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BB&llEHllli 
I{O:ID'l:eCTBef!HOe oupe;neJIetme rur8TllHOBIiX MeTaJIJlOB H sonOTa B 06pllS 

~ C ffilSlWM c o,neplKaffileM <lTHX S.lIe1IleHTOB - o,IUfa l1S HaJ!60Jlee C.'lOlIlHIiX 

Sa,nB't aHaJIlITM'JeCKoi! XUWn! / 1-5/. IIpoIle.JtYI)e cru~oro \},1eUeHTHoro BlIalJJl

sa ( 3MlfCcllOHHo-cneKTJ.:JaJI:bHH.ll:, 8TOMHo-a6cop61UloHHll1i. cneKTPOl1>OToMeT!>Jl 

'l:ec~ ~ ~. ) o6uqao rrpe,nm8cTBy eT Xill~iqeCKOe Ko~eHTp~pODaHMe 

3TliX r.1eTaJIJIOB AAfl IIOBWlleHliR qyBCTIDlTWlhllOCTll aHaID!sa.Han60JIhmeo pac

rrpOcTpaH91lll.e IIOJIy'!WIll npo6HpHBJI IIJIaB1<a Ha cBHHll;oBJ:dl. KOpOJleK llJlll W1

KaH8nw\ mT~,RHOrAa C nocn8~ paCTBOpeffi10M KonJIeKTopa B KllOJlO

Tax 11 ,JJ,a.ll1>H8lliIndM KOHll;eHTpl1pOB8Hl'!eM MeTO,l(BMH oc~eHIDl. XpOl'>1B.TOrparJ.l.Itil, 

3KCTPaKURH H T . ,n . Pe¥e rrpm~eHfleTCR RllOJlOTHOe BCKPUTHe JJPHPO~ 06pa3

IlOB. B nOOJle.I\He e Bpe;.m pa3pa6aTblBCU)TCR ra30ny.ru'leClrne MeTO,lJ;U 1J9~eH

TPHpOBamI.fl,OCHODamrue H8 .lJ:STyq8CTH XJIOPll,norl 4 •61Wlli tIyroPU,lJ,oB" I 6JIa
r opo,IUiUX M8T8.IlJIOB . I30sroHK8 JleTY'll1X O]WII,nOB IiCnOJIh aOBallaCb )\0 HaCTOIl

llIero Bpel/leHR TOJl1>1(O .n.nll KOHIl8HTPllPOB6HID1 PYT8Hllil 11 OCM}IR (06l>'lllo 

;IUiCTH.lJ.JlRUI111 H3 pacTBopoB). B TO ge BpeL1H BC8 1l.naTIDiOBtle MElM8HTU. a 

TaIOl:e cspeOpo. rrpl1 HarpeBa1lIDi B TO](9 Boa.uyxa (IUUi lnIcnOPOAa) c !10c06ul1 

06paaOBblBaTb JI8TY'l118 OI<Cl1,lJ,tlb •9~::30JlOTO JIeTY'ffiX OKCl1,IJ.OB HO 06pa3yeI
1U

,. 

O,nHaI<O MOl!teT BOJrOIDlT:bCfl n TOKe B03,DYX8 n 3.1CMeHTapH0l.1 cocTomnm. a 

~~f~ BH,ne XJIOpH,na, eCKM B o6p8aue rrpMCYTCTBYIDT XJIOp~CTtle coenzH8

B aacTomneil pa60Te npe,nnaraeTCll HOBlfM rrpocToli MeTO,n KOHueHTplip0

BalillR 6.naropo.n.mnc MeTa7! r;OD ( pt , Jr , A v. ) n03rOn.KO~ B TOKe B03.nyxa 

upB I1 CnD-1:b3 0Bamrn ,no6aBOR, pearHpyrolllHX C 0 6pa3IlOM, H XHl.nf'leCKJfX 'lmJIL

TPOB I III , nor JlOm8l0Il1lIX liS raaoBol\ ~3U Mem8J.JlIlH e HHCTpYMeHT8Jl:bHOMY 

anamsy .'leT,Y'nIe 3 1erlleHTIl . 

Bo3MOlIlHOCTM HOBOH MeTO~KM ,neMOHCTpIIPYJOTCll Ha upEMepe BIl,lJ,eJIeHl1ll 

pt. fr PI A.. li3 llBYX p8CIIpOCTp8Herumx mnOD o6pa:moB. 

llcxo;zonie 06pa3JllJ II DOJIY'leHHHe RorruellTpaTb1 a HaJIH3l1pYJOTCll 

pa3 .'1M'lillD:.m I1HCTpY!.1eHTa>:hHW.m MeTO.D:aMH : Hei iTp ollHO-aKTl rntlUl10HHl:lM 

(BAA) , peHTrenO<fUIyope cueHTHNM (fI"l>A) 1'1 MBcc-C1IeltTpOMeTplI'ieCIOfM (MeA) . 
npoue~ XHl.m'leCKOrO KOHUeHTp"pOBarmR B~'laeT cJlc,nyIDllI» e CT~, 

ocymeCTBJlJi~e npaKTlJ'IeCKH O,lU!OBp eMeHHO: 

I) mme.neHH e 6JJs r opo.rurux 3.'leMeHTOB li3 JICXO.D:noro o6p8sua B r a3osylO (pa
sY. npH'IeM n p OHCXO.llJi T O'IHCTKa OT HaB6 0JIee p acnp ocTpaHeliH1lX B DplIp0,Il;e 

3JIeMeHTOB - Fe,Cct , /019 ,5;, T" A t', Cu., Ali II .Iijl . , KOTOpl:le He.neT,Y'nI 

B TOKe B03,DYXa; 


2) OT,neJleHHe C nOMO~hJO XllMlflIeCKHX ilmJl:bTPOB JIeTY'!HX OKCIi.ll:OB As 56 \.V 


Pb , Z", Cr \I .IijlyrJIX MernaJOlIlHx MeMeHTOB; , , > 


3) ocrur,neHMe 6JIar opo;urux 8JIeMeHTOB l!3 r a30Boii ifaSbI ~ nOJIY'leHMR: upe

napaToB , y,no6aux .D:Jm IIOCJJe.n:yJOmero aHaJJn3a. 

http:n03rOn.KO
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'J " C lJ E P U 1.1 E II T 
IlcxO)J,HlJe oopaSgH . l lm100Jlee I10.IW06HO Hat.m IISyqaJlOCb BIl;Il6JIerme 

Pt ~J /r lJ3 06pa3l.l8 ypa.lIbcICoii XP OMHTOBOll PY.IJ)l , .KOTOparr, no HalIIilM ~aH
HhIJI,i (JIM , P<;A), c o.u.epxillT (%): Cr - 30 , Fe - 8 , Co. - 4 , K - 4 , N; - 0 , 1 , 
Co - 0,02 , ct - 0,01 , a TBlUte lleKoToplle .u.pynfe <lJl er~eHT"' . Y.pO~nlTOBlle 

py.u.1i .fIB.'l.HIDT Cff o c 06effHO CJI~ oC'r,eKTat.u1 .IJ..TUl aHaJIllS, HB 6.1Jaropo,llHHe 

MeTal! !lH \l 3- Sa TPY.I\HocTei-i BClqJIlTl'lH 06hrtIH!~M>J MeTo.u.aMn 3 ,12/. 
Hru.m TalUte }JS~aJIOCh BHlle.neIDIe P i , ft · II Au l'l3 cTrumapTHoro 0 6

pa31.(u CYJIhlllil.ILHOr O 'riU1a ( c o.u.elwllUle Pi. - ~ , L:t;G . 2 L'/T , 1 r - Ll , 1110 ,07 
r/T , A- IA. - (j ,U4±o ,09 r /T , Cu - 3 ,o:to,2%. ,.y~ - 5 , 4.i..U,2;';) . llorpellilIOCTl1 

~(a3aHU C .u.oBep~TaHbHO~ BepoffTHoCTb~ 95%. 

Aua:rIH SIiP0Ba.1lECh TaKli!() JijlyrHe cy.Jl14iHmrue o6paall.Ll u xpa-mTIl . 

ilsMeJIh~emrlli1 oopas eu: ( 200 Me;]) B eCOM 0 '1' a,1 no ~, 1', cru.1 HJm Il 

CM8ClI C p eareHTOM , nOMema:rIH B KMp [{eBYlO Tpy6KY JPI8MP.TIJO;~ d 0'1' ,1 .no 

12 MM TaJ< , tITOOH CJlOH era He IIpeBEmIWl 3 MM ( .JIo.u.o'IKa I1.rm n OCROJThKO CR D

en nop omKa. Y.llepmmaeMlle KBElp [{eBoi't BaTO}!) / JWc. II. 

[oj 	

PHC.I. Pa3Jllf'Uflle MO.ItK¢\mn tnllf YCl'aROBIm 
:J -:1 '" " 

.IJ..lI1{ KOHUeH'I'lllfPODlUlIlJT 6Jlaropowrux
\ [ 0 '\ ~\ \ 	 0 > 0 FI MeT8JJ.IIOB: ..-tl! ~I [ : 

a) Bap l!aHT JV11i Hc~1TPOHllo-altTJIBalO'IoHHOrO10 O 0 0 0 I 
aH8JLl!3a, 

0) l38P>JB.HT .I\mt SM,ICCilOHllo-CDe.KTp8JffiHOrO 
aHaJll!sa, 

B) l38pll"aHT .ItJDl peHTreRo;JuryopeeneHTHOI'O 
11 Ma c c-cn eKTpOMBTpJI'lIOC'l(Or O 1lHaJll!30B.@] / 

(6] f=¥Li I - KBapueBM TPy6l<8; 2 - MCXO~ oepa
se~j 3 - n e"!I, conpoTila,ormn ; 4 - xm.n:J
qeClGl'R (ImJIbTP , TIor;IIOll\aJllIllnU MC!D8Illlme SJIe

@] 

MeRT~; 5 - ~ml{eCKH~ ~AbTP. rrOrJlO~R 
Pt II J,.. ; 6 - rpaqruToBull n opomOK- KOJl
JleRTOp 6JIar opo.n;HHX MeTa'IJIOD j 7- TOHlt8SI

[Q] / 7 • rureHKa l!S JIaB9, B.H8 , (tiTQPOrtJlOcTa~peHTreHO
opecu eHTHb.'H ana:rIHa) lU ll A( lOJI1:,ra~cc-cneRTPOMeTPD'!eCRP.n 8Hartll3 ; 8 61 ~ 	 Me,ll;Hlllt XJI~OnpOBO.ll, OXJrali\l\:seMllli Bo~oH 

}JJll! .!JW,!l.KlfM as01'OM • 

TIarpeBaIDle .no 12000 C n polfSBO,n;BJIOCb C nOMOll\blO Tpy6'l8'1'ru. noqel1 CD

np OTHBJreHWI ( lillXpOM lW 1 Pi, - Rh ) B TOl,8 Bos.nyxa C pac.; xo,nOM 

lr OT 10 .no 500 MJl/MHH (B' s aBl'lCHMOCT1'I 01' .n;BaMeTpa Tpy61Gl). Bo:3.IIYX 

cneuPIaJIbHO He o 'lml\a;m . BpeMlI aarpeBaHlffi t o6!I'n10 He upelOODaJIO 3 l{. 

Bosor BBIIlUie J1J3 06pasUa rrpO.I\YKTli upox o.I{HJm C r aSOM Qepe3 HarpeBB

eMYZ CJl~ XHMH'leCK01' 0 qmJII,Tp a ( 1-2 MM ) . B Ka'leCTBe TaKilX qmJIbTPOB IW

2 

nO.lJb30BaJrn nopo:tIKH N 'J 0, C", 0, lit; 0 3 ' /0/62 Os- > S'; ° , 3!:;6 op Xl'lMll':WCKoro .2 

IPII.ThTpa 3 amJ c eJI OT MeTO;na HHc TpYMeHTai;bHoro aHa.'llls a nOJIy'w e:,'!HX KOH

n eHTpaTOB II ITpIl CYT c'rB}l!I o rrpe,ne.'lemmx Meil[8JtJll\HX 3::e'.IeHTOB. 

Y.'IaB.iIIIBaIDl e o.,-wrOpO,llHliX aJI e~,leHTOB OCYlIICCTB.'JiW.OCb .'!Tl Ci o H8 mncone 

11 3 ne'm J{OH)leHcaunert H8 KBapueBoti 7.9y 6Re. ,J1 Cio H8 x}lJ 1J: "!n CRor.t ;lll. 'bTpe 

B3 I-I~ 0 llJrn At; O~ 60JTh!JIeM MaCCIl (CJIoY.. 1-2 Cl.l) Dpll Ter.m epa Type , 6JIl!3 

KO~ K TeuIIIepa Type B03rOHKH (pllC. Ia). T8Koif c no coo YJIa:ao lBaJm!I n;mMe
H.ILJlCH r JIaBlillM 06p a 3 OM ,nM nOCJien yromero HAA. 

OcrurrJ(eHll e o:Iaropo;rurux MeTa::.r..OB n p oHSBo)lJV OCb T8 Kli:e Ha " 8BC3 HO

Boil IL111 cIn opOll.JIaCTOBO~i r..rreHKe TOJillUj HOM 5 Ml'1.1 (;nM ;'!)A ) Il, ill H8 ar.n,'ll1 -
JIDeBOll qX)Jlbre TOJ1l!lllHo i! 20 MKM ( ,n.JIH ;, ~CA ), ]WTO?HMll OCio;:;8l{}!Ba'iC!I I.:e,ll

HID1 CTepIKeHb , OXJI8Jlt)la eMIDi BO,nOH (prIC. In). TeMnep aTypa lI8 rop!I'{e;,1 KOH

u e Me)lHOrO cTepl!tHH 61iJl8 80-SDoC. 
Orrpe,lleJleIDl e aqipeKTllBHoCTM Bgn;e,'1eIDl!I ocymeCTBJ"uL 01 H8 CKO.l.hKlI;,rn 

cnoc06aMH. 

I. Jl,1Lq CTa H,n;apTHllJ{ OCiP83UOB Mll onpe,lle."ifl.'Il1 co,neplilafm e 61Iaropo.JlHllx i.le 

Ta:L10B B KOHl.\eHTpaTax II Cp8 BHllBa'm C rra CnOpTHHMll ,naffHID.rn . 

2. B HeKoTopllX C.>ry<IaHX UPl1 IlCIlOAb3 0B8 HIHI MeT o.na I!AA !IlC)l/'JlO 6li.·iO Bl1

,neTb aH3JmTlf'IeClrne .'rnmm 6.JIaropo.nma: 3J1eMeHTOB He TOJlbKO B KOHUerfT pa 

Tax , HO ,n8lKe B llCXO,nHUX 06p83Uax . 

3. l {or .lla He_u,3!I 6!l.':0 KOHTpO.JffiPOB8Tb BHXO,ll n epmn.u,[ ,nBYJ.!!I clIocoCiru,IlI, 

I.W HCnOJIb30Ba..1Il1 11t.Ul.-;aHTIIp OBaHlle B ,ICXO,nHl111 06p83 eu ,) -aKTIlBHHX U3 0

TonOB 188 PI' Yl 188 1r . Jl.1IR 3Toro Ha Y:;KOpJ' Te.rr e Y-;;OO ."T' O! ~1!! oOJry<1a

Jill JlOHa/.m 12C TaHTa ;;OByro q;o.1TbrY To,:uumoij 15 lM{l.!. 3a oo,1 broii no xo,nY 

nyqKa rr OI,leU18.1!H TOO r;r' ,rcc.';e.n:y eMoro oCipa3U8. 0 6pa 3yr<JD!l1 eC!I nIJO.IJ:YRTI1 

!I.llOPHJD.: p eru<m lU BHe.IijlP~':l~C b 3a Cl1eT OT,nD'll1 DEYTp :b 3 ep eH oCip83ua Ha 

r ·;YOIl lf'J ;no. HeCRO.l.bY.I1X r.llO·.I. iJ TIoc ;;e,nyr>l!lIlX 8 1{Cn e :::: n, ~ el!,!,ax lI CnO ~b30Ba -::IT 

O,UHOPO.JrF!Yn CMeCh pa,l~llOaKTIIBHOi : II H ea.!{T !.l nHO~i PY,lll> . i3!r.w,n Pt 11 I r 

H31WPRJil i r - cneK'.:'p O!leT[HleL. 

Jonp oc 0 COOTBeTCTB1Il1 nOBe,llf'J-ma ~I " L .aH?1I!)OB3HHI:lX 8701.10B jj 6::a 

r ODo.nllliX /,: eT8. : :OB , 1'3 l-!Sl1a.'.bHO n pHCYTCTBYFJI!C"lX B OdP83UC, oy,nC'; 06CYB

.ll3TbCR HllJKe . 

AHa.'Il13 6.JIarop o,lUillX Jj r.l emaroll!liX 3.r. e;.le!lTOB r.Ji011 3 BO.lll~ , -;J' pa 3.":J I"!Hli!.1I: 

:.:CTO,ll3!.nt. ':,;:'.''1 HeIlTp OHHO- 3KTJ;naUllOHllor o aHa -;J138 lCOHUeHTpaTIl II.'ll! 1I C

XO.ll.llll e odClaS[{l:l o Ci.:y"!a.:l! II i~2J:T('F.X : rr::- ~~ OlU;; (J.y6Ha ) II IIT ::; ~ ( ;,:OCRBa) 

II HT crpa:"h~, ' 1l0To:w r.: HC"TpOHOB (r;('J!)CHC) OT ro 16 ,ll0 rom cr.I- 2• J 
cnen p or.le ':'pr' ''! eC '<lle ;; 3,;Cp emlR np oBo.nll:m Ha Gf!!/L i -,neT eKT Op e C pa 3p e

U;8m l cr,1 3, 5 K3B II lIa G e - J).eTe!{TOp e C pa3;J eUIemlC:.~ 0 . 5 RSJ . J1p}f.lll! .1 o npe

ne.rUL111 no 3Ha -11Tl1'le CI'JTI.I .'l:lImm.! 316, 5 ~! 0162 , 1 R 3.] (1'J2 lr· , 1'1/2 = 'i4 
cy! .) 30::0'1'0 - no .u lIum 411, 8 RaB ( 19,-, A u., 2 , 7 CYT ) . IT.'laTHl-f'J onp e,ne

JI5L'TII n o J' - o nrnm1 77 ,4 1': 33 ( 197 pt ,18 '1) H 150 ,4 K3:l (,n011epID1)\ 

HYK.1Yl,ll 199A", , 3 . I CYT), npJPl'ei.r -qyBcTBMTeJibHOCTb onpe,neJieHJl!I no noc
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_ enHe~! Dn:I!lT n~lI jlC!!O_ThSODSHlllT G e - ,IleTeKTo,a 61:118 B 2-3 p as a BlllIIC 

( lls:.iepemro 	...epes 2 cyr . ITOC)l e 06JJ.Y'1eHllp.) . 

•; pr.l!TreHOII~iYo;-> ecueHTHo/-~ ueTo.ne rrpnMellfl.'U! S.. (L,) - ,neT eKTopll 

( n83DcrllclUlC rr 0 11 J~O aD) C MSOTOnmlM)! nCTO'IilllK3WI Bos6YlR,IJ,CmHl I09Cd 
a~Tl1~nOC':' hJO Hi 11 ;;5 ;.1KlO[l1l 113/ . 

-iJ :1SCC-cl1cK':!'Dm leTpll '1eC;{OI,l MeTo.llC _;;CITOJ1LSOB--:l.1S1 LfIlcc-CnCKTpo.\1eTP 

C ';IlSep l!1:ll.1 "!!CTO'!lIllKQt,1 >lOHOB ,lJUWA- f.Y _4/. 
D J.iIP. :EmIT>' L.JII'OPO;m: rx :).'IE.lfolrrOlJ llr, 0I7?A3:10J 

DcKpuTlle 06pasua }f Eu,ne.r.emle TIJIa'l'Tn!ODblXMeTfLl1.'lOB - HaJl6o)Jce TPY.n;

;run MOMeHT- BO Bo ex r.leTO./(lIKaX OHa'l1lSD. 

J oclpa3Uax Tlms XpO~,1l!TOD, lICC!le,llOBrulHliX B llaCTORllle:i pa60Te, Ha

1160 lee nepORTlloe XllMH'1eCKOe COCTMHIlO n 18TJHlIi - 3TO Tuep.u.IDi paCTBOP 

B lKE: ies e (Qe:opon.."iIlT.ms) • .J cy.u:,i{IlI,1lHUX o6pasu,ax, nO-IDI,l1.lIt401,lY, co.u.ep

:linT(.;R Coe.n;IlHeaml nJi8TJ1 HIY 0 Cep(hl, ~,1bIlll.bfIKOM E.TI! cyp:b/.lOn. P"()SMOEliO rm
x o;, ..[(elll!8 IlJlUT:U;U)' B a.nOi,181IT<l11HOI.1 COCTOJ1Hlill, a TGUV':O .n:pyr>;e )ffil.U1lJeC

m:e ,11OP.\111 / lS " ,G . 

rpn HDrpeBaffim B TOKe BOS.n:.YXa TBep.zo-;e paCTBOp!1 II Coe.n;HHemIP. ru:;:a
'flllill ::erKO ?aspymafJTCJI C 06paSOBaHllej,), BepOliTHee Beero, MeTa'l.!ffi 11m! 

.nBoibrux OKCll;UOB ft1!aTlJHb1 C KO:JlJOHeHTa~ o6pasW3 (rrpOCTbie OKCIl.l1.ll IIpJ! 

TeMnep8Type ::lKO,1O 12000C HeycToH'mBb! 9/). Alirur01'1I'IHO .D:OJIli!eH BeCTJ1 

eOO Ilpll;uTrn. Jl1P. SOJlOTa TepMFI'iCCtm YC TOlltniBbTe .D:Boilr!lie OKC'l.l1.ll He IfS

BeCTllli. ITpOI T.eCC BB.ne;relmR. BK.'iKl'iaeT B ceM Truo.;.e c'C'a.n;IDl paSJI04leIDlSi 

,I1,BO~iHHX OKCI1,non rr.lIaTIIHOBlDC 3.1eMeHToB, )lIoIqxpySllli 1\ nOBepXHOCT]I }! , Ha

KOHeu , n epexo.n;a B r asoBYD qasy. 

npll pac cMoTpemm BOl1poca 0 dJoPMe BaxDnmeHBR 6.mI'opo,mrux 3JIellleH

TOB D rasoBol1 qnse lleo6xo,llJJMO ytnITUBaTb B03MOSRoe IJpI1CYTcTBHe x:lop a, 

BIl.D:eJlJIJOl11eroCR lIS npflpvlQillX 06paStJ;OB . lIa pnc . 2 nOlW38J1O COOTHOilleIDle 

l.ieJlUlY OCHOBHHMl! XJlopn,nHm.m n H8XJ10pll.n;mIMH ~I=WI&m Pt , 1r }f A .... 

paC'U}TaHHOe IICXO,ll,f1 l'S IDI!elOmmcCJI TepMO.ItHHaMH'ieClCIX ,namnDC / 9 ,2H, 29/. 
IIpn Te!,mepaType ORMO 12COOC H co.n;epllBHlm XJIopa B B03,rryxe MeHee 10-3 

o6beMlffiX -qacTeJ IIJI8Tl-lIla Uax:O,llJlTCJI B OCHOBBOM B ID1.rre ras oo6pasHOj-j pt ° 2 , 

a So.i1OTO - B 8TOMapHOIt. COCTO.Rl!11]1 . IIpll y!.JCHblIl8mrn T e~mepaTypI:I x..l0p11,n

we 1lop.ru ( pt (,E~ , AU 2 C~ ) 11 "'2 C'~ ) CTaHOMTCR TepMo.n;JlJ:la\Ul'!CCIDJ 

rrpe)1.IlO'iT1'ITeJIhHUMII .n;~e TIp,! O'leHb Hl13KKX c o,neplKaID!HX lC.lIOP8 Brase . B 
c.nytlae IlpB,llJIR B rasoBoli q:ase c OcY1I\ecTBYlOT I r OJ, I' I,. O~C( B nmpo

ROM ,lJ;iJanaaOHe TeMnepaTYlJ Il RORueHT:!'l~it JC.10pa . 

CKOPOCTb OT~er.bHHX CTalJ;Hll mm.eJieHlHl ]I, COOTBeTCTBeIllIO, BhlXO.Il. 

6JIaropo,ll;HHX MeT8Jr.rlOB SaBl1CH'l' O'I' psma napav.eTpOB: TCMnepaTypH. Bpel.le

KIf BarpeBaIDl'H, Ha1llltrnH peareHTOB, CKOPOCTll rasa, TOJUJtlllm C,1M Dopom

Ra , CTenelUl BSM8..rTh'tJeIDHl, co.n;eplKBmm: OJIaropo,ItmIX 3.ile.ldeHTOB, XYMy-qeCKO

1'0 COCTSBa o6paaua 1'1 ,l1.P. B H8CTORmett pa60Te 1'Icc~e.Il.OBa~OCb BnHRHne 

JUfllTh HeROT OpllX IlS 3T'IJX q,aRTOPOB aa BImeJIeIDle pt >I /1' . 

1

,!!,am lHe 0 CTerreHH :sgneJIeImH >13 Xp or.nlT8 Pt , fr fl Au: ( m.m,1aHTn

pOMHHHe >I BKTIIBBpOBaHRHe Ha peaKT op e ]l30TOITH) B 3SDl1CIDoIOCTH OT npl' 
po~ peareHTa npHBe.n8r!1i B Ta oJI .I • 

Ta 6Jmua I. 	CT eneHl> BI:1.Il.eJIeIDIR Pt, lr >I .4~ (%) l!S 100 Mr x pot.ffiTa IIpn 

Har p eBaWJJl B TOKe BOS.uyX8 (I2000c) ( t - 3 'I, d - 4 MI.l, 

1;' - 20 M.:r/HIm, BecoBoe COOTHomeHll e oopas eu- peareHT = 1 :1). 

11soTon 8HeprnR Ees .nooaBIGJ P e 8 r e H T 

I-KBaHTOB p eareHTa Nh.leTaTlJI . AfMeN UlJI . CaC~ fpa@JT 

·..I S8Pt 187 ,6 9S±2 9 S±2 30:t3 3S±4 

I9S , l 93:!:2 93:t2 3r±3 3e±4 ·.. 
~pe.u.H . pt 9S±3 94i2 3 r±3 37;!:4 ·.. 

188 rr 155 , 0 

478 ,1 

4A 

45:!:4 

7?±2 
ss±3 

I¢2 

12±3 
49±2 
35±8 

·.. 
·.. 

633, 1 58:t3 ?8:t3 162:5 39±9 ·.. 
192 / r 

~pe.D:H. / r 

466 , 1 42±5 , 39±8 
46±g 

. . . 
81±? 

... 
I <±=t4 

... 
4I:t7 

30±6 

198Au 412 4Q±a ... . . . ... ·.. I 
3.necb n .n;aJie e YKaSaHa CTaT]lCTH'tJ:eCKalI OlllPl6Ka HllMep emm C .nOBep11TeJrb

HOll Bep ORTHOCTbID 95%. 

:a OTCYTCTlllie ,no6aBOK B onpe.n.e::reuHllX YCJJormm:: (Ta on . I) P t BI:l.II.e 

M eTCH C ;I:\OCTaTO'lliO BhlCOlOfM DI:lXo.n;ot" . O,llBaKO A(.( 1'1 rt" BIil.D:c,,-.JlIOT CJI ae
rrOJIHOCT blO , XOTR ,1eTy-qeCTb ! t" B TOKe Bos,nyxa ~1Horo BCIIJle , ...eM Y pt/9 , l S/ . 
HaH60Jlee BepORTHoe o6'hH clleHl1e aToro (r..aKT a - oopa3 0naHl,e ,!lBofun:lx OK

Cl1.II.OB Tr n Fe (.npyrO}j MaKPOKOMTIOHeHT - Cr ne o6pa3yeT C /,. ,!lBoH

HIlX OKCll.II.OB I~U/ ) . 
B rrp]l CYTCTIDUI MeTa...1.Jill '1eCKOrO N 6 CT erreHb BOSrOH1<l'l 3Ha trnT8.lIbHO 

nOBl:lWaeTCR I1S- 38 Toro, 'ITO N6 B3rur1.1O.u.ClicTByeT C MBTpnueU o6pasua , 

BOCCTaHaBJJl}BaII OKClI)Ul Fe Il C,. 11 p aspyma,q CTPYRTYPY Xp OMlITa . 3aTeM 

oopasYJOTCJI N62 Os- J1 HJw6BTH Fe 11 Cr II6 ,38/ . ' -rno6aTH II" II P f 
11p11 CTO.llb BhlCOKOil TeMn epaType HaycTo~i'lliBli ( C/.l . IDIlIlG). 

OrrpoooBaHHlle ,no6aBKll .n;pyrOI'O TIm a ( TaM . I) OKa3 8.1TIlCb He 3<WleKTIIB

HllMlI . j;leTa.nJI}f ...eCIUll1 At 11 rpacI>J!T .u.OiIlEl-lH TaKli{e p earIlpODaT b C M8Tplluet i 

o6pas~ , O,nHBKO OID1 He o6p a sYlOT C Fe TepM]! 'tJ:eCIG'I YCToi i'UlBIDC ,nBof,!Jrux 

OKCll,nOB. XJ!OPIlCTIDi KaJrbUl1.t1 owr l !CrIllTaR n CM3H C TeM, 'ITO B np1.lCYTCT

BlHl XJ10pa S8Jll eTHO IIOBtIllIa eTCJI )JeTyqecTb M arop o.n;HIiX MeTa1:!OB B TORe 

5 

http:KaJrbUl1.t1
http:OKCll.II.OB
http:Cl1.II.OB
http:BhlXO.Il
http:OKC'l.l1.ll
http:OKCIl.l1.ll


03lIYX8 ( l'llC . 2) . O,!(HBrw ll3 La ce2 06pa3yeTCR CQ 0 , He CBI'l3aJIRafl 

C Xpor,'0!~, KOTOPafl 3 aMeTHO norJIOmaeT Jr 11 eme 60Jlhllle Pt, nO- BlJ,!(l1J,W

C 0611a30B8ID1C1~ c o c,llJlHeml11 Ca Tr 0 3 l! cq ~ Pt q, / II/. 

K 

Fl'I'c .2. Pa C"leTHOe OTHOlDeIDIe KOHTWHTpa[(Hii10" 

(K) X.~Opl1,nHhIX 11 HCXJIOPll,IUillX <PoPM 
pt , rr }! Au. B B0 3.nyxe B 
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3aBl1 CYlMOCTlI OT '1' CI.mepaTypll : 

;{ =[ptrt:,j![pto2J- ~ Ifr o,ceJ/ 
1Jr 03J- - - ; [Au~ Cf;)/[Au}- . 
:{o~eHTpaI.tlI!l1 x.1Jopa YK83a llH Ha 

ptlCYHKe B o 6ber,ffiIlX "laCTflX . 
10;! 

10-4 

T1o!na 

lLrJI Y,!(aJIeHllR 60Jfhmctl "la CT11 c epll , KOTOPaR yxy.rcnaeT pa60TY XlII.!l~ 

'1eClOlX ¢I!!Il>TpoB , Mli npOBO,!(I1Jrn npeJ(B8pIlTeJfhHI,J¥i o6lirnr cy.~b!!mJUDiX o 6pa3

UOB npll 700-000oC B TOIW B03.llY';{a ( noTepn m.mnsHTllPOB8HHoti Pt - 0,5%, 
[r - 0,3% ). OnpOCiOB&'ICR 'l'DKJKe o 6J!rnr npl1 l OOOoC B TOKe Bo,nop o,na , HO B 

3TOM c J;yqae YC:IORWlCTCR n epepa60Tlta H yxy,nwaercfI BOCrrp 0I13BO;nmollOCTb P"
3ym,7BT OB llC.'!e;n,CTBlle cneJ(amlJI 06P1l3US C KnapueBo tl Tpy61{Ori. 

110 pe3Y.1hTMClM HeC!tO.'1 b IClX OrruTOB C 0, 35 l' cTaHlla9THoro o ops311a 

OWlO onps,neJISJJ O, <ITO B OlO !Ol! a 3 Lilpru,~j i B0 3rOHa (1(0JLll81{TOP U3 

1'1'1 0 ) , r,lle ,llOcTllraeT CR Il8lHlo.J:blJIflR TO"lllOCTh onpe,neJleHllfl , YJIaBJlllBaeTCR 

Pt (I ,5±o, 2) MKr, ! r (O, oo7±O, OOI) !.iKr , 4", (O,2'1±o ,OJ ) WIT. 3TO c oc

aMRCT (.I~T2 ) % N, ( [ 71.11 ) % !r , ( 0S::S' )% AL< OT co,neJllilBHI1R :mlx 

S.'1 eMeHTOD D 06pa31{fo (,llOBepI1Te.ThliaR Bep OflTHocTh 3JleCh II .fianee - 95%) . 
no1'pelilliocT~1 3,lleCb onpc,ne;IillOTcR B OCHOllHOl.1 O;: O"lllOCThlO ,na l lHUX ,lJ,JlfI CTaH

;n8PTa . 

J sKcneploIMeHT8x, rrpoBe,ncHHllX n T ex lKe YCLOffilflX C 1l1.tn.II3HTloIP0B3lum

:.m B o6pa3eu pa.llll OHYKlJI1,ll81.m , n COOTBCTCTBYlOIllC; i IfpSKlUlll OKa3& 10Ch 

( 55±3)% Pt lJ (I 4ZI )% II' . TIo..'llwi-i BllXOJl B D03rOHU li S OCipS31\8 

,n.1U:! Pt COCTalWVl (90:!:.4)%. ,lJ,JlfI It' - (4D:!:3 ) %. 

Th:l:xo;n aHa.1JD3upyer.lHX 3JleMeHT OB B ,npyrlolX 06pasuax CYJlJ,qIll,nHoro TI' 

na 11 B XPOMllTax c ymec TBeHllO He OTJIHl.JaJ!CR OT pe 3YJIhT3TOB . nOJI,Y'I9HHJD( 

JI CTa.H,!(ap THOro CYJlhqm,llHOrO o6pasU<.l 11 I:CCJIe,ll,oBaHlloro xpOMHTa . T eJ,1 

HS Malloe , Tpe6yroTCR ,llOnOJJ.lH1TOJIhHble IICCJIS,nOBaH11R 3(N)(!J<TrrBHOCTH Bu.n8JIe

6 

lil1R 6Jlaropo~ 3JJeM9HTOB B 33.BMCHMOCT11 OT Co,nSpJKaRl1J1 !JlaRpOKO;,U10HeH

TOB o6pa:ma. 

CJre~eT 06CY,!(l'ITh BOnpOC. HaCKO.llb l<O nOBe,nel:me l!MJlJIaHTll pOB3l1ltliX 

188pt H 88 ! r OTpallta eT 1l0Be,neHlle k1 3Ha'iMbHO npl~CYTCTBOBaBlIllJX B 06

pasue aTOMOB dJI81'Opo,lJ.HliX MeTaJlJlOB . TJPli BllCOKHX T eMll epaTYPax l'l paspy

meHl1l'l KpHcTa.~~'ieCKO~ CTPYKTYpH BemeCTBa MomHO OEM,nBTb 6UCTPOPO l'lSO

TOllHo r o o6Meaa. CIWPOCTh ,!(l1qq,y31o!1! 13 9Tl'lX YCJlOIDlflX ,nOCTaTO"lllO Be.lllIw. 

pacnps,neJIsmle aTOMOB B Te'ieID1e HeCKOJlbKllX MEHJT B "BC.TllI~ax HeOOJlbUlOr O 

pa3Mepa OOIRHO Bllp aBml'B3 eTCH /19/ , 11 OOpaSYJOTCR HOBbie Coe.D.llH6H1IR, COC

TaB KOTOPIlX. onpe,!(e.ill'IeTCR co,nepllraflli81oll 11 COCTSBOM MBKpoKOMlloHeHToB. 3 
TaKHX YCJIOEMHX n OBe,ll,SHBe HMllAaHTnpODaRHHX BTOMOB H aT~~OB o6pa3n a 

,!(OJIlltHO 6UTh l'l,neHTH'lHO. Pa cxOliI,Iiemt e MOl!teT B031:1HKHYTh B TOM CJIY'Iae, ec 

JIll B paSHhlX MHHeparil>HhlX K()}.mOHeHTax co,nepl!raHJle OJIaropO)l.llllX. 3Jle:,leUTOB 

CltJlh HO KOo'Ie6JleTCR, B TO BpSiM! I<8K Ur.mJlaHTaWfJI lI,neT O~HaKOBO BO Bce 

3 ep Ha OOpasn:a . 

3KCn epHMeHTaJIbHble .llatlHHe Ta6Ji . I n03BOJUtlDT CpaBHJlTJ, non e,neHl1 e I1M

nna HTl'lpOB3JU!Oro l1pll.llllR (1881r ) 1I HPll,!(l1Jr. 8KTHBll p OBaHHOrO Ha p eal<TOp C 

( I921r ), KOTOp~ OTpSJ!!'8 eT pacnpe,lle.rrerme l ISHa'i8.i1l>HO Il P~ICYTCTDOBaBW8rO 
I "e I'Y)

dJ1Bropo,llHoro 3JieMeHTa. /I'..aR BH,llHO. CTell ellli B031'OHIGt 0 II' " ~... ]r 113 

xpOMlITa BeC:bMa OJIlf3Kl1 . 
)i.JIR CyJ1h\llH,ltHNX 06p aSIlOB n OBe;nSl:me P-l 11 I,. , npJdCYTCTBOBaBlllHX 13 0 6pa3 

u;e HSHa l.JaJlbHO, TaJOKe XOPOlllO c orJla CYSTCfl C n OBS;nelWSM l1Ml1!lrut THPOBruUlJD( 

RSOTon OB ( CM. BlllliS ) . 

3a'BBCHMOCTb Bl:i,I!eJIeImR Pt II / r OT TeMnepaTYPIl n Ol<3SaHa Ha 

p UC. 3 a . KaK Dllfs0 ' np}! n OBHlIIeHl1M T eJlm ep a Typll CTeneHJ, DH,ll9.'1eHUR HMIl

.oraHTlipoB8.HHIDC 88pt J.l laeII' J.l3 xpOMloIT a yneJrn'!llBaeT CR BO BCer.! I~C
CJlel\OBaHHOM ;nl!anaSOHe TeMnepaTYP, He CMOTpH H8 cn eKaHlle nopOWK3, Hac

f . "!. I 	 ---' Tyn aJOllIe e np}! naPc. 
90 \. } Y 

113 T ermepaTYPHoH 98BHCI1MOCTH t,!OJKHO 

BIrnlCJIllTh 3C!x{leKTl1BHYTO 3Hepr lllCJ aKTl1BaI:Om 
6 0 " A 

x Bcero npouecca E Cl • 	 e C,11}! nO.'lOlltlfT l>, 'ITO 
- E. /R T,...r,r CKOPOCT l> BIl,neJleHl1R !lpon op U;nOHaJIhHa e ". 

-' f "" d ~oo 
>0 

r---'- , ) Tor,na 	 B I<OOP;nll HaT ax T - en r h ' 0 0 - F 
1- . - "f"; 

(r.n;e F - CTcneHh Dll.1I.e.l!eIDifl , %) 3amICJ!MOCT:b 
900 1100 l.0(

,.0
' rr..t" mo ' 	 ,llCrJlUIa OIlTb JDIHei1.Ho w,a TafII'e HC yr.IIa na KJIO

., Ha npmnoii - - ~" 
" .I . 

o "" 
Plic .3. CTeneHb Bll,!(eJleIDlR (F ) IDIffiJIaHTllpO", ,. ' -.1 B1lliHIlX Pt l'I /r HS xpo:.mTa B 3 a 

BYlCl1MOCTl1 q T TeMn~paTYpu (t = 3 "l , 
" 

" ' J ~	 1r := 20 ~'UJ/Ml1H , cI = 4 MM , HaBeCIG! 
o opas ua n o l OO MI')

') ' , 
a ) B ROOp,!(1!HaTax T( be ) - F (%) , 

-, 0) B Koop;nllHaTax I /T ( I< ) - e;,e., ~::~ 
t \0-. ( 

7 



.~K D.I;1l;HO US pllC . 3d. B c ;j)"lae J,.. BO BCCU llCCJle,nOBaHHOl.: ,lOJar.a

sOlre TCil:nejl37YP .llpou,ecc ~1,neT C O.nROl; J' ':'oi: JKe :m0::Jrneit a itT:JBaWUl • pan
lIO.: 1~I":: 4 l'~ .",;/r,lo..b (odpa60TI\.a n o MeTO~ Ham,leHb'ID 'X Iffia,lij)a':'oB / 17/) • 
"1':'0 Hn:JHOrO R;fJc 311T<I '[bJnLI peaKIJ:lfll I"(r) + 1- o;} "" 1,.03 (r). COC'I'DB,,:J!I(Jme~: 
1',' 1·:,J~.,,!r.l0 ,h / ., • 3T0 orurTh .::rm,neTe;u,C':'ByeT 0 B33!1l.10,neJicTm~1I I,. C 

BCli\CCT:lOl.! o6pas eta. 

.',JI PI .3iHE:HHaR ::l3Bi1CW..lOCTb H86;w.naeT f.:Jl npn O':'HOCJITC.:bHO B11

CO'CX 7c:.mepaTY:1C1 X (!JlIc. J6). 3H8'1eH:IC SHOO!,}1:1 aK':'lI138TlIDl C-« == 1~)3± 
l. y_ ;':/';0,1b) b J13,tQ J( ::JUTa lbIDlll pe:llu.r;ID pt(r) ;-O;}= pI4(,) (oro_10 170 1; ~::/ 
, :O ':b I j) . ().ll,IWKO Lpll , :>0°:, CTeneHh Y': 'TytruBalC :,'l !l neCKO.::hKO pas B!l

" '!QU C CJf.'1C7 11 3 SY.C,:,pori0 1.1I1\llll , I1o-B11l(!lt.1OM'"J, llCJJe,nCTilll e B03rOHKl! 

8.iTOreHl'l,nHHX coa.nl1uemili Pt (pIlC . G). 

3aB!IClf:,lOCTI> CT enem1 B03I'OHKlJ Pt H Ir liS XPOl'.IIlT8 OT Bpe/.1eml 

unrpenafDIR :ISY'13.18Cb J181.:!l1 ",n :rR Te~mepaT:rpu ITSCO,::; (911c.1 ) . Thl.ll,1I0j'qTO 

!ll£W,n m,\L.i3111'1I ])OooHHO,. J 0u PI 3 D. :;: , 5 'laca ,nOG'rnra eT ['5-~;';, 8 rJ, / r 

- OKO, .O lC::; . F%r 1 1~OoC 

~ PlIC .'1 . IDICUI.;OCT.h CTeneml Bl:1,lle.1eHllH 

1[,8Pt 11 188 !,. liS XpO!,mTa 601 


OT Dp6!.lcml Harpe'BaHlIH TIP}I II50° 

( 1/ = 20 l!.l,hulH , cl = 4 l.l!.1, 
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RaBeCM o6pasWJ 100 t.1I' ). 

o 3 t. '-t 

La:::bHC:'lWerO 3H8lJlIT(;)::bHOrO yne.rm'leH:IR Bt,xo,na HOT, II CTer:eH:b BCl

,1.\CJiClillJI pt II, oc06eml o , /r D03paCTaeT co Bpm.leHel,1 He TaK 6UCTPO, 

K8K c ':e.nyeT i13 K1IHcTIl'qeCKOI'O ypaIl~emm nepnoro nOpR.ll.KB . 8 TaJo;,'!t~ ;1 8 

npIl6:ill:KOllHOrO YJlUBHefUlH .1lWIXWSIlil / e, 19/ . :)ro eme pa3 rOBop;IT 0 C.~Olit
HOCT:' npouccc a . D03J>'IOrolO, 'ITO CTcnem, BW!;c."emm :ml',t;TTlIPYeTC'Jl ojpa3o

B8ID!C:,l YCToil'nlBllX ORCll,llHliX c oemmelUlH llJI3TTIHO:l,D;OB C ~OI.mOHeHT8I.nl 06

pa3ua • 

3aIDlCtIMOCT:b CTeneHl1 B03rOHKI! OT co,neDiK8.HIlR n:WTI!Hll 

J;pyra<r I1pll'tDlU'1, KOTopaq M())f:eT JruM~TIJPOBaT:h BlaO,ll 6...18ropo,lf,HW( 3.'lCl.leu

TOD - n eBllCOlwe .nsn.ne"e n8C!mjeHH!lX napoB .JIeTYlJl'x cocmmeffif.:1 . 10 Tep

MO.l1,T1HaJt!H'IeClUl l.1 ;l.\aHHhIt~ 9/, UP!l 120(PC B I .~ Bos,nyxa na.n MeTa.r:-'!lJ'IeCKoJ 

rr:;aTHiloli MoateT co,nepE8T:bCR He 60J!ee 4 UKr PI °2 • 'I'aKlllJ 06pa30M, ec

.Ill! IlCXO.l(HOe Ko.'II1'IeCTBO f1t BeJlllKO, BIiXO,n ee B raSOBYJO (Da,3Y 6Y.ll.eT MM . 

',ill ESY'I8!ill CTelJEUIh BOSrORKH ILJ!8TIlIlli B SaBllC1Thl0CTll ~T ee KOJm"1aCT

Ba B H8nmx YCJIOIDlJlX. ASOTHOKJIcJIHi1 paCTBOP , co,nep$.all\lI11 188f't C HOCll

Te.'Ier" tnm 6 es aer o, Ha.K.8llliB8;rJ1 Ha KBBpue:eoe CTeK..10 If BHIlBpwsa.;m . 3a
TCM rrpo:e0,l1.11iIJ! HarpeBaIDle .no 12000 

B Kl38pu;e:eoi1 Tpy6Ke B TORe BOS,I{yXa . 

8 

Ha pIIC .5 n01\.aSBHb/ llOJIY"lerurue pe3Y.JIbTaTIl . CTcnem, BOS1'OfDGl CIlJIh

HO MeHfIJIBCb B S8.BHCllMOCTl'l OT Ko.rm'l~ ~T:aa pt : OT 98% (mElPI 6es ao

Cn6,'IR ) ~o 1% (HOCIlTeJ1:b 550 MKr'). OMaKo KOJJJl'leCTBO BosorHamIOii IJJla

TIlBH OCTaBa'lOCh npIl6JJJlSIlTenbHO nOCTOHHHHM - 1 ,3±o, 5 MKr HB I ~ npo

uymeRHoro :e03~. 

B OOOTax C UPl!pO.ll.HllMlI odpaSU8MZ CY.JII4iIf,ll,Horo TUna ( c o,nep,arum e 
Ir:18TlfHbl OT 2 ,no 15 r/T) B ps,ne sKcnepmlellToB C pa3IIHM (OT r .11.0 
6 't!8COB). paSHllJJlI HaBeCKaMB (OT O. 2 ~o 2 r) np" v OT 20 .no 40 !,'f.,l /I.n1B 

Bos1'oHrorOCh 0 , s±o. ~ MKr Pi lIa I JI B03,ll;yXa. 

f.%I\ Pl'lc . 5 . CTeneHb BOSrOHKl1 IlJlaTMHN ( F ) 

c nOBepXHOCTn KBapneBOro CTeK

.'Ia B TOKe Bos.nyxa n pll 12000 C B 

3aillIC~IUOCTn OT J<O.lll'IeC'fBa HaHe~ ceHHOli D.1i aTluru (I'n ) ( t = I 't{, 

~ 40 i~_ 1r = 20 M]I/WlH, d = 4 MM). 

TaKliM 06p83 OM , eCJIJ! ITpll aH8JIHse o dp a su;a B B0 31'0 l1 e HadJIto,naeTCJI 

HeCKOJIbKO ,ne CJITbDC MKr ILJ!aTnllli Ha I Jl ITporrymerlHoro Bos.n;yxa, nOJrY'IeHHOe 

3Ha'IellJl1e cO,lJ. eplY.a mfR Ha,nO p a cCMaTpUB8T:b KllK Hllrum£i npe,neJl , IT sKcnep>!

MeRT Heo6xo,nIJMO no:eTOpHTh C 6 0.'lh!llI!M t IlJ!I! MeHblUeil naBecKOli 06pBsUa. 

MIHmJAa..1hHO npe.ll.CTaBJ.JT e JrbHM HaBeCKa ,IVlH aHa.'Df s a l1JIBTliHll B PY.IlBX 

COCTaBJlJleT 20 MI' /32/. OrclO,lJ.a HaJldo.lI1olllee c O,lJ.eplKaHJle !>t • KOTopoe 

MOJi".HO o rrpe,neJ!I!Th IIpll t = 3 'I 11 v- = 20 MJI/:'UfH. 6y .n;eT 10-4 r /1'. 
)la,aJIeHll"e lIapOD Au. B B03m'xe IIpI:I 12000C B 2 pa3a HnJKe, 'JeM Pfq. 

CooTBeTcTDeHHo OT.I1l:l 'IaeTCJI BepxmlH upe,ne.n 06aapYJJte1ill.fl' Au B o6pa3uBX. 

TaJ{ KaR .naMeHIle napOB [ ,. O~ HM MeTa.'l.1llfQeCKHM !f' rrpn I2000C 
llO'lTl'l Ha 3 nOpJl;URa B1:lII1e, 'leM PI O'1 Ha.n Pt , ,naJIHH1t ifJaKTOP He ,nO.TI

EeR ~TllpOBaTh BHXO,n HP»~.fI' B raS OBYD @B3y . r~ Y1\.aSHBanOCb BHme. 

onpe.ne.lI.fl'lOlIll'fM .Il.'I'JI IGlHeTEKH BImeJIeIm'8: Jr 1iBJlReTCJI ero B38HMO,n~il:cTBlle 
C KOMn OBeHT8MB MaTpHD;Ii 0 6paal(a. 

CTeneHb Il3Me~QeHH8: 06pa3Ua llOBHmaeT CKOPOCTb ,lJ.H~3MU, a Ta~e 
CKOPOCTb p a3pymem m MaTpl'lIJ,R 06p asua. Hapmty co CTaH,naPTHllJ.! }!SMeJLb'Ie

Hll eM 200 Meru MIi HCllOJIb30Ba.'I1'l rpydo HSMem.-qe~ XPOMIIT (pasMep 'qacTIlU 

- ,no 0.5 MM ) ; BIlXO.ll. I,. 01\.a3a.nCJI B HeCKOJIhRO p a 3 IDIJKe. O,lJ.H8KO I1pE 

B~COKOa CTeneHH IlSMeHb'leHH.fI' MorYT B 03HI!KHYTb ~OllOJlHET e~HHe TP~OCTH: 

YHOC a Sp 03 0JIea , Heo6xo,lJ.I!MoCTb upoceIlBaHHH. ClleKaHM e n op0nIKa B xy~ee 
up0HnRHOBe1ille Bos.n;yxa MeJIO(y 'IaCTIlI~MIl. Ec)]Jee n epcneRTlffiHo HCllOJJl>SOBaTh 

peareUTll, pa3pymaJOWBe 'qaCTEIJ,R B npouec c e nepepa60TKH. 
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PaCXO,l{ B03,n;,yxa CJ1860 BmiJIeT Ha BliXO,l{ 3JleMeHTOB 113 Xpot.!HTa . Tal< , 

npll Y13e.'r¥! 'lClllm 1r 13 Tpy61<e .n;M 81.1eTp 01.I IO 1.11.1 OT 30 MlI/wm .no 6 0 , 8 3a

TeI~ 110 IOn I.W/Mlll! . BHXO,l{ 1,.. 1303P8CT8Jl COOTBeTCT13eHHO Ha 7 n 9%. 
1 0BllWCffilC l.laC CLl H8Be CKI1 06pa3na SrIll9TllO CHHJi(8eT BllXO,n. npeJJm€ BCC

ro 13 POSY .1>T8Te YBem.I 'IeID1J1 TOJllIllIHbl CJ1OR, 'ITO S8Tpy,nl1lIeT ,nocTyn r asa

peareB'l'8. TaK, npll BI:l,neJleIDl11 liS 3 , 5 r xpor,mT8 ( d - 12 ;,',1-1, v-- - 300 

l.l.o/I.mH , t - 3 "I ) 13liXO,n I1Mn.,8HTl1pOBaHllOM pt COCT8B.;JJIe'!' Bcero OKOo'1O 

70% ( cpaBlm C ,n8HlM.m Ta6.1 . I). TIOBlmJCIDIe MaCCH HaB e CIG1 nPlmO,I(J'lT TaK

iitC K YBem~'IeH1lIO 0 6mcro KOJlJI'l:eCTBa Pt li Au, 'ITO TaKlKe ~OlKeT ITpnBeCTI1 

K CIDIl!:CHlIlO BllX:o,na ( CM. BIollDe ) • 

] ocnl ' 0 ;;3BO,gJllAOCTh CT enCHlI BOSr OHKl! ~IPJ!,nJ1fl I1S xpor,IlIT8 npO,Il e!.10HCT

pn poMlw ,IlaH1!H1.m Ta6.1 . :; . JT.a;;;c npll cp3mlllTe.i1>HO In!3KO).1 BllXo,ne !r 
Bocnpollsno.nm.1o c·;·h 13 ' IeT lJllex lI,IlCHTHtjHhIX al~CITCpnMcH'1'ax Ol<S3aJIaCh ,IlOC

ClTO'Il!O x opo:aeli ( OTHoc :l're. ThlIOe CT8H,n3pTHoe OTJ(JfOHeJme 5,. - OJl.J10 O ,Ob 

llpll n = ·1). 2'l' 0 pesy.:·hTaT T OI'O, 'ITO i.lHOrHC (I1awl'opll ( t, 1r, cI ) 13 

~DlllUlX y c ;OR,IJlX r, ,a c;o 13 JIJID.r liB BIiXO,ll D D03rOBhl. 

I1p11 D031'OHK9 Pi H3 CYJl b\lIIUl,HOI'O oClpasu,a ( HaB9CIW 110 I r) S,. = 0 , 23 

lip. ! n =- " 0 npll n03J'om:e fr · Sr· = 0 , 2/3 (t1 = 5). I30c n p m 1sBOWl

lmCTh c o.n.eplK8Jlll!1 /I u 13 B03J'OHax J'Opa3,Il0 xyllW ( St. = 0,7 npl1 n = 5) -	 , 
B CpOR7110. n c :; c.n.C'1'Bi1 e OOJi LIDe:1 Hcpa13Ho;,lCPllOCTI1 pacrrpc.n.e.'leIDIJI 3';'01'0 3.ilC

l.iCHTn 13 0 6pa311C. 

Taom lUD 2 . 	 l30c n ,t)01l 3BO,lll1l.!OCTh B1!.ue.'leHl lR T,... 113 XpOl.l1lTa 

B Cepml OrruT013 ( t - ;2 'l, V- - 300 W V llIliH, 

c! - :; iX.l ) 

,. 
Iln nCCi-:a , CTcneHh :lail.nel!o B B0 3rOite 

Olllna r B03rOHKll 
- 0 :: ['.J, . 

no 
If" )

.J.~ I,· , i.1KI' 

d iff t 

". 

I :' . 5 :~G± -, (1 , ~; >l.±tl ,003 
) :3, 'i l~l2:~, ~ 0, I31Zo ,W? 

:3 :3, 0 - 0, i~i:.J.to ,004 

1 T , ·1 - 0 , 0552:0, 004 

CPC,llH . B lX1C'le TB lIa 3, 5 I' 0 , T 3~:!:o , DOG 
--_._ -

TTrIIl.llJ lEIIl I}; 	 Xlr.nl'UX:,] t: : )11: bTi' O.J 
118p.!'I.IlY C 11.18 TIlH0i1J(a!.1ll 1!3 npl!!)o,llHllX: 00pa3UOB n '1'o)(e B$~a IIpn 

I2000e 1303rOHR CTC.fl 31l[1'D1Te.>rhHoe 'IlIC.10 ,IlpyrllX 3 ;; e:.lellTOB / L o OIltJII0 , 

BIl,Ile r a 3 0 0 6 p aS HHX OKcn,nOB , r:lMlOKCI1non }l3U1 13 aTo::.apIIOll COCTOiI![J!lI 7'J 
IIarrpnMep , U3 xpOhUlTa 130SrOJUlJOTC.fl: S6 ,A s , W', 1'10, Cd , Br !I I! c60.'lI,

mM 'IaCTh C,.. • 
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)IiJI O'IJ/CTKll 0'1' !.~e:ua!I)ll!Ir£ 811lL'D13Y $" er.1eHTOn ' .'lIl llcno ,1.303.3 T l!(' 0

TytL: e BeIlteC';'B8., xmm"!ecru! CBR3lJB8!O'.IUHl o':',ne "Rye 3 Tr: ei.let:TbI n p ll l'H-ICO!~:rJ : 

'l·er.mepaTYpax . :)oro OtlJll'l OKCI1',Iltl ,IlByx TImOB: IipORB ;JI[Dll!ll e OCIIODHO. , x a 

paRTer G. 0, fI1~ 0, A~ 0 3 , KOTOPblC 1l0r '101UaJOT "mlc·rue" ;.eTf'!: !C OK-

Cl/,IlIl i " $,°2 , Nb2 Os , nor.- OIl{aJOOlHe r ,':aBHl:u.t o dpa30;,' " o c llomwe" OKCll,llll . 

~. l1>TPIl li3 ~ 0, ~~q , A~ as . jl,e~cTBlw im.'l1>T!1a 1! 3 GO 
n o.npoono l i 3y'!eHO H31.m B (17. :i.l T OKe B03.1lYxa np,l nmO:: CaO n806pLl 

TIIMO nOI'JlOmaeT As, S&, B:, T@ , !It , C,... > 1'10, W, R l.J. ! !, r OCHonu o;.:, 

onycltaeT Z" . Cd, H'I , T e, Pb, Se, Br, A/q, 0 s. 
llor:;oruemie Pt. f,... A t./., RJ, , Re, A'jI. S 0 6PSTnr.10 If 3aBllCllT 0'1' YC.I[O-

IDlii 3Kc nepm.leHTB. ro Mr,l TI opomRa CaO ( cI - 4 I.IM, Lr - 10 1.1 V I,IIIH) noI'

.'loruaeT OKOJIO 80% pt 11 50% /1> • l Pll YMCHblIlelUlH TO::I!!}lHH -1,1;1 ~ hTDa II yp,c

JilftleIDlll paCXO,lla r asa 1l0r,l Oll1eHllC Pt II I,.. Yl.l€lIb!llaC';'CR IT'll!6:IIT811TC.:.LIIO 

BO CTOJl1>KO Jr.e pa3 H.iU1 eme 60Ji ee 3Ha'Ill T CJ:bHO. JLllSl 0 'l::I CTKl1 0'1' I.lcmaJ0lllllx 

3Jl eMeHTOB Mil }!CnO.lIb30Ba.:-:J! :Im.'lh'fpu TO.':ntJ1HOH I- '~ 1.11.~ ( IiPll d = 1 J!!l.1 l! 

v- - ,IlO 60 MM MI1H IHIll Ilpi1 d = 12 r.l/.1 li '/I - 110 500 WI/.nl U) . 

<1'l1.'1bTP 113 nopw ma f1g 0 , ;\OTOPlli, 'lame Bcero I1 CnO); r..30BaJlCJl B Ha ::;

TOiIlUeH pa60 T 8, n o CBoeMy ,Ilei;C'l'BlfiJ O'iClIb 6.'llI 30K IC Ca O , HO OO.il e e y)\OOeH, 

T . K . npenapaTbI 1-19 0 0 61l'lllO ConCp;itaT MeHbu:e B..:arll. 

npIlBC,IleHfllie ,1181U1b1e OTHOC.flTCR .K T CI.mepaType CV'AJlh Tp a II50-I~~OOo. 
Cm·1J.ceIDl e Te1,mepaTypll YBeJ<H'llmaCT CTen eH h nOPJlOmelIDH nJiaTI1 110DIlX 3.10

MeRT013 }! lJIlHBO,nJIT K YMClIblDeIDllO KoaqJprrUl!8HTOB O'llICTKl'l , HanpllMep , 0'1' 

oo.nee I04 ,IljiJI As n pl1 n 500e ,Il0 2 npv. GOOoe . 

TIpncYTcTBlle 130CCT8HOBI!TeJ'JI B ra3 e - llccropcKuero OpraHl1'lCCICOro 

13emeCTBa , c epI; B 8,leMeHTapHwl COCTOJIHlHI Ii T. n. - pe3KO CIlI1Y-caeT awpeK

TllBliOCTh paOOTIl tIlIM hT!)OB. 8 '1'0 CBR3aHO C T ern , 'ITO 3 !J6~,eHT Il 1l0p <; omajTCi 

(InI.: I,Tp81.m 11 3 CaO II H9 0 06b1'IHO B nblCUIer~ 0 lOlCJU1Te.ll hHOM COCTOJUGHl II . 
B 3TOM cJJY'!ac TpeOYCTCR Ilpc,IlB3pllTe,QhI Wil OOrolJ' 06pa3U013 • 

I\oCTb qn.,JlhTP013 .Ll.! L'! 3JiCMeHT013, Hco6paTIH.10 B3 81fM O,llei.JcT13YloutIlX C 

CaO 11 ;'t i 0 , 6JlJ1 3Ka K CT eXl!mleTpi1'JeCf{oi1 . Ha npmACp , ,llJlR r.nIUlh.flKa, oopa

3YJOIlIero CO G,UllHeP.l1C CQ 3 {II S0")2, 110 ,Il8.HllHM p eHTI'CHoqia30BOI'0 8HaJll13a 11' 

OIruTOD no naCllIllefUlIO 1MJlbTPOB, "X er~I<OC7h COCT8Ill1."Ja oon c e 50% 0'1' pac

'ICT!!oli. 

1;3 CYJll,qJU,IlUIlX OOpa3I\OB, ,IlalKe nOC.1e llX n p C,IlBap:r;T CJlhHOI'O OOI:ura 

n;m 70O--BOOOe, DH,IlC.'l.fleTC.fl 3H8tfi1T e.m:.Hoe KOJIJl 'IeCTBO S O2 , KOTOPlliI 'lac 

TI1'lliO nOI'JlOlllaeTCJI c;., 0 J! 1-1'1 0 C 00pa30138ID!eM CYJlhqeT013/20/ 

(T • = nOO- L1)OOC) , "!TO CHl1JiWeT 8KTI1BBOCTh " eMKOCTh 3TllX (Im.-ib Tp013. oa 3Jl 
• ~1.1 hTp llS Af1 O~ nplJ I20 0 0 C M8JlO nOrJlO1ll8eT OJiarop OllHlle 3Jl9MeHTbI i 

13 OT m l 'llIC OT InJ. ihTpOB 113 CaO II H<J 0 , OB Be n o r .J101118eT cepy ( T eMIlepa

Typa p a 3Jl Olf.eHllfl cym.q-e':'a 770
0 e) 11 1103TOMY OKa3alIC.F! OOJlee Slfxl)eKTi1BfIli M 

nJlJ1 O'U!CTlG! 0'1' S6 }1 IN (K03cWmWl eHT OtfilCTIGl - B!:P.l!C 50) . 
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,.hi nCno.Th30Baml n!Myl'leClWe WH.TJJ)TPbI He TOJIbRO ;rI..JIR norJromemtR: Me

marollijfX S.lJE!I.IeHTOB. HO II B Ka'IeCTBe K OJr.1eKTOpa aH8JIlfSIJpyeMllX pt 11 /1" • 
.frrI JIbTP U3 M~ 0 TOJIlIllIHOii 2 CM llpaKTJl'leClID nOllHOCTLlO aa,nepmfBaJI Pt 

11 II" , a 9 Jl e:.leHTli, He B3aJll.!O.lleiicTByroIllHe C Hi 0 IIpn 12000 C 11 MeUl8K>

IJlIle aHam13Y (HsnpHMep, 8,., S e .UI), npOXO,n}I.1ll! '{epe3 nero. 

i,,'lI.1ThTPli 113 51 O2 J! N6!J, 0t> • TIoI'JIolr\eEme 9JIeMeHTOB, JIeTy<Dlx B 

TOlte B03,ItYxa, 1.;~,.TbTP01.! H3 KBapl\eBOrO necKa, J!3yqeEo B III!. ::>rOT qm.ThTP 

ss.nOpl!OrBaeT P6. Zn, B.-, 56, meJlOtJlrue 9,;IeMeHTli 11 HeKOTopbl8 .Jqlyrtle. O,llHaRo 

CROPOCT:b peaRUlJn 06pa30BSfIT1R Tep1'.l1llJeCKl! YCTOii'!llBbIX CH.mJKaTOB B 60JI:rr

IIDJfiCTBe c.JIY'IlleB He.llOCTaTO'1Ha I il .ll.'lII JlO.1IHoro nOI'."!omemm Melll8lOD1JIX 3.18

MCBTon Tpe6yeTcff nOBTopHoe OC8]{,IleIID8 JI B03rOHKa C nOBepXlIOCTl1 I{B8PUS. 

J3oJl9B ~,n~Hl£¥1 OJ\a3a.JlCfl ~TP 113 Hb)., O~ , onpOOO:Balillli;, Har.nl 

BJlGl'Bbl9 J3 21 • 

J Ta6.n . 3 n OKa3aUO nOI'JlOlr\eHl!e 9.'1eMeHTOB N62 O~. Pt l!' I,. 
B03rOHH.TJEC:b HenOCpe.llCTBeRHO 11'3 o6paaUOB XPDliillT8 Jo! CYTh'lm',Il,Horo KOHlleH-

Tao.,;:lIua 1. ]OI'JIOmeHl!e 91eMellTOB $J,rrl>TpOM liS N6 2 Os B TORe 

B03,ItYXa TIp}l 12000
C ( d = 4 1.lI.i I V' = 20 MJI/MIlH, t 2-3 q) 

:J;reMeHT T\D-clP l eCTBO T D-'lllllIHa CTenem, l\03IP. I1pe)lIlo..1sraallie 
HOClJTe"1R C:JOII !nor JIOlr\emlH 01JlICTKlJ cOe~HeHI!Ji 

IjlHJThTpa, OT 3JJe-
B r asr/91 Ha nOBenx: 

MM MeHTa HOCTll /17/ 
pt IDHI' 3 <: ~ - P( °2 

O.'~ MKr 3 < 0,6 -
5r.!KI' I ~O.2 -

". 2Hl' 3 <: :l - /t.O!> 
20 HI' I 0,1 -

0,1 Mltr I ~ 0,7 -
P6 oe3 1I0C. 3 57 -, 1'60 Ph ('"6 O~)1'" 

" 9 >99,9 >1000 
" 15 99 , 90 5000 

1,5 MKI' '1 n9 .? 3(]O 
3 MlU' 7 ~IOO >100 

Zn I MI' 16 82 6 Zn .. Z .. O z" (N6 03)2 
ro ~.lI' .-, 85 7v 

I 

" G ~IOO >100 I 
B, 6e3 1I0C . 3 76 ·1 8, > 8,-0 B,-1I60y 

" 9 > 99,G >250 

S6 IDMI' <1 5 - 560 56 N6 0v 
" 10 7 -

-

I 
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TpaTU , :1 ,Il..'Ul )ijJY1''lIX a.'lC;.leUTOD np:.lBC.lleHHHe B Ts6.'l . 3 ,!1.aUlru8 OTlIOCJlTCR 

1\ 'ilICTJJ:l Oltt:.lI}\fl'.,. OTm!"me OT CaO II Mg 0 , iIm.lbT\l 113 N,D:zOs LDaJ:TtJ

'{eCKH IW 1l0r.l!01lpCT pt II It· n]:lll 12000C. ~e nP1I 850°c !loI'~o14eHlJe 
pt (;.'10(11.1 B 3 U:'.i COCTflB.'ll'IeT ,1Il :rn, OROo"IO 9%. a ff· - McRee G~~. :'l!.I!bTP 

~3 N6~ 0,,- rrponyCl~ TaIOite /1". Mo, As, Re, B 03rOHHJQllUreCJi 113 npIJ

pO.n.RI:lX oopaaI{OD, I'I aa,nCpm1B8.Jl , KpOMe 2", P6. 8, (rao.i:.3·), f:ll1e cro, Cd 
YI Ag . 

lIor1l0lllemle S.lei.reHTOB. 06po3.vPJl1ll1X OKCIil)J,bl OCHOBHOI'O 7.3?!lI:rcpa , 
o '!eBnD;HO I CM38HO C o6pa30Bil1nICU ~eJll:IfqeC!W YC':'Oil'UlElllX .n.no: l.!!'<Y.: O;{C!!,nOD 

r.ma Zn(Nb03)2 ('In.1J. = 14000 C) , P6(N601), (Tr...1!. = 13.13°: ) , 
Bi N60" (~n.;; . = 1245°0), CrN6'O~Jl.I(1.116/. 

l~o3lP'~;lI1J;1!eIiTLI KOlIUcHTPW'OBBIDlJi • .ll0CTllraeuurc B ;:Je3y.-:bT8TC IICIIO~:b--

30BaHlfR B03rOHKl( 13 TOI,e 130S.uyxa II XlJ?JJI'IeCRllX I!'!PrbTPOB. O:ill3llBalOTCJJ 

H8CTOJJbKO Be.:}HCJ I 'fTO llX T;>Y;I:\110 TO'l1lO orrpe)leJLHT:b lIB!illJr·.!:! r.Ip.,:,o.J:::l!.m 

(FliA. ~). J.! C.'rytl8 e ~epep860Tlm XpoI.!llTa R031Irl'nuuellT lr.onll;p.H1' !1IIPOIl.::tIDlJi, 

IIO-Bll,ro.II.IO)',!y, Blllue 10;) . 

J03.101JIOCTlI AHA' IJ181\ Pt, lr !! All. 
TIpe)l.1araeMaR nlt.llf'!OCltaF. npo~~c.n:ypa KOHUeHTpHporoflllR O,i8rol O.llHbIX 

MeT3)VIOn O1'KplIBaOT HOBHe B031!.OIDl:OCTJ! ,nJI.R llX 8 Ha..1I!38. 06mm.; npcmr.TY
lIIeCTBOl.l M8TO)la 1IBJUleTCJJ IIpOCTOT8 ero npm.19HeHllR I He Tpe6Yl\l1l1ero CITe

LU1am,mn{ p eaY.TIlBOB J1 armapaTypll. 

npell~1j'l!leCTBOM MeTo.na JD3.'IJIeTCJJ Ta.R.litC BC31.ICVKHOCTl> npOCTO.; nepepa 

6 0TKM 06n83UOB , ROTOPblCl Tpy,nHO BCKPblTh .llpyr!lr.1l1 rreT O.llal.m (uanp:IMC,), 

XPOMUTI1). Hru(QHe~ , 01JlICTKa 07 MeW8lOl!lIfX 8.H3JI11SY :n8l!leHTOB 11 Dl1COKlle 

CTeneHH KOF.U,eETpJlpOnamm .nOCTm:'aJO'I'M sa o.nHY CTa,Jl;HlO. 

:3w60P KOIu<peTHOI'O Da)Il8.HTa nepepaOOTlUl (peareHT, XII1,IiltII3Cr·:118 

qmJlb1'PU , CDocod oCaB,lJ;emm) 11 ~C1':mlTe.ThHOCTh onpe;neJ1elIDR 3aB;lCR.T 

KaR OT TIma o opa3lt8 I TaK >! OT JSCllOJIl>3yeuo ro cnoco6a aHaJTI13a. 

IIeiiTpoHH0-ru{TlfllaLjHolll!llil aHaJlHS. TIPl! llBpepa60TK9 oopaSUOB .n;.llSl 

n oc.lJe.IJYKlItero HAA HCnOJIb30Ba,lOCh oCaJ\nelIDe OJlarOPO.mmx 3J!er!.8HTOB Ha 

K13apu:eByro TPYOKY, lIJllI KO.lJJIeKTOp JI3 tV'} 0 lIml At; 0 3 (pUC. Ill ) . 
0 6ll'1HO a RTIl13JrpOBa.'Il1 npo,ItYKTIl ROFUleHTpnpOBllllHR . if03TO:.ry I TIOOU 

He CHHRllTb ' IYBCTBH1'e.iThHOCTb 8Ha.mlaa I M8TeprIaJI KOJIJIeKTOpa ,no;meu 6"'1'b 

'mC'l'IlM . MaT elmal KDaPL\8BliX Tpy60K 'laCTO He y:IlOBJ"IeTBop.s:eT 3TO:.,-y Tpe
OOBaluno, II n03TOl.!y I.m TIpe.n.nO~Ta1ll' OCaB,lJ;eElle Ha ~i 0 II 1ft} 0 3 lDm 

ClIIHlla..'ill BoarOH C ltBapl{eBbIX TpydoJ< Ha JIaBCaHOBYJO ll.TIeruty. 1JbIXo,rr pt 'Ii! 

I/' B CMIiBIl COCTBDJJJL'l OO:!:6% . 
TIpe)lJlarae:.nlli cnocoo KOHlleHTplIpOBaHFlH II03BOJnlJI nO:1Y'D!T!. BIiCOlUle 

Ko a<JxIruUlleHTU O'rnCTKll' OT Mllornx 9.TICMeHTOB, KOTOpl1e np11' OOJJY'leIDlIl B 

nOTOl®: HeiiTpoHo13 )lalllT OCHOBnyJO f -8KTlIBHOCT:b. 
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He Bosr OHmOTCH liS 0 6pas u;a: Fe ( K03tN>l11l;I1eHT OtmCTlm ro5/ . Co 
( ~ IQ5) , Sc- ( ~ ro4), a T aKlKe I1n , NT , pe,nKOS eMeJIbHHe 3JI e,~eHTll. ITor 

JIOmaJOTCH T OH.Kl1M ifruJlb TP OM ~J S HgO : S6 , As , W', Mo. ITp axO,ItfIT 'Jepes 

TOJICT!iil qnl;n,TP 11S /I(~ 0 I1JIlf A~q. CJIyE81llIHf KQJIJIeKTOp OM 6JlaI'Opo;umx 

MOTa.1JlOB - 8,. 11 Cd . O'lHCTKa HeKOTOpilIX 3JIeMeHTOB o cynrecTB1UieTCR o,n

HOBpCMeHHO HB pa3JIl1"UU:l1{ CTallllJ1DC. npOI~ecca KOHneHTp HpoBamm. n pe3YJIb -

TaTe KOsJ4M!fJeHTIl o tmOTKH COCTa:BJIfLIIH OT Cr 60nee ID6 , OT C,-,- _ 104 , 
OT Ala - 1O~ . 

roI6::J nOJIY'leHHHX KOHIJ;eHTpaTax lIpI1 qJ.1IlOeHc e CI.l-<- 86cOJIIOTHasf 'lYB

CTB1ITeJIbHOCTb COCT8B1IJl8 no KP1~T epnID 36 )lJJ.Il pt - 50 Hr • .nJI1I !r 
I Hr,;n...1R Au - 0, 1 Ill'. IIPll q:uooeHce IOI8 CM-2 : pt - 10 Hr, /1' - O,IBI' , 
AI< - 0 ,01 Hr. T a Kllf..! 06pasoM, .IVIR HaBeClW 5 I' MorYT 6Wb 1I000000el-lli 

r, e.llYJOOlll'e OTI10CllTeT.1>IDle 'lYBCTilllT ElJIbHOCTH (1'/1' ) : Pf _ ro-8_2•I O- 9 , 
/r _ 2. ro-10_2. ro- II , A~ _ 2. I O-II_2. ro-I2 

10 pes YJlbT8T8M ReCltOJl1>KlIX 3Jtcrrepl!MeHTOB, B KOTOPIlX KOJIJIeKTOp 

o6JryqaJICR Hei1TpOH8I,m C quooeHc OM I OJ6 
CM-2 • co.nepllUlHM e 6JIaI'OPO.nHHX 

3JIel.1eHTOB B lICCJle,lJ,OBaHHOM IIBMH XpOMl1Te COCT8BJIJfO (r/T): Pt 
o , I3io. 04; I,. - 0, 093±o, 005; Au - 0, 04I±o, DO? B 06pasu;e lUlYI'or o 

ypam.cKoro XpOMI-lTa Pt - 1 ,O±o, 3; 7r - S±2; AI< - <5.10--4 . B rroc 

Jie.IJ.HeM CJIY'la e BI:lXO.n Pt B B03rOH MY npllllliMaJrn ao±20%, !!:. - 4Q±15% 1 

a At< - 100%. 
F,cJIll" 0 6 JIY'il1Tb HeiiTpOH8I..rn I1CXO,UHH e oopaSIJ;l/ II rrOCJIe 3Toro n p oIlsB o 

.lU1Tb ra30XliMll'leCKOe Bl:l,lleJlelru e, TO I1HOrll.a CYJIleCTByeT B03M~OCTb rro.ny

'la Tb pa.n:!l'OXli~UI'IeCIUI '!IICT lie nperrapaTY l'l H3Mepwrb llX Ha C'IeTtmlte oes 

IICrrOJlh8 0BaHl1JI c rreKTpOMeTpl·j 'leCKOU a rrnapaTypll. TaK . 1.1Y Bl:l,llem l JIIl pa

lI.lfOXHMU 'IeCIOJ '!IfCTuii 192/r 113 300 Mr xpoMHTa , o 6JIy'leliHor o B perutTope 

31 oXJI3lK,lJ,CUlUlerocR 1 /.IeC.1IU. IlysCTBI!TeJIbHOCn orrpe.neJIeBllR f r 3l1. CCb COC 

TaBlfJ;a ro-9 r /r lTpll qiJooeHc e roT? CM-2 

Cn CKTparrMnm a Ha'OIS. I3ap~laHT IICrr O.IJbS OBOmrR H3lDc:i rrpol {e.uyr'l:I KOH

U;CHTpJ1P0B<:lillli1 ,lJ, IR ueJ:eli 31.'lllCCll.oHHo- cneltTpa"b1i0rO a B8.Ol3a 1lso6pa>KeH Ha 

pIfc ,lo. E\.'1aropo.lllUl e l.1eTa'L'!l:I MOlKHO , HarrpllJAep, oca'i\ll.oTJ, Ha r;mrIn!TOBor.l 

rropo[{u(C , KOTOPblli 3aT CM 811all1 311pOnaTb 1.16TOll.Ol.l IYOCUTI1'.ll. :.10::010 TaKJ:\C 

OC8iiQJ.8Tb PI II lr Ha DHY'I'peI-IHC;1 n OBCpY.110CT11 Kna 1LtCBOii 1'1'y6101 1 

CMblB3Th Uaj1CKOH nOll.Koii. 

:)rOT erro cod OC8JiULemlR y.nodeH lI..":R n oc 'C.ll.Yl'JlIlCrO 8TOI 1lI0 - a6coro ' OIOH

Horo H c ncl<TpOII)O.oMeTp lltJec Koro rreTO.I{OB . 

TIperJMY!IlCCTBO D!lCn-:ar aCMoil rrpO-(ell.YpN Jlc1R 31.mC CIIOHHO-CIJeKTp8JlbHOrO 

an3.1ll3 a COCTOHT B IlpOCTOTe nepepaOOTI01 npll 06CCrr€'leHlll1 OtJCllb BliCOKII X 

Ko s-IlIruw-r eHTOB O'm CTfCll OT to, ~' , A s , 5 /, lJ Jl!J . 3:: eIJeHT 03, KOTOPNC , 

lIaIlpHMep, npll BllJ\c.'lem:11 l,le70JlO:,l npo6lipHO;i rr.;aBI01, t.IClila:OT aHa·m3Y . 
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_;Y IO'1 ':'Ol'U , 'J()~1U1 \1Cll()'''l1.30!\.'lTl, IW':6111131l!ll'l r:no61lpllo; Ii am;;1 :10 ~R , ;l

U01JU 1:0: ( i I' C HWN' C'll:;f~.. 11 :IT',mOn!£{ '.!e'l'(l ~op. FI ';'olte n03,I1;y:,:n. PI 
j,. ,O~, R~ (;10 11(' AI<) DlI.JJ.u,,!J11Y.'CR >1 3 eB1itOO n;'",l1 ::::r-'- ,en.')!r 1:1 C.:I .Ci: 

/r'l .ero I.' S,o., . :"OrJiO nmlMCHRTlo TaKlite C;ICC;I C Nb2 Os,- . 
f'cliTrello(flJ;yop0cgeHTHl:oI~i aHaml3 , r ,JJlec, .1 3-3a IrrI31:0.; 'l)'r.C1'ml'l'(!.. w o-

CTU, • ' .iJ .~ 6Jlaropo.nHIiX iJeTa.I1.10B n oc nc KOlJT{CHTpllpOIlamm n: ·~:iH'jUT.'lCJl I,C.ll

KO /22/. !1peHIt.yll\CCTBUMII HOBo ro 1,leTO.lla, n03BOTJlIOllt!tUIl nonHCl1TL 'I;{TICTnll -

Te.1fhHOCTb 11 >lCK.,lIO'll1Tb BJlJIRl:Ule MaTp}IUH, HB.lJ.HI'J'rCR: 

- lI.ocT>J1.leIllIC 3 a O.llIlY CT8,lIIl1O 6oJ~J,tlmx l co o1p.rna.1;ncHToB KOlll\eHTfl1:'OMWlll 11 

rrOJfy<reHlle BbiCOKO;(8QeCTBeHlIl:lX npenapaToB D Blme TOJllUIX c .~ocn (n naplI 


a HT e, nORaSaHIlOM Ha pilC. TB ) ; 


- Bl/CORaR CTerreHb O'DICTIUI DosrOHOB C rrO:,lOInb r:J xm.1Jl'leCilJlx:!~llbTrO!l OT 


J,mKp03JIeMeHTOD, C03Jl8'Jl!mX ()oH B 0 6JJacTn 8 Ha'!lITH'I eCIC!X ,-:11lP.lir. L::mpt! 


Mep. N62 OS nor .;lOmaeT CB>lHeu II LU1HK, a M~O J! A ....z 03- BO.'WJipa-.l . 


liame Bcer o B KOM6H!{al.r;lH! C P;"A Ha\1l1 llCnOJlb30na JJa Cb B03rOHKB HC

nocpe.nCTBeHHO Ha T OHKytl lPleHY.:y (P}]C. I B ). 0.n.naKO 3TOT BapllallT Me ':'O.lll! 

KlI !!Me eT J1 Hell.0CTaTKTI . Do- n epDl:Dt, 3 if11teKTllBllOCTb OCaJ!'JtelU!R He n o Ulr,lep

HOJj TlJleHKe 3aB1lCHT 0'1' co.nep1!'i8HlIR OJia r op0ll.HUX MCT aJViOn. f)e3HOCl1Tam,

tible K OIDI'IeCTBa I[;8Pt >I IUC / r « 0 , I 1.:Kr) Djm 7r= :JO r.: j r,fllll .1 d = 
I O 1.1111 OCaJK,nOJOTcn He JIaBC3HOBm i llJl eIllte C BIlXOJlOM 6 0.1ee ~)L% , Bpi 3TOIl 

OKO.~O 90% pt II Jr paBHOT,1CP HO OCaJiUlO e TCH B Bll.nC f!.JITH8 lJ.l13).1CTpOI.l 

E MM ( lI.ll8MeTp Mc.nHo ro CTep;:.HJt), a OCTa1bHoe- Ha KO :rbue JUl81.Hr:opm.! It 
Ill!.l. Oll.H::mo npu YBcm:lJellllH KODI'IeCTBa HOCIITeJIR lI.O 5- JO I.mr , BIiXOll. Pi 
n all.aeT B n e CKOJII,I\O p a 3 : T erm epaTyp8 o calf.J,(eHY.R YBe: DPmnae7cR, 11 'laCT L 

pt ocu::t;n:aeTCH 113 'rpy6Kc , He lI.OXO.II,f! lI.O CTep)!(J J.H . 

J)()- BTOPI:lX, lIa.'I1-1'IIlC 3H8'll1TCll bHUX KO.lll'l eCTB c epll Will llOTPl!R n 0 0 

pa3u e rrp"BOJUlT !{ CllIlKelDlJO Oqxj,Cl tTflBHOC TII oca~cmlJI Pt 11 p03pYWCHlIJO 

JJ8BC3HOBOli l1J1eHKlI IT. K, B B0 3r OHe npl1CYT CTDYJOT H., SO~ Il.'I!! Na OH 

,11.1 II crrOJjb3 onaml TaKl!!C OCllllUleHI!C Ha rroBepXJiOC'i'b K&'lPI{CDO;i TPy6wI 

C rr oc.r.cJ:lYf:mnIM CMIiBOi" 11 HaKBTIUDalll! eM Ha T OHItYJ(l n.~em'Y . TDKDJl MCT0lJ.l1 1ta 

He mr.eeT YKa3alll!1iX HcnOCT8TKOB , O,lJ,llalW rrpIIBO.llI!T Ie YC::OliUJelm:o rrpoue.uy

pll KOHl~CIITpllpOnaHIl.'l n CIill~eI-lliEJ DocrrpOIl 3DOJOlI.l0CTI1 aHa 'I113D . 

·.:CTO,lJ, r M C HcrrO.':b3 0BaHlilll.m Hat,:l! rr o.1}'rrpOnOJlHIfKOBllMlI JlCTeKTopar.m 

C Jl3 0TorrHW.UI I1CTO'llDIKatt.Jl B030yJlUleIDIil IlMC'eT 11 HC)lOCT3TlO'l , :no HCBI1CO

lG1H 'lj'OI~aDo,u.I~1'o.'lWIOC'l'L 113- 3a .IJ.1illTO ..llliIlO<.:T11 H:Ji,iOPOHilll 1.1i.1JlllX 1t00001'W<.:'l'D 

WlaropoJ!.lllLX .10Tl.l.iUlOE ( .ujJO!!.H il::l: .. opeHlUl Jj I131UI,X Ol,CHeplli,leIlT&X COCTaB!lJI 

. 0 OI(OJIO 1 lwca) a I1eJlOGTUTO'liIOC pa3puwoIUlO .I\.lUI 3JlOI,~OIlTOB C cOCe;J,lWM 

Z ( 11 (L Ii Pi, , ')~ I: If' ) .),.eelJ'l'.lltPU"tllOO JJpCIJI1IIlOll lW c O.llepJ,WUlJI O)1.BOro as 

c\Tl!X SJlel~eHI'OB Hl' rrOSRO'UJeT rrpoaHAmI3TI['OTlBTb lI.pyr OlI. 

J\6CO.'IIOTlIilJ1 <TyBCTBlll' OJ! blJOCT:b o n pC,lJ,e.~elmR dJiarOp O)lHUX 3,; eMCHTOB B 

KOlllleHTp~TCl.x n 3!1TII1CI1l.lOCTII 0'1' XClpaKTCpIICTI1l< ,lJ,CTeKT Opa, HaneCKII rrcpe 

pa6aTl:lBom.!oro o6posua 11 ero npnpoJlll COCTBB.'lRJIa OT 0 , 2 lI.O I MKr. 
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:J'!'HOCJ1':'C-;}'HM lfIjBCTBH'C' C,"IbHOCTb B Xp OJ.llnax .l40C C'Ilro::a 10- 7 
r/r , B TO 

B?e;.i.f! KaK n .,-.R jl CXO~ 06pS3UOB tryBCTB11re::b HOCTb 6rl.'~a 3. ro-5 
r / r. 

~."JI IlOmm:CHMR y~OBHJ! 'rJBCTB:~Te;:bHocTll, npoil 3Bo.JmTe,'1bHOCTJl }l Ha

,nenIOCT;1 r.1CTO,ll.a Tpe6y:O'::'c,q }ls.lbHe;i:tm e ,iC CJlenOBalmR C nplfMeHefmehl Kpnc

Ta.':;;-JlIIc})paK:.!llOHHO ~i ~leT o.nHiU' >l Clonee MO\lUUlX JlCTO'liU1KOB Bos6y-,;meHDR, a 
rCJ!<..':Ie n o.n6op <1o'lee a@,'eK':'llrurtDC Xlf~m~eCKlIX 'PMnb'l'pOB Jl cOBe;xneHc'C'BOB8IDI e 

YI.:'l'aAoBKlI . 

r,iacc-cneKTDOMCTp}I'leCRlI;j aHanlS npOIlSBOJllL'ICR Ha l.!aCC- CneKTpOI.leTpe 

C . :a3eplW1:' IlCrO'lHMKo:.! UOHOB . O;lUlofi U3 OCHO~ np06JIeM :IICA, 06.JIa,nax>

mero Bhlcomli a6co;uorHoH 'IYBc TBHTe.'IbBOC7blO 23( - TPY,1J,HOCTb o 6 ec n e'Ie

HMR npe,I(CTaBUTe:rbHOCTil npo61:1. AHa..1l13npYJOTM .Jlll:rIJ, MlJKp Or p aMMOBH'e KO.1D

'!eCTBa BemeCTBa Ha )!e6o 'lbllJoli 'lacrn n OBepxHocTU 06paSU8, B TO BP SMJ! 

i~aK ITpl1 aHams e 6Jiaropo~ MeTaJVIOB He06xoJlllMH HaBeCKI' 2-5 r/24, 31 
:1 JI XOTR 61:1 neCRTYJl 1.11' /32/ . 

Oc a;;;,neHlJe U3 r a30Do;i ?aSl:1 nOSBOJJJIer n O.1Yl{U'1'b KOII!J,el1'1'paTfl B Bn,ll.e 

paBHO~;cpHoro H '1'OHKoro C.1M lfa nOBepXJlo CTJI 125/. 'ho RB.llHeTM r.'laB

Hl~!I1 ,nOC'1'OHHCTBOM np e.ll,JlsroeIl10H X}u.nJ'tecKotl: MeTO.D;lHlli B KOM6IIIlBUH11 C :.:CA. 
':0 tfY1leHJl e KOHUempaToB ,lI.J1Si Macc-crreRTpo ••leTplf'leCKOT'O aHam138 nec 

iW. .J,KO OT rll1ffierCR OT 110CT8110BY.TI :n:cnCplP..!eHTa B cTj'lae ?':-.\ (pHC. In). 
rCG..."{,llelme npoil3BoW!TCR Ha n osepXHocTb a'n.ffilffieBOll 'ilO.1bnl. KOTOPYID 

jO:itiiO pacno.larS';':b npli 60 lee BhlCOKoii Ter.mepaType, '!eM 110.'!lfMepHj'1O IT.;reH

KY . ::lTo ynpomaeT 3KcnepllI.lellT J1 r.OBlmla eT BflXO,ll. OCalf.,neIDlR . Tat< Kar: 1,le

TO,n01.1 ileA aHa'lllS1lDyeTcR :11211> TOllKJT;-\ c .'ioii 00'Oa3ua (OKO::O 0 , - rHo-.l) , Ro• . ? 
-r;l'lGC':'BO B030rHaHHOI'O BemeC'i'Ba ,nO:LT.HO 611Tb lie 60'lee 100 1.1KI'/CI,j~ , 'ITO 

!l OueCEe'lllBaCTC5I rrpe,n::araer.!O;l 1.1eTO.lClKoil, :~8JlJlOpOBO'llible npenapaTI:I 11})1l

I'OTOB."JIJOTM B03I'OHKOn Ha a:::J!'.lll!!!JeBYIDno.1bry 't:ICTOl! n.18TllIni C KOIITPo

.'1el,l BflXo,n;a no pa,m'lOaKTl'lBHbl!.l 11 3 0'1'01181.l. 

J\6CO.'llJTHM tryBC'IBlITe.'bHOCTb K Pt B B03I'OH8.X COCT8.illl18 lIa yc

TallOBKe .' j[J(H,!.-:i14/ 0 ,04 MKr , II ee ;.lOli\HO .noneCTi1 .nO 0,004 MKI' . '!'8KYFJ 

:<:e qyBCTlliIT8,1bHOCTb ,no.':.t{eH )leBaTh cClmilm.:l l.l[lCC- Cneltn - o;.:eT'D ::r.~\. -'2. 
:-a::;;:1 06P.:J 30::, 0?1l0CI1Te .bRaj! <r:.rnCT!Cre - ~HOCTh orrpe.ll.'" PHlIR 6 :3I'O':'lO,ll.

I:'r.{ :.eTtL--OB COCeaBl!" 3,\CCb 'O-~ r / r . 

:~:E~~:3' J ..:.::K.r:WL :1 :L:','..."J:SA wro:,' !X ]:;r'II':: - ::l.1:.:mrOJ 
TTacTo;rn{aIJ })3CiOTB iIOCBRI~eHa . B OCHOBllOl;. l:oHneHT;t:~=-OBalJ:Jn II eHS

:iJl 3Y Pf H It', a TDltlle Au. 
':-,DHHaq /,i eTO,llin:D, OCHOBBH.HaR lIa B0 3I'OIDtC D Tm:e R03.nyxa, r.IOl:teT 

IIplll.leJ-L'lTbC.'! l! npil o'na'll13e )lj)yrlJX ::r!el,leH':'OB. 

Ocim:l B B!:~e 05 O~ n D.lmeH JlerKO B03rOHJ!TbCR liS nmmo,ll.HH'X 

pa 3 UO~ naooc 13/ . Jp0 6JleMOii JIB.'lReTCR er o n OhRoe YJT~B;~Hlle IIJm 
T e:,~r:epa,:,ype , He IDlIKe KOI,maTHoll. Tpa,D.}lIurOHfUie COp6eHTbl, Hanpmlep, a1<

Tl1BnpOBaHHhrli yrOJ::b. Jl.1III SToro He n O.'(XO.l4RT, TalC KaK COneDJilaT 0 6Ji'!H0 

S;;CMeHTbl. Hcrn~le ,na.l!bHefimeMY aHa TIisy. 
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JlJl~'l, ,)n 11M Os y,no6no ocx~aTb no nopOUJl\e rl3 Cal) np;l 3D\.'
tOllOe n • 'I'mau,1 1;110(;060:.1 o CI,m,i ',lOlItHO iCrl{O OT.nC'WTb 0'1' Jlnyrl!x n.~a

'!'\'I!OIT,nOIl II 1.lf'I Ufl~II.I[>IX lMCMeHTOB II aHalll:mp0BaTb no T930s. 
!'Ogtlll 1I IJYTCJlJI:i TBIOKC ;\lOryT ClUTb BH'.I(ejJCJru M3 npllpo,I(HID: 06PD3UOB 

DO:.l!'OIU(OiI n TOKe Boa.nyxa Il rrpo8HallsjPoBaHLI . O;n,HaJtO R.. 11 RA nor

IO!JlLliilTM (llll~l>TparJJ1 IJ3 MiO , CaO II JIl Nb~ q B 3Ha'l11T£1fbJ{0 6o.'lUllc.1 

CreneHIJ, 'leM pt 11 I r . 
IJYIICTID1Te.:]bHOCTb orrpC.l4c.TJ. emlJI R (..{ B B03rOHe TI3 ::!1-1 I.1tJT0.l40/.1 

IL\A no C03RI.( COCTBW.ilB 2 P.I' npl1 (p..'IKlellCe TOm CI.I-2• 
Cepcd 00 II peJi!1ll. :Jpll neilTpoliHO-aKTllBalUlOIlHO:.1 aHa,lJJTse ~o3rolloB 

lJS iOMllT013 1J Cy.IIb¢II.lUIb/X o6pa3~oB 6wru Bll.IU8 t -JJJlIDr:J I ~O?l9 
If I8 Re. JTl1 3.Jlel.1eHTll Ma:o nor;;O!l\a :n~Cb xm.nr'leCKl!lJll r;m.: .hTpa:.I::J 1'3 '::aO 

H /11,/0 aHarrOrlJ'!HO Pt 11 If' . B nOCTaHOBl<e orurra. ltaI< HS puc . ln, 

IS3Re OC8.liU\aJICiI Ha JI2DCaHOBoii TI.'IeHKe C BflCOKlThl BIlX0.l401.l. 

l {YBCTBJIT e"ThHOCTb orrpe.ne.'JemlR Afl B B03ronax COCTamua U, J ',IKr 

( ~lIOeHC roIS CM- 2) 11 0 ,02 MKr (ljlmoenc IOle ~.,-;~ ) . Re - 0 ,02 MKr 

(qwoel1c 1016 cr.~-2). 
CTenel:m rumc.leWlR Ag 11 Re , TaR ~O , lmK }\ Ru • He y,narrOCb 

oneIDlTb, Tat< Ralt B llCXO,1J,HHX oOpaSI-$): He OU.;10 HSBeCTHO CO.l4epr.:rume 

a'1'ID{ .8J1eMeU'1'OB, }J COOTBeTCTBYJOIIIlle t - JJllHIDl B o6JJY"I€rtlIllX oOpe.auax 

He npocr.laTPEBBJIJIlCb. BecbMa BepORTEO , 'ITO Bl:1IDeIlSJlOllteHHaR MerOW!Ka 1'0

,IWTCH ,lI.JlH aa8.TIIsa Ag ~ Re 6es l1SMeHeIDlii. 

JI..'IR Toro, 'lTOObl c,ne.'1aTb MeTO,ll. 60JIee ymJBepca..n.HllM, TO'!HUM }J 

-qyBCTBllTeJl1)HbIM, Tpe6ymCR .l40nOJIID1TeJThHlie I1CCJIe.l40BaIDlJI . 

TIp e.n.1araellfYlO MeTOJ(Drq nOKa 1.I0lUi0 p eKOllleH,llOBaT!> .ll,.;tli onpe,ll.e .,em~R 

Pt. • tr JIl Au B xpor.mTax " cYJI$,lI.HID: py~ax C OTHOCllTe LhllO He

B~COKOtt TOqaOCTbID (30-50%) . 

KlDO)l' 

ITpe.I(J10ll1CH 1l0Bfli1 MeTO,ll. KOHUeHTpnpOBaIDlR 6.ilaropo.ll,HblX a 'iel,leHTOB 

Boar oHKoi-i B TOlte BOS,nyxS liS npHp0,Il,Hl:1X OOpa3110B C UeJ1blJ aHa::lIS8. Ba
coKB11 BflXO,ll. H Ce!leK'1'nBROCTb rume..1emiJI ooecne'lliBalO'l'CJI ICnOJlh30BalffieM 

p eareHTOB H pa3.1llPmID( JrnMiPIeCKIDC ipHJThTP013. B peaY.'lbTBTe ,nOCT11I'aJOTCR 

ypOBHH -qyBcTllHTe.hbHOCTll: 0 , OT-O ,05 MKr Pt , 10- 4_10-::1 r.w.r fl' . 
ro-5_IO-11 14KI' AI( (l,ieTO,nIma llAA); O.,~I MKI' (p.i'A) 11 0 ,004-0 ,04 MltI' 

(!.lCA) . 

ABTOPIl r;ry60ltO 6JJ8ro.napHl1 ruw.nel,DlKY r. II. t.l!J1epOBY a8 nOCTaHOBKY 

aa,n;al{ll H nOCTOHHHoe mIDMrume II pe.60TO , a TD.KlKe tt!J . -KOpP. All llCC 

11. 3Bnpe so ueUlll10 3rJ.MC"1fl1I1UT no pa60Tc U ee H3JlOlKeHl!1ll . I.m nOHSHaTeJIl>

1110 1'. t.1.TI;lIl-AJ<onuTlfY . 1l . Jl. [.or,nllllol1Y 11 A . f,tl'oJUJHY sa nOJIeSIIble 
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