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DJeMEeHTHBIH aHau3 BO3MYIIHBIX a’po30Jieil, HaHEeCEHHBIX Ha (ubepriacoBbie GUIBTPHI, ObLI
MPOBEJICH C MOMOIIBIO MTyYKa MPOTOHOB ¢ Heprued 2 MaB. OgHOBpeMEHHO ¢ HAOOPOM CIIEKTPOB
XapaKTepPUCTUYECKOTO PEHTTCHOBCKOTO HM3JYYCHHS PETHCTPUPOBAINCH CHEKTPHl  0OpaTHO
PacCesHHBIX MPOTOHOB, YTO ITO3BOJIMIIO OINPENEIIUTh KOHIICHTPALMH JICTKUX DJIECMEHTOB B COCTaBe
a’3po30JIeii, a KPOME TOTO, OJHO3HAYHO HACHTU(PHIMPOBATH TSDKEJbIE IPHUMECH M BBIYUCIHTH UX
KOHIICHTPALHIO.

Kniouesvie cnosa: >KOIOTHUECCKHI MOHUTOPHWHI', BO3AYHIHBIC a’poO30JiH, ﬂﬂepHO'(bI/I?sI/I‘IeCKI/IC
AHAIIUTHYCCKHUEC METOANKHU.

BBegenne

HanoHayka ¥ HAHOTEXHOJIOTMM — OJIHHW M3 HanOojee OYpPHO Pa3BHBAIOIIMXCS B HACTOSAIICE
BpeMs cdep uenoBedecKoW JedaTe’lbHOCTH. [IpopBmkeHWe HaydHOro IIO3HAHWSI B TIyOWHBI
HAHOBEIECTBA OCYIIECTBIICTCS CTOJb  CTPEMUTENBHO, 4YTO JI00as XapaKTePHCTHKAa 3TOTO
HampaBJieHUs Bcerja OyAeT 3amas3ieiBaTh. B Hacrosimee BpeMs HCCICAOBAaHUS B 00JacTH
HAHOTEXHOJIOTUI CBSI3aHBI CO MHOXECTBOM CMEXHBIX HAyK, oOJacTeil 3HaHMW U OTpacieil
MPOMBINIUIGHHOCTH, T.€. C TEM, C 4YeM CTAJKMBAETCS YEIOBEK B ITOBCEIHEBHOW XW3HU. HayuHbie
MCCJICJIOBAHUS B 00JIACTH HAHOTEXHOJIOTUH MTO3BOJISIOT TOBOPUTH O PEIIEHUH MHOTHX SKOJIOTHYECKUX
npo0JieM (YTHIIM3alMK OTXOJ0B, OYMCTKE BO3yXa OT BBIXJIOIHBIX ra3oB U T.1.). [Ipu 3TOM ciemyer
OTMETUTh, YTO CO3JaHHE JIUIIb OTHENbHBIX 3JEMEHTOB WH(PACTPYKTYphl HAHOWHAYCTPUH, a HE
UHPPACTPYKTYPHOTLO KOMILICKCA, HAMPABICHHOTO HA MOMJCPXKKY BCEX ATAOB KOMMEpPIHATH3AIMU
TEXHOJIOTHIA, HE ITO3BOJIUT PEIIaTh MpooJeMbl B KomIuiekce [1].

B 'Hactosmiee BpemMsi MOXXHO C VYBEPEHHOCTHIO CKa3aTh, 4YTO aKTHBHOE pPa3BUTHE
HAHOTEXHOJIOTHI BHI30BET PEBOJIOIUIO M B JKOJOTHH. B OnmmxkaiiimeM OymynieM MOTYT MOSIBUTHCS
TaKhue HOBBIC TEPMHHBI, KaK «HAHOJKOJOTHS», «HAHO3AIPS3HEHUE», «HAHOTOKCHUKOJIOTHSD).
OKOJIOTMYeCKUl MOHUTOPHHT B OynmyIieM >kKayT Oonbiiue mnepemMenbl. HeoOxoammo pazpabaThiBaTh
3¢ (eKTUBHBIE METOJIbI OOHAPYKEHHSI HAHOYACTHI] B MPUPOJHBIX cpenax (Boje, BO3AyXe U MOYBE) U
METOJUKH OIPEJCIICHUsI TOKCHYHOCTH HAHOMATEpPHAJIOB, HOPMHUPOBATh COJEP)KAHUE Pa3THYHBIX
HAaHOYACTHII B OKpY>Karomei cpene [2].

MeTtoaunka 3KcriepuMeHTAa

AnepHo-¢pu3NUECKUEe AHAINTHYECKHE METOAWKH, IIUPOKO HCIOJIB3YEMbIE IHS pPEIIeHUs
Pa3IMYHBIX HAHOTEXHOJIOTHYECKUX 3a/1a4 MPUKIIATHOrO XapakTepa [3, 4], B 4aCTHOCTH HCCIeT0BaHUil
3arps3HEHMs] OKpY’Karolleil cpenbl, SKOJOTMH YpOaHM3MPOBAHHBIX TEPPUTOPHHA M T.I., TPEOYIOT
TOYHOH MIACHTUHUKALMU TOKEIBIX MHUKPONpPUMECEl Hapsagy C OmpenesieHHeM KOHLEHTpaluu
3JIEMEHTOB B oO0Opasmax. B Takmx ciydasx WpeanoYTHTENbHBIM OKAa3bIBAETCSI COBMECTHOE
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UCTOJIB30BaHUE METOIUK pe3epdopmoBckoro odopaTHoro paccesaus (POP) nu MOHHOUHIYITUPOBAHHOTO
XapaKTepUCTUYeCKoro peHTreHoBckoro m3nydenus (XPU). Ilpm stom merommka XPU mo3BomsieT
TOYHO HUACHTU(OUIIUPOBATH IOOOH W3 THKENBIX D3JEMEHTOB II0 CIEKTPY XapaKTePUCTHYECKOTO
U3IYy4YCHHSI, a KOHIICHTPAIUS €r0 MOXET OBITh BBIUHCIICHA JOCTATOYHO TOYHO C HCIOJIb30BaHHEM
crriektpa POP [5].

Pe3yabTaThl U HX 00CYIKIEHHE

Abdpo3071, HaHECEHHBIE Ha (QuOepriacoBbie PUILTPHI U3 BO3IyXa, OBUIM MPOaHATU3UPOBAHBI
C TIOMOUIBIO Iy4YKa MPOTOHOB. OmpeiesieHHbI 00beM BO3yXa ObUT MPOKavyaH yepe3 KaKAbIi QUiIbTp.
OpmHOBpEMEHHO C HAOOpOM CHIEKTPOB  XapaKTEPUCTUYECKOrO PEHTTEHOBCKOTO  HM3IIyYEHHUS
PETUCTPUPOBAINCE CHEKTPHl OOpPaTHO PpAcCEeIHHBIX IPOTOHOB, 4YTO MO3BOJMIIO OIPEACNUTH
KOHIIGHTPAIlMM JIETKUX JJIEMEHTOB B COCTaBe a’po3oyied, a KpoMe TOro, . OJHO3HAYHO
UACHTU(QULIUPOBATh TSDKEIblE NPUMECH W BBIUMCIUTh HX KOHLEHTpauuio. YyBCTBUTECIBHOCTH
METOAMKH T03BOJSIET OOHApYKUTh M HMACHTU(GHUIHMPOBATH MMKPOIPUMECH B OOpasle Ha YpOBHE
BIUTIOTH JI0 THICSIYHBIX JOJIEH TpouieHTa. B cocTaBe nccnemoBaHHbIX 00pa3lioB OOHAPYIKEH LIENbIA s
mukpomnpumeceii: F, Na, Mg, Al, S, Cl, K, Ca, Mn, Fe, Cu, Zn, As, Sr, Zr, Ba.

Crektper POP mokaspIBaloT OONBIIONH BBIXOJA PACCESHHBIX MPOTOHOB HAa CaMBIX JIETKUX
anemenTax C, N, O o AByM NpUYHHAM: MPEKJIE BCETO, MOTOMY UYTO KOHIICHTPAIUS 3TUX JIEMEHTOB
BBICOKas, a KpOMe€ TOro, CeueHHEe YIPYroro paccesHus - Jaxe s yria 135° Hocur
HepesepdopaoBCcKuil Xapakrep. JTO 0OCTOATENBCTBO BHOCWIIO AOIOJHUTENBHBIE MOTPEIIHOCTH B
olpeJiesieHNe KOHLEHTPAlMi 3JIEMEHTOB, IOCKOJBKY JSKCHEPUMEHTAIIBHO HW3MEPEHHbBIE CEUYEHUs
paccesHusI TPOTOHOB JJISl 3TOTO YIila OTCYTCTBYIOT M MPUXOAMIIOCH SKCTPANIOIUPOBATh UX 3HAYCHUS
13 U3MEPEHHBIX 110/ OOJIBIINMH YIIIaMU.

Bmecre ¢ tem cmektper POP (puc. 1) comepkar mH(bOpMamuio o paccessHUM Ha Oolee
TSDKETIBIX 2JIEMEHTAaX, /Ul KOTOPBIX OHO Y€ HOCHT Pe3eppOpPHOBCKHI XapakTep M PacCUUTHIBACTCS
JOBOJILHO TOYHO. Jlaxke HeOONBIIOW BBIXOA PACCESIHHBIX IMPOTOHOB HAa JOCTATOYHO TSDKEIBIX
anementax (Fe), koroppie ObLIM 3apervcTpUpOBaHbl Takxke W B crekTpax XPU (puc. 2), maet
BO3MOXHOCTb PacCUUTaTh HOPMHUPOBOYHBIC KOIPQHIMEHTHI Ui BBHIYMCICHHS KOHIICHTPAIMi BCeX
2JIEMEHTOB, HAOJIFOIABIINXCS C TOMOIIBIO IAHHOH METOIMKH.
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Puc. 1. Ciektp mpoTOHOB IS a3p030JIer

Ha pwuc.2 xopomo BHIHO, 4YTO XapaKTePUCTUYECKHE JIMHUHM BCEX ODIIEMEHTOB Kak
K-cepun, Tak u L-cepun 0gHO3HAYHO WACHTUPHULIUPYIOTCA, & UX IUIOMIAH MOTYT OBITh BBIYMCIICHBI C
XOpolel TOYHOCThI0. BMecTe ¢ TeM MHTEHCHMBHOCTH XapaKTEPUCTUUECKUX JTUHHMH I Pa3INYHBIX
3JIEMEHTOB OTJIMYAIOTCA Ha MATh MOPSAKOB. JTO HAKJIaJIbIBA€T OIpE/EeNeHHbIE OTPAaHUYCHHS Ha
CKOpOCTh Habopa crekTpoB. UTOOB YMEHBIINTh BEPOATHOCTD HAJIOXKEHHW MMITYyJIHCOB, HEOOXOIUMO
NOJ/ICP’KUBATh CPEJHIOID CKOPOCTh Ha0Opa CIHEKTPOB Ha JOBOJBHO HH3KOM YPOBHE, a JUIA
HaOJIONEHNsT TPUMECHBIX DBJIEMEHTOB C HHM3KOH KOHIEHTpaluued HeoOXOAMMBI JIOCTATOYHO
JUITUTENIBHBIE IKCITO3ULIUU.
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Puc. 2. Cnextp XPU mns asposzoneit

Takum 0Opa3zom, B cocTaBe 00pa3IoB a’p0o30Jei, OCAKIECHHBIX Ha (PHIBTPax, Yepe3 KOTOpPhIe
NPOKAYHBAIOCH OIPEJETICHHOe KOJMYECTBO BO3/AyXa, OBUIO OOHapyKeHO OK0Jo 20 OCHOBHBIX
QJICMCHTOB U MUKPO3JIEMCHTOB, ITPEACTABJICHHLIX B Ta6J'II/I]_[€.

ATOMHAasi KOHIIEHTPAIUsI )JIEMEHTOB B 00pa3lax aj’po3oJiei

DyieMeHT C N 0 F Na Mg Al Si S Cl
Kon. ar. % 41 20,5 28 2,6 2,5 1,3 1,3 1,8 0,2 0,01
DjIeMeHT K Ca Mn Fe Cu Zn As Sr Zr Ba
Komn. ar. % 0,1 0,53 0,007 0,14 0,002 0,01 0,001 0,001 0,005 0,01

Pacyer KOHIEHTpalMM >JEMEHTOB, 3aperUCTPUPOBaHHBIX MeTtogoM POP, mpoBoauics
TPAAULMOHHBIM IyTEM, KOTOPBIM MOJIOKEH B OCHOBY Pa3JMYHBIX KOMIIBIOTEPHBIX Hporpamm. [ms
o0paboTku ke crmektpoB XPU  ucmonp3oBajiach  3aBUCUMOCTh  CEUYCHHUS  BO30YXKICHUS
XapaKTepUCTHYECKOTO PEHTTCHOBCKOTO M3NIydeHHus ¢ yueroM 3ddexkruBHoctu Si(Li)-merekropa ot
SHEPTUU U3IYUYCHUS, MOKA3aHHYIO Ha pUC. 3.

OTa  3aBUCHUMOCTh  IIOKa3bIBa€T  OTHOCHUTENBHYIO  A(()EKTHBHOCTH  PETUCTpAIUH
XapaKTepUCTUUECKOTO M3ITYUYCHUS ISl Pa3IUUHBIX 3JIeMEHTOB. AOCOIIOTHYIO K€ HOPMUPOBKY MOKHO
BBHITIOJTHATE B TOW OOJIACTH, TJIe HEKOTOPHIE AJIEMEHTHI PETUCTPUPYIOTCS KaK OJHUM, TaK U JPYTHM
MeToqoM. B manHOM cimywae Ttakumu anmemeHTamu Obutn Si m Ca, a mHorma Fe m Ba. Kak BumHo,
ceuyeHus, kak a1 K-cepum, Tak u nns L-cepum TOBOJBHO PE3KO YMEHBIIAIOTCS C YBEIMYEHHEM
SHEPIUH, YTO MPUBOJIUT K OOJBIION pa3HHIIE B CKOPOCTH HAabOpa JTMHUHN, COOTBETCTBYIOIIUX Pa3HBbIM
aneMeHTaM. ECTECTBEHHO, HA 3Ty 3aBUCMMOCTb HAKJIa[bIBalIach KOHLEHTpALUs IpUMEcEd B BO3AyXeE,
B pe3yJibTare, Kak BUJHO Ha pUC. 2, pa30poc B CKOPOCTIX HAOOpa CIEKTPOB AOCTUTAN 5 TIOPSIKOB.
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Puc. 3. Ceuenne Bo30y>k1eHHs XapakTepuCTHUECKOTO n3mydeHus 1t K- u L-cepuii, ”HAyIMpoBaHHOE ITyYKOM
IIPOTOHOB ¢ 3Heprueit 2 MrB
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3akiIouyenue

JleranmpHOE HCCleoBaHNE 00pa3oB (HUIBTPOB C OCAKICHHBIMA HAa HHUX a’pO30JSIMH C
nmomotpio Meronuk POP u XPU moxkasanmo, 9To JaHHBIE a’dpo30ju coaepkaTr okoiio 20 3JIeMEHTOB,
KOHIICGHTpAIM KOTOPBIX U3MEHSIETCS OT AECATKOB aTOMHBIX HPOLEHTOB 10 OJHOW THICAYHON IONH
npoteata. OCHOBHYIO MacCy a’po30jel COCTABIIAIOT JIETKHE OHJIEMEHTBI, TaK YTO CYMMAapHBIH
ATOMHBIN Bec adpo3oseil 15—16 aTOMHBIX eAMHUI]. DTO MOBHIIIAET YyBCTBHTEIHHOCTH 00EMX METOINK
K OoJiee TSDKEJBIM BIIEMEHTaM, YTO TI03BOJISIET OOHAPYKHUTh NMPUCYTCTBUE TAKUX 3JIEMEHTOB, Kak Mn,
Cu, Zn, As, Sr, Zr, ¢ KOHUCHTpaUUsIMH B TBHICAYHBIE JOJIM ATOMHBIX MPOLEHTOB. TOYHOCTBH
OIpeiesIeHHs] KOHLIEHTPALUH 3JIEMEHTOB cocTaBisieT okoio 30 % U ee MOXKHO elle IOBBICUTh, €CIIH B
3TOM €CTh HEOOXOJMMOCTb, ITyTEM M3MEPEHHsI HECKOJIBKUX 00pa3loB, MPUTOTOBIEHHBIX U3 OAHOTO U
TOTO e (QUIIBTpA.

ELEMENTAL ANALYSIS OF AIR AEROSOLS
A.E. LAGUTIN, J.P. LAGUTINA

Abstract

Layers of aerosols, deposited on a high volume fiberglass filter from air, were analyzed using
proton beam. Both the RBS spectrum and PIXE one were stored simultaneously, which allows one to
calculate the light element content as well as to identify heavier elements and calculate their
concentrations in aerosols.
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