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YK 631.46:631.417.2

depMeHTaTUBHA AKTUBHICTh 3aIJIABHUX TPYHTIB piuku 3axigHuii byr,
AK 1HIMKATOp HAKONMWMYEHHS BaXKuX MeTanaiB. Pebenp B.M.—

Kgamigikarmiiitna po6ora.— lyonsuu, JIsBiBchkuit HYII, 2023.
65 cTop. TeKCT. yacT., 7 Tabm., 10 puc., 25 mkepena.

BuBueHo neski 01070Ti4HI BIACTUBOCTI IPYHTIB MPUTOK p. 3axigHuil byr
npoTsaroMm Japyroi nojoBuHu 2022 — mepmioi nmojoBuHM 2023 pOKiB: aKTUBHICTH
IpyHTOBUX (epMeHTIB (IHBepHTa3, AETIAPOreHa3) 1 BMICT rymycy. JlocmimxkeHo
rpaHyJIOMETPUYHUN CKIIaJl TPYHTY, K OJIHY 13 CKJIaIOBUX HOTO (h13UKO-MEXaHIYHUX
BJIACTUBOCTEM.

3rilHO pe3yJbTaTiB BHU3HAYEHHS AaKTUBHOCTI IPYHTOBUX (EPMEHTIB B
3a0py/IHEHUX 3aIUIaBHUX IPYHTax MPUTOK p. 3aximHuii byr BcTaHOBIEHO, IO
aKTUBHICTh 1HBEPTa3 OUIBIIOI MIPOIO 3aJIEKHUTH BIJ BMICTY TYMYCY Y IPYHTI, HIX
JIeTiJporeHasHa. AKTUBHICTb JIET1IPOT€HA3 Ta IHBEPTA3 3HAYHOIO MIPOIO 3aJICKHUTh
BiJl TPAaHYJIOMETPUYHOTO CKJIaay rpyHTy. BcTaHOBIIEHO, IO 3HaYEHHS 1HBEPTA3HOI
aKTUBHOCTI 3alUIaBHUX TIPYHTIB TOCTYNOBO MiABUIIYIOTHCS BIAMOBIIHO [0
pPO3MIIIIEHHST JOCTIKYBaHUX JUJITHOK BHHU3 3a Tediclo piku 3axiguuii byr;
MPOTUJICKHA 3aKOHOMIPHICTh XapakTepHa HJisi JETiIpOTeHa3 — CIOCTEpIrarTh
3MEHIIIEHHS 3HaY€Hb iX aKTUBHOCTI B IIbOMY K HANPSAMKY. BUsBICHO B3a€MO3B’ 130K
MDK aKTUBHICTIO TPYHTOBUX (DEPMEHTIB 1 KOHIIEHTPAIIIEI0 METATIB.

Po3po0neHo nuTaHHs OXOPOHU Mpalll B XIMIYHIA JabopaTopii.
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BCTYII

[IpoTsATOM OCTaHHIX JECATUIITH Y CBITI BCE TOCTPIIIE BIIUYBAIOTHCS MPOOIEeMU
OXOPOHU 3JIOPOB’Sl Ta 3aXUCTy JIFOJACH BiJl MOXJIMBUX HETAaTUBHUX HACIHIIKIB iX
roCroAapchKoi MIsITbHOCTI. [ly>ke rocTpo CTOiTh MUTaHHS 3a0e3MeueHHs HaceIeHHS
SKICHOIO BOJOI0. JIK cCBigyaTh JOOCIIKEHHS OUIBIIOCTI BUYEHHMX 34 OCTAHHI
MiBCTOMITTS, BHACJIITOK 3pOCTaHHS IPOMUCIIOBOTO BUPOOHMIITBA,
IIMPOKOMACIITA0OHUX — TIAPOTEXHIYHUX  Medioparii, Ximizarii, HaAMIPHOTO
PO30PIOBAHHS 3eMENb, BUAOOYTKY KOPUCHUX KOTAIWH OLTBIIICTh €KOCUCTEM PIYOK
Vkpainu, y T.4. 1 p. 3axigHud bByr 3a3HaiM 3HAYHOrO AHTPONOIE€HHOTrO
HABAHTAXKCHHS.

Pika 3axiguuit Byr Hanexuts 1o Gaceitny Banriiicekoro mops. Ii moBepxnesi
BOJM BUKOPUCTOBYIOTHCS SK JJIA 3aJ0BOJICHHS MOTpeO y 3arajbHUX BHAAX
BOJIOKOPUCTYBAHHS, TaK 1 JIJIsl MUTHOTO BOJOMOCTAYaHHsI HaceleHHa M. BapiiaBa
yepes 03. 3erKUHChKE, B sike Brajaae p. 3axignuit byr. HanxomkeHHs 3 BogaMu piku
3a0pyIHIOIOYMX PEYOBHH JIO LBOTO 03€pa YCKIIATHIOE MPOLIEC BOIOIMIATOTOBKH 1
BUMarae 301IBIICHHS €HEepro3aTpar Ha HHOTO. Y 3B’S3KY 3 IIUM, BCTAHOBJICHHS
MPUYMH, JDKEpEN Ta MaciTaldiB 3a0pyJHEHHS MOBEPXHEBUX BOJ y I pimi 1 i1
MPUTOKaX Ma€ BAXKIWBE HAPOJHO-TOCMOAAPCHKE 3HAYECHHS 1 € aKTyaJbHOIO
€KOJIOTIYHOKO MPOOJIEeMOI0, BHUPIIIEHHS $KOI TOB’SI3aHO 13  3a0€3MEeUCHHIM
HACEJICHHS SIKICHOIO MUTHOO BOJIOIO.

Oco06MBOT yBaru 3aciiyroByrOTh MUTaHHS OILIHKK €KOJIOTYHOTO CTaHy OaceiHy
3axiHoro byry Ta oLiHKHM SIKOCTI MOBEPXHEBUX BO/I Ta 3aIlJIABHUX TPYHTIB

IpyHT — Le 0co0aMBe MPUPOAHO-icTopuuHe Tio Ipupoau, “mkipa mianeTu”,
“naM’gTh KUTTS , @00, BUCIOBIIOIYNCH MOBOIO KIOEPHETHKH, Kepyloua CHUCTEMa
61ocepu. Henane moBoaKeHHS 3 IPYHTOM KOIITYBAJIO KHUTTS 0araTboM Hapoaam
[1].

Y omHOMy rpamMi IPyHTY JXKMBe 1 “mpairoe” 10 MiBTOpa MiIbHOHA KIITUH
MIKpOOPTaHi3MiB, COTHI THCAY JpiOHUX Oe3xpedbeTHnX. OmHak, maixe Ha 90% BiH

CKJIQJAETHCS 13 MIHEPAIbHOI MacH, BOJIU, TYMYCY 1 IHILIUX BaXJIMBUX YTBOPEHbD.
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[pyHT € MEHII AUHAMIYHOKO CHCTEMOIO, HiK aTMOC(epHe IOBITps 1 Bomokimu. Y
3B’S3KH 3 TUM, 1110 TPYHTH XapaKTEPU3YIOThCSI BUCOKOIO a/ICOPOIIIITHOIO TOBEPXHEIO
1 3JATHICTIO IO CAMOOYHILEHHS, X 3a0pyIHEHHS MOXE€ HE MPOSBISATUCH JOCHUTH
TpUBaJIU yac [2].

OpnHak, 3aXMCHI CHUJIM TPYHTY HE O€3MEXHi, 1 3 TIEBHOIO MOMEHTY TOKCHYHI
CIIOJTYKH 3JIaTHI IIK1JJTMBO BILUIMBATH Ha ’KUB1 OPraHi3MHU Y HbOMY.

Y Takux yMOBax HEOOXIAHICTh CIYKOU I'PYHTOBOTO MOHITOPHHTY BiT4yBa€THCS
BCE€ TOCTPpIIIE 1 TOCTpIIlIe, aJ[KE BEJIMYMHA aHTPOIIOTEHHOTO Mpecy Ha enadaoronu
MOCTIHHO 3pOCTa€, MPUUOMY, 30UIBLIYETHCS 1 TEMIT HOro pocTy. 3arajabHUil 00’ eM
rJI00aTbHUX aHTPOTIOTEHHIX HABAHTAXKEHb HA TPYHTOBUMN MOKPUB MOXKHA CM1JTHBO
MOPIBHSATH 3 JI€I0 TPUPOTHUX (PAKTOPIB.

[pyHTOBHI MOHITOPHHT — JiarHOCTHKA, IIPOrHO3 i YIPABIIHHSA CTAHOM IPYHTIB
ab0 KOHTPOJIb 3apajii KEpyBaHHs PO3LIMPEHUM, BIATBOPEHHSAM iX POJIOUOCTI.

Cepen 6araTb0X CKJIaI0BUX CUCTEM IPYHTOBOI'O MOHITOPUHIY BaXJIMBE MICLE
3aiiMa€e MOHITOPHHI O10JIOTTYHHUX BJIACTUBOCTEH I'PYHTIB, 110 BKIIIOYA€E BHUSIBICHHS
perioHiB 3 nedinUTHUM OalaHCOM TOJOBHHX €JIEMEHTIB J>KUBIICHHS POCIIHH,
BUSIBJICHHS 1 OLIIHKA IIBUJKOCTI BTpaT rymycy, Hitporeny 1 @ocdopy; KOHTpoIIb 32
BMICTOM €JICMEHTIB KHBJICHHS POCIIHH.

Y cuctemi MOHITOPHHTY JOBKULISI OCHOBHUM KpHUTEpiEM O10TECTYBaHHS
CIIY’)KUTh 1HTEHCUBHICTh Iepediry OI1OXIMIYHHUX MPOUECIB Y 3a0pyJHEHUX
TOKCUYHUMH pEeYOBUHAMU IpyHTaxX. OHIEIO 13 HAMOUTBIIT HAOUHUX XaPaKTEPUCTHK
iX 3MIHU € aKTUBHICTh IPYHTOBUX (DEPMEHTIB, [0 IPUIMAIOTh Y4acTh Y BCIX €Tanax
MeTabo0113My OpraHIYHUX CYOCTpaTiB 1, 30KpeMa, y Ipolecax ryMmycoyTBopeHHs [3].

bionoriuni BiacTUBOCTI IpyHTIB JIbBIBCHKOi 00J7acCTi 3HAYHO MOTIPIIAIUCS B
YMOBaxX I1HTEHCHBHOT'O 3pPOCTAaHHS AHTPONOTEHHOTO HABAaHTAXXCHHs Ha TPYHTH,
OB’ S3aHOTO 3 CLUIBCHKOTOCTIONAPCHKOIO MISUTBHICTIO JTIOJIMHM, a TAKOK BUKHIAMHU 1
CKUJIaMU 3a0pyAHIOIOUNX PEYOBUH MPOMHUCIOBUME 00’ €KTaMH, SIK1 pO3TAIIOBaHI, K

B ME)KaxX JIaHOI 00J1aCTI1, Tak 1 [103a HElo
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B Takmx ymoBax TMOCTano 3aBAaHHSA TOIIYKy HOBOTO OioiHIMKaTOpa
AHTPOIIOTCHHOTO HABAHTAXKCHHSI HAa TPYHTOBHUU TMOKPHUB, B SKOCTI SKOTO MOXYTh
BUKOPHCTOBYBATUCH I'PYHTOBI (DEPMEHTH.

AKTYaJlbHICTb TeMHM 3yMOBJIEHA BIUIMBOM BMICTY Ba)XXKUX METalIB Ha
010JIOT1YHY aKTUBHICTb 3aIlJIJaBHUX IPYHTIB. A TaKOX 3/IaTHICTIO IOHHUX BIJIKJIa/1B
aKyMYJIIOBaTH Ha CBOiM MOBEPXHi OUIBIIICTh BaKKUX METaJiB.

Meta poGoTu nossirana y J0oCiipkeHHl (hepMEHTaTUBHOI aKTUBHOCTI IPYHTIB B
yMOBax 3a0pyIHEHHS CIIOJTyKaMH BaXKKUX METaJIiB 3aIJIABHUX TEPUTOPIM PUTOK P.
3x. byr y JIpBiBChKMIA 001acTi, a TaKOX BCTAHOBJICHHS B3a€MO3B’S3KYy MIXK
aKTUBHICTIO TPYHTOBUX (DEPMEHTIB Ta IHIIMMHU [OKa3HUKAMH KOMIUIEKCHOTO
MOHITOPUHTY TPYHTIB, 30KpeMa, BMICTOM T'yMYCy Ta TPaHYJIOMETPUYHHUM CKJIaJIOM
TPYHTY.

IIpeamerom AOCHIHKEHHS! € 3/1aTHICTh 3allVIABHUX TPYHTIB HAKOMWYyBaTH Ha

CBOTH MOBEPXHI Ba)KKI METAJIH.
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PO3JILI 1
JITEPATYPHUIA OTJISIJT

1.1. Boani pecypcu JIbBiBcbKOI 00J1acTi

VY rigposnoriyuHoMy BigHOIIeHHI JIBBIBIIMHA JOCHTh pI3HOMaHITHA Ta
KOHTpACTHA, 00 p1YKH (OPMYIOTHCS 1 TEUYTh Y PI3HUX TEKTOHIYHUX, T€0JIOTIYHHUX,
TIICOMETPUYHUX, KIIMAaTUYHUX Ta IHIIMX YMOBax 1 BIAMOBIMAIOTH iX
BJIACTUBOCTSIM Ta CITeH(iLIi.

VYci moBepxHeBl Bojau (piKW, 03€pa, CTaBH) CTBOPIOIOTH BOJHHUMA PUCYHOK
(rimporpadiro) obnacri, a iX «moBeAIHKa» (3M1HA P1BHIB, IO BOJHOI MOBEPXHI
IIPYU PO3TUBAX, MIBUAKOCTI T€Uli, BUTPAT 1 T.]l.) — T1IPOJIOTTUHUNA PEXKUM.

PucyHOK pi4KOBOi CITKM OPUTIHAIBHHUI TUM, IO B MEXaX 00JIacTi MPOXOAHUTh
ninsHka [osoBHOro €BpOMEHCHKOTO BOJMOALTY, SKHH poO3/lIse OaceHu
MIBHIYHUX Ta MiBAeHHUX MoOpiB. LlikaBo, 110 BOAOILI IIeH HE JAOTPUMYETHCS
BUPA3HUX MIABUUIEHb a MPOXOAUTh IO PI3HUX 32 BHUCOTOK TEPUTOPIAX.
VeitmoBmm 3 Ilonemi, y Kapmarax BIH TmepeTMHAE BHUCOKI XpeOTH,
[lepenkapmaTTsi, TPOCTATAETHCS B3MOBXK IMIBACHHOI OKpaiHu CSHCHKO-
JIHICTPOBCHKOT BHUCOYMHHM, MPOXOAUTH MO TopOorip'to Po3rouus cnouaTky Ha
MiBHIY, a MOTIM Ha MiBAEHb, JAaill mOpoxoauTh 1o I[loainbcbkomy ycCTyIly,
cryckaeThbesi 3 Hboro Ha Mare [lomices, Buxonuth Ha BOJIMHCHKY BUCOUMHY, a
nicis BonmmHCHKOT 001acTi mepexoauTtsh y binopycs.

Hpyroto ocobnuBicTio Tiaporpadii JIbBIBCbKOT 00J1aCTI € Te, 110 YC1 PIUKH, SIKI
TYT NPOTIKAIOTh, OEPYTh MOYATOK B MeXkax 00JacTi, GOPMYIOTh PIYKOBI CUCTEMHU
1 BUXOJIATh 32 MEXI1 00yacTi. 3a MexaMu o0JjacTi OepyTh MOYATOK JIUIIE piKa
Cgiua (B Kapnarax), p. Conoxkis i p. Para (B monbcebkiii yactuni Pozrouus). Hemae
YKOJTHOT MPOX1IHO1 (TpaH3uTHOT) piuku. L{s o6cTaBuHA € 3pyUHOIO J1s1 yIIpaBIiHHS
BOJHUM TOCIIOJIApCTBOM, 30€piraHHs pidoK B YUCTOTi. Pa3oM 3 TUM 1ie O3HAUae,
110 OUIBIIICTH PIYOK € MAIUMH.

Jlo GaceitHiB MIBHIYHUX MOpPIB ((HDaKTUYHO OJHOTO MOpsi — banriiickkoro)

BIJIHOCSITBCA YC1 pIUKU, 10 € nputokamu 3axigHoro byry (3osmouiBka, [lonTsa,
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Para, Conokis Ta inmii), abo Csany (Bummns, 11Ikn0), mo Bnagarots y Bicmy. Ha
MiBHIY Te4ye TakoX pika CTup, ajle BOHA BITHOCUTHLCSA 10 OaceiHy MiBISHHUX
MopiB, 00 Bmanae y p. Ilpumn'sartb, octanHs B JHinpo, M0 Hece CBOi BOJAU [0
YopuHoro mopsi. Yci piku MiBACHHOI TOJIOBUHH JIEBIBCHKOI 007aCTI BITHOCITHCS
1o Oaceitny piku J[HicTep, a 3HaUUTH 1 10 Oaceliny YopHOTO MOpSI.

VY JIbBiBCcbKiM 00JacTi HapaxoByeTbcs TMoHaA 8950 piyok 3arajibHOIO
npoTsukHicTIo 16343 kM. Piuku obGnacti BigHOCATBHCS 10 OaceitHiB YopHOTro
(duictep, Ctpuit) 1 banriiicskoro (3axiguuit byr, Can) mopis.

HaiiGinbpmny qoBxuHy B Mekax JIbBIBCbKOT 001acTi MaroTh Tpu piku: [[HicTep
(299 km), Ctpuit (230 kM), 3axigauii byr (202 km). Li & piku MaroTh 1 HAUOLIBITY
IJIOITY BOJI0300pYy, BIAMOBIIHO 1 HAWOUIBIN BUTpPAaTH BOJAMU. 3a OaraTbMa
TIAPOJIOTTYHUMH MTOKa3HUKaMu pika Ctpuil — mpaBa npuToka JlHicTpa Outblia
BiJl camoro JlHicTpa 1o #oro 3mutts 3 CTpuem.

Haiibinpira KiabKICTh pIUOK HapaxoBYyeThCs B Oacelini p. duictep (5838), p.
3axigauit byr (3213) 1 He3HauHA KUIBKICTH B OaceriHax p.p. Can, [Ipun’sts, Ctup.

3BMYaiiHO, 110 HAWCKIAMHIIKAM 1 HAWKOHTPACTHIIIUM € O0aceiiH p.
Huicrep, axuii 30upae Bomy 3 Kapmar, mepenripHux BHUCOYMH 1 HU30BUH, 3
Posroyus, Ilomimmst 1 Omnumns, uo chopMOBaHI HAPI3HUX TEKTOHIYHUX
CTPYKTypax, MPOWIUIA Pi3HI €Tamy PO3BUTKY B MHUHYJIOMY 1 MiAMOPSIKOBaHI
crienu(p1YHUM BIUTMBAM CY4acCHOCTI.

BuToku piukyd € IiKaBUM MiICIIeM JUIi aKTHBHOTO BIAMOYHMHKY, 30KpeMa
MOJIOZIE TOKOIIHHS LiKaBUThCIIaB 1o JHicTpy. HicTep BuTiKae 3 XpedTa Po3myu
HeJaneko Bia ¢. BoBue, Tedye crmovyaTky Ha MIBHIYHHUMA 3axil, a MOTIM KPYTO
MoBEpPTAaE HA MIBHIYHUHN cXia 1, mepeTtuHatoun xpedtu Kapmar (1o TeKToOHIYHUX
po3iomMax), Buxoautb Outg M. Crapuit Cam0ip Ha nepeakapnaTchbKi piBHUHH,
3HOBY MTOBEPTAE JI0 MIBACHHOIO CXO1Y 1 BXKE JOBIr0o 30epirae 1ei, napajaeabHui 10
Kapnar nanpsim. Y rigporpadiuHomy puHCYHKY Oaceliny JlHictpa € Ta
OCOOJIUBICTB, 110 PiKH, sIKI BUTIKAIOThH 3 KapmnaT, MaloTh OJIWHU, IO 3aKJIaJICHI
nepneHaukysapHo 10 Kapnat. Piku 3 CxinHo-€Bpornelicbkoi iatgopMu MaroTh

MEpHUAIOHANIbHE MPOCTITaHHs 1 TEUYTh Y MapajiesbHO 3aKIaJeHUX JOJIMHAX, 110
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TaK0)X OOYMOBJIGHO TEKTOHIYHOIO TpimuHyBarTicTiO. L{ikaBo, mio miBi 1 mpasi
nputoku JlHicTpa BMagaloTh B TOJIOBHY PIKY CBOEPIIHUMHU CKYMUYEHHSMHU YU
«By3nmamu». Oco0JMBO BUpa3HO 1€ MPOSBISETHCA MPU 3IUTTI buctpwuii
(ITin6yxcpkoi), Tucemenuni 1 Bepemwumi (ogun By3on) ta Hlupxu, 3yOpu i
Kononuuui (npyruit By3od). Meniie 3rymieni cxopkeHHs: bono3iBku 1 CTpB'sKy
3 JIHicTpoM Ta Takux MOTYKHUX pik sk Ctpuii, Csiua, bepexnuns 1 Jlyr 3
Huictpom npu Buxozi 3 Teputopii JIbBiBcbkoi obnacti. [loaibni By3nu € 1 mami
BHM3 1o Teuii JlHicTpa 3a Mexkamu JIbBiBcbKO1 00macTi (Jlimauny, Jlyksa, ['auna
Jluma). 1Mo cmemmdiky rigporpadii cmig mam'sTaTd TpU  aHATI3 MPUYUH
MaBOJIKOBUX PO3JIMBIB y A0JIUHI J[HICTpAa.

Kpim Ha3zBaHMX BEJIUKUX PIK TiAporpadiuHy CITKY TEPUTOPIi CKIaJae 3HaUHA
KUIBKICTh ApyropsaHux 1 ApiOHux pivok. Tak, p. Huicrep no Cambopa mae
TOBXUHY 94 KM, a cyMa JIOBXKMH BCIX TIOTOKIB, IO 3B's13aHi 3 JIHICTpOM CKI1ajae
1185 xm. i p. Crpuit 11 uudpu cTaHoBIATH BiAnoBiaHo 232 14334 kM. [1oOpy
ySBY IPO PO3WICHOBAHICTh TEPUTOPIi PIYKOBUMH JOJMHAMHU Ja€ MOKA3HUK
T'YCTUHU P1YKOBOI ciTku. HaiiOinpmuit Bin s 6aceiiny p. CtpB'sok — 1,6 KM/kM
kB. 1p. Crpuii 1,4 KM/KM KB., a HaliMeHIIUN y Oacelini p. Bepemuist — 0,54 kM/km
KB.

[Tnomti Bogo360piB JIHICTpa 1 IOTO MPUTOK TaKOXK Tyke pizHi. HalOimbimii
B010301p MaroTh piku Ctpuit (3060 kM kB.), Cpiva (1490 km kB.) Ta Bepemmis
(955 k™ kB.), a Haiimenn y Tucmenuttl, Konoguutl, 3yopu ta qpiOHIMINX.

[Ile omHoro HampsMKy (mepneHAuKyysipHoro a0 Posrouust 1 Kapmar)
NpUTPUMYIOThCS piuku Moinanka, bina, JlepeBenka, Cuns ta Ctup (BHU3 1O
teuii Big c. CTaHICIIaBYMK).

Pika 3axiguuii byr Butikae 3 [loau1bchKOi BUCOUMHM, BP13al0OYUCh TJTUOOKO B
il MBHIYHUKN YCTYyN 1 UM caMuM po3auise (pa3om 3 3o04iBkor) ["onoropu ta
Boponsiku. Butoku 3axignoro byry ¢opmyrorsest y KonTiBebkiil ynoroBuHi.
Oco0iMBO BUAATHUM € OJWH 3 BUTOKIB 3axijHoro byry — mkepeno y c.
Bepxo0yx. BoHo manoBaHe i10abMH, 0OMYypOBaHE, OrOpPOKEHE, MPUKpaIleHe

CKYJIBIITYpaMH 1 L[IKaB€ CBOEIO MOTYKHICTIO: 3 JUKEPEJia BUTIKAE 3pa3y piluka, sika



19
KOJIUCh 3a0e3mnedyBaia poOOTy BOASHOTO MJHMHA, 1m0 OyB 3a 50 MeTpiB Bix
BUTOKY!

Bci HaszBaHi piukd 10 TOBCIOJIHOI OCYIIyBaJIbHOI Memoparii Oyiu
MOBHOBOJHUMH, MEAaHAPYBaIM B CBOiX JOJWHAX. BHAaCTIZOK MPOBEICHHS
OCYIITYBaJIbHUX POOIT T1APOJIOTIYHA CiTKa Ay>KE€ 3MIHWJIACh: BUPOCIIA 32 paXyHOK
BEJIMKOT KIJTBKOCTI MPOPUTHX KaHANB, a KpPIM TOTO KaHajlaMH 3'€IHAJIach y
CBOEPIAHY BEIMYE3HY MEITIOPATUBHY CITKY 3 MOXKJIMBHUM IEPETOKOM BOJHU Yepe3
KoauIIHI BomoaumM. Kanamum Xod 1 oOjlagHaHl NIDIIO3aMH, MaiKe ITOCTIMHO
IPALIOIOTh Ha BIIBEICHHS BOAU. Y MaJloJIOIIOBI POKU yC1 PIKH, IO BUMIPSIMIICHI 1
NEPETBOPEHI Y KaHAJH, 1y>KE MUTIIOTb.

XKuBrieHHS  PIBHMHHUX PIYOK  3MilIaHE, TPYHTOBO-CHITOBO-OIIOBE.
MakcumainbHe TAHATTS P1BHIB BOJH CIIOCTEPITAETHCS Y BECHSIHUN MEPIoA. Y POKH
3 BEJUKOI KUIBKICTIO OMaJliB MiJHATTA PiBHIB OYBarOTh HACTUIBKK BHUCOKI, IO
BOJIa BUXOJIUTH 3 O€periB piyokK 1 KaHaJiB Ta 3aJMBa€ 3ariaBu. Maja MIBUIKICTh
Teuli y piBHUHHHX pikax (0,2-0,6 m/cek) € mpuurHOK TpUBAIUX (2-3 THXKHI1)
MOBEHEH 1 MaBOJKIB.

[TimzeMui Boau. Y JIbBIBCBKIM 001aCTi BIAOMI TaKl TUIHU MiA3€MHUX BOJI: MPICHI,
MiHEpaIi30BaHi, TepMajbHI 1 MIHEpaIbHI. Y X MOMIUPEHH] CIIOCTEPIrae€ThCs MEBHA
3aKOHOMIPHICTb, SIKa 3yMOBJICHA, B MIEPIILY YEPry, reoIori4Ho0 0y10Bot0. He Men
BAXKJIMBY POJIb BIJIrpa€e reoxiMiyHa 00CTaHOBKA, B SIKIM POPMY€ETHCS TOM YU 1HIIUI
tun BoA. [lpicHi Boau nmpuypoUeHi 10 YETBEPTUHHUX BIIKIIAIB Ta KOPIHHUX MOPIJT
1 € OCHOBHUM J[XKEPEJIOM BOJOMOCTaYaHHS SIK CUIBCHKUX, TaK 1 MICBKUX HACEJIEHUX
MYHKTIB.

Bo1oHOCHI TOpPU30HTH YETBEPTHUHHOTO BIKY MPUYPOYCHI 70 altOBlaIbHUX
BIJIKJIAJIIB PIYKOBUX Tepac, (IIIOBIOTIALIAIBHUX MICKIB Ta  ajOBlalbHO-
JIeTIOBIaTbHUX BiJKIamiB. HaltOiapI Bomo30araueHMMHU € BOJOHOCHI TOPHU30HTH,
NOB'sI3aH1 3 aKyMYJIITUBHUMHU TepacaMu J[HicTpa Ta HOTo JTOTIIMBIB.

Bo1oHOCHI TOpU30HTH, 1110 HAJIEKATH /10 ETIOBIaTbHO-ETIOBIAIbHUX BIIKIa/I1B
Ha CXWJIaX KapmaTChbKUX Tip, piukoBuX noymH [lepenkapmartd, sipiB [loginbchrol

BHCOYMHH, HC € CTAJIMMHU K 34 IIJIOLICIO IMOIIMPCHHS, TaK 13a HOTY)KHiCTIO Ta
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PEXXHUMOM, TOMY y BOJONOCTAa4aHHI HACEJIEHUX MyHKTIB JIbBIBCbKOi 007acTi BOHU
BIJITPAIOTh APYTOPSIIHY POJIb.

V Mexax HiBHIYHO-CXIJTHOI 4acTHHU JIBBIBCHKOI 00JIacTi, sKa HAJIEXKUTH IO
Bomuno-Iloginscbkoro apresiancbkoro OaceiiHy, MpicHI BOAM TOLIUPEHI Yy
BIIKJIaJaX TPETHUHHOTO 1 KPEHAOBOTO BiKY. Y TPETHHHIM TOBIII BOJOHOCHUMU
BUSIBUWIMCS JIITOTAMHI€B1 BalHSAKM 1 IMICKOBUKU HUXHBOTOPTOHCHKOT'O TOPU3OHTY.
[ToB's3aHi 3 HUMH BOIM — CIAOOHAIIPHI, MPICHI, TiAPOKapOOHATHO-HATPIEBOTO

CKJIaJy 13 3aJ0BIILHUMH (P13UIHUMU BJIACTUBOCTSIMH.

1.2. Opraniyna pe4oBUHA IPYHTY

HeBin’eMHOIO CKJIaJOBOI0 YACTHHOK OYJb-SKOTO IPYHTY € OpraHiyHa
pedyoBHHA, TOOTO CYKYMHICTB KMBOi 010MacH 1 OpraHIYHUX PEIITOK POCIIHUH, TBAPUH,
MIKpOOPTraHi3MiB, MPOAYKTIB iX MeTaboyi3My 1 creuu(iyHuX HOBOYTBOPEHHUX
TEMHO03a0apBIEHUX T'YMYCOBUX PEYOBHH, II0 PIBHOMIPHO MPOCOYYIOTh IPYHTOBUN
npo¢is [9]. CkilagHUi KOMITIEKC OPraHIYHUX CHOJIYK IPYHTY 3yMOBJIEHUM PI3HUM
CKJIaJIOM OpPraHiYHHUX PEIITOK, HEOJJHAKOBOIO CIPSIMOBAHICTIO MIKpOO10JOTIYHOTO
polIecy, PI3HOMaHITHUMH T1IPOTEPMIYHUMU YMOBAMH, TOIO. Y CKJIaJll OpPraHiqHOi
PEUYOBHHHM IPYHTY 3HAXOATHCA BC1 XIMIYHI KOMIIOHEHTH POCIIHH, OaKTepiaibHO1 Ta
rpuOHOT TUIa3MH, a TAKOXK MPOAYKTIB 1X MOJANBIIOI B3aeMoii 1 TpaHchopmai. Le
TUCAY1 CTIONYK, CEPEHIN Yac iICHYBaHHsI SIKMX Y IPYHTI MOX€E BapiroBaTu Bij 100U
70 THCSYl pOKiB. 'yMyc — 1l rereporeHHa JuHaMidyHa MOJIIUCIIEPCHA CHUCTEMA
BHCOKOMOJIEKYJISIPHUX a30TUCTUX apOMATHYHUX CIIOJIYK KACIOTHOI MPUPOIH.

Jl)xepenoM TyMyCy € OpraHiyHl PEemITKH BHIIMX POCIHUH, MIKPOOPTaHI3MIB 1
TBapHWH, IO JKUBYTh y IPYHTI. 3aJHIIKHA 3€JCHUX POCIMH MOMAJal0Th Y IPYHT Y
BUTJISIII HAJA3EMHOTO OMajy Ta BIAMEPJIOi KOPEHEBOi CHCTeMH pociauH. KuTbKiCTh
OpraHiyHOi pEYOBUHHU, 1110 HAIXOIUTH 10 IPYHTY — pi3HA 1 3aJIEKUTH BiJ TPYHTOBO-
pOCITUHHOI 30HM, CKIaAy, BIKYy Ta T'yCTOTH HAcaJXeHb, a TAKOX BiJl CTYIEHs

PO3BUTKY TpaB’STHUCTOTO BKPUTTA. HaWOIIbII CyTTEBUM JKEpEIOM IPYHTOBOI
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OpraHiKH € POCIMHHICTD, IKa MOOLTI3y€E Ta aKyMYJIIO€ 3arac MOTEHIIaIbHOI eHepril
Ta 610 1IBHUX €JIEeMEHTIB Y Ha/I3€MHHUX 1 MI3EMHUX OpraHax pOCIuH, Y X periTKax.
[1poAYKTUBHICTh POCIMHHOCTI Y PI3HUX €KOCHCTEMaX HEOJHAKOBA: Bij 1-2
T/Ta B PiK CyX0i peuoBUHU B TyHApax 10 30-35 T/ra y Bosiorux TponiyHux jgicax. [1ix
TpaB’STHUCTOIO POCIMHHICTIO OCHOBHHUM JIXKEPEJIOM T'YMYCY € KOpEHI, Maca SIKUX Y
METPOBOMY Iapi IPyHTY ckiiajiae 8-28 1/ra (crer). TpaB’sHUCTA POCITUMHHICTD Y 30HI1
xBoiHUX Ta mimanux JiciB ([lomiccs) Ha cyXomimpHUX JIykax Hakormuuye 6-13 T.
KOpPEHIB Ha TEKTap Yy METPOBOMY Iapi IPYHTY, IMijJ OaraTOpiYHUMHU CISHUMU
TpaBamu — 6-15 T1/ra; OJHOPIYHOIO KyNbTYpHOIO pociuHHicTIO — 3,1-15 T/ra
OpraHiyHuX pewmrtok. Ilig JiCOBOIO POCIMHHICTIO POCAMHHUN OMNaJl YTBOPIOE
MIJCTUIKY, Y4acTh KOPEHIB y TYMYCOYTBOpPEHH1 — He3HauHa. [1o mpodimto, BMicT
KOPEHEBUX pEWTOK 13 TJIMOMHOIO 3MeHmyeTbes. LI 3amumku  Hepiako
BUKOPHCTOBYIOTHCSI TPYHTOBOIO (DayHOIO Ta MIKpOOpraHi3MaMH, BHACIIJOK 4OIo
BiIOyBa€eThCsl TpaHcopMallis OopraHiyHOT pedoBUHU y BTopuHHI (opmu [10].
XIMIYHHMM CKJIaJ] OPTaHIYHUX PELITOK JIy>Ke pi3HOMaHITHUN: Boa (70-90 %), O151kw,
JIMIM, JIITHIH, BOCKU, TyOUIIbHI pedoBUHHU. [lepeBakHa OLIBIIICTh IUX CIOJIYK —
BHCOKOMOJIEKyIspHi (Mon. maca 10-10°). JlepeBMHa po3KiIamacThesl MOBIIBHO,
TOMY II0 MICTUTh Oarato cMoJ 1 TyOUJIbHUX PEYOBHH, Ki TPAaHC(HOPMYIOTHCS JIHIIIE
cnenudigaoro Mikpodiaoporo. HaTtomicTs, ayke MBUAKO PO3KIATAIOTHCI 000OBI
TpaBu, 30aradeHi O1JIKaMU Ta BYTJeBOAaMU. 30JIbHUX €JIEMEHTIB y TpaBax € 0ararto,
a 'y IepeBHUX Majo. B opHuX IpyHTax aKepenamu I TyMyCOYTBOPEHHS CIIy>KaTh

3AJIMIIKY KYJIBTYPHUX POCIUH 1 opra"iunux goopus [11].

1.3. [lepeTBOpeHHS OPraHiYHUX PEYOBHMH y I'PYHTAX Ta MPoIlec

rymycoyrsopeHHsi. Posib ¢gepmeHTiB y Hux npouecax

[ToTpamisitoun 10 TPYHTY OpraHiuHI PEIITKU MIIAI0THCS PI3HUM MEXaHIYHUM,

010XIMIYHUM 1 (PI3UKO-XIMIYHUM MEPETBOPEHHSM, BHACIIJOK YOTO YTBOPIOETHCS

TyMYC.
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3HayHa poJb y TyMYCOYTBOPEHHI HAJICKHUTh IPYHTOBIN (ayHi, Ky 3a po3MipaMu
NOJIISIOTh HA YOTUPH TPYIHU: MIKPO - , M€30-, Makpo-, meradayny. [Ipuuomy,
MepeBaAXHO caMe MIKpo- Ta Mme3odayHa OepyTh aKTHBHY y4acThb Yy MepepoOIl
OpPraHiyHOi PEYOBHUHHU IPYHTY, CIPHUSAIOUM IUM TyMYCOYTBOPEHHIO. 3arajbHa
Olomaca MIKpOOpraHi3MiB y METPOBOMY Imapi IpyHTYy ckiagae mgo 10 T/ra
(mpubauzno 0,5-2,5% Big Macu rymycy), iX 3ajMIIKH CTAHOBIISITH OUIbIlE TPETUHU
3anmumikiB pociauH. biomaca Bomopocteii — 0,5-1 1/ra, a Giomaca 6e3xpebeTHHX —
12,5-15 1/ra (6inpIa yacTUHA 111€i Oi10Macu GopMyeThes YepBamu). Big XxiMiuHOTO
CKJIay JKEPET 3aJIeKUTh XapaKTep T'yMyCOYTBOPEHHS Ta SKICTh TYMYCY.

Ha nepuromy ertani po3kiaay OpraHiyHUX 3aJIMILIKIB OCTaHHI BTPA4yarOTh CBOIO
aHATOMIYHY OYJIOBY, CKJa/JHI OpPraHi4HI CIOJYKH TPAaHC(HOPMYIOTHCS Yy MPOCTI 1
OBl pyxoMmi, TOOTO Yy MPOMDKHI TPOAYKTH po3kiany. Lli mpouecu MarTh
010XIMIYHUHN XapaKTep, OCKUIBLKH BiAOYBaIOTHCS IPH y4acTi GepMEHTIB.

[lepmia aza poskiamy OpraHiyHMX 3alUIIKIB — iX (i3uyHe pyilHyBaHHS,
noapioHeHHs. Jpyra ¢dasza — rigponi3 opraHiYHUX PEYOBHH: OLIKIB; BYTJIEBOIB,
JOAIB, CMOJI, AYyOWIbHUX pedoBHUH. Tpers (aza poskiaay — OKHCHO-BIJIHOBHI
IpOIECH, M0 3a JIOTOMOTOI0 (EPMEHTY OKCHUPEIyKTa3W BUKIMKAIOTH IOBHY
MIHEpai3allilo OPraHIYHUX PEYOBHUH — B1IOYBAETHCS JA€3aMiIHYBaHHS aMIHOKHUCIIOT,
JIeKapOOKCUITYBaHHSI OPTaHIYHUX KHUCIIOT, PO3LIEIUICHHS MOJIi- Ta MOHOCAaXapH/IiB,
To1o. Peakiii € qyke pi3HOMaHITHI, 1X XapakTep BUBHAYAETHCA YMOBAMHU, CKJIaI0M
Opra”iyHoro wartepiany. B aepoOHMX ymoBax BiJOyBa€TbCsI OKHUCJICHHS, B
aHaepOOHUX — BIJHOBJICHHS. Y KIHIIEBOMY BUTJISA1 aMIHOKMCIIOTH MIHEPAJIi3yIOThCS
no COz, HO, oxcuaiB, HitporenHy B aepoOHHMX yMOBaxX, y BYIJIEBOJAH — Y
aHaepoOHuX. ByrineBoaum mNpuenHyOUM KHUCEHb MEPETBOPIOIOTHCS B OpraHivHi
KHUCJIOTH, albAET1IM, CIUPTH, B oaanbiomy —y CO; tTa HO, a npu HecTaul KUCHIO
BiIOYBAETHCS iX OPOJIHHSA 1 YTBOPIOIOTHCS METaH, CIIUPTH, HU3HKOMOJICKYJISPHI
OpraHiyHl KHUCIOTH. AHAQJIOTIYHI TIEPETBOPEHHS 0 MIHEPAIbHUX PEYOBHUH
B1I0YBAIOTHCS 3 1HIIMMHU MPOMIXKKOBUMH MPOAYKTaMU po3kiany. [yxke MmBHIKO

MIHEpa3yEThCS IIYKOP, LEI0JI03a, TOTaHO — JIITHIH, CMOJIA, BOCKH.
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IBuaKiCTh PO3KIAAY OpPraHIYHMX 3aJUIIKIB 3MEHIIYETbCS B aHAEPOOHHX
YMOBax a /0 MOro MOBHOTO MPUIMHEHHS Ta YTBOpEHHS Topdy. bimbmiicts 3
OpraHIYHUX 3aJMIIKIB OKUCIIOETHCS JI0 BYTJIEKHCIOrO ra3y Ta BOAM. A MeHIIa
YacTHHA MPOXOJUTh APYTUU eTanm MepeTBOpeHb — TyMi(ikallito, ToOTO CHUHTE3
I'YMYCHUX pedoBHH. PiBeHb TyMidikaili OpraHiyHMX pEIITOK 3alieKUTh BIJ
TAPOTEPMIYHOTO PEXKHMY, OOTaHIYHOrO Ta O10XIMIYHOTO CKJIaIy PEIITOK, iX
KUTBKOCTI.

Opniero 3 HaAWOUIBII MOIIMPEHUX  KOHLEMIIA T'yMyCOYTBODEHHSI €
KOHJIeHCaIliiHa (rmoiMepu3aliiiiHa) KOHIIeMIis, ska Oyna po3pobieHa M.M.
Kanonoroto 1 B.O.DusiiroM. 3aCHOBHUKHM [IaHOi TEOpii CTBEP/KYBaJIU, IO
TYMYCOBI PEUOBHMHU — II€ MPOAYKT KOHJEHCAllli CTPYKTYPHUX (PparMeHTiB, SIKI
YTBOPWJIUCH B Pe3yJbTaTi MIEPBUHHOTO PO3KIIAAY OPTaHIYHUX CIIONYK IUKIIYHOTO
xapakTepy (JIIrHiHU, TyOUSIbHI pEYOBUHH, CMOJIU Ta 1H.). OAHOYACHO BiJIOYBA€THCS
noJiMepu3alliss MUITXOM OKHCJICHHS UUKIIYHUX CHOJYK (GepMEeHTaMU THUITY
dbeHoNmoKecH1a3 Yepe3 CEMHUXIHOHM JIO XIHOHIB 1 B3a€EMOJIEI0 OCTAaHHIX 3
aMIHOKHCIIOTAMH Ta MENTU/IAMHU.

BcraHoBiieHO, 1O IBHUJIKICTh 1 CIPSMOBAHICTh TyMiQiKalii 3aJeXUTh Bij
Oaratpox (akTopiB. OCHOBHUMH cepell HUX € KIUIBKICTh 1 XIMIYHHMM CKJIaj
POCIMHHUX PEIITOK, BOJHUNA 1 TOBITPSIHUM pPEXHUM, CKJIaJl TPYHTOBHX
MIKpOOPTaHi3MiB, PEaKIis [PYHTOBOI'O PO3UHMHY, TPAHYJIOMETPUUYHUM CKIa] IPYHTY
tomo. [loBHe cmiBBITHOMICHHS NMaHUX (DAKTOPIB 1 iX B3aEMOJIS 3yMOBIIIOIOTH
NEBHUM TUN ryMiQiKalliii OpraHiyHuX peITok: (GyIbBaTHUHN, TyMaTHO-(DYJIbBaTHUIA,
¢bynbdaTHO-TyMaTHHI 1 TyMaTHUH.

B ymoBax aHTpOMOT€HHOTO HAaBaHTAXXEHHS BIIMIYEHO 3HAYHE 3HUKEHHS BMICTY
TyMyCy B IpyHTax. 3MiHa BMIiCTy TYMYCY BU3HAYAETHCSI CTPYKTYPOIO TTOBHUX ILIOIII,
CHIBBIJHOILIEHHSM Y MPOCAMHUX 1 CYLUIIBHOTO MOCIBY KYJBTYp, MUTOMOIO Baroro
OaraTopiuHUX TpPaB, 3aCTOCYBAHHS OPTAHIYHUX 1 MiHEpPATHHUX JOOPUB.

[Ipouec aerymidikaliii Mmae Miclie y BCbOMY CBITI. Y Halllil KpaiHi HaiO1Ib1101
neryMidikamii 3a3Haid YOPHO3EMH JIICOCTETIOBOI 30HM BHACIHIIOK MOCHJICHOI

MiHepaii3alii JEeTPUHHOI YaCTUHU TYMYCYy Ta PO3BUTKY €pO31MHHUX MPOILECIB.
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BtpaTtu rymycy y TOpU30HTaNIbHIN 30H1 32 OCTAHHE CTOJITTS KOJUBAJIOCh B MEXax
1-4 %, mo ckmanae Big 0,5 mo 1,8 1/ra. 3anacu crienudigHOT OpraHivHOT PEUOBUHU
IpyHTYy ckopotuiucs Ha 15-40 %., mpo 1o cBig4aTh pe3yjabTaTH MOBTOPHOTO
MOPIBHAHHA BMICTY 1 3alaciB TyMyCy y TOPH30HTax, Ji¢ MOHAJ CTO POKIB TOMY
npaitoBaB B.B. Jlokyuaes (I'.5l. YecHsik ta iH., 1983).
3HauHiI BTpaTH T'yYMYCYy 4YacTO CIPUYMHEHI O€3B1ANOBINAIBHICTIO Jtoaeu. [lo
NPUKIATy, TIOKEXKI Ha TMOBEPXHI IPYHTY MNPU3BOIATH IO 3HUIICHHS POCIMHHOL
Opratiku, sika 0 Morja CTaTu JHKEpesoM T'yMycCy. 3pElITOl0, BOTOHb MEpPecyIrye
BEPXHI JCKiJIbKa CAHTUMETPIB IPYHTY, B SIKUX T'YMYC IIPOCTO TOpUTh. Memioparlis
TOp(’SITHUX IPYHTIB TAKOXK CYIPOBOIKYETHCS BTPATOIO OPraHIvYHOI pEYOBUHHU.
JlroguHa MOXE CHPHUATH HAPOCTAHHIO TyMYyCY Yy IPYHTI 3aCTOCOBYBaHHSM
OpraHiYHUX J0OpUB, BAllHYBAaHHAM KHUCJIHUX I'PYHTIB, BUKOPUCTAHHSM Yy CiBO3MiH1
0araTopiuHUX TpaB, pPETYJIOBaHHSM CIIBBIIHOIICHHSM TIUIOII MPOCAMHUX 1

3€pHOBUX KYJIBTYp Ta IHIIUMHU npuiiomamu [12].

1.4. ®epMeHTATUBHA AKTUBHICTH IPYHTY, K 0iOiHAUKATOP TEXHOT€HHOI0

3a0pyIHEeHHS

depMeHTaTUBHA AKTUBHICTh TPYHTIB SIBISETHCS TMOKA3HUKOM O10J0TT4HOL
aKTUBHOCTI 1 MOKE€ BUKOPUCTOBYBATHCH IPH AIarHOCTUIL 3a0pyJAHEHHS IPYHTIB
[13].

HaiiGinbmr  iHQOpMAaTUBHUM MOKa3HUKOM 3a0pyJHEHHS IPYHTIB BaXXKHUMHU
MeTajaMy BBaXA€TbCS AaKTUBHICTh (epMeHTIB. [oHM MeTaliB 1HTIOYIOTh
dbepMeHTaTUBHI peakilii, yTBOPIOIOYN KOMIUIEKCH 13 CyOCTpaTOM, CIIOIYYEHHSIM 13
aKTUBHOIO TPymnoro (epMEeHTIB a00 HUISXOM peakilii 3 KOMIUIEKCOM (epMeHT-
cyoctpat. OnepkaHa TiCHAa HETaTUBHA KOPEJIAIlis MK aKTUBHICTIO JIETIAPOTEeHa3 1
BUCOKMMU KoHUeHTpauismMu Hikomy, [Tmrom6ymy, Kanmiro 1 Bananito. Ilpu go3zax
[TmromMOymy Bumie 1000 Mr/Kr OpUTHIYYETbCS Kartaji3 1 psAl 1HIIMX OKHCHO-

BIIHOBHUX 1 TIAPOJITUYHHX TMPOLECIB, PI3KO IMaJa€ aKTUBHICTH JETiAPOTeHa3.
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AKTHUBHICTh ypea3 1 Kucioi (ochoTasm HOMITHO MPUTHIYYETHCS BHUCOKUMU
koHIeHTpauisiMu Kynpymy 1 Llunky.

JerigporeHasu, iHBepTa3u 1 ypea3u € HauO1IbII YyTJIMBUMH CEPE IPYHTOBUX
dbepMeHTIB 10 Al Ta30MWIOBUX BHUKHUIIB KOMIUIEKCHOTO CKjiamxy. HahOimbm
ehekTUBHUMU 13 20 MIKpOEJIEMEHTIB 1HT101TOpaMu aKTUBHOCTI KHcIo1 docdarasu €
['iapapriym, Apcen, Bombbpam, MomnioaeH, a ayxHoi — Aprentym, Kammiii,
Bananmiii i Apcen. Kynpywm, [unk, [InromOym 1 Kagmiii BUKITUKAIOTh MPUTHIYCHHS
aKTHUBHOCTI amija3, ['iipapriym — nenrosnosu, kcuinonas (1000 mr/kr) 1 inBepras (100
Mmr/kr). [IpoMucioBe 3a0pyTHEHHS TIEBHOTO CKJIATy 1 aKTUBHOCTI MOYKE BUKJIMKATH
aKTHBI3alll0 TIPYHTOBUX (epMeHTIB. Tak, 3a0pyIHEHHS BaXKMMH MeTajaMu y
MO€/IHAHHI 3 IHIIIMMHU CTIOTYKaMU, K1 YTBOPIOIOTh Y IPYHT1 ONTUMAIbHI JJIs T11 psiLy
(dbepMeHTIB peakuii cepenoBula (HEUTpalbHY), MOKE IIJBHUIYBAaTH AKTUBHICTb
KaTanas, AeriiporeHas, cyiabdigokcuaas [14].

[Ipu 3a0pyaHEeHHI TPYHTIB OpPraHiYHMMH CIIOJIyKamu, 30Kpema, (eHoiaamu,
aKTUBHICTh MOMI(EHOTOKCHIa3 3pPOCTAaE, a AKTUBHICTH JAETiAPOreHas, 1HBEpTas,
JIi1a3 3MEHIIYEThCS. Y TEXHIYHUX I'PYHTaX 3a(iKCOBAHO MABUIICHHS, Y TOPIBHSAHHI
3 (POHOBOIO AUISIHKOIO, BMICTY (PEHOMIB (SIK pe3yJbTaT MPSAMOro 3a0pyJHEHHS
HUMH), SIKI OOYMOBWJIM 30UIbIIEHHS OUTBII HIK HA TOPSIOK YUCJICHHOCTI TPYMH
MIKpOOPTaHi3MiB, SIKIi BHKOPUCTOBYIOTH (DEHOJ y SKOCTI €IMHOTO JDKepena
KapOony. Po3BUTOK 111€1 TpyIiyi MIKpOOPTaHi3MiB, IIBUIIE BChOTO, 1 MPU3BOIUTH 10
MJBUIIEHHS TOJT1(PEHOIOKCHUIA3H01 aKTUBHOCTI y 3a0pyAHEHOMY TpYHTI. AHaui3
(epMEeHTaTUBHOI aKTUBHOCTI JIEPHOBO-III30JMCTUX IPYHTIB MOKA3aB, IO MO MIpi
BIIJTAJICHHST Bij JpKepena 3a0pyAHEHHs JerijporeHasHa, 1HBEpTa3Ha 1 ypeas3Ha
aKTUBHICTh TPYHTIB 3pOCTa€. 3BOPOTHA 3aKOHOMIPHICThH BJIACTHUBA JJIS JIITITHOT
aKTUBHOCTI TPYHTIB — 1i MakCHUMyM CIIOCTEpITaeThcsl y HAWOUIbII 3a0pyIHEHUX
IPYHTax.

3 npuBeneHoi iHpopMaIlii MOXKHA 3pOOUTH BUCHOBOK, 1110 3a0pYy/THEHHS IPYHTIB
Belle 10 TMOTIPIICHHS iX BJIACTUBOCTEH 1 BUKJIMKAE 3HUKEHHS O10J0T1YHO1

akTUBHOCTI [15].
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PO3/ILI 2
MATEPIAJIA TA METO/IHA

2.1 Cxema gociiay

2.1.1. Bin6ip Ta miaroroBka 3pa3kiB IPyYHTY 10 aHAJTI3y

JloHHI BiAKIAIU TICHO B3a€MO3AJICKHI 3 1HITUMH O0JACTSIMH HAaBKOJMIITHHOTO
cepenoBuia. Tomy iXHiIM MOHITOPUHI TMOBHHEH OYyTH HEBII'€MHOIO YaCTHHOIO
KOMIUIEKCHOI MTPOrpaMu MOHITOPHUHTY JOBKIJIIISL.

JI1s netanbHOro J1ab0paTOPHOTO0 BUBYEHHS IPYHTIB 3 PUPOIHOTO CEPEIOBUILA
Bi10MpatoTh HaBaxky Baroto 500-1000 r. J{ns ogHOTO 3paska rpyHTY MPOBOISTH
B1101p mpoO 3 4-6 TOYOK, BIICTaHb MDXK SIKMMH CKJaaae 3-5 METpiB, Y BUIAJKY
JIOHHUX B1JIKJIAJIB BiAO1p 3/11MCHIOIOTH HA PI3HUX TJIMOMHAX.

[IpoOu JOHHMX BIIKJIAAIB BiAOMpaIM 3a JIONOMOTOK KOJIOHKOBOIO

KEepHOBII01pHUKA (pouc. 2,1).

Puc. 2.1. I'pasiraiiiiinuii npo0OoBi10ipHUK (IPyHTOBA TPyOKa)

[Tpu anamizy Ha Ba)KKi METaJH, /ISl TOTO 00 YHUKHYTH

3a0pyIHEHHs] Mpo0 TPYHTIB 32 PaXyHOK KOHTAKTY 3 CTIHKAMH
KEpHOBIIOIpHUKA, B UWIHAP IS 3aXOIUICHHS TPYHTY
MOMIIIAIOTh TUIACTUKOBI BKJIAAUII (MIPOKIAAKH). SKII0 % mpooH
OepyThCsl JUIsl aHadi3y Ha BMICT OPraHiYHUX CIOJYK YU
== dbepMeHTIB, IPYHT TOTPIOHO OpaTH 13 IEHTpa KepHa, MPUOITH3HO
B CAHTUMETPl BiJ CTIHOK IUIACTUKOBOro Bkiaauiia.. [Ipu BimbOopi mpoO s
reOXIMIYHOTO aHaJ13y ONTUMAIBLHO MIAXOASTh MJIACTUKOBI BKIIAIUIII 13 BHYTPIIITHIM
niameTpoM Oibie 50 M.
[Ticns BUOipkU MpoOH IPyHTY NOMIMIAIOTH Y MONEPEIHBO OUHUIIEHI aTFOMIHIEBI
J0TKH a00 Ha amoMiHI€BY (DONIBry Ui (EPMEHTATUBHOTO aHai3y abo0 B IJIACTUKOBI

NakeTH [Js aHaji3y Ha BaXKKli MeTald W 3aMOpOXYIOTh ( 4M 30epiraroTh y
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XOJIOMWIBHUKY TIpU Temnepatypi 4°C mig 4yac TpaHCHOPTYBaHHS B JlabopaTopiio,
00 3amo0irTu GakTepiaaTbHOMY PO3KIAJaHHIO, SKINO aHa3 TOBUHEH BU3HAUYUTU
Ha(TOB1 BYIJICBOJIHI).

Y nabopartopii mpobu IpyHTY MOBHUHHI OyTH 3aMOpPOXKEHI MpH TemrmepaTypi -
20°C, micimga 4oro mijajaHi cyOJiMariiHifi cymi B CcyOiiMaliiiHId yCTaHOBIII.
YactuHy npobu 30epiraroTh JJIs MOBTOPHOTO aHATI3y, SKIIO0 BUHUKHE Migo03pa, 10
npoba Oyna 3abpyaHeHa mix yac aHamizy. Tomy g0 cybaiMariii mojoBUHA MpoOu
BIJIOKPEMITIOETbCST M 30epiraeThCss B MOPO3WIBHIA Kamepl Uil HACTYITHOTO
KOpHUCTYBaHHS (y LIbOMY BUIAJKy MOTPiOHA MOPO3HIIbHA KaMepa 3 TeMIepaTyporo -
80°C).

[Ticns cyOmiManii mpoOU TPYHTY MPOCIIOIOTH, Il TOro 100 BUIATUTH
HEBEJIMKI KaMIHYMKH, IIMATOYKHU TUIOK 1 yepenamok. /o mpociBaHHs 13 mpoOu
NOTPIOHO BUJAIWTH IIMAaTOYKM YEpEenamoK, TUIOK 1 JIMCTIB MIHIETOM 3
HEeprKaBit0vo1 cTajl (111 OpraHivHOro aHai3y) abo MIacTUKYy (1715 aHaJi3y Ha BaXKi
MeTaln), o0 3ano0irTu 104aTKOBOMY 3a0pyAHEHHIO.

OTtpumani TakuM 4YHOM 1poou (He menIie 250 rpaMiB) MPOCIIOIOTH Ye€pPE3 CUTO
3 nmiametpoM | MM JUisi BUJAJICHHSI MIIIAIOYM BEJIUMKUX BKJIIOYCHBb (KaMiHHSA,
3aJUMIIKIB pociuH 1 T.14.). [IpocisiHy mpoOy moapiOHIOIOTH B aratoBiil CTyMIll A0
OJIep>)KaHHS OJIHOPIHOI Macu, MICIS YOro MOMIlmawTh B ¢apdopoBl TUT 1
POCYIIYIOTh B CYyIIMIIbHIN madi nmpu temneparypi 45 °C Ha npoTs3i 4-6 roauH.

Jlnst G10XIMIYHOTO aHaji3y METOJOM KBapTyBaHHsS BiAOMpalOTh TaK 3BaHy
cepeaHto npooy rpyHrty [14].

[IpociBanHsT Mae o0cOOJIMBE 3HAYEHHS W MOXKE 3A1MCHIOBATHCS PI3HUMHU
cnocobamu. [liamerp orBOopiB Moxke Oytu 1 abo HaBiTh 2 MM (TONEpeaHe
MPOCIBaHHS), 00 BUAAIMTH IMATOYKK YEpernaiiok, TUIOK 1 JUCTIB, a MOXe OyTH
250 MxM. Y OIIBIIOCTI BUMAJAKIB JOHHI BIIKJIAJEHHS MPOCIBAIOTh YE€pPEe3 CHUTO 3
JiaMeTpoM OTBOPIB 63 MKM, 100 BIOKPEMUTH MYJ 1 TJIMHY BiJ MICKY W OLIBII
rpy0O3EpHHUCTOr0 MaTepially; L€ MPAaKTUYHO ¥ BIJIMOBIJAE 3arallbHONPUUHSATIN
nporeypi (ajge He peKOMEHIYETHCS TPOCIBaTH APIOHO3EPHUCTI M OJTHOPIIHI TOHH1

BIIKJIQJICHHS 13 30H 3 BUCOKHUM KOE(ILIEHTOM OCA[KEHHS, OCKUIbKH B iX Oarato
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OpiOHUX 4YaCTOK, Yy SKHX OCiIaloTh 3a0pyaHioBaul. Ko ApiOHO3EpHUCTHX
BIJIKJIQJICHb Hi, PEKOMEHAYEThCS MPOCISTH MpoOy, M100 BIAOKPEMUTH cami ApiOH1
YACTKH).

B ixeani po3mip oTBOpiB CTaHOBUTH 63 MKM, 1 Mpoda IIIUTHCS HA YaCTUHI 13
3€pHUCTICTIO BUILE i HUKYE 63 MKM. Y JESKUX BUMIAJKaX MPOBOJAUTHCS MTPOCIBAHHS
3 J1aMeTpoM OTBOPIB 20 MKM, Tak IO BAAETHCS OJEPKATU 3 YaCTUHU MPOOU st
aHai3y: 3 PO3MipOM 4acToK Outbie 63 MkM, Bif 20 10 63 MkM 1 MmeHIIT 20 MKM.

OCKUJIbKM TPOCIBaHHS TaKOX MOXE€ MPUBECTH 1O 3a0pynHeHHs mpol (B
OCHOBHOMY OpraHiYHUMH 3a0pyJHIOBayaMH), JOBOJAUTHCSA OIYCKaTH, IO
MO>KJIMBOCTI, Oarato eTarmiB MPOCIBaHHS; 1HO/A1 PEKOMEHIYEThCSI IPOBOJUTH TUIBKU
OJIHE MPOCIBaHHS Yepe3 CUTO 3 OTBOpamH Bij 250 MKM /10 aHaji3y Ha OpraHiyHi
3a0pyAHIOBaYI.

JlJ11 MOHITOPUHTY MPOCTOPOBUX TEHACHIIIM MPOCIBaHHS HE MA€ BUPIILIAIBHOIO
3HAYECHHSI, aJle pEKOMEHAYETHCS IPOCIBAaTU MPoOy Yepe3 CUTO 3 OTBOpaMH MeHII 1
abo 2 MM y AiaMeTpi Biapa3zy micis Bigdopy ado cybimarii.

JIJis MOHITOPUHTY TUMYAaCOBUX TEHJIEHLIN PEKOMEHIY€EThCS MPOCIBATU MPOOY
Yyepe3 CUTO 3 OTBOpamu Oiniblie 63 MKM. AJie TOJIOBHE - 3a0€3MEeUUTH MPOrpamMHy
CYMICHICTB, TOMY, SIKIIIO JIA0OpaTOpPisi BUKOPUCTAE CUTO 3 OTBOpaMu MeHI 1 abo 2
MM Y JiaMeTpi JUIS THMYAcCOBUX JOCIHIJKCHB, BIJIOBIIAIOYM TIPH IIBOMY BCIM
KpUTEpIsIM BHU3HAUEHHS TEHJEHIIM, A0 1HMMX Qpakiiii NepexoauT He
PEKOMEHTy€E€ThCA.

JInsi BU3HAYEHHST OCHOBHMX 1 CHIIOBUX KOHUEHTpAllii MeTaliB y JOHHHUX
BIJIKJIaZIaX METOJIOM «PIJIKUX PEAKTUBIBY» HEOOX1THO XIMIYHO PO3KJIACTH BCIO MTPOOY
abo ii wactuny. Poskmag mpoO 3mificHIOBaIM JBOMa MeTojlaMu: (a) TIOBHE
po3kiiafanHs; (0) po3kiagaHHs CUJIBHOIO KHUCIIOTOIO;

A)l[IpoOu rpyHTYy OOpOOISIOTECS B 3aKpUTUX  TEPIIOHOBUX  KOJIOAx
dropuctoBogHeBOi KHcioTor (PK) B cymimn i3 MapCchbKOK TOPUIKOIO 3 METOIO
XIMIYHOTO po3KiaaanHs npo6. 3acrocyBaHHsi @K mae icTOTHE 3HAYEHHS, OCKIIIBKU
1€ €JTMHA KUCJIOTA, 1[0 TIOBHICTIO PO3YMHSIE IPATYACTUI CHITIKAT 1 BUBUIBHSE 3B's13aH1

MECTaJIn.



29

Po3kiaa npo0 3a1HCHIOBAIH 32 HACTYHOIO MOCIITOBHICTIO:

1) CrpyuryroTh MEH3YpPKH i3 MPOOaMH IPOTITOM 2 XB JIJIsi TOMOT€HI3allii.

2) BigkpuTi MEH3ypKH Yepe3 KilbKa XBUJIUH MICIIs CTPYIIIyBaHHS.

3) 3Baxkutu TouHO 0.1 - 0.3 T cyxoi mpobu B TepioHoBHX Kos0ax (a) abo 0.1 -
0.5 r y TedpioHoBuX mpobipkax (0).

4a) [loBimeHO gomatu 5 wmi azotHoi kuciaotn (HNO3z) 1 2 wn
KOHIICHTPOBAHOI (hTOPUCTOBOAHEBOI KUCIOTH. 30epiratd mpodu mpu KiMHATHIN
TeMIIepaTypi NPOTITOM TOJUHHU.

4b) [ToBimsHO momatu 1 M mapebkoi ropisiku (HNOs: HCI, 1:3 06> ’mu) 1 6
M1 KoHLeHTpoBaHoi PK. 36epiratu npodu mpu KIMHATHIN TeMrepaTypi IPOTAroM
1 rox.

5a) [linpHO 3akpuTH TehIOHOBI OATOHU (TAMKOBUM TIIFOUOM) 1 IOMICTUTH
iX B aBTOKJIaB M0 BIAMOBIIHIA MpOIEAYpl PO3KIATaHHs (TUB. MPUKJIIA]] TapaMeTpPiB
y Tabmut 8).

5b) A00 3akpuTH MPOOIPKH 1 OMICTUTH X B aJIFOMiHIEBUH KOHTEHHEp i
MOCTaBUTH Ha TIUTYy npu Temrepatypi 120°C Ha ABa 3 MOJIOBUHOIO TOJUHH.

6a) 3BaxuTH 0.8 r OOPHOI KHUCIOTH 1 MOMICTUTH B 50-MJI MOJIIPOIIJIEHOBI
rpaayiioBaHi mpoOipku, moTiM goaatu 20 Mi O1AUCTUIISATY 1 CTPYCHUTH.

6b) 3Bakutn 3.70 T OoOpHOI KHCIOTH ¥ momictuTH B S50-mu
MOJIIMPOIICHOB] TpaayiioBaHi MpoOipku, MOTIM jgoaaTu 20 M O1AMCTUILOBAHOT
BOJIM Ta CTPYCHUTH.

7a) Jlatu mpobGaM OXOJOHYTHM A0 KIMHATHOI TeMmIepaTypu, OO0epexHO
CKUHYTH THCK, IOTIM BIJKPUTH OAJIOHHU.

7b) JlaTu mpo6am OXOJIOHYTH JI0 KIMHATHOT TEMIIEPaTypH, TOTIM BITKPUTH
POOIPKH.

8) IlepemicTuTi MpOOKM B MOMIMPOIIJICHOBI rpaaylioBaHi MpoOipKu 3 OOPHOIO
kucnoToro. CrosiocHyTr OajoHu a0o Te(IOHOBI MPOOIPKH OITUCTHIIATH, SIK

MIHIMYM, TpHYi, I0JAI0UU BOJIY B IPOOIPKHU.
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9) Crpycuytn mpoOipku, 1mo0 3aBepmmtu po3unHeHHs H3zBOjz; (moxe
3QJTUIITUTUCS. YOPHUIA BYTJIUIEBUNA OCaJl, aje BiH HE MICTUTh BEJIMKOI KiJIBKOCTI
METaJIIB 1 HE 3aBaXka€ BU3HAYEHHIO OCHOBHUX KOHIICHTpAIIii).

10) PozbaButr Bo010 10 MIiTKH S50 M.

11) [ToMicTuTH B yIbTpa3ByKoBY OaHo Ha 30 XB, 1100 NPUCKOPUTH
PO3YMHEHHS / TOBTOPHE YTBOPEHHS CyCIeH311 OOPHOI KUCIIOTH 1 ocay.

12) [lepen anamizoM 3aMITUTH TPOOY HA HiY, 00 YaCTUHKH OCLITH.

13) Po3unaM mpobu MokHA 30epiratv J0 aHajaizy MPOTITOM JEKIJIBKOX
TTHIB, TIEPEBAXXHO NPU HU3BKiN Temriepartypi (+4°).

[TapanenbHO 151 KOXKHOI cepili aHalli31B MOTPIOHO MIATOTYBATH, SIK MIHIMYM, TPH
X0JIOCTI MpoOu. BOHM TrOTyrOTBCS Tak camMo, SK 1 IMpoOM, 3a BHUHSATKOM Ti€l
00CTaBUHU, 110 B EMHOCTI JIsl pO3KJIaJIJaHHS HE BHOCSATHCS TIPOOH.

JInst KOKHOT TPyNM aHali31B MOTPIOHO MIATOTYBAaTH B TPHOX €K3EMILIApax 1
BUKOPHUCTATH, SIK MIHIMYM, OJUH KOHTPOJbHUN po3unH. KOHTpOJIbHMI pO3UMH
MOBMHEH MaTH aHAJIOTTYHUI MpoOaM CHOJYKH aHAIOTTYHOI KOHLIEHTPALIii.

Buiie HaBeenrm mMeTo10M, 3 5k0BTHA 2012 mo kBiTeHb 2013 pokiB Hamu OyI1o
3JIICHEHO B1A0Ip Ta MIATOTOBKY 0 aHami3y 6-TH I'PYHTOBUX 3pa3KiB, Bi1IOpaHUX Ha
3aIJIaBHUX arpoeKocucTeMax NpuTok p. 3x. byr Ha Teputopii JIbBiBChbKOT 00J1aCTI:

[Tpo6a Nel — Bimi6pana 18.03.23 p. p. Pata, BuTik (micnst M. PaBa-Pyceka)

[Tpo6a Ne2 — Bimiopana 5.04.23p. p. Kam'srka, Butik (tricist cmt. Kynukis);

[TpoGa Ne3 — Bimi6pana 24.07.23p. p. Para, rupno (c. Mexxupiyst)

[Tpo6a Ne4 — Bimibpana 24.08.22p p. Iontsa, micmst o/c M. JIbBoBa

[TpoGa Ne5 — Bimiopana 24.09.23p. y p. [lonrsa, Tupso M. Bycek;

[Tpoba Ne6 — BimiOpana 11.10.23p. y p. Kam'suka, tupno (micns m. Kaw'saka-
By3bka);
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2.2. BuzHayeHHs 0i0XiMiYHUX BJIACTHBOCTEH IPYHTY
2.2.1. BusnauenHsi rymycy y rpyHri 3a LB. Tiopinum

Meton BuU3HaUEHHSI 0a3yeThCsl Ha OKUCIEHHI T'yMYCOBHUX PEYOBHH IPYHTY 0
JTIOKCUYy KapOOHY 3a JOMOMOTOI0 JIBOXPOMOBOKUCIOTO Kajilo y cylbdaTHO-
KHCIIOMY cepenoBuIi. Jlaauii mporec cxeMaTHIHO 300paxXy€eThesl 32 TOTTOMOTOIO
HACTYMHOTO PIBHSIHHS:

2K,Cr,07+8H2S04+3C(2ymyc)«>2Cra(S0O4)3+2K2SO4+8H,0+3C0O;

3a KiIbKicTIO BOXpoMoBokucioro kamiro (K,Cr,0O7), BUTpaueHOro Ha peaxiiito
OKHUCJICHHS, CYJSITh MPO KUIBKICTh TYMYCY Yy JOCIIIPKYBAaHOMY TIPYHTI. 3alUIIOK
JIBOXPOMOBOKHCIIOTO Kajilo, 10 HE MpopearyBaB, BU3HAYalOTh 3a JOIOMOTOIO
TUTpyBaHHs po3unHoM FeSO4 abo coni Mopa:

K2Cr,07+6(NH4)2S04+6FeSO4+7H 2S04 Cra(SO4)3+K2S04+3Fe,(S04) 3+
+ 6(NH,),S0,4 +7H,0
Memoouka 00cnioxceHH.
Hapaxky 150-200 Mr mnoBITPSIHO-CYXOro IPYHTY MOMIIIAIOTh Y KOJOy Ha

100cm®.  Jlomatots 10,0cm®

0,4 H po3unMHY JBOXPOMOBOKHCJIOTO KaJlilo 1
nepeMinnyoTh po3urH. KonOy HakpuBaroTh JWKOIO 1 HArpiBalOTh JO KUITIHHS Ta
KUITSITATh CyMIIl Ha MPOTA31 5 XBWJIMH, CIIIKYIOUM 00 pO3YMH OYypXJIMBO HE
KHITIB.

[Ticast HbOro PO3YMH OXOJOKYIOTh A0 KIMHATHOI TeMIiepaTypu (KOJip CyMimni
mae 6yTtu opamkesum). Jlogarots 20-40cm® Boay, 0OMMBAIOUH IIPU [EOMY CTiHKH
Kojbu, 4-5 Kpamenb po3uuHy (EHITAaHTPAHUIOBOI KHCIOTH 1 THUTPYIOThH
CTaHJAPTHUM PO3YMHOM coJii Mopa /10 3MiHU 3a0apBJIEHHS 1HIUKATOPA 3 BULITHEBO-
(b10J1€TOBOTO Ha 3€JICHUMN.

Kinbkicte opraniynoro Kap6oHy po3paxoByroTh 3a (hOpMyJIoHO:

Co (a—6)-K,-100-0,0006-K, ,-1,724
P

ne: C — BMICT TyMycCy Y IpyHTI, %;
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a—00’em 0,2 H po3unHy coii Mopa, 10 IIIOB Ha TATPYBAHHSA KOHTPOJIIO, CM>;

6 —00’em 0,2 H po3uuny coiii Mopa, 1110 MilIOB Ha TUTPYBAHHS JOCIIHKYBaHO1
npobu, cm>;

Ky — mompaBouHmii KoeiIieHT 10 TUTPY coiii Mopa;

0,0006 — kinbkicTs opraniuHoro Kap6ony, o Bianosigae 0,2 H po3uuHy COJIi
Mopa, T;

1,724 — xinbkicTh opra"iuHoro KapOoHy, 110 BIANOBIAa€ OJHOMY Tpamy
rymycy;

KH,0 - KoeQilieHT MirpoCKOMYHOCTI M EPEPaxyHKy Ha aOCONIOTHO CyXy

HABAXKY IPYHTY;

P — HaBaXkKa MOBITPSIHO-CYXOTO IPYHTY, T [22].

2.2.2. MeroauKka BU3HAYCHHS AKTUBHOCTI IHBepTa3

Jlana Meroauka O0a3yeThCs Ha TPaBIMETPUYHOMY BHU3HAUEHHI KIJIBKOCTI
[JIFOKO3U, 10 YTBOPIOETHCA, SK KIHIEBUN MPOAYKT O10XIMIYHOTO PO3KIIATy
caxapo3u B aepoOHHUX yMOBax 3a JOMOMOTror0 epMEeHTY 1HBEPTAa3H.

BwmicT iHBepraz Bu3Hauanu 3a TpaayroBalbHUM TrpadikoM. I[loOymosa
rpaayloBajJbHOrO Tpadika 3 METO BHU3HAUYEHHS 1HBEPTA3HOI aKTHUBHOCTI
JOCITIIKYBaHUX 3Pa3KiB IPYHTY MPOBOJIUIIACH 32 TIOTIOMOTOI0 PO3UYHUHY TJIFOKO3U.

['panyroBanbHUK rpagik OyayBaiu 3a HACTYTHUHOK METOAMKOIO:

Ilobyoosa epadyrosanvroco epagika 015 6UHAYEHHS IHBEPMAZHOT AKMUBHOCTNI
TOTYEThCS JEKIIbKA PO3YMHIB IMIIOKO3M pizHOi KoHuenTpauii (0,005-0,1 mr/mm?).
ITicns mporo BimOMpaeThes 1O 8 cM® 3 KOKHOTO PO3UMHY i BHOCATBHCS Y CKISHI
OIOKCH, TIOTIEPEeHBO 3BaXKEHI HA AaHANITUYHUX Barax. Jlo po3umHiB pi3HOT

KOHLIEHTpaLii 10alTh 6 cM°

CBIKOIIPUTOTOBJIEHOTO po34ynHy DeniHra i cymiin
JIOBOASTH IO KUIMIHHS Ha IJIUTII, K€ MIATPUMYIOTh Ha TIPOTSI31 2-0X XBUJIMH.

[To nmpunuHEHHIO KUIIHHA OIOKCH 3HIMAIOTh 3 TUIMTKHU 1 3aJUIIAI0OTh CYMIII
BiJICTOIOBATHCh HA MPOTA3i 1-€i roguHu Ans oTpuMaHHS ocany 3akucy Kympymy.

[Ticns mpomuBaHHA Ocaxy OIMUCTUIIATOM HOTO 3BaXKYIOTh. 3 OJIEPKAHHUX JTAHUX
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OyAyloTh TpadyloBalibHUN Tpadik 3aJIeKHOCTI MacH ocaay 3akucy Kympymy Bin
KOHIIEHTpaIlii rioko3u (puc. 2.1.)
m,r
0.40
0.35 -
0.30
0.25-
0.20
0.15 1
0.10 1

0.05

T T T T T
0.00 0.02 0.04 0.06 0.08 0.10

3
C, mr/omm

Puc. 2.2. 'panyroBansHuii rpadik 3a1€KHOCTI MacH ocaay 3akucy Kynpymy Bia

KOHLIEHTpAaLli III0KO3U

Memoouka 0ocniorcenna:

Busnauenns ineepmasnoi akxmueHocmi 68 O0OCHIOHUX SPYHMAX NPOBOOUNU 3d
HACMYNHOI0 MemOoOUKo. HAaBAXKY MOBITPSHO-CYXOT0 IPYHTY Macoro 2 T BHOCSITh B
konoy 06’emom 100 cm3, momarots 5 cm® Oydepy (pH 4,9), 15 cm® 8 % pozunny
caxaposu - cyocTpaTy, 4 Kparuii TOJlyeHy — B SIKOCTI aHTUCEeNTHKa. BMICT koyiou
CTPYIIYIOTh, 3aKpUBAIOTh KOPKOBOIO MPOOKOIO 1 CTaBIATH y TepMocTar Ha 24
roJauHu npu temmnepatrypi 29-30 °C.

[Ticns ekcmos3uirii BMICT KOJOWM HArpiBarOTh Ha IUIMTIN JO KWITIHHS IS
NpPUNUHEHHS 111 (PEepMEeHTy, MICAs 4Ooro (QuIbTPYIOTh. Y MONEPEIHbO 3BAKEHI Ha
AHATITUYHUX Barax OIOKCH BHOCATH 8 cM° (ibTpaTy.

J1o (insTpary 10aar0Th 6 M3 CBIXKOIIPUTOTOBIEHOTO po3unHy MDeminra i cymin
JTOBOASATH JIO0 KWIIIHHS, SIK€ MIATPUMYIOTH Ha MOpOT31 2-0X XBWiauH. Ilicns
MPUNUHEHHS KUTIIHHS OIOKCH 3HIMAIOTh 3 TUTUTKHU 1 Jal0Th CyMIIIl BIACTOATHUCS Ha
npots3i 1-€i rogunu, mood otpumaTu ocana 3akucy Kympymy. I[licis gworo, od6epexHo,

He 300BTYIOUH 0CaJl, BIZICMOKTYIOTh PIAMHY MINETKOIO.
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Ocan nBiYi MPOMHUBAIOTH TAPSYOI0 TUCTUIHLOBAHOIO BOJIOIO, BUAAISIIOTH BOMY 1
MOMIMIAIOTh OFOKCH 3 0CaJI0OM Y CYIIIIIbHY Iady Ta CyIiath Mpu Temmeparypi 60-
70 °C. BucyuryBaHHs IpOJOBXYIOTh JI0 OJIEp>KaHHS 0Cajly CTalol MacHu.

[Tig gac 3BakKyBaHHsI OIOKCH 3 0CaJI0M TMOMIIIAIOTh B €KCUKATOP 3 XJIOPUCTUM
KaJIBIIEM.

[TopiBHIOIOUM OTpUMaHY Macy 3 BHUXIJIHOIO, 3HaXOSATh Macy OcCady 3aKUCy
Kympymy y 8 cm® posumny i 3a kamiOpyBambHUM TrpadikoM 3HAXOIATH
KOHIICHTpAITi0 TJII0OKO3H, 10 BIJAIMOBIIa€ 3HANIEHIH KiIJTbKOCT1 okcuay Kympymy.

AKTHUBHICTh (DEpMEHTY BUPAXOBYETHCS B MT TOko3W Ha 10 r rpyHTY 32 24
TOJIMHU.

B sIKOCT1 KOHTPOJI0 BUKOPUCTOBYIOTH IPYHT MPOCTEPUITI30BAHUM MTPOTATOM 1 -
€1 roguHu npu 2 atMocdepax

Po3paxyHok ¢epMeHTaTUBHOT aKTUBHOCTI 1HBepTa3u (y mepepaxyHky Ha 10 r
MOBITPSTHO-CYXOT'0 IPYHTY) MPOBOISTH 32 (DOPMYIIOIO:

A(10 r rpynTy) = C 125,

ne: A — ¢pepMeHTaTUBHA aKTUBHICTh 1HBEPTa3u, MI III0K03u Ha 10 r rpyHTy 3a
24 roauHu;

C — KOHLIEHTpALis TJII0KO3H, 3HaliieHa 3a KamibpyBansHuM rpadikom, mr/ams

125 — nepepaxynok Ha 10 r rpyaty 8 1000 cm® dinsTpary [23].

2.2.3. MeToauka BU3HAYEHHSI AKTUBHOCTI Jeriporenas

Jlana metoauka 6a3yeThcsl Ha (DOTOKOIOPUMETPUUHOMY BU3HAUEHH] KIJIBKOCTI
tpudeninpopmazana (TOD), uo0 yTBOPIOETHCS SIK KIHIIEBUN MPOAYKT 010XIMIYHOTO
poskiany Tpudeninrerpazonisi xjgopucroro (TTX) B aepobHuX ymoBax 3a
JOTIOMOTO10 (hepMEHTY JIeTiaporeHa3n. BMicT akTUBHOCTI A€TiIporeHas 3HaX0IsTh
0 TpaJyIoBaATBHOMY Tpadiky.

KanibpyBanus (OTOCIEKTPOKOJIOpUMETPA 3 METOIO BU3HAYCHHS
JIET1IpOreHa3Hoi aKTUBHOCTI JOCHIKYBAaHMX 3pa3KiB IPYHTY MpPOBOIATH 3a

JIOTIOMOT010 po3uuHy Tpudenindopmazana (TOD).
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KonopumerpyBaHHs TpOBOASATh TpHU JOBXKHHI CBITJIOBOI XBwii 540 HM, B
KIOBETaxX 3 TOBUIMHOIO MorinHatouoro mapy 0,5 cm [16].

Ha puc. 2.2. moOymoBaHO TpaayroBajlbHHM Trpadik 3aJe)KHOCTI ONTHYHOI

TYCTUHHU BiJ KoHLeHTpauii Tpudenindopmazana (TOD).

AD
0.4

0.3 4
0.2 4

0.1 1

T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Mr TOD/25 mn CZHSOH

Puc. 2.2. I'pagyroBanbHUK Tpadik 3a1eKHOCTI ONTUYHOI ryctuHu AD Bif

KOHIIEHTpaIli TpudeHinpopmaszaHa.

Memoouka oocniodicennsn. Busnauenns akmusHocmi 0e2iopo2enas nposoosimy
34 HACMYNHON MemOOUKol. HABaXKY IOBITPIHO-CYXOro IPYHTY Macow 1 T

BHOCATh y KOHyCONOIiOHI kKombu 06’emom 50 cm®

3 MPUTEPTUMU TPOOKAMH.
HonaroTs 10 Mr kKapOOHATY KaJbIiio 1 J0OpEe MEPEMINIYIOTh; MICJS Y0TO J0/1al0Th |
cm® 0,1 M posunny cy6erpary gerigpysanns i 1 cm® 1 %-oro posumny 2,3,5-
TpUPEHLITETPA3ZOHIS XJIOPUCTOTO.

[ToBiTpst 3 KONOM eBakywOIOTh TpH po3pimkenHi 10-12 mm.pr.ct. Konbu
00€peKHO CTPYIIYIOTh 1 CTaBIAThH B TepMocTaT nipu 30 °C Ha 24 roguHu.

[Ticns inky6anii B k016K 10Aa0Th 10 25 cM3 eTHI0BOTO CIIMPTI, CTPYIIYIOThH Ha
npots3i S-th xBwimH. Opnepkanuii 3abapBiieHui po3unH TpudeHindopmazaHa

GUIBTPYIOTH 1 KOJNOMETPYIOTh npu A=540 HM, B KIOBETaXx 3 TOBIIMHOIO

noriimHatroyoro mapy 0,5 cm.
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Po3paxyHok ¢epMEeHTaTUBHOI aKTUBHOCTI JETiAporeHas (y nepepaxyHky Ha 10
T MIOBITPSTHO-CYXOTO IPYHTY) MIPOBOATH 32 POPMYJIIOL0:

A=K-10:35:Dx,

ne: A — aktuBHICTG aerigporenas, TO® na 10 r rpyHTy 32 24 rOoauHMY;

K — koedinienT kaniopyBaHHs. {15 KIOBETH 3 TOBIIMHOIO IMOTJIMHAIOYOTO APy
0,5 cm K=0,21 — cTana BenuuunHa;

10 — nepepaxynok Ha 10 r IpyHTY;

35 — posBeneHHs (Veyserpary’ VITX + V2o +V 4y 0 =1+1+8+25=35);

Dx — D — Dxourpom, 1€ D — onTHUHA TyCTHHA JOCIIIPKYBAHOTO 3pa3Ky IPYHTY;

Donrpors — ONTHYHA TYCTHHA KOHTPOJIIO [24].

2.2.4. MeToauKa BU3HAYEHHS TPAHYJIOMETPUYHOIO CKJIAAY IPYHTY

3pa3ok poO3TEPTOrO IPYHTY 3BOJIOXKYIOTH 1 MEPEMINIYIOTh J0 TICTOMO10HOTO
CTaHy. 3 MiJATOTOBJIEHOTO IPYHTY Ha JI0JIOHI POOJISTEH KYJIbKY 1 TPOOYIOTh 3pOOUTH 3
HEl IIHYp TOBIIMHOIO 3 MM, a OTIM 3BEPHYTHU KUIbIIE 11aMETPOM 2-3 cM.

3anexHOo BiJ TPaHyJIOMETPUYHOTO CKJIay IPYHTY pe3ynbTaTu OyIyTh Pi3HI:

- TICOK — HE YTBOPIOE H1 KYJIbKH, Hl IIIHYPA;

- CYIICOK — YTBOPIOE KYJIbKY, PO3KAaUaTH IIHYpP HE BIAETHCS, YTBOPIOIOTHCS
TITBKY 3a4YaTKU IIHYPA;

- JIETKUH CYIJIMHOK — PO3KAauyyeThCsl B IIHYP, alie JAy>K€ HECTIMKHM, JIETKO
pO3MaJAEThCs HA YaCTUHKH, MPU PO3KauyBaHH1 a00 3HATTI 3 JOJIOHI;

- CEepelHii CYTJIMHOK — YTBOPIOE CYIUIBHUN MIHYD, SKUWA MOXKHA 3BEPHYTH Yy
KUJIBLIE 3 TPILIMHAMU 1 IEPEIOMaMHU;

- B@XKHUH CYINIMHOK — JIETKO PO3KAdyeThCsl B IIHYp, YTBOPIOE KUIbLIE 3
TPILIUHAMM;

- TJIMHAa — YTBOPIOE JIOBFUH TOHKHUU LIHYpP, KOTPHUM MOTIM JIETKO YTBOPIOE

KinbIe 0e3 TpimuH [25].
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2.3. BusHayeHHA BajKKUX MeTAJIB y IOHHUX BiJIKJIaJIeHHSIX 32 I0MIOMOT 010
noaym'ssnoi AAC

BusnaueHHss BMICTY MeTajliB 3A1MCHIOBAIM METOJAOM aTOMHO-a0CcopOIiitHO1

CHeKTpockomii 3 BukopucTaHHaMm mnoiaymeneBoro AAC KAC -120.1 3

EJIEKTPOTEPMIUHUM aTOMI3aTOPOM CXEMa SIKOTO MpeICTaBIeHa Ha puc. 2.4.

/ - 5

1 5 : 3 4 5

Puc. 2.4. ®yHk1ioHanbpHa cXxeMa aTOMHO-a0CcopOIiiHOTO crieKTpodoTOMETpa:
1 - mKepenio BUNPOMIHIOBAHHS; 2 - aToMizarop; 3 - mpoda; 4 - MOHOXpomMarop; S -

¢doTonpuiimMay.

[IpoOu po3KIamarOTh CHIBHOIO KHUCJIOTOK (IKB.). ATOMHO-aOCcOpOIliiiHa
CIIEKTPOMETPIsI Harajaye eMiciiiHy moiyM'sHy (OTOMETPII0 B TOMY PO3YMiHHI, IO
PO34YMH MPOOM BUMAPOBYETHCS B MOIYM'i i po3nopouryeTbes. Y noiaym'ssHoi AAC
MIPOMiHb CBITJIa HAMPABIISETHCA Y€PE3 MOJIyM'ss B MOHOXPOMATOP 1 1aJli Ha JETEKTOP,
[0 BUMIPIOE KUIBKOCTI CBITJIA, MOTJIMHEHOTO €JeMeHTOM Yy nosiyM'i. KoxkeH mertan
Ma€ BIJIACHY XapakTepHY [OBXKHHY XBHJI, TOMY BHUKOPHUCTAETHCS MOPOMKHS
CJICKTPOJHA JlaMIla, BHTOTOBJIEHAa 13 IbOro enemeHTa. KiabKicTh eHeprii, Mo
MOTJIMHAE TIPU XAPAKTEPHINA TIOBXKUHI XBUJI1, TPOMOPLIHNHO KOHLEHTpALli eIeMEHTa
B TIPOOI.

VY Bumagky 3 HoJym'ssM BUMIPS€ETbCS KUIBKICTh CBITJIA, 110 BUITYCKa€ Ha
XapaKTEpHIH AJis aHAT130BaHOTO €JIeMEHTA JI0BKHUHI XBUJIL.

YMOBHM aHamizy 3ajekarb BiJ €JIEMEHTa ¥ MOXYTh BIIPI3HATHUCS, TOMY

HEOOX1IHO CIOYaTKy YBa)XXHO O3HaoMuTHCS 3 MeToaukorw aHamizy AAC 1o

MOYaTKy aHaJi3y.



38
[To #IMOBIpHUX KOHIIEHTpAIUSX METaliB y MpoOl BU3HAYAETHCSA KayliOpoBaHa
KpHUBA; ypaxoByeTbcs NiHIMHICTD BIATYKy AAC A BIANOBIIHOTO eneMeHTa (KpuBa
MOTJIMHAHHS - KOHIICHTpAIlil IIpeCTaBlieHa B MOCIOHUKY 3 METO/I1B aHali3y). Bmict
METaliB BHU3HAYalM 3a KaliOpyBaJbHUMH KPUBUMH, TMOOYJOBAaHHUMH IO
CTaHJAPTHUX KOHIICHTpAIIls BIMOBIIHUX METAIIB
Po3paxyHok. Po3paxyHOK BMIiCTy MeTally 3A1HCHIOIOTH 3a (hOpPMYJIOIO:
(Ca—Co)xV xF

C(ug/9) = w

(2.3)

Je:

C  KOHIEHTpalis eJeMeHTa y BHUXiJHIM mpoOi (MKr/r abo Bara cyxoro
3paska);

C4  KOHIIGHTpallisl eJIeMEHTa B PO3YKHI MPOOH (MKI/MOJI);

Cp cepemHs KOHIICHTpAIIiSl €IEMEHTA B HEOAPYKEHUX peareHTax (MKI/Mo);

V  00'eM po3urHEHHS PO3KJIAICHOTO PO3UYUHY (MOJ);

W  cyxa Bara npo6u (T);

F IIPU HEOOX1THOCTI KOe(ILIEHT PO3UMHEHHS (=1, SIKIIO M1 Yac NpoLeaypH

PO3KJIa/IaHHsl BUKOPUCTAIIOCS TIIbKU BUX1/IHE PO3BEICHHS).
2.3.2. CratucTH4Ha 00po0Ka o/iep;KaHUX Pe3yJIbTaTiB.

OO6poOKy OTpUMaHUX PE3ybTaTIB MPOBOAMIM 3a JOMOMOIOI0 ‘‘CTaTUCTHUYHOI
0OpOKH pe3yJIbTaTiB’ .
[Tpu craTrcTruHIi 00pOOIT PEe3yIbTATIB XIMIYHOTO aHATI3y BUPAXOBYIOTh:

1.Cepeone 3nauenns (X) — cepeiHe apupMeTHYHE 3HAUCHDb BUOOPKH:

X1+ X2+...+ X,
" .

X=

(2.1)

[Ipu HEBeNUKIN KUIBKOCTI JOCIII/IIB MPAaBUJILHIIIE BUKOPUCTOBYBATU Mediany M
— CEepelHE 3HAYEeHHS Psy MOCHIIOBHUX BEJIMYMH. SKIIO N mapHe, TO MeJiaHy
pO3paxoBYIOTh SIK CEpPEIHE 3HAYCHHSA CEpPeNHIX pe3yibTariB BuOOpkU. [lpu

CUMETPUYHOMY pO3MOIiII pe3yiabTaTiB M piBHe X.
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[HOI1 /U1 OLIHKM LEHTPY PO3MOALTY Ccepii pe3ynbTaTiB BUKOPUCTOBYIOTh MOQY

— 3HAYCHHS, SKEe HAWOUIBII dYacTo 3ycTpidaerbcsi y BuOopmi. Ilepemaroro

BUKOPHUCTAHHS MOJIU € TPOCTOTA 1 MBUIKICTH ii 3HaxokeHHsI. [Ipu cumeTpuaHOMY
PO3MOILII PE3YJIBTATIB MOJIa, ME/IiaHa 1 CEPETHE € TOTOKHUMHU.

2.Cmanoapmue ioxunennss (S) — WOTO BHUPaKAIOTh K KBaJPaTHUH KOPIHb

CCPCAHBOI'O 3HAYCHHA KBaIIpaTiB OKpPCMHUX BiI[XI/IJ'IGHI) Bi,ZI CCPCOAHBOIO:

(2.2)

3.Bionocne cmanoapmue gioxunennsi (Sy) — BAKOPUCTOBYIOTh YacTillle, TaK SIK
BOHO MAa€ TEOPETHYHY OCHOBY 1 MOXE BHKOPHUCTOBYBATHCh [UIS OI[IHKH
BIJITBOPIOBAHOCTI PI3HUX METO/IIB:

Srzg (23)
X

4. Iumepsan 0ocmogipHux 3HaueHb MOXE OyTHM BUKOPHUCTAHUM 1 JJIST OI[IHKHU
MPaBUIILHOCTI METOTY, SIKIIIO BiH MO30aleHH cuCTeMaTH4HOI OXHOKu. OcoOIMBO
BOXJIMBO Iepen0aynuTH, B SKUX MeXaxX HaWOUIBII WMOBIpHA BIJAMOBIIHICTD
CepeIHbOT0 3HAUCHHS icTUHHOMY (). IMOBipHICTB TaKOTO IepeGaucHHs He MOKe
oytu 100%; 3aBxu € moBipya HMOBIpHICTH P. /{7151 6G11bI110CTI aHATII TUYHUX METO/IIB
1151 BEJIMUMHA PUKUMAEThCA piBHOIO 95%. [HTEpBal 10BIpYMX 3HAYEHb BU3HAYAETHCS
KkpuBoto t-posnoainy (po3noain CTbrofeHTa) 1 PO3paxoBYeThCs 3a (OPMYIIOL0:

S

Ern= Lo I’ (2.4)

ne - koedimient CtrogeHTa mpu iMoBipHOCTi P=0,95 B 3a51€5kHOCTI BiJT KITBKOCTI
napajeiabHUX J0CII/IIB n HA0yBa€ 3HAUEHb:

5. Pesynomamu ananizy npeocmasisitome y 8uisoi.

(x*g,,) (2.5)

6. [HOMI AOIITBHO 00paxyBaTu sioHOCHY noxuoky eusnadenns (W):

w="2P"6100% (2.6)

X
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PO311JI 3
PE3YJBTATH TA IX OBGITOBOPEHHS
3.1. BuzHayeHHS BMICTY TyMYCy Yy JOCJHI)KYBaHUX T'PYHTAX
BuzHaueHnHs rymycy B JOCHIDKYBAaHUX 3pa3Kax IPYHTY MPOBOJMIN 3TiTHO
METOJIMKH OMKUCAHOI B po3aim 2.2.1. OxepxaHi pe3ysbTaTy MpeACcTaBieHl B Ta0M. 5

Ta Ha puc. 3.1.

2,5 1
1,5 -

1 -
0’5 - . l

Puc. 3.1. BennurHa BMICTY TYMYCY y JOCHIJI)KYBaHUX IPYHTAX 3aIlJIABU MTPUTOK

Mpoba Nel
Mpoba Ne2
Mpoba No3
Mpoba No4
Mpoba No5
Mpoba Ne6

piuku 3x.byr
Tabnuysa 5
Pe3ynpTaTi BU3HAUYECHHS BMICTY TymMycy y nmpooax rpyHty (n=3, p=0,95)
Cratuctuuna o0poOka
Ne mpobu | Bwict rymycy, % xZs.. 3
1 2,87 2,87+0,05 0,000
2 0,55 0,55+0,06 0,031
3 1,73 1,73+0,25 0,029
4 1,34 1,34+0,09 0,015
3) 0,75 0,75+0,09 0,015
6 0,81 0,81+0,09 0,003

Ilpumimka: - cepeHe 3HaYEHHS, €p, - IHTEPBAJ JOCTOBIPHUX 3Ha4€Hb; Sy— BIJTHOCHE CTaHJAPTHE BiIXUJICHHS ;
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3rigHo naHuX Tabmuii 5 Ta puc. 3.1. 3HaYeHHsS BMICTY TYMYCY KOJHBAJIOChH B
mexax Binx 0,55 % no 2,87 %. Taka pi3HUIA KOJUBAHHS 3HAYEHb BMICTY TYMYCY Y
JOCIIJIKYBaHUX MpoOax I'PyHTIB MPUTOK 3aruiaBu piuku 3X. Byr 3ymoBiieHi, Ha
HAIly yMKY, PI3HUM CTYIIEHEM iX CIICHKOTOCIOAAPCHKOro 00pOo0OiTKY, TOOTO Oy1e
3aJIeKaTh BiJ PpIBHA MeJiopaiii Ta yAOOpeHHS OpHUX 3eMellb, a TaKoX

AHTPOIIOTCHHUM BKJIAAOM Y TaKUX MICT K JIbBIB Ta .

3.2. AKTHBHICTb e IKMX IPYHTOBHX (pepMEHTIB JOCTIIKyBAHUX

3alJIaBHUX IPYHTIB NPUTOK p. 3X Byr

3.2.1 InBepTa3HA AKTUBHICTH

[HBepTa3Hy aKTUBHICTH BU3HAYAIM 3T1AHO METOAUKHU MIPEACTABICHOI B PO3LI

Pe3ynbpTaTi BU3HAUYE€HHS aKTUBHOCTI 1HBEPTA3H y MpoOax IPYHTY MPUBE/CHI B
tabmuii 6 Ta puc. 3.2.

3 OTpUMaHUX pe3yJIbTaTiB 0auuMO, III0 3HAYEHHS AKTUBHOCTI 1HBEpTa3 y mpobdax
TPYHTY 3Haxoauwiach B Mexax Big 4,05 mr rimoko3u Ha 10 T rpyHTY 3a 100y 110
10,57 mr rmoko3u Ha 10 r rpyHTY 32 100y. HezakoHOMIpHI BUMAJAKK IT1iABUIIICHHS
aKTUBHOCTI JAaHOTO (epMEHTY TOB’sI3aHi, OYEBUIHO, 3 IIJIBUIIIEHUM BMICTOM
TYMYCY Yy TPYHTaxX Ta HOTO BiIHOCHO JIETKUM MEXaHIYHUM CKJIAZ[OM.

3 OTpUMaHUX pe3yJIbTaTiB 0auuMO, 110 3HAYEHHS AKTUBHOCTI 1HBEpTa3 y mpodax
IPYHTY 3Haxojujach B Mexkax Bia 4,05 mr rmoko3u Ha 10 r rpyHTy 3a 700y 110
10,57 mr rroko3u Ha 10 T rpyHTY 3a 100y. HesakoHOMIipHI BUITaIKK TTiIBUIICHHS
aKTUBHOCTI JAaHOTO (epMEHTYy TMOB’A3aHl, OYEBHUJHO, 3 IIJBUIIEHUM BMICTOM

TYMYCY Yy IPYHTax Ta MOT0 BIJIHOCHO JIETKUM MEXaHIYHUM CKJIQZ[OM.
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12 e

10 -

(]
1

Llln

Mpoba Nel
Mpoba Ne2
Mpoba Ne3

Mpoba Ned
Mpoba Ne5
Mpoba Ne6

Puc. 3.2. AKTUBHICTH 1HBEpPTa3 y JAOCITIDKYBAaHMX IPyHTaxX 3aIUlaBH PIYKU

3x.Byr 3a mepion gocimKEHHS

Tabnuys 6
Pe3ynbpratu BU3HaUEHHS aKTUBHOCTI IHBEpTa3 y Mpo0ax IPyHTY
(n=3, p=0,95)
Ne AKTHUBHICTb 1HBEPTA3H, MT Craructndna o0podKa
npobu | riaroko3u Ha 10 r rpyHTY/24 ron. Xte,, Sr

1 10,46 10,46+0,08 0,005

2 5,33 5,335+0,08 0,006

3 8,56 8,56+0,08 0,007

4 7,25 7,25+0,15 0,008
5 6,28 6,28+0,08 0,003

6 5,81 5,81+0,18 0,007

Tlpumimka: - cepelHe 3HAUCHHS, €y, - IHTEPBAJI JOCTOBIPHHUX 3HAYEHD, S;— BIJHOCHE CTAHAAPTHE BIAXUJICHHS |
P, s
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AKTHUBHICTb JETiporeHa3 BHU3HAYaJIM 3TiTHO METOAUKH TMPEJCTABICHOI B

po3maim 2

Pe3ynpTaT BH3HAYEHHS aKTUBHOCTI JET1IPOT€Ha3 y mpobax IPyHTY Ta iX

CTaTUCTUYHA 00poOKa mpejacTaBieHa y Tabyuill 7. Ta Ha puc. 3.3.

Tabnuys 7
Pe3ynbraTty BU3HAUEHHS aKTUBHOCTI JIET1IpOreHas3 y mpobax rpyHTy
(n=3, p=0,95)
No AKTUBHICTB aerigporeHas, Mmr TOD na Craructuina o0podka
poOu 10 r rpyHTYy/24T01 Xteg, S
1 6,26 6,26+0,00 0,000
2 2,5 2,5+0,05 0,050
3 4,42 4,42+0,00 0,000
4 4,27 4,27+0,00 0,000
5 2,92 2,92+0,00 0,000
6 2,81 2,81+0,05 0,007
Ilpumimka: - cepeqHe 3HAYEHHS, €y, - IHTEPBAJI JOCTOBIPHUX 3HAYEHB; S;—
BIJIHOCHE CTaHAapTHE BIIXUJICHHS

Sk OaunMMo, BeJMYMHA AaKTUBHOCTI JIETIIPOTe€Ha3 y 3pa3Kkax TPYHTY, 3T1THO

OTPUMaHUX JAaHUX , 3HAYHO IMABUIIUIACH 1 ckianana Big 2,5 mr TO®D Ha 10 r

rpyHTy 10 6,26 Mr TO® Ha 10 r rpyHTY.

3MEHIIIeHHSI X MOKa3HUKa aKTUBHOCTI JIETiAporeHas, Ha Hallly JyMKY, OUIbIIIO0

MIpOIO TIOB’sI3aHE 3 iX BUCOKOIO YYTJUBICTIO, MOPIBHSHO 3 1HBEpTa3aMH, JI0 PIBHS

aHTPONOTEHHOT0 3a0pyJHEHHS, 30KpeMma, 13 3a0pyJHEHHSIM JTOCIIIKYyBaHOT

TEPUTOPIi CIIOTYyKaMH BaXKKUX METAIB.
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O B N W B U O =
111

Mpoba Nel
Mpoba Ne2
Mpoba Ne3
Mpoba Ne4
Mpoba Ne5
Mpoba Ne6

Puc. 3.3. AKTUBHICTB JIeTiIporeHa3 y JOCHIKYBaHUX IPYHTAX 3aIlIaBU PIYKU

3x. byr 3a mepion o0cTe)EHHS.

30kpema, Ui TPYHTIB 3 BUCOKHM BMICTOM COJICH BaKKMX METAIB BJIacTHBa
HU3bKa aKTUBHOCTI JIET1iporeHas. | HaBmaku, Tam jie BMICT COJIEH BaXKKUX METaiB

HE3HAYHH, CIIOCTEPITaloThCsl BUCOKA JIETIIpOreHa3Ha aKTUBHICTh IPYHTIB.
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3.4. BuzHaYeHHS BMiCTY BaJKKHX MeTAJiB

3.4.1. Busnauenns Bmicty ILiroMmOymy

Buznauenns BMmicty [lmroMOyMy B JOCHTIIKYBaHUX 3pa3Kkax JTOHHUX BIJIKJIAQIB

3M1HCHIOBAJIN 3T1AHO METOJUKH MPEJCTaBIeHOl B po3au 2. OTpuMaHi pe3yiabTaTu

HaBezieHl Ha puc.3.4 Ta B Tabm.3.5.

4 N\

o

Puc. 3.4. Bmict [IntoMOymy MI/KT y AOCTII)KYBaHUX IPYHTaX 3aIljlaBU pIuKH 3X.

byr 3a nepios o6CTeKEHHS

Ak 6aunmo, 1o B3arasbHoMy BMICT [TnmroMOymy He nepeBuurye I'JIK npote B
JeSKUX BHITQJIKaX WOro KOHIIGHTpAIlisi € JOCUTh BHCOKa, a B mpobax 2 i 8
Habmmxkaetbes 0 I'JIK. Takwuit BMICT JaHOro MeTally B JIOHHHUX BIJIKIJIaJIax
3YMOBJICHUH aHTPOMOI€HHUM HABAHTAKEHHSM Ha JaHy JAUIAHKY piuku. Crin
BIIMITUTH, WO OTPUMaHI pe3yabTatu 1o BMicTy [LmomMOyMy B 3araJibHOMY
KOPEJNIOIOTbCSL 3 S 3 BMICTOM 1HBEpTa3u y pgaHux mpoOax. Ilpu 30uiblIeH]

KOHLIEHTpallli MeTally — CIOCTEpIraeTbCsl 3MEHIIEHHS AaKTUBHOCTI JIaHOTO

dbepmeHTy.
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Tabnuys 3.5

Pe3ynbratu BusHaueHHs KoHIeHTpalii [LmromOymy y mpobax rpyHTy

(n=3, p=0,95)
No Craructuyna o6pooOka
Cpp MI/KT v 2
npobu Xte,, S E E
1 721 7,21+0,18 0,007
2 128,50 28,50+0,08 0,007
3 | 7.57 7,57+0,08 0,003 ~
4 [11,20 112020.15 0,008 ©
5 9,96 9,96+0,10 0,005
6 112,31 12,31+0,08 0,005

3.4.2. Buznauenns BMmicty LluHKy
Buznauennss Bmicty [luHKY B JIOCHII)KYBaHUX 3pa3Kax JAOHHUX BIJKJIA[IB
311MCHIOBAJIM 3T1IHO METOJUKH TIPEJICTaBIICHO1 B po3auii 2. OTpuMaHi pe3ylbTaTu

HaBejieH1 Ha puc.3.4 Ta B Ta011.3.6.

4 N\

\JIlJI.

Puc. 3.5. Bmict lunky y mocmipKyBaHMX IpyHTax 3aruiaBu piuku Tuca 3a

J

nepio 00CTEeKEHHS
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Tabnuys 3.6

PesynbraT BU3HaYeHHs KOHIeHTpauii [{uaky y npobax rpynry (n=3, p=0,95)

No Cratuctuyna o6pooOka
Czn Mr/KT v 2
po6u Xte,, S ~ &
1 1521 5,21+0,18 0,007
2 13850 38,50+0,08 0,007
3 13,20 13,20+0,08 0,003 o
4 16,20 16,20+0,15 0,008 =
5 14,96 4,96+0,10 0,005
6 1531 5,31+0,08 0,005

3 mpUBEJAEHUX PE3yJIbTATIB BUIHO, 0 X04Ya BMICT HMHKYY 1 He nepeBuiye I'JIK

IIpOTC B ACAKHX BHIIAJKaAX Horo KOH]_IGHTpaI_[iH € JOCHUTH BHCOKA, 4 B Hp06ax 218

Habmmxkaetees o [JIK. Takwuii BMICT JaHOro MeTajly B JIOHHHUX BIJKJIaJIax

BYMOBJ'IGHI/Iﬁ AHTPOIIOTCHHUM HABAHTAKCHHIM. Sk 6aummo — OTpI/IMaHHi I[aHi I10

KoHIIeHTpalli [{uHKy KOPUTYIOThCS 3 BMICTOM 1HBEPTA3M y JaHUX MPOOaX.

3.4.3. Buznauenns Bmicty Kynpymy

Buznauennss BmicTyKynpymy B AOCHIIPKYBaHMX 3pa3kax JOHHHUX BIJIKJIA[IIB

3MIIMCHIOBAJIN 3T1THO METOAMKHU MPECTABICHOI B po3iii 2. OTpuMaHi pe3yabTaTu

HaBeJICHI Ha pHC. Ta B Ta0m.3.7.
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4 N\

JII]IIIE

Puc. 3.6. Bmict Kynpymy y mocnmimkyBaHuX IpyHTax 3amiaBu piuku 3x byr 3a

nepio 00CTEeKCHHS

3 NpUBENEHHUX PE3yJIbTATIB BUIHO, 10 X04a BMICT Kynpymy 1 He mepeBuIiye
I'IK mpore B AeIKUX BUIMAJKax MOro KOHIIEHTpALs € TOCUTh BUCOKA, a B Mpodax 2
1 8 nabmmxkaerbcst 1o ['JIK. Takuii BMICT JaHOrO MeTajay B JOHHMX BIJIKJIaJIax
3YMOBJICHUH aHTPOIIOT€HHUM HaBaHTaXXEHHsSM. Sk 6auMMO — OTpUMaHHI JaHi 1o

KoHIleHTpalii KynpyMmy KOpUryroThbcsi 3 BMICTOM IHBEPTa3H y JaHUX Mpoodax

Tabnuys 3.7
PesynpTaTn Bu3HaueHHs koHIeHTpalii Kynpymy
y npobax rpynry (n=3, p=0,95)
No — Cratuctuyna oopooOka L B
mpo6u Xte,, S ~ &
1 3,21 3,21+0,18 0,007
2 21,50 21,50+0,08 0,007
3 1420 4,20+0,08 0,003 o
4 11520 15,20+0,15 0,008 ”
5 18,96 18,96+0,10 0,005
6 116,31 16,31£0,08 0,005
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3.4.4. Buznauenns Bmicty Kaamis
Busnauennss Bmicty Kaamis B JOCHITKYyBaHHUX 3pa3Kax JIOHHHMX BIJKJIAQIiB

3I1ACHIOBAJIU 3T1THO METOAMKH IMPEACTaBIeHOI B po3aiii 2. OTpuMaHi pe3ynbTaTu

HaBeJICH1 Ha PHC. Ta B TaOJI..

\1|“|IE

Puc. 3.7. Bmict Kaamito y gocmipKyBaHUX ITPyHTaX 3ariaBu pidkd 3x byr 3a

~

J

nepio 00CTEeKECHHS

Tabnuys 3.8
Pe3ynbTaTu BU3HaueHHs KOHIEeHTpalii Kagmist
y mpobax rpynry (n=3, p=0,95)
No Craructryna oOpoOKka
poBi Ccy MI/KT XTe. s % g
: 0.25 0,25+0,18 0,007
2 0,96 0,96+0,08 0,007
3 0,93 0,93+0,08 0,003
4 0.85 0,85+0,15 0,008 -
S 0,29 0,29+0,10 0,005
6 0.34 0,34:0,08 0,005
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3 mpuBeNeHUX pe3yibTaTiB BUIHO, 10 B OCHOBHOMY BMicT Kanmis He
nepesuiye ['JIK mpoTe B eskux BUMaakax Moro KOHIIEHTpAIs € JOCUTh BUCOKA, a
B ipobax 2 1 8 mepesunrye ['JIK miist naHoro enemenTa. Takuii BMICT 1aHOTO METaTy
B JIOHHHUX BiJKJIaJlaX 3yMOBIICHUN aHTPOIOTEHHUM HaBaHTAXEHHSIM. Sk 6aunmo —
OTpUMaHHI JlaHi Mo KoHIeHTpalili KaaMis KOpUTYIOTbCS 3 BMICTOM 1HBEpTa3u y

JaHUX TIpobax.
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Po3znaia 4.
OBI'OBOPEHHS PE3YJIBTATIB

[Tig yac BuBYEHHs OG10JOTIYHHUX BJIACTUBOCTEN 3aIUIABHUX IPYHTIB, BiAIOpaHUX
Ha 3arIaBax arpoeKoCHCTeM MPUTOK piuku 3X. byr, Hamu Oylio BH3HAYEHO TaKi
MOKAa3HUKU O10JIOTTYHOTO MOHITOPUHTY, SK ()epMEHTAaTHUBHA aKTHUBHICTb IPYHTIB
(iHBepTasHa, MAETiAporeHa3Ha) Ta BMICT rymycy. llopsm 3 oMM  TOCHTIIKEHO
IpaHyMETPUYHUNA CKIJIAJl TPYHTY, K OJIHY 13 CKJIaJIOBUX HOro (p13MKO-MEXaHIYHHX
BJIACTUBOCTEM.

3BefieHl pe3yJbTaTh OlOJIOTIYHMX BJIACTUBOCTEH IPYHTIB BIAIOpaHUX Ha
3ariaBax arpoekocucteM nputok p. 3x. byr y JIbBIBChbKiN 001acTi MpeICTaBICHI Y
Tabm. 9

BiamnoBiiHO 10 JaHWUX CTATUCTUYHOTO Ta KOPEJALIMHOTO aHali3y 3HAUYCHHS
BMICTY TYMyCy Ta  aKTUBHOCTI  1HBEpTa3  BCTAHOBJICHO  HE3HAYHUUN
IPSAMONPONOPLUIMHUN KOPENALINHNI 3B’SI30K MK 1X BEIUYMHAMH, SKHU He
3HAWJIEHO B BUIAJKY KOPEJSAIIAHOTO aHaJi3y M)XK BMICTOM TYMYCY Ta aKTHUBHICTIO
nerigporeHas. lle mosicHIOeThCcsi O€3MocepeHbOI0 YYacTIO 1HBEPTa3, 3a y4acTIO
MIKpOOPTaHi3MiB, y PO3KIaJi pPOCIWHHUX PEIITOK, a TaKoX CHHTe31 Ta
MEPETBOPEHHI TYMYCOBUX PEUOBUH TPYHTY.

Axumo nopiBHIOBaTH rpadiyHi JaHl, M0 XapaKTEepPU3yKTh AMHAMIKY 3MIHH
aKTUBHOCTI ()EPMEHTIB Ta BEIMUYMHY BMICTY TyMycy (puc. 3.1 — 3.3), BiAMi4€HO, 1110
y BUNAJKY 1HBepTa3 (puc. 3.2) cnocrepiraerbes MiJABUILEHHS iX aKTUBHOCTI BBEPX
3a Teuiero piku 3X. (puc. 3.3).

30kpeMa, I IPYHTIB 3 BUCOKMM BMICTOM COJICH Ba)KKMX METAIIB BIIACTHBE
HU3bKa aKTUBHOCTI JIET1IpOoTeHa3. | HaBMaku, TaMm 1€ BMICT COJIel BaXKKUX METaliB

HE3HAYHUM, CTIOCTEPIratoThCsl BUCOKA JETiIpOoreHa3Ha akTUBHICTh IPYHTIB (Ta071.4.2

).
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Tabnuys 4.1
Pe3ynbraTtu BU3HaUEHHS BMICTY T'yMYyCy Ta aKTUBHOCTI 1HBEpTa3 Ta

JeriporeHas y npodax rpyHry

AKTHUBHICTb
AKTHUBHICTb
Ne 1HBEpTa3, Mr
Bwmict rymycy, % nerigporenas, Mmr TOO
nmpodu rroko3u Ha 10 T
Ha 10 r rpyHTy/24r07
rpyHTy/24r0o1
1 2,87 10,46 6,26
2 0,55 5,33 2,5
3 1,73 8,56 4,42
4 1,34 7,25 4,27
5 0,75 6,28 2,92
6 0,81 5,81 2,81

Take miABUIICHHS PIBHA aKTUBHOCTI IHBEPTA3 MOB’SI3aHE, HA HAILY JYMKY, 3 1X
OPSIMOIO 3aJICXKHICTIO BiJI BMICTY T'yMyCy. 3MEHILEHHS K MOKa3HWKAa aKTUBHOCTI
JIeT1JporeHas3 OUIbIIIO MIPOIO MOB’SI3aHE 3 X BUCOKOKO YYTJIUBICTIO, TOPIBHSHO 3
1HBEepTa3amu, J0 PIBHSI aHTPOIIOTEHHOTO 3a0pyAHEHHS, 30KpeMa, 13 3a0pyJHEHHIM
JOCITIIKYBAHOT TEPUTOPIT CTIOTYyKaMU BaXKKMX METaJiB.

3okpeMa, AJisi TPYHTIB 3 BUCOKMM BMICTOM COJIEH Ba)KKUX METaliB BIACTHBE
HU3bKa aKTUBHOCTI JIeT1iporeHas. | HaBmaku, Tam Jie BMICT COJIEH BaXKKHUX METaiB
HE3HAYHUM, CIOCTEPITral0ThCsl BUCOKA AET1IPOreHa3Ha aKTUBHICTh IPYHTIB.

He3Baxkatouu Ha MOXKIIMBO MajiopyxoMy (opmy nepeOyBaHHs JaHUX METaJiB B
HaMYyJIi, PY TIEBHUX BIUTMBAX MOXJIMBE YTBOPEHHS PYXOMHUX (POPM JaHUX METAIIIB
Ta 3a0py/HEHHS HMUMH BOJM a0O IHIIUX OO’€KTIB HABKOJIMIIHBOIO CEPEAOBHIIA.
Tax, npu maBojKax Ha 3aIljIaBU PIYKA MOKe OYTH BUHECEHO YAaCTHHY TaKOTo MYy,
10 MpU3BEE A0 3a0pyaHEHHS rPpyHTIB. [l0TeHIITHOT 3arpo3u SBISIOTH 2 MPOIECH

— pi3Ke 3aKUCIEHHS BOJM PIYKH, IO MPU3BEAE 0 YTBOPEHHS PyXoMuX (popm
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BaXKHUX METaJiB Ta MOCTYNOBE 3POCTAHHA XJIOPUIIB, SIKI MOXXYTh YTBOPIOBATU

YTBOPIOBATH PO3YMHHI KOMIUIEKCH CTIOJYK Ba)KKHX METaJIiB.

Tabnuys 4.2.
Pe3ynbraty BU3HaUEHHS BMICTY BaKKHX METAJIB y MPo0ax IpyHTY
Hszc_%H Ccq Mr/Kr CcuMr/kr | Czn MI/KT Cpp MI/KT
1. 0,25 3,21 521 7,21
2. 0,96 21,50 38,50 28,50
3. 0,03 4,20 13,20 7,57
4. 0.85 15,20 16,20 11,20
5. 0,29 18,96 4,96 9,96
6. 0,34 16,31 531 12,31

TakuM 4MHOM, 3a pe3yJibTaTaMu MPOBEJACHUX JOCIII)KEHb BCTAHOBJICHO, IO

aKTHBHICTh 1HBEPTa3 OLIBIIIOI0 MIPOIO 3aJI€KHUTh BiJl BMICTY TYMYCY Y IPYHTI. 3T1JIHO

JAHUX JTOCTIKEHHS BMICTY Ba)KKHUX METAIIIB, JETiAPOreHa3u BHUSBISIOTH OLIBIITY

YYyTJUBICTh, TOPIBHSAHO 3 1HBEPTa3aMHU, A0 aHTPOIOTEHHOrO 3a0pyIHEHHS IPYHTIB

CIIOJIyKaMH BaXKUX MeTaliB. Lle 1ae MOXIIMBICTH BAUKOPUCTOBYBATH JIET1APOTeHA3H,

K O101HIMKATOP, 0A0 3a0py/THEHHSI IPYHTI1B BAXKKUMU METAIAMH.

TakuM 4MHOM, 3a pe3yJibTaTaMu MPOBEJAEHUX JOCIII)KEHb BCTAHOBJICHO, IO

aKTHBHICTH IHBEPTa3 OLIBIIIOI0 MIPOTO 3aJICKHUTh BiJl BMICTY TYMYCY Y IPYHTI. 3T1JIHO

JAHUX JOCHIHPKEHHS BMICTY Ba)KKUX METAJIIB, JETIIPOTr€HA3u BUSBIIAIOTH OLIbIIY

YyTJIUBICTh, TOPIBHSHO 3 1HBEPTA3aMH, JI0 aHTPOIMOTEHHOTO 3a0pyIHEHHS IPYHTIB

CHOJIyKaMH BaXXKUX MeTaiiB. Lle 1ae MOXIHMBICTE BUKOPUCTOBYBATH JIETIAPOreHAa3H,

K O101HIMKATOP, 11010 3a0pyTHEHHS IPYHTIB BaXXKUMH METAJIAMHU.
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PO3JILI 5

OXOPOHA MPALI

5.1. AHaJi3 cTaHy OXOpOHM mpani

3aKOHOAABCTBO YKpaiHU MPO OXOPOHY Mpalli MICTUTh HACTYIHI HOPMAaTHBHI
nokymeHTH: 3akoH Ykpainu “IIpo oxopony mpami” Big 21.11.2002 p.; Koaekc
3aKoHIB Ykpainu mpo mpairio, JIcaHITiH 3.3.2-007-98 ta JIHAOII 0.00-1.31 -99.

B ximiuHii J1abopatopii 3aBAaHHIM OXOPOHHU Mpalil € 3BEECHHS 10 MIHIMyMY
3aXBOPIOBAHOCTI TMPAIIBHUKIB 3 OJHOYACHUM 3a0e3leueHHsIM KoM(opTy Mpu
MaKCUMaJbHI MPOAYKTUBHOCTI mpami. OxopoHa mpaii mnepeadavae MOXKIHMBI
NPUYMHA HEIIACHUX BHUIIAJKIB, MpodeciiiHMX 3aXBOprOBaHb, BUOYXIB, MOXKEXK 1
po3po0bIIsie cUCTEMY 3aX0/IIB Ta BUMOT 3 METOI0 YCYHEHHS IIUX IPUYUH 1 CTBOPEHHS
0e3neuHnX Ta CIPHUATIMBUX AJS JTIOAMHUA yMOB mpari. [lokpamieHnns ymMoB mpaiii,
MIJBUIIEHHS 11 Oe3MeKd 1 3HWKEHHS IIKIJIMBOCTI TO3UTHUBHO BIUIMBAE Ha
pPE3yNbTATH ISUIBHOCTI - MPOAYKTUBHICTb Ta SKICTh Mpalll, HIII MOKa3HUKU.

XimiyHa jaboparopis — 00'€KT MiABUINEHOI HEeOe3MeKH Ta IIKIIJIUBOCTI. B
naboparopii BimOyBaeThcs Oe3nocepeHid KOHTAKT JIOJWHM 3 TOPIOYMMH Ta
OTPYUHUMU pEeYOBUHAMU. 3JHAHHS KJacy HEOEe3MEeYHOCTI PEaKTUBIB, OCOOIMBOCTEM
iX TOKCHMYHOI [ii, METOJIB HaJaHHSA TMEPIIOi MEIUYHOI JOTOMOTH CIpHUSIE
0e3neyHoMy BuUKOHaHHIO poOiT. 3rigHo 'OCTy 12.0.00-79 no poOiT B XIMIYHHX
Ja0bopaTopisax JOMYyCKAIOThCS OCOOM, K1 TPOMILIM MeAUYHE OOCTEKEHHs Ta
THCTPYKTaX 3 TEXHIKU O€3MEeKH, a TAKOXK IHCTPYKTAK HA POOOUOMY MiCITi.

3riqHo HOpMmaTuBHOMY nokymeHty OHTII-24-86 ximiuHy mabGopaTopito 3a
BUOYXOMOXKEKOHEOE3MEUHICTIO BITHOCATH 710 Kareropii B. Jlo miei kareropii iexxath
OpUMIILLEHHS, B SIKUX 3HaxoAsaThes JI3P 3 Temnepatyporo cnanexy 61 °C B Takux
KUIBKOCTSIX, 110 HE 37aTHI yTBOPIOBAaTH BUOYXOBI cyMilll y BchoMmy 00'emi. L1
PEUOBMHU JIOKAJi30BaHl y MEBHOMY MicIll (y BUTsSKHIN madi abo y MeTraneBux

AIIUKaX ), e HEMae JpKepesia 3anaatoBaHHs.
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JlaGopatopis 3riIHO BUMOTaM 0XOpOHA Mpalli OCHaIlleHa MPUPOIHIM 1 IITYYHUM
OCBITJICHHSIM, MPHUTOYHO-BUTSHKHOIO  BEHTWJIALIEI0, XOJOAHUM 1 TapsayuM
BOJIONIOCTAYaHHIM, KaHai3aliero, razoM. llepenbaueHo BoasHE omaneHHs, sKe
3a0e3neyye  HOpMaJbHUW  TemmepaTypHuil  pexxum.  CTiHM — TOKpUTI
BOJIOEMYJIbCiHiHOIO (hapOoro, a mijyora jgadoparopli MOKpUTa JIHOJIEYMOM, IO
JI03BOJISIE€ TIPOBOJIUTH BOJIOTE IPUOUPAHHS.

B wMmicisgx yCTaHOBKM CaHITQpHO-TEXHIYHMX MNpUIaIiB 1 OONagHaHHS, IO
CHPUYMHSIE 3BOJIOKEHHS CTIH BOHM IOKPUTI KEPaMIYHOIO IUNIMTKOIO Ha BUCOTY 1,8
M. JIBepi y mpumimieHHsAX JabopaTtopii BIAKpPHUBAIOTHCS 10 Buxoxdy. Jlabopatopii
oOnajHaH1 MUIKaMH 3 XOJOHOIO 1 TOPSYOI0 BOJIOKO JIJISt MUTTS PYK 1 MHUMKaMH TS
MUTTS JJaOOPaTOPHOI MOCYAH Ta IHBEHTapSL.

Bci npaniBHUKK TPOXOAATh HABYAHHS Ta NEPEBIPKY 3HAHDb 3 MUTAHb POOOTH 1
3aCTOCYBaHHS Ia30BUX MPUCTPOIB.

Ha BBomi ra3oBoi Mepexxi 1 Mepeki BOJOINOCTa4aHHs BCTAHOBJICHI 3amipHi
KpaHH, SIKI 3aKpUBAIOTHCS B KIHII poOoudoro AHs. ['a30B1 MagbHUKU HA POOOYMX
CToJlaX 1 y BUTSOKHUX Imadax TakoX oOyagHaHi kpaHamu. [lepiogudHo, 3TiHO
rpadiky, IPpOBOAATHCS HABUYAHHA 3 TEXHIKM O€3MEKU Ta IHCTPYKTaXX NMEPCOHATY Ha

poboumx micusx [29].

4.2. [IpaBuiia TexHiku 0e3nexku npu poooTi B XiMiuHii J1adopaTopii

B xiMiuyH1i 1aboparopii NpuUXOAUThCS MAaTHU CIIpaBy 3 OaraTbMa OTPYHHUMH,
BUOYX0- Ta BOTHEHEOE3NMEYHUMU pPEUOBUHAMHU, poOOTa 3 SAKUMH TOTpeOye
0CO0JIMBOT yBaru.

v BumapoByBaHHS JIETKHX CIOJIYK CJIiJl TPOBOANTH JIMIIE Y BUTSOKHIM 1adi.
He moxna 3aymmatu 0e3 Harisgy BOASHI OaHi, €JIEKTPUYHI TUTMTKH Ta 1HIII
CJICKTPOHArpiBaIbHI IPUIIATIH.

v KOHIIEHTpOBaHi PO3YMHH KHCIIOT, JIyTiB, @ TaKOK TOKCHYHI pPEUYOBHHH

HAOMPAIOTh CHEIiaTbHUMU TITNEeTKaMH (13 TPYIIEIO).
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v Ilpu  HarpiBaHHi  pO34MHIB y mpoGipIi  CIiJ  KOPUCTYBATHUCH
npobipkoTpumaueM. EQexT peakiii cioctepiratoTs 300Ky, TpUMarouu IpooipKy Ha
piBHI oueid. HarpiBarouu piguHy B mpoOiplii, CJIiJ] TpPUMATH 11 OTBOPOM Yy TJIMOWHY
BUTsDKHOI madu. [Ipu npoMy ciifi yHUKaTH MICIIEBOTO TIEPETpiBy, BHACIIIOK YOTO
PIIMHY MO€ BUKUHYTH 3 MPOOIPKH.

v Jlns HaOupaHHS PIIUHM IIETKOW 0aXaHO KOPHCTYBATHCh IPYIICIO, a HE
3aCMOKTYBATH PIAHMHY POTOM.

v HenpumycTumo mpamroBaTy 3 BHOYX0- Ta BOTHEHEOE3IEYHUMU PEYOBUHAMU
no0IM3y MajbHUKA 3 BIAKPUTHUM BOTHEM YU HArpiBajgbHOTO MPHIIALIY.

v' Kareropuuno 3a00poHSIE€THCS POOYBaTH peakTHBU Ha cMak. HioxaTtu Oy ib-
Kl PEYOBHHHM CHiJI 3 OOEPEeKHICTIO, HE HAXWISIOUUCh HaJ TOCYAMHOI0, a
CHPSMOBYIOUH JI0 ce0e Mmapy 4M raz pyxamu pyKu.

v' Tapsdi IpeIMETH CTaBJIATh Ha KEpaAMidHy IUIMTKY Yd CHEMialbHY ITiCTaBKYy.

v' Hikonu He BKuBaiite Ky B Jsaboparopii. Ilicis 3akiHdeHHS poOOTH

pPETENBbHO BUMUITE PYKH.
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BUCHOBKU

1. 3rigHo pe3ynbTaTiB BU3HAYEHHS AaKTUBHOCTI IPYHTOBUX (DEPMEHTIB B
3a0pyIHEHUX 3aIUIaBHUX IPYHTaX MPUTOK p. 3X. byr BCTaHOBJICHO, 10 aKTUBHICTH
1HBEpTa3 OUIBIIOK MIPOIO 3aJCKHUTh B BMICTY TyMyCy Yy TIpyHTI, HIK
JIeT1IpOTeHa3Ha.

2. AKTUBHICTD JETIIPOTEHA3 Ta IHBEPTA3 3HAYHOIO MIPOIO 3aJICKHUTHh BIiJ
IPaHyJIOMETPUYHOTO CKJIaAy IPYHTY. B IpyHTaxX JErkoro MexaHIYHOro CKJIaay
BEJIMYMHA aKTUBHOCTI 1HBEPTa3 KOJIMBAEThCS B Mexax Bia 4,17 mo 10,46 mr riaroko3u
Ha 10 r rpyHTY 32 100y. AKTUBHICTb JET1ApOreHas s UX IPYHTIB CTAHOBUTH 2,21
— 6,25 76 mr TO® Ha 10 r rpyHTYy 32 24 TOIUHH.

3.3HavyeHHS 1HBEpPTa3HOI AaKTHUBHOCTI 3alUIaBHUX IPYHTIB IOCTYIOBO
3MEHIIIYETHCS BIJMIOBITHO /10 PO3MIIICHHS TOCIKYBAHUX JUISTHOK BHU3 32 TEYIEIO
piku 3x. byr; 11 came sIBHIIE CIIOCTEPIraeThes 1 AJis JETiIPOTeHa3 — 3MEHIIICHHS
3HAYCHB iX aKTUBHOCTI B IIbOMY K HaIPSMKY.

4. Taki 3HaYEHHS! aKTUBHOCTI JOCIIDKYBAHUX IPYHTOBUX (PEPMEHTIB CBIIYAThH
PO MOTIPLIEHHS SKOCTI I'PYHTIB 3aIUIaBHUX arpoeKocucTeM OaceliHy piuku 3x. byr
B HAIPSIMKY BiJl BUTOKY JI0 3a JIOCJIIPKYBaHUM TIEPIO/I.

5. BuzHaueHo BMICT JESKHUX BaXKKUX METall B JOCIIHKYBAaHUX 3pa3Kax IPYHTIB
3aIJIaBHUX arpoekocucreM Oaceitny piuku 3x byr.

6. BusBneHo, 1o A IPYHTIB 3 BHCOKHMM BMICTOM COJIe BaXKKHX METAaJliB
BJIACTUBE HU3bKA aKTUBHOCTI JieriiporeHas. | HaBmaku, TaM Jie BMICT COJIEH BaXKKHUX

METaJiB HE3HAUYHUN CITOCTEPIral0OThCsl BUCOKA JAET1IPOreHa3Ha aKTUBHICTh IPYHTIB.
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