YUCJa 3JIEMEHTOB, TAK HA3biBaeMass MHOT03JeMeHTHOCTh aHAJNW3a.
Hpyroe BaxHOoe TpeGoBaHHe 3aKNOYAETCS B MOCTHIKEHHH BO3MOXK-
HO Oombulefi 9yBCTBHTEJABHOCTH, UTO IO3BOJISICT MCIOJb30BATH [JIst
aHanw3a HeaHAUYHTENbHBle KOJHUecTBA HcchenyeMmbix o6pasnor [lo-
MHMO 3TOT'0 HeMajOBaXXHOe 3HAaYCHHe HUMeeT GHCTpOTa NpOBeseHUd
aHaausa. Hr onuH M3 MIHMpOKO OpuMeHSIeMBIX aHANUTHUECKHUX Me-
TONOB HE MOKET YIOBJETBOPHTb BceM 3THUM TpeGoBaHusaM Mero-
AOM pEeHTreHO-GAYOPECHeHTHOr0 aHAMH3d MOXHO OHOBPEMEHHO
onpenenute 10—15 snemerntoB. OrpanMueHHOe YHCIO 3JEMEHTOB
onpenesifieTcss NpH NPHMEHCHWH 3MUCCHOHHOR M aTOMHO-abcopOuu-
OHHOR cnektpoMeTpuu. HelTpoHHO-aKTHBAIHOHHBIA aHANN3 HVeEeT
HeCKOJIbKO 6oJiee IHPOKHH JHAN&30H ONpPeENsieMblX IEMEHTOB —
10 30 smementoB HauGomee cyuiecTBeHHBIM HEJOCTATKOM  BCEX
3THX METOHOB SIBJSIETCS] HX CEJNEKTHBHOCTb, T. €. BO3MOXKHOCTH MO-
Jy4eHHS] OOIIMPHOH aHAMUTHUECKOH HHGOpPMAIBM JJIS OJHHX 3Je-
MEHTOB H OTCYTCTBHE BO3MOXHOCTH NOJYYHTh HEOOXOAHMBIE fAaH-
Hble [IPK onpefeNIeHHH APYrHX 3JEMEeHTOB.

OnHa W3 pa3HOBHAHOCTEH MAaCC-CIEeKTPOMETPHUECKOro HCC.Ie0-
BaHHSI BO3AYIUHBIX MPUMEceH, CpABHHTCNIbHO HENABHO NOJYUYHBIUAS
HIHPOKOE pacnpocTpaleHHe NS ONpeleNeHUsl 3JeMeHTHOro cocra-
Ba 4acCTHI, HAaxXoAslUXcd B 3arpSI3HCHHOM BO3/yXe, HOCHT Ha3Ba-
HHe HcKpoBod Macc-cnektpoMerpun (MMC). Kak BunHo H3 Haspa-
HUsl, B J4HHOM MeTOde AJs 00pa3oBaHHUsl 3apsKeHHbIX YacTHL B
HOHHOM HCTOYHHKE UCNONb3YeTcst MCKPOBO# pa3pan. B Bricokouac-
TOTHOM HCKPOBOM HCTOUHUKe 06pa3yloTcsl TNaBHBIM 00pas3oM OfHo-
3apsaaHble MHOroaToMHBle woHB. KonHyecTBo o6pasymouiuxesi MHO-
ro3apsifHEX MOHOB NoHWKaeTcsd B 0—I10 pas Ha KaXAywo cTyneHb
nonmsanuu. Iloatomy nna ananuza g MMC ucnosab3ylT B OCHOB-
HOM OJHO3apsiiHEIE HOHBL.

Hoxusupyromuit uckpopoil paspsim obpasyercss nof ACHCTBHEM
UMIyJbCHOTO BbIcOKOro HanpsixkeHHa (D0—100 kB) mnepemennoroe
TOK4, MEXAy IBYMSI 3JICKTPOAAMH, OlHH M3 KOTOpPHX O0OBIYHO 3a-
Kmouaet B cefe matepuas Hecneayemoro obpasua. [lomHMo Hekpo-
BOro paspdafia B npHGopax 3TOro THNa HOHH3alH ATOMOB HCCHe-
ayemoro o6pasla OCYU[eCTBJISETCA TakKXe AYTOBBIM paspsaoM.
Ilpu 3TOM Jjyra 3aXKHraercsg HMNYJbCOM BBICOKOIO HalpsKeHHs
a 3aTeM noagepXupaetcs npubauautenbHo 100 MKC HM3KHM NOTEH-
IIHanoM HOCTOAHHOrO ToKa., Tak Kak 3apsiKeHHble YacTHOH B 6O-
Jiee BBHICOKHX COCTOSIHHAIX HOHM3alMH 00pasyloTcss B 3HAUMTEJBHO
GodbllleM KOJMHUCCTBE, YeM IpPH HCKPOBOM paspsifie, B COOTHOILUEHHE
MeXKay ORHO3aPAAHBIME M MHOro3apsiHbBIME HOHAMH He H3MEHS-
eTcsl BO BpeMCHH, TO B Cllydae HOHM3alBW AYTOBBIM pAa3psiioM sl
aHannsa HUCHOJb3YIOT BCe BHALEL obpasymouiuxcsa noHoB. Hepoctat-
KOM 3TOTO MeTONda HOHH3ALMH [0 CpaBHEHHI0 ¢ HOHHU3AaUHeH BHICO-
KOU4CTOTHHIM HMCKPOBBIM Pa3psiioM SIBJASOTCA 3HAYHTENbHBEE TPya-
HOCTH, BO3HHKAWOU[He NpH aHanuse o6pasioB, MIOX0 NPOBOASLIMX
JeKTPHUCCKHH TOK.

H3-3a Gosblioro pasbpoca no HEPruHsiM HOHOB, 06Pas3yOLIMXCS
IIPH BHICOKOYACTOTHOM HCKPOBOM H [IyroBOM pa3psinax, BO BceX
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Puc. V.9. Cxe-
Ma Macc-CleKT-
pomerpa _ Mar-
tayxa — I'ep-
pora:

J — UCTOYHHK
HOHOB, 2-— BXOH-
Hgag 1uelb; 33—
aNeKTPOCTATHR.-
cKkuft cektop; 4—
MATHHTERIl CEKTOP;
5 — doTonnacTun-
K4; 6 — feTeKTop.

MacC-CICEKTPOMETPAX TAKOrO THNA JAJSl pasfelieHHs NyYKOB 3aps-
JKEHHBIX 4YacTHI[ OOBIYHO HCNONb3YIOT MaCC-aHAJIH3aTOPHl C JIBOH-
noit ¢okycupoBkoit (Matrayx — I'epiior) ¢ onpeneneHHO# nocie-
JOBAaTEJbHOCTBIO 3JEKTPHUECKHX M MATHHTHHIX IoJded. IlpuHuunu-
anpHas ¢XxeMa Takoro npHbGopa H3o6pamxeHa Ha pHc. V.9. B stom
ciydyae CHcTeMa Lened (GOpMHPYeT TYYKH MOHOSHEPreTHYeCKHX
HOHOB, OGpa3ylomKXCs B 3JEKTpocTaTHyecKoM cextope. HMoHHo-on-
THUECKAs CcHCTeMa, HMeromas reoMetpuwto Martrayxa-Tepuora, ¢o-
KycHpyer H3o0pameHHe BHIXOIHOH Ie/H HCTOYHHKA [ BCEX
YOHOB Ha OAHY (OKANBHYI) NJOCKOCTb. 3TO TO3BOJISET HCIOJb3O-
BaTh (POTOMNACTHHKY JAJst OJHOBPEMEHHOH DErucTpalid HOHOB B
JNOBOJABHO INHPOKOH MaccoBoil obsactH (Am=~300 a.e.mM.) npH
TIOCTOSIHHOM TIOJIE MarHHTHOrO CEeKTopa. Takoi MeTOA perncTpallHH
JIETKO TIO3BOJAET NPOBOAHTL NOJYKOJHYECTBEHHYIO OLEHKY COAED-
XaHHsl 3JIEMEHTOB B HCClenyeMoM obpaslie ¢ NMOMOLIBIO aBTOMa-
THYECKOIQ JCHCHTOMETpa 110 HMHTEHCHBHOCTH 3aTEMHEHHf JIMHHH Ha
POTONJIACTHHKE.

[lpy upeHTHOHKAUHH 3JEMEHTOB aHaJH3HpyeMoro ofpasia mo
IaHHLIM, TOJIyYeHHBIM TNPH perHcTpaldH Macc-CleKTpoB Ha ¢oTo-
MJAaCTHHKAX, OObIYHO HCNOIb3YIOT JHHHH, COOTBETCTBYIOLHE OJHO-
¥ MHOTO3apsifHBIM MOHOATOMHHIM HOHaM. CTeleHp IIOYEepHEHHS! H
TIOJIOXKEHHe JIMHHE B MacC-CIEKTpax cofepxar B cefe HeoOXOnH-
mMy1o wpHbopMauHIo JJs onpeleenHs sjneMeHToB. CaMo cofoil pa-
3yMeeTCs, 4T0 HHTEprperansi 3THX JHHHH BO3MOXH4 TOJIbKO B
TOM CJlyyae, eCi¥ JHHHH Ha (POTONJIACTHHE YETKO Pas/IHUHMBI.
B HekoTopuIx ciyuasx, Korjia HelOCTATOYHOE Pa3perieHue HCIob-
3yemoro npubopa He TMO3BOJSET PAa3NHYHTL PACCMaTPHBAEMBIE JIH-
HHH, JJIs HACHTHQHKAUMH LesecoobpasHo HCNOJb30BaTh  JIHHHH,
COOTBETCTBYIOLIHE MHOrO3apfiIHLIM HOHAM.

CymecrseHHyr0 HHOOpPMAIHIO NPH OTpefesIeHHH 3JeMeHTOB 3a-
KI0yalT B cefe COOTHOUIEHHSI HHTEHCHBHOCTEH, COOTBETCTBYIO-
OILHX pa3nHYHLIM HOHH3AaUHOHHBLIM COCTOSIHHSIM, KOTOPHIE 3aBHCAT
OT 37eMeHTOB 00paslla M THNA HOHHOrO MCTOYHHKA. OTH JIHHHH
HCNOJb3YIOT TPH ONPENEJIEHHH KOHIEHTPAUMH ONpefelsieMblX 3Jie-
MeHtos. CJienyeT HMeThb B BHAY, YTO OCTATOYHBIE rasel (HampHMep,
N+, Not), sjementul BXOASIIIME B COCTaB MarepHasja HCTOUHHKA, a
TaKXe YrJesofopoibl MOTYT HCKa)XaTtb NOJyyaeMble Macc-CIIeKT-
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pBl, YBENIHYHBAs HHTEHCHBHOCTB  CHTHANOB COQOTBETCTBYIOILLHMR
HoHOB. Kpome TOro, caefyer yYHTHIBATh BO3MOXXHOCTB IOSIBAEHUS
TaK Ha3blBAaCMBIX JHHHI [epeHOCa 3apfajia, BO3HUKAKILUMX 3a CYeT
H3MeHeHH HOHHM3AUHOHHBIX COCTOSHME MHOTO3apsiiHBIX HOHOB B
KpaeBoM @[oje 3nektpoMaruurta. JHas pyTHHHBIX HCCReNOBaHHIM
OORIYHO He TpebyeTcsi BLICOKOI'O paspelieHHs, U [M03ITOMY HCIOJb-
30BaiHe TaKOH MeTOAMKH HevenecOOOPa3HO W3-3a OOJBIIMX — 3a-
TpaT BpeMeHH Ha DPOBefeHHe aHalln3a C AETEeKTHpPOBaHHEM HOHOB
Ha (doTonnacTuike,

JerektHpoBande 06pa3yrUIMXc B HCTOYHHKE HOHOB MOXKET
OCYyILECTBJIATRCH TakKe B peXHMe aBTOMAaTHYECKOro H3MeHeHHs
MATHHTHOTO 1OAY. JTOT CHOcO6 perucTpalMu  HCKPOBLIX — Mace-
COEKTPOB HMeeT JBe Pa3HOBHIHOCTH.

B onHoM cnydyae npu HenpepnBHOM H3MEHEHMHM MAariMTHOIO MO-
Nl pasnuyHble BHAL HOHOB, NOCAElOBATENbHO AOCTUTAs ACTEKTO-
pa, PerHCTPUPYIOTCS B TeueHue KpalHe MalJiblX OTPEe3KOB BpPeMeHH.
[lonyuennsle TakuM cnocoGoM MacC-CHEKTPH MOryT GBITH HCIOJb-
30BaHBl TOJBKO IPH KaueCTBEHHLIX OLlEHKaxX H3-3a HJOXOH BOCIpO-
H3BOJHMOCTH, CBfI3aHHOW ¢ HeCTaOHABHOU paboTOll MOHHOTO HCTOY-
HHKa [pH HMCKpPOBOM M JyrosoMm paspsanax. HeopnopomHocts 06-
pa3ia cylleCTBEHHO CHMXKAeT TOYHOCThH Pe3yJbTaTOB, HNOJYYCHHBIX
B xone aHanuaza. Cyeflyer Takxe OTMETHTB, YTO YYBCTBHTEABHOCTH
TaKoro MeTola HeTeKTHPOBaHNA, KakK [OpaBHJIO, HHXKe, yeM IpH
perncTpanyy HOHHBIX NYYKOB Ha (OTONNAaCTHHKE.

Eile onHa pasHOBUAHOCTh 3JIEKTPHUYECKOrO JeTeKTHPOBAaHHS 3a-
KJK4YaerTcs B PErHCTpanyy BHIOpaHHBEIX XapaKTepHCTHUECKUX Mac-
COBHIX JIHHHMI 3JIEMEHTOB HOyTEéM aBTOMaTHUYCCKOTO IepeKJueHUs
HaIpsi?KCHHOCTH MAardHTHOTO HOJSl WJIH YCKOPSIIOLIETo M (QOKYyCHPY-
wIiero Hanpsekedpil, Ilpy 370M HOHHBIE TOK, COOTBETCTBYIOLLME}
KaxX70My BBhIOpaHHOMY BHNy HOHOB, MHTErpHpYyeTCd B TeueHHe
3HAUHTEJBHO OO0JbHICTO NPOMEXYTKa BpeMeHH, YTO IO3BOJIFeT
«CrJ1aXKMBaThy HeCcTaOMMBHOCTh HOHHOTO TOKa pPaspdafHOrc HUcTou-
HHKa ¥ yMEHBUINTEH BJAHfIHHE HeOQHOPONHOCTH ofOpaslla Ha pe3yihb-
TaThl aHaJmM3a. YBeJHueHHE BPeMeHH perucrpauii o0yCIOBAMBaECT
TaKKe 3HauuTeJIbHOEe IOBHIILIEHHE YYBCTBHTEJNBHOCTH 3TOrO CIOCO-
6a OeTeKTHpPOBaHHs IO CPaBHEHHIO C TAaKOBOU B MeTONle MOCJeIO-
BaTeNbHOro ¢KaHmMpoBamusi Bcex MaccoBmx JiuHmil. [Ipumencune
TeXHUKH AEeTCKTHPOBaHMsi BLIOPaHHBIX HOHOB [pH aHanH3le oOpaas-
UOB, cOofep»aliX HEH3BeCTHHE 3Je€MEH1H, CBA3aHO CO 3HAYHTENb-
HBIMH TPYJAHOCTSIMH, 4TO SIBAfETCA CYLleCTBEHHBIM HEAOCTaTKOM
3toro Merofa. OHAKO 3JIeKTpHuUecKOe JETeKTHPOBaHHE, COKpallasd
Bpeusi, tpebyemoe Ins ananp3a, genaer meron HMMC npuromupimM
IJsi PYTHHHON 3KCONYATALMH, MODYCKalolleH MpoBeneHHe HCCNeno-
BAHMIi NpH OTHOCHTENHHO HU3KOM paspellenuH. bnaropapsi 3tomy
HCKPOBYI0 MACC-CIEKTPOMETPHIO NPHUMEHSIOT IPH ONpelleseHus 3je-
MEHTHOINO COCTaBa CJENIOBBIX 3arpsf3HeHHii B a3p030JdX YrOJbLHOH
DLIAH B OPOAYKTaxX rasu(uKaliy KaMeHHBIX yraeil.

Kak orMmeuasoch BhiUle, HCKPOBOH (AyroBoil) pa3sp#n oOpasyert-
Cs MEXNY 3JeKTPORAaMM, COCTOSILIMMH M3 HccnefyeMoro ~6pasna

292



¥ Tokonposofsiuiero Matepuana. OOpyeo yacTHin 06pasla, €O-
cTOoAUINC MPEHMyHIECTBEHHO M3 altOMOCHJAMKATOB, OKCHAOB MetaJd-
JIOB, MJIOX0 PaCTBOPHUMBIX CYNbGATOB M OANBIIVX UM MEHBIIHX KO-
JMYECTB YIrNepoAcoAepKalux (pakiuui, HenoCpeACTBEHHO CMELIH-
BAlOT C IOPOLIKOM TOKOMPOBOMASIIErO MaTepuana M INpeccyloT B
6pHKeTEl TpebyeMBIX pa3mepoB. KpynHble uacTHIE JeTyuel LY
¥ OCaJlKOB, NpeABapHUTENBHO HM3MENbualoT, OTCEHBAIOT IOMOreHHYIO
¢pakuuio (0,044 mMm), 3ateM CMCIUMBAIOT ¢ IOPOIIKOM IIpOBOAS-
Hjero MatepHana H IIPECcCyIOT 3JeKTpoAwl. Wcnosb3oBalue 6onee
MeJIKHX (pakuuil MoKeT NMPHBOJAUTE K HEOLHOPORHOCTH 3JEKTPO-
JOB, YTO CKa3blBaeTcsi OTPHIATEeNBHLIM 00pasoM Ha pe3ynbTaTax
aHaan3sa. Cneflyetr HMeTh B BHIY, YTC B IIpOllecce H3MeJNbYeHHs 06-
pasloB BO3MOXHBI IIOTEPH NErkKHx (Qpakiuil; KpOMe TOro, yBeJH4YH-
BAaeTCsi BEPOATHOCTh 3arpAsHeHMs HccnenyemMoro o6pasna IOCTO-
POHHMMH TIpHUMeCSiMHM, a 3TO KpakHe HeXeJaTeabHO, 0CODEHHO MpH
ONpeJieJieHHN CJCOBLIX KOJHIECTB.

AnanmaupyeMue o6pa3mpl XMIKHX a3posonefi ynapuBaloT Ha
H3MEeNbYCHHOM TOKOMPOBOASALIEM IOPOHIKE W 3aTE€M MPECCOBAHHEM
H3roTaBJAUBAIOT JeKTPOAL. B KauecTBe npoBofsiiero matepuana
OOLIYHO WCMOAB3YIOT MOPOLIOK rpadHTa, Tak KaK HCIOJbB30OBaHUE
ANSl 3T0if 1HeJIM MeTajjIHYeCKHX NODOLIKOB 30j0Ta, cepebpa, aJio-
MHHHSl MOXET NPHUBOAHTH K HepaBHOMepHOMY HcllapeHHI0 ofpaana.
Kpome Ttoro, npu paboTe HCTOYHHKA MOXET H3MCHSITHCS IPOBOJIH-
MOCTh 3JIGKTPOAOB, 4TO NPHBOAHT K IOHHKEHHK BOCIPOH3BOJH-
MOCTH HCKpHI.

Jlng KonuuecTBEHHLIX ONpENesiCHHH B MarlepHan 3JeKTPOJOB
BBOASIT pasnuuHble 3neMeHTH B KauecTBe BHYTPEHHEro craHaapTa.
Haun6onee yacro HCcnonp3yloT Menb, HECMOTps HA AOBOJBHO BHICO-
Koe COfep)aHpe 3ITOTO 3neMeHTa B HCCIeyeMbIX YacTHIax JeTy-
ued nowy. [Ipy aTtom MeAp B obpasnax onpesnensloT KakuM-HUOYNb
IpyruM MeTof0M, HanpHMep ¢ IIOMOLIBIO aTOMHO-aGcopOnHOHHOM
CHCKTPOMETPHH.

Jlononusisi cKazaHHOE, OTMETHM, 4Y4TO 3HaYHTEJbHOE COKpalleHHE
BpeMeHH TpoBeflelMs aHann3a MAOCTHraeTcs aBTOMaTH3allNeH INpH-
60poB M HCIONL3OBAHHEM BBIYUCJHUTENBHOI TeXHHKH. ABTOMAaTH3a-
Ius HCKpPOBOro Macc-criektpomerpa [447] Jeol JMS-01 BM-2
¢ paspeutenem okoso 30000 nossonsier oTneauTh OOJBHIMHCTBO
H3MepPsieMLIX HOHOB OT MHOro3apsilHbIX W MHOFOATOMHBIX  MOHOB.
[Ipw 3TOM HCHOAL3yIOT MArHUTHOe CTYIleHuaTOe CKaHHpOBaHHE H
yIpaBJeHHe MoJeM ¢ NOMOIIbIo MHHH-3BM, KoTopyio npHMeHSIOT
TakxKe Ins oOHapyxeHus ¥ o0paboTKH JaHHBIX.

Takum of6pasom, HCKpoBag MacC-CHEKTPOMETpHsI TIO3BOJISIET
o6HapyXHBaTh M KOJHYECTBEHHO OLEHHBAaThL cofepkanue OGOJBILO-
r0 YuCJa Pas3nMuHLIX 3JeMeHTOB, HaXOAfIMXCH B HacTHIAX, 3a-
rpasHgommEx Bosayx. [lpy 3TOoM BO3MOXHO npoBelcHHe aHalH3a
KaK MeTansoB, TAK H TOKOHENPOBOAALIHMX o0pasnoB. UyBCTBHTEIIb-
HOCTH MeToJa HaMHOrO TPEeBHIlaeT 3TY XapaKTepHCTHKY 3IMHUCCHOH-
HOr0 CHEKTpanbHOro aHajHi3a ¥ He YyCTynaeT YyBCTBHTEJBHOCTH
HEHTPOHHO-aKTHBAIHOHHOrO aHaJiH3a, a B psijle CayyaeB NPeBOCXO-
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