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1 MITPALIA XIMIYHUX EJJEMEHTIB Y TOBKIJLJIT
1.1 Mirpauist XiMiYHHUX €JIEMEHTIB i Tl MOKA3ZHUKHU
1.1.1Cmanoenenns ma po3eumox 2eoximii.
Ximiuni enemenmu 6 HABKOJTUUWHBOMY CEPEOOBUNL

['eoximisi HABKOJIMITHBOTO CEPEIOBHUIIIA J03BOJISIE CTBOPUTH €IUHY 0a3y (IMiaxi)
JUIS. BUBYEHHS IPOIIECIB, 110 BIAOYBalOThCA B aTMocdepl, BEPXHIX YaCTHUHAX JIITOC-
dbepu, rpyHTax, MOBEPXHEBUX 1 MIJBEMHUX BOAaX, OI0JIOTIYHUX 00’€KTaX B yMOBax
TISTTLHOCTI JIFOJIMHY, sika oTpuMasia Ha3By TexHoreHesy (O. €. @depcman). BoHa € Bi-
ATaTy>KeHHSM reoXiMii, CTAHOBJICHHS SIKOi SIK CAMOCTIMHOT HayKH MOB’sI3aHE B MEPIILY
yepry 3 iM’sim B. 1. Bepnancokoro 1 BigHocutbest A0 1908-1911 p. Tlepuni nekuii 3
reoximii Oyau miarorosieHi 1 nmpountadi B 1912 p. B Mocksi A. E. ®epcmanoMm —
yureMm B. I. Bepnaacekoro. Kinenp XIX - moyatox XX cT. Oyiu nepiojioM OypXiu-
BOT'O PO3BUTKY MPOMUCIIOBOCTI 1 PEBOJIIOIIMHUX BIIKPUTTIB B HAyIll, B MEPILY YEpry
y ¢i3uni. Lle npu3Beno 10 CTBOPEHHS HOBUX METO/IB JAOCTIIKEHHSI PEYOBUHH, Y TO-
My 4uCHi crnekTpajibHoro anamizy. B.I. BepHancekuii, sskuii B TOH mepioJ KepyBaB
kadeaporo MiHepanorii MOCKOBCHKOTO YHIBEPCUTETY, BUPIIIMB MPOBECTH POOOTY 3
YTOYHEHHS XIMIYHOTO CKJaay (popMyir) MiHEpaliB, BAKOPUCTOBYIOUHU CIIEKTPATIbHUN
aHani3. Pe3yiabTaT mpoBeeHUX TOCIIIKEHb MOKa3ajH, 110 B MIHEpasiaX, CKIa sSIKuX
BUPAXAETHCS MPOCTOI0 XIMIYHOIO (POPMYIIOI0 (HAMPUKIIAJ, KBAapIl), MPUCYTHI B MaIUX
KUIbKOCTAX 0aratro iHIMX XIMIYHUX eJeMeHTIB. OCMHUCIEHHS BCTAaHOBJICHUX HUM
(bakTiB, a TaKOX BIAKPUTTS PaJl0OAKTUBHOCTI, YABICHHS MPO aTOM XIMIYHOTO eJieMe-
HTa SIK MPO pealibHy CKJIAJHy CHUCTEMY HAIITOBXHYJIO BUEHOIO Ha 3MIHY OCHOBHOI'O
00’€KTa JOCHIIXKEHHS - HUM CTalOTh XiMiuHI eneMeHTH. [IpeameTom BUBUYEHHS PyH-
JaMEHTaIbHOI Fe0oXiMii € 1CTOPis aTOMIB 3eMJIl Ta IHIIUX MJIAHET 3€MHOI IPYIIH.

['eoximisi po3BuBajacs 1 B HapsIMKY MPUKJIAAHUX JOCTIIKEeHb. BUNLIAIOTH 1Ba
OCHOBHHUX HANPsIMKU MPUKIATHOI F€OXIMii:

— nomyku pogoBul kopucHux konanud (O. €. @epcman, O. L. [lepenbman Ta
1H1I1, moynHatouu 3 20-x - 30-X poKiB MUHYJIOTO CTOJIITTS);

— TEOXIMIUHI  JOCHUDKEHHS  MOpoOJeM  HABKOJMIIHLOTO  CEPEIOBHINA
(b. b. Ilomunos, B. B. KoBanbcwkuii, FO. €. Caer, O. 1. Ilepenbman)

Jlpyruil HanpsIMOK Ma€ NpPaKTUYHI BUXOIU B OXOPOHY 370pOB’Sl (KOHLEHTpALlis
€JIEMEHTIB Y JlaHAmagdTax 1 3B’ 30K 3 MOIIMPEHHSIM 3aXBOPIOBAHb HACEJICHHS ), B CUTbCh-
K€ rocrolapcTBO (MPUYMHU XBOPOO POCIWH 1 TBApUH), PO3POOKY KOPUCHUX KOTAJTUH
(HOBI TEXHOJOT1i BUITYYEHHS KOPUCHUX KOMIIOHEHTIB), OXOPOHY 1 BITHOBJICHHSI HABKO-
JIMILIHBOTO CepeAOoBHUIIA (PO3POOKa HOBUX, Y TOMY YHCII1 010JIOTTYHUX, TEXHOJIOTIH).

[ImanoMipHi reoXiMiYHi AOCHIHPKEHHS MOUIMPEHHS 3a0pYyJHIOIYUX PEYOBHH,
MOB’SI3aHUX 3 BIAXOJaMH, BUKUAAMHU 1 CTOKAMHU PI3HUX BUPOOHUITB 1 KOMYHaJIbHO-
noOyTOBOT AISUIBHICTIO HA YpOaHI30BaHUX TEPUTOPISX, OyJIO 3aM0YaTKOBAHO HA TEPH-
Topii konmumHboro CPCP B ocTaHHii 4BepTi MUHYJIOTO CTOMITTS. Bylio BcTaHOBIEHO,
10 B XOJI PO3MOBCIO/IP)KEHHS 3a0PYIHIOIOUNX PEYOBUH PEasli3yIOThCS B OCHOBHOMY
MPUPOAHI MIrpaliiiHl MeXaH13MH, SIK Ipu (OpMyBaHHI OPEOJiB Ta MOTOKIB PO3CIIO-
BaHHS €JIEMEHTIB HaBKOJO POJIOBUI] KOPUCHUX KOMAJIMH, IO JTO3BOJUJIO 3aTy4UTH
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JUISL €KOJIOTO-T€OXIMIYHOT OI[IHKM CTaHy CepellOBHUIa MPUHOMU 1 METOIU, BUKOPHC-
TOBYBaHI B MOIIYKOBI1i reoximii, B TOMY YHCII1 010T€0XIMIYHI.

B ocHOBI BCiX MpUKIAIHUX T€OXIMIYHUX JOCIHIKEHb JIekKaTh TaKl YOTUPHU Hai-
BOKJIMBIIIMX TOJOXKEHHS T€0XiMii, MIATBEPIKECHI HE3aNepeuHUMU JOCIIIHUMU Ja-
HumH (A. 1. ConoBoB):

1 moBcroziHe, y BCiX reocdepax, MOMMPEHHS XIMIYHUX €JIEMEHTIB.

2 Oe3nepepBHa B yacl 1 B IPOCTOP1 Mirpaiis XIMIYHUX €JIEMEHTIB.

3 pI3HOMaHITTA BUIB 1 (OPM ICHYBAaHHS B MPUPO/I1 XIMIYHUX €JIEMEHTIB.

4 nepeBaXkaHHs MPOLIECIB PO3CISTHHS €JIEMEHTIB MOPIBHSIHO 3 1X KOHLIEHTPYBAHHSM.

[ToBcroiHE TOLIMPEHHS XIMIYHHMX €JIEMEHTIB MiITBEPIKYETHCA pPE3yJIbTaTaMU
aHali3y XIMIYHOIO CKJaAy TIpChKHUX MOPiA, TPYHTIB, MPUPOJHUX BOJ, OPraHIYHUX
yTBOopeHb. HaBiTh B onTH4HO npo3opoMy kBapili (Si0;) 4yTIMBI METOAM aHATI3y BH-
ABJSIIOTH MpUCYTHICTD Fe, S, Pb, Cu, As, Na i iH. eJeMeHTIB, BMICT AKuUX (popMmyra
MiHEpaly He BigoOpaxae.

Pi3HOMAaHITHICTH BUIB 1 POPM ICHYBaHHS XIMIYHUX €JIEMEHTIB 3HAXOAUTH BiJ10-
OpakeHHsl Yy BEIMKIA KUIBKOCTI MPUPOJHUX XIMIYHUX CIOJIYK, MIHEpaIbHUX (OpM,
PO3YMHIB, @ TAKOXX TEXHIYHUX MPOIYKTIB, 10 CKJIAaTy SIKMX BXOAUTH OJHUH 1 TOM Xe
XIMIYHUN eJIeMeHT. SIKI0 XIMIYHUM €JEeMEHT BXOJUTh 10 CKJIaay KPUCTAIIYHOI pe-
IIITKKA MiHEpaly, TO 1HIUBIyalbHI1 BIACTUBOCTI €IEMEHTa B MIrpalliiiHUX Mpoiecax
4acTO HE BUSABIISIOTHCA, Ha MEPIIMM IIaH BUCTYNAIOTh BIACTUBOCTI MiHepany (abo
TEXHITHOTO KaMEHIO) SIK IILJIOTO.

XapakTep po3noJIuTy XIMIYHUX €JIEMEHTIB Y MPUPOJHUX CUCTEMAaX 3aJI€KHUTh Bij
BEJIMKOI KUTbKOCT1 HE3aJIEKHUX OJMH BiJl OJJHOTO MPUYHUH 1 OTUCYETHCSI HOPMAJIbHUM
ab0 JIOTHOpMaJIbHUM 3aKOHOM po3noauty. [lpu HOpManbHOMY XapakTepi po3NoALTY
HANHOUIBII BIPOTIAHUM 3HAYEHHSM KOHIIEHTpAIlil € cepeHe apupMeTUYHEe 3HAYCHHS
(¢onoBa konuentpania Cp), a Outbiie 99 % 3HaueHb KOHLEHTpAIlil LOIO €JIEMEHTA
3HaXOJAThcs B Mexkax Cy £ 30. 3HadeHHs, AKI BUXOIATH 3a 11 MEXI1, BITHOCATH 110
aHoMaJIbHUX. EKCIEepUMEHTAIbHO BCTAHOBJICHO, 110 ICHYIOTh aHOMAJIil 3 MEHII KO-
CTKUMU KPUTEPISIMHU:

C,>Cyp+20 abo C,>Cy+o.

[Tpu po3noaini™> eIeMEeHTIB, SIKE OMUCYETHCS JIOTHOPMAIBHUM 3aKOHOM, OCHOB-
HUMH TapaMeTpaMu € CepeHE TEOMETPUYHE 3HAUCHHS 1 CEpPeHE TEOMETPUYUHE BifI-
xwieHHs €. KpurepieM aHOMaJIBHOCT1 B I[bOMY BUIMAJIKY Oy/ie:

C, >Cqb -3¢, C, >Cqb -2¢ abo C, >Cqb ‘£

B ogHoMy 1 Tomy 3k MiHepaii abo TipCchbKiil OPOAl MOKe CIOCTepiraTUcs HOpMalbHUN

3aKOH B PO3MOJLTY OJHUX €JIEMEHTIB 1 JJOTHOPMAJIbHHUM — JIJIS 1HIITUX.

1.1.2 Mizpauia ximiunux enemenmie
[lepemilieHHs XIMIYHUX €JIE€MEHTIB, iX 10HIB, CIIOIYK, PEYOBUHHU B IJIOMY B TIPO-
CTOp1 Ha3UBAIOTh Mizpayicto. Mirpaiiis XiMIYHUX €JIEMEHTIB MPOSBIISIETHCS B PI3HUX
dbopMax 1 Ha PI3HUX PIBHIX: K y MacIITAOHMX 1 MOTYKHUX TEKTOHO-MarMaTHUYHUX
npoliecax (BUBEpKEHHS BYJKaHIB, OITyCKaHHs IHa MOPiB, TOPOTBOPEHHS 1 T.I1.), TaK 1 B
HAaWTOHIIUX O10XIMIYHMX PEakKIisiX, [0 MPOTIKAIOTh B KUB1 PEUOBUHI.
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Mirpatis XIMIYHUX €JI€MEHTIB CIPUYMHEHA /1€10 BHYTPIIIHIX 1 30BHIMIHIX (ak-
TOPIB , 3aJI€KUTH BIJ XIMIYHOT (DOPMH €JIEMEHTIB 1 IX CIONYK, IXHIX (PI3UKO-XIMIYHUX
BJIACTUBOCTEH, 1 BMICTY B HaBKOJIMIIHBOMY CEPEJIOBUIII], @ TAKOXK BiJ] CTAHY 1 BJIaCTH-
BOCTEH caMoro cepeoBHIla Mirparii.

[Tonin ¢gakropiB Mirpaiii XiMIYHUX €JIEMEHTIB Ha BHYTPIIIHI 1 30BHIIIHI OyB 3a-
npornoHoBanuit O. €. ®epcmaHoM. BHyTpilmmHIMU pakTopamMu Mirpaiii eJIeMeHTIB €
iX (13UyH1 1 XIMIYHI BJACTUBOCTI, K1 BU3HAYAIOTHCS OYyZ0BOIO aTOMIB, iX 3/1aTHICTIO
710 YTBOPEHHS JIETKUX Ta PO3UYMHHUX CHOJYK, O0caiB Toio. /{0 30BHIIHIX (aKTOPiB
HaJeXaTh XapaKTEPUCTHUKU YMOB Mirpaiii eJIeMeHTIB — TeMIlepaTypa, TUCK, KUCIOT-
HO-JTY’KH1 Ta OKHUCHO-BITHOBHI YMOBH TOLIO.

BiaminHOCTI B MirpamiiHiid 3aTHOCTI XIMIYHUX €JIEMEHTIB MPU3BOASATH 10 iX
audepeHIianii 1 10 yTBOPEHHs MPUPOJHUX 1 TPUPOAHO-TEXHOTEHHUX CUCTEM 3 pi3-
HUMU KUTbKICHUMH CHIBBIIHOUIEHHSIMU MDXK elleMeHTaMH. B pe3ynbTarti 3a sIKICHOI
OJIHAKOBOCTI1 CKJIaJy pPEYOBMHHM KOHIIEHTpAIlil OJHOTO 1 TOTO K €JE€MEHTa B PI3HHUX
TOYKaX 36MHOT'0 MPOCTOPY pi3HA.

3anexHo Big popM pyxy maTepii, 3aKOHIB Ta MEXaHI3MIB, 3a SIKUMH Bi10YyBa€Th-
Csl MepeMIleHHs, (PI3UYHOTO CTaHy 1 XIMIYHOI (POPMHU MIrpaHTIB, (PI3UYHOTO CTAHY
MIrpaIifHoro MOTOKY 3A1MCHIOEThCA KiTacudiKallisi BUIB MIrpariii.

3anexHo Bi GopM pyxy Marepii, 3 SKMM MOB’sI3aHE MEPEeMIIICHHS peUOBUHH, B
HaMpsM1 YCKJIaJHEHHs POLECY, BUAUIAIOTH TaKl BUJIU MIrpallii:

— MEXaHIYHy;

— (I13UKO-XIMIYHY;
— OIOTeHHY;

— TEXHOTEHHY.

MexaniuHa mirpauis — 11¢ nepeMillleHHsl PEYOBUHH, SIKE B1IOYyBA€THCS BHACII-
JIOK 11 3aKOHIB MEXaHIKH, T1IpOANHAMIKHY, T'paBiTallii, Tono. Po3pi3Ha0Th Taki mij-
BUJIM MEXaHIYHOI Mirpaii: epasimauiiiny (0OBaiu, 3CYBH, OCHUIIN); 600HYy (TIEpeHE-
CEHHS YaCTOK 3 MPOTOYHOIO BOJIOI0, BOJHA €pO3id, ICHYAALls); 600HO-2PAGIMAUIIHY
(CeNnbOB1 TMOTOKM); HOGIMPAHY Mmicpayito (BITPOBE MEPEHECEHHS PEUOBUH, BITPOBA
epo3is); Gpi3uuHy (BUBITPIOBAHHS).

OCHOBHOT0 3HaY€HHS MIPU MEXaHIYHIN Mirpaiii Ha0yBarOTh MapaMeTpH MOTOKIB
(00’eM, MIBUAKICTH TOILO), 1 MapaMeTpU YaCTOK, IO MepeHocAThes (IXHI po3MipH,
¢dbopma, MUTBHICT TOUIO), HASIBHICTh MEPEIIKO/ HA IIAXY MIrpaiii (HEpiBHOCTI 3eM-
HO1 TTOBEPXHI, IITY4YHI TOBEPXHI — HACUIIH, JaMOH, JOPOTH TOIIO), XapaKTep 1 mapa-
METpPH MOBEPXHI (JIOBKHUHA, KyT HaXWIy, HEPIBHOCTI Ta IUIHICTh MOBEPXHI KOB3aH-
Hs1), IHTEHCUBHICTb Ta PO3MIPH pyiHAIlli MOPiJ Ta 1H.

®di3zuko-xiMiuHa Mirpauisi — 11e nepeMilieHHs XIMIYHUX €JIEMEHTIB, iK€ Bi0Y-
BA€THCA 3TIHO 3 3aKOHAMU (P13UKH, XIMIi Ta OCHOBHUMHU THUIIAMU B3a€MOJI1i eJeMeH-
TiB. OCHOBHUMHU MexaHi3MaMH (i3UKO-XIMIYHOI Mirpauii € nudysis, ocaaKyBaHHS,
copOisi, JecopOuist Ta 1H. 3[1aTHICTh XIMIYHUX €JIEMEHTIB 10 (Pi3UKO-XIMIYHOT Mirpa-



11T 3aJIEKUTH BIJ iX XIMIYHUX 1 (I3MYHUX BJIACTUBOCTEH, M1l BHYTPILIHIX 1 30BHIMIHIX
(dhaxTopiB Mirparlii, MOIMIUPEHHS €IEMEHTIB Y T€OCUCTEMI.

Hogimpana mizpauia. Ha ckinan atmocdepu iICTOTHO BIUIUBA€E MEpeOIr TEXHO-
Te€HHO-aHTPOIOT€HHUX, O10JIOTTYHUX Ta IHIIMX MpolieciB. J[0 OCHOBHUX €E€MEHTIB -
noBiTpssHUX MirpanTiB BigHocsAThes O, C, H, N, 1, a Takox iHepTHI ra3u. [loBitpsHa
MIrpallisi €JIEMEHTIB CIIOCTEPIra€ThCsl HE TUIBKUA B Ha3eMHIM atMmocdepi, ane 1 B Tij-
pocdepi (y moBepXHEBUX 1 MiI3EMHUX BOJax) 1 3eMHiM kopi. Ha3zBaHi eeMeHTH MO-
KYTb BXOJHUTH JI0 CKJIQJy HEOPTraHIYHUX CIOIYK 1 ByTJ€BOIHIB.

B ocanoBux noponax, 3a ouinkamu B.A. CokoiioBa, Mictutbest 2,14 - 10" T rasis,
cepen sikux nepeBakae meran CHy (mo 40%), miokcua Byrieito CO, (6uibiie 27%),
a30T N, (26%), Baxkki ByrieBoiHi (OublIe 6%), BOJIEHDb, CIPKOBOJEHB 1 IIOKCH]] CIPKH.
VY MarmMaTuyHUX MOPOJax PAHITHOIO IIapy NMepeBakae BYTIEKUCIHM ra3 1 a3oT.

Mirpaitist Ta3iB B 3eMHii KOpi BiAOYBa€eThbCs HUIIXOM (GUIbTpallii Yepe3 BIIKPUTI
MOPH 1 TPIIIMHU 200 IIIIXOM MoJieKyisapHoi nudysii. [lBuakicts qudysii yepes Hacu-
YeH1 BOJI0IO Tipchbki mopoau ctaHoBuTh 0,01 — 0,1 CM3/M2/IIO6y. 31aTHICTH TI€1 YU 1HIIOT
PEUOBHHU TPOHUKATH KPi13b TOBILY a00 MIap XapakTepusye Woro koedimieHT audysii.

Boouna mizpayia. buibliicth XIMIYHUX €JIEMEHTIB MITpy€e€ y BOJAHUX PO3UMHAX,
K1 MOKYTb OyTH 10HHUMU, MOJIEKYJIIPHUMHU, KOJIOTTHUMHU, CyClieH31MHUMU. MirpaH-
TH MOXYTh OYTH TOJIJIEHI 32 CTYIEHEM PYXJIMBOCTI Y BOAHOMY cepeloBulil. Maiio-
pPYXOMi y BOJA1 MITPaHTH NEPEMIIIYIOThCSI BOJIHUM MOTOKOM Y BHUTJIA1 TBEPAUX yac-
TOK. binbln geTanbHO AMB. mpakTuyHe 3aHsATTS Ne 1.

Ha mepexin peyoBUMHM 3 TBEpAOro CTaHy B MirpaliiiHe BOJHE CEpEOBHIILE
BIJIMBA€ HE TUIBKA HOr0 PO3YMHHICTH B BOJL, a M (PI3UKO-XIMIYHI XapaKTEPUCTUKU
BOJIHOTO CEpeIOBUINA: CTYIIHb MiHEpai3aiii Boau, BenuuruHa pH, OKMCHO-BITHOBHI
YMOBH (KHCHEBI, CIPKOBOJIHEBI, TJIeH0B1 BoAM). O3HaKaMu OKHUCIIIOBAJIBLHOTO Cepesio-
BHUIIA € MPUCYTHICTh BUILHOIO KMCHIO a00 3aii3a B TPUBAJICHTHIN (Hopmi Ta BUCOKUI
OKHCITIOBAJIBLHO-BITHOBHUM moTeHIian cepeposuiia Eh (6uteme 0,4 B). O3nakamu
BITHOBJTIOBAJIbHUX YMOB € MEpPEBa)KaHHs JABOBAJIEHTHOI (OpMH 3aii3a, IPUCYTHICTh
METaHy, BOJHIO B TJICHOBUX YMOBaX a00 CIpKOBOIHIO 1 HOTO MOXITHUX.

[Toxa3HuKH BOJHOI Mirpaiii, 0 BUKOPUCTOBYIOTh MPU F€OXIMIYHOMY aHaji3i,
MOXXYTbh OyTH MOAUICH] Ha 3 TPyNH:

— JlaHl MO0 IHIPEIIEHTIB MPUPOJHUX BOJ, IO JAIOTh iX AKICHY Ta KUIbKICHY
XapaKTePUCTUKY B aOCOIIOTHUX OJAUHUIIIX;

— TMOKa3HUKH, 110 XapaKTEpU3yIOTh 1HTEHCUBHICTh BOJHOI Mirpaii oKpeMux
€JIEeMEHTIB (3ICTaBJICHHS PEYOBOrO CKJIaay MPUPOJHUX BOJ 1 JITOT€HHOI OCHOBU
nanamadry);

— TOKa3HUKH, 110 BiI0OpaXkaloTh TpaHC(HOpMAIil0 BOJHOTO I€OXIMIYHOIO MO-
TOKY B pi3HUX JaHmadTax, 6agaHCOBI CIIBBIIHOMICHHS MK HaIXOMKCHHSM 1 BUHO-
COM PEUOBMHHU B PIZHUX MPUPOJHUX 1 MPUPOJHO-TEXHOICHHUX CHUCTeMax (HampHu-
KJIaJl, TIOPIBHSHHS CKJIaly TOBEPXHEBOI'O CTOKY 31 CKJIaJIoM aTMOC(EepHUX BOI).



biorenna mirpaunisi. biorenna wmirparisi XiMiYHUX €JIEMEHTIB 3IHCHIOEThCS B
MpoIIeCci YTBOPEHHS Ta PO3KIIaAy *KHBOI PEUOBHHH, a came: B mpolieci GOTOCUHTERY, JTU-
XaHH$, O10JIOrTYHOTO MOTJMHAHHS MIHEPAJILHUX PEUYOBUH 3 IPYHTY, O10JIOTIYHOT aKyMy-
JISIIIT XIMIYHUX €JI€MEHTIB, PU BIIMUPAHHI KUBOi peYOBUHU — B MPOIIECI i1 pO3KIaTy Ta
MiHepanizaiii. JKuBi opraHi3aMu € TOJIOBHUM (PaKTOPOM MIrpaiiii XiMiYHUX €JIEMEHTIB.

VY ckiajil KUBOT PEYOBUHU Ha 3eMJIl PI3KO MEpeBa)ka€ POCIUHHICTh, TOMY BJIACTHBI
il MOKA3HUKY 1 CIIBBIHOIICHHS PO3IJIAIAI0Th SIK XapaKTEPHI Il YCIET KUBOI PEYOBHUHHU.

3aranbHUMU TIOKa3HUKAMHU, sIKI BUKOPUCTOBYIOTh B r€0XiMii, € diomaca 1 mopi-
YyHa fionpodykuyisa. [HTEHCUBHICTH 3a]1yUY€HHS OKPEMHX XIMIYHUX €JIEMEHTIB B 010J10-
TYHUNA KOJIO-00Ir peYOBUHU B1IOOPaKarOTh TaKi MOKAa3HUKHU, SIK OloghinbHicmb eine-
Menmig Ta 1 KoeiyicHm 11020 0i0102I4H020 NO2NUHAHHSL.

bBioghinvnicme enemenma BU3HAYAOTh 32 CTYNIEHEM HOTO KOHIIGHTpAIlil B KUBIH
peuoBuHi yepes Koediuienm viogpinonocmi 5, =B, /C, , ne B, - Klapk uporo ene-
MEHTa B *kUBii peuoBuHi (¢piromaci), a C, - KIapk eiremeHTta B jitocdepi. [lopsaox
uudp, Mo BiToOpakaTh 010PUIBHICTE OKPEMHUX €JIEMEHTIB, MOKa3ylOTh HACTYIIHI
nani. Bucoki koeditientu 6iodinbHOCTI MawTh P 1S — n-10; Z,1 C, — n, Si — 0, 1In,
Al, Pb—0,01n.

Koedghivienm 6ionociunozo nocnunanna A, BU3HAYalOTh SK BIIHOIIEHHS BMICTY
€JIEMEHTA B IOTIEN1 POCIUHU J0 MOro BMICTY B IpyHTI a0o Tipebkiit mopoai: A, = Crz / Cryp

s iHTepnperanii pe3ysbTariB 010re0XIMIYHOrO aHali3y BaKJIUBO OpaTH 0
yBaru Taki GakTopu:

— TaKCOHOMIYHE MOJIOKEHHSI POCIMHHOTO OpPraHi3My;

— BIIMIHHICTB y XapakTepl HAaKOMMYEHHSI MaKpO- 1 MIKPOEJIEMEHTIB B OTHOMY 1
TOMY K OpraHi3mi;

— PO30ODKHICTh Y KOHIIEHTpAIlli OJTHOTO 1 TOTO X €JIEeMEHTa B PI3HUX OpraHax
POCIIUHU ;

— CE30HHI BIZIMIHHOCT1 B KOHIIEHTpaIllii €JIEMEHTIB;

— 3aJIEKHICTh BMICTY €JIEMEHTIB BiJl MICIIEBUX YMOB.

Texnorenna mirpamiss xiMmiunux esemeHTiB. TexHoreHHa mirpailisi BinOyBa-
€TbCSI B IPOLIEC] TOCMOAAPCHKOI AISIIBHOCTI CYCHUIBCTBA, BHACIIIOK 3a0pydHEHHS
HABKOJIUMIIHBOTO MPHUPOIHOTO CepelloBUIa. TeXHOreHHa Mirparis, SK 1 IpupoaHa,
MOKe OyTH MEXaHI14HOI0, (hi3UKO-XIMIYHOI0, O10T€HHOIO.

Pi3HOMAaHITHICTh TE€XHOT'€HHOI Mirpailii 3yMOBJ€Ha OCOOJMBOCTSIMHU TOCIOIap-
CHKOT'O BUKOPUCTaHHS TEPUTOPIi, TOOTO OCOOIMBOCTIMU MPUPOJTOKOPUCTYBAHHS, SIKI
0e3rmocepe/IHbO BIUIMBAIOTh Ha (POPMYBAaHHS TEXHOT€HHUX MIrpallifHUX MOTOKIB. Y
3B’SI3KY 3 LIUM ICHYIOTh 3aJ1€KHOCTI:

— TEXHOT€HHOTO HABAHTAXKEHHS B1Jl BUIY IPUPOAOKOPUCTYBAHHS;
— YMOB NEPBUHHOTO PO3MOAUTY XIMIYHUX 3a0pyAHIOIOUMX PEYOBUH Bif MpOC-
TOPOBOT AudepeHItiaiii JKepen 3a0pyTHEHHS,



— HAJIXOJKEHHS TEXHOT€HHUX 3a0pYy/HIOIOYUX PEYOBUH 3a TPOPIYHUMU JIaH-
LIOTaMU JI0 OPTraHi3My JIIOJIMHU BiJl YMOB CLICHKOTOCIIOAAPCHKOTO BUKOPUCTAHHS;

— PpIBHS €KOJIOTTYHOI HEOE3MEeKH CTaHy FeOCUCTEM (SIK CepelOBUIIA KUTTS JItO-
JIUHU) BiJI 1X TUITY TOCTIOJIAPCHKOT'0 BUKOPUCTAHHS.

Kpim Toro, BusiBneHo 0Oe3nocepeHid BIUIMB MPUPOJOKOPUCTYBAHHS HA 3MIHY
naHama@THOI CTPYKTYypH U (i3UKO-XIMIYHMX BIACTUBOCTEH KOMITOHEHTIB I'€OCHUC-
TEM, a TAaK0X YMOBHU MIrpailii XiMIYHUX €JIeMEHTIB.

31e0UTbIIOr0 TOCMOAAPCHKE BUKOPUCTAHHS TEPUTOPIi 3A1MCHIOEThCA O€3 Bpaxy-
BaHH4 JIaHAmadTHOT opraHizailii IpocTopy, BIACTUBOCTEHN, CYy4aCHOTI'O CTaHy reOoCHC-
TeM. Y Mexkax OJiHi€i Fe0CUCTEMHU MOKe OYTH 1 MPOMUCIOBE MIAMPUEMCTBO, 1 CUIbCh-
KOT'OCTIOJIAPChKI YTi/s, 110 MO3HAYaTUMEThCSI Ha €KOJOTIYHOMY CTaH1 1€l Teocuc-
TE€MHU, CTYIEH1 i1 3a0pyAHEHHS, 0coONMBOCTAX (OpPMYBaHHS TOJs 3a0pyIHEHHS 1
BpEIITI — Ha 310pOB’1 JTroAeiH.

1.1.3 I'eoximiuni 6ap’cpu

JIUIIHKY 36MHOI KOpH, i€ Ha HEBEJIUKUX BIJCTAHIX PI3KO 3MEHIIYETHCS IHTEHCHU-
BHICTbH Mirpallii XIMIYHUX €JIEMEHTIB, BHACTIIOK YOro BIIOYBA€THCS X KOHIEHTpAIIis,
O. L. Ilepenbman y 1961 p. 3anponoHyBaB Ha3WBATH JIAHOWAPMHO-2€0XIMIYHUMU
oap’epamu. THIIUMY CIIOBaMHU, 2eoXimiuni 6ap’epu — 11e UISTHKY 3 TIBUIIIEHUM BMIC-
TOM XIMIYHHUX €JIEMEHTIB, ITOPIBHSIHO 3 iX BMICTOM Y (DOHOBUX I'€OCUCTEMAX.

JIJ1st XapaKTepUCTUKH Te€OXIMIYHUX Oap’€piB BUKOPUCTOBYIOTH TaKl MOKA3HUKH,
K epadicHm Ta KOHmpacmuicms 6ap’epy.

I'padienm 6ap’epy BinoOpaxae 3MiHy MOKa3HUKIB YMOB Mirpaiii y Hanpsmi py-
Xy XIMIYHUX eJIeMeHTIB. Po3paxoByl0Th HOT0 TAKUM YHHOM

G=dm/dl a6o G=(m;—m,)/dl (1.1)

ne dl — mupuna 6ap’epa, m; — 3HaUEHHS NTOKa3HMKA YMOB Mirpauii (Temnepary-
pa, TUCK, IIBUAKICTb, pH 1 T.4.) 10 6ap’epy, m, — 3HaYEHHS MMOKAa3HUKA YMOB MIrpaiii
nicist 6ap’epy.

BinHomieHHs: MOKa3HMKIB YMOB Mirpailii y Hanpsmi pyxy €JIeMEHTIB J0 1 micis
0ap’epa Ha3UBAIOTh KOHMPACMHICMIO 6ap’epa 1 BUBHAYAIOTH SIK:

S=m ] / my (1 2)

[HTEeHCUBHICTh HAKOTIMYEHHS €JIEMEHTIB 3pOCTA€E 13 30UTbIICHHSM KOHTPACTHOCTI
Ta rpajaieHTa 6ap’epa.

3a MexaHi3MOM (OpMYBaHHS BHIUISAIOTH TPU OCHOBHHMX THUIU TE€OXIMIYHUX
O0ap’epiB (AK TPUPOJHMUX, TaK 1 TEXHOTeHHHX): 1) mexaHiuHi, 2) ¢i3UKO-XIMIYHI,
3) GioreoxiMivHi.

Mexaniuni 6ap’epu QopmMylOTbCA 32 paxyHOK HAsBHOCTI NPHUPOAHUX aboO aH-
TPOIMOT€HHUX MEPEIIKO]] Ha NUISIXY MEXaHIUYHO1 MIrpalii Ta 3MiHU IIBUJIKOCT1 y BOJ-
HOMY a0o moBiTpsiHOMY noTtoll. Ha MexaHiuHomMy Oap’epi MOXKYTh HaKOIMYYyBaTUCS
BaXKI CT1iKi MiHepanu, mo MicTath Ti, Sn, W, Au, Hg, Zr ta ixm1i, npu BUNaaanHi 3
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BOJHOIO0 MOTOKY ab0 aepo30sibHI YacTKU 3 aTMocdepHoro. Ha ninsHkax 3 pi3KuMu
neperuHamMu penbedy hopmyroThesi oporpadiuHi MexaHI4H1 Oap’epu, HaAIpPHUKIAI B
MICISIX 3YJICHYBaHHS CXUJIOBHX IMOBEPXOHD 1 0aI0UHUX 200 PIUKOBHX 3aIliaB, CXUJIO-
Bl MOBEPXHI, 3BEPHEHI /10 MOBITPSTHOTO BITPOBOIO MOTOKY.

®dizuko-ximMiuHi 6ap’epu SABIAIOTH COOOI0 PI3KY 3MIHY (PI3UKO-XIMIYHMX YMOB cepe-
JIOBMILIA 1 3aJIEXKHO BiJl IIMX YMOB MIIPO3AUTSIIOTHCS HA HACTYIIHI TPYTIM, OTMCAHHI HIKYE.

Oxucnrosanvti i 6i0H06HI bap ‘epu HOPMYIOThCS TIPU BOJIHIN MITparllii XIMIYHUX eJie-
MeHTIB (iX CHOJYK, 10HIB) Y 3B 513Ky 31 3MIHOIO OKUCITIOBaJIbHO-BITHOBHUX yMOB (Eh). Ha
Takux 0ap’epax KOHLEHTPYIOThCS €1EMEHTH, HacaMIiepesl, 31 3MIHHOIO BaJICHTHICTIO.

OxucnrosanvHuil (KucHesuti) oap’cp GOPMYEThCA TPU 3MiHI BITHOBIIOBAJIbHUX
yMmoB okucHuMU. Ha nanomy 6ap’epi BinOyBaeThcs HakonuueHHs1 Fe, Mn, Co (3 kuc-
HEBHUX 1 IVIEHOBHUX BOJ), a TAKOXK caMOpoJiHa S, Se (3 CIpKOBOAHEBUX 1 CYNIb(IAHUX
Box). Tak, HanpuKiaj, y MICUSIX BUXOYy TJICHOBUX BOJI, 30araueHux Fe*' i Mn2+, ocl-
JAI0Th 1X TIAPOOKICIH, YTBOPIOIOUHM 3aji30-MapraHieBl KOHKpeIii (CTsKiHHS), 60J10-
THI1 Ta 03€pHI1 py/Iu.

VY pa3si pi3koro 3pocTaHHs BiTHOBIIOBAJIbHUX BJIACTUBOCTEH CEpe/lOBUINA BUHU-
KalOThb 8iOHOGNI0BAIbHI Oap '€pu — CIpPKOBOAHEBI 1 CylIb(DiNHI, a TaKOXK TJEHOBI, Ha
akux HakonuuyroThes Cu, Au, Ag, S, Se, U, Mo, V iin.

BionosHi eneiiosi 6ap’epu — HaKOMWYEHHS ypaHy, BaHAJ1I0, Mifl, MUII Ky Ta
HIINX y BUTJIA1 KapOoHaTiB, ¢pocdaris.

BionoenosanvHhi cipkogooHnesi bap’cpu — HAKOMUYECHHS HIKEII0, KOOANbTY, PTY-
Ti, IMHKY, CBUHIIIO, M1/l Y BUIJISIAL CYNb(1IiB, CAMOPOJHUX €JIEMEHTIB; MPUTaMaHHA
MPUCYTHICTh TAKUX Ia3iB, K CIPKOBOJICHb, METaH, BOJCHb 1 1H.

JIysichuti — HAaKOTIMYCHHSI KaJlbI[il0, MarHiio, KaJaMiio, 0apito, CTPOHILiI0, IIUHKY,
3aj1i3a Ta 1H eJeMeHTIB y popMi FApOKCHIIB, KapOoHaTiB, (hocdatiB Ta iH.

Kucnuii — HakoTMUeHHS TaKUX €JIEMEHTIB, K MOJIIOICH, KPEMHIH, repMaHii.

Copoyitinuti — copO11is Ha HETaTUBHUX KOJIOifax (TIIMHUCTUX MiHEpayiax) 10HIB
KaJIBI[110, KaJIil0, MarHilo, IUHKY, CBUHI[IO, KOOANBTY, MiJli, 1 HA TTO3UTUBHUX KOJIOi-
nax (TiIpoKcizax aaroMiHito 13ami3a) Gpocdopy, Cipku, BaHa110, MOJIIOEHY.

Bunapruui (conoH4aku, COJIOHI 03€pa) — HAKOIMYCHHS KaJbI[il0, HATPIIO, KaJIiio,
XJIOpPY, CIPKH, CTPOHI110, IMHKY Ta 1H.

Bioreoximiuni 0ap’epu BHHUKAIOTh 32 PaXyHOK O10r€HHOT Mirpamii XiMIYHUX
€JIEMEHTIB, TOYHIIIE 32 PaXyHOK O10TMOTJIMHAHHS, 010aKyMYJIALIi, pO3KJIaJaHHs opra-
HIYHOI pPEYOBHHM, OIOr€HHOro MiHepanoyTBopeHHs. Haituacrtime OioreoximMiyHi
Oap’epu JIOKAJI3yIOThCSI Y BEPXHHOMY IIapi T'yMYCOBOI'O TOPU3OHTY IPYHTIB.
[Ticas BigMupaHHS POCIMH Y BEPXHbOMY IIapi BiIOYBA€ThCS HAKOMUYECHHS THX €Jle-
MEHTIB, KOe(Iili€HTH O10J0T1YHOTO0 HAKOMUYEHHS SKUX TEPEBUINYIOTh OJWHHUIIFO.
Ha 6ioreoximiunomy 6ap’epi BinOyBaeThes koHueHntpyBanas C, H, O, N, I, K, P, B,
Sr Ta IHIIKUX eJIeMEHTIB. Y T'yMycoBoMy 1 Top(d’SHOMY IlIapax HaKOMU4yrThcs Mn,
Ni, Co, Ca, K, P, B, Sr Ta iH.
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1.1.4 @onoei ma knapkosi KOHUeHmMpayii XiMivHUX
e1lemMenmie y KOMHOHEeHmMax 006K

BuBueHHsSI reoXiMIYHMX yMOB Iepefdadyae BCTAHOBJICHHS 2€0XiMIUH020 (hoHy,
TOOTO BHU3HAYEHHS TEOXIMIYHUX MapamMeTpiB MPUPOJHUX ETAJOHIB JaHAmadTHO-
reOXIMIYHUX CUCTEM.

I'eoximiunmii (mpupoaHmii) GpoH — Takuil BMICT €JIEMEHTIB Y HABKOJUIIHBOMY
CepelloBUIIl, KU OyB HAaWBIACTUBIIIUM ISl AAHUX MPUPOJHUX CUCTEM JI0 TEXHO-
TE€HHOTO 3a0pyaHeHHs. ['eoxiMiuHUM POH XapaKTepU3y€EThCs: MIPOBITHOIO ACOIIAIIEI0
€JIEMEHTIB; €JIEMEHTaMHU 3 KJIapKaMu KOHIIEHTpAIli OUTbIIE HIXK OJUHHILI; TOIIOMOP-
(GHUMHU eleMEeHTaMH; PIBHEM HAKONMWYEHHS; CTYNEHEM HEOJHOPITHOCTI; XIMIYHOIO
(hopMOI0 TTPOBITHUX EJIEMEHTIB.

Texnorennuii ¢oH BCTAHOBITIOETHCS 3a CIIBBIIHOIIECHHSAM KOHIIEHTpAIlIM XiMi-
YHUX €JIEMEHTIB (JaHUX aKTyaJbHOTO BMICTY) A0 MPUPOJHUX (POHOBHUX MOKA3HHKIB.
TexHoreHHuil reoXiMiuHui (HOH BCTAHOBIIIOIOTH 32 JAHUMHU BMICTY TEXHOT€HHHX Xi-
MIYHUX PEYOBHUH Y MOBEPXHEBOMY IIapi IPYHTIB Ta B JOHHUX BIJKJIAJaX, MOPIBHSAHO 3
iXHIMA TPUPOJAHUMHU (POHOBUMHM KOHILIEHTpauisiMu. HalgomuibHile npu 1boMy BH-
KOPUCTOBYBATH TaKl MOKAa3HUKHU, K KJIApPK KOHLEHTpaIli, BITHOIICHHS aKTyalbHOI
koHueHTpaii 7o I'JIK, komrimekcHu moka3sHUK 3a0pyTHEHOCTI.

Knapxk — cepenHiil BMICT eJIeMEHT1 B 3eMHIN Kopi abo ii 4acTHHI, YU B IHIIOMY
KOMITOHEHTI MPUPOIHOT cucTeMu. Kiapku MmokasyroTh, Ky 4acTKy CTaHOBUTH Maca
MEBHOT'0 XIMIYHOTO €JIEMEHTa, 11010 Macu 3eMHoi kopu. Haltuacrimie kiapku mno3Ha-
YaroTh y BIICOTKAaX.

[lepmii y3arajbHEHHS JAHUX MO XIMIYHOMY CKJIaay TIpCbKUX MOPiA, 110 CKia-
Jal0Th 3€MHY KOpy, Oyiu 3po0iieHi ameprkancbkuM BueHuM @. V. Knapkowm, 13 Tux
nip 1 nqudpyu HEOJAHOPA30BO MiAAaBanucs yTouHeHHI0. HalOiuapmn yacto B Hammii
KpaiHi BHUKOpPUCTOBYIOTh 3Hau€HHs KiapkiB, po3paxoBaHi O. II. BunorpamoBum.
B nanwmii yac € gaHi mpo cepefHiil BMICT €JIEMEHTIB y PI3HUX THUIIAaX MOPiJ, PI3HUX
chepax, a TakokK O10JIOTTYHUX 00’ €KTaX.

3a gaHuMu O6araThboX y4eHHX, 3 89 eJeMEeHTIB, AKI BXOASATh 10 CKIIaTy 3€MHOI
KOpH, HaWmomupeHimuMu € KuceHb (kimapk 47,2 %), kpemuiid (27,6 %),
amoMiHiit (8,8 %), ToOTO Ha 83,6 % 3eMHa KOpa CKIJIAIA€ThCs 3 ITUX TPHOX €JIEMEHTIB
(3a manumu O. I1. Bunorpamgosa), a akio goaaTa A0 HUX 11e 3aii30 (5,1 %), kanbIiit
(3,6 %), natpiii (2,64 %), kamiit (2,60 %), maruii (2,10 %), To BiciM THepeTiueHUX
€JIEeMEHTIB CTaHOBIATh Ol K 99% Big 3aranpHOi Macu JiTocdepu, TOMII
Ak 81 eleMeHT He CTAHOBUTH HABITh M OJHOTO BificoTKa. Knapku 6aratb0X €1eMeHTIB
He nepeuytors 0,01-0,0001%. XimMidH1 €JIeMEHTH 3 TAKUMH KJIapKaMu Ha3UBaIOTh
PioKicHumu. SIK10 BOHU HE YTBOPIOIOTH OCOOUCTUX MIHEPAJIIB 1 HE MAIOTh 3/JaTHOCTI
710 KOHIICHTpAIlli, X I1I€ Ha3UBaIOThb piOKicHUMU po3ciaHumu. XIMiUH1 €JIEMEHTH 3
Kiapkamu, MeHIuMu 3a 0,01%, e Ha3uBalOTh MIKpoOeaemMeHmamu.

CHiBBIIHOILIEHHS €JIEMEHTIB Yy PpI3HUX cdepax ICTOTHO BIAPI3HAETHCA.
Taxk, 99,9 % Jaitocdepu ckinamae cyma KiapkiB BOCbMHU €JIEMEHTIB: KUCHIO, KPEMHIIO,
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aJIOMIHIIO, 3ajli3a, KaJbI[it0, HATpPito, MarHio, Tutany. 99,58 % rigpocdepu 3a ma-
COI0 CKJIQJIa€ThbCsl 3 TI'SITK €JIEMEHTIB: KHCHIO, BOJHIO, XJIOPY, HATpil0, MarHiro.
99,94 % atMocdepu ckiagae cyma KiIapKiB TphOX €JIEMEHTIB: a30Ty, KUCHIO 1 apro-
Hy. [HII1 eneMeHTH mpUCYTHI B IUX cepaxX B COTUX, TUCIYHHUX 1 MUTbHOHHUX YacT-
Kax BIJICOTKA, 110 BiJIMOBIJA€ BEJIMYMHI iX KJIapKa.

Bracnigok 010XIMIYHUX TMPOIECIB, SIKI CYIPOBOKYIOTh YTBOPEHHS >KUBOI pe-
YOBHMHHM Ta IPYHTIB, BIIOYBAETHCS BUOIPKOBE 3aCBOEHHSI IEBHUX XIMIYHHUX €JIEMEHTIB,
10 MPU3BOAUTH JI0 MEPEPO3NOJALTY iX MK KOMIIOHEHTaMHU CUCTEMHU Ta 10 (popmy-
BaHHS MEBHOTO0 XIMIYHOI'O CKJIaJy KOMIIOHEHTIB reocucteMu. OCKUIbKH MiHEpaJbHA
YacTHHA IPYHTIB 3HAYHOIO MIPOIO 3yMOBJIEHA XIMIYHUM CKJIaJ0M TIpChKUX MOPIi Ji-
TochepH, TO 3po3yMiia CXOXKICTh XIMIYHOTO CKJIaay IPYHTIB 3 XIMIYHUM CKJIAJ0M
mitochepu. I B 3eMHIN KOpi, 1 B IPyHTaxX MEpIIe MICLIE€ HAJICKUTh KUCHIO, APyre —
KpEeMHIIo, J1alll — aJlOMIHIIO 1 T. 1. AJle y TpyHTaX, MOPIBHSHO 3 Jitocdeporo, B 20 pa-
31B Oinbie ByrJeio Ta B 10 pa3iB Ouible a30Ty, 10 OB’ S3aHO 3 KUTTEISUIBHICTIO
Oprasi3MiB, siki MicTaTh 18 % Byraemto ta 0,3 % azory.

Sxuro Ha 99 % XiMiuHUM ckiaa JiTochepu CTaHOBIATH 8§ €IEMEHTIB, TO JKUBa
pedyoBuHa Ha 98,8 % ckiamaeTbes 3 4 €IeMEHTIB — KUCHIO, BYTJICIIO, BOJAHIO, a30TY.
bioreneTnyHi npouecu, pazoM 3 IpolecaMy BUBITPIOBaHHS Ta IPYHTOYTBOPEHHsI, Oe-
3YMOBHO, BIUIMHYJIM Ha XIMIYHUHM CKJIaJ IPYHTIB. Y IpyHTax Ouiblle, HOK y JiToche-
pl, KUCHIO, BOJIHIO, KPEMHIIO, ajie MEHIIe alfOMIHIIO, 3aji3a, KaJbllilo, MarHitoo, Ha-
TPit0, KaJilo Ta IHIIUX eJleMeHTIB. CyKyImHICTh T€OXIMIYHUX MPOLECIB IPU3BOIUTH 10
NEepepo3NoALTY XIMIYHUX €JIEMEHTIB MK KOMIIOHEHTAaMHU, KUIbKICTh MaHIBHOTO €Jie-
MEHTY — KHCHIO 30UIBIIYETHCS BiJ] JIITOTEHHOI'O KOMIIOHEHTa 10 O10TUYHOTO, JIe CTa-
HOBUTH 70 %. [lepeBaxkaroua posb KUCHIO B XIMIYHOMY CKJIaJll BC1X KOMITOHEHTIB Te-
OCHCTEM 3yMOBIIIOE OCOOJIMBOCTI XIMIYHHUX MPOILIECIB, SIK1 BIIOYBaIOTHCS B HUX.

1.2 XIMIYHI EJIEMEHTHU Y JOBKLJLII
1.2.1 Acouiauii ximiunux enremenmie. Knapxk konyenmpauii

Kuapk koHuenTpanii — nokasHuk, BBeneHuil y 1937 p. B. . BepHancbkum aiis
KUTbKICHOT XapaKTepUCTUKU CTYMEHS BIAMIHHOCTI BMICTY XIMIYHOTO €JI€MeHTa B Iie-
BHIM npupoaHiit cucteMi (abo ii yacTuHi) Bix kiapka jitochepu. Kinapk KoHIeHTpa-
111i 0OYHUCITIOIOTH 32 GOPMYJIOIO:

KK =k; /K;, (1.3)

ne k; — BMICT (KUIBKICTB) i-TO €JIEMEHTa Y N-KOMIOHEHTI; K; — KJIapK i-ro ejeme-

HTa B Jitocepi (HaAWOUIBII TOMMPEHUN mMiAXim) abo KIapK i-ro eJeMeHTa Yy
N-KOMITOHEHTI.

bnu3bkuM 3a 3HAYEHHSM 10 KJIapKa KOHUEHTpallii € Koe(ilieHT KOHIeHTpauil
(K.). 3a xoedilieHTOM KOHIIEHTpalii BU3HAYAIOTh CIIBBIAHOUIEHHS MIX KUIbKICTIO
XIMIYHOT'O eJIeMEHTa B 00’ €KTax, 110 MOPIBHIOIOTHCS Mk CO00I0, TOOTO KOe(IillieHT
KOHIIEHTpAIlli XapaKTepHU3ye CTYIiHb HAKOTIMYECHHS €JIEMEHTIB y cCUCTeM1 (KOMIIOHEH-
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Ti) BIIHOCHO OYJIb-SIKOT'O 0OpaHOTO eTajoHa. 3a KoedillieHTOM KOHIIEHTpaIlii po3pa-
XOBYIOTh BITHOIICHHS BMICTY €JIeMEHTa B 00’ €KTI 10 HOro ()OHOBOTO 3HAYEHHS Y Bi-
JIIOBITHOMY KOMITOHEHT1 HAaBKOJIMIIIHKOTO CEPEOBUIIA — IPYHTAX, BOAAX TOIIO.

Aconianiero XiMiYHMX eJeMeHTIiB Ha3UBAIOTh IPYILY €JIEMEHTIB, SKI BUSBIIS-
IOThCSl B KUTBKOCTI, BIZIMIHHIN BiJ] KpUTEPiaJIbHOTO (reoximMiuHOTO (POHY ab0 Kiiapka).

Mepy nepeBuUIllCeHHs] KOHIICHTpaIlli eleMeHTa HaJl (POHOBUM 3HAYEHHSM ITOKa3ye
koeditieHT KoHIeHTpaIii K..

Dopmyna zeoximiunoi acouiayii (paH>XOBaH1 3a 3MCHIICHHSAM BEIUYUHU
K. psaau eneMeHTIB, 10 BXOJATh B acoOIliallilo) BigoOpa)kae CIIBBITHOIICHHS MIXK
eJIeMEeHTaMH 1 JI03BOJIIE€ BUAUIUTU cepell HUX NpiopuTeTH1 3a0pynHioBadi. [Tpuxman
Takoi (opMyNH, sika TPEACTaBIs€ MPIOPUTETHE CTAHOBUIIE B SKOCTI €JIEMEHTIB-
3a0pyIHIOBAYiB KaJIMiIO Ta XpOMY, HaBEJIEHO HIKYE.

Cd12 Cr8 Cu3 Ni2

Iapazenemuunoro Ha3UBAIOTH TAKy aCOIIAIlIO, B K1 HAKOIMYCHHS €JIEMEHTIB
OB’ s13aHe 3 €IUHUM JIKEPEJIOM HAJIXO/KCHHS €JIEMEHTIB ab0 3arajJibHUM Mirpailii-
HUM IPOLIECOM.

Acorriailii CliiBHaX0XEHIS BIIPI3HAIOTHCS TUM, 10 €IEMEHTH 3 PI3HUX JIKEPE
MEXaH1YHO 3B€ACH1 Ha OOHINA AUILHUIIL.

KinbkicHOIO MipoI0 acomianii € 1HTerpajibHUN MOKAa3HUK 3a0pyAHEHHS Zc, 110
MpejCcTaBisie CoOO0K aIUTUBHY CYMY KOE(]IIIEHTIB KOHIIEHTpAIlli €JIEeMEHTIB Haj
OJIMHUYHHUM PIBHEM:

Z,=Y K. ~(n-1), (1.4)

Jie n — KUIBKICTB €J1eMeHTIB 3 K, OLabIe /.

3oHa 3a0pyaHeHHs — 1€ JAUISHKA TEpPUTOpIii, J€ BMICT €JIEMEHTIB-
3a0pyIHIOBAYiB MEPEBUIIYE BCTAHOBIICHI CaHITApHI HOPMHU, IO CTBOPIOE 3arpo3y AJis
310pOB’ sl JIIOJIUHMU.

1.2.2 HaxonuueHnHa npoOyKmie mexHozeHe3y 6 1anouiagpmax
ma opmyeannsn 2e0XiMivHUX AHOMANIT

TexHorenni reoximMiyHi aHomaiii (OPMYIOThCS BHACIIJOK MEPBUHHOIO 1 BTO-
PUHHOTO pO3MOAULY 3a0pyIHIOIOYUX PEYOBUH (3aKpIMJICHHS Ha Ja”AmadTHO-
reoximMiuaux 6ap’epax). Ix mapamerpu, koH}irypaiis, HOMUPEHHs 3a1€KaTh K Bijl
IHTEHCUBHOCT]1 HAJXOJUKEHHS TEXHOIEHHHMX €JIEMEHTIB, TaK 1 BIJ OCOOJHMBOCTEH
JaHAMAQTHO-TE€OXIMIYHOT CTPYKTYPH TEPUTOPII.

3a wiacudikaiiero O. 1. Tlepenpmana (1978), BUAUIAIOTH TEXHOTCHHI aHOMAJIT
AK 3 MIJBUIICHUM BMICTOM €JIE€MEHTIB, TaK 1 31 3HIKEHHUM (32 paxyHOK BUIIyUEHHS
PEYOBUHH) TIOPIBHSHO 3 TEOXIMIYHUM (DOHOM. 3a po3MipaMu PO3PI3HSAIOTH 27100a/1bHi,
Pe2ioHAIbHI 1 TOKAIbHI AHOMATIL
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3a MiclleM BUHMKHEHHS aHOMalliid (32 KOMIOHEHTOM-IIpUiiMayeM 3a0pyJaHEHb)
Ta MICLIEM aKyMYJIAIl eIeMEHTIB TEXHOTeHH1 Ie0XIMIYH1 aHOMaJIii MOUIAIOTh Ha JIi-
TOXIMIYHI, MEIOXIMIYHI, TIAPO-T€OXIMIYH1, aTMOT'€OXIMI4H1, 610re0XIMIYHI.

TexHoreHHi reoxiMigH1 aHOMaTI1 3 MiIBUIIIEHUM BMICTOM €JIEMEHTIB MOPIBHSHO
3 ()OHOM BUHMKAIOTh 32 YMOB aBapliHUX BUKHUJIB, YHACIIAOK IHTEHCUBHOIO, aje 00-
MEXEHOT0 B Yacl, TEXHOT€HHOT'O BIUIMBY (HANpPUKIIAJ, IPU PO3pOOII KOPUCHUX KOTa-
JIUH), 3a0pyJHEHHS HABKOJMUIIHBOTO CEPeJOBHINA (Bl CTalllOHAPHMUX, HAIIBCTAIli0-
HapHUX 1 MepeCyBHUX JuKepen 3a0pyaHeHHs). Sk 3a3nauae M. A. I'nazoBceka (1978),
nepii ABa THUNM TEXHOTEHHUX aHOMaJlid € 3anuIIKoBUMH. Yac iX iCHyBaHHS 3aie-
KUThb BiJl CTYNEHS TEXHOI€HHOIO0 HABaHTAXEHHS, IEPBUHHOTO MOPYIIECHHS (YHKIIINA
KUBHUX OpPraHi3MiB, 0OCOOJUBOCTEH JaHIIa()THO-T€OXIMIYHOT CTPYKTYPH, KA CIPUSIE
a00 MepenKoKae CaMOOYHUIIIEHHIO T€OCUCTEM BiJl 3a0pyIHIOIOYMX PEYOBHH.

TexHoreHHi reoxiMiuHi aHOMaJi1, SIKi BAHUKAIOTh BHACIIJOK 3a0py/IHEHHSI HAaBKO-
JIMIIHBOTO MPUPOTHOTO CEPEAOBHUIIA, TOCTIHHO MOCUIIOIOTHCS BHACI1I0OK HAIXO[KEHHS
1 akyMyJIsIIiil 3a0pyaHIOI0YMX peduoBUH. Hebe3neuHicTh Takux aHoMallii (3 HEBUCOKUM
pIBHEM aHOMAJIBHOCT1) KPUETHCS B KYMYJISTUBHOMY €(EKTI TPUBAJIOrO BIUIMBY Ii/IBU-
HIEHUX 010reoXiMIYHO aKTUBHUX PEYOBHH Ha KMB1 OPraHi3MH, 10 MOXE MPU3BECTU J10
MOSIBM TEXHOT€HHUX OI10reoXIMIYHMX EHIEMIH, y BIIAAEHUMX HACHIIKaX MOPYUICHHS
KUTTEBO BAXIMBUX (DYHKIIIN, HABITH 3MIHI FTEHETUYHOI'O KOJTY dKMBUX OPTraHI3MIB.

B ocHOBHOMY BU3Ha4€HO 1 BITHOCHO J0OpE BHUBYEHO 3aKOHOMIPHOCTI (popmy-
BaHHA JIOKaJbHUX TeoXIMIYHMX aHoMmaiiil. lle mepenycim ctocyeTbes hopmMyBaHHS
JIOKaJbHUX aHOMAJIIM BHACHIOK PO3CitOBaHHS B aTMoc(epi ra3onmuaoBUX BHKUIIIB
B1Jl OKpEMHX MIANPUEMCTB, y palloHaX arjJomepailiii, B3J0BXK aBTOTpac Ta BiJl 1HIIUX
JDKeped JIOKAJIbHOTO 3a0pyTHEHHS.

JIist XapaKTepUCTUKU JIOKAJTBHUX TEXHOTCHHUX aHOMAJlili BUKOPUCTOBYIOThCS KO-
edIIIEHTH KOHIICHTpaIlli OKpeMuX XiMiyHUX eleMeHTIB (Kk) (11070 iX BMICTY B He3a-
OpyaHeHHX (POHOBUX M€OCUCTEMAX) Ta CyMapHUM MOKa3HUK 3a0pyIHEHHS Z,, 10 AOPIB-
HIOE CyMi KOE(IIIEHTIB KOHLEHTpAIIl €JIeMEHTIB, SIKI HAKOMUYYIOThCS B MEKax aHOMa-
mi. TexHoreHHi aHoMaiii, ikl OPMYIOTbCS BHACTIIOK aepO30JbHOrO 3a0pyAHEHHS,
JOCUTH YITKO OKOHTYPIOIOTHCS 32 BAJIOBUM BMICTOM Ta CIIBBIHOIIEHHSM BaJIOBUX Ta
PO3YMHHHX (POPM MIKPOEJIEMEHTIB Y IPYHTAaX, EPEIyCiM B iX BEPXHIX TOPU30HTAX.

3 BUIIAJICHHSAM BiJ JKepelia 3a0pyaAHEHHS acolliallii e1eMeHTiB-3a0pyIHIOBaYIB
301JHIOIOTHCS, CYMapHU# MOKAa3HUK 3a0pyAHEHHS 3MEHIIYEThCS (Yepe3 3MEHIIEHHS
KOHIIEHTpallli 3a0pyHIoI0unX peuoBuH). Lle mae 3Mory BUAUIMTH B MEXKax TEXHO-
TeHHUX aHOMaJiil KiJIbKa 30H.

BMiCT TEeXHOT€HHUX €JIEeMEHTIB Y IPYHTaX 1 30J11 POCIUH 3MEHIIY€EThCS BiJl JIXKe-
pena 3a0pyaHEHHs 3a eKCIoHeHTow. [linBuieHnii BMICT eleMeHTIB (IKCYEThCS Ha
Bizctani 3-30 kM Bij JpKepena 3a0pyAHEHHs, a 3Ha4YHO MIABUIIICHUNA BMICT — Ha BijIC-
TaHi 2-5 kM. @opMa, KOHGIrypalis 1 MPOTAKHICTh TEXHOTEHHUX aHOMAJIIN 3aJ1eXaTh
HE TUIbKH BiJl IOTYXHOCTI JpKepena 3a0pyAHeHHs, a ¥ Bil HAIpsIMy 1 IBUJIKOCTI Ma-
HIBHUX BITPIB 1 0COOJIMBOCTEN MICIIEBOT IIUPKYJIALIT TOBITPSHUX Mac
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HasiBHICTh TEXHOT€HHOT re0XIMIYHOT aHOMaTIi BU3HAYalOTh 3a KJIapKaMy KOHIICHT-
pailii XIMIYHUX €JIEMEHTIB Y BEpXHbOMY (I'yMyCOBOMY) TOPU30HTI J0 iX BMICTY B IPYH-
TOYTBOPIOIOYii MOPOAL, SKHA 32 MEBHUX YMOB MOKHAa BBa)XaTW MPUPOJHUM (POHOBUM
a00 MPUPOIHUM €TATOHOM MIEBHOIO THITY T€OCUCTEMH (SKIIO TaKi €TaJOHU BU3HAUYEHI).

BpaxoByroun Hacninku aBapii Ha Yopnoounbcbkit AEC, 1m0 npusBenu 10 paai-
alifHOro 3a0pyAHEHHS 3HAYHOI TEPUTOPIi B MeKaX YKpaiHU, BU3HAYEHO Pa/l10aKTH-
BHI TEXHOTE€HH1 aHOMaJTii. 3a CIPsSKEHUM aHaIi30M MPOCTOPOBOi AudepeHIiaiii pa-
JI0aKTUBHUX aHOMAaTiM Ta JaHAIAaQTHO-T€OXIMIYHOT CTPYKTYPH OIIHIOIOTH Ta IMpO-
THO3YIOTh HAMPSAMH Ta 0COOJIUBOCTI NEPEPO3NOALTY TEXHOTCHHUX PATIOHYKIII/IIB.

OTxe, HAIBHICTh TEXHOT€HHUX aHOMAaJIii, BETMUMHY TEXHOI'€HHOTO BIUIMBY Ha Ha-
BKOJIUITHE TPUPOIHE CEPEAOBHUIIE BU3HAYAIOTh MEPEAYCIM 3a JAaHUMU BMICTY TEXHO-
TeHHUX XIMIYHUX PEUYOBUH Y MOBEPXHEBOMY IIapl IPYHTIB Ta B IOHHHUX BIAKIAaX MoOpi-
BHSTHO 3 iX NPUPOAHUMU (POHOBUMU KOHIEHTpalisiMu. HalinouiibHile npu uboMy BU-
KOPUCTOBYBATH TaKl MOKAa3HUKH, SIK KJIapK KOHLEHTpAIil, BIIHOIIEHHS aKTyaJbHOi KOH-
uenrparii 10 I'IK, koMIieKkCHUIM MOKa3HUK 3a0pyTHEHOCTI (32 CyMOIO BIIHOIIEHb BMi-
CTy XIMIYHUX eJieMeHTiB A0 ix ['JIK, noaiieHoMy Ha KUIbKICTh XIMIYHUX €JIEMEHTIB).

CryniHb TEXHOT€HHOI'O BIIMBY Ha €KOJIOTTYHHM CTaH TEPUTOPid BU3HAYAIOTH
aHaii3oM (akTopiB (popMyBaHHS Ta MapaMeTPiB TEXHOTCHHUX MeOXIMIYHUX aHOMAJIii.

1.2.3 HakonuueHnHa XIiMIUHUX e1eMEeHmMIi8 y KOMNOHEHmax
006KINA HA YypOAHI308AHUX MEPUMOPIAX
Mo>kHa BUAUTMTH TPU OCHOBHI IPYIH JKEepen 3a0pyJHEHHS TEPUTOPIi MICT:

— BUKUJU B atMocdepy MPOMHCIOBUX MIINPUEMCTB, TPAHCIIOPTHUX 3aC001B,
MIAIPUEMCTB €HEPTreTUKH;

— TBepl BiAX0au (IPOMHUCIIOBI Ta MOOYTOBI);

— OCa/HKEHHS PEUYOBUHH 3 JAIEKHX, HO/II TPAHCKOPIOHHUX, aTMOC(EPHUX IEPEHOCIB.

JI>xepena nepuioi rpynu 3yMOBIIOIOTh IUIOINLY PO3MOBCIOIXKEHHS 3a0pY/IHIOIOUNX

pedoBuH. [1no11a 3a6pyAHEHOT MICBKOT TEPUTOPIi B 3HAYHIN MIpi 3a1€KUTh BiJl MJIaHY-
BaHHA 1 pesibedy MICTa, TOTY>KHOCTI MIANPUEMCTB, TYCTOTH MEpPEkK1 aBTOTPAHCIIOPT-
HuX Marictpaieil. [Ipu mo3aiuHiii CTPYKTypl BIPOTIAHICTH 3a0pYJHEHHS >KUTIOBUX
KBapTaJliB OUIbINA, HIK MPU YITKO BUPAKEHOMY 30HYBaHHI TepuTopii. Cxian 3a0py-
HIOIOYMX PEUOBUH (acolliailisl eJIEMEHTIB) 3aJICKUTh BiJl TUITY BUPOOHUIITBA (MAITUHO-
OyIyBaHHs, paJlOTEXHIKa, METAIYPris TOILO), a pIBEHb 3a0pyIHEHHS — BiJl I1I0Y0i CH-
CTEeMH 3aXUCTY HABKOJMIIHBOTO CEPENOBUINA 1 CTYIIEHS OYUIICHHS Ta3iB, [0 BUKHU/A-
I0TbCA B aTMocepy, Ky 3abe3nedye o0aaHaHHS, [0 BUKOPUCTOBYETHCS MIAIPUEMC-
TBaMu. HaliOu1b111 3a0pyTHEHUM € IPYHTOBO-POCIMHHUIA MOKPUB HAa TEPUTOPIT IPOMHU-
CJIOBUX MIJIPHUEMCTB, Jie ocigae npudbauszno 30 % Bix ix Bukuais. Kpim toro, Tyt He-
MUHY4Y€ YTBOPIOIOTHCS TBEPJIl BIIXOIMU - SIK crieur(iuHl Ui KOKHOTO MIANPUEMCTBA
(MeTaneBa CTpyXKa, IUIaKH, BIIXO/IM TaJIbBaHIKH, AepOBUM MU 1 T.[.), TaK 1 IpUCY-
THI Ha KOXXHOMY 00’ €KTIi: CMITTS BiJl BUPOOHHUIITBA PEMOHTHO-0Y 1IBEIbHUX pOOIT, BiJI-
XOJIM eKCIUTyaTallii TpPaHCIOPTHUX 3ac001B, MOOYTOBI BIIXO/IH.
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Jlxepena 3a0pyAHEHHS APYyroi Tpynu € HauOUIbIMUMH 3a Macoro. OaHak, mpu
OpraHi30BaHOMY CKJIaJyBaHHI BOHU PO3TAIIOBYIOTHCS KOMIIAKTHO, OTOPOJIKEH1 Bij-
MOBIAHUX Oap’epamMu 1 HE MITPYIOThb, CTBOPIOIOYHM 3arpo3y 3a0pyJHEHHS CYMIKHHUX
JUISHOK Ta KOMIIOHEHTIB JOBKULIA. HeopraHizoBaHi 3Bajuiia, MOMIMPEH] B HAIll Yac
Ha TEPUTOPIi HACETEHUX MYHKTIB 1 MOOJIU3Y iX, CTAHOBIIATH BEJIUKY 3arpo3y, OCKUIb-
KM € JDKEpEeJIOM PI3HOMaHITHHMX, YacTo HemepeadadyBaHUX 1 HeOe3NmeuHux 3abpy-
HIOIOUHMX PEUOBHUH.

PeyoBuHU, 110 HATXOAATH HA TEPUTOPIIO 3 JANEKUX MEPEHOCIB, 32 MACOIO 3HAY-
HO TMOCTYMAIOThCS NEPIIUM JBOM IpylaM, OAHAK MOXKYTh MICTUTH JlyKe HeOe3MeuHi
KOMITIOHEHTH, HANpPUKIIAJ, YACTUHKHU 3 PaJlOaKTUBHUMHU ejleMeHTamMHu. Tak, HaBiTh
yepe3 KiibKa pokiB miciis aBapii Ha YopHoOunbscekiit AEC Ha Teputopii XapKiBChKOi
00JacTi JOKaJIbHO (PIKCYBalW BUMNAAIHHS MIJBUILIEHUX KUIBKOCTEH pPaliOHYKIIA1B
CTPOHIIIIO 1 LIE3IIO.

IPYHTH BiTHOCATH [0 TaK 3BaHUX JEMOHYIOUHMX CEPEIOBHUII, B IKUX iHTEHCHUB-
HICTh MPOLECIB Mirpalli eJeMeHTIB 3HaYHO HUXKYe, HIK B aTMoc(epl Ta BOAHUX MO-
ToKax. TUMUYacoBO JETIOHYIOYUM CEPEIOBUILEM HA3UBAIOTh CHITOBUM MOKPHB.

3 I'pYHTIB BOJ0301pHUX TUIOL] B MEPI0J 37IMB 200 CHITOTaHEHHS BOIHUMHU MOTO-
KaMH, IEPEHOCAThCS Oarato eJIeMeHTIB, Y TOMY YHUCIIi 1 MIKPOEJIEMEHTIB.

VY HOpUMICBKUX 30HaX BEJIMKUX MICT IHTEHCUBHO PO3BUBAETHCS CUIBCHKOTOCIIO-
napcbke BUPOOHUITBO. [Ipo6iiemMor0 ocTaHHIX POKIB € 3a0pyIHEHHS CUTbCHKOTOCIIO-
JapcbKkoi MPOIYKLIi NOJUTIOTAHTAMHU, B MIEPILY YEPry BaXKKUMHU METallaMU. 3aBJlaHHS,
Kl HEOOXIHO BUPIMIMUTH Yy 3B’SI3Ky 3 IIUM, BKJIIOYAIOTh BHSIBICHHS (haKTOPIB, 11O
BIUIMBAIOTh Ha (POPMYBaHHS reOXIMIYHMX OCOOJMBOCTEH OpHHUX I'PYHTIB 1 BUOIp Ai-
JISTHOK ISl BAPOOHUIITBA TAPaHTOBAHO YHUCTOI CLILCHKOTOCIOAAPCHKOT MPOAYKIII.

Hudepeniiaiisi TeoxXiMIYHOT CTPYKTYPH CUTbCHKOTOCTIOJAPCHKUX TEPUTOPIH 3y-
MOBJIEHa TpbOMa IpylaMu MPOLECIB.

A — nmpuponHa TeoxiMiyHa JudepeHuianis, TMoB’s3aHa 3 JaHAmagTHO-
reoXIMIYHUMU YMHHUKaMU. [IposiBis€ThCS y BIAMIHHOCTI XIMIYHOTO CKJIaay IPYHTIB 1
POCJIMH Ha Pi3HUX TeoMOPQOTIOTTYHUX OAUHUIAX. Tak, TUIH IPYHTIB, MOJOXKEHHS iX B
penbedi, MAaTEPUHCHKI MTOPOIH, 1, KOHLIEHTpAIlisl B HUX MIKPOEJIEMEHTIB pi3Ha B Mexkax
3aIlIaBU, HACUITHUX TEPac, BOJOAUIBHUX MPOCTOPIB HABITH MAJIOl PIUKK. 3aruiaBH1 JUIs-
HKHM € MICIIEM KOHIIEHTpallli MIKPOEJIEMEHTIB Yy IpyHTaX. Mikpopenbed NUISTHKU TaKOXK
BIUIMBA€ HA PO3MOJALIT XIMIYHMX €JEMEHTIB: B MIKPOMNOHDKEHISIX 3 MepernajoM BUCOT
BCHOT0 y KUTbKa CAHTUMETPIB KOHLIEHTPALlIS ASSIKUX MIKPOEIEMEHTIB MiIBUIYETHCS.

b — reoximiuHi nepeTBOPEHHs] TEPUTOPIi, MOB’A3aH1 3 BILUIMBOM Ha arpoJiaH/I-
mad Ty TEXHOIOTTYHUX HUKIIIB CUILCHKOTOCIIOAAPCHKOr0 BUPOOHHUIITBA.

- ArpotexHiyHull 00poOITOK TIpyHTY (BIUIMB MexaHi3MiB, rasi, [IMM Ha
XIMIYHHUH CKIaa IPYHTY)

- Buecennst 1oOpuB. MinepaiibHi 100prUBa MOXXYTh OYyTH CUHTETUYHUMH XiMI4-
HO YMCTHMH PEUOBMHAMHM (KadiiiHi, a30THI);. pocdopHi OTpUMYIOTh 3 HPUPOIHHUX
docdaris, sKI MICTATh YUCIECHHI JOMIMKHU ((HTOp, MUILI IK, JaHTaH, KaaMiid Ta i1H.).
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[linBUIIEHHST BMICTY LIMX €JIEMEHTIB B OPHOMY IlIapi Ma€ OyTH MPEIMETOM KOHTPO-
mo. Opraniufdi 1o0puBa 3a3BUYai € BIIX0JaMHU CUILCHKOTOCIIOAAPChKOT0 BUPOOHUII-
TBa, B TIEpLIy Yepry TBAPUHHUIITBA. [X BIUIMB HA F€OXiMiuHi MPOLIECH TIPOABIAETHCS Y
3MiH1 (QI3UKO-XIMIYHUX MOKA3HUKIB CEPEJOBHILA IO BIUIMBAE HA PYXJIHUBICTH PIAY
€JIEMEHTIB, HAPUKIaa, HIKeI0, XpoMy. Mickki Bigxoau (KOMIOCT, MyJau 010JI0T14-
HOT OYUCTKHU CTIYHUX BOJ, (hOCHOPUCTI ITAKKU METATYPriifHOro BUPOOHUIITBA).

- BHeceHHs IpyHTOBHUX MEJIIOPAHTIB, B IKOCTI IKUX BUKOPUCTOBYIOTH BarlHO 200
PO3KHUCITIOIOYH MPUPOIAHI MaTepiaiau, Topd, micok ado TJKHA, MPOMHUCIOBI BiIXOIH
(BiAXOAM €HEePreTUKH, MeTalnypriiiHi uuiaku, gocdorinc). Y nuiakax, 3a3BU4aid, npu-
CYTHI XpOM, Mapraselilb Ta IHIIUX MeTald; y ¢pocdorinci — cipka, CTpoHLIH, (GTop.

- IIpoBeeHHst BOAHOT MeNiopallii, B TOMY YHCJIi 3 BAKOPUCTAHHSIM CTIYHUX BOJ.

- O0po0OiTok TepuTopii GyHriMIaMu, TepOiuIaMu, THCEKTULIUIAMHU.

B — TexHOreHHi mepeTBOpPEHHs, HE MOB’s3aHl 3 MOTpedaMu CUTbCHKOroCcIoaap-
CHKOT'O BUPOOHUIITBA, MPEJICTABIICH] PETI0HATBHUMHU MOJISIMU BUNIAAIHB 3 aTMOchepu
OMaJliB JAJIEKOTO MEPEHECEHHS, TOKATbHUMU MOJISIMU BUNaAIHB 3 aTMOchepH 1mooJin-
3y MPOMMCIIOBUX MIANPUEMCTB, 30HAMU BILUIMBY aBTOTPAHCIOPTY, AUISHKAMU BIUIUBY
3a0pyITHEHOTO MOBEPXHEBOTO CTOKY, PO3JIMBIB PIYOK, 30HAMH BIUIUBY CXOBHII TOK-
CUYHMX BIIXOIB 3a paxyHOK Ae(siii, po3MUBY MOBEPXHEBUM CTOKOM; PO3JIUBY OY-
POBHUX PO3UMHIB, BHUCOKO-MIHEPATI30BAaHUX BOJ|, HECAHKI[IOHOBAHMUMH 3BaJIMILAMHU
TBEPJIUX BIIXO/IB.

VY GaraTthox KpaiHax Jil0Th CHELlajJbHI JJOKYMEHTH, L0 PErJaMEeHTYIOTh Mops-
JIOK BUKOPUCTAHHS BIIXO/1B B SIKOCT1 JOOPUB 1 MENIIOPAHTIB Y CLUILCHKOMY rocroaap-
CTBi. Y MeplIry 4epry 1€ CTOCYEThCS MYJIB OYMCHUX CIOPYJ CTaHIN 610J0T14HOT
OYUCTKH CTIYHUX BOJ. BiAMOBIIHI AUPEKTUBU BUKOPUCTOBYIOTH KpaiHu €Bpomnenchb-
koro Coro3y, y Pociiicekiii ®@eneparii aie cranpapt «['OCT P® 17.4.3.07-2001
«TpeboBanus k ocagkaM OMOJIOrMYECKON OYUCTKU CTOYHBIX BOJ MPU UCIIOIB30BAHUU
UX B Ka4eCTBE yI00peHUil», B AKOMY BKa3zaHi rpaHuyHi koHueHTpauii Cd, Hg, As, Cr,
Zn, Pb, Ni B Mmynax npu BUKOPUCTaHHI iX B KOCTi JOOpUB 1 HaBeJeHA METOIMKA PO3-
paxyHKY JOIMYCTUMOT 103U BHECEHHS iX B IPYHT Ha KOHKPETHIN NUISHII MOJIs BUXO-
JS9M 3 JaHUX MPO BMICT y OpHOMY IIapi mux enemeHTiB. Po3pobieni B Ykpaini 0i-
JIbIIIE AECSATH POKIB TOMY TEXHIYHI YMOBH aHAJOTIYHOTO 3MICTY 3aCTapiiu, 1 B JaHUM
yac B Halllli KpaiHi BIACYTHIM JTOKYMEHT B AaHiil cdepi AisTIbHOCTI.

HagxomkenHs: 3a0py/iHIOBaYiB y BOJHI 00 €KTH B1OYBAa€THCS 32 PaXyHOK IO-
BEPXHEBOr0 CTOKY 3 IUIONII BO0300pPY, 32 paXyHOK MPUILIMBIB, 0 HECYTh 3a0pya-
HEHHS, 32 PaXyHOK PO3BAHTAXKEHHS MMIJI3EMHUX BOJI, 3a PaXyHOK aTrMoc(hepHux omna-
I1B, IPSIMOTO CKUAAHHS TPOMUCIOBUX 1 KOMYHaJIbHUX CTOKIB.

Crneuudika BogHUX 00’€KTIB Ha MICBKUX TEPUTOPISX BU3HAYAETHCS TPbOMa OC-
HOBHUMU (haKTOpaMU:

1) 3anyyeHHst 10 KOJ0-00Iry BEIMKHUX OOCSTIB BOAM, SIKI BUKOPHCTOBYIOTH B
KOMYHaJIbHOMY T'OCTIOJIapCTBi, TPOMUCIIOBINA TISNIBHOCTI 1 T.II. 1 CKMIAIOTh B T1ApOT-
padiuHy Mepexy, ajie 31 3MIHOIO iX XiMiuHOTrO ckiaay. (O6csaru Boau, 3aiTHOT Tib-
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KU J1J151 TOOYTOBUX MOTPEO, OPIEHTOBHO MOXHA OL[IHUTH, BUKOPUCTOBYIOUYH MOKA3HU-
KH TTUTOMOTO BOJOCTIOKMBAHHS 1 KUTBKOCT1 KHUTENIB Y MICT1).

2) OcobnuBoOCTi KIIMaTy Ha ypOaHI30BaHUX TEPHUTOPISX, MOB’s3aHi 3 3a0py-
HEHHSIM aTMoc(epH, TOPYIIEHHAM TEIJIOBOTO PEKUMY 1 IIUPKYJIALIT MOBITPSIHUX Mac.

3) 3miHa (B pe3ynbTaTi aHTPOIOTEHHOI MISUTBHOCTI) XapakTepy PYyCIOBHX IPO-
MpoLeciB Ta YMOB (DOPMYBaHHSI CTOKY, IIOB’5I3aHl B MEpIIy Yepry 3 NepeTBOPEHHSIM
Mopdotorii pycen, 6eperiB, CTBOPEHHIM T'pebeib 1 T.11.

Boanuii 6ananc micbkux TepuTopiil. Bogononaya ta BOJoBiABEEHHS € T0JIO-
BHUMH €JIEMEHTaMU BOJAHOTO OallaHCy, SIKI MIIJISITal0Th KOHTPOJIIO 1 MOHITOPUHTY.

Ha MicbKuX TEpUTOPIAX PI3KO 3MIHIOIOTHCS MPUPOAHI CKIIAJJOBI BOJHOTO OanaH-
cy. [loBHui1 piuyKkOBUIA CTIK 3pOCTa€, MA3EMHUI CTOK CKOPOUYETHCSA. 3MEHILICHHS Ya-
CTKH MIJ3€MHOI0 CTOKY MpUTaMaHHE OUTbIIOCTI MICBKUX TEPUTOPIi.

VY MicTax 3a paxyHOK ac(hanbTOBUX MOKPHUTTIB 1 BEJIMKOT IJIOLII, 3aiiMaHoi 3a0y-
JOBOIO («1axy»), MPOHUKHICTh MOBEPXHI 3HAYHO HUXKYE, HIK Y IPUPOJITHUX YMOBaX.

Crnocrepiraerbes npsiMa 3al1eKHICTh MK PO3MIpaMu, YHOPSJKOBAHUX MICT 1 4a-
CTKOI0 HENpPOHUKHMX JUISHOK Ha ix Teputopii. Tak, mpu HaceleHHI MEHIle
300 THc. MEIIKAHIIIB HEMPOHUKHI AUIAHKU CKJanaoTh A0 20% Tepurtopii, mpu Kijib-
KocTi MemkaHIiB monaa 1 muH — 35-80%. Takum uynHOM, y BEIMKHUX MicTax Koedi-
LIEHT TOBEPXHEBOI'O CTOKY BUIIUH, HIK Y HEBEIUKHUX.

B yMoBax micTta 30UTBIITY€ETHCS KUTBKICTh TBEP/I01 (a3u (Cycrnensii) y CKiiaji moBep-
XHEBOT'O CTOKY. BMICT cycrieH3ii B TOBEpXHEBOMY CTOIIl HABITh 3 YHIOPSIIKOBAHOI TEPUTO-
pii cTaHoBHTH 1500 Mr/iM’. 32 TaHHMM aMEPHKAHCHKHX ABTOPIB, CTiK HAHOCIB 3 BO0360-
PiB, 110 3HAXOATHCS iz 3a0Yy/I0BOIO, KOMMBA€ThCs Bt 300 10 2200 T/kM” Ha PiK.

TexHoreHHo 3a0pyAHEH1 BOAM XapaKTepU3YyIOThCS 3MIHOIO TEMIIEpaTypHOTO, Tra-
30BOT0 PEKHUMY, EJIEKTPOIMPOBIAHOCTI, BOJHEBOTO TMOKa3HHMKA 1 OKHUCIIOBAJIbHO-
BITHOBHOTO mMoTeHIliany. Crocrepiraerbesi 30UTbIIEHHS KaJJaMyTHOCT1 BOJAM, MPUYO-
My CYCIIE€H31sl B IMX BOJIaX 3a XIMIYHUM CKJIQJJOM B MOPIBHSHHI 3 MPUPOAHUM Pi3KO
301IHEHa KPEMHE3eMOM 1 30aradueHa OKCUIaMH 3aji3a, KajbI[il0, MarHito, OpraHikoro.

[IpucytHicth y BoAl genoniB, CITAP, HapTONpoayKTIiB rpae BEIUKY pPOJIb B Ie-
PEPO3MOALT €JIEMEHTIB B 00’ €M1 BOJU 1 M1k BOJI0I0, TBep1ot0 (a3oro, 610Tor0. 30K-
peMa, B 30arayeHuX OpPraHiKO BOJAaX CIIOCTEPIraeThCs PeAICTPiOyIis — mepexia oc-
HOBHUX 3a0pyIHIOIOYUX PEUOBUH 3 00’ €My BOAM Ha MOBEPXHIO 3 POPMYBAHHSM ILTi-
BKM MIKPOCKOMIYHOI TOBUIMHHU, 1110 BIJIPI3HIETHCS MIABUIICHUM BMICTOM 3a0pyIHIO-
IOUMX PEUYOBHUH 1 BUCOKOIO PEAKI[IIHOIO 3aTHICTIO.

VY BOJHOMY MOTOII MOKHA BUSIBUTH J[BA MIOTOKW PEYOBUHU: OJUH — PEYOBUHA B
po3uMHEHiN Qopmi, Ipyrui — y 3aBuciHii. s pi3HUX XIMIUHUX €JIEMEHTIB XapakTe-
pH1 pi3H1 popmu mirpanii. Tak, 1 pTyTl y BOZHOMY HOTOLI EPEBaX)at0vyor0 € pPo3-
yiHHA popMa, JUIsl XpOMY 1 CBUHLIIO XapaKTepHa MPUCYTHICTh Yy CycleH3li (pO3UnHEeH]
dbopmu cknanawts 30-40 % Big 3aradbHOrO BMICTY), JUISl IIMHKY 1 MiAl pO3YMHEHI
dbopmu B cepelHbOMY CTaHOBIATH 60-65 %. EnemenTH B po3umHi MOXYTh OyTH Y
¢dbopmi HeopraHiuHux ab0 OpraHIYHUX CHOJYK. JJs KaJaMiio XapaKTepHI OpraHiyH1
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(xenmaTH1) CIOJYKHU, BEJIMKA 1X POJIb JJIsl HIKEJIIO; U1 MiJll 1 IUHKY XapakTepHa ¢opma
HEOPraHIYHUX CIOTYK.

Ha Biacrani Bin mxepena 3a0pynHeHHs (y Tak 3BaHIM 30H1 po3MOALTY) MK 3Ba-
KEHUM 1 PO3UMHEHUMH MMOTOKAMU PEUOBMHU BCTAHOBJIIOETHCS piBHOBara. TyT AiI0Th
JIB1 TPYIU MPOIECIB: TaKl, [0 COPUIIOTh BUBEJECHHIO 3a0pYIHIOIOUUX PEYOBHH 13 BO-
JTHOT MacH B JIOHHI BiIKJIaJ€HHS 1 010Ty 1 3BOPOTHI, 1[0 3yMOBIIIOIOTh iX HaJIXOIKCH-
Hs 3 010TH Ta IOHHUX BIJIKJIaJ€Hb Y BOJHY Macy.

Jlig mirpaiiii pedoBUH y 3BaXKeHIM QOpMi CYTTEBUMH € IMPOLIECH MEXAHIYHOrO
BUIAJ]aHHS 3 TIOTOKY 32 PaXyHOK HOTro MOANPYKUBAHUA 1 3MEHIIEHHS IIBUKOCTI TEUli.

BaxxnuBy poib y 3a0pyIHEHHI BOJHUX CUCTEM BiJIrPAIOTh AOHHI BiKJIaaHU, 110
(bopMyIOThCsl B pe3yNbTaTl CeAMMEHTAIllT 3BaXKEHOT0 y BOJI1 MaTepiany 1 Horo B3ae-
MO/I1i 3 BOJIHOIO (ha3oro.

JIOHHI MYJIH, 1110 € KIHIIEBOIO JAaHKOIO Ha HUISIXY T€0XIMIYHOT MIrpailii XIMiYHOTO
eJIeMeHTa B JaHAmadTi, IHTErpyloTh re0XiMi4HI 0COOIMBOCTI BO10301pHOI mutomi. Lle
JI03BOJISIE 32 1X XIMIYHUM CKJIQJIOM BUJUISTH TEXHOTEHHI MOTOKHU 1 OCHOBHI JKepesia
3a0pyIHEHHSI, @ TAKOXK OIL[IHUTH CTYMiHb TEXHOT€HHOI'O HABaHTaKEHHSI Ha BOJOTIK.

3a0pyaHeH1 MeTalaMu a00 TOKCUYHUMH PEYOBUHAMU JIOHHI BIIKJIAJCHHS MAlOTh
cyOseTanbHy TOKCHUYHICTh JJIi BOJHUX OpranizmiB. JlochimkeHHs moKa3aau MOXIIHU-
BICTh MEpexoly 3a0pyJHIOIOUHUX PEYOBHMH 3 JOHHUX MYIIB y BOAHY a3y, MpUIOMy
nepioJ] iX HEraTUBHOI'O BIUIMBY MOKE OYTH JyKe TPUBAIUM, HABITh MICIIS IPUITUHEHHS
HAJXO/KEHHSI B 00’ €KT 3a0pynHeHux Boa. [Ipore aitoui B gaHUI 4ac HOPMATHBH HE
JIMITYIOTh BMICTY 3a0pyAHIOIOUMX PEUOBUH B JIOHHUX BIJIKJIQJCHHIX BOJAHUX 00’ €KTIB.

JIoHH1 BigKJaau, Kl (GOPMYIOThCS B BOJOTOKaxX ypOaHI30BaHUX TEPUTOPIA B
YMOBax 30UIBIICHOI MOCTaBKU TEXHOTE€HHOI'O PEYOBHHM, HA3UBAIOTh TEXHOTCHHUMH
MyJlaMH. XapakTEPHUMU OCOOIMBOCTAMU TEXHOTC€HHHX MYIIIB €: TEeMHE 3a0apBJICHHS
(1HO[II TTOTIENISICTE), MiIBUIIICHA IUTACTUYHICTh, TOHKOJAUCTIEPCHUM CKJTaJl IPU HasIBHOCTI
MIIIaHOI AOMIIIKY (BIIHOCHE 3HMKEHHS BMICTY YaCTHMHOK MUJIYBAaTOro (ppakiii), mpu-
CYTHICTh YaCTMHOK TE€XHOTE€HHOT'O MOXOJKeHHs (okcuau 1 rimpookciau Fe, Mn, kap-
OOHaTU Ta 1H.), MacCJISHUCTICTb, crienupIyHUI 3anax (CIpKOBOAHEBHM, (pexanbHUI 1
T.1.). Taki BJIaCTUBOCTI SIK IUIACTUYHICTh, MACJSHUCTICTb, 3a0apBIEHHS IOB’s3aHi 3
MIABUIIIEHUM BMICTOM y MyJIax HAQTOMPOIYKTIB, Macel, IHIIUX OPraHIYHUX PEUYOBHUH.

[ToTOKM pO3CitOBaHHS €JIEMEHTIB y NOHHUX BIAKJIAJACHHSIX HEPIIKO MpeIcTaB-
JSIOTh SIK TUHIAHI 00’ €KTH; B INCHOCTI BOHU € TPUBUMIPHI CUCTEMH, L0 XapaKTepH-
3YIOTbCSI HE TUIBKU MPOTSKHICTIO, aji€ 1 MIUPUHOIO 1 MOTY>KHICTIO, SIK1 3aJIe’KaTh BiJl
MONIEPEYHOTO 1 MO3J0BKHBOTO TIPOPLII0 BOJHOTO 00’ €kTa. [IOTYKHICTH MYIIIB MOXeE
Jocsratu JeKuibkoX MeTpiB. CKYIMYEHHsI TEXHOTEHHUX MYJIIB BU3HAYAETHCS T1APOIH-
HaMIYHUM PEKUMOM BOJOTOKY.

Bopoiimu, cTaBkH, 03eporoAiOH1 pO3IMIUPEHHS pyciia MOKHA PO3TISAATH K MO-
TEHI1MHI HaKOMUYyBayi 3a0pyAHIOBauiB B JaHAIA(TI (OCaIKEHHSI MYy Ha MEXaHi-
YHOMY reoXiMiyHOMY Oap’epi). ['MpoBi AUISTHKYA PIYOK Ta CTPYMKIB, 3arlyIaBH1 AUISH-
KU JaHAmadTy cnyxatbh Qi3uKo-xiIMIYHUMU Oap’epaMM Ha LUISXY PYXY BOJHHMX MIT-
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paliiiHuX NOTOKIB efneMeHTiB. Ha okpemux auisHkax nanamadTy HasBHI 610reoximi-
4yH1 Oap’epu (3apociau BOJHO-00JOTHOI POCIMHHOCTI) ab0 MO€JHAHHS iX 3 1HIIUMHU
TUMIaMu O6ap’epiB.

Mynam npuTaMaHHe MepeBaKHE HAKOMMYECHHS 3a0pyaHIOBAYIB y CKiIadl (pak-
i menime 0,01 MM (i3uyHa ryIMHA), aje B MOPIBHSHHI 3 JOHHUMU BiJKJIaJICHHIMHU
MPUPOAHUX JaHAMA(TIB BMICT 3a0pyAHIOBAUIB 3pOCTAE Y BCIX (PpaKIIisiX.

MuiK JOHHUMU BIJIKJIQJICHHSMU 1 BOAOIO B 00’€KTI ICHYe JUHAMiuHa piBHOBara. Ile-
pPEX0/ Ty KOMIIOHEHTIB 3 TBEPOi (pa3u B pO3UMH CIPUSIOTH HACTYIHI T€OXIMIYH1 MPOIIECH:

1. 3MiHa MiHepati3ailii BOAy, 0 CTUMYJIIOE TIOCHJICHHS MPOIIECIB J1ecopOIrii 1
10HHOT'O OOMIHY;

2. 3HWKEHHs BenuuuHu pH (cipusie po3urMHEHHIO KapOOHATHUX CIOJIYK);

3. aHaepoOHi cy1ab0 BIAHOBIIIOBAJIbHI YMOBU CIPUSIOTH MEPEXOY B PO3UUH OK-
CHJIIB METAIIIB;

4. MisUTBHICTh MIKPOOPTaHI3MiB, 110 BXOSATH /10 CKJIay O10THMHUX KOMILJIEKCIB
BOJIHOT €KOCUCTEMHU, TPU3BOJIUTH JI0 BIJIYYEHHS 3 OpraHiyHux 3aymiikiB Fe, Mn;

5. mpouecu KOMIUIEKCOYTBOPEHHSI MPU3BOAAThH 10 NEPEPO3NOALTY €IeMEHTIB
MK (azamu;

6. TIpolIeCH CKaJIaMy4eHHS JOHHUX BIAKJIaJeHb (TIOB’s3aH1 31 3MIHOIO IIBUJIKO-
CT1 pyXy MOTOKY, 3MIHOIO TJTMOMHU BOJIONMU).

Taxkum 4rHOM, B IOHHUX BiAKJIaJaX HAaHOLIBII MOBHO (PIKCYETHCS BIUIUB JKepe-
na 3a0pyaHEHHSs, 110 i€ Ha TepUTOPii BO0300PiB.

Bucoki koHIIeHTpallii B TOHHUX BIAKIAJaX TOKCHYHUX €JIEMEHTIB, 3 4aCOM MpH-
3BOJISITH 710 30aradyeHHs HUMHM TPO(IYHOTO JIAHI[Iora 1 IepeOy10BH BOJ-HUX O101IEHO-
3iB. Haciinkom Moxke OyTH OTpY€EHHS JIIOJIEH, SIKI CIIOKUBAIOTH PUOY 1 1HIILY MPOAYK-
1110, 110 chopMyBanacs B IIUX CUCTEMAX.

O1iHKy HeOe3MneKku il O10THYHUX KOMIIOHEHTIB BOJHHUX CHCTEM HAKOTHYCHHS
B JIOHHMX BIJIKJIQJICHHSX BUCOKHMX KOHIIEHTpAIllll METAJIIB Ha MiJICTaBl IHTEIPAIBHOTO
MoKa3HUKa Z. HaBeaeHo B Tabmwmili 1.1. (3a €. FO. CaeTom).

Tabmuus 1.1 — OpieHTOBHA MIKaia OLIHKY 3a0pyAHEHHS BOJHUX CUCTEM
IHTerpanbHuil MOKA3HUK KOHIIE-

PiBennb . . . .
HTpalii TOKCHYHHUX eJIEMEHTIB Y BMicT TOKCHYHHX eleMeHTIB y BOai
3a0pyIHeHHA .
AOHHMX Biakaanax Z.
CnaOkuii Mmenuie 10 Cna0o niBUILIEHUHN BIAHOCHO (OHY
o IligBumenuii moao GoHy, enizoauuHe
Cepenniit 10-30 Gony,

nepesuieHHs ['JIK
KonnenTparii y 6araro pa3zis Buiie ¢o-
CunbpHuit 30-100 HY; CTaOUIbHE MEPEBUIICHHS OKPEMUMHU
eneMenTamu piBHiB ['/JIK

[IpakTi4HO NOCTINiHA NPUCYTHICTH Oara-
Jyxe cunbHU oureme 100 THOX €JIEMEHTIB B KOHIICHTPAIIIAX BUIIE
I'’;IK
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1.3 IPUPOJA IOHI3YIOUUX BUITPOMIHIOBAHb
TA BIIVIUB HA 310POB’A JIIOJAUHU

PagioakTHBHICTIO HA3WBAIOTL 3ATHICTH ACSIKHX XIMIYHHUX €JIEMEHTIB a0o0 iX
PaAIOHYKIIIIB CAMOYMHHO PO3MAaJaTUCs, BUITYCKAIOUU MPU [[bOMY HEBUJIUME BHUIIPO-
MIHIOBaHHS, [0 HE BIIYYBAETHCS JIIOJMHOI. XIMIYHI €JIEMEHTH, SIK1 3a3HAIOTh Pajio-
aKTUBHMM pO3Maj 1 He MalOTh CTAOUIBHUX 130TOIIB, HA3UBAIOTh pal0aKTUBHUMU. [0
MPUPOAHUX PaTI0aKTUBHUX €JIEMEHTIB BIAHOCATHCS ypaH, TOPid, pajoH, MOJOHIMH,
bpanuii, aktiHid, npotakTiHiid. Ty4Hi pagloakTUBHI €JI€MEHTH YTBOPIOIOTHCA B
XO/JI1 IIEPHUX PeaKIliil (TEXHEeI[1i, TPOMETIN, HeNTYHIM, aKTIHOIN).

PanioakTuBHI €1€MEHTH Ta PaJiOHYKIIIIU BXOASTH 10 CKJIaay 3€MHOI KOpH, IO
0OyMOBIIIOE Pi3HI BUIU onpoMiHeHHs. KpiMm Toro, pi3Hi BUAM BUIIPOMIHIOBAHHS MOC-
TynarTh Ha TMOBEpXHIO 3emill 3 kocMocy. KoxkeH MemikaHenb 3eMili 3a3Ha€ OMpoMi-
HEHHS B1Jl IPUPOJHUX JDKEpEIl, IPU YoMy 5/6 103H, SIKYy OTPUMYE HACEJIeHHS, BUI-
JISIFOTH 3€MHI1 JKepelia pajialii.

3 ki 19 cr. Ha 3emini 3’ IBUJIMCS MITYYHI JKEpesia 10HI3yI0U0ro BUIPOMIHIO-
BaHHA (JIOCHIIHUIBKI, MEANYHI, KOHTPOJIIOIOUI PUIIaJH, TPOMHUCIIOBI Ta €HEPreTUYH1
YCTaHOBKH, sijiepHa 30posi). Lle mpu3BoaUTh 10 3MIHU MPUPOTHOTO PATIallifHOTO OIS
3emuili, 10 CTBOPIOE 3arpo3y 370pOB’ 10 JIOAUHM 1 caMoOMYy il icHyBaHHIO. /{151 cTpumy-
BaHHS HEOE3MEUYHOT0 PO3BUTKY MPOIIECIB 1 3aXUCTY JIIOJWHM BiJ] BIUIUBY pajialii Oyau
po3po0JIeH1 MIXKHAPO/IHI 1 HaAIlIOHATBHI CUCTEMHU HOPM 1 JTIMITIB Y IIiii 001acTI.

1.3.1 Kopomka xapakmepucmuka ioHI3yI04UX 6UNPOMIHIOBAHD

Ionizyrouum eunpomin6anHAM HA3UBAIOTH TaKE BUIIPOMIHIOBAHHSI, B3a€MOJIis
SKOTO 13 CepeOBUILEM MPUBOAUTH O YTBOPEHHS B LIbOMY CEpPEAOBHILI 10HIB (MO3H-
TUBHO 200 HETaTUBHO 3apsHPKEHUX YaCTOK) 3 HEUTPAJIbHUX aTOMIB UM MOJIEKYIL.

loHi3ytoue BUIIPOMIHIOBAaHHSI MOXE€ MaTH KOPIYCKYJISIpHY UM XBHJIBOBY IPHUPO-
ny. KopnyckynspHuii moTiK MOXe CKIagaTucs 3 o- 1 - 4aCTOK, HEUTPOHIB, 1HO1 1H-
X €JeMEHTApHUX YacTOK. XBWJIbOBE BUIIPOMIHIOBAHHSA MIAPO3AUISIOTH HA ¥ — 1
PEHTIeHIBChKE BUIIPOMIHIOBAHHS.

Q-6UNPOMIHIOBAHHA SBIIIE COOOI0 TIOTIK TO3UTHBHO 3apsAJKEHUX YacTOK
(smep aToMiB Tefiio), MO pyxarTbed 31 BHAKICTIO 01u3bko 20 000 km/c. loHi3zyroua
3/IaTHICTh Ol-4aCTOK BEJIMYE3HA: IPH MPOXOHKEHHI 1 ¢cM aTMOChEpHOro MoBIiTPs BOHU
yTBOpIot0Th 40 — 100 THC. map 1oHIB. JloBkKMHA MPOOIry B MOBITP1 CKIaAa€e OJIU3IBKO
2,5 cM, y pIAKUX 1 TBEPJUX CEPeIOBUIIAX — COT1 YACTKH MUTIMETpa.

S-eunpomintogannsa CKIala€TbCs 3 MOTOKY HETATHUBHO 3aps/I>KEHUX YacTOK — elie-
KTPOHIB, IIBUAKICTh SIKOTO MOXKe HaOMmxkaTucs 10 mBUAKOCTI cBitaa (o 300 000 km/c).
[Ipu npoxomxkeHHi 1 cM HOPMaILHOIO aTMOC(EPHOrO TOBITPSI  YacTKa CTBOPIOE
50 — 70 nap ioHiB, a B 6ionoriuHii TkaHuHi 8§ — 10 map iouiB Ha 0,1 MM npobiry. Mak-
CUMaJIbHa JOBXKMHA MPoOIry 3-4acTku B MoBITPi 20 M, y )KUBUX TKAHUHAX 1 BOA1 — 3 CM.
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Heumponne eunpominioeanna nomuproeTbesa 31 mBuakicTio 10 20 000 xkm/c.
HeliTpoHu, 10 HE MalOTh E€JNEKTPUYHOTO 3apsniy, JIETKO MPOHUKAIOTh Yy PEYOBHUHY,
BKJIIOYAIOYH JKUBY TKAaHHUHY, 1 3aXOIUTIOIOTHCS SIAPAMU aTOMIB.

o y-eunpominioeanns BiZHOCITH BUCOKOYACTOTHE €JIEKTPOMArHITHE BUIIPOMI-
HIOBaHHs 3 oBXKHOKW XxBuii Bif 0,1 mo 0,001 HM, 110 BUIYCKA€THCS SApaMHU aTOMIB
MIpU paJloaKTUBHUX nepeTBopeHHs X. IIBUKICTh HOTO PO3MOBCIOKEHHS OJIM3bKA /10
IIBUAKOCTI CBITJIA. Y TOBITPI Y-BUIPOMIHIOBAHHS MOX€ MOIIMPIOBATHCS HA COTHI
METPiB, BUILHO MPOXOJUTH KP13b TUIO JIFOJAWHM Ta 1HIII OUIBII HIIIBHI CEpeIOBUIIA.

Penmeczeniecoke e6unpominweanna Ma€ TiI K XapakTEpPUCTHKH, IO 1
Y-BUIIPOMIHIOBAHHS, BIIPI3HSIOYUCH Bl HHOTO HESAEPHUM MOXOJKEHHSM. PeHtre-
HIBCbKE BUIIPOMIHIOBAHHS PI3HOT €HEPrii OJEPKYIOTh y PEHTTE€HIBCHKUX TpyOKax,
MPUCKOPIOBaYax Ta IHIIUX YCTaHOBKAX.

BrnuB Ha3BaHUX BU[IB 10HI3YyIOUOrO0 BUIIPOMIHIOBAHHS HA JIIOJIMHY TPUBOJIUTD
10 HWOro onpominenusa. BULUISAIOTE 306HIUIHE ONPOMIHEHHA, KOIU HOTO JKEPEIo
3HAXOJIUTHCS 11032 OPraHi3MOM JIIOAUHU, 1 6HYMPIWIHE, KOJIU JXKEPENIO ONPOMIHEHHS
BUSBIIIETHCSI YCEPENIMHI OpraHi3My, MOTPAIUISIIOYM TYAH 3 BAUXYBAaHUM IOBITPSM,
>Kero, BOJI010, MEIMYHUMH TMpenapaTamu.

Bucoki 1031 OnpoMiHEHHSI MOKYTh NMPU3BOAUTU J0 T€HETUYHUX YPaKEeHb, PO3-
BUTKY IPOMEHEBOI XBOPOOM 1 HaBITh JETAJIBHOIO pe3ysbTary. BrumB manux 103
CTUMYJIIOE€ PO3BUTOK XPOHIYHUX 3aXBOPIOBAHb 1 MOXKE€ MATH F€HETUYH1 HACIIIJIKH.

1.3.20cno6Hni eenuuunu ma 0OUHUYI, WO BUKOPUCHOBYIOMbCA
6 padioekonocii (padiayinnii meOunuHri i 6i0102ii)

[Toxa3HrKOM MOXJIMBOT pajaialiiHol HeOe3MeKr TpChbKUX MOpiJ, IPYHTIB, BOAM,
OyIiBETbHUX MaTepialliB, BIAXOIB, XapuyOBUX MPOAYKTIB € iXHS @KmMuGHicmb, 110
BHU3HAYAETHCA YUCIOM DPAI0aKTUBHUX PO3MaIiB B OJUHUIIO Yacy (cexkyHay). Oau-
HULIEI0 BUMIPY akTUBHOCTI B cucteMi Cl € bexepens, a mo3acucteMHii — kropi. Hucno
pO3naiB y CEKYH]y, BITHECEHE /10 OJAMHMII Y1 Macu 00’ €My pPEUOBUHH, XapaKTepH-
3y€ H0T0 RUMOMY aKmugHicmp, 1110 BUPaxaeThest B BK/kr, Bx/M® un Br/11.

OCHOBHMM TEpMIHOM, IIO Big0oOpaXka€ BIUIMB JHKEpea 10HI3yI0UOro BUIPOMIHIO-
BaHHS, € 003a. BiH Moke MaTH pi3HE 3HAUEHHS 3aJIEKHO BiJl YTOUHIOIOUOTO BU3HAUCHHSI.

Excno3uuiiina 0o3a BU3HAYA€THCS KUIBKICTIO 10HIB, 110 YTBOPIOIOTHCS B OJIH-
HUI1 00’ €My TIOBITPSI B pe3yJIbTaTi HOTO B3a€EMOJIT 3 10HI3YIOUUM BUIIPOMIHIOBAHHSIM.
VY cuctemi CI excro3uiliiiHa /1032 BUMIPIOETbCS B KyJOHAx Ha kutorpam (Kun/ke), y
M03aCUCTEMHIN — y penmeenax (P).

KinbkicTh 10HIB, 110 YyTBOpUJIACS B OJUHUII 00’ €My MOBITPS 3a OJMHUITIO Yacy,
BU3HAYAE HOMYHCHICMb €KCHO3UUINHOI 003U, OIUHUIIl BUMIPY SIKOi — aMImepHu Ha
kutorpam (A/kr) uu peHTrenu 3a cekynay (P/c).

Iloznunena 0oza (D) 10HI3yI0OUOTO BUIMPOMIHIOBAHHSI BU3HAYAETHCS KUIBKICTIO
eHeprii OyJp-sSKOro BUY, MepeaHol 10HI3yIOUYUM BUMPOMIHIOBAHHSM OJWHUII MacH
pedoBuHu. OaunHuIero norauHenoi 1o3u B Cl ciayxuts epeti (Ip), 110 BIANOBIIAE MO-
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riiiHaHHoO 1 JIk eHeprii oqHUM KiIorpaMoM ONpoMiHeHOi pedoBuHH. [lo3acucremMHa
OJIMHULIA TOTJIMHEHO1 J03U — pao.

bionoriyHi HacHiKA ONMPOMIHEHHS B MaJMX J103aX 3aJI€KaTh Bl BUJly BUIIPOMI-
HIOBaHHSI, @ HE TUIbKHU BiJl MOMIMHEHO1 eHeprii. OIIHOYHUM MMOKa3HUKOM HEOe3IMeKu
BUIIPOMIHIOBaHHS € Koegiyicnm akocmi K. JIns peHTreHIBCbKOr0 BUMPOMIHIOBAHHS
k=1; cepenHiii Koe(ilieHT SIKOCTI JJIs1 €IEKTPOHIB 1 B-BUNPOMIHIOBAHHS TaKOXK JI0pi-
BHIOE 1; 17151 HEUTPOHIB 3 eHeprieto meHie 20 keB — 3, a 3 enepriero 0,1 — 10 MeB —
10. lnsa a-BunipominioBanHs k =20.

Ekeieanenmna 0o3a 10H13yrouoro BunpominioBands H po3paxoByeThes sK 10-
OyTOK MOIIMHEHOI J03U B 010JIOT14HIN TKaHWHI HA CEpPeHIN KOe]IIIEHT AKOCTI MOr-
JMHEHOTO BUIIPOMIHIOBAHHS:

H=Dk (1.5)

Opununs  exBiBasieHTHOT A03u B Cl — 3igepm (38), y mno3acucTeMHHUX
OMHUIIIX — Oep Tipu criBBigHOIIeHHI 1 3B = 100 Gep.

JIJis po3paxyHKy KoleKmueHoi ekeieanieHmnoi 003u TICBHOI Tpynu Jiroaeh (Ha-
MPUKJIa/1, MEIIKAHIIIB OJIHOTO HACEIEHOT0 IMMyHKTY a00 BUAUIEHOI 30HM ) 3HAXOATh 1HTE-
rpai (4u cymy) BiJ JOOYTKY 1HIMBIAYaIbHUX €KBIBAJIEHTHUX 03 HA YUCIIO 1HAUBIAYY-
MiB N, 110 ofepxainu aany 103y H. Oaunuiiero BUMIpy KOJIEKTUBHOT 03U € 1700-38.

Ouikyeana Ko1eKmuena eKgisaieHmHua 003a XapakTepusye Ty 03y, SIKy ojie-
pKaTh OaraTo MOKOJIIHB JIFOACH 32 BUBHAUCHUHN Yac ICHYBaHHs JKepelia pasialtii.

Cnia BIA3HAYWTH, IO PI3HI OPraHM 1 TKAHWHU TIa JIOAUHU MAlOTh PI3HY YyT-
JUBICTH JI0 BIUIMBY 10HI3YIOUOTO BUNpOMiHIOBaHHS. HaiiOuibiia HeGe3neka BUHUKAE
IIpU OMPOMIHEHHI CTATEBUX 3aJI03, YEPBOHOTO KICTKOBOTO MO3KY, JiereHb. BpaxoBy-
104U BIANOBIIHI (pakTOpH, HA OCHOBI KOE(IIIEHTIB palialliifHOTO PU3UKY MOXKE OyTU
po3paxoBaHa egheKmueHa eKeisaieHmHa 003a ONPOMIHEHHsSI, 110 BUMIPIOETHCS B
3iBepTax (0epax).

1.3.3Bnaug ionizyouo20 unpominio8aHHA HA HCUBL OP2AHIZMU

Kusi opranizsmMu (pyHKI[IOHYIOTh Ta €BOJIIOIIOHYIOTh Ha 3eMJll B yMOBax IOC-
TIHHOTO BIUIMBY PaJi0aKTUBHOTO BUIIPOMIHIOBAHHS, IO CBIAYMUTH MPO iXHIO MPUCTO-
COBAHICTh 0 BILUTUBY (hoHOBUX N103. [liBUIIIEH] piBHI pajaiallii HETaTUBHO BILIMBAIOTh
Ha *uB1 cuctemMu. [1i BIUIMBOM MPOMEHEBOrO ypa)k€HHs BiIOYBalOThCS 10HI3AIIS 1
30y/I>KEHHS aTOMIB 1 MOJIEKYN Y KUBIHA pedoBuH1. Oco0JIMBO IHTEHCUBHO Tpolec ¢o-
pMyBaHHS 10HIB MPOXOAUTH y BOJI, 3 sikoi Ha 60-90 % ckiiagaroThbest )KMB1 OpraHI3MH.
Oco0nuBe 3Ha4YECHHS IpPH IUX MpOIEcax HAJAal0Th YTBOPEHHIO TIMEPOKUCY, a TAaKOXK
rigpokcui-iony. IXHs B3aeMozist 3 pi3HOMAHITHUMHU GiOJOriYHMMHU MOJIEKYJIaMH i CH-
cTeMaMu NPU3BOAUTH 0 (POPMYBaHHS CHOJYK, 110 MAalOTh BUCOKY XIMIUHY aKTHB-
HICTb 1 OIHOYACHO JI0 pYHHYBaHHS XIMIYHHUX 3B’5I3KIB Y MOJIEKYyJIax.

YTBOpEeHHS B OpraHi3Mi 3MIHEHUX MOJIEKYJI IPU3BOAUTH J0 MOPYIICHHS MpoIie-
Cy 0OMIHY PEYOBHH 1 €Hepro3abe3rneueHHs KIITHH, 3MIHA (DYHKI[I0HAJTBLHOI aKTUBHO-
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CT1 O10JIOTTYHUX CHUCTEM. XapakTep 3MiH Ha PI3HUX PIBHAX OpraHizailii >KUBUX Opra-
HI3MIB HaBeJeHU y Tabmuin 2.1.

Jlo BIIMBY pajiaiii HalOUIbII YyTIMBUMH € 0araTOKJIITHHHI OPraHi3Mu, a 3 HUX
— ccaBii Oco0JIMBO HETaTUBHUM € BIUTUB MIIBUIIEHUX /103 10HI3YIOUOTO BUIIPOMIHIO-
BaHHS Ha MOJIOJI1 OpraHi3MH 1 pO3BUTOK eMOpPIOHIB.

VY KOHCTPYKIIISIX OJJHOTO 3 aMEPUKAHCHKUX SACPHUX PEaKkToOpiB OyJ0 3HAHAEHO
KUTTE3AATHI OaKTEpii, sIKI OTPUMAaIM Ha3BY PAAIOCTIMKMX MIKpOKOKiB. [lornmuHena
1000Ba J103a y MiCIIi X MEIIKaHHs Jocsralia 10° I'p.

Tabnmuus 1.2 — Xapakrep paaiallifHOro ypa)keHHs Ha pI3HUX PIBHSX 010J10T1Y-
HO1 opraHizartii

PiBenn Peaxuis Yac nposiBy

. Ymxomxenns JHK, PHK, ¢pepmenTis, BruiuB Ha mpo- Bin nanoce-
MonexynsapHuii . 9

1ecu oOMIHy kyHza (107)

VYpaxkeHHs1 610J0TTUHUX MeMOpaH, sAep, XPOMOCOM Ta

CyOKIITUHHUN U ) ) . CexyHnu,
. . 1H. [IpunuHeHHs po3noainy Ta 3arudesb KIITHH, [epe-

KIIITUHHUI . o XBWJIMHU

TBOPEHHS 1X Ha HEJOOPOSKICH1

VYpaxkeHHs KICTKOBOT'O MO3KY, LIEHTPaJIbHOT HEPBOBOT
Tkanuna, opran CUCTEMHM, CUCTEMU TpaBJIeHHs Ta iH. MIMoBipHa 3aru-
0esib BHACIIIOK YTBOPEHHS HEJOOPOSKICHUX KITITHH

[uticHuii opranizM | 3MEHILIEHHS TPUBAJIOCT1 KUTTS

[omynsis 3MIHM F€HETUYHUX XapaKTepUCTUK BHACIIIOK MyTallii

1.3.43axucm nwounu 6i0 éniugy iOHI3YIOYUX GUNPOMIHIOBAHD

[Ilupoke BUKOPUCTaHHS PaJlOaKTUBHUX MaTepiajiB 1 JHKeped 10HI3yIOUUX BH-
MPOMIHIOBaHb Y MPAaKTUYHIN AISUILHOCTI JIIOJAMHU, B MEIMIIMHI, B €eHEPreTHUlll, OCH-
JIEHHS 10HI3YI04O1 /i1 TPChKUX MOPIJ 1 MiI3EMHUX BOJ 32 PaXyHOK BHJIOOYTKY iX 13
3eMHHMX HaJIp Ha MOBEPXHIO, MOXKIIMBICTh pajlallifiHUX aBapiii BUKIUKAIW HEOOXI1J-
HICTh PO3POOKHU 3aXOA1B AJI 3aXUCTY JIIOJAUHH Bl 10HI3yIOUMX BUIIPOMIHIOBAHb.

Taka cucteMa 3aXUCTy BKJIIOYA€ OOIPYHTYBAHHSI MPUITYCTUMHX JIIMITIB BILUIUBIB,
3aKOHO/IaBY€e 3a0€3IMEYCHHS JICTITUMHOCT1 PO3pOOJIECHUX JTIMITIB, TPOBEICHHS OpraHiza-
LIIMHKUX, IHKEHEPHUX 1 KOHTPOJIbHUX 3aX0/(1B JJI1 BUKOHAHHS CKJIAJICHUX PETJIaMEHTIB.

1.3.53axono0asuuii 3axucm n00unu 6io enaugy paoiayii 6 YKpaini

BepxoBHoto Panoro Ykpainu Oynu npuilHATI pssl 3aKOHIB, CIPSIMOBAaHMX Ha 3a-
O€3IMEeUCHHS 3aXUCTY KUTTS, 3J0pOB’S 1 MaliHa JIIOJIEH BiJ HETaTUBHOTO BILUIMBY 10HI-
3YIOUHMX BUIIPOMIHIOBAHb.

ba3oBuM y 3aKk0HaxX € BCTAHOBJICHHS MOHATTS OCHOGHOI 0030801 2panuyi onpo-
MiHEHHA, 0 BU3HAYAETHCS K MaKCUMAaJIbHO MPUITYCTUMUN PIBEHb 1HAUBIAYaIbHOI
e(eKTUBHOT 03U OMPOMIHEHHS, IEPEBUIIIEHHS SIKOI'O0 BUMArae 3aCTOCyBaHHS MIp 3a-
XHUCTY JIFOJUHHU.

Jimim 0o3u inougioyanvno2o onpominenHsa, OTPUMAHOTO HACEJICHHSIM 3a PIK,
HE MOBUHEH MepeBulllyBat 1 MiiziBepta (M3B) epekTUBHOI 103U (KaTeropis B).
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OcHOBHA 00306a 2panuys iHOUGIOyaNbHO20 ONPOMIHEHHA TIEPCOHATTY 00’ €KTIB,
Ha SIKUX 3I1MCHIOETHCS MPAaKTHUYHA AISUIBHICTh, HE MOBUHHA mnepeBulryBatd 20 M3B
e(eKTUBHOT 1031 3a piK (1 KaTeropii A).

Jls1 oci0, 110 He MmpalioTh 0e3MmocepeHbO 3 JKepeIaMu 10HI3YI0YOro BUIIPO-
MIHIOBaHHS, aji€ 332 YMOBaMHU PO3MIIIEHHS pOoOOYMX YU MICLb MPOKUBAHHS MOXKYTb
MiJ1aBaTUCS IXHbOMY BIUIMBY, M€Xa PIYHOI €(pEeKTUBHOI 03U HE MOBHUHHA MEPEBU-
nryBatu 2 M3B (kateropis b).

3aKOHOM BHU3HAY€HI TaKOX PIiBHI BTPYYaHHS B YMOBax aBapii, TOOTO OYiKyBaHi
PO3paxyHKOBI BEJIMYMHH, 110 BU3HAYAIOTh HEOOXIAHICTh MPOBEACHHS TUX YM IHIIUX
3aX0/11B 100 3aXUCTY 370POB’S 1 AKUTTS JIIOAUHHU.

MO>KJIMBO JIMILIE MPH iXHIM 3roJil HAa KOHTPAKTHIA OCHOBI, IPUYOMY B KOHTPAKTI TO-
BHHHA OyTH 00roBOpeHa MOKJIMBA /1033 OIIPOMIHEHHS 3a yac JiKBiAalii aBapii. 3a6o-
POHEHO 3aJTy4eHHS J0 TaKUX poOiIT 0ci0 Mosoiie 18 pokiB 1kIHOK 110 45 POKiB.

1.3.6 Pecnamenmoesani padiayiiini nOKa3HuKu i
paoiauiiiHuil KOHMPOJib y 0yOi6HUUMBI

[Ipu npoexTyBaHHi, OyIIBHUIITBI, €KCILTyaTalii OYJMHKIB 1 CHOPYI’KE€Hb, BUTO-
TOBJICHH1 OY/1IBeJIbHUX MaTepiaiiB, BUPOOIB 1 KOHCTPYKI[IH HEOOXITHO JOTPUMYBATH-
csi OyIIBENTbHUX HOPM, CIPSIMOBAaHUX Ha 3HM)KCHHS PIBHS 10HI3YIOUOTO BUIIPOMIHIO-
BaHHS NMPUPOJHUX PATIOHYKIIIIB Yy OyIIBHUITBI.

O6’exTH paliallifHOrO0 KOHTPOJIIO B Traiy3l HiAPO3AUISIOTHCS Ha JABl TPYIU:
1) 00OB’S3KOBOTO pajiallifHOTO KOHTPOJIIO; 2) PEKOMEHIOBAHOIO pPaaialliifHOro
KOHTPOJIIO.

J1o rpynu 000B’I3KOBOTO KOHTPOJIIO HAJIEXKAaTh:

- Kap’€py CUPOBUHU 1 Oy1iBEJIbHUX MaTepiaiiB;

- TepuTOPIi Mij 3a0y0BY 1 OOYAOBaH1 HA HUX, a TAKOX 00’ €KTH, 110 PEKOHCT-
PYIOIOTBCS 1 KaliTalbHO BIAPEMOHTOBAHI 00’ €KTH KUTJIO-IUBUIBHOTO MPU3HAUYCHHS
IIpU BBEJECHHI iX B €KCIUTyaTallilo;

- 00’ €KTH MTPOMHUCIIOBOTO 1 JOPOXKHBOTO MPU3HAUYECHHS B MEXax TEPUTOPIN Ha-
CEJICHMX ITYHKTIB 1 30H MEPCIEKTUBHOI 3a0y/10BU;

- CUpOBHHA 1 Oy/iBEeJIbHI MaTepialiy sIK MPUPOTHOTO MOXOHKEHHS (IICKH, TIIH-
HU, PaBiil 1 1H.), TaK 1 IPOMHCIOBOIO BUPOOHHUITBA (1€01Hb YCIX BUAIB 1 IHIII IITY-
YH1 3alI0OBHIOBAYl, apMaTypHa 1 KOHCTPYKIIiifHa CTalb), a TAKOXK BIIXOJIU MPOMHUCIO-
BOTI'O BUPOOHMIITBA, 1110 BUKOPUCTOBYIOTHCSI B OYJIIBHUIITBI (METANypriiiHi 1 MaJuBHI
IIUTAKH, 30J11, TIOPOXKHS IMOPOJIa Ta 1HIIIE).
Jlo rpynu peKOMEHJI0BaHOTO padial[iiHOTO KOHTPOJIIO HAJeKaTh JIICOMOBAIH,
037100110BaJIbHI MaTepiaiu 1 BUpOOH, IH)KEHEpHE yCTaTKyBaHHS 00’ €KTIB.
PernameHToBaHUMU palialliitHUMK MTapaMeTpaMu B OyIIBHUIITBI € HACTYIHI:
echpeKTHBHA CyMapHa MUTOMAa aKTUBHICTh MPUPOTHUX pamioHYyKIiaiB (Bk/Kr)
panito-226, topus-232, kanito-40 y cupoBuHI1 1 OyIIBETbHUX MaTepiaiax;
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®IIOTY>KHICTh TOIJIMHEHOI J03U B MOBITPl MPUMIIICHb, SIKa BUMIPIOETHCS B
Mkl'p/ron  (npu  1HpOMYy  KOE(]IUIEHT  MEpPexXoqy  NpUMMAETbCs  PIBHUM
1 mxP/roxg = 0,0088 mkI'p/ron);

ecepeHbOpIYHA E€KBIBAJIEHTHA PIBHOBa)XKHA 00’€MHA aKTUBHICTH pajoHy-222,
sIKa BEMIpIOEThCS B BR/M.

{1 mapaMeTpu MOBUHHI OYTH BUKOPHUCTaHI MPU OCTATOYHOMY pajialiifHOMy KO-
HTPOJI1 00’ €KTa, 1110 BBOJUTHCS B €KCILUTYaTaLlIO.

1.3.7 Jlimimyeannsa emicmy padionykiioie y 600i ma ixci

Xap4oBi IPOAYKTH 1 BOJIA € JIXKEPESIOM BHYTPIIIHBOTO ONMPOMIHEHHS JIOAUHU 3a
PaxyHOK MPUCYTHOCTI B IXHbOMY CKJIaJll paaloHyKIi1iB, 30KpeMa, Cs-137 1 Sr-90. s
3a0e3MeueHHs] HeMEePEeBUILIEHHS PIYHOI €)EeKTUBHOT OUIKYBaHO1 03U OMPOMIHEHHS Ha-
CEJICHHS BBEJIEHI MPUITYCTUMI PiBHI BMICTY 3a3HAYEHHMX PAAIOHYKIIIB, IO MEepIoany-
HO TIEPeTIsAal0ThCS BIAMOBIIHO A0 3MIHU pajlialliifHOl 00CTaHOBKH B KpaiHi.

3HaueHHs NMPUIYCTUMHUX PIBHIB BMICTY PaJIOHYKIIIIB y JEAKUX MPOJYKTaX Xa-
puyBaHHs HaBeAeH1 y Tabnuuui 1.3.

Tabnuus 1.3 — 3HaueHHS NPUIYCTUMHUX PIBHIB BMICTY PaJiOHYKIIAIB Y JEAKUX
MPOAYKTaxX XapuyBaHHs [9]

Ipoaykr Bwmicr pagionykainis, Bx/kr, Bk/a
Cs-137 Sr-90
X710, X71160MpOAYKTH 20 5
Kapromns 40 20
OpykTH 70 10
M’sico 1 M’SICONTPOIyKTH 200 20
Mo010KO 1 MOJIOKOTIPOAYKTH 100 20
CBIXK1 AUKOPOCTYY1 SITOAU 1 IpubH 500 50

VY nuTHUX BOJax 3 MIA3EMHUX JKEpEeJ PEerjIaMeHTYEThCS TaKOX BMICT pajlioak-
TUBHHX €JIEMEHTIB, IO € JXKEPEJIOM PaJOHY.

1.3.8 Iiosuwenna cminikocmi op2anizmy 00 énaugy paoiauii

Kpim mip 3axucty mroziedd BiJf OPOMIHEHHS, HEOOX1THO BUKOPUCTOBYBATH IMPH-
HOMM MIIBUILEHHS CTIMKOCTI OpraHi3My 0 HWOTO BIUIMBY BUXOASYM 3 O10JIOTTYHHX
peaxiiiii Ha 10HI3yl0ue BUIIPOMIHIOBAHHS Ha MOJEKYJIsIpHOMY piBHI. dapMakooriuHi
npenaparu, 0 BUKOPUCTOBYIOTHCA B IIMX LIISAX MOKHA MIIPO3AUIATH HA TPU TPYIIU:

Ilpomexkmopu, BBeIcHHS SIKMX B OpraHi3M Mepe]l ONPOMIHEHHSM 3HUKY€E BIUIMB
paxiaiii (AaHTUOKCUIAHTH, B MEpUIy Yepry YTPUMYIOUl CIpKY aMiHOTIONH 1 O10TeHHI
aMiHU, 110 HE MICTATH CIPKY, MEJIaHIH, [0 CIPHUs€ T€HEeTUYHIN ananrtauii 70 BIUIUBY
10HI3yI0YOT0 BUITPOMIHIOBAHHS );

Aoanmozenu, 10 NABUILYIOTH CTIMKICTh OPTaHi3My J0 BIUIMBY PI3HUX €KCTpe-
MaJbHUX (akTopiB (penapaTu KEHbUIEHIO, €JIEYTEPOKOKY, 3MI1IHOT OTPYTH, EKCTPaK-
TH 3 MIJIH 1 1H., BITAMIHU;
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Ilpenapamu, w0 610Kytome nepedysanHs padioHyknioie¢ B OpraHizMi 1 Cripus-
I0Th iXHBOMY BHUBEICHHIO (TJIMHM THIY MOHTMOPHWIOHITY, II€ONITH, TEKTHHH-
npernapaTy 3 YOPHOIUIIIHOT ropoOuHHU, Hanpukian). Croau K Moxe OyTH BIHECEHHI
1 Hoauy Kaiito, 10 3a0e3nedye HAaCUUEHHsI NTUTOBU/THOI 3271031 TTPUPOTHUM HOAOM 1
BUBEJICHHS 3 OpraHi3My paJIlOHYKJIi1a HOTY.

1.3.9 Ilosoo0scennsn 3 padioakmusHumu 6i0xooamu

Paodioakmueni ¢ioxoou (nani PB), 3riiHO 13 BU3HAYEHHSM BiJIMOBIAHOTO 3aKO-
HY, 116 MaTepiajabHl 00’ €KTH 1 CyOCTaHIIll, aKTUBHICTh PaJIOHYKII/IIB UM pai0aKTHB-
He 3a0py/IHEHHS SKUX MEePEBUILYE MEX1, YCTAHOBIICHI I1I0YMMHU HOPMaMHu, 32 YMOBH,
110 BUKOPUCTAHHS ITUX 00’ €KTIB 1 CyOCTaHIIIN HE mependadeHo.

Ixepenamu PB e mignpueMcTBa, 1m0 BU100yBalOTh Ta MEPEPOOISIOTh palioak-
TUBHI PyJd, MEIUIIMHA, KOHTPOJIIOIOY1 MIAPO3UTH, 110 BUKOPUCTOBYIOTh BiJIIOBIIHI
JaTYUKH, aTOMHA EHEpPreThka, MOPCHKUW (UIOT MpU BUKOPUCTAHHI ATOMHHX
JIBUTYHIB TOIIIO.

Binxonu moxyTth O0yTu razonoaionumu (Hanpuknan, Bukugu AEC), pigkumu
(Biaxoau BUAOOYBHOI MPOMUCIOBOCTI, epepodHa, AEC, piaki NpoAyKTH XapuyBaH-
Hsl, 1[0 MEPEBUILYIOTh YCTAHOBJICHI MPUITYCTUMI PiBHI PaJl0aKTUBHOCTI), TBEPIAUMHU
(BiAMpanboBaHl JaTYUKHU, YCTATKYBAaHHS 3 HABEJCHOIO aKTHBHICTIO, BiANpalbOBaHE
sJIEpHE MaJIbHE Ta 1H.).

Cdepamu moxoBaHHs € TTIMOOKOBOIHA YaCTHHA MOps, MPUOEPEXH] BOAM, CYIIIA.
[HTEeHCUBHO BHUKOPUCTOBYE MOPCBHKE CEpEIOBHILE JIJISi MOXOBAaHHS BiANPAllbOBAHUX
NBUTYHIB MiABIAHUX 4OoBHIB Pocis (bapeHiioBe mope, naneKocxigHi MOps), paHilie
CIIA 1 eBponeiicbki kpainu. Y 1975 p. Oyna npuitnsata JIOHZOHChKa KOHBEHIS 3
noxoBaHHs PB B mMope, 110 Ai€ B JaHU Yac 1 perjJaMeHTye Ieil mporec. 30Kpema,
BenukoOpurtanis Mae KBOTH Ha TOXOBaHHA 4yacTuHU PB (Binxonu aTOMHOI eHepreTu-
ku) y [liBHIYHOMY MODI.

B Vkpaini noBomxkeHHs 3 PB pernameHTyeTbcs BIAMOBIIHUM 3aKOHOM.
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2I'EOXIMIYHI METOAH BIJHOBJIEHHSA
MOPYHMEHUX KOMITIOHEHTIB JOBKIJLJIA
2.1 IOPYHIEHHSA KOMIIOHEHTIB JOBKIJLJISA
3niiicHIOOUM Kiacu@ikallio MpoLeciB MOPYIIEHHS MPUPOJHOIO CepeloBHUIIA,
3BUYAfHO, BUKOPUCTOBYIOTH JIBa OCHOBHI MIAXOAH. Y TEPIIOMY 3aCTOCOBYETHCS
MOKOMITOHeHTHUH npuHIui. [le o3Hauae, 110 MpoIecu po3risIaloThECI CTOCOBHO TO-
PYLIEHUX TPUPOJIHUX KOMIIOHEHTIB: aTMocdepH, rigpocdepu, iitochepu, poCIuHHO-
ro Ta TBapuHHOro cBiTy. CaMe Takuil minxig Bukopucta M. Peiimepc, mpoBoasiuu
aHaJi3 OCHOBHHUX IPOIIECIB aHTPOIOTEHHOT 3MIHM MPUPOTHOTO cepenoBuina. OaHak
Ha TPaKTUIll HaW4YacTille MaHui MiAXiT KOMOIHYeTbCs 3 (YHKI[IOHAIBHUM, €
€KOJIECTPYKTUBHI MPOIECH TPYMNYIOTHCA 3a OJHOPIAHICTIO 3MICTY 3alOITHUX 3MIiH
(Hanpukian, 3a0pyAHEeHHs, opylleHHs JanamadriB Tomo). Takuil miaxia € OuIbil
3pYYHUM, OCKUIBKH CKJIAJIHICTh MPOIIECIB €KOAECTPYKTUBHOTO BIIUBY HE JIa€ 3MOTY
BUJUTUTH CYTO KOMIIOHEHTHI 3MiHM. Tak, 3MiHU B rigpocdepi (3a0pyaHEHHST BOJH,
3MiHA PEKUMY CTOKY PIK Ta 1H.) MOXYTh IPU3BOAUTH 0 Jerpajalii rpyHTiB. AHalo-
TYHO W pyHHYBaHHS 3€MEIBHUX PecypciB (3a0pyaHEHHS, €po3isi, CTBOPEHHS KOTIIO-
BaHIB, HACHIIIB) MO€E PI3KO MOTIPUIMTH SKICTh BOAHUX pecypciB. [lam’statoun mpo
110 TIEBHY YMOBHICTh, CIIPOOYEMO JaTH OLIIHKY OCHOBHHUX BHJIIB MPOIECIB MOPYIICH-
Hs1 IPUPOTHOTO CepeIOBUIIIA:
BukopuctanHs npupogHUX peCypCiB BKIIOYAE:
1. BuiydeHHsI IpUPOTHUX PECYPCIB:
- HEBIJTHOBHHX;
- BIJHOBHHX;
- TepUTOPIi.
2. BucHaxxeHHs (BUUEpIIaHHS) MPUPOTHUX PECYPCIB.
[Topy1iieHHs SKOCT1 KOMITIOHEHTIB IPUPOTHOTO CEPEIOBUIIA BKITIOYAE:
1. 3abpynHeHHs:
- MEXaHIYHE;
- XIMIYHE;
- ¢pi3uuHe (TemioBe, CBITIOBE, IIIyMOBE, €IEKTPOMArHiTHE Ta iH.);
- pa1il0aKTUBHE;
- 010J10T1YHE;
- iHpopMmarriiiHe.
2. llopymenns nanamadris:
2.1 Ilopy1ieHHs TPYHTIB:
- epo3is;
- BUCYIIIYBaHHS;
- IITOIIEHHS
- IepeyIbHEHHS;
- 3a0py/IHEeHHS;
- 3COJICHHS.
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2.2 IlopyuieHHs peKUMY BOJAHUX CUCTEM:
- 3aperyJiloBaHHs CTOKY PIK;
- BUWJIYYECHHS BOJIU;
- 3M1Ha pyced piK;
- 3MIHA €KOCUCTEM, IO MIATPUMYIOTh BOJIHI CUCTEMH.
2.3 3MiHa penbedy MICIIEBOCTI Ta BIUIMB HA T€OCUCTEMY:
- opMyBaHHS KOTJIOBAHIB 1 3arJIU0JIEHB;
- popMyBaHHs BiIBaJIiB 1 HACHUIIIB;
- pyiiHyBaHHs (YCYHEHHs1) NPUPOAHUX TeOJIOTTYHUX 00’ €KTiB (Tip, CKEllb,
narop0is, sipiB);
- MHEBMOBIUIMB Ha reocdepy.
BrnuB Ha mioauny i 010Ty BKIIOYAE:
1. BruiuB Ha 6ioTy:
1.1 Ipsimi mponiecyu BIJIMBY Ha 610TY:
- BUHUILYBaHHSI TBapHH,;
- 3HUIICHHS POCIHH.
1.2 Henpsimi iporiecy BILTMBY Ha 010TYy:
- OJIOKyBaHHS crIOCO01B Mirpailii TBapuH 1 pOCIIHH;
- yckinagHeHHs (0JI0KyBaHHS) PENPOAYKTUBHUX ()YHKIIIM;
- IOPYILIEHHSI YMOB ICHYBaHHS POCIIUH 1 TBAPUH;
- CIIPOIIEHHS €KOJIOTTYHUX 3B’ S3KiB;
- rinepTpodis MOMyJIALii AesIKUX 61070 TYHUX BU/IB;
- IOPYLIEHHSI €KOJIOTIYHOT pPIBHOBaru NPUBHECEHHSIM YYXKOPIIHUX AaHid
€KOCHUCTEMI1 EKOJIOTTYHUX BHU/IIB.
2. Tlpotiecu BIUIMBY Ha OpraHi3M JIIOJUHHU:
2.1 Ilpouecu npsMOro BILUIUBY Ha OpraHi3M JIOJUHU (BUPOOHUYMIA 1 TOOYTO-
BU TpaBMAaTHU3M).
2.2 [Ipouecu HEMPSIMOTO BILJIUBY HAa OPTaHi3M JIIOJUHU:
- IOTIPIIEHHS SKOCT1 YMOB JKUTTS W JISUIBHOCTI JIOJUHM (CKJIAJ TOBITPS,
TeMIiepaTypa, BOJIOTICTb, 1H.);
- IOTIPILIEHHS AKOCT1 DK1 ¥ MUTHOT BOJU (3a0pyJHEHHS XapuyOBUX JIAHIIIOTB 1
MMATHOT BOJN).
3. 3HmxeHHs 1H(OpMAIHHOT IHHOCTI TPUPOAHUX CUCTEM 1 IMCUXOJIOTTYHUI
BILJIUB HA OCOOUCTICTD JIOANHHU.
BrnuB Ha rino6anbHy eKocucTeMy 3eMili:
1. 3MiHA €HEPreTUYHOT CUCTEMH 3eMIII:
- 3MiHa KJIIMaTy 3eMJ;
- 3MiHa eJIEKTPOMArHiTHOT CUCTEMH 3eMIIL.
2. 3MiHa OyQepHHX 3aXUCHHX CUCTEM 3eMJi (HampuKIaJ, 3MEHIIEHHS 030HO-
BOT'O IIAPY).
VY mpencraBieHOMY BUIIE MEpeiKy MOJAaHO 3arajbHy KapTUHY MPOILIECIB €KO-
JNECTPYKTUBHOI NISUTHHOCT1 JIFOJJUHHU.
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2.2 BIIMB HAKONMMYEHHS EJIEMEHTIB
Y JTOBKLJIJII HA 310POB’Sl JIIOIUHUA

2.2.111oKa3nuKku wKionueocmi mOKCUYHUX MEeMAJlié
Y IPDYHIMAax ciibCbK020CRO0apCcbK020 NPU3HAYEHHAL.

B ymoBax IHTEHCHBHOI'O HABAHTAKEHHSI BJIACTUBOCTI IPYHTIB 3a3HAIOTh 1CTOT-
HUX 3MiH. [Ipy oMy HAWOUIBII 3HAYYIIMMH 3 HUX JJIS POCIHMH € (PI3UKO-XIMIYH1
MOKA3HUKHU: KUCJIOTHICTh, a TAKOX XIMIYHI: BMICT OpraHI4YHOI pe4OBUMHHU (Fymycy) 1
€JIEMEHTIB 3a0pyAHIOBauiB (B MEPILY Yepry BaKKUX MeTamiB). OIHUM 3 aKTyaJIbHUX
MUTaHb ONTUMI3Allli 3€MJIEKOPUCTYBAHHS € BU3HAYEHHS KPHUTEPIiB, BIAMOBIIHO IO
AKUX MPUUMAETHCS PILIEHHS MPO HEOOXIAHICTh MPOBEACHHS PEeKyIbTUBALl 3a0pya-
HEHUX 3eMellb. B SKOCTI Takoro KpUTepito sl CUIbCHKOTOCMOAAPChKUX IPYHTIB 3a-
TBEpKEH1 caHiTapHO-TirieHiyHi Hopmatusu (I'IK).

['pannyno nonyctuma konuentpauis (I'IK) — MakcuManbHa KUIBKICTh HIKIIJIH-
BO1 PEUOBMHU B OAMHMUII 00’ €My a00 MacH MEBHOTO cepeioBUIIa (KOMIIOHEHTa T'e0CH-
CTEeMH), sIKa TapaHTye€ BIJCYTHICTh HETATUBHOIO MPsIMOro abo OIMocepeaKOBAaHOTO
BILJIUBY Ha 3JI0POB’ s JIFOJIUHU, HOTO IOTOMCTBO 1 CAaHITapHI YMOBH KUTTS HACEJICHHS.

[Ipu ouiHOBaHHI 0€3MEKU HAJIXOJKEHb XIMIYHUX PEUYOBUH Y TPYHT BUXOJATH 3
HEJIOMYCTIMOCTI MEPEBUILIEHHS MOpora aJanTaniiHoi MOXKJIMBOCTI OpraHi3My Haluy-
TIAMBIIIUX TPYI HAcCEJIeHHS 1 Mopora €KOJOTIYHOI aJanTaliiHoi (CaMOOYHIIECHHS)
3IaTHOCT1 IPYHTY TIPH 130J1b0BaHIM, KOMIUIEKCHIM, KOMOIHOBaHIM J1i XIMIYHUX peyo-
BUH Ha OpPraHi3M JIIOJIMHU 1 HABKOJIUIITHE CepeoBuUlIe (MOopir Oe3medHoi Aii).

Ilopiz 6e3neunoi Oii xXimiunux peuouH, MO HATXOJATh B OPraHi3M JIIOJUHU 3
IPYHTY — Taka ix 1ig (0JlHOpa30Ba, 1000Ba, plyHa, MPOTITOM BChOTO KHUTT), KA HE
BUKJIUKAE PYHKLIOHATBHUX, 010XIMIYHUX, CTPYKTYPHUX 3MIH B OpraHi3Mi BUIIIE MEX,
MpU NEPEBUIICHH] SKUX B OpraHi3Mi JJIOAMHU MOXYTh BiAOyBaTHCs 3MiHH, HEOe3mey-
H1 JUIS 3I0POB’ S JIFOJIMHU Ta ii MOTOMCTBA.

Iopiz wkioaueoi 6ion02iunoi 0ii HOpMOBaHOT XIMIUHOT peyosuHU — TaKa OTO
sl HA TPYHT, MPH SKiM KUIbKICHI (1310J10T14H1, 610XIMi14H1 200 CTPYKTYpHI 3MIHU Ii€-
PEXOAATH Y AKICHI, MAIOTh XapaKTep MepernaToiorii.

Ilopiz exonociunoi adanmauyiitnoi moxciueocmi (CaMOOUHUINYIOUA 31aTHICTh
IPYHTY) - Taka i1 HOPMOBAHOI PEUOBUHU, NPU K MOPYIYIOTHCA Yac 1 MBUAKICT
MPOLIECIB CAMOOYUIIEHHS, XapaKTepH1 JJIsl TaHOTO BUAY IPYHTY B MEBHOMY KJIIMaTo-
JaHAMAQTHOMY PETIOHI.

To6to I'’/IK moBuHHI rapaHTyBaTH BiICYTHICTb HETaTHMBHOTO BIUIMBY Ha 3]10-
POB’sl HACEJICHHs SIK MPHU MPSIMOMY KOHTAKT1 JIIOAMHHU 3 TPYHTOM (3aKOBTYBaHHS 1
BJIMXaHHS IPYHTOBOI NUJYy, HAaIXOJKEHHS iX dYepe3 WIKIPY JIIOJUHU, 3a0pyIHEHY
MIAJIOM), TaK 1 ONIOCEPEAKOBAHO Yepe3 Mirpallii 3 JIAHI[IOT1B:

IPYHT — POCITHHA — JIFOIHA IPYHT — atMocepHe TOBITPs — JIFOANHA
IPYHT — POCITHHA — TBApHHA — JIO/IMHA IPYHT — BOJIa — JIFO/IMHA
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ab0 CyMapHO IO BCIX JAHIIOrax, a TaKoK He MOPYIIyBaTH MPOLECIB CAMOOYHU-
IIEHHS IPYHTY 1 HE BIUIMBATH HA CAHITapHI YMOBH KUTTSL.

JlocnimKeHHs 3 TIN€EHIYHOIO0 HOPMYBAHHS XIMIYHMX PEYOBHUH B IPYHTI IPOBOJSTh
B €KCTPEMAJIbHUX I'PYHTOBO-KIIMAaTUYHUX YMOBAX, IO CIPHUSIIOTh MAaKCUMAaJbHIN Mi-
rpauii A0CIIA)KYBaHOI PEYOBUHH 3 IPYHTY B KOHTAKTyIOYe 3 HEIO CYMIDKHE Cepejo-
BUllEe (BOAA, MOBITPS, POCIMHHU) 1 3a0€3MeuyoTh HallOUIbIl IHTEHCUBHUN BIUIMB Ha
IPYHTOBHI MIKpOOIOLIEHO3 1 MPOLIECH CAMOOYHIIICHHS.

BusHavaroTe moporoBi KUIbKOCTI XIMIYHOI PEYOBMHM 3a TAaKUMH MOKa3HUKAMHU

HIKIJJTMBOCTI:
* 3arajibHOCaHITapHOMY
* MirpaiiiHoMy BOJHOMY
* MirpariiHoOMy MOBITPSHOMY
* OPraHoJIENTUYHOMY
* piTo-akyMyJIsLIHHOMY (TpaHCIOKALIITHUN)
* CaHITAPHO-TOKCHKOJIOTTYHOMY.

3arajJbHOCaHITAPHUI MOKA3HMK LIKIIJIMBOCTI XapaKTepU3ye MPOIECH 3MIHU
010J10T1YHOT aKTUBHOCTI IPYHTY 1 HOKA3HUKIB 1 CAMOOYUIIIEHHS BiJl 3a0pyAHEHHS Op-
raHiYHUMH pedyoBUHAMU. [IoporoBoi KOHIEHTPAIIEIO 3a IIUM MOKA3HUKOM HIKIJTUBO-
CTl € Ta MaKCUMaJlbHA KUIBKICTh XIMIYHOI PEUOBMHU B IPYHTI (MI/KI aOCOJIOTHO CY-
XOro IPYHTY), Ka HE BUKJIMKA€E Ha 5-7-y 100y 3MiH 3arajibHOI YMCEIbHOCTI MIKPOOP-
ra”i3MiB OCHOBHMX (Di310J1I0TTYHUX Trpym Outbll, Hik Ha 50 %, a Takox pepMeHTaTHB-
HOT aKTUBHOCTI1 IPYHTY OUIbII, HIXkK Ha 25 % 11010 aHAJIOT1YHUX MMOKa3HUKIB KOHTPO-
JLHOTO TPYHTY.

Mirpaniiinuii BOAHUII MOKA3HUK MIKiAIUBOCTI. XapakTepusye MpoIecu Mir-
pamii XiMI4HOi peYOBMHU B TOBEpXHEBi 1 MiA3eMH1 (IpyHTOB1 Boau). [loporosoro
KOHIIEHTPAI[IEIO 3a I[UM IMOKAa3HUKOM LIKIAJMBOCTI € Ta MaKCHUMallbHa KUIBKICTh B
IPYHTI (MI/KI' aOCOJIFOTHO CYXOTr0 IPYHTY), PU SIKOMY HaJIXOJKEHHS XIMIYHOI pevo-
BUHU B IPYHTOBI BOJH 1 BOAO-/Kepesia 3 MOBEPXHEBUM CTOKOM HE CTBOPIOE KOHIICH-
Tpatiii, mo nepesuinyots I'/JIK Bogoiim.

MirpaniiHuid MOBITPSIHMHA MOKA3HUK MIKIAJIUBOCTI. XapaKTepu3ye MpoLECH
HAJXOXKEHHSI XIMIYHOI PEUOBUHH 3 IPYHTY B aTMOC(EpHE MOBITPs 3 IPYHTOBOI MH-
JIOM 1 IIJIIXOM BUIIAPOBYBAHHS 3 BOJHUMHU MapaMu Ta IHIIMMHU HocisMHu. [1ix moporo-
BOi KOHIIEHTPAIIIEI0 32 IUM IMOKA3HUKOM IIKIJJIMBOCTI PO3YMIIOTh Ty KIJIBKICTh peyo-
BUHU B IPYHTI (MI' / KT aDCOJIIOTHO CYXOTr0 IPYHTY), IpU SIKOMIM HaJIXOJKEHHS CIO-
JyK B aTMoc(epHe MOBITPsI HE CYNPOBOJIKYETHCS NEPEBUILICHHSIM BCTAHOBJIEHOT Ce-
peaabonobosoi I'JIK.

Opra”onenTHYHMA NOKA3HUK WIKIAJIMBOCTI. XapakTepuszye 3MIHY 3araxy,
MpPUCMaKy Ta Xap4yoBOi LIIHHOCTI POCIHMHHU, a TAKOXK 3araxy aTMOC(EPHOro MOBITPS;
CMaKy, KOJbOpPY 1 3amaxy BOJHW, BHSBJICHUX IPU EKCTpEMaJbHUX IPYHTOBO-
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KJIIMaTUYHUX yMoBax. [li moporoBoi KOHUEHTPAIIEID OPTraHOJIENITUYHOTO MOKa3HU-
Ka HIKIJUTMBOCTI1 PO3YMIETHCS Ta MAaKCUMaJIbHA KUIBKICTh XIMIYHOI pEYOBUHU B IPYH-
Ti, IKa BIUIMBAE HA XapyoOBY LIHHICTh T4 OPTaHOJENTHYHI TOKA3HUKU XapuyOBUX IPO-
IOYKTIB POCIMHHOTO MOXOXKEHHS, BOJAM Ta aTMOC(EpPHOTO MOBITPsI, CPOPMOBAHUX B
TUX K€ EKCTPEMaJIbHUX YMOBaX.

TpanciokauiiiHnii MOKa3HMK MWKIIIMBOCTI. XapakTepusye Mpolec Mirpaii
XIMIYHO1 pEUOBUHU 3 IPYHTY B KYJIBTYpPHI POCIUHH, III0 BUKOPUCTOBYIOTHCS B SIKOCTI
MPOYKTY XapuyBaHHS a0o0 ¢ypaxy, 1 HaKonuyeHHs ioro B ¢iromaci. Ilix moporo-
BOIO KOHIIEHTPAIIIEIO 32 [IUM MMOKA3HUKOM HIKIUIMBOCTI PO3YMIIOTh Ty MaKCUMAaJIbHY
KUIbKICTh PEUYOBUHHU B IPYHTI (MI/KT aOCOIIOTHO CYXOro IPYHTY), MIPH SIKI HaKOMH-
YEeHHsSI pEYOBHHH (PUTOMACOIO TOBAPHUX OPTAHIB CUTBCHKOTOCIOIAPCHKUX POCIHH A0
MOMEH 300py BpOXarlo HE MEPEBULIUTH BCTAHOBJICHUX ISl MPOAYKTIB XapuyBaHHS
JTOMYCTUMUX 3aTUIIKOBUX KutbkocTer (JJOK).

CaHiTapHO-TOKCHKOJIOTIYHMI MOKA3HUK MIKIIIUBOCTI. XapakTepusye ehext
A1l cyMapHO1 KUIBKOCT1 XIMIYHOT pEYOBUHU MPU KOMIUIEKCHOMY HAJXOKEHHI 1IbOTO
3’€THAHHS 3 TPYHTY B OpraHi3M 3 BOJIOIO, DXKEIO, MOBITPSM, Yepe3 WIKIPY, CIU30Bi
0O0O0JIOHKHM BEPXHIX JAMXaJIbHUX LUISAXIB 1 poTOBO1 MOpokHUHU. i1 MOpOroBoo KoH-
LEHTPAIIEIO0 32 [IUM MOKAa3HUKOM HIKIJJITMBOCTI IPUIUMAETHCS TaKa KUIBKICTh XIMIYHOL
PEUYOBUHM B IPYHTI, CyMapHE HAJXOJKEHHS SIKOi B OpraHi3M TEIUIOKPOBHUX (TIpH
0e3rnocepeTHbOMY KOHTAKT1 3 TPYHTOM IO OJIHOMY a00 JEKUIBKOM €KOJOTTYHUM
[UIIXax Mirpaiii), He CympOBOKY€TbCS HETaTUBHUM MPSAMHUM YU B1/IJIaJIEHUM BIUIH-
BOM Ha 3/I0pOB’sl HACEJICHHS.

Toi1 3 MOKa3HUKIB MIKITUBOCTI, 110 MAE€ HAMHIDKIY MEXY BEJTMUMHU, OOUPAOTH SIK JIi-
MITYIOUMI TTOKa3HUK MIKITMBOCTI, 1 I'JIK BCTAHOBIMIOIOTH 32 11i€10 HANMEHIIIOK BETMYHUHOIO.

[Ipu BcTaHOBJIEHHI HOPMATHUBIB BPaXOBYIOTh HASIBHICTh €(DEKTY CUHEPri3MYy, KO-
JIM J1Ba €JIEMEHTH YU PEYOBUHU MPU OJJHOYACHIA HASBHOCTI Y TPYHTI B 3HAUYHIN KUIb-
KOCTI MOXKYTb MTOCHJIFOBATH TOKCUYHY J[1}0 OJJUH OJTHOTO.

DITOTOKCUYHICTD IPYHTY - BJIACTUBICTh IPYHTY NMPUTHIYYBATH PICT 1 PO3BUTOK
BUIIUX POCIHUH, € MOKA3HUKOM 3a0pYJHEHOCTI IPYHTY KCEHOOIOTMKAMH Ta 1HIIUMHU
TOKCUKaHTaMH. BU3HavyaeThCs 3a 3HMXKEHHAM YHCJIa MPOPOCIUX HACIHUH 1 3MEHIIEH-
HSIM JTOBXKHHH MPOPOCTKIB.

'K enrHOI0 BENMUYUHOIO [l OyIb-IKUX TPYHTOBO-KJIIIMATHYHHUX YMOB 3 KO€-
¢bilieHTOM 3amacy MIIHOCTI Tri€HIYHOr0 HOPMYBAHHS ISl PEriOHAbHUX TPYHTOBO-
KJIIMaTUYHUX YMOB.
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2.2.2Ximiuni enemenmu ma ix éniue Ha 300p0e’s 1100UHU
I cman 0i0102IYHUX KOMNOHEHMI8 008KINIA

TexHoreHH1 aHOMaJTil MOYKHA PO3TIIAIATH K creludiuHi 010reoXiMidH1 paiio-
HU, JIe¢ MOXHA OYIKYBaTH MEBHUX PEaKI[ii KUBUX OPraHi3MiB Ha MiJBUIICHHS KOHIIE-
HTpaIii JeIKUX eJIeMEHTIB a00 3MIHU CITIBBIIHOIICHHS MK HUMH.

YucnenHi 1OCIKEHHS, CITUILHO BUKOHAH1 010JI0raMu, €KOJIOTaMU, MEIUKAMHU,
reOXMMHUKAMH, METEOPOJIOraMu JA03BOJIMIN HAOIU3UTUCA 10 CTBOPEHHSI €MIIPUYHOL
MOJIEJl «CePEeIOBUIIE - OPTaHi3M», sIKa CIY>KUTh IHCTPYMEHTOM MPOTHO3YBaHHS Xa-
pakTepy 1 00CsATY HECHPUSATIMBUX PEakiliii opraHi3aMiB 3a pe3yjbTaTaMH BHUBUCHHS
reoXIMIYHOI CTPYKTYpH TEPUTOPIi Ta OOTpYHTYBaHHS MPUPOJOOXOPOHHUX 1 peadii-
TamiHUX 3axoaiB. Ha migcTtaBi pe3ysbTaTiB JOCHIIKEHh BCTAHOBIICHO 3aJICKHOCTI
MDK BMICTOM 3a0pY/JHIOIOUHMX PEUYOBHH y HABKOJIMIIHBOMY CEPEAOBHIII 1 PIBHEM 3a-
XBOpPIOBaHOCTI HacesneHHs (Tabnui 2.1, 3a €. F0. Caerom, 1990).

BusiBieHo HacTynH1 BUJIM peakilii >KUBUX OPTraHi3MiB, Y TOMY YUCII 1 JIIOAUHH,
Ha 3a0pyIHEHHS HaBKOJUIIHBOTO CEpeIoBUIIA (PaHKOBaH1 32 CTYIIEHEM HEOE3MEKH):

- 010XIMI4HE KOHIICHTPYBaHHS MOJIOTAHTIB;

- osiBa (P131070TTYHUX 1 PYHKI[IOHATIBHO-MOP(OJIOTTYHUX BIAXUIICHB;

- 3pOCTaHHs 3aXBOPIOBAHOCTI (3arajibHOi Ta M0 KOHKPETHUX BUIaX XBOPOO)
- MyTareHH1 3MiHHM 1 3HM)KEHHSI peNPOIYKTUBHUX (DYHKITIH;

- MABUIIIEHHS CMEPTHOCTI (3HMKEHHS YUCEILHOCTI TTOMYJISIIIN).

Jlsist BUSIBJICHHSI MPOLIECY HAKOMHMYEHHS B OPraHi3Mi KCEHOOIOTHKIB BimOupa-
I0Th NMPOOH 3 IESIKUX YACTUH OpraHi3My, 5Kl HA3UBaIOTh O10CyOCTpaTaMHu.

Tabnuus 2.1 — 3ane’HOCT1 3aXBOPIOBAHOCT1 HACETIEHHS BiJl PIBHIB 3a0pyAHEHHS

. . PiBenb 3a0py1HeHHs
PiBeHL HeOe3meKHn Peakuis HacejgeHHsI " .
IPYHTH CHir armMocdepHe NoOBiTPs
Hwusbkuii piBens 3a-
XBOPIOBAHOCTI, MiHi- BwicT Bcix 3a0pyIHIOIOUNX pe
Honmycrumuii (hoH) | ManbHa yactora GyH- | Z. <16 | Z,< 64 by p
. . yoBuH y Mexax ['JIK
KIIIOHATBHUX BiJIXU-
JIeHb
[Tepepummenns I'JIK mo okpemux
[MomipHo- . . CUOBHH, BMICT BayKKUX METAJIiB
PHO- 36inbIneHns 3aranpHol | 16 <Z. | 64 <Z, P ’
Hebe3neuHuit . BuIe (poHy; HIIOBAa HABAHTA-
- 3aXBOPIOBAHOCTI <32 <128
(cepemniit) JKEHHS B cepenabomy 250-450
2
KI/100y KM
30UIBIICHHS YaCTOTH [epesumenns I'IK xommiekcom
Hebe3neunuii XPOHIYHUX 3aXBOpro- | 32 <Z. | 128 <Z. | 3a0pyaHIOIOYMX PEUOBHH; BHCO-
(BUCOKHIA) BaHb, (PyHKIIIOHAIb- <128 <256 | kuii BMIiCT MeTaJiB; MUJIOBA Ha-
HHUX BIIXWJIEHD BaHTaKEHHS KF/)Z[06Y'KM2
Baratopa3osi nepepumeHns I'JIK
Han3uyaiino He- MO KOMIUIEKCY 3a0pyAHIOI0YHX
. [Topyiienns penponay- .
Oe3reuHnit KTHBHOT (yHKILiT Z.>128 | Z.> 256 | pe4OBUH, y TOMY YHCIII BaXKKUX
(my>xe BUCOKHIA) M METaJliB; MUJI0Ba HaBAaHTAKECHHS
2
— 800 kr/no0y kM
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Jliis mroauHM HAOLIBI 1HGOPMATUBHUMH OlocyOCTpaTaMu € ceda, KpoB, BOJIOCCH,
HIrTi, 3yOu. Taki TOKCUKAaHTH, SIK PTYTh 1 KaJM1i, HAaHOUTbII YITKO BU3HAYAIOTHCS B CEUl.

Onna 3 mpoOieM y Il ramy3i — TpyAHOIIl Bigbopy Oiomatepiany, oOpoOKu
po0 1 aHaJ13y 3 BUKOPUCTAaHHSIM METOJIB, 110 BOJIOIIOTh HEOOX1THOK YYTIUBICTIO.

[Ipo6nemoto € BcTaHOBIIEHHS (POHY a00 €TaJIOHy CTOCOBHO BMICTY MIKpOEIeMe-
HTIB B OlocyOcTparax, (BiIiOpaHUX) JIOJICBKOr0 opraHizMy. BmicT MakpoeneMeHTIB
(HaTpito, KaIbIliI0, MApraHIlo, 3aji3a, 30J0Ta, cpidia, OpoMy Ta iH.) B OpraHi3mi Jro-
7€l 3 pI3HUX PErioHIB 3¢MHO1 KyJIl, BU3HaU€HE NP aHali31 BOJIOCCS, MOKAa3ye MUPOKI
Bapiailii KoHIeHTpalii (B 2-8 pa3zip). OTxe, ponb JanAmadTHUX GakTopiB y hopmy-
BaHHI NIEBHUX O10KOHIICHTpAIIli €JIEMEHTIB B OpraHi3Mi O6e33anepeyHa.

Bukopucranns 610cyOCcTpaTiB CUIBCHKHX JKUTEJIB B KOCT1 €TAJIOHIB IIPU aHaTI-
31 HAKOMMYEHHSI MIKPOEJIEMEHTIB y >KUTEJIB MICT HE NPEICTaBISAETHCA MOXIMBUM
yepe3 pi3Ke pO3XOJKEHHS BUKOPUCTOBYBAHMX IMPOJYKTIB XapuyBaHHS 1 JKepesa BO-
JOTIOCTAaYaHHS.

DynkuyionanvHi nopyuieHHA — BIIXWICHHS BiI HOPMU B pOOOTI OCHOBHHMX CHC-
TEeM OpraHizMmy (IJis JIIOJIMHU — IMyHHO1, CEpIIEBO-CYANHHOT, KDOBOTBOPHOI 1 T.1.).

O06’exTamMu AOCTIKEHHs HaillyacTille CTaloTh JIITH, CTAaH OpraHi3My SKUX Hail-
OUIBII TICHO TOB’s3aHE 13 CepeloBUIIEM MPOoKUBaHHS. DyHKIIIOHANBHI XapaKTepHC-
TUKH OTPUMYIOTh Ha MIACTaBl BUBYEHHS IMYHOJOTIYHUX pEaKIid, TeMaTodOTTYHUX
MOKA3HMKIB, XapaKTEPUCTUK AUXATbHOT CUCTEMHU.

Mopdgponoziuni noxaznuku — 3M1HUA 3pOCTY 1 Baru, 1m0 (PIKCYIOTHCS JJIS OJTHOPI-
JTHOT TIOJIOBOBO3PACTHOM TPyIH AITEH.

3axsoprosanicme. Po3pi3HAIOTH cienudiUuHy Ait0 1 3aTaIbHOTOKCUYHY J1I0 KCe-
HOO10THKIB. CrieniudiyHa Jis — BUOOpUMii a00 NepeBakHUI BIUIMB HA MEBHI CUCTEMHU
ab0 OpraHu >KMBOTO OpraHi3My, HalpUKIIaJ ajlepreHHa ad0 KaHUEpOreHHa Jiisl MeB-
HUX PEYOBHUH, EMOPIOTOKCUYHUIN €(eKT.

3aragbHOTOKCUYHA Jlis MPOSIBISETHCS B MOTIPUIEHHI CTAaHY BChOTO OpraHi3My B
1iIoMYy. 3arajJbHOTOKCHYHUI BIUIMB Ha HACEJICHHS BUSIBISETHCS 1 (PIKCYETHCS 3a HOTO
MIABUIIEHOIO 3aXBOPIOBAHOCTIO, TOOTO 32 CYMAapHUM MOKAa3HUKOM 4Hucia OyIb-SKUX
3aXBOPIOBAaHb, PO3PAXOBAHOMY Ha MEBHY KUIbKICTh HaceleHHs. YacTo moka3oBolo €
KapTUHA TOCTPUX 3aXBOPIOBAHb OPraHiB JUXAHHS.

2.3 TEOXIMIYHI 3ACOBH I TEXHOJIOT'II
3AXUCTY TA BIJHOBJIEHHSI TOBKIJIJIA
2.3.1 TI'eoximiuni memoou 00Cni0HceHHA YPOAHI308AHUX MePUmMOpPIil
['eoxiMI4H1 JOCTKEHHS € Ba)KJIMBOK YACTUHOK BUBYCHHS CTaHY HaBKOJIMIII-
HbOTO cepenopuina. Crnemnudika X MpoBeaeHHS Ta KOMILJIEKC BUKOPUCTOBYBAHUX Me-
TOJIB BIAPI3HAIOTHCS B 3aJICIKHOCTI B/l 3aBJaHHS JTOCIIIPKCHHS.
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PexornocuupyBaJibHi JOC/IIIKEHHSI TeOXIMIYMHOIO0 CTaHy AO0BKLLIA. MeToro
TaKMX JIOCHIJKEHb € 3’SCyBaHHsS XapaKTepHUX 3a0pyIHIOBAUIB PI3HUX KOMIIOHEHTIB
TOBKULIA (TPYHTIB, MIA3EMHHUX 1 TOBEPXHEBUX BOJ TOIIO) Ta BUSBICHHS JKEpEN Ha[I-
XOJKEHHsI elleMeHTIB-3a0pyaHioBauiB. [Ipu npoBeaeHHI Takoro BUAY poOIT BUKOPHUC-
TOBYIOTh PO3PSAIKEHY MEpEXy BUIPOOYBaHb HA IIUPOKUN CIIEKTP €JIEMEHTIB, J1OCIIi-
JDKeHHSI TIOTOKIB, II0 HECYTh 3a0pyJaHEHHS. Y pe3ynbTari MPOBEACHHS TaKUX JOCIII-
JDKeHb OTPUMYIOTH JIaHi PO (JOHOBHI BMICT €J1€MEHTIB Y JOCHII)KYBAaHOMY paiioHi.

MoniTopuHIOBi a0c/igKkeHHs1. MOHITOPUHT — CHCTeMa CIIOCTEPEKEHb, KOHT-
pOJIIO0 32 CTAHOM TEPUTOPIi 3 METOI0 PalllOHATBLHOTO BUKOPUCTAHHS MPUPOJHUX pe-
CYpCIB 1 OXOPOHU HAaBKOJIUIIHBOTO CEPeNOBUIA. MOHITOPUHIOBI JOCIHIIKEHHS TIPO-
BOJISITh JIJII BUBUCHHS JUHAMIKU 3a0pyJIHEHHS a00 (caMO) OUYMILEHHS TPYHTIB B pa-
Honax 3a0pyaHeHux nanamadTie. [{i qocaimKeHHsT BKIIOYAIOTh BiJACTEKEHHS TOBE-
JIHKH Ta MITPAIIiIo B TOBKUUI1 IEBHUX XIMIYHUX €JIEMEHTIB.

JeTajibHi reoxiMiuHi JoCJaiI:KeHHs nependavyaroTh BUBYEHHS OCOOJIUBOCTEH
neBHOro 00’ ekra yu nomyssuii. Yactora BUnpoOyBaHHS MPU MPOBEACHHI TaKUX PO-
OIT BUIIE, BU3HAYAIOTh KOHIIEHTpPAIlII0 BCIX €JIEeMEHTIB-3a0pyAHIOBaYiB, 100 OTpH-
MaTu JeTalbHy KapTuny. [lpuknanamMu MOXyTh OyTH 3BaJIMILA TIPOMHUCIOBUX BiJIXO-
IiB, 3a0pyIHEH1 JUISTHKY, BUAUICH] A1 peadiniTanii, 1 T.1.

[Ipu npoBeneHH1 poOIT Pi3HOT CIPSIMOBAHOCTI BAXKJIMBO MaTH BIANOBIIHY TOMNO-
rpadiuHy ocHOBy. Metonuka BinOopy npo0O moBUHHa 3a0e3medyBaTH iX OJHOPIA-
HICTh. MeTo/MKa Ta perjiaMeHT BUIIPOOYBaHHS MPOTITOM YChOTO MEPioly MPOBEICH-
Hs1 poOIT NOBUHHI OyTH YH1()IKOBaH1 1 BATPUMAHI.

OpHi€0 3 OCHOBHUX BUMOT JI0 MPOBEACHHS aHAIITUYHUX POOIT 3 BU3HAUEHHS
XIMIYHUX €JIEMEHTIB y Tpo0ax € BIMOBIIHICTh YYTJIUBOCTI METO/IIB BUBHAUYEHHS Jla-
Ma30Hy MPUPOJIHOI BapiabeIbHOCTI KOHIIEHTPAllil IIbOTO €JIEMEHTa B aHAJII30BAaHOMY
cyOcTpati, HanpuKiaa, y rpyHTi. OTxe, mpy BUOOP1 TOrO YM 1HIIOTO METOY aHaJI3y
HEOOX1HO BpaxoOBYBAaTH, 110 HOTO BUKOPUCTAHHS, MOXKIIUBO, HE 3a0€3MeUnTh BU3HA-
YeHHs KOHIIEHTPAILIil BCI1X €IEMEHTIB, 10 MAJIATal0Th KOHTPOJIO.

VY pa3i npoBeAeHHSI KOHTPOJIIO KOHIEHTpalli peuOBUH, BMICT SIKHX JIMITY€EThCS
JII0OYUMHU HOPMATHBAaMH, MIHIMaJIbHE 3HAUYECHHSI MOKAa3HUKA, sIKe MOXe OyTH OTpUMa-
HO 3 BUKOPHMCTAHHSIM JIaHOTO METOJly aHalli3y, TOOTO MeXa YyTIMBOCTI METOY, Ma€
OyTu He MeHIle, HiK Ha nopsaok Hukde 3HadeHHd ['JIK. [loxubka metony He mo-
BUHHA niepeBuiyBatu 30%.

Pe3ynpTaT BH3HAY€Hb MOXYTh OyTH OQIIIIfHO BU3HAHMMH TUIBKH B pasl ix
MPOBEJICHHS 32 aTeCTOBAaHUMHU METOJMKaMH B JabopaTopii, akpeJuTOBaHIN JepKaB-
HUM LEHTPOM METPOJIOTii 3 000B’I3KOBUM 3a3HAYEHHSIM MEXK MOXUOKH.

Amnaniz BMiCTy 3a0py/JHIOIOUHX PEUOBUH Y I'PYHTI JO3BOJISIETHCS MPOBOJUTH Pi-
3HMMH METOJaMU 3a YMOBH iX JIep>KaBHOI aTecTallii, aje ciij rnam’ siTaTu, 110 MopiB-
HSIHHS PEe3yJbTaTIB, OTPUMAHUX PI3HUMU METO/IAMH, € HEKOPEKTHHM.

Haii6u1b11 nomumpeHuMu MEeToIaMH aHaII3y XIMIYHOTO CKJIAy TPYHTIB, TOHHUX
BIJIKJIaJIEHb, POCIMHHUX MPOO Ta IHIIMX F€OXIMIYHUX MPOO B YKpaiHi € HACTYIIHI:
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1. atoMHO-eMiciiiHa creKTpoMeTpis (emiciiHui criekTpanbHui aHaniz - ECA,
y 3aKOpJIOHHIH JiTepatypi Mae no3HaueHHus AES);

2. atToMHO-a0copOIIiiiHa criekTpockomnis - (AAS);

3. peHTreHiBcbkuii uryopecuentHuii ananis - (RFA);

4. HEUTPOH-aKTUBALIMHUN aHam13 (PI3HOBU]I Pal0aKTUBHOTO aHai3y) - INAA;

5. rpyna ¢13UKO-XIMIYHUX aHaJI31B - 10 HUX BIJHOCSTHCS BaroBui Meton (rpa-
BIMETpIs1); BOJIBTAMIEPOMETPHS; METOJI aHATI3y 3 BUKOPUCTAHHIM 10HOCEJIEKTUBHHUX
eNeKTpoAiB (knacuuHuil npukiian pH-meTpis) Ta iH.

Emiciiinuii cnekmpaavHuil ananiz 3aCHOBaHHUM Ha peecTpallli CrieKTpiB BUITYC-
KaHHsS aTOMIB XIMIYHUX €JIEMEHTIB y 30y/’KeHoMY cTaHi. [neHtudikaiis eaemMeHTIB
MIPOBOIUTHCS 32 IONOMOI0I0 TabJIMIb aTacy CeKTpalbHUX JNiHIH. KUTbKICHY OIIHKY
BMICTY €JIEMEHTIB B MP0O1 MPOBOSATH 32 JONOMOI00 MIKPO(OTOMETPIB, JEHCUTOME-
TPIB, 5IK1 PEECTPYIOTh UIUIBHICTh MOYOPHIHHS, a00 IHTEHCUBHICTh aHAJITUYHUX JIIHIH.
[leBHa 3aneXKHICTh MIXK BMICTOM JIOCII/I)KYBaHOTO €JIEMEHTA B CTaHJIAPTHOMY 3pa3Ky
(CO) 1 IHTEHCHUBHICTIO JIIHI OTPUMAHOTO CIIEKTpa J03BOJISE PO3PAXOBYBATH KOHIICH-
Tpallii I[bOT0 eJIeMEeHTa B IOCTII)KYBaHUX 3pa3Kax.

Cnin 3a3naunth, 10 ECA € 0CHOBHUM €KCIPECHHM METOJIOM aHai3y. 3aBAsiKu
BUCOKIM aHamiTHYHOT uyTiauBOocTI ECA 1mo3BoJisie MIBUIKO 1 HAJIHHO BCTAHOBIIIOBATH
HasIBHICTh OCHOBHUX, IOOIYHHUX 1 CJI1JIOBUX KOMIIOHCHTIB. ATOMHO-EMICIHHUI CIICKT-
paNbHUM METOJI MPU3HAYEHUN TepeBakHO I BUu3HaueHHd BMmicTy Ba, Cr, Cu, Ni, V.
Me>xi BUSIBIICHHS 32 IIUM METOJIOM 0araThOX IHIIMX €JIEMEHTIB, TakuXx sk Ag, As, Cd,
Co, Hg, Mo, Pb, Sr, Zn Ta i1 NOpiBHAHHI 3 TPUPOJHUM (POHOBUM BMICTOM B IPYHTaxX
(1uB. TAOJIUIIIO HUXKYE).

Hepnonikom mMeTony € Majia TOYHICTh, @ TAKOXX HEMOXKJIMBICTh BU3HAUYEHHS Jie-
skux enemeHTiB (Cs, Pt, S, ...).

ATOMHO-eMICITHUN METO/ 3 IHIYKTUBHO-3B’3aHOIO TUIa3MOI0 € OUIBII TOUHHM,
a TAKOXK 3aBJISKM BHCOKiH TeMmeparypi miasmu (zo 8000 C) Mae mepesary mepes iH-
IIUMUA METOJaMHU NPHW BH3HAUYEHHI TyroriaBkux metaniB: Ti, Zr, Nb, piakozemenb-
HUX €JIEMEHTIB.

Amomno-abcopoyiiitna cnekmpockonisa — BIIPI3HAETHCS BUCOKOIO CEJIEKTHBHI-
CTIO Ta YyTIMBICTIO. [[uM MeTOAOM MOXHA BU3HAYMTHU BMICT €JIEMEHTA 3 BHUCOKOIO
TOYHICTIO, aJie IPH IIbOMY 32 OJAMH pa3 MOKHA BUSHAYUTH TUIbKHU OJUH €JIEMEHT.

MeTon IpyHTYEThCS Ha MOIVIMHAHHI €EKTPOMArHiTHOrO BUIIPOMIHIOBAHHS Bi-
JbHUMHU aToMaMH B 30ymkeHoMy ctadi. [Ipu oMy aTomizoBaHi mapu JOCIiIKyBa-
HOT MpPOoOHM MPOCBIYYIOTh MOHOXPOMATHYHUM CBITJIIOM. Y pe3yiabTaTi MOTJIWHAHHS
KBAaHTIB CBITJIa aTOMH MEPEXOiTh y 30yIKeHUI eHepreTuuHuil crad. L{lbomy crany
BIJIMOBIZAIOTHh TAaK 3BaH1 PE30HAHCHI JIIHII, XapaKTepHi JUIsl JaHOTro eJeMeHTa. Bumi-
PIOIOYM YACTKY MOMJIMHYTOTO €JIEKTPOMArHiTHOrO BUIIPOMIHIOBaHHS, MOKHA KUIbKIC-
HO BU3HAYUTHU BMICT CIOJYK BU3HAYYBAHOTO €JIE€MEHTA .

[lepeBaru 1poro crnocoOy: MPOCTOTa MIATOTOBKM NpoO (y MOPIBHSHHI 3 MO-
JyM’STHOIO aTOMi3alli€ro); Majia BUTpaTa 3paska s ananizy (5 - 100 mx). Hemomiku:
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BHCOKAa BapTICTh 1-ro eleMEHT-BU3HAYCHHS, BUMOra OUIbII BUCOKOI KBamidikarii
oreparopa; 30UIbIICHHS TPUBATIOCTI 1-r0 BU3HAYEHHS.

Penmeeniecokuit payopecyenmuuil ananiz. Pi3HOBUJ PEHTICHIBCHKOI CIIEKT-
pockorii. [Ipo6a miggaeTbcsi OMPOMIHEHHIO PEHTT€HIBCHKUM BUIIPOMIHIOBAHHSM, IIi-
CJISl YOTO PEECTPYETHCS IHTEHCUBHICTH (PIIyOPECLIEHTHOI'O BUIIPOMIHIOBaHHS Ta 1HTe-
HCUBHICTb HEKOT€PEHTHOTO PO3CISTHOTO Ha MpoOi XapaKTEPUCTUUYHOI'O BHUIIPOMIHIO-
BaHHS BUKOPHUCTOBYBaHOTO aHojia (Mo, Ag) peHTreHIBChKO1 TPYOKH.

[lepeBara 1pbOro METOAY MOJSATa€E B MOKJIMBOCTI €KCIIPECHOTO OJHOYACHOTO BH-
3HAYEHHS BEJIMKOI KUIHKOCTI €JIEMEHTIB y IIUPOKOMY Jliala3oHi iX KOHIEHTpallii, 0e3
HEOOXIHOCTI MONEePEAHBOT0 MIAr0TOBKH Mpo0. BuzHavae enemenTH, nounHarouu 3 Na.

Heiimpon-akmueayitinuil ananiz — HAMOUIBII PO3MOBCIOKEHUN PI3HOBU] aK-
TUBAIIHHOTO (Pall0aKTUBHOrO) aHamizy. JlOCHiIKyBaHy pPEUOBHUHY OINPOMIHIOIOTH
MOTOKOM TEIJIOBUX HEUTPOHIB, MOTIM BU3HAYAIOTh BUJ, TOOTO MOPSAKOBUN HOMED 1
MacoBE€ YHMCJIO YTBOPEHHUX PAAIOHYKIIIIB, 3a IX MepiofaM HamiBpO3Maay 1 eHeprii
BUIIPOMIHIOBaHHSI.MMETO]T TaKOX J03BOJIIE BU3HAUUTH OUIBLIICTh €JIEMEHTIB Mepio-
JMYHOI CUTEMH, MOYMHAaI04UM 3 Na 3 MeKaMU BHUSBJICHHS 10* — 1012 %, OnHak BHU-
3Ha4YCHHS UM MeToJoM enemeHTiB Big H 10 Ne, a takoxx Mg, Al, Si ta geskux iH-
IIUX TOB’S3aHa 13 3HAYHUMHM TPpyAHOIIaMH (TIepioj] HAmiBpO3Many Ta iH.) Y IbOMY
BUIIAJIKy BUKOPUCTOBYETHCSI PI3HOBU]I METOAY — HEUTPOHHO-aKTUBALIIHHUHN aHaTI3 HA
HIBUAKUX HEUTPOHAX.

[lepeBaru mMeToy: BUCOKA YYTIWBICTH; IIBUAKE BUKOHAHHS (KUIbKAa XBUJIWH) —
pu poOOTI 3 KOPOTKOKUBYUUMH PAIOHYKIIIaMU;y Pl BUMIAJKIB — BUBHAYEHHS 0e3
pyiiHyBaHHs 3pa3ka. Henomiku: BIIHOCHO Malla TOCTYMHICTh JKEpen sIepHUX dac-
TOK; BIJTHOCHA CKJIaJIHICTh BUKOHAHHS aHaII3y; pajaialliiina Hebe3meka.

MeTtonnka Bigdopy Ta HmiArOTOBKH Npo0d KOMIOHEHTIB AOBKULIA. Binoip
I'PYHTOBHUX 1 pOCIMHHUX MPOO Ta MiAIrOTOBKA iX /10 aHAMI3Y 31HCHIOETHCS BIATIOBIAHO
710 YUHHUX CTaHJIapTIB:

1. ACTY 4287:2004 Sxicth rpyHTy. Binbupanss npoo.

2. CTY ISO 10381-2:2004 fkicts rpyHTy. BinObupanus npo6. Yactuna 2.
Hacrtanou 3 MetosiB Binoupanus npo6 (ISO 10381-2:2002, IDT)

3. ACTY ISO 11464:2001 Sxicte rpynty. Ilonepeane oOpoOasiHHS 3pa3KiB
7U1sl (PI3UKO-XIMIYHOTO aHaI3y.

Jlist oOcTexeHHsl 3eMelb OKPEMUX MPOMUCIOBUX MIANMPUEMCTB Ha KOXHINA po-
Gouiii ginsHI miomero 25-50M° BinGupaoTh 5-15 TOUKOBUX MPOG st CTBOPEHHS
penpe3eHTaTUBHO1 MpooOU (pernpe3eHTaTuBHa mpoda — npoda, sika 3 T0CTaTHHOIO TOY-
HICTIO XapaKTepU3ye BIACTHUBOCTI KOHTPOJIbOBAHOTO 00’ €KkTa). [yt JOCHiKeHHs aB-
TOMaricTpajieil Ha MPWIETINi NpoCTip ONpoOyBaHHS MPOBOIATH 32 MEPIECHIUKYIISP-
HUMH J10p031 PO LIIMH.

I'mubuna Bindopy npob rpyuty ckiagae 0-5 (10) em 15 (10) -25 cM Ha Henopy-
meHux 3emisix 1 0-25 cm — y pasi nopyuenux (pozopanux). [Ipu oOcrexxenHi npuao-
POXHIX cMyT - 0-5 cMm.
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[IpuknagoM ycepeaHEHHS TOYKOBUX MpoO Moxke OyTH BinOip mpoOd METOoAoM
KOHBEpTA.

Poznoain micup BiiOOpY TOYKOBUX IMPOoO Ha poOOYOMY MailaHYUMKy Ma€ OyTH
PIBHOMIPHHUM, aJie CJiji YHUKATH HETUIIOBHX €JIEMEHTIB MiKpopeabedy (Mpu I0Ci-
JDKEHH1 ITPYHTOBOTO TIOKPUBY): SIMU, KAHABH, BUMOTHH, a TAKO MOMEIHINA, KYTl CMIT-
Ts1, BI3yaJbHO HEOJJHOPITHUX MO CKJIAy 1 KOJIbOPY IJISIM 1 T.J.

Heo0Oxi1H0 3a0e3meuyBaTi ycepeTHEHHsI 1 TOMOT'€HI3aIlIIO JIITOXIMIYECKIX MPo0, OCKi-
JIbKH T€TEPOreHHICTh PO3MOJIUTY eIeMEHTIB Moxke 3a0e3neuyBatu 10 1000% moMunku.

[Tpu BunpoOyBaHH1 610JIOTTYHUX 00’ €KTIB HEOOXITHO BPaXOBYBATH BILTUB TAKUX
(bakTopiB, K Ce30HHI 1 J0OOBI (QuyKTYyalii ckiaay; BIAMIHHICTb y CKJIaJl OPTraHiB;
reHeTHYH1 Bapiallii; Bapialii B 3B’sI3Ky 3 yMOBaMH cepeoBulla (OCBITIECHICTh, TEM-
nepaTypa, onaju i T.11.); 3a0pyaHeHHs mpoo.

[Ipu BucymyBaHHi mpoOM HEOOXIIHO BPAaXOBYBATH TEMIEPATYPY, OCKLIbBKH
MO>KJIMBE BUIIAPOBYBAHHS JIEIKUX CIONYK (HAMPUKIIA[, JETKO-JIETYUYOIO € PTYTh).

Tomocenizayis (pozmupanus) — HeoOXiHA JIJIsl JOCSATHEHHS PIBHOMIPHOTO PO3-
MOA1TY KOMIIOHEHTIB.

«Mokpe» 030JIeHHS 1 PO3KJIaJJaHHs MOXe MPU3BOAUTH 10 3a0pyJIHEHHS Mpoo
7a60paTOPHUM MOBITPAM 1 pI3HUMHU J00aBKamu. Pa3oM 3 THUM MOXKJIMBI BTpaTH Je-
SAKUX €JIEMEHTIB 3a paxXyHOK BHUIIAPOBYBAHHS Ta B3a€MOJIl 3 MarepiajloM €MHOCTEH
(mpu 06pOoOIIl CHUITIKATHUX MaTepiaiiB IJIABUKOBOIO KHCIOTOK HEOOXIHO 3aCTOCOBY-
BaTu Te(JIOHOB1 EMHOCT1).

BucymyBanHst poCIMHHHUX 3pa3KiB MOKE ITPOBOAUTHUCS 0€3 MONEepeIHbOro 3MU-
BY MHJIY 3 MOBEPXHI JUCTA (MOXKIIMBO 3a0pYyJHEHHS TOBEPXHI JIUCTS) a00 31 3MUBOM
(MOXTMBO BUMUBAHHS OKPEMHUX €JIEMEHTIB 1 CIIOJYK).

Ha npomy eramni noxuOku MoxxyTh ctaHoBUTH 100-300%.

CraHaapTHi 3pa3k — peyOBUHU (MaTepiaiu), CKIaJ 1 BIACTUBOCTI SIKUX BCTa-
HOBJIeH1 nipu aTecTalii. [Ipu3HaueHi s 3a0e3nedeHHs €AHOCTI 1 HEOOX1AHOT TOYHO-
CT1 BUMIPIOBaHb 3a JOTMOMOI'0I0 TaKUX OIEpalliii: rpagyrOBaHHs, aTecTallli Ta rnepesi-
pKU 3aco0iB BHMIpPIOBaHb; aTecralii METOJIMK BUKOHAHHS BUMIPIOBaHb; KOHTPOJIIIO
MPaBUWIBHOCT1 Pe3ybTaTiB BUMIPIOBAaHb; BUMIPIOBAHb CKJIaay 1 BJIACTUBOCTEH peyo-
BHUH METO/IOM IMOPIBHSHHS.

Mexa BUSIBJIEHHSI — HailMEHIIIe 3HAYEHHS aHAJII30BAHOI BEJIMUMHU, SIKE MOXKE
OyTH HaJ1HO BU3HAUEHO IIPH OJJHOPA30BUX aHAJI3aX 3a JAHOI METOJIUKOIO 13 3aCTO-
CYBaHHSIM KOHKPETHHUX 3aC001B BUMIPIOBaHb.

IncTpymenTanbHi Metoau anadizy. HeoOxinnuit nmpaBuibHUM BUOIp METOIIB,
SAKUN BU3HAYAETHCS 3aBJAHHAMM JOCIIIXKEHHS (TOOTO HEOOXITHOIO 1 JOCTATHBHOIO
TOYHICTIO, KOMIIOHEHTaMHU, SIK1 MJISATal0Th BU3HAYEHHIO) - HE BC1 €IEMEHTH BHU3HA-
YaloThCs JCSIKUMUA METOJaMU aHalli3y, KpIM TOTO MOXJIMBI 3Ha4H1 ()iHAHCOB1 BTPATH.
Sk mpaBuIio, moxuOKa aHanizy cTaHoBUTH 2-20%.

MaremaTnuHa 00po0Ka aHAJITHYHMX JaHUX. BKiroyae: craTucTUYHy 00p00-
Ky BUOIpOK JaHUX, OPIBHSHHS pe3yJIbTaTiB aHaNi31B, OTPUMAHUX, K MIHIMYM, JABO-
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Ma pi3HUMHU MeTojaMu. [Ipu BCTaHOBIEHHI JOCTaTHBOTO PIBHS TOYHOCTI OTPUMAHHUX
JaHUX MPOBOAMTHCS iX 1HTEpHpeTalis, MoJaHHs Ha rpadikax, giarpamax, 0OroBo-
peHHs pe3ynbTaTiB. [lomuniku craHoBiaTh 10 50%. lle moB’s3aHe 3 HEKOPEKTHUM
BUOOPOM 1 BUKOPUCTAHHAM (DYHKIII pO3MOILTY.

["onmoBHe 3aBAaHHS AOCIIKEHHS BUOIPOK - BUSIBUTH XIMIYH1 €IEMEHTH, 1110 Ha-
KOMUYYIOThCSL y IPyHTaX a00 B BUNAJAAHHSAX JOCHIII)KYBAHOTO 00’€KTa, 1 MPOBECTH
MOPIBHSJIBHY XapaKTEPUCTUKY SKICHUX 1 KUTBKICHMX OCOOJMBOCTEN HAKOIUYCHHS B
00’ekTax pizHOro tumy. Jjig KO>KHOI BUOIPKU MIJPaxOBYIOThCSI OCHOBHI MapameTpu
pPO3MOJILTY XIMIYHUX €JIEMEHTIB: cepeHi 3HaueHHd C 1 cTaHJapTHE BIAXUJIEHHS G, a
TakoX KoedilieHT Bapiaiii V, skuil BigoOpaxkae Mipy HEOJTHOPIAHOCTI BUOIPKH.

2.3.2Texniuni ma exono2iuni 3acodu i mexHo102ii
3axucmy i 6I0H06/1IEHHA 006KILA

Mo>kHa BUJIUTUTH 1Bl TPYNH METOAIB 1 TEXHOJIOTIH: Mepila IPYHTYEThCS Ha BU-
KOPUCTaHH1 CHEIIaIbHUX TeXHIYHUX 3ac00iB Ta MEXaHI3MIB, Ipyra — Ha BJIACTHBOC-
TSAX Ta MOXKJIMBOCTSIX 00’ €KTIB HABKOJUIITHBOTO CEpeIOBUIIIA.

Jlo nepioi rpynu BXOASATh PI3HOMAHITHI anapaTty 3 OYMILEHHS BUKUAIB B aTMO-
cdepy, o0JaJHAHHS Ta CIOPYIU, TPU3HAYEH] JJI OUMILEHHS CTIYHUX BO/I.

JIo TeXHIYHUX 3aXO1B, sIKI BUKOPUCTOBYIOTh JIJIsl OYMILEHHS 3a0pyIHEHUX TOK-
CUYHMMH PEYOBHHAMH JUISHOK TEPUTOPIi 1 3am00iraHHs 3a0pyAHEHHS IPYHTIB MOX-
Ha BIJIHECTHU HACTYITHI:

1) 3HATTS (MEXaHIuYHE BUJAJICHHS) 3a0pyIHEHOTO 1Iapy;

2) nepeKpuTTA 3a0pyIHEHOT AUISTHKY IapOM YUCTOTO IPYHTY;

3) npoMUBaHHS IPYHTY JUIsl BUJAICHHS 3 HHOTO APIOHUX YACTUHOK, SIKI KOHIICH-
TPYIOTb 3a0py/IHIOIOY] PEUOBUHU (BUKOPUCTOBYIOTh JUIsl KPYITHO3EPHUCTUX I'PYHTIB).

4) nponyBaHHS 3a0pyJHEHOTO IPYHTY TapsuvM TOBITPSAM 4epe3 chelliaibHi
CBEP/JIOBUHU ISl BUJATCHHS JIETKO-JIETIOYMX OPraHIYHUX KOMIIOHEHTIB HUISXOM iX
BUIIAPOBYBAaHHSI.

5) BHeceHHs B 3a0py/IHEHU IPYHT MiHEpAIbHUX aICOPOCHTIB (MPUPOIHUX a00
ITYYHUX LEOJITIB).

6) 3axucCT BiJ 3a0pyAHEHHS TOKCMYHMMH BIIXOJAaMH MpH iX 30epiraHHi muis-
XOM TEpeBEICHHS BIIXO0/IIB Y MaJopyXxoMi (popMu, BKIIIOUAIOUHX TX 3aMOHOJIIYYyBaHHS.

7) O6nannanHs OydepHux Oap’epiB HABKOJIO 30H 3a0pyAHEHHs (HANpUKIa:, Ji-
JITHOK CKJIQJyBaHHsI BIIXOJIB) ISl 3aI100IraHHs Mirparili TOKCUYHUX KOMIIOHEHTiB. Ya-
CTO 3 LI1€}0 METOI0 BUKOPUCTOBYIOTH TOP(, IKOMY BIaCTUBA BUCOKAEMHICTD OTJIMHAHHSL.

3axoau, mepesiyeHi y myHKTax 5 Ta 7, 1o nepeadadaroTb BUKOPUCTAHHS MPU-

POJIHUX a/ICOPOEHTIB, MOKYTh OYTH BITHECEHI JJO TEXHOJOT1H 2-i TpymH.

VY 3axucti 1 peabunitaiii JOBKULIS Bce OUIbllIe BU3HAHHS 1 MOUIUPEHHS HaOyBa-
I0Th O10TEXHOJIOT'11, B OCHOBI SIKUX JIeXKaTh MPOIIECH, BIACTUBI MPUPOJHOMY 010JI0Ti-
YHOMY KOJIO-001ry pedoBUH. POCIuHHI CIIIBTOBapUCTBA 1 CHELIAIbHO MiAI0OpaHi rpy-
MM MIKPOOPTraHi3MiB 37]aTHI 31MCHIOBATU PO3KJIaJaHHs OPTaHIYHUX CIOJYK, Y TOMY
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YHUCJIl TOKCUYHUX, 1 MOTJIMHAHHS BAXKKUX METaNlIB, PTOPY Ta IHIIMX CHEHU(PIUHUX
XIMIYHUX €JIEMEHTIB 3 KOMIIOHEHTIB HABKOJMIIHBOIO CEepeAOBHUINA. TaKUM YHHOM,
BOHU MOXXYTh 3aMIHIOBAaTH a00 JOMOBHIOBATH TEXHIYHI 3aCO0M 3aXMCTy HaBKOJUII-
HBOT'O CEPEIOBHUIIIA.

BioginsTpu noounmeHHss npuseMHoi atMocdepu. BUKOPHUCTOBYIOTh Ji aH-
TPOIOT€HHUX JKepen 3a0pyAHEeHHA. AHTPONIOTeHHE 3a0pyAHEHHS XapaKTePU3y€eThCs
SCKPaBO BHUPAXKEHOIO JIOKAJIBHICTIO, MAaCIITaOHICTIO BUKH[IB, BHCOKHM CTYIEHEM
BIUTMBY Ha (DYHKITIOHYBaHHSI O10THYHUX CHUIBHOT Ta OKpeMHUX 0coOuH. PociuHHI crmi-
BTOBapHCTBA — aBTOTPO(PU — BUKOHYIOTh HalBaXJIMBIIIY TIr€HIYHY (QYHKIIIIO, MOTIHU-
Hatouu B npotieci porocunresy CO, 1 TOMIIKY MIKIAJIMBUX T'a31B 3 aTMOC(HEPHOro Mo-
BiTpsi. KpiM TOro, BoHM 0ocakatoTh 3 aTMOC(hEpHOTro MOBITPS TBEPAO-(Pa3HI YACTUHKH.

JlinsiHKa TpaB’SHUCTOT POCIMHHOCTI MTomero 1M 3a OIMH CBITIOBHIl JCHb IOT-
manae CO, 3 15-16 m° noBiTps. OIMH TEeKTap CTaHAAPTHUX JCPEBHUX HACAKEHb
norauHae 3a Bererauitauil nepiox 520-700 kr SO, 1 opientoBHo 320 kT QTOpy. BBa-
KalOTh, [0 KOMIUIEKCHUHN BILUIMB T'a31B MOCHUIIIOE Ta30MOTJIMHAIBHY 3JaTHICTh JEIKUX
BUiB. Taka peakiiisi, HAMPUKIIAJ, CIIOcTepirajgacs y TOMOJi YOpHOI, JIoXa CpiOisicTo-
ro, akauii 3a BIUIMBY CIpYaHOi KUCJIOTHU 1 amiaKy, (TOPUCTOBOJHEBOI KUCIOTH 1 Cip-
YaHOTO aHTIAPUAY 1 T.1.

[H1I0FO CTOpOHOIO pillleHHs MPOOJIEMU OUUIIIEHHS aTMOC(EPH 3 BUKOPUCTAHHAM
010 1IBTPIB € MiABUIIEHA YYTJIMBICTh POCIMHHUX OpPraHi3miB (IMOPIBHSIHO 3 JIIOJIH-
HOI0) JI0 BIUIMBY psy rasiB (OKCHIIB a30Ty, CIpKH, XJIOpY, PTOpY), TOOTO 10 MiJBH-
IIEHUX KOHIICHTPAIIi BIMIOBIIHUX €JIEMEHTIB.

Peak11ii pociiiH IpOSBISIIOTECS Y MIABUIIEHHI BMICTY BIANOBIIHUX €JIEMEHTIB B
TKaHMUHAX, aHaTOMO-MOPQOJIOTTYHUX 3MIHAX (3MIHM TEPMIHIB BereTailli, I[BITIHHSI
Ta 1H., KapJIUKOBICTh, T'IFAHTU3M, XJIOPO3), 3aXBOPIOBAHHI POCIHMH, HEKPO3 TKaHUH 1
3arubenb pOCIHH.

Icnye cucrema iHzmekcamii cTaHy 3€J€HMX HAacaJ)KeHb IO aHaTOMO-
MOP(OJOTTYHUMHU O3HAKAMU JJI OLIHKH IX CAHITAPHOTO CTaHY.

Ha ocHoBi aHanizy 010reoxiMiyHUX OCOOJIMBOCTEN AEpEeBHO-YArapHUKOBOI poC-
JMHHOCT1 B KOMIUJIEKC1 3 X CaHITapHUM CTAHOM POCJIMHU MOXYTb OyTH MOAUICH] Ha
YOTUPHU T'PYIH MO CIIBBIIHOIICHHIO MOTJIMHAIBHOT 3JJaTHOCTI 1 CTIMKOCTI 10 BIUIMBY
ra3is. 3 IIbOr0 BUIUIMBAE, IO MPOEKTYBAaHHS 3€JICHUX 3aXUCHUX 30H (010 UILTPIB)
BUMAarae 3HaHHsS ¥ OOJIKy IIMX OCOOJMBOCTEH 1 KOMOIHYBaHHS BHJIIB 3QJIEKHO Bij
cnenugiky yMoB y Tiil un 1Hmii yactuni C33.

BiopinbTpn a1 ouninenHs crivnux Boa. CriBTOBapUCTBA ACSKUX BOJAHUX Op-
ranismiB (BBP — npukpirieni 1 miaBaroyi) B OETHAHHI 3 MIKPOOPraHi3MaMU € KOHIIE-
HTpaTOpaMu HE TUTbKU O10T€HHUX €JIEMEHTIB, aje 1 MikpoeleMeHTiB. L{e m103Bossie BU-
KOPHUCTOBYBATH TaKi CUCTEMH JJIsi OUMILIEHHS B OpraHiuHUX 3a0pyAHIOBAYiB 1 TpyNH
BAXXKUX METaJiB, TOOTO OYMIIATHU K MOOYTOBI, TaK 1 MPOMUCIOBI CTOKH. YHCIeHH1
MPUKIAJA 3 OYHUIICHHS MOOYTOBHX CTOKIB 3 BHKOPHUCTAaHHSIM IIMX TEXHOJIOTIA € B
VYkpaini (Hanpukiaa, TexHosorii Tumy 6iomnaro), [serii, HiMmeuunHi Ta iHIIUX Kpai-
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Hax. AHaJIOT1YH1 TEXHOJIOT11, HAPUKJIAJ, HAILJIaBHI 1 BIOJIKOEpEroBUX O10IJIaATO BUKO-
PUCTOBYIOTH TAKOX 1 [ OUMIIEHHS mpoMucioBux cTokiB (Himeuuuna, JlaTsis).

Biopemenianisi 3a0pyaHeHux rpyHTiB i IpyHTiB (TpyHTOBHX BOA). [Ipuponni
MPOLIECH CAMOOYHIIIEHHS 1 BIIHOBJIEHHS (DOHOBUX XapaKTEPUCTUK I'PYHTIB O€3 BTpY-
YaHHS JIIOAWHU MPOTIKAIOTh AY>KE MOBUIBHO. [HXEHEpH! TEXHOJOrii B1IIHOBIEHHS
IPYHTIB BUKOPUCTOBYIOTH (h13MUHI, XIMIYHI, MEXaHIYHI METOJIU 1 0a3yl0ThCsl HAa ABOX
Miaxo/ax: iMMoOUTI3aIii MoMOTaHTIB (00JIalHAHHS €KpaHiB, MAJIOMPOHUKHHUX IOK-
PUTTIB, OIaBaHHS PEYOBHH, 1110 3HMKYIOTh JOCTYIHICTh MOJUIIOTAHTa KOPIHHIO pOC-
JIMH) Ta BUJIAJICHHS TMOJIIOTAHTIB (BIAKAYyBaHHS PIAKUX 3a0pyAHIOBayiB, BAKyyMHa
eKCTpakKiisg, 0OpOoOITOK KHCIOTOI alo0 cHeliaIbHUMH KOMIUIEKCOYTBOPIOBAUYAMH,
MEXaHI14YHE BUJICHHS 3a0py HEHOTO Iapy).

i meTtonu € HaaTo BUTpaTHUMU (y BenukoOpuraHii cepeaHsi BapTICTh BIJHOB-
JICHHSI OJHOTO TeKTapa 3a0pyJIHEHUX TOKCUYHUMHU PEYOBHMHAMU IPYHTIB BU3HAUYECHA B
100 000 ¢yHTIB), HE MOXKYTh OyTH BUKOPHCTaH1 B LIUPOKUX MaciITabax, MOPIBHSIHO
3 TUIOUIEIO TePUTOPiH, Kl MOTpeOyI0Th peadiniTaii, 1 YUHATh HEraTUBHUUN BIUIMB Ha
HIII1 KOMIIOHEHTH CEpEeIOBUIIA MPH iX BUKOPUCTAHHI.

PocnunM 1 MIKpOOpraHizaMu BIAITPalOTh BUHATKOBY POJib B PO3KJIaJJaHHI OpraHi-
YHUX 3a0pyIHIOBaYiB 1 B 3HMKEHHI BMICTY METajiB B I'PYHTaX 3aBISKH 37aTHOCTI
3MIHIOBATH 1X XIMIYHUN CTaTyC 1 CTAHOBHMIIE B CUCTEMI I'PYHT - POCIIMHA - BOJIa - aT-
Mocdepa. BukopuctanHs pociivH AJig BITHOBJIEHHS BIACTHUBOCTEHW IpyHTY, abo ¢hi-
mopemediayisa, NO3BOJISIE PO3POOIATH OUTBIIT €KOHOMIUHI TEXHOJOT1l, O TOrO X 1
€KOJIOTTYHO OUIbII MPUHHATHI, OCKUIBKH IPH X BUKOPUCTAHHI KOMIIOHEHTU IPYHTY
HE M1J1aI0ThCS J0/IaTKOBOMY HETaTUBHOMY BILIWBY.

Tepmin «ghimopemediauiny BUKOPUCTOBYETHCS SIK HAHOUIBII 3arajbHE BU3HA-
YEeHHSI TEXHOJIOT1H 00pOOITKY IPYHTY 3 BUKOPUCTAaHHSAM pociiiH. BoHa Moxe BKIIIO-
YyaTh Takl mpolecH sk (iro-cradimizanis, (iro-ekcTpakiis, ¢pito-aerpanamuis i giro-
BOJIITANII3aLL1s.

@Dimo-cmadinizayito TPOBOJATH LNUISIXOM CTBOPEHHS Ha 3a0pyJHEHIN TUISHIlL
POCIMHHOTO MOKPUBY 3 aJallTOBAaHUX JI0 IaHUX YMOB POCIUH 3 METOIO 3aKpIIJICHHS
MOBEPXHI IPYHTY, 3HWKEHHS MaclITa0y BUHOCY B MOBEPXHEB1 BOJIOTOKH 3a0pyIHIO-
BayiB, aJcopOOBaHUX JpIOHUMHU (pakUisIMU ITPYHTY, 1 3ano0iraHHsl iX MpPOCYyBaHHS
BIUIMO IPYHTOBOTO NIPOPLITIO.

Dimo-exkcmpakuyia sBysie COOOI0 MPOIEC BUWIYYSHHS 3HAYHOI KIJTBKOCT1 MEBHO-
ro XIMIYHOTO €JIEMEHTa, YacTille MeTaiy, 3 3a0pyIHEHOT0 IPYHTY, 3 IOIOMOIOI0 BH-
KOPHUCTAHHS OCOOJMBOI I'PYHHU POCIUH (Tak 3BaHUX TINEPAKKYMYIIOIOUMX), 3AaTHUX
HAKOIMUYYyBaTH 111 METAJIU B KUTBKOCTI 10 1% BiJ Macu cyXoi pe4OBUHU POCIUHHU.

Dimo-dezpadayia 1onsATaE y TPUCKOPEHHI PO3KJIAJaHHS OpPraHIYHUX 3a0pyI-
HIOBa4iB CyOCTpaTy B MPUCYTHOCTI POCIIUH.

Dimosonimunizayia sBise coO0I0 YTBOPEHHS JIETKO-JIETYUYHX CIOJIYK €JIEMEH-
TiB-3a0py/HIOBAYIB 32 YYacCTIO POCIUH 1 MIKPOOPraHI3MiB 1 BUAJIsi€ MOr0 TaKUM 4H-
HOM 3 IpyHTy. Lleii MexaH13M Moke OyTHM BUKOPUCTAaHUM MpPHU BIJHOBJIECHHI IPYHTIB,
3a0pyAHEHUX PTYTTIO 1 CEJICHOM.
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Binnatoun 6e3yMoBHUI MpIlOpUTET OI0TEXHOJOTIAM MpU MPOBEACHHI cTabiniza-
1ii 1 caHauii 3a0pyAHEHUX IPYHTIB, AOCIIIHUKUA PI3HUX KpaiH MpalioTh HaJ CTBO-
PEHHSM IOBHOTO (3aBEPILICHOr0) TEXHOJOTTYHOr0 MUKy (iTopeadiiTaliii 3a0pyaHe-
HUX TepuTopii. JlocmigxeHHsT BEAyThCs y TPhOX OCHOBHUX HANpSMKaxX: BUBUEHHS
3aKOHOMIPHOCTEH 1 YMOB BIIHOBJIEHHSI POCIMHHOIO MOKPUBY Ha MOPYIIEHHUX 1 3a-
OpyIHEHHX 3eMIISIX, pO3po0Ka EKOTEXHOJIOT1H BITHOBJICHHS 3eMeJIb Ha OCHOBI Mif00-
py BHIIB — €(DEeKTUBHUX PEMEIIaTOPOB, PO3POOKA CXEM 1 TEXHOJIOT1H MOBOKEHHS 3
YTBOPEHOIO O10Macolo, K1 0 3amo0irajgu BTOPUHHOMY 3a0pyAHEHHIO CEPEIOBHIIIA.

[Ipu 1bOMY OZHIEIO 3 TOJOBHUX MPOOJIEM € MiI0Ip POCIUH-MENIOPAHTIB. 3a CBO-
€10 3J]aTHICTIO HAKOMMWYYBaTH B TKAHWHAX MEBHI €IeMEHTH (L[MHK, KaJMiid, HIKelb,
CEJICH Ta 1H) POCIMHU MOXKYTb OyTH MOJUICHI HA BUIM : TEPAKKYMYJISTOPU, aKyMYy-
JSTOPH, THAUKATOPU Ta 1HEPTHI (HE HAKONMUYYIOTh MeTaliB). YacTuHa JOCTIAHUKIB
OpIEHTYETHCSI HA BUKOPUCTAHHS POCIHMH, SIKUM BJIACTUBAa HA/J3BUYAlHO BHUCOKA aKy-
MYJTIOIOYA 3IaTHICTh 11010 MIEBHUX €JIEMEHTIB. [HIII BiIar0Th TepeBary BUjaM, siKi
MaloTh HE TaKy BHCOKY aKyMYJIIOIOUY 3/aTHICTb, ajie CTBOPIOIOTh BEJIUKY KUIBKICTb
Olomacw, 110 103BOJIsiE€ OUTbI €(hEKTUBHO KEPYBATH PYXOM MOTOKY PEUYOBUHU Ha ca-
HYIOEMIN AUTSHIIL.

Tepuropii, 1m0 miyIsIraloTh peadiriTaii (HampUKIa, 3aKpUTI 3BAJUINA) MOXKYTh
XapaKTepu3yBaTUCS LUIUM KOMIUIEKCOM HECHPUATIMBUX (PI3BUYHHUX 1 XIMIYHUX (PaKTO-
piB (LIMPOKUM Aiarna3oHoM 3MiHM pH, BUCOKOIO MiHEpasi3ali€ro, BACOKUMU KOHIICHT-
palissMi MeTajiB 1 OpraHiuHUX 3a0py/IHIOBauiB, HU3bKHUM BMICTOM T'yMYCY, MiJBHUIIIE-
HOIO BOJIOTICTIO CYOCTpaTy 1 MposiBOM 3a00JI04yBaHHs cyOcTpary). Jluie aeski pociu-
HU MalOTh JOCTaTHbO IIMPOKY E€KOJIOTTYHY BAJIEHTHICTh 1 TOJEPAHTHICTh, 00 OYyTH
MIPUIATHUMU JJIs 1IIeH diTopemMeianii Takux JUITHOK. JJoMOrTrCs BUKOHAHHSI TIOCTaB-
JICHOTO 3aBJIaHHS JI03BOJISIE BUKOPUCTAHHS NMPUPOAHHUX YIPYNOBaHb MIOHEPHUX BUIIB
JIEpEeBHO-YarapHUKOBOI pOCIIMHHOCTI (H0cBin BenukoOpuTanii, Pocii Ta iHIImMX kpain).

Hocnian no crabinizalli TepuTopii KOJUILIHIX 3BAJMIL 1 MPOMHUCIOBUX 30H Y
BenukoOpuTtanii 3 BUKOPUCTAHHSIM POCIMHHUX YIPYNOBaHb, 110 BKIIOYAIOTh BEpOY,
TOMOJI0, Oepe3y, MoKa3alu ICTOTHE MOJIMIIEHHS XapaKTepUCTHK IPYHTOBOIO CyO-
cTpary (B TOMY 4YHCII MiABUIICHHS PI3HOMAHITHOCTI I'PYHTOBHX MIKPOOIOIEHO31B)
BKE MICHS NepIuX 2-3-X pOKiB €KCIIEPUMEHTY.

BukopucrtaHHs Tam K€ MOHOKYJIbTYPHM — HalliBYarapHMKOBUX BHJIB BepOu-
POCIMHU-aAKYMYJISITOPa — JO3BOJUIIO PO3POOUTH UK (HiTO-Meiopallii, 10 BKIIOYaE
MEXaHI130BaHy MIArOTOBKY TpaHIIEeH 1 MOcaJKy B HUX CaJ[KaHIliB, 3pi3aHHS MMaroHiB y
TPUPIUHOMY BIIll 3 YIAKOBKOIO iX Y CTaHAAPTHI «B’S3aHKW», SIKI BUKOPUCTOBYIOTH B
SAKOCT1 MaJIBa JUIsl EHEPreTUYHUX YCTAaHOBOK. BioBieHa creniaabHUMU QUIBTPAMU
3071a miasrae OpUKETYBaHHIO Ta 3aXOPOHEHHS Ha MOJITOHAX.

B nanuit yac po6otu BeayThes Bxke Ha S0 HOCHITHUX IUISHKAX B Pi3HUX Tpadc-
TBaX MiBHIYHO-3axiqHiid AHCIi. OIiHKa pe3yJbTaTiB MPOBOAUTHLCS HUIIXOM poO3pa-
XYHKY OanaHcy 6loMac Ha OCHOBI pealicTHYHUX Mojenei ekocucteM. Kinieroro me-
TOIO € (POPMYBaHHS 37J0POBOT0O IPYHTOBOTO OKPHBY.
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B ymoBax Ykpainu, ne ypOanizoBaHi TEpUTOPIi XapaKTepU3YIOThCSI BUCOKUM Pi-
BHEM 3a0py/IHEHHS I'PYHTIB 1 BUCOKMM pIBHEM I'PYHTOBHX BOJ, a BEpOU € TOBCIOAHO
MPECTaBICHOI0 POCIMHOK, BUKOPUCTAHHS iX JJIs cTabui3allii eKoJori4HO1 cuTyarii
B MOPYIIEHUX YMOBAaxX € JOCUTb NEpCeKTUBHUM. OCOOIMBO aKTyaJIbHUM 1€ MOXKE
OyTH 7l TEPUTOPiH, IO TPUMHUKAIOTH 10 CMITTENEPEPOOHUX MIAMPUEMCTB 1 Maiiia-
HYMKIB 3HEBOJHEHHS MYJy CTaHI[1l O10J0T1TYHOT OYUCTKU CTOKIB.

Haii6unb1 BigoMi mpuiioMu onTHMIi3allii IPYHTOBUX YMOB Ha TEXHOT€HHHUX ITyC-
TKaX 1 JUITHKAaX CKJIaJyBaHHsS TBEPAUX BIIXOJIB B Ipolieci peadinitaiii (BiIHOBICH-
Hs1) [IUX TEPUTOPIN — BallHYBaHHS T4 BHECEHHs eJeMeHTIB-010TeHiB. CTBOpEHHS Cisl-
HOTO (DITOLEHO3Y MiJ 3aXUCTOM MOJIMEPHOTO MOKPUTTS 0€3 MOoNepeHbOTO HAaHECEH-
HS1 POJIIOYOTO IIApy J103BOJISIE 3a1100IraTi BOJIHIN 1 BITPOBIN €po3ii YKOCIB.

Cigauil QiTOLIEHO3 CTBOPIOETHCA MIOOPOM CYMIillll HACIHHA CIHEUialbHO s
YMOB JIJaHOTO perioHy. Jlo cyMillll HaCIHHA JOJal0Th IPAHYJIM CIELIAIbHOTO MOJIiMe-
py 1y BUTJIS1 BOJAHOI €MYJIbCIi 13 CrelialibHUX (MTOJMBATbHUX) MAIIMH HAHOCSThH HA
MOBEPXHIO YKOCY BiJBally, 1aMOu a0o 1HIITY MoBepXHio. ['paHynu moaiMepy, po3du-
HSIOYKMCH, CTBOPIOIOTH TUTIBKY, SIKa 3aXMINA€ BiJ| IIBITIHHS MOBEPXHI YKOCY, 1110 30epi-
rae Bosiory. OIHOYacCHO 3a PaxyHOK IPOIIECY PO3YMHEHHS CTBOPIOETHCS >KUBUIIbHE
CEpEellOBHUIIE, B IKOMY MOXYTb PO3BUBATUCS MIOHEPHI POCIUHM - edeMepH, sIKi ToC-
Ta4yaroTh MaTepial sl pO3BUTKY HACTYIMHUX TeHepalliil pOCIHUH yXkKe MPOTIroM mep-
moro ce3ony. CissHu# (PITOLIEHO3 CTBOPIOE HAa TOBEPXHI MPOEKTUBHE MOKPUTTS, O1H-
3bke 10 100% (mpuHaiiMHi, Ha 2-uii ce30H). Y mpoleci cyKuecii BiiOyBa€eThCs 3aMi-
IIEHHS B CITHOMY (DiTOIIEHO31 MOYATKOBUX BHUJIB MICIIEBUMHU BHJIAMHU, B TOMY YHCJI1
JepeBHO-YarapHUKOBUMH. BMICT MeTaniB y 6iomaci 1boro (iToneHo3y 3Ha4HO HHX-
YUii, HK B POCJIMHAX Ha MPUJIETIINA TePUTOPIi.
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