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NEPEOMOBA

XimMiuyHuit cxiam 06’€KTiB HABKOJMIIIHBOTO TIPUPOIHOTrO CepeloBHIIA
Ta HaSBHICTb V BoJaxX, I'PYHTaxX i B IOBITPI peYOBUH-3a0pYyAHIOBAYIiB i
TOKCHKAHTIB XapakTepH3yIoThed 0ararbMa oCoOIMBOCTAMM, 30KpEMa 3Mi-
HOIO IX BMICTY B daci Ta mpocTopi, siKa, B CBOIO Yepry, 3a/1eXUThb Bill
dizvko-reorpadiuHix, 6ioJOrivHUX Ta 3HAYHOIO MipOO AHTPOTIOTEHHUX
thaxTopis. LIe 3yMoBNIOE YMMAIO TPYIHOLILIB HA Pi3HUX CTalisIX MPOBEACH-
HS €KOJIOTO-aHATITHYHOI'O KOHTPOJIIO 32 BMICTOM Pi3HOMaHITHHMX iHIpe-
JIEHTIB IMMPUPOTHOrO Ta AHTPOTIOTEHHOTO MOXOMKEHHS, BKITIOYAIOYU cTa-
M1 BiAGopy Mpob, IX KOHCepPBYBAHHA Ta IpoOONiATOTOBKH, KOHLIEHTPY-
BaHHA MIKPONOMIIIIOK, YCYHEHHS pPEYOBHH, 1[0 3aBaXAKOTh aHaIi3y,
TOLIO:

Iepenik enemeHTiB-3a0pyIHIOBAYIB Ta PpeyoBUH B 00’ekTax MpuUpoH-
HOro cepedoBHMHIA MOXe OyAM Haa3Bu4YaiiHo pisHoMaHiTHUM. [lo HMX
HajieXaTb K HEOPraHiyHi, TaKk i OpraHiyHi pevYoBMHH TPHPOAHOrO Ta
TEXHOTEHHOI'O TIOXOMKEHHSI. 3BaXalouu Ha 1ie, MUTAHHSA €KOJIOro-aHa-
JITUYHOT'O KOHTPOJHO 32 CTAHOM 00’ €KTiB HABKOJIMIIHBOIO CEPEAOBMILA 3
METOIO TPOBENCHHS HAJEKHUX TMPUPOIOOXOPOHHUX 3aXofiB HabyBa€ B
HALI Yac O0COONMBOro 3HAYEHHS i TOCTPOTH.

HitkoM 3po3yMisio, 1o A8 LiJiecnpsMOBaHOoI NIATOTOBKY KaapiB, fKi
rnoBuHHI 3abe3neuysaty npodeciiiHiil aHaNiTHYHUIT KOHTPOAb 06’EKTiB
HaBKOJIMUITHBOTO CEPeOBULIA, TTOTPIOHA HaBUanbHa AiTepatvpa, siKa Bill-
NoBiAa€ caMe LIMM BUMOTaM. Taxkuif MiaApy4HUK Harican aBTopy, cepel
AKHUX € RocBimyeHi ¢axiBui B rajaysi ekosioriyHoro KoHTpomwo. B nin-
PYYHHKY BHKJIALEHO TEOPETHYHI OCHORH 3aCTOCYBAHHS CYUACHUX METOMIB
AHUNTUYHOTO KOHTPOMIO 00’€KTIB MPHPOMHOro cepelloBHila i HaBedeHo
YMC/ICHH] METOAMKHM AHAMI3Yy, SKi 3 VCITIXOM MOXHA BUKOPHCTATH HJIS
CTBOpPEHHS JIA00OPAaTOPHOro MPaKTUKYMY. ABTOPH 3poGIuTH NMepiiy cripody
HAMMCATH MIAPYYHHK 3 aHaJiTU4HOI XiMii 00’eKTiB npuponHoro cepe-
NOBHLLIA, AKUI He Ma€ aHAJIOrIB.

MoxHa criogiBaTucsl, 10 IMAPYYHUK Ovie KOpPUCHWM $IK M M-
FOTOBKH MOJIOAMX CMEUialicTiB, Tak i mWisg ¢axisuis, sKi MpaLioloTh v
FUiy3i eKOJIOro-aHAMITHYHOIO KOHTPOIO NMPUPOAHIHX 06 €KTIB.

Axaaemik HAH Ypaiun,

JOKTOP XIMIMIIX HAYK, [podiccop
B.B.CKOIMFIIKO
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KoHTpOJIb 32 CTAHOM IPUPOIHOTrO CEPEOBHIIA € OIHIEIO 3 Haii-
BaXTMBINIVX JTAHOK Y PO3B’43aHHi 6ararboX eKoJoTivHHX NTpobyieM, 30K-
pema OXOpOHM BomHoro GaceifHy, moBiTpst Touro. OCHOBHUM IXepesioM
iHpopMaulii 1po craH 06’€KTIB MPUPOIHOTO CEPelOBUILIA € aHAJI3, TOMY
0co6IMBOTO 3HAYEHHS HAOYyBa€ TIPABWIBHICTE BUSHAUEHHS BEJTWKOIL KifTb-
KOcCTi XIMIYHMX IHTPEHi€HTIB, HAIBHMX Y LIMX O6’€KTaX.. Bararo 3 Hnx
MAIOTh TPUPOHE TTOXOMKEHHS, BOHM 3aBXIOW TMPHUCYTHI Y TIPMPOAHMX
€KOCHCTEMAX i € HEOOXITHMMM JUTS iX HOPMAJTBHOrO (pYHKLUOHYBaHHS. B
TOM Xe Yyac AYXe BeJHKA KUTBKICTh HEOPraHiyHHX Ta OpraHivYHMX CroNyK
HAIXOIWTh [0 HABKOJMIIHBOTO CEPENOBULIA BHACTINOK /il AHTPOMOreH-
Horo daxTopa. Taki crionyku y 6im>UJOCT_i BUMAKIB MaiOTb TOKCHUHI
RJIACTUBOCTI, 1 IX HEOOXiTHO BU3HAYATH HA PiBHI AyXe HU3BKHX, TPAHUYHO
HOTMYCTUMMX KOHLIEHTPALif, 4acTo 3 BMKOPMCTAHHAM PISHIX MCTOLIB
KOHUEHTpYBaHHS. Jlo Toro X, 6araTOKOMITOHEHTHHI XIMIYHWH CKial
TIPUPOIHUX EKOCHCTeM TToTpebye peTebHOro BUOOpY HaibiTbur edek-
TUBHUX METOAIB aHAJI3y Ta BUCOKOI MaWCTEPHOCTI BHKOHAHHS aHasl-
TUHMX JOCNIIKEHb. X pe3ybTaTy € 6a3010 ISt CTBOPEHHS GaHKY daHMX,
fe3 AKMX HEMOXJIMBE HAYKOBO OOI'PYHTOBaHe 3MIHCHEHHS TEXHIYHMX UM
GioNOMYHMX 3aXOMiB, CIIPSMOBAHUX Ha 36epexeHHs abo BiITBOPEHHA
HOPMAJIBHOTO €KOJIOTIWYHOTO CTaHy. ‘ .

Jist 3a0e3MeHeHHs HaNeXKHOL AKOCTI €KONOTMIYHOro KOHTPOJIO '(MO—
HITOPHMHIY) HeoDbxinHa crielliaibHa ninroromga KaOpiB eKOJIOrO-aHaITHY-
Horo npodimo, AKi MOBUHHI BOJIOMITH HE TUIBKH TIMOOKMMH 3HAHHSAMU
3 gHAMITWYHOI XiMil, a i1 MATH TAKOX YSBISHHS Ipo ocobAHBOCTL CKIlaly
00’€KTIB MPHUPOXHOTO cepeiOBUILIA.

HanexxHy THATOTOBKY TAKMX KaIpiB V BUILMX HaBYUTBHHX 3aKjiagax
YCKJIAAAHIOE TrepenyciM BiICYTHICTb MiAPYUHHKA, B SIKOMY Gyno 6 BUKJA-
JieHO OCHOBHI XapaKTEePUCTHKU XIMIYHOTO CKJTaly HAHBAXHBILIKX 3 €KO-
JIOTIYHOI TOUKH 30pY NMPHPOAHUX 0B’ EKTIB — [PVHTIB, BOI Ta MOBITP, i
PO3M/STHYTO HatGiNbLI MOWHPEHi METONN aHAM3Y LWX 0b6’exTiB 3 ypaxy-
BaHHAM 0CcOOIMBOCTEN IXHBOTO XIMIUHOLO CKIIamly. ‘

CTBOpEHHS TAKOro TiAPYMHUKA BUSBHIIOCSI CMIPABOIO HENErKOIO. 3y-
MOBJIEHO 1I¢ TUM, IO XiMiMHMIE cKJTan 06’ eKTIB NPUPOAHOTo CepeoBHILA
MOCUTH BAraTOKOMMOHEHTHHMIT i 3MiH}oeT§c51 B yaci Ta NpocTopi Ml AlE0
dizuxo-reorpadiqHux, XIMIYHHX, 6i0J10nlIHm§ Ta.Z‘IHTBOHOFEH-HI/IX'(DIIK:
topis. Ilpu LBOMY Taki 3MiHH MalOTh AK KUIBKICHHIl, TaK 1 SKICHWH
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xapakrep, i ui ocobmBocti GopMyBaHHS XiIMIYHOro CKJIaAy MPUPOIHUX
06’exTiB il BpaxoBYBaTH IpH BUGOPi MeTomiB Binbopy, NiArOTOBKH 1pob
Ta IX aHaJi3y.

Orxe, oCHOBHE 3aBIaHHS TAPYYHUKA TTOJIATAE B TOMY, 11106 BUKJIACTH
B €IMHOMY KOMIUIEKCI HaBUAJIBHWII MaTepias, IO CTOCYETHCS Xapak-
TEPUCTUK O00’€KTIB TIPUPOAHOIO CEPENOBMILA TA TOB’S3aHWUX 3 HUMM
ocobaMBOCTEH METOROJIONIL i MPAKTUKK iX aHAJI3Y.

IMinpyyHuk ckagaeTbest 3 TPBOX PO3AULB. Y MepLIOMy 3 HUX Xapak-
TEPU3YETLCS XIMIYHMI CKJTaJ MTOBEPXHEBUX Ta Mi3¢MHHUX BOI CYILI, OKe-
aHiB, aTMOC(epHMX onaliB Ta TOBITPS, a TAKOX THITOBHUX IPYHTIB. 3Bep-
TAETBCA YBara Ha Pi3HWIT arperaTHUil cTaH XiMIYHUX IHTPEdIEHTIB y LIMX
06’exTax, HaBeleHO HaWOLIBIU XapaKTepHi iHTEpPBANM iX KOHUEHTPALUil
(BMICTY), PO3IJITHYTO OCHOBHI IKepena iX HAIXOMKEHHS, a TaKoX (i-
3uyHi, (iznKo-XiMiuHiI Ta GiosIOTiYHiI TpolecH, 1O 3YMOBIIOIOTh MiH-~
JIMBICTB i HEOIHOPIIHICTD XIMIYHOIO CKJIaly Ha3BaHUX 06’ekTiB. O6roso-
pIoIOTbCA NTPo6aeMM B3a€EMO3B’A3KY MiX IPAHMYHO IOMYCTHUMUMM KOH-
uentpauismMu (FAK) okpeMux XiMidyHMX IHFPEmIEHTIB Ta IX TOKCUYHUMHU
dhopMaMH, sKi iCHYIOTb aG0 MOXYTh BUHUKHYTH B 00’€KTaX HaBKOJMII-
HBOTO MPUPOAHOIO CEPEeNOBULLA NIl Ai€l0 TIPUPOAHUX UM aHTPONOTSHHUX
daxTopis.

Y npyromy pos3aisli B 3araJlbHUX pUCaX OXapaKTepH30BaHO XiMiuHi,
disnKo-XimMiuHi Ta di3sHUHi METONM aHANi3y — IPABIMETPUUHI, TUTPUMET-
PHYHI, CMEKTPOCKOMIYHI, KIHETHYHI, eJeKTPOXiMiuHi Ta panioXiMivHi, sKi
HaifyacTilue BUKOPUCTOBYIOTECS MPU AOCHIAKEHHI XiMiMHOro ckiamy
00’€eKTiB HABKOJIMILHBLOrO TIPUPOAHOr0 cepeloBHila. Po3msHyTo Mox-
JIMBOCTI METOMIB 3 TOYKH 30pY IX YYTIIMBOCTI, TOYHOCTi, TPUBAJIOCTI aHA-
i3y, MPUIATHOCTI Sl BUKOHAHHS MAaCOBMX aHAJi3iB, 3PVUHOCTI aBTO-
MaTu3auii Ta eKOHOMIYHOCTI. OKpeMHMil MiApo3ain MPUCBSAYEHO METONaM
KOHLIEHTPYBAaHHSA Ta po3aileHH. TeopeTHyuHi 3acanu MeToliB He po3riisi-
AAOThCS, 3BAXKAIOYM HA T€, 110 IX CTYAEHTH BUBYAIOTD Y 3araibHOMY Kypci
aHaNTHYHOI XiMil. OcobnMBY VBary 3BEpHEHO Ha METONOJIONi IO AHATTIZY —
BiGip Npo6 BOA, MOBITPA Ta IPyHTIB, X KOHCEpPBALlilO Ta 30epiraHHg,
MArOTOBKY ISl aHANi3y, NPOBEACHHA aHANITHUHUX OMepaLiil, a TaKkoxX
OUIHKY HaliiHOCTi Ta MPeACTABHULITBA Pe3yNbTaTiB aHali3y. O6rosopio-
foTbCs Iesiki crieumndiuHi 0cobMBOCTI aHaIi3y 06’ €KTIB NPUPOXHOro ce-
penosvua. Bonu nop’asani 3 TuM, 1o Garato XiMiuHMX iHTpemieHTIB,
0Ccob/IMBO i0HIB BAXKMX METAJIB, MICTATBCA B LMX OG’€EKTAX YV PIi3HUX
dopmMax, AKi MPOABAAIOTL HEONAHAKOBY DPEAKLIHMHY 3AaTHICTH V Ipoueci
OTPMMAHHS BHMIPIOBAHOIO aHANITUYHOrO CUrHaay. BaraTokoMioHedT-

HUH ckJazl 06’€KTIB NPUPOIHOro CEePeIOBHILIA YACTO NOTPEOYE BUILIEHHS -

BU3HAYYBAHOI'O iHIpeAieHTa a60 BIOKPEMIIEHHSI KOMITOHEHTIB, SIKi 3aBa-
KaOTh AHAM3Y, UM X MacKyBaHHS. [Lisl BUSHAUYEHHS MiKPOKOMITOHEHTIB
y GaraThox BHIajiKaX HeoOXifHe IX KOHLEHTPYBAHHS | 30CTOCYBAHHSA TaK
3BaHWX riOPHMAHMX METOAIB aHaJli3y (EKCTPaKUiiHO-GOTOMETPHUHUX, a-
COpOLIHO-CAEKTPOCKOMIYHUX, XPOMATO-KiIHETUYHHUX TOLLO). Hapeuiri,
Mepesl aHaIITHKAMU-EKONOraMU TTOCTa€ TaKoX NpoblemMa BU3HAYEHHS
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oKpeMMX (OpM MEBHOrO XiMiYHOIO iHIPENi€EHTa, fAKi MaiOTh pi3Hy Gio-
JIOMYHY aKTHBHICTh (€ TOKCUMHWMM IUIS XVMBUX ODraHi3MiB, HeHTpanb-
HUMM Y4 HEOBXIIHUMH [JISI iX PO3BUTKY) ab0 MPOSBISIOTH Pi3Hi (i3nKo-
XiMiUHi BJIACTMBOCTI B MpoLiecaX MATHOI YW TeXHIYHOI BOHOITArOTOBKH,
npu cop6liii razonogibHuX BUKWIIB B aTMOCdepy ToLIO.

V TpeThoMY PO3MIiJli BUKIIAAEHO METOAU BU3HAYCHHST AEAKUX biI3MUHMX
[MOKA3HUKIB Ta OCHOBHMX XiMIUYHUX IHTPEMi€EHTIB MPUPOIHOro Ta aHTpO-
MOTEHHOTO TIOXOKEHHS Y NpPHUPOAHUX BOAaX, V MOBITPI Ta B TPYHTAX.
Posrnsapaiorbest Bi3MKO-XiMiUHI OCHOBM METOIIB, iXHS YYTJIMBICTb, Ce-
JIEKTHBHICTB, CITOCOOM BMKJIIOYEHHS BIUIMBY PEYOBHH, 10 3aBaXAOTh
AHANI30Bi, HABEACHO METONMKM BMKOHAHHS aHaJli3y Ta criocodu pospa-
XYHKY #1oro pe3ynbTatiB. 3 6araTbox MeTolliB BUbpaHo Ti, IK1 BHKOPHCTO-
BYIOTbCS HaWOUIBII LIMPOKO ab0 € MNEpCTIeKTUBHWMH ST OTPUMAaHHSA
JAHKX, HEOOXiIHMX NP PO3B’A3aHHI €KOJIOTIYHHX MPOdeM.

Minpy4HUK 3 aHATITHYHOI XiMil MPUPOAHOrO CEPELOBULIA € MEPUIOIO
cripo6olo B YKpaiHCHKil HAayKOBill JiTepaTypi y3araJlbHUTH BeJIMMEe3H Uit
obcar iHdopMaLii NMpo aHATUYHKUIA KOHTPOMb XiMIYHOTO CKJany Mpu-
POIHMX BOJ, TIOBITPST Ta IPVHTIB, YITOPSANKYBATH LIO iHdopmallito i BU-
KUIACTH il 3 MEeBHUX HABYAJbHO-METOAMYHMX To3uuii. Yu smanacs ug
cripoba — Ipo Le CYAUTH BUKIIalayaM Ta CTyJAeHTaM BUIIHX HaBYAIbHUX
3aKJIafiiB, 1€ TOTVIOTh CITELHANICTIB 3 €KOJIOrO-aHANTHYHOTO KOHTPOJIO.
ABTOpM CIIOAIBAIOTHCH, WO TMHAPYYHMK Oyle KOPHCHUM HE TUTBKH A
CTYIEHTiB TA BUKJIaJauiB, a ¥ Wit MPaLiBHUKIB XiMIYHHX, GionorivyHUX,
reorpadiuHMX Ta IHUIMX CITELiaNbHOCTEM, SKi 3aiMaloTbCs PO3B’A3aHHIM
eKOJIOTIYHMX MPoGeM, i 3 3a0BOJIEHHAM NIPUITMYTh KPUTHYHI 3ayBaXeH-
HA 1I0A0 Horo 3MicTy.

1. XIMIYHUIA CKNALL OB’EKTIB
NMPUPOAHOIO CEPEAJOBULLA

TIpuponHa eKOoCHUCTEMA CKIAAEThCA 3 HEXMBUX Ta KUBHMX 00 €KTIB, |
AKi TIOCTIiHO B3aEMOilOTh MixK co6or0. 2KUBi icTOTH iCHYIOTB i po3BHBa- .
10ThCA B MPUPOAHOMY HABKOJIMIIHBOMY CEPEeLOBUILI, OCHOBHUMY CKJIA-'
JOBUMM YaCTMHAMH SKOIO € I'PYHTH, BOAU Ta MOBITPA. IXHil XiMiuHM:

cknaa GOPMYETBCA 3HAYHOIO Mipolo B TIpoleci B3aeMoOMil Bcix 06’eKTiB
TIPUPOAHOI €KOCHCTEMM i TOMY € HAA3BUYAHHO Pi3HOMAHITHUM B sIKiC-
HOMV Ta KUTbKICHOMY BIIHOILIEHHSIX i 3MIHIOETBCS B Yaci Ta B IPOCTOPI.

Ximiunmii cknaa o6’ eKTiB NPUPOAHOro CepeloBUllla — 1€ CYKYMHICTh:

XiMIYHHX IHIpeaieHTiB (i0HIB, MONEKYJ Ta iIX arperatiB), fKi MiCTATbCS B
IpyHTaxX, NPUPOIHMX BOHAX i B MOBITPI Y TBEPAOMY, PO3UMHEHOMY Ta
rasyBaToMy CTaHax.

3a MOXOMKEHHSIM LU {HFPEIiEHTH. MOXKHA MOAUIMTH HA OBI OCHOBHI

TPYITH — NpHposIHi Ta aHTponorenyi. Hanpukiaza, iHepTHI rasu B NoBiTPi,
FYMyCOBi PEUYOBMHM B MOBEPXHEBUX BOAax cyilli abo alOMOCHILIKaTH B
IPYHTaxX MaloTh TIPUPOAHE TIOXOKEHHS. i TakuMX peyoBHUH XapakTep-
HUM € TEeBHUI SKICHUI CKJIaL Ta TMeBHI IHTepBATM KOHLIEHTpAlliil (BMic-
Ty), AKi BIACTHUBI TSl IJaHOTO NIpUpoaHoro ob’exra. ToMy aHaTITHK MOXe
3a3manerigb BUOpaTy HalGUIBIIT TOLIABHUI Ta HalilfHU A MeTO BU3HAYCH-
HS MEBHOIC IHrpeaiceHTa TIPUPOIHOIO IMOXOMKEHHS, 3HAIOUM XiMIUHY Xa-
PAKTEPUCTHKY ROCIIIKYBAHOro 06’€KTa Ta MOXJIMBOCTI 00paHOro METoRy
aHanmisy.

XiMiuHi IHrpeli€eHTH aHTPOIIOTEHHOro TIOXOIKEHHS TOTParUiTIoTh Y
MPUPOIHE CEPESAOBHILE 3 CTIYHUMU BOJAMM NPOMMUCIIOBHX MIATIPUEMCTB,
CLIBCBKOIOCIOAAPCEKUX KOMITIEKCIB, 3 KOMYHANBHO-NOOYTOBUMHM CTO-
KaMHM Ta 3 BUKWOAMM TasiB i aepo3oJieil y TOBITpaHMIT OaceliH ToIlo.
SKicHWIl cTan TakuMxX 3a0pyaHIOBadyiB MOXHa IO MEeBHOI MipH repe-
0auMTH, BUXOAAUM 3 TEXHOJIOTH BiamnoBiaHoro BupoOHULITBA. CTYITIHB Xe
IX HAarpoMaKeHHs B 00’ €KTaX HABKOJHITHBOIO TIPUPOIHOTO CEPEHOBUILIA
norpedbye crnemaibHUX TOCADKEHB, 1 TOMY aHalTHKOBI BaXKO 3a3a-
Jleriap BUOpaTH ONTHMMIBHUI MeTOI BU3SHAYEHHS TaKHX IHTpeaieHTiB. o
HHUX HaJIEXaTh, HAPUKJIAA, CIpYUCTWIT aHTIAPUA, 1O TIOTPATUIAE B MoO-
BITPS 3 AMMOBUMM BMKMIAMU TEIUIOBUX €JIEKTPOCTAHUIN, abo crioiyku

PTYTi, KaAMilO, XPOMY Ta IHIIUX METAJIiB, SIKi TTOTPaIUIaOTh 10 ITPUPOTHUX

BOZ 3i CTOKaAMU eJeKTPOXIMIYHUX BUPOOHUUTB. OcobarBo Hebe3reHHUMH
€ BUKWIYW PaMiOHYKJIAIB aTOMHUX eJeKTPOCTaHLII, XJIOpOpraHiyHi Ta
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dochopopraHiuHi NeCTULIMAN, HADTOMPOAYKTH, CUHTETHUUHI MOBEpXHe-
BO-aKTUBHL PEYOBKHH, 6apBHl/lKl/[ TOLLO.

Barato iHrpemieHTiB, sKi Tpeba BU3HaYaTH B 00’€KTax HaBKOJIMLI-
HBOTO CEPENOBMIIA, MOXYTb MaTH K TMPHPOIAHE, TaK i aHTPOTOreHHe
TIOXOIKEHHSI. IIo HUX HaJleXaTh, HATIPHKIALL, GioMeTany (HaTpiit, Kanif,
KaJIbllilf, MarHiii, 3a1i30, MaHTaH, Mifb, IMHK, KOGanbT, MonibaeH), JesTKi
aHiOHM (XJIOpMI, cvnbd)aT (boccbaT HITpaT), a TAKOX BEJIMKa KiJbKiCTh
OPFaHiuYHMX CIoNyK (6i1KM, aMiHOKHMC/IOTH, caXapH, KapboHOBI Ta OKCH-
KapOOHOBI KMCJIOTH, CIHPTH, ATHJCTITNA, KETOHU Tomo) Bubip mMetonis
BU3HAYEHHS TAKUX IHTPEliEHTIB OiMbLI CKJIa[HMIA, BPaXOBYIOUH IXHIO
BEJMYE3HY plBHOMaHITHICTb Ta 3HAYHM, YacTO Ha IeKinbKa MOpPSAKiB,
iHTEpBaN 3MiHM KOHLICHTpPALI.

3 TOUKM 30pY METOMONOTIT aHami3y BaXIJIMBUM € po3n011m XIMIYHMX
1Hrpemeﬂma MPUPOLHOTO CEPENOBUILA HA KOHCEPBATHBHI Ta HEKoHcep-
BATHBHI.

KoHcepBaTHBHUMH € IHrpeliEHTH, KOHLIEHTpAaLlifl (BMiCT) SKUX Y Billi-
GpaHiit [t aHasi3y TIpobi He 3MiHIOETBCS TIPOTATOM Tpusasioro yacy. o
i€l rpynM HajexaTb B OCHOBHOMY {OHM JIYXKHMX Ta JIVKHO-36MENbHUX
MeTajiB, nesKi Heopraml{m aHioOHU (xnopvm cymedar, dpropHa) Ta Ma-
JIopeakUiiHO3IaTHI Ta3H, 30KpeMa Taki, SIK a30T, OKCHI BYIJIELIO, IHEPTHI
rasu Toulo.

HeKOHCCpBaTI/lBHHMI/I € mrpezueﬂm KOHLIGHT[)"!U.IH (BMICT) AKHUX B

00’ exTi aHfUU3V MOXe 3HAuHO 3MiHIOBaTHUCS BHACJIIIOK ]'IpOTlK’lHH}I (])l- )

3MYHMX, XIMIYHWX Ta 6GioJoriyHMX mnpoueciB. BinbliicTs iHrpenieHTis,
0cobnBo TPUPOAHMX BOMI, BXONATH CaMe MO uiei rpynu. Hanpuknan,
POSYMHEHHUH Y BOJli KMCEHB Tpe6a BU3HAYATH OLPA3Y Iics BiGopy npobu
TMPUPOIHOI BOAM, TOMY IO HOro KonueHTpaum 3aJ1eXHTh Bill TeMriepa-
TYpH, a TAKOX 3MIHIOETbCSI BHACHIAOK MPOTIKAHHSA OKHCHIOBABHO- Bil-
HOBHMX MNpOLECiB Ta (POTOCUHTETHYHOI AISUTBHOCTI BOAHMX OPraHI3MiB
(r111p0610m13) Hpn 36eplraHH1 np06 BOAM abo BOJIOrOTO IPYHTY KOH-
LIEHTpALlisl HITPUT-iOHIB MOXe 3MIHIOBATMCS BHAC/IAOK iX XiMiYHOro 4
6i0JIOFiYHOr0 OKMCHEHHS 10 HIiTpaTiB abo BUIHOBNECHHS 10 aMOHiiTHoro
azoty. KoHleHTpauis ioHIB BaXKiHX METAJliB MOXe 3MIHIOBATHCH y He-
iNBTPOBaHIM Bodi BHACKZOK iX copOlii Ha 3aBHCAX abo KOJIOIAHMX
YaCTHHKAX, Ha CKJIi TOILIO.

JInisi BU3HAUEHHA HEKOHCEPBATUBHUX iHrpenieHTiB Binibpaxi ang aHa-
Jizy npobu TpeGa HerailHo aHani3yBaTH YU KOHCEPBYBaTH.

Mpu aHamisl NpUPOLHUX 00’ekTiB, 0cOOMMBO BOM, YacTO BUHUKAE
noTpeba BM3HAYMTH Pi3Hi (POPMM ONHOTO i TOro X IHIPedi€HTa, AKi
MOXYTb MaTH pi3Hi GiojioriuHi Ta xiMmiuHi BracTHBocTi. Hanpukiap,
sastexxHo Bin pH Bomu xapGoHaTH MOXYTb ICHYBaTH B PisHHUX (opMax —
CO,(H,CO5), HCO; ta CO3, docdatu — B ocHoBHOMY ik H.PO3 T2
HPO; ', cyabdinn — vy suraan H.S ta HS™ Ttowo. Baratosapsaani ionu
METAJ1iB MOXYTh B YMOBAX MPUPOAHUX BOA iICHYBATH V BHTJIsIAI CYCTIEHIO-
BAHMX YACTMHOK, a po3uuHeHi GopMU — Y BHUMIAA]I BiNBHUX (TOUHIiLIE
rizpatToBaHux abo aKBAKOMITIEKCHMX) iOHIB, a TAKOX YTBOPIOBATH Ka-
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TiOHHI, eleKTPOHENHTPATBHI Ta 0COBIMBO aHIOHHI KOMIUTEKCH 3 HasiBHUMH
y BOJli HEOPTaHIYHUMH Ta OPraHiYHUMH JiraHAaMM TIPUPOAHOIrO UM aH-
TPOITOTEHHOro TIOXOIKEHHS. B TakuMx BUMagkaX BHU3HAYalOTh 3arajlbHY
KOHLIEHTPAlil0 NAHOro IHIpeli€eHTa, MOTIM MOro BMICT Yy 3aBUCAX Ta
KoJIoinax, a KOHLEHTPALIO KOXHOI po3uMHeHOol HOpMU pO3paxoBYIOTh,
sHatour pH BonM, 11 OKMCHO-BIZHOBHMII TToTeHUian E, Ta KoHIleHTpaLliio
JliraHaiB, abo eKCcNepUMEHTAJIBHO BM3HAYalOTh B HEKOHCEPBOBaHIN 4M
CrieLliayIbHO MiArOTOBJIEHI TTpoOi.

3 eKOJIOrYHO! TOUKM 30pY HAA3BUYAHO BaXXJIWBUM € Te, IO XiMiuHi
iHrpefliEHTH Y NPUPOXHOMY CEPEIOBHILI MOXYTh OyTH TOKCHYHHMM abo
HETOKCHYHMMH. TOKCUYHUMH Ha3MBalOTBCA TaKi iHTpedi€eHTH, fAKI MpU
MepeBUILIEHH] TIeBHOL I'paHIHO aonycTuMoi KoHueHTpauii (1K) crnipu-
YHHIOIOTh 3arubelib XKUBUX 1ICTOT ab0 MPUrHIYYIOTH IXHIO XUTTEMISIJIBHICTD.
[ 6araTboX TOKCUKAHTIB, IKMMU 31e0LNbIIOro € iHrpeaieHTH aHTPOTIO-
TEHHOTO MOXOMKEHHS (CMOMYKMA PTYTi, KalMilo, CBHHLIIO, HITpaTH, Mpo-
IYKTH OPraHiuHOro CHUHTE3Y, HadTOMPOAYKTH TOILO), BCTAHOBJICHO OBi
Hopmu /1K -—— caHiTapHoO-ririeHiuHi Ta puborocromapchbki MIA MpU-
pomuux Bod. OcTaHHi € OGinbUI HU3BKUMM, 1LIO 3VMQBJICHO BEJMKOIO
yyTuBicTiO pUb M0 TOKCHKAHTIB. IcHye Takox bararo cnonayk npupoaHo-
T'0 MOXOMXEHHS, 0COONIMBO OpraHiuHmMX, TaK 3BaHUX MeTabOoNITIB XXATTE-
MiSTBHOCTI Ta po3KiIany NpelcTaBHUKIB duiopu Ta dayHU, sKi TeX BM-
ABJISIIOTh TOKCUYHI BiacTHMBOCTI. OAHaK A TakKUX PEUOBUH, YacTO He-
BiZIlOMOro XiMivHoro ckiany, Hopmu I'ZIK 1o 11iporo 4acy He po3pobieHi.

HeTtokeMIHMMU € IHTPEediEHTU, AKi HeoOXiAHi A1 PO3BHUTKY XKUBHX
opraHismiB abo He BIUIMBAIOTb Ha IXHIO XXKUTTENISUTBHICTD Y [MEBHUX MeXax
KOHLIEHTpaUii (BMICTY), XapaKTepHMX [JIsi JAHOTO TPUPOAHOro 0b’exTa.
TakuMU €, HalpuKJIAl, 10HHM Kaliio, HaTpilo, Kambllilo, MarHiio, rinpo-
KapboHaT-ioHM, KHCEHb, AIOKCU BYTJIELIO, CUJIIKATU ¥ BOIAX Ta IPYHTAX,
OUTKHM, aMiHOKMCIOTH, KapBoHOBI Ta OKCMKapbOHOBI KUCJAOTH i DaraTo
iHumX. OIHaK 3HaYHe TNEPEBULICHHS XapaKTePHHX /IS MEBHOrO MPHPOL-

Horo 00’ekTa KOHHCHTpa].lH/lHHX MeEX MOXe MNpU3BECTH 10 HEraTUBHOTO .

BIUIMBY HETOKCHUHOTO iHrpeflieHTa Ha PO3BMTOK XHBHX icTOT, TOBTO HO
Woro mMepeTBOpeHHs Ha TokewyHuil. Hampukman, mpu ayxe BUCOKiM
koHuenTpauii CO; y mosiTpi JioonHa 3aauxaerses. [Mpu MiaBUILIEHHL
KOHIIEHTPALlii MiHEpaJTbHUX COJIeH Y 3Ol VBAIbHUX BOAAX, 30KPEMa CYJIb-
dartis, 1o 1,5—2 r/n ta Ginblie. BiAOYBAETHCA 3aCONOBAHHS IPYHTIB, 1O
TIPUTHIYYE PO3BHTOK CLTBCBKOIOCTIONAPCHKUX KYJBTYP. 3HavyHe 30iib-
1IeHHS KoHLeHTpauii ¢docdaTiB y BoAi BOMOCXOBHIL CIPHYMHIOE «LiBi-
TIHHS» BOAM i 3arubenb puOU TOLIO.

OTxXe, eKOJNOTYHUII CTaH MPUPOIHOrO CEPENOBHINA 3aJEXUTh Bill
TIPUCYTHOCTI PI3HUX FPYN XIMIYHUX IHTPEAIEHTIB — APUPOIHIIX Ta aHTPO-
TIOreHHUX, TOKCUYHUX Ta HETOKCHUYHMX, KOHCEPBATUBHUX Ta HEKOHCEP-
BAaTHBHUX, a4 TaKOX pi3HWX (GopM ogHoro i Toro X iHTpeaieHTa, fAKi
crieuiaicT-aHAJIITUK NOBUHEH YMITH BU3HAYaTH.




J
« _
1.1. XIMIYHUM CKNAAL, KNACUDIKALLIA
TA AESKI BJIACTUBOCTI NPUPOOHUX BOA,

Ha mnaHeTi € BenmvesHa KinbKicTe Bomu, 3 skoi 97.4% 3a Macoio
CTaHOBJIATb MOPCBKiI Ta OKeaHChKi Bomu. [MToHam 71% moBepxHi 3emui
NokpuTo Boroio. OmHaK HiKOJNH i Hille Boa y MpUpoi He GYBAE YHCTOIO
epe3 Te, WO BOHA € HAHKpallluM NPUPOIHUM PO3YMHHUKOM. [1pH KoH-
TAKT1 3 BOIOIO POUMHSIOTHCS TIEPUI 32 BCE TBEPMi PEYOBUHU —— NOPOLIH,
MiHepaiM, coii. Boga po3yMHse TakoX rasu, 10 HaaXOAsATh 3 MIMOUH
semni (CO,, H,S, CH, Ta i), a B KOHTaKTi 3 aTMochEPHUM MOBITPSIM
¥ BOIAX PO3YMHSIOTHCS O3, CO;, N, Towo. Beanke 3HaueHHs ripu LIbOMY
Mag pO3UMHEHa BYIUIBHA KHCJIOTA, fKa TMPH B3aeMonii 3 KapOOHaTBMic-
HUMH MIHEPAJIAMU TIEPEBOAUTD iX Y I0Ope PO3YMHHI riapokapGoHATH.
Kpim Toro, B MPUPOIHMX BOAAX 3aBXIW € 3HAYHA KiNBKICTb OpraHiuyHUX
PEIOBUH — TMPOLYKTIB XUTTEMISINIBHOCTI Ta PO3KJIally BOAHHX OPraHi3MiB
(rifpoGioHTIB).

Bennka pisHOMaHITHICTE SKICHOTO Ta KiJIBKICHOTFO XiMiuHOro cKnamy
TIPUPOIHUX BOI He Ia€ MOXIIMBOCTI KJTacU(DIKYBaTH iX 32 IKOIOCh OAHIEIO
O3HaKoIo. 3 TOYKM 30pY aHAJLITUYHOI XiMil HARGIABIL NPUAATHOD € Knacu-
dixalis 3a BMiCTOM OCHOBHMX COJbOBUX KOMITOHEHTIB, SIKi CKIALAIOTH
TaK 3BaHY MATPHLIO 06’ekTa aHani3y. XiMiuHMiT ckan MaTpuLL v 6araTbox
BUTIaNKaxX € OHUM 13 BXJIMBUX (AKTOPIB, AKUIT Tpeba MaTu Ha yBasi npu
Bu6op1 METOAY aHan_i3y, MiITOTOBKYU MPoOH [0 aHANi3y Ta BUKOHAHHA
aHaJUTUYHUX oTlepalliif.

KimskicHuit CKJ1al MATPULI IMPUPOAHMX BOI XapaKTEPU3YETHCS CYMOIO
COJIbOBMX KOMITOHEHTIB (FOJIOBHUX i0HiB). BoHa cTBopioe TaK 3BaHy MiHe-
pai3aLlio BoaY, KA Mo3Havyaerbes vepes X, (r/kr). 3a BEJTMUYHHOIO MiHe-
pajuzauil IPUPOAHI BOAU IMOALTSIOTECSI HA YOTHUPH [PYITH:

Boan Minepanisanis,
. r/kr
Ipicui <10
Cononysari 125
Mopcuoki 25--50
Posconn (ponu) > 50

SKicHMH cknan MaTpMLi TIPMPOLHMX BOX MOXHA XapaKTepUu3yBaTH
CIIBBUIHOLLEHHSM LLECTH IOJIOBHUX IOHIB, IO MOXYTb OVTH NPUCYTHIMM
Y KiJIbKOCTi oHaz 12,5%-exB. Takumu ionamm € Na', Mg, Ca>*, CI,
SO;"’ Ta HCO; + CO%. 3a nepeBaxkHUM BMICTOM aHiOHIB NPHPOAHI BoaAK
nozxmgromcx Ha TpW KJacu: riapokapGoHaTHi i kap6owathi (HCO; +
+COy), cymgarni (SOT) Ta xnopummi (CI"). B cBoto uepry, KoxHuit
KJac 3a MepeBaXHON0 HAgBHICTIO KATIOHIB MOALIAETBCA HA TPH PYITH:
KATBLUEBY, MarHieBy Ta HarpieBy. Tak, MoBepXHEeBi BoaM YKpa'l'HL{G B
OCHOBHOMY TIAPOKapOOHATHO-KAJBIIEBI, MOPCHKI BOTM — XJI0PHIHO-
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HaTpi€BI, a NesAKi KOJONA3HI BOOM — cyibdaTHo-MarHiesi («ripka Boa»)
tomro. JocuTh pi3HOMAaHITHUMM 3a XiMiYHUM CKJIAIOM MaTpMLi € MiHe-
paJIbHi BOAU.

Ocob6auBY yBary Ha SIKiCHMIT Ta KiTBKICHMIT CKaZl MaTpyLi (FOJIOBHHUX
jOHIB) TIpMPOTHUX BoaA Tpeba 3BepTaTH TIPH iX KOHLIEHTPYBAaHHI Ta TIPU
BU3HAYCHHI AeSKUX XIMIYHMX iHTPEdi€HTIB, 30KpeMa MiKPOKOMIIOHEHTIB.
Hanpuxian, Npy BUMApOBYBaHHI riIpokapOOHAaTHO-KaNbLIEBUX BOX MO-
e yrBoputHces ocax CaCO;, Ha IKOMY 31aTHi copbyBaTtucs Harato opra-
HIYHMX CIIOJIVK Ta ioHiB MeTasiB. [1py BU3HaYeHHI OPraHiyHOro BYIJIELIO
y XJIOPWIHMX BOIaX OKMCHEHHSIM IMXPOMATOM Tpeba CTBOPUTH YMOBH LISt
3aro0iraHHsI OKHCHEHHIO XJ10PHA-i0HIB, NpH (HOTOMETPUYHOMY BH3HA-
YyeHHI iOHIB aMOHi0 peakTMBoM Hecnepa B cynbdhaTHO-MarHieBUX Boaax
Tpeba 3anobirTH YTBOPEHHIO MATIOPO3YMHHOIO FLIPOKCHIY MarHiio TOLIO.

XiMiuHi IHTpeAlEHTH MPUPOIHUX BOM MOAUISIOTbCA Ha I ITh OCHOBHHUX

TpyIL:
1. Posuyuneni rasy — O,, CO,, H,S, CH; Touo. . .
2. TosnosHi ionu (conmbosi komroHentn) — HCO3, CO5, CI7, SO7,

Na' + K*, Mg*, Ca*.

3. Biorenni enementT — NHj, NOs, NO;3, azor opraniuauit (N,
opTo- Ta nosidocdaru, dochop opraniunuit (Por), opTocHnikaty, 3aJ1i30
(11, HIT).

4. MikpoenemeHTH — Mn, Cu, Zn, Co, Mo (6iometamm), Ni, Cr, Cd,
Pb, Hg, F Ta iHmi KoMrioHeHTH (HeopraHiyHi NpoMHcioBi 3a0pymaHio-
Bavi).

5. OpraHiuHi pe4yoBUHU — Byriiellb opraHiyHuit (C,,), OLIKH, aMiHH,
aMIHOKUCJIOTH, KapOOHOBI Ta OKCUKapOGOHOBI KUCIOTH, cKiadHi edipw,
TYMycoBi Ta QYIBBOKUCIOTH, BYIVIEBONAU, XHUPH, KapOOHUIbHI CMONYKH,
CUPTH, HAPTOMPONYKTH, MECTUUMAN, CUHTETUYHI MOBEPXHEBO-aKTHBHI
peyoBunu (CITAP) Ta iHIIi opraHiuHi CrIONYKU NPHPOLHOIrO Ta aHTPOTIO-
TEHHOTO TTOXOMXKEHHS.

Li iHrpemieHT MOXYTh MICTUTMCA B TIPUPOOHWX BONAX Y BUIJISIL
3aBMCEI, KOMOIAHMX Ta po3uuHeHuX ¢GopM. Y CBOIO Yepry, po3ulHEeHi
iHTpenieHTH MoXyTh OyTW vy BurAani monekya (O, CO,, H.S, cruprw,
anperin i T.) Tta ionis (NO;, HCO;s, SO%, He3aKOMIUIeKCOBaHI Ta
KOMIUTEKCHI ioHW MeTailis Towro). PisHuit dha3oBuil | MOMEKVIAPHO- Ta
iOHOAMCHEPCHMIT CTAH XiMIUHWX IHIPEdIEHTIB ¥ MPUPOIHUX BOAAX CIUI
ypaxoBYBaTH IMPX BUKOHAHHI aHAJITHYHMX onepauiit, ocobanBo rnpu Bia-
Bopi npobu Ta il NiATOTOBLI KO aHAII3Y.

HasgBHICTh 3HAYHOT KiTBKOCTi XiMIYHUX IHTPEdiEHTIB 3YMORIIOE IMEBHI
GbizvuHi, bisMKo-XiMiuHi, Giosoriudi Ta OpraHoNENnTHYHI BIACTHBOCTI
npupoaHux Box. Lli BracTMBOCTI TeX € TTokazHuKaMu sikocTi soau. Cepes
HUX HafBAKJUBIILNMU € NMUTOMa Bara (rycTHHA) BOAM, il TIPO30PICTB,
KOJBOPOBICTh, KalaMyTHIcTb, cMak, 3anax, pH, okucHo-BiAHOBHUIA 10-
teHuian (E,), enextponposinHicTe Ta n'atunobose OioXiMiuHe CIOXH-
BaHHA KucHio (BCKs). ¢
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\/ 3a dizuKo-reorpadiTHUMH YMOBaMU (DOPMYBAHHS XiMiTHOTO CKIAILY
TIPUPOIHHUX BOM IX MOXHA TOMIJIMTH Ha TIOBEPXHEBI BOMH CVILi (piuku,
03epa, BONOMMMULIA, CTABKH), TiA3€MHI BOAM (apTe3iaHCbKi Ta MiHEpaib-
Hi), MOPCBKi Ta OKeaHChKi BoaU i aTMochepHi onaau.

1.1.1. NOBEPXHEBI BOAU CYLUI

Posuuneni rasu, pH, E.. 3 po3unHeHux rasis Hait6inbu XapaKTepHUMU
€ KHCeHb Ta AIOKCHA BYTJIELIIO, BMICT TKMX BEJIMKOIO MipOIO 3aJI€XUTh Bill
TEeMITepaTyPU BOIM, 1 NPO30POCTi Ta TMOMHM, 3 Ko BiaGHpanach npoba.

Ha puc. 1 nokaszano Bnnus TeMmnepaTypu (f) Ha PO3YUHHICTb KMCHIO Y
AMCTUBOBaHIi Bodi (KkpuBa /). U 3aexHicTs ormicyeTses dopmynoro

O (Mr/m) = 4,505 - 10 £~ 3,716 10" - £+ 14.650. (1)

MiHepanizauist pUpogHHUX BOI TAKOX BIUTMBAE Ha PO3UUHHICThE KHUC-
Hio, 3MeHInyouH i1 Ha 0,04—0,08 mr/i1 Ha koxni 1000 Mr coneit 3a1eKHO
O mein | & Bil TEMMEPaTypH. Lleit BNJTHB nobpe
MOMITHHI MpPUW MiHepai3allil noHan
I ©/n i 3MeHwIveTbca NpM MiABH-
UIEHHI Temrepatypu Boau (puc.l,
KpUBI 2—4).

KoHieHTpauist KucHIO v noBep-
é 3} " XHEBUX BOJax CVILII MOXe 3MIiHIO-
s | \0\05 BAaTMCA MNpakTHU4HO Bil 0 go 14—
4 ) L T———g¥ 15 Mr/a i 3an€XXnTh Bil BIUIMBY N1BOX
0 10 20 30 e TPYIT TIPOTHAEKHO CIPSIMOBAHMX
rnpouecis. Jlo neprroi rpvniy npo-

Puc. 1. 3anexHicts posuunuocti KucHio y

BOJli MPH PIIHUX TeMIEpaTypax BiJ Miic-
panizallii npu armocdepuomy THeky 760 MM
PT. CT. 1 MNapliajgpHOMy THCKY KHCHIO

LeciB, sKi 30arauvioTb BOAY KMC-
HeM, HajrexaTb abcoplLis KUcHIO 3
atMocdepH Ta f10oro BUALIEHHS BOI~

0,209 aTm.: HUMH POCIMHAMH NpH POTOCHHTE-
1 — 0 (mictimboBaka Boja); 2 — 10 r/n; 3 — 35 r/m;

4T 3i. OCTa}{Hiﬁ 3HAYHOO MiDOIQ 3ane-

‘ XWTb BII TeMIiepaTvpH Ta IHTEH-
CHBHOCTI OCBITJIEHHSI TPUPOJHOIO BOXHOro o6’ekTa. Jo apyvrol Tpyru
TNPOLIECIB, AKi 3MEHIUYIOTH BMICT KMCHIO Y BOMi, HANeXaTb GioXiMiuHe
OKHMCHEHHSI OpraHiYHWX PEYOBHH Ta XiMiUHE OKHCHEHHS BiAHOBHMKIB
(Fe’*, Mn*", NO3, H.S Towo). BHacinok 110ro B He3abpyaHEeHMX Bogax
KOHLICHTPALliA PO3YMHEHOro KUCHIO B JIITHIi Mepiol BUWIA, HiX B3UMKY,
1 TAKOX BMILA B [TOBEPXHEBHX lHapaX IMOPIBHAHO 3 npuAoHHUMH. -
6uHHa cTpaTidiKallia 1e 3aIeXUTh Bil iHTEHCHBHOCT] nepeMillyBaHHg
BOAHUX Mac. [lI1 MaIMX Ta CTPIMKMX PiuOK CAMGMHA crpatudikalil MeH-
W, HX A4 BEJUKMX piK abo o3ep. BOAOIMMIL, CTABKIB., 0COBIMBO B
mTHiIeBy rorony. OCKUIBKM OCHOBHUM TIOCTAYaIbHUKOM KHCHIO B noBep-
XHEBI BoaM € (DOTOCUHTE3 BOAHUMU POCIIMHAMM, To HaliOiibllie HacH-
UCHHS BOAW KMCHEM CITOCTepira€Thest NpubansHo o 14—I5 roauui, a
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HallMeHIle — TpUGIM3HO O 4—&6 TOAMHiI paHKYy. 'KO.J'[MBaHHSI BMICTY
KWCHIO TIPOTArOM A06M MOXe mocsaraTh 2—3 Mr/i i Ginblie. TOM}i g
XapaKTEPHCTUKM KMCHEBOIO PeXMMY TIEBHOrO BoaHoro ob’ekra
HeOoOXiIHO TIPOBECTH CepiiiHHIA aHAaNi3, Bin6151palolrn npoou BOIM 3 Pi3HMX
MOWH, v Pi3HMX TOYKAX aKBaTOpil Ta B Pi3Hi romHU nobu, i aHani3yBaTH
ix HeraifHo micyg BinGopy TIpoou. ) ” o
Jiokcna Byriemo MicTUTbCS B YCiX 0y, 1o Hac.
BOIaX TIEPEBAXHO Y BUIBHOMY CTaHi y
sursiai Monekya CO,. Jhue yacTHMHa
umx Mosiekyn (Gmissko 1%) Bsaemonie ¥
3 BOJOIO 3 YTBOPEHHAM CJIaOKOl BYTiTh-
Hol kuciaorn H,COs, i ToMy 1iinm po3-
YUHEHUM HiOKCUIIOM BYTJIELIO PO3yMi-
1oTb cymy Bmicty CO, + H,COs.
OCHOBHMUMM DXepeslaMM  HalXod- 40
xeHHa CO, y noBepxHegi Bomt € Gioxi- -
MiyHe OKMCHEHHS OPTaHIYHMX CIOJIYK
Ta MEHIIIOI0 MIipOI0 JUXaHHS BOIHMX
opraHiaMiB. 3HIDKEHHSI Ioro BMICTY
BinOVBa€ETLCS NPH iIHTEHCUBHOMY (hoTO- 0 - : .
cuHTesl. Yepes e v He3a6pyTHEHUX I10- 20 4 60 COpmz/n ;
BEPXHEBHX BOLAX KOHUCHTPALILl POSHH- Puc. 2. B3aeMo3anexHicTh MiX BMic-
HCHMX KWCHIO Ta HIOKCHMAy BYTJICLIO TOM POBUHHCHHX Y BOTI KMCHIO Ta Ii-
3MIHIOIOTBCS, SIK TPABWIO, aHTHUOATHO  oxeuny syriciio y Kuiscbkomy Bofo-
(pnc.2). OnmHaxk LS 3aJIEXHICTD NOPY-  cxosumi:
m?lﬁ‘&%ﬁoﬁiﬁﬁgwgf&;ggg Tg}z ora arerimainte, woneT Ko o
raHt YR . = PI3HHX TEMTepaTypax
CHYHUMH [JI% BOMHMUX OpraHi3MiB, Ta
HeOpraHiYHUMM BiTHOBHUKAMMU, IO NTPU3BOAUTH 10 3HAYHOIO 3MEHIIIEH -
HA KoHueHTpauii O (IMB. YOpHI KPY>XKEUKH Ha puc. 2). .
JlioKCHA BYIJIELIO BUTPAYAETHCS TAKOX Ha PO3YMHEHHS KapOoHaTiB:

1CaCO0; + CO; + H;O & Ca® +2HCO; . (2)

PiBHOBaXXHY KOHLIEHTPALIiIO BLIBHOTO HIOKCUIY BYIJIELIO, MOJTB/JI, KA
BifirioBinae 1iif peaxkuii, MOXXKHa po3paxvBaTH 3a (bOpM_VJl(?]O,_"H.IO BMBO-
JUTBHCS CTIUVIBHUM PO3B’A3aHHSIM PiBHSIHBb KOHCTAHT AMCOLLALLl BYFUTBHOL
KUCAOTH Ta KOHCTAHT piBHOBAru po34MHEeHHS KapOoHaTy KabLIiIO;

60

20

Cco, = -[HCO3) - fe? - [Ca™].  (3)

Y R fitco:
K, - IPcaco,”11C0s
Tyt K Ta K; — mocninoBHi KOHCTAaHTH AMCOLIALlii BYIiJIBHOL KHC/IOTH
k - - -9, .
(Ki=4,5-107; K,=4,8.10"); HPCaCO3 =4,8.107;, (10BYTOK pPO34MH-
HocTi KapGoHaty kansuiro); [HCO3] ta [Ca™] — KonueHquuii' LIMX ionigs,
MOnb/T; fiico; Ta Jfeou> — X KoedillieHTH aKTWBHOCTI, 5iKi 3a/1eXaTh Bill
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ioHHoi cuim (MiHepasisalii Boau). SKio y NpUpONHii BoAi BUHMKAE
KOHLIEHTpAList ZIOKCUIY BYTJIELIIO BHLLA, HiXX BOHa Moxe 6YTH BiIINOBIIHO
10 piBHSHHA (3), 0 Taka BoAa MiCTUTD TaK 3BaHMIl «arpecMBHUIN MiOKCHI
BYJIELIO» 1 3MaTHAa pyWHYBaTM OCTOHHI TiAPOCTIOPYOW BHACJIIOK
rnpoTikaHHg peakuii (2).

CipkoBsoaens y NpUpoIHUX BojaxX abo BiacyTHii, abo Harpomamxy-
€ThCA B HE3HAYHMX KiJIbKOCTSX V MPHIOHHHX Iapax, ocoOMMBO B3UMKY.
TIpHCYTHICTB CiPKOBOAHIO € O3HAKOlO 3a0pyAHEHHS BOOW OpraHiYHMMH
peyoBMHaMHU. [l BoogHuX 06 €KTiB caHiTapHO-To6yTroBOoro ta putoroc-
TIO/IApPCBKOro TIPU3HAUEHHS IPUCYTHICTh CIPKOBOIHIO Ta cynbdinis He-
TIPUITYCTHIMA.

Konuenrpauis iouiB BoAHIO Y TIPUPOOHMX BOMAX 3aJIeXKNUTh MEPEBAXXHO
Bil BMIiCTY TIPOAVKTIB AMCOLHALIl BYIiJibHOI KWCJOTH, Bill HasIBHOCTi
c1abKUX opraHiYHUX KHUCJIOT (MepeBakHO TYMYCOBHX) Ta cosleif BAXKKHX
MeTajiB, 110 TimponisyloTe. Haiibinbi cyrTeBo Ha BenuuHy pH Hesa-
GPYIHEHMX TIOBEPXHEBMX BOI Cylli BIUIMBA€E KOHLEHTPALlif BYyrinbHOL
kucnoti. ToMy B yMoBax iHTeHCHBHOro GoTocuHTe3y B JiTHIO Tiopy pH
BOJM 3aBXIU € BUILIMM, HiXK B YMOBaXx IepeBary IeCTPYKUIiHHX NPOLIECIB,
LIO MpH3BOATH A0 HarpoMamkeHHs CO; B XoJIOHHI mopu poky. Taky
3aJIeXHicTh nobpe infocTpye puc.3. 3 wiel x npuunHu pH noeepxHesux

wapis Boau € 34e6iNbUIOrO BU-

pH , LIWUM, HDK NpUAOHHMX. B uinomy
841 M4 TTIOBEPXHEBUX BON CYLII Haii-
b0t _ BINIbLL XapaKTEPHOIO € 3MiHA KOH-
(4

LHeHTpauil BOAHEBUX iOHIB B iH-

n6r . Ttepsani pH 6,8—38.5, xoua B Ae-

72t AKUX BUIagKax, Haripukiaag y

62 , o . e S bosiotHWX Bomax, pH moxe 3HH-
] {// -] [/ X 3uTUCH 40 4.5—S.

[MpuponHi BOAWM MicTATH Ta-
o ) KOX 0arato HeopraHiyHUX Ta op-
Pue. 3. 131vxm.a p.H Boau y KuiscbkoMy BOjIO- TaHIYHUX iHFpeﬂieHTiB. aKi 3}laTHi
CXOBHIII B Pi3HI IIOPH POKY nepeGyBatH B DISHUX CTYTIEHSX
okucHeHHA. CYKVITHICTh TAKMX iHTPEAiEHTIB CTBOPIOE MEBHUIT OKMCHO-
BITHOBHUIT CTaH BOMM, SIKMIL XapaKTEPU3YETHCS OKHCHO-BiAHOBHUM TO-
Tenmiaiiom Fj,. OCHOBHUMM iHIpEAiEHTAMM, AKi BILIMBAIOTE Ha E, € po3-
UMHEHUIT KUCeHb, CrOoJYKM 3aj1i3a, MaHTaHy Ta CipKu, a TaKOX HedKi
OpraHiuHi peuoBUHU. [TpU BUCOKOMY BMICTi KHCHIO, TOOTO B YMOBAX iH-
TeHcUBHOro (poTocHHTE3Y, E) MOXe NOCATTH BeTMYHH ropsaky +700 mB.
Haemaku, B yMoBax 6ioXiMiYHOrO OKMCHEHHSI OpraHiuyHWX CHOJNYK, B
pe3yNbTaTi Yoro y Boii HarpoMamkyetbesi CO; abo yroproeTbea HaS,
OKMCHO-BIIHOBHMIT MOTEHLIaX MOXe 3HM3UTHCST 10 ~100 MB i MeHwe. ¥
He3abpyaHeHUX MOBEPXHEBHUX Boaax 3HaueHHd Fy, ta pH 3MiHOIOTBCS, K
npaBusIo, cMMbaTHO, IO BIUIMBAE HA CTaH Ta peakUiiiHy 3aaTHICTb Gara-
TROX iHrpenieHTiB. Tak, npu niasuulenni E; ta pH Boan Heopraniunuil
a30T 3B’13y€ThCsl MepeBKHO B ioHM NOj, cipka — B SOF , a MaHTraH Ta

1965p. 1966p.  1967p.
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3aJ1i30 YTBOPIOIOTE TBepi crniosiyki MnO; ta Fe(OH); abo kxoMruiekeH 3
HeOpraHiYHMMM JiraHmamu. Hasmaku, nipu 3HuxeHHi E, ta pH Bomm
HeopraHiYHMI a30T nepexomythb B ion NHj, cipka — B HS™, a ioMinyio-
MU opMaMU MaHTaHy Ta 3ajli3a cTaloTh joHM Mn®* i Fe’' Ta ixmi
KOMTUIEKCH 3 HEOPTAHIYHUMM Ta OPTaHIYHUMM JiraHIaMM.

TonoBui ionu (comboBi KOMMNOHeHTH). XyiopyaH, cyiabdaTH Ta riapo- -
KapboHaTH HaTpilo (Kajifo), MarHilo Ta KaIbLIO HaIXOASATh 10 TOBEpX-
HEBUX BOI CYIi B OCHOBHOMY BHACJIZOK PO3YMHEHHS YV BOINi Pi3HMX
ripChKVX TTOpi, MiHepaJiB, coeit Tomo. Hanpvknan, Kaibuii MiCTUTBCS
B TIPHPOIi TTePeBAXHO Y BUIUIAL KapboHaTy B GaraTbox MiHepanax (Kajib-
LIMT, MapMyp, BanHAK, Kpeiiia, Mepresib, OJIOMIT), Aani Y BUIVISL CYJib-
dary (rirnc, aHriapuT) i, HApewITi, B MOPOJaX BYNKAHIYHOTO MOXOMKEHHS
(rpaHiT, niopuT, 6a3abT), AKi Ha 100 KT OpoaM MiCTATh NpUOIU3HO 4 KT
xiMiyHo 3B’a3aHoro KaibLilo. CynbdaTy Kaablilo BiIHOCHO Hobpe po3--
YMHHI y BOAi i pasoM i3 cyibdaTaMu MarHilo CTBOPIOIOTH MOCTIHY
TBepAiCTb BomM. Bci iHIUI MiHepanM KaibLilo noraHo po3uuHHi. Hasg-
HICTh Xe B TIPMPONHMX BOJAX 3HAYHOTO BMICTY iOHIB Ca’" 1a Mg*
3yMORJIEHa YTBOPEHHAM y mpucytHocTi CO; n0o6pe pO3YMHHUX [iApo-
KapboHaTiB [auB. peaxiiio (2)].

Haii6iipin rmonrmmpeHi iH- low |
TepBaJM KOHLIEHTpauiii ro-  Mg?* |gs-50

NIOBHUX iOHIB TIOKA3aHO Ha  yptex* 7-75 |

p}’IC.4, 3 AKOro BUIruiMBa€, 1o

i i to-120 ]
y MOBEpXHeBUX Bofax cyiui go- ¢ 10-120

MinyioTs ionn HCO; ta Ca®*,

. . ) cr- -
uic BiATIOBiZa€ riapoxap6o-
HATHO-KAaJIbLIiIEBHMM BOJaM. 804" 2-120

YHacnigok — enektpocta-  xeo; | [ 10-250 1
TUYHOI B3a€Molil MiX KaTio- P—— " . X .
HaMM Ta aHiOHaMH, 0COOIMBO 01025 50 100 150 200 meh

MpH NiABUILIEHUX KOHLIEHTPa~

X, YTBPPIOIOTBC" 10}‘”{! Na-  pyc. 4. Tunosi inTepeanu KouuekTpallil roJTOBHIX
pH, Haiioinp1 XapaKTEePHL I iouiB y HOBEPXHEBHX BOjIaX cylli

xapboHariB, TrixpokapboHaTiB

Ta cyab(aTiB Kablilo Ta MarHilo. YacTka TakuMx i0OHHWX Nap (acouiaTiB)
He3HayHa 1 WIS KaJNbLiio, HANPUKJIIA, 3MIHIOETbCS B MEXaXx: CaCOj 1—
4%, CaHCO} 3—5%. CaSO) 2—10%. 11i acouiatyt He € CTiIHKUMHU, 1 TOMY
iX YTBOpeHHS He BIUIMBAE Ha Pe3yNBETATH aHAIITUYHOTO BH3HAUEHHS ro-
JIOBHUX iOHIB. '

KoHlieHTpallis TONOBHUX IOHIB 3MIHIOETBCS B TTOBEPXHEBHX BodaX
CylIi B OCHOBHOMY I1il Ai€10 TiIpoJIoriyHoro ¢akropa — Mpy 301L1bIICHHL
BOTHOFO CTOKY HABECHI IXH KOHLIEHTpAllisi SMEHUIYETbCS BHACJIAOK PO3-
famryleHHS, a B JIiTHbO-OCIHHIN Ta 3¥MMOBMIl Iepiod, HaBraku, 30LTb-

. mryerbesi. Tak, MiHepasisalisi Boau y BepxHboMy JHinpi (suuie Kuie-

CBbKOro BOIIOCXOBI‘H.HZ]) IrpoTAroM GaraTbox pOKiB 3MIHIOETBCH B TAKMX
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i

Mexax (Mr/m): HaBecHi — 100—250, BiTKy
290—350 i B3uMKY — 350—400.

3mina pH Boau npakTHyHO He BrUTMBacE Ha KOHLIEHTPALi [0 TONOBHHX
10HIB, OKPIM KOMTIOHEHTIR KapOOHATHOL CUCTEMU:

11,0 OH OH
CO, 2 H,CO; 2 HCO; 2 CO¥.

H H

(4)

% . Cran uiei piBHOBarv mpu
100 [~=L12¢0 HCOs pisHMX 3HaveHHsx pH Bomu
MOXHA BHM3HAUMTH 3 BHKO-
DHUCTaHHAM KOHCTAHT OMCO-
uiauii BVYFUIBHOT  KMCIOTH
(puc.5). 3 pucyHka BunIU-
Ba€, UMIO AASl MOBEpPXHEBUX
Boo cywi (pH 6,8—%.5)
HalOUTbLY XapaKTEPHUM € yT-
BOPEHHS rianpokapboHar-
ioHiB. Ilpu 3a6pvaHeHHi Bo-
M KHciioTaMu aGo BHaciIoK
IHTEHCHBHUX [1€CTPYKTHBHHX
TIPOLIECIB MOXE YTBOPIOBATH-
¢ 3HayHa Kiabkicte H.CO;
‘ (COy). i ipu uvomy pH Bomu
SHUXyeTbes. Ipu minemunensi pH no 9—I1, wo Mae Micue B 30Hax
IHTeHCUBHOrO boOTOCHHTE3Y, abo Npy 3a6pynHEHHI BOAM CTONVKAMM OC-
HOBHOI'O XapaKTepy YTBOPIOETBCA 3HAYHA KiNbKicTh ioHiB CO3 . lle Moxe
TIPU3BECTH 10 3MCHILEHH T KOHLIEHTpaLlii ioHiB Ca* BHAC/NINOK BUALIEHHS
B ocan CaCo,.

Yepes Te, 110 Kap6oHaTHa cHcTema € JIa6iNBHOIO, BU3HAYATH KOMIIO-
HEHTH L€l cucTemMu Tpeba 6e3mocepeaHbo mCI Binbopy npobu Bomu,
SBEPTAlOH OAHOYACHO 0cobIMBY yBary Ha BUMipioBaHHs pH.

Biorenni enemenrn. Jlo 6ioreHHUX eleMEHTIB HaleXaTh asot, docdop,
CHJIILIII Ta 3130 B Pi3HMX crioykaX. BoHU MaioThb BEJIMKE 3HAYEHHS TS
PO3BUTKY XMBHX ICTOT, i iXHS poiib B MPUPOAHKMX Boaax roniGHa 10 poJi
MIHEPATBHUX T06PUB y POIBUTKY CUTBCbKOTOCTIONAPCHKUX KVIILTYD.

A30T MICTUTBCS B NPUPOIHUX Bonax Y BUIIAII PiSHUX HEopraHigHUX
Ta OpraHiuyHux criofyk. Heopraniunmmm dbopmamur azoty € ionw NHj,
NO; ta NO3. B opraniunmx CITOJIYKaX a30T BXOAHTb FOJIOBHHM YHMHOM 0
CKnany GUIKIB Ta NMpOAYKTIB iX po3namy — AMIHOKUCJIOT, aMiHiB Tollo
(«opraniuHuii azor», N,,.). Heopraxiuni CITOJIYKH a30TY {«HEeopraHiuHMil
a30T») 3aCBOIOIOTHCS BONHUMH POCTMHAMMU B npoteci otocunresy. Tomy
NPU IHTEHCHBHIH BereTauii KoHueHTpauis HEOPraHiuHOro a30Ty MOoXe
SMCHLIYBATHCA NPAKTHYHO 10 HyAs. HaBnaku, ui crioavki 3’ apasioTbes
Y BoAax MpH BioXiMiYHOMY PO3KNadi a30TOBMICHMX OPraHivHHX CHOJYK.

cof

0}

X4

A L J N 1 i

4 § & 7 4 g 10

s
Puc. 5. 3amexuicte BimHocHoOro BMICTY PisHHX
dbopm kapbouaris six pH somu
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— 200—340, BoceHH — ?

1

)

MHMWIT TIepeXil OMHUX CITOJNYK a30Ty B iHIIL 3 NepebiroM eNeKTpoHIB
ATHUM XIMIYHUM Ta OiOXiMIUHMM TIpOLIECOM, AKUH Y 3arajlbHOMY
A0i MOXHA BiOOPa3sUTH CXEMOIO

POCIMHM —> TBapHHH —> MPonyKTH po3kiany (Noyr) —
— NHj - NO; —» NO; - pociMHU. ®)]

Li nmpouecy € nyxe nabimbHumu i 6araTopakTOpHUMH, TOMY KOHLIEH-
Tpauil oKpeMuX GOpM a30Ty B NPUPOLHMX BOJAX 3MIHIOIOTECS B IITMPOKHX
Mexax (puc. 6). HaiimMeHu crifixoro opMolo a3oTy B YMOBAX MPUPOTHHIX
pox € ioHM NOs, ski, 3anexuo Binx pH, FE,, KoHILeHTpallii KHCHIO Ta

lnzpedienm

Fésar || 0,01 -1 ].(0,5)

St3e ] 1-10 1(10,0)
Pope (He Bemarobrena)
Proops (He Bemanabrena)

Nopz [ 0,2-2 | (He Bemarobnera)
wo; 0-2 | (10,0)

vo; [0-04 1(1,0)

wi+ i) | 0,02 -15 | (wni-2,0; vH5~008)

0 00501 05 1 2 5 10 mefn

Puc. 6. Xapakrepui iHTepsaJi KOHUCHTPaliil 610TCHIMX €ACMCHTIB Y
TTOBCPXHEBHX BOIax CyIli
(B myxxax — rpaHiraHo nouyctmi Kounenmardi (FIK), mr/n)

aKTUBHOCTI BOOHWX OakTepiil, Jierko okMcHIooThes 10 NO7 abo BigHOB-
moroTeea 1o NHj. 30inbirenHs konueHtpauil NO37 ta ocobniiso NHj €
OJTHIi€I0 3 O03HaK 3a0pyIHEHHS NMPUPONHHX BOM. ‘

HeopraniyHi ¢opMH a30Ty NpH BEJAUKUX KOHLEHTPALIIfX MPOSBILIOTH
TOKCHUHY Aito. [1pu yeomy oco6m/.[3y TOKCHUHICTb BUSBJISE aMiaK NH;,
rpaHuMYHo ponyctiMa KoHuentpauist (DAK) sikoro € HaiiGiiblr HU3bKOIO
cepell ycix (popM HEOPTaHIYHOTO a30Ty (OuB. pV(c.6). CnnBBlFHomeHm{
Mix BMicToM NH; i 3HauHO MEHIII TOKCHYHUMU ioHaMH NH; zanexuts
Bix pH i Temmepatypu Boau (tabm. 1). 3‘Ta6mm1 BMIUIMBAE, IO TIpU
MiABUINEHHI 3araJlJbHOl KOHIIEHTpallli aMOHIIHOTO a30Ty HarpoMaJkeHHsI
3HAYHMX KiJIbBKOCTel 0COOMMBO TOKCUYHOTO IJIsT pub aMiaky MOXHa 04i-
KyBatu Tipu pH > 9 Ta ripu BUCOKMX TeMrlepaTypax. _

" Kpim MpoireciB, BiloOpaxkeHHX CXEMOIO (9), ICKepenaMH HAIXOMKEHHS
CNOJIVK a30Ty A0 TIPUPONHUX BOA € MiHepaTbHI A0OpHBa 1 Houm, sKi
IIIOEPOneTpnuxBA

PACYHAEeDCATET
BHBJIHOTERA

Wemnmnce s o e o
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3MMBAIOTh IX 3 IPYHTY. Y OOHIOBIA BOMI MICTATbCH TaKOX IPOLYKTH
OKUCHEHHS a30Ty eJICKTPUYHNMM po3psaaaMy B aTMocdepi Ta ITpoMUCIIOBi
a30TOBMICHI ra3yBaTi BUKHAN. 3HauHa KUIBKICTD CITOJIVK a30TV MTOTParvLIe
TaKOX [0 TIPUPOIHUX BOI 3 KOMYHATBHO-TTOOYTOBUMH CTOKAMM.

Ta6ruys 1. BinHocHuii smict NH3 Bix saranbHoro BMicTy amoHiiiHoro azory, %

pH
4 °C -
6 7 8 8,5 9 9,5 10 10,5
25 0,05 0,49 4,70 13,4 32,9 60,7 83,1 93,9
15 0,02 0,23 2,30 6,70 19,0 42,6 70,1 88,1
5 0,01 0,11 0,90 3,30 9,70 25,3 517 77,0

3MEHIIICHHIO KOHIIEHTPALlil HEOPraHiyHHX CITOJIVK a30TY B NPUPOIHHX
BOJax CIpMsie Ipouec AeHiTpUdikallil, aKuil BiAOVBAEThCS NpU HecTadi
KHMCHIO T4 ITPY HAIBHOCTI 0€3a30TUCTHX OpPraHiyHMWX CIOJIVK TUITY KJIiT-
KOBUHM, KpoxMaimo touro. Ha ix OKMCHEHHSI BUTpA4YacTbhCsd KUCEHD HiT-
paTiB, i TPy LIbOMY a30T BUIIIETHCA VY BUIBHOMY CTaHi:

4NOj + 5C +2H,0 - 2 TN, + TCO; + 4HCO:s. (6)

®ochop MICTUTECI B NPUPOOHMX BOAAX TAKOX V BUTIAAL Heopra-,
HiyHux Ta opraHivHux (P,,.) crionyk. KoHireHrpauii LmMx crioiyk € mpak-
THYHO OJHAKOBUMU, IPOTE IXHII piBEHb 3HAYHO HWDKYMI, HiX KOHLIEH-
Tpalliit CIoNyK a3oTy (IMB. puc. 6).

Ha BigMiHy Bin a30Ty, 9Kuii MiCTUTLCA Y BolaxX Y CTYMEHIX OKUCHEHHS
-3, ¥3 Ta +5, dochop NpogBige TUTBKU CTVIIHB OKUCHEHHS +5, ToOTO
HeopraHivHi cIoiyKu ¢dpochopy MOKHA po3raamarH SK noxindi oprodoc-
dopHoi xucioTt abo npopykTis ii KoHmeHcawil. Haaxomste crionyku
¢docdopy no HPUPOIHNX BOA Y MpoLieci KUTTEMISANBHOCTI riApoBioHTIB Ta
BHACJ/IIAOK CITOXMWBAHHS HOIo CIOJAVK BOOAHMMH pociuHaMi. Ll npouecu
MOXKHA BifoOpa3uTH CXeMOlo:

P HEOPI. POIUITHEHITI

l‘f) OpT. POITIHCHI] (7)
|
|
|
|

P KIBI OPraHiaMH

BaxknuBMMH aHTPOTIOre HHUMM IXKepelaMU HAZXOMKEHHS HeopraHiy-
Horo pochopy (opTodocdaris, nonidocdarie) A0 MOBEpXHEBHX BOJ CYILi
€ 3MUB pocopBMiCHUX TOOPUB AOLIEM 3 CUTBCBKOTOCNOAAPCHKHX YIillb,
a TAKOX CTiUHI BOAU JIA3HEBO-TNPAJIBHUX KOMOIHATIB, IO MICTATH CIIOIYKH
dhocdopy B cximani Muiounx 3acobis. )

3anexHo Bix pH nmpupoaHoi sonu, oprodocdaTH MICTATBCI B Hiit
niepeBaxHo v dopmi ioniB H,PO; ta HPOL, wacTka akux npi 3mini pH
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Bix S5 no 10 3mimoerscs Bin 97,9% mo 0,05% Ta Bin 1;9% mo 99,6%
BianoBigHo. OnMHAK Taka 3MiHa CIIBBIUIHONIEHHS MiX PFizHUMM dopmamm
HeopraHiyHoro ¢ocgopy He BIUIMBAE Ha PE3YJBTATH MOro BHU3HAUCHHS
HaMGLIBLI TIOLIMPEHUM (POTOMETPHUYHUM METOIOM Y BUIIIsAi dpocdopHo-
MoJ1iGaeHOBOI reTeporomikncaoTi. Lle 3yMOBIEHO THM, L0 aHaJli3 BUKO-
HYIOTh Y AyXe KUCJIOMY CEDE/lOBHIL, B SKOMY B Pe3yJbTaTi 3CYBY piB-
HOBArM aucolliati oprodocdaty mepexonats B Monekym H;PO,.

- Cwiini# € TIOCTIHIHMM KOMIIOHEHTOM TIPMPOIHMX BOI, 1110 TIOB’43aHE 3
1010 BXOKEHHAM [0 CKITaAy Pi3HOMAHITHUX MiHepaliB, 3 AKMMU KOH-
TAKTYIOTb BoAU. B NOBEpXHEBUX BOXAX CYLUi CHILLIA MiCTMTBCA TepeBax-
HO y BUDIIAI MOHOMEPHOI MAaJOIMCOLIHOBaHOI OPTOCWIILIEBOI KHC-
no H;SiO; Ta mojicHiiLi€BHX KMCIOT, a TaKOX Y KOJIOITHOMY CTaHi
x - Si0, - yH,O, sxuit yacto € HOMiHYIOUMM. BMicT croiyk CHIILIIO Y
TIOBEPXHEBHX BOAAX cylli (AuB. puc. 6) MPUOIM3HO BiIIOBIIAE PO3YMH-
HOCTI MOHOMEPHOI OPTOCHILLIIEBOI KHCJIOTH, SIKa AOPiBHIOE MPUOIM3HO
6 Mr/n. 3HauHe 3MeHLIEHHS KOHLIEHTPaLlii CIIoyK CHIILLIO, ocobnuBoO ¥
BereTauiiiHUii repio/l, CBIIYUTE MPo HOro iHTEHCHBHE CITOXMBAHHA BOX-
HUMM OpraHisaMamy. barato 3 HMX, HalpUKJIal HiaTOMOBiI BOMOPOCTI,
Gy/LyIOTh CBilf cKesleT 3 cuaittito. KpiM Toro, cuiilieBa KMcioTa K GiibLr
cnabka Moxe BUTICHATHCS 3 BOAM OLIBII MILIHOIO BYTiJTBHOIO KUCJIOTOIO.

BuzHaueHHa cUIiLio, aHanoridHo ¢ocdopy, IPYHTYETBCA Ha peak-
LSIX YTBOPEHHS rereporojikuciaor. ToMy cuniuiii, BMICT SKOro y npu-
POIHMX BOAAX 3HAYHO TMepeBHUIyE BMICT docdopy, MOXe 3aBaKaTH BH-
3Ha4YeHHIO OCTAHHBOIO.

3anizo v BUMIAAL PO3YMHEHHUX CTIOJYK, KOJIOILIB Ta CYCIEH3IH Ham-
XOIMTH 110 MOBEPXHEBUX BOJ CYIIl BHACTIAOK XiMiYHOIO BMBITPIOBAHHS
ripcbKMX TOpPil, AKe CYINPOBOLXYETBCS IX MEXaHIYHMM DPO3KJIafoM Ta -
PO3UMHEHHAM. 3Ha4Hi KUTBKOCTI CITOJYK 3aJli3a HAIXOMATh TaKOX 3 MiA-
3eMHWM CTOKOM TAa i3 CTIYHMMM BOJAMM IINPHEMCTB METTYPriiHOI i
MeTasioobpobHol npomuciaoBocTi. 3 iHHIoro 60Ky, B IPUPOAHMX Bodax
BinGyBatoThcsl Gionoriudi Ta (i3uxo-xiMiuHi NnpouecH, AKi CYIPOBOLXKY-
JOTBECS CTMOXMBAHHAM BOAHUMH POCTMHAMM CMOJVK 3ajli3a Ta iioro ocaf-
XEHHS Y BUIJIAAII, B ocHOBHOMY, riapokcuny Fe(OH)s.

Jlo cknany HEOpraHiMHUX Ta OpraHiyHUX CITOAYK NPUPOIHUX BOX
3a71i30 MOXKE BXOIMTH B CTYTIEHAX OKMCHeHHs +2 abo +3. Crionyku 3amisa
(+2) yTBOpIOIOTBCA MPKM HU3BKUX 3HaueHHsX pH Ta E,, K01 TOMiHYIOTB
MpoLiecH AeCTPYKLii OpraHiYHUX CITONYK i BoAa 30iIHIOETbCS HAa BMICT
PO3YMHEHOro KUCHIO. Taki YMOBM BUHHKAIOTh Y NPMIOHHHUX IIapax BOIH,
0coBIMBO B3MMKY IiJ 4Yac JBOAOCTABY. 3aiizo (+2) B TakMX yMoOBax
MiCTUTBCS TiepeBaxHo B opmi Fe?*, [FeOH]", [FeCO;]° Ta KoMITIeKCHMX
CMOJIYK 3 OPraHiYHUMM PEYOBHHAMH, 30¢OUTBIIOrNO 3 QYJIbBOKUCIOTAMHU.
CriBBinHoureHHs LMX GopM 3aiexuth Bim pH BoaM Ta KOHLeHTpaLii
HEOpraHiuHHX Ta OpraHiqHMX JiraHIis.

3anizo (+2) HeobXifHe B OpraHi3Mi JIOOUHH [UTST CHHTE3Y TeMorobiHy
(rono6oBa notpeda 5—20 Mr) i TOKCHYHY Aito ioro He BusiBiieHo. OqHak
Nipu KOHLIeHTpauil ioHiB Fe** 6inpue 0,5 Mr/a Bona HabyBa€ CBOEPIXHOIO
METAJIEBOr0 CMaKy, TOMY MOro HasiBHICTh Yy Bonax € HeOaxXaHoIo.
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TMpu mimevienHi pH Ta F; 3ani30 (+2) OKMCHIOETBCS POSYUHEHVM Y
Boli KMcHeM Ao 3aii3a (+3), ToMy OUTBIII XapaKTepHOlO Uid TTOBEPXHEBX
gox cyiui 3 pH > 6 Ta E, > 200—300 MB € HasBHICTb CTIOYK 3aiza (+3).
BiamosimHo D0 po3paxyHKIiB 3 BUKOpHCTaHHAM [Preqom, Ta KOHCTaHT
CTIMKOCTI PDO3YMHHMX  TiIPOKCOKOMIUIEKCIB  CKIIamy [FeOH}*,
[Fex(OH)2]"", [Fe(OH),]" Ta [Fe(OH);]" npakTuyHo Bce 3aiso 3a 1MX
YMOB MOBMHHO OyTH 3B’S3aHMM Y TiIPOKCOKOMILIEKC [Fe(OH),]°, i #oro
KOHLIEHTpALLst He Moxe nepepuinysaty 0,017 mr/a. OnHax i3 AaHUX pUc.6
BUIUTMBAE, 11O IS TIOBEPXHEBMX BOJ CYLUL XapaKTEePHOIO € 3HAYHO BHlla
KOHLIEHTpPALIS 3aJ1i3a, IKa MOXe LOCATTH 2 MT/J1 i HaBiTh Gisblue, 30KpeMa
B NiTHii repion. Lle cBimumMTs 1Mpo 3B’s13yBaHHA iOHIB 3aniza (+3) v n06pe
PO3YMHHI CTiMKI KOMITJIEKCH 3 ograHiq}MMH nirangamMu. Jani T1abn.2
cBimuaTh Tpo Te, 1o y Bopax Fe " miepebyBae y (GopMi KOMIUIEKCIB 3
JiraHIaMM MOJIEKYJLIpPHOIO Macoio noHax 10 Tuc.

Tatuys 2. Cepenpiii CTYNiHb 38°A3YBaHHA 3amiza (+3)
B KOMILIEKCHi CNOJIYKH 8 NPUPOIHHX BOIAX

< 1

13,0

MoncKyIApHA Maca KOMIUICKCIB, THC. = 100 100-—10 10—

3’ azyBatus, % 29,0 32,7 25,3

i
e

1
A

3p’si3yBaHHS iOHiB 3amiza (+3) v CTiliKi KOMIJIEKCH 3 opraHivYHUMU
JraHIaMH YacTo 3aBAXKAE KUIBKICHOMY BH3HAUSHHIO HOTO BAaJIOBOro BMIC-
Ty, 0cO6MMBO HOTOMETPUYHUMU Ta KIHETHYHUMU METOLAMH. Tomy ana
MPABWIIBHUX Pe3yJIbTaTiB 3aj1i30 Tpeba BUSHAYATH 110 MOXJIMBOCTI B CHJTh-
HOKMCJTIUX PO3YMHAX, e i0oro KOMTUIEKCH 3 OpraHidHUMU peuOBHHAMM
MPUPOTHUX BOA PYIHYIOTbCcA. Ta 3HAYHO Kpalle Mepel BH3HAYCHHAM
3aiiza 3pyifHyBaTH OPraHiuyHi CMOJYKH METOAOM «MOKPOroQ CrlfoBaHH»
260 GoTOXiMIYHOTO OKWUCHEHHS.

3 aHKX. HABeAEHMX Ha pvc.6 Ta B Tab. 1, BUTUIMBAE, 110 B HE3a0py-
HEHMX TOBEPXHEBUX BONAX CYILI TIIBKU 3arajlbHUi BMICT 3a1i3a Ta BMICT
NH; (ipu pH > 9) MOXYTh IT€pEBULLYBATU TPAHUYHO IOOTVCTHMIi KOHLIEH-
Tparui.

MikpoenemenTs. JLo L€l rpynu HaIEXaTh CIIOJAYKH MeTaNiB Ta AeSTKUX
HemeTanis (6pomy, ioay, 60py), BMICT SAKHX Y TIOBEPXHEBIX BONAX cyui
BUSBIISIETHCS B MEXaX KUTBKOX JecaTKis i MeHure Mkr/n (pyc.7). [deski 3
HUX — MaHraH, HUHK, Midb, MoJibaeH i KoOaJbT BXOAATE OO CKJIALY TaK
3BaHUX GioMeTasiB, fAKi € KaTajgizaTopaMM 1 CKJIAZOBHMH YaCTMHAMH
GioXiMIYHHMX MPOLECIB B OpraHi3mi JIIOAMHU, TBAPUH Ta POC/IHH i 6e3 axux
KHBI ICTOTM He MOXYTb po3BHUBaTHCA. Tak, HANpHKIAL, iOHU Mn*, saxi
32BXAM HasBHI Y TIPUPOAHHX BoAax, 6epyTh yHacTb y DiounKax. Hecraua
MAaHTAHY B OPraHi3mi JIOAWMHM TIPU3BOAWUTE 10 aedopMallii KICTOK Ta
XpSILiiB8 i Topyiiye (GyHKLIO 3CilaHHS KPOB. Jobosa norpeba MaHraHY
AN JIONWMHU CTAHOBUTh 2—9 Mr. [oHM LIMHKY TeX BIAIrPAIOTH BAXJIUBY
posib B OpraHi3mi JloAHHHU. Bonu BXonsiTh Ao cKnany eH31IMiB, AKTUBHICTB
AKVIX 3AIEKUTh Bill BMICTY LIMHKY. Bci XMTTEBI mpoliecii Ha PiBHI Kii-
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TMH TI€I0 Y iHILIOI0 MipOIO 3aJI€XATh Bill HASIBHOCTI ioHiB LMHKY. Hectaya
LIMHKY B OpraHi3Mi JIOIMHM CTIPUYMHSE BHITAlaHHA BoJjloccsd, BTpaTy
AIIeTUTY, TIOSIBY PEBMATU3MY i B LIIOMY THocnabaeHHs iMmyHiTeTy. loboBa
notpeba LIMHKY A1 JIOMUHY CTaHOBHTh 15 mr.

THUI MIKPOEIEMEHTH, TaKi K KaaMmiii, CBUHELIb, PTYTh, XPOM TOLLO, €
AHTPOTIOTEHHUMH 3a0pyaHIOBaYaMH1 i BUSBISIIOTE CUbHI TOKCUYHI BJIac-
TuBocTi. Harnpukiag, ioHM Pb*", aki HamxomsATb y BOIW B pe3yJILTaTi
TeoJIONYHHX TIPOLIECiB, a TAKOX 3 BUXJIOITHMMH Ta3aMU aBTOMOOLIIB i 3

Mixpoenemenm

1< 0,0001 (0,01)
(a000:-0.005_1(01)
00001 - 0,005 _|1g1)

| 00005 -0,01" "](0,1)

R R

S

Npomucnobi
3adpydnebavi

2

S

(0,1)

2 #o| | 00005 - g01 ) 10.5) ’ , I
§ Cu [ 000z-005 1 (a,1)
3]
3 [ 20m-570 1010 5
S #n [ 0,002 -1 —11,0)

| T T

0 0001 0003 0005 010,02 0,050, {0me/n

Puc. 7. XapakrepHi iHTepBann KOHIEHTpaLii MIiKpOeJICMCHTIB ¥
TOBCPXHCBIX BOAAX cylni (B yXKaX —- 'K, mr/:) .

CBUHLEBMICHUX TpYGOMpPOBOAIB Ta anapaTtypy, ocobnuBO NpH TPUBATIOMY
KOHTAKTi 3 BOIaMH, € 0cOBIMBO TOKCHYHUMM IIJIST KPOBOTBOPHUX €H31MiB
i TIOpYLIYVIOTH MisUTbHICTE HEPBOBOL CHMCTEMM. AnanoriyHo no Hg*' ceu-
Help TOpYLIYE poBoTy LUTYHKa Ta HUPOK, HarpOMALKVETBCA B KicTKax,
LIEHTPAJIBHIM A HEPBOBII CHUCTEMI i Bosiocci. TIpy BMicTi CBHMHLIIO V KPOBI
pxe 0.4 Mr/J1 BUABISIOTHCA CUMITTOMU OTPYEHHS. OcobmiBo Hebearney-
HUMY JUTSL TS € TaKOX MiKPOKOHLIEHTpALli palioHyKiliB CTPOHILiIO,
LIe3if0, TUTYTOHIIO Ta iHIIMX PaaioaKTUBHMX EJIEMEHTIB. Tpeba 3a3HaUUTH,
1o 6iomertany ipy nepepuitielHi IJIK Takox € TOKCUYHHWMH JUTS BOAHNX
OpPTaHi3MiB Ta iHIIMX XMBHX iCTOT.

V npupoaHUX BoAax 3HaYHa YacTKa MIKpOETeMEHTIB BXOIWTb 0 CKJIa-
Iy 3aBUCEM Ta KOJIOIdIB, Yepe3 1110 NMPH 36UIBIIEHHI KaTaMyTHOCTI BOAM iX
KIIBKICTb Y 33BUCSX Ta KOJIOifax 30UIbLIYETHCA 1 MOXe AOCATTH IMpak-
uro 100% (puc.8). [Ipu poMy 10 cknady 3aBHCEH BXOAATH MEPEBaXHO
KATIOHM MeTaliB, AKi 3MaTHi YTBOPIOBAaTM MAJIOPO3YMHHI OKCHIM, Ha-
npukiaa MnO,, a TakoX TIAPOKCHIN, HaMpUKJal CBHHLIO. KODATBTY,
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HiKemo, Migi Ta iH. AMdoTepHi eleMeHTH, AKi B TPUPOIHWX Boxax
MICTITBCSA Y BUIVIAOI aHioHIB, Hanmpukiagz MoQ?, Ta aHIOHM HeMeTaJiB
copbyroTbes Ha 3aBrcax ripure. [Tpu miasvierHi pH Boau copbuis Mix-
poeJIeMeHTIB 3pocTae. OfHAaK 3aBUCi pi3HOI XiMIYHOI NPHPOIM Ta CTYTICHS
JUCTIEPCHOCT] BUSIBIIIOTE HEONAHAKOBi COPOLIiMHI BlacTUBOCTI LIOAO pi3-
HMX eleMeHTiB (pHc. 9).

Copduin, %
e 100 b ee-
g 72
3 60 a0 | I ¥y .
3 4 NNLHmepban pH
s eor /) NioBepxnebux Bod
c 40 4 oyl
g 40 | ’ //
S ’ o
g 20 20 L 0 b
3 7.’.‘:.-0 %
* o bt

0 ; .
0001 0005 0,0200502051 2 § 23 4 5678 9K

Kanamymuicme 3abuce, 2/n

Puc. 8. 3anexHicTb BMicTy MiKpo-
CJIEMCHTIB Yy 3aBUCAX BI Kaja-
MYTHOCTI BOIH:

1—Mn; 2— Co; 3—Pb; 4 —Ni; §—
Cu; 6 — Zn; 7—Mo

Puc. 9. 3anexiicth copOiui ionis unuky (7,
4) ta xagmio (2, 3) sin pH soin:

1, 3 — MOHTMOPHIIOHIT, 2, 4 —- MOHII BIAKNAAN PiYOK

3a XiMIMHMM CKJIIOM pO34YMHEHI (OpMM MIKpOeseMeHTIB y Boaax
MOXYTb OYTH HOCHUTH pisHOMaHITHUMHU. Tak, 3anexHo Bix pH Bonu Ta
KOHIICHTpPALlil HeOpTaHIYHMX i opraHiYHMUX JIraHOiB V PO3YUHI MOXYTh
6yTH HE3aKOMIUIEKCOBaHI 10HU METaJliB, MAPOKCOKOMIUIEKCH, KapOoHar-
Hi, cynbdaTHI Ta XJI0pMAHI KOMIUIEKCH, a TaKOX KOOPAUHALiTHI CITOSYKHU
iOHIB MeTajiB 3 GaraTbMa OpradidHUMH JliraHgamu. Jleski 3 JOMIHVIOYMX
(dbopM, BMICT IKMX Moxe IepesriyBaTh 1% Bin 3arasbHol KOHLIEHTpaLil
MmeTany, HapefaeHo B Tabi. 3. Lli maHi € po3paxyHKOBUMH 3 BUKOPUCTAH-
HAM KOHCTAHT CTIMKOCT! KOMIUIEKCHHX CITOJIYVK 1 BUITIOBIAAIOTE HAMOLIBII
XapaKTEPHUM IS TIPUPOIHWX BOA KOHIIEHTpauiaM jiraHnis. LuTpaTHi Ta
IIyTAMIHATHI KOMIUICKCH B3STiI SIK MOAEIbHI Ul OKCHKAapOOHOBHUX KHC-
JIOT.

3 manux Ta67.3 BUNUIMBAE, IO Y BOAAX UL OLTHLLIOCTI 10HIB MeTatiB-
MIKpOeJIEMEeHTIB, KpiM iOHIB MaHTaHy, HaiibiJIbIII XapaKTEPHUM € YTBO-
PEHHS KOMITJIEKCIB 3 OpraHiYHHUMU JiraHoaMu. B 1LiboMy acriekTi ocob-
JIMBO BUAUTIETCS PTYTH, SKa TPAKTHYHO MOBHICTIO, 6iMbLI HixX Ha 99%,
3B’qg3aHa y cyibdarTHi Ta TyMaTHI KOMIUIEKCH. 3HA4YHA 4YacTKa MeTalliB
3B’43yeThca vV KapOoHaTHI Ta riipokapOoHaTHI KOMIUIEKCH. BxomkeHHS
METAJIB HO CKJIAAY HE3aKOMILIEKCOBAHMX KaTiOHIB Ta iIpPOKCOKOMITIEK~
CiB € 3HAYHO MEHII XapaKTepPHUM.

OnHak Ang MaHTaHy, Ha BIAMIHY Bil iHIIIMX MeTaniB, HAfGiAbII MOUIU-
peHuMU dopMaMK B MOBEPXHEBMX BOJAX CVILI € akBa-ioHM Mn® Ta
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KOMIDTEKCH CKIaIy [MnCO;)’ i [Mn((DK),,]", TIPUYOMY CITiBBUIHOLUCHHS

i OpMaMHM 3AJIEXKUTh BUL P C
ga:;(p)l‘l(:n}\:in}{g) KIJ)/ﬁBCbKOMy BOI[O.CXOBI/'HUJ.Ii (puc.10), anBepﬂxy}oH%b ];ICeSYiIéI;I-
TaTH TEOPETUMHHX PO3PaXyHKIB. JlijicHo, B 3MMOBO-BECHSIH pMic{*
KONV iHTeHCHBHiCTb (POTOCHHTE3Y HE3HAYHA 1y BOII 3§1nbmyeT§Cﬂ quro
CO,, 1o TIPU3BOAMTE IO 3HIDKEHHA 11 pH, BiarosinHO nomx;rny}?HK
dbopMolo € iIOHU Mn?" i ix KOHLIEHTpALlisT MOXe HaBITh nepeBmI:Mm ™ pI-i
Hagriaxu, B TeTUNi TOpHU POKY B yMOBaX iHTEHCUBHOTO <bomch yBoni'
BOJIM 3pPOCTAE i NMPH LIbOMY 10HH Mn®" oOKMCHIOIOTBCS p83qvme y
KMCHEM, 1LO TIPU3BOIUTE A0 OCAIXKEHHS CIIOTYKH MnO,.

H Bomu. EXCriepMMeHTAIBHI NaHi,

Tabauys 3. Hailbinbin XapakTepHi po3uunei dopmi NeAKHX MiKpoenemeHTis
y noBepXHeBHX BOZAX cyul

.
@opMii iCRYBaHHA Ta X BIXHOCHHII BMICT

Mixpo-
ene-
MCHT

pH =6,5 pH =85

[MnCO3I° > [Mn(@K)nJ* > Mu®*" >

Mn 2+ 55 [MnL.F 2 [MnHCO3]" >
Mn?* >> | 210 > [MLaf" 2 [MnHCOs]"

> [M(@K)»[~ > [MnCO3]°

Cu | [Cu(@K)n* >> [CuLn}* [CW@K)J* >> [Culal™ = [CuCO3)’ >>

>> [CuOH]" = [cu(onm"*

(ZnCO31° > [Z(@K)W™ 2 [ZnLaf ™ >

Zn 2 55 [Zn( DK™ > :
e > [ZnOH][' > [ZnIICOs]

> (ZuHCOs]" > [ZnCO3}° ~ [ZnOHY'

, GirbwocT BUNAAKIB 1 =

Co | [CoLaJ* > [COHCO3]" >> Co* > [CoLal® 2 [COHCO3]" 2 [Co(@K)f ™ >

- 0
> [CAPK)A] = [CoSO4] > Co > [CoS0s1°

i i “>> [Ni * > [Ni Ly > Ni?*| [Ni “>> [NiLaJ" »
Ni | (NU@K)F>> [NIHTCOs]* > [Ni LnyF > Ni**| [NDPK)al™>> [NiLn
INPE] ~ [NiIHCO3]" = [NiCO3}”

[CALA) >> [Cd( DK =

Cd | [CdL,J* >> C& > [CA@KnIT 1Cd®K
~ [CdOH]" > Cd

Pb | [PbL.J > [PH(HLW > "
> [PH(@K)n*~ > [PH(O1D] > Pb

[PbLaT" >> [PH@KNF >
> [PbOH]" = [PbCO3f°

Hg | [He(@K)n)" 1a [HgIKyl” | [Hg(@K)[™ 1a (g (TK)I

‘@K — auiowtt dynbsoxicioer, TK — ryMiHOBIX KHCAOT, L —— JUIMOHHOT TA FAYTAMIHOBOI KHCIOT. Y NepepakAiil
[,z =1abo 2

BHAC/IZOK 1(bOTO 3arajibHa KOHLIEHTPALst PO3YMHEHMX CTIOJIVK MaH-
raHy y BOJii 3HAYHO 3MCHILYETHCA 1 PO3UMHEHHMH dbopmamMy BUCTYITAIOTD
MepeBaXKHO KOMIUIEKCH] CITOJIYKU.
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MonekyngapHa mMaca po3urIHEHUX Y BOAI TYMIHOBHUX i (DYNBBOKHCJOT
3MIHIOETBECA Bil COTEHD MI0 MECATKIB i COTEHb THCSY aTOMHUX OOWHHILIB.
KoMruiekcHi CrONYKM MIKpOEJIEMEHTIB 3 OpraHiYHUMH JliraHaaMH [pu-
POIHHX BOJI XapaKTepU3YIOTBCS TAKOX BUCOKMMM MOJIEKYJIIDHUMU Ma-

Mn (mzin)
16+
o H
g )
a5
Q05
gort
MW VN WM KO T n MWy
1076 p. 1977

Puc. 10. 3axexiicTs 3MiHH KOHIIEHTPAUIl HE3AKOMILICKCOBAINX
() Ta 3akoMILckcoBaHux (2) ¢popm maurany y soni KuiBenkoro
BOIOCXOBHIIA Bill HOPH POKY

caMu (Tab1.4). OMHaK po3MoIiI iOHIB METaJliB MiXK KOMIUIEKCAMHU 3 JLiraH-
AaMH pi3Ho'1' MOJIEKYJISIpHOI MacH HeomHaKoBuii. Tak, Hanpuxkiaa, AJs
ioHiB pryTi (II) XapaKTepHUM € VTBOPEHHS KOMILTEKCIB 3 MOJIEKYIISIPHOIO
Macoro MeHiue 10 Tuvc., o ioHiB ¢cBUHLIIO — moHan 10 Tvc., a KoMMUIeKCH
iHUIMX MiKpOeNeMeHTIB MalOTh HaillOUTbLI XapaKTepHi MOJIEKYIIPpHI MacH
Bix 1 mo 100 THc.

Tatauuysn 4. CepenHiii cTyniHb 38°A3yBaHHA JOHIB NeAKHX MIKPOETEMEHTIB Y KOMIIEKCH 3
OPraHiYHUMHM CHOAYKAMM NPUPOBHWX Boa, %

Monexynapna Maca, T™C.
Mikpoe ’ > 100 100 — 10 10 —1 | <1
Mn?* 15,1 26,3 31,0 27,6
Cu?* 15.0 B2 938 18,0
Zn*t 27.5 39,0 13,5
Co** — 37,5 46,5 16,0
Ni2* — 30 18,0 49,0
cd® 25,7 0.7 14,0 376
Po2* 36,7 30,6 52 s
g2 5.7 6.4 43,6 L ..,;;;.H__
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KoMroiekceHi crionyky ioHIiB MeTajliB 3 OpraHiYHUMM JliraHaaMy npy-
POIHMX BOI € IIOCI/ITb CTIMKMMH i XapaKTEPU3YIOThCA KOHCTAHTAMM CTiit-
Kocti B Mexax 10* 10'2. MilHe 3B’s13yBaHHS iOHIB METANIB Y KOMII-
JIEKCH 3 OpraHiYHUMH pe‘IOBI/lHaMM-HlI‘aHL[aM]/I TIPUPOAHOTO NMOXOMKEHHS
YacTo 3aBaXKA€ IXHbOMY KUJIBKICHOMY BU3HA4YEHHIO. TOMY 1 Oep>KaHHSA
HaOifiHVX pe3VJIBTATiB ITPH BU3HAYEHHI BAJIOBOT'O BMICTY iOHIB MeTaliB y
BOJIaX OpraHiYHi CITONYKM TIOTPiOHO 3a3masieriap 3pyitHyBath. OIHaK OK-
peMi popMu MIKpPOETEMEHTIB MOXHa BU3HA4aTH crieuialLHUMHU MeTo-
JaMM 6e3 TocepeIHbOTO PYHHYBAHHSA OpPraHiYHMX CIOJIYK.

Cnia 3ayBaXXWTH, IO BU3HaYeHHs KOHLEHTpaLlii oKpeMux (HopM ioHIB
METaJB Y MPUPOIHUX BOIAX Ma€ BAXJIUBE €KOIOr0-TOKCHKOJIOTIYHE 3Ha-
yeHHd. Ha 6ararbox npyUKiIagax YCTaHOBJIEHO, IO TOKCHYHICTh HE3aKOM-
TUIEKCOBAHMX IOHIB Ta TiAPOKCOKOMITIEKCIB BaXKUX MeTaliB ISl Til-
poObioHTIBE 3HAYHO BMILA, HIXX TOKCHUYHICTh IX KOMIUIEKCHMUX CIIONYK 3
iHUIMMY JiraHaaMu, ocoBIMBO 3 BHCOKOMOJEKYJISPHWMH OpraHiMHUMH
CITOJTyKaMH TIPUPOIHOTO IMOXOMXEHHS (TYMYCOBUMM PeYOBHHAMH TOLLO).
B Toit ke yac TOKCUYHICTh METAJIOOPraHiYHUX CrOJIYK, HanpuKial TpHU-
METWIXIOPMAY OJI0BA, HiCTWIXJOPHAY CBUHLIO TOLIO, 3HAYHO BHILA 3a
TOKCHYHICTh HE3aKOMIUIEKCOBAHMX IOHIB LIMX MeTANIB. Y 3B’A3KY 3 LIUM
BHUHHKAE cepiio3Ha MpoblieMa TI0A0 B3aEMO3B’A3KY MiX IpaHHYHO [O-
TMyCTUMHMHU KOHLICHTPaLILIMH (FIIK) ioHiB MeTalniB, BCTAHOBRJISHHUMH
IUIAXOM [ii HEOPraHiYHUX colieil MeTaliB Ha GionoriuHi TecT-06’ €KTH, i
3arajlbHUM BMICTOM LIMX METAJB V NMPUPOIHMX Bomdax. O4eBHIHO, LIO
HopmH I'IK mis BaxKKUX METAJIB € MEBHOIO Mipol0 YMOBHHWMH, TOMY 1LO
B peaJIbHill MPUPOAHIN BOAI KOHLEHTPALl TOKCMUYHUX (HOpPM Ta iHTEH-
CHBHICTb IXHBOI Jii Ha rinpobioHTH Moxe OYyTH He aleKBaTHOIO NMapaMeT-
paM, YCTAHOBJIIEHUM Y ZOCJIAAX 3 MPOCTUMHU COJISIMM METIIB.

Opraniyni peyosuHd. KpiM HeopraHiyHMX PeYOBHH, PO3YWHEHI if cyc-
TICHIOBAHI OpraHiuHi CMOMYKU MPHPOTHOIo Ta aHTPOIOreHHOrO MOXOM-
XEHHSI € HEOOMIHHMMW KOMIIOHEHTAaMM TIPUPOIHUX BOA 1 BLIIrpaioTh
BaXJIMBY PoOJIb ¥ (POPMYBaHHI IXHBOTO XiMiyHOro cxijamy. SK 3a3HaveHO
BHILiEe, NPUPONH]I OpraHiyHi pPeYOBHUHW € ONHMM i3 OCHOBHUX JDKEpPE
HaIIXOIDKEHHSI B ITPUPOIHL BOAM HeopraHiuHMX ¢opM a3oTy Ta ¢ocdopy,
0e3 JKMX ICHYBaHHSA Ta PO3BUTOK BOAHMX OPraHi3MiB HEMOXJIMBHUIL. 3
iHuworo OoKy, caMi OpraHiuyHi CrMOJAVKH TeX CIOXWBAIOThCA TiapobioH-
TaMU 1 BUIUJISIOTBCS YV BONY B NPoLEC] IXHBOI XUTTELIATEHOCTI Ta BUIMU-
paHH:a. Barato opraHiuHHX COOJYK NMPUPOAHUX BOM 3[AATHI VTBOPIOBATH 3
ioHaMU MeTaJTiB CTilfiKi KOMIUIEKCH 1 LIMM caMi CIIpUAIOTH iX nMepexonay B
pPO3YMHHI (OPMH, sKi IOCTYTTHI [UIST CrIoXXUBaHHS rinpobioHtamu. Ocob-
JMBY POJib Y 1IMX MpoliecaxX BilirpaloTb FYMiHOBI Ta (pyJTbBOKHCIOTH, AKi
IoOpe BHMMBAIOTLCST BOHOIO 3 JOHHUX [PYHTIB.

Bararo opraHiYHUX CITOJIYK Pi3HWX KJIACIB HAIXOOSTh A0 NPUPOIHUX
BOJ i3 CTIYHMMH BOAAMU THATIPMEMCTB OPraHiYHOrO CHUHTE3V, a TAKOX 3
KOMYHAJIBHO-TIOOYTOBUMM Ta CiIbCBKOTOCMOAAPCBKUMU cTOKaMH. Taki
CNoONyKH, OCOOIMBO BiAXOOU XIMIYHMX BUPOOHHLITB, YACTO € NVXKE TOK-
CUYHUMM, | IX BMICT Y TIDUPOTHUX BoAaX TPeda peTesibHO KOHTPOIIOBATH.
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He3paxaiody Ha 0coGIIMBE 3HAYEHHST OPTaHiYHHMX CITOJTYK T HopMY-
BaHHA AKOCTI TIPUPOJHUX BOM, METOAM iX KOHTPOIIO po3pobiieHi 3HAaYHO
ripile, HiX i1 TOJNOBHMX iOHIB Ta iH. ToMy XapaKTepuCTHKa CKIaay
TIPMPOIHMX BOJ 32 BMICTOM OPTraHiYHUX CTIONIYK B LIJIOMY € MEHUI 3Mic-
TOBHOIO, HiX 33 BMICTOM iHINMX iHTPEMi€HTIB. '

BMicT opraHiYHMX CITOJYK Y MOBEPXHEBMX BOJax CYIl MOXHa OXapak-
TepU3YBATU TPHOMA IPYNaMH ITOKa3HHKIB. '
IMepura rpyrna 1MokKasHUKIB

O (YH( CRonyKY . . .
peanisn ety aZeKBaTHa CYMi BCiX opraHi4-

A 002 -2 1 HUX CTOJYK TIPUPOIHMX BOI
wif 05 -8 ] (Tak 3BaHIN opraHilmiﬁ peyo-
BUHi) abo cyMi OKpeMKX KJia-

. o5 - % ciB Takux crnionyk. Lle iHrer-
v 01 -2 | paybHi nokasHuKU. [pu upo-
v g0s-2 ] My BMICT OpraHiyHoi pe4oBH-
HU BUpaxaloTk y dopMmi C,,,

v T106TO gB’SBaHOFg opraHquof*o
vl 6004 —05 | ByIJIeLO B Mr/ia. Y HasBHIH
il [ 004-8 ] OLTBLLIOCTI OpraHiYHHX CITOJYK
TIPUPORHUX BOI BYTJIEUb CTa-

L W7 — -Hgsfm, 6mizbKko 50% ixHBOI
X MacH, ToMy BesimunHy G, 110~
ul[ o602-2 ] MHOXVIOTD Ha JIBa i 3HaXONATh
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-- BMICT OpradHiyHoi PpeYyOBHHH
(Mr/n). Y TOBepXHEBUX BOJAX
cywi BMicT C,,, 3Q1€XHO Bill
TUTTY BOZHOro 00’€KTa (piuKa,
BOIOCXOBHIIIE, 03€PO TOHIO) i
TIOpH POKY CTAaHOBWTH Bill 1—
2 mo 30—S50 mr/n. Opraniydy
pedOBMHY TIPUPOAHHUX BOA Xa-
PaKTEPU3YIOTh TAaKOX IHLIMMHA
IOKa3HWKaMU — BMicToM opraniuxHoro aszoty (N,,) Ta opraHidHoro
docdopy (P,,). Haitbinsi noumpeHi 3Ha4YeHHs LIMX TOKAa3HUKIB HaBe-
JICHO Ha pUC. 6. . . '

Jlo mpyroi Ipyny ITOKa3HWKiB, fKi XapakTepU3YloTb OpraHIYyHy pe-
YOBUHY NPUPONHMX BOJ, BXOAATH HAWGLIBLI NMOWMWPEHi OpraHiyHi cro-
JyKK NpUpomHoro rmoxomkeHHs. Cepen HUX TpeGa Ha3BaTH I'YMIHOBL Ta
(byTBBOKMCIIOTH, GLTKOBOMOAIOHI CIIONYKH, BUTBHI Ta 3B’A3aHL aMIHO-
KHCJIOTH, aMiH¥, KapOoHOBI Ta OKCHKapOOHOBI KHCIIOTH, KapOoHiIBHL
CITOJIYKY, cKAamHi edipu, caxapH, fKi 371aTHI BIIHORIIIOBATH, Ta BYIJIE-
poaHi. HaliGimpll xapakTepHi KOHUEHTPALll LMX CTONYK V MOBEPXHEBHX
Bonax cyuli HaBeeHo Ha puc. 11. Jlna 3pydHocTi MOPiBHHHS KOHLIEHT-
paLii GiNKOBOMOMIGHNX PEUOBMH, aMIHOKMCIIOT Ta aMIHIB (MKT N/n): a
TAKOX OPraHiUHMX KMCJIOT Ta CKIIAnHMX edipiB, AKi BHUPaXaloTb B MIK-
POMOJIIX €KB/J, IepepaxoBaHo i TOJAHO Ha PUCYHKY B M C/n. Taxwuit

0 0102030405 1 2 & 10 CuzCh

Puc. 11. Xapakrepui iHTEpBaIH KOHUEHTpaii ne-
SKMX OPTaHIMHHX CIOJIYK HPHPOIHOTO TIOXOIXKCH-
HS B TIOBEPXHCBHX BOJAaX CyIIL

T — xapGosinbui cnonykn; 1 — cknanni edipn; mn — opraHiuHi
kucnoti; 1V — pyrncsomni; V —- caxapu; VI — aMiHK; V(I —
BinbHi amirokuciom; VI -— 38’ A32Hi aMIHOKHCAOTH; IX — Butki;
X — dyneBoxiicnoty; X — ryMiHOBi KHCIOTH
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TepepaxVHOK Ja€ HaGmIKeHi pe3yibTaTH, Yepe3 Te L0 Pi3Hi opraHiuHi

a30Ty Ta BYJIELIO B HHX TAKOX He € ogHakoBMM. Hampuknan, nas 6inkiB
Ta aMiHokHcsioT 6inkoBoro moxomxkeHHa mr C/n = 1,7 mr N/, a g
aMminiB MrT C/a = 3,4 mr N/n. [na amidatmunux kapOOHOBHX KHMCJIOT
C,—C,, aKi € HaliGiTBLI TIOIIMPEHUMH 3 LIbOTO KJIacy CITOJIYK V ITOBEPX-
HEBHX BOJAX CVIUi, cepelHs MOJEKYyIApHa Maca CTaHOBUTE M = 95, a
CepefiHii BMICT Byriewio JopiBHioe 55%, Tomy wMr C/n =
= Cyomn X 95 -1000- 55/100 = C,g5/n - 5,2 - 10, s cxmagHux  edipis
3QIEKHICTD NPHUOJIM3HO TaKa cama. i%MiCT IHIITMX OpraHiYHUX PEeYOBUH Y
Bolax, AKi HaBefieHo Ha puc.ll, Bupaxaiote y Mr C/i. He3axaioun Ha
Hab/nDKeHUH xapakTep AaHMX puc.ll, MoxHa HiATH BUCHOBKY, 1O OC-
HOBHY Macy OpraHiuyHol pe4oBMHM He3abpyaHeHVX Ta cyiabo3abpyaHeHX
IOBEPXHEBUX BOJ CYIIi CTAaHOBJIATH KapOOHOBI KMCJIOTH, TYMYyCOBI pe-
YOBWMHMU, CKITafHi edipy Ta KapOoHUIBHI crionykH (1,5—30 mr C/n). Cyma
iHIIMX OpraHiYHMX CHOJYK IIPMPOIHOTO TIOXOMKEHHS 3HAUHO MEHILA i
cra”HoButh 0,2—12 mr C/n. :

TpeTio TPYITy TIOKA3HUKIB OPTaHiYHOl peYOBUHM MPUPOIHUX BOJ CTa=
HOBJISITH YMCJIEHH] CMIOJYKM AHTPOINOreHHOro NMOXOMMKEHHS, BMICT SIKUX ¥
MepIy Yepry 3aIeKUTh Bill IHTEHCHBHOCTI 3a0pyIHEHHS BOJ | 3MIHIOEThCH
B JIyXe LIHMPOKMX MexXaX —— Bill aHaliTUMHOIO HYJAS IO NEKIJIBKOX MT/I.
Cepen HaMOUTBII BaXJTMBUX TI'PYIT OPraHi4YHUX CMOJIVK aHTPOTIOTEHHOIO
MOXOIXEHHS, Ul AKHX po3pobieHO HAAiiHI aHaliTUUHI MeTOI BHU3HAa-
yeHHs1 Ha piBHi TJK, ciim HasBaTv apoMaTHMJHi ByTiieBoaHi (BeH3odn,
ToJyou, cThpodn, deHoIM, HadTaniH To0), TANTOTEeHOpPraHiuyHi CrIOayKH
(xsiopodopM, muxIopeTaH, IUXa0doc TOWIO), A30TOBMICHI CITOIYKY (aMi-
HH, I PMAMHOBI OCHOBH, TOJliaX pHIaMin, KaIlpoiakTaM, CEHOBHHA TOILIO),
OpraHiuHi KMCJAOTHU, MeTaHOJI, OeH3WNOBMI{ crUpT, OeH3umalleTaT, mMac-
TIa, HaPTOMIPOAYKTH, DapBHUKU, CUHTETHYHI TTOBEPXHEBO-aKTHUBHI pe-
YOBHMHU Ta iH. KUTBKICTh OpraHivHUX CITONYK PI3HMX KJIAciB, 1[0 MOTparn-
JIIOTH OO TIPUPOAHUX BOM i3 CTIYHMMM BOHAMH TIPOMMCIOBMX MiANpH-
€MCTB, CLUILCBKOrOCITOAAPCEKHX KOMILIEKCIB Ta KOMYHAJTbHO-TIOOYTOBHX
3aKJIafiiB, HEBITMHHO 3POCTA€E, i BU3HAYEHHS IXHBOI0 BMICTY B NIPUPOAHHX
eKOCHCTEMAaX € OJHUM i3 CKJIaIHUX 3aBIaHb €KOJOTIYHOTO MOHITOPHMHIY.

X

XiMivHWIL cKJIai MiA3eMHUX BoI (OpMYyEThCS B OCcODIMBUX YMOBax.
Mpy TicHOMY KOHTakTi BOAM 3 pPi3HOMAHITHWUMM TIOpOAAMM Ta MiHe-
pajamMH MNpOTATOM TPUBAIOro 4dacy (BiX HecATKIB N0 MUIBIOHIB POKIB)
3WIEXHO Bill TTMOUHU 3aI9TAaHHA BOMTOHOCHMX TOPH3OHTIB BiaOYyBaeThCH
HACUYEHHSI BOAW MiHEPAILHUMM KOMMOOHEHTAMH Ta MiKpoejleMeHTaMMU.
Ha Benuxux rmmbuHax B3aeMoliss BoAM 3 MOpoaMH BiIOVBAETLCS NPH
TUCKY B COTHi THcsu atMocdep i yacto npu Bucokux (rioHaxg 100 °C)
TeMIiepaTypax, LI0o CIpUA€E, TIOpAd i3 HACHYEHHAM BOAM MiHEPANIbHHUMM

27

v

CTIOJIYKM MAalOTh HEOIHAKOBY MOJIEKYJISIDHY Macy, a TIPOLEHTHMIT BMICT -
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@{7’ 1.1.2. MA3EMHI BOAK . ‘ . \/




KOMTIOHEHTaMH, TaKOX 3HAYHOMY 30UIBIIIEHHIO BMICTY PO3UMHEHMX Fa3iB,
" B OCHOBHOMY Takux, 1K CO,, H,S ta CH,.

HagsHicTs ManonpoHUKHHX BOXOMIAMIPHUX LIApiB Topia, AKi po3’-
€MHYIOTh OKpPeMi BOIOHOCHI TOPU3OHTH, CTBOPIOE YMOBH ISl YTBOPEHHS
IOCUTb PI3HOMAHITHMX Ta IHEPTHUX 3a XIMIYHMM CKJIaIoM Bona. Tomy
cepell MiI3eMHUX BOJX 3YCTPIUalOThCA BCi KJIACHM TA TPYIMM — Bil MPiCHUX
BOL JO PO3COJB 3 UIMPOKUM IHTEPBAJIOM CITBBITHOIIEHHS TOJOBHMX
ioHiB.

VrpyaHeHvii 3B’430K IMiA3eMHUX BOA 3 aTMOC(EpOIO0 Ta MOBEPXHEIO
3eMJI MPU3BOIUTH HO 3MEHUIEHHS A0 HYJS BMICTY Y BOJaX PO3YMHEHOTO
KUCHIO, 0CO6/IMBO B Mipy 30i/bllIeHHS TNHOMHM BOJOHOCHOTO MOPU3OHTY.

BigcyTHiCTh COHAYHOTO OCBITJIEHHA Y MI3eMHUX BOHAX He Ja€ MOX-
JUBOCTI PO3BUBATUCH B HMX DOTOCHMHTE3YIOYMM BOAHHUM POCIHMHAM i 36a-
Ta4yyBaTH BOLY OpraHiYHMMH pe4oBuHaMH. OaHaK B TAKMX YMOBax y Bojax
PO3BHBAIOTBECA YMCIIEHHI aHaepoOHiI MIKpOOpraHisMH, XHUTTENISUTBHICTD
SAKWMX MOLIMPIOETECA HA BEJIMKI TTMOMHHU. Yepe3 Te BaXXKO IaTH OXHO3HAY-
HY BIIMOBIAb Ha MUTAHHSA TIPO 3aKOHOMIPHOCTI 3MiHH BMICTY OpraHiuHHX
PEYOBHH Ta TIPOAYKTIB iIXHHOTO PO3KJaay y MiI3eMHUX BOJaX.

OkpeMoro po3rany MoTpebyroTh JiKyBanbHi Ta MiHepanbHi BOIY IS
TIUTTA, 9Ki 3aBIIKH OCOBIMBOCTSAM iXHBOI'O XiMIYHOTO CKNaly CIIpaBJs-
TOTh NMOMITHMIT disionoriyHuil BIUTMB Ha JHOACBEKUIT opraHisM. ToMy aHa-
Ji3 TaKMX BOJ € AVXe BINMOBILIANBHWM 3aBXaHHAM. [eonory BIZTHOCATH
MiHepaJIbHI BOAU 0 OKPEMMX BMIIB TIPUPONHUWX TIIA3EMHHX BOI, B SIKMX
[IpY TIEBHUX TiJPOreosIONIYHMX YMOBaxX A00pe PO3YUHSAIOTLCSA pi3Hi MiHe-

- paneHi coni (NaCl, Na,SO, Touio) ta rasyearti cnoiyku, Haripukian, CO;,
st Ta 1H. '

OcHOBHI XiMiyHI KpuTepii kKiacudikallii JIKYBaTbHUX MiHepalbHHUX
BOJI TaKi:

— 3arajibHa MiHepanizauig (2—S5 r/n1 — Boau ciabkoi MiHepastizadiii,
5—10 1/n — cepennboi MiHepanizauii, 15—35 1/m — BHCOKOI
MiHepanizauii, 35—I150 r/;m Bogu po3conbHi, nmoHax 150 r/n — cWIBHO-
PO3COJBHI);

—smict CO; (0,5—1,4 r/n — Bonu cabkoBymiekwveni, 1,4—2,5 Mr/n

— BYITIEKUCHI, TTOHAX 2,5 MI/i —— CWJIBHO BYITIEKMC <«Ta3yioui», sKi .

CTIOHTaHHO BUALNMOTE CO));

— Bmict HoS,.: (10—50 mr/n — Bomu crabkocymabdiaHi, 50—
100 mMr/n — cynbdinHi cepenHpoi KoHueHTpauii, 100—250 mr/n —
cwIbHOCYIbMIAHI, ToHax 250 Mr/n — AyXe CUNBHOCYIbLGBIAHI, AKi npu
pH < 6,5 HasuBaroTbCsl cipKoBomHeBMMM, a nipy pH = 6,5—7,5 —
cipxoBomHeBo-cynbdinuumH i ripu pH > 7,5 — rinpocyisdiaHumn);

— BMmicT As (0,7—5,0 mr/n — Bomum apcenwucTi, 5.0—I10 mr/m —
CWJIBHOAPCEHMCT, TIoHan 10 MT/n — myXe CHUITBHOAPCEHWCTI);

— pmict Fe(Il, III) (20—40 Mr/n — Bonu 3anisucti, 40—100 mr/m —
CHUIBHO3AM3UCTL, TToHan 100 Mr/it — myXe CHJIBHO3aNi3MCTi);

— BMicT Br (= 25 mr/n — Boau GpomHi);
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— sMicT I” (= 5 Mr/n — BoaM ¥ionHi);

— BMICT cIWIKaTiB ( > 50 Mr/n — BOOM CWJIILIMCTI);

— sMicT Rn (200—1600 Bx/n — Boau cnabkopanonosi, 1600—
8000 Bx/nm — paloHOBI cepenHbOi KOHUEHTpauii, MoHak
8000 Bk/1 — BHUCOKOpPaIOHOBI);

— pH Boau (3—3,5 — Boau cwibHokMcni, 3,5—S5,5 — xueni, 5,5—
6.8 — cnabkokucni, 6,8—7,2 — HeitrpanbHi, 7,2—8,5 — cnabkonyxHi,
> 8,5 — nyxHi);

— Temnepatypa (< 20°C — Boam xonoaHi, 20—35°C — Teruni, cnab-
KoTepMatbHi, 35—42°C — rapsdi, TepMaibHi, > 42°C — myxe rapsdi,
BUCOKOTEPMAUTEHI).

BaskJIMBOIO CKJIAAOBOIO YACTUHOIO MIHEPABHUX BOI € MiKPOEJIEMEH-
T, HasBHICTb SKMX y BOJi BIUIMBA€ Ha OCHOBHI (bYHKLIil XWBOTO opra-
Hi3My — Ha piCT, PO3BHUTOK, PO3MHOXEHHS, TPUBAILCTh XUTTH, KPOBOT-
BOPEHHS, Nnpouecu oOMiHy pedoBHH. OTXe, BOHW BUABJISIOTE BUCOKY
GiosloriyHy aKTUBHiCTb. BCTaHOBNEHO, HANMPHUKJIIA, YYaCTh €IEMEHTIB 4-T0
riepiony rnepioguyHoi cuctemu [1.1.MeHaeneepa B npoueci KpOBOTBOPEH-
HSI, TIDUYOMY IXHS aKTMBHICTb 3MIHIOETBCS Y Takilf MocaiioBHOCTL:
Ti< V<L Cr < Mn, Fe, Co, Ni, Cu > Zn > Ga > Ge > As, T0o6TO
HalOLTbII AKTYBHUMH B LIEOMY TIPOLIECI € €JIEMEHTH CepeMHHU TIEPIOaY..

BMicT MIKpOeIeMEHTIB Y MiHEpaJTbHUX BOAAX KOJIMBAETHCS B ITMPOKHUX
mexax. Hanpuxman, v pi3HOMaHITHUX MiHepaJbHMX BoJax 3akapnarTs
BCTAHOBJIEHO TaKi KOHLIEHTpALii JesKMX MikpoeneMeHTiB (Mmr/a):" Li
(0,1—20), Mn (0,04—4), Fe (0,05—40), Co(2 - 10* —2-.10%), Ni (0—
0,3), Cu (5- 107 —5,0), Zn (0—5), B (0,02—600), Al (0,01—7,0), F
(0,01—5.0), Br (0—50), I (0—3). ,

V Toli X¢ Yyac JaHUX Mpo BMICT OpraHiYHUX CHOJYK V MiHEepanbHUX
BOJAX € MaJlo, HE3BaXaouud Ha Te, IO Taki CMONVKU, 6€3 CyMHIBY,
BiAIrpaloTh He MEHII BaxJMBY (i3i0NOriyHY pOJIb, HiX MIKPOEJIEMEHTH.
MoxxHa 3a3HAYMTU, HANpMKIAX, W0 OOHMUM i3 OCHOBHMX (iziosoriyHo
Iirounx $akTopiB BCECBITHBOBIIOMOI MiHEepalbHOI BOAU «TpycKaBellbKa»
€ HeeTKi KapOOHUIbHI Ta a30TOBMICHI OpTraHivHi CIIONYKH, SIKi MICTATBCH
y Wiil Boai B MiKPOKOHLICHTPALLiSIX.

Benuke 6anbHeonoriyHe 3HAUYE€HHsI MaKOTh TAaKOX PalioakTUBHI MiHe-
paJIbHI BOOU — PAIOHOBI, Pali€Bi, PALOHOBO-PAiERI Ta YPAHOBI.

Hespaxaroun Ha Te, LIO XIMIYHMI CKJaA MIA3€MHUX BOL € AOCHUTH
cTabiIbHUM, TTPOTE NP iX aHakisi, 0coGJMBO TIPH BU3HAUEHHI MiKpo-
€JIEMEHTIB Ta OPraHiYHMUX CIOJYK, BUHMKAIOTE TPYIHOILLI, IKi 3yMOBJIEHI
K BIUIMBOM MaTpHLi (BeXMKOI KOHLEHTpAlll FOJIOBHMX IOHIB), Tak i
B3aEMHUM BIUIMBOM 0araTboX BU3HAUYBAJIBHHUX iHFPEdIE€HTIB.
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\/ 1.1.3. MOPCbKI TA OKEAHCbLK! BOAU %

XiMiyHUMIL cKJlan BOOU OKeaHiB Ta MOpIB, AKi cTaHoBNATh 97.4% Binm
3aralbHOI KUTBKOCTI 3araciB BOAM Ha 3eMJli, Billpi3HSETbCH Bil CKIIAMY
iHIIMX BOOHMX O6’€KTIiB, IO TIOB’Si3aHE 3 iXHIM pPO3MIpPOM Ta IEAKUMH
yMOBaMH BOZOOOMIHY 3 aTMocheporo i cyiteto. HallBaxxymBituumm ocob-
JIMBOCTSIMM XIMIYHOTO CKJIAAY BOOW OKEaHIiB* € Taki:

a) HaA3BHUYaHHO Pi3HOMaHITHUI AKicHMIT cknan BomM. Lle 3vMoBieHe
TUM, IO OKE€aHU € aKyMYJITOpaMH PI3HUX 3a XIMIYHUM CKNAaaoM BOI 3
yci€l 3eMHOI ITOBEPXHi, i TOMY Y BOJaX OKEaHiB MICTATBCH CMONYKU BCiX
BUIOMMX Y MIPUPO/I XiMIYHUX eJIEMEHTIB;

0) BMicT B OKeaHCHKill BOJIl BEJIMUE3HOI KIJIBKOCTI CoJell, B OCHOBHOMY
XJIOPMAY HaTpilo. 3arajibHa MiHepaisaliisi MOPCBKHX Ta OKEaHCBKUX BOM
nocsarae 35 r/kr. lle moB’g3aHe 3 TWUM, 1LIO0 MiHepanizauis Bomv, sKa
BUTIAPOBYETHCA 3 TMOBEPXHI OKeaHy, 3HAYHO MeHIua Bil MiHepanisauii
MaTepHUKOBOIC CTOKY;

B) TOCTIMHMIT B Yaci Ta OAHOPIAHMI Yy PI3HUX YACTHHAX OKEaHY
OCHOBHUWH XIMiYHU CKTIal BOIM. Hanssuuaiino Benuka maca CeiToBOro
okeany (1370 Man kM), fKa B Hararo pa3iB rnepeBULIVE 06’ €M MaTepUKO-
Boro cToky (35,5 THC.KM’), CTBOPIOE CTAGUIBHICTD CONBOBOI Mack OKeaHy
B yaci. ONHOPIOHICTE CONBOBOIO CKJaly OKeaHIB 1o akBaTopil Ta rmubMHi
3a0e3neuyeThCa IOCTIMHUM BOJOOOMIHOM MiK OKPEMHMMU UYacTHHAMU
OKeaHy BHACHIIOK MOPU3OHTANIBHUX Ta BEPTUKATbHHX TIEPEMILIEHb BOI-
HHX Mac.

Jlo ronoBHHX ioHiB (OCHOBHMX COJIBOBUX KOMIIOHEHTIB) OKEAHCHLKMX
'Bont, kpiM ioHiB CI™, SO¥, HCOs, CO3, Mg*, Ca® 1a Na* + K, xapak-
TEPHMX VIS TIOBEPXHEBUX BOI CYIIi, HAIEXATh TakoX ioHu Br', F, SI¥" Ta
monekyu H,BO,, BMicT gxkux nepeputiye 0,001 r/kr (tabn. 5). 3asHaueHi
B Tabnuui ioHU B cyMi cTaHoBaATb 99.99% Bia vecix po3YMHEHUX B OKe-
aHCBKiiT Boi pe4oBUH, npuyomy BmicT ioHiB Na' Ta Cl ™ ctaHoBuTb 83,6%
Bill CYMHM BCiX 10HIB. OTXe, OK€aHCBKI BOIW € XJIOPUAHO-HATPIEBHMMU.

3 panux Tab6n.5 BuaHO, 1o cyma ekgiBaneHTiB Cl +SO; Tta Na' +
+ Mg + Ca’" Maiixe oZHaKoBa, a SKBIBAJIEHTH XJIOPHA-iOHIB 3HAYHO
TIEPEBHUILYIOTH €KBIBAJICHTH 10HIB HaTpito. OTXe, 10 OCHOBHOI MacH COJTb-
OBOI'O cKJIaly okeaHchbKHX Boxd, KpiM NaCl, BXoasiTh TaKOX XJOPUIU Ta
cyNib(}aTH MArHilo i YaCcTKOBO KalbLito, XOU IXHA 4acTKa 3HAUHO MeEHLIa
Bia yactku NaCl

CniBBIAHOUICHHS MiX FOJIOBHMMM iOHAMM OKEaHCHKMX BOI Biapi3-
HSETHCA Bill iX CIIBBITHOIUEHHS B IIOBEPXHEBUX Boaax cyili (1MB. puc.4).
s okeaHChKYX BOA XapaKTePHUM € TaKe CIiBBIAHOLIEHHS:

Cl" > SOF > HCO; > CO¥ ta Na'>Mg* > Ca™ + K.

* Mopst, ocobnuso 3akpuroro tury {Kacniiichke, Yopue, CepenseMic tomo), 3a xi-
MIMHHM CKJIAJIOM BOJIH 3a1IMAIOTh TIPOMIXKHC MICTIC MK OKCAHAMM Ta HOBEPXHCEHMH BOXAMH
cymi. lle came crocyernes 1 y36epexHux paitonins okeans.
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Tabauys 5. TonosRi ioHM BoaH oKeanis Ta X KoHuedTpauin

lonn (MonekynH) Konuerrpaitis, _I/Kr (S = 35%00)*, mosh cKB/KT
- S 0,54582
o 19,3534 0,60205
SOy 2,7007 0,05623
HCO; + COF 0,1427 0,00234
Br 0,0659 0,00083
. ‘ 0,0013 . 0,00007
H,BO, 0,0265 ‘ —
Cyma aHioHiB | e ) ‘ 0,60529
Nt 107638 0.46806
0,10666 } 0,59507
Mz’ L7 0,02035
Calt 0,4080 e
K ' 0,3875 ' 0,00991
g2 0,0136 0,00031
CyMa KaTioHiB — 0,60529 .
*KoHUeHTpallilo TONOBHHX iOHIB ¥ MODPCBKIX TAa OKEaHCBKNX BOMAX UPIHINATO BHPaXaTH B /KK 1 Mo3satarn

cumBonoM Y00 (mpomine); S -— cyMapHa KOHIICHTPAUIA roNoBHIX ioHIB.

Ha BiaMiHy Big IpicHMX BOA, 3arajibHy JIYXHICTb OKEAHCBKMX BOI
CTaHOBJATSH, KpiM ioHie HCO; Ta COj |, Takox ionn H,BO:;.

IHTepBaI 3MIiHM KMCJIOTHOCTI OKEAHCHhKHMX Bod 3HauHo MeHwWit (pH
7,7—8.3), Hix moBepxHeBUx Box cywi (Bix pH 4.5 wns 6onotHux Box mo
pH 8.5 1 Oinbie ana BogoHMMIN Ta 03ep B IEPiOA iHTEHCHBHOIO
dorocuHTe3y). TOMY B OKeaHCHKMX Boaax riepeBakHoo dhopMoto kapbo-
HaTHoOI ‘cMcTeMH 3aBXaU € ionn HCO;. OnHak c/iifl BiA3HAYUTH, IO MTiJ
BIUIMBOM BUCOKOI iOHHOI CHJIM KOHLEHTPALIHI KOHCTaHTH AWCOLIaLii
BYI'UIEHOT KUC/IOTH, ocobirBo K,, 3HauHO 30LThILYIOTECS, BHACIAOK YOT0
TIPM THX caMMX 3HayeHHAX pH wactka ioHiB CO3 B OKeaHCHKMX BoAax
NOMITHO BUIA, HiX v npicHux. Hanpuxman, npu pH 7.4 Ta 8,2 yactka
CO%y TTOBEPXHEBUX BoIax cyuri crasosutb 0,1 ta 1,0%, a B 0KeaHCbKUX
Bopax BiarosigHo 2.3 Ta 13,4% Bin 3arasibHoOi CyMH KapOoHATIB.

IMpu nigeuIeHH] 10HHOI CHJIM PO3UMHY HOOVTOK PO3YMHHOCTI OCaly
xapboHaTy Kawblilo 36U1binyeTbea. Tak, npu 30iiblIEHH] KOHLIEHTpALLil
ionis Cl Big 4.0 a0 19,00 106yTOK PO3YMHHOCTI APcaco, 30INBUIYEThCS
Bix 0,604 - 107 mo 6 17107 (20°C). ToMy B OKEaHCbKWX BOJaX KOH-

LEHTpaLis ionie Ca®" 3nauno Buuia (61u3pko 400 Mr/kr, mms. Tabn.5),
HiX B NoBepxHeBUX Bonax cyiui (10—120 mMr/i, muB. puc.4).




\/ 3a KOHLIEHTPALIIEIO PO3YHHEHOr0 KHCHIO OKEAHCHKI BOAH MOXHA TIOMi-
JMTH Ha TPH 30HM IIOXO TMOMHM: BepxHIo (mubuna 100—300 M) 3
MaKCHMaJIbHUM BMICTOM KHCHIO, SIKUH mocsirae 95—I100% HacuueHHS,
npoMikHy (300—1400 M) 3 MiHIMATBHUM HACWYEHHSM KHMCHEM Ha piBHi
5—30% Ta rmmbunny (mmmbme 1400—I1600 M) 3 Oelo OinbliuM, [0
70—80%, Hacu4eHHSIM KucHeM. Takmit CBOEPIMTHUIT po3roAin po3yUHe-~
HOIo0 KHCHIO IIOSICHIOETBCA TUM, LLIO Y TIOBEPXHEBHMX LIapaxX BiAHOCHO
TEIUI0l BOAU BiIOYBAa€EThCSA IHTEHCUBHMIT (DOTOCUHTES, SKMIf 3racac B Mipy
30inbieHHs TMOUHK. Y TOM Xe Yac y FMGUHHY 30HY KHUCEHb NOTpaTUTa€
3 XONOAHWMH TeYisIMM apKTHUYHOTO Ta AHTAPKTHYHOTO TIOXOMKEHHS,
HacMYeHUMM KMCHEM MNPU HU3BKUX TeMriepatvpax. Y LIUX Macax BOIU
OioxiMiyHe CITOXHMBaHHS KUCHIO HE3HAYHE, TOMY L0 BOHM GiaHi Ha >KUBI
ICTOTH, i IO TOTO X MPU HHU3BKUX TEMIIepaTypax (1—2°C) 6ioximMiuHi
TpOLIECH 3arajibMOBAaHi.

Y Bogax MopiB, fKi MaloTh MeHUIi [TMOGMHU, NPU TIOPYLIEHHI BOJIO-
00MiHY KOHLICHTpPALlif PO3YMHEHOr0 KMCHIO 3MEHIUVETBCS 3 TTMOHHOIO i
MOX€e HaBiTh CTaTW MPAKTHYHO piBHOIO HyMoO. Take SBMIlE crocTe-
pira€Tbes, HaNpUKa/, Ha rnbruHax YopHoro Mops Ta HOPBE3bKHX hiop-
aiB, y BnaguHax BanTiiicekoro Ta KapiGebkoro MopiB i B iHIIMX paifoHax
MODIB Ta OKeaHIB i3 cTabKUM BOZOOGMIHOM.

BMicT giokcuay Byrieiio B oKeaHchKiil Bolli 3HAYHO MeHILMIl, HiX y
TOBEPXHEBUX BoAax cviii i He nepeBuinye | mr/a. lle nor’sizaHe B
OCHOBHOMY 3 BUCOKHWM 3HaueHHAM pH Boau i 3 ManuM napuiaibHUM
tickoM CO, Haja moBepxHelo okeauiB. [To akBartopii, rmubiuHi Ta B vaci
KoHueHTpauis CO, B OKeaHCBKiil Boli 3MIHIOETbCA BHACHIIOK pi3HOI
AKTMBHOCTI TIPOLIECiB (DOTOCHHTE3Y Ta PO3KJIAAY OPTFaHiUHUX PEYOBHH,
ToAiOHO IO TIPICHUX BOI.

CipkoBogeHb He € XapaKTepHHM iHFpenicHTOM Bon oKeaHiB. Bin yTso-
PIOETBCA B 3HAYHUX KUIBKOCTAX TUIBKM B 3acCTiliHMX 30HaxX, GiIHMX Ha
BMICT KMCHIO, BHAC/IIOK BiXHOBJEHHS CyibhariB aHAepOGHHMH MiKpO-
opraHizMaMu (cy/ibhaTpeayKilis) Ta NpH Po3KJIadi PEITOK BOTHUX op-
raniaMmis. Hafissckpagilie BiTHOBIEHHS cyibdaTiB BUABNAETHCS B [IH-
OuHHKUX 30HaX YopHoro Mops. CipkoBoaeHb V MOPCHKUX Ta OKEAHChKMX
BOJAaX MICTUTBCS TIEPEBaXKHO YV BUrAAAl ioHiB HS™,

Konuentpauii Giorewnnx enementis—cnonyk asoty, ¢ocdopy Ta
CWIILIIO B OKEaHCBKMX BOZAX HUXKYi, HiX B MOBEPXHEBHMX BOZAX CVILI, i
30LIBLIYIOTBCS T10 TIMOMHI X0 MeBHOI MexXi. Lle moB’s3aie 3 iIHTEHCUBHUM
CIMOXMBAHHSM LIMX CIOJIYK BOOHMMMW OPraHi3MaMH B TIPOLIECI CUHTE3Y Y
BEPXHiit 30Hi i MiKpoGiOJOriYHOI IECTPYKLIEIO OPraHiYHHX CITONVK y
mburmx 30Hax. KoHuUeHTpalis HeopraniuHoro ¢ochopy B 0KeaHCHKHX
Bolax, AK mpaBwio, He Iepepuuiye 0,1 Mr/m, amodiiiHoro asory —

0,02—0,03 mr/m, HitpatHoro asory — 0,3—0,5 mMr/s1, cHAiLI©0O — 3—

5 mr/n. HiTpaTHMIT a30T HArPOMADKYETLCS TiITBKM Y BePXHiii 30Hi, i ioro
KOHLICHTpALlisl MlepeBaxHo He nepeBuwye 0,02—0,03 Mr/m.

BmicT mikpoesiemeHTiB y Bozli OKeaHIB MOPIBHSHO 3 FOJOBHHMH {OHAMM
HaI3BUMAHO HU3BKHIA, 1 iX cyMa cTaHOBUTb MeHue Hix 0,01% Bix cymi
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rOJIOBHMX ioHiB. KoHIIeHTpaLil IeSKUX MIKPOEIEMEHTIB B OKEaHCHKMX
BojIax HaBeleHo B Tab1.6.

He3pakaloud Ha Majii KOHLIGHTpaLlil, 3araJbHa KUTBKICTb MiKpoese-

MEHTIB B OKeaHi Haa3BUYaliHO BejvKa. Tak, HarpUukiIad, y BCIM Macl BOOU

3 .
CgitoBoro okeaHy (1,37 MIpI KM') MICTUTECS 6m3pKo 5,5 MIH TOHH
30710Ta. AKIIO 3iCTABUTH MAcy KOXHOro MiKpoeleMeHTa B OKeaHl 3 NOro

Tabauys 6. KoHUeHTpaUis AesSKUX MiKpoeneMeHTis B OKeaHchKii BoIi

Enemedr Koule HTpanis, Mr/a EnemcHT thurlc‘lm)auisl, MK/
Li . 200 Co, Sb, Cs o 0,5
Rb 120 Ag, La, Y 10 0,3
I- 60 Bi 0,2
Ba 30 Cd, Pb, W o 0,1
In 20 Cr ) 0,05
Al, Fe, Zn, Mo no 10 Hg 0,033
Cu, Ag, Sn, U mo 3 Te 0,01
V, Mn, Ni no 2 Au ' 0,004
Ti 1 Ra 1-107

KUTBKICTIO, KA LUOPIYHO BHOCHUTLCS 3 MATEPUKOBHUM CTOKOM, TO 4ac,
HeOoOXiAHMIT [UIT HArpOMAIXKEHHS MacH MEBHOro MIKpPOENeMEHTa, BU-
SBUTHCS 3HAYHO MEHIIMM Bif BiKY okeaHy. Tak, Hanpukiad, 4yac Harpo-
MaIKEHHST HasiBHOI B OKeaH1 MacH LIMHKY CTaHOBHUTH 1_80 TUC. POKIB, Miil
— 65 THc. pokiB, a KobaneTy — JsMiue 18 THC. poKiB. OuesnaHO, 1110
NpOTAroM Yciel icTopii okeaHy BeIMYe3H1 KUTBKOCTI MIKPOETEMEHTIB Ile-
peifllv 3 PO3YMHEHOro CTaHy B ocal. [1po Lie cBIIYMTb TaKOX Oe3rioce-
pelHbO HASBHICTh AEAKWX PYAHUX POJOBHMUI HA IHI OKEaHY. OTXe, B
OKEaHCBbKili BOII HeMae YMOB /UL HarpoMaIXeHHS B HIH PO3UHHEHMUX
dopM MiKpoeneMeHTIB. ) o ) )

OkpiM MiKpOEJIEMEHTIB, SIKi MalOTh cTabUTBHI aTOMHI suIpa, v BOML OKe-
aHIB MICTATBCSA TaKOX PaZiOaKTHBHI €IEMEHTH, 30Kpema K, ¥Rb, “°U,
2%Ra, “C. Boun CTBOPIOIOTH TIPUPOIHHI palioaKTHBHUI ¢oH okeany.

B ocTanHi poky 3arocTpunacs npobjemMa panioakTHBHOTO 320pyIHEH -
HSI OK€aHy BHACJIIOK HAIXOMXKEHHS palioakKTUBHHX 130TOMIB 3 BUKMIAMHU
ATOMHOI TNIPOMMCJIOBOCTI Ta eHepreTMku. Lli i3oTonu, K 1 IHIIL MIK-
POENIEMEHTH, YacTKOBO AaCHMLIIOIOTBCS XUBHUMU OPraHI3MaMH, a peuita
3a/MLIAETbCA B OKeaHi Y po3uMHEHOMY cTaHi. 2KMBi opraHi3mMu € 1oGpuMu
KOHLIEHTPaTOpaMHM MiKPOEJIEMEHTIB 1 CMOXUBAIOTECS p_qu\m, TOMY BU-
HUKa€ HebeareKa MoTparuleHHs palioaKTHBHUX 130TOMNIB B OPTaHI3M Jio-
avHU. Y 3B’43KY 3 UMM aHAJiTHYHE BU3HAYEHHS BMICTY pa/llOAKTUBHUX
eJEMEHTIB € BAXJIIMBOIO JIAHKOIO €KOJIOFIYHOr0 MOHITOPUHIY MOpIB Ta
OKeaHiB. _

Oprauivni cHioyKH OKEaHCHKUX BOI MAlOTh 3n66urbmoro.npnpom_{e
MOXOMAXEHHS, TOMY IO Ha QOHI BEIMYE3HOI MACH BOIM OKEAHIB Ta MOPIB
MaTepUKOBMII CTIK AHTPONOIeHHUX 3abpynHIOBauiB MaJTo, XOUA i HeBTHH-
HO 3pocTae. KoHIeHTpallis pO3UMHEHOro OpPraHivHo 3B’3aHOT0 BYIJIELIO
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B OKeaHaX 3MIHIOETbCS B Mexax 0,5—3 Mr/i, oaHak y TTiBHiyHOMY MoODi

BOHa CTaHOBWTb 2,5—4 mr/n, y Banrificbkomy — 3,5—6.5 MT/JT, 3MEH-
HIYIOUHMCh 3 TMbKHOI0. OCHOBHUMH KOMITOHEHTAMH DO3YWHEHOI opra-
HIYHOI PEYOBUHM OKeaHiB € BYIJIEBOIHI, OUIKM Ta MPOAyKTH iX poskuiandy,
Ao — ecblpn KapOOHOBHMX KMCJIOT 3 0pTohochOPHUM pamuKaioM, a
TaKOX CKJIaOHI TYMYCOBi pe4OBHMHW. OMHMM 3 Hebe3nmeuHumx 3abpynHio-

Ba4iB OKEaHIB Ta MOPIiB € Ha(TOMPOIYKTH, SKi HATPOMAKYIOTHCS B mno-,

BEPXHEBHX IIapaX BOAM i TaJIbMyIOTh Tpoulec GhOTOCHHTE3Y (DiTOrLTAHK-
TOHOM.

Bennka conoHicTs 0KeaHCBKHMX Ta MOPCBKMX BOZ YTPYIHIOE BU3HAYEH -
HS KOHLCHTpaUii 6araTbox XiMiYHUX iHrpEMi€HTIB, 0cObMIBO MiKpoese-
MEHTIB 1 aHTPOIIONeHHUX 3abpymHIoBayiB. Ix aHaniTUYHe BU3HAYeHH: B
X of’ekTax 3a CKJIAIHICTIO MOXHA TTOPIBHSTH 3 aHaJli30M HaRiBIpo-
BLTHUKOBHX MaTepialiB Ta yIbTPAYUCTUX PEYOBUH.

1.2. XIMINHUMA CKJIAL NOBITPH
TA ATMOCDEPHUX ONALIB

AtMocdepHi onaau — oL, CHIr, rpaa, BOOIM MPSKH., POCH Ta iHEID —
HajeXaTb 00 MPHPOAHUX BoA. BOHM ocinaloTe Ha MoBepxHIO 3eMni i
MOXYTb PO3IJIAAATHCh K HaWYMCTILIa BOAA Ha TJIAHETI, OCKIJIbKM YTBO-
PICIOTBCS B YMOBAX [MPUPCIHUX NUCTHASIPHUX NpolieciB. OaHAK v pe3vilb-

- TaTi MOCTIMHOTO {HTEHCMBHOIO KOHTAKTY 3 MOBITPSM IOMIOBA BOAA, LIO

Ma€ BeJIUKY TIOBEPXHIO, HACUYYETBCH PI3HUMM PEYOBHMHAMH, SIKi € CKja-
OOBMMM YaCTMHaMH MOBITPA i 34aTHI 10o6pe po3unHATHCE v Boai. Cepen
HUX, 30Kpema, ciig HasBaTH CO; i O, a TaKoX YMCIEHHI PEYOBHHM
AHTPOTIOTeHHOTo IMOXOmMKeHHsT — CO, SO,, okcuau a3oTy, aMiak, a
TaKOX HAA3BUYaHHO BENUKY KUIBKICTb JIETKMX OPraHivHHX CTIONYK Pi3HHMX
KJIaCiB. Tomy XIMIYHHMI CKJIAaI TaKHMX BOAHMX 06 E€KTIB 3aJ1eKHTh Bil CKIa-
Iy IoBITPs, 3 SIKUM BOHM KOHTaKTylOTb. Yepe3 Te xiMiuHy xapak-

_TEPUCTHKY TOBITPA Ta aTMOCEPHHX ONaliB AOLLABHO PO3MISAATH PA3OM.

OcHoBHUIT XIMIYHMIT CKJIAA YMCTOTO CYXOTo MOBITPA, B SKOMY Mic-
TATBCS MOJICKYJIM Pi3HUX IHIPEMIEHTIB Y ra3yBaToMy CTaHi, TAKHIA;

Inrpeient % 32 06 'cMoM , mr/m ,
Asor (N2) 78,1 9,76 - 10°
Kuceun (02) 20,94 99,93 2,98 - 10°
Apron (Ar) ' 0,93 1.66 - 10*
Hiokewnn Byraciuo (CO5) 0,03 5,89 . 102
Ineprui rasu 107 - 107¢ 2005
3akuc azory (N,0O) 5.10°3 0,98
Bonmeus (H,) 5.1073 0,045
O30H (O3) 2.10°¢ 0,042
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Bwmict LyX IHrpeNieHTIB Y MOBITPi, a TAKOX TMapiB BOAW, KOHLIEHTpPALIis
SKHX KOJMBAETECA B JYKE LIMPOKUX Mexax, (opMyBaBcs MpoTAroM ba-
raThoX MUIBHOHIB poOKiB eBomrolnii 3eMJti i 3abesrneuye icCHyBaHHS BCiX
JKMBMX iCTOT, 1110 IMXAIOTh MTOBITPSM.

VY noBiTpi 3aBXAM TIPUCYTHI TAKOX B MAJIMX KUTBKOCTAX Pi3Hi ZOMIlIKU
rasyBaTUX PEYOBUH TIPUPOITHOTO TIOXOIDKEHHS — BYJKAHIYHI BUALIEHHS
3 Hanp 3emii (SO,, NH,, HCL, H,S, CO, HF Too) i criomyku 6ioreHHoro
noxomxkeHHa (CO,, CH,, Gimbin ckaamHi JIeTKi opraHivHi crioslyku). IxHs
KOHUEHTPALifa y He3abpymaHeHOMY TTOBITpI 3BMUAHO MepeOVBaE Ha PiBHi
MKr/M (kpiM CO,) i 3MIHIOETBCA B IyXe LUMPOKUX MEXaXx.

Hapeuuri, v nosirpaHoMy GaceliHi MPOMUCIIOBHX 30H Ta BEJIMKHX MICT,
a TAKOX V ITOBITpl LeXiB Pi3HUX MIAMPUEMCTB MICTUTBCS BEJIUKA KiJIbKICTh
rasyBaTMX PEYOBMH AHTPOTIOTEHHOro moxomkeHHs — NO,, SO,, CO,,
NH,, H,S, Cl,, Br,, HF, HCI, HBr, AsH,, PH,, rasoreHopraHidaux
CITOJIVK, OpraHiyHvX KHUCJIOT, edipiB, anbIeriliB, CITUPTIB, KETOHIB, aMi-
HO- Ta HITPOCTIONYK, ApOMATHYHWX BYITIEBOIHIB, CiPKOBMICHWX Opra-
HIYHUX CMOMYK, TMeCTULIMAIB Towo. g 6utblIocTi 3 HUX BCTaHOBIEHI
nopmu [JIK, sKi KOIMBAIOTBCS B LIMPOKUX MexXaX — Bin 3 mr/m’ (CO)
no 0,001 mr/M’ (PH,) i 3HauHO MeHuIe.

KpiM uporo, B atMocdepi MIiCTAThCSl He TUTBKY Ta3yBaTi pEeYOBUHM, a
TAKOX BEJIMKA KUIBKICTh TBEPOUX Ta PIAKUX aepO30JeH — My, OUMy,
BUCOKOAMUCITEPCHHUX arperariB pO3UMHHUX COJIEH Pi3HOro CTYMEHs BoJO-
rocTi, ApIOHMX KparyiMH po3uuHiB rasdyeBatvx pedoBuH (SO,, HCI, NO,,
OPraHivyHHUX CMNOAYK) TOILIO. Aepo30ji NepebyBaloTh Y TOBITPI B AWHA-
MIiYHiit piBHOBa3i, i TPUBaICTh IX ICHYBAHHA 3aNEXNUTH Bil AWUCMEPCHOCTI
YaCTMHOK Ta IHTEHCUBHOCTI TYPOVIEHTHUX TIOTOKIB TTOBITPSA.

Aepo3oJli 3HAYHOIO Mipolo € ocepelKaMu KOHIeHcalil atmocdepHol
BOJIOTH. 3a po3MipaMy iX IMOAUIIIOTh Ha TPU I'PYITH:

a) HaligpiGHinn (TaKk 3BaHi YAaCTHHKU AMTKeHa) 3 paniycoM r <
<2-107 eMm; )

6) Bemki (r=2-107°—-1-10" cm);

B) riraHTehKi (7> 1 - 107 em). 3

XapakTep 3eMHOI TIOBEPXHI AVKe BIAMBAE Ha KOHLEHTpALilO aepo30-
seit v moBitpi (pvic.12). 3 maHMX pUCYHKA BUIUIMBAE, L0 HalibuIbLI 3a-
OpyaHEHE aepO30NSAMH MOBITPS — HAJ CYLIEI0, 0COBIMBO B TPOMUCHAOBUX
paifoHax. HaiiGinmpiy 4McTUM 3a BMIiCTOM aepo3osieil € IORITpS BUcO-
KOTiPpHHX PaiOHiB. ’

B aepo3osisgx MICTHMTBCS OCHOBHA Maca XiMIYHUX iHIPEdiEHTIB, SKi
BUITAIafOTh Ha TMOBEPXHIO 3eMJli 3 arMocdepuumu onasamu. Buxonsaud 3
JaHUX puc.l2, MOXHA MependaynTH, 110 B Pi3HUX paifoHax 3eMJIi aTMOC-
hepHi onmagy MICTATL Pi3HY KOHLICHTPALIIO XIMIMHIX IHTpemieHTIB. Tak,
HANPUKJIAL, U1 OMNaniB Hal MOBEPXHEIO CYUIl KOAMIIHBOro PaggHcbKoro
Coo3y HAUOLIBII XapakKTepHUMU € TaKi IHTEpBAJM KOHUEHTpauiif ro-
JOBHMX ioHiB (Mr/n): SO (3—I12), CI" (1—3), HCO; (0,5—s5), Ca**
(0,5—3), Mg** (0,2—0,7), Na* (1—2), K™ (0.4—1). Jdna atmoceprux’
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ormaniB Hax TvxuM Ta IHAIACBEKMM OKeaHaMM BOHM Hello iHWI: SO
(1—5), CI" (2—12), HCO; (0,6—6), Na™ (2—12), K* (0,5—1,5).

KucrotHicTh aTMOC(epHUX oraliB B OCHOBHOMY XapaKTepU3VEThCH
BesmumHO0O pH 5—6, xoua mnpu 3HauHOMy 3abpyaHeHHi aTMocdepu
JneakuMu TipomuciioBuMu BukuaamMu (NO,, SO,) BoHa MoXe CTaHOBHUTH
pH 4,5—S5 («xucnoTHi poii»).

JaHi 1npo KOHUEHTpallilo
OIOreHHMX eJIEMEHTIB, MiKpo-
€JIEMEHTIB T2 OpraHivHMX CIIO-
JIyK B aTMocdepHUX orragax o6-
MeXeHi. MoxHa 3a3Ha4YMTH,
Hamnpuknaa, U0 artMocdepHi

Pauow

Onean
Oempobu
Cyua (Feper maps)

>2000m onanyd Hal TEPUTOPIEID Ykpa-
P IHU B cepeAHbOMY MICTATb Copr
9P\ 1000 - 2000m |445-98 4,5 mMr/n, Ngpr 0,4 mr/a, amo-
50-100m 14-36 HiliHoro asoty 1,25 wmr/na, Hi-
Cimooma micy. [ 167 ] baHOro ;g”;fg)ool;s gf{ T 3}‘};'
Micmo VaRNIeHHS Npo KOHLEHTpaLlilo

lpomucnabe micmo SQ-900
1

02 19 10t 0% f
N, mue. wm. fom®

NeSIKUX MIKPOENEMEHTIB B aT-
MochepHHX onagax MoXyTh fa-
TH cepeaHi 1aHi, BU3HaUeH1, Ha-
NMpUKJIAA, WIS JOUIOBUX Ta CHi-
) . roBux Bom HAnoxii (mr/m): Si
Puc. 125. BMmict acposoncii 3 pagiycoM r< (0,83)‘ Fe (O.l]). Zn (0’0042)’
<2-107 cM B atMocepi B Pi3Hiil MICIICBOCTI: Cu (0,00083), Mo (6 i 10_6).
Jdna atMocdepHux onaais I'py-
3il xapakTepHi MpUOMM3HO Taki X 3HavyeHHsa (mr/n). Fe (0—0,15), Zn
(0,003—0,013), Cu (0—0,008), Mn (0,0001—0,015), Pb (0—0,03), F
(0—0,08), Br (0,0002—0,045), 1 (0,004—0,020). 3HayHUIi iHTEepBan Ko-
JMBaHHS KOHLICHTpaUiil 3yMOBJeHWIT THMM, IO Tipobu BinGupanuca B
30HaX TIPOMUCIOBUX MiAMPUEMCTB, BEMKHX MICT, CUTBCBKOTOCIIOAAP~
CBKMX PaliOHIB, IOJIMH Ta BUCOKOrIp’s.

N -~ KINIBKICTh HACTHHOK

OTxe, vy MOBITPI Ta B aTMoc(epHUX oTlalax, 3a BUHATKOM AVXKe 3a- |
OpYIHEHUX acpo30JIAMH PalioHIB, KOHLEHTpaLlii XiMiYHUX IHrpeJnel-m}yj

3HAYHO HINKUi, HiX Y MOBEpXHEBUX Boaax cyili. Lle HeobximHO BpaxoBy-
\BaTM NP AHAJLI3I 0Ly, CHITY, JIbOAY i 0COOIMBO MOBITPSL.

1.3. XIMIYHMIA CKJ1AA I'PYHTIB

'f)\ TA LOHHUX BIAKJIALIB

MiHepambHy YacTMHY FPYHTIB CTAHORISTH CHMIKATH Ta allOMOCHIII-
KaTy, OOMIHYIOUMMH KOMTIOHEHTAMH SIKHX € CITONVKH CHAlLo, ato-
MiHilO, 30JIi3a Ta Kajbllifo. XiMiYHUI CKJal IPYHTIB BHPaXAIOTh uepes
TIPOUIEHTHUIT BMIiCT OKCHIIB €JIEMEHTIB, BIIHECEHHIT IO MTOBITPAHO-CYXOL
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npoGyL 3 maHux puc.13 BMAHO, IO KPiM CIIONYK Ha3BaHMX BUILE ele-
MEHTIB, CYMapHHi BMICT SIKHX, BUPQXEHHI B OKCHUIAX, CTAHOBUTH MTOHAM
80—85%, A0 CKJaay TPYHTIB BXOAATh Y 3HAYHWX KUIbKOCTSIX CHOJYKU
MarHuo, KaJIbliilo, HaTPilo, TUTaHy, MaHTaHy, dbocdopy (bocdath), cipku -
(cynbdaty) Ta HeopraHiYHoro ByrieLio (Kap6oHaTH). 3 OpraHiYHHX KOM-
TIOHEHTIB /IO BAJIOBOTO CKJIa[y [PYHTIB BXOAATh OPraHiYHHii BYIeLb (Copr)
Ta a30T (Nopr). KpiM 11b0ro, noBiTpsHO-cYXi IPYHTH 3a/1eXHO Bill iX IMCS
nepcHocTi MicTaTh 10 10% rirpockoniyHoi BOIH.

Komnonenm

Homnowenm

00 c=—=———x 0,1o7-i

| ——r— - 3
S50; g0r1-1 ’o g 5-30

- 515
Wn0c——20,05-0,3 4 Fi”-JOU
70, 0,3-0,7 “0-60
PO Cu 10- 150
Va0 <=5 G6-2 2-100
- EmJOo-J000
Ky 0 =SSR 02 4 Mr 200-600
<y a ,_2 A 1 L 1 i 1 1
——— d%_f. . 0 & 10 50 190 50010005000 mn2/ne
= 1-10
Fe, 0y <= 110
AL <===pJ 00 o0
‘ 8i0, < === 000 0
09050105 1 5 10 50 00 %
a

Puc. 13. Haiibinnin monmpennit sMicT ocOBHUX KoMmonenTis (a) Ta MIKpOCIIE-
MEHTIB (6) y I'PyHTaX Ta JOUIHX BEIKIAAAX:

I, 3 — pouni sigknaan pogocxoesim duinpa; 2, 4 — rpyHTi Bo1036ipHoi nnomi Hirnpa

3a BMICTOM OCHOBHUX MiHEpaJbHUX KOMIIOHEHTIB IPYHTU MOMiA-
IOTBCSI Ha KiJIbKa TPyNn — MiA30JIMCTi MilllaHi, MiA30JWUCTI CYTIUHMKCTI,
JIiCOCTpHOBi CYTJII/[HI/ICTL KalUTaHOBi CYMIMHUCTI, Topd’siHi Towio. Bmicr
OKCHIIB METAJLiB Y TPYHTAaX Pi3HUX THIIB 3MIHIOETbCA B NOCHTH BY3bKHX
MexXax, L0 IoJermiye BuOIp MeToaiB iX aHanisy. BsicT okcuais
3MeHUIyeTbest B pani SiO: > AlLO; > Fe,0; = CaO > MgO = K,0 =
= Na,O > TiO; > MnO.

BmicT HeopraHiunoro ¢ocdopy (P.Os) B rpyHTax € mocuts ctaymm. B
TOH Xe 4ac BMICT cyabdaTHol cipku (SO3) Ta KapboHaTHOro BYTJiELIO
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(CO,) MOXe KOJMMBATHCS B LIMPOKHMX MEXaX; LIE CaMe CTOCYEThCA Copr T2
Nopr (1MB. pric.13). _ o

Ilo cxJagy IPYHTIB BXOASATH TaKOX MIKPOETEMEHTH, HaH6'l.HBIH BaXx-
JIUBUMH 3 SKMX IS PO3BUTKY POCAUH € Gop (iioro BMICT 3MIHIOETBCA B
Mexax 1—200 mr/kr), ManraH (20—5000 mr/kr), miab (1—150 MI/KT),

siwHK (5—100 mr/kr), xobamer (0,5—20 mr/kr) ta mMonibaen (0,2—
10 mMr/Kr).

OcobMBO BAXJIMBMM B aHAJI3i TPYHTIB € BU3HAYCHHA NCAKHX MMOKaA-
3HMKIB, AKi XapaKTepH3yIOTb BMICT JOCTYITHUX JJIA POCMH XIMIMHUX 1H-
rpenienTis. OTHNM 3 TaKuX TTOKa3HUKIB € 06MJI{Ha MOrIMHAIbHA 301aT-
HiCTh TpYHTIB 3a joHamu Ca>’, Mg®", Na' 1a H', siKa BKasye Ha pIBCHb
3a6€3MeueHOCT] TPYHTY €IeEMEHTaMH TaK 3BaHOTO 30JIbHOTO KWBJICHHSA
pociH. BoHa 3MIHIOETBCS B LUIMPOKHX MEXaX AJIT TPYHTIB Pi3HUX TUILB
i BUpaXKaeTbcs B MUTIMOJISIX €KBiBAJICHTIB Ha 100 r rpyHTY (Tabn.7)

Tabauys 7. OGMIHHA NOIJIWHAIBHA 3AATHICTD NEAKHX THriB FpyHTIE (MMOIb €K8/100 1)

TopiionT OBMinmi Katiow )
TTimzosmcTHi THaHui 0 —-10 0,9 0,3 — 1 ' 12,3 3,5
18—26] 02 0,1 — | Ll 1,4
TTliA30AHCTUH CYDIMHUCTHH 0— 10 4.8 1,4 ’1 4.0 10,2
14—24 | 30 1,0 — 21 | 6h
JlicocTeTIOBMIT CYTIMHHCTHI 0— 10 14,0 2,0 — 4.0 20,0
20 — 30 15,0 2,0 — \ 3,0 20,0
CyNIHHMCTHIL HOPHO3EM 0— 10 31,0 — 20 | 20 \ 35,0
031 200 | — | 10 | - | 300

CyMapHa €MHICTb TIODJIMHAHHA 3a iOHaMM Ca**, Mng ta Na' npu
pH = 7 wig pi3HOTHITHUX IPYHTIB 3Mimo§1'bc;1 B MeXax Bil 2—>5 MMOJIb
exs/100 T (migzonwycTi MinaHi Ta cynitaxi) no 70—100 Mmonb exks/100 ¢
(Topd’siHi). 2 ' ‘

BaxJIMBOIO XapaKTEPUCTUKOIO TPVHTIB € BMICT Y HUX IOCTVITHMX UL
pOCIMH 6iOreHHUX EJEMEHTIB, TaKUX AK NH;, NO3, NO3 (cepenHst cyma
3—15 mr N/100 1), PO; (1—50 mr P,Os/100 ), K" (5—50 mr KzQ/lOO r)
Ta aMiHOKMCIIOT. B pi3HMX BUTSKKAX i3 IPYHTIB BU3HAyaloTb BMICT [0-
CTVITHUX I/l POCIMH MIKPOE/NEMEHTIB, a TaKOoX BMICT BOCKOCMOJI (6i-
TYMiB) Ta TYMIHOBHX 1 QYJIBBOKHCJIOT. Cyma LpiX Ta ZESKWX IHILWX 10~
Ka3HUKIB BU3HAUYAE 6i0JIOriYHY LIHHICTE IPYHTIB. .

KpiMm iHTpenieHTiB NPUPOTHOTO MTOXOMKEHHSA, 10 CKIIAy TPYHTIB BXO-
I9Th TaKOX UMCJIEHHI HEOpTaHiyHi Ta OpraHivHi CIOJYKH, HKI € MPOAVK-
TAMM [POMMCIIOBOI Ta CLIBCBKOTOCIIONapChKol mistTeHoCTI monuHu. Tak,
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3 aTMocepHUMM OFfajlaMH{ Y BUITISIAI PIIKWX Ta TBEPOUX aepo30Jei 10
IPYHTIB MOTPAIUIAIOTE CipdaHa KMCIoTa («KMCIOTHI HolL»), cyabdarH,
XJIOPHIU, OKCUIW METAJIB, OpraHiuHi CroykH toio. PeuoBHHM-3a0pyn-
HIOBayi BHOCATBCA [0 I'PYHTIB 3 OpraHOMiHEepaIbHUMH AOOPUBAMHU i IIpH
3pOLIYBaHHI — 3a0pyaHeHoI0 Bomolo. OCHOBHUMM AXepenaMy 3a0pya-
HEHHS TPYHTIB HAaBKOJO BEJIMKUX MPOMUCIOBHX LIEHTPIB € NiANPUEMCTBA
YOPHOL Ta KOJBOPOBOI MeTanyprii, XiMiyHol, HadToxiMiuHOI Ta eHep-
TeTUYHOI TipoMMcioBocTi. TTix BrimmBoM atMocdepHHX onalaiB Ta po3Ta-
BaHH$ CHIl'y aHTPOMOreHHI 3a0pyIHEHH S MPOHHUKAIOT B IITMOWHY IPYHTIB
Ha 20—30 cM i Ginblre 3aeXXHO Bil IXHBOI PO3YMHHOCTI Y Bomi it copb-

uifiHoi 3naTHoCTI. [pYHTH € 10OpUMH aKyMYJIATOPAMU TOKCUYHMX IHIpe-

[i€HTIB-3a0pyAHIOBaYiB, TAKMX AK ITECTULIMAN, CMOJYKM BaXKHUX METaIB

TOILIO. *

Bax/IBOIO €KOJONYHOIO XapaKTEPHUCTHUKOIO IPYHTIB € BMICT Yy HUWX
PamioOHVKJIIAIB CTPOHLIO, LE3ii0, TUTYTOHIO Ta iHITHX PalioaKTMBHMX i30-
TOTIR, AKi MOXYTBb MOTPAIUIATH IO FPYHTIB YHACJIAOK aBapiii Ha mianpu-
E€MCTBaX AOEePHOI €HEepreTHKH.

MiHepaJIbHOIO OCHOBOIO JOHHMX BiAKNaiB piyoK, 03€p, BOAOMUIIL Ta
HLIKX NPUPOAHUX BOTHUX 00’ €KTIB € TAKOXK CHJIIKATH Ta AIIOMOCHILIKATH.
[xHilt akicHUIA Ta KiTbKicHUI XIMIYHWIK cKaan OTM3bKIHIT 10 cKlamy IpyH-
TiB (DMB. puc.13), Xo4 iHTEPBAJIM KOJIMBAHb OKPEMHUX IHIFPEAIEHTIB JEUIO0
IIMPLL, HIX 71T TPYHTIB, ocoGMBo B 6ik ix 3MeHIIeHHs. HaBnaku, Bmict
MikpoeeMeHTIB (MeTajliB) ¥ HOHHUX BiIKIaZax HELI0 BHIIWA, HIX Y
IPYHTAX LbOTo X reorpadiyroro paiiony. OaHak y HiJloMY XiMIYHWIT CKJIaLT
JMOHHMX BIIKIAAIB OJU3BKMIT IO CKJIAAY TPYHTIB He TUTbKU 32 OCHOBHUMU

.MiHepaIbHUMU KOMITOHEHTAaMM Ta MiKpoeleMeHTaMH, a TakoX 1 3a

iHIMMK iHrpenieHTaMu. ToMy vy GiIbIIOCTI BUITAAKIB aHani3 IPYHTIB Ta
JOHHMX BLIKAANIB BUKOHYIOTh OOHUMMU 1 THMW CaMUMM METONAMU.
JloHHi Bigxki1amyd BHACHIZOK IX BUCOKOL COpOULIHHOI 31aTHOCTI YacTo €
TMOKA3HUKAMM AHTPOIIOTEHHOTo 3ab6pyIHEHHS BOAHUX eKocUcTeM. Tak,
HaIpUKJIa, VHACTIZOK il CTIYHUX BOI LIYKPOBMX 3aBO/IIB AOHHI BIAK/JIAAM
pidoK 36arauyloTbcd Ha BMICT opraHiuHoro Byrewo. CTiuHi BOAU rajabBa-
HIYHMX LEXIB Ta MeTajlyprifiHux BUPOOHULITB 36arauyyioTb JOHHI BIAKJIAOU
CIIOJIVKaMH HIKEIO, XPOMY, CBUHIIIO, KaAMil0 Ta IHIHMX MeTaniB. JLoHHi
BIOKJIaAU piYOK, BOMONMMMII, 03ep uacTo 3adpyaHEHi KOHcepBaTUBHUMH
OpraHiYHUMM CHOJNYKAMM, AKi €V CTIYHMX BoAax NIOMNPUEMCTB opra-
HIYHOrO CUHTE3Y, HATTPUKIIAA XJIOPOPraHiYHUMU MecTULMaaMi. B moHHuX

BIIKJTamaX MOXYTb HAMPOMAKYBATHCA PATIOHYKIIHIW CTPOHUIO Ta IHIIMX

panioakTMBHUX eleMeHTIiB. ToMY aHauTi3 NOHHUX BIEKITANIB € HEOMMIHHOIO
CKJIAZIOBOKO YACTHMHOKO €KOJIOFIYHOro KOHTPOIIO TPUPOAHUX BOAHUX €KO-
CHCTEM.
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2. XAPAKTEPUCTUKA METO/LIB
TA OCOBJIUBOCTI AHAJTIZY
OB’EKTIB NPUPOAHOIO CEPEAOBULUA

Jlo cxyiamy IPYHTIB, NPUPOIHHMX BOI Ta TOBITPSA BXOMWTH, AK oyno
3a3HayeHo BuIue (auB. posfin 1), GaraTo XiMiYHMX iHTpeli€eHTIB, BMiCT
SKUX 3MIHIOETECS B HAA3BMYAMHO IIMPOKMX Mexax. ToMy Ul aHasi3y
1MX 00’€KTiB BHKOPUCTOBYIOTbD pisHOMaHITHI Meromu. PauioHajnbHuUiT BU-
Gip MeTOHiB il BHU3HAYEHHS MMEBHOTO IHIpedi€HTa abo rpymnu iHrpe-
JIiEHTIB 3yMOBJIEHHIA, 3 ogHoro 60Ky, arperaTHMM CTaHOM Ta SIKICHMM 1
KIBKICHMM XIMIYHMM CKJIAJIOM IOCJIDKYBaHUX 0O0’€KTIB, a 3 iHILIOro —
AHATITHYHUMM MOXJTMBOCTAMM caMoro Merony aHanisy. ITpu 1pomy ciiing
BpaxoByBaTW HesAKi ocobaMBOCTI, fKi MPUTAMAaHHI AHAJITUYHII XiMii
06’ €KTiB TIPUPOTHOTO CEPeoBMIIA, 30KpeMa, crocobam Binbopy Ta mja-

" rOTOBKM Tpo6 I/ aHali3y, a TaKOX CTBOPEHHIO HAJICXHHX YMOB I

3a6e3reyeHHs AIeKBAaTHOCTL MiXX BUMipPIOBAHUM aHaNiTUMHMM CHTHAJIOM
i KOHLIEHTpaLi€lo (BMICTOM) BU3HauyBaHOIO iHTPE/lIEHTA.

2.1. 3ArAJIbHA CXEMA TA OCHOBHI
ETAMWU AHANI3Y

AHani3 Gymp-gKoro IpupomHoro o6’€KTa TNPOBOIUTECH 32 IEBHOIO
CXeMOIO, MOXCUIMBHII BapiaHT AKOI HaBeleHO Ha C. 41.

OCHOBHHMM eTanaMM aHatisy € Bubip metoay (1), BinGip pobu (II),
ninroroeka npobu no aHanizy (111), BUKOHaHHS aHaNi3y Ta BUMIpPIOBaHHA
aHaniTuHoro curHany (IV) i cTaTcTMyHa 0GpoGKa pe3y/NbTaTiB aHATI3Y
(V). OmHaK Hal3BMYaitHO Pi3HOMAHITHMM XIMIYHWI CKIal 06’ €KTIB 1IpH-~
POIHOTO CepeloBMILa JIMIIE B OKPEMMUX BHIIaIKaX NO3BOJisi€ INPOBECTH
anaii3 Ge3nocepeNHbO 3a LIMMU eTaraMM, He BHKOPHCTOBYIOYM J0OITO-
MiXHI ornepaii, HaBeldeHi Ha CXeMi.

3 HaBeIEHOi CXeMH BUIUIMBAE, 10 NEPLIMM eTaroM aHalisy € BHOip
onTUMabHoro Metony. Lleit etan ayxe BaXJIMBHIA, TOMY 110 Bill o6paHoro
METONY aHaJli3y 3aIEXHTh BeJIMYMHA TIPOOH (11 IPYHTIB — HaBaXka, T,
JUIS BOX — 00’€M, JI, IS MOBITPS — 00’€M, M’) Ta CKJIAHICTh i TpH-
BaJliCTh aHami3y. ‘

BenmuuHa TpodM 3aJIEXUTH BiI OYiKYBAaHOTO BMICTy BM3HAaYyyBaHOIO
iHrpeieHTa Ta 4yTiMBocTi BHMIpPIOBAHOIO aHANITUYHOTO CHTHATY. Ha-
NpUKIIaj, [/l BU3HAYeHHsT Kaiblilo B Mexax 20—100 MT/JT y IPHPOAHIit
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3araJbHa cXeMa anaJizy 00’ekTis npnbonnom cepeoBuILa
(1, I1, III, IV, V — OCHOBHi eTanu aHanisy)

IT

[

YMOBH BM3HAMTEHHA

AHAJII3Y

BUEIP METOY

BIIBIP [TPOGH

BenunuuHa npodu (T, 71, M*)
CelIeK TMBHICTD
MoxutusicTb aHanizy Ha
Miciii Biibopy 11pobu
Mexa BH3HAUEHHS Ta
TOUHICTH aHaNi3y

TpyHTH

Bonu

TToBirpst

I

Komucepsauis ta
TPAHCTIOPTYBAHHS
npobu

KouticHTpyBaHsa —

BunapopaHus -
BHMOpOXKYBaHHS
Ekcrpakuis
Copbuig
CniBocATKCHHSA

PoiBencuus

MIATOTOBKA —
MPOBH 10 |—af FOXMmMomss 7=
AHANIZY I

BuaiteHHs
BH3HAMYBAHOYO
KOMIIOHCHTA

Muctunrosana -/
Bona
CrneuiagnHi po3uHHH

v

L.

MackyBanus abo
POIKIIAIAHHS
3ABANXATOUHX
KOMI{ORCHTIB

Exkcrpakuis
Copbuist
OcanxeHHs
CrniBOCALKCHRSA

BU3HAYEHHS MMEBIHOTO

TPYITA [HIPEICHTIB

IHTPEIIEHTA ABO

OKUCHEHHI-BITHOB~-
JCHHS

3B I3VBAOHHSI B KOMIT-
JICKCHI CMIOAYKH

(oocpxasus anaii-
THYHOTO CHIHATY)

XiMiuHi
METOMH

®isuko-
XiMiyHi
METOAH

Dizani
METOAH

CTATHCTHYHA OBPOLBKA
PE3VJILTATIB AHAJI3Y




BoZi 006’€éMHHM KOMIUTEKCOHOMETPUYHHUM METOIOM Tpeba B3STH He MEH-
Iire 59—1.00 MJI TIpOOM, TOMi AK MU MOro BH3HAYEHHSA MeTomoM ¢oTo-
METpil TToyM’ st IOCHTb MaTH 5—10 mu1, a MeTomOoM ioHHOI XpomMaTorpadil
— ymre 0,5 M1 1 MeHIme TIpoOu BoaM. 3MEHIIEHHS BEJIWUYUHU TMpobu
0906111/[139 BaXIMBE pa3i HeoOXiTHOCTI TPAHCIOPTYBAHHS BEJIMKOL
KUTbKOCTI BiflibpaHux mnpob mo micusg aHamizy. Taka HeoOXinHicTb BH-
HMKA€, 30KpeMa, NpH JOCIIXEHHI TIPOXiMITHOTO PEXUMY BOLOCXOBHILI,
03ep Ta PiYOK, KOJM NeCATKU IIpod BOIM BiAOGHMpaIOTBCS IMiA 4Yac eKcre-
r
=312
=33
[—
&
5

Puc. 14. CanirapHa xapakTepucTHKa BOOH BJiTKY (a) Ta 3uMoto (6) B piviii:

é Mi'cg?\i?;;fﬁ? C—“ ;:C:fu’:(i ;;lg(o:;[;;(?ﬂr::?)})’,[::zg;” 4 -— 3a0pynneHa; 5 — 6pynna; 6 -~ jtyxe OpyiHa
JIMILILA i TPaKTHYHO HEMa€ MOXJIMBOCTI BUKOHATH XiMIUHWI aHwIi3 Ges-
TOCEpeNHbO Ha Micii BinGopy npo6. Lle X cTocveThes neBHOO Mipoto i
aHaJTI3y TPYHTIB, JOHHHUX BUIKJIANIB Ta MMOBITPS.

Qenemunnicu obpaHoro MeToay BIUIMBAE Ha TPUBANICTH Ta TOYHICTDb
aHai3y. Yum OBl ceNeKTUBHUM € 00OpaHMil METOH, TUM MEHIIE. Jacy
BUTPAYAETBCS Ha aHaJI3, TOMY LIO HEMAE TOTPEOU v BUKITIOUYEHHI KOM-

TIOHEHTIB, fIKI 3aBAXAOTh aHani3y, abo y BIIOKpeMJIEHHI Bil HUX BU3HAa-
YYBAHOI'O iHTpPeAi€HTa. YHUKHEHHS IOIMOMIXKHMX, orepaliil Mo3sUTHBHO
BIUIMBA€ TaKOX Ha TOUHICTh aHanizy. Hanpukian, atoMHo-abcopbuiiibe
BHM3HAYEHHS MIKPOEJIEMEHTIR, 30KpeMa Mijdi, LIMHKY, KODaNbTyY Ta IHILMX,
€ 3HAYHO CENIEKTUBHILIMM, HiX BU3HAUCHHS (OTOMETPHUHHM METOLOM,
a B ISAKMX BUIAIKAX ~— TAKOX 6inblr TouHKMU. OKpiM TOoro, nNpH Heob-
XITHOCTI €KCTPAKUIMHOTO KOHLIEHTPYBAHHS MIKPOEJIEMEHTIB MOXHa BHO-
CUTHU EKCTPaKT 6e3r.10cepem{bo B MOJIVM’SL atoMizatopa i TUM CaMUM
ilgxucnoqnm ApoLec peeKcTpakLii, 0 TAKOX CKOPoUyE TPUBATICTh aHa-
3y.

MoxmBicTh BHKOHAHHS ananizy 6e3nocepennbo Ha micui BinGopy npodn
€ BaXJIMBOIO XapakTepucThKolo Metony. Lle, 3okpema, cTocyeThes aHanisy
NPUPOOHMX BOA, XIMIYHUH CKJal SKUX MOXe 3MIHIOBATHCS B rpoleci
TPAHCMOPTYBAHHS Ta 30epiraHHA BinibpaHux 1po6 YHACAIAOK MPOTIKAHHS
B HUX PISHOMAHITHMX OioJoTiyHUX Ta (izHKo-ximMiunux npouecis. Ha-
OpUKJIa, BU3HAYMTU KOHLIEHTPALIIO PO3YMHEHOr0 KHCHIO Ta KOMIIO-
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HeHTIB KapbOHATHOL CUCTEMH, 2 TAKOX pH 1a E, Boou 060B’A3K0BO Tpeba
Ha Micli BimGopy Mpobu 3 ypaxyBaHHAM Ii TEMIIEpaTypu, TOMY ILO 611
[TOKa3HUKU € MOCWTh JaGiIbHMMM i IX TIPaKTUYHO HEMOXIIMBO cTabi-
J3yBaTU LLIAXOM KOHcepBallii pobu.

AHaiiz 6ygp-gKoro o6’e€kra BKIIIOYAE BUMIipIOBaHHS aHAJITUYHOTO
CUrHATY 3 BUKOPHCTaHHIM XiMIYHHX, Gi3MKO-XiMiYHUX Ta QI3MYHNX Me-
tomiB (erart IV). OueBuaHoO, IO BpaxyBaHH:I IXHiX aHAITUYHUX MOX-
JMBOCTEI € CYTTEBMM TIpY BUOOpPi ONTMMAJIBHOTO METOAY BHU3HAYCHHA
TEBHOrO iHTpelieHTa abo IPyrn IHTpeni€HTIB.

3aBeplUAEHOIO CTAII€I0 aHAI3Y € CTaTUCTMYHA 06pobKa oIepKAHHUX
pe3YyJIbTaTIB.

s
'2.2. XAPAKTEPUCTUKA METOAIB AHANI3Y

AHUTITUYHWIT CATHAJT, KW TOBUHEH OyTH ameKBaTHUM BMIiCTy BM-
3HAYYBAHOTO IHTPEMIEHTA B 06’ €KTi aHAJTi3Y, -BUMipIOIOTh XIMIYHUMH, bi-
3UKO-XiMITHMMU a60 GISUMMHUMU METONAMU.

XimiuHi Ta Pi3MKO-XiMiuHi METOAU TPYHTVIOTBCH Ha KUTbKICHOMY BU-

MipIOBaHHI AHANITUYHUX CUTHATIB, SiKi BUHHKaIOTh BHACJIAOK XiMiYHOI
peaKLii BU3HAUYBAHNX KOMITOHEHTIB 3 HeOpraHiYHWMM Ta OPraHiYHUMI
peareHTaMH abo AKi € pe3yJIbTaTOM OKMCHO-BIIHOBHUX MpolieciB Ha €/ieK-
tponax. [Moxin MeToniB Ha XiMiuHi Ta }i3UKO-XIMiUHi € 1O0CHUTb YMOBHUM.
Jlo mepuroi rpyny MOXHa BiIHECTM METOAM, B SKUX BHMIpIOBAaHUM aHa-
THTUYHIM CUTHAJIOM € Maca (rpaBiMeTpist) abo 06’em (TWTpPUMETDIs), a A0
APYToi — METOIH, B SIKMX ONTHYHUIT U1 eeKTPOXIMIUHWI CUTHAJl BUMi-
DIOIOTh 33 JOTMOMOTOIO CIIELIAIBHOI anapaTypH (onTHYHI Ta eJeKTpo-
XiMi4Hi METOIHN).

DizpyHi METOIM IPYHTYIOTBCS Ha BUMipIOBaHHi CUrHaJiB, AKi BUHM-
KalOTh BHACINOK 30YMKEHHS eJNeKTPOHIB B aToMaxX 4Yd MOJICKyJax, a
TaKOX SIEPHMX TepeTBOpeHb (eMiciiiHa Ta aToMHo-abcopOuiiiHa CITeKT-
POCKOMist, PEHTTEHOCMEKTPAIbH I aHATI3, paliOMETPUYHI METOIM TOLIO).
Lli MeToau B OCHOBHOMY HE BUMararoTb NPOBEACHHS XiMiuHOI peakii.

SIKHI0 ONMTHYHI MeTonN — (OTOMETPUUHUM, crnexTpooTOMETPHYHUI
260 JIOMiHECLIEHTHUIT — 3aCTOCOBYIOThCS ©€3 MornepeiHboro npoBeicH-
HS XiMiYHUX peaKLliil KOMIUIEKCOYTBOPEHHH, OKUCHEHHA-BIAHOBNEHHS Ta
{HIMX, TO IX MOXHa BimHecTH 10 (i3MYHMX METOLIB aHanizy. Takum
GYHOM, TOILT METORIB Ha (i3HMKO-XiMidHi Ta Gbi3nyHi TeX € 10 NMeBHOI
Mipy{ YMOBHUM.

OfHaK MOAUT METONiB BUMIPIOBaHHS aHAJITUYHOrO CHIHany Ha TpHU
OCHOBHI TPYMH — XiMiuHi, (I3UKO-XiMiuHI Ta $i3uuHI €. JOUINBHUM,
OCKLIBKM BOHM MalOThb pi3HI MOXIMBOCTI, fKi CJil BpaXxoBYBaTH fIpH
BUGOpI ONTUMAIBHYX BapiaHTIB aHani3y 00’eKTIB HABKOJAHILIHbLOTO Cepe-
HOBMLUA.

" 3araJIbHY XapaKTEePHUCTHKY METOLIB, AKi BUKOPHUCTOBYIOTD LA aHam3y
06’€KTiB MPUPOIHOIO CEPEAOBULIA, HABEAEHO B Tabn 8.
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Tabauya 8. 3aranbea XapaKTepHCTHKA MeToiB aHanis 00’eKTiB NpUpoaHOTO CepesoBHIa
p P Y pHp p

Meronu ananisy
Hoxazsku
Ximiuni Dizuko-ximivni Dizsrqni
Miximasbsia BUsHATYBaHa KOHLICHTPa- 1,0 — 0,1 0,05 — 0,005 | 0,01 — 0,001
uist, Mr/a (6e3 KOHIICHTPYBAaHHA) :
TounicTs ananisy, % sigH. 0,01 — 0,5 1—10 2—20
CeeKTHBHICTD Hobpa Bucoka Hyxe Bucoka
Tpusasicrs ananisy (63 mizroToBku 30 — 200 15 — 60 10 —30 .
npobu), XB
Hina suMipiosasniioi amaparypu y 1 20 — 100 100 — 500
BITHOCHHX OJMHMIIAX
MoxommsicTs 1BUAKOTO BUKOHAHHS [Tu3nka Cepenns Bucoka
MaCOBHX aHaJi3iB
Heobxinuicts obeyrosyoyoro He norp. baxauui 0608’ a3x0oBUI
1epeoHany
3pyunicTs aBTOMaTH3a1Li Husbka Cepenus Biucoka

YymnuBicTe MeTomiB BHUpaxkeHa B ML/J1, BPaXoBYIOUM, IO B TIepeBaXHiil
OinbIIOCTi BUITALKIB BU3HAYYBAHI KOMITOHEHTH nepebyBaoTs vV po3unHe-
HOMY CTaHi (NpUpPOAHi BoaM) abo MepeBomAThCS B PO3YMH B Tpolieci
NIITOTOBKM NpoGU [0 aHa3y (rpyHTH Ta nositpa). Jani Tabmmi e
OPIEHTOBHMMM, OCKUIBKM HABEICHI B Hill [OKA3HUKMU y3arajgbHEHi 1 OK-
PeMMIi MeTol aHaJli3y MoxXe 6YTH GLTbII 260 MeHII YYTIUBHM, TOYHUM i
€KCIIPECHMM, aHIX Bi3HaYeHO B TaGJMLIL. OKpIM 11Oro, MOXJIMBOCTI
METONY BUMIDIOBaHHS aHAJLITUYHOIO CUTHAJIy 4acTO 3ajIeXaThb Bil Xi-
MIYHOro CKJIanly 06’€KTa aHai3y Ta Bill XiMIYHUX i diznunmx BracTUBOC-
T BU3HAYYBAHOIO KOMIIOHEHTA.

INpote 3 Tabir. 8 BUIHO, O HAWBLTBII TOMHUMM i JEUIEBUMH € XiMiyHi
METONU aHali3y, Xo4a BOHH IOCUTh TPUBAI (ocobnuBo rpaBiMETPUYHMIA)
I MajlonpuaatHi nas aBTOMaTHzaLii. HaiGimbu YYTJIMBUMHU, CEIEKTHB-
HUMHU | EKCIIPECHUMM, a IpU aHaIi3i NPUPOIHUX 06’ EKTIB TAKOX AOCHUTD.

TOYHUMH € di3WyHi MeTonu aHanizy. Bouu 3pVYHI T aBTOMaTH3aLlii, aJie .

BHMaraloTb BUKOPUCTAHHSL IOPOTOI aNapaTypy Ta CHeLiaibHOT NiArOTOBKK
obcyroByroyoro mepcoHany. 3a NMOKa3SHMKaMH, HaBENEHHMH B Tabn.§,
HafbLIbUI 3pYYHUMM, 1OCUTH YYTAMBHUMM, TOUHUMH Ta CEJIEKTUBHUMM €
disuko-xiMiuHi MeTomu. IxHS NuTOoMa Bara cepenl ycix Meroais aHajizy
00’€KTIB MPUPOIHOrO CEPEemoBMILA HEBMMHHO 3pocrac. oMy cnpuse
TAKOXK CTBOPEHHA MEPEHOCHOI ONTHUYHOI Ta €JIEKTPOXIMIUHO] arnapaTtypH 3
ABTOHOMHUM  CJIEKTPOXKHBIICHHSIM, IKY MOXHa BUKOPHCTATH be3noce-
PelHbO Ha Micli BimbGopy rpob6 s aHaJmi3y.

B 1a621.9 HaBeneHo HailbitbUT MTOIMPEHI METOOW BU3HAYCHHA NESKMX
IHFpEeNiEHTIB MPUPONHOro Ta AHTPOIIOFEHHOr0 TMOXONXEHHS B IPYHTaX,
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V% Ta6/muh 9. MeTrono# BH3RAYEHHS JesIKHX XiMIMHAMX iHrpeaienTin

B 06’€KTaxX MPUPOIHOro cepeloBHINA

06’ektH
Merox rpym'u Ta NOHHI BiKIanH Boau ITositps (rasu, aeposzoni)
I'paBiMeTpHIHMIT I‘ir;x&quni!ma BOJIO- SO%‘, HabTONPONYKTH -
TiCTh, MiHCPAILHUIA
sanmuinok, Si0,, no-
JIYTOPHI OKCUIH
(Al,O4 + Fe,0; +
+Ti0,), SOF,
KapOOHATH, MaTHii
TurpuMeTpuaHHi KapG?Hanl, . 0,, CO,(H,CO,), HCO;, _
;(Iggr CCI '3,04 | €o%, 807, 505, 1,8,
I‘i,iim}IiT?[E;;[a ¥ie- | Cr, NHj, Ca, Mg,
notuicrs, Fe, Al, N,... XCK, BCK; C,.
Ca, Mg Cl,, O, I', opraniuni
KMCJIOTH, aMiHH,
TYMYCOBI PCHOBHHH,
CHMHTCTHMHI ]
[IOBEPXHCBO-AKTHBHI
peuosunu (CITAP)
QoroMetpirninit | NO3, PO}, I Komboposicrs, NII;, | CO. €8, SO
- J . A, 39
:«acf;‘:qxf{l:l?:bmo Al, Fe (1L, I01), Ti NO,, NO3, N, CI', dropn, AsH,,
V), N, NHj, . PH,, 11,BO;, ‘
( )~ J?F’ 4 F, Pucopr’ Poaes Styars 11(73N, Al I‘jc, Mg,
N0, S"I?‘ I‘é“' BO,, Fe(IL, TID, Mn, | Sn, Pb. nectin-
Co, Mn, Hg, Cu, < . JIH, ciproBMicHi
Zn, CIIAP Cu, Co, Ni, Zn, Mo, Oprapivumi cIojy-*

Al, Cr(I11, VI), Pb, Cd,
He, As(II1, V), H,S,
Clz, aMilH, aMIHOKHC-
J0TH, 6i1KoBOIIONI0I]
CILIOJIYKH, [yMYyCOBi pe-
JOBHIH, caxapu, Kapbo-
HUTBHI CITOYKH, (eo-
5, HCIr3oIT, cCHOBUHA,
CS,, Meranoun, ¢op-
Majibicria, dgypdypon,
alCTOH, KCAHTOICHATH,
APOMATHYHI BYLJIC BOIHI,
NiPHAHHOBI OCHOBH,
nirdincyabshoHoBi
knciaoru, CITAP

KM, apOMaTHYHI
CHONYKH, KETOHM,
denonu, oprauiv-
Hi EPOKCHIN

JhomineceHTHI

Hadpronponyxru,
XAOpPOPraHivHi
ApOMATIHI CTIOJIYKH,
aJlipaTHIHi KHCITIOTH,
CITHPTH, aUCTOH

CMo.1HeTI
peUoBHi,
KETOIH,
ApOMATIYHI

BYIICBOSTHE
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HIpodoexcenns maba. 9

O6’exmnn
Meron [ T -
rpyH'm Ta NOHHI BiIKIagH Bonu IIomT‘pa (ra:«n aepo3oii)
Motomerpii 10~ Na, K Li, Na, K, Ca Li, Cs, K
Tym’st '
T:Miciﬁ}'xp'i CTIEKT- MixkpoeacMeirty Li, Na, K, Ca, Sr, Ba, Be
pockorii, B Tomy (Mcrann, Gop) Be, Mn, Cu, Co, Nj,
YHCI 3 1HAYKTHB- Zn, V, W, Zr, Mo, Pb,
HO 3B’SI33HOIO Cd, Al, Fe, Cr, Ti, Bi,
J1a3Mo10 Ag, As, Sn, Sb, B, Si, P
ATVOM}If)aGCOPG- Cu, Ni, Zn, Hg, Ca, Mg, Cu, Zn, Co, He, (‘drﬁSr Ni,
LIHHMI Pb, Cr Mn, Ni, Pb, Cd, Hg, Cu, Co, Pb
Ag, Bi, Tl
Kinerwannit ta xe- — Mu, Cu, Ni, Co, V (Y) 03(;""" T

MUTIOMIIfCCLIEHTHMI

Mo (YI), Cr (1), Cr
YD), Fe (11D, 17,
BOHO/LIOH] PCHOBHHH,
aMIIIOKHCIJIOTH

OuIKO-

Horenuomerpuy-

HI°, uenacuyeni
OPrativiii CIOJYKH

pH, F, K, Ca Rl o - -
HUIi, B TOMY YHCIi p‘II, F. T, O, NOy,
3 10H-CeJeKTHBHI- £y, Cu; K, Ca
MH CJICKTPOIaMH
Ionsporpagiuunit | Pb, Cr (YI) 07, Cu Ln Nl Pb,

05, CS,, Cr (VD),

Ta iHBepciiHol BO- ca, 17,11, Cl[AP I’h Cu, Zn, HBr,

JIbTaMIIC POMCTPIl Br,, L,. nirpociro-
JIYKH, aJIbeFigH,
AMILEH, TCTPACTHI-
CBIHCITD

Xpomarorpadiunumii| Hadromponykr + )

(B}():i muufsp h al)nlmnr‘lugy}( " N?’ K, NI, Mg, Ca, gl(z (((OI ionmcf

BYIICBOIHI, Ni, Co, Cu, Cd, 1lg, n,u} x\u-:;lm

1CO;, CO¥, F,

TCCTHITMIN, Br; criupri, cdipi,
XJIOpOpraHiyHi 2- A/ 101 4HI
VIOpOPI: ar, soZ, 1)04 UNQ;, | Taorenopraniumi
VK 2 CTIIYKH, KapOoHo-
NO;, oprauiuni Kuc- Bi KHCIIOTH, apoOM4-
JIOTH, AJIBOETIJIH, KETO- T cnoayxi,
HH, CITHPTH, (eHOMH, AMIHO= T4 HIFPO-
aMiHH, apoMaTH4Hi CIIOIYKH, CIPKO-
CITOIYKH, KHPH, BMICHI opramidmi
VK TH-
HAdTONpPOLYKTH, CHOAYKH, TIECTH
XJ0popranidHi IHIM, TCTPACTIII-
CHOJIYKH, ITCCTHIIHIN, coueny, Be, Al
CIIAP Cr, Cu, Co, Ni.
Pagiomerpuammit | 9g, 1370 238 Mg, 137~ 238y 23
i sr, Pcs, PPy sr, s, PPy, Ppu | sy, Yo

BOZIaX Ta B MOBITPi. B Tabmiiro BionoueHi 1 iH rpenieHTu IUTSL BU3HAYEHHS
AKUX PO3POGICHO KOHKPETHI METOAMKM aHalli3y, OMHCaHi V BiAMOBIAHiT

JiTepaTypi.
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HaHi Tabn. 9 cBimyaTh Ipo Te, IO NI aHami3y NIPUPOLHNX 06’eKxTiB
HAOUIBII MIMPOKO 3acTOCOBYIOThCH THTPUMETPUYHI Ta (bOTOMeTpI/mm
(crekTpOPOTOMETPHUUHI) METOIM, SIKWMHM BU3HAYAIOTH BEJIMKY KUIBKICTD
HEeopraHiuHMX Ta OpPTaHIYHWX lHFpeHlGHTlB 0c0ob/MBO B MPHUPOLHUX BO-
nax. LIboMy cripusie Te, 1[0 Ha3BaHi METOIM € MPOCTHMH 1 3araIbHOAOC-
TYMTHUMK. TUTPUMETPUYHO MOXHA TaKOX BU3HayaTH G6araTo iHrpelieH-
TiB Ge3mocepeHBO Ha Miclli Biabopy npob, 1o ocobaMBO BAXIUBO NPU
aHaJ3i MPUPOMHMUX BOA, 30KpeMa MpU BU3HAYCHHi HEKOHCEPBATUBHUX
KoMIoHeHTIB. Taky X MOX/IMUBICTS MatOTh (OTOMETPUYHI METOIM, SIKILIO
JUTS aHali3y BUKOPHCTATH NePEHOCHY arnapaTypy abo cTaHaapTHi LKA,
BUTOTOBJIEHT Ha 0a3i 3abGapRICHUX IMITYIOUHMX PO3YHHIB. D.Jm IIBUAKOTO
aHali3y Ha micui Binbopy npo6 BUKOPHCTOBYIOTb TAKOX crieuianbHi iHAN~
KaTopHi Mamipui, ocobJMBO MPU BU3HAYEHHI TOKCUYHUX IHTPENIEHTIB Ha
pisui ITIK.

Ha APYromy Micui 3a TIOLIMPEHICTIO CTOATh METOIN aToMHoi ab-
copOilii, eMiciiiHoOl cneKTpoc:Korm Ta xpomaTorpad)n Mepuwi 3 HUX € ayxe
edeKTUBHUMH NpPY BU3HAYEHHI MIKPOILOMILIOK METaniB, ocobJNBO V BO-
Jax, PYHTax Ta JOHHMX Binkiazax. XpoMatorpadiuyHi METOIN 3aCTOCOBY-
JOTb B OCHOBHOMY Ul BM3HAUYEHHS ra3yBaTHX HEOPraHiYHWX CrIONYK,
JIETKVX OpraHiYHMX pedoBuH (raszosa XxpomMatorpadisi) Ta AesiKHX KaTiOHIB
MeTaJliB, aHIOHIB 1 HEJIETKHX OpPTaHiYHUX CMOJYK (TOHKOIapoBa Ta iOHHA
xpoMaTtorpadia).

IHIW MeTooM aHAli3y 3aCTOCOBYIOTHCA 3HAYHO piAlle, Xoua Aesiki 3
HHX € [yXe 3PYUHUMM, HANPUKJIA, MOTEHLIIOMETPpHYHEe BU3HaueHHs pH,
E,, F. 1, a Takox nocutb edbeKTMBHUMH, HANPUKIIaA, nonsporpadiyne
BU3HAUEHHS CBUHLIIO, LIMHKY, KaAMIilo i Milli Ta JIOMiHECLIEHTHE BH3HA-
YeHHS ReTKHUX OpraHiHUX CITOJyK TOLIO.

Fpasmerpnq}u METOAW BUKOPHCTOBYIOTBCS B OCHOBHOMY LSt aHaJI3y
IPYHTIB Ta JIOHHWX BIIKJIMIB.

JIOCUTh MaJIO BUKOPHUCTOBYIOThCS TMpPU aHANi3i NPUPOIHHX 00’€eKTIiB
KiHeTHYHI, 30KpeMa XEMUTIOMIHECLEHTHI METOAM, Xoua BOHW € HAA3BU-
yaliHO MYTJIMBUMU, a NesdKi 3 HUX i JOCUTb CENEKTUBHIMH, 110 AO3BOJIIE
BU3HAYATH CYOMIKPOKINBKOCTI HEOPraHiuYHHX Ta OPraHiuHUX iIHIPEAIEHTIB.
HanzsnualiHo BeJIMKA UYTAUBICTb LIUX METOIIB 1O3BOJISIE [IPOBOAWTH aHA-
J1i3 3 MaTUMHU 06’ eMaMi pobut. OcobAMBOro 3HAYEHHS KiHETHYHI METOAN
MOXYTb HaByTU TaKOX IIpM aHali3i MOBITPA, B SIKOMY BMicT XiMiYHHMX
IHTPEOiE€HTIB 3HAYHO MEHLIMH, HiX Y Bofax Ta IPYHTAX.

2.3. OCOBJIUBOCTI AHANTI3Y

" MPUPOAHUX OB’EKTIB

XimiuHuit cktan 06’€KTiB MPUPOIHOTO CEPEIOBUIIA, HA BIIMIHY Bill
TEXHIUHUX MaTepiajliB, HAPUKIAA TAKHX, SK CTallb, YaBYH, CKJIO, LIEMEHT
TOLLIO, € JOCHUTE JIAaOUTBHKM 1 3MIHIOETBCS B vaci Ta npoctopi. Lo HecTa-
OiibHICTE O0Ope niakpecmoe Biaomuil agopusM Npo Te, IO «HE MOXHAa
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BCTYMUTH B OHY i Ty X piuKky aBivi». Yepes Te Bin6ip mpo6 Bonu, NoBiTpst
Ta IPYHTIB € HAI3BUYAHO BaXJIMBOIO YACTHHOIO IX aHaJi3y, gKa NoBUHHA
3a0e3TeYMTH NPECTABHULITBO ONEPKAHUX PE3YJIBTATIB | HayKOBY O0I'pyH-
TOBAHICTb IXHBOTO MONAIBIIOr0 BUKOPUCTAHHS [UIA PO3B’A3aHHA €KOJIO-
FYHMX Ta HapOAHOIOCIHONAPCEKMX 3aBAAHb. [ToMumku, sxi MoXyTh BU-
HUKHYTU BHACJIIOK HETpPaBWIIBHOIO BiaGopy npo6, HEMOXJIMBO BUMNpa-
BUTH HIAKMMH €KCHEPUMEHTANbHUMM 260 PO3paxyHKOBUMMH METOOAMMU.

Ipu BiaGopi npo6 HeobxigHO BpaxoByBaTH GaraTo crietmdivHmux 06-
CTaBMH, SIKi € TMIIOBHUMHM MpPU aHaJi3i BOI, NOBITPA Ta IpyHTIB. OaHak
MOKHa BiI3HAYMTH rONOBHI IMPUHIIWIH, AKi CITil BpaxoByBaTH TIpH Bin6opi
1po6 3 6ynb-aK0ro 06’eKTa NpUpoOnHOro CEPENOBHIIA;

— 1ipoba abo cepis npob, BimiGpaHux mIs aHaJli3y, TOBMHHA OyTH
XapaKTepHOIO I JaHOro IPUPOIHOTO 06’€KTa B Miclli iX Binbopy;

— Biabip npo6, ix TpaHcrnopTyBaHHS, 36epiraHHs Ta noaanbina 06-
pobKa MOBMHHI BUKOHYBaTHCh TaK, U106 He 3MiHIOBABCH BMicT BU3Hayy-
BAHOT'O IHFpeflieHTa a0 TPYNMU iHrpemieHTis;

— 006’em abo Maca MpoGM NMOBHMHHI MOBHICTIO 3a0e3NeqynTH MOX-
JVBICTh BUKOHAHHS 3aIUTAHOBAHUX aHAJITUMHMX BU3HAYEHD.

XapakTepHOIO 0COBJIMBICTIO TIPUPOLHUX 06’€KTIB € Te, L0 BHU3HAYY-
BaHI B HUX iHTPeiEHTH 4aCTO MOXYThb GYTH Y Pi3HOMY arperaTHoMy cTaHi.
e cnin BpaxoByBatu npm BiaGopi npod Ta X niaroToBuUi 10 aHaniy.
OkpiM Toro, 6arato iHrpemieHTIB MiCTITBCS B NPUPOAHUX 00’eKTax y
PI3HMX XiMiYHMX (opmMax, SKi MalOTh HEOTHAKOBI dizuKo-XiMiuHi Ta aHa-
JUTHYHI BNacTUBOCTI. ISl BU3HAYEHHS BaJIOBOIO BMICTY TaKHX IHIpe-
MUEHTIB ix Tpeba 3a3nasterinb MepeBecTH B OHY i Ty X aHaniTHuHY dopmy,
KOHLIEHTpALlig AKOoi Oyae ageKBaTHOIO BMMIDIOBAHOMY aHAlITHUHOMY CHT-
Haiy. Hapewri, BMicT Garatbox XiMiuHUX peyoBHH V MPUPOIHIX 06’ ekTax
HAaCTUTbKY MaJIiild, 11O iX HEMOXJTHBO BHU3HAYaTH 6e3 MorepeaHboro KoH-
LIEHTPYBaHHA Ta BiIOKPEMJIEHHS! Bil OCHOBHMX KOMIOHEHTIE.

2.3.1. NPUPOAHI BOAM

BusHayeHHs diswko-xiMiYHMX TTOKa3HUKIB MPUPOAHUX BOO Ta KOH-
LETPalii B HUX OKPeMHUX iHIPEeNi€HTIB IHOMI MOXHA BUKOHATH 6e3noce-
pelHbo 3a eranamu [1—IV cxemu. Lle crocyeTses, 30kpema. BU3HAUCHHS
DPOSYMHCHOTO KHMCHIO, BeIMUMHU pH, Ej, KOMIMOHEHTIB KapOGoHATHO! -
CTEMU, TBEPAOCTI1BOAM, LITBHOCTI, KAJIAMYTHOCTI, eJIEKTPONPOBIIHOCTI Ta
ASSAKWX IHWIMX TIOKa3HUKIB. OnHaK v GUIBHIOCTI BMMAIKIB BiniOpaHi 3a
NEeBHUMU TIpaBUJIAMU MPOOU BOAM BMMAraloTh OiNbLI CKAAXZHOI MiAro-
TOBKM ISl aHAJI3y.

"h%\'—/ Buau npo6 Ta TexHika ix BinGopy

< TIpobu MOXYTb OYTH NPOCTHMH Ta IMIlIAHUMK. IMpocti npo6u oaepxy-

I0Th O/IHOPA30BHUM BiAOOPOM Takoro o6’eMy BOAM, AKHI HEOBXLIH ML ine: S
aHai3y. AHaJL3YIOUM TaKi NPoGH, BCTAHOBIIOKTE XiMiUHNMIT CKIIa BOIU B
MICBHOMY Miclli i Ha yac Binbopy npobwu.
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3mimaHi nMpobu ARIAIOTE co0010 CyMilll mpocTHX MNpob, sAKi BinibpaHi
OIHOYACHO B Pi3HMX MiCLAX HOCJIMXYBAHOIO BOAHOrO 00’ckTa abo B
OTHOMY MIiCLIl Yepe3 pi3Hi TpoMiXkH yacy. Taki ripobu XapaKTepH3yioTh
cepeaHiN XiMIYHUIT CKJIaJ BOJU JaHOTO 00’ €KTa B TIPOCTOpi abo 3a MeBHUI
NpoMixok 4acy. SKuro Bci Ui Micug BinmGopy mnpob € PiBHOLUHHMMH 3
TOUKU 30py (OpPMYBAHHS XIMIYHOTO CKJamy BOIM 1 B MicLl Binbopy
CITOCTEPIracThCs CTaNla IMBMAKICTE Tedii, TO 3MilraHy npoGy onep-
XKYIOTb 3JIMBAHHSIM PiBHHX 006’eMiB MPOCTHX npoG, m_qu6Mpaqubcﬂ
OHOYACHO B Pi3HUX MicLIAX abo B OIHOMY MICLIi yepe3 pi3Hi MPOMIKKH
qacy.

Ak 3a3HaueHi YMOBU HE BUKOHYIOTHCH, TO FOTYIOTh TaK 3BaHy
CepelHIO MPOIOpUiliHy TIpoOy 3MILIYBAaHHAM pPi3HMX 00’€MiB MPOCTHX
npoo. ' _

Hampuxitag, Ha ocHOBi MonepemHix IOCIIXEHb BCTAHOBJIEHO, IO
KOHLIEHTpALls ITeBHOIO IHIpPeAi€EHTa B CepemHiif YACTWHI PiYKM YABIYi
MeHIiIa, HiX 6151 mpaBoro Gepera i BTpUYi MeHIIIa, Hix 6ins JNiBoro. Toni
3MilIaHy Mpo6y roTyioTh 3MTUBAHHAM 00’ €MIB BOIM 3 CEepeNHbOl YacTH-
HU piyku (v)), TipaBoro (v;) Ta JiBoro (v;) GeperiB y cliBBIIHOLLIEHHI
viwm:r=100:0,50:0,33. o )

3MilIaHy Mpody, IKa XapakKTepHU3ve cepenHiil XiMivHUit CKJIall BOIH 33
TIEBHUI MPOMIXOK 4Yacy, He peKOMEHIYEThCA BIAOHpaTH 3a repion, OLb-
WA BiX omgHi€l A06u. ToMy 3MillIaHi Mpoby BiAOKHpaloTh TIePEBaXKHO MpU
aHali3l CTIYHUX BON, CTIK SKMUX NPOTATOM XO0M MOXKE CHIBHO 3MiHIO-
BaTUCH BIIMOBIAHO A0 PEXUMY iX CKMAAHHS.

3MilIaHi MpobH He MOXHA BiIOMpPaTH IS BU3HAYEHHS TaKUX ITOKa3-
HUKIB, AKi IIBUAKO 3MIHIOIOTECA 3 4acOM, HAIMpUKJIAL, IS PO3YMHEHHX
razis, E,, KamaMyTHOCTI TOILO.

Binbip npo® Boau Moxe OyTu oaHopazoBuM (HepervispHUM) abo
cepiiiiuM (peryapHUM). '

OmHopa3oBuii BitGip BUKOPUCTOBYIOTh B OCHOBHOMY TiUTLKY TTPH aHAa-
JlizaX NIMOMHHUX MiA3EMHUX BOA, XiMIYHUI CKJIad IKUX € JIOCUTh CTAJTUM
3a 4acoM, Y ITPOCTOPi Ta IO IAMGHHI. Ozmopa3om_4ﬁ BiNGip BUKOPUCTOBY-
IOTh TaKOX /I TIEPIOOUYHOIo KOHTPOJNO AKOCTI BOIU NPUPOIHOro BO-
aHoro of’exTa, AN IKOro paHiule OyJiM BUBYEHI 3aKOHOMIPHOCTI 3Mi-
HU KOHLUEHTpaliil BU3HAUYBAHMX IHIpemi€eHTIB I MeTa aHali3y noJsira€e
Jvule Y BHUSABJIEHHI MOXJIMBUX BiIXWNEHb BiII‘ BCTAHOBJIEHUX 3aKOHOMIp-
HOCTEH. o )

Haniiiny Ta mocroBipHy iHbopmMaliio mpo XIMIYHWIT CKITAIl NPUPOIHUX
BOI OHEPXKYIOTH MpPH cepiffHoMy Binbopi npob, ski V3TOIKYIOTBCS MiX
cobo10 3 ypaxyBaHHAM Micud Ta 4acy Binbopy. HaiiGinsmr moumpexi
BapiaHTH cepiliHoro Binbopy mpob Boau Taxi:

— 30HAJIBHHMIA Biabip, py gKoMy npolbu Boou BiabHpaloTh 3a MEBHOIO
CXeMOIO Ta 3 Pi3HMX TAUOUH y Pi3HUX MICLIAX BOAHOTO p6"€1<m. AHaui3
TAKUX NPob [a€ 3MOry BUSIBUTH 3aKOHOMIPHOCTI 3MIHU XiMIYHOro cKjaay
BOIM y MPOCTOPI;
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— Bifbip Mpo6 yepes reBHi NPOMIKKH yacy, 30KpemMa, CE30HM, IeKaTU
nobu ta TOIMHM 3 METOIO 3’SICYBAaHHS 3MiHH SIKOCTi BOIM 3 yacoM: ’
—— noro/pKeHi Npo6H, AKi BiaGHpaloTh B pi3HMX MicLgx 3a Tevieio piuxku
abo CTIYHMX BOJ 3 ypaXyBaHHAM Yacy TIPOXOMIKEHHS BOAM Bil ogHoro
AYHKTY o apyroro. Ha mincraBi aHanmisy Takux rpo6 MoxXHa OLUHMTH
HaTIpsMOK Ta IHTCI-{.CI/IBHiCTb repebiry ¢isnuHmx, isMKo-XiMiYHMX Ta
6191101“1!1}11/0( TIPOLIECIB, AKi COPUUMHSIIOTH 3MiHY XiMiYHOTO CcKJIaly BOIU
Lli mpouecH MOXYTb TIPU3BOAMTH 10 TaK 3BAHOIO CaMOOYMHIECHH I a6o
caMo3a6py11Hel-ﬂ-m TIPUPOTHHX BOII.
Heonx,q}{m”{ 06’em npoGu BoaM U1 aHAMi3Y PO3PAXOBYIOTH, BUXOLIUU
3 KUIBKOCTI BHU3HAYYBaHHMX IHIDENIEHTIB, YYTIMBOCTI OGpaHMX MeTOliB
aHa/I3y Ta 0COG/MBOCTEI MIATOTOBKM TIpoGH g aHami3zy. Tak, ms
BU3HAUYCHHSA OCHOBHHMX HEOPraHiYHUX iHITPENIEHTIB Ta IETKUX noxa3},ﬂ/n<i}3
opraHiuHol peyoBuHu (XCK, C,,, N,,) B TpPbOX IOBTOPHOCTSAX HOCHTB
Mati 1,5—2 1 npobu Bomu. OnHAK AN MMOBHOIO XiMIYHOIO aHaji3y
0Cco0NIHBO NS BU3HAYEHHS BMICTY HEOPraHiyHMX Ta OpraHiyHuX Mi](-:
POKOMITOHEHTIB, 0.6’€M 1npo6u BoAU MOBUHEH OVTH 3HAYHO GLTLHIMM. V
gg;f/luu 3 HaBeleHi METOXMKHU aHANI3Y i Ha3BaHi HeOBXiaHI 06’ eMU n1306
Mpobu BoM BiAOMpAIOTh Y peTelbHO MPOMUTHIA CKIISTHMIT a60 Toni-
e€TWJIEHOBMI TTocya §MHiCﬂO 2—3 n i GiiblIe, 3aeXHO BT METH aHam3y
[locyn moBuHeH WibHO 3akpuBaTHch. s Binbopy npob 3 Beﬂm
ITMOMH BUKOPHCTOBYIOTE CIELIAIbHI TIPWIAAHN, TaK 3BaHi 6atomeTpu
KOHCTPYKIUA AKMX OMHCaHa y BIMORBIAHIN TeXHIYHii JiTepaTypi. ,
Micue Binbopy npo6 Mae ocobMBe 3HAYSHHS NpU aHaTi3] BOJI Pi4OK
03¢p Ta BOAOCXOBMUI, B AKUX MOXYTBH CIIOCTEDPIraTMCh 3HAYHI 3M’1H1<,r
d)a30B01.‘0 CTaHy Ta KOHLIEHTpaUil XiMiYHUX iHTPEdieHTIB I10 aKBafopiI
rm46y(£11 Ta B Yaci. 'Hanpnman, KOHLIEHTpalli pO34YHMHEHOI o KV[CH}O’
aMOHIMHOTO a30Ty, HITPaTiB, OPraHiuHMUX CIIOJYK Ta iHILMX iHI‘peIlieHTil;
Ha BUIKPUTHX AUIAHKAX BOAOCXOBMILA Ta B 3aPOCTAX MakpodiTiB 3HAUHO
PIHATBCA MiX coboto. IIpuToku pivoK Ta ApeHaXHi BOOM He 3aBXIU
MOBHICTIO 3MIIIYIOTHCSA 3 OCHOBHWUM IOTOKOM BOAM i YAaCTO Ha 3HAYHMX
BUICTAHSAX CIIBICHYIOTb OAMH 3 OAHMM. Y TMPJIOBMX AUIAHKAX piyoK, sKi
BMaJaloTb y MOpE, XIMIYHHUIH CKJTQJl BOIU 3HAYHO 3MIiHIOEThCS 3aJIC)KH(’) Bin
IHTCHCUBHOCTI ITEPEMILLYBAHHSA TNPICHUX Ta COJIOHYBATUX BOXHMX Mac
Bmmn c_b13m<o-reorpad)i‘mm(, OiONMIOTIYHMX Ta AaHTPOMOreHHUX (b.?lK-
TOPLB Ha SIKICTb BOJIM B OJHIA i3 ManMXx piuok intocrpye puc.14 (aus. c.42)
HK[CT.I?, BO/IM OLUHIOBATACH 32 TAKUMH TOKA3HUKAMM: KOJip-iHIEKC a301:
aMOHIHHMi, B('JKs. Ta 3anax, 3yMOBJICHMH HasdBHICTIO Vv Boli Hz’a(bro—
NpoAyKTiB. B niTHiit repion crynive 3a6pyaHenHs BOAY, MOB’I3aHMIL 3
HAIXOMKEHHAM Y BEPXHIO AUIAHKY PIUKM CTIYHMX BOI, HOCHThH ILUBHAKO
SMEHIIVETBCS B MIPY BULIANCHHS B Jxepes 3abpyaHeHHs. Lle s3ymomneHo
IHTCHCHBHHM CaMOOYMILEHHSM BOAM BHACJIAOK IMPOTIKAHHS B Hiil 6io-
XIMIYHUX Ta XIMIYHHUX MPOLIECIB OKMCHEHHSI OPTaHIYHUX Ta HEOPraHiuHmX
CTIONYK. LIboMy cnipusie iHTeHCHBHMIT (POTOCHHTES V JIITHIO TIopy POKY Ta
BUCOKI 3HaYeHHS TeMriepaTypu, pH i E,. Harnaku, é3nMKy IHTEHCUBHICTD

e
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(bOoTOCHHTE3Y 3HAYHO MEHILIA i BOIa MaJlOHAaCH4YeHa KUCHEM, a HioxiMiyHe
Ta XiMiUHE OKMCHEHHs 3a0pyIHIOBAYiB 3aralbMOBaHe BHAC/i10K HU3BKOL
temriepaTypy Ta E, i pH Bomu. B Takmx ymosax caMOOYMHICHHS BOIH
BinOyBaETHCA 3HAYHO FOBUIBHILIE I 30HA CUIIBHOTO 3a0pyaIHEHHST TIOLLIH-
PIOEThCS. Ha 3HAYHY BiACTaHb Bill DKepesl 3a0pyAHEHHS.

TaKyUM YMHOM, Uil aHATI3y BOAU MMPUPOAHOTO BOAHOTO 00’€KTa Micue
Ta yac BigGopy TPo6YM NMOBMHHI OOUPATUCh 3 YPAaXyBaHHAM (I3HKO-reor-
padiunnx, MopdooridHHX Ta IHIIMX YMOB, $IKi MOXYTb BIUIMBaTH Ha
(dhOpMYBaHHSA XiMiYHOrO CKJIaZy BOAV Y AOCTIAXYBAHOMY 00’ exTi.

Bin6ip npo6 3 BOAHUX 00’€EKTiB

Piuku Ta crpymkn. [TpoGu Boau BinbupamoTs v Micusx HaNOLTBIIT
LIBMAKOIT Tedii v dapBaTepi. AKUIO He 3YMOBJEHI fIKiCh ocobymBi i
JOCJIIKEHHS, TO He c/ii Biabupaty npobH i3 cToavyol BoaH Tepel rpe6-
nefo abo Bimpa3y nicns Hel Ta B DIVXHMX pykaax. Cnpasa B TOMY, IO
XIMIYHHI CKJIaZ BOAM B TaKHMX MICLIAX MOXe 3HAYHO Bilpi3HATUCH Bil
CepeIHbOro CKJady, KUl XapaKTepu3ye HaHWi BoaHMIl 00’¢kT. Y BU-
MaIKy 3MilllyBaHHS BOI IBOX Piyok abo piukosoi Boax 31 CTIUHOIO MpobU
Ui aHaMi3y Tpeba BinbupaTH B MICLISIX [MOBHOIO NEPEMiluyBAHHS BOAHMX
Mac. fKi BCTAHOBJIOIOTH CMELHATBHUMHK AocaimkeHHsamu. [pobu BiI-
GUpAlOTh TIZ MOBEPXHEO BOIM, KDALIE Y BEPXHii TPETHHI 3aranbpHOl M-
BuHMU, SIK TIpaBwIo, Ha ranbuHi 20—30 cm.

Bonocxosuiia, o3epa, crasku. [1pobu Boau BinbGupaoTb Ha cTalli-
OHAapHUX TOYKAX, PO3MIlEHMX 0 akKBaropil, I, SIK MPaBWUIO, Ha ABOX
rbuHax — 6ina moeepxHi (0,2—0.5 m) Ta G6ina mHa (0.5 m). Ha
MIPOMIDKHMX TTMOMHAX rpoby BIIOGUPAIOTL 3aJIeXXHO Bill TEPMIUHOI cTpa-
Tudikauii Ta Npy crieianbHUX JOCTIKEHHSX.

3milwaHy rpoby y BOJLOCXOBMLIAX, 03¢paX Ta CTaBKaxX BiUIOMpaTH He
PEKOMEHIYETBCSA. B cTOsuMX Bolax yHACNA0K BEJIMKOI PI3HMLI MiX XiMid-
HUM CKJIAZIOM Mpo6 Vv PISHHMX MiCLISIX OKPeMi KOMITOHEHTH MNpH 3Mi-
WIYBAaHHI BOAM MOXYTh B3aeMomiaTh. Yepes ue AKICTb BOOM HE Binno-
BilaTHUMe XIMIYHOMY CKAaLy OKPeMHX Mpob, aKuil 6VB XapakTepHUM 10 ix
3MIILIYBAHHS. :

ArmocdepHi onaau (moi, cHir) Ta nia. XiMi4HWIT cknan arMochepHuX
omanis GOpPMYETbCS B OCHOBHOMY B TIOBITpi, i Micjisl iX BUMalaHHA Ha
TTOBEPXHIO 3eMJli OIMAaM NEPETBOPIOIOTHCS Y PI3HOBMI MPUPOAHHUX BOL.

[Mpo6y 101I0BOI BOOM BJIOB/IOIOTE LUIMPOKOIO JiiiKow, TpyOKa KO}l
JOCSTAE JIHA MOCYAY U pobu. SKiiio Tpeba BUSHAUMTH cepenHiil ximMiy-
HUI cKJaJ JOUIOBOI BOAM, TO il BinOUpalTh NPOTATOM VCLOIO 4yacy BU-
namanHsa poury. TTpyu HeobxiTHocTi BM3HAYMTH SIKICTh YHCTOI JOLIOBOI
BoAM Npoly BinbupaioTh Yepe3 S—I10 XBIWIMH Mic/st NOUATKY OLLY.

CHIr YJIOBMIOIOTh y NifiKy abo B WIMPOKY Ta MIHUOOKY YallKYy i Bil-
MOpoXy10Th. CHiKHE MOKPUTTA BiGUPaloTh B THX MicuAX. A¢ HOro 1ap
HalfiToBuit. CrnoyaTky JIOMATO 3HIMAIOTh BEPXHiit 1ap, AKHi BiIKH-
JAOTh, a4 TOTIM 3aroBHIOIOTb CHITOM IIIMPOKOropJ il nocvi.
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Jlix Bin6MpaloTh LIMaTKaMM 3 Pi3HUX Miclb, OYMIIAIOTE iX [TOBEPXHIO
monotoM abo HOXeM, KIIanyTe B 4alIKy i BUTPUMYIOTH AeSKHIl vac, a
TIOTIM NMEPEHOCATS Y IIMPOKOTOPIIHIA TIOCYII, Y TKOMY BiIMOPO3KYIOTb IIpH
KIMHaTHIH TeMrieparypi. [ApiGHi mrMatouxky neomy HacumaiooTs v JIAKY
Broxxepa, 3MMBaloTh Tapa4yol0 DMCTIWIBOBAHOI BOIOIO i NepeHOCTh y
TOCYL ISk TIPOOH. ’

KoHcepBaluia, TpaHcnoprysaHHa
Ta 36epiraHHs npo6 Bogu

KQHCCRBaHiH npo6 Bomu Mae Ha MeTi 36eperTH ix bisuyHiI RIaCTHBOCTI
Ta XIMIMHUI CKJTajl B TAKOMY CTaHi, B SIKOMY BOHU OYJIM B MOMEHT BiaOOpY.
I'Ip06]/l.' KoHceppalifo NpoBomsTh y THX BHUTAZKax, KOMM HEMAE MOX-
JIMBOCTI BUKOHATH a}(ani3 Ha Miclli BinGopy npo6u. OgHak Tpe6a riam’si-
TaTH, 10 KOHCepBauis NMpo6 BoaM HE MOXe MOBHICTIO 3arobirtu 3MiHi
IXHBOTO XIMIYHOTO CKJIaly, sika 3yMOBJIEHa IPOTIKaHHSM y BOmi pi3-
HOMaHITHHUX d)|_3m<o-x1Mi!{HMX Ta GioMorivHMx rpoueciB. Y 3B°93Ky 3 UM
BU3HAYCHHS (Di3UYHMX BIACTHBOCTEif Ta XiMiYHOrO ckramy 3aKOHCEPBO-
BaHKX rnpob6 Ga}xcaHo MPOBOAMTH HACTYITHOrO AHSA, ajie He Mi3Hille, HIK Ha
TPETIA AeHb Micist Binbopy npobu Boau.

VHiBepcanbsHOro METOLly KOHCepBalii NMPUPOXHMX BOA HEMAE, TOMY
HacTo Ul BUSHAYCHHS PISHUX IHTPEMiEHTIB BLAGHPAIOTb OKpeMi Npobu
BOJIH | MO-Pi3HOMY iX KOHCEPBYIOTS.

IMpobu BOAM He KOHCepBYIOTh a00 iX He MOXHA KOHCEDPBYBATH MPU
BU3HAYeHHI GaraTboXx MOKa3HMKIB (V DVXKKax 3a3HaueHa AOMYCTUMA TpU-
BaJliCTh 36epiraHgﬂ Bomu): Temnepatypu, £, CO,, HCO;, kucnotHocTi,
JYXHOCTI, cynbdiais, 030HY, XJI0pY (0Apa3y); PO3UMHEHOrO KHUCHIO (bik-
CYIOTb OZIpa3y); CMaKy, 3afaxy KoJbOpoBOCTi (2 TOOHWHHU); GioxiMivHOTO
CIIOXWBaHHSl KUCHIO (1 nmo6a npu 3—4°C); 3aBuceil, KalaMyTHOCTI,
LWITbHOCTI, TIPO30POCTi, MUTOMOI eEeKTPOITPOBIIHOCTI, PO3UMHEHUX pe-
HYOBHH. pH, apoOMaTUYHHX BYTJIEBOLAHIB, XUPHUX KucAOT (1 noba); de-
HofiR (5 ni6); Na”, K", Ca®, Mg™", CI", SO, F", 6oparis (10 3 nib).

_Haii6inem noumpeHnmu Koucepsantamu Boy € Taxi:
= 1 M koHuentpoBanoi H,SO, Ha | n Bomu NpU BU3HAYEHHI
)émgqﬂoro croxusaHHs KucHio (XCK). C,,,, No,,, N,,.. NH;, NO,, NO;,

n;
Mn;_ g l:\zm ]Ii})i];}fegg?g}a]%ggl, IAI;\IO(;: lH(zlinl J{/is)(?zm NpU BHU3HAYeHHI io;-{i§

— 2—4 M xnop?(bopMy Ha | J1 BOAM NP BU3HAYEHHI KOJBbOPOBOCTI,
NH,. NO,, NO;, SO;", docdartis Ta CMHTETHYHIX MOBEPXHEBO-AKTHBHUX
peuoBHH (CITAP).

.IH.O[II 3aCTOCOBYIOTH ClIellialbHi crocobu KOHCcepBRaLlii, siki MoB’s13aui
3 XIMIMHMUMH BJACTHBOCTSAMM BU3HAUYBaHOIO iHrpemicHTa. Hanpuxian,
AT BUSHAUCHHT 3araJTbHOro BMICTY 3aJ1i3a MpoBy KOHCEPBYIOTh, 10AAIOYHU
25 MI KOHLEHTPOBAHO] HNO; Ha | 5 Boau. Mpu LUBOMY TAPOKCHIU Ta
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iHmi mamoposumHHiI crionyku 3atisa (11, III), a Takox ix KOMIUIEKCH 3
OpraHiYHUMM PEeYOBMHAMM ITPUPOIXHUX BOA PO3KNANAIOTECS i BCi HopMH
3aJ1i3a MepexXoNsTh B aKBa-iOHH Fe*', ski BU3HayaloTh (DOTOMETPUYHO.
Slkio nMoTpibHO OKpeMo BU3HAYMTH BMicT 3aniza (II) Ta 3aniza (III), To
Tipo6y BOAM KOHCEPBYIOTH CYMILIIITIO OLTOBOI KMCIOTH 3 OLITOBOKWC/IMM
HaTpieM i 36epirafoTh, He HOMYyCKaIOUW KOHTAaKTy 3 MOBITPAM. /g Bu3Ha-
YeHHS pO3YMHEHMUX CYIbOiniB Mpoby KOHCEPBYIOTh, JONAIOYH 0 1 JT BOAK'
10 M 10% po3umHy auertaty Kaamio abo LmHKY. Ilpy LboMy ocinaloTh
MAJIOPO34MHHI cynbdbily LMX MeTaiB, IKi TpUBATHIA yac 36epiraloTees i
MOXYTb GYTH TMOTIM BU3HAYeHi MicJs IX PO3YMHEHHS B CipyaHiil KMCJIOTI.

Crnioco6u KoHcepBallii Mpod BOOY AETANTBHO OMUCAHO Y 3-My po3aiii,
B SIKOMY HABEIEHO METOIMKH BU3HaYeHHS (bi3WYHMUX BIaCTUBOCTEMH, iHTE-
IrpIbHMX MOKA3HHUKIB TA OKPEMMX XiMiYHHX IHTPENi€HTIB Y NMPUPOIHUX
BOJaXx.

Jnst TpaHCNIOPTYBAaHHSA MpoOu BOIMU BiAOUPalOTh y CKIISHUIT abo nosi-
eTWJICHOBUIT TIOCYA 3 NMpobKaMM i repMeTHYHO 3aKpuBaloTb. Tpeba cTe-
SKUTH 33 THM, 11106 Mil Apo6KoIo He 3aUTHLIAMCA MyXmpLii rmosiTps. [Ipodu
BoaM GaxaHo 36epiraT B XOJOAWIBHUKY NpH Temrniepatypi 3—4°C. AHa-
Ji3yBaTH MpoOH MOYMHAIOTE MC/S TOro, SK iX TeMIepaTypa 3piBHAETBCH
3 KIMHaTHOIO.

Bu3HaueHHs XiMivHuX iHrpeaieHTis
Y PO34UHEHOMY CTaHi,
KonoigHo-agucnepcHi ¢dopmi Ta B 3aBUCax

Y NpUPOAHMX i CTIYHMX BOAAX 3aBXKIM MICTATbCS PO3YMHEHI i He-
pO3UMHEH]I peuoBWHH. ToMy BH3HAYeHHSI KOHLICHTpauil faraTbox XiMiy-
HUX iHTPENIEHTIB Y HePUIBTPOBaHiil Ta MpodiLIbTpoBaHiil NPUPOMHIiT Bodi
mae pi3Hi pesynpraTH. Lle 0cOGAMBO CTOCYETHCS CIONMYK iOHIB METAJB,
Yyepes Te 110 BOHW 3HAYHOIO Mipolo cOpOYIOTECS Ha 3aBUCSAX Ta KOJIOIIHHX
yactkax (auB. puc.8 Ta 9). Tomy yacTo BUHHMKaE NoTpeda BUIHAUUTH He
TITbKW 3arajIHUI BMICT ITEBHUWX IHIPEAIEHTIB, a TAKOX PO3AiJILHO Yy 3a-
BUCSX, B KOJIOIZHOMY Ta B PO3UMHEHOMY Y Bolli ctaHi. Hanpukian, ycra-
HOBJICHO, UI0 TOKCWUYHICTe Bomu p.JlyHail, sika € OyXe KUIaMyTHOIO,
MaiKe MOBHICTIO 3HUKae€, sAKulo Boay npodinsrpysatH. lle 3ymMosieHo
copOLIEIO CIIONYK TOKCUYHHX METaNiB, TAKHX, SIK PTYTb, KaIMiif, CBUHELb,
XPOM TOLIIO HAa 3aBUCAX Ta KOJIOIAHUX YacTKax.

Jns BuAIeHHsST 3aBMCeEl i3 MPUPOIHUX BOA 3aCTOCOBYIOTb BLICTOIO-
BaHH# NpoGu BoaH, Ginbrpalilo, LeHTpubyYryBaHHd Ta yAbTpadibTpaLlio
(MeMGpanHy ¢insrpauifo). Halibinbli nowMpeHi ocTaHHi ABa METOAW.
dinprpanis yepes mMemOpaHHi ¢inbTpu 3 niamerpom nop 300—>500 HM
(0,3—0,5 MK) abo ueHTpudyryBaHus rpotsiroM 20—30 xBunuH npu 7—
8 tHc. 00./xB 3abe3Mevuye TPaKTUYHO MMOBHE BUAUICHHS 3aBHCEH.

loao BuOiIeHHs KOMOINIB, 9Ki TAKOX € 10GpUMH cOpOEHTAMU, HEMAE
€AMHOI TOuKM 30py. Jedaki NOCNIAHWUKU BLIHOCSTH A0 KOJiOiNiB YACTKHU
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(/1)93M1p0M l.—200 HM, IHIL — YacTKW, fKi 3aTPUMYIOTBCS Ha VJIBTpa-
dbinbTpax 3 niamerpom nop 20—25 a6o 4—17 HM. V TO# Xe Yac BCTaHOB-
JICHO, 110 vepe3 HesodaHoBi MeMGpaHu He nudyHAYE 10 90—95% BuCO-
KOMOJICKYISIPHUX  3a0apBICHUX OPraHiqHUX PeYOBHH NMPUPOIHUX BOI.
IIpote 1X HE MOXHa BIUIHECTH 10 KOJIOILIB, TOMY IO BOHW MaloTh I'OJIOBH]
O3HAKW ICTUHHO PO3YHHEHHX PEYOBMH, a caMe: TepMOAMHAMIUHO CTa-
6itBHI, B CHCTEMI BLACYTHS MOBEPXHS po3ainy a3, BOHU € rinpodiibHUMKU
CHOJIYKaMH 1 He BUALIAIOTECSL HABiTh MPH TPUBANOMY LIEHTPH(DYIYBAHHI.
" OnHo3HauHe po3B’A3aHHA L€l npobaemMu

5300 i ‘ HEMOXJIMBE Yepe3 Te, WO KOJOIAHI RIACTHBOCTIL
500 v AWCTIEPTOBAHMX Y BOMHOMY CEPEAOBHLII 4acTOK
§ {g- 1 | 3YMOBJIEHI He TUIBKM PO3MipaMM, ajleé TaKoX
34 i IXHBOIO CTPYKTVPOIO Ta XiMIYHWUMH BJIACTMBOC-
g;o : : TAMM, SIKi BIIMBAIOTE Ha iXHIO TiIpodUIbHICTS.
£ - TO’M_V pallloHalbHUM € TakMif Miaxin, SKWit
£“[’, 00’elHyE MBI XapaKTEPHCTHKM KOJNOITHHX Ta

ICTMHHO  PO3YMHEHMX BMCOKOMOJIEKYIISIPHUX
PEYOBMH — IXHi DO3MipM Ta MONEKYJSIPHY
Macy.

CyTb Takoro niaxomy imoctpye puc.15. Ha
SAKOMy MoaaHa cxema kiaacudikauil 3asHceit,
Aexyssipiio- it iononuenepe-  KOJOLLIB Ta PO3YMHEHHX PEYOBUH 3 YpaXyBaH-
tnx (J) wacrok npupomuux  HAM IX PO3MipiB Ta MOJIEKYISPHHX Mac. 3a Li€io
BOZ CXCMOIO 10 3aBHCEH BLIHOCSITH YACTKH, PO3MIp

‘ » Axux nepesuiye 300 HM. IX MoxHa BUOiMTH,
K BUI3HAYECHO BHILle, UIBTPYBaHHAM MPUPOAHOI BOAW yepe3 Memb6-
PaHHHIi DUTBTP 3 niaMeTpom nop 300—500 HM. Y riAPOXiIMIYHIiT NpakTUL
AL 1IbOro  PCKOMEHAYIOTE  BMKOPMCTOBYBATH YJbTpadiibTpU 3 mia-
MeTpoM 1iop 450 HM.

o xonoinie BinHeceni aucrieprorani Y BOHi YAaCTKH, PO3MIipPHU SIKHX
KONHMBAKOTBCA B MeXax 5—500 HM. OueBMaHO, mIo 3aBHci Ta Kojoiau
MOXHa pa3oM BUAUMTU DibTpyBaHHAM TIPo6H BOM uepes MeMOpaHHUH
biTBTp 3 miameTpom nop 5—10 um. [Tpu 1bomy yepes biabTp He Npo¥-
AYTb TaKOX pPO3YMHEHI CIOMYKH 3 MOJIEKYASpHOIO Macolo 100 THc. i
OutblIre.

HapemwrTi, ictTMHHO po3uuHeHi crionvku MoxHa XapakTepu3vBaTH iX
MoJiekyspHOk0 Macoto 10 300 THe. a6o po3Mipamu, 1O He TIepeBHLIYIOTH
5—I15 um.

CxeMma pnc.lS TIOKA3Y€, 1O MK 3aBUCSAMMU i KOMOINHO-IHCIEPCHUMM,
a TaKOX MDX KOJIOLIHMMM H ICTMHHO PO3YMHEHHMM YacTKaMHM HeMmae
WITKOI MEX1 1 30HM IX ICHYBaHHS 3a XapaKTePUCTMKAMM pO3Mipy Ta
MOJIEKYIAPHOI MACH ACILO MEPEXPELLYIOTHCS.

Bmcr TIEBHOTO XIMIYHOI'O iHrpelieHTa B 3aBUCAX, Y KOJXOIAHIH dopmMi
Ta B ICTMHHO PO3YUHEHOMY Y BOAi CTaHi BU3HAYAIOTH TaK. Criouatky
npooy BoIH 06pobasioTs KHCI0TOI 260 HINM peareHTOM 1ns nepese-
AeHHsS BCIX (DOPM BU3HAYYBAHOIO iHIpesi€HTa B iCTHHHO PO34YHHEHNI

—n L) o
1 815 100 300 500
Poamip vacmon, um
Puc. 15. Npunumn wracndi-

Kauii 3asuceit (Z11), xosnoin-
no-muencpeunx (I7) ta mo-
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CTaH i BM3HAYAIOTh fforo 3arajbHy KoHuUeHTpauilo C,,. [loTiM Opyry
Topuilo L€l X Boau GUILTPYIOTE Yepe3 MeMOpaHHUi GinbTp 3 po3MipoM
nop 450 HM i y dinbTpaTi BM3Ha4aoTh KoHLieHTpauito C,. Hapewuti, Tpetio
riopLiiio Boau biTsTpyIoTh Yepe3 MeMOpaHHuit GiibTp 3 po3Mipom rop 10 HM
iy dinvrparti BusHavaioTe C,. KoHUEHTpallif0o BU3HAYYBAHOFO iHIPEHIEHTA
B KOXHIIT ¢popMi BU3HayaloTh 3a GopMylaMH

C:msucni = CJar - Cly
Ckono'i}lﬂi = Cl - Cz'
Cpo:mlmcui = C2-

KOHUEeHTPpyBaHHS MIKPOKOMITOHEHTIB

KoHueHTpyBaHHS MIKPOOOMIIIOK HEOPTraHiYHUX Ta OPraHiuHUX Crio-
JIVK IOLLbHO TIPOBOAMTH Tlic/ist noreperHboro ¢ibTpyBaHHa BoaM abo
HeHTpUdyYTyBaHHA, Ul Toro uob mo3oyTrcs HEpO3YUHHHX CIOJVK.

JIns KOHUEHTPYBaHHA MiIKPOKOMITOHEHTIB BUKOPHCTOBYIOTD ABi IPYIIU
METOIIiB.

o mepimioi 3 HMX HajleXaTb BUNAPIOBaHHS Ta BUMOPOXYBAHHA, fAKi
TIPU3BOAATE 10 3MEHIIEHHs 3araibHoro ob’emMy npobu BooM i, AK Ha-
CILOK, N0 30IMblIeHHs KOHLIEHTpAaLil BCiX iHTpenieHTiB. 3araibHWI He-
IOMIK LMX METOAIB MOJSra€e B TOMY, IO [pH 3HA4Hill KOHLIEHTpauil
FOJIOBHUX iOHIB BOHM BWIANAIOTh B OCAl Y BUIISAI cONEi., HAaNpHKIIad,
CaCQ,, CaSO, towo. Mpu 11bOMY Ha MOBEPXHi ocany 34aTHi copbyBaTHCh
OpraHiyHi Ta HeEOpraHiuHi MiKPOMOMIILKHW, BHACJIAOK 4YOro XiMidHMii
CKJIaA i BMICT pO3YMHEHHX KOMITOHEHTIB 3MIHIOETBCH.

Mpu Bunaprosanui NpoGy BonM 3 Hel MOXKYTh BUIIIATUCH HE TUIBKU
0Cagy COJIBOBMX KOMITOHEHTIB, ajie TaKOX BIIraHATHCH NETKi OpraHivHi
crionvky. BcTaHoBIIEHO, HAMPUKAAZ, IO B Nepioa «UBITIHHS» AHIMPOB-
CBbKOI BOIM, KOJIM BOHA HacUYeHa OpraHiyHUMU CMOAVKAMH, pe3yJbTaTh
BH3HAUEHHS XIMIUHOIO CMOXUBAHHS KUCHIO YV MPOKUIT IUeHiii NpoTaroMm

15—20 XBWIUH BO/li MOXYTb 6yTH Ha 30—40% MeHLIMMU Bil pe3vibTaTiB
aHali3y HeKWr'adeHoi npobu Boau. ToOGTo BMMApIOBAHHA MPHPOLHOI
BOJAU 3 METOKO KOHLIEHTPYBAHHS MIKPOAOMIIIIOK MOXe 3MiHIOBATH 11 Xi-
MIYHHUI cK1all, ocoBJIMBO KOHLEHTPALIIO JETKHUX OpraHiuHHX PeYOBUH.

MeTol BUMOPOKYBAHHS 3 METOK KOHIUEHTPYBAHHS MEHIIOI Mipoto
BIUIMBA€E Ha XiMIYHUIT ckiag npobu Boau. BuMopoxXyBaTH BOIy MOXHA B
XOJIONWIBHUKY, ajie Gifbll 3pYYHUM i LUBHUIKHUM € CTociO 3 BUKOPUCTaH~
HSIM YCTAHOBKM, 3006paxeHol Ha puc.16. Ipu obepTaHHi Konbu 3 npoboro
BOAM 3 wBMAKicTIO 40—60 06/XB, SKa 3aHYpPEeHa B OXOJIOAHY CYMILLL, Ha
CTIHKAX KOJIOM YTBOPIOETBCS Jlil, a KOHUEHTPAT PO3UMHEHHX PEYOBUH
3ajMIIaETbed BeepeaunHi konbu. 3a 30—40 xBMAMH BUMOPOXYBaHHS

06’eM rpobu MOXHA 3MEHIUMTH Y 5—b6 pasziB. [MpoTe cnia Matv Ha vBasi,
IO IMTPU BUMOPOXYBAHHI TIEBHA KITLKICTh PO3MMHEHUX V MPHPOAHIK Bomi
PeYOBHMH TIepeXodMTb Yy a3y JAboAy, NPHUOMY YHM Oiablil CTYIMiHb
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KOHLEHTPYBaHH, TUM 3HAYHIll BTpaTH KOHUeHTpaty (puc.17). Yepes Te
BUMOPOXYBaTH ITpo6y BOAM i3 3MeHIIeHHIM ii 06’eMy OirblI Hix v 8—I10
pasiB He PeKOMEHIYETHCS.

€ nowy [ Buxid

’
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3ot /
20t //
907
0 A 1 1
0 20 30 Veuxid/Vwowy

Puc. 17. Kpathicts xoHueurpyBainst ( Cyoun” Cuinvin)
OCAKUX OpraHiyHUX CNOJYK 3aJICKHO BUL CTYICHSA
Puc. 16. Vcranoeka st Bumopo-  BUMOPOXYBAHHS (Veiin/ Vo)

XyBaHHSA BOOM.

1 — BHXia RO [DKepesa cICKTPOXHBACHHS e~ HO 11pym'| TPYITM HajeXaTb METOAU
e ot vortn: 3 enexmpoworop:  KOHUEHTPYBaHHS, fKi TPYHTYIOTBCS Ha
3 — wydra: 4 — saxpinmosad kenbir: 5 —  eKCTpaKLil, copbuil, criBocamkeHHi abo
koitba 3 npoboio Boan; 6 — OXONOMKYBATbHA . . . . .

cyMim (i1 3 x1oprcTIM Hatpiem ao 3 xio-  CJICKTPOXIMIYHOMY BHAUICHH! MIKPOKOM-
PHCTUM Kanbuiien); 7 — urmamiin MoHeHTIiB 6e3 3MiHM 3arajibHoro ob6’eMy
ripo6y Boau. 1li MeTomM MO3BONSAIOTH HE TLTBKM KOHLEHTPYBATH MiKpoO-
KOMITOHEHTH, aJIe TAKOX BIIOKPEMJITIOBATH X Bil MATpHLI Ta pEYOBHH, 1[0
3aBaXaloTh aHAi3y, TOMy BOHM € Oisbil eheKTUBHUMH B TOPiBHAHHI 3
BUITAPIOBAHHAM 460 BUMOPOXYBAHHAM.

Excrpakujiine KOHLEHTPYBaHHSA MOJIATAE B TOMY, LIO MeBHUIT 06’eM
TIPUPOOHOL BOIU (Vson) EHEPTIFiHO 3GOBTYIOTB Y AUTMABHIH N1l 3 MEHIIM
06’€MOM OPraHiYHOro PO3UMHHHUKA (Vopr), KU MPAKTHYHO HE 3MIilIY-
€TbCS 3 BOIOIO, [I0 BCTAHOBJIEHHS piBHOBaru. 3BMYaiiHO WISl 1IbOrO IMO-
Tpi6bHO He Oumble 3—5 XB. MIKPOKOMIOHEHTH Y BWIJISAI OpraHiuyHUX
crofiyk abo KOMTIUTEKCIB 10HIB MeTaliB, 4Ki Y HEBOLAHOMY PO3UMHHUKY
PO3UMHSIOTbCA Kpalle, HiX Yy Boai, MepexoisTs B opraHiyHy ¢asy.
Posnonin koMrioHeHTa A MixX aBoMa da3zaMu OMUCYETBHCS KoedilliEHTOM
PO3ITOALTY

D= [A].(.’PL‘ (8)
{Alson
ae [Alopr i [Alson — PIBHOBaXHi KOHLUEHTpaLii A B opraHiuHiii Ta BoaHii
¢asi BiamosixHo.

KO MIKPOKOMITOHEHT MICTHTHCA Y BOOHOMY po3uHHiI abo B opra-
HiYHifl (a3l B Pi3HUX MOJIEKYASAPHHX UM iOHHMX dopmax (Hanpukian,
OLITOBA KUCJIOTa V BOMHOMY po3uMHi MicTuTbea B popmi HAc Ta Ac™, ay
HeBoIHOMY — v BUrsaai auMepie (HAc), Ta MonoMepie HAc), 1o [A],,.
Ta [A],., LOpPiBHIOOTb cyMi BCix Gopm v KOXHIH i3 ¢a3,
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TToBHOTY eKCTpakuii 3 TIpaKTU4HOI TOYKHM 30pY 3pyvHille Xapak-

TepH3yBaTH 4epe3 CTYTIHb excrpakii R (bakTop BUNYYEHHS), %:

y A
R= [Alopr 100, (9)
Ca
ae C4 — 3arajlbHa KOHLIEHTPALlisi KOMIOHEHTa A y BOMHIN ¢a3i Ao eKCT-
paKwi.
R.%h
100
D=1000
80
60
100
4o
20t
’ 10
1 2 g 10 20 S0 190 Viod/Vooe

0 03 81 1 43 17 2 lpvgi/ve

Puc. 18. 3anexHicTh cTyneHs excrpakuii R, %, Bix kpatHocTi
KOHLCHTPYBAHHS Vgon/ Vopr 1 KOC(IlIEHTA PO3TIONLTY D

Besmmuuiny R Ta D nop’si3aHi MiX co0010 PiBHAHHSIMHA
100-D R Vion ) (10)

"D+ Voon/ Vepr) 100— R Voo

CrhiBpigHoIIEHHS 06’eMiB BOAHOI Ta opraHiyHoi ¢a3 npH MpakTUYHO
TOBHIi eKCTpaKLlil JOPiBHIOE KPATHOCTI KOHLIEHTPYBAHHSA.

3 piBHaHHs (10) BUIUIMBAaE, 1O CTYIMiHb eKCTpaKllil 3aJeXUTh He
TUTBKM Bill 3HaueHHs KoedillieHTa PO3MOITY, ajleé TaKOX Bil CITIBBIO-
HollIeHHs1 06’eMiB BomHoOI Ta opraHiuHoi ¢a3. g 3anexHicTh 1okasaHa
Ha puc.]8, 3 SIKOTo BMIHO, IO MPH OAHOPAa30BiA excTpakuii > 99%-ro
BWIYYEHHS PEUOBHHU B OPraHiyHy (a3y Npy KPaTHOCTI KOHLICHTPYBaHHS
Vyon/ Vopr < 10 MOXHA HOCATTH JIMllE B CHCTEMAaX, Y SKHX koedilieHT
posnonuty D = 1000. ITpy MeHIIMX 3HAYEHHAX D abo nipu 36i_nbme;HHi
CTTIBBIIHOMIEHHS V,,,/Vopr 3HAYHA KiJILKICTH PEYOBMHH, 11O PO3IMOALIA-
€ThCH, 3AJMLIAETBCA Y BOMHIM (asi.

V 6araTboX BMIAIKAX ISl KOHLEHTPYBAHHS He BAAETHCA 3HAWTH
eKCTPAKLIHHUX CUCTEM 3 BUCOKMMM 3HaueHHsMu D. Y Takomy pasi ana
[PAKTHYHO TIOBHOTO BWIYYeHHSI PEYOBHHM CJlill BUKOPHCTOBYBATH bara-
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TOPa30BY €KCTPaKlilo (HAMpPMKIIaX, TaKk PobJATb NMpU eKCTpaKLiifHoMy
KOHLIEHTPYBaHHi (ochopopraHiyHUX MecTULMAIB). Po3paxvHOK KiTbKOC-
Ti eKCTPAKLIiH #, HeOOXITHNX UIS TPAKTHYHO NMOBHOTO BIIYYEHHST, MOXHA
TMIPOBECTH 3a (hopMyIIOIO

Cs

[A]son . ) (11)

ne C; —- 3aralbHa KOHLEHTpALlsd PEYOBMHM A y Tipobi BOaM OO €KCT-
pakuii; [A]sx — piBHOBaXHa KOHUEHTpallia y BonHiil dasi nicag ekc-
TpaKuu, r= vopl"/VBOI!'

Hna 99%-1 exctpakuii usg dopMysa HabUpae BUTISLY

n=I1g 100/1g(D- r+ 1. _ (12)

B T1a6s1.10 HaBeneHi pe3ynbTaTH pO3paxyHKy M IUIA Pi3HUX YMOB eKC-
Tpakuii. BoHM mokasyiots, mo 99%-ro BUAYYEHHS OZHOPA30OBOIO eKC-
TPaKLi€I0 MOXHA JOCATTH 3a ymoB D> 1000 1a v,/ Voor < 10. IBOpazora
eKCTpaKkLig 3abe3meuye TakUif e CTYMiHb BUIy4eHHs 3a ymoB D > 100 ta
Veou” Vopr < 10. B JHIIMX BUNagxax KiNBKiCTb eKCTpakLiil, HeobxinHux ang
NPAaKTUYHO TIOBHOTO BIJIYYEHHS PEYOBWHH, 3HAYHO 3POCTAE, IO € Ma-
JIONPUIATHUM 3 TOYKW 30pY TEXHIKM KOHUEHTpYBaHHsl. OKpiM Toro, npu
30UIbIIeHHI KUTBKOCTI omepauiii eKcTpakLii 36iTbLIVeTbest | 3aranbHUIL

n=Ilg /lg(D-r+1),

06’em opraniyHoi (a3 (KoHUeHTpaTy). BHachizoK Lporo KpaTHicTb KOH-

LICHTPYBAHHS BTPAYAETbCA, IO HABEAEHO B OCTAHHbBOMY CTOBITUYUKY
Taba.10.

Ta6uuya 10. 3anexnicTs KixbKocti ekcrpakuiii (n) ans 99%-ro BHIyYeHHS PEUOBHH Bid

KoediuieHTa posnodiny (D) Ta KPATHOCTI KOHUEHTPYBARHA (Vson Vopr)
| Kiwmiereekemariifi n | v s ypaxysanuss kitkkocTi

D Veon/ Vopr " Pospavoano | Mpakmsano cxc-.pjmum )

1000 s o081 1 5 .
10 1,00 1 10
50 1,49 2 25
100 1,92 2 50
100 5 ’ 1,51 2 2.5
10 1,92 2 5.0
50 4,19 4 12,5
100 664 | 7 14.3

10 5 4,19 4 s

10 6,64 7 ! 1,43
50 25,26 25 2,00
100 48,32 48 2,07
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Bararopa3oBy ekcTpakilifo MOXHa 3aMiHUTH METOXOM €KCTpaKLiitHOL
xpomaTtorpadii, To6T0 €KCTpaKLi€lw B IUHaAMIYHUX yMoBax. Jns LBOro
OpPraHiYHWH pPO3YMHHMK HAHOCATb HA TOBEPXHIO TBEPHOTO COPOEHTY,
AKHUM 3afIOBHIOIOTH copOLiiHY Ko0HKY. [pu niportyckanni npobu uyepe3
TaKy KOJOHKY BitOyBaeTbcsi GaraTopa3oBUil Mepepo3noniil pevuoBHH, SIKi
EKCTParyIoThCsl, MiX HEpYXoMoo (a3ol0 (OpraHiYHMM PO3YUHHUKOM) Ta
pyxoMolo (a3oo (BoxOIO), IO € aJleKBATHUM 0araTopa3oBiil eKcTpakiiii.
BHacnimok UBOro pevyoBUHM, 10 €KCTPATVIOTECS, MPAKTUYHO MOBHICTIO
MepexonsaTh Y KOJIoHUI B opraHiyHy ¢asy. [licig uporo ix MoxHa BU-
JIYYUTH 3 KOJIOHKW MaJIUM 00’€MOM IpynoBoro peareHTy. B pasi norpebu
3 BUKOPHUCTaHHS L€l X KOJIOHKM MOXHA IMPOBECTU XpomatorpadiuHe
po3aiIeHHs copOOBaHUX PEeYOBUH.

ExcrpakiiiiiHe KOHLIEHTPYBaHHSI 3aCTOCOBYIOTh B OCHOBHOMY JUTSl BH-
JIVIEHHS 3 TIPUPOAHOI BOAM OPraHiUHMX CIOJAVK Ta iOHIB MeTaliB y
BUIJIAAI IX KOMITIEKCIB 3 opraHivHUMM JiiranaaMu. i iHrpenieHTit MoxxHa
TIOTIM BU3HAUYUTH Oe3nocepeHbO AK B €KCTPaKTi, TaK i Nic/sl peeKkcT-
paKUii y BOOTHOMY CepeIoBHIL.

Copbuilite KOHUEHTPYBaHHA IIPOBOAATE Ha MONEKYSIPHHMX Ta iOHO-
0OMIHHMX cOpOeHTaxX y cTaTMYHUX abo AUHaMiuHMX yMoBax. [1pH KoH-
LIEHTPYBaHHI B CTATUYHHX YMOBaX 10 Tpobu MpUPOAHOI BOAU AOOAIOTH
MEBHY KiNBKICTE COpPOEHTY i BUTPUMYIOTH mnipotaroM 20—30 XB npu
iHTEHCHBHOMY TIepEMIILIYBAHHI.

Cepen MOJEKYISPHUX cOpOEHTIB HaifuacTille BUKOPUCTOBVIOTH CH-
JliKareib, OKCHUII aTFOMiHIiO ab0 akTHBOBaHe Byrisnsg. s copbuii KaTioHiB
Ta aHIOHIB 3aCTOCOBYIOTD BiAMOBIIHO IOHITH — KaTiOHITU Ta aHIOHITH.

Ilpy KOHLIEHTPYBaHHI MIKPOKOMITOHEHTIB Ha MOJIEKVJISIPHUX cOpOeH-
Tax i3oTepma copOuii v OUTBLIOCTI BUNAAKIB € NPpAMONiHiiiHOW0 abo BAN3b-
KOIO [I0 Hel i OMMCYETbCS PIBHSIHHSAM IMPAMOI, fIKa ITPOXOAMTL Yepe3
MOYaTOK KOOPIMHAT:

O=T- G (13)

e Qa — KiJIbKicTh pevoBUHHU, copBoBanoi 1 r copbeHTy; Cy — ii KOH-
LIEHTpaLisl ¥ po3uMHi, SKMil rmepeGyeae B piBHOBa3i 3 copbeHToM; [ —
koediuieHT 'eHpi. ITpu nocratHbOMy HagMKy copbeHTY BeMuuHa I
IUTA JAHOI PEYOBWHH HE 3IEKUTh Bifl HASBHOCTI iHIIMX PEYOBHH, 30Kpe-
Ma Bill MPUCYTHOCTI MaKPOKOMIMOHEHTIB MpupomHoi Boau. [Micas rpak-
TUYHO MOBHOI COPO6LIii MiKPOKOMITOHEHTIB 3 BEJIMKOro 06’eMy BOOH cop-
OEHT BiIOKPEMITIOIOTh (DiABTPYBAHHAM | 06pOGIAIOTE HOTO MajiuM 06’ e-
MOM PO3YMHY BINMOBIIHOIO peareHTy Wi mecopbuii. CTvniHb abo Kpar-
HIiCTh KOHUEHTPYBAHHS IOPIBHIOE BiOHOUIEHHIO 06’ €My MpoGH Boou 10
06’eMy pO3UMHY, SKWM MPOBOAWIACE AeCOPOLLS.

[Tp1 KOHLIEHTPYBaHHI 32 ZOMOMOro0 i0HOOGMIHHUX COpPBEHTIB CJiia
BPaXOBYBaTH, 1[0 CTaH PiBHOBAarM PO3MOALTY iOHIB MiX PO34MHOM i cop-
OEHTOM 3aJIEXKUTh He TUTBKM Bill KOHLIEHTPALlT iOHIB, SKi ITOMTHHAIOTHCS,
a TaKOX Bl KOHLEHTPAlil MPOTHiOHIB, fIKi MepexoasiTh V PO3UMH MPU
iOHHOMY OOMiHi:
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~— KOHLIEHTPYBaHHS Ha KaTioHiti B H -dopmi

cRH+K*2 RK+zH' (14)
— KOHLICHTPYBaHHA Ha aHioHiTi B OH -dopmi

tROH+A* 2 RA+zOH" . - (15)

Puckamu 3Bepxy nmosHaueHa TBepaa da3za ioHOOOMIHHOro copbeHTy.

3 HaBelleHWX PiBHAHB I0HOOOMIHHMX peakuUiil BUAHO, IO 1P BUKO-
pycTaHHi KaTioHiTiB a6o anionitiB B H' Ta OH -dopmMax koedilieHTH
po3noaisty ioHiB 3aiexaThb BianosinHo Biax pH Bomu, To6To Bil KOHLIEHT-
pauii npotuioHiB. Ha 3HauyeHHs Koedili€HTIB PO3MOALNY BILTHBAE TAKOXK
KOHLIEHTpAllid FOJIOBHHX iOHIB, SKi CKNaJaloTh MATPULIIO NPUPOIAHOI BOOIU
i IKi MOXYTB OYTH KOHKYPEHTAMH B peaKLUisiX ioHHOro oOMiHY rpu Hefo-
CTaTHBOMY HaJUIMILIKY ioHiTy. OKpiM Toro, ctaH pisHosar (14), (15) 3a-
JIEXWTH TaKOX Bil MAaCH i0OHOOOMIHHOro copOeHTY, IKUI MICTUTb MEBHY
«KOHLIEHTpallilo» IMpoTHiOHiIB. Yepe3 Te KoedilieHT posroainy BHUpaxa-
€TbCA GOPMYNOIO

R hd
Ki=—"— . 16
‘T100-R m’ (16)
ne R — cryniHb cop6uil (BUnvyeHHs), %; v — 06’eM nNpUpoIHOi BOIM,
MI; m — Maca 10HOOOMIHHOro copbeHTty, r. [lpu BU3HayeHHI Koedi-

LIEHTIB PO3IMOALTY i0HIB Tpeba BKa3yBaTH KOHUEHTPALLIO MMPOTHIOHY, OC-
KUTBKY BiH BIUTMBa€ Ha 3HadyeHHs K.

KoedilienT posnomisly maHoro ioHy He 3a/IeXWTh Bill INMPUCYTHOCTI
IHIIMX [OHIB (XpiM TPOTHUIOHIB) NpH YMOBI, IKILO EMHICTb B3ATOL MacH
10HOO6MIHHOTO COPOEHTY MEPEBUILYE 3araNbHY KiJIbKICTb BCiX KATiOHIB YK
aHIOHIB, fKi 3HAXONATHCA B MPUPONHiit Bodi. EMHIcCTh OigbUIOCTI CHH-
TEeTUUHHMX KATiOHIiB Ta aHIOHIB cKyazae TpuomM3Ho S—I10 MMoab ekB/r. Y
NPiCHUX TIOBEPXHEBHMX BoAax, 3a JaHWMH puc.4, MakCUMajJbHa CyMa
KaTioHiB 200 aHIOHIB COJBLOBOTO CKAAXy AOPiBHIOE MpubamMsHo 10—
15 Mmone exB/r. TakuM urHoOM, [ 3abe3nedeHHs 2—3-KpaTHOL HAX-~
JIMUIKOBOI €MHOCTI I1OHITIB BiZHOCHO BMICTY TOJIOBHUX iOHIB 3 METOIO
3amo0IrTH IX KOHKYpPEHLIii TIpH copOLii MiKpOKOMITOHEHTIB 10 | J1 npupor-
Hoi Boou gocuth gponaTu 10—I15 r ionoobminHoro copbenTy. ITpu KoH-
LICHTPYBaHHI MiKPOJOMIILIOK iOHIB 3 OiNbIll COJIOHYBATHX BOI KIJIBKICTH
10HOOOMIHHOIO COpPOEHTY Cllil BIAMTOBIIHO 36LIbUINUTH.

T1pu HeBeTMKMX 3HAYEHHSX K; KOHUEHTPYBAHHS NOLIUTEHO MPOBOAUTH
Ha cop6uiy"n-mx KOJIOHKaX, ToOTO B AMHAMIMHUX YMOBAX, SIK [PH MeTOAL
eKCTpaKLiHOl xpoMartorpadii. ITicas copbuii i0HIB MiKPOKOMMOHEHTIB 3
BEJIMKOro 00’eMy MPUPOIHOI BOAM iX Nierko aecopbysaTH NPOMUBAHHIM
KaTiOHiTY KOHLICHTPOBAHOIO KMCIOTOI abo aHioHITY po3unHom ayry. Le
3abe3rmeuye TIPaKTUYHO MOBHE BUIYYEHHA MIKPOKOMITOHEHTIB 3 KOJIOHKU
BHAC/IIOK 3CYBY BJiBO piBHOBar peakuiit (14), (15). Hanpuxnag, Ha
KOJIOHLi 3 KaTiOHITOM MoXKHa copOyBaTi KaTioHH 3 10 1 npHpoaHoi BoIM,
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a TMOTIM 1X JecopbyBaTH TTPOMHMBAHHAM KOJOHKU Bchoro 10 MistiliTpamMu
COJITHOI KMCJIOTH, TOOTO HOCSTTH CTYIEHST KOHLICHTPYBaHHS 1000. B pasi
rnorpeby Ha 1Iiif e KOJIOHLI MOXHa TIpOBECTH i xpoMaTtorpadiyHe po3-
NijleHHsI copOOBaHMX iOHIB. ‘

[Mpu xkaTioHoOOMiHHOMY KOHueHprBaHHi Ta po3n'meHHi cnin Bpaxo-
BYBaTH, 1110 B IIPUPOAHUX BOAAX iOHW METalliB 3HaYHOIO Mipoto 3B’513aHi B
€IEKTPOHEHTPaIbHI Ta aHiIOHHI KoMIUleKeH (auB. Tabn.3), aki He copby-
10TbCcA KaTioHiTamu. Tomy g 3abesrieyeHHs NMoOBHOI copbuii 1 KOMII-
JIEKCHI CTIOJIYKU Tpeba mnoriepeaHbo 3pYiHYBaTH 3 BUKOPUCTAHHAM Me-
TOAIB, HABEACHUX Y HACTYITHOMY PO3ILIi. ’

Cnisoca/UKeHHs 3aCTOCOBYIOTb B OCHOBHOMY JUIS KOHueHprBamm
MiKpOKLUTbKOCTeH 10HIB MeTajliB. CHiBoCaIXKEHHA — 1€ MpOLIEC 3aXOM--
JIEHHSI MiKPOJOMIIIIOK iOHiB TTEBHUM OCAIOM B YMOBAaX, KOJIM Lli IOHU caMi.
HE YTBOPIOIOTH MaIOPO3UMHHHX CTIONYK. Hanpuxiian, MpU_ OCaDKEHHI,
cyibdaty apito 3 0CaloM CMiBOCAIKYETBCSA HE3HAYHA KiIbKiCTb HiTpaTy,
Gapito, xo4a BiH € nobpe PO3YMHHOIO CITONYKOIO; NpPH OCAIXKeHHi ria-
pokecuny 3aniza (III) HAaJUTHLIKOM aM1a1<y B ngmcymocn Miadi no dasu
ocally TNepexoIuTb MEeBHA KilbKicTh ioHiB Cu®’, Xoua BOHU B yMOBax
OCaJXEHHS YTBOPIOIOTH N00pe PO3YUHHUI aMiaYHMii KOMITIEKC, TOLIO.
MexaHni3Mm criiBocaKeHHs HabiyacTilie noyidarae B agcop6uil abo oxsmosii
MiKPOIOMIIIIOK TBepAok $a30i0 ocamy, IKHI Ha3MBAETLCH KOIEKTOPOM.
Ilpy aHanisi IPUPOOHMX BOI 3aCTOCOBYIOTH Pi3HiI KOJEKTODU — Iif-
POKCHI 3aJli3a, AIOKCHI MaHTaHy, TiAPOKCHI MarHiio Touo. 3pyyHWM
KOJIEKTOPOM € TiAPOKCUIL MaTHIIO, 9KHIT Nic/Is BIILIEHHS Ta PO3YMHEHHS
MPakTUYHO HE 3aBaXKa€ MOAANBLIOMY BU3HAYEHHIO CITIBOCAIKEHMUX MiK~
POKOMITOHEHTIB (POTOMETPHYHUMHU Ta IHIIMMU Metogamu. KoHueHTpar,
O[IEP>XXaHU Ha MAPOKCHAL MarHilo, MOXHA TaKOX aHaJli3yBaTH METOLOM
eMiciiiHoi criekTpockomnii, He IIEPEBOATYH OCall Y PO3UMH. i

InBepciitHa BosivTamnepoMeTpis 3 HarpoMamKeHHSIM € edeKTHUBHHUM
METOJIOM KOHLICHTPVBAaHHA TA BU3HAYECHHS MiKpoxim;KOCTel“{ MeTaliB y

) l'[pﬂpOD.H]/[X BoJax. KOHI.[CHTpYBaHHﬂ JOHIB MeTaJliB 31iHCHIOETBCH ITO-

TEPEHIM €JIEKTPOTi30M Ha BUCSYOMY PTYTHOMY KParUTHHHOMY €EeKTPOi
(crauioHapHUH pTYTHUI enekTpon) abo Ha TBEPAWX €JICKTPOaX (rpa-
ditoBuit, pTyTHO-rpadiTOBMUIL, CKIOBYIEUEBUI, MIATHHOBHII, PTYTHO-

cpibHMit Towo). EnexTposnis rpoBonaTe NMpU iHTEHCHMBHOMY IepeMily-
BaHHi po3unHY MpoTsroM 30——40 XBWJIMH MpPH MOTeHUIaTi KATooy 3HAYHO
OUTPII BiI’€MHOMY, HiX MNOTEHLIATM noasiporpadidyHHUX HAMiBXBIIb
BU3HAYYBaHUX iOHIB MeTajliB. [1py LIbOMY 10CATAETLCH NPAKTHYHO [IOBHE
BHALJIEHHS Ta KOHLICHTPYBaHHs Ha KaTOI I0HIB BU3HAYYBAHWX €JIEMEHTIB
Y BUIJISII ATOMIB HYJIbOBOFO CTYMEHS OKMCHEHHS. TBEPANX PO34MHIB,
XiMiqHMX a0 iHTepMeTaiuHKX crionyk Towo. IMicas 3aKiHUeHHS KOHLIEH-
TPYBaHHs NPOBOAATH €ICKTPOXIMIYHE (AHOAHE) PO3YMHEHHS KOHLIEHTpa-
TY BUAUIEHUX MeETaNiB 3 TIOBEPXHi €JIEKTPOLY LUISIXOM MOCTYNOBOrO Ha-
KJTalaHH$ Ha eJIEKTPOI 3MiHHOIO MOTEH LAY | PEECTPVIOTH BOTBTAMITEPHY.
3aniexHicTs. Ha nonaporpami « 7, — F» 3°9BAS10TbCS MiHIMYMH, MOTEHLI-
AU AKKX SKICHO XapaKTepU3YIOTh NPHpoAY MeTAY, a MHOMHA MiHIMYMiB
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MﬂpOHOplﬂHHa ix KOHIIeHTpaIIll Takum YHUHOM, 1HBepcmna BOJIbTAMIIEpo-
MeTplﬂ € OJHOYaCHO MCTOIOM KOHUCHTDVBaHHH Ta IKICHOTO BU3HAYCHHA
nepeBaxHo r[on;{porpacblq]—[o AKTUBHUX 1OHIB MeTaJiB | OO3BOJISIE TTIPO-

BOAWUTH DaraToeJiIeMEHTHHIA aHaJli3.

') YCYHEHHS peyoBUH, L0 3aBaXaloTb aHaniay

Brinusy pedoBuH, 1110 3aBaXKalOTh aHAIi3y, MOXHA MO36YTHCS PI3HUMU
metonaMu. Haitbinbur 3pyuHuM € criocié MacKyBaHHS, 11O BUKOPHC-
TOBYETHCS B OCHOBHOMY ITPU BU3HAUYE€HHI iOHIB METAIIB ONITHYHUMH abo
CJICKTpOXlMl‘JHI/IMI/I MeToRaMU. IIM HBOro i0HHW, LIO 3aBaXaioTh aHaJL3Y,
3B’SI3YIOTH B CTiHKi KOMITICKCHI CMOJIYKM, AKi HE AAIOTh AHANITHYHOLO
CUTHAJly, BJIACTUBOIO BU3HAYYBaHOMY MeTaJly. Y Toil Xe yac noaaHuit 1o
PO3YUHY KOMIUIEKCOVTBOPIOBAIBHUI peareHT He MOBHHEH BMUIMBATH Ha
BHMIipPIOBaHMII aHAITUMHUIL CUTHAT, TOOTO HE MOBUHEH MPAaKTHUYHO 3B’8-
3YBaTU BU3Ha4YyBaHWH 10H. s ZOTpUMaHHA LMX VMOB NoTpidHO, HI06
KOHCTaHTa CTIHKOCTI KOMITJIEKCHOI CMOAYKH BU3HAYYBaHOMO iOHA 3 Mac-
KVIOUUM peareéHToM Oyja 3HAYHO MEHUIOIO Bil KOHCTAHTH CTiHKOCTI
i0Ha, 10 3aBaXKa€ aHAaIi3Y, 3 LIMM XKe PEarcHTOM.

IMpu aHani3i NPUPOAHYX BON TAKMX YMOB OCSITTH BAXKO UYepes Te, 10
Y BO/laX 3aBXIM MNPHUCYTHI HEOPraHiuHi Ta OpraHiuHi KOMITIEKCOYTRBOPIO-
foui CrOJYKM, BIUIMB STKMX Ha iOHW, U0 BU3HAUYalOTbCS Ta 3aBAXAIOTH,
BPaxyBaTH [PaKTUYHO HEMOXIUBO. ToMY ISl MACKYBAHHS THX 10HIB, 11O
3aBaXalOTk aHafi3y, MPH MOXIMBOCTI IX MepeBonsTh VY Takuil CTVIiHB
OKMCHEHHA, B IKOMY BOHH He 32BaXXAlOTh aHaNi3y, PYHHVIOTh KOMIUIEKCH
abo TornepesHbO BITOKPEMIIIOIOTH {OHM MeTajliB eKCTpaKLiiiHuM, cop6-
LIHHUM UM eNeKTPOXIMIYHUM MeETOaaMM.

Bi3HaueHHI0 3aralbHOT KOHLIEHTpaUil i0HiB MeTaniB, 30KkpeMa d-ene-
MEHTIB, OCOOJIMBO 3aBaXKaloTh OPraHiuHi BHCOKOMOJIEKY/ISIPHI CIIONYKMH,
SIKi YTBOPIOIOTh 3 10HAMM MeTaniB KiHETUYHO iHEPTHI CTiflKi KOMILTIEKCH,
LIO MACKYIOTh €JTEeMEHTH, SKi HeoOXiaHo BU3HayaTH (aue. Taba. 2 1a 3).
UYepes Te nepea BUHAYCHHAM METANIB LI KOMIUlEKcH Tpeba 3pyitHyBaTH,
TOOTO 3HEWIKOAUTH BIUIMB PO3UMHEHHX OPraHiYHHUX CIOVK.

Y BHMAAKy, KOJAM iOHU METaliB BH3HAYAIOTH V JOCHTb KHCIOMY pPO3-
YMHI Y BUIJSAL CTIFIKMX 3a6aaneHux KOMILIEKCIB, HANpHKJAL, MPU BH-
3HAYEHHI 3arafibHoro BMlCTV 3amsa y BUrAaai Kommiekey Fe’ 3 o-¢de-
HatponiHoMm (Phen), 3B’A3yBaHHA 3asi3a B KOMIUIEKCHI CHOJNYKH
Fell™ 3 TIPUPOAHWMHU JliFAHAAMU BOIHW B GibUIOCTI BUNALKIB He 3aBaXae
aHaJi3y, TOMY 11O piBHOBara

FeL:" + 3Phen + nH & Fe(Phen)} + nHL

MPaKTHYHO TOBHICTIO 3CYBAETHCA B Oik yTBOpeHHs 3abapeiieHOi aHAMi-

. 2.
TUYHOI (bOpMH Fe(Phen)s'. B iHmux BHMaakax opraHivuHi KOMMIEKCOYT-
BOPIOIOYI CIIOJIYKM TIPUPOIAHHX BOM MOMEPENHBO PYIiHYIOTh. JAia Lboro
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HallyacTillle BUKOPUCTOBYIOTH METO TaK 3BAHOTO «MOKPOIO CIIaIOBaH-
Hs» abo PoTOXiMIUHY TA YABTPA3BYKOBY AECTPYKLIIO. _ .

ISt «MOKPOTO CMaJioBaHHS», IKe TOJIATaE B OKUCHEHHI OpraHiyHMX
PEUYOBUH [IPUPOAHUX BOJI, MPpoOy BOAU MIAKWUCTIOITb CYMIllIlIIO KOHUSH-
TPOBaHOI CipYaHOI Ta a30THOI KMCJIOT Y CMiBBIAHOWIEHHI 1:1 i BUNaprowoTh
IO TOSIBM T'yCTHMX TiapiB cipyahnol KucioTH. Ilicia 1boro po3daBisiioTh
MUCTUIBLOBAHOIO BOAOKO, AoMaioTh po3unH KMnQ, i kun’atars 3—S5 xs.
Ao po3d4MH craB 0e3bapBHuM, ToAl 1ie momarotb KMnO, i 3HOBY
Ky’ atats. 3anmrok KMnO, posknanators xum’satiHHsasM 3 HCl abo no-
JaBaHHM TI0 KparUIMHax po3seaeHoro po3uMHy H,C,O4 no 3HebaprieHo-
ro posuyuHy. o «MOKpOro crnamoBaHHS» BUKOPMCTOBYIOTh KHCIOTH
0CO0MBOI YUCTOTH, B IKMX BMICT BaXXKKHMX METAIIB HE3HAYHMIA.

Tpu aHaui31 MpodUILTPOBAHOI IPUPOITHOI BOAH AOLLITBHO BUKOPUCTO-
BYBaTH crioci6 ¢oToxiMiYHOI NECTPYKUII OPraHivHUX PE4YOBHH.

doToxiMiUHY JecTPYKUiIc NPOBOASTh 32 TAKOO METONUKol0. B ckiaH-
Ky MicTtkicTio 50—100 M HaiMBaKOTh IMPOOH MPUPOAHO] BO/I | AOAAIOTE
JIEKiNbKa KparivuH po3BeAeHol cipuaHoi kucaot 1o pH ~ 1. ToTtiM npobu
PO3MILLYIOTE il TIPOMEHIMM PTYTHOI JaMmu noTtyxHicTio 1000 Bt 1ak,
1106 BificTaHEB Bil JaMITK 10 NOBEPXHi BoAW Gvna He Ginblwiow 5S—6 cM.
CKIISTHKH OXOJIOLKYIOTh, NPOLYBaloHi MOBITPa 360Ky BeHTHAATOpoM. Po-
TOXIMIYHY AECTPYKLiIO MPOBOAATE npotiaroM S0--60 xB. Mpu HaasHoCTI
katajnizaropa HgCl, ecTpyKuisi oCHOBHOI MacH OpraHiyHHUX CIIOJIVK 3a-
KiHuyeTbes 3a 15—20 xB. IToBHOTY AecTpyKLil KOHTPOIIOIOTE BU3HAUCH~
HaM XCK oxpeMoi nopuii Boau, oOpobiieHol aHATOTIYHO.

ViabTpa3ByKOBe OMPOMiHIOBAHHA Npo6 BOAM 3HAYHO INMPHUCKOPIOE PO3-
KJIaZl OpraHivyHuX CHoJvK.

[Mpu BU3HAUEHHI Yy TIPUPOAHMUX BOMAAX OPraHiYHWX CIOAVK iX TIpU
HeoOXIAHOCTI BIIOKPEMITIOIOTh BiZl KOMITOHEHTIB, 1O 3aBaXAIOTh aHAJII3Y,
1 KOHUEHTPYIOTh eKCTPaKUiHHUM abo copOLiiHUM MeTonoM.

ABTOMaTu3auis aHani3y NPUPOAHUX BOA,

ABTOMATH3ALISA aHAII3Y ITPUPOJHUX BOI € OAHMUM 3 HallBaXIWBILLIMX
HaTpsAMKIiB PO3BUTKY METOJIB KOHTPOJIO 3a CTAHOM NPUPOLHOro cepe-
NOBHII{a, 0COGIMBO B YMOBAX IHTEHCHRHOTO MMPOMMCIOBOTO 3a0pYIHEHHS
NPUPONAHUX BOTHUX 00’€KTIB. AKTYaIbHICTb L€l NpobaeMH 3YMOBJIEHA
THM, 110 aHTPOTIOTeHHE 3a0pyAHEHHS TIPUPOAHMX BoA vV BaraThoX BUNa/l-
Kax Ma€ OescHcTeMHMI, mepiomuyHuil, a He Oe3rnepepBHUIT xapakTep.
Hanpuknan, BiATIOBLIHO 1O TeXHONOrT OYHUILEHHA TIPOMHCIOBI CTiuHi
BO/IM YaCTO HArPOMAIXVIOTh V BIICTOMHUKAX, e BiAGYBAETLCA X YACTKO-
BE OUMIIEHHS BHACJIAOK TIPOTIKAHHA (DisHKO-XiMIUHHX Ta BionoriyHuxX
npoleciB, 1 TUTBKM TIHCAS LBOrO BOAM CKMAAIOThes vV piuky abo Bo-
poitmue. 1ocUTh YacTo y TIPUPOIHI BOAHI GacefiHM HeoulleH! CTiuHi
BOAM NiANPUEMCTB NMOTPAILIAIOTh BHACHIAOK aBapili HA BUPOOHHLTBI abo
3 TIEl MPHUMHU, 1O Ha MMIANPUEMCTBI HEMAE OUHCHHX CIOpva 200 BOHU
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. _ 1L PIBHSIHHS B Uil Tab
HAaBC/ICHI TAKOX HesKi MOKa3HUKM, LIO BM3HAYAIOTHCH B CTauiOHapHVD:

riapoximiuHux nabopatopiax (CIXJT) i i
. l <
rApoXiMi i ( ) i B ITepcreKTHBI MOXVTb OVTH aBTO-

Tabauys i i
aBTOMZ‘lTHI‘ I1H "I,l‘egTK; Hnlﬁga:::;(:o?l;o?zcn{();ipommx BOJ, 110 BH3HAYaloTheA (+) 32 JonoMoroi
i ) LUR), nepecyBRHX rizpoximMivnux 1a6oparopiii .l X
Ta CTallOHAPHUX TiAPOXiMiYHHX 1abopaTopiii Ccrxxm»* patopti (11 )

Tlokasnnk ' ACK ] HDU]T orxT | Toxasuuk 1 :A(lz { ]UX;] Cl"}dlﬁ
Imbuna sinbopy + - Mn?* ]
npodu h ( " - - ’
.
°C + I Kot + , + +
KanamyrtHictb + + o+ Zn?* |
| | 7 N +
K ' !
OJIbOPOBICTH + + + Cr(II, VI) - oy +
EnexkrponposigHicTs + + + cd** f[ -
) — i+
pH + + S T
E, + + - Ir* T ‘ + J
. +
0, + + st ‘ . I -
cr ' | | |
+ + + T AS(II, V) ~ -
soZ - - +osT | ‘
4 § ' I 1; g
- ‘ \'
HC03 — + + CN™ . — ‘| + “ +
|
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Mpodoswcenris maba. 11

TTorasHuK ACK | TIIXi1 | ¢l TMoxasuuk ACK nrxi CrXn
- - +
C0§ + + CN +
+
Na + + C opr + +
+
K + | Ny - +
24
Ca + Popr - - +
Mg*" - - + | XCK - + +
+ + + + BCK - - +
NH;
- + + + | CIIAP - - +
NO;
- + + + | ®eHomn - +
NO;
PO + + + | Hagronponyxkru - + +
4 .
02 - - + OpraHiyni - - +
SiO
! 3 KHCAOTHN
Fe(3ar) + + + [MecTnunau - - -+
“HapeeHi AaHi He € BHUCPITHIMIL, OCKLILKI DocTiiino PO3POBAAIOTECS HODI ABTOMATIIOBAHT METO/UN AHATI3Y BOA

Ha c. 66 HaBeoeHa 6IOK-CXeMa aBTOMATMYHOI CTaHLl KOHTPOJIO
(ACK). 3a 0onoMoToIO [TOMITH i CUCTEMHU BiaGopy npo0b Boda MOAAETHCA
Ao 6J0KiB IIEPBUHHUX MePeTBOPIOBAUiB (meTexTOpiB), KOXEH 3 IKUX KOH-
TPOJIIOE OfMH i3 MOKa3HWKIB. CurHanu BiI MEPBHHHUX NEPETBOPIOBAYIB
TIPSIMO TIPOTIOPLIiHI 3HAYEHHIM TIOKA3HUKIB, Ki KoHTpojtolotbest. Jdai
eNeKTPUYHI CUTHAIM 4yepe3 OaraTokaHalbHUMI BHUMIpIOBATbHI MeperBo-
pIOBay TOTPAIUIAIOTE Y 6ok 3060py Ta 0bpobku iHdopmaLil, AKUA 3
BuKopycTaHHAM EOM ofHO4YacHO BUKOHYE (PYHKLIIO VIIpaBAiHHA BciMa
GioKaMy aBToMaTH4Horo Komrekcy. Haperuri, nicns o6pobku onepxa-
Hoi iHdopMallii BOHA MOXe IMOCTYIaTH Yepes 6NOK anapaTypu repeaadi
0 OBYMCIIOBAIBHOTO LIEHTPY, € 30CePEXKYIOTECA rinpoxiMiuHi gaHi Npo
CTaH BOTHMX 06’€KTiB, PO3TALIOBAHUX Y MEBHOMY reorpadiyHomy paioHi.

Pexum poboru ACK Moxe 6yt cTauioHapHUM (6e3nepepBHUM) abo
MEPiOMMYHUM, 3aIeXKHO Bill LIIEH KOHTPOJIO.

MepecyBHi rizpoximiusi sa6opaTopii (MTXIT) PO3MILLVIOTECS] HA Crie-
LHATHHUX BAaHTAXHMX ABTOMOGIISAX 3 ABTOHOMHHM €1€KTPOXiMitTHHM X¥B-
JIEHHAM Bill aKyMVJISITOpiB abo reHeparopa aBuryHa. [lo IXHBOTO CKJamy
MOXe BXOAMTM HE TUIBKM €leKTPOXiMiyHA Ta ONTUYHA BHMiPIOBAIbHA -
anapatypa, aka € ocHoBolo ACK, a Takox Gitbu ckiamHi AHaNI3aTOPH,
HaTpUKJIAL, Ta30piIMHHUI xpomaTorpad Wi BU3HAUCHHSA OpraHiuHUX
CTIONYK, I0HHMI XpomaTtorpad Ansg BU3HAYEHHS KATiOHiB TA AHIOHIB COJIb-
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Briok-cxema asTomaTHuHOI cTaHUii kxoutpomo (ACK) axocri npup:

O,THHX BOT

OBOT'0 CKJI - 12120717

o8 Bamanz;;z:g, fg&wg{o abcopbuifiHuit cnekrTporpac Wwis BU3HaYeH-

" cCg;{acm/m PO3BMTOK HAayKM 1 TEXHIKM 3YMOBUB BUHWKHEHHS TaKux

1]_BD e KTUBHHX METOMIB KOHTPOJTIO 32 CTAHOM ITPHPORHUX BOIHHX 00’ex-

ed)exmlfgf;?r“#ilnug; Cl, 30KpeMa, aepokocMivHi. BoHW € wanseuuitno

ShekTs / BHBYEHHS1 €KOJIONYHOrO CTAHY 3HAYHHX aKBaTopiit
1B, MOPIB, BEJIMKHX 03€p, BOLOCXOBMIL Ta Pi4oK.

2.3.2. noBITPR

3; ITI[(())BlTpﬂHOMy Gaceitti nepebyrac 6arato HEOPraHivHUX | opraHiy-
lmv(na JIYK NMPUPOIHOTO Ta AHTPOMOTEHHOTO MOXOMXEHHSA B ra3yBaToMy
i n}[)iﬁzﬁw CTaHI Ta y BUIJLIL PIIKMX | TBEPAMX aepo3oieii. MopieHaAHO
e Y MPUPOOHUX Boaax KOHLEHTpaLil XiMiYHHMX CMOJVK, Lo 3a-
KEMH;OI?{}:}T: i;IOBlTp;L SHaYYHO MEHILI | CKIANAloTh, 32 BHHATKOM OCHOBHMX

— KHCHIO, a30Ty, aprod i i
BOU, — BEJIMYMHW HA DiBHI MF/‘Mp3 Tayﬁlgrfﬁfllﬁingrﬂgungg erst
_ ‘ KT/M". 13HAYEHH S
I];«(l)};p;oz;ommox TOKCHUHKX PEYOBUH Yy MOBITPI MoTpebve, sk NpaBUIIO, iX
Bin6op uH,bor60 KOHLUCHTPYBAHHS, IK€ B OCHOBHOMY MPOBOASTEH B rpoleci
(bCpH(l))iYonl])‘l(()) B_mm aHajli3y. BusHaueHHS OCHOBHMX KOMMOHeHTIR aTMOC-

ITpA, SK NPaBUJIO, HE MpoBOAU

. ;. TbCS, TOMY 1IO IX KOH-
?:?:Hpgum Hall MOBEepXHEIO 3eMAi € NPaKTUYHO CTAIOK | TLIBKH npu
f MY BULIAJIEH1 Bill 3eMHOI MOBEPXHi MOMITHO 3MeHMWYVEThCA. OgHak
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y BAMAIKaX 3aMKHYTOTO FPOCTOPY, HANPMKJIAN Y MPUMILIEHHAX MiBOA-

HMX YOBHIB Y 3aHYpeHOMy cTaHi abo B aTtMocdepi BUPOOHHUMX UEXIB, .

BUHMKA€E rToTpe6a BU3HAYEHHsA KMCHIO, JIOKCHAY BYTJIELNIO Ta MapiB BOAU.

Bu3HAUMTH BCi peyoBMHU-3abpyaHioBadyi B atMocdhepHOMY IOBITpi
a60 y MOBITPi BUPOOHUYMX MPUMIlLEHb MTPAKTUYHO HEMOX/MBO. V 38’43~
KY 3 LIMM Y KOXKHOMY KOHKPETHOMY BHIAIKy HEOOXITHO BUSABHTH TOJIOBHI
3aGpyaHiOBaYi, BUXOASYM 3 XapaKTepy i KUIBKOCTI MPOMKUC/IOBHX Ta IHLIHMX

BUKUIIB B aTMochepy Ta CTVIeHs iX TOKCHYHOCTi. CIii TAKOX MaTh Ha

yBa3i, 1110 6arato XiMiYHHMX PEYOBHH Y MOBITPi B3aEMOMIIOTL MiX c060IO 3
YTBOPEHHSM HOBUX CIOJYK, SiKi 6e3nocepenHbo B aTMocdepy He MoTpart-
. Hanpuxiam, AioKcHMI CipkM, KUt € MOCTiHHUM KOMMOHEHTOM
BUKMIIB TEIUIOBUX €JIEKTPOCTAHLIIM, NP B3AEMOil 3 KMUCHEM TMOBITPA Ta
rapaMy BOIM YTBOPIOE aepo30Jib CipyaHOI KMUcnoTH. [liokeun asory npu
KOHTaKTi 3 MapaMM BOJAM YTBOPIOE a30THY Ta a30THCTY KucnoTtu. Teepavit
aepo30J1b XJIOPUIY AMOHIIO YTBOPIOETHCS I1PY B3AaEMOii rasyBaroro ami-
aKy 3 XJIOPOBOIHEM TOLUO. YTBOPEHHS HOBHMX CIIONYK BHAC/liAOK XiMid-
HHMX, a TaKOX QOTOXIMIYHUX MPOLIECIB MOXE 3aBaXaTH KOHLICHTPYBaHHIO
Ta BU3HAYEHHIO OKPEMMX IHIPEMIEHTIB Y TIOBITPi, IO C/il BPAXOBYBATH
fipy Binbopi npobu MoBiTps Ta ii MIArOTOBLI 1N aHai3y.

E\\ Bin6ip npo6 ' , ,

KOHILIeHTpaLlii TOKCMYHUX PEYOBHH B aTMochepHOMY MOBITpi 3ale-
XWTh He TIIBKM Bill XapaKTepy IKepes 3a0pyaAHEHMX, ale TaKoX Bill
MeTeopoJIoriYHMX YMog Ta Tororpadiunux ¢aktopiB. pi BH3HAYEHHI
Miciib BiGOpY Npob MoBiTpd HaNOLIbII CYyTTEBUMU (aKTOpaMH, AKi CJII

BpaxoBYBaTH, € MPOMUCJIOBI BUKMIH Ta3iB Ta a€po30.eit uepe3 AHMOXOIH

Ta MOTYXHi BEHTWIALIHHI CUCTEMH, a TaKOX BHXJIONHI ra3u aBToMo6LliB,

HAMpAMOK Ta LIBMAKICTE BITPY («po3a 3a0pyAHEHHS», «PO3d 3aAUMIICH-

Hs1»). Tpeba BpaxoByBaTH TeMriepaTypHY iHBEPCilO, 6apoMeTPHYHII THCK,
BOJIOTICTP TOBITPS, peibed MICLIEBOCTI Ta BiACTaHb Bill IKepena 3abpyi-

HeHHS i Moro Bucoty. Hanpuxiian, TemmepaTypHa iHBepcis, Npu SKiif -

TeMIlepaTypa BEPXHIX LIapiB TIOBITPS BUILA 3a TeMIEpaTvpy Ouibll HHU3b-
KUX 1IapiB, CIIPUSE YTBOPEHHIO TYMAaHY, KU YTPVAHIOE PO3CItOBAHHS i
po36aBicHHA MPOMMCJIOBHX BUKMUIIB i BUXJIOMHMWX ra3iB aBToMobiniB, i
BOHM HIOM <«[IPHTUCKYIOTBCS» A0 3eMii. [1py UbOMY VTBOPIOETBCST Tak
3BAHUIT CMOT, XapaKTepHUIT IS 6araTboX MPOMUCIOBUX LIEHTPIB Vv 0e3-
BITpAHY riorony. [Ansg edeKTUBHOro CaHiTapHO-XIMIYHOIO KOHTPOJIO 3a
CTaHOM atMocdepHOro MoBiTPA NpobH s aHani3y HeoOXinHO BinbupaTH
B 30HAX HaiGinbiu inTeHcusHoro 3a6pyanenns. Lle x cTocverses Binbopy
npob MoBIiTPA B LieXaxX IPOMMCAOBUX NIANPHUEMCTB Ta B IHIINX YaCTKOBO
YM TIOBHICTIO 3aMKHYTHX 30HaX.

Ha BigmiHV Bii NPUPOIHMX BOI, 32 MEPEMILLIEHHAM Ta 3MillIYBAHHSIM
MOBITPAHUX MacC 3 PI3HUM XiMIYHMM CKJIaAOM CTEXMTH BAXKKO, a.4acTo
B3arajli HeMoxXJiBo. Yepes Te mia yac aHaIi3y NOBITPA PEKOMEHAYETHCS
B Oynb-sKiit Touuli nocnigzoBHo BiaibpaTh He MeHie S5 npob, BUIHAYUTH
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cepeHE apubMETHYHE 3HAYCHHS BMICTY HOCTIKYBAHOrO KOMMOHEHTa i
NIPOBECTU CTATHCTUYHY OLIIHKY IOCTOBiPHOCTI OAEPXAHOr0 Pe3ybTaTy, SK

ykaszaHo B T. 2.4. Sxiio cepemHiif pe3ynbTaT BUABHMTBHCH CTATHCTUYHO

HenocmB:ipm./lM, TO Tpeba Binibpat nosaTKoBi Mpobu ang aHami3y.
(_ZHOC16 Bmﬁopy npo6 3ajexuTh B HopM TepebyBaHHA TOKCUYHUX
AOMIIIOK Y TOBITpi. Tax, neaki MikpomoMiuku MoxXyTe 6yTH v TIOBITPI ¥
Ta3yBaTOMy CTaHl, HalpWKJIal, OKCHI BYIJIELIO, O30H, aMiaK, AWBIHLT
TOLLO, a IHUI — Y BUIJISLAL NapiB (apoMaTHuHi Ta alidbaTHuHi BYTeBoIHi,
CITMPTH, OPraHIYH1 KHUCJIOTH, o, HadTaliH, deHon Towio) abo v dopmi

PUIKMX Ta TBEPAMX aepo3onel (cipyaHa KMCJOTa, OKCHOW MeTAJliB, COi

'rou.xo). Y neaxux BUNamKax oauH i Toil e iHrpemieHT nepeOyBa€ B MOBITpi
B pisHux dopmax. Hanpuknan, taki crionyku sk mmbytindranar, Kanpo-
JIaKTaM Ta 1HII 3 BUCOKUMH TEMITEPATYPaMH KUITIHHSA MOXYTb OAHOYACHO

YTBOPIOBATH T1apy Ta PIKWII aepo30/b, 3AIEXKHO Bl IXHBOTO BMIiCTy B’

TOBITPi, JIETKOCTi Ta TeMIIepaTypH MOBITPSI.
BusiBIeHHS aTperaTHOro cTaHy BU3HAYyBaHOIo KOMITOHEHTA B roBiTpi:

HeoOXimHe IS MpaBWIbHOrO BUGOPY COpGEHTIB Ta dbimbTpiB, AKI BHKO-"

PHCTOBYIOTh [UISl YJIOBIIOBAHHS Ta KOHLIEHTPYBaHHS MiKpoaoMiwok. [To-

NIEPEAHBO OLIHKY AarperaTtHoOro CTaHy TOKCHYHHMX DEYOBMH MOXHA

3po_6um Ha nlz;CTaBi IXHBOI JIETKOCTi, TOGTO MaKCMMabHOI KOHLIEHTpAaLLii

TIApIB NPU JaHiil Temmeparypi. ‘
Jletkicte L, MT/n1, BU3HAYAIOTH 3a (GOPMYIIOI0

L=16-P.- M/Q273+ 1), (17)

ne P — Tnck HacHUeHOI Napy PevOBHMHM, MM PT.CT., NpH TeMrieparypi
t, ' C; M — MOJIEKYJISIpHa Maca PeYyOBHHM. _

VY nosigkosiit Ju'TepaTypi YacTO BIACYTHI AaHI PO THUCK HaCHUYEHOI
Mapy PeYOBWHM MPH PI3HUX TeMTiepaTypax. Y TaKUX BUIMALKAX 3HAYCHHS
P, MM pT.CT., IPU TeMMePaTypi # NS PEYOBUHMU 3 TEMMNEPATYPOIO KHUMIHHS
tin MOXHA OOYMCIIMTH 3a HabJMXeHolo DOPMYIIOI0 :

P=2,763-0.019 -t + 0,024 - 1.

Takum YHHOM, 3HAIOYH TEMI1epaTypy KHUIMiHHSA PEYOBUHU, MOXKHA BH-
3HAYMTH THCK il Hapul{eHoI napu npu 6yab-sKiif TeMmepatypi nosiTps Ta
Il JIETKICTh NPU Uil Xe Temrieparypi. Po3paxyHOK NeTKocTi 3a emni-
puvHoIO dbopmynoro (17) nae noxubky no +(30—40)%.

BMICT TOKCMYHMX PEUOBHH Y MOBITPi BUSHAYAETBCS 3 yPAXVBAHHAM iX
TPaHUYHO AOMYCTUMHX KoHuUeHTpauii (FAK) i uepes te npu subopi
cnocp6y Binbopy npobu miIg aHatizy caim 6paTH 4O VBAarM He TLTbKH
JIETKICTb TOKCUYHOI pe4oBMHM, aye Takox il [/IK. Hanpuxnan, pryts
(fam = 357 °C) MOPIiBHAHO 3 OKTHJIOBUM CIIUPTOM (fum = 195 °C) mMoXHa
BBAXaTH MaJIOJIETKOK PEYOBUHOIO, OCKLIBKM iX JeTkicTs npu 20 °C no-
piBHioe 151 420 mr/M’ BianoinHo. Omnax TAK umx PEUYOBHH BIATIOBIIHO
CTaHOBHTB 0,0003 i 0,6 Mr/M’, i TOMY BMicT PTYTI B MOBITPi, HACHYEHOMY
11 mapamu ripu 20 °C, nepeuuiye Hopmy 1K B 5000 pasis. a oKTHIOBOrO

68

1]
»

CrMpTy 3a IMX YMOB — Jiiie B 700 pasiB. Y 3B’43Ky 3 UMM TIpH
CaHITApHO-XiMiYHOMY KOHTPOJIi arperaTHUil cTaH TOKCHUYHUX AOMILIOK Y
MOBITPi OLUHIOIOTh YEpe3 BIMHOLIEHHS JIETKOCTi TOKcHKaHTY npu 20 “C
(Lo, Mr/M*) 110 #toro TIK (Mr/mM’) abo BEJMYMHOIO BITHOCHOI JIETKOCTI
Ly/TIK. Sxuio BinHocHa NeTKicTh peuoBuHM npu 20 °C Huxyva 3a TAK
y 10 i GitbLIe pa3iB, TO HAABHICTIO ii MapiB y MOBITPi MOXHA HEXTYBATH i
BU3HAYaTU BMICT TOKCUKAHTY TUIBKM B aepo3ossix. HaBnaku, SKuio Bil-
HocHa JeTKicTh Lxp/TAK mepeBHlllye TPAHUYHO IONMYCTHMY KOHLICHTpa-
wifo y 50 i 6inbiie pasis, To B MOBITPI BH3HAYAIOTh JIMIIE BMICT IapiB
ToKcuKaHTy. [py iHmmx criBBimHowWeHHAM Ly/TAK HeobxinHo BU3Ha-
YaTH cCyMapHMIT BMICT TOKCUKAHTY B Mapi Ta B a¢pO30JsiX.

TakyM YMHOM, TOMEpeaHiil PO3paXyHOK BEIMYMHHU BiOHOCHOI JieT-
KOCTI BU3HAUYBAaHOTO TOKCHMKAaHTA Ta 1i mopiBHaHHs 3 /1K marots 3mory
BUGPATH ONTUMABHUI crioci6 BinGopy MpoOu TMOBITPA AN aHAL3y 3
BpaxXyBaHHAM arperaTHOro cTaHy TOKCHKaHTa.

Mpu aHanisi rmoiTpa NMpo6u BiAOHPaAIOTE NMEPEBAXHO acrlipalliftHUM
crocoBoM, TPOMYCKalouM TIOBITps Yepe3 MONIMHAIBHY CHCTEMY — PilKi
TorivHayi, TBepni copbeHTH a6o dumbTpyloui MaTepiai. MiHiManbHa
KOHLIEHTpaLiii TOKCMKAHTAa, Ky MOXHa BHU3HAYMTH, 3aJeXHTb Bil 4yT-
JMMBOCTI BUGpaHOro MeTody aHajisy Ta o6’eMy TIOBiTPs, KWl Binbu-
pa€Tbca i aHanisy/ Acripaliisi 3aiiBoro 06’eMy NpU3BOAMTH KO HEBU-
NpaBIaHUX BTpaT poBodoro yacy, a HeEIOCTaTHi 06’eM mpobu Moxe
MPU3BECTU 10 HEMOXJIMBOCTI BUKOHAHHS aHaJI3y.

Ipu acmipalii MNOBITPA -Yyepe3 PIIKUH TOrJMHAY BU3HAUYYBAaHI pe-
YOBMHM KOHLIEHTPVIOTBCS B MeBHOMY 06’eMi posuuHy. [lpu acnipauii
yepe3 TBepaMit copbenT abo GbinbTp copboBaHi TOKCUKAHTH necopOyloTh
a60 po3YUHAIOT BDLTLTP | TAKOX OAEPKYIOTH NEBHUI 06’€M aHANI TUMHOrO
KOHLIeHTpaty. [lig aHani3y MoXHa BUKOPHCTATH BECh ONEPXAHMI PO3UMH
a0o BiniOpaTH 3 HbOro ajiksory. ONTUMATBHUI 06’eM noOBITPA, M, s
aHaJli3y BU3HAYalOTh 3a (OPMYJIoIo

! v=a-vw/vy C-K,

[le @ —HDKHA MeXa BUSHAYEeHHS TOKCHKAHTA, MF: Vy —- 3arajibHui 06’eM
TIOFAIMHAJIBHOTO PO3YMHY abo PO3UMHY TMicad fecopOuii Ui po3YMHEHHH
binbTpa, MJI; v, — 00’€M anikBOTH, B3ATOI Mg aHanisy, ma; C — rpa-
HMYHO MOMYCTHMa KOHLIEHTPALIST BU3HAUYBAHOIO TOKCHUKAHTA, MT/M”; K —
koedillieHT, KMt Bianosinae yactkam FAK (174, 1/2, | TAK i 1. 1.). B
DaraTboX MEeTOOMUUHUX BKa3iBKaX NJIT BU3HAYEHHS TOKCUUYHWX PEYOBUH Y
TIOBITpPi HaBeneHi 06’eMu ToBiTPA, HeobxinHi ans Bu3HaueHHs 1/2 TAK.

O6’eM roBiTpd, BiAiOpaHUil AN aHAJI3Y, TIPUBOAATH 10 HOPMATBHHWX
ymoB (0°C, 101080 IMa) 3a dopmyJoto

VW =237.p-v/Q237 + 0 - 101080,

ne V' — 06’eM, MpUBeNeHUIT 10 HOPMATBHHUX YMOB, ¥ — 00’eM Bifi-
6paHoro s aHani3y MoBiTpsa, p — atMocdepHuil THCK npu Binbopi
npobu nosiTpa, [a; f — TeMneparypa nositpa B Micui Binbdopy npobu, “C.
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! Bin6ip npo6 noritps y piaki normunavi € HaitbirbII NpocTHM i edek-
THUBHUM CrocoGoM [UTd aHasli3y MaporasyBaTHX pPEYOBHH. Mpy ubomy
BU3HaYYyBaHi KOMITIOHEHTH PO3YMHSIOTECS a60 BCTYMAIOTh B XiMiUHY B3ae-
MOJIil0 3 peareHTaMH, fKi MICTATbCA y MOMTMHAIBHOMY CEpenoBHILi (xe-
Mocopbuist). [MpaBumbHMIT BUGIP MOIIMHANBHOTO CEPENOBUILA N03BOJISE
TaKOX BHUOIPKOBO BM3HAYaTW PEYOBMHH B IX cymiwi,  Hampuknan, npu
aHaisi oBiTps Ha BMicT CO, Ta CO MOXHA CENIEKTUBHO xeMocopOyBaTH
CO; po3umHOM JIyrYy.

Binbip npob y po3uMHM BUKOHYIOTH LLISXOM acripauii nmositps yepes
TOMMHAIBHUI nocya (abcopGep), KU 3aMOBHEHMIT TEBHUM PO3YITH-
HUKOM — BOJIOIO, KHMCJIOTOIO, JIYFOM, CITUPTOM TOLIO, 3a/IeXHO Bia (i-
3UYHUX Ta XIMIYHMX BIACTHBOCTEH BM3HA4yBaHWUX KOMIIOHeHTiB. LLIpua-
KIiCTh NMPOIMYCKaHHS TOBITPs 4Yepe3 abGcopbep Moxe 3MiHIOBATHCS vV LU=
pokux Mexax — Bia 0,1 mo 100 n/xB, ane npu 1boMy BOHa NOBMHHA GYTH
Takoro, o6 3a6e3neYNTH NMOBHE MOMIMHAHHS BU3HAYYBAHHX PEYOBHH.

[pu disnniit abcopbuii, Koo BM3HauyBaHi rasyBaTi aGo mapysarti
PEYOBUHU PO3UMHSIOTHECH Y TIOTJIMHAJIBHOMY CEPElOBMILI, HE BCTYIIAIOYH
3 HUM Y XIMiYHY B3aEMOII0, BaXJTMBO 3a6e3MeYUTH MAKCHMAJIBHY MOBep-
XHIO KOHTaKTy ABOX (a3 — rasysaroi (mapysaroi) Ta pinkoi. Lle nocs-
raeTbesl CTIeiaJIbHOIO KOHCTPYKUieo abcopbepiB, v sSKUX MOBITPS Mnpo-
TIyCKA€ETBCS Yepe3 IMOPHCTI (DUTBTPH, BHACIINOK YOro 36L1bLUVETbCA MO~
BEPXHS KOHTAKTY MOBITPA 3 PIIMHOIO. :

Binbur ebeKTHBHUM € MOrTMHAHHSA, SKe IPYHTYETBCA Ha XeMOCOPOLLi.
Hanpuknan, mns normHaHHs amiaky Ta aMiHiB BUKOPHCTOBVIOTh pO3Be-
ACHY CipYyaHy KHCNOTY, a IUIsl MOTIMHAHHA (EHOTIB — PO3YHH AvTY abo
rizpoxkap6oHary HaTpio Towo. OnHaK v BCiX BUMAAKaxX MOBHOTY abcopbuil
MOTPiGHO KOHTPOIOBATH, NpPONycKarodu Mpoby TOBITps vepes asa abo
Ginblie abcopbepiB i BM3HAUaOUM B KOXHOMY 3 HHX IOCHUIKYBAHUM
KOMITOHEHT.

Pinki normiHanbpHi cepenoBuia ManoedeKTHUBHI abo B3arai € He-
NpHUAATHUMHU TIPH aHA1i31 MOBITPS., B TKOMY BM3HAYyBaHi PEYOBHHU Nepe-
GyBaroTh y BUTJIsAL TBepAMX aepo3oJieit. BoHM ManoedekTHBHI TaKoxX npu
HeoOXiTHOCTI Binbopy BelmKoro 06’eMy MOBITPSt BHACAIAOK 3BITPIOBAHHS
PO3YMHY i MOB’SI3aHUX 3 LIMM BTPAT BU3HAUYBAHUX PEYOBHH.

Bin6ip npo6 moBiTps Ha Teepai aAcopOeHTH AaE MOXIMBICTD 3HAYHO
30LTBIIMTH 06’€M MPOGU Ta IUBMAKICTb ii MPONYCKaHHA i 3a KOPOTKHIT yac
HarpoMa/DKyBaTU NOCTATHIO [UIS aHasli3y KiNbKICTh BHM3HAYVBAHUX pe-
yoBuH. TBepai ancopbeHTH HalOTh MOXIMBICTL TAKOX BUOIPKOBO cOPOY-
BaTH OHI PEYOBHHM Y MPHUCYTHOCTI IHIIMX | € 3pYYHUMHU MPU TPaAHCIIOP-
TYBaHHI Ta 30epiraHHi BiZiGpaHux npob.

Teepni ancopbeHTH, sIKi BUKOPUCTOBYIOTE /LIS aHAI3Y MOBITPS, MOX-
Ha rNoAimMTH Ha Tpu rpvru. Jo mepuioi 3 HHMX HaNEXaTb rinpodinbHi
HeopraHiuHi MaTepiaim (CUJiKarenb Ta MOJIEKYJspHi cuTa). Jo apyroi
TPYTH HajleXaTh riapodobHi copbeHTH TUTTY AKTMBOBAHOTO BYriJuIs. Tpe-
TA IpVra BKIMOYA€ CUHTETMYHI MAKPOMOPMUCTI OpraHiuHi MaTepianu 3
BUCOKUM CTYTieHeM TinpodoGHOCTI, Taki IK XpoMocopbu, mopanaky Ta
iHuni. Ixni ¢isuyHi Ta ¢isnko-XiMiuHI XapaKTepHCTHKH, a TAKOX chepu
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BUKOPUCTAHHA HaBeleHi B HOBLIHMKAX Ta B CreLialbHii JiTepaTypi 3
NUTaHb aHAJI3Y TOBITPA. )

3a JOMOMOroio pisHHUX ancopOeHTIB TONTMHAIOTE KOMITOHEHTH, AKi
MICTATBCST B TIOBITpI B TasyBaToMy abo MapyBaTOMy CTaHI, a TakKoxX ¥y
BUDTAI pinkux aeposoneit. KoHcTpykuis Tpy6oK, 3aMOBHEHUX TBEPIUMU
aficopbeHTaMH, a TAKOXK anapartypa Ui Biibopy npod noBiTps B Ui TPYOKM
onucaHi B cIELIATBHIN TexHiuHil niTepaTypi. _

Bin6ip rpo6 moBiTpa Ha ¢iJbTPH BUKOPUCTOBYETBCS B OCHOBHOMY TIpH
aHali3l TBepaMX aepo3oneil. Jeski MapKu Takux (bi.J:leplB 3aTPUMYIOTH
JIMLIE aepo30Ji 1 IPOITyCcKaloTh uepe3 cebe napyBati pe4oBHHHU, TO§T0
MOXYTb OYTM BHWKOPMUCTaHi MJi1 AOKa3y HasBHOCTI abo BIiACYTHOCTI Y
NOBITPI MapiB TOKCUYHUX peyvoBUH. [l CENEKTUBHOrO BJIOBIIIOBAHHA
OpraHiyHMX CHOJIYK 3 Pi3HOIO MOJIEKYJ/ISIPHOIO Macoi0 BUKOPHUCTOBYIOTB
crieuiagbHi MeMbpaHHi GIBTPU 3 pi3HMMM po3Mipamu nop. Hanpuxnag,
MeMbOpaHHi GUTLTpU Mapku «Curnop» (Yexo-CrnoBayunHa) MatoTh cepel-
Hiit posmip nop Bix 0,12 mo 4 MxM. Taki ireTpu MOXHAa BUKOPHUCTOBY-
BaTW AJS copOuUil Ta rroainy rpyooancnepcHUX, KOJIOIAHUX | MOJIEKYIISp-
HO-IAUCIIEPCHUX YACTOK Y Ta3yBaTHX Ta PilKUX CepelOBHILAX, K OMUCAHO
y. 2.3.1. ' .

Mpu Bigbopi mpo® MOBITPA WIS aHAMI3Y CAil 3BEPHYTH vBary Ha
HalOUIBIL CYTTEBL IXKepesa MoxUOOK, sIKi B IMOAajibIuOMY aHai3l He-
MOXJIHBO BUITpaBUTU. Tak, AKILO BMICT ra3oMapyBaTMX TOKCUYHUX peyo-

" BUH V TNOBITPI 3HAYHUI I € MOXJHMBICTb 1X BUSHAUYUTH METONOM ra3oBoi

xpoMaTtorpadil 6e3 KOHUEHTPYBaHHS, TOI Npooy ans aH_aniqy' Biﬂ6HQa}OTb
3a IOMOMOroI0 CKJIIHUX LIMPHLLIB, ra30BUX TIIMETOK, MILIKIB 3 TOiMep-
HMX MJiBOK, F'YyMOBUX Kamep Towo. [1pn uboMy MOXIHBI 3HAUHI BTpaTH
BU3HAUYBAHUX KOMITOHEHTIB YHAC/INIOK TOPYLICHHS! F€PMETHYHOCTI Npo-
GOBIOIPHMX MPHCTPOIB Ta CopOLIii MIKPOKOMMOHEHTIB Ha BHYTPILLHiI
TIOBEPXHI EMKOCTI, B AKilM MictuThea npoba. Hanpuknam, npu HasBHOCTI
B 100 cm’ noBitps Bin 20 mo 100 Mkr 6en3uny (ByriesonHi Cs— C,), 1 cM
cxUisiHol TOBEPXHi IpM KiMHaTHIIT TemniepaTypi copOye Bia 8 no 18 MKr
GeH3uHy. B Takux Bunamkax rnoxyoOka rnpu Biabopi nosiTpa Moxe OyTH
3MeHILEHA <«IIPOMUBAHHIM» IPOOOBIADIPHOI €MKOCTI NOCTIIKYBAHHUM
TOBITPAM IO BCTAHOBJIEHHS PIBHOBArH y PO3MOAiAI BUSHAYYBAHOI'O KOM-
TMIOHeHTa MiX TIOBITPSIM Ta MOBEpXHEI0 copbuii abo BH3HAYEHHSIM no-
TMYCTUMOI TpHBaJNocTi 30epiraHHs Mpobu, npoTsaroM dkoi copbuielo
MoxHa HexTyBaTH. [Ipi LbOMY €/l TAKOX BPAXOBYBATH, IUO B ra3oBuii
xpomarorpad He MOXHA BHOCWUTH NpoOH MoBITpd, AKI MICTATH TBepAdi
aepo30Jl, a INpU HAABHOCTI PIIKMX aepo30/eil TeMNeparvpHHUE pexuM
aHani3y MoBMHEH 3a0e3rnevyBaTH iX Nepexia y mapyBaTHil cTaH.

IMpu BiaGopi npo® MoBITPA LINSIXOM acripauii Yyepe3 piaki MOrnu-
HaJIbHI cepenoBUila a0o yepe3 TpYOKH, 3aTIOBHEHI TBEPAMM aicOPOESHTOM,
HalOIABLI BAXIUBUMH (hakTopaMii, AKi MOXYTb MPU3BOIUTH 10O TOMI-
JIOK, € TaKi:

a) HempaBUIbHE BU3HAYeHHS 06’eMy rpolu MoBITPSA BHACNIIOK MeXa-
HIYHOro 3HOCY A€IKHX BY3JNiB MpoOoBinGipHOro NpHCTpoto (potaMeTpy);
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6) HeXTyBaHHS arperaTHHUM CTAHOM BHU3HAUYBAHOTO KOMIIOHEHTA. Ha-
TIpMKJIaJ, [Vl BIORMOBAHHS TBEPAMX a6pO30JIed HempuIaTHi piaKi norm-
Hadi, yepe3 Te 10 32 Yac KOHTaKTy piIKoi Ta TBepaoi ¢da3 ocTaHHs He
BCTUTAE TTOBHICTIO PO3YMHUTHCD;,

B) TIOBHOTA TIOIIMHAHHSA BH3HAYYBAHMX KOMITOHEHTIB 3AJIEXHUTH Bill

LIBMIKOCTI Ta TPUBAJIOCTI acmipalii MoBiTPA Yepe3 pinki abo ¥Bepai cop-

6entn. [lpy mBUAKoCTI acriipauii, fKka fiepeBUILYE LIBUOKICTE COPOLIL,
MOXJTMBa BTpaTa TEBHOI YACTKU BM3HAYYBAHOTO KOMIIOHEHTA, SIKWIL HE
BCTUT copOyBaTHUCh. SKIIO X Yyepe3 copbEHT MPOIycKaTH, Xoua i MoBiThb-
HO, BEJIMKY KUTBKIiCTB TIOBITPSA TIPOTATOM TPUBAJIONO Yacy, TO MOXeE He
BUCTAYUTH €EMKOCTI COpOeHTa, 10O TeX TIpU3BeNe N0 YACTKOBOI BTPaTH
BU3HaYYBaHUX KOMIIOHEHTIB. ToMy npoGH moBiTpa BiAOUpaloTh udepes
JIEKiJIbKA TIOCIIAOBHO 3’€MHaHMX MiX cobo1o abcopbepiB abo copbuiitHUX
TpyOOK i KOHTPOJIFOIOTE B HUX BMICT BU3HAYYBAHHUX KOMIOHEHTIB;

r) BIUIMB CTOPOHHIX JHOMIIITOK, 0cOGIIMBO MapiB BOIM Ta OKUCHMUKIB i
BiIHOBHUKIB Ha BJIACTHBOCTI copbeHTa abo BU3HauvBaHol peyoBHHH. Ha-
NPUKJIAZ, TIOJNIAPHUM XapaKTep NMOBEpPXHi CUNIKATeNo He Ia€ MOXJIMBOCTL
BHKOPHCTaTH L€l copbeHT Ansf BiaGopy mpod MoBiTpA MiA 4yac HOLILY,
depe3 Te 1o copboBaHa BONa MOXeE 3aBaXaTH YNORMIOBAHHIO KOMIIO-
HEHTIB, IKi MOTPiOHO BU3HAYUTH.

LLlo6 3amobirTv MM Ta iHIOMM IMOMWIKAM, TIPH Bm60p| np06 HOBlTp}I
CNiJ peTebHO TOTPUMYBATHCH NPaBIl, AKi HABEIEHI V BIANOBIAHII MeTo-
WL aHaJT3y.

Niaroroeka npo6 go aHanisy

il’lpn OesnocepeaHboMy razoxpoMatorpahiyHOMY aHaji3i TiArOTOBKA
NMpoOu MOoBITPS JUT aHaMi3y TIOJNSTAE B TOMY, IO TIPH HASIBHOCTI TBEPAUX
aepo3oieil 1X BIIOKPEMJIIOIOTE 3a A0rMnoMorow GpuibTpiB, Ha SKHUX napora-
3yBaTi peYOBUHW He 3aTpUMYyIoThbed. [1pu BiACYTHOCTI B MOBITPI TBEPOHX
aepo3oJieit Mpody 6e3 DINbTpYyBaHHS BHOCATE Ge3MocepenHpO vV KaMepy-
BUTIApHUK Ta30BOro XpoMartorpada.

- Tpu copbuii a6o xeMocopOUii™V piaKi NOrAHHaNbLHI cepenoBMLIa OflEp-
XVIOTh PO3UUH, B STKOMY CKOHLEHTPOBAHO BU3Ha4yyBaHi peyosWHHU. Ilpu
HeoOXIIHOCTI TToAaJTbIIIe KOHLIEHTPYBaHHA MIKpPOAOMilok abo BHJIYYeHHS
PEYOBHH, 110 3aBaXaIOTh aHAJi3y, BUKOHYVIOTE cniocobaMH, iKi PO3IJSTHVTI
yim 231 ¢ ¢ o e

[licna acnipaunii MoBiTpS Yepes Tuepm ¢u1cop6em'u MOFMMHYTI pevo-
BUHM Tpeba necopbysatu. 111 LibOro 3acTOCOBYIOTH TepMoecopbLito abo
EKCTpaKililo.

Crioci6 TepMonecopOlLii Tosigrae B TOMY, 10 Yepe3 HarpiTy Ao MeBHOL
TEMITEpaTYpy KOHLICHTpaLlilTHY TpyOKy, Aka Mictuth v (asi copbeHTY
BU3HAUYYBaHi PEYOBHHH, TIPOITYCKAIOTh iHEPTHUM ra3 — refiii, aproH abo
aszor. [licns uboro onepKaHy ra3yBaTyv CyMilll VBOOSTB V ra30BUil XpoMa-
torpad. Tepmonecopbuiro NPoBOAATL MONOBHMM YWHOM P BU3HaUYeHHIL
OpPraHiYHUX CMOAYK, copboBaHMX Ha XpomaTtorpadiyHinx copbeHTax Ta
MOPUCTUX MOJIiMEPaX.
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ExcTpaxiiiiiHe BHTyYeHHSI copOOBaHUX Y KOHLIEHTpaUiifHUX TpyOkax
PEYOBHUH IIOJIATAE B IX PO3YMHEHHi (aecopOLiil) pi3HUMH PO3UMHHUKAMU
— FeKCaHOM, XJIOpOEeH30JI0M, GEH30JIOM, AieTHIOBUM edipoM, ETAaHOJIOM,
cipkoBymjieLeM Tollo. Bubip eKxcTpareHTa 3alleXXUTh BUI NOJSIPHOCTI cop-
OGeHTY Ta copboBaHMX HAa HbOMY pevyoBHH. [IpH LIbOMY TIOJIAPHI CITOJIYKH
IecopOVIOTBCS Kpallle TIONIPHUMM €KCTpPareHTaMM, a HernoJsipHi — He-
TIONApHUMU 200 MajlonmoMApHUMHU. Hanpukiaa, 3 HeMoJspHOro akTUBO-
BAaHOTO BYTUUIA CipKOBYIJIELIEM €KCTparyioTh ajipaTM4YHI Ta apoMaTHYHi
BVIJIEBOOHI, 4 CYMIUIUNO HieTHIoBoro edipy 3 i30MporaHoiaoM aecopdy-
OTh CITMPTH, KETOHU Ta XJIOPOBYIJEBOOHI. 3 MOJSIPHOIO COpPOEHTY THITY
CHJIIKATEIIO eKCTPATYIOTh METAHOJIOM, €TaHOJIOM, IieTHII0BUM edipom abo
BOIOIO TIOJIAPHI CITOJMIYKH —— CITMPTH, aMiHM, XJopdeHoa, xjopOeH3on
Touro. EXcTpakTu opraHiuHHX CIIOJNYK aHaJl3yloTb rasoxpomarorpadiy-
HUM METOIOM.

ExcTpakuiiive BUIYYeHHs ancopGoBaHUX PEYOBHH MOXHA BUKOHATHU
B CTaTMYHUX a60 IMHaMIYHUX yMoBaX. CTaTMYHY €KCTpPaKLilo MPOBOASITh
B 3aKpUTOMY TIOCYAI UUTAXOM 300BTYBaHHSA COPOEHTY 3 eKCTpParcHTOM.
TMoBHOTa eKCTpaKilii 3aJIEXKUTH Bill NPUPOIUN COPOEHTY, XiMIYHOI MIPHPOAU
copbOBaHMX PEUYOBMH Ta eKCTpareHTa i Bil TpMBAJIOCTI eKcTpakuii. Ha-
NpUKNaL, MPH CTAaTHYHIN ekcTpakuii OGeH3osy i3 cuiikareao i3omnpo-
ninosuM crmptoM (10 r copbenTy, 25 Mt ekcTparenTa) 3a 15, 30, 60, 120
Ta 720 xB ekcTpakuii necopbyerbcs BinmosinHo 80, 85, 92, 95 Ta 100%
OeHzony. CtaTHuHa AecopOLisd y 3aKPHUTOMY [MOCYAl 3anporioHOBaHa s
BWIVYEHHSI PEYOBUH 3 HU3bKOIO TEMMEpPaTypolo KHMiHHS 3 METoH
3ano0iraHHs X BUBITPIOBaAaHHIO.

AuHaMiuHy ekcTpakililo (ecopbuito) MpoBoodaTh Oe3nocepeqHbo Y
TpyOLi, Yepe3 AKy NPOBOIWIH acnipallito NosiTps. JJist 1IbOro 10 KiH4MKa
TpVOKU, MPOTUAEKHOTO I0 BXOAY MOBITPSA, IPUEAHYIOTH AINUIBHY JHHKY,
B AKill MicTHMTBbcs exkcrpareHT. HUxHIA KiHelb TpYOKM 3aKpHBaIOTh TaM-
IMOHOM i3 ckiioBaTtu. [JdecopOiiiro rnpoBoaaTe 4—S pasis TakMMu 06’ eMaMH
eKCTpareHTa, Maca SKHWX BTpPHUi MNepeBHINYE Macy copbOeHTV B TpyoOlli.
ExcTtpakTit 30upatoTs OKpeMo B MipHI LIMJIHAPH 1 B KOXHOMY 3 HUX
BHU3HAYAIOTh KOHLIEHTpaLIiIo AecopOboBaHUX KOMITOHEHTIB. [ToBHOTa BTy~
YEHHSI 3aJIEKWUTb Bill TPUBAJIOCTI KOHTAKTY €KCTpareHTa 3 cOpOeHTOM,
TO6TO Bifi LUIBUAKOCTI MPOMMBKHU cOpOEHTY Ta 3araibHOro o0’ €My eKcTpa-
revta. [1py HeoOXiTHOCTI MOAMTIBILIOrO KOHLUEHTPYBAHHS ab0 BHIIYYEHHS
PEYOBHH, 1110 3aBaXalOoTh aHaJli3y, BUKOPHCTOBYIOTh CITOCODU, HaBeleHi Y
m 2.3.1.

[Micng acnipauii HoBITPSA yepe3 cneniaibhi BOJOKHUCTI QinbTPH 3 Me-
TOIO BJIOBJIFOBAHHS TBEPAUX aepo30/ieil, B OCHOBHOMY HeopraHiuHuxX pe-
YOBUH, (DIIBTPU PO3UMHSIOTE V KHcaoTax abo nyrax, 1 onepx)aHUHA KOH-
LEHTPAT aHAMI3YIOTh HA BMICT BU3HAYYBAHUX KOMITOHEHTIB.

[ns BU3HAUYeHHS ra3yBaTUX TOKCHKAHTIB Y TOBITPI 3aCTOCOBVIOTh
TaKOX aBTOMATHMYHI aHaNi3aToOpU, HANPWKIAL, NpH BHU3HAYEHHI BMICTY
CO vy BUXNOMHUX Ta3ax aBToMo6LIB ToOLIO.
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2.3.3. 'PYHTM TA [JOHHI BIAKNAQM

XiMiUHI IHTPERi€EHTH, AKiI BXOASTH MO CKJAAy TPYHTIB Ta HTOHHUX
BiAKaMiB (QUB. T1. 1.3), 3 TOYKU 30pY iX aHATITUMHOTO BU3HAYEHH 1 MOXHA
MOALTUTH Ha TpH Tpyru. Jo nepuioi rpyny HajlexaTb KOMITOHEHTH, SKi
CTAHOBJIATh OCHOBHY MiHEpaJIbHY YaCTHHY LIMX 06’ €KTiB, a TaKOX BYIJVIELb
Ta a30T OpPraHiYHUX crojyk. Jns ix BU3HaueHHs TBepay npoby Tpeba
TIOBHICTIO TMepeBecTH Y po3uuH. Jpvry Ipyry iHTpemieHTIB CKAAAAIOTh
GiosioriyHo aKTHBHI Ta HOCTYNHI A POCIAWH KOMIOHEHTH, AKi BUITyYa-
I0Tb 3 IPYHTIB Ta AOHHUX BiIKJaliB [i€l0 TEBHUX PO3YHMHHHKIB. J1o
TPETBOI TPYNH BXOASITh HEOPraHiuHi Ta OpraHiuHi TOKCHUYHI PeYOBHHMU, AKi
€ aHTPOIIOTEHHVMMH 3a0pyAHIOBaYaMM IPYHTIB Ta NOHHUWX Biakianis. s
BU3HAUYEHHS LMX CTIOJIYK iX TAaKOX MEpeBOAATb B pO3YMHEHUIT cTaH 06-
pobkolo cneuialbHUMHM po3uMHHUKaMu. TIpy LuboMy Tpeba 3BaXyBaTH Ha
Te, L0 OAWH i TOH e iHIPEAiEHT MOXe OMHOYACHO BXOAMTH HO Pi3HMX
rpyn.”'Hanpukian, neBHa 4YacTMHa ioHIB KanbLilo abo iHoro Merany
(MiKpOesieMeHTa) BXOAMTH 10 CKJaly NPaKTHYHO HEPO3YMHHUX Y BOMI
CMOJIYK, OMHAK iHWIA YaCTMHA BCTYNa€ B OOMiH 3 IHUIMMHU IOHaAMHM i
TMEPEXOAUTE Y PO3YMH, TOOTO € 5ioN0OriyHO aKTUBHOIO (bopMO}OSEle(B TE
crioci6 niAroToBKHU Ta o6pobKM Npob rpyHTIB Ta NOHHMX BiAKNAAiB 3a-
JIEXUTD B‘ill uiielt aHamisy] 1 MOXe MPU3BECTH N0 ONEPKAHHS Pi3HMX
pE3yNbTaTIB IPM BU3HAYECHHI OQHOrO i TOTO X iHrpeldi€eHTa B [EBHOMY
ob’exti. Hanpuxnan, BanoBuil BMicT GaratboxX XiMiUHMX iHFPENi€HTIB Y
IPYHTaX Ta AOHHMX BIAKJIAAAX, AK NPaBHIIO, NEPEBULLVE BMICT 10CTYITHUX
s pocJMH GHOpM LIMX IHCPEIEHTIB.

Y Big6ip npo6 Ta ix niaroroska Ao aHaniay

[ Ha BiaMiHY Bil MPHPOIHMX BOA Ta NOBITPSl XiMIYHMIT CKJIAA IPYHTIB i
AOHHUX BIIKNAZiB € OLABbII CTabibHUM y Yaci i B MpoCTopi. ocobIMBO
1OI0 BMICTY B HUX OCHOBHHX KOMIMOHEHTIB. Yepes Lie nns BU3HAUYSHHA
TaKHX KOMITOHEHTIB HeMa€ notpebu vacto BinGupatn npobu B HaraTbox
Micusax. OfHaK BMICT ¥ TPYHTaX Ta IOHHWX BIAKAANAX AOCTVMHWX LTS
CTIOXWBAaHHA POCJMHAMM LIMX ([I)ODM € OiiblI NabiNbHUM | MOXE 3HAYHO
3MIHIOBATUCh V Yaci H MPOCTOpi, 30KpeMa Ha Pi3HUX ALTAHKAX MOBEPXHi
Ta Ha Pi3HUX rMUOMHaX. ToMy N BU3HAYEHHS LIMX KOMIMOHEHTIB Npobu
BiOGMPalOTh 3 GUILLIOI KITBKOCTI MiCLlb HA [MOBEPXHI TA 3 PISHHUX [IMOUH.
Yac Binbopy npob HeoOXiNHO Y3romXyBaTH 3 eTaraMM BeEreTauii cyxo-
JUTBHUX Ta BOAHUX POCJINH. '

Jlnd BA3HaYEHHSI aHTPOTIOTEHHUX 3a0pyaHIOBauiB NpobH [PYHTIB Ta
OOHHHUX BIIKMAMIB BiAOHMPAIOTH B palioHax HailOiIbll iHTEHCHBHOTO 3a-
6pyanenns] [Mpote Tpeba MaTH Ha yBa3i, O aHTPOMOreHHe 3a0PyAHEHHS
4acTO MAa€ MO3aluyHWUI xapakTep i TOMY Haitbiabluy 3abpyaHeHi Miclis
BUSIBJISIIOTH CTIELlia/IBHUMU DOCIIIXKEHHIMU.

Y [ Binibpanuii nas aHanisy rpyHT BHCYLIVIOTb HA TIOBITpI MPOTSITOM
JeKinbKox ni6. JoHHi Biakaaau BinGHPaOTh 32 J1ONOMOrolo CheLiibHIX
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NPUCTPOIB — TPYHTOBIAGIPHUKIB, BILALTAIOTE Bill HUX Boavy (iIBTpY-
BaHHSM MiJl BAKYYMOM i BUCYLIYIOTh Ha MOBITPi, AK i 'pyHTH. BucyiryeaH-
HSl CTNIPUAE IPUITUHEHHIO MiKPOGIOJIOMYHUX MPOLECIB, AKi MPU3BOISTE 10
3MiHHM BMICTYy GiOreHHWX €JIEMEHTIB Ta opraHiuHux crionyk. [MoBiTpsHO-
CyXi 3pa3KM MOXHA JIETKO MPOCIIOBATH KPi3b CrELiaabHi CHTa TIPY MIAro-
ToBUI npobu Wi aHanizy. Cyxi 3pa3kMh MOXHa TakoxX nobpe repeMi-
uyBatd 3 Metoro BigGopy cepenHboi npobu. OaHak noTpibHO BpaxoBy-
BATH, L0 TPU BUCYUIYBaHHI 3MiHIOt0TECH pH, rinpoaitHuHa KUCIOTHICTD,
BMICT 3aKMCHOrQ aHaJl3a Ta NOCTYMHHX IS POCAMH CHONVK a30Ty, ¢oc-
dopy Tomo. Yepes Te Mpu crieLliaibHHUX TOCHIIKEHHSX aHAlI3VIOTh CBi-
KW BiniOpaHHUit rpyHT abo ¢Bixki AOHHI BIOKIAIH. 5.4 s

IlinroroBka npodu no awanmisy. [MoBiTpsiHO-cyXwii rpvHT abo HOHHI
BinKiaau Macoro 600—750 r po3millyioTh Ha YWCTOMY Narepi i BUay4a-
I0Th 3 HMX KOPEHi POCUH, KaMiHHS Ta iHIUi BKIIOYeHHs. Benuki rpyaku
IPYHTY po3THparoTh Y dapdoporiit cTynii i MepeMilllVIOTh 3 OCHOBHOO
Macoio.

Cepennio npo@y rorylore [0 aHali3y crocoboM KeapTvBaHHA. s
LbOr0 PETEIBHO MEpeMilliaHy Nnpoly po3MIlyIOTh Ha YUCTOMY narepi y
BUCAANL KBajpaTa 1 LIMaTeJeM AT TI0 MiaroHaji Ha YOTUPH PiBHi
YaCcTMHU. [IBI NMpoOTHIEXHI YaCTMHU 08 €OHYIOTh 1 3 HUX BiAOHpPaIoTh
npobu Ans aHali3y, a iHWH ABI BUCUNAIOTh Y KOPOOGKY, 3aKpHBAIOTH i
30epiratoTs N1 MOXIMBHMX ITOBTOPHMX aHai3iB.

o6 onepxaT OAHOPIAHI 3pa3KM, cepelaHio Npoby Mepen aHANI30M
MPOCIIOIOTh Yepe3 CUTO 3 diaMeTpoM Aipodok 0,25 MM. YacTku, ski
SUIMIIAAMCH HA CHUTI, PO3TUPANOTb V CTVALN i 3HOBY MpociiooTb. [1po-
CIIOBAHHSA Yepe3 I'PYHTOBI cHTa Tpeba NpPOBOAMTH 3 3aKPHTOIO KPHILKOK
1 BiIKpMBaTH 1i He paHillle HiX uepe3 2—3 XB TICAS 3aKiHYeHHS
MpoCiloBaHHs, ISl Toro LI06 HagaTH MOXJMBICTb OCICTM MWAY i He
BTPATUTH HaHOGINBIL aKTUBHY YACTMHY IPYHTIB Ta AOHHUX BIIKJIAIIB —
MyIucTy dpakuilo. Taky MiATOTOBKY cepenHboi mpobi BHKOHVIOTH LIS
MpOBeACHHS BajioBoro aHanisy.cllpu nmiarotoBui rpvHTIB 260 MOHHMX
BIIKJTA/liB L7151 OZIEPXKaHHSL BUTSIKKH JI0CUTb MPOCIATH Mpody yepes CUTO 3
ZlaMeTpoM Hipoyok | Mm. X

Hna BinGopy naGoparopHoi mnpodu npocisiHy cepenHio npoby pos-
MILLYIOTh Ha apKyLUi YHMCTOTO Marepy, MepeMillvioTh i po3cTeNsoTh 1lia-
poM 3aBTOBIIKKU ~0,5 cM. [MoTiM ninsaTh wInateneM Ha mani KBaapaT i
BIAOMPAIOTH TOXKOI0 400 LIMAaTeNEM 3 KOXHOro KBaapata abo yepes oauH
HEBEJIMKY ITOPLIIO 3pa3ka i peTesbHO MnepeMilnyloTs. s ananisy Tpeba
Binibpatn 5—6 T npiGHO po3Teprol i nobpe nepemiuraHol npobu. ]

IcHyroTh TakoX iHIUI crocoGM MIArOTOBKM IPVHTIB Ta MOHHWX Bil-
KJIaAiB AN BUKOHAHHSA CleliaIbHMX aHA3iB.

OcHoBHI eTanu aHaniay

AHaJli3 IPYHTIB Ta DOHHMX BINKJIANIB BKJIIOYAE TAKIi OCHOBHI e€Tamu:
BU3HAUCHHS BaJIOBOTO CKJIAly, KaTioHOOOMIHHOI (MOMIHMHAIBHOI) €M-
HOCTI, HOCTYITHWX AT pocanH ¢opm asoty, dochopy Ta kanito (NPK),
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MiKpognemeHTis, PYXOMHX dbopM cHnillieBoi KUCIOTH Ta MOSYTOPHMX
OKCHIIIB, aHaJli3 BOAHOI BUTAXKH | BUSHAYEHHS aHTPONOreHHUX 3abpyi-
HIOBaYiB.

Banosuii ananis BKUNIOUaE KOMIUIEKC BH3HAYeHb, SKi JAlOTh 3MOIY
BCTAHOBUTH €JIEMEHTApPHWIT CKJAAll IPYHTIB Ta JOHHUX BiAKJIAliB, TOo6TO
3arayIbHUHA BMiCT.B HMX XiMiYHUX enemeHTiB. o L€l rpynu noka3HHUKIB
BXOOWTBb TaKOX TirpOCKOTIYHA Boda. (

. [is BCTAaHOBRNEHHS BAIOBOro CKJaly BU3HAYAlOTh TaKi KOMITOHEHTH:
IPOCKOINYHY BOAY, CKJIAX MIiHEPAIbHOI YaCTMHU, SKWU BHpPaXaloTh
BMicToM SiO,, Al;Os, Fe,03, TiO,, MnO, Ca0, MgO, SO;, P,0s. K,O ta
Na,O, a TakoX ByrjeUb i a30T OpraHiuHMX croiayK. B kapGoHaTHHX
rpyHTax Bu3HayalroTe CO, kapboHaTiB (HeopraHiuyHWit Byraeus). IHTer-
PaTbHOIO XapaKTePUCTHUKOIO BAJIOBOrO CKJIAAy TPYHTIB Ta NOHHMX Bill-
KnaliB € TaKOX BTpata MpH rpoxapiosanHi (BIIIT), gka xapakTtepusye
CYMapHWif BMICT XIMiYHO 3B’s3aHOi BoOM, KapGoHaTIB Ta OpraHiuHUX
CITOJIVK, 110 PO3K/JANAIOTECA NPH BHCOKIH TeMTiepaTypi. .

_ BusHaveHHs rirpockoniuHoi soau, BITIIT, Byriewo Ta asory opra-
HIYHUX CTIONYK, 3araneHoro asoty, CO, KapGoHariB Ta MiHeEpaNBHOI Yac-
THHU TIPOBOAATH 3 OKPEMHX HaBaXoOK.

KOMIMOHEHTH MiHepanbHOI YAaCTHMHH IPYHTIB Ta AOHHWX BiIKIadiB
BU3HAYalOTh, IK HABECHO Ha cXeMi (auB. c. 136).

Ka:nif/’{ Ta HaTpiil BU3HAYAIOTh B OKPEMHX HaBaXKax IPVHTIB a60 TOH-
HMX BIIKJIAZiB TICAS IXHBOLO PO3KJAAy TA TOBHOIO PO3UMHEHHS Jicio
cyMillli PTOPHCTOBOIHEBOL Ta CipYaH Ol KUCJIOT.

) K}!’!‘iOHOOﬁMiHHﬂ (MormMHanbHA) 3AATHICTL FPYHTIB Ta JOHHUX BilK/a-
AIB BUIIFPA€ BaXJIUBY POJIb Y KOPEHEBOMY KMBJIEHHI pocivH. ‘BoHa B0~
Ya€ BU3HAUYCHHs ongim-mx KaTiOHiB, EMHOCTI TIOMJIMHAHHS, COJIOHLIIOBA-
TOCTi Ta KUCJIOTHOCTI.

QCHOB]:Ii 3aKOHOMIPHOCTiI iOHHOro OOMIHY [PYHTIB Ta NOHHUX Bin-
KJIalliB TaKi: :

a) MOMIMHEHMH KATiOH MOXHA BUTICHUTH iHILMM KaTiOHOM™:

0) KaTioHHMH OOMIH Yy pO3UMHaX MiHepalbHUX cofeil BiabvBaeTbes
LIBMAKO i B €eKBIBAIEHTHUX KUIBKOCTAX; )

B) npu TIBWIIEHH]I KOHLIEHTPaLlil KaTiOHa-BUTICHIOBAYA 36L1bLIVETH-
Cfl KUTBKIiCTh BHUTICHEHHX iOHiB, aJIe HEe NPOMOPLIiiHO KOHUEHTpALLil iOHIiB-
BHUTICHIOBAYiB;

I) 30aTHICTh IPYHTIB (JOHHMX BiaKNamiB) MOrMMHATH Pi3Hi KaTiOHU
3poCTa€ B Mipy 36inblICHHS BeJIMUMHK 3apsiayv KaTioHa Ta HOro aTOMHOL
Macu: Naj; < (NHi)s < Kis < Mgk < Cali < Al < Fels.

*1le TBEP/DKCHIA CTOCYCTBCS B OCHOBHOMY OHO- TA RBOIAPSLUMNX KaTioliB s~ Ta
p-esieMeuTin, Kariown d-encmeutis, 3narui 10 yrsopenust Minny JIOHOPIO -AKNC HTOPHHX
3BS3KIB 3 OPTAHIIHMH KOMINICKCOYTBOPIOIOUIIMH CHONYKAMH, 5Ki A00pC a1copbyioThest Ha
1r\:tiiwlecpa.‘lmuu HACTHILL PYHTIB 12 JOUHHX BLIKTIB, YACTO HC BHIICHSIOTHCOS HNTMME Ka-

HAMH.
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OcobMBe Miclie B KaTioHOOOMIHHOMY psii 3aifMaloTh i0HW BOIHIO,
gKi MOMNTMHAIOTBCA Kpallle 3a iHUII OHO- Ta ABO3apsaHi KaTioHW. Ha-
IIMeHIIly e€Heprilo CrOopiAHEHHS Ma€E ioH Na®, i ToMy itoro cosi BuTiC-
HAIOTH 3 TPYHTIB Ta JOHHMX BiIKJaliB MEHIIY KUIbKiCTB OOMIHHHMX Ka-
TiOHIB, HIX cOJi aMOHIIO MpU OXHAKOBMX KOHLIEHTpPaLliHHUX YMOBaXx.
Yepes Te BMiCT 0OMIiHHHX KaTiOHiB BU3HAYaloTh 3 BUKOPHCTAHHAM aMoO-
HIMHUX BUTSKOK. ) ,

Pe3y/IbTaTH BU3HAUEHHS KaTioHOOBMiHHOI (TIONTMHATBHOI) 31aTHOCTL
IDPYHTIB Ta JJOHHMX BilIKJIaliB BUPaXaloTh Y MMOJISIX eKBiBaneHTis Ha 100 1
3pa3ska. ‘

JocTynHi A cNoKMBaHHA pociunami a3oT, Gocdop Ta Kaniii (NPK)
XapaKTepU3yloTh 3abe3reyeHicTh IPYHTIB Ta JOHHMX BIIKJIaliB OCHOB-
HWUMM PEedOBMHAMM XUBJIEHHS POCIHH. B Lo rpymny BXoddTh ioHU NH;,
NO;, NO;, ferkoriaponizHi a30TOMICTKi OpraHiyHi CMOJYKH, BOLOPO3-
yuHHi ocpath Ta ioHH K'. [HTEHCUBHICTb CIMOXHBaHHSA LMX peYOBUH
POCIIMHAMM 3aJIEXUTH Bifl 6aratbox (akTopiB, cepel AKWX TONOBHUM €
NpUpona pocIMHU — i1 GionoriyHi ocobmmBocTi Ta disionoriyHuit craH,
B AKOMYy BOHa nepebyBae Ha uyac Biabopy mpo6 mns aHanisy. Yepes te
OMHOPa30BMI XIMIYHMIT aHali3 IPYHTY abo NOHHMX BIAKJIANIB HE NAE
MOXJTMBOCTI HANISXKHOIO MIpOIO XapaKTepu3yBaTH ix 3abe3rneueHHs Mo-
XUBHHUMM pedoBHHamu. Jig uboro Tpeba MPOBOAMTH aHaJi3 [PYHTIB Ta
JOHHMX BIOKTAAiB, a TAKOX pPOCJHH IPOTArOM YCbOro BereTaliHOro
nepiony.

Pesympra Bu3HauenHs NPK Bupaxkatots y Mr/100 r cyxoro 3pa3ka.

I'pyny mikpoenemenTis, siKi Hafibinblll YacTO BU3HAYAIOThL ¥ TPYHTaX Ta
MOHHMX BiIKJIagax, CKJIadaloTh Taki GioMeTanM, Ik MaHTaH, Milb, HWHK,
KOBaTBT, MONIGAEH, a TaKoX 60p. 3aJIeXKHO Bl Uiieit 1oCniIKeHHS aHaii3
MPOBOAATE Ha 3arajlbHUil BMICT MiKPOENEMEHTIB MiC/if MOBHOrO po3-
YMHEeHHS TIpo6U abo Ha BMICT PYXOMMX, NOCTYITHHX IUIS POCIMH ¢dopM
€JIEMEHTIB Y KUCJIOTHUX ab0 OydepHUX BUTIXKKAX.

Pyxomi ¢opMKu cuniuieBoi KHCJIOTH Ta NOJYTOPHHUX OKCHIIB € BaX-
JTUBUMM XapaKTEPUCTHKAMU TeoXiMiuHUX Ta OioJIOTIYHMX MpoLEciB TIPH
TBOPEHHI IPYHTIB Ta IOHHMUX Bik/JadiB pi3HuUX TUMiB. Pyxomi dopmu
CHIILLIIO TA AMOMIiHIIO BU3HAYAIOTS Mic/1sl 00pobku npod pozunHom KOH,
a 3aj1i3a — PO3YMHOM oKcanaty aMoHito npu pH 3.2

AHAJII3 BOAHOT BMTSIKKHM Nac iHPOPMALIiIO PO BMICT Y TPYHTaX BOOO-
PO3YMHHMX PEYOBUH. Y BOIAHMX BHUTSIKKAX 3 IPYHTIB BM3HAUaOTh Ti X
iHrpemieHTH, 1O i B TIPUPOOHUX Boaax — pPH, cosbOBI KOMITOHEHTH,
OioreHHi €JeMEHTH, MIKPOEIEMEHTH Ta BYMJIELb OPraHiYHWX CMOJVK
(XCK). [HKosiM BU3HAYQIOTh TAKOX MEPMAHTAHATHY OKUCHIOBAHICTb BO/I-
HHMX BHTAXOK.

AHTponorenni 3aépyanioBadi BM3HavyaloTh v Tipobax rpyHTIB, sIKi Bil-
6MpaloTh B pailoHaX TIPOMUCIOBUX, CLIBCbKOIOCMOAAPCHKHX, KOMYHaJIb-
HO-TOOYTOBUX TA TPAHCTIOPTHHMX JXepen 3abpynHeHHS. JoHHI Biakiaau
BiIOUpPalOTh B MiCLIIX CKUAAHHS CTIMHHUX BOA Ta B MicliX, KVAH [€peHo-
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CAThCA IOHHI BiIKJIamM 3 Teyielo Bogu. OcobaMBY yBary ciil 3BepTaTH Ha
BH3HAUCHHS pPaliOHYKJIAIB Y IPYHTaX Ta AOHHUX BLIKNaZax nobamsy
aTOMHUX €JIEKTPOCTAHLIiH, 30KpeMa Mic/s BUHHKHEHHA Ha HUX aBapiiHUX
CHTYaLIiiA.

IMpu BU3HaYeHHi Pe4OBHH, AKi COpOYIOTHCA Ha TMOBEPXHi IPYHTIB Ta
MOHHUX BiIKJamiB, TaKMX K HadTa, HaTONMPOAYKTU, BaXKi METATH
TOILO, Npoby WA aHaJi3y BiAGMpaloTh IomIapoBo Ha rubuHax 0,5 Ta
20 cM macowo 0,2 xr. Tlpu 3a0pynHeHHi I'PYHTIB Ta JOHHUX BiIKJIAmiB
JIETKMMHM ab0 XIMIYHO HECTIKMMU CMOJiyKaMH Ipo6u KIaavTh y CKIsHI
€MKOCTI i FepMeTHYHO 3akpuBaloTh. [1pu HeobXximHocTi 36epiraHHs npob
CTPOKOM TIOHAA OIUH MicdLb IX KOHCEPBYIOTh, SK 3a3HAa4eHO B METOAMLI
aHati3y. 3 HeopraHIYHMX 3a0pynHioBauiB HalyacTille BH3HAYalOTh TaKi
METanu, SIK PTYTh, CBUHELb, XPOM, Milb, HiKeJlb, LIMHK Ta MaHTaH, a
TaKoX HiTpatH, docdatH, dTopuau i cynbdatv, a 3 OpPraHiYHUX —
apoMaTH4Hi ByrjieBofdHi (6eH3uH, OeH30J, CTUPON, TOAYOJ), NECTULIMAX
Ta MOBEPXHEBO-aKTUBHI peyoBUHU. OCTaHHIM YacOM Y 3B’43KY 3 YaCTUMH
aBapiiMM Ha aTOMHMX €JIEKTPOCTaHLisIX BMHWKJIA HeoOXiIHICTb BM3Ha-
YaTW B IPYHTaX Ta JOHHUX BiIKJaZaX PadiOHYKJIAU CTPOHLIIO, LE3LO,
TUIYTOHIIO Ta iH.

2.4. CTATUCTUYHA OBPOBKA
PE3VYJIbTATIB AHANI3Y

OCHOBHUMH XapaKTepUCTHKAMU HaMiifHOCTI pe3vibTaTiB XiMiyHOro
aHaTi3y Oyab-aKoro ob’ekra € iX NpaBUABHICTL Ta TOUHICTb (BIATBOpIO-
BaHICTB).

IpasuibiicTs ananizy — 1ie CTYMiHb aAeKBATHOCTI KiJIbKOCTI (KOH-
LCHTPALil) BU3HAYYBAHOTO IHIpemieHTa foro AiiicHoMy BMICTY B 06 €KTi,
KW aHanisyeTbed. KpuUTepieM MpaBMABHOCTI aHanisy € cTvhiHb 36iry
PE3YIBTATIB BU3HAYEHHA TIEBHOTO iHTPEdiEHTA PI3HMMM HE3UTEXHUMH
MetomaMu. Hanpukian, KoHueHTpauiio ioHiB Miai y npobi nmpupomHoi
BOJIY MOXHa BU3HAYUTU METOOaMH crnekTpodoToMeTpii, aToMHoI abcopb-
uii Ta monsporpadii. AKII0 cepenHiil pe3yabTaT OKpPeMHUX BH3HAYEHb €
CTAaTUCTHYHO AOCTOBIPHUM (AMB. HMXYE), TO aHaJi3 YBAXAIOTH MNpPaBWib-
HUM.
Takuit crioci6 TepeBIpKU NPaBUIIBHOCTI aHaNi3y € NOCUTb TPUBAIUM
Ta TPOMI3OKVIM i NPH aHaji3i NPUPOAHUX O6’€KTIB BUKOPHCTOBYETHCS
JM1lIe TOAL, KOJM PE3YyNbTaTH aHali3y OJHHUM METONOM BUKJIMKAIOTb CYM-
HiB.

HesamexHo Bil Toro, skuM crnocoboM odepXaHo # 3HauyeHb Tapa-
JNEAbHUX aHAMTHUYHUX BUMIPIOBaHb, 1X 00pobnsioTs craTtHcTHYHO. [dns
HBOTO B FIEPIY Yepry BU3HAYAIOTH CEPEAHE apU(pMeETHYHE 3HAYEHHS pe-
3YIBTATIB 3a GOPMVYJIIoIO
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n
> x
X1 +Xa+X3+... +x,,_ 1
n T n

X= (18)
IMoriM obGuKcIIOIOTE CepeHIO KBAaApaTH4Hy TOXMOKY (CTaHmapTHe Bin-
XWIEHHH) 3a HopMYyIIoI0

n

2
>xi-% ;
S= = 19
— (19)
Hapewrri, ToyHicTe (BiATBOPIOBaHICTb) aHai3y XapaKTepH3VIOTh BejH-
YMHOIO JI0BIPYOro IHTEPBAIY CEPEOHBOTO 3HAUEHHS, SIKWil BU3HAYaloTh 3a

dopmynoro
ax=1025, (20)

e r(p)"f"—’lax 3BaHMiA I-po3noni. Mloro BeMYMHM IS pi3HUX 3HAYEHD N
NnpH iMoBipHOCTAX P HaBeneHi B Tabi. 12.
Peayabratnt aHanisy B 6yap-saxux

OIMHHLIIX BHPAXKalOTh TaK: Tabauys 12. 3anexnicTs t-poznoginy sin

n A0S pisHUX 3HaveHb ivosipHocTed P

X+ Ax.
n P =090 P =095 P=099

3HauyeHHa AX 3BMYaiiHO obumcmo-
I0Tb 3 iMOBipHicTIO P = 0,95 (95% — 2 6,31 12.7 63,7
Ha iMoBipHicTe). IlpM BHM3HaueHHI 3 2,92 4,30 9,92
TIEBHOTO iHTPENIEHTa BUKOHYIOTh HE
Oumbiie 3—4 napanenbHUX aHaJli3iB, 4 2,35 3,18 5,84
TOMY IO 30UTbIIEHHT # MaJio BITIM- 5 2,13 2,78 4,60
Ba€ Ha BeJIMUMHY f(P), To6TO Ha Tou-
HiCTb aHaiy, 6 2,01 2,57 4,03

3 dopmymu (19) Burmeae, mo 7 1,94 2,45 3,71
PE3YJIBTaT OQMHOYHOIO BMMipIOBaH- 8 1.89 2.6 3.50
H € CTaTUCTHYHO HENOCTOBIPHUM, ’ ” ’
TOMY 1O NpH # = | cTaHIapTHe Bid- 10 1,83 2,26 3,25

XWIeHHA S 1 goBip4Hii iHTepBan ce-
PEIHBOrO 3HaYEHHA AX NMPUIMAlOTh HECKIHUYCHHO BENUKY BEJIMUMHY.

Bax/IMBMM € BU3HAUMTH CTATMCTHYHY JOCTOBIPHICTb CepeHbOTO 3HA-
YeHHH X, TOOTO NMEePEeKOHATHCS B TOMY, IO NPH BUKOHAHHI napaiejbHUX
aHai3iB He Oylno NONyUIEHO BUMAZKOBOI TPY6OI NMOMMIKH. [MTpu He-
BEJIMKHMX 3HAYCHHAX 1 BUNAAKOBI TpYOi TIOMUIKU 3HAXOAATH 34 IOTIOMO-
rolo po3Maxy BapiioBaHHA. JIng LUbOro po3paxoByIOTh BIZHOLIEHHS

b=l o —x)
Xinax ~ Xmin B R ’ (2 1)
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Jie X, — 3HAYCHHS, AKE BUKIMKAE CYMHIB, X — CYCITHE 3HAUEHHS; R—
po3Max BapiloBaHHS. Po3paxoBaHy BeJJUYMHY () MOPiBHIOKOTH i3 3HAYEH-
Hamu Q(P,n), HaBeneHumu B Tabn. 13. Axkwo Q > Q(P,n). To 1ie BKa3ye

Tabauys 13. Yucnosi 3snavenns Q(P,n) Ha HasfBHICTb }“py6o_'i nomunku. B Ta-
KOMY pa3si BUIMOBIAHWII pe3yabTaT

n P=090 .| P=095 | P=099 OAMHUYHOTO BUMIPIOBaHHS X; BillKH-
3 0,89 0.94 0.99 szaxorb 1 TIOBTOPIOIOTH PO3PAXYHKH X,
4 0,68 0,77 0,89 Ta Ax.
s 0.56 0.64 0.76 l'lpulma,u.' IMpu Buanaqel-mi npo-
¢ 048 . LICHTHOTO BMICTy CaO B rpynTi 6ym
; 0,5 0,70 odepXaHi Taki pesyabratH: 2,87;
7 0,43 0,51 0,64 2,89; 2,90; 2,95. CymMHIiB BHUKJIMKAE
8 0,40 0,48 0,58 pesynetar 2,95. Ilposenemo pospa-

XYHKH:

2,87 +2,89+2,90 + 2,95
4

i: = 2,90;

R=295-287-008; Q= ‘2‘:9“56%;1?9 ~0.63<0.77.

B usomy Bumanky Q < Q(P,n), L0 BKa3ye Ha BIICVTHICTh rpyboi
MOMMWJTKH, TOGTO Ha CTATHYHY AOCTOBIPHICTb CEPETHBOrO PE3YNLTATY. Le
Iac 3Mory po3spaxysaty Bmict CaO 3a dpopmynamu (18)—(20):

gV (2,87 2,90 + (2,89 - 2,90)° + (2,90 - 2.90)" + (2,95 - 2,907 _

4-1
=342-10%
- 3,18-.342.107
Ax: ) ) - ~ .
i 0,053~ 0,05;

CaO =290 + 0,05%.

l'lp_pm.nan. Mpu Bu3}.{aqem—1i KOHLIEHTpAaLIil i0HiB aMoHito v Tipobi mpu-
POZHOI BOAM OMEpXKaHi TaKi Pe3ynbTaTu: 7.10; 7,36; 7.40 ta 7,42 mr/n.
CyMHIB BUKJIMKA€ PE3YIbTAT 7,10. BHKoHaeMO pO3paXVHKH aHaJllOri4yHo
TIOTIePEIHIM:

%=73% R=742-7,10=0,32, Q= ZQA%%%*—!Q ~0,81>0,77.
Orxe, peayasraT 7,10 Mr/a € rpy60i0 MOMMITKOKO i Horo Tpeba BUKIIOUMTH
3 MoJANBIIIMX PO3paxyHKiB. Y TakoMmy pasi

7,36 + 7,40 + 7,42
3 :

X=

=17.39;
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2 2 2
g\ .36-739+ (7,4()3-_2,39) +(1.42-739 _ 500 102

«

-2
5.430-3.08-107 076,008 Chr;=7,39%0,08 mr/m.

ax N

gxuo nicns BUKAIOYEHHS TpyoMX MOMMIIOK IUTS pO3paxyHKiB 3aJH-
LLAETHLCS MEHIe 3 pe3ynbTaTiB, To Tpeba NMpoBeCcTH JIONATKOBI aHAII3H.

Oco6mBY yBary ciii 3BEpHYTH Ha Te, LIO CTaTUCTIMHA obpobka
pE3yJIBTATIB aHalli3y, BUKOHAHOTO OIHWM METONOM, Ila€ 3Mory BUABUTH -
TUTBKHM BUMAAKOBY TOMMIKY. SIKIIO X aHaliTMKOM Ovaa npunylieHa
CHCTeMAaTU4HA TIOMMWIKA, HATIPUKAall, MPY NPUTOTYBaHHI pobouunx pos-
4yMHiB, NIPY KaliGpyBaHHIL BHMipIoBa/ibHOI anapaTtypM TollO, TO BUABUTH
TaKy TMOMMWIKY MeTOZaMM MaTEMaTHYHOI CTATHCTUKH HEMOXIHBO.

V . 2.3 Bia3Ha4eHo, 10 OAHOPa30BHIt aHani3 06’€eKTiB MPUPOAHOrO -
cepefoBuLIa, TOOTO aHa3 onHiel npo6u, ocobrBo Boau abo NoBITPs, HE
MOXE XapaKTepU3yBaTH 3 JOCTaTHBOIO HajlifiHicTIO 1X XiMiUHWH cKJan,
4Kl 3HAYHO 3MIHIOETBCA B Yaci Ta B NPOCTOPI.

OTXe, BUHMKaE NoTpeda aHani3y cepiit npob, aki Binibpani yepe3 pisHi
TIPOMiXKKHM 4acy B 6ararboX MiCLISTX [OC/iIKYBAHOro MPUPOIHOro 06’ eKTa.
Ha nigctaBi cepiiiHMX aHaJli3iB OLIHIOKOTH cepenHiil XiMiUHHIR CKITal
JOC/IMKYBAHOro TpHpoaHoro ob’ekra B LNOMY 32 NEBHUI MPOMIXOK
yacy. OUeBUIHO, 1O PO3BIXKHICTE MiX pe3ybTaTaMH CepiitHOro aHajisy
GaraThox 1po6 Oyae 3aBXIU 3HAYHO OLIbLIOIO, HiXK MIX pe3vibTaTaMH -
TapaJIeJIbHUX aHai3iB OMHOPa30BO Bini6panoi npobu. ToMy npu xapak-
TEPUCTULI CEPEAHBOrO XiMiYHOrO CKNany BOAU BOLOCXOBHIL, pivoK, 03ep,
MOBITPS BEJIMKOTO MiCTa, TPYHTY CLIBCBKOrOCNonapcsKuX Vriap TOUIO
CTATUCTHYHO OOpOOGMIOTE CEepPeAHi Pe3ybTaTh ONHOPA3OBHX AHAJIL3IB.
[Mpu LIbOMY PO3PAXOBYIOTh HE TUTBKH cepefHill pe3ybTaT X + AX, a TaKoX
i CTATMCTMUHO [OCTOBIPHI €KCTPEMaIbHi 3HaueHHs BMICTY MEBHOrO
IHTPEMIEHTA Xpnay Ta Xyyin-

JIns TakMX PO3pPaxyHKiB MOXKHA 3acTOCyBaTH crocib, nMpUIaTHUR ¥,
BMnNaaKy 3HaveHb 10 < # < 1000, TobT0 ANt CTATHCTHYHOL 00poOKH 3HAY-
HOI KiJIbKOCTi pe3yabTaTiB aHalisy. CyTb LIBOTO cnocofy mnossara€ B TOMy,
110 BiUIKMAAIOTH KpaitHi 3HAYEHHS X; i PO3PaXOBYIOTb X ta S. CTaTUCTUYHO
HEIOCTOBIPHMMH BBAXAIOTh PE3YJIBTATH, AKi BUIXHIISIOTHCA Bil X HA BEeNU-
yuHy, 6inbiry Hix 48. Tlicas BUKIIOUESHHS HeJOCTOBIPHHX pPe3yAbTaTiB
PO3paxoBYIOTh X £ AX, @ 3HAYCHHS Xyux TA Xiin npuitMaloTh 3a JOCTOBIpHi
eKCTpeMaJibHi BEIMYUHH, XapakKTepHi U1 NaHOTO NPHPOAHOTO 00’eKTa.
['padiuHo i YMOBH MOXHa 300pasUTH Tak:

x-4S x X+45 SIS

N ——

HETOCTOBIPHI Xi
pe3yibIaTH

——

l
HEAOCTORIPH] | Xmin 2 X— 45 | Xmax £ X+ 4.5
PCIYABTATH ]

IOCTOBIPHI PC3YIbTATH 1
i

8t




Ipuxnan. ¥ Bom o3epa TIPOTATOM ODHOrO THXKHS BM3HAYATU KOH-
LEHTPALIIO iOHIB KAJTBLIIO i 32 pe3yJbTaTaMU aHali3y KOXHOI Biri6paHoi
nipobu ofepxau cepeaHi 3HaueHHa: 12,0; 10,1; 8,9: 8,6: 8.3: 8.0: 7.9;7.8;
7,6 Ta 6,5 Mr/i. PospaxyHku 3a dopmyiamu (18)—(20) Ge3 BpaxyBaHHS
KpaifHix 3HaueHb NAIOTh TaKi Pe3yNbTATH:

x=84; S§=0,81; Ax=0,68~0,7.

OCKINBKM Xy = 6,5>X - 45=52 i x,,,, = 12,0>%+45= 11,6, 1o pe~
3YJIBTAT X, € CTATUCTUYHO IOCTOBIPHWM, a X, — HENOCTOBIpHUM.
CTaTUCTUMHO IOCTOBIPHUM € CYCiTHE 3HAYEHHS Xmax = 10,1. Takum yu-
HOM, cepefHs KoHueHTpawis Ca’" Ta ii eKcTpeMaibHi 3HAYEeHHS 33 AOCTi-
JOKYBAHWIA MepioJl 6YIM TaKUMU:

Cca* =8,4+0,7 mr/n;
Ccarz,:.',.) = 615 MI‘/JT: CCa};‘m = 10,1 MI‘/JI.
[MoxibHi pesynbTaTH YacTo 3anMCyroTh y BUIVISAAI APOGY, BKAa3yiOUH B

YHMCEIIBHHUKY CePEMHIO KOHUEHTPaLil0, 2 B 3HAMEHHHUKY — CTATHCTUYHO
JOCTOBiPHi €KCTPeMAaJTbHI KOHLIEHTPALLii:
8,4+07

2+ — Vsl
Ca =%5_10.1 MT/.



3. METOOWUKWN AHAJII3Y OB’EKTIB , \/
NMPUPOOHOIO CEPEOOBWLUA

Oco6/MBicTh XiMIYHUX, Gi3NKO-XIMIYHIX Ta GbiznuHnX MeTolliB aHa-
73y IoJSrac B TOMY, 1O BUMIpIOBaHMIA aHAJITUYHWIT CHTHAJ, IKUI €
aZleKBaTHUM KOHLIEHTpaLlii (BMicTy) ITEBHOTO inrpenieHTa abo rpynu iH-
FPEHIiEHTIB, HE 3AIEXKMNTh Bin npupoau 06’eKTa aHai3y, AKX 3a30aseriab
repeBeIeHO B PO3YMHHHIA abo rasypatvii craH. Hanpuxian, BMICT HaT-
pilo, Kanbliilo, 3a/1i3a, Mixi, xTopuiiB, cyrnbdartis, HITpaTiB, OpraHiyHOro
BYIVIELDO, JIETKMX deHoIB, HaTOMPOAYKTIB TOIIO MOXHA BHU3Ha4aTH
[ic/ist BUITOBLUTHOI MIZITOTOBKM MpoOH, OXHNM 1 TMM Xe MeTOIOM, He3a-
JIEXHO Bil TOTO, KMl 00’€KT aHali3yeThCs — BOIA, IPYHT UM TIOBITDAL.
ToMy ofmMcaHi B LIbOMY po3aiii METOAMKHM BU3HAUYEHHS OKPEMMX iHTpe-
JIEHTIB y IPUHLIMITI MOXHA 3aCTOCYBaTH, 3 ypaxyBaHHSM IX YyT/MBOCTI Ta
CeJIeKTMBHOCTI, WA aHatisy Oymb-fiKoro NMpUpOIHOTO 06’ekra. OmHaK,
okpim ocobnmBocTeii Binbopy Ta TMorepeaHboi 06po6Kyu Npob BOL, [PYHTIB
Ta MOBITPS, HaBeleHUX y PO3I. 2, KOXHa METOMKa XapaKTepH3yEThCA
MEBHMMH TEXHIYHMMH TIPUAOMAaMH 3aJI€KHO Bl 06’eKTa aHANi3y. Y 3B’43-
Ky 3 LIMM MeTOIMKM aHajli3y BOL, IDYHTIB Ta TOBITPA PO3MANAIOTECS B
OKpEeMMX Migpo3ainax 3 MCTOI0 YHUKHYTH, IO MOXJIMBOCTI, TTOBTOPCHHSL.

3.1. NPUPOAHI BOAU

XiMigHMI# CK/Tal TNPHMPOIHMX BOX i IX meaxi GisvuHi Ta GlomorivHi
BIIACTMBOCTI MOXHA OXapaKTepH3yBaTH IIBOMa TpyNamMM TOKa3HUKIB —
iHTerpaJlbHUMH Ta iHOIVBIIYAJIBHUMH.

Inrerpanbhi MOKa3HUKN 4KOCTI BOAM 3YMOBJIEHI HasBHICTIO B Hil
TPYNM PEYOBHMH Yy 3aBUCIIOMY, KOJIOiTHO-AVICTIEPCHOMY Ta PO3YMHEHOMY
craHi. Hailbifpll BaXUTMBi IHTETPasibHI MNOKASHUKH XiMIYHOIO CKJIaIy
TIPUPOIHUX BOJ TaKi: KaJlaMyTHICTb, TIPO30PiCTh, KOJIBOPOBICTb, CMaK,
zanax, F,, nuroMa eJIeKTPOTIPOBIIHICTD, 3arabHUM BMicCT a3oty Ta doc-
dopy, OpraHiuHWii ByIJiellb, a30T Ta docdop, a TakKOXK XiMiyHe crII0-
scuBaHHA kucHIo (XCK) Ta GioxiMivyHe CMIOXMBaHHS KMCHIO (BCK).

TnamBiayasibHi [TOKA3HMKHU AKOCTL TIPUPOJHMX BON XapaKTepH3ylOTh
KOHLIEHTpALlil OKPEMHX iOH1B Ta MOJIEKYJI, HalpHiJial, ionie BogHio (pH),
MOJIEKYJI PO3UYMHEHOTO KHMCHIO, jonis Na*, Ca®*, CI", HCO;, SO, NO;3,

NH; Ta iHIIMX, a TAKOX MOJIEKYJIM ACAKNX OpraHiyHUX PEYOBHH TOILO.
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3aranbHHi BMICT [OHIB BaOXKHUX METAJIIB V BOMi, TAKHMX, SIK 321130, Mins,
MaHTaH, HMHK TOLIO, TAKOX CTOCYEThCA IHAMBIAYATBHUX TTIOKA3HUKIB, SIKi
CKJIAJIAIOTBCA 3 YCIX PO3YMHHUX Ta HEPO3UMHHHMX (HDOPM KOXHOTO METATY
(axBaioHM, TiAPOKCOKOMITIEKCH, KOMIUIEKCHI CITOTYKH 3 HEOPTraHiYHUMHU
Ta OPraHiYHMMM JliraHAaMU Toio). J1o iHAVBIAYAIBHHX MOKA3ZHUKIB BOX
MOXHa TaKOX BIIHECTH CyMy OJTM3bKMX 3a BJACTMBOCTSAMH OpraHiyHHX
CITOJIYK OTHOIO KJIACY, HAIIPUKJIIAM, CYMY KapGOHOBUX KMCJIOT, aJlbaeriaiB,
KETOHIB, JIETKMX (DEHOJIB, T'YMIHOBUX KMCIOT Ta iHIIMX, a TAKOX cy-
MapHUI{ BMICT Pi3HUX aHIOHIB OIHOTO i TOTO X eJieMEeHTa — tocdaTin
(H,PO;, HPOY), cynbdinie (HS™, $%7) Tomo.

IMonin nokasHMKIB XiMiYHOTO cKJamy Bog Ha iHTerpanpHi Ta iHAW-

BilyaqbHi Ma€ MMEBHOIO Mipoio YMOBHMIA XapakTep. OmHak Takuit oain €
KOPHCHHUM 3 €KOJIOT0-TOKCHKOJIOTiYHOT TOUKH 30py, Tomy o Hopmu /1K
BCTaHOBJICHI B OCHOBHOMY AJisl iOHIB i MOJIEKYJT iHAMBIAYATBH WX PEUYOBUH,
BMICT IKWX HEOOXiZHO KOHTPOJIOBATU B MPUPOIHUX BOAHHX €KOCHCTE-
Max.
Tpeba MaTu Ha yBa3i Te, 1110 METOMMKHM BU3HAUYEHHS IHAVBIAVATBHUX
IHrpeNieHTIB BOOM € GUTBIL HAAIHHUMU Ta iHDOPMATHBHUMH, HiX BU3HA-
YEeHHsl IHTErpaNbHUX MOKA3HMKIB. Lle 3yMORNEHO TUM, 1IO B IX OCHOBi
JieXaTh IMeBHI XiMiuHi abo disuko-xiMiyHi MpouecH, 9Ki 3 KiabKicHOro
00Ky HaJle:XHO XapaKTepHU3YyIOThCS TAKMMM TapaMeTPaMH, SIK KOHCTAHTU
PIBHOBAr, KOHCTAaHTH LIBMAKOCTI peaKLiil, OKHCHO-BIIHOBHI NOTEHLIATH
i T.M. A iHTEerpayibHi MOKA3HUKM MAfOTh JIMIIE BIAHOCHUIT XapakTep i He
AAIOTh MOXJIMBOCTI BU3HAYaTH KOHLIEHTPAllilo TIeBHOro iHTpenicHTa. Ye-
pe3 Te npouecu TpaHcdopMallii XiMiYHOro ckiamy NMPUPOIHWX BOM i
BIUTMBOM TIPUPOIHMX TA aHTPOIOreHHUX HaKTOpiB BUBYAIOTH NEPEBAXHO
Ha OCHOBI BU3HAYECHHS KOHLIEHTPALLiii iHAWBIIYaTIbHMX iHIPENIEHTIB, a He
Ha TUACTaBi 3MiHU IHTETPATBHUX MOKA3HHKIB. OCTAHHI BUKOPHCTOBYIOTh-
Cd JIMUIE B OKPEMMX BHITAIKAX, HaNpUKIad, NPU BUBUEHHI MpoLecy
3MILYBaHHS MOPCbKMX Ta MPICHUX BOA HA MiACTABI BUMIpIOBaHHS M-
TOMOI €JIEKTPOTIPOBINHOCTI abo Mpouecy 3MilIyBaHHS BON 3 Pi3HOIO Ka-
JIAMYTHICTIO TOLL[O.

3.1.1. BUABHAYEHHA ®IBUHHUX BNTACTUBOCTEN
TA IHTETPAJIbHUX NOKA3HUKIB
XIMIYHOIo cknaay sop

Temneparypa

OnHovyacHe BMMIpIOBAHHS TeMriepaTypu Boau TipH BiaGopi ripobu e
HEBLI’EMHOIO YaCTHHOIO TiIPOXIMIYHOIO aHafi3y, OCKiIBKM PO34HMHHICT
PEUOBHH, OCOBJIMBO rasiB, 3aIEXUTh Bill TeMrepatypu. Temnepatvpy Boau
BHUMIDIOIOTE KAJIIOPOBAHMM PTYTHUM TEPMOMETPOM 3i LIKAAOIO MONLIOK
0,1—0,5°C. Konn 3a ymoB BinGopy npobu MoxHa 6e3nocepeaHso BH-
MIpIOBATH 1T TEMIIEPATYPY, TOLi TEPMOMETD 3aHYPIOIOTH V BOLV, VHHUKAIOUH
NpSAMOro COHAYHOro cBiTIa. Ko BUMIPIOBAaHHS TEMMEPATVPH V BOXHO-
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My 06’eKkTi GesrocepenHbO NMPOBECTH HEMOXIIMBO, TOMI 1i BMMIipIOIOTH y
Oytni 3pasy micns BinGopy npobu Boau. Temrmeparvpy Oytna nepen
BitbopoM Npobu HEOOXITHO 3PIBHATH 3 TEMIIEPATYPOIO BOJM, AKYy aHa-
J3YI0Tb, ILJISXOM 6araropa3soBoro HATIOBHEHHS | BWMJIMBAaHHS BODM 3
Oyrna. Ilpu BHUMiproBaHHI TemnepaTypu NpoGa BOAM He MOBUHHA B3a-
EMOMIATH 3 OVAb-IKMM AXepesioM Terna abo 3 NMpSIMHUM COHSYHUM CBiT-
JIOM.

Temrtepatypy BiAMiYatoTh IMic/s BCTAHOBJIEHHS PTYTHOTO CTOBMYMKA
Ha IMOCTIifHOMY piBHi MPH 3aHYpPeHHI y Borty TepMoMeTpa. OaHak, SKIIO
TEMIIEPaTypa BOIH i HABKOJIMILIHBOTO CEPEIOBHILA 3HAYHO Billpi3HAETbCS
OIlHa Bill OIHOI, HAMPUKJIA/, BOAA 3 AXepesa abo 3 MIMGMHM BooliMMILA,
B3UMKY TOLLO, TO He OYiKYIQTb BCTAHOBJICHHS CTOBMYMKA PTYTi Ha r1o-
CTIMHOMY pPiBHi, a NMPOBCASTH 3aMip TEMIMEpPaTyPU TAKUM YMHOM: SKILO
TEMIIepaTypa BOIHW BHWIlIa BUI TeMIEPATYPU HaBKOJIMIIHBOTO CEPENOBHILIA,
TO 3aMUACYIOTh HaWBULLUMHA TOKa3HUK BUMIpIB abo BiaMivyaloTs HaliMeHLIe
3HaYCHHS TEPMOMETPA Y BUMAIKY, KOJAM TeMIlepaTypa BOAM HMX4Ya 3a
TEMTIEPATYPY HABKOJWIUHBOTO CEPENCBUILA.

g BUMIpIOBaHHS TEMIIEpaTypH BOAM y BOMOHMMILI Ha Pi3HUX FIM-
OMHaX BUKOPHUCTOBYIOTB CHieLiaibHi TepMoMeTpu. Temneparypy BKa3VIOTh
y rpanycax Lenbcia 3 okpyrneHHaM no 0,1 abo 0,5° 3anexHo Bin tumy
TePMOMeETpa. 3HAK CTABUTHCS TiJIBKU TOMI, KOJIM TeMITepaTypa HUXYa Bil

HYJIsI.

l'yctuna

[yerria Bomm 3an€XUTh Bifl KOHLIEHTpALIIT PO3YMHEHHX B Hill peYOBUH
Ta 3aBUCE, a TakoX Bid TeMriepaTypu. ToMy IUIs MOPIBHAHHSA NaHUX
BEJIMYMHY [YCTMHM BIIHOCATb OO MEBHOI TeMIepaTypH, 30Kpema, Wi
NPHPOLHHUX BOI BOHA cTaHOBUTH 20°C.

lveruny BonM BH3HAYalOTh MPU 3MillyBaHHI BOA 3 Pi3HUMM KOH-
LEHTPALISIMWU PO3YMHEHUX PEUOBMH. 3MiHA I'YCTUHM BIUIMBAE Ha PO3BU-
TOK TiAPOGioHTIB 260 Ha MPOTIKAHHS y BOOHOMY CEpedoBHILi pi3HO-
MaHITHUX (i3uKo-XIMIYHHUX npoLeciB.

T'vcruHy BU3HawalOTh TpaBIMETPUUHMM METOOOM 33 AONOMOTOIO
MiKHOMETpa i BUpaXaloTh y r/cM’ npu Temreparypi 20,0 + 0,5°C.

Metoanka Busnavenns. Bucywenmii nikHomeTp 3BAXVYIOTb, HAMOBHIO-
I0Th ¥oro npo6oo BoaM i IOBOAATH il TeMIiepaTypy B TepMocTati go 20°C.
[TikHOMETp 3aMOBHIOIOTb TAKUM YHMHOM, LIO6 Y HBOMY He 3ATHLINIOCH
NyXupuiB noBiTpsa. [ToBepxHIO MiKHOMeTpa BUTHPAIOTh. Mpu unomy Tem-
nepatypa BOAM y MIKHOMETPI He MOBMHHa 3MiHloBatucs. [licns 1poro
NIKHOMETP 3 P06 00 BOAU 3BaXKVIOTh.

I'yetvHy obumciolots 3a hopMynoro

I -m
p=-"

)
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Ae m; — Maca IKHOMETpa 3 Npo6oIo BOIM, T; My — Maca BHCYLLIEHOTO
MKHOMeTpa, I; ¥ — 00’eM MiKHOMETpa, cM". :

MpoaopicTb

[TposopicTe BoAM 3aeXUTh Bill il KOMBOPY Ta KalaMyTHocTi. Mipoio
MPO30pOCTi € BMCOTA BOASHOTO CTOBRA, KPi3b SKUI MOXHA LIE Cro-
crepiratv 3acap6oBaHy y Gimiil Kojlip JOLIEYKY TEBHOrO po3Mipy abo
MPOYMTATH APYKAPCHKHUI WIPUQT BU3HaAYeHOro THITY. BisyanmpHuil Meton
A€ JIVIIE OPIEHTOBHI Pe3y/bTaTH.

BuMiproBaHHS Mpo30pocTi 3a J0MOMOrol0 JOUIEYKH BUKOHYETHCS B
MOBEPXHEBUX BOMAX Ha Micli BinGopy rnpobu, a 3a mornomoroio mpudry
— Ml Yac JOCJLUDKEHHS TIOBEPXHEBUX BOI Y JabOpaTOPHMX YMOBAaXx.
Pesynbratv BUpaXxaloTb Yy caHTMMeTpax, BiI3HAYalo4H MPH LIBOMY croci6
BUMIPIOBaHHA.

Bumipiosanns 3a crannaprroio nomedkomw. Lleit Meron nosisirae v Bera-
HOBJIEHHI MMOMHM, TpU SKiil 3aHypeHa Gina goureyka nepecrae OyTH
BUIMMOIO. BuMiploBaHHST HE0OXiIHO MPOBOIWTH NPW BIACYTHOCTI MPSIMO-
ro COHSYHOro CBiTHA.

Meroanka susnavenns. [Ipu poscisHOMYy HEHHOMY CBITAI HOLICYKY
3aHYPIOIOTh V BOAY i BU3HAYAIOTb MUOHHY V CAaHTUMETPAX, NIPH AKill BOHa
nepecrae 6yTM BUaHMoro. BuMipioBaHHS MOBTOPIOIOTH NeKLTbKA pasiB i
PO3paxoOBYIOTb CEPEAHE 3HAYEHHS.

BumipioBanns 3a gonomoroio wpuTy. BH3HAUAIOTH BUCOTY BOASAHOTO
CTOBMNA, KPi3b AKWUH IPYKapChKUI IPHUGT NOYUHAE TIOTAHO PO3Pi3HATHCS.

Metoauka BusHaveHHs. CKASHUIH NPo30puil LIAIHAP, Mil AHO SKOTO
NIIKJIA1al0Th J00pe OCBITICHUI LIPKGT, 3aMoBHIOIOTb NPoboI0 BOAM 10
TaKol BUCOTH, LIOO JIiTEpH, AKi NpPOrIANalOTbCH 3BEPXY, NOYAIM MOraHo
posnizHaBatuca. [Mpoby posrnsgalors NMpH po3CiTHOMY IEHHOMY OCBIT-
JieHH1. Bu3HaueHHS [MOBTOPIOIOTH AeKiJIbKa pa3iB i pO3paxoBYIOTh CEPEAHE
3HaYCHHA BUCOTH BOISTHOTO CTOBMAa B CAHTUMETpaXx.

KonboposicTb

YucTi npupozaHi Boau Maiike 6e36apsHi. KonabopoBsicTb nosepxHeBUX
BO/l 3yMOBJIEHA IOJTOBHUM YMHOM HAsIBHICTIO B HUX 3abapBiieHUX [yMy-
COBUX PEYOBMH Ta crionvk 3aniza (111). ¥V barathox BMnaakax kosip Boau
3YMOBJIEHUH TaKOX MPUCYTHICTIO B Hiif MIKpOOpPraHi3MiB, 4acTok Mydy.
CynbOIOiE METANB Ta IHIIMX HEPO3YUHHMX pedoBHH. KonbopoBicTh
BU3HA4al0Th Y NpodinbTpoBaHiii abo HedibTposaHiii npobi Boam. [Mpoby
BOAM HE KOHCEPBYIOTH i MpOBOLATH BU3HAUYEHHS iI KONLOPOBOCTI He
Mi3Hille, HIX Yepe3 ABi MOIMHU micas Biabopy. ,

Bizyanabne susnauenns. [TpoOy Boan HANIMBAIOTE V CKASHHI LMJLHAD 3
PIBHUM TUIOCKMM NIHOM. Bucota croBna Boau noBHHHA HOpiBHIOBATH
10 cM. PoarmsnaloTe Body B umniHapi 3Bepxy Ha Ginomy ¢oi Nnpu po3-
CiIHOMY J€HHOMY CBiTAi. Pe3yibTar BH3HAYEHHS OMUCYIOTH CAOBECHO 3
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BKA3iBKOIO BIATIHKY Ta iHTeHCHBHOCTI 3abapmneHHs (cnabke abo iH-
TEHCHUBHE).

Bu3naueHHs MerToloM MOPIBHAHHA 3 INTYYHHMH CTAHIApPTaMH. TMpoby
BOMM, BIATIHOK KOJBOPY SIKOI BiATIOBiIa€ cymilIaMm PO3YMHIB XJIOPO-
TUIATMHITY Kalilo Ta XJIOpUIY Kanilo abo auxpomaTy Kaiiio Ta cypbd)aTy
KobanbTy, IMOPIBHIOWOTL i3 3a0apBRIEHHAM CTAHIAPTHUX PO3YMHIB LMX,
crioniyk. PesynpraTit BUpaxaloTh y rpaiycax KOJbOPOBOCTI. 3abapBneHHA
BOIY, SKE BIATIOBIAE KOILOPY PO3YHHY, IO MICTUTD | Mr riatyHu B | 1,
IOPiBHIOE OTHOMY rpaxycy Ko/bOPOBOCTI. ' _

BusHayeHHIO KOJIBOPOBOCTI BOAM 3aBaXa€ KaJlaMYTHICTD. Ii BrutMBy
Mo36yBalOThCsT (MIABTPYBAHHAM Yepe3 CKIsHUI ¢inbTp Ned aGo wneHT-
pubyryBaHHIM _ .

Meroauka BU3HAYEHHS. 3AICHIOIOTH TIOPIBHSIHHA 13 CTaHIAPTHUMM
PO3YMHAMM AMXPOMATY Katiifo i cybdaTy KodabTy. .

B uwiinapu Hecnepa nocnigosHo BoasTs 0.5; 1,0; 1.55 2.0, .2,5; 3,0;
4,0: 4,5 5.0; 6,01 7.0 Mn CTAHAAPTHOTO PO3YMHY, B 1 J1 SIKOrO MICTUTBCH
0.0875 r K,Cr,0;, 2 T CoSO, - 7H,0 1a 1 M KoHueHTpoBaHoi H,SO,; Bei
peakTBM KBajidikauii 4.a.a. O6’€M po34HHIB 10BOAATH CipYaHOIO Kuc-
aototo (1 : 999) ao 50 mur. o .

Konip oaepXaHUX CTAHAAPTHWX PO34YMHIB BIATIOBLIAE KOABOPY pO3-
yuHiB 3 KOHLeHTpaiielo 5—70 mr Pt B | 1, To6TO KOABOPOBOCTI 5—
70 rpan. ) ) )

50 mMa npobu BOAM HaJMBalOThb Y TAKUH Xe LHUIRAP Hecnepa_'l
MOPIBHIOIOTH KOJNIp BOOM i3 CTAHAAPTHUMU PO3UMHAMH, PO3MISAAIOUH 1X
3BepXy. K110 IHTEHCUBHICTh KOJNILOPY NMPOGH BHXOAMTE 3a MEXI LIKaJH,
1o Tpoly po3BaBiAIOTE AMCTHIIBOBAHOIO BOIOKO, BUIMIPIOIOTH 50 mn 1
TIPOBOASATL BU3HAYEHHS, BPAaXOBYIOUYH KPaTHICTh po30aB/ieHHS.

KanamyTHiCTb

KanaMyTHICTE BOOM 3YMOBJICHA Haﬂ'BHiCTIO. B Hiil ApibHoAMCTIEPCHHUX 1
KOJIOITHUX PEYOBMH HEOPraHIYHOro Ta opraHiyHoro rnoxomkeHHs. MNpu-
YUHOIO KAJIAMYTHOCTI MOBEPXHEBUX BOIl €, HACAMIMEPE, MV/IH, CUJILIERA
KWUCAOTa, TIIPOKCHIM 3aJli3a Ta ajllOMiHilO, OpraHIvH1 KOJIOLAN 1 PI3HO-
MaHITHI MiKPOOPraHi3MH Ta IUIAHKTOH. Y IPYHTOBHUX BOAAX KaJAMYTHICTD
3yMORJIEHA B OCHOBHOMY HAasiBHICTIO B HMX HEPO3UMHHHUX MIHEPAIBHUX
PEYOBUH. ’ _ ' )

BusHadeHHs1 KaJlaMyTHOCTI HeOOXifHE IUTA OLHKMW SKOCTI TMTHHUX Ta
noBepxHeBUX Boa. KanaMyTHICTb BUMIPIOIOTb METONAMH TypOiaMMeTpil
abo HedenoMeTpil, MOPIBHIOIOYH CBITNOMPOINYCKAHHS a§o CBITJIOPO3CI-
JOBAaHHA NpobH 13 craHAapTHUMHU PO3UYHHAMMU. KanamyTHICTb Bozm_HeoG_:
XiZHO BM3HAUaTU B [eHb BiaGopy npobu i He Mi3Hiwe 1106}1 micss 1
BinbGopy. 36epiraloTh BOMY V TeMpsBi, i Wi nocnabneHHs GioXiMIYHHX
npoLeciB y 1pody I0maloTh 2 MII XJ10podopMy Ha I n BOIM. _

Pe3ynbTaTi BUMipIOBaHHs BHM3HA4aoTh v Midirpamax SiO, Ha 1 i1 i3
3a3HAYEHHAM CTIOCOOY BHU3HAUEHHS.
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Typbinnmerpuune suznHavenns. KanaMyTHICTS Boou BU3HaYaloTh Bi3y-
aTbHO abo GoToOMEeTPUYHMM MeTonoM. Bruimsy, 3yMoBieHoro 3abapBieH~
HAM BOMM, LIO 3aBaXa€ aHalisy, no3byBaioTbes, GyOVIOUM CTAaHIAPTHY
wKany cycriensii SiO, Ha ¢oHi npo3opoi npupoaHoi BomM, sKY 3a3ma-
JeTinp LeHTPUGYTYIOTh. SIKIO KaJaMyTHOCTI NMPoGM LIMM METOLOM He
MOXHa ITo30YTHCA, TO BUKOPHUCTOBYIOTH iHIIMIA Ipo30pHI PO3UNH, AKUIT
3abapBiieHH# v Tolt Xe Koip, 1110 i npo6a MpUPOIHOI BOAU.

MeToanka BH3HAYEHHS. V KIOBETY BiAIMTOBIIHOI TOBLUMHM TMOFTHHAb=

HOTO 1Iapy nepeHocaTs Aobpe 360BTaHY Mpoby BOAM i BUMIpPIOIOTH Ofl-
THYHY TYCTUHY Ha (DOTOENEKTPOKOIOPHMETDI 3 YEPBOHUM CBITIOMLIBT-
poM. SIKIIO BOAa Ma€E KOIBOPOBICTb, TO HeoBXiTHO BpaxyBaTH OITTUYHY
TYCTUHY IIPY YMOBaX BUMipIoBaHHA LHeHTpUbyrosaHoi npoou Bonu. Kaja-
MYTHICTb ITPoOM BOOM, HIO aHANI3VETLCH, OLIHIOIOTH 33 rpanvioBaJlbHUM
rpadikoM i BUPaXaioTh V MT SiO,/n.

Ina mobynoBu rpanyioBajibHOro rpadika B KIOBETY 3 Ti€l0 X TOBILM-
HOIO MOINTMHAJIBHOTO WIapy IOCAiA0BHO HAMBAIOTh CTAHAAPTHI PO3YMHU
CycHeHsii, sIKi MICTATb MIOKCHMI CHIILiIO 3 KOHUeHTpauicio |, 2, 4,
... (Mr/n) i BMMipIoIOTb iX onTHYHy ryvcTuHy. I'padik Gvaviots B KOOp-
MMHATaX «ONTHYHA I'YCTUHA — KOHHeHTpauisd Si0O,, Mr/a».

IpuroTyBaHHA cTanaapTHoi cycneusii miokcuay cumiuiwo. Tpenen, vy
CKJIalli IKOTO HEMa€ 3ali3a, NMPOoXapioloTh, MPOMHUBAIOTh AHCTILILOBAHOO
BOJIOIO, BHCYILYIOTH i 3HOBY npoxapiotoTb. CKIIaJl TaKOro Tpereny rpH-
iimMarote 3a 100 % SiO,. [Jdani iforo po3TvpaioTb B araTosiit CTYILI,
3BaXy1oTh 1,25 1, nepeHoOCATh y MipHMIT LIMAIHAD i NpuanBaiots 250 M
mcTHABOBaHOI BoAu. CyMinr go6pe 360BTYIOTH | 3aiMIUalOTh Ha 24 ro-
AWHU, THCJIS Yoro BinOUpaloTs 3Bepxy 230 M1 cycriensii. [1s BCTaHOB/EH-
Hs KOHLICHTpALlil cycrieHsii rinetkoto BinMiproiots 25,00 M1 | nepeHocaTh
B YallIKy, Maca KOl BiloMa, BUMapIOlOTh A0CyXa, BUCYIIVIOTh npu 105°C
1 3BaXYIOTb. 3a Pi3HMLCIO BIITIOBIAHUX MAac PO3PaxOBYIOTh KifbKIiCTb Sio,
B MI'/MJI.

Hedenomerpnune susnauenns. HedenoMmeTpuuHe BM3HAYeHHS Kasla-
MYTHOCTI 6a3yeTbcs Ha BMMIPIOBaHHI iHTeHCHBHOCTI edexty TiHnans y
npobi mpupoxHoi Boau. KajaMyTHICTb BU3HA4aloOTh 3a rPanvioBUTBHUM
rpagikoM, NnobyIoBaHHUM 3 BUKOPHCTAHHAM CYCMEH3ii Si0,, ak onucaHo
BMIILE. . ‘

Cmak

CMaKkoBi BIAaCTUBOCTI BOAM 3a/ieXaTh Bill HASBHOCTI B Hiif pPEUOBUH
TIPMPOAHOTO MOXOMXKEHHA abo pevyoBHH, SIKi TIOTParAfloTh yV BOAY i3
crokamu. IlinsemHi BomM, sIKi MICTATb TiNBKM HEOpraiuHi PO3UMHEH]
PEUOBHHU, MaiOTh CMeUMpIYHUIT CMaK, 3YMOBAEHMI HASBHICTIO B HHX
CMOJIYK 3aJli3a, MaHraHy, MarHilo, Hatpilo, Kasiio, XJIOPHAIB Ta Kap-
GoHatiB. BunpoGyBaHHSA Ha cMaK MpoBOASTH TIABKH MU MHTHHX BOA i
OMMCVIOTE #0r0  cnoBecHo. Po3pisHAIOTE YOTHPU OCHOBHI Kateropit
CMAaKy: COJIOHMH, cOJIOAKMH, Tipkuil Ta kucamit. KpiM Toro, moxHa
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BiA3HAYaTH TAaKOX i JiessKi TIPUCMaKW, HAMPUKJIAI, JIVKHUI, METaneBUit,
XJIOPHUI, TOILO, Ta iIHTEHCHMBHICTb cMaKy — 6e3 cMaky, cnabkuii, cunb-
HMIM. ) . '
PesynbTaT BU3HAYeHHS 3aJIEKUTh Bil CMAKOBOTO CIPUItHATTA i Jo-
CBiOY AOCHIIHHKA. '

Tlpy BHM3HAYeHHi CMaKy TMTHMX BOA BHUKOPHCTOBYIOTH npobu, axi
OaKTepioIorivHO HEWIKIIIMBI, He3a0pyaHeHI 1 HETOKCHYHI. Cma§< BU3Ha-
4yaloTh MPU TeMriepaTypi TIpoOM B MOMEHT il Bimbopy, mpu KiMHaTHii
TeMItepatypi abo ripu 40°C.

3anax

3anax BOOM 3YMOBJICHMIT JIESTKUMH OpPraHiYHUMH PEYOBHHAMMU, LIO
NaXHYTh i MOTPATUIAIOTE Y BOAY NPUPOIHUM LIAXOM abo i3 CTiYHUMMU
BoAaMu. Y TIPUPOIHUX BOHAX, AKi MICTATH BUKJIOYHO HEOpPraHiYHI pe-
YOBUHU, XapaKTEPHUIT 3arax MOXe CTBOPIOBATH JIMIIIE CipKoBoaeHb. [TuT-
Ha Boja i BOOM Ha BUPOGHMLITBAX NMOBUHHI OyTH Ge3 3anaxy. .

Tpu BH3HAYEHH] 3araxy [TOBEPXHEBHX, a TAKOXK MUTHUX Ta CTIYHUX
BOJI V BCiX BHMAJIKaX CMoyaTky BCTAHORBRJIIOIOTb XapaKTep 3ariaxy, a MoTiM
BH3HAYAIOTh MOro iHTEHCHUBHICTh OPraHoJIENTUYHO abo MeTonoM «1opo-
rOBOr0 AOCHAXeHHs». HeobxinHo HaBoAWTH TeMmepaTypy. MpH sKid
TIPOBOIUTHCSI BH3HAYEeHHs 3araxy. 3arnax BU3HauYarOTb Ha Micli Biabopy
npodu BoIU. . )

OpranonenTHyne BUIHAYEHHS XapaKTepy Ta IHTEHCHBHOCTI 3anaxy nuT-
HOY Boau. XapakTep 3armaxy IMMTHOI Boau Bu3Hauyaiote npu 20°C ta 60°C.
3anax OIMUCYIOTh CJIOBECHO, a HOro iHTEHCHBHICTb OLIHIOIOTHL 3a IT ATH-
basbHOIO 1Kasolo (Tab. 14). _

BusHaueHHIo 3anaxy 3aBaXaloTh CipKoBOIEeHb abo BiIBHIIT XJ0p, K-
IO caMi BOHU He € 00’ekTaMu nocniaxkeHHsA. CipKoBoaeHb BUBOASTH

Tabauys 14. Bu3HaveHRHst iHTEHCUBHOCTI 3anaxy NUTHOT BOAU

InreHciBHicTD (Gani) XapagTepHcTHKa 3araxy {TosiBa 3au1axy o
0 bes sanaxy Bisicyruiics 3amaxy
I ' lyxe cinabxuit 3anax, SKHit He BUTUYBaC CIIOXHBAY, aJIC

BHSIBJISIE IOCJIUTHHK

II Cnabxuit 3anax BUMYBAE CTIOXKHBA', SKIIO 3BCPHYTH Ha
e ioro ysary

I Momirunii 3anax JICTKO BH3UAYACTLCA, BOJAA HCHPHEMHA
TS TS

v Bupazuuii 3anax npuseprae 10 ceOc ypary; sl Moxe
CIIOHYKATH HC IINTH BOAY

\% | Hyxe cnabiui 3anax HacTUTbKH CHIABIHIL, 110 BOAY 1HC
MOXEHE HHTH




MOABAHHSIM KiJIBKOX KpariuH 10 % PO3UMHY alleTaTy KaJaMilo, a BiIbHHIT
xynop — BBereHHAM 10 % posunny Tiocyabdary HaTpiio. ’

Merozmxa BU3HAueHHs. B KoHiuyHy konby BHoCaT 250 Mt rnpobu sogu
nipu 20 C: Konby 3akpuearots npobkoro i Kitbka pasiB eHepriiiHo 360B-
TytoTh. Ilicis wporo konby BiakpuBaoThb i BIIPa3y X OpraHojIenTUYHO
BHU3HaYaloTb XapakTep 3afaxy Ta iloro iHTeHCHBHicTh. B iHIIY Konby
HayiMBaroTh 250 M npo.61/1, 3aKPHBAlOTh TOAMHHUKOBUM CKJIOM 1, nepe;
MILIYIOYH PO3YMH, HAFPIBAIOTh HA BOAAHIN Gani no ~ 60°C. IMicas mocsr-
HEHHA Ha3BaHOL TEMIEPATYPU BIIKPHUBAIOTH KONGY i Bimpasy x opraHo-
JIEMTHYHO BU3HAYalOTh XapakTep Ta iHTEHCHBHICTD 3anaxy. ’

BusnaueHns noporosoi iHTeHcHHocTi 3anaxy. IHTeHcHBHiCTb 3anaxy
BusHayaoTh npu 20°C ta 60°C waaxoM po3basneHHs npodu Boan auc-
TWILOBAHOIO BOMOIO IOTH, AOKH He 3HMKHe 3amax. B tabn. 15 Haseneno

Tabauys 15. PosGasnenns npo6 BoaM AnA BUIHAYEHHS NOPOroBoOT iHTEHCHBHOCTI 3amaxy

TTpoBa somr. i

[urencusiticrs 3anaxy, P

METONMKA po30aBAeHHS Mpob BoaM npu VMOBI, L0 3aransHUil 06’em

TcsA po3BefeHHA cTaHOBUTE 200 Ma. MoporoBy iHTeHCHBHICTD 3anaxy
004HCITIOIOTh 3a POPMVIIOHO '

00

5
P="""
v

,
ne v — ob’eM npobu Bomw, aKa Gvia B3sTa Wi NPUroTYBAHHA CyMilli
. o - ‘

BMiCT po3yuHeHuX Ta HEPO3YMHEHUX peuyoBuH

CHOI[Y.K!/I, AK1L MICTATECA B MNPUPONHUX BOMAX, MOXHA NOAUIMTH Ha
PO3YMHEHL 1 HEPO3UMHEHI. B cBoIO Yepry, ocTaHHI MoaingoTbes Ha Taki
IO OCIAAIOTh, HE OCIAAIOTB Ta CMMBAIOTL. BU3HAYEGHHS 3araibHOTO BMiC:
TY BCIX POSUMHEHUX 1 HEPO3UMHEHHX PEUOBUH Y BOMI MOASTaE v BUNIAPIO-
BaHHI NMpobH BoAM, BUCYLIVBAaHHI 3amky npu 105°C i 3BaxvBaHHI Horo
MacH. [l BU3HAYEHHS BMICTY pO3uMHEHHX PEYOBMH 3a Macoio npoby
BOIU DinbTPyIOTD, Tcas 4oro (GinbTPaT BUMAPIOIOTH, a 3LTHLIOK BUCY-
YIOTh MpH lOSf’C 1 3BAXYIOTb. BMicT HeposurHeHUX pevosin (3aBHccﬁ)
SHAXOIATL SK PISHULIIO MiX 3arajlbHUM BMICTOM BCiX PEYOBHUH i BMICTOM
IX po3uMHeHHX (opm abo 9K PIZHULLIO MiX Macolo BUCYIIEHOTO npu 105°C
(bmprgTy 3 0canoMm i Macolo camoro GibTpa. )

Taxi criocobu BU3HaYeHHS He FADaHTYIOTh NOBHOTO BiIOKpPEMISHHS
PO3YHHCHHUX PEYOBUH BII HEPO3UHHEHHX, A TIABKH NOLLISIOTH iX Ha Ti
AKI MOXHA BILIUTMTH (BinbTpyBaHHaM (3aBuci), i Ti, 110 npoxonﬂlTb Kpi3l;
GbinsTp. [Mpote, 3 NpakTHYHO] ToYKH 30pV TakHIl noain peliéBllH LUJIKOM
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3amoBibHMIL. [TUTHA Boza, a TAKOX BOJAa IUIA IEBHHX TEXHIYHMX Lijei
TMOBUMHHA OYTH OYMIIEHA Bil HEPOIUMHHUX PEYOBHH i 3aBUCEH.

Ipu HaBeeHoMYy BHIile CIoco0i BUKOHAHHA aHaJli3y He BDAXOBYIOThCS
HasiBHi Y BOZI ra3W, NeTKi PEYOBWHM i Ti, fKi MpH BUMaploBaHHi abo
BHCVIIIYBaHHI PO3KJia/llaloThCH.

3a pI3HMLEI MiX MAacol0 CYXOTo 3aTHHIKY DPO3UMHEHMX PEYOBUH Ta
3aBUceil i iX Macolo micist npoxkapioBaHHsA Tipd 600°C 3HaxonsTh Tak
3BaHy BTPATy MiC/S NPOXAPIOBAHHSA, KA JOPIBHIOE BMICTY OPraHiuyHMX i
HeopraHiYHKX PeYOBUH, SIKi MPU BHUCOKIH TEMIiEpaTypi PO3KNadaloThCa 3
YTBOPEHHAM JIETKHX MPOAVKTIB 200 BUBITPIOIOTECA.

Mpo6u Boou fpy BU3HAYEHHI BMICTY PO3UMHEHUX Ta HEPO3UMHEHUX
PEYOBMH HE KOHCEPBYIOTb i 00pobisitoTh iX ompasy X, ajie He Ni3Hiure
omHiel DOOGM NP BU3HAYEHHI 3aBMcedl 1 He Mi3Hille Tpbox A0 npu
BCTAHOBJIEHHI 3arajJlbHOTO BMICTY JOMillioK. Pe3yapTaty BU3HaYeHHS BU-
paxaloTh y MijslirpaMax Ha | 1 npo6u Boou.

BMicT ocinalouux i CruTMBalOYWX peHOBHMH BU3HAYaKOTbh TOJIOBHUM YH-
HOM Y CTIYHHMX BOAAxX, i B IbOMY PO3AiJi L MUTaHHA He PO3TJISIAEThCS.

3aBuci ﬁ"/

Buict 3aBHceit v Boai BU3HAYal0Th GOTOMETPUYHKUM (OCHOBHHI1 MeTO
IUIS BOH, Yy AKMX MicTuTbess mo 100 mr/n 3aBucel) i rpaBiMETPUUHNM
MeTtonaMu npy GUIbTpyBaHHI 3 MemGpaHamut (1o 100 mr/a) abo narre-
poBuMu (rioHan 100 mr/n) dineTpaMu, a TakoxX LeHTpUdyrysaHHaM. s
B3HaueHHa Biabupaiote 500 w1 npobu BoaM Npu BMICTI 3aBucer
> 50 mr/n i 1000 Mt — npu MEHIUMX KOHLIEHTPALlisiX.

Moromerpuune BusHavenns. Ha doromerpi BU3HaYaloTh KoedilieHT
CBITAONpPONYCKaHHs Npolu BOAM i 3a rpalyoBaTBHUM rpadikoM BCTAHOB-
JIOIOTH KOHLEHTpaLito 3aBuceit. YytausicTs Metony ctaHoButh 0,2 Mr/i.

BUTOTOBAEHHS cTaHIapTHOI cvMiwii moo6y-
foBarpaavoBanbHoro rpadika. [Mpu nocaimkeHHi npu-
pomuux Boxa 100 T rHU, Ky BiAOHpaloTe NoOAN3Y JoKepena, po3TUpaloTh
3 JUCTWIBOBaHOIO Boxoio v (dapdoposiii cTyMLi 1 3MUBIOTL PO3TEPTY
FIMHY Y CKAAHMI nocya IiamerpoMm 20—25 cM i BHcoTolo 30—50 cMm.
IMocyn 3aMoBHIOIOTH AWCTHJIBOBAHOIO BONAOIO 10 BiHLS, PETENbHO MNe-
pEMiLLIVIOTE i 3ainwmwatoth Ha 60 xB. [loTiM BinGUpaloTh 3 Mocvay BepXHIH
wap ooy Ha raubudy 180 mM. Lleil wiap MicTUTL rAMHMCTI 3aBUCi 3
yacTKaMM, SIKi MaloTb TiApaBAidHY Kpyndicts MeHimy Hix 0.05 mm/c.
3aBuci i3 BoaM BiOdiNLTPOBYIOTE uepe3 LABHUIT nanepoBuil (inbTp,
BUCYIIVIOTE Y cyiumibHiil wadi npu 105°C i postupaiots B araToBii
crynui. 3Baxyiors | I 3aBuCi, 3HOBY PO3THPAIOTb Y CTVILI 3 AHCTWIbOBA-
HOIO BOJIOIO 1 TIEPEHOCATD V MipHY Konbv Ha 1 11, vy aKy morepentbo Oyno
Hasuto 200 M 0,1 % posumHy rexcameradocdarty Hatpiio ax crabi-
nizaropa. O0’eM cycrieH3ii JOBOASITH AMCTUIBOBAHOKW BOAOK N0 PUCKH,

1 Ma po3umHy MicTUTh | Mr 3aBuci. Po36aBaeHHSIM LbOFO PO3UHHY TOTY-
10Th CVCITeH3il 3 BMicTom 3aBuceli 1; 2; 5; 10; 20; 40; 60 mMr/a i BIMIpIOIOTE
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KOeQILEHT CBITIONPOMYCKAHHS HIOKO AWCTUIIBOBAHOI BOIW, a TNpHU
BU3HAYeHHI Y npobi — Hiono BidinsTpoBaHoi abo LEeHTpUdVroBaHol
BoIH. [l MaIIX KOHUEHTpaLiit 3aBHCeii (o 10 Mr/n) BMKOPUCTOBYIOTH
KIOBETY 3 TOBIUMHOIO MONJIMHANIBHOIO WAPY 5 M i MeHLi KIOBETH — TS
3paskiB 3 OUIBLII BUCOKMM BMICTOM 3aBHCEl. .

Busnauenus 3 BukopHcTannam memOpauux inbTpis. Mem6panui
bUIbTPU XU sTATE 15 XB Y aucTwieoBaHii Boai. Lo npowenypy nmosro-
PIOIOTB TPUYi KOXEH pa3 y CBiXiil AMCTIIbOBaHI Boni. PinbTpu BUCY-
myoTe nmpu 105°C o noctifiHoi Macu (2—3 rom) i 3BaXylOTb. 3a-
KPIIUIoI0Th GiuTbTp v CIIELIATBHOMY armaparti i i BaKyyMOM N pPOIVCKAOTh
uepe3 Hporo 100-—500 ma mpo6u. Yactku, o TMIPWIUITIU A0 CTIHOK
anapara, 3MHUBalOTh IUCTHJIBOBAHOK BOJOIO Ha binbTp. Anapat pos6u-
paioTh, GUILTP BUitMalOTh, cyiiaTh Ha MOBITPi, a MOTIM BHCYILVIOTH y
CYIWWIBbHIN wadi npu 105°C no nocTifiHoi MacH i 3BaXViOoTh. [l1g BU3HAa-
YCHHS 3aJIMUIKY TCIA [TPOXaproBaHHS MeMOpaHHUI GiABTp i3 3aBUCTMYU
TCPEHOCATD y TMPOXapeHWil 3BaXeHMil TIATHHOBMIL abo dhapdoposuit
TUTeNb, MpoxapioloTk Npu 600°C mo nocTiiiHol Macy i nics OXONOMXKEH-
HA 3BaXVIOThb. 3arallbHUii BMICT 3aBHceii (m), 3anuwKy nicas npoxa-
PIOBaHHSA (m1,) Ta BTPAT NpU MpOXapioBaHH| (m.) obuymcniowTh 32 dopmy-
JaMM

my = =m) - 1000 (my - my) - 1000

N v ’ ! v s m.= m, - m)'s
Ae m, — maca Mem6paHHOro bibTpa 3 0CafnoM, Mr; m; — BUXilIHa Maca
MeMOpaHHOro GiNbTPa, Mr; m; — Maca THIIS 3 SIMIITKOM MiC/I8 NIpoxa-
PIOBAHHS, MI; my — Maca MOPOXHBOTO TUIJIS, MI, ¥ — 06’eM npobu

BoMM, MJ. Pesynbramm oxkpyrmoiots 1o MiNirpaMiB, a Npu 3HAYEHHSX
nioHan 1000 Mr/n — no 10 mr. ,

Busnauenus 3 BuKopucrannam naneposux dinbrpis. MNaneposi dbinbTpH
“CHHA CMyXKa» BUCYHIVIOTB mipotsiroM | roa npu 105°C no MocTiiiHol
MacH i 3BaxyioTb. O6’eM Bomu, HeobXinHMi ISl BUSHAYCHHS, 3a0eXKUTD
Bill O4iKYBaHOIo BMicTy 3aBuci. Bin Moxe OvTH 3HalimeHuit Tak:

OuikyBatinit BMicT Mennie 10 10—-50 S0—100 100—-500 loman 500
3aBHci, Mr/i >

06’eM nipobu, 1 1,52 1,0 0,5 0,25 0,1

ITpoby perenbHO 360BTYIOTH i UIBMAKO, 1106 He BCTUIJIH OCICTH 3aBMCi,
BiAOGMPAIOTh LIMIHIPOM HeOobXiTHUH 06 eM BOIW 1 inbTpyioTh yepes
narnepoBuit dbinbTp. Axuro ¢iaerpar KalaMYTHUH, oro HeobXiaHO 3HOBY

npodLIBTPYBATH Yepes Toif camuii dbinerp. 3aBuch Ha GinbTpi npomu-

BAlOTh KUIBKA pa3iB HEBEJIHKOIO NOPUIED AUCTHIBOBAHOI Bomu. [MoTim
GINBTp MepeHoCATh v 3BaXeHMI GloKe | BHCcywyoTe nipu 105°C go mo-
CTIllHOI Macu. 3anuiok micss NPOXAPIOBAHHS OACPXKYIOTh 08epPEXKHUM
CHAOBAHHAM DLUIBTPA B TUIJI 1 NOAATBUIIIM NpoXapoBaHHAM v Myddeni
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ipu 600°C o mocTiiiHOl Macy. Tlic/I OXONOMKEHHS B €KCHUKATOPI TUTEIb
i3 3aTHILKOM 3BaXyIOTh. . '

BMicT 3aBuceit (m,), 3aTMIUKY MicS NPOXAapIOBaHHA (m,) i BTpaT MpH
TpoXapioBaHHi (m,) oGuvcmoloTh 3a dhopMyIaMu

m, = 2=y 1000 (ms—my- 1000, _ m,,
x = v ’ i4

, =
v

e m; — Maca 6I0KCy 3 BUCYLLIEHUM narnepoBUM dbinsTpoM no. nponycKkaH-
HSl BOOW, MI;, M, — Maca OloKkcy 3 (GUIBTPOM 1 3aBUCCIO, MT; My — Maca}
TUATJIA 3 IPOXAPEHUM 3aJTUIIKOM, MT; H1; — Maca MTOPOXHBLOIO THIJISL, MT;
— 00’eM BOIM, ML
’ Bﬁfﬂiqeuuﬁn uenTpudyrysanusm. Lleit Meron sactocoByioTh TpHU aHa-
JH3i BOA, SKi MiCTSlTb3 3aBuci y KinbkocTax moHax 100 mr/n i Mmarorh
onan 1 r/em”. _
rycg[i};é;&)aloal{lb Ta{mﬁ o6’eM mipobu vy uernpmbym—ry pobipKy, 106 y
HbOMY MicTHocs He MeHuIe 10 Mr 3aBuceid, i HEHTPHYIVIOT NIpoTSTOM
5 xB i3 wBKAKicTiO 3000 00./XB, MiCAs YOro 3/MBAIOTh MPO30PY PiAUHY.
Ocan y nipobipui Tpyyi NpOMHBalOTh LIeHTPUDYTYBaHHAM 3 IUCTIUIBOBA-
HOI0 BOH010. 3aNMUIIIOK KUIBKICHO 3MUBAIOTh TUCTWIBOBAHOIO BOAOIO Y
TOTIEPENHBO 3BaXEHY (bapcbopos_v_ 2}60 FUIATHHOBY YAlLIKY. Bunaprorots
piIMHY B 4Yallllli Ha BoAsHIi OaHi 1 BHCYLLIVIOTb CYXMii 3aJIMUIOK Y CY-
wiUTbHIN wadi ripu 105°C 1o nocTiitHoi MacH, OXOJOMKYIOTb B €KCHKA-
FOTb. .

Topll?»lmaig?ganceﬁ (m,), 3anMIIKy MiCs NPOXapIOBaHHA (m,) | BTpaT Npu
NpoXaploBaHHi (m1,) y Mr/i BU3HavaloTh 3a dopMyaaMu

m, = ez m) - 1000 Gy —my) - 1000, - (m; = ma) - 1000
x = __v L] y "‘ L]

Y - ) v

ae m, — Maca yaurku, Mr, n1; — Maca 4alllkyu 3 BUCYHICHHUM 3aTHIITKOM,
. “ . y

MT; My —Maca Yalllk MIC/IA NMPpoXaproBaAHHA, MT'; vV —o0b6’eMm ﬂp06H BO/IH,

M.

Po34yuHeHi pe4oBUHU

BusHaueHHsT poO3uMHEHHUX PEUOBHH TOJISITAE Y BUMaPIOBAHHi npo61;[
BOMIM, fAKY TIOTICPEHbO (hUTBTPYIOTh uepes MeMGpaH!-IUMH a6o_ nanepoBui
dbieTp. PiteTpaT BUNAPIOIOTH y 3BaXeEH i1 d)apd)?posm yalui Ha BOAAHIN
GaHi nocyxa, a 3aJMLIOK BHMCYILIYIOTH npu 105 Cono MocTifiHOI MacH 1
3BaxyioTb. IToTiM TipoxkapioloTk Y Mydeni nipu 600°C 1o mocTiiiHoi Macu
i micas OXONMOMKeHHS B €KCHUKATOPi 3HOBY 3BaXVIOTh. S Ko npoba Mic-
THTB BETMKY KUIBKICTh OPFaHIiUHWX PEYOBHH, TO 3aJIMUIOK micsst npoxa-
ploBaHHs iHoni 6yBae TeMHOro Koibopy. B Takux BUMamkax ricis oxo-
JIOMKEHHSA YalIKW 3aTUIIOK 3BOJOXYIOTh AMCTHIBLOBAHOK BOLNOIO, BUCY-
LIYVIOTh i 3HOBY .nMpoxapiolotsk. Lo onepauilo, gKiMo HeobXiAHO, NOBTO-
PIOIOTH NEKIJIBKA pa3iB.
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V

BusHavaloTs 3a 1oGyTiM pesynbTaToM Macu Tipu 105°C Bmict po3-
YHMHEHHX PEYOBHH (m,), a ipu 600°C — 330K Mic/s NPOXAPIOBAHHS
(m,) i BTpaT npu MpoxapioBaHHi (m.) y mMr/n:

my = 2= m) - 1000, ' (s = my) - 1000, (m> = my) - 1000
v ’ v > ET v

v

Ie m; — Maca YallkM, MT; #m; — Maca YallKv 3 BUCYLIEHUM 3aTHLIKOM,
MT; m; — Maca YallkW i3 3aIMIUKOM TTC/AS TPOXAPIOBAHHA, ML, V —
06’eM 1po6u BoaM, MII.

_Cymapuuﬁ BMICT PO34YUHEHUX
i HepoO3YMHEHUX pe4YOBUH

BusHauyeHHS nonsrae y BUMaploBaHHi TeBHoro o6’eMy BiniGpanoi
npobu BogM Ha BoasHiil GaHi, BUcywyBaHHI 3ammuky ripu 105°C no
TIOCTIHHOT MacH i MpoxapioBaHHi. JInsl BUSHAYEHHS 3aMMIUKY TiCJs [Ipo-
XKapIoBaHHA CYXMH 3aJIMUIOK, OAEPXaHWH [ic/iI BUMApIOBaHHS, MpoOXa-
pIOIOTH Y Mydeni nmpu 600‘;,(3 [0 MOCTITHOT MacH i ITiCJS OXONIOAXEHHS B
€KCHKATopi 3BaXyroTb. BTpaTy npu npoxapioBaHHi 3HaxoasiTb 3a pis-
HUIIEI. 3arajlbHUil BMIiCT HOMILLIOK MOXHa TaKOX 3HalTH K CyMmy 3a-
BUCEH i PO3YMHEHHUX PEYOBHMH. Xill BU3HAYEHHS i PO3paxVHKH TaKi X, SK
y TIOTIEpEAHBOMY BUTIAIKY.

OxuCHO-BIAHOBHMKIA NoTeHuian

BenvurHa oKMCHO-BiZHOBHOrO MoTeHuiany F, NPUPOOHUX BOI 3alte-
XMTb 3HAYHOIO MIpPOIO Bill iX Ta30BOTO CKJAAY, TOMY IOro BU3HAUYEHHS
HeoOXiTHO MPOBOAMTM Ha Micui Biapasy X micns BinGopy npobu BomM.
Llo6 no3byTvcst BIUMBY KUCHIO MOBITPA Ha BEMMYMHY F, MPUPOLHOL
BOIM, 3aCTOCOBYIOTb MMPOTOYHI KOMIpKH, fKi i30JbOBaHi Bia MOBITPS.
OcobnmBo Ue cTocyeTbesi BOA 3 HH3bKUM OKHCHO-BiIHOBHMM IOTEH-
HlanoMm.

Jlns BUMipIOBaHHSt OKMCHO-BITHOBHOTO MOTEHLIANY K iHAHKATOPHUIL
€JIEKTPOJI BHKOPUCTOBYIOTD TUTATUHOBHIA, a JIOTIOMIXHUI — XJ10pCpiOHUIL
abo kanmoMensHui. [11aTHHOBHIL eNleKTpon MU 3aHYPEeHHI Y PO3YMH (ce-
PElOBUIIIE), B IKOMY 3HAXOOATHCS 3BOPOTHI OKHMCHO-BiIHOBHI CHCTEMM,
HaOyBae noTteHuUian. IBUIKICTE BCTAHOBNIECHHS TTOTEHLIATY 3aJIEXXUTh Bill
pamy ¢bakTopiB, rOJOBHUM 3 SKHUX € OKHCHO-BIITHOBHA EMHICTh cepe-
nouiia. e mouaTTa ananoriude 6vdepHiii eMHocTi. BoHa BH3HAYaETbCS
¥<0Hu§HTpauiﬂMH V PO34MHI OKMCHEHHX i BUIHOBIEHUX (OPM ENEMEHTIB
13 3MIHHHM CTVIIeHeM OKHCHeHHA. [lpouec BctaHomiIeHHs noTeHuiany
MOJITA€E B TOMY, LIO iHAMKATOPHUI MJIATMHOBHI €1eKTpoa HabyBae ries-
HOTO 3apsiy 3a PaXyHOK OKMCHHKIB a0 BITHOBHHKIB PO3UMHY. 3AIEKHO
Bl E) cepeloBHIlIa eeKTPOI 3apsIKAETHCS MOIMTHBHO abo HEFATUBHO,
TOOTO NpUIMaEe MO3MTHBHUI abo HEraTHBHMIT MOTEHLIaN. Mpu ubomy
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BiIOYBa€eThCs amcopbilis MeBHOI KUTBKOCTI aTOMapHOTO KMCHIO abo BOA-
HIO, SIKi YITBOPIOIOTBCA Ha €JIEKTPOi IIPU eJIEKTPOXIMIYHOMY PO3psiii BOAH
abo ioHIB TiipoKcyiy i BoaHIO. IIpU MOo3UTUBHOMY 3apsll eneKTpona

H,0 - Oy + 2H +2€7,
20H™ - Oy + H20 +2¢7;
TIPU HETATMBHOMY
H +e — Hy.

TakuM YMHOM, Ma€ MICLIE 3AIEKHICTh MiXX MOTEHLIaJIOM E€JIEKTPOA Ta
aacopbLielo Ha HbOMY aToMapHHX YacTok O Ta H. )

BemunHa E, 3B’43aHa 3 aKTUBHOCTAMH iOHHUX GOPM €JIEMEHTIB i3
3MiHHUM CTYIIEHEM OKMCHEHHS Y po34HHi piBHSIHHAM HepHcra:

RT Aok *
E=E+ SFn P (22)

ne E' — craHmapTHMIT MOTEHLIAN; dox | Aoign — AKTUBHOCTI OKMCHEHOI i
BiJHOBJIEHOI (POPM BIATOBIAHO.

OKVNCHO-BIIHOBHMIA TOTEHLIIA pO3YMHY 3B’A3aHuil 3 #ioro pH, oc-
KLTBKM B CKJIaZHUX OKHMCHO-BIIHOBHMX CHCTEMaX 3 OKCOiHAMU B €JIEeKT-
ponHiit piBHoOBa3i GepyTh y4acTb i0HM BonHIO. ToMy BUMIp E, MOBHHEH
CYMpPOBOIXYBATHCE TOMATKOBUM BHMipom pH.

IMpu BuMiproBanHi Ej BooM 3 BEJMKOI OKHCHO-BIIHOBHOIO €MHICTIO,
T06TO SKIIO B Hill MICTUTBCS BEAMKa KUJIbKICTh OKMCHIOBaYiB Ta BiZHOB-
HUKiB, MOTEHLIaT TUIaTMHOBOIO €JeKTPOoJa BCTAHOBMOETHCS LUBHUAKO.
OmHak TpU 3MEHIIEHHI €MHOCTI OKHCHO-BIIHOBHOI CUCTEMH PO3UMHY
FIOTEHLHATM Pi3HUX IHAMKATOPHHX €JIeKTPOIiB BCTAHORIIOIOTLCS HEOIHA-
KoBo. Lle mosicHIOETBCS THUM, III0 KOXHHIT €JIEKTPOAN MAa€ CBOIO BJIACHY
€MHICTB, SKa 3aJIeXXWUTh Bill iforo ¢bopMu, po3Mipy, MaTepiany, YUCTOTH
iforo MoBepxHi Ta Bil KiABKOCTI ancop6oBaHUX PEUOBMH Ha #oro mo-
BepxHi. [IpM BCTAHOBJIEHHI PiBHOBAXHOTO MOTEHLIANY Bi1OYBAETHCS HOTO
3MiHa, KA 3YMOBJIEHAa K €MHICTIO OKMCHO-BIJHOBHOI CHCTEMM, TaK i
€MHICTIO TPUENEKTPOIHOro mapy. ToMy IS oHepXaHHS HaRiiHWX pe-
3yJIbTaTiB HeoOXiIHO, M0o6 OKMCHO-BIITHOBHA €MHICTh ejlekTpona Oyna
3HAYHO MEHIIOKO Bil EMHOCTI po3uMHy. Liit BUMO3i BiMOBIAQIOTE TOHKO-
LIAPOBi TUIATMHOBI €JIEKTPOAU.

Ha enextponHy QYHKUIIO €JEKTPOIB WIKIUTMBO BILTUBAE BENMKA KiJlb-
KiCTh 3aBUCJIMX PEUOBUH, IETEPreHTIB Ta HAdTONPOAYKTIB. BiMipioBaHHIO
E;, 3aBaxaiotb i ioHn Mn®" niput KoHueHTpaunii moxaa 0,02 Mr/i, ocKiJIbKu
Ha MOoBepPXHi MIATUHOBOro ejekTpoaa puainsierscst ocan MnO(OH).. To-
My enekTpon Tpeba perymsipHo nonipysati rnactoro 3 Al,Os. [1pu Bumipio-
BaHHI TTOTEHLUATY BOI 3 BEJIMKWM BMICTOM KUCHIO MIC/S BHMipIOBaHHS
eslekTpoa Tpeba MpOMMUTH Vv PO34uHI cyabdity Hatpilo ans aecopOuii
KUCHIO. JINS OUMIIIEHHS eNIeKTPOAiB BUKOPUCTOBYIOTH TAKOX OPraHiuHi
pOo3YUHHUKMU (eTaHom, edip Ta iHun) i po3unHu HCl ta NaOH.
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BusHauenHs BMicTy HenerTkux deHonis
rPaBiMeTPMYHNM MEeTOa0M

Jlerxi dpeHOMIM BiIraHAIOTb, a HemeTkKi eKCTparyiors eipom i BU3Haya-
I0Th SK 3arajibHUM BMICT ycix ¢deHonis. V 3ATMILKY THCAS BUAAJICHHS
edipy MoXyTe 6yTH it iHI| PEYOBHHU 3 OUIBLI CTabKUMM KUCTOTHMMM
RiractuBocTsMH (pK > 10). AMiHOKyCIOTH 3 Takum pK He EKCTparyiorsce,

a HasIBHICTIO IHIIMX PEYOBHH Yy BoJdaX MOXHa 3HEXTYBaTH.

3.2. NOBITPH

B nireparypi 3 aHanisy TIOBITPA TTPOMMCIIOBHX TATIPUEMCTB HaBeaeHO
KiJIbKA COTEHb METOIMK BU3HAYECHHS Pi3HMX XiMiYHKX crToNyK. i cro-
JIYKH MOXHa TIOHUTMTH Ha TaKi rPyIy: METATH Ta iX CITOJTYKM, HEOPTaHiuHi
Ta3yBaTi PeYOBUHHM T4 OPraHiuHi PEYOBUHY. BUlbIma JacTHHA 3 HUX XapaK-'
TEPHA JUI MOBITPA BUPOGHWYMX TIPUMIILEHD i TMpHU HEBEJTMKUX o6carax
BUPOOGHMIITBA Ta HASBHOCTI ra3009HCHMX CITOPY/I ITOTparuise B aTMochepy
B HE3HaYHMX KUTbKocTAX. Yepes Te BMicT Takmx PEYOBHH B atMochepHO-

MY TIOBIiTpi Y GLNBLIOCTI BHManKiB He TIEPEBHIYE TPAHHYHO JOMYCTHMMX

KoHueHtpauiit (IFIK). V Toit xe yac rasypati BUKMIM 6araToToHHaKHUX
BUPOOHMUTB T2 €HEPreTMYHUX KOMILIEKCIB — TaKi, SIK OKCHMIM a3oTy,
CiPKH Ta ByIJieinio, aMiax, XJIOPOBO/IEHB, (PTOPOBOJEHb Ta iHILI, napH pryTi
Ta OCOOMMBO TOKCHUYHi CITOJIYKU Oepuniio Ta CBUHINO, a TAKOX HeAKi
OpraHiyHi CMOJIYKH — € eKOJIOriYHO He0Oe3MeYHUMM HaBiTh NPH JIOKAIIH-
HOMY 3a0pynHeHHI HUMK NOBITpsHOro Gaceitny. Hipkue HaBeIeHi BH-
GipKOBi METOMMKHM BH3HAYEHHS HEOPraHiYHUX PEYOBHH, a TAKOX JeKi/IbKa
METOIMK IPYIIOBOTO BU3HAYEHHA OKPEMMX KJIACIB OPTaHiYHUX CIOJNYK B
atMocghepHOMy MOBiTPi.

3.2.1. METAJIM TA IX CNONYKMN
Bepuniit

Aepo3oni 6Gepurniio Ta iforo CITOJIYK YJOB/IOWTh Ha OiieTpi, pos-
YHHSAIOTH i BU3HAYAIOTH ¢dboroMerpuuHO 3a peakuicio VTBOPEeHHSA 3abapB-
JICHHX KOMIUIEKCHHMX CTONYK 3 GepusioHom 111 abo 3 ATIOMiHOHOM.

YyTmuBicTe MeTomiB CTAHOBUTE Biunosiq_}{o 1 Ta 5 Mkr Gepuniio B
npobi ToBiTPs.

Mertoauka BusHavenns. 400—S00 M’ TIOBITPS acipyioTh 3 IUBMJ-
Kictio 10 oM’/xB yepes bimbtp ADA-XT1-18, 3aKpIrUTeHWH Y TaTpoHi.

UIBTP BUHMAIOTE 3 TIATPOHA, NEPEHOCATD Y CTaKaH i MPOMMBAIOTh TPUUI
no 4—S5 M 5% consHo KHMCNIOTOIO, 3MMBAalOTh MPOMMBHI PO3YMHU B
MipHy Koa6y Ha 50 M. O6’em POSYMHY NOBOAATH AUCTWILOBAHMIO BOOIO
A0 PUCKM i B aNiKBOTI BU3HAYAlOThH KOHLIEHTpaulilo ioHiB Gepwilo, siK

HaBeieHo y 1. 3.1.2. Ocob6auBy ysary 3BEPTAIOTh Ha CTBOPEHHS OTITHMAJIE-
Horo 3HayeHHs pH posyuny. :
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Ipu ananisi mpoxapeHoro oKCHUAY 6epm1i:o 1 B yciX BUITaKax, sSKIo
Gepwniit nepeGyBae y 33’33a1{01§(y cTtaHi (momMiHodopu Ta 61}{11[1 MaTe_
piarm), U nepeBedeHHA Oepuwiiio y pos!{m{cmtﬁ CTaH Tpody CIUIaRISA
10o1b 3 gudTopuaoM Kamito. g uporo ¢impTp 3 NMaTpoHa MepeHoCATb Y
TUTATMHOBUH THTEJB, 030JITI0Th, I0Ial0Th Q,S r J}Mdnquxy KaJifo i crman;
ns10Th y MyesbHil Tedi npy Temitepatypi 200 C. INicnn .oxon%imlée}qm B
Turens popatoth 2 mui HoSO, (1:1) i HarpiBaloTe Ha milaHiit GaHi
BunaneHHsa napiB SO;. Homatote 10 Mt 5% posumny HCI, niepeHocaTs ¥
CKJUTHKY 1 HarpiBaloTh 10 po3uyMHeHHA. JLoBOIATh AMCTWIHOBAaHOKO BOJOIO

ipHii ii i YEHO BHUILE.

o 50 mur B MipHiit Konbi i poGMTy, SIK Bill3Ha _
8 KoHueHTpalio Gepwiio B MOBiTpi X (MI/M’) po3paxoByioTh 3a ¢op
MYJIOIO

a- v- 1000
Xe—m—,
V- Vo

iIBKi i i{IeHa B alliKBOTi Vi, MJI; Vv — 3a-
e a — KinpKicTe Oepuitiio, MT, 3Ha1111 ) 3 - s

’ ; o — 00’eM TTOBITPA, TIpMBENEHUIT O HOp
TabHUIL 06’eM PO34MHY, MJL; Vo s
MaJIBHUX YMOB, AM .

Napu pryTi
MertaniuHy pryTh Y TTapyBaTOMY CTaHi OKUCHIOIOTh THXPOMATOM KAJLil0
no ionis Hg*":
3Hg + Cr0% + 14H' = 3Hg* + 2Cr* + ZH;S).

IToTiM y cnieuiambHOMY ijvmani BiIIHOETl]O}OTb 1ogrcn %Ty‘[;l o xg:

TajiyHol AMXJIOPHIOM OJIOBA i B}/I3Ha‘{a50il‘b Mlli]“ a}LOMHoa opoLIFTHMM
icTh MeTONy CTaHOBUTH O, /M. ‘

mngzqéggﬁ?nmuaqennu. ToBitps 3 IWBHUIKICTIO 2 IIM?/XB acm;;ylorbo o
TIPOTSATOM 25 XB Kpi3b TNONIMHATILHHI TOCYA, B IKOMY MICTUTECH 0 wn
TIONIMHANBHOTO po3unHy (cymim 40 M KOHLEHTPOBAHOI a30THOI e
Jot 3 10 M1 4% posunHy EMXpoMaTy anuo). ’Po3l{m{ 3 nom(;maf[s}a{cﬂo
MOCYAY TEPEHOCATh B KOHIYHY Konby i KMIm'aTaTh 3 XB. HHOHiCI[}I
NpPOBOAATE XoJiocTHid mocma 3 10 MJI TTOLTIMHATIBHOTO go3my. o
OXOJIO[DKEHHSI NMpobU TepeHOoCATh B MipHi Koabu Ha 100 ma i noBoas

’ OBaHOIO BOAOIO 10 PUCKH. -
0 %ﬁi{%e}{m pTYTi BitGHpaioTe 10 Ma po3YMHY B MipHY KOJIOY Ha
100 Mt i RoBOAATH 06G’€M HO PUCKU PO3YUHOM IIJU(Iy po36arneHHs (CYMilI
50 MJ1 KOHLIEHTPOBAaHOI a30THOI KMCJIOTU i S Mit 4% po3uuHy )mxpicz)l\‘ﬁlri
KaJlilo, po3BeleHa JUCTWILOBAHOIO BOOOIO 10 1 JI). I'lqun. nqqplrf({)a 3
XOJIOCTOro JOCHiLY, nocninogﬂo BJIMBAIOTE Y BOPOHKY i aHanlisaTop [()) -
nany «Pryre-101», B AKOMY iOHM Hg BiHOBJIOIOTBCA 110 MeTalea[}){ 3
YMHOM AVXJIOPHIY 0JI0Ba | BU3HAYAIOTBCSA BUMIPIOBAHHAM MOI/IMH:
pe30HAHCHOrO BMTIPOMiHIOBAHHSA TIPM TOBXWHI XBHJT 253,7 HM, Bu:[ng:
BiIHO IIo IHCTPYKLII 3 eKcIUtyaTallil Tpunaay. AHajoriyHo OyayloTe rp
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