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‰iwLK g‡Wj Ges g¨vwUª· exRMwYZ :2  
(Linear Model and Matrix Algebrat 2) 

 
 
g¨vwUª· exRMwY‡Zi e¨envi eûwea| wKšÍz g¨vwUª‡·i e¨envi ïaygvÎ GKgvwÎK mgxKiYmg~‡ni mgvav‡bi 
†ÿ‡ÎB mxgve×| Aek¨ A_©bxwZ‡Z e¨eüZ mgxKiYmg~‡ni AwaKvskB GKgvwÎK n‡q _v‡K| ZvB 
A_©bxwZ‡Z g¨vwUª‡·i e¨envi jÿ¨ Kiv hvq| we‡kl K‡i Dcv`vb-Drcv`b we‡kølb, Drcv`b Í̄i wba©viY 
BZ¨vw` †ÿ‡Î g¨vwUª‡·i e¨envi D‡jøL‡hvM¨|  
GB BDwb‡U wecixZ g¨vwUª· Ges Gi ˆewkó¨mg~n, wecixZ g¨vwUª· †eiKiY, †µgv‡ii wbqg, evRvi 
g‡W‡j wecixZ g¨vwUª· I †µgv‡ii wbq‡gi cÖ‡qvM, wjIbwU‡qd Dcv`vb-Drcv`b we‡kølY Ges Drcv`b 
Í̄i wba©vi‡Yi kZ©- m¤úwK©Z cvV¸‡jv AšÍf©©~³ Kiv n‡q‡Q|  

 
 
 
 
 
 
 
 
 

G BDwb‡Ui cvV¸‡jv n‡”Q t 

◆ cvV-1 : wecixZ g¨vwUª· Ges Gi ˆewkó¨mg~n 
◆ cvV-2 : wecixZ g¨vwUª· †eiKiY 
◆ cvV-3 : †µgv‡ii wbqg 
◆ cvV-4 : evRvi g‡W‡j wecixZ g¨vwUª· I †µgv‡ii wbq‡gi cÖ‡qvM 
◆ cvV-5 : wjIbwU‡qd Dcv`vb-Drcv`b we‡kølY 
◆ cvV-6 : Drcv`b Í̄i wba©vi‡Yi kZ© 

BDwbU 
6 
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cvV-6.1 

wecixZ g¨vwUª· Ges Gi ˆewkó¨mg~n 
 (Inverse Matrix and its Properties) 

 
 
 

G cvV †k‡l Avcwb- 
◆  wecixZ g¨vwUª‡·i ˆewkó¨ m¤ú‡K© Rvb‡Z cvi‡eb| 
 
 

wecixZ g¨vwUª· (Inverse Matrix )t 

hLb A g¨vwUª‡·i wecixZ g¨vwUª· A-1 Øviv wb‡`©k Kiv nq ZLb AA-1= I (A‡f` g¨vwUª·) n‡e| A_©vr 

g~j g¨vwUª· A Øviv Gi wecixZ g¨vwUª· A-1 ‡K ev A-1 Øviv A ‡K ¸Y Kiv n‡j ¸Ydj GKwU A‡f` 
(Identity) g¨vwUª· n‡e|  
GKwU g¨vwUª· A †`qv _vK‡j Gi iƒcvšÍwiZ (transposed) g¨vwUª· A′ me©`vB cvIqv hvq| wKšÍz Gi 
wecixZ g¨vwUª‡·i Aw Í̄Z¡ _vK‡Z cv‡i A_ev bvI _vK‡Z cv‡i| mvaviYZ A g¨vwUª‡·i wecixZ g¨vwUª·‡K 

A-1 Øviv cÖKvk Kiv nq|  
wecixZ g¨vwUª‡·i †ÿ‡Î ¸iæZ¡c~Y© welq t  
(i) A g¨vwUª·wU Aek¨B eM©vKvi n‡Z n‡e|  
(ii) |A| ≠ 0 n‡Z n‡e|  
(i) n‡jv cÖ‡qvRbxq kZ© (Necessary Condition) Z‡e GwU ch©vß kZ© (Sufficient Condition) bq| 
hw` GKwU eM©vKvi A g¨vwUª‡·i wecixZ g¨vwUª· _v‡K Z‡e A Aek¨B GKwU Non-Singular Matrix 
n‡e| A_©vr A g¨vwUª·wUi wbY©vq‡Ki gvb |A&≠ 0 n‡Z n‡e| AZGe (ii) n‡jv wecixZ g¨vwUª· †ei 
Kivi ch©vß kZ©| 

(iii) hw` eM©vKvi A g¨vwUª‡·i wecixZ g¨vwUª· A-1 _v‡K, ZLb A ‡K A-1 Gi wecixZ g¨vwUª· wnmv‡e 

AwfwnZ Kiv †h‡Z cv‡i| ms‡ÿ‡c A Ges A-1 ci¯ú‡ii wecixZ g¨vwUª·|  

(iv) hw` A g¨vwUª· n X  n cwiwai nq Zvn‡j A-1 Aek¨B n X n cwiwai (µg) n‡e| Ab¨_vq AA-1 ev 

A-1A cÖvwß m¤¢e bvI n‡Z cv‡i|  
(v) hw` †Kvb g¨vwUª‡·i wecixZ g¨vwUª´ _v‡K Z‡e †mUv GKwU Unique g¨vwUª·| awi g¨vwUª‡·i wecixZ 
g¨vwUª· B, myZivs AB=BA= I |  

awi A g¨vwUª‡·i Ab¨ GKwU wecixZ g¨vwUª·-C i‡q‡Q| myZivs AC = CA =I 
GLb AB=I Gi Dfqcÿ‡K C Øviv ¸Y K‡i cvB CAB=CI(=C) [A‡f` g¨vwUª‡·i ˆewkó¨ IA=AI=A 
Abymv‡i] 
†h‡nZz CA=I a‡i †bqv n‡q‡Q| mgxKibwU wjLv hvq IB=C ev B=C [A‡f` g¨vwUª‡·i ˆewkó¨ IB=B 

Abymv‡i] 
A_©vr B Ges C g¨vwUª· Aek¨B GKwU Ges GKB ai‡Yi wecixZ g¨vwUª· n‡e| myZivs A g¨vwUª‡·i 
wecixZ g¨vwUª· me©`v Abb¨ (Unique)|  
 

wecixZ g¨vwUª‡·i ˆewkó¨ (Properties of Inverse Matrix)  
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hw` A I B (n X  n) cwiwai ỳwU A-GKvZ¡‡evaK (Non-Singular) g¨vwUª· nq, ZLb : 

1| †Kvb wecixZ g¨vwUª· (A-1) †K cybivq wecixZ g¨vwUª· Kiv n‡j g~j g¨vwUª· cvIqv hvq|  

A_©vr (A-1)-1 = A 

cÖgvb t A = 



10   2

3    1
  

 

 |A&= 



10   2

3    1
  

 = 10-6  

 = 4 ≠ 0 
d‡j A-g¨vwUª· †_‡K wecixZ g¨vwUª· cvIqv hvq|  

Co-factor A = 






A11     A12

A21     A22
  

 

∴ Cofactor A = 



1   -3

-2   10
  

 Adjoint A = 



1   -2

-3   10
  

 

∴ A-1 = 
1

|A& [ Adjoint Α] = 
1

4



1    -2

-3   10
  

 

A-1 = 







1

4
   -
2

4

-
3

4
   
10

4

  

 

Avevi |A-1&= 
1

4
  ≠ 
10

4
  - 
3

4
  ∞ 

2

4
  = 
5

8
  - 
3

8
  = 
2

8
  = 
1

4
  

Cofactor A-1 = 







10

4
   
3

4

2

4
    
1

4

  

 

Adjoint A-1 = 







10

4
   
2

4

3

4
    
1

4

  

 

∴ (A-1)-1 =
1

| |A-1
 (Adjoint A-1)  
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 = 4 







10

4
   
2

4

3

4
    
1

4

  

 

 = 







10 X 4

4
    
2 X 4

4

3

4
 X 4    

1

4
 X 4

  

 

 (A-1)-1  = 



10   2

3    1
  

∴ (A-1)-1 = A (Proved) 
 
(2) ỳwU g¨vwUª‡·i ¸Yd‡ji wecixZ g¨vwUª·, Zv‡`i c„_K c„_K wecixZ g¨vwUª‡·i Reverse Order Gi 

¸Yd‡ji mgvb| A_©vr (AB)-1 = B-1. A-1 

cÖgvYt A= 



3  0

2  4
  

|A& = 12-0 = 12 

Cofactor A = 



4   -2

0   3
  

Adjoint A = 



4   -0

-2    3
  

A-1 = 
1

12



4   0

2   3
   

 = 







1

3
   0

-
1

6
   
1

4

  

Avevi  B = 



1  0

1  2
  

| |B   = 2-0 = 2 

Cofactor B = 



2  -1

0  1
   

Adjoint B = 



2   0

-1   1
  

∴ B-1 = 
1

2
 



2  0

-1  1
   

 = 








1   0

-
1

2
   -
1

2
  

A.B = 



3   0

6   8
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(A.B)-1 =   







1

3
  0

-
1

4
  
1

8

  

 

A-1 B-1=  







1

3
   0

-
1

4
   
1

8

  

 

∴ (AB)-1 = A-1 B-1 (Proved) 
 

 
(3) †Kvb g¨vwUª‡·i iƒcvšÍwiZ (Transposed) g¨vwUª‡·i wecixZ g¨vwUª·, Gi wecixZ g¨vwUª‡·i 

iƒcvšÍ‡ii mgvb nq| A_©vr (A′)-1 = (A-1)′ 

cÖgvY: A. A-1 = I (msÁvMZfv‡e) 

 A-1. A = I (msÁvMZfv‡e) 
Dfq cv‡k¦© Transpose wb‡j 

(A-1)′. A′ = I′ 

A′ (A-1)′ = I 

(A-1)′ = 
1

A′
  

(A-1)′ = (A′)-1 (Proved) 

 

 

 

 

mvivsk t g~j g¨vwUª· A Øviv Gi wecixZ g¨vwU· A-1 ‡K ev A-1 Øviv A ‡K ¸Y Kiv n‡j ¸Ydj 
GKwU A‡f` ev GKK g¨vwUª· n‡e| wecixZ g¨vwUª‡·i †ek wKQy ˆewkó¨ i‡q‡Q| 
 
 

 

cv‡VvËi g~j¨vqb 6.1 

mZ¨/wg_¨v wbY©q Kiæb t 
1| hLb A g¨vwUª‡·i wecixZ g¨vwUª· A-1 Øviv wb‡`©k Kiv nq ZLb AA-1= 1 n‡e| 
2| †Kvb g¨vwUª‡·i iƒcvšÍwiZ g¨vwUª‡·i wecixZ g¨vwUª·, Gi wecixZ g¨vwUª‡·i iƒcvšÍ‡ii 
 mgvb nq|  
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cvV-6.2 

wecixZ g¨vwUª· †eiKiY  
(Finding Inverse Matrix)  

 
 
 
G cvV †k‡l Avcwb- 
◆  wecixZ g¨vwUª· wKfv‡e †ei Kiv hvq Zv Rvb‡Z cvi‡eb Ges wecixZ g¨vwUª· †ei Ki‡Z 
 cvi‡eb| 
 
wecixZ g¨vwUª· †eiKiY (Finding Inverse Matrix) t 
 

cª_gZ t cÖ`Ë g¨vwUª·wU n‡Z wecixZ g¨vwUª· †ei Kiv m¤¢e wKbv Zvi Rb¨ ỳ'wU kZ© cvjb Ki‡Z nq| 
†hgb-g¨vwUª·wU GKwU eM©vK…wZ g¨vwUª· n‡Z n‡e| ch©vß kZ©t g¨vwUª·wUi wbY©vqK gvb Ak~b¨ n‡Z n‡e| 
A_©vr g¨vwUª·wU A-GKvZ¡‡evaK Z_v Non singular n‡Z n‡e| myZivs g¨vwUª·wUi wbY©vq‡Ki gvb wbY©q Kiv 
wecixZ g¨vwUª· wbY©‡qi cÖ_g avc|  
 
wØZxqZ t cÖ`Ë g¨vwUª·wUi cÖwZwU Dcv`v‡bi mn¸YK ev Cofactor ‡ei K‡i Dnvi Øviv Cofactor Matrix 

ev mn-¸YK g¨vwUª· ˆZix Ki‡Z n‡e| myZivs wecixZ g¨vwUª· wbY©‡qi wØZxq avc n‡jv Cofactor Matrix 

‰Zix Kiv|  
 
Z…ZxqZ t mn¸YK g¨vwUª‡·i mvwi‡K Kjvg Ges Kjvg‡K mvwi‡Z iƒcvšÍi K‡i mshy³ g¨vwUª· ev Adjoint 
Matrix ‰Zix Ki‡Z n‡e| myZivs wecixZ g¨vwUª· wbY©‡qi Z…Zxq avc n‡jv adjoint Matrix ‰Zix Kiv|  
 
PZz_©Z t Adjoint g¨vwUª†·i cÖwZwU Dcv`vb‡K cÖ`Ë g¨vwUª·wUi wbY©vq‡Ki gvb Øviv fvM K‡i cÖ`Ë 
g¨vwUª·wUi wecixZ g¨vwUª· ˆZix Ki‡Z n‡e| myZivs Adjoint g¨vwUª·‡K wbY©vqK Gi gvb Øviv fvM Ki‡Z 
n‡e| A_©vr  

wecixZ g¨vwUª· = 
1

wbY©vq‡Kigvb   [Adjoint Matrix) 

ev wecixZ g¨vwUª· = 
Adjoint Matrix

 wbY©vq‡Kigvb   

 

†hgb t A = 






 1  2  3

 1  3  4

 1  4  3
  †`qv Av‡Q| Gi wecixZ g¨vwUª· A-1 ‡ei Kwi| 

mgvavb  

cÖ_g avc t cÖ_‡gB cixÿv Kwi, cÖ`Ë g¨vwUª· (A) †_‡K wecixZ g¨vwUª· (A-1) wbY©q m¤¢e wKbv? Gi Rb¨ 
A g¨vwUª‡·i wbY©vq‡Ki gvb | |A   †ei Kwi|  
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 | |A   = 1 



3  4

4  3
  -2  



1  4

1  3
  + 3  



1  3

1  4
  

 = 1(9-16)-2(3-4)+3(4-3) 

 =-7+2+3 

 = -2 ≠ 0 

myZivs wecixZ g¨vwUª· cvIqv m¤¢e|  
GLv‡b  | |A   = -2 

 
wØZxq avc t Cofactor g¨vwUª· †ei Ki‡Z n‡e|  

Cofactor A =  









A
11
 A
12
 A
13

A
21
 A
22
 A
23

 A
31
 A
32
 A
33

  

GLv‡b, 

A
11
 = (-1)

1+1




3  4

4  3
 
= (9-16)=-7 

 

A
12
 = (-1)

1+2




1  4

1  3
 
= -(3-4)=1 

 

A
13
 = (-1)

1+3




1  3

1  4
 
= (4-3)=1 

 

A
21
 = (-1)

2+1




2  3

4  3
 
= -(6-12)=6 

 

A
22
 = (-1)

2+2




1  3

1  3
 
= (3-3)=0 

 

A
23
 = (-1)

2+3




1  2

1  4
 
= - (4-2)=-2 

 

A
31
 = (-1)

3+1




2  3

3  4
 
= (8-9)=-1 

 

A
32
 = (-1)

3+2




1  3

1  4
 
= -(4-3)=-1 

 

A
33
 = (-1)

3+3




1  2

1  3
 
= (3-2)=1 

 

∴ Cof A =   






-7   1   1

6   0   -2

-1   1   1
  

Z…Zxq avc t  
Adjoint A = [Cofactor A′] 
 

g¨vwUª‡· wecixZKi‡Yi mvnv‡h¨ mnmgxKi‡Yi mgvavb (Solution of a System of 

Equations with the help of Matrix Inversion) 
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g¨vwUª‡·i mvnv‡h¨ AwZ mn‡R mnmgxKi‡Yi mgvavb Kiv m¤¢e| mnmgxKi‡Yi mgvavb mivmwi I ª̀æZ 
Kivi Rb¨ Matrix Inversion-Gi  aviYv e¨envi Kiv hvq| wb‡æ D`vniY w`‡q e¨vL¨v Kiv n‡jv: 
D`vniY: 
g¨vwUª‡·i mvnv‡h¨ wb‡æv³ mnmgxKiYwU mgvavb Kiæb|  
x + y + z = 6 

5x - y + 2z = 9 

3x + 6y - 5z = 0  

 
mgvavb  
cÖ_‡gB mgxKiY¸‡jv‡K g¨vwUª‡·i mvnv‡h¨ mvwR‡q cvB, 

 






1   1   1

5   -1   2

3   6   -5
   







x

y

z
   =  







6
9

0
  

 =A  =X =C 

 3∞3  3∞1 3∞1 
 

GLv‡b cÖ_g g¨vwUª·wU mnM g¨vwUª· hv A aiv n‡q‡Q , wØZxq g¨vwUª· Pj g¨vwUª· hv (X) Ges Z…Zxq 
g¨vwUª· w ’̄i g¨vwUª· hv (C) Øviv cÖKvk Kiv n‡q‡Q| myZivs ms‡KZ Abymv‡i  
A.X = C 

∴ X = A
-1
C [ Dfq cv‡k¦©  A-1  Øviv c~e© ¸Yb K‡i] 

GLv‡b A =  






1  1  1

5  -1  2

3  6  -5
  

GLb A-1 ‡ei Ki‡Z n‡e| 
cÖ_g avc : | |A   = †ei Ki‡Z n‡e|  
 

 | |A   = 1 



-1   2

6   -5
  -1 



5   2

3   -5
  +1 



5   -1

3   6
  

= 1 (5-12)-1 (-25-6)+1 (30+3) 

= - 7 + 31 + 33 

= 57 

∴ | |A   = 57 � 0 d‡j A-1 wbY©q m¤¢e| 

GLv‡b  | |A   = 57 

 

wØZxq avc t  Cofactor A ‡ei Ki‡Z n‡e|  

Avgiv Rvwb, Cofactor A =  








A
11
  A

12
  A

13

A
21
  A

22
  A

23

 A
31
  A

32
  A

33

  

GLv‡b, 

A
11
 = (-1)

1+1




-1   2

6   -5
 
= (5-12)=-7 

 

A
12
 = (-1)

1+2




5   2

3   -5
 
 
= -(25-6)=31 
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A
13
 = (-1)

1+3




5   -1

3   6
 
 
= (30+3)=33 

 

A
21
 = (-1)

2+1




1   1

6   -5
 
 
= -(5-6)=11 

 

A
22
 = (-1)

2+2




1   1

3   -5
 
 
= (-5-3)=-8 

 

A
23
 = (-1)

2+3




1    1

3    6
 
= -(6-3)=-3 

 

A
31
 = (-1)

3+1




1    1

-1    2
 
 
= (2+1)=3 

 

A
32
 = (-1)

3+2




1    1

5    2
 
 
= -(2-5)=3 

 

A
33
 = (-1)

3+3




1    1

5    -1
 
 
= (-1-5)=-6 

 

myZivs Cofactor A =   






-17   31   33

11   -8   -3

3    3    -6
  

Z…Zxq avc t Adjoint A †ei Ki‡Z n‡e|  
Avgiv Rvwb, Adjoint A = Cofactor A′ 

myZivs Adjoint A =  






-7   11   3

31    -8    3

33    -3    -6
  

PZz_© avc t A-1 = 
1

| |A
  [Adjoint A] 

 

 = 
1

57
  






-7   11   3

31   -8   3

33   -3   -6
  

Gevi (i) bs mgxKiY †_‡K 

X = A-1. C 

=  
1

57
  






-7   11   3

31    -8    3

33    -3    -6
  






6

9

0
   

 

= 
1

57
  









-7∞6+11∞9+3∞0

31∞6-8∞9+3∞0

33∞6-3∞9-6∞0

  

 

= 
1

57
  






-42+99+0

186-72+0

198-27-0
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= 
1

57
  






57

114

171
  

 

ev X=  






1
2

3
   

∴  






x
y

z
  =  







1
2

3
  

 

myZivs x = 1, y = 2 Ges z = 3 
 

 

 

 
mvivsk t wecixZ g¨vwUª· †ei Kivi wKQy kZ© Av‡Q| cÖ_gZ: g¨vwUª·wU eM©vK…wZ g¨vwUª· n‡Z n‡e| Z‡e 
ch©vß kZ© n‡”Q g¨vwUª·wUi wbY©vqK gvb Ak~b¨ n‡Z n‡e A_©vr g¨vwUª·wU A-GKvZ¡‡evaK (Non-singular) 
n‡Z n‡e|  
 
 
 
 

cv‡VvËi g~j¨vqb 6.2 

mZ¨/wg_¨v wbY©q Kiæb t 

1| wecixZ g¨vwUª· †ei Kivi ch©vß kZ© n‡”Q g¨vwUª·wUi wbY©vqK gvb k~b¨ n‡Z n‡e| 
2|  wecixZ g¨vwUª· wbY©‡qi PZz_© avc n‡jv Adjoint g¨vwUª·‡K wbY©vq‡Ki gvb Øviv fvM Ki‡Z n‡e|  
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cvV-6.3 

†µgv‡ii wbqg  
(Cramer's Rule)  

 
 
 
G cvV †k‡l Avcwb- 
◆  †µgv‡ii wbqg m¤ú‡K© Rvb‡Z cvi‡eb| 
◆  †µgv‡ii wbqg e¨envi K‡i mgm¨vi mgvavb Ki‡Z cvi‡eb| 

 
†µgv‡ii wbqg (Cramer's Rule): 

GKgvwÎK mn-mgxKiYmg~n †µgv‡ii wbq‡gI mgvavb Ki hvq| GKgvwÎK mgxKiYmg~n †_‡K 
PjK¸‡jvi gvb wbY©‡qi †ÿ‡Î †µgvi wbqg GKwU ¸iæZ¡c~Y© c×wZ wn‡m‡e we‡ewPZ| GB wbq‡g cÖ_‡gB 
mgxKiYmg~n‡K Matrix AvKv‡i iƒc w`‡Z nq| Gici mnM g¨vwUª· (Co-efficient Matrix) Gi wbY©vqK 
 | |A   wbY©q Ki‡Z n‡e| Z‡e wbY©vq‡Ki gvb ≠ 0 n‡jB gvb wbY©q m¤¢e| Gici †h PjKwUi gvb wbY©q 
Ki‡Z n‡e Zvi Kjvg mnM¸‡jv mwi‡q Wvbcv‡k¦©i w ’̄i Kjv‡g ewm‡q †h g¨vwUª· ˆZix n‡e Zvi wbY©vqK 
(Aj) wbY©q Ki‡Z n‡e| Gici  | |Aj   †K  | |A   Øviv fvM Ki‡j †h gvb cvIqv hv‡e ZvB n‡e xj Gi gvb| 
myZivs ejv hvq †h, †µgv‡ii wbqgvbymv‡i xj Gi mgvavb cvIqv hvq ỳ‡Uv wbY©vq‡Ki AbycvZ n‡Z| †hgb- 

xj =  
| |Aj  

| |A
  GLb j=1,2,3 n‡j; †hgb 

x
1
 =   
| |A

1  

| |A
 , x

2
 =  
| |A

2  

| |A
 , x

3
 =   
| |A

3  

| |A
  

 
†µgvi wbq‡gi cÖ‡qvRb †Kb? 

†Kvb eM©vKvi g¨vwUª‡·i cwiwa Lye eo n‡j Gi wecixZ g¨vwUª· wbY©q Lye RwUj nq| †m‡ÿ‡Î wecixZ 
g¨vwUª· wbY©q bv K‡i †µgvi wbqgwU e¨envi K‡i mn‡RB GKwU myweavRbK I ev Í̄e gvb cvIqv m¤¢e| 
wecixZ g¨vwUª‡· cÖvß mgvavb GKB mv‡_ mKj Af¨šÍixb Pj‡Ki mgvavb gvb cÖKvk K‡i| cÿvšÍ‡i 
†µgvi wbq‡g cÖvß mgvavb GKB mg‡q ïaygvÎ GKwU Af¨šÍixb Pj‡Ki mgvavb gvb †`Lvq|  

D`vniY: 
†µgvi wbqg e¨envi K‡i wb‡Pi mnmgxKiYmg~‡ni mgvavb Kiæb|  
2x
1
 - x

2
 = 2 

3x
2
 + 2x

3
 = 16 

5x
1
 + 3x

3
 = 21 

mgvavb t cÖ`Ë mgxKiYmg~n‡K g¨vwUª· G iƒcvšÍi K‡i 
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2  -1  0

0   3   2

5   0   3
 









x
1

x
2

x
3

  = 






2

16

21
  

 A X C 

GLv‡b, A =  






2  -1  0

0   3   2

5   0   3
  

 

myZivs  | |A   =  2 



3   2

0   3
  +1 



0   2

5   3
  +0



0   3

5   0
  

 = 2(9-0) + 1(0-10) +0(0-15) 

 = 2 ∞ 9 + 1 ∞ (−10) + 0 

 = 18-10 

 ∴ | |A   = 8 

GLb X1 wbY©‡qi Rb¨ mnM g¨vwUª· (A) Gi cÖ_g Kjvg Dcv`vbmg~n‡K w ’̄i C †f±i Øviv cÖwZ ’̄vwcZ 
K‡i bZzb g¨vwUª· ˆZix Kwi|  
 

 A
1
 =  







2  -1  0

16   3   2

21   0   3
  

 

myZivs  | |A
1  
 =  2 



3   2

0   3
  +1 



16   2

21   3
  +0



16   3

21   0
  

 = 2(9-0) + 1(48-42) + 0(0-63) 

 = 2 ∞ 9 + 1 ∞ 6 + 0 

 = 18 + 6 

 ∴ | |A1  = 24 

Avevi x
2
 Gi gvb wbY©‡qi Rb¨ mnM g¨vwUª· (A) Gi x

2
 Gi Kjvg Z_v 2q Kjvg Dcv`vbmg~n‡K w ’̄i C 

†f±i Øviv cÖwZ¯’vwcZ K‡i bZzb g¨vwUª· ˆZix Kwi|  
 

 A2 =  






2   2   0

0   16   2

5   21   3
  

myZivs  | | A
2
 =  2 



16   2

21   3
  -2 



0   2

5   3
  +0



0   16

5   21
  

 = 2(48-42) -2 (0-10) + 0(0-80) 

 = 2 X 6 - 2(-10) + 0 

 = 12+ 20 

 ∴ | |A2   = 32 

Abyiƒcfv‡e x
3 Gi gvb wbY©‡qi Rb¨ mnM g¨vwUª· (A) Gi x

3
 Gi Kjvg Z_v Z…Zxq Kjvg Dcv`vbmg~n‡K 

w ’̄i C †f±i Øviv cÖwZ ’̄vwcZ K‡i bZzb g¨vwUª· ˆZix Kwi|  

 A
3
 =  







2   -1   2

0   3   16

5   0   21
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myZivs  | |A
3
 =  2 



3   16

0   21
  +1 



0   16

5   21
  +2



0   3

5   0
  

 = 2(63-0) +1 (0-80) + 2(0-15) 

 = 2 X  63 +1 X  (-80) + 2 X  (-15) 

 = 126 - 80 - 30 

 ∴ | |A
3
 = 16 

 

GLb m~Îvbymv‡i 

x1 =   
| |A

1  

| |A
  = 

24

8
  = 3 

∴ x
1
 = 3 

x
2
 =   
| |A

2  

| |A
  = 

32

8
  

∴ x
2
 = 4 

Ges x
3
 =   
| |A

3  

| |A
  = 

16

8
  

∴ x
3
 = 2 

AZGe, x
1
 = 3, x

2
 = 4, x

3
 = 2  

A_©vr 








x1

x2

x3

  =  






3
4

2
  cÖ`Ë mn-mgxKi‡Yi mgvavb| 

 
 
 
 
 

 
mvivsk t GKgvwÎK mgxKiYmg~n †_‡K PjK¸‡jvi gvb wbY©‡qi †ÿ‡Î †µgvi wbqg GKwU ¸iæZ¡c~Y© 
c×wZ wnmv‡e we‡ewPZ| †Kvb eM©vKvi g¨vwUª‡·i cwiwa Lye eo n‡j wecixZ g¨vwUª· wbY©q RwUj nq| 
†m‡ÿ‡Î wecixZ g¨vwUª· wbY©q bv K‡i †µgvi wbqgwU e¨envi K‡i mn‡RB GKwU myweavRbK I ev Í̄e gvb 
cvIqv m¤¢e| 
 
 
 
 
 

cv‡VvËi g~j¨vqb 6.3 

mZ¨/wgL¨v wbY©q Kiæb t 

1| †µgvi wbq‡g cÖvß mgvavb GKB mg‡q ỳwU Avf¨šÍixb Pj‡Ki mgvavb gvb †`Lvq| 
2| †Kvb eM©vKvi g¨vwUª‡·i cwiwa Lye eo n‡j wecixZ g¨vwUª· wbY©q bv K‡i †µgvi wbqgwU e¨envi 
 K‡i mn‡RB GKwU gvb cvIqv m¤¢e|  
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cvV-6.4 
evRvi g‡W‡j wecixZ g¨vwUª· 
 I †µgv‡ii wbq‡gi cÖ‡qvM  

 
 
 
G cvV †k‡l Avcwb- 
◆  evRvi wfwËK †h‡Kvb mgm¨v mgvav‡b wecixZ g¨vwUª· e¨envi Ki‡Z cvi‡eb| 
◆  evRvi wfwËK †h‡Kvb mgm¨v mgvav‡b †µgv‡ii wbqg e¨envi Ki‡Z cvi‡eb| 
 
evRvi g‡W‡ji we‡køl‡Y wecixZ g¨vwUª· Ges †µgvi wbqg GKwU ¸iæZ¡c~Y© c×wZ wnmv‡e AwfwnZ| 
evRvi wfwËK †h †Kvb mgm¨v mgvav‡b Avgiv wecixZ g¨vwUª· Ges †µgvi wbqg e¨envi Ki‡Z cvwi|  
wecixZ g¨vwUª· Gi e¨envi t 

D`vniY t ỳwU ª̀‡e¨i Pvwn`v I †hvMvb A‡cÿK wb¤œiƒc t 
Qd

1
 = 410 - 5p

1
 - 2p

2
 Qd

2
 = 295 - P

1
 - 3p

2
 

QS
1
 = - 60 + 3p

1
 QS

2
 = - 120 + 2p

2
 

wecixZ g¨vwUª· c×wZ e¨envi K‡i fvimvg¨ g~j¨ 
_

P
1
 , 

_

P
2
  Ges ª̀‡e¨i cwigvY 

_

Q
  wbY©q Kiæb|  

mgvavb t 1 bs ª̀‡e¨i evRvi fvimv‡g¨i kZ©vbymv‡i  
Q
d1
 = Q

s1
 

ev, 410 - 5p
1
 - 2p

2
 = -60 + 3p

1
 

ev, -8p
1
 - 2p

2
 + 470 = 0  

ev 8p
1
 + 2p

2
 = 470 ...........(1) 

2 bs ª̀‡e¨i evRvi fvimv‡g¨i kZ©vbymv‡i  
Q
d2
 = Q

S2
 

ev, 295 - p
1
 - 3p

2
 = -120 + 2p

2
 

ev, -p
1
 - 5p

2
 + 415 = 0  

ev p
1
 + 5p

2
 = 415 ...........(2) 

Gevi (1) I (2) bs mgxKiY‡K g¨vwUª· mviYx‡Z mvwR‡q 

 



8   2

1   5
  






p
1

p
2
  =  



470

415
  

 A  P   C  

 2 X 2 2 X 1 2 X 1 

ms‡KZvbymv‡i wjL‡j- 
A.P = C 
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_

p
  = A-1 . C..................(3) 

GLv‡b, A =  



8  2

1  5
  

GLb, A-1 ‡ei Ki‡Z n‡e| 
cÖ_g avc :  
 | |A   = 40-2 
 = 38 ≠ 0 

d‡j A-1 wbY©q m¤¢e|  
wØZxq avc: 

Cofactor A =  






A

11
   A

12
 

A
21
   A

22
  

GLv‡b, 

A
11
 = (-1)

1+1 . 
5 = 5 

 

A
12
 = (-1)

1+1. 
1 = -1 

 

A
21
 = (-1)

2+1. 
2 = -2 

 

A
22
 = (-1)

2+2. 
8 = 8 

myZivs Cofactor A =   



5   -1

-2   8
  

Z…Zxq avc: 
Adjoint A = Cofactor A′ 

 =  



5   -2

-1   8
  

PZz_© avc :  

A-1 =    
1

| |A
  



5    -2

-1    8
  

 = 
1

38
  



5    -2

-1    8
  

(3) bs mgxKiY †_‡K 
_

P  = A
-1
. C 

 =  
1

38
  



5   -2

-1   8
   



470

415
  

  

 =  
1

38
  



5∞470 - 2∞415

-1∞470+8∞415
  

 
_

P
  =  

1

38
  



1520

2850
   

 =  



40

75
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∴  











_

p
1

_

 p
2

   =   



40

75
  

myZivs 
_

P
1
  = 40 Ges 

_

P
2
 = 75 

GLb p
1
 I p

2
 Gi gvb 1 bs I 2 bs ª̀‡e¨i Pvwn`v ev †hvMvb A‡cÿ‡K ewm‡q 

Q
1
 = - 60 + 3p

1
 

 = - 60 + 3 ∞ 40 

 = - 60 + 120 

∴
_

Q1
  = 60  

Ges Q
2
 = - 120 + 2p

2
 

 = - 120 + 2 ∞ 75 

 = - 120 + 150 

∴
_

Q2
 = 30 

DËi: P
1
 = 40, P2 = 75 

 Q
1
 = 60 Ges Q

2
 = 30 

†µgvi wbqg e¨envi K‡i t 
1 bs ª̀e¨ evRvi 
 Qd

1
 = 410 - 5p

1
 - 2p

2
 

 Qs
1
 = - 60 + 3p

1
 

Ges  2 bs ª̀e¨ evRvi  
 Qd

2
 = 295 - p

1
 - 3p

2
 

 Qs
2
 = -120 + 2p

2
 

fvimv‡g¨i kZ©vbymv‡i  
Qd

1
 = Qs

1
 

410 - 5p
1
 - 2p

2
 = - 60 + 3p

1
 

ev 8p
1
 + 2p

2
 = 470 ..........(1) 

Avevi, Qd
2
 = Qs

2
 

295 - p
1
 - 3p

2
 = - 120 + 2p

2
 

ev p
1
 + 5p

2
 = 415 ..........(2) 

GLb (1) I (2) bs mgxKiY‡K g¨vwUª· mviYx‡Z mvwR‡q  

 



8  2

1  5
  






p
1

p
2
  = 



470

415
  

= A = P = C 

GLv‡b A n‡”Q mnM g¨vwUª·, P PjK †f±i, C n‡”Q w ’̄i ivwki †f±i|  
GLv‡b | |A  = 40 - 2  
∴  | |A  = 38 
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P
1
 wbY©‡qi Rb¨ mnM g¨vwUª‡·i 1g Kjv‡gi Dcv`vbmg~‡ni ’̄‡j w ’̄i `dvi gvb cÖwZ ’̄vwcZ K‡i|  

 A
1
 =   



470   2

415   5
  

myZivs | |A  = 2350 - 830 

∴  | |A  = 1520 
Avevi P

2
 wbY©‡qi Rb¨ mnM g¨vwUª‡·i 2q Kjvg Dcv`vbmg~‡ni ’̄‡j w ’̄i `dvi gvb cÖwZ ’̄vwcZ K‡i  

A
2
 =   



8  470

1  415
  

Zvn‡j | |A
2   = 3320 - 470    

∴  | |A
2  = 2850 

 

Avgiv Rvwb 

P
1
 = 






A
1

A
  

 = 
1520

38
  

∴ P
1
 = 40 

Avgiv Rvwb 

P
2
 = 

|A2|

|A|
  

       = 
2850

38
  

∴ P
2
 = 75 

GLb 1 bs evRvi Gi Pvwn`v ev †hvMvb A‡cÿ‡K P
1
I P

2
 Gi gvb ewm‡q  

Q
1
 = -60 + 3P

1
 

 = -60 + 3 ∞ 40  

 = - 60 + 120 

∴ Q
1
 = 60  

Ges Q
2
 = - 120 + 2P

2 

  
= -120 + 2 ∞ 75 

 = -120 + 150 

∴ Q
2
 = 30 

AZGe, P
1
 = 40, P

2
 = 75, Q

1
 = 60, Q

2
 = 30 

 

 

 
 
mvivsk t evRv‡i g‡W‡ji we‡køl‡Y wecixZ g¨vwUª· I †µgvi wbqg GKwU ¸iæZ¡c~Y© c×wZ wnmv‡e 
AwfwnZ| evRvi wfwËK †h †Kvb mgm¨v mgvav‡b wecixZ g¨vwUª· I †µgvi wbqg e¨envi Kiv hvq|  
 

 

 

 

 

cv‡VvËi g~j¨vqb 6.4 

mZ¨/wg_¨v wbY©q Kiæb t 
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1| evRvi wfwËK †h †Kvb mgm¨v mgvav‡b wecixZ g¨vwUª· I †µmvi wbqg e¨envi Kiv hvq|  
 
 
 

cvV-6.5 

wjIbwU‡qd Dcv`vb-Drcv`b we‡kølY 
 (Leontief's Input-output Analysis) 

 
 
 
G cvV †k‡l Avcwb- 
◆  wjIbwU‡qd Dcv`vb-Drcbœ g‡Wj m¤ú‡K© Rvb‡Z cvi‡eb| 
◆  wjIbwU‡qd Dcv`vb-Drcbœ g‡W‡j wecixZ g¨vwUª· e¨envi K‡i mgm¨vi mgvavb Ki‡Z cvi‡eb| 

 
eZ©gvb Kv‡j eûjfv‡e e¨eüZ Dcv`vb-Drcbœ we‡kølY c×wZ nvifvW© wek¦we`¨vj‡qi Aa¨vcK W. W. 

Leontief Zvi M‡elbvq Zz‡j a‡ib| wewfbœ wk‡íi Dcv`vb-Drcbœ A_ev Dcv`vb mnM g¨vwUª· Ges PyovšÍ 
Pvwn`v Rvbv _vK‡j wecixZ g¨vwUª‡·i mvnv‡h¨ wkímg~‡ni †gvU Drcv`b wbY©q Kiv m¤¢e|  
 
Dcv`vb-Drcbœ we‡kølY t 

Dcv`vb-Drcbœ we‡kølY Ggb GK c×wZ †hLv‡b A_©bxwZ‡Z Kvh©iZ wewfbœ wkí Drcvw`Z DcKiY/cY¨ 
µq-weµ‡qi gva¨‡g wKfv‡e G‡K Ac‡ii Dci wbf©ikxj Zv †`Lv‡bv nq| mvaviYZ †Kvb wkíB cY¨ 
Drcv`‡bi †ejvq ¯̂vaxb bq| A_©vr GKwU wkí‡K cY¨ Drcv`‡bi Rb¨ Aci wk‡íi Drcvw`Z cY¨ 
DcKiY wnmv‡e e¨envi Ki‡Z nq| Gfv‡e gva¨wgK ª̀‡e¨i †h cÖevn wewfbœ wk‡íi g‡a¨ †`Lv hvq Zv 
†Uwej ev mn-mgxKiY c×wZi mvnv‡h¨ Dc ’̄vcb Kiv n‡j Zv‡K Avgiv Dcv`vb Drcbœ †Uwej/g‡Wj ewj|  
g‡b Kwi x

ij
 n‡”Q x

i
 wk‡íi Drcvw`Z c‡Y¨i H Ask hv †m j wk‡í gva¨wgK cY¨/DcKiY wnmv‡e weµq 

K‡i| Gi A_© x
11
, x

12
......x

1n
 n‡”Q wk‡íi Drcv`b hv †m wb‡R Ges x

2
........x

n
 wkí gva¨wgK 

cY¨/DcKiY wnmv‡e e¨envi K‡i| evKx Drcv`b awi d
i
GB wk‡í KZ©„K cwievi e‡M©i wbKU PyovšÍ ª̀e¨ 

wnmv‡e weµq Kiv nq| Abyiƒcfv‡e x
n
 wkí KZ©„K x

1
, x

2
........x

n
 wkí gva¨wgK cY¨ weµ‡qi cwigvb 

h_vµ‡g x
n1
, x

n2
...........x

nn Øviv cÖKvk cvq| mvaviYfv‡e ej‡Z †M‡j x
ij n‡”Q i Zg wk‡íi Drcv`b 

hv j Zg wkí gva¨wgK cb¨ DcKiY wnmv‡e µq/ e¨envi K‡i| cÿvšÍ‡i d
i
 n‡”Q i Zg wk‡íi P~ovšÍ ª̀e¨ 

hv cwievieM© †fv‡Mi Rb¨ e¨envi K‡i|  
cÿvšÍ‡i cwievieM©/cvwievwiK LvZ wewfbœ wk‡í cÖv_wgK DcKiY mieivn/weµq K‡i, cwie‡Z© wewfbœ 
wkí †_‡K GB P~ovšÍ ª̀e¨ †fv‡Mi D‡Ï‡k¨ µq K‡i|  
g‡b Kwi O Øviv cwievieM©/cvwievwiK LvZ cÖKvk cvq Ges x

oj
 n‡”Q cwievieM© †_‡K j Zg wkí †h 

cwigvb cÖv_wgK DcKiY µq K‡i Zvi cwigvY| A_©vr Avgv‡`i G‡ÿ‡Î x
1
,x
2
.........x

n
 wkí cwievieM© 

†_‡K h_vµ‡g x
o1
,x
o2
........x

on
 cwigvY cÖv_wgK DcKiY µq K‡i| cwie‡Z© wkí¸‡jv h_vµ‡g d

1
, 

d
2
...........d

n
 cwigvb PyovšÍ ª̀e¨ cwievie‡M©i wbKU weµq K‡i|  
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GLb Dc‡iv³ Av‡jvPbvi †cÖÿvc‡U Avgiv GKwU n msL¨K wkí mg„× A_©bxwZi Dcv`vb-Drcbœ g‡Wj 
wb‡¤œi †Uwe‡j Dc ’̄vcb Ki‡Z cvwi|  
 
 
 
 
weµ‡qi  AvšÍtwk‡íi cÖevn P~ovšÍ †gvU  
†ÿÎmg~n x

1
 x

2
 ............. x

n
 Pvwn`v Drcv`b 

x
1
 

x
2 

. 

.
 

x
n
 

x
11
 

x
21 

. 

. 

.
 

x
n1
 

x
12

 

x
22 

. 

. 

.
 

x
n2

 

...................

................. 

x
1n

 

x
2n 

. 

. 

.
 

x
nn

 

d
1
 

d
2 

. 

. 

.
 

d
n
 

x
1
 

x
2 

. 

. 

.
 

x
n
 

cÖ_wgK DcKiY x
o1
 x

o2
 ............. x

on
   

†gvU Drcv`b x
1
 x

2
 ............. x

n
   

 
†Uwej †_‡K †`Lv hvq cÖwZwU wkí Drcv`b †ÿ‡Î G‡K Ac‡ii Dci wbf©ikxj|  
 
Dcv`vb-Drcv`b †Uwej †_‡K KvwiMix mnM wbY©q (Finding Technological Co-efficient from Input-

output Table) 

 
wjIbwUd Zvi Dcv`vb-Drcbœ we‡køl‡Y cÖwZwU wk‡íi †ejvq Ggb Drcv`b A‡cÿK we‡ePbv K‡ib 
†hLv‡b cY¨ Drcv`‡b e¨eüZ DcKiY mnM w ’̄i| A_©vr 1 GKK cY¨ Drcv`b Ki‡Z hw` j-Zg wkí †_‡K 
a
ij 

cwigvb cY¨ µq I e¨envi K‡i Z‡e a
ij ‡K DcKiY mnM (input Co-efficient) ejv hvq|  

GLb j wk‡íi †gvU Drcv`b xj Øviv wb‡ ©̀k Kwi| cÿvšÍ‡i x
ij
 n‡”Q j wkí KZ…©K i wkí †_‡K µqK…Z 

gva¨wgK ª̀‡e¨i cwigvb hv DcKiY wnmv‡e e¨eüZ nq| Zvn‡j ejv hvq t  
x
ij
 = a

ij 
x
j
 ev a

ij 
= x

ij
/x
j 
 

GLb GB mgxKi‡Yi wfwË‡Z Avgiv Dc‡ii Dcv`vb-Drcbœ †Uwej †_‡K cÖwZwU wk‡íi KvwiMix mnM †ei 
Ki‡Z cvwi|  

 
µ‡qi †ÿÎmg~n 

weµ‡qi  AvšÍtwk‡íi cÖevn P~ovšÍ ª̀e¨ †gvU  
†ÿÎmg~n x

1
 x

2
 ............. x

n
 Pvwn`v Drcv`b 
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x
1
 

x
2 

. 

. 

. 

.
 

x
n
 

a
11
 

a
21
 

. 

. 

. 

. 

. 

a
n1
 

a
12
 

a
22 

. 

. 

. 

. 

.
 

a
n2
 

...................

...................

. 

...................

...................

...................

........ 

a
1n
 

a
2n 

. 

. 

. 

. 

.
 

a
nn
 

d
1
 

d
2 

. 

. 

. 

. 

.
 

d
n
 

x
1
 

x
2 

. 

. 

. 

. 

.
 

x
n
 

cÖv_wgK DcKiY a
o1
 a

o2
 ............. a

on
   

†gvU Drcv`b x
1
 x

2
 ............. x

n
   

 
D`vniY t 

 µ‡qi †ÿÎmg~n 
weµ‡qi 
†ÿÎmg~n 

Kqjv (x
1
) B¯úvZ (x

2
) †jŠn (x

3
) P~ovšÍ Pvwn`v 

(d) 
†gvU Drcv`b 

Kqjv x
1 

B¯úvZ x
2 

‡jŠn x
3
 

25 

40 

10 

100 

20 

60 

50 

100 

20 

80 

90 

100 

200 

300 

400 

cÖv_wgK 
DcKiY 

10 30 40   

 
Avgv‡`i G‡ÿ‡Î x

11
 = 25, x

21
 = 40; x

31
 = 10 Ges x

1
 = 200 nIqvq G‡ÿ‡Î a

11
 = 25/200 = 0.13; 

a
21
 = 40/200 = 0.20, a

31
 = 10/200 = 0.05; a

01
 = 10/200 = 0.05 n‡e| cÿvšÍ‡i a

12
 = 

100/300=0.33; a
22
 = 20/300 = 0.07; a

32
 = 60/300 = 0.20; a

o2
 = 30/300 = 0.10 n‡e|  

Ab¨ w`‡K a13 = 50/400 = 0.13; a23 = 100/400 = 0.25; a33 = 20/400 = 0.05; a03 = 40/400 

= 0.10 n‡e|  

GLb GB mnM¸‡jvi mvnv‡h¨ cÖvß Dcv`vb †Uwej n‡e wbæiƒc 
 

weµ‡qi 
†ÿÎmg~n 

Kqjv (x
1
) B¯úvZ  †jŠn  PyovšÍ Pvwn`v 

(d) 
†gvU Drcv`b 

Kqjv x
1 

B¯úvZ x
2 

†jŠn x
3
 

0.13 

0.20 

0.05 

0.33 

0.07 

0.20 

0.13 

0.25 

0.05 

80 

90 

1000 

200 

300 

400 

cÖv_wgK 
DcKiY 

0.05 0.10 0.10   

 
Dcv`vb-Drcbœ we‡køl‡Y e¨eüZ g¨vwUª‡·i aviYv (Concept of Matrix used in Input-output 

Analysis) t 
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Dcv`vb-Drcbœ we‡køl‡Y g~jZ t Avgiv Dcv`vb mnM g¨vwUª· (Input-Coefficient Matrix) Ges 
wjIbwU‡qd g¨vwUª· (Leontief Matrix) Gi m¤§yLxb nB|  
 
K. Dcv`vb-mnM g¨vwUª· (Input - Coefficient Matrix) t 

Dcv`vb-Drcbœ †Uwe‡j wewfbœ wkí GK GKK cY¨ Drcv`‡bi Rb¨ Acivci wkí †_‡K †h cwigvY 
gva¨wgK cY¨ µq K‡i Zv‡`i Dcv`vb mnM e‡j| wewfbœ wk‡íi Gme Dcv`vb mnM wb‡q †h g¨vwUª· MVb 
Kiv hvq Zv‡K Dcv`vb mnM g¨vwUª· e‡j|  

 

 
 
D`vniY t 
wZbwU wk‡íi Dcv`vb mnM  

 x
1
 x

2
 x

3
 

x
1
 

x
2
 

x
3
 

a
11 

a
21
 

a
31
 

a
12
 

a
22
 

a
32
 

a
13
 

a
23 

a
33
 

 

Dcv`vb-mnM g¨vwUª· A = 








a
11
   a

12
   a

13

a
21
   a

22
   a

23

 a
31
   a

32
   a

33

  

 
L. wjIbwU‡qd g¨vwUª· (Leontief Matrix)t 

W. Leontief Dcv`vb-Drcbœ c×wZi mgvav‡bi j‡ÿ¨ †h g¨vwUª· ˆZix K‡ib Zv wjIbwUd g¨vwUª· bv‡g 
cwiwPZ| A‡f` g¨vwUª· †_‡K Dcv`vb mnM g¨vwUª· we‡qvM Ki‡j GB g¨vwUª· cvIqv hvq | Gi cÖZxK (I-
A) Øviv cÖKvk cvq|  
 

D`vniY t A = 








a
11
   a

12
   a

13

a
21
   a

22
   a

23

 a
31
   a

32
  a
33

     I = 






1   0   0

0   1   0

0   0   1
  

 

 (I-A) = 






1   0   0

0   1   0

0   0   1
  - 









a
11
   a

12
   a

13

a
21
   a

22
   a

23

 a
31
   a

32
   a

33

  

 

  = 









(1- a
11
)    - a

12
    - a

13

- a
21
    (1- a

22
)    - a

23

- a
31
    - a

32
    (1- a

33
)
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D‡jøL¨ †h, Dcv`vb-mnM g¨vwUª· hZ µ‡gi (Order) A‡f` g¨vwUª· (identity matrix) ZZ µ‡gi wb‡q 
wØZxqwU †_‡K cÖ_gwU we‡qvM K‡i wjIbwU‡qd g¨vwUª· †ei Ki‡Z nq|  
 
 
 
 
mvivsk t wewfbœ wk‡íi Dcv`vb-Drcbœ A_ev Dcv`vb mnM g¨vwUª· Ges PyovšÍ Pvwn`v Rvbv _vK‡j 
wecixZ g¨vwUª‡·i mvnv‡h¨ wkímg~‡ni †gvU Drcv`b wbY©q Kiv m¤¢e| gva¨wgK `ª‡e¨i †h cÖevn wewfbœ 
wk‡íi g‡a¨ †`Lv hvq Zv †Uwej ev mn-mgxKiY c×wZi mvnv‡h¨ Dc ’̄vcb Kiv n‡j Zv‡K Dcv`vb-Drcbœ 
†Uwej g‡Wj ejv nq| eZ©gvb Kv‡j eûjfv‡e e¨eüZ Dcv`vb-Drcbœ we‡kølY c×wZ nvifvW© 
wek¦we`¨vj‡qi Aa¨vcK wjIbwU‡qd Zvi †jLvq Zz‡j a‡ib|  

cv‡VvËi g~j¨vqb 6.5 

mZ¨/wg_¨v wbY©q Kiæb t 

1|  Dcv`vb-Drcbœ we‡kølb c×wZ nvifvW© wek¦we`¨vj‡qi Aa¨vcK W. Leontief Zvi †jLvq Zz‡j 
 a‡ib| 
2|  PyovšÍ ª̀‡e¨i †h cÖevn wewfbœ wkí I cvwievwiK cÖwZôv‡bi g‡a¨ †`Lv hvq Zv †Uwe‡ji mvnv‡h¨ 
 Dc ’̄vcb Kiv n‡j Zv‡K Dcv`vb-Drcbœ †Uwej e‡j| 
3|  Dcv`vb-Drcbœ †Uwe‡j wewfbœ wkí GK GKK cY¨ Drcv`‡bi Rb¨ Acivci wkí †_‡K †h cwigvY 
 gva¨wgK cY¨ µq K‡i Zv‡`i Dcv`vb mnM e‡j|  
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cvV-6.6 

Drcv`b Í̄i wba©vi‡Yi kZ©  
(Condition for Determination of Output Level) 

 
 
G cvV †k‡l Avcwb- 
◆  RvZxq Avq g‡Wj we‡kølY wecixZ g¨vwUª· I †µgv‡ii wbqg e¨envi K‡i mgm¨vi mgvavb Ki‡Z 
 cvi‡eb| 
 

Drcv`b Í̄i wba©vi‡Yi kZ© (Condition for Determination of Output Level) t 

c‡Y¨i PyovšÍ Pvwn`v cÖ`Ë Ae ’̄vq GKwU D¤§y³ (Open) Dcv`vb-Drcbœ g‡Wj †_‡K wewfbœ wk‡íi †gvU 
Drcv`b wbY©q Kiv hvq| Avgv‡`i c~‡e© D‡jøwLZ D¤§y³ g‡W‡ji wØZxq mviYx we‡ePbv Kwi| GB mviYx 
†_‡K wb‡æv³ e¨v‡jÝ mgxKiY cvIqv hvq|  
x
1
 = a

11
x
1
 + a

12
x
2
 +....................+ a

1n
x
n
 + d

1
 

x
2
 = a

21
x
1
 + a

22
x
2
 + .................. + a

2n
x
n
 + d

2
 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

 . 

. 

. 

. 

x
n
 = a

n1
x
1
 + a

n2
x
2
 +....................+ a

nn
x
n
 + d

n 

 

ev , (1-a
11
)x
1
 - a

12
x
2
 -...............- a

1n
x
n
 = d

1
 

- a
21

x
1
 + (1-a

22
)x
2 
-....................- a

2n
x
n
 = d

2
  

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

 . 

. 

. 

. 

- a
n1

x
1
 - an2

x
2
.................... + (1- a

nn
)x
n
 = d

n
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g¨vwUª‡·i AvKv‡i mvRv‡j Avgiv wjL‡Z cvwi-  

 









(1-a
11
)   -a

12......
 -a

1n

-a
21    

(1-a
22
)........a

2n

-an
1 
  -a

n2
........(1-a

nn
)

   











x
1

x
2

.

.

.

x
n

   =  











d
1

d
2

.

.

.

d
n

   

 (1-A) x d 

ev (1-A)x = d 
  
†hLv‡b (I-A) = wjIbwU‡qd g¨vwUª·|  
G‡ÿ‡Î I = n∞n µ‡gi A‡f` g¨vwUª· Ges A= n∞n µ‡gi Dcv`vb mnM g¨vwUª· (Co-efficient Matrix); 

x = Drcv`b g¨vwUª· A_©vr wewfbœ wk‡íi Drcv`b Í̄i GB g¨vwUª· Øviv cÖKvk cvq| 
GLb Dc‡ii mgxKi‡Yi Dfq w`‡K (1-A)-1 Øviv ¸Y Ki‡j cvB: 
(I-A)-1 (I-A)x = (I-A)-1d 

ev Ix = (1-A)-1d 

(†h‡nZz †Kvb g¨vwUª‡·‡K A‡f` g¨vwUª· Øviv ¸Y Ki‡j Zv AcwiewZ©Z _v‡K) 

ev,  x = (I-A)-1d 

†k‡lv³ mgxKiY †_‡K †evSv hvq wjIbwU‡qd g¨vwUª· Gi wecixZ g¨vwUª· †ei K‡i Zvi mv‡_ PyovšÍ †fvM 
g¨vwUª· ¸Y Ki‡j wewfbœ wk‡íi Drcv`b ¯Íi †ei Kiv hvq|  
 
D`vniY t cÖ`Ë cÖhyw³ g¨vwUª· 

A = 






0.1   0.3   0.1

0   0.2    0.1

0    0    0.3
  

Ges x
1
, x
2
 Ges x

3 ª̀‡e¨i PyovšÍ Pvwn`v h_vµ‡g F
1
, F

2
 Ges F

3
 ‡_‡K  

(a) g‡W‡ji mv‡_ msMwZc~Y© Drcv`‡bi cwigvY †ei Kiæb|  
(b) F

1
= 20, F

2
 = 0 Ges F

3
 = 100 n‡j Drcv`‡bi cwigvY KZ? 

 
mgvavb: 
(a) cÖ`Ë cÖhyw³ g¨vwUª· `ªe¨ x

1
, x

2
 Ges x

3 P~ovšÍ Pvwn`v F
1
, F

2
 Ges F

3
 Gi wfwË‡Z Avgiv wb‡æ 

wjIbwU‡qd g¨vwUª· (1-A), Drcv`b g¨vwUª· x Ges P~ovšÍ Pvwn`v g¨vwUª· F MVb Ki‡Z cvwi|  

(1-A) =  






1   0    0

0   1    0

0    0    1
  -  







0.1   0.3   0.1

0    0.2    0.1

0    0     0.3
  

 

 = 






0.9   -0.3     -0.1

0    0.8     -0.1

0     0      0.7
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 x =  









x
1

x
2

x
n

   F=  









F
1

F
2

F
3

  

 
GLb g¨vwUª‡·i AvKv‡i cvB t  
(1-A)x = F 

ev, x = (1-A)-1F 

G‡ÿ‡Î (1-A)-1 wbY©‡qi Rb¨ wb‡æv³fv‡e AMÖmi nB 
 

| |(1-A)   =  






0.9   -0.3   -0.1

0   0.8    -0.1

0    0    0.7
  

 = 0.9 (0.56) 

 = 0.504 

GLb (1-A) Gi Cofactor Matrix MV‡bi Rb¨ Gi wewfbœ Dcv`v‡bi Co-factor wbY©q Kwi|  

A
11
= 



0.8    -0.1

0     0.7
  = 0.56 

 

A
12
= - 



0    -0.1

0     0.7
  = 0 

 

A
13 

= 



0.    0.8

0     0
  = 0 

  

A
21
 = -



-0.3   -0.1

0      0.7
  = 0.21 

 

A
22 

= 



0.9    -0.1

0     0.7
  = 0.63 

  

A
23
 = -



-0.9    -0.3

0      0
  = 0 

 

A
31 

= 



-0.3    -0.1

0.8     -0.1
  = 0.11 

  

A
32
 = -



-0.9    -0.1

0      -0.1
  = 0.09 

 

A
33 

= 



0.9    -0.3

0     0.8
  = 0.72 

A Gi Cofactor =  






0.56   0       0

0.21   0.63     0

0.11   0.09    0.72
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A Gi adjoint =  






0.56   0.21    0.11

0     0.63    0.09

0      0     0.72
  

GLb  








x
1

x
2

x
3

  =  
1

0.504
  






0.56  0.21  0.11

0    0.63  0.09

0     0    0.72
 









F
1

F
2

F
3

  

 

∴ x
1
 = 

0.56F
1
+0.21F

2
+0.11F

3

0.504
  

 

∴ x
2
 = 

0.63F
2
+0.09F

3

0.504
  

 

∴ x
3
 = 

0.72F
3

0.504
  

Dc‡iv³ gvbmg~n g‡W‡ji mv‡_ msMwZc~Y© Drcv`b Í̄i|  
mgvavb (b) F

1
 = 20, F

2 
= 0 Ges F

3
 = 100 GB gvb mg~n Dc‡i emv‡j cvIqv hvq, 

x
1
 = 

0.56(20)+0.21(0)+0.11(100)

0.504
  = 44.05 

x2 = 
0.63(0)+0.09(100)

0.504
  = 17.86 

 

x3 = 
.72(100)

.504
  = 142.86 

 

RvZxq Avq we‡køl‡Y wecixZ g¨vwUª· Ges †µgvi wbq‡gi e¨envi  

RvZxq Avq g‡W‡ji we‡køl‡Y wecixZ g¨vwUª· Ges †µgvi wbqg ¸iæZ¡c~Y© f‚wgKv cvjb K‡i _v‡K| 
welqwU wb‡æ †`Lv‡bv n‡jvt  
Avgiv G‡ÿ‡Î eûj cwiwPZ †KBbmxq RvZxq Avq g‡Wj we‡ePbv Ki‡Z cvwi| GB g‡W‡j ỳ‡Uv mn-
mgxKiY we`¨gvb|  
 Y= C+I0+Go 

 C = a + by 

awi, I0 = 150, G0=100 Ges a = 500, b=0.75 
Dc‡iv³ g‡WjwU‡K wb‡æv³fv‡e mvRv‡bv hvq 
(i) bs mgxKiY †_‡K  
Y-C = 10 + Go 

Y-C = 250 
Avevi (ii) ‡_‡K 
C = 500 + 0.75Y 

∴ - 0.75Y + C = 500 

evgc‡ÿ ïaygvÎ Af¨šÍixb PjKmg~n (endogeneous variables) Ges evwn¨K PjKmg~n (exogeneous 

variables) ev Dnv‡`i gvb Wvbc‡ÿ we‡ePbv K‡i (iii) I (iv) †K g¨vwUª· mvibx‡Z mvRv‡j- 
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1      -1

-0.75   1
   



Y

C
   



250

500
  

 =A =X =C  

GLv‡b (A) n‡”Q mnM g¨vwUª·, (X) PjK †f±i Ges (C) w ’̄i c‡`i †f±i|  

wecixZ g¨vwUª· c×wZi e¨envi  t 
GLv‡b, AX = C 

∴ X = A
-1
C 

myZivs cÖ_‡gB A-1 wbY©q Ki‡Z n‡e|  

A = 



1     -1

0.75   -1
  

cÖ_g avc t 
| |A   wbY©q Ki‡Z n‡e| 
 

| |A   = 1- 0.75 

 = 0.25 ≠ 0 

d‡j A-1 wbY©q m¤¢e| 
 
 
 
 
mvivsk t wjIbwU‡qd g¨vwUª·-Gi wecixZ g¨vwUª· †ei K‡i Zvi mv‡_ PyovšÍ †fvM g¨vwUª· ¸Y Ki‡j 
wewfbœ wk‡íi Drcv`b Í̄i †ei Kiv hvq| RvZxq Avq g‡Wj we‡køl‡Y wecixZ g¨vwUª· Ges †µgvi wbqg 
¸iæZ¡c~Y© f‚wgKv cvjb K‡i|  
 

cv‡VvËi g~j¨vqb 6.6 

mZ¨/wg_¨v wbY©q Kiæb t 
1| wjIbwU‡qd g¨vwUª·-Gi wecixZ g¨vwUª· †ei K‡i Zvi mv‡_ PyovšÍ †fvM g¨vwUª· ¸Y Ki‡j 
 wewfbœ wk‡íi Drcv`b Í̄i †ei Kiv hvq| 
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P~ovšÍ g~j¨vqb-BDwbU 6 

mswÿß I iPbvg~jK cÖkœ t 
1| wecixZ g¨vwUª‡·¨i msÁvmn ˆewk÷¨mg~n Av‡jvPbv Kiæb| 
2| wbæwjwLZ g¨vwUª·¸‡jvi wecixZ g¨vwUª· †ei Kiæb| 

 (i) A =  






3   1    3

1   4    2

0   5    2
  (ii)  A =  







4    -2    1

7    3     3

2    0     1
  

 

 (iii) A =  






2   3    5

1   2    4

6   3    5
  (iv)  A =  







0     3    9

5    -2     4

1     9     0
  

 

3| Cramers Rule Gi mvnv‡h¨ x,y I z-Gi gvb †ei Kiæb t 
(i) x-4y-z = -10 

6x+3y+2z = 18 

3x+y-3z = -4 

(ii) x+2y+3z = 22 

2x-y+4z = 26 

3x+4y-5z = 6 

 

4| wb‡¤œ cÖ`Ë evRvi g‡Wj¸‡jv Cramer's Rule cÖ‡qvM K‡i mgvavb Kiæb| 
 (a) Qd = 51-3p 

  Qs = 6p -10 

 (b) Qd = 30-2p 

  Qs = -6+5p 

5| wb‡æv³ evRvimg~‡n fvimvg¨ `vg I cwigvY Cramer's Rule -G wbY©q Kiæb| 
 (a) Qs = -20+3p 

  Qd = 220 -5p 

 (b) Qs = -45 + 8p 
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  Qd = 125-2p 

 (c) Qs -32-7p = 0 

  Qd -128+9p=0  

 (d) 13 -Qs = 27 

  Qd +4p-24 = 0 

6| wZbwU wk‡íi Dcv`vb mnM g¨vwUª· 

 A = 









0.2     0.3     0.2

0.4     0.1     0.2

0.1     0.3     0.2
  Ges wkí wZbwUi Drcvw`Z ª̀‡e¨i PyovšÍ Pvwn`v d = 







10

5

6
  n‡j 

Drcv`‡bi cwigvY †ei Kiæb| 
7| †Kvb A_©bxwZ‡Z †h cwigvY X ª̀e¨ Drcvw`Z nq Zvi GKvsk 1 bs 2 bs Ges 3 bs wk‡í Dcv`vb 
wn‡m‡e e¨eüZ nq| GiB wfwË‡Z wk‡íi Dcv`vb mnM g¨vwUª· A Ges wkí wZbwUi Drcvw`Z ª̀‡e¨i 
PyovšÍ Pvwn`v d ‡`qv Av‡Q h_vµ‡g- 

  (i) A =  






0.3   0.4    0.1

0.5   0.2    0.6

0.1   0.3    0.1
  Ges  d =  







20

10

30
  

†Kvb& wk‡í KZUzKz X ª̀e¨ Pvwn`v K‡i Zv wbY©q Kiæb| 
8| GKwU RvZxq Avq g‡Wj †`qv Av‡Q- 
 y= C + I0 + G0 

 C= a + b (y - T) 

 T= d + ty 

hLb y = RvZxq Avq 
 C= †fvM 
 I0= wewb‡qvM e¨q 
 G0= miKvwi e¨q 
 T= K‡ii cwigvY 
(a) Af¨šÍixb (Endogeneous) I ewn: ’̄ (Exogeneous) PjK¸‡jv mbv³ Kiæb| 
(b) †µgvi c×wZ e¨envi K‡i g‡WjwUi mgvavb †ei Kiæb| 
(c) GKwU mgvavb †ei Kivi Rb¨ civwgwZi Dci wK wK kZ© Av‡ivc Kiv cÖ‡qvRb ? 
 
 

DËigvjv - BDwbU 6 

 cvV-1 t (1) mZ¨ (2) mZ¨ 
 cvV-2 t (1) wg_¨v (2) mZ¨ 
 cvV-3 t (1) wg_¨v (2) mZ¨ 
 cvV-4 t (1) mZ¨ 
 cvV-5 t (1) mZ¨  (2) wg_¨v (3) mZ¨ 
 cvV-6 t (1) mZ¨ 


