactu 50 %-HOro pactBOpa BHHHOW KHUCJIOTBI HpPH CIabOM
HarpeBaHUM, HE JaBas ylnapuBaTbCA pacTBOpYy. B 3aBuCMMOCTH OT cocTaBa mpoO
BO3MOXHBI CJIEAYIOIINE BAPUAHTHI BCKPBITUS TIPOO.

HaBecky Opon3bl maccoil 1 T, coaepkallyr0 KpEMHHH, MOMENIaloT B
MIaTHHOBYI wamiky, npwiuBator 10 ma HNO; (1:1), mocne pactBopeHus
no6asistoT 2-3 i1 HF u ynapuBaroT 110 BiaxkHbIX coseil. 3ateM npuinuBaot 10
ma H,SO4 (1:1) u BhIapuBarOT pacTBOp A0 BhIACICHHS Oenoro nbiMa. Yamiky
OXJIAKJIAIOT U PACTBOPSAIOT cou B 50-60 mu1 ropsiueit BOJbI.

HaBecky Opon3bl maccoit 1 T, coiepkallyr0 OJIOBO, MOMEIIAIOT BO
dbToporacToBelil cTakaH BMecTUMOCThIO 250 M, nqobasmstor 0,4-0,5 mn HF u 15
mia HNOj; (1:1), HakpbIBalOT CTakaH KpPBIIIKON W3 (TOpoIiacTa U pacTBOPSIOT
CHayaja Ha XOJIO/y, a 3aT€M IIPU HarpEeBaHUH.

[Ipu ananuze craBoB, conepkamux Oombmie 0,2Mac.% Sn, MOXHO
yAAJISITh OJIOBO WJIM CBSI3bIBaTh €ro B NIPOYHBIA KOMIUIEKC. B mepBom ciyuae
HaBecky mpoOsl 0,5 1 pactBopstor B cmecu HCI+HNO; (1:1). PactBop
BBIIIAPUBAIOT IOYTH Aocyxa, npwimBaroT 10 mu Boxsl, 1-2 mn H,O, m BHOBB
BBIIIAPUBAIOT J0CYyXa, IOBTOpSs JTy oONepauuio eme 2-3 pasa, OO0 IOJIHOTO
yaanenus ojosa. K pactsopy npubasmnstor 5 mia HNO; 1 BHOBB BBITIapUBAIOT €0
nocyxa. 3arem npwmBatorT 15 miu HNO; (1:1) u pa3baBisitoT pacTtBop A0
OIPEJENICHHOr0 00bema.

Bo BTOpOM ciydyae HaBeCKy pacTBOPSIOT B INIATHHOBOW Hallke B 15 mi
HNO; (1:1) ¢ no6anenuem 0,5-1,0 r NH4F, nnu NaF, wim 0,5-1,0 ma HF. ITocne
yAaJeHUs1 OKCHUJIOB a30Ta KUIITYEHHEM NpriInBaroT 15 mu npokunsyeHHo HNOj;
u 20 mu pactBopa H;BO; (30 /).

Cnengyer Takke OTMETUTh, YTO OOJBIIMHCTBO MEIHBIX CIUIABOB
CPaBHUTEJIBHO JIETKO pacTBopseTcs B cMmecsx 25 %-ubix pactBopoB HNO; u HCI
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unn H;PO,. Tpu 3TOM ocajku mpu pacTBOPEHUH CIUIABOB € COJIEpKaHUEM OJI0Ba
0 SMac. % BbINanalOT TOJIBKO Yepe3 8 yacoB mociie pa30aBiieHUs PACTBOPOB JI0
pabouux konueHtpauuit. [lpu gononnurensHom BBenenun HCl ocagku BooOIe
He obpaszytorcs. B ecmecu HNO; u H3PO,4 pactBopsieTcs GONBITMHCTBO CILIABOB U
MIPUIIOEB HA OCHOBE MeH, coaepx anmx a0 Smac.% Sn. Ilpu 3ToM HE0OX0aUMO
YUYHUTHIBATh PACTBOPUMOCTDH CBHHIIA B KOHIIEHTpUPOBaHHBIX pacTBopax HCI.

Menp He OKa3bIBaE€T CYIIECTBEHHOTO BJIMSIHUS HA CUTHAJI ONPENENseMbIX
AJIEMEHTOB, OJHAKO CIEAyeT HMETh B BHUIY, YTO B BBICOKOTEMIEPATypPHBIX
IJIaMeHax HaOJIoJaeTcsl MPOSIBICHUE MATPULIE CBOWCTB HOHU3AIMOHHOTO
Oydepa, mpuBoAIIIEee K BO3PACTAHUIO CHUTHAJIA UCCIIETyEMBIX DJIEMEHTOB.

N3yueHsl yciioBus aTOMHO-abcopOuuMoHHOro Meroaa ompenenenus Co,
Zn, Te, Sb, Bi, Sn, Cd u Pb B natynsix. HaBecky naTyHu pacTBOpSAIOT B CMECH
10 m HCI (1:1), 5 max HNO; (1:1) u 85 man H,O. I'pagyrpoBouHbIE pacTBOpPHI
JIOJDKHBI COJIEp)KaTh TakKue >Ke KojimuecTBa Mmedu. [lns ompeneneHust ojoBa
ucnosib3yercs miams C,H,-N,O, ni1st octanbHbIX 351eMeHTOB — TiaMst cmecu CoH,-
BO3/TyX.

[Ipu aHanm3e >IEKTPOJMTUYECKOW MEIM TOC]e PACTBOPEHHS HABECKU B
cmecu HNO; u HCL, menp ynanstorT 3ieKTpPOIU30M. YCTPaHEHHE BO3MOKHBIX
noMex IMpOBOJAT, UCHOJB3ys MeToj jAobaBok. [lpm  HemocTaTouHOM
YyBCTBUTEJIIBHOCTH MPUOOpa HCHOJIB3YIOT MPEABAPUTEIBHOE KOHIIECHTPUPOBAHUE
ONpENEeNsAeMbIX  BJEMEHTOB WM  JJIEKTPOTEPMUYECKHE  aTOMHU3ATOPHI.
OO0s3aTenbHON TIPU aHAIM3€ SIBISETCS MPOBEPKA MPABUIBLHOCTH PE3YJIHTATOB
aHaiM3a C WCIOJB30BAHUEM TOCYJIApCTBEHHBIX CTAHIAPTHBIX OOpPa3IOB WIH
CTaHJAPTHBIX 00Pa310B MPENPUATHS.

Hukenb, e20 cnnaebl u npunou. BekpbiTue po0 HHUKENST TPOBOIAT
0o0bIYHO 00paboTkoi aHanmu3upyembix 00pa3iioB HNO; unu cmecsmu HNO; u
HCI. Paz6aBnennsie HCl wnm H,SO, pactBopstoT Hukenb MemjieHHo. CocTaB
CMecell i BCKPBITUS MPOO CIJIABOB HHUKENS OINPEACNAeTCS XUMUYECKUM
COCTaBOM IOCJICTHUX.

Hagecky cmmaBoB, cogepxamnux < 10 mac.% W, < 15 mac.% Cr, < 1 mac.%
Nb, pacTBOpsitOT B 11apckoii Boake. O6pasiibl, coaepxkamue 15-25 mac.% W, no 30
Mac.% Cr, no 2 mac.% Nb pactBopsitor B 80 mu cmecu HNO;+HCI, B3sTHIX B
obbemHoM otHomeHnu 1:10. CrutaBsl, cogepxkammue < 20 mac.% Cr, < 10 mac.%
Nb, < 5 mac.% W, pactBopsitot B 50-60 M HCI ¢ mocnenyromum okucinenueM 15-
20 ma HNO;. ng yaepxkaHus B pacTBOpe Bojibppama K CMECAM KHCIOT
npunuBatoT H3POy.

s pacTBOpeHHsT aOCOJIOTHOIO OOJBIIMHCTBA BBICOKOJETMPOBAHHBIX
HUKEJIEBBIX CIUIABOB MPUTOEH CIEeAyIOIUid MeToj BCKpbITHs. HaBecky cruiaBa
Maccor 1 T moMemarT BO (PTOPOIIACTOBBIN CTaKaHUYWK, NMPUOaBiIsiOT 25-30 M
HF, cTaBsaT Ha Termyto IIMTKY, 3aTeM 1o KarisaM go0asisitor 2-3 mut HNOs. Tpu
nob6asnenun HNO; pacTBopeHue mpoxoauT OypHO W 3aKaHYMBaeTcs 4depes 3-5
MuH. [lo okoHuanuu pactBopenust B crakaHuuk BBoait 10 mu H;PO,4 u pactBOp
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BBINIAPUBAIOT JI0 CHUPONMOOOPA3HOIO0 COCTOSIHUS WM 10 BiaXHbIX coiyied. [lo
OXJIQXKJIEHUU COJIM PACTBOPSIOT B BOojIe U pa30aBiisatoT 10 100 mur.

MeTonabl aTOMHO-aOCOPOIIMOHHON CIIEKTPOCKONMUU HIMPOKO MPUMEHSIOTCS
JUIsL OTIpeNieieHUs] KaK IMpuUMeced, TaK U OCHOBHBIX KOMIIOHEHTOB HMKEJIEBBIX
cruiaBoB. Hukenb, ¢ OJIHON CTOpPOHBI, OKa3bIBaeT cllaboe MeNpeccUupyrolee
BIIUSIHUE TIPU ONpE/CNICHUU >Keie3a B IJIAMEHU CMECHU alleTHIIEHa C BO3yXOM,
yctpansemoe nob6aBnennem NH,Cl, HO ¢ apyrodi CTOpOHBI, TPOSBISET
cBoeoOpa3HbIil «3h(HEKT MaTPHUIbD), MOAABIAS BIUSHUC ATIOMUHUS M KPEMHHUS
MIpU ONPEICICHUN MarHusl.

OO0mast cxema aHajaM3a METOJIOM aTOMHO-a0COPOIIMOHHON CIIEKTPOCKOIINN
HUKEJIEBBIX CILJIAaBOB, COJEPIKAIlMX B KadyecTBe Jierupyromux snemeHToB Al, Co,
Cr, Fe, Mo, Nb, Ta, T1, V, W, BeIrisaaut ciaegayroummM oopazom. HaBecky mpoObl
Maccoi 0,5 r pactBopsatoT B cmecu 5 Mt HNO; u 8 man HCI (pu conepxkanuu B
npo6ax Nb, Ta u W) unu 16 mn napckoit Bojku (rnpu orcytctBuu W u P30),
JIBX]IBI YIIApUBAIOT PacTBOpP Jl0CyXa, OocTaTOK pacTBopsitoT B 5 mia HCl u 2 mn
HF, nepenocsat B MepHyio KoiOy W pa30aBisitoT BOJOM A0 METKH. AHanu3
npoBoasaT B mamenu C,H,-Boznyx (mpu onpenenenun Co u Fe) unu C,H,-N,O
(nmpu ompeneneHUn ocTaidbHBIX 3neMmeHToB). [Ipu ompenenenun Al, Cr u Fe
UCIOJIb3YIOT O0OTAIEHHOE TIIaMs.

Meroauka onpenenenus Cr, Co, Al, Ti, Mo, W, V, Fe, Nb, Ta, Mn B
YKapOMPOYHBIX CIJIaBaX HA OCHOBE HHUKEIS OCHOBAHA HAa PACTBOPEHUHM HABECKU
ciutaBa Maccoit 1 r B emecu 10 mi1 H,O + 5 mx HNO; + 1 ma HF ¢ nobaBienuem
0,7 r NH4F npu narpeBaHuu W ynmapuBaHUM 1O BIaXHbIX cojiei. K ocratky
no6asisaroT 6 M HCl u 2 M HF u cHOBa ynapuBaroT. 3aTeM pacTBOp MEPEHOCST B
MEpHYIO KOJIOY U ONpPEIEsIOT U3 HEro BCE JIEMEHThI, KpOME HUOOUS U TaHTaja.
Jns ux onpenenenus 2,5 r crnasa pactBopsatoT B cmecu 15 ma HCl u 6 mi HF ¢
nobasnenuem 0,7 r NH4F, ynapuBaroT, ocTaTok pacTBOPSIIOT B BOJE U pa30aBIISIIOT
10 100 mu. Bee sieMeHTHI, 3a MCKIIFOYEHUEM JKEJe3a U MEIH, ONPENEISAIOT B
mnameHu N,O — C,H,. I'panyupoBoUHbIE paCTBOPHI COAEPHKAT BCE ONPEIECIISIEMbIE
AJIIEMEHTHI, a TAKKE HUKEJTb.

ATomHO-a0copOLMOHHBIN  criekTpoMeTp CaTypH  HCHONB30BaH IS
aHaM3a B cIiaBax Ha ocHoBe Hukens 0,2-7mac.% Al; 0,005-5 mac.% Cu; 0,005-
7,5 mac.% Zn; 1-54 mac.% Sn; 0,01-0,5 mac.% Cd; 0,2-2 mac.% Mn; 1-2,5 mac.%
Cr; 3,5-6 mac.% V; 2-3,8 mac.% Mo u 0,7-3,2 mac.% Ti.

Jlns ompeneneHus KadecTBa OOpa3IOB KapOIMPOUYHBIX CIUIABOB HUKEIS
oco0oe  3HaueHHWEe HUMeeT ImpodiieMa  OmpeAesieHuss B HUX  TaKuxX
MUKpPOKOMITOHEHTOB, kKak Bi, Pb, Se, Cd, Al, Te, Pb, Ag, As u npyrux, a TaKkxke
MOIUPUITUPYIOMHX J00ABOK, pacKuciuTeneit u necynbdpyparopos (Ca, Mg, P33).
Yame Bcero s 3TUX LENEH MCIOIb3YETCS JIEKTPOTEPMUUYECKUN aTOMU3ATOP U
METOJ] TEMIIEPATyPHO-CTAOMIIM3UPOBAHHOM €YU C MIaTGOPMOH.

Onoeo, e2o cnnaebl u npunou. TpyaHOCTH BCKPBITUS 00pa3IioB
CIUIABOB OJIOBA B OCHOBHOM CBSI3aHbI C BBINAJICHUEM B OCAJKU METAOJIOBSHHOM

KHCIIOTBI. BeecTBre 3Toro st pacTBopeHus MpoO OOBIYHO MCIIOJIB3YIOT CMECH
HCl u HNO; (9:1), emecu HNO; u H,C4H,4Og, BBenienue B pactopsl HF.
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Bri6op cmnocoba pacTBopeHus ompenensercss coctaBoM oOpaszua. s
onpenenenust ciuenoB Al, Ag, As, Au, Cd, Cu, Fe, Ni, Sb u Zn B
OJIOBSIHHOCBUHIIOBBIX MPUIIOSAX HaBeCKy MpoObl Maccoil 1 r pactBopsitor B 50 mi
cmecu HF+HNO;+H,O, B3aThiXx B 00beMHOM OTHOIIEHHH 2:3:5, pa30aBisioT
BOJIOM /10 METKM B MepHOM koibe u aHanm3upyioT B mameHu C,H,-N,O mpu
onpeneneann Al u As wnmu C,H,-Bo3ayx mpu omnpeneneHud OCTaTbHBIX
AJIEMEHTOB. B3auMHble XHMHUYECKHE IIOMEXU DSJIEMEHTOB HE3HAYUTEIbHBI.
['panynpoBOoYHBIE pacTBOpPHl TOTOBAT Ha (OHOBOM  pPAcTBOpE  OJIOBA,
MIPUTOTOBJICHHOM U3 0JI0Ba 0COOO YUCTOTHI.

CHmxeHue nmpenena OOHApYKEHUSI MHUKpPONpPUMECEeH  JOCTUraeTcs
MpeABAPUTEILHBIM SKCTPAKIIMOHHBIM KOHIIEHTPUPOBAHUEM WJIM HCIIOJIb30BAHUEM
ANEKTPOTEPMUYECKOTO aTOMU3ATOPa

CeuHeu, e2o cnnaebl u npunou. BckpeiTHe MmpoO CBHHIA W €ro
MaJIOJIETUPOBAHHBIX CIUIABOB IMPOBOAAT 00paboTkoil o6pasmoB HNO;. [lns
pacTBOPEHHUs CIUIABOB, COJEpKAlIUX 3HAUYUTETHbHOE KOJUYECTBA OJIOBa WJIU
cypbMbl, ucnois3yor cmecu HNO;, H,C,H,O¢, HF u H,0,. Ilpu ananuze
CBUHIIOBOOJIOBIHUCTBIX MPUIIOEB, HE COJEPKAIUIUX 3HAYUTEIbHBIX KOJMYECTB
cepeOpa, MOXKET OBITh MCIOJIB30BaH CIOCOO pacTBOpeHUs mpod B cMmecsx Br, u
HBr (1:3). PactBop HarpeBaroT 1jisi ynaneHus u30bITKa Opoma U pa30aBisoOT 110
3ananHoro oobsema 10 %-ubiM pactBopoM HBr. VYcnenHo npuMeHSIOT Takxke s
pacTBOpeHHs NpoO CBMHUOBBIX Matepuanos cmech 70 %-noit HNO;, HBF, u H,O,
B3STBIX B O0OBEMHOM OTHOIIEHUHU 3:2:5. DTy cMech T'OTOBST HEMOCPEICTBEHHO
nepes BbIMOJHEHHEM aHann3o0B. [[nsg npurotoBinenus HBF, k 200 mun 40 %-Hou
HF npu 10 °C po6asisitor HeGonbmmMu nopiusayu 75 © H;BOs.

JIs1 yCKOpEHHOro pacTBOpeHMs ciuiaBoB Pb-Sn mpoOy obOpabarbiBaroT
CMechlo, cojepkaiel paBuble 00bembl 48 %-noit HF, 30 %-noit H,O, u 0,02 M
SATA.

JIisi TIOBBIIIEHHS] CENEKTUBHOCTU W UYYBCTBUTEJIBHOCTH OIPEACIICHUS
npumecu Fe, Cu, Zn, Mn, Ni, Co, Mg, Al Ti, Cd, Bi skcrparupyror
xjopodopmMoM B Bujie KyndepoHatos; Sn, Sb u As coocaxaaroT ¢ MnO,; Ag, Cu,
Bi u Sb skctparupyror CCly B BHIle NUATUIAMTHOKApOAMaTOB B MPUCYTCTBUU
OTA.

IIpu onpenenenun Ag, Cu, Zn, Bi, As, Sn, Sb, Fe, Mg, Ca B cBuHIe
0Cc000i YHUCTOTHI PacTBOPEHHE NPOOBI MPOBOAST B CMECH BUHHOM M a30THOM
KUCJIOT. B rpagyupoBouHble pacTBOpbI 100aBIAIOT pacTBop coiu cBuHHA(Il) B
KOJIMYECTBE, COOTBETCTBYIOIIEM COJIEP’)KaHUIO CBUHIIA B PacTBOpEe IPOOBI
cormacHo wucnosbzyemMon  HaBecke. ['OCT  comepkuT Takke  METOL,
npeaycMaTpuBaroIIni oboraieHrue mpoObl U CHIDKEHUE Mpefena oOHapyKeHUs
As, Sn, Sb, KOTOpBI BKJIIOYAET  pasliokKEHUE MPOObI a30THOM KHUCIOTOM,
OCa)KJIEHUE OCHOBHOM MacChl CBHHIIA B BUJIE€ HUTpaTa, yapruBaHUE MOJYYEHHOIO
pacTBOpa 10 HEOOIBIIOrO0 00beMa U U3MEPEHUU B HEM aHAJIUTHUYECKOTO CUTHAJa
N0 JIMHUSM OIpEAeNIAeMbIX JJIEMEHTOB TIPpU BBEICHUM AHAIM3UPYEMOTO,
XOJIOCTOTO U IPpaayupoOBOYHBIX pacTBOpoB B miiams C,H,-Bo3nyx u C,H,-N,O.
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Kanbiuessie 6a66utel BK u BKA (¢ amomunuem) pactBopsitoT B HNO;
(1:3). st ycTpaHeHUs BO3MOKHBIX IOMEX B TPaIyHMpPOBOYHbBIE PACTBOPHI BBOAST
pactBop cBuHIA(I]) B COOTBETCTBYIOIINX KOJIMYECTBAX.

CypbMa u ee cnnaebl. Cypbmy Bbicokux Mapok uuctotel Cy00, CyO,
Cyl, Cy2 pacTBOpSIIOT B COISTHOM KHCIIOTE C JO00aBKOW MEPOKCHIA BOAOPOIA WITH
B mapckoil Bomke. Tak, mpu aToMHO-aGcopOmonHOM ompenetennn 2-107°-107°
Mac.% 3osota 1mpody cypbMbl pactBopsroT B cMecu HCI-HNO;, B3aThIX B
00beMHOM OTHOIIEHUH 3:1, COAEP)KUMOE CTaKaHa BBIMAPUBAIOT JO BIIAKHBIX
coneit, mpubasnsaroT 3 M pactBop HCl u BUHHYIO KHUCIIOTY W HarpeBaroT 0
PacTBOPEHUS COJIEH.

MaeHulu u e2o cnnaebl. llepeBeieHne B PAacTBOP MarHusi U €ro
CIUIABOB B MpOLECCe HUX aHaju3a METOJIOM aTOMHO-a0COpOLUMOHHOM
CHEKTPOCKOMHUHU JIETKO OCYIIECTBIsIETCa 00paboTKoi mpo0d pa30aBICHHBIMU
MUHEpaJIbHbIMU KucJoTamu. [IpucyTcTBHe B ciuiaBax MeAu TpeOyeT BBEACHUS
okuciurenen (H,O,, HNO; wu gap.), mnpucyrctBue cepedpa HCKIIOYAeT
MCIIOJIb30BaHUE TaJJOT€HOBOIOPOIHBIX KUCIIOT, HAIMYKUE IUPKOHUS 4acTo TpeOyeT
JIOTIOJTHUTEJILHOTO TIPOBEJICHHUS CIIABICHUS.

Hwxe npuBoautces crangapTHas Ipoleypa BCKPbITHS 00pa3IloB MarHusi 1
MO/IaBJIAIONIETO OOJIBIIMHCTBA MMPOMBIIUICHHBIX CIJIABOB Ha ero ocHoBe. HaBecky
mpoObl Maccoil 2 T MOMEIIAIT B TEPMOCTOMKHUI CTaKaH UM KOHUYECKYIO KOJIOY
BMecTUMOCTBIO 300-400 mi u pactBopsitoT B 30 M HCI (1:1). HaBecky cmiaBa
maccoit 1 t pactBopsitot B 20 M HCI. Jlna pactBopenust 0,5 T mpoObl 10CTATOYHO
15 M KACIIOTHL.

[Ipn HamMuuu B CIUIaBE MEOU €€ MEePeBOJSAT B PacTBOpP M00aBICHHEM
HECKOJIBKUX Kallellb a30THOM KHUCIOThI. [loMy4eHHBI pacTBOp KOJIWYECTBEHHO
MEPEHOCAT B MEPHYIO KO0y, pa30aBisiOT TUCTUILIMPOBAHHOW BOJON O METKH,
TIIATELHO TMEPEMEIIMBAIOT W HCHOJB3YIOT JJii aTOMHO-a0COpPOIMOHHOTO
ompeneseHus. MarHuii He OKa3blBaeT 3aMETHOTO BIIMSIHUS Ha BEJIUYUHY
aHanmutuyeckoro curHaiga Zn, Cd, Mn, Al, Cu, x0oTs cieayeT UMETh B BUIY
0OBbIYHOE TTpOsiBIeHHE «3(PeKTa MaTPUIBD MTPU MEPEHOCE U MOIYUEHUH a3pO30JIsl
B KOHILIEHTPUPOBAHHBIX pacTBopax mnpod. Mcnons3yror mnamena C,H,-Bo3ayx u
C,H,-N,O. B 10 %€ BpeMs cienyeT OTMETUTh CYIECTBEHHOE JIETPECCUPYIOIee
BIUSIHUE MarHusi Ha peako3eMenbHble MeTawibl B IuiameHu C,H,-Bo3gyx.
[loBbIlIEHNIO YYBCTBUTEIHLHOCTH OMPENETEHUSI CIOCOOCTBYET HKCTPAKIIMOHHOE
pa3lielieHhe YW KOHLEHTPUPOBAHUE COCIUHEHUI OIpEeNeisieMblX SJEMEHTOB U
MCITIOJIb30BAHUE IJIEKTPOTEPMHUUECKOTO CIIOCO0a aTOMU3AITUH.

B 3akiroueHue STOro pasjena MNPUBOJUM YCJIOBUSA OIpEACICHUs
OTJICTBHBIX AJIEMEHTOB, B YACTHOCTHU, BHIOOpP aHATTUTUICCKUX JIMHUM, IPU aTOMHO-
a0COpOIIMOHHOM aHAJIM3¢ IBETHBIX METAJIJIOB U CILIaBOB (Tabi. 6.12).
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Ta6muma 6.12 — J[nuHbl BOJIH PE30HAHCHBIX JHHUHA (A, HM), IPUMEHIEMBIX
B aTOMHO-a0COpPOIIMOHHOM MeToJie (JTUHUMU C JyOJIeTHOW CTPYKTYpoOi
uMeroT uaaekc J1)

Onpenens Xapakrepu-
E€MBIN A, HM Tun miamenn criHccKad
SIIEMEHT KOHICHTpa-
LIS, MKT/MJI
Ag 328,1 BO3YIIHO-IIPOIIAHOBOE, O0ETHEHHOE 0,05
328.1 BO3/1YLIHO-AIIETUIIEHOBOE, 00E€THEHHOE 0,1
3283 TO Xe 0,2
Al 309,3(J1) 3aKHCh a30Ta — aleTHJICH 0,8
308,2(J1) TO K€ 3
3944 TO XK€ 5
Au 242.8 BO3IYIITHO-AIIETUJICHOBOE, 00€THEHHOE 0,18
267,6 TO XKe 0,6
274,8 TO Xe 250
Be 234,9 3aKHCh a30Ta — alleTUJIEeH, 00oralcHHOe 0,05
Bi 2231 BO3JIYIITHO-TIPOIIAHOBOE, O0ETHEHHOE 0,5
223,1 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,8
222.8 TO XK€ 1,5
306,8 TO Xe 2,2
227,7 TO XK€ 10
Ca 4227 BO3YyIIHO-alE€TUIIEHOBOE, 0.06
CTEXHMOMETPUIECKOE
4227 3aKHCh a30Ta — alleTHJICH, 00eJHEHHOE 0,03
239.9 BO3IYIITHO-AIIETUIICHOBOE, 20
CTEXHMOMETPUIECKOE
Cd 228.8 BO3JIYIITHO-TIPOITAHOBOE, O0ETHEHHOE 0,01
228.8 BO3/1YIITHO-AI[ETUIIEHOBOE, 00€THEHHOE 0,015
326,1 TO XK€ 20
Co 240,7 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,08
242.5 TO K€ 0,2
252,1 TO XK€ 0,5
341,3 TO XK€ 4.0
Cr 3579 BO3IYIITHO-AIIETUIICHOBOE, 000TaIlIEeHHOE 0,05
357,9 3aKHCh a30Ta — areTUJICH, 000OrameHHOe 0,10
359,3 BO3IYIITHO-AI[ETUIIEHOBOE, 000Tall[EHHOE 0,15
360,5 TO Xe 0,2
425.,4 TO XK€ 0,5
Cu 324.8 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,04
327.4 TO XK€ 0,1
217,9 TO XK€ 0,6
222,6 TO Xe 2,0
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2492 TO XK€ 10
2442 TO XK€ 40
Fe 2483 BO3IYIITHO-AIIETUIICHOBOE, 00 THEHHOE, 0.08
CTEXHOMETPHUICCKOC
2523 TO XK€ 0,3
271,9 TO Xe 0,5
302,1 TO Xe 0,7
296,7 TO Xe 1,0
372,0 TO Xe 1,0
386,0 TO K€ 2,0
3441 TO XK€ 5,0
382.4 TO Xe 30,0
Ga 287,4 BO3/IYIITHO-AI[ETUIIEHOBOE, 00€THEHHOE 2,3
294 4 TO K€ 2,4
4172 TO Xe 3,7
403,3 TO K€ 6,2
Ge 265,2(/1) | 3akuch a30Ta — aleTUJICH, 00OTaIlEeHHOE 1,5
265,2(11) BO3YIIIHO-alIETUIEHOBOE, CBETAIIEECS )
259,3 TO XK€ 12
271,0 TO XK€ 12
275,4 TO Xe 10
Hg 253,7 BO3JIYIITHO-IIPOITAHOBOE, O0ETHEHHOE S
253,7 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 8
In 303,9 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,9
325,6 TO XK€ 0,9
410,5 TO XK€ 2,6
K 766,5 BO3JIYIITHO-IIPOIIAHOBOE, O0ETHEHHOE 0,03
766,5 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,1
769,9 TO K€ 0,2
404.,4 TO XK€ 10,0
Li 670.7 BO3IYLIIHO-TIPONIAaHOBOE, 00ETHEHHOE, 0.01
CTEXMOMETPUUECKOE
670.7 BO3IYIIHO-Al[ETUIIEHOBOE, 00CTHEHHOE, 0,03
CTEXHMOMETPUIECKOE
3233 TO K€ 20
Mg 285 BO3IYIITHO-AIIETUIICHOBOE, 0,005
CTEXHOMETPUYECKOE
285,2 3aKHMCh a30Ta — allCTUJICH 0,005
279,6 TO XK€ 0,2
202,5 TO XK€ 25
Mn 279.5 BO31YIIIHO-AllETUIIEHOBOE, 0,025
CTEXHMOMETPUYECKOE
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403,1 TO XK€ 0,5
2222 TO XK€ 1,0
321,7 TO XK€ 100
Mo 313,3 BO3/1YIIIHO-AI[ETUIIEHOBOE, 000Tall[eHHOE 0,5
313,3 3aKHCh a30Ta — areTUJIeH, 000OrameHHOe 0,2
317,0 BO3/IYIITHO-AI[ETUIIEHOBOE, 000Tall[EeHHOE 1,5
379,8 TO XK€ 2,0
320,8 TO XK€ 10
Na 589,0(J1) BO3/IyIIIHO-ITPONIAHOBOE, O0ETHEHHOE 0,01
589,0(J1) BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,02
330,2() TO K€ 5,0
Nb 405,9 3aKHCh a30Ta — areTUJIeH, 000orameHHOe 35
358.0 TO Xe 35
334,9 TO XK€ 40
Ni 232,0 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,1
234,6 TO K€ 0,5
341,5 TO K€ 0,2
346,2 TO XK€ 1,0
352,5 TO XK€ 2,5
339,1 TO XK€ 5,0
247,7 TO K€ 50
Pb 217,0 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,12
283,3 TO K€ 0,2
261.,4 TO XK€ 6,0
Pd 247.6 BO3/IYIITHO-AlIETUIIEHOBOE, 00€THEHHOE 0,5
2448 TO Xe 1,0
276,3 TO Xe 3
Pt 265,9 BO3/YIITHO-alETUJIEHOBOE 2,5
306,5 TO XK€ 5,0
217,5 TO XK€ 10
299,8 TO XK€ 15
Rb 780,0 BO3JIYIITHO-AIIETUIICHOBOE, 00CTHEHHOE 0,5
794,8 TO K¢ 1,0
420,2 TO K€ 10
Sb 206.8 BO3IYIITHO-AIIETUIICHOBOE, 0.5
CTEXHOMETPUYECKOE
217,6 TO XK€ 1,1
231,2 TO XK€ 1,9
Sn 224.,6 3aKHCh a30Ta — arleTUJICH, 000oramecHHOe 0,8
286,3 TO Xe 2,5
286,3 BO3/IYIITHO-AIETUIIEHOBOE, 000TaIl[eHHOE 10
270,6 TO XK€ 25
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3034 TO XK€ 50
Sr 4607 3aKHCh a30Ta — allCTUJICH, 0.04
CTEXHOMETPHUICCKOC
460,7 BO3/IyIITHO-AI[ETUIIEHOBOE, 0,2
407,8 TO XKeE 3,0
Ta 271,5 3aKHCh a30Ta — aleTUJICH 30
277,6 TO XKeE 58
Ti 364,3 3aKHCh a30Ta — alleTUJIeH, 00oramicHHOe 1,5
Tl 276.8 BO3/IyLITHO-AIIETUIICHOBOE, 0.2
CTEXHOMETPUIECKOE
377,6 TO Xe -
238.0 TO Xe -
A% 318,39(/1) 3aKHCh a30Ta — alleTUIICH, 1.0
318,39(J1) CTEXHMOMETPUYECKOE ’
W 255,1 3aKHCh a30Ta — alleTUJICH, 00OTaIlEHHOS 5
2947 TO Xe 18
400,9 TO K€ 25
/n 213.9 BO3IYIIHO-AIETUIIEHOBOE, 0,012
CTEXHOMETPUYECKOE
307,6 TO K€ 150

6.4.2. YepHble MeTannbl 1 cnnasbl

UepHble METAJIbI M CIUIaBbl - 3TO CIUIaBbl Ha OCHOBe Xkeje3a. Crona
OTHOCSITCA YYTYHBI, CTaiu, (peppociiaBbl, HEKOTOPBHIE CBEPXTBEPJbIC CILJIABHI.
Uyryn — o910 cmiaB xkeneza ¢ yriepogom (C Gomee 1,7 mac.%) wm
comyTCTByIOIMMHU 3iemeHTamu S, P, As, Si, Mn u ap. YUyryHn oriaudaercs
XPYINKOCTBIO, €r0 HEJb3sl MPOKaThIBaThb W KOBaTh. Pa3znuuarotr cepele, Oenbie U
crnenuanbHbie yyryHbl. Cepble 4yryHbl 00pa3yloTcsi mpu OOJBIIOM pacxoie
TOIJIMBa B JoMHe u coxaepxar 1,7 — 4,3 mac.%, C B Buume rpadwura, 1,3 — 4
Mmac.% Si, 0,5 — 1,3 mac.% Mn, menee 0,6 mac.% S, 0,2 — 0,6 mac.% P. Ceprie
YyryHbl TNPUMEHSIOT TPU OTJIUBKE pa3WyHbIX JeTajed. benbie 4yryHbI
o0pa3yroTcs Mpu MajioM pacxojie roprouero u cojaepxar 1,7 — 4,3 mac.% C B Buze
nemeHTura Fe;C, 6onee 4 mac.% Mn, 0,9 — 1,6 mac.% Si, 0,08 mac.% S.
CreunanbHble JIETMPOBAHHBIE YYyTYHBI — (DeppocIiaBbl ¢ OOJIBUIUM COJAEPKaHUEM
Si, Mn, Cr u ap. OHU IPUMEHSIOTCS KaK PACKUCIUTEIN TIPU MOTYYEHUN CTaJICH.
XUMHUYECKHI COCTaB HEKOTOPBIX (heppOCIIaBOB MpHUBEeH B Tab. 6.13.

Tabmuma 6.13 — Xumudeckuii coctaB heppocCIiiaBoB

Criias Maccosas gois, %

Cr C Si Ti P S Mn Cr | Al Fe Cu
deppoxpom Jo0 64 1 1,6 - 0,04 | 0,004 — — — | ocTalibHOE | —
tdheppomapranery - 6,4 0,9 - 0,4 0,01 | 60-80 | — — | octampHOE | —
¢beppocuarmuit — 0,1 12-75 - 10,03 10,004 0, 0,1 1 23 —
depporuTaH - 0,07 3,6 26 | 0,05 - - - 8 | ocrampHOE | 1,6
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Cranmu — 9TO cCIUIaB ’Kelie3a C YIJIepoJIoM, COAEpKalluil KpeMHHI,
Mmaprasei, ¢pocdop, cepy B CIEAYIOMMNX MAKCUMAIbHO BO3MOXKHBIX KOJMYECTBAX:
0,1 — 1,7 mac.% C, 0,3 mac.% Si, 0,6 mac.% Mn, 0,05 mac.% S, 0,05 mac.% P.
Cranb nonyyatot adduHakeM (4acTUYHOE OKUCIIEHUE U YacTuyHOoe ynanenue) C,
Si, Mn, S u unorga P. Ctanu nensr Ha mpocThie W JISTUPOBAHHBIC, COACPIKAIIINE
crierranbHble no6aBku Cr, Ni, Mn, V, Nb, Zr, Mo, W, Ti, Al, Cu, B, Si.

Ilepen B3siTueM MpPOOBI MOBEPXHOCTh CTAJEH WM YYTYHOB OYMIIAIOT OT
OKJIMHBl C JIBYX IPOTHUBOIIOJOXKHBIX KOHIIOB Ha HAXJAAYHOM Kpyre WIH
METAJUIMYECKUMH IeTKamMu. [Ipu B3ATUM CTPYX KM Ha CBEPJIMUIILHOM CTaHKE
IMIPUMCHSIIOT cBepiia auameTpoMm 18 MM u3 OpicTpopexyiieir cramu. CKOpOCTh
BpallleHUsI cBepjia He JoJbKHa mpeBbimaTh 150 o6/mun. Ecnu mpoOy OepyT Ha
CTpPOTaJbHOM CTaHKE, TO CTPYXKYy CHHUMAIOT IO BCEMY MPOJOJILHOMY U
MONEPEYHOMY CEUECHHIO cliuTKa. Eciam uccneayemblil MaTepran HEOJHOPOIEH, TO
MPOU3BOJIAT OT/ICTbHBIC aHAJIM3bI CEPEIUHBI U KpaeB cliuTKa. Bo Bpems cTporanus
(cBepiieHUsI) HE MOIYCKAIOT OKHUCJICHHUS CTPYXKKH BCIEJICTBUE DPa30rpeBaHUs M
pacnbuieHus ee. Cienyer Takke u30eraTh MOJYyUYeHUS JJIMHHBIX BUTBHIX CTPYKEK.
CTpyXKy M3MEJIbYalOT, COPTUPYIOT Ha KPYNHbIE U MEJIKUE KYCOUKU U OTOMPAIOT
JUIsl aHaIM3a MOPIUM OT JABYX (Ppakiuil mpomopiuoHanbHO WX BecaM. Jlns
yAalleHus CMa304YHBbIX BEIIECTB CTPYXKKY MPOMBIBAIOT 3QUPOM U CyIIaT.
Oco0eHHO TIATENBHO 3TO CIEAYeT JAeNiaTh TMepell OIpeaesieHueM Yriaepoja.
CTpyXKy OT TpPOBOJIOKM M TpyTKa OepyT MO BCEMY CEUEHHUIO TINATEIbHO
OYHILIEHHOT0 00pa3iia.

[Ipu B3sATUU CTPYKKH OT TPyO TMOCJIEAHHE OYHUIIAIOT OT CMAa30YHBIX
MaTepUaIOB HaX1ayHOM OyMaroil M CTEHKM CBEpJAT HACKBO3b. s aHanmmsa
MeTajljla CBapHbIX TPyO Bce ceueHue TpyObl moaBeprator (pesepoBaHuto. s
B3SITUSI TPOOBI OT JUCTOBOI'0 MaTepuaia OTpe3aroT MOJIOCKY ITUPUHON OKOJIO0 5 cM
BO BCIO IMHY JucTa. [lojgocKy ckiaabpiBalOT B HECKOJIBKO pa3 Mo JJIMHE, U
CTPY>KKY OTOMparOT CTpOraHUEM KpaeB MOJOCKU. [[J1s1 aHanM3a JEHTOYHOU CTallu B
MOTKaxX OepyT 2 MOJOCKU W3 Pa3IMUHbIX KOHIOB. OT JMCTa, MOJTYYEHHOrO U3
CJIIUTKA MPOJIOJILHO-MIONEPEYHON MPOKATKOM, MPOOOH MOXET CIIyX HUTh IOJIOCKa,
OTpe3aHHas N0 Bced [IMHEe JucTa (MO Kpaw) NapajyielibHO HalpaBiIeHUIO
npokaTku. Eciu JIMCT mosydeH MpoKaTKOM B OJHOM HaIpaBJieHUH, TO ISl MPOObI
OepyT TOJIOCKH, OTpe3aHHbIe OT 000MX KOHIOB (TIOTIEPEYHBIX K OCH) JHCTAa U TIO0
Bcel ero mupuHe. M1 B TOM, U B JPYroM Ciiy4yae MOJTYyYEHHbIE MTOJOCKHA OYMILIAOT
TpaBJICHUEM WM UHBIM CIIOCOOOM W CKJIAJBIBAIOT B JBa wiu Oonee pa3. CTpyxKy
MOJIyYarOT MyTeM (ppe3epoBaHUs IO BCEMY CEYEHHUIO CO CTOPOHBI OTPE3aHHOTO
Kpasl.

[Tepen orGopoM mpoOBI YYTyH OYHWIIAIOT >KEJIE3HBIMU WU CTaTbHBIMH
MIETKaMA M 3aTe€M OOTAYMBAIOT BEPX UYIIKA HAKIAYHBIM KPYroM, TOKa HE
OOHaXUTCS YMCTBIA MeTal. B3sATyr0 U3 LIEeHTpa OYMILEHHOMN MIOMIAIKH CTPYXKKY
B3BCIIUBAIOT M mpoceuBaroT. [IpoOy oT Oenbix 4yryHOB O€pyT C MOMOIIbIO
MOJI0Ta, OTOMBAsi KyCKU OT OoiBaHKU. OTOUTHIE KYCKH OYUIIAIOT U U3MENhYAIOT B
MMHEBMATUYECKOM CTYNMKE W3 0C000 TBEpPAOM CTaJiM 10 TIOJY4YeHHUs 3epHa,
npoxosmiero uepe3 cuto ¢ 50 orBepctusamu Ha 1 cm. MHorAa, 4ToObl MOJYy4YUTh
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CpellHIo Mpoly, 6epyT HABECKy 4YyryHa B 5 I, pacTBOPSIIOT B a30THOM KHCIIOTE
(1:1) unu B cMecu XJIOPOBOJOPOAHOW M a30THOM KHUCJIOT; PacTBOp COOHMPAIOT B
MEpHYI0 K00y BMecTUMOCThIO 250 M M pa30aBigOT BOAOHM A0 MeTKH. [lis
aHaM3a OTOMPAIOT OT/IETbHBIE AIMKBOTHI PACTBOPA.

®eppociuiaBbl MPUHAIIEKAT K YACTY OUYEHb HEOJHOPOJHBIX MaTEpPUAJIOB.
HeomnopomHocTs 0COOCHHO TIpOSIBISICTCS B COUTKaxX  ¢eppoBoiibdpama,
deppomonunbaena, manoyriaepoauctoro ¢deppoxpoma u ¢deppocmunums. Jns
MOJIYYCHHS] TMPABWIBHBIX PE3yIbTaTOB aHadu3a Mpol0y HEoOXoaumo OpaTh Tak,
4yTOOBl OTHOILIEHHE KPYMHOIO MaTrepuaia K MeJIKoMy B 1pobe Obuio
NpUOTU3UTEILHO TaKUM JK€, KaK M BO BCel mapTtum criaBa. KpymHbie KycKu
MPOCBEPINBAIOT cBepiioM nauameTpoMm 10-18 mMm Ha rnyouny 3-4 cm. Jjis odyeHb
TBEpPAOro MaTepuaia (HarpuMmep, yriaepoaucTelid peppoXpoM) IPUMEHSIOT CBEpIIa
U3 TBEPJbIX CIJIaBOB. B mpakTtuke oOblyHO OepyT mo 2-3 Kycka OT KaxIou
naptur. DeppoxpoM, BBICOKOYIJIEPOAUCTBIA (eppoMapraHen] M3MeNb4yaroT B
CHEIUaNbHBIX CTalbHBIX CTyNKax. V3MenpueHue mNOMOOHBIX MaTEpUAIOB B
CTYNKax  3HAYUTENbHO  oOOJeryaercss W  YCKOpSieTCs  NPUMEHEHHEM
MMHEBMATUYECKOro MoJioTKa. [IpoObl, moilydeHHbIE IMyTEM CBEpJIEHUS KYCKOB,
CTPOTaHUsI WIM PACHWIMBAHUS, HE JOJKHBI CONEPKAaTh OKAJIMHBI, Macia, rps3u
WM JIPyTHMX NOCTOPOHHUX BewlecTB. JlJI1 OYKMCTKH OT Macilia CTPYXKKY WU
NopoIIOK (eppociiiaBa NPOMBIBAIOT 3QHUPOM, a i OUYUCTKA OT OKaJIHHbI
MPOMYCKAIOT 4Yepe3 JBa JATyHHbIX CUTa C pPa3MEpOM OTBEPCTUH 2 MM IS
oompmoro cuta u 0,2 MM s manoro. Jlns aHammza OGepyT CTPYKKY OOEHX
dpakuuii B KOJTUYECTBE, MPOMOPIIUOHATBLHO UX BecaM. OT Kax0i mapTuu O6epyT
U3 Pa3JIMYHBIX MECT MO TpPH JONarbl. B3sATble MOPLHUH COEAMHSIOT BMECTE.
KonndectBo HaOpaHHOM MPOOBI COKpAIIAlOT KBAPTOBAHUEM JI0 MOJIYUEHHS POObI
maccoi 50-100 r. [TonydyenHyro npoOy UCTUPAIOT B TOHKUM MOPOIIOK B araTOBOM
CTYIIKE, IENAT Ha 4 paBHbIE YaCTH, KAXKAYI0 U3 KOTOPBIX COXPAHSAIOT OTIAEIbHO B
CTEKJITHHOM OaHKe ¢ XOpOIIO MPUTEPTON MTPOOKOH.

B cucreme KOHTpOJSI XMMHUYECKOTO COCTaBA YEPHBIX METANIOB aTOMHO-
aOCOpOLIMOHHBI  METOJ 3aHMMAaeT BTOPOE MECTO TMOCIE 3MHUCCHOHHOIO
CHEKTPaJIbHOTO M  PEHTIeHOQIIyOpEeCLIEHTHOro  MeTofoB. Ha  KpymHbIX
METAJUTYPTUYECKUX  MPEANPUATHSAX  €r0  BBIFOJAHO  HCIOJB30BaTh IS
aTTECTAIIMIOHHOTO aHaJIN3a CTaHJAAPTHBIX 00pa3IOB BHITLIABISEMBIX HOBBIX MapOK
CTalM, JJIsl ONPENENICHUS] MAJIbIX COJEpKaHUW BPEOHBIX MPUMECEH B CTAIAX U
CIUIaBax, JJisl aHajlu3a OOJBIIIOr0 aCCOPTUMEHTa BCIIOMOTATEIbHBIX MAaTEpUaJIOB,
KOHTPOJIMPOBATh XMMHUYECKUI COCTaB KOTOPBIX HEBO3MOKHO WJIM HEBBITOJHO Ha
KBAaHTOMETpax. ODTHU K€ COOOpaKEHUS OTHOCIATCI W K NPAaKTHKE aHalu3a Ha
KPYIHBIX MAIIMHOCTPOUTEIBHBIX 3aBOaX C COOCTBEHHOM JIMTEHHOW 0a30il win ¢
OonbmIUM  O00BEMOM BXOJHOTO KOHTposs. Jljii  HEKOTOPBIX MPEeANpHUSATHI
MalIMHOCTPOEHUSI U MPUOOPOCTPOCHHUSI, aATOMHO-a0OCOPOIIMOHHBIA METOJ MOXKET
ObITh OCHOBHBIM METOJAOM KOHTPOJSI XUMHUYECKOIO COCTaBa BBITYCKaeMOM
npoaykuud. HekoTopble cTaHmapTHble aTOMHO-a0COpPOLIMOHHBIE METOJUKU IPHU
KOHTPOJIE XUMHUYECKOTO0 COCTaBa YEPHBIX METANIOB U CIUIABOB IMPEICTABICHBI B
Tabu. 6.14.
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Tabnuma 6.14 — AToMHO0-a0COPOITMOHHBIN aHAIN3 B YEPHON METaAJLITypruu

o Omnpenensiemble Halrra3oH OIIpPCACIACMBIX
HOpMaTI/IBHBII/I HOKYMCHT Pl I[ Pl

DJICMCHTBI KOHHCHTpaHI/Iﬁ, MaC.%
1. I'OCT 12348-78. Cramu Mn 0.1-5.0 (mnawms)
JICTUPOBAHHBIC M BRICOKOJICTHPOBAHHBIS
2. I'OCT 12353-78. Cramun Co 0.25-5.0 ()
JICTUPOBAHHBIC M BRICOKOJICTHPOBAHHBIC
3. I'OCT 12355-78. Cranmu Cu 0.10-4.0 (rzams)
JICTUPOBAHHBIC M BRICOKOJICTHPOBAHHBIE
4. I'OCT 12352-81. Cramu Ni 0.1-15,0 (muams)

JICTHPOBAHHBIC M BBICOKOJICTUPOBAHHLIC

5. I'OCT 12357-84. Cranu 0,20-7,0 (mnams)

JIETUPOBAHHbBIEC U BBICOKOJIETUPOBAHHBIE Al 0,01-0,20
(31eKTpOTEpPMHUUECKUI
ATOMH3aTOD)
6. 'OCT 14250.5-90. ®eppoTtutan Cu 0,03-3,5 (mnams)
7.TOCT 14250.12-85. deppoTutan Cr 0,05-2,0 (mnamsi)
8. T'OCT 14250.13-85. ®epporuran Mn 0,1-2,0 (mnams)

PaccmorpuMm mpuMeHEHHE aTOMHO-aOCOPOITMOHHOM CIIEKTPOCKOIUU B
KOHTPOJIE XUMHUYECKOT'0 COCTaBa MaTepUaJIOB YEPHO METAJLTYPIruHu.

AIIOMUHHAA ~ ONpPEACISTCS  aTOMHO-a0COPOIIMOHHBIM ~ METOAOM  IIpHU
conepxanuy ero ot 10" Mac.% 10 HECKONBKUX IECATKOB MPOLEHTOB B IIAMEHH
3aKHCh A30Ta—alleTWICH WU B BJEKTPOTEPMUUYECKUX aromuzaTopax. Kak u B
JIPYTUX XUMUYECKUX METOJaX aHaJlh3a, CBA3aHHBIX C MEPEBOJIOM aHAIU3UPYyEMOU
CTall B PacTBOP, aTOMHO-a0COPOLMOHHBIM METOAOM MOXHO OMpPEACNSTh Kak
ollee cojaepkaHue aalOMUHUS, TaK M COJIEPKAHUE KHUCIOTOPACTBOPUMOTO
amoMuHUs. B mepBoMm ciiyuae BeCh aHaJIU3UPyEeMbld MaTepuall MEPEeBOMST B
pacTBOp, BO BTOPOM Clly4ae OCaJIOK, HE PACTBOPUBIIUNCA B pa30aBICHHBIX
KHCJIOTax, OTPUILTPOBBIBAIOT M OoTOpackiBatoT. [lpu onpenenenun Al B miiameHu
N,O-C,H; nns mojaBiieHHs MOHM3ALMKM B aHAJIU3UPYEMbIe PACTBOPHI M ATaJIOHBI
BBOJIAT COJIU JISTKOMOHU3UPYIOIIMUXCS METAIIOB — KAJIMS WJIM HATPHSL.

Omnpenenenuto amoMuans He MemaroT Na, Mg, K, Zn, Cu, Pb. Cepnas
kuciota, HBr, H;PO,, CH;COOH npuBoasT K U3MEHEHHUIO CUTHajla aJIFlOMUHUA.
IIpucyTcTBHE 3HAUYMTEIBHBIX KOJUYECTB OTHUX KHCJIOT, a TaKXKe BBICOKHUX
COJICp’KaHUM pa3IMYHBIX KAaTHOHOB MOKET HECKOJbKO YBEJIWYUBATH CHUTHAJ
ATIOMHUHUSL U3-3a MOJABJICHUSI UMH MPOIECCOB MOHU3AIMU. XapaKTep U CTEICHb
MEIIAIONIETO BIMSHUSA MOTYT MEHSThCA BCJIEACTBUE W3MEHEHHUS BSI3KOCTH
pacTBOpa, IMOBEPXHOCTHOI'O HATSXKEHMS, CKOPOCTM wucnapeHus u T.40. [ns
onpenenenusi Menee 0,01 mac.% Al B cramsix peKOMEHIOBAaHbI METOIbI C
MpeBApUTEIbHBIM OTJEJICHUEM 3Kelie3a H300yTUJIAleTaTOM WM SKCTpakiuei
METUIN300y TUIKETOHOM.

[Ipu saeKTpOTEPMUUECKOM OMNPEACIICHHUH MaJbIX KOJIMYECTB alOMUHUS B
COJITHOKHCJIBIX PacTBOpax aHAJMTUYECKUN CHUTHAJT CHUKAETCS B IMPUCYTCTBUHU
COJICH JKelie3a, YTO, BEPOSITHO, CBSA3AHO C MOTEPSMU AJIFOMUHMS B BUJE XJIOPHUIA,
YBJIEKAEMOT'0 BMECTE C XJIOPHJIOM JKejie3a Ha craauu nuposiusa. [Ipm pabdore ¢
CEPHOKHCIBIMU PAaCTBOPAMH YYBCTBUTEIBHOCTH OIPECICHUS TOBBIIIAETCSA, a
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BIIMSIHUE JKeJIe3a 3HAUUTENIbHO CHIKaeTca. Bmecre ¢ Tem, npu 3ToM HaOnrogaeTcst
0osb110€ (HOHOBOE MOTJIONICHUE B MPUCYTCTBUU COJICH *kKeje3a, XpoMa U HUKEJs.
MakcumansHO JIOIyCTUMas TeMIleparypa nupoiuza amomunus — 1400 °C.
JloGaBka XMMHYECKUX MOJU(GUKATOPOB TO3BOJISIET YBEIUYHUTH TEMIIEPATypPy
nuposusa 1o 1700 °C.

Bananuii MOXHO oOmpenesiTh aTOMHO-a0COPOIIMOHHBIM METOJOM TIpH
COJIEPKAHUU €T0 OT 107 JI0 HECKOJIbKMX Mac. TmpoleHToB. B mmamenn N,O-C,H,
OCHOBHBIE KOMIIOHEHTbl YYTyHa W CTaJHl, B TOM YHUCJE JIETUPYIOIIHE T00aBKHU
MoJMOJIeHa, TUTAHA U IPYTUX DJIEMEHTOB, BIUSIOT Ha OonpeseneHue Banaaus. J[is
noAaBjeHus nomex npu onpexaesnenuu BaHaaus ot 0,01 mac.% u Bbillle BBOAST
COJIU aJIOMUHUSA W JiaHTaHa. B TpUCYTCTBUM OPraHUYECKUX pPacTBOpUTENEH
aleToHa, METUIM300yTUIIKETOHA, HEKOTOPBIX CHUPTOB YYBCTBUTEIBHOCTH
omnpenesicHus] BaHaus yBelnuuBaeTcsi B 2-8 pa3. OTMEUEHO BIUSHHUE Kelie3a U
CyJib(aT-uOHOB Ha pe3yJIbTaThl aHAIN3a, YCTPAHUTh KOTOPOE MOXKHO J100aBKOi
1 Mr/™Ma conu amOMUHHS. DJIEKTPOTEPMHUUECKOE OIpe/eieHrne MPOBOIAT TPHU
2660°C, uro OOYCIIOBICHO HPOYHOCTEIO CBsa3M V-O u  o0pa3oBaHHEM
TPYIHOAUCCOLUUPYIONTUX KapOUI0B BaHA U

BucMyT B Martepuanax 4epHOW METAJLTYPrUHM ONPEAENSIeTCS B IUIAMEHU
Bo3nyx-aueruieH. [Ipu onpenenennn menee 0,01 mac.% Bi B meTamnmyprudeckux
MaTepuaiiax B IJJaMEHH HEOOXOJAMMO OTJAENICHHEe W KOHIICHTPUPOBAHHUE €ro
OKCTPAKIIMOHHBIMU WM XpoMarorpaduyeckuMu MeTojaMu. B mameHu He
ormevaetcs BiausHus kuciaor HF, HNOs;, H,SO,, HCIO,. ®ocdopras kuciaora
3HAUUTENIbHO TOJABISIET BEJIWYMHY aHAJIMTUYECKOro curHaiga BucmyTa. He
oOHapyxeHo nomex co croponsl Be, Ca, Co, Cr, Ni. OO0Hapy>KeHbl ITOMEXHU CO
ctoponsl Al, B, Ce, Si, Zr. BnustHue 1pyrux 371€MEHTOB MOJHOCTBIO YCTPAHAETCS
nyteM nobasnenus 0,2 % MgCl, k npo0e.

DNEeKTPOTEPMUUECKUI  BapUaHT  aTOMHO-a0COPOIIMOHHOTO  METOJa
no3Bossier ompexensth a0 107 mac.% Bi. B 2M HNO; curman BucMyTa
ymenbinaercs Ha 40 %. B 1,5M H,SO, BBuay cuiibHOT0 (h)OHOBOT'O TOTJIOIICHUS
00s13aTeNIbHO TMpUMEHEHuEe KoppekTopa ¢oHa. OmnpeneraeHue, Kak MPaBUIIO,
BBINIOJIHAIOT METOJIOM J00aBOK. MakcumanbHO JIOMycTUMasl TeMmIeparypa
nrposmsa — 600 °C, B mpucyrcrBun Moaudukaropos — 1200 °C.

[Ipenen oOHapyxkeHHUs KaJMus B MaTepHaliax YEPHOM METaJUTypruu
ATOMHO-a6COpPOLMOHHBIM ~ MeTogoM  jgocturaer n-10°  mac.%. Ipamoii
aToMHU3allMed B TUIAMEHHU alleTWICH-BO3yX B CTalsAX KaJMHU ONpeNessioT OT
2:107 mac.% u Gomee. JKeneso, HUKENTb H XPOM MPAKTHYECKH HE OKA3BIBAIOT
BIIMSIHUS, €CJIM UX cojepkaHue Kosebnercs B npenenax 10-15 % ot coxepxkanus
UX B IPalyupOBOYHBIX pacTBopax. ['pamyupoBouHsblii rpaduk crpoutcs Ha (oHe
XPOMOHHUKEJIEBOW CTajy, MPEIBAPUTEIBHO MPOBEPEHHON HA OTCYTCTBHUE B HEWU
3aMETHBIX KONWYEeCTB Kammus. OOpas3ibl OOBIYHO PACTBOPSIIOT B CMECH
XJIOPOBOJIOPOJHOM W a30THOW KHUCHOT. [Ipm Hanmmumm Bonbdpama mT0OABISIOT
dochopuyto kucnory. Ilpu ompenenennn kagmMus B (GEpPpOCHUIUIIUU TPOOY
paznarator B HNO; ¢ po6asnenuem HF, npunusatror H,SO, m BbeImapuBarot
J0CcyXa. DKCTpaKIUIO KaaMUst pacTBOpOM TPU-H-OKTUJIAMUHA B
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METUIN300YTHIKETOHE MCIIONB3YIOT I ompenenenns 5-10° mac.% u Gomee
KaJMHUSI B HUKEJe, MEAH, IIMHKE U aJIOMUHUU. ODKCTPAKIUOHHOE OTACICHUE
MpUMecH KaJMus B BHUAE HOJIUJIHOIO KOMIUIEKCA C HUCIOJIb30BaHUEM pacTBOpa
TPUOKTHWJIAMUHA B METWJIM300YTHUIKETOHE WCTOIB3YIOT MPHU OMPEICICHUH €Tr0 B
JIETUPOBAHHBIX CTAJIAX.

[Ipu 2JIEKTPOTEPMHUUECKOM  OMNPENETCHUU KaJAMHUSI BO3MOXHO €ro
yJeTyuYuBaHWE U TOTEPU B BHUJE XJOPUIOB, KOTOPbIE KOMIIEHCUPYIOTCS MpHU
BBeneHnn PO, . YBennuenne curnama Cd B NPUCYTCTBUU SO,* -HOHOB MOHO
CKOMIIeHCHpOBaTh BBeneHneM NO; min B Gombmieii cremenn PO, . KatnoHsr
BIUSIOT 3HauuTenbHO cnabee. Tak, mpu 1000-kpaTHBIX KOJMYECTBaX LMHKA
CUTHaJl yBelnu4yuBaeTca Ha 6-9 %, Menb cHWXKAeT curHai Ha 8 %. 3HAYUTENIbHOE
JETIPECCUPYIOIIEE BIIUSHUE OKa3bIBAIOT XJIOPUIBI JKEle3a, XpoMa M HHKEJS.
Haunyumias cpena omnpeneneHuss — a30THOKHUCIBIE pacTBOpbl. B sTom ciywae
NPUCYTCTBHE Jake OOJBIIUX KOJUYECTB >Keje3a He BIHUAECT Ha BEIUYUHY
MOJIE3HOTO0 CHUTHala KaAamus. Pe3Ko CHIDKAeTCsl TakKe BIUSHUE OOJIBIINUX
KOJIMYECTB XpOMa U HHUKeJS. MaKkCUMAaJIbHO JIOMyCTUMAasi TeMIlepaTypa MupoJin3a
kaamust — 300 °C, B IpUCYTCTBHH XUMHUECKHX MoanpukaTopos — 900 °C.

Kanpumii. OOBEKTHl aHaimM3a — CTaId, METAJUIYPrUYecKue IIUIaKH,
dbeppocmiiaBbl, BCIOMOTATENIbHbIE CUJIMKATHBIE MaTepuaibl, METAJTypruYeCcKUe,
cBapouHble (Quirochl. B OOJBIIMHCTBE Ciy4yaeB IMpPU OMNPEACIICHUH KaJlbLIHS
UCIOJB3YIOT METOJI aTOMHU3alluM B IUIAMEHU Bo3ayx-aleTuiaeH win N,O-
aneruieH. OnpeneneHrue Kajlblus aTOMHO-a0COPOLIMOHHBIM METOJIOM B BOJIHBIX
COJISHOKHCIIBIX PacTBOpax HE BCTpeYaeT OCOOBIX 3aTPyJHEHUM U JAOCTATOYHO
BBICOKOUYBCTBUTEIBHO. OJIHAKO CJIEAYET y4ecTh MOMEXH B KOHJICHCHUPOBAHHOM
daze U MOHU3ALMOHHBIE TToMeXH, ocoOeHHO B ruiamenn N,O — C,H,. Kucnots
HF, HC1O,, H,SO,4, CCI3;COOH, docdopnas, DJITA cHWKaIOT CUTHAT KaJIbITHSI.
Takoit xe 3¢h(deKT oka3plBa€T M MPHUCYTCTBHE B PACTBOPE HU3OBITOYHBIX IO
OTHOIIICHHIO K Kajbluio koimdecTB Al, Be, Si, Ti, V, Zr, xoTopsle B IIaMEHHU
0o0pa3yloT ¢ KaJbIlMEM YCTOMYMBBIC OKCHCOJIHU. XHMHYCCKHE IIOMEXH
MPOSIBJISIFOTCS. B OOJIBIIEH CTENEHW B HIDKHUX 30HAX IUTaMeHH. B mpucyrtctBum
OpraHUYECKUX PpACTBOPUTENEH CHUTHAJNT KaJbI[Usl HECKOJbKO YBEIUYUBACTCS.
YcTpaneHuo TMOMEX B KOHJEHCHPOBAHHOW (aze CcrmocoOCTBYeT BBEACHHE
ocBoOOkaromux 1006aBok — cosied nantaHa(lll) wim crponuums(Il), a taxxe
UCIIOJIb30BaHue BbicOKoTemnepaTypHoro miamenu N,O-C,H, u meroga n1o0aBok.
[TonaBnstoniee BIUSHUE HEKOTOPHIX HEOPTaHMUYECKUX MOHOB HA CUTHAN KaJbIIUS
HauOosee 3¢gdexTuBHO ycTpaHserca nodasieHueM crpoHuus(Il). Opranuueckue
pacTBOpUTEIU (3TAaHOJ, MPOMAHOJI) HECKOJBKO MOBBIMIAIOT YYyBCTBUTEIHHOCTH
ONpENENICHNUsl, HO HE CHUMAIOT BIWAHUE HEOPraHMYECKHX HOHOB. BiunsHue
HEKOTOPBIX HEOPTraHUYECKUX HMOHOB YCTpaHsETCs T00ABICHHEM §-OKCUXMHOJIMHA,
xynopuna gantaHa(lll) wim cynedocamumminoBoit kuciaoTel. Hambosee momHoe
HCKJIFOYEHUE MEIIAIOIIEr0 BIUSHUSA HEOPraHUYECKUX MOHOB B miamenu N,O-C,H,
JIOCTUTHYTO TIPH BBEICHUM B PacTBOp cyibdocanmunuioBoit kuciotel U HCIL
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OpHako Mpu 3TOM MOJHOCTHIO HE YCTPAHSIETCs Mellarolee 1elCTBUEe aJlOMUHUS B
npucyrereun SO, , PO, NO;, F .

KoGanhT MOXHO ompeensTh B MaTepualaX YepHON METALTypruu TpH
COZEPKAHUHU €ro OT N - 10 mac.% JI0 HECKOJIbKUX JIECITKOB MPOLEeHTOB. [Tomexu
XUMHUYECKOTO  XapakTepa B IUIaMEHU  alleTWICH-BO3yX  HAOJIOJAI0TCs
CpaBHUTENIBHO penko. [lpu copepkaHuu B XJOPHOKHCIBIX pacTBopax 1 % Fe
curHai koOajbTa yBeauuuBaeTcs Ha 25 %. B BocCTaHOBUTENIBHOM IIJIAMEHH OJHHU
U Te JXKE JICTUPYIOIIUE OJJIEMEHTHI B 3aBUCUMOCTH OT MPUPOABI KHCIIOTHI,
MIPUCYTCTBYIOIIECH B pacTBOpPE, MOTYT 3aBbIIIATh WJIM 3aHWKATh CUTHAJ KOOAIbTa.
B pactBope, comepxarmiem 10 % HCI, xpoM 1 HUKENb 3aBBIIAIOT PE3yIbTaThl, a B
pactBopax, couxepxamnmx 10 % HCIO, wm 3 % H,SO4 u 3 % H3;PO,, 5tH *)e
AJIEMEHTHI 3aHUKAIOT Pe3yJIbTaThl. B OKUCIUTENHHOM IJIAMEHH BIIMSIHUE XpOMa U
HUKEJI OTCYTCTBYET, HO BO3HUKAET MOJICKYJISIPHOE TIOTJIONIEHNE B 00JIaCTU JIMHUU
koOanbsTa 240,7 HM, 4YTO CBA3BIBAIOT C oOpazoBaHueM B riaMenu yactui] FeO. B
mamenn N,O-C,H, 4yBCTBUTEIBHOCTh YMEHBIIAETCA B 2,5 pa3za, HO NMOMEXU
OTCYTCTBYIOT. BnusHue xeneza, Xxpoma, Mapraiiia u Hukens Ha curdan Co mpu
€ro ONpEACICHMHM B XPOMOHHUKEJICBOM CTaJIM B IUIAMEHHM alleTUJICH-BO3IYX
ycTpansiercs nobasieHuem 5 00. % OyTaHoda.

Mapranenr  sBisieTCs OAHUM W3 DJIEMEHTOB, HauOoJiee  4acTo
OMpeNeNIeMbIX B MaTepuajgaX YEepHOW METALTypTUM aTOMHO-a0COpPOITMOHHBIM
MeTOJI0M. B miiaMeHHOM BapuaHTe UCIOIB3YIOT TJIaBHBIM 00pa3oM IuIaMsi BO3AyX-
aleTueH. XapakTep IMOMeX OMNpeaessaeTcs XapaKTepoM IUIAMEHH U BBICOTOM
aHAJIMTUYECKOW 30HBI HaJ ypoBHeM ropenku. JKene3o B koHueHtpauuu 100
MKT/MJI, JJaHTaH M OCOOCHHO IMPKOHUH B KOHIICHTpAIlMd MeHee 5 Mr/Mi B
CEPHOKHCJIBIX PAacTBOpaxX 3HAYMUTEIBHO CHIDKAIOT curHain mapranua. CepHas u
dbochopHass KHUCITOTHI OKa3bIBAIOT JIETIPECCUPYIONIECE JCUCTBHE HA CHUTHAI
mapranma. [Ipu aHanmuse CrIaBOB Ha HUKEJIEBOW OCHOBE NMPHUCYTCTBHE B TPOOE
TUTaHA U HUOOMS B BUJIC MIEPOKCUTHBIX KOMIUIEKCOB IPUBOIUT K OECTIOPSAIOYHBIM
KOJIeOaHWsIM CHUTHAJa MapraHiia ¥ psaa IPYTUX AJIEMEHTOB. OJTO CBSI3BIBAIOT C
oOpa3oBaHHMEeM B IUIAMEHU TMPOYHBIX COCJUHEHHM, KOTOpPbIE 3aXBaThIBAIOT
OMpeneNsseMblii  3JIEMEHT U OOYCJIOBJIMBAIOT  HEMOJIHYH  JIMCCOILMAIUIO
COOTBETCTBYIOIIMX MOJIEKYJl. ODTO BJIMSHUE YCTpPaHSAETCS NPH HUCIOJIb30BAHUU
mwiamenu N,O-C,H,.

[Tpu onpenenenuu 0,01 mac.% Mn u 6osee B CTasIX pa3IMYHOTIO COCTaBa
HABECKU MPOO PaCTBOPSIOT B PA3TMUYHBIX MUHEPATBHBIX KUCIOTaX WM UX CMECSX,
Hanpumep, cmeck H,SO,4, H3PO, m HCIO, mwmu cmece HNO; u HF. Huszko- u
BBICOKOJIETUPOBAHHBIE CTAJIM MOXXHO PACTBOPATH B CMECH XJIOPOBOJOPOJHOUN U
A30THOM KHCJIOT WJIM B OJTHOM M3 3TUX KHUCJIOT. THOT1a peKOMEHIYIOT BBINOJHSITh
OTIpEJICIICHIE MapraHila U3 CEPHOKUCIBIX pacTBOPOB. ['pamyupoBouHbie rpaduku
CTPOSIT WX TIO PacTBOpaM CTaHIAPTHBIX OOpa3IOB OJM3KOTO COCTaBa, WIH IO
CTaHJApPTHBIM pacTBopaM MapraHina. Ho mnpu »TomM Bcerga peKOMEHAYyeTcCs
BBOJIUTH JK€JI€30 B 3TU PACTBOPBI.
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[upoko mpuMeHsieTCs aTOMHO-a0COPOIIMOHHBINA METO/ MPU OIpeIeICHUN
Maprasiia B CWJIMKaTHBIX MUHEpaJiax: B EMEHTaX, IIMHaX, JOMEHHbBIX IIJIaKaxX U
30J1€ TEIUIOBBIX JJEKTpocTaHUMM. [Ipy BCKpBITUM MNpEANOYTEHbE OTHACTCS
KHCIIOTHOMY pa3JIOKEHUI0 HABECOK M YJAJICHUI0 KPEMHUS C TUIaBUKOBOM
kucinoToir. [lpm ananmze pya HABECKYy MHOT/AA MPUXOJIUTCS  CIUIABJISTh.
DNEKTPOTEPMHUECKOE OIpEAeNeHHe M03BOIseT ompexenste 10 10 r Mn.
XTOpUIBI KNbITUs, CTPOHIINS, HUKEIIS, KOOAIbTa M aTFOMUHUS TIOJIaBIISIOT CUTHAI
Mapradiia. MakcumaibHas Temreparypa mupoiausa 1100 °C, B mpucyTCTBUH
XUMHUYECKUX MoanpukaTopos — 1400 °C.

Meab MOKHO ONpPENEISATh OT n-10~ mMac.% 10 HECKOIBKUX MPOLEHTOB. B
CTaJsIX M YyTryHax MpsMbIM METOIOM B IiaMenu onpenensercs ot 0,001mac.% Cu
u Oosee. Ilpu MeHbIIUX coOAEpKAHUSAX MeIb HEOOXOJUMO OTACNATh U
KOHILIEHTPUPOBATh WJIM UCIOJIb30BaTh AJEKTpoTepMUuYeckuii atomuzatop. [lomexu
B IJJAMEHU alleTUJICH-BO3AYX HE3HauuTeNbHbl. OJHAKO OUYE€Hb OOJIBIION U30BITOK
HEKOTOPBIX METAJJIOB, HAMPUMEpP >KeJe3a, BhI3bIBACT CHUKEHUE CHUTHAJIa MEIU.
Curnan wmeau yBenuuuBaercss B npucyrctBur (0,01M  xjopupa HaTpusi B
00OTaIlleHHOM TUIaMEHH. BiMsHHE IEeT0YHBIX METAVIOB yYMEHBIIAETCS B PALY
LiCl > NaCl > KCI1 > RbCl > CsCl. Heckoibko CHUXKAIOT aHATMTUYECKUNA CUTHAI
kuciaotel H,SO, m H;PO4. Munmmanbaoe BamstHUe okaspiBaloT HCl m HNOs;.
JloOaBiieHre cHupTOB (3TaHOJIA, NOPOIMAHONA, H30MpONaHojia, H-OyTaHoJIa U
U30MCHTAHONA) YBEIWYUBACT CUTHAI MeAu. DPQPEKT TeM CHUIIbHEE, YeM BBIIIE
MOJICKYJIIpHAsh Macca CrupTa. Meap OINpeAeiseTcs W3 PacTBOPOB, B KOTOPHIX
OTIPEICISIFOTCA W JPYTHEe KOMIIOHCHTHI CIUIaBOB. TakK, MPH aHAW3E HU3KO- |
BBICOKOJIETUPOBaHHbIX cTasie Ha coaepkanue Cu, Al, Co, Cr, Mn, Ni, V npoOy
Maccoii 1 r pactBopsroT B cmecu 30 mi HCI (1:1) u 5 mun HNO; (1:1). PactBop
yHnapuBaroT, OCTaTOK cyiuaT, pactBopsitoT B 10 mi konuentpupoanno HCl u
pa3z0aBIAIOT B MEPHOU KOJI0€ TUCTUILIMPOBAHHOM BOJIOH, MOJTYyUYEHHBIE pACTBOPHI
pacmbpUISIOT B Iams. B TpaaynpoBOYHBIE PACTBOPHI BBOMAST SKBUBAJICHTHOE
KOJIM4ecTBO xene3a. [lpu ananuze geppocunuiius mpoOy Maccoit 1 T pacTBOpSAIOT
B 20 M1 HNOj; ¢ no6aBnenueM (GTOpOBOJOPOAHON KUCIOTHI. 3aTeM MPHUOABIISIOT
10 mi1 H,SOy4 (1:1) u BeimapuBaroT pactBop gocyxa. Octatok pacTBopsitoT B 10 M
5M HCI, nepenocatr B MepHyI KoJIOy, pa30aBIsOT a0 METKH S5 %-HbIM
pacTBOpOM OYTHUJIOBOTO CHHpPTa, UIBTPYIOT W UCHOJB3YIOT IJIsi OMPEICICHUS
menu, a Taoke Zn, Cd, Ni, Mg, Co.

[Tpu onpeneneHUN MaJIBIX KOJMYECTB MEIU B TAKUX CIIOXKHBIX IO COCTaBY
MaTepuanax, Kak JETHPOBaHHBIE CTal, IIeeCO00pa3sHo MpUOeraTh K OTACTICHUIO
€€ OT OCHOBHBIX KOMITOHEHTOB. Tak, MpuMecH MeId M APYTHX IIBETHBIX METAJIOB
HKCTParupyoT B BHUAE HOAUAHBIX KoMmiuiekcoB 0,2 M pacTtBopoMm Tpu-H-
OKTWJIAMMHA B METWJIM300yTHJIKETOHE M DSKCTPAKT BBOJIAT B IUIaMsi BO3IyX-
aneTwieH. [{ns onpeaenenust npuMecH MU B HUKEJIEBBIX CIJIaBaX MCIOJIb30BaAIN
HKCTPAKIIMIO €€ B BUJE KOMIUIEKCa C HA(TUIBUCMYTOJIOM, a JUIsl ONpEeeiIeHUs
MEIM Kak KOMIIOHEHTa CTajldi M aJIOMUHHUEBBIX CIUIAaBOB — JKCTPAKIIHUIO
THUOIIMAHATHOTO KOMILIEKCA.
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AHAIUTUYECKUN CUTHAN B AJIEKTPOTEPMUYECKUX ATOMHU3ATOPAX 3aBUCUT
OT COJEpX aHUsl KHUCIOT B pacTBOpax, BHOCHUMBIX B TIpapuUTOBYIO TpPYOKY.
MakcumallbHO JTonycTHMasl TeMIliepaTypa NHposn3a 0e3 MoTeph COeAMHEHUH
meaqu 1100 °C, B IpUCYTCTBHHM XUMHYECKUX Moaudukatopos — 1300 °C.

Monubnen omnpenenstor B obOoramenHoMm 1miameHn N,O-C,H,, xots
ucnonb3yrT Takxke miams C,H,-Bo3myx, 4yBCTBUTENBHOCTh OlpenaencHus Mo B
KoTopoM B 4-5 pa3 Xxyxke. UyBCTBUTEIbHOCTb OIpPENECICHUS CHUXKAETCS B
npucytctBun H;PO,, H,SO,. Haubonee mogxonsimasi cpena Jjsi OnpenesieHHs
monuoaeHa — pazbasiaeHabie HCI 1 HNO;. Cranm u crutaBbl 0OBIYHO pacTBOPSIOT
B CMECH XJIOPOBOJOPOAHOM M  A30THOM KHUCIOT. McCHoib3yrOT —Takxke
XJIOPDHOKHUCIIBIE W CEPHOKHCIBIE pacTBOphl. [l ycTpaHeHUs Melarouero
BIUSHUSA JPYTHX DJJEMEHTOB TMPHUMEHSIOT J00aBKM Ccynbdara HATpHS,
TUAPOKCUIIaMUHA, XJiopua aMMoHus. CTaHAapTHBIE PACTBOPHI TOTOBSIT HA OCHOBE
COJIEH XKenesa.

st ompeienieHUs: MajabiX M OOJBIIMX KOJWYeCTB MO B YIJI€pOJUCTOH,
HU3KOJErUPOBaHHOM, HEPXKABEIOIIEH, ObICTpOpEXyIeH cTanu U peppoMoaudacHe
HaBecKy MnpoOsl maccoit 0,1-0,5 r pactBopsroT B 10 MJI mapckoil BOJAKH TIPU
HarpeBaHuu, 00aBisAOT K pacTBopy 0,5 Mn konueHtpupoBanHot H;PO, wu
pa3z0aBiAIOT BOAOM 1O KOHIIGHTpAllMU MOJMOJIEHa B pacTBope 5-25 MKI/MIL
PacnbuisioT pacTBOp B Iulamsl aleTWICH-BO3AYyX. ['paiyMpoOBOYHBIE PaCTBOPHI
roroBatr Ha ¢onHe pactBopa H;PO, Takoil ke KOHIEHTpaluu, 4To U B Tpooe.
ITokazano, uro HF, HNO; u H,SO,4 nipu konnenTparuu menee 2 moib/1 u HC1O,
Py KOHIICHTpAllUM MeHee 6 MOJb/J HE BIMSAIOT HAa AHAIMTHYECKUN CHUTHAJ
Monubaena mpu comepxannu ero 10° mac.%. He MeIIAlOT XpoM, HHKEIb,
KOOabT, MeIlb, BObGpaM. Memaroniee BIUSHUEC ATIOMUHUS, KadbIlUs, Keiesa,
MarHusi, MapraHila, CBUHIIA U CypbMBI JIydIlle BCEro ycTpansercs ¢ochopHOit
KHUCJIOTOM, KOTOpasl CBS3BIBAET OSTU OHJIEMEHTHl B TPYAHOAUCCOLIMUPYIOIIUE
dbocdarsr.

[To mpyrum manHbIM AJig onpeneneHus Mo Bo Bcex CTalsiX MpoOy Maccoi
1 r pactBopsitor B 10 mn HCIO4 pacTBOp BBIMApHUBAIOT JI0CYyXa, OCTATOK
pactBopsitor B 100 mn Boael u  pacnbuisitor B mwiamsi  N,O-CH,.  [lnd
IIPUTOTOBJICHUS] TPAaJyUpPOBOYHBIX pPACTBOPOB 1 T UHCTOro IKeile3a |
OTIpEJICIICHHBIE AJIMKBOTHI CTAHIAPTHOTO PAcCTBOpAa MOJIMOJEHA MPOBOMAAT 4Yepes3
Bce craauu aHanmu3a. B mpucyrcrBue Oonee 0,05 mac.% W mnomydaroTcs
3aHIKECHHbIE PE3yJibTaThl JJIsi MOJUOJEHA BCIEACTBHE COOCAXKICHUS €ro C
0CaJIKoM BoJIb(hpaMoBON KUCIOTHI. [ yaepkanus Bosibppama B pacTBope npoly
maccoil 1 r pactBopsitoT B 50 Mi1 cMecH BOABI, XJIOPHOH, (HOocHOpHOI U cepHOI
KHCJIOT, B3AThIX B 0ObeMHOM otTHomeHun (3:1:1:1). Ilocne pacTBopeHMs
J00aBJISIOT HECKOJIBKO Karleldb a30THOM KUCIIOTHI, yrapuBatoT 10 napoB HCIO,.

B wMarepuanax 4YepHOW METAIUIyprUUd HUKENIb OMNPEACISIOT TJIaBHBIM
o0pa3oM Kak OCTaTOYHBIM 3JEMEHT WM JIETUPYIOIIY0 J00aBKy. ATOMHO-
aGCOPOLMOHHBIM METOJIOM MOXHO OIpEAeNuTh HHuKenb oT n-10° mac.% 10
HECKOJIBKUX JIECATKOB mpoleHToB. Hanbonee yacTto B MpakTHKE HCHOJIB3YIOT
METOJ] aTOMM3allMM B IUIAMEHU BO3AyX-aleTUieH. MeToabl OTACICHUS U
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KOHIICHTPUPOBAHUSI MPUMEHSIOT B TOM Clly4ae, €CJIi HEOOXOIUMO ONpPeaeiisiTh
n-10~° mac.% Hukens u Menee. V3MepeHHe CHrHANA HUKENS 110 JHHEE 232,0 HM
HE0OXOMMO TIPOBOIUTH MIPH IIMPUHE IETU MOHOXpoMartopa He Ooiee 0,2 HM, B
MPOTUBHOM CJIy4yae TpaJyUpPOBOYHHBIE TpadUKH TMOIYYarOTCS HCKPUBICHHBIMHU.
[ToMexn XMMHYECKOTO XapaKTepa BCTPEYAIOTCS JOBOJBHO PEAKO, OCOOCHHO B
IJIaMeHH, OOorameHHOM Bo3ayxoM. Ho B  KakJIOM KOHKPETHOM clly4yae
HEOOXOJIUMO UCCJEAOBaTh BO3MOXKHOCTh BIIMSIHUSL BBICOKMX KOHIICHTpAIUi
JIpYruX KOMIIOHEHTOB cMecu. Hanpumep, npu BBeaeHuu B npody 1 % Fe curnan
Ni npu koHueHtpauuu ero 10 mxr/mi 3aBsimaercs Ha 10 %. Ognako 3ToT 3 PexT
MeHbllle B ciydae miamenun N,O-C,H,. Ilpu onpenenenun 1-1,5 mxr/min Ni
npucyTcTBue 10-KpaTHBIX KOJMYECTB jKejie3a M HATpUsSl HECKOJIbKO YMEHBIIIAeT
CUTHAJl HUKEJIS, HO JaJbHEHIIee YBEIMYECHUE KOHIIEHTPAIIMU dTUX DJIEMEHTOB HE
BJIMSIET HA BEJIWYMHY curHajna. M3ydeHue momex MNpU ONpEACICHUU HUKENsS B
BOCCTaHOBUTEIHLHOM IUIAMEHM MTOKA3aJI0, YTO BEJIMUMHA BJIUSHUS COMYTCTBYIOLINUX
sanementoB Fe(Ill), Zn(Il), Cr(III), Mn(II), Co(II), Cu(Il) npu koHUEHTpauuu 2
Mr/mit Ha curaan 20 MKT/MJI HEKEJIS B 3HAYNTEIbHON CTEIICHH 3aBHUCHUT OT BBICOTHI
pocBeYnMBacMoOM 30HBI. [Ipy Manol BbICOTE BCE COIYTCTBYIOIIME 3JIEMEHTHI,
KpOM€ IIMHKA, YBEJIMYMBAIOT CHUTHAJl HUKENsS, a Ha OOJBIION BBICOTE CHUTHAJ
HUKens nojasisercs. [lpu Beicote 15 MM Mapranen, Meap ¥ XpOM HE BIUSAIOT Ha
CUTHal HUKens. B HWXKHEH 4YacTh TIUIAaMEHUM Malible KOHIEHTpAlluh MEau
MOMABJISIOT, a Oomnbimue (6onee 0,5 Mr/mi) yBenIWYWBAKOT TorjomeHue. B
OKHCIIUTEIbHOM IUJIJAaMEHHM MEIIAOIIee BIIMSHUE COMYTCTBYIOUIUX DSJIEMEHTOB
3HAYUTENHHO MeHbIe. OOHapykeHo aenpeccupyroniee BiausHue W u Mo Ha
AHAIMTUYECKUN CUTHAJ HUKeNs B miameHu Bo3ayx-C,H,. B mmamenn N,O-C,H,
ATO BJIMSHUE HE3HAYUTEIIBHO.

Cosd MIENOYHBIX METAJIOB MPU WX KOHIEHTpAluu B pactBope 10 3 %
CHIXaroT curHan Hukenas Ha 30-40 %, 4To CBA3aHO, BO3MOXKHO, C M3MECHECHUEM
BSI3KOCTU PACTBOPOB M Pa3MEpPOB Kalejlb aj’po30Jid, a TaKkKe C BO3MOXXHBIM
obOpa3zoBaHueM 0ojiee KPYIHBIX KPUCTAUIOB COJICH M MX MEHBIICH JICTYUeCThIO.

N3 KkuciioT MUHMMAadbHOE BIMSHUE Ha cUTrHai HHKels oka3biBaror HCI u
HNO;. B mnamenn Bo3myx-C,H, c¢ omnomeneBoit ropenkoit Biausiaue HCIO,,
H,SO, u H;PO, He3HAuUTENbHO, HO MPHU UCIOIb30BAHUU TPEXIIEIEBON TOPEIIKU
AT KHUCIOTHl 3aMETHO CHIKAIOT CUTHAJI HAauyWHAs C MajbIX KOHIICHTpAIUi.
AHQIUTUYECKUNA CHUTHAJl HUKEJS MOBBIIIAETCS MPU MCHOJIB30BAHUM HEKOTOPBIX
OpraHu4eckux pactBoputeneil. MakcumanbHbli  3Q@PexT oTMedyeH i
aleTUIaleTOHa, METWIATHIKETOHA, METWIN300yTUIIKeTOHa. BenuunHa curHana
HUKEJIS BO3pAacTaeT C YMEHBIIEHHUEM BS3KOCTH W TEMIEPATypbl KUICHUS
OpraHUYeCKOTO PacTBOPUTENS. AHAIUTUUECKUNA CHUTHAN JIsi KOMIUIEKCOB Ni C
aMUHAMH YyBEJIUYUBACTCS B OOOTAIllEeHHOM BO3AYLIHO-AIlETUICHOBOM ILIAMEHHU.
CurHan s KOMIUIEKCOB CO IaBesieBoil kuciotroi, DJITA u nuaHuI-HOHAMHU
CHJIBHO YMCHBINACTCS B  HHU3KOTEMIIEpATypHOM 001acTH  0OOTaIeHHOTo
alleTUJICHOM IIaMEeHHU. MENIaroIero BIUSHUS 3TUX JIMTaHJ0B HE HAOII0JaeTCs B
BepxXHEl dYacTH OOCIHEHHOrO TOpIOYUM IUJIJaMEHM, TJIe TeMmIepaTypa BhIIIE
2250 °C.
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AHanmuzupyemble 00pa3lbl PacTBOPSIOT B PA3IUYHBIX MHUHEPATBHBIX
KHCIIOTaX WJIM HUX CMECSX, IMOJyYEeHHbIE pacTBOPBl pPa30aBISIOT BOAOH 10
OMpENENICHHOr0 o00beMa M HCHNONB3YIOT Uil aHanu3a. Jlnsg  moctpoeHus
rpagyupoOBOYHBIX TpadUKOB PEKOMEHIYETCS HCIIOJIb30BaTh HMCKYCCTBEHHBIC
CMECH, KOTOpble IO KHUCIOTHOCTU M COCTaBYy JIOJDKHBI ~MAaKCHUMAaJbHO
NPUOINKATHCS K aHATTU3UPYEMBIM.

[Ipu aromuzanmu HUKENIs B OBJICKTPOTEPMUUYECKUX  aTOMHU3ATOPaX
BO3MOXHBI €T0 TIOTepM Ha CTaguu MUpoJn3a. MakCUMaiabHO JOMyCTHMAas
temreparypa mposmsa 1200 °C. B 2 M pacrBope HCI curnan cHukaercs Ha 65
%, aB 3 M pactBope HNO;3; — Ha 15 %. Ilotepu Hukens B pactBopax H,SO,4 u
H;PO,4 BaBoe MeHbIe. DTO CBSI3aHO C TE€M, YTO OOpPa3yIOIIMECS P BBICHIXaHUU
pacTBOpoB cyibdarel U ¢ocdaThl HUKEIS BOCCTAHABIMBAIOTCSA TPYAHEE, YeM
okcuzabl. Crenyer TakKe KOHTPOJUPOBATH TOXKIECTBEHHOCTh MPOLECCOB IS
IpalyupOBOYHBIX PACTBOPOB U PAcCTBOPOB 00pa3loB. IIpu onpeneneHnn HaHO- U
MMUKOTPAMMOBBIX KOJIMYECTB HHUKEIS METOJIOM 3JICKTPOTCPMHUUSCKONW aTOMHU3AITUN
CIIEyeT YYHMTHIBAaTh BO3MOXXHOCTh CHWIKCHHUS CHTHaja IPU WCIOJIb30BAHHUH
KOHLIEHTPUPOBAHHBIX PACTBOPOB KHUCIOT, YTO CBS3BIBAIOT C pa3pylIeHUEM
MUPOTIOKPHITHUS TICUH.

MeronoM aromMuzalvv B IUTAMEHH OOBIYHO ONPENENSIOT COThIE JIOJIH
MPOILIEHTa OJIoBa B MaTrepHaiax uepHOW Meramuryprud. UYToObl ompeneauTh
MEHBIITUE KOJUYECTBA, HEOOXOJUMO MPUOETHYTh K OIEpalusM OTICICHHUS U
KOHIIeHTpupoBanus. [Ipy TuIamMeHHOW aTOMHU3allMM HKCIONB3YIOT O00OTaIlleHHOE
IIaMsi BO3AyX-alleTHiIeH. A30THAsI U CepHasi KUCJIOThI HE OKa3bIBAIOT 3aMETHOTO
BIUSHUAS HAa CUTHAJ ojioBa. BrusHue pocopHOM KUCIOTHI CHIBHO 3aBUCUT OT
COOTHOIIICHHSI BO3MyX/alleTWJIEH W MOXET OBITh KaK OTPHUIATEIbHBIM, TaK M
MOJIOKUTENbHBIM. CoJiep’)KaHHe KHUCIOT B TPaAyUPOBOYHBIX M HCCIEIYEMbIX
pacTBOpax JOJDKHO OBITh TpUMEpHO oJuHakoBbIM. IllenouHble MeTasuibl,
QTIOMUHUN YW TUTAH B IJIAMEHHU BO3JyX-alleTUJIEH YBEJIWYMBAIOT CUTHAJ OJIOBA.
[Inams 3akuch a30Ta-alleTHIEH JAaeT OOJbIIYI0 YYBCTBUTEIBHOCTh U 3HAUUTEIBHO
MeHbllee yuciao nomex. [Ipu aHanmuse craneil Ha coaep)kKaHuWE MPUMECH OJIOBa
HaBecKy cranu Maccoit 1 r pactBopstor B 20 mut HCI (1:1) u pa3zbaBnsioT Boaoi
10 100 mi. I'pagynpoBoUYHbIE pacTBOPHI COAEPKAT TaKUE )K€ KOJIMYECTBA »kKejesa,
KaKk M aHanusupyemble pactBopbl. [Ipu wucnonszoBanum minamenu N,O-C,H,
npeaen odHapyxenus ojoBa cocrtaBuia 0,0018 mac.%. M3 HaBeckn 5 T B 0Obeme
50 M mpemen obHapyxenus cocramser 8-10° wmac.%. HauGomblueit
YyBCTBUTEJIIBHOCTH  OMNpPEJEICHUS  JOCTUTraloT TpPU  OTIACJICHUH  OJOBa
COOCaXJCHUEM C THUIPOKCUAOM Oepwiiusi WM MOCI€ MpeBAPUTEIBHOM
HKCTPAKIMU B BUJI€ POJAHUIHOTO KOMILJIEKCA METUIIN300y THIIKETOHOM.

Onucano aToMHO-a0COpOLIMOHHOE ONpeieNIeHue MPUMECe 0JIoBa B CTalIU
C HCIOJIb30BaHUEM JIETYYUX TuApuaoB. Jlnsg mondydeHus TUapuaa oJoBa
MCIIOJIB30BAIM TaOseTKu Oopruapuaa HaTpus. JJocTUTrHYT mpenen oOHApyKeHUs
2-10 *mac.% Sn.

ONEeKTPOTEPMUUECKU  BapUaHT  aTOMHO-a0COpOLIMOHHOTO  MeEToja
no3BossieT ompenenats 10 10~ mac.% Sn B MaTepuanax depHOil MeTalLTyprum.
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OnpeneneHuss MPOBOJIAT € KOPPEeKTOpoM ¢oHa. A3OTHOKHUCIBIE PACTBOPHI
T03BOJISIIOT OIPEIETATh OJI0BO B cTamsax oT 2-10° Mac.%, a IpH IporpamMMe «ras-
crom» — ot 4-107* mMac.% u OoJiee, MPUYEM JIOCTUTAETCA 3TO MPSAMBIM METOAOM 0€3
KaKUX-TM0O0 TOMOJHUTENBHBIX ONEpalnid 0 XUMUYECKOU MOATOTOBKE PACTBOPOB.

[Ipumecy omoa (0,002-0,04 wmac.%) B MNPOCTBIX YIVIEPOAMUCTHIX,
HEPXKABEIOUUX W HWHCTPYMEHTAIBHBIX (OBICTPOPEXKYIIUX) CTaNAX MOXKHO
OTIPENENISATh 10 €AMHOMY TpaayrpoBoYHOMY Tpaduky. [IpoOy yriepoaucroi wiu
HuskosierupoBanHoir ctanmu (0,5 r) pactBopstor B 40 M HNO; (1:1) mpm
HarpeBaHuM, oxJaxaaroT 1 pazdasiaoT 10 100 mi. [IpoOy HepkaBerorieit cramu
maccoit 0,5 r pactBopsitor B cMecu 10 mi konreHTpupoBanHoit HCl u 15 mn
koHenTpupoBanHod HNO; wu  paszbasmsior Bomod a0 100 mur.  IIpoOy
osicTpopexymeit ctamm 0,5 T pactBopstoT B cmecu 5 mi H3PO, (p = 1,7 /™M), 5
mi  koHueHtpupoBanHoi HCl wm 15 ma koHuentpupoBanHoit HNO; mpu
HarpeBaHUM, OXJIKAAIOT U pa30aBiisitoT Bojgod g0 100 mul. AJNMKBOTHBIE YacTH
(10 mxm) BBOAAT B rpadUTOBYHO TeYb SJIEKTPOTEPMUYECKOTO aTOMHU3ATOpA.
Temneparypa atomuzanuu — 2600 °C npu MHHHMAIBLHOM pacxoje HHEPTHOrO
raza. MakcuMallbHO JOMyCTHMasl TemIeparypa nupoiusa 0e3 moauduxaTopa —
800 °C; B mnpucyrcTBudM MOAM(HUKATOpPOB OHAa MOkeT pocturatb 1500 °C.
['panynpoBOYHBIE PACTBOPHI TOTOBSIT M3 YHUCTOTO METALTMYECKOTO Keesa,
pactBopenHoro B HNOj (1:1).

CBHHEIl ONpEeAeNsloT B Marepualax 4YEepHOW METaUIyprud aTOMHO-
aGCOPOLIOHHBIM METOJIOM KaK MpUMech TIPH cojepkanuu ero oT 10~ mac.% u
Oonee WM Kak CHEIUATbHYIO J00aBKYy K HEKOTOpPHIM Mapkam cTajeil B
KOJMYECTBE COTBIX-AECATHIX J0Jied TmpoueHTa. (OOBIYHO CBUHEL XOpOIIO
ONpeJensieTcsl B MIaMEHH BO3QyX-aleTUJIEH OKUCIUTEIbHOM, O00OTalieHHOM IO
BO3YXY. DIEKTPOTEPMHUUYECKUH aTOMHU3aTOp MO3BOJSET ompeaensits 3-107°
Mac.%, a ¢ MpOrpaMMoii «ra3-ctom» — oT 6:107 mac.% u Gonee. Ilpu npaBHIBHO
NOJ00PAHHOM TEMIIEPaTypHO-BPEMEHHOM pEXUME MHUPOJIM3a M aTOMU3ALUHU
CBUHEIl W JPYrde BpPEIHBIC TMPUMECH I[BETHBIX METANIOB B CTAAX MOYKHO
ONpPEAEHATh U3 CMECH XJIOPOBOJOPOAHOM M a30THOW KHUCHOT. IIpu 3TOM BiusHue
MaTpHIbl CBOAUTCS K MHUHMMyMy. HeoOxomumo mnomo0paTh Takol pexum
MUPOJIN3a, MPU KOTOPOM MOTEPU CBUHIA MUHUMAJbHBIE, JKEJIE30 B OCHOBHOM
YCIEBAET yATUThCS, @ OCTABIIMECS KOJUYECTBA €r0 MPAKTUYECKU HE BIMSIOT Ha
MOJIC3HBIM CHUTHAJ OMNPEAEISIEeMOro 3JIeMEeHTa. MaKCUMalbHO JIOMyCTUMAs
temreparypa nuponusa — 600 °C 6e3 moguduraropos. OQHAKO OHA MOXKET OBITH
yBeimnyeHa g0 1400 °C B [OPUCYTCTBUM XHMHYECKHX MOAU(PHKATOPOB.
HemanoBaxHO€ 3HaueHHE HMMEET M CKOPOCTh HarpeBa Ha CTAaJWH IHPOJIN3A,
KOTOpasi 3aBUCUT OT 00bEeMa aTMKBOTHI pacTBOpa, BBOJAUMOIO B I€4Yb, TOUYHEE OT
KOJIMYECTBa KEJe3a, BBOJUMOIO B I€db. B 3TOM ciydyae MeEHSETCs CKOpPOCTh
BBIHOCA JK€Jie3a U3 TpapuTOBOM MEeYW B BHUJE XJIOpUAA HA CTAJAUM MHPOJIH3A, YTO
MO>KET MOBJI€Yb 32 COOON MOTEPU CBHUHIIA.

XpoM ONpenensiioT B IJIaMEHaxX aleTWICH-BO3AyX M 3aKHUCh a30Ta-
aneTwieH. bonplioe BIMSHUE HAa CUTHAJI XpOMa B IUIAMEHH BO3QyX-all€TUJICH
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OKa3bIBAET KEJIE30 U JIPYTHE COIyTCTBYIOIIME DJIEMEHTHI. Y CTPAHEHHE MOMEX U
MEIIAMINX BIUSHUN JOCTUTAETCS HCIOJIb30BAHUEM MACKUPYIOLIMX PEAreHTOB,
miameHnn N,O-C,H,, BbIpaBHUBAHMEM CTEIEHH OKHUCJIEHUS Xpoma. [BICAYHBIE
JIOJIM TPOLEHTAa XpOMa OMNPENEIAIT B MaTepHaliaX YEpHOW METAJLTypruu
HamOoJiee MPOCTHIM CIIOCOOOM — MPSMBIM OIpPENEICHUEM U3 PACTBOpPAa HABECKU
aHAJIM3MPYEMOr0 MaTepHaia ¢ aTOMU3alMEN B IIJIaMEHU. AHAIUTUYECKUNA CUTHAJ
XpOMa 3HAUYMUTEIHHO 3aBUCUT OT MOHHOT'O COCTOSIHUS 3TOTO 3JIEMEHTa B PacTBOPE.
B nnaMenn Bo3ayx-aueTuiieH, 00OraieHHOM rOprOYUM ra3oM, YyBCTBUTEIbLHOCTh
omnpenesieHus: Xxpoma B pactBopax, coaepxamux Cr(IIl), Beie, uem B pacTBopax,
coaepxkamux Cr(VI). B crexuoMeTpudeckux IIJIaMEHaX TaKOIro pa3jidyuus He
HaOmonaercss. B miiaMeHn BO3ayX-aleTWIEH IpU pacxoie aueTuieHa OoJee
1,7 n/mun curHan xpoma pactet B psagy coeamHeruit (NHy),CrO, < K,Cr,0O; <
CrCl; < K,CrOy. Ilpu pacxone aunerurnena meHee 1,7 JI/MUH CHUTHal Xpoma ISt
BCEX ITUX COCIMHEHUM OAMHAKOB. Pa3znuuus B 4yBCTBUTEIBHOCTU YCTPAHSIOTCS
BeeaeHueM 0,02 M pactBopa xnopuga ammoHus. MHTepecHO, 4TO Takoro
paznuuus B MoBeAeHUM He HaOmojaercss B ciydae sxkenesa (II) m (III), a mns
Maprasiia OHO BBIpaXXEHO ropasio ciadee.

XapakTep MENIAIOLIEr0 BIWSHUS KEJI€3a, MapraHlia U HUKENs 3aBUCUT
Takke OT crerneHu okucieHus xpoma. Kenezo ymenbmaer curnan Cr(Ill), Ho
yBenumuuBaeT curHan Cr(VI). Mapranen u HUKENb Tak)Ke YMEHBIIAIOT CHUTHAI
xpoma (III), Ho He3HauuTenpbHO yBenuumBaroT curHan xpoma (VI). Omnako stu
BIIMSIHUSI IPAKTHYECKHA COBCEM YCTPAHSIIOTCS MPHU MCIOJIb30BaHUM TuiameHu N,O-
C,H,. Bnusgnue yka3aHHBIX KaTUOHOB METAJUIOB, a TAKXKE psA/la IPYTUX METaJIOB
MOXXHO OOBSICHUTh KOHKYPEHIIMEH WX C XpOMOM B 00pa30BaHUHU CTAOMIBHBIX
OKCHU/JIOB B IJIAMEHH.

JInsi yMEHbIIEHUS BIUSHUSL Kejle3a Ha CUTHAl XpoMa PEeKOMEHIYETCs
UCIIOJIb30BaTh COJIM KajbllMsig B KOHIEHTpauuu 1-5 mr/mu B npucyrctBuu 500
mr/mMin CH;COOH. Konnentpanusa xaneuus(Il) gomkHa B 5 pa3 mpeBbIIaTh
KOHIICHTpAIIUIO Keie3a. JIaHTaH U UTTpUl TakKe CHUKAIOT BIUSHUE JKelie3a, HO
3HAUUTEIbHO ciabee. BBejeHHe KalbliMsl YCTpaHSIET TakkKe ACMpecCUpyrolee
BIUsiHUE POCPOPHOI KUCIOTHl HA CUTHAN XpoMa. BiusHue xene3a ycTpaHseTcs
taxke Beenennem 2 % NH,CI.

IIpu ompeneneHun xpoma B CTAIAX PEKOMEHAOBAHO ISl YCTPAHEHUS
BIUSIHUSA JKelie3a HCIOJIb30BaTh ruapokcwiaMud u 1,10-dbenantponun. [ns
YCTpPaHEHUsI BIMSHUA Ke€Je3a U JPYTUX 3JIEMEHTOB PEKOMEHJIOBAHO BBEICHUE B
pactBop 0,1 M mepxnopara ammonus U 6udprTopuaa ammonus. s ycTpaHeHus
MEIIAIOMIET0 BIUSHUS KATUOHOB U AaHUOHOB MPH OMPEACICHUU MaJbIX KOJIUYECTB
XpOoMa B TUIAMEHU BO3yX-allETWICH MpeiaraeTcsi Takke BBOAUTH B pacTBop 1 %
Na,SOy,, cobmroast COOTHOIICHHUE arleTHIIeH : Bo3ayx = 10 : 7,5.

N3 MHOTMX OpPraHMYECKHX PACTBOPUTENIEW M UX CMECEU, pACTBOPUMBIX B
BOJIC, TOJIbKO METHJIOBBIM CIUPT YBEJIUYMBAET CUTHAJ XpoMma IO CPAaBHEHUIO C
0,5 M pactBopom HCI. M3 Heopranmdyeckux pacTBOpUTENICH MaKCHUMalbHBIN
curHan HaOmonmaercss B pactBopax xpoma (III) B HCIO4, a MuHUMaNbHBIA — B
H,SO,4. B mnamenun N,O-C,H, memaroniee BIMSHUE COMYTCTBYIOIIUX 3JIEMEHTOB
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Ha CUTHaJ] XpoMa CKa3blBaeTCA TIOpa3fgo MEHbIIE, YeM B IUIAMEHH BO3IyX-
anetuieH. Tak, Ipu ONMPENENIECHUN XpoMa B YIJIEPOIUCTBIX U HU3KOJIETUPOBAHHBIX
CTaJIsIX HaBeCKy craimu Macco 2 r pactBopsawoT B 40 ma HCI (1:1), okucustoT
a30THOM KHCJIOTOH, BBIMAPUBAIOT ISl YAAJIEHUS OKCHUJIOB a30Ta, OXJaXAAlT U
pazbasisitot Bojoit 1o 100 mut. M3 3TOro pactBopa onpenessitoT XpoM B IJIaMEHU
N,O-C,H, nipu conepxkanuu ero menee 0,12 mac.%. IIpu onpenenenun 0,12-1,2
Mac.% Cr B CTalX aJWKBOTHYIO YacTh pacTBopa 5 Mi pasbasisitor B 10 pas.
['panynpoBouHBIN TpaduK CTPOAT MO CTAHAAPTHBIM PACTBOPAM, UMUTUPYIOITUM
XUMHUYECKUH COCTaB aHAIM3UPYEMBIX 00Pa3I0B, MJIM METOAOM J0OABOK.

LuHK ompenenstoT aTOMHO-a0COPOIIMOHHBIM METOIOM OT 10° mac.% wu
Bblllle. B psige ciiyyaeB HWKHHMI mpenen oOHapyKeHUs IIMHKA, OCOOEHHO s
METO/Ia  BJIEKTPOTEPMUYECKOM  aTOMM3AIMU, OTIPAHUYMBAECTCA  BEIUYMHOU
xoJioctoro omnsiTa. Haunbonee wacto aisg oONpeAesneHHs LUHKA HCHIOJNb3YIOT
okucnurenbHoe miams C,H,-Bo3ayx. IIpuHsATO cunTath, 4YTO HUKAKUX 3aMETHBIX
MoMeX IMpU ONpeeieHnd IIMHKa He oTMeuaercs. HaOmiomaercss HekoTopoe
JIETIPECCUPYIOIIEE BIUSHUE KPEMHUS, HO €0 BJIMSHUE YCTpaHIETCs J00aBICHUEM
cojie Kanblius Wid JaHTaHa. J[oOaBieHHME MUHEPAIbHBIX KHUCIOT K PAacTBOPY
MHKAa  yMEHBIIAeT, a JI00aBJIeHHWE  OPraHUYeCKUX  MOHOKApOOHOBBIX
anudaTUYecKuX KUCIOT yBelnuuBaeT curnai nmuHka. B mpucyrersun HCI, HNO;,
HC104 u H,SO, curnan nmunka ymensimaercs Ha 10-30 %. IlpumepHo Takoe xe
BIIUSIHUE OKa3bIBaeT MpHUCYTCTBHE B pacTBope 10 S0 Mxr/min Al, Mo, Mn, Cu u P
(kaxpgoro). Hammume B pactBope 5 mr/mu La 3HauuTenbHO ymeHbInaer, a 2,5
mr/min  Ca TIOYTH TIOJIHOCTBIO YCTpaHSAET BIMSHUS DTUX DJIEMEHTOB, 3a
uckimoueHneM menu. [lpu onpenenennu 1,5 MKT/mMi1 Zn ero CUTHajl CHIDKAETCS B
npucyrctBun 10-xkpaTHbix KosmuecTB Na u Fe, HO panpHenniee yBenM4eHHUE
KOHIICHTPAIIUU 3TUX 3JEMEHTOB IMOYTH HE BIUSAET HA PE3yJbTaThl U3MEPECHUM.
BmecTte ¢ Tem cremyeT cuMTaThCs C MEHIAIONIUM BIMSHUEM Keje3a IMpHu
OMpEeNeSICHUH IIMHKAa B JKEJIE30COJCpKalllUX Marepuajiax. OTO BIUSHUE
OOBSICHSIIOT TIOTJIONICHUEM JIMHUU JKelie3a Tpu JyiuHe BoJiHbI 213,86 HM, uTO
MIPUBOJUT K 3aBBILICHUIO PE3YJIHTATOB MO LUHKY.

[Ipu onpeneneHuu LMHKA B MPUCYTCTBUM OOJBIIMX KOJMYECTB >Kele3a,
XpOMa WM HHUKEIS M3 COJSHOKHCIBIX pPAacTBOPOB B IUIAMEHU BO31yX-allETUIEH
npeaen OOHApYKEHUsI COCTaBIISCT 10 mac.%. HaBecky crtamm maccoid 1 r
pactBopsitoT B 20 M HCl (1:1) u pactBop pazbasnsitor Bojoi g0 100 mut.
['panyrpoBOYHBIE PACTBOPHI TOTOBST MO YHUCTOM COJNIM IIMHKA C J100aBICHUEM
TaKOro0 € KOJIUYECTBA KeJe3a, KOTOPOe COACPIKUTCS B MPooeE.

CHmxeHue mnpenena oOOHapyKEHUs JOCTUTaeTcsi € MpeIBapUTEIbHBIM
OKCTPAKIIMOHHBIM OTJICJICHUEM W KOHIICHTPUPOBAHHEM ITMHKA, MOHOOOMEHHBIM
OTJICJICHHUEM, HCIIOJIb30BaHUEM AIEKTPOTEPMUUYECKHUX aTOMU3aTOPOB.
MakcumansHO JIONyCTUMas TeMIeparypa mupoiausa s nuaka — 600 °C, B
IPUCYTCTBUH MOTU(PHUKATOPOB OHA MOXKET ObITh yBeamdena a0 1000 °C.
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6.4.3. bnaropogHblie MeTannbl

Jns  ompeneneHuss OIaropofHBIX METaUIOB  IIHPOKO  HCHOJB3YIOT
pa3iuyHble XUMHUYECKHME M HWHCTpyMEHTaJbHble METOAbl aHaiuza. llpu
COJIEpKaHUU OJarOpOIHBIX METAJUIOB OT JECATHIX JTOJIEH 10 JECSITKOB MPOLIEHTOB
OOBIYHO HCIIONIB3YIOT TPABUMETPUYECKHE M TUTPUMETPHUYECKHE MeToAabl. J[is
OTpEeACNCHUS] HU3KUX KOHIICHTpAIMil OJaropoJHBIX METAUIOB HCIOIB3YIOT
dboTomMeTpruUecKue, SNEKTPOXUMHUUECKHE, PATNOAKTUBAIMOHHBIE W CIIEKTPAIbHbIC
METOJbl. ATOMHO-a0COPOLIMOHHAST ~ CIIEKTPOCKOMHS  TIO3BOJISICT  OMPEACIAThH
61aropoHble METaITbl B OYEHb LIMPOKOM AHMAra3oHe KOHIeHTpauuii ot 107°
mac.% M0 MAecATKOB TMpoleHToB. [lo BenMumHE MOTPENTHOCTH ONpeAeTeHUs
OONBIIMX KOHLEHTpALMUWA OJIArOPOJHBIX METAJUIOB aTOMHO-a0COPOIMOHHBIE
METOJbl  YCTYHAalOT TIpPAaBUMETPUUECKUM M  TUTpuUMeTpuueckuM. OJHaAKO
IpaBUMETPUUYECKUE METO]Ibl MajlocTien(UYHBI [yl MJIATUHOBBIX METAJIOB, U UX
npUMeHeHne  TpeOyeT  MpeABapUTENBHOIO  XUMHYECKOro  pa3zefieHus
OIpeAesIEMbIX KOMIIOHEHTOB. BONBIIMHCTBO TUTPUMETPUUECKUX METOAOB XOTSI U
SBJISIETCSL JIOBOJIBHO cCleUu(UYHBIM JJi1 OJaropoJHBIX METasIoB, HO OHH, Kak
NpaBWJIO, KPUTHYHBI K YCIOBUSIM TpOBeAeHHs aHanu3a. llpumenenue
CHEKTPOHOTOMETPUUECKUX METO/IOB CBSI3aHO CO CIOKHBIMHU CXEMaMHU BbIJICICHHUS
ONpEAETSEMBIX  3JIEMEHTOB, 4TO0  JenaeT  UX  TPYAOEMKHUMHU u
MaJIOMPOU3BOJUTEIbHBIMHA. DIEKTPOXUMUYECKUE METOABI MOTYT KOHKYPHPOBATh
C AaTOMHO-aOCOpPOLIMOHHBIMU TOJBKO B TE€X CJIyyasx, Korja He Tpedyercs
MPEIBAPUTEIHLHOTO Pa3AeIeHUS U KOHIIEHTPUPOBAHUS OTIPEACTISIEMBIX SJIEMEHTOB.
B  pagmoxumudeckmx MeTogax  HEM30EKHO  HCIONb30BaHHWE  CIIOKHOTO
JIOPOrOCTOSIIIEr0 000PYAOBAHUS, U, KDOME TOT0, ONPEAEIECHUE TAKUX JIEMEHTOB,
KaK poauil, pyTeHU, OCMUH, NaJIaJAN, IJIaTHHA, TPEOYEeT UX MPEIBAPUTEIBLHOTO
BBIJICTICHUS U PAMOXUMHUUYECKON OUYNCTKU. DMUCCHOHHBIE CIIEKTPaIbHbIE METO/bI
3HAYUTEIBHO YCTYMAalOT aTOMHO-a0COPOIIMOHHBIM TIO TMpejesiaM OOHapyKeHHS
OJaropoHBIX METANIOB U BOCIPOM3BOAUMOCTH PE3YyJIbTaTOB aHaiu3a. ATOMHO-
abCcopOIMOHHOE OTpeiesieHne 0JIaropoHBIX METAILIOB OMKMCAHO B MOHOTpadusX,
crangaprax u Jap. Hawubonmee mnonpoOHO wuHPOpMAIMS TpPEACTaBICHAa B
monorpaduu N.I" FOnenesuua , E.A. CtapueBoii.

ATOMHO-a0COpPOLIMOHHBIN ~ aHaIM3 C YCHEXOM MpUMEHsSeTcs s
oTpeaeneHus 25 MPUMECHBIX 3JIEMEHTOB B OJIarOPOHBIX METalllaX, UX CIUIaBax U
COCMHCHMSIX, COJEpKAaHME KOTOPBIX B 3aBHCHUMOCTH OT OOBEKTa aHaim3a
BapLUPYETCSs B IIMPOKOM JHMANa3oHe KoHueHTpauuii — ot n-10° mac.% mo0
HECKOJIbKMX NpoLeHTOB. CaMble HU3KHE Mpeneiabl OOHApYKEHUsI NTPU MIIIaMEHHOM
METOJIe aTOMH3aluH MoaydeHsl g Mn, Cd, Cu — Ha ypoBHE 107 mac.%; mwis Pt,
Al, Se — onum Ha monropa mopsiaka Bbime. [lorpemHoCTs ompeneneHus, Kak
npaBuwio, He mnpesbimaer 0,1. B 3aBucumocT oT Habopa olpeneiasieMbix
AJIEMEHTOB U UX COJIEP)KaHUU aHaJIU3 MPOBOAUTCS JUOO MPSAMBIM METOIOM, JTHUOO
MOCTIe MPEABAPUTEIHLHOTO KOHIIEHTPUPOBAHHMSI IPUMECHBIX 3JIEMEHTOB.

[locneqnee cHmXaeT mpeAenbl OOHAPY)KEHHUs, YCTPaHSIET TOMEXH CO
CTOPOHBI MaKpOKOMIIOHEHTOB, oOecreunBasi yBEIHMUEHUE BOCIIPOU3BOJUMOCTUA U
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npaBuWIbHOCTH onpeneneHusi. KoHlleHTpupoBaTh MUKPOIJIEMEHTH MOKHO ABYMS
cnocobaMu -  HENOCPEJACTBEHHBIM WM  KOCBEHHbIM. IlepBwiii  cmoco6
npeaycMaTpuBaeT HM30UpaTeNbHOE W3BJICUYCHHE OTACNIbHBIX DJIEMEHTOB WJIU
IpyINIoBoe U3BJieUeHUE OIM3KUX MO CBOMCTBaM 3eMeHTOB. [1o BropoMy criocoOy
KOHIIEHTPUPOBAHKE MPOBOJIUTCA 33 CUET OT/AEJICHUS MAaKpPOOCHOBBI. B OTIenbHBIX
ciy4asiX HJisi TOBBIIMICHHUS] KO3 (UIIMEHTa KOHIICHTPUPOBAHUS I1EJIECO00Pa3HO
couetaTh 00a cmocoba. [lomaBisromiee YuCiI0 aTOMHO-a0COPOIIMOHHBIX METOOB
pa3paboTaHO JJI aHaIu3a 30J10Ta U cepedpa.

B 3o50te mpsmeim metoniom onpenenstor Cu, Fe, Ag, In, Pb, Ni, Co, Pt,
Pd, Rh, Se, Te, Zn, Mn, Sb, Mg, Ca, Ga B nuama3oHe KOHIICHTpaIuit n107* —
2 mac.%. [ns ycrpaneHus: B3aMMHBIX BIUSIHUNA, CHUKEHUSI MaTpUYHOTO 3¢ dekTa
HIMPOKO HUCTosb3yeTcs: npueMm OydepupoBanus. Mcnonssyrores 0ydepsr CuSO,
(0,5 %), CuSO,4 + CdSOy (1o 0,5 %), LaCl; (0,2 %), LiClO4 (0,06 %), Li,SO4 (0,5
%), La(NO3); (1 %), Nd(NO3); (1 %), Na,SO4 + CuSO4 (o 1 %) u apyrue. s
YMEHBIICHUSI XapPAKTEPUCTHUECCKUX KOHIICHTPAIMI OMpEEIIeMbIX JJIEMEHTOB B
aHaJIM3MpyEeMble PAcCTBOPbI BBOJSAT OpraHUYecKue pactBopurenud staHon (30
00.%), n300ytumnoBsiii ciiupt (50 00.%), metanon (40 006.%) u apyrue.

ATOMHO-a0CcOpOIIMOHHOE OTpEIETICHUE MUKPOIPUMECEH, COACPIKAIUXCS
B aHAIM3MPyeMbIX mpobax Ha ypoBHe 10° — 10° mac.%, mpoBoasT mocie
MPEIBAPUTEILHOTO KOHIIEHTPUPOBaHUS. B aHanmm3e 30/10Ta W €ro CIUIaBOB
pacnpoCcTpaHEeHO KOCBEHHOE KOHIeHTpupoBaHue. OTaeneHrne 30JI0Ta HamOojee
3¢ ()EKTUBHO MPOBOJUTH C TIOMOIIBIO DKCTPAKIIMKA WM OCAKICHHS €ro u3
pacTBOpPOB 3a CYET BOCCTAHOBJEHUS J0 MeTamuia. JId SKCTpaKIMOHHOTO
OTHEJICHUS] MHUKPOKOJIMYECTB 30JI0Ta B aTOMHO-aOCOpPOIIMOHHOM  aHalu3e
MPUMEHSIOTCSI METObl KOHUEHTPUPOBAHUS: SKCTPAKIUS €r0 U3 COISTHOKHUCIBIX
pPacTBOPOB AMATHIIOBBIM 3(PHUPOM, XJIOPEKCOM, CMEChI0 METUIM300yTHIKETOHA U
u3oaMuianeTaTa, OpraHuueckumu cyibdunamu. Ilpeamoutenue cruemyet
OTJIaBaTh OPraHMYECKUM CYyJIb(PHUIaM KaK BBICOKOCEJIEKTHUBHBIM JKCTPAreHTaM C
OOJBIION E€MKOCTBIO MO 30JIOTY, TO3BOJISIIOIIMM  HEOOJbIIUM  00BEMOM
HKCTpPAreHTa ¥ MUHUMAJIbHBIM YUCJIOM OMEpaIfil KCTPAKIIUU JOCTUTATh BHICOKHUX
kod(durreHToB  KoHIeHTpuUpoBanus. OJHAKO  OpraHuyecKue  Cyiab(umbl
HEMPUTOHBI IIPU aHAIHM3E 30JI0TA HA COJIeP KaHNe MaJIaAus, TUIATHHEI, cepedpa.

PazpaboTansr KOMOWHUPOBAHHBIC METOJIbI KOHIIEHTPUPOBAHMS,
COUETAIOIINE OTICICHHE MAKPOOCHOBHI C BBIJICJICHUEM OIMPEACIIIEMbIX DJIEMEHTOB
pa3IUYHBIMU METOJAMH - HOHOOOMEHHOU XpomaTorpaduei, skctpakuuei. Takue
METO/Bl TPUMEHSIOTCS TIPU aHAIHM3€ SJCKTPOJUTHYECKOTO 30J0Ta M 30JI0THIX
CILJIaBOB.

Cepebpo mpsIMBIM ~ METOJIOM C IUJJaMEHHOM aTtomu3anued 1po0d
aHamu3upyroT Ha coaepxkanue Cd, Cu, Zn, Ni, Fe, Pb, Se, Te ¢ nuamazonom
ONPENEISIEMBIX  KOHIECHTPALUN 102 — 10" wmac.%. IIpyu xoCBEHHOM
KOHIIEHTPUPOBAHUHM MAKpPOOCHOBY cepedpa oTAessioT ocaxaenuem B Buae AgCl
WIM DKCTpaKUMeW TPETUYHBIM JOACIMIMEPKANTAaHOM WJIH OPraHUYEeCKUMU
cyibdumaMu, a TakKe TEPMHUYECKOW aucconuanuei a30THOKUCIOro cepedpa,
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BOCCTAHOBJICHHEM cepebpa 10 Mmetauia. [Ipenensl oOHapyKeHHs mpuMeced Tpu
sTOoM cocrapisior 10~ — 1077 mac.%.

JIn1si HemOCPEACTBEHHOT'O KOHIIEHTPUPOBAHUSA MUKPOIJIEMEHTOB NP aHAJIU3E
cepebpa HalUIM NMPUMEHEHHE pPa3IUYHbIE METOJbI — JKCTPaKIUsA, OCAXKIICHHE,
TUCTWUIALNAS.  ODKCTpPaKIUed  JHOKTHUICYJIb(POKCHIOM BBIJICTIAIOT U3
a30THOKHCIIBIX pacTBOpoB Pd, METHIN300yTHIIKETOHOM SKCTParupyroT Najiiaguit
B BUJIC TUATHIAUTHOKapOaMuHATa. JIMCTHIUISIUSA W3 XJIOPHOKHCIBIX PAaCTBOPOB
MPOBOJIUTCS JJIsSi CEJICKTUBHOTO BbIIENeHUss ocMmusi u pyreHus. CopOuueir Ha
aKTUBUPOBAHHOM yIJie B BHUJIE XEJIATOB C KCHJICHOJOBBIM OpPaHKEBBIM
koHueHtpupytor Co, Cu, Fe, In, Pb, Bi. Coocaxnenuem ¢ THUIPOKCUIAMHU
MapraHiia, IMHKa, JKeJie3a Wiu JJantana Beiaersitor Cu, Pb, Fe, Zn, Au, Mg, Bi, Cr,
Te, Mn, Ni, Sb. Ilpu ananm3e umcTtoro cepedpa MNPEATONKEHO MPOBOIUTH
KOMOMHUPOBAaHHOE KOHLEHTPUPOBAHHE — COPOC MAaKpPOOCHOBBI 3KCTpPaKIUEH
TPETUYHBIM JOJCHMJIMEPKANITAHOM U IKCTPaKIMOHHOE BhiAeneHue Zn, Bi, Te, Sb
IOy TUITHOPOCHOPHOM KUCTOTOM.

[IpupoaHyio MJIATUHY aHAIU3UPYIOT ATOMHO-a0COPOIMOHHBIM METOJIOM
Ha conepkanue Ru, Rh, Pd, Ag, Os, Ir, Au. Pyrenunii u ocMuii onpenesnsioT mocie
JTUCTUUISAIIUM, OCTaJIbHbIE MPUMECH — MPAMBIM MeToJIoM Ha doHe Oydepa CuSO,
+ CdSO,.

I'ocynapctBennsbiit cranaapT Ykpaunbl JJCTY 2897-94 «Jlom U 0TXOJbI
JIParolieHHbIX METAJIJIOB M CIUIABOB» YCTAaHABJIMBAET PSJ METOAUK IIJIAMEHHOIO
aTOMHO-a0COpPOITMOHHOTO  OTMpPEJEICHHUs]  OJaropoJHBIX MeTaioB.  OTXOJbI
CIUIAaBOB Ha OCHOBE »eye3a (MbUIM, IUIAKH, IUIaMbl) PAcTBOPSIIOT B CMECH
KOHIICHTPUPOBAHHBIX XJIOPOBOJOPOJHON M a30THOM KHCIOT W OMNPEACISIOT
cepedpo (0,005 - 0,10 mac.%), 3omoto (0,01 — 0,2 mac.%), nammaauit (0,01 —
0,2 mac.%), mnaruny (0,1 — 0,8 mac.%).

B orxomax pyTeHUNH-aIFOMUHUEBBIX U PYTEHUN-KEIE3HBIX KaTaIu3aTOpPOB
onpenensaoT ot 4 g0 40 mac.% pyTeHUs: MOCHe CIUIaBICHUS MPOOBI CO CMECHIO
MEPOKCHUJIa HATPUSL M TUIPOKCUA HATPUS U BBIIIEIAUMBAHUS XJIOPOBOJOPOIHOM
KUCJIOTOM. BrnusHue alfoOMUHMS W JKejlie3a YCTPaHSIOT J00aBJICHHEM pacTBOpa
HUTpaTa JaHTaHa. B MenHo-HuUKeneBbIX Huiamax omnpeaenstor ot 0,01 go 0,1
Mac.% poaus. [IpoOsl pacTBOPSIIOT B CMECH a30THOM U (PTOPOBOJOPOIHOMN KHUCIIOT,
pacTBOp yHapuBaKT, CyXOM OCTaTOK CIUIABJISIIOT C MEPOKCUAOM HaTpHs, IUIaB
BBILIEIAYMBAIOT BOJOM, MMOJAKUCIISIFOT XJIOPOBOJAOPOJHON KUCIOTOM.

B orpabGoTanHbIX anmroMonaaiaAueBhIX KaTaau3aTopax onpeaesitor ot 0,1
o 0,5 % mammagus mociie pacTBOpeHHsT MpoO B CMECH XJIOPOBOAOPOTHOU U
azotHoii kucior (3:1). B Tabm. 6.15 mnpencraBiieHbl YCIOBUSL ATOMHO-
abCcopOIMOHHOTO ONpeIeNICHHUS, MPOOOTIOITOTOBKH, METPOJIOTUYECKHE
XapaKTePUCTUKHU OTACITBHBIX METOJIUK OMPECICHHS 0JIarOpOJHBIX METAJUIOB B UX
CIUlaBax, KOHILIEHTpATax, JOME U OTXOAaxX.
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Tabmuma 6.15 - Omnpenenenne 07aropoAHbIX METAUIOB B HUX  CIUIaBax,
KOHICHTPATAaXx, JJOME, OTXO0JaxX
OTtHoCH-
[Ipenen
Omnpene- oOHapyKEeHHSI, TEIBHOE
seMEL OObekT YcnoBue onpeneneHus, — CTaHa-
S TEMEHT aHajau3a poOOMOIrOTOBKA ONpeIeTACeMBIX pTHOE
KOHIHTpAIH | o one
HUE
Au FOBEJTMPHBIE PactBopenne B HCl +HNO; (3:1) 0,1 mac.% 0,002
242, 8 HM | CILIaBbI [Ipsimoe onpenenenue u3 pactTeopa
(TuTaMst areTHUIICH-BO3IYX)
amajbrama Otnenennie Hg pacTBOpeHHEM B 1-10° ¢ <0,25
HNO:s;. PactBopenne Au B HNO; +
HC104 nin HC1 + HNOs. Ipsimoe
ompejeNieHue U3 pacTBopa (Tiams
MIPOIaH-BO3AYX)
cepeOpsiHbIe Otnenenne Ag pactBopeHueM B | 5.10%—1.10° | 0,055 -
KOPOJIBKHU HNOs;. PactBopenune Au B HCI + Mac.% 0,15
HNO; (3:1). Omnpenenenue u3
pactBopa HCI (mmamst mnpoman-
BO3/TyX)
Omnpenenenne Ha (oue Oydepa 1,0 MKr/mi <0,10
LaCls; (1 %) (mmamsi aneTuiieH-
BO3JIyX)
Omnpenenenne u3 pactBopa KCN | 5.107° mac.% 0,02
(2 %) (mnams aneTUICH-BO3IYX)
cepedpo Otnenenve Ag B Buge AgCL | 1-10*mac.% <0,10
Omnpenenenne Au Ha doHe Oydepa
CuSO4 + CdSO4 (mo 0,5 %)
(TuTaMst alNeTHUIICH-BO3/IYX)
IJIaTUHOBBIE, BBenenne B aHaMM3HMPYEMBIi 0,1 MKr/mn 0,006 —
WpUIUEBbIE pactBop metanona (40 % 006.) ans 0,06
KOHI[EHTPATHI CHIDKCHUS TIpesieNia OOHapyKCHUS
(Tutamst mpornaH-0yTaH-BO3/IyX)
orxonel uepHoit | PactBopenue B HCl + HNO; (3:1). 0,01-0,2 0,15-04
METAJLTyPrUH [Ipsimoe onpenenenue. Mac.%
(TBLTH, IIJIAKH,
[JTaMBI )
Ag KOHIIEHTPATHI PactBopenne B KNO; + HCIO,. 1-10 2 mac.% <0,1
328,1 aM | 30510Ta U [Ipsimoe onpenenenune U3 pacTBopa
WK Meu
338,3 HM | IIATHHOBEIE, BBenenue B aHanmusupyeMblil 0,02 MKr/mi 0,06
HUPUIUECBbIE pactBop metanona (40 % 00.) s
KOHIIEHTPATBI CHIDKEHHS Tpejiesa oOHapy KeHus
OCMUCTBIN XnopupoBaHue poObI B | 0,003 MKr/mi
UPUINH, npucytctBun NaCl, pactBopeHue
CHEPPUIINT, octarka B HCI + HNOs; (3:1). 0,1
TJIaTHHA Omnpenenenne Ha (one Oydepa
IPUPOIHAS CuSO4 + CdSOy.
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peHuit PactBopenue B H,O, i HNO;. 9.107 mac.% 0,16
YUCTBIN Ornpenenenue B
AIEKTPOTEPMUYECKOM
aTOMHU3ATOPE.
cepebpo Ocaxnenue AgCl ¢ mnomombto 0,50 MKr/mi 0,02
YUCTOE NaCl, B35STOro B KOJIHYECTBE,
HEJIOCTATOYHOM  JUISl  TIOJTHOTO
OCaXKICHUS AgCl. [Ipsimoe
OTIpE/ICJICHUE  OCTaBIIErocsl B
pacTBope cepedpa.
otxoawl uepHoi | PactBopenue B cmecu kuciot HCI 0,005-0,2 0,1-0,3
MeTaJIypruu + HNO; (3:1) mac.%
(TBLTH,  TIUTAKH,
1JTAMBI)
Pd 30JI0THIS PactBopenune B HC1 + HNO; (3:1). 0,8 MKr/mi 0,05
247,6 HM | KOPOJIBKH Onpenenenne Ha QoHe Oydepa
2448 M CuSO4 + CdSOy,
340,5 HM | cepebpsHbIe PactBopenue B HNO;. | 510 *mac.% 0,02
KOpOJIbKH KocBeHHOE KOHILIEHTpUpPOBaHUE
OTHCIICHUEM MAaKpPOOCHOBBHI B
Bune AgCl, onpeneneane u3 2
M HCI.
pacTBOpBIL, [Ipsamoe onpeAcseHue u3 0,5 MKr/m1 0,03
coJieprKaniue pacTBOPOB  TO  CTaHJAPTHBIM
KOJUIOU/IHBIE pactBopam Pd(II).
gacturnpl Pd
otrpabortanusiii | PactBopenue B HCI + HNO; (3:1). | 0,1 — 0,5 mac.% 0,07
amomonauiagu | Onpenenenne u3 1M pacTBopoB
€BbI HCI.
KaTaJan3aTop
orxoel uepHoi | PactBopenue B cmecu kucnot HCI 0,01 -0,2 0,15-04
MeTaJTypruu + HNO; (3:1) mac.%
(TBLTH,  TIUTAKH,
1I1JIaMBI)
Pt CILIaBbI PacTBOpeHue B HNO;. | 1,5-10 % mac.% 0,04
265,9 M | cepeOpa, OTaeneHre MaKpOOCHOBBI B
306,5 uM | cepebpo Buge AgCl. OmpeneneHue Ha
TpUPOIHOE, done O6ydpepa CuSO4 + CdSO,
cepeOpsiHble | (116 0 5 9% wm LaCls (1 %)
KOPOJIBKU
30J10TO PactBopenue B HC1 + HNO; 1-110*-1.10° | <0,10
IPUPOSHOE, (3:1). Onpenenenuie u3 mac.%

30JI0TO YHUCTOC

pacTBOpoB Ha doHe Oydepa
CuSO, + CdSOy (1m0 0,5 %) nam
LaCl3
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PacTBOPHI C Onpenenenue u3 pacteopa 4 % | 1107 mac.% 0,006
BBICOKMM cmecu HCl + HNO; (3:1) Ha
CONCpKaHUEM | home Oydepa UO,(NO3), (1 %)
cosei WK
u3 pacteopa 20 % HCIO, na 1107 mac.% 0,014
done 6ydepa VOCI, (1 %)
OTXOJIEI PactBopenne 8 HC1 + HNO; 0.1-0.8 mac.% 0.05 -
4epHOI (3:1). Onpenenenue Ha Gpone 0.04
Metasutypruu | Oydepa La(NOs);.
(LM, TITAKH,
1IJIaMBbl)
Rh IUIATHHOBBIE 1. Cnekanue mpoOsl ¢ BaO,, 0,10 MKr/™Mi 0,07
343,5 HM | KOHLIEHTPATHI pacTBOpeHue B HCl.
KoHueHTprupoBanue ocaxiaeHueM
THOMOYEBHHOM. 0,01 mac.% 0,1
2. PactBopenue B HCl + HNO;
(3:1) B mnpucyrctBuun NaHSOs.
Omnpenenenue Ha ¢one Oydepa
ZnS0y4 (2,6 %). 0,10 MKr/mi 0,07
3. BBeneHue B aHaIM3UpPyEMBIH
pactBop Meranona (40 00.%) u
MgSO4 (0,1 %) nns cHuUXKEHHS 0,12 MKr/mi 0,07
npezesa OOHapyKEHUSI.
4. Omnpenenenue Ha ¢one Oydepa
Na,SO4 + CuSOy4 (10 1 %).
cepebpo, 1. Pacteopenne B HNOs. Ipamoe | 1-10°-5-107° <0,10
30J10TO, OTIpelieiecHue M3 PacTBOPOB Ha mac.%
3o50TOCepedps- | ¢poHe Oydepos:
HBIC CIUIaBBI 1) CdSO4 (0,5 %)
2) CuSO4 (0,5 %)
3) CuSO4 + CdSO4 (1o 0,5 %)
4) LaCl; <0,10
2. KocBeHHoe KOHIEHTpHpOBaHue | 1.107°— 1.107°
OTIeNICHHEM MaKPOOCHOBBI mac.%
AKCTpaKIUel TuOyTUICYIbPHUIOM,
JTMOKTHICYIbOUIOM.
MEJHO- PactBopenne mnpoObl B cMmecu 0,01 -0,1 0.12-0.6
HUKEJICBbIC a30THOM ®  (PTOPOBOJOPOIHOM mac.%
[IaMBI KHCJIOT, C TICPOKCHIOM HATpPHA,
BBIIIEJIAYMBAHNE COJISTHOM
kucnotoi. Omnpenencane Ha (HoHe
oydepa La(NO3)s.
Ir KOHIICHTPATHI 1. Cnekanume mpoOel ¢ BaO,,
208,9 HM | GIaropoaHBIX pactBopenune cneka B  HCL
WIN METaJUIOB Otnenenue Pt u Pd
264 um BOCCTAaHOBJIEHUEM OKCHIIOM 108
3 <0,1
yraepona.  Omnpenenenue U3 10 mac. %

pactBopoB HCI MmeToom 106aBOK.
2. PactBopenue B HF, cruiaBnenue
octatka ¢ NayO,. PacTBOpeHue
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cneka B HCl wu  HNOa;.
Onpenenenne n3 pactsopoB HCI
Ha ¢one CuCl, (0,5 %) + NaCl
(0,1%).

3. BBenenue B aHaIU3UPyEMBIii
pactBop Metanona (40 006.%) u
LiNOs (0,1 %)

Ru PyTenmii- CnnaBneHue npoObl CO CMECHIO

349.9 gm AJTIOMUHUEBBIC, | MEPOKCUJA HATPUS U THUAPOKCHIA
pyTeHui- HaTpus, BblIleaaunBanue cosnsgHort | 4 —40 mac.% | 0,08 -0,2
JKeJIE3HbIE kucioToi. Onpenenenne Ha GoHE
karanu3atopel | Oydepa La(NO3);

6.5. NMpupoaHble U CTOYHbIE BOAbI

ATOMHO-a0COpOIIMOHHAS CIEKTPOCKOIUS SIBJIIETCS Hanbosee paclpoCTpaHEHHBIM
METOJIOM OIpEJeiCHUsT METaUIOB B BOJaX — [MHUThEBOM, TEXHUUYECKOTO
HA3HAYEHHUs, CTOKAX M T.n. MeETOIMKM aTOMHO-aOCOpOLMOHHOrO OMNpEeaeIeHUS
AJIEMEHTOB B BOJAX pa3JIMYHOrO THUIMA TIPUBEICHBI B  MOHOIrpadusx,
['ocynapCTBEHHBIX U MEKIyHAPOIHBIX CTaHJIapTaX:

1. COB. YHuduuupoBaHHble METOJAbl HCCIEIOBaHMUS KauecTBa Boj, 4.1, M.,
1983.

2. COB. VYaudunupoBaHHbIE METOAbI MCCIEIOBaHHUS KadecTBa Boj, 4.1, M.,
1987.

3. Meronnueckue ykKazaHUsi MO XUMHUYECKOMY aHalIU3y paclpeCHEHHBIX BOJ
MOPCKUX YCThEB O0JIACTe PEK U JMUKOHTHHEHTAIBHBIX Mopeil.- M.: MO
I'uapomereonsaara, 1984.

4. PyKoBOJICTBO 0 XMMHUYECKOMY aHAJIM3Y MOBEPXHOCTHBIX Boa cymu / [Tox pen.
A.Jl.Cemenoga.- JI.: 'mnpomereousaat, 1977.

Metoauku 1o aTOMHO-a0COPOLIMOHHOMY OTPEICTCHUI0 METAIIOB B BOJIax

Pa3TUYHOTO THUITA 0OOOIICHBI U TTPEICTABIICHBI B TA0I. 6.16.

Tabnuua 6.16 - AToMHO-a0COPOLIMOHHOE ONpPEIETICHUE METAJUIOB B MPUPOIHBIX U

CTOYHBIX BOAAX

Juanazon [Mudp
onpenensie- METOAUKHU
Mertann HanMeHnoBanne MeTOIUKU MBIX Tun Box WJIN JIUTE-
KOHIICHTpa- paTypHbIi
LM, MI/J1 HCTOYHUK
Kanuit OmpeneneHue Kaimus METOJOM aTOMHO- pas3HbIe [1],
a0bCopOIMOHHOM CHeKTpohOTOMETPHUH: 0.1-2 THIIBI HNCO 9964-
npsIMOE  ONpEeleNIEHUe paclbUICHHUEM B ’ 2
1amst
Meroa miaMeHHO-()OTOMETPUUECKOTO BCe TUIBI | [2],
OIpeAEIICHUs Kaausl ~0.1 NCO 9961-3
5 PH
52.24.56-98
[TnamMeHHO-(OTOMETPUUECKHII METOT 1,0-20,0 MOPCKHE [3]
Kanpumit | Onpenenenuie KanbIUsi METOJOM aTOMHO- pasHble [1],
. 0,2-7
aObCcopOIMOHHOM CeKTpohOTOMETPHUH: THIIBI NCO 7980
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psIMOE  ONpeJeNIeHHe paclbUICHHEM B
TIamMs
Maruuii | OnpenesnieHue MarHusi METOAOM aTOMHO- pa3HbIe [1],
abcopOMOHHOMN CHEKTPO(HOTOMETPHH: 0.02-0.5 THUIIBI NCO 7980
MpsIMOE  ONpeJeNieHHe paclbUICHHEM B ’ ’
TiamMs
Harpuit Onpenenenue HaTpUsT METOJOM aTOMHO-
abcopOMOHHOMN CHEKTPO(HOTOMETPHH: [1],
NpsAMOE  ONpeJeCHUE paclbUICHUEM B pasueie | MCO 9964-
mamMs 0,003-1 THUIIBI 1
Amomu- | OnpeneneHue altOMUHNAS METOIOM aTOMHO- pasHble [1],
HUUI a0bCOpOLIMOHHON CIIEKTPOMETPUM: MpPsIMOE 5-50 THIIBI NCO 12020
ONpeJIeJICHUE PACTIBIIICHUEM B IIJIaMsl
Ompenenenne  comepkaHUsi  DJIEMEHTOB muteeBas | [OCT
METOZaMU aTOMHOMU CIIEKTPOMETPUHU 0,01-0,1 BOJA P 51309-
99
bapwit Omnpenenenne Oapusi METOJOM aTOMHO- pas3HbIie [1]
aOCOpPOITMOHHONW CHEKTPOMETPHUH: TPSAMOE 1-20 TUIIBI
OnpeJIeJICHUE PACTIBIICHUEM B TIJIaMsl
Bona nuteeBas. OnpenesieHue coaepKaHus nutbeBass | [OCT
3JIEMEHTOB METOIOM aTOMHOM 0,01-0,2 BOJa P 51309-99
CHEKTPOMETPUHU
bepu- Omnpenenenre O6epUILTUS METOJAOM aTOMHO- pasHbie [1]
B 05051 aOCOpPOITMOHHONW CHEKTPOMETPHUH: TIPSAMOE 0,05-2,0 THIIBI
OnpeJIeJICHUE PACTIBIIICHUEM B IIJIaMsl
OnpeneneHue  CoAEp)KaHUS — BJIEMEHTOB 0,0001- nutbeBass | [OCT
METOJIOM aTOMHOW CIIEKTPOMETPUH 0,002 BOJA P 51309-99
Bona nuteeBas. Onpenenenue coaepxaHus nutbeBas | [1], TOCT
. . 0,0001-
Banaauit | anemeHTOB MEeTOaMH1 aTOMHOM 0.002 BOJIA P 51309-99
CHEKTPOMETPUU ’
Tsoxenble | Metonuueckue yka3aHus 10 aTOMHO- npupon- | P
MeTaJljibl | aOCOPOLIMOHHOMY 3JIEKTPOTEPMUUYECKOMY 0.00012- HBIE U 52.24.28.—
ONPEIETCHUIO TAKEIbIX METAIIOB — ’0, 002 ouuieH- | 86
HbIE
KaJIMus CTOYHbBIE
CBUHIIA 0,002-0,032 BOJIBI
IIMHKA 0,0025-0,02
cepebpa 0,0005-
0,004
MeIu 0,001-0,03
Maprasua 0,0005-
0,0125
XpoMma 0,001-0,03
KobanbTa 0,0025-0,04
HUKEJIIS 0,005-0,065
oeprLus 0,0002-
0,004
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HennameHHbIit aTOMHO-a0COPOIIMOHHBII MOpPCKHE PI1
METOJl  ONpeAeNeHUs  JAOWJIBHBIX U 52.10.243.
pacTBOPEHHBIX (HOPM 92
KaaMHus >(0,0001
Meau >(0,0001
CBHUHIIA >(0,0004
koOaJbTa >(,0001
HUKEIA >(0,0001
Hennamensslif  aTOMHO-aOCOPOIIMOHHBII Mopckue | PJI
METOJ OmpeaesieHrs OOIIero coaepKaHus 52.10.243.
pacTBOpeHHBIX (hopM 92
JKeJesa 0,004-0,020
MapraHia 0,0004-
0,0095
XpoMma 0,0016-
0,0080
Bogna nuteeBas. OnpeneneHue coaepKaHus nutheBas | [OCT
3JIEMEHTOB METOJIOM aTOMHOU BOJIa P 51309-99
CHEKTPOMETPUHU 0,0001-
KaJIMUsA 0,001
CBHUHIIA 0,001-0,05
IIMHKA 0,001-0,05
cepebpa 0,0005-0,01
MeIH 0,001-0,05
Maprasia 0,001-0,05
XpoMa 0,001-0,05
KobanbTa 0,001-0,05
HUKEJIISI 0,001-0,05
Oepuinus 0,0001-
0,002
JKenesa 0,04-0,25
Kenezo Ompenenienne xene3a METOJIOM aTOMHO- pas3HbIe [1],
a06copOLIMOHHON CIIEKTPOMETPUH: THIIBI P
e npsaMoe ompenenenue pacnbuiennem B | 0,3-5 52.24.36-87
riams
® 3JIEKTPOTEPMUYECKAsE AaTOMU3ALIHS 0,005-0,1
Bona nuteeBas. Onpenenenne conepxkanus | 0,04-0,25 nutbeBass | [OCT
3JIEMEHTOB METOI0M aTOMHOM BOJIA 15309-99
CHEKTPOMETPHUH
Kagmuii Ompenenenue KaaMusi METOAOM AaTOMHO- pasHble [1],
a0COpPOITMOHHON CIIEKTPOMETPHH: THIIBI NCO 5961
e mpsiMoe ompezenenne pacnbuieHunem B | 0,05-2
TIamMs
® 3JIEKTPOTEPMUYECKAsE AaTOMU3ALIMS 0,0005-0,01
Bogna nuteeBas. Onpenenenue copepxkanud | 0,0001-0,01 | nuteeBas | TOCT
3JIEMEHTOB METOJIOM aTOMHOU BOJIa P 15309-99

CIEKTPOMETPUHU
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KobGaneT | Onpenenenune koOanabTa METOAOM aTOMHO- pasHbie [1],
a0bCOpOIIMOHHON CIICKTPOMETPHH: THUIIBI NCO 8288
e npsmMoe ompenenenue pacnbuieHnem B | 0,5-5
Iamst
® DJIEKTPOTEPMHYECKAS ATOMU3AIUS 0,05-0,1
Bona nuteeBas. Onpenenenne coaepxkanus | 0,001-0,05 nutbeBass | [OCT
3JIEMEHTOB METO/I0M ATOMHOM BOJIA P 15309-99
CHEKTPOMETPUHU
Jutuin Meron IaMeHHO-(poToMeTpudeckoro | >0,1 BCE TUNBI | [2]
oTnpeeseHus! JIUTUs
Mapra- Mertonunueckue ykazanus no onpenenenuto | 0,0025-0,05 | nmpupon- PJ152.24 .81
HeI[ CONlep’KaHusl IIMHKA, MEIW, MapraHia, HBIC -89
Keje3a B TMPUPOJIHBIX BOJAX aTOMHO-
abCcopOLMOHHBIM METOJOM C aTOMHU3aluen
POOBI B TUIAMEHH
Onpeznenenre Mapraiiia METOJIOM aTOMHO- pasHble [1]
a0COpPOITMOHHON CIIEKTPOMETPHH: THIIBI
e mpsimMoe ompexeneane pacmbiuieHuem B | 0,1-3
Iamst
® 3JICKTPOTEPMHUUECKAss AaTOMU3AIIHS 0,01-0,03
Bona nuteeBas. Onpenenenue coaepxanus | 0,001-0,05 muteeBast | [OCT
3JIEMEHTOB METOJI0OM aTOMHOM BOJIA P 15309-99
CHEKTPOMETPUU
Menn Meronuka onpeneneHuss meau aromHo- | 0,1-0,7 npupoad. | P1
a6CcopOILIMOHHBIM METOJIOM n crouH. | 118.02.4-89
BOJIBI
Meroauka omnpexaeneHus wmeau artomuo- | 0,1-5,0 noeepxH. | KH/L
aOGCOpOITMOHHBIM METOIO0M B u croud. | 211.1.4.032
MMOBEPXHOCTHBIX U CTOYHBIX BOJAX BOJIbI -95
Mertonuueckue ykazanus no omnpenenenuto | 0,001-0,05 | mpupon- P/l
colepXaHusi LMHKA, MEAW, MapraHua, HBIE 52.24.81-89
Kennesa B IMPUPOAHBIX BOJAaX aTOMHO-
a0bCOpOIIMOHHBIM METOJIOM C aTOMHU3alUen
poOkI B TJIAMEHU
Bogna nuteeBas. Onpenenenue copepxkanud | 0,001-0,05 | nuteeBas | TOCT
3JIEMEHTOB METOJIOM aTOMHOU BOJIa P 15309-99
CHEKTPOMETPUU
Mbpimbak | OnpenesieHue MBIIIbIKAa METOJIOM aTOMHO- pasHbIe [1]
a0bCcopOLMOHHON CIIEKTPOMETPHH: THUIIBI
e npsimoe ompenenenne pacnbuiennem B | 0,002-0,02
iams
® 3JIEKTPOTEPMHUYECKAsT ATOMU3ALIHS 0,005-0,01
Bona nuteeBas. Onpenenenne coaepxanus | 0,005-0,3 muteeBast | [OCT
3JIEMEHTOB METOI0M aTOMHOM BOJIA P 15309-99
CHEKTPOMETPUHU
Momu6- | Onpenenenue MoubIeHa METO0M pasHbie [1]
JIeH aTOMHO-a0COpPOIIMOHHOM CIIEKTPOMETPHH: THUIIBI
e mpsMOe oOmpejeNicHne pacnbiieHnem B | 1-40
iamst
0,003-0,06

@ JJICKTPOTCPMHUUCCKAS ATOMU3ALIUA
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Bona nutkeBas. OnpenesieHue cCoaepKaHus
3JIEMEHTOB METOI0M aTOMHOU
CIIEKTPOMETPUH

0,001-0,2

IIUTBCBasi
BOJa

I'oCT
P 15309-99

Huxkens

OmnpeneneHre HUKENST METOIOM AaTOMHO-
aOCOpPOITMOHHON CIIEKTPOMETPHH:

® MpsIMOE OINpeAeTiCHHE pACIbUICHHEM B
TTaMst

® 3JICKTPOTEPMHUUECKAsT AaTOMH3AITHS

0,3-5

0,005-0,1

BCC THUIIbBI

[1],
HCO 8288

Bopa nuteeBas. OnpeneneHue coaep:kaHus
3JIEMEHTOB METO/10M aTOMHOM
CHEKTPOMETPUHU

0,001-0,05

BOJa
IUTHBCBasA

rocr
P 15309-99

Omnoso

OrmpezeneHne 0JI0Ba METOJOM aTOMHO-
a0COpOLIMOHHOM CIIEKTPOMETPHH:

e TpsMOE OINpEeCHUE paCHbUICHHEM B
iamst

® JJICKTPOTEPMHUYECKAsi ATOMHU3AIIHS

10-300

0,02-0,3

BCC THUIIbI

[1]

MeTto/ HemIaMeHHOM aTOMHOUM abcopOrun

0,000016-
0,00012

MOpCKHE

Pl1
52.10.243-
92

Bona nmuteeBas. OnpeneneHue comepxaHus
3JIEMEHTOB METOIOM aTOMHOM
CIIEKTPOMETPHH

0,005-0,02

INUTHEBAsA
BOJda

I'oCT
P 15309-99

CBuHel

OmnpeneneHue CBUHIIA METOJOM AaTOMHO-
abcopOLMOHHOMN CIEKTPO(HOTOMETPUH:

e MpsMOE OINpeAeieHUE pacHbUIEHHEM B
I1amMsa

® JJIEKTPOTEPMUYECKAsi AaTOMHU3AIHS

1-20

0,005-0,1

BCC THIIBI

[1],
MCO 8288

Bogna nuteeBas. OmnpeneneHue coaepKaHus
JJIEMEHTOB METOJOM aTOMHOM
CIEKTPOMETPUH

0,001-0,05

IINTHCBAsA
BOJIa

Iroct
P 15309-99

Cenen

OmperneneHne ceixeHa METOAOM aTOMHO-
abCOpOLIMOHHOM CIIEKTPOMETPHH:

® OIIpe/IeNICHNE 110 THIPUAHOMY METOIY

® DJEKTPOTepPMHYECKass aTOMH3alus B
rpaUTOBOM aTOMHU3ATOPE

0,002-0,02

0,005-0,1

BC€ THIIBI

[1],
1CO 9965

Bopa nuteeBas. OnpenenieHue coaepKaHus
3JIEMEHTOB METOI0M aTOMHOU
CIIEKTPOMETPUU

0,002-0,05

IUThEBaA
BOJa

IoCT
P 15309-99

Cepebpo

Omnpenenenue cepebpa METOJOM aTOMHO-
aOCOpPOITMOHHON CIIEKTPOMETPHHU:

e MpsIMOE OINpEACICHUE PACIbUICHUEM B
Iams

® JJICKTPOTEPMUYECKAsi ATOMU3AIUS

0,1-4

0,001-0,025

BCC THUIIbBI

[1]

Bopa nuteeBas. OnpeneneHue coaep:kaHus
JJIEMEHTOB METOJOM aTOMHOM
CHEKTPOMETPUHU

0,0005-0,01

[IUTHEBAs
BOJA

I'oCT
P 15309-99
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Cypbma | ATOMHO-a0COpOIIIOHHOE onpenenenue | >0,0001 OKpailieH. | [4]
KoOanbTa, CBHHIA, KaJMHs, CYpPbMBbI, U HEOK-
cepelbpa. pallleHHbIe
pUPO/I-
HBIE BOJbI
Ompenenenue  coaepxkanus  siementoB | 0,005-0,02 | Boga Irocrt
METOI0M aTOMHO-a0COpOIIMOHHOM nutbeBass | P 15309-99
CIIEKTPOMETPUH C  DJIEKTPOTEPMUUYECKOM
aTOMHU3aluen
Turtan Ompenenenue  coaepxkanus  snemeHTtoB | 0,1-0,5 BOJA I'OCT
METOI0M aTOMHO-a0COpOIIMOHHOM nutbeBass | P 15309-99
CHEKTPOMETPUH C  DJIEKTPOTEPMUUYECKOM
aToOMHU3aluEN
Xpom OmpenenieHne XpoMa METOJOM AaTOMHO- Bce Tumnbl | [1],
aOCOpOITMOHHOM CIIEKTPO()OTOMETPHH: NCO 9174
e mpsimoe ompexeneune pacnbiieanem B | 0,5-10
mIaMs 0,005-0,1
® 3JIEKTPOTEPMUYECKAs] AaTOMU3ALIMS
Ompenenenne  coaepkanus  snemeHToB | 0,001-0,05 | muteeBas | TOCT
METOA0M aTOMHO-a0COpOLIMOHHOM BOJA P 15309-99
CIIEKTPOMETPUH C  DJIEKTPOTEPMHUYECCKOM
aTOMHU3aLUEH
[unk Mertonuueckue ykazanus 1o omnpenenenuto | 0,0025-0,05 | npupon- P
CoIEp)KaHUs ILMHKA, MeIW, Maprasia, HEBIC 52.24.81-89
JKeje3a B TMPUPOJIHBIX BOJAaX aTOMHO-
a0bCcOpOILIMOHHBIM METOJOM C aTOMHU3aluen
1poOkI B IJIaMEHU
Onpenenenne  copepxkanus  snemeHtoB | 0,001-0,05 muteeBast | [OCT
METOJIOM ATOMHO-a0COpPOIIOHHOM BOJA P 15309-99
CHEKTPOMETPUHU C  DIIEKTPOTEPMHUUECKOU
aTOMHU3alHEH
PryTh becninamennoe aToMHo-a0cop6unonnoe | 0,0001-0,01 | pasHsie [1], ©UCO
onpeeeHue THIIBI 5666,
P
52.24.30-
86;

Cnoco6 moaroroBku mpoO BOABI B aTOMHO-a0COPOIIMOHHOM METOJIE

aHaJM3a 3aBUCUT OT IIeJeil ompeneraeHuss U 0cobeHHo oT Tuma Boia. Haubonee
CJIOHAsT TIPOOOIIOATOTOBKA MTPOBOIUTCS JJII CTOYHBIX BOJl. CTOYHBIE BOJBI — 3TO

BOJIBI,

ynoTpeOIeHHH,

KaKy0-T100

ObIBIIIE B HpOI/IBBOI[CTBeHHO—6BITOBOM WIH CEIbCKOXO3SMCTBEHHOM

da TaKXKC IMpomecamme dYcpe3 3arpsA3HCHHYIO

TEPPUTOPHIO (TPOMBIITUICHHBIE, CEThCKOX035HCTBEHHBIE, KOMMYHAJIbHO-OBITOBBIC,
JIMBHEBBIE U T.NI. CTOKU). B 3aBUCHMOCTH OT MPOUCXOXKIACHUSA, BUJA U COCTaBa
CTOYHBIE BOJIbI ITOAPA3ACIISIIOTCS HA TPU KaTETOPUH:

1. BeITOBBIC CTOYHBIC BOAbl — BOJIbI OT KYXOHb, TYaJICTHBIX KOMHAT,

NIyIIeBbIX, OaHb, MPAYEYHBIX, CTOJOBBIX, OOJBHUI] U T.N. B OBITOBBIX CTOYHBIX
BOJIaX OPraHUYECKHE BEIIECTBA COCTABIAIOT HE MeHee 60 mac.% cyxoro ocrarka,
MuHepaibHbie — 110 40 mac.%.
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2. Ilpou3BOACTBEHHBIE CTOYHBIE BOJBI — BOJIbI, HCIIOJIb30BAaHHBIE B
Pa3HOOOpa3HBIX TEXHOJOTMUECKUX TIpoleccax, a TakKkKe OTKauMBaeMble Ha
MOBEPXHOCTh 3€MJIM TMpU J00BbIYE TMOJE3HBIX HCKOMaeMbiX. (OCHOBHBIMU
MCTOYHUKAMU MPOU3BOJCTBEHHBIX CTOYHBIX BOJI SIBJISIOTCA MPEINPUSATHUS JIETKON
MPOMBIIIIEHHOCTH — TEeKCTUJILHEIE, MEXOBBbIE, KOKEBEHHBIE,
MUKPOOHOJIOTUYECKUE, HedTenepepabaTbIBarOIINE, IaXThI u Ip.
[Tpon3BOACTBEHHBIE CTOYHBIE BOJBI COAEPIKAT KHUCIOTHI, IIETOYM, COJIU U Ap.
BELIECTBA.

3. ATMoc]epHbIe CTOYHBIE BOJBI — JTOKIEBbIE U Tajble BOJAbI, KOTOPbIE
OTBOJSATCSI BMECTE C BOJIaMH, OOpa30BaBLIMMUCS IPHU IOJIMBE YJIHI], BOJAOH U3
(OHTAHOB U JIpEHAXKEM.

CrouHble BOJbI NPEJICTABISAIOT COOOM CJIOKHBIE T'€TEPOrCHHBIE CMECH,
KOTOpBIE COZEP)KAT BEIIECTBA OPTAaHUYECKOTO ¥ MHUHEPAIBHOTO MPOUCXOXKICHUS,
HaXOJSIIMECs B HEPACTBOPEHHOM, KOJUIOMIHOM M PAaCTBOPEHHOM COCTOSIHHSX.
HeouurnieHHble CTOYHBIE BOJBI MPEACTABISAIOT 3HAYUTEIBHYIO YIPO3y 3A0POBBIO
YyeloBeKa U oburTareneil BogHOW cpeapl. CTOUHBIE BOABI YAAJSIOT C TEPPUTOPUHU
HACEJICHHBIX MECT W MPOMBIIUICHHBIX MNPEANPHUSATUN CUCTEMaMU KaHaJIM3aIUH.
Jns ux o0e33apaxMBaHUSg W OYHCTKM TPUMEHSIOT pa3IUYHble METOJIbI:
MexaHudeckue (OTCTOM, YylaBlIMBaHWE TIpUMecel W JAp.), XUMHYECKHUE
(HeWTpanu3anuilo, KOaryJsluio, SKCTparupoBaHue, JAe3uH(exiuo u 1ap.),
ounonornyeckue (OMOPMIBTPHI, AIPOTSHKH U JIP.).

Tounslif cocTaB CTOYHBIX BOJ JlaXXe€ B Kaue€CTBEHHOM OTHOIIEHMHM HeE
BCErza MOXKHO 3apaHee mpeaBuiaeTb. llocnenHee ocoOEHHO cCIpaBenMBO B
OTHOILIIEHUU CTOYHBIX BOJ, MPOIICIIINX Yepe3 XUMUUECKYIO UITH OMOIOTUYECKYIO
OYHUCTKY. Jlaske MpH MPOCTOM CMELIEHUH CTOKOB OT Pa3HbIX LEXOB MPEIPHUITHS
OPOUCXOAAT XUMHYECKHE pPEaKIUd MEXIy KOMIIOHEHTaMHU J3THX CTOKOB,
npuBOJAIIME K 0Opa3oBaHUIO HOBBIX BemlecTB. [Ipu XJIOpHpOBaHMHM CTOKOB
MOSIBJITFOTCS TIPOTYKTHI OKUCJICHHSI HEOPTAaHUYECKUX U OPTaHUYECKUX BEIECTB U
UX XJOPHPOU3BOAHBIC. bHONOrMueckoil OYMCTKE MOABEPrarOT MPOMBINIJICHHBIE
CTOYHBIE BOJIbl, CMEIIAHHBIE C XO35SHUCTBEHHO-OBITOBBIMM BOJIaMU, W TOrJa B
OUMIIEHHBIX BOJAX MOXHO HEpeAKO OOHApYXHUTh CamMble HEOXKUJAHHBIE
opraHudeckue coerHeHus. [103ToMy pu nosiBJICHUU HOBOTO BHJIa CTOYHBIX BOJI,
BO3HUKAIOIIMX HE TOJBKO MPHU CO3JaHUU HOBBIX IPOU3BOJACTB, HO U IpHU
BHEJIPEHUH HOBOTO TEXHOJOTUYECKOro TIpollecca W Jake Npu  Jo0oM
CYIIECTBEHHOM HM3MEHEHMHM B  TEXHOJIOTMYECKOM TIpolecce, Tpedyercs
npeIBapUTENbHOE HCCleoBaHue. B MeToauky omnpeneneHuss TOTO WM HHOTO
KOMIIOHEHTa, Ka3zajocb Obl, XOpOowIO  pa3pabOTaHHYI0 M  MOCTOSIHHO
NPUMEHSIONLYIOCS, UHOT/Ia MPUXOJUTCS BHOCUTH CYIIECTBEHHbIE W3MEHEHHUA, a
MHOT/A MOJHOCTHIO MEHATh METOJI XMMHUECKOro aHanuza. [1oAroToBky u aroMHO-
abCOpOIMOHHBIN aHaTN3 CTOYHBIX M MPHUPOJHBIX BOJA MPOBOIST MO CTaHIAPTHBIM
¥ YHU(DUIIMPOBAHHBIM METOIHKAM.

OT60p nMpod NPOBOJAT MO CTaHIAPTAM:
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1. KHJ] 211.1.0.009-94 Tigpocdepa. Bindip mpoO ajis BU3HAYCHHS CKIAAy 1
BJIACTUBOCTEH CTIYHMX Ta TEXHOJOT1YHUX BoJA. OCHOBHI MosnoxeHHs.- K.,
1995.

2. TOCT 17.1.5.05-85 Oxpana nipupojsl. ['mapochepa. O6mme TpeboBanus K
oTOOpy MpoO MOBEPXHOCTHBIX M MOPCKHX BOJ, JibJa M aTMoc(epHbIX
ocanakoB.- M., 1986.

Kaxnpiii  oOuienpuHATHIA CTaHAAPTHBIA METOJ OMpPEACICHUS] TOTO WIIN
WHOTO d3JIeMEHTa 00s3aTeNIbHO JODKEH OBITh MPOBEPEH HA TOW CTOYHOM BOJIE,
KOTOPYIO TPUXOJWUTCS aHAJIM3UPOBATh Ha JaHHOM mMpeanpustuu. s sToro
npuberaloT K METOAYy CTaHJAPTHBIX J00aBOK, MOXKHO TaKXe HCIOJIb30BaTh
HCKYCCTBEHHbIC CMECH, UMUTHUPYIOIINE COCTaB aHAIU3UPYEeMOil BObl. Bece MOHBI
METaJVIOB, MPUCYTCTBYIOIIME B BOJE, 3a PEIKHUM HCKIIOYEHUEM, OOpa3yroT
KOMITJIEKCHI C OpPTraHWYECKMMU COCIWHCHMSIMH W aHuWOoHamu. [IpucyrctBue
OOJIBIIMX KOJIMYECTB OPraHUYECKUX BEIIECTB, a TaKXKE TaKUX AHHUOHOB, KakK
uaHu-, pocdar-, CHIMKAT-HOH, MOXKET BBI3BATh 3aTPYIHEHUS MPU OTPEICTICHUN
HE TOJBKO TSDKEJIBIX METAJIJIOB, HO U IIEJIOYHBIX U IIETOYHO3EMETbHBIX METAJIJIOB.
[ToaTOMy mpu ompeneseHuU METAIOB MpoO0y MpelBapUTeIbHO 00pabaThIBAIOT.
Opranduyeckue BeIIeCTBA YAAIAIOT CYXHM WM MOKPBIM CXKUTaHHEM; JUIs
yAaJleHUus IUaHU]l — MIOHOB PEKOMEHAYeTCs 00pabaThiBaTh MPOOY TUMOXIOPUTOM
B IICJIIOYHOW cpene. B HEKOTOPHIX clydasx MeEMIalonue BIUSHUS MOXKHO
YCTPAaHUTh BBEJCHUEM TOXOAIINX CIEKTPOCKOMHYECKUX OydepoB. XUMHUUECKUE
MOMEXH COCTOSIT B TOM, UYTO B TUIAMEHH OOpPa3yrOTCSl TEPMOCTONKHUE COCTUHECHHS,
MOJIEKYJIbI KOTOPBIX HE TOTJIOMIAI0T u3NydeHue. [Ipoucxomutr Tak Ha3zbIBaeMoe
«TameHuey», M Pe3ynbTaThl TMOIYYalOTCS 3aHKCHHBIMUA. OJTO HaOJIOmaeTcs,
HAIpUMeEp, MPU OMPEACIICHUA MAarHus, €CIU MPHUCYTCTBYIOT (docdaThl, a TaKkKe
MpU OMNpEACICHUU MapraHiia B MPUCYTCTBUU KPEMHEKHUCIOTH. B mepBoM ciiydyae
3aTpy/AHEHHE MPEOJIOJIEBACTCSl BBEJCHUEM COJM JIAaHTAHA, BO BTOPOM Cly4yae —
100aBIIEHUEM COJIM KaJbIIHS.

B mpupomHbIX W CTOYHBIX BOJAX 3JEMEHTHI HAXOMATCS B PACTBOPCHHOM
COCTOSIHUM M B cocTaBe B3BecH. JlJIi DJKOJOTMYECKUX W TeOXMMHYECKUX
UCCJIeIOBAHUIM Ba)XXHO 3HATh HE TOJIBKO OOIIee COJEp)KaHHUe 3JIEMEHTOB, HO U
KOHLIEHTpAllMd PAaCTBOPEHHBIX W B3BEIICHHbIX (QopM. s oTneneHust B3BecH
OOBIYHO MPUMEHSAIOT MEMOPAHHYIO yJIbTPaQUIBTPAIIUIO BOJI, UCTIONB3YS (PHIBTPHI
¢ muamerpom mop 0,45-1,5 MxM. 3areM OTIENBHO aHANU3UPYIOT (QUIBTpAT U
B3BeCh Ha (unpTpe. HecMOTpsi Ha HEKOTOPYIO YCIOBHOCTh TaKOTO pa3/eiieHHUs,
ATOT METOJI MPUMEHSIETCSI BO BCEM MUPE.

[ToaroToBka mpo6 BOJIBI it aTOMHO-a0COPOIIMOHHOTO aHAIM3a JTOBOJIBHO
mpocTa W 3aBUCUT OT (OPMBI HAXOXKICHUS OMPEICISIEMBIX METAJUIOB,
COJIEPKAILMXCS B BOJE:

1. Ilpu ompeneneHun pacTBOPEHHBIX METAJUIOB, T.€. METAIJIOB MPOXOJSAIIUX
yepe3 memOpanHbli (uiasTp 0,45 MKM, mOpoueaypa MpoOONOArOTOBKH
CBOAUTCSA K (UIBTPOBAHUIO BOJBI (IMPU 3TOM MEPBYIO MOPIHUIO (GUIbTpaTa
npuMepHo 50 M1 OTOpachIBalOT) U K MOAKUCICHHUIO (UIbTpaTa JABAXIbI
NeperHaHHON KOHUEHTpUpOoBaHHOU KkucioTor (3—5 M HNO; Ha 1 1 mpoOs)
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o pH 2-3; B mIeNOYHBIX WIM coJepkamux Oydep mnpobdax MoKeT
noTpeOOBaTHCS JOMOTHUTEIBHOE KOJTUYECTBO KUCIIOTHI.

2. Jlns  ompeneneHuss B3BEHIEHHBIX (OPM METAJIOB, T.€. METaJIOB,
3anepxkuBaeMbiXx  ¢uiabTpoM 0,45 MKM, mporeaypa MpoOONOArOTOBKU
CBOJUTCS K (PUIBTPOBAHUIO MEPEMEIIAaHHON TPOOKI OMPEACIIEHHOT0 00bemMa
U ee BCKphITHIO. [t ATOro GUiIbTp ¢ 0CaKOM MEPEHOCST B XMMHUYECKUI
CTakaH BMECTUMOCTBhIO 250 Mii, BHOCAT 3 MJI JBaXIbl IEepEerHaHHOMU
KOHILICHTPUPOBAHHON a30THOM KHUCJIOTHI, HAKPHIBAIOT YACOBBIM CTEKJIOM H
cierka HarpeBatoT. [locie pacTBopeHus: ocajka Ha GUIBTPE YBEIUYUBAIOT
TEMIEPATypy H BbINAPUBAIOT KHUCJIOTYy MOYTH TNONHOCThIO. Ilocne
OXJIQXKJICHHs CTaKaHa ONEpalUi0 MOBTOPSIOT OAWH WM HECKOJBKO pa3 10
MOJIHOTO JAUT€PUPOBAHMS OCTaTKa (OH CTAHOBUTCS CBeTIbIM). K cyxomy
OCTaTKy J00aBiSOT 2 MII JBaX]bl MEPErHAHHOW XJIOPOBOJOPOIHOMN
kucioThl (1:1) ® OCTOpPOXKHO HarpeBarOT J0 pacTtBopeHus. [IpoOy
bunbTpyroT uepe3 puiabTp ¢ auamerpom nop 0,45 MKM, ONOJACKUBAIOT
XUMUYECKUH CTakaH W 4YacoBOE€ CTEKJIIO HEOOJBIIMM KOJUYECTBOM
JUCTUJUIMPOBAHHOM BOJIbI, MPOIMYCKAIOT IPOMBIBHBIE BOJIBI Yepe3 GUIbTp U
o0beIUHIIOT UX ¢ 1poOoi. IlomyueHHyro Takum oOpa3oM MpooOy
pa3z0aBIAIOT IUCTUIUTMPOBAHHON BOAOW JI0 OMpeIesIeHHOT0 00beMa.

3. OOmiee conaepkaHUE METAIOB, COJAEPXAIIUXCSI B PACTBOPEHHOM U
B3BEILICHHOM BHUJIE, ONPEAEISAIOT KaK CYMMY T€X U APYTUX WU ONPEACISIOT
B HEOT(UIBTPOBAHHOW MpoOE TOcie CUIBHOTO JAUTePUPOBAHUS, Kak
ONHMCAHO B cy4ae 2.

4. Ina ompeneneHus: SKCTPAarupyeMbIX KHUCIOTOM MPUMECEH METAIIOB
ATMKBOTHYIO YacTh TEPEMENIAaHHOW MTPOOBI MOAKUCISIOT 5 M JIBaXKIbI
nepernanHod HCl na xaxzasie 100 mi mpoObl, HarpeBarOT pacTBOpP B
TeueHue 15 MHUHYT Ha BOJSHOW OaHe WIM IUIMTKE, OXJIaXAAlT WU
bunerpytor (0,45 mrMm). OO0beM MOAydYeHHOro (UIbTpaTa JOBOJAT O
MepPBOHAYATILHOTO 00beMa JTUCTUILITUPOBAHHON BOJIOMN.

CxeMa MOATrOTOBKM NpOoO BOABI MPU OMNPEACIICHUU PA3IUYHBIX (opM
METaJJIOB IIPEJCTaBjIeHa Ha puc. 6.2.

JIJist OTZIEABHBIX JIEMEHTOB CXeMa MPOOOMOATOTOBKUA MOXKET OTIMYAThCS
OT OOMICIPUHATONH. DTO CBSI3AHO C OCOOCHHOCTAMHM XMMHYECKUX CBOMCTB ITHUX

AIEMEHTOB — JIETy4eCTblO, JIETKOCTbIO BOCCTaHOBieHUs u T.1. (Cxema
POOOMOITOTOBKM BOJIbI MIPU OMpPENEIECHUU PTYTH, HAPUMEp, MpPE/ICTaBlIeHA B
pazzaene 1.

Ecnu HeT BO3MOXKHOCTH aHaIU3UPOBATh MPOOLI BOABI cpa3y ke mociae oToopa, ux
KOHCepBUPYIOT. B Tabn. 6.17 mpeacraBieHbl ciocoObl KOHCEPBUPOBAHUS IMPOO
BOJIbI IPY aTOMHO-a0COPOIIMOHHOM ONPEIEIICHUN JIEMEHTOB.
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Ucxonnast mpoba BoIbI

v
OuIbTpOBaHNE O6paboTka KOHII.
(0,45 mxm) HCI npu
HarpeBaHuu
A 4
v
O6paboTka KOHII. R
HNO; npu Ocanok QunbTpar dunbTpoBaHUE Ocanox
HarpeBaHuu v
A 4 A 4
Oo6paboTka
v KOHII O6paboTtka @uibTpar
Ocanok - OunpTpOBaHKE HNO; ipu xomi. HNOs
Harpesa-
HUH
4 v
@unbpTpar @unbrpoBanue | »| Ocanok
v
@unbTpar
A 4 A A 4 A 4
Onpenenenue Omnpenenenue Omnpenenenue Omnpenenenue
o0miero B3BEILICHHBIX pacTBOPEHHBIX 9KCTParupyemMsbIx
CoJlep KaHus bopm bopm KHUCJIOTON opM
METaJUIOB METaJIOB METaJUIOB Ca
Co Cs Cp
O6miee conepkaHne METAJIOB
Co=CB+Cp
Pucynok 6.2 - Cxema NOArOTOBKM MpPOO BOJBI IPU ONPEIAECICHHUU

pa3nuuHbIX (OPM METAIIIOB
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Tabauua 6.17 - CnocoObl KOHCEPBUPOBAHUS U CPOKHU XpaHEHUs: TPOO BOAbBI

K YcnoBus Cpoxu OcobenHocTu 0TOOpa U Cocyn nis
OMITOHEHT
KOHCEPBHPOBaHUS XpaHeHUs! XpaHeHUs XpaHeHUs
ATTOMUHMIA He KOHCEpBUPOBATS He Oonee 2 | OTOOp B COCYZbl, MPOMBIThIC C.1I
4acoB KHCIIOTOM
Swmia HClHa 1 nmpober | 1 mecsin To xe
CII
(ipu HEOOXOTMMOCTH)
3 mu koHI. HNOs Ha 1 71 | 1 Mecsr
po0Osl (1o pH = 2) Tooxe -
5 mn HCI (1:1) ma 1 m | 1 mecsn
poOsI (1o pH < 2) Toxe B
12 M xmopodopma u 5 | 1-2 mecsma Ot60p MJIaCTMACCOBBIM
Ma HNO; Ha 1 1 Mopckoif b6aTomeTpoMm 703071 I1
BOJIBI SMAMPOBAHHBIM BEAPOM
5 M1 HNO; Ha 11 ipo0sI Xpanenune Ha xonoze (10 4 °C)
no pH = 3 B orcyrcTBHE WIM  KOHCEPBHpPOBaHHE B
nonoB CN’ 1-2 mecana | MyHKTE orbopa npod. C
DunbTpOBaTh yepes
MemOpansbii pupTp 0,1 MKM
Bbapwuii 3 mu1 koHI. HNOz Ha 1 1 | 1 Mecsig
npo0sl (1o pH =2) - i
5 mi HCI (1:1) ma 1 x| To xe
po6sl (1o pH = 2) - -
bepummmit | 3 mu xoun. HNO; Ha 1 1 | Imecsn
po0sl (pH = 2) B B
5 mi HCI (1:1) ma 1 x| To xe
po6sI (10 pH = 2) - -
Bop He xoHCcepBUpoOBaThH B OT60p B coCylbl, U3 KOTOPBIX nc
00p HE BBINETAYNBACTCSI ’
Banagnit 3 mu koHI. HNOz Ha 1 1 | 1 mecsr
po0sl (1o pH = 2) B B
5 mu HCI (1:1) ma 1 x| 1 mecsan
po6sl (o pH = 2) - -
12 mn xsnopodopma u 5 | 1-2 mecsaua Ot60p IJ1aCTMAaCCOBBIM
M HNO; Ha 1 1 Mmopckoi O6aromeTpoM W II
BOJIBI SMAMPOBAHHBIM BEAPOM
BucmyTt To xe To xe To xe I1
Bonsgppam | 3 ma xonu. HNO; Ha 1 1 | 1 mecan
po0sl (o pH = 2) - -
5 mi HCI (1:1) ma 1 x| To xe
po6sl (1o pH = 2) - B
Keneszo 25 mn HNO; ma 1 1| 1-2cyTok Bosmoxna — ancopbuua - wenesa IT wm BC
obriee po6kI CTEHKaMHU COCYJa.
2—4 mn xsopoopma Ha 1 | 1 cyTKH
J1 TpoOBI - -
3 mia xoH. HNO; mva 1 11| 1-2 cyTku
poOsI (1o pH = 2) - -
12 mn xmopodopma u 5 | 1-2 mecsma | Ot6op TJ1aCTMACCOBBIM
w1 HNOj; Ha 1 11 Mopckoit baromerpom HITH I
BOJIBI TMOJIM3TUIICHOBBIM BEIPOM
He xoHcepBupoBarthb [Tpo6sl He ¢unbTpoBats. Ilepen
He Gomee 4 | amammzom  mpoOy  SHEPrUYHO B
4acoB B300aTaTh U 100ABUTH 2 MJI KOHII.

HCI na 100 M1 BoabI.
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Kagmuit 5 mx HCI (1:1) va 1 n Bo3moxkHa ajcopOumst KagMus
po6sI B CTEHKaMH COCY/Ia B
3 mu xour. HNO; Ha 1 11 | 3 cyTOK To xe
npo0sl (1o pH =2)
20 mn ouunieHHod 6 M DunpTpoBaTh yepes
HCl ma 1 1 mpoOb1 - MEMOpaHHBIH  (QUITBTP 0,45 II
MKM.
Kanuit He xoHcepBupoBars 4 cyToK q)I/IJ'IBTpOBaTI: uepes n
MeMOpaHHBIN QIIBTP
Kanpunii He xoHcepBupoBarth Ecmu B mpodunbTpoBaHHON
gyepe3 ¢punbtp 0,45 MKM BoJie B
2 cyTOK Nepuo],  XpaHEHHs  BhIMAl -
ocanok, conepxamuid CaCOs,
nocnennuii pacteoputh B HCI
KobGanbt 20 Mn ouumieHHod 6M DuUnbTpOBaThH yepes
HCl na 1 1 npo6sr 1 mecsn meMmOpanHblii  punetp 0,45 II
MKM.
3 mu1 koHIl. HNOz Ha 1 1 | 1 Mecsig
poOsI (10 pH = 2) B -
5 mi HCI (1:1) ma 1 x| To xe
po6sl 1o pH =2 - -
Kpemunii 1 ma H,SO4 (1:3) Ha 1 1
(cunmukaTel) | MPOOBI  TPH  BBICOKOM 1-3 cyTok - II
koHIeHTpanuu Si0,
Kpemuuit | He koHCcepBUpOBaTH He xpanuts MyTHBIE TIPOOBI (QHUIBTPOBATH
pacTBOpeH- yepe3 MeMmOpaHHBIH  (QUIBTD -
HBIH 0,45 Mxm
1 ma H,SO,4 (1:3) ma 1 1| 1-3 cyTok DOuIpTpOBATH gepe3
MpoOBI WK OXJAAHUTH 0 MeMOpaHHBIH  (UIBTP 0,45 IT
0-3°C MKM.
1 mn H,SOs, ma 1 1| 1-2cyrok
MOPCKOIA BOJIBI B B
Marnuit He xoHcepBHpOBaThH 2 cyTOK BCILC
He xoHcepBupoBaTh JnurensHoe | OuiIbTpOBaTh yepes
XpaHeHue MeMmOpanubii  ¢uretp 0,45 -
MKM.
Mapranen | He koHcepBupOBaTh He xpaHuts OT60p B CTEKISHHYIO WIH
MOJIMITHIICHOBYIO MOCY Ty -
5 vt HNO; Ha 1 11 Ipo0OBI Bo3MmoxHO OCaXKIECHHE
| mecs THJIPOKCHIA MapraHiia, ero C.TL BC
MOCIeNyIOlee OKHUCIEHHE H
azcopOLus CTEHKaMU CoCya
5 mi HCI (1:1) ma 1 x| To xe
- II
po6sl (o pH = 2)
12 mn xnopodopma u 5 | 1-2 mecsua Ot60p IJ1aCTMAaCCOBBIM
mia HNO; Ha 1 1 Mopckoit OaromeTpom W II
BOJIbI HOJIUITUICHOBBIM BEIPOM
JluTnit [Moaxucstor g0 pH < 2 1 Mmecs1g Ilonxuciaenue II03BOJISIET
ONPEAENNUTh JINTUM M3 TOU K€ 11
1poOBbl, 4TO U IPYTUE METAJLIbI
Mblbax [Moakucstor o pH < 2 1 mecsn ConsHyI0 KUCIOTY M00aBIIsIOT,
ecsy mpu aHanuse ucnonb3ywot | [Twm C
THIPUIHYIO TEXHOJIOTHIO
Harpwuit He xoHCepBUpOBaThH 1 mecsy I1
OnoBo OxJaxx1eHne npoosl He npumenstor HNO;. Ecmm | ITumu bC
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UMEIOTCSL  OJIOBOOPTaHUYECKHE
COCTMHCHHSI, mpody
KOHCEPBUPYIOT YKCYCHOM
KUCJIOTOM U1 aHaji3a oOLIero
0JIOBA.

PryTh [Moakucmstor mo pH < 2 | 1 mecsn Cocyn momkeH OBITh IPOBEpPEH
o01mas A30THOM  KHUCIOTOM W Ha OTCYTCTBHUE 3arpsi3HEHUN
00aBIISIOT JHUXpoMaT BC
Kalmusi 0 KOHIICHTPAIUU
B ipo6e 0,05 %
CauHen IHonkucasror HNO; 1o | 1 mecan He MIPUMEHSIOT CEPHYIO | 1 BC
pH<2 KHCJIOTY
Mens 5 vt HNO; Ha 1 11 ipo0OBI | mecs Bo3moxkna amgcopOrmust  Memu C. 11
CTeHKaMH cocyJia
5-10 mm HCI (1:1) Ha 1 1 | 1 mecsn BosmoxxHa ancopOrust Mmenu C. 1
po0OBI CTEeHKaMH cocya ’
12 M xmopodopma u 5 | 1-2 mecsia Ot60p MJIaCTMACCOBBIM
ma HNO; Ha 1 1 Mopckoif b6aTomeTpoMm 703071 I1
BOJIBI MOJIUITUIICHOBBIM BEJIPOM
20 mn oummennoir HCI [IpoOb1 0TOMpPaTh B OTACTHHYIO
(1:1) ma 1 1 mpoOBI nocyay, GUIBTPOBaTh dYepes
a MeMOpaHHBIH ¢bunpTp B
0,45 MKM.
2 v nensaoit CH;COOH
Ha 1 71 mpoOBI - - -
Cenen 5 ma xoui. HNOz u 0,5 T | 1 mecsn
nepcyibdara  aMMOHHS - -
Ha | 71 IpoOBkL.
Cepebpo 5 mu1 HNO; Ha 1 11 ipo0Gst He npumeHstoT XJ10poBOIOPOI-
— HyI0  KHCIOTy. Bo3moxHa C I
ancopOIHsl CTCHAMH Oy TBIITH
12 mu xjaopodopma u 5 Ot60p IJIACTMACCOBBIM
mi1 HNO; Ha 1 1 Mmopckoi — OaromeTpoM U II
BOJIBI MOJIUITUIICHOBBIM BEJIPOM
CrpoHrmii | 3 MJI KOHIL. HI\103 Ha 1 11 | mecs B
po6sl (o pH = 2)
5 man HCI (1:1) ma 1 n | 1 mecsn
po0sl (1o pH = 2) - -
Turaun 3 mu koHIL. HNO; Ha 1 1 | 1 Mecsr
po6sl (o pH = 2) - -
5 man HCI (1:1) ma 1 n | 1 mecsn
po0sI (1o pH = 2) - -
12 M xmopodopma u 5 | 1-2 mecsima | OTO0p IJIaCTMACCOBBIM
M HNO; Ha 1 1 MOpckoi b6aTomeTpoMm AN I1
BOJIBI MOJIUITUIICHOBBIM BEJIPOM
Tsxenvie 5 Mn1 HNO; mHa 1 1| 1-2mecsana OTtbop JIaCTMAaCCOBBIM
METaJlIbl MOPCKOU BOJIbI b6aromeTpom W II
MOJIUITUIICHOBBIM BEJIPOM
He xoHcepBupoBaThH He xpaautes | OTO0p IJIaCTMACCOBBIM
baToMeTpoM WITH -
MOJMITHICHOBBIM BEIPOM
5 v HNO; Ha 1 11 ipo0sl Xpanenue Ha xojoze (1o 4 °C).
(mo pH = 3) B OTCYTCTBHE | | , Mecsiia CDI/IJ'IBTpOBaTE; yepes C
noHo CN MEMOpaHHBIH  (QHUIBTP 0,45
MKM.
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XpoMm 5 mi xoH1. HNOs Ha 1 11 1-2 cyTok B C.1I
pOOkI
1 mit xour. H,SO, Ha 1 11 OunbTPOBATH gepe3
poOEI 1-2 cyrok | MeMOpaHHBIH  QUIBTD 0,45 II
MKM.
3 vt xou1. HNO; Ha 1 11 | 1-2 cyTOokK
po6sI (10 pH = 2) B -
Iunk 1 mi1 xonn. H,SO, Ha 1 11
poOsl B oTcyTcTBHE CN™ | mecan - G
3 mu koHIL. HNOs; Ha 1 1 | 1 Mecsr
po6sI (10 pH = 2) B -

C — cocymsl m3 crekna; Il — cocyapl w3 mactuka (MOMUATHICH, TeQIIOH,
nonuBuHWIXI0pUA); BC — cocyabl 3 60POCUIMKATHOTO CTEKIA; — B JIIOObIE XUMHUYECKHE
COCYIBL.

CO,ZICp)KaHI/IG MCTaJIJIOB B BOJaX  PCrilaMCHTUPYCTCA npcacjibHO
JONMYCTUMBIMU ~ KOHIIeHTpalrusasmMu. B Tabn. 6.18 mpuBeneHsl MpeneabHO

JIONyCTUMBIE KOHIICHTPAIlMd METAJVIOB M WX COEJUHEHUM ISl Pa3IUYHBIX THUIIOB
BOJI.

Tabmuma 6.18 - IlpengenbHO OOMYyCTUMBIE KOHIIEHTPAIIMM HEKOTOPBIX BPEIHBIX
BELLECTB B BOJAX

[IpenenbHO MOMyCcTUMAsT KOHIICHTPALIHS
(Mr/7) B BOJIe BOJHBIX OOBEKTOB
. XO3SMCTBEHHO-IIUTHEBOTO U .
HaumenoBanue JlumuTupyronmin pBIOOX 035~
KYJIbTYpHO-OBITOBOTO
KOMITOHCHTA IOKa3aTellb CTBEHHOT'O
Ha3HAYCHUS
Ha3HAYCHHS
HOpMAaTHUB
Canllun Canllun
BO3
AJTFOMUHUH OpraHOJIEITUYECKHUI 0,2 0,08
ATFOMUHHUS OpraHOJICTITHYECKHI 15
OKCHUXJIOPUJ] i
Oapwuit CaHUTapHO-
. 0,7 0,1
TOKCUKOJIOTHICCKHI
Oepuiuit CaHUTapHO- HET  HaJeKHBIX
TOKCHKOJIOTMUYESCKHi | AaHHPIX A 0.0002
YCTaHOBJICHUS >
HOpMaTHBa
o6op CaHUTapHO-
. 0,3 0,5
TOKCUKOJIOTHYECKHI
Banaauii (V) CaHUTapHO- 0.1
TOKCHUKOJIOTMYECKHU I ’
BUCMYT CaHUTapHO- 0.5
TOKCHUKOJIOTHYSCKHU I i
BOJIb(pam CaHUTapHO- 0.05
TOKCHUKOJOTHYECKU I ’
J)Kee30 OPraHoJICITHYECKUI 0,3 0,5 0,1
KaJIMUH CaHUTAPHO- 0,003 0,001 0,05

304




TOKCHKOJIOTMYECKUM

KOOaIbT CaHHUTapHO- 3 0.1 0.01
TOKCHUKOJIOTMYECKUI ’ ’

KPEMHHI CaHWUTapHO- } B 10,0
TOKCHUKOJIOTMYECKUI

CHIIKAT HaTpust CaHHUTapHO-

10 SiO32_ TOKCHUKOJIOTMYECKUI B 50,0

JUTUR CaHWUTapHO- B 0.003
TOKCHKOJIOTMYSCKUM i

Mapraser| CaHUTapHO- 0.5 B 0.01
TOKCHKOJOTMYSCKUM ’ ’
OPraHoJIENITHYECKHI 0,1 -

MeEIb CaHUTapHO- 20 0.001
TOKCHUKOJIOTUYECKUI ’ ’
OPraHoJIENITUYECKHI 1,0 1,0

HaTpui OPraHoJICITHYECKHUI 200

MO0 1eH CaHUTapHO-
TOKCHKOJOTMYECKUM 0,07 0,25

MBILIBSK (McKI0uast CaHUTapHO- 0.01 0.05

OpraHuyecKHue coeuHenus ) | TOKCUKOJIOTHYSCKUI ’ ’

HHKEIb CaHUTapHO-
TOKCHKOJIOTMYECKUM 0,02 0.1 0.1

HUOOUM CaHUTapHO- B 0.01
TOKCHKOJIOTMYECKUM ’

0JIOBO:

IOy TUIInaypat- CaHUTapHO- B 0.01

0JIOBO TOKCHUKOJIOTUYECKUI ’

IOy TUIT0TOBOOKCH/T CaHUTApHO- B 0.004
TOKCHUKOJIOTUYECKUI ?

U300y THIIMAaJIeat CaHUTapHO- 3 0.02

JMOKTHJIOJIOBA TOKCHUKOJIOTUYECKUI ’

TpUOYTUIIOJIOBA CaHUTapHO- B 0.02

XJIOpUJL TOKCHUKOJIOTUYECKUI ’

JIMU300KTHJITHOTJIH- CaHUTapHO- B 0.01

KOJISIT TUOYTHIIONOBA | TOKCHKOJIOTHYECKUN ’

TeTpadyTUIIOJIOBO CaHUTapHO- B 0.002
TOKCHUKOJIOTMYECKHI ’

TETPAa’3TUIIOIOBO CaHHUTapHO- B 0.0002
TOKCHKOJIOTMYSCKUM ’

PTYTh O0IIast CaHUTapHO-
TOKCHKOJIOTMYSCKUM 0,001 0,0005

JTASTHIPTYTh CaHUTapHO- B 0.0001
TOKCHKOJIOTMYSCKUM ’

STUIMEPKYPXJIOPUL CaHUTapHO- B 0.0001
TOKCHKOJIOTHIECKUH ’

CBUHEI] CaHUTapHO-
TOKCHKOJIOTHIECKUH 0.1 0,03 0.1

celeH CaHUTapHO- 0.01 B
TOKCHKOJIOTMYECKUH ’

CeJIeH (Seng_) CaHUTAPHO- — 0,001
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TOKCHKOJIOTHYECKHUI

cypbMa CaHUTAPHO- 0.005 B
TOKCHKOJIOTHYECKHUI ’

cypbsMma (1II) CaHUTapHO- B 0.1
TOKCHKOJIOTHYECKHUI ’

TaJUTHI CaHUTapHO-
TOKCUKOJIOTHYECKHI - 0,0001

temtyp (1) CaHUTapHO- B 0.01
TOKCHUKOJIOTUYECKUI ’

THTaH CaHUTapHO-
TOKCUKOJIOTHYECKHI B B
0011ecaHUTapHBIN — 0,1

ypaH CaHI/ITapHO- o HET HAACIKHBIX JaHHBIX IJI YCTAHOBJICHUS HOpMAaTHBa
TOKCHKOJIOTHYECKHUI

beppormaHuIb! CaHUTapHO- 3 1.5
TOKCUKOJIOTMYECKHI ’

XpoM CaHUTapHO- 0.05 B
TOKCUKOJIOTMYECKHI ’

xpom (VI) OpPraHOJIENTHYECKUI 0,1 — 0.001

xpom(III) OPra”oJIENITUYECKHUI 0,5 -

IUHK 0011ecCaHUTaPHBIN - 1,0 0,01
OpraHOJICITHYECKUI 3 —

[Ipy HU3KMX KOHIICHTPAIUSX AJIEMEHTOB B BOJAX W HEBO3MOXKHOCTH HX
MPSMOTO OTPECICHUS MPUMEHSIOT CIICAYIONINE METOAbl KOHIICHTPUPOBAHMS:
BBINIAPUBAHUE, DKCTPAaKIMI0, COpOLMIO, HOHHBIH OOMEH, COOCaXKIECHUE,
BBIMOP)KMBAHKE U IPYTUE METOJIBI.

BolnapuBanye BOJbI M3 NPOOBI — MIMPOKO PACIPOCTPAHCHHBIA METOJ
MOJATOTOBKHU K aHaJIU3y MpoO BOJABI C HU3KUM COJCP>KaHWEM B3BEIICHHBIX YACTHII.
Tak 1erko MOXHO YBEJIMYUTh KOHUEHTPALUU pacTBOpeHHbIX BemectB B 10—1000
pa3. Meroxa, ogHaKo, HE JMIIEH BEChbMa CYIIECTBEHHBIX HEIOCTATKOB: 1) 3TO
CPaBHUTEJIBHO MEJJICHHBIA METOJ KOHIICHTPUPOBAHUS;, 2) BBIMAPUBAHUEM
KOHIICHTPUPYIOTCSI HE TOJIBKO OMNpeAesieMble MHKPOKOMIIOHEHTBI, HO U
MaKpOKOMITOHEHTBI, KOTOPBIE MPU BBICOKMX KOHIICHTPAIIUSAX OOBIYHO MEIIAI0T
onpenencHuo. [lpu 3HAUMTETEHOM KOHIIEHTPUPOBAHUH BBITAPUBAHUEM BSI3KOCTh
pacTBOpa  yBEIMYMBACTCS, HEPEAKO TMPOWCXOAUT  BBIMIAJCHUE  OCAIKOB,
TanbpHEHIIee OTAeNIeHHe KOTOPHIX (PHIBTpOBAaHUEM MOXKET MPHUBECTH K TOTEPHU
OTpeNIeISIEMBIX KOMITIOHEHTOB MpoObl. [lodTomMy, ecnam mocie BBITapUBAHUS
collep)kKaHMe MUHEpalbHBIX BellecTB TmpeBbimaer 5000 wmr/m, HeoOXoaumo
BBIOpaTh JApPYyrod METOJ| KOHILIEHTPUPOBaHUS, YTOObI CBECTH A0 MHUHUMYyMa
HEaTOMHYI0 a0copOmuio; 3) BO3MOXKHBI TOTEPU WM HEIMOJIHOE YyAaJICHUE
OTIPEJIEIISIEMOT0 BEIIECTBA BCIICJCTBUE YIETYUYUBAaHUS (€CIIU 3TO BEIIECTBO JIETyYe
npu Temreparype kunenusi, Harpumep, AsCls) wiu ajcopOuunu CTeHKaMU COCy/a;
4) BO3MOXHO 3arpsi3HEHHE MPOOBI BEIIECTBAMHU, M3BJIEKAEMbIMU W3 Marepuaia
MOCYJIbl W TOMajgaeMbIMH C MbUIBI0. C 1enpl0 M30EKaHUS TEePEUNCICHHBIX
HEJI0OCTaTKOB HEOOXOIMMO MCTIOIB30BaTh CICIYIOIINE MPUEMBI.
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YroObl mpu BBIIAPUBAHUM B COCYAbl HE IONaja IbUIb, IPHUMEHSIOT
IIOKPOBHbIE CTeKJa. PekoMeHayercs HMCHoiab30BaTh MOCyny W3 TedioHa. Jlis
yIaJeHus napa, HaJl COCYJIOM ISl UCIIAPEHUs MIPOITyCKAIOT MOTOK CYyXOIr'o YMCTOIO
Bo3qyxa. KpellIky Hajg CcOCyJOM MOXHO HW3TFOTOBUTh U3  OOJBIIOTO
IUIACTMACCOBOIO CTaKaHa C OTBEPCTHEM B CTEHKE JJIs MTO/IBOJA BO3/1yXa.

JUis mpeaoTBpallleHusl MOTEPh JIETKOJIETYYHMX AJIEMEHTOB BbIIApPUBAHUE
npo0 BOJBl MNPOBOASAT NPU HAUMEHBLIEH TeMIlepaType, KOTOpas IO3BOJISET
IIPOBOJUTH KOHLIECHTPUPOBAHUE B TEUEHHE HE CIUIIKOM JUIMTEIBHOIO BPEMEHHU.
Bo wusbexanue mnortepb H3-3a Pa3OpBI3TUBAHMS HENb3sl JOMYCKaThb KUIECHUS
pacTBopa. Jlns mnpenoTBpalieHus THUIpoJaW3a OpoOy IMepen  BblIapUBaHUEM
nonkucisoT KoHueHTpupoBanHbiMH HCI wmm HNO; (1-2 % ot obOwvema
pacTBopa).

HecMoTpst Ha OTMEYEHHBIE HEIOCTATKM METOJ BBIIAPUBAHUS YCIELIHO
npuMensieTcst 111 koHuentpupoanus Cr, Li, Co, Cu, Mn, Pb, Fe, Ba u apyrux
AJIEMEHTOB B IUTHEBOM, PEYHOM U IPYIUX BOAAX.

Merton  BblllapuBaHUsS  YJAa4HO COYETaeTCd C  COpPOLMOHHBIM U
HKCTPAKI[MOHHBIM KOHLIEHTPUPOBAaHUEM. [l KOHLEHTPUPOBAHUS 3JIEMEHTOB —
npuMeceil B BOJAaX YacTO HCIOJIb3YIOT SKCTPAKLMOHHBIE METOJbl. DKCTPAKIHIO
IPUMEHSAIOT TakXe, KOrjaa npoObl UMEIOT HEU3BECTHYIO IPUPOLY WM COAEpIKAT
BBICOKME KOHLIEHTPALMU PACTBOPEHHBIX WM MUHEPAJIBHBIX BEILIECTB.

K mnpumensemMbiM 53KCTpareHTaM B aTOMHO-aOCOpPOIITMOHHOM aHalln3e
OpeabsABISIOT psia TpeboBanuid. [Ipexxne Bcero, 310 TpeOoBaHMS, KOTOpPbIE
OPEIBABISAIOT K SKCTPareHTaM B JIIOOOM METOJIe aHAJIN3a:

1. DkcTpareHTsl NOJKHBI 00JalaTh XOpOLIEH CIHOCOOHOCTBIO H3BJIEKATh
OIpeNeNsieMOe BEUIECTBO WM TIpynmy BemecTB. [lo MexIyHapoaHbIM
CTaHJapTaM CTENEHb U3BJICUEHHUS 3JIEMEHTOB JIOJKHA ObITh HE HHXKE 95 %.

2. DKCTpareHT JOJKEH OTJIMYaThCs Majol pacTBOPUMOCTBHIO B BOJIE, U BOJA,
C Ipyroi CTOPOHBI, JOJIKHA Majio pacTBOPSTHCSA B dKcTpareHTe. Eciu 310
TpeboBaHHE COOMIOCTH HEBO3MOMXKHO, PEKOMEHAYETCS MOJIb30BAThCS BOJIOM
U PacTBOPUTEIIEM, IIPEABAPUTENBHO HACBIILIEHHBIMU APYT ApyroMm. OmHako
BBINIOJIHEHUE JITAHHOTO TPeOOBAaHMS HE BCErja SBISETCS 00sA3aTEIbHBIM.
Pa3paboransl METOJIMKU HKCTPAKLMOHHO-aTOMHO-a0COPOLIMOHHOT O
OIIPEIEJICHHS PsIIa JIEMEHTOB B BOJIaX C IPUMEHEHHUEM BOJIOPACTBOPUMBIX
CIOUPTOB  (ITUJIOBOrO, H3OMPOMUIOBOr0), KeTOHOB (arerona). Jlus
pasneneHuss (a3 NPUMEHSIOT BbICAIMBATENM — CyJb(paTbl aMMOHMS,
HATpPUsL, XJIOPU HATPUSA U JPYTHE SJIEKTPOJIUTHI.

3. XKenarenpbHo, dYTOOBI MPUMEHSEMBIH JKCTPAreHT HMEN JOCTaTOYHO
BBICOKYIO TeMIIeparypy kurneHus, e umke 50 °C.

4. TInOTHOCTH SKCTpareHTa JOJDKHAa Kak MOXKHO OoJjbllle OTJIWYarcs OT
IJIOTHOCTH aHAJIM3UPYEMOI'O PacTBOPA.

5. DKCTpareHT He JOJDKEH B3aMMOJEWCTBOBATH C IPYTMMH KOMIIOHEHTAMH
aHAJIM3UPYEMOI'O PaCTBOPA.

6. DKCTpareHT [JOJDKEH OBITh YHCTBIM, JIETKO pEreHepUpoOBaTbCS B
71a00paTOPHBIX YCIOBUAX, OBITH IO BO3MOKHOCTH MaJIOOIIACHBIM.
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Meton mniamMeHHOM aToOMHO-a0COpPOLIMOHHON CIEKTPOCKONHUM Hajaraer
JOTIOJTHUTENbHbIE OTPAHUYEHUSI HA OPraHUYECKUE PACTBOPUTEIH:

1. CunbHONETy4YHE pPACTBOPUTEIN OKA3bIBAIOTCA HEMOAXOASAIIMMHU IO TOU
MPUYMHE, YTO UX YJETydyhBaHHE C 0Opa3oBaHHEM OOJBIIOT0 KOJIMYECTBa
napa MPOUCXOJMUT paHbIIE, YEM pachbUIsieMass >KHUJIKOCTb JOCTUTAeT
miameHu. Pacmivpenue mapa B pacHbUIMTENBHON KaMepe MNPUBOIUT K
YBEJIMYECHHUIO CKOPOCTH MPOXOKIEHUS raza 4epes3 IIeslb FOPesKH, U IIams
4acTO TaCHET, OTOPBABILKCH OT TOPEJIKH.

2. HenogxoosmuMmu  OKa3bIBAKOTCS W XJIOPUPOBAHHBIE  YIVIEBOJIOPOBI,
ocobenno CCly; u CHCI;. Hekotopble W3 HEX CrOparoT BO BHEIIHHUX 30HAX
IUIAMEHU HE TOJHOCTBIO, B PE3YJIbTATE YEro 0Opa3yrOTCs SIIOBUTHIE Ta3bl,
Takue Kak (pocreH.

3. HenacbluieHHbIE YIJIEBOJOPOJABI M ApPOMATHUYECKHE COEIMHEHUS TaKkKe
OKa3bIBAIOTCSl HEMOAXOAAIMMU. OHU CroparoT B IJIAMEHU JIUIIb YaCTUYHO
U ropAT ¢ o0pa30BaHUEM KONTSUIETO IJIAMEHHU, KOTOPOE SIBJISETCS CHUIIBHO
BOCCTAHOBUTENbHBIM. Y CIIOBUSI BOCCTAHOBJICHUS HE OJaronmpusiTHbI s
OTpPEJICJICHUs] MHOTUX 3JIEMEHTOB U K TOMY K€ COJEpKallee CaxKy TIIams
BBI3bIBAET OOJIBIINE TTOTEPH.

[IpeAnoYTUTENbHBIMU ~ PACTBOPUTEISIMU  SABIISIOTCS  anudaTuyeckue
COEOUHEHUS, CIIMPTHI WM KETOHBI CO CPETHEN MOJEKYJISIPHOM MacCOW. Y CIEIIHO
UCIOJB3YIOT METUIN300yTHIIKETOH, 3TUJIAIeTaT, STUINPONUOHAT, H-OyTHUJIaleTar.
OTH pacTBOPUTENM XapaKTepU3YIOTCS TAaKUMHM 3HAYECHHSIMU BSI3KOCTH U
MOBEPXHOCTHOTO  HATSKEHHs, KOTOpble  yBEIMYUBAOT  3(P(PEKTUBHOCTD
pacnbuieHus. [Ipy CKUraHWMM OpPraHUYECKUX PAaCTBOPUTENEH CIIEAYyeT HMETh B
BUJYy, YTO BCE OHHM OO0OramalT IJams TOIUIMBOM, B CBSI3U C 4YeM Tpedyercs
HEKOTOpask PEryJIMpOBKa COOTHOIUEHUS OKUCIUTEN U TOILIMBA. JTO MOXKET OBITh
JOCTUTHYTO JTMOO YMEHBIIEHHUEM CKOPOCTH MOJa4yM TOIUIMBA, JIUOO YBEITUYEHUEM
CKOPOCTH MOAA4YM OKUCIUTENS, MO0 OrpaHUYEHUEM CKOPOCTH MOJIayu KUAKOCTH,
aMb0 KOMOMHAIuMed BCeX TpeX peryaupoBoK. llpu 3ToM cremyeT y4duThIBaTh
HeXeNaTeNnbHbIN 3 (PEeKT orpaHuyeHUs CKOPOCTH PACIIbUICHHUS, BhIPAXKAIOIIUNCS B
CHW)KEHUM YYBCTBUTENHLHOCTH. CKOPOCTh MOCTYIUICHUS TOIUIMBA HE JOJKHA
CHU)KAaThCSl HACTOJBKO, YTOOBI IJIamsi Taciio, KOrja BCachblBAaHUE PACTBOPUTEIS
MpeKpalaercs.

OCHOBHBIM TPEUMYIIECTBOM METOAA HSKCTPAKIMU SIBIISIETCS BBICOKAS
creneHb KoHIeHTpupoBanusa (10—100 pa3) mpu mainoit 3aTpare BpeMenu. pyrum
IPEUMYILECTBOM 3TOT0 METOJA SBISIETCS BO3MOXHOCTh OJHOBPEMEHHOIO
KOHIICHTPUPOBAaHUSA OONBIIOT0 YHCIa MPUMECe METaIOB, HANpUMeEp, IpU
WCIOJIb30BAaHUU THPPOIUIUHANTHOKapOaMaTa aMMOHUS. DKCTPAKIUS MO3BOJISET
OTIEIUTh ONPEIEIsIEMbIE IPUMECH OT HEXKEJIATEIbHBIX KOMIIOHEHTOB MATPHULBI.
Hcrnonb3oBaHWE  OPraHMYECKUX  JKCTPAreHTOB  MO3BOJIIET  HE  TOJIBKO
CKOHUEHTPHUPOBATH OIMpPEAEIIIEMbIE AIEMEHTBI, HO U CHU3UTh A0COIIOTHBIN Mpeaen
OoOHapyXeHHsI W3-3a H3MEHEHUW ycinoBud ropeHus. [lpum wucnoap30BaHUM
MJJAMEHHOTO BapuaHTa aTOMHO-a0COpOIIMOHHOrO MeToAa opraHuyeckas ¢asa
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JNOJDKHA ~ TOAXOAUTh JJIE  CKHUTaHUST B TOpeJKe, TNpPH  HCIOJIb30BaHUU
AIEKTPOTEPMHUYECKOTO0 aTOMHU3ATOpa ITUM TPEOOBAaHWEM MOKHO MpeHeOpeYb.

[II1upokOo TPUMEHSIOT HSKCTPAKIUI0 JUTHOKApOAMaTHBIX KOMILIEKCOB
Hekotopeix dneMenToB (Cu, Ag, Cd, Hg, Pb, Te, As, Cr, Mo, Mn, Ni, Co u ap.)
OpraHUYeCKUMHU pacTBOpUTENAMH. J[MTHOKapOamMaThl pearupyroT ¢ MeTaIaMH,
JUIL  KOTOPBIX XapaKTepHBl HEPAaCTBOpUMBIC CYyIbPuabl, ¢ oOpa3oBaHUEM
KOMILIEKCOB, KOTOPHIE PACTBOPSIOTCS BO MHOTMX OPraHUYECKUX PACTBOPHUTEIISX U
SKCTparupyrorcs umu. Hawmbosee YacTo HUCMONB3YIOT JUATHIIUTHOKapOamaT
HATpHs, TUITWIAUTHOKapOaMaT JUATHIAMMOHHS, TeTpaMeTHJICHIUTHOKapOamaT
aMMOHHUS (cuHOHUM — OUPPOJIUINHINTHOKapOaMaT aMMOHHUSA ),
reKCaMeTuJIeHAUTHOKapOaMar aMMOHHSI, reKCaMeTUJICHIUTHOKapOaMar
reKCaMETHIICHAMMOHMSI.

OcoOeHHO MIMPOKOE PaCHpOCTPAaHEHUE B  AKCTPAKIIMOHHO-aTOMHO-
a0COpOLIMOHHOM  aHaliM3 BOJA  TOJYYWMJIM CHUCTEMbl C  HCIOJIb30BAaHHEM
TeTpaMeTWJICHIUTHOKapOaMuHaTa aMMOHMS WM JIUATWIAWTHOKapOaMuHaTa
HaTpus MW TaKUX pacTBOpUTENCH, KaK METHWIM300yTWIKETOH, OyTuialerar,
ATUJIAIETAT, KOTOPHIE MO3BOJISIOT KOHIICHTPUPOBATH OMpPEACIsIEMbIE 2JIEMEHTHI B
10-40 pa3. OgHako 3THU PKCTPAreHThl UMEIOT PsiJi HEAOCTATKOB: HEOOXOUMOCTh
HEeHTpU(PYTrUpoBaHUs WM JUITUTEIBHOTO oTcTanBaHus (1m0 0,5 yaca) JyIs MOJTHOTO
pasneneHus (a3, YTO yBEIMIMBACT BpeMs aHAIN3a; HEJOCTATOYHAS YCTOMIMBOCTD
HKCTPAreHTOB BO BpEeMEHU TpeOyeT OBICTPOro HCIOIb30BaHUS (HAIpPUMED,
pPacTBOp TETpaMETHIICHANTHOKAapOaMHUHATa aMMOHHUSI B 3TAHOJIC MOXKET XPaHHUThCS
2,5 4Yaca mnpu KOMHATHOW TeMIlepaType HU & YacoB B XOJIOJUJIbHUKE);
HEJI0OCTaTOYHAS] YCTOMYMBOCTh SKCTPAKTOB BO BPEMEHH TPEOYeT MPOBEICHUS WX
aHajdu3a B TEUYEHUE HECKOJbKUX YacoB mociie mnoaydeHus. Kpome Toro,
METHUIIN300yTUIIKETOH, OyTHIaIleTaT ¥ ATUIAIETAT 3aMETHO PaCTBOPUMBI B BOJIE.
3a4acTyr0 d3TH OKCTPAKIUOHHBIE CHUCTEMbl HE OO0ECIEUYMBAIOT  TOJHOTHI
W3BJICUCHUS TIPU OJHOKPATHOW DKCTPAKIIMK U TPEOYIOT ABYX — MJIM TPEXKPATHBIX
MPOIEAYP, YTO 3HAUUTEIHHO OCJIOKHSET aHAJIU3.

[Ipy HE0OXOAUMOCTH TOBBICUTH UYYBCTBUTEIBHOCTh aHajM3a YacTo
HCIIOIB3YIOT YETBHIPEXXJIOPUCTBIN YIIepoa U XJIOpopopM, MajopacTBOPUMBIE B
BOJI€ U TO3BOJISIFOIIME TTOBBICUTDH CTENEeHb KOoHIleHTpupoBanusa A0 100 pa3. Ho u3-
32 IUIOXOM  TOPHYECTH  NPsAMOE  BBEJICHHME B  IUIAMS  DKCTPAKTOB
YETBIPEXXJIOPUCTOIO yriepoaa u XjaopodopMa He MpeaCcTaBIsICTCs BOZMOKHBIM, B
CBS3W C YeM IMPOBOIAT MHUHEPAIU3AIUI0 IKCTPAKTOB - CYXO€ O30JICHHE WU
PEIKCTPAKIIMIO, @ B TOPEJIKY CIHEKTPOMETPA PACHbUISIOT PACTBOP CYyXOIro OCTaTKa
AKCTPAKTa B KUCJIOTE MM PEIKCTPAKT.

OddexTuBHON A1 TPYNIOBOTO KOHIEHTPUPOBAHUS IJIEMEHTOB SIBIISICTCS
AKCTPAKIIMOHHAS cucrema reKCaMETHUIICHIUTHOKapOaMUHAT
reKCaMEeTUIICHAMMOHHU-OyTUIIalleTaT. DTOT AKCTPAKIIMOHHON peareHT JOCTYNeH 1
JICHIEB, €r0 CHUHTE3UPYIOT U3 TEeKCAMETWICHUMHUHA, SIBISIOMIETOCS MOOOYHBIM
MPOAYKTOM CHUHTE3a HeWnoHa. JIOCTOMHCTBOM JAHHOTO H3KCTPAKI[MOHHOTO
peareHTa SIBJISIeTCSA TO, UTO OH 00pa3yeT OoJiee ycTolunBbie KOMILIEKCH ¢ Cu, Ag,
Ni, Co, Cd, Mn n PDb, yeM JTUATUIAUTHOKapOaMUHAT
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TEeTpaMETWICHIUTHOKapOaMUHAT ~ aMMOHMs,  IpUYEM  3THU  KOMIUIEKCHI
DKCTPAarupyroTcss M3 0Oojee KHUCIOM Cpelapl, YTO B HEKOTOPBIX CIIydasx
YBEJIMUUBACT AHAJIUTUYECKYIO H30MpaTeNbHOCTh. OKCTPAKThl, COAEpIKALUe
KOMIUIEKCHl METAJIJIOB C FeKCaMEeTHIIEHIUTHOKapOaMUHATOM, 00Jiee yCTONYHBBI BO
BpPEMEHH, 4em HKCTPAKTHI, coJeprKaliue XeJaThl C
TeTpaMETUICHIUTHOKapOaMUHATOM M JTUATHIIUTHOKAPOAMUHATOM .

OKCTpakThl B METHJIU300YTHJIKETOHE paCHbUISIOT HEMOCPEJCTBEHHO B
wiams. [lpu 3ToM HaOMI0AaeTCs MHOTOKPAaTHOE MOBBIMICHHE YYBCTBUTEIHHOCTH.
JUisi yMEHbILIEHUsI PACTBOPUMOCTU OpraHUuYeckoi (ha3bl B BOJE PEKOMEHAYETCs
pa30aBiIATh METHIN300yTUIKETOH UKIOT€KCAaHOM B 00bEMHOM OTHOLIEeHUU 1:4.
MexayHapoIHbIi CTaHIApPT PEKOMEHIYET UCIOJIb30BaTh B KAUe€CTBE pa3z0aBUTENs
CMECH AUU3ONPOIUIIKETOHA U KCUIIOJIA.

JUIs KOHUEHTPUPOBAHUS D3JEMEHTOB HCIOJNb3YIOT TaKXKe 3KCTPAKLHUIO
KOMILJIEKCOB € JHMTH30HOMOM, 8-OKCHUXMHOJMHOM, alleTWialeToHoMm. Jlis
IPYyNIIOBOr0 KOHUEHTPUPOBAHUS MHOTMX 3JEMEHTOB NPEIJIOKEHa SKCTPAKIIUS
CMECBIO JIUTU30HA, 8-TUAPOKCUXWHOJIMHA, AalETUIAlleTOHA, pPACTBOPEHHBIX B
OyTunaierare. DTUM CIIOcOOOM B Bojax MokHO ompenenuts 00,0002 — 0,005
MKI/MJI ME€IH, LIMHKA, KaJMHs, CBHHIA. DKCTpakLMs KOMIUIEKCa BOJb(ppama ¢
OEH30MHTUOOKCHHOM METUIN300yTHUIIKETOHOM MO3BOJISIET ONPEAEATh BOJIbhpam
B BOJaX  METOJOM  aTOMHO-aOCOpOIIMOHHON  (OTOMETpHH  ILIAMCHH.
DKCTpaKIIMOHHOE U3BJIeYeHHE 0COOEHHO A(()EKTUBHO MPU KOHIICHTPUPOBAHUH U3
BbICOKOMUHEPATU30BaHHBIX PaCTBOPOB.

JUis TPYyNIoBOTO KOHLIEHTPUPOBAHUS 3JIEMEHTOB B SKCTPAKLIHOHHOM
aTOMHO-a0COpPOIIMOHHOM aHalM3€ HAIUIM TaKKe IMIMPOKOE MPUMEHEHHE TaKHhe
BbICOKOA(()EKTUBHBIE  SKCTPAKIMOHHBIE  pEareHThl, KaK  aluJIIHpa30ioH,
BBICOKOMOJICKYJISIPHbIE ~ aMHUHBI, HAa(QTUIBUCMYTOJN, KapOOHOBBIE KHCIOTHI,
KyndepoH u 1p.

OKCTPaKIMOHHO-aTOMHO-a0COpPOLIMOHHBIA ~ METOJ,  MPUMEHSIOT s
ananu3a BoJl, B kotopeix IIJIK mHorux snementoB cocrapisitor 0,001 — 0,5 mr/m.
ITpy HanMuuyU B TEXHUYECKUX U MPUPOIHBIX BoJAaX KOMIIEKCOHOB (IIJIKsyra — 4
MI/1), OKCHKHMCIOT M moanupochaToB KOHLEHTPUPOBAHUE MHOIMX METaJJIOB
OOBIYHBIMU JKCTPAKLIMOHHBIMU pPEAareHTaMM 3aTPyJHEHO, a MpPEIBapUTEIbHOE
paspylieHre  KoMmIulekcooOpazoBaTened  yanuHseT aHanu3. OOHapykeHa
BO3MOXXKHOCTb TPYIIIOBOM 3SKCTPaKUUU MHUKPOIpPUMECEH METalIoB B 3TUX
CUCTeMax Ipyd T[OMOILIM COJeH MEepBUYHbIX aMHUHOB C MHCIIOJIb30BAaHUEM
nukiorekcagocpara HaTpus ¢ 0Opa3oBaHHMEM  YCTOMYMBBIX ~ aHHOHHBIX
KOMILJIEKCOB CBHHIIA, KaJIMHUs, HUKEIS, XpOMa, MEJIA, LIUHKA, CaMapHsi, CTPOHIIMS.
JloCTUTHYTBl HU3KHE TpEJesibl OOHApY>KEHUS 3TUX HIIEMEHTOB IPH BBEJICHUU
a30THOKHCJIBIX PEIKCTPAKTOB B 3JIEKTPOTEPMHUUECKUI aTOMHU3ATOP.

B T1abn. 6.19 nmnpuBeneHbl 3KCTPaKUMOHHBIE CHCTEMBI, OOBIYHO
UCIOJIb3yEeMbI€ JUIsl KOHIIEHTPUPOBAHUS B aTOMHO-a0COPOLIMOHHOM aHaJM3€.

JUJ1s1 KOHLEHTPUPOBAHMS 3JIEMEHTOB-IIPUMECEN B aTOMHO-a0COpOLMOHHOM
aHalM3€  MAJOMMHEpPAJIM30BAaHHBIX  BOJ  NPUMEHSIOT  TaKKe€  METOJ
BBIMOp&)XHUBaHUS BOJAbl. KOHIIEHTpHUpOBaHWE TMpUMECEH BBIMOPAKUBAHUEM
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OCHOBAHO HAa TOM, 4YTO IIpHU 3aMCpP3aHUM YaCTHU BOAHOI'O paCTBOpa PaCTBOPCHHLIC
KOMITIOHEHTBI OCTAOTCS B KMJIKOM (1>a3e.

Tabmuma  6.19 —  DKCTpakIMOHHBIE  CHUCTEMBI,  HMCIOJIb3yeMble  JUIs
KOHLOCHTPHUPOBAHUA B aTOMHO-a6COp6HI/IOHHOM AdHAJIN3C IIPUPOIHBLIX M CTOYHBIX
BOJI

DKCTPaKIIMOHHBINA peareHT PactBoputens OmnpenensieMple JIEMEHTHI
TeTpaMeTUICHANTHOKApOAMUHAT | METHIIM300yTHIIKETOH, Cu, Pb, Cd, Co, Mn, Fe, Ni,
aMMOHHS amwmnanerat, xjopodopwm, | Bi, Zn, As, Ir, Pd, Pt, Se,

JTUU300y THIIKETOH, TOJIYOJT

Te, T1, Mo, V, Cr, Ag, Au,
Be, Ga, In, Nb, Sb, K, Mo

JTUATUIIUTHOKApOAMUHAT HATPUSL | METHIIM300YTHIIKETOH, Cu, Pb, Fe, Mn, Te, Ag,
amwmianerat,  xjopodopwm, | Au, Be, Ba, Zn, Cd, Tl, Sn,
HM30IIEHTAHOJI, Bi, Cr, Mo, Se, Co, Ni
LIUKJIOT€KCAHOJI,
JUU300y THIIKETOH, TOJIYOJI
TV THIAUTHOKapOAMHUHAT METHIH300y THIIKETOH Co, Ni, Cu, Zn, Cd, Pb, Mn,
aMMOHMS Fe, Bi, As, Ir, Pd, Pt, Se,
Te, Mo, V, Cr
JTUATUIIAMUHOIUTHOKapOaMUHAT JTUU300y THIIKETOH Cu, Pb, Fe, Mn, Te, Ag,
aMMOHHS Au, Be, Ba, Zn, Cd, T, Sn,
Bi, Cr, Mo, Se, Co, Ni
reKCaMeTWJICHIUTHOKApOaMIUHAT | METHJIN300y THIIKETOH, Cu, Ag, Zn, Cd, In, Pb, Mn,
aMMOHHS OyTuianerat Fe, Co, Ni
reKcaMeTWICHIUTHOKapoaMuHaT | OyTuianerar, metninuzo- | Co, Ni, Cu, Zn, Cd, Pb
reKCaMeTHIICHAMMOHUS OYTHJIKETOH + IHMKIJIOT€KCaH
(1:4), nMU30TIPONUIKETOH —
KCHUJIOJ
JTUTH30H METUITU300y TUIIKETOH, Cu, Ag, Zn, Mg, Pb, Ni, Pd,
TOJIYOJl, nukiorekcanon, | Cr, Cd
OyTuianerat, Xjopodopm,
YEeTBIPEXXJIOPUCTHIN
YIJIEPOJI, STUIPONUOHAT
8-TUIPOKCUXUHOIUH xJopohopM, tonyon, | Be, Mg, Ca, Sc, Al, In, Pb,
OyTuanerar, V, Mo, Mn, Co, Ni, Cu, Ga,
METUIN300y TUIIKETOH, Fe, Zn, In, Sn
OyTaHOJ, AMIJIMETUIIKETOH
8-okcuxuHONIMH  +  N-IMHHA- | METUIM300yTHIIKETOH, Cu, Zn, Cd, Pb, Co
MOMI(EHUITHIPOKCHUIIAMUH xjopodopm
KyndepoH (aMMOHHIHAs COJIb | METHJIM300y THIIKETOH, Al, Ge, Zr, Sn, V, Ti, Cu,
HUTPOPEHUWITUIPOKCUIIAMMOHHMS) | OyTuianerar, u3omneHtaHnon, | Mn, Fe, Ni
OcH30I +  H3OIEHTAHOII,
xjopodopm
aleTWIALEeTOH Tomyou, xsopoopm, | Be, Zn, In
YEThIPEXXJTOPHUCTHIN
yriepoj, OyTuianerar
rekca)TopaleTHIALETOH B-IMKETOHE, Cu, Zn, Cd, Pb
METHJIN300y TUIIKETOH
TEHOMNTpU(PTOpAIETOH B-IUKETOHBI, Cu, Zn, Cd, La, Nd, Yb, Al,
METHUIIN300y THIIKETOH, Pb, Fe, Sn, Mn

XJIOpohopM
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N-nmHHAMOMI()EHUITHAPOKCHIIA- | METHIN300y THIIKETOH, Be, Mg, In, Tl, Ni, Au, Ga
MHH xJopodopmM, TOJyO,
OyTuanerart

N-6eH30uneHUITHAPOKCUIIAMUAH | M30TIeHTaHoJ,  xJopodopwm, | Cu, Sn, Sb, Mo, Fe
METUIN300y THIIKETOH

TPUOKTUIIAMUH H30IPONMUIIALETAT, Cu, Be, Cd, Ga, W, Mo, In,
METUITU300y THIIKETOH, Sn, Mn,

LHKJIOT€KCAHOII, TOJTYOJI,
xJiopodopM, OyTrIanerat

OTOT METOJ| MPUTOJeH JUIsl KOHIICHTPUPOBAHUSI BELIECTB, OOJIaJar0IINX
JIOCTaTOYHOW pAcTBOPUMOCTBIO B BOAE MpH HU3KUX Temmeparypax. K
PEUMYILECTBAM 3TOI0 METOJA OTHOCSATCS HE3HAUYMTENIbHBIE IOTEPU JIETYUHX
COCIMHEHUW,  OTCYTCTBUE  3arpsi3HEHUSI  NPUMEHSAEMBbIMM  pPEaKTUBAMH,
3HAQUUTEIILHO MEHbIIAsg OMNAaCHOCTh M3MEHEHUS KOMIIOHEHTHOIO COCTaBa
UCCIENyEeMON CMECH BCIEJACTBUE TNPOTEKAHMS] KAaKUX-THOO MpeBpalieHUui
OIPEENSIEMBIX BELIECTB.

Bo03MOHBI pa3nuyuHble BapuaHThl MPOBEACHUS Ipouecca. B mpocreiiem
Cy4ae COCyJl C aHAIM3UPYEMOU BOJAOM MOMEIIAIOT B XOJIOAUIBHUK-MOPO3UIbHUK
¢ Ttemmeparypoil kamepbl -12 °C wiu B 0aHIO C OXJI@KJAIOUIEH CMECBIO H
BBIMOP@)KMBAIOT OCHOBHYIO Maccy Bojabl. PexomeHayercs UCHOJIb30BaTh
KOHYCOOOpa3HbI€ COCY/Ibl, PACIIUPSIOINECS KBEPXY.

bonee addextuBHbIN criocod 3akmouaeTcs B cieayromeM. Mccnegyemyto
BOAY IMOMENIAIOT B KPYIJIOJOHHYIO KOJIOY COOTBETCTBYIOIEIO pa3zMepa
(BMECTUMOCTh €€ J0JbKHa B 4-5 pa3 mpeBbIlllaTh 00beM MPOObI), KOTOPYIO IO
yrioM B 60° morpy:karT B OXJIaXIAMONIyI0 CMeCh ¢ Temieparypoir -12 °C u
BpamaroT ¢ yactoroir 80 o6opoToB B MuHyTy. [Ipu HE0OXOIMMOCTH MOXKHO
BApbUPOBATH TEMIIEPATYPY BBIMOPAKMBAHMS W YAaCTOTY BpAILCHHS, BIUAS TaKUM
00pa3oM Ha CKOPOCTb HaMEp3aHUs JbAa U OBICTPOTY OTBEIEHUS OT MOBEPXHOCTH
JbAa CJOS BOJBI, OoOJiee KOHIICHTPUPOBAHHOTO, HEXKEIHU OCTAJIbHON pacTBOP.
BriMopakuBaHue mpoBOAsST OOBIYHO 10 3amep3anus 9/10 Bcero pacTBopa.

Ha mnonaHOTYy KOHLIEHTpUPOBaHUS METaUIOB  OKa3bIBA€T  BIIUSHHE
MHHEpaInu3aus BO/I. Meton OKa3bIBAETCA 3 PeKTUBHBIM 1L
MaJIOMHHEPAIU30BaHHbIX BOJ. Pa3paboTaHa MeToquka aTOMHO-a0COpPOLIMOHHOTO
ONpENENICHUs] Xpoma, JKelle3a, MEIM, KaJMHs, CTPOHLMS, HUKENsA, CBHHIA B
IIATBEBOM  BOJE C  NOPEABAPUTEIBHBIM  KOHUEHTPUPOBAHUEM  METOJAOM
BBIMOPaKUBAHMS.

OngHako TpU HCMNOJAB30BAaHUM BBIMOPaXXMBAaHHS CKOPOCTh IIpolecca
MEpEMEHHAs] W HEperyjupyemas, IepeMEIINBaHNE HE3aKPUCTAILIN30BABIICHCS
KUJKOCTH OTCYTCTBYET, a OTACJICHUE KOHIICHTPATAa MPEICTABIISIET 3HAUUTEIbHYIO
TPYAHOCTb. ODTHX  HEAOCTATKOB JIMIIEH METOJ  HHU3KOTEMIEpaTypHOU
HaIpaBJICHHOW KpUCTAIUIM3AlMU, MNPH OCYIIECTBICHUU KOTOPOrO CTEKJISTHHBIE
KOHTEHMHEPBI C MCCIEIyEMOM BOJOW C 3aJaHHOM CKOPOCTBIO IIOIPYKAalT B
OXJIAXKJAIONIYI0 JKUAKOCTh IMpPU TMOCTOSHHOM M JIOCTATOYHO HWHTEHCHBHOM
NepeMEIINBAaHUU pAacTBOpa HaJ JIEASHBIM CIUMTKOM, PacTyIIMM B HallpaBiICHUU
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CHU3Y BBEpX. MeTton T1MO3BOJIIET MAaKCUMAJbHO BapbUpOBAaTh YCIOBUS
HKCIIEPUMEHTA U BIUATH TAKUM 00pa3oM Ha 3(PPEKTUBHOCTD BBIJCICHHUS.

Y 100HBIM METOJOM KOHILEHTPUPOBAHUS BOJ SBIISAETCS MPOIMYCKAHHE UX
yepe3 MOHOOOMEHHBIE KOJIOHKH C TOCIEIYIONIUM TPYIIOBBIM WM CEJIEKTUBHBIM
AIIOMPOBAHMEM (Yalle BCEro COJSHOM KuciaoTol). OOBIYHO HCHOJIB3YIOT
CWJIBHOKHUCJIOTHBIE KAaTHOHWUTBI, HO [IJIi 3JIEMEHTOB, HaxoJsiumumxcsi B ¢dopme
aHMOHHBIX KoMmIuiekcoB (Si, V, As, Mo), NpPUMEHSIOTCS CHILHOOCHOBHBIC
aHMOHHUTHL. BecbMa BbICOKME KOA(PPUIMEHTH O0OOTAIICHHS TMOMY4alOTCA TPH
cenektuBHOM u3Bineuenuu noHoB Ag(l), Ti(IV), As(IIl), Bi(Ill), Ta(V), Se(IV) u
JIp., TIOTJIOIIEHHBIX XEIaTHBIMU HOHUTAMU.

JIist TIPSIMOTO ONpeJIeNIeHNsl IEMEHTOB B BOje Ha ypoBHe n-107* — 0,1
MKI/JT MOXXHO HCIIOJIb30BaTh D3JIEKTPOTEPMHUUECKHE METOAbl aTOMM3AIMU B
rpadgutoBoii meuu. [ ompeneneHHWs MUKPOKOJIMYECTB psiia 3JIEMEHTOB B
nutbeBoil Boge 'OCT P51309-99 pekomeHOyeT 37AEKTPOTEPMUUYECKUI BapUaHT
aTOMM3AIlMd  aTOMHO-a0COpOIIMOHHOTO  MeToja. B MeTome  aToMHO-
aOCOpPOIIMOHHON ~ CTIEKTPOCKOMUM  CHEKTPAIbHBIC HAJIOKEHUS MPAKTUUECKH
OTCYTCTBYIOT, OJIHAKO BO3MOXKHO MeIIaroliee BIusgHUE MaTpulpl. s ero
YCTpaHEeHUs] TPOOBI TMOIKUCISIOT a30THOW KHUCIOTOW 10 KoHueHTparuu 0,3
MOJTB/J1. JIJis OOHApYKEHHUSI MEIIAIOIIETO BIUSHUS MaTPHUIhl aJUKBOTHYIO YacTh
npoObl pazbaBisitor B 5-10 pa3 pacTBOPOM a30THOM KHUCIOTBHI TaKOM ke
KOHIICHTpAI[MU. 3aTeM OMNPEACNISIIOT KOHIEHTPAIMIO JJIEMEHTAa B HMCXOJHOW U
paz0apieHHON mnpobax. Memaronme BIUSHUS CUUTAIOTCA HE3HAYUTEIbHBIMU,
€CJIM BBITIOJIHSIETCS YCIIOBUE

| K,C, —C |<+/(0,018K,C,)* + (0,015C)* ,

rne  C — MaccoBas KOHIICHTpAIUS dJIEMEHTa B UCXOIHOM Mpooe, Mr/I;
C, — MaccoBasi KOHLIEHTpalMs dJIEMEHTA B pa30aBlIeHHOI Tpo0e, MI/II;
K, — kpaTHOCTb pa3z0aBieHUs1 HCXOJHOH ITPOOBI;
O — OTHOCHUTEIIbHAS MOIPEIIHOCTD U1l COOTBETCTBYIOIErO 3HaYeHus C,
u C, %.

[Ipu ompeneneHMr MHOTUX JIETYYMX DJIEMEHTOB I  yBEIHYEHHUS
TEMIEpaTypbl MUPOJIM3a MPOObI M pa3JesieHuss MUKOB aTOMHOIO U (POHOBOTO
CUTHAJIOB  HMCHOJB3YIOT XUMHUYECKHE MOAU(PUKATOPBL. Y HUBEPCATbHBIMU
MOAU(PUKATOPAMH SIBIISIFOTCSI PACTBOPHI HUTpATa Majulaaus U HUTpaTta marHus. B
aHaJIM3€e BOJ HCTIONB3YIOT TAKXKe U APYrue Moau(UKATOPbl U KX cMeCH (I1OAPOOHO
ATOT BONPOC paccMOTpeH B pazaeine 5.8). OmnpeneneHue clIeaoB 3JIEMEHTOB B
BBICOKOMUHEPAJTM30BaHHBIX BOJIaX CBS3aHO CO 3HAYUTEIbHBIMH TPYIHOCTSMH,
BO3HUKAIOIMIMMHU H3-32 OOJBIIOTO HECETEKTUBHOTO MOTJIOUICHHS MPU aTOMHU3AIIUU
B TrpaguTOBON Tme4yn. B MNpHUCYTCTBUU TallOTEHUIOB IIETOYHBIX METAJUIOB
(HampuMep, B MOPCKOHM, IIaXTHOM BOJiE) HAOIIONAIOTCA JIOMOJTHUTEIbHBIE
OCJIOKHEHUSI HM3-32 BO3MOXKHBIX TMOTEPh pPsiia DJIEMEHTOB Ha CTaJWW THPOJIH3A
npoObl. B Takux cimydasx TpeOyercsi OTIeNeHHE OCHOBHI HIIM OMPEACTIIeMOTO
arieMeHTa (C MPUMEHEHHMEM JKCTpakKLMH, XpoMmarorpaduu) J1ubo MoauduKaius
matpunibl. Tak, ompenenenunto P35 B maxXTHRIX BOJaxX MeIalT OoibIIne
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koHneHTparuu KCl u NaCl, koTopblie crmoco6CcTBYIOT 00pa3oBaHUIO B TpaduTOBOIM
el JIETKOJETYYHX TPYIHOJUCCOUMUPYIOMUX XJopuaoB P33, kotopsie
yJIETyYMBAIOTCA HAa CTAIUM MUPOJN3a. Y CTPaHEHUE JCTIPECCUPYIOIIETO BIUSHUS
XJIOPUJIOB KaJIHSI ¥ HATPUSL OBLJIO JOCTUTHYTO NMPUMEHEHHUEM HUTpATa JTUTHS IS
Monudukanuu MaTpuibl. [Ipu 3ToM HabIIOAATIOCH YaJIeHHe XJIOPU — HOHOB M3
rpaduroBoit neun B Buae LiCl Ha ctagum nuposusa.

Jlns onpeneneHus MUKpokoiandecTB P30 B maxTHBIX BOJax M paccoiiax,
colepKamux OOJIbIIME KOHIIGHTPAIMKM XJOPUIOB, NPUMEHEHa HKCTPaKIIUS
nupodocharapix  KOMIUIEKCOB P30 HUTpaTOM  OKTaJeIMIaMMOHHS B
xjopodopme:
5CsH37NH;3NO;3) + LH(P207)25_(B) : (Ci3H37NH3)s[Ln(P,07),]0) + SNO3 5

rie Ln—Y, Sm, Gd, Tb, Ho, Er, Tm, Yb.

Copepxxanne P30  ompenensroT — 3JIEKTPOTEPMUYECKHM  aTOMHO-
abCOpOIIMOHHBIM METO/IOM B a30THOKHCIOM pedkcTpakte. [Ipu sTom ycTpaHseTcs
BJIMSTHUE XJIOPUIOB M OCYIIECTBIsETCS] KOHIIeHTpupoBanue P33 3a cuer Toro, 4ro
COOTHOIIIEHHE 00bEMOB BOJIHOM U opranudeckoit ga3 pasno 10:1.

6.6. ATmoccepHbIn Bo3ayX

Jlnsg  ompeneneHus BEHIECTB B BO3AYyXE HCIONB3YIOT pa3iIUYHBIC
XUMHUYECKHEe M (U3MKO-XMMHUYECKHE METOAbl. B KadecTBe OCHOBHOTO MeETOJa
OTIpEe/ICTICHUS] KOHIIGHTPAIIMH METAJJIOB B a3PO30JISIX M OCaZKaX PEKOMEHIYETCS
aTOMHO-a0COpOIIMOHHAs criekTpodoTroMeTpust C TJIaMEHHOM u
AIIEKTPOTEPMHUUECKON aTtomu3aiueil mpoOsl. Pa3paboTaHbl TOCyIapCTBEHHBIE U
MEXAYHApOJHbIE CTaHAAPTBI 1O AaTOMHO-a0COPOLIMOHHOMY  OIpPEAENICHUIO
AJIEMEHTOB B Bo3ayxe. B Tabn. 6.20 mpexncraBieH MepeuyeHb METOAMK
OINpPENETCHUS] METAJUIOB M MX COECIUHEHUl B BO3JyXEe, PEKOMEHIOBAHHBIX K
OpUMEHEHHI0O B YKpauHe M Poccun M peKOMEHIOBaHHBIX MexayHapoaHbIM
KOMHTETOM 110 ctanaaptu3anun (1SO).

[IpenenbHO OOMyCTUMBIE KOHLUEHTPALMKW METAJIOB M UX COCJAMHEHUN B
BO3/IyXe IpeACTaBeHbI B Ta0d. 6.21.

[Tpu oT6ope npod Bo3ayxa HEOOXOIUMO YUYUTHIBATh, B KAKOW (PU3NUECKON
dbopMe HaxomUTCS ONpenesieMblii d3JeMeHT. B Bo3ayxe 3arps3Hsiouiue
KOMIIOHEHTHI MOTYT HaXOJUTHCS B BUJE I'a30B, APOB U a3po30Jieil (TyMaH, AbIM,
nbUIh). VIHOTIa OMHO M TO K€ BEIIECTBO MOXKET HaXOAMTHCS OJHOBPEMEHHO B
BHJIE ITAPOB U a3PO30JIEH.

Tabmuua 6.20 - ATOMHO-aOCOpPOLIMOHHOE OIpEAESIEHnEe METAUIOB M UX
COCJIMHEHUHN B MPOMBINIJICHHBIX BBIOpOCax B aTMOC(HEPHBINA BO3IyX
Jnama3zon
U3MEPSIEMBIX
IToka3zarenn N HaunmenoBanue meToauku JIuteparypa
COJIepKaHUH,
MKT/J1
ATIOMUHUM 1-100 W3mepeHre KOHIIGHTpAMK OKcuaa | MeTonuyeckue
AJIOMHUHUS yKa3aHus o
K00aIbT 0,01-2 H3mepenne KOHIEHTpalluu KoOajabTa, | ONPEIEICHUIO
HUKEJTb 0,005-0,5 HUKEJIS, MeIW, IMHKA, KaJaMUs, | BPEOHBIX BEIIECTB
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Mellb 0,02-5 CBHUHIIA, JKeesa, Maprasiia, | B CBApOYHOM
LIUHK 0,01-5 MoyiOieHa,  0j0Ba,  Bodb(ppama, | adpo3oie (TBepaas
KaJMHi 0,02-2 OKCHJa BaHaAWs, OKcuaa xpoma (B | ¢asza u rasel). M.,
CBUHEI] CBAapOYHOM a’PO30JIe) 1992
0,01-10
JKEIIe30
Mapraser| 0,023
MoOIuOIeH 0,5-20
0JI0BO 0,5-500
BOJIb(hpam 3,3-50
OKCH
A 0,05-5
BaHaIUs
okcua xpoma | 0,005-5
Metonnka OIpEICIICHUS
N KOHIICHTPAllUK  KaJbllid  aTOMHO-
KaJIbIIMI 2-14 % HeHTpan H
aObCOpOLIMOHHBIM METOJOM IIPH €ro
MacCOBOU A0Jie B mblIn oT 2 10 14 %
ATIOMHUHUH MeTtonnka OIpPEICIICHUS
04339 KOHLCHTPALMH ~ATIOMHHUA aTOMHO- | CGOpHUK METOMK
»4=3,3 70 a0COPOITMOHHBIM METOIOM 110 OIIPEEICHHUIO
KOHIICHTpAaINI
Kee30 Meroauka OnpeeaeHUs P
3arps3HAIOIINX
KOHIIEHTpAllMu  JKele3a  aTOMHO-
BEIECTB B
0.3-55 % a0COpOLIMOHHBIM METOJIOM HPHU  ET0
’ N MIPOMBINIICHHBIX
MaccoBou noisie B bk ot 0,3 mo 55
o BBIOpOCax. JIL.,
0
1987
OKCH]I 0.25-12.5 W3mepeHne KOHIIEHTpAIMK OKCHA
KaJIbLIMS ’ ’ KaJIbLIMsl (B CBAPOYHOM a3p030J1€)
Mar"oui MeTtonnka OnpeaeIeHUs
o KOHIICHTPAllMd  MarHusi  aTOMHO-
0,1-20 %
abCOpOIIMOHHBIM METOJOM TMPH €ro
MaccoBoi gose B mpud oT 0,1 10 20%
MapraHeif MeTtoauka oTmpeeNneHus
0.1-55 % KOHIIGHTpAllMd  MapraHiia, MeJu,
- 0
’ XpoMa, HUKeNs, CBUHIA, LHWHKA
aTOMHO-a0COPOIIMOHHBIM METOJIOM
MeIb MeTtoauka onpeaeneHus
KOHIICHTpallMl  MapraHia Meau
0.1-4 % IIEHTpaIl prana, I,
XpoMa, HHUKeNs, CBHUHIA, LIHUHKA
aTOMHO-a0COPOIMOHHBIM METOJIOM
Xpom MeToauka oTmpeaeneHus
KOHILICHTpallMl  MapraHia Meau
0,04-20 % p pramra, ’
XpoMa, HHUKENsl, CBHUHIA, IIMHKA
aTOMHO-a0COPOIMOHHBIM METOJIOM
HHKEIIb MeTtoauka onpeeaeHus
0.05-0.4 KOHIIGHTpAlldd ~ MapraHiia, MeJu,
’ ’ XpoMa, HHUKENsA, CBUHLQA, LMHKA

aTOMHO-a0COpPOITMOHHBIM METOJIOM
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LIUHK

0,1-2 %
Xpoma,

MeTtonnka
KOHIICHTpallUU
HUKEJs,
aTOMHO-a0COPOIIMOHHBIM METOJIOM

onpeaeieHus
MeEJH,
IUHKA

Maprasiia,
CBHHIIA,

CBHUHEI] 1.

Xpoma,

Metonuka
KOHIICHTPAIUN

HUKeJS,
aTOMHO-a0COPOIIMOHHBIM METOJIOM

Maprasiia,
CBUHIIA,

onpeaeeHus
MeEJH,
IIUHKA

0,02-0,5 %

2. ATOoMHO-aOCOpOIIMOHHBIN METOJ
OTIpe/IeNICHUS] CBUHIIA B BO3IIyXe

VICO 9855, [41]

CBHUHIIa B

3. ATOMHO-aOCOpOIIMOHHBI METOJ
orpesesieHue
pabouux MECT

BO31yXe

WICO 8515, [41]

PTyTH 0,0001-0,004

Metonunka
KOHIIEHTPALUH PTYTH

oTpeieIeHUs

Pl 52.04.186-89,
[33]

B Ta0lMlle CCHUIKM Ha JIMTEpaTypy HNpHUBEIEHbl M3 OOLIero CHucKa PEeKOMEHIyeMOM

JUTEPATyphl B KOHIIE y4eOHOT0 Mocoous

Ta6muma 5.22 - [IpeneabHo TONMyCTUMBIE KOHIIEHTPALMK 3arPS3HSIONINX BEIIECTB

B BO3YyXC HACCJICHHBIX MCCT

[IpenensHo JIOITy CTUMAsI
BermecTso KOHIIEHTpaLusl, MKI/JI Knacc

MaKCcHUMaJbHas OIaCHOCTH

CpeJHeCyTO4Has

pazoBas
Anrunpun Bonb(pamoseiii (Bonbppama (IV) | 0.15 3
OKCH]T) i
bapwii yriekucnsliii (B mepecuere Ha Oapuii) — 0,004 1
Banaawmii (V) oxcun - 0,002 1
BucmyTa okenn — 0,05 3
Bonbdpamar wHatpus (B mepecdyere Ha

— 0,1 3
BOJIb(pam)
l'epmanuss nuokcun (B mepecyeTe  Ha

o — 0,04 3

TepPMaHH)
JaTuaptyTh (B IepecueTe Ha PTYTh) — 0,0003 1
XKenesa okcup (B mepecuere Ha JKeje30) — 0,04 3
Kenesa cynndar (B mepecuere Ha KeJie30) — 0,007 3
XKenesa xjgopua (B mepecyeTe Ha xKele3o) — 0,004 2
Wuaus sutpat (B nepecueTe Ha MHIMI) — 0,005 2
Kaamus nonun (B nepecuere Ha KaJMHiA) - 0,0003 1
Kaamus autpar (B nepecyere Ha KagMuii) — 0,0003 1
Kaamus okcup (B mepecuere Ha KagMuid) — 0,0003 1
Kanmus cynedar (B mepecuere Ha KaaMHil) — 0,0003 1
Kaamus xmopun (B mepecuere Ha KaaMuil) — 0,0003 1
Kob6anpT MeTammnueckuii - 0,001 1
KobGanbTa cynmedar 0,001 0,0004 2
Maruus oxcup 0,4 0,05 3
Maruus xjopat — 0,3 4
Mapranerg — 0,06 3
Mapranen u ero coeiMHeHus (B mepecyere Ha 0.01 0,001 )
JIMOKCHUJT MapTaHIia)
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Menu okcup (B mepecuere Ha Meb) — 0,002 2
Menp cepHucTas (B nepecuere Ha MeJlb) 0,003 0,001 2
Menp cepHokucas (B mepecuere Ha MeJIb) 0,003 0,001 2
Menu TpuxiaopdeHonst 0,006 0,003 2
Menp xsiopucTas (B nepecuere Ha Meb) — 0,002 2
Menp xsopHas (B mepecuere Ha MeJb) 0,003 0,001 2
Mpliibsik, HEOpPraHWYecKHue CcoenuHeHus (B

— 0,003 2
nepecyeTe Ha MBIIIBSIK)
Huxens MeTaiuIMuecKui - 0,001 2
Huxens okcup (B mepecueTe Ha HUKEIb) — 0,001 2
Hukenst pactBopumbie conu (B mepecuere Ha

— 0,001 1
HUKEJIb)
Hukens cynbdar (B mepecuere Ha HUKEIb) 0,002 0,001 1
OmnoBa okcuj (B mepecyeTe Ha 0JI0BO) — 0,02 3
OnoBa nuokcus (B mepecyeTe Ha 0JI0BO) — 0,02 3
OmnoBa cynb(ar (B mepecdere Ha 0JI0BO) — 0,02 3
OnoBa xyopu/J (B IepecyeTe Ha 0JI0BO) 0,5 0,05 3
OJOBSIHHOKHMCIIBIA ~ HAaTpuii  Tuapatr (B | 0.02 3
nepecyeTe Ha 0JIOBO) ’
[Tapamonubat (B nepecuere Ha MOTHOIEH) — 0,1 3
PryTe asoTHOKuCnas 3akucHas BoiHas (B | 0,0003 1
nepecyeTe Ha PTyTh)
Pryte asoTHOKuCnas okucHas BoiHas (B | 0,0003 1
nepecyeTe Ha PTyTh)
PtyTh amui0XJI0pHAas (B epecyere Ha pTyTh) | — 0,0003 1
PryTh nBynonucras (B nepecyeTe Ha pTYTh) — 0,0003 1
PryTh MeTasuInyeckas — 0,0003 1
PryTHn okcup (B mepecuere Ha PTYTh) — 0,0003 1
PtyTh yKCyCcHOKHCIIAs (B IepecyeTe Ha PTYTh) | — 0,0003 1
PryTh xs0pucTas (Kanomesb) (B mepecyere Ha | 0,0003 1
pTyThH)
Pryte xmopnas (cynema) (B mepecuere Ha | 0,0003 1
pTyThH)
CBuHeny u  ero  coenuHeHuss  (Kpome

— 0,0003 1
TETPAdTWICBUHIIA) (B MIepecyeTe Ha CBUHEII)
CBuHeI CEpHUCTHIN (B epecyeTe Ha CBUHEI]) | — 0,0017 1
Cenena nquokcu/ (B mepecyeTe Ha CEJICH) 0,0001 0,00005 1
CyppMa mnsTucepHucTas (B Iepecuere Ha

— 0,02 3
CypEMY)
Cypsmsl (I1I) okcun (B mepecuere Ha CyppMy) | — 0,02 3
Tannus kapOoHat (B mepecyeTe Ha TAJJIH) — 0,0004 1
Tennypa auokcus (B IEPECUETE HA TEILTYD) - 0,0005 1
@Depput OapueBblii (B mepecuere Ha Oapuii) — 0,004 3
®epputT MarHui — Mapraiiesbli (B nepecuere | 0,002 )
Ha MapraHei)
®eppur Mapraven — UMHKOBBIA (B mepecyere | 0,002 )
Ha MapraHel)
®eppuT HUKEIb — MEIHBIA (B mepecyeTe Ha | 0,004 )
HUKEJIb)
deppuT HUKETh — IIMHKOBLIN (B IIepecuere Ha | — 0,003 2
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IIMHK)

XpoM IIeCTHBAJCHTHBIA (B TMepecyere Ha 0.0015 0.0015 1
TPUOKCH XpOMa)

[{unka oxcup (B mepecyeTe Ha IUHK) — 0,05 3
[{unka cynbdar (B nepecyere Ha IUHK) — 0,008 2

Adpo3omu MOTYT COAEp)KaTh TBEPAYIO WM KHUIKYIO AUCIEPCHYIO (azy,
pa3Mepbl YacTUIl B BO3AYIIHON Cpelle TMOCTOSHHO HM3MEHSIOTCS, B Ipoliecce
muddy3u OHM MOTYT MepeMelaTbcsi B BO3JyXe U OCelaThb Ha KakKoW-I100
noBepxHocTu. [Ipm STOM BeTep MOXKET CHOBa MOAHMMATh WX B BO3AYX, B
pe3yibTare 4ero oOpasyercsi BTOpUYHBIA MCTOUHMK 3arpsisHeHus. Ha aspozonsax
MOTYT aJCOpOMpPOBATHCS pa3iMuYHbIE Tra30- WIM [apooOpa3Hble XHMUYECKUE
BELIECTBA, TBEP/IbIE YACTHUIIBI MOTYT PACTBOPATHCS B KAIUISIX a3pO30JIs.

I'a3o00pa3Hble WM HapooOpasHble NPUMECH COOUPAIOT B KUIKUE
NOTJIOTUTENIbHbIE PAacTBOPbl M HAa 3€PHUCTbHIC COpPOEHTBI: KpEMHE3eM,
aKTUBUPOBAHHBIN Yrojib, MOJUMEpPHbIE MU JApyrue COpOEHTH, a TaKke Ha
IUICHOYHBIE COPOEHTHI, MHEPTHbIE HOCUTEIN WIH KUAKUE HEMOJBUXKHBIEC (Da3bl,
HAaHECEHHbIE HAa TBEPbIE HOCUTENN C BEICOKOPA3BUTOM MOBEPXHOCTHIO.

[Ipu otGope mpo® B XKUIKKE TMOTJIOTHUTEIBHBIC CpEIbl OIpeaesieMble
BEIIECTBA PACTBOPAIOTCS WJIM BCTYHNAlOT B XUMHUYECKOE B3aUMOJICHCTBUE C
KOMIIOHEHTAaMHU TIOTJIOTUTENILHOTO pacTBOpa. B  KadecTBe MOTIOTHTEIHHBIX
pacTBOPOB MPUMEHSIOT JUCTHUIMPOBAHHYIO BOMY, KHCIIOTBI, OpPraHUYECKUE
pacTBOPHUTENH, CIUPTHI, CMEIIaHHbIE pacTBOpbl. s orbopa mpoObl BO3dyXa
UCIIOJIb3YIOT abcopOepsl (MOIJIOTUTENbHBIE MNPUOOPHI) Pa3HON KOHCTPYKIUHU.
Bbonee noapoOHO 0T6Op MpoO B MOTJIOTUTENBHBIE PACTBOPHI ONKCAH B paszzelne |
Ha pUMepe PTYTH.

IIpy HU3KMX KOHUEHTpPALUsAX OIpPENeIsiEMbIX BELIECTB B BO3AYXE U
HEJ0CTAaTOYHOU YyBCTBUTEIBHOCTU METO/IA OIpeieIeHHUsI HEOOX0AUMO MPOBOIUTh
KOHIICHTPUPOBAaHHWE BEIIECTB K3 OOJNbIIMX OOBEMOB BO3]yXa, KOTOPbIH
3aTPyJHUTENBHO OTOOpaThb B JKUJIKHE Cpelbl BCIEACTBUE YJICTYYMBAHUS
MOCIIEAHUX U MOTEPh OMpPEIeIsieMOoro BemecTBa. J1Jis 3Toro uCnoab3yoT TBEPAbIE
COpOEHTBI, KOTOpbhIE€ TMOMEIIAIOT B  CHEHUaJbHbIE TPYOKH  pa3IHuHOM
KOHCTPYKIUHU. DTOT METOJ 0TOOpa npod Takke nmoApoOHO omucaH B pazaene | Ha
npuMepe pTyTH.

JIns w3BJeueHUsT W3 BO3JyXa BEIIECTB B BHUJE adPO30Jsi HCHOIB3YIOT
(GUIBTPEI U3 TOHKOBOJIOKHUCTOTO MaTepuana — OyMaxxHble QuibTpsl «Batmany,
«Munmunop»,  «Taiio»,  CTEKIOBOJIOKHHUCTBIE, CTEKISIHHBIE, TI'paQUTOBbIE
MaTepuaisl, ((UIBTPYIOLIYIO TKaHb Pa3JIMYHOIO pa3Mepa. A3po30ibHbIE (PUIBTPHI
YAOBJCTBOPSAIOT  BCeM  TpeOOBaHWSM,  HEOOXOIWMBIM  TIpU  aHaJIH3e
asponucriepcHbix cucteM. CKBO3b (QHIBTPHl MOXXHO MPOKAYMBaTH OOJBIINE
00bEMBl BO3/yXa, YTO IIO3BOJIAET HAKONWUTH JOCTaTOYHbIE JUIsI aHalIu3a
KOJINYECTBA BEILIECTB.

JUis KOHLIEHTPUPOBAHUS TETPAAIKWIbHBIX COECIUHEHUM CBUHLIA U3
BO3JyXa (PUIBTPALIMIO COYETAIOT C BHIMOPAKMBAHHWEM B JIOBYLIKE, 3alOJHEHHOMN
CTEKJIIHHBIMH IIapuKaMU. ATMOC(HEPHYIO MbUIb BBIIEISIOT U3 BO3AyXa METOJaMH
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AIEKTPOCTATUYECKOTO M YAAPHOrO oOcaxaeHus. Jns nanpHedero aToMHO-
aOCOpPOLIMOHHOTO  OMNpPEENICHHUs] JJEMEHTOB B OOJBIIMHCTBE CIy4aeB UX
U3BJIICKAIOT U3  TBEPIbIX COpPOEHTOB, (UIBTPOB, TMBUIM  SKCTPaKIUEH
PaCTBOPUTEIISIMU, TTyTEM CYXOT0 WJIM MOKPOTO 030JICHUSI, TEPMOI€COPOIIHH.

PaccmoTpum Oosiee  mOAPOOHO METOJMKY OMPENETICHUs] METAJIOB B
CBapo4YHOM a’posojie. Bo3ayx acnupupytor yepes puibtp ADA-XA-20. dns
M3MEPEHUsI KOHLEHTPAIlMM METAJJIOB B Bo3ayxe Ha ypoBHe Y2 IIJIK cienyer
oroupath 100-300 1 Bozmyxa. OToOpaHHbIe TPOOBI COXPAHSIOTCS B TEYCHHUE 2-X
Henenb. [IpoOwl, comepxkamue okcua xpoma (VI), me xpanstcsa. [Ipu Hamuuuum
xpoma (VI) bunstp ¢ oToOpanHOM MpoOOK MOMENIAIOT Ha CTEKIISTHHYIO BOPOHKY,
CMayuBarOT 2—3 KalulsIMU ATUJIOBOTO crupra W obOpabarbiBaroT 10 M Teroit
BOJIbl. OUIbTpaT aHANU3UPYIOT Ha cojaepkanue xpoma (VI). Ilns ompenenenus
OCTJIbHBIX JIEMEHTOB (KOOAJIbTa, HUKEJISA, ME/IU, BaHA U, Maprania, xpoma (I11),
IIMHKA, KaJMHsI, CBUHIIA, OJIOBA, JKeJie3a, BoJib)paMa, MOIMOIeHA) MMOACYIIICHHbIN
GUIbTp MEepeHoCAT B TUTelb U 00padaThiBalOT | MJI KOHLIEHTPUPOBAHHOM
COJITHOW KHCIOTHI U 0,5 MJI KOHUEHTPUPOBAHHOW Aa30THOW KHUCJIOTBL. 3aTeEM K
pacTBOpy 100aBISIIOT 1 MJI XJIOPHOM KUCIOTHI. TUreas CTaBIAT Ha ECHaHYI0 OaHIO
Y MEJYICHHO YMapUBaIOT 10 BIAXHBIX cosie. OXJakIeHHbIA OCTaTOK PaCTBOPSIOT
B 10 mn Bomel. PactBop mnpu HeoOxoaumoctu ¢uiabTpyror. B duibtpaTe
ONPENEISIIOT KOHLEHTPALMI METAUIOB [0 TPagyHpOBOYHBIM  pacTBOpaM.
OIHOBPEMEHHO C MPOoOaMH aHAJIIOTMYHBIM 00pa3oM 00pabaThiBalOT 3—5 YHCTHIX
GUIBTPOB TOM k€ MapTUU (KOHTPOJIHHBIC UITU HYJIEBBIE TIPOOHI).

IIpu omnpeneneHun MeTaIoB (Kele30, KaaMHi, KoOalbT, MarHuu,
Maprasel, MeJlb, HUKEeJIb, CBUHEL, XPOM, IMHK) B a3P030JI€ BO3yXa HACEICHHBIX
NYHKTOB OTOMpaioT mpobsl oobemom 20000 n Ha GUIBTPHI U3  aAUCTHI-
LEJUTIONO3HOTO WM TMEPXJIOPBUHMIOBOr0 Matepuana. [lo oxoHuanum ortbopa
GUIbTp CBOpAaUMBAIOT paboyell MOBEPXHOCThIO BHYTPb, MOMELIAIOT B OyMaXKHBI
MAaKeT, TePMETUYHO YIAKOBBIBAIOT W XPAHAT J0 CleAyrllei oO0paboTku B
XOJIOIUIIbHUKE.

[Ipu wucnonszoBanuu QuibTpoB ADPA—XA nOpoBOAIT HX «MOKpPOE»
o3ojieHre. DuUIbTpbl MOMENIAIOT B KBapIlEBbI cTakaH, q00aBisa0T 5,0 mi
KOHLIEHTPUPOBAHHOW a30THOM KHUCIOTHI M BbIAEPKUBAOT 30 MUH IPY KOMHATHOMN
TeMIiepaType. 3aTeM CTakaH MOMENIAloT Ha IJIUTKY ¢ acOeCTOBOM MPOKIIAIKON U
HArpeBaroT 10 TNpeKpaileHus BbiaeneHus Oypbix mapoB. [locnme oxmaxaeHus
no6asisaroT 0,3 M mepoKcua BOAOPOAa U BblepkuBatoT 30 MUH NMPU KOMHATHOMN
TeMIlepaType. 3aTeéM HarpeBarOT M BBIIAPUBAIOT JI0 BJIAXKHBIX cosieid. OcTaTok
pactBopsitoT B 0,2 M1 HNO; 1 tuCTUIITUpPOBaHHOM BOJIE, TEPEHOCAT B IPOOUPKY U
JIOBOJAT 00BbEM 710 5 MJT BOJIOH.

[Ipu wucnonb3oBanuu ¢GuabTpoB ADA-XII mpoBomsIT HUX «CyXxoe»
o3osicHUe. DUIBTP MOMENIAIOT B KBApLEBBIM cTakaH, J00aBisOT Okojgo 10 mr
cyibdara aMMoHus. O305€eHHE MPOBOAAT B MY(EIbHOW MEYH MPU TEMIEPAType
okoso 500 °C B Tteuenwme 1-1,5 u. K 3ompHOMY ocTarky moGasistror 0,3 M
KOHILEHTPUPOBAHHONW A30THOW KHUCJIOTHI M BBIMAPUBAIOT JO BJIAXKHBIX COJIEH Ha
BOASHOM wiM mecyaHo Oane. OcCTaTOK TMOCHE OXJIAXICHUS PACTBOPSAIOT B
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azotHou kwuciore (1:90) m mepeBoAsT B mpoOHUPKY, TOBOAS OOBEM OSTOM XKe
KHUCcaoTo 10 5,0 miI.

[Ipu aTtomMHO-aOCOPOIIMOHHOM aHajiu3e aTMocPepHOr MbUIM TPoOy
PacTBOPSIOT U B PACTBOPE OMPEACIISIIOT KOHIICHTPAIUIO UCCIEIYyEMbIX 3JIEMEHTOB
’Keyes3a, CBUHIIA, MEJ, MarHus, KaJlblus U Jap. 3JieMeHTOB. Crioco0 pacTBOpPEHUS
3aBUCHUT OT COJICpKaHUSI OKCUJIA KPEMHUS B MBUIH U OT OIPEAEIIIEMOro 3JIEMEHTA.

[TpoOy meut Maccoit 0,2—1 T pacTBOPSIOT B CMECH KOHIIEHTPUPOBAHHBIX
HCl u HNO; (3:1). YnapuBarT A0 BJIaKHBIX COJIEH, PaCTBOPSIOT B pa30aBiIeHHOMN
HNO;, noBoasat qo Hyx)HOro oosema (100-250 mur) qUCTHILTMPOBAHHOW BOJIOW U
MPOBOJISAT aTOMHO-a0COpOIMOHHOE ompezenenne. Ecaum mpenaBapuTenbHBIMU
UCIIBITAHUSIMU YCTAHOBJIEHO, YTO MbUIb HE PACTBOPSETCS MOJHOCTHIO B CMECH
KHUCJIOT, mpo0y cmaBiisitoT ¢ K,S,0; (pu copepkaHuu OKCUa KpeMHUSI MEHee 3
Mac.%) WM OTrOHSIIOT KpeMHMil (mpu ero copaepxkanuu Oosiee 3 Mac.%) ¢
nomonipto HF u H,SO,. Ilpu ompeneneHun cBUHIIA HEOOXOAMMO H30eraTh
nobamieHus cynbdar-uoHoB K Tmpode. IlosToMy cruiaBieHue NPOBOIAST C
MOMOILbIO CMECU O€3BOJIHBIX COJIeil KapOOHATOB HATpUA M Kajusi U TeTpabopara
HaTpus. /{15 OTTOHKM KpEMHHUS B JAHHOM ciydae ucnolib3ytor cmecbh HF u HNO;.

Mexnaynaponubii  cranmapt HMCO 9855 pekomeHnimyer o00pabOTKy
GUIBTPOB U3 HEPKABEIONICH CcTaau ¢ TE(IOHOBBIM MOKPHITUEM TPU TEMIIEpaType
n0 190 °C u naenenmu 20-10° kIla B Teuenme 12 yaco ¢ moGaBmenue 1 M
KOHIEHTPUPOBAHHOW a30THOM KHUCJIOTHL. llocne oxmaxaeHuss MOay4YeHHbIN
pacTBOp KOJIMYECTBEHHO MEPEHOCAT B MEpHYI0 KoilOy Ha 10 mMi U 1oBOAST 1O
METKH pa30aBICHHON a30THOM KUCIOTOM. [l aToMu3anuu npod UCHOIb3YIOT Kak
IJITAMEHHBIM, TaK M DJJIGKTPOTEPMHUYECKUM BapuaHThl B COOTBETCTBUM C
METOIMKaMU aHaJIH3a.

MaccoByto 704110 UCCIeAyEeMOro MeTajljla paCCYUTHIBAIOT MO (hopMyIie

m(M):o,om-C.V.Vz 100,

rae C — KOHIEHTpalusi MeTajljla, HaWJeHHas MO TpPagyupOBOYHOMY
rpaduKy, MIr/J; m — HaBecKa MbUM , T; V — 00beM UCXOJHOTO pacTBopa, Ji; V| —
aQJMKBOTA MCXOJHOT'O pacTBOpa, B3sTas JJis TMPUTOTOBJIICHUS aHAIU3UPYEMOTO
pactBopa, J1; V, — 00beM aHAJIM3UPYEMOro pacTBopa, J.

BOI'IpOCbI ANSA CaMOCTOATENIbHOMN paGOTbI n 3agavun

1. OxapakTepu3yiiTe MaKpo- U MUKPO3JIEMEHTHBIN COCTAB CJIEAYIOIINX OObEKTOB:
a) MUILEBbIE TPOTYKTHI;
0) ropHbIE OPOJIbl, MUHEPAJIBI,
B) TIOYBBI;
T') IIBETHBIC CIIJIABHI;
1) YEpHBIE CILIABHI;
€) aTMOC(epHBIi BO31yX;
) TIPUPOJTHBIE M CTOYHBIC BOIBI.

320



2. llepeuncnute, Kakue OCHOBHBIE HJIEMEHTBI OIPEACIAIOT aTOMHO-a0copO-
IMOHHBIM METOJIOM B BOJIaXx, BO3[yXe, B MeTalllax M CIUIaBax, B pyJax H
MUHEpanax, B o4Bax.
3. Ilonw3ysce ganHbIMUA Tabd. 6.2 u Ta6m. 1.2, paccuuTaiiTe, Kakue TOKCHYHBIC
AJIEMEHTHI B MUIIEBBIX MPOIYKTAaX MOTYT OBITh ONpEEICHBI IJIAMEHHOM, a KaKue
— DIIEKTPOTEPMHUUECKON aTOMHO-a0COPOLIMOHHOM CIIEKTPOCKOMUEH, €CN CpeHss
Macca mpoObl MHILEBBIX MPOAYKTOB MpH HccieAoBaHuu coctaBisier 20 T, a
KOHEYHBIN 00beM pacTBopa — 50 M.
4. Ilepeuncnure OCHOBHBIE CIIOCOOBI BCKPBITUSL U IEPEBEJICHUS B PACTBOP IPH
aTOMHO-a0COpPOITMOHHOM aHaJN3e:

a) MOJIOKa M MOJIOYHBIX HU3JIEIU;

0) pbIOBI U IPOAYKTOB €€ MepepadoTKu;

B) IOBapEHHOM COJIN;

') KapOOHATHBIX U CYJb(DPUIHBIX MUHEPAJIOB;

1) TIOYB;

€) CIUIaBOB Ha OCHOBE JIIOMUHUS, IMHKA, CBUHIIA, OJIOBA;

) PEYHBIX U O3EPHBIX BOI;

3) cTajel v YyTryHOB;

1) JIoMa ¥ OTXOJIOB JparMeTasioB.
VYKaxuTe UX NpeuMyIecTBa U HETOCTATKH.
5. 3anuinTe OCHOBHBIE XUMUYECKHE PEAKIIMH, TPOTEKAIOIIUE IIPHU PA3JIOKEHUU:

a) CIUIaBOB QJIIOMHHMSI B COJITHOM KHCJIOTE€ M B PacTBOPE TUIAPOKCHIA
HATPHUS;

0) ctaseil B COJITHOM KHUCJIOTE C IMOCIEAYIOIIUM PACKUCICHHEM a30THOM
KHCJIOTOM;

B) CIUIABOB OJIOBa B KOHLEHTPHUPOBAHHOM COJISIHOM, a30THOW, CEpHOMU
KHCJIOTaX, B PaCTBOPE FUAPOKCH 1A HATPUS;

I) TpaHUTHBIX TOpHBIX mopoxa (Si0,, AlOs;, Fe,O;) cmiaBneHueM c
KapOOHATOM HaTpPHS;

1) CIJIABOB LIMHKA B COJITHOM KUCIIOTE ¢ JOOABKOM MEPOKCHIa BOJOPOA.
6. Paccuuraiite HeoOXOAMMYIO MacCy HABECKM IIJJAMEHHOTO aTOMHO-
a0bCOpOIIMOHHOI0 ONpeIeTICHUs], UCIIOJIb3Ysl CJIEIYIONINE TaHHbIE:

Konuenrtpanus
DJIEMEHTA, Koneunsrit
OOmbexT aHanuza Onement | ConepkaHue | onpezenseMas ¢ o0beM
MHHUMAJIbHOU pacTtBopa, Ml

MOTPEIITHOCTHIO
[IInakooGpa3yrolias cMech Ca 10 % 20 MKr/mMa 250
CBuHnen Cu 0,01 % 5 MKr/Mi 25
JIoM 1 0TX011BI AparMeTasioB Pd 0,3 % 30 MKr/mi 100
@rOC ANEKTPOLLITAKOBbIN Al 1 % 0,1 mr/mn 100
ANIOMUHHEBBIN CIIJIAB Bi 0,07 % 0,0035 mr/mn 100
Cranp nerupoBaHHast Ni 0,5 % 5 MKr/MI 100
UepHozem Cd 0,3 mr/kr 2 MKT/MJI 50
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Bypble nouBsl Pb 23 mr/kr 10 MKr/™MI 50
Kopwm 117151 5KMBOTHBIX Ca 0,85 % 5 MrK/mi 250
['puGmr Hg 0,03 mr/kr 0,01 MKr/mi 100
IToBapeHHas coJb K 0,01 % 0,13 MMoub/n 100
Pr10a Hg 0,25 Mr/kr 0,01 MKr/mi 100
OTpyOu nineHnIHbIC Zn 100 mr/kr 1 mr/n 50

7. KakoBbl 0COOCHHOCTH TIOATOTOBKH TPOOBI TPH aTOMHO-aOCOPOIIMOHHOM
OTIPEJICIICHUH PTYTH B MUIIEBBIX MPOIYKTaX, 00bEKTaX OKPYKAIOIIEH cpesbl?
8. KakoBel 0COOCHHOCTH TIPOOOIOATOTOBKA IPH AaTOMHO-a0COPOIMOHHOM
onpenenenun Pb, Cu, Cd, Co, Ni, Cr B mouBax?
9. Omnumure o0TOOpP TeHEepadbHOM MPOOBI
ONpeIeTICHUH:

a) MUKPOIIPUMECEH kelie3a B UyIIKax YMCTOrO 0JIOBa;

0) noaBmwxHbIX popm Cu, Pb, Cd B nouse;

B) Mmukponpumeceit Pb, As, Cd, Hg B mosoke;

r) comepxkanusg Ag, Pd, Au B 1ome 1 0TX0J1ax AparoleHHbIX METaJIJIOB;

1) COACpKaHMS KeJe3a, aJllOMUHUS, MapraHilia B OTX0J4aX CTPYKKH MEIHBIX
MIPOU3BO/ICTB.
10. Paccuuraiite 00beM BO3AyXa, KOTOPBIM CIeAyeT OTOOpaTh IS TUIAMEHHOTO
aTOMHO-a0COpPOITMOHHOTO  OMNpPEACIICHUS DJIEMEHTOB, WCIONb3Ysl CICAYIOIINE

Ipyd aTOMHO-a0COPOIIMOHHOM

JIaHHEBIC:
OnrrivanbHeli padounii O0bem Konunentparus
OmeMent | 0 ovevon odsene | (POTOMETPHDYEMOTO | METaIlia B BO3IIyXe,
pacTBOpa pacTBoOpa, M MKT/JI
KobGaneT 0,002-0,2 MmMoOIB/1 10 0,05
Hukens 0,05-50 mxr/™Mi 10 0,1
Mens 0,005-0,5 mMmoab/1 25 2,5
uuk 0,1-50 mr/n 50 0,005
Mapranen 0,2-30 MKr/mMa 10 1,0
Kangmmit 0,2-20 mr/n 25 0,03
CBuHnen 0,2-20 mr/n 10 0,1
Xpom 0,01-2,0 mMoOJIB/I 10 0,01

11. Ykaxure npaBUIIbHYIO MOCIIEOBATEILHOCTh MOATOTOBKH MPOOBI BOJIBI, €CIH
HEOO0XO0JUMO ONPEIENIUTh TOJIbKO PACTBOPEHHBIE METAILIIBI:

a) cpazy mociie oTOopa mpoObl 00pabaThIBAIOT KOHILIEHTPUPOBAHHOW a30THOM
Kkucaotoit ans nomydenust pH 1-2. 3atem GunbTpyroT uepe3 MeMOpaHHBIN QUIBTP
¢ nopamu 0,45 MKM;

0) cpazy mociie oroopa mpoly GUIBTPYIOT Yyepe3 MeMOpaHHbIN PIIBTP C TTOpaMH
0,45 mxm. K punbrpaty n00aBisiOT KOHUEHTPUPOBAHHYIO a30THYIO KHUCIOTY 0
pH 1-2;

B) cpa3y mociie 0Toopa npoly PuIbTPYIOT Yepe3 MEMOPAHHBIN QUIBTP ¢ TOpaMu
0,45 MM, GUIABTPAT XPAHST B XOJOUIBHUKE.

12.  Kakume pacTBOPUTENM  HCHOJB3YKOT  JJIA
OTIpeeTICHUS TOBMKHBIX JOPM METAJUIOB B TTOUBAX?

aTOMHO-a0COPOIIMOHHOTO
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a) TMCTUUIMPOBAHHAS BOJIA;

0) 1 M a3oTHas KUCIIOTA;

B) 1 M consiHas Kucnora;

I') alleTaTHO-aMMOHUKHBIN OydepHbIi pacTBop ¢ pH=4,8;

n) 1 M ruznpokcuy HaTpus.

13. OObscHUTE, TOYEMYy IMpPHU OIpPEACIEHUH PTYTH B TMOYBE PEKOMEHIYETCs
MPOU3BOANTH BBICYIIMBAHUE TOYBHI HAa BO3MyXe (B TEHH), a HE B CYIIUIHLHOM
mkady?

14. VkaxuTte, TpU KAKOM CIOCOOE MHUHEpAIU3ali PACTUTEIBHBIX TMPOO
BO3MOYHBI IOTEPU PTYTH:

a) CyXxoe 030JIeHHe B My(ebHOH Meuu;

0) MUHepanu3auus B aBTOKJIABE;

B) pa3iioKeHHE cMechio KoHLeHTpupoBaHHbiXx H,SO4 1 HNO; npu Ttemneparype
200°C;

) pa3noxeHue cMmecbio kKoHIeHTpupoBaHHbIX H,SO, u HNO; npu Temneparype
100-120°C B TeyeHMM [BYX 4YacoB, MpUOABICHUE T[EpMaHraHaTa Kajaus M
nepcynbdara Kanus u BeiepxkuBanue nmpo6 18-20 vacos;

J1) MUKPOBOJIHOBOE Pa3JIOKEHUE CYXUX MPOO.

15. TlpoGy Boabl o00pabGoTamu OpoMHUI-OpOMATHOM CMEChIO M  IPOBEIHU
ONpPENENICHNE PTYTH METOAOM XOJIOAHOIO I1apa, MWCHOJb3ysS B KadecTBE
BoccTaHoBuTenst xjopun onoBa (II). Vkaxurte, kakue ¢GOpMbl PTYTH OBLIH
OIIPEJIEIICHBI:

a) HEOpPraHUYECKUE KOMIUIEKCHI PTYTH;

0) KOMIUIEKCHI PTYTH € (yJIbBO- 1 TYMHHOBBIMH KHUCJIOTaMH;

B) aJKWIbHbIC,

I') apUIbHBIE;

J1) CyMMa HEOPraHWUYECKHUX U apUIIbHBIX COCUHEHUN PTYTH;

e) ol1iee coaepkaHue PTYTH.
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