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Õóðààíãóé

Ýðëèéçæñýí íàíîêîìïîçèòûã íèéëýãæ¿¿ëýõäýý óñàí óóñìàëààñ îðãàíèê 
áèø ìàòåðèàëûí öºì îíöãîé àäñîðáöëîõ ÷àíàð á¿õèé îëîí ôóíêöèîíàëüò 
áèîãåííû ïîëèìåðèéí ãàäàðãóóä àãðåãàöëàãäàõ øèíý òîõèðîìæòîé àëõàìûã 
àøèãëàñàí. Áèîãåííû òîãòâîðæóóëàã÷ áîëîõ ãóìèíû áîäèñûã (ÃÁ) ýõ îðíû 
ò¿¿õèé ýä ïåëîèäîîñ ÿëãàí àâ÷ á¿òýö áàéãóóëàëòûã áàòàëñíû äàðàà íàíî 
êîìïîçèòûí íèéëýãæ¿¿ëýëòýä õýðýãëýâ. Òîãòâîðæóóëàã÷èéí ãàäàðãóóä 
ìºíãºíèé îðãàíèê áóñ öºì àãðåãàöëàãäàõ ÷àíàð íü áèäíèé ãàðãàí àâñàí 
ýðëèéçæñýí îðãàíèê áóñ-îðãàíèê íàíî á¿òýö ººðºº ¿¿ñýõ íºõöºëèéã 
õàíãàæ áàéãàà þì. Ãàðãàí àâñàí íàíîêîìïîçèòûí øèíæ ÷àíàðûã  ÈÊ-, ÓÔ-,   
Ðåíòãåíôàçûí çàäëàí øèíæèëãýýíèé ä¿íä òîãòîîëîî.

Îðøèë

Ýì÷èëãýýíèé øàâàðò àãóóëàãääàã àìüòàí óðãàìëûí ¿ëäýãäýëèéí ëèãíèí 
èäýýëýã÷ áîäèñóóä, àðîìàòèê àìèí áîëîí àìèí õ¿÷ë¿¿ä, ýñëýã, ãåìèöåëëþëîç, 
îðãàíèê õ¿÷ë¿¿ä, îëèãîñàõàðèä çýðýã íýãäë¿¿ä ìèêðîîðãàíèçìûí ¿éë 
àæèëëàãààíû íºëººãººð ÃÁ áîëîí õóâèðäàã. Ãóìèíû áîäèñ íü áàéãàëèéí 
áèîëîãèéí èäýâõèò îëîí ôóíêöèîíàëüò ïîëèìåð íýãäýë áºãººä ýíý ¿íäñýí 
äýýð øèíý òºðëèéí ýìèéí áîäèñûã áèé áîëãîõ áîëîìæèéã îð÷èí ¿åèéí 
íàíî òåõíîëîã îëãîæ áàéíà. Ýì÷èëãýýíèé øàâàðò àãóóëàãääàã ÃÁ íü í¿¿ðñ, 
òîðô, õºðñíèé ÃÁ-ûã áîäâîë ìîëåêóë æèí õàðüöàíãóé áàãàòàé, ôóíêöèîíàëü 
á¿ëãèéí àãóóëãà ºíäºðòýé áàéäàã [1, 2].

ÃÁ-ûí ìîëåêóë äàõü àðîìàòèê öºì, ôóíêöèîíàëü á¿ëã¿¿ä íü îðãàíèçìûí 
ýñèéí õàíà , àðüñíû õ¿ëýýí àâóóðóóäòàé õàðèëöàí ¿éë÷ëýëöýæ, óëìààð ýä 
ýñä íýâ÷èí îðîõ çàìààð ýì÷èëãýýíèé ¿éë÷ëýë ¿ç¿¿ëäýã[3]. ÃÁ-ûí ¿íäñýí 
äýýð øèíý òºðëèéí ýìèéí áîäèñûã áèé áîëãîõ çàìààð ò¿¿íèé áèîëîãèéí 
èäýâõèéã íýìýãä¿¿ëýõ, ¿éë÷ëýëèéí õóãàöààã óðòàñãàõ, õîðóó ÷àíàð áà 
õàæóóãèéí íºëººëºëèéã áàãàñãàõ, ¿éë÷ëýëèéí ñîíãîìîë áîëîí óóñàõ ÷àíàðûã 
íýìýãä¿¿ëýõ çýðýã àñóóäëûã øèéäâýðëýõ áîëîìæòîé ãýæ ¿çäýã.



Øèíæëýõ Óõààíû Àêàäåìèéí Ìýäýý 2010 îíû ¹01 (195)

- 27 -

Ìîíãîë îðíû íóóðóóäûí ýì÷èëãýýíèé øàâðûí îðãàíèê õýñãèéí èõýíõ 
õóâèéã ýçýëäýã ÃÁ íü øàâðûí íàéðëàãà äàõ íàðèéí îðãàíîìèíåðàëüíû 
êîìïëåêñòîé õîëáîãäîõ áà èíãýñíýýð íàíîòîãòâîðæóóëàã÷ øèíæ ÷àíàðòàé 
áàéæ áîëîõ þì ãýñýí òààìàãëàëûã äýâø¿¿ëæ ýíýõ¿¿ ñóäàëãààã ÿâóóëëàà. 
Ñóäàëãààíû çîðèëãî íü:

Ýì÷èëãýýíèé øàâàðò àãóóëàãäàæ áàéãàà ÃÁ-ûí øèíæ ÷àíàðûã - 
òîãòîîõ,
ÃÁ áà íàíî õýìæýýñò áèîèäýâõèò ìåòàëëûí öºìèéí õàðèëöàí - 
¿éë÷ëýëýýð øèíý òºðëèéí íàíîêîìïîçèòûã ãàðãàí àâàõ àðãà÷ëàëûã 
áîëîâñðóóëàõ,
Ýì÷èëãýýíèé øàâðààñ ÿëãàñàí ÃÁ äýýð ñóóðèëñàí ìºíãº àãóóëñàí - 
øèíý òºðëèéí íàíîêîìïîçèòûã íèéëýãæ¿¿ëýí, íàéðëàãà, øèíæ 
÷àíàðûã òîãòîîõîä òóñ òóñ îðøèíî.

Ò¿ëõ¿¿ð ¿ã: Íàíîêîìïîçèò, îðãàíîìèíåðàëûí êîìïëåêñ, ãóìèíû áîäèñ, 
ïåëîèä

Ñóäàëãààíû ìàòåðèàë, àðãà ç¿é 

Ïåëîèäîîñ Ãá-ûã ÿëãàñàí àðãà÷èëàë: Ãóðâàí íóóðûí äóíä íóóðûí 
êàëüöã¿éæ¿¿ëæ, áèòóìã¿éæ¿¿ëñýí ýì÷èëãýýíèé øàâðààñ ÃÁ-ûã 0,2N; 0,3N 
ãèäðîêñèä íàòðèéí óóñìàëààð 1 öàãèéí òóðø õàíäëàí äàðàà íü 0,1N äàâñíû 
õ¿÷ëèéí óóñìàëààð ðÍ-2-3 áîëòîë õ¿÷èëëýãæ¿¿ëýí òóíäàñæóóëàâ [4]. ¯¿ññýí 
òóíàäàñûã õàòààæ íàíîêîìïîçèòûí íèéëýãæ¿¿ëýëòýä çîðèóëæ ãàäàðãóóã 
èõýñãýõ çîðèëãîîð ìåõàíîèäýâõæ¿¿ëýëòýä 5 áà 10 ìèí õóãàöààòàéãààð 
îðóóëñàí áîëíî. 

ÃÁ íü ÄÌÑÎ áà ñïèðò çýðýã îðãàíèê óóñãàã÷èä óóñàõ ÷àäâàðòàé áîëîõûã 
ñóäàëãààíû ÿâöàä èëð¿¿ëëýý. Õàðèí ø¿ëòëýã îð÷èíä óñàíä óóñíà.

Ãá-ag íàíîêîìïîçèòûí íèéëýãæ¿¿ëýëòèéí àðãà÷èëàë:   Áèä ýõíèé 
òóðøèëòóóäàä ïîëèñàõàðèäûí ¿íäñýí íàíîêîìïîçèò ãàðãàõ àðãà÷èëëûã [5] 
àøèãëàæ óëìààð öààø ìîäèôèêàöèä îðóóëàõ çàìààð ÃÁ-Ag íàíîêîìïîçèòûã 
íèéëýãæ¿¿ëýâ. ¯¿íä: ÃÁ 0,4 ã-ûã (№ 14) æèíëýæ àâààä 6 ìë 1,0 N NaOH-
èéí óóñìàë íýìæ 15 ìèíóò çººëºí õàëààæ á¿ðýí óóñòàë íü õóòãàíà. Õóòãàõ 
ÿâöäàà 360 ìã AgNO3 àãóóëñàí 5 ìë ìºíãºíèé óóñìàëûã íýìíý. Àçîò õ¿÷ëèéí 
ìºíãºíèé óóñìàëûã íýìýõ ¿åä òóíàäàñ ¿¿ñâýë 1 N NaOH-ûã áàãà áàãààð 
íýìæ ¿¿ññýí òóíàäàñûã àðèëãàí 15 ìèíóò óñàí õàëààãóóð äýýð õàëààíà. 
Óóñìàëàà õàëóóíààð íü öààñàí ø¿¿ëò¿¿ðýýð ø¿¿íý. Ø¿¿ãäýñ ð¿¿ 4 äàõèí èõ 
ýçýëõ¿¿íòýé ýòàíîë íýìæ, ¿¿ññýí òóíàäàñûã öåíòðôóãäýæ ÿëãàâ. Òóíàäàñûã 
âàêóóì ýêñèêàòîðò õàòààíà.

Ïåëîèäîîñ ÿëãàñàí  ÃÁ áîëîí ãàðãàí àâñàí øèíý òºðëèéí íàíîêîìïîçèòûí  
íàéðëàãà, á¿òýö áàéãóóëàëòûí ñóäàëãààã îð÷èí ¿åèéí ôèçèê õèìèéí àðãóóä 
òóõàéëáàë ýëåìåíòèéí áè÷èë øèíæèëãýý, ÈÊ, ÓÔ, Ðåíòãåí ôàçûí çàäëàí 
øèíæèëãýýíèé òóñëàìæààð  ÿâóóëñàí. 
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Ñóäàëãààíû ¿ð ä¿í

Ýì÷èëãýýíèé øàâðûí áèîìèíåðàëüíû êîìïëåêñ – 
Ãóìèíû áîäèñûí íàéðëàãà áà á¿òöèéí ñóäàëãàà

ßëãàí àâñàí ÃÁ-ûí ¿íñëýã áàãà (0,0-2,7%). Í/Ñ õàðüöàà 0,11-0,13 áîëîí 
àçîòûí àãóóëãà (5%)-ààðàà áàéãàëèéí áóñàä îáúåêòîîñ ÿëãàñàí ÃÁ-òîé 
îéðîëöîî áàéíà[2]. ÃÁ äàõü õ¿÷èëòºðºã÷èéí àãóóëãà 30-40% áàéãàà íü àçîòûí 
àãóóëãààñ 6-8 äàõèí ºíäºð ¿ç¿¿ëýëò þì. Èéìä ÃÁ-ûí áèîãåííû ìåòàëëòàé 
óðâàëä îðîõ ÷àäâàð íü õ¿÷èëòºðºã÷ àãóóëñàí ôóíêöèîíàëü á¿ëýã ÿëàíãóÿà 
ôåíîëûí ãèäðîêñèëòýé õîëáîîòîé. 

1-ð õ¿ñíýãò
Ãóðâàí íóóðûí ýì÷èëãýýíèé øàâðààñ ÿëãàñàí ÃÁ-ûí ýëåìåíòèéí çàäëàí 

øèíæèëãýýíèé ä¿í

Ñ
îð

üö
 ¹

 

NaOH-èéí 
Êîíöåíòðàö

Òýýðýìäñýí
 õóãàöàà 

(ìèí)
C, % H, % N,% Cl ¯íñëýã, 

%
Í/Ñ 

õàðüöàà

I 0.3N 10 47,77 6,41  5.19 - 2.35 0,13
II 0.2N 10 49,83 5,47 5.28 - 2.70 0,11
III 0.2N 5 49.93 5.47 5.39 - - 0,11
IY 0.2N 0 48.85 5.44 5.02 1.27 0.0 0,11 

ÃÁ íü á¿òýö áàéãóóëàìæèéíõàà õóâüä àçîò àãóóëñàí ôðàãìåíò á¿õèé 
àðîìàòèê ïîëèîêñèêàðáîí õ¿÷ëèéí õàòóó äàðààëàëã¿é ïîëèìåð þì. 
Ïîëèìåðèéí ãîë àðàã ÿñ íü àëêèë áîëîí ôóíêöèîíàëü á¿ëãýýð õàëàãäñàí 
àðîìàòèê öàãèðàã ò¿¿íä ïîëèñàõàðèä, ïîëèïåïòèäûí ôðàãìåíòóóä 
õîëáîãäñîí áàéäàã.
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1-ð çóðàã. Ãóìèíû õ¿÷ëèéí ôðàãìåíòûí íèéòëýã á¿òýö (Ä.Ñ.Îðëîâ 1994)

Áèäíèé ÿëãàæ àâñàí ÃÁ-ûí ÈÊ-ñïåêòðò 3424 ñì-1–ä ãèäðîêñèëèéí 
á¿ëãèéí, 2922 ñì-1-ä ìåòèëåí á¿ëãèéí óðò õýëõýýíèé, 2853 ñì-1–ä òºãñãºëèéí 
ìåòèëèéí á¿ëãèéí, 1623-1591, 1383 ñì-1-ä áåíçîèäíû á¿òöèéí, 1227 ñì-1-ä 
ýôèðèéí Ñ-Î á¿ëãèéí, 1075-1037 ñì-1-ä í¿¿ðñóñíû ÑÎ á¿ëãèéí øèíãýýëòèéí 
çóðâàñóóä òóñ òóñ èëýð÷ áàéíà. Ãàðãàí àâ÷ áîëîâñðóóëñàí àðãààñàà õàìààð÷ 
øèíãýýëòèéí ýð÷èì  áàãà çýðãèéí ÿëãààòàé áàéëàà.

. 
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2- çóðàã. Ãóìèíû áîäèñûí ÈÊ-ñïåêòð (KBr).

Ôóíêöèîíàëü á¿ëãèéí àãóóëãàä òîîí ¿íýëýëò ºãºõèéí òóëä õ¿÷èëòºðºã÷ 
àãóóëñàí øèíãýýëòèéí çóðâàñûí ýð÷ìèéã (ØÇÝ) õàðãàëçàõ àðîìàòèê 
ïîëèñîïðÿæåííû ñèñòåì  (1623 ñì-1 ), àëèôàòèê õàëàã÷ (2957 ñì-1)-èéí îïòèê 
íÿãòàä õàðüöóóëàëò õèéâ.  

ÃÁ-ûí á¿òöèéí ïàðàìåòðèéí òîîöîî (2-ð õ¿ñíýãò)-îîñ ò¿¿íèéã ãàðãàí 
àâñàí àðãààñ õàìààðàõã¿éãýýð ôóíêöèîíàëü á¿ëãèéí íàéðëàãà òîãòìîë, íýã 
òºðëèéí áîëîõ íü òîãòîîãäîæ áàéíà.

Ýì÷èëãýýíèé øàâðûí ÃÁ äàõü õ¿÷èëòºðºã÷ àãóóëñàí á¿ëãèéí ¿íäñýí 
õýëáýð íü ôåíîëûí áîëîí í¿¿ðñóñíû  ãèäðîêñèë (ÎÍ), í¿¿ðñ óñ áîëîí 
ýôèðèéí êàðáîíèë (Ñ-Î) á¿ëã¿¿ä þì. Ãèäðîêñèë áà êàðáîíèë á¿ëãèéí 
àðîìàòèê ôðàãìåíòàä õàðüöóóëñàí ØÇÝ-èéí õàðüöàà íü 3424 ñì-1 ìóæèä 
àðîìàòèê á¿òýö äàâàìãàéëæ áàéãààã,  1227 ñì-1-ò ýôèðèéí ÑÎ á¿ëýã àðîìàòèê 
ôðàãìåíòèéã äàâàìãàéëæ áàéãààã òóñ òóñ ¿ç¿¿ëëýý. Ò¿¿í÷ëýí ýôèðèéí 
á¿ëãèéí òîî õýìæýý àëèôàòèê õýñãèéí Ñ-Í õîëáîîíû òîî õýìæýýíýýñ èõ 
áàéíà. 

Àëêèë õàëàã÷èéí ØÇÝ-èéã àðîìàòèê ôðàãìåíòûíõàä õàðüöóóëñàí õàðüöàà 
áàðàã òîãòìîë áàéãàà þì. ÃÁ äàõü ãèäðîêñèë á¿ëãèéí (D3424/D1623) õàðüöàíãóé 
òîî õýìæýý èõ áèø áà àëêèë á¿ëãèéí õóâüä àâ÷ ¿çýõýä ýíý õýìæèãäýõ¿¿í áàãà 
áàéíà. Êîìïîçèòóóäûí ñïåêòðèéí êîýôôèöèåíòîîð  èëýðõèéëýãäñýí øàâðûí 
ÃÁ-ûí á¿òýö äýõ ãèäðîôèë, ãèäðîôîá á¿ðä¿¿ëýã÷èéí õàðüöàà  (ÎÍ3424/
Ñàëê2922)  òóðøèëòûí á¿òýýãäýõ¿¿í òóñ á¿ðèéí õîîðîíä ìýäýãäýõ¿éö ÿëãàà 
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áàéãààã õàðóóëëàà.
2-ð õ¿ñíýãò

ÃÁ-ûí ÈÊ-ñïåêòðèéí òîäîõîé äîëãèîíû óðòóóä äàõ ØÇÝ-èéí õàðüöàà

ØÇÝ õàðüöàà 0,2 í NaOH (II äýýæ ) 0,3 í NaOH (I äýýæ)

ÎÍ3424/Ñ=Ñ1623 44 52 0,84 25 34 0,73

Ñàëê2922/Ñ=Ñ1623 52 52 1,00 36 34 1,06

ÑÎ1227/Ñ=Ñ1623 57 52 1,10 43 34 1,26

ÎÍ3424/Ñàëê2922 44 52 0,84 25 36 0,69

ÑÎ1227/Ñàëê2922 57 52 1,10 43 36 1,19

Ñóäàëãààíä àâñàí ÃÁ-ûí ÓÔ-ñïåêòð íü áàéãàëèéí ÿíç á¿ðèéí îáúåêòîîñ 
ÿëãàñàí ÃÁ-òîé àäèë áàéíà [6]. ¯¿íä: Ñïåêòðèéí áîãèíî äîëãèîíû õýñýãò 
õàìãèéí èõ îïòèê íÿãòòàé øèíãýýëò 285 íì äîëãèîíû óðòàä ìàêñèìóìòàéãààð 
àæèãëàãäñàí áà ýíý íü ôåíîëûí ãèäðîêñèëèéí á¿ëýãò õàðãàëçàæ áàéãàà 
þì. Îïòèê íÿãò öààø ñïåêòðèéí óðò äîëãèîíû õýñýã õ¿ðòýë áóóð÷ áàéíà (3-ð 
çóðàã). 

3-ð çóðàã. Ãóìèíû áîäèñûí ýëåêòðîííû ñïåêòð (íàòðè ø¿ëòèéí óóñìàëä)
Ýì÷èëãýýíèé øàâðûí îðãàíèê áîäèñò çîíõèëîí àãóóëàãääàã

áèîïîëèìåð ÃÁ-èéí ¿íäñýí äýýð ýðëèéçæñýí îðãàíèê áóñ-îðãàíèê 
íàíîáèîêîìïîçèòûí íèéëýãæ¿¿ëýëòèéí àðãà áîëîâñðóóëàõ
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Ìåòàëëîïîëèìåð íàíîêîìïîçèòóóä íü (ãèáðèä) ýðëèéçæýí á¿ðýëäýí 
òîãòñîí ìàòåðèàëóóäûí îíöãîé á¿ëýã íýãäýë þì. Òýäãýýðò íàíî 
òîãòâîðóóæëàã÷ ïîëèìåð ìàòðèöóóä íü á¿òýö á¿ðýëäýí òîãòîõîä ãîë ¿¿ðýãòýé. 
Íàíî õýñýã õýëáýðæèõ ç¿é òîãòëûí ñóäàëãàà, òýäãýýðèéí õýìæýýñèéí ¿ð 
íºëººã íºõöºëä¿¿ëñýí îïòèê ÷àíàð áà á¿òöèéí çàäëàí øèíæèëãýý íü íàíî 
õýìæýýñò áîäèñûí øèíæ ÷àíàðûí òàëààð çàð÷ìûí ìýäýýëýë àâàõ ýõ ¿¿ñâýð 
áîëæ áàéíà.

Èðýýä¿éòýé øèíý òºðëèéí ýìèéí áîäèñûã áèé áîëãîõûí òóëä Ìîíãîë 
îðíû Õýíòèé àéìãèéí íóòàãò îðøèõ Ãóðâàí íóóðûí äóíä íóóðûí ýì÷èëãýýíèé 
øàâðààñ ÿëãàñàí ÃÁ-ûí ìºíãº àãóóëñàí íàíîêîìïîçèòûí íèéëýãæ¿¿ëýëòèéã 
åðºíõèé àðãà÷èëàëä ¿íäýñëýí áîëîâñðóóëàâ [5]. Õàðèí ãèáðèäíû 
íàíîêîìïîçèòûã áèé áîëãîõûí òóëä ò¿¿íèé íàéðëàãàíä îðæ áàéãàà îðãàíèê 
áóñ ìàòåðèàëûí öºì óñàí óóñìàëààñ ìàòðèöûí ãàäàðãóó ðóó àãðåãàöëàãäàõ 
áîëîí áèîãåííû ïîëèìåðèéí àäñîðáöëîõ îíöëîã çýðýã äýýð ¿íäýñëýñýí øèíý 
àëõàìûã àøèãëàëàà. Ýíý íü áèäíèé ãàðãàí àâñàí îðãàíèê áóñ-îðãàíèê íàíî 
á¿òýö ººðºº çîõèîí áàéãóóëàãäàí á¿ðýëäýí áèé áîëîõ íºõöëèéã á¿ðä¿¿ëñýí 
õýðýã þì.

ªºðºº á¿ðýëäýí òîãòîõ çàð÷èì

Ýíý àæëûí ýõíèé ¿å øàò íü ÃÁ-ûí ¿íäñýí äýýð ìåòàëë àãóóëñàí îëîí 
ôóíêöèîíàëüò ýðëèéçæñýí îðãàíèê áóñ-îðãàíèê íàíîêîìïîçèòûã áèé áîëãîõ 
çàð÷ìûã áîëîâñðóóëàõàä ÷èãëýãäýæ áàéëàà. ¯¿íèé òóëä áàéãàëèéí ãàðàëòàé 
óñàíä óóñäàã íàíî òîãòâîðæóóëàã÷ ìàòðèöûã àøèãëàí íàíîêîìïîçèòûã 
íèéëýãæ¿¿ëýõ àðãûã áîëîâñðóóëñàí. Õýìæýýñ áîëîí äèñïåðñæèëò íü 
çîõèöóóëàãäàõóéö íàíî õýìæýýñò îëîí ôóíêöèîíàëüò îðãàíèê áóñ-îðãàíèê 
êîìïîçèòûã ãàðãàí àâàõ íºõöºëèéã òîãòîîõ çàìààð åðºíõèé ñòðàòåãè 
áîëîâñðîãäîæ ýõýëëýý. Áèä íàíî òîãòâîðæóóëàã÷ ìàòðèöààð ÃÁ-ûã, íàíî 
õýìæýýñò öºìººð ìºíãèéã òóñ òóñ àøèãëàâ. Ag-ÃÁ õýëáýðèéí íàíîêîìïîçèòûã 
ãàðãàí àâàõûí òóëä ÃÁ-ûã ø¿ëòëýã óñàí óóñìàëûí îð÷èíä ìºíãºíèé äàâñòàé 
õàðèëöàí ¿éë÷ë¿¿ëýõ óðâàëûã àøèãëàñàí áîëíî. Óðâàëûí á¿òýýãäýõ¿¿í äýõ 
ìºíãºíèé àãóóëãûã àòîì øèíãýýëòèéí ñïåêòðîìåòðèéí  àðãààð òîäîðõîéëæ 
3-ð õ¿ñíýãòýíä õàâñàðãàâ.

3-ð õ¿ñíýãò.
ÃÁ-ûí ìàòðèö äàõ ìºíãºíèé íàíîêîìïîçèòûí íàéðëàãà 

Òóðøèëòûí äóãààð Òóðøèëòàíä àâñàí 
Ag, ìã

Ag, % 
(íàíîêîïîçèòîä) Õóóðàé ¿ëäýãäýë, %

ÃÂ- Ag ¹ 3    36 9,5    47,5% (0.095 ãð)
ÃÂ- Ag ¹ 4    72 15,8 31,6% (0.063 ãð)
ÃÂ- Ag ¹ 5   18 5,5 65,9% (0.132 ãð)
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ÃÂ- Ag ¹ 6   72 15,5 29,5% (0.059 ãð)
ÃÂ- Ag ¹ 7   54 12,0 95,1% (0.190 ãð)
ÃÂ- Ag ¹ 8   180 24,8 95,0% (0.190 ãð)
ÃÂ- Ag ¹ 13                   360 - -
ÃÂ- Ag ¹ 14                   360 - -
ÃÂ- Ag ¹ 10 1,36 àäñîðáö 0,36 45% (0.090)

Ãàðãàí àâñàí îðãàíèê áóñ-îðãàíèê íàíîêîìïîçèòûí ÈÊ-ñïåêòðèéí 
øèíãýýëòèéí çóðâàñûí áàéðëàë áà ýð÷èì íü ÃÁ-ûíõîîñ òºäèéëºí ÿëãàãäàõã¿é 
áàéíà. Ýíý íü ÃÁ-ûí õèìèéí á¿òýö áàéãóóëàëò õàäãàëàãäàí ¿ëäñýíèéã ãýð÷èëæ 
áàéãàà þì.  Ag-ÃÁ íàíîêîìïîçèòûí ãàðö íèéëýãæ¿¿ëýëòèéí íºõöºëººñ 
õàìààð÷  47-95%, ìºíãºíèé õýìæýý 5,5-24,8% õîîðîíä õýëáýëçýæ áàéíà.

Áèäíèé ãàðãàí àâñàí ÃÁ-Ag íàíîêîìïîçèòóóä íü ¿çýãäýõ ãýðëèéí 
äîëãèîíû ìóæèä 424 íì-ò ìàêñèìóì á¿õèé øèíãýýëò ºãñºí íü òýäãýýðò òýã 
âàëåíòòàé ìºíãº àãóóëàãäàæ áàéãààã ãýð÷èëíý. Ýíý íü Îðîñûí ñóäëàà÷äûí 
íàíî õýìæýýñò ìºíãº á¿õèé íýãäëèéí òàëààð õèéñýí ñóäàëãààíû àæëûí 
ä¿íòýé òîõèð÷ áàéíà[7, 8]. Ìåòàëë êîìïîçèòûí ñïåêòðò èëýðñýí äýýðõ 
ìàêñèìóì á¿õèé øèíãýýëò íü ìåòàëëûí ºäººãäñºí ýëåêòðîí äàìæóóëàëò 
(ïëàçìåííû ðåçîíàíñ)-ààð íºõöºëäºí èëýð÷ áàéãàà þì. Èéìýýñ óñàíä 
óóñäàã ºíäºð ¿ð àøèãòàé øóãàìàí áóñ îïòèê ìàòåðèàëûã áèé áîëãîõ íü ÷óõàë 
áàéäàã [9].  Ìºíãºíèé àíãèæðàõ ïðîöåññ ÃÁ-ûí íàéðëàãàíä áàéãàà ôåíîëûí 
ãèäðîêñèëèéí èñýëäýõ ÷àäâàðûí ä¿íä ÿâàãäàæ áàéãàà íü òîäîðõîé. Èéì 
áàéäëààð ãàðãàí àâñàí íàíîêîìïîçèòóóä óóñìàë áàéäàëäàà óäààí õóãàöààíä 
öîãö áàéäàëòàéãààð òîãòâîðòîé îðøèõ, ìºí õóóðàéãààð ÿëãàí àâààä áóöààæ 
óóñãàõ ¿åä ýíý ÷àíàðàà õàäãàëàõ ÷àäâàðòàé áàéäàã íü ïðàêòèê õýðýãëýýíä 
ìàø ÷óõàë þì.
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4-ð çóðàã. ÃÁ-ûí ìàòðèö äàõü ìºíãºíèé íàíîêîìïîçèòûí 
ýëåêòðîíû øèíãýýëòèéí ñïåêòð

Ãàðãàí àâñàí ìåòàëëîãóìèíû êîìïîçèòûí îðãàíèê áóñ êîìïîíåíòûí 
á¿òýö áàéãóóëàëòûã òàíüæ òîäîðõîéëîõ àæëûã ðåíòãåíäèôðàêöûí çàäëàí 
øèíæèëãýý (äèôðàêòîìåòð D8 ADVANCE CuKα),-íèé àðãààð ã¿óöýòãýõýä, 
ãàðãàí àâñàí á¿òýýãäýõ¿¿í á¿ð á¿ãä íýã àäèë íàíî êîìïîçèòîä õàìààðàãäàæ 
áàéíà. Ýäãýýð íàíîêîìïîçèòóóä íü àìîðô-òàëñò õî¸ð ôàçò á¿òýöòýé áàéãàà 
þì. Äèôðàêòîãðàìì (5-ð çóðàã) îðãàíèê áóñ á¿ðýëäýõ¿¿íä íü òýã âàëåíòòàé 
ìºíãºíèé á¿òýö áàéãààã áàòàëæ áàéíà. Èîíû õýëáýðò áàéãàà ìºíãºíèé àíõíû 
ïðåêóðñîðûí äèôðàêöûí øóãàì èëðýýã¿é áàéãàà íü àíãèæðàõ ïðîöåññ á¿ðýí 
ÿâàãäñàíûã íîòîëæ áàéãàà þì. Êîìïîçèòóóäûí äèôðàêöûí øóãàìûí ýð÷ìèéí 
òàðõàëò áà õàâòãàé õîîðîíäûí çàé íü ìºíãºíèé ñòàíäàðò øóãàìóóäûíõòàé 
òîõèð÷ áàéíà. Ãàðãàí àâñàí á¿òýýãäýõ¿¿íä òýã âàëåíòòàé ìåòàëë ìºíãº 
áàéãààã ýëåêòðîíû ñïåêòð áîëîí ðåíòãåí äèôðàêöèéí çàäëàí øèíæèëãýý 
äàâõàð áàòàëæ áàéãàà þì.
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5-ð çóðàã. Ãóðâàí íóóðûí øàâðûí îðãàíîìèíåðàëüíû êîìïëåêñîîñ ÿëãàñàí ÃÁ-îîð 
òîãòâîðæóóëàãäñàí òýã-âàëåíòòàé ìºíãºíèé íàíîêîìïîçèòûí äèôðàêòîãðàìì 

Ìºíãºíèé íàíî õýñãèéí êîãåðåíò ñàðíèëûí ìóæèéí äóíäàæ õýìæýý áà 
ýãýë ¿¿ðèéí ïàðàìåòð¿¿äèéí óòãûã 111 øóãàìààð òîîöîõîä, ýãýë ¿¿ðèéí α 
ïàðàìåòð¿¿ä  4,059(1)-4,077(1)Àî õÿçãààðò, ìºíãºíèé íàíî õýñãèéí êîãåðåíò 
ñàðíèëûí ìóæèéí äóíäàæ ðàçìåð L á¿õ òóðøèëòûí á¿òýýãäýõ¿¿íä 8,6 íì 
áàéãàà íü íàíî õýìæýýñò öºìèéí ìåòàëë ôàçûí ìàø ÷óõàë øèíæ ÷àíàðûã 
¿ç¿¿ëæ áàéãàà þì (4-ð õ¿ñíýãò). 

4-ð õ¿ñíýãò
ÃÁ äýýð ñóóðèëñàí íàíîêîìïîçèò äàõ ìºíãºíèé íàíîõýñãèéí êîãåðåíò ñàðíèëûí 

ìóæèéí äóíäàæ ðàçìåð (L) áà ýãýë ¿¿ðèéí (α) ïàðàìåòð¿¿ä
Òóðøèëòûí äóãààð à  (Å) L (Å)
8 4.059 (1) 86.0 (5)
13 4.059 (4) 86.2 (3)
14 4.068 (1) 86.6 (1)
16 4.077 (1) 86.0 (5)

Êîëëîèä ñèñòåìèéí àãðåãàò áàò áýõ ÷àíàð æèæèã õýñã¿¿äèéí ñîëüâàòàö 
áà öàõèëãààí ñòàòèê õ¿÷íèé ò¿ëõýëöëýë çýðýã õýä õýäýí õ¿÷èí ç¿éëýýð 
òîäîðõîéëîãääîã. Óñàí óóñìàë äàõü ÃÁ-ûí ïîëèàíèîíóóä þóíû ºìíº 
ìºíãºíèé íàíî õýñãèéí èë¿¿äýë ýåðýã öýíýãòýé öàõèëãààí ñòàòèê õàðèëöàí 
¿éë÷ëýëöýëä îðîõ íü òîäîðõîé. Òèéì õàðèëöàí ¿éë÷ëýë íü ñóñïåíçèéã 
êîàãóëÿöä îðóóëàõ òàëòàé. Ãýâ÷ ýñðýãýýðýý áèäíèé ñóäàëãààíä àâñàí ÃÁ áà 
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íàíî õýñãèéí ºãºãäñºí õàðüöààíû òîõèîëäîëä êîëëîèä ñèñòåì õàíãàëòòàé 
òîãòâîðòîé áàéíà. Ýíý íü ÃÁ-ûí ôóíêöèîíàëü á¿ëýã íàíî õýñãèéí ãàäàðãóó 
äýýðõ á¿õ áîëîìæèò êîîðäèíàöûí áàéðëàëûã ýçýëæ áàéãààã, ººðººð õýëáýë 
óñíû ìîëåêóëûí õóâüä õàðüöàíãóé õ¿÷òýé êîîðäèíàöëàãäñàí òýã-âàëåíòòàé 
ìºíãº ãèäðîêñèë á¿ëãèéã àãóóëñàí ÃÁ-ûí ãëîáóëÿð á¿òöýä øèíãýí, óëìààð èë¿¿ 
æèæèã íàíî õýñã¿¿ä íü ò¿¿íèé ïîëèàíèîíîîð õó÷èãäàí áóéã õàðóóëæ áàéíà. 
Íàíî õýñãèéí ãàäàðãóóòàé õîëáîãäñîí ÃÁ, ãàðãàí àâñàí íàíîêîìïîçèòûí 
ãèäðîôèëü ÷àíàðûã íýìýãä¿¿ëæ óëìààð óñàí ôàçä óëàì òîãòâîðòîé áîëãîæ 
áàéíà. 

Èíãýæ ÃÁ-ûã ìàòðèö áîëãîí õýðýãëýõ çàìààð óñàí óóñìàëä òîãòâîðòîé 
òýã-âàëåíòòàé ìºíãºíèé íàíî õýñãèéã àãóóëñàí íàíîêîìïîçèòûã ãàðãàí àâàõ 
áîëîìæ îëäîæ áàéíà.  Ýíäýýñ ÃÁ-ûí ñàëáàðëàñàí ïîëèôóíêöèîíàëüò á¿òöýä 
íàíî õýñãèéã íýâòð¿¿ëñýíýýð  òîãòâîðæèëò õàíãàãäàæ áàéãàà íü òîäîðõîé 
áàéíà.

Íàíî õýñãèéí øèíý òºðëèéí îðãàíèê òîãòâîðæóóëàã÷ áîëãîí ÃÁ-ûã 
õýðýãëýñýíýýð õýä õýäýí àñóóäëûã øèéäâýðëýõ áîëîìæ îëäîæ áàéíà. ¯¿íä:

ÃÁ íü àíõíûõàà ãëîáóëûí ðàçìåðò õàðãàëçàõ õýìæýý á¿õèé àññîöèàò - 
õóâèàðëàãäàí áàéðøèõ íýã òºäèéã¿é, õýä õýäýí íàíîõýñãèéã íýâòð¿¿ëæ 
÷àäàõ ñàëáàðëàñàí ìîëåêóë á¿òýöòýé ó÷èð óñàí óóñìàë áà íàíî 
õýñã¿¿äèéã òîãòâîðæóóëàõ ÷àäâàðòàé áàéíà.
Ìºí ò¿¿í÷ëýí ÃÁ-ûí ãëîáóëä íýâòðýõ íàíî õýñýã áîëîí ÃÁ-ûí õàðüöààã - 
ººð÷èëñºíººð ¿¿ñýõ íàíîêîìïîçèòóóäûí áèîëîãèéí èäýâõèò ÷àíàðûã 
õÿíàõ áîëîìæòîé áîëíî.
Íàíî ìºíãº àãóóëñàí øèíý òºðëèéí íàíîêîìïîçèòûã áèé áîëãîõîä ÃÁ-- 
ûã àøèãëàõ íü ýëáýã îëäîöòîé õÿìä òºñºð òóë èðýýä¿éä ýõ îðíûõîî 
ò¿¿õèé ýäèéã íàíîòåõíîëîãèò öîî øèíýýð àøèãëàõ ºðãºí áîëîìæ 
áèäíèé ºìíº íýýãäýæ áàéíà.

Ä¿ãíýëò

Ýì÷èëãýýíèé øàâðààñ îðãàíîìèíåðàëíû êîìïëåêñ-îëîí ôóíêöèîíàëò 1. 
áèîïîëèìåðûã ÿëãàí á¿òýö áàéãóóëàìæ øèíæ ÷àíàðûã íü òîãòîîí 
øèíýýð íàíî òîãòâîðæóóëàã÷ áîëãîí àøèãëàõ íºõöºëèéã á¿ðä¿¿ëýâ.
 Øèíý òºðëèéí îðãàíèê íàíî òîãòâîðæóóëàã÷èéã àøèãëàí îðãàíèê 2. 
áóñ–îðãàíèê ýðëèéçæñýí íàíîêîìïîçèòûã íèéëýãæ¿¿ëýõ àðãà 
áîëîâñðóóëæ, ãàðãàí àâñàí íàíîêîìïîçèòûí íàéðëàãà øèíæ ÷àíàðûã 
ýëåìåíòèéí áè÷èë øèíæèëãýý, àòîì øèíãýýëòèéí ñïåêòðîìåòð ÈÊ, 
ÓÔ, ðåíòãåíôàçûí çàäëàí øèíæèëãýýãýýð òîãòîîâ.
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abstract

The new suitable method, which is based on aggregation on the surface 
that has a special ability to absorb by the inorganic centre from a water solu-
tion, of multifunctional biogenic polymer, is used to synthesize organic-inorganic 
hybrid nano-composite. We extracted the humus substances or biogenic stabiliz-
ers from natural raw materials – peloid. And the stabilizers used for synthesize 
nano-composite after making complete allocation and specification of structures 
on it. The stabilizers’ special ability to absorb by the inorganic centre can make 
the condition for self-producing of organic-inorganic hybrid nano-composite. As a 
result measurement on devices micro analyze of elements, AAS, IR-, UV- spec-
trometer, X-RAY it has been established properties received nano-composite.

We had worked out a method, which for synthesis organic and inorganic 
hybrid nano-composite by using the new nano stabilizer. We find possibility to 
solve some problems by using humus substances as the organic stabilizer of a 
new kind for nano-composites. Humus substances have the diversified molecular 
structure, which could spent through it one or several nano-composites, which 
have size corresponding primary globules. It gives the chance to stabilize a water 
solution and nano-composites, also to control biologically-activity of nano-com-
posites by changing ratio of humus substances and nano-composites. Because 
of the humus substances are widespread and inexpensive raw materials of a 
natural origin, it is very good idea, that using the substances for creating brand 
new silver contained  nano-composite materials. 


