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B .. HaCTOSUJtee . BpeMSI MOHHTOpHHI' aTMOC!pepHOI'O B03~YX<!- B 

•. , ' -·. '· • r, , ' . ·, • 

UeJIHX .KOHTpOJISJ: OKpylKaJOmeii cpe.nu, a TaKlKe .UJIH ' ,H3ytteHHH. 
~ - . . .. . . . . . . ' 

pa3JIH'IHbiX npouecCOB. H npOC_TpaHCTBeHHOI'O .. H .. -~BpeMeHHOI:O 

pacnpe.neneHHH .· !iemecTBa a · · ani_octpepe npHo6pen . IUHpoKoe 
. '·' ;...., . . '~ :' . -. . . 

pacnpocTpaHeHHe. llpH 3TOM oT6op npo6 ocymecTBJIHeTCH o6uttHo 

nyTeM np~Ka~KH onpe.neneHHoro 'a6-heMa B03.nyxa ttepe3 -cn~uHaJibH~e 
. • .· ...... . .. . . . . . . . . ''I , . 

lpHJibTpH •. B .pa6oTe paCCMOTpeHO BJIHHHHe. XHMH,eCKOI'O . COC~aBa 

pa3JIH''iHHX · lpH~bTpOB Ha pe3yJihTa~H 3JieMeHTHOI'O aHaiiH3a npo6 ... ~ ' •' . . . . 

aTMOC!pepHOI'O.B03.UyXa.lpH3Htte~KHMH MeTO.UaMH- .HHCTpyMeHTaJibHHM 
• . .·i'-· ' :·· '• •. • . 'J ' .• · .. 1 

HeHTpOHHO._aKTHBaUHOHHHM '( HAA) H peHTI'eHOlpJiyopecueHTHHM :( PctJA) 
• : ,· >1 ••• -... • • •• •• • ., -· •• • 

M8TO.UaMH aHaJIH3a. B CBH3H C MaJibiM a6COJIIOTHHM co.neplKaHHeM 

npHMeCHOI'O B.ell{eCTBa 'B aTMOClpepe BCTaeT BOllpOC 0 KOJIH'IeCTBe. 
, • , '• H.< ' ,.~ ''' 

npHMeCeH pa3JIH'I.HHX 3JieMeHTOB B CaMHX lpHJibTpaX, "TaK KaK 3TO 

KOJIHtteCTBO .B. HeKOTOpHX CJiyttaSIX MOlKe.T, 6UTb cpaBHHMO C MaCCOH 
' .,._., ' ' . ' .. 

onp~~eJISieMux.::~neMeHT6B B npo6ax B03,nyxa. 

' . Hcc~e.nosa.HI£ ·B~JIO~HHCTbie lpHJibTpU, 
• f . ' 

H3I'OTOBJieHHUe H3 

· Ma:ep:HaJIOB . ¢Ill - THna ActJA-:-XA, A¢1A-Xll, cilllA H .np., a TaKlKe 

JiaBCaHOBUe lpHJibTpU (nuclear .pore). B 3aBHCHMOCTH OT .. BH.Ua 

aHaJIH3a . pa3JI_H'IHHe . XHMHtteCKHe 3JieMeHTbi, co.neplKaumecSI B 

lpHJibTpaX, OKa3UBaJOT pa3HOe MeiUaJOll{ee BJIHSIHH~ Ha pe3yJibTaTbi 

. ·aHaJIH3a •. B pa6o.Y.e onpe.neneHo KOJIHtteCTBeHHoe' eo.n~plKaHrre. pSI.na 
' . ;·• ·. . . .. . . 

MaTpHtiHUX, 'H 1IpHM8CHUX 3JI8M8HTOB B lpHJib~pax,. H ! npOH3B8.U8Ha 

.OU8HKa ~KJia,na .llJOJ:Ia , O,T .lpHJibTpOB B 

::~neMeHTOB. 8 ,.npo6ax · B03.nyxa. 

~npe,neJieHHe. KOHU8HTpaUHH 

.. . I 
PEHTrEH041JIYOPECUEHTHLlR A~A;JIH3 llPOB B03.llYXA, llOJIYqEHHLIX C 

HCllOJib30BAHHEM BOJIOKHHCT~X ctJHJibTPOB 

.PctJA ~03BOJIH.eT . O.UHOB peMeHHO onpe,lleJISITb . IIOCJie,llOBaTeJibHbiH. 

PH.Il 3JI8M8HTOB B ,HHTep.BaJie OT Mai'HHSl .llO MOJIH6.nemi IIO K -JIHHHSIM 
. • . . . . • . _. ' (X • 

H .. no L~JIHHHHM (HanpHMep, .cBHHeu) xapaKTepHCTHttecKoro 
, I "" • ' 

peHTI'eHOBCKOI'Q H3JiyqeHHSl (XPH),. ·aTJIHqaSICb npH i3TOM CB08H 
. . . I . 

3KcnpeccHOCThJO H OTHOCHTe~hHo~ npocTOTOH np~ o6pa6oTKe 

,. ..... .-. ....... !-~-··:c-~~-
0 ~- • > :"'-. :-;,.J~-'-'~ ~-n~::i1-:l"ti f · ~ ,. 
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pe3yJihTaTOB. B KatieCTBe. HCTO'IHHKa nepBH'IHOf'O H3JiyqeHHH .ltJlil • 

B036yJK.zteHHil peHTreHOBCKOH !pJiyopecueHUHH B yKa3aHHOM .ztHaHa30He . ' 
XHMH'IeCKHX 3JieMeHTOB HCHOJih3yeTCil peHTreHOBCKail Tpy6Ka, 

ycKOpHTeJih 3apiilKeHHHX 'qacTHU H~i pa.n;Hoa~THBHHH HCTO'IHHK, B 

qaCTHOCTH, 109Cd~ 'lliJHMeHeHHe. p/a HCTO'IHHKa. 241 
Am · paCUJHpiieT. 

I . . 

::ITOT pSI.zt aJieMeHTOIJ .ltD. b6JiaCTH uepHii..:. JiaHT<iHa. 

B:paCCMaT~HB~eMO~ HHTepBaJie 3HeprHH xap~KTepHCT~'IeCKOf'O 

peHrreHOBCK.Of'O H3JiyqeHHil OT !,·2 .!.tO 18 K3B ( B CJiyqae p/a 
. . ,·.. 241 ., . .· .· .. • . • •' 

HCTO'IHHKa Am ·- .!.tO. 35 K3B) MelllaiOmee . BJIHiiHHe . Ha aHaJIH3 
---

OKa3HBaiOT HeCKOJihKO XHMlftieCKHX 3JieMeHTOB: BXO.ztHIUHX B COCTaB 

Ma TepllaJia !pHJibTpOB: TaK, B CJiyqae , qmJihTpOB 'l'mia ,AII>A:...:Xn K 3THM 

3JieMeHTaM OTHOCH~Cil 6poM H ,· oco6eHHO' . x.riop ,· KOTOpue .IIBJIHIOTCH 

MaTpH'IHOH qacThiO !pHJibTpa·, li3r'oTOBJieHIIbr6 H3 nepx . .iiop'smt~.ria. _Ha 

pnc. 1 (BBepxy) noKa3aH · peHTreHOBCKHH cneKTp TaKara !pHJibTpa, 

nohytieHHHH H~ cneKTpOMeTpe MECA 10~44'C peHT~e~OBC~OH ~~y6K~H 
• • • < ' ' • • 

B' KatieC.TBe HCTO'iHHKa', nepBH'IHOf'O H3Jiy'leHHil llpH. U · =35 KB,. 

I=O, 75 MA B 'Te'leHne 300 ·c. B.H.ztHO, qTo . o6JiaCTh . JierKHX . . . . ' ' . 
3JieMeHTOB ( P -, Ca) llOJIHOCTi;Jci noitailJIHeTCH cyMMapHoi .ri:imneH ·cl 

. . .··• . . . . . . ' . ·, '. . . ' . ! . 
Ka, {3 OT ·. MaTpH'I,HOf'O ·xnopa .. llpH yBeJIH'IeHHH· HOTOK~ : nepBH'IHOf'O 

H3JiytieHHil, 'ITO ·MaJKeT .6Hth Heo6x6.n:miio· .ztJI.H . perncTpaUHH JIHHRH 

XPM. MHKporipnMeeeH ··a npo6e~ . Ha cneKTpe . so3Mo'lKHO HOHBJieHRe 

.. HHTeHCHBHilx ;miHHH • ilsoiili6ro H . noc'ne.n:'yl<imHx o.fpaJKe'IiH.H 

perHcTpHpyeMo'ii m1Iili~ cl K~~ ~; . _aari6nH5lm~Hx cne~TP npo6u .n:o ' 

3 HeprnH: "'' tO, 5' K3 B. . AHaJIOf'H'IHa.H cwryaUHH 'B03HHKaeT H • npn 

nccne.n:osamill ripo6 ila !pHJihTpa-~ Tnnaa·· A!l>A-;-Pcn 'li. :A!l>A..:Bn: TaKJK~ 
co.n:epiKamnx'>n · Matpnue xnop KaK o.n:lifl H3 ocliosmix ·KaM'noHeHTOB~; 

KpoMe Taro, Ha cneKTpax 3THX !pH.ri:hTifaa· ' · 1Ia'6nJ6:Uaei'cH 

npncyTCTBHe He3Ha'IHTeJibHI1X KOJIH'IeCTB JKeJie3a, Me.ztH, UHHKa. 

C .n;pyroH CTOpOHU, B cneKTpax !pHJibTpOB, H3f'OTOBJI8HHI1X Ha 

OCHOBe 'I MaTepH~Jia; ·: :r.ne \ He,.,~ co.n:ep'lKH,TCSl .ix'.iiop ;· ··~aK . OCHo's~oli 
KOMHOHeHT ( HanpMM~p, au~THJ!UeJIJiioJio'3.a)•; . 'HeT' .n:pyrnx CHJihHHX 

HOMeX .ltJiil P!l>A. l1 XOTH 3TH !pHJihTpH co.n;eplKaT MHKpOHpHMeCH cepu,, 

KaJihUHH,-··THTaHa,' ·xpb'Mal ··MapraHua:,;" JKeJie3a',' ·H:nKeJISI, Me.ztn,-" UllHKa 

n · cBHHUa, .. :Ho ·B KoJ'mq·ecTsax; cyme·cTseiiHo·· He"M:ernalomux npose.neHniO 

aHann·3a • npo6~-B03;tyxa. B KatiecTBe : npHM:epa· Ha ' pnc·.·1 ' ( BHH3 y) 
,..· ·.·· •.' ' •. ~; : . .! ·_ !.' .... --.• 
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'BBepxy - peHTreHoBCKHH cneKTp · !pHJibTpa A!l>A-Xll, 

noJiy'leHHHA Ha cneK~poMeTpe. MECA 10-44 npn U=35 KB, 
' •' . 

. !=300 MA B Te'leHHe 300 C.' 

· aHa.rionftmue cneKTp·u · cpnni>Tpa 
1 

!l>llA'-15-2,0 .H 

npo6u B03.n;yxa, ririnytieHHOH npil npoKatiisaH~H·20 M
3 

'/ - - ', 

BHH3Y 

TaKOH !pHJihTp. U=30 KB, · !=0,3 MA, so3.llyxa qepe3 

:tlf3M=300 C. ·, 
XnMnqecKHMH CHMBOJiaMH o6o3Hatie_HH. JIHHHH ,. K· H K13· XPH . a 
( B CJiyqae CBHHUa '-' 'JIHHHil 'Pb La); 

l· 

noKa3aHH peHTf'eHOBCKHe C'neKTpH · !pHJibTpa ~llA-15f2, 0 ,. H npo6H 

B03;tyxa.·(H3 06'beMa V =20M3) Ha 3TOM 'cpnJibTpe, ~oJiyqe.HHUe Ha_ 

cneKTpoMeTpe MECA 10-44 npn; u =30 KB, I=O, 3 MA ~- Te'leHne 300 

ceK. · Ha pHc. 2 · npoBe:UeHo' · cpasHeHne peHTreHoBCKHX cneKTpos 

!pHJibTpa · A!l>A-XA (nyHKTHp) H npo6H ·ao3.n;yxa (CnJIOlllHail JIHHHSI), 
I ' 

H3 pnc.l.'(BH~3y) Ji· pHc.2 HOJiytteHHHX ~ npH TeX liCe· ycJIOBHHX. 

BH~HO ,' .tiTO' ~o.n;ep)KaHHe npnMeCeH B MaTepnane 3:THX .. !pHJibTpOB 

conocTaBHMO~ ·H · He npeniiTCTByeT 6np~;teJieH~b 
3JieMeHTOB, co.n:epJKatqnxcH s npo6ax .· so3.n:yxa · yKa3a~Horo 

KOJIH'iiecTB 

o6'beMa. 

.3 

! 
! 
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PHC.2. PeHTreHOBCKHe crreKTpU !pHJihTpa A~A-XA H aTMOC!pepHOH 

rrpo6u, ITOJiy'ieHHOH rrpH rrpoKa'iH~aHHH 'iepe~ TaKOH !pHJihTp 

40 M~ B03.llyxa, U=30 KB, I=O, 3. MA, npeMH H3M~peHIHI 
300 c. L-JIHHHH cepe6pa - cpoH Tpy6KH c cepe~pHHUM 
aHO.llDM: 

nD.llD6HaH CHTyaUHH Ha6JIIO,llaeTCH .H B CJiyqae . .llHCITepCHOHHUX .. . 
!pHJihTpOB ~nA-70, a TaK>Ke !pHJihTpOB THITa ~nAP. 

CJie,llyeT OTMeiHThi· 'iTO ITpH ~CCJie,llOBaHHH rrpo6 Ha !pHJihTpax 

. A~A-XA, ~nA H ~nAP !pDH OT KorepeHTHOro H HeKorepeHTHoro 

pacceHHHH nepBH'iHOrO peHTr~HOBCKOro .. 

BbiCOK03HepreTH'ieCKOH. 'iaCTH ClleKTpa) MeHhllle; 

_!pHJihTpoB A~A-Xn, A~A-PCn,·A~A-lln. 

H3Jiy'ieHHH ( B 

'ieM npH aHaJIH3e 

OpHeHTHpoBO'iHUM ' noporoM. .llJIH npoBe.lleHHH ycnelllHoro P~A 

npo6 aTMoccpepHoro BD3.llyxa · Ha paccMaTpHBa~Mux THnax !pHJihTpon 

MO>KeT CJIY>KHTh 3Ha'ieHHe ... D6"beMa llPOKalJaHHoro B03.llyxa _OKOJIO 
. 3 . . . ' '. , " . . . 

3-5 M. ECTeCTBeHHO, 'iTO B 3aBHCHMOCTH OT;CTeneHH 3arpH3HeHHH 

·aTMOC!pepu BU,lleJieHHe JIHHHH _XPH 3JieMeHTOB. H~ CITeKTpax npo6 

_ 6y,lleT llpOH3BO.llHThCH C pa3JIH'iHOH CTaTHCTH'ieCKOH rrorpeniHOCThiO •. . . . . . . . . 

npH ·o6neMaX -B03.llyXa MeHhllle yKa3aHHUX CO.llep>KaHHe 3JieMeHTOB B 

-~pricle MO>KeT OKa3aThCH CpaBHHMUM (H ,lla>Ke MeHhllle) C KOJIH'ieCiBo~ 
MHKponpHMeceii TeX' >Ke ·3JieMeHTOB . B lpHJihTpe, 'iTCl np.aKTH'ie~KH He 

fi03BOnHT ITpOH3BeCTH_aHaJIH3 npo6u. 

'/ 

\ 

l 
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(. 

!. 
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~' .' \ 

i 

HE11TPOHHO-AKTHBAIIHOHHI>il1 AHAJIH3 nPOB · B03JlYXA · HA BOJIOKHHCTblX · 

~HJibTPAX 

llJIH onpe,lleJieHHH 3JieMeHTHOrO COCTaBa a3p030JieH H . .llpyrHX 
' ' i . 

qacTHU, ·,CO,llep>KaiUHXCH B . aTMOCC!Jepe, B . HaCTOHIUee BpeMH. TaK>Ke 

lllHpOKO HCITOJlh3yeTCH H HHCTpyMeHTaJihHUH HeHTpOHHO-aKTHBaUHOH-· 
. '·· ,, 

HhiH aHaJIH3. npH 3TOM orrpe,lleJIHIOTCH 3JieMeH.TU, KOTOpble He 

npOHBJIHlOTCH, B P¢A, . B TOM 'iHCJie . BC~e,llCTBH_e: .BUCOKOrO nopora. 

o6Hapy>KeHHH (HanpHMep, cKaH.llHH; xpoM, PTYTh), He,llocTaT09Horo 

3HepreTH'iecKoro pa3pellleHHH Si(Li)-.lleTeKTopoB (Ko6aJihT), a 

TaK>Ke H3-3a 3Ha'iHTeJihHhiX CTaTHCTH'ieCKHX ITOrpelllHOCTeii,· 

o6ycJIOBJieHHhiX CIJOHOM OT pacce~HHOro~ H3JiyqeHHH HJIH B3aHMHhiM 

HaJIO>KeHHeM peHTreHOBCKHX JIHHHH (HHKenh~ 6p~M, py6H.llHH H ,llp.);· 

3.lleCh .· paccMoTpeHa qacTh HAA, · cooTBeTCTBYIOIUaH. )I3MepeHHIO 

r-crreKTpoB pa.llHDaKTHBHhiX HYKJIH.llOB c BpeMeHaMH Bhl.llep>KKH 

·O~~a3~0B ITO~Jie' aKTH~a~HH ~errJI~BhiMH Hei1TpO~aM~-~ ~-~0 cyTbK. B 
' \ ,, '. , ' " ' 

3TOM CJiyqae perHcTpHpyeTCH 6oJihlll~HCTBO aKTHBHpOBaHHhiX B 

npo'6ax ·~·03.llyxa 3~eMeHTO.B ,· CO,llep:>KaiUHXCH B KOJIH'ieCTBaX, 60JihlllHX 

·npe.lleJia o6~apy>KeHHSI, 3a HcKniOqe}meu Tex, ·. qTo o6pa3yiOT HYKJIH.llU 

c nepHo.llaMH nonypacrra.lla T '~ HecKon6lw ;m~oa' H MeHee. ' 
' . ' , 1/2 . . 

B·cJie,llCTBHe cneUHCIJHKH HAA, Kpyr 3JieMeHTOB, co~eplKall\IIXCH B . 

!pHJihTpax H, MelllaiOUUiX npoBe,lleHHIO aHaJIH3a, . OT JIH'iaeTCH OT Ha6opa 

MellJaiOIUHX 3JieMeHTOB ,llJIH P~A. TaK,. 'HarrpHMep, B y)Ke 

paCCMOTp_eHHOM CJiyqae ~HJihTpOB A~A-Xn U ·.llP:·"CO,llep>Ka.IUHHCH B HHX 

. XJIOp Teneph· . rrpai<TH'ieCKH He BJII-lSieT. Ha .· H3MepeHHH, · rrpOBO.llHMUe 
·. ' ' ' ,' ' •" ' 

.. ITOCJie yKa3aHHUX BpeMeH Dbl,llep)KKH aKTHBHpOBaHHOrO o6pa3Ua, TaK_ 
38 . , 

KaK T · Cl paaeH .37; 3 MHH H 3TOT. p/a · HYKJIH.ll nonuocThiO 
1/2 , ' ' . 

pacn:;~aeTcSI io gpeM.eHH H3MepeHHH-·r:-cneKTpa. c .llpyroii, cTopoHhl, 

KOJIHqecTao co.lle!n!CamerocH Ii ·. CIJHJii.Tpe · 6poMa · npH' HAA 'co3.llaeT He 
0 M ~ ' 

To iii, Ko · 3arpy 3KY i- cneKTpa MHoroqHc·neHHuMH H HiiTeHcHBHuMH 

. JlliHRHMH pi~ HYKJIHi:ta 
82

Br B Te'ie-~He 5.,-1 0 cyTDK nocJie o6nyqeHHH 

npo6u ,· · ko H ·. au3unaeT. yBemiqeHHe· , o6mero cpoHa B perifcTpHpyeMOM 

3HepreTJiqecKOM ,llHarra3DHe r-H3Jiy'-leHHH . BCJie,llCTBHe BbiCOJCOil 
' . . . ' 

aKTHBHOCTH, HaBe.lleHHOH 3THMH HYKJIH.llaMH. OTMe'ieHHoe 6oJihllJOe 

CO,llep>KaHHe 6poMa B !p~JihTpe He KOMITeHCHpyeTCSI H cpaBHHTeJibHO 



' 82 
ManuM nepHonoM nonypacnana Br, paBHUM 35,3 qac. K TOMY ~e 

3a BpeMR pacnana HyKnHnoB 6poMa no ypoBHR 1 no3Bomil0mero 

npoBOBHTh HH~OpMaUHOHHUe . H3MepeHH~ ~-cneKTpOB B OTHOWeHHH 

npyrHX HYKRHBOB (8:10 cyTOK), pacnanaiOTCR H p/a, HYKRHBU 

npyrHx 3neMeHTOB c conocTaBHMUMH nepHonaMH nonypacnana~ qacTo 

conep~amHecR B npo6ax B 3HaqHTenhHO MeHhWHX KDnHqecTBax - Mn, 
As, Cd, La, W, Au H np. BnHRHHe 6poMa , H npyrHX npHMeceii, 

conep~amHXCR B ~HRhTpe A~A-Xll, Ha pe3ynhTaT HAA llOKa3aHO Ha 
' . ' . . 3 

pHc.3, rne npHBeneHu ~-cneKTpu~Bo3nyxa (V =5 M >~ H3MepeHHue 
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PHC. 3. faMMa;,.cneKTpU npo6u B03BYX,a Ha ~HRbTpe A~A-Xll . ( l-13 

o6"LeMa · 5 . ~3 ) I H3MepeHHUe qepe3 7 H 19 cyToK nocne 

o6nyqeHHR .. o6pa3Ua . 'llOTOKOM TeiiROBUX HelfTpOHOB 
12 -2 -1 .. .·' 82. 

10 CM C • 3aqepHeHHUe 7-RHHHH HYKRHBa' . Br l-1 

3aWTpHXOBaHHUe qacTH 7-RHHHH npyrHX HYKRHBOB - BKnan 

~HRhTpa. K03~HUHeHT "X100" BBeneH BRR KOMneHCaUHH 

pa3nHqHR BO BpeMeHaX H3MepeHHR cneKTpOB. 

6 
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qepe3 7 H · 19 cyToK nocne o6nyqeHHR o6pa3Ua noTOl<DM -fennoBux 
' 1'2 . ' -2 -1 . . 

HeHTpOHOB . 10 CM C B TeqeHJ-!e 24 qacOB~ 3aqepHeHHUe· 

~-nHHHH HyKnHna · 
82

Br. - BKnan ~l-!RbTpa 1 TaK ;Ke, KaK l1 

3aWTpHXOBaHHUe ,qacTH . -~-nl-!Hl-IH npyrl-IX . HYKRHBOB •. • .K03~~HUHeHT 

"x100" BBeneH nnR Taro, qTo6u KDMneHcHpoBaTh pa'3nl-lql-!e BO 

BpeMeHH H3MepeHH~ cneKTpOB: 

·· TaKHM -o6pa30M 1 BHBH0 1 qTo ~l-!RhTplii ccinep~aml-!e 6poM B 

KonllqecTBax, . nono6Hu·x. conepJKaHlliO 3Toro 3neMeHTa B ~HnhTpax 

A~A-'-XH: (A¢A:-1ln, M>A-PCn) I • MO~Ho llcnonh30BaTh nmr oT6opa npo6 

Bo3nyxa cnocneny10ml-IM HAA TOnhKO nnR onpeneneHHR KOHUeHTpaul-lli: ' . ' ' . 
3ReMeHTOB, 51Bpa aTOMOB KOTOpUX . BCReBCTBl-!e peaKUUH 

panllaQl-!OHHOrO 3aXBaTa TennOBHX. HeiiTpOHOB (0,7) 66pa3yiOT p/a 

HyKnl-lnu c nepl-!onaMll nonypacnana B HecKonhKO necRTKOB cyToK u 

6onee - Hanpl-!Mep, nn51 onpeneneHHH Fe, Co, Zn, Sb," Cr l-1 T. n. B 

CBOIO oqepenh~ KaK , BllBHO H3 puc.1. (BBepxy)'; B · P<IJA 6poM, 

conep~amHli:cH B ~llnhTpax A~A"'xn ll np. ·, •. MOJKeT MernaTh Tonhiw 
' ' ·, ~ 'o ' f :· ' 

onpeneneHlll0:6poMa i npo6e l-11 riTqacTl-1, onpeneneHl-!10 
,.. ,0 •• •• • ,. - - - ',.' • •• ' J ' '. .' 

py6l-!Bl-15! (3a 

cqeT H~noJKeHl-15! Rl-!Hl-ll-1 Br. K{3 Ha Rl-!Hl-110 Rb Ka XPH). 

Ha pllc. 4 npencTaBneH .r-cneKTp npyroro Tl-!na ~l-lnhTpa -
' • • /, • t 

A~A-XA (rnTpHX). TaM ~e noKa3aH r-cneKTp npo6u 1 rronyqeHHOii npl-1 
. 3 

npoKaqKe qepe3 ~l-lnhTp 40 M. Bo3nyxa 

- 3Toro ·. ~e o6pa3ua npHBeneH Ha': pl-lc. 2) ~ 

(peHTreHOBCKl-lll cneKTp 
:) . 

06a :cneKTpa · H3MepeHu 

qepe3 15 :cyTOK nocne aKTllBaUl-!ll .~6pa3UOB HeiiTpOHaMH. KaK 

BHBHO, conep~aHl-!e 6poMa. B· 3TOM ~llRhTpe ,HaCTORhKO .MeHhrne' no 

cpaBHeHl-110 C ~llRbTpOM A~A-Xll, qTo B naHHOM• l-13MepeHl-!H 7-Rl-!Hl-IH 
82Br. . B ·· cneKTpe y~e . He . npoHBnRIOTCH. H3 -· npyrl-lx , 3neMeHTOB I 

3aTpyBH5110Ull-IX aHaRl-13, B naHHOM ~HRhTpe cnenyeT "OTMeTl-!Th 

'(pHC.4) Au l-1 Co, BaiOUll-IX noqTl-1 1007. BKnan' B 1'-Rl-!Hl-ll-1 3Tl-IX 

HYKRHBOB Ha \ crreKTpe npo6u B03ByXa, ··l-1 BRH5!10Ull-!e Ha pe3yRhTaT 

aHanl-!3a B,.MeHhWeii CTeneHl-1 Sb, Cr, Zn 1 Th H .PHB .itpyrHX. OnitaKo 

conep~aHHe' yKa3aHHUX ;3ReMeHTOB B ~l-!RhTpe A~A-XA. XOT5! l-1 

ocno~HHeT· oripeneneHl-!e 

MeHe~. nocTa~oqHo ;Ma~o~ 

OBHOHMeHHUX/3neMeHTOB B rrpo6e 1 TeM He 

qTo6u ~e co3naBaTh ~o6aBoq~uli:·~oH·3a 

cqeT HaBeneHHtiii.aKTHBHOCTll~ 

\ 

7 
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A~anorH~HH~ ~aJIH~ BKJiaa ~HJ!hTp~ ~ HHTeHCHBHOCTH i-JIHHHH 

H3MepHeMoro cneKTpa npo6H Ha6nDaaeTCH H .B cnyqae 

HcnoJih30BaHHH ~HJihTpoB THna cllllA ( cllllA-15, · cllnA:..7C) H . ap. '> , 3a 

HCKJ!DtieHHeM OTaeJibHHX, ~ OC~OBHOM peaK03eMeJiiHHX, ~JI~MeHTOB. 

Se 
c 

~ ~I .E Ce 
::::l L_ t:~ . 
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~ 400 
0 
J: 

cO r : \ .1111 !1/~1Cd ::::l 
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Sb 

Sb 

,fl 

HA QHQ/\U3 

- npol5a t'lo3'gyxa V -40M3 

·····cpUAbmp 'M>A-XA 

Sc 

. . . . 
Et;K3B 

PHC. 4.· raMMa..:cneKTpH ~HJ!bTpa AcllA'-XA' H npo6u B03ayxa Ha TaKOM 

~HJ!hTpe;' nonyqeHHOH H3, o6'beMa 40 . M
3> CneKTjJH H3MepeHH 

: qepe3 .' 15 · · cyToK' nqcne · ' o6nyqeHiiH · o6pa3UDB. ' noToKoM 

TennoBHX Hefl'i"poHoB: 1012 ~.cM- 2 c,.. 1 • · i-nHHtm . HYKiiH~OB 
233

Pa H ,~ 8Co COOTBeTCTBYDT coaep){{aHHD ,B, npo6e , TOpHH ·u 

HHKeJIH.: .:, I 
,· 

! ' 

llpH · HCllOJ!h30BaHHH > OTHOC~TeJ!hHO 'tiHCTHX' ~~J!bTpOB 'THna 

AcllA-XA, cllllA, cllllAP aocTaTOtiHOe nnH; npoBeaeHHfl :HAA. noporoBoe 

KOJ!HtieCTBO llP~KaqaHHoro B03,[1YXa MO){{HO·,·OUeHHTh .. B':o;5-l•M3, HO 
. . - ' ' ' ' } . . 

KpafiHefl Mepe He B ~OHOBHX;pafloHaX~ ~Ce ){{e'3Ta'·aeJ!HtiHH~TaK){{e' 
! • ' ' ~ • • • • •• 

3aBHCHT H· OT tiHC::TOTH aTMOC~epu;' H 'OT' onpeaenHeMOrO 3JieMeHTa 

( TO'iHee OT COOT_HOilleHHH KOJ!H'ieCTBa aaHHOro · 3J!eMeHTa · B , npo6e H 

B ~HJ!bTpe). 

:\ 

-:~ 
. I' 

.1' 
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'{' fl 
'I·· ') 
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i, 
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KORHt{ECTBO MHKPOllPHMECEn B BOROKHHCThlX ~HRbTPAX 

KOJ!HtieCTBa 3J!eMeHTOB, KOTOpHe; coaepmaTCH \a. Ka~eCTae 

MliKponpHMecefl B pH',ne BOJIOKHIICTHX .~lfJ!bTpOB, lfCllOJ!b3 yeMbiX anH 

OT6opa npo6 aTMOC~epHoro ·ao3ayxa, npeacTaBJieHbl B ,Ta6JIHUe. 1. K 

comaneHHIO; 3TH iwnlf.qecTaa He nocTo5mHu, 'npH'ieM anH HeKoTopux · 
' ' ' . 

3JieMeHToB MoryT. _MeH.HThCH a uecKOJihKO, pa3 ue TOJihKO a pa3)uux 

napTHiix· ~n:JibTpoa; liD· aame auyTpH .o.nuofl cTaHaapTHofl ynaKOBKH, 

If 3TH KOJie6aH!fH coaepmaHHH 3JieMeHTOB npeBh!lllaDT CTaTHCTH'ieCKYIO 

n~rpelllHOCTb lf3MepeHHH·. CJieayeT OTMeTHTb, 'iTO a TeXHHtieCKHX 

xapaKTepHCTlfKaX, B qacTHOCTlf, ~lfJibTpOB _, A~ A H3MeHeHHH 

., ITOBCPXIIOC'flloil UJ!OTHO,CTH MaTepHaJia ( Mr/CM
2

) COCTaBJIHDT He 

6oJiee 20-257. [ ~liJibTphl ActJA .. KaTaJior .. B/0 "H30TOn", ' M·. , 1983]. 
\ . 

TaKHM o6pa30M, ua6JIIO.llaer.~ue· aapi.muHH. conepmaHHH MHKponpHMecefl 

B :~liJ!bTpax HeJih3H UeJI.liKOM 'OTHeCTH. Ha C'ieT .·H3MeHeHHH TOJIUU1H 

qJliJibTpOB. BH,llliMD,a. 3Hati~TeJI~HOH CTeneHH ·3TH BapHaUHli 

o6ycJIOBJieH!1 TeXHOJIOrHefl H3rOTOBJieHHH • qJHJibTpoa~JibHOrO 
i - . ·~- . 

· MaTepHaJia. no3TDMY npHsen.emme B · 1-a6nHue · 1 :cpenuHe 

apHcpMeT~I'ieCKHe, 3HatieHHH C ilOBepXHOCTHOH. UJ!OTHOCTH 3JieMeHTOB 
• - ! ' . . 

(B ur/c~2 J, nonyqeuuue npH H3M~peHHH pHaa o6p~3UOB (OT 5 no 

30 rn~. ),
1 

!1, no'rpernuocTI-j cp.~nue~o apHq>MeTH.qecKor~ . IJ.C!_ o~pa1Ka10T 
He TOJibKO : TOtiHOCTh caM IIX H3MepeHHfl, · uo H cymecTB yDmHe . . ' . 

· peaJihHh!e KoJie6aHHH conepmaimH . npHMecefl :a ~HJihTpax· .. :a pHne 
' ' ,',t ' ' . \.I 1 .-, • .. 

cJiyqaeB yKa3aHhl nl?. _ naa 3uatieHHH .. · conepmaHHH 3_JieMeHTOB, · 

cymecTBeiiiio 'pa3Ji~:~l<l_~l1xcw·: npyr· :OT. npyra. KpoMe ·~ 3Toro, 

HeKoTopue 3JieMeHTN 6u:mi o6uapymeuu TOJIJ>KO 'a 1-2 o6pa3uax H a 
- ' . ,.' .,··· >- ,· ··-: _. ', ·., ': ' . - ) • 

3~HX CJiy'iaHX yKa3aH!1 . CTaTHCT.li'ieCKHe norpelllHOCTH: I13MepeHHH. 

i liJIH HeKOTOphlx·· 3~_eMeHTO~: \ua'ieHHH UOBepXHOCTHOH UJ!OTHOCTH' B 

Ta6JI. 1. yKa3aHh! pa3neJibHO ,llJlH HAA If P~A, Ta~ · KaK · onpeaeJieHU 

TOJibKO B O,llHOM BH,lle , au·aJIH3a _H, 'reM caMUM, • neMou_cTpHpyeTCH 

no,llTBepmneHHe pe3yJihTaTa onuoro auaJIH3a naHHhiMH npyroro. 

onieTHM, t.rTo . ,TpH nocJiellHHX q>HnhTpa a Ta6JI. 1 · ( ~nA:-70-o, 15, 

~llA-70-0,26 If ~ll~-15-i,O) MoryT liCUOJ!b30BaThCH KaK 

TpeXCJ!OHHhiH naKeT ,llJIH cppaKUHOHHoro OT6opa npo6 B03llyXa. 

BeJIH'ilfHa B03MO){{H!1X BapHaUHH CO,llepmaHHH 3JieMeHTOB a 

. ~ i 

.-=·. ';-.i ~. ~ ·-
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TAB/lHUA 1. Co.qepllBHHe XHMH4eclG!X. 3.nemHToe 8 BOJIOKIDICTioiX · ~bTpax 

:. 9Jie- I MeTO,Q I .. nosepXHOCTHast M~THOCTb 3JleMeHTOB C+/-4C, Hr/CM 2 I 
I I I 

L~HT I aHaJII{3a I . I 
I I I 

I ·I I A~A-XA A~A-xri I A~A-,!\ll I A~A-Pcn I ~-AT-3: ~-70-. I <MA-70- I ~nA-15- I 
I I I I' .I I I I I 

. I 
, . 

I I I'· I I 0,!5 I -0,26 I -2,0. I 
I I I I L I I I I 
I I I I. I I I I I• 
1--1 I I I 'I ' I I 
I 1 I I 1- 4 I 7 I 6 I 9 I 10 ·I 
I I I 1',.- I I I I I 
I I I I I I I I 'I I 
1--1 I I I I I I I I 
I Na I I I 160+/:·60 :12000+/ 'I 210+/-10 I I 630+/-30 I -1200, I 960+/-20 I 
I I I I I I I I I I 
1 .. I I I I 50001 I I I I I 

::s I I I I I I I I I 
I. N>A: 4000 300 I I· I I :14000 300 I - I .. I 

1, I, I I I I I I 'I· 

Cl I. N>A:-3000 _ :-3*10A6, 1 .. :~3*10A6 I :-1600 :-2ooo :-3200 I 
I I' I ,I 

K • HAA,N>Ai-300 I' I I - ':-1900 I :-noo noo I 
I I' I I I 

Ca HAA,N>A:55oo 1300 :-30000 :-23000 I :1500 400 I 3400 700 :2300+/-600: 4000 600 I 
I I I 

I 600 300 I I I I .. ~,.. I I 1- I 
I. I. I I I I ... I I I 

So ·. HAA :o,o5.0,02 :o,14 o,o2_ :o,44 o,13 :o,36 o,o6 :o,o3 o,o2 I 0,13-0,03: 0,07 0,02: 0,06 0,01: I 
·'I Cr . HAA 6 1 I 19 3 I 50 30 I 68 7 I 13 1 I 22 7 I 12 5 I 36 6 I 

I .. I I I I I I I I ~;-.' 
I Mn ::, N>A: 100 40 I I I •I I I I 100 40 I 

I I' I 'I I I I I 

'Fe; .. HAA,N>A: 470 50 :; :1150 120 :3600 1000 :2300 500 I 420 90 I ,560 90 I 620 90 I 1170 90 I 
,I I I I I 

Co HAA r 1,1 o,2_ I 1,4 0,3 I 4,9 1,7 I 3,6 0,5 I 1,0 0,2 I 2,0 0,8 .: 3,0 0,7 I 1,9 0,9 I 
I I I I I 1-. I 

I ~ .. I I. I 6,_4 2,6 I . I I I ~ .t , I .. -. ~ . I I I I I I 

Ni ·:HAA :- : "11 3 : ' 36 6 I - I I. I 12 5 I I 26 9 I 
I I I I I I I 

N>A: 31 16. I' - ,. I I I 110 40 I .60 40 I I 50 30 I 
I 1 .. I I I I I I 

Cu N>A: 180 90 I' + I I - ; I 150 50 I 260 40 I 300 40 I 170 50 I 
I. I I .I I I , I I 

Zn N>Ai 71 18 I I I - I I I I 60 40 I 
I I I I .. I I I I .I 
I HAA 'I 57 7 : .. 53 9 I I 250 30' 70 ii I 40 6 I 34 7 I 39 7 I 
I I I I .I -I I I 
I I 12 3. I I I 'I I I I 
1- ~> I I I I I I I I· 

Se I HAA : ,5,9. 1,4 . I 29 4 I 110 40 I 28 11 6 1 I I + I I 
I I I I I I I I 
I I 1,1 0,6 I I I I' I I I 
I I I I I I I I I 

Br I HAA,N>A:· 16 2 I 765 15 \I ·600 50_ I• 237 4 I 68 3 190 10 I 194 6 I 
I I I ·I I I I, \ 
I : ·2,0 0,4 I ,. I I 117 4· I 3 1 3 1 I 4 2 I 
I I I I I . I 1-

I I I I· I I 
1--1 I I I I 

.. ( 

•• f 

/. 

I 1 I 2 I 1- I 6 I .7 I I 
I I I I' ; I I I I 
I I I I I .· ~ I I. 
-·-1 I I I I I 

Rb I HAA I I 21+/-10 140+/-60 :•, , I I I 
I I I I I I 

Sr 1- ·HAA,N>A- I I 70 20 ~-- I I I 
I I I I I I I 

Zr I N>A I 77+/-11 I - ,_ -·:,, I I I I 
I I I I. ; I' I I I 

Mo I HAA I 7 4 r_, 69·10 I I ._·, I I I 
I I I• I I I I I, 

Ag: HAA· I 1,4 0,3 I, 6 2 15 4 I I o;7+/-0,2 I 2,6+/-0,7 I 2,5 0,5 I 2,2+/-0;3 I 
I I . J.,_ I I I; I 1-

Cdi HAA I 52 I 39·9 70 20 I '160+/-50 I 'I + I +. I a 3 I 
I I. I 1-- I I I I 

Sb I HAA I 0,5 0,1' I 0,8 0,1 4.,0 0,9 . I 2,0 0,6 I 1,2 0,2 I 2,8 1,5 I 2,1 o;a I 0,6 0,1 I 
I I I I I I I I I 

I I I. I I I I I I I . 4,9 0,4. I 
I I I I I I I I I I I 
I Ce I HAA I .0,4. 0,1 I 1,2 0,2 I I I I I + I 0,22 0,05 I 
I I I I I I I I I, I I 
I Ba : HAA I '11·5 I 56 9 I 160 70 I 190 50 I I 65 16 I 24 10 I 14. 4. :,l 
I I I I I I I I I La: HAA I 0,13 0,03 I 0,71 0,12 I 1,0 0,5_ I I 0,6 0,2 I 0,6 0,2 1,0 0,2 I 'I' 

I I I I I I I I 

Ce I HAA I I + I .. + - I 201 16 I' 16,0 0,5 I 1,2 0,4 I I 
I I I I I I I I I 

Sm : HAA I o;n o,o5 I 0,32 0,15 I 0,99 0,04 I 0,14. 0,05 I 0,51 0,10 I 0,18 0,13 0,15 0,04 I 0,07 0,03 I 
I I I I I I I I 

: :o,o12 o,oo6: I . ( 
I I I I 

.I I I I I I 

0,14 0,06 0,10 0,03 Ku : . HAA I 0,24 0,06 : I I I I I I 
I I I . I I I •I 

Ta·: HAA. I 0,08 0,04 I· I I .. l 0,08 0,03 I - . I I 
I I, I I. 1- I I 

w I HAA • I 0,30 0,04 I I I I I 0,10 0,03 I 0,76 0,08 I 
I I I I I I I I I 

Au I HAA :o,o24 o,oo4: ,0,05 0,01 I o;12 o,o2 I 0,16 0,06 I 0,13 0,01 I 0,16 0,03 0,17 0,05 I 0,07 0,01 I 
I I I I I 

I I 0,08 0,01 I I· I 0,03 0,01 I I I 
I. I I I I I·· I I 

Hg I HAA I 4 1 I 14 6 I ·.I 60 11. I 24 4 I 23 2 9 2 5~1 I· 
I I I• I I. I ·I I'' 

I I I I ·: 187 7 I I I 
I I I I I I I· 

Pb I. N>A I 240 90 I I I :- 80 1- 60' 160 60 I 
I I I I I I I 

Thi HAA I I I I 0,16 0,03 I 0,15 0,08 'I 
I I I I' I I I· I 
I I I I I I I I I 
1--1 I I I I I I I 

. npHMe'l{aHHe: II -" - 3Jl9M9HT He Iia6mo.nancsr; ".+!' 3JI9M9HT B 
'. 

o6pa3uax co.nepmHTcsr, -HO KOJIH'I{9CTBO,H9 onpe.nensrnocb .~ · 

~HJibTpH ~nA-70-0~15 T ¢fiA-70~0,26 pa3JIH'I{a~TCSI conpoTHBJ'IeimeM 

nOTOKY· B03.llYXa, a TaKme KpaCHTSJI.s!MH. 

... ,..._ 



tpHJihTpax noKa3aHa B Ta6nwue 2 Ha · npHMepe tpHnh:rpoa Atl>A-XA, 

Atl>A-XTI, tl>TIA-15. Tip11B8.ll8HI1. co,nepJKaHHH HeKOTOp11X 3JI8M8HTOB · B 
•• < .•. < • '2 

!pHJibTpaX CO CTaH,napTHOH pa6oqej:j; TIJIOIU8.llhl0. B 20 CM , . KOTOplle 

UOCT8BJIHIOTCH B/0 "H30TOU", .. T .'e. yKa3aHHI18 B8JII1'Il1HI1 

nosepXHOCTHOH TIJIOTHOCTH 113MepHIOTCH B Hr/(20 CM
2
). fpaHHU11 

.nnana30HOB P8CC'IHT8Hbl' K8K c ± sn, r.ne c . cpe.nHee. 

apH!pM8Tl1'!8CK08 B8JII1'!11H co,neplK8HI15I .ll8HH0f'O 3JI8M8HTa B n 

o6pa3uax, a .J 
n 

s =[l:(c 
n 

Cl)2/ (n-;-1)]1/2- cpe,nHHH 
1 

KBa.npaTH'!HaH · owH6Ka' e.nHHH'!Horo pe3 y JihTaTa · np11 . n H3MepeHHHX. 

TipH 3TOM OT.ll8JlhHI18 3KCTp8MaJihHbl8· pe3yJihT8TI1 OU8HHB8JIHCh KaK 

Bb16pocu l1 . B Ta6n. 2 He Y'IT8HI1 np11 · sepoHT~OCTH cnyqal1Horo 

TIOHBJ18HHH P=0,1, llCXO.llH 113 KpHT8pHH Le-e 1/S =VMaKc , r.ne I n. , • 

V - OTHOCHT8JlbHOe 'YKJIOH8Hl18 i-ro H3MepeHHH o'T cpe,nHero 
MaKe. · 

apH!pM8TH'I8CKOf'.O B .llOJIHX cpe,nHeH KBa.npaTH'IHOH OWH6KH. 

B Tol1 JKe Ta6n.2 .nnH cpaBHeHHH noKa3aHu .nwana30HI1 
< : < • • • •• .·' • 2 

BCTpe'!~BWHXCH 3KCnepHM8HT8JlhHblX 3Ha'!eHHH. ( TaKJK~' B, Hr / ( 20CM ) , 

T.e. Hr/!p~JibTp) KOJil1'!8CTi 3JI8M8HTOB: bnpe,n~JI~HHblX ·~pH aHaJIH38 

llfJ06 aTMOC!pepHoro B03,nyxa. 3TH IIpo'6u 6paJillCh. KaK is !pOHOBblX, 

TaK l1 B npOMI1WJI8HHI1X paHOHaX .ll COOTB8TCTBYIOT 06b~MaM 
3 . ' . 

IIPOK8'!8HH0f'O B03AYXa O:f 1 ,no 60 M • KaK BH.llHO;H3 Ta6JIHU11, llpll 

OT6ope • ripo6 B03,nyxa ' B O.llHHX -CJiy'IaHX. y ,na~TCH . : o6ecne'Il1Tb 

npeBUW8HH·e KOJIH'I8CTBa 3JI8M8HTOB B npo6e . Ha,n MHKponpHM8CHMl1 

Tex JKe. 3JieMeHios B tpHJihTpax~ B . .npyrnx ~e cJiy'!aHx 3TH 

KOJIH'Iec:rsa OKa3!1BaiOTCH ·conocTaBHMI1MH l1 rrpn 3TOM, 

COOTB8TGTB8HHO, yMeHbWaeT_CH· TOlJHOCTh onpe,n'eneHHH • co.nepJKaHH.H 

3Jl8M8HTa B npo6~. 

:. B uenoM: MOlKHO • .. C'IHTaTb' HCXO.llH l13. HaWHX H3MepeHHH' 'ITO 

Han6onee . no.nxo.n.HIUHMH tpHJihTpaMH . .nnH ~ oT6opa. npo6,: · Bo3.nyxa c · 

llOCJIE:i;iyiOIUHM :, 8H8JIH30M. · HX XHMH'I8CKOf'O• COCTaBa. M8TO.ll8MH 

H8HTpOH.HOH aKTHBaUHH HJIH peHiTeHQBCKOH !pJiyopeCU8HUHH -5IBJIHIOTCH 

!pHJib;p11 ·Timo.B Atl>A-XA,. tl>TIAP 11 tl>TIA. . ' . _. 

\ 

TABJOOlA 2. BapHar.urn: · co.nepEamm HeKoTopHX npBMece:R B · MaTepHane . 
~bTpOB H 9KCITepHM6HT8JlbHH6 KOJIHq6CTB8 9JI6MSHTOB, 

CO.D;8pE8mHXCH B l-60 M3 B03.D;YX8 (.D;8HHHe rrpHB6.l(SHI1 B 

HI' Ha !IJH.nhTP rrnoma.D;biO 20 cM2) 

Sne-

Na 
I Ca 

sc· 
Cr 
Fe 
Co 

. Ni 
cu 
Zn 

Se 

Br 

lllo . ' 
Ag 

.Cd 
Sb 

Cs 
. Ba 

:r.a 
Sm· 

Au 
Hg 

Pb .. 

imnbTPH 

A(J)A-XA A<IIA.:..xrr 

13000-19000 I ... 3000 . . .. . I ... 19000 
12000-1400oo 24oooo-11ooooo ...aoooo 

0,4-1,3 
90-200'' 

4000-17000 
20-50 

200-,600• ' 

100-400 
500-1400 
' 1o.:..)o, 
100-170 
. 40-600 

60-220' .. 
20-40 
90-100 
4-13 

3:13 

2:-4: 
0,2-2,2 
0,3-2,5 
,50-110 

3000-7000 

0,8-4 
160-440'• 

11000-41000 
8-40 

400-1600 

:, 
400-1400 

400-800 

16.:_17 

22-30 
6oo-18oo 

.·6-22 

3-13 
0,8-1~4 

100..:600 

1,7-1,8 
600-1000 

16000-34000 
10-70 

300-1100 

2100..:4400. 
800-1200· 

. 3-5 

·o~ ~ ' 

1~4 
'.1 ,1-1 ,6 

.:.110 
3000-4000 

llpl1Meq8HHe: "-" - 9JI6M9HT He . H80JIJl~8JIOfl. 

llpoO!i. 
·B03.D;YX8 

2000-:1500 
20000-650000 

0,3-10' 
. 30-700 

3000-400000 
5-80 

500-3000 
1000-:13000 

200-9000, 

10-900 

20-5000 

40-200 
'6-220 

120-2100 
3-170 

1-22 
'300-4000 

1-270 < 

0,4-90 
. 0, 1,.:5 

60-11000 
2000-11000 



! 

JIABCAHOBhiE c!>HJibTPhl ( nucl ea_r pore).' •· 

B HaCTOHII188 BpeMH KpOMe BOJIOKHHCTUX ~llJihTpOB cymecTBY~T 

TaKme naacaHoaue ~HJihTpu (nuclear ·pore),~ KOTopue MomHo 

HCllOJih30BaT~ anH -OT6opa npo6 B03ayxa. 3TH ~llJI~TpU~ 

H3rOTaBJIHBaeMUe B JIHP OHHH .nyTeM o6ny'leHHH. 10-MHKpOHHO~ 

naacaHOBOH.'. llJieHJ<H THm,eJIUMH llOHaMii, B . 3aBHCHMOCTll OT BpeMeHH 

nocneay~mero TpaBJieHHH . MaTepHaJia ·' HMe~T OTBepCTHH aocTaTO'IHO 

cTa6HJihHUX pa3MepoB - · OT 0,'03 ao 10 MKM.- npoll3BOaCTBO 
~ . . . -

naacaHOBUX ~llJihTpOB aano B03MOmHOCTh YJIY'IIIlllTh CllCTeMy OT6opa_ 

npo6 B03ayxa . BCJieaCTBHe '60Jihlll8~ npO'IHOCTll ~llJihTpOB 'li 

ll03BOJillJIO llpOBOaHTh -~paKUHOHHU~ OT6op rrpo6 .. B lllllpOKOM 
' : -, ' ' ~, ' . .. . ~ ' ' 

aHana3oHe·pa3MepoB OTBepcTH~ B ~HJihTpax; a ~aTeM H onpeaenHTh 

COCTaB 3JI8M8HTOB BUaeneHHUX a3p030JihHilX ~paKU_ll~ •. ' . . . 
OaHaKO, KaK ll B cnyqaET BOJIOKHHCTUX ~liJihTpOB, llCXOaHaH 

naacaHoBaH nneHKa coaepmHT B Ka'I~CTBe MHKp~np~Me~e~ uenu~ p~a 
XllMii'18CKllX 3JHiM,eHTOB i ' ll H8KOTOpUe i' li,3·,- '.HHX OKa3UBa~T 

cymecTBeHHoe BJIHHHHe Ha pe3ynh~a~~ ;~an~3a npo6u, nonyqeHHO~ 
' ' . ' ; ' \ 

C llCllOilh30BaHHeM _TaKHX ~llJI_hTpOB •. _ Ha 'pHC. 5 BBepxy llOKa3aHU 

peHTreHOBCKHe Cll8KTpU aByX ~HJihTpOB C oaHHaKOBUMii'OTBepCTHHMH 
. -

ll aJIH cpaiiHeHHH __ peHTre.HOBCKHe cneKTpU JiaBCaHOBO~ H 

llOJIH3THJI8HOBO~ 'llJieHOK - --. jJHC. 5 BHH3Y. , ~HaHO, -'ITO HaH60Jiee 

HHTeHCHBHUe· JIHHHH Ha cneKTpax - 3TO, .JIHHHH XPH Ti K ( 3aech 
, :•· -· • -·2 . a : 

OHH COOTB8TCTBY~T 4 H 5, MKr/CM aJIH .JiaBCaHa -ll oaHoro· H3 

~HJihTpO~, 'a aJIH llOJIH3THJieHa - 0,8 MKr;CM
2 J, llpHCYTCTBHe 

KOToporo o6ycnoaJieHo TexHoJiorHe~ H3rOTOBJieHHH KOHKpeTHO~ 

napTHH ncxoaHo~ ;naacaHo~o~ nJieHKH: .TeM ·He~ MeHee 1 KaK ·noKa3aHo 
• ~ ' , I 

Ha. pHc.5·aaepxy, (lllTpHx) w.nanee Ha p!ic.7~ BCTpeqa~TcSI napTHH 

!f!HJihTpOB ~ T. ~. HCXO.llHO~ llJieHKll, B, KOTOpUX CO,llepmam~e .THTaHa 

3Ha~~Teni~o'MeHhwe yKa3a~Horo HJIH npaKTH~ecKn·6JIH3Ko K Hyn~. 
0TM8T~M, -~TO Ha pHC.5 cp~BHHBa~TCHr peHTreHOBC~He cneK~pU 

!f!HJihT~OB C O.ll~H~KO~~MH pa3MepaMH OTBepCT~~ H, 6ne,llOB~T8JibHO, 
. i 

ilOABepraBIIJHXCH TpaBJI8Hll~ .llJHfM8pHO. ,O.llHHaKOBO_e ,BpeMH,_, HO 

H3rOTOBJI8HU 3TH !pHJihTpU H3 pa3HUX napTH~ JIBBCBHOBO~ llJieHKH. 

no CYII18CTBY npH npoae.neHHH Pc!>A THTBH OK83UB88TCH ~.llHHCTBeHHO~ 

PHC.5. 

2ool_ u =4DKB 

I I=0,5MA 

I 
C3 100 r 
6 ! CaKa 'Y : 

c 
2: 
::> 

.D 

~ 200 
0 
:r 

.0 
::> 
0 
:r 
Q) 

-~ 100 
::> 

i 

Ti Koc 

t.alJcaHoflbie cpullbTpbl 

-0=0,2MKM 

MnK"' 
TiK13 

---0 = 0,22MKM 

..... nOIIU3TUIIeH. nlleHKO 

ZnKoc-' 

a 

6 

cneKTpu xapaKTe{mcTH'IecKoro peHTreHoBcKoro H3Jiy'leHHH 

OT JIBBCBHOBO~ ll llOJIH3THJI8HOBO~ llJieHoK '(6) H JIBBCBHOBUX 

CtlliJI~TpOB (a) • T-OJI111HHB 'n~eHOK ll !pHJibTpOB OKOJIO 10 MKM. 

llOMeXO~ ~-TaKHX !pHJihTpaX (B CJiyqae ero HBJIH'IHH) H 38Tpy.llHH8T 

onpe.neneHHe B . npo6e HMeHHO THTaHa. ci>oH oT KorepeHTHoro H · 

H8KOrepeHTHOrO pacceHHHSI peHTreHOBCKOrO M3JIY'I8HHSI, BU3BBHHU~ 
·TaKHM !pHJihTpOM, He60JiblllO~. Co.nepmaHHe OCTB~hHUX ~HKponpHMece~ 
'(Ca, Mn,; Fe:. Cu, Zn H .np.) ~pH- PellA B1IaHeT Ha onpe.neneHH~. 

XHMH'leCKOrO COCTaBa,npoGu H83Ha'IHT~JibHO: C yti~TOM 'OTM8'1E!HH~X; . ' . . . . . 
o6CTOHT8JihCTB . npo6u B03,llyxa, nony'leHHUe C HCllOJib30BaHHeM 

jJiaBCBHOBUX !pHJibTpOB,- MOmHO HCCJI8.llOB8Tb C. llOMOII1h~ PellA 

Henocpe.ncTBeHHO nocn~ 3KCTI03HUHH 6e3 npoM~myTo'IHUX onepaun~ 

no npo6ono.nroTOBKe._ 

K comaJieHH~, .npyraSI .KapTHHa aa6nio.naeTcSI npH npoae.neHHH 
. ' 

HAA TBKHX. o6pa3QOB ,· 'ITO BH.llH.O H3 · pHC. 6, r.ne llOKa3aH '1-Cll8KTp 

-JIBBCBHOBO~ nJieHKH, H3MepeHHU~ qepe3 20 cyT.OK llOCJie o6Jiy'leHHH. 
; .· . 12 ; -2 -t : 

o6pa3Qa llOTOKOM TellJIOBUX HeHTpOHOB 10 CM. C .: 3TOT Cll8KTp 
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PliC. 6 .. raMMa-crreKTp JiaBCaHOBOH IIJieHKll, ll3MepeHHUH qepe3 21 
I 

CYTKll IIOCJie ... aKTliBaUllll o6pa3Qa IIOTOKOM TBIIJIOBUX ' 
'"; < 

v 12 -2 -1 . 
HBliTpOHOB ; 10 CM C.· . 3alliTpliXOBaHU "Q-JiliHllll HYKJill.llOB 
122 124 . . . . ' . ' ' 

Sb li _. Sb li COOTBBTCTBYIOlllliB liM t:!JOHOBUe III1KIL 

3arroJIHeH .r~JIHHHHMH 6oJihrnofl liHTeHcnaHocTn pia HYKJIH.UOB 
122

Sb n 
124sb' - .. 3JieMeHTa, :'!he HaJinqne a_· JiaacaHe TaKJKe o6ycJioaJie'Ho 

: v :. ' . •. .-.; •• - .. · . ' . ' '' • • :' 122 . : 
TBXHOJIOrllell.' ll3rOTOBJIBHliH, IIJIBHK~ ~ llepliO.llU IIOJiypac~a.llOB Sb, li ' 
124 . ' ' .· ' . . .. . ' "'. ' ' ' . - - ' -- .. · 

Sb COCTaBJIHIOT .. 2,7 ,ll 60,2 ,CyTOK, ,qTQ, C . yqeTOM 

KOJillqecTBBHHOrO CO.llBplKaHliH cyphM~ B ·MaTepllaJI~ 't:!J~JI~fpa, He 

II03BOJIHeT H36aBHThCH. OT rrpncyTcTB~H r-JiliHllfl 3THX_ HYKJill.llOB rrpn 
' . ' . 

H3MepeHnw crrel\Tpa a rrpe.ueJiax rrpneMJieMux; a peMeH au.ueplKKfi rrocJie 

Hef!TpOHHOH ~KTniaUliH .~cS~a3Qa. KpOMe' ;0-~0, j;{ cqef HaBe.rieHHOH 

aK.TliBHocTn . co~-.u~eT~H .uo6~aoq~ufi 't:!J~H ~a -~rre~Tpe, •- a: ~~KlK~ 
>1< l ,.,,. 1·~- ~ .•• · ·-~ • 'i' . (: ~-~ ,,•1 \, 

.llOIIOJ!HliTeJihHU_H , BKJia.ll • B -tflOH B Bll.llB . llillpOKliX . IIliKOB _ 

KOMIIT~HOB·~'Koro pacc~~-HliH r;~3~;~eHll~ -- B '.ue;eKT~p~ B. liHTe~BaJie .. 
• • ~- ' ~- ,; ,

1 
• • •. • • 1 I , . ·.:. ~· ·, ·~, ~ f, • ' < ,, , ; , • 2 ·2, 

'perliCTpnpyeMUX 3Heprnf! 300:-5()0 K3B ( OT r-JiliHHH 564. K3B 
1 

Sb' 

n 603 K3B 124sb r n 1~o.a-1soo ~3B (~T ;~JiliHll-ll 16~1 ~3B 124
sb) 

- Ha pn_c: G . 3Tll IIliKll ~~~TpliX~B1aHU. H~ .upyr~~ M~Kp~rrpn~e~eA ~a 
rrp~~e.ueHHOM. -~-;crreK;pe, an.u~u · .ii-~~1-in .. , se, ·. c·r,· A~. 'Zn,. 'co,· 

CYlllBCTBeHHO He_ BJiliHIOllllle Ha ._ orrpe.ueJieHifB. 3TliX 3JieMeHTOB B 
• ' .·: t • ·, , ••••• ' • • • • 

rrpo6e, .KpoMe cJiyqaea _Au n co. TaimM o6pa3oM, HaJinqne cyphMU B 
. . . . .,_. . . ' ; 

.JiaBCaHOBU'lt t:!JliJihTpaX He TOJihKO He II03BOJIHeT onpeAeJUIT~ 3TOT 

3JieMeHT -a rrpo6e B~3.u·yxa, Ha' n cymecTB~HHo. MernaeT orrpe.ueJie.HliiO 

.upyrnx 3JieMeHTOB ,'- co.ueplKamnxc5i' a nccJieJ:iyellioM o6pa3ue a Tex 

.16 

KOJillqecTBaX, qTQ yKa3aHU ·B Ta6JI.2. TO eCTh HeB03MOlKHO 

aHaJill3llpOBaTh IIp06U B03llyXa ll3 06'beMOB. OT HeCKOJihKliX M
3 

.llO 

HeCKOJihKliX llBCHTKOB M3 HeiiOCpB.llCTBBHHO Ha t:!JliJihTpax ll, 

CJie.UOBa TeJihHO, liCCJie.UOBa Th, HanpliMep, cyToq~yiO llliHaMll~Y 

aTMOCt:!JepHUX IIpOUeCCOB. nJIH 3TOrO llOTpe6yeTCH KoppeKTHaH 

rrpoueJiypa CHHTHH rrpo6u c t:!JliJihTpa. 

npoae.ueHHOe HaMH HCCJIB.llOBaHlle IIOKa3aJio, KaK BH.llHO H3 

pnc.7, qTo co.uepJKaHne MH~porrpnMec~~ a naacaHoaux t:!JliJihTpax H~ 
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HOMep napmuu (go 1983.e.)_ 1983-19842 . 

a 

PliC. 7: KOHUeHTpaUllll npHMeceii Ca, , Ti, Fe, CU B JiaacaHOBUX 

t:!JHJih~pax, au6paHHux np~ll3BOJihHO ll3 pa3i-mx uapTJtii la) • 
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HOMep nopmuu (go 1983z.) : 

'~ ~ 
9~9<} 

;Q 

Hem U3['1epeHUU 

. 1983 ~ 1984z: · 

'PHc.7; To JKe~nH Co~ ·zn, Sb, Pb (6). .. 

') 
6~ 

• ~~. 1 

llOCTOHHHO R R3MeHHeTCH B 38BRCRMOCTR OT napTRR RCXO~HOrO 

MaTepRaJia, XOTH, ,B ,, OCHOBHOM, R B '~eHhlliRX npe~eJiaX, qeM 

CO~eplKaHRe npRMeceH B paCCMOTpeHH!lX BOJIOKHRCT!lX . lflRJihTpax. 

CBH3R, MelK~Y co~ep>itaHReM MRKponpRMeCeH c npoueccOM TpaBJieHRH 

06JiyqeHHOH OJieHKR o6HapylKeHO He 6UJIO, qTQ qaCTRqHQ OTMeqeHO 

B!lllle Ha pnc:5 ~JJH.CJiyqaH~BYX JI8BC8HOB!lX !pRJihTpOB. 

.cpe~HRe ~aHH!le inH ·acex b6HapylKeHHUX MRKponpRMeceH B 
,. ' .. 

JI8BC8HOB!lX !pRJihTpaX npe~CTaBJieH!l, -~ ~a6~.3. YK838HH~e B 

Ta6JIRUe ~Rana30H!l no~epXHOCT~OH OJIOTHOCTR 3JieMeHTOB. 

onpe~eJieHu aHaJiorRqHo ~aHH!lM' Ta6JI. 2, ·n TaKJKe RCKJIIOqeH!l 

3KCTpeM8JihH!le 3HaqeHRH, B TOld qRCJie· R CJiyqaR KOHUeHTpaURH 

TRTaHa, 6nH3KHX K_Hyn!O. , KpOMe Taro, B OOCJie~HeH KOJIOHKe 

Ta6JI.3 npRBe~eH~ BCT~e~kBlliReCH ·' ~a~CRM~JJhH!le BeJIRqRH!l 

I 

, /I 

·, TAE.J!WlA 3~ Co,neplKaHRe n!MR'IeCKHX aJieMeHTOB B JiaBCaHOBJJIX <IMJibTpax, · 

H3rOTOBJI8HHJJIX B 1 9 8 0 - 1 9 8 9 r r • 

:3JI8M8HT 

· Na 

Al 
K 
Ca 

Sc 

Ti 
Cr 
Mn 

Fe 

Co 

Ni 
Cu ·· 

Zn 
As 

, se· 
· Br 

Rb 
sr 

- Ag 
Cd 

. Sb 

,Cs 
Ba' 

La 

Sm 

Au 
Hg 
Pb 

MeTo.n 
8H8JIH38 

MHTepBaJI!l KOHUeHTpaUHn, Hr/C~ 0max 

HAA 

~A 

~A 

~o 19B3r. I19B3-B4r. I 1. 9B_6r. 

360-440 

240-560 
+ I + 800~2600 2400-5200 
+ + 

~A 250-870. 1300-59001· 130~610 

HAA 0,07-0,18 He orrp. 
~A 2600-4400 5000-7 400 I + · 

.HAA.~A 

~A 

~A 

~A 

20· 

'+ 
330-750 
1,5-2,5 

90~250 

10-70 
' ' + . 1 30-260 
900-1400 260~500 

'ire orrp. ' 6-7 
20.:..60 

370-670 50-170 
HAA;~AI 600-16001 900-20001 220-240 

HAA 
HAA 
HAA 

HAA 
HAA 

. HAA 
HAA_ 
HAA 
HAA 

30 
.120-160 

He orrp. 

He orrp. 

• • He orrp:' 

He orrp. 

_-_He ?rrp • 

H~·.onp. 

He orrp. 

He. orrp. 

190 
220 

9; 

8 ., ·.' 
1700 . 

0,9-3,7 
He orrp.l 0,6 

19B9r. 

+ 

+ 

560 
6300 

440 

+ 17100 
0,1-0,2 0,63_ 

+ 7800 
82 

+ I 260. 
800-11 00 : 1840 

. 7 

' 60 

730 
2160. 

' 1 40:-11 00 ' 1180 
20-110 110 

2,9-3.·4· 3,4 . 

190 
'2300' 

- I 9 
50-70- 110 

52() 
s· 

BOO l17oo 
4 

0,6 HAA I 0,1-0,3 
HAl\ o,o7-'-0,16 
HAA, 

He orrp.I0,13:-0,1BI0,02:-0,09 
He-orrp. - 30-60: 

0,19 
'61 

~A I 20-;70 150-260. 280 

it', 

IlpRMe'!8llllJI:"+" - SJieMeHT B 00p83U8X llpHCYTCTBYeT, HO KOJIR'!eCTBeHHO, 

He·orrpe.neJiHJicH; 

"-" - SJieMeHT He H80Jll0){8JICH; 

"He orrp." -·o0p83ll,ll He 8H8JIH3HpOB8JIHCh. 

·;,:. ;,;. < 



co.neplKaHH~ · 3,_neMeinoa. · cne.nyeT ·oTMeTHTh; KaK Illi:L!Ho H3. pH:c:7 .H 

Ta6n.3, tiTO co.neplKaHHe npHMecew a ¢HJihTpax npoH3BO.llCTBa 

1986- i989 rr. HCCKOJJb~O CHH3HJI~Cb, OC06CIIHO no cpaBHCilliiO ~ 
1983.:.1984 rr._,. no co):lepJKanue caMoro MCUJaiomero 3JleMeHTa -

cyphMH.- B03pOCJIO. 
i 

3AKJIIlt{EHHE 

~ 
H3 npe,llCTaBJI8HHUX BHllie pe3yJihTaTOB cne.nyeT; 'ITO ,llJIH 

ycneiimoro npoae.neHI:fH P<t>A H HAA npo6 aTMocq:Jepuoro ao3.nyxa 

Hal:f60Jiee UO,llXO,llHUll:fMI:f .llJIH OT6opa npo6 l:f3 OTetieCTB8HHHX 
j :.- ·, ' ' • ', )_,·· ' • • • ' 

q:JI:iJihTpOB.' HBJIHIOTCH ;q:JHJihTpH Tl:fUOB !':<l>A, :<t>nA-15, <t>nA-70 l:f 

<t>nAP-AT.'npl:i 3TOM ,llJIH P<t>A opHeHTI:ipOBOtlHOe noporoaoe 3HatieHHe 
. . 3 ' 3 . 

npoKatialtHoro !J03,llyxa COCTaBJIH8T 3-5. M , a ,llJIH HAA 0, 5-1 M , 

HO; pa3yMeeTCH, 3TH 3HatJeHHH 3aBI:fCHT OT.B8Jll:f'l~HH KOHU8HTpaUHH. 

a3p0.30JieH _H .npyrHX tJaCTI:fU B· aTMOCq:Jepe. 0TM8TI:fM TaKlKe, 'ITO ,llJl.H 

Taro, tJTo6u npl:iHI:fMaTh ao B~nMaune npnae.n~uuuci B Ta6nl:fuax 

.nau~u~, ripn·npoae.neunn aHaJIH3a ueo6xo.nnMo ao ~ce~· cnytJaix .llJIH 
' ,• ' i ' I '_,;< ' ,.- ' , 

KOHTpomt HCCJ18.llOBa Tb: tii:fCThiH q:JI:fJibTp · l:f3 TOM 'lK8 cepHH, KOTOpaH 

3Kc~oimpoaanach : npH o1'6ope npo6. npo6u, : · nonytJeHHHe c 

HCUOJih30BaH.HeM JiaBCaHOBhiX q:JI:fJibTpOB (eCJIH He HCUOJih30BaTb 

npoue.nypy CHHTH.H npo6hl C q:JI:fJihTpa),. JiytJme HCCJI8,llOBaTh npH 

noMOlllH P<t>A, no Kpai1Rei1 Mepe, npl:i 'o6'L~Max npoKatianuoro B03.llyxa 
3· .llO 100 M ; 

·' 
),. 

·.; 

Py~onucb nocTYUHJJa B H3):1aTeJJbCKllA OT):IeJJ· 
8 OKTH6PH 1991 ro):la. 
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KYAPRWOB B.~.; TYHAOPIIIHa C.<!>., 
Cl>po~Tacbesa M~B. 
XIIIMI!IYeCKI!l~ COCTaB ~lllnbTpos, 
l!lcnonb3yeMbiX Ails:! oT6opa npo6 aTMOI 

OnpeAeneHo coAepmaHI!le np~Mece~ 
pax 1113 MaTepl,.,arios . <I>n, 111cnonb3yeMbl: 
MOC~epHoro B03AYXa, a TaKme K0nii'IY4 
caHoi~x ~~ri~+~ax (riuclear pore). 
Bmlls:IHI!ls:l 3TI!IX npi!IMece~ Ha pe3ynbTa· 
3a npo6 B03AYXa_ He~TpOHH07aKT111Ba~ 
opec4e~THb~ METOAaM~. 

Pa6oTa B~nonHeHa B na~op~TOpl!l~ 
0~~~. ~- ~~~ ~1113111K~ CaHKT-neTep6ypr-< 
ro YHIIIBepCIIITeTa. 

.• 

: ~. ·, ~ 

Coo6me~~ne 061>e.IUQietmoro HHCTHTyTa iutePH 

nepeBOA aBTO~OB 

KJdrj~shov·ij~I., G~ndor1n~ S.F., 
Frontasyeva, M~V. . , ... 
Cheini ca 1 ·content of Fi 1 ters .. 
Used for Atmospheric Ail- Samples ~ 

·. Impurities content in fiber fil 
l~v~an filters,(nuclear·pore) used 
sample~ preparati6n was determined 
these ·impurities ori the result of 
atmospheric air samples by ri~utro~ 
emission method was evaluated. 

The i~~estigaiion has been perf 
tory_of Neutron Physics, JINR a~d 
S.-Pet. St. Univ. 
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