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Aep>kaBHa yCcTaHOBa «IHCTUTYT MeanumHn npadi imeHi 10. |. KyHaieBa HauioHaAbHOI akaaemii
MeANYHNX HayK YKpaiHu», M. Kvis

Bcmyn. B Ykpaini npo6siemMa HeOe3MeKM CBUHIIIO TPUBEPTAE yBary B 3B’513KY 3 aKTUBHUM PO3BUTKOM B OCTaHHI AECATUIIT-
TS paHillle BiICYTHiX rajy3eil MpOMUCIOBOIrO BUPOOHUIITBA, Cepell SIKUX MPOBIAHOrO 3HAY€HHS HaOyJu BUPOOHMUTBA
CBUHIIEBO-KHUCIIOTHUX aKyMYJISITOPIB i 6aTapeil Ta BUTIaBKa BTOPUHHOTO CBUHIIO. [IpoMuUCIOBi aepo301i, 110 YTBOPIOIOTh-
Cs1 Ta BULMUTSIIOTHCS B TIOBITPSI IPU BUPOOHUIITBI Ta BAKOPUCTAHHI CBUHIIIO XapaKTePU3YIOThCSI HAsIBHICTIO HAHOYACTUHOK.
Lle cTBOPIOE YMOBM [1JIs1 pU3MKIB 3I0POB’10 TPALIIOIOUMX i HACEJIEHHSI.

Mema docaioncenns — BUBYEHHST 0cOOIMBOCTeM eMicii HaHouacTuHOK (HY) y moBiTpst mpu BiATBOpEeHHI B €KCIEPUMEHTI
MOJIeJIi TEXHOJIOTIYHOTO TTPOLIeCy peKyrepallii CBUHLIO.

Mamepianu ma memoodu docaioncenrs. EMicito B TTOBITPsT 3BaXKeHUX YaCTUHOK BMBYAJIU 3a JTOITOMOTOI0 TUMY3iifHOro aepo-
3o0JibHOTO criektpomerpa «JJAC 2702» (AepoHanoTex). Po3mip, hopmy, crpyktypy HY BU3HaYamm MeTogoM TMHAMIYHOTO
posciroBaHHS cBiTia («DinaSizer», HiMmeuunHa), a TakoX METOIOM pacTpoBOi e1eKTpoHHOI MiKpockorii (PEM; mikpockon
«Tescan MIRA3»). XiMiuyHMi1 CKJIad peYOBUH TOCITIIKYBaJIM METOAOM aTOMHO-EMICiiiHOI CeKTPOCKOITii 3 iHAYKTUBHO-
3B’s13aHO10 TU1azMoto 3a foromoroto AEC «Optima 2100 DV» («Perkin-Elmer», CILIA).

Pe3yabmamu. Pe3ynbsraTu JOCTIIKEHb TOBEJIM, 110 MaiiKe BCi OCHOBHI €Tany TeXHOJOTIYHOTO Mpolecy peKynepailii CBUH-
1110, 110 MOB’S13aHi 3 pO3irpiBoM, pO3IUIABIEHHSM, BUTUIABKOIO T4 PO3JIMBOM CBUHIIIO XapaKTepU3yIOThCS BUCOKUM PiBHEM
eMicii B MOBITPsS1 HAHOYACTMHOK CBUHILIIO, 1110 HEOOXiIHO BpaxOBYBaTU IPU MPOBEACHHI TiTi€HIYHOI OLIIHKY YMOB TIpalli Ta
npodeciitHOro pu3NKy, a TAaKOX MPH po3poOIIi Ta BIPOBAIKEHHI MPOMiTaKTUYHUX 3aXO0/IiB, CIIPSIMOBAHUX Ha 30epeKeHHS
310pOB’sI MPalLiBHUKIB CBUHIIEBUX BUPOOHULITB.

Bucnosru. BctaHOBJIEHO, 1110 TEXHOJIOTIYHU TTpoLIeC peKyrnepallii CBUHLIIO XapaKTepU3y€EThCsl BUALJIEHHSIM Y TOBITPS 3Ba-
JKEHUX YaCTMHOK, KOHIIEHTpallisl SIKMX Ha Pi3HMX eTarnax mepeBuInye (OHOBI 3HaYeHHs B 2,6—6,4 pa3sy. [loBeneHo, 1110
88,2—95,1% ycix 3BaKeHUX y IOBITPi YaCTUHOK MAlOThb PO3MIpM, IO BU3HAYAIOTHCS HAHOMETPOBUM Jialla30HOM
(1—-100 HM) 3 MaKCUMYMOM iX posrnopiieHHsT y dpakiisgx 5—10 um, 10—15 am i 15—20 uMm. [TokazaHo, 110 30iIbLICHHS
emicii HY y moBiTpi CympoBOIKYETHCSI 30iIBIIIEHHSIM KOHIIGHTpAIIil CBUHIIIO, IKUI BU3HAYa€ OCHOBHI (Di3UKO-XiMiuHi
xapakTepuctuku uux HY.

KaiouoBi c1oBa: HAHOYACTHUHKHU, €MicCisl y HMOBITPSA, peKylepalisi CBUHII0, eKCIIePMMEHTAJbHA MOIEeIb

Beryn .
MacCoOBOl HaCTKH aepo30Jit0 CKJIAAa€TbCsl 3 YaCTUHOK,

PesysibTatu ririeHiuHUX 10CiKEHb, HEILLOJABHO MPO-
BEJICHHX Ha BITUHM3HSHHUX MiANPHEMCTBAX 3 BUPOOHH-
UTBA CBHHIIEBUX akymyJsitopuux Oatapeil (AKDB) i
pekynepaiii CBHHIIIO 3 BiANpalbOBAHHX CBUHIIEBHX
AKB, noBesii poBiaHy posib CBUHIIO B CTPYKTYpi MPO-
(heciitHOro pU3MKy MpalliBHUKIB OCHOBHHUX Mpodeciii
MiANPUEMCTB, OCKIJIbKH Ha 75 % poOOUMX MiCllb KOH-
LEHTpallisi CBUHIIO B TOBITPi poOOYOi 30HU MEpeBH-
uryBasa [JIKm.p.3.y 1,2—2,8 pasy [1, 2]. [1pu upomy
OyJI0 BCTAHOBJIEHO, 1110 YTBOPEHHS a€P030JIiB CBUHILIO
BiOyBaJjiocsi Ha eTanax BUPOOHUYUX oOIepaLii,
MOB’sI3aHUX 3 PO3IrpiBOM, PO3MJIABJAEHHSIM i PO3TUBOM
posriaB/ieHoro Metasy y opmu. JloC/IipKeHHS iucepe-
HOTO CKJIaly aepo3oJio nokasanu, 1o 6/usbko 80 %

CepeliHifl MacMelliaHHUH aepoAMHAMIYHUK JiaMeTp
SIKHUX HE TIePEBULLYE O MKM.

Pesyabrat ananizy BitTum3usiHol Ta 3apyOiKHOI
JiTepatypy CBigyaTb PO Te, LIO MiANPUEMCTBA 3
BHPOGHHUILTBA CBUHILIO Ta cBUHIEBUX AKD € jukepesiom
yrBOpeHHst HaHouacTuHoK (HY) cBuniyo [3]. Ha tepu-
Topii Ykpaiuu 3a octanti 20 pokiB 3'siBUIOCH GJIM3LKO
|8 HOBUX MiAnpHeMcTB, sKi BUPOOJSIOTH CBHHIIEBI
AKD, meraneBuii cBuHElb Ta Horo cryiaBu [4]. Pasom
3 MM Y JIOCTYIHiH JliTepaTypi JaHUX 11010 0COOJIUBOC-
Tel i 3akoHomipHocter emicii HY y nosirps npwu
BUPOOHULITBI BTOPHHHOTO CBHHIIO BUSIBJIEHO He OyJ10.

Buxonsun 3 Toro, 1o poboua rpyna 3 pericTpi
BUKHAIB | TpaHcrpecii npiopuTeTHUX 3a0pyAHIOBAUiB
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HaBKOJIMIIHLOTO cepeioBHilia €Bporneiicbkoi ExoHo-
miunoi Kowmicii OOH [5] Bu3Hauua BHIMJIABKY BTO-
PHUHHOTO CBUHIIIO 3 TPOMHUCJIOBUX BiIXO/1iB ( Bi/lnpalbo-
Banux cBuHUeBuX AKD) naitedektuBHimum i nep-
CMEKTHBHUM CMOCOOOM  3HELIKO/LKEHHST JzKepedsi
3a0py/IHEHHS] HaBKOJIMIIHBOTO Cepe/IoBHILA TTPOMHC-
JIOBUMM BiIXOJaMH CBHHLIIO, a TaKOXK €KOHOMiYHO
JIOLIJIBHUM  C0COO6OM  MOBEPHEHHS  BiTHOBJICEHOTO
CBHHLIO y BUPOOHHIITBO, aKTyaJIbHOrO 3Ha4eHHs HaOy-
BaIOTh MHUTAHHA [I0J0 ririeniyHoi owinku ewmicii HY
CBHHIIO NIPH BUPOGHULITBI ( peKyrepailii) BTOpUHHOTO
CBHHLLO.

Jloist mpoBeieH s TirieHiYHUX JIOC/{PKeHb 3 METOI0
ririeHiYHOI OLIHKH, a TAKO>K BU3HAYEHHsS 3aKOHOMip-
HocTel Ta ocobsBocTeil emicii HY cuHIio y noBiTpsi
Ha pi3HUX eTanax TeXHOJIOTYHOro NpoLecy pekynepa-
1ii CBUHIIIO B yMOBaX J1ab0paTopii MeIMKO-0i0MOTYHUX
KpHUTEPIiiB MpodeciiiHuxX BIUIUBIB i ririenu mpari y 3Ba-
pioBasibHoMy BUpoOHUUTBI JIY «IHCcTHTYT MenuumHn
npaui imeni [0. I. Kyngiesa HAMH Ykpainu» Gyio
BIITBOPEHO E€KCMEPUMEHTAJIbHY MOJEJb TEXHOJOTIY-
HOTO Mpollecy peKyrnepauii CBUHLIO 3 BiAMPallbOBAHUX
ceunueBux AKB.

Mema docaidner s — BUBUMTH 0COOJIUBOCTI eMi-
cii HY y nosiTpst npu BiATBOpEHHI B eKCIEpUMEHTI
MOJIeJ1i TEXHOJIOTIYHOTO NPOLLeCy peKynepalii CBUHLIO.

Marepianu Ta METOIU TOCTiIZKEHHS

OCHOBHI eTanu TeXHOJOMYHOTO MpoLecy peKyrneparii
CBHHLIIO 3 BiinpaiiboBanux cerHiieBux AKD BinrBopio-
BaJIi B JJaGOPaTOPHUX YMOBAX 3a CMPOLIEHOI0 CXEMOIO
BUCOKOTEMIIEPAaTyPHOI BiIHOBJIIOBAJILHOI MJIABKH BTO-
PUHHOTO CBHHILO [6]. 3a Takolo cXeMOIo BUKOHYBaJIH:
NiZIrOTOBYI onepatlii (3BaXKyBaHHSsI CBUHIIEBOTO JIOMY,
oTpUMaHoro 3 BimmpauboBanux cBuieBux AKD;
3aBaHTaXKEHHS | KI' CBUHIIEBOTO JIOMY B »KApOCTilKy
MOPLIeJISIHOBY yalliKy, AiaMmeTpom 250 MM; 3aBaHTa-
JKEHHSl YallkKM 3 JIOMOM Y BHCOKOTEMIEepaTypHy
mydesbhy niv (« TermolLab» ); ocHoBHi onepatiii ( posi-
rpiB MydeabHOi Tedi 10 TemrepaTypu IMJaBJeHHs
ceuHI0O — 328 °C; BUMIaBKa YOPHOBOTO CBHHIIO
BriposioBk 60 xB 3a Temnepatypu 370 °C; 3HiMaHHs 3
MOBEPXHi PO3MJaBJAEHOr0 MeTasy CBHUHLEBOIO JpOCy
MeTasleBUM LLNATeJIEM; PO3JIUB PO3IJIABJAEHOI0 CBUH-
110 y popmu); 3ak/iouHi orepatlii (BUOGMBaHHS MeTaJy
Ta CKJajlyBaHHs 3JIUTKIB).

BuueHHs1 emicii 3Baxkenux y nositpi HY nposoau-
JIM 33 JI0TIOMOTOI0 TU(Y3iHOTO aep0o30JIbLHOTO CreK-
tpomerpa JHAC 2702 («AepoHanoTex», Pocis).

BinGip npo6 noBitpst jsi BUBUEHHS (hi3HKO-XiMiuHUX
BJIACTUBOCTEH 3BaxKeHUX Y nosiTpi HY npoBoauau Ha
Bincrani 1,0 m Big MyesibHOT neui 3a nornoMoroto acrii-
patopa TAUDYH P-20-2 3 06’eMHOI0 BUTPATOIO
nositps 0,5 J1/XB, 3’€HAHOTO 3 MONIMHAUeM 3ajilleBa,
AKUNA 3anoBHoBasu 10 MJs JeioHi3oBaHOi BOJM.
Orpumani Takum cnoco6om npo6u isibTpyBasu Kpi3b
mMemOpanHuil GibTp «Domnick Hunter» (Anrnis) 3
poamipom rop 100 um [7]. Poamip HY y dinbrparax
JIOCJIRKYBAJIM METOAOM JMHAMIYHOIO PO3CilOBAHHSA
cBiTJIa 3a J0MIOMOIO0 J1a3€pPHOro CHEKTpPOMeTpa
«DinaSizer» (Himeuunna), a Tako» MeTo/10M pacTpo-
Boi esiekTpoHHOI Mikpockomii (Mmikpockon «Tescan
MIRA3» («Tesla», CLLIA) 3 cucTemoio JIOKaJbHOTO
€JIEMEHTHOIO €eHepro-aucrnepciiHoro MikpoaHaJisy
«Oxford Advanced Aztec Energy (IE350) / X-max
80») BinnosinHo 10 pekoMennatiin [8]. Konuenrpartiiio
XIMIUHHX PEYOBHH y MpoOax MOBITPS JOCJILKYBAJIH
METO/IOM aTOMHO-eMiCiHHOT CMIeKTPOCKOMIi 3 iHIyKTHB-
Ho 3B’A3aHot0 muasmoto (AEC-I3IT) 3a mnomomoroto
npunany «Optima 2100 DV» («Perkin-Elmer»,
CLIA)[9].

CrpyKTypy NOBepxHi (hi/ILTPYIOUOro MoJI0THA aHai-
THUHUX aepo3obHuX (inbTpiB «ADA-XA» ta mMemO-
pannux ¢inerpis «MIJIITTOP» i « CUHITOP» BuBua-
JI1 3@ JIONIOMOIOI0 METOMY PacTpoBOi eJIeKTPOHHOI
Mikpockornii. JIs1 1poro 3pasku inkTpis MOHTYBaH
Ha aJIIOMiHI€BUX MPEAMETHHX CTOJIMKAX 3a JI0TTOMOT0I0
€JICKTPOMNPOBIIHOTO KJIEI0, MIiC/ YOro 3a A0INOMOrolo
npunany «Gatan 682» PECS (Precision Etching
Coating System for SEM, TEM and LM) nanocuiu
wap rpadity (10 HM), mic/s yoro 3pa3ku 10CTiLKYBa-
JIM Yy pacTpoOBOMY eJIeKTpoHHOMY Mikpockori «Tescan
MIRAS3» 3a nanpyru 10 KB.

PesynbraTi A0CTiIZKEHHS TA iX 00rOBOpEHHS

PesysibTaTl ririeHiuHUX TOC/iIPKEeHb, MPOBEICHUX Ha
€KCIepPUMEHTaJIbHIH MOJIeJi BINTBOPEHHS T€XHOJIOTIY -
HOTO Tpollecy peKynepatii CBUHLIO, MM0Ka3aJu, 1o B
MOBiTpi 1JaOOPATOPHOTO MPUMILLEHHS 3 TeMIepaTypH
26 °C i BinHocHoi BoJiorocti 28 % KOHIEHTpallisl BCiX
3BAKEHHMX YACTUHOK JI0 [104aTKy €KCIIEPUMEHTY CTaHO-
puaa 8535 - 10% vactunok /M3 (puc. 1). I3 uux 99,7 %
YCiX 3Ba>K€HUX YACTHHOK MaJIM PO3Mip, 1110 BU3HAYaBCs
B MeXKaxX Bifl 15 HM JI0 75 HM 3 MaKCHMYMOM PO3MO/i-
JieHHs y dppakuii 25—30 Hm (puc. 2).

Ha erani BukonaHHs miarotoBunx orepatiii, mcsus
3BaXKYBAHHS1 CBUHIIEBOTO JIOMY, 3aBAHTaXKEHHSI HOrO B
My(hesibHy Ti¥ i po3irpiBy BOPOAOBK 25 XB 10 TeMIle-
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Puc. 1. Konuyenmpayis 3sadxcenux y nogimpi
YACMUHOK HA PIBHUX emanax eKcnepumenmanrbHoi
MOODeni mexHoA02i4HO20 npoyecy pekynepayii
ceunyto: 1 — posiepis ceunyio; 2 — suniaska
CBUHYIO; 3 — PO3AUE POZNAABACHOCO CBUHLIO U
Gopmu; 4 — ocmueanHs eapauoeo Memany y
dopnax

patypu mnJaBjeHHs cBuHIo (328 °C) 3arajibHa KOH-
LEHTpAaLisd BCiX 3Ba)KEHUX Yy TMOBITpPi YAaCTHHOK
NOCTYNnoBo 30iJbliyBajsacs MOPIBHAHO 3 (DOHOM,
JIOCSATAI0YM CBOTO MAaKCUMYMY Ha 25 XB €KCITepUMEH-
Ty — 33 221 - 10° wactunok /M3 (puc. 1). Take 3ua-
YEHHsl KOHLEHTPALil 3BaXKCHHUX Yy MOBITPi YACTHHOK
nepeBulilyBajo ¢oH maike B 3,9 pasy. [lpu 1bomy
94,4 % ycix 3BaxKeHHUX y MOBITPi YACTHHOK MaJii PO3-
mipu Bin 1 um g0 100 HM 3 MakcMMyMOM iX PO3Moji-
Jenns y gppakuii 10—15 uwm (puc. 2).

Yrponosxk HactynHux 60 XB ekcriepuMeHTy Binly-
BaBcsl mpolec BucokoTemreparyphoi (3a 370 °C)

12000

BUIJIaBKM YOPHOBOTO CBUHI0. Ha 1ibomy etani TexHo-
JIOTIYHOTO MPOLECY KOHUEHTPALisl 3BaXKEHUX Y MOBITPI
YACTHHOK KOJIMBaJacs B Mexkax Bif 22 707 - 102 uactu-
HOK /M3 110 33 334 - 10% yacTuHOK /M3, 1110 nepesHiLy-
BaJ0 3HAueHHs iXHbOI (hOHOBOI KOHIeHTpallii B 2,6—
3,9 pasy (puc. 1). Ilpu ubomy 6ysio BigmiueHo, 11O
BIPOJIOBIK YCbOTO T€PMiHYy BHIIIABKH YOPHOBOTO CBHH-
IO B IOBITPi KiJIbKICTb 3Ba)KEHUX YaCTHHOK HaHOMe-
tpoBoro pajanazony (1—100 HM) KosMBasacsi B MexKax
B 88,2 10 91,5 %. MakcumyMm iXHOTO po3rojiiieHHs]
OyB BUsHaueHuil y ppakiii 10—15 um (puc. 2).

[Tounnatoun 3 85 XB eKCriepUMEHTY B T€XHOJOTU-
HOMY IpoLecCi peKynepatii CBUHLLO POBOIMJHCS Olle-
pauii 3i 3HiMaHHs 3 MMOBEPXHi PO3IJIABJICHOIO MeTaJsy
CBMHLIEBOT0 JIPOCY 3a JI0NIOMOr010 METaJ/IeBOro Linare-
Jisl, @ TAKOXK PO3JIUB PO3TJIaBJIEHOT0 MeTany y (opMH.
Pesysabrati pociimKenb nokasanu, 110 MPH BiIKpH-
BaHHi My(hesbHOI Teui Ta 3HIMaHHi CBHHIIEBOTO APOCY
3 MOBEPXHi PO3IIABJIECHOTO MeTaJjly B MOBITPs BinOyBa-
Jlacs eMicif 3Ba)KEHUX YACTHHOK Y KOHILEHTpaLii
54 624 - 103 yactunox /M3, o B 6,4 pasy nepesH-
lLyBaJjio ixHio (oHOBY KoHueHTpalito (puc. 1). Ilpu
ubomy 95,1 % ycix 3BaskeHHX y MOBITPi 4aCTHHOK OyJIH
npejcTaBaeHi YaCTHHKaMH HAHOMETPOBOTO Jliarna3oHy
3 MAKCHMyMOM iXHBOTO pO3MOAiNEHHsT Yy (paKiii
5—10 um (puc. 2).

[Ipy BWIMBaHHI PO3MJIABIEHOTO MeTany y (opMu
MaKCHMaJibHe 3HAUEHHS KOHIIEHTPALLil 3BaXKEeHHX YaCTH-
HOK y TIOBITpi BU3Hauasiocst Ha pisni 49 989 - 103 uac-
THHOK /M3, 110 B 5,8 pasy nepeBuILyBajo 3HAUCHHs]
dony (puc. 1). I3 nux 93,8 % saranbHoi KiJbKOCT
3BaXKEHUX y MOBITPi YacTHHOK OyJ/iu npeactapgaeni HY
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Puc. 2. Posnodia 3sasncerux y nosimpi HAHO4ACMUHOK 3a paKyismnu
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3 MakCHUMyMOM po3nofifeHHs y ¢pakuii 10—15 um
(puc. 2).

Ha etani octuranusi BUIMTOro y OpMH CBHHILIO
KOHUEHTPALLisl 3BA2KEHUX Y MOBITPi YHACTHHOK 3 4ACOM
NocTiliHO 3MeHIllyBasacs i Ha 121 XB ekcriepuMeHTy
jocaraa aHauenns 35 396 - 103 uactunox/m? (puc. 1).
Taka KoHueHTpallisi 3BaXKeHUX Yy MOBITPi YaCTUHOK
nepesulilyBasa (oOHOBY KOHIeHTpallilo B 4,1 pasy
(puc. 1). Ipu upomy 3a poamipom 96 % ycix yacTHHOK
Oy/u npeacrasiaeHi HY 3 makcumMymoM iXHbOTO posmno-
ninenns y dppaxuii 15—20 Hm.

Ha erani BuGuBanusi MeTaJy 3 hopMH criocTepiraso-
Csl KOPOTKOYaCcHe 30i/bIICHHS] KOHLIEHTpaLlii 3BaXKeHHX
y nositpi yactuHok 10 Beanunnn 39 920 - 103 vactu-
HOK/M?, 3 MOJA/IBIIMM 3MEHLIeHHSIM 11bOT0 MOKa3HHKA
MaiixKe JIo piBHs (DOHOBHX 3HAUeHb YIPOJIOBXK HACTYII-
Hux 120 xB.

XimiKo-aHaMiTHUHI JOCHI/DKEHHS], TNPOBeAeHi 3
MEeTOI0 BUBUEHHSI XiMIUHOTO CKJajly 3BaXKEHHX Y MOBIT-
pi HY, BusiBusu ixHifi 6araToKoMIoHeHTHU ckall. Sk
CBimyaTh JaHi, 10 HajgaHi B TAOJMI, XiMIUHHH CKJaz
HY, uio yrBoptoBanucst Ta BUAIAINCS B MOBITPS HA
eTarnax posirpiBy, po3nJaBjeHHsI Ta BUMJIaBKH CBUHILIO
XapaKTepHU3yBaBCsl MPUCYTHICTIO B iXHbOMY CKJali
He TiJibKK cBUHIO (PDb), ase i iHIINX BaXKKUX MeTa-
JIiB, cepejl sIKHX TirieHivyHoro 3HaueHHst HabyBalOTh
oJioBo (Sn), cypma (Sb), kaamiii (Cd), uunk (Zn),
Minb (Cu), a Takoxk KpeMHi (Si) Ta iHii.

HeoOxinHo BiAMITHTH, 1110 Ha eTamnax 3HIMaHHS 3
MOBEPXHi PO3MJIaBJEHOr0 MeTaJjy CBHHIIEBOTO JIPOCY
Ta PO3JIMBY METaJy Y POPMH, 1110 TPOBOAUJIUCS B €KC-
nepUMeHTI MpHU BiIKpuToMy MydeJii, cepejiHi 3HaueHHsT
KOHUEHTpaUii BaKKUX MeTaJliB y MOBITPi 3HAUUMO
(pu < 0,05) 36inbluyBanucs. Tak, kKonuentpauis Pb
36iabiayBasacs B 3,0 pady, Sn —y 1,15 pasy, Sb —y
6,0 pasy, Cd —y 2,3 pagy, Zn —y 37,5 pasy, Cu i
Si — y maiike 2,0 pagy, a Ca —y 149,0 pagy (ta6u. 1).
Taki 3miHu XiMiuHOrO cksamy 3BaxkeHux y nositpi HY
MOXKYTh OYTH 3yMOBJIEH] IPUCYTHICTIO B CKJIa/i CUPO-
BUHHUX MarepiafiB, sKi BUKOPUCTOBYKOTbCH /I

BUIIJIABKM BTOPUHHOIO CBUHILIO PI3HUX XIMiYHHMX JOMi-
LIOK, 110 BiIOBIIHMUM YMHOM BIJIMBa€ Ha (i3UKO-
ximiuHi BjactuBocti HY, siki yTBOpIoloThCsl Ta BUI-
JISIIOTbCS B MOBITPsl B ckaafi aeposoJio. Lle Hanae
MiJICTaB XapaKTepu3yBaTH TakKi aepo3odi, siK aepo3oJi
3 MIEPEMiHHUM XiMiUHUM CKJIaJIOM.

[1pu nocnimpkenni QizvKo-XiMiYHUX XapaKTEPUCTHK
YaCTHHOK Y npobax MoBiTps, BiliOpaHUX J/is aHasi3y
3a JIOTIOMOT00 METOJly PACTPOBOI €JIEKTPOHHOI MiKpO-
ckorii (mikpockon «Tescan MIRA3») i eHepro-nuc-
nepcitinoro mikpoanasisy (EEIIM: cucrema «Oxford
Advanced Aztec Energy (IE350) / X-max. 80»), 6ys10
BCTAHOBJIEHO, 1110 HAa Pi3HHMX eTanax TEeXHOJIOTYHOTO
npoLecy pekyrnepatii CBUHLIO B MOBITPs BULJIAIUCA
YACTHHKH, 10 XapaKTePHU3YBAJMCS: BHCOKOK eJIeK-
TPOHHOI IIJILHICTIO YaCTHHOK; iXHBbOW (OpPMOI0 Y
BHUTJIsI/Ii MTOJI0BYKEHOTO eJlirnca (cepeiHe CiBBiAHOIIeH-
Hsl KOpPOTKOi Bici eJiinca o Horo AoBroi Bici — He
MeHLe Hixk 3:1; puc. 3 a); poamipom 10Broi Bici eJinca
B MexKax Bif 5 HM 1o 100 HM; HasiBHICTIO Y CKJIafi yac-
THHOK eJieMeHTiB Pb i S, 1110 6y/iu BU3HaYeHi METOI0M
EEJIM (puc. 3 6, B).

[1pu BUBUEHHI 32 1OMOMOTOIO PACTPOBO] €JeKTPOH -
Hoi Mikpockonii dopmu, po3mipiB i ximiuHoro ese-
MEHTHOIO CKJIaly YaCTHHOK 3 Npo0 MoBiTps, Biniopa-
HHX Ha Pi3HHX eTanax BiATBOPEHOTO B €KCMEePHUMEHTI
TEXHOJIOTUHOTrO MPOoLeCy peKyrnepauii CBUHIIIO, BU3HA-
yaJsiacsl omitHa ixust BapiaGeJibHicTb. Tak, Ha eTanax
po3irpiBy, poO3MJaBJEHHS Ta BUIIABKM CBHUHLIO B
MOBITPi MepeBaXKaji YaCTUHKU 3 CEPEAHIM po3Mipom
joBroi Bici B mexkax Bin 10 um 1o 50 um (puc. 4).
Pazom 3 11uM Ha eTanax 3HiMaHHsI CBHHIIEBOTO JIpOCY
Ta PO3JIMBY CBUHIIO Y (hOPMHU B TIOBITPi MepeBakasiu
eJiinconoi6Hoi GopMU YACTHHKU 3 CEepPeJIHIM PO3Mi-
POM JI0Broi Bici eJirca, 1o KOJMBaBCs B MexKax Bill
20 um j0 60 um (puc. 4).

[Ipu uboMy HeOOXiIHO BIIMITUTH, L0 Ha LIUX eTanax
TEXHOJIONYHOTO MpoLecy peKyrnepatlii CBHHIIO B MPo-
6ax MOBiTPsl BUSBJ/ISIIUCS YACTHHKH, y SIKHX PO3Mip
nosroi Bici nmepepuuryBas 100 um, 150 HM i HaBiTh

TaGnuug
XimiuHMii cKJajl 3BaXKEHUX Y MOBITPi HAHOYACTUHOK, BiliOpaHUX s aHAJi3y Ha
OCHOBHUX €Tanax TEXHOJIOTiYHOro Npoliecy peKynepaiii CBUHIIIO
ETan TexXHoJI0riYHoro CepeHe 3HAYEHHS KOHIEHTpaNii XiMiunux pedoun, 103 mr/m3
npouecy CBHHENIb | OJIOBO | KpeMHill | cypMa | KaJabuii | kagmii IUHK Miab
Posirpis, po3iuiaBieHHs Ta
P15, P 0,13 4,76 0,01 1,61 0,11 0,20 0,91
BUIIJIABKA CBUHILIO
3Himal c €BOI'0 JIPOCy Ta
HIMAHIA CBHHICBOTO APOCY Ta | 39 5,49 120,27 0,06 240,0 0,26 7,50 1,80
PO3JIUB CBUHLIIO Y (popMHU
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SEMHV: 100KV | WOi200mm || ([0

\riew field: 3.02 ym Det: InBeam 500 nm
SEM MAG: 95.8 kx

Puc. 3. Eaekmporoepana narowacmunok 3 npobu nosimpa (a) ma ix idenmughikayis sa cnekmpom EE/IM (0, 8):
Q) — HAHOYACTMUHKU cYrvgioy csuryio y hopmi sumsaenymoeo erinca, poamipon 8id 10 do 100 nm; 6) — cnexkmp
EEJIM cynogioy csurnyto 3 npobu nosimps, 8idibparoi na emani suniasku csuryio; 8) — cnekmp EE/IM cyavgioy
CBUHYIO 3 NPOOU NOBIMPS, 8i0iOPAHOI HA emani 3HIMAHHS 3 NOBEPXHI POZNAABACHO20 MEMANY CBUHLEB020 OPOCY
ma suausanns memany y popmu. PEM « Tescan MIRAS» 3 cucmemoro EE/IM «Oxford Advanced Aztec Energy
(IE350) / X-max. 80»

200 um (puc. 3 a). 3a TaKUX YMOB y UaCTHHKAX BijIMi-

yajii 3MEHILIEHHS] MOKA3HHKA CIiBBIIHOLIEHHST HOro Size(nm) %Chan Size(nm) %Chan
KOpOTKOI Ta J0Broi Bici g0 3Hauenb — 2:1. ¥ Takux 95 1,4 95 5,6
YACTHHKAX TAKOXK BiIMi4aJiM 3MiHH IXHbOTO €JIeMEHT- 80 6,8 80 9,7
HOrO CKJajly, IO BH3HAYANO0CA 3a HAMBHICTIO B iXHid 70 e 70 5.6
CTPYKTYpi TaKUX ejieMeHTiB, sik Sn, Sb, Zn, Cu, Si ta !
iH. (puc. 3 B). 60 8,2 60 10,2
[lnanom npoBesieHHsT eKCliepUMEeHTaIbHUX TirieH iy - 50 12,7 50 11,9
HUX JIOCJiKEeHb TaKoK OyJ10 nepeidaueHo BUBYEHHS -
BJIACTUBOCTEH aHaJliTUIHUX aepo30JibHUX (IIbTPiB 40 T 49 14,3
tuny ADA («ADA-XA»), a TakoK MeMOPAHHUX MiJli- 30 15,2 30 14,6
nopoBux QiabTpiB «Misinop» i «CuHnop» 3 mMeroro 20 151 20 12,2
OLLIHKK MOKJIMBOTO iXHBOTO BUKOPHUCTAHHS 151 Bin0O-
py npo6 MoBiTPs 3 MoJaNbIIMM BU3HAYEHHSIM KOHLEH - 10 11,3 10 A
tpauii HY ta ixHix ¢isnKko-xiMiuHMX XapaKTepUCTHK. a) 5 8,1 6) 5 3]
Pesysibrati npoBeeHux 10CIiPKEHb MOKA3aJH, 110
NoBepXHsl (MiJILTPYIOYOro MoJIOTHA aePO30JILHOIO aHa- Puc. 4. BionocHuil po3nodis HaHowacmuHoK cyrogioy
gitnanoro ¢imsrpa APA-XA cdopmoBaHa XaoTHYHO CBUHLIO 30 CepeOHiM NOKASHUKOM pO3Mipy 00820i 8ici
pPO3TaLIOBAHUMH BOJIOKHAMM 3 [1€PXJIOPBiHi/IYy TOBLLH- eainca (Me): a) Hanouacmunku 3 npob nosimps Ha
noto Bix 100 um o 200 HM, sIKi He 11iJIbHO MPUJSTAIOTh emani posiepisy, pO3NAABACHHS MA BUNAABKU CBUHLIO;
OJIHE JI0 ONHOTO, I10 BH3HAYae (POpMyBaHHS y (DiJIbT- 0) nHanowacmunku 3 npod NOBIMPs Ha emanax
pyHOuOMYy T[10JIOTHI HACKPi3HHX MOp PO3MIpOM Bif SHIMAHHA CBUHEB020 OpOCY Ma pO3AUSBY
200 uwm 0 500 HM (puc. 5 a). PO3BNAABACHO20 CBURLIO Y hopmi
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EnekTpoHHO-MiKpOCKOMiUHI HOCKeHHS (DisbTPiB
«Mislinop» BUSBUJIU, 10 HA OBEPXHi HOT0 PIILTPYIO-
4Oro IoJI0THA 3 HITPOLEJII0JI03U PO3TALIOBaHI 3 piB-
HUM KOHTYPOM HACKPi3Hi MOPH OBa/IbHOI 260 OKPYTJI0i
dhopmu, giameTtp sikMX KoJiuBaeThes Bi 70 HM 10 450
HM (puc. 5 6, B). ¥ rIMOGUHI TAKUX [1OP YaCTO BiMiuan
HasIBHICTb JCKIJIbKOX BHYTPILLIHIX NEPETUHOK, YHACJI-
JIOK 4OT0 JliaMeTp HACKPI3HHMX MOpP MOMITHO 3MEHLIYy-
BaBCs, 10CSATAlOUM B OKpeMHX BUnaaxkax 20 HM.

[1pu eseKTPOHHO-MiKPOCKOMIUHOMY JIOCJIi/KEHH]
¢binbrpie « CHHIOP» GYJ10 BCTAHOBJIEHO, 110 TXHE (iJib-
TpyroUe MOJIOTHO Ma€ CKajHy 6araToliapoBy ciT4acTy
CTPYKTYPY, cchopMOBaHy 3 IPiGHHUX HiTPOILE/TION03HUX
106y, 3i0paHuX y JaHIIKKK (puc. 5 ). 3a paxyHOK
Takoi GaraTollapoBOi KOHCTPYKLi ApiOHMX HiTpoLle-
JIFOJIO3HUX JIPIGHOTIO0Y IS PHUX JIAHIIOXKKIB Y (IJILTPY -
H0UOMY MOJIOTHI POPMYIOTHCS HACKPi3Hi TIOPH, JliaMeTp
SKHX Bapitoe y BITHOCHO IIMPOKUX MexKax Bif 20 HM 10
450 um.

[Iupoka BapiaGesibHiCTb po3Mipy Ta TVIMOHHH
HACKPI3HHUX MOpP Yy AOCJIKEHHUX Tl eJeKTPOHHUM
MiKPOCKOTIOM MeMOpPaHHUX aHAJITHUHHX (iIbTPIB
BH3HAUYa€ TOJIOBHY MePEUIKOLy A8 iXHbOTO BUKOPHC-
TaHHsA 3 METOI0 BinOopy 1po6 MOBITPs J/1s1 BUBUECHHS
(hi3MKO-XiMiUHUX BJACTUBOCTEH HASIBHUX Y TOBITPI
HY. Tyt Heo6xinHo BiAMITHTH, 110 LIHpOKa Bapiabesib-
HICTb NOP Y (DiNLTPYIOUOMY TOJIOTHI aHAJITHUHUX (ilb-
TpiB Gyne crnpusty BrpaTi Apionux HY, axi snarui 6e3
3HAYHHMX TEPELIKOA TMPOHUKATH KPi3b BEJIHKI MOpH
AHAJITUYHUX (IJIBTPIB.

TakuM uMHOM, pesyJbTaTH NPOBEJIEHUX eKClepH-
MeHTaJIbHUX JI0C/i/PKeHb HAlaloTh MOSICHEHHST JUIsT THX
JIOCHTb THIOBHX CHTYaLifl, y SIKHX 4aCTO OMHHSIOTLCS
Jlikapi-npognatosiory npu BUpillleHHi HU3KH eKCIepT-
HUX MHUTaHb y MPaLiBHUKIB CBUHUEBUX BUPOOHHUUTB 3i
craxkeM. Tak, 4acTo BiJICyTHICTb JaHUX y CaHiTapHO-
ririeHIYHUX XapaKTepUCTHKAX YMOB Npalli NpaliBHUKIB

OCHOBHHX Mpodeciii CBUHIIEBUX BUPOOHUITB, HaNpaB-
JIEHUX Y KJIHIKY PO(h3axBOPIOBAHb JIJIsi BCTAHOBJIEHHS
3B’513Ky 3aXBOPIOBAHHS 3 yMOBaMH T1palli PO MepeBu-
uiennst [JIK cBuHio y nositpi poGouoi 30HM, He
3aBXKJM CMiBMAAlOTh 3 HASIBHICTIO Y HUX BUPaKEHUX
KJIHIUHHUX O3HaK cBUHLEeBOI iHTOKcHKauii. Ile moxe
OyTH MOSICHEHO THUM, 1110 I0TeNep He 3aBKIU OepyThesl
JIO yBaru MepeKOHJMBI JlaHi, siKi BU3HAYalOTb HasiB-
HiCTb CBUHILIO Y BADOOHUYOMY CepPeOBHUILL, MepeBax-
HO, y hopmi HY. MeTomosioriuni moMuIIKH, 110 10MycC-
KaloTbCsl HA eTari Binbopy npob MmoBiTpsi NpH Mnpose-
JIEHH] Tiri€eHIYHUX JTOC/IKEeHb YMOB Ipalli, CTalThb Ha
3aBajli OTpUMaHHs 00’ €KTUBHUX JIAHWX HIOJ0 TirieHiu-
HOI OLIHKK YMOB Ipalli, a BiATakK, MOMHJIOK IPH BUPIi-
LIEHHI eKCIIEPTHUX NMUTAaHb VI NPALLIBHUKIB CBHUHLLE-
BHX BUPOOHUIITB 3 TiI03pOt0 Ha XpOHiuHe npodeciiiHe
3aXBOPIOBAHHS.

BucnoBku

1. ITpu BixTBOpEHHI B J1abOpaTOpHUX yMOBax ekcrie-
PUMEHTAJILHOI MOJIeJIi TEXHOJIOTIYHOTrO Tpollecy
pexynepatlii CBUHIIO BHSIBJICHO BUINECHHS B MOBi-
Tpsl 3BAXKCHHUX YACTHHOK, KOHLIEHTPALifl fKMX Ha
pi3HHX eTanax nepepuiiyye (hOHOBI 3HAYEHHS B 2,6—
6,4 pasy. Bcranosaeno, mo 88,2—95,1 % ycix
3BAXKCHUX Y TOBITPI YACTHHOK MpPEJCTaBJIECHI Yac-
THHKaMH HAaHOPO3MipPHOTO JiarnazoHy 3 MakKCHUMaJlb-
HUM IXHIM PO3MOJIIEHHsIM y (paKLisix Bix 5 HM 10
30 HwM.

2. ExcriepuMeHTa/NbHO JIOBEAEHO, 1O B Mpoleci
BUIJIABKH BTOPHHHOTO CBHHLIIO HAaWiHTEHCUBHilLIA
eMicisl B MOBITPsl 3BayKEHHUX YACTHHOK BilOyBaE€ThCs
Ha eTanax BUKOHAHHSI TEXHOJIOTYHHX OIlepaLlil,
MoB’sI3aHUX 3 pO3irpiBoM, pO3MJaBJeHHS M i
BHIJIABKOIO CBHHIIO Ta MPH PO3JHUBI rapsyoro
MeTasy y hopMH.

AT TERCEN

Puc. 5. ¥aompacmpykmypHra xapaKmepucmuka nogepxmi mMemoparnux anarimuunux girompis: a) APA XA-20;

6, 8) «Mirinop»; e) «Cinnop». PEM
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OPHTIHAMbHI CTATTI

3. HocuikeHHsT CTPYKTYpH Ta (hi3HKO-XiMiUHHX Xapak-
TEPUCTUK YACTHHOK 3 MPoO MOBITPSl, BitibpaHux st
aHaJligy Ha pi3HUX eTarnax BilTBOPEHHS €KCIIePUMEH -
TaJIbHOT MOJIeJ1i TEXHOJIOMYHOIO MpoLecy pekynepa-
i cBuHIIO 3a nonomoroto Metonxy PEM nokazanu,
1110 Gi/bIIICTL YaCTHHOK 3 1TPO6 MOBITPst MaJiu hopmy
MOJIOBXKEHOr0 KOHyca 3 poamipom Jioeroi Bici 5—100
HM. ¥ TakuX YaCTMHOK po3Mip OiJblIoi Ta MeHIIOoi
Bici XapakTepuayBaBcsi criiBBifHoleHHsIM 3: 1. Pazom
3 UMM Yy npobax noBiTpst 6yJM MPUCYTHI Takoi camoi
thopMH UaCTHHKH 3 po3mipoM Gisbiioi Bici 100—200
HM, Y SIKMX CMiBBiIHOLLIEHHS Oi/iblIO] Ta MeHIO] Bici
yacto nopiBHioBasio 2:1. Taki jani paoth nigcraBu
JUIsl BU3HAUEHHsT PO3PaxXyHKOBHM METOJIOM MOKa3HH-
Ka cepenHboi Mol nutomoi mnomepxui HY, 1o
HaGyBae TPOBIIHOTO 3HAYEHHS /IS OLHKU iXHbOI
Hebe3MeKH.

4. 3a pesynbratamu XiMiKo-aHaJiTHIHUX JOC/IKEHD
3Ba’KEHHUX y MOBITPi YACTHHOK BCTAHOBJIEHO, 110 32
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Bcemynaenue. B YKkpanHe npo6jiemMa OrlacCHOCTH CBMHIIA MPUBJIEKAET 0cO00e BHUMAHUE B CBSI3U ¢ aKTUBHBIM Pa3BUTHEM B
MOCJICAHUE JEeCATUIETUSI PaHee OTCYTCTBYIOIIMX OTpaciieil MPOMBIIIJICHHOIO MPOM3BOACTBA, CPEIU KOTOPBIX BEayllee
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3HaUY€HME KMMEIOT MPOM3BOACTBO CBUHIIOBO-KUCIOTHBIX aKKyMYJISITOPOB M OaTapeil M BbIIJIaBKa BTOPUYHOTO CBUHIIA.
[TpoMblIiIEHHbBIE a9P030J11, KOTOPbIe 00pa3yIOTCs U BBIACISIOTCS B BO3AYX MPU MPOU3BOICTBE U UCIOJIb30BAHUU CBUHIIA,
XapaKTepu3yloTcd HaauyueM HaHouyactull (HY). OTo coznaeT yciaoBus Uisi pUCKOB 3I0POBbIO pPA0OTAIONIMX U HACEJICHUS.
Llens uccaedosanus — N3yInTh 0cobeHHOCTH aMuccu HY B BO3myx TIpy BOCITPOM3BEIEHUM B 9KCIIEPUMEHTE MOJIETH TeX-
HOJIOTMYECKOTO TIpoliecca peKyrepauy CBUHIIA.

Mamepuanvt u memoos! uccredoganus. DMUCCUIO B BO3AYX B3BEIICHHBIX YACTUIl U3yYaau C IMOMOIIbIO 1uhGY3MOHHOTO
aspo3sosibHoro criekrpometpa «JIAC 2702» (AepoHanoTex). Pazmep, hopmy, ctpykrypy HY onpenensiiu MmeTonom auHa-
Muyeckoro paccesiHusi ceera («DinaSizer», [epMaHusi), a Takxke METOAOM PacCTPOBON 3JEKTPOHHON MUKPOCKOTUU
(POM; mukpockon «Tescan MIRA3»). XuMuueckuii cocTaB BEeIIECTB UCCAEAOBAIM METOJOM aTOMHO-3MUCCUOHHOM
CIIEKTPOCKONIUN C WHAYKTUBHO-CBsI3aHHOU 1a3moil (ADC-UCIT) ¢ momompio ADC «Optima 2100 DV» («Perkin-
Elmer», CIIIA).

Pezyassmamer. Pe3ynsraTsl UCClieIOBAaHUI MOKA3alIM, YTO MOYTHU BCE OCHOBHBIE dTAIbl TEXHOJIOTUUECKOTO Mpoliecca peKy-
nepanuy CBUHIIA, CBS3aHHbIE C PAa30rPeBOM, PACIIaBIE€HUEM, BBIIJIABKOW U pa3IMBOM CBUHLIA, XapaKTEPU3YIOTCS BbICO-
KM ypoBHeM sMuccuu B Bo3ayx HY cBuHIIA, 4TO HEOOXOAMMO YYUTHIBATH MPU MPOBEACHUU TMTUEHUISCKON OIEHKU
YCJIOBUI Tpyna U MpodecCUOHAIBHOTO PUCKA, a TAKXKE MPU pa3padOTKe U BHEAPEHUU MPODUIAKTUYECKUX MEPOTIPUSITHUIA,
HarpaBJIeHHBIX Ha COXpaHEHUE 30POBbsl pAOOTHUKOB CBUHIIOBBIX TTPOU3BOJICTB.

Bb1600bi. YcTaHOBNIEHO, UTO TEXHOJOTUYECKUI TPOIECC peKynepalny CBUHIIA XapaKTePU3yeTCs BhIAEIEHUEM B BO3IYX
B3BELIEHHBIX YaCTHUIl, KOHIIEHTPAIlMsI KOTOPBIX Ha pa3HbIX 3Tanax MpeBbilaeT (OHOBbIE 3HaueHUst B 2,6—6.4 pasa.
JoxkazaHo, uto 88,2—95,1 % Bcex B3BellIEHHBIX B BO3IyXe YaCTHUIl UMEIOT pa3Mepbl, KOTOPbIE OMPEAE/ISIOTCSI HAHOMETPO-
BbIM nuanazoHoM (1—100 HM) ¢ MakcUMyMOM MX pacripeneieHust Bo ¢pakuusax 5—10 um, 10—15 Hm u 15-20 HM cooT-
BeTcTBeHHO. [TokazaHo, uTo yBennueHue amuccuu HY B Bo3ayxe conmpoBoXkaaeTcst yBeIMYeHUEeM KOHIIEHTPAIlMK CBUHIIA,
KOTOPBIH OTpeneisieT OCHOBHBIE (DM3NKO-XUMUIeCcKre XapakTepucTuku 3tux HY.

KaroueBpie ciioBa: HAHOYACTHUIHI, IMHCCHSI B BO3AYyX, PEKynepanus CBHHIA, JKCIIePUMEHTAJbHAST MOJeJ]Ib

Lugovskiy S. P., Demetska O. V., Didenko M. M., Melnyk N. A., Movchan V. O.,
Andrusyshyna I. M., Skoryk M. A.

REGULARITIES OF EMISSIONS OF WEIGHED AIR PARTICLES ON MAIN STEPS
OF THE EXPERIMENTAL MODEL OF LEAD RECUPERATION

State Institution «IKundiiev Institute of Occupational Health of the National Academy of Medical Sciences of
Ukraine», Kyiv

Introduction. In Ukraine, the problem of lead hazards attracts special attention in connection with the active development of
previously absent industries, among which the leading place is taken by the production of lead-acid batteries and accumula-
tors and the smelting of secondary lead. The industrial aerosols that are formed and released into the air during the production
and use of lead are characterized by the presence of nanoparticles. This creates conditions for risks to the health of workers
and the population.

The purpose of the study was to study peculiarities of nanoparticle (NP) emission into the air when reproducing a model of the
technological process of lead recovery in the experiment.

Materials and methods of the study. The emission of the air suspended particles air was studied using a «DAS 2702» diffusion
aerosol spectrometer (AeroNanoTech). The size, shape, and structure of the NPs were determined by a dynamic light scat-
tering («DinaSizer», Germany) and, also, by the raster scanning electron microscopy (REM, Tescan MIRA3 microscope).
The chemical composition of substances was studied with atomic-emission spectroscopy with inductively coupled plasma
(AES-ISP) using the «Optima 2100 DV» (Perkin-Elmer, USA).

Results. The results of the research showed that almost all main stages of the process of lead recovery related to heating, melt-
ing, smelting and casting of lead are characterized by a high level of emission of lead nanoparticles into the air, which should
be taken into consideration in hygienic assessment of working conditions and occupational risk as well as in development and
introduction of preventive measures aimed at preserving the health of workers engaged in lead production.

Conclusion. It is established that the technological process of lead recovery is characterized by the release of suspended par-
ticles into the air, the concentration of which at different stages exceeds the background values by 2,6—6,4 times. It is proved
that 88,2—95,1 % of all particles suspended in the air are with dimensions that are determined by the nanometer range (1—100
nm) with a maximum of their distribution in 5—10 nm, 10—15 nm and 15—20 nm fractions, respectively.

It is found that the increase in the emission of nanoparticles into the air is accompanied by the increase of lead concentration,
which determines the basic physico-chemical characteristics of nanoparticles.

Key words: nanoparticles, emission into the air, lead recuperation, experimental model
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