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NSOU ●  ECO-GE-3 1í z̨̨ õe´Ù!îÜ˛y

Ù•yl ˆò¢lyÎ˚Ü˛ §%Ë˛y£Ïã˛w Ó§%Ó˚ lyÙy!B˛ï˛ ~•z Ù%_´ !ÓŸª!Óòƒy° Ï̂Î˚Ó˚ í z̨ß√%_´ !¢«˛yD Ï̂l xy˛õly Ï̂Ü˛ fl∫yàï˛– §¡±!ï˛  ~•z

≤Ã!ï˛¤˛yl ̂ ò Ï̂¢Ó˚ §Ó≈≤ÃÌÙ Ó˚yçƒ §Ó˚Ü˛y!Ó˚ Ù%_´ !ÓŸª!Óòƒy°Î˚ !• Ï̂§ Ï̂Ó lƒyÜ˛ (NAAC) Ù)°ƒyÎ˚̂ Ïl Ú~Û ̂ @˝Ãí˛ ≤ÃyÆ • Ï̂Î˚̂ ÏSÈ–

!ÓŸª!Óòƒy°Î˚ ÙO%!Ó˚ Ü˛!Ù¢l ≤ÃÜ˛y!¢ï˛ !l Ï̂ò≈¢lyÙyÎ˚ fl¨yï˛Ü˛ !¢«˛ye´Ù Ï̂Ü˛ ˛õÑyã˛!ê˛ ˛õ,ÌÜ˛ ≤ÃÜ˛Ó˚̂ Ïî !ÓlƒhflÏ Ü˛Ó˚yÓ˚ Ü˛Ìy Ó°y

• Ï̂Î˚̂ ÏSÈ– ~=!° •°ÈüüüÈÚˆÜ˛yÓ˚ ̂ Ü˛y§≈Ûñ Ú!í˛!§!≤’l ̂ flõ!§!Ê˛Ü˛ •ẑ Ï°Ü˛!ê˛Ë˛Ûñ Úˆç Ï̂l!Ó˚Ü˛ •ẑ Ï°Ü˛!ê˛Ë˛Û ~ÓÇ Ú!flÒ°Û ̆  Ú~!Ó!°!ê˛

~l•ƒy™ Ï̂Ùrê˛ ˆÜ˛y§≈Û– ˆe´!í˛ê˛ ˛õk˛!ï˛Ó˚ G˛õÓ˚ !Ë˛!_ Ü˛ Ï̂Ó˚ !ÓlƒhflÏ ~•z ˛õyë˛e´Ù !¢«˛yÌ≈#Ó˚ Ü˛y Ï̂SÈ !lÓ≈yã˛ldÜ˛ ˛õyë˛e´ Ï̂Ù

˛õyë˛ @˝Ã• Ï̂îÓ˚ §%!Ó Ï̂ô ~ Ï̂l ˆò Ï̂Ó– ~Ó˚•z § Ï̂D Î%_´ • Ï̂Î˚̂ ÏSÈ £Ïyß√y!£ÏÜ˛ Ù)°ƒyÎ˚l ÓƒÓfliy ~ÓÇ ˆe´!í˛ê˛ ê Δ̨y™Ê˛y Ï̂Ó˚Ó˚ §%̂ ÏÎyà–

!¢«˛yÌ≈# ˆÜ˛!wÜ˛ ~•z ÓƒÓfliy Ù)°ï˛ ˆ@˝Ãí˛ÈüÈ!Ë˛!_Ü˛ Îy x!Ó!FSÈß¨ xyË˛ƒhs˝Ó˚#î Ù)°ƒyÎ˚̂ ÏlÓ˚ Ùôƒ !ò Ï̂Î˚ §y!Ó≈Ü˛ Ù)°ƒyÎ˚̂ ÏlÓ˚

!ò Ï̂Ü˛ ~ Ï̂ày Ï̂Ó ~ÓÇ !¢«˛yÌ≈# Ï̂Ü˛ !Ó£ÏÎ˚ !lÓ≈yã˛ Ï̂lÓ˚ ˆ«˛ Ï̂e Î Ï̂Ìy˛õÎ%_´ §%!Óôy ˆò Ï̂Ó– !¢«˛ye´ Ï̂ÙÓ˚ ≤Ã§y!Ó˚ï˛ ˛õ!Ó˚§ Ï̂Ó˚

!Ó!Óô !Ó£ÏÎ˚ ã˛Î˚̂ ÏlÓ˚ §«˛Ùï˛y !¢«˛yÌ≈# Ï̂Ü˛ ̂ ò Ï̂¢Ó˚ xlƒylƒ í z̨Fã˛!¢«˛y ≤Ã!ï˛¤˛y Ï̂lÓ˚ xyhs˝/ÓƒÓfliyÎ˚ x!ç≈ï˛ ̂ e´!í˛ê˛ fliylyhs˝̂ ÏÓ˚

§y•yÎƒ Ü˛Ó˚̂ ÏÓ– !¢«˛yÌ≈#Ó˚ x!Ë˛ Ï̂Îyçl G ˛õ!Ó˚@˝Ã•î «˛Ùï˛y xl%ÎyÎ˚# ˛õyë˛e´ Ï̂ÙÓ˚ !Ólƒy§•z ~•z lï%̨ l !¢«˛ye´ Ï̂ÙÓ˚ °«˛ƒ–

UGC (Open and Distance Learning  Programmes and Online Programmes) Regulations,

2020 xl%ÎyÎ˚# §Ü˛° í˛zFã˛!¢«˛y ≤Ã!ï˛¤˛yˆÏlÓ˚ fl¨yï˛Ü˛ ˛õyë˛e´ˆÏÙ ~•z !§É!ÓÉ!§É~§É ˛õyë˛e´Ù ˛õk˛!ï˛ Ü˛yÎ≈Ü˛Ó˚# Ü˛Ó˚y

Óyôƒï˛yÙ)°Ü˛ÈüüüÈí z̨Fã˛!¢«˛yÓ˚ ̨õ!Ó˚§ Ï̂Ó˚ ~•z ̨õk˛!ï˛ ~Ü˛ ̃ ÓÜ˛!“Ü˛ ̨õ!Ó˚Óï≈̨ Ï̂lÓ˚ §)ã˛ly Ü˛ Ï̂Ó˚̂ ÏSÈ– xyàyÙ# 2021ÈüÈ22 !¢«˛yÓ£Ï≈

ˆÌ Ï̂Ü˛ fl¨yï˛Ü˛ hflÏ̂ ÏÓ˚ ~•z !lÓ≈yã˛l!Ë˛!_Ü˛ ˛õyë˛e´Ù Ü˛yÎ≈Ü˛Ó˚# Ü˛Ó˚y • Ï̂Óñ ~•z Ù Ï̂Ù≈ ˆlï˛y!ç §%Ë˛y£Ï Ù%_´ !ÓŸª!Óòƒy°Î˚ !§k˛yhs˝

@˝Ã•î Ü˛ Ï̂Ó˚̂ ÏSÈ– Óï≈̨ Ùyl ̨õyë˛e´Ù=!° í z̨Fã˛!¢«˛y ̂ «˛ Ï̂eÓ˚ !lî≈yÎ˚Ü˛ Ü,̨ ï˛ƒ Ï̂Ü˛Ó˚ ÎÌy!Ó!•ï˛ ≤ÃhflÏyÓly G !l Ï̂ò≈¢yÓ°# xl%§y Ï̂Ó˚

Ó˚!ã˛ï˛ G !ÓlƒhflÏ • Ï̂Î˚̂ ÏSÈ– !Ó Ï̂¢£Ï =Ó˚&cy Ï̂Ó˚y˛õ Ü˛Ó˚y • Ï̂Î˚̂ ÏSÈ ˆ§•z§Ó !òÜ˛=!°Ó˚ ≤Ã!ï˛ Îy •zí z̨É!çÉ!§ Ü˛ï≈,̨ Ü˛ !ã˛!•´ï˛ G

!l Ï̂ò≈!¢ï˛–

Ù%_´ !ÓŸª!Óòƒy° Ï̂Î˚Ó˚ ̂ «˛ Ï̂e fl∫ÈüÈ!¢«˛y ̨õyë˛ÈüÈí z̨̨ õÜ˛Ó˚î !¢«˛yÌ≈# §•yÎ˚Ü˛ ̨õ!Ó˚̂ Ï£ÏÓyÓ˚ ~Ü˛!ê˛ =Ó˚&c˛õ)î≈ xÇ¢– !§É!ÓÉ!§É~§

˛õyë˛e´ Ï̂ÙÓ˚ ~•z ˛õyë˛ÈüÈí z̨̨ õÜ˛Ó˚î Ù)°ï˛ ÓyÇ°y G •zÇ Ï̂Ó˚!ç Ï̂ï˛ !°!áï˛ • Ï̂Î˚̂ ÏSÈ– !¢«˛yÌ≈# Ï̂òÓ˚ §%!Ó Ï̂ôÓ˚ Ü˛Ìy ÙyÌyÎ˚ ˆÓ˚̂ Ïá

xyÙÓ˚y •zÇ Ï̂Ó˚!ç ˛õyë˛ÈüÈí z̨̨ õÜ˛Ó˚̂ ÏîÓ˚ ÓyÇ°y xl%Óy Ï̂òÓ˚ Ü˛y Ï̂çG ~!à Ï̂Î˚!SÈ– !ÓŸª!Óòƒy° Ï̂Î˚Ó˚ xyË˛ƒhs˝Ó˚#î !¢«˛Ü˛Ó˚y•z Ù)°ï˛

˛õyë˛ÈüÈí z̨̨ õÜ˛Ó˚î ≤Ã›!ï˛Ó˚ ˆ«˛ Ï̂e x@˝Ãî# Ë)̨ !ÙÜ˛y !l Ï̂Î˚̂ ÏSÈlÈüüüÈÎ!òG ˛õ)̂ ÏÓ≈Ó˚ Ùï˛•z xlƒylƒ !ÓòƒyÎ˚ï˛!lÜ˛ ≤Ã!ï˛¤˛y Ï̂lÓ˚ § Ï̂D

§ÇÎ%_´ x!Ë˛K˛ !Ó Ï̂¢£ÏK˛ !¢«˛Ü˛ Ï̂òÓ˚ §y•yÎƒ xyÙÓ˚y xÜ%̨ Z˛!ã˛ Ï̂_ @˝Ã•î Ü˛ Ï̂Ó˚!SÈ– ïÑ̨ y Ï̂òÓ˚ ~•z §y•yÎƒ ˛õyë˛ÈüÈí z̨̨ õÜ˛Ó˚̂ ÏîÓ˚

Ùy Ï̂lyß¨Î˚̂ Ïl §•yÎ˚Ü˛ • Ï̂Ó Ó Ï̂°•z xyÙyÓ˚ !ÓŸªy§– !lË≈̨ Ó˚̂ ÏÎyàƒ G Ù)°ƒÓyl !ÓòƒyÎ˚ï˛!lÜ˛ §y•y Ï̂ÎƒÓ˚ çlƒ xy!Ù ïÑ̨ y Ï̂òÓ˚

xyhs˝!Ó˚Ü˛ x!Ë˛l®l çyly•z– ~•z ˛õyë˛ÈüÈí z̨̨ õÜ˛Ó˚î Ù%_´ !ÓŸª!Óòƒy° Ï̂Î˚Ó˚ !¢«˛î ˛õk˛!ï˛ÈüÈ≤ÃÜ˛Ó˚̂ Ïî !l/§ Ï̂® Ï̂• =Ó˚&c˛õ)î≈

Ë)̨ !ÙÜ˛y ˆl Ï̂Ó– ~Ü˛Ìy Ó°y Óy‡°ƒ ˆÎñ ~ !Ó£Ï̂ ÏÎ˚ í z̨ß√%_´ !¢«˛yD Ï̂lÓ˚ ˛õë˛l ≤Ã!e´Î˚yÎ˚ §ÇÎ%_´ §Ü˛° !¢«˛ Ï̂Ü˛Ó˚ §òÌ≈Ü˛ G

àë˛lÙ)°Ü˛ Ùï˛yÙï˛ xyÙy Ï̂òÓ˚ xyÓ˚G §Ù,k˛ Ü˛Ó˚̂ ÏÓ–

Ù%_´ !ÓŸª!Óòƒy° Ï̂Î̊Ó̊ ̨õyë Ę̀üÈí z̨̨ õÜ˛Ó̊î ≤Ã›!ï˛Ó̊ ~•z !ÓòƒyÎ̊ï˛!lÜ˛ í ẑ̨ Ïòƒy Ï̂àÓ̊ §Ó≈yD#î §yÊ˛°ƒ Ü˛yÙly Ü˛!Ó̊– Ù%_´!¢«˛ye´ Ï̂Ù

í z̨ÍÜ˛ Ï̂£Ï≈Ó˚ ≤Ã Ï̂Ÿ¿ xyÙÓ˚y ≤Ã!ï˛◊&!ï˛Ók˛–

xôƒy˛õÜ˛ Sí˛.V ÷û˛ ¢AÜ˛Ó˚ §Ó˚Ü˛yÓ˚

í˛z˛õyã˛yÎ≈
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xl%Ù!ï˛ SÈyí˛¸y ~Ó˚ ˆÜ˛ylG xÇˆÏ¢Ó˚ ˛õ%lÙ≈%oî Óy ˆÜ˛yˆÏlyË˛yˆÏÓ í˛zk,˛!ï˛ §¡õ)î≈ !l!£Ïk˛–
!Ü˛ˆÏ¢yÓ˚ ˆ§l=Æ

!lÓ¶˛Ü˛
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~Ü˛Ü˛ 1  Ó̊y!¢ï˛ Ï̂ÌƒÓ̊ xÌ≈ G =Ó̊&c (Statistics : Meaning

& Importance)

àë˛l

1.0 í˛zˆÏj¢ƒ

1.1 ˛õ!Ó˚§Çáƒyl ¢ˆÏ∑Ó˚ xÌ≈

1.2 Ó˚y!¢ï˛Ìƒ G í˛z•yÓ˚ ≤ÃÜ˛yÓ˚ˆÏË˛ò

1.2.1 ≤ÃyÌ!ÙÜ˛ G x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ §Ç@˝ÃˆÏ•Ó˚ í˛zÍ§

1.2.2 ≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ §Ç@˝ÃˆÏ•Ó˚ ˛õk˛!ï˛

1.2.3 x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ ÓƒÓ•yˆÏÓ˚Ó˚ §ï˛Ü≈˛ï˛yÙ)°Ü˛ ÓƒÓfliy §Ù)•

1.3 ÓƒÓ§y!Î˚Ü˛ !§k˛yˆÏhs˝ Ó˚y!¢!ÓK˛yˆÏlÓ˚ =Ó˚&c G §%ˆÏÎyà

1.4 §#ÙyÓk˛ï˛y

1.5 xl%¢#°l#

1.0 í˛zˆÏj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õí˛¸ÓyÓ˚ ˛õÓ˚ xy˛õ!l çylˆÏï˛ ˛õyÓ˚ˆÏÓl

 ˛õ!Ó˚§Çáƒyl Ü˛yˆÏÜ˛ ÓˆÏ°

 Ó˚y!¢ï˛ˆÏÌƒÓ˚ ≤ÃÜ˛yÓ˚ˆÏË˛ò

 Ó˚y!¢!ÓK˛yˆÏlÓ˚ =Ó˚&c G §%ˆÏÎyà

 Ó˚y!¢!ÓK˛yˆÏlÓ˚ §#ÙyÓk˛ï˛y

1.1 ˛õ!Ó˚§Çáƒyl ¢ˆÏ∑Ó˚ xÌ≈

•zÇˆÏÓ˚ç# statistics ¢∑!ê˛ á%Ó §Ω˛Óï˛ °ƒy!ê˛l ¢∑ ‘status’ xÌÓy •zï˛y°#Î˚ ¢∑ ‘statista’ xÌÓy çyÙ≈yl

¢∑ ‘statistek’ ̂ ÌˆÏÜ˛ í˛zÍ˛õß¨ •ˆÏÎ˚ˆÏSÈñ Îy Ó˚yˆÏ‹T…Ó˚ Óy Ó˚yˆÏ‹T…Ó˚ çlàˆÏîÓ˚ ¢y§lÜ˛yˆÏÎ≈Ó˚ Óy Ó˚yç˜Ïl!ï˛Ü˛ í˛zˆÏj¢ƒ xy•!Ó˚ï˛

ï˛ˆÏÌƒÓ˚ §ÇÜ˛°lˆÏÜ˛ ˆÓyV˛yï˛– Óï≈˛ÙylÜ˛yˆÏ°ñ statistics Óy ˛õ!Ó˚§Çáƒyl Ü,˛!£Ï!ÓK˛ylñ xÌ≈l#!ï˛ñ ÙˆÏly!ÓK˛ylñ §Ùyç

!Óòƒyñ ÓƒÓ§yÈüÈÓy!îçƒ ≤ÃË,˛!ï˛ ˆ«˛ˆÏe ÓƒÓ•*ï˛ •Î˚–

˛õ!Ó˚§Çáƒyl ¢∑!ê˛Ó˚ ò%Û!ê˛ !Ë˛ß¨ xÌ≈ xyˆÏSÈ– Ó‡Óyã˛!lÜ˛ xˆÏÌ≈ (Plural sense), ˛õ!Ó˚§Çáƒyl Ó°ˆÏï˛ !ÓˆÏ¢£Ï

˛õk˛!ï˛ˆÏï˛ §ÇÜ˛!°ï˛ ˆÜ˛ylG !ÓˆÏ¢£Ï !Ó£ÏˆÏÎ˚Ó˚ Ó˚y!¢Ùy°y ˆÓyV˛yÎ˚– ~Ü˛Óyã˛!lÜ˛ xˆÏÌ≈ (Singular sense)  ˛õ!Ó˚§Çáƒyl

•° ˜ÓK˛y!lÜ˛ ï˛_¥ G ≤ÃˆÏÎ˚yà!Ó!ô §Ù)• (Scientific Theories and Methods), Îy ˆÜ˛ylG !ÓˆÏ¢£Ï !Ó£ÏˆÏÎ˚Ó˚

Ó˚y!¢Ùy°yÓ˚ ˆ◊î#!Ólƒy§ñ í˛z˛õfliy˛õlñ !ÓˆÏŸ’£Ïî G !§k˛yhs˝ @˝Ã•ˆÏîÓ˚ çlƒ ÓƒÓ•*ï˛ •Î˚– ˛õ!Ó˚§ÇáƒyˆÏlÓ˚ !ÓˆÏŸ’£Ïî !lˆÏÎ˚

àˆÏí˛¸ Gë˛y ~•z !ÓK˛ylˆÏÜ˛ Ó˚y!¢!ÓK˛yl Óy §Çáƒyï˛_¥ Ó°y •Î˚–
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1.2 Ó˚y!¢ï˛Ìƒ G í˛z•yÓ˚ ≤ÃÜ˛yÓ˚ˆÏË˛ò

~Ü˛çl Ó˚y!¢!ÓK˛yl#Ó˚ ≤ÃÌÙ Ü˛yç •ˆÏFSÈ Ó˚y!¢ï˛Ìƒ Óy §Çáƒyï˛Ìƒ (Data) §Ç@˝Ã• G ~Ü˛e#Ü˛Ó˚î Ü˛Ó˚y– ˆ§ !lˆÏçÓ˚

xl%§¶˛ylˆÏ«˛ˆÏe !àˆÏÎ˚ ï˛y §Ç@˝Ã• Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ xÌÓy xlƒ ˆÜ˛ylG í˛zÍ§ ˆÌˆÏÜ˛ §Çà,•#ï˛ ï˛Ìƒ !lˆÏçÓ˚ Ü˛yˆÏç ÓƒÓ•yÓ˚

Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– xl%§¶˛ylˆÏ«˛ˆÏe !lˆÏçÓ˚ §Çà,•#ï˛ ï˛ÌƒˆÏÜ˛ ≤ÃyÌ!ÙÜ˛ Óy ≤Ãï˛ƒ«˛ Ó˚y!¢ï˛Ìƒ (Primary Data) Ó Ï̂°–

ÓyhflÏ!ÓÜ˛ ˆ«˛ˆÏeñ ~•z ≤ÃyÌ!ÙÜ˛ ï˛Ìƒ•z ˛õ!Ó˚§ÇáƒyˆÏlÓ˚ ÜÑ˛yã˛yÙy°– xl%§¶˛ylÜ˛yˆÏÎ≈ xlƒ ˆÜ˛ylG í˛zÍ§ ˆÌˆÏÜ˛ §Çà,•#ï˛

ï˛Ìƒ ÓƒÓ•*ï˛ •ˆÏ° ˙ ï˛ÌƒˆÏÜ˛ x≤ÃyÌ!ÙÜ˛ Óy ˛õˆÏÓ˚y«˛ Ó˚y!¢ï˛Ìƒ (Secondary Data) Ó Ï̂°–

≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ ˆÜ˛ylG !ÓˆÏ¢£Ï í˛zˆÏj¢ƒ §Ó˚y§!Ó˚ xl%§¶˛ylˆÏ«˛ˆÏe ˆÌˆÏÜ˛ §Ç@˝Ã• Ü˛Ó˚y •Î˚ ~Ó˚ ˜Ó!¢‹Tƒ•z •°

§Ó˚y§!Ó˚ xl%§¶˛ylˆÏ«˛ˆÏe xy•Ó˚î Ü˛Ó˚y (Original)– §yôyÓ˚îï˛ ≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ ˆÜ˛ylG §Çfliy !ÓˆÏ¢£ÏÓ˚*ˆÏ˛õ ≤ÃÜ˛y¢

Ü˛ˆÏÓ˚ ÌyˆÏÜ˛– ˆòˆÏ¢ ≤Ã!ï˛ ò¢ ÓSÈÓ˚ xhs˝Ó˚ xyòÙ§%ÙyÓ˚#Ó˚ (Census) §y•yˆÏÎƒ §Çà,•#ï˛ ï˛Ìƒ ≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ–

˛õˆÏÓ˚y«˛ Ó˚y!¢ï˛Ìƒ ≤ÃÜ˛y!¢ï˛ Óy x≤ÃÜ˛y!¢ï˛ í˛zË˛Î˚ í˛zÍ§ ˆÌˆÏÜ˛ ˛õyGÎ˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚– ˆÜ˛ylG §Çfliy ≤ÃyÌ!ÙÜ˛Ë˛yˆÏÓ

!lç ≤ÃˆÏÎ˚yçˆÏl Óy Ü˛yí˛zˆÏÜ˛ ï˛Ìƒ §Ó˚ÓÓ˚yˆÏ•Ó˚ çlƒ ï˛Ìƒ §Ç@˝Ã• Ü˛ˆÏÓ˚ ÌyÜ˛ˆÏ° ˆ§•z ï˛Ìƒ xl%§¶˛ylÜ˛yÓ˚#Ó˚ Ü˛yˆÏSÈ ˛õˆÏÓ˚y«˛

ï˛Ìƒ !•§yˆÏÓ xyˆÏ§– ̃ ò!lÜ˛ñ §yÆy!•Ü˛ Óy Ùy!§Ü˛ §ÇÓyò˛õˆÏe ̂ Î§Ó §ÇÓyò ̨ õ!Ó˚ˆÏÓ!¢ï˛ •Î˚ ï˛y ̨ õˆÏÓ˚y«˛ ï˛Ìƒñ ̂ ÎˆÏ•ï%˛ñ

~•z ï˛Ìƒ !Ó!Ë˛ß¨ í˛zÍ§ ˆÌˆÏÜ˛ §Çà,•#ï˛ •Î˚–

~Ü˛•z ï˛Ìƒ ˆÎ §Ç@˝Ã• Ü˛Ó˚ˆÏSÈ ï˛yÓ˚ Ü˛yˆÏSÈ ≤ÃyÌ!ÙÜ˛ ï˛Ìƒñ xyÓyÓ˚ xlƒ ~Ü˛çl ˆÎ ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏSÈ ï˛yÓ˚ Ü˛yˆÏSÈ

x≤ÃyÌ!ÙÜ˛ ï˛Ìƒ– ˆÎÙl xyòÙ§%ÙyÓ˚# !ÓË˛yˆÏà §Çà,•#ï˛ ï˛Ìƒ ≤ÃyÌ!ÙÜ˛ ï˛Ìƒñ !Ü˛v xlƒ ˆÜ˛ylG !ÓË˛yà •z•y ÓƒÓ•yÓ˚

Ü˛Ó˚ˆÏ° ï˛y ï˛yÓ˚ Ü˛yˆÏSÈ ˛õˆÏÓ˚y«˛ ï˛Ìƒ–

1.2.1 ≤ÃyÌ!ÙÜ˛ G x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ §Ç@˝ÃˆÏ•Ó˚ í˛zÍ§

≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ ≠

(i) ‘‘Annual Report of the Railway Board”, Ë˛yÓ˚ï˛ §Ó˚Ü˛yˆÏÓ˚Ó˚ ˆÓ˚°ÙsfÜ˛ Ü˛ï,≈˛Ü˛ ≤ÃÜ˛y!¢ï˛–

(ii) “Indian Coal Statistics” åÓy!£Ï≈Ü˛äñ Ë˛yÓ˚ï˛ §Ó˚Ü˛yˆÏÓ˚Ó˚ ◊ÙÙsfˆÏÜ˛Ó˚ Ùy•zl§‰ÈüÈ~Ó˚ ≤Ãôyl ˛õÎ≈ˆÏÓ«˛Ü˛ Ü˛ï,≈˛Ü˛

≤ÃÜ˛y!¢ï˛–

(iii) “Reserve Bank of Indian Bulletin” åÙy!§Ü˛äñ Ë˛yÓ˚ï˛#Î˚ !Ó˚çyË≈˛ ÓƒyB˛ñ Ù%¡∫y•z Ü˛ï,≈˛Ü˛ ≤ÃÜ˛y!¢ï˛–

(iv) “Indian Textile Bulletin” åÙy!§Ü˛äñ Textile Commissioner, Ù%¡∫•z Ü˛ï,≈˛Ü˛ ≤ÃÜ˛y!¢ï˛–

(v) “Jute Bulletin” åÙy!§Ü˛äñ Ë˛yÓ˚ï˛ §Ó˚Ü˛yˆÏÓ˚Ó˚ñ Ë˛yÓ˚ï˛#Î˚ ˆÜ˛!wÎ˚ ç%ê˛ Ü˛!Ù!ê˛ Ü˛ï,≈˛Ü˛ ≤ÃÜ˛y!¢ï˛–

x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ ≠

(i) “Monthly Abstract of Statistics” ˆÜ˛w#Î˚ ˛õ!Ó˚§Çáƒyl §Çàë˛lñ !òÕ‘# Ü˛ï,≈˛Ü˛ ≤ÃÜ˛y!¢ï˛–

(ii) “Statistical Abstract of the Indian Union” åÓyÍ§!Ó˚Ü˛äñ ˆÜ˛w#Î˚ ˛õ!Ó˚§Çáƒyl §Çàë˛lñ !òÕ‘# Ü˛ï,≈˛Ü˛

≤ÃÜ˛y!¢ï˛–
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1.2.2 ≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ §Ç@˝ÃˆÏ•Ó˚ ˛õk˛!ï˛

(i) ≤Ãï˛ƒ«˛ Óƒ!_´àï˛ xl%§¶˛yl

(ii) x≤Ãï˛ƒ«˛ ˆÙÔ!áÜ˛ xl%§¶˛yl

(iii) í˛yˆÏÜ˛Ó˚ ÙyôƒˆÏÙ ≤ÃŸ¿Ùy°yÓ˚ myÓ˚y xl%§¶˛yl

(iv) xl%§¶˛ylÜ˛yÓ˚# ÙyÓ˚Ê˛ï˛ ï˛y!°Ü˛y myÓ˚y xl%§¶˛yl

(v) ò)Ó˚Ë˛y£Ï ÙyôƒˆÏÙ xl%§¶˛yl

≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ í˛z˛õˆÏÓ˚y_´ ˛õk˛!ï˛=!°Ó˚ ÙyôƒˆÏÙ §Çà,•#ï˛ •Î˚– ˆË˛ÔˆÏày!°Ü˛ ~°yÜ˛yÓ˚ §#Ùyly ˆSÈyê˛ •ˆÏ°

≤Ãï˛ƒ«˛ Óƒ!_´àï˛ xl%§¶˛yl ˛õk˛!ï˛ xÓ°¡∫l Ü˛Ó˚y •Î˚– !Ü˛v ~°yÜ˛y Óí˛¸ •ˆÏ°  ï˛y x§Ω˛Ó •ˆÏÎ˚ í˛zˆÏë˛ ~ÓÇ ï˛ál

≤Ã!ï˛!l!ô ˛õy!ë˛ˆÏÎ˚ !Ó!Ë˛ß¨ çyÎ˚ày ˆÌˆÏÜ˛ x≤Ãï˛ƒ«˛ ˆÙÔ!áÜ˛ xl%§¶˛yl Ü˛Ó˚y •Î˚– áÓˆÏÓ˚Ó˚ Ü˛yàˆÏçÓ˚ ï˛Ìƒ §yôyÓ˚îï˛ñ

~•z ≤Ã!e´Î˚yÎ˚ Ü˛Ó˚y •Î˚– Î!òG ~•z ˛õk˛!ï˛ˆÏï˛ xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛Ù áÓ˚ˆÏã˛ G ï˛yí˛¸yï˛y!í˛¸ Ó˚y!¢ï˛Ìƒ §Ç@˝Ã• Ü˛Ó˚y ÎyÎ˚ñ ï˛Ó%

~•z ï˛Ìƒ Óƒ!_´àï˛ ˛õ«˛˛õyï˛ò%‹T •GÎ˚yÓ˚ §Ω˛yÓly ÌyˆÏÜ˛–

≤ÃŸ¿Ùy°y myÓ˚y ï˛Ìƒyl%§¶˛yl §yôyÓ˚îï˛ ò%ÛôÓ˚ˆÏlÓ˚ •Î˚ÈüüüÈí˛yˆÏÜ˛Ó˚ ÙyôƒˆÏÙ ≤ÃŸ¿Ùy°y ̨ õyë˛yˆÏ° í˛z_Ó˚Ü˛yÓ˚#Ó˚y•z ï˛y ̨ õ)Ó˚î

Ü˛ˆÏÓ˚ G xl%§¶˛ylÜ˛yÓ˚# ÙyÓ˚Ê˛ï˛ í˛z_Ó˚òyï˛yÓ˚ Ü˛ySÈ ˆÌˆÏÜ˛ í˛z_Ó˚ ˆçˆÏl ï˛y ˛õ)Ó˚î Ü˛Ó˚y– ˆÎ §Ó í˛zÍ§ ˆÌˆÏÜ˛ !lË≈˛Ó˚ˆÏÎyàƒ

ï˛Ìƒ ˛õyGÎ˚y ÎyˆÏÓ ï˛yˆÏòÓ˚ ~Ü˛!ê˛ ï˛y!°Ü˛y ≤ÃÌˆÏÙ ˜ï˛!Ó˚ Ü˛Ó˚y •Î˚ ~ÓÇ ï˛yˆÏòÓ˚ˆÏÜ˛ ~Ü˛!ê˛ ≤ÃŸ¿Ùy°y í˛yÜ˛ˆÏÎyˆÏà Óy !lçfl∫

≤Ã!ï˛!l!ô myÓ˚y ˛õyë˛yˆÏly •Î˚– í˛yÜ˛ˆÏÎyˆÏà ˛õyë˛yˆÏly •ˆÏ° í˛z_Ó˚òyï˛yˆÏÜ˛ ~Ü˛!ê˛ !l!ò≈‹T §ÙˆÏÎ˚Ó˚ ÙˆÏôƒ í˛z_Ó˚ §•ˆÏÎyˆÏà

≤ÃŸ¿Ùy°y!ê˛ í˛yÜ˛ˆÏÎyˆÏà ˆÊ˛Ó˚ï˛ ˛õyë˛yˆÏlyÓ˚ xl%ˆÏÓ˚yô Ü˛Ó˚y •Î˚– ≤ÃŸ¿Ùy°y ≤Ã›!ï˛ˆÏï˛ §yÓôylï˛y xÓ°¡∫l Ü˛Ó˚y •Î˚ ÎyˆÏï˛

ˆÜ˛ylG xÓyhs˝Ó˚ Óy !Óºy!hs˝Ù)°Ü˛ ≤ÃŸ¿ ly ÌyˆÏÜ˛– ≤ÃˆÏŸ¿Ó˚ §ˆÏD §ˆÏD ï˛yÓ˚ í˛z_ˆÏÓ˚Ó˚ çlƒ çyÎ˚ày Ó˚yáy •Î˚– í˛z_Ó˚ ˛õyë˛yˆÏï˛

ÎyˆÏï˛ ˆÜ˛ylG x§%!Óôy ly •Î˚ ˆ§çlƒ ≤ÃŸ¿Ùy°yÓ˚ §ˆÏD §ˆÏD çÓyÓ# áyÙG §yôyÓ˚î ˛õyë˛yˆÏly •Î˚– í˛yÜ˛ÓƒÓfliyÓ˚ §%!Óôy

!lˆÏÎ˚ §•ˆÏç•z ~Ü˛ !Ó¢y° ˆË˛ÔˆÏày!°Ü˛ ~°yÜ˛y ˆÌˆÏÜ˛ ~Ë˛yˆÏÓ ≤ÃˆÏÎ˚yçl#Î˚ ï˛Ìƒ §Ç@˝Ã• Ü˛Ó˚y ÎyÎ˚–

≤ÃŸ¿Ùy°y ˛õyë˛yˆÏlyÓ˚ §ÙÎ˚ °«˛ƒ Ó˚yáˆÏï˛ •Î˚ ˆÎñ ≤ÃŸ¿=!° !ë˛Ü˛Ùï˛ ˜ï˛!Ó˚ •ˆÏÎ˚ˆÏSÈ !Ü˛ly ~ÓÇ ~ˆÏòÓ˚ í˛z_Ó˚

≤ÃˆÏÎ˚yçl#Î˚ ï˛ÈÌƒ §Ç@˝ÃˆÏ•Ó˚ çlƒ í˛z˛õÎ%_´ !Ü˛ly– !Ü˛ í˛zˆÏjˆÏ¢ƒ ï˛Ìƒ §Ç@˝Ã• Ü˛Ó˚y •ˆÏFSÈ ï˛y ̨ õ!Ó˚‹ÒyÓ˚Ë˛yˆÏÓ çylyˆÏly í˛z!ã˛ï˛–

~•z §ˆÏD çy!lˆÏÎ˚ !òˆÏï˛ •Î˚ ˆÎñ í˛z_Ó˚òyï˛yÓ˚ lyÙÈüÈôyÙ ˆày˛õl Ó˚yáy •ˆÏÓG ï˛yÓ˚ ≤Ãò_ í˛z_Ó˚ ˆÜ˛yl §ÙÎ˚ ï˛yˆÏÜ˛

x§%!ÓôyÎ˚ ˆÊ˛°ˆÏÓ ly– ≤ÃˆÏÎ˚yçˆÏl í˛z_Ó˚ ˆÊ˛Ó˚ï˛ ˛õyGÎ˚yÎ˚ !l!ò≈‹T §ÙÎ˚ í˛z_#î≈ •ˆÏÎ˚ ˆàˆÏ° xyÓyÓ˚ !ã˛!ë˛ !òˆÏÎ˚ í˛z_Ó˚

˛õyë˛yˆÏlyÓ˚ xl%ˆÏÓ˚yô Ü˛Ó˚ˆÏï˛ •Î˚–

≤ÃŸ¿Ùy°y ˜ï˛!Ó˚ Ü˛Ó˚yÓ˚ !Ü˛S%È !Ó£ÏˆÏÎ˚ °«˛ƒ Ó˚yáy ≤ÃˆÏÎ˚yçl– ˆÜ˛ylG Óƒ!_´àï˛ ≤ÃŸ¿ ≤ÃŸ¿Ùy°yÎ˚ ÌyÜ˛y í˛z!ã˛ï˛ lÎ˚–

Ü˛#Ë˛yˆÏÓ í˛z_Ó˚ !òˆÏï˛ •ˆÏÓ ̂ § Óƒy˛õyˆÏÓ˚ í˛z_Ó˚òyï˛yˆÏòÓ˚ flõ‹T !lˆÏò≈¢ !òˆÏï˛ •ˆÏÓ– ≤ÃˆÏŸ¿Ó˚ §Çáƒy á%Ó ̂ Ó!¢ •ˆÏ° í˛z_Ó˚òyï˛y

Üœ˛y!hs˝ G !ÓÓ˚!_´ ˆÓyô Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ≤ÃŸ¿=!° xÓ¢ƒ•z §Ó˚y§!Ó˚ñ §•çñ ˆSÈyê˛ G ÎÌy§Ω˛Ó Ó›!lË≈˛Ó˚ •GÎ˚y í˛z!ã˛ï˛–

~=!° ÎÌy§Ω˛Ó Ú•ÑƒyÛ Óy ÚlyÛ ôÓ˚ˆÏlÓ˚ í˛z_ˆÏÓ˚Ó˚ í˛z˛õˆÏÎyà# •ˆÏ° Ë˛yˆÏ°y •Î˚– ≤ÃŸ¿=!° Î%!_´ §Dï˛Ë˛yˆÏÓ ˛õÓ˚˛õÓ˚ §yçyˆÏly

í˛z!ã˛ï˛ ~ÓÇ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ÎyˆÏï˛ xlƒ ≤ÃŸ¿=!°Ó˚ í˛z_ˆÏÓ˚Ó˚ §ˆÏD §D!ï˛˛õ)î≈ •Î˚ ï˛y ˆòáˆÏï˛ •ˆÏÓ– ~§Ó §ï˛Ü≈˛ï˛y §ˆÏ_¥G

≤ÃŸ¿Ùy°y ˛õyë˛yˆÏlyÓ˚ ˛õk˛!ï˛ xˆÏlÜ˛ §ÙÎ˚ Ê˛°≤Ã§) •Î˚ ly– Ü˛yÓ˚î ~ˆÏ«˛ˆÏe ˆÜ˛Ó°Ùye !¢!«˛ï˛ Óƒ!_´ˆÏòÓ˚ ˆ«˛ˆÏe•z ~•z
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˛õk˛!ï˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y ÎyÎ˚ ~ÓÇ í˛z_Ó˚Ü˛yÓ˚#Ó˚y x!ôÜ˛yÇ¢ ˆ«˛ˆÏe ˆï˛Ùl =Ó˚&c ly ˆòGÎ˚yÓ˚ Ê˛ˆÏ° §!ë˛Ü˛ í˛z_Ó˚ ˛õyGÎ˚y

ÎyÎ˚ ly Óy xyˆÏòÔ í˛z_Ó˚ ˛õyGÎ˚y ÎyÎ˚ ly– ~•z ˛õk˛!ï˛Ó˚ ~ê˛y•z Óí˛¸ e&!ê˛–

≤ÃŸ¿Ùy°y í˛yˆÏÜ˛ ˛õyë˛yˆÏly SÈyí˛¸y xlƒ ~Ü˛!ê˛ í˛z˛õyÎ˚ •°ñ !lçfl∫ ≤Ã!ï˛!l!ô ≤ÃŸ¿Ùy°y !lˆÏÎ˚ !àˆÏÎ˚ í˛z_Ó˚òyï˛yÓ˚ Ü˛yˆÏSÈ

ˆÌˆÏÜ˛ í˛z_Ó˚ ̂ çˆÏl !lˆÏÎ˚ ï˛y ̨ õ)Ó˚î Ü˛Ó˚ˆÏÓ– ~ˆÏï˛ í˛z_Ó˚ ly ̨ õyGÎ˚yÓ˚ §Ω˛yÓly Ü˛ˆÏÙ– ÎyÓ˚y x!lFS%ÈÜ˛ í˛z_Ó˚òyï˛y ï˛yˆÏòÓ˚ˆÏÜ˛

Ó%!V˛ˆÏÎ˚ í˛z_Ó˚ ˛õyGÎ˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚y ÎyÎ˚ñ xyÓyÓ˚ ÎyÓ˚y í˛z_Ó˚ ˆòGÎ˚yÎ˚ ÙˆÏï˛y í˛z˛õÎ%_´ !¢!«˛ï˛ lÎ˚ ï˛yˆÏòÓ˚ Ü˛ySÈ ˆÌˆÏÜ˛G

í˛z_Ó˚ ˛õyGÎ˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚y •Î˚– ~•z ˛õk˛!ï˛ˆÏï˛ áÓ˚ã˛ xˆÏlÜ˛ ˆÓ!¢ •Î˚–

á%Ó ï˛yí˛¸yï˛y!í˛¸ í˛z_Ó˚ ˛õyGÎ˚yÓ˚ çlƒ ò)Ó˚Ë˛yˆÏ£ÏÓ˚ (telephone) ÙyôƒˆÏÙ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ˛õyGÎ˚yÓ˚ ˛õk˛!ï˛ˆÏÜ˛ ò)Ó˚Ë˛y£Ï

ÙyôƒÙ xl%§¶˛yl ÓˆÏ°– ~•z ˛õk˛!ï˛ˆÏï˛ á%Ó ˛õ!Ó˚!ã˛ï˛ Óƒ!_´ ~ÓÇ ˆÎáyˆÏl ò)Ó˚Ë˛yˆÏ£ÏÓ˚ ÓƒÓfliy xyˆÏSÈ ˆÜ˛Ó°Ùye ˆ§áyˆÏl

ï˛Ìƒ §Ç@˝Ã• Ü˛Ó˚y ÎyÎ˚– ~•z ˛õk˛!ï˛Ó˚ x§%!Óôy •°ñ ˆÜ˛yl ˆÜ˛ylG §ÙÎ˚ í˛z_Ó˚òyï˛y xˆÏlˆÏÜ˛ ≤ÃˆÏŸ¿Ó˚ í˛z_Ó˚ ~!í˛¸ˆÏÎ˚

ÎyÎ˚–

1.2.3 x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ ÓƒÓ•yˆÏÓ˚Ó˚ §ï˛Ü≈˛ï˛yÙ)°Ü˛ ÓƒÓfliy§Ù)•

x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ xˆÏlÜ˛ §#ÙyÓk˛ï˛y xyˆÏSÈ– §%ï˛Ó˚yÇ ~ˆÏòÓ˚ ÓƒÓ•yˆÏÓ˚Ó˚ ˛õ)ˆÏÓ≈ ÓƒÓ•yÓ˚Ü˛yÓ˚#ˆÏÜ˛ !l¡¨!°!áï˛

!Ó£ÏÎ˚=!°ˆÏï˛ xÓ¢ƒ•z §ï˛Ü≈˛ ÌyÜ˛ˆÏï˛ •ˆÏÓ ≠

(i) Ó˚y!¢ï˛ÌƒÙy°y §Ç@˝Ã•Ü˛yÓ˚#Ó˚ !ÓŸªhflÏï˛y G !lË≈˛Ó˚ˆÏÎyàƒï˛y ó

(ii) !Ü˛ í˛zˆÏjˆÏ¢ƒ Ó˚y!¢ï˛ÌƒÙy°y §Ç@˝Ã• Ü˛Ó˚y •ˆÏÎ˚!SÈ° ~ÓÇ xl%§¶˛yˆÏlÓ˚ Ü˛ï˛ò)Ó˚ §%ˆÏÎyà !SÈ° ó

(iii) xl%§¶˛yˆÏlÓ˚ §ÙÎ˚ G ˆ«˛ˆÏeÓ˚ ˛õ!Ó˚!ô ó

(iv) §Ç@˝ÃˆÏ•Ó˚ ˛õk˛!ï˛§Ù)• ó

(v) ≤ÃÜ,˛ï˛ Ó˚y!¢ï˛ÌƒÙy°yÓ˚ í˛z˛õÎ%_´ï˛yó

(vi) ≤ÃÜ,˛ï˛ Ó˚y!¢ï˛ÌƒÙy°yÎ˚ ˆÜ˛Ùl §ÇK˛y§Ù)• G ~Ü˛Ü˛§Ù)Ï• ÓƒÓ•*ï˛ •ˆÏÎ˚ˆÏSÈó

(vii) ≤ÃÜ,˛ï˛ Ó˚y!¢ï˛ÌƒÙy°yÓ˚ §!ë˛Ü˛ï˛y–

1.3 ÓƒÓ§y!Î˚Ü˛ !§k˛yˆÏhs˝ Ó˚y!¢!ÓK˛yˆÏlÓ˚ =Ó˚&c G §%ˆÏÎyà

Óy!î!çƒÜ˛ !§k˛yhs˝@˝Ã•ˆÏîÓ˚ ˆ«˛ˆÏe Ó˚y!¢!ÓK˛yˆÏlÓ˚ =Ó˚&c x˛õ!Ó˚§#Ù– ÓyçyÓ˚òÓ˚ñ í˛zÍ˛õyòlñ xÌ≈§Çe´yhs˝ Óƒy˛õyÓ˚ñ

ÓƒyˆÏB˛Ó˚ ˛Ü˛yÓ˚ÓyÓ˚ñ !Ó!lˆÏÎ˚yàñ e´Î˚!Óe´Î˚ •zï˛ƒy!òÓ˚ !lç !lç ˛õ!Ó˚Ü˛“ly Ó˚*˛õyÎ˚ˆÏlÓ˚ ˆ«˛ˆÏe Ó˚y!¢!ÓK˛yl =Ó˚&c˛õ)î≈

Ë)˛!ÙÜ˛y @˝Ã•î Ü˛ˆÏÓ˚– !Ü˛ í˛zÍ˛õyòl Ü˛Ó˚y •ˆÏÓ⁄ !Ü˛Ë˛yˆÏÓ í˛zÍ˛õyòl Ü˛Ó˚y •ˆÏÓ⁄ Ü˛ál í˛zÍ˛õyòl Ü˛Ó˚y •ˆÏÓ⁄ Ü˛yÓ˚ çlƒ

í˛zÍ˛õyòl Ü˛Ó˚y •ˆÏÓ⁄ ~ ôÓ˚ˆÏlÓ˚ !Ó£ÏˆÏÎ˚ !§k˛yhs˝ @˝Ã•ˆÏîÓ˚ ˆ«˛ˆÏe xyÙÓ˚y Ó˚y!¢!ÓK˛yˆÏlÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛z˛õÓ˚ xˆÏlÜ˛ê˛y

!lË≈˛Ó˚¢#°– xÌ≈˜Ïl!ï˛Ü˛ §Çfliy=!° ≤Ãã˛[˛Ë˛yˆÏÓ Ó˚y!¢!ÓK˛yˆÏlÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛z˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ !Ó!Ë˛ß¨

xÌ≈˜Ïl!ï˛Ü˛ !§k˛yhs˝=!° @˝Ã•î Ü˛ˆÏÓ˚– xyçÜ˛y° !Ó!Ë˛ß¨ Óƒy!B˛Ç §Çfliy=!° ï˛Ìƒ§Ç@˝Ã• G ï˛yÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ çlƒ !lˆÏçˆÏòÓ˚

àˆÏÓ£Ïîy !ÓË˛yà ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ˆÏSÈ– ~•z !ÓË˛yà ï˛yˆÏòÓ˚ !lçfl∫ ÓƒÓ§yÓ˚ ˛õy¢y˛õy!¢ Óï≈˛Ùyl xÌ≈˜Ïl!ï˛Ü˛ ˛õ!Ó˚!fli!ï˛ ~ÓÇ

ï˛yˆÏòÓ˚ §Ω˛yÓlyÙÎ˚ ˆ«˛e=!°Ó˚ í˛z˛õÓ˚ Ó˚y!¢!ÓK˛yl !lË≈˛Ó˚ àˆÏÓ£Ïîy !lÓ˚hs˝Ó˚ Ü˛ˆÏÓ˚ ã˛ˆÏ°ˆÏSÈ– !Ó!lˆÏÎ˚yàÜ˛yÓ˚#Ó˚ §!ë˛Ü˛
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~ÓÇ Ù)°ƒÓyl !§k˛yhs˝@˝Ã•ˆÏlÓ˚ ˆ«˛ˆÏe Ó˚y!¢!ÓK˛yl•z ~Ü˛Ùye ˛õÌ– ˆÜ˛yl=!° Ë˛y° xyˆÏÎ˚Ó˚ §Ω˛yÓlyÙÎ˚ ˆ«˛eñ

ˆÜ˛yl=!°•z Óy !lÓ˚y˛õò ˆ«˛e •zï˛ƒy!ò !Ó£ÏˆÏÎ˚ !Ó!lˆÏÎ˚yàÜ˛yÓ˚# Ó˚y!¢ï˛ˆÏÌƒÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛z˛õÓ˚ §¡õ)î≈Ë˛yˆÏÓ !lË≈˛Ó˚¢#°–

í˛zÍ˛õyòˆÏÜ˛Ó˚ Ùï˛ ˆe´ï˛yG Ó˚y!¢ï˛ˆÏÌƒÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛z˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ ~•z §Ü˛° !Ó£ÏˆÏÎ˚ !§k˛yhs˝ ˆlÎ˚ÈüüüÈ!Ü˛ !Ü˛lÓ⁄

Ü˛ï˛ ˛õ!Ó˚Ùyî !Ü˛lÓ⁄ ˆÜ˛yl §ÙˆÏÎ˚ !Ü˛lÓ⁄ ˆÜ˛yÌyÎ˚ !Ü˛lÓ⁄ Ü˛yˆÏòÓ˚ çlƒ !Ü˛lÓ⁄

~Ü˛çl ÓƒÓfliy˛õˆÏÜ˛Ó˚ (Manager) Ó˚y!¢ï˛ˆÏÌƒÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ ÙyôƒˆÏÙ Ë˛!Ó£ÏƒˆÏï˛Ó˚ ÓƒÓ§y!Î˚Ü˛ !§k˛yhs˝@˝Ã•ˆÏîÓ˚ =î

ÌyÜ˛y xÓ¢ƒ•z ÓyN˛l#Î˚– ï˛Ìƒ !ÓˆÏŸ’£ÏˆÏîÓ˚ myÓ˚y §!ë˛Ü˛ G flõ‹T Óy!î!çƒÜ˛ !§k˛yhs˝ !lˆÏï˛ Ó˚y!¢!ÓK˛yl §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

§Ç!«˛Æ §ÙˆÏÎ˚ G Ü˛Ù áÓ˚ˆÏã˛ ÓyçyÓ˚ xl%§¶˛yˆÏlÓ˚ çlƒ Ó˚y!¢!ÓK˛yl §!ë˛Ü˛ ôyÓ˚îy ˆòÎ˚– x!ËK˛ï˛y°∏˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚

!ÓˆÏŸ’£ÏˆÏîÓ˚ myÓ˚y à,•#ï˛ !§k˛yhs˝ |k≈˛ï˛l Ü˛ï,≈˛˛õˆÏ«˛Ó˚ Ü˛yˆÏSÈ ≤Ã!ï˛!¤˛ï˛ Ü˛Ó˚y ~Ü˛çl ÓƒÓfliy˛õˆÏÜ˛Ó˚ ˛õˆÏ«˛ §•ç •Î˚–

˛õ!Ó˚Ùyîàï˛ !Ó£ÏÎ˚ SÈyí˛¸yG =îàï˛ G í˛zÍÜ˛£Ï≈àï˛ !Ó£ÏˆÏÎ˚Ó˚ ˆ«˛ˆÏeG Ó˚y!¢!ÓK˛yˆÏlÓ˚ ˛õ!Ó˚Ùy˛õÜ˛=!°Ó˚ Ó‡ˆÏ«˛ˆÏe §y•yÎƒ

ˆlGÎ˚y •ˆÏÎ˚ ÌyˆÏÜ˛–

§%ï˛Ó˚yÇ ˆÓyV˛y ÎyˆÏFSÈñ Óy!î!çƒÜ˛ !§k˛yˆÏhs˝Ó˚ ˆ«˛ˆÏe Ó˚y!¢!ÓK˛yl §òÌ≈Ü˛ Ë)˛!ÙÜ˛y ˛õy°l Ü˛ˆÏÓ˚– ~Ü˛çl ÓƒÓfliy˛õÜ˛

ïÑ˛yÓ˚ Ü˛Ù≈#ˆÏòÓ˚ Ü˛Ù≈«˛Ùï˛yñ Ü˛Ù≈ò«˛ï˛yñ Ü˛yÎ≈Ü˛y!Ó˚ï˛y §¡õˆÏÜ≈˛ ôyÓ˚îy ˆ˛õˆÏï˛ ~ÓÇ í˛zÍ˛õyòl «˛Ùï˛y Ó,!k˛Ó˚ çlƒ

Ó˚y!¢!ÓK˛yˆÏlÓ˚ í˛z˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚l– Óï≈˛Ùyl !òˆÏl ~Ùl ̂ Ü˛yl ÓƒÓ§y ̂ l•z ̂ ÎáyˆÏl Ó˚y!¢!ÓK˛yl G ï˛yÓ˚ !Ó!Ë˛ß¨ ̨ õk˛!ï˛Ó˚

ÓƒÓ•yÓ˚ •Î˚ ly ~ÓÇ xy¢yÜ˛Ó˚y ÎyÎ˚ Ë˛!Ó£ÏƒˆÏï˛G ~•z ÓƒÓfliyÓ˚ xlƒÌy •ˆÏÓ ly– ~ê˛y•z §!ë˛Ü˛ §ÙÎ˚ñ ÓƒÓ§y!Î˚Ü˛ G

ÓƒÓfliy˛õÜ˛àˆÏîÓ˚ Ó˚y!¢!ÓK˛yˆÏlÓ˚ !Ó!Ë˛ß¨ ˛õk˛!ï˛Ó˚ §ˆÏD Ùy!lˆÏÎ˚ !lˆÏÎ˚ !lˆÏçˆÏòÓ˚ ˜ï˛!Ó˚ Ü˛Ó˚yÓ˚–

1.4 §#ÙyÓk˛ï˛y

Óï≈˛Ùyl!òˆÏl ÓƒÓ§y!Î˚Ü˛ !§k˛yhs˝ @˝Ã•ˆÏîÓ˚ çlƒ Ó˚y!¢!ÓK˛yˆÏlÓ˚ x˛õ!Ó˚•yÎ≈ƒï˛y §Ó≈çl@˝Ãy•ƒ– !Ü˛v ÓƒÓ•y!Ó˚Ü˛ ˆ«˛ˆÏe

í˛z•yÓ˚ !l¡¨!°!áï˛ §#ÙyÓk˛ï˛y=!° ˛õ!Ó˚°!«˛ï˛ •Î˚ÈüüüÈ

å1ä Ó˚y!¢!ÓK˛yl !ÓˆÏ¢£Ï ôÓ˚ˆÏlÓ˚ ï˛ˆÏÌƒÓ˚ ˆ«˛ˆÏe Ü˛yÎ≈Ü˛Ó˚ lÎ˚ ≠

ˆÜ˛yl §ÇfliyÓ˚ ã˛yÓ˚çl Ü˛Ù≈# xÓ§Ó˚ @˝Ã•î Ü˛Ó˚° Óy ˆÜ˛yl §ÇfliyÓ˚ 75% ˆ°yÜ˛ S%È!ê˛ˆÏï˛ ˆà°ñ ~•z ôÓ˚ˆÏlÓ˚ !l!ò≈¤˛

!Ó£ÏˆÏÎ˚Ó˚ í˛z˛õÓ˚ Ó˚y!¢!ÓK˛yˆÏlÓ˚ !ÓˆÏŸ’£Ïî Ü˛yÎ≈Ü˛Ó˚ lÎ˚ åˆÎˆÏ•ï%˛ !Ó£ÏÎ˚=!°ˆÏÜ˛ ~Ü˛•z ôÓ˚ˆÏlÓ˚ ˆÜ˛yl ˆ◊î#ˆÏï˛ xhs˝Ë%≈˛_´

Ü˛Ó˚y ÎyÎ˚ lyäñ ï˛y•z ˆ§•z !Ó£ÏÎ˚=ˆÏ°y Îï˛•z =Ó˚&c˛õ)î≈ ˆ•yÜ˛ ly ˆÜ˛l–

å2ä âê˛lyÓ˚ §ÙhflÏ !Ó£ÏˆÏÎ˚Ó˚ í˛z˛õÓ˚ !lË≈˛Ó˚ ly Ü˛ˆÏÓ˚ !§k˛yhs˝@˝Ã•î ≠

xˆÏlÜ˛ âê˛ly xyˆÏSÈ ˆÎ=!° ˛~Ü˛y!ôÜ˛ !Ó£ÏˆÏÎ˚Ó˚ í˛z˛õÓ˚ !lË≈˛Ó˚¢#° G ˆ§=!°Ó˚ ≤ÃË˛yÓ §Ó§ÙÎ˚ !ÓˆÏÓã˛ly Ü˛Ó˚y

§Ω˛Ó •Î˚ ly– ˆÎÙl ˆÜ˛yl xMÈ˛ˆÏ°Ó˚ xÌ≈˜Ïl!ï˛Ü˛ xÓfliyñ !¢«˛yàï˛ Ùylñ §yÇfl,Ò!ï˛Ü˛ Ó˚#!ï˛l#!ï˛ñ ôÙ≈ñ §Ó˚Ü˛y!Ó˚ l#!ï˛

•zï˛ƒy!ò xˆÏlÜ˛ˆÏ«˛ˆÏe Ó˚y!¢ï˛ˆÏÌƒÓ˚ ÙyôƒˆÏÙ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ ly– §%ï˛Ó˚yÇ !Ó!Ë˛ß¨ !Ó£ÏˆÏÎ˚Ó˚ xÓˆÏ•°yÓ˚ çlƒ âê˛ly!ê˛Ó˚

!§k˛yhs˝ 100% §!ë˛Ü˛ •Î˚ ly–

å3ä Ó˚y!¢ï˛ˆÏÌƒÓ˚ §Ç@˝ÃˆÏ•Ó˚ l#!ï˛K˛yl ¢)lƒï˛yÓ˚ òyÎ˚ ≠

xˆÏlÜ˛ˆÏ«˛ˆÏe Ó˚y!¢ï˛ˆÏÌƒÓ˚ §Ç@˝Ã• xlx!Ë˛K˛ Óy x§Í Óy ˛õ«˛˛õyòò%¤˛ ˆÜ˛yl Óƒ!_´ Óy §Çfliy myÓ˚y •ˆÏÎ˚ ÌyˆÏÜ˛–

ˆ§ˆÏ«˛ˆÏe !§k˛yˆÏhs˝Ó˚ !ÓÜ,˛ï˛Ü˛Ó˚î âˆÏê˛–
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å4ä §!ë˛Ü˛ l#!ï˛Ó˚ xË˛yÓ ≠

!Ó£ÏÎ˚!ê˛ §Ω˛yÓly (Probability)  !lË≈˛Ó˚– §%ï˛Ó˚yÇ ~áyˆÏlÓ˚ !§k˛yhs˝=!° ˜ÓK˛y!lÜ˛ l#!ï˛Ó˚ Ùï˛ §!ë˛Ü˛ lÎ˚–

§Ω˛yÓly G ≤ÃˆÏ«˛ˆÏ˛õÓ˚ (Interpolation)  ÙyôƒˆÏÙ ˆÜ˛yl §ÇfliyÓ˚ ˆÜ˛yl !l!ò≈‹T ÓSÈˆÏÓ˚Ó˚ í˛zÍ˛õyòl xl%Ùyl Ü˛Ó˚y ÎyÎ˚

Ùye !Ü˛v ï˛yˆÏÜ˛ 100% §!ë˛Ü˛ ÓˆÏ° òy!Ó Ü˛Ó˚y ÎyÎ˚ ly–

å5ä !l!ò≈‹T âê˛lyÓ˚ !§k˛yhs˝ @˝Ã•ˆÏî !Ó!Ë˛ß¨ ˛õk˛!ï˛Ó˚ ÓƒÓ•yÓ˚ ≠

ˆÜ˛yl âê˛lyÓ˚ !§k˛yhs˝ @˝Ã•ˆÏîÓ˚ çlƒ xyÙÓ˚y ~Ü˛y!ôÜ˛ ˛õk˛!ï˛Ó˚ åã˛ï%˛Ì≈ƒÜ˛ !Óã%˛ƒ!ï˛ñ àí˛¸ !Óã%˛ƒ!ï˛ñ §ÙƒÜ˛ !Óã%˛ƒ!ï˛

•zï˛ƒy!òä ÓƒÓ•yÓ˚ Ü˛!Ó˚ ~ÓÇ xˆÏlÜ˛§ÙÎ˚ ≤Ã!ï˛!ê˛ ˆ«˛ˆÏe  Ê˛°yÊ˛ˆÏ°Ó˚ ˛õyÌ≈Ü˛ƒ ˆòáy ÎyÎ˚–

å6ä lÙ%lyÓ˚ (Sample) xyÜ˛yÓ˚ ˆSÈyê˛ •GÎ˚y ≠

ÙˆÏl Ü˛Ó˚ñ ˆÜ˛yl xMÈ˛ˆÏ°Ó˚ ˆÜ˛yl !ç!lˆÏ§Ó˚ ã˛y!•òy Óy ˆÎyàyl !lÓ˚&˛õˆÏîÓ˚ ≤ÃˆÏÎ˚yçl– ~ˆÏ«˛ˆÏe í˛z_´ xMÈ˛ˆÏ°Ó˚

ˆSÈyê˛ lÙ%lyÓ˚ í˛z˛õÓ˚ à,!•ï˛ Ó˚y!¢!ÓK˛yˆÏlÓ˚ !§k˛yhs˝ xˆÏlÜ˛ §ÙÎ˚ §!ë˛Ü˛ •Î˚ ly–

å7ä ˛õ«˛˛õyï˛ ò%‹T Ê˛°yÊ˛° ≠

Ó˚y!¢!ÓK˛yˆÏlÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ myÓ˚y ˆÜ˛yl §ÇfliyÓ˚ ˆÜ˛yl í˛zÍ˛õy!òï˛ Ó› e&!ê˛˛õ)î≈ ÓˆÏ° ˛õ«˛˛õyï˛ ò%‹T •ˆÏÎ˚ !ÓˆÏÓ!ã˛ï˛

•° ~ÓÇ §ÇfliyÓ˚ ÓƒÓfliy˛õÜ˛ í˛z_´ Ê˛ˆÏ°Ó˚ í˛z˛õÓ˚ !Ë˛!_ Ü˛ˆÏÓ˚ ˆÜ˛yl !§k˛yhs˝ @˝Ã•î Ü˛Ó˚ˆÏ°l– Ê˛°◊&!ï˛ !•ˆÏ§ˆÏÓ !ï˛!l

ïÑ˛yÓ˚ !§k˛yˆÏhs˝ x˛õ!Ó˚ï,˛Æ •ˆÏÎ˚ñ !§k˛yhs•#lï˛yÎ˚ Ë%˛àˆÏï˛ ˛õyˆÏÓ˚l–

å8ä Ó˚y!¢!ÓK˛yˆÏlÓ˚ ≤ÃˆÏÎ˚yˆÏàÓ˚ ˆ«˛ˆÏe §ÓˆÏã˛ˆÏÎ˚ Óí˛¸ §#ÙyÓk˛ï˛y •°ñ °â%•ˆÏhflÏ Ó˚y!¢ï˛ˆÏÌƒÓ˚ !ÓˆÏŸ’£Ïî G Ê˛°fl∫Ó˚*˛õ

!§k˛yˆÏhs˝ !ÓÜ,˛!ï˛–

1.5 xl%¢#°l#

å1ä í˛zòy•Ó˚î §• ≤ÃyÌ!ÙÜ˛ G x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ §ÇK˛y !òl–

å2ä x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ ò%!ê˛ í˛zÍ§ !°á%l–

å3ä ≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ §Ç@˝ÃˆÏ•Ó˚ !Ó!Ë˛ß¨ ˛õk˛!ï˛Ó˚ Óî≈ly òyG ~ÓÇ ~ˆÏòÓ˚ §%!Óôy=!° xyˆÏ°yã˛ly Ü˛Ó˚&l–

å4ä Ó˚y!¢!ÓK˛yˆÏlÓ˚ Ó˚y!¢ï˛ÌƒÙy°y §yôyÓ˚îï˛ ò%•z ≤ÃÜ˛yˆÏÓ˚Ó˚ÈüüüÈ(i) ≤ÃyÌ!ÙÜ˛ñ (ii) x≤ÃyÌ!ÙÜ˛ÈüüüÈí˛z!_´!ê˛ Óƒyáƒy

Ü˛Ó˚&l–

å5ä ≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛Ìƒ G ˛x≤ÃyÌ!ÙÜ˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ ÙˆÏôƒ ˛õyÌ≈Ü˛ƒ Ó°%l–

å6ä °â%•ˆÏhflÏ Ó˚y!¢ï˛ˆÏÌƒÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ Ê˛° Ü˛# •ˆÏï˛ ˛õyˆÏÓ˚⁄

å7ä ÓƒÓ§y!Î˚Ü˛ !§k˛yˆÏhs˝ Ó˚y!¢!ÓK˛yˆÏlÓ˚ =Ó˚&c G §%ˆÏÎyà §¡õˆÏÜ≈˛ xyˆÏ°yã˛ly Ü˛Ó˚&l–

å8ä Ó˚y!¢!ÓK˛yˆÏlÓ˚ §#ÙyÓk˛ï˛y xyˆÏ°yã˛ly Ü˛Ó˚&l–
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~Ü˛Ü˛ 2   Ó˚y!¢ï˛ˆÏÌƒÓ˚ §ÇÜ˛°l G í˛z˛õfliy˛õl (Collection

and Presentation of Data)

àë˛l

2.0 í˛zˆÏj¢ƒ

2.1 ≤ÃhflÏyÓly

2.2 Ó˚y!¢ï˛ˆÏÌƒÓ˚ ˆ◊!î!Ólƒy§Ü˛Ó˚î

2.3 Ó˚y!¢ï˛ˆÏÌƒÓ˚ í˛z˛õfliy˛õl

2.4 ˛õ!Ó˚§Çáƒyl !ÓË˛yçl

2.4.1 ˛õ!Ó˚§Çáƒy !ÓË˛yçl àë˛ˆÏl !Ü˛S%È ≤ÃyÌ!ÙÜ˛ !lˆÏò≈¢

2.5 ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏl ÓƒÓ•*ï˛ !Ü˛S%È §ÇK˛y

2.5.1 ˆ◊î# ˛õ!Ó˚§Çáƒy !ÓË˛yçl àë˛l

2.6 !Ó!Ë˛ß¨ ˛õk˛!ï˛ˆÏï˛ ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl í˛z˛õfliy˛õl

2.6.1 e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

2.7 ≤Ã!ï˛!°!˛õÓ˚ ˛§y•yˆÏÎƒ í˛z˛õfliy˛õlyÓ˚ §%!Óôy G x§%!Óôy

2.8 !Ó!Ë˛ß¨ ôÓ˚ˆÏlÓ˚ ˆ°á!ã˛e

2.9 xl%¢#°l#

2.0 í˛zˆÏj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õí˛¸ÓyÓ˚ ˛õÓ˚ xy˛õ!l çylˆÏï˛ ˛õyÓ˚ˆÏÓl

 ˛Ó˚y!¢ï˛ˆÏÌƒÓ˚ ˆ◊î#!Ólƒy§Ü˛Ó˚î

 Ó˚y!¢ï˛ˆÏÌƒÓ˚ í˛z˛õfliy˛õl G ï˛yÓ˚ ≤ÃÜ˛yÓ˚ˆÏË˛ò

 !Ó!Ë˛ß¨ ˛õk˛!ï˛ˆÏï˛ ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl í˛z˛õfliy˛õly G

 !Ó!Ë˛ß¨ ôÓ˚ˆÏlÓ˚ ˆ°á!ã˛ˆÏeÓ˚ ≤ÃÜ˛yÓ˚

2.1 ≤ÃhflÏyÓly

xyòÙ§%ÙyÓ˚# (Census) Óy lÙ%ly ï˛òhs˝ (Sample Servey) ˛õk˛!ï˛ˆÏï˛ §Çà,•#ï˛ Ó˚y!¢ï˛ÌƒÙy°y Î!ò §!ë˛Ü˛

xyÜ˛yˆÏÓ˚ §yçyˆÏly G í˛z˛õÎ%_´Ë˛yˆÏÓ í˛z˛õfliy˛õl Ü˛Ó˚y ly •Î˚ñ ï˛ˆÏÓ §Çà,•#ï˛ Ó˚y!¢ï˛Ìƒ Ù)°ƒ•#l •ˆÏÎ˚ ˛õˆÏí˛¸– ~•z ~Ü˛ˆÏÜ˛

í˛z_´ !Ó£ÏˆÏÎ˚ !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛ly Ü˛Ó˚y •°–
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2.2 Ó˚y!¢ï˛ˆÏÌƒÓ˚ ˆ◊î#!Ólƒy§Ü˛Ó˚î

˛õ!Ó˚§Çáƒyl#Î˚ Ó˚y!¢ï˛Ìƒ §Ù)ˆÏ•Ó˚ ≤ÃÜ,˛!ï˛ñ ï˛yˆÏòÓ˚ §yò,¢ƒ G ï˛òˆÏhs˝Ó˚ í˛zˆÏjˆÏ¢ƒÓ˚ í˛z˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ !Ó!Ë˛ß¨ ˆ◊î#

Óy !ÓË˛yˆÏà !ÓË˛_´ Ü˛Ó˚yÓ˚ ˛õk˛!ï˛•z •° ˆ◊î#!Ólƒy§Ü˛Ó˚î– Ó˚y!¢ï˛Ìƒ§Ù)•ˆÏÜ˛ !l¡¨!°!áï˛ ã˛yÓ˚!ê˛ !Ó!Ë˛ß¨ ˛õk˛!ï˛ˆÏï˛

ˆ◊î#!Ólƒy!§ï˛ Ü˛Ó˚y •Î˚–

(i) =ˆÏlÓ˚ !Ë˛!_ˆÏï˛ (On qualitative basis) : Î!ò §Çà,•#ï˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ ˆ◊î#!Ólƒy§Ü˛Ó˚î ˆÜ˛yˆÏly

x˛õ!Ó˚ˆÏÙÎ˚ ˜Ó!¢ˆÏ‹TƒÓ˚ §yˆÏ˛õˆÏ«˛ Ü˛Ó˚y •Î˚ñ ï˛ˆÏÓ ï˛yˆÏÜ˛ =ˆÏlÓ˚ !Ë˛!_ˆÏï˛ ˆ◊î#!Ólƒy§Ü˛Ó˚î ÓˆÏ°– ˆÎÙlÈüüüÈ!°D

(Gender)ñ çy!ï˛ñ ˆ˛õ¢y •zï˛ƒy!òÓ˚ §yˆÏ˛õˆÏ«˛ ˆ◊î#!Ólƒy§Ü˛Ó˚î–

(ii) ˛õ!Ó˚§Çáƒyl !Ë˛!_ˆÏï˛ (On quantitative basis) : Ó˚y!¢ï˛Ìƒ§Ù)ˆÏ•Ó˚ ˜Ó!¢‹Tƒ=!° ˛õ!Ó˚ˆÏÙÎ˚ •ˆÏ° xÌ≈yÍ

§Çáƒy Óy Ó˚y!¢Ó˚ myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚y §Ω˛Ó •ˆÏ°ñ ~ˆÏòÓ˚ ˆ◊î#!Ólƒy§Ü˛Ó˚îˆÏÜ˛ ˛õ!Ó˚ÙyˆÏ˛õÓ˚ !Ë˛!_ˆÏï˛ ˆ◊î#!Ólƒy§ ÓˆÏ°–

ˆÎÙlÈüüüÈˆÜ˛yl ˆòˆÏ¢ çl§ÇáƒyÓ˚ ÓÎ˚§ñ xyÎ˚ñ í˛zFã˛ï˛y •zï˛ƒy!òÓ˚ §yˆÏ˛õˆÏ«˛ ˆ◊î#!Ólƒy§Ü˛Ó˚î–

(iii) §ÙˆÏÎ˚Ó˚ !Ë˛!_ˆÏï˛ (On the basis of time) :  ~•z ˆ◊î#!Ólƒy§Ü˛Ó˚î ˛õk˛!ï˛ˆÏï˛ Ó˚y!¢ï˛Ìƒ§Ù)ˆÏ•Ó˚

!Ó!Ë˛ß¨ §ÙˆÏÎ˚ ˛õ!Ó˚°!«˛ï˛ Ùyl=!° §ÙˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛ ˆ◊î#!Ólƒy§ Ü˛Ó˚y •Î˚–  ~•z ˛õk˛!ï˛ˆÏï˛ !Ólƒy!§ï˛

Ó˚y!¢ï˛Ìƒ§Ù)•ˆÏÜ˛ Ü˛y°#l§y!Ó˚ (Time Series) ÓˆÏ°– ˆÎÙlÈüüüÈ≤Ã!ï˛ ÙyˆÏ§ ˆÜ˛yl Ü˛yÓ˚áylyÎ˚ !Ü˛ ˛õ!Ó˚Ùyî §yÙ@˝Ã#

í˛zÍ˛õß¨ •ˆÏÎ˚ˆÏSÈ ï˛yÓ˚ !•§yÓ–

(iv) ˆË˛Ôà!°Ü˛ xÓfliyˆÏlÓ˚ !Ë˛!_ˆÏï˛ (On Geographical basis) : Ó˚y!¢ï˛Ìƒ§Ù)• ˛õ!Ó˚§ÇáƒyˆÏlÓ˚ çlƒ

ˆË˛ÔˆÏày!°Ü˛ xMÈ˛ˆÏ°Ó˚ åˆÎÙl ˆç°yñ Ó˚yçƒñ ˆò¢ •zï˛ƒy!òä !Ë˛!_ˆÏï˛ ˆ◊î#!Ólƒy§ Ü˛Ó˚yÓ˚ ˛õk˛!ï˛ˆÏï˛ ˆË˛ÔˆÏày!°Ü˛

xÓfliyˆÏlÓ˚ !Ë˛!_ˆÏï˛ ˆ◊î#!Ólƒy§ ÓˆÏ°– ˆÎÙlÈüüüÈË˛yÓ˚ˆÏï˛Ó˚ ˆÏ°yÜ˛§Çáƒy Ó˚yçƒ Óy ˆç°y §yˆÏ˛õˆÏ«˛ ˆ◊î#!Ólƒy§Ü˛Ó˚î–

2.3 Ó˚y!¢ï˛ˆÏÌƒÓ˚ í˛z˛õfliy˛õly

§yôyÓ˚îï˛ Ó˚y!¢ï˛Ìƒ !l¡¨!°!áï˛ !ï˛l!ê˛ ˛õk˛!ï˛ˆÏï˛ í˛z˛õfliy˛õl Ü˛Ó˚y •Î˚ ≠

(i) !ÓÓÓ˚ˆÏîÓ˚ ÙyôƒˆÏÙ (Textual Presentation)

(ii) SÈˆÏÜ˛Ó˚ ÙyôƒˆÏÙ (Tabular Presentation)

(iii) ≤Ã!ï˛!°!˛õ Óy !ã˛ˆÏeÓ˚ ÙyôƒˆÏÙ (Diagrammatic Presentation)

(i) !ÓÓÓ˚ˆÏîÓ˚ ÙyôƒˆÏÙ ≠ È~•z ˛õk˛!ï˛ˆÏï˛ Ó˚y!¢ï˛ÌƒˆÏÜ˛ ~Ü˛!ê˛ !ÓÓÓ˚ˆÏîÓ˚ ÙyôƒˆÏÙ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– !ÓÓÓ˚îÙ)°Ü˛

í˛z˛õfliy˛õlyÎ˚ xl%§¶˛ylÜ˛yÓ˚#Ó˚ ˛õˆÏ«˛ ò#â≈ !ÓÓÓ˚ˆÏîÓ˚ ÙyV˛áyl ˆÌˆÏÜ˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ =Ó˚&c˛õ)î≈ ˜Ó!¢‹Tƒ=!°ˆÏÜ˛ ò,!‹TˆÏàyã˛Ó˚

xyly á%Ó Ü˛‹TÜ˛Ó˚ •Î˚–

(ii) SÈˆÏÜ˛Ó˚ ÙyôƒˆÏÙ ≠ ~•z ˛õk˛!ï˛ˆÏï˛ §Çà,•#ï˛ Ó˚y!¢ï˛ÌƒˆÏÜ˛ ~Ü˛!ê˛ §%!ÓlƒhflÏ SÈˆÏÜ˛Ó˚ (Table) ÙyôƒˆÏÙ ≤ÃÜ˛y¢

Ü˛Ó˚y •Î˚– Ó˚y!¢ï˛ˆÏÌƒÓ˚ ~Ó˚Ü˛Ù §%!lÓƒhflÏ ~Ü˛!ê˛ SÈˆÏÜ˛ ˆ◊î# !ÓlƒhflÏ Ó˚y!¢ï˛ÌƒˆÏÜ˛ í˛z˛õÓ˚ ˆÌˆÏÜ˛ l#ˆÏã˛ ~ÓÇ ÓyÙ!òÜ˛ ˆï˛ˆÏÜ˛

í˛yl!òˆÏÜ˛ §%¢,C° G §y!Ó˚Ók˛Ë˛yˆÏÓ §!ß¨ˆÏÓ¢ Ü˛Ó˚y •Î˚–
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~Ü˛!ê˛ SÈˆÏÜ˛Ó˚ !Ó!Ë˛ß¨ xÇ¢=!° •° ≠

(a) SÈÜ˛ Óy §yÓ˚!î lÇ (Table Number) : §•ˆÏç §ly_´ Ü˛Ó˚yÓ˚ çlƒ SÈÜ˛ Óy §yÓ˚!îÓ˚ ~Ü˛!ê˛ l¡∫Ó˚ ˆòGÎ˚y

•Î˚ñ !ÓˆÏ¢£Ï Ü˛ˆÏÓ˚ Îál ~Ü˛y!ôÜ˛ SÈÜ˛ ~Ü˛§ˆÏD ≤Ã›ï˛ Ü˛Ó˚y •Î˚–

(b) !¢ˆÏÓ˚ylyÙ (Title) : SÈˆÏÜ˛Ó˚ !Ó£ÏÎ˚Ó›Ó˚ §Ç!«˛Æ !ÓÓÓ˚î !òˆÏÎ˚ í˛z•yÓ˚ í˛z˛õˆÏÓ˚ !°!áï˛ xÇ¢!ê˛ˆÏÜ˛ !¢ˆÏÓ˚ylyÙ

Ó°y •Î˚–

(c) SÈÜ˛ Óy §yÓ˚!îÓ˚ ÓyÙ˛õyˆÏŸª≈Ó˚ !ÓÓÓ˚î !°!˛õ (Stub or Row Headings) : ~!ê˛ SÈˆÏÜ˛Ó˚ ÓyÙ!òÜ˛ ˆÌˆÏÜ˛

í˛yl!òˆÏÜ˛ §y!Ó˚Ü,˛ï˛ Ó˚y!¢Ùy°yÓ˚ !ÓÓÓ˚î !°!˛õ–

(d) SÈˆÏÜ˛Ó˚ í˛z˛õ!Ó˚Ë˛yˆÏàÓ˚ !ÓÓÓ˚î !°!˛õ åCaption or Column Headingsä ≠ ~!ê˛ SÈˆÏÜ˛Ó˚ í˛z˛õÓ˚ ˆÌˆÏÜ˛

l#ˆÏã˛ §y!Ó˚Ü,˛ï˛ Ó˚y!¢Ùy°yÓ˚ !ÓÓÓ˚î !°!˛õ–

(e) Ù)° xÇ¢ (Body or Data) : ~•z xÇˆÏ¢ Ó˚y!¢ï˛Ìƒ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚–

(f) ˛õyòê˛#Ü˛y (Foot note) : •z•y SÈˆÏÜ˛Ó˚ l#ˆÏã˛ ÌyˆÏÜ˛– ~•z xÇˆÏ¢ ï˛ˆÏÌƒÓ˚ í˛zÍ§ Óî≈ly ~ÓÇ SÈˆÏÜ˛ ÓƒÓ•*ï˛

ˆÜ˛ylG ˛õˆÏòÓ˚ Óƒyáƒy (explanation) Ü˛Ó˚y •Î˚–

!lˆÏ¡¨ ~Ü˛!ê˛ SÈˆÏÜ˛Ó˚ !Ó!Ë˛ß¨ xÇ¢ ˆòáyl •° ≠

§yÓ˚!î lÇÈüüüÈ

í˛zÍ§ ≠

˛õyòê˛#Ü˛y ≠

SÈÜ˛ ˜ï˛!Ó˚ Ü˛Ó˚yÓ˚ ˆ«˛ˆÏe ÓÑyôyôÓ˚y ˆÜ˛ylG !lÎ˚Ù ˆl•z– ï˛ˆÏÓ SÈÜ˛ ~ÙlË˛yˆÏÓ ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ •ˆÏÓ ÎyˆÏï˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚

xhs˝!l≈!•ï˛ xÌ≈ á%Ó flõ‹T G §•ˆÏç ̂ ÓyôàÙƒ •Î˚– Î!ò SÈÜ˛ ç!ê˛° •Î˚ ï˛ˆÏÓ ï˛y ̂ Ë˛ˆÏ. §•ˆÏç ̂ ÓyôàÙƒ ~Ó˚*˛õ Ü˛ˆÏÎ˚Ü˛!ê˛

˛õ,ÌÜ˛ §Ó˚° SÈˆÏÜ˛ ≤ÃÜ˛y¢ Ü˛Ó˚y ÓyN˛l#Î˚–

í˛zòy•Ó˚î 1É  ˛õÑyã˛!ê˛ Ü˛yÓ˚áylyÓ˚ ò%Û!ê˛ !Ë˛ß¨ ï˛y!Ó˚ˆÏá flf#ÈüÈ˛õ%Ó˚&ˆÏ£ÏÓ˚ xyë˛yÓ˚ ÓSÈˆÏÓ˚Ó˚ Ü˛Ù ~ÓÇ xyë˛yÓ˚ ÓSÈˆÏÓ˚Ó˚ Óy

ï˛yÓ˚ ˆÓ!¢ ò%Û!ê˛ !ÓË˛yˆÏà àí˛¸ xyˆÏÎ˚Ó˚ ¢)lƒ SÈÜ˛ ≤Ã›ï˛ Ü˛Ó˚&l–

!¢ Ï̂Ó˚ylyÙ

(Caption)

í˛z˛õ!Ó˚Ë˛yˆÏàÓ˚ !ÓÓÓ˚î!°!˛õ

Ù)°!Ó£ÏÎ˚

(Body)

Ó
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˚
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Ó

Ó
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!°

!˛õ
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§Ùyôyl ≠

§yÓ˚!î lÇ 2É1

˛õÑyã˛!ê˛ Ü˛yÓ˚áylyÎ˚ àí˛¸ xyÎ ˚

ï˛y!Ó˚áÈüüüÈ Èï˛y!Ó˚áÈüüüÈ

Ü˛yÓ˚áyly 18 ÓSÈÓ˚ !lˆÏã˛ 18-ÓSÈÓ˚ Óy ï˛yÓ˚ í˛z˛õÓ˚ 18 ÓSÈˆÏÓ˚Ó˚ !lˆÏã˛ 18 ÓSÈÓ˚ Óy ï˛yÓ˚ í˛z˛õÓ˚

flf# ˛õ%Ó˚&£Ï flf# ˛õ%Ó˚&£Ï flf# ˛õ%Ó˚&£Ï flf# ˛õ%Ó˚&£Ï flf#

1

2

3

4

5

ˆÙyê˛

(iii) ˛≤Ã!ï˛!°!˛õ Óy !ã˛ˆÏeÓ˚ ÙyôƒˆÏÙÈüüüÈ~•z ˛õk˛!ï˛ˆÏï˛ §Çà,•#ï˛ ï˛ÌƒˆÏÜ˛ ˆ°áñ ã˛yê≈˛ñ SÈ!Ó •zï˛ƒy!òÓ˚ §y•yˆÏÎƒ

í˛z˛õfliy˛õl Ü˛Ó˚y •Î˚– ˛õˆÏÓ˚Ó˚ ~Ü˛!ê˛ xl%ˆÏFSÈˆÏò ~Ó˚ !Ó£ÏÎ˚ xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÓ–

2.4 ˛õ!Ó˚§Çáƒyl !ÓË˛yçl

ˆÜ˛ylG !ÓˆÏ¢£Ï xl%§¶˛yl ˆ«˛ˆÏe ÎyˆÏòÓ˚ §¡∫ˆÏ¶˛ ï˛Ìƒ §Ç@˝Ã• Ü˛Ó˚y •Î˚ ï˛yˆÏòÓ˚ §Ù!‹TˆÏÜ˛ §Ù@˝ÃÜ˛ (Population

Óy Universe) ÓˆÏ°– §Ù@˝ÃˆÏÜ˛Ó˚ ˆÎ ˜Ó!¢‹TƒˆÏÜ˛ §ÇáƒyÓ˚ myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚ñ ï˛yˆÏÜ˛ ˛õ!Ó˚ˆÏÙÎ˚ ˜Ó!¢‹Tƒ Óy ã˛°Ü˛

(Variable) ÓˆÏ°– ˆÎÙlÈüüüÈ!Óe´Î˚ñ Ó˚Æyl#ñ í˛zÍ˛õyòlñ xyÎ˚ñ í˛zFã˛ï˛yñ Gçlñ ÓÎ˚§ •zï˛ƒy!ò ã˛°Ü˛– ˆÜ˛ylG ~Ü˛!ê˛

ã˛°ˆÏÜ˛Ó˚ §Çà,•#ï˛ Ùyl=!° Î!ò !Óhfl,Ïï˛ Óy !Ó¢,C°Ë˛yˆÏÓ !°!˛õÓk˛ ÌyˆÏÜ˛ñ ï˛ˆÏÓ Ó˚y!¢!ÓK˛yl!ÓòˆÏòÓ˚ ˛õˆÏ«˛ ˙ Ùyl=!°

˛õ%Cyl%˛õ%CË˛yˆÏÓ ˛õÓ˚#«˛y Ü˛ˆÏÓ˚ ï˛yÓ˚ xhs˝!l≈!•ï˛ xÌ≈ áÑ%ˆÏç ˆÓÓ˚ Ü˛Ó˚y Ü˛‹T§yôƒ Óy x§Ω˛Ó •ˆÏï˛ ˛õyˆÏÓ˚– xhs˝!l≈!•ï˛

xÌ≈ §¡õˆÏÜ≈˛ §!ë˛Ü˛ Ù)°ƒyÎ˚ˆÏlÓ˚ çlƒ ã˛°ˆÏÜ˛Ó˚ Ùyl=!°ˆÏÜ˛ §y!Ó˚Ü˛Ó˚ˆÏlÓ˚ ÙyôƒˆÏÙ §Ç!«˛Æ xyÜ˛yˆÏÓ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y çÓ˚&!Ó˚–

˛õ!Ó˚§ÇáƒyˆÏl !Ó¢,C°Ë˛yˆÏÓ §!Iï˛ ã˛°ˆÏÜ˛Ó˚ Ùyl=!°ˆÏÜ˛ §y!Ó˚Ü˛Ó˚î Óy !ÓË˛yà#Ü˛Ó˚î ˛õ!Ó˚§Çáƒyl !ÓË˛yçl

(Frequency distribution) ÓˆÏ°– ˆÜ˛ylG ~Ü˛!ê˛ !l!ò≈‹T ˆ◊î#Ó˚ ÙˆÏôƒ ã˛°ˆÏÜ˛Ó˚ Îï˛=!° Ùyl ˛õí˛¸ˆÏÓ ˆ§•z §ÇáƒyˆÏÜ˛

í˛z_´ ˆ◊î#Ó˚ ˛õ!Ó˚§Çáƒyl (Frequency) ÓˆÏ° ~ÓÇ ˆÎ SÈˆÏÜ˛Ó˚ ÙyôƒˆÏÙ ã˛°ˆÏÜ˛Ó˚ §y!Ó˚Ü,˛ï˛ Ùyl G ï˛yÓ˚ ˛õ!Ó˚§Çáƒy

≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ñ ï˛yˆÏÜ˛ ˛õ!Ó˚§Çáƒy SÈÜ˛ Óy §yÓ˚!î (Frequency Tabel) Ó Ï̂°–

˛õ!Ó˚§Çáƒy !ÓË˛yçl ò%•z ≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚ ≠ (i) §Ó˚° ˛õ!Ó˚§Çáƒy !ÓË˛yçl (Simple Frequency Distribution)

~ÓÇ (ii) ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçlÈ (Grouped Frequency Distribution)
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(i) §Ó˚° ˛õ!Ó˚§Çáƒy !ÓË˛yçl ≠ È~•z !ÓË˛yçˆÏl ã˛°ˆÏÜ˛Ó˚ !Ó!Ë˛ß¨ Ùyl G ï˛yˆÏòÓ˚ ˛õ!Ó˚§Çáƒy fl∫ï˛sfË˛yˆÏÓ ≤ÃÜ˛y¢

Ü˛Ó˚y •Î˚– !lˆÏã˛ 30 çl  SÈyˆÏeÓ˚ ˛õÓ˚#«˛yÎ˚ ≤ÃyÆ l¡∫Ó˚ ˆòGÎ˚y  •° ï˛y ˆÌˆÏÜ˛ à!ë˛ï˛ §Ó˚° ˛õ!Ó˚§Çáƒy !ÓË˛yçl ˆòáyˆÏly

•° ≠

30 çˆÏlÓ˚ ≤ÃyÆ l¡∫Ó˚ ≠ 20, 25, 41, 27, 20, 27, 20, 46, 32, 27, 25, 46, 32, 27, 25, 46, 32,

41, 32, 27, 27, 25, 32, 41, 32, 25, 41, 27, 32, 27, 32, 41, 25, 27.

§yÓ˚!î lÇ 2É2

30 çl SÈyˆÏeÓ˚ l¡∫ˆÏÓ˚Ó˚ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

l¡∫Ó˚ ê˛y!°ÙyÜ≈̨ ˛õ!Ó˚§Çáƒy

20 3

25 5

27 8

32 7

41 5

46 3

ˆÙyê˛ — 30

l¡∫Ó˚ 20 : ˛õ!Ó˚§Çáƒy 3 Ó°ˆÏï˛ ˆÓyV˛yÎ˚ 20 l¡∫Ó˚ ˆ˛õˆÏÎ˚ˆÏSÈ ~Ó˚Ü˛Ù SÈyˆÏeÓ˚ §Çáƒy 3– í˛z˛õˆÏÓ˚Ó˚ ê˛y!°ÙyÜ≈˛ •Û°

ˆ•°yˆÏly òyà å/ä  ÎyÓ˚ ã˛yÓ˚!ê˛Ó˚ ˛õˆÏÓ˚ ˛õMÈ˛Ù!ê˛ xyí˛¸yxy!í˛¸Ë˛yˆÏÓ ˆòGÎ˚y •Î˚– ~Ó˚Ü˛Ù ˛õÑyã˛!ê˛ ê˛y!°ÙyˆÏÜ≈˛Ó˚ ~Ü˛!ê˛ =ˆÏFSÈÓ˚

˛õˆÏÓ˚ ~Ü˛ê%˛ ˆÓ!¢ ÊÑ˛yÜ˛ ˆòGÎ˚y •Î˚– ê˛y!°ÙyÜ≈˛ §Ó§ÙÎ˚ Ùyl Óy ÙyˆÏlÓ˚ ˆ◊î#Ó˚ ~Ü˛•z °y•zˆÏl Ó§yˆÏï˛ •ˆÏÓ– ˛õ!Ó˚§ÇáƒyÓ˚

àîlyÓ˚ ˛õˆÏ«˛ ~•z ˛õk˛!ï˛ §%!ÓôyçlÜ˛–

(ii)  ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçlÈüüüÈã˛°ˆÏÜ˛Ó˚ Ùyl x“§ÇáƒÜ˛ •ˆÏ° §Ó˚° ˛õ!Ó˚§Çáƒy !ÓË˛yçl ÎˆÏÌy˛õÎ%_´–

ˆÎ ˆ«˛ˆÏe ã˛°ˆÏÜ˛Ó˚ ≤Ãã%˛Ó˚ Ùyl Ó˚ˆÏÎ˚ˆÏSÈñ ˆ§ˆÏ«˛ˆÏe ~•zË˛yˆÏÓ !ÓË˛yçl ≤ÃyÎ˚ x§Ω˛Ó– ~ˆÏ«˛ˆÏe ˛õ!Ó˚§Çáƒy SÈÜ˛ˆÏÜ˛

§Ç!«˛ÆÜ˛Ó˚ˆÏîÓ˚ çlƒ §Çà,•#ï˛ Ó˚y!¢ï˛Ìƒ Ùy°yˆÏÜ˛ §!ë˛Ü˛Ë˛yˆÏÓ xl%ôyÓˆÏlÓ˚ çlƒ ã˛°ˆÏÜ˛Ó˚ ÙyˆÏlÓ˚ ≤Ã§yÓ˚ (range)

ˆÜ˛ Ü˛ï˛Ü˛=!° §§#Ù í˛z˛õ≤Ã§yÓ˚ (sub-range) ÈüÈ~ Ë˛yà Ü˛ˆÏÓ˚ ˆ§•z xl%ÎyÎ˚# ˆ◊î#Ók˛ Ü˛Ó˚y •Î˚– Ê˛ˆÏ°ñ ˆ◊î#Ók˛

õ!Ó˚§Çáƒy !ÓË˛yçl ≤Ã!e´Î˚yÎ˚ ã˛°ˆÏÜ˛Ó˚ Ùyl=!° Ü˛ï˛Ü˛=!° §§#Ù í˛z˛õ≤Ã§yˆÏÓ˚ ˆ◊î#Ók˛ Ü˛ˆÏÓ˚ ˆ◊î#=!°Ó˚ ˛õ!Ó˚§Çáƒy

!òˆÏÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏlÓ˚ ˆ«˛ˆÏe ã˛°ˆÏÜ˛Ó˚ ˆÜ˛yl ~Ü˛!ê˛ !ÓˆÏ¢£Ï ÙyˆÏlÓ˚ ˛õ!Ó˚§Çáƒy çyly

ÎyÎ˚ ly–

!lˆÏã˛ 100 çl SÈyˆÏeÓ˚ ˛õÓ˚#«˛yÎ˚ ≤ÃyÆ l¡∫Ó˚ ˆòGÎ˚y •° ~ÓÇ ï˛y ˆÌˆÏÜ˛ à!ë˛ï˛ ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

ˆòáyˆÏly •° ≠
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100 çl SÈyˆÏeÓ˚ ≤ÃyÆ l¡∫Ó˚ ≠

3 23 24 8 16 23 16 20 24 20

15 8 21 29 50 24 33 42 30 20

24 35 8 26 38 30 26 38 24 26

24 26 24 15 10 10 16 26 45 45

30 29 33 24 26 24 13 24 26 24

26 45 21 21 21 23 44 13 35 23

23 30 21 23 46 42 24 16 13 15

20 26 33 29 42 24 20 29 20 15

15 21 21 21 26 37 27 44 29 23

16 15 31 24 31 26 24 23 31 20

§y!Ó˚î lÇ 2É3

100 çl SÈyˆÏeÓ˚ l¡∫ˆÏÓ˚Ó˚ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

l¡∫Ó˚ ê˛y!°ÙyÜ≈̨ ˛õ!Ó˚§Çáƒy

1-5 1

6-10 5

11-15 9

16-20 12

21-25 31

26-30 20

31-35 8

36-40 3

41-45 8

46-50 3

ˆÙyê˛ — 100

2.4.1  ˛˛õ!Ó˚§Çáƒy !ÓË˛yçl àë˛ˆÏl !Ü˛S%È ≤ÃyÌ!ÙÜ˛ !lˆÏò≈¢

(i) ˆ◊î#§Çáƒy á%Ó Ü˛Ù Óy á%Ó ˆÓ!¢ •ˆÏÓ ly– ˆÓ!¢ •ˆÏ° àîly Ü˛yÎ≈ ò#â≈ G ç!ê˛° •Î˚ñ xyÓyÓ˚ á%Ó Ü˛Ù •ˆÏ°

˜Ó!¢ˆÏ‹TƒÓ˚ §!ë˛Ü˛ï˛y (accuracy) •yÓ˚yˆÏÓ– §yôyÓ˚îï˛ ˆ◊î#§Çáƒy 5 ˆÌˆÏÜ˛ 20 ~Ó˚ ÙˆÏôƒ •Î˚–
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(ii) ˆ◊!î˜Ïòâ≈ƒ ÎÌy§Ω˛Ó §Ùyl •GÎ˚y í˛z!ã˛ï˛– xÓ¢ƒ ˆÜ˛ylG ˆÜ˛ylG ˆ«˛ˆÏe ~Ó˚ Óƒ!ï˛e´Ù •ˆÏï˛ ˛õyˆÏÓ˚– xyˆÏÎ˚Ó˚

˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏl xyˆÏÎ˚Ó˚ ≤Ã§yÓ˚ á%Ó ˆÓ!¢ •Î˚ñ ÎÌy 100  ê˛yÜ˛y ˆÌˆÏÜ˛ 5000 ê˛yÜ˛y– ~ˆÏ«˛ˆÏe §Ùyl ˆ◊î#˜Ïòâ≈ƒ

§Ω˛Ó lÎ˚–

(iii) !ÓË˛yçˆÏl ã˛°ˆÏÜ˛Ó˚ §Ü˛° ÙylˆÏÜ˛ àîƒ Ü˛Ó˚ˆÏï˛ •ˆÏÓ– ˆÜ˛ylG Ùyl Óyò ˆòGÎ˚y ã˛°ˆÏÓ ly–

(iv) ˆ◊î#=!° ˛õÓ˚flõÓ˚ Óƒ!ï˛ˆÏÓ˚Ü˛# •ˆÏÓ xÌ≈yÍ ~Ü˛!ê˛ Ùyl ˆÜ˛Ó°Ùye ~Ü˛!ê˛ ˆ◊î#ˆÏï˛ ÌyÜ˛ˆÏÓ–

(v) Ù%_´ ≤ÃyÆ (open end) ˆ◊î# ÎÌy§Ω˛Ó Óç≈l Ü˛Ó˚y í˛z!ã˛ï˛–

2.5 ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏl ÓƒÓ•*ï˛ !Ü˛S%È §ÇK˛y

(i) x!Ó!FSÈß¨ G !Ó!FSÈß¨ ã˛°Ü˛ (Continuous and Discrete variables) : ˆÜ˛ylG ã˛°ˆÏÜ˛Ó˚ §Çà,•#ï˛

!Ó!Ë˛ß¨ Ùyl=!° Î!ò ~Ü˛!ê˛ !l!ò≈‹T §#ÙyÓ˚ ÙˆÏôƒ ÌyˆÏÜ˛ ˙ §#ÙyˆÏÜ˛ ã˛°ˆÏÜ˛Ó˚ ≤Ã§yÓ˚ (Range) Ó Ï̂°– ˆÎÙl ˆÜ˛ylG

ˆ◊î#Ó˚ SÈyeˆÏòÓ˚ í˛zFã˛ï˛yÓ˚ !Ó!Ë˛ß¨ Ùyl=!° Î!ò 120  ˆ§!Ù ˆÌˆÏÜ˛ 180 ˆ§!ÙÈüÈ~Ó˚ ÙˆÏôƒ ÌyˆÏÜ˛ñ ï˛ˆÏÓ SÈyeˆÏòÓ˚ í˛zFã˛ï˛yÓ˚

≤Ã§yÓ˚ •ˆÏÓ (180 – 120) ˆ§!Ù Óy 60 ˆ§!Ù– Î!ò ~Ü˛!ê˛ ã˛°Ü˛ ~Ó˚*˛õ •Î˚ ˆÎñ ~Ü˛!ê˛ !l!ò≈‹T ≤Ã§yˆÏÓ˚Ó˚ xhs˝Ó≈ï˛≈#

ˆÎ ˆÜ˛yl Ùyl í˛z•y @˝Ã•î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ñ ï˛ˆÏÓ ã˛°Ü˛!ê˛ˆÏÜ˛ x!Ó!FSÈß¨ ã˛°Ü˛ (continuous variable) ÓˆÏ°– xyˆÏ°yã˛ƒ

í˛zòy•Ó˚ˆÏî ˆÜ˛yl ~Ü˛çl SÈyˆÏeÓ˚ í˛zFã˛ï˛y 129 ˆ§!Ù Óy 129.8 ˆ§!Ù Óy 129.86  ˆ§!Ù Óy 120 ˆ§!Ù ˆÌˆÏÜ˛

180 ˆ§!ÙüÈ~Ó˚  ÙˆÏôƒ ˆÎ ˆÜ˛ylG §Çáƒy •ˆÏï˛˛ ˛õyˆÏÓ˚– xÌ≈yÍ x!Ó!FSÈß¨ ã˛°ˆÏÜ˛Ó˚ x§Çáƒ Ùyl ÌyÜ˛y §Ω˛yÓƒ– xyÎ˚ñ

í˛zFã˛ï˛yñ Gçlñ xyÎ˚ï˛lñ âlc ≤ÃË,̨ !ï˛ x!Ó!FSÈß¨ ã˛°ˆÏÜ˛Ó˚ í˛zòy•Ó˚î– !Ü˛v ˆÜ˛ylG ã˛°Ü˛ Î!ò ~Ùl •Î˚ ˆÎñ •z•y ˆÜ˛Ó°

Ü˛ˆÏÎ˚Ü˛!ê˛ !Ó!FSÈß¨ (isolated) Ùyl @˝Ã•î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ñ ï˛ˆÏÓ í˛z•yˆÏÜ˛ !Ó!FSÈß¨ ã˛°Ü˛ (Discrete variable) Ó Ï̂°–

ˆÜ˛ylG oˆÏÓƒÓ˚ í˛zÍ˛õyòl §Çáƒyñ ˆÜ˛ylG §Ë˛yÎ˚ ˆ°yˆÏÜ˛Ó˚ §Çáƒyñ !Ó!Ë˛ß¨ ˛õ!Ó˚ÓyˆÏÓ˚ !¢÷§Çáƒyñ Ê%˛ê˛Ó° ˆá°yÎ˚

ˆày°§Çáƒyñ !e´ˆÏÜ˛ê˛ ˆá°yÎ˚ Ó˚yl§Çáƒy •zï˛ƒy!ò !Ó!FSÈß¨ ã˛°ˆÏÜ˛Ó˚ í˛zòy•Ó˚î– Ê%˛ê˛Ó° ˆá°yÎ˚ ˆày°§Çáƒy Ü˛álG Ë˛@¿yÇ¢

•ˆÏï˛ ˛õyˆÏÓ˚ lyÈüüüÈ•z•y §Ó§ÙÎ˚•z xá[˛ ˛õ)î≈§Çáƒy •ˆÏÓ– xlƒË˛yˆÏÓ Ó°y ÎyÎ˚ñ Ùy˛õl#Î˚ myÓ˚y !lî≈#ï˛ ã˛°ˆÏÜ˛Ó˚ Ùyl

x!Ó!FSÈß¨ñ !Ü˛v àîlyÓ˚ myÓ˚y !lî≈#ï˛ ã˛°ˆÏÜ˛Ó˚ Ùyl !Ó!FSÈß¨–

(ii) ˆ◊î#!ÓË˛yà Óy ˆ◊î# ≤Ã§yÓ˚ (Class interval) : Î!ò ã˛°Ü˛ x!Ó!FSÈß¨ •Î˚ xÌÓy !Ó!FSÈß¨ ã˛°Ü˛ x!ôÜ˛

§ÇáƒÜ˛ Ùyl @˝Ã•î Ü˛ˆÏÓ˚ñ ï˛ˆÏÓ ã˛°ˆÏÜ˛Ó˚ ÙyˆÏlÓ˚ ≤Ã§yÓ˚ˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛ §§#Ù í˛z˛õ≤Ã§yˆÏÓ˚ !ÓË˛_´ Ü˛ˆÏÓ˚ ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy

!ÓË˛yçl ≤Ã!e´Î˚yÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ~•zˆÏ«˛ˆÏe ã˛°ˆÏÜ˛Ó˚ í˛z˛õ≤Ã§yÓ˚ˆÏÜ˛ ˆ◊î#!ÓË˛yà Óy ˆ◊î# ≤Ã§yÓ˚ ÓˆÏ°– §yÓ˚!î lÇ

2É3ÈüÈ~Ó˚ ≤ÃÌÙ hflÏˆÏΩ˛ í˛z•y ˆòáyˆÏly •ˆÏÎ˚ˆÏSÈ– ~•zË˛yˆÏÓ 1-5, 6-10, 11-15  •zï˛ƒy!ò !Ó!Ë˛ß¨ ˆ◊î# ≤Ã§yÓ˚–

Î!ò ˆÜ˛ylG ˆ◊î#Ó˚ ~Ü˛ ≤ÃyˆÏhs˝Ó˚ Ùyl xl%_´ ÌyˆÏÜ˛ñ ï˛ˆÏÓ •z•yˆÏÜ˛ Ù%_´≤Ãyhs˝ ˆ◊î# (open and class) Ó Ï̂°–

ˆÜ˛ylG ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏl ~Ü˛!ê˛ Óy ò%!ê˛ Ù%_´ ≤Ãyhs˝ ˆ◊î# ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚– Ù%_´ ≤Ãyhs˝ ˆ◊î# ï˛ál•z àë˛l Ü˛Ó˚y •Î˚ñ

Îál ≤Ãyhs˝#Î˚ Ùyl xlƒylƒ Ùyl ˆÌˆÏÜ˛ xˆÏlÜ˛ ò)ˆÏÓ˚ ÌyˆÏÜ˛ñ xlƒÌyÎ˚ !Ü˛S%È ˆ◊î#Ó˚ ˛õ!Ó˚§Çáƒy •Î˚ˆÏï˛y ¢)lƒ !°áˆÏï˛

•ˆÏÓ–

(iii) ˆ◊î# ˛õ!Ó˚§Çáƒy G ˆÙyê˛ ˛õ!Ó˚§Çáƒy (Class frequeny and Total frequency) : ã˛° Ï̂Ü˛Ó˚ Îï˛=!°
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Ùyl ~Ü˛!ê˛ ˆ◊î#Ó˚ xhs˝à≈ï˛ñ ˆ§•z §ÇáƒyˆÏÜ˛•z í˛z•yÓ˚ ˆ◊î# ˛õ!Ó˚§Çáƒy ÓˆÏ°– §yÓ˚!î lÇ 2É3ÈüÈ~ 16-20 ˆ◊î# !ÓË˛yˆÏàÓ˚

˛õ!Ó˚§Çáƒy 12– §ÙhflÏ ˆ◊î# !ÓË˛yˆÏàÓ˚ ˛õ!Ó˚§ÇáƒyÓ˚ §Ù!‹TˆÏÜ˛ ˆÙyê˛ ˛õ!Ó˚§Çáƒy ÓˆÏ°– §yÓ˚!î lÇ 2É3 ~Ó˚ ˆÙyê˛

˛õ!Ó˚§Çáƒy 100–

(iv) ˆ◊î# §#Ùy (Class Limit) ~ÓÇ ˆ◊î# §#Ùyly (Class Boundary) ≠ ˆÜ˛ylG ˆ◊î# ≤Ã§yˆÏÓ˚Ó˚ ò%!ê˛

≤Ãyhs Ï̂Ü˛ ˙ ˆ◊î#Ó˚ ˆ◊î# §#Ùy (Class Limit)  ~ÓÇ Óí˛¸!ê˛ˆÏÜ˛ |ôÁ≈ˆÏ◊î# §#Ùy (Upper Class Limit)  Ó Ï̂°–

§yÓ˚!î lÇ 2É3 ~ 21-25 ˆ◊î# ≤Ã§yˆÏÓ˚Ó˚ !l¡¨ˆÏ◊î# §#Ùy 21 ~ÓÇ |ôÁ≈̂ Ï◊î# §#Ùy 25–

x!Ó!FSÈß¨ ã˛°ˆÏÜ˛Ó˚ ˆ«˛ˆÏeñ Ó˚y!¢=!°ˆÏÜ˛ ˆÜ˛ylG ~Ü˛!ê˛ ~Ü˛ˆÏÜ˛Ó˚ xy§ß¨ Ùyl !°!˛õÓk˛ Ü˛Ó˚y •Î˚– ˆÎÙlñ !Ü˛S%È

ˆ°yˆÏÜ˛Ó˚ GçˆÏlÓ˚ !ÓË˛yçˆÏlÓ˚ Ü˛Ìy ôÓ˚y ÎyÜ˛– Î!ò Gçl ˛õyí˛zˆÏu˛Ó˚ Ü˛ySÈyÜ˛y!SÈ ˛õ!Ó˚Ùy˛õ Ü˛Ó˚y •Î˚ñ ï˛ˆÏÓ 99.5th ˆÌˆÏÜ˛

109.5th
ÈüÈ~Ó˚ ÙˆÏôƒ §ÙhflÏ Ó˚y!¢ï˛Ìƒ 100 – 109 ˆ◊î#≤Ã§yˆÏÓ˚Ó˚ xhs˝Ë%≈˛_´ •ˆÏÓ– 100 – 109 ˆ◊î# ≤Ã§yˆÏÓ˚Ó˚ çlƒ

99.5 ˆÜ˛ !l¡¨ˆÏ◊î# §#Ùyly (Lower Class Boundary) ~ÓÇ 109.5ÈüÈˆÜ˛ |ôÁ≈ˆÏ◊î# §#Ùyly (Upper Class

Boudary)  ÓˆÏ°– xl%Ó˚*˛õË˛yˆÏÓñ 110-119 ˆ◊î#≤Ã§yˆÏÓ˚Ó˚ çlƒ !l¡¨ˆÏ◊î# §#Ùyly G |ôÁ≈ˆÏ◊î# §#Ùyly ÎÌye´ˆÏÙ

109.5 ~ÓÇ 119.5– ~ˆÏ«˛ˆÏe 99.5 ˆÌˆÏÜ˛ 100.5 ˛õÎ≈hs˝ ˆÎ ˆÜ˛ylG ÙyˆÏlÓ˚ xy§ß¨ Ùyl 100– xyÓyÓ˚ 99.45 ˆÌˆÏÜ˛

99.55 ˛õÎ≈hs˝ ˆÎ ˆÜ˛ylG ÙyˆÏlÓ˚ ~Ü˛ ò¢!ÙÜ˛ ˛õÎ≈hs˝ xy§ß¨ Ùyl 99.5– °«˛î#Î˚ ˆÎñ ˆÜ˛ylG ˆ◊î#Ó˚ |ôÁ≈ˆÏ◊î# §#Ùyly

˛õÓ˚Óï≈˛# ˆ◊î# !l¡¨ˆÏ◊î# §#ÙylyÓ˚ §Ùyl •Î˚– !l¡¨!°!áï˛ í˛z˛õyˆÏÎ˚ ˆ◊î# §#Ùyly !lî≈Î˚ Ü˛Ó˚y •Î˚–

!l¡¨ ˆ◊î# §#Ùyly = !l¡¨ˆÏ◊î# §#Ùy 
d
2



~ÓÇ |ôÁ≈ˆÏ◊î# §#Ùyly = |ôÁ≈ˆÏ◊î# §#Ùy 
d
2



ˆÎáyˆÏl d •° ˆÜ˛ylG ˆ◊î#Ó˚ |ôÁ≈§#Ùy G ˛õÓ˚Óï≈˛# ˆ◊î#Ó˚ !l¡¨§#ÙyÓ˚ ÙˆÏôƒ ˛õyÌ≈Ü˛ƒ–

(v) Ùôƒ!Ó®% (Mid point or Mid value or Class Mark) : ˆÜ˛ylG ˆ◊î#!ÓË˛yˆÏàÓ˚ !ë˛Ü˛ ÙôƒÙylˆÏÜ˛

ˆ◊î#Ó˚ Ùôƒ!Ó®% ÓˆÏ°– •z•y ò%!ê˛ ˆ◊î#§#Ùy Óy ˆ◊î# §#ÙylyÓ˚ àí˛¸ñ xÌ≈yÍ

Ùôƒ!Ó®% 
1
2

 å!l¡¨ˆÏ◊î# §#Ùy + |ôÁ≈ˆÏ◊î# §#Ùyä

        = 1
2

å!l¡¨ˆÏ◊î# §#Ùyly + |ôÁ≈ˆÏ◊î# §#Ùylyä

§yÓ˚!î lÇ 2É3ÈüÈ~ 26-30 ˆ◊î#Ó˚ Ùôƒ!Ó®% •°  1 26 30
2

  Óy 28–

(vi) ˆ◊î# ˜òâ≈ƒ (Size or Width of Class Inverval) : ˆÜ˛ylG ˆ◊î# !ÓË˛yˆÏàÓ˚ |ôÁ≈ G !l¡¨ §#ÙylyÓ˚

xhs˝Ó˚Ê˛°ˆÏÜ˛ ˙ ˆ◊î#Ó˚ ˜òâ≈ƒ ÓˆÏ°– §yÓ˚!î lÇ 2É3ÈüÈ~ 31-35 ˜òâ≈ƒ 35.5 – 30.5 = 5 °«˛î#Î˚– ~•z §yÓ˚!îˆÏï˛

§ÙhflÏ ˆ◊î#Ó˚ ˜òâ≈ƒ 5–



NSOU ●  GE-EC-31 21

(vii) ˛õ!Ó˚§Çáƒy âlc (Frequency density) : ˆÜ˛ylG ˆ◊î# !ÓË˛yˆÏàÓ˚ ≤Ã!ï˛ ~Ü˛Ü˛ ˆ◊î# ˜òˆÏâ≈ƒÓ˚

˛õ!Ó˚§ÇáƒyˆÏÜ˛ ˆ◊î#!ê˛Ó˚ ˛õ!Ó˚§Çáƒy âlc ÓˆÏ°–

˛õ!Ó˚§Çáƒyl âlc =  

2É3 lÇ §yÓ˚!îÓ˚ 21-25 ˆ◊î#Ó˚ ˛õ!Ó˚§Çáƒy âlc 
31 6.2
5

 

(viii) xyl%˛õy!ï˛Ü˛ ˛õ!Ó˚§Çáƒy (Relative Frequency) : ˆ◊!î !ÓË˛yˆÏàÓ˚ ˛õ!Ó˚§Çáƒy Î!ò ˆÙyê˛ ˛õ!Ó˚§ÇáƒyÓ˚

xl%˛õyï˛ !•ˆÏ§ˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ñ ï˛ˆÏÓ ï˛yˆÏÜ˛ ˙ ˆ◊î#Ó˚ xyl%˛õy!ï˛Ü˛ ˛õ!Ó˚§Çáƒy ÓˆÏ°–

xyl%˛õy!ï˛Ü˛ ˛õ!Ó˚§Çáƒy = 

2É3 lÇ §yÓ˚!îÓ˚ 41-45 ˆ◊î#Ó˚ xyl%˛õy!ï˛Ü˛ ˛õ!Ó˚§Çáƒy •° 
8

100 Óy 0.08–

§yÓ˚!î lÇ 2É4

ˆ◊î# §#Ùyñ ˆ◊î# §#Ùylyñ Ùôƒ!Ó®%ñ ˛õ!Ó˚§Çáƒy âlc G xyl%˛õy!ï˛Ü˛ ˛õ!Ó˚§Çáƒy

ˆ◊î# ≤Ã§yÓ˚ ˆ◊î# ˆ◊î# §#Ùy ˆ◊î# §#Ùyly Ùôƒ!Ó®% ˆ◊î# ˛˛õ!Ó˚§Çáƒy xyl%˛õy!ï˛Ü˛

˛õ!Ó˚§Çáƒy !l¡¨ |ôÁ≈ !l¡¨ |ôÁ≈ ˜òâ≈ƒ âlc ˛õ!Ó˚§Çáƒy

1–5 1 1 5 0.5 5.5 3 5 0.2 0.01

6–10 5 6 10 5.5 10.5 8 5 1.0 0.05

11–15 9 11 15 10.5 15.5 13 5 1.8 0.09

16–20 12 16 20 15.5 20.5 18 5 2.4 0.12

21–25 31 21 25 20.5 25.5 23 5 6.2 0.31

26–30 20 26 30 25.5 30.5 28 5 4.0 0.20

31–35 8 31 35 30.5 35.5 33 5 1.6 0.08

36–40 3 36 40 35.5 40.5 38 5 0.6 0.03

41–45 8 41 45 40.5 45.5 43 5 1.6 0.08

46-50 3 46 50 45.5 50.5 48 5 0.6 0.03

ˆÙyê˛ 100 — — — — — — — 1.00
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2.5.1 ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl àë˛l

ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl àë˛ˆÏlÓ˚ çlƒ !l¡¨!°!áï˛ ôy˛õ=!° xl%§Ó˚î Ü˛Ó˚y •Î˚ ≠

(i) ˛≤ÃÌˆÏÙ Ùyl=!°Ó˚ ≤Ã§yÓ˚ åxÌ≈yÍñ §ˆÏÓ≈yFã˛ ÙylÈüüüÈ§Ó≈!l¡¨ Ùylä !lî≈Î˚ Ü˛Ó˚y •Î˚–

(ii) ≤Ã§yÓ˚ˆÏÜ˛ í˛z˛õÎ%_´ ˆ◊î#!ÓË˛yà §ÇáƒyÎ˚ Ë˛yà Ü˛Ó˚ˆÏï˛ •Î˚– •z•y ~ÙlË˛yˆÏÓ Ü˛Ó˚y •Î˚ ÎyˆÏï˛ ˆ◊î# ˜òâ≈ƒ Óy

ï˛yÓ˚ =!îï˛Ü˛ •Î˚ñ àîly Ü˛yÎ≈ §•ç •GÎ˚yÓ˚ í˛z˛õÎ%_´–

(iii) ≤ÃÌÙ ˆ◊î#Ó˚ !l¡¨§#Ùy ¢)lƒ (0) Óy 5 Óy ï˛yÓ˚ =!îï˛Ü˛ •GÎ˚y í˛z!ã˛ï˛– ˆÎÙlÈüüüÈÎ!ò §Ó≈!l¡¨ Ùyl 27  ~ÓÇ

ˆ◊î# !ÓË˛yˆÏàÓ˚ ˜òâ≈ƒ  10 •Î˚ñ ï˛ˆÏÓ ≤ÃÌÙ ˆ◊î# 27-37ÈüÈ~Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ 25-35 •GÎ˚y í˛z!ã˛ï˛–

(iv) ê˛y!°ÙyˆÏÜ≈˛Ó˚ §y•yˆÏÎƒ ˆ◊î# ˛õ!Ó˚§Çáƒy !lî≈Î˚ Ü˛Ó˚y •Î˚–

(v) ≤ÃÌÙ hflÏΩ˛ ˆ◊î# ≤Ã§yÓ˚ G !mï˛#Î˚ hflÏˆÏΩ˛ ï˛yÓ˚ ˛õ!Ó˚§Çáƒy ˆÓ˚ˆÏá §yÓ˚!î Óy SÈÜ˛ ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ •Î˚– ~ê˛y•z

!lˆÏî≈Î˚ ˛õ!Ó˚§Çáƒy !ÓË˛yçl •ˆÏÓ–

2.6 !Ó!Ë˛ß¨ ˛õk˛!ï˛ˆÏï˛ ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl í˛z˛õfliy˛õl

2É3 lÇ §yÓ˚!îˆÏï˛ ˆ◊î#§#Ùy (Class Limits) ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆ◊î# ≤Ã§yÓ˚ Óy ˆ◊î# !ÓË˛yà ˆòáyˆÏly •ˆÏÎ˚ˆÏSÈ–

!lˆÏã˛ xyÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ í˛z˛õfliy˛õl ˆòáyl •° ≠

§yÓ˚!î lÇ 2É5 §yÓ˚!î lÇ 2É6

142 çl SÈyˆÏeÓ˚ ≤ÃyÆ l¡∫Ó˚ 250 çl Ü˛Ù≈#Ó˚ §yÆy!•Ü˛ xyÎ˚

l¡∫Ó˚ ˛õ!Ó˚§Çáƒy xyÎ˚ åê˛yÜ˛yÓ˚ä ˛õ!Ó˚§Çáƒy

0–10 5 30– 3

10–20 10 32– 8

20–30 20 34– 24

30–40 40 36– 31

40–50 30 38– 50

50–60 20 40– 61

60–70 10 42– 38

70–80 4 44– 21

80–90 2 46– 12

90–100 1 48–50 2

ˆÙyê˛ÈüüüÈ 142 ˆÙyê˛ÈüüüÈ 250
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§yÓ˚!î lÇ 2É7 §yÓ˚!î lÇ 2É8

40 çl ˆ°yˆÏÜ˛Ó˚ §yÆy!•Ü˛ xyÎ˚ 80 çl SÈyˆÏeÓ˚ ≤ÃyÆ l¡∫Ó˚

xyÎ˚ åê˛yÜ˛yÓ˚ä ˛õ!Ó˚§Çáƒy l¡∫Ó˚ ˛õ!Ó˚§Çáƒy

30 ~Ó˚ í˛z˛õÓ˚ !Ü˛v 40 ~Ó˚ l#ˆÏã˛ 8 30-~Ó˚ l#ˆÏã˛ 7

40 ~Ó˚ í˛z˛õÓ˚ !Ü˛v 50 ~Ó˚ l#ˆÏã˛ 12 30-40˛ 12

50 ~Ó˚ í˛z˛õÓ˚ !Ü˛v 60 ~Ó˚ l#ˆÏã˛ 6 40-50˛ 25

60 ~Ó˚ í˛z˛õÓ˚ !Ü˛v 70 ~Ó˚ l#ˆÏã˛ 4 50-60˛ 16

70 ~Ó˚ í˛z˛õÓ˚ !Ü˛v 80 ~Ó˚ l#ˆÏã˛ 10 60-70 15

ˆÙyê˛ ˛ 40 70üÈ~Ó˚ í˛z˛õÓ˚ 5

ˆÙyê˛ÈüüüÈ˛ 80

2É5 lÇ §yÓ˚î#ˆÏï˛ ˆ◊î# ≤Ã§yÓ˚ ˆ◊î# §#Ùyly (Class boundaries) !òˆÏÎ˚ ˆòáyˆÏly •ˆÏÎ˚ˆÏSÈ– ˆÎ Ùyl!ê˛ ˆ◊î#

§#ÙylyÓ˚ §ˆÏD §Ùyl •Î˚ ï˛y §yôyÓ˚î ˛õÓ˚Óï≈˛# ˆ◊î#ˆÏï˛ ôÓ˚y •Î˚– ˆÎÙl l¡∫Ó˚ 20 G 30 ÎÌye´ˆÏÙ 20-30 G

30-40 ˆ◊î#ˆÏï˛ Ó˚ˆÏÎ˚ˆÏSÈ–

2É6 lÇ §yÓ˚î#ˆÏï˛ ˆ◊î#≤Ã§yÓ˚ ˆòáyˆÏlyÓ˚ §ÙÎ˚ |ôÁ≈ˆÏ◊î# §#Ùy (Upper Class Limit) =ˆÏ° ˛õ!Ó˚‹ÒyÓ˚Ë˛yˆÏÓ

ˆòáyˆÏly •Î˚!l– ≤ÃÌÙ ˆ◊î# ≤ÃÜ,˛ï˛˛õˆÏ«˛ 30 G ï˛yÓ˚ í˛z˛õÓ˚ñ !Ü˛v 32ÈüÈ~Ó˚ !lˆÏã˛ ~ÓÇ !mï˛#Î˚ ˆ◊î# 32 G ï˛yÓ˚ í˛z˛õÓ˚ñ

!Ü˛v 34ÈüÈ~Ó˚ !lˆÏã˛–

2É7 lÇ §yÓ˚!îˆÏï˛ ˆÜ˛ylG ˆ◊î#Ó˚ |ôÁ≈§#Ùy ˛õÓ˚Óï≈˛# ˆ◊î#ˆÏï˛ Ó˚ˆÏÎ˚ˆÏSÈ– ˆÎÙl ≤ÃÌÙ ˆ◊î#Ó˚ 40 !mï˛#Î˚ ˆ◊î#ˆÏï˛ñ

!mï˛#Î˚ ˆ◊î#Ó˚ 50 ï,˛ï˛#Î˚ ˆ◊î#ˆÏï˛ Ó˚ˆÏÎ˚ˆÏSÈ–

2É8 lÇ §yÓ˚!îˆÏï˛ ≤ÃÌÙ ˆ◊î# G ˆ¢£Ï ˆ◊î# Ù%_´ (Open)– Ê˛ˆÏ° ≤ÃÌÙ ˆ◊î#Ó˚ !l¡¨§#Ùy G ˆ¢£Ï ˆ◊î#Ó˚

í˛zôÁ≈§#Ùy xçyly– Î!ò §Ü˛° ˆ◊î# ≤Ã§yˆÏÓ˚Ó˚ ˜òâ≈ƒ §Ùyl •Î˚ñ ï˛ˆÏÓ Ù%_´ ≤Ãyhs˝#Î˚ ˆ◊î#=!° §Ù≤Ã§yÓ˚ !Ó!¢‹T

ôÓ˚y •Î˚ñ xlƒÌyÎ˚ ï˛y xçyly ÌyÜ˛ˆÏÓ–

2.6.1 e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

˛õ!Ó˚§ÇáƒyˆÏl xˆÏlÜ˛ §ÙÎ˚ ã˛°ˆÏÜ˛Ó˚ ~Ü˛!ê˛ !l!ò≈‹T Ùyl xˆÏ˛õ«˛y Ó˚y!¢ï˛ÌƒÙy°yÓ˚ Ü˛ï˛=!° Ùyl ˆSÈyê˛ åÓy Óí˛¸ä

ï˛y çylyÓ˚ ≤ÃˆÏÎ˚yçl •Î˚– ~•z§Ó ˆ«˛ˆÏeñ !l!ò≈‹T Ùyl ˛õÎ≈hs˝ Óy ÙyˆÏlÓ˚ í˛z˛õˆÏÓ˚ ˛õ!Ó˚§Çáƒy=!°ˆÏÜ˛ e´Ùyß∫ˆÏÎ˚ ˆÏÎyà

(accumulate) Ü˛Ó˚ˆÏï˛ •Î˚– ~•z e´Ùyß∫ˆÏÎ˚ ˆÎyà Ü˛Ó˚y ˛õ!Ó˚§ÇáƒyˆÏÜ˛ !ÓË˛yçl ≤Ã!e´Î˚yÎ˚ Î!ò ≤ÃÌÙ Óy í˛z˛õÓ˚ ˆÌˆÏÜ˛

˛õ!Ó˚§Çáƒy ÎÌye´ˆÏÙ a, b, c, d  •zï˛ƒy!ò •Î˚ñ ï˛ˆÏÓ !mï˛#Î˚ñ ï,˛ï˛#Î˚ñ ã˛ï%˛Ì≈ •zï˛ƒy!ò !ÓË˛yà ˛õÎ≈hs˝ ˆÙyê˛ ˛õ!Ó˚§ÇÈáƒy

•ˆÏÓ ÎÌye´ˆÏÙ (a + b), (a + b + c), (a + b + c + d) •zï˛ƒy!ò ~ÓÇ ~=!° ÎÌye´ˆÏÙ !ÓË˛yà=!°Ó˚ e´ÙˆÏÎÔ!àÜ˛

˛õ!Ó˚§Çáƒy !lˆÏò≈¢ Ü˛ˆÏÓ˚–
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Îï˛=!° §Çáƒy !l!ò≈‹T ÙyˆÏlÓ˚ §Ùyl Óy ï˛yÓ˚ ˆã˛ˆÏÎ˚ !lˆÏã˛ ˆ§•z §ÇáƒyˆÏÜ˛ ÚÚ!lã˛ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§ÇáƒyÛÛ

(Less than cumulative frequency) ~ÓÇ Ü˛ï˛=!° §Çáƒy !l!ò≈‹T ÙyˆÏlÓ˚ §Ùyl Óy ï˛yÓ˚ ˆÌˆÏÜ˛ ˆÓ¢# •Î˚– ˆ§•z

§ÇáƒyˆÏÜ˛ ÚÚí˛z˛õÓ˚ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§ÇáƒyÛÛ (Greater-than cumulative frequency) Ó Ï̂°–

Î!ò ã˛°ˆÏÜ˛Ó˚ !Ó!Ë˛ß¨ ÙylG ï˛yÓ˚ xl%Ó˚*˛õ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy å!lã˛ ˆÌˆÏÜ˛ Óy í˛z˛õÓ˚ ˆÌˆÏÜ˛ä ~Ü˛!ê˛ SÈÜ˛ Óy

§yÓ˚!îˆÏï˛ §yçyˆÏly •Î˚ñ ï˛ˆÏÓ ï˛yˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl (Cumulative Frequency Distribution)

ÓˆÏ°– ˆ◊î#Ók˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ ˆ«˛ˆÏeñ e´ÙˆÏÎ!àÜ˛ ˛õ!Ó˚§Çáƒy xl%Ó˚*˛õ ˆ◊î# §#ÙylyÓ˚ !Ó˛õÓ˚#ˆÏï˛ !°áˆÏï˛ •Î˚–

ˆÜ˛Ó°Ùye e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy Ó°ˆÏï˛ §yôyÓ˚îï˛ Ú!lã˛ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§ÇáƒyÛÈüÈˆÜ˛ ˆÓyV˛yÎ˚–

!lˆÏã˛ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl SÈÜ˛ ˆòáyˆÏly •° ≠

§yÓ˚!î lÇ 2É9

30 çl SÈyˆÏeÓ˚ l¡∫ˆÏÓ˚Ó˚ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

l¡∫Ó˚ ˛õ!Ó˚§Çáƒy e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy

!lã˛ ˆÌˆÏÜ˛ í˛z˛õÓ˚ ˆÌˆÏÜ˛

20 3 3 30

25 5 8 27

27 8 16 22

32 7 23 14

41 5 28 7

46 2 30 2

ˆÙyê˛ 30 — —

§yÓ˚!î lÇ 2É10

60 çl SÈyˆÏeÓ˚ GçˆÏlÓ˚ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

ˆ◊î# ˛õ!Ó˚§Çáƒy e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy

§#Ùyly !lã˛ ˆÌˆÏÜ˛ í˛z˛õÓ˚ ˆÌˆÏÜ˛

29.5 0 0 60

34.5 3 3 57

39.5 5 8 52

44.5 12 20 40
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ˆ◊î# ˛õ!Ó˚§Çáƒy e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy

§#Ùyly !lã˛ ˆÌˆÏÜ˛ í˛z˛õÓ˚ ˆÌˆÏÜ˛

49.5 18 38 22

54.5 14 52 8

59.5 6 58 2

64.5 2 60 0

ˆÙyê˛ 60 — —

§yÓ˚!î lÇ 2É11

60 çl SÈyˆÏeÓ˚ GçˆÏlÓ˚ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

Gçl åˆÜ˛!çˆÏï˛ä ˛õ!Ó˚§Çáƒy e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy

!lã˛ ˆÌˆÏÜ˛ í˛z˛õÓ˚ ˆÌˆÏÜ˛

30–40 3 3 60

35–39 5 8 57

40–44 12 20 52

45–49 18 38 40

50–54 14 52 22

55–59 6 58 8

60–64 2 60 2

ˆÙyê˛ 60 — —

2.7 ≤Ã!ï˛!°!˛õÓ˚ (Diagram) §y•yˆÏÎƒ í˛z˛õfliy˛õlyÓ˚ §%!Óôy G x§%!Óôy

Î!òG ˆ◊î# !Ólƒy§ G SÈÜ˛ !Ólƒy§ Ó˚y!¢ï˛ÌƒˆÏÜ˛ !ÓK˛yl§¡øï˛Ë˛yˆÏÓ G §Ç!«˛Æ xyÜ˛yˆÏÓ˚ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ ï˛Ó%G

x!ôÜ˛yÇ¢ Ùyl%ˆÏ£ÏÓ˚ ˛õˆÏ«˛ fl∫“ §ÙˆÏÎ˚ G xlyÎ˚yˆÏ§ í˛z•yÓ˚ ï˛yÍ˛õÎ≈ xl%ôyÓl Ü˛Ó˚y §Ω˛Ó •Î˚ly– Î!òG ˆ°á (Graphs)

Óy ã˛yê≈̨  (Charts) Óy !ã˛e ˆÜ˛Ó°Ùye fli(° (approximate) ≤Ã!ï˛!°!˛õ ï%˛ˆÏ° ôˆÏÓ˚ñ ï˛Ó% ~Ó˚ ò,!‹T xyÜ˛£Ï≈î# «˛Ùï˛y

≤Ãã%˛Ó˚– ˆ§çlƒ §ÇÓyò˛õeñ !Ó!Ë˛ß¨ ˛õeÈüÈ˛õ!eÜ˛yñ §Ó˚Ü˛yÓ˚# G ˆÓ§Ó˚Ü˛yÓ˚# §Çfliy§Ù)•ˆÏÜ˛ ˛õ!Ó˚§ÇáƒyˆÏlÓ˚ Ó˚y!¢ï˛Ìƒ xˆÏlÜ˛
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§ÙˆÏÎ˚•z ˆ°á G !ã˛ey!òÓ˚ myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚ˆÏï˛ ˆòáy ÎyÎ˚– ˆ°á G !ã˛ey!ò ÓƒÓ•yˆÏÓ˚ !l¡¨!°!áï˛ Ü˛ï˛Ü˛=!° §%!Óôy

G x§%!Óôy xyˆÏSÈ /

§%!Óôy ≠

(i) ~•z ˛õk˛!ï˛ §yôyÓ˚î ˆ°yˆÏÜ˛Ó˚ Ü˛yˆÏSÈ !ã˛_yÜ˛£Ï≈Ü˛ G ï˛ÌƒÓ‡°–

(ii) ç!ê˛° ˆÜ˛ylG §Ù§ƒy xˆÏlÜ˛ §ÙÎ˚ ˆ°á G !ã˛ey!ò myÓ˚y §•çˆÏÓyôƒ •Î˚–

(iii) •z•yÓ˚ myÓ˚y !Ó!Ë˛ß¨ Ó˚y!¢ï˛ÌƒÙy°yÓ˚ ï%˛°ly Ü˛Ó˚y á%Ó §•ç •Î˚–

(iv) ÙyˆÏlÓ˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ •yÓ˚ ˆ°á G !ã˛ey!ò ˆÌˆÏÜ˛ §•çˆÏÓyôƒ •Î˚–

(v) •z•y ã˛°ˆÏÜ˛Ó˚ xhs˝/Ùyl (interpolation) !lî≈ˆÏÎ˚ §y•yÎƒ Ü˛ˆÏÓ˚–

(vi) Ó˚y!¢ï˛ÌƒÙy°yÓ˚ !ÓˆÏ¢£Ï ˆÜ˛ylG ≤ÃÓîï˛y (trend) ÌyÜ˛ˆÏ° Ó%V˛ˆÏï˛ §%!Óôy •Î˚–

(vii) ˆ°á G !ã˛ey!òÓ˚ §y•yˆÏÎƒ §Çà,•#ï˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ ÙˆÏôƒ ˆÜ˛ylG e&!ê˛ ÌyÜ˛ˆÏ° ï˛y ò,!‹TˆÏàyã˛Ó˚ •Î˚–

x§%!Óôy ≠

(i) SÈˆÏÜ˛Ó˚ §y•yˆÏÎƒ ≤ÃÜ˛y!¢ï˛ Ó˚y!¢ï˛ˆÏÌƒ ã˛°ˆÏÜ˛Ó˚ §!ë˛Ü˛ Ùyl ˛õyGÎ˚y ÎyÎ˚– !Ü˛v ˆ°á Óy !ã˛ey!òÓ˚ ÙyôƒˆÏÙ

≤ÃÜ˛y!¢ï˛ ï˛ˆÏÌƒ ã˛°ˆÏÜ˛Ó˚ §!ë˛Ü˛ Ùyl ˛õyGÎ˚y §Ω˛Ó lÎ˚–

(ii) •z•yÓ˚ myÓ˚y ≤ÃÜ˛y!¢ï˛ Ó˚y!¢ï˛ˆÏÌƒ !Óhfl,Ïï˛ !ÓÓÓ˚î ÌyˆÏÜ˛ ly–

(iii) •z•y ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ÎˆÏÌ‹T §ÙÎ˚ G §yÓôylï˛yÓ˚ ≤ÃˆÏÎ˚yçl– xlƒÌyÎ˚ Ë%˛° !§k˛yˆÏhs˝ í˛z˛õl#ï˛ •GÎ˚yÓ˚ §Ω˛yÓly

ÌyˆÏÜ˛–

(iv) •z•y Ü˛álG Ü˛álG §yôyÓ˚î Ùyl%£ÏˆÏÜ Ë%˛° ˛õˆÏÌ ˛õ!Ó˚ã˛y!°ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚–

2.8 !Ó!Ë˛ß¨ ôÓ˚ˆÏlÓ˚ ˆ°á!ã˛e

!Ó!Ë˛ß¨ ôÓ˚ˆÏlÓ˚ ˆ°á!ã˛e=!° •° ≠

(i) ˆÓ˚áy!ã˛e (Line Chart) Óy ˆ°á (Graph)

(ii) ÓyÓ˚!ã˛e Óy ò[˛!ã˛e (Bar Chart)

(iii) xyl%˛õy!ï˛Ü˛ !ã˛e Óy ˆ§!Ù °ày!Ó˚ò‰Ù‰ ˆ°á!ã˛e (Ratio Chart OR Semi-Logarithmic Graph)

(iv) ˛õy•z !ã˛e (Pie Chart or Pie Graph)

(v) xyÎ˚ï˛ˆÏ°á (Histogram)

(vi) ˛õ!Ó˚§Çáƒy Ó‡Ë%˛ç (Frequency Polygen)

(vii) e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áy (Ogive or Cumulative Frequency Curve)

(viii) ˛õ!Ó˚§Çáƒy ò[˛ ˆ°á (Column Diagram)

(ix) ôy˛õ!ã˛e (Step Diagram)
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(i) ˆÓ˚áy!ã˛e (Line Chart) Óy ˆ°á (Graph) ≠

~•z ôÓ˚ˆÏlÓ˚ ˆ°áy!ã˛ˆÏe XüÈx«˛ ÓÓ˚yÓÓ˚ fl∫yô#l ã˛°ˆÏÜ˛Ó˚ (independent variable) ~ÓÇ xô#l ã˛° Ï̂Ü˛Ó˚

(dependent variable) YÈüÈx«˛ ÓÓ˚yÓÓ˚ !Ó®%=!° fliy˛õl Ü˛Ó˚y •Î˚– ~•zË˛yˆÏÓ ˆÎ !Ó®%=!° ˆ°áÈüÈˆï˛ ˛õyGÎ˚y ÎyÎ˚

ˆ§=!°ˆÏÜ˛ ˛õÎ≈yÎ˚e´ˆÏÙ (successively) §Ó˚°ˆÏÓ˚áy myÓ˚y ˆÎyà Ü˛Ó˚ˆÏ° ˆÎ !ã˛e ˛õyGÎ˚y ÎyÎ˚ ï˛yˆÏÜ˛ ˆÓ˚áy!ã˛e Óy ˆ°á

ÓˆÏ°–

ˆÜ˛ylG Ü˛y°#l §y!Ó˚Ó˚ ˆ°!áÜ˛ ≤ÃÜ˛y¢ˆÏÜ˛ !•ˆÏfiê˛y!Ó˚@˝ÃyÙ (Historigram) Óy Ü˛y°#l ˆ°á ÓˆÏ°–

í˛zòy•Ó˚î ≠ 1É ˆÜ˛yl §ÇfliyÓ˚ ≤ÃÌÙ SÈÎ˚ ÙyˆÏ§Ó˚ Ùy!§Ü˛ ày!í˛¸Ó˚ í˛zÍ˛õyòl !lˆÏã˛ ˆòGÎ˚y •°– ~Ü˛!ê˛ ˆÓ˚áy!ã˛ˆÏeÓ˚

§y•yˆÏÎƒ ï˛Ìƒ=!°ˆÏÜ˛ í˛z˛õfliy˛õl Ü˛Ó˚&l–

Ùy§ çyl%Î˚y!Ó˚ ˆÊ˛Ó &Î˚y!Ó˚ Ùyã≈̨ ~!≤Ã° ˆÙ ç%l

ày!í˛¸Ó˚ §Çáƒy 160 180 140 180 200 210

§Ùyôyl ≠

í˛zòy•Ó˚î ≠ 2É !lˆÏã˛Ó˚ SÈˆÏÜ˛ ~Ü˛çl ˆ°yˆÏÜ˛Ó˚ !Ó!Ë˛ß¨ ÓÎ˚ˆÏ§ í˛zFã˛ï˛y G Gçl ˆòGÎ˚y xyˆÏSÈ–

ÓÎ˚§ åÓSÈÓ˚ä 4 6 8 10 12 14 16 18 20

í˛zFã˛ï˛y åˆ§!Ùä 75 90 105 125 140 150 175 185 195

Gçl åˆÜ˛!çä 20 25 35 40 45 55 60 65 70

ò%!ê˛ ˆÓ˚áy!ã˛e xB˛l Ü˛Ó˚ SÈˆÏÜ˛Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ ~ÓÇ ˆ°yˆÏÜ˛Ó˚ í˛zFã˛ï˛y G GçlˆÏÜ˛ x!Ó!FSÈß¨ ã˛°Ü˛ ÙˆÏl Ü˛ˆÏÓ˚

ˆ°á!ã˛e xhs˝/Ùyl !lî≈Î˚ ˛õk˛!ï˛ˆÏï˛ ˙ Óƒ!_´Ó˚ 9 ÓSÈÓ˚ ÓÎ˚ˆÏ§ í˛zFã˛ï˛y G Gçl Ü˛ï˛ !SÈ° !lî≈Î˚ Ü˛Ó˚&l–
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í˛zFã˛ï˛yÓ˚ ̂ Ó˚áy!ã˛e ̂ ÌˆÏÜ˛ ̂ òáy ÎyˆÏFSÈ ̂ ÏÎñ 9 ÓSÈÓ˚ ÓÎ˚ˆÏ§ ~Ü˛çˆÏlÓ˚ í˛zFã˛ï˛y xyl%Ùy!lÜ˛ 112.5 ̂ §!Ù åAÈüÈ!ã˛!•´ï˛

fliylä ~ÓÇ Gçl 37 ˆÜ˛!ç åBÈüÈ!ã˛!•´ï˛ fliylä !SÈ°–

(ii) ÓyÓ˚!ã˛e Óy ò[˛ !ã˛e ≠

ò[˛!ã˛e Óy ÓyÓ̊!ã˛e ̨õ!Ó̊§ÇáƒylÈüÈ!Ó£ÏÎ̊Ü˛ Ó̊y!¢ï˛ Ï̂ÌƒÓ̊ ≤ÃÜ˛y Ï̂¢Ó̊ xyÓ̊ ~Ü˛!ê˛ Ó‡°ÈüÈÓƒÓ•*ï˛ ̨õk˛!ï˛– ò[˛!ã˛e Óy ÓyÓ̊!ã˛e

•° Ü˛ï˛Ü˛=!° §Ùyl ≤Ã Ï̂fliÓ̊ G ˛õÓ̊flõÓ̊ • Ï̂ï˛ §Ùyl ò)Ó̊ Ï̂c xÓ!fliï˛ xyÎ̊ï˛yÜ˛yÓ̊ ÓyÓ̊ Óy ò[˛– ˆÜ˛ylG ~Ü˛!ê˛ Óy Ï̂Ó̊Ó̊

˜òâ≈ƒ í z̨•y ˆÎ Ó̊y!¢ï˛ Ï̂ÌƒÓ̊ Ùyl Ï̂Ü˛ ≤ÃÜ˛y¢ Ü˛ Ï̂Ó̊ñ ï˛yÓ̊ § Ï̂D §Ùyl%̨ õy!Ü˛ï˛ Ü˛ Ï̂Ó̊ !ë˛Ü˛ Ü˛Ó̊y •Î̊– ÓyÓ̊ Óy ò[˛=!° í z̨Õ‘¡∫Ë˛y Ï̂Ó

ˆÜ˛ylG xl%Ë)̨ !ÙÜ˛ ˆÓ̊áyÓ̊ í z̨̨ õÓ̊ xÌÓy xl%Ë)̨ !ÙÜ˛Ë˛y Ï̂Ó ˆÜ˛ylG í z̨Õ‘¡∫ ˆÓ̊áyÓ̊ í z̨̨ õÓ̊ ˛õÓ̊˛õÓ̊ ÌyÜ˛ Ï̂ï˛ ˛õy Ï̂Ó̊– ≤ÃÌ Ï̂Ù

í ẑ̨ ÏÕ‘!áï˛ ÓyÓ̊!ã˛e Ï̂Ü˛ í z̨Õ‘¡∫ ÓyÓ̊!ã˛e (Vertical Bar Chart or Column Chart) ~ÓÇ ˛õÓ̊Óï≈̨ # ˆ«˛ Ï̂e ÓyÓ̊!ã˛e Ï̂Ü˛

xl%Ë)̨ !ÙÜ˛ ÓyÓ̊!ã˛e (Horizontal Bar Chart) Ó Ï̂°– Ü˛y°#l §y!Ó̊Ó̊ ˆ«˛ Ï̂e í z̨Õ‘¡∫ ÓyÓ̊!ã˛e ÓƒÓ•yÓ̊ Ü˛Ó̊y •Î̊–

˛õÓ˚˛õÓ˚ ò%Û!ê˛ ÓyˆÏÓ˚Ó˚ ÙˆÏôƒ Ü˛ï˛áy!l ÊÑ˛yÜ˛y çyÎ˚ày ÌyÜ˛ˆÏÓ ï˛yÓ˚ ˆÜ˛ylG ÓÑyôy ôÓ˚y !lÎ˚Ù ˆl•z– ï˛ˆÏÓ òÓ˚Ü˛yÓ˚

ÙˆÏï˛y í˛z_´ fliyl ~Ü˛!ê˛ ÓyˆÏÓ˚Ó˚ ≤Ãfli Óy ≤ÃˆÏfliÓ˚ xˆÏô≈ˆÏÜ˛Ó˚ §Ùyl •ˆÏï˛ ˛õyˆÏÓ˚–

í˛zˆÏÕ‘!áï˛ ≤ÃˆÏï˛ƒÜ˛ÓyÓ˚ Óy ò[˛!ã˛ˆÏeÓ˚ çlƒ Ó‡° ÓyÓ˚!ã˛e (Multiple or Compound Bar Chart) ˜ï˛!Ó˚ Ü˛Ó˚y

ÎyÎ˚– ç!ê˛° ÓyÓ˚!ã˛ˆÏe ˛õÓ˚flõÓ˚ §¡õ!Ü≈˛ï˛ ò%•z Óy ï˛ˆÏï˛y!ôÜ˛ Ó˚y!¢ï˛Ìƒ í˛z˛õfliy˛õl Ü˛Ó˚y •Î˚– Ó‡ xÇˆÏ¢ !ÓË˛_´ ÓyÓ˚!ã˛ˆÏe

~Ü˛!ê˛ ÓyÓ˚ Óy ò[˛ˆÏÜ˛ Ó‡ xÇˆÏ¢ !ÓË˛_´ Ü˛ˆÏÓ˚ Ó˚y!¢ï˛ÌƒÙy°yÓ˚ !Ó!Ë˛ß¨ xÇ¢ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– Ó˚y!¢ï˛ˆÏÌƒÓ˚ ~•zÓ˚*˛õ

í˛z˛õfliy˛õˆÏl ï˛yˆÏòÓ˚ ˛õÓ˚flõˆÏÓ˚Ó˚ ÙˆÏôƒ §¡õÜ≈˛ ~ÓÇ §Ù@˝Ã Ó˚y!¢ï˛ˆÏÌƒÓ˚ §ˆÏD ï˛yˆÏòÓ˚ !Ó!Ë˛ß¨ xÇˆÏ¢Ó˚ §¡õÜ≈˛ §%flõ‹TË˛yˆÏÓ

≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– í˛zòy•Ó˚ˆÏîÓ˚ §y•yˆÏÎƒ §ÙhflÏ ÓyÓ˚ Óy ò[˛ !ã˛e ˆòáyˆÏly •°–

í˛zòy•Ó˚î 3É ~Ü˛!ê˛ ÓƒÓ§yÎ˚# §ÇfliyÓ˚ 1993-1997 §yˆÏ°Ó˚ °yË˛üÈ«˛!ï˛ !lˆÏã˛ ˆòGÎ˚y •°– ï˛Ìƒ=!°ˆÏÜ˛ ÓyÓ˚ Óy

ò[˛ !ã˛ˆÏe í˛z˛õfliy˛õl Ü˛Ó˚&l–

.
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§y° 1993 1994 1995 1996 1997

°yË˛ åê˛yÜ˛yÎ˚ä 3000 4000 2500 — 6000

«˛!ï˛ åê˛yÜ˛yÎ˚ä — — — 2000 —

§Ùyôyl ≠

í˛zòy•Ó˚î 4É 5!ê˛ !Ó!Ë˛ß¨ ¢•ˆÏÓ˚Ó˚ x!ôÓy§# §Çáƒy í˛z˛õfliy˛õl Ü˛Ó˚yÓ˚ çlƒ ~Ü˛!ê˛ ÓyÓ˚ Óy ò[˛ !ã˛e xB˛l Ü˛Ó˚&l–

¢•ˆÏÓ˚Ó˚ lyÙ A B C D E

ˆ°yÜ˛§Çáƒy (’000) 22 40 25 42 30
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í˛zòy•Ó˚î 5É ˆÜ˛w#Î˚ §Ó˚Ü˛yˆÏÓ˚Ó˚ 1955-61 §yˆÏ°Ó˚ Ó˚yçfl∫ G ÓƒˆÏÎ˚Ó˚ ≤ÃÓîï˛y !lˆÏã˛Ó˚ SÈˆÏÜ˛ ˆòGÎ˚y •°–

ç!ê˛° ÓyÓ˚ Óy ò[˛ !ã˛e xB˛l Ü˛Ó˚&l–

§y° 1955-56 1956-57 1957-58 1958-59 1959-60 1960-61

Ó˚yçfl∫ åˆÜ˛y!ê˛ˆÏï˛ä 480 560 680 740 670 820

ÓƒÎ˚ åˆÜ˛y!ê˛ˆÏï˛ä 440 470 630 760 680 830

§Ùyôyl ≠

í˛zòy•Ó˚î 6É 1975-78 §yˆÏ° ˆÜ˛yl ~Ü˛!ê˛ !ÓŸª!Óòƒy°ˆÏÎ˚ SÈye§Çáƒy !l¡¨Ó˚*˛õ !SÈ°– Ó˚y!¢ï˛ÌƒˆÏÜ˛ Ó‡ xÇˆÏ¢

!ÓË˛_´ ÓyÓ˚ Óy ò[˛ !ã˛ˆÏe í˛z˛õfliy˛õl Ü˛Ó˚&l–

§y° Ü˛°y !ÓË˛yà !ÓK˛yl !ÓË˛yà Óy!îçƒ !ÓË˛yà ˆÙyê˛

1975-76 20,000 12,000 7,000 39,000

1976-77 24,000 15,000 10,000 49,000

1977-78 25,000 18,000 15,000 58,000
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(iii) xyl%Ùy!lÜ˛ !ã˛e Óy ˆ§!Ù °ày!Ó˚ò‰Ù‰ ˆ°á!ã˛e ≠

ˆ°á!ã˛e ≤Ã›!ï˛ˆÏï˛ fl∫yô#l ã˛°ˆÏÜ˛Ó˚ Ùyl xl%Ë)˛!ÙÜ˛ Óy XÈüÈx«˛ ÓÓ˚yÓÓ˚ ~ÓÇ xô#l ã˛°ˆÏÜ˛Ó˚ Ùyl í˛zÕ‘¡∫ Óy

Y-x«˛ ÓÓ˚yÓÓ˚ ˆlGÎ˚y •Î˚– ~ ˛õÎ≈hs˝ ˆÎ §Ó ˆ°á!ã˛e xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ ï˛yˆÏï˛ xˆÏ«˛Ó˚ ã˛°Ü˛ §Ù%ˆÏ•Ó˚ Ùyl

fl∫yË˛y!ÓÜ˛ ˛õ!Ó˚Ùy˛õ ÙyeyÎ˚ (Natural or Absolute ScaleÈüÈ~ä ≤ÃÜ˛y¢ Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ– ~•z§Ó !ã˛ˆÏe fl∫yô#l ã˛°Ü˛

X-~Ó˚ ÙyˆÏlÓ˚  ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ §ˆÏD §ˆÏD xô#l ã˛°Ü˛ yÈüÈ~Ó˚ ÙyˆÏlÓ˚ ≤ÃÜ,˛ï˛ ˛õ!Ó˚Óï≈˛l (actual change)ÈüÈ~Ó˚ !ã˛e•z

÷ô% ˛õyGÎ˚y ÎyÎ˚– !Ü˛v xô#l ã˛°Ü˛ Ü˛# •yˆÏÓ˚ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏFSÈ ï˛y ˛õ!Ó˚Ùy˛õ Ü˛Ó˚y ÎyÎ˚ ly– ˆÎ ˆ°á ÌyˆÏÜ˛ xô#l

ã˛°ˆÏÜ˛Ó˚ Ùyl ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ •yÓ˚ §Ó˚y§!Ó˚ !lî≈Î˚ Ü˛Ó˚y ÎyÎ˚ ï˛yˆÏÜ˛ ˆ§!Ù °ày!Ó˚‰òÙ‰ ˆ°á!ã˛e (Semi-Logarithmic

Graph)  Óy xyl%˛õy!ï˛Ü˛ ˆ°á!ã˛e (Ratio Chart or Graph) ÓˆÏ°– ~•z ˆ°á!ã˛e xB˛l Ü˛Ó˚ˆÏï˛ •ˆÏ° í˛zÕ‘¡∫ ˆÓ˚áyÎ˚

log yÈüÈ~Ó˚ Ùyl ~ÓÇ xl%Ë)̨ !ÙÜ˛ ˆÓ˚áyÎ˚ fl∫yô#l ã˛°Ü˛ xÈüÈ~Ó˚ fl∫yË˛y!ÓÜ˛ Ùyl ˆlGÎ˚y •Î˚– ˆ§!Ù °ày!Ó˚ò‰Ù‰ ˆ°áÈüÈ~Ó˚

í˛zÕ‘¡∫ ˆÓ˚áyÎ˚ §Ùyl §Ùyl ò)Ó˚c xô#l ã˛°Ü˛ yÈüÈ~Ó˚ Ùyl §Ùyl §Ùyl ¢ï˛Ü˛Ó˚y ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ •yÓ˚ !lˆÏò≈¢ Ü˛ˆÏÓ˚–

~Ü˛!ê˛ í˛zòy•Ó˚î §•ˆÏÎyˆÏà ˆòáy ÎyÜ˛– ôÓ˚y ÎyÜ˛ñ yÈüÈ~Ó˚ Ü˛ˆÏÎ˚Ü˛ ˆçyí˛¸y Ùyl ˛õ!Ó˚Óï≈˛l !l¡¨Ó˚*˛õ ≠

(a) 100 ˆÌˆÏÜ˛ 150, (b) 250 ˆÌˆÏÜ˛ 300 ~ÓÇ (c) 500 ˆÌˆÏÜ˛ 550 ; fl∫yË˛y!ÓÜ˛ ˛õ!Ó˚ÙyˆÏ˛õ ≤Ã!ï˛ˆÏçyí˛¸y

§ÇáƒyÓ˚ ˆ«˛ˆÏe yÈüÈ~Ó˚ ≤ÃÜ,˛ï˛ ÙyˆÏlÓ˚ ˛õ!Ó˚Óï≈˛l 50 ~Ü˛Ü˛– !Ü˛v (a)ÈüÈ~Ó˚ ˆ«˛ˆÏe yÈüÈ~Ó˚ ¢ï˛Ü˛Ó˚y 50 Ë˛yàñ (b) ~Ó˚

ˆ«˛ˆÏe yÈüÈ~Ó˚ ¢ï˛Ü˛Ó˚y 20 Ë˛yà  100
5

  ~ÓÇ (c)ÈüÈ~Ó˚ ˆ«˛ˆÏe yÈüÈ~Ó˚ ¢ï˛Ü˛Ó˚y 10 Ë˛yà  50 100
500
  Ó,!k˛

ˆ˛õˆÏÎ˚ˆÏSÈ–

xyl%˛õy!ï˛Ü˛ !ã˛e §Ó˚°ˆÏÓ˚áy •ˆÏ° Ó%V˛ˆÏï˛ •ˆÏÓ yÈüÈ~Ó˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ •yÓ˚ §Ó≈e §Ùyl–

í˛zòy•Ó˚î 7É Ó£Ï≈ˆÏ¢ˆÏ£Ï í˛zÍ˛õyòˆÏlÓ˚ §Çáƒàï˛ ï˛Ìƒ !lˆÏ¡¨Ó˚ §yÓ˚î#ˆÏï˛ ˆòGÎ˚y •°– Ó˚y!¢ï˛Ìƒ ˆ§!Ù °ày!Ó˚ò‰Ù‰

ˆ°á!ã˛e Óy xyl%˛õy!ï˛Ü˛ ˆ°á!ã˛eÈüÈ~Ó˚ §y•yˆÏÎƒ ≤ÃÜ˛y¢ Ü˛Ó˚&l–
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ÓSÈÓ˚ 1947 1948 1949 1950 1951 1952 1953 1954 1955

í˛zÍ˛õy!òï˛ 20 62 147 300 536 811 1104 1425 1755

~Ü˛ˆÏÜ˛Ó˚ §Çáƒy

§Ùyôyl ≠ ÓSÈÓ˚ í˛zÍ˛õy!òï˛ ~Ü˛ (y) log y åxy§ß¨ ò%•z ò¢!ÙÜ˛ Ë˛yà ˛õÎ≈hs˝ä

1947 20 1.32

1948 62 1.79

1949 147 2.17

1950 300 2.48

1951 536 2.73

1952 811 2.91

1953 1104 3.04

1954 1525 3.15

1955 1755 3.24

xlƒÌyÎ˚ ˆ§!Ù °ày!Ó˚ò‰Ù‰ ˆ°áÈüÈÜ˛yàç ÓƒÓ•yÓ˚ Ü˛Ó˚y ÎyÎ˚– ~•z ˆ°á Ü˛yàˆÏç y-x«˛ ~Ùl ˆÎñ ò%!ê˛ !Ó®% ò)Ó˚c

ï˛yˆÏòÓ˚ °ày!Ó˚ò‰ˆÏÙÓ˚ ˛õyÌ≈ˆÏÜ˛ƒÓ˚ §Ùyl– xÌ≈yÍ 1 ~ÓÇ 10ÈüÈ~Ó˚ ò)Ó˚cñ 10 ~ÓÇ 100ÈüÈÓ˚ ò)Ó˚c Óy 100 ˆÌˆÏÜ˛

1000ÈüÈ~Ó˚ ò)Ó˚c §Ùyl Ü˛yÓ˚î ï˛yˆÏòÓ˚ °ày!Ó˚ò‰ˆÏÙÓ˚ ˛õyÌ≈Ü˛ƒ §Ùyl–

(iv) õy•z!ã˛e ≠

˛õy•z!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ ˛õ!Ó˚§Çáƒyl !Ó£ÏÎ˚Ü˛ Ó˚y!¢ï˛Ìƒ ≤ÃÜ˛yˆÏ¢Ó˚ Ó‡° ≤Ãã˛°l xyˆÏSÈ– Ó‡ xÇˆÏ¢ !ÓË˛_´ ÓyÓ˚!ã˛ˆÏeÓ˚

ÙˆÏï˛y Ó˚y!¢ï˛ˆÏÌƒÓ˚ !Ó!Ë˛ß¨ xÇˆÏ¢Ó˚ ÙˆÏôƒ ̨ õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛ ~ÓÇ ̨õ)î≈ï˛ˆÏÌƒÓ˚ §ˆÏD !Ó!Ë˛ß¨ xÇˆÏ¢Ó˚ ̨ õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛

§%®Ó˚Ë˛yˆÏÓ ≤ÃÜ˛yˆÏ¢Ó˚ ˆ«˛ˆÏe ˛õy•z!ã˛ˆÏeÓ˚ ÓƒÓ•yÓ˚ á%Ó•z í˛z˛õˆÏÎyà#–

!ã˛e ˜ï˛!Ó˚Ó˚ çlƒ ~Ü˛!ê˛ ˆÎ ˆÜ˛ylG Óƒy§yˆÏô≈Ó˚ Ó,_ˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛ xÇˆÏ¢ Ë˛yà Ü˛Ó˚y •Î˚ ÎyˆÏòÓ˚ ˆ«˛eÊ˛° ≤Ãò_

Ùyl=!°Ó˚ §Ùyl%˛õy!ï˛Ü˛ •Î˚– xyÓyÓ˚ ˆÎˆÏ•ï%˛ Ó,_yÇˆÏ¢Ó˚ ˆ«˛eÊ˛° ˆÜ˛wfli ˆÜ˛yˆÏîÓ˚ §Ùyl%˛õy!ï˛Ü˛ñ ~Ü˛ Ü˛ÌyÎ˚ Ó°y

ÎyÎ˚ ˆÎñ ˛õy•z!ã˛e •° ~Ü˛!ê˛ Ó,_ ÎyˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛ Óƒy§yˆÏô≈Ó˚ myÓ˚y ~ÙlË˛yˆÏÓ Ü˛ˆÏÎ˚Ü˛!ê˛ Ó,_yÇˆÏ¢ Ë˛yà Ü˛Ó˚y •Î˚ ÎyˆÏï˛

Ó,_yÇ¢=!°Ó˚ ˆÜ˛wfli ˆÜ˛yî=!° ˛õ)î≈ Ó˚y!¢ï˛ˆÏÌƒÓ˚ !Ó!Ë˛ß¨ xÇ¢ ï˛Ìƒ §Ù)ˆÏ•Ó˚ §Ùyl%˛õy!ï˛Ü˛ •Î˚–

í˛zòy•Ó˚î 8É !lˆÏã˛ ˆÜ˛ylG §Ó˚Ü˛yˆÏÓ˚Ó˚ ~Ü˛!ê˛ ˛õMÈ˛Óy!£Ï≈Ü˛# ˛õ!Ó˚Ü˛“lyÎ˚ !Ó!Ë˛ß¨ áyˆÏï˛Ó˚ xyl%Ùy!lÜ˛ ÓƒÎ˚ ˆòáyˆÏly

•ˆÏÎ˚ˆÏSÈ– í˛z•yˆÏòÓ˚ ˛õy•z!ã˛eÈüÈ~Ó˚ §y•yˆÏÎƒ ≤ÃÜ˛y¢ Ü˛Ó˚&l ≠

!Ó£ÏÎ˚ ê˛yÜ˛y åˆÜ˛y!ê˛ˆÏï˛ä

Ü,̨ !£Ï 8000
!¢“ G á!l 7000
ˆ§ã˛ G ¢!_´ 4000
ÎylÓy•l 5500
!Ó!Óô 2500
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§Ùyôyl ≠ ˛õMÈ˛Óy!£Ï≈Ü˛# ˛õ!Ó˚Ü˛“lyÎ˚ ˆÙyê˛ ÓƒÎ˚ = 27000 ˆÜ˛y!ê˛ ê˛yÜ˛y– !lˆÏã˛ !Ó!Ë˛ß¨ áyˆÏï˛Ó˚ ÓƒÎ˚ˆÏÜ˛ ˆÙyê˛ ÓƒˆÏÎ˚Ó˚

¢ï˛Ü˛Ó˚y ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ xl%Ó˚*˛õ ˆÜ˛wfli ˆÜ˛yî=!° !lîÎ˚ Ü˛Ó˚y •° ≠

!Ó£ÏÎ˚ ¢ï˛Ü˛Ó˚y !•§yÓ      ˆÜ˛wfli ˆÜ˛yî

Ü,̨ !£Ï
8000 100% 29.6%
27000

  8000 360 106.7
2700

     å≤ÃyÎ˚ä

!¢“ G á!l
7000 100% 26.0%
27000

  7000 360 93.3
27000

     å≤ÃyÎ˚ä

ˆ§ã˛ G ¢!_´
4000 100% 14.8%
27000

  4000 360 53.3
27000

     å≤ÃyÎ˚ä

ÎylÓy•l
5500 100% 20.4%
27000

  5500 360 73.3
27000

     å≤ÃyÎ˚ä

!Ó!Óô
2500 100% 9.2%
27000

  2500 360 33.4
27000

     å≤ÃyÎ˚ä

ˆÙyê˛ 100% 360°

§%!ÓôyÙˆÏï˛y Óƒy§yˆÏô≈Ó˚ ~Ü˛!ê˛ Ó,_ xB˛l Ü˛ˆÏÓ˚ í˛z•yÓ˚ ˆÜ˛ˆÏ®Ó˚ ˛õÓ˚˛õÓ˚ 106.7°, 93.3° •zï˛ƒy!ò ˆÜ˛yî xB˛l Ü˛ˆÏÓ˚

≤Ãò_ Ó˚y!¢ï˛ˆÏÌƒÓ˚ ˛õy•z!ã˛e !l¡¨Ó˚*˛õ ≠

93.3
!¢“ G á!l Ü,˛!£Ï

106.7

ˆ§ã˛ G ¢!_´

ÎylÓy•l

!Ó!Óô

53.3

73.3

33.4

˛õy•z!ã˛e
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(v) xyÎ˚ï˛ˆÏ°á ≠ ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏlÓ˚ ˜°!áÜ˛ ≤ÃÜ˛yˆÏ¢Ó˚ çlƒ •z•y ÓƒÓ•*ï˛ •Î˚– ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy

!ÓË˛yçˆÏlÓ˚ Ó˚y!¢ï˛Ìƒ x!ôÜ˛yÇ¢ ˆ«˛ˆÏe xyÎ˚ï˛ˆÏ°ˆÏáÓ˚ ÙyôƒˆÏÙ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– xyÎ˚ï˛ˆÏ°á ~Ü˛!ê˛ §Ó˚°ˆÏÓ˚áyÓ˚ í˛z˛õÓ˚

~Ùl Ü˛Ü˛ï˛=!° xyÎ˚ï˛ˆÏ«˛e ÎyˆÏòÓ˚ ≤Ã!ï˛!ê˛Ó˚ ˆ«˛eÊ˛° xl%Ó˚*˛õ ˆ◊î# ˛õ!Ó˚§ÇáƒyÓ˚ §ˆÏD §Ùyl%˛õy!ï˛Ü˛–

xyÎ˚ï˛ˆÏ°á xB˛l Ü˛Ó˚ˆÏï˛ •ˆÏ° ˛õ!Ó˚§Çáƒy !ÓË˛yçl SÈˆÏÜ˛Ó˚ ˆ◊î#!ÓË˛yà=!°Ó˚ ˆ◊î# §#Ùyly=!° (Class

boundaries) xl%Ë)˛!ÙÜ˛ ˆÓ˚áyÎ˚ (X-xˆÏ«˛ä ˆ◊î# !ÓË˛yˆÏàÓ˚ ˜òˆÏâ≈ƒÓ˚ §Ùyl%˛õy!ï˛Ü˛ xÇ¢ ˛õÓ˚ ˛õÓ˚ fliy˛õl Ü˛Ó˚y •Î˚–

≤ÃˆÏï˛ƒÜ˛!ê˛ xÇˆÏ¢Ó˚ í˛z˛õÓ˚ !l!ò≈‹T ˆ◊î# !ÓË˛yˆÏàÓ˚ ˛õ!Ó˚§ÇáƒyÓ˚ §ˆÏD §Ùyl%˛õy!ï˛Ü˛ Ü˛ˆÏÓ˚ xyÎ˚ï˛ˆÏ«˛e xB˛l Ü˛Ó˚ˆÏï˛

•Î˚– ~Ó˚ Ê˛ˆÏ° í˛zÍ˛õß¨ xyÎ˚ï˛ˆÏ«˛ˆÏeÓ˚ ˆ«˛eÊ˛° xl%Ó˚*˛õ ˆ◊î# !ÓË˛yà=!°Ó˚ ˛õ!Ó˚§ÇáƒyˆÏÜ˛ ~ÓÇ xyÎ˚ï˛ˆÏ«˛e=!°Ó˚

ˆÙyê˛ ˆ«˛eÊ˛° ˆÙyê˛ ˛õ!Ó˚§ÇáƒyˆÏÜ˛ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚–

Î!ò ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏl ≤Ã!ï˛!ê˛ ˆ◊î# ˜òâ≈ƒ §Ùyl •Î˚ñ ï˛ˆÏÓ xyÎ˚ï˛ˆÏ«˛e=!°Ó˚ í˛zFã˛ï˛y=!° xl%Ó˚*˛õ ˆ◊î#

˛õ!Ó˚§ÇáƒyÓ˚ §ˆÏD §Ùyl%˛õy!ï˛Ü˛ Ü˛ˆÏÓ˚ ˆlGÎ˚y •Î˚– Î!ò ˆ◊î# ≤Ã§yÓ˚=!°Ó˚ ˜òâ≈ƒ x§Ùyl •Î˚ñ ï˛ˆÏÓ !Ó!Ë˛ß¨

xyÎ˚ï˛ˆÏ«˛ˆÏeÓ˚ í˛zFã˛ï˛y !l¡¨!°!áï˛Ë˛yˆÏÓ !fliÓ˚ Ü˛Ó˚y •Î˚ ≠

í˛zFã˛ï˛y = ˆ◊î# ˛õ!Ó˚§Çáƒy  ˆ◊î# ≤Ã§yˆÏÓ˚Ó˚ ˜òâ≈ƒ = ˛õ!Ó˚§Çáƒy âlc–

í˛zòy•Ó˚î 9É 2000 çl SÈyˆÏeÓ˚ GçˆÏlÓ˚ ˛õ!Ó˚§Çáƒy !ÓË˛yçl !lˆÏã˛ ˆòGÎ˚y xyˆÏSÈ– ~Ü˛!ê˛ xyÎ˚ï˛ˆÏ°áÈüÈ~Ó˚

§y•yˆÏÎƒ ≤ÃÜ˛y¢ Ü˛Ó˚&l–

Gçl å˛õyí˛zˆÏu˛ä 90-100 100-110 110-120 120-130 130-140

SÈye§Çáƒy 500 700 300 400 100

(vi)  ˛õ!Ó˚§Çáƒy Ó‡Ë%˛ç ≠ ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏlÓ˚ ˜°!áÜ˛ ≤ÃÜ˛y¢ •z•yÓ˚ §y•yˆÏÎƒG Ü˛Ó˚y •Î˚– ˆÓ!¢Ó˚ Ë˛yà §ÙÎ˚

•z•y §Ùyl ˆ◊î#≤Ã§yÓ˚Ë%˛_´ !ÓË˛yçˆÏlÓ˚ ˆ«˛ˆÏe Ü˛Ó˚y •Î˚– ~•z ˛õk˛!ï˛ˆÏï˛ ≤ÃˆÏï˛ƒÜ˛ ˆ◊î#Ó˚ ˛õ!Ó˚§Çáƒy xl%Ó˚*˛õ ˆ◊î#Ó˚

Ùôƒ!Ó®%Ó˚ !ÓÓ˚&ˆÏk˛ §Çfliy˛õl Ü˛Ó˚y •Î˚– ˆÎ !Ó®%=!° ˛õyGÎ˚y ÎyÎ˚ ˆ§=!° ˛õÓ˚˛õÓ˚ §Ó˚°ˆÏÓ˚áy !òˆÏÎ˚ Î%_´ Ü˛Ó˚y •Î˚–
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≤ÃÌÙ G ˆ¢£Ï !Ó®% ò%!ê˛ ò%Û≤ÃyˆÏhs˝ Ü˛!“ï˛ ˛õ!Ó˚§Çáƒy•#l ˆ◊î#Ó˚ Ùôƒ!Ó®% ôˆÏÓ˚ Ó‡Ë)˛ç§¡õß¨ Ü˛Ó˚y •Î˚–

xyÎ˚ï˛ˆÏ°á ˆÌˆÏÜ˛ ˛õ!Ó˚§Çáƒy Ó‡Ë%˛ç ˆ˛õˆÏï˛ •ˆÏ°ñ xyÎ˚ï˛ˆÏ«˛e=!°Ó˚ í˛z˛õˆÏÓ˚Ó˚ xÇˆÏ¢Ó˚ Ùôƒ!Ó®%=!° ˆÎyà Ü˛ˆÏÓ˚

~ÓÇ ˛õ)ˆÏÓ≈ Ó!î≈ï˛ í˛z˛õyˆÏÎ˚ ≤Ãyhs˝mÎ˚ §¡õ)î≈ Ü˛Ó˚y •Î˚–

Î!ò ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏl ˆ◊î#≤Ã§yÓ˚ e´Ù¢ ˆSÈyê˛ Ü˛Ó˚y •Î˚ñ ï˛ˆÏÓ ˆ◊î#Ó˚ §Çáƒy Óyí˛¸ˆÏÓ– Ê˛ˆÏ° Ó‡Ë%˛ˆÏçÓ˚

¢#£Ï≈!Ó®%=!° á%Ó Ü˛ySÈyÜ˛y!SÈ xy§ˆÏÓ ~ÓÇ ˆ§ˆÏ«˛ˆÏe !Ó®%=!°Ó˚ Ùôƒ !òˆÏÎ˚ §h¡ï˛ ˆÓ˚áy ê˛ylˆÏ° (smooth free hand

curve)  ˆÎ ˆÓ˚áy ˛õyGÎ˚y ÎyÎ˚ ï˛yˆÏÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áy (Frequency curve) Ó Ï̂°–

í˛zòy•Ó˚î 10É  !l Ï̂ã˛Ó̊ SÈ̂ ÏÜ˛ Ü˛Ù≈#̂ ÏòÓ̊ Ùy!§Ü˛ xyÎ̊ ˆòGÎ̊y xŷ ÏSÈ– í z̨•y ˛õ!Ó̊§Çáƒy Ó‡Ë%̨ Ï̂çÓ̊ §y•ŷ ÏÎƒ ≤ÃÜ y̨¢ Ü˛Ó˚&l–

Ùy!§Ü˛ xyÎ˚ åê˛yÜ˛yÎ˚ä Ü˛Ù≈# §Çáƒy

50.00–59.99 8

60.00–69.99 10

70.00–79.99 16

80.00–89.99 14

90.00–99.99 10

100.00–109.99 5

110.00–119.99 2

§Ùyôyl ≠ ˛õ!Ó˚§Çáƒy Ó‡Ë%˛ç xB˛ˆÏlÓ˚ çlƒ àîly Ü˛yÎ≈ ≠

Ùôƒ!Ó®% 54.995 64.995 74.995 84.995 94.995 104.995 114.995

˛õ!Ó˚§Çáƒy 8 10 18 14 10 5 2

(vii) e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§ÇáƒyˆÏÓ˚áy ≠ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy=!°Ó˚ ˜°!áÜ˛ ≤ÃÜ˛y¢ •z•yÓ˚ §y•yˆÏÎƒ Ü˛Ó˚y •Î˚–

~•z ˛õk˛!ï˛ˆÏï˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy=!° ˆ◊î# §#Ùyly=!°Ó˚ !ÓÓ˚&ˆÏk˛ í˛z˛õfliy˛õl Ü˛ˆÏÓ˚ ˆÎ !Ó®%=!° ˛õyGÎ˚y ÎyÎ˚
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ˆ§=!° ˛õÓ˚˛õÓ˚ §Ó˚°ˆÏÓ˚áy myÓ˚y ˆÎyà Ü˛Ó˚y •Î˚– •z•y ò%ÛôÓ˚ˆÏlÓ˚ÈüüüÈ(a) !lã˛ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§ÇáƒyÛÈüÈÓ˚ çlƒ

~ÓÇ (b) í˛z˛õÓ˚ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§ÇáƒyÛÈüÈ~Ó˚ çlƒ– !lã˛ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áy ˆòáˆÏï˛ Ó!ô≈ï˛

SÈüÈ~Ó˚ ÙˆÏï˛y ~ÓÇ í˛z˛õÓ˚ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áy í˛z˛õÓ˚ !òÜ˛ !lˆÏã˛ í˛zŒê˛yˆÏly Ó!ô≈ï˛ SÈüÈ~Ó˚ ˆòáˆÏï˛–

e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áyÓ˚ myÓ˚y ÙôƒÙyñ ã˛ï%˛Ì≈Ü˛ ≤ÃË,˛!ï˛ !lî≈Î˚ Ü˛Ó˚y ÎyÎ˚–

í˛zòy•Ó˚î 11É !l¡¨!°!áï˛ Ó˚y!¢ï˛Ìƒ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áyÓ˚ §y•yˆÏÎƒ ≤ÃÜ˛y¢ Ü˛Ó˚&l (a) !lã˛ ˆÌˆÏÜ˛ñ

(b)  í˛z˛õÓ˚ ˆÌˆÏÜ˛ ≠

100 çl SÈyˆÏeÓ˚ à!îˆÏï˛ ≤ÃyÆ l¡∫ˆÏÓ˚Ó˚ ˛õ!Ó˚§Çáƒy !ÓË˛yçl

l¡∫ˆÏÓ˚Ó˚ ˆ◊î# !ÓË˛yà SÈye§Çáƒy

10–19 8

20–39 14

30–39 22

40–49 29

50–59 14

60–69 7

70–79 4

80–89 2

ˆÙyê˛ 100

§Ùyôyl ≠ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áyÓ˚ çlƒ àîly Ü˛yÎ≈ ≠

l¡∫ˆÏÓ˚Ó˚ ˆ◊î#!ÓË˛yà ˆ◊î# ˛õ!Ó˚§Çáƒy e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy

§#Ùyly !lã˛ ˆÌˆÏÜ˛ í˛z˛õÓ˚ ˆÌˆÏÜ˛

10–19 9.5–19.5 8 8 100

20–29 19.5–29.5 14 22 92

30–39 29.5–39.5 22 44 78

40–49 39.5–49.5 29 73 56

50–59 49.5–59.5 14 87 27

60–69 59.5–69.5 7 94 13

70–79 69.5–79.5 4 98 6

80–89 79.5–89.5 2 100 2
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(viii) ˛õ!Ó˚§Çáƒy ò[˛ ˆ°á (Column diagram) :  !Ó!FSÈß¨ ã˛°ˆÏÜ˛Ó˚ !Ó!Ë˛ß¨ ÙyˆÏlÓ˚ çlƒ ˆÎ ˛õ!Ó˚§Çáƒy

!ÓË˛yçl ï˛yÓ˚ í˛z˛õfliy˛õl •z•yÓ˚ myÓ˚y Ü˛Ó˚y •Î˚– á%Ó Ü˛Ù ≤Ã§yÓ˚ å§)-ˆÏÓ˚áyäÈüÈ~Ó˚ !Ó!FSÈß¨ í˛zÕ‘¡∫ ò[˛ Óy ÓyÓ˚ !Ó!Ë˛ß¨

ÙyˆÏlÓ˚ í˛z˛õÓ˚ òÑyí˛¸ Ü˛!Ó˚ˆÏÎ˚ •z•y xÑyÜ˛y •Î˚ñ ˆ§áyˆÏl  ò[˛=!°Ó˚ í˛zFã˛ï˛y ˛õ!Ó˚§ÇáƒyÓ˚ §Ùyl%˛õy!ï˛Ü˛ •Î˚–

í˛zòy•Ó˚î 12É ≤Ã!ï˛ ~Ü˛ !Ù!lˆÏê˛ xyàï˛ ò)Ó˚Ë˛y§ §Çáƒy !lˆÏã˛Ó˚ SÈˆÏÜ˛ ˆòáyˆÏly •ˆÏÎ˚ˆÏSÈ– •z•y ˆ°áÈüÈ~Ó˚ §y•yˆÏÎƒ

≤ÃÜ˛y¢ Ü˛Ó˚&l–

ò)Ó˚Ë˛y£Ï §Çáƒy 0 1 2 3 4 5 6 7 8

˛õ!Ó˚§Çáƒy 5 22 31 43 51 40 35 15 3

§Ùyôyl ≠
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(ix) ôy˛õ!ã˛e (Step diagram) : !Ó!FSÈß¨ ã˛°ˆÏÜ˛Ó˚ ˛õ!Ó˚§Çáƒy !ÓË˛yçˆÏlÓ˚ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§ÇáƒyˆÏÜ˛ !ã˛ey!Î˚ï˛

Ü˛Ó˚yÓ˚ çlƒ •z•y ÓƒÓ•*ï˛ •Î˚–

!lã˛ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ !ã˛e!ê˛ ˆòáˆÏï˛ ÓyÙ ˆÌˆÏÜ˛ í˛yˆÏl Gë˛y !§Ñ!í˛¸Ó˚ ÙˆÏï˛yñ ÎyÓ˚ ≤ÃÌÙ ôyˆÏ˛õÓ˚ í˛zFã˛ï˛y ≤ÃÌÙ

!lã˛ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒyñ !mï˛#Î˚ ôy˛õ !mï˛#Î˚ !lã˛ ˆÌˆÏÜ˛ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy •zï˛ƒy!òÓ˚ §Ùyl%˛˛õy!ï˛Ü˛–

í z̨̨ õÓ̊ ˆÌ Ï̂Ü˛ e´Ù Ï̂ÎÔ!àÜ˛ ˛õ!Ó̊§Çáƒy !ã˛e!ê˛ ˆòá Ï̂ï˛ í˛yl ˆÌ Ï̂Ü˛ Óy Ï̂Ù í z̨ë˛y !§Ñ!í˛̧Ó̊ Ù Ï̂ï˛yñ ÎyÓ̊ ≤ÃÌÙ ôy Į̈̂ õÓ̊ í z̨Fã˛ï˛y

≤ÃÌÙ í z̨̨ õÓ̊ ˆÌ Ï̂Ü˛ e´Ù Ï̂ÎÔ!àÜ˛ ˛õ!Ó̊§Çáƒyñ !mï˛#Î̊ í z̨̨ õÓ̊ ˆÌ Ï̂Ü˛ e´Ù Ï̂ÎÔ!àÜ˛ ˛õ!Ó̊§Çáƒy •zï˛ƒy!òÓ̊ §Ùyl%̨ õy!ï˛Ü˛–

í˛zòy•Ó˚î ≠ 13É !lˆÏ¡¨Ó˚ !ÓË˛yçl SÈˆÏÜ˛Ó˚ e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy !ã˛e åí˛zË˛Î˚ ≤ÃÜ˛yÓ˚ä xB˛l Ü˛Ó˚&l ≠

Ùyl (Grade) 1 2 3 4 5 6

SÈye§Çáƒy 20 34 40 52 26 16

§Ùyôyl ≠ ôy˛õ!ã˛ˆÏeÓ˚ çlƒ àîly Ü˛yÎ≈ ≠

Ùyl ˛õ!Ó˚§Çáƒy e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy

!lã˛ ˆÌˆÏÜ˛ í˛z˛õÓ˚ ˆÌˆÏÜ˛

1 20 20 188

2 34 54 168
3 40 94 134
4 52 146 94
5 26 172 42
6 16 188 16
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2.9 xl%¢#°l#

å1ä !Ó!FSÈß¨ x!Ó!FSÈß¨ ã˛°ˆÏÜ˛Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òl–

å2ä ˆ◊î# §#Ùy G ˆ◊î# §#ÙylyÓ˚ ˛õyÌ≈Ü˛ƒ Ü˛#⁄

å3ä õ!Ó˚§Çáƒy âlc ˆÜ˛yl‰ ˆ«˛ˆÏe xï˛ƒyÓ¢ƒÜ˛⁄

å4ä í˛zÍ§ §yÓ˚î#Ó˚ ˆÜ˛yl‰ xÇˆÏ¢ ÌyˆÏÜ˛⁄

å5ä e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy Ü˛ï˛ ≤ÃÜ˛yÓ˚ G Ü˛# Ü˛#⁄

å6ä ˆ§!Ù °ày!Ó˚ò‰Ù ˆ°á!ã˛e ˆÜ˛yl‰ !ÓˆÏ¢£Ï ˆ«˛ˆÏe ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚⁄

å7ä !lˆÏ¡¨y_´ ˆ°á!ã˛e=!° ≤ÃˆÏÎ˚yˆÏàÓ˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òl–

åÜ˛ä í˛z°¡∫ G xl%Ë)˛!ï˛Ó˚ ÓyÓ˚!ã˛e–

åáä ç!ê˛° G Ó‡ xÇˆÏ¢ !ÓË˛_´ ÓyÓ˚!ã˛e–

åàä ˛õy•z!ã˛e G Ó‡ xÇˆÏÈ¢ !ÓË˛_´ ÓyÓ˚!ã˛e–

åâä ò[˛ˆÏ°á G xyÎ˚ï˛ˆÏ°á–

å.ä ôy˛õ!ã˛e G e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áy–

å8ä ˛õ!Ó˚§Çáƒy ˆÓ˚áyÓ˚/Ó‡Ë)˛ˆÏçÓ˚ xhs˝à≈ï˛ xyÎ˚ï˛ˆÏlÓ˚ ˆÙyê˛ ˆ«˛eÊ˛° Ü˛ï˛⁄

å9ä ˛õ!Ó˚§Çáƒyl Ó°ˆÏï˛ Ü˛# ˆÓyV˛⁄ ˛õ!Ó˚§Çáƒyl ¢∑!ê˛ ˆÜ˛yl‰ ò%Û!ê˛ xˆÏÌ≈ ÓƒÓ•*ï˛ •Î˚⁄

å10ä ~Ü˛!ê˛ ˛õ!Ó˚§Çáƒyl SÈˆÏÜ˛Ó˚ !Ó!Ë˛ß¨ xÇ¢=!° Óî≈ly Ü˛Ó˚&l–

å11ä (i) §Ó˚° ˛õ!Ó˚§Çáƒyl SÈˆÏÜ˛Ó˚ !ÓË˛yçl G (ii) ˆ◊î#Ók˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl Ü˛yˆÏÜ˛ ÓˆÏ° Óî≈ly Ü˛Ó˚ G

≤ÃˆÏï˛ƒÜ˛!ê˛Ó˚ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ í˛zòy•Ó˚î !òl–

å12ä ~Ü˛!ê˛ !ÓŸª!Óòƒy°ˆÏÎ˚ ˆÜ˛ylG ÓSÈÓ˚ Ü˛°yñ !ÓK˛yl G Óy!îçƒ ¢yáyÎ˚ ≤ÃÌÙ Ó£Ï≈ñ !mï˛#Î˚ Ó£Ï≈ G ï,˛ï˛#Î˚ ÓˆÏ£Ï≈Ó˚

˛õÓ˚#«˛yÎ˚ xÇ¢@˝Ã•îÜ˛yÓ˚# ˛õÓ˚#«˛yÌ≈#ˆÏòÓ˚ §Çáƒy !°DˆÏË˛ˆÏò ≤Ãò¢≈ˆÏlÓ˚  çlƒ ~Ü˛!ê˛ áy!° SÈÜ˛ (bank table)

˜ï˛!Ó˚ Ü˛Ó˚&l–

å13ä ˆ°á!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ Ó˚y!¢ï˛ˆÏÌƒÓ˚ í˛z˛õfliy˛õl Ó°ˆÏï˛ Ü˛# ˆÓyV˛yÎ˚⁄ í˛z•yÓ˚ §%!Óôy G x§%!Óôy xyˆÏ°yã˛ly

Ü˛Ó˚&l–

å14ä ÓyÓ˚ Óy ò[˛ !ã˛eñ ˛õy•z!ã˛e G xyÎ˚ï˛ˆÏ°á Ó°ˆÏï˛ Ü˛# ˆÓyV˛yÎ˚⁄ ÓƒÓ§yˆÏ«˛ˆÏe ~ˆÏòÓ˚ ÓƒÓ•yÓ˚ í˛zòy•Ó˚î

§•Ü˛yˆÏÓ˚ ˆÓyV˛yl–

å15ä ˛õyÌ≈Ü˛ƒ Óƒyáƒy Ü˛Ó˚&l ≠

(i) ÓyÓ˚!ã˛eG xyl%˛õy!ï˛Ü˛ !ã˛e (Bar Chart and Ratio Chart)

(ii) e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áy G ôy˛õ!ã˛e (Ogive and Step Diagram)

(iii) xyÎ˚ï˛ˆÏ°á G Ü˛y°#lˆÏ°á (Histogram and Historigram)
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å16ä Ë˛yÓ˚ˆÏï˛ Ùy!§Ü˛ §y•zˆÏÜ˛° í˛zÍ˛õyòl !lˆÏã˛ ˆòGÎ˚y •° ≠

çyl%Î˚yÓ˚#È üüü 5720 ˆÊ˛Ó &Î˚yÓ˚#È üüüÈ 4900 Ùyã≈̨ È üüü È6110

~!≤Ã° ÈüüüÈ 5930 ˆÙ ÈüüüÈ 6040 ç%l ÈüüüÈ 4610

ç%°y•z ÈüüüÈ 3060 xyàfiê˛ ÈüüüÈ 4700 ˆ§ˆÏ≤Wz¡∫Ó˚ ÈüüüÈ 5605

xˆÏQyÓÓ˚ ÈüüüÈ 3275 lˆÏË˛¡∫Ó˚ ÈüüüÈ 6850 !í˛ˆÏ§¡∫Ó˚ ÈüüüÈ 6130

í˛z˛õˆÏÓ˚Ó˚ ï˛Ìƒ í˛z˛õfliy˛õl Ü˛Ó˚ (a) ˆÓ˚á!ã˛e (Line Chart) ~ÓÇ (b) ÓyÓ˚!ã˛e (Bar Chart)ÈüÈ~Ó˚ §y•yˆÏÎƒ–

å17ä Ó‡° ÓyÓ˚!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ !l¡¨!°!áï˛ Ó˚y!¢ï˛Ìƒ ≤ÃÜ˛y¢ Ü˛Ó˚ ≠

ÓSÈÓ˚ 1975 1976 1977 1978 1979

Ü˛yÓ˚áyly AÈüˆï˛ í˛zÍ˛õyòl 300 326 180 275 320

Ü˛yÓ˚áyly BÈüÈˆÏï˛ í˛zÍ˛õyòl 260 310 250 250 270

å18ä !l¡¨!°!áï˛ ò%ÛÙyˆÏ§Ó˚ áÓ˚ˆÏã˛Ó˚ Ó˚y!¢ï˛ÌƒˆÏÜ˛ Ó‡ xÇˆÏ¢ !ÓË˛_´ ÓyÓ˚!ã˛ˆÏe G ˛õy•z!ã˛ˆÏe ≤ÃÜ˛y¢ Ü˛Ó˚&l ≠

çyl%Î˚y!Ó˚ ˆÊ˛Ó &Î˚y!Ó˚

ÜÑ˛yã˛yÙy°y 700 600

◊!ÙÜ˛ 800 700

í˛zÍ˛õyòl 100 70

!Ó!Óô 200 300

ˆÙyê 1800 1670˛

å19ä !l¡¨!°!áï˛ ï˛Ìƒ ~Ü˛!ê˛ ÓyÓ˚!ã˛ˆÏe ≤ÃÜ˛y¢ Ü˛Ó˚ ≠

¢•Ó˚ A B C D E

çl§Çáƒy å•yçyˆÏÓ˚ä 20.2 17.1 13.8 12.0 18.8

å20ä !l¡¨!°!áï˛ ï˛Ìƒ (i) xyÎ˚ï˛ˆÏ°áñ (ii) ˛õ!Ó˚§Çáƒy Ó‡Ë%˛ç G (iii) e´ÙˆÏÎÔ!àÜ˛ ˛õ!Ó˚§Çáƒy ˆÓ˚áy !òˆÏÎ˚

≤ÃÜ˛y¢ Ü˛Ó˚&l ≠

◊!ÙÜ˛ˆÏòÓ˚ ˜ò!lÜ˛ xyÎ˚

˜ò!lÜ˛ xyÎ˚ åê˛yÜ˛yÎ˚ä ◊!ÙÜ˛ §Çáƒy

30–32 4
33–35 7
36–38 16
39–41 31
42–44 60
45–47 11
48–50 1
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~Ü˛Ü˛ 5  §•à!ï˛ G !lË≈̨ Ó̊l (Correlation and Regression)

àë˛l

5.0 í˛zˆÏj¢ƒ

5.1 ˛≤ÃhflÏyÓly

5.2 !mã˛°!Ë˛!_Ü˛ Ó˚y!¢ï˛Ìƒ

5.3 !ÓˆÏ«˛˛õî !ã˛e

5.4 §•àyB˛

5.4.1 §•àyB˛ÈüÈ~Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ôÙ≈

5.5 !lË≈˛Ó˚l ï˛_¥

5.5.1 !lË≈˛Ó˚ˆÏlÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ôÙ≈

5.6 Ùyle´!ÙÜ˛ §•à!ï˛

5.7 xl%¢#°l#

5.0 í˛zˆÏj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õí˛¸ÓyÓ˚ ˛õÓ˚ xy˛õ!l çylˆÏï˛ ˛õyÓ˚ˆÏÓlÈüüüÈ

 !mã˛° Ó˚y!¢ï˛Ìƒ Ü˛#⁄

 !ÓˆÏ«˛˛õî !ã˛e Ü˛yˆÏÜ˛ ÓˆÏ°⁄˛

 §•àyB˛ Ü˛# G ï˛yÓ˚ ôÙ≈–

 !lË≈˛Ó˚lï˛_¥ Ü˛yˆÏÜ˛ ÓˆÏ° G ï˛yÓ˚ ôÙ≈ Ü˛# Ü˛#⁄

5.1 ≤ÃhflÏyÓly

˛õ)Ó≈Óï≈˛# Ü˛ˆÏÎ˚Ü˛!ê˛ xôƒyˆÏÎ˚ ~Ü˛!ê˛ ã˛°ˆÏÜ˛Ó˚ !Ë˛!_ˆÏï˛ Ü˛#Ë˛yˆÏÓ ˛õ!Ó˚§Çáƒy !ÓË˛yçl àë˛l Ü˛Ó˚ˆÏï˛ •Î˚ ~ÓÇ ï˛yÓ˚

˜Ó!¢‹Tƒ=!° !lî≈Î˚ Ü˛Ó˚y ÎyÎ˚ ˆ§ §¡õˆÏÜ≈˛ xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ– !Ü˛v ÓƒÓ§y G xlƒylƒ xl%§¶˛yl ˆ«˛ˆÏe xˆÏlÜ˛

§ÙÎ˚ ò%•z Óy ï˛ˆÏï˛y!ôÜ˛ ã˛°Ü˛ §¡õˆÏÜ≈˛ Ó˚y!¢ï˛Ìƒ !ÓˆÏŸ’£Ïî Ü˛Ó˚y ≤ÃˆÏÎ˚yçl •Î˚– ˆ§•z Ó˚y!¢ï˛ˆÏÌƒÓ˚ !Ë˛!_ˆÏï˛ ò%•z!ê˛

ã˛°Ó˚y!¢Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛ §¡∫ˆÏ¶˛ Ü˛# çyly ÎyÎ˚ ï˛y ~•z xôƒyˆÏÎ˚ xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÓ– í˛zòy•Ó˚îfl∫Ó˚*˛õñ xyÎ˚ÈüÈÓƒÎ˚ñ

xyÎ˚ÈüÈ§MÈ˛Î˚ñ ã˛y!•òyÈüÈÙ)°ƒñ ̂ ÎyàylÈüÈòyÙñ Ù%lyÊ˛yÈüÈí z̨Í˛õyòlñ Ù%lyÊ˛yÈüÈ!Óe´Î˚ñ e´Î˚ÈüÈ!Óe´Î˚ñ !Óe´Î˚ÈüÈ!ÓK˛y˛õlñ  ã˛y!•òyÈüÈˆÎyàyl

•zï˛ƒy!ò– ~ ôÓ˚ˆÏlÓ˚ !mã˛° !Ë˛!_Ü˛ Ó˚y!¢ï˛Ìƒ ˆÌˆÏÜ˛ ≤Ãôylï˛ ò%!ê˛ §Ù§ƒy §ÙyôyˆÏlÓ˚ ˆã˛‹Ty Ü˛Ó˚y •Î˚–
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≤ÃÌÙï˛ñ ~ˆÏòÓ˚ ÙˆÏôƒ ˆÜ˛ylG ˛õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛ xyˆÏSÈ !Ü˛ly ~ÓÇ ï˛y ÌyÜ˛ˆÏ° ï˛yˆÏòÓ˚ §¡õˆÏÜ≈˛Ó˚ ≤ÃÜ,˛!ï˛ G

àË˛#Ó˚ï˛y ˛õ!Ó˚Ùy˛õ Ü˛Ó˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚y– ï˛yˆÏòÓ˚ ÙˆÏôƒ §Ó˚°ˆÏÓ˚áy !Ë˛!_Ü˛ Óy xlƒ ˆÜ˛ylG Óe´ˆÏÓ˚áy !Ë˛!_Ü˛ §¡õÜ≈˛

xyˆÏSÈ !Ü˛ly ˆòáy– ~•z â!l¤˛ï˛yÓ˚ ≤ÃÜ,˛!ï˛ G ï˛y Ü˛ï˛áy!l àË˛#Ó˚ ï˛yÓ˚ !ÓˆÏŸ’£Ïî •Î˚ §•à!ï˛Ó˚ §y•yˆÏÎƒ–

!mï˛#Î˚ï˛ñ ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ ÙˆÏôƒ ~Ü˛!ê˛Ó˚ ˆÜ˛ylG !Ü˛S%È Ùyl çyly ÌyÜ˛ˆÏ° ï˛yÓ˚ !Ë˛!_ˆÏï˛ x˛õÓ˚!ê˛ §¡õˆÏÜ≈˛ xl%Ùyl

Ü˛Ó˚y xÌ≈yÍñ ≤ÃÌÙ ã˛°ˆÏÜ˛Ó˚ í˛z˛õÓ˚ !mï˛#Î˚ ã˛°ˆÏÜ˛Ó˚ ~Ü˛≤ÃÜ˛yÓ˚ !lË≈˛Ó˚ï˛y !lî≈Î˚ Ü˛ˆÏÓ˚ ï˛yÓ˚ §y•yˆÏÎƒ ≤ÃÌÙ ã˛°Ü˛!ê˛Ó˚

§y•yˆÏÎƒ !mï˛#Î˚ ã˛°Ü˛!ê˛ˆÏÜ˛ xl%Ùyl Ü˛Ó˚y •Î˚ Ú!lË≈˛Ó˚lÛÈüÈ~Ó˚ §y•yˆÏÎƒ–˛

5.2 !mã˛°!Ë˛!_Ü˛ Ó˚y!¢ï˛Ìƒ (Bivariate data)

~•z çyï˛#Î˚ Ó˚y!¢ï˛ˆÏÌƒÓ˚ ≤Ã!ï˛!ê˛ Ó› Óy Óƒ!‹TÓ˚ (item) çl !mã˛° xÌ≈yÍñ ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ §¡õˆÏÜ≈˛ ï˛Ìƒ ˛õyGÎ˚y

ÎyÎ˚– ~áyˆÏl ≤ÃÌÙ ã˛°Ü˛!ê˛ˆÏÜ˛ Î!ò x ~ÓÇ !mï˛#Î˚ ã˛°Ü˛ Ï̂Ü˛ y ôÓ˚y •Î˚ñ ï˛ˆÏÓ ˆçyí˛¸y §Çáƒy xÌ≈yÍ (x,y) Ùyl ˆòGÎ˚y

ÌyÜ˛ˆÏÓ ≤Ã!ï˛!ê˛ Óƒ!‹TÓ˚ çlƒ– ôÓ˚y ÎyÜ˛ñ ~Ó˚Ü˛Ù nÈüÈˆçyí˛¸y Ùyl ̂ òGÎ˚y xyˆÏSÈ– í˛zòy•Ó˚îfl∫Ó˚*˛õñ !lˆÏ¡¨ ≤Ãò_ ï˛Ìƒ §yÓ˚!î!ê˛

å§yÓ˚!îÈüÈ1ä– ôÓ˚y ÎyÜ˛ñ ˆÎáyˆÏl òyÙ (x) ~ÓÇ ˆÎyàyl (y) §¡∫ˆÏ¶˛ 10 ˆçyí˛¸y Ùyl ˆòGÎ˚y xyˆÏSÈ–

§yÓ˚!îÈüüüÈ5É1

òyÙ åê˛yÜ˛yÎ˚/!Ü˛ˆÏ°y@˝ÃyÙä 10 12 18 16 15 191 18 17 21 23

ˆÎyàyl åÜ%˛•zrê˛y°ä 30 35 45 44 42 48 47 46 51 55

xˆÏlÜ˛ §ÙÎ˚ ~Ó˚Ü˛Ù ˆçyí˛¸y §Çáƒy Î!ò xyÓ˚G ˆÓ!¢ §ÇáƒÜ˛ •Î˚ñ ï˛ˆÏÓ ~ ôÓ˚ˆÏlÓ˚ §yÓ˚!î ˆÌˆÏÜ˛ ï˛Ìƒ !l‹Òy¢l

§Ù§ƒy •ˆÏÓñ ˆ§ˆÏ«˛ˆÏe xyÙÓ˚y !mã˛°!Ë˛!_Ü˛ ˛õ!Ó˚§Çáƒy !ÓË˛yçl àë˛l Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚– !lˆÏã˛Ó˚ ˛õ!Ó˚§Çáƒy §yÓ˚!îˆÏï˛

å§yÓ˚!îÈüÈ2ä 100 !ê˛ ˛õ!Ó˚ÓyˆÏÓ˚Ó˚ ˆÙyê˛ ÓƒÎ˚ y ~ÓÇ áyòƒÈüÈ§yÙ@˝Ã#Ó˚ ÓƒÎ˚ (x)ÈüÈ~Ó˚ !Ë˛!_ˆÏï˛ à!ë˛ï˛ ~Ü˛!ê˛ ˛õ!Ó˚§Çáƒy

!ÓË˛yçl ̂ òáˆÏly •ˆÏÎ˚ˆÏSÈñ ̂ ÎáyˆÏl x ~ÓÇ y ÈüÈ~Ó˚ ÎÌye´ˆÏÙ 4!ê˛ G 5!ê˛ ̂ ◊î# ÓƒÓ•yÓ˚ Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ– Ê˛ˆÏ°ñ §yÓ˚!î!ê˛ˆÏï˛

20!ê˛ ˛õ,ÌÜ˛ ˛õ,ÌÜ˛ ˆÜ˛y£Ï ÓƒÓ•yÓ˚ Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ– ~•z ˆÜ˛y£Ï=!°Ó˚ x  ~ÓÇ y ÈüÈ~Ó˚ ~Ü˛ ˆçyí˛¸y l¡∫Ó˚ !lˆÏÎ˚ à!ë˛ï˛

~Ü˛ ~Ü˛!ê˛ ˆ◊î#Ó˚ ˛õ!Ó˚§Çáƒy !lˆÏò≈¢ Ü˛Ó˚ˆÏSÈ–

§yÓ˚!îÈüüüÈ5É2

áyòƒÈüÈ§yÙ@˝Ã#Ó˚ ÓƒÎ˚ G ˛õy!Ó˚Óy!Ó˚Ü˛ xyˆÏÎ˚Ó˚ !ÓË˛yçl

˛õy!Ó˚Óy!Ó˚Ü˛ xyÎ˚ åê˛yÜ˛yÎ˚ä

áyòƒ §yÙ@˝Ã#Ó˚ ÓƒÎ˚ 2000–3000 3000–4000 4000–5000 5000–6000 6000–7000

å¢ï˛yÇ¢ä

10 – 15 — — — 3 7
15 – 20 — 4 9 4 3
20 – 25 7 6 12 5 —
25 – 30 3 10 19 8 —
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5.3 !ÓˆÏ«˛˛õî !ã˛e (Scatter Diagram)

ÙˆÏl Ü˛Ó˚y ÎyÜ˛ñ ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ §¡õˆÏÜ≈˛ nüÈˆçyí˛¸y Ùyl ˆòGÎ˚y xyˆÏSÈ– ~ál Ó˚y!¢!ÓK˛yl ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ §•à!ï˛Ó˚

˛õ!Ó˚Ùyî G ≤ÃÜ,˛!ï˛ !lô≈yÓ˚î Ü˛Ó˚y xyÙyˆÏòÓ˚ í˛zˆÏj¢ƒ– ~•z !Ó£ÏˆÏÎ˚ !ÓˆÏ«˛˛õî !ã˛ˆÏeÓ˚ xÓòyl ÎˆÏÌ‹T– !ÓˆÏ«˛˛õî !ã˛e

xy§ˆÏ° nÈüÈ§ÇáƒÜ˛ !Ó®%Ó˚ ~Ü˛!ê˛ çƒy!Ù!ï˛Ü˛ !ã˛eñ ˆÎáyˆÏl ˙ !Ó®%=!° ˛õyGÎ˚y ÎyˆÏÓ n §ÇáƒÜ˛ ˆçyí˛¸y Ùyl ˆÌˆÏÜ˛–

!ÓˆÏ«˛˛õî !ã˛e•z ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ ÙˆÏôƒ §•à!ï˛Ó˚ ˛õ!Ó˚Ùyî G ≤ÃÜ,˛!ï˛ !lˆÏò≈¢ Ü˛ˆÏÓ˚– ˛õÓ˚Óï≈˛# ˛õ!Ó˚ˆÏFSÈˆÏò ˆòáy ÎyˆÏÓ §•àyB˛

(Correlation coefficient) rxy ÈüÈ~Ó˚ §ÓÁ≈!l¡¨ ÙylÈüüüÈ1 ~ÓÇ §ˆÏÓ≈yFã˛ Ùyl + 1 •Î˚–

§yôyÓ˚îË˛yˆÏÓ ~Ü˛!ê˛ ã˛°ˆÏÜ˛Ó˚ (x) ÈüÈ~Ó˚ Ùyl Óyí˛¸yÓ˚ §ˆÏD §ˆÏD Î!ò xlƒ ã˛°ˆÏÜ˛Ó˚ (y) Ùyl Óyí˛¸ˆÏï˛ ÌyˆÏÜ˛ xÌÓy

~Ü˛!ê˛ ã˛° Ï̂Ü˛Ó˚ (x)  Ùyl Óyí˛¸yÓ˚ §ˆÏD §ˆÏD xlƒ ã˛°ˆÏÜ˛Ó˚ (y) Ùyl Ü˛ÙˆÏï˛ ÌyˆÏÜ˛ñ ï˛ˆÏÓ Ó%V˛ˆÏï˛  •ˆÏÓ ˆÎ ã˛°mˆÏÎ˚Ó˚

ÙˆÏôƒ §•à!ï˛ xyˆÏSÈ– ≤ÃÌÙ ≤ÃÜ˛yˆÏÓ˚Ó˚ §•à!ï˛ˆÏÜ˛ ôlydÜ˛ §•à!ï˛ G ˛õˆÏÓ˚Ó˚ §•à!ï˛ˆÏÜ˛ }îydÜ˛ §•à!ï˛ Ó Ï̂°–

˛õ«˛yhs˝ˆÏÓ˚ñ ~Ü˛!ê˛ ã˛°ˆÏÜ˛Ó˚ Ó,!k˛Ó˚ §ˆÏD xlƒ!ê˛Ó˚ °«˛î#Î˚ Ó,!k˛ Óy •…yˆÏ§Ó˚ ˆÜ˛yl ≤ÃÓîï˛y•z Î!ò ly ÌyˆÏÜ˛ñ ï˛ˆÏÓ Ó°y

•Î˚ ˆÎ ã˛°mˆÏÎ˚Ó˚ ÙˆÏôƒ ˆÜ˛ylG §•à!ï˛ ˆl•z– ~ˆÏ«˛ˆÏe ã˛°Ü˛ ò%!ê˛ §•à!ï˛ Ù%_´ (Uncorrelated) Ó°y •Î˚– xyÓyÓ˚

ã˛°Ü˛ ò%!ê˛Ó˚ ÙˆÏôƒ ˆÎ ôÓ˚ˆÏlÓ˚ §¡õˆÏÜ≈˛Ó˚ Ü˛Ìy Ó°y •ˆÏFSÈ ï˛y ˆÙyê˛yÙ%!ê˛Ë˛yˆÏÓ §Ó˚°ˆÏÓ˚áy §)ˆÏe ≤ÃÜ˛y¢ˆÏÎyàƒ– xÌ≈yÍ

ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ §•à!ï˛ •ˆÏFSÈ ï˛yˆÏòÓ˚ ~Ü˛!ê˛Ó˚ ˛õ!Ó˚Óï≈˛ˆÏl xlƒ!ê˛Ó˚ §Ó˚°˜ÏÓ˚!áÜ˛ ˛õ!Ó˚Óï≈˛l¢#°ï˛y– ôlydÜ˛ §•à!ï˛Ó˚

ˆ«˛ˆÏe rxyÈüÈ~Ó˚ Ùyl ôlydÜ˛ •Î˚– xl%Ó˚*ˆÏ˛õñ }îydÜ˛ §•à!ï˛Ó˚ ˆ«˛ˆÏe rxy üÈ~Ó˚ Ùyl }îydÜ˛ •Î˚– ˛õ«˛yhs˝ˆÏÓ˚ñ

xÈüÈ§•à!ï˛Ó˚ ˆ«˛ˆÏe rxyÈüÈ~Ó˚ Ùyl ¢)lƒ •Î˚– ~•z ˆÎ !ï˛l≤ÃÜ˛yÓ˚ §•à!ï˛Ó˚ Ü˛Ìy Ó°y •ˆÏÎ˚ˆÏSÈ ï˛yÓ˚ ≤Ã!ï˛!ê˛ ˆ«˛ˆÏe

!ÓˆÏ«˛˛õî !ã˛ˆÏeÓ˚ xyÜ˛yÓ˚ ˆÎ ôÓ˚ˆÏlÓ˚ •Î˚ ï˛y !lˆÏã˛Ó˚ !ã˛ˆÏe ˆòáyl •°ÈüüüÈ

x 

y

x 

y

x 

y

ôlydÜ˛ §•à!ï˛ }îydÜ˛ §•à!ï˛ xÈüÈ§•à!ï˛

§•à!ï˛Ó˚ ÙyˆÏlÓ˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ ï˛yÓ˚ â!l¤˛ï˛yÓ˚ ˛õ!Ó˚Ùyî– í˛zòy•Ó˚î !•§yˆÏÓ ôlydÜ˛ §•à!ï˛Ó˚ Ü˛Ìy ôÓ˚y

ÎyÜ˛ xÌ≈yÍ rxyÈ 
üÈ~Ó˚ Ùyl Îál 0 ˆÌˆÏÜ˛ Óyí˛¸ˆÏï˛ Óyí˛¸ˆÏï˛ 1 ˛õÎ≈hs˝ •Î˚ñ ï˛ál â!l¤˛ï˛yÓ˚ ˆÎ ˛õ!Ó˚Óï≈˛l Ü˛Ó˚y •Î˚ ï˛y

çƒy!Ù!ï˛Ü˛ !ã˛ˆÏe !lˆÏã˛ ˆòáyˆÏly •°–
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x 

y 

r =
 + 1

x 

y 

r = 0.8
x 

y 

r = 0.6
x 

y 

r = 0.4

!ã˛e!ê˛ ˆÌˆÏÜ˛ ˛õ!Ó˚‹ÒyÓ˚ ˆÓyV˛y ÎyˆÏFSÈñ rxyÈüÈ~Ó˚ Ùyl Îï˛•z 0 ˆÌˆÏÜ˛ 1ÈüÈ~Ó˚ !òˆÏÜ˛ ÎyˆÏFSÈ ï˛ï˛•z ã˛°Ó˚y!¢ ò%Û!ê˛Ó˚

ÙˆÏôƒ â!l¤˛ï˛y Óyí˛¸ˆÏSÈ– xl%Ó˚*ˆÏ˛õñ }îydÜ˛ §•à!ï˛Ó˚ ÙylG Îál 0 ˆÌˆÏÜ˛ Ü˛ÙˆÏï˛ Ü˛ÙˆÏï˛ –1 ~Ó˚ !òˆÏÜ˛ ÎyÎ˚ñ ï˛ál

â!l¤˛ï˛yG e´ˆÏÙ Óyí˛¸ˆÏï˛ ÌyˆÏÜ˛– §•à!ï˛ §)ã˛ˆÏÜ˛Ó˚ Ùyl Îál +1 xÌÓy –1 •Î˚ñ ï˛ál §ÙhflÏ !Ó!«˛Æ !Ó®%=!° ~Ü˛•z

§Ó˚°ˆÏÓ˚áyÎ˚ xÓfliyl Ü˛ˆÏÓ˚–

5.4 §•àyB˛ (Correlation)

ÙˆÏl Ü˛Ó˚ñ ò%!ê˛ ã˛°Ü˛ (x, y)üÈ~Ó˚ ≤ÃˆÏï˛ƒˆÏÜ˛Ó˚ nÈüÈ§ÇáƒÜ˛ Ùyl •° (x1, y1), (x2, y2),......... (xn, yn)– ~ˆÏòÓ˚

ÙˆÏôƒ (xi, yi) •ˆÏFSÈ iÈüÈï˛Ù Óƒ!‹TÓ˚ x ~ÓÇ yÈüÈ~Ó˚ Ùyl– x ~ÓÇ yÈüÈ~Ó˚ ÙˆÏôƒ Ü˛y°≈ !˛õÎ˚yÓ˚§l (Karl Pearson)ÈüÈ~Ó˚

§•àyˆÏB˛Ó˚ §ÇK˛y åÎy rxy !òˆÏÎ˚ !ã˛!•´ï˛ Ü˛Ó˚y •Î˚ä •°ñ

§•àyB˛ = 

~áyˆÏl ò%Û!ê˛ ã˛°Ó˚y!¢ x ~ÓÇ yüÈ~Ó˚ §•ˆÏË˛òÙyl (Covariance) •° ˆË˛òÙylÈüÈ~Ó˚ xl%Ó˚*˛õ ˛õ!Ó˚Ùy˛õ– !Ü˛v

ˆË˛òÙyl ˆÎÙl ~Ü˛!ê˛ ã˛°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe ≤ÃˆÏÎyçƒñ §•ˆÏË˛òÙyl ˆï˛Ùl ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ §•!Óã%˛ƒ!ï˛ ˛õ!Ó˚ÙyˆÏ˛õÓ˚ çlƒ

≤ÃˆÏÎ˚yçƒ–

§%ï˛Ó˚yÇñ

§•àyB˛ 
 

   

   

n

i i
i 1

xy
n n

2 2
i i

i 1 i 1

1 x x y y
n

r
1 1x x y y
n n



 

 



 



 

= 

n

i i
i 1

2 2 2 2
i i

1 x y x y
n

1 1x x y y
n n
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= 
i i

2 2 2 2
i i

x y n.x y

x nx y ny



 


 

= 
i i

x y

1 x y x ·y
n

s ·s



5.4.1 §•àyB˛ (rxy)ÈÈüÈ~Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ôÙ≈ (Properties of Corrclation Coefficient, rxy)

(i) §•àyB˛ (rxy)  ~Ü˛!ê˛ !Ó÷k˛ §Çáƒy xÌ≈yÍ x ~ÓÇ y ˆÎ ~Ü˛Ü˛ !òˆÏÎ˚•z ≤ÃÜ˛y¢ Ü˛Ó˚y ˆ•yÜ˛ ly ˆÜ˛lñ §•àyB˛

ï˛yÓ˚ ≤ÃË˛yÓ ˆÌˆÏÜ˛ §¡õ)î≈ Ù%_´–

(ii) §•àyB˛ñ rxyÈüÈ~Ó˚ §Ó≈!l¡¨ Ùyl – 1 ~ÓÇ §ˆÏÓ≈yFã˛ Ùyl + 1 xÌ≈yÍñ  – 1 # rxy # + 1

≤ÃÙyî ≠ ÙˆÏl Ü˛Ó˚ñ x G y ò%•z!ê˛ ã˛°Ü˛ ~ÓÇ (x1, y1), (x2, y2),........... (xn, yn ) í˛z•yˆÏòÓ˚ nÈüÈˆçyí˛¸y Ùyl–

x , x  í˛z•yˆÏòÓ˚ àí˛¸mÎ˚ ~ÓÇ sx, sy í˛z•yˆÏòÓ˚ §ÙƒÜ˛ !Óã%˛ƒ!ï˛mÎ˚–

ÙˆÏl Ü˛ˆÏÓ˚yñ 
i

i
x

x x
u

s


  ~ÓÇ 
i

i
y

y y
v

s




ï˛y•ˆÏ°ñ 

2
2 i
i

x

x x
u

s
   

 
   = 

 2i
2
x

x x

s


 = 

2
x

2
x

ns

s
= n

xl%)Ó˚*˛õñ 

2
2 i
i

y

y y
v n

s
 

  
 

 

xyÓyÓ˚ñ 
i i

i i
x y

x x y y
v u

s s
      

  
   = 

   xy x yi 1
xy

x y x y

nr s sx x y y
n.r

s s s ·s

 
 

ˆÎˆÏ•ï%˛ (ui + vi)
2 Ü˛álG }îydÜ˛ •ˆÏï˛ ˛õyˆÏÓ˚ lyñ ï˛y•z  2i iu v 0 

 2i iu v 0 

Óyñ 2 2
i i i iu v 2 u v 0    

Óyñ xyn n 2nr 0  
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Óyñ xyr 1  .... (*)

xl%Ó˚*ˆÏ˛õñ ˆÎˆÏ•ï%˛ (ui – vi)
2 Ü˛álG }îydÜ˛ •ˆÏï˛ ˛õyˆÏÓ˚ lyñ ï˛y•z

 2i iu v 0 

Óyñ 2 2
i i i iu v 2 u v 0    

Óyñ xyn n 2nr 0  

Óyñ xyr 1 ... (**)

xy1 r 1  

(iii) x G yüÈ~Ó˚ Ù)°!Ó®% G ÙyeyÓ˚ (Origin and Scale) ˛õ!Ó˚Óï≈˛ˆÏl §•àyD (rxy)ÈüÈ~Ó˚ ÙyˆÏlÓ˚ ˛õ!Ó˚Óï≈˛l

•Î˚ lyñ Î!ò ÙyeymÎ˚ §Ù!ã˛•´ !Ó!¢‹T •Î˚– Î!ò ÙyeymÎ˚ !Ó˛õÓ˚#ï˛ !ã˛•´ !Ó!¢‹T •Î˚ñ ï˛ˆÏÓ lï%˛l ã˛°mˆÏÎ˚Ó˚ §•àyD ˛õ)ˆÏÓ≈y_´

§•àyˆÏB˛Ó˚ !Ó˛õÓ˚#ï˛ !ã˛•´Î%_´ •Î˚–

xÌ≈yÍ Î!ò 
x au

b
  ~ÓÇ 

y c
v

d
  •Î˚ ï˛ˆÏÓñ

ruv
 = rxy

 Î!ò b G d ~Ü˛•z !ã˛•´!Ó!¢‹T •Î˚–

=  – rxy Î!ò b G d !Ó˛õÓ˚#ï˛ !ã˛•´!Ó!¢‹T •Î˚–

≤ÃÙyî ≠ ÙˆÏl Ü˛ˆÏÓ˚ñ x G y ò%!ê˛ ã˛°Ü˛ G (x1, y1), (x2, y2), ........ (xn, yn) í˛z•yˆÏòÓ˚ nÈüÈˆçyí˛¸y Ùyl– ~ál

x G yÈüÈ~Ó˚ Ù)°  a G c !Ó®%ˆÏï˛ ~ÓÇ ÙyeymÎ˚ b G d ˛õ!Ó˚Ùyî ˛õ!Ó˚Óï≈˛l Ü˛Ó˚y •°–

ï˛y•ˆÏ°ñ i
i

x a
u

b


  ~ÓÇ 
i

i
y c

v
d


 .... (A)

(A) ˆÌˆÏÜ˛ ˛õy•zñ xi = a + bui ~ÓÇ yi = c + dvi

ï˛y•ˆÏ°ñ x a bu   ~ÓÇ y a dv 

2
2 2 2 2 2 2
x i i 1 u

1 1 b
s (x x) (a bu a bu) (u u) b s

n n n
          

  sx = | b |su
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xl%Ó˚*ˆÏ˛õñ sy = | d |sv

~álñ        i i i i
1 1x x y y a bu a bu c dv c dv
n n

         

=  i i
1bd u u (v v)
n

 


   i 1

xy
x y

1 x x y y
nr

s s

 




= 
  i 1

u v

1 u u v vbd n·
| b |·| d | s ·s

 

= uv
bd ·r

| b |·| d |

 uv xy
| b |·| d |

r ·f
bd



 ruv= rxy
 Î!ò b G d  §Ù!ã˛•´ !Ó!¢‹T •Î˚–

= – rxy
 Î!ò b  G d !Ó˛õÓ˚#ï˛ !ã˛•´!Ó!¢‹T •Î˚–

í˛zòy•Ó˚î 1É ˆÜ˛ylG ÓyçyˆÏÓ˚ ˛õÓ˚˛õÓ˚ 4 §ÆyˆÏ• xy°%Ó˚ òÓ˚ (x) G !Óe´Î˚ ˛õ!Ó˚Ùyî (y) §Çe´yhs˝ ï˛Ìƒ ˆòGÎ˚y

xyˆÏSÈ– òÓ˚ G !Óe´Î˚ ˛õ!Ó˚ÙyˆÏîÓ˚ ÙˆÏôƒ §•àyˆÏB˛Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚ ~ÓÇ ˆï˛yÙyÓ˚ Ùï˛yÙï˛ !òl–

x åê˛yÜ˛y/ˆÜ˛!çä 5.2 6.3 6.8 6.5 5.8 5.4 6.0 6.5

y åÜ%˛•zrê˛ƒy°ä 19.4 17.0 15.1 16.2 17.8 19.5 16.5 15.2

§Ùyôyl ≠ §•àyB˛ !lî≈ˆÏÎ˚Ó˚ çlƒ àîly Ü˛yÎ≈ ≠

§Æy• ˆÜ˛!ç ≤Ã!ï˛ òÓ˚ åê˛yÜ˛yÎ˚ä !Óe´Î˚ ˛õ!Ó˚Ùyî åÜ%˛/ä ui = xi – 6 vi = yi = 18 2
1u 2

1v uivi

(xi) (yi)

1 5.2 19.4 – 0.8   1.4 0.64 1.96 – 1.12
2 6.3 17.0   0.3 – 1.0 0.09 1.00 – 0.30
3 6.8 15.1   0.8 – 2.9 0.64 8.41 – 2.32
4 6.5 16.2   0.5 – 1.8 0.25 3.24 – 0.90
5 5.8 17.8 – 0.2 – 2.0 0.04 0.04    0.04
6 5.4 19.5 – 0.6   1.5 0.36 2.25 – 0.90
7 6.0 16.5   0.0 – 1.5 0.00 2.25 – 0.00
8 6.5 15.2   0.5 – 2.8 0.25 7.84 – 1.40

ˆÙyê˛ — — 0.5 – 7.3 2.27 26.99 – 6.90
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Î!ò x G y üÈ~Ó˚ §•àyB˛ rxy •Î˚ñ ï˛ˆÏÓ

   

     
i i i i

xy uv
2 22 2

i i i i

n u v u v
r r

n u u n v v


 

 

  

   

= 
     

     2 2

8 6.9 0.5 7.3

8 2.27 0.5 8 26.99 7.3

   

    

= 
51.55 0.955

4.232 12.753
 



!lˆÏî≈Î˚ §•àyˆÏB˛Ó˚ Ùyl á%Ó ˆÓ!¢ñ xyÓyÓ˚ í˛z•yÓ˚ ôlydÜ˛ ÓˆÏ° ~ê˛y flõ‹T ˆÎñ xy°%Ó˚ ˆÜ˛!ç ≤Ã!ï˛ òÓ˚ Óyí˛¸ˆÏ°

!Óe´Î˚ ˛õ!Ó˚Ùyî Ü˛ÙˆÏÓ ~ÓÇ ã˛°Ü˛ ò%!ê˛Ó˚ §¡õÜ≈˛ }îydÜ˛ ì˛y° §• ≤ÃyÎ˚ }ç%˜ÏÓ˚!áÜ˛–

5.5 !lË≈˛Ó˚l ï˛_¥ (Regression Theory)

xˆÏlÜ˛ §ÙÎ˚ ˆòáy ÎyÎ˚ñ ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ ÙˆÏôƒ ~Ü˛!ê˛ x˛õÓ˚!ê˛Ó˚ G˛õÓ˚ ˆÜ˛ylG ly ˆÜ˛ylË˛yˆÏÓ !lË≈˛Ó˚¢#°–

ˆÎÙlÈüüüÈÙ%lyÊ˛yÓ˚ ˛õ!Ó˚Ùyî !lË≈˛Ó˚ Ü˛ˆÏÓ˚ !Óe´ˆÏÎ˚Ó˚ ˛õ!Ó˚ÙyˆÏîÓ˚ G˛õÓ˚– ˆÜ˛ylG ˛õ!Ó˚ÓyˆÏÓ˚ ÓƒÎ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ ˛õ!Ó˚ÓyˆÏÓ˚Ó˚

ˆÙyê˛  xyˆÏÎ˚Ó˚ G˛õÓ˚ •zï˛ƒy!ò– ~•z !lË≈˛Ó˚¢#°ï˛yÓ˚ Ü˛Ìy ÙˆÏl ˆÓ˚ˆÏáñ ˆÎ ã˛°Ü˛!ê˛ x˛õÓ˚ ã˛°Ü˛!ê˛Ó˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛Ó˚ˆÏSÈ

ˆ§!ê˛ˆÏÜ˛ !lË≈˛Ó˚# Óy xô#l ã˛°Ü˛ (dependent variable) ~ÓÇ x˛õÓ˚!ê˛ fl∫!lË≈˛Ó˚ Óy xl˛ˆÏ˛õ«˛ Óy fl∫yô#l ã˛°Ü˛

(independent variable)  ÓˆÏ°– ~•z !lË≈˛Ó˚ï˛yÓ˚ ˛õ!Ó˚ˆÏ≤Ã!«˛ˆÏï˛ fl∫!lË≈˛Ó˚ ã˛°Ü˛!ê˛Ó˚ Ùyl §¡õˆÏÜ≈˛ ˆÜ˛ylG K˛yï˛ ï˛Ìƒ

ˆÌˆÏÜ˛ !lË≈˛Ó˚# ã˛°Ü˛!ê˛Ó˚ Ùyl §¡õˆÏÜ≈˛ Ó˚y!¢!ÓK˛yl §¡øï˛ G !lË≈˛Ó˚ˆÏÎyàƒ ˆÜ˛ylG xl%Ùyl Ü˛Ó˚y ÎyÎ˚ !Ü˛ly  ˆ§ê˛y•z

xyÙyˆÏòÓ˚ ≤Ãôyl í˛zˆÏj¢ƒ–

ÙˆÏl Ü˛Ó˚ñ x •ˆÏFSÈ ~Ü˛!ê˛ fl∫yô#l Óy xlˆÏ˛õ«˛ ã˛°Ü˛ G y xyÓ˚ ~Ü˛!ê˛ ã˛°Ü˛– ~ál x ~ÓÇ yÈüÈ~Ó˚ !lË≈˛Ó˚ï˛y

xl%Ùyl Ü˛Ó˚yÓ˚ í˛z˛õyÎ˚ •ˆÏã˛SÈ xÈüÈ~Ó˚ ÙyˆÏlÓ˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ §ˆÏD §ˆÏD yÈüÈ~Ó˚G ÙyˆÏlÓ˚ ˛õ!Ó˚Óï≈˛l •ˆÏFSÈ !Ü˛ly ˆòáy–

Î!ò ã˛°Ü˛mˆÏÎ˚Ó˚ ÙˆÏôƒ ˆÙyê˛yÙ%!ê˛ §Ó˚°˜ÏÓ˚!áÜ˛ §¡õÜ≈˛ ÌyˆÏÜ˛ ï˛ˆÏÓ xyÙÓ˚y Ó!° í˛z•yˆÏòÓ˚ ÙˆÏôƒ §Ó˚° !lË≈˛Ó˚l (Simple

regression) xyˆÏSÈ– Î!òG ≤ÃÜ,˛ï˛ !lË≈˛Ó˚ˆÏlÓ˚ fl∫Ó˚*˛õ!ê˛ xl%Ùyl Ü˛Ó˚y ˆÓ¢ Ü˛!ë˛lñ y = a + bx, ˆÎáyˆÏl a G b

ò%!ê˛ ô &ÓÜ˛ñ ˆÓ˚áy!ê˛ˆÏÜ˛ xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ !lË≈˛Ó˚î ˆÓ˚áy !•§yˆÏÓ ôÓ˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚–

(x , y )1 1

e1

y1

Y1

x  

 
 



y
y = a + bx
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í˛z˛õˆÏÓ˚y_´ !ÓˆÏ«˛˛õî !ã˛e!ê˛ ˆòˆÏá xyÙÓ˚y xÈüÈ~Ó˚ í˛z˛õÓ˚ y ÈüÈ~Ó˚ ~Ü˛!ê˛ !lË≈˛Ó˚î §Ó˚°ˆÏÓ˚áy (Regression fine)

!lî≈Î˚ Ü˛Ó˚!SÈ– (xi,yi), i = 1, 2, ............ n ˆ°á!ã˛ˆÏeÓ˚ ÙˆÏôƒ !Ó!«˛Æ !Ó®%=!° •° (x, y) ˆçyí˛¸y ÙyˆÏlÓ˚ §¡õÜ≈˛

K˛yï˛ Ó˚y!¢–

~áyˆÏlñ

yi
 = xÈüÈxˆÏ«˛Ó˚ xi fliyˆÏl yÈüÈ~Ó˚ K˛yï˛ Ó˚y!¢–

Yi
 = xÈüÈxˆÏ«˛Ó˚ xi fliyˆÏl y-~Ó˚ xl%!Ùï˛ Ó˚y!¢–

~ÓÇ

yi= Yi + ei

= a + bxi + ei .... (1)

ˆÎáyˆÏlñ ei •° xi !Ó®%ˆÏï˛ yÈüÈ~Ó˚ K˛yï˛ G xK˛yï˛ Ó˚y!¢Ó˚ ÙˆÏôƒ ò)Ó˚c–

~ˆÏ«˛ˆÏe °«˛î#Î˚ ˆÎñ (1) lÇ §Ù#Ü˛Ó˚ˆÏî a ~ÓÇ b ò%!ê˛ xK˛yï˛ Ó˚y!¢– Ü˛yˆÏç•z lÙ%ly°∏˛ Ó˚y!¢ï˛ˆÏÌƒÓ˚ !Ë˛!_ˆÏï˛

~ˆÏòÓ˚ ò%!ê˛ ≤ÃyÜ‰˛Ü˛°Ü˛ (estimate) !lî≈Î˚ Ü˛Ó˚y òÓ˚Ü˛yÓ˚– ≤ÃyÜ‰˛Ü˛°Ü˛ !lî≈ˆÏÎ˚ ˆÎ l#!ï˛ xl%§Ó˚î Ü˛Ó˚y •Î˚ ï˛yˆÏÜ˛ °!â¤˛

Óà≈ ˛õk˛!ï˛ (method of least squares) ÓˆÏ°– ~•z ˛õk˛!ï˛ˆÏï˛ a G bÈüÈ~Ó˚ Ùyl ~ÙlË˛yˆÏÓ !lî≈Î˚ Ü˛Ó˚y •Î˚ ÎyˆÏï˛

(xi, yi) ~ÓÇ (xi, Yi) !Ó®%=!°Ó˚ ò)Ó˚c §yÙ!@˝ÃÜ˛Ë˛yˆÏÓ Ü˛Ù •Î˚– xÌ≈yÍ a G b ~ÙlË˛yˆÏÓ ˆÓˆÏSÈ ˆlGÎ˚y •Î˚ ÎyˆÏï˛

 
n n

22 2
1 i i

i 1 i 1
e e y a bx

 
    

§Ó≈yˆÏ˛õ«˛y Ü˛Ù •Î˚ ~•z •° °!â¤˛ ˛õk˛!ï˛– ~•z ˛õk˛!ï˛ˆÏï˛ ˆÎ ò%!ê˛ ˆÙÔ° Óy §%§¡∫k˛ §Ù#Ü˛Ó˚î (Normal

equatons) §Ùyôyl Ü˛ˆÏÓ˚ a ~ÓÇ bÈüÈ~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚y •Î˚ ˆ§=!° •° ≠

iy ina b x   ... (2)

i i
2

x y i ia x b x    ... (3)

§Ù#Ü˛Ó˚î (2) G (3)ÈüÈ~Ó˚ a ~ÓÇ b SÈyí˛¸y §ÙhflÏ Ó˚y!¢ çyly xyˆÏSÈ– ï˛y•z x!ï˛ §•ˆÏç•z a ~ÓÇ bÈüÈ~Ó˚ Ùyl

ˆÓÓ˚ Ü˛Ó˚y Îy Ï̂Ó ~ÓÇ ˆ§=!° •° ≠

i i
2 2
i

x y nx.y
b̂

x nx






 ... (4)

ˆâ y bx  ... (5)

â ~ÓÇ b̂  •° °!â¤˛ àí˛¸ ˛õk˛!ï˛ˆÏï˛ !lî≈Î˚ Ü˛Ó˚y a ~ÓÇ bÈüÈ~Ó˚ ≤ÃyÜ˛Ü˛!°ï˛ (estimated) Ùyl–
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xl%Ó˚*ˆÏ˛õñ x Î!ò yÈüÈ~Ó˚ G˛õÓ˚ !lË≈˛Ó˚¢#° ã˛°Ü˛ •Î˚ñ ï˛ˆÏÓ xyÙÓ˚y yÈüÈ~Ó˚ í˛z˛õÓ˚ xÈüÈ~Ó˚ ~Ü˛!ê˛ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áyÓ˚

Ü˛Ìy Ë˛yÓˆÏï˛ ˛õy!Ó˚– ôÓ˚y ÎyÜ˛ñ ˆ§!ê˛ •°ÈüüüÈ

x = c + dy ....... (6)

~ál xÈüÈ~Ó˚ K˛yï˛ Ó˚y!¢Ó˚ §yˆÏÌ xl%!Ùï˛ Ó˚y!¢Ó˚ ò)Ó˚c !lˆÏÎ˚ ˆ§=!°Ó˚ í˛z˛õÓ˚ °!â¤˛ Óà≈ ˛õk˛!ï˛ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚

c ~ÓÇ dÈüÈ~Ó˚ ≤ÃyÜ‰˛Ü˛°Ü˛ !lî≈Î˚ Ü˛Ó˚y ÎyˆÏÓ ~ÓÇ ˆ§=!° •°ÈüüüÈ

i i
2 2
i

x y nx·y
d̂

y ny






                    ......... (7)

~ÓÇ ˆĉ x dy                                .......... (8)

5.5.1 !lË≈˛Ó˚ˆÏlÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ôÙ≈

(a) (i) xÈüÈ~Ó˚ í˛z˛õÓ˚ y-~Ó˚ xl%!Ùï˛ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy!ê˛Ó˚ §Ù#Ü˛Ó˚î •° ≠

 yxy y b x x               .......... (9)

ˆÎáyˆÏl byx •° x-~Ó˚ í˛z˛õÓ˚ y-~Ó˚ !lË≈˛Ó˚yB˛ ~ÓÇ

byx = i i
2 2 2
x i

x y nx ycov(x, y)

s x nx








    .......... (10)

(ii) yÈüÈ~Ó˚ í˛z˛õÓ˚ xÈüÈ~Ó˚ xl%!Ùï˛ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áyÓ˚ §Ù#Ü˛Ó˚î •° ≠

 xyx x b y y       .......... (11)

ˆÎáyˆÏl bxy  •° yÈüÈ~Ó˚ í˛z˛õÓ˚ xÈüÈ~Ó˚ !lË≈˛Ó˚yB˛

~ÓÇ 
i i

xy 2 2 2
y i

x , y nx.ycov(x, y)
b

s y ny


 





   .......... (12)

(b) rxy, bxy ~ÓÇ byxüÈ~Ó˚ !ã˛•´ §Ó≈òy ~Ü˛•z •Î˚–

(c) bxy × byx
 = r2

xy

(d) xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ ~ÓÇ yÈüÈ~Ó˚ í˛z˛õÓ˚ xÈüÈ~Ó˚ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy ò%!ê˛  x, y  !Ó®%ˆÏï˛ ˆSÈò Ü˛ˆÏÓ˚–

(d) Îál xyr 1,   ï˛ál !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy ò%!ê˛ x!Ë˛ß¨ ˆÓ˚áyˆÏï˛ Ó˚*˛õyhs˝!Ó˚ï˛ •Î˚–

(f) Îál rxy = 0 ñ ï˛ál !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy ò%!ê˛ ˛õÓ˚flõÓ˚ °¡∫ •Î˚– xÌ≈yÍ ~Ü˛!ê˛ ã˛°Ü˛ x˛õÓ˚ ã˛°ˆÏÜ˛Ó˚ myÓ˚y

ˆÜ˛ylGË˛yˆÏÓ•z ≤ÃÓy!Óï˛ •Î˚ ly–



NSOU ●  GE-EC-31 93

í˛zòy•Ó˚î 2É !l¡¨!°!áï˛ Ó˚y!¢ï˛Ìƒ ˆÌˆÏÜ˛ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy ò%!ê˛ !lî≈Î˚ Ü˛Ó˚–

!Óe´Î˚Ù)°ƒ åê˛yÜ˛yÎ˚ä 91 97 108 121 67 124 51 73 111 57

e´Î˚Ù)°ƒ åê˛yÜ˛yÎ˚ä 71 75 69 97 70 91 39 61 80 47

§Ùyôyl ≠ ÙˆÏl Ü˛Ó˚ñ !Óe´Î˚Ù)°ƒˆÏÜ˛ xÈüÈã˛°Ü˛ G e´Î˚Ù)°ƒˆÏÜ˛ yÈüÈã˛°Ü˛ myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚y •° ≠

!lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy !lî≈ˆÏÎ˚Ó˚ àîly Ü˛yÎ≈ ≠

x y u = x – x– v = y – y– u2 v2 uv

91 71 1 1 1 1 1
97 75 7 5 49 25 35

108 69 18 – 1 324 1 – 18
121 97 31 27 961 729 837
67 70 – 23 0 529 0 0

124 91 34 21 1156 441 714
51 39 – 39 – 31 1521 961 1209
73 61 – 17 – 9 289 81 153

111 80 21 10 441 100 210
57 47 – 33 – 23 1084 529 759

ˆÙyê˛ 900 700 0 0 6360 2868 3900

~ál
x 900x 90

n 10
    ~ÓÇ 

y 700y 70
n 10

  

  
 

yx 2

x x y y
b

x x

 





  = 2

uv

u


  = 3900

6360
= 0.6132

   
 

xy 2

x x x y
b

y y

 





  = 2

uv

v




 = 3900
2868

= 1.361

~«˛ Ï̂îñ xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy!ê˛ •° ≠

yxy y b (x x)  

= 70 + 0.6132 (x – 90)

= 14.812 + 0.6132x

~ÓÇ yÈüÈ~Ó˚ í˛z˛õÓ˚ xÈüÈ~Ó˚ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy!ê˛ •° ≠

 xyx x b y y    = 90 + 1.361 (y – 70) = – 5.27 + 1.361 y
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í˛zòy•Ó˚î 3É l#ˆÏã˛ 7!ê˛ ¢•ˆÏÓ˚ ˆ°yÜ˛§Çáƒy (x)üÈ~Ó˚ !ê˛É!Ë˛É ˆ§ˆÏê˛Ó˚ ã˛y!•òy (y)ÈüÈ~Ó˚ ï˛Ìƒ ˆòGÎ˚y •°– xÈüÈ~Ó˚

í˛z˛õÓ˚ yÈüÈ~Ó˚ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy!ê˛ !lî≈Î˚Ü˛Ó˚– ˆÎ ¢•ˆÏÓ˚Ó˚ ˆ°yÜ˛§Çáƒy 30  •yçyÓ˚ñ ˆÎáyˆÏl xl%!Ùï˛ Ü˛ï˛Ü˛=!° !ê˛É

!Ë˛É ˆ§ˆÏê˛Ó˚ ã˛y!•òy ÌyÜ˛ˆÏÓ⁄

ˆ°yÜ˛§Çáƒy (x) 11 14 14 17 17 21 25
(‘000)

!ê˛É !Ë˛É ˆ§ˆÏê˛Ó˚ ã˛y!•òy (y) 15 27 27 30 34 38 46

(‘00)

§Ùyôyl ≠ xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy !lî≈ˆÏÎ˚Ó˚ çlƒ àîly Ü˛yÎ≈ ≠

¢•Ó˚ xi yi i iu x x  i iv y y  2
iu uivi

1 11 15 6 – 16 36 96
2 14 27 – 3 – 4 9 12
3 14 27 – 3 – 4 9 12
4 17 30 0 – 1 0 0
5 17 34 0 3 0 0
6 21 38 4 7 16 28
7 25 46 8 15 64 120

ˆÙyê˛ 119 217 0 0 134 268

~álñ 
ix 119x 17

n 7
  

 ~ÓÇ 
iy 217y 31

n 7
  

  
 

i i
yx 2

i

x x x y
b

x x

 





 = 

i i
2
i

u v

u


 = 268 2

134


~ˆÏ«˛ˆÏe xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy!ê˛ •°ñ

 yxy y b x x  

= 31 + 2(x – 17)

= – 3 + 2x

ï˛y•ˆÏ°ñ x = 30 •ˆÏ°ñ yÈüÈ~Ó˚ xl%!Ùï˛ Ùyl •ˆÏÓñ

y =  – 3 + 2 × 30 = 57

§%ï˛Ó˚yÇñ 30 •yçyÓ˚ ˆ°yÜ˛§Çáƒy !Ó!¢‹T ¢•ˆÏÓ˚ xl%!Ùï˛ 5700 !ê˛É !Ë˛É ˆ§ˆÏê˛Ó˚ ã˛y!•òy ÌyÜ˛ˆÏÓ–
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í˛zòy•Ó˚î 4 ≠ x ÈüÈã˛°ˆÏÜ˛Ó˚ ˆË˛òÙyl 9 ~ÓÇ !lË≈˛Ó˚ˆÏlÓ˚ §Ù#Ü˛Ó˚îmÎ˚ 8x – 10y + 66 = 0 ~ÓÇ 40x – 18y

= 214 •ˆÏ°ñ (i) x ~ÓÇ yÈüÈ~Ó˚ àí˛¸ (ii) x G y ÈüÈ~Ó˚ §•àyB˛ ~ÓÇ (iii) y ã˛°ˆÏÜ˛Ó˚ ≤ÃÙyî !Óã%˛ƒ!ï˛Ó˚ Ùyl !lî≈Î˚

Ü˛Ó˚&l–

§Ùyôyl ≠ (i) xyÙÓ˚y çy!lñ !lË≈˛Ó˚ˆÏlÓ˚ §Ù#Ü˛Ó˚îmÎ˚  x, y !Ó®%ˆÏï˛ ˆSÈò Ü˛ˆÏÓ˚– §%ï˛Ó˚yÇñ ≤Ãò_ §Ù#Ü˛Ó˚îmÎ˚

§Ùyôyl Ü˛ˆÏÓ˚ x G yÈüÈ~Ó˚ àí˛¸ Ùyl xÌ≈yÍ x  G y ÈüÈ~Ó˚ Ùyl ˛õyGÎ˚y ÎyˆÏÓ–

~áy Ï̂l §Ù#Ü˛Ó˚îmÎ˚ •° ≠

8x – 10y + 66 = 0 Óyñ 4x – 5y = – 33 ... (1)

40x – 18y = 214 Óyñ 20x – 9y = 107 ... (2)

(2) ˆÜ˛ (1) §Ù#Ü˛Ó˚̂ ÏîÓ˚ 5 =î ˆÌˆÏÜ˛ !ÓˆÏÎ˚yà Ü˛ˆÏÓ˚ñ

20x – 25y = – 165

20x – 9y = + 107

– + –

 – 16y = – 272

Óyñ y = 17

~ál yÈüÈ~Ó˚ Ùyl (1) ÈüÈ~ Ó!§ˆÏÎ˚ ˛õy•zñ

4x – 5 × 17  = – 33

Óyñ x = 13

§%ï˛Ó˚yÇñ x G y ã˛°Ü˛mˆÏÎ˚Ó˚ àí˛¸ Ùyl ÎÌye´ˆÏÙ 13 G 17É

(ii) §Ù#Ü˛Ó˚î (1) ˆÌˆÏÜ˛ ˛õy•zñ

4x 33y
5 5

  ...... (3)

~ÓÇ §Ù#Ü˛Ó˚î (2) ˆÌˆÏÜ˛ ˛õy•zñ

9y 107x
20 20

  ... (4)

ÙˆÏl Ü˛Ó˚ñ §Ù#Ü˛Ó˚î (3) •° xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy ~ÓÇ §Ù#Ü˛Ó˚î (4) •° yÈüÈ~Ó˚ í˛z˛õÓ˚

x-~Ó˚  !lË≈˛Ó˚l §Ó˚°ˆÏÓ˚áy–

ï˛y•ˆÏ°ñ yx
4b
5

  ~ÓÇ xy
9b
20



§%ï˛Ó˚yÇñ x ~ÓÇ yÈüÈ~Ó˚ §•àyB˛ÈüÈ~Ó˚ Óà≈ xÌ≈yÍ 
2
xy yx xy

4 9 9r b b
5 20 25

    

xÌ≈yÍñ xy
3r 0.6
5
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ˆÎˆÏ•ï%˛ bxy ~ÓÇ byx í˛zË˛ˆÏÎ˚•z ôlydÜ˛ñ ï˛y•z rxy ~Ó˚ Ùyl ôlydÜ˛ • Ï̂Ó–

§%ï˛Ó˚yÇ !lˆÏî≈Î˚ §•àyB˛ (rxy)üÈ~Ó˚ Ùyl 0.6

(iii) xÈüÈ~Ó˚ ˆË˛òÙyl 9, ≤Ãò_

xyÓyÓ˚ñ 
y

yx xy
x

s
b r ·

s


Óyñ
ys4 3

5 5 3
  [ sy

2 = 9 xÌ≈yÍ sx = 3]

Óyñ sy = 4

§%ï˛Ó˚yÇñ yÈüÈ~Ó˚ ≤ÃÙyî !Óã%˛ƒ!ï˛ •° 4–

5.6 Ùyle´!ÙÜ˛ §•à!ï˛ (Rank Correlation)

ˆÜ˛ylG ˆÜ˛ylG §ÙÎ˚ ˆòáy ÎyÎ˚ñ ˆÎ ò%!ê˛ !Ë˛ß¨ ã˛y!Ó˚!eÜ˛ ˜Ó!¢‹Tƒ !lˆÏÎ˚ xyˆÏ°yã˛ly Ü˛Ó˚ˆÏï˛ •ˆÏÓ ˆ§=!° §Ó§ÙÎ˚

§Çáƒy ˆÎyˆÏà ˛õ!Ó˚Ùy˛õˆÏÎyàƒ lÎ˚ñ !Ü˛v Ùyle´!ÙÜ˛ (rank)ÈüÈ~ §yçyˆÏly ÎyÎ˚– ˆÎÙlÈüüüÈ!¢«˛yÓ˚ ÙylÈüüüÈ§ï˛ï˛yñ

≤Ã!ï˛Ë˛yüüüÈ!¢“ˆÏÓyôñ !¢«˛yÓ˚ÙylÈüüüÈxyò¢≈ •zï˛ƒy!ò ã˛y!Ó˚!eÜ˛ ˜Ó!¢‹Tƒ=!° §Çáƒy !òˆÏÎ˚ ˛˛õ!Ó˚Ùy˛õ ˆÎyàƒ lÎ˚ñ !Ü˛v

~=!°ˆÏÜ˛ ÙyˆÏlÓ˚ e´Ùyl%§yˆÏÓ˚ §yçyˆÏly §Ω˛Ó– ~•z§Ü˛° ˆ«˛ˆÏe Ü˛y°≈ !˛õÎ˚y§lÈüÈ~Ó˚ §•àyB˛üÈ~Ó˚ §y•yˆÏÎƒ ˜Ó!¢‹Tƒ

ò%!ê˛Ó˚ ÙˆÏôƒ §ÇflÀÓ ˛õ!Ó˚Ùy˛õ x§Ω˛Ó– ~ˆÏ«˛ˆÏe xyÙÓ˚y ~Ü˛!ê˛ lï%˛l ôÓ˚ˆÏlÓ˚ Ùy˛õlyB˛ (Coefficient) ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚

~ˆÏòÓ˚ ÙˆÏôƒ §ÇflÀÓ ˛õ!Ó˚ÙyˆÏ˛õÓ˚ ˆã˛‹Ty Ü˛!Ó˚– ~Ó˚Ü˛Ù Ùy˛õlyB˛ˆÏÜ˛ Ùyle´!ÙÜ˛ §•àyB˛ (Rank Correlation) Ó°y

•Î˚– ~•z ˛õ!Ó˚ˆÏFSÈˆÏòñ !Ó !ê˛¢ §Çáƒyï˛_¥!Óò !flõÎ˚yÓ˚Ùƒyl (Spearman)ÈüÈ~Ó˚ Ùyle´!ÙÜ˛ §•àyˆÏB˛Ó˚ !Ó£ÏÎ˚ !Ó¢òË˛yˆÏÓ

xyˆÏ°yã˛ly Ü˛Ó˚y Ü˛Ó˚y •ˆÏÓ–

ÙˆÏl Ü˛Ó˚ñ A G B ò%!ê˛ ã˛y!Ó˚!eÜ˛ ˜Ó!¢‹Tƒ nÈüÈ§ÇáƒÜ˛ !Ó!FSÈß¨ Óƒ!‹TÓ˚ ÙˆÏôƒ !Ë˛ß¨ !Ë˛ß¨ ÙyeyÎ˚ xyˆÏSÈñ ÎyˆÏòÓ˚ ÙyˆÏlÓ˚

e´Ùyl%§yˆÏÓ˚ §yçyˆÏly ÎyÎ˚– xÌ≈yÍ nÈüÈ§ÇáƒÜ˛ Óƒ!‹TÓ˚ ÙˆÏôƒ A ã˛y!Ó˚!eÜ˛ ˜Ó!¢‹Tƒ!ê˛ Ü˛yÓ˚ ÙˆÏôƒ §ÓˆÏã˛ˆÏÎ˚ ˆÓ!¢ xyyˆÏSÈñ

ï˛yÓ˚ ˛õÓ˚Óï≈˛#ÙyeyÎ˚ Ü˛yÓ˚ ÙˆÏôƒ xyˆÏSÈ •zï˛ƒy!ò ~ÓÇ §ÓˆÏ¢ˆÏ£Ï Ü˛yÓ˚ ÙˆÏôƒ §ÓˆÏã˛ˆÏÎ˚ fl∫“ÙyeyÎ˚ xyˆÏSÈ ï˛y !lî≈Î˚ Ü˛Ó˚y

ÎyÎ˚– ˆ§•zÙˆÏï˛y §ˆÏÓ≈yFã˛ Ùyey!ôÜ˛yÓ˚#ˆÏÜ˛ 1 ˛õÓ˚Óï≈˛# Ùyey!ôÜ˛yÓ˚#ˆÏÜ˛ 2 •zï˛ƒy!ò ~ÓÇ §Ó≈!l¡¨ Ùyey!ôÜ˛yÓ˚#ˆÏÜ˛ Ùyle´Ù

-n ˆòGÎ˚y •°– ï˛y•ˆÏ° ˆÜ˛ylG Óƒ!‹TˆÏÜ˛ Ùyle´Ù i xyˆÏÓ˚y˛õ Ü˛Ó˚y •ˆÏÓ Î!ò (i – 1) §ÇáƒÜ˛ Óƒ!‹TÓ˚ ÙˆÏôƒ A ã˛!Ó˚e!ê˛

x!ôÜ˛ï˛Ó˚ ÙyeyÎ˚ ÌyˆÏÜ˛ó i = 1, 2, 3 .......n– ÙˆÏl Ü˛Ó˚ñ AÈüÈ~Ó˚ ã˛!Ó˚eyl%ÎyÎ˚#ñ n-§ÇáƒÜ˛ Óƒ!‹TÓ˚ xl%e´Ù Ùyl •°

u1, u2, ........... un ó ~áyˆÏl ui (i = 1, 2.........n) •ˆÏFSÈ 1, 2, 3,............nÈüÈ~Ó˚ ÙôƒÓï≈˛# ˆÎ ˆÜ˛ylG ~Ü˛!ê˛

§Çáƒy ~ÓÇ i  j •ˆÏ° ui  uj 
 •ˆÏÓ– xl%Ó˚*˛õË˛yˆÏÓñ BÈüÈ~Ó˚ ã˛!Ó˚eyl%ÎyÎ˚#ñ ˙ nÈüÈ§ÇáƒÜ˛ Óƒ!_´Ó˚ Ùyle´Ù ÎÌye´ˆÏÙ

v1, v2, .........vn ó ˆÎáyˆÏl vi (i = 1, 2, ..........n) §Çáƒy!ê˛G 1, 2, 3,........... nÈüÈ~Ó˚ ÙôƒÓï˛#≈ ~Ü˛!ê˛ §Çáƒy

~ÓÇ i  j •ˆÏ° vi vj
 • Ï̂Ó– ~ál A G B ˜Ó!¢‹Tƒ ò%!ê˛Ó˚ Ùyle´!ÙÜ˛ §•àyB˛ (Rank Correlation) Î!ò xyÙÓ˚y

R  !òˆÏÎ˚ !ã˛!•´ï˛ Ü˛!Ó˚ñ ï˛ˆÏÓ 
 

   
cov u, v

R
var u .var v

 ...... (13)
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= 

~ál !flõÎ˚yÓ˚ÙƒyˆÏlÓ˚ Ùyle´!ÙÜ˛ §•àyB˛ •°ñ

 
2
i

2

6 d
R 1

n n 1
 



 ... (14)

ˆÎáyˆÏl di = ui – vi ; i = 1, 2,............, n

Î!ò ˆòáy ÎyÎ˚ ui = vi  •Î˚ñ ≤ÃˆÏï˛ƒÜ˛ i = 1, 2,............n, ÈüÈ~Ó˚ çlƒñ ï˛ˆÏÓ R = 1 xÌ≈yÍ A  G B ˜Ó!¢‹Tƒ

ò%Û!ê˛ ôlydÜ˛Ë˛yˆÏÓ §¡õ)î≈ §ÇflÀÓÎ%_´– ˛õ«˛yhs˝ˆÏÓ˚ Î!ò vi = n – ui + 1 •Î˚ ≤ÃˆÏï˛ƒÜ˛ i = 1,2, .......n  ~Ó˚çlƒñ

R = –1 xÌ≈yÍñ A G B ã˛!Ó˚e ò%Û!ê˛ }îydÜ˛Ë˛yˆÏÓ §¡õ)î≈ §ÇflÀÓÎ%_´–

Ùyle´!ÙÜ˛ §•à!ï˛Ó˚ ˆÎ §)e (14)üÈ~ ˆòGÎ˚y •ˆÏÎ˚ˆÏSÈ ï˛yˆÏï˛ í˛zË˛Î˚ ã˛!Ó˚eyl%ÎyÎ˚#•z ≤ÃˆÏï˛ƒÜ˛!ê˛Ó˚ Óƒ!‹TÓ˚ Ùyle´Ù

˛õÓ˚flõÓ˚ ˛õ,ÌÜ˛– !Ü˛v Ü˛áˆÏly ~Ùl Ü˛áˆÏly •ˆÏï˛ ˛õyˆÏÓ˚ ˆÎ ~Ü˛y!ôÜ˛ Óƒ!‹T !ë˛Ü˛ §Ù˛õ!Ó˚ÙyˆÏî ˆÜ˛ylG ã˛y!Ó˚!eÜ˛

˜Ó!¢ˆÏ‹TƒÓ˚ x!ôÜ˛yÓ˚#– ˆ§ˆÏ«˛ˆÏe ˙ §Ü˛° Óƒ!‹TÓ˚ ≤ÃˆÏï˛ƒÜ˛ˆÏÜ˛ ~Ü˛•z xl%e´Ù Ùyl xyˆÏÓ˚y˛õ Ü˛Ó˚y í˛z!ã˛ï˛– ~Ó˚Ü˛Ù •ˆÏ°

Ó°y •Î˚ ˆÎñ ˙ Óƒ!‹T=!°Ó˚ ÙˆÏôƒ ˙ ã˛y!Ó˚!eÜ˛ ˜Ó!¢‹Tƒ x!ôÜ˛yˆÏÓ˚Ó˚ Óƒy˛õyˆÏÓ˚ §Ùï˛y Óy §Ù Ùyle´Ù (tie)  §,!‹T •ˆÏÎ˚ˆÏSÈ–

ˆ§ˆÏ«˛ˆÏe !flõÎ˚yÓ˚ÙƒyˆÏlÓ˚ Ùyle´!ÙÜ˛ §•àyB˛ •°ñ

2 2u v

2 2
u v

T Tn 1 1 d
12 2 2nR
n 1 n 1T T

12 12

i
  


  


.... (15)

ˆÎáyˆÏlñ 

 2
r

u
j 1

t t 1
T

12n



 

 2
s

v
j 1

t t 1
T

12n


  
 

t1, t2 ........, tr •° u ã˛° Ï̂Ü˛ r !ê˛ §ÙÙyle´ˆÏÙÓ˚ ̃ òâ≈ƒ G t1, t2, ............. ts •Û° vÈüÈã˛°ˆÏÜ˛ s!ê˛ §ÙÙyle´ˆÏÙÓ˚

˜òâ≈ƒ–

u v
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í˛zòy•Ó˚î ≠ 5É 15 çl SÈyˆÏeÓ˚ ò%!ê˛ !Ó£ÏˆÏÎ˚ ≤ÃyÆ l¡∫ˆÏÓ˚Ó˚ Ùyle´Ùyl%˛õyï˛=!° !l¡¨Ó˚*˛õ ≠

!Ó£ÏÎ˚ ò%!ê˛Ó˚ Ùyle´!ÙÜ˛ §•àyB˛ !lî≈Î˚ Ü˛Ó˚&l–

e´!ÙÜ˛ §Çáƒy A !Ó£ÏˆÏÎ˚ Ùyle´Ù B !Ó£ÏˆÏÎ˚ Ùyle´Ù

1 1 10
2 2 7
3 3 2
4 4 6
5 5 4
6 6 8
7 7 3
8 8 1
9 9 11

10 10 15
11 11 9
12 12 5
13 13 14
14 14 12
15 15 13

§Ùyôyl ≠ Ùyle´!ÙÜ˛ §•àyB˛ !lî≈ˆÏÎ˚Ó˚ àîlyÜ˛yÎ≈ ≠

A !Ó£ÏˆÏÎ˚ Ùyle´Ù B !Ó£ÏˆÏÎ˚ Ùyle´Ù di = ui – vi di
2

(ui) (vi)

1 10 – 9 81
2 7 – 5 25
3 2 1 1
4 6 – 2 4
5 4 1 1
6 8 – 2 4
7 3 4 16
8 1 7 49
9 11 – 2 4

10 15 – 5 25
11 9 2 4
12 5 7 49
13 14 – 1 1
14 12 2 4
15 13 2 4

ˆÙyê˛ — — 272
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6 272R 1

15 225 1
 

  = 171
35



= 18
35

 = 0.51 åxy§ß¨ä

í˛zòy•Ó˚î 6É !lˆÏã˛Ó˚ §yÓ˚!îˆÏï˛ ò¢çl !Óe´Î˚Ü˛yÓ˚#Ó˚ ˆÙôy ˛õÓ˚#«˛yÓ˚ ≤ÃyÆ l¡∫Ó˚ ~ÓÇ ï˛yˆÏòÓ˚ §yÆy!•Ü˛ !Óe´Î˚

å•yçyÓ˚ ê˛yÜ˛yÎ˚ä ˆòGÎ˚y xyˆÏSÈ– Ùyle´!ÙÜ˛ §•à!ï˛ !lî≈Î˚ Ü˛Ó˚&l–

!Óe´Î˚Ü˛yÓ˚# ≤ÃyÆ l¡∫Ó˚ !Óe´Î˚ ˛õ!Ó˚Ùyî å•yçyÓ˚ ê˛yÜ˛yÎ˚ä

1 50 25

2 70 60

3 50 45

4 60 50

5 80 45

6 50 20

7 90 55
8 50 30
9 60 45

10 60 30

§Ùyôyl ≠ Ùyle´!ÙÜ˛ §•à!ï˛ !lî≈ˆÏÎ˚Ó˚ àîlyÜ˛yÎ≈ ≠

!Óe´Î˚Ü˛yÓ˚# ≤Ãy˛Æ l¡∫ˆÏÓ˚Ó˚ Ùyle´Ù !Óe´ˆÏÎ˚Ó˚ Ùyle´Ù d = u – v d2

(u) (v)

1 8.5 9 – 0.5 0.25
2 3 1 2.0 4.00
3 8.5 5 3.5 12.25
4 5 3 2.0 4.00
5 2 5 – 3.0 9.00
6 8.5 10 – 1.5 2.25
7 1 2 – 1.0 1.00
8 8.5 7.5 1.0 1.00
9 5 5 0.0 0.00
10 5 7.5 – 2.5 6.25

ˆÙyê˛ — — — 40.00
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ò%!ê˛ ã˛!Ó˚e !ÙˆÏ° ̂ Ùyê˛ 4 !ê˛ §Ùyl%e´Ù xyˆÏSÈ– ï˛yˆÏòÓ˚ ̃ òâ≈ƒ ÎÌye´ˆÏÙ uÈüÈã˛°ˆÏÜ˛ 4 ~ÓÇ 3 xyÓ˚ vÈüÈã˛°ˆÏÜ˛ ÎÌye´ˆÏÙ

3 ~ÓÇ 2–

xÌ≈yÍñ t1 = 4,t2 = 3, t1 = 3 ~ÓÇ t2 = 2

§%ï˛Ó˚yÇñ  3 3
u

1T 4 4 3 3
12 10

   
  = 84 0.7

120


xyÓ˚ñ  3 3
v

1T 3 3 2 2
120

     
30 0.25

120
 

§%ï˛Ó˚yÇñ 

2 2u v
i

2 2
u v

T Tn 1 1 d
12 2 2nR
n 1 n 1T T

12 12

  


  



= 
8.25 0.475 2

8.25 0.70 8.25 0.25
 

 

= 
5.775

7.55 8.00

= 5.775 0.74
7.77

  åxy§ß¨ä

5.7 xl%¢#°l#

§Ç!«˛Æ í˛z_ˆÏÓ˚Ó˚ ≤ÃŸ¿ ≠

å1ä Î!ò yÈüÈ~Ó˚ í˛z˛õÓ˚ xÈüÈ~Ó˚ !lË≈˛Ó˚l ˆÓ˚áy G xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ !lË≈˛Ó˚l ˆÓ˚áy §Ùy˛õ!ï˛ï˛ •Î˚ñ ï˛ˆÏÓ

§•àyˆÏB˛Ó˚ Ùyl Ü˛ï˛⁄

å2ä Î!ò 3y – 2x = 9 ~ÓÇ 3x – 2y = 7 ò%!ê˛ !lË≈˛Ó˚l ˆÓ˚áy •Î˚ ï˛ˆÏÓ x G yÈüÈ~Ó˚ ÙôƒÜ˛=!° !lî≈Î˚

Ü˛Ó˚&l–

å3ä Î!ò 5x + 3y = 6, yÈüÈ~Ó˚ !lË≈˛Ó˚l ˆÓ˚áy •Î˚ñ ï˛ˆÏÓ §•à!ï˛ ˆÜ˛yl‰ !ã˛•´!Ó!¢‹T •ˆÏÓ⁄

å4ä !lË≈˛Î˚lyB˛mˆÏÎ˚Ó˚ =îÊ˛° ˆòGÎ˚y ÌyÜ˛ˆÏ° §• ˛õ!Ó˚Óï≈˛l =îyB˛ !lî≈Î˚ Ü˛Ó˚y ÎyˆÏÓ !Ü˛⁄

å5ä !lˆÏã˛Ó˚ ≤Ã!ï˛!ê˛ ˆ«˛ˆÏe ôlydÜ˛ §•˛õ!Ó˚Óï≈˛l }îydÜ˛ §• ˛õ!Ó˚Óï≈˛l xÌÓy ˆÜ˛ylG §•˛õ!Ó˚Óï≈˛l ˆl•z !Ü˛ly

Ó°%l–

åÜ˛ä fl∫yÙ# G flf#ˆÏòÓ˚ ÓÎ˚§–
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åáä Ó,!k˛ G ç%ï˛yÓ˚ Ùy˛õ–

åàä Ó#Ùy ˆÜ˛y¡õy!lÓ˚ °yË˛ G ï˛yˆÏòÓ˚ Îï˛=!° òy!Ó ˛õ)Ó˚î Ü˛Ó˚ˆÏï˛ •Î˚–

åâä !¢«˛yÓ£Ï≈ G xyÎ˚–

å.ä Ó,!‹T˛õyˆÏï˛Ó˚ ˛õ!Ó˚Ùyî G í˛zÍ˛õy!òï˛ ¢§ƒ–

å6ä !lˆÏ¡¨Ó˚ ≤Ãò_ §• ˛õ!Ó˚Óï≈˛l =îyB˛ ˆÌˆÏÜ˛ x G y ã˛°Ü˛=!°Ó˚ Ù Ï̂ôƒ §¡õÜ≈̨  Ó° ≠

åÜ˛ä – 1 åáä – 0.6 åàä 0.8 ~ÓÇ åâä + 1

å7ä x G yüÈ~Ó˚ ÙˆÏôƒ §•˛õ!Ó˚Óï≈˛l =îyB˛ 0.75– 
x 10u

5
  ~ÓÇ 

y 15
y

6

  •ˆÏ°ñ u G vÈüÈ~Ó˚ ÙˆÏôƒ

§•˛õ!Ó˚Óï≈˛l =îyB˛ Ü˛ï˛–

å8ä !l¡¨!°!áï˛ ˆ«˛ˆÏe ˆÜ˛yl‰ §•à!ï˛Ó˚ §y•yˆÏÎƒ §¡õÜ≈˛ ˛õ!Ó˚Ùy˛õ Ü˛Ó˚y •Î˚–

åÜ˛ä !¢«˛yàï˛ ˆÎyàƒï˛y ~ÓÇ §ï˛ï˛y–

åáä ˛õòÙÎ≈yòy ~ÓÇ xyÎ˚–

åàä Ù%lyÊ˛y ~ÓÇ í˛zÍ˛õyòl–

Ó˚ã˛lydÜ˛ ≤ÃŸ¿ ≠

å1ä !ÓˆÏ«˛˛õî !ã˛e Ü˛# G •z•yÓ˚ ÓƒÓ•yÓ˚=!° Óî≈ly Ü˛Ó˚&l– Ü˛#Ë˛yˆÏÓ !ÓˆÏ«˛˛õî !ã˛ˆÏeÓ˚ §y•yˆÏÎƒ §•à!ï˛Ó˚ ≤ÃÜ˛yÓ˚

!lî≈Î˚ Ü˛Ó˚y ÎyÎ˚⁄

å2ä §•àyB˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄ §•àyˆÏB˛Ó˚ÈüÈÓƒÓ•yÓ˚=!° Óî≈ly Ü˛Ó˚&l– ~Ó˚ =Ó˚&c˛õ)î≈ ˜Ó!¢‹Tƒ=!° Óƒyáƒy Ü˛Ó˚&l–

å3ä Ùyle´!ÙÜ˛ §•àyB˛ Ü˛yˆÏÜ˛ ÓˆÏ°⁄ ~Ó˚ ÓƒÓ•yÓ˚=!° Ü˛# Ü˛#⁄

å4ä !lË≈˛Ó˚l ˆÓ˚áyÓ˚ !Ó!Ë˛ß¨ ˜Ó!¢‹Tƒ=!° Óî≈ly Ü˛Ó˚&l G §•àyˆÏB˛Ó˚ §ˆÏDÈüÈ~Ó˚ §¡õÜ≈˛ xyˆÏ°yã˛ly Ü˛Ó˚&l–

å5ä (i) rxy = + 1, (ii)  rxy
 = – 1 ~ÓÇ (ii) rxy = 0  •ˆÏ° !lË≈˛Ó˚l ˆÓ˚áymˆÏÎ˚Ó˚ §Ù#Ü˛Ó˚î !Ü˛Ó˚*˛õ •ˆÏÓ⁄

å6ä ˆÜ˛ylG §yÙ@˝Ã#Ó˚ òÓ˚ G ˆÎyàyˆÏlÓ˚ !l¡¨!°!áï˛ Ùyl=!° ˆÌˆÏÜ˛ !˛õÎ˚yÓ˚§ˆÏlÓ˚ §•àyˆÏB˛Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l

G xy˛õlyÓ˚ Ùï˛yÙï˛ !òl–

òÓ˚ åê˛yÜ˛yÎ˚ä 11 12 13 14 15 16 17 18 19 20

ˆÎyàyl åˆÜ˛!çˆÏï˛ä 30 29 29 25 24 24 24 21 18 15

å7ä !l¡¨!°!áï˛ ï˛Ìƒ ˆÌˆÏÜ˛ Ü˛y°≈ !˛õÎ˚yÓ˚§ˆÏlÓ˚ §•àyˆÏB˛Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l ≠

(i) 2 2x 125, y 80,n 10, x 1585, y 650, xy 1007         

(ii) x 140, y 150,n 10,   2y x 10 180,   2y 15 215,    x 10 y 15 60  
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å8ä 1990-1999 §yˆÏ° ˆÜ˛ylG ≤Ã!ï˛¤˛yˆÏlÓ˚ !Ó!lˆÏÎ˚yà G °yˆÏË˛Ó˚ ˛õ!Ó˚Ùyî !lˆÏã˛ ˆòGÎ˚y •°– ~áyl ˆÌˆÏÜ˛

í˛z˛õÎ%_´ !lË≈˛Ó˚l §Ù#Ü˛Ó˚î!ê˛ !ã˛!•´ï˛ Ü˛ˆÏÓ˚ ˆ§!ê˛ !lô≈yÓ˚î Ü˛Ó˚&l–

ÓSÈÓ˚ ≠ ’90 ’91 ’92 ’93 ’94 ’95 ’96 ’97 ’98 ’99

°yË˛ å•yçyÓ˚ ê˛yÜ˛yÎ˚ä ≠ 40 45 50 65 70 70 80 85 85 95

!Ó!lˆÏÎ˚yà  ≠ 100 200 300 400 500 600 700 800 900 1000

å•yçyÓ˚ ê˛yÜ˛yÎ˚ä

å9ä x G y ã˛°Ü˛ ò%Û!ê˛Ó˚ ˆ«˛ˆÏe !lË≈˛Ó˚l ˆÓ˚áy ò%Û!ê˛Ó˚ §Ù#Ü˛Ó˚î •° 4x – 5y + 33 = 0 ~ÓÇ 20x – 9y

= 107– xÈüÈ~Ó˚ í˛z˛õÓ˚ yÈüÈ~Ó˚ G yÈüÈ~Ó˚ í˛z˛õÓ˚ xÈüÈ~Ó˚ §Ù#Ü˛Ó˚î ò%!ê˛ˆÏÜ˛ !ã˛!•´ï˛ Ü˛Ó˚– ~ÓÇ rxy ÈüÈ~Ó˚ Ùyl !lî≈Î˚

Ü˛Ó˚– Îál x = 10, ï˛ál yÈüÈ~Ó˚ xl%!Ùï˛ Ùyl Ü˛ï˛ •ˆÏÓ⁄ ˙ ÙylˆÏÜ˛ y0 Ó°y • Ï̂° ï˛ál xÈüÈ~Ó˚ xl%!Ùï˛ Ùyl

Ü˛ï˛ •ˆÏÓ⁄

å10ä ~Ü˛!ê˛ !Ó£ÏˆÏÎ˚ ≤Ã!¢«˛î ˆlGÎ˚yÓ˚ xyˆÏà G ˛õˆÏÓ˚ 10 çl §ò§ƒˆÏÜ˛ !l¡¨!°!áï˛Ë˛yˆÏÓ Ùyle´Ù ˆòGÎ˚y

•ˆÏÎ˚ˆÏSÈ ≠

§ò§ƒ ≠ A B C D E F G H I J

xyˆÏàÓ˚ Ùyle´Ù ≠ 1 6 3 9 5 2 7 10 8 4

˛õˆÏÓ˚Ó˚ Ùyle´Ù ≠ 6 8 3 7 2 1 5 9 4 10

í˛z˛õˆÏÓ˚Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ !flõÎ˚yÓ˚ÙƒyˆÏlÓ˚ Ùyle´!ÙÜ˛ §•àyB˛ !lî≈Î˚ Ü˛Ó˚&l G xy˛õlyÓ˚ Ùï˛yÙï˛ !òl–
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~Ü˛Ü˛ 6  xhs˝/≤ÃˆÏ«˛˛õî (Interpolation)

àë˛l

6.0 í˛zˆÏj¢ƒ

6.1 ≤ÃhflÏyÓly

6.2 xhs˝/≤ÃˆÏ«˛˛õˆÏî ÓƒÓ•*ï˛ xl%Ùyl§Ù)•

6.2.1 fliylyhs˝Ó˚î ≤ÃˆÏÎ˚yçÜ˛

6.2.2 §§#Ù ≤ÃˆÏË˛ò ≤ÃˆÏÎ˚yçÜ˛

6.2.3 E ~ÓÇ  üÈ~Ó˚ ÙˆÏôƒ §¡õÜ≈˛

6.3 !lí˛zê˛ˆÏlÓ˚ §ß√%áàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e

6.4 !lí˛zê˛ˆÏlÓ˚ ˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e

6.5 ˆÜ˛w#Î˚ xhs˝/≤ÃˆÏ«˛˛õî §)e

6.6 °yàÓ˚yOÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e

6.7 xl%¢#°l#

6.0 í˛zˆÏj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õí˛¸ÓyÓ˚ ˛õÓ˚ xy˛õ!l çylˆÏï˛ ˛õyÓ˚ˆÏÓl

˝  xhs˝/≤ÃˆÏ«˛˛õî Ü˛yˆÏÜ˛ ÓˆÏ°⁄

˝  xhs˝/≤ÃˆÏ«˛˛õˆÏî ÓƒÓ•*ï˛ xl%Ùyl=!° Ü˛# Ü˛#⁄

 fliylyhs˝Ü˛Ó˚î G §§#Ù ≤ÃˆÏË˛ò ≤ÃˆÏÎ˚yçÜ˛ Ü˛#–

 !lí˛zê˛ˆÏlÓ˚ §ß√%áàyÙ# G ˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e=!° Ü˛# Ü˛#–

˝  ˆÜ˛w#Î˚ xhs˝/≤ÃˆÏ«˛˛õî §)e G ï˛yÓ˚ í˛zòy•Ó˚î–

˝  °yàÓ˚yOÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e!ê˛ Ü˛# ≤ÃÜ˛yÓ˚⁄

6.1 ≤ÃhflÏyÓly

xhs˝/≤ÃˆÏ«˛˛õî Ó˚y!¢!ÓK˛yˆÏl ≤Ãã%˛Ó˚ ÓƒÓ•yÓ˚ •Î˚– ~•z xyˆÏ°yã˛lyÓ˚ xyˆÏà §Ù§ƒy!ê˛ §¡∫ˆÏ¶˛ ~Ü˛!ê˛ §ÙƒÜ˛ ôyÓ˚îy

Ü˛Ó˚y ÎyÜ˛– xyÙÓ˚y xB˛¢yˆÏflf xˆÏ˛õ«˛Ü˛ (function) çy!l– Î!ò ~Ü˛!ê˛ ã˛°Ü˛ y xyÓ˚ ~Ü˛!ê˛ ã˛°Ü˛ xüÈ~Ó˚ §ˆÏD

§¡õÜ≈˛ÈüÈÎ%_´ •Î˚ ~ÓÇ xü~Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ !l!ò≈‹T ÙyˆÏlÓ˚ çlƒ yü~Ó˚ ~Ü˛ Óy ~Ü˛y!ôÜ˛ Ùyl ÌyˆÏÜ˛ñ ï˛ˆÏÓ yüˆÜ˛ xü~Ó˚
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xˆÏ˛õ«˛Ü˛ Ó°y •Î˚– ~áyˆÏl xüˆÜ˛ fl∫yô#l ã˛°Ü˛ (Independent Variable) G yüˆÜ˛ xô#l ã˛°Ü˛ (Dependent

variable) Ó°y •Î˚ ~ÓÇ y = f(x) Ó˚*ˆÏ˛õ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ˆÎÙlñ y = x2 + 5x + 6 ~Ü˛!ê˛ xˆÏ˛õ«˛Ü˛ ˆÎáyˆÏl

xüÈ~Ó˚ Ùyl í˛zˆÏÕ‘á Ü˛Ó˚ˆÏ° yüÈ~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚y ÎyˆÏÓ–

!Ü˛v Ó˚y!¢!Ë˛!_Ü˛ !ÓˆÏŸ’£ÏˆÏîÓ˚ (Numerical Analysis) ˆ«˛ˆÏe §yôyÓ˚îï˛ x ~ÓÇ yü~Ó˚ ÙˆÏôƒ ≤ÃÜ,˛ï˛ xˆÏ˛õ«˛#Î˚

§¡õÜ≈˛!ê˛ xçyly ÌyˆÏÜ˛ xÌÓy çyly ÌyÜ˛ˆÏ°G ï˛y á%Ó ç!ê˛°– ÷ô% Ü˛ˆÏÎ˚Ü˛ ˆçyí˛¸y fl∫yô#l G ï˛yÓ˚ xl%§yÓ˚# xô#l

ã˛°ˆÏÜ˛Ó˚ Ùyl ˆòGÎ˚y ÌyˆÏÜ˛– ˙=!°ˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ≤Ãò_ fl∫yô#l ã˛°ˆÏÜ˛Ó˚ ≤Ã§yˆÏÓ˚Ó˚ ÙˆÏôƒÓ˚ ˆÜ˛ylG !l!ò≈‹T ÙyˆÏlÓ˚

çlƒ xô#l ã˛°ˆÏÜ˛Ó˚ Ùyl xÌÓy fl∫yô#l ã˛°ˆÏÜ˛Ó˚ ≤Ã§yˆÏÓ˚Ó˚ Óy•zˆÏÓ˚ Ü˛ySÈyÜ˛y!SÈ ˆÜ˛ylG !l!ò≈‹T ÙyˆÏlÓ˚ çlƒ xô#l ã˛°ˆÏÜ˛Ó˚

Ùyl !lî≈Î˚ Ü˛Ó˚y •Î˚– §Çáƒy!Ë˛!_Ü˛ !ÓˆÏŸ’£ÏˆÏî ~•z fl∫yô#l ã˛°Ü˛ˆÏÜ˛ !lôyl (Argument) ~ÓÇ xô#l ã˛°Ü˛ Ï̂Ü˛ !lË≈˛Ó˚Ü˛

(Entry) Ó°y •Î˚–

≤Ãò_ !lôyl=!°Ó˚ ˛≤Ãy§yˆÏÓ˚Ó˚ (range-~Ó˚ä ÙôƒÓï˛#≈ ˆÜ˛ylG !l!ò≈‹T !lôyˆÏlÓ˚ ÙyˆÏlÓ˚ çlƒ !lË≈˛Ó˚Ü˛ !lî≈Î˚ Ü˛Ó˚yÓ˚

˛õk˛!ï˛ˆÏÜ˛ xhs˝/≤ÃˆÏ«˛˛õî (Interpolation) Ó Ï̂°–

≤Ãò_ !lôyl=!°Ó˚ ≤Ã§yˆÏÓ˚Ó˚ Óy•zˆÏÓ˚ xÌã˛ Ü˛ySÈyÜ˛y!SÈ (Slightly outside) ˆÜ˛ylG !l!ò≈‹T !lôyˆÏlÓ˚ çlƒ !lË≈˛Ó˚Ü˛

!lî≈Î˚ Ü˛Ó˚yÓ˚ ˛õk˛!ï˛ˆÏÜ˛ Ó!•/≤ÃˆÏ«˛˛õî (Extrapolation) Ó Ï̂°–

í˛zòy•Ó˚î !•§yˆÏÓ ≤Ãò_ !lôyl G !lË≈˛Ó˚ˆÏÜ˛Ó˚ Ùyl=!° ˆlGÎ˚y ÎyÜ˛–

x : 2 3 5 7 8

y : 14 19 28 30 38

~ál x = 4ü~Ó˚ çlƒ yü~Ó˚ Ùyl !lî≈Î˚ˆÏÜ˛ xhs˝/ˆÏ≤Ã«˛˛õî G x = 1 Óy x = 9 ÈüÈ~Ó˚̨ çlƒ yü~Ó˚ Ùyl !lî≈Î˚

˛õk˛!ï˛ˆÏï˛ Ó!•/≤ÃˆÏ«˛˛õî Ó°y •Î˚– ~•z xôƒyˆÏÎ˚ ˆÜ˛Ó°Ùye xhs˝/ˆÏ≤Ã«˛˛õî !Ó£ÏˆÏÎ˚ xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÓ–

6.2 xhs˝/≤ÃˆÏ«˛˛õˆÏî ÓƒÓ•*ï˛ xl%Ùyl§Ù)• (Assumptions for interpolation)

(i) ã˛°Ü˛=!°Ó˚ à!ï˛!Ó!ô •ë˛yÍ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏÓ lyñ xÌ≈yÍ ã˛°Ü˛=!°Ó˚ ã˛°yã˛ˆÏ° •ë˛yÍ ˆÜ˛ylG í˛zayl Óy ˛õï˛l

(sudden jump) ÌyÜ˛ˆÏÓ ly–

(ii) ã˛°ˆÏÜ˛Ó˚ Ùyl=!°Ó˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ˆVÑ˛yˆÏÜ˛Ó˚ ÙˆÏôƒ ~Ü˛!ê˛ !l!ò≈‹Tï˛y (consistency) ÌyÜ˛ˆÏÓñ xÌ≈yÍ Ùyl=!°Ó˚

!Óã%˛ƒ!ï˛Ó˚ ˆ«˛ˆÏe ôyÓ˚yÓy!•Ü˛ï˛y (regularity) ÌyÜ˛ˆÏÓ ~ÓÇ í˛zaylÈüÈ˛õï˛l §ÙÓ˚*˛õ (uniform) •ˆÏÓ–

(iii) ã˛°Ü˛=!°ˆÏÜ˛ §¡õÜ≈˛Î%_´ •ˆÏï˛ •ˆÏÓ–

6.2.1 fliylyhs˝Ó˚î ≤ÃˆÏÎ˚yçÜ˛ (Shifting Operator)

ôÓ˚y ÎyÜ˛ y = f(x) xyˆÏ˛õ«˛ˆÏÜ˛ñ Î!ò ˛õÓ˚˛õÓ˚ ò%!ê˛ !lôyˆÏlÓ˚ ÙˆÏôƒ ˛õyÌ≈Ü˛ƒ §Ùylñ h •Î˚ñ ï˛ˆÏÓ fliylyhs˝Ó˚ ≤ÃˆÏÎ˚yçÜ˛ˆÏÜ˛

Ef(x) !òˆÏÎ˚ !ã˛!•´ï˛ Ü˛Ó˚y •Î˚ ~ÓÇ •z•y !ë˛Ü˛ ˛õÓ˚Óï˛#≈ í˛zFã˛ !lôyˆÏlÓ˚ çlƒ !lË≈˛Ó˚ˆÏÜ˛Ó˚ §Ùyl •Î˚– ï˛y•ˆÏ°ñ

Ef(x) = f (x + h), ˆÎáyˆÏl h §Ù˛õyÌ≈ˆÏÜ˛ƒÓ˚ Ùyl–
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xÌÓyñ Ey0= y1, Ey1 = y2,.........

•z•yˆÏÜ˛ ≤ÃÌÙ âyï˛ (first order) fliylyhs˝Ó˚î ÓˆÏ°– ~Ü˛•zË˛yˆÏÓñ

!mï˛#Î˚ âyï˛ (second order) fliylyhs˝Ó˚î •°ñ

E2 f(x) = E [E f(x)] = Ef (x + h) = f(x + 2h)

ï,˛ï˛#Î˚ âyï˛ (Third order) fliylyhs˝Ó˚î •°ñ

E3f(x) = E[E2f(x)] = Ef(x +2h) = f(x + 3h)

~ÓÇ ˆ¢£Ï˛õÎ≈hs˝ñ n-âyï˛ (nth order) fliylyhs˝Ó˚î •°ñ

Enf(x) = f(x + nh)

í˛zòy•Ó˚î 1É y = x3 xˆÏ˛õ«˛ˆÏÜ˛Ó˚ ≤ÃÌÙñ !mï˛#Î˚ G ï,˛ï˛#Î˚ÈüÈâyï˛ fliylyhs˝Ó˚î Ùyl !lî≈Î˚ Ü˛Ó˚–

§Ùyôyl ≠ ôÓ˚y ÎyÜ˛ ˛õÓ˚˛õÓ˚ !lôyˆÏlÓ˚ ÙôƒÓï˛#≈ ˛õyÌ≈Ü˛ƒ h.

ï˛ˆÏÓñ Ef(x) = f(x+h) = (x + h)3

E2f(x) = f(x + 2h) = (x + 2h)3

~ÓÇ E3f(x) = f(x + 3h) = (x + 3h)3

6.2.2 §§#Ù ≤Ã Ï̂Ë˛ò ≤Ã Ï̂Î˚yçÜ˛ (Finite Difference Operator)

~•z ≤ÃˆÏÎ˚yçÜ˛ˆÏÜ˛  !òˆÏÎ˚ !ã˛!•´ï˛ Ü˛Ó˚y •Î˚– ~ê˛y ˆÜ˛ylG xˆÏ˛õ«˛Ü˛ˆÏÜ˛ !l¡¨!°!áï˛ Ó˚*ˆÏ˛õ˛ ˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛ˆÏÓ˚–

!lôyˆÏlÓ˚ ˛õÓ˚˛õÓ˚ ÙyˆÏlÓ˚ ˛õyÌ≈Ü˛ƒ §Ùyl •ˆÏï˛ •ˆÏÓ ~ÓÇ ï˛y h ôÓ˚y ÎyÜ˛–

≤ÃÌÙ âyï˛ §§#Ù ≤ÃˆÏË˛ò Ùylñ

 f(x) = f(x +h) – f(x)

xÌÓyñ y0 = y1 – y0, y1 = y2 – y1,......

!mï˛#Î˚ âyï˛ §§#Ù ≤ÃˆÏË˛ò Ùylñ

2f(x) = ( f(x)) = {f(x+h) – f(x)}

= f(x+h) – f(x)

= f {x + 2h) – f(x + h) – f(x + h) + f(x)

= f(x + 2h) – 2f (x + h) + f(x)

xÌÓyñ 2y0 = y1 – y0 = y2 – 2y1 + y0

2y1 = y2 – y1 = y3 – 2y2 + y1, •zï˛ƒy!ò

~Ü˛•zË˛yˆÏÓ ï,˛ï˛#Î˚ âyï˛ 3 f(x), ã˛ï%˛Ì≈ âyï˛ 4 f(x) •zï˛ƒy!ò §ÇK˛y ˆòGÎ˚y ÎyˆÏÓ–
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!lˆÏ¡¨ ≤ÃˆÏË˛ò SÈÜ˛ (Difference Table) ˆòáyl •° ≠

x y y 2y ... ny

x0 y0

y1 – y0 = y0

x1 y1 y1 – y0 = 2y0

y2 – y1 = y1

x2 y2 y2 – y1 = 2y1

y3 – y2 = y2

x3 y3

   ny0

xn–2 yn–2

yn–1–yn–2 = yn–2

xn–1 yn–1 yn–1–yn–2 = 2yn–2

yn – yn–1 = yn–1

xn yn

Î!ò (n + 1) ˆçyí˛¸y !lôyl G !lË≈˛Ó˚ˆÏÜ˛Ó˚ Ùyl ˆòGÎ˚y ÌyˆÏÜ˛ñ ï˛ˆÏÓ ny !l!ò≈‹T (Constant) G (n + 1) Èâyï˛

Óy ï˛yÓ˚ ˆÓ!¢ âyï˛ §§#Ù ≤ÃˆÏË˛ò ¢)lƒ (0) •ˆÏÓ–

í˛zòy•Ó˚î 2É !l¡¨!°!áï˛ ï˛ˆÏÌƒÓ˚ ≤ÃˆÏË˛ò SÈÜ˛ ˜ï˛!Ó˚ Ü˛Ó˚&l ≠

x 4 6 8 19 12

y 7 10 14 19 26

§Ùyôyl ≠

≤ÃˆÏË˛ò SÈÜ˛

x y y 2y 3y 4y

4 7
3

6 10 1
4 0

8 14 1 1
5 1

10 19 2
7

12 26
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6.2.3 E ~ÓÇ  üÈ~Ó˚ Ù Ï̂ôƒ §¡õÜ≈̨  (Relation of E and  )

xyÙÓ˚y çy!lñ f(x) = f(x + h) – f(x), ˆÎáyˆÏl h §Ù˛õyÌ≈ˆÏÜ˛ƒÓ˚ Ùyl

= Ef(x) – f(x)

= (E – 1) f(x)

     E – 1

xÌÓyñ E   1 + 

í˛zòy•Ó˚î 3É y, 2y, 3y, 4y !lî≈Î˚ Ü˛Ó˚&lñ ˆÎáyˆÏl y = x3.

§Ùyôyl ≠ ôÓ˚y ÎyÜ˛ñ §Ù˛õyÌ≈ˆÏÜ˛ƒÓ˚ Ùyl h.

~álñ y = f(x) = f(x + h) – f(x) = (x + h)3 – x3 = x3 + 3x2h + 3xh2 + h3 – x3

      = 3x2h + 3xh2 + h3

2(y) = 2f(x) = f(x + h) – f(x)

= 3(x + h)2 · h + 3 (x + h) h2 + h3 – 3x2h – 3xh2 – h3

= 3x2h + 6xh2 + 3h3 + 3xh2 + 3h3 + h3 – 3x2h – 3xh2 – h3

= 6xh2 + 6h3

3y = 3f(x) = 2f(x + h) – 2 f(x)

= 6(x + h)h2 + 6h3 – 6xh2 – 6h3

= 6h3

4y = 4f(x) = 3f(x + h) – 3f(x)

= 6h3 – 6h3

= 0

í˛zòy•Ó˚î 4É !lˆÏ¡¨ ≤Ãò_ ï˛Ìƒ ˆÌˆÏÜ˛ x = 2üÈ~Ó˚ çlƒ yÈüÈ~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l ≠

x 0 1 3 4

y 5 6 50 105

§Ùyôyl ≠ ˆÎˆÏ•ï%˛ ˆÜ˛Ó°Ùye yüÈ~Ó˚ ã˛yÓ˚!ê˛ Ùyl ˆòGÎ˚y Ó˚ˆÏÎ˚ˆÏSÈñ ï˛y•z yüÈˆÜ˛ !ï˛lÈüÈâyï˛ !Ó!¢‹T âyï˛çÜ˛

(polynomial in x of degree 3) xl%Ùyl Ü˛Ó˚ˆÏ° ã˛ï%˛Ì≈ âyï˛ ≤ÃˆÏË˛ò 4y ¢)lƒ (0) •ˆÏÓ– ôÓ˚y ÎyÜ˛ x = 0,

1, 2, 3, 4üÈ~Ó˚ çlƒ yüÈ~Ó˚ Ùyl=!° ÎÌye´ˆÏÙ y0, y1, y2, y3, y4

~ál 4y0 = 0
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Óyñ (E – 1)4y0 = 0

Óyñ (E4 – 4E3 + 6E2 – 4E + 1)y0 = 0

Óyñ E4y0 – 4E3y0 + 6E2y0 – 4Ey0 + y0 = 0

Óyñ y4 – 4y3 + 6y2 – 4y1 + y0 = 0

Óyñ 105 – 4 × 50 + 6y2 – 4 × 6 + 5 = 0

Óyñ y2 = 19

 !lˆÏî≈Î˚ y-~Ó˚ Ùyl 19.

6.3 !lí˛zê˛ˆÏlÓ˚ §ß√%áàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e (Netwon’s Forward Interpolation

Formula)

ÙˆÏl Ü˛Ó˚y ÎyÜ˛ñ y = f(x) xˆÏ˛õ«˛ˆÏÜ˛Ó˚ (n + 1) !ê˛ !lôyl x0, x1........xn-~Ó˚ xl%Ó˚*˛õ !lË≈˛Ó˚Ü˛ y0, y1,.......yn

ˆòGÎ˚y xyˆÏSÈ ˆÎáyˆÏl !lôyl=!° ˛õÓ˚˛õÓ˚ §Ùò)Ó˚c !Ó!¢‹Tñ xÌ≈yÍ x1 – x0 = x2 – x1 = .... = xn – xn–1 =

h– !lôyˆÏlÓ˚ ≤Ã§yˆÏÓ˚Ó˚ xhs˝à≈ï˛ ˆÜ˛ylG !l!ò≈‹T ÙyˆÏlÓ˚ çlƒ Îy SÈˆÏÜ˛Ó˚ í˛z˛õ!Ó˚Ë˛yˆÏà Óy !lôyl §y!Ó˚Ó˚ ≤ÃÌÙË˛yˆÏà Ó˚ˆÏÎ˚ˆÏSÈ

~Ó˚*˛õ ˆ«˛ˆÏe yüÈ~Ó˚ ≤ÃyÜ˛Ü˛°Ü˛ (estimate) !lí˛zê˛ˆÏlÓ˚ §ß√%áàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e !òˆÏÎ˚ !lî≈Î˚ Ü˛Ó˚y •Î˚ Îy

!l¡¨Ó˚*˛õ ≠

y = y0 + u y0 + 
u(u )

!
1

2 2y0 + 
u(u )(u )

!
 1 2

3 3y0 +

....+
u(u )(u )..(u n )

n!
   1 2 1

ny0

ˆÎáyˆÏlñ u = 
x x

h
 0

~•z §)e ˆÜ˛Ó°Ùye §Ùò)Ó˚c !Ó!¢‹T !lôyˆÏlÓ˚ çlƒ ≤ÃˆÏÎyçƒ ~ÓÇ SÈˆÏÜ˛Ó˚ ÷Ó˚&Ó˚ !òˆÏÜ˛Ó˚ !lôyˆÏlÓ˚ çlƒ á%Ó•z

í˛z˛õÎ%_´– •z•y ÷Ó˚&Ó˚ !òˆÏÜ˛Ó˚ !lôyˆÏlÓ˚ Ó!•/≤ÃˆÏ«˛˛õˆÏîÓ˚ çlƒ ÓƒÓ•yÓ˚ Ü˛Ó˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚–

í˛zòy•Ó˚î 5É ~Ü˛ Óƒ!_´Ó˚ !Ó!Ë˛ß¨ ÓÎ˚ˆÏ§ ç#Ól Ó#ÙyÎ˚ ≤ÃˆÏòÎ˚ ê˛yÜ˛yÓ˚ ˛õ!Ó˚Ùyî !l¡¨!°!áï˛ SÈˆÏÜ˛ ˆòGÎ˚y xyˆÏSÈ–

í˛z•y ˆÌˆÏÜ˛ 22 ÓSÈÓ˚ ÓÎ˚ˆÏ§ ≤ÃˆÏòÎ˚ ê˛yÜ˛yÓ˚ ˛õ!Ó˚Ùyî !lî≈Î˚ Ü˛Ó˚&l–

ÓÎ˚§ åÓSÈÓ˚ä 20 25 30 35 40

≤Ãò_ ê˛yÜ˛y 25 28 32 37 43·50



NSOU ●  ECO-GE-31 109

§Ùyôyl ≠

≤ÃˆÏË˛ò SÈÜ˛

ÓÎ˚§ åÓSÈÓ˚ä ≤Ãò_ ê˛yÜ˛y y 2y 3y 4y
(x) (y)

20 25
3

25 28 1
4 0

30 32 1 0·50
5 0·50

35 37 1·50
6·50

40 43·50

!lí˛zê˛ˆÏlÓ˚ §ß√%áàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)eñ

y = f(x)  y0 + u y0 + 
u(u )

!
1

2 2y0 + 
u(u )(u )

!
 1 2

3 3y0+
u(u )(u )(u )

!
  1 2 3

4 4y0

ˆÎáyˆÏl u = 
22 20
5

 = 0·4, y0 = 25, y0 = 3, 2y0 = 1, 3y0 = 0 ~ÓÇ 4y0 = 0·50

f(22) = 25 + 0·4 × 3 + 
· ( · )

·
0 4 0 4 1

21
 × 1 + 

· ( · )( · )
· ·
 0 4 0 4 1 0 4 2
3 21

× 0

+ 
· ( · )( · )( · )

· · ·
  0 4 0 4 1 0 4 2 0 4 3

4 3 21
× 0·5 = 26·0592

 22 ÓSÈÓ˚ ÓÎ˚ˆÏ§ ˙ Óƒ!_´Ó˚ ≤ÃˆÏòÎ˚ ê˛yÜ˛yÓ˚ ˛õ!Ó˚Ùyî !SÈ° 26·06 ê˛yÜ˛y–

í˛zòy•Ó˚î 6É !l¡¨!°!áï˛ ï˛Ìƒ ˆÌˆÏÜ˛ f(3·5) !lî≈Î˚ Ü˛Ó˚&l ≠

x 3 4 5 6

y 4 13 26 43

§Ùyôyl ≠ ˆÎˆÏ•ï%˛ !lôyl xüÈ~Ó˚ Ùyl=!° §Ùò)Ó˚c !Ó!¢‹T ~ÓÇ 3·5 !lôyˆÏlÓ˚ ÷Ó˚& !òˆÏÜ˛Ó˚ Ùylñ ï˛y•z !lí˛zê˛ˆÏlÓ˚

§ß√%áàyÙ# xhs˝/ˆÏ«˛˛õî §)e myÓ˚y f(3·5)üÈ~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚y ÎyˆÏÓ–
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≤ÃˆÏË˛ò SÈÜ˛

x f(x) f(x) 2f(x) 3f(x)

3 4
9

4 13 4
13 0

5 26 4
17

6 43

~áyˆÏlñ u =
. 3 5 3
1

 = 0·5, f(3) = 4, f(3) = 9, 2f(3) = 4 ~ÓÇ 3f(3) = 0

 f(3·5) = 4 + 0·5 × 9 + 
· ( · )

·
0 5 0 5 1

21
× 4 + 

· ( · )( · )
· ·
 0 5 0 5 1 0 5 2
3 21

×0 = 8

6.4 !lí˛zê˛ˆÏlÓ˚ ˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e (Newton’s Backward

Interpolation Formula)

ÙˆÏl Ü˛Ó˚ñ y0, y1,.....yn, y = f(x) xˆÏ˛õ«˛ˆÏÜ˛Ó˚ Ùyl=!°Ó˚ §Ùò)Ó˚c !Ó!¢‹T xl%Ó˚*˛õ Ùyl ÎÌye´ˆÏÙ x0, x1,......xn

ˆòGÎ˚y xyˆÏSÈ– !lôyˆÏlÓ˚ ≤Ã§yˆÏÓ˚Ó˚ ˆ¢ˆÏ£ÏÓ˚ !òˆÏÜ˛Ó˚ ˆÜ˛ylG !l!ò≈‹T ÙyˆÏlÓ˚ çlƒ !lË≈˛Ó˚ˆÏÜ˛Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏ°

!l¡¨!°!áï˛ !lí˛zê˛ˆÏlÓ˚ ˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà Ü˛Ó˚y ÎyÎ˚–

y = yn + w yn–1 + 
w(w )

!
1

2 2yn–2+ 
w(w )(w )

!
 1 2

3 3yn–3 ...................

   + n
o

w(w ).....(w n )
y

n!
   1 1

ˆÎáyˆÏlñ w = nx x
h


o‹TÓƒ ≠ ~•z §)e ˆÜ˛Ó°Ùye §Ùò)Ó˚c !Ó!¢‹T !lôyˆÏlÓ˚ çlƒ ≤ÃˆÏÎyçƒ ~ÓÇ SÈˆÏÜ˛Ó˚ !lˆÏã˛Ó˚ !òˆÏÜ˛ !lôyˆÏlÓ˚ çlƒ

í˛z˛õÎ%_´– •z•y ˆ¢ˆÏ£ÏÓ˚ !òˆÏÜ˛Ó˚ !lôyˆÏlÓ˚ Ó!•/≤ÃˆÏ«˛˛õˆÏîÓ˚ çlƒ ÓƒÓ•yÓ˚ Ü˛Ó˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚–

í˛zòy•Ó˚î 7É xüÈ~Ó˚ Ùyl Îál 2, 4, 6 ~ÓÇ 8 ï˛ál yüÈ~Ó˚ Ùyl ÎÌye´ˆÏÙ 7, 21, 43 ~ÓÇ 73, í˛z˛õÎ%_´

xhs˝/≤ÃˆÏ«˛˛õî ˛õk˛!ï˛ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ xüÈ~Ó˚ Ùyl Îál 7 ï˛ál yüÈ~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l–
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§Ùyôyl ≠ x = 7 ≤Ãò_ x-~Ó˚ Ùyl=!°Ó˚ ÙˆÏôƒ ˆ¢ˆÏ£ÏÓ˚ !òˆÏÜ˛ ~ÓÇ Ùyl=!° §Ùò)Ó˚c !Ó!¢‹Tñ ï˛y•z !lí˛zê˛ˆÏlÓ˚

˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ y-~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚y í˛z˛õÎ%_´–

≤ÃˆÏË˛ò SÈÜ˛

x 3 y 2y 3y

2 7
14

4 21 8
22 0

6 43 8
30

8 73

~áy Ï̂l w = 
  7 8 1
2 2

= –0·5, y3 = 73, y2 = 30, 2y1 = 8, 3y0 = 0

!lí˛zê˛ˆÏlÓ˚ ˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e ˆÌˆÏÜ˛ ˛õy•zñ

y = y3 + w y2 + 
w(w )

!
1

2 2y1 + 
w(w )(w )

!
 1 2

3 3y0

= 73 + (–0·5) × 30 + 
( · )( · )

·
  0 5 0 5 1

21
× 8 + 

( · )( · )( · )
· ·

    0 5 0 5 1 0 5 2
3 21

× 0

= 57

 !lˆÏî≈Î˚ y-~Ó˚ Ùyl 57.

í˛zòy•Ó˚î 8É !l¡¨!°!áï˛ ◊!ÙÜ˛ˆÏòÓ˚ xyˆÏÎ˚Ó˚ !ÓË˛yçl SÈÜ˛ ˆÌˆÏÜ˛ ≤Ã!ï˛!òl 36 ê˛yÜ˛yÓ˚ ˆÓ!¢ xÌã˛ 40 ê˛yÜ˛yÓ˚

Ü˛Ù xyˆÏÎ˚Ó˚ Ü˛Ù#≈Ó˚ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l ≠

≤Ã!ï˛!òˆÏlÓ˚ xyÎ˚ åê˛yÜ˛yÎ˚ä 20 25 30 35 40

å!lã˛ ˆÌ Ï̂Ü˛ä

Ü˛Ù#≈ §Çáƒy 20 45 115 210 225

§Ùyôyl ≠ 36 ê˛yÜ˛yÓ˚ Ü˛Ù xyˆÏÎ˚Ó˚ Ü˛Ù#≈ §Çáƒy !lî≈Î˚ Ü˛Ó˚y ÎyÜ˛–
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≤ÃˆÏË˛ò SÈÜ˛

xyÎ˚ åê˛yÜ˛yÎ˚ä Ü˛Ù#≈ §Çáƒy y 2y 3y 4y

åe´ÙˆÏÎÔ!àÜ˛ä

x y

20(x0) ê˛yÜ˛yÓ˚ !lˆÏã˛ 20(y0)
25

25(x1) ê˛yÜ˛yÓ˚ !lˆÏã˛ 45(y1) 45
70 –20

30(x2) ê˛yÜ˛yÓ˚ !lˆÏã˛ 115(y2) 25 –85
95 –105

35 (x3) ê˛yÜ˛yÓ˚ !lˆÏã˛ 210(y3) –80
15

40(x4) ê˛yÜ˛yÓ˚ !lˆÏã˛ 225(y4)

x = 36 Ùyl!ê˛ SÈˆÏÜ˛Ó˚ !lˆÏã˛Ó˚ !òˆÏÜ˛ xyˆÏSÈñ ï˛y•z !lí˛zê˛ˆÏlÓ˚ ˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà Ü˛Ó˚y ÓyN˛l#Î˚–

~áy Ï̂l w = 
x x

h
   4 36 40 4

5 5
 = –0·8

y4 = 225, y3 = 15, 2y2 = –80, 3y1 = –105; 4y0 = – 85

~álñ y = y4 + w y3 + 
w(w )

·
1

21 2y2 + 
w(w )(w )

· ·
 1 2
3 21 3y1

+ 
w(w )(w )(w )

· · ·
  1 2 3

4 3 21 4y0

= 225 + (–0·8) × 15 + 
( · )( · )

·
  0 8 0 8 1

21
× (–80) + 

( · )( · )( · )
· ·
  0 8 0 8 1 0 8 2
3 21

 × (–105)

+ 
( · )( · )( · )( · )

· · ·
      0 8 0 8 1 0 8 2 0 8 3

4 3 21
 × (–85) = 224·256

 36 ê˛yÜ˛y xÌÓy ˆÓ!¢ñ xÌã˛ 40 ê˛yÜ˛yÓ˚ Ü˛Ù xyˆÏÎ˚Ó˚ Ü˛Ù#≈Ó˚ §Çáƒy = (225 – 224·256)

= 0·774

= 1 çl–
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6.5 ˆÜ˛w#Î˚ xhs˝/≤ÃˆÏ«˛˛õî §)e (Central Interpolation Formula)

SÈˆÏÜ˛Ó˚ ÙôƒÓï˛#≈ ˆÜ˛ylG !lôyˆÏlÓ˚ çlƒ !lË≈˛Ó˚ˆÏÜ˛Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏ° ˆÜ˛w#Î˚ xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà

Ü˛Ó˚y •Î˚– ï˛ˆÏÓ ÙˆÏl Ó˚yáˆÏï˛ •ˆÏÓñ ~ˆÏ«˛ˆÏeG !lôyˆÏlÓ˚ ˛õÓ˚˛õÓ˚ Ùyl=!° §Ùò)Ó˚c !Ó!¢‹T •ˆÏï˛ •ˆÏÓ– ~•zˆÏ«˛ˆÏe

§yôyÓ˚îï˛ ò%!ê˛ §)e ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚ÈüüüÈfiê˛yÓ˚!°Ç ~ÓÇ ÓƒyˆÏ§ˆÏ°Ó˚ §)e– ÙôƒÓï˛#≈ !lôyˆÏlÓ˚ ÙyˆÏlÓ˚ ˆ«˛ˆÏe ~•z ò%!ê˛

§)e !lí˛zê˛ˆÏlÓ˚ §ß√%áàyÙ# Óy ˛õŸã˛yòàyÙ# xhs˝/≤ÃˆÏ«˛˛õî §)e ˆÌˆÏÜ˛ x!ôÜ˛ xl%§yÓ˚# (Converge more rapidly)

•Î˚–

(i) fiê˛yÓ˚!°ÇÈüÈ~Ó˚ §)e (Stirling’s Formula) :

Î!ò !lôyˆÏlÓ˚ ÙylÉÉÉÉÉx–3, x–2, x–1, x0, x1, x2, x3,......~Ó˚ xl%)Ó˚*˛õ !lË≈˛Ó˚ˆÏÜ˛Ó˚ Ùyl=!°ÉÉÉÉÉy–3, y–2, y–

1, y0, y1, y2, y3,.......•Î˚ñ ï˛ˆÏÓ fiê˛yÓ˚!°ÇüÈ~Ó˚ xhs˝/ˆÏ«˛˛õî §)e •° ≠

y = y0 + u.
y y u

!
  


2

0 1
2 2

2y–1 + u(u )
!
2 21

3
y y   3 3

1 2
2

+ u (u )
!
2 2 21

4
4y–2 + u(u )(u )

!
 2 2 2 21 2

5
 y y   5 5

2 3
2

+ ......

ˆÎáyˆÏlñ u = 
x x

h
 0

Îál u-~Ó˚ Ùyl –0·25 ˆÌˆÏÜ˛ + 0·25-~Ó˚ ÙˆÏôƒ ÌyˆÏÜ˛ñ ï˛ál fiê˛yÓ˚!°ÇÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e Î%!_´Î%_´–

(ii) ˆÓˆÏ§°ÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e (Bessel’s Interpolation Formula) :

§)e!ê˛ •° ≠

y = 
y y0 1

2
 + v· y0 + 

v v v
y y

! !


                
           

2 2
2 2

2 2
0 1

1 1
2 2

2 2 3
 3y–1

+ 
v v

!

                    

2 2
2 21 3

2 2

4

y y   4 4
1 2

2
 + 

v v v

!

             
       

2 2
2 21 3

2 2

5 5y–2 + ....

ˆÎáyˆÏlñ u = 
x x

h
 0  ~ÓÇ v = u – 

1
2

Îál uüÈ~Ó˚ Ùyl + 0·25 ˆÌˆÏÜ˛ + 0·75 xÌÓy vüÈ~Ó˚ Ùyl –0·25 ˆÌˆÏÜ˛ + 0·25üÈ~Ó˚ ÙˆÏôƒ ÌyˆÏÜ˛ñ ï˛ál

ˆÓˆÏ§°ÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e Î%!_´Î%_´–
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í˛zòy•Ó˚î 9É 4!ê˛ §ÇáƒyÓ˚ °ày!Ó˚òˆÏÙÓ˚ xÇ¢Ü˛ !lˆÏã˛ ˆòGÎ˚y •°– SÈÜ˛ ˆÌˆÏÜ˛ 4213ÈüÈ~Ó˚ °ày!Ó˚òÙÈüÈ~Ó˚ xÇ¢Ü˛

!lî≈Î˚ Ü˛Ó˚–

§Çáƒy 4200 4210 4220 4230

xÇ¢Ü˛ 6232493 6242821 6253125 6263404

§Ùyôyl ≠ ˆÎˆÏ•ï%˛ !lôyˆÏlÓ˚ Ùyl=!° §Ùò)Ó˚c !Ó!¢‹T ~ÓÇ 4213 SÈˆÏÜ˛Ó˚ ÙôƒÓï˛#≈ xÇˆÏ¢ xyˆÏSÈñ ï˛y•z ˆÜ˛w#Î˚

xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà í˛z˛õÎ%_´–

ÙˆÏl Ü˛Ó˚ñ x0 = 4210

ï˛y•ˆÏ°ñ u = 
x x

h
 0 4213 4210

10
 = 0·3

~ˆÏ«˛ˆÏe ˆÓˆÏ§°ÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎyçƒ–

≤ÃˆÏË˛ò SÈÜ˛

§Çáƒy xÇ¢Ü˛

(x) (y) y 2y 3y

4200(x–1) 6232491(y–1)
10328(y–1)

4210(x0) 6242821(y0) –24( 2y–1)
10304( y0) –1( 3y–1)

4220(x1) 6253125(y1) –25(2y0)
10279( y1)

4230(x2) 6263404(y2)

~áy Ï̂l v = 0·3 – 0·5 = –0·2

~«˛ˆÏî ˆÓˆÏ§ˆÏ°Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e ˆÌˆÏÜ˛ ˛õy•zñ

y = 
6242821 6253125
2

+ (–0·2) × 10304 + 
( · · ) ( )  0 04 0 25 24 25

2 2

+ 
( · )( · · ) 0 2 0 04 0 25

6
 × –1

= 6245914·8

= 6245915

 !lˆÏî≈Î˚ xÇ¢ˆÏÜ˛Ó˚ Ùyl 6245915.
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í˛zòy•Ó˚î 10É !l¡¨!°!áï˛ SÈÜ˛ ˆÌˆÏÜ˛ x = 6·8üÈ~Ó˚ çlƒ yüÈ~Ó˚ Ùyl í˛z˛õÎ%_´ xhs˝/≤ÃˆÏ«˛˛õî §)ˆÏeÓ˚ §y•yˆÏÎƒ

!lî≈Î˚ Ü˛Ó˚&l–

x 3 5 7 9 11

y 20 23 27 29 32

§Ùyôyl ≠ ˆÎˆÏ•ï%˛ x-~Ó˚ Ùyl=!° §Ùò)Ó˚c !Ó!¢‹T ~ÓÇ x = 6·8 SÈˆÏÜ˛Ó˚ ÙôƒÓï˛#≈ xÇˆÏ¢ xyˆÏSÈñ ï˛y•z ˆÜ˛w#Î˚

xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà í˛z˛õÎ%_´–

ÙˆÏl Ü˛Ó˚ñ x0 = 7

ï˛y•ˆÏ°ñ u = 
x x · ·

h
   0 6 8 7 0 2

2 2
 = –0·1

~ˆÏ«˛ˆÏe fiê˛yÓ˚!°ÇÈüÈ~Ó˚ §)e ≤ÃˆÏÎyçƒ–

≤ÃˆÏË˛ò SÈÜ˛

x y y 2y 3y 4y

3(x–2) 20(y–2)
3( y–2)

5(x–1) 23(y–1) 1(2y–2)
4( y–1) –3( 3y–2)

7(x0) 27(y0) –2( 2y–1) 6( 4y–2)
2( y0) 3( 3y–1)

9(x1) 29(y1) 1( 2y0)
3( y1)

11(x2) 32(y2)

~«˛ˆÏîñ fiê˛yÓ˚!°ÇÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˛õy•zñ

y = 27 + (–0·1) × ( · ) 


2012 4
2 2 1

× (–2) + 
  ( · ) ·  

 

201 01 1

3 2 1
×

  3 3
2

+ 
    2 2

0.1 0.1 1

4.3.2.1

  
× 6 = 26·687525

6.6 °yàÓ˚yOÈüÈ~Ó˚ xhs˝/≤ÃˆÏ«˛˛õî §)e (Lagrange’s Interpolation Formula)

!lôyˆÏlÓ˚ ˛õÓ˚˛õÓ˚ ò)Ó˚c §Ùyl Óy x§Ùyl Îy•z ˆ•yÜ˛ ly ˆÜ˛lñ ~•z §)e ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ !lË≈˛Ó˚ˆÏÜ˛Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚y

ÎyˆÏÓ– °yàyÓ˚yˆÏOÓ˚ xhs˝/≤ÃˆÏ«˛˛õî §)e!ê˛ !l¡¨Ó˚*˛õ ≠
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y = n

n

(x x )(x x ).......(x x )
(x x )(x x ).........(x x )

  
  

1 2

0 1 0 2 0
y0  + n

n

(x x )(x x )......(x x )
(x x )(x x ).......(x x )

  
  

0 2

1 0 1 2 1
y1 +....

+ 
i i n

i i i i i i i n

(x x )(x x )......(x x )(x x )...(x x )
(x x )(x x )...(x x )(x x )...(x x )

 

 

    
    

0 1 1 1

0 1 1 1
yi + .... +

n

n n n n

(x x )(x x ).....(x x )
(x x )(x x ).......(x x )





  
  

0 1 1

0 1 1
 yn

ˆÎáyˆÏlñ y •° xhs˝/≤ÃˆÏ«˛!˛õï˛ Ùylñ

x •° ˆÎ ÙyˆÏlÓ˚ çlƒ y-~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏÓñ

x0, x1, x2,......xn •° !lôyl x-~Ó˚ ≤Ãò_ Ùyl§Ù)•ñ

y0, y1, y2,.....yn •° !lË≈˛Ó˚Ü˛ y-~Ó˚ ≤Ãò_ Ùyl§Ù)•–

í˛zòy•Ó˚î 11É !l¡¨!°!áï˛ SÈˆÏÜ˛ !Ó!Ë˛ß¨ ÓÎ˚ˆÏ§ ~Ü˛çl !¢÷Ó˚ fl∫yË˛y!ÓÜ˛ Gçl ˆòGÎ˚y xyˆÏSÈ– í˛z•y ˆÌˆÏÜ˛ !¢÷!ê˛Ó˚

4 Ùy§ ÓÎ˚ˆÏ§ Ü˛ï˛ Gçl !SÈ° !lî≈Î˚ Ü˛Ó˚&l–

ÓÎ˚§ åÙyˆÏ§ä 0 2 3 5 6

Gçl å˛õyí˛zˆÏu˛ä 5 7 8 10 12

§Ùyôyl ≠ ÙˆÏl Ü˛Ó˚ñ x0 = 0, x1 = 2, x2 = 3, x3 = 5, x4 = 6

~ÓÇ y0 = 5, y1 = 7, y2 = 8, y3 = 10, y4 = 12

ˆÎˆÏ•ï%˛ ˛õÓ˚˛õÓ˚ !lôyˆÏlÓ˚ Ùyl=!°Ó˚ ò)Ó˚c x§Ùylñ ï˛y•z °yàÓ˚yˆÏOÓ˚ xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˛õy•zñ

y = 
( )( )( )( )
( )( )( )( )
   
   

4 2 4 3 4 5 4 6
0 2 0 3 0 5 0 6 × 5 + 

( )( )( )( )
( )( )( )( )
   
   

4 0 4 3 4 5 4 6
2 0 2 3 2 5 2 6  × 7 +

( )( )( )( )
( )( )( )( )
   
   

4 0 4 2 4 5 4 6
3 0 3 2 3 5 3 6  × 8 + 

( )( )( )( )
( )( )( )( )
   
   

4 0 4 2 4 3 4 6
5 0 5 2 5 3 5 6  × 10 +

( )( )( )( )
( )( )( )( )
   
   

4 0 4 2 4 3 4 5
6 0 6 2 6 3 6 5  × 12 = 

80
9

 = 8
8
9

 = 8·9 å≤ÃyÎ˚ä

 !¢÷!ê˛Ó˚ 4 Ùy§ ÓÎ˚ˆÏ§ Gçl 8·9 ˛õyí˛zu˛ !SÈ°–

!ÓÓï≈˛ xhs˝/≤ÃˆÏ«˛˛õî (Inverse Interpolation) :

~ï˛«˛î ˛õÎ≈hs˝ xhs˝/≤ÃˆÏ«˛˛õî §)ˆÏeÓ˚ §y•yˆÏÎƒ (n + 1) ˆçyí˛¸y !lôyl !lË≈˛Ó˚ˆÏÜ˛Ó˚ Ùyl (x0, y0),

(x1, y1),.......(xn, yn) ˆòGÎ˚y ÌyÜ˛ˆÏ° !l!ò≈‹T ˆÜ˛ylG !lôyl xüÈ~Ó˚ çlƒ !lË≈˛Ó˚Ü˛ y Ü˛#Ë˛yˆÏÓ !lî≈Î˚ Ü˛Ó˚y •Î˚ ï˛y
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xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ– ~ál y0, y1,.......yn-~Ó˚ ÙôƒÓï˛#≈ ˆÜ˛yl !lË≈˛Ó˚Ü˛ y ˆòGÎ˚y ÌyÜ˛ˆÏ° !lôyl x Ü˛#Ë˛yˆÏÓ

!lî≈Î˚ Ü˛Ó˚y •Î˚ ï˛yÓ˚ §)e !lˆÏÎ˚ xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÓ– ˆÎˆÏ•ï%˛ °yàÓ˚yOÈüÈ~Ó˚ §)e x§Ùyl ˆ◊î#Ó˚ ˆ«˛ˆÏe ≤ÃˆÏÎyçƒñ

ï˛y•z ˆ°áy ÎyÎ˚ñ

x = n

n

(y y )(y y )......(y y )
(y y )(y y )(y y )
  
  

1 2

0 1 0 2 0
x0 + n

n

(y y )(y y ).....(y y )
(y y )(y y ).....(y y )

  
  

0 2

1 0 1 2 1
x1 +...

+ 
i i n

i i i i i i i n

(y y )(y y ).....(y y )(y y )....(y y )
(y y )(y y ).....(y y )(y y )...(y y )

 

 

    
    

0 1 1 1

0 1 1 1
 xi + .....

+ n

n n n n

(y y )(y y ).....(y y )
(y y )(y y )......(y y )





  
  

0 1 1

0 1 1
xn

í˛zòy•Ó˚î 12É !l¡¨!°!áï˛ SÈÜ˛ ˆÌˆÏÜ˛ y = 12 • Ï̂°ñ x-~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚ ≠

x : 2 4 7

y : 7 10 16

§Ùyôyl ≠ ÙˆÏl Ü˛Ó˚ñ x0 = 2, x1 = 4, x2 = 7

~ÓÇ y0 = 7, y1 = 10, y2 = 16

~áyˆÏlñ y = 12

°yàÓ˚yˆÏOÓ˚ !ÓÓï≈˛ xhs˝/≤ÃˆÏ«˛˛õî §)e ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˛õy•zñ

x = 
( )( )
( )( )
 
 

12 10 12 16
7 10 7 16 × 2 + 

( )( )
( )( )

 
 

12 7 12 16
10 7 10 16  × 4 + 

( )( )
( )( )

 
 

12 7 12 10
16 7 16 10  × 7 = 5·1481

!lˆÏî≈Î˚ x ~Ó˚ Ùyl 5·1481

6.7 xl%¢#°l#

§Ç!«˛Æ í˛z_ˆÏÓ˚Ó˚ ≤ÃŸ¿ ≠

å1ä ≤Ãò_ SÈÜ˛ ˆÌˆÏÜ˛ !l¡¨!°!áï˛ Ùyl=!° ˆÜ˛yl‰ ˛õk˛!ï˛ˆÏï˛ !lî≈Î˚ Ü˛Ó˚y •ˆÏÓ !°á%l ≠

x : 0 1 2 3 4

y : 3 4 6 10 18

x = 0·5, 3·5, 2·2 ~ÓÇ 2·8-~Ó˚ çlƒ y-~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚yÓ˚ ˆ«˛ˆÏe

å2ä ~Ü˛!ê˛ SÈÜ˛ ˆòGÎ˚y xyˆÏSÈ ≠

x : 0 2 3 5

y : 0 3 7 31

ˆÜ˛yl ˛õk˛!ï˛ ≤ÃˆÏÎyçƒ
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åÜ˛ä x = 1-~Ó˚ çlƒ y-~Ó˚ Ùyl !lî≈ˆÏÎ˚Ó˚ çlƒ–

åáä y = 5-~Ó˚ çlƒ x-~Ó˚ Ùyl !lî≈ˆÏÎ˚Ó˚ çlƒ–

å3ä E
  

 

2

Ux ~ÓÇ 
x

x

U

E U

 
  
 

2

2 -~Ó˚ ÙˆÏôƒ ˛õyÌ≈Ü˛ƒ !lÓ˚*˛õî Ü˛Ó˚&l–

å4ä 3x4-~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l–

å5ä y0 = 5·6, y1 = 8·3 ~ÓÇ y2 = 15·6 •ˆÏ°ñ Ey1 ~ÓÇ y1-~Ó˚ Ùyl Ü˛ï˛⁄

Ó˚ã˛lydÜ˛ ≤ÃŸ¿ ≠

å1ä xhs˝/≤ÃˆÏ«˛˛õî Ó°ˆÏï˛ Ü˛# ˆÓyV˛⁄ Ó!•/≤ÃˆÏ«˛˛õˆÏîÓ˚ §ˆÏD ~Ó˚ ˛õyÌ≈Ü˛ƒ Ü˛#⁄

å2ä xhs˝/≤ÃˆÏ«˛˛õˆÏîÓ˚ !Ó!Ë˛ß¨ ˛õk˛!ï˛=!° Ü˛# Ü˛#⁄ ˆÜ˛yl‰ ˆÜ˛yl‰ xÓfliyÎ˚ ~•z ˛õk˛!ï˛=!° ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚⁄

å3ä ~ÓÇ E ≤ÃˆÏÎ˚yçˆÏÜ˛Ó˚ §ÇK˛y !òl– ≤ÃÙyî Ü˛Ó˚&l ˆÎñ E = 1 + 

å4ä !ÓÓï≈˛ xhs˝/≤ÃˆÏ«˛˛õî Ó°ˆÏï˛ Ü˛# ˆÓyV˛⁄ °yàÓ˚yOÈüÈ~Ó˚ !ÓÓï≈˛ xhs˝/≤ÃˆÏ«˛˛õî §)e Óî≈ly Ü˛Ó˚&l–

å5ä !l¡¨!°!áï˛=!° !°á%l (Write down the following) :

(i) logx-~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&lñ xhs˝Ó˚ÈüÈ~Ó˚ ˜òâ≈ƒ ‘h’ ôÓ˚&l–

(ii) 5y1-ˆÜ˛ yüÈ~Ó˚ !Ó!Ë˛ß¨ ÙyˆÏlÓ˚ xyÜ˛yˆÏÓ˚ ≤ÃÜ˛y¢ Ü˛Ó˚&l–

(iii) ˛õyÌ≈ˆÏÜ˛ƒÓ˚ xhs˝Ó˚ 1 ôˆÏÓ˚ 2ex !lî≈Î˚ Ü˛Ó˚&l–

(iv) !lôyˆÏlÓ˚ ˛õyÌ≈ˆÏÜ˛ƒÓ˚ xhs˝Ó˚ 1 •ˆÏ° 4ex !lî≈Î˚ Ü˛Ó˚&l–

(v) Î!ò f(x) = (a – x)(b + cx)(d – cx) (f + gx) (h –kx) •Î˚ñ ï˛ˆÏÓ 5f(x) !lî≈Î˚ Ü˛Ó˚&l–

å6ä ˛≤Ãò_ SÈÜ˛ ˆÌˆÏÜ˛ U0·5, U2·1 ~ÓÇ U
3.8 

!lî≈Î˚ Ü˛Ó˚&l ≠

x 0 1 2 3 4

Ux 1 0 5 22 57

å7ä !l¡¨!°!áï˛ SÈÜ˛ ˆÌˆÏÜ˛ xçyly ˛õò!ê˛ !lî≈Î˚ Ü˛Ó˚&l ≠

x 0 1 2 3 4

y 1 3 9 – 81

å8ä !l¡¨≤Ãò_ SÈÜ˛ ˆÌˆÏÜ˛ x = 18üÈ~Ó˚ çlƒ yüÈ~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l ≠

x 10 12 15 19

y 22 35 35 90

å9ä !lÙxyl!°!áï˛ SÈÜ˛ ˆÌˆÏÜ˛ f(x) = 100 • Ï̂° xüÈ~Ó˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l ≠

x 3 7 9 10

f(x) 168 120 72 63
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~Ü˛Ü˛ 7  §)ã˛Ü˛ §Çáƒy (Index Numbers)

àë˛l

7.0 í˛zˆÏj¢ƒ

7.1 ≤ÃhflÏyÓly

7.2 §)ã˛Ü˛ §ÇáƒyÎ˚ ÓƒÓ•*ï˛ ≤Ãï˛#Ü˛§Ù)•

7.3 §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ §Ù§ƒy§Ù)•

7.4 ç#!ÓÜ˛y !lÓ≈y•l ÓƒyˆÏÎ˚Ó˚ §)ã˛Ü˛

7.4.1 ç#!ÓÜ˛y !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛ˆÏÜ˛Ó˚ ÓƒÓ•yÓ˚

7.5 ˛õ!Ó˚Ùyl §)ã˛Ü˛ §Çáƒy

7.6 §)ã˛Ü˛ §ÇáƒyÓ˚ §#ÙyÓk˛ï˛y

7.7 xl%¢#°l#

7.0 í˛zˆÏò¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛Ó˚ÓyÓ˚ ˛õÓ˚ xy˛õ!l çylˆÏï˛ ˛õyÓ˚ˆÏÓlÈüüüÈ

 §)ã˛Ü˛ §Çáƒy Ü˛yˆÏÜ˛ ÓˆÏ°⁄

 §)ã˛Ü˛ §ÇáƒyÎ˚ ÓƒÓ•*ï˛ ≤Ãï˛#Ü˛=!° Ü˛# Ü˛#⁄

 §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ §Ù§ƒy=!° Ü˛# Ü˛#⁄

 ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ Ü˛yˆÏÜ˛ ÓˆÏ°⁄

 ç#!ÓÜ˛y !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛ˆÏÜ˛Ó˚ ÓƒÓ•yÓ˚ ~ÓÇ

 §)ã˛Ü˛ §ÇáƒyÓ˚ §#ÙyÓk˛ï˛y=!° Ü˛# Ü˛#⁄

7.1 ≤ÃhflÏyÓly

˛õ!Ó˚§Çáƒyl àí˛¸ (Statistical average)ÈüÈ~Ó˚ §y•yˆÏÎƒ ~Ü˛çyï˛#Î˚ Ü˛ï˛Ü˛=!° §ÇáƒyÓ˚ Óy ˆÜ˛ylG ~Ü˛!ê˛ ≤Ãò_

!ÓË˛yçˆÏlÓ˚ ≤ÃÜ,˛!ï˛àï˛ ˜Ó!¢‹Tƒ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ÓyhflÏˆÏÓ ~Ùl xˆÏlÜ˛ §Ù§ƒyÓ˚ §ß√%á#l •ˆÏï˛ •Î˚ Îál ~Ü˛!ê˛ ã˛°ˆÏÜ˛Ó˚

(variableÈüÈ~Ó˚ä xÌÓy §¡õÜ≈˛Î%_´ ã˛°Ü˛ (Related variables) =!°Ó˚ !Ë˛ß¨ xÓfliyÎ˚ ÙyˆÏlÓ˚ àí˛¸ ˛õ!Ó˚Óï≈˛l !lî≈Î˚

Ü˛Ó˚yÓ˚ òÓ˚Ü˛yÓ˚ •Î˚– í˛zòy•Ó˚îfl∫Ó˚*˛õñ 1990 §yˆÏ°Ó˚ ï%˛°lyÎ˚ 1999 §yˆÏ° !Ó!Ë˛ß¨ ˛õîƒoˆÏÓƒÓ˚ òÓ˚ àˆÏí˛¸ Ü˛# •yˆÏÓ˚ Ó,!k˛
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Óy •…y§ ˆ˛õˆÏÎ˚ˆÏSÈñ ˛ÓƒÓ§yÈüÈÓy!îçƒ G xÌ≈l#!ï˛ˆÏï˛ ï˛y á%Ó•z =Ó˚&c˛õ)î≈ ≤ÃŸ¿– 1990 §yˆÏ°Ó˚ ï%˛°lyÎ˚ 1999 §yˆÏ° !Ó!Ë˛ß¨

˛õîƒoˆÏÓƒÓ˚ àí˛¸ òÓ˚ Ó,!k˛ Óy •…y§ ˆÎ ~Ü˛Ü˛ §ÇáƒyÓ˚ myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ñ ï˛yˆÏÜ˛ §)ã˛Ü˛ §Çáƒy (Index Number)

ÓˆÏ°– xl%Ó˚*˛õË˛yˆÏ˛õñ ò%ˆÏê˛y !Ó!Ë˛ß¨ §ÙˆÏÎ˚ !¢“çyï˛ oÓƒy!òÓ˚ í˛zÍ˛õyòˆÏlÓ˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ˛õ!Ó˚Ùy˛õñ ò%ˆÏê˛y !Ó!Ë˛ß¨ §ÙˆÏÎ˚

ˆòˆÏ¢Ó˚ ˆÓÜ˛yÓ˚ ˆ°yˆÏÜ˛Ó˚ §ÇáƒyÓ˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ˛õ!Ó˚Ùy˛õ !Ü˛ÇÓy ~Ü˛•z ˆ◊î#Ó˚ ˆ°yÜ˛ ~Ü˛ ˆò¢ ˆÌˆÏÜ˛ xyÓ˚ ~Ü˛ ˆòˆÏ¢

Óò°# •GÎ˚yÓ˚ Ê˛ˆÏ° ï˛yˆÏòÓ˚ ç#ÓlôyÓ˚ˆÏlÓ˚  ÓƒyˆÏÎ˚Ó˚ ˆÎ ˛õ!Ó˚Óï≈˛l •Î˚ñ ï˛yÓ˚ ˛õ!Ó˚Ùy˛õ §)ã˛Ü˛ §ÇáƒyÓ˚ §y•yˆÏÎƒ Ü˛Ó˚y

ÎyÎ˚– °«˛ƒ Ü˛Ó˚yÓ˚ !Ó£ÏÎ˚ •°ñ §)ã˛Ü˛ §ÇáƒyÓ˚ §y•yˆÏÎƒ ˆÎ àí˛¸ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ ï˛y xÓfliyÓ˚ G˛õÓ˚ !lË≈˛Ó˚¢#° å~áyˆÏl

xÓfliy Ó°ˆÏï˛ §ÙÎ˚ xÌÓy fliyl xÌÓy xlƒ !Ü˛S%È ˆÓyV˛yˆÏly •Î˚ä–

ˆ§ §Çáƒy !òˆÏÎ˚ !Ó!Ë˛ß¨ xÓfliyÎ˚ åxÌ≈yÍ §ÙÎ˚ !Ü˛ÇÓy fliyˆÏlÓ˚ §yˆÏ˛õˆÏ«˛ä ˛õîƒoˆÏÓƒÓ˚ òÓ˚ (Price), ˛õ!Ó˚Ùyî

(Quantity), !Ü˛ÇÓy Ùyl (Value)üÈ~Ó˚ xyˆÏ˛õ!«˛Ü˛ ̨ õ!Ó˚Óï≈˛l ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ñ ï˛yˆÏÜ˛ §)ã˛Ü˛ §Çáƒy (Index Number)

ÓˆÏ°– §ÙˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛ ˛õîƒoˆÏÓƒÓ˚ xyˆÏ˛õ!«˛Ü˛ òÓ˚ ≤ÃÜ˛y¢Ü˛ §ÇáƒyˆÏÜ˛  ÚòˆÏÓ˚Ó˚ §)ã˛Ü˛ §ÇáƒyÛ (Price Index

Number) Ó°y •Î˚– ~Ü˛•zË˛yˆÏÓñ §ÙˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛ ˛õîƒoˆÏÓƒÓ˚ xyˆÏ˛õ!«˛Ü˛ ˛õ!Ó˚Ùyî ≤ÃÜ˛y¢Ü˛ §ÇáƒyˆÏÜ˛ Ú˛õ!Ó˚ÙyˆÏîÓ˚

§)ã˛Ü˛ §ÇáƒyÛ (Quantity Index Number) ~ÓÇ Ùyl ≤ÃÜ˛y¢Ü˛ §Çáƒy=!°ˆÏÜ˛ ÚÙyˆÏlÓ˚ §)ã˛Ü˛ §ÇáƒyÛ (Value Index

Number) Ó°y •Î˚–

˛õ)ˆÏÓ≈ §)ã˛Ü˛ §ÇáƒyÓ˚ ÓƒÓ•yÓ˚ Ü˛Ó˚y •ï˛ ≤Ãôylï˛ ˛õˆÏîƒÓ˚ òˆÏÓ˚Ó˚ ˛õ!Ó˚Óï≈˛l ˛õ!Ó˚ÙyˆÏ˛õÓ˚ çlƒ– !Ü˛v ~ál ~Ó˚ ÓƒÓ•yÓ˚

á%Ó•z Óƒy˛õÜ˛Ë˛yˆÏÓ Ü˛Ó˚y •Î˚– !Ó!Ë˛ß¨ oˆÏÓƒÓ˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ §yˆÏÌ §yˆÏÌ Ü˛Ù≈ã˛yÓ˚# Óy ◊!ÙÜ˛ˆÏòÓ˚ ˆÓï˛lñ Ù•yâ≈ Ë˛yï˛yñ

Óy!í˛¸Ë˛yí˛¸yÓ˚ Ë˛yï˛y •zï˛ƒy!ò ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ≤ÃˆÏÎ˚yçl xl%Ë)˛ï˛ •Î˚– ~çlƒ Óï≈˛Ùyl !Ó!Ë˛ß¨ ôÓ˚ˆÏlÓ˚ òˆÏÓ˚Ó˚ §)ã˛ˆÏÜ˛Ó˚

à!ï˛≤ÃÜ,˛!ï˛Ó˚ ≤Ã!ï˛ °«˛ƒ Ó˚yáy ◊!ÙÜ˛ñ Ùy!°Ü˛ñ §Ùyç Ü˛Ù#≈ñ ˆê˛Δí˛ •zí˛z!lÎ˚l Ü˛Ù#≈ !Ü˛ÇÓy Ó˚yçƒ Óy ˆÜ˛w#Î˚ §Ó˚Ü˛yˆÏÓ˚Ó˚

˛õˆÏ«˛ ≤ÃˆÏÎ˚yçl– ~•z í˛zˆÏjˆÏ¢ƒ Ó‡° ≤Ãã˛!°ï˛ §)ã˛Ü˛ •° ˆË˛y_´yˆÏòÓ˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ (Consumer Price Index or

CPI), ÎyÓ˚ x˛õÓ˚ lyÙ ç#!ÓÜ˛y !lÓ≈y•l ÓƒyˆÏÎ˚Ó˚ §)ã˛Ü˛ (Cost of Living Index or CLI)– ~SÈyí˛¸y Ó˚yˆÏçƒÓ˚ Óy

ˆòˆÏ¢Ó˚ Ù)°ƒÙyl !lˆÏò≈¢Ü˛ ˛õy•zÜ˛y!Ó˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ (Wholesale Price Index) Ó‡° ÓƒÓ•*ï˛ •Î˚–

7.2 §)ã˛Ü˛ §ÇáƒyÎ˚ ÓƒÓ•*ï˛ ≤Ãï˛#Ü˛§Ù)•

xyˆÏ˛õ!«˛Ü˛ ˛õ!Ó˚Óï≈˛l !lî≈ˆÏÎ˚Ó˚ ˆ«˛ˆÏe ˆÎ §ÙˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛ òˆÏÓ˚Ó˚ å˛õ!Ó˚Ùyî Óy ÙyˆÏlÓ˚ä ˛õ!Ó˚Óï≈˛l !lî≈Î˚ Ü˛Ó˚y

•Î˚ ï˛yˆÏÜ˛ !Ë˛!_Ü˛y° (Base Period) ~ÓÇ ˆÎ §ÙˆÏÎ˚Ó˚ òÓ˚ å˛õ!Ó˚Ùyî Óy Ùylä ˙ !Ë˛!_Ü˛yˆÏ°Ó˚ §yˆÏ˛õˆÏ«˛ !lî≈Î˚ Ü˛Ó˚y

•Î˚ ï˛y Ï̂Ü˛ ã˛°!ï˛ Ü˛y° Óy Óï≈˛Ùyl Ü˛y° (Current Period) Ó°y •Î˚– §Ó§ÙÎ˚ !Ë˛!_Ü˛yˆÏ° òˆÏÓ˚Ó˚ å˛õ!Ó˚Ùyî Óy ÙyˆÏlÓ˚ä

§)ã˛Ü˛ §Çáƒy 100 ôÓ˚y •Î˚ ~ÓÇ ã˛°!ï˛Ü˛yˆÏ°Ó˚ §)ã˛Ü˛ §Çáƒy !òˆÏÎ˚ ˛õîƒoˆÏÓƒÓ˚ òˆÏÓ˚Ó˚ å˛õ!Ó˚Ùyî Óy ÙyˆÏlÓ˚ä àí˛¸ ˛õ!Ó˚Óï≈˛l

!Ë˛!_Ü˛yˆÏ°Ó˚ ¢ï˛Ü˛Ó˚yÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– !Ë˛!_Ü˛y°ˆÏÜ˛ §yôyÓ˚îï˛ ‘o’ ~ÓÇ ã˛°!ï˛Ü˛y°ˆÏÜ˛ §yôyÓ˚îï˛ ‘n’ !òˆÏÎ˚ !ã˛!•´ï˛

Ü˛Ó˚y •Î˚–

~Ü˛!ê˛ ˛õˆÏîƒÓ˚ §)ã˛Ü˛ §ÇáƒyÓ˚ çlƒ !l¡¨!°!áï˛ ≤Ãï˛#Ü˛=!° ÓƒÓ•yÓ˚ Ü˛Ó˚y •ˆÏÎ˚ ÌyˆÏÜ˛ ≠

Po = ˛õˆÏîƒÓ˚ !Ë˛!_Ü˛yˆÏ°Ó˚ òÓ˚ (Base Period Price of the Commodity)

Pn = ˛õˆÏîƒÓ˚ ã˛°!ï˛ Ü˛yˆÏ°Ó˚ òÓ˚ (Current Period Price of the Commodity)
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qo = !Ë˛!_Ü˛yˆÏ° ˛õîƒ!ê˛Ó˚ ÓƒÓ•yˆÏÓ˚Ó˚ ˛õ!Ó˚Ùyî (Base Period Quantity used of the Commodity)

qn = ã˛°!ï˛Ü˛yˆÏ° ˛õîƒ!ê˛Ó˚ ÓƒÓ•yˆÏÓ˚Ó˚ ˛õ!Ó˚Ùyî (Current Period Quantity used of the Commodity)–

!Ë˛!_Ü˛y° ˆÌˆÏÜ˛ ã˛°!ï˛Ü˛yˆÏ° òÓ˚ÈüÈ~Ó˚ ˛õ!Ó˚Óï≈˛l ò%Ë˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚ÈüüüÈ

(i) ≤ÃÜ,˛ï˛ ˛õ!Ó˚Ùy˛õ Pn – Po xÌÓy (ii) xyˆÏ˛õ!«˛Ü˛ ˛õ!Ó˚Ùy˛õ 
n

o

P
P !òˆÏÎ˚– xl%Ó˚*˛õË˛yˆÏÓñ qn – qo ˛õ!Ó˚ÙyˆÏîÓ˚

≤ÃÜ,˛ï˛ ˛õ!Ó˚Ùy˛õ G 
n

o

q
q  ˛õ!Ó˚ÙyˆÏîÓ˚ xyˆÏ˛õ!«˛Ü˛ ˛õ!Ó˚Ùy˛õ (Quantity Relative) !lˆÏò≈¢ Ü˛ˆÏÓ˚– ˆÎˆÏ•ï%˛ xyˆÏ˛õ!«˛Ü˛

˛õ!Ó˚Óï≈˛l ˆÜ˛ylG ~Ü˛Ü˛ !lË≈˛Ó˚ lÎ˚ñ ï˛y•z ~ˆÏÜ˛ xˆÏ˛õ«˛yÜ,˛ï˛ Ë˛yˆÏ°y ˛õ!Ó˚Ùy˛õ ôÓ˚y •Î˚– !Ë˛ß¨ !Ë˛ß¨ xyˆÏ˛õ!«˛Ü˛ òÓ˚

å˛õ!Ó˚Ùyî Óy ÙyläÈüÈ=!°Ó˚ ~Ü˛!ê˛ àí˛¸ !lî≈Î˚ Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ òÓ˚ å˛õ!Ó˚Ùyî Óy Ù)°ƒäÈüÈ~Ó˚ §)ã˛Ü˛ ÓˆÏ° x!Ë˛!•ï˛ Ü˛Ó˚y •Î˚–

7.3 §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ §Ù§ƒ§Ù)•

§)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ §ÙÎ˚ ˆÎ §Ó §Ù§ƒyÓ˚ §ß√%á#l •ˆÏï˛ •Î˚ ˆ§=!° §¡∫ˆÏ¶˛ xyˆÏ°yã˛ly Ü˛Ó˚y ÎyÜ˛– !lˆÏ¡¨ ˆÎ

§Ù§ƒy=!° xyˆÏ°y!ã˛ï˛ •ˆÏÓ ˆ§=!° §Ù=Ó˚&c §¡õß¨ lyG •ˆÏï˛ ˛õyˆÏÓ˚ ~ÓÇ ˛õÓ˚flõÓ˚ §¡∫¶˛Î%_´ •ˆÏï˛G ˛õyˆÏÓ˚–

§Ù§ƒy=!° !l¡¨Ó˚*˛õ ≠

(i) §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ í˛zˆÏj¢ƒ (Purpose of Constructing Index Number)

(ii) !Ë˛!_Ü˛y° !lÓ≈yã˛l (Choice of Base Period)

(iii) ˛õîƒoÓƒ !lÓ≈yã˛l (Choice of Commodity)

(iv) ï˛Ìƒ §Ç@˝Ã• (Collection of Data)

(v) Ó˚y!¢ï˛ˆÏÌƒÓ˚ ~Ü˛e#Ü˛Ó˚î G Ë˛yÓ˚ !lÓ≈yã˛l (Method of Combining Data and Choice of
Weights)

(vi) !lî#≈ï˛ §)ã˛Ü˛ §ÇáƒyÓ˚ Óƒyáƒy (Interpretation of Index Number)

(i) §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ í˛zˆÏj¢ƒ ≠

§)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ xyˆÏà ï˛yÓ˚ !lî≈ˆÏÎ˚Ó˚ í˛zˆÏj¢ƒ flõ‹T G myÌ≈•#lË˛yˆÏÓ çylˆÏï˛ •ˆÏÓñ Ü˛yÓ˚î ˛õÓ˚Óï˛#≈ §Ù§ƒy=!°

§)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ í˛zˆÏjˆÏ¢ƒÓ˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚– Ó›ï˛ ~Ùl ˆÜ˛ylG §)ã˛Ü˛ §ÇáƒyÓ˚ Ü˛Ìy Ë˛yÓy ÎyÎ˚ ly Îy §ÓˆÏ«˛ˆÏe

≤ÃˆÏÎ˚yà Ü˛Ó˚y ÎyˆÏÓ– í˛zˆÏj¢ƒ xl%ÎyÎ˚# ~Ü˛!ê˛ !ÓˆÏ¢£Ï ≤ÃÜ˛yˆÏÓ˚Ó˚ §)ã˛Ü˛ §ÇáƒyÓ˚ ≤ÃˆÏÎ˚yà ÎˆÏÌy˛õÎ%_´ •ˆÏÓ– ÎÌyÌ≈

í˛zˆÏj¢ƒÎ%_´ ~Ü˛!ê˛ §)ã˛Ü˛ §Çáƒy í˛z˛õˆÏÎyà#ñ !Ü˛v í˛zˆÏj¢ƒ•#l ~Ü˛!ê˛ §)ã˛Ü˛ §Çáƒy «˛!ï˛Ü˛Ó˚– í˛zòy•Ó˚îfl∫Ó˚*˛õñ ç#!ÓÜ˛y

!lÓ≈y•l §)ã˛Ü˛ §Çáƒy (Cost of Living Index Number)üÈ~Ó˚ Ü˛Ìy ôÓ˚y ÎyÜ˛– ~•z §)ã˛Ü˛ !lî≈ˆÏÎ˚Ó˚ ç#Ól ôyÓ˚ˆÏîÓ˚

çlƒ xï˛ƒyÓ¢ƒÜ˛ ˛õîƒoÓƒ ÎÌyÈüüüÈã˛y°ñ í˛y°ñ Ü˛y˛õí˛¸ •zï˛ƒy!òÓ˚ á%ã˛Ó˚y òˆÏÓ˚Ó˚ ï˛Ìƒ §Ç@˝Ã• Ü˛Ó˚ˆÏï˛ •Î˚ñ ˆÎˆÏ•ï%˛ ˜òl!®l

ÓƒÓ•yˆÏÓ˚Ó˚ çlƒ ˆ°yˆÏÜ˛ ~=!° á%ã˛Ó˚y òˆÏÓ˚ !Ü˛ˆÏl ÌyˆÏÜ˛– xyÓyÓ˚ ~•z §Ó òÓ˚ §yôyÓ˚îË˛yˆÏÓ ˆòˆÏ¢Ó˚ Ù)°ƒÙyˆÏlÓ˚
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à!ï˛≤ÃÜ,˛ï˛ çylyÓ˚ í˛zˆÏjˆÏ¢ƒ !l!Ù≈ï˛ ˛õy•zÜ˛y!Ó˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ (Wholesale Price Index) !lî≈Î˚Ü˛yˆÏ° ÓƒÓ•yÓ˚ Ü˛Ó˚y

ÎyˆÏÓ ly– •z•y !lî≈ˆÏÎ˚Ó˚ çlƒ ˛õîƒoˆÏÓƒÓ˚ ˛õy•zÜ˛y!Ó˚ òÓ˚ §Ç@˝Ã• Ü˛Ó˚ˆÏï˛ •ˆÏÓ–

(ii) !Ë˛!_Ü˛y° !lÓ≈yã˛l ≠

§)ã˛Ü˛ §Çáƒy !Ë˛!_Ü˛yˆÏ°Ó˚ §yˆÏ˛õˆÏ«˛ !lî≈Î˚ Ü˛Ó˚y •Î˚– ˆ§çlƒ !Ë˛!_Ü˛y° !lî≈ˆÏÎ˚Ó˚ §ÙÎ˚ !ÓˆÏ¢£Ï §ï˛Ü≈˛ï˛y ˆlGÎ˚y

òÓ˚Ü˛yÓ˚– ˆÙyê˛yÙ%!ê˛ ~Ü˛!ê˛ fl∫yË˛y!ÓÜ˛ §ÙÎ˚ˆÏÜ˛ !Ë˛!_Ü˛y° !•§yˆÏÓ ôÓ˚y í˛z!ã˛ï˛– ˙ §ÙˆÏÎ˚ ˛õîƒoˆÏÓƒÓ˚ òÓ˚ Óy ˛õ!Ó˚ÙyˆÏîÓ˚

ÙˆÏôƒ ˆÎl ˆÜ˛ylG xfl∫yË˛y!ÓÜ˛ï˛y ly ÌyˆÏÜ˛ xÌ≈yÍ ˆÎl ˙ §ÙˆÏÎ˚ ˆÜ˛ylG !ÓˆÏ¢£Ï Ü˛yÓ˚ˆÏî ˛õˆÏîƒÓ˚ òÓ˚ •ë˛yÍ á%Ó ˆÓˆÏí˛¸

ly ÎyÎ˚ åˆÎÙl Î%ˆÏk˛Ó˚ §ÙÎ˚ä Óy Ü˛ˆÏÙ ly ÎyÎ˚ åˆÎÙl Ù®yÓ˚ §ÙÎ˚ä–

!Ë˛!_Ü˛y° G ã˛°!ï˛Ü˛y Ï̂°Ó˚ Ù Ï̂ôƒ ̨õyÌ≈Ü˛ƒ á%Ó ̂ Ó!¢ •GÎ˚y í z̨!ã˛ï˛ lÎ˚– §Ù Ï̂Î˚Ó˚ ̨õ!Ó˚Óï≈̨ Ï̂lÓ˚ § Ï̂D § Ï̂D Óyçy Ï̂Ó˚Ó˚ xÓfliy

xÌ≈yÍ Ùyl%ˆÏ£ÏÓ˚ ã˛y!•òy G xË˛ƒyˆÏ§Ó˚ ˛õ!Ó˚Óï≈˛l •Î˚– ï˛y•z !Ë˛!_Ü˛y° G ã˛°!ï˛Ü˛yˆÏ°ˆÏÓ˚ ÙˆÏôƒ §ÙˆÏÎ˚Ó˚ ˛õyÌ≈Ü˛ƒ ˆÓ!¢ •ˆÏ°

Óyçy Ï̂Ó˚Ó˚ xÓfliy G çl§yôyÓ˚̂ ÏîÓ˚ ç#ÓlÎyeyÓ˚ Ùyl ÎÌyÌ≈ ï%̨ °ly Ü˛Ó˚y ÎyÎ˚ ly– !Ë˛!_Ó˚ Ü˛y° á%Ó ̂ Ó!¢ ̨õ%Ó˚y Ï̂ly • Ï̂° §)ã˛Ü˛

§Çáƒy !lî≈̂ ÏÎ˚Ó˚ §ÙÎ˚ !Ë˛!_Ü˛y Ï̂°Ó˚ x Ï̂lÜ˛ ̨õîƒ ã˛°!ï˛Ü˛y Ï̂° Óyçy Ï̂Ó˚ ̨õyGÎ˚y ÎyÎ˚ ly Óy ̨õyGÎ˚y á%Ó Ü˛‹TÜ˛Ó˚ •Î˚– ~•z Ü˛yÓ˚̂ Ïî

!Ë˛!_Ü˛y° á%Ó ̨ õ%Ó˚yˆÏly •ˆÏÎ˚ ̂ àˆÏ° ï˛yˆÏÜ˛ xˆÏ˛õ«˛yÜ,˛ï˛ !lÜ˛ê˛Óï˛#≈ Ü˛yˆÏ° §!Ó˚ˆÏÎ˚ xylˆÏï˛ •ˆÏÓ–

!Ë˛!ï˛ï˛Ü˛yˆÏ°Ó˚ ˜òâ≈ƒ á%Ó ˆÓ!¢ •GÎ˚y Óy Ü˛Ù •GÎ˚y í˛z!ã˛ï˛ lÎ˚– á%Ó ˆÓ!¢ •ˆÏ° åˆÎÙl xyê˛ Óy ò¢ ÓSÈÓ˚ä ˙

ò#â≈ §ÙˆÏÎ˚Ó˚ àí˛¸ ˆlGÎ˚yÓ˚ Ê˛ˆÏ° !Ó!Ë˛ß¨ ˛õîƒoˆÏÓƒÓ˚ Gë˛ylyÙy ˛õ!Ó˚‹ÒyÓ˚Ë˛yˆÏÓ ˆÓyV˛y ÎyÎ˚ ly– xyÓyÓ˚ ˜òâ≈ƒ á%Ó Ü˛Ù

•ˆÏ° åxÌ≈yÍ ~Ü˛!òl Óy ~Ü˛§Æy•ä ~•z fl∫“ §ÙˆÏÎ˚Ó˚ ÙˆÏôƒ ˛õˆÏîƒÓ˚ òˆÏÓ˚Ó˚ xfl∫yË˛y!ÓÜ˛ •…y§Ó,!k˛ •GÎ˚y §Ω˛Ó– ˆÎÙlñ

!ÓˆÏÎ˚ñ xß¨≤Ã¢l ≤ÃË,˛!ï˛ xl%¤˛yˆÏlÓ˚ !òl ÓyçyˆÏÓ˚ ÙyˆÏSÈÓ˚ òyÙ fl∫yË˛y!ÓÜ˛ òyˆÏÙÓ˚ ˆã˛ˆÏÎ˚ ˆÓ!¢ •ˆÏï˛ ˛õyˆÏÓ˚–

(iii) ˛õîƒoÓƒ !lÓ≈yã˛l ≠

§ÙÎ˚ñ xÌ≈ G ◊ Ï̂ÙÓ˚ Óyôƒ ÓyôÜ˛ï˛yÓ˚ çlƒ Óyçy Ï̂Ó˚Ó˚ ≤Ã Ï̂ï˛ƒÜ˛!ê˛ ̨õîƒ Ï̂Ü˛ §)ã˛Ü˛ §ÇáƒyÓ˚ xhs˝Ë)≈̨ _´ Ü˛Ó˚y §Ω˛Ó lÎ˚– §)ã˛Ü˛

§ÇáƒyÓ˚ ÓƒÓ•y!Ó˚Ü˛ ≤ÃˆÏÎ˚yˆÏàÓ˚ çlƒ ~Ü˛!ê˛ !l!ò≈‹T §ÙˆÏÎ˚Ó˚ ÙˆÏôƒ ï˛y §B˛°l Ü˛Ó˚y •Î˚ñ lï%˛Óy ï˛y xÌ≈•#l •ˆÏÎ˚ ÎyÎ˚– ï˛y•z

lÙ%ly !•§y Ï̂Ó !Ü˛S%È ≤Ã!ï˛!l!ôÙ)°Ü˛ ̨õ Ï̂îƒÓ˚ òÓ˚ §Ç@˝Ã• Ü˛Ó˚y • Ï̂Î˚ Ìy Ï̂Ü˛– ̨õîƒ=!° ~ÙlË˛y Ï̂Ó !lô≈yÓ˚î Ü˛Ó˚y •Î˚ Îy Ï̂ï˛ ~ Ï̂òÓ˚

àí˛¸ òˆÏÓ˚Ó˚ à!ï˛!Ó!ô ÓyçyˆÏÓ˚Ó˚ §Ü˛° oˆÏÓƒÓ˚ àí˛¸ òˆÏÓ˚Ó˚ Ü˛ySÈyÜ˛y!SÈ •Î˚– ˆ§•zçlƒ ˛õîƒoˆÏÓƒÓ˚ !lÓ≈yã˛l í˛zˆÏj¢ƒÙ)°Ü˛ Óy

!Óã˛yÓ˚!Ë˛!_Ü˛ lÙ%ly §Ç@˝Ã• ̨õk˛!ï˛ (Judgement Sampling Method)üÈˆï˛ Ü˛Ó˚y •ˆÏÎ˚ ÌyˆÏÜ˛– ~•z ̨õk˛!ï˛ˆÏï˛ Ü˛ï˛=!°

=Ó˚&c˛õ)î≈ ̨ õîƒñ ̂ ÎÙl ã˛y°ñ àÙñ ̂ ï˛°ñ !ã˛!l !lˆÏï˛•z •Î˚ ~ÓÇ Óy!Ü˛ ̨ õˆÏîƒÓ˚ ã˛Î˚l §Ù§Ω˛Ó í˛z˛õyˆÏÎ˚ Ü˛Ó˚ˆÏï˛ •ˆÏÓ–

lÙ%ly §Ç@˝ÃˆÏ•Ó˚ çlƒ ˛õîƒ=!°ˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛ ≤Ãôyl ≤Ãôyl ˆày¤˛#ˆÏï˛ (GroupÈüÈ~ä Ë˛yà Ü˛Ó˚y •Î˚– ˆÎÙlñ ç#!ÓÜ˛y

!lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ §ÙÎ˚ ˛õîƒ=!°ˆÏÜ˛ §yôyÓ˚îï˛ ˛õyÑã˛!ê˛ Ë˛yˆÏà Ë˛yà Ü˛Ó˚y •Î˚ÈüüüÈáyòƒñ xyˆÏ°y G

çμy°yl#ñ Óflfñ Óy§fliyl ~ÓÇ !Ó!Óô– ˆày¤˛#Ó˚ xyÓyÓ˚ í˛z˛õˆÏày¤˛# (Sub-Group) ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚– ˆÎÙlñ áyˆÏòƒÓ˚

í˛z˛õˆÏày¤˛#=!° •° ï˛[%˛°çyï˛#Î˚ áyòƒñ ÙySÈÈüÈÙyÇ§ñ ï˛Ó˚Ü˛yÓ˚# •zï˛ƒy!ò– ï˛[%˛°çyï˛#Î˚ áyˆÏòƒÓ˚ ÙˆÏôƒ Ó˚ˆÏÎ˚ˆÏSÈ ã˛y°ñ àÙñ

ˆçyÎ˚yÓ˚ñ ÓyçÓ˚y •zï˛ƒy!ò–

lÙ%ly §Çáƒy (Sample Size) Ü˛ï˛ •ˆÏÓ ï˛yÓ˚ ˆÜ˛ylG ÓyÑôyôÓ˚y !lÎ˚Ù ˆl•z– ï˛ˆÏÓ §Çáƒy á%Ó Óí˛¸ !Ü˛ÇÓy á%Ó

ˆSÈyê˛ •GÎ˚y í˛z!ã˛ï  lÎ˚– á%Ó Óí˛¸ lÙ%ly •ˆÏ° ÓyhflÏÓ !Ü˛S%È x§%!Óôy ÌyˆÏÜ˛ñ xyÓyÓ˚ á%Ó ˆSÈyê˛ •ˆÏ° ï˛y ˆÜ˛ylG ˆày¤˛#

Óy í˛z˛õˆÏày¤˛#Ó˚ ≤ÃÜ,˛ï˛ ≤Ã!ï˛!l!ô •ˆÏï˛ ˛õyˆÏÓ˚ ly–
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(iv) ï˛Ìƒ §Ç@˝Ã• ≠

~Ü˛çl Ó˚y!¢ ï˛Ìƒ §Ç@˝Ãy•Ü˛ˆÏÜ˛ §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚ ÓƒÓ•*ï˛ ï˛Ìƒ §Ç@˝ÃˆÏ•Ó˚ çlƒ ≤Ãã%˛Ó˚ ˆÓà ˆ˛õˆÏï˛ •Î˚ñ ˆÎˆÏ•ï%˛

~Ü˛•z ˛õˆÏîƒÓ˚ !Ó!Ë˛ß¨ fliyˆÏl å~Ùl!Ü˛ ~Ü˛•z fliyˆÏlä òÓ˚ !Ó!Ë˛ß¨ Ó˚Ü˛Ù •Î˚– xyÓyÓ˚ =îàï˛ Ùyl (Quality)ÈüÈ~Ó˚

ï˛yÓ˚ï˛ˆÏÙƒÓ˚ çlƒ òÓ˚G !Ó!Ë˛ß¨ Ó˚Ü˛Ù •ˆÏï˛ ˛õyˆÏÓ˚– ˆÎÙlñ ~Ü˛•z ÓyçyˆÏÓ˚ !Óe´#ï˛ ã˛yˆÏ°Ó˚ òyÙ !Ó!Ë˛ß¨ •Î˚ñ xyÓyÓ˚ ã˛yˆÏ°Ó˚

=îÙyl !Ó!Ë˛ß¨ •GÎ˚yÓ˚ çlƒG òÓ˚ !Ó!Ë˛ß¨ •Î˚– ï˛ySÈyí˛¸y §!ë˛Ü˛ òÓ˚ ÎyˆÏï˛ §Çà,•#ï˛ •Î˚ ï˛yÓ˚ ≤Ã!ï˛ ò,!‹T ˆòGÎ˚y òÓ˚Ü˛yÓ˚–

ç#!ÓÜ˛y !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛ˆÏÜ˛Ó˚ çlƒ á%ã˛Ó˚y òÓ˚ §Ç@˝Ã• Ü˛Ó˚y •Î˚ñ x˛õÓ˚˛õˆÏ«˛ ˛õy•zÜ˛y!Ó˚ òˆÏÓ˚Ó˚ §)ã˛ˆÏÜ˛Ó˚ ˆ«˛ˆÏe ˛õy•zÜ˛y!Ó˚

òÓ˚ §Ç@˝Ã• Ü˛Ó˚y •ˆÏÎ˚ ÌyˆÏÜ˛–

(v) Ó˚y!¢ï˛ˆÏÌƒÓ˚ ~Ü˛e#Ü˛Ó˚î G Ë˛yÓ˚ !lÓ≈yã˛l (Method of Combining Data and Choice of

weights) :

§)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ !Ó!Ë˛ß¨ ˛õk˛!ï˛ Óy §)e ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚– !lˆÏ¡¨ ≤Ãò_ SÈˆÏÜ˛ ≤Ãôyl ≤Ãôyl ˛õk˛!ï˛ Óy §)e=!°

ˆòGÎ˚y •° ≠

§)ã˛Ü˛ §Çáƒy !lî≈Î˚ (Construction of Index Number)

        §Ù!‹Tàï˛ ˛õk˛!ï˛                                                  xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛

 (Aggregative Method)                                               (Relative Method)

                    xyˆÏ˛õ!«˛Ü˛=!°Ó˚ §Ó˚° àí˛¸                     xyˆÏ˛õ!«˛Ü˛=!°Ó˚ Ë˛yÓ˚Î%_´ àí˛¸

                  (Simple Relative Average)               (Weighted Relative Average)

   §Ó˚° §Ù!‹Tàï˛ ˛õk˛!ï˛                        Ë˛yÓ˚Î%_´ §Ù!‹Tàï˛ ˛õk˛!ï˛

  (Simple Aggregative Method)    (Weighted Aggregative Method)

°y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)e  ˛õyˆÏ¢Ó˚ §)e  Ùy¢≈°ÈüÈ~çGÎ˚yÌ≈ §)e  !Ê˛§yˆÏÓ˚Ó˚ xyò¢≈§)ã˛Ü˛ §Çáƒy  ÓyGˆÏ°Ó˚ §)e

(Laspeyres’      (Paasche’s  (Marshall-         (Fisher’s Ideal           (Bowley’s
Formula)        Formula)    Edgewarth         Index Number            Formula)

   Formula) Formula)

§Ó˚° §Ù!‹Tàï˛ ˛õk˛!ï˛ ≠

~•z ˛õk˛!ï˛ˆÏï˛ ˛õîƒ=!°Ó˚ òˆÏÓ˚Ó˚ §Ó˚° §Ù!‹TÓ˚ ã˛°!ï˛Ü˛yˆÏ°Ó˚ ÙyˆÏlÓ˚ §ˆÏD !Ë˛!_Ü˛yˆÏ°Ó˚ Ùyl ï%˛°ly Ü˛Ó˚y •Î˚–

§)e!ê˛ !l¡¨Ó˚*˛õ ≠

§)ã˛Ü˛   Ion = 
ni

oi

P
P


 × 100.............. (1)
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ˆÎáyˆÏl Pni •° iüÈï˛Ù ˛õˆÏîƒÓ˚ ã˛°!ï˛Ü˛yˆÏ°Ó˚ òÓ˚ ~ÓÇ Poi •° iüÈï˛Ù ˛õˆÏîƒÓ˚ !Ë˛!_Ü˛yˆÏ°Ó˚ òÓ˚– §Ü˛° ˛õˆÏîƒÓ˚

çlƒ §Ù!‹T ( ) ˆlGÎ˚y •ˆÏÎ˚ˆÏSÈ–

~ˆÏÜ˛ §Ó˚° §Ù!‹Tàï˛ §)ã˛Ü˛ §Çáƒy (Simple Aggregative Index Number) Ó°y •Î˚– ~•z §)ˆÏeÓ˚ ≤Ãôyl

x§%!Óôy •ˆÏFSÈñ ~áyˆÏl ≤Ã!ï˛!ê˛ ~Ü˛ˆÏÜ˛Ó˚ òˆÏÓ˚Ó˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛Ó˚y •Î˚ ~ÓÇ §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚ !Ó!Ë˛ß¨ ˛õˆÏîƒÓ˚ =Ó˚&c

åÓy Ë˛yÓ˚ä §Ùyl ôÓ˚y •ˆÏÎ˚ˆÏSÈ Îy ÓyhflÏˆÏÓ §Ó §ÙÎ˚ !ë˛Ü˛ lÎ˚– ˆÎÙlñ Ë˛yÓ˚ˆÏï˛ ˛õy•zÜ˛y!Ó˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚

§ÙÎ˚ ã˛y° G àÙˆÏÜ˛ ï˛yÙyÜ˛ G Ùò xˆÏ˛õ«˛y ˆÓ!¢ =Ó˚&c ˆòGÎ˚y í˛z!ã˛ï˛– ~•z x§%!Óôy ò)Ó˚ Ü˛Ó˚y çlƒ Ë˛yÓ˚Î%_´ §Ù!‹Tàï˛

˛õk˛!ï˛ xÓ°¡∫l Ü˛Ó˚y •Î˚–

Ë˛yÓ˚Î%_´ §Ù!‹Tàï˛ ˛õk˛!ï˛ (Weighted Aggregative Method) :

~•z ˛õk˛!ï˛ˆÏï˛ ã˛°!ï˛ G !Ë˛!_Ü˛yˆÏ° ˛õîƒ=!°ˆÏÜ˛ ÎˆÏÌy˛õÎ%_´ Ë˛yÓ˚§¡õß¨ Ü˛ˆÏÓ˚ ã˛°!ï˛Ü˛yˆÏ°Ó˚ ˛õîƒ=!°Ó˚ ˆÙyê˛

Ù)°ƒˆÏÜ˛ !Ë˛!_Ü˛yˆÏ°Ó˚ ˛õîƒ=!°Ó˚ ˆÙyê˛ Ù)ˆÏ°ƒÓ˚ ¢ï˛Ü˛Ó˚yÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ~•z ˛õk˛!ï˛ˆÏï˛ òˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy •° ≠

Ion = 
ni i

oi i

P w
P w


  × 100 ......... (2)

ˆÎáyˆÏl Poi G Pni ˛õ)ˆÏÓ≈ í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ ~ÓÇ wi, i-ï˛Ù ˛õˆÏîƒÓ˚ Ë˛yÓ˚ ôÓ˚y •ˆÏÎ˚ˆÏSÈ–

Ë˛yÓ˚Î%_´ §Ù!‹Tàï˛ ˛õk˛!ï˛ˆÏï˛ òˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ x!ôÜ˛yÇ¢ ˆ«˛ˆÏe ˛õ!Ó˚Ùyî (Quantity)üÈˆÜ˛ Ë˛yÓ˚

!•§yˆÏÓ ôÓ˚y •Î˚– ã˛°!ï˛ Óy !Ë˛!_Ü˛yˆÏ°Ó˚ ˛õ!Ó˚ÙyîˆÏÜ˛ Ë˛yÓ˚ !•§yˆÏÓ =Ó˚&c !òˆÏÎ˚ !lˆÏ¡¨ ≤Ãò_ !Ó!Ë˛ß¨ §)e òˆÏÓ˚Ó˚ §)ã˛Ü˛

§Çáƒy !lî≈ˆÏÎ˚Ó˚ ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚ ≠

åÜ˛ä °y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)e (Laspeyres’ Formula) :

~•z §)ˆÏe !Ë˛!_Ü˛yˆÏ°Ó˚ ˛õîƒoˆÏÓƒÓ˚ ˛õ!Ó˚ÙyîˆÏÜ˛ ˛õîƒoˆÏÓƒÓ˚ òˆÏÓ˚Ó˚ Ë˛yÓ˚ !•§yˆÏÓ ôÓ˚y •Î˚ xÌ≈yÍ Wi = qoi =

!Ë˛!_Ü˛yˆÏ° iüÈï˛Ù ˛õˆÏîƒÓ˚ ˛õ!Ó˚Ùyî ôÓ˚y •Î˚– §%ï˛Ó˚yÇ °y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)eyl%ÎyÎ˚#ñ ˛õˆÏîƒÓ˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy L
onI  •ˆÏ°

L ni oi
on

oi oi

P q
P q


 

  × 100......... (3)

§)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ ~•z §)ˆÏeÓ˚ ÓƒÓ•yÓ˚ §Óã˛y•zˆÏï˛ Óƒy˛õÜ˛– Ü˛yÓ˚î •°ñ xlƒylƒ §)ˆÏeÓ˚ ï%˛°lyÎ˚ ~•z §)e ÓyhflÏˆÏÓ

xˆÏlÜ˛ §•ˆÏç ÓƒÓ•yÓ˚ Ü˛Ó˚y ÎyÎ˚– ~•z §)ˆÏe ̂ ÎˆÏ•ï%˛ Ë˛yÓ˚ !•§yˆÏÓ !Ë˛!_Ü˛yˆÏ°Ó˚ ̨ õ!Ó˚Ùyî ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚ñ ~Ó˚ Ó˚y!¢ï˛Ìƒ

§Ç@˝Ã• xˆÏ˛õ«˛yÜ,˛ï˛ §•ç •Î˚–

~•z §)ã˛Ü˛ §Çáƒy òˆÏÓ˚Ó˚ hflÏˆÏÓ˚Ó˚ Ó,!k˛ ≤ÃÜ˛y¢ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ !l!ò≈‹T Ë˛yÓ˚ qoiüÈ~Ó˚ çlƒñ ˆÎáyˆÏl ã˛°!ï˛Ü˛yˆÏ° ˆË˛y_´y

§Ùyl §v!‹TÓ˚ çlƒ ˆÎ§Ó ˛õˆÏîƒÓ˚ òÓ˚ xˆÏ˛õ«˛yÜ,˛ï˛ Ü˛Ù ˆ§=!° ˆÓ!¢ ˛õ!Ó˚ÙyˆÏî !Ü˛ˆÏl ~ÓÇ ˆÎ=!°Ó˚ òÓ˚

xyˆÏ˛õ!«˛Ü˛Ë˛yˆÏÓ ˆÓ!¢ ˆ§=!° Ü˛Ù !Ü˛ˆÏl ˆÙyê˛ áÓ˚ã˛ Ü˛ÙyˆÏï˛ ˛õyˆÏÓ˚– ˆ§•z xˆÏÌ≈ °y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)ã˛Ü˛ §ÇáƒyˆÏÜ˛

|ôÁ≈Ù%á# ˛õ«˛˛õyï˛ò%‹T (Upward Biased) Ó°y •Î˚–
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åáä ˛õyˆÏ¢Ó˚ §)e (Paasche’s Formula) :

~•z §)ˆÏe ã˛°!ï˛Ü˛yˆÏ°Ó˚ ˛õîƒoˆÏÓƒÓ˚ ˛õ!Ó˚ÙyîˆÏÜ˛ ˛õîƒoˆÏÓƒÓ˚ òˆÏÓ˚Ó˚ Ë˛yÓ˚ !•§yˆÏÓ ôÓ˚y •Î˚ñ xÌ≈yÍ wi = qni =

ã˛°!ï˛Ü˛y Ï̂° iüÈï˛Ù ˛õˆÏîƒÓ˚ ˛õ!Ó˚Ùyî ôÓ˚y •Î˚– §%ï˛Ó˚yÇñ ˛õyˆÏ¢Ó˚ §)eyl%ÎyÎ˚#ñ ˛õˆÏîƒÓ˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy P
on  •ˆÏ°ñ

P ni ni
on

oi ni

P q
P q


 

  × 100 ......... (4)

åàä Ùy¢≈y°ÈüÈ~çGÎ˚yÌ≈ §)e (Marshall-Edgeworth Formula) :

~•z §)ˆÏe ã˛°!ï˛ G !Ë˛!_Ü˛yˆÏ°Ó˚ ˛õ!Ó˚ÙyˆÏîÓ˚ àí˛¸ˆÏÜ˛ ˛õîƒoˆÏÓƒÓ˚ òˆÏÓ˚Ó˚ Ë˛yÓ˚ !•§yˆÏÓ ôÓ˚y •Î˚– §%ï˛Ó˚yÇñ

Ùy¢≈y°ÈüÈ~çGÎ˚yÌ≈ §)el%ÎyÎ˚#ñ ˛õˆÏîƒÓ˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy M E
on
 •ˆÏ°ñ

M E ni oi ni
on

oi oi ni

P (q q )
P (q q )

  
 

  × 100 .......... (5)

~•z §)e!ê˛ °y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)ˆÏe |ôÁ≈Ù%á# ̨ õ«˛˛õyï˛ G ̨õyˆÏ¢Ó˚ §)ˆÏeÓ˚ !l¡¨Ù%á# ̨ õ«˛˛õyˆÏï˛Ó˚ ÙˆÏôƒ §Ùï˛y !ÓôylÜ˛yÓ˚#–

Î!òG ~•z §)ˆÏeÓ˚ ÙˆÏôƒ ˆÜ˛ylG §yôyÓ˚î ˛õ«˛˛õyï˛ ˆl•zñ ï˛ˆÏÓ ~Ó˚ àîly Ü˛yÎ≈ Ü˛‹T§yôƒ–

åâä !Ê˛¢yˆÏÓ˚Ó˚ xyò¢≈ §)ã˛Ü˛ §Çáƒy (Fisher’s Ideal Index Number) :

°y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)ã˛Ü˛ §Çáƒy ~ÓÇ ˛õyˆÏ¢Ó˚ §)ã˛Ü˛ §ÇáƒyÓ˚ =ˆÏîy_Ó˚ àí˛¸ (G.M.)-ˆÜ˛ !Ê˛¢yˆÏÓ˚Ó˚ xyò¢≈ §)ã˛Ü˛ §Çáƒy

Ó°y •Î˚– §%ï˛Ó˚yÇñ !Ê˛¢yˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy F
onI •ˆÏ°ñ

F ni oi ni ni
on

oi oi oi ni

P q P q
I

P q P q
 

 
   × 100 .......(6)

å.ä °y§‰ˆÏ˛õÎ˚y§≈ G ˛õy¢ÈüÈ~Ó˚ §)ã˛Ü˛ §ÇáƒyÓ˚ ˆÎÔ!àÜ˛ àí˛¸ˆÏÜ˛ ÓyGˆÏ°Ó˚ §)ã˛Ü˛ §Çáƒy (Bowley’s Index) Ó°y

•Î˚ñ xÌ≈yÍ

B ni oi ni ni
on

oi oi oi ni

P q P q
I

P q P q
      

1
2  × 100 ......... (7)

xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛ (Relative Method) :

ˆÎ §ÇáƒyÓ˚ §y•yˆÏÎƒ ã˛°!ï˛Ü˛yˆÏ°Ó˚ ˆÜ˛yl òÓ˚ˆÏÜ˛ !Ë˛!_Ü˛yˆÏ°Ó˚ òˆÏÓ˚Ó˚ §yˆÏ˛õˆÏ«˛ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ñ ï˛yˆÏÜ˛ xyˆÏ˛õ!«˛Ü˛

òÓ˚ (Price Relative or Only Relative) Ó°y •Î˚– xyˆÏ˛õ!«˛Ü˛ ˛õ!Ó˚ÙyˆÏîÓ˚ ˆ«˛ˆÏeG ~Ü˛•z Ë˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y

ÎyÎ˚– §%ï˛Ó˚yÇñ ˆÜ˛ylG ˛õˆÏîƒÓ˚ ˆ«˛ˆÏeñ
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xyˆÏ˛õ!«˛Ü˛ òÓ˚ =  = 
n

o

P
P

xyˆÏ˛õ!«˛Ü˛ òÓ˚ ˛õk˛!ï˛ òˆÏÓ˚Ó˚ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚y •Î˚ ˛õîƒ=!°Ó˚ xyˆÏ˛õ!«˛Ü˛ òÓ˚=!°Ó˚ àˆÏí˛¸Ó˚ §y•yˆÏÎƒ

§yôyÓ˚îï˛ §Ó˚° !Ü˛ÇÓy Ë˛yÓ˚Î%_´ ˆÎÔ!àÜ˛ àí˛¸ (A.M.) xÌÓy =ˆÏîy_Ó˚ àí˛¸ (G.M.) ÓƒÓ•*ï˛ •Î˚–

åÜ˛ä xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ §Ó˚°ˆÏÎÔ!àÜ˛ àí˛¸ ˛õk˛!ï˛ (Simple Averages of Price Relatives) :

ni
on

oi

P
I

k P
 1

× 100......... (8)

ˆÎáyˆÏl §Ù!‹T ( ) §Ü˛° k ˛õˆÏîƒÓ˚ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ G˛õÓ˚ ˆlGÎ˚y •ˆÏÎ˚ˆÏSÈ– Î!ò §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚ §Ó˚°

=ˆÏîy_Ó˚ àí˛¸ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚ñ ï˛ˆÏÓ

Ion = 
k

ni

oi

P
P

    
  

1

× 100 ......... (9)

ˆÎáy Ï̂l =îÊ˛° ( ) §Ü˛° k ˛õˆÏîƒÓ˚ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ G˛õÓ˚ ˆlGÎ˚y •ˆÏÎ˚ˆÏSÈ– ~SÈyí˛¸y òˆÏÓ˚Ó˚ xyˆÏ˛õ!«˛Ü˛ ÙyˆÏlÓ˚

§Ó˚° !ÓÓï≈˛ ˆÎÔ!àÜ˛ àí˛¸ñ §Çáƒy=Ó˚&Ùyl Óy ÙôƒÙy ÓƒÓ•yÓ˚ Ü˛Ó˚y ÎyÎ˚–

åáä xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ Ë˛yÓ˚Î%_´ àí˛¸ ˛õk˛!ï˛ (Weighted Average of Price Relatives) :

xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ §Ó˚° ˆÎÔ!àÜ˛ àí˛¸ ˛õk˛!ï˛ˆÏï˛ ˆÜ˛ylG ~Ü˛!ê˛ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ myÓ˚y §)ã˛ˆÏÜ˛Ó˚ •…y§ Ó,!k˛ ≤ÃË˛y!Óï˛

•ˆÏï˛ ˛õyˆÏÓ˚– ï˛y•z Ë˛yÓ˚Î%_´ §Ù!‹Tàï˛ ˛õk˛!ï˛Ó˚ ÙˆÏï˛y xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ Ë˛yÓ˚Î%_´ àí˛¸ ˛õk˛!ï˛ˆÏï˛ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚

Ë˛yÓ˚ (Weight) Î%_´ Ü˛Ó˚y •Î˚– ~áyˆÏl Ë˛yÓ˚ !•§yˆÏÓ !Óe´#ï˛ Óy í˛zÍ˛õy!òï˛ ˛õˆÏîƒÓ˚ Ù)°ƒ (Value) ˆÜ˛ylG ~Ü˛!ê˛

!l!ò≈‹T §ÙˆÏÎ˚Ó˚ !Ë˛!_ˆÏï˛ ôÓ˚y •Î˚–

Î!ò Wi, iüÈï˛Ù ˛õˆÏîƒÓ˚ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ Ë˛yÓ˚ •Î˚ñ ï˛ˆÏÓ Ë˛yyÓ˚Î%_´ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ ˆÎÔ!àÜ˛ àí˛¸ (Weighted

Arithmetic Mean of Price Relatives) •°

ni
i

oi
on

i

P
W

P
W

 



× 100...... (10)

Ë˛yÓ˚Î%_´ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ =ˆÏîy_Ó˚ àí˛¸ (Weighted Geometric Mean of Price Relatives) •°ñ

wiiW
ni

on
oi

P
P

       
   

1

× 100........ (11)
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~ÓÇ Ë˛yÓ˚Î%_´ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ !ÓÓï≈˛ ˆÎÔ!àÜ˛ àí˛¸ (Weighted Harmonic Mean of Price Relatives)

•°ñ

i
on

oi

ni

W
P
P


 


× 100 ......... (12)

(10) lÇ §)ˆÏe Wi = Poiqoi ~ÓÇ (12) lÇ §)ˆÏe Wi = Pniqni ôÓ˚ˆÏ° ÎÌye´ˆÏÙ °y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)e ~ÓÇ ˛õyˆÏ¢Ó˚

§)e ˛õyGÎ˚y ÎyÎ˚–

(vi) !lî#≈ï˛ §)ã˛Ü˛ §ÇáƒyÓ˚ Óƒyáƒy (Interpretation of Index Number) :

§)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ í˛zˆÏjˆÏ¢ƒÓ˚ G˛õÓ˚ !lî#≈ï˛ §)ã˛Ü˛ §ÇáƒyÓ˚ Óƒyáƒy !lË≈˛Ó˚ Ü˛ˆÏÓ˚– !Ë˛!_Ü˛y° G ã˛°!ï˛Ü˛yˆÏ°

ç#ÓlÎyeyÓ˚ Ùyl ~Ü˛•z Ó˚yáˆÏï˛ •ˆÏ° ã˛°!ï˛Ü˛yˆÏ° ç#!ÓÜ˛y !lÓ≈y• ÓƒyÎ˚ !Ë˛!_Ü˛yˆÏ°Ó˚ ï%˛°lyÎ˚ Ü˛ï˛ê˛y ˆÓ!¢ Óy Ü˛Ù

•ˆÏÓ ï˛y ç#Ól !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛Ü˛ (Cost of Living Index) myÓ˚y !lˆÏò≈!¢ï˛ •Î˚ñ xyÓyÓ˚ !Ë˛!_Ü˛yˆÏ°Ó˚ ï%˛°lyÎ˚

ã˛°!ï˛Ü˛yˆÏ°Ó˚ §yôyÓ˚î Ù)°ƒÙyˆÏlÓ˚ ˆ•Ó˚ˆÏÊ˛Ó˚ ˛õy•zÜ˛y!Ó˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ (Wholesale Price Index) myÓ˚y !lˆÏò≈!¢ï˛

•ˆÏÎ˚ ÌyˆÏÜ˛– !Ë˛!_Ü˛yˆÏ°Ó˚ !¢ˆÏ“yÍ˛õyòˆÏlÓ˚ ï%˛l°yÎ˚ ã˛°!ï˛ Ü˛yˆÏ°Ó˚ !¢ˆÏ“yÍ˛õyòˆÏlÓ˚ •…y§Ó,!k˛ !¢ˆÏ“yÍ˛õyòˆÏlÓ˚ ˛õ!Ó˚Ùyî

§)ã˛Ü˛ (Quantity Index of Industrial Production) myÓ˚y !lˆÏò≈!¢ï˛ •Î˚–

§yôyÓ˚îï˛ §)ã˛Ü˛ §ÇáƒyˆÏÜ˛ ¢ï˛Ü˛Ó˚y !•§yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ ~ÓÇ Ioo, xÌ≈yÍ !Ë˛!_Ü˛yˆÏ°Ó˚ §)ã˛Ü˛ §ÇáƒyˆÏÜ˛ 100

ôÓ˚y •Î˚– ‘‘1980-81üÈˆÜ˛ !Ë˛!_Ü˛y° ôˆÏÓ˚ 1990 §yˆÏ°Ó˚ §Ó≈Ë˛yÓ˚ï˛#Î˚ ˛õy•zÜ˛y!Ó˚ òˆÏÓ˚Ó˚ §)ã˛Ü˛ 1.946’’ üüüÈÓ°ˆÏï˛

ˆÓyV˛yÎ˚ 1980-81 §yˆÏ°Ó˚ ï%˛°lyÎ˚ 1990 §yˆÏ° ˛õy•zÜ˛yÓ˚# Ù)°ƒÙyl 1.946 =î Ó,!k˛ ˆ˛õˆÏÎ˚ˆÏSÈ–

í˛zòy•Ó˚î 1É ˛õ!Ÿã˛ÙÓD §Ó˚Ü˛yˆÏÓ˚Ó˚ Ê˛!°ï˛ xÌ≈l#!ï˛ G ˛õ!Ó˚§Çáƒyl Ó%ƒˆÏÓ˚y (Bureau of Applied Economics

and Statistics) Ü˛ï≈,˛Ü˛ !l¡¨!°!áï˛ Ó˚y!¢ï˛Ìƒ §Çà,•#ï˛ •ˆÏÎ˚ˆÏSÈ– 1962 §y°ˆÏÜ˛ !Ë˛!_Ü˛y° ôˆÏÓ˚ !Ó!Ë˛ß¨ §)eyl%ÎyÎ˚#

1963 §yˆÏ°Ó˚ §)ã˛Ü˛ !lî≈Î˚ Ü˛Ó˚yl–

˛ 1962 1963

˛õ Ï̂îƒÓ˚ òyÙ åçyl%Î˚y!Ó˚ä åçyl%)Î˚y!Ó˚ä

≤Ã!ï˛ 100 ˆÜ˛!çÓ˚ ÓƒÓ•yˆÏÓ˚Ó˚ ˛ ≤Ã!ï˛ 100 ÓƒÓ•yˆÏÓ˚Ó˚ ˛õ!Ó˚Ùyî

òÓ˚ åê˛yÜ˛yÎ˚ä ˛õ!Ó˚Ùyî ˆÜ˛!çÓ˚ òÓ˚ åˆÙ!ê˛ΔÜ˛ ê˛lä

åˆÙ!ê˛ΔÜ˛ ê˛lä åê˛yÜ˛yÎ˚ä

1. ã˛y° 55.50 7391 70.20 12839

2. àÙ 37.52 2381 37.52 5377

3. ˆSÈy°yÓ˚ í˛y° 56.95 50 52.26 400

4. §!Ó˚£Ïy ˜ï˛° 256.00 6610 239.50 3380

5. !ã˛!l 107.70 15036 117.41 15707
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§Ùyôyl ≠ àîlyÜ˛yÎ≈ ≠

1962 1963

˛õˆÏîƒÓ˚ òyÙ Po qo pn qn poqo pnqo poqn pnqn

1. ã˛y° 55.50 7391 70.20 12839 410200.50 518848.20 712564.50 901297.80

2. àÙ 37.52 2381 37.52 5377 89335.12 89335.12 201745.04 201745.04

3. ˆSÈy°yÓ˚ 56.95 50 52.26 400 2847.50 2613.00 2278.00 20904.00

   í˛y°

4. §!Ó˚£Ïy 256.00 6610 239.50 3380 1692160.00 1583095.00 865280.00 809510.00

   ˆï˛°

5. !ã˛!l 107.70 15036 117.41 15707 1619377.20 1765376.76 1691643.90 18441588.87

   ˆÙyê˛ – – – – 3813920.32 3959268.08 3494013.44 3777615.71

(i) °y§‰˛õyˆÏ§≈Ó˚ §)ã˛Ü˛ 
L ni oi
on

oi oi

p q
(I )

p q



 × 100 = 

.

.
3959268 08
3813920 32

× 100 = 103.8

(ii) ˛õyˆÏ¢Ó˚ §)ã˛Ü˛ 
p ni ni
on

oi ni

p q
(I )

p q



  × 100 = 

.

.
3777615 71
3494013 44

× 100 = 108.1

(iii) Ùy¢≈y°ÈüÈ~çGÎ˚yˆÏÌ≈Ó˚ §)ã˛Ü˛ M E
on(I ) = 

ni oi ni

oi oi ni

p (q q )
p (q q )

 
  × 100

= 
ni oi ni ni

oi oi oi ni

p q p q
p q p q

 
   × 100

= 
. .
. .




3959268 08 3777615 71
3813920 32 3494013 44

× 100 = 105.9

(iv) !Ê˛¢yˆÏÓ˚Ó˚ xyò¢≈ §)ã˛Ü˛ §Çáƒy F L P
on on on(I ) I I   = . .103 8 108 1 = 105.9

í˛zòy•Ó˚î 2É !lˆÏ¡¨ ≤Ãò_ ï˛Ìƒ ˆÌˆÏÜ˛ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&lÈñ (i) xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ §Ó˚° àí˛¸ G (ii) xyˆÏ˛õ!«˛Ü˛

òˆÏÓ˚Ó˚ =ˆÏîy_Ó˚ àí˛¸ ˛õk˛!ï˛ˆÏï˛–

˛õîƒoÓƒ A B C D E

1988 §yˆÏ° òyÙ åê˛yÜ˛yÎ˚ä 10 18 12 20 25

1990 §yˆÏ° òyÙ åê˛yÜ˛yÎ˚ä 12 16 10 8 8
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§Ùyôyl ≠ ÙˆÏl Ü˛Ó˚ñ po ~ÓÇ pn ÎÌye´ˆÏÙ 1988 §yˆÏ° G 1990 §yˆÏ°Ó˚ òÓ˚–

àîly Ü˛yÎ≈ ≠

˛õîƒoÓƒ po pn
n

o

p
p × 100 log

n

o

p
p

  
 

100

A 10 12 120.00 2.0792
B 18 16 88.89 1.9488
C 12 10 83.33 1.9208
D 20 8 40.00 1.6021

E 25 8 32.00 1.5051

ˆÙyê˛ ÈüüüÈ ÈüüüÈ 364.22 9.0560

(i) xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ §Ó˚°àí˛¸ ˛õk˛!ï˛ˆÏï˛ §)ã˛Ü˛ §Çáƒy = 
.364 22

5
 = 72.84

(ii) xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ =ˆÏîy_Ó˚ àí˛¸ ˛õk˛!ï˛ˆÏï˛ §)ã˛Ü˛ §Çáƒy = Anti log
.  

 
9 0560

5

                            = Anti log (1.8112) = 64.74

7.4 ç#!ÓÜ˛y !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛Ü˛ (Cost of Living Index or Consumer Price

Index)

ò%!ê˛ !Ë˛ß¨ §ÙˆÏÎ˚ §Ù ˛õ!Ó˚Ùyî ç#ÓlÎyeyÓ˚ Ùyl ÓçyÎ˚ Ó˚yáyÓ˚ çlƒ ˆÎ ˛õ!Ó˚Ùyî xˆÏÌ≈Ó˚ ≤ÃˆÏÎ˚yçl •Î˚ ï˛yˆÏòÓ˚

xyˆÏ˛õ!«˛Ü˛ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ˛õ!Ó˚Ùy˛õ ç#!ÓÜ˛y !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛Ü˛ (Cost of Living Index §ÇˆÏ«˛ˆÏ˛õ C.L.I. or

Consumer Price Index §ÇˆÏ«˛ˆÏ˛õ C.P.I.) !òˆÏÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– !Ó!Ë˛ß¨ ˆ◊î#Ó˚ çl§yôyÓ˚ˆÏîÓ˚ åÓy ˆË˛y_´yÓ˚ä

ç#ÓlÎyeyÓ˚ ≤Ãîy°# !Ó!Ë˛ß¨– Ùôƒ!Ó_ ˆ◊î#ñ Ü˛yÓ˚áylyÓ˚ ◊!ÙÜ˛ˆÏ◊î# Óy Ü,̨ £ÏÜ˛ˆÏ◊î#Ó˚ ç#ÓlÎyeyÓ˚ ÙˆÏôƒ ˛õyÌ≈Ü˛ƒ xyˆÏSÈ–

xyÓyÓ˚ í˛zFã˛ xyˆÏÎ˚Ó˚ ˆ°yÜ˛ñ ÙôƒÙ xyˆÏÎ˚Ó˚ ˆ°yÜ˛ ~ÓÇ !l¡¨ xyˆÏÎ˚Ó˚ ˆ°yˆÏÜ˛ˆÏòÓ˚ ç#ÓlÎyey ≤Ãîy°# !Ó!Ë˛ß¨– ~Ó˚*˛õ

≤Ã!ï˛!ê˛ !Ë˛ß¨ ˆ◊î#Ó˚ çl§yôyÓ˚ˆÏîÓ˚ çlƒ xy°yòy xy°yòy ç#!ÓÜ˛y !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚y •ˆÏÎ˚ ÌyˆÏÜ˛–

ÓyhflÏÓˆÏ«˛ˆÏeñ ò%!ê˛ !Ë˛ß¨ xÓfliyÎ˚ ~Ü˛!ê˛ !l!ò≈‹T ˆ◊î#Ó˚ ˛õîƒ G ˛õ!Ó˚ˆÏ£ÏÓyÓ˚ í˛z˛õˆÏË˛y_´yÓ˚ òÓ˚ åÓy á%ã˛Ó˚y òÓ˚ä ï%˛°ly

Ü˛ˆÏÓ˚ ~•z §)ã˛Ü˛ !lî≈Î˚ Ü˛Ó˚y •Î˚–

~•z §)ã˛Ü˛ !lî≈ˆÏÎ˚Ó˚ çlƒ ç#!ÓÜ˛y !lÓ≈yˆÏ•Ó˚ çlƒ ≤ÃˆÏÎ˚yçl#Î˚ ˆË˛yàƒ ˛õîƒ=!°ˆÏÜ˛ ≤ÃÌˆÏÙ Ü˛ˆÏÎ˚Ü˛!ê˛ ≤Ãôyl ˆày¤˛#

Óy !ÓË˛yˆÏà (Major Group) Ë˛yà Ü˛Ó˚y •Î˚– §yôyÓ˚îï˛ !l¡¨!°!áï˛ ˛õyÑã˛!ê˛ ≤Ãôyl !ÓË˛yà ˆlGÎ˚y •Î˚ÈüüüÈ (1) áyòƒ

(Food), (2) Óflf (Clothing), (3) çμy°yl# G xy Ï̂°y (Light and Fuel), (4) Óy§fliyl (Housing) ~ÓÇ

(5) !Ó!Óô (Miscellaneous)–
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≤ÃˆÏï˛ƒÜ˛!ê˛ ≤Ãôyl !ÓË˛yˆÏàÓ˚ çlƒ ˙ !ÓË˛yˆÏàÓ˚ ≤Ã!ï˛!l!ôfliyl#Î˚ (Representative) Ü˛ˆÏÎ˚Ü˛!ê˛ ˆË˛yàƒ ˛õˆÏîƒÓ˚ lÙ%ly

ˆlGÎ˚y •Î˚– ˆÎÙl áyòƒ (Food)üÈ~Ó˚ xhs˝Ë%≈˛_´ Ü˛Ó˚y •Î˚ ã˛y°ñ àÙñ ï˛Ó˚Ü˛y!Ó˚ñ ÙySÈñ ÙyÇ§ñ Ê˛°ñ ˆï˛°ñ °Óîñ Ù§°yñ

!â •zï˛ƒy!ò– ~ˆÏòÓ˚ §y•yˆÏÎƒ ≤ÃˆÏï˛ƒÜ˛!ê˛ ≤Ãôyl !ÓË˛yˆÏàÓ˚ çlƒ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚y •Î˚– §)ã˛Ü˛ §Çáƒy

!lî≈ˆÏÎ˚ ≤Ã!ï˛!l!ôfliyl#Î˚ ˆË˛yàƒ˛õîƒ=!°Ó˚ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ Ë˛yÓ˚Î%_´ àí˛¸ ˆlGÎ˚y •Î˚– ˆÜ˛ylG ˛õˆÏîƒÓ˚ Ë˛yÓ˚ ˆË˛y_´yˆÏòÓ˚

Ü˛yˆÏSÈ ˙ ˛õˆÏîƒÓ˚ =Ó˚&c xl%ÎyÎ˚# !fliÓ˚ Ü˛Ó˚y •Î˚–

ˆÜ˛ylG ~Ü˛!ê˛ ˛õˆÏîƒÓ˚ xyˆÏ˛õ!«˛Ü˛ òÓ˚ !Ó!Ë˛ß¨ ÓyçyÓ˚ Óy ˆòyÜ˛yl ˆÌˆÏÜ˛ §Çà,•#ï˛ ˙ ˛õˆÏîƒÓ˚ !Ó!Ë˛ß¨ xyˆÏ˛õ!«˛Ü˛

òÓ˚§Ù)ˆÏ•Ó˚ Ë˛yÓ˚•#l àí˛¸– ˆÜ˛ylG ≤Ãôyl ˆày¤˛#Ó˚ çlƒ ˆÙyê˛ áÓ˚ˆÏã˛Ó˚ Îï˛ ¢ï˛yÇ¢ ˆË˛y_´yàî ˙ !ÓË˛yˆÏàÓ˚ xhs˝Ë)≈˛_´

~Ü˛!ê˛ ̨ õˆÏîƒÓ˚ çlƒ áÓ˚ã˛ Ü˛ˆÏÓ˚ ÌyˆÏÜ˛ñ ï˛yˆÏÜ˛ ̇  ̨ õˆÏîƒÓ˚ Ë˛yÓ˚ !•§yˆÏÓ ôÓ˚y •Î˚– ~•z ≤Ãîy°#ˆÏï˛ ≤ÃˆÏï˛ƒÜ˛!ê˛ ≤Ãôyl !ÓË˛yˆÏàÓ˚

çlƒ ~Ü˛!ê˛ Ü˛ˆÏÓ˚ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚y •Î˚– §y!Ó≈Ü˛ Óy Ù)° §)ã˛Ü˛ §Çáƒy (General Index) !ê˛ ≤Ãôyl !ÓË˛yà=!°Ó˚

§)ã˛Ü˛ §Çáƒy=!°Ó˚ Ë˛yÓ˚Î%_´ àí˛¸– ˆË˛yàƒ ˛õˆÏîƒÓ˚ çlƒ ˆÙyê˛ ÓƒˆÏÎ˚Ó˚ Îï˛ ¢ï˛yÇ¢ ~Ü˛!ê˛ ≤Ãôyl !ÓË˛yˆÏàÓ˚ çlƒ áÓ˚ã˛

Ü˛Ó˚y •Î˚ñ ï˛yˆÏÜ˛ ˙ !ÓË˛yˆÏàÓ˚ §)ã˛Ü˛ §ÇáƒyÓ˚ Ë˛yÓ˚ !•§yˆÏÓ ˆlGÎ˚y •Î˚–

!Ë˛ß¨ !Ë˛ß¨ ˆ◊î#Ó˚ ˆË˛y_´yÓ˚ ˛õîƒ ÓƒÓ•yˆÏÓ˚Ó˚ xyˆÏ˛õ!«˛Ü˛ =Ó˚&c ˆÎˆÏ•ï%˛ !Ë˛ß¨ !Ë˛ß¨ñ ï˛y•z ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛

!lî≈ˆÏÎ˚ Ë˛yÓ˚ ÎÌyÎÌË˛yˆÏÓ ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏï˛ •Î˚– ˛õyÑã˛!ê˛ ≤Ãôyl ˆày¤˛#Ó˚ §)ã˛Ü˛ §Çáƒy !l¡¨!°!áï˛ ˛õk˛!ï˛=!°Ó˚ ˆÎ ˆÜ˛ylG

~Ü˛!ê˛Ó˚ §y•yˆÏÎƒ !lî≈Î˚ Ü˛Ó˚y •Î˚ ≠

(i) §Ù!‹Tàï˛ ÓƒÎ˚ ˛õk˛!ï˛ Óy §Ù!‹Tàï˛ ˛õk˛!ï˛ (Aggregate Expenditure Method or Aggregate
Method)

(ii) ˛õyÓ˚Óy!Ó˚Ü˛ xyÎ˚ÈüÈÓƒÎ˚Ü˛ §Ù#«˛y Óy Ë˛yÓ˚Î%_´ xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛ (Family Budget Enquiry or Method
of Weighted Relatives)

(i) §Ù!‹Tàï˛ ÓƒÎ˚ ˛õk˛!ï˛ Óy §Ù!‹Tàï˛ ˛õk˛!ï˛ ≠ ~•z ˛õk˛!ï˛ˆÏï˛ñ !l!ò≈‹T ˆÜ˛ylG ≤Ãôyl !ÓË˛yˆÏàÓ˚ ˛õîƒ=!°Ó˚

!Ë˛!_Ü˛yˆÏ° e´ˆÏÎ˚Ó˚ ˛õ!Ó˚Ùyî Óy ï˛yÓ˚ á[˛ Ë˛@¿yÇ¢ˆÏÜ˛ Ë˛yÓ˚ !•§yˆÏÓ ôÓ˚y •Î˚ ~ÓÇ !Ë˛!_Ü˛yˆÏ°Ó˚ §yˆÏ˛õˆÏ«˛ ã˛°!ï˛Ü˛yˆÏ°

Ë˛yÓ˚Î%_´ òˆÏÓ˚Ó˚ §Ù!‹TˆÏÜ˛ ˙ !ÓË˛yˆÏàÓ˚ §)ã˛Ü˛ §Çáƒy !•§yˆÏÓ ôÓ˚y •Î˚– xÌ≈yÍñ

!ÓË˛yà#Î˚ §)ã˛Ü˛ §Çáƒy (I) = 
ni oi

oi oi

p q
p q


 × 100

Îy °y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)ˆÏeÓ˚ §ˆÏD §Ùyl–

(ii) ˛õy!Ó˚Óy!Ó˚Ü˛ xyÎ˚ÈüÈÓƒÎ˚Ü˛ §Ù#«˛y Óy Ë˛yÓ˚Î%_´ xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛ ≠ ~•z ˛õk˛!ï˛ˆÏï˛ñ ˆÎ ˆ◊î#Ë%˛_´ Óƒ!_´ˆÏòÓ˚

ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚§)ã˛Ü˛ !lî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏÓ ï˛yˆÏòÓ˚ §¡õˆÏÜ≈˛ ÚÚ˛õy!Ó˚Óy!Ó˚Ü˛ xyÎ˚ ÓƒÎ˚Ü˛ §Ù#«˛yÛÛ (Family Budget

Enquiry) Ü˛yç Ü˛Ó˚ˆÏï˛ •Î˚– ~•z §Ù#«˛yÓ˚ Ê˛ˆÏ° !l!ò≈‹T ˆ◊î#Ë%˛_´ §yôyÓ˚î ˛õ!Ó˚ÓyÓ˚ (Average Family) ˆÜ˛yl‰

ˆÜ˛yl‰ ˛õîƒoÓƒ Ü˛# ˛õ!Ó˚ÙyˆÏî ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏï˛ xË˛ƒhflÏ ˆ§ §¡õˆÏÜ≈˛ ï˛Ìƒ §Ç@˝Ã• Ü˛Ó˚y •Î˚– ˆÜ˛yl‰  ˛õˆÏîƒÓ˚ çlƒ Ü˛# ˛õ!Ó˚Ùyî

xÌ≈ ÓƒÎ˚ Ü˛ˆÏÓ˚ ï˛yÓ˚ ï˛Ìƒ §Ç@˝Ã• Ü˛ˆÏÓ˚ ï˛y ˆÌˆÏÜ˛ §)ã˛ˆÏÜ˛Ó˚ çlƒ Ë˛yÓ˚ !lî≈Î˚ Ü˛Ó˚y •Î˚– ˛õy!Ó˚Óy!Ó˚Ü˛ xyÎ˚ÈüÈÓƒÎ˚Ü˛ §Ù#«˛yÎ˚
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!Ë˛!_Ü˛yˆÏ° §Ω˛yÓƒ lÙ%ly ã˛Î˚l (Random Sampling) ˛õk˛!ï˛ˆÏï˛ ï˛Ìƒ §Ç@˝Ã• Ü˛ˆÏÓ˚ Ë˛yÓ˚ !•§yˆÏÓ !Ë˛!_Ü˛yˆÏ°Ó˚ Ùyl

(i.e. poqo)üÈˆÜ˛ ôÓ˚y •Î˚– §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ Ë˛yÓ˚Î%_´ àí˛¸ˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚– xÌ≈yÍñ

!ÓË˛yà#Î˚ §)ã˛Ü˛ §Çáƒy (I) = 
ni

oi
i

i

p
p

W
w


 


100

= 

ni
oi oi

oi

oi oi

p
p q

p
p q

 

 × 100 [ ˆÎˆÏ•ˆÏï%˛ wi = poiqoi ]

= 
ni oi

oi oi

p q
p q


  × 100

Îy §Ù!‹Tàï˛ ˛õk˛!ï˛ˆÏï˛ °y§‰ˆÏ˛õÎ˚yˆÏ§≈Ó˚ §)ˆÏeÓ˚ §ˆÏD §Ùyl–

≤ÃˆÏÎ˚yàˆÏ«˛ˆÏeñ !l!ò≈‹T ˆ◊î#Ë%˛_´ §yôyÓ˚î ˛õ!Ó˚ÓyˆÏÓ˚ ÓƒÓ•*ï˛ ≤ÃˆÏï˛ƒÜ˛!ê˛ ˛õˆÏîƒÓ˚ ÓƒÎ˚ˆÏÜ˛ ˙ ˆ◊î#Ó˚ ˆÙyê˛ ÓƒˆÏÎ˚Ó˚

¢ï˛Ü˛Ó˚y !•§yˆÏÓ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ ï˛yˆÏÜ˛ Ë˛yÓ˚ (w) !•§yˆÏÓ ˆlGÎ˚y •Î˚ñ xÌ≈yÍ

wi = 
oi oi

oi oi

p q
p q  × 100

!ÓË˛yà#Î˚ §)ã˛Ü˛ §Çáƒy (I) = 

ni
i

oi

p
w

p
 

100
× 100 = 

ni

oi

p
p

  × wi

í˛z˛õˆÏÓ˚y_´ ò%•z ≤ÃÜ˛yˆÏÓ˚Ó˚ ˆÎ ˆÜ˛ylG ˛õk˛!ï˛ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˆ◊î#§)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚yÓ˚ ˛õÓ˚ §y!Ó≈Ü˛ Óy Ù)°§)ã˛Ü˛

§Çáƒy (Cost of Living Index or Consumer Price Index) !l¡¨!°!áï˛ §)ˆÏeÓ˚ §y•yˆÏÎƒ !lî≈Î˚ Ü˛Ó˚y •Î˚ ≠

ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy = 
i i

i

I W
W




ˆÎáyˆÏl Wi •ˆÏFSÈ ˆ◊î# §)ã˛ˆÏÜ˛Ó˚ Ë˛yÓ˚ Îy ~Ü˛!ê˛ §yôyÓ˚î ˛õ!Ó˚ÓyˆÏÓ˚Ó˚ ˆÙyê˛ ÓƒˆÏÎ˚Ó˚ ÙˆÏôƒ ˙ !l!ò≈‹T ˆ◊î#Ó˚ ÓƒˆÏÎ˚Ó˚

¢ï˛Ü˛Ó˚y ˛õ!Ó˚Ùy˛õ–

Î!ò ¢ï˛Ü˛Ó˚y !ÓË˛yà#Î˚ §)ã˛Ü˛ Ó,!k˛ (%) I ˆòGÎ˚y ÌyˆÏÜ˛ñ ï˛ˆÏÓ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚§)ã˛Ü˛ §Çáƒy = 100 + I

= 100 + 
i i

i

I W
W
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7.4.1 ç#!ÓÜ˛y !lÓ≈y•l ÓƒˆÏÎ˚Ó˚ §)ã˛ˆÏÜ˛Ó˚ ÓƒÓ•yÓ˚ (Uses of Cost of Living Index Number)

(i) !Ë˛!_Ü˛yˆÏ°Ó˚ §Ùyl ç#!ÓÜ˛y !lÓ≈yˆÏ•Ó˚ Ùyl ÓçyÎ˚ Ó˚yáyÓ˚ çlƒ Ù•yâ≈ƒ Ë˛yï˛y (Dearness Allowance) !ë˛Ü˛

Ü˛Ó˚yÓ˚ çlƒ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚–

(ii) ˆÓï˛lñ Ü˛Ó˚ ~ÓÇ xlƒylƒ xÌ≈˜Ïl!ï˛Ü˛ !§k˛yhs˝ !lô≈yÓ˚ˆÏî §)ã˛Ü˛ §Çáƒy ÓƒÓ•*ï˛ •Î˚–

(iii) ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §ÇáƒyÓ˚ xˆÏlƒylƒÜ˛ (reciprocal)-ˆÜ˛ ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y (Purchasing

Power of Money)üÈÓ˚ !lË≈˛Ó˚ˆÏÎyàƒ ˛õ!Ó˚Ùy˛õ !•§yˆÏÓ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚ñ xÌ≈yÍ

ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y = × 100

(iv) ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ˆÏÜ˛ ã˛°!ï˛Ü˛yˆÏ°Ó˚ ˆÓï˛l (Actual Wage) ˆÌˆÏÜ˛ ≤ÃÜ,̨ ï˛ ˆÓï˛l (Real Wage)

!lî≈ˆÏÎ˚ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚–

≤ÃÜ,̨ ï˛ ˆÓï˛l (Real Wage) = × 100

í˛zòy•Ó˚î 3É !lˆÏ¡¨ ≤Ãò_ SÈˆÏÜ˛ ˆ◊î#§)ã˛Ü˛ §Çáƒy G ï˛yˆÏòÓ˚ Ë˛yÓ˚ ç#!ÓÜ˛y !lÓ≈yˆÏ•Ó˚ §yˆÏ˛õˆÏ«˛ ˆòGÎ˚y xyˆÏSÈ– ç#!ÓÜ˛y

!lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l–

ˆ◊î# §)ã˛Ü˛ §Çáƒy Ë˛yÓ˚

áyòƒ 360 60

Óflf 295 5

Óy§fliyl 110 8

xyˆÏ°y G çμy°yl# 287 7

!ÓÓô 315 20

§Ùyôyl ≠

ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ !lî≈ˆÏÎ˚Ó˚ àîly Ü˛yÎ≈ ≠

ˆ◊î# §)ã˛Ü˛ §Çáƒy(I) Ë˛yÓ˚(W) IW

áyòƒ 360 60 21500

Óflf 295 5 1475

Óy§fliyl 110 8 880

xyˆÏ°y G çμy°yl# 287 7 2009

!Ó!Óô 315 20 6300

ˆÙyê˛ ÈüüüÈ 100 32264



NSOU ●  GE - EC - 31 133

 ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy 
i i

i

I W
W





32264
100  = 322.64

í˛zòy•Ó˚î 4É !lˆÏ¡¨ ≤Ãò_ SÈÜ˛ ˆÌˆÏÜ˛ 1985 §yˆÏ°Ó˚ §yˆÏ˛õˆÏ«˛ 1988 §yˆÏ° ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy

!lî≈Î˚ Ü˛Ó˚– •z•y ••zˆÏï˛ ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y Óî≈ly Ü˛Ó˚–

˛õîƒ áyòƒ Óy§fliyl Óflf çμy°yl# !Ó!Óô

òyÙ (1985 §yˆÏ°ä 250 60 80 50 200

òyÙ (1988 §yˆÏ°ä 270 80 100 50 250

ÓƒÎ˚ (%) 35 20 15 10 20

~Ü˛!ê˛ Ü˛yÓ˚áylyÓ˚ ˆÎ §Ó ◊!ÙÜ˛ 1985 §yˆÏ° ÙyˆÏ§ 500 ê˛yÜ˛y Ü˛ˆÏÓ˚ ˆÓï˛l ˛õyÎ˚ ï˛yˆÏòÓ˚ Ù•yâ≈ƒ Ë˛yï˛y Óyí˛¸yˆÏlyÓ˚

!§k˛yhs˝ •Î˚– 1988 §yˆÏ° ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ çlƒ Ù•yâ≈ƒ Ë˛yï˛y Ü˛ï˛ •GÎ˚y í˛z!ã˛ï˛⁄

§Ùyôyl ≠ ÙˆÏl Ü˛Ó˚ñ p0 ~ÓÇ pn, 1985 G 1988 §yˆÏ°Ó˚ òÓ˚ ~ÓÇ W, % ÓƒÎ˚ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚–

ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ !lî≈ˆÏÎ˚Ó˚ àîly Ü˛yÎ≈ ≠

˛õîƒ po pn I = 
n

o

p
p × 100 W IW

áyòƒ 250 270 108.00 35 3780.00

Óy§fliyl 60 80 133.33 20 2666.60

Óflf 80 100 125.00 15 1875.00

çμy°yl# 50 50 100.00 10 1000.00

!Ó!Óô 200 250 125.00 20 2500.00

ˆÙyê˛ ÈüüüÈ ÈüüüÈ ÈüüüÈ 100 11821.60

ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy = 
IW .
W

 


11821 60
100  = 118.22

§%ï˛Ó˚yÇñ 1985 §yˆÏ°Ó˚ ï%˛°lyÎ˚ 1988 §yˆÏ° ç#!ÓÜ˛y !lÓ≈yˆÏ•Ó˚ ÓƒÎ˚ 18.22% ˆÓˆÏí˛¸ˆÏSÈ– 1988 §yˆÏ°Ó˚ ê˛yÜ˛yÓ˚

e´Î˚ «˛Ùï˛y = 
·

1
118 22

× 100 = 0·8459 xÌ≈yÍñ 1985 §yˆÏ° 1 ê˛yÜ˛yÎ˚ ˆÎ ˛õ!Ó˚Ùyî ˛õîƒ e´Î˚ Ü˛Ó˚y ˆÎï˛ 1988

§yˆÏ° ï˛yÓ˚ 84·59% ˛õîƒ e´Î˚ Ü˛Ó˚y ÎyˆÏÓ– §%ï˛Ó˚yÇñ ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y •…y§ ˛õyGÎ˚yÓ˚ Ê˛ˆÏ° 1988 §yˆÏ° ˆÜ˛ylG

Óƒ!_´Ó˚ xyÎ˚ Óyí˛¸ˆÏ°G e´Î˚ «˛Ùï˛y •…y§ ˆ˛õˆÏï˛ ˛õyˆÏÓ˚–

ˆÎˆÏ•ï%˛ñ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚  §)ã˛Ü˛ §Çáƒy 118.22, ˆÎ ◊!ÙÜ˛ 1985 §yˆÏ° 100 ê˛yÜ˛y xyÎ˚ Ü˛Ó˚ï˛ ï˛yÓ˚
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1988 §yˆÏ° 118.22 ê˛yÜ˛y xyÎ˚ Ü˛Ó˚y í˛z!ã˛ï˛– ˆÎˆÏ•ˆÏï%˛ ˙ ◊!ÙÜ˛ 1985 §yˆÏ° 500 ê˛yÜ˛y xyÎ˚ Ü˛Ó˚ï˛ ï˛y•z ï˛yÓ˚

1988 §yˆÏ° xyÎ˚ •GÎ˚y í˛z!ã˛ï˛

·118 22
100

 × 500 = 591·10 ê˛yÜ˛y

 Ù•yâ≈ƒ Ë˛yï˛y (591·10 – 500) ê˛yÜ˛y Óy 91.10 ê˛yÜ˛y •GÎ˚y í˛z!ã˛ï˛–

í˛zòy•Ó˚î 5É !l¡¨!°!áï˛ SÈˆÏÜ˛ ~Ü˛çl ˆ°yˆÏÜ˛Ó˚ Ùy!§Ü˛ xyÎ˚ ~ÓÇ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy 5 ÓSÈˆÏÓ˚Ó˚

çlƒ ˆòGÎ˚y xyˆÏSÈ ≠

ÓSÈÓ˚ 1980 1981 1982 1983 1984

xyÎ˚ åê˛yÜ˛yÎ˚ä 3600 4200 5000 5500 6000

ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ 100 104 115 160 280

˙ Óƒ!_´Ó˚ ≤ÃÜ,̨ ï˛ ˆÓï˛l !lî≈Î˚ Ü˛Ó˚– 1980 §yˆÏ°Ó˚ ï%˛°lyÎ˚ 1984 §yˆÏ°Ó˚ ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y !lî≈Î˚ Ü˛Ó˚&l–

§Ùyôyl ≠ ≤ÃÜ,̨ ï˛ ˆÓï˛l = × 100

≤ÃÜ,˛ï˛ ˆÓï˛l !lî≈ˆÏÎ˚Ó˚ àîly Ü˛yÎ≈ ≠

ÓSÈÓ˚ xyÎ˚ åê˛yÜ˛yÎ˚ä ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ ≤ÃÜ,˛ï˛ ˆÓï˛l åê˛yÜ˛yÎ˚ä

1980 3600 100 3600.00
1981 4200 104 4038.46
1982 5000 115 4347.83
1983 5500 160 3437.50

1984 6000 280 2142.85

ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y = 
1

280
 × 100 = 0·357 xÌ≈yÍñ 1980 §yˆÏ° 1 ê˛yÜ˛yÎ˚ ˆÎ ˛õ!Ó˚Ùyî ˛õîƒ e´Î˚ Ü˛Ó˚y ˆÎï˛

1984 §yˆÏ° ï˛yÓ˚ 35·7% ˛õîƒ e´Î˚ Ü˛Ó˚y ÎyÎ˚– §%ï˛Ó˚yÇñ ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y •…y§ ˆ˛õˆÏÎ˚ˆÏSÈ– xÌ≈yÍñ ˙ Óƒ!_´Ó˚ xyÎ˚

1984 §yˆÏ° Ó,!k˛ ˆ˛õˆÏ°G ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y •…y§ ˛õyGÎ˚yÎ˚ í˛z•yÓ˚ e´Î˚ «˛Ùï˛y •…y§ ˛õyˆÏÓ–

í˛zòy•Ó˚î 6É !l¡¨!°!áï˛ SÈÜ˛ ˆÌˆÏÜ˛ áyòƒˆÏ◊î#Ó˚ xyˆÏ˛õ!«˛Ü˛ =Ó˚&c !lî≈Î˚ Ü˛Ó˚ Îál 1980 §yˆÏ°Ó˚ §yˆÏ˛õˆÏ«˛ 1985

§yˆÏ°Ó˚ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy 175 ˆòGÎ˚y xyˆÏSÈ–

ˆ◊î# áyòƒ Óflf çμy°yl# !Ó!Óô Óy§fliyl

ÓƒˆÏÎ˚Ó˚ ¢ï˛Ü˛Ó˚y Ó,!k˛ 65 90 20 70 150

Ë˛yÓ˚ ? 12 18 10 20
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§Ùyôyl ≠ ÙˆÏl Ü˛Ó˚ñ áyòƒˆÏ◊î#Ó˚ xyˆÏ˛õ!«˛Ü˛ =Ó˚&c x.

àîly Ü˛yÎ≈ ≠

ˆ◊î# ÓƒyˆÏÎ˚Ó˚ % Ó,!k˛ ( 1 ) Ë˛yÓ˚ (W) 1 W

áyòƒ 65 x 65x

Óflf 90 12 1080

çμy°yl# 20 18 360

!Ó!Óô 70 10 700

Óy§fliyl 150 20 3000

ˆÙyê˛ – 60+x 5140 + 65x

~álñ ç#!ÓÜ˛y !lÓ≈y•l ÓƒyÎ˚ §)ã˛ˆÏÜ˛Ó˚ % Ó,!k˛ = 
I W
W




xÌ≈yÍ 75 = 
x

x



5140 65
60

 [ ˆÎˆÏ•ï%˛ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy = 175 ]

xÌ≈yÍñ x = 64

§%ï˛Ó˚yÇñ áyòƒˆÏ◊î#Ó˚ xyˆÏ˛õ!«˛Ü˛ =Ó˚&c 64

7.5 ˛õ!Ó˚Ùyl §)ã˛Ü˛ §Çáƒy

˛õ!Ó˚Ùyl §)ã˛Ü˛ §ÇáƒyÓ˚ §y•yˆÏÎƒ !Ó!Ë˛ß¨ fliyˆÏl Óy §ÙˆÏÎ˚ ÓƒÓ•*ï˛ §yÙ@˝Ã#Ó˚ ˛õ!Ó˚ÙyˆÏîÓ˚ àí˛¸ ˛õ!Ó˚Óï≈˛l !lî≈Î˚ Ü˛Ó˚y

•Î˚– ÚÚ!¢“ í˛zÍ˛õyòl §)ã˛Ü˛ §ÇáƒyÛÛñ  ÚÚÜ,˛!£Ï í˛zÍ˛õyòl §)ã˛Ü˛ §ÇáƒyÛÛ •zï˛ƒy!ò ˛õ!Ó˚Ùyî §)ã˛Ü˛ §ÇáƒyÓ˚ í˛zòy•Ó˚î– ~ˆÏòÓ˚

ÙyôƒˆÏÙ ˆòˆÏ¢ í˛zÍ˛õy!òï˛ Ó‡ Ó˚Ü˛ˆÏÙÓ˚ !¢“çyï˛ G Ü,˛!£ÏçoˆÏÓƒÓ˚ ò%!ê˛ ÓSÈˆÏÓ˚ í˛zÍ˛õy!òï˛ ˛õ!Ó˚ÙyˆÏîÓ˚ ï%˛°ly Ü˛Ó˚y ÎyÎ˚–

òÓ˚ §)ã˛Ü˛ §ÇáƒyÓ˚ §)e §Ù)ˆÏ•Ó˚ p G q ~Ó˚ fliyl !Ó!lÙÎ˚ Ü˛Ó˚ˆÏ° ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy ˛õyGÎ˚y ÎyÎ˚–

e´Ù §)e òÓ˚ §)ã˛Ü˛ §Çáƒy ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy

1. §Ó˚° §Ù!‹Tàï˛
ni

oi

p
p


 × 100

ni

oi

q
q


 × 100

§)ã˛Ü˛ §Çáƒy

2. Ë˛yÓ˚Î%_´ §Ù!‹TÈàï˛
ni i

oi i

p w
p w


 × 100

ni i

oi i

q w
q w


 ×100

§)ã˛Ü˛ §Çáƒy
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e´Ù §)e òÓ˚ §)ã˛Ü˛ §Çáƒy ˛õ!Ó˚Ùyl §)ã˛Ü˛ §Çáƒy

3. LaspeyresüÈ~Ó˚ §)e
ni oi

oi oi

p q
p q


 ×100

ni oi

oi oi

q p
q p


 ×100

4. PaascheüÈ~Ó˚ §)e
ni ni

oi ni

p q
p q


  × 100

ni ni

oi ni

q p
q p


  × 100

5. FisherüÈ~Ó˚ §)e
ni oi ni ni

oi oi oi ni

p q p q
p q p q

 


  ×100 ni oi ni ni

oi oi oi ni

q p q p
q p q p

 


  ×100

6. Marshall
ni oi ni

oi oi ni

p (q q )
p (q q )

 
  ×100

ni oi ni

oi oi ni

q (p p )
q (p p )

 
  ×100

Edgeworth

ÈüÈ~Ó˚ §)e

7. xyˆÏ˛õ!«˛Ü˛ §Ù)ˆÏ•Ó˚
ni

oi

p
k p
1

×100
ni

oi

q
k q
1

×100

§Ó˚° ˆÎÔ!àÜ˛ àí˛¸

§)ã˛Ü˛ §Çáƒy

8. xyˆÏ˛õ!«˛Ü˛ §Ù)ˆÏ•Ó˚

ni
i

oi

i

p
w

p
w



 × 100

ni
i

oi

i

q
w

q
w




×100

Ë˛yÓ˚Î%_´ ˆÎÔ!àÜ˛àí˛¸

§)ã˛Ü˛ §Çáƒy

í˛zòy•Ó˚î 7É l#ˆÏã˛Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ (i) Laspeyres (ii) Paasche (iii) Marshall-Edgeworth ~ÓÇ

(iv) FisherüÈ~Ó˚ §)e ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l ≠

~Ü˛Ü˛ ˛õ!Ó˚ÙyˆÏîÓ˚ òÓ˚ ˛õ!Ó˚Ùyî åí˛z˛õÎ%_´ ~Ü˛ˆÏÜ˛ä

§yÙ@˝Ã# !Ë˛!_ ÓÍ§Ó˚ Óï≈˛Ùyl ÓÍ§Ó˚ !Ë˛!_ ÓÍ§Ó˚ Óï≈˛Ùyl ÓÍ§Ó˚

A 4 12 60 50
B 3 10 20 12
C 2 6 10 6

[C.U.(H) 1992]
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§Ùyôyl ≠

ÙˆÏl Ü˛!Ó˚ñ !Ë˛!_ ÓÍ§Ó˚ G Óï≈˛Ùyl ÓÍ§ˆÏÓ˚ òÓ˚ ÎÌye´ˆÏÙ po G pn ~ÓÇ ˛õ!Ó˚Ùyî ÎÌye´ˆÏÙ qo G qn.

˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy àîlyÜ˛yÎ≈

§yÙ@˝Ã# qo qn po pn qopo qopn qnpo qnpn

A 60 50 4 12 240 720 200 600

B 20 12 3 10 60 200 36 120

C 10 6 2 6 20 60 12 36

ˆÙyê˛ ÈüüüÈ ÈüüüÈ ÈüüüÈ ÈüüüÈ 320 980 248 756

(i) LaspeyresüÈ~Ó˚ ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy = 
ni oi

oi oi

q p
q p


  × 100 = 

248
320

×100 = 77·5

(ii) PasscheüÈ~Ó˚ ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy = 
ni ni

oi ni

q p
q p


  × 100 = 

756
980

×100 = 77·14

(iii) Marshall-EdgeworthüÈ~Ó˚ ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy = 
ni oi ni

oi oi ni

q (p p )
q (p p )

 
  × 100

= 
ni oi ni ni

oi oi oi ni

q p q p
q p q p

 
  × 100

= 



248 756
320 980

× 100

= 
1004
1300

× 100 = 77·23

(iv) FisherüÈ~Ó˚ xyò¢≈ ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy = 
ni oi ni ni

oi oi oi ni

q p q p
q p q p

 


  ×100

= 248 756
320 980

× 100

= · ·0 775 0 77 × 100

=  0·77 × 100 = 77
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7.6 §)ã˛Ü˛ §ÇáƒyÓ˚ §#ÙyÓk˛ï˛y (Limitations of Index Number)

§)ã˛Ü˛ §ÇáƒyÓ˚ !l¡¨!°!áï˛ §#ÙyÓk˛ï˛y=!° Ó˚ˆÏÎ˚ˆÏSÈ ≠

(i) §)ã˛Ü˛ §Çáƒy §yôyÓ˚îï˛ lÙ%lyÓ˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ !lî≈Î˚ Ü˛Ó˚y •Î˚– !Ó!Ë˛ß¨ ˛õîƒ G ï˛yˆÏòÓ˚ ˛õ!Ó˚Ùyî lÙ%ly

ã˛Î˚ˆÏlÓ˚ G˛õÓ˚ !Ë˛!_ Ü˛ˆÏÓ˚ §Ç@˝Ã• Ü˛Ó˚y •Î˚ ~ÓÇ lÙ%ly ã˛Î˚l ˆÎˆÏ•ï%˛ ˛õ«˛˛õyï˛•#l •Î˚ lyñ ï˛y•z ï˛Ìƒ ºÙÎ%_´ •Î˚–

ˆÜ˛Ó°Ùye ºÙ Ü˛ÙyˆÏlyÓ˚ ˆã˛‹Ty Ü˛Ó˚y •Î˚–

(ii) ̂ ÎˆÏ•ï%˛ §ÙˆÏÎ˚Ó˚ §ˆÏD §ˆÏD Ùyl%ˆÏ£ÏÓ˚ xË˛ƒy§ G Ó˚&!ã˛ ̨ õ!Ó˚Óï≈˛l •Î˚ñ ï˛y•z §Ó §ÙÎ˚ ̨ õˆÏîƒÓ˚ =îÙyl ̨õ!Ó˚Óï≈˛ˆÏlÓ˚

VÑ%˛!Ü˛ ÌyˆÏÜ˛– lï%˛l ˛õˆÏîƒÓ˚ xhs˝Ë%≈˛!_´ G ˛õ%Ó˚yï˛l ˛õˆÏîƒÓ˚ Ó!•‹ÒyÓ˚ Ü˛Ó˚y ≤ÃˆÏÎ˚yçl •Î˚– ï˛y•z ò#â≈ §ÙˆÏÎ˚Ó˚ ÓƒÓôyˆÏl

ï%˛°yÙ)°Ü˛ xyˆÏ°yã˛ly ˆï˛Ùl !lË≈˛Ó˚ˆÏÎyàƒ •Î˚ ly–

(iii) ~Ü˛•z Ó˚y!¢ï˛ˆÏÌƒÓ˚ í˛z˛õÓ˚ !Ó!Ë˛ß¨ ˛õk˛!ï˛ ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° §)ã˛Ü˛ §ÇáƒyÓ˚ Ùyl !Ó!Ë˛ß¨ •Î˚–

(iv) í˛zˆÏj¢ƒ §yôˆÏlÓ˚ çlƒ §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚ •zFSÈyÜ,˛ï˛ ˛õ«˛˛õyï˛ ˆòáyˆÏly ÎyÎ˚– !Ë˛!_Ü˛yˆÏ°Ó˚ °yË˛ˆÏÜ˛

xfl∫yË˛y!ÓÜ˛ ˆÓ!¢ !lˆÏÎ˚ ã˛°!ï˛Ü˛yˆÏ°Ó˚ °yË˛ˆÏÜ˛ Ü˛Ù ˆòáyˆÏly ÎyÎ˚– xyÓyÓ˚ !Ë˛!_Ü˛yˆÏ°Ó˚ òÓ˚ xfl∫yË˛y!ÓÜ˛ Ü˛Ù !lˆÏÎ˚

ã˛°!ï˛ Ü˛yˆÏ°Ó˚ òÓ˚ˆÏÜ˛ ˆÓ!¢ ˆòáyˆÏly ÎyÎ˚–

ï˛Ìƒ §Ç@˝ÃˆÏ•Ó˚ í˛zÍ§ §Ó§ÙÎ˚ !lË≈˛Ó˚ˆÏÎyàƒ lyG •ˆÏï˛ ˛õyˆÏÓ˚ñ Ü˛yÓ˚î §Ó xl%§¶˛ylÜ˛yÓ˚#Ó˚ =îÙylñ §ï˛ï˛y G

Ó%!k˛Ù_y Ü˛ál•z §Ùyl lÎ˚– Î!ò fl∫yË˛y!ÓÜ˛ !Ë˛!_Ü˛y° ˛õyGÎ˚y ly ÎyÎ˚ñ ï˛yG §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚Ó˚ ˆ«˛ˆÏe ~Ü˛!ê˛ Óí˛¸

§#ÙyÓk˛ï˛y–

7.7 xl%¢#°l#

§Ç!«˛Æ í˛z_ˆÏÓ˚Ó˚ ≤ÃŸ¿ ≠

å1ä °ƒy§ˆÏ˛õÎ˚yˆÏ§≈Ó˚ òÓ˚ §)ã˛Ü˛ˆÏÜ˛ xyˆÏ˛õ!«˛Ü˛ òˆÏÓ˚Ó˚ Ë˛yÓ˚Î%_´ ˆÎÔ!àÜ˛ àí˛¸ !•§yˆÏÓ !°áˆÏ° Ë˛yÓ˚=!° Ü˛# •ˆÏÓ⁄

å2ä °ƒy§ˆÏ˛õÎ˚y§≈ñ ˛õy¢ G Ùy¢≈y°ÈüÈ~çGÎ˚yÌ≈ÈüÈ~Ó˚ §)ˆÏe Ü˛# Ë˛yÓ˚ !•§yˆÏÓ ÓƒÓ•*ï˛ •Î˚⁄

å3ä ÓyGˆÏ°Ó˚ G !Ê˛§yˆÏÓ˚Ó˚ §)e !lî≈ˆÏÎ˚ °ƒy§ˆÏ˛õÎ˚y§≈ G ˛õyˆÏ¢Ó˚ §)ã˛Ü˛ §ÇáƒyÓ˚ ˆÜ˛yl‰ ˆÜ˛yl‰ àí˛¸ ÓƒÓ•*ï˛ •Î˚⁄

å4ä ˆÜ˛yl §)eˆÏÜ˛ xyò¢≈ §)ã˛Ü˛ §Çáƒy Ó°y •Î˚⁄

å5ä ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛ˆÏÜ˛Ó˚ Ë˛yÓ˚ ˆÜ˛yl‰ ˛õk˛!ï˛ˆÏï˛ !lô≈y!Ó˚ï˛ •Î˚⁄

å6ä ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛ˆÏÜ˛Ó˚ ò%!ê˛ ÓƒÓ•y!Ó˚Ü˛ ≤ÃˆÏÎ˚yà í˛zˆÏÕ‘á Ü˛Ó˚&l–

Ó˚ã˛lydÜ˛ ≤ÃŸ¿ ≠

å1ä §)ã˛Ü˛ §Çáƒy Ó°ˆÏï˛ Ü˛# ˆÓyˆÏV˛l⁄

å2ä §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚ ˆÎ §Ü˛° §Ù§ƒyÓ˚ §ß√%á#l •ˆÏï˛ •Î˚ ï˛y xyˆÏ°yã˛ly Ü˛Ó˚&l–

å3ä §)ã˛Ü˛ §Çáƒy !lî≈ˆÏÎ˚ !Ó!Ë˛ß¨ §)e Óî≈ly Ü˛Ó˚&l–
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å4ä ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §Çáƒy Ó°ˆÏï˛ Ü˛# ˆÓyV˛⁄ •z•y Ü˛#Ë˛yˆÏÓ !lî≈Î˚ Ü˛Ó˚y •Î˚⁄ •z•yÓ˚ ÓƒÓ•yÓ˚ §¡∫ˆÏ¶˛

xyˆÏ°yã˛ly Ü˛Ó˚&l–

å5ä ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y G ≤ÃÜ,˛ï˛ ˆÓï˛l !lî≈ˆÏÎ˚ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ §ÇáƒyÓ˚ ÓƒÓ•yÓ˚ xyˆÏ°yã˛ly Ü˛Ó˚&l–

å6ä !lˆÏ¡¨ ≤Ãò_ ï˛Ìƒ ˆÌˆÏÜ˛ í˛z˛õÎ%_´ ˛õk˛!ï˛ˆÏï˛ òÓ˚ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l–

˛õîƒ !Ë˛!_Ü˛yˆÏ°Ó˚ òÓ˚ ã˛°!ï˛Ü˛yˆÏ°Ó˚ òÓ˚

(Commodity) (Base Price) (Current Price)

A 39 58
B 49 69
C 23 37
D 29 44

E 31 47

å7ä !l¡¨!°!áï˛ ï˛Ìƒ ˆÌˆÏÜ˛ !Ó!Ë˛ß¨ §)e ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l–

˛õîƒ !Ë˛!_Ü˛y° ã˛°!ï˛Ü˛y°

òÓ˚ ˛õ!Ó˚Ùyî òÓ˚ ˛õ!Ó˚Ùyî

ã˛y° 2 8 4 6

í˛y° 5 10 6 5

ÙySÈ 4 14 5 10

ˆï˛° 2 19 2 13

å8ä ~Ü˛!ê˛ !¢“≤Ãôyl ¢•ˆÏÓ˚Ó˚ ◊!ÙÜ˛ˆÏòÓ˚ §¡∫ˆÏ¶˛ !l¡¨!°!áï˛ ï˛Ìƒ ˆòGÎ˚y xyˆÏSÈ–

˛õîƒ ç#!ÓÜ˛y !lÓ≈y•l ÓƒÎ˚ §)ã˛Ü˛ 1990 §yˆÏ° xyl%˛õy!ï˛Ü˛ ÓƒÎ˚

(1980 = 100) (%)

áyòƒ 225 52

Óflf 175 8

çμy°yl# 155 10

Óy§fliyl 250 14

!Ó!Óô 150 16

1980 §yˆÏ° Ùy!§Ü˛ àí˛¸ ˆÓï˛l !SÈ° 600 ê˛yÜ˛y– ˙ ¢•ˆÏÓ˚ ◊!ÙÜ˛ˆÏòÓ˚ ÙyÌy!˛õS%È Ùy!§Ü˛ àí˛¸ ˆÓï˛l 1990 §yˆÏ°

Ü˛ï˛ ê˛yÜ˛y •ˆÏ° ï˛yˆÏòÓ˚ ç#ÓlÎyeyÓ˚ Ùyl 1980 §yˆÏ°Ó˚ ç#ÓlÎyeyÓ˚ ÙyˆÏlÓ˚ §Ùyl •ˆÏÓ⁄
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å9ä !Ó!Ë˛ß¨ ÓSÈˆÏÓ˚Ó˚ àí˛¸ Ùy!§Ü˛ ˆÓï˛l !l¡¨˛õ)˛õ ≠

ÓSÈÓ˚ ≠ 1987 1988 1989 1990 1991 1992 1993

ˆÓï˛l åê˛yÜ˛yÎ˚ä ≠ 1000 1040 1150 1160 1160 1180 2000

§)ã˛Ü˛ ≠ 100 150 200 220 230 250 250

!Ó!Ë˛ß¨ ÓSÈˆÏÓ˚ ≤ÃÜ,̨ ï˛ ˆÓï˛l=!° G 1993 §yˆÏ° ê˛yÜ˛yÓ˚ e´Î˚ «˛Ùï˛y !lî≈Î˚ Ü˛Ó˚&l–

å10ä l#ˆÏã˛Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ FisherüÈ~Ó˚ xyò¢≈ §)e ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ 1982 §y°ˆÏÜ˛ !Ë˛!_ ÓÍ§Ó˚ ôˆÏÓ˚ 1984 §yˆÏ°

òÓ˚ÈüÈ§)ã˛Ü˛ §Çáƒy G ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l–

ÓÍ§Ó˚ §yÙ@˝Ã#ÈüÈA §yÙ@˝Ã#ÈüÈB §yÙ@˝Ã#ÈüÈC

òÓ˚ ˛õ!Ó˚Ùyî òÓ˚ ˛õ!Ó˚Ùyî òÓ˚ ˛õ!Ó˚Ùyî

åê˛yÜ˛yÎ˚ä åˆÜ˛!çˆÏï˛ä åê˛yÜ˛yÎ˚ä åˆÜ˛!çˆÏï˛ä åê˛yÜ˛yÎ˚ä åˆÜ˛!çˆÏï˛ä

1982 5 10 8 6 6 3
1984 4 12 7 7 5 4

[C.A. (Intermediate), 1985]

å11ä l#ˆÏã˛Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ (i) §Ù!‹Tàï˛ ˛õk˛!ï˛ ~ÓÇ (ii) xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛ åˆÎÔ!àÜ˛ àí˛¸äÈüÈ~Ó˚ §y•yˆÏÎƒ ˛õ!Ó˚Ùyî

§)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l–

§yÙ@˝Ã# !Ë˛!_ ÓÍ§ˆÏÓ˚ ˛õ!Ó˚Ùyî Óï≈˛Ùyl ÓÍ§ˆÏÓ˚ ˛õ!Ó˚Ùyî

A 8 12
B 12 15

C 20 28

å12ä l#ˆÏã˛Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ FisherüÈ~Ó˚ ˛õ!Ó˚Ùyî §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l

2005 2010

§yÙ@˝Ã# òÓ˚ ˛õ!Ó˚Ùyî òÓ˚ ˛õ!Ó˚Ùyî

(Commodity) (Price) (Quantity) (Price) (Quantity)

X 5 10 4 12

Y 8 6 7 7

Z 6 3 5 4
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~Ü˛Ü˛ 8  Ü˛y°#l §y!Ó˚ !ÓˆÏŸ’£Ïî (Time Series Analysis)

àë˛l

8.0 í˛zˆÏj¢ƒ

8.1 ≤ÃhflÏyÓly

8.2 Ü˛y°#l §y!Ó˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛z˛õˆÏÎy!àï˛y

8.3 Ü˛y°#l §y!Ó˚Ó˚ !Ó!Ë˛ß¨ xÇ¢

8.4 ≤ÃÓîï˛y !lô≈yÓ˚î ˛õk˛!ï˛§Ù)•

8.5 }ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚î ˛õk˛!ï˛§Ù)•

8.5.1 }ï%˛ç ˆË˛ò ò)Ó˚#Ü˛Ó˚î

8.6 Ü˛y°#l §y!Ó˚ ï˛ˆÏÌƒÓ˚ !Ë˛!_ˆÏï˛ ÓƒÓ§yÎ˚ ˛õ)Ó≈yË˛y£Ï !lî≈Î˚

8.7 xl%¢#°l#

8.0 í˛zˆÏò¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ xy˛õ!l Ó%V˛ˆÏï˛ ˛õyÓ˚ˆÏÓlÈüüüÈ

 Ü˛y°#l §y!Ó˚Ó˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ ˛õk˛!ï˛=!° Ü˛#

 Ü˛y°#l §y!Ó˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛z˛õˆÏÎy!àï˛y Ü˛#

 Ü˛y°#l §y!Ó˚Ó˚ !Ó!Ë˛ß¨ xÇ¢=!° Ü˛# Ü˛#

 ≤ÃÓîï˛y !lô≈yÓ˚ˆÏîÓ˚ ˛õk˛!ï˛=!° Ü˛#

 }ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚ˆÏîÓ˚ ˛õk˛!ï˛=!° Ü˛# Ü˛#

 }ï%˛ç ˆË˛ò Ü˛#Ë˛yˆÏÓ ò)Ó˚ Ü˛Ó˚y ÎyÎ˚

8.1 ≤ÃhflÏyÓly

Óï≈˛Ùyl xôƒyˆÏÎ˚ Ó˚y!¢!ÓK˛yl §ß√ï˛ !ÓˆÏŸ’£ÏˆÏîÓ˚ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ˛õk˛!ï˛ˆÏÜ˛ ÓyhflÏÓˆÏ«˛ˆÏe ≤ÃˆÏÎ˚yˆÏàÓ˚ í˛zòy•Ó˚ˆÏîÓ˚

ÙyôƒˆÏÙ xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ– ôyÓ˚yÓy!•Ü˛Ë˛yˆÏÓ §ÙˆÏÎ˚Ó˚ §yˆÏÌ §¡õÜ≈˛Î%_´ Ó˚y!¢ï˛ÌƒˆÏÜ˛ Ü˛y°#l §y!Ó˚ (Time

Series) Ó°y •Î˚– ˆÎ ˆÎ §ÙˆÏÎ˚ ~•z ï˛Ìƒ=!° ˆòGÎ˚y •Î˚ñ §yôyÓ˚îï˛ ˆ§=!° §ÙÈüÈxhs˝Ó˚Î%_´ •Î˚– xÌ≈yÍ Ü˛y°#l

§y!Ó˚Ó˚ ï˛Ìƒ ÓyÍ§!Ó˚Ü˛ñ ˜eÙy!§Ü˛ñ §yÆy!•ï˛ñ ˜ò!lÜ˛ñ ≤Ã!ï˛ ârê˛yÎ˚ •zï˛ƒy!ò •ˆÏï˛ ˛õyˆÏÓ˚– Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏe ˆÎ
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ò%!ê˛ ã˛°ˆÏÜ˛Ó˚ ÓƒÓ•yÓ˚ ~Ü˛§ˆÏD Ü˛Ó˚y •Î˚ñ §Ó§ÙÎ˚ ï˛yˆÏòÓ˚ ÙˆÏôƒ ~Ü˛!ê˛ •° §ÙÎ˚ G x˛õÓ˚!ê˛ xlƒ ˆÎ ˆÜ˛ylG ã˛°Ü˛–

ˆÎÙlñ ï˛y˛õÙyeyñ ˆÜ˛ylG oˆÏÓƒÓ˚ í˛zÍ˛õyòlñ ã˛y!•òyñ ˆÎyàylñ !Óe´Î˚ñ çl§Çáƒyñ Ù)°ƒ§)ã˛Ü˛ñ ◊!ÙˆÏÜ˛Ó˚ ˆÓï˛lñ xyÎ˚ñ

ÓƒÎ˚ •zï˛ƒy!ò– xÌ≈yÍ ~ˆÏ«˛ˆÏe ˆÜ˛yl ã˛°Ü˛ (y) §Ù§ÙÎ˚ §ÙÎ˚ (t)üÈ~Ó˚ xˆÏ˛õ«˛Ü˛– ~•z ˜Ó!¢ˆÏ‹TƒÓ˚ çlƒ Ü˛y°#l §y!Ó˚Ó˚

ÙˆÏôƒ ˆÜ˛Ó°Ùye yüÈ~Ó˚ ≤ÃÜ,˛!ï˛•z !ÓˆÏŸ’£Ïî Ü˛Ó˚y •Î˚– Ü˛yÓ˚î tüÈ~Ó˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ôÓ˚l xyÙyˆÏòÓ˚ çyly ÌyˆÏÜ˛– ≤ÃyÎ˚

§ÓˆÏ«˛ˆÏe•z ~!ê˛ xï˛#ï˛ ˆÌˆÏÜ˛ Óï≈˛Ùyl •ˆÏÎ˚ Ë˛!Ó£ÏƒˆÏï˛Ó˚ !òˆÏÜ˛ ã˛ˆÏ°– ˆ°á!ã˛ˆÏe Ü˛y°#l §y!Ó˚Ó˚ §ÙÎ˚ˆÏÜ˛ xl%Ë)˛!ÙÜ˛

xˆÏ«˛ ˆlGÎ˚y •Î˚– t !Ó!Ë˛ß¨ §ÙˆÏÎ˚ !Ó®% •ˆÏï˛ ˛õyˆÏÓ˚– Î!ò Ü˛y°#l §y!Ó˚ !Ó!Ë˛ß¨ §ÙÎ˚ ˆ◊î# (time period) •Î˚ñ

ï˛y•ˆÏ° t ˙ §ÙˆÏÎ˚ ˆ◊î#Ó˚ Ùôƒ!Ó®%–

8.2 Ü˛y°#l §y!Ó˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛z˛õˆÏÎy!àï˛y

xÌ≈l#!ï˛ ~ÓÇ ÓƒÓ§yÈüÈÓy!îˆÏçƒÓ˚ §yˆÏÌ §¡õÜ≈˛Î%_´ ï˛ˆÏÌƒÓ˚ ~Ü˛!ê˛ Óí˛¸ xÇ¢ Ü˛y°#l §y!Ó˚Ó˚ xhs˝à≈ï˛– §%ï˛Ó˚yÇ

xÌ≈l#!ï˛Ó˚ ÎÌyÎÌ Ó˚*˛õˆÏÓ˚áy ˆ˛õˆÏï˛ •ˆÏ° !Ü˛ÇÓy ÓƒÓ§yÈüÈÓy!îˆÏçƒ §Ê˛° •ˆÏï˛ •ˆÏ° Ü˛y°#l §y!Ó˚Ó˚ !ÓˆÏŸ’£Ïî x˛õ!Ó˚•yÎ≈–

Ü˛y°#l §y!Ó˚Ó˚ xhs˝à≈ï˛ ˆÜ˛ylG ã˛°ˆÏÜ˛Ó˚ Ùyl §ÙˆÏÎ˚Ó˚ §yˆÏÌ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚ ~ÓÇ ~•z ˛õ!Ó˚Óï≈˛l ¢#°ï˛y lyly Ü˛yÓ˚ˆÏî

˛õyÓ˚flõ!Ó˚Ü˛ §¡õˆÏÜ≈˛Ó˚ Ê˛°– Ü˛yl#° §y!Ó˚Ó˚ ÎÌyÎÌ !ÓˆÏŸ’£ÏˆÏîÓ˚ Ê˛ˆÏ° ~•z Ü˛yÓ˚î=!° xy°yòy Ü˛Ó˚y ÎyÎ˚ ~ÓÇ ã˛°ˆÏÜ˛Ó˚

Ùyl ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ˆ«˛ˆÏe Ü˛yÓ˚î=!°Ó˚ ≤ÃË˛yÓ §¡õˆÏÜ≈˛ Ù)°ƒyÎ˚l Ü˛Ó˚y ÎyÎ˚– ~Ó˚Ü˛Ù !ÓˆÏŸ’£ÏˆÏîÓ˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚

ÓƒÓ§yÎ˚ÈüÈ˛õ!Ó˚ã˛y°Ü˛ Ù[˛°#Ó˚ ˛õˆÏ«˛ ÓƒÓ§yˆÏÎ˚Ó˚ Ë˛!Ó£ÏƒÍ Ó˚*˛õˆÏÓ˚áy ˜ï˛!Ó˚ Ü˛Ó˚y §•ç •Î˚– Ü˛y°#l §y!Ó˚Ó˚ !ÓˆÏŸ’£ÏˆÏîÓ˚

ÙyôƒˆÏÙ ï˛ˆÏÌƒÓ˚ xï˛#ï˛ xyã˛Ó˚î §¡∫ˆÏ¶˛ Ù)°ƒyÎ˚l Ü˛Ó˚y ÎyÎ˚– xï˛#ˆÏï˛ ˆÜ˛ylG ã˛°ˆÏÜ˛Ó˚ ÙyˆÏlÓ˚ ˛õ!Ó˚Óï≈˛l Ü˛# ˛õ!Ó˚ÙyˆÏî

•ˆÏÎ˚!SÈ° ~ÓÇ ~•z ̨ õ!Ó˚Óï≈˛ˆÏl ̂ Ü˛yl‰ ̂ Ü˛yl‰ !Ó£ÏÎ˚ Ü˛yÎ≈Ü˛Ó˚# !SÈ° Ü˛y°#l §y!Ó˚Ó˚ !ÓˆÏŸ’£Ïî ̂ ÌˆÏÜ˛ ï˛y ̂ ÓyV˛y ÎyÎ˚– xï˛#ˆÏï˛Ó˚

G˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ ã˛°ˆÏÜ˛Ó˚ Ë˛!Ó£ÏƒÍ ÙyˆÏlÓ˚ ≤ÃÓîï˛y Óy ˛õ!Ó˚Ùyî ˆÓyV˛y ÎyÎ˚– ˆÜ˛ylG ÓƒÓ§yÎ˚#ˆÏÜ˛ ˆÜ˛ylG ~Ü˛!ê˛

§yÙ@˝Ã#Ó˚ í˛zÍ˛õyòl ~ÙlË˛yˆÏÓ Ü˛Ó˚ˆÏï˛ •ˆÏÓ ÎyˆÏï˛ ~Ó˚ ˛õ!Ó˚Ùyî ã˛y!•òyÓ˚ ï%˛°lyÎ˚ Ü˛Ù ly •Î˚ ~ÓÇ x!Óe´#ï˛ §yÙ@˝Ã#

ˆÓ!¢ ˛õ!Ó˚ÙyˆÏî ly ÌyˆÏÜ˛– §%ï˛Ó˚yÇñ ï˛yÓ˚ ÓƒÓ§yÓ˚ §yÊ˛°ƒ xˆlÜ˛yÇˆÏ¢ xl%ÙyˆÏlÓ˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚– Î!ò ˛õ!Ó˚§Çáƒyl

˛õk˛!ï˛Ó˚ §!ë˛Ü˛ ≤ÃˆÏÎ˚yˆÏà Ü˛y°#l §y!Ó˚Ó˚ ÎÌyÎÌ !ÓˆÏŸ’£Ïî Ü˛Ó˚y ÎyÎ˚ñ ï˛ˆÏÓ ÓƒÓ§yˆÏÎ˚Ó˚ Ë˛!Ó£ÏƒÍ ≤ÃÓîï˛y §¡õˆÏÜ≈˛

ÎˆÏÌy˛õÎ%_´ xl%Ùyl Ü˛Ó˚y ÎyÎ˚– ~ÓÇ ï˛yÓ˚ G˛õÓ˚ !lË≈˛Ó˚ Ü˛ˆÏÓ˚ ≤ÃˆÏÎ˚yçl#Î˚ Ë˛!Ó£ÏƒÍ ˛õ!Ó˚Ü˛“ly ˜ï˛!Ó˚ Ü˛Ó˚y ÎyÎ˚– xˆÏlÜ˛

§ÙÎ˚ ò%•z Óy ï˛ˆÏï˛y!ôÜ˛ Ü˛y°#l §y!Ó˚Ó˚ ÙˆÏôƒ ï%˛°ly Ü˛ˆÏÓ˚ =Ó˚&c˛õ)î≈ !§k˛yhs˝ ˆlGÎ˚y ÎyÎ˚–

8.3 Ü˛y°#l §y!Ó˚Ó˚ !Ó!Ë˛ß¨ xÇ¢

ˆÎ ˆÜ˛ylG Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏe ã˛yÓ˚!ê˛ xÇ¢ (Component) ˆòáy ÎyÎ˚– ~=!° •° ò#â≈Ü˛y°#l ≤ÃÓîï˛y

[Secular Trend (T)], }ï%˛ç ˆË˛ò [Seasonal Variation (S)], ã˛e´#° ˆË˛ò [Cyclical Variation (C)],

~ÓÇ x!lÎ˚!Ùï˛ ˆË˛ò [Irregular Variation (I)], Ü˛y°#l §y!Ó˚Ó˚ ã˛°ˆÏÜ˛Ó˚ ÙylˆÏÜ˛ ~•z ã˛yÓ˚!ê˛ xÇˆÏ¢Ó˚ ˆÙyê˛ ˆÎyàÊ˛°

Óy =îÊ˛° !•§yˆÏÓ ôÓ˚y •Î˚–

ˆÎÔ!àÜ˛ Ü˛yë˛yˆÏÙy (Additive Model)üÈ~ Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏeñ
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Yt = Tt + St + Ct + It

~ÓÇ =î§)ã˛Ü˛ Ü˛yë˛yˆÏÙy (Multiplicative Model)üÈ~ Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏeñ

Yt = Tt × St × Ct × It

§yôyÓ˚îï˛ =î§)ã˛Ü˛ Ü˛yë˛yˆÏÙy•z Ü˛y°#l §y!Ó˚ˆÏï˛ ˆÓ!¢ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚– Ü˛yÓ˚î !•§yˆÏÓ ˆòáy ÎyÎ˚ ˆÎñ S.C.I ≤ÃË,̨ !ï˛

xÇ¢=!° TüÈ~Ó˚ xl%˛õyˆÏï˛ ˆÙyê˛yÙ%!ê˛ !fliÓ˚ ÌyˆÏÜ˛– ï˛ySÈyí˛¸y !Ó!Ë˛ß¨ xÇ¢ Îál xlƒˆÏòÓ˚ xl%˛õyˆÏï˛ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚ñ

ï˛ál ~=!°Ó˚ xÌ≈ xyÓ˚G ˆÓ!¢ ˛õ!Ó˚‹ÒyÓ˚ •Î˚– §ÙhflÏ Ü˛y°#l §y!Ó˚ˆÏï˛•z ~•z ã˛yÓ˚!ê˛ xÇ¢ §Ùyl Ë˛yˆÏÓ !ÓòƒÙyl ÌyˆÏÜ˛

ly– ˆÜ˛ylG ~Ü˛!ê˛ Óy ~Ü˛y!ôÜ˛ xÇ¢ xlƒ=!°Ó˚ ˆÌˆÏÜ˛ ˆÓ!¢ ≤ÃÜ˛ê˛ •ˆÏï˛ ˛õyˆÏÓ˚– !Ó!Ë˛ß¨ Ü˛yÓ˚ˆÏî Ü˛y°#l §y!Ó˚Ó˚

xÇ¢=!°Ó˚ ˛õ,ÌÜ˛#Ü˛Ó˚ˆÏîÓ˚ ≤ÃˆÏÎ˚yçl •Î˚– ˆÜ˛ylG ˆòyÜ˛yˆÏlÓ˚ Ùy!°Ü˛ ï˛yÓ˚ !Óe´ˆÏÎ˚Ó˚ }ï%˛ç ˆË˛ò çylˆÏï˛ •zFS%ÈÜ˛ •ˆÏï˛

˛õyˆÏÓ˚l– ã˛e´#° ˆË˛ˆÏòÓ˚ ˛õ!Ó˚Ùyî xyˆÏà çyly ÌyÜ˛ˆÏ°ñ Ë˛!Ó£ÏƒˆÏï˛ xÌ≈˜Ïl!ï˛Ü˛ à!ï˛ §¡õˆÏÜ≈˛ ˛õ)Ó≈yË˛y£Ï ˆòGÎ˚y Óy ˆ§•z

!Ó£ÏˆÏÎ˚ ˆÜ˛ylG l#!ï˛ @˝Ã•î Ü˛Ó˚y §Ω˛Ó •Î˚– xˆÏlÜ˛ §ÙÎ˚ x!lÎ˚!Ùï˛ ˆË˛ˆÏòÓ˚ çlƒ xÌ≈yÍ ò%!Ë≈˛«˛ Óy Ù•yÙyÓ˚#Ó˚ §ÙÎ˚

oÓƒÙ)ˆÏ°ƒÓ˚ §)ã˛Ü˛ xfl∫yË˛y!ÓÜ˛Ë˛yˆÏà Ó,!k˛ ˆ˛õˆÏï˛ ˛õyˆÏÓ˚–

åÜ˛ä ≤ÃÓîï˛y ≠ x!Ë˛K˛ï˛y ˆÌˆÏÜ˛ ˆòáy ÎyÎ˚ ˆÎñ §yôyÓ˚îï˛ ò#â≈Ü˛y°#l ≤ÃÓîï˛y•z Ü˛y°#l §y!Ó˚Ó˚ §ÓˆÏã˛ˆÏÎ˚ =Ó˚&c˛õ)î≈

xÇ¢– Î!ò ˆÜ˛ylG Ü˛y°#l §y!Ó˚ ò#â≈!òl ôˆÏÓ˚ !ÓˆÏŸ’£Ïî Ü˛Ó˚y ÎyÎ˚ñ ï˛y •ˆÏ° ˆòáy ÎyˆÏÓ ˆÎñ ã˛°ˆÏÜ˛Ó˚ Ùyl=!°Ó˚ ˛õ!Ó˚Ùyî

•Î˚ e´Ùyß∫ˆÏÎ˚ Ó,!k˛ ˛õyˆÏFSÈ lÎ˚ˆÏï˛y •…y§ ˛õyˆÏFSÈ Óy !fliÓ˚ xyˆÏSÈ– ~•z ≤ÃÜ,˛!ï˛àï˛ ˜Ó!¢‹TƒˆÏÜ˛•z ≤ÃÓîï˛y Ó°y ÎyÎ˚ G ~!ê˛

˛õ!Ó˚Ùy˛õˆÏÎyàƒ– Î!ò xyÙÓ˚y ≤ÃÓîï˛y !lî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚ñ ï˛ˆÏÓ Ü˛y°#l §y!Ó˚Ó˚ ≤Ã!ï˛ §ÙˆÏÎ˚Ó˚ Ùyl ˆÌˆÏÜ˛ xl%!Ùï˛

≤ÃÓîï˛yÓ˚ Ùyl Óyò !òˆÏÎ˚ xlƒylƒ xÇˆÏ¢Ó˚ çlƒ ˆÎ !Ó!Ë˛ß¨ï˛y xyˆÏSÈ ï˛y !lî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚– ≤ÃÓîï˛yÓ˚ ≤ÃÜ,˛!ï˛

}ç%˜ÏÓ˚!áÜ˛ (Linear) !Ü˛ÇÓy Óe´˜ÏÓ˚!áÜ˛ (Curvilinear) •ˆÏï˛ ˛õyˆÏÓ˚– í˛zòy•Ó˚îfl∫Ó˚*˛õñ ˆÓ!¢Ó˚Ë˛yà §yÙ@˝Ã#Ó˚ òˆÏÓ˚

|ôÁ≈Ù%á# ≤ÃÓîï˛y ˆòáy ÎyÎ˚–

åáä }ï%˛ç ˆË˛ò ≠ ˆÜ˛ylG Ü˛y°#l §y!Ó˚Ó˚ ã˛°ˆÏÜ˛Ó˚ ˛õÎ≈yÎ˚e´!ÙÜ˛ fl∫≤’ˆÏÙÎ˚yò# ˛õ!Ó˚Óï≈˛l }ï%˛ç ˆË˛ˆÏòÓ˚ ≤ÃË˛yˆÏÓ

•Î˚– }ï%˛ç ˆË˛ˆÏòÓ˚ ˛õÎ≈yÎ˚Ü˛y° Ü˛áˆÏly ~Ü˛ÓSÈˆÏÓ˚Ó˚ ˆÓ!¢ •Î˚ ly– ã˛°ˆÏÜ˛Ó˚ ˛õÎ≈yÎ˚e´!ÙÜ˛ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ˜Ó!¢‹TƒˆÏÜ˛ }ï%˛ç

ˆË˛ò ÓˆÏ°– §yôyÓ˚î Ùy!§Ü˛ Óy ˜eÙy!§Ü˛ }ï%˛ç ˆË˛ò !lˆÏÎ˚ xyÙÓ˚y ˆÓ!¢ xy@˝Ã•# •ˆÏ°G §yÆy!•Ü˛ñ ~Ùl!Ü˛ ˜ò!lÜ˛

}ï%˛ç ˆË˛òG ˆòáy ÎyÎ˚– Ùyl%ˆÏ£ÏÓ˚ Ó˚&!ã˛ñ xË˛ƒy§ñ ôÙ#≈Î˚ ˙!ï˛•ƒ •zï˛ƒy!ò ~ÓÇ ≤ÃyÜ,˛!ï˛Ü˛ ˛õ!Ó˚ˆÏÓ¢ G xyÓ•yGÎ˚yÓ˚

≤ÃË˛yˆÏÓÓ˚ çlƒ•z Ü˛y°#l §y!Ó˚ˆÏï˛ }ï%˛ç ˛õ!Ó˚Óï≈˛l •ˆÏÎ˚ ÌyˆÏÜ˛– ÓƒÓ§yÎ˚#ˆÏòÓ˚ ˆ«˛ˆÏe fl∫“Ü˛y°#l ˛õ)Ó≈yË˛y£Ï õyGÎ˚yÓ˚ çlƒ

}ï%˛ç §)ã˛Ü˛ (Seasonal Index) !ÓˆÏ¢£Ï §y•yÎƒÜ˛yÓ˚#– í˛zòy•Ó˚îfl∫Ó˚*˛õñ ˆ˛õy¢yÜ˛ !ÓˆÏe´ï˛yˆÏòÓ˚ Î!ò ˛õ)çyÓ˚ §ÙÎ˚

ˆ˛õy¢yÜ˛ !Óe´#Ó˚ }ï%˛ç §)ã˛Ü˛ çyly ÌyˆÏÜ˛ñ ï˛ˆÏÓ ï˛yˆÏòÓ˚ ˛õˆÏ«˛ ˙ §ÙˆÏÎ˚Ó˚ ã˛y!•òy ˆÙê˛yˆÏlyÓ˚ çlƒ xyˆÏà ˆÌˆÏÜ˛

≤ÃˆÏÎ˚yçl#Î˚ Ùç%ï˛ Ü˛ˆÏÓ˚ Ó˚yáˆÏï˛ §%!Óôy •Î˚– xl%Ó˚*˛õñ @˝Ã#‹øÜ˛yˆÏ° ˜Óò%ƒ!ï˛Ü˛ ˛õyáy G ë˛y[˛y ˛õyl#ˆÏÎ˚Ó˚ ã˛y!•òy ˆÙê˛yˆÏly

ÎyÎ˚–
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1970-71 §y° ˆÌˆÏÜ˛ 1984-85 §y° ˛õÎ≈hs˝ Ë˛yÓ˚ˆÏï˛ ˆÙyê˛ áyòƒ¢ˆÏ§ƒÓ˚ í˛zÍ˛õyòl

åàä ã˛e´#° ˆË˛ò ≠ Ü˛y°#l §y!Ó˚ˆÏï˛ }ï%˛ç ˆË˛ˆÏòÓ˚ Ùï˛•z xyÓ˚G ~Ü˛!ê˛ ˜Ó!¢‹Tƒ ˆòáy ÎyÎ˚– ~!ê˛ˆÏÜ˛ Ó°y •Î˚

ã˛e´#° ˆË˛ò (Cyclical Variation)– ï˛ˆÏÓ ~•z ˆË˛ò!ê˛ ò#â≈Ü˛y°#l ~ÓÇ ≤Ã!ï˛!ê˛ ã˛ˆÏe´Ó˚ ˜òâ≈ƒ ~Ü˛ ÓSÈˆÏÓ˚Ó˚ ˆÓ!¢

•Î˚– ï˛ˆÏÓñ }ï%˛ç ˆË˛ˆÏòÓ˚ ÙˆÏï˛y ~Ó˚ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ˛õÎ≈yÎ˚Ü˛y° (Period) G ˆË˛òc (amplitude) ï˛ï˛áy!l !lÎ˚!Ùï˛

lÎ˚– xyÎ˚ñ í˛zÍ˛õyòlñ ˆÓï˛lñ !Ó!lˆÏÎ˚yàñ §)ã˛Ü˛ òÓ˚ñ !lˆÏÎ˚yà ≤ÃË,˛!ï˛ ˆ«˛ˆÏe ÓƒÓÎ˚§y!Î˚Ü˛ ã˛ˆÏe´Ó˚ (business cycle)

≤ÃË˛yˆÏÓ ò#â≈Ü˛y°#l Gë˛ylyÙy ˆòáy ÎyÎ˚– ~Ü˛ÈüÈ~Ü˛!ê˛ Gë˛y G lyÙy !lˆÏÎ˚ ~Ü˛!ê˛ ã˛e´ Óy ˛õÎ≈yÎ˚Ü˛y° §¡õ)î≈ •Î˚– ã˛e´#°

ˆË˛ò !lˆÏÎ˚ §ÙˆÏÎ˚Ó˚ à!ï˛Ó˚ §ˆÏD §ˆÏD ÓƒÓ§y!Î˚Ü˛ ã˛ˆÏe´Ó˚ ˛õÎ≈yÎ˚Ü˛yˆÏ°Ó˚ ôy˛õ=!° xÌ≈yÍ í˛zß¨!ï˛ (Prosperity)ñ

˛õŸã˛yò‰à!ï˛ (Decline), Ù®y åDepressions) ~ÓÇ ˛õ%lˆÏÓ˚yß¨Î˚l (Recovery) !Ó!Ë˛ß¨ ˆË˛ˆÏò ≤Ã!ï˛Ê˛!°ï˛ •Î˚– ò%!ê˛
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ÓƒÓ§y!Î˚Ü˛ ã˛ˆÏe´Ó˚ ˛õÎ≈yÎ˚Ü˛y° ˛õÓ˚flõÓ˚ §Ùyl lyG •ˆÏï˛ ˛õyˆÏÓ˚– ~•z Ü˛yÓ˚ˆÏî ã˛e´#°ˆÏË˛ò !lô≈yÓ˚ˆÏîÓ˚ ˛õk˛!ï˛=!° ˆÓ¢

Ü˛‹TÜ˛Ó˚–

ˆÎ ˆÜ˛ylG ÓƒÓ§yˆÏÎ˚Ó˚ à!ï˛ÈüÈ≤ÃÜ,˛!ï˛ §!ë˛Ü˛Ë˛yˆÏÓ çylyÓ˚ çlƒ ã˛e´#° ˆË˛ˆÏòÓ˚ ôyÓ˚îy á%Ó í˛z˛õˆÏÎyà#– Ü˛yÓ˚îñ

ÓƒÓ§yˆÏÎ˚Ó˚ à!ï˛ÈüÈ≤ÃÜ,˛!ï˛ §!ë˛Ü˛Ë˛yˆÏÓ çyly §Ω˛Ó •ˆÏ° ≤ÃˆÏÎ˚yçl#Î˚ l#!ï˛ G ˛õ!Ó˚Ü˛“ly !lô≈yÓ˚î Ü˛ˆÏÓ˚ ÓƒÓ§yˆÏÎ˚ §%!fliÓ˚ï˛y

xyly ÎyÎ˚–

åâä x!lÎ˚!Ùï˛ ̂ Ë˛ò ≠ Ó‡!Óô Ü˛yÓ˚ˆÏî Ü˛y°#l §y!Ó˚ˆÏï˛ ̂ Ë˛ˆÏòÓ˚ x!hflÏc xl%Ë˛Ó Ü˛Ó˚y ÎyÎ˚– Î%k˛ñ Ë)˛!ÙÜ˛¡õñ Ù•yÙyÓ˚#ñ

Ólƒyñ ôÙ≈âê˛ñ Ó˚yç˜Ïl!ï˛Ü˛ ˛õê˛˛õ!Ó˚Óï≈˛l Óy §yÙy!çÜ˛ ˛õÓ˚Ó Óy í˛zÍ§Ó •zï˛ƒy!ò Ü˛yÓ˚ˆÏî Ü˛y°#l §y!Ó˚ˆÏï˛ xyÜ˛!fløÜ˛Ë˛yˆÏÓ

≤Ãã˛[˛ ˛õ!Ó˚Óï≈˛l ˆòáy !òˆÏï˛ ˛õyˆÏÓ˚– ~Ó˚Ü˛Ù âê˛lyÓ˚ ˆÜ˛ylG ˛õ)Ó≈yË˛y§ ˆòGÎ˚y §Ω˛Ó lÎ˚ ÓˆÏ° Ü˛y°#l §y!Ó˚ˆÏï˛ ~•z

xÇ¢!ê˛ §¡õ)î≈ x!lÎ˚!Ùï˛Ë˛yˆÏÓ !ÓòƒÙyl ÌyˆÏÜ˛– §yôyÓ˚îË˛yˆÏÓ Ü˛y°#l §y!Ó˚Ó˚ ̂ Î ̨ õ!Ó˚Óï≈˛l ≤ÃÓîï˛yñ }ï%˛ç ̂ Ë˛ò xÌÓy

ã˛e´#° ˆË˛ò myÓ˚y Óƒyáƒy Ü˛Ó˚y ÎyÎ˚ lyñ ï˛y•z x!lÎ˚!Ùï˛ ˆË˛ò (Irregular Variation)–

8.4 ≤ÃÓîï˛y !lô≈yÓ˚î ˛õk˛!ï˛§Ù)•

≤ÃÓîï˛y !lô≈yÓ˚ˆÏîÓ˚ çlƒ !l¡¨!°!áï˛ !Ó!Ë˛ß¨ ˛õk˛!ï˛Ó˚ ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚ ≠

åÜ˛ä Ù%_´ÈüÈ•hflÏ ˛õk˛!ï˛ (Free hand method)

åáä xô≈ÈüÈàí˛¸ ˛õk˛!ï˛ (Semi-average method)

åàä ã˛°Ùyl àí˛¸ ˛õk˛!ï˛ (Moving average method)

åâä °!â‹T Óà≈ ˛õk˛!ï˛ (Least square method)

åÜ˛ä Ù%_´ÈüÈ•hflÏ ˛õk˛!ï˛ ≠

Î!ò Ü˛y°#l §y!Ó˚Ó˚ ï˛Ìƒ=!° ˆ°á!ã˛ˆÏeÓ˚ myÓ˚y ˛õ!Ó˚ˆÏÓ¢l Ü˛Ó˚y •Î˚ñ ï˛ˆÏÓ ˛õÎ≈ˆÏÓ«˛ˆÏîÓ˚ §y•yˆÏÎƒ ˆ°á!ã˛ˆÏe x!B˛ï˛

!Ó®%=!°Ó˚ Ùôƒ !òˆÏÎ˚ ~ÙlË˛yˆÏÓ ~Ü˛!ê˛ Ù§,î ˆÓ˚áy ê˛yly ˆÎˆÏï˛ ˛õyˆÏÓ˚ ÎyˆÏï˛ ≤ÃÜ,˛ï˛ !Ó®%=!° ~•z ≤ÃÓîï˛y ˆÓ˚áyÓ˚

Îï˛ê˛y §Ω˛Ó !lÜ˛ˆÏê˛ ÌyˆÏÜ˛– ~•z Ù§,î ˆÓ˚áy ê˛ylyÓ˚ ˛õk˛!ï˛ˆÏÜ˛ Ù%_´ÈüÈ•hflÏ ˛õk˛!ï˛ ÓˆÏ°– !Ü˛v ˆÎˆÏ•ï%˛ ~•z ˛õk˛!ï˛!ê˛

Óƒ!_´ÈüÈ§yˆÏ˛õ«˛ (Subjective), ï˛y•z ~áyˆÏl ≤ÃÓîï˛y ˆÓ˚áy ˛õÎ≈ˆÏÓ«˛îÜ˛yÓ˚#Ó˚ ˆVÑ˛yˆÏÜ˛Ó˚ Óy ˛õ«˛˛õyˆÏï˛Ó˚ (bias) G˛õÓ˚

xˆÏlÜ˛ê˛y !lË≈˛Ó˚¢#°– ˆ§çlƒ ˆÎáyˆÏl !lË%≈˛°Ë˛yˆÏÓ ≤ÃÓîï˛y ˆÓ˚áy !lô≈yÓ˚î Ü˛Ó˚y ≤ÃˆÏÎ˚yçlñ ˆ§áyˆÏl ~•z ˛õk˛!ï˛ ÓƒÓ•yÓ˚

Ü˛Ó˚y ã˛ˆÏ° ly– ï˛ˆÏÓ ~•z ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛y §¡õˆÏÜ≈˛ ~Ü˛ê˛y ≤ÃyÌ!ÙÜ˛ ôyÓ˚îy ˛õyGÎ˚y ÎyÎ˚–

í z̨òy•Ó˚î 1É ˆ°á!ã˛ Ï̂eÓ˚ §y•y Ï̂Îƒ ≤ÃÓîï˛yÓ˚ Ùyl=!° !lî≈Î˚ Ü˛Ó˚ ≠

ÓSÈÓ˚ ≠ ’62 ’63 ’64 ’65 ’66 ’67 ’68 ’69 ’70 ’71 ’72 ’73 ’74

Ùyl  ≠ 64 82 97 71 78 112 115 132 80 100 146 150 120
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§Ùyôyl ≠

62 .63 .64 .65 .66 .67 .68 .69 .70 .71 .72
X0

60

75

Y

90

105

120

135

150

.73 .74

Ù%_´ÈüÈ•hflÏ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛y

ˆ°á!ã˛e Óy Ù%_´•hflÏ ˛õk˛!ï˛ˆÏï˛ ≤Ãò_ Ü˛y°#l §y!Ó˚Ó˚ ≤ÃÓîï˛y ˆÓ˚áy !ã˛ˆÏe ˆòáyˆÏly •ˆÏÎ˚ˆÏSÈ– x-x«˛ˆÏÓ˚áy ˆÌˆÏÜ˛

≤ÃÓîï˛y ˆÓ˚áyÓ˚ ò%Ó˚c y-x«˛ˆÏÓ˚áyÓ˚ §Ùyhs˝Ó˚y° !òÜ˛ ÓÓ˚yÓÓ˚ ˆÙˆÏ˛õ !Ó!Ë˛ß¨ ÓSÈˆÏÓ˚Ó˚ ≤ÃÓîï˛y Ùyl=!° ˆòGÎ˚y •°–

≤Ãò_ Ü˛y°#l §y!Ó˚ˆÏï˛ fl∫“ˆÏÙÎ˚yò# §ÙˆÏÎ˚Ó˚ Gë˛ylyÙy ÌyÜ˛ˆÏ°G ò#â≈ˆÏÙÎ˚yò# §ÙˆÏÎ˚Ó˚ ï˛ˆÏÌƒÓ˚ Ó,!k˛Ó˚ ≤ÃÓîï˛y xyˆÏSÈ–

ÓSÈÓ˚ ≠ ’62 ’63 ’64 ’65 ’66 ’67 ’68 ’69 ’70 ’71 ’72 ’73 ’74

˛≤ÃÓîï˛yÓ˚

Ùyl  ≠ 66 72 78 84 90 96 102 105 114 120 126 132 138

åáä xô≈ÈüÈàí˛¸ ˛õk˛!ï˛ ≠

~•z ˛˛õk˛!ï˛ˆÏï˛ Ü˛y°#l §y!Ó˚Ó˚ Ó˚y!¢ï˛Ìƒ ≤ÃÌÙ xô≈ G !mï˛#Î˚ xô≈ ~•z !•§yˆÏÓ ò%!ê˛ §Ùyl Ë˛yˆÏà Ë˛yà Ü˛Ó˚y •Î˚–

ˆçyí˛¸ §ÇáƒÜ˛ ï˛ˆÏÌƒÓ˚ Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏe ò%!ê˛ §Ùyl Ë˛yˆÏà Ë˛yà Ü˛Ó˚ˆÏï˛ x§%!Óôy •Î˚ ly– !ÓˆÏçyí˛¸ §ÇáƒÜ˛ ï˛ˆÏÌƒÓ˚
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ˆ«˛ˆÏe ÙôƒÙ ï˛Ìƒ!ê˛ˆÏÜ˛ Óyò !òˆÏÎ˚ ò%!ê˛ §Ùyl Ë˛yˆÏà Ë˛yà Ü˛Ó˚ˆÏï˛ •Î˚ñ xÌÓy ÙôƒÙ ï˛ÌƒˆÏÜ˛ ò%!ê˛ Ë˛yˆÏàÓ˚ ÙˆÏôƒ xhs˝à≈ï˛

Ü˛ˆÏÓ˚G §Ùyl Ë˛yˆÏà Ë˛yà Ü˛Ó˚y ÎyÎ˚–

~Ó˚˛õÓ˚ ≤ÃˆÏï˛ƒÜ˛ xˆÏô≈Ó˚ xhs˝à≈ï˛ ï˛Ìƒ§Ù)ˆÏ•Ó˚ ÙyˆÏlÓ˚ ˆÎÔ!àÜ˛ àí˛¸ !lî≈Î˚ Ü˛Ó˚ˆÏï˛ •Î˚– ~•zË˛yˆÏÓ ≤ÃyÆ àí˛¸ ò%!ê˛Ó˚

≤ÃÌÙ!ê˛ ≤ÃÌÙ xˆÏô≈Ó˚ §ÙÎ˚§#ÙyÓ˚ Ùôƒ!Ó®%ˆÏï˛ ~ÓÇ !mï˛#Î˚!ê˛ !mï˛#Î˚ xˆÏô≈Ó˚ §ÙÎ˚§#ÙyÓ˚ Ùôƒ!Ó®%ˆÏï˛ ˆ°á!ã˛ˆÏe fliy˛õl

Ü˛Ó˚ˆÏï˛ •Î˚– ~•z ò%!ê˛ !Ó®%Ó˚ §ÇˆÏÎyà §Ó˚°ˆÏÓ˚áy•z ≤Ãò_ ï˛ˆÏÌƒÓ˚ xô≈ÈüÈàí˛¸ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛y ˆÓ˚áyˆÏÜ˛ !lˆÏò≈¢ Ü˛ˆÏÓ˚–

x-x«˛ˆÏÓ˚áy åË%˛çä ˆÌˆÏÜ˛ ≤ÃÓîï˛y ˆÓ˚áyÓ˚ ò)Ó˚c myÓ˚y !Ó!Ë˛ß¨ §ÙˆÏÎ˚ ≤ÃÓîï˛yÓ˚ ˛õ!Ó˚Ùy˛õ Ü˛Ó˚y ÎyÎ˚– ~•z ˛õk˛!ï˛Ó˚ e&!ê˛

~•z ˆÎñ Î!ò Ü˛y°#l §y!Ó˚Ó˚ ï˛Ìƒ §Ó˚°˜ÏÓ˚!áÜ˛ ly •Î˚ ï˛ˆÏÓ ~•z ˛õk˛!ï˛Ó˚ myÓ˚y ≤ÃÓîï˛y §!ë˛Ü˛ ˛õ!Ó˚Ùy˛õ §Ω˛Ó lÎ˚–

í˛zòy•Ó˚î 2É !lˆÏ¡¨ ≤Ãò_ Ó˚y!¢ï˛ˆÏÌƒÓ˚ xô≈ÈüÈàí˛¸ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛y §Ó˚°ˆÏÓ˚áy !lî≈Î˚ Ü˛Ó˚ /

ÓSÈÓ˚ ≠ ’88 ’89 ’90 ’91 ’92 ’93 ’94 ’95 ’96 ’97 ’98

Ó˚Æy!l ≠ 20·5 21·8 20·7 23·0 24.0 22·8 25·0 24·5 26·0 24·0 25·0

åˆÜ˛y!ê˛ ê˛yÜ˛yÎ˚ä

§Ùyôyl ≠ ≤Ãò_ ï˛ˆÏÌƒ 11 ÓSÈˆÏÓ˚Ó˚ Ó˚Æy!l ˆòGÎ˚y xyˆÏSÈ– §%ï˛Ó˚yÇñ xô≈ÈüÈàí˛¸ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛yÓ˚ ˛õ!Ó˚Ùy˛õ !lî≈ˆÏÎ˚Ó˚

çlƒ ÙôƒÙ ï˛Ìƒ xÌ≈yÍ 1993 §y°ˆÏÜ˛ Óyò !òˆÏÎ˚ 1988 ˆÌˆÏÜ˛ 1992 §y° ˛õÎ≈hs˝ ~•z 5 ÓSÈÓ˚ˆÏÜ˛ ≤ÃÌÙ xô≈ ~ÓÇ

1994 ˆÌˆÏÜ˛ 1998 §y° ˛õÎ≈hs˝ ~•z 5 ÓSÈÓ˚ˆÏÜ˛ !mï˛#Î˚ xˆÏô≈ Ë˛yà Ü˛Ó˚y •ˆÏ°ñ

t
· · · · ·y     20 5 218 20 7 23 0 24 0

5
 = 22 ˆÜ˛y!ê˛ ê˛yÜ˛y

~ÓÇ 
· · · · ·y    2

25 0 24 5 26 0 24 0 25 0
5

= 24·9 ˆÜ˛y!ê˛ ê˛yÜ˛y

~ál ˆ°á!ã˛ˆÏe ≤ÃÌÙ xˆÏô≈Ó˚ §ÙÎ˚§#ÙyÓ˚ Ùôƒ!Ó®%ˆÏï˛ xÌ≈yÍ 1990 §yˆÏ° Ó˚Æy!l Ùyl 22 ˆÜ˛y!ê˛ ê˛yÜ˛y ~ÓÇ

!mï˛#Î˚ xˆÏô≈Ó˚ §ÙÎ˚§#ÙyÓ˚ Ùôƒ !Ó®%ˆÏï˛ xÌ≈yÍ 1996 §yˆÏ° Ó˚Æy!lÓ˚ Ùyl 24·9 ˆÜ˛y!ê˛ ê˛yÜ˛y !ã˛!•´ï˛ Ü˛ˆÏÓ˚ ò%!ê˛ !Ó®%Ó˚

§ÇˆÏÎyàÜ˛yÓ˚# §Ó˚°ˆÏÓ˚áy myÓ˚y ≤ÃÓîï˛yÓ˚ Ùyl !lî≈Î˚ Ü˛Ó˚y ÎyˆÏÓ–

åàä ã˛°Ùyl àí˛¸ ˛õk˛!ï˛ ≠

Ü˛y°#l §y!Ó˚Ó˚ ˜°!áÜ˛ Ó˚*˛õyÎ˚ˆÏîÓ˚ ˛õÓ˚ !Ó®%=!° Î!ò ˛õÎ≈yÎ˚e´ˆÏÙ §Ó˚°ˆÏÓ˚áy !òˆÏÎ˚ ˆÎyà Ü˛Ó˚y ÎyÎ˚ ï˛ˆÏÓ §yôyÓ˚îï˛

~Ü˛!ê˛ xÑyÜ˛yÓyÑÜ˛y §Ó˚°ˆÏÓ˚áy ˆày¤˛# ˛õyGÎ˚y ÎyÎ˚– ~•z xyÑÜ˛yÓÑyÜ˛y ˆÓ˚áy ˆày¤˛#Ó˚ Gë˛ylyÙy ò)Ó˚ Ü˛ˆÏÓ˚ ≤ÃÓîï˛y xÇ¢!ê˛ˆÏÜ˛

xy°yòy Ü˛Ó˚yÓ˚ ˛õk˛!ï˛ˆÏÜ˛ ã˛°Ùyl àí˛¸ ˛õk˛!ï˛ ÓˆÏ°– xÓ¢ƒ ~•z ˛õk˛!ï˛ˆÏï˛ §yôyÓ˚îï˛ ˆÎ ≤ÃÓîï˛y ˛õyGÎ˚y ÎyÎ˚ñ ï˛yÓ˚

˜°!áÜ˛ xyÜ,˛!ï˛G ~Ü˛•z ≤ÃÜ˛yÓ˚– ~•z ˛õk˛!ï˛ˆÏï˛ !l!ò≈‹T ≤ÃÌÙ Ü˛ˆÏÎ˚Ü˛!ê˛ ÙyˆÏlÓ˚ àí˛¸ !lî≈Î˚ Ü˛Ó˚y •Î˚ G ˆ§•z àí˛¸ˆÏÜ˛

˙ Ùyl=!°Ó˚ !ë˛Ü˛ ÙôƒfliyˆÏl Ó˚yáy •Î˚– Î!ò ≤ÃÌˆÏÙ !l!ò≈‹T Ùyl=!°Ó˚ §Çáƒy !ÓˆÏçyí˛¸ •Î˚ñ ï˛ˆÏÓ ˙ àí˛¸ˆÏÜ˛ §•ˆÏç•z

ÙôƒÙyl!ê˛Ó˚ §¡õ!Ü≈˛ï˛ fliyˆÏl Ó§yˆÏly ã˛ˆÏ°– ~Ó˚ ˛õÓ˚ Ü˛y°#l §y!Ó˚Ó˚ ≤ÃÌÙ Ùyl!ê˛ˆÏÜ˛ Óyò !òˆÏÎ˚ !mï˛#Î˚ ˆÌˆÏÜ˛ ˛õÓ˚Óï˛#≈

˙ !l!ò≈‹T §ÇáƒÜ˛ ÙyˆÏlÓ˚ àí˛¸ !lî≈Î˚ Ü˛Ó˚y •Î˚ G xyˆÏàÓ˚ Ùï˛•z ˙ Ùyl=!°Ó˚ ÙôƒfliyˆÏl Ó§yˆÏly •Î˚– ~•zË˛yˆÏÓ ~•z
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˛õk˛!ï˛ e´Ùy^ÈªˆÏÎ˚ ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚– §yôyÓ˚îï˛ !ï˛lñ ˛õyÑã˛ Óy §yï˛!ê˛ ÙyˆÏlÓ˚ ~Ü˛§ˆÏD ã˛°Ùyl àí˛¸ !lî≈Î˚ Ü˛Ó˚y •Î˚–

ã˛°Ùyl àˆÏí˛¸Ó˚ ̂ «˛ˆÏe !l!ò≈‹T §ÇáƒÜ˛ ÙyˆÏlÓ˚ §Çáƒy Î!ò ̂ çyí˛¸ •Î˚ñ ï˛ˆÏÓ ̨õÓ˚˛õÓ˚ àí˛¸=!° ÙôƒÓï˛#≈ ò%!ê˛ ̨ õˆÏòÓ˚ ÙyV˛áyˆÏl

Ó§yˆÏly •Î˚– !Ü˛v Ü˛y°#l §y!Ó˚Ó˚ ˆÜ˛ylG ~Ü˛!ê˛ !l!ò≈‹T §ÙˆÏÎ˚Ó˚ (t) ˛õ!Ó˚ˆÏ≤Ã!«˛ˆÏï˛ àí˛¸ˆÏÜ˛ Ó§yˆÏlyÓ˚ ≤ÃˆÏÎ˚yçl ÌyÜ˛yÎ˚

§yôyÓ˚îï˛ xyÓyÓ˚ ò%!ê˛ ÙyˆÏlÓ˚ ã˛°Ùyl àí˛¸ !•§yÓ Ü˛Ó˚y •Î˚– xÓ¢ƒ ã˛°Ùyl àˆÏí˛¸Ó˚ ˆ«˛ˆÏe ≤ÃÌˆÏÙ  !l!ò≈‹T ÙyˆÏlÓ˚

§Çáƒy Ü˛ï˛ •ˆÏÓ ï˛y ï˛ˆÏÌƒÓ˚ ≤ÃÜ,˛!ï˛ G ˛õÎ≈ˆÏÓ«˛ˆÏîÓ˚ §y•yˆÏÎƒ !lî≈Î˚ Ü˛Ó˚y ÎyÎ˚– Î!ò ˙ ˛õˆÏòÓ˚ §Çáƒy ï˛ˆÏÌƒÓ˚ ÙˆÏôƒ

xhs˝Ë%≈˛_´ ˆÜ˛ylG ã˛e´#° ˆË˛ˆÏòÓ˚ ã˛e´ÈüÈ˜òˆÏâ≈ƒÓ˚ §Ùyl !Ü˛ÇÓy ï˛yÓ˚ =!îï˛Ü˛ •Î˚ñ ï˛ˆÏÓ ã˛°Ùyl àˆÏí˛¸Ó˚ myÓ˚y Ü˛y°#l

§y!Ó˚Ó˚ ï˛ˆÏÌƒÓ˚ Gë˛ylyÙy §ÓˆÏã˛ˆÏÎ˚ Ë˛yˆÏ°yË˛yˆÏÓ ò)Ó˚ Ü˛Ó˚y ÎyÎ˚– ~•z ˛õk˛!ï˛!ê˛ ˆÜ˛Ó° ≤ÃÓîï˛yÓ˚ ˛õ!Ó˚Ùy˛õ•z lÎ˚ñ Ü˛y°#l

§y!Ó˚Ó˚ xlƒylƒ xÇ¢=!° ÎÌyñ }ï%˛ç ˆË˛òñ ã˛e´#° ˆË˛ò G x!lÎ˚!Ùï˛ ˆË˛ˆÏòÓ˚ !ÓˆÏŸ’£ÏˆÏîG ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚– ~•z

˛õk˛!ï˛Ó˚ x§%!Óôy ~•z ˆÎñ ≤Ãò_ Ü˛y°#l §y!Ó˚Ó˚ ≤ÃˆÏï˛ƒÜ˛ §ÙˆÏÎ˚Ó˚ çlƒ ≤ÃÓîï˛y Ùyl !lî≈Î˚ Ü˛Ó˚y ÎyÎ˚ ly– ≤ÃÌÙ G

ˆ¢£Ï !òˆÏÜ˛Ó˚ ≤ÃÓîï˛yÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ Ùyl x!lî#≈ï˛ ÌyˆÏÜ˛– ã˛°Ùyl àí˛¸=!° ˛õ!Ó˚Óï≈˛l¢#°ï˛yÓ˚ ˆÜ˛ylG §)e ˆÙˆÏl ã˛ˆÏ°

lyñ ˆ§çlƒ ˛õk˛!ï˛!ê˛Ó˚ ≤ÃˆÏÎ˚yˆÏà Ë˛!Ó£Ïƒï˛Óyî# Ü˛Ó˚y ÎyÎ˚ ly–

í˛zòy•Ó˚î 3É !lˆÏ¡¨ ≤Ãò_ í˛zÍ˛õyòˆÏlÓ˚ Ó˚y!¢ï˛Ìƒ ˆÌˆÏÜ˛ ˛õyÑã˛!ê˛ ˛õˆÏòÓ˚ ã˛°Ùyl àí˛¸ !lî≈Î˚ Ü˛ˆÏÓ˚ ≤ÃÓîï˛yÓ˚ Ùyl ≤Ãò¢≈l

Ü˛Ó˚&l–

ÓSÈÓ˚ ≠ 1988 ’89 ’90 ’91 ’92 ’93 ’94 ’95 ’96 ’97 ’98 ’99

í˛zÍ˛õyòl ≠ 42 44 57 45 49 53 65 55 47 51 62 50

å•yçyÓ˚ä

§Ùyôyl ≠ !l¡¨!°!áï˛ §yÓ˚!îˆÏï˛ ã˛°Ùyl àˆÏí˛¸Ó˚ Ùyl ˆòGÎ˚y •° ≠

ÓSÈÓ˚ í z̨Í˛õyòl ˛õyÑã˛!ê˛ Ùy Ï̂lÓ˚ ã˛°Ùyl ≤ÃÓîï˛yÓ˚ Ùyl

å•yçyÓ˚ä ˆÎyàÊ˛° (S) = ã˛°Ùyl àí˛¸

= S/5

1988 42 – –
89 44 _ _
90 57 237 47·4
91 45 248 49·6
92 49 269 53·8
93 53 267 53·4
94 65 269 53·8
95 55 271 54·2
96 47 280 56·0
97 51 265 53·0
98 62 – –

99 50 – –
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í˛zòy•Ó˚î 4É ≤Ãò_ Ó˚y!¢Ùy°yÓ˚ ˆ«˛ˆÏe ~Ü˛!ê˛ 4 ÓSÈˆÏÓ˚Ó˚ xyÓï≈˛Ü˛y°Î%_´ Óy!îçƒ ã˛ˆÏe´Ó˚ x!hflÏc çyly xyˆÏSÈñ ~áyˆÏl

í˛z˛õÎ%_´ ˛õò!Ó!¢‹T ã˛°Ùyl àí˛¸ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛y Ùyl !lî≈Î˚ Ü˛Ó˚&l–

ÓSÈÓ˚ ≠ 1988 ’89 ’90 ’91 ’92 ’93 ’94 ’95 ’96 ’97 ’98

!Óe´Î˚ ≠ 54·0 40·5 47·0 48·5 42·9 42·1 36·6 42·7 45·7 45·1 37·8

å•yçyÓ˚ä

§Ùyôyl ≠ ≤ÃŸ¿yl%§yˆÏÓ˚ ã˛°Ùyl àí˛¸ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛y Ùyl !lî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏ° xyÙyˆÏòÓ˚ xÓ¢ƒ•z ã˛yÓ˚!ê˛ ˛õòÈüÈ!Ó!¢‹T

ã˛°Ùyl àí˛¸ !lˆÏï˛ •ˆÏÓñ Ü˛yÓ˚î §Ù˜ÏòˆÏâ≈ƒÓ˚ ã˛e´#° ˆË˛ò Ó˚y!¢Ùy°yÎ˚ Óï≈˛Ùyl–

ÓSÈÓ˚ !Óe´Î˚ ã˛yÓ˚!ê˛ ˛õˆÏòÓ˚ ˛õ%lÓ˚yÎ˚ ò%!ê˛ ˛õˆÏòÓ˚ ≤ÃÓîï˛yÓ˚ Ùyl

ã˛°Ùyl ˆÎyàÊ˛° ã˛°Ùyl ˆÎyàÊ˛°(S) = ã˛°Ùyl àí˛¸

= S/(2×4)

1988 54·0 – – – –
89 40·5 – – – –

 190·0

90 47·0  368·9 46·11

 178·9

91 48·5  359·4 44·92

 180·5

92 42·9  350·6 43·82

 170·1

93 42·1  334·4 41·80

 164·3

94 36·6  331·4 41·42

 167·1

95 42·7  337·2 42·15

 170·1

96 45·7  341·4 42·68

 171·3

97 45·1 – – –
98 37·8 – – –

åâä °!â‹T Óà≈ ˛õk˛!ï˛ ≠ ~•z ˛õk˛!ï˛ˆÏï˛ Ü˛y°#l §y!Ó˚Ó˚ ã˛°ˆÏÜ˛Ó˚ ≤ÃÓîï˛yÓ˚ Ùyl=!° !lî≈ˆÏÎ˚ ã˛°ˆÏÜ˛Ó˚ ÙyˆÏlÓ˚

˛õ!Ó˚Óï≈˛l¢#°ï˛yÓ˚ §yˆÏÌ §ÙˆÏÎ˚Ó˚ ày!î!ï˛Ü˛ §¡õÜ≈˛ xyˆÏSÈ ÓˆÏ° xl%Ùyl Ü˛Ó˚y •Î˚– ày!î!ï˛Ü˛ §¡õˆÏÜ≈˛Ó˚ xyÜ˛yÓ˚

§yôyÓ˚îï˛ ≤Ãò_ Ü˛y°#l Ú§y!Ó˚Ó˚ ï˛ˆÏÌƒÓ˚ í˛z˛õˆÏÎyà# Ü˛ˆÏÓ˚ !fliÓ˚ Ü˛Ó˚ˆÏï˛ •Î˚– ï˛ˆÏÓ ≤ÃÓîï˛y ˆÓ˚áy !lô≈yÓ˚ˆÏîÓ˚ §Ó≈ˆÏ◊¤˛



150 NSOU ●  GE - EC - 31

˛õk˛!ï˛ •° °!â¤˛ Óà≈ ˛õk˛!ï˛– §ÙˆÏÎ˚Ó˚ §yˆÏÌ ≤ÃÓîï˛yÓ˚ Ó‡Ó˚Ü˛ˆÏÙÓ˚ ày!î!ï˛Ü˛ §¡õÜ≈˛ ˛õ!Ó˚°!«˛ï˛ •Î˚– ï˛ˆÏÓ ~áyˆÏl

§yôyÓ˚î !ï˛l!ê˛ ày!î!ï˛Ü˛ §¡õˆÏÜ≈˛Ó˚ Ü˛Ìy xyˆÏ°yã˛ly Ü˛Ó˚y •ˆÏÓ–

(i) Î!ò §ÙˆÏÎ˚Ó˚ §yˆÏÌ Ü˛y°#l §y!Ó˚Ó˚ ≤ÃÓîï˛yÓ˚ §Ó˚°˜ÏÓ˚!áÜ˛ (linear) §¡õÜ≈˛ •Î˚ xÌ≈yÍ yt = a + bt §¡õˆÏÜ≈˛

ÌyˆÏÜ˛ñ ï˛ˆÏÓ °!â‹T Óà≈ ˛õk˛!ï˛ˆÏï˛ ≤ÃyÆ a G büÈ~Ó˚ Ùyl !lî≈Î˚Ü˛yÓ˚# ˆÙÔ° §Ù#Ü˛Ó˚î ò%!ê˛ •° ≠

 yt = na + b t

~ÓÇ

 tyt = a t + b t2

ˆÎáyˆÏl yt, t = 1, 2, ......n •ˆÏ° n §ÇáƒÜ˛ !Ó!Ë˛ß¨ §ÙˆÏÎ˚ Ü˛y°#l §y!Ó˚Ó˚ ï˛Ìƒ–

(ii) Î!ò §ÙˆÏÎ˚Ó˚ §yˆÏÌ ≤ÃÓîï˛yÓ˚ x!ôÓ,_yÜ˛yÓ˚ (Parabolic) Óy !mâyï˛ (Quadratic) §¡õÜ≈˛ •Î˚ xÌ≈yÍñ

yt = a + bt + ct2

ï˛ˆÏÓ °!â¤˛ Óà≈ ˛õk˛!ï˛ˆÏï˛ ≤ÃyÆ a, b G c-~Ó˚ Ùyl !lî≈Î˚Ü˛yÓ˚# ˆÙÔ° §Ù#Ü˛Ó˚î !ï˛l!ê˛ •° ≠

 yt  = na + b t + c t2

 tyt = a t + b t2 + c t3

 t2yt = a t2 + b t3 + c t4

(iii) Î!ò §ÙˆÏÎ˚Ó˚ §yˆÏÌ ≤ÃÓîï˛yÓ˚ §)ã˛Ü˛yÜ,˛!ï˛ (Exponential) §¡õÜ≈˛ •Î˚ xÌ≈yÍñ

yt = abt •Î˚ñ ˆ§ˆÏ«˛ˆÏe í˛zË˛Î˚ ˛õˆÏ«˛Ó˚ °ày!Ó˚ò‰Ù‰ !lˆÏÎ˚ ˛õy•zñ

log yt = log a + t log b

= A + Bt, ˆÎáyˆÏl A = log a G B = log b

§%ï˛Ó˚yÇñ A G B - ~Ó˚ Ùyl !lî≈Î˚Ü˛yÓ˚# ˆÙÔ° §Ù#Ü˛Ó˚î ò%!ê˛ •° ≠

 log yt = nA + B t

~ÓÇ  t logyt = A t + B t2

~•z §Ù#Ü˛Ó˚î ò%!ê˛ §Ùyôyl Ü˛ˆÏÓ˚ A G BüÈ~Ó˚ Ùyl ˛õyGÎ˚y ÎyˆÏÓ ~ÓÇ ï˛y ˆÌˆÏÜ˛ a = Antilog (A) ~ÓÇ

b = Antilog (B) ˛õyGÎ˚y ÎyˆÏÓ–

í˛zòy•Ó˚î 5É ~Ü˛!ê˛ Ü˛yÓ˚áylyÎ˚ 1990 §y° ˆÌˆÏÜ˛ 1996 §y° ˛õÎ≈hs˝ !ã˛!lÓ˚ í˛zÍ˛õyòl ˆòGÎ˚y xyˆÏSÈ– ï˛ˆÏÌƒÓ˚

í˛z˛õÎ%_´ §Ó˚°˜ÏÓ˚!áÜ˛ ≤ÃÓîï˛y !lî≈Î˚ Ü˛Ó˚ ~ÓÇ 1997 §yˆÏ°Ó˚ ≤Ãï˛ƒy!¢ï˛ í˛zÍ˛õyòl !lî≈Î˚ Ü˛Ó˚&l–

ÓSÈÓ˚ ≠ 1990 1991 1992 1993 1994 1995 1996

í˛zÍ˛õyòl ≠ 76 87 95 81 91 96 90

å•yçyÓ˚ ê˛lä
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§Ùyôyl ≠ ÙˆÏl Ü˛Ó˚ñ ≤Ãò_ ï˛ˆÏÌƒÓ˚ í˛z˛õÎ%_´ §Ó˚°˜ÏÓ˚!áÜ˛ ≤ÃÓîï˛y §Ù#Ü˛Ó˚î •°

yt = a + bt,

§%ï˛Ó˚yÇñ °!â¤˛ Óà≈l#!ï˛ˆÏï˛ a G b !lî≈Î˚Ü˛yÓ˚# ˆÙÔ° §Ù#Ü˛Ó˚î ò%!ê˛ •° ≠

 yt = na + b t.......(1)

 tyt = a t + b t2....... (2)

ÓSÈÓ˚ (x) t = x – 1993 í˛zÍ˛õyòl (yt) t2 tyt

1990 –3 76 9 –228
1991 –2 87 4 –174
1992 –1 95 1 –95
1993 0 81 0 0
1994 1 91 1 91
1995 2 96 4 192

1996 3 90 9 270

ˆÙyê˛ 0 616 28 56

Ó˚y!¢ï˛ˆÏÌƒÓ˚ §Çáƒy (n) = 7

§%ï˛Ó˚yÇñ (1) G (2) ˆÌˆÏÜ˛ ˛õy•zñ

616 = 7a + 0.b Óyñ a = 
616

7
 = 88

~ÓÇñ 56 = 0.a + 28b Óyñ b = 
56
28

= 2

§%ï˛Ó˚yÇñ ≤ÃÓîï˛y §Ó˚°ˆÏÓ˚áy!ê˛Ó˚ §Ù#Ü˛Ó˚î •° ≠

yt = 88 + 2t

åˆÎáyˆÏl Ù)°!Ó®% 1993 §yˆÏ° ~ÓÇ tüÈ~Ó˚ ~Ü˛ ~Ü˛Ü˛ = 1 ÓSÈÓ˚ä

~ál 1997 §yˆÏ°Ó˚ åxÌ≈yÍ t = 1997 – 1993 = 4) ≤Ãï˛ƒy!¢ï˛ í˛zÍ˛õyòl •ˆÏÓñ

y4 = 88 + 2 × 4 = 96 •yçyÓ˚ ê˛l–

í˛zòyÓ˚•î 6É !l¡¨!°!áï˛ ã˛y!•òyÓ˚ ï˛Ìƒ ˆÌˆÏÜ˛ í˛z˛õÎ%_´ !mâyï˛ ≤ÃÓîï˛y §Ù#Ü˛Ó˚î !lî≈Î˚ Ü˛Ó˚&l–

ÓSÈÓ˚ ≠ 1990 1991 1992 1993 1994 1995 1996 1997 1998

ã˛y!•òy ≠ 84 82 76 72 69 68 70 72 73

å•yçyˆÏÓ˚ä
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§Ùyôyl ≠ ≤Ãò_ ï˛ˆÏÌƒÓ˚ í˛z˛õˆÏÎyà# !mâyï˛ ≤ÃÓîï˛yÓ˚ §Ù#Ü˛Ó˚î •°

yt = a + bt + ct2

~ál a, b ~ÓÇ cüÈ~Ó˚ Ùyl !lî≈Î˚Ü˛yÓ˚# ˆÙÔ° §Ù#Ü˛Ó˚î !ï˛l!ê˛ •°

 yt = na + b t + c t2......... (1)

 tyt = a t + b t2 + c t3 ........ (2)

 t2yt = a t2 + b t3 + c t4......... (3)

!mâyï˛ ≤ÃÓîï˛y §Ù#Ü˛Ó˚î !lî≈ˆÏÎ˚Ó˚ àîly Ü˛yÎ≈ ≠

ÓSÈÓ˚ (x) t = x – 1994 ã˛y!•òy (yt) t2 t3 t4 tyt t2yt

å•yçy Ï̂Ó˚ä

1990 –4 84 16 –64 256 –336 1344
1991 –3 82 9 –27 81 –246 748
1992 –2 76 4 –8 16 –152 304
1993 –1 72 1 –1 1 –72 72
1994 0 69 0 0 0 0 0
1995 1 68 1 1 1 68 68
1996 2 70 4 8 16 140 280
1997 3 72 9 27 81 216 648

1998 4 73 16 64 256 292 1168

ˆÙyê˛ 0 666 60 0 708 –90 4622

(1), (2) G (3) lÇ ˆÌˆÏÜ˛ ˛õy•zñ

666 = 9a + 0.b + 60c

–90 = 0.a + 60b + 0.c

4622 = 60a + 0.b + 708.c

í˛z˛õˆÏÓ˚Ó˚ §Ù#Ü˛Ó˚î=!° §Ùyôyl Ü˛ˆÏÓ˚ ˛õy•zñ

a = 70.06, b = –1.50 ~ÓÇ c = 0.59

§%ï˛Ó˚yÇñ !mâyï˛ ≤ÃÓîï˛y §Ù#Ü˛Ó˚î!ê˛ •°ñ

yt = 70.06 – 1.50t + 0.50t2

åˆÎáyˆÏl Ù%°!Óv 1994 §y° ~ÓÇ tüÈ~Ó˚ ~Ü˛ ~Ü˛Ü˛ = 1 ÓSÈÓ˚ä
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í˛zòy•Ó˚î 7É ≤Ãò_ ï˛Ìƒ ˆÌˆÏÜ˛ yt = abt ôÓ˚ˆÏlÓ˚ ~Ü˛!ê˛ ≤ÃÓîï˛y §Ù#Ü˛Ó˚î !lî≈Î˚ Ü˛Ó˚ ≠

ÓSÈÓ˚ (x) ≠ 1994 1995 1996 1997 1998

ã˛y!•òy (y) ≠ 16 45 13.8 40.2 125.0

å•yçyÓ˚ ê˛yÜ˛yÎ˚ä

§Ùyôyl ≠ ~ál a G b !lî≈Î˚Ü˛yÓ˚# §Ù#Ü˛Ó˚î ò%!ê˛ •°ñ

 logyt = nA + B t........ (1)

 t logyt = A t + B t2....... (2)

ˆÎáyˆÏl A = log a ~ÓÇ B = log b

àîly Ü˛yÎ≈ ≠

ÓSÈÓ˚ (x) t = x –1993 !Óe´Î˚ (yt) log10yt t2 tlog10yt

1994 1 16 0·2041 1 0·2041
1995 2 45 0·6532 4 1·3064
1996 3 13·8 1·1399 9 3·41197
1997 4 40·2 1·6042 16 6·4168

1998 5 125·0 2·0969 25 10·4845

ˆÙyê˛ 15 – 5·69834 55 21·8315

~ál (1) G (2) ˆÌˆÏÜ˛ ˛õy•zñ

5·6983 = 5A + 15B

21·8315 = 15A + 55B

§Ù#Ü˛Ó˚î ò%!ê˛ §Ùyôyl Ü˛ˆÏÓ˚ ˛õy•zñ

A = –0·2814

~ÓÇ B = 0·4737

§%ï˛Ó˚yÇñ a = antilogA = antilog (–0·2814) = 0·5231

~ÓÇ b = antilog B = antilog (0·4737) = 2·977

!lˆÏî≈Î˚ §)ã˛Ü˛ ≤ÃÓîï˛yÓ˚ §Ù#Ü˛Ó˚î!ê˛ •°ñ

yt = (0·5231) (2·977)t

åˆÎáyˆÏl Ù)°!Ó®% 1993 §y° ~ÓÇ t-~Ó˚ ~Ü˛Ü˛ = 1 ÓSÈÓ˚ä
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8.5 }ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚î ˛õk˛!ï˛§Ù)•

≤Ãôylï˛ }ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚ˆÏîÓ˚ çlƒ !l¡¨!°!áï˛ ã˛yÓ˚!ê˛ ˛õk˛!ï˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚ ≠

åÜ˛ä §yôyÓ˚î àí˛¸ ˛õk˛!ï˛ (Method of Simple Average)

åáä ã˛°Ùyl àí˛¸ÈüÈxl%˛õyï˛ ˛õk˛!ï˛ (Ratio of moving Averages Method)

åàä ≤ÃÓîï˛y xl%˛õyï˛ ˛õk˛!ï˛ (Ratio to Trend Method)

åâä ˛õÓ˚flõÓ˚#î xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛ (Link Relative Method)

åÜ˛ä §yôyÓ˚î àí˛¸ ˛õk˛!ï˛ ≠ ~•z ˛õk˛!ï˛ Ü˛y°#l §y!Ó˚ˆÏï˛ ˆÜ˛ylG ≤ÃÓîï˛y Óy ã˛e´#° ˆË˛ò !ÓòƒÙyl ly ÌyÜ˛ˆÏ°

ï˛ˆÏÓ ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚– !Ó!Ë˛ß¨ ÓSÈˆÏÓ˚Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ ≤Ã!ï˛ÙyˆÏ§Ó˚ Óy ≤Ã!ï˛ ˜eÙy!§ˆÏÜ˛Ó˚ àí˛¸ !lî≈Î˚ Ü˛Ó˚y •Î˚ G ~•z

àí˛¸=!° ˆÌˆÏÜ˛ ~Ü˛!ê˛ §yôyÓ˚î àí˛¸ !•§yÓ Ü˛Ó˚y •Î˚– ≤Ã!ï˛!ê˛ ≤ÃyÌ!ÙÜ˛ àí˛¸ §yôyÓ˚î àˆÏí˛¸Ó˚ Ü˛ï˛ ¢ï˛yÇ¢ å=î§)ã˛Ü˛

Ü˛yë˛yˆÏÙyÓ˚ Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏeä Óy §yôyÓ˚î àí˛¸ ˆÌˆÏÜ˛ Ü˛ï˛áy!l !Óã%˛ƒï˛ åˆÎÔ!àÜ˛ Ü˛yë˛yˆÏÙyÓ˚ Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏeä

ï˛yÓ˚ ˛õ!Ó˚Ùy˛õ Ü˛Ó˚ˆÏ° }ï%˛ç §)ã˛Ü˛ §Çáƒy Óy Seasonal Index å=î§)ã˛Ü˛ Ü˛yë˛yˆÏÙyˆÏï˛ä ~ÓÇ }ï%˛ç ≤ÃˆÏË˛ò§)ã˛Ü˛

Ùyl Óy Seasonal Value åˆÎÔ!àÜ˛ Ü˛yë˛yˆÏÙyˆÏï˛ä ˛õyGÎ˚y ÎyˆÏÓ– At Î!ò ˆÜ˛yl ÙyˆÏ§Ó˚ àí˛¸ •Î˚ G G §yôyÓ˚î àí˛¸

•Î˚ñ tA
G

× 100 ˙ ÙyˆÏ§Ó˚ }ï%˛ç §Çáƒy ~ÓÇ At – G ˙ ÙyˆÏ§Ó˚ }ï%˛ç ≤ÃˆÏË˛ò§)ã˛Ü˛ Ùyl–

í˛zòy•Ó˚î 8É !l¡¨!°!áï˛ Ü˛y°#l §y!Ó˚ ï˛ˆÏÌƒÓ˚ ˆ«˛ˆÏe §yôyÓ˚î àí˛¸ ˛õk˛!ï˛ˆÏï˛ }ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚î Ü˛Ó˚&l ≠

ÓSÈÓ˚ ˜eÙy!§Ü˛ í˛zÍ˛õyòl

I II III IV
1995 39 21 52 81
1996 45 23 63 76
1997 44 26 69 75

1998 53 23 64 84

§Ùyôyl ≠ ≤Ãò_ Ü˛y°#l §y!Ó˚Ó˚ ï˛Ìƒ fl∫“ˆÏÙÎ˚yò# ~ÓÇ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ xhs˝à≈ï˛ Ùyl=!°Ó˚ ÙˆÏôƒ ≤ÃÓîï˛y x!ï˛ÙyeyÎ˚

xl%˛õ!fliï˛– §%ï˛Ó˚yÇñ §)ã˛Ü˛ !lî≈ˆÏÎ˚ §yôyÓ˚î àí˛¸ ˛õk˛!ï˛•z í˛z˛õÎ%_´– =!îï˛Ü˛ Ü˛yë˛yˆÏÙy ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˛õy•zñ

ÓSÈÓ˚ ˜eÙy!§Ü˛ í˛zÍ˛õyòl §Ù!‹T

≤ÃÌÙ ã˛ï%˛Ì≈yÇ¢    !mï˛#Î˚ ã˛ï%˛Ì≈yÇ¢ ï,˛ï˛#Î˚ ã˛ï%˛Ìy≈Ç¢ ã˛ï%˛Ì≈ ã˛ï%˛Ì≈yÇ¢

1995 39 21 52 81 –
1996 45 23 63 76 –
1997 44 26 69 75 –
1998 53 23 64 84 –
ˆÙyê˛ 181 93 248 316 –
àí˛¸ §Ù)• 45·25 23·25 62·00 79·00 209·50

}ï%˛ç §)ã˛Ü˛ 86·4 44·4 118·4 150·8 400·00
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~áyˆÏl §yôyÓ˚î àí˛¸ G = 209·5/4 §%ï˛Ó˚yÇñ

≤ÃÌÙ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ }ï%˛ç §)ã˛Ü˛ = 
·
·

45 25
209 50

× 400 = 86·4– ~Ü˛•zË˛yˆÏÓ xlƒylƒ ã˛ï%˛Ì≈yÇ¢=!°Ó˚ }ï%˛ç §)ã˛Ü˛

àîly Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ–

åáä ã˛°Ùyl àí˛¸ÈüÈxl%˛õyï˛ ˛õk˛!ï˛ ≠ ~•z ˛õk˛!ï˛ myÓ˚y }ï%˛ç §)ã˛ˆÏÜ˛Ó˚ §ÓˆÏã˛ˆÏÎ˚ !lË≈˛Ó˚¢#° ˛õ!Ó˚Ùy˛õ Ü˛Ó˚y ÎyÎ˚–

≤ÃÌÙï˛ ã˛°Ùyl àí˛¸ ˛õk˛!ï˛Ó˚ §y•yˆÏÎƒ Ü˛y°#l §y!Ó˚Ó˚ Ù)° ï˛ˆÏÌƒÓ˚ ≤ÃÓîï˛y !lî≈Î˚ Ü˛Ó˚y •Î˚– =!îï˛Ü˛ Ü˛yë˛yˆÏÙyÓ˚ Ü˛y°#l

§y!Ó˚Ó˚ ˆ«˛ˆÏe ≤ÃÓîï˛y ÙyˆÏlÓ˚ ¢ï˛Ü˛Ó˚yÎ˚ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ ï˛Ìƒ§Ù)•ˆÏÜ˛ ≤ÃÓîï˛y Ù%_´ Ü˛Ó˚y •Î˚– ï˛yÓ˚˛õÓ˚ ã˛°Ùyl àí˛¸§Ù)ˆÏ•Ó˚

xl%˛õyï˛§Ù)•ˆÏÜ˛ §yôyÓ˚î àí˛¸ ˛õk˛!ï˛ˆÏï˛ }ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚î Ü˛Ó˚y •Î˚– !Ü˛v ˆÎÔ!àÜ˛ Ü˛yë˛yˆÏÙyÓ˚ Ü˛y°#l §y!Ó˚Ó˚ ˆ«˛ˆÏe

!lî#≈ï˛ ≤ÃÓîï˛yÙyl=!° Ù)°ï˛Ìƒ ˆÌˆÏÜ˛ !ÓˆÏÎ˚yà Ü˛ˆÏÓ˚ ï˛ÌƒˆÏÜ˛ ≤ÃÓîï˛yÙ%_´ Ü˛Ó˚y •Î˚– ˛õˆÏÓ˚ §yôyÓ˚î àí˛¸ ˛õk˛!ï˛ˆÏï˛

}ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚î Ü˛Ó˚y •Î˚–

í˛zòy•Ó˚î 9É !l¡¨!°!áï˛ Ü˛y°#l §y!Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ ã˛°Ùyl àí˛¸ xl%˛õyï˛ ˛õk˛!ï˛ˆÏï˛ }ï%˛ç §)ã˛Ü˛ !lî≈Î˚ Ü˛Ó˚&l ≠

˜eÙy!§Ü˛ ë˛y[˛y ˛õyl#ˆÏÎ˚Ó˚ (y) ÓƒÓ•yÓ˚ (100 ˆÓyï˛ˆÏ°ä

ÓSÈÓ˚ I II III IV

1994 68 61 61 63

1995 65 58 66 61

1996 68 63 63 67

§Ùyôyl ≠ ≤Ãò_ Ü˛y°#l §y!Ó˚ˆÏÜ˛ =!îï˛Ü˛ Ü˛yë˛yˆÏÙyÓ˚ xyÜ˛yˆÏÓ˚ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ ≤ÃÌÙï˛ ã˛°Ùyl àí˛¸ÈüÈxl%˛õyï˛ !lî≈Î˚

Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ–

ã˛°Ùyl àí˛¸ÈüÈxl%˛õyï˛ !lî≈Î˚ Ü˛yÎ≈ ≠

ÓSÈÓ˚ ã˛ï%˛Ì≈yÇ¢ ˛õyl#ˆÏÎ˚Ó˚ ÓƒÓ•yÓ˚(y) ã˛yÓ˚!ê˛ ÙyˆÏlÓ˚ ã˛°Ùyl ã˛°Ùyl àí˛¸ xl%˛õyï˛

àí˛¸ (T)
V %
T

  
 

100

1994 ≤ÃÌÙ 68 – –

!mï˛#Î˚ 61 – –

ï,˛ï˛#Î˚ 61 62·875 97·02

ã˛ï%˛Ì≈ 63 62·125 101·41

1995 ≤ÃÌÙ 65 62·375 104·21

!mï˛#Î˚ 58 62·750 92·43

ï,˛ï˛#Î˚ 66 62·875 104·97

ã˛ï%˛Ì≈ 61 63·875 95·50

1996 ≤ÃÌÙ 68 64·125 106·04

!mï˛#Î˚ 63 64·509 97·67

ï,˛ï˛#Î˚ 63 – –

ã˛ï%˛Ì≈ 67 – –
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}ï%˛ç §)ã˛ˆÏÜ˛Ó˚ àîlyÜ˛yÎ≈ ≠

ÓSÈÓ˚             ˜eÙy!§Ü˛ ã˛°Ùyl àí˛¸ÈüÈxl%˛õyï˛ å¢ï˛Ü˛Ó˚yÎ˚ä §Ù!‹T

≤ÃÌÙ !mï˛#Î˚ ï,˛ï˛#Î˚ ã˛ï%˛Ì≈

1994 – – 97·02 101·41
1995 104·21 92·43 104·97 95·50

1996 106·04 97·67 – –

§Ù!‹T 210·25 190·10 201·99 196·91 –

àí˛¸ 105·125 95·05 100·995 98·455 399·625

}ï%˛ç §)ã˛Ü˛ 105·22 95·14 101·09 98·55 400

≤ÃÌÙ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ }ï%˛ç §)ã˛Ü˛ =
·
·

105125
399 625

× 400 = 105·22

xl%Ó˚*˛õË˛yˆÏÓñ xlƒ=!° !lî≈Î˚ Ü˛Ó˚y •ˆÏÎ˚ˆÏSÈ–

åàä ≤ÃÓîï˛yÈüÈxl%˛õyï˛ ˛õk˛!ï˛ ≠ ~•z ˛õk˛!ï˛ˆÏï˛ Ü˛y°#l §y!Ó˚Ó˚ ï˛ˆÏÌƒÓ˚ ÙˆÏôƒ ày!î!ï˛Ü˛ §¡õÜ≈˛ xyˆÏSÈ ~•z xl%Ùyl

Ü˛ˆÏÓ˚ °!â¤˛ Óà≈ l#!ï˛ˆÏï˛ ≤ÃÓîï˛yÓ˚ Ùyl !lî≈Î˚ Ü˛Ó˚y •Î˚– xï˛/˛õÓ˚ ã˛°Ùyl àí˛¸ xl%˛õyï˛ ˛õk˛!ï˛ ÙˆÏï˛y Ü˛y°#l §y!Ó˚Ó˚

ï˛Ìƒ§Ù)• xl%Ó˚*˛õ ≤ÃÓîï˛y ÙyˆÏlÓ˚ ¢ï˛Ü˛Ó˚yÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ~•z ¢ï˛Ü˛Ó˚y Ùyl=!°Ó˚ í˛z˛õÓ˚ §yôyÓ˚î àí˛¸ ˛õk˛!ï˛

≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ }ï%˛ç §)ã˛Ü˛=!° ˛õyGÎ˚y ÎyÎ˚–

í˛zòyÓ˚•î 10É 1996 §y° ˆÌˆÏÜ˛ 1998 §y° ˛õÎ≈hs˝ Ü˛°Ü˛yï˛yÎ˚ ÎylÓy•ˆÏlÓ˚ ˜eÙy!§Ü˛ ò%â≈ê˛ly§Ù)• ˆòGÎ˚y xyˆÏSÈ–

§Ó˚°˜ÏÓ˚!áÜ˛ ≤ÃÓîï˛y ôˆÏÓ˚ ≤ÃÓîï˛yÈüÈxl%˛õyï˛ ˛õk˛!ï˛ ≤ÃˆÏÎ˚yˆÏà }ï%˛ç §)ã˛Ü˛ !lî≈Î˚ Ü˛Ó˚&l–

˜eÙy!§Ü˛ ò%â≈ê˛ly

ÓSÈÓ˚ I II III IV

1996 165 135 140 180
1997 152 121 127 163

1998 140 100 105 158

§Ùyôyl ≠ ≤ÃÌÙï˛ í˛z˛õˆÏÓ˚y_´ ï˛ˆÏÌƒÓ˚ í˛z˛õˆÏÎyà# §Ó˚°˜ÏÓ˚!áÜ˛ ≤ÃÓîï˛yÓ˚ §Ù#Ü˛Ó˚î

yt = a + bt

§%ï˛Ó˚yÇñ °!â¤˛ Óà≈ l#!ï˛Ó˚ a G b !lî≈Î˚Ü˛yÓ˚# ˆÙÔ° §Ù#Ü˛Ó˚îmÎ˚

 yt = na + b t

~ÓÇ  tyt = a t + b t2

§Ùyôyl Ü˛ˆÏÓ˚ yt ˛õyGÎ˚y ÎyÎ˚–
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≤ÃÓîï˛yÈüÈxl%˛õyï˛ !lî≈ˆÏÎ˚Ó˚ àîly Ü˛yÎ≈ ≠

ÓSÈÓ˚ ã˛ï%̨ Ìy≈Ç¢ Ü˛y°#l§y!Ó˚(yt) t t2 tyt Tt = 140·5 – 1·38t
t

t

Y
T

100

1996 ≤ÃÌÙ 165 –11 121 –1815 155.7 106

!mï˛#Î˚ 135 –9 81 –1215 152.9 88

ï,˛ï˛#Î˚ 140 –7 49 –980 150·2 93

ã˛ï%˛Ì≈ 180 –5 25 –900 147·4 122

1997 ≤ÃÌÙ 152 –3 9 –456 144·6 105

!mï˛#Î˚ 121 –1 1 –121 141·9 85

ï,˛ï˛#Î˚ 127 1 1 127 139·1 91

ã˛ï%˛Ì≈ 163 3 9 489 136·4 120

1998 ≤ÃÌÙ 140 5 25 700 133·6 105

!mï˛#Î˚ 100 7 49 700 130·8 76

ï,˛ï˛#Î˚ 105 9 81 945 128·1 82

ã˛ï%˛Ì≈ 158 11 121 1738 125·3 126

ˆÙyê˛ ÈüüüÈ 1686 0 572 –788 – –

ˆÙÔ° §Ù#Ü˛Ó˚î ò%!ê˛ §Ùyôyl Ü˛ˆÏÓ˚ ˛õy•zñ

u = 
1686

12
 = 140·5, b = – 

788
572

 = –1·38

§%ï˛Ó˚yÇñ ≤ÃÓîï˛y §Ù#Ü˛Ó˚î •° Tt = 140·5 – 1·38t

åˆÎáyˆÏl 1997 §yˆÏ°Ó˚ !mï˛#Î˚ G ï,˛ï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ Ùôƒ!Ó®% •° Ù)°!Ó®% ~ÓÇ ~Ü˛ ~Ü˛Ü˛ = xô≈ ã˛ï%˛Ì≈yÇ¢ä

}ï%˛ç §)ã˛ˆÏÜ˛Ó˚ àîly Ü˛yÎ≈ ≠

ÓSÈÓ˚ ˜eÙy!§Ü˛ ã˛°Ùyl àí˛¸ÈüÈxl%˛õyï˛ å¢ï˛Ü˛Ó˚yÎ˚ä §Ù!‹T

≤ÃÌÙ !mï˛#Î˚ ï,˛ï˛#Î˚ ã˛ï%˛Ì≈

1996 106 88 93 122
1997 105 85 91 120

1998 105 76 82 126

ˆÙyê˛ 316 249 266 368 –

àí˛¸ 105 83 89 123 400

}ï%˛ç §)ã˛Ü˛ 105 83 89 123 400
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åâä ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛ ≠ ~•z ˛õk˛!ï˛ˆÏï˛ ≤Ã!ï˛ÙyˆÏ§Ó˚ åÓy ˜eÙy!§Ü˛ä Ùyl ˛õ)Ó≈Óï≈˛#ÙyˆÏ§Ó˚ åÓy

˜eÙy!§Ü˛ä ÙyˆÏlÓ˚ ¢ï˛Ü˛Ó˚y xl%˛õyï˛ !•§yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y •Î˚– ~•z xl%˛õyï˛=!°ˆÏÜ˛•z ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛ (Lind

relative) Ó°y •Î˚– ˛õˆÏÓ˚ !Ó!Ë˛ß¨ ÓSÈˆÏÓ˚Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ ≤Ã!ï˛ÙyˆÏ§Ó˚ åÓy ˜eÙy!§Ü˛ä çˆÏlƒ ˛õÓ˚flõÓ˚#Î˚ xˆÏ˛õ«˛Ü˛=!°Ó˚

àí˛¸ !lî≈Î˚ Ü˛Ó˚y •Î˚– ~Ó˚˛õÓ˚ ≤Ã!ï˛ §ÙÎ˚hflÏˆÏÓ˚Ó˚ ~Ü˛ˆÏÜ˛Ó˚ çlƒ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ (Chain relative) !•§yˆÏÓ Ü˛Ó˚y

•Î˚– ~!ê˛ ˛õyGÎ˚y ÎyÎ˚ ˆÜ˛yl §ÙÎ˚hflÏˆÏÓ˚Ó˚ ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛ G ï˛yÓ˚ ˛õ)Ó≈Óï˛#≈ §ÙÎ˚hflÏˆÏÓ˚Ó˚ ¢,C!°ï˛ xyˆÏ˛õ!«˛ˆÏÜ˛Ó˚

=îÊ˛° Ï̂Ü˛ 100 !òˆÏÎ˚ Ë˛yà Ü˛ˆÏÓ˚– !Ü˛v ≤ÃÌÙ Ùy§ Óy ˜eÙy!§ˆÏÜ˛Ó˚ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ˆÏÜ˛ 100 ôÓ˚y •Î˚ Ü˛yÓ˚îñ

˛≤ÃÌÙ §ÙÎ˚hflÏˆÏÓ˚Ó˚ ˛õ)ˆÏÓ≈Ó˚ ~Ü˛ˆÏÜ˛Ó˚ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ çyly §Ω˛Ó lÎ˚– ~çlƒ ˆ¢£Ï §ÙÎ˚hflÏˆÏÓ˚Ó˚ ˛õˆÏÓ˚G xyÓ˚ ~Ü˛!ê˛

Ü˛!“ï˛ §ÙÎ˚hflÏˆÏÓ˚Ó˚ çlƒ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ !•§yÓ Ü˛Ó˚y •Î˚– ˆÎˆÏ•ï%˛ ≤Ã!ï˛ ÓSÈˆÏÓ˚•z ~Ü˛•z ôÓ˚ˆÏlÓ˚ }ï%˛ç ˆË˛ˆÏòÓ˚

ˆòáy ̨ õyGÎ˚yÓ˚ Ü˛Ìyñ ̂ §çlƒ xyÙÓ˚y ÙˆÏl Ü˛Ó˚ˆÏï˛ ̨ õy!Ó˚ ̂ Îñ ~•z ¢,C!°ï˛ xyˆÏ˛õ!«˛ˆÏÜ˛Ó˚ Ùyl ≤ÃÌÙ §ÙÎ˚hflÏˆÏÓ˚Ó˚ ¢,C!°ï˛

xyˆÏ˛õ!«˛Ü˛ ÙyˆÏlÓ˚ §Ùyl •ˆÏÓ– !Ü˛v §yôyÓ˚îï˛ ï˛y ly •GÎ˚yÎ˚ ò%ˆÏÎ˚Ó˚ ÙˆÏôƒ ˛õyÌ≈Ü˛ƒ ≤ÃÓîï˛yÓ˚ çlƒ •ˆÏÎ˚ˆÏSÈ ÓˆÏ° ÙˆÏl

Ü˛Ó˚y •Î˚– ≤Ã!ï˛ §ÙÎ˚hflÏˆÏÓ˚ ~•z ≤ÃÓîï˛yÓ˚ xÇ¢ !lî≈Î˚ Ü˛ˆÏÓ˚ Óyò ˆòGÎ˚yÓ˚ çlƒ ˆÙyê˛ ˛õyÌ≈Ü˛ƒˆÏÜ˛ ~Ü˛ ÓSÈˆÏÓ˚Ó˚ §ÙÎ˚hflÏˆÏÓ˚Ó˚

§Çáƒy !òˆÏÎ˚ Ë˛yà Ü˛ˆÏÓ˚ ~Ü˛!ê˛ §ÇˆÏ¢yôl xÇÜ˛ (adjustment factor) !lî≈Î˚ Ü˛Ó˚y •Î˚– ≤ÃÌÙ ¢,C!°ï˛ xˆÏ˛õ«˛Ü˛!ê˛Ó˚

ˆÜ˛ylG Ó˚Ü˛Ù ˛õ!Ó˚Óï≈˛l Ü˛Ó˚y •Î˚ lyñ !Ü˛v ˛õÓ˚Óï˛#≈ ¢,C!°ï˛ xˆÏ˛õ«˛Ü˛=!° ˆÌˆÏÜ˛ ˙ xÇˆÏÜ˛Ó˚ ÎÌye´ˆÏÙ 1 =îñ 2

=îñ ÉÉÉÉÉ•zï˛ƒy!ò Óyò !òˆÏÎ˚ ≤Ã!ï˛ §ÙÎ˚hflÏˆÏÓ˚Ó˚ ¢,C!°ï˛ xˆÏ˛õ«˛Ü˛=!°ˆÏÜ˛ ≤ÃÓîï˛yÓ˚ xÇ¢ ˆÌˆÏÜ˛ Ù%_´ Ü˛ˆÏÓ˚ !Ü˛S%Èê˛y

˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛Ó˚y •Î˚– ~ÓyÓ˚ §Ó Ùy§=!°Ó˚ åÓy ˜eÙy!§Ü˛=!°Ó˚ä §ÇˆÏ¢y!ôï˛ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛=!°Ó˚ (adjusted

chain relatives) ˆÎyàÊ˛° ÎyˆÏï˛ 1200 •Î˚ åÓy 400 •Î˚äñ ~•zË˛yˆÏÓ ˛õ!Ó˚Ó!ï≈˛ï˛ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛=!°ˆÏÜ˛

˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛Ó˚ˆÏ° }ï%˛ç §)ã˛Ü˛ §Çáƒy ˛õyGÎ˚y ÎyÎ˚–

í˛zòy•Ó˚î 11É ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛ˆÏï˛ !lˆÏ¡¨y_´ ï˛ˆÏÌƒÓ˚ }ï%˛ç §)ã˛Ü˛ §Çáƒy !lî≈Î˚ Ü˛Ó˚&l–

˜eÙy!§Ü˛ ã˛y!•òy å•yçyˆÏÓ˚ä

ÓSÈÓ˚ I II III IV

1995 78 62 56 69

1996 84 64 61 84

1997 92 70 65 86

1998 98 81 72 95

§Ùyôyl ≠ }ï%˛ç §)ã˛Ü˛ !lô≈yÓ˚î !l¡¨!°!áï˛ ôy˛õ=!°Ó˚ Ùôƒ !òˆÏÎ˚ Ü˛Ó˚y •Î˚–

åÜ˛ä 1995 §yˆÏ°Ó˚ !mˆÏï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛

= 
62
78

× 100 = 79·58

1995 §yˆÏ°Ó˚ ï,˛ï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛

= 
56
62

 × 100 = 90·32

xl%Ó˚*ˆÏ˛õ xlƒylƒ=!°G àîly Ü˛Ó˚y ÎyÎ˚
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}ï%˛ç §)ã˛Ü˛ !lî≈ˆÏÎ˚Ó˚ àîly Ü˛yÎ≈ ≠

ÓSÈÓ˚ ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛ §Ù)• §Ù!‹T

I II III IV

1995 – 79·58 90·32 121·21
1996 121·74 76·09 95·31 137·71
1997 109·52 76·9 92·86 132·31

1998 113·95 82·65 88·89 137·95

˛õÓ˚flõÓ˚#l

xyˆÏ˛õ!«˛Ü˛

àí˛¸ 115·07 78·63 91·85 131·50

¢,C!°ï˛

xyˆÏ˛õ!«˛Ü˛ 100 78·63 72·22 94·97

§ÇˆÏ¢y!ôï˛

¢,C!°ï˛

xyˆÏ˛õ!«˛Ü˛ 100 76·31 67·58 86·01 329·9

}ï%˛ç §)ã˛Ü˛

§Çáƒy 121·3 92·5 81·9 104·3 400

åáä ≤ÃÌÙ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 100

!mï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ ¢,B˛!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 
·100 78 63

100
= 78·63

ï,˛ï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 
· ·78 63 9185

100
 = 72·22

ã˛ï%˛Ì≈ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 
· ·72 22 13150

100
 = 94·97

≤ÃÌÙ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ !mï˛#Î˚ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 
· ·94 97 115 07

100
 = 109·28

§ÇˆÏ¢yôl xÇÜ˛ (adjustment factor) = 
· 109 28 100

4
 = 2·32

åàä ≤ÃÌÙ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ §ÇˆÏ¢y!ôï˛ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 100

!mï˛#Î ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ §ÇˆÏ¢y!ôï˛ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 78·63 – 2·32 = 76·31



160 NSOU ●  GE - EC - 31

ï,˛ï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ §ÇˆÏ¢y!ôï˛ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 72·22 – 2 × 2·32 = 67·58

ã˛ï%˛Ì≈ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ §ÇˆÏ¢y!ôï˛ ¢,C!°ï˛ xyˆÏ˛õ!«˛Ü˛ = 94·97 – 3 × 2·32 = 86·0

åâä ≤ÃÌÙ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ }ï%˛ç §)ã˛Ü˛ = 
·

400
329 9

 × 100 = 121·3

!mï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ }ï%˛ç §)ã˛Ü˛ = 
·

400
329 9

× 76·31 = 92·5

ï,˛ï˛#Î˚ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ }ï%˛ç §)ã˛Ü˛ = 
·

400
329 9

× 67·58 = 81·9

ã˛ï%˛Ì≈ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ }ï%˛ç §)ã˛Ü˛ = 
·

400
329 9

×86·01 = 104·3

8.5.1 }ï%˛ç ˆË˛ò ò)Ó˚#Ü˛Ó˚î (Deseasonalisation)

}ï%˛ç ˆË˛ò ò)Ó˚#Ü˛Ó˚î Ó°ˆÏï˛ ˆÓyV˛yÎ˚ Ü˛y°#l §y!Ó˚Ó˚ ï˛ÌƒˆÏÜ˛ }ï%˛ç ˆË˛ò Ù%_´ Ü˛Ó˚y– ˆÎÔ!àÜ˛ Ü˛yë˛yˆÏÙyÓ˚ çlƒ

}ï%˛ç ˆË˛ò Ù%_´ ï˛Ìƒ •ˆÏÓ

Yt – St = Tt + Ct + It

xyÓyÓ˚ =!îï˛Ü˛ Ü˛yë˛yˆÏÙyÓ˚ ˆ«˛ˆÏe }ï%˛ç ˆË˛ò Ù%_´ ï˛Ìƒ •ˆÏÓ

t

t

Y
S = Tt × Ct × It

È}ï%˛ç ˆË˛ò Ù%_´ ï˛Ìƒ ã˛e´#° ˆË˛ò G x!lÎ˚!Ùï˛ ˆË˛ò ˛õ!Ó˚ÙyˆÏ˛õÓ˚ §y•yÎƒ Ü˛ˆÏÓ˚–

í˛zòy•Ó˚î 12É !l¡¨!°!áï˛ !Óe´ˆÏÎ˚Ó˚ ï˛ÌƒˆÏÜ˛ }ï%˛ç ≤ÃË˛yÓÙ%_´ Ü˛Ó˚ ~ÓÇ Ê˛ˆÏ°Ó˚ ï˛yÍ˛õÎ≈ Óƒyáƒy Ü˛Ó˚&l–

ã˛ï%˛Ì≈yÇ¢ !Óe´Î˚ å•yçyÓ˚ ê˛yÜ˛yÎ˚ä }ï%˛ç §)ã˛Ü˛

≤ÃÌÙ 23.7 78

!mï˛#Î˚ 25.2 124

ï,˛ï˛#Î˚ 21.4 50

ã˛ï%˛Ì≈ 65.4 48

§Ùyôyl ≠ !Ó!Ë˛ß¨ ã˛ï%˛Ì≈yÇˆÏ¢Ó˚ !Óe´Î˚Ùyl=!° }ï%˛ç ≤ÃË˛yÓÙ%_´ Ü˛Ó˚ˆÏï˛ =!îï˛Ü˛ Ü˛yë˛yˆÏÙy ≤ÃˆÏÎ˚yà Ü˛Ó˚y •°–

~áy Ï̂l }ï%˛ç §)ã˛Ü˛ = }ï%˛ç ˆË˛ò × 100

}ï%˛ç ˆË˛òÙ%_´ Ü˛y°#l §y!Ó˚Ó˚ àîly Ü˛yÎ≈ ≠
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ã˛ï%˛Ì≈yÇ¢ !Óe´Î˚ (y) }ï%˛ç ˆË˛ò (S) }ï%˛ç ˆË˛òÙ%_´ !Óe´Î˚

å•yçyÓ˚ ê˛yÜ˛yÎ˚ä
 
 
 

Y
S

≤ÃÌÙ 23.7 0.78 30.4

!mï˛#Î˚ 25.2 1.24 20.3

ï,˛ï˛#Î˚ 21.4 0.50 42.8

ã˛ï%˛Ì≈ 65.4 0.48 44.2

ˆÙyê˛ — 4.00 —

ˆ¢£Ï hflÏˆÏΩ˛ }ï%˛ç ≤ÃË˛yÓÙ%_´ ï˛ˆÏÌƒÓ˚ myÓ˚y ÓSÈˆÏÓ˚Ó˚ !Ó!Ë˛ß¨ ã˛ï%˛Ì≈yÇˆÏ¢ !Ó!e´Ó˚ ˛õ!Ó˚Ùyî ≤ÃÜ˛y!¢ï˛ •ˆÏÎ˚ˆÏSÈ ˆÎáyˆÏl

!Ó!e´ï˛ ï˛Ìƒ }ï%˛çˆÏË˛ò !lÓ˚ˆÏ˛õ«˛–

8.6 Ü˛y°#l §y!Ó˚ ï˛ˆÏÌƒÓ˚ !Ë˛!_ˆÏï˛ ÓƒÓ§yÎ˚ ˛õ)Ó≈yË˛y£Ï !lî≈Î˚

!lË%≈˛°Ë˛yˆÏÓ ÓƒÓ§y §Çe´yhs˝ Ü˛Ù≈˛õsiy !lô≈yÓ˚î Ü˛Ó˚yÓ˚ í˛z˛õÓ˚ ÓƒÓ§yÓ˚ §yÊ˛°ƒ xˆÏlÜ˛yÇˆÏ¢ !lË≈˛Ó˚ Ü˛ˆÏÓ˚– ÓƒÓ§yÎ˚

§yÊ˛°ƒ ò#â≈Ü˛y°#l Ë˛yˆÏÓ ôˆÏÓ˚ Ó˚yáyÓ˚ çlƒ ï˛yÓ˚ à!ï˛≤ÃÜ,˛!ï˛ G fl∫Ó˚*˛õ §¡õˆÏÜ≈˛ xyfliy¢#° Ù)°ƒyÎ˚l ≤ÃˆÏÎ˚yçlñ Ü˛yÓ˚î

~Ó˚ í˛z˛õÓ˚ !Ë˛!_ Ü˛ˆÏÓ˚•z Ë˛!Ó£ÏƒˆÏï˛Ó˚ Ü˛Ù≈˛õsiy !fliÓ˚ Ü˛Ó˚y •ˆÏÎ˚ ÌyˆÏÜ˛– xyfliy¢#° Ù)°ƒyÎ˚ˆÏlÓ˚ çlƒ ÓƒÓ§y §Çe´yhs˝ xï˛#ï˛

ï˛Ìƒy!òÓ˚ §•ç°Ë˛ƒï˛y (availibility) á%Ó•z ≤ÃˆÏÎ˚yçl– xl%ÙyˆÏlÓ˚ í˛z˛õÓ˚ !Ë˛!_ ly Ü˛ˆÏÓ˚ §Çà!ë˛ï˛ ˜ÓK˛y!lÜ˛

˛õk˛!ï˛§Ù)ˆÏ•Ó˚ ÙyôƒˆÏÙñ Ë˛!Ó£ÏƒˆÏï˛Ó˚ ÓƒÓ§y!Î˚Ü˛ Ü˛yÎ≈Ü˛°y˛õ §¡∫ˆÏ¶˛ Óï≈˛Ùyl í˛z˛õˆÏÎyà# !§k˛yhs˝ @˝Ã•î Ü˛ˆÏÓ˚ x!lÿ˛Î˚ï˛y

ò)Ó˚#Ü˛Ó˚ˆÏî ˛õ)Ó≈yË˛y£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

ˆÜ˛yˆÏly ÓƒÓ§y!Î˚Ü˛ §Çfliy ˛õÓ˚Óï˛#≈ ÓSÈˆÏÓ˚Ó˚ í˛zÍ§Ó ÙÓ˚§%ˆÏÙ ˛õîƒ !Ó!e´Ó˚ °«˛ƒÙyey !fliÓ˚ Ü˛ˆÏÓ˚ xyàyÙ ˛õ!Ó˚Ü˛“ly

@˝Ã•î Ü˛Ó˚° ~ÓÇ ÜÑ˛yã˛yÙy° §Ç@˝Ã•ñ Ù)°ôˆÏlÓ˚ ÓƒÓfliyñ =òyˆÏÙÓ˚ ÓƒÓfliyñ Ü˛Ù#≈§Çáƒy Ó,!k˛ G xlƒylƒ ≤Ãy§!DÜ˛ Ü˛Ù≈˛õsiy

!fliÓ˚ Ü˛Ó˚°– !Ü˛v ÓƒÓ§yÓ˚ §!ë˛Ü˛ ˛õ)Ó≈yË˛y£Ï ly ÌyÜ˛ˆÏ° ~Ó˚ ≤Ã!ï˛!ê˛ ≤Ã!e´Î˚y•z Óƒ•ï˛ •ˆÏÓ ~ÓÇ §Çfliy!ê˛ !Ó˛õ%° ˛õ!Ó˚Ùyl

xy!Ì≈Ü˛ «˛!ï˛Ó˚ §¡ø%á#l •ˆÏÓ– ÓƒÓ§yÓ˚ ˛õ)Ó≈yË˛y£Ï §¡õ)î≈ xl%Ùyl !Ë˛!_Ü˛G lÎ˚ñ xyÓyÓ˚ Ë˛!Ó£ÏƒˆÏï˛Ó˚ ˛õ)î≈yD !ã˛eG ≤Ãòyl

Ü˛ˆÏÓ˚ lyñ !Ü˛v Ë˛!Ó£ÏƒˆÏï˛Ó˚ x!lÿ˛Î˚ï˛y Ü˛!ÙˆÏÎ˚ xylyÓ˚ !Ó£ÏˆÏÎ˚ ~Ü˛!ê˛ !ÓK˛yl§¡øï˛ ˛õk˛!ï˛ñ Îy Ü˛y°#l §y!Ó˚Ó˚ ï˛ˆÏÌƒÓ˚

í˛z˛õÓ˚ !lË˛≈Ó˚¢#°–

ÓƒÓ§y!Î˚Ü˛ ≤Ã!ï˛¤˛yˆÏlÓ˚ xï˛#ï˛ ï˛ˆÏÌƒÓ˚ í˛z˛õÓ˚ Ü˛y°#l§y!Ó˚ !ÓˆÏŸ’£ÏˆÏlÓ˚ !Ó!Ë˛ß¨ í˛z˛õyÇ¢§Ù)ˆÏ•Ó˚ ˆÎÙlñ ≤ÃÓîï˛yñ

}ï%˛çˆÏË˛ò G ã˛e´e´!ÙÜ˛ ˛õ!Ó˚Óï≈˛ˆÏlÓ˚ ≤ÃË˛yÓ •zï˛ƒy!òÓ˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ myÓ˚y ÓƒÓ§yÎ˚ ˛õ)Ó≈yË˛y£Ï !lÓ˚&˛õl Ü˛Ó˚y ÎyÎ˚– òÓ˚

ã˛y!•òyñ í˛zÍ˛õyòlñ !Óe´Î˚ •zï˛ƒy!ò §¡õ!Ü≈˛ï˛ ï˛ˆÏÌƒÓ˚ ˛õ)Ó≈yË˛yˆÏ£ÏÓ˚ ˆ«˛ˆÏe Ü˛y°#l §y!Ó˚Ó˚ !ÓˆÏŸ’£Ïî á%Ó•z ÎˆÏÌyˆÏ˛õyÎ%_´–

ÓƒÓ§yÓ˚ §yˆÏÌ Î%_´ !Ó!Ë˛ß¨ §)ã˛Ü˛ §Çáƒy§Ù)• ÓƒÓ§yÓ˚ ˛õ)Ó≈yË˛y£Ï ≤ÃòyˆÏlÓ˚ x˛õÓ˚ ~Ü˛!ê˛ í˛z˛õˆÏÎyà# §•yÎ˚Ü˛–
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8.7 xl%¢#°l#

§Ç!«˛Æ í˛z_ˆÏÓ˚Ó˚ ≤ÃŸ¿

å1ä !lˆÏã˛Ó˚ ≤ÃˆÏï˛ƒÜ˛!ê˛ Ü˛y°#l §y!Ó˚Ó˚ ˆÜ˛yl‰ xÇˆÏ¢Ó˚ §ˆÏD §¡õÜ≈˛Î%_´ Ó°%l ≠

åÜ˛ä ˆSÈyê˛ ày!í˛¸Ó˚ ã˛y!•òy ˆÓˆÏí˛¸ ÎyGÎ˚y–

åáä 1999 §yˆÏ°Ó˚ ˆÊ˛Ó &Î˚y!Ó˚ ÙyˆÏ§ Ü˛°Ü˛yï˛yÎ˚ ˛õÑyã˛ !òlÓƒy˛õ# Ó,!‹T˛õyï˛

åàä lˆÏË˛¡∫Ó˚ ˆÌˆÏÜ˛ Ùyã≈˛ Ùy§ ˛õÎ≈hs˝ xy•z§!e´Ù !Ó!e´ˆÏï˛ Ù®yË˛yÓ

åâä í˛zß¨!ï˛Ó˚ ˆ§y˛õyl–

å.ä xˆÏQyÓÓ˚ ÙyˆÏ§ ˆ˛õy¢yÜ˛ÈüÈ˛õ!Ó˚FSÈˆÏòÓ˚ !Ó!e´ ˆÓˆÏí˛¸ ÎyGÎ˚y–

åã˛ä ˆÜ˛ylG Ü˛yÓ˚áylyÎ˚ x!@¿Ü˛y[˛ ç!lï˛ «˛!ï˛–

åSÈä ò)Ó˚ò¢≈l ˆ§ê˛ !Óe´ˆÏÎ˚ §yôyÓ˚î Ó%!k˛–

å2ä ÓyÍ§!Ó˚Ü˛ ï˛ˆÏÌƒÓ˚ ˆ«˛ˆÏe ˆÜ˛yl‰ xÇ¢ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚ ly⁄

å3ä ˜eÙy!§Ü˛ ï˛ˆÏÌƒÓ˚ }ï%˛ç §)ã˛Ü˛ §Çáƒy=!°Ó˚ ÓyÍ§!Ó˚Ü˛ ˆÎyàÊ˛° Ü˛ï˛ •ˆÏÓ⁄

å4ä }ï%˛ç ˆË˛ˆÏòÓ˚ ˛õ!Ó˚ÙyˆÏ˛õÓ˚ çlƒ à!ï˛ôyÓ˚y xl%˛õyï˛ (Ratio-to-trend) ˛õk˛!ï˛!ê˛ Ü˛ál í˛z˛õÎ%_´ •Î˚–

å5ä Ù%_´ •hflÏ ˛õk˛!ï˛Ó˚ ≤Ãôyl e&!ê˛ Ü˛#⁄

å6ä Ùy!§Ü˛ ï˛ˆÏÌƒÓ˚ ˆ«˛ˆÏe ˛õÎ≈yÎ˚Ü˛y° Ü˛ï˛⁄

å7ä ≤ÃÓîï˛y !lÓ˚&˛õˆÏî ã˛°Ùyl àí˛¸ ˛õk˛!ï˛Ó˚ ˆÌˆÏÜ˛ ày!î!ï˛Ü˛ ˆÓ˚áy ˛õk˛!ï˛Ó˚ §%!Óôy Ü˛#⁄

å8ä Ü˛y°#l §y!Ó˚Ó˚ ˆ°áˆÏï˛ Ë)˛ç G ˆÜ˛y!ê˛ Ü˛# Ü˛# !lˆÏò≈¢ Ü˛ˆÏÓ˚⁄

Ó˚ã˛lydÜ˛ ≤ÃŸ¿ ≠

å1ä Ü˛y°#l §y!Ó˚ Ü˛#⁄ ~Ü˛!ê˛ Ü˛y°#l §y!Ó˚Ó˚ xÇ¢=!° Ü˛# Ü˛#⁄

å2ä ˆÜ˛ylG Ü˛y°#l §y!Ó˚Ó˚ !ÓˆÏŸ’£ÏˆÏîÓ˚ í˛zˆÏj¢ƒ=!° Ü˛# Ü˛#⁄

å3ä §ÇˆÏ«˛ˆÏ˛õ Ü˛y°#l §y!Ó˚Ó˚ !Ó!Ë˛ß¨ xÇ¢=!° Óî≈ly Ü˛Ó˚ ~ÓÇ í˛zòy•Ó˚î !òl–

å4ä ≤ÃÓîï˛y ˛õ!Ó˚ÙyˆÏ˛õÓ˚ ˛õk˛!ï˛=!° Óî≈ly Ü˛Ó˚&l–

å5ä }ï%˛ç ˆË˛ò ˛õ!Ó˚ÙyˆÏ˛õÓ˚ ˛õk˛!ï˛=!° Óî≈ly Ü˛Ó˚&l–

å6ä xô≈ÈüÈàí˛¸ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛y !lî≈Î˚ Ü˛Ó˚&l–

ÓSÈÓ˚ ≠ 1990 1991 1992 1993 1994 1995 1996 1997 1998

Óy!£Ï≈Ü˛ í˛zÍ˛õyòl ≠ 179 190 196 187 194 202 198 204 200

å•yçyÓ˚ ê˛lä

å7ä ≤Ãò_ ï˛ˆÏÌƒ ~Ùl ~Ü˛!ê˛ ã˛e´#° ˆË˛ò xyˆÏSÈ ÎyÓ˚ xyÓï≈˛Ü˛y° •° ˛õÑyã˛ ÓSÈÓ˚– ~Ü˛!ê˛ í˛z˛õÎ%_´ ˛õò!Ó!¢‹T ã˛°Ùyl

àí˛¸ ˛õk˛!ï˛ˆÏï˛ ≤ÃÓîï˛yÓ˚ Ùyl !lî≈Î˚ Ü˛Ó˚&l–



NSOU ●  GE - EC - 31 163

ÓSÈÓ˚≠ 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

Óy!£Ï≈Ü˛ !Óe´Î˚≠ 3.6 4.3 4.3 3.4 4.4 5.4 3.4 2.4 1.4 2.3

å•yçyÓ˚ ê˛yÜ˛yÎ˚ä

å8ä !l¡¨!°!áï˛ Ü˛y°#l §y!Ó˚Ó˚ ï˛ˆÏÌƒÓ˚ ã˛yÓ˚ ˛õò!Ó!¢‹T ã˛°Ùyl àí˛¸ !lî≈Î˚ Ü˛Ó˚&l–

ÓSÈÓ˚≠ 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

°yË˛≠ 201 193 179 198 206 196 183 203 210 201 188 205

å•yçyÓ˚ ê˛yÜ˛yÎ˚ä

å9ä !l¡¨!°!áï˛ ï˛ˆÏÌƒÓ˚ °!â¤˛ Óà≈ ˛õk˛!ï˛ˆÏï˛ ~Ü˛!ê˛ §Ó˚°˜ÏÓ˚!áÜ˛ ≤ÃÓîï˛y ˆÓ˚áy !lî≈Î˚ Ü˛ˆÏÓ˚ 2000 §yˆÏ°

í˛zÍ˛õyòlÙyey Ü˛ï˛ °«˛ ê˛l •ˆÏÓ !lî≈Î˚ Ü˛Ó˚&l–

ÓSÈÓ˚≠ 1991 1992 1993 1994 1995 1996 1997 1998

Óy!£Ï≈Ü˛ í˛zÍ˛õyòl≠ 50.3 52.7 59.3 57.3 56.8 60.7 62.1 58.6

å°«˛ ê˛lä

å10ä ≤Ãò_ ï˛ˆÏÌƒÓ˚ ~Ü˛!ê˛ !mâyï˛ x!ôÓ,_yÜ˛yÓ˚ ≤ÃÓîï˛y ̂ Ó˚áy !lî≈Î˚ Ü˛Ó˚ ~ÓÇ ≤ÃyÆ Ê˛ˆÏ°Ó˚ í˛z˛õÓ˚ xy˛õlyÓ˚ Ùï˛yÙï˛

!òl–

ÓSÈÓ˚≠ 1990 1991 1992 1993 1994 1995

òÓ˚≠ 200 207 228 240 281 392

åê˛yÜ˛yÎ˚ä

å11ä !lˆÏ¡¨ ≤Ãò_ Ó˚Æyl# (y)ÈüÈÓ˚ ˆ«˛ˆÏe log yt = a + bt xyÜ˛yˆÏÓ˚Ó˚ ≤ÃÓîï˛y ˆÓ˚áy !lî≈Î˚ Ü˛Ó˚&l–

t≠ 1 2 3 4 5 6 7 8 9

yt≠ 197 213 229 302 295 293 292 337 335

å12ä §yôyÓ˚î àí˛¸ ˛õk˛!ï˛ˆÏï˛ !l¡¨!°!áï˛ ï˛Ìƒ ˆÌˆÏÜ˛ }ï%˛ç §)ã˛Ü˛ !lî≈Î˚ Ü˛Ó˚&l–

˜eÙy!§Ü˛ Ü˛yàˆÏçÓ˚ í˛zÍ˛õyòl å°«˛ ê˛lä

ÓSÈÓ˚ ≤ÃÌÙ !mï˛#Î˚ ï,̨ ï˛#Î˚ ã˛ï%̨ Ì≈

1994 72 68 80 70
1995 76 70 82 74
1996 74 66 84 80
1997 76 74 84 78
1998 78 74 86 82



164 NSOU ●  GE - EC - 31

å13ä !lˆÏ¡¨ ≤Ãò_ ˜eÙy!§Ü˛ !Óe´ˆÏÎ˚Ó˚ ï˛Ìƒ ˆÌˆÏÜ˛ ã˛°Ùyl àí˛¸ÈüÈxl%˛õyï˛ ˛õk˛!ï˛ˆÏï˛ }ï%˛ç §)ã˛Ü˛ !lî≈Î˚ Ü˛Ó˚&l≠

˜eÙy!§Ü˛ í˛z˛õçyï˛ ÓˆÏflfÓ˚ !Óe´Î˚Ù)°ƒ å•yçyÓ˚ ê˛yÜ˛yÎ˚ä

ÓSÈÓ˚ ≤ÃÌÙ !mï˛#Î˚ ï,̨ ï˛#Î˚ ã˛ï%̨ Ì≈

1995 197 188 176 194

1996 202 193 179 198

1997 206 196 183 203

1998 210 201 188 206

å14ä !lˆÏ¡¨ !Óò%ƒÍ G çμy°yl#Ó˚ ˆ«˛ˆÏe ˆÜ˛ylG Ü˛yÓ˚áylyÎ˚ ˜eÙy!§Ü˛ ÓƒÎ˚ å°«˛ ê˛yÜ˛yÎ˚ä ˆòGÎ˚y xyˆÏSÈ– =!îï˛Ü˛

Ü˛yë˛yˆÏÙyÎ˚ Ü˛y°#l §y!Ó˚ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ≤ÃÓîï˛yÈüÈxl%˛õyï˛ ˛õk˛!ï˛ˆÏï˛ å§Ó˚°˜ÏÓ˚!áÜ˛ ≤ÃÓîï˛y xl%Ùyl Ü˛ˆÏÓ˚ä }ï%˛ç §)ã˛Ü˛

!lî≈Î˚ Ü˛Ó˚ ~ÓÇ xÓˆÏ¢ˆÏ£Ï ï˛ÌƒˆÏÜ˛ }ï%˛çÈüÈˆË˛ò ≤ÃË˛yÓÙ%_´ Ü˛Ó˚&l ≠

ã˛ï%˛Ì≈yÇ¢

ÓSÈÓ˚ ≤ÃÌÙ !mï˛#Î˚ ï,̨ ï˛#Î˚ ã˛ï%̨ Ì≈

1996 78 62 56 71

1997 84 64 61 82

1998 92 70 63 85

1999 100 81 72 96

å15ä !lˆÏ¡¨ ≤Ãò_ ï˛Ìƒ ˆÌˆÏÜ˛ ˛õÓ˚flõÓ˚#l xyˆÏ˛õ!«˛Ü˛ ˛õk˛!ï˛Ó˚ §y•yˆÏÎƒ }ï%˛ç ˆË˛ò !lî≈Î˚ Ü˛Ó˚&l ≠

˜eÙy!§Ü˛ ë˛yu˛y ˛õyl#ˆÏÎ˚Ó˚ ÓƒÓ•yÓ˚ å•yçyÓ˚ ˆÓyï˛°ä

ÓSÈÓ˚ ≤ÃÌÙ !mï˛#Î˚ ï,̨ ï˛#Î˚ ã˛ï%̨ Ì≈

1994 160 180 172 168

1995 168 204 200 188

1996 180 216 208 196

1997 108 252 236 224
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