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DOMIR TORKIBLI NANOHiSSOCiIiKLORIN MAQNIT
PARAMETRLORININ HESABLANMASI

Acar soOzlar: damir torkibli nanohissaciklor, magnit doymas:;, magnit qavray:c:lig:, ferromagnit,
superparamagnit

Calculation of magnetic parameters of iron-contained nanoparticles
Summary
Some values of magnetic parameters of iron-containing nanoparticles were calculated. The result of
the calculations show that starting from 5 nm, the dimensions offen, Fe,, (Fe0),,, (Fe;03),, (Fes0,),
nanoparticles behave themselves as magnetic materials.
Key words: iron-containing nanoparticles, magnetic saturation, magnetic perception, ferromagnetic,
superparamagnetic

Giris

Nanohissaciklarin fiziki-kimyavi xassalorinin todqgigi nanotexnologiyanin asas mesalalorindon biridir.
Nanodlculi nanokristallarin fiziki-kimyavi xassalori onlarin 6lgtlorindon giicli surotds asihidir, ona gors
do bu kristallarin yaradilmas: boyuk ohomiyyat kasb edir. Magnit xassali nanohissaciklorin 6lguisii ¢ox
kicik olur vo mlayyan bir hadds catirsa, onlarin magnit xassasi paramagnetizmoa xassasine cevrilir. Bu
haddlorin 6lglst 5-10 nm arahginda olur. Bu 6lgllords biologiya, kimya vo fizika sahalorinds son illordoa
bir ¢ox nailiyyatlor oldo edilmisdir. Magnit xassali nanohissaciklorin genis totbiq sahslori olan
biotexnologiya, tobaboat, materialsiinaslig, muhandislik vo s. sahalor mixtalif ndév magnit xassali
nanohissaciklarin birgs sintezino asaslanir.

Biotibbi istifado (clin otaq temperaturunda superparamagnitik xasso gdstoran nanohissaciklorin
totbigine Ustunluk verilir. Bundan slave tibb terapiya biologiyada magnit nanohissaciklorin suda dayanigh
galmasi xassasindan istifado olunur. Magnit materiallart molumatlarin saxlanmasi tigiin do istifado olunur.
Informasiya dastyicilarinda nanohissaciklorin dayamqli olmasi temperatur doyismolari tasir géstarmoyan
informasiya bitlorini xarakterizo etmok tcun dayison magnit sahasi olmalidir. Molumat materiallarinin
muoyyan bir istigamotds magnitlosdirilmosi ilo saxlanihr. Misal Gglin kredit kartlari vo bank masin
kartlarinda magnit xassali y-Fe,O3 vo ya Fe3O,4 nanoissaciklorindon istifads edilir. Daimi magnitlor,
sosucaldicilar, muharriklor, generatorlar, molumat saxlayici qurgularda, minerallarin ayrilmas: daxil
olmagla bir ¢ox totbiglords istifads olunur. Ferritlor simsiz rabito, induktor kimi tatbiglordo vo
mikroelektronikada istifado olunur.

Coxsayl tacribalordon molumdur ki, nanohissacikarin magnit xassalori bir ¢cox amillordon kristal
gofosin ndvindan, 6l¢lst, formasi, atomlarin sayindan va s. asilidir. Nanohissaciyin torkibi, qurulusu,
Ocustind  doyismoklo materiahn magnit xassoarini muoyyan etmok olar. Bu isdo domir torkibli
nanohissaciklarinin 6lglini dayismoklo uygun nanohissaciklorin magnit parametrlori hesablanmusdir.
Alinmis naticalor asasinda onlarin magnit xassalori misyyan olunmusdur.
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NANOHISSOCIKLORIN MAQNIT PARAMETRLORININ HESABLANMASI DUSTURLARI

Nanohissaciklorin  torkibini, qurulusunu vo Olglsund  doyismoklo materialin - magnit
xususiyyatlorini idara etmok olar. Mioyyan edilmisdir ki, magnit xassali nanohissaciklorin 6l¢Usu
Kicilorok muoyyan bir haddo gatirsa onlarin magnit xassesi paramagnetizma cevrilir. Bu hoddin
6lcisl 5-10 nm aralhiginda olur. Damir tarkibli nanohissaciklarin magnit xassasini xarakterizo edan
komiyyatorin giymatlorina asason onlarin maqgnit xassolori haqginda fikir séyloys bilorik.
Nanohissaciyin magnit xassasini muayyanlasdirmok lglin avvalca onun magnit doymas: giymatini
bilmak lazimdir. Nanohissaciyin magnit doymasini tayin etmak tgln

3

Mg =My - (1-%) (1)

dusturundan istifado etmok olar. Burada Mg, hacmi materialin magnit doymas: xarakterizs edir
va Olcu vahidi A/m. D - kiiro formali tosavvir edilon nanohissaciyin él¢usl, d - sath gabaginin
galinhigidir. d hamin nanohissaciyi toskil edon atomlarin yerlosdiyi kiranin 7y, radiusu ila tayin
oluna bilor. d < 1, , Mg- nanohissaciyin magnit doymas: olub 6l¢t vahidi A /m. Nanohissaciyin
magnit doymasi malum olduqda, onun 6z-6ziina magnitlonmosini hesablamaq t¢ln

1,2

Mg, = M, - (1 ~03- (Tl) ) )

dusturundan istifado etmok olar. Burada T - nanohissaciyin temperaturu, T, - hacmi materialin
Kri temperaturudur. T, magnit materiallar tgln kecid temperaturdur, Mg, - nanohissaciyin 0z-
6zino magnitlonmasi, Olct vahidi A/m. T, temperaturundan boyik giymatlordo nizamli magnit
domenlari omolo golmadiyino goro 6z-6ziina magnitlonmo yaranmir. Nanohissocik gun digor
ohomiyyatli magnit komiyyatlordon biri magnit gavrayiciligidir. Bu adsiz kemiyyat olub materialin
fundamental xassosini xarakterizo edir. Materiahin maqgnit sahoasindo neco magnitlonmasini
xarakterizo edir. Nanohissaciyin magnit gabiliyyati onun V hacmdoan, T temperaturundan, hamginin
M,,,6z-6zUna magnitlonmasindan asili olaraq asagidak: kimi toyin oluna bilor:

_ 2 [ oV
X = Mgp (3-ko-T) )
Burada y— nanohissaciyin magnit gavrayicihgi, V = %n(D/Z)3 kira formali tasavvir olunan

nanohissaciyin hocmi, uo = 4m-1077 N/A? vakuumda materialin magnit nifuzlugu, k, =
1.38065 - 10723 C/ K Bolsman sabitidir. Nanohissaciyin magnit xassasindon asil olaraq y magnit
gavrayiciliginin ala bilacayi giymatlor cadval 1-ds verilmisdir:

Cadval 1
x magnit gabiliyyatinin gavrayiciligi
N | Magnit Magnit xassoasi olmayan Magnit xassali
r lig - - - - -
qavrayicigl Diamagnit Paramaqnit Superparamaqnit Ferromaqgnit
1 X -10°+-10° |10 ® = 10° | 5000 10° = 10°

M - nanohissaciyin magnit doymasi va y magnit gabiliyyatinin giymatlari malum olduqgda
onun m, magnit momentini (6l¢t vahidi A - m?) vo u nifuzlugunu (6lgti vahidi N/A?)
hesablamagq olar:

pw=po- 1+ (4)
my = MgV (5)

MAQNIT PARAMETRLORININ HESABLANMASI

Olcilori D=2 nm, 5nm, 10 nm, 15 nm, 20 nm, 25 nm va 30 nm olan Fe, nanohissaciyi
Uclinv T, = 1043 K, T = 300K, Msh = 1,747278-10°4/m, d =10,234-10""m ; (FeO),
nanohissaciyi Ugiin T, = 858K, T = 300K, Msb = 6,04788784 - 10° %, d=0,38:-10""m;

(Fe,03),, nanohissaciyi licin T, = 858K, T = 300K, Msb = 6,04788784-10°~, d = 0,614
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107°m ; (Fe30,), nanohissaciyi Uciin T, = 858K, T = 300K, Msbh = 7,32112738-105%,

d =0,68-10""m giymatlorini (1)-(5) disturlarinda nozoro ahb ayri-ayrihgda baxilan domir
torkibli nanohissaciklor Ggtin magnit doymasini M, 6z-6zine magnitlonmani Mg,, magnit momenti
mg , magnit nifuzlugu u vo magnit gavrayiciligi y — nin giymatlorini hesablamaq olar:

(Fe),, nanohissaciyi tgun:

D = 2 nm oldugda:

2:107°\’
V=1T( . ) = 4,188790205 - 10727m?

2-0,234-107°
2-107°
mgy = 0,77642379033 - 10° - 4,188790205 - 10727 = 3,252276367854 - 10721 A - m?

3
Mg = 1,727478 - 10 - <1 — ) =0,77642379033 - 10°A/m

300 \ 2
Mg, = 0,77642379 - 10° - (1 -03- (@) > = 0,7242052865 - 106 A/m

4 -1077 - 4,188790205- 1027
3-1,38065-10723-300

u=4m-10"7-(1+0,22212648422137) ~ 15,357694338349 - 10~ N /A*
D = 5nm oldugda:

x = (0,7242052865 - 106)2 - ( ) ~ 0,22212648

4 (5-107%\°
V=gn(— — 6544984695 - 10~27m3
2-0,234-107°\°
M, = 1,747278-10° - (1 — e =1,301133022463 - 10 A/m
me = 1,301133022463 - 106 - 65,44984695 - 10727 = 85,15895718179 - 1072 A - m?

300
1043
4 - 1077 - 65,44984695 - 10727

3-1,38065-10-23-300
u=4m-10"7-(1+9,7468908010559 ) ~ 135,0494127581153 - 107 N/A?
D = 10 nm olduqda:
4 (10 +107°

V=§T[ >

1,2
M, = 1,301133022463 - 106 - (1 —-0,3- ( ) > =1,213625117019-10°A/m

x = (1,213625117019 - 10%)2 - < > ~ 9,7468908010559

3
> = 523,598775598 - 10~%"m?

2-0,234-107°
10-10-°
mgy = 1,513261942 - 10° - 523,598775598 - 10727 = 792,3420998 - 10721 A- m?
300
1043
4m-1077 - 523,598775598 - 10727
3-1,38065-10723-300
p=4m-10"7- (1 + 105,4729048) ~ 1337,977968869 - 10~7 N /A2
D = 15 nm olduqgda:
4 (15 1077

V=§7T 2

3
Mg = 1,747278 - 106 - <1 — > =1,513261941658 - 10° A/m

1,2
M, = 1,5132619417 - 106 - <1 -0,3- ( > ) =1,41148727234-10°A/m

X =(1,41148727234 - 10°)? - ( ) ~ 105,4729048

3
> = 1767,14586764 - 10~%"m3

2:0,234-107°

3
- ) = 1,588782322936 - 10°A/m
15-10

M = 1,747278 - 10° - (1 —
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my = 1,588782322936 - 10° - 1767,14586764 - 10727 = 2807,614579064 - 10721 A - m?
300
1043
4 -1077-1767,14586764 - - 10727
3-1,38065-10-23-300
w=po  (1+x) =4mr-10"7- (1 + 392,387589428) ~ 4943,45424385 - 10~7 N /A?

D = 20 nm olduqda:

4 (20-107°%\° )
V=gn|———) = 4188790205 107*"m’

1,2
M, = 1,588782322936 - 106 - (1 -0,3- ( ) > = 1,48192851852699285 - 10° A/m

X = (1,481928518526993 - 10°)? - ( ) ~ 392,387589428

3

2-0,234-107°
20-107°

my = MgV = 1,627466915 - 10° - 4188,790205 - 10727 ~ 6817,11740968 - 10721 A - m?

300

1043
41-10~7-4188,790205 <1027

X = (1,51801137258038 - 109)? - (2808 L) ~ 975,9487489

p=4mr-10"7 - (14 975,9487488) ~ 12276,7 - 107 N /A?
D = 25 nm olduqgda:

3
Mg = 1,747278 - 10 - <1 — ) =1,627466915319765 - 10° A/m

1,2
M, = 1,62746691532 - 10° - (1 —-0,3- ( ) > ~ 1,51801137258 - 10° A/m

4 (25-107°%\°
=on(=——) =8181,230868723- 107*m’
M., = 1747278 106 - (1 - 2 %234 107 " 1,65097 - 108 A/
s 251079 - m
mg = 1,6509763449 - 10° - 8181,230868723 - 10~ = 13507,018637 - 10~21 A - m?

300
1043

41-1077-8181,230868723 -10~27

x = (1,539939671818 - 10°)? - (S22 00 ) ~ 1961617896

p=4m-1077-(1+1961,617896) ~ 24662,9838582259 - 107 N /A?
D =30 nm oldugda:
4 (30 -107°

V:§7T 2

1,2
M, = 1,65097 - 106 - (1 —-0,3- ( ) ) ~ 1,5399396718 - 10°A/m

3
> = 14137,166941154 - 107%"m3

2-0,234-107°

30-107°
my = 1,6667744089 - 10° - 14137,16694 - 10727 = 23563,46807 - 10721 A - m?
300

1,2
M,, = 1,6667744089 - 10° - (1 ~03-(25.) ) ~ 1,554675235 - 106 A/m

41710~7-14137,1669-10~27

x= (1554675234539 - 10)% - T ) =~ 3454857

u=4m-10"7 - (1 + 3454,857173525) ~ 43427,5820328 - 10~7 N/A?
(FeO),, nanohissaciyi ugiin:

3
M, = 1,747278 - 10° - <1 — ) = 1,6667744089 - 10° A/m

D = 2nm oldugda:

L4 (2107
—3™M\ 7 2

3
) = 4,188790205 - 10~%"m?
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2-0,38-107%\°
M, = 6,04788784-10%-( 1 — o) ~ 144138 105A/m
my = 1,44138101 - 10° - 4,188790205 - 10727 ~ 6,037642669 - 10722 A - m?
300\ 2
Mg, == 1,441381013 - 10° - (1 ~03- <ﬁ> ) ~ 1,3188458278 - 10° A/m

411077+ 4,188790205-1027
3:1,38065:10723:300

x = (1,318845827821838 - 105)2 - ( ) ~ 0,007366565

p=4mr-10"7-(1+ 0,00736656492541799) ~ 12,658943138514 - 1077 N /A?

D = 5nm olduqgda:
4 (5 1077

V=§T[ >

3

> = 65,44984695 - 1072"m3

2-0,38-107°
5-107°

my = 3,68800313188 - 10° - 65,44984695 - 10727 ~ 241,3792405325- 10722 A - m?

3
M, = 6,04788784 - 10° - <1 — > ~ 3,688 10°A/m

300\ 2
M, =3,688-10°-(1—0,3" <@) ~ 3,374477 - 105 A/m

411077+ 65,44984695-10727
3:1,38065-10723:300

x = (3,374477324 - 105)2 - ( ) ~ 0,75371198

p=4mr-10"7-(1+ 0,7537119842) ~ 22,0377947449 - 1077 N / A?

D = 10 nm olduqgda:
4 (10-107°

3
V= 37 (T) = 523,598775598 - 10~%"m?3

2-0,38-107°
10-107°
my = 4,771112335359068 - 10° - 523,598775598 - 10727 ~ 2498,148577035 - 10722 A - m?

300\
M, = 4,771112335 - 10° - (1 —-03- (—) ) ~ 4,36550887 - 10° A/m

3
M, = 6,04788784 - 10° - <1 - > ~ 4,771112335-10°A/m

858

.10~7- .10~27
X = (4365508869779 - 105)? - (TS ) 10,091416465

p=po-(1+%) =4w-1077 - (1 + 10,091416465) ~ 139,3788499 - 10~7 N /A2

D = 15 nm olduqda:

4 (15-107°\°
V=gm(———] =1767,14586764 - 10~2'm’
- 2-0,38-107°%\ ;
M; = 604788784 10° (1~ ——=———5—| ~ 5174399058 105A/m

mg = 5,174399058 - 10° - 1767,1458676 - 10727 ~ 9143,9179131- 10722 A - m?

5 300\ 12 5
My, = 5,174399-105- (1 - 0,3 - (ﬁ) ~ 4,734511241- 105 A/m
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417-107-1767,14586764 1027
3-1,38065:10723:300

X = (4,734511241 - 105)2 - ( ) ~ 40,050787093977

p=4m-10"7-(1+ 40,050787) ~ 515,859404634 - 10~7 N /A?

D = 20 nm olduqgda:
4 (20 -107°

—3"\ 7 2

3
> = 4188,790205 - 107%"m?3
2-0,38-107°
20-107°
my = 5,384296217 - 10° - 4188,790205 - 10727 ~ 22553,68725- 10722 A - m?

3
M, = 6,04788784 - 10° - <1 - > ~ 5,3842962167 - 10°A/m

300\ 2
M, = 538429621666 - 10° - (1 -03- (@> ) ~ 4926564549 - 105 A/m

4110”7+ 4188,790205-10 27
3:1,38065:10723:300

X = (4,926564549 - 105)2 - ( ) ~ 102,793479342

U=t (1+x) =4m-1077- (1 + 102,79342) ~ 1304,3065847288 - 1077 N /A?

D = 25 nm olduqgda:
4 (25 1077

3
V= 37 > > = 8181,230868723 - 1072"m3

2-0,38-107°
25-107°
my = 5,5129182049 - 10° - 8181,230868723 - 10727 ~ 45102,45659470 - 10722 A - m?

300\ 2
Mg, = 5,5129182 - 10° - (1 -0,3- (—) ) ~ 5,044252080064 - 105 A/m

3
M, = 6,04788784 - 10° - <1 — > ~ 5,5129182049 - 10°A/m

858
4m-10~7-8181,230868723-1027
3:1,38065:10723:300

x = (5,04425208 - 105)2 - ( ) ~ 2104,7502207

p=4m-10"7-(1+ 2104,750220768) ~ 26461,637695-10~7 N /A?
D =30 nm oldugda:

4 (30-107°\°
V=gm(———] =14137,166941154 107273
2-0,38-107%\°
M, = 6,04788784-105- (1 — —oTom ) © 5599794235 105A/m

my = 5,59979424 - 10° - 14137,166941154 - 10727 ~ 79165,22594216 - 10722 A - m?

300\ 2
Mg, = 5,5997942354 - 10° - (1 —0,3- (ﬁ) ) ~ 512374257517 - 10° A/m

47-1077-14137,166941154 -10~27
3:1,38065:10723:300

x = (5,12374257517 - 10%)? - ( ) ~ 3752,5401043

u=po (1+yx)=4mr-10"7-(1+ 3752,5401043018) ~ 47168,3760665 - 10~7 N /A?
(Fe,053), nanohissaciyi ugun:

D = 2 nm olduqda:
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4 (2-107%\° ,
=37\ ———) = 4188790205 10""m’
2-0,614-107°
2-107°
mg = 0,34782888 - 10° - 4,188790205 - 10727 ~ 1,4569822193457 - 1072% A - m?

3
M = 6,04788784 - 10° - <1 — ) ~ 0,347828883291-10°A/m

300\ 2
Mg, = 1,456982219 - 105 - <1 -03- <ﬁ) > ~ 1,3331207388- 105 A/m

411077+ 4,188790205-1027

x = (1,3331207388 - 10%)2 - (=020 ) ~ 0,007526896263

Uu=po - (1+yx) =4m-1077-(1+0,007526896263) ~ 12,6609563823775- 107 N /A?
D = 5nm oldugda:

4 (5-107%\°
V=gn(— — 6544984695 - 10~27m3
2-0,614-10°\°
M = 6,04788784-10°-( 1 — 10 ~ 2,59662221089 - 10° A/m
my = 2,596622210889588 - 105 - 65,44984695 - 10727 ~ 169,94852629 - 10722 A - m?
300\ 2
Mg, = 2,5966222109 - 105 - (1 ~03- (ﬁ) > ~ 2,375877258 - 105 A/m

411077+ 65,44984695-10727
3-1,38065-10723:300

x = (2,375877258 - 105)? - ( ) ~ 0,3736288417685

u=4mr-10"7-(1+ 0,3736288417685) ~ 17,26152911- 107 N /A?
D = 10 nm olduqgda:

4 (10-107°%\° )
V=gn(———) =523598775598" 10 273
2:0,614-10°\°
M, = 6,04788784-10%-( 1 — 0105 ~ 4,0822499976 - 10° A/m
my = 4,0822499976 - 105 - 523,598775598 - 10727 ~ 2137,4611- 10722 A - m?
300\ 2
My, = 4,0822499976 - 10° - (1 ~03- (ﬁ) > ~ 3,7352083373056 - 105 A/m

41-10~7-523,598775598-10~27
3:1,38065:10723:300

x = (3,7352083373 - 105)2 - ( ) ~ 2,9890307341366

u=4m-1077-(1+ 2,9890307341366) ~ 50,127640135562 - 1077 N / A?
D = 15 nm olduqda:
4 (15 -107°

V==
T 2

3
3 > = 1767,14586764 - 10~%"m3

2-0,614-107°\°
M, = 6,04788784-105- (1 — ST ~ 4,680809789 - 10° A/m
my = 4,68080979 - 10° - 1767,14586764 - 10727 ~ 8271,67367620 - 10722 A - m?
300\ 2
My, = 4,680809789 - 10° - (1 ~0,3- (@) ) ~ 4,282883155 - 10° A/m

an-7. a0—-27
X = (4,28288315521 - 105)2 - (‘“T R T ) ~ 32,77428333029

u=4mr-10"7-(1+ 32,77428333029) ~ 424,4201745875- 107 N /A?
D = 20 nm olduqda:
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4 (20-107%\°

=zn|———]) = 4188,790205 - 10~27m?3

2-0,614-10~°
20-10-9

my = 5,0008678474 - 105 - 4188,790205 - 10~27 ~ 20947,58625597 - 10722 A - m?

3
M = 6,04788784 - 10° - <1 — ) ~ 5,000867847468 - 10° A/m

300\ 2
Mg, = 5,000867847 - 105 - <1 -03- <ﬁ) > ~ 4575732326105 A/m

4110”7+ 4188,790205-10~27

x = (4,5757323261714 - 10)? - aa0ce 000 ) ~ 88,674384598

p=4m-10"7 - (1 + 88,674384598) ~ 1126,8815860467 - 1077 N / A?
D = 25 nm olduqgda:
4 (25 1077

V:§T[ 2

3
> = 8181,230868723 - 1072”m3

2-0,614-107°
25-107°
my = 5,19973089 - 10° - 8181,230868723 - 10727 ~ 42540,198837199 - 10722 A - m?

300\ 2
M, = 5,199730886 - 10° - <1 -03- <—) > ~ 4,75768955 - 105 A/m

3
M, = 6,04788784 - 10° - <1 — ) ~ 5,199730886 - 10> A/m

858

4m-1077-8181,230868723-10~27

X = (475768955 - 105)? - (RSB0 E0T ) ~ 187,240244816865

u=4mr-10"7 - (1 + 187,2402448) ~ 2365,49675349955 - 1077 N/A?
D =30 nm olduqda:
4 (30 -107°

V=2
3"\ 7T 2

3
> = 14137,166941154 - 10~?"m3

2-0,614-107°
30-107°
mg = 5,33519281 - 10° - 14137,16694 - 10727 ~ 75424,51142416 - 10722 A - m?

3
M, = 6,04788784 - 10° - <1 — ) ~ 5,33519281-10°A/m

300\ 2
Mg, = 5,33519281- 105 - (1 -03- (ﬁ) ) ~ 4,88163553879 - 105 A/m

41-107-14137,166941154 -10~27

X = (48816355388 - 10%)2 - (T2l il )~ 340,628861052

u=4mr-10"7- (1 + 340,62886105248996 ) ~ 4283,034880547 - 107 N /A?
(Fe;0,),,nanohissaciyi tcun:
D = 2nm olduqda:
4 <2 -107°

—3T\ 7 2

3
> = 4,188790205 - 10~%"m?3

2-0,38-107°
2-107°
my = 1,74482964622 - 10° - 4,188790205 - 10727 ~ 7,30872533148 - 10722 A - m?

3
M, = 7,32112738 - 10° - <1 - > ~ 1,744829646 - 10° A/m

300\ 2
Mg, = 1,744829646 - 105 - <1 -03- <@) ) ~ 1,59649695 - 10° A/m

411077+ 4,188790205-10 27
3-1,38065:10723:300

x = (1,5964969526879 - 105)? - ( ) ~ 0,0107947639
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pu=4mr-10"7-(1+ 0,01079476392798) ~ 12,702021618571 - 107 N /A?
D = 5nm olduqgda:

4 (5-107°\° )
V=sn(— — 65,44984695 - 10~27m3
2:0,68-10%\°
M, = 7,32112738-10°5- (1 — o) ~ 28246985118 105A/m
my = 2,824698512 - 105 - 65,44984695 - 10727 ~ 184,867085278 - 10722 A - m?
300\ 2
Mg, = 2,824698512 - 10° - (1 ~03- (@) ) ~ 2,5845642569 - 105 A/m

411077+ 65,44984695-10~27
3:1,38065-10723:300

x = (2,584564256926 - 105)2 - ( ) ~ 0,442147384823

p=4mr-10"7-(1+ 0,442147384823) ~ 18,122558518 - 107 N /A?

D = 10 nm olduqgda:
4 (10 1077

V=§7T >

3
> = 523,598775598 - 10~%"m?
2-0,68-107°
10-107°
my = 4,72192615 - 10° - 523,598775598 - 10727 ~ 2472,39475- 10722 A - m?

3
M, = 7,32112738-10° - <1 - > ~ 4,72192615-10°A/m

300\ 2
Mg, = 4,72192615 - 10° - (1 -03- (ﬁ) ) ~ 4,320504119 - 105 A/m

. =7. . =27
X = (43205041186 - 10%)? - (T2 SEBITBINC ) . 986442081564

u=4mr-10"7-(1+9,8844208156 ) ~ 136,7776658919 - 107 N /A?
D = 15 nm olduqda:

4 (15 -107°

V=2
T

3
3 > = 1767,14586764 - 10~2"m3

2-0,68-107°
15-107°

mgy = 5,50487291 - 10° - 1767,1458676 - 10727 =~ 9727,91341568 - 10722 A- m?

300\ 2
Mg, = 550487291 - 105 - (1 -03- (—) ) ~ 5,036890735 - 105 A/m

3
M, = 7,32112738 - 10° - <1 — > ~ 5,5048729105- 10°A/m

858
411077-1767,14586764 1027
3-1,38065-10723-300

x = (5,036890735 - 105)2 - ( ) ~ 45,3300096

p=4m-1077 - (1 + 45,33000960216) ~ 569,6337006132 - 1077 N /A?

D = 20 nm olduqgda:
4 <20 -107°

3
V= 3T > ) = 4188,790205 - 1072"m3
2-0,68-107°
20-107°
my = 5919588058659 - 10° - 4188,790205 - 10727 ~ 24795,9124777 - 10722 A - m?

3
M, = 7,32112738-10° - (1 — ) ~ 5,919588059 - 10° A/m
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300\ 2
Mg, = 5919588 - 10° - <1 -03- <@) ) ~ 541634997 - 105 A/m

.10~7- .10-27
X = (54163499744 - 10%)? - (T _UEBTS ) + 124,24828356328

u=4m-1077- (1 + 124,24828356328) ~ 1561,3500273693 - 1077 N / A?
D = 25 nm olduqda:

4 (25-1079\°
=3m|=——) =8181,23086872310~"m’
- 2-0,68-107%\° <
M = 7,32112738-10° (1~ “—=—-—5—] ~ 61901383234 10°A/m
m, = 6,19013832338 - 105 - 8181,2308687 - 10727 ~ 50642,950736 - 1022 A - m?
300\
My, = 6,1901383234 - 105 - (1 ~03- (ﬁ) > ~ 5,663900126 - 105 A/m

1n—7. 1n-27
X = (566390012568 - 105)? - (TH_TEERIE0 ) 965361658887

u=4m-10"7-(1+ 265,361658887) ~ 3347,199323 - 1077 N /A?
D = 30 nm oldugda:

4 (30 -107°

3

=37 > > = 14137,166941154 - 1072"m3

2-0,68-107°
30-107°

mgy = 6,36990917 - 10° - 14137,16694 - 10727 ~ 90052,4694 - 10722 A - m?

3
M, = 7,32112738 - 10° - <1 — ) ~ 6,3699091746 - 10°A/m

300\ 2
Mg, = 6,369909175 - 105 - <1 -03- <ﬁ) > ~ 5,82838823456 - 10° A/m

4m-1077-14137,166941154 -10~27
3-1,38065-10723:300

x = (5,82838823456 - 10%)? - (
Naticalor cadval 2-doa verilmisdir.

) ~ 6144,36065 - 10~ N /A2,

Codval 2.
Domir torkibli nanohissaciklarinin magnit parametrlorinin
hesablanmis giymatlori
Nano- | Ol¢ | Magnit | Oz-6ziina | Magpnit Magnit Magnit
hissaci | Usli | doymas: | magnitlon | momenti nifuzlugu p gabiliyyati
k nm | M, ma mo0 (N/A?) X
(A/m) | Mg, (A | (A-m?)
m)
2 0,7764 0,7242 3,25228 | 15,3577-10719| 0,22213
-10° -10° 10721
5 1,3011 1,2136 85,15896 | 135,049-1077 9,74689
Fe -10° -10° 10721
10 1,5133 1,4115 792,342 1337,978 105,4729
- 10° - 10° 10721 1077
15 |1,58878 | 1,4819 2807,615 4943,454 392,3876
- 10° - 10° 10721 -1077
20 |1,62747 | 1,51801 6817,12 12276,7 - 1077 975,949
- 10° - 10° 10721
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25 |1,65098 | 1,5399 24662,984 1961,618
106 - 106 13507,0186| -1077
,10—21
30 | 1,6668 | 1,554675 | 23563,468 43427,582 3454,857
- 106 106 -1072t +1077
2 1,44138 | 1,31885 6,0376 12,6589-10"7 | 0,00737
-10° 105 - 10722
FeO |5 3,688 | 3,37448 | 241,379 | 22,0378-1077 | 0,75371
105 - 10° 10722
10 | 4,77111| 4,3655 2498,15 | 139,379-10"7 | 10,0914
-10° -10° - 10722
15 |5,17439 | 4,73451 | 9143,92 | 515,859-10"7 | 40,0508
-10° -10° -1072%2
20 |5,38429 | 4,92656 | 22553,7 1304,307 102,793
-10° 105 10722 -1077
25 |5,51292 | 5,044252 | 45102,5 26461,64 2104,75
- 10° 105 10722 1077
30 | 55998 | 512374 | 79165,2 47168,38 3752,54
-10° -10° -10722 -1077
2 0,347828 1,33312 | 1,45698 12,66097 0,007527
-10° -10° 10722 1077
5 2,596622 2,37588 | 169,949 17,26153 0,373629
Fe,05 -10° 105 10722 -1077
10 | 4,08225| 3,73521 | 2137,46 50,12764 2,98903
- 10° 105 10722 -1077
15 | 4,68081 | 4,28288 | 8271,67 424,42017 32,7743
-10° -10° 10722 +1077
20 |5,000868 4,57573 | 20947,6 1126,8816 88,6744
-10° -10° -10722 -1077
25 [5,19973 | 4,75769 | 42540,2 2365,4968 187,24024
- 10° -10° -10722 1077
30 [5,335193 4,88164 | 754245 4283,0349 340,6289
-10° -10° 10722 -1077
2 1,7448 | 1,5965 7,3087 12,702 0,01079
-10° -10° 10722 1077
5 2,8247 | 2,5846 184,867 | 18,1226-1077 0,4421
Fe;0, -10° - 105 - 10722
10 | 4,7219 | 4,3205 2472,39 | 136,778-1077 | 9,88442
-10° -10° 10722
15 | 55049 | 5,0369 9727,9 569,634 1077 45,33
- 10° -10° -10722
20 | 59196 | 541635 | 247959 | 1561,35-1077 | 124,248
-10° 105 - 10722
25 [6,19014 | 56639 | 50642,95 3347,199 265,362
-10° -10° 10722 -1077
30 | 63699 | 58284 | 90052,469 | 6144,36-10"7 | 485,565
-10° -10° 10722
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Natica

Domir vo domir oksid nanohissacikari tcglin muxtalif Olculordo magnit komiyyatlorinin
giymotlori hesablanmigdir. Codvaldon gorundiyt kimi domir nanohissaciyinin Ogtlori artdigca
onlarin  maqgnit xususiyyatlorini  xarakterizo edon komiyyatlorin qiymatlori do artir. Bu iso
nanohissaciyin  xassalorinin onun 06lgli vo formasindan asili odugunu gostorir. Magnit
parametrlorinin  hesablanmis giymotlorino oasason (Fe), Vo (Fe0),, (Fe,03), , (Fe30,),
nanohissaciklorinin 6lgllorinin artmas: ilo paramagnit xassesinin ferromagnit xassssi ilo ovoz
olundugunu demak olar. 5 nm-dan Kigik 6lgllordo baxilan nanohissacklor paramagnit, 5 nm —dan
boylk qiymotards isa 0zlarini magnit xassali materiallar kimi aparirlar.
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