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BBEnEHl1E 

BbICOKopaJBHTaR Tex Honor HR, ocymecTBnRDmaR npoHJBOZICTBO MHKPOCX eM, 
Tpe6yeT Hanexmo nposepeHHbIX H aTTecToBaHHbIX semecTa: KPHCTannos nnR 
nonno•eK, XHMH'!eCKHX peaKTHBOB, paCTBOPHTeneA H raJOB. 

Ha OCHCBaHHH nonytJeHHbIX ZIO CHX nop naHHbIX O BbICOKOKatJeCTBeHHbIX 
KpeMHHeBblX MOHOKPHCTannax. a TaK•e no <:nH'!eHHRM pe3ynbTaTOB, 
nonytJeHHbIX Ha CTaHnapTHbIX 3TanoHHbIX KPHCTannax B paJnH'!HblX CTpaHax, 
MO*HO JaKnD'IHTb cnenYDmee: 

- 'IHCTOTa HcnonbJYeMbIX KPHCTannH'!eCKl1X nonno•eK/l/ C CM. Ta6n. 1 l 
(npOH3BOZICTBa, Hanp., ~HpM Xo6oKeH, BaKep, lllnypeHMeTanne ~peA6yprl 
cerOZIHR Y•e no BCeM napaMeTpaM COOTBeTCTBYeT Tpe6oBaHHRM coepeMeHHOA 
TexHonorHH, H npoeeneHHe aHanHTHtJecKoro KOHTponR peKoMeHnYeTcR TonbKo 
llllll HOBbIX pa3pa60TOK HOBOA cepHH: 

- B TO •e epeMR 'IHCTOTa XHMH'!eCKHX peaKTHBOB, paCTBOPHTeneA, raJOB H 
ecnoMoraTenbHbIX eemecTB cymecTBeHHO OTCTaeT OT 'IHCTOTbl nonno•KH KaK B 
OTHOWBHHH MeTannH'!eCKHX MHKponpHMeceA, TaK H B OTHOWeHHH KOHUeHTpaUHH 
B3BBWBHHbIX TBepllblX tJaCTHU. 

BcnencTBHe 3Toro a TexHonorH'!eCKOM npouecce noeepxHOCTH nonno•eK 
MOrYT noBTOPHO JarpRJHRTbCR, ypoaeHb JarpRJHeHHR Mo•eT yeentt'!HBaTbCR 
na•e Ha HeCKOllbKO nopRZIKOB. B xone TepMH'!eCKOA o6pa60TKH noeepXHOCTHOe 
JarpRJHBHHe pacnpocTpaHReTCR TaK•e Ha BHYTPeHHHe noncnoH. 3To 
nonTeep•naeTCR HamHMH H3MepeHHRMH121, cxeMaTH'IHO npencTaeneHHbIMH Ha 
PHC.1 H 2. 

ffaneHHe noBTOPHOro JarpRJHeHHR noeepXHOCTH, 
BbICOKO'IHCTbIX nonno•eK, no6ynHno Hae npoeecTH nonHblA 

Ha6m)ZIBHHOe y 
aHanHJ HeKOTOPbIX 

tJaCTO HCnOnbJYeMbIX paCTBOPHTeneA BblCOKOA 'IHCTOTbl B 
HBATPOHHO-aKTHBaUHOHHOA na6opaTOPHH lll1~11. 

3TH HccnenoeaHHR 6,bU;m ,TaK•e nonnep•aHbI eeHrepcKHM npennpnRTHeM 
"Mi1Kp03llBKTPOHHK,a 11

, nnR BbmonHeHHR. KOTOPbIX 
pa3pa60TaHHbIA ZIHCTHnnRUHOHHOA O'IHCTKH, 

XHMH'!eCKHX HccnenoeaHHA BAH. 

TEXHl1KA 3KCnEPl1MEHTA 

Mbl npHMeHRnH cnoco6 
lleHTpanbHbIM HHCTHTYTOM 

11ccnenoeaHHR 6blJJH npoeeneHbl COBMeCTHO c na6opaTOpHeA HeATpOHHOA 
~H3HKH(IlH~l. O11ffl1, r.ny6Ha. 06or~meHHe MHKponpHMeCRMH H nonroTOBKY 
o6pa3UOB,a TaK•e MaWHHHYD o6pa60TKY H HlleHTH~HKaUHD raMMa-cneKTPOB Mb( 
npoBOZIHDH a na6opaTOPHH 
aHannJaCHAAl a ll11~11. 

peaKTopHoro HeATpOHHO-aKTHBaUHOHHOro 



Ta6nHua 1. ConepxaHHe Ml1Kponp11MeceA e BhlCOKQqHCTOM 
MOHOKPl1CTanne KpeMHHR /cpenHHe 3HaqeHl1R/. 

ICOHUBHTpaUHR MaccoeaR nonR 

3neMeHT 8TOH/cH3 Hr/r C, I\ 

Na 3,3El4 5,5 8 

Cr 4,5El2 0,17 18 

Fe l,6El5 64,3 22 

Co 1,2El2 

Cu 1,7El3 

As l,1El2 

Ag < l,8El2 < 
Sb 1,0Ell 

w < 8,5El0 < 
Au l,5El0 

a - _CT8HA8PTHOe_OTKnOHeHue. 

i: 

i 
◄ 
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0 10 1Sµn 

Puc. 1. PacnpeaeneHue HUKponpuHecen 
B noanozKe KpeHHUR BO epeHR TexHO
noruqecKoro npo~ecca. Ton~uHa He
HRnacb HeToaoH nocnoAHoro cTpaenu
BaHUR. 

0,051 14. 

0,78 13 

0,059 13 

0,14 
' 

0,0087 19 

0,011 

0,0021 14 
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Puc. 2. AeTopaauorpa~uqecKuA 
CHUHOK C npunoeepxHOCTHOA 06-
nacTU(Ton~uHa He 6onee 15 HKH) 
noanoZKU ·KPeHHUR. 
TeHH8R qaCTb - C nOKPYTUeH U3 
sio

2
, ceeTnaR qacTb - 6e3 

noKPYTUR. TeHHYe Toqru - 3TO 
HecTo cronneHUR HUKponpuHecen. 

' 

!-I 

. ,, 

06nyqeH11e 06pa3uoe aeATDOHaM11 11 113MepeH11e raMMa-cneKTpoe 6un11 
cnenaHhl Ha peanope H6P-2 e IlH!lJ. KaHanu o6nyqeffl1R c IlHBBMOTpaHCilOPTOM 

/K1 11 K2/ np11 MODIHOCTl1 peaKTOpa 2,0 MBT o6ecneqHnH cnenYDDU1B IlOTOK11 
HBATPOHOB/3/ (e en11H11uax 1012cM-2c-1 ): 

KaHan illthermal illepi ill fast t '
0

c 

K1 -- 0,20 ± 0,03 1,4 ± 0,16 70 

K2 0,5 ± 0,06 0,10 ± 0,01 0,6 ± 0,04 50 

B KaHane o6nyqeffHR K1 KanMl1BBhlA 3KpaH npaKTHqecKH UOJIHOCTbD nornomaeT 
TBilJIOBhJe HBATPOHhl. 06pa3Uhl 6b!JJH aKTHBl1POBaHhl e KaHane K2 e TeqeffHB 20 

Ml1HYT 11 24 qacoe COOTBBTCTBBHHO nnR 113MBPBHl1R KOPOTKOKl1BYWHX H 

nonro»1BYDU1X H30TOUOB. 
C6op naHHha npo11Jeonnnc~ C IlOMOWbD H3MBPHTBJibHO-BhNHCJIHTenbHOro 

MonynR "PH ATA" c naMRTbD 4x4 K6aAT. Ilep11onh1 perncTpau1111 cocTae11n11 15 
Ml1H. 

ReTeKTOPhl :Ge( Li )06beMOM 50 CM3 (Pnra,CCCP) C pa3pemeHHBM 

2, 8 K3B ( 60cc) H nnaaapHl:,IA Ge BhlCOKOA qncTOTbl ( Canberra), 
paJpemeHHe 0, 8 K3B ( 131Ba)-. 

MoHl1TOP 11 KOMnapaTOP nna IlOTOKa : Au, Zr, Ni. 
06pa6oTKa cneKTPOB H HX HneHTH~HKaUHR : IBM PC/AT. 

Ilnomanb nHKa : nporpaMMa GAMF( Hypermet ). 

MaccoeaR nonR : nporpaMMa SP C 6116nnoTeKa RnepHha naHHha k0 ) . 
06MeH naHHhlM11 MB:s.zIY nBYMR na6opaTOPl1RMH ocymecTBl1JICR c IlOMOOU,D 

rn6Koro nncn nnR UK H6M. 

nonrorOBKA 06PA3ll0B, IlPERBAPHTEilbHOE 

060rAil!EHHE MHKPOilPHMECHMH 

RnR yeenHqeffl1R qyecTBl1TBJibHOCTH onpeneneHl1R 3JIBMBHTOB, paClllJ:lPBHHR 
Kpyra onpenenReMhlX 3neMeHTOB, nnR yeen11qeH11R aHanHTHqecKoro OTHomeHHR 

Cl1rHan/myM, a TaKse nnR YMBHbmeHHR YMepeHHoro pocTa ~oHa, BbDBaHHOro 

npHMeHeHHeM IlOJIH3THneHOBba KOHTeA~epoe H oco6o qHCTha KBapueeha 
KOHTBAHepoe "SUPRASYL", o6pa3Uhl npeneapHTenbHO o6oramanHCb 

3arpR3HRDDU1MH 3JIBMBHTaMH. RnR 3TOro Mhl HcnapRJIH 100 CM 3 pacTBop11renR 
113 ~ToponnaCTOBOA eMKOCTH B npHCYTCTBHl1 np116n. 0,2 r ancop611pynmero 
eemecTBa M6PKH "ULTRACARBON USPl-M/OZS", conepsamero nnaTHHY KaK 

BHYTPBHHl1A CTaHnapT B Kon11qecTBe 5 MKr/r. Ha p11c.3 npHeeneHa cxeMa 
86KYYMHOA CHCTBMhl nnR 11cnapeH11R . 

3 



KBAPU CTEKnO 
/ 

r-1~-r=;-::=t===:::~_. -
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MCnAPMTEJb 

PACTBOPMTEJb + 
rPAtMTOe~~ 
MCOP6EHT 

BOAHHAH 6AHH 

*MAKM~ A30T 

KOHAEHCATOP 

HAllYCK B03JYXA 

I 

PHC. 3. BaKyyMHaR CHCTeMa anR o6ora~eHHR MHKpOnPHMeCRMH. 

BpeMR HcnapeHHR MBHRnOCb OT 3 no 6 qacoB a JaBHCHMOCTH OT CBOACTB 
paCTBOPHTenR. EMKOCTb HJ ~ToponnacTa, nonH3THneHQBLre H KBapueBLre 
KOHTeAHepu nonsepranHcb npensapHTenbHOA oqHcTKe B napax ~JOTHOA 

KHCnOThl H BonLI c noMOlllbll annapaTYPLI cnoco6oM, ony6nHKOBaHHLIM B 

nHTeparype14 ' 51. 
PeJynbTan1 aHanHJa npencTasneHbl B Ta6nHuax 2-4 KaK nnR oqHlllBHHblX, 

TaK H nnR HeoqH111eHHLIX pacTBOPHTeneA. 

BbIB0nbI 11 3AME'-IAHl1H 

flpH paJpa6oTKB n1>6oro cnoco6a KOHUBHTPHPOBaHHR MHKpo3neMeHTOB 

OCHOBHblM BOnpocoM RBnReTCR ~HJHKQ-XHMHqecKoe noeeneHHe pacceRHHLIX 

3neMeHTOB B 3TOM npouecce. 
B HameM cnoco6e ecTb B npHHUHne nea HCToqHHKa noTepH HnH 

noeepXHOCTHOro JarpRJHBHHR : 
- ancop6UHR H/HnH pacTsopeHHe nosepxHocTH cocynos CnnomanbD 

npH6n. 100 cM 2 ); 
- HCnapeHHe BMecTe C paCTBOPHTeneM Cc rnaBHblM KOMUOHBHTOMl. 

nnR YMBHblllBHHR ancop6UHOHHblX noTepb, c onHoA CTOPOHhl, npHMBHRnCR 
BcTaBHOA cocyn HJ MeHee noeepxHOCTHo-aKTHBHoro ~roponnacTa, c npyroA 

4 

l 

1 
I 

l 

CTOPOHLI, ancop6eHT c noeep·x HOCTbll Ha nopRnOK 6onbme, qeM y BCTaBHOro 
cocyna. TaKHM o6paJOM, nonneMaDIHe KOHUBHTPHPOBaHHD MHKponpHMBCH B 
MOMBHT nepeMBlllHBaHHR CBRJblBaDTCR ancop6eHTOM,• npe•ne qeM OHH• ocenH 6LI 

Ha cTeHKax cocyna HnH HcnapHnHcb 6L1 qacTHqHo BMecTe c pacTaopHTeneM. 

Ta6nHua 2. MaccoaaR nonR MHKP03neMeHTOB a aueToHe. 

HcxonHLIA (E.G.) oqHlllBHHblA 

3neMeHr Hr/r CT I \ Hr/r CT I \ 

Na 76,2 3,7 12,6 4,5 
Mg 8,7 27 < 2 
Al 2,5 4,7 1,2 5 
Cl 28,7 4,8 11,4 6 
K < 0,5 < 0,5 
Ti 0,6 30 < 0,5 
V 0,01 29 < 0,001 
Cr < 0,01 < 0,01 
Mn < 0,005 < 0,005 
Fe < 5 < 5 
Co 0,018 17 < 0,01 
Ni < 1 < 1 
Cu 2,3 11 1,2 16 
Zn 0,58 22 < 0,5 
As < 0,001 < 0,001 
Br 0,33 9 0,075 13 
Ag < 0,02 < 0,02 
Sb 0,078 15 < 0,0005 
I 0,083 17 0,059 18 
Ba 0,82 22 < ·o,5 
Ce < 0,01 < 0,01 
w < 0,01 < 0,01 
Au 0,0009 9 0,0001 25 
Hg 0,17 7 < 0,05 

IlPHMe~aHHe: E.G.= Electronic Grade. 

flOBBpXHOCTHOB JarpRJHBHHe o6paJua CHHMaeTCR no MHHHMYMa 
npenaapHTenbHLIM TlllaTenbHblM BbmapHBaHHBM cocynoe, JaKpbITOA CHCTBMOA 
JarpyJKH o6paJua H HHJKOTBMnepaTYPHLIM BaKYYMHblM HcnapeHHBM. 

flpouenypa KOHUBHTPHPOBaHHR MHKPOnpHMeceA 6LIJla npoaepeHa HaMH 
KOnHqecTBBHHO B aueTOHB·H HJonponaHone nnR HBCKOnbKHX MHKPOUPHMeceA 
(Hanp. nnR Na, cu, Br, Cl), y KOTOPblX 6eJ 06ora111eHHR qyBCTBHTenbHOCTb 
onpeneneHHR MeronoM HAA 6onbme, qeM HX KOHUBHTpaUHR, HJMepeHHaR B 

pacTBOPHTene. nnR 3Toro 1 cM 3 pacTBOPHTenR a JanaRHHOM nonH3THneHoBoM 
cocyne 3aMOPOJHnH B MHnKOM aJOTe H B TeqeHHe onHoA MHHYTLI 
aKTHBHpoaam1. 3TH pe3ynbTan1 C OTHOCHTBnbHblM pa36pocoM ±24 \ coananH C 
peJynbTaraMH, nonyqeHHblMH npH 06ora111eHHH, BKn1>qaR c1>na H xnop. 
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Ta6m1ua 3. 

3neMeHT 

Na 
Mg 
Al 
Cl 
K 
Ti 
V 
er 

Mn 
Fe 
Co 
Ni 
cu 
Zn 
As 
Br 

Ag 
Sb 
I 
Ba 

Ce 
w 
Au 
Hg 

Ta6nHua 4. 

3neMeHT 

Na 
Mg 
Al 
Cl 

K 
Ti 
V 
Cr 

Mn 
Fe 
Co 
Ni 
cu 
Zn 

MaccosaR nonR MHKpo3neMeHTOB B H3onponauone. 

HCXOnHLIA (E.G.) O'IHD!CHHLIA 

Hr/r a, % Hr/r a, % 

.65,8 3,4 9,3 4,8 
< 2 < 2 

0,59 6 0,34 10 
92,3 1,8 27,6 4,2 

< 0,5 < 0,5 
Or86 16 < 0,5 
0,003 27 < 0,001 

< 0,01 < 0,01 

0,026 18 < 0,005 
< 5 < 5 
< 0,01 < 0,01 
< 1 < 1 

0,40 18 0,24 20 
< 0,5 < 0,5 
< 0,001 < 0,001 

4,1 2,8 0,053 23 

< 0,02 < 0,02 
< 0,0005 < 0,0005 
< 0,02 < 0,02 
< 0,5 < 0,5 

< 0,01 < 0,01' 
< 0,01 < 0,01 

0,0077 5 < 0,00005-
< 0,05 < 0,05 

MaccosaR nonR MHKP03neMeHTOB 6e3 nHCTHnnRUHOHHOA 
O'IHCTKH. 

TPHXnopnHneH TPHXnop-TpH~TOP3TaH 
Hr/r a, % Hr/r er, % 

3,9 3,7 2,2 7 
< 2 < 2 

0,62 9 0,46 11 
rnaBHUH kOMnoHeHT rnaBHUH kOMnOHeHT 

< 0,5 < 0,5 
0,5 < 0,5 

< 0,001 < 0,001 
< 0,01 < 0,01 

0,011 10 0,008 12 
< 5 < 5 

0,071 16 < 0,01 
< 1 < 1 

0,36 17 0,56 10 
< 0,5 < 0,5 
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npononzeHHe Ta6n. 4. 

TPHXnOP3THneH ., , TPHXnop-TpH~TOP3TaH 
3neMeHT Hr/r a, % Hr/r er, % 

As < 0,001 < 0,001 
Br 0,58 3,6 0,021 19 
Mo -- 0,17 20 
Ag < 0,02 --
Sb 0,006 20 < 0,0005 
I < 0,02 < 0,02 
Ba < 0,5 < 0,5 
La 0,009 23 0,18 13 
w 0,09 26 < 0,01 
Au .0,0051 3,1 0,002 5 
Hg < 0,05 < 0,05 

06D1He npennHCaHHR, .OTHOCRDlHCCR K Ka'ICCTBY oco60'IHCTLa 
pacreopHTeneA, onpenenRDT TaKme H MaKCHManbHO nonycTHMOe KOnH'leCTBO 
B3BemeHHLa TBepnLa 'laCTHU B pacreopHTene, KOTopoe o6LNHO nonEHO 

COCTaenRTb 120-160 'laCTHU/nM3. qHcno B3BemeHHLa TBepnLa 'IBCTHU Hccneno-

Ta6nHua 5. 

KOHUCHTpauHR B3BemeHHLa TeepnLa 
'laCTHU B paJnH'IHLa paCTBOPHTenRX. 

06paJeu qHcno 'laCTHU/nM3 

AueTOH 146 ± 23 % ( *) 

lbonponauon 152 ± 19 % 
TpHxnop3THneH 116 ± 27 % 
TpHxnop-TpH~TOP3TaH, 93 ± 31 % 

C*) er, % :cTaHaBPTHOe OTKnoHeHHe no 
15 H3MepeHHAH B none H3O5pa*eHHA. 

eanocb C noMODlbll CHCTCMLI 

nnR aHanH3a MHKPOCKOilH'ICCKHX 
H306pazeHHA ( CM. PHC. 4 l. nnR 
H3MepeHHR 'IHCna 'laCTHU 500 

CM 3 paCTBOpHTenR 6LIJIO OT
~HnbTpoeaHo 'lepeJ MeM6pau
HLIA ~HnbTP MBPKH 11NUCLE
PORE" ( H3 nonHKap6oHaTa, 

paJMep nop 0,2 MKMl B 3BMK

HYTOA OT aTMoc~epLJ cHcTeMe. 
YnoeneHHL~ Ha ~HnbTpe '!ac

THULI HccnenosanHcb MeronoM 
oTpameHHoro ceeTa. 

CHCTeMa aHanH3HPYCT 'laCTHULI paJMepoM OT 0,3 no 1800 MKM. B 

JaBHCHMOCTH OT ysenH'ICHHR B 13 nonnHanaJOHax. PeJynbTaTLI H3MepeHHA 
npencrnsnei1LJ B Ta6n. 5. 

Ha OCHOBe pe3ynbTaTOB H3MepeHHA, nonLITOECHHW B Ta6n. 2-5, 
HCCnenosaHHL~ paCTBOPHTenH, HCKnll'laR HCKOTOpL~ no conepzaHHll HaTpHR. 
COOTBCTCTBYllT npennHCaHHRM MHKP03neKTPOHHOA TCXHonorHH. 8 PRne cny'!aes 
MeTon O'IHCTKH n03BOnReT CHHEaTb YPOBCHb 3arpR3HCHHR no naHHLIM 
MHKP03neMeHTaM B 5-10 pa3. B TO •e BPCMR BLmCHRCTCR, 'ITO HCT 

Heo6xonHMOCTH nonsepraTb nononHHTenbHOA O'IHCTKe HCKOTOPL~ BL~OKO'IHCTL~ 
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VIDIME'l' II/A 

I 
L __ 

PHc. 4.Enor-cxeHa anR attanH3a onTH~ec<Hx H306Pa*eHHH. 1- noaroTOBKa 
06pa3ua,2- HccneaoeaTenbCKHH HHKPOCKOn H BHaeoKaHepa, 3. 1- AUTI,3.2-
naHRTb anR H306Pa*eHHR,3.3- BHaeocHeCHTenb,3.4-apH~MeTH~eCKHH 
nponeccop a peanbHOH HacmTa6e speHeHH,3.5- KOHTponnep CHCTeHu, 3.6-
KOHTponnep eaoaa/susoaa, 4- ueeTHOH HOHHTOP, 5- ronoBHaR 38H, 6-
npHHTep/rpa~onocTpoHTenb. 

paCTBOPHTenH, OHH H B HCXOnHOM BHne ynoeneTBOPRDT Tpe6oBaHHRM 

BblCOKopa3BHTOA TexttonorHH. 

KoHe'IHO, Mbl XOTHM nponomi<aTb KOHTPOflb 'IHCTOTbl nanbme, oxeanmaR 

6onee mHpOKHA Kpyr MHKPOJneMeHTOB, nyTeM HCCnenoeaHHR HCKYCCTBeHHO 

3arpR3HeHHblX Tex Honor H'!eCKHX paCTBOPHTeneA-cTaHnapTOB. 

Pa6oThl e UM~M 6bmH npoeeneHw Ha cy6cHnHD eeHrepcKoro rocy

napcTBeHHoro !l)OHna HaY'!HblX HCCnenoeaHHA( OTKA), KOHTpaKT N° I/2 1O2B. 
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