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Baenenue 

nnSI c6opa IIpOJ:lyKTOB B36HMOJ:leHCTBHSI SIJ:lep C TSI)!{eflbiMH HOHBMH B 

HBCTOSI!Uee BpeMSI HCIIOilh3YIOTCSI MeTOJ:lbl, OCHOBBHHbie HB rre peJ:lB'Ie 60ilblUOr'O 

HMIIynhCB COCTBBHOMY SIJ:lpy IIpH CTIHSIHHH 6oM6apnupyiOweli 'IBCTHUbi C SIJ:lpOM 

MHWeHH. npH 3TOM SIJ:lpB OTJ:lB'IH Bbi6HB6IO TCSI H3 MHWeHH 3HB'IHTenhHOI1 TOTI

WHHb/ J/' a 3BTeM ynaBilHBBIOTCSI pa3TIH'IHbiMH CIIOC06BMH/2/ 

Hau6onee wupoKoe npHMeHeHHe B cneKTpocKonn'leCKIIX nccnenoaaHHSIX 

nony'IHn MeTOJ:l ancop6UI<H aTOMOB OTJ:lB'IH H3 raaoeoii CTpyu/3/. Cyw ecTaeH-

HblMii HellOCTBTKBMH 3 T Or'O MeTOJ:la SIBilSieTCSI OrpBHH'IeHHOe BpeMSI BbiHOCa 

SIJ:lep , 'ITO OC06eHHO BB)KHO IIpH H3y'leHHH KOpOTKO)KHByWHX H30TOIIOll, H J:lO-

BOhbHO )KeCTKHe Tpe60BBHHSI K KB'IeCTBy raaa H IIOBepXHOCTH C60pHHKB J:lTISI 

IIOTiy 'l e HIISI yCTOH'IHBOfi BellH'IHHb' K03¢qlHUHeHT6 c6opa. noKa He CyllieCTByeT 

cnoco6oe npeononeTb 3 TII HenocTaTKH. Be(DSITHO, MO)KHO nane SIThCSI na ycnex 

B a TO M nanpaanenun, co6 upaSI nponyKTbi peaKuuH na n e6onbWY IO noeepxHOCTh 

n ep<flopnpOBB HH bi X MBTepnanOB lflllf TOHKHX BbiCOK03cjxjleKTifBHbiX <fJHilbTpOB C 

M61lbiM COIIpOTHBil ei< a eM , yC T BHOBTieHHbiX B llOTOKe OTKB'I HBB eMOr'O raaa/4 / 

nnSI BbiSICJieHHSI 3 TOii B03MO)KHOCTH H 6bin6 npennpHHSITB HBCTOSIUIBSI 

pa6oTa. B OIIbiTax npoaep51nacb a (<:eK TifBHOCTb ucnollbaoaaHnSI a K a'leCTBe 

C60pH11K OB IIpOJ:lyKTOB SIJ:lepHbiX peaKUHii pS!J:lB M8Tepnanon H3 BOTIOKHUCTbiX 

<) H Tib TpOB : (:JH ilbTpOTKBHb 4>nn-J5 H 6onee TOHKHe o6pa3Ubl Jl4>C, ( neHTa 

• ClleK TpOMeTplf'leCKaSI•) 
15 •61 , MeT BilllOK epaMH'IeCKHX H MeT aflllH 'IeCKII X no-
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pHCTbiX QJHilbTpOB , a T8K>Ke nep<jJopHpOB8HHbiX M8TepH81lOB : HHTpOUelln!Oil03bl, 

Te<jJnOH8 H HHKelleBbiX QJOilbr ( HHKelleBbiX CeTOK) o 

MeTOUHKa 3KCnepHMeHTa 

lln5! H3Y'!eHH5! C6opa Hnep OTU8'l.H p8311H'iH biMH M8TepH8118MH Henocpen-

CTBeHHO H8 ny'l.Ke MHOr038p5!UHbiX HOHOB HCnOilb30B8118Cb peaKUHOHH85! KaMepa , 

H306pa>KeHH85! H8 pHC . 1o 

ny'iOK HOHOB, npOXOU5! BaKyyMHOnllOTHYIO QJOilbry, nonanan H8 MHllleHb . 

nponyKTbl peaKUHH Bbi6HB811HCb B I'830BbiH 06beM , B KOTOpOM nonnep>KHB8110Cb 

onpeneneHHoe , aapaHee Bbi6HpaeMoe naaneHHe c noMOlllbJO cneuHanbHOH CHC

TeMbl nona'l.H H OTKB 'l.KH raaa (pH C o2) 0 

illl5! O'l.HCTKH I'838 OT nhlllH, n a poB M8Cil8 H Bll8I'H 6hlllH npHMeHeHhl KOM-

6HHHpOB8HHble QJHilbTpbl H3 B8Tbl H npenaapHTe ll bHO 06e3BOll<eHHOI'O CHilHKare/15! 

c noc n e ny1o !11eii O'l.HCTKOH raaa cneu•tanbHbl MH QJHilbTpaMH H3 <t>nn-1 50 T aKaH 

CpaBHIITeJlbHO npOCT851 CXeMa O'iHCTKH n03BOI15!118 YUilHHHTb CpOK Clly>K6bl 

QJHilbTpOBo 

B Tpy6onpoaone nnH oTKB'iKH raaa H3 p ea KUHOHHOfi KaMephl ycTaHaBilH

aan c H 6hlCTpOCbeMHhlH naTpOH C nepQJOpHpOB8HHhlMH MaTepH8118MH HllH QJHilbT

paMH B KB'l.eCTBe C60pHHK0B o 

npH KOHCTpyHpOB8HHH K8Mephl p83 M ephl ee Bhl6Hp811HC b T8KHMH , 'iT06hl 

y M eHblllHTb UHQJ( Y3HIO nponyKTOB peaKUHH Ha CTeHKH Ka M epbl . C 3 TOH Uellb!O 

't 
p 8 CCT05!11He OT MHllleHH no BbiXOnHoi\ BBKYYMHOfi QJOHbi'H peaKUHOHHOI'O 06beMa, 

paBHOe 26 M M, npeBb ll118110 paCC T05!HHe OT OCH ny'l.K8 no noaepXHOCTH QJHilbT

pa - C 60pHHK8 nponyKTOB peaKUHA B 1,7 paaa. 

T a KHe paaM e pbt K aMepbl (o6be M "'11,5 cM
3 ) HaKnanbtBallH onpeneneHHOe 

orpa HH'i e HHe u a a ellH'l.HHY pa6o'i e r o naane HH5! B Ka~epe H a p eM H BhlHoca 

nponyK TOB peaKUHA o 

On'btT bt no H3 y 'l. e HHIO a<jJ<jJeKTHBHOCTH c6opa Hn ep nponyKTOB peaKUHH npo-

aon Hil HC b Ha U30TOnax UHCnp03H 5! I~O Dy H 
15 1 

Dy , o6paay JOlllHXC5! B peaK-

UII5!X: 142 Nd (12 C, xn )1~0 0 1 5 1 Dy H 187 o 138 Ba ( 20 Ne, x 0 ) 150 o 15 1 Dy 

iln5! H TO~ U ell H 6 hl llH npuroTOBile Hhl M UllleHH H3 eCTe CTB e HHO A CM e CH H30TOnOB 

6ap H 5! H p a a nen e; · H OI'O H30Tona H eOUII M a - 142, c o nep>K8 !11He COOTBe TCTBeHHO 

2 :d 
.,gQ M Kr i C M H "'150 MKI' / C ~I B e lll <! CTB8o 
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fing pe!'HCTp8UHH TIOTOK8 6oM68pUHpy10illHX HOHOB npHMeHSinCSI BBKYYMHbiH 

UHflHHUp <l>apaneH, p83MeweHHbiH 38 BbiXOUHOH 8niOMHHHeBOH !l><>nbl'OH peaKUHOH-

HOH KaMepbi. 

llocne 5-10-MHHYTHO!'O o6ny'leHHSI naTpOH C <jJ HnbTpOM nnOUlBUbiO., 0,5 CM
2 

6hiCTpo H3BneKancH H3 Tpy6onponon8 H noMewancH B a -cneKTpOM e Tp Ha pac

CTOHHHH • 4 MM OT neTeKTOpa. B K8't e CTBe neTeKTOpa a -'18CTHU HCTIOnb-

30BanCSI nonynpOBOUHHKOBblli Si -Ao - neTeKTOp , C H!'Hanbi C KOTOpOl'O TIOCTyna-

nH Ha 38pSIUOBO'IyBCTBHTenbHbiH npenyCHflHTenb H Tp8H3 HCTOpHbiH CTieKTpOMeT-

pH'teCKHH ycHnHTenh . AMnnHTyUHbie cneKTpbi a - 'laCTHU H3M epsmHCb c no-

MOWbiO 256-KaHanbHOl'O 8HanH3aTop8 AH-256. 

3KcnepHMeHTanbH8S1 '18CTb H pe3yflbT8Tbl H3MepeHHH 

B paCCM8TpHBaeMbiX OTibiT8X B KB'IeCTBe T OpM03stUlel'O 1'838 B OCHOBHOM 

HCTIOnb30BanCst 830T. fin s: Bbi60p8 OTITHM8nbHbiX ycnOBHH pa60Tbl 6bina HCTIOnb

BBHB 38BHCHMOCTb c6opa nponyKTOB pe8KUHH 
142 

Nd ( 
12 c , x n l 

150 
• 

131 
Oy 11 

138 BaP0 Ne, xu)UO,UJny oT nanneHHst 1'838 B KaMepe. B Ka'teCTBe c6opHHKOB 

npa aTOM 6binH I;puMeueHM nep!l><>puponaHHbie M8TepHanbi: BHTpouenniOn038, 

HHKeneBMe CeTKH, a TBK)Ke «jlunhTpOTKBHb <l>llll-15 H cneUHBnbHBst <jJHnbTpy-

IOWBSI neHTB n<I>C- 2 . 

OnTHManhHbiii c6op stnep oTna'IH B naHHOH peaJ<UHH nocTH!'ancst npH on-

HOM H TOM )Ke nanne uHii !'a3a B Ka Mepe. Ha puc . 3 npencTanneHa 38BHCII -

MOCTb c6opa gnep oTna'IH or nanneiiHst !'a3a n KaMepe. Cpanii e iiue pac'l e THbi X 

3Ha't e HHii cpeniiHX npo6el'OB Mep OTUB 'III/8,9/ H 3 KCnepuM e HT8flbll b iX UBIIIIbiX 

TIOK83biB3eT, 'ITO 118UMellbWHM OTKflOHeHHeM O T 3KCTiepHMeHT3nbllbiX naHIIbiX 

6 
. <I> II I 

o JianaiOT paC 'ICTH ble 3H8'1eiiHst npo6e roB, nony•IeHHbie n o <. opMyJie Itpcona 

A6con iOTHast nenH'IHHa c6opa nponyKTOB peaKuuii cun bHO aanHCHT oT 

MBTepHana C60pUHKB , H, BepOstTHO, aneKTpH'IeCKIIX CBOiiCTB el'O IIOBepXHOCTH . 
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T a 6m 1Ua I 

Ko31)HpHU He HT c 6 opa stnep o Tna 'IH pa3nH'IH btMH lj!HnbTpaMH 

Tun ljlunbTpa 

I . T e ljlno H nep¢ op upoaa HHbtH 

2 . H HTpouenm on o3 a 

3 . <Pnn-1 5 

4. M e TannoKe p aMH'!eCKIIH lj!Hn bTp 

5 . HuKe n eBbtH ¢ unbTp 

6 . n <PC -2 

7. n ep ljlopHPOBBH HBSI HH Ken eaan 

lj!Onb!'a ( HHKe n eBB SI c e TK B / 

X apaKTe pHCTHKa 

ljlunbTpa 

np03pa 'IHOCTb" 5 % 

np o3pa '!HOCTb " 5 % 

n uaMeTp 3 e p e H 0 , 1 MM, 

TOnlllHHB lj!HnbTpa " 

2 MM 
MK!' 

nnOTHOCTb" !50~ 

npo3pa'IHOCTb "60 % 

K o3tj>¢HU HeHT 

c 6opa ( % ) 

1 ,5 - 2 

.. 4 

( 60!) 0 

(19!_5 

(2 1+5) 

(71 :!:..1 7 

(20:!:_5 

B Ta 6nuue I n puaeneHbt H3Mepe HHbte K03<txlmu ueHTbt c6opa stn ep OTilB'IH 

p a 3 nH'IH bi MH ljJIWbTpaMH - C60pHHKaMH, 3TH n aHHbte npOHOp MHpOBa Hbl Ha BblXOil 

np onyK TOB peaKUHH , C06paHHbiX npH np SIMOM Bbt6H BaHH H stnep OTAa 'IH B anJOM H

HHe Bbi H C60pHHK , 

K a K cneAy e T H3 Ka 'leC TBe HH OH Te op HH 3¢QeK TH BHOC TH ¢ Hnb Tpoa AnSI 

yn a amta a HHSI a3p rooner/ 101 , HaH 6 0nb WHM K03 <jl<jmuH eHTOM c 6 opa n omKHbt o 6nanaTb 

BOnOK HI!CTbte ljJJWbTpbt ( <Pnn-1 5 H n <PC - 2). 

0 AHaKO n on yqe HHaSI HaMil aenH'IHHa K031jlljlnuH e HTB c 6 opa n pOAYKTOB pe a K

Ul!H Ha nct>C - 2 (70% ) HH ;>K e O;>KHAB <? MO!'O 3 Ha 4 e HHSI, B epOSITH O, B paCCMO Tp e H

HblX 3KCnepi!MeHTBX TaK I!e ljla KTOpbl Ka K AH¢4JY31151 npOAYKTOB Ha CTeHKI! KaMe -

p ~ H B03MO;>KH0 Ma naS! KOal'yn st UI! SI DpOAyK TOB pea KUHH Dpl! 60nbWI!X nH HeUH~X 

CKOpOC T SI X DOTOKa !'a30B ( " 1000 CMfCeK ) n p HBO Jl llnl! K yMeHb We HIIIO 3(h¢eK

TH BHOCTI! c 6opa . 

E bJnB l! CcneAOBaHa 3 BBIICHMOC Tb aeliH 'IHHbt K0 3¢ ¢ uuu e HTa c6opa o T cop Ta 

TOpM 03stiUe!'o !'83 a . T a KH e 3Kc n e puMe HT bt 6 btn it n poaeAe Hbl c a3o ToM,ao3ny x oM 11 

a p r o n oM , B Ta6nHue 2 n p Ha eneHbl n on y q e HH bie onTHManbHbie 3 Ha 'l e HHR Ko-

3 <>< HUHe HTOB c6opa . O'!eB HAHO, 'ITO n p 11 3aMeHe cop Ta TopM03SI!lle !'O !'B38 

aen H'I IIHa K03~lcp11UH e HTB C60p8 Cy !lleC TBe HHO He MeHRe TCSI, 

9 



Ta6n Hua 2 . 

3 asHCHMOCTb c6opa ~nep oTnaq H oT copTa TopMoa~mero r aaa 
( npH OH THM.anbHbiX yCnOBH~X ) 

CopT raaa Ko9~HUHeHT c 6opa ( %) Ha : 

<t>nn-15 : n<t>C-2 

AaoT "' 6 0 71 :!:..15 

B oanyx "' 58 6 7:!:.10 

AproH .. 63 65:!:.10 

3KcnepHMeHThi no Hayq eHH JO 9 Hepre THqecKoro paapemeHH ~ a -nHHHH 

160 Dy 1 u 1 Dy ( E a - 4,23 M 9B H Ea =4,06 M 9B cooTBeTCTBeHHO) noKaaanH , qTo npH n pH 

npHMeHeHHH MeTannoKepaMHqeCKHX <jJHnbTpOB H HHKeneBbiX CeTOK paapeureHHe 9THX 

a-cneKTpos onpenen~eTc ~ nonHOCTb JO paapeura10meil cnoco6HOCTbJO annapa Typhi 

C pacnpenen eHHbiM HCTOq HH KOM ( "' 50 K9B ). B cnyqae n<f>C - 2 BKnan <jJHnbTpOB B 

B 9HepreTHqeCKOe pa3Mbi THe a - nHHHH OUeHIIB8eTC~ He npeBbllllBJOmHM 4Q-5Q K9B 

( PHc.4 ) . c ysemt qeHHeM nnOTHOCTH <jJHnbTpOB THna n<t>c K09~HuHeHT c6opa ~nep 

oTnaqH cyurecTBeHHO He BoapacTan, B TO BpeM~ KaK 9HepreTuqecKoe paapetueHne 

a - cneKTpOB a Ha qHTenbHO yxynmanocb . 

OueHKH BpeMeH!t c6opa nponyKTOB peaKUHH 6btnH cnenaHbi Ha OC HOBBHHH 

H3MepeHH~ 6biCTpOTbl OTKaqKH ra3a H3 peaKUHOHHOH KaMephl Me TOnOM 

nocTo~HHoro o6beMa 1 11 1• P acq e THbie aHaqeHH~ BpeMeHH BbiHoca ~nep oTnaqH 

Ha paccMoTpeHHwe <jJHnbTpw- c6opHHKH npuBeneHw B Ta6nHue 3 . Ha Ta6nHu w 

3 BHnHO, 'ITO naHHF M Me TOnOM MOlKHO C06Hp8Tb nponyKTbl peaKUHH 3 8 Bpe-

MeHa 10-2 -3 - 10 ceK . 

Ta6nnua 3 
OueHKa s peMeHK BbiHoca nponyKTOB peaKuHii Ha paamt'!H ble 

<jJHnbTpb1- C60pHHKH. 

T Hn <jJHnb Tpa 

1. HHKene Bhle K MeTannoKepaMHqecKue 
~Ju nbTJlbl 

2 . n<t>C- 2 

3 . HuKeneBaSl ce TKa ( npoapaq HOCTb60''o ) 

10 

BpeM~ BbiHoca 
(ceK) 

4 - 5 . 10-2 

~ 1,0.10- 2 

< (1,9 .10- 3 ) 

,1 a. I & . 

I~j 
ft23H3C 

l 
lsoo 

A 
4.23~(, 

~ ~()() t 
:::) D 

~ 

~ 
() 

~ 600 I I I ~300 
")--
(J 

4-06~ ~3& & I L~" I \ SOtc~ 
01100 
5 

::F coo 

80 70 60 
HoNep I:.OHOflQ 

so 60 

Pac. 4. 3aepreTH'tecKHe cneKTpbl a - qacTHU OT pacna.na Mep 
100 

Dy 
H 151 Dy , co6p&HHbiX : a) B& fl<I>C - 2 H 6) B& HHI<enesyiO CeTKy . 

II 



CTa6 HJJbHOC Tb pa60Tbl MeTann oKepa MH'IeCKKX QJHJJb Tpoa H fl<I>C -2, KaK 

aa H6onee nepcn eKTH BHbJ X QHJ!bTp oa- c 6opHHKOB, npoaepgnacb B 6onee n nu

TenbHbiX 3KCn epHMeHTa X Ha n y 'IK e yCKOpKTeJJSI C BbiWe OnHCaHHOH CHCTeMOH 

O'I HC TK H ra3a . MHoro'!aCOBble 3KcnepHMeHTbJ Ha n y 'IKe HOHOB noKa3anH, 'ITO 

He npOHCXOnHT cyw eCTBeHHOI'O H3 MeHe HHR COnpOTHBJJeHHR «jlHJ!b TpOB H K03«jl«jlH

UH e HTa C6op a nponyK TOB peaKUHH, 

B ee 3TO n o3aon HeT npHMe HSITb fl <l>C- 2 (Koa«jl«jlHUHe HT c 6opa "' 70% ) 

H Me T8JIJIOKepaMH'IeCKHe QJHJ!bTpbl (K03«jl¢HUHeHT c6opa "' 20 % ) nnSI cneKTpo-

MeTpH'IeC KOI'O H3y 'le HHR Ka K KOpOTKO~H BYWHX , TaK H nonro~HBYWHX nponyK

TOB HJlepHblX pea KUHH, 

npHMeHeHHe QJHJlbTpOB nnSI H3y'leHHSI nponyKTOB peaKUHH 

236 U ( 16 0 , 6 0 ) 260 Fm 

C 3TOH ueJJbiO MHWe Hb H3
236 

U o6nyqanaCb B Te 'IeHHe 1-1 ,5 'IaCOB HOHa

MH 
16 

0 C 3HeprHe il , COOTBeTCTBYIOWeil MaKCHMaJ!b HOli Be JJH'IHH€ Ce '!eHHSI 

paCC MaTpH Ba e MOH peaKUHH/ 12/ , 
23

°Fm HneH THQHUHpOBaJJCSI no 3HeprHH a - 'IaC

THU H n epHony nony pacnana ( T ~ =30 MHH, ) , C6opHHKH H3 fl4>C-2 H Me

TaJJ JJOKepaM HKH C H3MepeHHbiM KOJIJ!H'I eCTBOM Rneif 3° Fm TI OMewaJJHCb B KOHTaKT 

CO CJJ IOnS!Hbi MH neTe KTOpa MH Ha 6-8 'la COB, T, e, npaKTH'IeCKH no TIOJJHOI'O pac

nana 
23° Fm • C n JOnHHbJ e n e Te KTOpbl 3 a TeM n onaepranHCb XH MH'IecKoil o6pa-

113 / 4 2 30-60TKe H TlpOCMa Tp HBaJJHCb Ha MHKpOC KOne, npH pacn an e 10 HJlep - t ·m 

l;le 6biJJO 3aperHCTpHp OBaHO HH onHOI'O a KTa CnOHTa HHOI'O neneHHSI, 0TC JOna 

MO~HO 3aKnJO'IHTb , 'ITO n onS! p acn an a Hne~6°Fm nyTeM Cn DHTa HHOI'O neneHHSI 

.::; 1.10- · a , cnenoaa TeJJbHO, H nepHon nonypacnana H30Tona 23° Fm no 

OTHOWeHH IO K CnOHTaHHOMy nen eHH IO 60JJbWe 0, 6 r ona ( ~ 200 Cy TOK) , 

AaTopbl C'I I1 TaiOT CBOHM np HHTHbJM nonroM Bblpa3HTb 6nar oaapaoCTb 

npo«jl. H . .J .neTpHHoay- CoKonoay , B. Vf .K o3noay H 3 .A . llpy~HHHHy 3a ueHHbJe 

KOHCYJJbTaUHH H coneliC TBHe B pa6oTe . M bl Tlpi13Ha TeJJbHbl npo«jl, r . H . <l> nepoay 
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E .H .~pi1HY 3a noMOWb a pa3pa6oTKe annapaTypw 11 nposeneHH11 3Kcn ep11 MeH-

TOB . 
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