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II BAB  

IROET NASADNAL  

 

 1.2  sineJ -J  sine skirtaM  

  igesrep kutnebreb ,iserpske uata ,lobmis ,nagnalib nalupmuk halada skirtaM

nagnaliB .molok nad sirab turunem nususid gnay gnajnap -  tapadret gnay nagnalib

 atoggna uata nemele nagned tubesid skirtam utausid  kaynab skirtaM .skirtam

namid  aynlasim akitametam nahalasamrep iagabreb nakiaseleynem kutnu naktaaf

.raenil naamasrep halasam isulos nakutnenem malad  

sineJ - : utiay skirtam sinej  

1. rakgnaS rujuB skirtaM  

  aynmolok nad sirab naruku gnay skirtam halada rakgnas rujub skirtaM

 skirtam tubesid uata amas 𝑛 × 𝑛  igesrep skirtam nagned aguj tubesid ini skirtaM .

 odroreb n. 

.rakgnas rujub skirtam hotnoc nakirebid tukireB  

1.2 hotnoC  

 skirtaM 𝐴 = �2 4
5 6�  narukureb gnay igesrep skirtam halada 2 × 2 

 skirtaM 𝐵 = �
1 3 2
2 5 1
3 6 4

�  narukureb gnay igesrep skirtam halada 3 × 3 

.lon skirtam gnatnet sahabmem naka ayntujnaleS  

2. loN skirtaM  

.lon skirtam tubesid lon aynatoggna aumes gnay skirtam haubeS  

 hotnoc nakirebid tukireB .lon skirtam  

2.2 hotnoC  

�0 0
0 0� �0 0 0

0 0 0� 

   nakapurem aynnaruku akij ,0 nagned nakataynid naka lon skirtam haubeS

 naksilunem tapad atik ,naknaketid gnitnep gnay utaus 0𝑚×𝑛  lon skirtam kutnu

𝑚 × 𝑛  .  

.satitnedi skirtam gnatnet sahabmem naka ayntujnaleS  
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3.  skirtaM satitnedI  

susuhk araces itanimid gnay skirtaM  skirtam halada -  rakgnas rujub skirtam

aynamatu lanogaid adap 1 nagned , .amatu lanogaid niales atoggna kutnu 0  

skirtam hotnoc nakirebid tukireB  .satitnedi  

3.2 hotnoC  

�1 0
0 1� �

1 0 0
0 1 0
0 0 1

� �

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

� 

  satitnedi skirtam utaus tubesid ini itrepes kutnebreb gnay skirtam haubeS

 nagned nakataynid nad I. 

.lanogaid skirtam gnatnet sahabmem naka ayntujnaleS  

4. lanogaiD skirtaM  

 gnay rakgnas rujub skirtam haubeS  adap katelret kadit gnay aynirtne aumes

amatu lanogaid  .lanogaid skirtam tubesid lon halada  

.lanogaid skirtam hotnoc nakirebid tukireB  

 hotnoC 4.2  

�1 0
0 −5� �

1 0 0
0 −5 0
0 0 1

� �

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

� 

.agitiges skirtam gnatnet sahabmem naka ayntujnaleS  

5. agitigeS skirtaM  

 lanogaid sata id irtne aumes gnay rakgnas rujub skirtaM  halada aynamatu

( hawab agitiges skirtam tubesid lon ralugnairt rewol  rakgnas rujub skirtam nad )

 skirtam tubesid lon halada aynamatu lanogaid hawab id aynirtne aumes gnay

( sata agitiges ralugnairt reppu  agitiges uata hawab agitiges kiab ,skirtam utauS .)

ata ( agitiges skirtam tubesid s ralugnairt .)  

.agitiges skirtam hotnoc nakirebid tukireB  
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 hotnoC 5.2  

skirtam  agitiges  sata

�

𝑎 11 𝑎 21 𝑎 31 𝑎 41
0 𝑎 22 𝑎 32 𝑎 42
0 0 𝑎 33 𝑎 43
0 0 0 𝑎 44

�

skirtam  atiges  hawab

�

𝑎 11 0 0 0
𝑎 12 𝑎 22 0 0
𝑎 13 𝑎 23 𝑎 33 0
𝑎 14 𝑎 24 𝑎 34 𝑎 44

� 

 naka ayntujnaleS .sirtemis skirtam gnatnet sahabmem  

6. iS skirtaM sirtem  

 sirtemis aynemele gnay rakgnas rujub skirtam utaus halada sirtemis skirtaM

 skirtam halada sirtemis skirtam awhab nakatakid aguj tapaD .lanogaid araces

.iridnes aynirid nagned amas aynesopsnart gnay  

.sirtemis skirtam hotnoc nakirebid tukireB  

 hotnoC 6.2  

𝐴 = �
1 2 0
2 3 1
0 1 1

� nad 𝐴𝑇 = �
1 2 0
2 3 1
0 1 1

� 

.skirtam isarepo gnatnet sahabmem naka ayntujnaleS  

 

2.2  skirtaM isarepO  

isarepo nagned amas aynrasad adap skirtam adap isarepO -  isarepo

adap isarepo ,aynmumu adap akitametam   ,nahalmujnep halada nial aratna skirtam

.nailakrep nad nagnarugnep  

1. skirtaM nahalmujneP  

skirtam padahret nakukalid tapad aynah skirtam nahalmujneP -  gnay skirtam

.amas gnay )edro( naruku iaynupmem  

 isinifeD 1.2  )7891 ;H ,notnA(  akiJ  A  nad B  gnay skirtam aud gnarabes halada

 halmuj akam ,amas aynnaruku 𝐴 + 𝐵  nagned helorepid gnay skirtam halada

amasreb nakhabmanem -  skirtam audek malad naiausesreb gnay irtne amas

skirtaM .tubesret - .nakhabmatid tapad kadit adebreb aynnaruku gnay skirtam   akiJ

𝐴 + 𝐵 = 𝐶 nemele akam , -  nemele C nemele nahalmujnep irad helorepid -  nemele

 nadA  B  utiay ,kateles gnay 𝑐 𝑗𝑖 = 𝑎 𝑗𝑖 + 𝑏 𝑗𝑖  nemele kutnu C ek sirab adap -  nad i

ek molok -  skirtam ,ayntabikA .j  A  nad B  skirtam audek alibapa nakhalmujid tapad

.amas gnay odro ikilimem  
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S skirtam nagnarugnep gnatnet sahabmem naka ayntujnale . 

2. skirtaM nagnarugneP  

skirtam padahret nakukalid tapad aynah skirtam nagnarugneP -  gnay skirtam

 kadit skirtam lisah adebreb aynnaruku akiJ .amas gnay )edro( naruku iaynupmem

.nakisinifedret  akiJ 𝐴 − 𝐵 = 𝐶 nemele akam , -  nemele C  irad helorepid

nemele nagnarugnep -  nemele A  nad  B  utiay ,kateles gnay 𝑐 𝑗𝑖 = 𝑎 𝑗𝑖 − 𝑏 𝑗𝑖   uata

 utiay ,nahalmujnep iagabes gnadnapid tapad ini skirtam aud nagnarugnep

𝐴 + (−𝐵). 

.skirtam nailakrep gnatnet sahabmem naka ayntujnaleS  

3. ilakreP skirtaM na  

 isinifeD 2.2   )7891 ;H ,notnA(  nad r x m skirtam akiJ  B   ,n x r skirtam halada

 ilak lisah akam BA  irtne gnay n x m skirtam halada -  iagabes nakutnetid aynirtne

 sirab malad irtne iracnem kutnU .tukireb  i  molok nad  j  irad BA  sirab halhilip , i 

 skirtam irad A  molok nad j  skirtam irad B irtne halnakilaK . -  naiausesreb gnay irtne

amasreb tubesret molok nad sirab irad -  lisah halnakhabmat naidumek nad amas

.naklisahid gnay ilak  

𝐵𝐴 = �

𝑎 11 𝑎 21 ⋯ 𝑎1𝑛
𝑎 12 𝑎 22 ⋯ 𝑎2𝑛

⋮ ⋮ ⋱ ⋮
𝑎𝑛1 𝑎𝑛2 ⋯ 𝑎 𝑛𝑛

� . �

𝑏 11 𝑏 21 ⋯ 𝑏1𝑛
𝑏 12 𝑏 22 ⋯ 𝑏2𝑛

⋮ ⋮ ⋱ ⋮
𝑏𝑛1 𝑏𝑛2 ⋯ 𝑏 𝑛𝑛

� 

𝑎 11 𝑏 11 + 𝑎 21 𝑏 12 + ⋯ + 𝑎1𝑛𝑏𝑛1 = 𝑥1 

𝑎 12 𝑏 11 + 𝑎 22 𝑏 12 + ⋯ + 𝑎2𝑛𝑏𝑛1 = 𝑥2 

⋮ 

𝑎𝑛1𝑏 11 + 𝑎𝑛2𝑏 12 + ⋯ + 𝑎 𝑛𝑛 𝑏𝑛1 = 𝑥2 

 gnatnet sahabmem naka ayntujnaleS nanimreted  .skirtam  

 

3.2  skirtaM nanimreteD  

 nanimreteD .igesrep skirtam helo ikiimid aynah skirtam nanimreteD

 nakiaseleynem akitek nad skirtam srevni iracnem akitek nakanugid skirtam

 naruta nakanuggnem nagned raenil naamasrep metsis remarc  irad nanimreteD .

 skirtam A  silutid tapad 𝑡𝑒𝑑 (𝐴)  uata |𝐴|. J  skirtam ,lon uti nanimreted ialin aki
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 ialin akiJ .srevni ikilimem kadit aynitra ,ralugnis tubesret rakgnas rujub

 skirtam itrareb ,lon kadit skirtam utaus nanimreted 𝐴  utiay ,ralugnisnon tubesret

.srevni iaynupmem tubesret skirtam  

ifeD 3.2 isin  )7891 ;H ,notnA(  naklasiM A  isgnuF .tardauk skirtam halada

 nakisinefed atik nad ,ted helo nakataynid nanimreted ted  halmuj iagabes )A(

 irad adnatreb retnemele ilak lisah aumes A  nakaman atik )A(ted halmuJ .

 nanimreted A  .  

 animreted kutneb aud irebid tukireB  skirtam n 2 × 2  skirtam nad 3 × 3 : 

a.  odro skirtam nanimreteD 2 × 2 

  skirtam iuhatekid naklasiM 𝐴 = �
𝑎 11 𝑎 21
𝑎 12 𝑎 22

� 

 nanimreteD A : tukireb iagabes nakisinifedid  

𝑡𝑒𝑑 (𝐴) = �
𝑎 11 𝑎 21
𝑎 12 𝑎 22

� = 𝑎 11 𝑎 22 − 𝑎 21 𝑎 12  

b.  odro skirtam nanimreteD 3 × 3 

 skirtam iuhatekid naklasiM 𝐴 = �
𝑎 11 𝑎 21 𝑎 31
𝑎 12 𝑎 22 𝑎 32
𝑎 13 𝑎 23 𝑎 33

� 

 odroreb skirtam nanimreted nakutnenem kutnU 3 × 3  utiay ,arac aud tapadret

 nailakrep irad nahalmujnep arac nad surras edotem nakanuggnem nagned

 skirtam nenopmok 3 × 3 .aynrotkafok nagned   skirtam nenopmok nailakreP 3 × 3 

 arac nagned utiay aynnaiaseleynep arac aud nagned igabret aynrotkafok nagned

 ek molok gnajnapes rotkafok isnapske j  ek sirab gnajnapes rotkafok isnapske nad

i. 

 surras edotem nagned skirtam nanimreted nakiaseleynem arac nupadA 3 × 3 

: tukireb iagabes halada  

𝑡𝑒𝑑 (𝐴) = �
𝑎 11 𝑎 21 𝑎 31
𝑎 12 𝑎 22 𝑎 32
𝑎 13 𝑎 23 𝑎 33

�
𝑎 11 𝑎 21
𝑎 12 𝑎 22
𝑎 13 𝑎 23

 

 = 𝑎 11 𝑎 22 𝑎 33 + 𝑎 21 𝑎 32 𝑎 13 + 𝑎 31 𝑎 12 𝑎 23  

  −𝑎 21 𝑎 12 𝑎 33 − 𝑎 11 𝑎 32 𝑎 23 − 𝑎 31 𝑎 22 𝑎 13  
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 rotkafok isnapske nagned skirtam nanimreted nakiaseleynem arac nupadA

 ek molok gnajnapes j  ek sirab gnajnapes rotkafok isnapske nad i  iagabes halada

: tukireb  

1. E  ek molok gnajnapes rotkafok isnapsk  j : halada  

 𝑡𝑒𝑑 (𝐴) = 𝑎1𝑗𝐶1𝑗 + 𝑎2𝑗𝐶2𝑗 + ⋯ + 𝑎 𝑗𝑛 𝐶 𝑗𝑛  

2. E  ek sirab gnajnapes rotkafok isnapsk  i : halada  

 𝑡𝑒𝑑 (𝐴) = 𝑎𝑖1𝐶𝑖1 + 𝑎𝑖2𝐶𝑖2 + ⋯ + 𝑎 𝑛𝑖 𝐶 𝑛𝑖  

tafis gnatnet sahabmem naka ayntujnaleS - .skirtam nanimreted tafis  

 

2.4 tafiS -S skirtaM nanimreteD tafi  

tafiS - laos nakiaseleynem malad atik utnabmem naka nanimreted tafis -  laos

 .hadum hibel nanimreted nagned aynnatiak ada gnay  

tafiS - skirtam nanimreted tafis  : utiay  

2 ameroeT 1. ( 7891 ;H ,notnA )J  aki A akam ,tardauk skirtam gnarabes halada  

𝑡𝑒𝑑 (𝐴) = 𝑡𝑒𝑑 (𝐴𝑡) 

hotnoc nakirebid tukireB T 2 ameroe 1. . 

7.2 hotnoC  

 skirtaM 𝐴 = �5 1
2 3�  skirtam sopsnart akam , 𝐴𝑡 = �5 2

1 3� 

: naiaseleyneP  

𝑡𝑒𝑑 (𝐴) = �5 1
2 3� = ( 51 − 2) = 31  

𝑡𝑒𝑑 (𝐴𝑡) = �5 2
1 3� = ( 51 − 2) = 31  

𝑡𝑒𝑑 (𝐴) = 31 = 31 = 𝑡𝑒𝑑 (𝐴𝑡). 

  naklasiM A  nad B skirtam halada -  skirtam 𝑛 × 𝑛  nad  k  gnarabes halada

 .ralaks tapadid akaM  : 

𝑡𝑒𝑑 ( 𝐴𝑘 ) = 𝑘𝑛 𝑡𝑒𝑑 (𝐴) 

hotnoc nakirebid tukireB  rasebes amasreb rotkaf .k  

8.2 hotnoC  

 skirtaM 𝐴 = �5 1
2 3�  skirtaM nad 5𝐴 = � 52 5

01 51 � 
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: naiaseleyneP  

𝑡𝑒𝑑 (𝐴) = �5 1
2 3� = 51 − 2 = 31  

𝑡𝑒𝑑 (5𝐴) = � 52 5
01 51 � = 573 − 05 = 523  

𝑡𝑒𝑑 ( 𝐴𝑘 ) = 52( 31 ) = 523  

 awhab helorepiD 𝑡𝑒𝑑 (5𝐴) = 52 𝑡𝑒𝑑 (𝐴). 

.2 ameroeT 2 ( 7891 ;H ,notnA )  naklasiM B,A   nad C skirtam halada -  skirtam 𝑛 × 𝑛   

ek sirab naklasim ,sirab utas adap aynah adebreb gnay -r  irad C  nagned helorepid

irtne nakhalmujnem - ek sirab adap naiausesreb gnay irtne -r  irad A  nad B. 

m  aka : 

𝑡𝑒𝑑 (𝐶) = 𝑡𝑒𝑑 (𝐴) + 𝑡𝑒𝑑 (𝐵) 

hotnoc nakirebid tukireB T  ameroe 2 .2.  

9.2 hotnoC  

 awhab askiremem tapad adna ,nanimreted gnutihgnem nagneD : 

𝐴 = �
1 7 5
2 0 3
1 4 7

� ,   𝐵 = �
1 7 5
2 0 3
0 1 −1

� 

𝐴 + 𝐵 = �
1 7 5
2 0 3

1 + 0 4 + 1 7 + (−1)
� = �

1 7 5
2 0 3
1 5 6

� 

: naiaseleyneP  

𝑡𝑒𝑑 (𝐴) = 𝑡𝑒𝑑 �
1 7 5
2 0 3
1 4 7

� = ( 12 + 04 ) − ( 89 + 21 ) = − 94  

𝑡𝑒𝑑 (𝐵) = 𝑡𝑒𝑑 �
1 7 5
2 0 3
0 1 −1

� = ( 01 ) − (− 41 + 3) = 12  

𝑡𝑒𝑑 (𝐴 + 𝐵) = 𝑡𝑒𝑑 �
1 7 5
2 0 3
1 5 6

� = ( 12 + 05 ) − ( 48 + 51 ) = − 82  

𝑡𝑒𝑑 (𝐴 + 𝐵) = − 82 = − 94 + 12 = − 82 = 𝑡𝑒𝑑 (𝐴) + 𝑡𝑒𝑑 (𝐵) 

2 ameroeT 3. (  ;H ,notnA 7891  )  akiJ  A  nad  B  gnay tardauk skirtam halada

 akam ,amas aynnaruku : 

𝑡𝑒𝑑 ( 𝐵𝐴 ) = 𝑡𝑒𝑑 (𝐴) 𝑡𝑒𝑑 (𝐵). 
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hotnoc nakirebid tukireB T 2 ameroe 3. . 

01.2 hotnoC   

 skirtaM 𝐴 = �3 1
2 1� 𝐵 = �−1 3

5 8� 𝐵𝐴 = �2 71
3 41 � 

: naiaseleyneP  

𝑡𝑒𝑑 (𝐴) = 𝑡𝑒𝑑 �3 1
2 1� = (3) − (2) = 1 

𝑡𝑒𝑑 (𝐵) = 𝑡𝑒𝑑 �−1 3
5 8� = (−8) − ( 51 ) = − 32  

𝑡𝑒𝑑 ( 𝐵𝐴 ) = 𝑡𝑒𝑑 �2 71
3 41 � = ( 82 ) − ( 15 ) = − 32  

𝑡𝑒𝑑 ( 𝐵𝐴 ) = − 32 = (1)(− 32 ) = 𝑡𝑒𝑑 (𝐴) 𝑡𝑒𝑑 (𝐵). 

( 4.2 ameroeT 7891 ;H ,notnA  )  akiJ A  gnay tardauk skirtam gnarabmes halada

 akam ,lon nagnalib sirabes gnudnagnem 𝑡𝑒𝑑 (𝐴) = 0. 

hotnoc nakirebid tukireB 4.2 ameroeT . 

11.2 hotnoC  

 skirtaM 𝐴 = �
1 2 3
1 2 3
1 4 2

� 

: naiaseleyneP  

akam ,sirab iskuder nakanuggnem nagneD  : 

|𝐴| = �
1 2 3
1 2 3
1 4 2

� 𝑏2 − 𝑏1 

 = �
1 2 3
0 0 0
1 4 2

� 

 = 0. 

( 5.2 ameroeT 7891 ;H ,notnA )  naklasiM A  kirtam gnarabmes halada 𝑛 × 𝑛. 

a)  akiJ 𝐴′  naklisahid gnay skirtam halada  utas irad  laggnut sirab A  helo nakilakid

ralaks k akam , 𝑡𝑒𝑑 (𝐴) = 𝑘 𝑡𝑒𝑑 (𝐴). 

b)  akiJ 𝐴′  sirab aud alib naklisahid gnay skirtam halada A  akam ,nakrakutrepid

𝑡𝑒𝑑 (𝐴′) = − 𝑡𝑒𝑑 (𝐴). 

c)  akiJ 𝐴′  sirab utas natapilek alib naklisahid gnay skirtam halada A  nakabmatid

 akam ,nial sirab adap 𝑡𝑒𝑑 (𝐴′) = 𝑡𝑒𝑑 (𝐴). 
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hotnoc nakirebid tukireB .5.2 ameroeT  

21.2 hotnoC  

 skirtaM 𝐴 = �
1 2 3
0 1 4
1 2 1

� nad 𝑘 = 4𝐴1 = �
4 8 21
0 1 4
1 2 1

� 

: naiaseleyneP  

𝑡𝑒𝑑 (𝐴) = 𝑡𝑒𝑑 �
1 2 3
0 1 4
1 2 1

� 

 = (1 + 8 + 0) − (0 + 8 + 3) 

 = −2 

𝑘 𝑡𝑒𝑑 (𝐴) = 4 × −2 = −8 

𝑡𝑒𝑑 (𝐴1) = 𝑡𝑒𝑑 �
4 8 21
0 1 4
1 2 1

� 

 = (4 + 23 + 0) − (0 + 23 + 21 ) 

 = −8 

31.2 hotnoC  

 skirtaM 𝐴 = �
1 2 3
0 1 4
1 2 1

� nad 𝐴2 = �
0 1 4
1 2 3
1 2 1

� 

: naiaseleyneP  

𝑡𝑒𝑑 (𝐴) = 𝑡𝑒𝑑 �
1 2 3
0 1 4
1 2 1

� 

 = (1 + 8 + 0) − (0 + 8 + 3) 

 = −2 

𝑡𝑒𝑑 (𝐴2) = 𝑡𝑒𝑑 �
0 1 4
1 2 3
1 2 1

� 

 = (0 + 3 + 8) − (1 + 0 + 8) 

 = 2 
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41.2 hotnoC  

 skirtaM 𝐴 = �
1 2 3
0 1 4
1 2 1

�  nad 𝐴3 = �
1 2 3

−2 −3 2
1 2 1

� 

: naiaseleyneP  

𝑡𝑒𝑑 (𝐴) = 𝑡𝑒𝑑 �
1 2 3
0 1 4
1 2 1

� 

 = (1 + 8 + 0) − (0 + 8 + 3) 

 = −2 

𝑡𝑒𝑑 (𝐴3) = 𝑡𝑒𝑑 �
1 2 3

−2 −3 2
1 2 1

� 

 = (−3 + 4 − 21 ) − (−4 + 4 − 9) 

 = −2 

 sahabmem naka ayntujnaleS cidar nanimreted . 

 

2.5 cidaR nanimreteD  

feD i  4.2 isin   naklasiM 𝐴 = [𝐴1, 𝐴2, ⋯ , 𝐴𝑛]  idajnem 𝑚 × 𝑛  nagned skirtam n 

 molok 𝐴1, ⋯ , 𝐴𝑛  nad 𝑚 ≤ 𝑛  nanimreteD . A iagabes nakisinifedid  

|𝐴| = � (−1)𝑟+𝑗1+𝑗2+⋯+𝑗𝑚�𝐴𝑗1, 𝐴𝑗2, ⋯ , 𝐴𝑗𝑚�
1≤𝑗1<⋯<𝑗𝑚≤𝑛

, 

d  nagne 𝑟 = 1 + 2 + ⋯ + 𝑚. 

4.2 isinifeD imahamem hibel kutnu hotnoc nakirebid naka tukireB  

51.2 hotnoC  

 skirtam irad nanimreted haliraC [𝑎1, 𝑎2, 𝑎3]  naruku skirtam 1 × 3. 

|𝑎1, 𝑎2, 𝑎3| = (−1)1+1𝑎1 + (−1)1+2𝑎2 + (−1)1+3𝑎3 

 = 𝑎1 − 𝑎2 + 𝑎3 

hotnoc nakirebid tukireB D ife 4.2 isin . 

61.2 hotnoC  

 skirtam irad nanimreted haliraC 𝐴 = �7 5 6
4 3 2� 
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: naiaseleyneP  

�7 5 6
4 3 2� = (−1)(1+2)+(1+2) �7 5

4 3� + (−1)(1+2)+(1+3) �7 6
4 2� 

 +(−1)(1+2)+(2+3) �5 6
3 2� 

 = �7 5
4 3� − �7 6

4 2� + �5 6
3 2� 

 = 1 + 01 − 8 

 = 3 

71.2 hotnoC  

 skirtam irad nanimreted haliraC 𝐴 = �
1 2 3 4
2 1 1 2
1 3 4 2

� 

: naiaseleyneP  

�
1 2 3 4
2 1 1 2
1 3 4 2

� = (−1)(1+2+3)+(1+2+3) �
1 2 3
2 1 1
1 3 4

� + (−1)(1+2+3)+(1+2+4) �
1 2 4
2 1 2
1 3 2

� 

 +(−1)(1+2+3)+(1+3+4) �
1 3 4
2 1 2
1 4 2

� + (−1)(1+2+3)+(2+3+4) �
2 3 4
1 1 2
3 4 2

� 

 = �
1 2 3
2 1 1
1 3 4

� − �
1 2 4
2 1 2
1 3 2

� + �
1 3 4
2 1 2
1 4 2

� − �
2 3 4
1 1 2
3 4 2

� 

 = 2 − 21 + 61 − 4 

 = 2 

81.2 hotnoC  

 skirtam irad nanimreted halgnutiH 𝐴 = �

1 2 3 4 5
2 1 1 2 3
1 3 4 2 1
3 4 0 5 4

� 
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: naiaseleyneP  

|𝐴| = (−1)(1+2+3+4)+(1+2+3+4) �

1 2 3 4
2 1 1 2
1 3 4 2
3 4 0 5

� + (−1)(1+2+3+4)+(1+2+3+5) �

1 2 3 5
2 1 1 3
1 3 4 1
3 4 0 4

� 

 +(−1)(1+2+3+4)+(1+2+4+5) �

1 2 4 5
2 1 2 3
1 3 2 1
3 4 5 4

� + (−1)(1+2+3+4)+(1+3+4+5) �

1 3 4 5
2 1 2 3
1 4 2 1
3 0 5 4

� 

 +(−1)(1+2+3+4)+(2+3+4+5) �

2 3 4 5
1 1 2 3
3 4 2 1
4 0 5 4

� 

 = �

1 2 3 4
2 1 1 2
1 3 4 2
3 4 0 5

� − �

1 2 3 5
2 1 1 3
1 3 4 1
3 4 0 4

� + �

1 2 4 5
2 1 2 3
1 3 2 1
3 4 5 4

� − �

1 3 4 5
2 1 2 3
1 4 2 1
3 0 5 4

� 

 + �

2 3 4 5
1 1 2 3
3 4 2 1
4 0 5 4

� 

 = 26 − 59 − 91 + 77 − 72  

 = −2 

91.2 hotnoC  

 skirtam irad nanimreted halgnutiH 𝐴 =

⎣
⎢
⎢
⎢
⎡
1 2 3 4 5 6
2 1 1 2 3 4
1 3 4 2 1 1
3 4 0 5 4 1
4 1 2 3 2 3⎦

⎥
⎥
⎥
⎤
 

: naiaseleyneP  

|𝐴| = (−1)(1+2+3+4+5)+(1+2+3+4+5)
�
�

1 2 3 4 5
2 1 1 2 3
1 3 4 2 1
3 4 0 5 4
4 1 2 3 2

�
� + (−1)(1+2+3+4+5)+(1+2+3+4+6)

�
�

1 2 3 4 6
2 1 1 2 4
1 3 4 2 1
3 4 0 5 1
4 1 2 3 3

�
� 



 

II - 31  

 

 +(−1)(1+2+3+4+5)+(1+2+3+5+6)
�
�

1 2 3 5 6
2 1 1 3 4
1 3 4 1 1
3 4 0 4 1
4 1 2 2 3

�
� + (−1)(1+2+3+4+5)+(1+2+4+5+6)

�
�

1 2 4 5 6
2 1 2 3 4
1 3 2 1 1
3 4 5 4 1
4 1 3 2 3

�
� 

 +(−1)(1+2+3+4+5)+(1+3+4+5+6)
�
�

1 3 4 5 6
2 1 2 3 4
1 4 2 1 1
3 0 5 4 1
4 2 3 2 3

�
� + (−1)(1+2+3+4+5)+(2+3+4+5+6)

�
�

2 3 4 5 6
1 1 2 3 4
3 4 2 1 1
4 0 5 4 1
1 2 3 2 3

�
� 

 = �
�

1 2 3 4 5
2 1 1 2 3
1 3 4 2 1
3 4 0 5 4
4 1 2 3 2

�
� − �

�

1 2 3 4 6
2 1 1 2 4
1 3 4 2 1
3 4 0 5 1
4 1 2 3 3

�
� + �

�

1 2 3 5 6
2 1 1 3 4
1 3 4 1 1
3 4 0 4 1
4 1 2 2 3

�
� − �

�

1 2 4 5 6
2 1 2 3 4
1 3 2 1 1
3 4 5 4 1
4 1 3 2 3

�
� 

  + �
�

1 3 4 5 6
2 1 2 3 4
1 4 2 1 1
3 0 5 4 1
4 2 3 2 3

�
� − �

�

2 3 4 5 6
1 1 2 3 4
3 4 2 1 1
4 0 5 4 1
1 2 3 2 3

�
� 

 = − 032 + 073 − 071 + 051 − 061 + 08  

 = 04  

 skirtam irad gnajnap igesrep nanimreted nad igesrep nanimreteD 𝑚 × 𝑛  ,

 nagned 𝑚 ≤ 𝑛 : aynaratnaid mumu tafis aparebeb ikilimem ,  

1.  skirtam adap sirab utaus akiJ A  nakapurem uata nial gnay sirab adap kitnedi

 akam nial sirab raenil isanibmok |𝐴| = 0 

: itkuB  

 skirtam naklasiM  

 𝐴 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝑎 11 𝑎 21 ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑛𝑚 ⎦
⎥
⎥
⎥
⎥
⎥
⎤

  

  ek sirab akiJ  i    ek sirab nad  j  akam ,kitnedi 𝑎𝑖1, 𝑎𝑖2, ⋯ , 𝑎 𝑛𝑖 = 𝑎𝑗1, 𝑎𝑗2 ⋯ 𝑎 𝑛𝑗  ,

 nagned rakgnas rujub nakub gnay sirtam kutnu aggnihes 𝑚 ≤ 𝑛  idajnem

: tukireb iagabes  
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 𝐴 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝑎 11 𝑎 21 ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑛𝑚 ⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

  awhab nakitkubid naka akam |𝐴| = 0. 

|𝐴| = � (−1)𝑟+𝑗1+𝑗2+⋯+𝑗𝑚�𝐴𝑗1, 𝐴𝑗2, ⋯ , 𝐴𝑗𝑚�
1≤𝑗1<⋯<𝑗𝑚≤𝑛

 

  

 |𝐴| = (−1)(1+⋯+𝑚)+(1+2+⋯+𝑚)

�

�

𝑎 11 𝑎 21 ⋯ 𝑎1𝑚
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑚𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑚𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑚𝑚

�

�
+ ⋯ + 

  

 (−1)(1+⋯+𝑚)+�(𝑛−𝑚+1)+⋯+𝑛�

�

�

𝑎1(𝑛−𝑚+1) 𝑎1(𝑛−𝑚+2) ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖(𝑛−𝑚+1) 𝑎𝑖(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑖(𝑛−𝑚+1) 𝑎𝑖(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑚(𝑛−𝑚+1) 𝑎𝑚(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑚

�

�

 

  kutnu ayntujnales ,rakgnas rujub skirtam nakapurem helorepid gnay skirtaM

 naktapadnem |𝐴| = 0 :utiay skirtam adap sirab iskuder nakukalid naka akam  

 |𝐴| = (−1)(1+⋯+𝑚)+(1+2+⋯+𝑚)

�

�

𝑎 11 𝑎 21 ⋯ 𝑎1𝑚
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑚𝑖
⋮ ⋮ ⋱ ⋮
0 0 ⋯ 0
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑚𝑚

�

�
+ ⋯ + 
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(−1)(1+⋯+𝑚)+�(𝑛−𝑚+1)+⋯+𝑛�

�

�

𝑎1(𝑛−𝑚+1) 𝑎1(𝑛−𝑚+2) ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖(𝑛−𝑚+1) 𝑎𝑖(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮
0 0 ⋯ 0
⋮ ⋮ ⋱ ⋮

𝑎𝑚(𝑛−𝑚+1) 𝑎𝑚(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑚

�

�

 

  akam 4.2 ameroeT nakanuggnem nagned 𝑡𝑒𝑑 (𝐴) : helorepid  

 = 0 + ⋯ + 0  

  = 0 

  awhab itkubret ,idaJ |𝐴| = 0. ∎ 

 .hotnoc nakirebid tukireB  

 .2 hotnoC 02  

  skirtam irad nanimreted halgnutiH 𝐴 = �
1 2 3 4
2 1 1 2
1 3 4 2

� 

 : aynnaiaseleyneP  

 �
1 2 3 4
2 1 1 2
1 2 3 4

� = (−1)(1+2+3)+(1+2+3) �
1 2 3
2 1 1
1 2 3

� + (−1)(1+2+3)+(1+2+4) �
1 2 4
2 1 2
1 2 4

� 

 +(−1)(1+2+3)+(1+3+4) �
1 3 4
2 1 2
1 3 4

� + (−1)(1+2+3)+(2+3+4) �
2 3 4
1 1 2
2 3 4

� 

 = �
1 2 3
2 1 1
1 2 3

� − �
1 2 4
2 1 2
1 2 4

� + �
1 3 4
2 1 2
1 3 4

� − �
2 3 4
1 1 2
2 3 4

� 

 = 0 − 0 + 0 − 0 = 0 

2.  natered akiJ  A  halmujes nagned nakilakid k  skirtam nanimreted akam ,

 nagned amas halada naklisahid 𝑘|𝐴|. 

: itkuB  

naklasiM  
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 𝐴 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝑎 11 𝑎 21 ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑛𝑚 ⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

  sirabes nakilakiD A  nagned k urab skirtam haltapadid akam  

𝐴∗ =

⎣
⎢
⎢
⎢
⎢
⎢
⎡
𝑘𝑎 11 𝑘𝑎 21 ⋯ 𝑘𝑎1𝑛

⋮ ⋮ ⋱ ⋮
𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑛𝑖

⋮ ⋮ ⋱ ⋮
𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑛𝑗

⋮ ⋮ ⋱ ⋮
𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑛𝑚 ⎦

⎥
⎥
⎥
⎥
⎥
⎤

 

  awhab nakitkubid naka akam |𝐴∗| = 𝑘|𝐴|. 

|𝐴| = � (−1)𝑟+𝑗1+𝑗2+⋯+𝑗𝑚�𝐴𝑗1, 𝐴𝑗2, ⋯ , 𝐴𝑗𝑚�
1≤𝑗1<⋯<𝑗𝑚≤𝑛

 

 |𝐴| = (−1)(1+⋯+𝑚)+(1+2+⋯+𝑚)

�

�

𝑎𝑘 11 𝑘𝑎 21 ⋯ 𝑘𝑎1𝑚
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑚𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑚𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑚𝑚

�

�

+ ⋯ + 

   (−1)(1+⋯+𝑚)+�(𝑛−𝑚+1)+⋯+𝑛�

�

�

𝑎𝑘 1(𝑛−𝑚+1) 𝑎𝑘 1(𝑛−𝑚+2) ⋯ 𝑘𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖(𝑛−𝑚+1) 𝑎𝑖(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗(𝑛−𝑚+1) 𝑎𝑗(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚(𝑛−𝑚+1) 𝑎𝑚(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑚

�

�

 

 m tam halada helorepid gnay skirta  nakanugid tapad akam ,rakgnas rujub skir

 helorepid aggnihes 5.2 ameroeT : 
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 |𝐴| = (−1)(1+⋯+𝑚)+(1+2+⋯+𝑚)𝑘
�

�

𝑎 11 𝑎 21 ⋯ 𝑎1𝑚
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑚𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑚𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑚𝑚

�

�
+ ⋯ + 

   (−1)(1+⋯+𝑚)+�(𝑛−𝑚+1)+⋯+𝑛�𝑘

�

�

𝑎1(𝑛−𝑚+1) 𝑎1(𝑛−𝑚+2) ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖(𝑛−𝑚+1) 𝑎𝑖(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗(𝑛−𝑚+1) 𝑎𝑗(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚(𝑛−𝑚+1) 𝑎𝑚(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑚

�

�

 

 |𝐴| = 𝑘

⎝

⎜
⎜
⎜
⎛

(−1)(1+⋯+𝑚)+(1+2+⋯+𝑚)

�

�

𝑎 11 𝑎 21 ⋯ 𝑎1𝑚
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑚𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑚𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑚𝑚

�

�
+ ⋯ +� 

    �(−1)(1+⋯+𝑚)+�(𝑛−𝑚+1)+⋯+𝑛�

�

�

𝑎1(𝑛−𝑚+1) 𝑎1(𝑛−𝑚+2) ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖(𝑛−𝑚+1) 𝑎𝑖(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗(𝑛−𝑚+1) 𝑎𝑗(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚(𝑛−𝑚+1) 𝑎𝑚(𝑛−𝑚+2) ⋯ 𝑎 𝑛𝑚

�

�

⎠

⎟
⎟
⎟
⎞

 

   = 𝑘|𝐴| 

  awhab itkubret ,idaJ | 𝐴𝑘 | = 𝑘|𝐴|. ∎ 

 .hotnoc nakirebid tukireB  

 tnoC 12.2 ho  

𝐴 = �
1 2 3 4
2 1 1 2
1 3 4 2

�  nad 𝑘 = 2 
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 : aynnaiaseleyneP  

�
1 2 3 4
2 1 1 2
1 3 4 2

� = (−1)(1+2+3)+(1+2+3) �
1 2 3
2 1 1
1 3 4

� + (−1)(1+2+3)+(1+2+4) �
1 2 4
2 1 2
1 3 2

� 

 +(−1)(1+2+3)+(1+3+4) �
1 3 4
2 1 2
1 4 2

� + (−1)(1+2+3)+(2+3+4) �
2 3 4
1 1 2
3 4 2

� 

 = �
1 2 3
2 1 1
1 3 4

� − �
1 2 4
2 1 2
1 3 2

� + �
1 3 4
2 1 2
1 4 2

� − �
2 3 4
1 1 2
3 4 2

� 

 = 2 − 21 + 61 − 4 

 = 2 

 𝑘|𝐴| = 2 × 2 = 4 

 𝐴𝑘 = 2 �
1 2 3 4
2 1 1 2
1 2 3 4

� 

 | 𝐴𝑘 | = �
2 4 6 8
2 1 1 2
1 3 4 2

� 

= (−1)(1+2+3)+(1+2+3) �
2 4 6
2 1 1
1 3 4

� + (−1)(1+2+3)+(1+2+4) �
2 4 8
2 1 2
1 3 2

� 

 +(−1)(1+2+3)+(1+3+4) �
2 6 8
2 1 2
1 4 2

� + (−1)(1+2+3)+(2+3+4) �
4 6 8
1 1 2
3 4 2

� 

 = �
2 4 6
2 1 1
1 3 4

� − �
2 4 8
2 1 2
1 3 2

� + �
2 6 8
2 1 2
1 4 2

� − �
4 6 8
1 1 2
3 4 2

� 

 = 4 − 42 + 23 − 8 

 = 4 
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3.  skirtam akiJ 𝐴∗  skirtam adap sirab haub aud narakutrep irad helorepid A  akam

𝑡𝑒𝑑 (𝐴∗) = 𝑡𝑒𝑑 (𝐴). 

: itkuB  

 naklasiM  

 𝐴 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝑎 11 𝑎 21 ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑛𝑚 ⎦
⎥
⎥
⎥
⎥
⎥
⎤

  nad 𝐴∗ =

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝑎 11 𝑎 21 ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑛𝑚 ⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

  awhab nakitkubid naka akaM 𝑡𝑒𝑑 (𝐴∗) = − 𝑡𝑒𝑑 (𝐴) 

|𝐴| = � (−1)𝑟+𝑗1+𝑗2+⋯+𝑗𝑚�𝐴𝑗1, 𝐴𝑗2, ⋯ , 𝐴𝑗𝑚�
1≤𝑗1<⋯<𝑗𝑚≤𝑛

 

 |𝐴∗| = (−1)(1+⋯+𝑚)+(1+2+⋯+𝑚)

�

�

𝑎 11 𝑎 21 ⋯ 𝑎1𝑚
⋮ ⋮ ⋱ ⋮

𝑎𝑗1 𝑎𝑗2 ⋯ 𝑎 𝑚𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑖1 𝑎𝑖2 ⋯ 𝑎 𝑚𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑚1 𝑎𝑚2 ⋯ 𝑎 𝑚𝑚

�

�
+ ⋯ + 

   (−1)(1+⋯+𝑚)+�(𝑛−𝑚+1)+⋯+𝑛�

�

�

𝑎1(𝑛−𝑚+1) 𝑎1(𝑛−𝑚+1) ⋯ 𝑎1𝑛
⋮ ⋮ ⋱ ⋮

𝑎𝑗(𝑛−𝑚+1) 𝑎𝑗(𝑛−𝑚+1) ⋯ 𝑎 𝑛𝑗
⋮ ⋮ ⋱ ⋮

𝑎𝑖(𝑛−𝑚+1) 𝑎𝑖(𝑛−𝑚+1) ⋯ 𝑎 𝑛𝑖
⋮ ⋮ ⋱ ⋮

𝑎𝑚(𝑛−𝑚+1) 𝑎𝑚(𝑛−𝑚+1) ⋯ 𝑎 𝑛𝑚

�

�

 

 aggnhes ,rakgnas rujub skirtam halada helorepid gnay skirtaM  nagned

: helorepid akam 5.2 ameroeT nakanuggnem  

|𝐴∗| = − 𝑡𝑒𝑑 (𝐴) 

 awhab itkubret ,idaJ 𝑡𝑒𝑑 (𝐴∗) = − 𝑡𝑒𝑑 (𝐴). ∎ 

 

 



 

II - 02  

 

.hotnoc nakirebid tukireB  

2.2 hotnoC 2 

 skirtam irad nanimreted halgnutiH 𝐴 = �
1 2 3 4
2 1 1 2
1 3 4 2

� 

 : aynnaiaseleyneP  

�
1 2 3 4
2 1 1 2
1 3 4 2

� = (−1)(1+2+3)+(1+2+3) �
1 2 3
2 1 1
1 3 4

� + (−1)(1+2+3)+(1+2+4) �
1 2 4
2 1 2
1 3 2

� 

 +(−1)(1+2+3)+(1+3+4) �
1 3 4
2 1 2
1 4 2

� + (−1)(1+2+3)+(2+3+4) �
2 3 4
1 1 2
3 4 2

� 

  = �
1 2 3
2 1 1
1 3 4

� − �
1 2 4
2 1 2
1 3 2

� + �
1 3 4
2 1 2
1 4 2

� − �
2 3 4
1 1 2
3 4 2

� 

  = 2 − 21 + 61 − 4 

  = 2 

 sirab aud rakuneM  

�
1 2 3 4
1 3 4 2
2 1 1 2

� = (−1)(1+2+3)+(1+2+3) �
1 2 3
1 3 4
2 1 1

� + (−1)(1+2+3)+(1+2+4) �
1 2 4
1 3 2
2 1 2

� 

 +(−1)(1+2+3)+(1+3+4) �
1 3 4
1 4 2
2 1 2

� + (−1)(1+2+3)+(2+3+4) �
2 3 4
2 4 3
1 1 2

� 

 = �
1 2 3
1 3 4
2 1 1

� − �
1 2 4
1 3 2
2 1 2

� + �
1 3 4
1 4 2
2 1 2

� − �
2 3 4
2 4 3
1 1 2

� 

 = −2 + 21 − 61 + 4 

 = −2 


