
DOI: https://doi.org/10.26896/1028-6861-2019-85-10-43-46

Îáìåí îïûòîì ___________________________________________________

Exchange of Experience

ÈÑÑËÅÄÎÂÀÍÈÅ ÊÀËÈÉ-ÍÀÒÐÈÅÂÛÕ È ÊÀËÜÖÈÉ-ÍÀÒÐÈÅÂÛÕ

ÏÎËÅÂÛÕ ØÏÀÒÎÂ ÐÅÍÒÃÅÍÎÂÑÊÈÌÈ ÌÅÒÎÄÀÌÈ

� Ï¸òð Ìèõàéëîâè÷ Êîñüÿíîâ

Ôèëèàë Òþìåíñêîãî èíäóñòðèàëüíîãî óíèâåðñèòåòà; Ðîññèÿ, 628600, Òþìåíñêàÿ îáë., ã. Íèæíåâàðòîâñê, óë. Ëåíèíà 2/Ï,

ñòð. 9; e-mail: kospiter2012@yandex.ru

Ñòàòüÿ ïîñòóïèëà 25 äåêàáðÿ 2018 ã. Ïîñòóïèëà ïîñëå äîðàáîòêè 20 èþíÿ 2019 ã.

Ïðèíÿòà ê ïóáëèêàöèè 25 èþíÿ 2019 ã.

Êîìïëåêñíîå èññëåäîâàíèå ëèòîëîãî-ïåòðîôèçè÷åñêèõ ñâîéñòâ ãîðíûõ ïîðîä âêëþ÷àåò

ñëåäóþùèå íàïðàâëåíèÿ: ïåòðîãðàôè÷åñêîå, ïåòðîôèçè÷åñêîå è ÿäåðíî-ôèçè÷åñêîå. Âû-

áîð ïåòðîôèçè÷åñêèõ ìåòîäîâ çàâèñèò îò èõ âîçìîæíîñòåé ïî îïðåäåëåíèþ òåõ èëè èíûõ

ìèíåðàëîâ è íåìèíåðàëüíûõ êîìïîíåíò. Ñõåìó èññëåäîâàíèé ðàçðàáàòûâàþò ñ ó÷åòîì

îïèñàíèÿ øëèôîâ êåðíà, êà÷åñòâåííîãî îïðåäåëåíèÿ ñîñòàâà ïîðîäû, à òàêæå ïðèáëèæåí-

íîãî ïîäñ÷åòà ïëîùàäåé, çàíèìàåìûõ ìèíåðàëàìè â øëèôå. Ïðè àíàëèçå ñëîæíûõ êîë-

ëåêòîðîâ, êðîìå ñòàíäàðòíûõ îöåíîê ïîðèñòîñòè, ïðîíèöàåìîñòè, âëàãîóäåðæèâàþùåé

ñïîñîáíîñòè è äð., íåîáõîäèìû äîïîëíèòåëüíûå ñïåöèàëüíûå èññëåäîâàíèÿ. Òàê, äëÿ

îïðåäåëåíèÿ êîëè÷åñòâåííîãî ñîäåðæàíèÿ ìèíåðàëîâ èñïîëüçóþò ìåòîäû ðåíòãåíîñòðóê-

òóðíîãî àíàëèçà, íî âîçíèêàåò ïðîáëåìà èäåíòèôèêàöèè ìèíåðàëîâ ïî ñíÿòûì äèôðàê-

òîãðàììàì. Èçâåñòíî, ÷òî ãîðíûå ïîðîäû Çàïàäíîé Ñèáèðè âêëþ÷àþò ãëàâíûì îáðàçîì

êâàðö, êàëèé-íàòðèåâûå è êàëüöèé-íàòðèåâûå ïîëåâûå øïàòû. Ïîëåâûå øïàòû — âàæ-

íåéøåå ñåìåéñòâî ïîðîäîîáðàçóþùèõ ìèíåðàëîâ, îíè ñîñòàâëÿþò äî 60 % îáúåìà çåìíîé

êîðû (äî 50 % åå ìàññû). Áîëüøèíñòâî ïîëåâûõ øïàòîâ âõîäÿò â òðîéíóþ ñèñòåìó

NaAlSi3O8 – KAlSi3O8 – CaAl2Si2O8. Âñå êðèñòàëëè÷åñêèå ñòðóêòóðû ïîëåâûõ øïàòîâ èìå-

þò â ñâîåé îñíîâå ñõîæèé Si – Al òåòðàýäðè÷åñêèé êàðêàñ [AlSi3O8], ïîýòîìó îíè ïðàêòè÷å-

ñêè íå ðàçëè÷èìû íà äèôðàêòîãðàììàõ. Ïðíäñòàâëåí ñïîñîá êîëè÷åñòâåííîãî ðåíòãåíîâ-

ñêîãî è ôàçîâîãî àíàëèçà äëÿ îöåíêè êîíöåíòðàöèé êàëüöèåâûõ è êàëèåâûõ ïîëåâûõ øïà-

òîâ. Ïðåäëîæåí ñïîñîá ðàçäåëåíèÿ ïèêîâ õàðàêòåðèñòè÷åñêîãî èçëó÷åíèÿ ýëåìåíòîâ ìèíå-

ðàëîâ. Ïðèâåäåíû óñëîâèÿ è îïòèìàëüíûå ïàðàìåòðû ðåíòãåíîôàçîâîãî è ðåíòãåíîôëþî-

ðåñöåíòíîãî àíàëèçîâ, ñ ïîìîùüþ êîòîðûõ îïðåäåëÿëè ñóììàðíîå ñîäåðæàíèå ìèíåðàëîâ

è êîíöåíòðàöèþ êàëüöèÿ (ñ ïðèìåíåíèåì ðåíòãåíîâñêîé òðóáêè ñ òèòàíîâûì àíîäîì è

ñêàíäèåâûì ôèëüòðîì).

Êëþ÷åâûå ñëîâà: ðåíòãåíîâñêèé ýëåìåíòíûé è ôàçîâûé àíàëèçû; êàëüöèåâûå è êàëèå-

âûå ïîëåâûå øïàòû; òèòàíîâûé àíîä; ïåðâè÷íîå èçëó÷åíèå; íåêîãåðåíòíîå è êîãåðåíòíîå

ðàññåÿíèÿ; äèôðàêöèîííûé ìàêñèìóì ôàçû; õàðàêòåðèñòè÷åñêîå èçëó÷åíèå; ñîäåðæàíèÿ

ìèíåðàëîâ.
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A comprehensive study of the lithological and petrophysical properties of rocks includes the following

methods of research: petrographic, petrophysical, and methods of nuclear physics. The choice of

petrophysical methods depends on their ability to determine desired minerals and non-mineral compo-

nents. The research scheme is developed taking into account the description of core sections, a qualitative

determination of the composition of the rock, as well as an approximate calculation of the areas occupied

by the minerals in the thin rock section. In the analysis of complex reservoirs, in addition to standard esti-

mates of porosity, permeability, water-holding capacity, etc., additional special studies are needed, e.g.,

to determine the quantitative content of minerals, it is necessary to use the methods of x-ray structural
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analysis, however here we faces a known problem of identification of the minerals by the captured

diffractograms. It is known that the rocks of Western Siberia include mainly quartz, potassium-sodium

and calcium-sodium feldspars. Feldspars are the most important family of rock-forming minerals, they

make up to 60% of the volume of the earth’s crust (up to 50% of its mass). Most of the feldspars are in-

cluded in the ternary system NaAlSi
3
O

8
– KAlSi

3
O

8
– CaAl

2
Si

2
O

8
. All crystal structures of the feldspars

are based on a similar Si – Al tetrahedral skeleton frame [AlSi
3
O

8
], and thus are almost indistinguishable

in the diffraction patterns. A method of quantitative x-ray and phase analysis is developed for selective de-

termination of the concentrations of calcium and potassium feldspars. A method for separating the peaks

of the characteristic radiation of mineral elements is proposed. The conditions and optimal parameters of

x-ray phase and x-ray fluorescence analysis are specified to determine the total mineral content and cal-

cium concentration (using an X-ray tube with a titanium anode and a scandium filter).

Keywords: x-ray elemental and phase analyses; calcium and potassium feldspar; titanium anode; pri-

mary radiation; incoherent and coherent scattering; phase diffraction maximum; characteristic radiation;

mineral content.

Ââåäåíèå

Ðàçðàáîòêà è ïðèìåíåíèå íîâûõ âûñîêîýô-

ôåêòèâíûõ ðåíòãåíîôèçè÷åñêèõ ìåòîäîâ àíàëè-

çà àêòóàëüíû ïðè ãåîëîãî-ìèíåðàëîãè÷åñêèõ èñ-

ñëåäîâàíèÿõ ïî ïîèñêó ìåñòîðîæäåíèé íåôòè è

äðóãèõ ïîëåçíûõ èñêîïàåìûõ.

Êîìïëåêñíîå èññëåäîâàíèå ëèòîëîãî-ïåòðî-

ôèçè÷åñêèõ ñâîéñòâ ãîðíûõ ïîðîä âêëþ÷àåò ñëå-

äóþùèå íàïðàâëåíèÿ: ïåòðîãðàôè÷åñêîå, ïåòðî-

ôèçè÷åñêîå è ÿäåðíî-ôèçè÷åñêîå. Ñõåìó èññëåäî-

âàíèé ðàçðàáàòûâàþò ñ ó÷åòîì îïèñàíèÿ øëè-

ôîâ êåðíà, êà÷åñòâåííîãî îïðåäåëåíèÿ ñîñòàâà

ïîðîäû, à òàêæå ïðèáëèæåííîãî ïîäñ÷åòà ïëîùà-

äåé, çàíèìàåìûõ ìèíåðàëàìè â øëèôå [1].

Ìåòîä, èíòåãðèðóþùèé ðåíòãåíîôëþîðåñ-

öåíòíûé è ðåíòãåíîôàçîâûé àíàëèçû è ïîçâî-

ëÿþùèé ïðîñëåäèòü äèíàìèêó ôàçîâûõ ïðåâðà-

ùåíèé, èñïîëüçóþò ïðè ìîäåëèðîâàíèè ïðîöåññà

ìèíåðàëîîáðàçîâàíèÿ [2 – 4]. Â ñî÷åòàíèè ñ õè-

ìè÷åñêèìè ìåòîäàìè îí ïîâûøàåò äîñòîâåðíîñòü

êðèñòàëëîõèìè÷åñêèõ ôîðìóë ìèíåðàëîâ â ñëó-

÷àå íåâîçìîæíîñòè èõ âûäåëåíèÿ èç ñîñòàâà

ïîðîäû.

Èçâåñòíî, ÷òî ãîðíûå ïîðîäû Çàïàäíîé Ñè-

áèðè âêëþ÷àþò ãëàâíûì îáðàçîì êâàðö, êàëü-

öèé- è êàëèé-íàòðèåâûå ïîëåâûå øïàòû [1, 5].

Ïîëåâûå øïàòû — âàæíåéøåå ñåìåéñòâî ïî-

ðîäîîáðàçóþùèõ ìèíåðàëîâ, îíè ñîñòàâëÿþò äî

60 % îáúåìà çåìíîé êîðû (äî 50 % åå ìàññû).

Áîëüøèíñòâî ïîëåâûõ øïàòîâ âõîäÿò â òðîéíóþ

ñèñòåìó NaAlSi3O8 – KAlSi3O8 – CaAl2Si2O8, ïðè-

÷åì ñîäåðæàíèå àíîðòèòîâîãî (An) â ùåëî÷íûõ

(K – Na) è îðòîêëàçîâîãî (Or) â Ca – Na ïîëåâûõ

øïàòàõ êîìïîíåíòîâ, êàê ïðàâèëî, íå ïðåâûøà-

åò 5 – 10 % ìîë.

Êðèñòàëëè÷åñêèå ñòðóêòóðû ïîëåâûõ øïàòîâ

èìåþò â ñâîåé îñíîâå Si – Al òåòðàýäðè÷åñêèé

êàðêàñ [AlSi3O8], ïîýòîìó ïî ïèêàì íà äèôðàêòî-

ãðàììàõ ìèíåðàëû ðàçëè÷èòü íåâîçìîæíî. Êðè-

ñòàëëè÷åñêàÿ ñòðóêòóðà îðòîêëàçà K[AlSi3O8]

ïðèâåäåíà íà ðèñ. 1.

Èñïîëüçîâàíèå òîëüêî ðåíòãåíîñòðóêòóðíîãî

àíàëèçà (ÐÔçÀ) äëÿ èññëåäîâàíèÿ ïîëåâûõ øïà-

òîâ íåäîñòàòî÷íî, íåîáõîäèì äîïîëíèòåëüíûé

ýëåìåíòíûé ðåíòãåíîôëþîðåñöåíòíûé àíàëèç

(ÐÔÀ). Îäíàêî ìåòîä ÐÔÀ íå ïîçâîëÿåò ðàçäå-

ëÿòü õàðàêòåðèñòè÷åñêèå ïèêè ýëåìåíòîâ K è Ca

â äàííûõ ìèíåðàëàõ áåç ïîìîùè ñëîæíûõ ýíåð-

ãîäèñïåðñèîííûõ àíàëèçàòîðîâ, îñíàùåííûõ

êðèñòàëë-àíàëèçàòîðàìè [2 – 4].

Öåëü ðàáîòû — îïðåäåëåíèå îïòèìàëüíûõ

óñëîâèé äëÿ ðàçäåëåíèÿ è ñåëåêòèâíîãî êîëè÷å-

ñòâåííîãî àíàëèçà êàëèé- è êàëüöèé-íàòðèåâûõ

ïîëåâûõ øïàòîâ.

Îáîðóäîâàíèå, ìàòåðèàëû, ìåòîäû

Èñïîëüçîâàëè àâòîìàòè÷åñêèé äèôðàêòîìåòð

ÄÐÎÍ-7, îñíàùåííûé Si(Li) äåòåêòîðîì ñ òåðìî-

ýëåêòðè÷åñêèì Ïåëüòüå-îõëàæäåíèåì (ýíåðãå-

òè÷åñêîå ðàçðåøåíèå — íå âûøå 300 ýÂ, äèàïà-

çîí — 2 – 30 êýÂ, ýôôåêòèâíîñòü — íå ìåíåå

98 %). Ìåíÿÿ ýíåðãèþ ïåðâè÷íîãî èçëó÷åíèÿ E0

ðåíòãåíîâñêîé òðóáêè âàðüèðîâàíèåì óãëà íåêî-

ãåðåíòíîãî ðàññåÿíèÿ È, äîáèâàëèñü ñåëåêòèâíî-

ãî âîçáóæäåíèÿ àòîìîâ Ca (K-êðàé ïîãëîùåíèÿ

(ýíåðãèÿ ñâÿçè ýëåêòðîíà íà K-îáîëî÷êå àòîìà)

äëÿ Ca — 4038, äëÿ K — 3607 ýÂ). Ýíåðãèÿ E0

äîëæíà ïðåâûøàòü K-êðàé ïîãëîùåíèÿ äëÿ Ca

(ò.å. E0 > 4038 ýÂ). Äàííûå ïî ïåðâè÷íîìó è íå-

êîãåðåíòíî ðàññåÿííûì ïîä óãëàìè È èçëó÷åíè-

ÿì ïðèâåäåíû òàáë. 1 [6, 7].

Îïòèìàëüíîå íàïðÿæåíèå äëÿ ðåíòãåíîâñêîé

òðóáêè ñ òèòàíîâûì àíîäîì ñîñòàâëÿåò U =

= 30 êÂ. Èçáàâèòüñÿ îò ôîíà òîðìîçíîãî èçëó÷å-

íèÿ òðóáêè ìîæíî ïðè ïîìîùè ôèëüòðîâ [4].

Òàê, äëÿ òðóáêè ñ òèòàíîâûì àíîäîì èñïîëüçîâà-

ëè ñêàíäèåâûé ôèëüòð â âèäå ôîëüãè òîëùèíîé

0,014 ìì.

Â òàáë. 2 ïðèâåäåíû ìàññîâûå êîýôôèöèåí-

òû ïîãëîùåíèÿ äëÿ K è Ca ïðè ðàçëè÷íûõ ýíåð-

ãèÿõ ïåðâè÷íîãî èçëó÷åíèÿ [6].

Âèäíî, ÷òî äëÿ E0 = 4,5 êýÂ ìàññîâûé êîýô-

ôèöèåíò ïîãëîùåíèÿ ïåðâè÷íîãî èçëó÷åíèÿ

êàëüöèåì áîëåå ÷åì íà ïîðÿäîê ïðåâûøàåò àíà-

ëîãè÷íûé ïîêàçàòåëü äëÿ êàëèÿ. Ñîîòâåòñòâåííî,

è èíòåíñèâíîñòü ïèêà õàðàêòåðèñòè÷åñêîãî èçëó-
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÷åíèÿ K-ñåðèè êàëüöèÿ áîëåå ÷åì íà ïîðÿäîê

ïðåâûñèò èíòåíñèâíîñòü ïèêà K-ñåðèè êàëèÿ,

÷òî è ïîçâîëÿåò îïðåäåëèòü ñîäåðæàíèå òîëüêî

êàëüöèé-íàòðèåâîãî ïîëåâîãî øïàòà.

Îáñóæäåíèå ðåçóëüòàòîâ

Äèôðàêòîãðàììó àíàëèçèðóåìîé ïðîáû

(øëèôà ïîëåâîãî øïàòà (ðèñ. 2)) ñíèìàëè ïî

ñòàíäàðòíîé ñõåìå.

Îïðåäåëÿëè òî÷íîå ïîëîæåíèå íàèáîëåå èí-

òåíñèâíîãî äèôðàêöèîííîãî ïèêà èññëåäóåìîé

ôàçû (È = 2è002 = 51,2°, ãäå è — óãîë ñêîëüæåíèÿ

[5, 8]). Äåòåêòîð óñòàíàâëèâàëè íà äàííûé óãîë

äèôðàêöèîííîãî ìàêñèìóìà (ðèñ. 3). Îäíîâðå-

ìåííî ðåãèñòðèðîâàëè èíòåíñèâíîñòè èçëó÷åíèÿ

èçìåðÿåìîé ôàçû, íåêîãåðåíòíî ðàññåÿííîãî ïî

Êîìïòîíó ïåðâè÷íîãî èçëó÷åíèÿ è õàðàêòåðèñòè-

÷åñêîãî èçëó÷åíèÿ îïðåäåëÿåìîãî ýëåìåíòà (ýëå-

ìåíòîâ).

Êîíöåíòðàöèþ ýëåìåíòà â àíàëèçèðóåìîé

ïðîáå îïðåäåëÿëè ïî îòíîøåíèþ èíòåíñèâíîñòåé

åãî õàðàêòåðèñòè÷åñêîãî è íåêîãåðåíòíî ðàññåÿí-

íîãî (ïî Êîìïòîíó) ïåðâè÷íîãî èçëó÷åíèé, êîí-

öåíòðàöèþ ôàçû ýëåìåíòà — ïî îòíîøåíèþ èí-

òåíñèâíîñòåé êîãåðåíòíî (ïî Áðýããó) è íåêîãå-
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Òàáëèöà 1. Ðåçóëüòàòû ðàñ÷åòîâ ïåðâè÷íîãî è íåêîãåðåíòíî ðàññåÿííûõ èçëó÷åíèé ðåíòãåíîâñêîé òðóáêè ñ òèòàíîâûì

àíîäîì

Table 1. The results of calculating primary and incoherently scattered radiation of the x-rays tube with a titanium anode

Ïàðàìåòð
Óãîë ðàññåÿíèÿ è, ãðàä.

0 45 90 135

Äëèíà âîëíû ïåðâè÷íîãî èçëó÷åíèÿ ë0, ì 2,75 · 10–10

Ýíåðãèÿ ïåðâè÷íîãî èçëó÷åíèÿ E0, Äæ 7,22 · 10–16

Ýíåðãèÿ ïåðâè÷íîãî èçëó÷åíèÿ E0, ýÂ 4513,636

Äëèíà âîëíû íåêîãåðåíòíî ðàññåÿííîãî ïîä óãëîì È èç-

ëó÷åíèÿ ë(È), ì

2,76 · 10–10 2,77 · 10–10 2,79 · 10–10

Ýíåðãèÿ íåêîãåðåíòíî ðàññåÿííîãî ïîä óãëîì È èçëó÷å-

íèÿ E(È), Äæ

7,20 · 10–16 7,17 · 10–16 7,12 · 10–16

Ýíåðãèÿ íåêîãåðåíòíî ðàññåÿííîãî ïîä óãëîì È èçëó÷å-

íèÿ E(È), ýÂ

4501,985 4475,0 4448,925

Êîìïòîíîâñêîå ñìåùåíèå äëèíû âîëíû íåêîãåðåíòíî

ðàññåÿííîãî ïîä óãëîì È èçëó÷åíèÿ Ä(È), ì

7,12 · 10–13 2,43 · 10–12 4,13 · 10–12

Ñìåùåíèå ýíåðãèè íåêîãåðåíòíî ðàññåÿííîãî ïîä óãëîì

È èçëó÷åíèÿ ÄE(È), Äæ

1,86 · 10–18 5,18 · 10–18 5,18 · 10–18

Ñìåùåíèå ýíåðãèè íåêîãåðåíòíî ðàññåÿííîãî ïîä óãëîì

È èçëó÷åíèÿ ÄE(È), ýÂ

11,65162 38,63636 64,07527

Èíòåíñèâíîñòü ïåðâè÷íîãî èçëó÷åíèÿ ïîä óãëîì È Io(È) 0,9545 0,5892 0,2796 0,07269

Èíòåíñèâíîñòü íåêîãåðåíòíî ðàññåÿííîãî ïîä óãëîì È

èçëó÷åíèÿ I
s
(È)

0,3653 0,6749 0,8818

Ðèñ. 1. Êðèñòàëëè÷åñêàÿ ñòðóêòóðà îðòîêëàçà K[AlSi3O8]

Fig. 1. Crystal structure of the orthoclase K[AlSi
3
O

8
]

Ðèñ. 2. Øëèô êåðíà (×100)

Fig. 2. The core thin section (×100)



ðåíòíî (ïî Êîìïòîíó) ðàññåÿííîãî ïåðâè÷íîãî

èçëó÷åíèÿ [2 – 4].

Ïðåäëàãàåìûé ñïîñîá ïîçâîëÿåò îäíîâðåìåí-

íî îïðåäåëÿòü ñîäåðæàíèÿ èíòåðåñóþùåé ôàçû

è âõîäÿùèõ â íåå ýëåìåíòîâ. Ñåëåêòèâíîå âûäå-

ëåíèå îïðåäåëÿåìîãî ýëåìåíòà äàåò âîçìîæíîñòü

íàðÿäó ñ ðîñòîì îïåðàòèâíîñòè ïîâûñèòü òî÷-

íîñòü àíàëèçà.

Ñîäåðæàíèÿ ïëàãèîêëàçîâ è êàëèåâûõ ïîëå-

âûõ øïàòîâ îïðåäåëÿëè ïî èçìåðåííûì ñîäåðæà-

íèÿì Ca è ðàçíîñòè ñóììàðíîãî ñîäåðæàíèÿ ïî-

ëåâûõ øïàòîâ è ïëàãèîêëàçîâ. Ïîëó÷èëè ñëå-

äóþùèé ìèíåðàëîãè÷åñêèé ñîñòàâ, %: 63 êâàðö,

30 ïëàãèîêëàç, 3 êàëèéøïàò, 2 áèîòèò, 1 ìóñêî-

âèò (ðóäíûé ìèíåðàë — ñëåäû, àïàòèò — ñëåäû,

öèðêîí — ñëåäû, òóðìàëèí — ñëåäû, ñôåí — ñëå-

äû).

Çàêëþ÷åíèå

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé îï-

ðåäåëåíû îïòèìàëüíûå óñëîâèÿ êîëè÷åñòâåííîãî

îïðåäåëåíèÿ êàëèé- è êàëüöèé-íàòðèåâûõ ïîëå-

âûõ øïàòîâ [2 – 4] ìåòîäàìè îäíîâðåìåííîãî

ðåíòãåíîâñêîãî ýëåìåíòíîãî è ôàçîâîãî àíàëèçîâ

(ðåíòãåíîâñêàÿ òðóáêà ñ òèòàíîâûì àíîäîì, íà-

ïðÿæåíèå äëÿ òðóáêè — U = 30 êÂ, ñêàíäèåâûé

ôèëüòð â âèäå ôîëüãè òîëùèíîé 0,014 ìì — äëÿ

îòñå÷åíèÿ ôîíà òîðìîçíîãî èçëó÷åíèÿ).

Ïðè ñåëåêòèâíîé îöåíêå ñîäåðæàíèÿ Ca, êî-

òîðàÿ èñïîëüçîâàëàñü äëÿ âñåõ äàëüíåéøèõ îïðå-

äåëåíèé, ýíåðãèÿ ïåðâè÷íîãî èçëó÷åíèÿ ñîñòàâ-

ëÿëà 4,5 êýÂ. Ðàçðàáîòàííûé ïîäõîä ñóùåñòâåí-

íî ïîâûøàåò îïåðàòèâíîñòü è òî÷íîñòü àíàëèçà.
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Ðèñ. 3. Ñõåìà îäíîâðåìåííîãî ïðîâåäåíèÿ ðåíòãåíîôà-

çîâîãî è ðåíòãåíîôëþîðåñöåíòíîãî àíàëèçîâ: 1 — ðåíòãå-

íîâñêàÿ òðóáêà; 2 — êîëëèìàòîð è ôèëüòð; 3 — àíàëèçè-

ðóåìàÿ ïðîáà; 4 — ãîíèîìåòð; 5 — ýíåðãîäèñïåðñèîííûé

äåòåêòîð

Fig. 3. Scheme for simultaneous X-ray phase and X-ray

fluorescence analysis: 1 — X-ray tube; 2 — collimator and

filter; 3 — analyzed sample; 4 — goniometer; 5 — energy-

dispersive detector

Òàáëèöà 2. Ìàññîâûå êîýôôèöèåíòû ïîãëîùåíèÿ äëÿ

êàëèÿ è êàëüöèÿ ïðè ðàçëè÷íûõ ýíåðãèÿõ ïåðâè÷íîãî èç-

ëó÷åíèÿ

Table 2. Mass absorption coefficients for potassium and

calcium at different energies of primary radiation

Ýëåìåíò
Ýíåðãèÿ ïåðâè÷íîãî èçëó÷åíèÿ, êýÂ

4,0 4,5 6,0

K 860 54 280

Ca 950 625 328


