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 !" 669.017, 539.4 

 .!. "#$%&'()*1, +.,. -#.$*%()*2, "./. 0123452*1 

1
 !"#$%& '!#()*+#,-.//0& *+1%,.$,(+/!-#,+!%,.23/0& (/%-.+#%,.,,  

 !"#$, 4!##%5 
2
 6*7*1#$%& /*8%!/*23/0& ,.1/%9.#$%& (/%-.+#%,., %"./% 6.:. ;*,<*.-*,  

=2"*,0, 6*7*1#,*/ 

6!07879:;87/"+ <;7/";!8/",:887=  

7;>!8+6!?++ /@,+>7,7= @:A7;9!?++  

, [001]-97870;+/"!  !B NI3FE  

8! 9!0;7C;7,8: 

4*##"!,+./* $+%#,*22!'.!".,+%5 [001]-"!/!$+%#,*22!- # >?6-+.@.,$!&, %".AB%1 C!+-

"( <*+*22.2.<%<.)* # !+%./,*8%.& D!$!-01 '+*/.& {001}. E.,!)!" !<,%9.#$!& "%$+!#$!<%% 

%7(9./* $*+,%/* ).C!+"*8%!//!'! +.23.C*, C!+"%+(AB.'!#5 - [001]-"!/!$+%#,*22*1 +*7(<!-

+5)!9.//!'! #<2*-* Ni3Fe # '+*/5"% {100}, <+% #,.<./51 ).C!+"*8%%   < 0,1. F+!*/*2%7%+!-*/* 

$*+,%/* #2.)!- #)-%'* /* -#.1 #-!D!)/01 '+*/51 ).C!+"%+!-*//!'! "!/!$+%#,*22*. G#,*/!-2.-

/!, 9,! # #*"!'! /*9*2* <2*#,%9.#$!& ).C!+"*8%% - %7(9.//01 "!/!$+%#,*22*1 +*7-%-*.,#5 

"*$+!C+*'"./,*8%5 #)-%'!-!& ).C!+"*8%%. F+!-.)./ #!<!#,*-%,.23/0& */*2%7 $*+,%/0 ).-

C!+"*8%!//!'! "*$+!+.23.C* )25 #<2*-* Ni3Fe % *2A"%/%5 <+% %)./,%9/01 $+%#,*22!'.!".,-

+%9.#$%1 1*+*$,.+%#,%$*1 "!/!$+%#,*22!- % (#2!-%51 %1 /*'+(H./%5. G#,*/!-2./! -2%5/%. 

#-!&#,- "*,.+%*2* /* 7*$!/!".+/!#,% <+!,.$*/%5 <.+-%9/!& "*$+!C+*'"./,*8%% #)-%'!-!& 

).C!+"*8%%. F+.)#,*-2./0 +.7(23,*,0 %7".+./%5 $!2%9.#,-.//01 1*+*$,.+%#,%$ $*+,%/0 

#)-%'*: +*##,!5/%5 ".H)( #!#.)/%"% #2.)*"% #)-%'* !  % ,!2B%/0 d ".7!<!2!# (#2!5, - $!,!-

+!" <+!%#1!)%2 #)-%', # !D+*7!-*/%." #2.)!- #)-%'* /* '+*/51 "!/!$+%#,*22*). F!#,+!./0 

'%#,!'+*""0 7/*9./%& !  % d )25 !,).23/01 #%#,." #2.)!- #)-%'* /* !)/!& '+*/% "!/!$+%#,*2-

2*, (#+.)/.//0. <! '+*/5" % )25 -#.'! "!/!$+%#,*22* - 8.2!". ;+.)/.. 7/*9./%. ,!2B%/0 

".7!<!2!#0 <d> <! -#."( !D+*78( #!#,*-%2! 6,4 "$", * -.2%9%/* <! > = 22 "$". :#<!237!-*/%. 

<!2(9.//01 )*//01 <!7-!2%2! !<+.).2%,3 )!2A !DI."* "!/!$+%#,*22* ("), -!-2.9.//!'! - 

#)-%'!-(A ).C!+"*8%A /* "*$+!(+!-/.. F!2(9.//*5 -.2%9%/* " )25 [001]-"!/!$+%#,*22!- 

#<2*-* Ni3Fe #!<!#,*-2./* # -.2%9%/!& " )25 [001]-"!/!$+%#,*22!- *2A"%/%5. G#,*/!-2./!, 9,! 

D!2.. %/,./#%-/*5 2!$*2%7*8%5 #)-%'!-!& ).C!+"*8%% <+!%#1!)%, - <!#2.)/." %7 "*,.+%*2!- 

("!/!$+%#,*22*1 *2A"%/%5). 

0%DE#)5# .%()*: "!/!$+%#,*22, #<2*- Ni3Fe, ).C!+"*8%!//0& +.23.C, "*$+!C+*'"./-

,*8%5 #)-%'!-!& ).C!+"*8%%, 2!$*2%7*8%5 ).C!+"*8%%, $!2%9.#,-.//0. 1*+*$,.+%#,%$% ).-

C!+"*8%!//!'! +.23.C*. 
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REGULARITIES OF THE SPATIAL ORGANIZATION SHEAR  

DEFORMATION IN[001] – NI3FE SINGLE CRYSTALS  

AT THE MACROLEVEL 

Crystalgeometry of [001]-monocrystal of the parallelepiped form with orientation of lateral sides 

{001} is considered. The deformation relief has been studied by the method of optical microscopy in 

[001] – monocrystals of desordered alloy Ni3Fe with sides {001} at extents of deformation of   < 0,1. 

The shear traces on all free sides of the deformed monocrystal have been analysed. It has been estab-

lished that macrofragmentation of shear deformation in the monocrystals under investigation is develop-

ing from the start of plastic deformation. The comparative analysis of deformation macrorelief picture 

regularities for Ni3Fe and aluminum monocrystals carried out at their identical crystal geometrical quan-

titative characteristics and the conditions of loading. Influence of material properties on regularities of 

primary macrofragmentation formation of shear deformation has been established. The distances (!J) 

between the neighbour shear traces and thickness (d) of meso shear bands (layers in which shear has 

being happened to form traces of shear on the monocrystal sides). The histograms of and for separate sys-

tems of shear traces have been constructed for each side of the monocrystal. The average values of !J and d 

for all sides and monocrystal as a whole have been defined. The average value of meso shear band thickness 

for the sample as a whole made 6,4 µm, and <!J>=22 µm. Using the obtained data the part of the monocrys-

tal volume (") involved in shear deformation at macrolevel has been The obtained value " for [001] – 

monocrystal of alloy Ni3Fe has been compared with " for [001] – monocrystal of aluminum. It has been estab-

lished that localization of plastic shear deformation happens easier in the latter. 

Keywords: single crystal, Ni3Fe alloy, deformation relief, macrofragmentation of shear deforma-

tion, localization of deformation, quantitative characteristics of the deformation relief. 

 

 !"#"$%" 

# 2345 64.67-8.9, :;" <=+249, 2-><=626= ?6=+4+./+ >?@-=- 

Ni3Fe ?2/ ?@-></A+>06B 4+762C-D//, ?6-=/4/C6C5, /85A+.6 .-/E6@++ 

?6@.6. !@3 C6.6- / ?6@/02/><-@@6= F<6G6 >?@-=- ?6@5A+.9 02/=9+ <+-

A+./3 [1–3] / =93=@+.- /, ><-4/B.6><H [3]. # >?@-=+ > 4-@H./C ?6234-

06C 5><-.6=@+.- ><250<52- 6>.6=.6G6 .6>/<+@3 >4=/G- .- C+86526=.+ – 

>=+2,4/>@60-D//, >6><63I+B /8 A+<92+, 4/>@60-D/B J60@/ [4, 5]. #9-

3=@+.9 8-06.6C+2.6></ F=6@KD// 4/>@60-D/6..6B ><250<529 > 4+-

762C-D/+B, /4+.</7/D/26=-.9 </?9 >5E><250<52 / 5><-.6=@+.- /, 

>=38H >6 ><-4/B.6><HK 02/=9, <+A+./3 [3, 6, 7]. (85A+.6 =@/3./+ ><+-

?+./ 4-@H.+G6 -<6C.6G6 ?62340- / <+C?+2-<529 />?9<-./3 .- ,-2-0<+-

2/></0/ 4+762C-D/6..6G6 5?26A.+./3 C6.6- / ?6@/02/><-@@6= [8, 9]. 
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# ?6>@+4./+ G649 />>@+46=-./+ ?@-></A+>06G6 ?6=+4+./3 F<6G6 >?@-=- 

?26=64/@6>H ?2+/C5I+><=+..6 .- C6.602/><-@@-, [10–15]. L<6 .+54/-

=/<+@H.6, <-0 0-0 C6.602/><-@@9 3=@3K<>3 .+ <6@H06 546E.9C, .6 / 

.-/E6@++ /.762C-</=.9C 6EM+0<6C />>@+46=-./3 C.6G6526=.+=6G6 

,-2-0<+2- ?@-></A+>06B 4+762C-D// [16]. !@3 ./, ,626N6 6?2+4+@3+<-

>3 G+6C+<2/3 >4=/G-, A<6 ?68=6@3+< 06@/A+><=+..6 6?/>-<H ?26D+>> 

?@-></A+>06B 4+762C-D// .- 2-8@/A.9, C->N<-E.6-><250<52.9, 

526=.3,. !@3 C6.602/><-@@6= >?@-=- Ni3Fe, 62/+.</26=-..9, 4@3 (=3-

2(?2(;( >06@HO+./3, /85A+.- 0-2</.- >@+46= >06@HO+./3 .- 2-8.9, 

><-4/3, 02/=6B <+A+./3 [11]. '- 6>.6=+ ><-</></A+>06B 6E2-E6<0/ 06-

@/A+><=+..9, ,-2-0<+2/></0 0-2</.9 >@+46= >06@HO+./3 5><-.6=@+.6 

>-C6?646E/+ 62G-./8-D// >4=/G6=6B 4+762C-D// = ?+2=/A.6B ?@6>06-

></ >06@HO+./3 = /.<+2=-@+ C->N<-E6=, 2-8@/A-KI/,>3 .- <2/ ?6234-

0-. )60-8-.6, A<6 >684-./+ = >?@-=+ 4-@H.+G6 -<6C.6G6 ?62340- ?2/=64/< 

0 /8C+.+./K ,-2-0<+2- 2->?2+4+@+./3 >@+46= >06@HO+./3 6< 0@-><+2/86-

=-..6G6 0 64.6264.6C5 .- =>+, F0>?+2/C+.<-@H.6 =93=@+..9, C->N<-E-

.6-><250<52.9, 526=.3, ?@-></A+>06B 4+762C-D// [11]. !@3 F<6B O+ 

62/+.</26=0/ C6.602/><-@@6= >?@-=- = 2-85?62346A+..6C >6><63.// 6E-

.-25O+.- C-02672-GC+.<-D/3 >4=/G6=6B 4+762C-D//, 3=@3KI-3>3 6<2--

O+./+C .+64.6264.6></ ++ ?26<+0-./3 > >-C6G6 .-A-@- [13]. 

&-0/C 6E2-86C, =>+ .-06?@+..9+ 0 .-><63I+C5 =2+C+./ F0>?+-

2/C+.<-@H.9+ 4-..9+, .+>6C.+..6, =-O.9 4@3 ?6./C-./3 8-06.6C+2-

.6><+B ?@-></A+>06B 4+762C-D// 0-0 >?@-=- Ni3Fe, <-0 / 425G/, C+-

<-@@6= / >?@-=6= > :;"-2+N+<06B. P4.-06 E6@HN/.><=6 F</, 4-..9, 

?6@5A+.6 4@3 0-06G6-@/E6 64.6G6 C->N<-E.6G6 526=.3, 0-0 ?2-=/@6 

C+86526=.3. *+O45 <+C /8-8- .+64.6264.6G6 ?26<+0-./3 ?@-></A+>06B 

4+762C-D// ?2+4><-=/<+@H.9C 6EM+C6C 4@3 C6.602/><-@@6= 3=@3+<>3 

=+>H +G6 6EM+C. P<>K4- 3>.6, A<6 -4+0=-<.6+ 6?/>-./+ ?@-></A+>06G6 

?6=+4+./3 C6.602/><-@@6= .+6E,64/C6 ?26=64/<H = /.<+2=-@+ C->-

N<-E6= 6< C-026- 46 C/026-, <6 +><H =6 =>+C 7/8/A+>0/ 6E6>.6=-..6C 

/.<+2=-@+ C->N<-E6=. # ?6>@+4./+ G649 ><-@/ -0</=.6 2-82-E-<9=-<H-

>3 C64+@/ ?@-></A.6></, 5A/<9=-KI/+ C.6G6526=.+=9B, /+2-2,/A+-

>0/ 62G-./86=-..9B ,-2-0<+2 ?@-></A+>06B 4+762C-D// = :;"-?6@/- 

/ 4-O+ C6.602/><-@@-, [17–19]. 

"-O+<>3 +><+><=+..9C, A<6 F0>?+2/C+.<-@H.6+ />>@+46=-./+ 

C.6G6526=.+=6B ?@-></A+>06B 4+762C-D// 46@O.6 .-A/.-<H>3 > C-0-

26>06?/A+>06G6 526=.3. P4.-06 /><62/A+>0/ >@6O/@->H <-0, A<6 /C+.-
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.6 4@3 C-026C->N<-E.6G6 526=.3 8-06.6C+2.6></ 62G-./8-D// >4=/-

G6=6B 4+762C-D// = C6.602/><-@@-, =66EI+ / >?@-=- Ni3Fe = A-><.6-

></ C-@6 /85A+.9 [13, 20]. # .-><63I+B 2-E6<+ E545< ?2+4><-=@+.9 2+-

85@H<-<9 <-06G6 />>@+46=-./3, =9?6@.+..6G6 .- [001]-C6.602/><-@@-, 

>?@-=- Ni3Fe > E@/O./C -<6C.9C ?623406C.  

1. &'(")%'* % +"(,#- %..*"#,!'$%/ 

*6.602/><-@@9 /C+@/ 762C5 ?-2-@@+@+?/?+4- > 2+E2-C/ 

3#3#6 CC
3
. !+762C-D/3 6>5I+><=@3@->H >O-</+C 46 .+E6@HN/, ><+-

?+.+B 4+762C-D// ( $0,1) ?2/ 06C.-<.6B <+C?+2-<52+ >6 >0626><HK 

3×10
–4
>

–1
 =46@H 02/><-@@6G2-7/A+>06G6 .-?2-=@+./3 [001]. #>+ E606-

=9+ G2-./ C6.602/><-@@6= /C+@/ 62/+.<-D/K {100}. !@3 =6>>684-./3 

?26><2-.><=+..6B 62G-./8-D// >4=/G- = 6EM+C+ C6.602/><-@@- 0-2</.5 

4+762C-D/6..6G6 2+@H+7- />>@+46=-@/ .- =>+, +G6 >=6E64.9, G2-.3,. 

%./C0/ ?6=+2,.6></ G2-.+B C6.602/><-@@6=, ?2+4=-2/<+@H.6 6<?6@/26-

=-..9, / ?264+762C/26=-..9,, E9@/ ?6@5A+.9 > ?6C6IHK 6?</A+>06G6 

C/026>06?- *(*-10 ?2/ .+?6>2+4><=+..6C =9=64+ /86E2-O+./3 .- 

06C?HK<+2. )26=64/@/>H ?2/D+@H.9+ /8C+2+./3 N/2/.9 >@+46= / 2->-

><63./B C+O45 >6>+4./C/ >@+4-C/ >4=/G- ?2/ 5=+@/A+.// 200 02-<. 

2. 0)%.('**,1",+"()%/ +,$,2)%.('**,! 

(>>@+46=-..9+ = .-><63I+B 2-E6<+ C6.602/><-@@9 .-G25O-@/>H 

>O-</+C =46@H 6>/ >/CC+<2// A+<=+2<6G6 ?62340- – [001]. Q606=9+ 

G2-./ 02/><-@@6= <-0O+ /C+@/ 05E/A+>05K 62/+.<-D/K (2/>. 1). *6-

.602/><-@@9 :;" C+<-@@6= / >?@-=6= = =9E2-..6B 02/><-@@6G+6C+<-

2/A+>06B 5><-.6=0+ 6E@-4-K< .-/E6@++ =9>606B >/CC+<2/+B /8 =>+, 

=68C6O.9, >6A+<-./B 62/+.<-D/B 6>/ .-G25O+./3 / G2-.+B C6.602/-

><-@@-. R-=.6.-G25O+..9C/ = F<6C >@5A-+ 3=@3K<>3 =6>+CH 60<-F42/-

A+>0/, >/><+C >06@HO+./3. '- 2/>. 1, * ?2/=+4+.- >,+C-, /@@K><2/-

25KI-3 62/+.<-D/K 60<-F42/A+>0/, ?@6>06><+B = <-0/, C6.602/><-@-

@-, 6<.6>/<+@H.6 6>/ .-G25O+./3 / G2-.+B 6E2-8D-. #/4.6, A<6 =>+ 

?@6>06></ }111{  /C+K< =9,649 .- =)# >=6E64.9+ G2-./ C6.602/><-@@- 

8- />0@KA+./+C ?@6>06><+B, ?26,643I/, A+2+8 =+2N/.9 6E2-8D-, 06-

<629+ ?+2+>+0-K< ).# +G6 >=6E64.9+ G2-./ (2/>. 1, @). !25G/C/ >@6=--

C/, = 2->>C-<2/=-+C9, C6.602/><-@@-, .+=68C6O.6 =94+@/<H ./ 6EM-

SC- «><+>.+..6G6» >4=/G-, = 06<626C ?@6>06></ {111} 06.<-0</25K< 

> 6E6/C/ ?5-.>6.-C/ />?9<-<+@H.6B C-N/.9, 0-0 = ]111[ -C6.602/>-



 .!. "#$%&'()*, +.,. -#.$*%()*, "./. 0123452* 

 

 222 

<-@@-, -@KC/./3 [21], ./ 6EM+C-, = 06<626C 6./ ?+2+>+0-K< =>+ >=6-

E64.9+ G2-./ C6.602/><-@@-, 0-0 F<6, .-?2/C+2, /C+@6 C+><6 4@3 C6-

.602/><-@@6= -@KC/./3 > 6>HK >O-</3 ]001[  / G2-.3C/ }110{  [22%. 

 

*   @ 

R/>. 1. "2/><-@@6G+6C+<2/3 :;"-C6.602/><-@@- > 62/+.<-D/+B 6>/ >O-</3 [001]  

/ E606=9C/ G2-.3C/ {100}: * – 02/><-@@6G2-7/A+>0-3 >,+C- 2->?6@6O+./3  

?@6>06><+B {111}; @ – 62/+.<-D/3 64.6B /8 2-=.6.-G25O+..9, ?@6>06><+B,  

?26,643I+B A+2+8 =+2N/.9 C6.602/><-@@- 

# />>@+46=-..9, = .-><63I+B 2-E6<+ C6.602/><-@@-, > 6>HK 

>O-</3 ]001[  / G2-.3C/ }100{  A+<92+ ?@6<.65?-06=-..9+ ?@6>06></ 

?+2+>+0-K<>3 > =+2</0-@H.9C/ G2-.3C/ ?6 4=5C =8-/C.6 ?+2?+.4/05-

@32.9C @/./3C, >6=?-4-KI/C > ?@6<.65?-06=-..9C/ .-?2-=@+./3C/ 

(>C. 2/>. 1, *). &6G4- .- 0-O46B /8 G2-.+B ?2/ 4+762C/26=-.// C6O.6 

6O/4-<H ?63=@+./3 4=5, 62<6G6.-@H.9, >/><+C >@+46= 60<-F42/A+>06-

G6 >4=/G-. )2/ F<6C 0-O4-3 /8 ./, 6E2-85+< 5G6@ 45° > =+2</0-@H.9C/ 

2+E2-C/.  

3. 3'2,$,+")$,.(% +'2),4)'1+"$('5%% .#!%1,!,6 #"4,)+'5%% 

'- 2/>. 2 ?2+4><-=@+.9 6?</A+>0/+ >./C0/ 4+762C-D/6..6G6 

2+@H+7-, 6E2-86=-..6G6 .- =>+, E606=9, G2-.3, C6.602/><-@@- Ni3Fe 

?2/   = 0,05. T.-@/8 >6=605?.6B 0-2</.9 >4=/G- .- >=6E64.9, G2-.3, 

4+762C/26=-..9, 46 ><+?+.+B 4+762C-D//   $ 0,1 C6.602/><-@@6= 

?60-8-@, A<6 .- 0-O46B /8 ./,, 0-0 / >@+46=-@6 6O/4-<H, 762C/25K<>3 

?6 4=+ >/><+C9 >@+46= >4=/G-, E@/806 62/+.</26=-..9, 4=5C =9,64-C 

A+<92+, 2-=.6.-G25O+..9, 60<-F42/A+>0/, ?@6>06><+B. "-0 =/4.6 /8 

2/>. 2, ), @60-@H.9, 5A-><0-, G2-.+B A-I+ .-E@K4-+<>3 64.- >/><+C- 

>@+46= >4=/G-, A+C ?+2+>+0-KI/+>3 >/><+C9 >@+46=. L<6 >=/4+<+@H><-
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=5+< 6 2-8=/<// = />>@+46=-..9, C6.602/><-@@-, 7*'8(>8*;7#29*433 

>4=/G6=6B 4+762C-D//.  ><-.6=@+./+ 762C9 72-GC+.<6= >4=/G6=6B 

4+762C-D//, 0-0 ?2-=/@6, 3=@3+<>3 .+?26><6B 8-4-A+B, ?6>06@H05 C-0-

2672-GC+.< >4=/G- ?2+4><-=@3+< >6E6B 6EM+C.9B ><250<52.9B F@+-

C+.< C6.602/><-@@- / .- ?6=+2,.6></ 4+762C/26=-..6G6 C6.602/-

><-@@- C6O.6 .-E@K4-<H @/NH >+A+./+ C-02672-GC+.<- ?@6>06><HK 

G2-./. )6F<6C5, />>@+453 0-2</.5 4+762C-D/6..6G6 2+@H+7- .- 64.6B 

G2-./ C6.602/><-@@-, .+=68C6O.6 ?6@5A/<H ?2+4><-=@+./+ 6 +G6 762-

C+. L<6 ?68=6@3+< >4+@-<H <6@H06 -.-@/8 0-2</.9 >4=/G- .- =>+, >=6-

E64.9, G2-.3,. P4.-06 = >@5A-+ [ 001]-C6.602/><-@@6= > G2-.3C/ 

{100} 2+85@H<-<9 4-O+ <-06G6 -.-@/8- .+ 3=@3K<>3 64.68.-A.9C/, <-0 

0-0 0-O4-3 >/><+C- >@+46= 60<-F42/A+>06G6 >4=/G- .- @KE6B /8 >=6-

E64.9, G2-.+B C6.602/><-@@- C6O+< E9<H 6E2-86=-.- >4=/G6C ?6 

4=5C ?+2+>+0-KI/C>3 60<-F42/A+>0/C ?@6>06><3C. %/<5-D/3 6>6E+.-

.6 5>@6O.3+<>3, +>@/ >4=/G, 8-264/=N/>H =.5<2/ 02/><-@@-, =9,64/< 

<6@H06 .- 64.5 E606=5K G2-.H.  

 

R/>. 2. P?</A+>0/+ >./C0/ 4+762C-D/6..6G6 2+@H+7-, >762C/26=-..6G6  

.- >=6E64.9, G2-.3, C6.602/><-@@- Ni3Fe > E@/O./C -<6C.9C ?623406C  

?2/   = 0,05 

U-C+</C, A<6 6<>5<><=/+ 6EM+C- 6E@+GA+..6G6 >4=/G- 4@3 0-O46G6 

/8 2-=.6.-G25O+..9, >+C+B><= ?@6>06><+B {111} = [001]-C6.602/>-

<-@@-, ?2+46?2+4+@/@6 .+=68C6O.6><H C-026@60-@/8-D// >4=/G6=6B 

4+762C-D// ?5<+C >4=/G- ?6 C-026?-A0-C ?@6>06><+B >4=/G-, ?+2+>+-

0-KI/C C6.602/><-@@ .->0=68H, 0-0 F<6 ?26/>,64/< = C6.602/><-@@-, 
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> <6B O+ 62/+.<-D/+B 6>/ >O-</3, .6 > E606=9C/ G2-.3C/ {110} [22]. 

#9N+.-8=-..9B 7-0< >=/4+<+@H><=5+< 6 <6C, A<6 4@3 ?26><2-.><=+.-

.6B 62G-./8-D// >4=/G6=6B 4+762C-D// .- C-026526=.+ ?2/ >O-<// 

=-O.9C 3=@3+<>3 .+ <6@H06 02/><-@@6G2-7/A+>0-3 62/+.<-D/3 6>/ .--

G25O+./3, .6 / 62/+.<-D/3 G2-.+B C6.602/><-@@-.  

(.<+2+>+. >6?6><-=/<+@H.9B -.-@/8 0-2</.9 C-0262+@H+7- 4@3 

>?@-=- Ni3Fe / -@KC/./3 [23]. L</ 4=- C-<+2/-@- >5I+><=+..6 2-8@/-

A-K<>3 =+@/A/.6B C645@3 >4=/G- / F.+2G// 4+7+0<- 5?-06=0/, = <6 

=2+C3 0-0 02/><-@@6G+6C+<2/A+>0/+ ,-2-0<+2/></0/ C6.602/><-@@6= / 

5>@6=/3 /, .-G25O+./3 E9@/ /4+.</A.9C/.  

# [001]-C6.602/><-@@-, Ni3Fe 5O+ ?2/ C-@9, 8.-A+./3,   <-0O+ 

2-8=/=-+<>3 C-02672-GC+.<-D/3 >4=/G6=6B 4+762C-D//, / ++ 8-06.6-

C+2.6></, = 6EI+C, -.-@6G/A.9 8-06.6C+2.6><3C, ,-2-0<+2.9C 4@3 

[001]-C6.602/><-@@6= -@KC/./3 [23]. P4.-06 >@+45+< 6<C+</<H .+06-

<629+ 6<@/A/3.  

1. # C6.602/><-@@-, Ni3Fe 6E.-25O/=-+<>3 8-C+<.-3 ->/CC+<2/3 

>4=/G-. PE F<6C, = A-><.6></, >=/4+<+@H><=5+< .+/4+.</A.6><H 0-2</. 

>4=/G- .- A+<92+, /4+.</A.9, G2-.3, C6.602/><-@@-. P4/. /8 ?+2-

=/A.9, C-02672-GC+.<6= >5I+><=+..6 025?.++ 6><-@H.9,. $>@/ = 

-.-@6G/A.9, C6.602/><-@@-, -@KC/./3 ?6A</ =>+ >@+49 >4=/G- .-A/-

.-K<>3 6< =+2</0-@H.9, 2+E+2 / «8-<5,-K<» 0 >+2+4/.+ G2-.+B, <6 = 

C6.602/><-@@-, Ni3Fe = 025?.6C C-02672-GC+.<+ C6G5< 2->?26><2--

.3<H>3 46 ?26</=6?6@6O.6G6 2+E2-. 

2. )64-=@3KI++ E6@HN/.><=6 >@+46= >4=/G- = C6.602/><-@@-, 

Ni3Fe ?23C6@/.+B.9. P./ 6E2-86=-.9 >4=/G6C ?6 ?@6>06><3C {111}. 

# C6.602/><-@@-, -@KC/./3 C.6G6 02/=6@/.+B.9, >@+46= [23]. '--

E@K4-+<>3 E6@HN6B 2-8E26> ?6 «G25E6></» >@+46=. )2-0</A+>0/ 6<>5<-

><=5+< ?6?+2+A.6+ >06@HO+./+ (?6 02-B.+B C+2+ .- C-026526=.+). '- 

2/>. 2 <-0O+ ?2/=+4+.9 5=+@/A+..9+ >./C0/ @60-@H.9, 5A-><06= G2--

./ (100), /@@K><2/25KI/+ >/><+C9 >@+46= >4=/G- / /, ?+2+>+A+./+. 

&6< 7-0<, A<6 E6@HN-3 A-><H >@+46= >4=/G- = >?@-=+ Ni3Fe ?23C6@/.+B-

.9+ / 4@/..9+, 0622+@/25+< > E6@++ ./80/C 8.-A+./+C F.+2G// 4+7+0-

<- 5?-06=0/, A+C = -@KC/.//, /, 0-0 >@+4><=/+, > E6@HN+B ?2/=38-..6-

><HK 4/>@60-D/B 0 ?@6>06><3C >06@HO+./3. 
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4. 0,*%7".(!"$$-" 8')'2(")%.(%2% 2')(%$- .#!%1' 

)2+4><-=/<+@H.9C 6EM+C6C ?2/ 6?/>-.// .+64.6264.6 4+762-

C/25KI+G6>3 C6.602/><-@@- 3=@3+<>3 =+>H +G6 6EM+C. !@3 6?2+4+@+-

./3 >2+4./, 8.-A+./B 0-0/,-@/E6 ,-2-0<+2/></0, .-?2/C+2 06@/A+><-

=+..9, ,-2-0<+2/></0 4+762C-D/6..6G6 2+@H+7-, F<6 .+6E,64/C6 5A/-

<9=-<H. # .-><63I+B 2-E6<+ E9@/ /8C+2+.9 .-/C+.HN/+ 2->><63./3 

C+O45 >6>+4./C/ >@+4-C/ >4=/G- !A = >/><+C-, >@+46= / N/2/.- >@+46= 

>4=/G- d 4@3 =>+, >=6E64.9, G2-.+B C6.602/><-@@- ?2/   = 0,05. '- 2/>. 2 

.- 64.6B /8 G2-.+B 50-8-.9 2+?+2.9+ @/.// (I1, I2, II1, II2), =46@H 06<629, 

/8C+23@/>H 2->><63./3 !A. R+?+2.9+ @/.// =9E/2-@/>H <-0, A<6E9 6./ 

?+2+>+0-@/ ?2-0</A+>0/ =>+ >@+49 6E+/, >/><+C >@+46= .- 4-..6B G2-./. 

!@3 0-O46B >+2// /8C+2+./B ?6><26+.9 4/-G2-CC9 !A – A, 2->?2+4+@+-

./3 !A / d. !/-G2-CC9 «!A – A» ?2/=+4+.9 .- 2/>. 3. 

    

       

R/>. 3. !/-G2-CC9 «!A – A», ?6@5A+..9+ /8 /8C+2+./B  

=46@H 2+?+26= I1, I2, II1, II2, 6<C+A+..9, .- 2/>. 2 

P./ 6<2-O-K< .+64.6264.6+ 2->?2+4+@+./+ >@+46= >4=/G- = @6-

0-@H.9, 5A-><0-, G2-./. '-/E6@++ =9>60-3 ?@6<.6><H >@+46= .-E@K4--

+<>3 = 6E@-></ 2+?+2- I1. %2+4.++ 8.-A+./+ !A 84+>H 2-=.6 14 C0C, A<6 

= 4=- 2-8- =9N+, A+C = F<6B O+ >/><+C+ >@+46=, .6 = 425G6C C-026-
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72-GC+.<+ (2+?+2 I2). P>.6=9=-3>H .- 2+85@H<-<-, /8C+2+./3 !A = 

[001]-C6.602/><-@@-, -@KC/./3 [23] C6O.6 ?2+4?6@6O/<H, A<6 =+@/-

A/.- !A = 14 C0C E@/80- 0 ?2+4+@H.6C5 / 4-@H.+BN-3 4+762C-D/3 = 

F<6C C-02672-GC+.<+ E54+< 6>5I+><=@3<H>3 > 5A-></+C 26<-D/6..9, 

C64. PE F<6C O+ >=/4+<+@H><=5+< /8G/E ?6=+2,.6></ G2-./ = 4-..6C @6-

0-@H.6C 5A-><0+, <.+. 7-0</A+>0/ 84+>H (2/>. 2, 6E@-><H 2+?+2- I1) 8-26O-

4-+<>3 72-GC+.< /8G/E-. *-0>/C-@H.6+ 8.-A+./+ <!A>=35,5 C0C 4@3 F<6B 

>/><+C9 >@+46= >4=/G- .-E@K4-+<>3 = 6E@-></ 2+?+2- I2. U-C+<.6 C+.HN++ 

2-8@/A/+ <!A> 6E.-25O/=-+<>3 4@3 =<626B >/><+C9 >@+46=, .6 / 84+>H 

,626N6 8-C+<.9B /8G/E ?6=+2,.6></ G2-./ .-E@K4-+<>3 = 6E@-></ 2+?+2- 

> C+.HN/C 8.-A+./+C <!A> (2/>. 2, 6E@-><H 2+?+2- II2).  

   

   

R/>. 4. :/><6G2-CC9 !A 4@3 >/><+C9 >@+46= >4=/G- .- G2-./ *,  

?+2+>+0-+C9, 2+?+2-C/, 50-8-..9C/ .- 2/>. 2 

'- 2/>. 4 ?2+4><-=@+.9 G/><6G2-CC9 8.-A+./B !A, /8C+2+..9, 

=46@H 6E>5O4-+C9, 2+?+26=. P./ <-0O+ >=/4+<+@H><=5K< 6 =93=@+.-

.6B 2-.++ .+64.6264.6></ 2->?2+4+@+./3 >@+46= >4=/G-. *+O45 <+C 

5>2+4.+./+ ?6 G2-.3C >5I+><=+..6 /8C+.3+< >/<5-D/K = ><626.5 64-

.6264.6></. !+B><=/<+@H.6, .- 2/>. 5 ?2/=+4+.9 2->?2+4+@+./3 !A 

4@3 0-O46B /8 G2-.+B 2->>C-<2/=-+C6G6 C6.602/><-@@-. "-0 =/4.6 /8 

F<6G6 2/>5.0-, G/><6G2-CC9 !A 4@3 =>+, G2-.+B ?646E.9, - >2+4.++ 

8.-A+./+ !A / 4/>?+2>// 2->?2+4+@+./B 60-89=-K<>3 E@/80/C/. 
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R/>. 5. :/><6G2-CC9 !A 4@3 =>+, >=6E64.9, G2-.+B  

[001]-C6.602/><-@@- Ni3Fe 

(, .-06.+D, 2->?2+4+@+./+ !A, ?2+4><-=@+..6+ .- 2/>. 6, *, 6<2--

O-+< 0-2</.5 >4=/G- 4@3 =>+G6 [001]-C6.602/><-@@- >?@-=- Ni3Fe (Q)), 

?264+762C/26=-..6G6 46   = 0,05. '- 2/>. 6, @ ?2/=+4+.- G/><6G2-CC- 

<6@I/.9 d C+86?6@6>9 (>@63, = 06<626C ?26/>,64/@ >4=/G, > 6E2-86-

=-./+C >@+46= >4=/G- .- G2-.3, C6.602/><-@@-). #+@/A/.- d 6?2+4+@3-

@->H /8 N/2/.9 >@+4- > 5A+<6C 62/+.<-D// G2-.+B. %2+4.++ 8.-A+./+ 

<6@I/.9 C+86?6@6>9 <d> >6><-=/@6 6,4 C0C.  

     

*     @ 

R/>. 6. R->?2+4+@+./3 «!A» (*) / «d» (@), 5>2+4.+..9+  

?6 =>+C G2-.3C C6.602/><-@@- 

U.-3 <!A > / <d>, C6O.6 6D+./<H 46@K 6EM+C- (") C6.602/-

><-@@-, =6=@+A+..6G6 = >4=/G6=5K 4+762C-D/K 2* 7*'8(18()2# ?6 

4=5C >/><+C-C ?@6>06><+B {111}, 06<629+ 6E2-85K< (=21 .3.9#71 

$*8*%%#%B25C .%#=() .=)3;* .- G2-./. )2/ F<6C .- 0-O46B /8 G2-.+B 
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762C/25+<>3 ?6 4=+ >/><+C9 >@+46=. # 6E@-><3, ><90- >/><+C >@+-

46= 6./ C6G5< ?+2+>+0-<H>3. P4.-06 =+@/A/.- 6E@-><+B ?+2+>+A+./3 

?2/ ><+?+./ 4+762C-D// 0,05 .+8.-A/<+@H.-, / ++ C6O.6 .+ 5A/<9-

=-<H. )26=+4+..9+ 6D+.0/ 46@/ 6EM+C-, = 06<626C ?26/86N+@ -0-

</=.9B >4=/G, 7/0>/25+C9B .- C-026526=.+, 4@3 [001]-C6.602/>-

<-@@6= Ni3Fe, 4+762C/26=-..9, 46   = 0,05, ?60-8-@/, A<6 6.- >6-

><-=@3+< ?2/E@/8/<+@H.6 0,6. # C6.602/><-@@-, -@KC/./3 > 

/4+.</A.6B 02/><-@@6G+6C+<2/+B / <6B O+ ><+?+.HK 4+762C-D// 

F<- 46@3 >6><-=@3+< .+ E6@++ 0,4. (8 >6?6><-=@+./3 =+@/A/. " 4@3 Al 

/ >?@-=- Ni3Fe >@+45+<, A<6 .- 7*'8(18()2# ?2/ .+E6@HN/, ><+?+.3, 

4+762C-D// ?@-></A+>0/B >4=/G = «C3G06C» -@KC/.// @60-@/85+<-

>3 @+GA+, A+C = E6@++ «?26A.6C» C-<+2/-@+.  

3'2*97"$%" 

# .-><63I+B 2-E6<+ ?2+4><-=@+.9 2+85@H<-<9 />>@+46=-./3 ?26-

><2-.><=+..6B 62G-./8-D// >4=/G6=6B 4+762C-D// = C6.602/><-@@-, 

>?@-=- Ni3Fe > 62/+.<-D/+B 6>/ >O-</3 [001]. P>6E+..6><HK C6.602/><-@-

@6= > <-06B 62/+.<-D/+B 6>/ .-G25O+./3 / E606=9, G2-.+B 3=@3+<>3 <6, A<6 

46 .-G25O+./3 = ./, >5I+><=5+< .+ 6EM+C, - @/NH ?@6>06><H ><+>.+..6G6 

>4=/G-. # ,64+ 4+762C-D// = F</, C6.602/><-@@-, =68./0-K< 6EM+C9 

><+>.+..6B 4+762C-D//, / /, 46@3 5=+@/A/=-+<>3 = ?26D+>>+ >O-</3. 

P>.6=.9+ 8-06.6C+2.6></ ?26<+0-./3 ?@-></A+>06B 4+762C-D// 

= />>@+46=-..9, C6.602/><-@@-, >=643<>3 0 >@+45KI+C5. % >-C6G6 

.-A-@- ?@-></A+>06B 4+762C-D// 2-8=/=-+<>3 $#8)3?2*& C-02672-G-

C+.<-D/3 >4=/G-. %=38-.- 6.- > .+64.6264.9C .+8-=+2N+..9C (.+ 

?26,643I/C A+2+8 C6.602/><-@@ .->0=68H) >4=/G6C ?6 60<-F42/A+-

>0/C ?@6>06><3C. %@+45+< 6<C+</<H, A<6 = [001]-C6.602/><-@@-, >?@--

=- Ni3Fe 8-06.6C+2.6></ C-02672-GC+.<-D// >4=/G- = 6EI/, A+2<-, 

?646E.9 <-06=9C = [001]-C6.602/><-@@-, -@KC/./3 [23]. P4.-06 E6-

@++ ./806+ 8.-A+./+ F.+2G// 4+7+0<6= 5?-06=0/ = Ni3Fe /, 0-0 >@+4><-

=/+, E6@HN-3 ?2/=38-..6><H 0 ?@6>06><3C >4=/G- ?2/=64/< 0 >5I+><-

=+..6C5 5>/@+./K ->/CC+<2// >4=/G- = >+C+B><=-, 60<-F42/A+>0/, 

?@6>06><+B, A<6, = >=6K 6A+2+4H, ?2/=64/< 0 762C/26=-./K E6@++ 

025?.9, ?+2=/A.9, C-02672-GC+.<6= >4=/G-.  

'- 6>.6=+ -.-@/8- 2->?2+4+@+./B 2->><63./B C+O45 >6>+4./C/ 

>@+4-C/ >4=/G- = >/><+C-, .- C-026526=.+ 4@3 [ 001]-C6.602/><-@@6= 

>?@-=- Ni3Fe 5><-.6=@+.6, A<6 .- 2-8.9, G2-.3, 2->?2+4+@+./3 ?646E-

.9 / >2+4.++ 8.-A+./+ <!A > >6><-=@3+< 22 C0C. )6 ?6@5A+..9C 8.--
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A+./3C <!A > / <d> E9@- 6D+.+.- 46@3 6EM+C- (") C6.602/><-@@-, =6-

=@+A+..6G6 = >4=/G6=5K 4+762C-D/K 2* 7*'8(18()2#. U.-A+./+ " 4@3 

[001]-C6.602/><-@@6= Ni3Fe >6><-=@3+< ?2/E@/8/<+@H.6 60 %, A<6 = 

?6@<62- 2-8- =9N+, A+C = /4+.</A.6 62/+.</26=-..9, C6.602/><-@-

@-, -@KC/./3. 
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