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Âïåðâûå�äàíà�ìèíåðàëîãî­ãåîõèìè÷åñêàÿ� õàðàêòåðèñòèêà�ðûõëîãî�ìàòåðèàëà� ïðîäóêòèâíûõ� íà� âèñìóò,�
âîëüôðàì,�áåðèëëèé�è�þâåëèðíûå�êàìíè�ìèíåðàëüíûõ�òåë�ìåñòîðîæäåíèÿ�Øåðëîâàÿ�Ãîðà.�Òîíêàÿ�ôðàê­
öèÿ�ðûõëîãî�ìàòåðèàëà�ìåíåå�0,005�ìì�ñîñòîèò�èç�ãèäðîêñèäîâ�æåëåçà,�êàîëèíèòà,�èëëèòà­ñìåêòèòà.�Õè­
ìè÷åñêèì� àíàëèçîì� â� íèõ� óñòàíîâëåíû� Fe
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(14,3…17,8�%).�Â�ãëèíàõ�âûÿâëåíû�àíîìàëüíî�âûñîêèå�ñîäåðæàíèÿ�ñåðåáðà,�öèíêà,�ñâèíöà,�ìûøüÿêà,�
âîëüôðàìà,�ôòîðà,�à�òàêæå�ðåäêèõ�çåìåëü�èòòðèåâîé�ïîäãðóïïû.�Ñîäåðæàíèå�ýëåìåíòîâ�èòòðèåâîé�ïîäãðóï­
ïû�â�ãëèíàõ�íàõîäèòñÿ�â�ïðåäåëàõ�(ppm):�èòòðèé:�30,7…49,4;�äèñïðîçèé:�0,05…51,0;�ãîëüìèé:�0,05…8,17;�
ýðáèé:�0,05…26,8;�èòòåðáèé�0,1…24,7;�òóëèé:�0,00452…7,3;�ëþòåöèé:�0,005…3,22.�Êîýôôèöèåíòû�èõ�
êîíöåíòðàöèè�íàõîäÿòñÿ�â�ïðåäåëàõ�4…27.�Ìàêñèìàëüíû�èõ�çíà÷åíèÿ�äëÿ�äèñïðîçèÿ�(10,2)�è�òóëèÿ�(27).�
Ýêñïåðèìåíòàëüíî�óñòàíîâëåíî,�÷òî�óêàçàííûå�ýëåìåíòû�âûìûâàþòñÿ�èç�ðûõëîãî�ìàòåðèàëà�äèñòèëëèðî­
âàííîé�âîäîé.�Ñîäåðæàíèÿ�èõ�â�íåé�ïðåâûøàþò�êëàðêè�äëÿ�ðå÷íîé�âîäû.�Êîýôôèöèåíò�èçâëå÷åíèÿ�íàõî­
äèòñÿ�â�ïðåäåëàõ�10,2�(äëÿ�ëþòåöèÿ)�–�38,2�%�(äëÿ�òóëèÿ).�Îí�ìàêñèìàëåí�äëÿ�òóëèÿ�è�äèñïðîçèÿ.�Ïåðâûå�
äàííûå�î�âûìûâàíèè�ðåäêîçåìåëüíûõ�ýëåìåíòîâ�èç�ãëèí�âîäîé�ñâèäåòåëüñòâóþò�î�âîçìîæíîé�øèðîêîé�èõ�
ìèãðàöèè�â�ëàíäøàôòå.�Ýòî�ìîæåò�óêàçûâàòü�î�âîçìîæíîì�èõ�êîíöåíòðèðîâàíèè�íà�ãåîõèìè÷åñêèõ�áàðüå­
ðàõ�â�âèäå�ôòîð�êàðáîíàòîâ

Êëþ÷åâûå ñëîâà: ðûõëûé ìàòåðèàë; ïðîäóêòèâíûå ìèíåðàëüíûå òåëà;  ãëèíà; ðåíòãåíîâñêàÿ äèôðàêòîìå­
òðèÿ; ðåäêèå çåìëè; èòòðèåâàÿ ïîäãðóïïà; âûìûâàíèå; âîäà; ëàíäøàôò; Øåðëîâàÿ Ãîðà

For�the�first�time�the�mineralogical�and�geochemical�characterization�of�loose�material�productive�on�bismuth,�
tungsten,�beryllium�and�gemstones�mineral�deposits�bodies�of�Sherlovaya�Mountain� is�given.�Fine� loose�mate­
rial�fraction�less�than�0.005�mm�consists�of�iron�hydroxides,�kaolinite,�illite­smectite.�Fe
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O�(14,3…17,8�%)�are�established�in�them�by�chemical�analysis.�High�con­

tent�of�silver,�zinc,�lead,�arsenic,�tungsten,�fluorine�and�rare�earths�yttrium�subgroup�are�anomalously�revealed�
in�clays.�The�content�of�yttrium�subgroup�elements� in� clays�ranges�(ppm):�yttrium:�30,7…49,4;�dysprosium:�
0,05…51,0;� holmium:� 0,05…8,17;� erbium:� 0,05…26,8;�ytterbium�0,1…24,7;� thulium:� 0,00452…7,3;� lute­
tium:�0,005…3,22.�The�coefficients�of�their�concentrations�are�in�the�range�of�4…27.�Maximum�values�are�for�
dysprosium�(10,2)�and�thulium�(27).�It�was�established�experimentally�that�the�above�mentioned�elements�of�the�
loose�material�are�washed�with�distilled�water.�Their�content�in�it�exceed�clarkes�for�river�water.�The�extraction�ratio�
ranges�10,2�(for�lutetium)�–�38,2�%�(for�thulium).�It�is�maximal�for�thulium�and�dysprosium.�The�first�data�on�the�
leaching�of�rare�earth�elements�from�the�clay�with�water,�suggest�their�possible�broader�migration�in�the�landscape.�
This�may�indicate�their�possible�concentration�at�geochemical�barriers�in�the�form�of�fluorine�carbonates�
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Èçó÷åíèå�èñòî÷íèêîâ�òîêñè÷íûõ�ýëåìåí­
òîâ� â� ïðèðîäíûõ,� òåõíîãåííûõ� è� ãåî­

òåõíîãåííûõ�ëàíäøàôòàõ,�à�òàêæå�îñîáåí­
íîñòåé� èõ� ìèãðàöèè� è� êîíöåíòðèðîâàíèÿ�
ÿâëÿåòñÿ� âàæíîé� ýêîëîãî­ãåîõèìè÷åñêîé�
çàäà÷åé� äëÿ� èñòîðè÷åñêèõ� ãîðíîïðîìûø­
ëåííûõ�òåððèòîðèé�[2;�4;�8].�Îäíîé�èç�íèõ,�
ïåðèîäè÷åñêè� ïîäâåðãàâøåéñÿ� è� ïîäâåðãà­
þùåéñÿ�âîçäåéñòâèþ�ãîðíîãî�ïðîèçâîäñòâà�
íà�ïðîòÿæåíèè�ïî÷òè�òð¸õ�ñòîëåòèé,�ÿâëÿ­
åòñÿ�Øåðëîâàÿ�Ãîðà,�ãäå�âïåðâûå�â�âîñòî÷­
íîé�÷àñòè�Ðîññèè�â�1723�ã.�îòêðûòû�áåðèëëû�
þâåëèðíîãî� êà÷åñòâà� [10;� 11].� Èíòåíñèâ­
íàÿ�ðàçðàáîòêà�ìåñòîðîæäåíèÿ�ñàìîöâåòîâ�
âåëàñü�cî�âòîðîé�ïîëîâèíû�XVIII�â.�[10].�Â��
ñâÿçè�ñ�òåì,�÷òî�îäíèì�èç�íàèáîëåå�òîêñè÷­
íûõ�ýëåìåíòîâ,�øèðîêî�ðàñïðîñòðàíåííûõ�
â� ïðåäåëàõ� Øåðëîâîãîðñêîãî� âèñìóò­îëî­
âî­âîëüôðàì­áåðèëëèåâîãî�ìåñòîðîæäåíèÿ�
ñ� ñàìîöâåòàìè,� ÿâëÿåòñÿ� áåðèëëèé,� îäíèì�
èç� àâòîðîâ� ïðîâåäåíî� èçó÷åíèå� âåðîÿòíîé�
åãî� ïîäâèæíîñòè� â� ïî÷âàõ� è� òåõíîçåìàõ.�
Îäíàêî,� íåñìîòðÿ� íà� èìåþùèåñÿ� â� ëèòå­
ðàòóðå� ñâåäåíèÿ� î� ìèãðàöèè� áåðèëëèÿ� â�
çîíå�ãèïåðãåíåçà,��èçâëå÷åíèÿ�âîäîé�çàìåò­
íîãî�åãî�êîëè÷åñòâà�íå�âûÿâëåíî,�à�â�ïðî­
ìûâíûõ� âîäàõ� îáíàðóæåíû� ðåäêèå� çåìëè.�
Ïðåäïîëàãàëîñü,� ÷òî� îíè� ðàñïðîñòðàíåíû�
â�ìèíåðàëüíûõ�àññîöèàöèÿõ�ïðîäóêòèâíûõ�
òåë�Øåðëîâîé�Ãîðû,�ñîäåðæàùèõ�ôëþîðèò�
è�ìîíàöèò�[3;�8;�10].�Îäíàêî�èçó÷åíèå�èõ�
ðàñïðîñòðàíåííîñòè� â� ìèíåðàëüíûõ� àññî­
öèàöèÿõ�ýòîãî�ìåñòîðîæäåíèÿ�íå�ïðîâîäè­
ëîñü.�Ëèøü�â�2014�ã.�ïîÿâèëèñü�ñâåäåíèÿ�î�
ïðèñóòñòâèè� ÐÇÝ� èòòðèåâîé� ïîäãðóïïû� â�
ìèíåðàëàõ�çîíû�îêèñëåíèÿ�Øåðëîâîé�Ãîðû�
[6].�Îáû÷íî�èñïîëüçîâàâøèåñÿ�â�ïðàêòèêå�
èññëåäîâàíèé�ïðîøëûõ�ëåò�âàðèàíòû�ðåíò­
ãåí­ôëþîðåñöåíòíîãî� àíàëèçà� íå� äàâàëè�
âîçìîæíîñòè� îïðåäåëåíèÿ� êîíöåíòðàöèé�
ÐÇÝ� è� áåðèëëèÿ,� øèðîêî� ðàñïðîñòðàíåí­
íîãî�â�ãðåéçåíàõ�è�ïðîäóêòèâíûõ�íà�âîëü­
ôðàì,�âèñìóò�è�îëîâî�ðóäíûõ�òåëàõ�[10].�

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ.�
Äëÿ� ðåøåíèÿ� çàäà÷è� ëåòîì� 2014� ã.� ïðîèç­
âåäåí� îòáîð� ðûõëûõ� îòëîæåíèé� èç� âñêðû­

òûõ� ïîëîñòåé,� ñîäåðæàùèõ� áåðèëë,� òîïàç,�
êâàðö,� ôëþîðèò� è� ñëþäû,� ñ� öåëüþ� ïðîâå­
äåíèÿ� àíàëèçîâ� ìåòîäàìè,� ïîçâîëÿþùèìè�
êîëè÷åñòâåííîå� îïðåäåëåíèå� áåðèëëèÿ,� à�
òàêæå�ôòîðà,�òàëëèÿ,�ðåäêèõ�çåìåëü�è�äðó­
ãèõ�ýëåìåíòîâ.

Ðûõëûé� ìàòåðèàë,� èçâëå÷åííûé� èç�
ïîëîñòåé,� â� êîòîðûõ� ôîðìèðîâàëèñü� ðàñ­
ïðîñòðàíåííûå� â� ïðîäóêòèâíûõ� æèëàõ�
ìèíåðàëüíûå� àññîöèàöèè�ìàññîé� äî� 100� ã,�
çàëèâàëè�200�ìë�äèñòèëëèðîâàííîé�âîäû�è�
âûäåðæèâàëè�2...24�÷.�Çàòåì�âçáàëòûâàëè�
è�îòñòàèâàëè�åãî�îêîëî�2�ìèí�è�ïîëó÷åííóþ�
òîíêóþ�âçâåñü�ñëèâàëè�íà�âîðîíêó�ñ�ôèëü­
òðîì.� Ïîëó÷åííûì� ðàñòâîðîì� ïðîìûâàëè�
ïðîáó�äî�òðåõ�ðàç�ñ�òåì,�÷òîáû�îáåñïå÷èòü�
ìàêñèìóì� ðàñòâîðåííîãî� ìàòåðèàëà� èç�
ãëèíèñòîé� ôðàêöèè� íà� ôèëüòðå.� Ðàñòâîð�
àíàëèçèðîâàëè� â� õèìè÷åñêîé� ëàáîðàòîðèè�
«ÇÀÎ� ÑÆÑ� Âîñòîê� Ëèìèòåä».� Àíàëèç� âû­
ïîëíåí� ìåòîäîì� ISP� MS� c� èñïîëüçîâàíèåì�
ìåòîäèêè� àíàëèçà� IMS80T.� Ïîðîã� îïðå­
äåëåíèÿ� ðàçíûõ� êîíêðåòíûõ� ýëåìåíòîâ�
èòòðèåâîé� ïîäãðóïïû� ðàçëè÷àåòñÿ� (ppb):�
èòòðèé� (Y)� 0,01,� äèñïðîçèé� (Dy)� 0,01,�
ãîëüìèé�(Ho)�0,01,�ýðáèé�(Er)�0,01,�òóëèé�
(Tm)� 0,01,� èòòåðáèé� (Yb)� 0,01,� ëþòåöèé�
(Lu)�0,05.�

Ìèíåðàëüíûé�ñîñòàâ�ãëèíèñòîé�ôðàê­
öèè� èçó÷åí� îïòè÷åñêèìè� ìåòîäàìè,� ôà­
çîâûì� äèôðàêòîìåòðè÷åñêèì� àíàëèçîì� â�
ðåíòãåíîñòðóêòóðíîé� ëàáîðàòîðèè� Èíñòè­
òóòà�çåìíîé�êîðû�ÑÎ�ÐÀÍ�ïî�ñòàíäàðòíûì�
ìåòîäèêàì� (èñõîäíàÿ� ïðîáà,� ïðîêàëåííàÿ�
è�íàñûùåííàÿ�ýòèëåí­ãëèêîëåì),�àíàëèòè­
êè�Ç.�Ô.�Óùàïîâñêàÿ�è�Ò.�Ñ.�Ôèëåâà.�Ìè­
íåðàëüíûé� ñîñòàâ� ðûõëîãî� ìàòåðèàëà� âû­
ïîëíåí� ñ� èñïîëüçîâàíèåì� òðèíîêóëÿðíîãî�
ñòåðåîñêîïè÷åñêîãî�ìèêðîñêîïà�Ìèêðîìåä�
ÌÑ­2�ZOOM�2CR.

Êðîìå�òîãî,�ñ�öåëüþ�äèàãíîñòèêè�ãëèí�
èñïîëüçîâàëè� òåðìîãðàâèìåòðè÷åñêèé�
àíàëèç,� âûïîëíåííûé� ñ� ïîìîùüþ� ñîâðå­
ìåííîé� óñòàíîâêè� «NETZSCH� STA� 449F»�
ôèðìû� «Jupiter».� Òåðìîãðàììû� ñíÿòû� â�
àòìîñôåðå� àðãîíà� â� äèàïàçîíå� òåìïåðà­
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òóð�20…1050�°Ñ.�Àíàëèòèê�Ð.�À.�Ôèëåíêî,�
ÈÏÐÝÊ�ÑÎ�ÐÀÍ,�ëàáîðàòîðèÿ�ãåîõèìèè�è�
ðóäîãåíåçà.

Ðåçóëüòàòû è èõ îáñóæäåíèå.� Ñî­
äåðæàíèå� ýëåìåíòîâ� èòòðèåâîé� ïîäãðóï­
ïû� â� ãëèíàõ� íàõîäèòñÿ� â� ïðåäåëàõ� (ppb):�
èòòðèé:� 30700,0…49400,0;� äèñïðîçèé:�
50,0…51000,0;� ãîëüìèé:� 50,0…8170,0;�
ýðáèé:� 50,0…26800,0;� èòòåðáèé�
100,0…24700,0;�òóëèé:�4,52…7300,0;�ëþ­
òåöèé:�50,0…3220,0.�

Ðàñïðîñòðàíåííîñòü� ðåäêîçåìåëüíûõ�
ýëåìåíòîâ�â�çåìíîé�êîðå�(îáùèé�êëàðê�ÐÇÝ�

168� ã/ò,� áîëüøèé,� ÷åì� ó� Pb,� Sn,� Mo,� Cu,�
Zn)�âûøå�[1;�3;�5],�÷åì�ó�áîëüøèíñòâà�ðåä­
êèõ�ìåòàëëîâ.�Îíà�óáûâàåò�ñ�óâåëè÷åíèåì�
àòîìíîãî�íîìåðà� è�ðàçëè÷íà� äëÿ�÷åòíûõ� è�
íå÷åòíûõ�ýëåìåíòîâ�(òàáë.�1)�[5].�Ïåðâûå�
âñåãäà� áîëåå� ðàñïðîñòðàíåíû,� ÷åì� âòîðûå,�
ïðè÷åì�ó�÷åòíûõ� ãåîõèìè÷åñêèå�ïîêàçàòå­
ëè� ñíèæàþòñÿ� â� 29� ðàç,� à� ó� íå÷åòíûõ� –� â�
100�ðàç.�

Êàê�âèäíî�èç�òàáë.�1,�ìàêñèìàëüíîå�ñî­
äåðæàíèå�âñåõ�ýëåìåíòîâ,�êðîìå�ãîëüìèÿ�è�
òåðáèÿ,�íà�ïîðÿäîê�ïðåâûøàåò�êëàðêè�çåì­
íîé�êîðû,�à�ñðåäíèå�–�â�3...5�ðàç.�

Òàáëèöà�1

Ñðàâíåíèå ñîäåðæàíèé ðåäêèõ çåìåëü èòòðèåâîé ïîäãðóïïû â ãëèíàõ 
â ñðàâíåíèè ñ êëàðêàìè è ÏÄÊ

Comparison of rare earths of yttrium subgroup contents in clays with clarkes and MPC

Õèìè÷åñêèé 
ýëåìåíò ÏÄÊ, ppb Êëàðê çåìíîé êîðû, ppb Ñðåäíåå ñîäåðæàíèå 

â ãëèíàõ, ppb

Y 250,0 29000,0 266740,0

Dy 689,7 4600,0 21160,0

Ho 543,7 1300,0 3374,0

Er 536,0 2600,0 11374,0

Tm 530,7 200,0 3138,0

Yb 518,1 3000,0 9840,0

Lu 512,4 800,0 1388,0

Â� èçó÷åííîì� ðûõëîì� ìàòåðèàëå� ðåíò­
ãåíîôàçîâûì� àíàëèçîì� óñòàíîâëåíû� êàî­
ëèíèò,� èëëèò� è� ñìåêòèòû,� îïðåäåëÿþùèå�
âåðîÿòíîñòü� íàêîïëåíèÿ� îïèñàííûõ� äàëåå�
êîíöåíòðàöèé� øèðîêîãî� ñïåêòðà� ïðèìåñ­
íûõ� õèìè÷åñêèõ� ýëåìåíòîâ,� â� òîì� ÷èñëå� è�
ðåäêèõ�çåìåëü.�

Âî� âñåõ� ïðîáàõ� ðûõëîãî� ìàòåðèàëà�
ïðèñóòñòâóåò� òðåùèíîâàòûé� è� îáîõðåí­
íûé�áåðèëë,�òîïàç,�êâàðö,�àññîöèèðóþùèå�
ñî� ñëîèñòûìè� ñèëèêàòàìè,� êàðáîíàòàìè,�
ñóëüôàòàìè� æåëåçà� è� ìàðãàíöà.� Â� ðÿäå�
ïðîá� ïðèñóòñòâóþò� àðñåíîïèðèò,� âîëü­
ôðàìèò,� ñêîðîäèò,� áèñìóòèò,� ìîíàöèò,�
ãîóäåéèò.� Ðåíòãåíîâñêèìè� ìåòîäàìè� [6]� â�

ðûõëîì�ìàòåðèàëå� óñòàíîâëåíû� êàîëèíèò,�
ãèäðîñëþäà,� òîïàç,� ôëþîðèò,� ãèäðîêñèäû�
æåëåçà�è�ìàðãàíöà.�Íà�ðèñ.�1�ïðåäñòàâëåíà�
äèôðàêòîãðàììà�îáðàçöà�ðûõëîãî�ìàòåðè­
àëà�èç�ãíåçäà�ñ�áåðèëëîì�è�òîïàçîì�èç�æèëû�
Íîâèêîâà.�Èç�íåå�âèäíî,�÷òî�ðûõëûé�ìàòå­
ðèàë� ñîäåðæèò� êàîëèíèò,� ñëåäû� êâàðöà� è�
ïîëåâîãî�øïàòà.�Íåðàçìûòàÿ�ãëèíà�îòëè÷à­
åòñÿ�ÿðêî­áóðûì�öâåòîì,�íî�ïîñëå�îòìó÷è­
âàíèÿ�ñòàíîâèòñÿ�ñâåòëî­æåëòî­áóðîé.

Íàáëþäàåìûå� íà� äèôôåðåíöèàëüíûõ�
êðèâûõ� òåðìîâåñîâîãî� àíàëèçà� òåðìîýô­
ôåêòû�(ðèñ.�2)�ñâèäåòåëüñòâóþò�î�ïðèñóò­
ñòâèè�ìîíòìîðèëëîíèòà�è�êàîëèíèòà.
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Ðèñ. 1. Äèôðàêòîãðàììà æåëòî­áóðîé ãëèíû, îáð. ØÃ­12/209. Ñîñòàâ ïðîáû: ñìåøàííî­ñëîéíûé 
ñèëèêàò (ìîíòìîðèëëîíèò, õëîðèò – ñìåêòèò) ñ ïðèìåñÿìè êàîëèíèòà (Å:7,1474; 3,8443; 3,5679; 2,5663) 

è êâàðöà (3,3295Å)

Fig. 1. The XRD pattern of yellow­brown clay, sample ShG­12/209. The composition of the sample, 
mixed­layer silicate (montmorillonite, chlorite ­ smectite) with impurities of kaolinite (Å: 7,1474; 3,8443; 

3,5679; 2,5663) and quartz (3,3295Å)

Ðèñ. 2. Òåðìîãðàâèìåòðè÷åñêàÿ êðèâàÿ ãëèíû îáðàçöà ØÃ – 12/209. Ñíÿòà â àòìîñôåðå àðãîíà 
îò êîìíàòíîé òåìïåðàòóðû äî 1050 °Ñ

Fig. 2. Thermogravimetric curve of the clay sample ShG – 12/209. Charged under argon from room 
temperature up to 1050 ° C
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Õèìè÷åñêèé� ñîñòàâ� ãëèí� êîëåáëåòñÿ� â�
øèðîêèõ�ïðåäåëàõ,�â�ìàñ.�%:�SiO

2�
–�18…42,�

Al
2
O

3
�–�15…30,�Fe

2
O

3
�–�10…25,�K

2
O,�MgO,�

Na
2
O� –� 0,1…6,� H

2
O� –� 14,3…17,8.� Óñðåä­

íåííûå�äàííûå�ïðèâåäåíû�íà�ðèñ.�3.�

Ðèñ. 3. Óñðåäíåííûå äàííûå îñíîâíîãî êîìïîíåíòíîãî ñîñòàâà ãëèí

Fig. 3. The averaged data of the main component of clays’ composition

Ïðåäåëû�ñîäåðæàíèÿ�ýëåìåíòîâ�â�ïðî­
ìûâíîé� âîäå� ñîñòàâëÿþò� (ppb):� èòòðèé� –�
0,63...46,0;� äèñïðîçèé�–� 0,04….3,2;� ãîëü­
ìèé�–�0,01…0,86;�ýðáèé�–�0,1…2,9;�òóëèé�
–�0,01…0,32;�èòòåðáèé�–�0,03…1,89;�ëþ­
òåöèé�–�1,17…1,51.

Ýêñïåðèìåíòû�ïîêàçàëè,�÷òî�ýëåìåíòû�
èòòðèåâîé�ïîäãðóïïû�â�òîì�èëè�èíîì�êîëè­
÷åñòâå�âûìûâàþòñÿ�âîäîé.�Âñå�ïîëó÷åííûå�
ñîäåðæàíèÿ�ÐÇÝ�(ðèñ.�4)�ïðåâûøàþò�êëàð­

êè�äëÿ�ðå÷íîé�âîäû,�÷òî�ñâèäåòåëüñòâóåò�î�
âîçìîæíîñòè� äîñòàòî÷íî� àêòèâíîé� âîäíîé�
ìîáèëèçàöèè�ðåäêèõ�çåìåëü�è�ìèãðàöèè�èõ�
â�ëàíäøàôòå.�

Ñðàâíåíèå� ñîäåðæàíèé� ýëåìåíòîâ� èò­
òðèåâîé�ïîäãðóïïû�â�ãëèíàõ�è�â�ïðîìûâíûõ�
âîäàõ�ïðèâåäåíû�â�òàáë.�2.�Âèäíî,�÷òî�ñðåä­
íåå�ñîäåðæàíèå�ÐÇÝ�â��ãëèíàõ�â�íåñêîëüêî�
ñîòåí�ðàç�ïðåâûøàåò�òàêîâîå�â�ïðîìûâíûõ�
âîäàõ.

Ðèñ. 4. Ñðåäíèå ñîäåðæàíèÿ  ðåäêîçåìåëüíûõ ýëåìåíòîâ â ïðîìûâíîé âîäå â ñðàâíåíèè ñ êëàðêàìè

Fig. 4. The average content of the rare earth elements in the wash water as compared to clarkes
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Òàáëèöà�2�
Ñðàâíåíèå ñîäåðæàíèé ýëåìåíòîâ èòòðèåâîé ïîäãðóïïû 

â ãëèíàõ è ïðîìûâíûõ âîäàõ

Comparison of the elements yttrium subgroup contents
in clays and washing waters

Õèìè÷åñêèé 
ýëåìåíò

Ñðåäíåå ñîäåðæàíèå 
â ãëèíàõ, ppb

Ñðåäíåå ñîäåðæàíèå 
â ïðîìûâíûõ âîäàõ, ppb

Êîýôôèöèåíò 
èçâëå÷åíèÿ

Y 266740,0 10,796 24,71
Dy 21160,0 0,846 25,01
Ho 3374,0 0,210 16,06
Er 11374,0 0,764 14,89
Tm 3138,0 0,082 38,27
Yb 9840,0 0,510 19,29
Lu 1388,0 0,132 10,52

Ýëåìåíòû� èòòðèåâîé� ïîäãðóïïû�
ïî� âåëè÷èíàì� êëàðêîâ� îáðàçóþò� ðÿä:�
Y→Dy→Yb→Er→Ho→Lu→Tm.�Ñîäåðæà­
íèÿ�èõ�â�ïðîìûâíîé�âîäå�îáðàçóþò�äðóãîé�
ðÿä:�Y→Lu→Dy→Er→Yb→Ho→Tm.�Èìå­
åò� ëè� ýòà� îñîáåííîñòü� îáùåå� çíà÷åíèå� äëÿ�
ïåðåõîäà� â� ìèãðàöèîííîå� ñîñòîÿíèå� ðåä­
êîçåìåëüíûõ� ýëåìåíòîâ� ðàññìàòðèâàåìîé�
ïîäãðóïïû,�ïîêà�íåÿñíî.�
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