
Äëÿ äåÿêèõ ð³çíîâèä³â êàì’ÿíîãî âóã³ëëÿ
õàðàêòåðíèé âì³ñò ðîçñ³ÿíèõ ðàä³îàêòèâíèõ
³çîòîï³â óðàíó, òîð³þ ³ êàë³þ. Ï³ä ÷àñ ñïàëþâàí-
íÿ âóã³ëëÿ âåëèêà ÷àñòèíà óðàíó, òîð³þ òà ïðî-
äóêò³â ¿õ ðîçïàäó âèä³ëÿºòüñÿ ç âèõ³äíî¿ ìàòðèö³
âóã³ëëÿ òà ðîçïîä³ëÿºòüñÿ ì³æ ãàçîâîþ òà òâåð-

äîþ ôðàêö³ÿìè. Êð³ì äèìîâèõ ãàç³â, äî îñíîâíèõ
äæåðåë íàäõîäæåííÿ ðàä³îíóêë³ä³â ó íàâêîëèøíº
ñåðåäîâèùå ïðè ñïàëþâàíí³ âóã³ëëÿ íà åëåêòðî-
ñòàíö³ÿõ â³äíîñÿòü ðîçïîâñþäæåííÿ ÷àñòèíîê
âóã³ëëÿ ç â³äêðèòèõ ìàéäàí÷èê³â: âóãëåñõîâèù òà
çîëîâ³äâàë³â. Äæåðåëà [1–3] âêàçóþòü íà àêòó-
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Äîñë³äæåííÿ ïðîöåñó ³ììîá³ë³çàö³¿
çîëüíèõ çàëèøê³â îá’ºêò³â åíåðãåòèêè

â åëåêòðîòåðì³÷íîìó ïñåâäîçð³äæåíîìó øàð³

Ñï³âðîá³òíèêàìè ²íñòèòóòó ãàçó ÍÀÍ Óêðà¿íè ñï³ëüíî ç³ ñï³âðîá³òíèêàìè ²íñòèòóòó ïðî-
áëåì áåçïåêè ÀÅÑ ÍÀÍ Óêðà¿íè, ÍÍÖ «Õàðê³âñüêèé ô³çèêî-òåõí³÷íèé ³íñòèòóò» òà
²íñòèòóòó ÿäåðíèõ äîñë³äæåíü ÍÀÍ Óêðà¿íè çä³éñíþþòüñÿ äîñë³äæåííÿ ç ðîçðîáëåííÿ
òåõíîëîã³¿ ³ììîá³ë³çàö³¿ ðàä³îàêòèâíèõ ìàòåð³àë³â, ùî óòâîðþþòüñÿ ïðè åêñïëóàòàö³¿ òà
àâàð³ÿõ íà îá’ºêòàõ åíåðãåòèêè. ßê ìîäåëü ðàä³îàêòèâíî¿ çîëè àâòîðè âèêîðèñòîâóâàëè
çîëüí³ çàëèøêè âóã³ëüíî¿ òåïëîåíåðãåòèêè, ÿê³ ïîòåíö³éíî ìîæóòü áóòè äæåðåëàìè
³îí³çóþ÷îãî âèïðîì³íþâàííÿ. Â ðåçóëüòàò³ ñåð³¿ äîñë³ä³â íà ñïåö³àëüíî ñòâîðåí³é ëàáîðà-
òîðí³é óñòàíîâö³ ç åëåêòðîòåðì³÷íèì ïñåâäîçð³äæåíèì øàðîì âäàëîñÿ íàíåñòè ï³ðî-
âóãëåöåâå ïîêðèòòÿ íà äàíèé òèï çîëè. Ï³ñëÿ ïîêðèòòÿ ÷àñòèíîê çîëè ï³ðîâóãëåöåì
³îí³çóþ÷å �-âèïðîì³íþâàííÿ çíèçèëîñÿ ïðèáëèçíî íà 30–35 %, �-àêòèâí³ñòü çìåíøèëàñÿ
íà 28 %. Òåðì³÷íèé êîåô³ö³ºíò êîðèñíî¿ ä³¿ ïðîöåñó ï³ðîë³çó ìåòàíó íà äàí³é óñòàíîâö³ ó
ñåðåäíüîìó ñêëàäàº 8–12 %. Ïðîâåäåí³ äîñë³äæåííÿ âêàçóþòü íà ïåðñïåêòèâí³ñòü ³ììî-
á³ë³çàö³¿ çîëüíèõ çàëèøê³â àòîìíî¿ òà òåïëîâî¿ åíåðãåòèêè êàïñóëþâàííÿì ¿õ ï³ðî-
âóãëåöåì ó åëåêòðîòåðì³÷íîìó ïñåâäîçð³äæåíîìó øàð³. Á³áë. 9, ðèñ. 4, òàáë. 1.
Êëþ÷îâ³ ñëîâà: åêîëîã³ÿ åíåðãåòèêè, çîëà, ï³ðîâóãëåöü, ³ììîá³ë³çàö³ÿ.



àëüí³ñòü ö³º¿ ïðîáëåìè ó áàãàòüîõ êðà¿íàõ, äå
ôóíêö³îíóº âóã³ëüíà òåïëîåíåðãåòèêà.

Îäíèì ç íàéá³ëüø åôåêòèâíèõ ìåòîä³â äëÿ
ïåðåðîáêè òà êîíäèö³þâàííÿ ãîðþ÷èõ òâåðäèõ
ðàä³îàêòèâíèõ â³äõîä³â (ÒÐÂ) º ¿õ ñïàëþâàííÿ.
Óñòàíîâêè ç³ ñïàëþâàííÿ ÒÐÂ ïðàöþþòü â Óê-
ðà¿í³, Ðîñ³¿, Ôðàíö³¿, Êàíàä³, ßïîí³¿, Í³-
ìå÷÷èíè, Øâåéöàð³¿ òà ³íøèõ êðà¿íàõ. Ïðîöåñ
ñïàëþâàííÿ ÒÐÂ äàº ìîæëèâ³ñòü çìåíøèòè ¿õ
îá’ºì ó 20–100, à ìàñó ó 10–20 ðàç³â. Ó á³ëü-
øîñò³ âèïàäê³â òåìïåðàòóðà ñïàëþâàííÿ äîñÿãàº
900–1000 �Ñ. Ó ðåçóëüòàò³ ñïàëþâàííÿ ÒÐÂ
óòâîðþºòüñÿ çîëà, ÿêà ì³ñòèòü äî 90 % óñ³õ
ðàä³îàêòèâíèõ åëåìåíò³â. Îñíîâíà ïðîáëåìà ïî-
ëÿãàº ó ëåòþ÷îñò³ çîëè, ùî ðîáèòü ïðîáëåìà-

òè÷íèì ¿¿ òðèâàëå çáåð³ãàííÿ. Äëÿ âèð³øåííÿ
ö³º¿ ïðîáëåìè çîëó öåìåíòóþòü, îñêëîâóþòü àáî
ââîäÿòü äî ñêëîêåðàì³÷íî¿ ìàòðèö³ [4]. Àëüòåð-
íàòèâîþ íàâåäåíèì âèùå ìåòîäèêàì ³ììî-
á³ë³çàö³¿ ðàä³îàêòèâíî¿ çîëè ìîæå áóòè âèêîðè-
ñòàííÿ ïðîöåñó ãàçîôàçíîãî óù³ëüíåííÿ ¿¿
ï³ðîâóãëåöåì [5].

Ãîëîâíèì çàâäàííÿì äàíî¿ ðîáîòè áóëî äî-
ñë³äèòè ïðîöåñ ³ììîá³ë³çàö³¿ çîëüíèõ çàëèøê³â
âóã³ëüíî¿ ÒÅÖ êàïñóëþâàííÿì ¿õ ï³ðîâóãëåöåì
ï³ä ÷àñ ï³ðîë³çó âóãëåâîäíåâèõ ãàç³â ó åëåêòðî-
òåðì³÷íîìó ïñåâäîçð³äæåíîìó øàð³ (ÅÒÏØ).

Ó ðàìêàõ çàïðîïîíîâàíîãî ï³äõîäó áóëî
âèêîðèñòàíî ìåòîäè äîñë³äæåííÿ, ùî ´ðóíòó-
þòüñÿ íà åêñïåðèìåíòàëüíîìó âèçíà÷åíí³ ìîæ-
ëèâîñò³ ³ììîá³ë³çàö³¿ çîëè êàïñóëþâàííÿì ¿¿
ï³ðîâóãëåöåì ó ðåàêòîð³ ç ÅÒÏØ òà ïîäàëüøèì
äîñë³äæåííÿì îáðîáëåíîãî ìàòåð³àëó íà ïðåä-
ìåò çìåíøåííÿ ³îí³çóþ÷îãî âèïðîì³íþâàííÿ.
ßê ìîäåëü çîëè ³ç ÒÐÂ âèêîðèñòîâóâàëè çîëü-
íèé çàëèøîê âóã³ëüíî¿ ÒÅÖ. Ì³êðîñêîï³÷íèé
àíàë³ç ïðîâîäèëè çà äîïîìîãîþ òàêîãî îáëàä-
íàííÿ: ñêàíóþ÷èé åëåêòðîííèé ì³êðîñêîï ç
åíåðãîäèñïåðñ³éíèì ì³êðîàíàë³çàòîðîì ÐÅÌ
106È, ïðîñâ³÷óþ÷èé åëåêòðîííèé ì³êðîñêîï
ÏÅÌ-Ó, ðåíòãåíîôëóîðåñöåíòíèé åêñïðåñ-àíà-
ë³çàòîð EXPERT 3L. Âèçíà÷åííÿ ù³ëüíîñò³
³îí³çóþ÷îãî âèïðîì³íþâàííÿ ïðîâîäèëè çà äî-
ïîìîãîþ òàêèõ ïðèëàä³â: ðàä³îìåòð LB-2046,
äîçèìåòð-ðàä³îìåòð ÌÊÑ-07 «Ïîøóê». Äëÿ
àíàë³çó åôåêòèâíîñò³ òåïëîâèõ ïðîöåñ³â òà ðå-
æèì³â ðîáîòè âèêîðèñòîâóþòüñÿ çàêîíè òåðìî-
äèíàì³êè òà ìåòîäè òåîð³¿ òåïëîìàñîîáì³íó.

Äëÿ ïðîâåäåííÿ ïðîöåñó êàïñóëþâàííÿ çî-
ëè ç ÒÅÖ áóëà ñòâîðåíà ëàáîðàòîðíó óñòàíîâêó
ç ÅÒÏØ (ðèñ.1).

Ðåàêòîð ïðàöþº òàêèì ÷èíîì. ×åðåç ãàçî-
ïðîâ³äíó òðóáêó 1 íà ãàçîðîçïîä³ëüíèé êîâïà-
÷îê 2 ïîäàþòü ñóì³ø ìåòàíó òà àçîòó, ùî ñòâî-
ðþº ïñåâäîçð³äæåíèé øàð 3 ç ÷àñòèíîê çîëè ç
ÒÅÖ. Ðåàêö³éíó çîíó ðåêòîðà íàãð³âàþòü ïðî-
ïóñêàííÿì ñòðóìó ÷åðåç í³êåëü-õðîìîâó îá-
ìîòêó (íàãð³âà÷) 4, òåìïåðàòóðó âèì³ðþþòü
òåðìîïàðîþ 5.

Ïðèíöèïîâà òåõíîëîã³÷íà ñõåìà óñòàíîâêè
íàâåäåíà íà ðèñ.2.

Óñòàíîâêà ïðàöþº òàêèì ÷èíîì. Â³äêðè-
âàþ÷è ðåäóêòîð íà áàëîí³ 1 òà âåíòèëü 2, ÷åðåç
ðîòàìåòð 3 äëÿ ñòâîðåííÿ ïñåâäîçð³äæåíîãî øà-
ðó òà ³íåðòíî¿ àòìîñôåðè ïîäàþòü àçîò ó ðåàê-
òîð 5. Ï³ñëÿ ïðîõîäæåííÿ ðåàêòîðà 5 ÷åðåç ãà-
çîïðîâ³äíó òðóáêó 6 àçîò âèõîäèòü íà âèòÿæêó
7. Âìèêàþ÷è âèìèêà÷ 8, ÷åðåç ñèëîâèé òðàíñ-
ôîðìàòîð 9 ïîäàþòü íàïðóãó íà íàãð³âà÷ ðåàê-
òîðà 5. Ï³ñëÿ âèõîäó íà òåìïåðàòóðíèé ðåæèì ç
ìàã³ñòðàëüíîãî ãàçîïðîâîäó 10, â³äêðèâàþ÷è
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Ðèñ.1. Ñõåìà ðåàêòîðó ëàáîðàòîðíî¿ óñòàíîâêè ç ÅÒÏØ äëÿ
ïðîâåäåííÿ ïðîöåñó ³ììîá³ë³çàö³¿ çîëè âóã³ëüíî¿ ÒÅÖ: 1 —
ãàçîïðîâ³äíà òðóáêà; 2 — ãàçîðîçïîä³ëüíèé êîâïà÷îê; 3 —
ïñåâäîçð³äæåíèé øàð ç ÷àñòèíîê çîëè; 4 — íàãð³âà÷; 5 —
òåðìîïàðà.

Ðèñ.2. Ïðèíöèïîâà òåõíîëîã³÷íà ñõåìà ëàáîðàòîðíî¿ óñòàíîâêè
äëÿ ïðîâåäåííÿ ïðîöåñó ³ììîá³ë³çàö³¿ çîëè âóã³ëüíî¿ ÒÅÖ: 1 —
áàëîí ç àçîòîì; 2, 11 — âåíòèë³; 3, 12 — ðîòàìåòðè; 4 — ãàçî-
ïðîâ³äíà òðóáêà; 5 — ðåàêòîð ç ÅÒÏØ; 6 — òðóáêà äëÿ âèõîäó
ãàçó; 7 — âèòÿæêà; 8 — âèìèêà÷; 9 — ñèëîâèé òðàíñôîðìàòîð.



âåíòèëü 11, ÷åðåç ðîòàìåòð 12 òà ãàçîïðîâ³äíó
òðóáêó 4 äëÿ ïðîâåäåííÿ ïðîöåñó ï³ðîë³çó â ðå-
àêòîð³ 5 ïîäàþòü ìåòàí, ùî ïîñòóïîâî çàì³ùóº
àçîò. Âèòðàòó àçîòó òà ìåòàíó âèì³ðþþòü ðîòà-
ìåòðàìè 3 òà 12.

Ðîáî÷³ ïàðàìåòðè ïðîöåñó ³ììîá³ë³çàö³¿ çî-
ëè âóã³ëüíî¿ ÒÅÖ íàâåäåí³ íèæ÷å:

Ó ðåçóëüòàò³ ñåð³¿ åêñïåðèìåíò³â íàíåñåíî
ï³ðîâóãëåöåâå ïîêðèòòÿ íà äàíèé òèï çîëè. Ç
ðèñ.3 ìîæíà çàçíà÷èòè, ùî çîëà çì³íèëà ñâîþ
ñòðóêòóðó çàâäÿêè êàïñóëþâàííþ ï³ðîâóãëåöåì.
Â³í ïðàêòè÷íî ïîâí³ñòþ ïîêðèâàº ïîâåðõíþ ÷àñ-
òèíîê çîëè. Ïðè á³ëüøîìó çá³ëüøåíí³ ìîæíà
â³äì³òèòè ôðàãìåíò íåîáðîáëåíî¿ ÷àñòèíè çîëè.

Ðåçóëüòàòè âèì³ðþâàííÿ ³îí³çóþ÷îãî âè-
ïðîì³íþâàííÿ íàâåäåí³ ó òàáëèö³.

ßê âèäíî ç òàáëèö³, ï³ñëÿ ïîêðèòòÿ ÷àñòè-
íîê çîëè ï³ðîâóãëåöåì ³îí³çóþ÷å �-âèïðîì³-
íþâàííÿ çíèçèëîñÿ ïðèáëèçíî íà 35–40 %,
�-àêòèâí³ñòü çìåíøèëàñÿ íà 28 %.

Ï³ä ÷àñ ïðîâåäåííÿ ïðîöåñó ÷àñòèíà âè-
õ³äíî¿ çîëè áóëà âèíåñåíà ç ðåàêòîðà ïîòîêîì
ìåòàíó. Ó ïîäàëüøîìó öþ ïðîáëåìó ìîæíà áó-
äå âèð³øèòè âñòàíîâëåííÿì ìåìáðàí, ÿê³ ïðî-
ïóñêàþòü ëèøå ãàçîâó ôàçó.

Äëÿ ìîäåëþâàííÿ íåîáõ³äíî¿ ê³ëüêîñò³ òåï-
ëîòè äëÿ ïðîâåäåííÿ ïðîöåñó ï³ðîë³çó ìåòàíó
âèêîðèñòîâóþòü ð³âíÿííÿ, ÿêå ñòâîðåíå íà îñ-
íîâ³ òåïëîâîãî áàëàíñó:
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Ìàñà çàâàíòàæåíî¿ çîëè – 0,2 êã

Åëåêòðè÷íèé ñòðóì ì³æ
åëåêòðîäàìè

– âèïðÿìëåíèé

Ñèëà ñòðóìó – 0–35 À

Íàïðóãà – 30–55 Â

Òåìïåðàòóðà ïðîöåñó – 1073–1473 Ê

Òðèâàë³ñòü îáðîáêè
ìàòåð³àëó

– 1 ãîä

Âèòðàòà àçîòó – 0,002 ì3/ãîä

Âèòðàòà ìåòàíó – 0,07–0,1 ì3/ãîä

Çíà÷åííÿ ³îí³çóþ÷îãî âèïðîì³íþâàííÿ

Ìàòåð³àë �-àêòèâ-
í³ñòü, cps

�-âèïðîì³íþ-
âàííÿ, ÷àñòè-
íîê íà ñì2/ñ

�-âèïðîì³íþ-
âàííÿ,

ìêÇâ/ãîä

Âèõ³äíà çîëà 7,78.10–3 10–14 ôîíîâ³
çíà÷åííÿ

Çîëà, ïîêðèòà
ï³ðîâóãëåöåì

5,56.10–3 6–8 ôîíîâ³
çíà÷åííÿ

Ïðèì³òêà. Ï³ðîâóãëåöü — 13 % (ìàñ.)

Ðèñ.3. Ðåçóëüòàòè ì³êðîñêîï³÷íîãî äîñë³äæåííÿ ïðîöåñó ³ììîá³ë³çàö³¿ çîëüíèõ çàëèøê³â âóã³ëüíî¿ ÒÅÖ.
Çá³ëüøåííÿ çðàçê³â: ãðóïè I — 50; II — 100; III — 250.

Ãðóïà Âèõ³äíà çîëà
Çîëà, ïîêðèòà ï³ðîâóãëåöåì

(ï³ðîâóãëåöü — 13 %
(ìàñ.))

Âèõ³äíà çîëà (ðåæèì
ïðîñâ³÷óâàííÿ)

Çîëà, ïîêðèòà ï³ðîâóã-
ëåöåì ( ï³ðî âóãëåöü —

13 %(ìàñ.)) (ðåæèì
ïðîñâ³÷óâàííÿ)

I

II
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äå Q0Tz ðîçð — ê³ëüê³ñòü òåïëîòè, ÿêó íåîáõ³äíî
ââåñòè äëÿ ïðîâåäåííÿ ïðîöåñó ïðè Òz, Âò; GÀ —
âèòðàòà àçîòó, ì3/ãîä; ÑÀ(Tz) — òåïëîºìê³ñòü
àçîòó â çàëåæíîñò³ â³ä òåìïåðàòóðè ïðîöåñó,
êêàë/(ì3.Ê); Tz — òåìïåðàòóðà ïðîöåñó, K; Ò0À
— âèõ³äíà òåìïåðàòóðà àçîòó, Ê; k — êîåô³ö³ºíò
ïåðåâåäåííÿ êêàë/ãîä ó Âò, k = 1,162; GCH4 —
âèòðàòà ìåòàíó, ì3/ãîä; ÑÑÍ4(Tz) — òåïëî-
ºìê³ñòü ìåòàíó â çàëåæíîñò³ â³ä òåìïåðàòóðè
ïðîöåñó, êêàë/(ì3.Ê); Ò0ÑÍ4 — âèõ³äíà òåìïåðà-
òóðà ìåòàíó, Ê; �Í298ÑH4 — òåïëîòà óòâîðåííÿ
ìåòàíó, êêàë/êã; mçîëè — ìàñà çàâàíòàæåíî¿
çîëè, êã; Ñçîëè.(Tz) — òåïëîºìê³ñòü çîëè â çàëåæ-
íîñò³ â³ä òåìïåðàòóðè ïðîöåñó, êêàë/(êã.Ê);
Ò0çîëè — âèõ³äíà òåìïåðàòóðà çîëè, Ê; � — ÷àñ
îáðîáêè çîëè, ãîä; Ò0 — òåìïåðàòóðà çîâí³øíüîãî
ñåðåäîâèùà, Ê; L1, F1 — äîâæèíà òà ïëîùà ñò³í-
êè ðåàêòîðó, âèãîòîâëåíîãî ç êâàðöîâîãî ñêëà, ì
òà ì2 â³äïîâ³äíî; 
êñ — òåïëîïðîâ³äí³ñòü êâàð-
öîâîãî ñêëà, Âò/(ì.Ê); L2, F2 — äîâæèíà òà
ïëîùà òåïëî³çîëÿö³¿, âèãîòîâëåíî¿ ç òåðìîñò³éêî¿
âàòè, ì òà ì2 â³äïîâ³äíî; 
òâ — òåïëîïðîâ³äí³ñòü
òåðìîñò³éêî¿ âàòè, Âò/(ì.Ê); �ãð — êîåô³ö³ºíò
òåïëîâ³ääà÷³ ãðàô³òó, Âò/(ì2.Ê); F3 — ïëîùà
ãðàô³òîâî¿ ï³äêëàäêè ó ðîáî÷³é çîí³, ì2.
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Ðåçóëüòàòè ìîäåëþâàííÿ âèçíà÷åí³ ïóíê-
òèðíîþ ë³í³ºþ íà ðèñ.4.

Åêñïåðèìåíòàëüí³ çíà÷åííÿ ê³ëüêîñò³ ââåäå-
íî¿ òåïëîòè (Q0Tz_åêñï) äëÿ ðåàêòîð³â ç ÅÒÏØ,
â³äïîâ³äíî äî [6, 7], âèçíà÷àºòüñÿ çà âîëüò-àì-
ïåðíîþ õàðàêòåðèñòèêîþ (åëåêòðè÷íîþ ïîòóæ-
í³ñòþ):

Tz_åêñï. = ²Tz_åêñï UTz_åêñï, (2)

äå ²Tz_åêñï, UTz_åêñï — â³äïîâ³äíî ñèëà ñòðóìó,
À òà íàïðóãà Â, ÿê³ âèçíà÷àëèñÿ çà ðåàëüíèìè
ïîêàçíèêàìè âîëüòìåòðà òà àìïåðìåòðà ï³ä ÷àñ
åêñïåðèìåíòó.

Â³äïîâ³äíî äî ðèñ.4 â³äñë³äêîâóºòüñÿ äè-
íàì³êà ñï³âïàä³ííÿ ìàòåìàòè÷íîãî ìîäåëþâàííÿ
òà åêñïåðèìåíòàëüíèõ äàíèõ. Ìàêñèìàëüíå
â³äõèëåííÿ — äî 33 %, ñåðåäíº â³äõèëåííÿ —
7–9 %, ùî ñâ³ä÷èòü ïðî àäåêâàòí³ñòü ìàòåìàòè÷-
íî¿ ìîäåë³ ê³ëüêîñò³ òåïëîòè, íåîáõ³äíî¿ äëÿ
ïðîâåäåííÿ ïðîöåñó.

Òåðì³÷íèé êîåô³ö³ºíò êîðèñíî¿ ä³¿ ïðîöåñó
ó äàí³é ëàáîðàòîðí³é óñòàíîâö³ ìîæíà âèçíà÷è-
òè òàêèì ÷èíîì:
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Ï³ñëÿ ïðîâåäåíèõ ðîçðàõóíê³â �òåðì ó ñå-
ðåäíüîìó ñêëàäàº 8–12 %. Ï³äâèùåííÿ äàíîãî
ïîêàçíèêà ìîæëèâå çá³ëüøåííÿì òåïëî³çîëÿö³¿
ðåàêòîðà.

Âèñíîâêè

Çàïðîïîíîâàíèé òà îá´ðóíòîâàíèé ìåòîä
³ììîá³ë³çàö³¿ ðàä³îàêòèâíî¿ çîëè êàïñóëþâàí-
íÿì ¿¿ ï³ðîâóãëåöåì.

Ðîçðîáëåíî êîíñòðóêö³þ òà ñòâîðåíî ëàáî-
ðàòîðíó óñòàíîâêó ç ÅÒÏØ äëÿ ïðîâåäåííÿ äà-
íîãî ïðîöåñó.

Ó ðåçóëüòàò³ ïðîâåäåíèõ åêñïåðèìåíò³â íà-
íåñåíî ï³ðîâóãëåöåâå ïîêðèòòÿ íà çîëó âóã³ëüíî¿
ÒÅÖ (ìîäåëü çîëè ÒÂÐ). �òåðì.Tz ïðîöåñó ï³ðî-
ë³çó ìåòàíó ó ñåðåäíüîìó ñêëàäàº 8–12 %. Äî
òåõíîëîã³÷íèõ ïðîáëåì ðîçâèòêó äàíî¿ òåõíî-
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Ðèñ.4. Ñï³âñòàâëåííÿ çìîäåëüîâàíîãî çíà÷åííÿ íåîáõ³äíî¿
ê³ëüêîñò³ òåïëîòè äëÿ ïðîâåäåííÿ ïðîöåñó ³ììîá³ë³çàö³¿ çî-
ëè ÒÅÖ (÷îðí³ òðèêóòíèêè) ç åêñïåðèìåíòàëüíèìè ïîêàçíè-
êàìè (á³ë³ òðèêóèíèêè) òåïëîâî¿ ïîòóæíîñò³.



ëîã³¿ ìîæíà â³äíåñòè âèñîêèé ð³âåíü âèíîñó çîëè
ç àïàðàòó ÅÒÏØ, îäíàê äàíà ïðîáëåìà ìîæå áó-
òè âèð³øåíà çàñòîñóâàííÿì ìåìáðàí, ÿê³ ðîçä³-
ëÿþòü ãàçîâó òà òâåðäó ôàçè ïñåâäîçð³äæåíîãî
øàðó íà âèõîä³ ç ðåàêòîðà ÅÒÏØ.

Îäåðæàíèé ìàòåð³àë âèâ÷åíî çà äîïîìîãîþ
ìåòîä³â ì³êðîñêîï³¿. Ïîêàçàíî, ùî çîëà çì³íèëà
ñâîþ ñòðóêòóðà çàâäÿêè êàïñóëþâàííþ ï³ðîâóã-
ëåöåì. Ï³ðîâóãëåöü ïðàêòè÷íî ïîâí³ñòþ ïîêðè-
âàº ïîâåðõíþ ÷àñòèíîê çîëè.

Ïðîâåäåíà îö³íêà ðàä³àö³éíî-çàõèñíèõ âëà-
ñòèâîñòåé ïîêðèòò³â. Ïîêàçàíî, ùî ï³ñëÿ ïî-
êðèòòÿ ÷àñòèíîê çîëè ï³ðîâóãëåöåì ³îí³çóþ÷å
�-âèïðîì³íþâàííÿ çíèçèëîñÿ ïðèáëèçíî íà
30–35 %, �-àêòèâí³ñòü çìåíøèëàñÿ íà 28 %.

Ñåðåä ìîæëèâèõ ïîäàëüøèõ øëÿõ³â âèêîðè-
ñòàííÿ çîëè, êàïñóëüîâàíî¿ ï³ðîâóãëåöåì, ìîæíà
â³äì³òèòè âèêîðèñòàííÿ äàíîãî ìàòåð³àëó ÿê
ôîðìóâàëüíî¿ ñóì³ø³ äëÿ ëèâàðíî¿ ãàëóç³.

Ïðîâåäåí³ äîñë³äæåííÿ âêàçóþòü íà ïåð-
ñïåêòèâí³ñòü ³ììîá³ë³çàö³¿ çîëüíèõ çàëèøê³â
àòîìíî¿ òà òåïëîâî¿ åíåðãåòèêè êàïñóëþâàííÿì
ï³ðîâóãëåöåì ó åëåêòðîòåðì³÷íîìó ïñåâäîçð³ä-
æåíîìó øàð³.

Àâòîðè âèñëîâëþþòü ïîäÿêó çàâ³äóâà÷ó
Öåíòðó åêîëîã³÷íèõ ïðîáëåì àòîìíî¿ åíåðãåòèêè
²íñòèòóòó ÿäåðíèõ äîñë³äæåíü ÍÀÍ Óêðà¿íè
Â.Â.Òðèøèíó çà äîïîìîãó â ïðîâåäåíí³ âèì³ð³â
àëüôà-àêòèâíîñò³.

Ñïèñîê ë³òåðàòóðè

1. Ìàóðè÷åâà Ò.Ñ. Êîëè÷åñòâåííàÿ îöåíêà ïîñòóïëå-
íèÿ ðàäèîíóêëèäîâ â îêðóæàþùóþ ñðåäó ïðè ðà-
áîòå óãîëüíûõ ÒÝÖ (íà ïðèìåðå ÒÝÖ-1 ã. Ñåâåðî-

äâèíñêà) : Àâòîðåô. äèñ. ... êàíä. ãåîëîãî-ìèíåðà-
ëîã. íàóê. Ì., 2007. 20 ñ.

2. Amin Y.M., Mayeen Ud. Kh., Shyen A.K., Mahat
R.H., Nor R.M., Bradley D.A. Radionuclide emis-
sions from a coal-fired power plant. Journal of Ra-
diation and Isotopes. 2013. ¹ 80. P. 109–116.

3. Äàâààñóðýí Ä., ×îíîõóó Ñ., Áÿìáà Î., Äîðæñóðýí
Á., Ãàíõóðýë Á., Ãàíõóÿã Õ., Ãýðýëìàà Ò. Âîçäåéñò-
âèå íà îêðóæàþùóþ ñðåäó çîëüíîãî õðàíèëèùà òå-
ïëîâîé ýëåêòðîñòàíöèè íà ïðèìåðå Ìîíãîëèè. Ìî-
ëîäîé ó÷åíûé. 2015. ¹ 22. Ñ. 63–70.

4. Êëþ÷íèêîâ À.À., Ïàçóõèí Ý.Ì., Øèãåðà Þ.Ì.,
Øèãåðà Â.Þ. Ðàäèîàêòèâíûå îòõîäû ÀÝÑ è ìåòî-
äû îáðàùåíèÿ ñ íèìè. Êèåâ : Èíñòèòóò ïðîáëåì
áåçîïàñíîñòè ÀÝÑ ÍÀÍ Óêðàèíû, 2005. 487 ñ.

5. Ãóðèí È.Â., Ãóðèí Â.À., Ñàåíêî Ñ.Þ., Ãóéäà
Â.Â., Ãóðèíà Å.Â. Î âîçìîæíîñòè èñïîëüçîâàíèÿ
ïèðîóãëåðîäíîé ìàòðèöû äëÿ îáðàòèìîé èììîáè-
ëèçàöèè ðàäèîàêòèâíûõ îòõîäîâ. Âîïðîñû àòîì-
íîé íàóêè è òåõíèêè. 2013. ¹ 5. Ñ. 74–78.

6. Áîãîìîëîâ Â.À. Èññëåäîâàíèå ïðîöåññà è ðàçðàáîòêà
òåõíîëîãèè ïèðîëèçà ïðèðîäíîãî ãàçà â äèñïåðñíûõ ñðå-
äàõ : Àâòîðåô. äèñ. … êàíä. òåõí. íàóê. Ê., 1982. 21 ñ.

7. Êîæàí À.Ï. Èññëåäîâàíèå ýëåêòðîòåðìè÷åñêèõ ïñåâ-
äîîæèæåííûõ ñèñòåì (ïðèìåíèòåëüíî ê âûñîêîòåìïå-
ðàòóðíîé ïåðåðàáîòêå ïðèðîäíîãî ãàçà) : Àâòîðåô.
äèñ. ... êàíä. òåõí. íàóê. 05.14.13. Ê., 1978. 28 ñ.

8. Ïàò. 134617 Óêðà¿íà, ÌÏÊ G 21 F 9/16. Ñïîñ³á
³ììîá³ë³çàö³¿ ðàä³îàêòèâíèõ â³äõîä³â. Ê.Â.Ñ³ìåéêî,
Ñ.Â.Êóïð³ÿí÷óê, Þ.Ì.Ñòåïàíåíêî, Î.Ï.Êîæàí,
Â.Ì.Äì³òð³ºâ, ².Î.Ïèñàðåíêî, Ì.À.Ñèäîðåíêî, ß.Î.
²âà÷ê³í, Î.Â.Ìàðàñ³í, Ð.ª.×óìàê; çàÿâíèê ³ ïàòåíòî-
âëàñíèê: ²íñòèòóò ãàçó ÍÀÍÓ. ¹ u201812787. çàÿâë.
22.12.2018; îïóáë. 27.05.2019, Áþë. ¹ 10.

9. Ìèðîíîâà Ì.Â. Íàíîäèñïåðñíûé ïèðîóãëåðîä —
îñíîâíàÿ äîáàâêà â ôîðìîâî÷íûå ñìåñè íà áàçå
ðå÷íîãî ïåñêà. Ïîëçóíîâñêèé àëüìàíàõ. 2009.
Ò. 2, ¹ 3. Ñ. 245–246.

54 ISSN 2413-7723. Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåæåíèå. 2019. ¹ 4

Íàä³éøëà äî ðåäàêö³¿ 09.10.19

Ñåìåéêî Ê.Â.1, êàíä. òåõí. íàóê, Êóïðèÿí÷óê Ñ.Â.2,
Ñòåïàíåíêî Þ.Í.3, êàíä. ôèç.-ìàò. íàóê, Èâà÷êèí ß.Î.1,

Ñàåíêî Ñ.Þ.4, äîêò. òåõí. íàóê, Óëûáêèíà Ê.À.4
1 Èíñòèòóò ãàçà ÍÀÍ Óêðàèíû, Êèåâ
óë. Äåãòÿðåâñêàÿ, 39, 03113 Êèåâ, Óêðàèíà, e-mail: k_simeyko@ukr.net
2 Èíñòèòóò ïðîáëåì áåçîïàñíîñòè ÀÝÑ ÍÀÍ Óêðàèíû, ×åðíîáûëü
óë. Êèðîâà, 36à, 07270 ×åðíîáûëü, Êèåâñêàÿ îáë., Óêðàèíà, e-mail:kupriianchuk.s@gmail.com
3 Èíñòèòóò ÿäåðíûõ èññëåäîâàíèé ÍÀÍ Óêðàèíû, Êèåâ
ïðîñï. Íàóêè, 47, 03028 Êèåâ, Óêðàèíà., e-mail: steprofy@gmail.com
4Íàöèîíàëüíèé íàó÷íûé öåíòð «Õàðüêîâñêèé ôèçèêî-òåõíè÷åñêèé èíñòèòóò», Õàðüêîâ

óë. Àêàäåìè÷åñêàÿ, 1, 61108 Õàðüêîâ, Óêðàèíà, e-mail: sayenko@kipt.kharkov.ua

Èññëåäîâàíèå ïðîöåññà èììîáèëèçàöèè
çîëüíûõ îñòàòêîâ îáúåêòîâ ýíåðãåòèêè

â ýëåêòðîòåðìè÷åñêîì ïñåâäîîæèæåííîì ñëîå

Ñîòðóäíèêàìè Èíñòèòóòà ãàçà ÍÀÍ Óêðàèíû ñîâìåñòíî ñ ñîòðóäíèêàìè Èíñòèòóòà
ïðîáëåì áåçîïàñíîñòè ÀÝÑ ÍÀÍ Óêðàèíû, ÍÍÖ «Õàðüêîâñêèé ôèçèêî-òåõíè÷åñêèé
èíñòèòóò» è Èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé ÍÀÍ Óêðàèíû ïðîâîäÿòñÿ èññëåäîâà-
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íèÿ ïî ðàçðàáîòêå òåõíîëîãèè èììîáèëèçàöèè ðàäèîàêòèâíûõ ìàòåðèàëîâ, îáðàçóþ-
ùèõñÿ ïðè ýêñïëóàòàöèè è àâàðèÿõ íà îáúåêòàõ ýíåðãåòèêè. Â êà÷åñòâå ìîäåëè ðàäèî-
àêòèâíîé çîëû àâòîðû èñïîëüçîâàëè çîëüíûå îñòàòêè óãîëüíîé òåïëîýíåðãåòèêè, êîòî-
ðûå ïîòåíöèàëüíî ìîãóò áûòü èñòî÷íèêàìè èîíèçèðóþùåãî èçëó÷åíèÿ. Â ðåçóëüòàòå
ñåðèè îïûòîâ íà ñïåöèàëüíî ñîçäàííîé ëàáîðàòîðíîé óñòàíîâêå ñ ýëåêòðîòåðìè÷åñêèì
ïñåâäîîæèæåííûì ñëîåì óäàëîñü íàíåñòè ïèðîóãëåðîäíîå ïîêðûòèå íà äàííûé òèï
çîëû. Ïîñëå ïîêðûòèÿ ÷àñòèö çîëû ïèðîóãëåðîäîì èîíèçèðóþùåå �-èçëó÷åíèå ñíèçè-
ëîñü ïðèìåðíî íà 30–35 %, �-àêòèâíîñòü óìåíüøèëàñü íà 28 %. Òåðìè÷åñêèé êîýôôè-
öèåíò ïîëåçíîãî äåéñòâèÿ ïðîöåññà ïèðîëèçà ìåòàíà íà äàííîé óñòàíîâêå â ñðåäíåì
ñîñòàâëÿåò 8–12 %. Ïðîâåäåííûå èññëåäîâàíèÿ óêàçûâàþò íà ïåðñïåêòèâíîñòü èììî-
áèëèçàöèè çîëüíûõ îñòàòêîâ àòîìíîé è òåïëîâîé ýíåðãåòèêè êàïñóëèðîâàíèåì èõ ïè-
ðîóãëåðîäîì â ýëåêòðîòåðìè÷åñêîì ïñåâäîîæèæåííîì ñëîå. Áèáë. 9, ðèñ. 4, òàáë. 1.
Êëþ÷åâûå ñëîâà: ýêîëîãèÿ ýíåðãåòèêè, çîëà, ïèðîóãëåðîä, èììîáèëèçàöèÿ.
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Research of the Process of Immobilization
of Ash Remnants of Energy Objects

in an Electrothermal

The Gas Institute of the National Academy of Sciences of Ukraine together with the In-
stitute for Safety Problems of NPPs of the National Academy of Sciences of Ukraine, the
NSC «Kharkiv Physical-Technical Institute» and the Institute of Nuclear Research of the
National Academy of Sciences of Ukraine are realization work on the development of
technology for the immobilization of radioactive materials generated during operation
and accidents on energy objects. As a model of radioactive ash, the authors used ash rem-
nants of coal-fired power plants that potentially represent sources of ionizing radiation.
As a result of a series of experiments in a specially created laboratory plant with an
electrothermal fluidized layer it was possible to apply a pyrocarbon coating to this type
of ash. After coating the particles of ash with pyrocarbon, ionizing �-radiation decreased
by about 30–35 %, �-activity decreased by 28 %. The thermal efficiency of the methane
pyrolysis process at this plant is on average 8–12 %. The conducted researches point to
the prospect of immobilization of saline remnants of atomic and thermal energy by encap-
sulating pyrocarbon in an electrothermal fluidized bed. Ref. 9, Fig. 4, Tab. 1.
Key words: energy ecology, ash, pyrocarbon, immobilization.



References

1. Mauricheva T.S. [Quantitative assessment of the re-
lease of radionuclides into the environment during
the operation of coal-fired thermal power plants
(using the example of thermal power station-1 in
Severodvinsk)] : Abstract of thesis for the degree
of Candidate of Geological and Mineralogical Sci-
ences. Moscow, 2007. 20 p. (Rus.)

2. Amin Y.M., Mayeen Ud. Kh., Shyen A.K., Mahat
R.H., Nor R.M., Bradley D.A. Radionuclide emis-
sions from a coal-fired power plant. Journal of Ra-
diation and Isotopes. 2013. No. 80. pp. 109–116.

3. Davaasurjen D., Chonohuu S., Bjamba O.,
Dorzhsurjen B., Ganhurjel B., Ganhujag H.,
Gjerjelmaa T. [Environmental impact of ash storage
of a thermal power plant on the example of Mongo-
lia]. Molodoj uchenyj. [Young Scientist]. 2015.
No. 22. pp. 63–70. (Rus.)

4. Kljuchnikov A.A., Pazuhin Je.M., Shigera Ju.M.,
Shigera V.Ju. [Nuclear waste from nuclear power
plants and methods of handling them]. Kiev :
Institut problem bezopasnosti AJeS NAN Ukrainy
[Institute for Safety Problems of Nuclear Power
Plants of the National Academy of Sciences of
Ukraine], 2005. 487 p. (Rus.)

5. Gurin I.V., Gurin V.A., Saenko S.Yu., Guyda
V.V., Gurina E.V. [On the possibility of using a
pyrocarbon matrix for reversible immobilization of
radioactive waste]. VANT. Seriya «Fizika radia-

tsionnyih povrezhdeniy i radiatsionnoe materia-
lovedenie» [Problems of Atomic Science and
technology (PAST). Series «Physics of Radiation
Damage and Radiation Material Science»]. 2013.
No. 5. pp. 74–78. (Rus.)

6. Bogomolov V.A. [Research of process and technol-
ogy development of pyrolysis of natural gas in dis-
persion phases] : Abstract of thesis for the degree of
Candidate of the candidate of technical sciences.
Kiev, 1982. 21 p. (Rus.)

7. Kozhan A.P. [Investigation of electrothermal flui-
dized systems (applied to all-temperature processing
of natural gas)] : Abstract of thesis for the degree of
Candidate of Technical Sciences. Kiev, 1978. 28 p.
(Rus.)

8. Patent 134617 UA, MPK G 21 F 9/16. [Method of
immobilization of radioactive waste]. K.V.S³mei-
ko, S.V. Kupriyanchuk, Ju.M. Stepanenko, O.P.
Kozhan, V.M.Dm³tr³ev, ².O.Pisarenko, M.A. Sydo-
renko, Ja.O.²vachk³n, O.V.Maras³n, R.E. Chumak;
Applicant and patent holder: the Gas Institute of
National Academy of Sciences of Ukraine.
Application ¹ u201812787, date: 22.12.2018.
Publ. 27.05.2019, Bull. No. 10. (Ukr.)

9. Mironova M.V. [Nanodispersed pyrolytic carbon is
the main additive in molding mixtures based on
river sand]. Polzunovskiy Almanakh. [Polzunovsky
Almanac]. 2009. 3 (2). pp. 245–246. (Rus.)

Received October 9, 2019

56 ISSN 2413-7723. Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåæåíèå. 2019. ¹ 4



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


