HauOOJbIIIEEe BIMSHUE OKA3bIBAIOT (DAKTOPHI — THIT MEIMIAIKH, TEMIIEpaTypa MPHUTOTOBICHUS
AMYJIBCUH, YaCTOTA BPAIIEHUSI MEIIAJIKHA U TTPOJIOJDKUTEIIBHOCTD AMYJIbTUPOBAHUS.

Hamnyummii  pe3yapTaT CTOMKOCTH  MaprapMHOBOH  AMYJIbCHHM  TMOJYYWIH  TIPU
WCIIOJIb30BAHMM JICHTOYHON MEIIalIKK, TemIiepaType nepememuBanus +42°C u dyactote
BpateHus memanku — 400 06/MuH.
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VY craTTi pO3MISIHYTO BIUTUB TMapaMeTpiB IMEpeMilllyBaHHS Ha CTIMKICTh MaprapuHOBOI €MYJIbCIi.
ITpoBeneHO MOCIKEHHS! OTPUMAaHHsI €MYJIbCil 13 3aCTOCYBAHHSIM PI3HUX TUIIB IepEeMilIyI0UUX PUCTPOIB.
V pe3ynbTati 3p00JeHI BUCHOBKH IIPO HAHKpalle [T0€JHAHHS TapaMeTpiB.

Krouosi ciioBa: Mapraput, CTiMKICTb, IEpeMilllyBaHHs, CTPIYKOBA MiIIaJIKa.

The influence of the mixing parameters for resistance margarine emulsion is considered in the paper.
Investigated of the emulsion with different types of mixing devices. As a result, conclusions about the best
combination of parameters.

Keywords: margarine, stability, mixing, ribbon agitator.
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MOAEJIIOBAHHSA PO3CITOBAHHA APIBHOJAUCIIEPCHOI'O IINJ1Y B
ATMOC®EPI BIJI CTAIIOHAPHUX /IZKEPEJI 3ABPY/IHEHHSA

Po3pobnena maremaTHyHa MOJIENIb PO3CIIOBAaHHS TBEPJIMX YACTUHOK Ta ii PO3B’S3aHHS METOJOM KIHIIEBUX
eNIEMEHTIB 3 YpaxyBaHHSAM MIHCIEPCHOCTI MWy, SKa MOXe OyTH BHKOPUCTaHa ISl PO3PaXyHKY
KOHIICHTpAIlii JpiOHOIMCIICPCHOTO THITY Ha 3aJaHiil BiZICTaHI B JUKepesa NpH MEeBHIN MBUIAKOCTI BITPY Ta
3aJlaHiil TIOTY)KHOCTI JpKepena.

Karouosi ciioBa: npiGHOaMCTIEpCHUI T, 3a0pyAHEHHS, aTMOCc(epa, MPOrHO3 PO3CIFOBaHHS.

Beryn

[Tun € ynHHUKOM (HOPMYBAaHHS €KOJOTIYHOI HEOE3NEeKHM B TEXHOTEHHO HABAHTAXEHUX
perionax. Cepen 3a0pyaHioBadiB aTMochepu ocoOIHrBe Miclle 3aiiMae IpiOHOIUCTICPCHUM TN,
SKHI PO3CIIOETHCS HA 3HAYHY BiICTaHb BiJ JpKepen 3a0pyaHeHHs, Mae (iOporeHHi BIaCTUBOCTI
1 CTAaHOBUTH 3HAYHY EKOJIOTIYHY HEOe3MeKy sIK U 370pOB’Sl JIOAMHHU TaK 1 HAaBKOJIHMIITHBOTO
CepeloBHIIIA.

TBepai yacTku, 0COONIHMBO JIPIOHOAUCTIEPCHI, 3/1aTHI HAKOMUYYBATHCS B HUKHHOMY IIapi
atMocdepu W mepemilryBaTHCS Ha BeNMKi BiacTaHi. Bonu agcopOyroTh 3 MOBITPS MIKiIJINBI
PEUOBHHHM 1 TIOTIPIIYIOTH €KOJIOTIYHUI CTaH B JIOKAIBHOMY U II100aIbHOMY MaciiTadax.

YacTku ity 3 po3MipamMu MEHII | MKM He 3aTpUMYIOTHCS Y BEPXHIX JUXATBHUX MUIAXAX,
HAKOMHUYYIOThCS B JIETEHSAX 1 MEPEUIKO/KAIOTh ra30BOMY OOMiHY Oprasi3my i3 30BHILIHIM
cepenoBuiieM. ToMy, 11e CTaBUTh 3aa4y MPOTHO3yBaHHS 3a0pYAHEHHS APiOHOUCTIEPCHIM
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MUJIOM JOBKIUJUTS Bijl MIFOYMX BUPOOHUITB. Pe3yiabTaTH Takoro mporHo3y € MiATPYHTSIM IS
PO3pOOKH 3aXMCHUX 3aXOJIIB.

Meta po6otu

Meroto poboth € po3poOka MaTEeMaTHMYHOI MOJENI TPOIECYy PO3CIFOBaHHS
Ap10HOAMCTIEPCHOrO MUy B aTMocdepl Ta nepeBipka ii aJeKBaTHOCTI B YMOBAaX KOHKPETHOTO
BHUPOOHUIITBA.

MeTtoauka qocaigxeHb

Bukopucrtano wMaTeMaTH4HI METOAM IS JOCHIDKEHHS TIPOIECY PO3CIIOBaHHS
ApiOHoAMCIIEpCHOrO mwily B arMocdepi. s oTpuMaHHsA pe3ynbTaTiB y JaHid poOoTi
BUKOpUCTaH1 (i3u4HI METOAM [UJIi BHU3HAYEHHS JUCIEPCHOTO CKIAAy Ta MEXaHIYHUX
BJIACTUBOCTEH MUY, IPaBIMETPUYHUN METOJ JUIsl BUSHAUCHHS 3alMJICHOCTI MOBITPS HAa MEXI
CaHITApHO-3aXMCHOI  30HUM  MIANPHEMCTBA. TeopeThyHl  po3paxyHKH Ta  OOpOOKYy
EKCIIEPUMEHTAIbHUX JaHUX BHUKOHYBaJM 13 3aCTOCYBaHHSM KOMIT IOTEPHUX MpOrpam
MapleSoft 12.0 Ta EOJI 2000.

OOroBopeHHs pe3yJIbTATIB

PosnoBcrokenHs 3a0pyqHIOIOUHMX PEUYOBMH B aTtMocdepi BIAOYBAaeThCS T JI€IO
BITPOBUX MOTOKIB MOBITPsI 3 BpaXyBaHHsM ixX ApiOHOMacmTaOHUX (iykTyamiil. CepenHiit moTik
3a0pyIHIOIOYHX YaCTOK, IO MEPEHOCIATHCS MOBITPIHUMH MAacaMH, K IPABUIIO Ma€ aIBEKTUBHY
1 KOHBEKTHBHY ckianoBy. Cepenni ¢uyKTamiiiHi pyXud YacTOK MOKHA IHTEPIPETYBaTU SIK
mudy3iro Ha (OHI OCHOBHOTO CEPEIHBOTO PYyXY, MOB’SI3aHOTO 3 HUM. SIKIIO crocTepiraTd 3a
dakenomM AUMOBOI TpyOH, TO, MO-TIEpIE, CIOCTEPITAEThCS 3aXOIUICHHS JMMOBOTO (Qakeia
MOTOKOM TOBITPA 1, MO-ApYyre, MOCTYNOBE PO3LIMPEHHS LBOro (akena MpH BiIJAIECHHI BiJ
JpKepena B HaclioK JApiOHoMaciiTabHOi TypOyneHTHOCTI. B pesynbraTi daken mae popmy
BUTATHYTOTO KOHYCY, IO PO3MIMPIOETHCS B HANIPSIMKY PyXY MOBITPSHUX Mac. 30UIbIIYIOUHCH
i BIUIMBOM KPYIHO MAacIITaOHUX TypOyJCHTHHX (QUIYKTyamii, ¢aken po3magacTbCs Ha
130J1bOBaHI BUXPOB1 YTBOPEHHS, 1110 3aXOILTIOIOTHCSA MOBITPSIHUMH MacaMH Ha BEJIMKY BiJCTaHb
B1JT JDKEpeJIa pO3CIFOBaHHS.

[TunoBi MOMIIMIKH, IO BUKUIAIOTHCA B aTMOC(EpHE TMOBITPs, SK TMPABUIO, MAaOTh
MOMANCIEPCHUM CKiah. Benuki YacTHHKM TWIy Wi A0 CUJ  1HEPIii MOYMHAIOTH
3HIDKYBATHUCS 1 OCIIAI0Th HA MOBEPXHI 3eMJIl 3€O0UTBIIOT0 MOOIU3Y JKEpesa BUKUIY abo B
Mexax caHitTapHo-3axucHOi 30HM (C33). ['paBitamiiHUi TMOTIK s BAXKKUX YaCTOK
BUSBJIIETCSA HabaraTo OUThIIMM AUQYy31HHOTO, TOJI SIK JUISl JETKUX JIOMIIIOK BiH MPAKTHYHO
HEeBITUYTHUHN. J[piOHOAMCTIEPCHUI MU 3aXOIUTIOETHCS MOBITPSIHUMU MacaMH Ta MEePEHOCUTHCS
Ha BEJIMKY BIJICTaHb BiJI JKepesa po3CitoBaHHS BHACTIIOK TU(y31HHOTO IEPEHECEHHH.

[IpoBenena macmopTu3aimiss NIy [ABOOKHCY THUTaHy Ta IJbMEHITY JI03BOJIHIIA
kiacu@ikyBaTH HOTO SIK JqyKe ApiOHOAMCIIEpCHUM Ta JpiOHOoAuMcnepcHuid. YacTka muiy, 110
OCaKYIThCSA T €0 TPaBITAIlIHHUX CHJI, 3BAXKAIOUM Ha JAUCIEPCHUN CKJajd, Oy/ae HeBEIHKa.
Tomy, B  OCHOBI = MareMaTHYHOrO0  MOJICIIOBaHHS  TPOIECY  PO3MOBCIOJKEHHS
APiIOHOIUCTIEPCHOTO MUITY JISKUTH TUQy3iliHa MocTaHOBKA 3amadi [1].

B cBoiii oOCHOBI yci MaremMaTH4HI MOJEJI TMPOIECy PO3MOBCIOMHKEHHS JOMIIIOK
CIHPAIOTHCS HA AU(epeHIliiiHe PiBHAHHS MEPEHOCY

op 09  Op . 0P 0p

* 6 5 2
—+U—+V—+W—+ =—y—+uVp+tk: (1)
a ox Loy e VT

e ¢ — KOHIIGHTpAIlis 3a0PyIHIOIYOI PEYOBHHM, KI/M°;, t — wac, ¢; U, V, W — KOMIOHEHTH
MIBUAKOCTI BITPY 3a BICCIO JEKapTOBOi CHCTEMH KOOpIAMHAT, M/C; A - KoedirmieHt
ropusoHTaIbHOI mudy3ii B miommi (x, 0, y), M2/c; y — koedilieHT BepTHKATBHOT idys3ii B Z —

2 2

HATIPAMKY, M~/C; Vip= 6_f+2y_f; k — mapameTp Kepena, 10 3aJeXKHUTh BiJl KOOPJUHAT i Yacy,
X

10670 k= f (X, ¥, Z, 1); 0 — BemumHa, 10 OB’ s13aHa 3 TpaHcdopMariero cyGeTanii, ¢,
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Tak sgK [DOCHiIKyBaHMM W KIacHPiKyBad SIK  JAyXe ApIOHOJUCTIIEPCHHHA Ta
ApiOHOAMCIIEPCHUI, MOXHA TOBOPUTH TPO BUCOKY IHEPIIHHICTh mHTy, IO Oy[e MOBHICTIO
3aXOIUTIOBATUCh MOBITPSHUM MOTOKOM IPU BUXOAl 3 OTBOPY TPYyOM, a TAKOXX HE3HAUHY /IO
CUIM TsOKIHHA. B 3B’s3Ky 3 1muMm Oyno OpuUHHATO [0 PO3INISIY OAHOMIpHY 3ajady [2] 1y
CIPOILEHOMY BUTJISAI piBHSAHHS (1) B ymMoBax IITWUIIO 3 BpaxyBaHHSAM IMEPEHOCY HalyBae
BUTIISAY

2
a—(D+a*go:u*d—(p+Q5(x—x0) (2)
ot dx?
B HECKIHUYEHHOMY CepeIoBHIII - o0 < x < o0, te Q — MOTYXXHICTh JpKepena, IO BUKHUIIAE B

aTMoc(epy nui, Kr/c; 5(X - Xo) - nenbTa-PyHKisg Jupaka, 110 BpaXxOBY€e IHTETpaJIbHUNA BMICT

YaCTUHOK MIITY, 10 TU(PYHIYIOTH B 00’ €M1 MOBITPsI 3@ BUCOTOIO, @ TAKOXK KIJIBKICTh YaCTUHOK,
10 OCIJIal0Th Ha TIOBEPXHI 3eMJIi, 1/mM
S=0c +aylH, 3)

ne o - GyHKIIs, M0 XapaKTEePU3ye B3a€EMOJIII0 JOMIMIOK 3 MiJCTUIAIOUOI0 MOBEpXHE; H —
BHCOTA JDKEpEIia BUKHUITY, M.

PiBusHHS (2) MOXHa BUKOPHUCTOBYBAaTH KOJHM IIBHJKICTh TOBITPSHUX Mac JTOPIBHIOE
Hymo. [lpu HasgBHOCTI BITpYy, a TaKOX 3 YypaxyBaHHSIM IMOCTIHHOI BETUYMHU BUKHUIY
(cramioHapHHMii poliec), BOHO Ha0yBa€ BUTIISALY

2
ud—¢+a*gp=y*d—f+Q5(x—xo)- 4)
dx dx

TakuM yuHOM B PiBHSHHI (4) MM TaKOX HE BPaxOBYEMO IIBHJKICTh OCAJKEHHS YacCTOK,
OPUMHABIIM 1X TaKOW, IO JOPIBHIOE HYINO. BHacmiok BHCOKOI 1HEPIIHOCTI YacTOK
TpiOHOIUCIIEPCHOTO MUJTY BiH Oy/I€ MOBHICTIO 3aXOITIOBATHUCH TOTOKOM BITpY.

[TocranoBKka TpaHMYHMX YMOB [UIsl PIBHSHHS (4) TMEpeHOCY ITOMIIIOK PO3TJSHYTO B
podotax [2, 3]. IlpuiiMaeMo Taki TpaHUYHI YMOBU: MEXKEIO pO3CIIOBaHHS MWLy BIJ
cTarioHapHoro mxepena € posmipu C33 miANpHEMCTBA; HKEPENO 3HAXOIUTHCS B ILIEHTPI
KOOP/IMHAT; MOTYKHICTh BUKUY JKEpesa € MOCTIHHOI BETHYNHOIO.

HaBenene piBHsHHA (4) HaJEXKUTh 10 AUQPEPEHLUIMHUX PIBHSAHb JPYroro MOpsAIKy, L0
MalOTh aHAJITUYHE PIIEHHS JIUIIE Y MPOCTHX BUMAAKaX. Il IIMPOKOTO CIIEKTPY MPUPOTHUX i
TEXHOJIOTIYHUX MPOIIECiB 3a/1a4y MOKHA PO3B’S3aTH YUCEIHHO B TOMY BHUIMAJKY, KOJIHU MOXIJIHI,
IO € y PIBHSAHHI, 3aMIHUTH Ha KiHIEBI Pi3HUIl, CTBOPEHI Ha MAJMX MPOCTOPOBUX iHTEPBAJIAX.
VY BuMagky MOJCIIOBAHHS PEabHOTO MPOIECY PO3MOBCIOKCHHS IIKIJIMBUX JIOMIIIOK B
aTMoc(epHOMY TIOBITPI BUKOHAEMO JUCKPETH3ALIII0 MTPOCTOPY, PO3OUBIIN TE€OMETPIIO MPOIIECY
Ha pO3paxyHKOBI iHTepBau (Bia mxepena a0 Biactani C33 mignpueMcTBa)

hob-a) (5)
n
TOYKH PO3OUTTS X = X, + ih, 1 =0, 1, ..., n; X, =a; x, =h.
3HaueHHs QYHKIIT ¢ = @(x) 111 noxigHux ¢ = ¢'(x), ¢~ = ¢ ''(x) T0O3HAYMMO BIAMOBIIHO

uepes ¢; = (X)), 0" = @; (%), 0;"" = ¢;"(x;).
BBoauMo 1mo3HaueHHs
wi = ulx), U = UiX), o = ai(Xy). (6)
3aMiHMMO TOXiJIHI HA OJTHOCTOPOHHI CKIHYCHHOPI3HUIICB1 CITiBBITHOIICHHS

¢| 2h !
o Diyg — 2h¢2’| TP (8)

®opmynu (7) Ta (8) mpuOIM3HO BUPAKAIOTh 3HAYCHHS MOXITHUX Y BHYTPIIIHIX MEXax
iHTepBany [a, b].
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Jyist rpaHUYHUX 3HAYCHB MPUITYCTHMO
(Pl_(Po’ rzgonfl_@n_ (9)
h T h
Buxopuctoyroun hopmynu (7) Ta (8), nudepenitiiine piBHIHHA (4) Ipu x = X;, (i = 1, 2,
..., n-1) HaOJWKEHO MOYKHA 3aMIHUTH JIIHIHHUM PIBHSIHHSIM
. — 20 . + . — .
D220 APty 1~ Q- o) 10)
[leperBoprotoun  piBHsAHHA  (3.10) BigHOCHO @;1, @; Ta @i OTPUMYEMO
CKIHUCHHOPI3HUIIEBY (HOPMYITY JJISI BUPIIICHHS TTOCTaBICHOT 3a1a4i

[ﬂi—ui]goil +[_2ﬂ‘+o-i](pi +(’u‘+ui)¢)i+1:Q5(x—xo)- (11)

’
2

h* 2h h? h*  2h

AJNTOPUTM pO3paxyHKY KOHIICHTpAIIil ApiOHOIUCIIEPCHOTO TITY Ha BiJICTaH1 BiJl JDKEpena
3a0pyIHEHHS peadi3oBaHU Ha anropuTMiuHii MoBi C++. BenwmdymHa KpoKy y po3paxyHKax
cranosuma 0,01 M, BixmoBiaHO citka mMama 10* 3HadeHb, pe3ymbTaTH SKHX MiIPaxOBYIOTHCS B
CEpPEIHBOMY 5 CEKYH]I 1 30epiraroThcs y BUTIIAI (paiily JaHUX Ha KOMIT IOTepi.

3 METOW TEepeBipKH aJeKBAaTHOCTI MAaTeMaTHUYHOI Mojeni OyJo BHKOHAHO 3aMipH
3aMJIEHOCT] TOBITPS Ha Mexi caHiTapHo-3axucHoi 30HH [IAT «CymuximMmopom» Ta 3a
TEPUTOPIEID MIANPUEMCTBA, PE3yJIbTaTH SKUX HaBeleHO B Tala. BupoOHMLITBO ABOOKHCY
TUTaHy Ha JaHOMY MIANPUEMCTBI € OCHOBHUM JIKEPENIOM MPUBHECEHHS JPIOHOAMCIIEPCHOTO
nuiy B atMochepy [4]. Bci 3amipu 3aIMICHOCTI TOBITPs MPUIIAaad Ha MMepio pOOOTH JIHIIEe
BUPOOHHULITBA IBOOKUCY TUTAHYy Ha M1IPHUEMCTBI.

Tabmuns — CtaH 3aMuUiIeHOCTI MOBITPSHOTO CEPEIOBUINA HA TEPUTOPISX, TPUIETIIUX 10
[TAT «CyMuXiMIIpOM»

Mictte BinGopy mpo6 KOHuengaui;I, MI/M° I'’IK Hac.myHKT.,

MaKc. MIHIM. CepeaHs MTI/M
400 M BiJ KEpera 2,8 2,4 2,6 0,5
500 m Big Kepena 2,1 1,7 19 0,5
600 M BiJ pKepena 1,7 15 1,6 0,5
800 m Bij jpKepena 1,6 1,2 14 0,5
1000 m (mexxa C33) 1,3 0,9 1,1 0,5
500 M Bix mexi C33 1,1 0,7 0,9 0,5

[TopiBHAMBHMI aHATI3 MATEMAaTUYHOI MOJIETl Ta €KCTIEPUMEHTAIBHUX JaHUX HABEJICHO Ha
puc.

AHaJIiB'OTpI/IMaHQFO rpe.l(bilc.y pO3MOILTY oy | o
KOHIIGHTpalliii Ha BiACTaHI Bix JKepena £ L] ot0w
BUKHIY J03BOJII€ BCTAHOBUTH, 1[0 PE3YJIbTAT E nggﬂ oS oo
MaTeMaTHIHOTO MOJIEIOBAHHS CXOXHH 0 E 2T vsoom %
pe3yJbTaTiB eKCIIepUMEHTAITbHIX £ 151 at000m 3
nocnipkeHb. Sk Gaummo 3 puc. 1, é /fiy
BiJIXUJICHHS PO3paxyHKOBHX 3HAYCHb = 1
MaTeMaTU4YHOI MOJENi BiJl pe3yibTaTiB 2 05
EKCIEPUMEHTY B OCHOBHOMY HE TMEPEBHIIYE o
15% y BChOMY JOCHIIKEHOMY Jiama3oHi o 05 1 15 2 25 3
BiJCTaHEH. Haii6inbima BIJITOBIHICTD Komerrtpantist (Marem. M), Mr/y®
MATCMATHHHOL MOACII CKCHCPUMEHTANIBHUM by 3icrapnenns pe3yabTaTiB pO3CiIOBaHHS
3HA4YECHHAM BiI0OpY npoo 1105810

JpiOGHOJUCTIEPCHOTO THITY 38 MaTEMaTHYHOIO

criocrepiraerrca Ha Bizmctani 1o 500 M Bi
p A A A MOJICJUTIO Ta EKCIIEPUMEHTATbHUMH JTAHUMHU

JpKepena po3CiloBaHHS.
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BucHoBok

Po3pobnena maremaTuyHa MOJENh MOXKE OyTH BHKOpPUCTaHa I PO3PaxyHKY
KOHIICHTpaIlil JpiOHOAMCIIEPCHOTO MUYy Ha 3aJaHiil BiACTaHI BIiJ JpKepena Mpu TEBHIM
IIBUJKOCTI BITPY Ta 3aJlaHiii TOTYXXHOCTI JpKepesia. AHalli3 aJeKBAaTHOCTI MaTeMaTHYHOL
MOJIENIl BIJIHOCHO €KCIEPUMEHTAIbHUX JaHUX CBIAYUTH MPO aJE€KBaTHICTH PO3pOOIIEHOI
MaTeMaTUYHOI MOJIeN 1 301KHICTh pe3ysIbTaTiB Ha piBHI 85%.
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JIHIPOTIETPOBCHKOTO HAIIOHATBHOTO YHIBEPCHTETY 3ai3HWYHOTO TPAHCIOPTY IMEHI akajaemika B.
Jlazapsna. — 2010. — Bun. 32. — C. 203 — 205. 2. Mapuyx I'. M. MaremMaTu4yeckoe MOJCIHPOBAHHE B
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1982. — 320 c. 3. Hanna S. Air Quality Modelling over Short Distances / S. Hanna // College on
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Pazpaborana maremaTudeckass MOJAENb PACCEUBAHUS TBEPIBIX YACTHI[ U €€ PELICHHE MEeTOJIOM
KOHEYHBIX 3JIEMEHTOB C yY€TOM AHMCIIEPCHOCTH IBUIM, KOTOpas MOXET ObITh MCIIOJIb30BaHA IS pacueTa
KOHUEHTPAUN MEJIKOAUCIIEPCHOM MBI Ha 3aJaHHOM PACCTOSHUU OT WCTOYHHUKA IPU OIpeNeTIeHHON
CKOPOCTH BETpa U 3aJaHHON MOIHOCTU UCTOYHHKA.

KioueBble c10Ba: MEJIKOAUCIIEPCHAS MbLIb, 3arPsi3HEHHE, aTMOCc(]epa, IPOTHO3 PacCeUBaHMUS.

A mathematical model for dispersion of particulate matter and its solution by finite elements, with the
dispersion of dust, which can be used to calculate the concentration of fine dust at a given distance from the
source at a given wind speed and a given power source.

Keywords: fine dust, pollution, atmosphere, forecast dispersion.
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NCCIEJOBAHUA DQPOPEKTUBHOCTHU IPUMEHEHUA KOMIIVIEKCHBIX
OPI'AHO-MUHEPAJIBHBIX YIOBPEHUM 1JIs1 YMEHBIIEHUA
SATPABHEHMUSA ITOYB TAXEJIBIMU METAJIJIAMHA

IIpoBenaeHBl HCCIENOBAHMS II0 CBA3BIBAHMIO TSDKEIBIX METAJUIOB B HEPACTBOPUMBIE KOMIUIEKCHBIE
COEIMHEHMSI 3a CYET BHECEHHUSI OPraHO-MUHEPAIBHBIX YI00pEeHNH, Ha OCHOBE OTEUECTBEHHBIX (POCHOPHUTOB,
HCCIIEA0BAHMS IIPOLECCA BEIMBIBAHUSA TSKEJIBIX METAIUIOB U3 IIOYBEHHOI'O CJIOS.

KiroueBble c10Ba: TSHKEIbIE METAJUIbI, KOMIUIEKCHBIE YI0OpEeHHUs, TyMaThl, Ie€TOKCUKALUS TT0YB.

BBenenune

Tsokenble MeTaibl  SBISIOTCS OJHUM U3 (DAKTOPOB 3arps3HEHUs TOYB, HWMEIOT
KaHLEPOrE€HHbIE CBOMCTBA M NPEACTABISIOT NOTEHUHUAIBHYK) OIACHOCTh ISl 3J0pPOBbS
YeJIoBeKa U OKpysKarolled cpeanl. s npenoTBpailieHusi HEraTUBHOTO BIUSIHUS TOKCUKAHTOB,
HEOOXOUMO H3yYyeHHE OCOOEHHOCTEH MHTpalliy, HAKOIUICHUS U TpaHCPOPMAIMHU TKEIbIX

MCTAJJIOB B ITIOYBAx.
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