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Ïðîâåäåíà îöåíêà âîçìîæíîñòè ïðèìåíåíèÿ îòõîäîâ ãèäðîìåòàëëóðãè÷åñêîé ïåðåðàáîòêè óðàíîâûõ ðóä 
Ñòðåëüöîâñêîãî ìåñòîðîæäåíèÿ äëÿ çàêëàäêè ïîäçåìíûõ ãîðíûõ âûðàáîòîê. Ðàññìîòðåíî ïåðñïåêòèâíîå 
íàïðàâëåíèå ðàçâèòèÿ ãîðíî­çàêëàäî÷íîãî ïðîèçâîäñòâà ÏÀÎ «Ïðèàðãóíñêîå ïðîèçâîäñòâåííîå ãîðíî­õè­
ìè÷åñêîå îáúåäèíåíèå». Ïðåäëîæåí âàðèàíò ñîêðàùåíèÿ îáúåìîâ õâîñòîâûõ îòëîæåíèé, íàêîïëåííûõ çà 
40­ëåòíèé ïåðèîä ðàáîòû ïðåäïðèÿòèÿ è óòèëèçàöèè íèçêîàêòèâíûõ îòõîäîâ ñ ðàçìåùåíèåì èõ â âûðàáî­
òàííîì ïðîñòðàíñòâå. Ïðåäñòàâëåíû ðåçóëüòàòû ëàáîðàòîðíûõ èññëåäîâàíèé ïî èçìåíåíèþ ñîñòàâîâ çàêëà­
äî÷íûõ ñìåñåé ñ èñïîëüçîâàíèåì â êà÷åñòâå èíåðòíîãî ìèêðîíàïîëíèòåëÿ ãèäðîìåòàëëóðãè÷åñêèõ îòõîäîâ, 
ïðîàíàëèçèðîâàíà âîçìîæíîñòü èõ ïðèìåíåíèÿ â ãîðíî­çàêëàäî÷íîì ïðîèçâîäñòâå â ñîñòàâàõ çàêëàäî÷íûõ 
ñìåñåé. Îïðåäåëåíû ôèçèêî­ìåõàíè÷åñêèå, ðåîëîãè÷åñêèå è ðàäèàöèîííûå õàðàêòåðèñòèêè çàêëàäî÷íûõ 
ñìåñåé ýêñïåðèìåíòàëüíûõ ñîñòàâîâ. Îòìå÷åíî ñîîòâåòñòâèå ôèçèêî­ìåõàíè÷åñêèõ è ðåîëîãè÷åñêèõ õà­
ðàêòåðèñòèê ýêñïåðèìåíòàëüíûõ ñîñòàâîâ çàêëàäî÷íûõ ñìåñåé, ïðèãîòîâëåííûõ ñ èñïîëüçîâàíèåì îòõî­
äîâ ãèäðîìåòàëëóðãè÷åñêîé ïåðåðàáîòêè, òðåáîâàíèÿì, ïðåäúÿâëÿåìûì ê ïîäàâàåìîé â øàõòó çàêëàäêå. 
Ðàññìîòðåíà âîçìîæíîñòü èñïîëüçîâàíèÿ ïîëèìåðíûõ èçîëèðóþùèõ ãåðìåòèêîâ ñ öåëüþ ñíèæåíèÿ èíòåí­
ñèâíîñòè âûäåëåíèÿ ðàäîíà ñ ïîâåðõíîñòè ýêñïåðèìåíòàëüíûõ îáðàçöîâ çàêëàäî÷íûõ ñìåñåé, óñòàíîâëåíà 
ýôôåêòèâíîñòü èõ ïðèìåíåíèÿ. Ïðåäñòàâëåíî òåõíèêî­ýêîíîìè÷åñêîå îáîñíîâàíèå ïðèìåíåíèÿ îòõîäîâ 
ãèäðîìåòàëëóðãè÷åñêîé ïåðåðàáîòêè óðàíîâûõ ðóä äëÿ çàêëàäêè ïîäçåìíûõ ãîðíûõ âûðàáîòîê. Ïîëó÷åíû 
ïîëîæèòåëüíûå ðåçóëüòàòû äëÿ ïðîâåäåíèÿ îïûòíî­ïðîìûøëåííûõ ðàáîò è ïîñëåäóþùåãî âíåäðåíèÿ ðàç­
ðàáîòàííîé òåõíîëîãèè íà ðóäíèêàõ ÏÀÎ «ÏÏÃÕÎ»

Êëþ÷åâûå ñëîâà: óðàíîäîáûâàþùåå ïðåäïðèÿòèå; ïåðåðàáîòêà ãèäðîìåòàëëóðãè÷åñêèõ îòõîäîâ; ãîðíî­çà­
êëàäî÷íîå ïðîèçâîäñòâî; çàêëàäî÷íûå ñìåñè; ýêñïåðèìåíòàëüíûå îáðàçöû; ïîäçåìíûå ãîðíûå âûðàáîòêè; ïî­
âåðõíîñòíîå õâîñòîõðàíèëèùå; íèçêîàêòèâíûå îòõîäû; ðàäîí; Ñòðåëüöîâñêîå ìåñòîðîæäåíèå

The feasibility of using waste hydrometallurgical processing of uranium ores of Streltsovsky ore field during the 
laying of underground mine workings is evaluated. One of the perspective directions of mining backfill devel­
opment of PJSC «Priargunsk Industrial Mining and Chemical Union» is considered. The option of reduction of 
volumes of tail deposits and utilization of low­active waste with their placement in mine workings is offered. The 
results of laboratory researches on change of composition of backfill material with use as inert microfiller of tails of 
hydrometallurgy are presented. The possibility of their application in the development of mining backfill produc­
tion as a component of backfill material is analyzed. Physicomechanical, rheological and radiation characteristics 
of backfill material of experimental structure are defined. The compliance of physico­mechanical and rheological 
properties of experimental compositions of backfill material on the basis of tails of hydrometallurgical processing 
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to requirements imposed to the bookmark given to mine is noted. The possibility of use of the polymeric isolating 
sealants for the purpose of decrease in an emanation of radon from a surface of the modified backfill material 
is considered. The efficiency of their application is established. The feasibility study on application of waste of 
hydrometallurgical processing of uranium ores for a laying of mine workings is submitted. The positive results 
for carrying out trial works and subsequent implementation of the developed technology on the mines of PJSC 
«PIMCU» are received

Key words: uranium mining enterprise; processing of hydrometallurgical waste; mining and production of filling; backfill 
material; experimental samples; underground mining; superficial tailings dam; low­active waste; radon; Streltsovsky field

ÏÀÎ «Ïðèàðãóíñêîå ïðîèçâîäñòâåííîå 
ãîðíî­õèìè÷åñêîå îáúåäèíåíèå» ÿâ­

ëÿåòñÿ êðóïíåéøèì óðàíîäîáûâàþùèì 
ïðåäïðèÿòèåì Ðîññèè, ðàçðàáàòûâàþùèì 
ñ 1968 ã. Ñòðåëüöîâñêóþ ãðóïïó óðàíîâûõ 
è ìîëèáäåí­óðàíîâûõ ìåñòîðîæäåíèé [2].

Îñíîâíîå íàïðàâëåíèå äåÿòåëüíîñòè 
ïðåäïðèÿòèÿ – äîáû÷à è ïîñëåäóþùàÿ ïå­
ðåðàáîòêà óðàíîâîé ðóäû ñ âûïóñêîì êîí­
öåíòðàòà ïðèðîäíîãî óðàíà. Ïåðåðàáîòêà 
äîáûòîé ðóäû îñóùåñòâëÿåòñÿ íà ãèäðîìå­
òàëëóðãè÷åñêîì çàâîäå è íà ó÷àñòêàõ êó÷­
íîãî âûùåëà÷èâàíèÿ. Ãîòîâîé ïðîäóêöèåé 
ïðåäïðèÿòèÿ ÿâëÿåòñÿ çàêèñü­îêèñü óðàíà 
U

3
O

8
 [7].
Ãîðíî­ãåîëîãè÷åñêèå è ãîðíîòåõíè÷å­

ñêèå óñëîâèÿ çàëåãàíèÿ ðóäíûõ òåë ïðåäî­
ïðåäåëèëè ïðèìåíåíèå â êà÷åñòâå îñíîâíîé 
ñèñòåìó ðàçðàáîòêè ãîðèçîíòàëüíûìè ñëîÿ­
ìè ñ íèñõîäÿùåé âûåìêîé è òâåðäåþùåé çà­
êëàäêîé. Çàêëàäî÷íûå ìàññèâû ôîðìèðó­
þò ðàçíîïðî÷íûìè ñîñòàâàìè ñ ñîçäàíèåì 
íåñóùèõ ñëîåâ â íèæíåé ÷àñòè ïîãàøàåìûõ 
ñåêöèé, â äàëüíåéøåì ïîäðàáàòûâàåìûõ 
ñíèçó è ñáîêó [3]. Ýòà òåõíîëîãèÿ îáåñïå­
÷èâàåò áåçîïàñíîñòü î÷èñòíîé âûåìêè, â 
ò.÷. è ïî ðàäèàöèîííîìó ôàêòîðó [8]. Êðî­
ìå òîãî, îíà îòëè÷àåòñÿ âûñîêèì óðîâíåì 
èçâëå÷åíèÿ ïîëåçíîãî èñêîïàåìîãî èç íåäð.

Ýôôåêòèâíî äåéñòâîâàâøàÿ íà ïðîòÿ­
æåíèè âñåãî âðåìåíè òåõíîëîãèÿ äîáû÷è è 
ïåðåðàáîòêè óðàíîâîé ðóäû â óñëîâèÿõ ðû­
íî÷íîé ýêîíîìèêè èç­çà ðåçêîãî êîëåáàíèÿ 
öåí íà óðàí è ðîñòà ñåáåñòîèìîñòè åãî äî­
áû÷è ïåðåñòàëà óäîâëåòâîðÿòü òðåáîâàíè­
ÿì ðåíòàáåëüíîñòè ïðîèçâîäñòâà. Âûñîêàÿ 
ñåáåñòîèìîñòü îáóñëîâëåíà ñóùåñòâåííûìè 
çàòðàòàìè íà ïðèãîòîâëåíèå òâåðäåþùåé 
çàêëàäêè è ïîãàøåíèå åþ âûðàáîòàííîãî 
ïðîñòðàíñòâà [5]. Êðîìå òîãî, âåëèêè çà­

òðàòû íà çàõîðîíåíèå ðàäèîàêòèâíûõ îò­
õîäîâ, êîòîðûå â 2017 ã. ìîãóò ñîñòàâèòü 
ñâûøå 300 ìëí ð/ãîä.

Ñëåäóåò îòìåòèòü, ÷òî áîëåå ÷åì çà 
40­ëåòíèé ïåðèîä ðàáîòû ïðåäïðèÿòèÿ íà­
êîïëåíî ñâûøå 60 ìëí ò ãèäðîìåòàëëóðãè­
÷åñêèõ îòõîäîâ îáùåé ïëîùàäüþ â ïîâåðõ­
íîñòíîì êîíòóðå õâîñòîõðàíèëèùà 6 êì2. 
Ïðè ýòîì îáúåì ðàçìåùåíèÿ åæåãîäíî óâå­
ëè÷èâàåòñÿ â ñðåäíåì íà 1 ìëí ì3, ÷òî íåãà­
òèâíî âëèÿåò íà ýêîëîãèþ ðåãèîíà.

Ðàäèîàêòèâíûå îòõîäû ïðåäñòàâëÿþò 
ñîáîé áîëüøóþ óãðîçó æèçíåäåÿòåëüíîñòè 
ëþäåé êàê íåïîñðåäñòâåííî â óðàíîäîáû­
âàþùåì ðåãèîíå, òàê è ïðèëåãàþùèõ ðàé­
îíàõ. Çàäà÷à óìåíüøåíèÿ è ëèêâèäàöèè 
ïîâåðõíîñòíûõ õâîñòîõðàíèëèù ÿâëÿåòñÿ 
âåñüìà àêòóàëüíîé äëÿ óðàíîäîáûâàþùèõ 
ïðåäïðèÿòèé [9; 10].

Â öåëÿõ ñîêðàùåíèÿ îáùåé ïëîùàäè 
ïîâåðõíîñòíûõ õðàíèëèù è óìåíüøåíèÿ 
îáúåìà ñóùåñòâóþùèõ õâîñòîâûõ îòëîæå­
íèé öåëåñîîáðàçíà èõ óòèëèçàöèÿ. Èñõîäÿ èç 
îòå÷åñòâåííîãî è çàðóáåæíîãî îïûòà ïðåä­
ïðèÿòèé ãîðíîðóäíîé ïðîìûøëåííîñòè, îï­
òèìàëüíûì âàðèàíòîì óòèëèçàöèè õâîñòîâ 
ðàçëè÷íîãî òåõíîëîãè÷åñêîãî öèêëà ÿâëÿåò­
ñÿ èñïîëüçîâàíèå èõ â êà÷åñòâå êîìïîíåí­
òîâ çàêëàäî÷íîãî ìàòåðèàëà ñ ïîñëåäóþùèì 
ðàçìåùåíèåì â ïîäçåìíûõ âûðàáîòêàõ.

Ñïåöèàëèñòû Öåíòðàëüíîé íàó÷íî­èñ­
ñëåäîâàòåëüñêîé ëàáîðàòîðèè «ÏÏÃÕÎ» 
â òå÷åíèå äëèòåëüíîãî âðåìåíè ïîýòàïíî 
ïðîðàáàòûâàëè è ñîâåðøåíñòâîâàëè ýêñïå­
ðèìåíòàëüíûå ñîñòàâû çàêëàäî÷íûõ ìàòå­
ðèàëîâ íà îñíîâå ãèäðîìåòàëëóðãè÷åñêèõ 
îòõîäîâ [1]. Â ðåçóëüòàòå ÷åãî îïðåäåëå­
íû ñîñòàâû, îòâå÷àþùèå íîðìàòèâíî­òåõ­
íè÷åñêèì òðåáîâàíèÿì, äåéñòâóþùèì íà 
ïðåäïðèÿòèè.
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Ðåçóëüòàòû ëàáîðàòîðíûõ èññëåäîâà­
íèé ýêñïåðèìåíòàëüíûõ ñîñòàâîâ òâåðäåþ­
ùèõ çàêëàäî÷íûõ ñìåñåé, ïðèãîòîâëåííûõ 
ñ èñïîëüçîâàíèåì ãèäðîìåòàëëóðãè÷åñêèõ 
îòõîäîâ â êà÷åñòâå ìèêðîíàïîëíèòåëÿ, 
ïðåäñòàâëåíû â òàáë. 1–3.

Â õîäå ïðîâåäåíèÿ èññëåäîâàíèé óñòà­
íîâëåíî, ÷òî ôèçèêî­ìåõàíè÷åñêèå ñâîé­
ñòâà ýêñïåðèìåíòàëüíûõ ñîñòàâîâ òâåðäåþ­
ùèõ çàêëàäî÷íûõ ñìåñåé, ïðèãîòîâëåííûõ 
ñ èñïîëüçîâàíèåì ãèäðîìåòàëëóðãè÷åñêèõ 
îòõîäîâ â êà÷åñòâå ìèêðîíàïîëíèòåëÿ, 

óäîâëåòâîðÿþò íåîáõîäèìûì òðåáîâàíèÿì, 
ïðåäúÿâëÿåìûì ê ðåîëîãè÷åñêèì õàðàêòå­
ðèñòèêàì ïîäàâàåìîé â øàõòó çàêëàäêè. 
Ñîãëàñíî äåéñòâóþùåé íà ïðåäïðèÿòèè 
íîðìàòèâíî­òåõíè÷åñêîé äîêóìåíòàöèè, 
ðàçðàáîòàííûå ýêñïåðèìåíòàëüíûå ñî­
ñòàâû óäîâëåòâîðÿþò íåîáõîäèìûì òðå­
áîâàíèÿì è ìîãóò áûòü èñïîëüçîâàíû äëÿ 
ïîãàøåíèÿ êàìåð, îáðàçîâàâøèõñÿ ïðè 
î÷èñòíîé âûåìêå, ëèáî ïðè ïîãàøåíèè îäè­
íî÷íûõ ãîðíûõ âûðàáîòîê, íå îáíàæàåìûõ 
äàëüíåéøèìè ãîðíûìè ðàáîòàìè.

Òàáëèöà 1/Table 1
Ðåîëîãè÷åñêèå õàðàêòåðèñòèêè ýêñïåðèìåíòàëüíûõ 

ñîñòàâîâ çàêëàäî÷íûõ ñìåñåé

The rheological characteristics of the experimental
compositions of laying mixes

Ñîñòàâ ýêñïåðèìåíòàëüíîé çàêëàäî÷íîé 
ñìåñè, êã/ì3/The composition of the 

experimental filling mixture, kg/m3

Ðåîëîãè÷åñêèå õàðàêòåðèñòèêè/
Rheological characteristic

ãèäðîìå­
òàëëóð­

ãè÷åñêèå 
õâîñòû/

hydromet­
allurgical 

tails

ïåñ÷àíî­
ãðàâèéíàÿ 

ïîðîäà/sand 
and gravel

öåìåíò/
cement

âîäà/
water

ðàñòåêà­
åìîñòü, 
ìì/flow 
out, mm

ñîïðî­
òèâëåíèå 

ñäâèãó, Ïà/ 
the shear 

resistance, 
Pa

êîýô­
ôèöèåíò 
ðàññëàè­
âàåìîñòè/

factor 
peelability

êîýô­
ôèöèåíò 
ñòàðåíèÿ/

aging 
factor

1 0/2 0 1620 200 320 160 60,2 2,0 2,3
2 2,5/2 250 1173 200 395 159 44,0 3,3 3,2
3 5/2 500 594 200 520 159 44,0 3,3 3,2

4 7,5/2 750 29 200 640 163 45,9 2,7 2,1

Òàáëèöà 2/Table 2
 

Ïðî÷íîñòü íà îäíîîñíîå ñæàòèå ýêñïåðèìåíòàëüíûõ îáðàçöîâ çàêëàäî÷íûõ ñìåñåé

Strength on axial compression test of the laying mixes samples

Ñîñòàâ ýêñïåðèìåíòàëüíîé çàêëàäî÷íîé 
ñìåñè, êã/ì3/ The composition of filling 

mixturekg/m3

Ïðî÷íîñòü íà îäíîîñíîå ñæàòèå, 
ÌÏà, â ñðîê òâåðäåíèÿ / Durability on 

monoaxial compression, MPa, in time of 
curing

ãèäðîìå­
òàëëóð­

ãè÷åñêèå 
õâîñòû/

hydrometal­
lurgical tails

ïåñ÷àíî­
ãðàâèéíàÿ 

ïîðîäà/sand 
and gravel

öåìåíò/ 
cement

âîäà/
water

7 ñóò
/7 days

14 ñóò
/14 days

28 ñóò/
28 days

90 ñóò/ 
90 days

1 0/2 0 1620 200 320 1,5 2,2 3,1 3,3

2 2,5/2 250 1173 200 395 1,2 1,6 2,5 2,6
3 5/2 500 594 200 520 0,9 1,0 1,3 2,5

4 7,5/2 750 29 200 640 0,9 1,0 1,0 3,7
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Òàáëèöà 3/Table 3 

Ðàäèàöèîííîîïàñíûå ôàêòîðû, ôèêñèðóåìûå íà ïîâåðõíîñòè ýêñïåðèìåíòàëüíûõ 
îáðàçöîâ çàêëàäî÷íûõ ñìåñåé

Radiation hazardous factors, fixed on the surface of the experimental samples of laying 
mixes

Îáîçíà÷åíèå/
Designation

Ñðåäíèå çíà÷åíèÿ èçìåðåíèé
(çà ïåðèîä íàáëþäåíèÿ 180 ñóò)/Average measurement values

(during the observation period of 180 days)

α­èçëó÷åíèå, 
α­÷àñòèö* ìèí/ñì2/
α­rays, α­particles * 

min/cm2

β­èçëó÷åíèå,
β­÷àñòèö* ìèí/ñì2/

β­radiation,
β­particles * min/cm2

γ­èçëó÷åíèå,
ÌêÇâ/÷/

γ­radiation,
MSv/h

ïëîòíîñòü ïîòîêà 
ðàäîíà, ìÁê/(ì2ñ)/
radon flux density 

MBq/(m2s)

1 0/2 Õ­0/Ö­200 0,56 2,46 0,24 20,2
2 2,5/2 Õ­250/Ö­200 2,02 2,24 0,34 139,9
3 5/2 Õ­500/Ö­200 1,58 9,59 0,46 130,8
4 7,5/2 Õ­750/Ö­200 3,20 10,56 0,57 147,6

5 Õ Ãèäðîìåòàëëóð­
ãè÷åñêèå õâîñòû 8,72 43,6 0,78 264,7

Ïðè ïîãàøåíèè ïîäçåìíûõ âûðàáîòîê 
òâåðäåþùèìè ñìåñÿìè ñ ïðèìåíåíèåì â êà­
÷åñòâå èíåðòíîãî ìàòåðèàëà õâîñòîâ ãèäðî­
ìåòàëëóðãè÷åñêîãî ïåðåäåëà îæèäàåìûé 
ýêîíîìè÷åñêèé ýôôåêò ñ ó÷åòîì òàðèôà çà 
ðàçìåùåíèå ðàäèîàêòèâíûõ îòõîäîâ â ïî­
âåðõíîñòíûõ õâîñòîõðàíèëèùàõ ñîñòàâèò 
ñâûøå 50 ìëí ð/ãîä.

Òåì íå ìåíåå, ñèòóàöèÿ íà ïîäçåì­
íûõ óðàíîâûõ ðóäíèêàõ «Ïðèàðãóíñêî­
ãî ïðîèçâîäñòâåííîãî ãîðíî­õèìè÷åñêîãî 
îáúåäèíåíèÿ» äîâîëüíî ñëîæíàÿ, òàê êàê 
ãèäðîìåòàëëóðãè÷åñêèå îòõîäû – ýòî ðà­
äèîàêòèâíûå îòõîäû íèçêîé àêòèâíîñòè, 
êîòîðûå âûäåëÿþò îïàñíûé ãàç – ðàäîí. 
Ðàçìåùåíèå èõ â ïîäçåìíûõ âûðàáîòêàõ, 
â ñîñòàâàõ çàêëàäî÷íûõ ñìåñåé ïðèâåäåò ê 
óâåëè÷åíèþ ýìàíàöèè ðàäîíà â ðóäíè÷íóþ 
àòìîñôåðó [4].

Ñ öåëüþ ïðåäîòâðàùåíèÿ âîçìîæíûõ 
íåãàòèâíûõ ïîñëåäñòâèé ðàäèàöèîííîîïàñ­
íûõ ôàêòîðîâ òðåáóåòñÿ ðàçðàáîòêà êîí­
êðåòíûõ ìåð è ìåòîäîâ áîðüáû ñ ðàäîíîâû­
äåëåíèåì. Ïðè ýòîì íåîáõîäèìî ó÷åñòü, ÷òî 
êîíñòðóêòèâíûå è òåõíîëîãè÷åñêèå ðåøå­

íèÿ äîëæíû óäîâëåòâîðÿòü óñëîâèþ îòñóò­
ñòâèÿ ñâîáîäíûõ ïîâåðõíîñòåé çàëîæåííî­
ãî ìàññèâà.

Ïðè òàêîì ïîäõîäå ê ðåàëèçàöèè ìå­
ðîïðèÿòèé, íàïðàâëåííûõ íà ïîääåðæàíèå 
ñîñòîÿíèÿ ðóäíè÷íîé àòìîñôåðû íà äîëæ­
íîì ðàäèàöèîííî­áåçîïàñíîì óðîâíå, òðå­
áóåòñÿ ðàçðàáîòêà òåõíîëîãèè ãåðìåòèçà­
öèè è èçîëÿöèè çàêëàäûâàåìûõ âûðàáîòîê.

Äëÿ ðåøåíèÿ êëþ÷åâîé çàäà÷è ïî ñíè­
æåíèþ èíòåíñèâíîñòè âûäåëåíèÿ ðàäîíà 
ñïåöèàëèñòû Öåíòðàëüíîé íàó÷íî­èññëåäî­
âàòåëüñêîé ëàáîðàòîðèè è ëàáîðàòîðèè ðà­
äèàöèîííîé áåçîïàñíîñòè ÏÀÎ «ÏÏÃÕÎ» 
èññëåäîâàëè ïîëèìåðíûé èçîëèðóþùèé 
ìàòåðèàë – äâóõêîìïîíåíòíûé ãåðìåòèê, 
ïðåäñòàâëÿþùèé ñîáîé îäíîðîäíóþ êîìïî­
çèöèþ âîäíîé ýìóëüñèè ïîëèâèíèëàöåòàòà 
ñ ãèïñîâîé îñíîâîé. Ñóòü èññëåäîâàíèé çà­
êëþ÷àëàñü â ôèêñèðîâàíèè ïðîÿâëåíèÿ ðà­
äèàöèîííîîïàñíûõ ôàêòîðîâ íà ïîâåðõíî­
ñòè ñôîðìèðîâàííûõ ýêñïåðèìåíòàëüíûõ 
îáðàçöîâ çàêëàäî÷íûõ ñìåñåé äî è ïîñëå 
íàíåñåíèÿ ãåðìåòèêà [6]. Ðåçóëüòàòû ïðåä­
ñòàâëåíû â òàáë. 4.
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Òàáëèöà 4/Table 4

Âëèÿíèå ãåðìåòèêà íà èíòåíñèâíîñòü âûäåëåíèÿ ðàäîíà

Effect of sealant on the intensity of radon release

¹ 
ï/ï
/No. 
p/p

Ñåðèÿ/
øèôð

/Series/
cipher

Íàèìåíîâàíèå 
ìàòåðèàëà/Identifica­
tion of the substance

Íàëè÷èå ãåðìåòèêà, 
êîëè÷åñòâî ñëîåâ/The 

presence of the sealant, 
the number of layers

Ðåçóëüòàòû èçìåðåíèé/ 
Measurement results

ïëîòíîñòü ïîòîêà 
ðàäîíà, ìÁê/(ì2ñ)/
radon flux density 

MBq/(m2s)

îáúåìíàÿ àêòèâ­
íîñòü ðàäîíà, Áê/ì3/

radon volume 
activity, Bq/m3

1 Ò­1ðä/
T­1rd

Çàêëàäî÷íàÿ ñìåñü ñ 
óðàíîâîé ðóäîé/

Stowing mixture with ura­
nium ore

Áåç ãåðìåòèêà/
Without sealant 287,0 198169,1

Îäèí èçîëèðóþùèé ñëîé/
One insulating layer 55,8 81179,6

Äâà èçîëèðóþùèõ ñëîÿ/
Two insulating layer 13,1 23310,8

2 Ò­2õâ/
T­2hv

Çàêëàäî÷íàÿ ñìåñü ñ 
ãèäðîìåòàëëóðãè÷åñêèìè 
îòõîäàìè/Stowing mixture 
hydrometallurgical waste

Áåç ãåðìåòèêà/
Without sealant 170,7 81334,1

Îäèí èçîëèðóþùèé ñëîé/
One insulating layer 32,0 20483,2

Äâà èçîëèðóþùèõ ñëîÿ/
Two insulating layer 16,0 –

Äàííûå òàáë. 4 ñâèäåòåëüñòâóþò îá 
ýôôåêòèâíîñòè ïðèìåíåíèÿ ïîëèìåðíî­
ãî èçîëèðóþùåãî ìàòåðèàëà äëÿ ñíèæåíèÿ 
èíòåíñèâíîñòè âûäåëåíèÿ ðàäîíà. Òàê, 
íàïðèìåð, ïðè íàíåñåíèè îäíîãî ñëîÿ ãåð­
ìåòèêà òîëùèíîé äî 2 ìì íà ïîâåðõíîñòü 
ýêñïåðèìåíòàëüíûõ îáðàçöîâ çàêëàäî÷íîãî 
ìàòåðèàëà ïëîòíîñòü ïîòîêà ðàäîíà óìåíü­
øèëàñü â ñðåäíåì â 5 ðàç, à ïðè ïîâòîðíîì 
íàíåñåíèè – äî 22 ðàç. Îáúåìíàÿ àêòèâ­
íîñòü ðàäîíà ïðè íàíåñåíèè äâóõ ñëîåâ îá­
ùåé òîëùèíîé äî 4 ìì óìåíüøèëàñü â ñðåä­
íåì ïî äâóì îáðàçöàì â 8 ðàç.

Òàêèì îáðàçîì, ïðîâåäåííûå èññëå­
äîâàíèÿ ïîêàçàëè, ÷òî ïî ïðî÷íîñòíûì è 

ðåîëîãè÷åñêèì õàðàêòåðèñòèêàì èñïîëü­
çîâàíèå îòõîäîâ ãèäðîìåòàëëóðãè÷åñêîé 
ïåðåðàáîòêè óðàíîâûõ ðóä òåõíè÷åñêè 
âîçìîæíî ïðè óñëîâèè ãåðìåòèçàöèè çà­
ëîæåííîãî ìàññèâà èñïûòàííûì èçîëè­
ðóþùèì ìàòåðèàëîì ñ öåëüþ ñíèæåíèÿ 
ýìàíàöèè ðàäîíà â ðóäíè÷íóþ àòìîñ­
ôåðó.

Â çàäà÷è äàëüíåéøèõ èññëåäîâàíèé 
âõîäèò ðàçðàáîòêà òåõíîëîãèè ïðèãîòîâ­
ëåíèÿ è äîñòàâêè çàêëàäî÷íûõ ñìåñåé äî 
ïîãàøàåìûõ âûðàáîòîê, åå îïûòíî­ïðî­
ìûøëåííûå èñïûòàíèÿ è âíåäðåíèå íà ðóä­
íèêàõ ÏÀÎ «ÏÏÃÕÎ».
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