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BCTYII

AHaniTHYHa XIMig JOBKUUIA — HayKa MPO METOIM BU3HAYEHHS AKICHOTO Ta
KUTBKICHOTO CKJIQAy CIOJNYK Ta iX CyMIilIeil, a TakoX BCTAHOBJIEHHA XIMIYHOI
CTPYKTYpH pe4yoBHH. [lUCLUIUIIHA € OFHIEI0 3 HAWOLIBIIT BaXKIUBHX 1 0a30BUX Yy
MIJTOTOBII CTYJICHTIB MPUPOJHUYMX CHEIIaIbHOCTEH, 30Kkpema crieriaabHocTi 101
Exonoris. 3naHHs, K1 OTPUMYIOTh CTYJIEHTH Y ITPOLI€Ci BUBYEHHS aHAIITUYHOT XIMIi
JOBKLULJIS, € TEOPETUYHOIO Ta MPAKTUYHOIO 03010 /71 BABYCHHSI OCHOB 010XIMIYHHMX
MPOLIECIB JKUBHUX OpPraHi3MiB, 30KpeMa, JIOJUHU, TBAPUH Ta POCIUH; MOHITOPUHTY
00’ €KTIB HABKOJIMIIIHBOT'O CEPEIOBUINA, BUBUCHHS BOJU Ta IPYHTIB.

Cepen Benukoi KUTBKOCTI mpoOieMm, ki TypOYyIOTh CydacHEe CYCHIIbCTBO,
OXOpOHA HABKOJIMITHHOTO CEPEIOBHUIIA 3aiiMae OJIHE 3 MepInX Miclib. Lle moB’s3ano
3 THM, II0 AHTPOIOTEHHI (PaKTOpu B OI1OT€OXIMIYHOMY KpPYTOBOPOTi OaraThox
TOKCUYHUX JUTSI JIIOJUHU PEYOBUH CHOTOJIHI CTAJIM TOPIBHIHUMU 3 MPUPOTHUMH.
[Tpu ubOMy HUPKYJIALIS YY>KOPITHUX JKUBUM OpraHizMaM XIMIYHHMX CHOJYK Ta iX
TPAHCTIOPT MO XapUYOBHX JIAHITIOTaX 3pOcia BXKE J0 PIBHSA, IIO 3arPOXKYE 30POB IO
CYy4acCHOTO Ta MallOyTHIX MOKOJIIHb.

VY Oiochepl IUPKYIIOE BelIWKAa KUIBKICTh KCEHOOIOTHKIB TEXHOIE€HHOIO
MOXO/KEHHSI, K1 MalOTh 3HaYHY TOKCUYHICTb. J[0 HUX BIIHOCATHCA Pi3HI OpraHiuH1
CIIOJIyKH, HacaMIiepe/] 1ie MOoJiXJIOpUPOBaHi 11I0KCUHH, A10eH30(pypanu Ta OideH1IH,
XJop- 1  (GocPopoBMICHI  TMECTULUIU, MOJIAPOMATUYHI  BYTJIEBOJOPO/IH,
HITPO3aMiHHU, HEOPTaHIYHI PEUYOBUHU — MEPKYpIH, TUTIOMOYM, Kaamil, Oepuiiil, ix
CIOJIyKH, pajioHyKJiau Ta iHum. [IpuiiMaroun 10 yBaru, mo BiAMIYEHI pEYOBUHU
BUSIBJSIIOTh BEJIMKY 3JAaTHICTh IO HAKONMHMYCHHS B JKUBUX OpraHi3aMax Ta
NEPEeNAThCA MO TPOPIYHUM JIAHLIOTAM, €KOJIOTO-aHATITUYHOMY MOHITOPUHTY
CYNEpPTOKCUKAHTIB ChOTOAHI MPUILIIAE€THCA 3HAUHA yBara.

XiMiyHUN CKJIaJl OO’€KTIB HABKOJIMIIHBOTO MPUPOJAHOTO CEPEIOBUINA Ta
HasBHICTh Y BOJaX, I'PYHTaX 1 MOBITPl pEeYOBMH-3a0pyAHIOBAYIB 1 TOKCHKAHTIB
XapaKkTepu3yrThcs 0ararbmMa 0COOIMBOCTAMU, 30KpEMa 3MIHOIO iX BMICTY B Uaci Ta
MPOCTOPI, KA, B CBOIO UEPry, 3aJeKUTh Bi (13uko-reorpadiyHux, 010J0TTUHUX Ta
3HAYHOIO0 MIPOI0 aHTPOINOTeHHUX (hakTopiB. Lle 3yMOBIIIOE YUMaIo TPyIHOIIIB Ha
PI3HHX CTaigX TMPOBEJACHHS EKOJOT0-aHATITHYHOTO KOHTPOIIO 3a BMICTOM
pPI3HOMaHITHUX IHTPEAIEHTIB TPUPOJHOTO Ta AHTPOIOTCHHOTO TOXOKESHHS,
BKJIIOYAIOYM €Tanu BiOoOpy mpoO, iX KOHCEpBYBaHHS Ta MPOOO-TiATOTOBKH,
KOHIIEHTPYBaHHS MIKPOJOMIIIIOK, YCYHEHHS PEYOBHH, 110 3aBaXKAIOTh aHAIII3Y.

Memoro BUKIIaIaHHA HAaBYAJIBHOI JUCIHHUIUIIHA « AHATITAYHA XIMIS JOBKIJIIS
€ morauOyeHe 3aCBOEHHS (PyHIaMEHTaIbHUX 3HAaHb, YMiHb, HABUYOK, HEOOX1THUX
JUTSI BIDHOTO PO3YMIHHS SIBUILl IPUPOAH, BUPIIIEHHS TPAKTUYHUX MPOOJIEM B Taly3i
XiMii, SIKI € OCHOBOIO ISl TMOJAJBIIOTO BUBYEHHS IHUKIY XIMIKO-010JOTTYHHX
nucuuiunid. He MoskHa po3B’si3aTu mpoOjieMH JOBKULISA, HE 3HAKOYM XIMIYHHUX
NPUYMH X BUHUKHEHHS. BUBUEHHS aHAIITUYHOI XiMIi TOBKULISL CTaBUTh 32 METY
MOTJIMONTH HAYKOBE YSABIICHHS PO MaTepiaabHICTh MPUPOJIN, SIBUIII Ta IEPETBOPEHD
B pi3HUX ¢dopmax Ta HanmpsMkax. O3HAMOMHUTH CTYAEHTIB 3 TEOPETUYHUMU
OCHOBAMH CydYacHOi XiMii, OCHOBHHUMH €TallaMd TIPOBEJICHHS XIMIYHOTO
JOCITIJIKEHHS, OCOOIMBOCTSIMH PI3HUX METO/IIB BUBHAUCHHS XIMIUHUX 1HTPE/IEHTIB
B 00’€KTaXx HaBKOJUIITHHOTO CEepeaoBHINa, CHOopMyBaTH BMIHHS TMPOBEIACHHS
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nabopaTopHoro ekcnepumeHTy. LlumecnpsiMoBaHa MiArOTOBKA KajapiB, 3AaTHUX
3abe3nedyBatu MPOQEeCiiHNN aHATITUIHUN KOHTPOJIHh 00’ €KTIB HABKOJUIITHBOTO
CepeI0BHIIIA.
OcHo6HUMU 3A60AHHAMU BHUBYCHHS JUCIUIUIIHU «AHAQIITUYHA XIMis
JOBKLJUIS» €: BUBYEHHS TEOPETUUHUX OCHOB aHAIITUYHOI XiMii Ta 3aCTOCYBaHHSA 1X
y BUpIIICHHI MPAaKTUYHUX 3aBJaHb, SK B Tally3l aHANITUYHOI XiMmii, Tak 1 Ha
MDKIUCITUTUTIHAPHUX TPAHUIMX AHATTHYHOI XiMii 3 IHIIAMH Taly3sMH 3HaHb,
30KpeMa, 3 €KOJIOTTYHUMH MPOIIECAMU; BUBUCHHSI METO/IIB SIKICHOTO Ta KUIbKICHOTO
JOCITIJIKEHHS CKJIaly pEYOBHH a00 iX cymiliei. GopMyBaHHS y CTYACHTIB YSBIICHHS
PO PI3HOMAHITHICTh PEYOBUH-3a0pY/JHIOBAYIB 1 TOKCHMKAHTIB, CKJIAJHICTh iX
BU3HAYEHHS, 3MIHY iX BMICTY B 4acl Ta IpPOCTOpi; O3HAMOMIIEHHS 3 XIMIYHUM
CKJIaJIOM TTOBEPXHEBHMX Ta MiA3EMHHUX BOJ CYIII, OKEaHiB, aTMOC(EPHUX OIIaJiB,
MOBITPSA, IPYHTIB; O3HAMOMIICHHS 3 MpaBWUJIaMU Bi0Opy mpoO BOJAM, MOBITPS Ta
TPYHTY; PO3KJIaay 3pa3KkiB 00’ €KTiB HABKOJIHMIIHBOTO CEPEAOBHUIIA 1 MIATOTOBKHU iX
70 aHali3y; pO3ris Ta MOPIBHSAHHSA XIMIYHUX, (I3MKO-XIMIYHHX Ta (DI3UYHUX
METO/IIB aHaji3y, Kl BHKOPHUCTOBYIOTHCS NpPH JOCIIKEHHI XIMIYHOTO CKJIaay
00’€KTIB HABKOJMUIIHHLOIO TMPUPOJHOTO CEPEIOBHINA, a TaKoX METOJIB
KOHIICHTPYBAHHS 1 PO3/IIJICHHS; OTPUMAaHHS CTyJCHTaMH MPAKTUYHUX HABUYOK BH-
3HAYEHHA 3a0pyIHIOBAYIB PI3HOMAHITHOI MPUPOJIU y 00’€KTaX HABKOJUUIHHOTO
CEpeIOBHUIIA; HAJAaHHS YSIBICHB PO BUTOKH 1 CYJaCHICTh TEOPETUIHUX MEPEIyMOB
AHAJITHYHOI XIMIl; JOCATHEHHS MIIIHOTO 1 CBIIOMOI'O 3aCBOEHHS XIMIYHHUX IOHSITD;
dbopMyBaHHS IQJIEGKTUYHOTO MHUCIEHHS 1 CIHPUSHHA PO3BUTKY XIMIYHOTO
CBITOTJIALY CTYJEHTA; PO3IIMPEHHS 3HAHb CTYACHTIB 3 OKPEMHUX MHUTaHb, IO
BUBYAJIMCH Y MOMEPEIHIX Kypcax; CIPUSHHS PO3BUTKY Y CTYICHTIB HABUUOK POOOTH
B JIa0OpaTopii, OCBOEHHS Cy4acHUX (h13MKO-XIMIYHUX METOJIIB aHai3y; PO3yMIHHS
poJIl XIMIYHUX TIPOLIEeCiB Y (YHKIIIOHYBaHHI €KOCUCTeM 3eMtl.3TiTHO 3 BUMOTaMu
OCBITHBO-NIPO(ECIMHOT TPOTrpaMH CTYJEHTH OBUHHI:
3Hamu:

®TCOPETUYHI OCHOBHU XIMil JOBKULJIS;

®[IOXO/IPKEHHS Ta €BOJIFOLIIO 3€MITI;

®Ha3eMHE CEPEeIOBHUIIE, 3eMHA KOpa 1 Kpyroooir peuoBUH;

®XIMIYHUH CKJIaJl [PYHTIB Ta JOHHUX BIJIKJIA/IIB;

e J)KEpeJia OpraHIvyHOI pEYOBUHU IPYHTY;

®XIMIYHUMN CKJIQJ] TIOBITPsI Ta aTMOC(HEPHUX OMAJIiB;

®XIMI1I0 IPUPOJHOI BOJH;

eckJyaj riapochepu;

e XIMII0 KOHTHHEHTAJbHUX BOJI;

®XiMiI0 BOJIM OKEaHIB Ta MOPIB;

®TIri€Hy BOJM Ta BOJOMIATOTOBKY;

e(pizuko-reorpadiyHi ymoBH (opMyBaHHS CTOKY pidok Oaceiiny IBaHO-
®paHKiBChKOI 001aCTi;

®OCHOBHI XiMI4YHI IHTPEII€HTH 00’ €KTIB HABKOJUIIIHBOT'O CEPEIOBHIIIA;

e3arajbHy CXEMy 1 eTanu aHani3zy 00’ €KTIB JOBKIJIS;

®OCHOBHI [TOKa3HUKU €KOJIOTTYHOTO CTaHY HABKOJIMILIHBOT'O CEPEAOBUINIA;
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®TEOPETUYHI OCHOBH, 00JAaCTI BUKOPUCTAaHHS PI3HOMAHITHUX METOJIB B aHai3l
00’ €KTIB HABKOJIMIITHBOTO CEPEIOBHIIA;

®pOJIh XIMIKO-€KOJIOTIYHUX 3HaHb Y MATPUMAaHHI CTAJIOCTI CKIIaay 6ioreocdepu;

eIiepeBary i HEAOIIKM KOYKHOTO METOTY IPH BUPINICHHI TIEBHUX 3aB/IaHb;

®TOCSITHEHHS! BITYM3HAHUX 1 3apyODKHMX BUEHHUX B Tally3l aHamizy 00 €KTiB
HABKOJIMIIIHEOTO CEPEIOBHUIIIA.

emimu:

®CaMOCTIHHO TMPOBOJUTH aHai3 OO0 €KTIB HABKOJHUIIHHOTO CEPEelOoBUILA 3
BUKOPHUCTAHHSAM METO/I1B aHAJITUYHOI XiMii;

®[IEPEBOJUTH 00’ €KT, 1110 aHAJI3YIOTh, B IPUIATHY AJIs AaHAITUYHOTO BU3HAYCHHS
hopmy;

e00UpaTH MOIIIBLHY METOMUKY IOCIIKCHHS, 3MIHIOBATH 1 KOPEKTYBAaTH 1CHYIOY1
METOJUKH JIJI aHAI13y KOHKPETHOTO 00’ €KTA;

®[IPOBOJIUTU CTATUCTUYHY 0OpOOKY pe3yJIbTaTiB MPOBEJCHOTO aHalli3y;

©3aCTOCOBYBATH 3HAHHS JJI PO3B’A3aHHS SIKICHUX Ta KUIbKICHUX 3aBJIaHb;

©3aCTOCOBYBATH HAYKOB1 3HAHHS JJIsl BIIPOBA/I>)KEHHS Y BUPOOHUIITBO 1HHOBAIIMHUX
TEXHOJIOT1M.



IIporpama qucuMIUIiHHA
3micToBuii Moayab 1. TeopeTu4Hi 0CHOBM aHAJITHYHOI XiMil
Po3zoin 1
TEOPETUYHI OCHOBU AHAJIITUYHOI XIMII

1.1. Beryn no anagiTuunoi ximii. [Ipeamer 1 3aBganHs aHATITHYHOT XiMii.
KopoTki icTopudHi BiZIOMOCTI PO PO3BUTOK aHATITUYHOI XiMii. Ponb aHamiTiHaHO1
Ximii B 1abopaTopHii AiarHocTuUIll. SIKICHUIA Ta KITbKICHUN aHAai3.

1.2. Tepmoaunamika Ta KiHeTuka XximiuyHux mnpoueciB. IIBuaKICTH
XIMIYHHX peakiii. XiMiuHa piBHOBara. BrumB nmpupo/iv 1 KOHIIEHTpaIlii peaKTaHTiB
Ha IMIBHJKICTh XIMIYHMX peakiii. BrimB TeMmeparypu Ha IIBUJKICTH peakIli.
3akoH airounMx Mac. XiMmiyHa piBHoBara. OCHOBHI THUNMM XIMIYHMX pEaKIifd Ta
PIBHOBAT, sIKI BUKOPHUCTOBYIOTHCS B aHATITHYHIN X1MIi.

1.3. PiBHoBara B po3uuHax ejeKTpoJiTiB. EjxexTpomiTu, cribHI 1 cinadki
CJIICKTPOJITH, CTaH CHWJIBHUX EJCKTPOJITIB y po3unHaxX. KHCIOTHO-OCHOBHI
piBHOBaru. Po3unHu eneKTpoiTiB Ta X 3HaYeHHs. Teopis CUIBHUX €IEKTPOJITIB.
EJIeKTpONITHYHA JUCOL{ALisl CHIBHUX 1 clnabkux enexrpouiti. Monnuil 106yToK
Boau, pH cepenoBuia. Po3paxyHok BennuuH pH po34ynHIB CHUIBHHUX, CIA0KHX
KHCJIOT Ta OCHOB, CoJie. BmmB mpupoayd po3uMHHUKA HA CHIIY EJIEKTPOJIITIB.
Teopii kuCHOT 1 OCHOB. PiBHOBaru B po3unHax ciIa0KUX KUCIOT Ta OCHOB. ['1apomi3
coseii. CTymiHb Ta KOHCTAaHTa Tifpoiidy. PiBHOBarm B po3uMHAx coJeH, SKi
rigponizytoTees. Po3paxyHok kuciotHocTi (pH) BOHUX pO34YHMHIB KUCIIOT, OCHOB Ta
coJyieil. AM(OTepHICTh Ta ii BAKOPUCTaHHS B aHAMITUYHIN XiMmii. BydepHi pozunnu.
PiBHoBaru B OydepHux pozunHax. bydepHi cuctemu, iX XapakTepUCTUKU, TOHSITTS
npo Oydepny emHicth. bydepna mig. Ilpotonmituuni piBHOBaru B OydepHUxX
cuctemax. Bukopucranns OydepHux po3uuHiB B aHamizl. [IpuroryBanHs
Ooydepnoro po3unny 3 3aganum pH. PiBHOBaru B po3unHax aMm(pOTepHUX PEUOBHUH.
BukopuctanHas aMm(pOoTepHOCTI B aHATITUYHIN X1Mii.

1.4. PiBHOBara B TreTepoOreHHMX cHCTeMaXx. [eTeporeHHi CHCTEMHU.
['ereporenHi piBHOBaru y po3uuHi. JIoOyTOK PO3YMHHOCTI SK XapaKTEpPHCTHKA
CTYNEHs PO3YMHHOCTI crofykd. KoHCTaHTa piBHOBaru reTepOreHHUX pPEaKIIi.
Tunu ocaniB. YMOBU yTBOPEHHS 1 PO3UMHEHHS 0CaliB. BIuB pi3HUX QakTopiB Ha
PO3YMHHICTB 0Cay (CTOPOHHI €NeKTPOIITH, pH, KOMIUIEKCOYTBOPIOIOUI PEAreHTH ).
Bu3HaueHHs1 KOHUEHTpaIlll HOHIB Yy HACUYEHOMY PO3YMHI Ha/l OCaZOM.

1.5. KomiuiekcHni (koopauHauiiini) cnoayku. Teopist yTBopeHHS 1 Oy10BU
KOMITJIEKCHUX criofiyK. CKiiai KOMITIEKCHUX crofiyK. [Ipupoaa XiMidHOTO 3B’S3KY
Ta 130Mepis KOMIUIEKCHUX crnoyiyK. JloOyBauHs, kimacudikallis 1 HOMEHKJIaTypa
KOMITJIEKCHHUX CIOJIyK. [{UKITIuHI 1 XeTaTHI KOMIUIEKCH. BIacTUBOCTI KOMITJIEKCHUX
criosiyK. PiBHOBarm B po3uMHaX KOMIUIEKCHHX CHOJyK. KOHCTaHTH HECTIMKOCTI
KOMIUIEKCIB. 3aCTOCYBaHHS METOy KOMILJIEKCOYTBOPEHHS B XIMIYHOMY aHai3l.

1.6. Po3unnn. Xapakrepuctuka po3uuHiB. CrnocoOu BHUpPaKEHHS CKIIAIy
po3unHiB. OOYHMCIEHHS, TOB’S3aHI 3 NPUCOTYBaHHSM PO3YUHIB  PI3HOI
KoHIeHTparii. Ilepexig Big ogHOTO CcrocoOy BHUPa)XEHHsI CKJIaay pPO3YUHY JI0
iHmoro. Meroauku ta popmyiid po3paxyHKy KoHLEHTpalii. Tunose nadboparopHe
oOnajHaHHSA Ta MNpWwiIaad s 0a3oBUX XiMIYHUX npouenyp. IlpuroryBanus
PO3UYMHIB XIMIYHUX CIIOJIYK 33J]JaHOi KOHIIEHTpAIlli.
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1.7. OxucHo-BigHOBHI peakmii. Tyunu OKUCHO-BIAHOBHUX peakiiii. Peaxiii
muctporopiitoBadds. OKWCHO-BIMHOBHUK  moTeHIian. PiBusaas HepHcra.
3aJIeKHICTh BEJIMYMH PEIOKC-TIOTEHITIaNiB cUCTeM Bia pi3Hux uyumHHUKIB (EPC
peaxii, pH). KoncranTa piBHOBaru OKHCHO-BITHOBHOI peakilii. 3HauYeHHS OKUCHO-
BIJIHOBHUX PEAKIIIN Ta X 3aCTOCYBAaHHs B aHAMITHYHIA XiMii. TeopeTnudHi OCHOBH
OKHCHO-BITHOBHUX peakiiid. CkianaHHs pIBHAHb OKHCHO-BITHOBHHX PpEaKIIii.
KinpkicHi XapaKTepUCTHKHU 1 HAMPSAMIICHICTh OKHCHO-BITHOBHUX PEaKIIiH.

Po3zoin 2
SIKICHUH XIMIYHUA AHAJII3 KATIOHIB TA AHIOHIB

2.1. OcHOBHi 03HaYeHHs sIKicHOT0 aHaJi3y. [IpeaMer Ta 3aBaaHHA SKICHOTO
aHamizy. Meroau sKiCHOro anamidy. JIpoOHHMII Ta CHCTEeMaTHYHUN aHai3.
AHaMTUYHI peakIlii Ta iX xapaktepuctuka. CriocoOr BUKOHAHHS SAKICHHX pEakIliil.
YMOBHM BUKOHAHHS Ta YYTJWBICTh aHATITUYHUX peakiiii. OOmagHaHHS 1 TEXHIKa
sKicHOTO aHamizy. [IpaBuia poboTH B aHATITHYHIN JTab0opaTopii 1 TexHiKa OC3MeKH.
3aranbHi npaBuia. TexHika 6e3neku. [lepiia mronomMora B pas3i HEIIACHUX BUIAJIKIB.
BusHaueHHs aHaIITUYHOI TPYINU KaTIOHIB Ta aHIOHIB. AHAIITUYHA Tpyna. SKicHUN
aHaji3 KaTiOHIB. AHamTH4HI Kiacudikaimii karioHiB. KHCIOTHO-OCHOBHa Ta
CIpKOBOJIHEBa Kjacudikallis KaTioHIB. ['pymoBl peareHTH s BU3HAUYCHHS
aHAJITUYHO! TPYNH KaTiOHIB. 3B’A30K AHANITUYHUX BJIACTUBOCTEH KAaTIOHIB 3
MOJIO’KEHHSIM y TIEPIOIMYHIN CUCTEMI BIAMOBITHUX €JIEMEHTIB.

2.2. Ilepmia anajiTHYHA rpyna KaTioHIB. 3arajibHa XapaKTepUCTUKA TPYIIU.
bionoriyHa poJsib 1 MeIUYHE 3aCTOCYBAHHS CIIOTYK. AHATITHYHI peakiiii KaTioHiB [
anamitnanoi rpynu: Na', K', Li*, NHy". CucremMaTuuHuii aHasi3 cymiii KaTioHiB
NEePIIoi aHATITUYHOI TPYIIH.

2.3. /Ipyra anajiTuyHa rpyna KaTioHiB. 3arajibHa XapaKTepUCTHKA TPYIIH 1
OiloyoriyHa poJsib KaTioHiB. ['pynoBuii peareHT Ha Il anamiTH4Hy rpyrmy KaTiOHIB,
0COOJIMBOCTI MOTr0 3aCTOCYBaHHs. AHaNITU4YHI peakuii kaTioHiB Il anamiThuHOl
rpyma:  Ag', Pb*', Hgy’*. Cucremarnymumii amami3 cyMminn KaTioHiB Apyroi
aHAIITUYHOI TPYIH.

2.4. Tpers aHAJITHYHA IPyNa KATIOHIB. 3arajibHa XapaKTEPUCTUKA TPYIIN.
bionoriyHa posib 1 MeAMYHE 3acTOCyBaHHs cnodiyk. I'pynoBuii pearent nHa III
aHaJITUYHY TPYIy KaTiOHIB, OCOOIMBOCTI MOT0 3aCTOCYBaHHS. AHAITUYHI peakilil
karionis Il anamitmanoi rpynu: Ba®*, Ca?’, Sr*". Cucremarnunuii ananiz cyminmi
KaTiOHIB TPETHO1 aHATITHYHOI TPYIIH.

2.5. YerBepra aHAJITHYHA Tpyna KaTiOHiB. 3arajibHa XapaKTEpUCTHKA
rpynu. bionoriuna poiib 1 3HaY€HHS CHOJYK KaTioHiB IV rpymnu s MEeIUIIMHU.
['pynoBuit peareHT Ha [V anHamiTHuHy Trpymy KaTiOHIB, OCOOJHMBOCTI HOTO
3acToCcyBaHHA. AHamiTuuni peakuii xarionis IV amamituunoi rpymm: AIYY, Zn*,
Cr*, As®", As>", Sn**, Sn*". CucremaTnunuii aHaji3 CyMilli KaTiOHiB 4eTBEPTOI
aHATITUYHOI TPYIIH.

2.6. I’siTa anasiTH4YHA rpyna KaTioHiB. 3arajJbHa XapaKTEPUCTUKA TPYIIH.
biosoriyna ponk 1 MeIMYHE 3acCTOCYBaHHs CrONyK. ['pymoBuii peareHT Ha V
aHAJITUYHY TPYIy KaTiOHIB, OCOOJIMBOCTI MOT0 3aCTOCYBaHHA. AHATITUYHI peakiii
karioniB V amamituunoi rpymu: Fe*', Fe¥*, Mn?*, Bi**, Mg?*, Sb**, Sb>*. Amnanis
CyMIilIIl KaTIOHIB I’ ATOi aHAJIITUYHOI TPYIIH.
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2.7. lllocTa aHAJMITHYHA IPyNa KAaTiOHIB. 3arajbHa XapakTepUCTUKa IPyIIu.
bionoriuna poJib 1 3HaYEHHS CIIONMYK KaTioHiB VI aHATITHYHOT TpyH 711 METUTIAHU.
['pynoBuit peareHT Ha VI aHamiTHUHYy Tpymy KaTiOHIB, OCOOJHMBOCTI HOTO
3aCTOCYBaHHA. AHamiTuHi peakuii kationis VI amamitmunoi rpymu: Cd**, Co*",
Cu®", Ni**, Hg?". Anani3 cyMimi KaTioOHIB IIOCTOI aHAINTHYHOI TPy APOOHHUM
MeToaoM. CHCTEeMAaTHYHMNA aHaJIi3 CyMIIi KaTiOHIB MIOCTOI aHAJIITUYHOI TPYIIH.

2.8. AHaji3 cymimi KaTiOHiB Nepmioi — MIOCTOI AHAJITHYHUX TPYIIL
Cucremarnunuii ananiz katioHiB -1l aHamiTHYHUX Tpyn 3a KUCIOTHO-OCHOBHOIO
kinacudikamiero. CucrematnyHuil aHani3z kationiB [V-VI anamituunux rpyn 3a
KHCIIOTHO-OCHOBHOIO KJIaCU(DIKaIIETO.

2.9. SIkicHi peakuii aHiOHIB. AHAaJI3 HEBIAOMOI PEYOBMHHM Ta BMICTY
aesikuX aoMimok y Hiid. Kitacudikariist aHioHiB Ha rpynu. AHami3 aHioH1B. [ py1oBi
peareHTH, 0COOJIMBICTh 3aCTOCYBaHHSI TPYIIOBUX PEareHTIB Mij Yac aHaJ13y CyMIilli
aHIOHIB.

2.10. Ilepma aHaJiTHYHA rPyNa aHIOHIB. 3arajabHa XapaKTEPUCTUKA IPYIIH.
Biosoriyna posb i MeAMYHE 3aCTOCYBaHHs cronyk. Skicui peakuii anioniB SO4>,
SO;*, PO, COs%, C,04%, C4H406%, HCsHsO+* Ta yMOBH iX BUKOHAHHSI.

2.11 JIpyra anajiTu4Ha rpyna aHioHiB. 3arajibHa XapaKTepUCTHKA TPYIIH,
010JI0T1YHA POJIb 1 MEAUYHE 3aCTOCYBAaHHS CIIONYK. SKicH1 peakuii aHioHIB Cl™, Br,
I, S, CsHsCOO™ Ta yMOBHM iX BUKOHAHHS.

2.12. Tpers aHajiTH4YHA rpyla aHiOHIB. 3arajibHa XapaKTEPUCTUKA TPYIIH,
OiloJI0TIYHA POJIb 1 MEIMYHE 3aCTOCYBaHHS cHoJyK. SIKicHi peakiii aHioHiB NO;
NO;~, MnO4~, CH3COO™, C¢H4(OH)COO™ Ta ymMOBH iX BUKOHAHHS.

2.13. Peakuii aHioniB opraniynux kumcjot. OcoOnuBI BUIIAJIKK B aHATI31
aH10H1B. AHami3 cymimii a”ioniB [-11I rpym.

2.14. BuzHaueHHs1 HMOBIpPHHUX eJleMeHTIB, KaTiOHIB, aHIOHIB Yy
HEOpPraHIYHIN CHOJIYIl HA OCHOBI MOMEPEIHBOT0 BUIIPOOYBAaHHS 3pa3Ky. AJTOPUTM
MONEepeAHLOTO BUIMPOOYBaHHS HEOPraHIYHOI CIOJYKM 3 METOK ii MOJaibIIol
imenTudikaiii. AHaII3 CIIOTYKHA HEBIJIOMOTO CKJIaay. AHaJI3 cyMilliel CyXux Coyei.
BunpoOyBaHHs Ha YHCTOTY 1 BHU3HAQYEHHS [EAKMX JAOMIIIOK Yy JIKapChKHUX
npernaparax.

2.15. MeToau po3aijleHHs Ta KOHUEHTPYBaHHA. ExcTpakuis. 3akoHU
posnoauty. Koncranta excrpakuii. Koedimient posnogury. KoedimieHt
abcomotHoro  koHmeHTpyBanHd.  Crymine  BuiaydeHHs.  Knacudikaris
EKCTPaKIIMHUX TPOIIECIB. Y MOBU €KCTPaKIlii OpraHIYHUX Ta HEOPTaHIYHUX CTIOJYK.
Busnauennss koedimieHTy po3MOAUTYy PEYOBMHM MK BOJHOIO Ta OPTraHIvuHOIO
¢dazamu.

Po3zoin 3
KIJIBKICHU AHAJII3

3.1. Illpeamer i 3agaui kinbkicHoro anaaizy. Kiacudikamis Ta
XapaKTEPUCTHKA METOJIB KUIbKICHOTO aHamizy. Bumoru no peakimiii. CtanaaptHi
PEUYOBUHHU 1 CTaHApTHI po3unHU. [Toxubku B KinbkicHOMY aHami3i. Kiacudikaris
noxuook. MarematruHa oOpoOKa pe3ybTaTiB aHATI3Y.

3.2. I'paBimMeTpuunmii (BaroBuii) anajui3. CyTb rpaBIMETPUYHOTO aHAII3Y.
[TpuHiunu rpaBiMeTpuyHOro asamnizy. Knacudikailiss METOIIB I'paBIMETPUYHOIO
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aHaizy. XIMIYHMM TrpaBIMETpUYHUN aHami3. AHamTH4HI Tepe3u. [emmdepHi
Tepe3u 1 3BaKyBaHHA Ha HUX. AHamiThuHi Tepe3u cucrtemu TJIP-200. Tlocyn 1
oOnagHaHHS JUIsl TPABIMETPUYHOTO aHami3y. Baxkiusi omeparlii rpaBiMeTpUYHOTO
aHanmizy. TexHiKa TpaBIMETPUYHOTO aHami3zy. AJTOPUTM BU3HAUEHHS BMICTY
PEUOBMH TPaBIMETPUYHUM METOJOM. 3aCTOCYBaHHS TPaBIMETPUYHOTO aHANTI3y.
[lpukmagu BHU3HAUYEHb METOAOM TrpaBiMeTpii. ['paBiMeTpuyHe BHU3HAUYCHHS
docdarib.

3.3. Turpumerpuuni wmetoau aHatdizy. CyTHICTb TUTPUMETPUYHOTO
(o0’eMHOrO0) aHamizy. Bumorm g0 peakiiid, sAKI BHKOPUCTOBYIOTh Y
TUTPUMETPUYHOMY aHami3l. TeopeTuyHl OCHOBUM THUTPUMETPUYHUX METOJIIB
aHami3zy. XapakTepucThka 1 kiacudikaiisi METOMIB THUTPUMETpii. 3araibHi
IOJIO)KEHHSI TUTpUMETpli. Po3umHuM, $KI BUKOPUCTOBYIOTH Yy THUTPUMETPII.
[IpuroryBanHs poOouux (TUTPOBAHUX) PO3YMHIB. METOAMKHA THUTPYBaHHS 1
OOYHCIIEHHS! B TUTPUMETPUUYHOMY aHami3i. Po3paxyHKH KOHIEHTpaliid B Pi3HHUX
onvHULX BuMipy. IloHsATTs mnpo KoHueHTpamito. CrHocodu BUpaKEHHS
KOHIICHTpAIli PO3YMHIB: MOJISIpHA KOHIIEHTpaIlisl, MACOBa YacTKa, HOPMAJLHICTD,
tuTp. ExBiBanent. ®opmynu nepepaxyHkiB KOHLIEHTpauii. Po3paxyHkoBi popMynu
B THTPUMETPUYHOMY aHa131. [IOHATTS PO TUTPAHT, TOUKY €KBIBAJIEHTHOCTI, TOUKY
KiHIII TUTPYBAaHHS, 1HIWKATOp, WOTO XapaKTEPUCTHKH Ta BHUMOTH JI0 HBOTO.
OauHuIl BUMIPY TUTpaHTy. BuW3HaueHHS KUIBKOCTI THUTPAaHTy B  TOYIIl
CKBIBAJICHTHOCTI IIiJi 4Yac TUTpyBaHHSA. TexHIKa TUTpyBaHHA. BumiproBaHHs
00’emiB. Mipnuii mocy. TounicTh aHam3zy. Knacudikaris Xximiuaux croiayk. Bubip
METOYy TUTPUMETPII /ISl HEBHUX XIMIYHHUX CIOJIYK.

3.4. Meton HeiiTpasi3zanii (KUCIOTHO-OCHOBHE TUTPYBaHHs). 3arajibHa
XapakTepucTUKa MeToay. TeopeTnyHi OCHOBH Ta Kiacu(iKallisi METOIIB KUCIOTHO-
OCHOBHOTO THUTpyBaHHs. KuCIOTHO-OCHOBHI 1HAUKaTopu. Teopii 1HIUKATOPIB.
KpuBi TUTpyBaHHA METOAYy HeWTpamizamii 1 HpaBuia BUOOPY I1HAMKATOPIB 3a
KPUBUMHU TUTpyBaHHS. [[0XHMOKM KHUCIOTHO-OCHOBHOTO TUTPYBaHHS. MOKIHBOCTI
KHCJIOTHO-OCHOBHOTO THUTpPYBaHHA. BuOip 1HAMKATOpIB 3a MPOAYKTAMHU pPEAKIII.
Texnika TuTpyBaHHs. KHCIOTHO-OCHOBHE TUTPYBaHHS y HEBOAHHUX CEPEAOBHIIAX.
Knacudikamis po3unHHUKIB. Bubip po3uMHHMKA AJi1 TUTpyBaHHSA. TuTpaHTH
Meroay. IHauKarist KiHIIEBOI TOUKM TUTPYBaHHs. 3aCTOCYBaHHs B aHaii3l. Meronu
BU3HAYECHHS KOHLEHTpAlli KHUCIOT y po3uuHl. [lpuknagu ankamiMeTpuyHUX 1
alMIMMETPUYHUX BHU3HA4YeHb. MeToau BU3HAYCHHS KapOOHAT-WOHIB Y PO3YMHI.
BusnayeHHst BMICTY HaTpiii kapOOHATYy METOJIOM allMJUMETPUYHOTO TUTPYBAHHS.
BusHaueHHs1 BMICTY OLTOBOI KUCJIOTH METOAOM QJIKaJIIMETPUYHOTO TUTPYBAHHS.
AnkaniMeTpuyHe TUTPYBaHHS Ta TUTIOBI 1HIUKATOPH.

3.5. Metoau okcuanMeTpii (OKHCHO-BiITHOBHE TUTPYBaHHS). TeopeTuyHi
OCHOBU Ta Kiacu(ikaiisi METOJIB OKHCHO- BIAHOBHOTO THUTpyBaHHs. PiBHSHHS
HepncTa. Bimus pi3HOMaHITHUX (PaKTOPIB HA IIBUJIKICTh OKUCHO-BITHOBHOT peaKilii
Ta 3HAYEHHS PIBHOBAXHOTO peAoKc-noreHuiany. Cnocodu TUTpyBaHHS.
@dikcyBaHHS KIHIEBOI TOYKM TUTPYBaHHS B METOJaX OKHCHO-BIJTHOBHOTO
TuTpyBaHHs. Penokc-inaukatopu. KpuBi  OKHCHO-BIIHOBHOTO  THUTPYBAaHHS.
Po3paxyHok (akTopa €KBIBAJEHTHOCTI Ta CTE€XIOMETPHUYHOTO CIIiBBIHOIICHHS.
[lepmanranaromerpis. CyTb Meroay nepmaHranaromerpii. IlpuroryBaHHs
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poboUoro po3uMHy Kajlii MepMaHTraHaTy 1 BCTAHOBJIGHHS MOTO KOHIIEHTpAIIii.
[lepmanranatoMeTpuyHe TUTPYBaHHS Ta OCOOJHMBOCTI iHAWKatopy. [lpuknanu
BU3HAUEHb y NepMaHranatomerpii. IlepManranaromeTpuyHe BU3HAYCHHSI BMICTY
®epymy(IT). MeToau KiNbKiCHOrO BH3HAYeHHS BiJHOBHHKIB. Iomomerpis.
Teopetnuni ocHOBH MeTOAy Homometpii. [IpuroryBanHs TUTPOBAHUX PO3UYMHIB.
[Ipuknaan BHU3HAYECHHS BIJHOBHUKIB 1 OKHCHUKIB. P'IOL[OMeTquHe BU3HAYECHHS
BMiCTy KHCHIO Y po3urHi. MlooMeTpHuHe TUTPyBaHHSA Ta HOTO 3aCTOCYBAHHS JUIS
BU3HAUCHHsI KOHIICHTpAIlid pI3HUX CHOJYK (30KpeMa KHCHIO, acKOpOIHOBOIi
kucinoth). Kpoxmans sk cieriudiuHui iHAUKATOp Npu HogomeTpii. Hitputomerpis,
OpoMatoMeTpis Ta OpoMoMeTpis. XiMIUHI peakiiii, Ha SKUX 3aCHOBaHI METOIH.
Tutpantu, iX TPUTOTYBaHHS 1 cTaHaapTU3allid. [HaukaTopu MeTo1B. BusHaueHHs
JIKAPChKUX ~ PEYOBMH Y  MEIWYHUX  IMpernapatax.  XpOMaTOMETpis.
JuxpomaTomerpist. Moaxinopomerpis. Llepumerpis.

3.6. MeTtonn ocagxeHHs (ocaJ:KyBajibHe TUTPyBaHHs). CyTHICTb
TUTPUMETPUYHUX METOJIB OCAKEHHA. TeopeTWyHl OCHOBM Ta Kiacuikaiis
METO/IB OCaKyBaJIbHOTO THUTpyBaHHA Bumorm no peakuiid. Kpusi metonis
0CaKyBaJIbHOTO TUTPYBaHHS. [HIMKAaTOpH 0CaHKyBaIbHOTO TUTPYBaHHSI. MeTonu
aprenromeTpii. CiocoOu BUBHAUYEHHS KIHIIEBOI TOUKH TUTPYBAHHS: O€31HIUKATOPHI
Ta 1HAUKATOpHI ciocoou. Knacugikanis apreHTOMETpUYHUX METO/IIB 3aJI€KHO Bij
oOpaHoro iHaukaropy. BusHaueHHs XJjopuaiB MeTogoM Mopa: THTpaHT, KWOro
IPUTOTYBaHHS Ta CTAHAAPTHU3ALls, IHIUKATOP, YMOBU BU3HAYEHHS, 3aCTOCYBaHHS B
aHamizi. Busnauenns xmopuuiB merogom dasHca-XomakoBa (METo ] aacopOIIHHNX
IHIUKATOPIB): aJCOPOIIHHI IHAMKATOPH, MEXaHI3M iX ii; YMOBH BH3HAuYCHHS,
3aCTOCYBaHHA B aHaii3l. MeToJx 3BOPOTHOTO THUTpyBaHHS 3a Doabrapaom
(pomaHoMeTpisi): mpsMe 1 3BOPOTHE TUTPYBAaHHS, TUTPAHTH, iX MPUTOTYBaHHA 1
CTaHJapTU3aIlisl, I1HAUKATOpP, YMOBM BH3HAYEHHS, 3aCTOCYBaHHS B aHaI3l.
[Tpuknaan BU3HaYEHb METOJIOM apreHTOMETpii. MepKypoMeTpisi: CyTHICTh METOY,
TUTPAHT, HOTO MPUTOTYBAHHS 1 CTAaHAAPTHU3AIlis, IHIUKATOPH, YMOBH BU3HAYCHHS,
3aCTOCYBaHHS B aHai31.

3.7. KommiekcoHomeTpist (KOMILIEKCOMETPUYHE TUTPYBAHHS).
TeopeTnuHi OCHOBM METOAY KOMIUIEKCOHOMETpii. 3arajbHa XapaKTepUCTHKA
KOMILJIEKCUMETPUYHUX METOAIB aHami3y. [Ipuknaan BU3HAUEHHS! KaTIOHIB METaliB
METOOM KOMILJIEKCOHOMETPII. MepkypumeTpis. KommnekconomeTpist
(Tpunonomertpisi). KoMiiekcoHoMeTpriHe BU3HAUYECHHS CyMapHOTO BMICTY COJIEH
KaJbLiI0 Ta MarHio. KoMmmiekcoHoMeTpuuHe TUTPYBAHHS Ta HOro 3aCTOCYBaHHS
Ml Yac BHU3HAYCHHSA BMICTY OIOT€HHHMX €IEMEHTIB Ta BaXKUX METaiB.
MeTanoxpoMHi 1HIUKATOPH.

Po3zoin 4
THCTPYMEHTAJIBHI (®I3UYHI TA ®I3UKO-XIMIYHI)
METOIUN AHAJII3Y

4.1. Xapakrepuctuka ¢izuko-xiMmiunux MeroaiB anajizy. Knacudikaris
(b13UKO-XIMIYHUX METO/IIB aHai3y.

4.2. OnTnuyHi metoau anajizy. Pedpakromerpis. Ilonsgpumerpis. AtomHa
CIEKTPOCKOMIsl. ATOMHO-€MICIiHa CIIEKTPOCKOIIsS Ta aTOMHO-a0copOIliiiHa
noyiyM’siHa (poTOMETpisi (CIIEKTPOMETPisA): CYTHICTh MeToay. AtomizaTopu. Buaun
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aTOMHO-a0COpOIIHHUX  criekTpoMmeTpiB.  Benwmumna  abcop6Omii.  Cnocobu
BUMIPIOBaHHA KOHIeHTpauii. AmapaTtypa. Ilomunku aToMHO-aOcOpOIIiitHOTO
aHamizy. Mexi BHSBICHHA. 3acCTOCYBaHHS aTOMHO-a0COPOLIMHOTrO aHamizy.
MomnekynspHa abcopOiiiiina crekTpockoris. OCHOBHI TIOHSTTS 1 TEPMIHH.
[TornuHaHHS BUNPOMIHIOBAHHS OJHOPITHUMH cucTeMaMu. ONTUYHE MOTJIMHAHHS.
Monsipauii  KOE(IIIEHT CBITJIOMOIIMHAHHSA Ta WOTO (I3MYHUN 3MICT. 3aKOHU
NOTJIMHAHHA BUIIPOMiHIOBaHHS. 3akoH byrepa-JlamGepra-bepa Ta npuunnn
BIIXWICHHS Bij 3akoHy. dotomerpuunuit anami3. [lpuHuunu GoroMeTpuyHOro
aHami3zy. Bumoru n0 konpopoBux peakiiii. @OTOMETpUYHE BU3HAUEHHS BMICTY
roniB gepym(Ill) 3 pomanig-itoHoM. YMoBH (HOTOMETPUYHOTO BU3HAUCHHS HOHIB
bepym(lll) y BuUrasal poaaHigAHOTO KOMIUIEKCY. ['almy3i BHUKOPUCTaHHS
dboTomerpuyHoro ananizy. Crnekrpodoromerpis y Buaumiid obnacti. BizyanbHa
kojopumetpiss. doroMerpuuHi peakiii Ta doTromMeTpuyHi peareHTd. [loOymoBa
KalmiopyBasibHOTO Tpadiky mis (OTOMETPUYHOTO BHU3HAUYEHHS BMICTY 3aJIaHOT
PEYOBUHU. DOTOKOIOPUMETPISL. DOTOMETPUYHE TUTPYBaHHS.
DOTOENEKTPOKOJOPUMETPIA. MeToau BHU3HAUEHHS KOHLIEHTpalli pPEYOBUHU Yy
po3uuHi y doToenekTpokoiopumeTpii. Ilpuknaau  BU3HAYEHb  METOAOM
dbortoenextpokonopumeTpii. Judepenuitna ¢dortokogopumetpis. ExcTpakiiiHo-
(GOTOMETpUYHUN ~ METOA. @nyopumerpiss  (JIOMIHECHEHTHUN  aHami3).
CnektpodoromeTtpis. CriekrpodoToMeTpuYHE TUTPYBaHHS. CeKTpOoOTOMETPIs B
[Y-obnacti. Y®d-cnekrpockoris. CrnekrpogoroMerpiss B SKICHOMY —aHaji3l.
CnextpodoTromeTpuuHe BH3HAa4YeHHs BitTamiHy B, y mikapcbkux ¢dopmax.
[ndppauepona (I4Y) abo xomuBanbHa crekTpodoromerpis. Hedenomerpis 1
TypO1TUMETisl.

4.3. ExexktpoximMiuni metoau anamizy. Knacudikaiis enekTpoxXiMidHHX
MeromiB  aHamizy.  KoHaykroMmerpuuHe  TUTpyBaHHS  (KOHIYKTOMETpIs).
Krnacugikaniss KOHIyKTOMETPHUUHUX METO/IB aHamizy. [loTeHioMeTpuiHi METoau
aHamizy (moreniiometpis). Kiacudikailiss MEeToAiB MOTEHIIIOMETPUYHOTO aHATI3Y.
[ToTeHiioMmeTpyuyHe BU3HAYEHHS BMICTY KHCJIOT, OCHOB Ta COJIEH y PO3YMHI.
[ToTeHIiIOMETpUYHUN aHaji3, MOTEHIIOMETPUYHE TUTPYBAHHS, TUIU KPUBHX
MOTEHI[IOMETPUYHOTO TUTpYyBaHHA. [loTeHLIOMETp, €NeKTpPOau TMOPIBHAHHS Ta
IHAMKATOpHI enekTpoau. lloreHuiomerpuyHe Bu3HaueHHs pH BOJHUX PO3YMHIB.
[ToTeHmiomeTpuyHe TUTpYBaHHS. BU3HaueHHs! KOHLIEHTpAIli KUCIOT, OCHOB a00 iX
cymilei y po3unHi. Bonbrammnepomerpis. XapakTepuCTHKA Ta TCOPETUYHI OCHOBH
METOY. Knacudixkaris BOJIbTAMIIEPOMETPUUHUX METO/I1B aHamizy.
[Tonsiporpadiunmii  anamiz (momsiporpadisi). 3acrocyBaHHs mossporpadii B
aHaMTHYHIM xiMii. Ammnepomerpuune (monsrpadiuHe) tutpyBaHHsa. Kpusi
aMIEePOMETPUYHOIO TUTPYBAHHS. AMIEPOMETPUYHE THUTPYBaHHS 3 JIBOMaA
MOJISPU30BAHUMH  elleKTpojamMu. KyrnoHoMeTpuuHMid aHami3 (KyJIOHOMETpisn).
[Tpsima kynmonomeTpis. KynoHomeTpudaHe TUTpyBaHHS.

4.4. Xpomartorpadiuni Merogum anamizy. TeopeTuyHi OCHOBU 1
kinacugdikamis MeroaiB xpomatorpadii. CyTHICTH XpomaTorpapiqyHOro aHamizy.
MoxmuBocti  xpomatorpadii.  Teopis  xpomarorpadiuHoro  pO3JIJIEHHS.
Xpomatorpadgiudi mapametrpu. ApncopOuiitHa xpomarorpadis. PosnoninpHa
xpoMarorpadis. Ilnomunna xpomarorpadis. Xpomatorpadis y TOHKOMY IIapi
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copbenty (TIIX). OcamoBa xpomarorpadis. Monuuii oOMiH Ta HOHHOOGMiHHA
xpomatorpadis.  'azoBa  xpomarorpadis.  BucokoedektuBHa  piaMHHA
xpomarorpadis (BEPX). I'enp-xpomaTorpadisi.

3MmicToBHIT MOAYJIb 2. AHAJIITUYHA XiMisl TOBKLLIA

Po3zoin 1
OCOBJIMBOCTI AHAJII3Y NPUPOJHUX OB’EKTIB

1.1. 3aBranHsi aHAJITHYHOI XiMil HoBKiLLIsA. OCHOBHI XIMiYHI KOMIOHCHTH
HABKOJIMIIHBOTO cepefoBuia. [IpUuuymHM BHUHHMKHEHHS MPOOJIEMHU OXOPOHU
HABKOJIMIIHBOTO cepenoBuia. [lOHATTS mnpo 3a0pyJHEHHS HABKOJIMIIHBOIO
cepenoBuiia Ta Horo Buau. I[IOHATTS Npo KCEHOOIOTHMKH, EKOTOKCHKAHTH,
nooTaHTH. OCHOBHI BUAM 320pyHIOBAY1B HABKOJHUIITHHOTO CEPEIOBUIIIA.

XimiyHi 3a0pyaHeHHs. [[>kepena mornaianHs 3a0py/IHIOBadiB Y HABKOJIUIIIHE
cepenoBuie. Illnsgxu 3axucTy HaBKOJMIIHBOTO CEPENOBUINA BiJ XIMIYHHUX
3a0pyaHioBadiB. [loHATTS mpo CTIMKICTH Ta TpaHchopmalliio 3a0pyAHIOBAvIB Y
HaBKOJMUIIHROMY cepeaoBuili. Ctan AoBKUUIA B YkpaiHi. OCHOBHI €KOJIOT1YHI
npobnemu Ykpainu. Bmnue aBapii Ha YopuoOwnbebkii AEC Ha cran
HABKOJIMIIHBOTO CEpeIoBUIIA YKpaiHu.

1.2. OcobsmBOCTI aHaJIi3y NPpUPOAHUX 00’ €KTIB. 3arajibHa cXxeMa 1 eTanu
aHami3y. 3arajbHa XapakTEPUCTHKA MPOOU 00’ €KTIB HABKOJHUIIIHHOTO CEPEIOBUIIA.
Benmuunna npobu. Bugu npo6 1 TexHika ix Bigoopy. IlpemcraBHuiibka mpooda.
['enepanpHa, 1aboparopHa 1 mpooda, 1m0 aHami3yeTbesi. OCHOBHI MPUHIUIIN B1AOOPY
npo0. IIpo6o-BinOipHUKHU. XapakTEpUCTHKAa METOJIB aHaji3y, CEJICKTHUBHICTh
metoay. KoHcepaailisi 1 TpaHCIOpTYBaHHsI, 30epiranHs npo0. BuzHaueHHs XiMIYHHX
IHTPEJIIEHTIB Y PO3YMHHOMY CTaHi, KOJIOITHO-TUCIIEPCHIA (opMi Ta B 3aBHUCSX.
KoHneHTpyBaHHs MIKpOEIEMEHTIB. Y CYHEHHS PEUOBUH, 1110 3aBa)Kal0Th aHAJI3y.

1.3. IlinroToBKa mnpo0H 00’€KTy HABKOJHUIIHbBOIO CepedOBHINA 10
aHaJizy.

OcHoBHI cTajii miazroroBku npodu a0 aHadizy. BucynryBanHs 3paskiB.
CnocoOu BUIy4YeHHs 3a0pyJHIOBadiB: TEPMOJECTPYKIis, PIAUHHA EKCTPaKIis,
€KCTpaKLisi CyOKpUTUYHOIO BOAOI0, HAAKPUTHUHA (DITFOTTHA €KCTPaKLIisl, EKCTPAKIIIS
B MIKPOXBUJILOBOMY I10J11, Mapo(a30BUid aHa13.

Buau poskiaagaHHs  3paskiB  mpod 00’€KTiB  HABKOJHMIIHbLOIO
cepegoBuIia. TepMmiuHe pO3KIAJAaHHA: MIPONdi3, CyXe O30JICHHS; NepeBaru 1
uHenoniku. CrutaBinenss. CriikanHs. Mokpa MiHepai3ailisi 3pa3KiB.

Po3kiaganHs npod 00’€KTIiB HABKOJHMIIHBOTO CEPeI0BHUINA Y 3AKPUTOMY
nocyai mix BmuiuBoM ¢ismunux gakropiB. Po3kiananHs nmpoOu B aBTOKJIaBaX:
nepeBaru 1 Hemoyiku. PoskimamanHs TpoOW TMiJl BIUIMBOM aKyCTHYHOTO TIOJIS
(ynbTpasByky). DoroposkiagaHHs. MIKpOXBUIBOBE PO3KIAJaHHS MpO-Ou:
TepeBary 1 HeIOIIKH.

MeTtoau po3aiieHHsI | KOHUEHTPYBAaHHS, fIKi 3aCTOCOBYKHOTbCH NpPH
MiAroToBUi NMPood 00’€KTIB HABKOJMIIHHOI0 CepelIoBHINA A0 aHadi3y. PakTopu,
K1 00yMOBJIIOIOTh HEOOX1HICTh PO3UICHHS 1 KOHIIEHTPYBAHHS MPH aHai31 mpoO.
OCHOBHI BUJIM PO3AUICHHS 1 KOHIIEHTPYBaHHS, SIKI 3aCTOCOBYIOTHCS IIPHU aHaI3i
00’€KTIB HAaBKOJIMIIHBOTO CEpEeNOBHUIIA Ta iX 3aCTOCYBaHHS /10 aHaNi3y MEBHHUX
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00’ekTiB. 3arajbHa XapakTepUCTHKA BHUIIAPOBYBAHHS, BHMOPOXYBaHHI Ta
BIJITOHKU. 3aCTOCYBAHHS OCAJKEHHS 1 CIIBOCAXKEHHS M1 Yac aHasizy.

Metoau po3aiieHHs i KOHHEHTPYBAHHS, fAKi 0a3yl0ThCSl HA PO3MOAiJII
peyoBHH Mixk aBoMa (pazamu. MacKyBaHHS KOMIIOHEHTIB, fIKi 3aBaKaloTh
a”HaJi3y. 3aranbHa XapakTepucTuka copOumii, 3actocyBanHHs. Bumm 1
XapaKTEPUCTHKA XpomaTorpadiyHUX METOIIB, SIKI 3aCTOCOBYIOTBCSI TPU aHaTi31
00’€KTIB HABKOJUIIHBOTO cepenoBuIllad. EKcTpakilisi: OCHOBHI MOHSTTS, YMOBH,
KUIBKICHI XapaKTEpUCTUKHU, 3aCTOCYBaHHS. BuIM MacKyBaHHS, OCHOBHI TpYIH
MaCKYIOUHMX PEUOBHUH.

1.4. OcHOBM €KOJIOT0-aHAJITHYHOT0 MOHITOPHHIY 3a0pyAHIOBAYiB.
Momnitopunr. ['onoBHi 3a1a4i MOHITOpUHTY. KaTeropii aHTpOIOreHHoro BILIMBY Ha
oiochepy. Jxepena 3abpyaHtoBayiB Ta ix dhopmu mirparii. I'eoxiMiuHi aHOMAMTII.
Bumu mirparii momotadTiB. TokcuuHiCTh. [ paHUYHO-AOMYCTUMI KOHIICHTpAITIi
(I"’AK) 3a0pyaHIoBayiB.

Po3oin 2
XIMIA I'TAPOCOEPHU

2.1. ExoJioriynuii cTaH BOJAHOIO OaceilHy IUIaHeTH. 3aBJaHHS aHaTI3y
OpUPOAHUX 1 CTIYHUX BoA. BoanHi pecypcu VYKpaiHM, iX €KOJOTIYHHI CTaH.
MOoHITOpUHT BOJHUX 00’ €KTiB. Buau cTangapTiB AKOCT1 BOAU. 3anacy MpicHOT BOJIU
cBITY. POJIb BOJIM Y )KUTTEMISITLHOCTI OPTaHi3MIB Ta MPOIEcax KPyroooiry XiMigHUX
enemeHTiB. Ilpomecu QopMyBaHHS XIMIYHOTO CKJIaay MPUPOJHUX  BOJI.
Knacudikarii mpupoHux BO/I.

2.2. Ximiyni iHrpemieHTH mnpupoaHux BoA. byaoBa MoJeKylIM BOJM.
®izuyHl BiacTuBOCcTI Boau. Jliarpama craHy Bojau, mnpaBwio (a3. XimiuHi
BJIACTUBOCTI BoJu. Boma sik po3urHHUK. OCHOBHI TOJIOKEHHS TEOPii aKTUBHOCTI.
Honnuii 106yTOK BOAM. 3arambHa XapaKTEPHCTHKA PEUOBHH, SIKi MICTATHCA Y
NPUPOAHUX BoAax: po3unHHI Ta3u (Oz, CO,, H,S), conboBl KOMIIOHEHTH, O10T€HH1
CIOJIyKH, MIKPOEJIEMEHTH, OpraHiyH1 peuoBUHU. Po3unHHI y Bojii ra3u. BiractuBocTi
OpUpOAHUX  BoA  (MiHepami3alis, eJIEeKTPOIpPOBIAHICTb,  OPraHOJIENTHUYHI
BIacTUBOCTI, pH, E), KUCIOTHICTb, TYKHICTh, Oy(depHicTh). CiBBIIHOIIEHHS MIXK
pi3HUMH (popMaMHU CITAOKUX KUCIOT Y NPUPOJHUX BoAax. PopMU  3HAXOKEHHS
XIMIYHUX €JIE€MEHTIB y IPUPOJHUX Ta CTIYHUX BoAaxX. BuMoru 1o sKoCTi MpUpoIHUX
ta muTHUX Boa. Ctiuni Bogu. dopmu Bupa3y pe3yibTaTiB aHaI3y BOJAU HAa BMICT
IHTPETIEHTIB.

2.3. [loka3HMKHN AKOCTI NPUPOAHMX i CTIYHUX BOJ

@izuuHi 1 (Pi3UKO-XIMIUHI TMOKA3HUKH CKJIaay Boau (Temmeparypa, pH,
MPO30PICTh, KOJIBOPOBICTh, KaJlaMyTHICTh, 3amaxX, CMakK, MpucMak). XiMmidHi 1
010X1MiYH1 MOKA3HUKH CKJIaAy BOJIU. 3arajibHa MiHEpasi3allis 1 3a0pyHEHICTh BOJIH.
Wonnwmii cknan. Kucnotwicts. JIyxkHicts. ByriekucnoTsa piBHoBara. TBepaicTs.
BwmicT okpemux ximiuanx ckiaanosux (SO42-, CI-, NO;~, Fe 3", Ca*, Mg?"). Cnonykn
HiTporeny 1 ¢docdhopy y mnpupogHux Bojax. CHHTETHYHI MOBEPXHEBO-aKTHBHI
peyoBuHU. OxucHioBaHicTh Boau. XCK (xiMiyHe crnokuBaHHS KuCHIO), BCK
(OiloximMiyHE cHoXUBaHHA KuCHIO). Cneuudivuni Jomimikud y Bojl. biojoriyni
3a0py/IHEHHSI BOAM 1 CAHITApPHO-O0AKTEPIOJOTIUHI MOKA3HUKHU SIKOCTI MPUPOJHUX 1
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CTiyHUX BoJ. OpraHojenTU4YHI 1 CaHITAPHO-TOKCHUKOJIOTIYHI, CaHITapHO-
€M1IEMi10JIOT19HI HOPMATUBHU SKOCTI BOJIH.

2.4. Oco01MBOCTI aHATI3y IPUPOAHMX i CTIYHUX BOJ

Bumn, BinbGip Ta miaroroBka a0 a”amizy mpoO Boam Yactora BimOupaHHS
npo6 06’em npo6 Boau. [locyxa mst Binbopy 1 36epiraHH>1 npo6 Boau. Bigbip npod
3 pi3HUX BOAHHUX 00’€kTiB. Binbip npo6 BOJIM 3 PIUOK, 03ep, cTtaBkiB. [ligroroBka
Boau 10 aHamizy. KoHcepBarissi 1 TpaHCOpTyBaHHS, 30epiraHHsi MpoO BOJM.
BusHayeHHs1 XIMIYHUX IHTPEAIEHTIB Y PO3YMHHOMY CTaH1, KOJIOiTHO-AUCIIEPCHIN
dopwmi Ta B 3aBucsax. OCHOBHI criocoOu rnepeBeeHHs mpodu y hopmy, HEOOXITHY
JUTSL JaHOTO BUAY aHamizy. KoHIeHTpyBaHHS MIKpOEJIEMEHTIB. Y CyHEHHSI PEUOBHUH,
10 3aBa)al0Th aHAJI3Yy.

2.5. MeToauku aHAJII3y NPUPOAHUX I CTIYHUX BOJ

BusnauenHss ¢Gi3uyHUX BJIACTUBOCTEM Ta IHTETpajJbHUX TOKa3HUKIB
XIMIYHOTO CKJaay Boau. TemmepaTypa, TyCTHHA, MPO30PIiCThb, KOJIBOPOBICTD,
KaJIAMYTHICTb, CMaK, 3alax, BMICT PO3YMHEHUX 1 HEPOZUMHEHUX PEUYOBHH, 3aBUCI,
MIUTOMA EJIEKTPOIPOBIAHICTD, 3arAJIbHUI HITPOT€H, HITPOI'€H OPraHIYHUX CIOJIYK,
dbochop oOpraHiyHUX CIHOJNYK, BYIJIEIb OpraHiuHux croiiyk, XCK (XiMI4HOTO
crioskuBaHHs kKucHI0), BCK (010710T14HOr0 CIOKMBAHHS KUCHIO).

BusnaueHHs iHAMBIIyadbHUX MOKA3HUKIB XiMiYHOTO ckiany Boa. pH, pOH,
PO3YMHHUMN JTIOKCUTEH, JAUTIAPOTeH CyNb(Pia, Cylb(iau, KUCIOTHICTh, Jy>KHICTb,
KOMIIOHEHTU KapOOHaTHOi cucteMu, arpecuBHuil kapooH(IV) okcupn, xmopuaw,
cysbdaTy, TBEPAICTh BOJHU, KaNbIlili-, MarHii-, HATpii-, Kalli-HOHU, aMOHIaK, COJI
amoHito, cimikar-, HiTpat(V)-, Hitpat(lll)-, docdar- 1 mnomidocdar-anionu,
bepym(ID)- 1 depym(Ill)-, manran(Il)-, kynpym(Il)-, muuk-, ko6ansT(1l), anrominiii-
apcen(Ill)-, 6epiniii-, Hikon-, roMOym(11)-kaTionu.

Po3oin 3
XIMISI TPYHTIB

3.1. Ximiunuii ckaax rpyHriB. @i3uuyHl BiacTUBOCTI IpyHTIB. Ckiaj
OCHOBHUX KOMIIOHEHTIB TPYHTIB 1 [OHHHUX BiIKIaAeHb. lIpupogHi [UIIXU
30aradyeHHs 1 301IHEHHS IPYHTYy. Poib IpyHTY B mpouecax Kpyroooiry XiMi4HHX
eneMeHTiB. [loka3HMKHM, SIKI XapaKTEpHU3yIOTh BMICT JOCTYNHHUX IJsi POCIHUH
XIMIYHUX 1HTpeieHTIB. [[pOHUKHEHHS BaXKKUX METaJiB y IpyHTH. OCHOBHI JiKepeia
3a0py/IHEHHS TPYHTY BaXKUMH MeTajamu. [[iAroToBKa IPYHTIB JO XIMIYHOTO
Hamizy. CnocoOu po3kiaay IPyHTIB (pPO3KJIAJ KHUCIOTaMH, CIUIABICHHSM,
CHiKaHHsIM). MeToaM KUIBKICHOTO aHami3dy TIpyHTIB. [IOHSATTS mpoO KUCIOTHICTH,
3aKHUIMaHHS, BWIYTOBYBaHHS IPYHTY. XIMIYHA CYTb 3aKUCICHHS IPYHTY (MMOHM>KEHHS
pH) ta mkoxa Bix uporo. bydepHi BracTuBOCTI rpyHTY. BrimnB kucnux momiis Ha
I'PYHT. BIMB KMCIOTHOCTI IPYHTY Ha mporiecu Mirpartii pocdopy. Peakii HoHHOTO
OOMIHY B €JEKTpOJITaX MiJ Yac >KUBJICHHS POCIUH IPYHTOBUM PO3UHMHOM.
KarionooOminHa 31aTHICTB I'pYHTIB. CyTh 3aCOJIeHHs IpyHTY. [IpuunHu 3acoieHHs
IPYHTY.

3.2. AHaJi3 rpyHTiB. AHaJi3 IPyHTIB Ha BMICT rymycy, Kapoony, Hirporeny,
MeTaj-HoHIB. AHaI3 AHTPONOTreHHUX 3a0pyJHIOBadiB IPYHTIB (MeTaj-ioHH,
HiTpaTH, (ocdaru, opraniyHi cnonyku). Ponp miHepadbHUX JOOpPUB y JKUTTI
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pocinuH. TpuokconiTpatu(V) Ta iX BIUIMB Ha >XUBI oprani3mu. [IpaBuna
palioHaJbHOTO0 BUKOPHUCTAaHHS JOOpUB. YMOBHU MOMNEpPEIKEHHS 3a0pyAHEHHS
rpyHTiB. CaHiTapHa 0XOpOHA IPYHTIB, 3aKOH Y KpaiHU PO OXOPOHY IPYHTIB.

3.3. Bigbip mpo6® TrpyHTIB Ta [OHHMX BiakJageHb. Po3paxyHOk
ONTUMAJIBHOI MacH TpoOu. Po3mopinpua 3maTHicTh 3a0pyAHIOBaYiB IpyHTIB. Cxema
po3TalryBaHHs TOYOK BiAOOpY TBepAux mpod. ['oMmoreHizaiiisi Ta ycepeaHEHHs
pooH.

Po3zoin 4
XIMISA ATMOC®EPU

4.1. Ximiuynuii ckiaajg noBitpsi. Atmocepa. Ctani Ta 3MiHHI KOMIIOHEHTH
noBiTpsa. Aepo3omi. IloHATTS Tpo (OHOBI KOHIIEHTpAIlli PEYOBHH Yy TOBITPI.
Jlxepena 3a0pyaHeHHs TOBITpstHOro OaceiliHy. [loHATTS Tpo pEUOBUHU —
3a0pyaHIoBadi oBITPs. DaKTOPH, sIKI BIUIMBAIOTH HAa KOHIIEHTpPAIlIF0 aTMOC(HEPHUX
3a0pyaHeHb. OCHOBHI 3aX0/IU 110 OXOPOHI MOBITPs BiJ 3a0pyaHeHHs. [loHATTS po
MOHITOPUHI. XIMIYHUII MOHITOPUHI atMoc(epu. 3aKOH YKpaiHh MPO OXOPOHY
atMocdepu.

4.2. Ananiz nositpsa. Metonu BinOopy mpoO MOBITPs. AHami3 MOBITPS
razyBaTUX CKJIaJOBHUX IOBITPsI, aHAII3 METAJIB Ta iX CIOJYK y MMapyBaTOMYy CTaHi.
Haiinpocrim  MeToAu 3HENIKOJKEHHSI Ta30BUX IPOMHUCIOBUX BHUKHUJIB SK
IPOJYKTIB 3rOpaHHs OpraHIYHUX pedyoBUH. HiTporeH okcuau, mKoja BiJ HUX Ta
MPUPOJOOXOPOHHI 3aX0/IM MO 3MEHIIIEHHIO BMICTY HITPOT€H OKCHJIIB B aTMOchepi 1
HABKOJIMITHEOMY CEPEIOBHIIIL.

4.3. Binoip npo6 mnoBiTpss. Bumorm 1m0 METOMIB KOHTPOJIIO BMICTY
HIKIJJIMBAX PEYOBMH B MOBiTpi. Biabip mpoOu 3 motoky moBiTps. JIETKICTb.
[TornuuanpHl TPUCTPOi, copOeHTH Ta (uUIBbTpyIOUl Marepianu. AcmipariiiHi
MIPUIIAJIN.

Po3zoin 5
XIMISA OPTAHIYHUX OB’EKTIB

5.1. Ximiunuii anaJji3 opranivHux 00’ e€kTiB. [IoHATTS Tpo Gi0reHH1 XiMivHI
enementu (H, O, N, C, O, P, S), MikpoesieMeHTH pOCTIUH 1 TBApUH. MeToAMKa B3STTS
POCIMHHUX Tpo0 1 MIArOTOBKAa iX A0 aHamidy (cyxe 1 MOKpe O30JIEHHS,
MPUTOTYBAaHHS BHTSDKOK JIJI1 BHU3HAYCHHS XIMIYHHMX CKJIQOBUX OPTaHIYHHX
pedoBHH). MeTonu aHaizy opraHiyHUX 00’ €KTIB.

5.2. BuiuB 3a0pyaHIOBaYiB Ha KHUBi OpPraHi3Mu i 310pOB’Sl JIKOJMHU.
ToxcuunicTh 3a0pyautoBauiB. [lousTTs npo neransny g03y — 50 (JIs0) 1 ['AK (X).
Henoniku Buxkopucranna ['JIK (X). IloHATTS mpo akymydsiio 3a0pyIHIOBaYiB.
[nsxu akymMyJtfOBaHHS KOMIIOHEHTIB MIHEpAIbHUX JOOPUB Y KUBUX OpPraHi3Max.
[ToHsATTS PO TpaHUYHO MOMycTHMI BUKHUIW mikiamuBux peuoBuH (I'/IB(X)).

Baxkki meTanu Ta ix BIUMB Ha JTIOAUHY 1 ipupoay. [IoHATTS Tpo KOHKYPEeHTHI
Napy €JIEMEHTIB, SIKI BAHUKAIOTh MPHU 3a0pyIHEHHI IPUPOTHOTO CEPEIOBULIA.

[Tonsrts npo nectuuuau. [loain mecTUIUAIB 3a TOKCUYHICTIO. BiiacTuBocCTI
MEeCTULIUAIB Ta X HeOe3neuHicTh. Kpurepii BU3BHaUeHHS HEOE3MEUHOCTI MECTUITUIIB
JIJIs1 OpraHi3MiB. BIUIMB NeCTUIIMIIB Ha JIFOAUHY. XIMIYHUM aHa13 TECTUITUIIB.

5.3. Bin6ip 0ionpo6 Ta xap4yoBux mpoaykrtiB. Oco0GiauBocTI BiOOpy Ta
30epiranHs 6ionpo0. BrpaTu 1 3a0pyaHeHHs pu B1AOOP1 Ipoo.
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TEOPETUYHI OCHOBU AHAJIITUYHOI XIMII JJOBKLJLJIS
1. Oco01uBoOCTI aHATI3y 00’ €KTIB MPUPOAHOTO CepeOBHUINA

Jlo cknamy mpuUpOAHHUX BOJ, TPYHTIB Ta MOBITPS BXOJUTH 3HAYHA KUIBKICTh
XIMIYHUX IHTPETIE€HTIB, BMICT SKUX 3MIHIOETHCS B HAJ3BUYAMHO MIMPOKUX MEXKAX.
XiMIYHAHA CKJIaa 00’ €KTIB MPUPOTHOTO CEPENOBHUINA, HA BIAMIHY BiJl TEXHIYHHX
MaTepialiB, HaNpUKIAJ TaKUX, K CTajb, YaBYyH, CKJIO, IIEMEHT TOIIO, € JOCUTh
7a0UTBHIM 1 3MIHIOETBCS B Yaci Ta mpocTopi. Lo HecTabiapHICTh T0Ope M IKPECITIOE
BiIoMHM ad)OpPU3M PO Te 110 «HE MOYKHA BCTYIIUTH B OJIHY 1 Ty XK piuKy ABiui». Jlo
CKJIaJly IPYHTIB, IPUPOJHUX BOJI Ta MOBITPS BXOAUTH 3HAYHA KUIBKICTh XIMIUYHUX
IHTPEIEHTIB, BMICT SIKMX 3MIHIOETHCSl B HaJI3BUYAMHO MUPOKUX Mexax. ToMy s
aHaji3y MHUX OO0’€KTIB BUKOPUCTOBYIOTH PI3HOMAHITHI METOIU JOCHIIKCHHSI.
PamionanpHuit BUOIp METOIB JJi BHU3HAYCHHS IEBHOIO 1HIPEAieHTa a0o TpyIH
IHTPEIIEHTIB 3YMOBJICHHMM, 3 OJHOTO OOKY, arperaTHUM CTaHOM Ta SIKICHUM 1
KUTBKICHUM ~XIMIYHUM CKJIQJIOM JIOCHIIUKYBaHHUX OO0’€KTiB, a 3 1HIIOTO —
aHATITUYHUMHM MOXJIMBOCTAMH camMoro Meroay anamsy. llpu mpomy cnin
BpaxOBYBaTH JI€AKl OCOOJMBOCTI, Kl MPUTAMaHHI AaHAMITHUYHINA Ximii 00’€KTIB
MPUPOJIHOTO CEPEOBUIIA, 30KpeMa: crocodam BiOOpPY Ta MiATOTOBKU MPOO MJis
aHaji3y, CTBOPECHHIO HAJICXKHUX YMOB Il 3a0€3MEUeHHS aJeKBAaTHOCTI MIiX
BUMIPIOBAaHUM aHAIITHYHUM CUTHAJIOM 1 KOHLIEHTpPALIEIO (BMICTOM) BU3HAYYBAHOTO
IHIpE/IIEHTA.

AHani3 0yJIb-IKOT0 MPUPOIHOTO 00’ €KTa IPOBOJUTHCS 32 IIEBHUMU €TaIlaMH.
OcHoBHUMU eTanamu aHamizy € Bubip metony (I), BinGip mpobu (II), miaroroska
npobu no awnamizy (III), BUKOHaHHS aHaNi3y Ta BHUMIPIOBAHHS aHATITUYHOIO
curHany(IV) i cratuctuyna 06po6ka pe3ynpraTiB aHamizy (V). OnHak Haa3BUYAHO
PI3HOMAHITHUM XIMIYHHUNA CKJIaJl OO €KTIB MPUPOJHOTO CEPEIAOBUINA JIUIIEC B
OKpEeMHX BHITaJIKaX J03BOJISIE MPOBECTU aHaI3 O€3MOCEPEIHbO 3a IUMHU eTalaMu,
HE BUKOPUCTOBYIOYHM 1HIII JIONOMIXHI OIeparii.

Ilepwum emanom auanizy € BuOip onTuMmanpHOro Meronay. Lleit etam mgyxke
BAXKJIMBUI, TOMY LIO BiJl 0OPaHOI0 METO/1y aHAJII3Y 3aJI€KUTh BeJIMUMHA MPOOH (151
IPYHTIB — HaBaXXKa, T, JUI BOJ — 00’ €M, M, 11 MOBITPS — 00’ €M, M), CKIIaIHICTh
1 TpUBAIICTh aHa13y. CeIeKTUBHICTh 0OPAHOr0 METOTY (BUOIPKOBICTh, MOXKIIUBICTh
BU3HAUYCHHS JaHUM METOJIOM TUIBKU MEBHUM HOH ab0 pEeUOBHUHY) BIUIMBAE Ha
TPUBAJIICTh Ta TOYHICTH aHAI3y. UM OLIbII CENEKTUBHUM € OOpaHUN METO[, TUM
MEHIIIE Yacy BUTPAYAEThCS Ha aHalll3, TOMY IO HEMae€ MOTpeOH y BUKIIOUCHHI
KOMITOHEHTIB, $KI 3aBa)XaloTh aHamizy, al00 Yy BIJIOKpEeMJIEHHI Bl HHX
BU3HAYYBAHOT'O IHTPEAIEHTa. YHUKHEHHS JOMOMDKHHUX OIepaliid IMO3UTUBHO
BIUTMBA€ TAaKOXX Ha TOYHICTh aHamizy. Hampuknan, atomHO-a0copOIiiiHe
BU3HAYCHHS MIKPOEJIEMEHTIB, 30KpeMa Miji, [UHKY, KOOAIbTy Ta IHIIUX € OUIBII
CEJICKTUBHUM, HIJK BU3HaYEHHS (POTOMETPUYHUM METOJIOM, a B JICAKUX BUTAIKAX -
TakoK Oulbll TOYHMMH. OKpiM TOro, MNpU HEOOXITHOCTI EKCTPAKLIMHOIrOo
KOHIICHTPYBaHHSI  MIKpOEJIEeMEHTIB  (cmoci0  po3aieHHs abo  BUIyYCHHS
KOMITOHEHTIB CyMIlll HUIIXOM iX MepeBOJAy 3 OJIHIE€I PIAUHHOI (a3u (BOIHUN
pO3UMH) B 1HINY (OpraHiYHUM PO3UYMHHHUK) 3 METOH 30UIBIIEHHS KOHIEHTpaIlii
JOCIIIJIKYBAaHUX KOMIIOHEHTIB) MOKHAa BHOCUTHU €KCTPaKT O0e3mocepeiHbo B
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noJiyM’sl aHajli3atopa 1 TUM CaMUM BUKIIIOUMTH MPOLEC PEEKCTPAKIIii, 0 TAKOXK
CKOpOUYY€E TPUBATICTh aHATI3Y.

Biobip npo6 Boau, IpyHTIB Ta IOBITPS € HAA3BUYAWHO BAKIIUBOIO YACTHHOIO iX
aHalizy, sKa MOBHMHHA 3a0€3MEYUTH MPEACTABHHUIITBO OACPHKAHUX pCBYJ'IBTaTiB 1
HayKOBY OOIPYHTOBAHICTh IXHBOTO MOAAIBIIOT0 BUKOPUCTAHHS IS po3s ’SI3aHHSA
eKOJIOTIYHUX Ta HapOJHOTOCHOJAPCHKUX 3aBAaHb. [lOMWIKH, SIKI MOXYTh
BUHUKHYTH BHACIIJOK HEMPABWJIBHOTO MiAOOPY MpoO, HEMOXKIUBO BHUIIPABUTH
HIIKUMU €KCIIEPUMEHTAIBHUMH a00 pO3paxyHKOBUMH MeTo1aMu. Bennuuna npobu
3QJICKUTHh Bl OUIKYBAHOTO BMICTY BH3HAUyBaHOI'O IHTPENI€HTa Ta YYTJIUBOCTI
BUMIPIOBAHOTO AaHAMITUYHOrO curHanmy. Hanpuknan, s BU3HAYEHHS BMICTY
KaIbLii HOHIB, AKi y IPUPOIHiN Boi MicTAThCs B Mexkax 20-100 Mr/aM® 06’ eMHMM
KOMILIEKCOHOMETPUYHHUM METOJIoM Tpeba B3saTH He MeHnre 50-100 cM® nmpobu, Toxi
SK JIJISl BA3HAYEHHSI THX caMUX HOHIB MeT0J0M (HOTOMETPIi MOIYyM’ sl TOCUTh MAaTH
5-10 cM?, a MeTomoM HoHHOI Xxpomarorpadii mocrarapo yunre 0,5 ¢cM® 1 MeHIe
00’eM mpoOHU BOAM. 3MEHILIEHHS BEIMYMHU NPOOM OCOOJIMBO BaXKJIMBE y pasi
HEOOXITHOCTI TPaHCIOPTYBAHHS BEJIMKOI KIJIBKOCTI BiIIOpaHUX MpoO 0 MicCIsd
anamizy. Pe3ynbrar aHanizy Moxke OyTH IpaBUIBHUM TUIBKU Yy TOMY BUNAJKY, KOJIU
npoba mpeacTaBHUIIbKA, TOOTO CKJIaJ MPOOH 1 BCHOTO JTOCHIAKYBAaHOTO 00’€KTa
MOBUHHI OyTHU OJJHAKOBUMH (1ICHTUYHUMHU ).

Tomy BimOIp 1 MmAroOTOBKa NpoOM — OJHI 3 HAWBAKIMBIIIUX CTald
aHAMITUYHOrO Tpouiecy. Bimbip mpoOM CKIATa€ThCs 3 B3SITTS  MOYATKOBOI
(reHepanbHOi, TEPBUHHOI) MpoOM BiA Benukoi Macu (00’€My) pPEUOBUHH 1
CKOpPOYEHHSI PI3HUMH crocobaMu BifiOpaHOi TeHepadbHOI MNpPOOM N0 TaKol
KUIBKOCT1, 1110 BHKOPUCTOBYIOTH JJisi aHamizy. Taka HEOOXITHICTb BUHUKAE,
30KpeMa, TIPH JTOCHIKEHHI TIAPOXIMIYHOTO PEKUMY BOJIOCXOBHII, O3€pP Ta PIUOK,
KOJIM JIECSITKU TPOO BOJYM BiIOMPAIOTHCS il YaC €KCHEAUINN 1 MPaKTUIHO HEMae
MOXJIMBOCTI BUKOHATH XIMIYHUHN aHa13 Oe31mocepeIHbo Ha Micli Bibopy mpod. Lle
K CTOCYETHCSI MIEBHOIO MIPOIO M aHaji3y I'PYHTIB, JIOHHUX BIAKJIA/AIB Ta MOBITPS.
MoxnuBICTh BUKOHAHHS aHamizy Oe3mocepelHhO Ha MicCIi BimOOpy mOpodu €
BOXJIMBOIO XapaKTEPUCTHKOIO MeToxay. Lle 30Kkpema, cToCyeThCs —aHaizy
OPUPOAHUX BOJ, XIMIYHUH CKJIaJ SKUX MOXKE 3MIHIOBaTUCS B MPOLEC]
TPaHCHOPTYBaHHS Ta 30epiraHHs BIAIOpaHUX MpOoO YHACHIAOK MPOTIKAHHS B HHUX
PI3HOMaHITHHUX O10JIOTTYHHX Ta (P13UKO-XIMIYHUX MpolieciB. Hanpukian, BU3HaUUTH
KOHIICHTPAIlI}0 PO3YMHEHOTO KHCHIO Ta KOMIIOHEHTIB KapOOHATHOI CHCTEMH, a
takoX pH Ta E, Bogu 000B’s13k0BO Tpeba Ha Miclli Bi10Opy MpoOu 3 ypaxyBaHHAM
il Temmeparypu, TOMY IO Il TTIOKa3HUKH € JOCUTH JIAOUTBHUMH 1 iX MPAKTUYHO
HEMOXKJIUBO CTa0lIi3yBaTH MIJISXOM KOHCepBarlii mpoOu (1o0/1aBaHHs 0 Mpodu
MEBHOI PEYOBWHU, fKa J03BOJSE 30€perTv XIMIYHMN CKIIaJ JOCITIIKYBaHOTO
00’€KTa BIIPOJIOBXK TMEBHOTO mepiogxy Oe3 3miH). [Ipu Bigbopi mpod HEoOXimHO
BpaxyBaTH OaraTo crneuu(piyHUX OOCTAaBUH, IO € THUIOBUMHU NIpPH aHai3l BOJ,
noBITps Ta IPyHTIB. OJHAaK MOXKHA BIJ3HAYWUTU TOJIOBHI MPHUHIUIN, SIKI CIIiJI
BpPaxOBYBAaTH MPHU BiAOOP1 P00 3 OYIb-SIKOTO 00’ EKTY IPUPOTHOTO CEPEIOBUIIIA:
1) mpoGa abo cepist mpoO, BiAIOpaHUX JJ1sI aHAJi3y, TOBUHHA OyTH XapaKTEPHOIO ISt
JTAHOTO PUPOJAHOrO 00’€KTa B MICIII iX BUOOPY;
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2) B11OIp mpoO iX TpaHCMOPTYBaHHs, 30€piraHHs Ta Mojasblia o0poOKa MOBUHHI
BUKOHYBAaTHCh TakK, 00 HE 3MIHIOBABCS BMICT BH3HAYYBAHOTO IHTpEII€HTa abo
TPyIH IHIPEIIEHTIB;

3) 06’em abo Maca mpoOY TOBUHHI MTOBHICTIO 320€3MEYNTH MOYKIIUBICTh BUKOHAHHS
3aIJIAaHOBAHUX aHATITHYHUX BU3HAYCHb.

XapakTepHOIO 0COOIUBICTIO MPUPOIHUX 00’ €KTIB € Te, 1[0 BU3HAYYBaHI B HUX
IHIPEIEHTH YacTO MOXYyTb OyTH Yy pI3HOMYy arperaTHomy crtani. lLle ciifg
BpPaxoOBYBaTH IpH BiAOOPI mpod Ta iX MiAroToBll A0 aHaiizy. Okpim Toro, 6araro
IHTPEIIEHTIB MICTATBCS B MPUPOJHUX 00’€KTaxX y PI3HMX XIMIYHMX (Popmax, siKi
MarOTh HEOJHAKOBI (PI3MKO-XIMIYHI Ta aHATNITHUYHI BIACTUBOCTI. .J[JI1 BU3HAUYCHHS
BaJIOBOT'O BMICTY TaKUX 1HI'PEIIEHTIB iX TpeOa 3a3ajieriab NepeBecTy B OJHY 1 Ty K
aHaJmITHYHy (QopMy, KOHIIEHTpariss sKkoi Oyjae aJeKBaTHOI BHUMIPIOBAHOMY
aHaJITHYHOMY curHaiy. Hapermri, BMicT 6aratbox XiMIYHUX PEYOBUH Y IPUPOTHUX
00’€KTax HACTIIPKA MaJd, MO0 1X HEMOXXJIMBO BHU3HAYUTH 0€3 TOMEPEIHHOTO
KOHLIEHTPYBaHHS Ta BIJOKPEMIICHHSI BiJ] OCHOBHHX KOMITIOHEHTIB.

[Ticns BigOopy mpobu iae i niocomoexa 00 auanizy, sKa BIIOYyBa€TbCS Y
JNEKUIbKa CTaIli:

- KOHCEepBallis, TPAHCIIOPTYBAaHHS Ta 30epiraHHs npod BOAH;

- BUBHAUYEHHSI XIMIYHHUX 1HTPEIIEHTIB Y PO3UYMHEHOMY CTaHi, KOJIOiJHO-TUCIIEPCHIN
dbopmi Ta 3aBUCHX;

- KOHIICHTPYBaHHS MIKPOKOMIIOHEHTIB;

- YCYHEHHS PEUOBHH, 1110 3aBaKalOTh aHAI3Y.

KoHcepgariist mpo0, sika HaiyacTiilie TPOBOJUTHCS MPU aHaIli31 BOJM, Ma€ Ha
MeT1 30epertu ix (i3udH1 BJACTUBOCTI Ta XIMIYHUNA CKJIaJl B TAKOMY CTaH1, B SIKOMY
BOHU OyJiM y MOMEHT Bi100py npoOu. KoHcepBaliito mpoBOJSATh Y THUX BHIAJIKaX,
KOJI HEMae MOJKJIMBOCTI BHUKOHATH aHajli3 Ha wMicii Biabopy. OmHak Tpeba
nam’siTaTH, 1[0 KOHCepBallisi Mpo0 BOJY HE MOKE MTOBHICTIO 3aM00ITTH 3MiH1 IXHBOTO
XIMIYHOTO CKJIaAy, SIKa 3yMOBJICHA MPOTIKAHHSM Y BOJl PI3HOMaHITHUX (PI3UKO-
XIMIYHUX Ta OIOJOTIYHUX TMPOLECIB. YHIBEPCAIbHOTO METOAY KOHCEepBalli
OPUPOAHUX BOJA HEMae, TOMY 4YacTO JJii BHU3HAUYEHHS PI3HUX I1HIPEIIEHTIB
B1JIOMPAtOTh OKpeMi MPoOU BOIM 1 MO-PI3HOMY iX KOHCEPBYIOTh. Jlesiki mpobu Boau
HEe KOHCEpPBYIOTh. IX He MOXKHAa KOHCEPBYBAaTHM TpH BH3HAUEHHI 0araTbox
noka3HukiB: temmneparypu, Eh, CO,, HCOs~, KUCIOTHOCTI, JIy’)KHOCTI, CYyJIb(]iIiB,
030HY, XJIOPY, 010XIMIYHOTO CIOKMBaHHS KHUCHIO, CMaKy, 3amaxy, KOJbOPOBOCTI,
PO3YMHEHOTO0 KHUCHIO, 3aBUCEH, KaJlaMyTHOCTi, HIUIBHOCTI, MPO30POCTi, MTUTOMOI
CJIEKTPOIIPOBIAHOCTI, PO3UYMHEHHUX pE4YOoBUH, pH, apomMaTHYHHX BYTJIEBOJIHIB,
KUpHUX KucioT, Genomnis, Na*, K*, Ca**, Mg?', CI-, SO4>", F-, 6oparis. HaiiGinpm
MOIIUPEHUMHU KOHCEPBAHTAMU BOJIH € TaKI:

- 1 cm® koHueHTpOBaHOi CynabdaTHOi KUCIOTH HAa 1 aAM® BOOW NpU BU3HAYEHHI
ximignoro croskuBanHs KUCHIO (XCK), Copr., Nisor, NHs*, NO>~, NO5™, Zn?";

- 5 cM® KOHIIEHTPOBAHOI HITPATHOI KUCIOTH HA 1 M> BOIY NpY BU3HAYEHH] HOHIB
Mn?*, Cu?*, Ni?*, Cd**, Pb*", Ag", Cr (111, VI);

- 2-4 cm® xnopodopmy Ha 1 aM® Boam mpu BusHaveHHI konboposocti, NH;", NO,
NO;-, SO4*, dpocdaTiB Ta CHHTETHYHUX MTOBEPXHEBO-aKTUBHUX peuoBuH (CIIAP).
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[HOM1 3aCTOCOBYIOTH CHelialIbHI CIIOCOOM KOHCEpBallii, K1 OB’ A3aH1 3 XIMIYHUMU
BJIACTUBOCTSIMUA BU3HAUYBAHOTO 1HTpenmieHTa. Hampukman, s BU3HAYEHHS
3araabHOro BMicTy (hepyMy IpoOy KOHCEPBYIOTh, JOAAIOUH 25 CM® KOHIIEHTPOBAHOI
HiTpaTHOI Kuciaotu Ha 1 av® Boxu. Ilpu oMY TiZpOKCHAM Ta iHIIN MaIOPO3YMHHI
cnonyku (epymy(Il, III), a Takoxk X KOMIUIEKCH 3 OpPraHIYHMMH pPEYOBHHAMU
IPUPOHUX BOJ PO3KIANAIOTLCA i BCi hopmu hepyMy MepeXxosTh B akBa-ionu Fe’",
AKi BU3HAYAKOTH (OTOMETPUYHO. SIKIIO MOTPiOGHO OKPeMO BU3HAUMTH BMicT Fe** Ta
Fe**, To mpoOy BoAM KOHCEPBYIOTH CyMIILIIIO aLETaTHOI KUCIOTU 3 HATpiid
aleTaToM 1 30epiraroTh, He JOMYCKAIYH KOHTAKTY 3 TIOBITPSIM.

VY nOpupoaHUX BOJAaX, BUTSKKAX IPYHTIB 3aBXKIW MICTATHCS, PO3YMHEHI 1
HEPO3YMHEHI pPEYOBMHU. TOMy BH3HAUYEHHS KOHIICHTpaIlli OaraTboX XIMIYHHUX
IHTpEeieHTIB Y He (UIBTPOBAaHUX Ta MPOQUIBTPOBAHMX PO3UYMHAX Jla€ Pi3HI
pe3yabTaT. Lle 0co0MMBO CTOCYETHCS CIONMYK HOHIB METalliB, Yepe3 T€ 10 BOHU
3HaYHOIO MIpOI0 COpOYIOTHCS Ha 3aBUCSIX Ta KOJOIMHUX YacTkax. TomMy yacTo
BUHHUKA€E MOTpeda BU3HAUYUTH HE TUIbKU 3arajibHUil BMICT MEBHUX 1HTPEIIEHTIB, a
TAaKOX PO3AUIBHO Yy 3aBUCAX, B KOJOITHOMY Ta B PO3YMHEHOMY Yy BOJII CTaHi.
Hanpuknaa, ycTaHOBIIEHO, IO TOKCHUYHICTH Boau p. JlyHail, ska € mgyxke
KaJIaMyTHOIO, Maike TMOBHICTIO 3HHUKae€, SKIIO Boay mnpoduibTpyBatu. Lle
3YMOBJICHO COPOIN€I0 CIMOAYK TOKCHYHHMX METaliB, TaKWUX, SK PTYTh, KaJIMii,
CBHHEIIb, XPOM TOIIO HAa 3aBUCAX Ta KOJOIAHMX YacTKaX, M0 3HAXOIATHCA Y
KaJlaMyTHOMY po34uHi. J[Ji1 BHUIUIEHHS 3aBUCEH y JOCHIKYBAaHMX PO3YMHAX
3aCTOCOBYIOTb:

® BIJICTOIOBaHHS;

e (uIpTpaNio;

e 1eHTpU(YTYBaHHS,

e yubTpadinbTpaIiio (MeMOpaHHy (QUIBTpAIIiIO).

HaiiGinpmr mommpeni ocrtanHi nBa meromau. Dunbrpariis yepe3 MeMOpaHHI
bineTpu 3 miamerpom mop 300-500 Hm abo uentpudyryBanns npotsirom 20-30
XBWJIMH 3a0e3redye MPakTHYHO ITOBHE BHIUICHHS 3aBUCE. Bimomo, 1mo Mix
3aBUCSAMH 1 KOJOIMHO-TUCIIEPCHUMH, a TaKOX MDK KOJOIIHUMH ¥ 1CTHUHHO
pPO3UMHEHMMHU YacTKaMHW HEMa€ YITKOI MeXI 1 30HM 1X ICHYBaHHS 3a
XapaKTePUCTUKAMH PO3MIpPY Ta MOJIEKYJISIPHOT MacH JeT0 epexpenryoThes. Tomy,
BMICT IIEBHOTO XIMIYHOTO 1HIPEAIEHTA B 3aBUCAX, Y KOJOiIHIA OpMI Ta B ICTUHHO
pPO3YMHEHOMY y BOJI CTaHl BHU3HAuYalTh Tak. Crodatky npoOy oOpoOstoTh
KHCJIOTOIO a00 1HIIMM pPeareHToM ISl MepeBeleHHs BCIX ()OpM BHU3HAUYBAHOIO
IHTpeJlleHTa B ICTMHHO PO3YMHEHUH CTaH 1 BHU3HAYalOTh WOro 3arajibHy
koHueHTpaiito (Cig..). [IoTiM Ipyry mopIiito mboro >k po34uHYy BOJIU (DUIBTPYIOTH
Kpi3b MeMOpaHHuil GiasTp 3 po3Mmipom mop 450 HM 1 y (UIbTpaTi BU3HAYAOTH
konnentpamito (C;). Hapemri, TpeTio mopiito Boau (UIBTPYIOTh Uepes
MeMOpaHHuil ¢GiabTp 3 po3mipom mop 10 HM 1y dinbrpati BuzHadawTh (C>).
KoHmieHTpaIiito BU3HAYYyBAHOTO IHTPEJi€HTAa B KOXHIM (opMi BHU3HAYAIOTH 32
dbopmynamu:

Csasumi = C3a2 - C];
CKO/zoi'dHi = C] - CZ,'
Cp03lluH6Hi = CZ-
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KoHueHTpyBaHHS, sIKe Ma€ 3a METY 30LIbIIEHHS! KOHIEHTpAI[ll BU3BHAYYBAHOTO
KOMIIOHEHTY, [OIIUIbHO MPOBOAMTU TMICIS MOMEepeAHbOro (iibTpyBaHHA abo
1eHTpUyTyBaHHS PiAKOI TPOOH, IS TOTO MO0 M030YTHUCS HEPOZUMHHHUX CIIOIYK.
JJ1s KOHIIEHTPYBaHHS MIKPOKOMIIOHEHTIB BUKOPUCTOBYIOTH JIBl TPy METO/IB.

Jlo mepmioi 3 HHUX HaneXaThb BHIIAPIOBAHHS Ta BHMOPOXKYBaHHS, SKi
NPU3BOJAATH JIO 3MEHIIEHHS 3arajbHOro 00’eMy MpoOM BOAM 1, SK HACIIIOK, IO
30UTBINICHHST KOHIIGHTpAIlil BCIX IHIPEMI€HTIB. 3araJilbHUid HEIOJIK ITMX METOMdIB
MOJISITa€ B TOMY, IO MPY 3HAYHIN KOHLIEHTpAIlli HOHIB Y pO3YMHI BOHU BUIAJAI0Th
B OCaJl Y BUTJISI/II COJICH, HaMMpUKIIad, Kalblliid kapOoHaTy abo cynbdarty, Torro. [Ipu
IIbOMY Ha TIIOBEpPXHI Ocaay 37aTHI cOpOyBaTHCh OpraHiyHI Ta HEOpPraHIvHI
MIKPOJIOMIIIIKH, BHACIIIOK YOTO XIMIYHUN CKJIaJ 1 BMICT PO3YMHEHNX KOMIIOHCHTIB
3MiHIOEThCA. [Ipy BumaproBaHH1 TpoOU BOJIM 3 HET MOXKYTh BUIUIATUCH HE TUIBKU
0CaJli COJIbOBUX KOMITOHEHTIB, ajieé TaKOXK BIJIFAHSATUCH JIETKI OPTaHIYHI1 CIOJIYKH.
MeTo BUMOPOXYBaHHS 3 METOIO KOHIIEHTPYBAHHS MEHILIOI0 MipOIO BIUIMBAE Ha
XIMIYHUH ckiax npoou Boau. [Ipore ciig MaTu Ha yBasi, 110 IPH BUMOPOKYBaHHI
NIEBHA KIJIbKICTh PO3YMHEHHX Y TPUPOIHIN BOJI PEUOBHH EPEXOAUTD Y a3y Jboay,
IPUYOMY YUM OUIBIIMI CTYMiHb KOHILIEHTPYBaHHS, TUM OUIbII 3HA4HI BTpaTH
KOHLIEHTpaTy. Yepe3 Te BUMOpOKyBaTH MpoOy BOAM 13 3MEHILEHHAM ii 00’emy
OubLI HIX y 8-10 pa3iB He peKOMEHAY€eThCs !

Jlo apyroi rpynu HanexaTh METOAM KOHIICHTPYBAaHHS, SIKI TPYHTYIOTbCA Ha
eKCTpakiii, copOiii, cHiBoca/ykeHHI a00  eJIeKTPOXIMIYHOMY  BUJIUICHHI
MIKPOKOMITIOHEHTIB 0€3 3MIHM 3arajbHoro 060’emy mnpo6ou Bomu. LI metomu
JO3BOJIIIOTh HE TUIBKM KOHLEHTPYBAaTH MIKPOKOMIIOHEHTH, ajieé  TaKOX
BIJJOKPEMJIIOBATH iX B MAaTpHIIl Ta PEUOBHUH, L0 3aBa)KalOTh aHai3y, TOMY BOHH €
O11b1I e(DeKTUBHUMHU y TIOPIBHSIHHI 3 BUMIAPIOBAHHSIM 200 BUMOPOKYBaHHSIM.

Excmpakyitine KonyenmpysauHs TIONSTa€ B TOMY, LIO0 TEBHUHA 00’eM
JOCIIJIKYBAHOTO PO3UYHUHY (Vi) €HEPriiHO 300BTYIOTH Yy JUIMIIBHIN MLl 3
MEHIIMM O00’€MOM OpraHiyHOTO pO3YMHHUKA (Vopr), SKMH DIPAKTUYHO HE
3MINIY€ETHCS 3 BOJIOIO, IO BCTAHOBJICHHSI PIBHOBAru. 3BUYAHO JIJIs1 [HOTO MOTPIOHO
He Ounbmie 3-5 xB. MIKpDOKOMIIOHEHTH Yy BHIJISIAlI OpPraHIYHUX CHOJYK abo
KOMILJIEKCIB MOHIB METAJIIB, Kl Y HEBOAHOMY PO3UYMHHUKY PO3UMHSIOTHCS Kpalle,
HIK Yy BOJI, NEPEXOAsATh B Opra”iuHy ¢aszy. Y OaraTbOX BHUNAAKax CIIJ
BUKOPHCTOBYBATH 0araTopa3oBy EKCTpakIlifo. baraTopa3oBy eKCTpakiifo MOXKHA
3aMIHUTH METOJIOM EeKCTpPakKIiiHOT XpomaTorpadii, TOOTO eKCTpPaKI€w B
JUHaMIYHUX YyMoBax. EkcTpakuiliHe KOHIIEHTpYBaHHS 3aCTOCOBYIOTh B OCHOBHOMY
JUTSL BUITYUYEHHS 3 IPUPOIHOT BOJM OPTaHIYHHUX CIIOJIYK Ta MOHIB METAJIIB Y BUTJISII
iX KOMILIEKCIB 3 OpraHiyHUMH JirasaamMu. L{i iHrpeiieHTH MOYKHA TTOTIM BU3HAYUTH
0e3MmocepeTHbO K B €KCTPAKTI, TaK 1 MICIS €KCTPAKIIii Y BOJHOMY CEPEIOBHIII.

Copouyiiine KOHYermpy8arHs TMPOBOIATHL HA MOJICKYJIIPHUX Ta HOHOOOMIHHUX
copOeHTax y cTaTMYHHUX ab0 AMHAMIYHMX yMmoBax. [Ipu KOHIEHTpyBaHHI B
CTaTUYHHUX YMOBaxX JI0 MPoOU MPUPOIHOI BOAU JOJAIOTH MEBHY KIJIBKICTh COPOCHTY
1 BUTpuUMyI0Th npoTsiroM 20-30 XB mpu 1HTEHCHBHOMY mnepemimnyBanHi. Cepen
MOJIEKYJIIPHUX COPOEHTIB HalyacTillle BUKOPUCTOBYIOTH CHJIIKAresb, aJtoMiHIN
okcuj abo akTuBOBaHe BYriuid. s copOIii KaTiOHIB Ta aHIOHIB 3aCTOCOBYIOTh
BIJIIOBIJIHO TaKl 10HITH — KaTIOHITH Ta aHIOHITH.
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Cnigocaoocents 3aCTOCOBYIOTb B OCHOBHOMY JUIsl KOHLIEHTPYBAHHS
MIKPOKUTBKOCTEW #OHIB MeTamiB. CIIBOCA/KEHHS — II€ MPOIEC 3aXOIUICHHS
MIKpPOJIOMIIIOK HOHIB IEBHUM OCaJIOM B YMOBaX, KOJIH 111 HOHU caMi He YTBOPIOIOTh
MaJIOpPO3UMHHUX CrHodyK. Hampuknan, mpu ocamkeHH1 Oapiif cynbdary 3 ocagoM
CHIBOCAJI)KY€THCSl HE3HAUHA KUTbKICTh Oapiii HITpaTy, Xo4a BiH € J0Ope PO3UNHHOIO
cnonykor; mpu ocamxeHHi (epym(Ill) rigpoxcuay HaATUIIKOM aMOHIaKy B
npucytHocti #onie Cu®" 10 ¢asu ocamy NEpeXoauTh MEBHA KiIbKICTh HOHIB
KyIpyMy, Xoya BOHM B YyMOBaX OCa/UKCHHS YTBOPIOIOTH J00pEe pO3UMHHUMN
aMOHIAUYHUNA KOMIUIEKC. MeXaHI3M CHIBOCQ/UKEHHS HaldacTillle IoJArac B
azcopO11ii abo oKJIr031i MIKPOJAOMIIIIOK TBEpAOI0 ($a30r0 ocady, KU Ha3UBAETHCS
KosnekTopoM. llpu aHami3l NpuUpoAHMX BOJ 3aCTOCOBYIOTH PI3HI KOJEKTOPU —
dbepym(Ill) rimpoxcua, MaHran M1OKCHUJI, MATHIA T1APOKCU. 3pYyYHUM KOJIEKTOPOM
€ Mardid T1APOKCHUI, SKUU TICIIS BIAAUICHHS Ta pO3YMHEHHS MMPAKTUYHO HE 3aBa)Kae
MOJIaJIbIIIOMY BHU3HAUYEHHIO CIIBOCAHKEHUX MIKPOKOMIIOHEHTIB ()OTOMETPHUUYHUMU
Ta IHIIUMU METOJIaMHU.

Iusepcitina onvmamnepomempis 3 HArPOMaJDKEHHSIM € €(EeKTUBHUM
METOJIOM KOHIIEHTPYBaHHS Ta BU3ZHAYCHHS MIKPOKIIBKOCTEH METalliB y MPUPOTHIX
Bogax. KoHUEHTpyBaHHS MOHIB METaJB 3/IIHCHIOETHCS MOMEPEAHIM €JIEKTPOII30M
Ha BHUCSYOMY pPTYTHOMY KpAalUIMHHOMY €JIEKTpoAl (CTallOHApHUM PTYTHUN
€JIEeKTpOoJ) abo Ha TBEpAMX elieKTpoAax (rpadiToBUid, pTYTHO-rpadiTOBUH,
CKJIOBYTJICLIEBUH, INTATUHOBUNA, PTYTHOCPIOHUH TO110). ENeKTposIi3 mpoBOASTH MpH
IHTEHCUBHOMY TE€peMilllyBaHH1 po34uHy MpoTarom 30-40 XBUWIMH MPU MOTEHIIAII
KaTo/ly 3HA4HO OUIBIII BiJI’€MHOMY, HI’K TTOTSHI[IAJIM MOJISIPOrpadiyHUX HaAIIBXBHIIb
BU3HAUyBaHUX HOHIB MeTanmiB. [Ipu 1poMy JocsAraerbcs NPAKTUYHO ITOBHE
BUJUICHHA Ta KOHILIGHTPYBaHHS Ha KaToJl HOHIB BH3HAUyBaHUX EJIEMEHTIB Yy
BUTJISIII @TOMIB HYJILOBOTO CTYIICHS OKMCHEHHS, TBEPJIUX POZUMHIB, XIMIYHUX a00
IHTEPMETAIIYHIIX CHOJMYK Tomio. Ilicis 3aKkiHYE€HHS KOHLIEHTPYBAaHHS MPOBOMSTH
eJIEKTPOXIMIYHE (aHOJIHE) PO3UMHEHHS KOHLIEHTPATy BUALICHUX METAJIIB 3 TOBEPXHI
€JIEKTPOAY HUISTXOM MOCTYIOBOIO HAKIAJaHHS HA €JIEKTPO]] 3MIHHOTO MTOTEHITIAITY 1
peECTPYIOTh BOJIbTAaMIEPHY 3aiiexkHICTh. Ha nomsporpami “Iug- E” 3’sBistorbes
MIHIMYMH, MOTEHI1AJIU SKUX SIKICHO XapaKTepHU3yIOTh MPUPOIY METaly, a InOnHa
MIHIMyMIB MpOMOpLiAHAa iX KOHUEeHTpawii. Takum 4YMHOM, 1HBepCiiiHa
BOJIbTAMIIEPOMETPISE € OJJHOYACHO METOJOM KOHIIEHTPYBaHHS Ta SIKICHOTO
BU3HAYCHHS TEPEBAXHO MOJSIPOrpadiuHO aKTUBHUX MOHIB METANIB 1 JO3BOJIAE
MIPOBOJAMTH OaratoeIeMeHTHUH aHai3

Pesynbrarom Oyab-SIKOTO aHAIITUYHOTO BHUMIPIOBAHHS € OJEp>KaHHS
AHANIMUYHO20 CUcHALy. AHAMITUYHUN CUTHAN, SKUM MOBUHEH OyTH aJeKBaTHUM
BMICTYy BHU3HAUyBaHOI'O IHIPEIIEHTa B 00 €KTI aHai3y, BUMIPIOIOTh XIMIYHMMH,
Gb13UKO-XIMIYHUMH 200 (PI3MYHUMU METOJaMH (METOAM — KOPOTKE BH3HAYCHHS
NPUHIUIIB, MOKJIAJIEHUX B OCHOBY aHaiidy). OueBHUIHO, II0 BpaxyBaHHsS iXHIX
aHATITUYHUX MOJKJIIMBOCTEH € CYTTEBUM INpU BHOOpPI ONTUMAJIBHOTO METOAY
BU3HAYECHHS MEBHOTO IHIPEAieHTa a00 IpyNu I1HIPedieHTiB. XiMiuHI Ta (Pi3UKO-
XIMIYH1 METOJM I'PYHTYIOTHCS Ha KIJIbKICHOMY BUMIPIOBaHH1 aHAJITHYHUX CUTHAIIB,
SKI BUHUKAIOTh BHACIIJIOK XIMIYHOI peakiii BH3HAUYyBaHMX KOMIIOHEHTIB 3
HEOPraHIYHUMHU Ta OpPTraHIYHUMH peareHTaMu, abo SKi € pe3yJIbTaTOM OKHCHO-
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BIJIHOBHUX TPOIIECIB Ha enekTpojax. [Toin MeTo1B Ha XiMiuHI Ta (PI3UKO-XIMIUHI
€ TOCUTb YMOBHHUM.

Jlist aHamizy mpupoAHWX OO0 €KTIB HAMOUTIBIT IIHPOKO 3aCTOCOBYIOTHCS
TUTPUMETPUUHI Ta (oTomMeTpuuHi (CHEKTPO(HOTOMETPUYHI) METOAM, SKUMHU
BU3HAYAIOTh BEJMKY KUIBKICTh HEOPraHIYHUX Ta OpraHiyHUX 1HTPEIIEHTIB,
0CcOo0JMBO Y IpUPOIHUX BoAax. L[pboMy cripusie Te, 10 Ha3BaH1 METOAU € IPOCTUMHU
1 3arajdbHOAOCTYIHUMU. TUTPUMETPUYHO MOXKHA TaKOX BHU3Ha4aTH Oarato
IHTpEIIEHTIB 0e3MoCcepeIHhO Ha MICIll BiIOOPY IMPOO, 110 0COOIUBO BAXKIUBO MPHU
aHaji31 IpUPOIHUX BOJ. Taky K MOMIHMBICTh MalOTh (OTOMETPUYHI METOIH, SKIIO
JUISL aHajizy BHUKOPHUCTATH TIEPEHOCHY amapaTypy a0o CTaHAAapTHI IIKaJH,
BUTOTOBJICHI Ha 0a31 CTAaHJAAPTHHUX IMITYIOUMX PO3UYMHIB. J[JIs IBUIKOTO aHAJi3y Ha
MicIi Bi0Opy MpoO BHKOPUCTOBYIOTh TAKOXK CIHEIIalIbHI 1HJAMKATOPHI MaIipiii,
0COOJIMBO TIPU BU3HAYEHHI TOKCUYHUX 1HTpeieHTiB Ha piBHI ['JIK.

Ha apyromy wiciii 3a MOIIMPEHICTIO CTOSATH METOAM aTOMHOI abcopOrrii,
eMICIHOI crekTpockomnii Ta xpoMarorpadii . [lepuii 3 HUX € gyxe eheKTUBHUMU
IIpY BU3HAYEHHI MIKPOJOMIIIOK METAJB, OCOOJMBO y BOAAX, IPYHTAX Ta JOHHHX
BIJIKJIa[IaX. XpoMarorpadiyHi METOHU 3aCTOCOBYIOTh B OCHOBHOMY JIJIsl BA3HAYEHHS
ra3yBaTMx HEOPraHIYHHUX CHOJYK, JIETKMX OpraHIYHUX pEYoBHH (Tra3oBa
xpomatorpadisi) Ta ACIKUX KaTIOHIB METajiB, aHIOHIB 1 HEJIETKUX OpPTraHIuHHUX
CHOJIyK (TOHKOIIApOBa Ta HOHHA XpoMmaTorpadis).

[HII1 MeToaM aHalli3y 3aCTOCOBYIOTBHCS 3HAYHO PiJlIe, X04a JEAKl 3 HUX €
Jy’Ke 3pYYHUMU, HANIPUKJIIAJ, ToTeHIliomeTpuyHe Bu3HadeHHs pH, Ey, F~, [7,a Takox
JIOCUTh €(PEKTUBHUMH, HANPHUKIAJ, MojsporpadiyHe BU3HAYEHHS ILTIOMOyMY,
[UHKY, KaJMIIO 1 KyIpyMy Ta JIOMIHECIICHTHE BHU3HAUCHHS JIEIKUX OpPraHIYHHX
CHOJIYK TOIIO.

['paBiMeTpuuHI METOJAM BHKOPUCTOBYIOTHCSI B OCHOBHOMY ISl aHAII3y
I'PYHTIB Ta TOHHUX BIAKIa/iB.

JlocuTh Maio BUKOPUCTOBYETHCS MPHU aHAJ131 IPUPOJAHHUX 00’ €KTIB KIHETUYHI,
30KpeMa XeMOJIOMIHECIIEHTHI METOJIM, X04a BOHHM € HAJA3BUYANHO UyTIWBUMH, a
JIesKl 3 HUX € JJOCUTh CEJICKTUBHUMU, 1110 JT03BOJISIE BU3HAYATU CyOMIKPOKIIBKOCTI
HEOpPraHIYHUX Ta OpPraHivYHUX IHrpeaieHTiB. Haa3BuuaiiHO BeNMKa YyTJIMBICTh LIUX
METO/IB J03BOJISIE POBOAUTH aHadi3 3 MajguMu 00’emamu npodu. OcobiMBOro
3HAYEHHA KIHETUYHI METOAM MOXKYTh HAOyTH TaKOX IPHU aHali31 MOBITPS, B IKOMY
BMICT XIMIYHUX THTPEAIE€HTIB 3HAUHO MEHIIINM, HIXK y BOJIaX Ta IPyHTaXx.

3aBepmiagbHOI0 CTAMI€I0 aHaji3y € CTaTUCTUYHAa O0O0poOKa oJep KaHuX
PE3YJIbTATIB IPOBEACHOTO JOCTIIKCHHS.

2. Ximis rigpocdepu

Bona — wHaiibinpn mommpeHa Ta YHIKaibHa pedoBuHa Ha 3emui. Bei 1i
BJIACTMBOCTI aHOMaJIbHI Ta HE MAalOTh IEPEKOHJIMBUX MOsCHeHb. Ha choromHi
HapaxoBylOTh MmoHaA 20 XapaKTepHCTHUK, 3a SKAMH BOIy 3 TMOBHUM IIPaBOM
3apaxOBYIOTh JI0 aHOMAJIbHUX P1JIUH.

[ippocdeporo Ha3MBalOTh BOJHY OOOJOHKY 3emill, sKa SBISE COOOIO
CYKYITHICTh OKE€aHiB, MOPIB, 03€p, PI4OK, BOAOUMHUII, OOJIT, MIJ3€MHUX BOJI.
3aranbpHa KiIbKicTh BOAM Ha 3eMiti ckinanae 1366 muH. kv (Tadm. 2.1).
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Bona, sika nojaeThcsi CriokuBayy, MOBUHHA OYTH 3aXUIIEHa B1Jl BUIIAIKOBOTO
ab0 cHCTeMaTUYHOTO 3a0pyAHEHHA. SIKICThb BOJM XapaKTePU3YETHCS CKIIAIOM Ta
BJIACTUBOCTSAMU. ICHY€ AeKiJIbKa MOKa3HUKIB SKOCTI Ta CKJITy BOJIH:

v/ 0GaKTepioIorivHi IMOKa3HUKH BOIM (3arajbHa KiIbKiCTh GaKTepii Ta KIIbKICTh

OakTepiil KUIITKOBOT MAMYKHU Y 1 MJI BOIN);

v’ TOKa3HUKA TOKCHYHUX XIMIYHHX pedoBHMH (Oepwiiiid, MoOJibaeH, M sk,

HITpaTH, MOJIaKpUIaMij], CBUHELlb, CEJICH, CTPOHIIIH, paii);

v’ (i3nuHI NOKa3HUKY (3amax, IPUCMaK, KOJip, MyTHICTE);

v’ XiMiuHi TOKa3HUKH.

JlonmycTuMI1 KOHIIEHTpAIlii XIMIYHUX PEYOBHH, SIKI MOTPANUIN Yy BOAY, HE
MOBUHHI MEPEBUIILYBATH HOPMHU, BCTAHOBJIEHI MiHICTEpCTBOM OXOPOHU 370POB’S
(Tabu. 2.2).

["'010BHI TOKA3HUKHU IKOCTI BOIU:

o Temnepamypa — BaXJIVBHA YMHHHWK, 10 BIUIMBaE Ha (i3u4HI, XIMIYHI,
010X1MI4HI 1 O10JIOT1YHI MPOLIECH, SIKI BIOYBAIOTHCSA y BOJII, @ TAKOXK LIBHUJIKICTH 1
rMOVHY TPOLIECIB OYMIIEHHS 1 3HE3apakyBaHHS BoAM. Bin temnepaTypu BoAu B
3HAYHIA MIpl 3ajeXaTh KUCHEBUM PEXKHUM, IHTEHCHUBHICTh OKHCHO-BIJIHOBHHX
MPOILIECiB, aKTUBHICTH MiKkpoduiopu Tomio. OnTtumanbHa TeMIiepaTypa BOIU A
MUTHUX I[JIeH 3HaXOAUThCs B Mexkax 7-11°C, rpannuno nonmyctuma — 35°C.

Tabmmg 2.1
3amacu Boay Ha 3eMini
, Yacrka cBiTOBHX 3anacis, %
Tun Boau 0o CM,3 BiJl 3araJIbHMX |BiJ 3amaciB NpicHOI
THC. KM .
3anaciB BoJau BOJIH
CBiTOBUH OKeaH 1338000 96,50 —
ITim3emH1 Boau 23400 1,70 —
B T. 4. IIPICHI 10530 0,76 30,10
JIbOIOBUKY Ta CHIXKHUH 24064.10 1,74 68.70
TIOKPUB
ITig3eMH1 T50IOBUKH 300 0,022 0,86
Bonau o3ep 176,40 0,013 —
npicHI 91,00 0,007 6,26
COJIOHI 85,40 0,006 -
Boau 6ot 11,47 0,0008 0,03
Boau y pycnax pik 2,12 0,0002 0,006
biosioriuna Boga 1,12 0,0001 0,003
Bona armocdepna 12,90 0,001 0,04
3aranbii 3amacu Bogu  |1385984,61 100,00 —
IIpicHi BoH 35029,21 2,53 100,00

® Buicm 2pybooucnepcnux oomiutox (TMICOK, TJWHA, MYJ, ITJIAHKTOH) — 1€
JOMIIIKH, M0 3YMOBJIOIOTh KajlaMyTHICTh BOJU. ['pyOoaucrepcHi JOMINIKH
BU3HAYAIOTh IPABIMETPUIHUM METOIOM ITICIIS 1X BUIATICHHS UIIXOM (PUIBTpYBaHHS
Kpi3b (DUIBTP «CUHS CTpiuKa» (MepeBa)KHO I MPoO 13 MPO30PICTIO, MEHIIIOO 3a
10 cm), 3rigro 3 'OCT 18164-72.
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Tabomuis 2.2
JlomycTrMi KOHIIEHTpAIlii y BO/I XIMIYHUX PEYOBUH

IToka3HuKH Hopwma, He Oliibie
Cyxwuit 3aJUII10K 1000
Cynsbaru (504> 500
Xnopuau (CI) 350
3anizo (Fe?*, Fe®") 0,3
Masnran (Mn?) 0,1
Mins (Cu?*) 1,0
[uuk (Zn?) 5,0
Honigocdaru (POs>) 35
TBepicTh 3arajabHa, MMOJIb-€KB/qM° 7
BoHepwuit nokazauk pH 6,5-85
OxucnioBanicts (KMnQOy), Mr/nm® 4,0

e Konvopogicms, sika 3yMOBIIEHA, TOJIOBHUM YHHOM, PO3YMHEHUMHU T'YMIHOBUMHU
peUYoOBHHAMHU Ta CIIOIyKaMu 3aiiza. Bumiproerbcs B rpajgycax 3a CTaHAAPTHOIO
JTUXPOMaTHO-KOOAIBTOBOIO IIKaJIO0, 3rigHOo 3 'OCT 3351-74.

e Cmak i 3anax. CMaK 1 3amax 3ajeXarb BIJ BMICTY 1 CKJIaAy PO3YMHEHUX
HEOpPraHIYHUX 1 OpPraHiYHUX PEYOBHH. SIKICHA BOJAa HE MOBMHHA MATH 3allaxy.
3anaxu MOXyTb OyTH IPUPOAHOTO (OOJOTUCTHIA, TOP(]’ AHUIA, PUOHMIA) 1 IITYUHOTO
(XJIOpHUH, 3aJ13UCTHI) MOXO/KEHHS. 3amaxy BOJAU TICHO TMOB’SI3aH1 31 CMaKOM.
Po3pi3HAI0TE YOTUPHU OCHOBHI CMAaKH: COJIOHMM, T1pKHM, KUCIUH, conoakuil. Bei
1HII CMaKOB1 BIJUYTTSI HA3UBAIOThCA NPUCMaKaMu (XJIOpHUH, puOHUI, MeTaIeBU
tomo). KimpkicHy OLIHKY 3amaxy, CMaky 1 IOPHUCMaKy BOJAM IPOBOJATH 3a
1’ 9THOAIBLHOIO MIKaJo10, 3rigHo 3 'OCT 3351-74.

e Boonesuit nokasnuk (pH) — oquH 3 HalBaXXJIMBIIIKMX MOKA3HUKIB SKOCT1 BO/I.
BennuuHa KOHIEHTpallli HOHIB T1IPOT€HY Ma€ BEJIMKE 3HAYEHHS JUIsl XIMIYHHUX 1
010JI0T1YHHX TPOIIECiB, MO BiAOYBAIOTHCSA B MPUPOJHUX Bojaax. Bix Bemmunnun pH
3aJIeKUTh PO3BUTOK 1 KUTTEAISUIBHICTh BOJAHHUX POCIHWH, CTIMKICTh Pi3HUX (POpM
Mirpariii eneMeHTiB, arpecuBHa i BOAM HAa MeTanu ¥ OetoH. pH Boam Takox
BIJIMBA€ HA MPOLIECH MEPETBOPEHHS Pi3HUX (opM OIOT€HHUX €JIEMEHTIB, 3MIHIOE
TOKCUYHICTb 3a0pyIHIOIOYMX PEYOBHH. BibIICTh MPUPOTHUX HE3a0PYTHEHUX BOJI
mae pH 6,5-9. Benmuuuny pH BumiprooTs 3a gomnomororw pH-merpa i3 CKISSHUM
CJIEKTPOJOM. 3aJeXKHICTh MIXK AaKTUBHOIO PEAaKI[€0 BOAM 1 BMICTOM Yy HIi
01kapOOHATHOT Ta BIJILHOI BYTJICKUCIOTH BUPAKAETHCSA PIBHAHHSIM:

_ _ [CO;]
pH =6,52 — lg HCos] (2.1)
ne 6,52 — 3HaueHHS HEraTMBHOIO Jiorapuma KOHCTaHTH JUCOIiaIili

rigporenkap6onary (K =3 107);
[CO2] — xoHIIEHTpAITisI BITbHOT BYTJICKUCIIOTH;
[CO37] — KOHIIEHTpAITis T1APOreHKapOOHATHOT BYTJIEKHCIIOTH.
OKucHioéanicme — 11¢ BETUYNHA, IO XapaKTEPU3Y€E BMICT Y BOJII OpTaHIYHUX
1 MiHEpAJIbHUX PEYOBHH, IO 3a MEBHUX YMOB OKHCHIOIOTHCSA. BupaxkaeThcs e
napamMeTp y MiulirpaMax KHCHIO, SIKHM BHUTPA4Y€HO Ha OKHCHEHHS PEYOBHH, IO
mictaTeess B 1 am® Bogu. Jmd OLIHKM MAakCHMAallbHO MOKIJIMBOI KOHIEHTpALlii
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PO3YMHEHOT0 KHUCHIO Y BOJIl 3a MEBHOI TeMIepaTypu Ta BIANOBIAHOI KOHCTaHTH
['enHpi nmst po3YMHEHHS KHCHIO, SIKIINO YacTKa KUCHIO y moBiTpl (a) ckimamae 0,21,
roro MonekyspHa maca (Mr) — 32 r/monb, a armochepuuit Tuck (P) — 101,3 klIla,
HEO0OX1THO 3aCTOCOBYBATH HACTYIHY (PopMyIIy:
C(02)aq = P 1000 a’ K Mr(O2). (2.2)
ITix yac porocuHTE3y Bi1OYBAETHCS HAPOIYBaHHS 010MacH (hITOIJIAHKTOHY,
1 Ha po3kiagaHHsg 1 Mojekyau (ITOIIAaHKTOHY HEeoOXigHO 138 MoJIeKysl KHCHIO
BIJIMOBITHO 3@ PIBHSHHSAM PEAKITIi:
C106H2630110N16P + 13802 — 106CO2 + 16 NO3 + HPO427 + 122H70 + 18H".

MoskHa 3poOMTH BHCHOBOK, IIO Ha OKHCHEHHS KOKHOTO HaJIUIIKOBOIO
Kulorpamy (ITOIUTAHKTOHY BHUTpayaeThesi 1,23 Kr po3unmHeHoro kucHio. [ls
KUTBKICTh KUCHIO OyJI€ BUIIYYaTHUCh 3 00’ €MY BOJIM BOJIOMMH.

VY mpakTuill BOAOOYMINEHHS Uil TPUPOJAHUX Majio 3a0pyAHEHUX BOJI
BU3HAYAIOTh MEPMAHIaHATHY OKHCHIOBAHICTh, a B OLIbII 3a0pyJIHEHUX BOJAX —
JUXPOMATHY OKHCHIOBAHICTD, fika Ma€e Takoxk Ha3By XCK —«XiMiuHE CHIOKUBAHHSI
KHCHIO.

e bioximiune cnoicusanns kuchio (bCK) — KUIbKICTh KUCHIO B MUTITpaMax, 1o
nOTpiOHA JJIsI OKUCHEHHS (PO3KJIaJaHHs) OpraHIiuYHUX PEYOBHUH, SIKI MICTIThCA B 1
aM° BOIH, B a6pOOHHMX YMOBaX, 0€3 I0CTyIy MoBiTps i cBitia, mpu 20°C, 3a neBHUI
IIPOMIKOK 4acy B Pe3yJbTarTi mepediry y BoAl 010XIMIYHUX MPOLECIB OKUCHEHHS.
Opuuuusg BumiproBanus BCK — wmrOy/nm’. Jlng mkepen LEHTPali30BaHOIO
rOCIOJIapChKO-TTMTHOTO BotortoctavanHs, 3rijgHo 3 JICTY 17.1.3.03-77, noBae bCK
HE TOBUHHE TmepeBunryBatd 3 Mr Oo/h, A BOJONM KyJIbTYpPHO-TIOOYTOBOIO
BUKOpHUCTaHHA — 6 Mr O,/11.

o JIysrcnicmo, sika XapakTepU3ye 3arajibHUN BMICT T1JIPOKCUJI-MOHIB Ta aHIOHIB
Ca0KUX KHUCJOT, TOJIOBHUM YHHOM T1pokapOoHaT-, KapOoHart-, opTodocdar-,
CyJIb(iT-, CHIIIKAT-HOHIB, aHIOHIB T'YMIHOBUX KHUCJIOT, SIK1 BCTYNAOTh Y B3a€MO/III0
3 CUJIBHUMHU XJIOPUAHOIO a00 cyib(darHO Kuciaoramu. JIy>KHICTh BU3HAYAETHCA
KUTBKICTIO CHJIBHOT KUCJIOTH, HEOOX1HOT /sl HelTpanizalii 1 M BOH. JlyxHICTB
OMBIIOCTI  MPUPOAHUX  HE3a0pyAHEHUX  BOJ  3YMOBJIEHA  TIPOJII30M
rigpokapOoHaTiB KanbIlito 1 MarHiro, pH 1ux Boja He mepeBuirye 8,3. 3arajgbHa
JYKHICTh € TOKAa3HUKOM (hi310JI0T1YHOT TMOBHOIIIHHOCTI MIHEPAJIbHOTO CKJIAILY
IIMTHOI BOAM 1 HOpMy€eThes B Mexkax 0,5-6,5 Mr-exs/am>.

Teepodicmsb, sxa XapakTepusye 3arajbHUN BMICT HOHIB KaJbI[II0 1 MarHito
(Mmonb/nm®) y Bomi. Teepaicts BusHauaethes 3a TOCT 4151-72. Po3pi3HAIOTH
JIeKJIbKa BHUJIIB TBEPJOCTI — 3arajibHy, yCyBHY (200 TMMYacoBy), HEyCyBHY (abo
MOCTIHY), KapOOHaTHy, HEKapOOHaTHY. 3arajJbHOI0 TBEPJICTIO HA3UBAIOTh
3arajbHy Kinpkicts Momis Ca** i Mg?', BupakeHy B MiJirpamM-eKBiBaleHTax.
TBepaicTh, IO BIAMOBIIA€ KUIBKOCTI MUTITPaM-€KBIBJICHTIB TiIpokapOOHATIB
KaJIbLII0 1 MAarHilo, Ha3MBaKOTh KapOowamHolo. YCyBHA TBEPIICTh TaKOX
00yMOBIIEHA TUMHK X Tigporenkapbonaramu Ca’' i Mg?*, ane ma Bigminy Big
KapOOHATHOI BU3HAYAETHCSA EKCIMEPUMEHTAIBHO IIJISTXOM TPUBAJIOTO KU STIHHSA,
MOKa3ylOUM HACKIIbKA 3MEHIIWIACS 3arajibHa TBEPIICTh IMICHA KHUI SITIHHA.
HeycyBHa i HekapOOHaTHa TBEPIICTh OOYMOBJICHI XJIOPUIHHMH, CyJIb(PaTHUMHU,

26



HITPAaTHUMHM Ta I1HIIMMU HEKapOOHATHUMHU CIIOJIYyKaMM KajbIliF0 1 MarHirm. 3a
BEITMYMHOIO 3araIbHOI TBEPOCT1 BOJIA PO3PI3HSIIOTh:

e nyxke M’ski (10 1,5 Mr-exs/nm?),

o M’siki (1,5-3),

e momipHO TBepai (3-5,4),

e TBepai 5,4-10,7

e nyxe TBepai (6inbime 10,7 Mr-eks/am?).

JIJist 9arcenbHOTO BUPaKEHHS TBEPOCTI BOAM BKAa3YIOTh KOHIICHTpAIliI0 y Hil
KaTIOHIB KaJbllif0 1 MarHiio. Ha mpaktuimi juisi BUMIpIOBaHHS TBEPIOCTI BOJHU
YacTille BUKOPUCTOBYIOTHCS OJAMHHMII BMMIiPIOBAHHS — MMOJIB/IM> 200 HOpMaJbHa
KOHIICHTpAIis HOHIB KaNbI{iIO0 i MarHito, IKy BUPaXaloTh y Mr-eks/am>. OIuH Mr-
exs/aM® Bimmosizae Bmicty y 1 am® Bomm 20,04 mr Ca’’ a6o 12,16 mr Mg®"
(pO3paxoBY€THCS MUISIXOM JICHHS aTOMHOI Macy Ha BaJICHTHICTB).

TakuM 4MHOM, 3arajbHy TBEPIICTh MOKHA PO3paxyBaT 3a GOpMyJIaMH:
_ [ca®]  [Mg*']

Taar. = , MMOJIb-€KB/IM> (2.3)
20,04 12,16
abo
T _ Meoni
sar. = T————— * 1000. (2.4)
E.MCOJ]i.VHzo

ne [Ca?"], [Mg?'] — koHueHTpawig y Mr/aM® HOHIB KaJIbIIil0 Ta MarHiio BiAmoBigHo;
Mconi — MOJIsIpHA Maca CoJIi KaJibllito a00 MarHito, r/MoJb;
V.0 — 00’ €M BoaH, 1 a00 AM’.
OCHOBH1 METO/IM YCYHEHHS] TAMYACOBOiI TBEPAOCTI BOJIU:
— BaITHSIHUN METO/T
Ca(HCO3) + Ca(OH)2+> 2CaCO3 |, + 2H20;
Mg(HCO3), + Ca(OH)2 «> 2MgCO3 | + Mg(OH)2 + 2H20.
— HaTPIEBUI METOJ
Ca(HCOs), + 2NaOH < Na,CO; + CaCOs | + 2H,0;
Mg(HCOs), + 4NaOH « Mg(OH),| + 2Na,CO; + 2H,0;
— COJIOBUI METOJT
Ca(HCO3), + Na,CO3 CaC03l + 2NaHCOs;
Mg(HCOs), + 2Na,CO; <> MgCOs |, + 2NaHCO:.
OCHOBHI ME€TO/IM YCYHEHHS OCTIMHOI TBEPIOCTI:
— COJIOBUI METOJ
CaSO4 + Na,CO3 < CaCO3l + NaySOy;
MgSO4 + Na,CO; < MgCO3l + Na,SOq.
— ¢docdatuuit MmeTon
3CaSO4 + 2Na3;POy4 Ca3(PO4)2,L + 3Na,SOq4
3MgSO4 + 2Na3PO4 > Mg3(PO4)2l + 3Na2804
3aranpHa TBEPAICTH € TOKA3HUKOM (h1310JI0T1YHOT MTOBHOIIHHOCTI TUTHOT BOJU
i HOpMyeThCs B Mexax 1,5-7,0 mr-exs/mve.
o Cyxuii 3anuuiok — maca Henetkux (3a remneparypu 110 1 180°C) minepanbHIX
M OpraHiyHMX CHOJYK, BIJIHECEHA [0 OAMHMII 00’€My BOAM — BU3HAYAETHCSA
3BaXYBAHHSIM 0Caay, OTPUMAHOTO TMPH BUIAPOBYBAHHI MEBHOTO 00’€My BOIU W
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MOJIaJIBIIIOMY BHCYIIyBaHHI. BenwmunHa CyXOro 3aJIUIIKy BHUKOPHUCTOBYETBHCS IS
KOHTPOJIIO XIMIYHHUX aHAJ131B IUISIXOM MOPIBHSIHHS 3 00UMCIICHOI0 MiHEPaJi3alli€lo.
¢ 3acanvna minepanizayia (conesmict, TDS — total dissolved solids) — cymapna
Maca pO3UMHEHUX TBEPAUX MiHEPAIbHUX PEYOBHMH B OJMHHMIN 00’ €My Boau (Mr/am?,
/oM, %o), sika Oyina po3paxoBaHa 3a CYMOK PE3yIbTaTiB OKPEMUX BU3HAYECHD
KOKHOTO HOHY, a00 3a pe3yiabTaTaMHi BUMIPIOBAHHS ITUTOMOI €JICKTPOTPOBITHOCTI
BoJM. MiHepati3allisi 00UHUCIIOETHCS MJICYMOBYBAHHSIM BaroBUX KIJBKOCTEHM BCiX

PEUYOBHH, BU3HAUCHHX IMPU XIMIYHOMY aHai31.

Basicki memanu. JIocuTh TOMIMPSHUMH BaXKUMU METallaMU € KaaMii, Mijb,
MU’ SIK, HIKeTb, PTYTh, CBUHEIb, IMHK, XpOM. Bajkki MeTanu MaroTh MyTarcHHY i
TOKCHUYHY JIif0, PI3KO 3MEHIIYIOTh IHTCHCUBHICTh OI0XIMIYHHUX IIPOIECIB Y
BOJIOMMaX.

[Ipobyiemu, moB’s13aH1 3 TiApocdeporo, 3yMOBJIeHI OpakoM MPiCHOT BOJU IS
notped JIOACTBA, a TakoX i1 3a0pyJHEHHSIM, TMOPYIICHHSAM MPUPOJIHUX
KPYTOBOPOTIB Ta 3MEHIICHHSIM TPOYKTUBHOCTI BOJHUX EKOCHCTEM.

[IpupoaHi BOAM MarOTh XIMIYHUM CKJIaI, 0 (DOPMYETHCS 11T TIEF0 YUCICHHUX
abloreHHUX Ta 010T€HHUX YUHHUKIB 1 MOKE 3MIHIOBATHCH Y IIMPOKUX MEXkKaX.

Di3uyni yuHHUKU, MO0 BIUIMBAIOTh Ha XIMIYHMM CcKiIaa 1 O1l0JIOT14HY
MPOYKTUBHICTH MPUPOTHUX BOJOUM:

1. Temnepamypa, 3MiHa SIKOi BIUIMBA€E HA PO3YMHHICTH ra3iB Ta 0araTbox CHOJIYK.
HarpiBanusi copusie Tigposizy, HPUCKOPEHHIO XIMIYHHUX 1 O10XIMIYHUX
MPOILIECiB, MOYKE CIPUUYUHUTHU TIMOKCIIO Ta TETIOBUM CTPEC Y T1IpOOIOHTIB.

2. Ocsimnenicmb — BaXJIUBUNA EKOJIOTIYHUM YWHHUK, BIJ SKOTO 3aJICKUThH
IHTEHCUBHICTH IIpO1IeciB (POTOCUHTE3Y Y BOJHUX POCIIHMH Ta BOJIOPOCTEH, BMICT
BYTJIEKHCJIOTO Ta3y 1 KUCHIO, MPOIYKTUBHICTh BOJHUX €KOCHUCTEM.

3. OkucHo-6i0HO6HULI  nomenyian  XapaKTepu3ye€  CIIBBIAHOIICHHS  MIXK
OKMCHMKaMHM 1 BIJIHOBHMKAMH, BMICT OpraHIYHMX CIIOJYK, KHUCHIO,
IHTEHCUBHICTh PO3KJIaJJaHHsI OPTaHIYHUX PELITOK.

4. 3miwysanHs 6o0u ma w8UOKICMb meyii 3yMOBIIOIOTh PI3HY IHTEHCHUBHICTh
MPOIIECIB CAMOOYHIIICHHS, IIOMTUPEHHS 3a0pyHIOBaYiB, BMICT KHUCHIO TOIIIO.

XiMiuyHi YUHHUKU:

1. Bmicm pozuunnux ecazie — CO2, Oz, H2S, NH3, CH4, siki Hagxoaath 13
MOBITPSI, YTBOPIOKOTHCS Y MPOIIEC] )KUTTEIISITEHOCTI BOJHUX OPTraHi3MiB Ta 1] Yac
3arHMBAaHHS OPTaHIYHUX PEIITOK.

2. Konyemmpayisa po3uuHnux cnojyk XapakTepU3y€e MIHEpali3ailito BOAM 1
KJ1acuikauiro BoJ1 Ha TPyIu:

® [IpiCHI BOAM (MacoBa YacTKa PO3YMHHUX CIOJIYK MeHIIe 1 I/Kr Boan);

® COJIOHYBaTI (MacoBa 4acTKa PO3UMHHUX CHOJIYK 1-25 1/Kr BOIN);

® COJIOHI (MacoBa YyacTKa PO3YMHHUX CIOJIYK 25-50 r/Kr BOJIN);

e po3coyii (MacoBa YacTKa PO3UMHHUX CHOJYK OibIne 50 1/Kr Boan).
[IpicH1 BoaM MOIINSAIOTHCS HA:

e cnabko miHepaizoBaHi (MeHire 200 MI/1 pO3YMHEHUX CTIOIYK);

e cepeanbo MiHepamizoBadi (200-500 Mr/i1 po34MHEHUX CIIONYK);

28



e cwibHO MiHepanizoBaHi (500-1000 M/ po34yuHEHHUX CIIOIYK).
Cmiyni 600u — 11I€ KOMYHQJIbHI Ta TMPOMHCIIOBI CTOKM HACEJICHUX MICIb
(moOyToB1, BUPOOHMYI, TOIITOBI 3 BYJIUIIb, TPOMHUCIIOBUX MaliIaHUYMKIB, PAOHIB yCIX
THUIIIB 3a0Yy/10B), BAKOPHUCTAHI JIFOJWHOIO 1 BIIBEICHI ITICJISI KOPUCTYBAHHS.

3. Ximist IpyHTIB

Ilin  pynmom po3yMi€TbCsl  MPUPOAHO-ICTOPUYHE OpraHO-MIHEpaJIbHE
IPUPOIHE TLIO, 110 BUHUKIIO HA MOBEPXHI 3eMJl B pe3yJbTaTl TPUBAJIOTO BILIUBY
O10TMYHUX, a0IOTUYHUX 1 AHTPOMOTEHHUX (PAKTOPIB, IO CKIATAETHCSA 3 TBEPIAUX
MIHEpAJIBHUX 1 OPraHIYHUX YACTOYOK, BOJIH 1 MOBITPsI, 1 Ma€ crienirdiuHi TeHETUIHO-
MOPGOJIOTIYHI 03HAKH 1 BJIACTUBOCTI, III0 00YMOBJIIOIOTH PICT 1 PO3BUTOK POCIIHH.

Takum wywmHOM, TIpyHT — OaratodaszoBa moJiaucriepcHa cuctema. Bona

CKJIa/Ia€ThCA 3:

* TBepAUX YacTOK (TBepaa ¢a3za IpyHTy), yacTtka TBep0i aszu ckianae 40-65%
IpyHTOBO1 MacH. TBepa daza TUIIOBOTO POAIOYOTO IPYHTY Ha 95% cknangaeThes
3 HEOpraHivyHuX 1 Ha 5% —3 OpraHiuHUX CHOJIYK.

e BOJHU (TPYHTOBOIO PO34MHY) — 1€ piaka (asza IpyHTY, 110 ICHY€ B IPUPOIHUX
YMOBaXx.

e IPYHTOBOro moBiTpsa 10 35% 00’eMy IpyHTYy 3BHYAHHO 3ailiMa€ TPYHTOBE
HOBIiTps. [pyHTOBE MOBITPS BiIPI3HAECTHCA Bijl aTMOCHEPHOTO BHIIUM BMiCTOM
kap6oH(IV) okcuny (nmepeBaxno Big 0,1 10 2-3%), a B Top(’AHUX IpyHTaxX Ha
rmounHl 20-30 cm koHneHTpaiis kapOoH(IV) okcuay pocsrae 10-12%(006.).
BMICT KHCHIO B TOBITP1 BEpXHBOTO LIAPY IPYyHTY (TOBIIMHOIO 20 M) 1,5% Hixue
HOro KOHIEHTpAllii B aTMOC(EpHOMY MOBITPL. Y I'PYHTOBOMY HMOBITP1 MOXKYTb
yTpuMyBatucs rifgporeH cyibbin, meran, HiTporeH(III) okcunm Ta opraniuHi
CHOJIyKH (BYTJIEBOHI, CIIUPTH, €dipH, AJIbJIETIIN).

e kuMBOI ()a3M I'PYHTY — 1I€ OpraHi3MH, 10 KO0 HACENISIOTh 1 OEpPYyTh y4acTh y
MpoIeCl IPYHTOTBOPEHHs. Jl0 HUX BITHOCSATHCS UYMCICHHI MIKpOOPTaHI3MU
(OakTepii, akTUHOMIIIETH, TPUOU, BOJIOPOCTI1), IPEICTABHUKN IPYHTOBOI MIKpO-
1 Me3odayHu (HAUMPOCTIII, KOMax, 4YepB’SIKH Ta 1H.), KOPEHEBI CUCTEMHU
pOCTHH.

JIisi TUTIOBMX TPYHTIB XapaKTEpHO HACTYIHE CHIBBIIHONIEHHS Mac TBEPAOi
(T), pinkoi (P) 1 razoBoi (I') das3:

T:P:.I'=2:1:1.

ToBmIMHA TIPYHTOBOrO MOKPHUBY CTaHOBUTH Big 15-20 cm go 2-3 M.
HaiiBaxxnuBimia 0COONMMBICTh IPYHTY — POAIOYICTH, TOOTO 3a0€3MeUeHHs] POCIUH
yCIM HEOOXITHUM JIJISl X POCTY 1 PO3BUTKY. YCI MPOIECH, IO BiIOyBAIOTHCS Y
IPYHTI, TICHO B3a€MOIOB’s3aHi. ONTUMAILHOK € LIIBHICTE IpYHTY 1 I/cMm?; Bxke
npy WinbHOCTI 1,4 r/cM® MOripInyrOTHCS YMOBM Ui POCTY KOPIiHHSA, Ta3o- i
BOZI00OMIHY, ICHYBaHHS pUIOYHUX TBAPHUH.

OpnHi€ero 3 0COOIUBOCTEN IPYHTIB € HAABHICMb ) HUX BEIUKO20 HADOPY XIMIUHUX
enemenmis. YC1 BUAM TPYHTIB Bijpi3Hsie BUCOKui BMICT Kapbony 1 Cumittito, 110,
0€e3yMOBHO, TIOB’SI3aHO 3 MPOLIECOM IPYHTOYTBOpPEHHs. Takox IPyHT 30araueHuit
Oxcurenom, Hitporenom, @ocdopom, Cynbdpypom, TOOTO OIOr€HHUMHU
eJIeMEHTaMHU, K1 HAKOMMYYIOThCS B PE3YJIbTAT1 JISJIbHOCTI )KUBHUX OopraHi3miB. Taki
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eneMeHnty, gk Al, Fe, Mg, K, Na, mpakTuuHo ycnaakoBaHl IpyHTaMU BIJ
IPYHTOYTBOpIOIO4Oi mopoau. [lopsa 13 mepepaxoBaHMMHM MakKpOEIEMEHTaMHU, B
IPYHTaxX y JyK€ HEBEIUKHUX KUIBKOCTSAX (TUCAYHI YaCTKH BIJCOTKA) MPHUCYTHI
pO3CisiHI €JIEMEHTH 1 MIKPOEJIEMEHTH, OJIHAaK BOHU HAJ3BUYAHO BAKJIIWBI IS
KUTTEMISUTBHOCTI POCTUH. BanoBuii BMICT MUX €JIEMEHTIB NEPEBaXHO OB’ I3aHUN
13 BMICTOM Y TPYHTI THEpBHHHUX MIHEpaliB, MOYACTH TIAMHUCTHX MIHEpaTiB 1
OpraHiyHOi pe4OBUHU. XIMIYHHUI CKJIaJ IPYHTY Bapito€ 3 IIMOMHOIO Ta BIUIMBAE HA
iXHIO POAIOYICTh K O€3MOCEPE/IHhO, TaK 1 BU3HAYAKOYM Ti a0O0 1HIII BJIACTUBOCTI
IPYHTY, 1110 MalOTh BUPILLIAIbHE 3HAUYEHHS B )KUTTI POCIIHH.

OxpiM eleMEeHTIB, Y IPYHTI HasBHA BOJA, ra3u Ta OpraHiuHi pedoBuHu. Ha
ChOT'OJIHI OPTaHIYHOK PEYOBUHOIO IPYHTY Ha3UBAIOTh YCIO CYKYIIHICTh OPraHIdYHUX
CHOJYK, 110 € IPUCYTHIMH Y IPYHTI, 3@ BUHATKOM PEYOBHH, 110 BXOJAATH JJO CKIIATY
JKUBUX OpraHi3MiB. Bci opraHiuHi pedoBHHHU IPYHTY 3a CBOIM IIOXOJKEHHSM,
XapakTepoM 1 QyHKIIAMU MOAUISIOTHCS Ha JIB1 TPYIIN:

1. OpraniyHi pemITKM TBapuH 1 POCIWH, SKI HE BTPATUIU BHUXIJHOI
aHATOMIYHOI OyJIOBU.

2. T'ymyc — yacTMHa OpraHi4HOI PEYOBMHU IPYHTY, IO CKJIAAAETHCS 3
CYKYIHOCTI CHelM(PIYHUX 1 Hecnelu(pIYHUX OpraHiYHUX PEYOBUH IPYHTY, 3a
BUHSTKOM CIOJYK, 110 BXOJATh 10 CKJIaAy *UBHUX OpPraHi3MiB 1 IXHIX PElITKIB. Y
CKJIaJl TYMYCY BUAUIAIOTh TPU FPYIU CHOJIYK:

cneyughiuni 2ymycosi pewosuHu,

HecneyugiuHi opzaniyHi CROIYKU,

RPOMIdICHI NPOOYKmMU PO3nady i cymighikauii.

3a BMICTOM T'yMyCy IPYHTH MOJAUISIOTH Ha JIBA TUIIU:

v' yopnozemu — MicTaTh 7-10% rymycy;
v’ niozonucmi tpynmu — 10 2-3% rymycy.

['yMyc MICTUTBH BOy Ta OIOT€HHI €JIE€MEHTH, PO3KJIaJal0ounch MOPOKy Ha 20-
50% 3anexxHO BiAg yMOB, MiABUIIY€ BOMparody 3/aTHICTb Ta Oy(depHy €MHICTb
IPYHTY, peryiitoe pH, cTBoprorour onTuMaibHI YMOBH JAJISl POCTY POCIIHH.

KapOou(IV) oxcun yTBOprO€ThCS y TIPYHTI MiJi Yac AUXaHHS KUBHUX
OpraHi3MiB Ta PO3KJIAJaHHS OPTaHIYHUX PEIITOK; YaCTHHA HOr0 BUAUIAETHCS B
aTMocdepy, 1HIIIa TOTIMHAETHCS KOPIHHSIM POCIMH Ta BUKOPUCTOBYETHCS Y TIPOIIEC]
dborocunTesy s ctBopeHHs Oiomacu; CO, 30UIbllly€ PO3UYUHHICTH COJIEH 1
JOCTYMHICTh 1X JJI JKUBJIEHHS pociuH. KOpiHHS pOCIMH BUAUIAIOTH y IPYHT HE
muiie CO; , a i YMCIIEHHI OpraHiyH1 CIOJIYKH, 30KpeMa KUCIIOTH, 1110 BIUTMBAIOTh HA
pH rpyHTOBOrO pO3unny.

3a xapakTepHUH «3eMIISIHUID 3amax I'PYHTY BIANOBIAA€ OpPraHiuHa CHOJIyKa
2e0CMiH, SIKa BUPOOJSETHCS HHU3KOI MIKPOOpPraHi3miB. XiMIYHO, TE€OCMIH €
oiukaiyHUM cnuptoM (popmyna — Ci,H»,0), nmoxignum Bin nekaminy. Hasma
MIOXOJIUTH BiJ TPEIIBKUX CIIIB YW — 3eMs Ta OOUN — 3aNax:
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https://uk.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D1%96%D1%87%D0%BD%D0%B0_%D1%81%D0%BF%D0%BE%D0%BB%D1%83%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D1%81%D0%BC%D1%96%D0%BD
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%BA%D1%80%D0%BE%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D1%96%D0%B7%D0%BC
https://uk.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%80%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B4%D1%80%D0%BE%D0%B3%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B3%D0%B5%D0%BD
https://uk.wikipedia.org/w/index.php?title=%D0%94%D0%B5%D0%BA%D0%B0%D0%BB%D1%96%D0%BD&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%86%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0

Pinka ¢aza € HaliBaXJIMBIIIOIO CKJIAIOBOIO YACTUHOIO MEPEeBAXKHOT OLIBIIIOCTI
IpyHTiB. [IpocTOpoBO BOAa Ta 1HIII PIAUHU 3HAXOMATHCS y TIPYHTAX 3aBISKU
HAsIBHOCT1 Y HUX BCUISKHUX MOPOXKHUH (TPIIIMH, TIOP, KaHAJIB TOILO), SKi 3aiiMae
BO/Ia 200 1HIII PIIMHU 3aBISKUA CBOIM BUCOKINA PyXJUBOCTI. 3a XIMIYHHM CKJIAJOM
PIIUHY, 1110 3HAXOASTHCS Y IPYHT1 MOXKHA TIOJIUTUTH HA HeOp2aHiuHi, opeaniuni ma
cymiwi, BKIIFOYAIOUU TaKOX 1 €eMYJIbCii.

Cepen HeopeaniuHux pioun y TPyHTax HAWOUIbIIE 3HAYEHHS Ma€ 600d —
HAaWOLITBII PO3ITOBCIOKEHA PEYOBHHA HA 3EMIII.

Opzaniuni peuosunu y TpyHTaX — II¢ piAKI BYIJIeBOAHI (OSH3MH, KEPOCHH
TOIIO), OITYMH Ta CMOJIH, IO (POPMYIOTHCSI TEXHOTEHHUM ITUISIXOM.

Cymiwi pioun y TpyHTax, B OCHOBHOMY, IpeJCTaBicHI HadTOMO, SKa €
CKJIQJHOIO CYMIIIIIITO PiIUH, Ta30BUX BYTJICBOAHIB 1 TBEPANX PEYOBUH — mapadiHiB
1 IIepEe3HHIB.

Emynbcii' y TpyHTaX CTAaHOBJIATH COOOIO CyMIIIT IBOX Ta OUIBIIE PiIH, 10 HE
3M1H_IyIOTBC$I VY rpyHTax HalO1IBIIOTO PO3IOBCIOJKCHHS HaOyI1 BOJHO-HA(TOBI
eMYJIbCii, 0 POPMYIOThCS HAa KOHTAKTI HAQTH 1 BOJIOHOCHUX TOPU30HTIB ab0 Mpu
HaTOBOMY 3a6py,Z[H€HH1 IPYHTIB (BI/ITlKaHH}I HadTHU, HAQTOMPOIYKTIB TOILIO).

XiMIYHHI CKITaJ] | KOHIICHTpALlist TPYHTOBOTO PO3YMHY 3yMOBITIOC KHUBJICHHS
1 picT pocnuH . [Ipu BUCOKOMY BMICTI COJIEH POCIMHM BTpayaroTh Typrop (Boaa
BUXOJIUTh 3 KaIJSPiB KOPEHIB POCIWH Yy I'PYHT); BUCOKA KOHIEHTpAIlisl KaTIOHIB
Ca*" cTpuMye HaIXOIKEHHS Y pociuHy K* ta PO4* i cnpusie 3acBoenno NHy';
sHIDKEHHs pH moripiye picT KOpiHHS, 3SMEHIIY€ MOTIHHAHHS MOXKUBHAX PEIOBHH,
an/Irquye CHHTE3 OLIKIB 1 IyKPy; NpH BHCOKOMY pH CIIOBUIBHSAETBCS MOTTHHAHHS
docdar-itoHiB, 301IIIYETHCS 3aCBOEHHSI KATIOHIB.

[Tigsuinenns temneparypu Binm 10°C mo 25°C 361Jn,mye HATXO/KCHHS
MO)KMBHHMX PEYOBHUH; IPH OXOJOMKEHHI IpyHTY HIK4e 3a 10°C ymoBinbHIOETHCS
MOTJIMHAHHA POCIMHAMHU y Tepiry depry crnoiyk Hitporeny i @ocdopy.

HaiiGinpr TUMIOBUMU KOMIIOHEHTAMH IPYHTOBUX PO3YMHIB, KOHIIEHTpAIlii
SKMX 3HAYHO IEPEBEPINYIOTh KOHLEHTpALi iHIMX HoHiB, € kationn Ca’*, Mg**,
Na®, K', NH;", H"; B cuibHOKMCIMX IpyHTax MOXyThb Oytu A", Fe¥' vy
3abonouennx — Fe?". Cepen anionis nmepepaxkarors: HCO;~, COs%", NO;~, NO,,
80427, Cl, H,POy, .

KHCIIOTHO-OCHOBHI ~ BIIACTMBOCTI  IPYHTOBHX  PO3YHMHIB  BH3HAYalOTh
arpecUBHICTb IPYHTIB. BCl IpyHTH XapaKTepHU3yIOThCS EBHOIO KUCAOMHICHIO, T11]T
KOO PO3YMIIOTh BJIACTUBICTb IPYHTY, SIKa O0OYMOBJIEHAa HOTO XIMIYHUM CKJIaJIOM,
aKTHBHICTIO ¥ po3nojisioM HouiB H'. VHiBepcaibHUM MOKa3HMKOM KHCIOTHO-
OCHOBHHUX BJIACTUBOCTEH IPyHTY (200 peakilii cepefoBuia) € BenuunHa pH, mio
sBJIsie COOO0 NECATKOBUM jorapu(dm akTUBHOCTI WOHIB @n+, B3STUU 31 3BOPOTHIM
3HAKOM, TOOTO

—pH =lg ayt. (3.1)

CumBon pH no3Bossie BUpa3uTU @u+ y KUCIOMY Ta JIy’>KHOMY CEPEIOBHIII,
TOOTO NpeACcTaBUTH an+y Mexax Big 10° go 10714,

3acanvna Kuciomuicms TPYHTOBOTO PpO3YMHY OOYMOBJIEHA CYMOIO
nucorfifioBanux woHiB H' (axmyanvna xucrommuicms) Ta QikcoBanux ionis H'
(nomenyitina kucromuicms). 301IbIIEHHST KOHIIEHTpAIll #oHiB H' mpu3BoauTh 10
3HW)KEHHsI BeTMUUHK pH, ¥ HaBMaKu, KOJIM KOHIICHTpaIlis ioHiB H' 3MeHIIyeThes,
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BennunHa pH 3poctae. /[ 3HM>KEHHS KHUCIOTHOCTI IPYHTY 3aCTOCOBYIOTH Pi3HI
MIHEpaJId, ajie HalOLIbII MOMUPEH] 0CaAO0B1 MOPOAH, IO MICTATH Kaabuut CaCO;
ta pooMiT CaMg(COs),. 3 XIMIYHOT TOYKU 30py KAIBIUT € KpamuM 3aco000M st
3HIKEHHS KUCIIOTHOCTI IPYHTY.

HaBnaku, mpu 3acosieHH1 (IABUILEHHI KHUCIOTHOCTI) IPYHTIB Ta YTBOPEHHI
COJIOHIIIB (COJIOHIIEBUX IPYHTIB) y LIISX MeMiopalii BUKOPUCTOBYIOTh TiNICYyBaHHS
rpyuty. Ilpu po3uMHeHHi Tincy y rpyHTOBHA posuuH notpamiuse Ca®’, korpuii
samingye Na' y IpyHTOBOMY IIOTJIMHAIOUOMY KOMIUIEKCI, Yy pPe3yJabTaTi Yoro
MOKPAIYIOThCSl XIMIYHI Ta (I3W4yHI BIACTUBOCTI IpyHTIB. KijgbKicTh Timncy
PO3paxoBYIOTH 3a (POPMYJIOHO:

D =0,086(m—0,05E)yHd, (3.2)

ne m — Bmict oominHoro Na™ (mr-eks/100 r rpyHTY);

E — eMKiCTh TOTTIMHAHHSA KaTioHIB, E =S + Hy;
H — rmubuna opHOTo 1mapy, cm;
d — 06’emMHa Maca rpyHTy (r/cm?);
0,086 — 3Ha4yeHHs | Mr-€KB Tincy, T;
0,05 — xoedilieHT MOPONOPUIMHOCTI (MPU PO3paXyHKaX KUIBKOCTI TIMCY
IPUIYCKalTh, MO A0 5 % OOMIHHOIO HATPIIO BIJ €MKOCTI IOTJIMHAHHS
3QJIUIIAETHCS Y TPYHTI, TaK K CaMme 1 KUIbKICTh HATPIIO HE YNHUTh HETAaTUBHOT
i Ha BJIACTUBOCTI IPYHTY).

Cmyninb 3aconents pynmie BU3HAYAEThCA 3a 3arajlbHUM BMICTOM COJIEH y
BOJIHIM BUTSDKII 3 ypaXyBaHHSIM iX BHJIOBOTO CKJIaay, a00 3a (hOpMyJI010:

a=".100,

S (3.3)
JIe 0. — CTYMIHb 3aCOJICHHS IPYHTIB, %.

Panionykiian MIrpyroTh SIK 110 TOBEPXHI IPYHTY, TaK 1 BIJIUO.

CriBBIJHOIIEHHS MK NUISIXaMH MIrpallii 3yMOBJIEHE KJIIMaTUYHUMHU YMOBaMH,
COpPOIIIMHMMHU BIIACTUBOCTSAMH TPYHTIB, AISUTHHICTIO IPYHTOBUX MIKPOOPTaHi3MiB,
PO3YMHHICTIO PaIOHYKJIIIIB, CTYTICHEM 3aCBOEHHS POCITUHAMMU.

Hosimpana ¢paza — wHanbOIBII MOOUTBHA CKJIAJ0Ba YacTUHA TPYHTIB,
MIHJIUBICTH SIKOT BigoOpaxae 010J0riyHI Ta 610XIMIYHI MPOLIECH TPYHTOTBOPEHHS.
®Di3U4H1 XapaKTePUCTUKH Ta31B PI3KO BIAPI3HAIOTHCS Bl aHAJIOTIYHUX MapaMeTpiB
TBEpJ0i U piakoi pa3u rpyHTY, TOMY KUTBKICTB 1 CKJIaJT IPYHTOBOTO MOBITPS 1CTOTHO
BIUIMBAIOTh Ha PO3BUTOK 1 (YHKIIOHYBaHHS POCIMH 1 MIKPOOPTaHi3MiB,
PO3YMHHICTH 1 MITpalif0 XIMIYHUX CHOJYK, IHTEHCHBHICTh 1 CIPSIMOBAHICTb
IPYHTOBUX mpoueciB. HalOuapm cyTTeBO BiJ BMICTY ra3oBoi (asu 3aiexarb
(G13M4HI  BJIACTMBOCTI — IIUIBHICTh, MNPOHUKHICTh, TEMJIO(PI3UUHI MapaMeTpu
(TeTmI0NpPOBIIHICTh, TEIJIOEMHICTB TOLIO), @ TAKOX (PI13MKO-MEXaHIYH1 BIACTUBOCTI.

®Di3n4Hi BJACTUBOCTI IPYHTIB

Di3uuni enracmusocmi rpynmie — 1e XapaKTEPUCTUKU iXHHOTO (DI3UIHOTO
CTaHy B MPUPOTHOMY 3aJISITAHHI Ta TIPHU B3a€EMOJIi1 3 THKECHEPHUMH CIIOPYAaMHU, SKi
JIO3BOJISIIOTH SIKICHO OITIHIOBATH IXHIO MIIHICTH Ta JehopMyBaHHS.

1. TBepaa ¢a3za

OcHOBHI (I3UYHI BJIACTUBOCTI, TaKl SK WiIbHICMb 1 nopucmicmo,
XapaKTEePHU3yIOTh CTaH IPYHTY Ta € OCHOBOIO MPOTHO3YBaHHS (hi3UKO-MEXaHIYHUX
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MOKa3HUKIB BJIACTUBOCTEW IPYHTIB, SKI BUKOPUCTOBYIOTH IiJ] YaC MPOEKTYBaHHS
IHXKEHEPHUX CIIOPYI.

HJinbnicms — 1e ¢Gi3uuHa BIACTUBICTH IPYHTIB, fKa KUIBKICHO OLIHIOETHCS
BEJTMYMHOIO BITHOIICHHS iXHBOI MacH 10 00’eMy, IO BOHM 3aiiMaroTh. BoHa €
MOCTIMHOIO BEJTMYUHOIO VISl JAHOTO TPYHTY (MaTepialy, peYOBUHHM).

BukopucTOBYIOTh Taki OCHOBHI XapaKTEPUCTUKH MIIBHOCTI — wWinbHiCMb
IPYHMY, WITbHICMb MEEPOUX YACMOK [PYHMY, WIIbHICMb CKelemy [PYHMY.

Hlinvnicmo tpynmy p, (v/cm’® | xr/Mm3), a60 winbricms 60102020 rpynmy — 1ie
Maca OJMHHMII O00’€My TIPYHTY 3 MPHUPOIHOIO BOJIOTICTIO Ta 3 HEMOPYUICHOIO
0y10BOIO:

p=m/V, (3.4)
JIe M — Maca IpyHTYy, T;
V — 006’eM IpyHTY, cM°.

Benuyuna winonocmi rpynmy 3anedxcums Bii MIHEPATBHOTO CKIIAAY, BOJIOTOCTI
Ta Xxapaktepy O0y/10BU (IIOPUCTOCTI) IPYHTY.

Hlinvnicmos meepoux wacmox rpynmy ps , (r/cm® , Xr/M>) — e BiJHOIIEHHS
MacH TBEPJ0i KOMIIOHEHTHU IPYHTY 10 00’ €My, SIKUW BOHA 3aliMae:

Ps = T‘:l_ja
JIe Mg — Maca TBepAoi (a3u IpyHTY, T;
Vs — 06’eM TBep0i (a3 IpyHTy, cM°.

BennuuHa miBHOCTI TBEPAUX YACTOK TPYHTY BU3HAYAETHCS MiHEpaJIbHUM
CKJIJIOM, HAasBHICTIO OPTaHIYyHOI i OpraHO-MiHEpaIbHOI PEYOBUHU Ta SIBJISIE COOOIO
CEpEIHbO3BAKEHY IIUIbHICTh IIUX KOMIIOHEHT I'PYHTY 3a BIJICYTHICTIO MIOPOXKHUH 1
BOJIOTH.

Hlinenicmo ckenemy tpynmy pga, (r/cM® , Kr/M’) — ne maca TBepaoi
KOMITOHEHTH TPYHTY B OJMHULI 00’€My 3 MPUPOAHOIO (HEMOPYILIEHOI0) OY0BOIO.
Bu3nagaroTh eKCniepruMEHTAIbHO a00 HalvacTimie po3paxoBYIOTh 3a BEIMYWHAMU
II[IJTLHOCTI TPYHTIB Ta BaroBOi BOJIOTOCTI 3a (hOPMYJIOH0:

pa == (3.6)

1+Ww’
i€ p — IIBHICTB IPYHTY, I/CM;
W — BaroBa BOJIOTICTb IPYHTY, 4. O/I.

Hlinsnicmo ckenemy eucywenozo rpynmy pa, (r/cm® | kr/mM>) — ne maca
ofuHULI 00’ eMy IpyHTY BUCyIIeHOro 3a Temueparypu 105°C. Bona xapakrepusye
MaKCUMAaJIbHO HIUIbHY OYJOBY IPYHTY, 110 MO€ OYTH JOCATHYTO B IMPOIIECi HOTO
BUCYIITYBaHHS JI0 TTOCTIMHOT MacH.

(3.5)

[lin nopucmicmio rpynmis po3ymitoTh HasIBHICTh y HUX APIOHUX MMOPOKHUH.
[loka3HuKH, 10 XapaKTepU3ylOTh MOPUCTICTb IPYHTIB, € OJHUMHU 13
HaWBAKJIUBIIIUX JJI1 HUX, TOMY IO JTO3BOJISIIOTh NMPOTHO3YBATU iXHI MiyHICHI T
deghopmayitini enacmusocmi, a TAKOK YaCTO € KAACUDIKAYIIHUMU NOKAZHUKAMU.

[TopucTicTh BUKOPUCTOBYIOTH B SIKOCTI JTOMOMIXKHOI XapaKTEPUCTUKH 1] Yac
BUOOpPY PO3paxyHKOBOIO OMOPY IPYHTY, IpH MOOYA0B1 KOMIPECIMHOT KPUBOI, MPHU
PO3paxyHKy XapaKTePUCTUK CTUCIMBOCTI, MPU OOYMCICHHI BOJOMPOHUKHOCTI Ta
0araThOX 1HIIKX IMOKAa3HHUKIB BIACTUBOCTEH I'PYHTIB.
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[TopucticTh Takok BU3HA4yae (Hi3WYHI BIACTUBOCTI IPYHTIB — IIBUJIKICTH
PO3MOBCIOJKEHHSI TPYXKHUX XBWJIb, MIIHICTh Ta CTUCIUBICTh, EJIICKTPUYHI,
Teru1o(131yH1 Ta 1HII TapaMeTpH.

KinbkicHo nopucmicms rpynmise n (%) BUpaKarOTh SK BITHOIICHHS 00’ €My
nopoxHUH (mop) rpyHTy (V,) 10 3arajibHOro 00’eMy I1pyHTY (V):

Vn
n = 7’ (37)

BenuurHa mOpUCTOCTI TPYHTIB TaKOXX MOKe OyTH BHpa)XeHa SK BiAHOIICHHS
Barv BOJIM, II0 MOBHICTIO 3allOBHIOE MOPHU IPYHTY, O Baru aOCOJIOTHO CyXOro
IPYHTY (8acosa nopucmicms).

KpiM TOro, moOpucCTICTb TIPYHTY MOXKE XapaKTepHU3yBAaTHUCSA BIAHOIICHHSIM
00’emy mopoxkHuH (1op) rpyHTY (V) A0 00’emy TBepaoi ¢asu rpyHTy (Vs) — 1
BEJIMYMHA HOCUTH Ha3BYy Koegiyicnm nopucmocmi rpyHmy e i BUMIPIOETHCS Y Y.

Ol1.:
17
e =—". (3.8)
Vs
KoediieHT moprcTOCTI TakoK MOXHA pO3paxyBaTH Yepe3 XapaKTEPUCTUKH
HIUTBHOCTI IPYHTY:

e =E5"Pd _PS_ 4 (3.9)
Pa Pd

Uepes koedilieHT MOPUCTOCTI MOKHA BUPA3UTH MOPHUCTICTH 1 00°€M TBEpAOi
KOMITOHEHTH IPYHTY B OJJUHULI 00’ €My IPYHTY:
e 1

n=—;Ve=—. (3.10)

1+e T ite
TeopeTnyHO MOPUCTICTh IPYHTY MOKE 3MIHIOBATHCS BiJ HYJs (IIOPH BIACYTHI)

0 oAuHuLl (CKeleT BIACYTHIM). BinmoBigHO Koe(illEHT HOPUCTOCTI IPYHTY
3MIHIOETHCA BiJl HYJIS (IIOPH BIACYTHI) JO HECKIHYEHHOCTI (CKEJIET BiICYTHIN).

[TopucTicTh 1 KOEPIIEHT MOPUCTOCTI € MOKA3HUKAMU €EMHICHUX BJIACTUBOCTEN
IPYHTY, TOMY IO IIOPHU € IPOCTOPOM, EMHOCTSIMU (32 PaXyHOK BIUIMBY KallJIIPHUX
cwT) Ui 1HIMX (a3 IpyHTy (P1aKOi Ta ra3oBoi). PO3pi3HSAIOTH TPU BUIM TOPUCTOCTI
—3azanvHy (izuuny) n, 6iOKpumy ng ma 3aKpumy n3, OB’ 13aH1 Mi>k COO0I0 TaKOIO
3aJIeKHICTIO:

n=ng+ ns. (3.11)

Biokpuma nopucmicms rpynmy 00yMOBJIEHA CIIOIYYEHUMHU MIOPAMU, 3aKpuma
— 130JIbOBAaHMMH TIOpaMHU, a 3@ealbHa — BPAaxoBye oOWIBa BUAM MOp. Biokpuma
nopucmicms OOYMOBIIIOE MPAHCHOPMHI 81ACMUBOCMI [PYHM) — HOr0 3/1aTHICTb
MpOMyCcKaTu uepe3 cebe piauHu abo rasu. 3axpuma nopucmicmsv y Tpoliecax
NEPEHECEHHSI PEUOBHUHHU MPSIMOT y4acTl He Oepe.

3aranpHa 1 BIIKpUTA MOPUCTICTh 3aJI€KATh B1Jl IITMOMHU 3aJIsITaHHS IPYHTIB (31
30UTBIICHHSIM TJIMOMHU 3MEHUIYEThCA), BiJA UHIUIBHOCTI IPYHTY, BIJ KIJIBKOCTI
IIEMEHTY TOIIIO.

BenuunHa moOpUCTOCTI KOJIMBAETHCS y AYKE IIUPOKUX MEXax 3aJeKHO Bij
TUNy IpyHTIB. HallOuIb1I0I0 MOPHUCTICTIO HAIIEH] MyXKi AMCIEPCHI YTBOPEHHS.
[Topucricts TopdiB ckianae B cepenabomy 60-90%, rmuauctux BiakiaamiB 35-50%,
KpYNHOYJaMKOBUX 1 mimanux nopia 30-45%. BigHOCHO BUCOKa MOPHUCTICTH €
XapaKTEepHOIO IS ToOpe BiACOPTOBaHUX IMICKOBUKIB (25-30%), kpetiau (30-45%),
ook (35-50%), TydiB (25-60%), tpaxitiB (15-40%), anne3uTiB 1 6a3anbTiB (2-

34



30%). Ilopucticth KapOOHATHUX TMOPIA, 3aJEKHO BiJ IXHBOI TJIMHUCTOCTI W
XapakTepy IEeMEeHTaIlii, KomuBaeThest y Mexax Bif 0,5 mo 30%. Husska mopucticth
(0,1-3%) mnputramanHa IS HE3MIHEHHWX BHBITPIOBAHHAM MeETaMOpGIYHHX 1
MarMaTuyHuX (B OCHOBHOMY 1HTPY3UBHHUM) TOPiJ.

OnHi€l0 3 HAWBAXKJIMBIIIMX XapPaKTEPUCTUK TIPYHTY € ZPAHYI0MEMPUYHULL
(3epHosuil) cknao — 1e BMICT 32 MacOIO TPy NMEPBUHHUX YacTOK ((pakiliil) rpyHTY
pI3HOT BEJIMYUHM, BHPAXKEHHHM y BIJCOTKAX MO BIAHOIICHHIO N0 3arajbHOi Macu
B3SATOI JUISl aHaNi3y HABaXXKH IMOBITPSHO-CYXOro TIPYHTY. ['paHyloMeTpUYHUN
(3epHOBUI) CKJIaJl XapaKTEPU3Y€E ePAHUUHY OUCNEPCHICMb IPYHMY, BIH € MIOCTIMHUM
JUTSL TAHOTO IPYHTY ¥ TOMY € MOro HaBaXKJIMBIIIOKO KIIACU(PIKALIIHOIO 03HAKOIO.

Bin rpanynoMeTpuyHOro CKjaay 3aliekaTh TaKl BaXKIMBI XapaKTEPUCTHKU
BJIACTUBOCTEN 1 CTaHy TIPYHTY, SK IUIQCTUYHICTh, MOPUCTICTb, OMIP 3CYBY,
CTUCIUBICTh,  3CIJIaHHS, HAOpsSKaHHSI, BHUCOTAa  KaMUISIPHOTO  MiAHATTS,
BOJIOTIPOHUKHICTH TOIIIO.

3 METOI BHU3HAYCHHS TPAHYJIOMETPUYHOTO CKIAgy TIPYHTY BHUKOHYETHCS
IpaHyJOMETPUYHUIN aHalli3, CYTHICTh SKOT'0 MOJISTa€e B pO3WICHOBYBAHHI IPYHTY Ha
rpynu 13 OJM3BKMUMH 32 BEJIMYMHOK 4YacTkamu ((Ppakmisimu). Po3mip yactok
(bpaxkiiit) 3a3BMyail BU3HAYAIOThH 32 JIIaMETPOM i BUpaXaloTh y MiJTliMeTpax. Y Halll
yac po3po0iieHo 6arato cnoco0iB rpaHyJIOMETPUYHOTO aHAJI3Y IPYHTIB, K1 MOKHA
00’eHaTH B 4 OCHOBHI IPYyNH:

8i3yanbHUll cnocib, KU TMOJsITae y MOPIBHSAHHI HA OKO ab0 3a JI0NOMOTOI0
JYIHU IPYHTY, 110 JAOCHIJIKY€ETHCS, 3 €TAIOHAMHU, CKJIaJ KX B1JIOMMUIA;

cumosutl cnocib po3cito8aHHs IPYHMY HA CUMAX,

yeumpugyeysanns, 3aCHOBAHE Ha PI3HINM MIBUIKOCTI OCAKEHHS YaCTOK
IPYHTY PI3HOI KPYMHOCTI BIJIIEHTPOBOIO CUJIOI0, IO PO3BUBAETHCS MPU 0OEpTaHH1
HEeHTPUYTH;

2iopasniuHi cnocoou (cedumenmayitini), 3aCHOBaH1 Ha PO301KHOCTI MIBUAKOCTI
NaJIHHA y BOJIl YACTOK P13HOT KPYMHOCTI.

B  mimomy, TeXHONOTIS BHU3HAUEHHS  TPAHYJIOMETPUYHOTO  CKIAIy
TOHKOJIMCTIEPCHUX TPYHTIB B YKpaiHi i 3a KOPJAOHOM € MPAKTUYHO OJHAKOBOIO,
PO301KHOCTI MOJISATAIOTh JIMIIE y po3Mipax OTBOPIB CUT, 110 3aCTOCOBYIOTH JIJIsi
CUTOBOTO aHAJII3Y, Ta IHTEPHPETALlli OTPUMAHUX PE3YJIbTaTIB.

[lepen mouaTkoM aHaizy mpoO IPYHTY, IPU po3HoAuIl nMpod Ha ¢pakuii, iX
MIATOTOBJISIIOTH Y TaKUH CIOCIO:

* JUTSl BUIUIEHHS YacTOK po3MipoMm Oubinie Hixk 0,1 MM — pO3THpaHHSM IPYHTY;

* IS BUIIJICHHS Y4acTOK po3MipoM MeHmie Hik 0,1 MM — po3MOdyBaHHSM,
KWIT ITIHHSM Y BOJI1 3 TOJIaBaHHSIM aMOH1aKy Ta pO3THUPAHHSAM IPYHTY;

* i npod IPYHTY, CyCHEH3is SKHUX KOaryJjle Mpu BUIPOOyBaHHI Ha
KOaryJisiiiio, pO3TUPaHHSIM IPYHTY ¥ 10JaBaHHSIM HaTpiid mipodocdary.

Jlis BU3HAuUEHHS TPaHYJOMETPUYHOTO CKJIaay TIPYHTIB OepyTh 3pasKw,
BUCYIIEHI JO0 MOBITPSHO-CYXOTO CTaHy W pO3TepTI B MOPLENSHOBIM CTYyIIII
TOBKAYMKOM i3 TYMOBUM HAKOHEYHUKOM. J[OTTyCcKaeThCs pO3TUPATH 3Pa3KU IPYHTY
B PO3TUPAJIbHIN MaIlIMHI, 1[0 HE BUKJIMKAE MOJIPIOHEHHS YaCTOK.
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3BaKyBaTH MpOOU IPYHTY Ha JaOOpATOPHUX TEXHIYHMX Barax HeEOOX1THO 3
noxu6koro a0 0,01 1, a mpu Baszi mpod rpyHTy 1000 T Ta OLiblie 3BakKyBaHHS
JIOTTYCKA€THCSI pOOUTH 3 TOXUOKOIO 10 1 T.

3Ba)kyBaHHS Ha J1a00OpaTOPHUX aHATITUYHUX Barax MOBUHHO MPOBOAMTHUCH 13
noxubOkor 1o 0,001 r. Pesympratm oO4YMCIIEHHS TPaHYJIOMETPUYHOTO CKIIATY
IPYHTIB MalOTh BU3HAYATHUCS 3 MOXHOKOI0 110 0,1%.

Icaye nekinbka QopMm 300paskeHHS pPE3yJbTaTiB TPaHYJIOMETPUYHOTO i
MIKpOAarperaTHOro aHalli3iB IPYHTIB — y (opMi Tabiuik; rpadivyHO y BHUIJISIL
IHTEerpabHUX (KyMYJISTUBHUX) Y AUGEpPEHIIAIbHUX KPUBUX BMICTY YacTOK,
ricrorpaM po3MOJIIYy YacTOK 3a (pakiisMH, a TaKoX y BHUIVIAL KPYTOBHX
HUKIOTpaM 1 TPUKYTHHX JiarpaM. 3 TMepepaxoBaHUX CMOCOo0iB TpadiuHOTO
300pakK€HHsI pe3yJIbTAaTiB TPaHYJOMETPUUHOTO Ta MIKpOarperaTHoro aHami3iB y
I'PYHTO3HABCTBI HAWJOLUIBHIIIE BUKOPUCTOBYBATU  YUKIOSPAMU, MPUKVIMHI
diazpamu (mpuxkymuux Peppé) ma inmezpanvHi (KyMyaisamueHti) Kpuei.

Hukgorpama (xkpyroa amiarpama) (puc. 3.1). Ilnoma kpyra, okpecieHa
JOBUIBHUM JI1aMETPOM, PO30MBAETHCS HA CEKTOPH, IOBXKUHU YT SIKUX MPONOPLIHAHI
BMICTY KOXHO1 (Pppakitii. [Tnomr cextopiB 3adapOoBYIOTHCS a00 3aIITPUXOBYIOTHCS
BIIMOBIHO /10 MPUNUHATUX YMOBHHX MMO3HAYOK.

9,00% 12,00%

10%
° = 2,0-1,0 Mmm

12,00%
1,0-0,5 MM

0,5-0,25 MM
25%
0,25-0,05 MM

0
32,00% = 0,05-0,01 MM

= <0,01 Mmm

Puc. 3.1. [l{uknorpama pe3ysibTaTiB rpaHyJIOMETPUYHOTO aHAI3Y CKIaay IPYHTY

bisig K0XHOT Jyry 30BHI BKAa3y€ThCs BIJICOTKOBHI BMICT BIJNOBIIHOT PpaKiii
(muB. puc. 3.1). 3a 1OIOMOTOI0 LIUKJIOTPAMU MOYHA B1IOOPA3UTH PE3yJIbTATH JIUIIIE
OJIHOTO TPaHYJOMETPUYHOIO aHali3y, 10 € JOCUTh HE3PYYHHM IMpU 00poOIl
BEJIMKOI KUJIBKOCT1 TpaHyJIOMETPUYHUX aHaMi31B.

Hiarpama-TpukyTHuK. [[1s 300pa’keHHsSI BEIMKOI KUIBKOCTI pPe3yJIbTaTiB
IPaHyJIOMETPUYHHUX aHaIli31B 3pYYHO KOPUCTYBATUCS mpuxymuuxom Deppé (puc.
3.2).
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Puc. 3.2. Tpuxkytauk ®eppé: a — BMICT HiIaHUX 4acTok 3 gAiamerpom 2+0,05
MM; 0 — BMICT MITyBaTuX 4acTok 3 fiametpom 0,05+0,005 MM; B — BMICT TJIMHUCTHUX
yacTok 3 aiametrpom < 0,005 Mm

*- IPpyHT, 110 BMinrye 50% micky, 60% nuty, 90% rivau (rauHa)

Leit croci6 no3BoIIsiE 300pa)KyBaT BMICT HE BCIX (Dpakiliil IpyHTY, a JIMILE
TPHhOX MOr0 OCHOBHMX Ipym — mimanoi (aiamerp 2+0,05 mMm), nunyBaToi (JI1amMeTp
0,05+0,005 mm) Ta rraUCcTO1 (Hiametp < 0,005 mm).

1106 300pa3utu pe3ysbTaTd TPaHyJOMETPUYHOTO aHaI3y CKJIaay IPyHTY 3a
J01IoMOroo TpukyTHHKa Deppé, Hacamnepe HEOOX1THO MONEPETHBO MIArOTYBaTH
TaKUil TPUKYTHUK. 3aJI€KHO BIJ TOTO, SIKI TPYHTH aHAM3YyHOThCA (MiaHl 4u
TJIMHUCTI), 0 OOKaxX TPUKYTHUKA MOKA3YyIOTh CIIOYATKy MOMJIMBUHN BIJCOTKOBUMN
BMICT (PpaKIliii, pO3ALTUBIIN KOXKHUHN O1K TpuKyTHUKA HAa 10 piBHUX BiApi3KiB Big 0
10 100%. Ilpu mpoMy po3MOALT MPOBOISATH Y HAMPSIMKY NPOTH TOAMHHUKOBOI
CTPUIKH 1 HAHOCATH Y TAKOMY K HAlIPSIMKY 3HaUY€HHA (PpaKiiil.

/s enun B OCHOBI TPUKYTHUKA — BMICT nuityBaTux @pakuii (0,05+0,005 mm),
noTiM riMHuCcTUX (pakuiil (< 0,005 mMm) 1 moTiM mimanux ¢pakuiit (2+0,05 Mm)
(nuB. puc.2).

/s nickie B OCHOBI TPUKYTHUKA — BMICT KPYITHO3EPHUCTUX Ppakiii (21 mm),
noTiM ApidHo3epHUcTUX (Ppakuii (0,5+0,05 MM) 1 cepenHbO3epHUCTUX (DpaKIIiif
(1+0,5 Mm).

[lepeTunanus 3 niHiH, SIK1 BIIMOBIAI0TH BIICOTKOBOMY BMICTY 3 (hpakiiiii, 1110
JOCIIJIKYIOTHCS, M Ja€ TOUKY, sika BioOpakae TpaHyJIOMETPUYHUMN CKIIa] TPYHTY.
[ToTiM 3a MONOXEHHSIM TOYKH, IO 300pa)kye pe3ysbTaT OJHOIO aHaji3y, MOXKHA
BiJIpa3y BU3HAYMTHU HaMEHYBaHHS IPYHTY. TPUKYTHUK MOXe OyTH po30UTHI Ha
OKpeMi NUISHKH, Y MeXaX SKHUX PO3TAIlOBaHI TOYKH, IO BIAMOBIAAIOTH MEBHUM
rpyliaM TPYHTIB 3a iXHIM TpaHYJIOMETPUYHUM CKJIQJIOM, HAMNpPUKIAJ, TJIWHA;
cyOmicok Baxkkuil Tomo. Croci®d 300pa’keHHs pe3yJbTaTiB I'PAHYJIOMETPUYHOTO
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aHaJIi3y CKJIaay IPYHTY 3a IOTIOMOT0I0 TpUKYTHUKA Deppé € 10CTaTHBO rpyOUM, ane
JI03BOJIsSIE HAHOCUTH HA OJIHE KPECJICHHA Ty>K€ BEIHMKY KUJIbKICTh aHaJI31B.
Haituacrime rpanyJloMeTpUYHUN CKJIaJ TPYHTY rpadiqHo 300paxkyioTh Y
BUTJIAJI IHTerpajbHUX KPUBHUX. [HTerpanpHa KpuBa — 1ie rpadik, mo BigoOpaxae
CyMapHHUI BMICT (pakiliid, ApiOHIMUX 3a IeBHUM miameTp (puc. 3.3).
100,00%
80,00%
60,00%
40,00%
20,00%
0,00%

0,001 0,010 0,100 1,000 10,000
Po3mipu ¢paxkuiii rpynTy d, MM

BincorkoBuii BMicT BigmoBigHoi
dpakuii, %

Puc. 3.3. [HTerpanpHa KprBa rpa”HyJIOMETPUYHOTO CKJIANY IPYHTY Y 3BUYAHOMY
Maciitadi

dopMa KpUBUX Ha IUX rpadikax BigoOpaxkae BCl OCOOJIMBOCTI PO3MOMALTY
4acTOK y TIPyHTI 3a poO3MipaMH, BKJIIOYAIOUYM 1 MOro BIJCOPTOBAHICTb.
HepiBHoMipHuit (a00 piBHOMIpHMIA) BMICT pi3HUX (pakmii y TIpyHTI
XapaKTepU3y€eThCsl HOT0 HEOAHOPIAHICTIO 200 BiICOPTOBAHICTIO. [HTErpanbH1 KpUBI
MOXYTh OyTH mOOymoBaHiI y 3BHUYaiiHOMY wMmacmTadi (muB. puc. 3.3) abo B
HariBiorapupmivHOMy mMaciTabi, 110 T03BOJIsIE HAHOCUTH BMICT APIOHUX (paKilii
3 IOCTaTHHOIO TOYHICTIO, HE TTOJIOBKYIOUHM KpUBY MO oci abcuuc. [lomoruii xapakrep
IHTErpajJbHUX KPUBUX CBIIYUTH MPO MOTaHy BIACOPTOBAHICTh I'PYHTY, a KpyTHH
HaxuJ — npo A00py.

Jlns HOMeHKJaTypHOI Kiacu(ikalli CTPYKTYpHHX €JEMEHTIB 1 (pakuii
TBEpP/AOi KOMIIOHEHTH JUCTIEPCHUX TIPYHTIB BHKOPHUCTOBYETHCS  3arajibHa
kinacudikamig  (tabn.  3.3), sKa [MUPOKO 3aCTOCOBYETHCA Y CY4acHOMY
rpyHTO3HABCTBI. [Ipu 11 po3pobiii ocodnmBa yBara 0ysia npuaijieHa 00rpyHTYBaHHIO
MEX BMICTY TJIMHUCTUX, MATyBaTUX, MIIIAHUX 1 TPaBIiHUX YACTOK, TOMY IO 3 HUMU
3B’SI3aHO BUJIIJIEHHST OCHOBHUX NETPOrpadiyHUX THUITIB OCAJOBHUX IMOPIA: TIIHUH,
JIECiB, TCKIB, apTiIiTIB, aJIEBPOJIITIB, MCKOBHUKIB Ta BEIMKOYJIAMKOBUX TOPIJ.

2. Pinka ¢a3a.

KinbkicHuii BMICT pikoi (a3u TPYHTIB MOXKE OIIHIOBATUCA 00’€MHON Ta
64206010 0102icmio.

Bonozcicmio Ha3uBalOTh KUIBKICTh BOJHU, 110 MICTUTHCS y TOpax 1 TpilIUHAX
IPYHTY B TNPUPOAHOMY CTaHi. Benuuuna npupoonoi eonozocmi € BaxXJIHUBOIO
XapaKTEPUCTUKOI (I3UYHOIO CTaHy IPYHTY, sKa BU3HAYa€ MOro MILHICTh Ta
MOBEJIIHKY MiJ JII€F0 HABAHTAXKEHB B1J 1IHXKEHEPHUX CIOPYJ. BUHITKOBE 3HAUEHHS
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Ma€ BOJIOTICTh Uil TJIMHUCTUX IPYHTIB, SIKI Pi3KO 3MiHIOIOTH CBOi BJIACTHUBOCTI
3aJIEXKHO BIJ] CTYIIEHS iXHBOT 3BOJIOKEHOCTI.
Tabmuusg 3.3
Knacudikaiiist CTpyKTypHHX €JIeMEHTIB 1 ()paKiiiii TBep 101 KOMIIOHEHTH
JTMCTIEPCHUX TPYHTIB

EnemenTH rpynry Dpakuii Po3mip dpakuiii, Mm
Banyuu (0puin) Kpynni > 800
Cepenni 400-800
Jpi6Hi 200-400
laabka (medinb) Kpymni 100-200
Cepenni 60-100
Jpi6Hi 10-60
I'pasiii (:xopcTBa) Kpymni 5-10
Jpi6Hi 2-5
IMimani yacTku I'py6i 1-2
Kpymni 0,5-1
Cepenni 0,25-0,5
JpiOHi 0,10-0,25
Touki 0,05-0,10
IIunayBari yacTku Kpymni 0,01-0,05
JpibHi 0,002-0,01
I'auauceri yacTKu - < 0,002

[IpupoiHa BOJIOTICTD € AYy>KE BaXJIMBUM OMOCEPEIKOBAHUM MTOKA3HUKOM, KU
BUKOPUCTOBYIOTh MPU PO3pPaxyHKaX MIUIBHOCTI IPYHTY, HOTO MOPUCTOCTI, CTYyIEHS
BOJIOTOCTI Ta IHITUX XapaKTepUCTUK. MakcuManbHUI BMICT pijikoi a3y (3HaueHHs
MPUPOIHOI BOJIOTOCTI) MpuTtamManuuii Topdam — 10 33 4. oa. (a6o 33%) ta OibIire.

0o6’cmna eonocicmo (W,), abo 00’€MHUIM BMICT PIAWHU, IO YHCEIHHO
JIOPIBHIOE BIAHOLIEHHIO 00’eMy Boau (pimuuHu) y rpyHTI (Vw) 10 00’€My BChOIO
IPYHTY (Viot), BKIIFOUAOUH 00’ €MH BOJU Ta rasy:

W, = 2~ (3.12)
Vtot

Benvnuuna 00’ €MHOT BOJIOTOCTI BUMIPIOETHCS Y BijicoTKax (%) abo y yacTuHaX
OJUHMIT (4. OJ1.) ¥ MOYKE 3MIHIOBATUCH Bij HYJIS JJIT a0COTIOTHO CYXOTO IPYHTY JI0
100% (10 1 4. o1.) U1t HOBHICTIO BOJOHACHYCHOTO TPYHTY.

Bazosa éonozicms (W), ab0 BaroBuii (MacoBUii) BMICT PIANHM, 110 YACETHHO
JIOPIBHIOE BIJTHOIIIEHHIO MAacH BOJU (PIIMHU) Y TPYHTI (M) 10 Macu CyXoro rpyHTY
(ma):

W =" (3.13)

mq
Bennumna BaroBoi BOJOTOCTI TaKk0X BUMIPIOETHCS y BifcoTtkax (%) abo y
YacTUHAX OJWHUIN (4. Of.), ajJe Ha BIAMIHY BiJl 00’€MHOI BOJOTOCTI Ma€ JIUIIE
HUKHIO Tpanuiio - 0% (s abcoimoTHO cyxoro IpyHTy). BaroBa Ta 00’emHa
BOJIOTICTh TIOB’513aH1 MK COOOI0 TAKUM CITIBBITHOIIICHHSIM:
W.xpw = Wxpg, (3.14)
1€ pg— WIIBHICTL CKENETY IPYHTY, T/CM? |
Py — TYCTHHA BOIH, T/CM°.

39



Bax1Bo10 XapaKTEepUCTUKOIO € 8BIOHOCHA 80J102iCHb A00 CMYRIHb 8071020CHI
(abo Koegiyienm eodonacuuenns) rpynmy Sy, siKa XapaKTepU3ye BIXHOCHY
YaCTUHY 3allOBHEHHS IOp BOJOI0 (PIAMHOIO) Yy JIaHOMy rpynTi. I Benmumnza
YUCEIHHO JIOPIBHIOE BIMHOMICHHIO 00’ eMy Boau abo pimwau (Vw) 10 00’€My TOp

IpyHTy (Vn):
S, =tw Mw _ Whs (3.15)
Vn PwVn € Pw
Jie € — Koe(dIIeHT MOPHUCTOCTI, Y. OJ1.;
Ps — IIIBHICTB 9aCTOK IPYHTY, T/cM’
pw — IYCTHHA BOJH, T/cM>.

BenuunHa cTyneHs BOJIOrocTi IPyHTY Sr BUMIPIOETbCA y YACTUHAX OJUHULI (4.
0]1.) ab0 y BijcoTkax (%) 1 Moke 3MiHIOBaTUCH BiJ 0 (y BUMaAKY aOCOJIOTHO CYyXOTro
pyuty) 10 1 (abo 100%) mpu mMOBHOMY HAacHYeHHI MOp IPYHTY. B oxpemmx
BUIMAJKaX 3HAYCHHA S, MOoke OyTH Ouibine 1 3a paxyHOK TOTO, 110 MPU BU3HAYEHH]
BaroBoi Bonorocti npu temneparypi 105+107°C 3 rpyHTy BUganscTbes HE TIIBKK
BOJIa, 1110 3HAXOAUTHCS B HOTO MOpax, aje i YacCTHHA BOJH, IO BXOIUTH 0 CKIATY
MOPOJIOYTBOPIOIOUMX MIHEpaliB (MOHTMOPHUJIOHIT, TINC TOIIO), a TAKOX JCSKHUX
OpPraHIYHUX JOMIIIIOK.

Crymigs  Bojorocti (abo KoedillieHT BOJOHACHYEHHS) IPyHTY S €
KJacuikaiifHUM MOKa3HUKOM JJIsl TUCTIEPCHUX HE3B A3HUX IPYHTIB

3. [HoBiTpsiHO-(pi3uyHi BIacTHUBOCTI IPYHTIB (ra3oBa ¢aza)

Tlosimpano-gizuunumu eracmusocmamu IpyHmMié HA3UBAETHCA CYKYIHICTh
psany GI3UYHMX BJIACTUBOCTEM IPYHTIB, 10 BH3HAYAIOTh CTaH 1 TMOBEIIHKY
I'PYHTOBOTO TOBITPs B npodiii. HaltOinbil BaXXJIIMBUMH 3 HUX € NOGIMPOEMHICHb
(3acanvHa, Kaniiapua i HeKaniiapHa abo nopucmicme aepayii), nosimposemicm,
NOBIMPONPOHUKHICMb, NOBIMPOOOMIH abO aepauisi.

Bmicm 2a3060i ¢hazu y rpynmi OIIHIOETbCS WOTO 2A30HOCHICMIO Ta
NOBIMPOEMHICIO.

TI'a3onocnicmio Ha3UBaIOTh 3aralibHY KUIBKICTh BUIBHUX 1 aICOPOOBAHUX ra3iB,
[0 MICTSATBCS B OJMHUIII Macu ab0 00’eMi IPpyHTYy B MPHUPOJHUX ymMoBax. BoHa
3aJIeKUTh Bl Oaratbox (PakTopiB, Hacammepesa BiJl MOPUCTOCTI W copOOBaHOI
3JaTHOCTI IPYHTY, a TAKOXK Bijl BUy ra3y Ta 30BHIIHLOro TucKy. Hanpuknan, 1 cm®
BYTLLIA 32 HOPMAJILHHX YMOB MOxe copOysaru 7-8 cm® merany a6o mo 18 cm?®
BYTJIEKHCJIOTO Ta3zy.

BuninisroTh 1Ba MOKa3HUKHU Ta30HOCHOCTI: 00 ‘€EMH)Y Ta Maco8) .

06’emna 2azonocuicme (I')) xapaxTepusye 3arajbHHA BMICT BUIBHHX 1
a71copOOBaHMX Ta31B B OJUHUII 00’ eMy IPYHTY (Viot) Ta UUCETBHO JOPIBHIOE 00’ €My
rasy, mo MicTuThcsa B 1 cM® rpyHTy 3a 1anux ymoB (ipu Temneparypi 20°C ta Tucky
1 atm):

r

(3.16)

v = Veot'
ne Vr — 00’eM rasy, 110 3HaXOIUThCS Y TTopax IPYHTY;
Viot — 00’ €M TPYHTY.
Bennuuna I'y BumMiproerses y em¥/em® abo m3/m3.
Macosa 2azonocnicmo (I'm) XxapakTepusye 3arajbHHA BMICT BUIbHHX 1
ajcopOOBaHMX Tra3iB B OJUHUII Macu IPYHTY (M) Ta YUCEIBbHO JOPIBHIOE 00’ €My
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rasy, 10 MicTUThCS B 1 T IpyHTY 3a 1aHux ymoB (3a TemnepaTtypu 20°C ta Tucky 1
aT™):
[ ==, (3.17)
ne Vr — 00’eM rasy, 110 MICTUTBCS Y TIOpax IPYHTY;
M — mMaca IpyHTY.

Bennuuna I'm BUMiproeTbes y cM/T a6o Mo/T.

I'azoemicm tpynmy (I) xXapaktepu3ye BITHOCHHH 00°€M ra3zy, SKHH
3HAXOJMTHCS y TIOpax IPYHTY. BiH 4HCEIbHO MOPIBHIOE BITHOIIEHHIO 00’ €My rasy,
110 3HAXOAUTHCS Y MOpax IPYHTY, 10 00’ €MY BChOTO IPYHTY:

[ =-2.100%, (3.18)

tot
ne Vr — 00’eM rasy, 110 MICTUTBCS Y TIOpax IPYHTY;

Viot — 00’ €M TPYyHTY.

Benuuuna I' BuMiproetbest y %, BOHA 3aJI€KUTh Bl BOJIOTOCTI W 3MIHIOETHCS
BiJl HyJs (IIPU BIJCYTHOCTI Ta3iB 1 MOBHOMY BOJOHACHYEHH1) 0 BEIUYUHH, IO
BIJIMOBIa€ MOPUCTOCTI JIAHOTO IPYHTY (MpU MOBHOMY 3alIOBHEHH1 TIOP MOBITPSIM).

Iosimpoemnicmio rpynmy (B) Ha3uBaeTbCsd BEIMYMHA MAKCHUMAJIBHOIO
ra30BMICTY JIaHOTO IPYHTY, SiKa BIAMOBIJA€ MOTO MOPUCTOCTI TA sSIKa BU3ZHAYAETHCS
Py TOBHOMY 3allOBHEHHI BCIX MOp ra3oM (BIJICYTHICTH BoJiOTHW). Benuuuna B
BUMIPIOETHCS Y %, UMCEIIHFHO BOHA JIOPIBHIOE IOPUCTOCTI IPYHTY.

s oyinku cmyneHns 3an08HEHHS NOp 2a30M BUKOPHUCTOBYIOTh KoeqhiyicHm
nosimpoemicmy abo xoegpiuienm aepauii (Gr), 10 IOpPIBHIOE 00’€My rasy, IO
3HAXOAMTHCA Y Topax IpyHTy (Vr), 10 3arajbHoro 06’eMy mop 1pyHry (Vp):

Gr=-L. (3.19)

n

Bennuuna Gr BUMIPIOETHCS B YaCTMHAX OJIMHMUII i 3MIHIOETHCS Bijl HYJIS (TIpU
BIJICYTHOCTI ra3iB y mopax IpyHTY) A0 | (Ipy MOBHOMY HAaCHYEHHI MOpP razoM).
Ski110 y mopax rpyHTy KpiM HOBITPSI 3HaXOAUTKCS 1€ 1 BOAA, TO KOe(ILIEHT aeparii
Gr po3paxoByIOTh, BUKOPUCTOBYIOUHM 3HAYEHHS CTYTEHsI BOJIOTOCTI IPYHTY Sr 3a
bopmyIioro:

Gr=1-5,, (3.20)

4. Ximis1 atmocdepu

ATtmocdepa — 1e razoBa 000JOHKAa 3eMii. 1i Maca CTAHOBHTH OIM3BKO
5,9-101onn, T06TO BOHA € Haiiermor cepex ycix reocep 3emii. Inoai BoHa
Harajaye Imap pikoi BOAM, [0 MOKPUBAE y BUTJISAI MOPIB 1 OKEaHIB TPH YBEPTI
3eMHO1 MoBepxHi. | Ik yMOBH XHUTTs B ITHOMHAX OKEAaHY pa3iove BIIPI3HIIOTHCA
BiJl YMOB MPOKUBAHHS OOJIM3Y TOBEPXHI BOJH, TaK 1 YMOBHU Ha JIHI MIOBITPSHOTO
OKEaHy, B SIKOMY JKHBE JIFOJCTBO, BIIPI3HSIOTHCS BIJ] TUX, 110 ICHYIOTh HA BEPXHIX
napax 3eMHOi atMochepu.

Atmochepa € HaWMEHIIMM 3 TeoJjoriyHux pesepByapiB 3emuii. Came
oOMeXeH1 po3Mipu poOJIATh aTMocepy TakOoK YyTTEBOIO A0 3a0pyaHEHHS.
BHeceHHS HaBITh HEBEJIMKUX KUTBKOCTEH pEYOBUHU MOYKE MPU3BECTH JI0 3HAUHUX
3MiH B (I3MKO-XIMIYHHMX TpoLiecax, 10 B Hii BiIOyBaroTbcs. B mopiBHSHHI 3
IHIIMMH 3€MHMMH OOOJIOHKaMHM aTMoc(epa Mae psll BIACTUBHUX TIIbKH 1
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OCOOJIUBOCTEH — BUCOKY PYXOMICHb, MIHIUBICMb il KOMNOHEHMIB, CBOEPIOHICD
Qi3uKo-XiMiyHUX npoyecia.

B atmocdepi, sika siBiisse co0010 CyMill ra3iB, /i€ 3aKOH MapIialbHOTO THCKY
JlanpTOoHa. AT™MOChEpa Mae mapyBaTy OyIOBY 1 CKIaa€ThCS 3 T’ IThOX OCHOBHHUX
mapiB: Tpomochepa, crpatocdepa, meszochepa, Tepmocdepa, exzochepa, Mix
SKHUMH PO3TAIIOBYIOTHCS MEPEXiHI mapu — «nay3uy. Po3nonin macu arMmocdepu:

0—5xm—50%;
0—10 kM —75%;
0—20 xMm — 95%;
0 — 80 km —99%
B 0cHOBY YMOBHOTO MOALTY MOKJIAJACHO 3MIHY TeMIIEpaTypH MOBITPSI.

Y cdepax 3MIHIOETbCS KUIBKICTH MOBITpsl 1 Horo Temmeparypa. OO6riacti
MIHIMyMY 1 MAKCUMYMY TeMIIepaTyp — L€ «Iay3m», a MPOMiXHI 001acTi — 11e cepHu.
Tak, Tpomomay3a BiaUIie Tponocdepy BiI cTpaTocdepu; crpaTomay3a —
ctpaTocdepy Bij Me3ochepH 1 T. 1.

Tponocdepa — HAMOUTBII MUIBHUNA AP MOBITPS, 110 NPUIATAE J0 3€MHOI
MOBEpXHi, MICTUTh 75-80 % macu atmocdepu ta 95 % BOJsSIHOT MapH, sika MICTUTHCS
B atMocdepi. [IpoTsKHICTS 11 110 BUCOTI B CEpPeAHIX MIUPOTaX CTaHOBUTH 10-12 kM
HaJ piBHEM MOps, Ha noitocax 7-10 kM, Haj ekBatopom 16-18 km. Temneparypa B
Tponocdepi 3 BucoToro Ha koxkH1 100 M 3MenIyerbest Ha 0,6°C 1 KOIMBA€ETHCS Bij
+40°C no —-50°C. VY Tponocdepi 3ocepemkeno Ouibiie 80 % yciei Macu
aTMOC(EpPHOrO0 TOBITPSl, CUJIBHO PO3BUHEHI TYypOyJEHTHICTb 1 KOHBEKIIS,
30Cepe/KeHa IEepeBaKHAa 4YacTUHA BOJSHOI Napu, XMmapu, (OpPMYIOThCA 1
atMoc(epHi (POHTH, PO3BUBAIOTHCS LMKIOHU 1 AHTUIIMKIIOHU, 1110 BU3HAYAIOThH
noroAy 1 kiiMar. Tuck MOBITpS Ha BepXHIM IpaHull Tpomochepu y 5-8 pasis
MEHIIUH, HIX Y 3eMHO1 oBepxHi. [Ipu3zeMunii map tponocdepu (1eKiibKa 1eCATKIB
METpIB) 3HAYHO BIUIMBAE HA >KUTTEMISUTHHICTH >KMBHX OpPTaHi3MiB, TOMY JIJIs
pO3B’sI3aHHS MPAKTUYHUX 3aBJaHb HEOOX1THO 3HAHHS aTMOC(EPHUX MPOIIECIB, SIKI
npoxonasTh B mpuzeMHoMy Mmapi. Ckian 1 OymoBa Tporochepu BU3HAYAETHCS
MOTPAIJITHHAM T'a31B 13 36MHOI KOPH 1 TPUCYTHICTIO KUTTS Ha 3eMH1M moBepxHi. [lei

TOHKUU 1Iap MICTUTH JIBA BaXJIMBI ra3yBaTi KOMIOHEHTHU: a30T (N2) 1 kucenb (02),
K1 CTAHOBJIATH BIANOBIIHO 78 Ta 21 % 00’eMy atmochepu. Kucenb yTBOprO€THCS B
npouect (POTOCMHTE3y POCIHMH 1, Y CBOKO YEpPry, BHUKOPUCTOBYETHCS MIKPO- 1
MaKpoOopraHizMamu Mpyu AUXaHHI , TOOIYHUM MPOLYKTOM SKOTO € BYTJIEKUCIIHUM ra3.
Kpim a3oTy 1 kucHO 110 ckjiany arMmocdepu BxoasaTh aproH (Ar — 0,93%) i
Byrnekuciuii raz (CO2 — 0,036%), a Takok y HE3HAYHUX KIIBKOCTSAX HEoH (Ne),

remii (He), meran (CHa4), xpunton (Kr), Bogenr (H2), kcenon (Xe) 1
xynopdayopsyraeBoani (XDdB) anTtponmoreHHoro moxopkeHHs. J[kepemoMm 1
HEOOXITHUM KOMIIOHEHTOM KHUTTS Ha 3€MiIl, M0 CHpUsi€, 30Kpema, MiATPUMIIL

TeMIiepaTypu ii moBepxHi, € BoasHa mapa (H20), sika HagxoauTs y Tponocq)epy
rOJIOBHUM YHHOM Yy pe3yJIbTaTi BANapOBYBaHHs BOJM 3 IOBEPXHi OkeaHy. i BMicT y
aTMoc(epl 3HAYHO 3MIHIOETHCS 3aJIEKHO BIJ TOPU POKY Ta reorpadiyHOro
noJyiokeHHs. st 5KMBUX OpraHi3MiB, IO CKJIAJIal0ThCSl B OCHOBHOMY 3 OPTaHIYHUX
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cnonyk Kapb6ony 3 I'igporenom Ta OKCUreHOM, TEPIIOPSJIHY POJb BIAITParOTh
KUceHb, 600a Ta gyenekuciuu 2as. Boga 1 Byraekucianii ra3 MaioTh BU3HAYalIbHE
3HAYEHHS I HarpiBaHHS 3€MHOI IMOBEPXHI 3aBSKH IXHIM 3JaTHOCTI MOTJIMHATU
coHAuHY paziamito. KpiM rasis, y noBitpi atMochepu MiCTIAThCS 1€ i JOMIIIKU TaK
3BaHUX AepOo30Jli8, PO3MIP YaCTOK SIKUX BiJ JEKUTHPKOX HAHOMETPIB O JEKUIBKOX
JIECATKIB MIKPOMETPIB, 10 YTBOPIOIOTHCSA MPH KOHAEHCALIl BOJASHOI Mapu 1 IO
NOTPAIUIAIOTh B aTtMocdepy 13 3eMHOi MOBEPXHI y pe3yibTaTi 1HIyCTpladbHHX
3a0pyHCHbD, BYJIKAHIYHUX BUBEP)KEHB, a TAKOXK 3 KOCMOCY.

Crparocdepa. Bume tponochepu nepedyBae cmpamocgepa NOBKHUHOIO
40 kM. TemnepaTypa noBiTps Bij Irpa”uIll Tporochepu a0 BucoTu 30 KM mocTiiiHa
(6m36K0 —50°C), OCKiNBKH HAIXOMKEHHS TeIa B aTMoc(hepy Ta HOro BUTPATH

BpPIBHOBAXXYIOThCS, @ TIOTIM IIJIBUIIYEThCS Ta HAa BUCOTI 50 KM jgocsrae +10-0°C,
0 € HACTIAKOM TOTJWHAHHSA COHSYHOI pamiamii o30HOM (cmpamonaysa). Y
ctpatocdepl MiJ BIUIMBOM KOCMIYHOTO BHUIIPOMIHIOBaHHS 1 KOPOTKOXBUJIBLOBOI
yactuau Y @-punpomiHioBaHHgd COHISI MOJIEKYJM TIOBITPS MOHIZYIOThCA, Y
pe3yibTaTli 4Or0 YTBOPIOETHCA O30H. SIK mpaBuiio B cTparochepi Oe3BITpAHUIA
npocTip. Y crpatocdepi Maiixke HEMae XMap BEPTUKAIBHOIO PO3BUTKY (KyHm4acTo-
JTOIIOBUX ).

Mesocdepa. CrpaTonaysa Biokpemintoe ctparochepy Bill meszocgepu, 10
3HAXOJMTHCS BULIE, TEMIEpaTypa 3HWKY€ETbCs 10 —80°C y BEpXHI YaCTUHI BIITKY
CIIOCTEPIraloThCs CPIOSCTI XMapH, IPUPO/IA SIKUX I11€ JTOC1 HEBioMa.

Tepmocdepa. Bume wMesochepu posramoBana mepmocghepa (abo
HoHocdepa), s AKOI XapaKTepHO Oe3nepepBHE IMIJBUIICHHS TeMIlepaTypu 31
30UTBIIICHHSIM BUCOTH, sika TipocTsaraeThes 70 800 kM. [ToBiTps B 1IbOMY I1api JaysKe
HOHI30BaHEe, IO 3YMOBIIOE HOTO HAJ3BUYANHY EJIEKTPONPOBIAHICTh, 1€ Mae
HaJ3BUYaiHE 3HAYEHHS JUJIS pajJilo3B’s13Ky (Bl loHOC(]epr BiIOYBatOThCS KOPOTKI
xBuii). Temneparypa B 1ipomy miapi migsumryetbest 10 2000°C, ane 1151 Temnepartypa
XapaKTepHU3y€e TUIbKU KIHETUYHY E€HEpriio pyXy MoJieKyJs raszis. KocMiuHi kopabiii
Ta CTaHIlli HE BITYYBAIOTh /i1 TAKOT BUCOKOI TEMIEPATypH BHACIIIOK Ay>K€ BEITUKOI
PO3PIIKEHOCTI Ta3iB. Y 1bOMY IIapi 3rOPar0Th METEOPUTH Ta MPOXOIAUTH MOJISIPHE
caiiBo. Ha Bucorti 150 kM Temnepatypa aocsarae 200-240°C, na piBHi 200 kM —
500°C, a na Bucoti 500-600 km mepepumye 1500°C. V tepmocdepi razu myxe
po3psikeHi. MoJekyau I1X pyXarTbCs 3 BEIMKOK IMIBUAKICTIO, aje PiJIKo
3yCTPIYAIOTBCA MDK COOOI0 1 TOMY HE MOXYTh BHUKJIMKATH HAaBITh HEBEJIHKOTO
HarpiBaHHs Tija, Mo TaM nepedyBae. Takuit TemmeparypHuil 3pi3 aTMochepu
0arato B 4OMy BU3HAUAETHCA XapaKTEPOM XIMIYHUX MEPETBOPEHD Y IUX 00JIACTSX.

Ex3ocdepa (chepa posciroBanHsi) — po3noBcromxkyerbess 10 3000 kwm,
ckiagaeThes 3 Hainermux aromiB (I'igporeny ta I'enmito). IlocTymoBo wmei map
nepexoauTs y 3eMHy KopoHy (10 20 000 kM) Ta B KOCMIYHUIA POCTIP.

Ha giominy 6i0 memnepamypu, ammocepHuil mMucKk HeyXuibHO
3MeHuyemocs 3 ucomoro. OcoOIMBO PI3KO BiH 3MEHUIYETHCS Y HUKHIX BUCOTAaX.
Taka 0COONMBICTh TOSICHIOETHCS CTHUCKYBaHICTIO arMmocepu Ha BIAMIHY BiX
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rigpocdepu: Ha piBHI MOPs TUCK ckiaaae 760 MM pTyTHOTO CTOBITYMKA, HA BUCOTI
100 kM p = 2,3-10 MM pT. cT., a Ha BucoTi 200 kM —p = 1,0:107° MM pr. cT.

AtMocepa € HaA3BUYAMHO CKIAJHOIO CHCTEMOIO. Ii  NpOHU3YyE
BuripoMiHioBaHHs COHII 1 YaCTKH BHUCOKOI €Heprii, siKi HUM BHUITyCKAarOThCS, a
TaKO0X KOCMIYHE BUMpOMiHIOBaHHs. L{ei moTik eHeprii poOUTh MOMITHUIN XIMIYHUN
BIUIUB Ha aTtMocdepy. KpiM Toro, miJi BIUIMBOM 3€MHOTO TSDKIHHS OUIBII BaXkKi
aTOMHU 1 MOJIEKYJIH OITyCKalOThCSl B HIDKHIO YaCTUHY aTMOc(epu, a y BepXHId i
YaCTHUHI 3aJTUIIAI0THCS OUTBII JIETKL. Y pe3yJbTaTl CKIA0 ammocgepu 8UsABIAEMbCA
HENnoCMIiUHUM.

Cxkman atMocdepu B IPU3EMHOMY IIapi, HAMPUKIIAJ, CKJIAJl CYXOTO IMOBITPS
no0JIM3y piBHS MOPSI Ma€ TakKi XapaKTePUCTUKU: TPUOIU3HO 99% BChOro CKIamy
MPUIAJAE HA YaCTKY JIBOXaTOMHHX ra3iB a30Ty 1 KUCHIO, a BCE 1HINE, 3@ BUHATKOM
BYIJICKUCIIOTO Ta3y, — Ha 4acTKy oJHoaTOMHHX rasiB (Tabi. 4.1). Ha Bucori 110-
120 kM KHCEHBb MailKe BECh CTA€ ATOMAPHUM.

Ilepenbauaerncs, mo Buie 400-500 kM 1 a30T mepedyBae B aTOMapHOMY
ctaHi. KucHeBo-a30THUl ckian 30epiraeTbest mpuodanu3Ho 10 BucoTu 400-600 kM.
Buie 600 km y atMoc(epl NoYMHaE nepeBa)kaT reii npudiausHo 10 Bucotu 1600
kM, a Buiie 2000-3000 kM nepeBakae BOJACHbD.

Tabmnis 4.1
Cknaz moBITPS B IPU3EMHOMY IIapi
Konuentpauis,
KommoHeHT Bmict y % (Moabuux) [MossipHa maca mr/m3
Asor, N 78,04 D8,013 P76300
Kucenn, O 00,048 51,998 299300
Apromn, Ar 0,934 09,948 16550
Kap6on(IV) okenr, CO2 0,033 44,009 P91
Heon, Ne 0,001818 00,183 16,2
[e.iii, He 0,000524 4,003 0,9
Meran, CHq 0,0002 16,043 .7
Kpunron, Kr 0,000114 83,800 -
Bojens, Ha 0,00005 D.0159 0,045
Hirporen(l) okenx, N2O  0,00005 44,013 0,98
Kcenon, Xe 0,0000087 131,300 0,45

Ipumimka. O30H O3, cynbdyp(IV) okcun SOz, HiTporer(IV) okcua NO2, amoHiak
NHs, kap6ou(I1) okcua CO npucyTHI B IKOCTI AOMIIIOK, 1 IX BMICT MO€e 3MiHIOBATHUCS.

Xoya Ha BEpXHIi 30HH aTMOC(epH MPpUIIaIac JUIIe HEBEINKA YaCTUHA 1i MacH,
Il BEpXHI LIApU 3HAYHOIO MIpOI0 BU3HAYAIOTh KUTTS Ha moBepxHi 3emui. Bonu
3aXUIIAI0Th HAIly IUIAHETY BiJ TMOTOKY IMPOMEHIB 1 Tpajy YacTHMHOK BHCOKHUX
eHepriil. Y pe3ynbTaTi TaKOro BIUIMBY MOJIEKYJIH 1 aTOMHU MiAAAIOThCS XIMIYHUM
nepeTBopeHHsM. [lif 7i€l0 COHAYHOTO BUMPOMIHIOBAHHSA B aTMocdepi MpoTikae
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0e3niu peakiiii, y sSkux OepyTh y4acThb a30T, KHUCEHb, 030H, OKCHJHU HITPOTEHY,
KapOOH M10KCH/I 1 Tapu BOJIH.

Wonisauis BinbyBaeTbes B ocHOBHOMY Ha BucoTi 70-80 kM. Ilpu rmpomy
Bim3HauaroTecs HeratusHi (N-, O~, CO3-, NO;-, NO3") i mosutuszi (N*, OF, O,
H") #onu. 1i #ionn yrBoprooTh pizHi komiuiekcr: NO*Ny; NO'CO,; NO™Hy;
0% (H,0).

O06’eMHI KOHIICHTpAIlii KOMIIOHEHTIB, IO TIOCTIMHO MICTATHCS B aTMocdepi,
TaK 3BaHUX «KBA3IMOCTIHHUXY, 3QTHIIAIOTHCS MPAKTHYHO HE3MIHHUMH 10 BUCOTH
100 xm. BMiCT iHIIUX KOMITOHEHTIB, «aKTHBHHX) JIOMIIIOK, ICTOTHO 3MIHIO€THCS
3aJIe’KHO BiJ IOPH POKY, TeOrpadigHOrO MOJIOKEHHS 1 BUCOTH HAJI PiIBHEM MOPSI.

3mina cknady ammocgepu 3 BUCOTOIO BUSHAYAIOMbC 080MA NPULUHAMU.

Ilo-nepwe, sona 3ymoenena ou@ysitinum nodinom: OLIBII JETKI MOJICKYIH 1
aTOMM cJlalle NpPUTITaloThCs 10 3eMil. 3a JOBrUd IMepioJ 4acy BOHU
nepeMiCTUINCS Yy BepxHi mapu arMmochepu. Haramaemo, mo Ha 1ux BHCOTax
B3araji ay>ke Majo aTomiB abo Moseky. udy3nuid moain (611bI BaXKKi — BHU3Y,
JIETTII— Haropi) 3a TPUBAJIWM MEpioj MPU3BIB O TOTrO, M0 eaeMeHT ['emiit, BMICT
AKoro B arMoc(depl Ha piBHI MoOps ayxe Manuil, Ha BucoTax Bix 500 mo 1000 km
CTa€ HAWTOJIOBHIIIUM KOMIOHEHTOM aTtMmocdepu. [emieBa «kopoHa» 3emii
npocTsaraeThes npuoau3no 10 1600 kM, a pumie 2000-3000 kM nepeBakae BOJICHb.

llo-Opyee, 3mina cknady ammocghepu 3 8UCOMOIO BUKTUKAEMBCS XIMIYHUMU
peaxyisamu nio enau8om CcoHauHoi padiayii. EdeKTpoMarHiTHe BUIIPOMIHIOBAHHS
CoHIIs 1 YaCTUHKUA BUCOKO1 €HEPTi1, sIKI BUKUIAI0ThCSI, 00MOapaytoTh aTMochepy 1
MOTJIMHAIOTHCS Hero. IlormuHanHs eHeprii Mpu3BOAUTh 0 AUCOIIAIli Ta HoH13a1il
aTOMIB 1 MOJIEKYJ1. 3aB/IIKM HEPIBHOMIPHOMY HarpiBaHHIO COHSIYHUMU POMEHSIMU
y PpI3HUX LIUPOTaX, OCOOJUBO MIK MOJSIPHUMH 1 €KBAaTOPIAJIbHUMH 30HAMH,
aTMOC(epHe TOBITPS IHTEHCUBHO ITUPKYIO€. [lupKynsiis moBiTpsi ycepemaHroe
CKJIaJ] KOMIIOHEHTIB Y HbOMY Ta CIIPHUsI€ TIEPEMIIICHHIO K BOJSHOI Mapy 3 OKEaH1B
y KOHTHHEHTAJIbHI pallOHU, TaK 1 3a0py/IHEHb Ha BEJIMKI BIJICTaHI.

TpuBanicTs nepedyBaHHs TOMIIIOK B aTMOC(eEpi, X «4ac KUTT», 3aJICKUTh
B1JT iX XIMIYHOT aKTUBHOCTI, PO3YHHHOCTI Y BO1, pO3MIpiB (17151 aepO30IiB).

PeuoBuHU, 110 MalOTh BEIUKHIN «4Yac >KUTTS», 00pe MEPEeMillyIOThCs B
atMocepi, 1 TakMM YMHOM MOKHAa OYIKyBaTHU BHUCOKY MOCTIMHICTh iX
KOHLIEHTpalii 1o BCii 3eMHIA Kymi. SKmo X y pEYOBUHHM TPHUBAIICTh
nepedyBaHHs B aTMocdepl Mayia, BUCOKAa WMOBIPHICTh ii JIOKaIbHUX BUSIBIICHD.
['a3u 3 KOpOTKMM dYacoM IMepeOyBaHHS B aTMoc(epi JIETKO MOTJIMHAIOTHCS
POCITMHAMH, TBEPJIUMHU PEUYOBUHAMH, BOJOI0. AJie HAWOIIBIIT YaCTO PHYNHOIO
HETpPUBAJIOro mnepeOyBaHHS JOMIIIOK B aTrMocdepl € MPOTIKAHHA XIMIYHUX
peakiiil. BibIIicTh YaCTUHOK, 10 YTBOPIOIOTHCS B PE3YIbTATI peaKIii, IIBUIKO
BUJIAJISIIOTHCS 3 aTMOC(hEpH 3 I0IaMHU i TOMY MarOTh «4ac KUTTs OJU3bKUH 710
TpHUBaJoCTI iepeOyBaHHS aTMoc(epHOi Bosioru. BoasHa mapa B atmocdepi, fK 1
pO3YMHEHI B HIM Ta3W ¥ aepo30Jli, XapaKTEPU3YIOThCS «4acOM KHUTTSI» B
atmMocepi Oimst 10 mi6. JlomimmkM 3 BEIMKUM «4acOM JKHTTS» MOXKYTh
HaKOIIMYIYBATUCS B BIJIHOCHO BHUCOKHX KOHIICHTpPAISX B IMOPIBHSAHHI 3 THMH,
TPUBAJICTh MepeOyBaHHS SKUX MEHIIE. AJie HaBiTh SKIIO JOMIIIKH 3 KOPOTKUM
«4acoM JKWTTS» INBHUIKO BUBOAATHCA 3 arMmocdepu, iX BHCOKA peakiliiiHa
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CIIPOMOXKHICTh MOXE MPU3BECTH JO HAKONMHYEHHS NPOJYKTIB peakiii —
BTOPUHHUX 3a0pyTHIOBAYIB.

Atmocdepa nobau3y moBepxHi 3emii, K Tporocdepa, Tak 1 crparocdepa,
MICTATh HE TIUTBKH Ta3u, a W ApiOHOAMCHEPCHI PiAKI 1 TBEpAl YACTHHKU Y
3BaXCHOMY CTaHI — aepo3oni. B aepo30isiX MICTUTBHCS OCHOBHA Maca XIMIYHHUX
IHTPETIE€HTIB, K1 BUTIAAAI0Th HAa MIOBEPXHIO 3eMJIi 3 aTMOC(HEpPHUMU OTagaMu abo
B pe3yJbTaTi MPOIECIB cequMeHTaIlli. XapaKTepHOIO BIACTUBICTIO a€pO30JIbHUX
cucteM € 1iX HecTiiikicte. CeauMeHTallisd, BUIAPOBYBaHHS, KOHJEHCAIIIS,
CJICKTPOMArHiTHI MOJisi, OPOYHIBCHKUHN PyX — Il pi3HOMaHITHI (pi3uuHi dakTopu
MOKYTb MPHU3BECTH J0 3MIH B aepoAMCIEpPCHIi cuctemi. B cBoro uepry, nposiB
KOXKHOTO 3 ITUX (paKTOPIB 3aJICKHUTH B1J] BIACTUBOCTEH CaMHX aepO30JIiB.

[ToBeniHKa aepo30J1iB B MOBITPSHOMY MOTOLl BU3HAYAETHCS KOe@iyieHmom
ougy3ii Ta weuokicmro ocaddicernts. BaxXIuBy poib y BUBEACHHI 3 aTMochepu
aepo30JIiB, 0 MAIOTh TYCTUHY IMTOMITHO OUTBIITY 3a TYCTUHY MOBITPS 1 JOCTaTHHO
BEJIMKI pO3MIpH (YACTUHKH 3 pajiycoM 20 MKM 1 OUIbIIIE) BiJIirpae rpapiTaiiiine
OC1JaHHS.

Illeuokicmo 2pasimayiiiHozo 0CIOaHHA Wa BU3HAYAETHCS
CITIIBBIJHOIIIEHHSM CHJI IPaBITALIMHOIO TSOKIHHS M aepOJWHAMIYHOTO OIOPY JJIS
JJaHOI YaCTHUHKHU. 3a BU3HAYEHOI'O CTYMEHS B’SA3KOCTI CEPEJOBHINA aepo30Ji
OC1/1al0Th 13 LIBUJKICTIO, SIKA OMUCY€EThCs piIBHSIHHAM CTOKCA:

_ 29(pn—p)7? (4.1)

9'n

JIe W3 — BEPTUKAJIbHA MIBUJIKICTh MPSIMYBAHHS YaCTUHKHU;
g — IPUCKOPEHHS CHJIU TSKIHHS,
Pn — TYCTUHA TIOBITPS;
p — T'YCTUHA YaCTUHKU;
r — pajilyCc YaCTUHKH;
1 — B SI3KICTh CEPEIOBHUILA.

J{nst aepo30J11B 3 pajilyCoOM MEHIIIE 5 MKM IpoliecaMy CEAMMEHTAIlll MOXKHA
3HexTyBaTu. Hall011b1 Aitoya TpancopMaliisi TAKUX JOMIIIOK B1JI0OYBA€EThHCS IPU
BKJIFOUCHHI 1X y TTpoIIecH XMapo- i TYMaHOYTBOPEHHS B SIKOCTI si7iep KOHIEH CaITii,
a TaKO’XX MPH MOTJMHAHHI iX OITajJjaMy B XMapax 1 IiJ] HUMH.

Cepenniii 4yac mnepeOyBaHHS KOMIIOHEHTIB B arMocdepi B yMOBax
JUHAMIYHOT pIBHOBaru MOKHa BU3HAUUTH 3 PIBHSIHHS:

T=A/Q, 4.2)
Jie T — Jac nepedyBaHHsS peuyOBUHU B aTMOCHEP], B OJUHUIIAX YaCY;
A — KITBKICTh pEYOBUHU B aTMOCGEpi, B OJUHUIISAX MaCH;
Q — mBUAKICTh HAIXO/KCHHS a00 BHUBEACHHS PEUOBHHH 3 aTMOC(hEpH, B
OJIMHUIISIX MACH Ha OJIMHHUIIIO Yacy.

Ammocgepne nosimps — e MexaHiuHa cymim Oubiie 50 pi3HUX rasiB. 3a
BMICTOM MOXHa BUIUIMTH Takli TPU OCHOBHI TPYyNHU CKJIAJAOBUX aTMOC(HEpPHOTro
TOBITPSL:

1. T'a3u, gKi BXOASTH A0 CKJIAay MOBITPS MPAKTUYHO B CTAIMX KIIBKOCTSIX —
OCHOGHI 2a31l — a30T, KUCEHb, ApTOH. 1X KilbKIiCTb € CTAIIOI.

a
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2. T'a3u, sAK1 3aBXKIM MPUCYTHI B aTMOC(epHOMY MOBITPI, aje KIIbKICTh iX
3MiHHA — BOJIsSTHA TIapa, 030H, BYTJIEKUCIINI Ta3, METaH, aMOHIaK, aepO30Ji.

3. I'a3u Ta iHII PEYOBHHHU, SKI MOXKYTh OyTH HPHUCYTHI B arMochepHOMY
MOBITPI B 3MIHHUX KUIBKOCTAX Pi3HI JOMIIIKA TMPUPOJAHOTO TMOXOMKEHHS 1
3a0pyHEHHS, 110 YTBOPIOIOTHCA B PE3yJIbTaTi BUPOOHUYOI MISTILHOCTI JIFOJUHU
(BUKUIM TPOMMCIIOBUX MIANPHEMCTB, BYJKaHIYHI BUKHJH, OKCUIU CYJIbQypy Ta
HITPOTEHY).

CyvacHuil XiMIYHUHN ckiaa aTMOochepu BCTaHOBUBCS 01u3bko 500 MIIH poKiB
ToMy Hazan. Ha cborogni XIMIYHHMNA CKJIaJ CYXOro aTMOC(EpHOTO MOBITPs
3aJIMIIAETHCS MPAKTUYHO HE3MIHHUM Ha BCIM 3eMHIN Kyl 10 BUCOT 95-100 kM. ¥V
3B’S3Ky 3 1uM, HWKHIA 100-kioMmeTpoBuit miap atMochepu Ha3UBaIOTh
ecomocgheporo. OOHoOpiOHICMb XIMIUHO20 CKIAOY 3abe3neyyempcsi IHTCHCUBHUM HOTO
nepeMillyBaHHsIM, 10 3AIMCHIOEThCS TYpPOYJICHTHUMHU pyXaMH, BIOPSIKOBAaHUMU
BePTUKAIGHUMH  pyXaMH Ta  KPYIMHO-MAacITAaOHMMH  TOPHU3OHTAILHUMU
nepeMilryBaHHSIMHU.

Ammocgeprumu onaoamu Ha3UBAIOTH BOJY B piAKoMy (morl, Mpsika) abo B
TBepJIOMY (Tpajl, CHIr, CHIrOBa KpyIa, JIbOJSIHA KPyIa, JIbOJASHUN JOI) CTaHi, 110
BUIIAJIa€ 3 XMap Ha 3eMiito. Onaau 1aroTh JHIIE T1 XMapu, eIEMEHTHU SIKUX (Kparui
BOJM W KpHUCTAIM JIbOJY) 3pOCTAIOTh 1O TaKUX PO3MIpIB, SIKI HE MOXKYTh
YTPUMYBATUCS y 3aBUCJIOMY CTaHi 1 MiJ €10 CUJIM TSKIHHS MafaloTh Ha 3eMIIIO,
JIOJIAI0YH CUJIM OTIOPY MOBITPS 1 BUCX1AHI MOTOKU. 3pOCTAHHS €JIEMEHTIB XMap MOXKe
B1IOyBaTHCSl MLUISAXOM KOHJEHcallli, cyOiiMaiii 1 KoaryJsiii Kpameib BOJIU.
BupimanbHy posib BiIIrpae KoaryJisitis.

OnHOpiAHI 32 CTPYKTYpOIO XMapH, OmajdiB Mailke He Jar0Th. 3A€OLIBIIOrO
OTaJId JTal0Th XMapH 3MIIIAHOTO TUITY, B SIKUX WJe mporec AuGy3HOT MeperoHKu
BOJISTHOT MapH BIJ] Kparesib BOAM 10 KpUCTamiB jboay. [lamaroun, Kpuctanu Jbo1y
HAIITOBXYIOTHCSI HA MOJIEKYJIM BOJASHOI MapH Ta MEPEOXOJIOHKEHHI Kparuii BOJIH,
MPUMOPOXKYIOTh iX 1 3pOCTalOTh y 00'eMi i maci. SIKIIo B HUXKHIN YacTUHI XMapu
ab0 T XMaporo TEMIEPAaTypH TUIFOCOBI, KPUCTANIM JIhOIy TaHYTh 1 BUIAJAE JIOMI,
SIKIIIO MIHYCOBI — BHIIaJIa€ CHIr abo Kpyrma.

Sk o, Tak 1 CHIT BUNIQJAI0Th JIMIIE 3 KOHBEKTUBHUX a00 (POHTAIIBHUX XMap.
3 (pOoHTATIBHUX XMap BUIMAIAIOTh 3aTsDKHI JOILI, SIKI OXOIUTIOKThH 3HAYHI IUIOIII. 3
KOHBEKTUBHUX XMap, MEPEBAKHO KyTIacTO-OMIOBUX, 1IyTh PalITOBI KOPOTKOYACHI
3nuBH. [HOA1 B TemImx a00 MICIIEBUX MOBITPSIHUX MacaxX (OpPMYIOThCS apyBati abo
IapyBaTO-Kyn4acTi XMmap, 3 sKuX 11e Mpska. Kpim onagiB 3 TOBITpsS
OC1aI0Th cidpomemeopu. poca, IaMOpo3b, 1H1MA, PIKUI HATIT.

V pi3HuX paiioHax 3emiil aTMOC(EPHI OMaId MICTATh PI13HY KIJIBKICTh XIMIYHUX
iHrpemieHTiB. Tak, HaJ MOBEPXHEIO CyX007y €Bpasii HANOUIBIT XapaKTePHUMH €
Taki iHTepBamM KOHIEHTpaUiil rojosHMX HoHiB (mr/m). SO4* (3-12); CI- (1-3);
HCO; (0,5-5); Ca** (0,5-3); Mg* (0,2-0,7); Na" (1-2); K* (0,4-1). Jlusa
armocdepHnx onaxais Hax Tuxum Ta [HAiCEKUM OKeaHaMy BOHHM aeio iHmi: SO4*
(1-5); CI (2-12); HCO3 (0,6-6); Na* (2-12); K* (0,5-1,5). Anani3 uux pe3ysbTariB
MPUBOAUTH IO BHUCHOBKY, IO HaJ TEPUTOPIEI0 CYXOMOJYy HaIol TUIAHEeTH
MEePEeBAXKAIOTh 0nadu Cyibhamuo-Kaibyicsoco ckaady. Hampukian, TpHYUHOIO
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nigpuienHs Bmicty (SO4>” i Ca?') e 36aradenHs aTMocdepu aepo30isMH
KOHTHHEHTAJILHOTO TOXOJ/DKEHHs. Jlami, 13 mpocyBaHHSM 10 OKEaHIB CKiIajd
aTMOC(EPHHUX OTA/iB 3HAYHO 3MIHIOETHCS (30KpeMa, 30UIBIIYETHCS KOHIIEHTPAIIIS
HOHIB XJIOpPY 1 HATPit0, @ SMEHIITYIOTHCS KOHIIEHTpAIlil HOHIB KaJbIIit0, CyJIb(}aTiB Ta
riapokapOOHATIB).

Kucnornicte arMocepHuUX oOmaaiB B OCHOBHOMY XapaKTEPU3YEThCS
BennunHoo pH = 5-6, xouya mpu 3HAYHOMY 3a0pyAHEHHI aTMOchepH ISsIKUMHU
npomucioBuMu Bukugamu (NO,, SO,) Bona moxke cranoButd pH = 4,5-5 (kucinoTHi
noii). Ha reputopii Ykpainu y 30H1 3MIIIaHUX JIiciB aTMOc(hepHi Onaju BUHUKAIOTh
B OKMCHOMY CEpEJIOBHII 1 MalTh JIyxe Kucily peakiiro (pH = 5,2), mo MoxHa
MOSICHUTH HASBHICTIO y BOJII OMNaJiB 3HA4YHOI KIIbKOCTI KucHio (11-14 wmr/m),
HeopraHiuaux cuibHUX KuciaoT (HCI, HoSOy) 1 BimbHOTO KapooH(IV) okenmy, sikuit
nepedyBae B piBHoBa31 3 CO, atmocdepu. CBo€r0 4eproro, nepeBaskaHHs HITPaTIB
(2,58 ™r/m) cepen HeOpraHiuHHMX CHoJiyk HiTporeHy 3yMOBIEHO OKHCHEHHSIM
aTMOC(EepHOro a30Ty BHACHIJOK €JIEKTPOPO3PAAiB y aTMocdepi Ta MiJi BIUIMBOM
€HEeprii COHAYHOTO BUIIPOMIHIOBAHHS (HITPATH HE 3’ IBJIAIOTHCS Y CKJIaJll aTMochepu
BHACJIIJIOK iX IIBUIKOTO OKMCHEHHS). AMOHIaK B omajax 3'SBIS€ThCS ITiJ BIUTUBOM
MIPOMHCIIOBUX Ta IPYHTOBHX Ta3iB.

JlaHi TIpo KOHIIEHTpaIllf0 OIOreHHMX €JIEMEHTIB, MIKPOCIEMEHTIB Ta
OpraHIYHUX CIOJIYK B aTMOC(EPHUX OMaiax 0OMEKEHI.

Omnany BUMATAOTh 3 PI3HOK 1HTCHCHBHICTIO. [HmMeHCUBHicmb — KIJIbKICTh
BOJM, IO BUIajia 3a 1XB HAa TOPU30HTAIbHY MOBEPXHIO 32 YMOBH BIJICYTHOCTI
MIPOCOYYBAHHS Ta BUIAPOBYBAHHS 1 BUMIPIOETHCS B MM/XB. 32 IHTCHCUBHICTIO OTa 1
HNOJUISAIOTh Ha crabki (MeHmie 3a 0,5 Mm/xB.), cepeoni (0,5-1,0 MM/XB.) 1 cunbhi
(6inpmie 3a 1,0 MM/XB.).

Onaay BUMIPIOIOTECS onadomipamu pi3HUX KOHCTPYKINHM Ta narosiocpaghamu
— 3aMucyBavyaMM IHTEHCHUBHOCTI JIOILY.

ATmochepHe MOBITpS HIKOJM HE OyBae aOCONIOTHO YHUCTUM. 3arajibHa
KUIBKICTh 3a0pyIHIOBaY1B, IO MOCTIHHO NepeOyBatOTh B aTMOC(EepHOMY MOBITPI
HaJ TUIAaHETOX0, CKIIafaae mpuoau3Ho 10 MITH. T, 1110 3yMOBIICHO SIK TOCIIOAAPCHKOI0
JISUTBHICTIO JIFOJAWHU, TaK 1 Tpoliecamu, 10 BIAOYBalOThCs y mpupoi. YactuHa
JOMIIIOK TiJ] BIUTMBOM CUJIM TSDKIHHS M IHIIMX (DaKTOpIB BUMAZAE HA 3EMHY
MOBEPXHIO. BUIBIIICTh XIMIYHHMX CHOJIYK 3a3HA€ CEPUO3HUX 3MIH mif i€ Y-
pamiariii, BOJOTH, 030HY 1 KHCHIO MOBITpsA. [IpoayKTH 1ux peaxiiiidf, a Takox
BUXIJIHI CIOJYKH, 5Kl O€3MOCepeIHhO BHKHUHYTI B armochepy (nepsurti
3a0pyoHI06ayi), B3aEMOMIIOTh MK CO00I0 W YTBOPIOIOTH 1HOMI M€ O1iIBIIT
TOKCHYHI 1 HeOE3MEeUHI CIIONYKH (6mopunHi 3a0pyoHI08aui).

[Tlimx BmMBOM armMochepHUX OIAJMIB, COHAYHOI pamiaiii, IepeHEeCCHHS
NOBITPSHUX Mac, B3aeMoAii 3 Tiapocdeporo i miTochepord Ta IIsNIBHOCTI
MIKpOOpTaHi3MiB aTMoc(epHe TOBITPsI MO30aBISETHCA BiJ CTOPOHHIX JIOMIIIOK.
Lleit mporiec HA3UBAKOTh camoouuweHHAM ammocgepu. IIpoTe, B NeSIKUX BUIAIKAX,
a caMe IIPU HU3BKOMY MPUPOTHOMY MOTEHITIA1 aTMOChEepH 00 CAaMOOYUIIICHHS,
B aTMOC(hepi IepeBakaroTh MPOIIECH HAKOMMMYEHHS 3a0pyAHIOIOUNX PEUYOBHUH.
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Icnye nBa BuM 3a0pyIHEHb aTMOC(epU: npupooHe ma aHmponozenHe (umyume),
KOKHE 3 SIKUX 00yMOBJIEHE BIMOBIIHUMHU JKEPEITAMHU.

Kucaorni gomi. ¥ pe3ynbrari aHTpOMOT€HHOTO 3a0pyIHEHHS aTMochepu
OKcUIaMu CynbQypy 1 HITPOT€HY, BiOYBA€ThCS YTBOPEHHS TYMAaHOIOMIOHUX
KpaIUuIuH CyJib(paTHOI Ta HITPATHOI KUCIOT, IO BUNAAAIOTh HA 3€MIII0 Pa3oM 3
omasamu. Lle¥ TepmiH Briepie BBiB y BKUTOK aHTIIIMCHKUHN 1HxKeHep P.Cumim y KHU31
«IToBiTpst 1 JomIl: MOYATOK XIMIYHOI KimiMaronoriin. Kucromuumu uasuearoms
83azcani 6yOb-sKi onaou — Oowy, CHie, MyMaH, AKWo 3HaveHHs ix pH cmanosumo
meHwe Hidie 7,0. Kucnotai momni MaroTh 3HaueHHs pH gacrime B mexax 4,1-2,1, a B
NesSKNX BUMAAKaxX HaBiTh MeHIne HiX 2,1. CmocTrepexxeHHs cBimuaTh, o me 100
pOKiB ToMy jpomioBa Bojaa Mana pH=7,0, ToOTo ocamu Oynu HEHUTpaJbHUMH.
Pexopnuo xucnotuuit pom (pH=1,7) BunaB y 1979 p. B Vimiary (CLLIA, mrar
Bipmxunis).

Bnepiie kucnoTH1 gomi 3apeectpoBani B AHrmii B 1972 poui. B Ykpaini
KHCJIOTHI Jomi yacto BumanawTb y Cymcekiil, Yepkacbkiii Ta PiBHEHCBHKiN
o0nacTsX, 7€ B TMOBITPS BUKUIAETHCS 3HAYHA KUIBKICTh OKCHIIB CyJIbPypy 1
HITpOTeHy. YKpaiHa 3a0pyJHEHa TakoXX 3a pPaxXyHOK TPaHCKOPIOHHOTO
NEPEHECEHHS IIUX OKCUAIB 3 KpaiH 3axizHoi €Bporu.

BusiBjieHO MIHJIUBICTh BUITQ/IaHHS KUCJIOTHUX OMAIB y TEIUIUN 1 XOJIOJHUMN
Nep10/Ii POKY: YACTIIIE TaKl OMa Iy CIIOCTEPIraInuch y CluyHi-0epe3Hi, 5)KOBTHI-TPY/IHI.

3aranpHa MiHepasi3ailis onajiB Ha TepUTOpii YKpaiHU KOJIMBAIACh Y MEXax
16-78 mr/aM®. 3a cepemHiM yMIiCTOM OCHOBHMX 3a0pyIHIOBaYiB aTMOC(HEPHHX
OMaJliB KOMIIOHEHTHM XIMIYHOTO CKJIaJay pPO3MNOJIUTWINCh Tak, % 3araiabHOI
MiHepaiizamii: cynbdaTtu — 38, rigpokapOonatu — 16, kaneiii — 10, HaTpiit — 9,
HITpaTH 1 XJOpUIU — 6, HITPOreH aMOHIMHMUM — 5, MarHii — 3.

[1i1 BIIMBOM KHCJIOTHUX OTIa/IiB BiIOYBA€ETHCS 3aKMCHEHHSI BOJIOMM 1 IPYHTIB,
BUMMBAHHS 3 TIPYHTY Kajil0, MAarHito, Kajibl[il0, 3MEHLIEHHIO BPOKaWHOCTI,
nerpanaaii gyopu 1 paynu. BHaciigok BUnagaHHs KUCIOTHUX JOIIB TMHYTH JIICH,
0co0MBO OYKOB1, TUCOBI Ta KEIPOBI. Y CBOIO YEPry 3aruOelb JCIB 3yMOBIIIOE
ripcbki 3cyBu Ta cemi. Y IlBeinapii BiJg KUCIOTHUX JIOLIIB THHE TPETHHA JIICIB, Y
Benukiit bpurtanii BucuxaroTh 69% O0yKOBUX 1 THCOBHUX JIICIB. BiJl KHCIOTHUX omaIiB
0COOJIMBO MOTEPIAIOTh 3aKPUTI BOJ0MMU — 03epa 1 ctaBku. Y IlIBerii B 4 Tuc. o3ep
puba MOBHICTIO 3HUKIIA.

HaykoBi moCIiDKeHHS II0J0 BIUIMBY KHCJIOTHHX JOIIIB Ta MPUYHUH iX
YTBOPEHHSI pO3MOYAIMCh HAPpHUKIHII 60-X pokiB XX CTOJITTSA, IPUUOMY OCHOBHUM
iHimiaropom Oyna IlIBerris, sika Maiixke HE Ma€e MPUPOTHUX PECYPCIB, OKPIM JIICIB 1
OMaKUTHUX O03€p, OJHUM 13 TPIOPUTETHUX HAMPSAMKIB CBOTO E€KOHOMIYHOTO
PO3BUTKY Ma€ Typu3M. BnacHux motykaux BupoOoHunTs [1IBeris He mae, Tomy OyJio
JIOBEJIEHO, 1110 OCHOBHOIO TMPUYMHOIO € TPAHCKOPJIOHHE 3a0pyAHEHHS
aTMOC(EpHOro MOBITPS I10KCUIIOM cynbdypy 13 Tepurtopii benbrii Ta Himeuunnu.
Came mBeau Oynu iHIIIIaTOpaMH HAYKOBHX JOCITIPKEHb MO BHUBUCHHIO MPUYHH
YTBOPEHHS KUCIOTHUX JOIIIB Ta HACIIAKIB UX MPOILIECIB.
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B Vkpaini 3a octanni 35 pokiB 1Io11a KUCIUX IPYHTIB 3pocia Ha 33%. Kucmi
IPYHTH noTpedyIoTh BaIllHyBaHHS, 111(0) H1ABUIILY € co0iBapTicTh
CUTBCHKOTOCTIOAAPCHKOT MPOAYKIIIi.

AHTpoOMoreHHi Jokepena 3a0pyaHeHHsT atMOchepHu PO3PI3HIIOTHCS TAKOXK 3a
MOTYKHICTIO BUKHY, @ CaM€ 3a MOTYTHICTIO, BEJTHYHUHOIO, APIOHICTIO, 32 BUCOTOIO
BUKHUJIy Ha: HU3LKI, CepeOHbol sucomu i 8UCOKI, 32 TEMIIEPATypPOI0 BUXITHUX ra3iB
Ha: Hazpimi U X0n00Hi. JIJisl MATOTOBKY BUX1THUX JaHUX JIJIS1 PO3PAXYHKY 2PAHUYUHO
oonycmumux eukuoie (I'/[B) nianpueMcTBa JJii KOKHOTO JDKepesia 3a KOXXKHUM
MOKAa3HUKOM TOTpiOHA Kiacu@ikailis HE TIIBKH JDKEpesn 3a0pyaHeHb, aje 1
kinacudikais Ta XapaKTepUCTHKa BUKHIIB, CTYIiHb BHMBUEHOCTI 1 OOJIK B
po3paxyHkax. [Ipy 1bOMYy BpaxXOBYKOTb 0peaHi308aHi, HEOP2aHi3068aHI mda
PO3NOOINEHT BUKUOU.

Opeanizosani 6uxkuou 3a3BUYail IPOBOJATHLCA 31 CTAl[iOHAPHUX JUKepel. Ix
xapaktepusye Benuka Bucota TpyO (50-100 M), a Takok 3Ha4H1 KOHIIEHTpaIlli Ta
oocsirn.  Heopeanizosani 6ukuou TPOSIBISIIOTBCS Yy BUITISAL  HAIXOKEHBb
TOKCUKAHTIB 110 aTtMochepd 3 BUPOOHWUYHMX TMPHUMIIIEHb IiANPUEMCTB.
KoHnuentpanis 1 o0car 3a0py/THIOI0YMX PEYOBHH MEHILIE, BUCOTa BUKHU]Y HEBEJIMKA.
Po3znooineni 6uxkuou 1moB’s3aHi B OCHOBHOMY 3 TPAHCIIOPTOM, a TAKOXK 3 0OPOOKOIO
CUTBCHKOTOCIIOAAPCHKUX TEPUTOPIA OTPYTOXIMIKATAMHU.

Hait6is1b11 nmomupeHi BUKUIA TPOMHUCIOBOCTI — 11€ 30J1a, MWJI, OKCUJ] ITUHKY,
CIpUMCTUH aHTIAPHA, CIPKOBOJICHBb, MEPKAIITaH, ajbJeriay, BYIJICBOJHI, CMOJIH,
OKCHUJT 1 TIOKCHUJ HITPOT€HY, aMOHIAK, 030H, OKCHJI 1 JIOKCHJ KapOOHY, TiIpOreH
bayopua, TiApOreH XJIOpWJ, HATPid cuiiiiil Giayopua, paaloakTUBHI Ta3u U
aepo30i.

I'’IK caxi 1 KIOTABH JKOPCTKO HOPMYETHCSA, 3Ba)Kal0OUM Ha BMICT
kaHueporennux ByrinesogHis (IIAB): cepennbono6osa I'JIK caxi — 0,05 mr/a’.

Bupimutu npobsieMy 3MeHIIeHHS 3a0pyAHEHHS aTMOC(EpHOro MOBITPS
MOXHa TUIBKM y TICHIM CHIBIpall TIpOMaJChKUX OpraHi3allid Ta IepHKaBHUX
3aKiaiiB, a Yy IUIAHETapHOMY O0OCs31 — JMIIe Ha OCHOBI MIDKHApOJHOTO
CHiBpOOITHUIITBA Ta CHUIBHUX 3yCWib BCiX KpaiH. Ha mizncraBi 3akoHy YkpaiHu
“ITpo 0XOpOHY HAaBKOJMIIIHBOTO MpUpoaHoro cepeaoBuina’ (1992) sci epomadsnu
Mawms Npago HA CHONCUBAHHS EKOJIO2IYHO YUCMUX NPOOYKMIE XaAp4)8aHHS,
BIHCUBAHHS O0OPOAKICHOI NUMHOI 800U ma OuxawHs wucmum nosimpsam. OnHaK
BHACIIOK JISJIBHOCTI TMPOMHUCIIOBOCTI, eKCIUTyaTarii (i3M4HO 1 MOPAaJIbHO
3acTapioro 0OJiaHAHHS, HEIOCTAaTHHOTO BIPOBAHKEHHS Y BUPOOHUIITBO
0€3BIIXOAHUX 1 MAJOBIIXOAHUX TEXHOJIOT1H, BIICYTHOCTI a00 Maioe(eKTUBHOCTI
OUYMCHUX MPUCTOCYBaHb, PI3KOTO 30LIBIIIEHHS aBTOTPAHCIIOPTY, POCTY YUCEIBHOCTI
MICBKOT'O HACeJIEHHSI Ha TJI1 HU3bKOTO PIBHS €KOJOTIYHOI TPaMOTHOCTI, a HEPIAKO 1
3JI0YMHHOI OC3BIAMOBINAIBLHOCTI 32 JOTPHUMAaHHS TITIE€HIYHUX BHUMOT J0 POOOTH
MiIPUEMCTB, 3pPOCTA€ HETAaTHBHUN aHTPOIOTCHHHWHM BIUIMB HAa HABKOJIMIIHE
MIPUPOHE CEPENOBHUINE, B TOMY YHCIHI i Ha aTMoc(epHe MOoBITPs. 3 1UX NMPUYHH B
KOKHOMY HACeJICHOMY MYHKTI IPpH IUIaHyBaHHI Oy1BHUIITBA KUTJIA 1 M1AIPUEMCTB
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Tpeba BpaxoOBYBaTH IMaHYOYl BITPH, MependavaTd oOJaIITyBaHHS CaHITapHO-
3aXMCHOI 30HU JJI KOXHOTO MiJMPUEMCTBA, 110 BUKHUIAE B aTMOc(hepy MIKiIIUBI
peuoBuHHU. LI 30HM BIIOKPEMIIIOIOTH MPOMMCIIOBI MiAMPUEMCTBA BiJl KHUTIOBHUX
OyaiBenb, B HUX 000B’SI3KOBO HACA/KYIOTHCS JIepeBa 1 3a00pOHSIOTH Oy 1IBHUILITBO
YKUTJA Ta TpUBaJe nepe0yBaHHs JTIOeH.

Temneparypa nmoBepxHi 3eMJii NIATPUMYETHCSI BHACTIAOK ICHYBaHHS OajlaHCy
MDK HAIXOJKEHHSM TEIUIOTH — BIiJl COHAYHUX IPOMEHIB, 1 OXOJIOKCHHSIM —
BHACJIJIOK BIJTOKY TeIljIa BiJ MOBEepXHi1 y arMocdepy. EHepris, sika BUXOAUTH BiJl
Comnrs, HarpiBae 3emmro. YacTuHa Terura BiXoauTh Bia 3emui y atMocdepy y
BUTJIAJIl JOBTOXBUIILOBOTO 1H(PPAUepBOHOTO BUMPOMIHIOBAaHHS. | sIkOM BCs TemioTa
Hiia y kocMoc, To TeMiepatypa 3emui 0yna 6 Ha 30 °C Huk4e, HiXK 3apas, 1 )KUTTA
Ha HIM MpakTU4YHO O 3aBMepso. AJie YacTHHA TEIJIOBHX MPOMEHIB MOTJIMHAETHCS
razamMu atrmocdepd, SKi 3aTPUMYIOTh HEOOXIJHY KUIbKICTh Teria. Tak
3a0e3MneuyeThesl OalaHC Mk EHEPTIELO, 1110 HAIXOAUTh 1 EHEPTIEIO sIKa BTPAYa€eThC,
TOOTO MIATPUMYETHCS TPUPOAHUN «IHAPHUKOBUM e(eKT». Aje MOYMHAIYM 3
MUHYJIOTO CTOJITTS BIH TIOYMB TMOPYIIyBaTUCA. 3pOCTaHHS KOHIIEHTpAIli
«IAPHUKOBHUX» ra3iB y aTMoc(epi NPU3BOIUTH 10 MOCUIIEHHS TAPHUKOBOTO €PEKTY
1, IK HACJIIJIOK, JIO IJ100aJbHOTO MOTEILIIHHS.

TeruoBuit Oananc 3emMill  XapakTepU3YeEThCs genuuuHoro Anvbedo. 1lin
BEJIIMUMHOIO  ANBOENO PO3YMIIOTh  GIOHOWIEHHSA  KIIbKOCMI  eHepeil, wo
BUNPOMIHIOEMbCA 3eMaer0 Yy KOCMOC 00 KiLIbKoCmi eHepeii, AKa Haoxooums 00
nogepxui 3emni 610 Conysi.

Benuuuna Anbbeno s 3emuti B cepenabomy ckianae =~ 30-35%. B Toii xe
yac, 171 YOpHO3€eMIB 1151 BenmunHa ckiagae 10%, a 1uist 4McToro CHIroBOTro Imapy —
90%. Lle roBOpUTH PO AMHAMIYHICTb L1€1 BETUYMHU B P13HI NEPIOJIU POKY, & TAKOXK
PO MOXJIMBICTh 3MIHU BEIMYMHH AJIbOEI0 B Yaci, B TOMY YHCII 1 ITiJT BIUIMBOM
rOCroAapChKOl JTISJIBHOCTI JIIOJWHU, HANPUKIIAJ, BHACIIOK 3aMUJICHHS MOBEPXHI
CHITOBOTO IMIapy, 3MEHIICHHS IJIOI BKPUTHX CHITOM 3eMeb TOIIIO.

[lin «nmapHUKOBUM e(EKTOM» MPUNHATO HA3UBATH MOCTYNOBE MOTETUTIHHS
KJIIMaTy 3eMJii BHACIII0K 301IbIIeHHs] B aTMocdepl mapHukoBux rasiB (CO,, CHy,
bpeonn Tomio). Y 3eMHINA aTMocdepl MapHUKOBI Ta3u AIIOTh MOIIOHO 70 CKJIa B
MapHUKY: BOHU MPOITYCKAIOTh COHAYHE CBITJIO, aJIe 3aTPUMYIOTh TEIUIOTY PO3IrpITOl
COHIIEM MOBEPXH1 3eMJI1, III0 3yMOBIIIO€ PO3ITPIBaHHS OBEPXHI MJIAHETH.

Jlo mouarky XX CTONITTS Ha KOJMBAaHHA KIIMATy Ay»e€ MaJlo BIUTMBaja
JTISUIBHICTh JIFOJIed Ha TulaHeTi. AJie B TOJAJBIIOMY CTPIMKHI PO3BUTOK
MIPOMHUCIIOBOCTI 1 CHaltOBaHHS 0OaraThOX BHUJAIB MallMBa CHPUYMHUIIO IIIBUIKE
3pocTtaHHsl BMicTy Byriiekucioro razy (CO;) y atmocdepi 3emmi. 3a octanni 140
pokiB (3 1860 mo 2000 pik) KOHIIEHTpalis BYIJIEKUCIOro ra3zy y armocdepi
30ueImtack 3 0,028 mo 0,035 Biacotka (ToO6TO Ha 26%) 1 IPOIOBKYE 3POCTATH.
[Iporuo3u cBig4aTh, 1m0 A0 cepeauHu XXI cTOmTTS HOro BMICT MOABOITHCA,
BHACIIIJIOK YOTO CepeHs Temreparypa Ha riaHeTi miaBummTbes Ha 2-4°C. Lle
MIPU3BEJE IO HEraTUBHUX HACTIIKIB - 3MIHATHCS TaKi BaXKIIUB1 (DaKTOPH, K OMAJIH,
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BITE€p, OKEAHCHKI T€Uii, a TAKOXK PO3MIPH MOJISIPHUX KproKaHUX mianok. [lorermaas
y ApKTHI 1 AHTapKTHIl TpU3BEAE N0 TAaHEHHS JbOJOBHKIB. 3a MiApaxyHKaMu
BUEHUX, MIJIBUILIEHHA TemIiepaTypu Ha 10°C BUKINYE M1BUILIIEHHS PIBHS CBITOBOTO
okeaHy Ha 5-6 metpiB. bararo nmpuGepexxHux TepuTOopiil Oyje 3aToIieHe BOJOIO,
y30epexiKs CTaHyTh OILIbII BOJIOTUMU 1 KApKUMH, a BHYTpIIIHI palioHU
KOHTHMHEHTIB CTaHyTh OUIbII CyXUMH. OUiKy€ThCS, 110 OCHOBHI KJIIMaTH4HI 30HU
3MICTATHCS Ha miBHIY Ha 400 KM, a OT)Ke JUIS ASSKUX KpaiH y MBHIYHIN MIBKYJI 1€
MOKPAIUTh XUTTEBI YMOBH, a y MIBACHHIA MIBKYJIl — MPHU3BEAC 10 3POCTaHHS
MyCTeb.

Brniepiie Ha npoGieMy MiABUIICHHS CEPEeIHBOPIYHOI TEMIIEPATypH 3BEPHYB
yBary (@paniy3pkuii Marematuk K. @yp’e y 1824 poui. Came B el mepion
M0YaI0Ch MOTEIUTIHHS €BPONEUCHKOTo KimiMary. AHrmiicekuid pizuk Jx. Tunnais
y 1869 pomi cBoiMM JOCHIIKEHHSIMH II0Ka3aB, IO JIOKCHJI KapOOHY MOXKe
eKpaHyBaTH 1H(pauyepBOHE BUIPOMIHIOBAaHHA 3eMJli MOAIOHO BOMASHIA TMapi.
Hanpukinmi XIX cromitrs, mBeacbkuit xiMik C. AppeHiyc BHUCYHYB 1I€10 PO
MOXJIMBICTh 3MIHU KJIIMaTy BHACIIIOK 301bIIIEHHS KUJIBKOCTI TETUIa, 0 HAAXOIUTh
B atMoc(epy. Kpim Toro, AppeHiyc 3BepHYB yBary Ha 30LIbIIE€HHS KOHLIEHTpaIli
JTIOKCUJ Yy KapOoHy B aTMoc(epl BHACHTIIOK TOCIOJAPCHKOT ISIIBHOCTI JIFOJIMHH.
Ines po Te, 110 30UIBIICHHS KOHIICHTpAIIT TIOKCH y KapOOHY B aTMochepi MOxKe
BIUIMBATH Ha KJIiMaT B OIK HOTO MOTEIUIIHHS HAJIEXKUTh aHTJIiCbKkoMy reosory P.
[lepnoky.

OcTaHHIM YacoM TPUBOTa 3 MPUBOAY MApPHUKOBOro €(EeKTy 3pocia, TakK sK
BUSIBUJIOCS, IIO KPIM BYTJIEKUCIOTO Ta3y, BHECOK SIKOTO Yy IMapHUKOBHMA e(eKT
ckiagae 6mM3bKo 55%, mapHUKOBUM €PEKT CIOHYKAIOTh TAKOX JESKI1 1HIII Ta3H, K1
Ha3UBAIOTh «MAJIUMH JoMilKamMu». Jlo HUX Hamexath 3akuc azory (N,O), metan
(CHy). Bogsna napa (H»O), o3on (03) Ta xnopdropByTieBoani (CFC).

Mopento «mapHUKoBOro eekTy» € KinMar Ha Benepi. ii atmocdepa Ha 98%
CKJIaJIa€ThCsl 3 BYIJICKUCIIOTO Ta3y, 1 TOMY TeMIieparypa il MOBEpPXHI CKJIajae
omm3bro S00°C.

TakuMm 4MHOM, MApHUKOBUN €(EKT — HAATO HEOE3NEYHH EKCIEPUMEHT 3
KJIIMaToM 1ianetd. Tomy y rpyasi 1997 poky Ha 3yctpiui y Kioto (Smonis),
NpUCBAYEHIN rI00anbHIN 3MIHI KJIIMaTy, AesierataMu 3 Ouib Hik 160 kpain Oyna
NPUITHATA KOHBEHIIIS, sIKa 3000B'A3y€ PO3BUHEHI KpaiHU CKOpOTUTH BUKUIU COs.
3okpema, 10 2008-2012 pokam Bukuau CO; 38-ma iHIyCTpladbHO PO3BUHEHUMU
KpaiHaMH OBUHHI OyTH ckopoueHi Ha 5% nopiBHsHO 3 1990 pokom (kpainu €C -
Ha 8%, CIIIA - Ha 7% 1 1.1.).

[HII10F0 BaXIIMBOIO IPUYUHOIO 3MIHU KJTIMATy Ha 3eMJIi € 3MEHIIICHHS IO
miciB. KoxHOI XBUJIMHHM y CBITI 3HUILYeThCs Onu3bko 21 ra miciB. OcoOnuBy
TPUBOTY BHUKIMKA€ iX 3MeHIIeHHS y Adpuui, A3ii 1 ocobmuBo y IliBaenHin
Amepulii, Jie 30cepekeHo 0u3bko 55% ix 3aranbHOi KibkocTi. [IopiuHo moma
TPOIMYHUX JICiB 3MeHmryeThcss Ha 1%. Ha ceorognimuii feHb adpUKaHCHKI
TpOIiuHI Jiicu 3aiiMaroTh He Oinbine 40% iX momepeaHboi TIIoNll. 3 MOYATKY
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kojonizauii bpasunis Brpatmna 40% cBoix miciB. OCTaHHBOMY BEIMYE3HOMY
IPUPOTHOMY JIICHOMY MAaCHBY HaIIOl TUIAHETH, PO3MIIIEHOMY Y OaceitHi AMa30HKH,
akuil BUpoOisie 0mu3bko 50% KHUCHIO, SIKMH MPOAYKYETbCS POCIMHHUM CBITOM
3emuti, 1 morauHae 25% BYTJIEKUCIIOTO Ta3y, IKH MICTUTBCS B aTMOc(epi, 3arpoxye
sumeHHsA. Ha mouatok 90-X pokiB y perioHi Bxke Oyio 3HuieHo Bia 10 go 25%
JIICOBOI IUIOIII.

CyTTeBuii BIUIMB Ha 3MiHY KJIiMaTy Ha 3eMJIi MOKE 3IHCHUTH 1 301TBIIICHHS
KUTBKOCTI MUy y atMmocdepi Ta ApiOHOAMCHEPCHUX aepo30jiiB y crparocdepi.
KinpkicTh muiy 1 aepo30iiB, SIKi YTBOPIOIOTHCS B Pe3yJbTaTi TOCIOAAPCHKOI
TISTTBHOCT] JIIOJUHU, MOKHA CITIBCTAaBUTH 3 CAMUMHU 3HAYHUMH BYJIKaHIYHUMU
BUBEP>KEHHSAMH, MPHU SKUX y aTMOC(hepy MOKYTh BUHOCUTHUCH JIECATKU MIJIbHOHIB
TOH TIVITY.

Cnig ckaszaTt, 1mo B armocdepl MPOXOJATh MPOLECH, SKI € MPOTHUICKHI
«mapHUKOBOMY edekty». Lle, Hacammepen, 3anuiieHHS aTMOC(EPH Ta 3HUKEHHS 11
MPO30POCTI, 1110 MOKE CTaTU MPUUYUHOIO 3MEHIIIEHHS K1IbKOCTI eHeprii CoHIs, sika
HAJXOJUTH 70 moBepxHi 3emui. Taki mpoliecu MOXKYTh BUKIMKATH MOXOJIOIaHHS,
aXx JI0 «SIICPHOL 3UMMY, @ 3MEHIIEHHS KUTbKOCTI eHeprii CoHIld, 1110 HAAXOAUTH JI0
MOBEPXH1 3eMJIi, HETaTUBHO MO3HAYUTHCS Ha ISUTBHOCTI POCIHH, OyJie BIAMIYaTUCh
3MEHIIICHHS IHTEHCUBHOCT1 ()OTOCUHTE3Y, aX 10 JAerpanaaiii Gpiopu.

KitiMaTtruHi 3MIHA MOXYTh BIIOYBAaTHCS HE JIMILE 3aBASKH aHTPOIIOT€HHOMY
BIUTMBY JIFOJICTBA Ha CKJIaJl aTMOC(hepH, a 1 BHACTIAOK 3MIHM HUM THUIy MOBEpPXHI
3emumi. 3aMiHa JICIB KyJIbTYPHUMHU IUIAHTAUIIMH NPU3BOAMTH JO 3HWKECHHS
BUMAPOBYBAHHS 1 3017IBIIIEHHSI MPSMOI B/1a4l TEIJIa Bl MOBEPXHI 3eMJli, a OTXKe 10
3MIHM [UPKYJIALIL mapiB aTMochepH.

Kpim Toro, 110CTBO BKE CTBOPUIIO HA MOBEPXHI 3€MJIl TPOMHUCIIOBI pailoHH,
B SIKMX KOHIICHTpAIlis TEIJIOBOI €Heprii MpPU3BOJUTH IO TEIIOBOI aHoMmauii. Taki
TEIJIOB1 TUISIMHU 100p€e MOMITHI 3 KOCMOCY MiJ] 4ac TEMI0BOI 3HOMKH.

TakuM 4YMHOM, TOCTOJAPChKa MISUTBHICTD JIIOJUHU MO-PI3HOMY BILJIMBA€E Ha
KiiMatuyHil 3Miad. OfHl i1 BUIW MABHUINYIOTH TEMIEpaTypy Ha MOBEpXHI 3eMii,
BUKJIMKAIOUM MAPHUKOBUH e(eKT (BUKHAU B aTMOc(epy BYTJIEKHCIOro Ta 1HIIMX
«IMAPHUKOBHUX» Ta31B), 1HII 3HIKYIOTh 11 (BUHUIIIEHHS JIICIB, 3a0pyAHEHHS TTOBITPS
MIAJIOM Ta CaXkelo).

[Ipu oLiHIOBaHHI CTaHy HaBKOJIMIIHBOTO CEPEAOBHILA BUKOPUCTOBYIOTh TaK1

KpUTEpii:

1) epanuuno oonycmumi konyemmpayii 3abpyourosauvie. 1lum KpuTepiem
MOCIIYTOBYIOTHCSl TIPU OIIIHIOBaHHI JOMYyCTUMOI KUIBKOCTI JIF0YOi PEYOBUHU Y
CePEIOBUIII;

2) epanuuno donycmumi 003u (KUTbKICTh IIKIIJIMBOI PEYOBHUHH, s SKOT HE
BUKJIMKA€ 3TyOHOI il Ha OpraHi3M, €KOCHUCTeMy). AHami3 CHUTyalii 3a IUMHU
napamMeTpaMH J1a€ 3MOTy 3'SICyBaTH JIOMyCTUMUMN e(deKT mii;

3) epanuuno donycmumi GUKUOU PEUOB8UH 8 AaMMOC@epy, TPAHUIHO JOITYCTHMI
BUKHW/IM IIKIJJIMBUX PEUYOBUH y BOJHI 00’ €KTH. IX BCTaHOBIIOIOTH ST KOKHOTO
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JoKepena 3a0pyaHeHHs aTMoc(depu, BOJIHOTO 00'€kTa 3 METOIO OLIIHIOBaHHS HOTO
IHT€HCUBHOCTI;

4) epaHuyHO Oonycmume AHMPONO2eHHe HasawmadiceHHsi (3yMOBIICHE
JIOJICHKO0 TISTTbHICTIO HABAHTAKCHHSI Ha HABKOJUIITHE TPUPOIHE CEPEIOBHIIE,
TPUBAJINI BIUIMB SIKOTO HE MPHU3BEAC 0 3MIHU €KOCUCTEM). 3a UM KPHUTEPIEM
BCTAHOBITIOIOTH JIOITYCTUME €KOJIOTIYHE HAaBAaHTAXKCHHS Ha JTOBKIJLIA.

XKutta Ha 3emui 3anexuth Bif eHeprii CoHIA, sKa HAJAXOAWTHh Y BUTJISAIL
pI3HUX BUIIPOMiHIOBaHb. Cepell HUX MepeBa)xkaloTh MPOMEHI BUIUMOIO CBITIA, a
TaKOX JIOBFOXBWJIBOBI (iH(ppadyepBoHi, ab0 TEIIOBI) Ta KOPOTKOXBHIIBOBI
(yneTpadionerosi) npomeHi. Yierpadionerose (YO, UV) BUIPOMIHIOBAHHS Mae
HAWOUTbITy eHeprito, € (Hi310JOoriYHO AaKTUBHHUM 1 Jli€ Ha JKHMBY MaTtepilo,
BUKJIMKAIOUM HeOakaHi (i310/I0TiUHI 3MIHM y OpraHi3amax. YBech MOTIK YO
npomeHiB COHIIS, 1110 TOXOAUTH 0 3€MHO1 aTMoc(hepH, yMOBHO JUIATh HA TPU BUJIU:

UV-A (nosxwuna xBum 400-315 Hm),

UV-B (315-280);

UV-C (menme 280).

Han3BuuailHO MIKIJJIMBUMU 1 HaBiTh cMepTENbHUMHU Uil kUTTA € UV-B 1
ocoboimuBo UV-C. 3axwuirae Hac 1 Bcro Oiocdepy 3emu Bijg 3ryonoi aii YO (UV)
BUIPOMIHIOBAHHS 030HOGUIL wiap ammochepu.

O30H — anorponHa Bugo3Mina Oxcureny (Osz), YTBOPIOETbCS Y cTpaTocdepi
IpU peakilii MOJEKYJISPHOTO KHUCHIO 3 aTOMapHUM, ra3 3 pi3KUM XapaKTepHUM
3aI1aXxoM, CHJIbHHI OKHCHHK. Ma€ BeIHMKe €K0JI0r0-010JI0T19HE 3HAUYCHHS, OCKIIbLKU
aKTUBHO TIOTJIMHAE IIKIAJIWMBE YyJibTpadioysieroBe BuUMpoMiHioBaHHA CoHIIS.
Bu3nagae TeMriepaTypHUA PEKUM CTPATOCHEPH, 3aXHUIIAE BCE KUBE BiJl dKOPCTKOTO
(280 HM) BUITPOMIHIOBAHHS.

O30H08Ull wiap po3TamoBaHuil B aTMocdepi Ha BHCOTI 25-45 kM 1 €
IPUPOIHUM 3aXUCHUM Oap’€poM BiJ MPOHUKHEHHS Ha TOBEPXHIO 3eMJIi 5KOPCTKOTO
yibTpadioneToBoro BUpoMiHroBaHHS COHIIS.

Cepennst piuyHa KUIBKICTh O30HY B 030HOBOMY IIIapi CTAaHOBHUTH 0sin3bko 300
noocoHoBcekux onauuuilb ([1O). I O eionosioae wapy 030Hy, w0 00pieHIO€
0,001 cm 3a HopmanbHOT memnepamypu i MUCKY.

AJle OCTaHHIM 4YacoM O30HOBHUM IIap 3a3Ha€ pyHHyBaHb. Tak, rasu, IO
pearyoThb 3 aTOMapHUM KHCHEM CTpaToc(epH, TaKOK MOXKYTh IMEPENIKOIKATU
YTBOPEHHIO O30HY 1 OYTH BIAMOBIIaJbHUMHU 32 BUCHAXEHHS O30HOBOTO IIapy.
3HauYHMUI BHECOK B MPOLEC PYHHYBaHHS 030HY BHOCSTH JAHIIOTOBI MPOLIECH, IO
MPOTIKAIOTh 32 Y4YacTIO TIIPOKCHUIHUX paauKalliB, OKCHAIB HiTporeHy, croiyk
XJI0py 1 6pomy.

1) ia OH* paouxkanie. 1111s1x MoKy BOJIH 13 Tporiocdepu B crpaTochepy
HEIMPOCTHI, OCKUTHKH, BIATIOBITHO /10 3aKOHIB aTMOC(EPHOI JUHAMIKH, TIEPEHOC
MOBITPSHUX Mac 4epe3 Tponocdepy MpakTUYHO HE BIIOYBAETHCS, 32 BHHITKOM
MOTYXKHUX KynmdacTtux xmap. ['iapoxkcuani paaukanun OHe yTBOprotOThHCS:

a) K10 i Aiero Y O-BUMTPOMIHIOBAHHS PYHHYIOTHCS MOJICKYJIA BOJIH:
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H,O(r)+ hv = H(r)+ HO-* (1)

0) mpu B3aeMOAll MOJEKyl BOAM ab0 MeTaHy 13 30yMKEHUM aToMOM
Okcureny:

H,O+O(*D)= 2HO-
CH4+O(*D) = CHze + HO+

['apokcuaHui paauka, o YTBOPUBCS B IIUX MPOIECaX, MOXKE BCTYIUTH B
peaxiiito 3 030HOM. [Ipogykramu i€l B3aeMo/Iii € TiIponepOKCUIHUN pauKal 1
MOJIEKYyJIa KUCHIO. ['iJpOnepoKCUAHUN pauKkan MpHU B3aeMOJIi 3 aTOMapHUM
OKCUTeHOM B OCHOBHOMY CTaHI YTBOPIOE MOJIEKYJY KHCHIO 1 T1IPOKCHJIHUHN
paauKan:

HOe+ + O3=HO,* + O,
HO,* +O(’P)=HO-* + O,
O3+ OCP) = 20;

2) Misn okcuoie Himpozceny. O30HOBUI ITUKI 3a0e3I€Uy€ IIiIBUIICHHS
TeMmrepaTypu B crparocdepi ¥ 1eit MUK 3a1y4aroThesa 0arato XiMiyHUX peaKIiii;
3arajJbHUM PE3yJIbTAaTOM € PO3KJIaJaHHS 030HY. Tak, HampHUKIad, MOHOOKCH]
HITPOT€HY IPU B3a€EMOJIT 3 030HOM OKHCHIOEThCS 10 Alokcuay Hitporeny, ane
npu B3aemofii NO; 3 aromapHuM OKCUI€HOM B HE30yJ)KEHOMY CTaHI 3HOB
YTBOPIOETHCSI MOHOOKcH T HiTporeny.

O3 (r) + NO (r) =NO; (1) + Oz (1)
NO, (r) + OCP) (r) =NO (1) + O, (1)
O; (r) + OCP) (r) =2 O, (1)

3 111€1 TOC1I0BHOCTI peaKiiii BUAHO, 1110 NO 301IbIITy€ IIBUAKICTH PO3KIATY
O3s. Ximiynuii ctad NO B KiHIIEBOMY Pe3yJIbTaTl HE 3MIHIOEThCS, TOOTO BiH JII€ K
katamizarop. HeoOximuuit nist apyroi peaxuii atomapHuii OKCHUT€H MOXKe
YTBOPIOBATHUCA SIK B pe3yJIbTaTI peakiii oToaucoIialii KuCHIO Ta BOJH, 10 0YJI0
PO3IIIAHYTO BHIIIE, TAK 1 B peakilii ¢poToaucomianii giokcuay Hitporeny:

NO; + hv - NO + O

OcraHHs peaxiiis, Ha BIAMIHY BiJl peakiii (oToaucoItiaiii MoJIeKyJI KUCHIO,
ska notpedye ¢poToHiB cBiTia 3 A < 240 HM, IPOTIKAE HABITH IMiJT JIEI0 «M’SIKOTO)
yibTpadioneToBoro BUIOPOMIHIOBaHHS (Mexa aucouianii NOz BiAmoBiIae
JOBXHMH1 XBHWJI1 BUMTpoMiHIOBaHHS 400 HM), 1110 MOX€E MPOHUKATH aX JI0 MOBEPXHI
3emuti.

HeoOxigHO BiA3HAYMTH, IO HEOE3MEeKy AJii 030HOBOTO LIApy CTAHOBIIATH
okcuau HitporeHy, 110 yTBOPIOIOTHCS TIIIbKU O€31ocepenbo B cTpaTocdepi. NO
1 NOg, 110 BUKMIAIOTHCS 3 HA3eMHMX JIKepen ado yTBOPIOIOThCA B Tporocdepi,
MarOTh MaJHi Yac >KUTTS 1 HE BCTUTalOTh JOCIrTU cTpaTtocdepu. Cepen OKCUAIB
Hitporeny, siki yTBOPIOIOTBhCSI Ha TOBEpXHI 3eMiIi, HEOE3MeKy Jisi 030HOBOTO
apy CTaHOBUTH Jute remiokcu HiTporeHy (N20), y SKOTro 10CTaTHHO BETUKHIMA
4ac XKUTTS, 1 TOMY BIH 3JaTHUM TMOJ0JIATH TJI00ATBHUN 1HBEpCIHUM Oap’ep Ta
JOCATTH 30HM MaKCHUMaJIbHO1 KOHIEHTpauli o30Hy. Lleil ra3 yTBOproeTbcs B
mpoiiecax JneHiTpudikaili B IpyHTI, a TAKOXK B MpoIiecax TOPIHHS, HAIPUKJIIAT, B
aBTOMOOUTRHUX JBUTYHAX 3 KaTaJITUYHUM TiepeTBoproBadem. [Ipu B3aemomnii i3

55



30ymkeHuM aToMoM OKCUTeHY TIeMIOKCH]l HITPOTE€HY IE€pPETBOPIOETHCS Ha
MOHOOKCH/T HITPOTEHY, SIKHU JaJi 1HIIII0€ PO3KIaJaHHSI O30HY:
N,O + O(*D) = 2NO

OcTaHHIM YacoM BHBYA€THCA MHTAHHS TPO BIUIMB HA O30HOBHM IIap
aTMocepr Haa3ByKoBuX TpaHcmopTHux mitakiB (H3TJI), sxi mitatote B
ctparochepi. B mBuryHax BHYTPIIIHBOTO 3TOPaHHS PO3BUBAIOTHCS HACTUIBKU
BHCOKI TEMIEpaTypu, M0 3 aTMOC(PEPHOrO KHUCHIO 1 a30Ty YTBOPIOETHCS
HitporeH(Il) okcupa, sxuii BUKUIAETbCS B cTpaTocdepy, ICTOTHO 3HUKYIOUU
KOHIIEHTPAI[II0 030HY:

N2(r) + O2(r) = 2 NO(T)

L{s peakiiist eHAO0TEpMIYHA 1 IIBUIKICTS 11 3@ 3BUYAMHUX YMOB JIy>Ke MaJa, ajie

3a BUCOKMX TEMIIEpaTyp BOHA MPOTIKAE BXKE 3 BUMIPIOBAHOIO MIBUKICTIO, TOMY B

neuryHax H3TJI yTBoOproeThCsi 3HaAUHA KUIBKICTH MOHOOKCHUIY HITPOTEHY, SIKHM

Oyne BUKMAaTHCS B cTparochepy, € KOHIEHTpallsi o30HYy Benuka. [llupoke

Bukopuctanigd H3TJI B ycboMy CBITI MPU3BENO JO YTBOPEHHS Takoi KiibkocTi NO,

AKa 37aTHa 3HAYHO 3HU3HUTH MMOBHUM BMICT 030HY B cTpaTtocdepi, a 0coOOIUBO HAJl

palioHamu 3emi, SIK1 3HAXOAATHCS IM1]1 HAalOUTbI IHTEHCUBHUMU MAapLIPYTaMU pyXy

JITaKiB.

PyilinyBaHHS 030HY B OCHOBHOMY OOYMOBIIOIOTH crioiyku HiTporeny uepes
aHTPOIIOTEHHE 3a0pyAHEHHS aTMOC(EpH:

» sinepHi BuOyxu. Poszirpis 1o 6 000 K i mBuike oxonompkeHHs (3amep3annst NO).
1 Mt npu Bubyxy mgac Big 1 000 mo 12 000 Ton oxcuais Hitporeny (2,5x1032
MOJIEKYJ);

» Haj3BykoBi JiTaku (18 r NO nHa 1 kr manuBa). 1 muiH ToH okcuiB Hitporeny B
PIK BUKUJAIOTh IBUTYHH HaJ3BYKOBHUX JIITAKIB,;

#* BHUKOPUCTaHHS MIHEpaJbHUX HITPATHUX JOOPHUB;

» CIAJIOBAHHS NaJIUBa J1a€ A0 3 MJIH TOH OKCHIB HITPOT€HY Ha PiK.

Y ximii Ta QortoxiMii armocdepu OepyTh y4yacTb II'STh OCHOBHHUX
HiTporeHoBMIcHHX Ta3iB: N, NHj3, N,O, NO, NO,. Y xoHneHcoBaHil (a3l HITpOreH
HpUCYTHIM y dopmi #ony amowniro (NHy ¥) ta HitpatHoro iony (NOs~). Moxiusi
B3a€MO/II1 MOXHA OMUCATH TAaKOI0 CXEMOIO:

2NO + O,=2NOy;
NO; +hv=NO + O;
O+ 0,=0s;
O3 + NO =NO; + Oy;
NO; + 03 =NO; + Oy;
NO3 + N02 = N205.
[{ukn B3aemomiit Ha ocHOBI cronyk Hitporeny B Tpomocdepi TOMOBHIOETHCS
BUHUKHEHHSM HITPATHOI KUCJIOTH:
4NO, + 2H,0 + O, = 4HNO;
a00 3a peakIn€er AUCTIPONOPITIOHYBAHHS:
3N02 + H20 = 2HNO3 + NO.
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Jlesiki aBTOpW BBaXkaroTh, 110 NMPUYMHAMHU PYHHYBaHHS CTpaTtochepHOro
030HY € cTpaToc(hepHi mepaaMyTpoBl XMapH, sKi € akyMynaTopoM HiTporeny 1 ski
YTBOPIOIOTHCS MPU HUZBKUX TeMIIepaTypax.

3) dia cnonyk Xnopy. PyiiHyBaHHS O30HY 3YMOBJICHO TaKOX BIUIMBOM
gyopxnopmemanie (GbpeoHiB) (TEXHIUHA Ha3Ba IPyNH HACHYCHHUX ali)aTUUHHUX
raJIoreHOBMICHUX BYTieBOAHIB 3arainbHoi (opmyiu CFyClyy), TOTOBHUM YHHOM
CF,Cl; 1 CFCl;. Li peyoBunu Bxe Oinpiie 60 pokiB MHUPOKO BUKOPUCTOBYIOTHCS B
SKOCT1 Ta3yBaTUX XOJIOJOAr€HTIB B XOJOJIUJIBHUX YCTAaHOBKAX, MPU BUPOOHUIITBI
MIHOIJIACTY 1 Kay4yKy, Y BUTOTOBJICHHI PI3HUX MOOYTOBUX TOBAPIB B a€PO30JIbHUX
yHaKOBKax.

dpeonn ayxke 100pe 30epiraloThcsi B aTMocdepl, MOraHO PO3UYHHSIOTHCSA Y
BOJI1, HE TOPSITh, MAIOTh HU3bK1 TEMITEPATyPH KUIIIHHS, TOMY 100p€ BUTTAPOBYIOTHCS
Ha ToBiTpi. 3 Tpomocepu dYacTMHA (PEOHIB MOXKE WTH 3 BOJOIO 1, HE
T1POJII3yI0YUCh, CKYMMUYBATUCS B OKEaHl, SKWM CTAa€ CBOEPITHUM pE3EPBYyapoM
(¢peoniB. BOoHM HACTUTBKY 1HEPTHI B XIMIYHOMY BiIHOIIEHHI, [0 BaXKKO YSIBUTH COO1
SKICh MOPIBHSHO MIBUJIKI XIMIYH1 MPOIIECH, SIK1 MOKYTb BUBOJAUTH (DTOPXJIOPMETAHU
3 HIKHIX mapiB atMocdepu. Tomy TpuBaie nepeOyBaHHS MOJIEKYJ LIMX PEYOBHH B
aTMoc(epl BU3HAYAETHCA MIBUKICTIO, 3 IKOKO BOHU PO3CIIOIOTHCA B cTpartochepy 1
3a3HAIOTh TaM Jiii KOPOTKOXBHIILOBOTO YJIbTPadioieTOBOrO BUIIPOMiHIOBaHHS. Jlis
CBITJIa BHUCOKOi €HEprii 3 JOBXMHAMU XBWJIb B Jiana3zoHi Big 190 no 225HM
MPU3BOIUTH 10 GOTOMI3Y PTOPXJIOPMETAHIB, IO PO3PUBY IiJl JIi€t0 (POTOHIB CBITIIA
3B’s13KIB Mk aTromamu KapOony ta Xiopy:

CFCly_« (1) + hv = CFCl3 () + CI (1), v = 190-225 aMm.

3a num ciigye poskinananis CFClsx 1 T. 1. Po3paxyHKku MOKa3yoTb, 110
HIBUIKICTh YTBOPEHHS aTOMIB XJOPY MOBMHHA OyTH MaKCUMAaJbHOK HAa BHUCOTI
30xkm. AtomapHuii XIiop, SKUi YTBOPUBCS B pe3yibTaTi (POTONI3Y, MOXKE MIBUAKO
pearyBatu ¢ 030HOM, YTBOPIOIOYM MOJIEKYJISIPHUM KHUCEHB 1 OKCHJI XJIOPY, SIKUiA, B
CBOIO 4Yepry, MOXE pearyBaTH 3 aTOMapHUM KHCHEM, IO 3HaXOJIUThCS B
He30yKEHOMY CTaHi, B pe3yJIbTaTl YOro 3HOBY YTBOPIOETHCS aTOMAPHUHN XJIOP:

Cl(r) + O3 (1) = CIO (1) + O (1) (pyitHyBaHHS 030HY)
ClO (r) + OCP) (r) = Cl (r) + O, (1);
OOpHUB JIAHIIOTa MOXE B1IOYyBaTUCA MPU B3aEMOJIT XJIOPY 3 MOJICKYJIAaMHU BOJIHIO,
METaHy, BOJIM, T1IPOTEH MEPOKCUAY. Y MIACYMKY MaEMO CyMapHYy peakuito:
O(r) + O3(r)=20; ().

[{s mapa peaxiiiii aHajgorigyHa PeaKIlisiM 3 Y4acTIO T1IAPOKCHIHOTO PaJuKaly Ta
MOHOOKCHUY HITPOTEHY, i IPU3BOIUTH JI0 PE3YIbTYIOUOl PeaKilii — po3mamy 030HYy.
[cTOTHO, 0 MBUAKICTH PO3MALy 030HY MiJ Yac Jii CIOayK XJIOpY NMpUOIU3HO B 6
pasiB OinblIa, HIX mijg yac Ail cnoayk Hitporeny.

BaxxnmuBUM MOMEHTOM B XiMIi CTpaTOCEPHOrO 030HY Yy LHUX JIAHIFOTOBHX
peakiisix € Te, IO OJHAa MOJIeKyJa 3a0pynHIOBaya MOXKe OyTH TPHYUHOIO
pYWHYBaHHS BEJIMKOI KUTBKOCTI MOJIEKYJ 030HY. B ycix Bumaakax BigOyBa€eThCs
pereHepariist mouarkoBux dactuHok OH, NO, Cl, siki MOXyTbh po3risaTucs siK
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KaTajai3aTopu Npouecy pyrHyBaHHsS 030HY. Tak, OJJUH aTOM XJIOPY MPHU3BOJUTH
no poskiamanHa 100tuc. monekys o030HY. BBakaeTbcs, MO0 4Yac >KUTTS B
atMocepi JBOX PO3MOBCIOKCHHX XJIOPQIyOpBYIIICEBOAHIB — (peoH-11 Ta
bpeon-12 — ctanoButh 75 1 100 pokiB BiAIIOBIIHO.

BignoBigHo 10 Moupeanvcvkozco npomoxony (y 1987 pori npencraBHUKU 24
KpaiH cBiTy y MoHpeasi mianucaand yroay, e 3000B’s3aIucss CKOPOTUTH BABIU1
BUKOpHUCTaHHA (peoHiB 10 1999 poky) Ta 1HIIUX 000aMKOBUX MIHCHAPOOHUX
npomoxkonig (y 1990 poui y JIoHT0HI NpUIHATO MOMpPaBKU 10 MOHpEaIbChbKOTo
MPOTOKOMY, 32 SIKUMU NPUINHHSIETHCS BUKOPUCTAHHS (PPEOHIB, TAJIOTCHIB Ta
terpaxjopMmerany g0 2000 poky, a wMetwixiopodhopmy — 2005 poky),
GUPOOHUUMBO O030HOPYUHYIOUUX (PeoHié NpaAKmMUUHO npunuHeno. Ane,
OCKUJIbKH MIBUAKICTH TU(PY31i MOJEKYJI BiJl 3€MHO1T TOBEPXHI B cTpaTtochepy ayxe
HEBENIMKA, MOXKE€ TNPOMTH 1€ JEeKUIbKa JeCITUpIY, MPOTIroM SKUX OyJe
BiTuyBaTHUCS i ¢uryopxiaopMeTraHiB. [[pyanHOI0 MIbOMY € W TOCHUTH TPUBAIUH
4ac «KUTTS» O30HOPYHHYIOUMX Ta3iB: Il (ppeoHiB BiH cTaHOBUTH 80 pOKIB,
terpaxiopMerany — 50 pokiB, ra3iB, SKI MICTITh B CKJIaJl MOJICKYJIH aTOMHU
[aporeny, — o6mu3bko 10 pokiB. OTXe, HaBITh NPU MOBHOMY INPUITHMHEHHI
BUKOPHUCTAHHS IMX T'a3iB, iX BIUIUB III€ JOBTO Oy/ie MO3HAYaTHCS Ha KOHIIEHTPAIIii
030HYy B aTMoc(depi.

Kpim Toro, 3amina ¢ppeoHiB Ha anbTepHaTUBHI XononoareHTd R-125 (C,HFs),
R-134 (C,HsF4), R-32 (CH,F,), R-23 (CHFs3), siki He MicTATh XJ0py abo Opomy,
OPU3BOJATH JI0 HAJAMIPHUX BHUTparT KomTiB. Lli pedoBHMHH, sKI BHU3HaHI
«XO0JIOZI0ATEHTAMH-CyporaTaMu», B YOTHPU pa3u JOPOXKYi, HDK (PpeoHH 1 Ha
OJIMHHULIIO XO0JOAy crnoxuBaoTh Ha 10-20% OunblIe eneKTpoeHeprii, HixK (PpeoHw,
10 HEIOMTYCTUMO 3 €KOJIOTTYHOI TOUKHU 30py. KpiM TOr0, 111 pEeHOBHHH € OTPYHHUMMU,
MIPH PO3KJIAJIl yTBOPIOIOTH BUCOKO HEOE3MEeYH1 PEUOBUHH.

VY 1ol ke yac, psJ BUCHUX BBaXKarOTh, IO (PPEOHU, B CHITY IHEPTHOCTI LUX
CIOJIyK HE MarOTh BIHOLIEHHS IO «O30HOBUX OTBOPIB», a BOAYaIOTh MPUUUHY
X HEeOEe3MEeYHHX SBHII B MPUPOJHHUX Mporecax. Tak, B 3pa3kax JbOIY, sIKi
natytoTecss 900-piyHMM BIKOM, 3HAWAEHO (PPEOHOMOIOHI CHOJYKH, OTKE I
KOMIIOHEHTH MOXYTh MaTH MPUPOTHE MOXOKEHHS. [3 3arabHUX MipKyBaHb PO
nepeOir mporieciB B 6iocdepi, B IpUPOJIi HE YTBOPIOETHCS CIIOIYK, IO SBIISIOTH
MOTEHIIIITHY 3arpo3y pyWHyBaHHs Oiocdepu B 1iomy. Tomy, poiib GpeoHiB sk
MIPUYMHA YTBOPEHHS «030HOBUX OTBOPIBY» 3HAYHO IepeOiIbilIeHa

Jlst 30epeskeHHsT 030HOBOTO MIapy 3eMili 3allpOTIOHOBAHI HE JIUIIE NACUBHI
Memoou TOOTO 3MEHIIeHHS BHUKHUIIB (PpeoHiB, iXx 3amiHa, ane i akmusHi. J1o
aKTUBHUX METOJIIB BITHOCITH XIMIUHY Ta (Pi3uuHy J1t0 Ha cTpatochepy. XimiuHa
Jis TIOJISiTa€ Y BUKOPUCTAHHI €TaHy 1 MpOIaHy B pailoHaX YTBOPEHHS «030HOBUX
OTBOPIBY», SIKI MPHU B3a€EMOAIT 3 OKCHAAMH XJIOpPY (aKTUBHHUM XJIOpOM) OYIyTb
3B’SI3yBaTH MOro B MaJIOAKTUBHUMN XJIOPUCTUH rigporeH. Di3udHa Ais MOJISATAE B
1HIIIaLii MPOIECIB yTBOPEHHS O30HY B cTparocdepl HUISIXOM [ii Ha Hel
BUIIPOMIHIOBaHb BUCOKHX €Hepriil (1azepHe, HoHI3yroue Toilo). Taka mis Ha
ctpatocdepy copusie Qoroaucoriamii MOJEKYJd KHCHIO, 3 YTBOPEHHSIM
atoMapHoro OKcUTeHY, SIKHH € TepeayMOBOIO YTBOpeHHsA o30Hy. Lli 3axomu

58



JAI0Th 3MOTY 3MEHIIUTH PyHHYBaHHS 030HOBOTO IIapy 3eMili, a 1HO/II 1 CHPUSITH
3pOCTaHHIO KOHIIGHTpAIii CcTpaTocepHOr0 030HY, IO J03BOJUTH, B
MaiiOyTHbOMY, 30€perTu 030HOBU €KpaH.

4) Mdia cnoayx bpomy. Atom Bpomy moxioHo atomy XJIopy 3MaTHHH MPU
B3a€MO/IIi 3 0O30HOM YTBOPIOBAaTH OKCHJ Opomy 1 Moiekyiy kucHio. [Ipore Ha
BinMiHy Big xyop(Il) okcumy BrO mMoke BCTyHmUTH TaKOX B PEAKIIiIO 3 1HIIIOIO
MOJIEKYJIOIO OKCHy OpoMy a0o0 3 OKCHJIOM XJIOPY:

Br + O3=BrO + O,
BrO + BrO =2Bre + O,
BrO + ClO = Bre + Cl* + Oy

V¥ BCIiX pO3MIISIHYTHX JI0 IILOTO BUTAKAX PYWHYBAHHS 030HOBOIO IIAPy pPEaKIis
3a y4yacTio aromMapHoro OKCHUTeHy € HaWMOBLIBHIIMION, 1 ii MIBUAKICTH JIMITY€
BIJIMOBIJIHI TIpoliecu. Y pasi Aii cnoidyk bpomy mpoiiec 3HaYHO MPUCKOPIOETHCS, 1
OpoM — nomeHYiliHO HAUbINbW Hebe3neyHUll 01 030H08020 wapy. JlocaimKkeHHs
MOKa3aJiy, 1110 030HOpYHHYI0Ya 3/1aTHICTh aToMa bpomy B 10 pa3iB Bumia, Hi’k aroma
Xmopy. IIpoTe BIUIMB TakKUX CHOJIYK Ha 0O30HOBUH IIap B JaHWUW Yac MEHIIHM, HIXK
BIUIUB iHIIMX. [le MoB’s3aH0 3 MEHIIMMU KOHIIEHTpalisiMu OpoMy B cTpaTocdepi.
OCHOBHUMHU JIKepenaMu OpoMy B cTpatocdepl € OpraHiuHi CIOIYKH, 10 MAalOTh B
CBOEMY CKJIaJli OpoM, IKi BUKOPHUCTOBYIOTHCS JIJIsi TaciHHS Mokex (ranonu). L1
CIOJIyKH, SIK 1 (peoHH, CTiiiKI B Tpomocdepi, MarTh BEIUKHI Yac >XKUTTA 1,
NOTpaIIsiioud B cTpatocdepy, pO3KIAAAIOTBCS  MiJ  JI€0  KOPCTKOTO
yabTPad10JIE€TOBOTO BUIIPOMIHIOBAHHS.

SAxumu Ou He OynM NPUYMHU YTBOPEHHS «O30HOBUX OTBOPIB», LI SIBULIA
SBJIIOTH 3arpo3y ICHyBaHHIO Oiocdepu B IIJIOMY 1 JIFOACHKIN HUBLII3aIII] 30KpeMa,
TOMY BOHU NOBUHHI PO32NA0AMUCSL SIK eKOJI02IYHO Hebe3neuni npoyecu. Y pe3yJibTati
pyHHYBaHHSI 030HOBOTO IIapy J0 3eMJIi JA0CsTa€e MiABUIIEHA KUIBKICTh COHSYHOTO
BunpoMiHioBanHs UV-B, 110 BuSBIsS€ HEraTMBHUM BIUIMB SK Ha XUB1 1CTOTH
(Jiropedt, TBapUH, POCIMHHICTD), TaK 1 Ha TpeAMeTH. Hacmiaku 3aHaTO «TOHKOTO»
O30HOBOTO 1IApY:

#* 3MEHIIYEThCSA BUTPUBAIICTD PI3HUX MaTepialiB (HAIPHUKIaA, TyMH) 1 pa30M 3 TUM
— TPUBATICTh KOPUCTYBAHHS IUMH MaTepiajamMu;

TUHYTh BOJIHI OpPraHi3MHu, 1110 )KUBYTh Y BEPXHIX mIapax Boau (OEHTOC);
3HMXKYIOTBCS CLIIbCHbKOTOCIIOIAPCHKI BpOsKai Ta prOHI yJIOBH;

3HMKYETHCSl IMYyHITET HACEJICHHSI IPOTH PI3HUX 3aXBOPIOBAaHb;

30UTBIITY€THCSI MOKIJIMBICTD 3aXBOPIOBAHHS PAKOM IIKIPU 1 KATAPAKTOIO OKa (5K y
JIOJIeH, Tak 1 y TBapWH), a TAKOX KUIBKICTh 3aXBOPIOBAHb JIETEHb 1 BEPXHIX
NUXAIBHUX IUIIXIB.

Y mnoBitpsiHoMy OaceiiHi mepeOyBae 0Oarato HEOpPraHIYHUX 1 OpPraHIYHHX
CTIOJYK MPUPOIHOTO Ta aHTPOMIOTEHHOTO MOXO/KEHHS B Ta3yBaToMy 1 MapyBaTOMY
CTaH1 Ta y BUTJISA1 PIAKUX 1 TBEpAUX aepo30:iB. [IopiBHSHO 3 BMICTOM Y IPUPOTHUX
BOJIaxX KOHIIEHTpAIi XIMIYHHUX CIOJIYK, 1110 3a0pYJHIOIOTh MOBITPSI, 3HAYHO MEHIII
1 CKJIaJarTh, 32 BHHITKOM OCHOBHHMX KOMIIOHEHTIB — KHCHIO, a30Ty, aproHy,
KapOOH IiOKCHY Ta MapiB BOAU, — BEIMYMHH Ha PiBHI Mr/m> Ta Mxr/m>. Uepes Te

*o® ok ok
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BU3HAYEHHSI MIKPOJOMIIIOK TOKCUYHUX PEYOBHH Y TIOBITPI MOTPEOYE, SIK MPABUIIO,
iX MONmepeIHbOr0 KOHILIEHTPYBaHHSA, K€ B OCHOBHOMY MPOBOJAATH B MIPOIEC]
B1100pY MpoO 1JIs aHAII3Y.

BusHaueHHs1 OCHOBHHUX KOMIIOHEHTIB aTMOC(EPHOT0 MOBITPS, SIK MPaBUIIO, HE
POBOJUTHLCS, TOMY IO iX KOHIIGHTpAllisl HaJ[ MOBEPXHEI 3eMJll € MPAKTUYHO
CTaJo 1 TUIBKA MPHU 3HAYHOMY BIAJIaJieH] BIJ 3€MHOI ITOBEPXHI IOMITHO
3MEHIIY€ThCA.

Opnak y BUIAAKaX 3aMKHYTOTO MPOCTOPY, HANPUKIAL Y MPUMIIIEHHAX
MiBOJHUX YOBHIB Yy 3aHypeHOMY CTaHi a00 B armocdepi BHPOOHHYUX NEXIB,
BUHHKAE TIOTpeOa BU3HAYCHHS KUCHIO, KapOOH TIOKCHY Ta MapiB BOJIH.

Busnauntu Bci pedyoBHHH-3a0pyAHIOBadYl B atrMochepHOMYy TOBITpI abo y
MOBITPI BUPOOHUYUX MPHUMIMICHb NPAKTUYHO HEMOXKJIWBO. Y 3B’SI3KY 3 IIHUM Yy
KO’)KHOMY KOHKPETHOMY BHIAJKy HEOOXITHO BHSBUTH TOJIOBHI 3a0pyaHIOBavli,
BHUXOJISIYM 3 XapakTepy 1 KUIbKOCTI MPOMUCIIOBUX Ta 1HIIMX BUKUIIB B aTMOchepy
Ta CTyneHs iX TOKCHMYHOCTI. CIiJ TakoXX MaTW Ha yBa3l, 0 0arato XiIMIYHUX
PEYOBHUH y TOBITP1 B3a€EMOIIOTH MK COOOIO0 3 YTBOPEHHSIM HOBHUX CIONYK, K1
Oe3rnocepeHbo B atMochepy He noTparuisuii. Hanpukian, cynspyp A10KCHA, IKHI
€ MOCTINHUM KOMIIOHEHTOM BUKHJIB TEIUIOBHX €JIEKTPOCTAHIIIM, IPU B3a€EMOJIIT 3
KHCHEM TIOBITPsI Ta MapaMH BOJU YTBOPIOE aepo30Jib CYJIb(PaTHOT KUCIOTH. Sk
B110MO, HiTporeH niokcu npu KOHTAKTI 3 mapamu Boau yTBoproe HITpuTHY(III) Ta
HiTpatHy(V) kucinotu. TBepauil aepo30iib aMOHIM XJIOPHUIy YTBOPIOETHCSA MpPU
B3a€MO/IIi Ta3yBaTOro aMOHIAKY 3 XJIOPOBOJHEM TOIIO. Y TBOPEHHSI HOBUX CIIOJIYK
BHAC/IJIOK XIMIYHMX, a TaKoXX (HOTOXIMIYHUX TIPOIECIB MOXKE 3aBakaTH
KOHIIEHTPYBAHHIO Ta BU3HAUYEHHIO OKPEMHUX IHTPENIEHTIB y TMOBITPI, IO CIiA
BpPaxOBYBATH MPH BiAOOP1 MPoOM MOBITPS Ta ii MIATOTOBIII AJIsl aHATIZY.

Ilonepeonvo oyinky acpecamno2o cmany MOKCUYHUX PEUOBUH MOICHA
3pobumu Ha niocmasi ixHvboi 1emKocmi, TOOTO MaKCUMaJIbHOT KOHLIEHTpALli MmapiB
IIPU 1aHIi TeMreparypi.

Jemxkicmo L, Mr/nv® BU3HA4Yat0Th 32 GOPMYJIONO:

L=16-P-M/(273 + 1), (4.3)
ne P — Thck HacM4eHoi mapu pedyoBUHHU, MM PT.CT., ipu Temmeparypi t, °C;
M — monsipHa Maca pe4OBUHMU.

VY noBIAKOBIN JIiTepaTypl YacTO BIACYTHI JaHl PO THCK HACUYEHOI Mapu
PEUYOBHMHHM 3a PI3HUX TeMmIepaTyp. Y TakuxX BUIaJKax 3HadeHHs P, mm pT cT., 32
TeMIepaTypu t AJi PpEUOBUHU 3 TEMIIEPATYPOIO KUMIHHS tiun MOKHA OOUYUCIIUTH 32
HaOMKEHOI0 (HOPMYITOT0

p=2,763 — 0,019t + 0,024 t. (4.4)

TakuMm YUHOM, 3HawW4u memnepamypy KURIHHA PEYOBUHU, MOMNCHA
U3HAYUMU MUCK iT HacuyeHoi napu 3a 0y0b-aKoi memnepamypu nogimpsa ma it
Jemkicmo npu uin sce memnepamypi. Po3paxyHOK JIE€TKOCTI 32 €MIIIPUYHOIO
dbopmyoro (4.65) nae moxudky o +(30-40)%.
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Bumicm mokcuunux peuosun y nogimpi 6UHAYAEMbCA 3 YPAXYBAHHAM iX
epanuuno oonycmumux konyemmpayiv (I'’JIK) 1 depe3 Te mpu BUOOPI criocoOy
B1100pY IpoOu I aHaATI3y clij OpaTu A0 YBaru He TUIBKU JIETKICTh TOKCHYHOI
pevoBmaM, ane Takox il ['JIK. Hampuxman, pryth (tam = 357°C) mopiBHSHO 3
OKTHWJIOBHUM CHUPTOM (tgm = 195°C) MOXKHa BBa)xaTH MAaJOJIETKOIO PEYOBUHOIO,
OCKiNbKH ix seTkicTs mpu 20°C nopisHioe 15 i 420 mr/m® Bigmosigno. Oxnak I'JIK
IMX peyoBMH BimmosigHo cranoButh 0,0003 i 0,6 Mr/M>, i TOMy BMICT PTyTi B
noBITpl, HacuueHomy ii mapamu npu 20°C, nepesuiirye Hopmy ['/JIK B 5000 pa3is, a
OKTHJIOBOTO CIIUPTY 3a IuX yMoB — jinie B 700 pasis.

VY 3B’S3Ky 3 IIUM MPH CaHITApHO-XIMIYHOMY KOHTPOJI aspecamuuii Cmau
MOKCUYHUX OOMIUOK Y NOBIMPI OYIHIOIOMb YePE3 BITHOIIICHHS JICTKOCTI TOKCUKAHTY
pu 20°C (Lo, Mr/m) mo #oro IJIK (mr/m®) abo eeruuunoio éionocnoi nemxocmi
LxwTJ/IK.

S0 BiTHOCHA JIETKICTh peuoBUHU 3a TeMrepatypu 20°C nmxkya 3a ['IK y
10 1 OupLIe pa3iB, TO HAABHICTIO ii MapiB y MOBITP1 MOKHA HEXTYBATH 1 BUBHAYATH
BMICT TOKCUKAHTY TIIbKH B a€pO30JISIX.

Hapnaku, saxmo BigHocHa JeTkicTh Loo/[/IK mepeBuiiye rpaHudHO
JOMYCTUMY KOHIIeHTpalio y 50 1 Ouiblie pasiB, TO B MOBITPI BU3HAYAIOTH JIUIIIE
BMICT IapiB TOKCUKAHTY.

[Ipn iHmUX cmiBBIAHOMIEHHSIM Lyo/I'/IK HEoOXiqHO BH3HA4YaTH CyMapHHA
BMICT TOKCUKAHTY B IIapi Ta B a€pO30JIsIX.

TakuMm 4YHMHOM, MONEpPEeAHId PO3PAXYHOK BEJIWYMHU BIJHOCHOI JIETKOCTI
BU3HAUYBAaHOIO0 TOKCUMKaHTa Ta ii mopiBHsAHHA 3 ['JIK narote 3mory oOpaTtu
ONTUMAJIBHUM C€MOCI0 BIAOOpY NpoOM MOBITPA Uil aHaNI3y 3 BpaxyBaHHSIM
arperaTHOro CTaHy TOKCUKAHTA.
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INPAKTUYHA YACTHHA
1. TPUKJIAIN PO3B’S13YBAHHA 3AB/IAHD

Hpuknao 1. Cxinbku cM® 1 H posunny NaOH notpiGHO B3sTH, 11100 IIPUrOTYBaTH
100 cm® 0,2 1 pozunny NaOH, 11 BU3HaUEHHS KHCIOTHOCTI IIPUPOIHOT BOIH?
Po3¢’azanna. 3uaxomumo kinbkicte NaOH, mo mictutses y 100 cm® 0,2 H iioro
PO3UHHY:
9, = Cyy * Vo, = 0,2mosb/aM3 - 0,1aM3 = 0,02 MOJIb.

OCKUIBKH V2 = V1 , TO 3HaAXOAUMO 00°eM V1, sIKUil TOTPIOHO B3ATH JJISI BUSHAYCHHS
KHCIIOTHOCTI:
Y, 0,02 mosib

MOJIb
Ch1 1 FIvE
Bionoeios: notpiouo 20 cm® 1 H pozuuny NaOH.

= 0,02am3 = 20cM3.

V]_:

Ilpuxnao 2. Po3paxyBatu, CKUIBKU T TPWIOHY b TpeOa B3sITH AJi1 NPUTOTYBAHHS
2 nv® 0,01 1 poszuuny (M = 372,2 r/Momb).
Po36’azannn. 3naxonumo macy Tpusiony b 3a popmyioro:

C.o = _ m
A=y " Mr-v

3BIIKA
m = Cy*Mr-V = 0,0lmons/am3 - 372,2r/monb - 2am3 = 7,444r.
Bionogios: nyis npuroTyBaHHs TaHOTO PO3UMHY MOTPiOHO 7,444 T Tpuiony b.

Ilpuknao 3. HaBaxky pyau Macoro 1,5243 r po3unHWIA B MipHiil K001 00’ eMOoM
500 cm®. Ha tutpyBanns 10 cm® poszuuny Oyio Burpauero 17,3 cm® 0,011 po3uuny
K>Cr,07. Buznaure macoBy yactky depymy B py/i.

Po3é’azanna. Bmict ®epymy B pyAl OpU TUTPYBAaHHI PO3UYMHY METOIOM
MKBOTYBAHHS PO3PAXYEMO 3a PIBHSIHHSIM:

CH,KzCr207 .VK2Cr207 . M e, Fe .VM K. .100

WA ,% -
1000 - M, g6 'Vaﬂ.

MomnsipHa maca ekBiBasieHTa Depymy TOpIBHIOE

M 56
Mg re = —¢ = = =56 r/MOJIb-EKB.
’ n 1

Toxi W, % = 0,01-17,3-56 -500 -100 _31.87%.
1000 -1,5243 -10

Bionogios: macoBa yactka ®epymy B pyi craHoBUTH 31,87%.

Ilpuxnao 4. JIns BusHayeHHs BmicTy Kamnblio HaBaxKy muaky macow 0,5215 1
posunamn B 50 cm® 0,1018 1 posunny HCL. Ilicns 3akiHYeHHs peakiii HaaIMIIOK
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HCI Bigrurpysamu 23,7 cm® 0,1037 1 pozuuny NaOH. Po3paxyiite MacoBy 4acTKy
Kanbiro y murari.
Po3zé’azanna. JIns BusHaueHHsa BwmicTy Kambiito OyB BHUKOpUCTAaHUI METOA
3BOPOTHOTO TUTPYBAHHA. Y PO3YHHI MPOTIKAIOThH PEAKIIii:

CaO + 2HClygnn. = CaCl, + H,0,

HClyays + NaOH = NaCl + H,O.
Bwmict KamnbItito BU3HAYUMO 32 PIBHSIHHSM:
(CH JHAOJL 'VHaOJL - CH,mump. Vmump) M e,Ca -100

W, ,% =
ca 1000 -m,,,
MomnspHa maca ekBiBasieHTa KapIiito 10piBHIOE
M 40
Meca = % = = 20 1/MOJIb-CKB.

(0,1018 -50 —0,1037 - 23,7)-20-100
1000 -0,5215
Bionoeios: macoa yactka Kanpiiito y nuiari ctaHoBuTh 10,1%.

=10,1%.

Tom W, %0 =

Ilpuknao 5. Sxuit 3 ¢ppeonis — ®@-11 abo ®-152 — npencrapisie HANOUIBITY
HeOe3MeKy Il 030HOBOTO APy IJIaHETH?

Po3é’a3annn. Y BIANOBIHOCTI 3 CUCTEMOIO, pO3pOOJICHOIO crietianictaMu GpipMu
«Dupony, npu knacudikaiii ppeoHiB nuPpamMu MO3HAYAETHCS PIZHUIL MIXK
YUCJIOM, B AKOMY 3alMCaHl MaApsa nudpu, M0 O3HAYAIOTh KUIBKICTh aTOMIB
KapOomny, ['iaporeny Ta gpTopy B MosiekysipHiit popMyai pTOpXIOpBYIIICBOIHIB,
Ta JSIKUM «KOJOBHUMY YHUCIIOM, K€ MpuiHATO piBHUM 90. Hanpuxknan, ®-11 6yae
O3HayaTu, 110 B CKJIaJl CIOJNYyKH BXouTh 1 atom Kapbony, 0 atomiB ['igporeny, 1
atoM @nyopy (11+90=101). Ockineku KapObon mae BaneHTHICTh 4, B CKJaj
Mosekyau (peony @-11 MOBMHHO BXOAUTHU Takoxk 3 atomu Xiopy. Tomy
MoutekyspHa ¢popmyna ¢ppeony D-11 Bignosinae cnomyii CFCls.

Y Bumagky ¢peony @-152 wmaemo: 152+90=242, T1006TO B CKIaA
(bTOpXIOPBYTIEBOAHIB BXOAThH 2 aTromu Kapbony, 4 atromu ['igporeny, 2 atomu
Onyopy. Atomu KapOony y GTOpXIOpBYTIIEBOAHSAX 3B’sA3aHI MiXK COOOIO
OJIMHAPHUMU 3B’SI3KaMU, TOMY y (peoHi Moke OyTH TUIbKA 6 HEBYTJICLIEBUX
3B’s13K1B. Bci BakaHTHI MicIs 3aifHTI atomamu [igporeny ta dnyopy, Tomy B
1bOMy (pEOoHi He Mae aToMiB xJopy. Moro dopmyina 6yne takoro CaHsFo.

Ockinbku @peon d-152 He MICTUTH XJIOPY BIH HE CTAHOBUTH HEOE3MEKU
030HOBOMYy Mmapy. OnHak B pe3yipTaTi Woro TpaHcdopmanii B Tporocdepi
MOKJIUBE YTBOPEHHS TOKCUYHHX CITOJTYK.

Bionogios: ppeon ®-11, mo micturb 3 aTomMu XJopy B KOXKHIA MOJEKyi
npeacTaBisge OUIbILy HeOe3neKy i 030HOBOro mapy, HiK ¢peon D-152,
MOJIEKYJIH SIKOTO HE MICTITh XJIOpY.

Hpuknao 6. Maca atmocepr OLIHIOETECA BennunHo0 5101, BusHaure macy
KHCHIO B aTMocdepi MPUITYCTHUBIIH, 0 aTMocdepa CKIATa€ThCs TUTBKH 3 TaKUX
KOMIIOHEHTIB SIK a30T, KHCEHb 1 aproH, a iX 00’eéMHa KOHIICHTpAIlis BIJIOBIIA€E
3HAYCHHIO, XapaKTePHOMY IS IIPU3EMHOTO II1apy atMochepw.
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Po36’a30k: nng po3B’si3Ky 3a/adi Ha MEpIIOMY eTarli HeoOXiIHO po3paxyBaTu
CEPETHIO MOJISIPHY Macy MOBITPSI Mg

Moz = Mn2- 0Nzt Moz 0oz tMar- oar
1e Mnz, Moz, Mar — MoJIsipHa Maca a3oTy, KHCHIO 1 apToHY;

ON2, 002, Olar — 00’ €MHI YaCTKH BiAMOBIAHMX KOMIIOHEHTIB B IMOBITPI.
Mios = 28,01-0,7808+32,00-0,2095+39,95-0,00934=28,95(r/M01b).

3a BizoM010 Macoro atMochepu m(T) i cepeTHHOIO MOJIIPHOIO MacOO IOBITPS
Mios (T/MOJTB) BU3HAUMMO 3arajibHy KIJIBKICTh MOJIb TIOBITPS B aTMOC]EPI Nyos:

Nos= M/Miog;
Nuos = 5-101°-10%/28,95 = 1,7-10?°(mob),
ne 10° — xoe(imieHT mepeBoLy TOHHU B IPaMH.

OcCKUIbKY MOJIBHI 1 00’ €MHI YaCTKHU ra3iB B CyMillll piBHI MK CO0010, MOXKHA
3HAWTH KUIBKICTh MOJIb 1 Macy KUCHIO B aTMocdepi:

No2 = Nuos."0lo2=1,7-10%°:0,2095=3,6-10*°(mo15).
Moy= noz‘M02:3,6' 1019‘32:1 ,15 : IOZl(F).

Bionogios: maca xucHio B atmocdepi gopisaioe 1,15-101(r).

2. 3AIIMTAHHSA IJ1s1 CAMOIIEPEBIPKHA

1. IIpenmMer aHamiTUYHOL XiMii, KJlacu(ikallis BUIIB aHAJI3Y.

2. Knacudikarriss METO/IIB aHAI3y.

3. AHanITUYHUA CUTHAT B SIKICHOMY 1 KUIbKICHOMY aHai3i. XOJIOCTUM JOCII/I.
BusnaueHHs1 BMICTY KOMITOHEHTA 32 BETUYMHOIO aHAIITUYHOTO CUTHAITY.

4. XapaKTepUCTUKH METOJIB aHaJi3y: YyTJIMBICTh, TOYHICTh, MEXa BHU3HAUCHHS,
Jiarma3oH BUMIPIOBAHUX KOHIIEHTpPAITIH.

5. Merta sikicHoro aHami3y. «MOKpHil» 1 «CyxXui» Crocid MpOBENECHHs SKICHUX
peakiiii. Bumoru no aHamiTUYHUX peakIlii, skl 3aCTOCOBYIOTHCA B SIKICHOMY
aHai3l.

6. YcyHeHHs BIUTMBY HOHIB, 110 3aBa)XKaIOTh BUABJICHHIO. MacKyBaHHS.

7. PozninenHst ocamxeHHsM. CUcTeMaTUYHUN Ta ApOOHUN aHali3. AHalITH4YHA
KkJacuikanis KaTioHIB 1 aHIOHIB. ['pynoBi peareHTH. AHAJIITUYHI TPYIIH.

8. OcHOBHI eTanu aHaJi3y Oy/1b-IKOr0 NPUPOJHOTO 00’ €KTAa.

9. OxapaktepusyiTe HalBaXxJMBIII CTaali aHAJITUYHOrO TMpolecy — BIIOIp 1
M1JITOTOBKA MPOOH.

10.I'0710BHI NPUHIMUIMK, SKI CIIJI BpaXOBYBaTU MpU BiAOOpI Mpod 3 OyIab-IKOro
00’ €KTY IPUPOTHOTO CEPEAOBHIIIA.

11.Koncepgariis npo6. HalimommpeHiiii KOHCEPBaHTH.

12.I1opiBHsAKTE METOAM JIJIsl BUALIEHHS 3aBUCEN Y OCIII)KYBaHUX PO3UMHAX.

13. AHOMaUNBHI (hi3UYHI BIACTHBOCTI BOJH.
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14. AsomaspH1 010JI0T14H1 BJIACTUBOCTI BOJIH.

15.Posp BOaM B KATTENISIIIBHOCTI JIFOANHH.

16.Ha3BiTh roJ0BHI HOHH, IO 3yMOBIIIOIOTH MiHEpai3alliio BOIM.

17.Knacudixkaris mpupogaux Box 3a O.A. AJIEKiHUM

18.T'impoximiunamii iHAEKC 3abpyanenHs Boau (I3B), i#oro po3paxyHoOk Ta
XapaKTePUCTKa BOJI 32 IIUM 1HJEKCOM.

19.InTerpanbHi Ta IHAUBIAyadbHI TOKa3HUKU SKOCTI1 BOJIH.

20.I"0510BHI TOKA3HUKHU IKOCTI BOIU.

21.DaxTopu, SKi BIUIMBAIOTH HA (POPMYBaHHS CKJIaay IIPUPOJTHHUX BOJI.

22.0OCHOBHI HOPMATHUBH1 JJOKYMEHTH SIKOCTI MMIUTHUX BOJI, IO JIIFOTh B YKpaiHi.

23.Posmudpyiite nousarts I'JIK ta JI/]so.

24 . XiMIYHUM CKJIa]] TOBEPXHEBUX BOJI.

25.BkaxiTh 3araibpHi Ta CyMapHi MOKa3HUKHU BMICTY MPUPOJHUX Ta aHTPOIIOTC€HHHUX
KOMIIOHEHTIB, 10 3aCTOCOBYIOTHCS MPHU CIIOCTEPEKEHHIX 3a 3a0pyIHEHHSIM 1
CTaHOM BOJIHUX CHCTEM

26.111o Take «KHCIIOTHI OIMaIM» Ta YAM BOHU 3yMOBJICHI?

27.1lix3emMH1 BOIH.

28.MopchKi Ta OKEaHCHKI BOJIH.

29.11lo Take KUCIOTHICTh BOJH, MPUCYTHICTIO SIKUX CIOJIYK BOHA 3yMOBJIeHA?

30.1o Take My>KHICTH BOAU, IPUCYTHICTIO SIKUX CIIOJIyK BOHA 3yMOBJICHA?

31.11lo po3yMmitoTh MiJl 3arajJbHOI0 Ta BUILHOO JIYKHICTIO BOJU?

32.51x BU3HAYalOTh Pi3HI POPMU JTY>KHOCTI?

33.XiMiuHui ckiad  mia3eMHuX Boj. OCHOBHI BIAMIHHOCTI Yy CKJIaai BiJ
MOBEPXHEBUX BOJI.

34. XiMIYHHI CKJIa]l OKEaHCHKUX BO/I.

35.XiMIUYHHM CKJIa] MOPCHKOi BOJIH.

36.Co0HICTh MOPCHKUX Ta OKEAHCHKUX BO/I.

37.OCHOBHI BUMOTH 10 SIKOCTI ITUTHUX BOJ.

38.11po6oBiadip. Buau mpoo.

39.I1opiBHsITe METOIN KOHIICHTPYBAHHSI MiKPOKOMIIOHEHTIB y BO/II.

40.Koncepgartist mpo0 BOAM.

41.PeareHTH1 METOM 3HE3aPAKEHHS BOJIU

42.OCHOBHI 0COOJIMBOCTI XJIOPY.

43.0cHOBHI (a3u IpyHTY.

44,51 XIMI4HI €IEMEHTH NIEPEBAXKAIOT y TPYHTI?

45. 5k BruMBa€ XIMIYHUN CKJIAJ] IPYHTIB Ha TPYHTOYTBOPEHHS?

46.11opiBusiiTe BmicT KapOoHy y rpyHTax 1 giTocdepi Ta BU3HAUTE PUIHHY
PO301>KHOCTI.

47. OnuiiiTh OCHOBHI MIKPOEJIEMEHTH, 1110 3yCTPI4aloThCs B IPYHTAX, iX 3HAUECHHS
JUTSI )KABJICHHS POCIIHH.

48. Ha3BiTb OCHOBHI TOPU30HTHU IPYHTOBOTO PODIIIIO.

49. Cuniwiii, AmoMiHIN Ta X CIIOIYKH Y IPYHTaXx.

50. ®epym, MaHraH Ta ix CIIOJYKH y IPYHTax.

51. Kanbuiit, Marniii Ta iX Croiayku y IpyHTax.

52. Kamiii, Hatpiii Ta iX cnoyiyku y IpyHTax.
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53. Kap6on, HiTporen Ta ix CroJiyku y rpyHTax.

54. Cynbdyp, Pocdop Ta iX CroNyKd y IpyHTaX.

55. Tunu 3B’3KiB y TBepii dazi IPyHTY

56. Oco6MBOCTI Ta MiAPO3ALT TBEPA0i a3 IPYHTY 3a MIHEPATIOTIYHUM CKIIAZIOM.

57. OpraniuHa peuoBUHA IPYHTY.

58. Oprano-miHepanbHi KOMIUIEKCH.

59. Kareropii (hpopmu) IpyHTOBOI BOAU

60. KinpkicHuii BMICT piaKoi (pa3u rpyHTIB.

61. [ToHATTS TIPO TIrPOCKONIYHICTh, MAKCUMAJIbHY TITPOCKOMIYHICTh, KANUIAPHY U
MaKCUMaJIbHY MOJICKYJIIPHY BOJIOTOEMHICTb I'PYHTIB.

62. KanisisapHi BIaCTUBOCTI IPYHTIB

63. [IpupoaHa BOJIOTICTH Ta 11 BIIMB HAa BJIACTUBOCTI IPYHTIB.

64. I[ToHsaTTs IpO BaroBy, 00’ €MHY Ta BITHOCHY BOJIOTICTh IPYHTIB.

65. XimMiuHMIi CKJIaJ IPYHTOBOTO PO3YHHY.

66. Peakiisi IpyHTOBOTO pO3UHHY.

67. XimiuHui ckiag ra3oBoi gasu rpyHTy. CKila 1 CTaH rasiB y rpyHTax.

68. KisibKkicHUI BMICT ra30oBoi (ha3u IPyHTIB.

69. ®i131uHI BIACTUBOCTI I'PYHTIB. BU3HAUEHHS IIIIBHOCTI IPYHTIB.

70. ®1314HI BIaCTUBOCTI I'PYHTIB. BUBHAUEHHS MOPUCTOCTI IPYHTIB.

71. 'panyIOMETPUYHUI CKJIaJ IPYHTIB.

72. Metoau BU3HAUYEHHS I'PaHyJIOMETPUYHOTO CKJIaay AUCIIEPCHUX IPYHTIB.

73. BuzHaueHHs! BOJOMIIIHOCTI IPYHTIB.

74. [IpOHUKHICTb IPYHTIB.

75. BusHnaueHHs 3CiJIaHHS [PYHTIB

76. [11aCTUYHICTB TPYHTIB.

77. HaGpsikaHHS TPYHTIB.

78. AncopOiriiini (MOrIMHAIBH1) BIACTUBOCTI IPYHTIB.

79. KarioHooOMiHHA 3AaTHICTh IPYHTIB

80. XapakTepucTrka rpyHTOBO-IIOTJIMHAIOYOTO KOMIUIEKCY.

81. OcHOBHI eTamnu aHami3y IPYyHTIB.

82. OcHOBHI 3aKOHOMIPHOCTI HOHHOTO OOMiHY I'PYHTIB Ta JOHHUX BiJIKJIaIiB.

83. Ha3BiTh 1 0XapakTepusyiTe OCHOBHI cepu atMochepu.

84. Ha3BiTh OCHOBHI KOMIIOHEHTH TpomochepHu.

85. SIx 3MIHIOETHCSI BMICT OCHOBHUX KOMIIOHEHTIB aTMOC(EPH 3 BUCOTOIO?

86. VY skiil cdepi HaOUTBIIE 30CEPEKEHO aTMOC(EPHOTO MOBITPS?

87. Ha3BiTh AiIsIHKY, SIK1 BIIOKPEMITIOIOTH cepu B aTMmocdepi.

88. Oxapaxrepu3yiiTe ckiaa MOBITPS B MIPU3EMHOMY IIapi aTMOC(EPH.

89. Ha3BiTh OCHOBHI 1OHH, 5IK1 YTBOPIOIOTHCS 1] 4ac HOHI3aIi1 B aTMocdepi.

90. Hanuiiite OCHOBHI PIBHSIHHA peakiiiil poToaucoliaiii Boau y arMmocdepi.

91. IMopiBHsiiTe (HOTOAMCOLIAIIIO KUCHIO Ta a30TY.

92. Hanuuite peakiiii 1MCOIaTUBHOI peKOMOIHAIT 1St aTMOC(hEpHUX HOHIB.

93. 300pa3iTh 3a AOMOMOTOIO0 PIBHSHb XIMIYHHMX PEAaKIlii y3araJbHEHUHN MPOIIEC
[UKJTIYHOTO BUHUKHEHHS 1 pO3KJIaJJaHHS O30HY.
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94. Ha3BiTh OCHOBHI JDKepella yTBOPEHHS 1 CTOKY TiAPOKCHUAHOTO 1
T1APONEPOKCUIHOTO PAJIUKaAJIiB B aTMOChepl.

95. o Bu moxerte ckazaTu mpo 1000BI Ta CE30HHI 3MIHH O30HY B aTMocdepi.
[IpoananizyiiTe NPUYMHU YTBOPEHHS «O30HOBUX JAUP» HaJl AHTAPKTUJIOIO.

96. OnuiiTh MexaHi3M yTBOpeHHs 030HY. L]0 Take «HyIHOBHIT» ITUKI 030HY? SKi
MPOLIECH MTPUBOAATH 10 OPYIICHHS «HYJIHOBOTO» IIUKIIY O30HY?

97. Hanumiite 3a JOMOMOTOI0 PIBHSHBb XIMIYHMX peakUid MdiI0 T1APOKCUIBHUX

paJuKaiiB Ha pyMHYBaHHS O30HY.

98. Ha3BiTh BaXJIMBHIA KaTaIi3aTOp PO3KIAAY 030HY, ONUIIIITH IIEH MpOIIeC.

99. Ha3BiTh I1’ITh OCHOBHHMX HITPOI'€HOBMICHHUX ra3iB, 1110 O€pyTh yUacTh y XiMii Ta

dotoximii atmochepu.

100. 1o take ¢peonu, ik BOHU BILUIMBAIOTH HA pyilHYBaHHA 030HY? 300pa3iTh 3a
JIOTIOMOTOI0 PIBHSHD XIMIYHUX PEAKII YTBOPEHHS CMOT1B, OXapaKTepHU3yhTe
iX.

101. Kucnotni go1ii — iX yTBOPEHHsI Ta HETaTUBHUMN BIUIMB HA IOBKIJLJIS.

102. fIxa MeTa MOHITOPUHTY aTMOC(EPHOTO NOBITPS?

103. Ha3BiTh HaCHiAKHM 3aHA/ITO «TOHKOI'0» 030HOBOTO IIapy.

104. Ha3BiTb MOKAa3HUKH, K1 XapaKTEPU3YIOTh CaHITAPHO-TIT1€EHIYHUNA CTaH
MOBITPSL.

105. Ha3BiTh pe4yoBUHM, SIKI MNPEICTABISAIOTH TITl€HIYHY HEOE3NEeKy B MOBITPI
MIPUMIIICHb

106. OxapakTepu3yiTe CTaH 030HOBOTO IIapy HaJ TEPUTOPIEI0 YKpaTHHU.

107. OCcHOBHI BUMOTH J0 aHaji3y MOBITPS.

108. 1o Take MeTKICTh, JUIS 4OTO 11 BU3HAYATH?

109. OcHOBHI 0CO0IMBOCTI BiA0OPY MPOO MOBITPSI.

110. Sxi TBepai ancopOEHTH, K1 BUKOPUCTOBYIOTH ISl aHAJII3Y MOBITPS?

111. Ha3BiTh HaiiBaxuBilIl (akTopH, AKI MOXKYTh MPU3BOAUTH A0 MOMUIIOK IiJT
yac BigOopy mpoO MOBITPS NUIAXOM acmipaiii uepe3 piAKi MOTJIWHAIbHI
cepenoBuIa abo uepe3 TpyoKHu, 3alIOBHEHI TBEPAUM aJCOPOCHTOM.

112. Ha3BiTh OCHOBH1 CITIOCOOM MIATOTOBKH MPOO MOBITPS A0 aHATI3Y.

3. 3BABJJAHHA IJ51 CAMOKOHTPOJIIO
3.1. Ximis rinpocdepun
1. Ckinbku cm® 37%-noro posunny HCI (ryctunoro 1,19 r/cm®) notpiGno B3siTH,
mo6 npuroryBatu 200 cm® 0,11 posumny HCI, mo6 npoBecTd BH3HAYECHHS
yxHocTi muTHoi Bomu? (1,7¢cm?).
2. Ckinbku cm® 2 H posunny NaOH noTpiGno B3aTH, m00 npurotyBatu 500 cm®
0,1 1 pozuuny NaOH, 11 BU3HaY€HHs KUCIOTHOCTI Npupoanoi Boau? (25 cm®)
3. Ckinbku rpamis Na,B;07-10H,0 HeoOxigHo B3aTH 1is npurorysanus 500 cm®
pPO3UKHY, 10 BUKOPUCTOBYIOTH JJIsl BU3HAYEHHsI KOHLIeHTpauii npubiusno 0,1H
po3unnHy HCI, 106 npoBecTH BU3HaUEHHS JTY>KHOCTI pupoaHoi Boau? (9,55 r).
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4. Cxinpku rpamis H,C,04-2H,0 HeoOXinHO B3sATH A mpurotyBanHs 250 cm®
PO3UKHY, 110 BAKOPUCTOBYIOTH JIJIsl BA3HAUCHHA KOHIIEHTpallii npubauzxo 0,1 1
po3unny NaOH? (1,575 1)

5. Ha turpysanns 20 cm® 0,11 posumny NaOH minwio 25 cm® poszuuny HCL
BuszHauntu MomsipHy Ta HOpMalibHy KoHIeHTparii pozunHy HCI, kinbkicTh
rpamis HCI, mo mictutscs B 1 am® nporo posuunny. (0,08 Mons/ir; 2,92 )

6. dxi 3navenns pH (7, >7, <7) matore po3umnu Takux pedoBuH: CH3;COONa,
CH3COOH, Na,COs, NH4Cl, NaCl? BkaxiTh, siki poO0o4i pPO3UMHH MOTPIOHO
BUKOPHCTOBYBAaTH T 4Yac TUTPYBaHHS O3HAUYCHHUX PO3YUHIB 32 METOAOM
HelTpami3alii, ki 1HAUKATOpH Tpeda 3aCTOCOBYBAaTH B KOXKHOMY OKPEMOMY
BUMAJKY JIJIsl BA3HAYCHHS TOUYKH €KBIBaJICHTHOCTI?

7. Ckinbku rpamiB CH3COOH MicTuThCsl y po34HHi, SIKIIO HA HOTO THUTPYBaHHS
sutpadeHo 15 cv® 0,1 1 pozunny NaOH. (0,09 r)

8. Ilpu Bu3HAYECHHI KMCIOTHOCTI CTiYHMX BOA Ha tuTpyBanHsa 100 cm® Boam (3a
denondraneinom) surpaueno 10 cm® 0,11 pozunny NaOH. Yomy mopisHIoe
KUCIOTHICTH Boau? (10 MMoIb/1)

9. Ha tutpyBanns 100 cM® mocmimKyBaHoi BOaM BUTPAuEHO 332 METHIOPAHKEM 3
cm®, a 3a Qpenondraneinom 2 cm® 0,11 posunny HCIl. BusHauuTtu BinbHY i
3arajpHy JIyKHICTh BOJIH.

10. pH Boau nopiBHIO€E 6. SIKi MOKa3HUKU SKOCTI BOJM MOYKHA BU3HAYUTH METOIOM
HeHTpai3zanii?

11.51xa maca coau (y rpamax) HeoOXiJHa JJisl YCYHEHHsI TBEPAOCTI BOJU 00’ €MOM
1000 am3, macuuenoi kanbuiii cyme(atom 3a Temmeparypu 20°C, skimo

pO3uUMHHICTB Horo pisHa 2 r/am3? (1,56 kr)

12.Yomy nopiBHIOE KapOOHAaTHA TBEPAICTh BOJM, SKILO JJIA il YCYHEHHS 0 BOJH
00’emom 20 av® nomano 3,71 r matpiit kapoonaty? (1,785 Mmons/nm?)

13..BusHaunty TBEpAICTL Boay, AKkmo y 200 cm® Bogu mictuthes 20 mr ioni Cat
i 8 mr oniB Mg?".(140 mr/nm3; 8,3 MMoss/1M3)

14.Bu3HaunTH TMMYAacOBY TBEPAICTh Boau, y 1 am® sxoi mictuthes 0,1463 T
Mg(HCO3),. (2 Mmob/m)

15.51xa maca kamnbIlii Tigpokcuy Oyje moTpioHa /it TOM SIKIIIEHHS! BOAW 00’ €MOM
1000 M*, mo6 ii kapOoHaTHA TBEpAiCTh 3MeHIImMIacs Bix T = 28 Mmons/oqm® 10
T, = 12 mmons/am®? (1 xr 184 1)

16.Ha turpysanns 0,05 am® Bogu Burpaueno 4,8 mu 0,1 u tpunony b. Yomy

JOPIBHIOE KapOOHATHA TBEPAICTh BOAU? (9,6 MMOJIb-EKB/JT)

17.9oMy mOpiBHIOE TIOCTiIiHA TBEPAICTH BOAM, SAKINO AJIs il YCYHEHHS 10 25 am>
Bosu noaaHo 21,6 r Na,CO3? (12 MMOJIb-eKB/M)

18.TBepuicth  Jedakoi  MmpoOM  BOAM  OOYMOBIIOETHCS  TIIBKM — MarHii

rigporenkapoonaroM. Ilix wac xkun’stinas 0,5 aM° BoaM B ocaj BUMano 14 mr
Mg(OH),. Yomy piBna tBepaictb Bogu? (70 mr/nm3 a6o 0,96 mmoiib/nm3)
19.Yomy nopisuroe TBepAicTb 0,003 M po3uunny MgClL,? (6,3%10-5)

20. Ha turpysanns 0,5 avm° npoOu Boau ButpaueHo 22,8 cm® 0,1 H pO3UMHY TPUIOHY

b. Yomy piBHa kapOboHaTHa TBepAICTH Boau? (4,56 MMob/IM3)
21.JIns mom’skmenns 10 am® Bomu HeoOxiguo 1,55 r Na,COs. Yomy pisHa
TBEPJICTh BOAM?
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22.01uH 11T BOIU MICTUTH 48,6 MT Kasbliii kapOoHaTy 129,6 Mr MarHii cyiabdary.
Ckinbku moss Ca** i Mg** mictutses y 1am® mpo6u Boau? YoMy piBHa 3araibHa
TBEPAICTb TaKO1 Mpodu BoAM?

23.Yomy piBna tBepaicts 0,005 pozuuny CaCl,?

24.TBepaicth aeskoi mpodbu Boau 06yMoBioeThes Timbku depym(Il) kapboraTom.
ITig gac xkun’stinas 0,25 am® Boau y ocan unanu 4 mr FeCO;. YoMy nopiBHIoe
TBEPIICTh BOAM?

25.]lna mom’sskmenns 100 av® Bogu HeoOxigHo 12,72 r Na,COs. Yomy pisHa
TBEPJIICTh BOAM?

26. IIpu BU3HAYEHHI THMYACOBOI TBEpAOCTI Ha THTPYyBaHHs: 0,1 1M BoaM BUTpayeHo
5,25 cm® 0,01 B posuuny Tpuiaony b. YoMy JOpiBHIOE THMYacoBa TBEPHIiCThH
Boau?

27. TepaicTh neskoi mMpoOW BOAW OOYMOBIIIOETHCS TUIBKH KaJbI[id HITPATOM
Ca(NOs),. IIpu 06pobui 0,25 am* mpobu Boxu HaTpili kapoonarom Na,CO; y
ocan Bunaino 37,8 Mmr CaCOj;. YoMy piBHaA TBEpAICTh BOAU?

28.Po3paxyiiTe 3araibHy TBEPIICTH PIUKOBOI BOAM, sAKIIO y 225 cM® mpobu
mictutbes 0,00392 1 FeCl,, 0,00418 T Mg(HCOs),, 0,0117 r MgCly, 0,0112 1
Ca(HCO3),, 0,0052 r CaCl,.

29.Po3paxyiiTe TUMYacoBy Ta MOCTIMHY TBEPAICTb PIYKOBOI BOAM, SIKIIO JI 1l

yCyHEeHHs 10 | am® Bou nonano 0,117 r NapCO3 ta 0,091 ¢ Ca(OH)a.

30.Bu3Hauntu TBEpAICTh BOAM, SIKIIO NI ii yCYHEHHS B 00 eMi 1 M noTpidHo 159
I HaTpii KapOoHaTy.

31.BusHaunti TBepAiCTh MiHepanbHOi Boau «Hapszam», sxmo B 00’emi 1 am’
mictuThes 0,3894 r oniB kaneiio Ta 0,0884 fioHIB MarHiro.

32.Bu3HauuTU Mar"i€By TBEP1iCTh BOJH, AKIIO TBEPAICTb BUX1HOT BOJIU CTAHOBUTD
4 MMOJIB/IM>, @ BMICT HOHIB KaJIbLiIO nopiBHIOE 60 MT/ M.

33.4ky macy BanHa noTpi6HO fomat mo 10 am® Boam, mo micTuTh 1,2 r/mm?
posunneroro Ca(HCOs),, mo6 ocaautu ioro y Burisai CaCOs?

34.Bu3HaunTH Macy TallleHOTO BallHa, Ky HeoOximHo momatu mo 1000 v Boaw,
1100 YCYHYTH 1i THMYACOBY TBEPIICTh, piBHY 1,45 MMonb/ M3,

35.BuszHauntu KapOOHATHY TBEPAICTh, SAKIIO HA OCAJKEHHS KapOOHATIB, WIO
MicTaThbes y 500 cm® Boau Butpaueno 0,265 r coau.

36.Po3paxysaru TBepaicTh Boau, y 200 cM® skoi Mictuthbest 0,15 1 HOHIB KablIio.

37.5xy macy Banna (y kr) notpi6uo mogatu g0 10 M®> Boau, mo mictuts 1,5 r/am?
posunneroro Ca(HCOs),, mo6 ocagutu #oro y Burisal CaCO;. Buznauutu
KaJIbLIi€BY TBEPJICTh, SKIIO TBEPAICTh BUXiIHOI BOJU CTAHOBHUTH 10 MMOJIB/IM,
a BMICT #OHiB MarHito gopisrioe 100 mr/am>.

38.BusHaunTy TBEPAICTH MiHEPAILHOT BOAM « MOPIIMHCEKa», AKIIO B 00 eMmi 1 am?
mictuThes 0,45 T voniB kanemito Ta 0,035 T fioHIB MarHiro.

39.ConoHICTh TPUPOAHUX BOJ OIIHIOWTL 3a BmicToM Cl-iioHiB y mpoO0i.
Po3paxyiiTe COJIOHICTb AOCHIIKYBaHOI BOAM, SIKIIO HA TUTPYBAHHA NpPOOH
00’emom 10 cm® minwio 19 em? 0,01 1 pozunny AgNO:s.

40.Po3paxyiiTe COJIOHICTh MIPUPOTHOT BOM, SKIIO MIPU aHAJI31 32 CXEMOIO:
4CI + CI‘QO72_ + 6H" =2CrO,Cl, + H,0;
2CrO,Cl, + 40H" = CrO4> + 2CI" + 2H,0,
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Ha TUTpyBaHHA npodu 06’ emom 10 cv® mimmto 23 v 0,01 B pozunny K,Cr,Os.
41.Busnauntu BU CcTiyHOI Boau (Kucia abo JyXHa), AKIIO KOHUEHTpalis HOHIB

OH mopiBHIoe (MOIB/aM?):
Ne |moaw/mm?®| Ne | moun/gm?

4-107 9 0,5-1077
5,8-10% | 10 8,2:1073
0,2:107 | 11 3,510
4,710 | 12 9-1077
3,610 | 13 5,3-10°

7-10* 14 81071
9-10°1° 15 4,510

2-10° 16 3-107°

R Q| SN 0| R W N -

42.BuU3HauynTy KOHIEHTpPAIlII0 HOHIB H"iOH y CTIYHI1A BOJI1, BOMHEBUN MOKA3HUK
SKO1 pIBHUIA:
a) 3,2;
0) 5,7,
B) 9.4;
r) 1,6.

43./In8 OuMILEHHA CTIYHOI BOAM BiJ] TOKCMYHOI'O MIECTUBAJIEHTHOTO XpoMy (Y
Burisii K,Cr,O7) B sgKocTi BigHOBHHMKA BUKopucTain Na,SO;. Hanwumnith
PIBHSIHHSI pEakilii 1 po3paxylTe KUIbKICTh HaTpid cyib(IiTy, HEOOXITHOTO s
oBHOTO BiHOBJEHHS 800 I MIECTUBAJICHTHOTO XPOMY.

44.]Ins OYMILEHHSA CTIYHOI BOAM BiJ] TOKCMYHOI'O MIECTUBAIIEHTHOTO XpoMmy (y
Burisigi K,Cr,O7) B skocTi BimHOBHHMKA BukKopucTanun NaNO,. Hamumiithe
PIBHSIHHSL peakiiii 1 po3paxyiTe KUIbKICTh HATpPiil HITPUTY, HEOOXIMHOTO JIJIst
NMOBHOTO BiHOBJEHHS 800 I IECTUBAJICHTHOTO XPOMY.

45.]Ins ouMIlleHHS CTIYHOI BOAM BiJ] TOKCUYHOT'O IIECTUBAIIEHTHOTO XpoMmy (Y
Burisiii K,Cr,O7) B axocTi BigHOBHUKa BukopuctoByBanu FeSO,. Hamumnith
PIBHSIHHS PEAKIIii 1 pO3paxynTe KUTbKICTh 3aJ113HOTO KYTIOPOCY, HEOOX1THOTO JIJIs
MOBHOTO BifHOBJEHHS 700 I IECTUBAJICHTHOTO XPOMY.

46.Hanuurith piBHSHHS peakiii 1 po3paxyite kiibkicTe BaCl,, HeoOxigHoro as

noBHOTO ocajxeHHs1 500 r mecTUBAaJIEHTHOrO XPOMY, 110 MICTUTBCS Y CTIUHIM
BOJII.

47.]1n1s1 OuMILEHHS CTIYHOI BOJAM BiJl TOKCHYHOTO IIECTUBAJIEHTHOTO Xpomy (Y
Buriisiii K;Cr,O7) B AKOCTI BiTHOBHMKA BHKOpPUCTOBYBain SO,. HamwumniTh
PIBHSIHHSI peakKIlii 1 po3paxylTe KIIbKICTh CIPYMCTOTO Tra3zy, HEOOX1THOTO IS
MOBHOTO BiTHOBJICHHS 950 T MIECTUBAJICHTHOTO XPOMY.

48.Kucnotu, mo MICTIThCS Y CTIYHUX BOJIaX MAIIMHOOYIIBHUX BUPOOHUIITB,
HEUTpaTi3ylOTh BamHSHUM MOJIOKOM (po3unHOM Ca(OH),). Sxmit 00’em
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BAITHAHOTO MOJIOKA, 10 Mictuth 500 r/am’ CaO, motpibHO M HeHTpamizarii
100 1vm* 6%-ro po3unHy XJIOPUAHOI KUCIOTH, TycTuHO0 1,03 r/cm??

49.SIxuii 06’ em 20%-1 X0puaHOi KHuCI0TH, rycTHHOI0 1,098 r/cm?, 6yme moTpi6HO
nns vedTpanizauii 700 qv® 5 M myskHOI cTigHOT Boau?

50.Byraekucnuii ra3 MOTIMHAIOTH 31 CTIYHOT BOJAW PO3YHMHOM KaJbIlIH T1IPOKCHUIY.

CroyaTKy yTBOPIOETBHCSI OCaJl, MOTIM BiH 3HHMKa€e. BU3HauuTH 3arajibHuil 00’ €M
rasy (y am°), BUTpadeHuii Ha yTBOPeHHs 74 T ocany.
3.2. Ximist rpyHTYy

1. IIpu 3a6omouyBaHHI IPYHTOBE MOBITPS BUTICHSAETHCS BOJIOIO, a PepyMm, cynbdyp,
Hitporen nepexoasTh y BimHosui dopmu (Fe?*, S?°, SOs*, NO;), a morim
OKUCHIOIOTBCS, 3B’SI3yIOYM KHCEHb, W0 3aJuiuBcs. OCKUIbKA aHaepoOHi
OpraHi3M# NpoAOBXKYIOTh BUpoOIsITH CO;, 3MIHIOETHCS pEakKiiisi cepeoBUIIIA.
Busnaure pH rpynTy, skio yreopuses 0,01 M posuun HyCOs, Kue=4,45-107" .
(

2. BunyxeHudd TOpU3OHT y TMiJ30J1i, B SKOMY pO3TallloBaHa OlJbllla YacTHUHA
kopinns, mictutk GpepyM(Il) mitpar y kimekocti 0,0001 mons/am®. Ckuamith
piBHsHHS Tiapomizy ¢gepyM(Ill) HiTpary Ta BH3HauTe Macy (epyMBMICHOTO
npoxykry rigpoinisy. (0,197 r/nam’)

3. Penn3unu (nepeHo-kapOoHaTHI IpYHTH) (POPMYIOThCS, SIK PABUIIO, HA BaITHAKAX
1 KpeipoBux BiakiananHsax, mo Mictate CaCOs mo 80 %. Pospaxyiite pH
cepelioBUINa, AKIIO KOHIeHTpariss WoniB OH™ y rpyHTOBiM BOJ1 CTaHOBUTH
3,15-107° monb/om>.

4.V Oypozemax (KOPUYHEBUX JIICOBUX IPYHTaX) OCUTh BUCOKHM BMICT MarHiu
xyiopuny. CKiIaniTe PiBHAHHS TIAPOJI3Y 1€l coiil 1 po3paxyiite pH rpyHTy,
BPaxoBYIOUM, 10 YTBOPIOEThCA po3umH i3 Bmicrom HCI 1,15:10° % (rycruna
po3zunny 1005 kr/mm).

5. Po3paxyiite BOJIOTICTh 3pa3ka IpyHTy Macoro 50 T, sSKio A i BU3HA4eHHs OYB
3actocoBanuii Meron dimepa, npuyomy Ha TUTpyBaHHs minuio 20 ma 0,1 M
po3uuny bo:

SO, + I, + 3CeHsN + H,O — 2[CeHsNH]'T- + C¢HsNSOs. (0,072%)

6. Y MiHepallbHOMY KICTSIKY TPYHTY BCTQHOBUBCS WOHHUN OOMIH 13 IPyHTOBUM

PO34YMHOM 3a CXEMOKO:
3xSi04% - 2xAI** + 2xFeCl; — 3xSi04*-2xFe** + 2xAlCL.

Pospaxyiite KoHueHTpanito Honis AI** y posuuni (Mons/am?), KO IPyHTOBA BOJA
i3 ryctunoro 1015 kr/am® mictuts 2 % iionis Fe¥*. (0,3625 mounn/n)

7. M TPpYHTOBHM pPO3YMHOM Ta MIHEPAIbHUM KICTIKOM IPYHTY BCTaHOBHUBCS
HOHHMI OOMIH 3a CXEMOIO:

3xSi04* - 2xAP* + 2xFeCl; — 3xSi04% - 2xFe** + 2xAICl;.

Po3spaxyliTe KOHLIEHTpAaLi0 HoHiB A" y po3unni (Mons/am?), SKII0 rpyHTOBA BoAa
i3 ryctunoro 1037 kr/am® mictuts 4 % iionis Fe¥*

8. [Ipu BUBITPIOBaHHI TPCHKUX MOPIJ] NPOTIKAE PEAKIIIs:

K>20-AL203:6S102 + CO2 + nH20 — K2COs3 + 45102(n-2)H20 + Al203-2S102-7H20.
Pospaxyiite, CKiIbKH yTBOPIOETHCA KaodiHy Ha 1 am® posuumny, skmo pH
JOpiBHIOE 9,2.

71



9. flka Maca HMHKOBOIrO Kynopocy norpiona juist npurotyBanus 0,05 % po3uuny 3
po3paxyHKy 3actocyBanns 400 qv’/ra qs 06po6itky 10 ra 3emni? I'yctuna comi
cknagae 3,8 r/em>.(13,5 xr)

10. Bu3znaute macy mipoJto3uTy, MacoBa 4acTKa MaHTaH JIOKCHIY B skoMmy 98%,

HEOOX1IHY JJIs oTpuMaHHA 16,5 Kr maHrany.(26,63 Kr)

11. Busnaure macy ranyny ckiany KCr(SOs),: 12H,0, sxuii notpi6bHO 100aBUTH 10
600 r po3unHy Kamii cynbdary 3 macoBor dacTkoro com 0,1, mo6 macoBa
JacTKa OCTaHHBKOTO 30uIbImmiacs y 1,5 pazu (150 r).

12. SIky macy BamHsKy, mo MIicTUTh 10% HekapOOHAaTHUX IOMIIIOK, MOTPIOHO
PO3KIIACTH JUIsl OTPUMAHHS BYTJIEKHCIIOTO Ta3y, HEOOX1THOTO JJIs B3aEMOJIIT 3
JYyTrOM 3 METOI0 OTPUMAaHHS PO34MHY, 110 MicTUTh 10,6 T HaTpiil kKapOOHATY Ta
42 r Hatpiii rigporenkap6onary (61,1 r).

13. Busnaure, sxy macy pepyM(Il) cynbdaty renrariapary notpioHo 100aBUTH 10
100 ma 0,IM posuuny depym(Il) cymsdary (p=1,03 r/em’), mo6 orpumartn
PO3YHKH COJIi 3 MACOBOIO YacTKow0 peuoBuHU 10%.

14. Buznaure, axuii 00’€M BYTJIEKUCIIOTO Ta3y (H.y.) HEOOX1AHO MPOMYCTUTH KPi3b
pO34MH TalmeHoro BamHa Macorw 394,7 r 3 MacoBOIO 4acTKOIO peduoBuHU 15%,
mo0 orpumatd 98,6 r cymimn  Kanmbliii  kKapOoHaTy Ta  KaJbIlii
rigporenkapOoHary. (24,6 i)

15. Buznaure, sxuii 00’€M BYTJIEKUCIOrO Ta3y (H.y.) BUAUIATHCH, skimio 400 r
JIOJIOMITY 3 MAacOBOI0 YaCTKOK HEKapOOHATHUX AOMIIIOK 8% MOMICTUTH B
HAJTAIIIOK XJIOPHIHOT KHCIIOTH.

16. Buznaure, B sikoMy 00’€Mi BOJM MOTPIOHO PO3UUHUTU ATIOMOKAJIIE€BUN TalyH,
o0 npurotyBatd 300r po3unHy Kajiid cynbdaTy 3 MacOBOIO YaCTKOKO COJIi
0,02.

17. Buznaure, B sikoMy 00’€Ml BOJAM TOTPIOHO PO3UMHUTU ciib Mopa, 1100
npurotyBatd 300 r po3uuny ¢epym(Il) cynabdpary 3 MacoBor 4acTKOIO COJIi
0,02.

18. Buznaure macy 3aji3HOTO Kymopocy, Ky noTpiOHo po3unnutu B 400r BOAM,
1100 OTpUMAaTH PO3YHH COJIi 3 MACOBOIO YacTKOr peuoBuHU 4%. (31,4 1)

19. BuzHaurte Macy MiJTHOTO Kylopocy, siKy moTpioHo po3unnutu B 200r Boau, 11100
OTPUMATH PO3YHH COJ1 3 MACOBOIO YacTKOIO peuoBuHH 0,1.

20. B sxomy 00’emi Boau po3urHMWIA 50 I' MITHOTO KYIOPOCY, SIKIIO OTpUMAaIA
PO34YMH 3 MAacOBOIO YacTKoto coui 0,47

21. Ilpwu aii HaAIUIIKY KaJTBIIMHOBAHOI COAM HA PO3YMH, 1110 MICTUTh OJIHAKOBI Macu
XJIOPUAHOI Ta Cyibh(haTHOI KUCIOT, Bumaimmiocs 13,44 i raszy (u.y.). SIxka maca
ocally YTBOPUTHCS MPHU Jii Ha TaKWil K€ 3a CKJIAJIOM 1 MAacOI PO3YMH KHCIIOT
HAJUIMILIKOM PO34YMHY Oapiil HiTpary.

22. I'a3, orpuManuii ipu odnagtoBanHi 1,92 Kr mipuTy, OKUCHUIM KUCHeM. MacoBa
yacTKa JOMIIIOK y mipuTi crtaHoBuia 15%. IlpoaykT peakuii OKHCHEHHS
po3unHWIM y 21,2 KT po34uHy CyJb()aTHOI KHUCIOTH 3 MAacOBOI YaCTKOIO
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

kuciotu 60%. Jlo oTpumMaHOro poO34MHY JOAATM HAJJIMIIOK PO3YMHY Oapiid
HiTpaty. Buznaure macy ocany, 1110 IpH LIbOMY YTBOPUBCAL.

3 2 Kr TEXHIYHOTO MIPUTY OTpUMAIIU CYIbGYp AIOKCH, MPU B3aEMOJIT SKOTO 3
HAJUTUIIKOM CipKOBOJHIO Buaiummiiocs 2304 T cipku. MacoBa 4acTKa BHXOIY
cylbdyp niokcuay ckiana 80%. Po3paxyiite MacoBy uactky FeS, y TexHiuHOMy
MIPUTI.

Busnaure macu kynpym(ll) xmopuny murigpary Ta pos3uuny kynpym(Il)
XJIOPUAY 3 MacoBOK dYacTkoro cojii 0,2, ski MOTpiOHO BUKOPUCTATH IS
IpUrOoTyBaHHS po3uuHy Macoro 500 r 3 macoBoro yacTkoro comi 0,25.

SIKy Macy Kanbliiid HITpaTy TeTpariapary noTpioHo go6asutu 10 200 T po3unHy
KaJIBI[IA HITpaTy 3 MacoBOO YacTkoro coji 0,15, mo6 oTpuMartu po3uuH 3
MacOBOIO YacTKO0 coi 38%.

Busnaute macy po3unny kynpym(Il) xmopuay 3 macoBoro yactkoro coii 0,2, 10
gkoro mnotpioHo podasutu 17,1r kynpym(Il) xmopumy aurigpaty, o0
IPUTOTYBaTH PO3YMH 3 MACOBOIO YacTKO0 codi 0,4.

BusHauTe Macy 3ali3HOTO KyIopocy Ta 06’eM Bomu (B c¢M’), SKi HEOOXiZHO
BUKOpUCTATHU JJi purotyBaHHs 700 T po34urHy 3 MaCOBOIO YaCTKOO codil 25%.
Pospaxyiite wmacoBy 4uactky KapOony (%) B ekBIMOJSIpHIN cywinii
KaJIbIIMHOBAHOI Ta MUTHOI coau Macoro 120 .

VY 5 r xpoMoBoi pyau, B Akiii XpoM nepeOysae y Burisal pepym(Il) xpomiry,
mictutbes 0,8 r Depymy. Pospaxyitte macoBy wactky xpom(IIl) okcumy B 1iit
pyai.

Cki1bKM TOHH TOTPIOHO B3TH (hochoputy, sikuit MicTuth 65% Caz(POs),, 11106
oTpuMatu 3 HbOro 1 ToHHY (pochopy, sikiio BTpatu Gpocdopy npu BUPOOHHUIITBI
ckianaroTh 3%.

25 T xpoMmoBOi pynu, B sikii Xpom mepedyBae y Burisiai Gepym(Il)xpomiry,
MicTUTh 4 T @epymy. BuzHaute MacoBy 4acTKy Xpomy y 1l pyi.

Axy macy kokcy, mo Mmictuth 90% KapOony, moTpiOHO BUTpaTUTH Ha
OTpUMaHHA 3aii3a 3 5 kr pyau, MacoBa dactka ¢epym(lll) oxcumy B skiit
cTaHOBUTh 95%? BupoOHMUI BTpaTH KOKCY B MpOILECi peakiii BIAHOBIICHHS
pyau cTaHoBIATH 15%.

Sy Macy alfOMiHII0O MO>KHA OTPUMATHU 3 2 TOHH IJIMHO3EMY, IO MICTUTh 96%
anmoMiHIi  okcuay? BupoOHuui BTpatM y mnpoueci J0OyBaHHA OKCUIY
CTaHOBIATH 20%.

3 ripchkoi nmopoau mMacor S0r, 10 MICTUTh MiHEpall KympuT, oTpuManu 40r
Miji. SAxa macoBa gactka Cu,O B gaHii mopomi?

SAxy macy dochopy MOKHA OTpUMATH 3 TBOX TOHH (hochopuTy, MacoBa 4yacTka
Kbl docharty B sikomy craHoBuTh 80%. Bimomo, mo BUpOOHUYI BTpaTH
ckJ1aarThb 15%.

Po3paxyiite MacoBy uactky Oxcureny (%) B eKBIMOJSIpHIA —cymimni
KPUCTAJIIYHOI Ta MUTHOI coau Macoro 120 .
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37.

38.

39.

40.

42.

43.

Po3zpaxyiite macoBy yactky Hatpito (%) B €eKBIMOJISIpHIN CyMillll KPUCTAIIYHOL
Ta KayCTU4YHOI coau macoro 120 r.
Cki1bKM TOHH NOTPiOHO B3aTU pochoputy, sikuit MictuTh 56% Caz(POs),, 11106
orpumatu 3 Hporo 500 kr docdopy, saxiio Brpatu hocdopy npu BUpOOHUIITBI
ckianaroTh 1%.
25 r xpoMOBOi pyu, B sikiii Xpom nepedyBae y Burisiai pepym(Il) xpomiry, y
KUTbKOCTI 4 T. BuzHauTte macoBy yacTtky depyMy B 11l py/Ii.
[Tpermumnitatr CaHPO4-2H,0 (po3noBcromkene Gocharae 100prUBO) 01EPKYIOTh
3a peaKIi€ero:

H3PO4 + CaC03 + HQO = CaHPO42H20 + C02

Po3spaxyiite, sika kinbkicTh CaCOs, 1110 MicTUTB 8% JOMIIIOK, Oyjie MoTpiOHa IS
oJiep>KaHHSA 1 T IpeIMIIiTaTy.
41.

JIJisi HeKOpeHeBO1 MiAroiBia 0000BUX KyJbTyp BUKopucTOBYeTbes 0,01%-i
pOo34rH MOJ1061eHOBOKHCIOr0 aMoH 0 (NH4)2M070,4-4H50. SIKy KiIbKICTb 1i€]
PEYOBHMHM HEOOXITHO B3ATH [UIS IPUIOTYBAaHHA 5 IM° TaKoro po3unny? I'yctuHa
coni cknamae 1,05 kr/om?.
st mepennociBHOro oOOpoOITKY HAciHHS BHUKOPHUCTOBYeThCs Kymnpym(Il)
cyibdar menTariapatr 3 po3paxyHky 10 kr/ra. CKUIbKM Kr IIi€l PEYOBUHU
HeoOXiqHO B3aTH A1 npurotyBanns 150 > 0,1%-ro po3uuny i Ky TEpUTOPiIO
MoskHa 06pooutn? I'ycruna posunny 1,01 xr/om?>.
Amodoc NH4H,PO4 onepxyroTs nuisixom HedTpamizaiii ¢hochaTHOT KUCIOTH
aMOH1aKOM:

H;PO4+ NH; = NH4H,PO,.

CKibKu aMoHiaKky y M° 3a H.y. Oy/e notpiOHo aus oxepxkanus 10 T amodocy?

44.

45.

46.

47.

48.

49.

J171s1 HeKOpEeHEBOT MIArO/IIBIIL IEIKUX POCIUH BUKOPUCTOBY€EThCS 0,8%-11 po3unH
ooproi kucmotn H3;BOs 3 pospaxynky 500 nm’/ra. Skmii 00’eM Kucinotn
HeOOXiHO B3ATH AJ1 00pobiTKy 15 ra semimi? I'yctuna kucnotu 1,435 r/em?.
Buznaute macy mipomito3uTy, macoBa yacTka maHraH(IV) okcumy, B sikoMy
cranoBuTh 80%, Ta 06’eM xuopuaHoi kucioth (0=0,2, p=1,1 xr/am?), ski
NOTPiOHO BUKOPHUCTATH JIJIsl JOOYBaHHS XJIopy Macoto 14,2 kr. Buxin nmpoaykry
cTaHOBUTH 85%. (25,6kT; 15611)

Axi macu uyepBoHOro (ochopy Ta Kamii xyopary Oyiau BUKOPHUCTaHI IS
noo0yBanus ¢gocdop(V) okcuay, SKIIO BIIOMO, IO MPU POIYMHEHHI I[HOTO
okcuny y 200r po3umny optodocdarnoi kuciotu (0=10%) MacoBa yacTka
kuciotu 30utbimiacs Ha 4%. (2,82r P, 9,27t KCI10;)

Busnaute popmyity KpuctanoriipaTy HaTpiil pocdary, K10 micias HarpiBaHHS
190 r #ioro yrBOpuBCS TBepaAui 3anumok macoro 82r. (NasPO4*12H,0)
Kanbuiit pocding nodysarots 3 ¢pochopury Ta Byriuis B €IEKTPUYHUX TEHaX.
Axy macy kanbIiil pochiay MoxHa 100yTH 3 50 KT pochopuTy, MacoBa yacTka
Kabllii oprodochary B sAKOMy CTaHOBUTH 62%, a BUPOOHMYI BTpaTH
ckaanatoth 5%7? (17,3kr)

Busnaure macy docdopy, ssky MOxkHa J0OyTH 3 TBOX TOHH GOCHOPHUTY, MacoBa
YyacTKa Kaubliil ¢ocdary B sikomy ctaHoBuTh 80%. Bimomo, mo BupoOHMYI
BTpaTH CTaHOBIIATH 15%. (272Kr)
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51.

52.

53.

54.

5S.

56.

57.
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59.

60.

61.

62.

63.

64.

6S.

Sy macy oprodocdaTHoi kucaotu MoxHa 100yTH 3 800 KT hochoputy, MmacoBa
YacTKa JOMIIIOK y IKOMY CTaHOBUTH 35% (329xr)

Jlo po3uuny optodocdarHoi kuciaotu 06’emom 106,5MI1 3 MACOBOIO YaCTKOIO
peuosunn 40% (p=1,38r/cm®) nprimanu 196,74Mi1 po3urHy HaTpil TiAPOKCUILY
3 MacoBOIO 49acTKo nyry 20% (p=1,22r/cm®). 3 1poro po3umHy HarpiBaHHSAM
BumimM  225,6r kpuctanoriapaty. Busnaure dopmyny Kpuctamorigpary
(Na,HPO4*13H,0)

[Ipu mnpoxaproBanni 12,1 r© xkpucranoriapary kynpym(Il) nHiTpaTty Maca
pedoBuHM 3MeHmMiacs Ha 8,1 1. BusHaute ¢dopmyny KpucTaloriaparty.
(CU.(NO3)23H20)

[Tpu tepmiunomy po3kiasl 300 r BanHsKy, o MicTUTh 10% He kapOoHAaTHUX
JTOMIIIOK, yTBOpuiocs 186,84r TBepaoro 3amuiiky. BusHaure CTymiHb
po3KkiiafaHHs  Kanbliii kapObonary (%) 1 MacoBuil CKJIaa  TBEPIOTO
3anuiiky.(95%, 144,02r CaO)

[Ipu crumaBnsaHi 50 kr BanmHsky Ta 120 r cuminiid giokcuay oxepxkanu 45 r
KaJbL1i cuimikaty. OOUMCIITh BUXIJ TIPOAYKTY Y BiicoTKax. (77,6%)

SAxy Macy IMHKOBOT OOMaHKH, MacoBa 4acTKa JIOMIIIOK B sIKii cTaHOBUTH 10%,
HOTPiOHO OKMCHUTH, 106 oTpumath 44,8Mm° cynsdyp miokcuay? (216kr)

¥V 30araueHomMy anatuti MmacoBa yactka P,Os ctanoButh 40%. SIka Maca anatury
noTpiOHa JUIsl oJiep KaHHS PO34uHHY OpTOo(dochaTHOT KHCIOTH Macoro 196 kr 3
MacoBOI0 4acTKoto KucioTu 60%. (213 kr)

Axy macy dochoputy, mo mictuth 80% Caz(PO4):, HEOOX1THO BUKOPUCTATU
it onepskanns 10 xr oprodocdarnoi kucnotu? (19,8 kr)

VY skiii Maci OOKCUTY MICTUTBCS CTUIBKH K allFOMIHIIO, CKUJIBKH Horo € B 0,5 T
kpiomity? MacoBa yacTka JOMIIIOK y 6okcuti ctanoBUTh 20%. (179 kr)
MacoBi yacTku eJeMeHTIB y MiHepasi HedeniH 1 cranoBisATh: 24,67% K, 17,10%
Al, 17,72% Si, 40,51% O. Ilonmaitte dopmyily MiHepally SK KOMOIHAIIIO
OKCI/II[iB. (K20A12032 SlOz)

[Ipu po3umHenHi 30 r kpucTajoripaTy adtoMiHii cynbdaty y 600 mu Boau
YTBOPUBCSI PO3UMH 3 MacoBOIO 4acTKoro coii 3,23%. Busnaute dopmyiy
kpuctanoriapaty. (Alx(SO4);*9H,0)

Busznaute macy ¢gocdop(V) okcuay, siIKy MOXKHaA OJEpKaTH MPH CIATIOBaHHI
dbocdiny, ogepkaHoro 3 kanblii Gocdiay macoro 54,6 r. (42,6r)

Sxuii 06’eM amoHiaky BHUTpaTWiaM Ha AoOyBanHs 200 KT po3yuHy KaiiMHOI
CeJIITPU 3 MACOBOIO 4acTKow coiii 80%, SKIO BUPOOHWUY1 BTpaTH CTAHOBJISTH
6% (60,5m)

[Tpu nii cynbdaTtHoi kucHoTH Ha Pocoput macor 0,5 T 3 MACOBOIO YACTKOIO
Kaunbliit oprodocdaty 62% onepxkanu cynepdocdar macoro 450 kr. Buznaure
BUX1J cynepdocdary y BiICOTKax BiJi TEOPETUYHOTO MOKIUBOTO. (89%)

Sxuii 06’eM po3urHy 0opTOhoCchaTHOT KUCIOT 3 MACOBOIO YACTKOIO KUCJIOTH
60% (p=1,4 r/cm?) moxna n00yTH 3 50 KT hocOopHUTy, MaCOBA YACTKA KaJIbIIil
docdary B sKOMy cTaHOBHUTH 62%. (23,3M°)

I'maybepoBy ciuib macow 644r po3unHwiud y Boai. llpu 1mpomy otpumanu
po34uMH, MacoBa yactka coii B sikomy 0,1. BusHaute 00’€M BHKOPHCTAHOI
BoAM.(2196 mu)
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74.

Jlo ckilagy TNPUPOJHUX TEOXIMIYHMX CIHOJIYK BXOJMTh MAarHi€Ba CJIoJa
Mg;(OH),[AlSi304¢]. Po3paxyiiTe BiICOTKOBHII CKJIaJl €IEMEHTIB, 110 BXOASIThH
710 CKJIaJTy II€T CITFOJIH.

Haiinommpenini MiHepald — 1€ MOJbOBI MIMAaTH. BoHM CTaHOBIATH Olblie
MOJIOBUHM MacH 3eMHOi kopu. Hamwmiite ¢opMyiny HaTpi€eBOro MOIHLOBOTO
HInarty, MOJIsIpHA Maca SKOTo piBHa 262, 3Ba)Kalouu Ha Te, 110 Y HOTr0 MOJIEKYITy
BXOJIUTh MOH HATPil0, KOTPUH BIJIrpa€e poJib 30BHIMIHBOI Chepr KOMIUIEKCHOT
CITOJTYKH, a BIJICOTKOBHI MacOBHM CKJaj eleMeHTIB Takuii: Na — 8,79%; Al —
10,3%; Si—32,06%; O — 48,85%.

Busznaute MosexyssipHy (popMyIily pedOBHHHU, BUKOPUCTOBYIOUU Taki JaHi Mpo
il KUTbKICHMM Ta SKICHUW ckiaa: pedyoBuHa MictuTh Hatpiit, Cynbsdyp Ta
Oxcuren; macoBi uvactku Hartpito ta Cynbypy y cnoayii BiIMOBITHO
cTaHoBIATh 32,4% Ta 22,5%.

Busznaute MonexysipHy GopMyiTy pedOBHHHU, BUKOPUCTOBYIOUM TaKi JAaHi MPo
il KITbKICHUM Ta SIKICHUHM CKJIaJ: KpucTanoriapar mictutbh Maruiit, Cynsdyp Ta
OKcureH Ta KpucTati3ailiiiny Boay. [XHi MAacOBi YaCTKH BiMOBITHO CTAHOBJISATH
9,76%, 13,01%, 26,02% Ta 51,21%.

BusznauTte MoneKkysipHy (popMyIily peuOBMHHU, BUKOPUCTOBYIOUH Takli JaHl Mpo
il KUTBKICHUHM Ta SIKICHUHM CKJaj: Kpucrtanoriapatr Mictuth @epym, Cynsdyp,
OkcureH Ta KpuUCTadi3aliiiHy BOJYy, MAacOBl YacTKM SKHX BIJIOBIJIHO

ctaHoBiATH 20,14%, 11,51%, 23,02% Ta 45,33%.

o cknaay omHoro 3 noopuB Bxoauth Kapoon, OxcureH, Hitporen, I'iaporeH.
Macogi wactku Kapbony, Oxcuceny ta HiTporeHy BIiANOBIIHO CTaHOBJSTH
0,2000, 0,2667, 0,4667. Busnaute MOJEKYJISIpHY (HOpPMYITy pEHOBUHHU.
Busznaute MonekyisapHy GopMmyily crioiayku, mo Mictuth Kapbon, Oxcuren ta
['inporen 1 Mae MonekynapHy macy 60 r/monbs. Macosi yactku KapOony Ta
Oxkcureny B cniosyti ctaHoBysITh 40% Ta 53,33%.

Ho cknany pedoBuHHM BXoauTh ['inporeH, @ochop Ta OKcureH, MacoBl 4acTKU
SIKUX BIINOBIIHO CTaHOBIATH 3,06%, 31,63% 1a 65,31%.

BukoHaTH po3paxyHKH NOKAa3HHMKIB BJIACTMUBOCTEW IPYHTIB (IOPUCTOCTI A,
Koe(dillieHTa MOPUCTOCTI e, LIIIBHOCTI CKEJNeTa IPYHTY pPa, & TAKOXK CTYNEHS
BOJIOTOCTI ;) Ta KoedilieHTa MOBITPOBMICTY abo0 koedirienta aepaiii (Gr) nis
BapiaHTIB 3aBJlaHb HABEJICHUX Yy TaOI. 1.

Tabmums 1
BapianTtu 3aBgaHs KOHTpOJIBHOI poOOTH
Ne BapianTa p, r/em® ps, T/cm® W, 4. ox.
1 1,70 2,66 0,120
2 1,90 2,69 0,370
3 2,00 2,67 0,230
4 2,07 2,65 0,204
5 1,80 2,67 0,420
6 1,81 2,68 0,081
7 1,98 2,62 0,190
8 191 2,64 0,225
9 1,85 2,61 0,210
10 1,95 2,63 0,240
11 1,78 2,61 0,195
12 1,86 2,63 0,235
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13 1,71 2,65 0,150
14 1,95 2,64 0,400
15 2,10 2,60 0,250
16 2,00 2,65 0,210
17 1,90 2,57 0,520
18 191 2,68 0,180
19 1,89 2,62 0,310
20 1,95 2,65 0,250

*[Ipumimka: p — IIBLHICTE IPYHTY, I/CM>; ps — LIUIBHICTH 9aCTOK IPYHTY I/cm®, W —
BOJIOTICTh IPYHTY, 4. OJI.

75. BUKOHATH OLIIHKY TPaHyJOMETPUYHOTO CKJIaTy IPYHTY, MOTO OJHOPITHOCTI, a

TaKOXX IIIJIBHOCTI OYyJOBM Ta CTyNEHs BOJOTOCTI JJisi BapiaHTIB 3aBJaHb

HaBEJCHUX y TaOs. 2, MOKa3HUKH (I3MYHUX BIACTUBOCTEH MPUMHATU 3T1IHO

Tabmwmmi 1.
Taomurg 2
Bapiantu 3aB1aHb KOHTPOJIBHOT poOOTH
Bwict gactok y % (3a macoro) d, Mm
=
: 127 [2 | |Z | | | |§ |38
= M5 |3 |5 8|5 |8 |3 |8 |F
S} S =
1 2,0 | 10,0 12,0 32,0 | 30,0 5,0 4,0 4,0 0,5 0,5
2 1,0 1,0 20,0 250 | 20,0 28,0 3,0 15 0,5 0,0
3 4,0 3,0 20,0 240 | 30,0 10,0 4,0 3,0 2,0 0,0
4 0,5 15 18,0 27,0 18,0 26,0 4,0 3,0 2,0 0,0
5 0,0 4,5 4,7 16,7 14,0 30,0 | 20,0 7,5 14 1,2
6 1,2 1,3 23,0 28,0 19,2 21,1 2,5 2,0 1,2 0,5
7 0,0 1,0 3,0 20,0 | 46,0 20,0 7,0 2,0 1,0 0,0
8 2,0 | 10,0 12,0 32,0 15,0 10,0 10,0 8,0 1,0 0,0
9 5,0 3,0 25,0 27,0 | 20,0 8,0 8,0 3,0 1,0 0,0
10 1,0 5,0 15,0 18,0 | 420 12,0 4,0 2,0 1,0 0,0
11 5,0 5,0 25,0 27,0 18,0 18,0 1,0 1,0 0,0 0,0
12 2,0 5,0 10,0 23,0 | 40,0 6,0 10,0 3,0 1,0 0,0
13 10 | 110 11,0 33,0 | 29,0 6,0 3,0 3,0 2,5 0,5
14 1,0 2,0 19,0 250 | 20,0 28,0 3,0 15 0,5 0,0
15 4,0 3,0 20,0 240 | 30,0 10,0 4,0 3,0 2,0 0,0
16 0,5 15 18,0 27,0 18,0 26,0 4,0 3,0 2,0 0,0
17 0,0 4,5 47 16,7 14,0 30,0 | 20,0 7,5 1,2 1,0
18 1,2 1,3 23,0 28,0 19,2 21,1 2,5 2,0 1,0 0,7
19 0,0 1,0 3,0 20,0 | 46,0 20,0 7,0 2,0 1,0 0,0
20 2,0 | 10,0 14,0 30,0 15,0 10,0 8,0 10,0 1,0 0,0

3a MaHUMH Pe3yIbTaTIB OI[IHKYA TPAHYJIOMETPUYHOTO CKIIAAY IPYHTY HEOOX1HO:
¢ MO0y yBaTH MUKJIOTPaMy TPaHYJIOMETPUIHOTO CKJIaay IPYHTY (IUB. puc. 1);

e noOynyBaTu TPUKYTHY niarpamy deppe rpaHyJIOMETPUYHOTO CKJIaay IPYHTY

(muB. puc. 2);
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noOyyBaTH IHTErpaJibHy KPHUBY TPaHYJIOMETPUYHOTO CKIALy TIPYHTY Y

3BUYAHOMY MaciiTabi (muB. puc. 3).

1.

9.

. Po3paxyiite 00’eM moBiTps HeoOximuuit mis cramoBanHs 20,0 nm

3.3. Ximis atmocdepu
CyMiln aMOHIaKy Ta a30Ty Mae€ T'YCTUHY 3a rejieM 6. O0uuciiTh: a) 00’eMHY

gacTKy a30Ty (%) y cymimri; 6) macoBy 4acTtky (%) amoniaky B cymirri. (64%;
25,5%)

.['a3oBa cymil CKJIaJaeTbCs 3 METaHy, a30Ty Ta aMOHiaKy, O00'€eMH SIKUX

BITHOCSTBCSA BIAMOBIIHO K 2:1:2. OOGYUCHITH, BIJHOCHY TYCTHHY CYMIIll 3a
remiem. (4,7)

.I'yctuHa 3a moBiTpsiIM cyMimni KapOOH MdIOKCHAy Ta KapOOH MOHOOKCHIY

ctaHoBuTh 1,3. O0unchiTe 06’emHi yactku (%) rasiB, 10 BXOIATH J0 CKIATY
cywmimi. (60,6%; 39,4%)

. O6UHnCHITh TYCTUHY 32 MOBITPSIM €KBIMOJIIPHOT I'a30BOi CYMIIIIi, III0 MICTHTh a30T

Ta KuceHsb. (1,034)

. OGUHUCITITE TYCTHHY 3a BOAHEM ra30B0i cymimi, mo mictuts 100 cM® asoty, 300

cm® kucHio ta 400 cm® kapGon miokcuay. Bumipu 06’e€MiB IPOBOIMINCH 3a
OJIHaKOBHX yMOB. (18,75)

. O6GUHCIITh TYCTHHY 32 aMOHIAKOM CYMIillli, 110 MICTUTh KapOOH MOHOOKCH],

KapOOH TIOKCHU/I Ta BOJEHb, 00'€MH SIKUX BiHOCIThCS BiamoBimaHo sk 1:4:5. (1,26)

. 'yctrHa 3a BoAHEM CyMIillll KUCHIO Ta a30Ty CTaHOBUTH 15,5. O6uUuciTh MacoBi

yacTku ra3iB (%) y cymimii. (77,4%; 22,6%)
3 cymimi
YaJIHOTO ra3y Ta BOJIHIO (H.y.). 'ycTHHA 32 aMOHIaKOM IIi€1 CyMillll CTAaHOBUTH 1,2.

(47,611)

. O6GuMCIHITh TYCTHUHY 32 BOAHEM CYMIillll MPONAHy Ta METaHY, SKILO BIJIOMO, IO

cymimi Mmictuth 40% Merany 3a o0’emoMm. Skuil 00’€M KHUCHIO Mife Ha
cnamosanas 20 v (1.y.) miei cymimi? (16,4; 761)

. 'ycTrHa 3a BogHEM cyMillll MeTaHy Ta yaaHoro ra3y 10. O0uuciiTe 00’ €M KUCHIO

(H.y.), IKMI BUTPATUTHCS Ha CMATIOBAHHS 5 MOJIb BUX1JIHOI cyMili. (168,56 m)

.IIpu TepmiyHOMY pO3KJIa[l CyMIillll aMOHIM KapOOHaTy Ta aMOHIN TiApOreH

kapOoHaty mMacoro 120 r 3 MacoBOI0 4YacTKOK amoHii kap6onaty 30% yTBO-
puiIach JBOXKOMIIOHEHTHA Ta30Ba CYMIlll, Ky MPUBEIH 10 HOPMAJIbHUX YMOB.
Po3spaxyiite rycTuny 1€l cyminri 3a BoaHeM. (14,48)

Sxnit 06’ eM MeTaHy noTpi6HO no6asuTH 10 20 aMm3 (H.y.) KapOOH MiOKCHY, 100
I'yCTHHA OJIepKaHol cyminn cranosuna 1,34 r/oqm3? (19,95 )

10.5kuii 06’€M KUCHIO TIOTPIOHO BMKOPUCTATH IS IIOBHOTO cramoBanHs 120 m3

ra3oBoi cymimi (H.y.), IO MICTUTh YaJHUNA ra3 Ta BOJICHb, 00 €MH SKHX
BigHOCATBCA K 1:4? Po3paxyiiTe IrycTHHy 3a BOZHEM BUXigHOI cymimm. (60M3;
3,6)

11.Po3paxyiite 06’eM nmositps (H.y.), IO Iife Ha cramoBaHHs 40 cM>eKBIMOJIAPHOT

CyMillli MeTaHy Ta 4agHoro raszy. OOYHMCHITh TYCTHUHY BHUXIAHOI CyMmimi 3a
amomniakoMm. (238cm>; 1,3)

12.004ucniTh TYCTUHY 3a MOBITPSAM Ta30BOi Cymimll (H.y.), IO YTBOPUTHCSA NpHU

tepmiuHoMy poskiaai kynpyMm(Il) mitpary.(1,425)
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13.1lpu TepMmiyHOMY pO3KJIaJl CyMillll HaTpiid TiIpOTeHKapOOHATy Ta aMOHIM
rigporenkap6onary macor 49,4 r yreopunocs 13,44 am® (H.y) ra3oBoi cymimii.
OO64nCIITh: a) TYCTUHY YTBOPEHOI Ta30BO1 CyMIiIlli 32 BOJHEM; 0) MacoBl YaCTKH
coneit (%) y Buxiguin cymimi. (17,5; 32%; 68%)

14.I'yctiHa 3a BOJHEM CyMIIIIi, IO MICTUTh METaH, BOJACHBb Ta KapOOH IIOKCH]I,
cranoBuTh 8,0. Ha cnamoBanns 200 cm® BuxigHoi cymimn Butpatumm 500 cm®
noBiTpsa. O0uncHiTh 00’ €eMHMIA cKiTaa BuXiaHOT cymiti (%). Yci Bumipu 00’ emiB
MPOBOJMIIMCH 32 OJJHAKOBUX YMOB. O0’€MHa 4acTKa KUCHIO B MOBITP1 CTAaHOBUJIA
20%. (10%; 60%; 30%)

15.11pu agcop6uii SO2 Banusaum MosiokoM (Ca(OH)2) nornunaersces 0,6 kr SOs.
Sxuit 06’eM BalHIHOTO MOJIOKA BUTPAUYEHO, SKIO KOHIeHTpallis ioro 10% (3a
Macoro), a ryctuHa 1,12 r/em’?

16.ITpu BnosmoBanHi SO2 amoniauHow Bojoo (NH40OH) nornunaerscs 0,8 kr
SO2. Skwuit 06’eM aMOHIaYHOT BOJIM BUTpPAYEHO, SIKI0 KoHIeHTparis 11 10 % (3a
Macoro), a ryctuna 0,958 r/cm>?

17.89kuii 06’em (M°) mertany (CH4) MokHA onepsKaTd INpU KaTaliTUYUHOMY
rigpysanHi 10 M> mpoMucI0BOro rasy, mo Mictuth 15% (3a 06’ emom) CO?

18.11pu abcopOitii XJ10py 13 MPOMUCTIOBOTO Ta3y, o MicTUTh 10 % (3a 06’emom) Cl,
sutpadeno 10 am® 10 % mac. pozuuny NaOH rycrunoro 1,1 r/em?. SIkuii 06’em
IIPOMUCIIOBOTO Ta3y MPOMYIIEHO Yepe3 aacopOoeHt?

19.lns nornmuaands HiTporeH(IV) okcumy rasu, 1o BiAXOASTh, OOpOOISIOTH
Bo010. Po3spaxyiire, ckinbku mitpiB NO, MicTuThes y 1 1M rasis, o Bigxonsrs,
Ko rmpyu npomymenni 100 am® rasy yepes 5 am® Bomu opepxkamu 5 kr 1%-ro
PO34YUHY HITPATHOI KUCIOTU?

20.Po3paxyBatu macy CO,, 1o nocrymnae B armocdepy, mija yac craintoBaHHus 2,7 T
KOKCY, SIKIIIO CTYIIHb OYUCTKU ra3y CTaHOBUTH 75 %.

21.B atmocdepy Bukumaerbes 8000 T SO2. 3 1i€i KUIBKOCTI BIAXOAIB YJIOBIIOETHCS
e 44%. Busnaunty, sxa kutbkicTh CaCO3 HeoOX1aHa IS MOTJIWHAHHS I11€T
KibKocTi SO».

22.500 T cyXoro KOKCOBOI0 ra3y MICTUTh: BOJICHb — 56 %; meTan — 25,5 %; eTuiieH
— 2,5 %; xap6on(Il) oxcun — 7 %; kapoou(IV) oxcun — 2,6 %; xucensb — 0,7 %,
a30T — 5,7 %. Buznauntu MacoBuil CKjiaj NPOAYKTIB 3rOPSIHHS MaJIUBa.

23.Hanumite ¢popmynun ¢ppeoniB @-21, ®-113 1 ®-123. Pozramyiite ppeonHu B
MOPSIJIKY 3pOCTaHHS iX BIUTMBY Ha PyWHAIII0 030HY B aTMocdepi.

24 . Hanumrite dopmynu ¢peoniB O-11, d-115 1 ®-123. Pozramyiite ppeonu B
MOPSIJIKY 3pOCTaHHS iX BIUTMBY Ha pyHHAIlI0 030HY B aTMocdepi.

25.Hanumrite dopmynu ¢peonis ®-32, ®-135 1 ®-123. Pozramyiite ppeonu B
HOPSAIKY 3pOCTaHHs iX BIUIMBY Ha pyHHAIlI0 030HY B aTMocgepi.

26.3anmumniTe 'y KoaoBaHiM ¢opMi (ppeoHy HacTymHI (DTOPXJIOPBYIJICBOIHI: a)
CH;CCLF; 6) CF;CHCly; B) CF,Cly; 1) CHF,CI. Skuit 3 uux ¢ppeoHiB HalO1LIbII
HeOe3NeuHni A1 030HOBOTO Iapy?

27.3anumiTe y KomoBaHii QopMi (peoHy HacTymHi (TOPXJOPBYIJIEBOJHI: a)
CH;CCIlFy; 6) CF3CH,CI; B) CHFCly; 1) CHLFCI. Sxmii 3 nux ppeoHiB HANOUIbII
HeOe3NeuHnH A1 030HOBOTO Iapy?
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KoucTanTu nucornaiii KUCIOT Ta OCHOB

JlomaTtoxk b

Ta6mus b.1
KoncTanTu aucoriiarii 1esIKuX KUCIOT

Ha3zga dopmyaa Ka pKa
1,210 0,91

7,9-1073 2,10

Jlupocharna H4P>0O7 2.0-10”7 6.70
4,8:-10°1° 9,32

4,5-1077 6,35

KapOonaTHa H>COs 4,810 10,32
Mypamuna HCOOH 1,8-10* 3,75
HitputHa HNO> 5,1-10* 3,29
7,1:1073 2,15

Oprodocdarna H3PO4 6,2:1078 7,21
5,0-10°13 12,30

OrroBa CH3COOH 1,74:107 4,76
. 1,0-1077 6,99
Cynbdinna H>S 2,5-10°1 12,60
. 1,4-1072 1,85
CynbdiTHa H>SO3 6.2-10°% 7.20
1,6-107! 0,80

XpomarHa H>CrO4 32107 6.50
[lianigna HCN 5,0-1071° 9,30
5,6:1072 1,25

[1{aBieBa H2C204 5.4-10°5 427

Tabmuns b.2
Koncrantu gucoriarii IesIKUX OCHOB
HasBa dopmyaa Kby pKb
Po3unn amoHiaky NH;-H,0 1,76:10° 4,75
Po34nH rigpasuny N>H4-H>O 9,3-10”7 6,03
Po3uun o

ripoKkCHIAMiEY NH>OH-H>O 8,9-10 8,09
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lonaroxk B
JloOyTKH PO3YMHHOCTI MAJIOPO3UYNHHUX CTIOIYK

Tabmuns B.1
J1oOyTKM pO3YMHHOCTI JEIKMX MAJIOPO3UYNHHUX CIIOTYK

Dopmysa peHOBUHH JP DopMyra peHOBUHU JP

AgCl 1,78-10°1° Cu(OH), 8,3:10%°
AgBr 53-10" CuS 6,3:1073¢
Agl 8,3:10"7 Fe(OH), 7,1-10°1°
AgrSO4 1,6-10° Fe(OH); 6,3-1038
AgSCN 1,1-10 12 FeS 5,0-10°18
Ag,CrOy 1,1-10712 HgS 1,6-1072
AgiPO4 1,3-10%° Mg(OH), 6,0-10°1°
AI(OH); 3,2:103 MgCO; 2,1-10°
AIPO,4 5,75-10°" MnCO; 1,8-10!"
BaSO, 1,1-10°1° MnS 2,5-10°1°
BaCOs 4,0-10°1° Ni(OH), 2,0-10°1
BaCrO4 1,2:10°1° NiS 3,2:10° "
Bi(OH), 4,0-10°1° PbCl, 1,6:10°
Bi,S;3 1,0-10"7 PbCrO4 1,8-101
CaF, 4,0-10! Pbl, 1,1-10°
CaCOs 3,810 Pb(OH), 7,9-10°1°
CaSOg4 2,5-10° SrCO; 1,1-10°1°
Caz(PO4)» 2,0-10% Sb(OH); 1,7-103
CdS 1,6:10% Zn(OH), 1,410
Co(OH), 6,3:10°" Zn3(PO4), 9,1-103
Cr(OH); 6,3:107! /nS 2,5-1022
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