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Ûí2Ñå3 âÿ ÝàÛíÑå3 òèïëè éàðûìêå÷èðècèëÿðäÿ ÝàÛí  àòîìëàðûíûí Ôå àòîìëàðû èëÿ ÿâÿç îëóíìàñû éîëó èëÿ InFeSe3, 
Ga0.5Fe0.75In0.75Se3, GaFeSe3 òÿðêèáëè ìàãíèò éàðûìêå÷èðècèëÿðè ñèíòåç åäèëìèøäèð. Ðåíòýåíãóðóëóø àíàëèçè ÿñàñûíäà 
ìöÿééÿí åäèëìèøäèð êè, áèðèícè èêè òÿðêèá ðîìáîåäðèê ñèììåòðèéàëû èçîìîðô ãóðóëóøäà êðèñòàëëàøûð. Ãÿôÿñ ñàáèòëÿðè óéüóí 
îëàðàã ùåêñàãîíàë àñïåêòäÿ à=4,022(24) c=38, 920À0(11), à=3,950 (3)  c=38,629 À0 (24) âÿ êóáèê ãÿôÿñäÿ êðèñòàëëàøàí 
GaFeSe3  ö÷öí à= 11,020 À0 (09)-äèð. 

 
Ìÿëóìäóð êè, äþâðè ñèñòåìèí ÛÛÛÁ ãðóï åëåìåíòëÿðèíèí 

ïîëèùàëêîýåíèäëÿðè ñûðàñûíäà Ì2Õ3 òèïëè (Ì-Ûí, Ýà, ÒË, Àë; 
Õ-Ñ, Ñå, Òå) éàðûìêå÷èðècè ìàääÿëÿð áèð ÷îõ ôèçèêè-
êèìéÿâè õöñóñèééÿòëÿðèíÿ ýþðÿ îëäóãcà ìàðàãëû òÿäãèãàò 
îáéåêòëÿðè êèìè òÿäãèãàò÷ûëàðûí äèããÿòèíè cÿëá åòìÿêäÿäèð. 
Ãåéä åäÿê êè, ýþñòÿðèëÿí òèï éàðûìêåçèðècèëÿðèí ÿñàñ 
õöñóñèééÿòëÿðèíäÿí áèðè îíëàðûí ôèçèêè õàññÿëÿðèíèí  
àøãàðëàðûí ãàòûëûüûíäàí îëäóãcà àç àñûëû îëìàñûäûð. Áóäà, 
øöáùÿñèç êè, áó òèï áèðëÿøìÿëÿðäÿ ãóðóëóø äåôåêòëÿðèíèí 
îëäóãcà éöêñÿê, òÿõìèíÿí 5,5⋅1021ñì-1 òÿðêèáäÿ îëìàñû 
èëÿ áàüëûäûð. ßëáÿòòÿ, áó òèï éàðûìêåcèðècèëÿðèí öìóìè 
ìÿíçÿðÿñè Í.À.Ãîðéóíîâàíûí ìÿëóì ìîíîãðàôèéàñûíäà [ 
1 ] ÿòðàôëû ñóðÿòäÿ  ìöçàêèðÿ îëóíìóøäóð. Ëàêèí îíó äà 
ãåéä åòìÿê ëàçûìäûð êè, áó áèðëÿøìÿëÿðäÿ “õöñóñè 
äåôåêòëÿðèí ùÿäñèç ÷îõ îëìàñû, íÿòècÿ åòèáàðû èëÿ îíëàðäà 
èñòèëèêêå÷èðìÿíèí âÿ éöêäàøûéûcûëàðûí éöðöêëöéöíöí cöçè 
îëìàñûíà ñÿáÿá îëóð. 

ßëáÿòòÿ, èëê áàõûøäàí ýþñòÿðèëÿí õöñóñèééÿòëÿð 
ìöÿééÿí ìÿíàäà ìöáàùèñÿëÿðÿ ñÿáÿá îëñàëàð äà, áöòöí 
áóíëàð  ðåàëëûãëà óéüóí îëàí ùÿãèãÿòäèð âÿ òÿäãèãàò÷ûëàðûí 
äà ÿñàñ âÿçèôÿñè áó ðåàëëûãëàðû òÿäãèãàò ìÿãñÿäëÿðèíÿ 
óéüóí èñòèãàìÿòëÿðÿ éþíÿëòìÿêëÿ ëàçûì îëàí õàññÿéÿ 
óéüóí ìàòåðèàëëàðûí êèìéÿâè ðåàëëàøìàñû ö÷öí îïòèìàë 
øÿðàèòèí éàðàäûëìàñûíà íàèë îëìàãäàí èáàðÿòäèð. Áó 
ìÿíàäà ìÿãñÿäéþíëö òåõíîëîýèéà âÿ ðåíòýåíãóðóëóø 
òÿäãèãàòëàðûí ñèñòåìëè ôîðìàäà àïàðûëìàñû õöñóñè  
ÿùÿìèééÿò êÿñá åäÿ áèëÿð. Ãåéä åäÿê êè, ìÿùç áåëÿ 
éàíàøìà ÿñàñûíäà àïàðûëàí òÿäãèãàòëàð íÿòècÿñèíäÿ Ýà2Ñ3—
Ûí2Ñ3 ñèñòåìèíäÿ öìóìè äöñòóðó Ýà1-õÛí1+õÑ3 òèïëè 
ìîíîêðèñòàëëàðäà îðèjèíàë ðîìáèê, øïèíåë ãóðóëóøëó êóáèê, 
ìöõòÿëèô (ãàðûøûã)  ïàêåòëè òðèãîíàë ãóðóëóø âÿ ö÷ 
ùåêñàãîíàë ìîäèôèêàñèéàäà ÷îõñàéëû ïîëèòèï ãóðóëóøëàð 
àëûíìûø âÿ îíëàðûí êðèñòàë ãóðóëóøëàðû à÷ûëìûøäûð |2-
4|.Ñîíðàäàí òèïèê ôîòîùÿññàñ éàðûìêå÷èðècèëÿð îëàí 
(ÝàÛí)Ñ3-öí ÿñàñûíäà  òåòðàåäðèê âÿ îêòàåäðèê êàòèîíëàðû 
ìèñ âÿ äÿìèð àòîìëàðû èëÿ ÿâÿç åòìÿêëÿ ùÿì 

ÿâÿçëÿìÿíèí ãóðóëóø ÿìÿëÿýÿëìÿ ïðîñåñèíÿ òÿñèðè, ùÿì 
äÿ ìàãíèò õàññÿëÿðèíèí ñÿcèééÿñè þéðÿíèëìèøäèð |5 - 6|. 

Òÿãäèì îëóíàí èø éóõàðûäà ýþñòÿðèëÿíëÿð ÿñàñûíäà 
ñåëåíëè àíàëîãëàðûí ñèíòåç åäèëìÿñè âÿ àëûíàí ôàçàëàðûí 
ãóðóëóø õöñóñèééÿòëÿðèíÿ ùÿñð îëóíìóøäóð. 

 
ÑÈÍÒÅÇ.  

Ãàðøûéà ãîéóëìóø ìÿãñÿäÿ óéüóí îëàðàã èëê íþâáÿäÿ 
èêè êÿíàð âÿ áèð àðàëûã ôàçàíûí — éÿíè ÔåÝàÑå3, ÔåÛíÑå3, 
Ga0.5Fe0.75In0.75Se3 òÿðêèáëÿðèí ñèíòåçèíèí êèìéÿâè 
ðåàëëàøìàñû éåðèíÿ éåòèðèëìèøäèð. Ãåéä åäÿê êè, ùÿð ö÷ 
òÿðêèáèí ñèíòåçè åéíè øÿðàèòäÿ àïàðûëìûøäûð, éÿíè 
ñòåõèîìåòðèê òÿðêèáÿ óéüóí îëàðàã òÿðêèáÿ äàõèë îëàí 
éöêñÿê êèìéÿâè òÿìèçëèéÿ ìàëèê Ýà, Ûí, Ôå, Ñå öìóìè 
÷ÿêèñè 5 ãðàìà óéüóí ÷ÿêèëÿðÿê éöêñÿê  êåéôèééÿòëè   
êâàðñ áîðóäàí  ùàçûðëàíìûø  àìïóëàëàðà  äîëäóðóëìóø, 
ùàâàñû 10-4÷.ñ òÿðòèáèíÿ ãÿäÿð ñîðóëìóø âÿ àüçû 
áàüëàíàðàã áèð çîíàëû ñèíòåç ïå÷èíÿ éåðëÿøäèðèëìèøäèð. Ùÿð 
òÿðòèáÿ óéüóí àìïóëà àéðû-àéðû ñûíàãëàðäàí êå÷ûðèëìèøäèð. 

Ñèíòåç ïðîñåñèíèí ýåäèøè àøàüûäàêû ãàéäàäà 
àïàðûëìûøäûð. Àìïóëà ïå÷ÿ éåðëÿøäèðèëäèêäÿí ñîíðà îíóí 
òåìïåðàòóðó òÿäðècÿí 5000×-ÿ ãÿäÿð ãàëäûðûëìûø âÿ áó 
òåìïåðàòóðäà 3 ñààò ñàõëàíìûøäûð. Ñå áóõàðûíûí ìöòÿìàäè 
îëàðàã ðåàêñèéà çîíàñûíà éþíÿëòìÿê ö÷öí àìïóëàíûí áèð 
ócó ïå÷äÿí êÿíàðäà ñàõëàíìûø âÿ äàèìà ñó èëÿ 
ñîéóäóëìóøäóð. Ñîíðà ïå÷èí òåìïåðàòóðó 7000 ×-ÿ ãÿäÿð 
ãàëäûðûëìûø âÿ 2 ñààò ìöääÿòèíäÿ àìïóëàíûí ócóíà  
òîïëàíàí Ñå áóõàð ñîéóòìà éîëó èëÿ ðåàêñèéà çîíàñûíà 
ãîâóëìóøäóð. Ñå áóõàðû òàì òöêÿíäèêäÿí ñîíðà àìïóëà 
ïå÷èí äàõèëèíÿ þòöðöëìöø, ïå÷èí àüçû áàüëàíìûø, 
òåìïåðàòóð 10000 ×-ÿ ãàëäûðûëìûø âÿ  1,5 ñààò ùÿìèí 
òåìïåðàòóðäà  ñàõëàíäûãäàí ñîíðà òåìïåðàòóð 6000× 
åíäèðèëÿðÿê 20 ýöíëöê òàáëàìà ïðîñåñèíäÿ ñàõëàíìûøäûð. 
Òÿcðöáÿ  áèòäèêäÿí ñîíðà àìïóëàëàð ïå÷äÿí ÷ûõàðûëìûø, 
ñûíäûðûëàðàã àëûíàí íöìóíÿëÿðÿ  âèçóàë âÿ ìèêðîñêîïèê 
áàõûø êå÷èðèëìèøäèð. Ìÿëóì îëìóøäóð êè, àëûíàí 
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íöìóíÿëÿð àãðåãàò ýþðöíöøöíÿ ýþðÿ èêè  ôîðìàäàäûð: 
ÝàÔåÑå3 äÿíÿâàðè àãðåãàò ôîðìàñûíäà, ÛíÔåÑå3 âÿ 
Ga0.5Fe0.75In0.75Så—ëàéëû      àãðåãàò      ôîðìàñûíäàäûð.  
Ãåéä åäÿê êè, ö÷öícö íöìóíÿ  áöòþâëöêäÿ ëàéëû 
ìîíîêðèñòàë áëîêëàðäàí èáàðÿòäèð âÿ áó äà îíóí ñÿòùèíäÿí 
ðåíòýåí äèôðàêñèéàñû àëìàã èìêàíû âåðèð. Èêèícè íöìóíÿ  
áëîêëàðäàí èáàðÿò îëñà äà, êåéôèééÿòcÿ öúöí÷öäÿí 
àøàüûäûð. 

Îíà ýþðÿ äÿ èêèícè íöìóíÿäÿí þícÿ ùÿì Ëàóå 
ðåíòýåíîãðàìû, ùÿì äÿ ñÿòùäÿí ÿêñîëìà ðåíòýåíîãðàìû 
àëûíìûø, îíóí ùåêñàãîíàë ñèíãîíèéàäà êðèñòàëëàøìàñû, 
ñÿòùäÿí ÿêñîëìà ðåíòýåíîãðàìûíäà èñÿ ÎÎë òèïëè ïèêëÿð 
îëäóüóíäàí àñàíëûãëà êðèñòàëûí “÷ ãÿôÿñ ñàáèãè òÿéèí 
îëóíìóøäóð. Ñîíðà ùÿð ö÷ íöìóíÿäÿí ùÿá ùàçûðëàíìûø âÿ 
àâòîäèôðàêòîìåòðäÿ ×óÊα  àíòèêàòîäóíäà äèôðàêòîãðàìëàð 
àëûíìûøäûð. 100<2θ< 800 èíòåðâàëûíäà ôèêñÿ åäèëìèø áöòöí 
äèôðàêñèéà ïèêëÿðè ö÷öí àòîì ìöñòÿâèëÿðè àðàñûíäàêû 
ìÿñàôÿëÿð, îíëàðûí èíòåíñèâëèêëÿðè ùåñàáëàíìûø âÿ îíëàð 
ÿñàñûíäà äèôðàêñèéà ïèêëÿðèíÿ óéüóí îëàí èíäåêñëÿð (ù ê ë) 
âÿ êðèñòàëëàðûí ãÿôÿñ ñàáèòëÿðè ùåñàáëàíìûøäûð. 
Ùåñàáëàíìûø ÿñàñ êðèñòàëëîãðàôèê ìÿëóìàòëàð 1-3 
cÿäâÿëëÿðäÿ  âåðèëìèøäèð. 

  Àïàðûëìûø òÿcðöáÿëÿð âÿ îíëàð öçÿðèíäÿ ùåñàáëàìàëàð 
ÿñàñûíäà ìöÿééÿí åäèëìèøäèð êè, ÝàÔåÑå3 ñóëôèä 
àíàëîãóíäàí ôÿðãëè îëàðàã êóáèê ñèíãîíèéàíûí Ûì3ì ôÿçà 
ãðóïóíäà êðèñòàëëàøûð. Îíóí ãÿôÿñ ñàáèòèà=11,02 Å, Âãÿôÿñ = 
1331,7Å3 , áèð ñåëåíÿ äöøÿí ùÿcì Âñå = 41,5 Å3, ñûõ 

éåðëÿøìÿ ÿìñàëû Êé=0,732 õ 100%, ðåíòýåí ñûõëûüû ρτ = 
4,45 ýð/ñì3, ãÿôÿñÿ äöøÿí ôîðìóëà âàùèäèíèí ñàéû 
ç=10,67; ÛíÔåÑå3 ðîìáîåäðèê ñèíãîíèéàíûí Ð3ì ôÿçà 
ãðóïóíäà êðèñòàëëàøûð âÿ îíóí ùåêñàãîíàë àñïåêòäÿ ãÿôÿñ 
ñàáèòëÿðè à = 4,00,        ÷= 39,00Å, Âã = 541Å, ρτ = 4,67 
ýð/ñì3, Âñå = 45,5 Å3, Êé=0,661õ100%, ç=4; 
Ga0.5In0.75Fe0.75Se3 ùÿì÷èíèí ðîìáîåäðèê ãÿôÿñäÿ Ð3ì 
ôÿçà ãðóïóíäà êðèñòàëëàøûð, îíóí ùåêñàãîíàë àñïåêòäÿ 
ãÿôÿñ ñàáèòëÿðè à = 3,958,             ÷= 38,70Å,  Âã= 525Å3, 
Âñå = 43,4 Å3, ρτ = 4,7 ýð/ñì3, Êé=0,690 õ 100%, ç=4. 

Àëûíìûø íÿòècÿëÿðèí àíàëèçè âÿ àïàðûëìûø ãóðóëóø 
ùåñàáàòëàðû ÿñàñûíäà áåëÿ íÿòècÿéÿ ýÿëèíìèøäèð êè, èêèícè 
âÿ ö÷öícö òÿðêèáèí ãóðóëóøëàðû åéíèäèð, ãÿôÿñ  ö÷ïàêåòëè 
ëàéëû ãóðóëóøà óéüóíäóð âÿ ãóðóëóø õöñóñèééÿòèíÿ ýþðÿ 
ÔåÛí2Ñå4 | 7 | òèïëèäèð. Ãóðóëóøëàð åéíè îëñàëàð äà àòîìëàðûí 
òåòðàåäðèê âÿ îêòàåäðèê áîøëóãëàðäà ïàéëàíìà ÿìñàëëàðû 
ìöõòÿëèôäèð. Àòîìëàðûí ïàêåòëÿðäÿ  ïàéëàíìà àðäûcûëëûãëàðû 
àøàüûäàêû ñõåì öçðÿäèð:  
ÔåÛíÑå3  ö÷öí Ñå — 1/2 Ôå — 1/3 Ûí — Ñå — Ûí —  Ñå 5/6 Ôå — 
Ñåì  
Ga0.5 Fe0.75In0.75Se3  ö÷öí … Ñå 5/6 Ôå —Ñå — Ûí — Ñå — 2/3 
Ýà — 1/6 Ôå — Ñå 
ÝàÔåÑå3 èñÿ ùÿcìäÿ ìÿðêÿçëÿøìèø øïèíåë ãóðóëóøà 
ìàëèêäèð. 

Ãåéä åäÿê êè, áó ìîäåëëÿðèí ìàãíèò õàññÿëÿðèíÿ ùÿñð 
åäèëÿí ìÿãàëÿ ÷àïà ùàçûðëàíûð. 

 
Cÿäâÿë 1 FeInSe3-öí ðåíòýåí äèôðàêñèéàñûíäàí ùåñàáëàíìûø  êðèñòàëëîãðàôèê êîíñòàíòëàðû 

N 2θ h k l Inten Ä òÿcðö ä ùåñàá ∆d 

1.  20.338 0 0 9 14.1 4.3630 4.3249 -0.1810 
2.  25.594 1 0 0 15.1 3.4777 3.4827 0.0374 
3.  25.915 1 0 2 6.7 3.4354 3.4283 -0.0546 
4.  27.976 1 0 5 100.0 3.1867 3.1791 -0.0686 
5.  28.605 0 1 6 13.4 3.1181 3.0964 -0.0217 
6.  31.675 1 0 8 6.9 2.8226 2.8320 0.1082 
7.  32.335 0 0. 14 6.9 2.7664 2.7803 0.1657 
8.  36.107 1 0. 11 13.2 2.4856 2.4822 -0.0519 
9.  41.452 1 0. 14 14.5 2.1766 2.1728 -0.0749 
10.  45.072 1 1 0 40.3 2.0098 2.0108 0.0221 
11.  47.363 1 1 6 8.0 1.9178 1.9206 0.0727 
12.  48.225 1 1 7 4.4 1.8855 1.8909 0.1460 
13.  50.045 1 1 9 16.7 1.8212 1.8233 0.0636 
14.  51.577 0 0. 22 7.1 1.7706 1.7693 -0.0413 
15.  52.615 2 0 0 6.6 1.7381 1.7414 0.1068 
16.  53.945 2 0 5 18.0 1.6983 1.6994 0.0354 
17.  58.039 2 0. 10 6.6 1.5879 1.5895 0.0658 
18.  59.139 2 0. 11 6.6 1.5610 1.5624 0.0608 
19.  62.915 2 0. 14 8.5 1.4760 1.4758 -0.0118 
20.  71.783 2 1 0 6.8 1.3139 1.3163 0.1516 
21.  72.844 2 1 5 15.9 1.2974 1.2979 0.0342 
22.  80.619 2 1. 14 9.9 1.1907 1.1897 -0.0801 
23.  83.119 3 0 0 9.9 1.1611 1.1609 -0.0200 
24.  99.942 1 0. 37 6.6 1.0060 1.0071 0.1469 
25.  106.690 3 1 4 7.1 0.9602 0.9612 0.1650 
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Cÿäâÿë 2 Ga0.5Fe0.75In0.75Se3-öí ðåíòýåí äèôðàêñèéàñûíäàí ùåñàáëàíìûø  êðèñòàëëîãðàôèê êîíñòàíòëàðû 
N 2θ h k l Inten Д тяcрц д щесаб ∆d 

1.  20.603 0 0 9 3.1 4.3076 4.2921 -0.0752 
2.  26080 1 0 1  4.2 3.4140 3.4110 -0.0231 
3.  28.497 1 0 5  100.0 3.1297 3.1306 0.0086 
4.  36.663 1 0. 11 3.1 2.4492 2.4517 0.0390 
5.  42.033 1 0. 14 3.8 2.1479 2.1485 0.0137 
6.  45.861 1 1 0 23.1 1.9771 1.9771 -0.0006 
7.  50.805 1 1 9 11.3 1.7957 1.7957 0.0014 
8.  53.599 2 0 1 0.9 1.7085 1.7105 0.0685 
9.  54.420 2 0 4 1.8 1.6846 1.6859 0.0442 
10.  54.905 2 0 5 12.2 1.6709 1.6716 0.0266 
11.  60.078 2 0. 11 1.1 1.5388 1.5390 0.0099 
12.  63.895 1 0. 24 1.3 1.4557 1.4567 0.0444 
13.  73.114 2 1 0 1.1 1.2933 1.2943 0.0675 
14.  74.202 2 1 5 7.8 1.2770 1.2765 -0.0321 
15.  78.773 2 1. 11 1.5 1.2139 1.2144 0.0387 
16.  82.097 2 0. 24 1.1 1.1730 1.1727 -0.0228 
17.  84.805 3 0 0 7.1 1.1423 1.1415 -0.0781 
18.  88.440 1 1. 29 1.4 1.1045 1.1047 0.0189 
 

Cядвял 3 Fe GaSe3-цн рентэен дифраксийасындан щесабланмыш  кристаллографик константлары 
N 2θ h k l Inten Д тяcрц д щесаб ∆d 

1.  16.155 2 0 0 5.9 5.4821 5.4891 0.0205 
2.  22.927 2 2 0 4.1 3.8759 3.8424 -0.2030 
3.  28.157 2 2 2 100.0 3.1667 3.1616 -0.0470 
4.  28.720 3 2 1 6.6 3.1058 3.0924 0.0134 
5.  32.492 4 0 0 6.5 2.7534 2.7445 -0.1081 
6.  36.572 4 2 0 6.1 2.4551 2.4613 0.0961 
7.  37.558 3 3 2 1.9 2.3929 2.4015 0.1397 
8.  40.213 4 2 2 2.8 2.2408 2.2497 0.1669 
9.  42.161 5 1 0 2.1 2.1416 2.1523 0.2191 
10.  46.748 4 4 0 69.3 1.9416 1.9379 -0.0938 
11.  47.450 5 3 1 3.1 1.9145 1.9212 0.1750 
12.  48.350 4 3 3 3.1 1.8809 1.8814 0.0113 
13.  49.765 6 0 0 1.7 1.8307 1.8297 -0.0306 
14.  50.576 6 1 1 1.7 1.8033 1.8131 0.2929 
15.  55.408 6 2 2 36.5 1.6569 1.6579 0.0377 
16.  57.196 4 4 4 0.8 1.6093 1.6068 -0.0956 
17.  58.196 4 4 4 0.8 1.5840 1.5808 -0.1297 
18.  63.242 6 4 2 1.8 1.4692 1.4661 -0.1468 
19.  68.179 8 0 0 5.5 1.3743 1.3759 0.0902 
20.  75.279 6 6 2 10.9 1.2614 1.2648 0.2389 
21.  86.675 8 4 4 10.7 1.1224 1.1249 0.2356 
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