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Two iml'ortrmt rhurrtclen:sties ·u•erc inve,qÍiyuled stwlyi,ig tlrn ,,ossi/Jiiity 
<!f ,rne of the 1•11,;ryy dispersive speelromefor; resoh/.tion Hmit oj t/w two 1ww· 

co11eeH1rations anrJ llw limit o/ d,•/Pc/ability. 7'/w re,w,llltion limit 1N19 stwlietl 
eťperi1,ie11tally on Ner:i:s of silie,ifo atasse8 i,, which /Jw contc,d <i 8i02 steeply 
clamr1ed o/ I';;,. 'ť/,e limit oj dctecta!Jility 1uťls stndhd on serics oj idantiwl 
ylasses ,,.;t7, carious co,tleítl oj ZnO. 

l{.ESOLUTION LJ:\IIT 

Tlw fol!owing 1mrnmeters of the X-my spectrnmeter 11m significant, st.udying 
the rcsolution limit: its accnř'acy, its reproducibility, short and long time stability. 
'.ťhe same paranieters nrnst h·we nJso tlw c!n.ssi91tl wavelc;ngth speet,rmneter. \Vhile 
using an energy dispersivc spectroniet0r the 8yslematimtl errors mwsed hy spectra 
proccssing are added fmther. 

Itesolution limit wns studie<l for the mmr conéerrtrntions of the SiO2 on three 
glasKes with the following rcal contents of SiO2 .in each of them: 77.8,!% SiO2 , 

78.84% SiO2 and 79.8,1% SiO2. Becausc of t!w high cont<mt of SiO2 and thus high 
rntio of the peak of Sil((,'. no 8pccial n.ttention was 1myed to the background substrac­
tion. The Eclax analy;;;er modell 711 eq1úpped with írúnicompnter tmd softwn.re 
Edit Nov1i was used for thc me:ls1trement. :By menns of these programmcs ít is  
possiblc to substract thc backgemmd with tt simp!c digital filtcr and separatc thc 
pcaks in the wny describcd iu [li, [2j. For tl10 establishment of thc intensity after 
fitting thc Gai1ssiau curve on the pcak, the n.rer.1 under curve 1.2 J!'WHM in width 
is determincd. Thc who!e arca is not uscd for the irnmfficient coincidcnce of thc 
Gaussitm curvc with thc tails of thc peak. ThiH way ahout 85%, of the whole nrea. 
of the pea,k is takeh into account. Sy;,tematic e1Tor causod hy sepan,tion of the peaks 
quickly increa8es with the inprnper calibration of the spectrometor'. Gain of the DC 
amplifier is extmordirmrily stable, but tlw position of the zero level clrnnges with 
time and with tcmpcrature. Evcn with the stn.bilized instnnnent in a cliniatized 
laboratory the shift, of about 1-2 eV. hour-· 1 takes plaee. Eaeh gl:rns of iihe above 
mentioned series was twicc nwasured and the measurernent of the firnt glass was 
then repe,tted. , 

l\foasurnment ,vas casried out at 15 k V acoelcrn.ting vóltago aud at the bomn 
e1uTent of l. 10-'> A. 'J'o avoid the allrnli-migration the aren. about G0X70 p.m ,vas 
scanned instend of that of point nnalysis. '.ťhe measurii1g interval (so cnlled lifetime) 
wus -10 s. The intensity of SiKo: Jir.1e was dctennined iJ� the three following ways:

1 .  After background substractioi1 using' G:nrs�ian. éurve the sepamtion was 
provided. 
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2. Aftcr hackground :rnhstraction the contcnt of all clmnnels nnder the pcak curve
was determined to calcnlatc the area nnder thc peak eurve. 

:3. \Vithont hackgronnd snhstraction thc 11rca. of the window in width of 220 cV 
was esta.hlishe(l (i.c. 11 channels). Thc center of this window was always idcntica,J 
with tbc maxima! vahie of the pcak. FWHM of the SiKC( pcak is 1,10 eV. 

The experimcnhtl rcs11lts are shown in Fig. l. lntensitie;; a,re plottcd in connt;;. 
Jt is a.ppa.nmt that the stability of the nwasmement and its reprodueihility arn 
;;atisfactory, differenccs are ahont 0.5 % rel., with the exccption of middle glass 
(np to 2 %) prohahly dne to its worsn homogencity. 
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Pig. 7. T'lot o.f n11111bc1· o.f connts N ayainst co11ce11trat1'.on c o.f SiO2• L!fc timc 4(/ s. Nwnbcr labelecl 
to li11cs dctcnnine methor/ �f peak strippi11y (sec tc.r/.). 

I-·-- 7rnak strippi11(! r1;ftcr backr,ronml substraction (pro11ram EJI-strippiny).
2 -- Jntcr,ral o.f thc pcak a.fta lmckr,rou.nd su.bstraction (program Jil111-intcnsity) . 

. 3 -- Inteyral o.f tlw selcctecl winr/ow (I I clwnnels wi'.thout backr;round substraction.) 

Thc rcproducihility of rrnmlts is RatiRfactory, rL!though its detcriorntion dne 
to impcrfoct homogeneity of mcasurecl gl.n;;s cmrnot hc cxcluded. Furt.her follows 
from the pictnre that, aJl three 11sed wa,ys of establishcment of intensity are equal 
at the proper ca.libration of tlrn spectrometcr. 

The zero shift of the energctic scaleof thc ana.Jyser is another prohlem. At t,]10 zero 
shift of 10 e V tho intensity drop in the two first methods wn.s aho11t 3 % , in the third 
met,hod intensity increasccl about l % (apparently in thc, frarne of statistical fl,uctua­
tions of eounts). 

At the shift or 20 eV thc intensity drop in the first two c:ises was 10 ¾. ThG third 
methocl gave results of 1.4 % higher then previonsly. 
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'l'he Limits oj I/esolution mui Detectabi/ity in X-Ray ... 

Thc thircl met hod is lcss sensitivc to proper calibmtion. Unfortunately it is possiblc 
to use it only whcn thc analysecl pcak is not overlappccl by the ncighboring pcak. 
At the high content of Al2O3 in ghtss, for examplc, the pcaks for Al tmel Si woulcl 
overhtp and thc third mcthocl would givc negative results. It is apparcnt from Fig. 1 
tlmt with it propcrly adjusted Rpectromcter and at goocl stability (particularly 
constant tcmpcrat 11re) thc 1 % difforence in concentrntion is possible for reliahle 
resolution. Furthcr we lrnve investigatccl t!H, possibility to shorten the time of 
measmement (lifc timc) to 10 sec. Tite result is introclucecl on Fig. 2. It is apparent 
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P·iy. :!. Plot oj ;111ml,cr oj cou-11/s X uyflinst co11<:e11/rution c oj Si02. L(/e timc 10 8. (Program EI'-per,k 
stri11pi11r;). 

that the resolution of the l % d.ifforťnce in the contcnt of Si02 is still possihlc in this 
casc, but owing to much highc·r statist ieal Jfoctimtions it is lcss rnliablc bccam;e 
the accuracy of the measurement is not sufficient dne to a srn.all n111nber oť pulses 
(cca 15,000). 

LI:\IIT OF !)E'IťECTAB[LITY 

\Vhcn the lin1il of dctcdability is st11dicd, both, tlw highest preeision (the lowest 
stntistic,tl J[uetnations) ancl thť highcst distance of clmrncteristic X-rny signa,J from 
the background are rcq11irccl. Energ_\'-dispcrsive spectrorncter gives a vcry high 
b,wkgro11ncl nnd has poor resolution, so tlrnt thc peak-to-background mtio is very 
low, up to 2 orders eomp:tred with the w,we-length spectrometcr. Therefore the 
backgrouncl substrnction from X-my spectrum becomes vcry import,tnt. EDAX 
spectrometer model 711, equipped hy the minicomputer uses simple digital frequency 
filter, which identifies peaks as areas cxeecding the backrouncl by more than two 
standard deviations; these arcas are tlum substrncted from the spectrum sec [l], [2], 
[B), [4). When this filter is itppliecl to the spectrum, only a background remains_ ancl 
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nfter snhstrnction of ihis hnckground from tlw original Apect rmn net peaks are 
oht:iincd for fortlwr proccssing. However, 1his fiíter cannot distingnish randoml:t 
cmnnlatcd pnlses (statisiicnl Jlucl1mtions) Ao tlrnt a numlwr of "strnnge" peaks. 
which do not reprnscn( :rny element, nmmins in 1he S1)Pclrum. T'hesť "s1rm1gc" penks 
randomly changc tlwir position wlrnn digital filiering is a.pplied to the new spcetrrnn. 

Peaks representing X-rn.v lines a.rc' <lis1orfo(l nťter filtering. This phenomenon 
crrnses supprcssion of ílie X-ni.:,· intťnsit i('.f' measurcd and involY(\S systcnmtic error 
in following peak stripping. 

Distortion of pcaks was tcs1 cd on e,ileu latť(l Gn,m;sinn rcaks of 10,000 ])lllsťs 
and. GO 1mlses of lwight, rťspcetivcly, ,,·it h erwrgy eorrcsponding to ZnKc,: line. Tota] 
anm of the fo·st penk \\·:1s JO.J,1:1:2 pulses, ;;prťad in :1n channels. Aftc,r applica.ticm 
of digital fil1<'l', the hcighi of this pcak <focrens<'d to IJ,(JOO puhscs and its totn.J aren 
wns 102,278 1mlses (diff<>rcmcť ah011t rninm, 2 %)- Tlw to1al aren, of the secornl peak 
was (112 p1ilses, which was r,;prť:id in 24 cha:nucl;;. i\f1er digita.l fi11ering it:-; lwigh1 
waR 48 Jmlse;, and consistt,d of onl)· Hi clrn,1moh. The slmpe of the peak was visihly 
clrn,ngcd. non-Gm1ssian ni1d non-symmctric. The tota.l arca. waA only 4-17 pul;;e;;, 
i .c. for :32 %, lower. Jt is cvidi•nt, tlmt to rn;c n <ligita l filtcr is more convcnient for high 
JWak;.; than for low peaks, thť slope of wliich i;.; not so slmrp. 

Tlrn scconrl disadvan1.agc of tlw hackgrotmd ;.rnhs1ract ion program is, tlmt thc 
infornmtion ahont s11hs1Tactc<l ha.ckgrournl is not stored, r,;o tlmt n,ny sta.tistica.1 
trcatment of the distance of pea.ks from lmekground iA impossihle. Jt is not possihlc 
to m;e the progn11n peak-to-hn,ckgrmmd rntio for this Jmrpose, hccairne this gives 
tlrn ratio of the neL peak intensit_\' to thc 1ntal hn.ckground (in rdl spectrmn). It is 
ťlear, tha.t hoth, pmik mid hackgro,md :,reas should he nwmmred in the identical 
band of thc spec1rum (so callcd window). H tlw width of the window incroasos 
(wc snpposc tlrnt thť centroid of the window is idcntical with tlie centroid of the peak), 
the a.rea of the hackgronnd i11cnmscs approxim:,telly l incarly, lmt the aren of the peak 
increascs according to thc integn1l of thc Cm1ssian curvc. ren.ching constant. vnhm 
in the limit (i.c. if tlw wimlow width iR from --CD to +w). It means tlmt with the 
OXJlansion of thc wi]l(low thc prccision of the nwas1lJ'c111cnt incremws (as tlw sta.ndard 
devi11tion increascs with sqnare root of totnl numher of puhws), lrnt pea.k-to-lmck­
gronnd ratio decrcases. 

lt scenrn tlmt window wiclth eq1ml 1.2 F\YHi\l, whieh is m;ecl in peak stripping 
programs, is too high wllťn smnJJ pmdzs nre strippcd. Tlwrnfore thc optimal window 
width should h<" found. 

Tlw limit of dctcctn.hility of Zn in silicntc glass wns strnlied cxpťrimentally. Peak 
of ZnKc,: line is far from other peaks in the spťc:1rnm. so tlmt no spccial peak s1 ripping 
was rcquircd.. Two idc'nticnl glasses, containing OJ.O% and 0.15 (1/r, Zn O were prepared. 
Accelcrnting voltagc was 20 k V, specinwn current 1 .  10-9 A, lifo time 100 s. Fig. :� 
shows part of X-my spcctnnn of 1llť glass :No 17l!J. containing 0.10% ZnO. Fig. :�h 
shows the expa.ndcd part of thc same spectrmn. Ji'\g. '.3c shows the spee1rmn :dter 
hackground suhstraction. Peak ZnKc,: is marked hy a ver1ieal line. Jt ca,n he secn, 
thn,t, occasimml "strnngn" pcaks ca,n be evcn highcr tlmn proper peaks. Fig. ,�d and '.ki 
show Apectrnm of glass :Xo 1721, containing 0.15 % Zn O. Fig. '.H shows the comp:\.l'ison 
of origina.l spectrnm with t his spectrum after lmekgronnd snbstraction. H is c;-ident 
tlmt "strange" peaks are ťormed hy the nse of digital fih<>r. Jn order to find thc 
optinml widtb:, the window was expn.ndecl step by step from l ehanncl np to maxima] 
nmnber of clmnnels. The hackground was Pstahlished ar; a. difforence of thť total 
number of pnlscs in seketcd window and the nnmher of p11lses in the snrne window 
after brcekgronnd substmction. Thc val11e P - 2 V2]j (wher�\ P is thc nmnhťr 
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TI,,, Linii/s of Resolution a/lil Deteclability ú1 X-Ray ... 

of pulses of tllť peak nnd :2 fD is a doubkd standard dcviation <T, B is thn nnmher 
of pnlse,; oť lmckground) 11·as takcn as thc resolving critcriou of the peak to the 
brtekgrmmd. Tlwse values arť prťsťntecl in Tab. I. Jt can ho secn. tlrnt if wc tnke 

'/'{{b/e [ 

Spťci t11ť11 S o lílD 
O. LO'\, Z u U 

�ttrul,(•1· oť eim111wl.-..; 
n l' JJ J

>

/ JJ 

.!f,(j :i:, 4:!l Ii8 0.08:l 
:; l:)12 !Hl l:H:l \)8 ll.0:-ll
t) 21-l-± 148 l\J% l2(i 0.074 
i 2D7X 180 27H8 liíO o.OG4
\) :l781 Hl7 :l:J,84 !(i!) 0.05,, 

li 4MiD 20ií 4:)8-f 187 U.U.Ji 
1:) r5:�4 i' 208 ,n:rn 20:1 [j O.U-to 

Spoci1non ·1\o l721 
O.l5% ZnO 

Numbor of clmnnels 
2 V21i p + jJ p JJ p :!c;-

.. 

l • JA\) 5D :rno 5(; a o. Lil
:.i 1-il 2 Hi8 1244 100 G8 O.l:lií
5 2287 25'1 20:J:l 128 J:l(j ú.l:H 
7 :Jl 70 315 285:) 151 1G4 0.110 
!) 4020 :MS :HiS l 172 17G 0.0\H 

ll 484fi :lGl 4485 190 171 0.080 
l:l 5G:)5 :305 5270 205 l(j() (),()(j(J 

into t hc account only tlw lwight of the peak (l channel) thc peak neecb not be statistic­
idly re8olved ťrom the backgrouncl, even the P/B rntio is nmximal. On the otlwr 
hand, when mnxinml number or clmunels is chosen, the possibility to resoh·e tlw peak 
fr0111 the backgrouncl i,; abo vcry low. In our eitse the optimal window wiclth was 
9 chanuels, i.e. 180 eV. 

Fig. 4 shows thc plot of nct peak mwt against the concentrnLion. Horizontal lines 
represent corrťspo1uling 2a levcls. :Full lines represent tlw oase with H elumnds, 
dashed lines reprťSťlli the case with rn channcls (2G0 eV). FWHM on ZnKo: peak 
was 200 eV. The cros:-ws of the corresponding lines give tlw limit of tlw deteetability. 
When optima! wi11dow width is chosen tlw limit is 0.08 % Zn O, whcn conventionnJ 
(1.2 FWHM) width is clioscn, the limit of detectability is lower, 0.09 % Zn O. 

CONCLUSION 

From rneasurernents presented here fol.lows that 11sing energy dispersive X-my 
spectrometer it is po,;sible to distinguish 1 % difforence :1t 80 % weight eoutent 
of silimt in the glass. This vitlue is nm1rly identical with that established by wave­
length dispersive speetrornoter [4]. 

Neither limit of deteeta,bility under optimal eonclitions (short mwelength 
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Fir;. 4. Plot of nct pcak arca (in connls N) r,r,oinsl thc concentrati'.on c of ZnO. Pull li11cs (sqwues) 
reprcsent window width .9 channcls, dr,s/wr/ lines (crosses) 1-:i chr11111cls. 

charactcristic racliation in light elcmcnts matrix) is not much worse comparnd 
with the vnJue ohtaincd by wn,vclength dispersi ve spcctromctcr l'i ]. Both val nes 
are of tlw samc ordcr. Howevcr, rneasnremcnt- wns not intcrfcred by pcn,k convolution 
and complicntcrl shap0 of background. 
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;\lez rozlišení byla studována exporimontó.lnó na sórii tÍ'Í vzorkú silikátových skel obsnhnjících 
77,84 % , 78,84 % a 79,84 % SiO2• Mófoní hyln provedeno na e lektronovém mikroanalyzátom 
JXA-50 fy JEOL ph použit.í spcktromctm EDAX, model 711. Byly ovófovány tři rozličné zpú-
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'l'he Limits oj Resolution (//Ul Detectability in X-Ray ... 

soby odci':ítúní intenzity rtg. č,úry Si K„ z namói·ťnóho spoktra, aby bylo možné zjistit vliv sprúvnó 
kalibrace a stability Sjlťktronwtru m1 mez rozlišení: 

l. Po odečtení pozadí byla provodmm soparnce píku SiKa pí-izpúsobením Gaussovy ki-ivky
(program El\I-poak stripping).

�- Po orleč-loní pozadí byh1 zjišfovťma ploch» píku soi':t,•ním obsahu vš,•ch j0ho kanálú (program 
El\f -inh•nsity). 

:l. Byl zjišťovún obsah okónk,1 o ŠÍÍ'CD l l kanúlu lJťz odt•č,t<•ní pozadí, phóomi stt-ed okénka byl 
uu1ístón do rna.xi1nn 1>íku. 

Zi.'tvislo;-:;t zjištěných iat<'nzit ua koncr�utraei jo uvt'dP11a 111:1 obr. L a �- tJo \·idót., žn 1·ozlišení 
jednoprocontního rozdílu pi'i un,doných koncentracích jo možné, všemi rnotrnlami. :lfotoda 1 
je nojeit.livójší na sprúvnou kalilmwi, nwt:od,1 :l j,, nojmť,nó cit livť1. .Jsou-li vš11k píky maló 
a pfokrývají so su souse,lními píky. je nutné použít mutody l.  

l\foz citlivosti byla studo\·Úwt na dvou idunLickýeh skl,·ch o obsahu 0,10 % a 0,lii % ZnO. 
Namóhrná spektra jsou U\'O<lr•rnt na obr. :l. Byl zjišfovún vliv digit.'.Llního filtru na spoktrnm 
pi-i odet�ít,ání pozadí. Zojcnťnut rntdó píky' j:-;(Hl filtrací znal•nó doforn10Yún,y a ;-;11Í'Žc•ní intenzity 
dosahuje• a:,; nókolilrn dr•síluk prncent. J){do byl stllClovún vliv šíf-ky zvolenúho ok(mlrn na odstup 
píku o,l pozttdí tak, žu okónko bylo rozšifovi'mo z I lmnúlu až na celou šíf-ku píku ( t:l kanúlú). 
Výsledky jsou v tttb. I. Optimúlní šíi'lm okónka byla H lmn{tlú prn ,,úru Zn K"' , t,j. 180 oV. Závislost 
intenzity (�úry Znl(Ct. na koncontraei ZnO je uvuclona na obr. 4. Z tohoto grafu plyno, '.Že 1nez citli� 
vosti jo 0,08 % ZnO pí-i int<ťť\'alu spolehlivosti :?a. :\foz citlivosti ph použití onorgiovó disperzního 
SI)('k.t.ron1otru, tedy 'l.:J opt itnúlníeh pod111ínek, IH}llÍ o 1nnuho hol'ŠÍ ne� hodnotu :r,fakaná vlnovó 
dispurzním (krystalovým) spf'kl rom.;tn•m, n<ďboť ohó rtg. hodnoty jsou stojnólw Uttlu. 

Obr. !. 7,úuislost počin JJ11ls11 X 1111 !.-onci<ntraci e Si02. (Life ti111e -IO s.) Číslo označu.jiei přislnšwm 
/1:11,:,: určnje metodu .'i/ripo,:ríní pík11 ('IJiz te.rt). 
1 stripovú11í po orfeéte11í pozwli (proyram Ji}JJ-stripJ!Í11g). 
2 111/eyrlÍl píki) J!O odu'tení pozadí (program ]i}1ll-i11tensity) . 
.3 lntegr!Í/ ,,okr'.!1!.-11" o 1,ybrr11ié .tiířce (11 kanúlt,) be:: odec'trmi powdi. 

Obr. 2. 7,ávi8lost poi'tn 1mlsú X w1 koncentraci Si02. (Life tinw 10 8) (proyrrtm El'-peak strippiny). 
Obr. :J. Spektrum c/11,mkteristic!.-t'ho rit/· záření w skla obso/w.jící pik Zn K"' spektrnm za,011amená1w 

při 20 k V 11r1Jch101·([{;Ílt0 1u1p<°!í, pro11d vzorkem i. !()-"'> A. (Lije time JOO s.) 
a) Vzorek é. 171.9 ol,sahu.jící O, 10 % ZllO.
b) 11'otéž spektrum ro2tuže1u'.
e) Spektrum po odečtení pocudí. Pík ZuKx.Je oz1111t'en svislou čuro11 ..
d) Vzorek i'. 1721 obsaht1.jíci 0,15 % ZnO.
e) Spektrum po oddtc11í pozadí. Pík Zni("' .je oz1wčen svislou čarou.. 
j Porov11ú11i p11vod1dho s1wktm se spektrem po ode,'ten'Í pozadí.

Obr. 4. 7,ú-vi:slost veliko8ti plochy pod pikem (v po<'t.u. puls,, . .V) 1111 ko11ce11/.rm:i e ZnO. I'lnrí. Mra 
(čtverečky) wázoriíuje šířku okr'11l.-ll U krt111íl11, přernfovrtwí forn (křížky) reprezentuje l;iř/w. 
okénka J:i krtnrílú. 

li P E í\ l� ,; I I ,I l I ; \ E I [ T I [ (!J l1 I, A I( l [ I f 11 LJ :-,• H C T B 11 'ť E ,r h 11 O C T ll 
Jl PEHTťElf<llH:J,U.\l .\lllh'.l'OAlfAiJJl:lE CTl•:1tU,jI 

11 1' li 111' ! I .\ I 1-: 11 E ll l I li : Hl E l' .ť li E ť O - j� 11 C li I•: P C 11 O lI li O ť U 
C li E J{ T l' O .\1 E TP A 

l,apo:1 IOpťI,, llaq:rnn l'y:111Hc1w 

lillcm11111yu1 1wop,•a1w•1eci.-oií :cu.11.,u, 'lCAl!, P.11ccJ1c nuD llpa.!oll 
Oú111ru1 .wr1op11111op1w cwwh·anwa '[GAIi II XTH, llpa"a 

lfrť.'lť;(OBa:111 JJ,cJW]J!n[ť!lTa:l!,ll!,n! ll_l'Tl',f upu;(L'.']J,l ll;(OJITll(pH!Wl(J[I! ua cop1111 Tpex 
oúpa:lJ(OB c11:r11r;aTm,1x ,--re1;0.1, rn;1opmaII111x 77,8/i %, 78,8/i % 11 7\J,811 % SiO2. l[:1Mepom1H 
npoBOi\H:rn c mrnoJ111,10 :J.w1apomrorn �1111;poa11a:rn:iaTopa .I XA-50 qiup�n,1 .I EO L c 11pu­
MeuomICM ť llOKťJlOMeTpa l·:DAX, �10;10:rr, 71. l. Ot{l:IIIIBa:JJ!cI, TJJH pa3'1l!'llll,!O ťIIOCOÚL! OT­
C'JCTa lll!TťJICllBIIOCTI! jll'II1Tťl!OBC'!WX :rnuuií SiK� ll:l u:nlťj)Ollll!,IX C:I IOK!']Wll C J(O:IJ,IO ycTa­
HOBIITI, IJ:JIIHl!l!C npau11:!l,ll(JIÍ 1,a:múpm.11111 11 CTilÚIIJibllOCTII CIIO!,TjlOMOTpa ua upc;.(OJ!bf 
Hj(C'IIT!l(fJ1ma111111: 

1. IIOCJJO OTC 1!0Ta 1po11a upouo;u1:111 ťOIIap,H(IIIO mma SiKrx np11c:110ťOÚJIOI!llO�! l,JlllllOIÍ 
l'aycca (uporpaMMa E�l --- poaK stripping); 

2. IIOCJIO OTC 1 !0Ta q>OIIa ycTaUOB:lllllU:ru l!OBCIJXllOCTb mma cyMMIIJJOBUIIIJC�I BCOX oro 
IWIHlJIOB (nporpaMMa E,\1 - lll!TOIIC!IBIIOCTJJ); 
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K . .Jurcl.:, 1'. H1rlí11skú: 

:1. ycTamrn:rn1rn.·111 co;1eparnm1e 01,:01mrn llIHp1uwii I J 1;ana.-1on óc·:1 OTť'IťTil <po11a, 
npJI•1ť�1 11eJITfl 01;om1;:1 110;1wn1a:rn n Mm,c1n1y�1 11111,a. 

; laBllť ll�IO('Th Yl"J',ll!OKI [!J!Hhl X li J]'j'()Jl<' li B]!()("J'ťii 01' J;()Jll l('llTPal\J!J[ np II no;UITťH ua p li C, 1 
11 2. BH;mo, •1To 1qc•JIT1Hfll!m11\1110 o;uro11po11enT11orn pa:1:w•111a Hf'll 11p1rno;(J1on,1x 1;orntcHTpa-
1rnnx MOil{JI() IIJ)OB[J;\IITI, (' Jl(J;\[OlllJ,J() BťťX �rc,T(l;[()!J, .\lr•-ro;1 I. ow1:IJ,Jll,WTťH JJ;JJIÓ0.:1en 'l)'ll("J'BII­
T(),;[J,Jll,U[ OT!IOťllTť:II,l[() ll jlillJJI:JhUOii 1rn:111íípal[llll . A!eTO;[ :i. JJau:.renee 'l}IH"J'll]j'J'(),'1('11, 
O;maI,O ec:rn Tilll,II llťÓo:IhllllIP li nepťliJli,IlWIOTťll ť. ('()('();lJlll�fJT !Jll]{a�III, TO llj)]]XO;Ul'l'nl 
11p1orem1T1, �IPTO;( J ). 

lJ pc;1ci:1h1 'i)'ll<'TBJIT(':I hHOťTJI llťť:IC);(mia:m Ha ;uiyx 11;\C'l!T]l'l('(' ];JJX ('Tť!WilX, ťO;[Ojli!WIJUI X 
O, I O '\, li O, 15 '¼, Zn< l. I J:nrťpemn,1ť ťllťl,TJl1,1 11pn1m;uITť JI ua pne. :i. VcTamrn:rnna:m B,:m111Jrn) 
;01n1Ta:11,uo1·0 ,r)ll:I l,Tpa Ha ťll()I,TJ) lij)!! ()Tť'l()'j'('. <Iiona. J b!()!Jl!O 11060:1 I,llTJlť TIIIJ(J[ ,frn:11;rpm.1,nci'1 
:ma 'IJITť:Jl,JI() ;1e<f>op:.rnpymTc )I II If()JljJ;f;QJl IIť li i(T()l](' lllll]/lťTl! ;[O("l'lffiWT llťťl;0:11,l,ll X ;1ecHTO!, 
llj)OJ[ťHTOB. ;(a.wc Jl;lťť,\!/\TJ)l!Ha:Ill n:JIIHJlllť lll!I]Hllll,I 1m;u1ííp;imIOI'O O!Wlll!iil Ha JlilťťTOHlll!C 
11Jiw1 oT <I>mrn Ta1;, >1To 01,nllu;o pacm11p1uI1 c I 1;ana:1,1 ;to ncťii llllIJlIIm,r rn1w1 ( 1:31;,urn:wn). 
l'o:1�·:I1,TaT1,1 Hp11no;twrnr B -raíí:1. I. H 1111;w OJITID!:l:I 1,Jioii Hill p11111,r 01wmm1 cma:n,rna:roch 
H wma:wu ;pH :111mrn ZnKo: T. e. 1811 :iH. :1anI1c11�rocT1, JlllH'IIc11nuo,·Tn ;rnmrn ZnK o: oT 
1;om1cmTpa1<IIJI Zn(J 11.JlllllO;l!IT(')I ua Jlll('. /1. ]fa rpa<fJIIIia c:1ť;{_\'ť'I', 'ITO 11pe;1e:11,1 'JYBťTBIIT().'IJ,­
l!OC.TTI ('()('T/l B:IJIIOT 0,08 % z Il o lljlll JIUT()jlllil.'1() H:t;\l>i!{]l()(''j'Jl 2r,, 11 pe;(e:11,1 'I :,.·Jl("]'JJJl'J'(),'J J,ll()('Tll 
l1]lJI lljlll,JellCllllll :11wpr11trno-;u1cHe pc noro ť.lWJ(Tpo�rnTpa ll]lll OT1Tl!Mn:1J,lll,TX .vc.:TOBl!HX lit: 
ropa:qo x_vme, >rn,11 1w:m•.1111In, no:ry•1011w1n e umrolllJ,lO 1Jo:1rnmo-;m,·1Jc'pc11omrnro (1;pucTa:r­
·'IJ1 >1en;oro) ťl!CliTJlO�!eTpa, Till{ mn; oóe ]lúll'ITťlJOBťlill() llť,IJI'IJJlJT,J TOi'() i!(8 IIOflHi\li/1. 

Pul'. ]. :3a611c11.11.ocnn léOJ1.11,u'nnea 11y.11,eor; N om. 1;01111e11m1w1i1111 c Si02. (Lije lime 40 1'). 
ll o.11ep, 0608////'lll/Ollf1lií. COl}l/l(lť/11.('111(:ylOllfYIO J//1/1.1.IIO, 011peae .. mem ,\fr!/110(} Clll-JJllllOl/{l//11.'I 
11111.-oa (1'.11. 111e1,:cm): 1 --- c111p1111or:a1111e noc.1.1: 0111r·,iem11 rfio1w (npo?pa.,r.\/11 EJJ
strippini), :! .. _ 1111meepa:1- n.w,ou noe .. 1e omc,wma ifio11.11 (npoip11.11,1u1 EJ11 -- w1111e11-
crwuocn1.u), 3 -·--- 1uune,;paJ!., ,,01tow1i:a" n0Do6pa1uu1fi ,aupu,uir (11 ,auu1.1oc) Úť:1 nn1-
ťtJCn1a rf)nlla. 

Puc. 2. :3111111cu.11ocm1, 1, 0J1.1uwc11wa 11.71.,n.coa N om 1,01/lfťill11p111prn Si02. (l,ifc timc 10 c).11po-
2pa,1t.11a EP prc11, stnpp 1 11g. 

J)uc. 3. Cnc1,·1np �capaHn1epunn11..11ťCJiOCo pcHnweuoucHoeo ua.-7c,l/1lťl(llti ua c111.CH.1ta, coéJep.>1cau{e.::o 
n11.1,: Zn K a, c11e1,:111p aa,11 em.11.v1 11p11 20 1,B yeHop11me:11,11020 11a11p,i.Hce1w.'1., moli. oúpaa-
11 0.11, ].10·9 /L (Lije Lime 100 i:.): a) 06paac1i, .1719, cor)epJ1ca111uil 0,10 % ZnO, 
ú) 1/7.0/17. JICC Clll'lilllj) J}{lCUlll]IC}{./{./,111, 11) CIIC}Wlp IIOC/IC OJ//C>/C//1./1. rfio1111. Jl111,: Znhx 
0600Hrl'ien 1iepeB uep11w.J.a;1.1>Hy10 ,1,w11110, 2) o6paaez{- == 1711, cor)cp.11cru11-u1'í. O, 1,5 % Zn O, 
é!) c11e1,:mp 11oc.1e omc•i.ema rfio//ll. 1[11/i 01foanrP1ei1 >1.epea cep 111.u1,ll/lhl{y10 A-llHIIW. c) cpari-
1lCrtue nepao1-1a1ta„n,uoc:n nu1i"a co c1zeHnLpoi1-r noc.i1.e onu·1w1na r/Jona. 

P 11c. 4. Bacucu.11oc111b p 11a.1wpa. noccp:cnoc11111. nor! nw, 0.11. (a Ho.1.w1ecnwc ny.1.1,coc i\i) om 1,011-
11e 11111p1111u11. c ZnO. Cn:wwa.'l.11 J/111111:1 (Hru1í!p11m111,:11) npeacm.rrn,wcm 111111w11y 
01.-01111,a !J 1;1111a.UJ(!, 111111pux1111a.<i .1.11111u1 (iipecm111,:11) 1u111w11.y 01,ou11.-a 1.3 Haua.1011. 
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'/'/,e ];imils of Rcsolulio11 um/ Delaciubility i11 X-Roy ... 

l•'iy .• 3. X-my -'/lcctrum o/ y/,rns shoU'i11g /JCa/,: ZnKa , /111,'<'il al :!O /,·I', specimen c11rre11t l. 10·9 _.[, 

(li
f

e lime 100 s). 

a) Specime11 .\'o 171/} COilluininy O,JIJ% ZnO.

c) Spcr·tn1111 u/frr l,uckr;to,im/ substmť/iou. ZnK„ 

ii)(c ·is 11,ur/.:e,/ by u 1,aticul li11e. 

b) ''he same spectrwn, expancled. 

SílikjLy é. 1, UJB2 



e) ;,'1wctnun rzfter /)(fc/;r;ro1111rl s11/1s/r(l('/Ío11, Zn l\ 'l. line is 11111rkcd hy" rtrti,·,,l line . 

.I) Uom7111riR011 ,,f' tlw oriiJiil(/1 s1,cctn11n l<'ilh thc s1rnctn1111 '(/'lcr /,11ckyro1u11/ s11/Jst;·111·tio11. 
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