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Ilpoananizosano eniue yumpamy HAHOMOIO0eHy HA NPOOYKMUBHICMb Kypuam-6pounepie y npoyeci
ix 6ioeooieni. Bcmanoeneno, wo 0odasanus 00 payiony Kypuam-opoiiiepie yumpamy HaHOMOAI00eHY y
konyenmpayisax 6i0 0,24 00 0,40 me/om® npuzeodums 0o cymmesoo no3umueHo2o egpexmy 30inbiuenHs

IX ofrcueoi macu

Kypuama-opoiinepu, yumpam nanomoniooeny, rxcuea maca

Sk BimoMmo, KypuaTa-Opoiliepu BiIirparTh
3HAYHY POJIb Y 3araJIbHOMY BUPOOHHIITBI KypsUO-
ro M’sica B YKpaiHi. Y 3B’SI3Ky 3 IUM MiJBUIIICHHS
MPOYKTUBHOCTI KypuaT-OpoijIepiB Ma€e HaI3BH-
YalHO Ba)KJIMBE 3HAYEHHSA. BaXJIMBUM CydyacHUM
NEPCICKTUBHAM HAIpPsSMOM NTaxXiBHUITBA YKpai-
HU € 3aCTOCYBAaHHsS HaHOAKBaxelaTiB O0lOTeHHUX
Ta OlomuaHux MetamB Ag, Cu, Zn, Mg, Co, koTpi
HE JIMIIE 3aMiHSI0Th aHTUOIOTUYHI CTUMYISTOPU
pocTy, aje W HaJalTh CYTTEBUUM KOMIUIEKCHHI
CTHMYJIIOI0U0-010J10T1UHUI eeKT mia Jac BiAro-
niBii Kypuat-Opoitiepis [1]. JochimkeHHs mo3u-
TUBHOTO BIUIMBY HAHOAKBaxellaTiB METalliB Ha
MPOYKTUBHICTh Kyp4aT-OpoiisiepiB OyJio mpoBe-
JIEHO B IIOMY psiAi poOit [2-4]. Alle OpiBHSAIb-
HUW eeKT BiJ] B)KUBAHHSI OKPEMHUX BHJIIB aKBaxe-
JaTiB 13 IX MIUPOKOTO CHEKTPY Ta BUSHAYCHHS OI-
TUMAJIBHUX 103 3aCTOCYBAaHHS IHUX TpenapaTiB B
HAIII Yac € 11 Majo JOCIiKEHUMHU.

Tomy mMeTo10 pOo0OTH € JAOCTIHKECHHS BIUIUBY
UTpaATy HAHOMOJIIOIeHy Ha JUHAMIKY KUBOI Ma-
CH KypuaT-OpomsepiB y MpoIieci iX BiArOiBIIi.

Marepiaa i MeTogu gocaigxenHsi. TBapuHu
JUTSL TOCITIDKEHHS — KypuaTa-Opoiiepu, roJuiaH/I-
cpKkoro kpocy «Pocc 380» 3abiitHoro Biky (42 no-
6u). ['ogyBanu KypyaT CyXUMH MOBHOLIHHHUMHU
KOMOiKOpMaMu (OCHOBHHUM pallioH) y BiAMOBITHO-
cti no mopm BHJTIII. Hns nrumi 3 1-i o 14-i
100M BUKOPUCTOBYBAIM TIEpENCTapTOBUH, 3 15-1
1o 35-1 mobu — craproBuii 1 3 36-1 10 320010 — i-
HIITHUNA KOMOIKOPM.

Jis  pociipKeHb BUKOPUCTOBYBAM IUTPAT
HaHOMOJIIO/IeHy, oTpuMaHuii MetoaoM KaruryHe-
Hka-Kocinona [5]. Ansa uporo Oymno chopMoBaHO
TPU JOCHIIHI 1 OJHY KOHTPOJBbHY Tpymu mo 30
0JTHOJJO0OBUX Kyp4aT-OpoisIepiB y KOKHIN Ipyi.

Kypuaram mepioi mocnifiHOiI TPyNU BHUIIOIOBAIH
UTPAT HAaHOMOJIIOIEHY 3 TTUTHOIO BOJIOIO Yy 1031
1,20 Mmr Ha 1 e BOJIM; KypyaTam Jpyroi TOCIif-
HOi rpymu — 0,40 mr/mm’; Tpetboi rpymu — 0,24
mr/mm’ , TpU JOOM TOCMiNb 3 IHTEPBAIOM 3-U J0-
6u. Kypuara KOHTpOJIbHOI TpyHnu OTPUMYBAIU
OCHOBHHMH pauioH. Bci kypuara-Opoiinepu sk Ko-
HTPOJIbHOI, TakK 1 JOCTIAHOI Tpyn Majld BUIBHUI
JOCTYII IO BOJH 1 1O KOPMY.

[TpoTsiroMm BChOTO TMEpioAy MOCTIIKEHHS IPO-
BOJFJIA MOHITOPHHT TIPUPOCTY KUBOT MacH IOTO-
7B’ KypuaT-OpoilyiepiB IIJISXOM 3BaKYBaHHS Ha
5-y,15,25142-y nobwu.

Craructruuny 0OpOOKY OTpHMaHUX pe3yJibTa-
TiB BUKOHYBAJIH 13 3aCTOCYBaH-HIM METO/IIB Bapi-
aIiiHOI CTaTUCTHUKH, PETPECIHHOTO Ta KOPEIISIIiii-
HOTO aHali3y, a TAKOXK METOJIIB IEPEBIPKU CTATH-
CTHUYHUX TIMOTE3.

PesyabTaTn gocaigxenns. Otpumani pesyib-
Tatu 00pOOJIEHO 13 3aCTOCYBAHHSIM METO/IIB HEJi-
HIHOTO perpeciiiHoro anamizy. st 3anexHocTi
KUBOI Macu KypuyaT M (y rpamax) BiJ 3aCTOCOBa-
HOi KOHIEHTpauii nuuTpaty HaHomomnioneny d (y
MI/IM’) Ta TepMiHy Biarozieii ¢ (y mo6ax) 6yio
OJIepKaHO HACTYIHE PIBHSHHA perpecii 3-ro mo-
PAKY 32 KOHIEHTpaIli€o (d) Ta TEpPMIHOM BiJro-
JUBIIL (1):

M=34,52+5,16¢+720,55d+32,58dxt +0,89¢'~
3396,63 d’-0,42dxt*~16,11d°xt + 0,00417
+2290,79d°

Ile piBHSIHHSI Ma€ BHCOKE 3HAUYCHHsI KOe(iIlieH-

Ta JeTepMiHallii, HOpMOBAHOTO Ha KUIbKICTh CTY-
IIEHIB CBOOOIU: R2=O,994. CranmapTHa MOMMIIKA

perpecii: ~ 65,67 r. 3HAUNMICTH YCHOTO PiB-
HsaaHA perpecii (1) 3a @imepom: p < 0,001. 3ane-
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JKHICTB JKMBOI Macu Kyp4yat (M) Bix KOHIIEHTpaIil

(d) Ta TepMiHy BIATOMIBII (7), sIKA BIAMOBIga€ piB-

HsHHIO perpecii (1), HaBeneHO Ha PHUCYHKY | y

BUTJIA1 3d-TUTONUHY.

Ha pucynkax 2 a-T HaBEIE€HO €KCIEPUMEHTA-
JBHI J1aH1 BITHOCHO 3aJIe)KHOCTI )KUBOT MacH Kyp-
yaT (M) Big TepMmiHy BIATOMIBII (¢) 3a pI3HUX 3a-
CTOCOBAaHUX KOHIIEHTpAIlil IHUTpaTy HAHOMOIIO-
JeHy (TOYKH), SIKI TOPIBHIOIOTHCS 3 PIBHAHHIMHU
perpecii 3-To cTymneHs 3a 4acoM (?) (KpuBi Ha pu-
CYHKax):

M = agp +a1t+a2t2 +a3t3 @)

3aJeXHICTh XKUBOI MacH Kypyar (M) BiJ TepMmi-
HY BIATOMAIBII () 32 PI3HUX 3aCTOCOBAHUX KOHIIE-
HTpaLiil HUTpaTy HAaHOMOJIOJeHY MOPIBHIOIOTHCS
3 pIBHSIHHSIMHU perpecii 3-To CTyImeHs 3a 4acoM (2):
3

2)

3HavyeHHs KoeilieHTIB PIBHIHHA perpecii ay,
aj, a, asz, a TAKOXK BIJMOBITHOTO KOEQIIIEHTY Je-
TepMiHamii R”, HOPMOBAHOTO Ha KilbKiCTh CTYIIE-
HiB cBO0O/IHM, Ta piBEHb 3HAYYIIOCTI PIBHSIHHSA pe-
rpecii (p) 3a @imepom 3a Pi3HUX 3aCTOCOBAHUX
KOHIICHTpALiil UTpaTy HaHOMONIOAEHY (d) HaBe-
neHo B Tabmumi 1.

Sk cBimuaTh pUCYHKH 2 a—T Ta naHi Tabmwmi 1,
ycCi oziepkaHi piBHSIHHS perpecii (2) € 3HauyImuMu
1 TOMy MOXYTb OyTH HaailfHO 3aCTOCOBaHi JUis
MPOTHO3YBAaHHS POCTY Kyp4aT-OpoisiepiB I yac

M =a +a1t+a2t2 +ajt
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Puc. 1. 3anexnicTs KNBOI Macu Kyp4yaT-Opoiiiepis
M (T) Bix 3aCTOCOBaHOT KOHIIEHTpAIIil IUTPATy HAHO-
MomiGaeny d (Mr/maM’) Ta TepMiHy Bixroisii ¢ (1i6)
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Puc. 2. 3anexnicTs kMBOi Macu KypuaT-OpoiijiepiB
M (r) Bix Tepminy Bigroaisii ¢ (1i0) 3a pi3HMX KOH-
HeHTpaUiid HUTpaTy HaHOMOJi0aAeHy: a) 1 mocmimgHa
rpyma (d=1,20 mr/am’); 6) 2 mocmigma rpyma (d=0,40
Mr/am’); B) 3 mociigna rpyma (d=0,24 mr/aM’); T) KOH-
TPOIb
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Tabmurns 1. 3HayeHHs1 kKoedinieHTIB piBHSIHHS perpecii, TeTepMiHanii Ta mapaMeTpiB piBHsIHHS perpecii (2)

Koedimientn i mapa- KoHnTposapHa rpymna JlocninHi rpynu
METpHU 1 2 3
(1,20 mr/om’) (0,40 mr/ov’) (0,24 mr/ov?)
ay -9,239 11,911 -12,293 —19,968
a; 14,109 7,435 14,910 17,437
a; 0,588 1,221 0,534 0,452
as 0,00614 -000869 0,00744 0,0113
R’ 0,999 0,999 0,999 0,999
P< 0,001 0,001 0,001 0,001

ix BiAromiBmi 13 30aradeHHsSM paIlioHy PI3HUMHU
KOHI[EHTpAIlIIMA LUTpaTy HaHoMomioaeny. Lli
IIPOTHO3M HaBEJIEH1 Ha PUCYHKY 3.

TakuM 4MHOM, AOJaBaHHS JI0 PAIiOHY KypuaT-
OpoinepiB UTpaTy HAaHOMOJTIOIEHY Y KOHIICHTpa-
uisx Big 0,24 Mr/aM° 110 0,40 mr/mm’ (xpuBi 1, 2)
MIPU3BOJIUTH JI0 TTO3UTUBHOTO €(EKTY 301IbITICHHS
KHBOI MacH BiIHOCHO KOHTPOJBHOI Ipynu (KpuBa
4), sxa HEe OTpUMYyBaja Ili€i 700aBKU. AJe ITiIBH-
[ICHHS] KOHIIEHTpAIlii [IUTpaTy HAHOMOIIOACHY 110
1,20 Mr/am’ (kpuBa 3) Bie CHPUUYUHSE HETATUB-
HUH eekT 3MeHIIeHHs xuBoi MacH. Lle Mmoxe Oy-
TA TIOB'SI3aHO 3 THM, IO 3a HAJAMIPHOTO IIiJIBH-
IIEHHS BMICTY MOJiOJEeHY B Oprasi3mi Kypdar-
OpoiinepiB, CIOIYKH MOJIIOACHY BUTICHSIIOTH MiJlb
1 ¢ocdop, BHACTIIOK YOTr0 MOPYHIYETHCA OOMIH
AT®, 6inkoBuil 0OMIH, OJIOKYETHCS CHHTE3 aMi-
HOKHCJIOT [6].

BucnoBku. 1. JlogaBanHs 10 pariony Kyp4ar-
OpoiinepiB HUTpaTy HAHOMOMIOCHY Y KOHLIEHTpa-
misx g0 0,40 mr/am° MIPU3BOJUTH JI0 CYTTEBOTO
MO3UTHUBHOTO e(heKTy 301IbIIEHHS 1X )KUBOT MacH.

2. JloBe1IeHO MOXKIJIMBICTh 3MEHIIICHHS KOHIICH-
Tpauii TUTpaTy HAHOMOJIOIEHY Y CKIIaJl PalioHy
Kypuat-6poitaepis 10 0,24 Mr/am’, o He 3MeEH-
IIye TPOAYKTUBHOCTI, ajleé CYTTE€BO BILJIMBAE Ha
€KOHOMIYHY €()eKTUBHICTH 1X BUPOIyBaHHS.

I-':l:l-r T T T T T T - T T T
¥ O I | W M 4l 41 43 48 45
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Puc. 3. IlopiBHSIHHS :KMBOI Macu Kyp4art-
OpoiijiepiB Ha ocTraHHiX n00ax BiarogiBiai 3a
Pi3HUX KOHIEHTpPaliil HUTPATY HAHOMOJIiO1e-
Hy: | — Tpers mocmimna rpyna (d=0,24 mr/mv’); 2
— mpyra gocnigHa rpyna (d=0,40 mr/mv’); 3 — me-
pma nocuigna rpyna (d=1,20 mr/mm’ ); 4 — KOHT-
poiib
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MOJIEJIMPOBAHHUE ITPOIIECCOB POCTA HbIILIAT-BPONUJIEPIB C UCIOJIb-
30BAHMEM LBITPATA HAHOMOJIMBJIEHA BO BPEMA OTKOPMA
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IIpoananusuposano eiusHue Yyumpama HAHOMOIUOOEeHa HA NPOOYKMUBHOCMb YbINIAM-OPOULIEPO8 6
npoyecce ux omkopma. Ycmanogneno, umo 0obasienue 8 payuon yvinasam-opoiepos yumpama HaHo-
Mmonuboena & konyenmpayusx om 0,24 0o 0,40 me/oM® npusooum Kk cyujecmeeHHoMy RONONCUMETLHOMY
ahpexmy ygenruuenus ux HCueol Maccol
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