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(i) ŒÎ¬È¬± : õ∂± ˛̊ ¸˜d¬ DBMS-¤ Œ˚ Ò¬ı˛ÀÚ¬ı˛ ŒÎ¬È¬± ¬ı˛±‡± ˚± ˛̊ Œ¸·≈ø˘ ˝√√˘ ¬Û”Ì«̧ —‡…±, ˆ¬¢ü±—˙,

’é¬¬ı˛ ¬ı± ŒÈ¬'√È¬, Ó¬±ø¬ı˛‡ ¤¬ı— ≈̊øq¡ ”̃̆ fl¡ ŒÎ¬È¬± [True ¬ı± False type) º fl¡À ˛̊fl¡øÈ¬ DBMS-¤ Â√ø¬ı

¤¬ı— ˜±øåÈ¬ø˜øÎ¬ ˛̊± ŒÎ¬È¬±Àfl¡› ¬ı˛±‡± ˚± ˛̊º

[ii) ¸±Ò±¬ı˛Ì Ó¬Ô… ø¬ıÀù≠ ∏̄Ì : õ∂± ˛̊ ¸˜d¬ DBMS-¤ ŒÎ¬È¬± ø¬ıÀù≠ ∏̄ÀÌ¬ı˛ ¸±Ò±¬ı˛Ì ¬ÛXøÓ¬·≈ø˘ Ô±Àfl¡,

Œ˚˜ÚñSort fl¡¬ı˛± ’Ô«±» ŒÂ√±ÀÈ¬± ŒÔÀfl¡ ¬ıÎ¬ˇ ¬ı± ¬ıÎ¬ˇ ŒÔÀfl¡ ŒÂ√±ÀÈ¬± ø˝√√¸±À¬ı ¸±Ê√±ÀÚ±, search fl¡¬ı˛±

¬ı± øÚø«√©Ü ŒÎ¬È¬± ‡“≈√ÀÊ√ Œ¬ı¬ı˛ fl¡¬ı˛±, Œ¸·≈ø˘ filter fl¡¬ı˛± ’Ô«±» ‡“≈√ÀÊ√ ¤fl¡Ê√± ˛̊·± ˛̊ Ê√ÀÎ¬ˇ± fl¡¬ı˛± ◊̋√√Ó¬…±ø√º

¤·≈ø˘ ¸±Ò¬ı˛ÌÓ¬ fl¡˜…±`¬ ø˝√√¸±À¬ı ◊̋√√ Ô±Àfl¡º ¤ ◊̋√√ fl¡±Ê√·≈ø˘ ˜øÚÈ¬À¬ı˛ Œ√‡ÀÓ¬ ¬Û±› ˛̊± ˚± ˛̊ ¬ıÀ˘ ¬ı…¬ı˝√√±¬ı˛fl¡±¬ı˛œ¬ı˛

‡≈¬ı ≈̧ø¬ıÒ± ˝√√ ˛̊º

(iii) ŒÎ¬È¬± fl¡˜…±øÚ·≈À˘˙Ú Œ˘e·≈À ˛̊Ê√ : ŒÎ¬È¬±À¬ı¸ ŒÔÀfl¡ õ∂À ˛̊±Ê√Úœ ˛̊ Ó¬Ô… Œ¬ı¬ı˛ fl¡¬ı˛±, ø¬ıÀù≠ ∏̄Ì

fl¡¬ı˛± ¤¬ı— Î¬◊¬ÛàÔ±¬ÛÚ± fl¡¬ı˛±¬ı˛ Ê√Ú… Œ˚ ˘…±e·≈À ˛̊Ê√ ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊, Œ¸øÈ¬ ˝√√˘ DMLº ¤ ◊̋√√ DML¤fl¡

Ò¬ı˛ÀÚ¬ı˛ query ˘…±e·≈À˚˛Ê√º ’±Ê√fl¡±˘ õ∂±˚˛ ¸˜d¬ DBMS-¤ SQL (Structuered Query

Language) ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊º

(iv) Œõ∂±¢∂±ø˜— ˘…±e·≈À ˛̊Ê√ : fl¡À ˛̊fl¡øÈ¬ DBMS-¤ Query ˘…±e·≈À ˛̊Ê√ Â√±Î¬ˇ±›, Œ¬ı˛fl¡Î«¬ d¬À¬ı˛

øÚ ˛̊LaÀÌ¬ı˛ Ê√Ú… ¤¬ı— ’…±øõ≠Àfl¡˙Ú Œõ∂±¢∂±˜ ΔÓ¬¬ı˛œ fl¡¬ı˛±¬ı˛ Ê√Ú… ’Ú… ’±¬ı˛ ¤fl¡øÈ¬ ’¬ıÀÊ√"√√ ›ø¬ı˛À ˛̊KI◊

˘…±e·≈À ˛̊Ê√ Ô±Àfl¡º

[v) Ù¬± ◊̋√√˘ à√∏Cfl¡‰¬±¬ı˛ : ŒÎ¬È¬±À¬ı¸ ŒÔÀfl¡ ˚±ÀÓ¬ õ∂À ˛̊±Ê√Úœ ˛̊ ŒÎ¬È¬± ≈̂Ó¬ Œ¬ı¬ı˛ fl¡¬ı˛± ˚± ˛̊ Ó¬±¬ı˛ Ê√Ú…

¸˜d¬ ŒÎ¬È¬±Àfl¡ Ù¬± ◊̋√√À˘¬ı˛ ˜ÀÒ… ø¬ıÀ˙ ∏̄ ¬ÛXøÓ¬ÀÓ¬ ¬ı˛±‡ÀÓ¬ ˝√√ ˛̊º õ∂ÀÓ¬…fl¡ DBMS-¤¬ı˛ ¤¬ı˛fl¡˜ øÚÊ√¶§ ¬ÛXøÓ¬

’±ÀÂ√º Ó¬À¬ı Œ¬ı˙œ¬ı˛̂ ¬±·  BDMS ¸Ù¬È¬› ˛̊…±¬ı˛ ›À¬ÛÚ ŒÎ¬È¬±À¬ı¸ fl¡±À˘ø"√√øˆ¬øÈ¬ [ODBC) Ú±À˜¬ı˛ ¤fl¡øÈ¬

ø¬ıÀ˙ ∏̄ ¸—Àé¬¬Û ¬ı…¬ıàÔ±¬ı˛ ¸±˝√√±À˚… ’Ú… Ò¬ı˛ÀÚ¬ı˛ DBMS-¤¬ı˛ ¸Àe· ŒÎ¬È¬± ’±√±Ú-õ∂√±Ú fl¡¬ı˛ÀÓ¬ ¬Û±À¬ı˛º

¸•Ûfl«¡ ≈̊q¡ ŒÎ¬È¬±À¬ı¸ ¬ı± ø¬ı˛À˘˙Ú±˘ ŒÎ¬È¬±À¬ı¸ : ø¬ı˛À˘˙Ú±˘ ŒÎ¬È¬±À¬ı¸ ˝√√˘ ’ÀÚfl¡·≈ø˘ ŒÈ¬ø¬ıÀ˘¬ı˛

¤fl¡øÈ¬ ¸È¬º ¤ ◊̋√√ ¤fl¡±øÒfl¡ ŒÈ¬ø¬ı˘Àfl¡ ¤fl¡¸Àe· Ê≈√ÀÎ¬ˇ ¬ı± relate fl¡À¬ı˛ ¬õ∂À ˛̊±Ê√Úœ ˛̊ Ó¬Ô… Œ¬ı¬ı˛ fl¡¬ı˛±¬ı˛ ¤øÈ¬

¤fl¡øÈ¬ ¬ÛXøÓ¬º ¸±Ò±¬ı˛ÌÓ¬, ŒÎ¬È¬±À¬ı¸ ΔÓ¬¬ı˛œ fl¡¬ı˛±¬ı˛ ¸˜ ˛̊ ŒÎ¬È¬±·≈ø˘Àfl¡ ¤˜Úˆ¬±À¬ı ø¬ıøˆ¬iß ŒÈ¬ø¬ıÀ˘ ¬ˆ¬±·

fl¡À¬ı˛ ¬ı˛±‡± ˝√√ ˛̊ ˚±ÀÓ¬ ¤fl¡ ◊̋√√ ŒÎ¬È¬± ¤fl¡±øÒfl¡¬ı±¬ı˛ ¤ø∞C fl¡¬ı˛ÀÓ¬ Ú± ˝√√ ˛̊º ¤ ◊̋√√ ¸˜d¬ ŒÈ¬ø¬ıÀ˘ Â√øÎ¬ˇÀ ˛̊ Ô±fl¡±

ŒÎ¬È¬± ŒÔÀfl¡ ¸•Û”Ì« ŒÎ¬È¬± Œ¬ÛÀÓ¬ ˝√√À˘ õ∂À ˛̊±Ê√Ú˜Ó¬ ¤fl¡±øÒfl¡ ŒÈ¬ø¬ı˘Àfl¡ Ê≈√ÀÎ¬ˇ øÚÀÓ¬ ˝√√ ˛̊º ≈√øÈ¬ ŒÈ¬ø¬ı˘

ŒÊ√±Î¬ˇ±¬ı˛ ÊÚ… ≈√øÈ¬ ŒÈ¬ø¬ıÀ˘ ◊̋√√  ¤fl¡øÈ¬ common field Ô±fl¡± √¬ı˛fl¡±¬ı˛, ˚±Àfl¡ ¬ı˘± ˝√√ ˛̊ Key fieldº ¤fl¡øÈ¬

ŒÈ¬ø¬ı˘ ’±¬ı˛ ¤fl¡øÈ¬ ŒÈ¬ø¬ıÀ˘¬ı˛ ¸±ÀÔ Ê≈√ÀÎ¬ˇ Œ√› ˛̊±¬ı˛ õ∂ø√flË¡ ˛̊± ◊̋√√ ˝√√˘ relationship ¬ı± ¸•Ûfl«¡ àÔ±¬ÛÚº

ŒÎ¬È¬±À¬ıÀ¸¬ı˛ ø¬ıøˆ¬iß ŒÈ¬ø¬ıÀ˘¬ı˛ ˜ÀÒ… øÚø«√©Ü ¸•Ûfl«¡ ¬ı± relatonship Ô±Àfl¡ ¬ıÀ˘ ◊̋√√ ¤ ◊̋√√ Ò¬ı˛ÀÚ¬ı˛ ŒÎ¬È¬±À¬ı¸Àfl¡

¬ı˘± ˝√√ ˛̊ ø¬ı˛À˘˙Ú±˘ ŒÎ¬È¬±À¬ı¸º

ø¬ı˛À˘˙Ú±¬ı˛ ŒÎ¬È¬±À¬ı¸ Œ˚ ¸√Ù¬È¬› ˛̊…±À¬ı˛¬ı˛ ¸±˝√√±À˚… ΔÓ¬¬ı˛œ › ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊ Ó¬±Àfl¡ ¬ı˘± ˝√√ ˛̊ ø¬ı˛À˘˙Ú±˘

ŒÎ¬È¬±À¬ı¸ ˜…±ÀÚÊ√À˜KI◊ ø¸ÀàÈ√√˜ [RDBMS)º ¤‡±Úfl¡±¬ı˛ õ∂± ˛̊ ¸˜d¬ Î¬◊À~‡À˚±·… BDMS ¸Ùƒ¬È¬› ˛̊…±¬ı˛

’±¸À˘ RDBMS ¸Ùƒ¬È¬› ˛̊…±¬ı˛, Œ˚˜ÚñOracle, ˜± ◊̋√√À√flË¡±¸Ù¬È¬ SQL Server, Informise, Microsoft

Access ◊̋√√Ó¬…±ø√º
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[ii) øÙ¬ã › Œ¬ı˛fl¡Î«¬ : ¤fl¡ ¤fl¡øÈ¬ ŒÈ¬ø¬ıÀ˘ ’ÀÚfl¡·≈ø˘ Œ¬ı˛± [row) ¬ı±  ¸±ø¬ı˛ › fl¡˘±˜ [column)

Ô±Àfl¡º ¤ ◊̋√√ õ∂øÓ¬øÈ¬ Œ¬ı˛±-Œfl¡ ¬ı˘± ˝√√ ˛̊ Œ¬ı˛fl¡Î«¬ › õ∂øÓ¬øÈ¬ fl¡˘±˜Àfl¡ ¬ı˘± ˝√√ ˛̊ øÙ¬ãº Œ˚ ø¬ı ∏̄À ˛̊¬ı˛ Ê√Ú…

ŒÈ¬ø¬ı˘øÈ¬ ΔÓ¬¬ı˛œ, Œ¸ ◊̋√√ ¸•Ûfl«¡œÓ¬ ŒÎ¬È¬± ¤fl¡ ¤fl¡øÈ¬ Œ¬ı˛fl¡ÀÎ«¬ Ô±Àfl¡º ’Ú…ø√Àfl¡ ŒÎ¬È¬± ’± ◊̋√√ÀÈ¬˜·≈ø˘ ŒÈ¬ø¬ıÀ˘¬ı˛

fl¡˘±À˜ ¬ı˛±‡± ˝√√ ˛̊º

¬ıd≈¬Ó¬ : ŒÎ¬È¬À¬ı¸ -¤ ¸˜d¬ ŒÎ¬È¬±Àfl¡ Œfl¡fœ ˛̊̂ ¬±À¬ı ¬ı˛±‡± ˝√√ ˛̊º Ù¬À˘ ¤fl¡øÈ¬ ŒÎ¬È¬±Àfl¡ Œfl¡¬ı˘˜±S

¤fl¡¬ı±¬ı˛ ¤fl¡Ê√± ˛̊·± ˛̊ ¤øKC fl¡¬ı˛ÀÓ¬ ˝√√ ˛̊º ŒÎ¬È¬±·≈ø˘ ¬Û¬ı˛¶Û¬ı˛ ¸•Ûfl«¡œÓ¬ ¬ıÀ˘ ŒÎ¬È¬±À¬ı¸ ŒÔÀfl¡ ¸˜d¬ Ê√± ˛̊·± ˛̊

ŒÎ¬È¬± ¬Û±› ˛̊± ˚± ˛̊º ¤Â√±Î¬ˇ±› ¤fl¡Ê√± ˛̊·± ˛̊ ŒÎ¬È¬± ¬Ûø¬ı˛¬ıÓ«¬Ú fl¡¬ı˛± ˝√√À˘ ¬ı±øfl¡ ¸˜d¬ Ê√± ˛̊·±ÀÓ¬ ◊̋√√ Ó¬±¬ı˛ õ∂øÓ¬Ù¬˘Ú

‚ÀÈ¬º Ó¬À¬ı Œfl¡fœ ˛̊̂ ¬±À¬ı  ŒÎ¬È¬± ¬ı˛±‡± ˝√√À˘ fl¡Ó¬fl¡·≈ø˘ ø¬ı ∏̄À ˛̊¬ı˛ Î¬◊¬Û¬ı˛ ·≈¬ı˛Q ø√ÀÓ¬ ¬˝√√ ˛̊º ¤·≈ø˘ ˝√√˘ ŒÎ¬È¬±¬ı˛

≈̧¬ı˛é¬± ¤¬ı— Œ·±¬ÛÚœ ˛̊Ó¬±, ŒÎ¬È¬±¬ı˛ ·≈Ì˜±Ì › ŒÎ¬È¬±¬ı˛ ø¬ı ≈̇XÓ¬±º

 ŒÎ¬È¬±À¬ı¸ ˜…±ÀÚÊ√À˜KI◊ ø¸ÀàÈ√√˜ [Database Management System)

ŒÎ¬È¬±À¬ı¸ ΔÓ¬¬ı˛œ › ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛±¬ı˛ Ê√Ú… ¤fl¡ ø¬ıÀ˙ ∏̄ Ò¬ı˛ÀÚ¬ı˛ Œõ∂±¢∂±À˜¬ı˛ õ∂À ˛̊±Ê√Ú ˝√√ ˛̊º ¤ ◊̋√√ Œõ∂±¢∂±˜Àfl¡

¬ı˘± ˝√√ ˛̊ ŒÎ¬È¬±À¬ı¸ ˜…±ÀÚÊ√À˜KI◊ ø¸ÀàÈ√√˜ ¬ı± ¸—Àé¬À¬Û DBMSº DBMS-¤¬ı˛ õ∂Ò±Ú fl¡±Ê√·≈ø˘ ˝√√˘ñ

[i) õ∂À ˛̊±Ê√Úœ ˛̊ ŒÈ¬ø¬ı˘ ΔÓ¬¬ı˛œ fl¡¬ı˛±;

(ii) ŒÈ¬ø¬ıÀ˘ ŒÎ¬È¬± ¤øKC¬ı˛ ¬ı…¬ıàÔ± fl¡¬ı˛±;

(iii) ŒÈ¬ø¬ıÀ˘ ŒÎ¬È¬± ¤øÎ¬È¬ fl¡¬ı˛±¬ı˛ ¬ı…¬ıàÔ± fl¡¬ı˛±;

(iv) ŒÈ¬ø¬ı˘·≈ø˘Àfl¡ ¸•Ûfl«¡ ≈̊q¡ fl¡¬ı˛±;

(v) ≈̂Ó¬ õ∂À ˛̊±Ê√Úœ ˛̊ Ó¬Ô… Œ¬ı¬ı˛ fl¡¬ı˛±;

(vi) ¤fl¡¸±ÀÔ ¤fl¡±øÒfl¡ ¬ı…øq¡ ˚±ÀÓ¬ ŒÎ¬È¬±À¬ı¸ ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛ÀÓ¬ ¬Û±À¬ı˛ Ó¬±¬ı˛ ¬ı…¬ıàÔ± fl¡¬ı˛±,

(vii) ŒÎ¬È¬± ≈̧¬ı˛é¬±¬ı˛ ¬ı…¬ıàÔ± fl¡¬ı˛±º

DBMS-¤¬ı˛ õ∂Ò±Ú ≈̧ø¬ıÒ± ˝√√˘ ¬ı…¬ı˝√√±¬ı˛fl¡±¬ı˛œ ‡≈¬ı ¸˝√√ÀÊ√ ◊̋√√ ŒÎ¬È¬± ˆ¬¬ı˛ÀÓ¬ ¬Û±À¬ı˛, ¤øÎ¬È¬ fl¡¬ı˛ÀÓ¬ ¬Û±À¬ı˛

› õ∂À ˛̊±Ê√Úœ ˛̊ Ó¬Ô… ¸—¢∂˝√√ fl¡¬ı˛ÀÓ¬ ¬Û±À¬ı˛º ¤Ê√Ú… Ó¬±Àfl¡ øfl¡ˆ¬±À¬ı ŒÎ¬È¬±À¬ı¸øÈ¬ ΔÓ¬¬ı˛œ fl¡¬ı˛± ˝√√À ˛̊ÀÂ√ ¬ı±

øfl¡ˆ¬±À¬ı ŒÎ¬È¬±·≈ø˘Àfl¡ ¬Û¬ı˛¶ÛÀ¬ı˛¬ı˛ ¸±ÀÔ ¸•Ûfl«¡ ≈̊q¡ fl¡¬ı˛± ˝√√À ˛̊ÀÂ√ Ó¬±¬ Ê√ÚÀÓ¬ ˝√√ ˛̊ Ú±º ¬ıd≈¬Ó¬ DBMS

øÚÀÊ√ Œfl¡±ÀÚ± ŒÎ¬È¬±À¬ı¸ Ú ˛̊ ¤fl¡øÈ¬ ¸Ù¬È¬› ˛̊…±¬ı˛º ¤Àfl¡ ¬ı…¬ı˝√√±¬ı˛ fl¡À¬ı˛ øÚø«√©Ü fl¡±ÀÊ√¬ı˛ Ê√Ú… õ∂À ˛̊±Ê√Úœ ˛̊

ŒÎ¬È¬±À¬ı¸ ΔÓ¬¬ı˛œ fl¡¬ı˛ÀÓ¬ ˝√√ ˛̊º Œ˚˜Ú, Excel-Œfl¡ ¬ı…¬ı˝√√±¬ı˛ fl¡À¬ı˛ Œfl¡±ÀÚ± Œ¶xÎ¬ø˙È¬ ΔÓ¬¬ı˛œ fl¡¬ı˛± ˚± ˛̊ ¬ı±Ms-

Word-Œfl¡ ¬ı…¬ı˝√√±¬ı˛ fl¡À¬ı˛ Œfl¡±ÀÚ± ø¬ı ∏̄̊ ˛ Œ˘‡± ˚± ˛̊º ¸±Ò±¬ı˛ÌÓ¬ ≈√íÒ¬ı˛ÀÚ¬ı˛ DBMS ¸Ùƒ¬È¬› ˛̊…±¬ı˛ ¬Û±› ˛̊±

˚± ˛̊ñŒÎ¬¶®È¬¬Û DBMS ¤¬ı— flv¡±À ˛̊KI◊/¸± «̂¬±¬ı˛ DBMS. ˜± ◊̋√√À√flË¡±¸Ù¬Èƒ¬ Access ˝√√˘ ¤fl¡øÈ¬ ŒÎ¬¶®È¬¬Û

DBMS ¤¬ı— Oracle ¬ı± ˜± ◊̋√√À√flË¡±¸Ù¬È¬ SQL Server ˝√√˘ flv¡±À ˛̊KI◊/¸± «̂¬±¬ı˛ DBMS º Œ˚¸¬ı ŒéÀS

ŒÎ¬È¬±¬ı˛ ¬Ûø¬ı˛̃ ±Ì ‡≈¬ı ◊̋√√ Œ¬ı˙œ ¤¬ı— ŒÎ¬È¬± ≈̧¬ı˛é¬±¬ı˛ ø¬ı ∏̄̊ ˛øÈ¬ ’Ó¬…z¬ ·≈¬ı≈̨Q¬Û”Ì« Œ¸‡±ÀÚ flv¡±À ˛̊KI◊/¸± «̂¬±¬ı˛ DBMS

¬ı…¬ı˝√√±¬ı˛ fl¡±¬ı˛ ˝√√ ˛̊º Ó¬À¬ı Œ¸±˙…±˘ › ˛̊±fl«¡ ·À¬ı ∏̄Ì±¬ı˛ Œé¬ÀS ŒÎ¬¶®È¬¬Û DBMS ˚ÀÔ©Ü Î¬◊¬ÛÀ˚±·œº

 DBMS-¤¬ı˛ Δ¬ıø˙©Ü : DBMS-¤¬ı˛ ·≈Ì·Ó¬ Δ¬ıø˙©Ü… Œ˚¸¬ı ø¬ı ∏̄À ˛̊¬ı˛ Î¬◊¬Û¬ı˛ øÚ «̂¬¬ı˛ fl¡À¬ı˛ Œ¸·≈ø˘

˝√√˘ øÚ•ß¬ı”̨¬Û :
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Ó¬Ô…ø‰¬S ΔÓ¬ø¬ı˛ fl¡¬ı˛± õ∂À ˛̊±Ê√Ú ˝√√ ˛̊º Excel -¤ ø¬ıøˆ¬iß Ò¬ı˛ÀÚ¬ı˛ ‰¬±È«¬ Œ˚˜Ú ¬ı±¬ı˛ ‰¬±È«¬, fl¡˘˜ ‰¬±È«¬, ˘± ◊̋√√Ú

‰¬±È«¬, ¬Û± ◊̋√√ ‰¬±È«¬, XY ‰¬±È«¬, ¸±¬ı˛ÀÙ¬¸ ‰¬±È«¬ ◊̋√√Ó¬…±ø√ ¤Â√±Î¬ˇ± øS˜±øSfl¡ È¬±È«¬›  Excel ¬ı…¬ı˝√√±¬ı˛ fl¡À¬ı˛ ΔÓ¬ø¬ı˛

fl¡¬ı˛± ˚± ˛̊º ‰¬±È«¬ ΔÓ¬ø¬ı˛ fl¡¬ı˛±¬ı˛ Ê√Ú… ¸±Ò±¬ı˛ÌÓ¬ ‰¬±È«¬ Î¬◊̋ ◊√√Ê√±Î«¬ [Chart Wizard) ¤¬ı˛ ¸±˝√√±˚… ŒÚ› ˛̊± ˝√√ ˛̊º

Œ˜Ú≈¬ı±À¬ı˛ Insert–Chart-¤ øflv¡fl¡ fl¡À¬ı˛ ¬ı± È≈¬˘¬ı±À¬ı˛¬ı˛ ‰¬±È«¬ Î¬◊̋ ◊√√Ê«√±Î¬ ¬ı±È«¬ÀÚ øflv¡fl¡ fl¡À¬ı˛ ’¢∂¸¬ı˛ ˝√√ÀÓ¬ ˝√√ ˛̊º

¤¬ı˛ Ù¬À˘ ¤fl¡øÈ¬ ‰¬±È«¬ Î¬◊̋ ◊√√Ê«√±Î¬ Î¬◊̋ ◊√√À`¬± ’±À¸ Œ˚‡±ÀÚ ‰¬±¬ı˛øÈ¬ Ò±À¬Û¬ı˛ ¸±˝√√±À˚… ‰¬±È«¬ ΔÓ¬¬ı˛œ fl¡¬ı˛± ˚± ˛̊º

Î¬◊¬ÛÀ¬ı˛¬ı˛ ’±À˘±‰¬Ú± ŒÔÀfl¡ ¬ı˘± ˚± ˛̊ Œ˚ Œ¸±˙…±˘ › ˛̊±fl«¡ ·À¬ı ∏̄Ì± ˛̊ ¬ı± ¸˜œé¬± ˛̊ ¸—·‘̋ √œ√Ó¬ Ó¬Ô…

¸˝√√ÀÊ√, øÚ «̂≈¬˘ˆ¬±À¬ı › ’Ó¬…z¬ ≈̂Ó¬Ó¬±¬ı˛ ¸±ÀÔ ø¬ıÀù≠ ∏̄Ì fl¡¬ı˛±¬ı˛ Ê√Ú… ·À¬ı ∏̄Àfl¡¬ı˛ MS-Excel ¸—√flË¡±z¬ :±Ú

› √é¬Ó¬± Ô±fl¡À˘ Ó¬±¬ı˛ ¬ÛÀé¬, ·À¬ı ∏̄Ì±¬ı˛ fl¡±Ê√ ‰¬±˘±ÀÚ± ’ÀÚfl¡ ¸˝√√Ê√ ˝√√ ˛̊º ¤Â√±Î¬ˇ±› ø¬ıøˆ¬iß Ò¬ı˛ÀÚ¬ı˛

¢∂±Ù¬, ‰¬±È«¬ ◊̋√√Ó¬…±ø√ ΔÓ¬¬ı˛œ fl¡¬ı˛ÀÓ¬› ø¬ıÀ˙ ∏̄ ≈̧ø¬ıÒ± ˝√√ ˛̊ › ¸˜À ˛̊¬ı˛ ¸±| ˛̊ ‚ÀÈ¬º

3.4 ŒÎ¬È¬±À¬ı¸ ˜…±ÀÚÊ√À˜KI◊ [Database Management)

·À¬ı ∏̄Ì±¬ı˛ Œé¬ÀS ø¬ıøˆ¬iß Î¬◊»¸ ŒÔÀfl¡ ø¬ıøˆ¬iß Ò¬ı˛ÀÚ¬ı˛ Î¬◊¬Û±M√√ ¬ı± ŒÎ¬È¬± ¸—¢∂˝√√ fl¡¬ı˛± ˝√√ ˛̊º ¤ ◊̋√√ ŒÎ¬È¬±·≈ø˘

˝√√˘ ·À¬ı ∏̄Ì±¬ı˛ ”̃̆  øˆ¬øM√√º fl¡±¬ı˛Ì ¸—·‘̋ √√œÓ¬ ŒÎ¬È¬±·≈ø˘ ø¬ıÀù≠ ∏̄Ì fl¡À¬ı˛ Œ˚¸¬ı Ó¬Ô… ¬Û±› ˛̊± ˚± ˛̊ Œ¸·≈ø˘ ◊̋√√

·À¬ı ∏̄Ì±¬ı˛ Ù¬˘±Ù¬˘Àfl¡ ‰≈¬Î¬ˇ±z¬ ¬ı”̨¬Û Œ√ ˛̊º ’±À· ŒÎ¬È¬± ¸—¢∂˝√√ ŒÔÀfl¡ ø¬ıÀù≠ ∏̄Ì õ∂øÓ¬øÈ¬ fl¡±Ê√ ◊̋√√ ·À¬ı ∏̄fl¡ ¬ı±

¸˜œé¬fl¡Àfl¡ øÚÀÊ√¬ı˛ ˝√√±ÀÓ¬ fl¡¬ı˛ÀÓ¬ ˝√√Ó¬º ¤ÀÓ¬ |˜, ¸˜ ˛̊ › ¬ı… ˛̊ Œ¬ı˙œ ˝√√Ó¬ ¤¬ı— ≈̂¬˘ Ô±fl¡±¬ı˛ ¸y¬±¬ıÚ±›

’ÀÚfl¡ Œ¬ı˙œ øÂ√˘º fl¡ø•ÛÎ¬◊È¬±¬ı˛ ’±¸±¬ı˛ ¬Û¬ı˛ ¤¸¬ı fl¡±Ê√ ¬ıÓ«¬˜±ÀÚ fl¡ø•ÛÎ¬◊È¬±¬ı˛̋ ◊√√ fl¡À¬ı˛ Œ√ ˛̊ ¤¬ı— ’ÀÚfl¡

øÚ ≈̂«¬˘Ó¬± › ≈̂Ó¬Ó¬±¬ı˛ ¸±ÀÔ ¤ ◊̋√√ fl¡±Ê√ fl¡À¬ı˛ Œ√ ˛̊ ¬ıÀ˘ ·À¬ı ∏̄Àfl¡¬ı˛ ’ÀÚfl¡ Œ¬ı˙œ ≈̧ø¬ıÒ± ˝√√ ˛̊º ’¬ı˙… ¤Ê√Ú…

·À¬ı ∏̄Àfl¡¬ı˛ fl¡ø•ÛÎ¬◊È¬±¬ı˛ ’¬Û±À¬ı˛øÈ¬— ¸—√flË¡±z¬ :±Ú Ô±fl¡± ¬õ∂À ˛̊±Ê√Úº

ŒÎ¬È¬±À¬ı¸ ˝√√˘ Œ˚ Œfl¡±ÀÚ± Ò¬ı˛ÀÚ¬ı˛ ŒÎ¬È¬± fl¡ø•ÛÎ¬◊È¬±À¬ı˛ ¸= ˛̊ fl¡À¬ı˛ ¬ı˛±‡±¬ı˛ ¤fl¡øÈ¬ ¸—·øÍ¬Ó¬ › Δ¬ı:±øÚfl¡

¬ı…¬ıàÔ±º ŒÎ¬È¬± ¸= ˛̊ fl¡À¬ı˛ ¬ı˛±‡±¬ı˛ ’Ú… ¬ÛXøÓ¬¬ı˛ ¸±ÀÔ ¤¬ı˛ ¬Û±Ô«fl¡… ˝√√˘ Œ˚ ŒÎ¬È¬±À¬ı¸ ŒÔÀfl¡ ’Ó¬…z¬

≈̂Ó¬Ó¬±¬ı˛ ¸±ÀÔ ¬õ∂À ˛̊±Ê√Úœ ˛̊ Ó¬Ô… øÚ «̂≈¬˘ˆ¬±À¬ı Œ¬ı¬ı˛ fl¡¬ı˛± ˚± ˛̊, ·À¬ı ∏̄Ì± ˛̊ Œ˚¸¬ı ŒÎ¬È¬± ¸—·‘̋ œ√√Ó¬ ˝√√ ˛̊,

Œ¬ı˙œ¬ı˛̂ ¬±· Œé¬ÀS ◊̋√√  Œ¸·≈ø˘ ¬Û¬ı˛¶Û¬ı˛ ¸•Ûfl«¡ ≈̊q¡º fl¡±ÀÊ√ ◊̋√√ Œ¸·≈ø˘ ¤fl¡¸Àe· ø¬ıÀù≠ ∏̄Ì fl¡À¬ı˛ ø¸X±z¬

øÚÀÓ¬ ˝√√ ˛̊º ¤Ê√Ú… Œfl¡fœ ˛̊̂ ¬±À¬ı  ŒÎ¬È¬± ’…±fl¡À¸À¸¬ı˛ ¬ı…¬ıàÔ± Ô±fl¡± √¬ı˛fl¡±¬ı˛º ŒÎ¬È¬±·≈ø˘ Œfl¡fœ ˛̊̂ ¬±À¬ı

Ú± ¬ı˛±‡± ˝√√À˘ ¸±Ò±¬ı˛ÌÓ¬ ≈”√øÈ¬ õ∂Ò±Ú ’ ≈̧ø¬ıÒ± ˝√√ ˛̊º ¤·≈ø˘ ˝√√˘ñfl¡±ÀÊ√¬ı˛ ø¬ıøˆ¬iß d¬À¬ı˛ ¤fl¡ ◊̋√√ ŒÎ¬È¬±Àfl¡

’ÀÚfl¡¬ı±¬ı˛ ¤øKC fl¡¬ı˛ÀÓ¬ ˝√√ ˛̊ ¤¬ı— ¸˜d¬ ŒÎ¬È¬±Àfl¡ ¤fl¡ ◊̋√√ ¸˜À ˛̊, ¤fl¡ ◊̋√√ Ê√± ˛̊·± ˛̊ ¤fl¡ ◊̋√√ ¸Àe· ¬Û±› ˛̊± ˚± ˛̊

Ú±º ŒÎ¬È¬±·≈ø˘ ’±˘±√± ’±˘±√± Ê√± ˛̊·± ˛̊ ˜Ê≈√Ó¬ fl¡À¬ı˛ ¬ı˛±‡À˘ ’˚Ô± ¸˜ ˛̊ Ú©Ü ˝√√ ˛̊, ŒÎ¬È¬± ˜Ê≈√ÀÓ¬¬ı˛ ¬Ûø¬ı˛̃ ±Ì

¬ı±ÀÎ¬ˇ › ≈̂¬˘ ¬˝√√¬ı±¬ı˛ ¸y¬¬ıÚ± Ô±Àfl¡º ŒÎ¬È¬±À¬ı¸ ΔÓ¬ø¬ı˛ fl¡¬ı˛±¬ı˛ Œé¬ÀS ≈√øÈ¬ ø¬ı ∏̄̊ ˛ ¸•§À&Ò Ò±¬ı˛Ì± Ô±fl¡± ’±¬ı˙…fl¡º

¤·≈ø˘ ˝√√˘ :
(i) ŒÈ¬ø¬ı˘ : ŒÎ¬È¬±À¬¬ıÀ¸¬ı˛ ˜ÀÒ… ¤fl¡ ¬ı± ¤fl¡±øÒfl¡ ŒÈ¬ø¬ıÀ˘ ŒÎ¬È¬± ¬¬ı˛±‡± Ô±Àfl¡º ·À¬ı ∏̄Ì±¬ı˛ Ó¬Ô…

¸—¢∂À˝√√¬ı˛ ¤fl¡ ¤fl¡øÈ¬ ø¬ı ∏̄̊ ˛ ¬ı± ‚È¬Ú± ¸•Ûfl«¡œÓ¬ ŒÎ¬È¬±¬ı˛ Ê√Ú… ¤fl¡ ¤fl¡øÈ¬ ŒÈ¬ø¬ı˘ Ô±Àfl¡º ¸˜d¬ ŒÈ¬ø¬ı˘

ø˜ø˘À ˛̊ ŒÎ¬È¬±À¬ı¸øÈ¬ ΔÓ¬¬ı˛œ ˝√√ ˛̊º
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’±À· ø˝√√¸±¬ı fl¡¬ı˛±¬ı˛ Ê√Ú… ¤¬ı— Ó¬Ô… ø˘ø¬Û¬ıX fl¡¬ı˛±¬ı˛ Ê√Ú… Œ¶xÎ¬ø˙È¬ ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√Ó¬º øfl¡z≈¬ fl¡ø•ÛÎ¬◊È¬±¬ı˛

’±¸±¬ı˛ ¬Û¬ı˛ ◊̋√√À˘fl¡√√√∏CøÚfl¡ Œ¶xÎ¬ø˙È¬ ¬ı± Œ¶xÎ¬ø˙È¬ ¸Ùƒ¬È¬› ˛̊…±À¬ı˛¬ı˛ õ∂‰¬˘Ú ≈̇¬ı≈̨ ˝√√ ˛̊º fl¡±¬ı˛Ì ¸±Ò±¬ı˛Ì

Œ¶xÎ¬ø˙ÀÈ¬¬ı˛ ”̃̆  ’ ≈̧ø¬ıÒ± øÂ√˘ ˝√√±ÀÓ¬ fl¡À¬ı˛ ø˝√√¸±¬ı fl¡¬ı˛±º ¤ÀÓ¬ ¸˜ ˛̊ Œ¬ı˙œ ˘±·Ó¬ ¤¬ı— ø˝√√¸±À¬ı ’Ô«±»

Œ˚±·-ø¬ıÀ ˛̊±· ≈̂¬˘ ˝√√¬ı±¬ı˛ ¸y¬±¬ıÚ± Ô±fl¡Ó¬º Ó¬± ◊̋√√ ø˝√√¸±¬ı øÍ¬fl¡ ˝√À ˛̊ÀÂ√ øfl¡Ú± ¬Û¬ı˛œé¬± fl¡À¬ı˛ Œ√‡ÀÓ¬ ˝√√Ó¬º

Ó¬±Â√±Î¬ˇ± Œ¶xÎ¬ø˙ÀÈ¬ Œ˚¸¬ı Ó¬Ô… Ô±fl¡Ó¬ Œ¸·≈ø˘ ŒÔÀfl¡ ø¬ı˛À¬Û±È«¬ ΔÓ¬¬ı˛œ fl¡¬ı˛± ’ÀÚfl¡¸˜ ˛̊̋ ◊√√ ¸y¬¬ı ˝√√Ó¬ Ú±º

·À¬ı ∏̄Ì±¬ı˛ Œé¬ÀS Ó¬Ô… ¬õ∂ø√flË¡ ˛̊±fl¡¬ı˛Ì › ø¬ıÀù≠ ∏̄ÀÌ¬ı˛ õ∂±Ôø˜fl¡ fl¡±Ê√ Œ¶xÎ¬ø˙È¬ ¡Z±¬ı˛± fl¡¬ı˛± ˚± ˛̊º ·À¬ı ∏̄Ì± ˛̊

¸—·‘̋ √√œÓ¬ ø¬ıøˆ¬iß ŒÎ¬È¬± ¤¬ı— Œ¶xÎ¬ø˙ÀÈ¬ ¤øKC fl¡À¬ı˛ ¬Û¬ı˛¬ıÓ¬π ¬Û «̊±À ˛̊ ø¬ıøˆ¬iß Ó¬Ô… ¸—¢∂˝√√ fl¡¬ı˛± ˚± ˛̊º ’±¬ı˛

ŒÎ¬È¬± ŒÔÀfl¡ õ∂À ˛̊±Ê√Úœ ˛̊ Ó¬Ô… ¸—¢∂À˝√√¬ı˛ fl¡±Ê√øÈ¬ fl¡ø•ÛÎ¬◊È¬±¬ı˛̋ ◊√√ fl¡À¬ı˛ Œ√ ˛̊º fl¡±¬ı˛Ì ø¬ıøˆ¬iß ¬Ûø¬ı˛̧ —‡…±Ú ”̃̆ fl¡

¬ÛXøÓ¬ ¤ ◊̋√√ ¸Ùƒ¬È¬› ˛̊…±À¬ı˛¬ı˛ ˜ÀÒ… ◊̋√√ Œ√› ˛̊± Ô±Àfl¡º ◊̋√√À˘fl¡√√√∏CøÚfl¡ Œ¶xÎ¬ø˙ÀÈ¬ ¸±Ò±¬ı˛Ì Œ¶xÎ¬ø˙ÀÈ¬¬ı˛

’ ≈̧ø¬ıÒ±·≈ø˘ Ô±Àfl¡ Ú±º ¤fl¡øÈ¬ Ê√øÈ¬˘ ·ÌÚ±¬ı˛ Œé¬ÀS Œfl¡±ÀÚ± ¤fl¡øÈ¬ ŒÎ¬È¬±Àfl¡ ¬Û±åÈ¬±À˘ ¬ı±fl¡œ ¸˜d¬

ŒÎ¬È¬± øÚÀ˜À ∏̄¬ı˛ ˜ÀÒ… ’±¬ı±¬ı˛ ·ÌÚ± fl¡À¬ı˛ ¬Û±ÀåÈ¬ ˚± ˛̊ ¤¬ı— Œ¸·≈ø˘ Œ√‡ÀÓ¬ ¬Û±› ˛̊± ˚± ˛̊º ¤ ◊̋√√ ¬ı…±¬Û±¬ı˛È¬±

¤fl¡ø√Àfl¡ Œ˚˜Ú ·≈¬ı≈̨Q¬Û”Ì«, ŒÓ¬˜øÚ ’±fl¡ ∏̄«Ìœ ˛̊› ¬ıÀÈ¬º ¤ ◊̋√√ ≈̧ø¬ıÒ± ¸±Ò±¬ı˛Ì Œ¶xÎ¬ø˙ÀÈ¬ ø‰¬z¬± fl¡¬ı˛±› ˚± ˛̊

Ú±º ◊̋√√À˘fl¡√√√∏CøÚfl¡ Œ¶xÎ¬ø˙ÀÈ¬¬ı˛ ˜ÀÒ… (built in) ø˝√√¸±¬ı fl¡¬ı˛±¬ı˛ Ê√Ú… ’Ê√ Ȩ̈ Ù¬ «̃≈̆ ± Ô±Àfl¡, Œ˚·≈ø˘ ‡≈¬ı

¸˝√√ÀÊ√ ◊̋√√ ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˚± ˛̊, õ∂Ô˜ ø√Àfl¡ ¬Û±À «̧±Ú±˘ fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ (P.C.) Ê√Úøõ∂ ˛̊Ó¬±¬ı˛ õ∂Ò±Ú fl¡±¬ı˛Ì ˝√√˘

› ˛̊±Î«¬ õ∂À¸ø¸— ¸Ùƒ¬È¬› ˛̊…±¬ı˛ › Œ¶xÎ¬ø˙È¬ ¸Ùƒ¬È¬› ˛̊…±À¬ı˛¬ı˛ ¬ı…¬ı˝√√±¬ı˛º ¬ıÓ«¬˜±ÀÚ Œ¶xÎ¬ø˙È¬ ¸Ùƒ¬È¬› ˛̊…±¬ı˛ ’ÀÚfl¡

Î¬◊ißÓ¬ ˝√√À ˛̊ÀÂ√º ¤¬ı˛ ’z¬ ≈̂«¬q¡ Ù¬ ≈̃«̆ ±·≈ø˘ ’±¬ı˛ Œfl¡¬ı˘ Œ˚±·-ø¬ıÀ ˛̊±· ¬ı± ·≈Ì-ˆ¬±À·¬ı˛ ˜ÀÒ… ¸œ˜±¬ıX ŒÚ ◊̋√√º

àÈ√√…±øÈ¬¸øÈ¬flƒ¡¸√, ˝√√± ˛̊±¬ı˛ ˜…±ÔÀ˜øÈ¬'√, øSÀfl¡±Ìø˜øÓ¬, ◊̋√√ø?øÚ ˛̊±ø¬ı˛— ◊̋√√Ó¬…±ø√ ø¬ıøˆ¬iß ø¬ı ∏̄À ˛̊¬ı˛ Ù¬ «̃≈̆ ± ¤ÀÓ¬ ≈̊q¡

˝√√À ˛̊ÀÂ√º ¤Â√±Î¬ˇ±›, ‰¬±È«¬, ø¬ı˛À¬Û±È«¬, ŒÎ¬È¬±À¬ı¸ ŒÈ¬ø¬ı˘ ¤˜Úøfl¡ Œõ∂±¢∂±ø˜— ≈̧ø¬ıÒ±› ¤ÀÓ¬ ≈̊q¡ fl¡À¬ı˛ ¬ıÓ¬«̃ ±ÀÚ

¸—‡…± ¸—√flË¡±z¬ Ó¬Ô… ø¬ıÀù≠ ∏̄ÀÌ ¤øÈ¬ ’Ó¬…z¬ ˙øq¡˙±˘œ ˝√√À ˛̊ Î¬◊ÀÍ¬ÀÂ√º øÙ¬Ú±k ¤¬ı— ’…±fl¡±Î¬◊KI◊̧  ¸—√flË¡±z¬

¸˜d¬ fl¡±ÀÊ√¬ı˛ ¸±ÀÔ ¸±ÀÔ ◊̋√√ø?øÚ ˛̊±ø¬ı˛— øÎ¬Ê√± ◊̋√√Ú ¤¬ı— ·À¬ı ∏̄Ì±¬ı˛ Ó¬Ô… ø¬ıÀù≠ ∏̄ÀÌ¬ı˛ fl¡±ÀÊ√› Œ¶xÎ¬ø˙È¬

¸Ùƒ¬È¬› ˛̊…±À¬ı˛¬ı˛ ¬ı…±¬Ûfl¡ ¬ı…¬ı˝√√±¬ı˛ ‚ÀÈ¬ÀÂ√º

Windows-¤¬ı˛ Microsoft-Excel ¤¬ı”̨¬Û ¤fl¡øÈ¬¬ ı ≈̋√√-¬ı…¬ı ‘̋√√Ó¬ ¸Ùƒ¬È¬› ˛̊…±¬ı˛º ¤Â√±Î¬ˇ±› Lotus 1-2-

3, Quattro Pro ◊̋√√Ó¬…±ø√ Œ¶xÎ¬ø˙È¬ ¸Ùƒ¬È¬› ˛̊…±¬ı˛ Œ˚·≈ø˘ Ó¬Ô… ø¬ıÀù≠ ∏̄ÀÌ ¬ı…¬ı ‘̋√√Ó¬ ˝√√ ˛̊º Ó¬À¬ı ¤À√¬ı˛›

˜ÀÒ… Excel ¸¬ı«±øÒfl¡ Ê√Úøõ∂ ˛̊º MS-Office-¤¬ı˛ Œ˚ ‰¬±¬ı˛øÈ¬ ˆ¬±· ¬ı˛À ˛̊ÀÂ√ Ó¬±¬ı˛ ¤fl¡øÈ¬ ˝√√˘ Excel. ’Ú…·≈ø˘

˝√√˘ Word, Access › Power Pointº Excel-¤¬ı˛ ’± ◊̋√√fl¡ÚøÈ¬ ¸±√±¬ı˛ÌÓ¬ Œõ∂±¢∂±˜ Œ˜Ú≈¬ı˛ ˜ÀÒ… Ô±Àfl¡º

¤ ◊̋√√ ’± ◊̋√√fl¡ÀÚ øflv¡fl¡ fl¡¬ı˛À˘ ˜øÚÈ¬À¬ı˛ Œ¶xÎ¬ø˙È¬øÈ¬ Œˆ¬À¸ ’±À¸º ¤ ◊̋√√ Œ¶xÎ¬ø˙ÀÈ¬¬ı˛ õ∂øÓ¬øÈ¬ Œ¬ı˛± ¤¬ı— fl¡˘±˜

øÚÀ ˛̊ Œ˚ ¤fl¡-¤fl¡øÈ¬ ‚À¬ı˛¬ı˛ ‘̧ø©Ü ˝√√ ˛̊ Ó¬±À√¬ı˛ ¬ıÀ˘ Œ¸˘ (Cell)º ¤ ◊̋√√ õ∂øÓ¬øÈ¬ Œ¸˘-¤¬ı˛ ¤fl¡øÈ¬ øÍ¬fl¡±Ú±

Ô±Àfl¡ ¤¬ı— ø¬ıøˆ¬iß Ò¬ı˛ÀÚ¬ı˛ ·ÌÚ±¬ı˛ Œé¬ÀS Œ˚ Ù¬ «̃≈̆ ± ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊ Ó¬±ÀÓ¬ ¤ ◊̋√√ Cell-¤¬ı˛ øÍ¬fl¡±Ú±

¬ı…¬ı ‘̋√√Ó¬ ˝√√ ˛̊º

·À¬ı ∏̄Ì±¬ı˛ õ∂øÓ¬À¬ı√Ú ΔÓ¬¬ı˛œ¬ı˛ Œé¬ÀS ’ÀÚfl¡¸˜ ˛̊ ‰¬±È«¬ ¬ı± ¢∂±ÀÙ¬¬ı˛ õ∂À ˛̊±Ê√Ú ˝√√ ˛̊º fl¡±¬ı˛Ì › ˛̊±fl«¡ø˙ÀÈ¬

Œ˚ ¸˜d¬ ŒÎ¬È¬± Ô±Àfl¡ Ó¬±À√¬ı˛ Δ¬ıø˙©Ü…·≈ø˘ Œ¬ı˛‡± ¬ı± Â√ø¬ı¬ı˛ ˜±Ò…À˜ Œ√‡ÀÓ¬ ¬Û±¬ı˛À˘ ’ÀÚfl¡ Œ¬ıø˙ ¸˝√√Ê√À¬ı±Ò…

˝√√ ˛̊º fl¡±¬ı˛Ì Œfl¡¬ı˘˜±S ¸—‡…± Œ√À‡ ’ÀÚfl¡¸˜ ˛̊̋ ◊√√ Ó¬±À√¬ı˛ Ò¬ı˛Ú Œ¬ı±Á¡± ˚± ˛̊ Ú±º Œ¸Ê√Ú… ¬Ûø¬ı˛̧ —‡…±Ú ”̃̆ fl¡
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(vi) õ∂À ˛̊±Ê√Ú˜±øÙ¬fl¡ ˚Ó¬‡≈ø˙ Œ˘‡±¬ı˛ øõ∂KI◊ ¬Û±› ˛̊±¬ı˛ ≈̧ø¬ıÒ±, ¤¬ı—

(vii) Œ˘‡±Àfl¡ ˜Ê≈√Ó¬ (store) fl¡À¬ı˛ ¬ı˛±‡±¬ı˛ ≈̧ø¬ıÒ±º

¤¬ı˛ ˜ÀÒ… Œ˙À ∏̄¬ı˛ ø¬ı ∏̄̊ ˛øÈ¬ ¸¬ıÀ‰¬À ˛̊ ·≈¬ı≈̨Q¬Û”Ì« fl¡±¬ı˛Ì Œ˘‡± ˝√√˘ ¤fl¡Ò¬ı˛ÀÚ¬ı˛ Ó¬Ô… ¤¬ı— ˆ¬ø¬ı ∏̄…ÀÓ¬

õ∂À ˛̊±Ê√ÀÚ¬ı˛ ¸˜ ˛̊ Œ¸øÈ¬ ≈̂Ó¬ › øÚ ≈̂«¬˘ˆ¬±À¬ı ¬Û±› ˛̊± ’Ó¬…z¬ ·≈¬ı≈̨Q¬Û”Ì«º ¶§±ˆ¬±ø¬ıfl¡ˆ¬±À¬ı ◊̋√√ fl¡ø•ÛÎ¬◊È¬±¬ı˛ ˝√√˘

¤ ◊̋√√ fl¡±ÀÊ√¬ı˛ ’±√ «̇ ˜±Ò…˜º fl¡ø•ÛÎ¬◊È¬±À¬ı˛ Œ˘‡± ¸—√flË¡±z¬ ¤ ◊̋√√ fl¡±Ê√·≈ø˘ fl¡¬ı˛±Àfl¡ ¬ı˘± ˝√√ ˛̊ › ˛̊±Î«¬ õ∂À¸ø¸—º

√·À¬ı ∏̄Ì±¬ı˛ Œé¬ÀS Œ˚À˝√√Ó≈¬ ø¬ıøˆ¬iß ø¬ı ∏̄̊ ˛ ø˘À‡ ¬ı˛±‡ÀÓ¬ ˝√√ ˛̊ Ó¬± ◊̋√√ ·À¬ı ∏̄Àfl¡¬ı˛ ¤-¬ı…±¬Û±À¬ı˛ :±Ú Ô±fl¡± ¬ı±>Ìœ ˛̊º

õ∂fl‘¡Ó¬¬ÛÀé¬ › ˛̊±Î«¬ õ∂À¸ø¸— ø¸ÀàÈ√√˜ ¤Ó¬È¬± ◊̋√√ ˙øq¡˙±˘œ Œ˚ ¬ıÓ«¬˜±ÀÚ ¤¬ı˛ ¸±˝√√±˚… Â√±Î¬ˇ± ◊̋√√ ·À¬ı ∏̄Ì± ‰¬±˘±ÀÚ±

’¸y¬¬ı ˝√√À ˛̊ ¬ÛÀÎ¬ˇº ¸—·‘̋ √√œÓ¬ ŒÎ¬È¬± fl¡ø•ÛÎ¬◊È¬±À¬ı˛ ø˘À‡ ¬ı˛±‡± › õ∂À ˛̊±Ê√Ú˜ÀÓ¬± ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛±¬ı˛ Ê√Ú… ¤ ◊̋√√

ø¸ÀàÈ√√˜ ‡≈¬ı ◊̋√√ fl¡± «̊fl¡¬ı˛œ ˝√√ ˛̊º

›˚̨±Î«¬ õ∂À¸ø¸— Œõ∂±¢∂±À˜¬ı̨ ¸± √̋√±À˚… Œ˘‡± Œfl¡±ÀÚ± ø¬ı ∏̊̄  ̨ fl¡ø•ÛÎ¬◊È¬±À¬ı̨¬ı̨ øÎ¬À¶® Ù¬± ◊̋√√̆  ø √̋√̧ ±À¬ı ¬ı̨±‡±

Ô±Àfl¡º õ∂À˚̨±Ê√Ú ’Ú≈̊ ±˚̨œ ¤fl¡ Ù¬±ø˘ Œ‡±˘± ˚±˚̨ › ¬Ûø¬ı̨¬ıÓ«¬Ú fl¡¬ı̨± ˚±˚̨º ¤ ◊̋√√ Œõ∂±¢∂±À˜¬ı̨ ¸± √̋√±À˚… Œ˘‡±¬ı̨

¸˜˚̨ ¬Û≈À¬ı̨± ø¬ı ∏̊̄ ø̨È¬ ˜øÚÈ¬¬ı̨-¤ Œ√‡± ˚±˚̨º Œ˘‡±¬ı̨ Ê√Ú… Œ˚ ’±fl¡±À¬ı̨¬ı̨ › Œ˚ Ò¬ı̨ÀÚ¬ı̨ ’é¬¬ı̨ ¬ı…¬ı √̋√±¬ı̨ √̋√̊ ,̨

øfl¡-Œ¬ı±ÀÎ«¬ È¬± ◊̋√√¬Û fl¡¬ı̨À˘ ◊̋√√ øÍ¬fl¡ Œ¸ ◊̋√√ ’é¬¬ı̨·≈ø˘ ◊̋√√ ¬Û±›˚̨± ˚±˚̨º ¤Â√±Î¬̌± ˘± ◊̋√√Ú, ’Ú≈À26√√ › ¬Û±Ó¬±¬ı̨ ø¬ıÚ…±¸

Œ˚ˆ¬±À¬ı fl¡¬ı̨± √̋√̊ ,̨ ˜øÚÈ¬À¬ı̨ øÍ¬fl¡ Œ¸ˆ¬±À¬ı ◊̋√√ Œ√‡±˚̨º Ù¬À˘ ¬Û≈À¬ı̨± ø¬ı ∏̊̄ ø̨È¬ ø˘‡ÀÓ¬ ≈̧ø¬ıÒ± √̋√̊ º̨ Ù¬± ◊̋√√À˘ Œ˘‡±

Â√±Î¬̌±› ŒÈ¬ø¬ı˘, Â√ø¬ı ◊̋√√Ó¬…±ø√› ¬ı̨±‡± ˚±˚̨, ¤˜Úøfl¡ ’Ú… Œfl¡±ÀÚ± Œõ∂±¢∂±˜ ŒÔÀfl¡ ¬Û±›˚̨± Ó¬Ô…› ¸¬ı̨±¸ø¬ı̨

¬ı̨±‡± ˚±˚̨º ’é¬¬ı̨ › ¬Û±Ó¬±¬ı̨ ø¬ıÚ…±¸ ¬ı…¬ı √̋√±¬ı̨fl¡±¬ı̨œ¬ı̨ ¬ÛÂ√Àμ¬ı̨ Î¬◊¬Û¬ı̨ øÚ «̂¬¬ı̨ fl¡À¬ı̨ ’Ô«±» Œ˘‡±˚̨ Œ˚ Œfl¡±ÀÚ±

ø¬ıÚ…±¸ ¬ı…¬ı √̋√±¬ı̨ fl¡¬ı̨± Œ˚ÀÓ¬ ¬Û±À¬ı̨ ¬ı± ¤fl¡ ◊̋√√ ø¬ıÚ…±¸ Œ˘‡±˚̨ ¬ı…¬ı √̋√±¬ı̨ fl¡¬ı̨± Œ˚ÀÓ¬ ¬Û±À¬ı̨º

Œ˘‡±¬ı˛ ˜ÀÒ… ¬ı±Ú±Ú ¬ı± ¬ı…±fl¡¬ı˛Ì ¸—√flË¡±z¬ Œfl¡±ÀÚ± ≈̂¬˘ Ô±fl¡À˘ È¬± ◊̋√√¬Û fl¡¬ı˛±¬ı˛ ¸˜À ˛̊̋ ◊√√ › ˛̊±Î«¬ õ∂À¸ø¸—

Œõ∂±¢∂±˜ Œ¸øÈ¬ Œ√ø‡À ˛̊ Œ√ ˛̊ ¤¬ı— Œ¸ ◊̋√√ ’Ú≈̊ ± ˛̊œ fl¡±À¬ı˛fl¡˙Ú fl¡¬ı˛± ˚± ˛̊º ¬Û≈À¬ı˛± Œ˘‡±øÈ¬ ø¬ı ∏̄̊ ˛ › ¬ÛÂ√μ

’Ú≈̊ ± ˛̊œ ¸±Ê√±ÀÚ± ˝√√À ˛̊ Œ·À˘ øõ∂KI◊±À¬ı˛¬ı˛ ¸±˝√√±À˚… ¬Û≈À¬ı˛± Œ˘‡±øÈ¬¬ı˛ ˚Ó¬ ‡≈ø˙ øõ∂KI◊ ŒÚ› ˛̊± ˚± ˛̊º ’±¬ı±¬ı˛

øõ∂KI◊ fl¡¬ı˛±¬ı˛ ’±À· Print Preview ŒÔÀfl¡ ¸y¬±¬ı… fl¡ø¬Û¬ı˛ øõ∂KI◊› Œ√‡± ˚± ˛̊ ¤¬ı— õ∂À ˛̊±Ê√Ú˜Ó¬ ¬Ûø¬ı˛¬ıÓ«¬Ú

fl¡¬ı˛± ˚± ˛̊º › ˛̊±Î«¬ õ∂À¸ø¸—-¤¬ı˛ Ê√Ú… ¸¬ıÀ‰¬À ˛̊ Œ¬ı˙œ ¬ı…¬ı ‘̋√√Ó¬ › ˛̊±Î«¬ õ∂À¸ø¸— ¸Ùƒ¬È¬› ˛̊…±¬ı˛ ˝√√˘ MS-Wordº

Ó¬À¬ı ’Ú…±Ú… › ˛̊±Î«¬ õ∂À¸ø¸— ¸Ùƒ¬È¬› ˛̊…±¬ı˛ Œ˚˜Ú Word-Perfect, Word Pro ◊̋√√Ó¬…±ø√¬ı˛ ¸±˝√√±À˚…› ¤ ◊̋√√

fl¡±Ê√ fl¡¬ı˛± ˚± ˛̊º

3.3 ◊̋√√À˘fl¡√√√∏CøÚfl¡ Œ¶xÎ¬ø˙È¬ (Electronic Spreadsheet)

¸±Ò±¬ı˛Ìˆ¬±À¬ı Œ¶xÎ¬ø˙È¬ ˝√√˘ ¤fl¡Ò¬ı˛ÀÚ¬ı˛ ø˝√√¸±À¬ı¬ı˛ ‡±Ó¬± ˚±ÀÓ¬ ’ÀÚfl¡·≈ø˘ Œ¬ı˛± (Row) ¤¬ı— fl¡˘±˜

(Column) Ô±Àfl¡º ¤ ◊̋√√ Œ¬ı˛± ¤¬ı— fl¡˘±˜ ø˜ø˘À ˛̊ Œ˚ ‚¬ı˛·≈ø˘ ˝√√ ˛̊ Ó¬±ÀÓ¬ ø¬ıøˆ¬iß ø˝√√¸±¬ı ¬ı± Ó¬Ô… Œ˘‡±

˝√√ ˛̊º Œ¶xÎ¬ø˙ÀÈ¬ ◊̋√√˘•§ ˘± ◊̋√√Ú·≈ø˘ fl¡˘±˜ › ¸˜±z¬¬ı˛±˘ ˘± ◊̋√√Ú·≈ø˘ Œ¬ı˛±-¬ı˛ ‘̧ø©Ü fl¡À¬ı˛º fl¡ø•ÛÎ¬◊È¬±¬ı˛ ¬ı…¬ı˝√√±À¬ı˛¬ı˛
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¸Ùƒ¬È¬› ˛̊…±À¬ı˛º fl¡ø•ÛÎ¬◊È¬±¬ı˛ ’Ó¬…z¬ ≈̂Ó¬Ó¬±¬ı˛ ¸±ÀÔ Œ¸ ◊̋√√ øÚÀ«√˙ ¬Û±˘Ú fl¡À¬ı˛º ¸Ùƒ¬È¬› ˛̊…±¬ı˛ ≈√íÒ¬ı˛ÀÚ¬ı˛ ˝√√ ˛̊º

¤·≈ø˘ √̋√̆ ñ

(i) ø¸ÀàÈ√√˜ ¸Ùƒ¬È¬› ˛̊…±¬ı˛ : ¤fl¡øÈ¬ ’¬ı˙… õ∂À ˛̊±Ê√Úœ ˛̊ ø¸ÀàÈ√√˜ ¸Ùƒ¬È¬› ˛̊…±¬ı˛ ˝√√˘ ’¬Û±À¬ı˛øÈ¬— ø¸ÀàÈ√√˜

(Operating system)º ¤øÈ¬ Ú± Ô±fl¡À˘ fl¡ø•ÛÎ¬◊È¬±¬ı˛ ‰¬±˘±ÀÚ± ˚±À¬ı Ú±º ¤¬ı”̨¬Û ¸Ùƒ¬È¬› ˛̊…±¬ı˛-¤¬ı˛ Î¬◊√±˝√√¬ı˛Ì

˝√√˘ Windows, Linux ◊̋√√Ó¬…±ø√º ¤Â√±Î¬ˇ±› ’±¬ı˛ ¤fl¡øÈ¬ ·≈¬ı≈̨Q¬Û”Ì« ø¸ÀàÈ√√˜ ¸Ùƒ¬È¬› ˛̊…±À¬ı˛¬ı˛ ˝√√˘ Œ¬õ∂±¢∂±ø˜—

˘…±e·≈À ˛̊ÀÊ√¬ı˛ (Programming language) fl¡˜¬Û± ◊̋√√˘±¬ı˛, Œ˚˜ÚñC++, Fortran ◊̋√√Ó¬…±ø√ ˚±¬ı˛ ¸±˝√√±À˚…

¸Ùƒ¬È¬› ˛̊…±¬ı˛ ΔÓ¬¬ı˛œ fl¡¬ı˛± ˚± ˛̊º

(ii) ’…±øõ≠Àfl¡˙Ú ¸Ùƒ¬È¬› ˛̊…±¬ı˛ : Δ√ÚøμÚ fl¡±ÀÊ√¬ı˛ Ê√Ú… Œ˚ ¸˜d¬ ¸Ùƒ¬È¬› ˛̊…±¬ı˛ ¬¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊

Ó¬±À√¬ı˛ ¬ı˘± ˝√√ ˛̊ ’…±øõ≠Àfl¡˙Ú ¸Ùƒ¬È¬› ˛̊…±¬ı˛º Œ˚˜Ú Œ˘‡±¬ı˛ Ê√Ú… › ˛̊±Î«¬ õ∂À¸ø¸— ¸Ùƒ¬È¬› ˛̊…±¬ı˛ MS-Word,

Word Perfect ◊̋√√Ó¬…±ø√, ø˝√√¸±¬ı fl¡¬ı˛±¬ı˛ Ê√Ú… Œ¶xÎ¬ø˙È¬ ¸Ùƒ¬È¬› ˛̊…±¬ı˛ MS Excel, Lotus 1-2-3 ◊̋√√Ó¬…±ø√,

Â√ø¬ı õ∂À¸ø¸— ¸Ùƒ¬È¬› ˛̊…±¬ı˛ Adobe Photoshop, Corel Photo Paint ◊̋√√Ó¬…±ø√º

3.2 › ˛̊±Î«¬ õ∂À¸ø¸— (Word Processing)

·À¬ı ∏̄Ì±¬ı˛ Œé¬ÀS Œ˘‡±¬ı˛ ø¬ı ∏̄̊ ˛øÈ¬ ›Ó¬Àõ∂±Ó¬ˆ¬±À¬ı Ê√øÎ¬ˇÀ ˛̊ ¬ı˛À ˛̊ÀÂ√º fl¡±¬ı˛Ì Î¬◊¬Û±M√√ › Ó¬Ô… ¸—√flË¡±z¬

Œ˚ Œfl¡±ÀÚ± ø¬ı ∏̄̊ ˛̋ ◊√√ Œ˘‡±¬ı˛ ø¬ı ∏̄̊ ˛ ˝√√ÀÓ¬ ¬Û±À¬ı˛º ’±À· Œfl¡¬ı˘˜±S ˝√√±ÀÓ¬ Œ˘‡± ◊̋√√ õ∂‰¬ø˘Ó¬ øÂ√˘º ¬Û¬ı˛¬ıÓ¬πfl¡±À˘

È¬± ◊̋√√¬Û¬ı˛± ◊̋√√È¬±À¬ı˛¬ı˛ Î¬◊æ√¬ı ˝√√À˘› ˝√√±ÀÓ¬ Œ˘‡±¬ı˛ ¸˜¸…±·≈ø˘ øfl¡z≈¬ ŒÔÀfl¡ ◊̋√√ ø·À ˛̊øÂ√˘º Œ˚˜Ú ¤fl¡ ◊̋√√ Œ˘‡±¬ı˛

’ÀÚfl¡ Œ¬ıø˙ fl¡ø¬Û ¬Û±› ˛̊± ¸y¬¬ı ˝√√Ó¬ Ú±º Œ˘‡± ˛̊ Œfl¡±ÀÚ± ≈̂¬˘ Ô±fl¡À˘ ¬Û≈À¬ı˛± Œ˘‡± ’±¬ı±¬ı˛ ø˘‡ÀÓ¬

˝√√Ó¬º ◊̋√√À˘fl¡ø√√√∏Cfl¡ È¬± ◊̋√√¬Û¬ı˛± ◊̋√√È¬±À¬ı˛ ˚ø√› ¤ ◊̋√√ ’ ≈̧ø¬ıÒ±·≈ø˘ ’ÀÚfl¡±—À˙ ”√¬ı˛ fl¡¬ı˛± ¸y¬¬ı ˝√√À ˛̊øÂ√˘ Ó¬¬ı≈› ¤¬ı˛

Œ˜˜¬ı˛œ¬ı˛ ¬Ûø¬ı˛̃ ±Ì ‡≈¬ı ◊̋√√ fl¡˜ ˝√√› ˛̊± ˛̊ Œ¬ı˙ øfl¡Â≈√ ¸œ˜±¬ıXÓ¬± øÂ√˘º Ó¬±Â√±Î¬ˇ± Œ˘‡±¬ı˛ Œfl¡±ÀÚ± ’—˙ ¬ı˛ø„√√Ú

fl¡¬ı˛±, ¬ıÎ¬ˇ fl¡¬ı˛±, ’é¬À¬ı˛¬ı˛ Ò¬ı˛Ú ¸—√flË¡±z¬, ŒÈ¬ø¬ı˘ › Â√ø¬ı ¸—√flË¡±z¬ ¸˜¸…±·≈ø˘ ŒÔÀfl¡ ◊̋√√ ø·À ˛̊øÂ√˘º ¤ ◊̋√√ ¸¬ı

¸˜¸…± fl¡ø•ÛÎ¬◊È¬±¬ı˛ Î¬◊æ√±¬ıÀÚ¬ı˛ ¸±ÀÔ ¸±ÀÔ øÚ¬ı˛̧ Ú ‚ÀÈ¬ÀÂ√º ¬ıÓ«¬˜±ÀÚ fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ˜±Ò…À˜ Œ˘‡±¬ı˛ Œé¬ÀS

Œ˚¸¬ı ≈̧ø¬ıÒ± ¬Û±› ˛̊± ˚± ˛̊ Œ¸·≈ø˘ ˝√√˘ñ

(i) ˆ¬±˘ˆ¬±À¬ı, øÚ ≈̂«¬˘ˆ¬±À¬ı ¤¬ı— ≈̧ø¬ıÒ±Ê√Úfl¡ˆ¬±À¬ı ø˘‡ÀÓ¬ ¬Û±¬ı˛±º

(ii) ø¬ı ∏̄̊ ˛ ’Ú≈̊ ± ˛̊œ ’é¬¬ı˛, ˙s, ˘± ◊̋√√Ú ¤¬ı— ¬Û±Ó¬±¬ı˛ ≈̧á≈¬ › ≈̧μ¬ı˛ ø¬ıÚ…±¸ fl¡¬ı˛ÀÓ¬ ¬Û±¬ı˛±,

(iii) õ∂À ˛̊±Ê√ÚÀ¬ı±ÀÒ ’Ú…±Ú… Ó¬Ô…, Œ˚˜Ú, Â√ø¬ı, ŒÈ¬ø¬ı˘, ¸˜œfl¡¬ı˛Ì ◊̋√√Ó¬…±ø√ Œ˚±· fl¡¬ı˛ÀÓ¬ ¬Û±¬ı˛±  ,

(iv) Œ˘‡±¬ı˛ ¬ı±Ú±Ú › ¬ı…±fl¡¬ı˛Ì ¬Û¬ı˛œé¬± fl¡¬ı˛±¬ı˛ ≈̧ø¬ıÒ±  ,

(v) Œ˘‡± ¬Ûø¬ı˛¬ıÓ«¬Ú fl¡¬ı˛±¬ı˛ ≈̧ø¬ıÒ±  ,
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fl¡ø•ÛÎ¬◊È¬±¬ı˛ ¸•§À&Ò Ê√±ÚÀÓ¬ ˝√√À˘ ≈√øÈ¬ ø¬ı ∏̄̊ ˛ ¸•§À&Ò Ò±¬ı˛Ì± ·ÀÎ¬ˇ ŒÓ¬±˘± √¬ı˛fl¡±¬ı˛º ¤·≈ø˘ ˝√√˘ñ

(1) fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ø¬ıøˆ¬iß ˚La±—˙ ˚±À√¬ı˛ ¤fl¡fl¡Ô± ˛̊ ¬ı˘± ˝√√ ˛̊ ˝√√±Î«¬› ˛̊…±¬ı˛ (Hardware) ¤¬ı— (2) ˚±

ø√À ˛̊ fl¡ø•ÛÎ¬◊È¬±¬ı˛ ‰¬±˘±ÀÚ± ˝√√ ˛̊ ’Ô«±» fl¡ø•ÛÎ¬◊È¬±¬ı˛Àfl¡ ø√À ˛̊ fl¡±Ê√ fl¡¬ı˛±ÀÚ± ˝√√ ˛̊, ˚±Àfl¡ ¤fl¡fl¡Ô± ˛̊ ¬ıÀ˘

¸Ùƒ¬È¬› ˛̊…±¬ı˛ (Software)º

(1) fl¡ø•ÛÎ¬◊È¬±¬ı˛ ˝√√±Î«¬›˚˛…±¬ı˛ : fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ øˆ¬Ó¬À¬ı˛ › fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ¸±ÀÔ Œ˚ ˚La±—˙·≈ø˘

˘±·±ÀÚ± Ô±Àfl¡ Œ¸·≈ø˘Àfl¡ ¬ıÀ˘ ˝√√±Î«¬›˚˛…±¬ı˛º ’Ú…ˆ¬±À¬ı ¬ı˘± ˚±˚˛ fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ Œ˚¸¬ı ˚La±—˙ ’±˜¬ı˛±

Œ√‡ÀÓ¬ ¬Û±˝◊√√, ¶Û˙« fl¡¬ı˛ÀÓ¬ ¬Û±ø¬ı˛ ¤¬ı— ˚±À√¬ı˛ ’±fl¡±¬ı˛ › ’±˚˛Ó¬Ú ¬ı˛À˚˛ÀÂ√ Œ¸·≈ø˘˝◊√√ ˝√√±Î«¬›˚˛…±À¬ı˛¬ı˛

’z¬ˆ≈«¬q¡º fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ˜”˘ fl¡±Í¬±À˜±øÈ¬˝◊√√ ˝√√˘ ˝√√±Î«¬›˚˛…±¬ı˛º ¤¬ı˛ ’z¬ˆ≈«¬q¡ øÓ¬ÚøÈ¬ ·≈¬ı˛≈Q¬Û”Ì« ˚La±—˙

˝√√˘ :

(i) Œ¸KC±˘ õ∂À¸ø¸— ◊̋√√Î¬◊øÚÈ¬ ¬ı± CPU : ¤ ◊̋√√ ˚LaøÈ¬ fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ¸˜d¬ ˚La±—˙ øÚ ˛̊LaÌ fl¡À¬ı˛

¤¬ı— ¸˜d¬ Ò√¬ı˛ÀÚ¬ı˛ Ó¬Ô… ø¬ıÀù≠ ∏̄Ì fl¡À¬ı˛º Œ¸Ê√Ú… ¤Àfl¡ õ∂À¸¸¬ı˛-› (Processor) ¬ı˘± ˝√√ ˛̊º ¤øÈ¬ ◊̋√√ ˝√√˘

fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ”̃̆  ’—˙º ¤ ◊̋√√ õ∂À¸¸¬ı˛ ˚Ó¬ ˙øq¡˙±˘œ ˝√√À¬ı fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ Ó¬Ó¬ Œ¬ı˙œ ŒÎ¬È¬± ’ä ¸˜À ˛̊¬ı˛

˜ÀÒ… õ∂À¸¸ fl¡¬ı˛ÀÓ¬ ¬Û±¬ı˛À¬ıº ¬ıÓ«¬˜±ÀÚ ˘±Ê«√ Œ¶®˘ ◊̋√√øKCÀ¢∂˙Ú õ∂ ≈̊øq¡¬ı˛ ¸±˝√√±À˚… ¤¬ı˛ é¬˜Ó¬± ¬ı ≈̋√√·≈Ì ¬ı±Î¬ˇ±ÀÚ±

¸y¬¬ı ˝√√À ˛̊ÀÂ√º

(ii) ”̃̆  Œ˜˜¬ı˛œ : õ∂À¸¸À¬ı˛¬ı˛ ˙øq¡ ¬ı±Î¬ˇ±À˘ ’ÀÚfl¡ Œ¬ı˙œ ŒÎ¬È¬± õ∂À¸¸ fl¡¬ı˛± ¸y¬¬ı øfl¡z≈¬ ¤ ◊̋√√ õ∂À¸ø¸—

”̃̆  Œ˜˜¬ı˛œ¬ı˛ ¬Ûø¬ı˛̃ ±ÀÌ¬ı˛ Î¬◊¬Û¬ı˛› øÚ «̂¬¬ı˛̇ œ˘º fl¡±¬ı˛Ì ’ÀÚfl¡ ŒÎ¬È¬± õ∂À¸¸ fl¡¬ı˛ÀÓ¬ Œ·À˘ õ∂À¸ø¸—-¤¬ı˛

¸˜ ˛̊ Œ¸ ◊̋√√ ŒÎ¬È¬± ¬ı˛±‡±¬ı˛ Ê√Ú… ¸˜Ó≈¬˘ Œ˜˜¬ı˛œ¬ı˛› õ∂À ˛̊±Ê√Ú ˝√√ ˛̊º fl¡±¬ı˛Ì õ∂À¸ø¸—-¤¬ı˛ ¸˜ ˛̊ Œ˜˜¬ı˛œ ŒÔÀfl¡

õ∂À¸¸À¬ı˛ ŒÎ¬È¬± ’±√±Ú-õ∂√±Ú ˝√√ ˛̊º Œ¸fl¡±¬ı˛ÀÌ ¬ıÓ«¬˜±ÀÚ ŒÎ¬È¬± ˜Ê≈√Ó¬ fl¡¬ı˛±¬ı˛ Ê√Ú… øÎ¬¶® Œ˜˜¬ı˛œ¬ı˛ ¬ı…¬ı˝√√±¬ı˛

¬ı‘øX Œ¬ÛÀ ˛̊ÀÂ√º

(iii) ◊̋√√Ú¬Û≈È¬-’±Î¬◊È¬¬Û≈È¬ ◊̋√√Î¬◊øÚÈ¬ : fl¡ø•ÛÎ¬◊È¬±À¬ı˛ ŒÎ¬È¬± ¤øKC¬ı˛ Ê√Ú… Œ˚¸¬ı ˚La±—˙ ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊

Ó¬±À√¬ı˛ ¤fl¡fl¡Ô± ˛̊ ◊̋√√Ú¬Û≈È¬ øÎ¬ˆ¬± ◊̋√√¸ (Input devise) ¬ı˘± ˝√√ ˛̊º fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ¸±ÀÔ ◊̋√√ ˘±·±ÀÚ± øfl¡ Œ¬ı±Î«¬,

˜±Î¬◊̧ , ¶®…±Ú±¬ı˛ ◊̋√√Ó¬…±ø√ ◊̋√√Ú¬Û≈È¬ øÎ¬ˆ¬± ◊̋√√¸-¤¬ı˛ Î¬◊√±˝√√¬ı˛Ìº ’Ú…ø√Àfl¡ Œ˚¸¬ı ˚ÀLa¬ı˛ ¸±˝√√±À˚… fl¡ø•ÛÎ¬◊È¬±¬ı˛ ŒÔÀfl¡

Ó¬Ô… ¬ı± Ù¬˘±Ù¬˘ ¬Û±› ˛̊± ˚± ˛̊ Ó¬±À√¬ı˛ ’±Î¬◊È¬¬Û≈È¬ øÎ¬ˆ¬± ◊̋√√¸ (output devise) ¬ıÀ˘º ¤¬ı”̨¬Û ˚La±—À˙¬ı˛

Î¬◊√±˝√√¬ı˛Ì ˝√√˘ ˜øÚÈ¬¬ı˛, øõ∂KI◊±¬ı˛, ¸±Î¬◊̀ ¬ ¬ı'√ ◊̋√√Ó¬…±ø√º

(2) ¸Ùƒ¬È¬› ˛̊…±¬ı˛ : ’¸±Ò±¬ı˛Ì ≈̂Ó¬Ó¬± ˛̊ ·ÌÚ± fl¡¬ı˛ÀÓ¬ ¬Û±¬ı˛À˘› fl¡ø•ÛÎ¬◊È¬±¬ı˛ ’±¸À˘ ¤fl¡øÈ¬ ˚La ˜±Sº

õ∂À ˛̊±Ê√Ú ’Ú≈̊ ± ˛̊œ ø¬ıøˆ¬iß Ò¬ı˛ÀÚ¬ı˛ fl¡±Ê√ fl¡¬ı˛±¬ı˛ Ê√Ú… ¤ ◊̋√√ ˚LaøÈ¬ ◊̋√√ ˚ÀÔ©Ü Ú ˛̊ fl¡±¬ı˛Ì fl¡ø•ÛÎ¬◊È¬±¬ı˛ øÚÀÊ√

øÚÀÊ√ fl¡±Ê√ fl¡¬ı˛ÀÓ¬ ¬Û±À¬ı˛ Ú±º fl¡ø•ÛÎ¬◊È¬±¬ı˛Àfl¡ øÚÀ«√˙ (Command) ø√À˘ Ó¬À¬ı ◊̋√√ Œ¸ fl¡±Ê√ fl¡À¬ı˛º ’±¬ı˛

¤ ◊̋√√ øÚÀ«√˙ Œ√› ˛̊±¬ı˛ fl¡±Ê√øÈ¬ ¸Ùƒ¬È¬› ˛̊…±¬ı˛-¤¬ı˛ ˜±Ò…À˜ ¬Û±ø˘Ó¬ ˝√√ ˛̊º õ∂fl‘¡Ó¬¬ÛÀé¬ ¸Ùƒ¬È¬› ˛̊…±¬ı˛ ¤fl¡ Ò¬ı˛ÀÚ¬ı˛

fl¡ø•ÛÎ¬◊È¬±¬ı˛ Œõ∂±¢∂±˜º Œ˚ fl¡±Ê√øÈ¬ fl¡¬ı˛ÀÓ¬ ˝√√À¬ı Œ¸øÈ¬ øfl¡ˆ¬±À¬ı fl¡¬ı˛ÀÓ¬ ˝√√À¬ı Ó¬±¬ı˛ øÚÀ«√˙ Ô±Àfl¡ ¤ ◊̋√√
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· ø¬ıˆ¬±·¡ ¸±˜±øÊ√fl¡ fl¡ «̃ ·À¬ı ∏̄Ì± ˛̊ fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ¬ı…¬ı √̋√±¬ı˛

(Use of Computer in Social Work
Research)

¤fl¡fl¡ : 3

3.1 fl¡ø•ÛÎ¬◊È¬±¬ı˛ øfl¡∑

3.2 › ˛̊±Î«¬ õ∂À¸ø¸—

3.3 ◊̋√√À˘fl¡√√√∏CøÚfl¡ Œ¶xÎ¬ø˙È¬

3.4 ŒÎ¬È¬±À¬ı¸ ˜…±ÀÚÊ√À˜KI◊

3.1 fl¡ø•ÛÎ¬◊È¬±¬ı˛ øfl¡∑ (What is computer)

¬ıÓ«¬˜±Ú ˚≈·Àfl¡ fl¡ø•ÛÎ¬◊È¬±¬ı˛ ˚≈· ¬ı˘± ˝√√˚˛º ¤øÈ¬ ˝√√˘ ¤fl¡øÈ¬ ¬ı˝≈√√ Î¬◊ÀV˙… ¸øÍ¬fl¡ ˚Laº Œ¸Ê√Ú… ¤Àfl¡

˚La·Ìfl¡ ¬ı± ¬Ûø¬ı˛·Ìfl¡› ¬ı˘± ˝√√˚˛º fl¡ø•ÛÎ¬◊È¬±¬ı˛ fl¡Ô±¬ı˛ ’Ô« ˝√√˘ ‘Common purpose users terminal’

’Ô«±» ¸±Ò±¬ı˛Ì Î¬◊ÀV˙…¸±Òfl¡ ¬ı…¬ı˝√√±¬ı˛fl¡±¬ı˛œÀ√¬ı˛ ·z¬¬ı…àÔ˘º ¤˝◊√√ ˚La ˜±Ú≈À¯∏¬ı˛ Δ√ÚøμÚ õ∂À˚˛±Ê√Úœ˚˛

ø¬ıøˆ¬iß Ò¬ı˛ÀÚ¬ı˛ fl¡±Ê√ fl¡¬ı˛ÀÓ¬ ¬Û±À¬ı˛ ¤¬ı— ˜±Úø¬ıfl¡ fl¡±˚«fl¡˘±À¬Û¬ı˛ õ∂øÓ¬øÈ¬ Œé¬ÀS˝◊√√ ¤¬ı˛ Î¬◊¬ÛøàÔøÓ¬ ›

¬ı…¬ı˝√√±¬ı˛ √√flË¡˜±·Ó¬ ¬¬ı‘øX ¬Û±À26√º ¤˝◊√√ ˚ÀLa¬ı˛ ¸±˝√√±À˚… ˜”˘Ó¬ øÓ¬ÚøÈ¬ fl¡±Ê√ ’Ó¬…z¬ ^≈Ó¬ › øÚˆ≈«¬˘ˆ¬±À¬ı

fl¡¬ı˛± ˚±˚˛ñ(i) Ó¬Ô… ¸—¢∂˝√√ (ii) Ó¬Ô… ø¬ıÀù≠¯∏Ì ¬ı± ·ÌÚ± › (iii) Ó¬Ô… ˜Ê≈√Ó¬º Œ˚Àfl¡±ÀÚ± ·À¬ı¯∏Ì±¬ı˛

Œé¬ÀS fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ¬ı…¬ı˝√√±¬ı˛ ’±Ê√ ¸¬ı«Ê√Ú¶§œfl‘¡Ó¬ ¤¬ı— Œ¸±˙…±˘ ›˚˛±fl«¡ ø¬ı˛¸±À‰«¬¬ı˛ Œé¬ÀS› ¤¬ı˛ ¬ı…øÓ¬√flË¡˜

‚ÀÈ¬ Ú±º

ø¬ı·Ó¬ ‰¬±¬ı˛√˙Àfl¡ fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ Œé¬ÀS ’ ”̂¬Ó¬¬Û”¬ı« ’¢∂·øÓ¬ ‚ÀÈ¬ÀÂ√º Ó¬± ◊̋√√ ¬ıÓ«¬˜±ÀÚ analogue

Computer-¤¬ı˛ Digital Computer-¤ Î¬◊M√√¬ı˛Ì ‚ÀÈ¬ÀÂ√º ¤Â√±Î¬ˇ±› ¬ı…¬ı˝√√±¬ı˛fl¡±¬ı˛œÀ√¬ı˛ õ∂À ˛̊±Ê√Ú ’Ú≈̊ ± ˛̊œ

Desk Top Computer, Laptop Computer › Super Computer-¤¬ı˛ ‘̧ø©Ü ˝√√À ˛̊ÀÂ√º ¬ıÓ«¬˜±Ú

˚La̧ ˆ¬…Ó¬± fl¡ø•ÛÎ¬◊È¬±¬ı˛-øÚ «̂¬¬ı˛ ¸ˆ¬…Ó¬± ˛̊ ¬Ûø¬ı˛ÌÓ¬ ˝√√À ˛̊ÀÂ√º õ∂ ≈̊øq¡¬ı˛ Œé¬ÀS ¤fl¡ ÚÓ≈¬Ú ø¬ı ∏̄À ˛̊¬ı˛ ’±ø¬ı «̂¬±¬ı

‚ÀÈ¬ÀÂ√º ˚±¬ı˛ Ú±˜ Œ√› ˛̊± ˝√√À ˛̊ÀÂ√ Ó¬Ô… õ∂ ≈̊øq¡ (Information Technology)º ’±¬ı˛ ¤ ◊̋√√ õ∂ ≈̊øq¡¬ı˛ õ∂Ò±Ú

d¬y¬øÈ¬ ˝√√˘ fl¡ø•ÛÎ¬◊È¬±¬ı˛º fl¡ø•ÛÎ¬◊È¬±À¬ı˛¬ı˛ ¸±˝√√±À˚… ¸—·‘̋ √√œÓ¬ Î¬◊¬Û±M√√Àfl¡ (Data) Ó¬ÀÔ… (Information)

¬Ûø¬ı˛ÌÓ¬ fl¡¬ı˛± ¸y¬¬ı ˝√√ ˛̊ ¤¬ı— ˆ¬ø¬ı ∏̄…ÀÓ¬¬ı˛ Ê√Ú… ˜Ê≈√Ó¬ fl¡À¬ı˛ ¬ı˛±‡±› ˚± ˛̊º
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¤Àé¬ÀS 6øÈ¬ Œ|Ìœ ’±ÀÂ√º ∴ d.f. = 6 – 1 = 5

¤¬ı±¬ı˛ Œ˚À˝√√Ó≈¬ χ-¤¬ı˛ ¬Û «̊À¬ıé¬ ˘t ˜±Ú 3·4 ˚± χ2-¤¬ı˛ õ∂√M√√ ˜±Ú ’À¬Ûé¬± fl¡˜ =2
01·(χ  15·09

d.f. 5-¤¬ı˛ Ê√Ú…] Œ˚À˝√√Ó≈¬ H0-Œfl¡ 1% ·≈¬ı≈̨ÀQ¬ı˛ d¬À¬ı˛ ¬ı±øÓ¬˘ fl¡¬ı˛± ˚± ˛̊ Ú±º ˜z¬¬ı… ˝√√˘ Â√!¡± Œ˚ ¬Ûé¬¬¬Û±Ó¬

”̇Ú… ¤ ◊̋√√ ’Ú≈̃ ±ÀÚ¬ı˛ ¸Àe· Î¬◊¬Û±ÀM√√¬ı˛ ¬Û”Ì« ¸±˜?¸… ø¬ı√…˜±Úº ∴ Â√!¡± ¬Ûé¬¬Û±Ó¬ ”̇Ú… (unbiased)

’Ú≈˙œ˘Úœ

1. ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ’Ú≈̃ ±Ú (Hypothesis) ¬ı˘ÀÓ¬ øfl¡ Œ¬ı±Á¡∑ ’Ú≈̃ ±Ú·≈ø˘ fl¡ ˛̊ õ∂fl¡±¬ı˛ › øfl¡ øfl¡

Î¬◊√±˝√√¬ı˛Ì ¸˝√√À˚±À· ¬ı…±‡…± fl¡¬ı˛º

2. fl¡À ˛̊fl¡øÈ¬ Ò±¬ı˛Ì± ¸•ÛÀfl«¡ ¬ı…±‡…± √±› – (i) àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡, (ii) ¬Û…±¬ı˛±ø˜È¬±¬ı˛, (iii) ·≈¬ı≈̨ÀQ¬ı˛ d¬¬ı˛,

(iv) õ∂Ô˜ › ø¡ZÓ¬œ ˛̊ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬º

3. ’Ú≈̃ ±ÀÚ¬ı˛ ¬Û¬ı˛œé¬±¬ı˛ ø¬ıøˆ¬iß ¬Û «̊± ˛̊·≈ø˘ Î¬◊À~‡ fl¡¬ı˛º

4. ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡ › χ2 ø¬ıˆ¬±Ê√Ú ¸•ÛÀfl«¡ ¸—Àé¬À¬Û ’±À˘±‰¬Ú± fl¡¬ı˛º

5. Œfl¡±Ú ¸˜¢∂fl¡ ŒÔÀfl¡ 10-¤¬ı˛ ¤fl¡øÈ¬ Ú ≈̃Ú± ŒÚ› ˛̊± ˝√√˘º Œ˚Ãø·fl¡ ·Î¬ˇ ŒÔÀfl¡ õ∂√M√√ Ú ≈̃Ú±¬ı˛

’z¬¬ı˛·≈ø˘¬ı˛ ¬ıÀ·«¬ı˛ ¸˜ø©Ü ˝√√˘ 50º ’Ú≈̃ ±ÚøÈ¬ Œ˚ ¸˜¢∂Àfl¡¬ı˛ Œˆ¬√˜±Ú ·≈¬ı≈̨ÀQ¬ı˛ 5 ˙Ó¬±—˙ d¬À¬ı˛ ˝√√˘ 5º

[ χ2-¤¬ı˛ ŒÈ¬ø¬ı˘ ˜±Ú 5% d¬À¬ı˛ d.f. 9-¤¬ı˛ Ê√Ú… ˝√√˘ 16,92] [Ans. (H0 ·‘̋ √√œÓ¬]]

6. ≈̃̂ ±øÈ¬ ˚Ô±Ô« (perfect) øfl¡Ú± ¬Û¬ı˛œé¬± fl¡¬ı˛±¬ı˛ Ê√Ú… Ó¬± 5 ¬ı±¬ı˛ ŒÂ√“√±Î¬ˇ± (toss) ˝√√˘º ≈̃̂ ±¬ı˛ ˚Ô±Ô«Ó¬±¬ı˛

(perfectness) Ú±˘ ’Ú≈̃ ±Ú ¬ı±øÓ¬˘ fl¡¬ı˛± ˝√√ ˛̊ ˚ø√ 4-¤¬ı˛ ’øÒfl¡ ¬ı±¬ı˛ Œ˝√√Î¬ ’±À¸º ¤Àé¬ÀS õ∂Ô˜ Ò¬ı˛ÀÚ¬ı˛

S≈øÈ¬¬ı˛ ¸y¬±¬ıÚ± øfl¡∑ ˚ø√ Œ˝√√Î¬ ’±¸±¬ı˛ ¸—øù≠©Ü ¸y¬±¬ıÚ± = 0·2 Ó¬±˝√√À˘ ø¡ZÓ¬œ ˛̊ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬¬ı˛ ¸y¬±¬ıÚ±

øÚÌ«̊ ˛ fl¡¬ı˛º ⎥⎦
⎤

⎢⎣
⎡

3125
3124,

32
1.Ans

7. 5 Ê√Ú ø˙ ≈̇ ¬ı˛À ˛̊ÀÂ√ ¤˜Ú ¬Ûø¬ı˛¬ı±À¬ı˛¬ı˛ 320øÈ¬¬ı˛ Œé¬ÀS ’Ú≈̧ &Ò±Ú ˘t ¬ı˛±ø˙Ó¬ÀÔ…¬ı˛ ø¬ıˆ¬±Ê√Ú øÚÀ•ß

Œ√› ˛̊± ˝√√˘ :

¬ı±˘Àfl¡¬ı˛ ¸—‡…± : 5 4 3 2 1 0

¬ı±ø˘fl¡±¬ı˛ ¸—‡…± : 0 1 2 3 4 5

¬Ûø¬ı˛¬ı±À¬ı˛¬ı˛ ¸—‡…± : 14 56 110 88 40 12

Î¬◊¬ÛÀ¬ı˛±q¡ Î¬◊¬Û±M√√¸ ”̃̋ √√ øfl¡ ¤¬ı”̨¬Û ¤fl¡øÈ¬ ’Ú≈̃ ±ÀÚ¬ı˛ ¸Àe· ¸—·øÓ¬¬Û”Ì« Œ˚ ¬Û≈¬ı≈̨̄ ∏ › ¶aœ Ê√Àij¬ı˛ ¸y¬±¬ıÚ±

¸˜±Ú Œ˚‡±ÀÚ Â√Àfl¡ Î¬◊ø~ø‡Ó¬ χ2-¤¬ı˛ ˜±Ú d.f. 5-¤¬ı˛ Ê√Ú… ·≈¬ı≈̨ÀQ¬ı˛ 5% d¬À¬ı˛ ˝√√˘ 11·07 ?

[Ans. ¸y¬±¬ıÚ± ¸˜±Ú ·‘̋ √√œÓ¬ ø¸X±z¬]
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Œ˚À˝√√Ó≈¬ χ2 ”̇Ú… Ú ˛̊ Œ¸ ◊̋√√À˝√√Ó≈¬ Î¬◊¬Û±M√√·≈ø˘ øÚ¬ı˛À¬Ûé¬ Ú ˛̊ (data are not independent)º Ó¬À¬ı

χ2-¤¬ı˛ ˜±Ú ŒÔÀfl¡ Œ˚±· ”̧ÀS¬ı˛ ’øˆ¬ ≈̃‡ (direction of association) Ê√±Ú± ˚± ˛̊ Ú±º ø¸X±z¬ ”̃̆ fl¡

¬ı˛±ø˙ø¬ı:±ÀÚ χ2 Â√fl¡ ’Ô¬ı± fl¡˜ø¬ÛÎ¬◊È¬±¬ı˛ Œõ∂±¢∂±À˜¬ı˛ õ∂À ˛̊±Ê√Ú ˝√√ ˛̊ Œ˚±· ”̧ÀS¬ı˛ ”̃̆ …± ˛̊Ú fl¡¬ı˛±¬ı˛ Ê√Ú… (for

evalute the association)º x2 Â√Àfl¡¬ı˛ ¬Û≈∫±Ú≈¬Û≈∫ ø¬ıÀù≠ ∏̄ÀÌ¬ı˛ ˜ÀÒ… Ú± ø·À ˛̊ ¤ ◊̋√√ Ò¬ı˛ÀÚ¬ı˛ Œ˚±· ”̧S

˝√√Í¬±»ˆ¬±À¬ı ‚È¬ÀÓ¬ ¬Û±À¬ı˛ ¤˜Úøfl¡ 1000 ¬ı±À¬ı˛¬ı˛ ˜ÀÒ… 1-¤¬ı˛ fl¡˜¬ı±¬ı˛ ˝√√ÀÓ¬ ¬Û±À¬ı˛º 9øÈ¬ Œfl¡± ∏̄ (cell) ¸•Ûiß

Â√Àfl¡ χ2 = 45·7 ·≈¬ı≈̨Q¬Û”Ì« ø¬ıÀ¬ıø‰¬Ó¬ ˝√√ ˛̊ ·0001 d¬À¬ı˛º

χ2 ø¬ıˆ¬±Ê√ÀÚ ¬Û…±¬ı˛±ø˜È¬±¬ı˛ ˝√√˘ (degree of freedom) ¬ı± d.f.º d.f. fl¡± «̊Ó¬ ¬ı·«·≈ø˘¬ı˛ ¸˜ø©ÜÀÓ¬

øÚ¬ı˛À¬Ûé¬ ¬Û «̊À¬ıé¬Ì·≈ø˘¬ı˛ ¸—‡…± øÚÀ«√˙ fl¡À¬ı˛º Î¬◊¬ÛÀ¬ı˛±q¡ Œé¬ÀS d.f. ˝√√˘ 1 Œ˚À˝√√Ó≈¬ ¤fl¡øÈ¬ ˜±S ¸˜fl¡

¶§±ˆ¬±ø¬ıfl¡ ‰¬˘Àfl¡¬ı˛ ¬ı·« Î¬◊À~ø‡Ó¬ ˝√√À ˛̊ÀÂ√º

’Ú≈¬ı”̨¬Ûˆ¬±À¬ı, Ò¬ı˛± ˚±fl¡ z1, z2, ... zk ˝√√˘ K ¸—‡…fl¡ øÚ¬ı˛À¬Ûé¬ ¶§±ˆ¬±ø¬ıfl¡ ‰¬˘Àfl¡¬ı˛ ¤fl¡fl¡ñ’Ô«±»

õ∂øÓ¬øÈ¬ z ¶§±ˆ¬±ø¬ıfl¡ ¸˜¸y¬±¬ıÚ± ”̃̆ fl¡ ‰¬˘fl¡ (Normal random variable) ˚±¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ ˝√√˘ ”̇Ú…

¤¬ı— Œˆ¬√˜±Ú = 1º ¤¬ı±¬ı˛ ˚ø√ õ∂øÓ¬øÈ¬ z-¤¬ı˛ ¬ı·« ŒÚ› ˛̊± ˝√√ ˛̊ Ó¬±˝√√À˘ Œ√‡±Ú Œ˚ÀÓ¬ ¬Û±À¬ı˛ Œ˚ ¤ ◊̋√√

¬ı·«·≈ø˘¬ı˛ ¸˜ø©Ü ¤fl¡øÈ¬ χ2 ø¬ıˆ¬±Ê√Ú õ∂fl¡±˙ fl¡¬ı˛À¬ı ˚±¬ı˛ d.f. ˝√√À¬ı K

)(~ 222
2

2
1

2 Kzzzz k∑ +++= χL

Î¬◊√±˝√√¬ı˛Ì 1 – ¤fl¡øÈ¬ Â√!¡± (die) 60 ¬ı±¬ı˛ ŒÂ√“√±Î¬ˇ±¬ı˛ Ù¬˘·≈ø˘ øÚÀ•ß õ∂√M√√ ˝√√˘º die ¬ı± Â√!¡± ¬Ûé¬¬Û±Ó¬-

”̇Ú… (unbiased) ¤¬ı”̨¬Û ’Ú≈̃ ±ÀÚ¬ı˛ ¸Àe· õ∂√M√√ Î¬◊¬Û±M√√¸ ”̃̋ √√ øfl¡ ¸—·øÓ¬¬Û”Ì« Œ˚‡±ÀÚ =2
01·χ  15·09

d.f. 5-¤¬ı˛ Ê√Ú…ñ

Ó¬˘ (Face) – 1 2 3 4 5 6 Total

¬Ûø¬ı˛̧ —‡…± (f0) – 6 10 8 13 11 12 60

H0 ˝√√˘ Œ˚ Â√!¡± ¬Ûé¬¬Û±Ó¬ ”̇Ú… (unbiased) –

∴ õ∂øÓ¬øÈ¬ Ó¬À˘¬ı˛ ¸y¬±¬ıÚ± 6
1

 ; Œ˚À˝√√Ó≈¬ ¬Û±˙±¬ı˛ Ó¬˘ ˝√√˘ 6øÈ¬º

¤¬ı— õ∂Ó¬…±ø˙Ó¬ ¬Ûø¬ı˛̧ —‡…± (= f c) 10
6
160 =×=  õ∂ÀÓ¬…fl¡ Œé¬ÀS

∴ f0 : 6 10 8 13 11 12

f1 : 10 10 10 10 10 10

(f0 – f1)2 : 16 0 4 9 1 4

∴ 4·3
10
4

10
1

10
9

10
4

10
0

10
162 =+++++=χ
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Î¬◊¬ÛÀ¬ı˛±q¡ Â√Àfl¡¬ı˛ ¸—øù≠©Ü Œfl¡±À ∏̄ ¬Û «̊À¬ıé¬Ì˘t ˜±Ú = f0 Œ√› ˛̊± ˝√√À ˛̊ÀÂ√º

õ∂Ó¬…±ø˙Ó¬ ˜±Ú = [(d¬y¬ ¸˜ø©Ü × ¸±ø¬ı˛ ¸˜ø©Ü] ÷ ¸±˜ø¢∂fl¡ ¸˜ø©Ü] = fe

Â√±SÀ√¬ı˛ Î¬◊2‰¬Ó¬± ·À¬ı ∏̄Ì± õ∂ø√flË¡ ˛̊±¬ı˛ Œ¢∂Î¬

C B A (Total) Œ˜±È¬

≈̧Î¬◊2‰¬ (Tall) 17·5 15 17·5 50

˜Ò…˜ Î¬◊2‰¬Ó¬± (Medium) 17·5 15 17·5 50

øÚ•ß Î¬◊2‰¬Ó¬± (Short) 30 20 50 100

(Total) Œ˜±È¬ 70 60 70 200

[Î¬◊√±˝√√¬ı˛Ìñ ≈̧Î¬◊2‰¬ ¬Û «̊±À ˛̊¬ı˛ Â√±SÀ√¬ı˛ C Œ¢∂ÀÎ¬¬ı˛ õ∂Ó¬…±ø˙Ó¬ ˜±Ú = (70 × 50) ÷ 200 = 17·5)

Î¬◊¬ÛÀ¬ı˛±q¡ Â√Àfl¡¬ı˛ ¸—øù≠©Ü Œfl¡±À ∏̄ (cell) õ∂Ó¬…±ø˙Ó¬ ˜±Ú·≈ø˘ Î¬◊ø~ø‡Ó¬ ˝√√À ˛̊ÀÂ√ (= f1)

¬Û «̊À¬ıé¬Ì˘t ˜±Ú › õ∂Ó¬…±ø˙Ó¬ ˜±ÀÚ¬ı˛ ’z¬À¬ı˛¬ı˛ Â√fl¡ (Difference Table)

’z¬¬ı˛ (Difference) = ¬Û «̊À¬ıé¬Ì˘t ˜±Ú (f0) – õ∂Ó¬…±ø˙Ó¬ ˜±Ú (f1)

[Î¬◊√±˝√√¬ı˛Ìñ ≈̧Î¬◊2‰¬ Â√±SÀ√¬ı˛ C Œ¢∂ÀÎ¬¬ı˛ ’z¬¬ı˛ ¸•Ûøfl«¡Ó¬ Ó¬Ô…¬ı˛±ø˙ = 30 – 17·5 = 12·5)

·À¬ı ∏̄Ì± õ∂ø√flË¡ ˛̊± ˛̊ Œ¢∂Î¬

Â√±SÀ√¬ı˛ Î¬◊2‰¬Ó¬± ·À¬ı ∏̄Ì± õ∂ø√flË¡ ˛̊±¬ı˛ Œ¢∂Î¬

C B A (Total) Œ˜±È¬

≈̧Î¬◊2‰¬ (Tall) 12·5 –5 –7·5 0

˜Ò…˜ Î¬◊2‰¬Ó¬± (Medium) –7·5 15 –7·5 0

øÚ•ß Î¬◊2‰¬Ó¬± (Short) –5 –10 15 0

(Total) Œ˜±È¬ 0 0 0 0

∴ χ2 = [õ∂øÓ¬øÈ¬ ’z¬À¬ı˛¬ı˛ ¬ıÀ·«¬ı˛ ¸˜ø©Ü] ÷ (¸—øù≠©Ü Œfl¡±À ∏̄¬ı˛ õ∂Ó¬…±ø˙Ó¬ ˜±Ú]

  ∑ −
=

1

10
f

ff

[ Î¬◊√±˝√√¬ı˛Ìñ ≈̧Î¬◊2‰¬ Â√±SÀ√¬ı˛ C Œ¢∂ÀÎ¬¬ı˛ Œé¬ÀS (12·5)2 ÷ 17·5 = 156·25 ÷ 17·5 – 8·93]
∴ χ2 = õ∂Ô˜ ¸±ø¬ı˛ (8·93 + 1·67 + 3·21) +

ø¡ZÓ¬œ ˛̊ ¬¸±ø¬ı˛ (3·21 + 15 + 3·21) +

Ó‘¬Ó¬œ ˛̊ ¸±ø¬ı˛ (0·71 + 3·33 + 6·43) = 45·7
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Œ˚‡±ÀÚ K ÒË≈¬ıfl¡, n ˝√√˘ d.f.º Œ˚ ‰¬˘fl¡øÈ¬ fl¡± ◊̋√√-¶® ˛̊±¬ı˛ ø¬ıˆ¬±Ê√Ú ’Ú≈̧ ¬ı˛Ì fl¡À¬ı˛ Œ¸ ◊̋√√ ‰¬˘fl¡øÈ¬Àfl¡

fl¡± ◊̋√√-¶® ˛̊±¬ı˛ ‰¬˘fl¡ ¬ı˘± ˝√√ ˛̊º

χχχχχ2 ø¬ıˆ¬±Ê√ÀÚ¬ı˛ Δ¬ıø˙©Ü… :
(1) Œ˚Ãø·fl¡ ·Î¬ˇ = n, ¸˜fl¡ ø¬ı‰≈¬…øÓ¬ n2=  Œ˚‡±ÀÚ n ˝√√˘ χ2 ø¬ıˆ¬±Ê√ÀÚ¬ı˛ d.f.

(2) χ2 Œ¬ı˛‡± ÒÚ±Rfl¡ õ∂øÓ¬ Δ¬ı ∏̄̃ … ≈̊q¡ ˝√√ ˛̊ ¤¬ı— ”̃̆  ø¬ıμ≈ ŒÔÀfl¡ Î¬◊øOÓ¬ ˝√√À ˛̊ Î¬±Ú ø√Àfl¡ ’¸œ˜

¬Û «̊z¬ ø¬ıd‘¬Ó¬ ˝√√ ˛̊º

(3) ˚ø√ x ¤¬ı— y ≈√øÈ¬ øÚ¬ı˛À¬Ûé¬ fl¡± ◊̋√√-¶® ˛̊±¬ı˛ ‰¬˘fl¡¡Z ˛̊ ˝√√ ˛̊ ˚±À√¬ı˛ d.f. ˝√√ ˛̊ ˚Ô±√flË¡À˜ n1 ¤¬ı—

n2 Ó¬±˝√√À˘ ‰¬˘fl¡≈√øÈ¬¬ı˛ ¸˜ø©Ü (x + y) fl¡± «̊Ó¬ χ2 ø¬ıˆ¬±Ê√Ú ’Ú≈̧ ¬ı˛Ì fl¡À¬ı˛ ˚±¬ı˛ d.f. ˝√√˘ (n1 + n2)

(4) ˚‡Ú d.f. = n ¬ı‘̋ √√» ˝√√ ˛̊ Ó¬‡Ú 122 2 −− nχ  ’±¸iß̂ ¬±À¬ı ¸˜fl¡ ¶§±ˆ¬±ø¬ıfl¡ ø¬ıˆ¬±Ê√Ú

’Ú≈̧ ¬ı˛Ì fl¡À¬ı˛º

χ2 ø¬ıˆ¬±Ê√Ú fl¡± «̊Ó¬ ¬ı‘̋ √√» › é≈¬^ Î¬◊̂ ¬ ˛̊ Ò¬ı˛ÀÚ¬ı˛ Ú ≈̃Ú± ¬Û¬ı˛œé¬± ˛̊ ¬ı…¬ı ‘̋√√Ó¬ ˝√√ ˛̊º ¬Û «̊À¬ıé¬Ì˘t ˜±Ú·≈ø˘

fl¡±äøÚfl¡ ø¬ıˆ¬±Ê√ÀÚ¬ı˛ ¸Àe· ≈̧̧ ±˜?¸…¬Û”Ì« ’±ÀÂ√ øfl¡Ú± ˚±Àfl¡ ‘Goodness of fit’ ¬ı˘± ˝√√ ˛̊ Ó¬± ¬Û¬ı˛œé¬±

fl¡¬ı˛±¬ı˛ Ê√Ú… χ2 ø¬ıˆ¬±Ê√Ú ¬ı…¬ı ‘̋√√Ó¬ ˝√√ ˛̊º ’±¬ı±¬ı˛ ·≈Ì·≈ø˘¬ı˛ ¬ı± attributes-¤¬ı˛ øÚ¬ı˛À¬Ûé¬Ó¬± ¬Û¬ı˛œé¬± ˛̊ χ2

ø¬ıˆ¬±Ê√Ú ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊º é≈¬^ Ú ≈̃Ú±¬ı˛ Œé¬ÀS ø¬ıÀ˙ ∏̄̂ ¬±À¬ı Î¬◊À~ø‡Ó¬ ¸˜fl¡ ø¬ı‰≈¬…øÓ¬ Ê√Ú…› ¬Û¬ı˛œé¬± ˛̊

χ2 ø¬ıˆ¬±Ê√Ú ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊º χ2 ø¬ıˆ¬±Ê√Ú ¬õ∂Ò±ÚÓ¬ ¬ı…¬ı ‘̋√√Ó¬ ˝√√ ˛̊º

(1) ¬Û «̊À¬ıé¬Ìøˆ¬øM√√fl¡ ˜±Ú › fl¡±äøÚfl¡ ø¬ıˆ¬±Ê√ÀÚ¬ı˛ ˜ÀÒ… ≈̧̧ ±˜?¸… ’±ÀÂ√ øfl¡Ú± Ó¬±¬ı˛ Ê√Ú… ¬Û¬ı˛œé¬±

¬ı± Goodness of fit Test

(2) ·≈Ì±¬ı˘œ¬ı˛ ˜ÀÒ… øÚ¬ı˛À¬Ûé¬Ó¬± ¬Û¬ı˛œé¬± (Test for independence of attributes)

(3) ø¬ıÀ˙ ∏̄̂ ¬±À¬ı Î¬◊À~ø‡Ó¬ ¸˜fl¡ ø¬ı‰≈¬…øÓ¬¬ı˛ Ê√Ú… ¬Û¬ı˛œé¬± (Test for a specified standard

deviation)

Î¬◊√±˝√√¬ı˛ÀÌ¬ı˛ ¸±˝√√±À˚… χ2 ¬Û¬ı˛œé¬± [χ2 – test) ¬ÛXøÓ¬ ¬ı…±‡…± fl¡¬ı˛± Œ˚ÀÓ¬ ¬Û±À¬ı˛º øÚÀ•ß¬ı˛ Î¬◊√±˝√√¬ı˛ÀÌ

Î¬◊2‰¬Ó¬± ¤¬ı— Œ¢∂ÀÎ¬¬ı˛ ˜ÀÒ… Œ˚±· ”̧S Â√Àfl¡¬ı˛ ˜±Ò…À˜ Î¬◊À~‡ fl¡¬ı˛± ˝√√˘ :
¬Û «̊À¬ıé¬Ì˘t Î¬◊¬Û±ÀM√√¬ı˛ Â√fl¡

Â√±SÀ√¬ı˛ Î¬◊2‰¬Ó¬± ·À¬ı ∏̄Ì± õ∂ø√flË¡ ˛̊±¬ı˛ Œ¢∂Î¬

C B A (Total) Œ˜±È¬

≈̧Î¬◊2‰¬ (Tall) 30 10 10 50

˜Ò…˜ Î¬◊2‰¬Ó¬± (Medium) 10 30 10 50

øÚ•ß Î¬◊2‰¬Ó¬± (Short) 30 20 50 100

(Total) Œ˜±È¬ 70 60 70 200
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(Significant)º ¤¬ı˛ √¬ı≈̨Ú Ú±˘ ’Ú≈̃ ±Ú H0-Œfl¡ ·≈¬ı≈̨ÀQ¬ı˛ 5% d¬À¬ı˛ ¬ı±øÓ¬˘ fl¡¬ı˛ÀÓ¬ ˝√√ ˛̊ ¤¬ı— ø¸X±Àz¬

’±¸± ˚± ˛̊ Œ˚ ˙˝√√À¬ı˛¬ı˛ ·ø¬ı˛á¬ ¸—‡…fl¡ ˜±Ú≈̄ ∏ Ò”̃ ¬Û± ˛̊œ ˚± Î¬◊¬Û±M√√ ¡Z±¬ı˛± ¸˜øÔ«Ó¬º

[‚] fl¡± ◊̋√√-¶® ˛̊±¬ı˛ (χ(χ(χ(χ(χ2) ø¬ı¬ı±Ê√Ú (Chi-Square (χχχχχ2) Distribution) : fl¡± ◊̋√√-¶® ˛̊±¬ı˛ ¬Û¬ı˛œé¬± (χ2

test) ˝√√˘ ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ø√flË¡ ˛̊±-õ∂ø√flË¡ ˛̊± ¬ı ≈̋√√˘ ¬ı…¬ı ‘̋√√Ó¬ ¤¬ı— ¸¬ı˛̆ Ó¬˜ ¬Û¬ı˛œé¬±·≈ø˘¬ı˛ ˜ÀÒ… ’Ú…Ó¬˜º 1900

¸±À˘ fl¡± «̆ ø¬Û ˛̊±¬ı˛̧ Ú (Karl Pearson) ¸¬ı«õ∂Ô˜ ¤¬ı”̨¬Û ¬Û¬ı˛œé¬± fl¡À¬ı˛Úº χ fl¡± «̊Ó¬ Ó¬N› ¬Û «̊À¬ıé¬ÀÌ¬ı˛

˜ÀÒ… Ó¬±¬ı˛Ó¬À˜…¬ı˛ ˜±S± ¬ı…±‡…± fl¡À¬ı˛º øÚ•ßø˘ø‡Ó¬ˆ¬±À¬ı ¤Àfl¡ ¸—:±ø ˛̊Ó¬ fl¡¬ı˛± ˚± ˛̊ :

fl¡± ◊̋√√-¶® ˛̊±¬ı˛ ∑ −
==

e

e

f
ff 2

02 )(χ

Œ˚‡±ÀÚ f0 › fe ˝√√˘ ˚Ô±√flË¡À˜ ¬Û «̊À¬ıé¬Ìõ∂ ”̧Ó¬ ¬Ûø¬ı˛̧ —‡…± ¤¬ı— õ∂Ó¬…±ø˙Ó¬ ¬Ûø¬ı˛̧ —‡…± (Observed

frequency and expected frequency)º

χ2 ≈√ˆ¬±À¬ı ¬ı…¬ı ‘̋√√Ó¬ ˝√√ ˛̊º ¤¬ı˛ Ù¬À˘ ¤fl¡È¬± ø¬ı√w¬±øz¬ Œ√‡± ø√ÀÓ¬ ¬Û±À¬ı˛º ¬ıÌ«Ú± ”̃̆ fl¡ ¬ı˛±ø˙ø¬ı:±ÀÚ¬ı˛

˙±‡± ˛̊ χ2-¤¬ı˛ ¡Z±¬ı˛± ≈√øÈ¬ ‰¬˘Àfl¡¬ı˛ ˜ÀÒ… Œ˚±· ”̧ÀS¬ı˛ ˜±S± Œ¬ı±Á¡±Ú ˝√√ ˛̊º ¬Ûé¬±z¬À¬ı˛ ¬ı˛±ø˙ø¬ı:±ÀÚ¬ı˛

ø¸X±z¬ ”̃̆ fl¡ ˙±‡± ˛̊ χ2-¤¬ı˛ ˜±Ò…À˜ Œfl¡±Ú Œ˚±· ”̧S ˚± ¸y¬±¬ıÚ± øÚ «̂¬¬ı˛ Ó¬±¬ı˛ ¸y¬±¬ıÚ± (Probability)

¸•ÛÀfl«¡ Ò±¬ı˛Ì± ¬Û±› ˛̊± ˚± ˛̊º ˜±S±·Ó¬ ¸—‡…±¬ı˛ ¡Z±¬ı˛± õ∂fl¡±˙À˚±·… ‰¬˘fl¡·≈ø˘¬ı˛ (attribute) Œé¬ÀS ¤¬ı˛

¬ı…±¬Ûfl¡ ¬ı…¬ı˝√√±¬ı˛ Œ√‡± ˚± ˛̊º

˚‡Ú Œ˚Ãø·fl¡ ·Î¬ˇ (μi) ¤¬ı— Œˆ¬√˜±Ú 
n
iσ  ¸˝√√ ¤fl¡øÈ¬ ¶§±ˆ¬±ø¬ıfl¡ˆ¬±À¬ı ø¬ıˆ¬±øÊ√Ó¬ ¸˜¸y¬±¬ıÚ± ‰¬˘fl¡

X Ò¬ı˛± ˝√√ ˛̊ [’Ô«±» χ-¤¬ı˛ ø¬ıˆ¬±Ê√ÚøÈ¬ ¤fl¡øÈ¬ Normal distribution) ’Ô«±» χ∼N (μ, σ2) Ó¬‡Ú

σ
μχ )( −=z  ˝√√˚˛ ¤fl¡øÈ¬ ¸˜fl¡ ¶§±ˆ¬±ø¬ıfl¡ ‰¬˘fl¡ (Standard normal variable)—’Ô«±»

z∼N (0, 1)º ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ Ó¬N Œ√‡± ˛̊ Œ˚ ¤fl¡øÈ¬ ¸˜fl¡ ¸±Ò±¬ı˛Ì ‰¬˘fl¡ χ2 ø¬ıˆ¬±Ê√ÀÚ¬ı˛ ˜Ó¬ ø¬ıˆ¬±øÊ√Ó¬

˝√√ ˛̊ ˚±¬ı˛ ‘degree of freedom’ (= d.f.) ˝√√˘ 1º

¸±—Àfl¡øÓ¬fl¡ˆ¬±À¬ı

χ2 (1) = z2 Œ˚‡±ÀÚ (1) ˝√√˘ χ2-¤¬ı˛ d.f.

¶§±¬ı±ø¬ıfl¡ ø¬ıˆ¬±ÀÊ√Ú¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ ¬ı± Œˆ¬√˜±Ú Œ˚˜Ú ¬Û…±¬ı˛±ø˜È¬±¬ı˛ øÍ¬fl¡ ŒÓ¬˜Ú χ2 ø¬ıˆ¬±Ê√ÀÚ¬ı˛

¬Û…±¬ı˛±ø˜È¬±¬ı˛ ˝√√˘ d.f.

¤fl¡øÈ¬ ¸˜¸y¬±¬ıÚ± ‰¬˘fl¡ χ fl¡± «̊Ó¬ χ2 ø¬ıˆ¬±Ê√Ú ’Ú≈¬ı”̨¬Û Ò¬ı˛± ˝√√À¬ı ˚ø√ ‰¬˘fl¡øÈ¬¬ı˛ ¸y¬±¬ıÚ± ø¬ıˆ¬±Ê√Ú

’À¬Ûé¬fl¡øÈ¬ (P.d.f.) ˝√√ ˛̊ :

f(x) = )0(;.. 1)2/(2 <∝<−− xxeK n
x
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fl¡¬ı˛± ˜±Ú › ¸—fl¡È¬¬Û”Ì« ˜±Ú (Critical value) Ó≈¬˘Ú± fl¡À¬ı˛̋ ◊√√ H0 ¬ı±øÓ¬˘ fl¡¬ı˛± ¬ı± ’Ú…ˆ¬±À¬ı ø¸X±z¬

ŒÚ› ˛̊± ˝√√ ˛̊º

(7) ¤¬ı±¬ı˛ Î¬◊¬Û¸—˝√√±¬ı˛ ¸¬ı˛̆ ˆ¬±À¬ı õ∂fl¡±˙ fl¡¬ı˛± ˝√√ ˛̊º ˚ø√ H0 ¬ı±øÓ¬˘ fl¡¬ı˛± ˝√√ ˛̊ Ó¬±˝√√À˘ ¬ı…±‡…± ˝√√À¬ı

øÚ•ß¬ı”̨¬Û – ’Ú≈̃ ±Ú H0 Œ˚ ¸Ó¬… ¤¬ı˛ ¸Àe· Î¬◊¬Û±M√√·≈ø˘ (data) ¸±˜?¸…¬Û”Ì« Ú ˛̊ ¤¬ı— ¤ ◊̋√√ Ê√Ú… H0

¢∂˝√√ÌÀ˚±·… Ú ˛̊º ’±¬ı±¬ı˛ H0 ˚ø√ ¬ı±øÓ¬˘ fl¡¬ı˛± Ú± ˝√√ ˛̊ Ó¬±˝√√À˘ Î¬◊À~‡ fl¡¬ı˛± ˝√√ ˛̊ Œ˚ Î¬◊¬Û±M√√·≈ø˘ H0-

¤¬ı˛ ø¬ı¬ÛÀé¬ Œfl¡±Ú¬ı”̨¬Û õ∂˜±Ì ø√ÀÓ¬ ¬Û±À¬ı˛ Ú± ¤¬ı— ¤fl¡±¬ı˛ÀÌ H0 ¢∂˝√√Ì fl¡¬ı˛± Œ˚ÀÓ¬ ¬Û±À¬ı˛º Î¬◊¬Û¸—˝√√±¬ı˛

øflz≈¬ ¸˜¸…±¬ı˛ ¬ıq¡¬ı… ’Ú≈̧ ±À¬ı˛ fl¡Ô± ˛̊ õ∂fl¡±˙ fl¡¬ı˛± ◊̋√√ ø¬ıÀÒ ˛̊º

Î¬◊√±˝√√¬ı˛Ì – ¤fl¡øÈ¬ ¬ıÎ¬ˇ ˙˝√√À¬ı˛ 600 Ê√Ú ¬ı…øq¡¬ı˛ ˜ÀÒ… 325 Ê√Ú Ò”̃ ¬Û± ˛̊œº ¤ ◊̋√√ Ó¬Ô… ŒÔÀfl¡ Ò¬ı˛±

Œ˚ÀÓ¬ ¬Û±À¬ı˛ øfl¡ ˙˝√√À¬ı˛¬ı˛ ·ø¬ı˛á¬ ¸—‡…fl¡ ¬ı…øq¡ (Majority of the persons) Ò”̃ ¬Û± ˛̊œ ∑

¸˜±Ò±Ú – Ú±˘ ’Ú≈̃ ±Ú ˝√√ ˛̊ Œ˚ ¸˜¢∂ ˙˝√√À¬ı˛ Ò”̃ ¬Û± ˛̊œÀ√¬ı˛ ’Ú≈¬Û±Ó¬ ˝√√˘ 50% ’Ô«±» 5·0
100
50 =

∴ H0 (P = 0·5)

˙˝√√À¬ı˛ Ò”̃ ¬Û± ˛̊œÀ√¬ı˛ ’Ú≈¬Û±Ó¬ 50%-¤¬ı˛ ’øÒfl¡ øfl¡Ú± ø¬ı‰¬±¬ı˛ fl¡±¬ı˛ ’±¬ı˙…fl¡º ’Ó¬¤¬ı ø¬ıfl¡ä ’Ú≈̃ ±ÚøÈ¬

˝√√˘ – H1 (P > 0·5)

Ú ≈̃Ú± ˛̊ Ò”̃ ¬Û± ˛̊œ¬ı˛ ’Ú≈¬Û±Ó¬ ˝√√ ˛̊ 600 = n-¤¬ı˛ ˜ÀÒ… 325

Ú ≈̃Ú± ’Ú≈¬Û±Ó¬ ¬ı…¬ı˝√√±¬ı˛ fl¡À¬ı˛,

¬Û «̊À¬ıé¬Ì ˘t˜±Ú 542·0
600
325)( ==P

˚ø√ H0 ¸Ó¬… ˝√√ ˛̊ Ó¬±˝√√À˘,

õ∂Ó¬…±ø˙Ó¬ ˜±Ú (P0) = 0·5

¤¬ı— ¸˜fl¡ S≈øÈ¬¬ ¬ı± 0204·0
600

)5·01(5·0
).(. =−=PES

ŒÈ¬àÈ√√ àÈ√√…±øÈ¬¸øÈ¬fl¡ 1·2
0204·0

5·0542·0
..

=−=−=
ES

z ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï

Œ˚À˝√√Ó≈¬ ø¬ıfl¡ä ’Ú≈̃ ±Ú, H1 (P > 0·5) ˝√√ ˛̊ ¤fl¡ ≈̃‡œ, Œ¸ ◊̋√√À˝√√Ó≈¬ ¬Û¬ı˛œé¬±¬ı˛ ¸—fl¡È¬¬Û”Ì« Œé¬S (Critical

region) ˝√√˘ ¤fl¡õ∂±z¬ ¬Û «̊± ˛̊œº

·≈¬ı≈̨ÀQ¬ı˛ 5% d¬À¬ı˛ (at 5% level of significance) ¸—fl¡È¬¬Û”Ì« Œé¬S ˝√√ ˛̊ z ≥ 1·645

Î¬◊À~‡ fl¡¬ı˛± Œ˚ÀÓ¬ ¬Û±À¬ı˛ Œ˚ z-¤¬ı˛ Ê√Ú… ¸˜fl¡ ¶§±ˆ¬±ø¬ıfl¡ Œ¬ı˛‡±¬ı˛ õ∂±z¬ ¬Û «̊±À ˛̊¬ı˛ Œé¬S ˝√√˘ 5%

¤¬ı— Ó¬± ≥ 1·645º

ŒÈ¬àÈ√√ àÈ√√…±øÈ¬¸øÈ¬fl¡ z-¤¬ı˛ ˜±Ú 2·1 Œ˚À˝√√Ó≈¬ Critical region-¤¬ı˛ ˜ÀÒ… ¬ı˛À ˛̊ÀÂ√ ¤¬ı— Ó¬± ◊̋√√ ·≈¬ı≈̨Q¬Û”Ì«
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(2) ¬Û¬ı˛¬ıÓ¬π ¬Û√Àé¬¬Û ˝√√˘ ˚Ô±√flË¡À˜ ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡, T Î¬◊À~‡ fl¡¬ı˛º ¤¬ı— Ú±˘ ’Ú≈̃ ±ÚøÈ¬ ¸Ó¬…

¤¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬ T-¤¬ı˛ Ú ≈̃Ú± ø¬ıˆ¬±Ê√ÚøÈ¬› Î¬◊À~‡ fl¡¬ı˛º ¬ı‘̋ √√» Ú ≈̃Ú± ¬Û¬ı˛œé¬± ˛̊ (in large sample test)

)(.
)( 0

TES
T

z
θ−

=  ˚± ’±¸iß̂ ¬±À¬ı ¸˜fl¡ ¶§±ˆ¬±ø¬ıfl¡ ø¬ıˆ¬±Ê√Ú (Standard normal distribution) ’Ú≈̧ ¬ı˛Ì

fl¡À¬ı˛ õ∂± ˛̊̇ ◊̋√√ ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊º øfl z≈¬ ¶§ä Ú ≈̃Ú± ¬Û¬ı˛œé¬±¬ı˛ Œé¬ÀS, ¸˜¢∂fl¡øÈ¬Àfl¡ ¶§±ˆ¬±ø¬ıfl¡ Ò¬ı˛± ˝√√ ˛̊ ¤¬ı—

ø¬ıøˆ¬iß ŒÈ¬àÈ√√ àÈ√√…±øÈ¬¸øÈ¬fl¡·≈ø˘ ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊ Œ˚·≈ø˘ õ∂fl‘¡Ó¬ˆ¬±À¬ı ¸˜…fl¡ ¶§±ˆ¬±ø¬ıfl¡ ø¬ıˆ¬±Ê√Ú, fl¡± ◊̋√√-¶® ˛̊±¬ı˛

(chi-square), t ø¬ıˆ¬±Ê√Ú ’Ô¬ı± F ø¬ıˆ¬±Ê√Ú ’Ú≈̧ ¬ı˛Ì fl¡À¬ı˛º

(3) ¬Û¬ı˛¬ıÓ¬π ¬Û√Àé¬¬Û ˝√√˘ ¬Û¬ı˛œé¬±¬ı˛ Œé¬ÀS ·≈¬ı≈̨ÀQ¬ı˛ d¬¬ı˛ α øÚ¬ı«±‰¬Ú fl¡¬ı˛± ¬ı± øàÔ¬ı˛ fl¡¬ı˛±º ˚ø√ Ú±

Ó¬± ¸˜¸…± ˛̊ Î¬◊ø~ø‡Ó¬ Ô±Àfl¡º ¤ ˝√√˘ õ∂Ô˜ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬ fl¡¬ı˛±¬ı˛ ¸À¬ı«±2‰¬ ¸y¬±¬ıÚ±ñ’Ô«±» ¤fl¡øÈ¬ ¬Û¬ı˛œé¬±

õ∂ø√flË¡ ˛̊± ¡Z±¬ı˛± √w¬±z¬ ø¸X±z¬ ¢∂˝√√Ì fl¡¬ı˛± ˚‡Ú ‚È¬Ú±√flË¡À˜ Ú±˘ ’Ú≈̃ ±ÚøÈ¬ õ∂fl‘¡Ó¬ ◊̋√√ ¸Ó¬…º ¸±Ò±¬ı˛ÌÓ¬ 5%

’Ô¬ı± 1% ¤¬ı˛ d¬¬ı˛ ·≈¬ı≈̨ÀQ¬ı˛ d¬¬ı˛ ø˝√√¸±À¬ı Ò¬ı˛± ˝√√ ˛̊º ˚‡Ú ¤ ¸•ÛÀfl«¡ Œfl¡±Ú Î¬◊À~‡ Ô±Àfl¡ Ú± Ó¬‡Ú

5% ¤¬ı˛ d¬¬ı˛ Ò¬ı˛± ◊̋√√ ø¬ıÀÒ ˛̊º

(4) ¬Û¬ı˛¬ıÓ¬π ¬Û√Àé¬¬Û ˝√√˘ ·≈¬ı≈̨ÀQ¬ı˛ ¬ÛÂ√μ fl¡¬ı˛± d¬À¬ı˛ ¬Û¬ı˛œé¬±¬ı˛ Critical region øÚÌ«̊ ˛ fl¡¬ı˛± ¤¬ı˛

¡Z±¬ı˛± ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬Àfl¡¬ı˛ ¤fl¡·≈26√ ˜±Ú·≈ø˘ õ∂fl¡±˙ fl¡¬ı˛± ˝√√ ˛̊ Œ˚·≈ø˘ Ú±˘ ’Ú≈̃ ±Ú ¬ı±øÓ¬À˘¬ı˛ ¬ÛÀé¬ ¬ı˛± ˛̊

Œ√ ˛̊º Critical region ¸¬ı«√± ø¬ıˆ¬±Ê√ÀÚ¬ı˛ ¤fl¡õ∂±Àz¬¬ı˛ ¬ı± Î¬◊̂ ¬ ˛̊ õ∂±Àz¬¬ı˛ ¬Û «̊±À ˛̊ Œ√‡± Œ√ ˛̊ ¬˚± ø¬ıfl¡ä

’Ú≈̃ ±Ú ¤fl¡ ≈̃‡œ Ú± ≈√ ◊̋√√- ≈̃‡œ Ó¬±¬ı˛ Î¬◊¬Û¬ı˛ øÚ «̂¬¬ı˛ fl¡À¬ı˛º ø¬ıˆ¬±Ê√ÀÚ¬ı˛ ≈√ ◊̋ õ∂±z¬ ¬Û «̊±À ˛̊¬ı˛ Œé¬S (area in

the two tails) ¬˚± ‘Critical region’-¤¬ı˛ ’± ˛̊Ó¬Ú ¬ıÀ˘ ’øˆ¬ø˝√√Ó¬ ˝√√ ˛̊ Ó¬± ’øÓ¬ ’¬ı˙… ◊̋√√ ·≈¬ı≈̨ÀQ¬ı˛

d¬¬ı˛ α-¤¬ı˛ ¸˜±Ú ˝√√À¬ıº ¤fl¡ õ∂±øz¬fl¡ ¬Û «̊±À ˛̊¬ı˛ ¬Û¬ı˛œé¬±¬ı˛ Ê√Ú… α fl¡± «̊Ó¬ ø¬ıˆ¬±Ê√ÀÚ¬ı˛ ¤fl¡õ∂±z¬ ¬Û «̊±À ˛̊

õ∂fl¡±˙ ¬Û± ˛̊ ¤¬ı— ≈√-õ∂±z¬ ¬¬Û «̊±À ˛̊¬ı˛ ¬Û¬ı˛œé¬± ˛̊ α/2 ø¬ıˆ¬±Ê√ÀÚ¬ı˛ õ∂øÓ¬ õ∂±z¬ ¬Û «̊±À ˛̊ õ∂fl¡±˙ ¬Û± ˛̊º ¸—fl¡È¬¬Û”Ì«

¤˘±fl¡± ¬ı± Critical region ˝√√˘ :

2
αTT ≥ ’Ô¬ı±

2
1α− ≤T T

 ˚‡Ú H1(θ ≠ θ0)

αTT ≥  ˚‡Ú 

) (0 1θ θ− H

α−≤ 1TT  ˚‡Ú H1(θ < θ0)

Œ˚‡±ÀÚ Tα ˝√√˘ T-¤¬ı˛ ¤˜Ú ˜±Ú Œ˚ ¤¬ı˛ Î¬±Ú ø√Àfl¡¬ı˛ Œé¬ÀS ˝√√˘ αº

(5) ¬Û¬ı˛¬ıÓ¬π ¬Û√Àé¬¬Û ˝√√˘ Ú ≈̃Ú± Î¬◊¬Û±ÀM√√¬ı˛ øˆ¬øM√√ÀÓ¬ (on the basis of sample data) ŒÈ¬àÈ√√

àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡ T-¤¬ı˛ ˜±Ú øÚÌ«̊ ˛ fl¡¬ı˛± ¤¬ı— H0 ·ÌÚ± fl¡¬ı˛±º ¬ı‘̋ √√» Ú ≈̃Ú± ¬Û¬ı˛œé¬± ˛̊ ˚ø√ øfl¡Â≈√ ¬Û…±¬ı˛±ø˜È¬±¬ı˛

’:±Ó¬ ˝√√ ˛̊ Œ¸·≈ø˘ fl¡± «̊Ó¬ Ú ≈̃Ú± ŒÔÀfl¡ ·ÌÚ± fl¡¬ı˛± ˝√√ ˛̊º

(6) ¬Û¬ı˛¬ıÓ¬π ¬Û√Àé¬¬Û ˝√√˘ ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡, T-¤¬ı˛ ·ÌÚ± fl¡¬ı˛± ˜±Ú ˚ø√ ¸—fl¡È¬¬Û”Ì« Œé¬ÀS ¬ı±

Critical region-¤ Ô±Àfl¡ Ó¬±˝√√À˘ H0-Œfl¡ ¬ı±øÓ¬˘ fl¡¬ı˛±  , ÚÓ≈¬¬ı± H0-Œfl¡ ¬ı±øÓ¬˘ Ú± fl¡¬ı˛±º T-¤¬ı˛ ·ÌÚ±
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(8) ·≈¬ı≈̨ÀQ¬ı˛ d¬¬ı˛ (Level of Significance) : ¸À¬ı«±2‰¬ ¸y¬±¬ıÚ± ˚±¬ı˛ øˆ¬øM√√ÀÓ¬ ¤fl¡øÈ¬ ¸Ó¬… Ú±˘

’Ú≈̃ ±Ú (H0) ¬ı±øÓ¬˘ fl¡¬ı˛± ˝√√ ˛̊ Ó¬±Àfl¡ ¬Û¬ı˛œé¬±¬ı˛ Œé¬ÀS ·≈¬ı≈̨ÀQ¬ı˛ d¬¬ı˛ ¬ıÀ˘ ’øˆ¬ø˝√√Ó¬ fl¡¬ı˛± ˝√√ ˛̊ ¤¬ı— Ó¬±

α ¡Z±¬ı˛± øÚÀ«√ø˙Ó¬ ˝√√ ˛̊º ø¸X±z¬ øÚ ˛̊̃ ·≈ø˘ ¬ı˛‰¬Ú±¬ı˛ Œé¬ÀS ¬Ûø¬ı˛̧ —‡…±·Ó¬ ø¸X±Àz¬¬ı˛ ·≈¬ı≈̨Q ’Ú≈̊ ± ˛̊œ ·≈¬ı≈̨ÀQ¬ı˛

d¬¬ı˛ (Level of significance) ◊̋√√26√±˜Ó¬ (arbitrarily) øàÔ¬ı˛ fl¡¬ı˛± ˝√√ ˛̊º õ∂Ô±·Ó¬ˆ¬±À¬ı ·≈¬ı≈̨ÀQ¬ı˛ d¬¬ı˛ 5%

’Ô¬ı± 1% Ò¬ı˛± ˝√√ ˛̊º ˚ø√› ’Ú…±Ú… d¬¬ı˛ Œ˚˜Ú 2% ’Ô¬ı± 
2
1 % › ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊º õ∂Ô˜ Ò¬ı˛ÀÚ¬ı˛

S≈øÈ¬ (Type 1 error) fl¡¬ı˛±¬ı˛ ¸y¬±¬ıÚ±¬ı˛ Î¬◊2‰¬Ó¬¬ı˛ ¸œ˜± ’Ô«±» ‘critical region’-¤¬ı˛ ’± ˛̊Ó¬Ú øÚÀ«√˙

fl¡¬ı˛±¬ı˛ Ê√Ú… ·≈¬ı˛ÀQ¬ı˛ d¬¬ı˛, α ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛± ˝√√ ˛̊º

(9) õ∂Ô˜ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬ (Error of first type) : Ú±˘ ’Ú≈̃ ±ÚøÈ¬ õ∂fl‘¡Ó¬ ◊̋√√ ¸Ó¬… ˝√√› ˛̊± ¸ÀN›

¬Û¬ı˛œé¬±¬ı˛ ¡Z±¬ı˛± Ó¬± ¬ı±øÓ¬˘ fl¡¬ı˛± ˝√√À˘ Œ˚ S≈øÈ¬ ˝√√˘ Ó¬±Àfl¡ õ∂Ô˜ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬ ¬ıÀ˘º ‘Critical region’øÈ¬

¤˜Úˆ¬±À¬ı øÚÒ«±ø¬ı˛Ó¬ Œ˚ õ∂Ô˜ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬¬ı˛ ¸y¬±¬ıÚ± øflz≈¬ ¬Û¬ı˛œé¬±¬ı˛ ·≈¬ı≈̨ÀQ¬ı˛ d¬¬ı˛Àfl¡ Â√±øÎ¬ˇÀ ˛̊ ˚± ˛̊ Ú±º

(10) ø¡ZÓ¬œ ˛̊ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬ (Error of second type) : ’fl¡± «̊fl¡¬ı˛ ’Ú≈̃ ±ÚøÈ¬ õ∂fl‘¡Ó¬ ◊̋√√ ø˜Ô…±

˝√√› ˛̊± ¸ÀN› ¬Û¬ı˛œé¬±¬ı˛ øˆ¬øM√√ÀÓ¬ Ó¬± ·‘̋ √√œÓ¬ ˝√√À˘ Œ˚ S≈øÈ¬ ˝√√ ˛̊ Ó¬±Àfl¡ ø¡ZÓ¬œ ˛̊ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬ ¬ıÀ˘º ø¡ZÓ¬œ ˛̊

Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬¬ı˛ ¸y¬±¬ıÚ± fl¡± «̊Ó¬ ø¬ıfl¡ä ’Ú≈̃ ±Ú (H1)-¤¬ı˛ ø¬ıÀ˙ ∏̄̂ ¬±À¬ı Î¬◊À~ø‡Ó¬ ˜±ÀÚ¬ı˛ Î¬◊¬Û¬ı˛ øÚ «̂¬¬ı˛ fl¡À¬ı˛

¤¬ı— ¬Û¬ı˛œé¬±¬ı˛ √é¬Ó¬± ”̃̆ …± ˛̊ÀÚ ¬ı…¬ı ‘̋√√Ó¬ ˝√√ ˛̊º

(11) ¬Û¬ı˛œé¬±¬ı˛ é¬˜Ó¬± (Power of the test) : ¤fl¡øÈ¬ ø˜Ô…± Ú±˘ ’Ú≈̃ ±Ú ¬ı±øÓ¬˘ fl¡¬ı˛±¬ı˛

¸y¬±¬ıÚ±Àfl¡ ¬Û¬ı˛œé¬±øÈ¬¬ı˛ é¬˜Ó¬± ¬ı˘± ˝√√ ˛̊º ≈̧Ó¬¬ı˛±— ëé¬˜Ó¬±í (power) ˝√√˘ ¬Û¬ı˛œé¬±¬ı˛ ¡Z±¬ı˛± ¸øÍ¬fl¡ Î¬◊¬Û¸—˝√√±¬ı˛

È¬±Ú± ˚‡Ú Ú±˘ ’Ú≈̃ ±ÚøÈ¬ ø˜Ô…±º ø¬ıfl¡ä ’Ú≈̃ ±Ú (H1)-¤¬ı˛ ¸Àe· ¸e·øÓ¬¬Û”Ì« ¬Û…±¬ı˛±ø˜È¬±À¬ı˛ ø¬ıÀ˙ ∏̄̂ ¬±À¬ı

øàÔø¬ı˛fl‘¡Ó¬ ¤fl¡øÈ¬ ˜±ÀÚ¬ı˛ Ê√Ú… é¬˜Ó¬± = 1—ø¡ZÓ¬œ ˛̊ Ò¬ı˛ÀÚ¬ı˛ S≈øÈ¬¬ı˛ ¸y¬±¬ıÚ±º ø¬ıÀ˙ ∏̄̂ ¬±À¬ı øàÔø¬ı˛fl‘¡Ó¬

¸fl¡˘ ø¬ıfl¡ä·≈ø˘¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬ ëé¬˜Ó¬±í (power) ˚ø√ Œ˘‡ø‰¬ÀS¬ı˛ ¸±˝√√±À˚… õ∂fl¡±˙ fl¡¬ı˛± ˝√√ ˛̊ Ó¬±˝√√À˘

Œ˚ Œ¬ı˛‡±øÈ¬ ¬Û±› ˛̊± ˚± ˛̊ Ó¬±Àfl¡ é¬˜Ó¬± Œ¬ı˛‡± (power curve) ¬ıÀ˘ ’øˆ¬ø˝√√Ó¬ fl¡¬ı˛± ˝√√ ˛̊º

[·] ’Ú≈̃ ±ÀÚ¬ı˛ ¬ı± ·≈¬ı≈̨ÀQ¬ı˛ ¬Û¬ı˛œé¬± ˛̊ ø¬ıøˆ¬iß ¬Û√Àé¬¬Û (Steps in test of Hypothesis or

Significance) :

(1) õ∂Ô˜ ¬Û√Àé¬¬Û ˝√√˘ Ú±˘ ’Ú≈˜±Ú H0 ¤¬ı— ø¬ıfl¡ä ’Ú≈˜±Ú H1 øàÔ¬ı˛ fl¡¬ı˛± ¬ı± Î¬◊¬ÛàÔ±ø¬ÛÓ¬

fl¡¬ı˛±º õ∂√M√√ ¸˜¸…±¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬ H0 ¤¬ı— H1 øàÔ¬ı˛ fl¡¬ı˛ÀÓ¬ ˝√√˚˛º Ú±˘ ’Ú≈˜±Ú ¸±Ò±¬ı˛ÌÓ¬ ¸˜¢∂fl¡

¸—øù≠©Ü Œfl¡±Ú ¬Û…±¬ı˛±ø˜È¬±À¬ı˛¬ı˛ ˜±Ú ¸•Ûøfl«¡Ó¬ ’Ú≈˜±Ú ˝√√À˚˛ Ô±Àfl¡º H0 (θ = θ0), Œ˚‡±ÀÚ θ ˝√√˘

¤fl¡øÈ¬ ¬Û…±¬ı˛±ø˜È¬±¬ı˛ ¤¬ı— θ0 ¬Û…±¬ı˛±ø˜È¬±¬ı˛øÈ¬¬ı˛ ’Ú≈ø˜Ó¬ ˜±Úº ¤¬ı±¬ı˛ ø¬ıfl¡ä ’Ú≈˜±Ú, H1 øÚÀ•ß¬ı˛ Œ˚

Œfl¡±Ú ¤fl¡ˆ¬±À¬ı ˝√√ÀÓ¬ ¬Û±À¬ı˛ )(),(),( 010101 θθθθθθ <>≠ HHH  ø¬ıfl¡ä ’Ú≈˜±ÀÚ¬ı˛ Ò¬ı˛ÚøÈ¬

fl¡±˚«Ó¬ ¤fl¡-õ∂±z¬ ¬Û¬ı˛œé¬± (One-tail Test) ˝√√À¬ı Ú± ≈√˝◊√√-õ∂±z¬ ¬Û¬ı˛œé¬± (Two-tail test) ˝√√À¬ı Ó¬±

øàÔ¬ı˛ fl¡À¬ı˛ Œ√˚˛º
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(3) ’Ú≈̃ ±Ú ¬Û¬ı˛œé¬± ¬ı± ·≈¬ı≈̨Q ¬Û¬ı˛œé¬± (Test of Hypothesis or Test of significance) :
ø¬ı‰¬± «̊ ’Ú≈̃ ±ÚøÈ¬ ¢∂˝√√Ì fl¡¬ı˛± ˝√√À¬ı øfl¡•§± ¬ı±øÓ¬˘ fl¡¬ı˛± ˝√√À¬ı ¤ ø¬ı ∏̄À ˛̊ ø¸X±z¬ ŒÚ› ˛̊±¬ı˛ Ê√Ú… ¤fl¡·≈26√

øÚ ˛̊̃ ±ÒœÚ ¤fl õ∂ø√flË¡ ˛̊± ˝√√˘ ’Ú≈̃ ±Ú ¬Û¬ı˛œé¬± (Test of Hypothesis) ¬ı± ·≈¬ı≈̨Q ¬Û¬ı˛œé¬± (Test of

significance)º

(4) Ú±˘ ¬ı± ’fl¡± «̊fl¡¬ı˛ ’Ú≈̃ ±Ú (Null hypothesis) : ¤ ˝√√˘ ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ¤˜Ú ¤fl¡øÈ¬ ’Ú≈̃ ±Ú

Œ˚ ’Ú≈̃ ±ÀÚ¬ı˛ ¬ı˘¬ı»À˚±·…Ó¬± fl¡± «̊Ó¬ Ú ≈̃Ú± ¬Û «̊À¬ıé¬Ì¸ ”̃À˝√√¬ı˛ øˆ¬øM√√ÀÓ¬ (on the basis of sample

observations) ¸y¬±¬ı… ¬ı±øÓ¬˘ fl¡¬ı˛±¬ı˛ ¬ÛÀé¬ ¬Û¬ı˛œøé¬Ó¬ ˝√√ ˛̊º Ú±˘ ’Ú≈̃ ±Ú ¸±Ò±¬ı˛ÌÓ¬ H0 ¡Z±¬ı˛± õ∂fl¡±˙

fl¡¬ı˛± ˝√√ ˛̊ ¤¬ı— ø¬ıfl¡ä ’Ú≈̃ ±Ú·≈ø˘¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬ ¬Û¬ı˛œé¬± fl¡¬ı˛± ˝√√ ˛̊ ’Ú≈̃ ±Ú ¬Û¬ı˛œé¬± (Test of hypothesis)

fl¡± «̊Ó¬ ≈̇Ò≈ Ú±˘ ’Ú≈̃ ±Ú ¢∂˝√√Ì ’Ô¬ı± ¬ı±øÓ¬˘fl¡¬ı˛Ì ¸•Ûøfl«¡Ó¬ ˝√√ ˛̊º

(5) ø¬ıfl¡ä ’Ú≈̃ ±Ú (Alternative hypothesis) : ¤fl¡øÈ¬ ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ’Ú≈̃ ±Ú ¬ı± Ú±˘ ’Ú≈̃ ±Ú

ŒÔÀfl¡ ¬Û‘Ôfl¡ ¬ı± øˆ¬ißÓ¬±Àfl¡ ¤fl¡øÈ¬ ø¬ıfl¡ä ’Ú≈̃ ±Ú ¬ıÀ˘ ¤¬ı— Ó¬± ¸±Ò±¬ı˛ÌÓ¬ H1 ¡Z±¬ı˛± øÚÀ«√ø˙Ó¬ ˝√√ ˛̊º

ø¬ıfl¡ä ’Ú≈̃ ±Ú ¬Û¬ı˛œé¬± fl¡¬ı˛± ˝√√ ˛̊ Ú± øfl¡z≈¬ ¤ ◊̋√√ ’Ú≈̃ ±Ú ¢∂˝√√Ì fl¡¬ı˛±¬ı˛ [¬ı± ¬ı±øÓ¬˘ fl¡¬ı˛±¬ı˛] ø¸X±z¬øÈ¬ fl¡± «̊Ó¬

øÚ «̂¬¬ı˛ fl¡À¬ı˛ Ú±˘ ’Ú≈̃ ±ÚøÈ¬ ¬ı±øÓ¬˘ fl¡¬ı˛±¬ı˛ [¬ı± ¢∂˝√√Ì fl¡¬ı˛±¬ı˛] Î¬◊¬Û¬ı˛º Ú±˘ ’Ú≈̃ ±ÀÚ¬ı˛ ø¬ı¬Û¬ı˛œÓ¬ ˝√√ ˛̊ ø¬ıfl¡ä

’Ú≈̃ ±Úº ˚Ô±˚Ô ¸—fl¡È¬¬Û”Ì« ¤˘±fl¡± (Critical region) øÚ¬ı«±‰¬Ú fl¡± «̊Ó¬ ø¬ıfl¡ä ’Ú≈̃ ±ÀÚ¬ı˛ Ò¬ı˛ÀÚ¬ı˛ Î¬◊¬Û¬ı˛

øÚ «̂¬¬ı˛ fl¡À¬ı˛º

(6) ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡ (Test statistic) : Ú ≈̃Ú± ¬Û «̊À¬ıé¬Ì¸ ”̃À˝√√¬ı˛ ¤fl¡øÈ¬ ¬Ûø¬ı˛̃ ±¬Ûfl¡ ¬ı± ¤fl¡øÈ¬

àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡ ˚±¬ı˛ ·ÌÚ±fl‘¡Ó¬ ˜±ÀÚ¬ı˛ øˆ¬øM√√ÀÓ¬ H0 ¢∂˝√√Ì fl¡¬ı˛± ’Ô¬ı± ¬ı±øÓ¬˘ fl¡¬ı˛±¬ı˛ ø¬ı ∏̄À ˛̊ ‰”¬Î¬ˇ±z¬ ø¸X±z¬

øÚÒ«±ø¬ı˛Ó ˝√√ ˛̊ Ó¬±Àfl¡ ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬fl¡ ¬ı˘± ˝√√ ˛̊º ’øÓ¬ ¸Ó¬fl«¡Ó¬±¬ı˛ ¸ø˝√√Ó¬ ˚ÀÔ±¬Û ≈̊q¡ ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬Àfl¡¬ı˛

Ú ≈̃Ú± ø¬ıˆ¬±Ê√Ú ¸•ÛÀfl«¡ Ò±¬ı˛Ì± Ô±fl¡± ’±¬ı˙…fl¡º ŒÈ¬àÈ√√ àÈ√√…±øÈ¬ ƒ̧øÈ¬Àfl¡¬ı˛ ˜±Ú ˚ø√ ¸efl¡È¬¬Û”Ì« ¤˘±fl¡±¬ı˛

(critical region) ˜ÀÒ… ¬ÛÀÎ¬ˇ Ó¬±˝√√À˘ ’fl¡± «̊fl¡¬ı˛ ’Ú≈̃ ±Ú ¬¬ı±øÓ¬˘ fl¡¬ı˛± ˝√√ ˛̊º

(7) ¸—fl¡È¬¬Û”Ì« ¤˘±fl¡± (Critical region) : ¸—fl¡È¬¬Û”Ì« ¤˘±fl¡± ¬ı± ‘Critical region’ ¬ı˘ÀÓ¬

ŒàÈ√√È¬ àÈ√√…±øÈ¬¸ƒøÈ¬Àfl¡¬ı˛ ¤fl¡øÈ¬ Œ¸È¬ ¬ı± √˘Àfl¡ Œ¬ı±Á¡±˚˛ Œ˚·≈ø˘ Ú±˘ ’Ú≈˜±Ú ¬ı±øÓ¬˘ fl¡¬ı˛±¬ı˛ ¬ÛÔ õ∂√˙«Ú

fl¡À¬ı˛º ¤fl¡øÈ¬ ¸Ó¬… Ú±˘ ’Ú≈˜±Ú ¬Û¬ı˛œé¬± ¸±À¬ÛÀé¬ ¬ı±øÓ¬˘ ˝√√›˚˛±¬ı˛ ¸y¬±¬ıÚ± õ∂±˚˛˙˝◊√√ critical region-

¤¬ı˛ ’±fl¡±¬ı˛ øÚø«√©Ü fl¡À¬ı˛º Ê√…±ø˜øÓ¬fl¡ˆ¬±À¬ı n ’±fl¡±¬ı˛ ø¬ıø˙©Ü (x1, x2 ... xn), ¤fl¡øÈ¬ Ú˜≈Ú± ¤fl¡øÈ¬

ø¬ıμ≈¬ı˛ (x) ¡Z±¬ı˛± õ∂fl¡±˙ fl¡¬ı˛± ˝√√˚˛ ¤¬ı— ¤˝◊√√ ø¬ıμ≈Àfl¡ Ú˜≈Ú± ø¬ıμ≈ (Sample point) ¬ıÀ˘ ¤¬ı— Œ˚

Ê√±˚˛·±˚˛ ¬ı± ¸˜Ó¬À˘ ¸y¬±¬ı… ¸fl¡˘ Ú˜≈Ú± ø¬ıμ≈·≈ø˘ Ô±Àfl¡ Ó¬±Àfl¡ ë¸…±•Û˘ Œ¶Û¸í (Sample space)

¬ıÀ˘ (w)º ’Ó¬¤¬ı ‘Critical region’-Œfl¡ (Sample space) w-¤¬ı˛ Œ¸˝◊√√ ¸fl¡˘ Ú˜≈Ú± ø¬ıμ≈¬ı˛ ¤fl¡øÈ¬

Î¬◊¬Û√˘ (Subset) ø˝√√¸±À¬ı ¸—:±ø˚˛Ó¬ fl¡¬ı˛± ˚±˚˛ Œ˚ ¸fl¡˘ Ú˜≈Ú± ø¬ıμ≈·≈ø˘¬ı˛ Ê√Ú… Ú±˘ ’Ú≈˜±Ú ¬ı±øÓ¬˘

fl¡¬ı˛ÀÓ¬ ˝√√˚˛º
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2.6 ¬Ûø¬ı˛̧ —‡…±·Ó¬ ’Ú≈̃ ±Ú¸ ”̃À˝√√¬ı˛ ¬Û¬ı˛œé¬± (Test of Hypothesis)

¬ı ≈̋√√ ¬ı…¬ı˝√√±ø¬ı˛fl¡ ¸˜¸…±¬ı˛ Œé¬ÀS ¬Ûø¬ı˛̧ —‡…± ˛̊fl¡À√¬ı˛ Ú ≈̃Ú± ¬Û «̊À¬ıé¬Ì¸ ”̃À˝√√¬ı˛ øˆ¬øM√√ÀÓ¬ ¬Ûø¬ı˛̧ —‡…±·Ó¬

¸˜¢∂fl¡ ¸•ÛÀfl«¡ ø¸X±z¬ ¢∂˝√√Ì fl¡¬ı˛±¬ı˛ õ∂À ˛̊±Ê√Ú ˝√√ ˛̊º Î¬◊√±˝√√¬ı˛Ì¶§¬ı˛”¬Û, ¤fl¡øÈ¬ ¸˜¸y¬±¬ıÚ± Ú ≈̃Ú± Œ√› ˛̊±

Ô±fl¡À˘, Œ˚ ¸˜¢∂fl¡ ŒÔÀfl¡ Ú ≈̃Ú±‰¬ ˛̊Ú fl¡¬ı˛± ˝√√À ˛̊ÀÂ√ Ó¬± Œ˚Ãø·fl¡ ·Î¬ˇ = 40 ¤¬ı— ¸˜…fl¡ø¬ı‰≈¬…øÓ¬ = 3

¸˝√√ ¤fl¡øÈ¬ ¶§±ˆ¬±ø¬ıfl¡ ø¬ıˆ¬±Ê√Ú (Normal distribution) øfl¡Ú± Œ¸ ø¬ı ∏̄̊ ˛øÈ¬ øÍ¬fl¡ fl¡¬ı˛±¬ı˛ õ∂À ˛̊±Ê√Ú ˝√√ÀÓ¬

¬Û±À¬ı˛, ¤¬ı”̨¬Û ø¬ı ∏̄À ˛̊ ø¸X±Àz¬ Œ¬Û“√ÃÂ√±ÀÚ±¬ı˛ õ∂À‰©Ü± ˛̊ ¸˜¢∂Àfl¡¬ı˛ Δ¬ıø˙©Ü…¸ ”̃̋ √√ ¸•ÛÀfl«¡ øfl¡Â≈√ ’Ú≈̃ ±Ú › ’±μ±Ê√

fl¡¬ı˛± ’±¬ı˙…fl¡ ˝√√ ˛̊ ø¬ıÀ˙ ∏̄Ó¬ ¸y¬±¬ıÚ± ø¬ıˆ¬±Ê√Ú ’Ô¬ı± ¬Û…±¬ı˛±ø˜È¬±À¬ı˛¬ı˛ ˜±Ú ¸•ÛÀfl«¡ øfl¡Â≈√ ’Ú≈̃ ±Ú fl¡¬ı˛±¬ı˛

õ∂À ˛̊±Ê√Ú ¬ÛÀÎ¬ˇº ¤¬ı”̨¬Û ’Ú≈̃ ±Ú ’Ô¬ı± ¸˜¢∂fl¡ ¸•ÛÀfl«¡ ¬ıq¡¬ı…Àfl¡ ¬Ûø¬ı˛̧ —‡…±·Ó¬ ’Ú≈̃ ±Ú (Statistical

hypothesis) ¬ı˘± ˝√√ ˛̊º Ú ≈̃Ú± ø¬ıÀù≠ ∏̄Ì fl¡À¬ı˛ ’Ú≈̃ ±ÀÚ¬ı˛ ¬ı˘¬ı»À˚±·…Ó¬± ¬Û¬ı˛œé¬± fl¡¬ı˛± ˝√√ ˛̊º Œ˚ õ∂ø√flË¡ ˛̊±¬ı˛

¸±˝√√±À˚… Œfl¡±Ú ø¬ıÀ˙ ∏̄ ’Ú≈̃ ±Ú ¸Ó¬… øfl¡•§± ¸Ó¬… Ú ˛̊ Ó¬± øÚÒ«±¬ı˛Ì fl¡¬ı˛± ˝√√ ˛̊ Ó¬±Àfl¡ ’Ú≈̃ ±ÀÚ¬ı˛ ¬Û¬ı˛œé¬±

(Test of hypothesis) ’Ô¬ı± ·≈¬ı≈̨ÀQ¬ı˛ ¬Û¬ı˛œé¬± (Test of significance) ¬ı˘± ˝√√ ˛̊º

[fl¡] ¬Ûø¬ı˛̧ —‡…±·Ó¬ ’Ú≈ø˜øÓ¬ ¬ı± ø¸X±z¬ (Statistical Inference) – Ú ≈̃Ú± ø¬ıÀù≠ ∏̄ÀÌ¬ı˛ ≈̃‡…

Î¬◊ÀV˙… ˝√√˘ Ú ≈̃Ú± Ú±À˜ ¸˜¢∂Àfl¡¬ı˛ ¤fl¡øÈ¬ ’—˙ ¬Û¬ı˛œé¬± fl¡À¬ı˛ ¸˜¢∂fl¡ ¸•ÛÀfl«¡ ø¸X±Àz¬ Î¬◊¬ÛÚœÓ¬ ˝√√› ˛̊±º

¤ˆ¬±À¬ı ·‘̋ √√œÓ¬ ø¸X±z¬Àfl¡ ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ø¸X±z¬ (Statistical inference) ¬ı˘± ˝√√ ˛̊º Ú ≈̃Ú±·Ó¬

Ó¬Ô…±¬ı˘œ¬ı˛ øˆ¬øM√√ÀÓ¬ ¸˜¢∂Àfl¡¬ı˛ ¬Ûø¬ı˛̧ —‡…±·Ó¬ ¬Ûø¬ı˛̃ ±¬Ûfl¡ [¸˜¢∂fl¡ Œ˚Ãø·fl¡ ·Î¬ˇ, ¸˜¢∂fl¡ Œˆ¬√˜±Ú ◊̋√√Ó¬…±ø√]

¬ı± ¬Û…±¬ı˛±ø˜È¬±¬ı˛ ·ÌÚ± fl¡¬ı˛± ¤¬ı— ¬Û…±¬ı˛±ø˜È¬±¬ı˛·≈ø˘ ¸•ÛÀfl«¡ ’Ú≈̃ ±Ú ¬Û¬ı˛œé¬± fl¡¬ı˛±ñ¤ ◊̋√√ ≈√øÈ¬ ˝√√˘

¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ø¸X±z¬¸ ”̃À˝√√¬ı˛ ≈√øÈ¬ õ∂Ò±Ú ˙±‡±º ≈̧Ó¬¬ı˛±— ¸˜¢∂Àfl¡¬ı˛ õ∂fl‘¡øÓ¬ ¬ı± ·Í¬Ú ¸•ÛÀfl«¡ ’Ô¬ı±

¬Û…±¬ı˛±ø˜È¬±¬ı˛ ¸•ÛÀfl«¡ ’Ú≈̃ ±ÚÀfl¡ ¬Ûø¬ı˛̧ —‡…±·Ó¬ ’Ú≈̃ ±Ú ¬ı˘± ˝√√ ˛̊º ¤¬ı”̨¬Û ’Ú≈̃ ±Ú ¸¬ı˛̆  ’Ô¬ı± Œ˚Ãø·fl¡

(Simple ¬ı± Composite) ˝√√ÀÓ¬ ¬Û±À¬ı˛º

[‡] fl¡Ó¬fl¡·≈ø˘ Î¬◊¬ÛÀ˚±·œ Ò±¬ı˛Ì± (Some useful concepts) :

(1) ¸¬ı˛̆  ’Ú≈̃ ±Ú (Simple hypothesis) : ¬Ûø¬ı˛̧ —‡…±·Ó¬ Œ˚ ’Ú≈̃ ±Ú ¸˜¢∂fl¡Àfl¡ ¸•Û”Ì«¬ı”̨À¬Û

ø¬ıÀ˙ ∏̄̂ ¬±À¬ı Î¬◊À~‡ fl¡À¬ı˛ [’Ô«±» ¸y¬±¬ıÚ± ø¬ıˆ¬±Ê√Ú, ’À¬Ûé¬fl¡·Ó¬ Ò¬ı˛Ú ¤¬ı— ¸¬ı ¬Û…±¬ı˛±ø˜È¬±¬ı˛·≈ø˘ :±Ó¬]

Ó¬±Àfl¡ ¸¬ı˛̆  ’Ú≈̃ ±Ú ¬ıÀ˘º

(2) Œ˚Ãø·fl¡ ’Ú≈̃ ±Ú (Composite hypothesis) : ¬Ûø¬ı˛̧ —‡…±·Ó¬ Œ˚ ’Ú≈̃ ±Ú ¸˜¢∂fl¡Àfl¡

¸•Û”Ì«¬ı”̨À¬Û ø¬ıÀ˙ ∏̄̂ ¬±À¬ı Î¬◊À~‡ fl¡À¬ı˛ Ú±º [’Ô«±» ¸y¬±¬ıÚ± ø¬ıˆ¬±Ê√ÀÚ¬ı˛ Ò¬ı˛Ú ’Ô¬ı± øfl¡Â≈√ ¬Û…±¬ı˛±ø˜È¬±¬ı˛

’:±Ó¬] Ó¬±Àfl¡ Œ˚Ãø·fl¡ ’Ú≈̃ ±Ú ¬ıÀ˘º
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universe) ¬ıÀ˘º ¬Ûé¬±z¬À¬ı˛ ¸˜¢∂Àfl¡¬ı˛ ’z¬ «̂≈¬q¡ ¤fl¡Àfl¡¬ı˛ ¸—‡…± ’¸œ˜ ˝√√À˘ Ó¬±Àfl¡ ’¸œ˜ ¸˜¢∂fl¡

(Infinite population or universe) ¬ıÀ˘º Î¬◊√±˝√√¬ı˛Ì ¶§¬ı”̨¬Û, Œfl¡±Ú ¤fl¡ ’=À˘ ’¬ıøàÔÓ¬ ·‘̋ √√¸ ”̃À˝√√¬ı˛

¸˜¢∂fl¡ ˝√√À26√ ¸¸œ˜ ¸˜¢∂fl¡, ¬Ûé¬±z¬À¬ı˛ ·‘À˝√√¬ı˛ ø¬ıøˆ¬iß àÔ±ÀÚ ’±¬ı˝√√±› ˛̊±·Ó¬ ‰¬±À¬Û¬ı˛ ¸˜¢∂fl¡ (Population

of atmospheric pressures) √̋√̆  ’¸œ˜º

¸˜¢∂fl¡ ’±¬ı±¬ı˛ ’ød¬Q ¸•Ûiß (esistent) ’Ô¬ı± fl¡±äøÚfl¡ (hypothetical) ˝√√ÀÓ¬ ¬Û±À¬ı˛º ¸˜¢∂Àfl¡¬ı˛

¤fl¡·≈ø˘¬ı˛ ¬ı±d¬¬ı ’ød¬Q Ô±fl¡À˘ Œ¸ ◊̋√√ ¸˜¢∂fl¡Àfl¡ ’ød¬Q ¸•Ûiß ¸˜¢∂fl¡ ¬ıÀ˘º ¬Ûé¬±z¬À¬ı˛ ¸˜¢∂fl¡ ˚ø√

fl¡±äøÚfl¡ ¤fl¡fl¡ øÚÀ ˛̊ ·øÍ¬Ó¬ ˝√√ ˛̊ Ó¬±Àfl¡ fl¡±äøÚfl¡ ¸˜¢∂fl¡ ¬ı˘± ˝√√ ˛̊º

Ú ≈̃Ú±‰¬ ˛̊Ú (Sampling) ¸±Ò±¬ı˛Ìˆ¬±À¬ı ≈√øÈ¬ Œ|ÌœÀÓ¬ ˆ¬±· fl¡¬ı˛± ˚± ˛̊º ˜±Úø¸fl¡ (Subjective) ¤¬ı—

Î¬◊ÀV˙… ¸•Ûøfl«¡Ó¬ ¬ı± ø¬ı ∏̄̊ ˛·Ó¬ (Objective)º ˜±Úø¸fl¡ Ú ≈̃Ú±‰¬ ˛̊ÀÚ¬ı˛ Œé¬ÀS ¤fl¡fl¡·≈ø˘¬ı˛ øÚ¬ı«±‰¬Ú

Ú ≈̃Ú±‰¬ ˛̊Úfl¡±¬ı˛œ¬ı˛ ø¬ı‰¬±¬ı˛ ø¬ıÀ¬ı‰¬Ú± ’Ô¬ı± Œ¶§26√±Ú≈̧ ±À¬ı˛ ˝√√À ˛̊ Ô±Àfl¡º ø¬ı ∏̄̊ ˛·Ó¬ Ú ≈̃Ú±‰¬ ˛̊ÀÚ¬ı˛ Œé¬ÀS øflz≈¬

¤fl¡ ø¬ıÀ˙ ∏̄ øÚ ˛̊̃  ’Ú≈̧ ±À¬ı˛ ¤fl¡fl¡·≈ø˘ øÚ¬ı«±‰¬Ú fl¡¬ı˛± ˝√√ ˛̊º ≈̧Ó¬¬ı˛±— ø¬ı ∏̄̊ ˛·Ó¬ Ú ≈̃Ú±‰¬ ˛̊Ú fl¡± «̊Ó¬–

Ú ≈̃Ú±‰¬ ˛̊Úfl¡±¬ı˛œ¬ı˛ ø¬ı‰¬±¬ı˛ ø¬ıÀ¬ı‰¬Ú± øÚ¬ı˛À¬Ûé¬ ˝√√ ˛̊º

Ú ≈̃Ú±‰¬ ˛̊Ú ’±¬ı±¬ı˛ ̧ y¬±¬ıÚ± øÚ¬ı˛À¬Ûé¬, ̧ y¬±¬ıÚ± øˆ¬øM√√fl¡ › ø˜| ¤ ◊̋√√ øÓ¬Ú Œ|ÌœÀÓ¬ ̂ ¬±· fl¡¬ı˛± ̊ ± ˛̊º ¤fl¡fl¡·≈ø˘

‰¬ ˛̊ÀÚ¬ı˛ Œé¬ÀS ˚‡Ú Œfl¡±Ú¬ı”̨¬Û ¸y¬±¬ıÚ±¬ı˛ ø¬ı ∏̄̊ ˛øÈ¬ Ê√øÎ¬ˇÓ¬ Ô±Àfl¡ Ú±º Œfl¡¬ı˘ ø¬ıÀ˙ ∏̄ øÚ ˛̊̃  ’Ú≈̧ ±À¬ı˛ Ú ≈̃Ú±‰¬ ˛̊Ú

fl¡¬ı˛± ˝√√ ˛̊ Ó¬± ˝√√˘ ¸y¬±¬ıÚ±-øÚ¬ı˛À¬Ûé¬ Ú ≈̃Ú±‰¬ ˛̊Ú (Non-Prabalistic Sampling)º Ú ≈̃Ú±‰¬ ˛̊ÀÚ¬ı˛ Œé¬ÀS ˚‡Ú

¸˜¢∂Àfl¡¬ı˛ õ∂øÓ¬øÈ¬ ¤fl¡fl¡ øÚ¬ı«±ø‰¬Ó¬ ˝√√›˚˛±¬ı˛ ¸˜¸y¬±¬ıÚ± Ô±Àfl¡ Ó¬±Àfl¡ ¸˜¸y¬±¬ıÚ±  Ú˜≈Ú±‰¬˚˛Ú (Random

sampling) ¬ı± ¸y¬±¬ıÚ±øˆ¬øM√√fl¡ Ú ≈̃Ú±‰¬ ˛̊Ú (Probalistic sampling) ¬ı˘± ˝√√ ˛̊º ’—˙Ó¬ ¸y¬±¬ıÚ±øˆ¬øM√√fl¡

¤¬ı— ’—˙Ó¬ ¸y¬±¬ıÚ± øÚ¬ı˛À¬Ûé¬ Ú ≈̃Ú±‰¬ ˛̊Ú ˝√√˘ ø˜| Ú ≈̃Ú±‰¬ ˛̊Ú (Mixed sampling)º

2.5 Ú ≈̃Ú±‰¬ ˛̊Ú ¬ÛXøÓ¬ (Sampling Methods)

ø¬ıøˆ¬iß ¬ÛXøÓ¬ÀÓ¬ ¬ı± Î¬◊¬Û±À ˛̊ Ú ≈̃Ú± ‰¬ ˛̊Ú fl¡¬ı˛± ˝√√ ˛̊ Ú ≈̃Ú±‰¬ ˛̊ÀÚ¬ı˛ fl¡À ˛̊fl¡øÈ¬ ·≈¬ı≈̨Q¬Û”Ì« ¬ÛXøÓ¬ ¸•ÛÀfl«¡

Ò±¬ı˛Ì± Œ√› ˛̊± Œ˚ÀÓ¬ ¬Û±À¬ı˛º Ú ≈̃Ú±‰¬ ˛̊ÀÚ¬ı˛ ¤ ◊̋√√ ¬ÛXøÓ¬·≈ø˘ ˝√√˘ – (1) ¸¬ı˛̆  ¸˜¸y¬±¬ıÚ± ≈̊q¡ Ú ≈̃Ú±‰¬ ˛̊Ú

¬ÛXøÓ¬ (Simple Random Sampling Method), (2) Î¬◊ÀV˙… ”̃̆ fl¡ Ú ≈̃Ú±‰¬ ˛̊Ú ¬ÛXøÓ¬ (Purposive

Sampling Method), (3) d¬¬ı˛ø¬ıÚ…d¬ Ú ≈̃Ú±‰¬ ˛̊Ú ¬ÛXøÓ¬ (Stratified Sampling Method), (4) ¬ÛXøÓ¬

˜±øÙ¬fl¡ Ú ≈̃Ú±‰¬ ˛̊Ú ¬ÛXøÓ¬ (Systematic Sampling Method), (5) ¬ı ≈̋√√ Û «̊± ˛̊ Ú ≈̃Ú±‰¬ ˛̊Ú ¬ÛXøÓ¬ (Multi-

stage Sampling Method)º

¤ ◊̋√√ ¸˜d¬ ¬ÛXøÓ¬ ø¬ıd¬±ø¬ı˛Ó¬ˆ¬±À¬ı ’±À˘±ø‰¬Ó¬ ˝√√À ˛̊ÀÂ√ õ∂Ô˜ ¤fl¡Àfl¡º Œ¸Ê√Ú… Ó¬±¬ı˛ ¬Û≈Ú¬ı˛±¬ı‘øM√√ fl¡¬ı˛±

˝√√˘ Ú±º

’Ú≈˙œ˘Úœ

1. Ú ≈̃Ú±‰¬ ˛̊ÀÚ¬ı˛ ø¬ıøˆ¬iß ¬ÛXøÓ¬·≈ø˘ øfl¡ øfl¡∑ ¸˜¢∂fl¡ ŒÔÀfl¡ Ú ≈̃Ú±‰¬ ˛̊Ú øfl¡ˆ¬±À¬ı fl¡¬ı˛± ˝√√ ˛̊∑
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2.4 ¸˜¢∂fl¡ ŒÔÀfl¡ Ú ≈̃Ú±‰¬˚̨Ú (Determination of Sample from Population)

Ú ≈̃Ú±‰¬ ˛̊Ú (Sampling) ¬ı˘ÀÓ¬ ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ¸˜¢∂ ø¬ı ∏̄̊ ˛ ŒÔÀfl¡ ¤fl¡øÈ¬ ’—˙ øÚ¬ı«±‰¬ÚÀfl¡ Œ¬ı±Á¡± ˛̊

˚±¬ı˛ ¸±˝√√±À˚… ¸˜¢∂ ø¬ı ∏̄̊ ˛ ¸•ÛÀfl«¡ ¸øÍ¬fl¡ Ó¬Ô… ’Ú≈Ò±¬ıÚ fl¡¬ı˛± ¸y¬¬ı ˝√√ ˛̊º ¸fl¡˘ ¤fl¡fl¡ ¬ı± ¬ı…ø©Ü¬ı˛ ø¬ıÀ˙ ∏̄

¤fl¡ ‰¬ø¬ı˛S ¬ı± õ∂fl‘¡øÓ¬ ¸•Ûøfl«¡Ó¬ ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ Ó¬Ô…±¬ı˘œ¬ı˛ ¸˜ø©Ü ¬ı± ¸˜¢∂ ¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ Ó¬Ô…˜±˘±Àfl¡

¸˜¢∂fl¡ (Population or universe) ¬ıÀ˘º ¤¬ı— Œ˚ ’—˙ ¸˜¢∂Àfl¡¬ı˛ õ∂fl‘¡øÓ¬ øÚø(Ó¬ fl¡¬ı˛±¬ı˛ Ê√Ú… ‰¬ ˛̊Ú

fl¡¬ı˛± ˝√√ ˛̊ Ó¬±Àfl¡ Ú ≈̃Ú± (Sample) ¬ı˘± ˝√√ ˛̊º

¬Ûø¬ı˛̧ —‡…±Ú·Ó¬ ’Ú≈̧ &Ò±ÀÚ¬ı˛ Ê√Ú… ¬ı…ø©Ü¸ ”̃À˝√√¬ı˛ ¤fl¡øÈ¬ Œ·±á¬œ¬ı˛ øfl¡Â≈√ õ∂fl‘¡øÓ¬ ø¬ıÀù≠ ∏̄Ì fl¡¬ı˛±¬ı˛ õ∂À ˛̊±Ê√Ú

˝√√ ˛̊, ¤¬ı”̨¬Û ’Ú≈̧ &Ò±Ú±ÒœÚ ¸˜¢∂ Œ·±á¬œ ˝√√˘ ¸˜¢∂fl¡º ¸˜¢∂Àfl¡¬ı˛ ¸√¸…¬ı˛± ¬ı± ¤fl¡fl¡·≈ø˘ ˝√√ÀÓ¬ ¬Û±À¬ı˛ Œ˚˜Ú

Œfl¡±Ú ¤fl¡ ø˙Àä¬ı˛ fl¡ «̃‰¬±¬ı˛œ·Ì ¬ı± ‰≈¬¬ÛøÎ¬ˇ¬ı˛ ’±À¬Û˘·≈ø˘, ¬ı± ¤fl¡øÈ¬ ¤˘±fl¡± ˛̊ ’±¬ı±√À˚±·… ŒÊ√±Ó¬·≈ø˘

◊̋√√Ó¬…±ø√º

õ∂± ˛̊̇ ◊̋√√ ’Ô«, ¸˜ ˛̊ › |˜˙øq¡¬ı˛ ¸œ˜±¬ıXÓ¬±¬ı˛ √¬ı≈̨Ì ¸ ”̃̋ √√ ¸˜¢∂fl¡ ø¬ı‰¬±¬ı˛-ø¬ıÀù≠ ∏̄Ì fl¡¬ı˛± ¬ı±d¬¬ı¸•úÓ¬

˝√√ ˛̊ Ú± ’Ô¬ı± ¸˜¢∂Àfl¡¬ı˛ ¤fl¡fl¡¸ ”̃̋ √√ ’¸œ˜ ˝√√À˘ ¸ ”̃̋ √√ ¸˜¢∂fl¡ (whole population) ø¬ıÀù≠ ∏̄Ì fl¡¬ı˛±

˚± ˛̊ Ú±º ≈̧Ó¬¬ı˛±— ¸˜¢∂Àfl¡ ¤fl¡øÈ¬ ’—˙ ‰¬ ˛̊Ú fl¡À¬ı˛ ø¬ı‰¬±¬ı˛-ø¬ıÀù≠ ∏̄ÀÌ¬ı˛ ¡Z±¬ı˛± ¸˜¢∂Àfl¡¬ı˛ õ∂fl‘¡øÓ¬ ¬ı± Δ¬ıø˙©Ü…

øÚÒ«±¬ı˛Ì fl¡¬ı˛± ˚± ˛̊º ¸˜¢∂Àfl¡¬ı˛ ¤fl¡øÈ¬ ’—˙ ˚±¬ı˛ ¡Z±¬ı˛± ¸ ”̃̋ √√ ¸˜¢∂fl¡ õ∂√ø «̇Ó¬ ˝√√ ˛̊ Ó¬± ˝√√˘ Ú ≈̃Ú± (Sample)º

˚Ô±˚Ô Ú ≈̃Ú± øÚÀ ˛̊ Ó¬√z¬ fl¡¬ı˛±Àfl¡ Ú ≈̃Ú± Ó¬√z¬ (Sample survey) ¬ı˘± ˝√√ ˛̊º ’±¬ı±¬ı˛ ¬Û”Ì« Ó¬√Àz¬¬ı˛

Œé¬ÀS (in case of complete enumeration or complete census) ¸ ”̃̋ √√ ¸˜¢∂Àfl¡¬ı˛ õ∂øÓ¬øÈ¬ ¤fl¡fl¡

øÚÀ ˛̊ Ó¬√z¬ fl¡¬ı˛± ˝√√ ˛̊º ¸±Ò±¬ı˛ÌÓ¬ Ú ≈̃Ú± Ó¬√z¬ ◊̋√√ ’øÒfl¡Ó¬¬ı˛ ¬ÛÂ√μ fl¡¬ı˛± ˝√√ ˛̊º ¤¬ı˛ fl¡À ˛̊fl¡øÈ¬ fl¡±¬ı˛Ì Î¬◊À~‡

fl¡¬ı˛± ˚± ˛̊º

(1) ¬ı… ˛̊ ¸—Àé¬¬Û ˝√√ ˛̊ (Reduction of Cost)

(2) ≈̂Ó¬ Ó¬√z¬ ¸•Ûiß fl¡¬ı˛± ˚± ˛̊ (Greater speed)

(3) ’øÒfl¡Ó¬¬ı˛ ¸øÍ¬fl¡Ó¬±¬ı˛ ˜±Ú ¬ıÊ√± ˛̊ fl¡¬ı˛± ˚± ˛̊ (Greater accuracy)

(4) ¤ ◊̋√√ ¬ÛXøÓ¬ ˝√√˘ ¸øÍ¬fl¡Ó¬±¬ı˛ ¬Ûø¬ı˛̃ ±¬Ûfl¡ (Measure of accuracy)

(5) ¤¬ı˛ ’øÒfl¡Ó¬¬ı˛ õ∂À ˛̊±· Œ˚±·…Ó¬± (Greater applicability) ¬ı˛À ˛̊ÀÂ√º

≈̧Ó¬¬ı˛±— ¬Û”Ì«Ó¬√z¬ ’À¬Ûé¬± ’±—ø˙fl¡ Ó¬√z¬ ’øÒfl¡Ó¬¬ı˛ ¢∂˝√√ÌÀ˚±·… ¤¬ı— ¬ı ≈̋√√˘ õ∂‰¬ø˘Ó¬º ˚Ô±˚Ô

¬ÛXøÓ¬ÀÓ¬ Ú ≈̃Ú± ¸—¢∂˝√√ fl¡À¬ı˛ Ó¬√z¬ fl¡¬ı˛± ˝√√ ˛̊º ¤¬ı— Ó¬√z¬˘t ø¸X±z¬Àfl¡ ¸ ”̃̋ √√ ¸˜¢∂Àfl¡¬ı˛ Œé¬ÀS ¸˜±Úˆ¬±À¬ı

õ∂À˚±Ê√… ¬ıÀ˘ ·Ì… fl¡¬ı˛± ˝√√ ˛̊º ¸ ”̃̋ √√ ¸˜¢∂fl¡ ¸•ÛÀfl«¡ ¤¬ı”̨¬Û ø¸X±z¬ ¢∂˝√√ÀÌ¬ı˛ ¬ÛXøÓ¬Àfl¡ ’±—ø˙fl¡ ‰¬ ˛̊Ú

¬ÛXøÓ¬ ¬ı± Ú ≈̃Ú± ‰¬ ˛̊Ú ¬ÛXøÓ¬ (Sampling method) ¬ı˘± ˝√√ ˛̊º

¸˜¢∂Àfl¡¬ı˛ ’z¬ ≈̂«¬q¡ ¤fl¡Àfl¡¬ı˛ ¸—‡…± ¸œø˜Ó¬ ˝√√À˘ Ó¬±Àfl¡ ¸œø˜Ó¬ ¸˜¢∂fl¡ (finite population or
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’Ú≈̇ œ˘Úœ

1. øÚ•ßø˘ø‡Ó¬ Ó¬Ô… ŒÔÀfl¡ ¸˝√√·øÓ¬ ¸˝√√·±efl¡ øÚÌ«̊ ˛ fl¡¬ı˛ :
X : 6 2 10 4 8

Y : 9 11 5 8 7 [Ans. +0·98]

2. X › Y ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ˜±Ú øÚÀ•ß Œ√› ˛̊± ˝√√˘ :
X : –3 –1 +1 +3

Y : 9 1 1 9

Œ√‡±› Œ˚ ¸˝√√·øÓ¬ ¸˝√√·±efl¡ ˝√√À26√ ”̇Ú…º ‰¬˘fl¡ ≈√øÈ¬ øfl¡ øÚ¬ı˛À¬Ûé¬fl¡ (independent) ˚ø√ Ó¬± Ú±

˝√√ ˛̊ Ó¬±˝√√À˘ ¸˝√√·øÓ¬ ¸˝√√·±efl¡ ”̇Ú… ˝√√› ˛̊±¬ı˛ fl¡±¬ı˛Ì øfl¡∑  [Hints : ¸•Ûfl«¡øÈ¬ ¸¬ı˛̆  Ú ˛̊ (non-linear)

: y = x2 ¸˝√√·øÓ¬ ¸˝√√·±efl¡ øfl¡z≈¬ ¸¬ı˛̆  Œ˚±· ”̧ÀS¬ı˛ ¬Ûø¬ı˛̃ ±¬Ûfl¡ ]

3. øÚÀ•ß õ∂√M√√ Ó¬Ô…·≈ø˘ ŒÔÀfl¡ (i) ¸˝√√·øÓ¬ ¸˝√√·±efl¡, (ii) y-¤¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì

¸˜œfl¡¬ı˛Ì øÚÌ«̊ ˛ fl¡¬ı˛º

∑ ∑ ∑ ∑ ∑ ====== 8,364,2562,5242,40,56 nxyyxyx

[Ans. +0·98, x = 1·5y – 0·5]

4. ¸˝√√·øÓ¬ ¸˝√√·±efl¡ Œ˚ øÚ «̂¬¬ı˛Ì ·≈Ì±efl¡¡ZÀ ˛̊¬ı˛ ·≈ÀÌ±M√√¬ı˛ ·Î¬ˇ Ó¬± Œ√‡±›º

5. ¤fl¡øÈ¬ õ∂øÓ¬À˚±ø·Ó¬± ˛̊ ≈√Ê√Ú ø¬ı‰¬±¬ı˛fl¡ 7 Ê√Ú Â√±SÀfl¡ øÚ•ßø˘ø‡Ó¬ˆ¬±À¬ı ’Ú≈√flË¡ø˜fl¡ ˜±S± õ∂√±Ú

fl¡¬ı˛̆  :
Â√±S : A B C D E F G

ø¬ı‰¬±¬ı˛fl¡ I-¤¬ı˛ ˜±S±·Ó¬ Ó¬Ô… : 2 1 4 5 3 7 6

ø¬ı‰¬±¬ı˛fl¡ π-¤¬ı˛ ˜±S±·Ó¬ Ó¬Ô… : 3 4 2 5 1 6 7

’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ øÚÌ«̊ ˛ fl¡¬ı˛ : [Ans. rR = 0·64]

6. x › y ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ˜ÀÒ… ¸˝√√·øÓ¬ ¸˝√√·±efl¡, r = 0·60, ¤¬ı±¬ı˛ ˚ø√ σx = 1·50,

σy = 2·00, 20,10 == yx  ˝√√ ˛̊ Ó¬±˝√√À˘ (1) x-¤¬ı˛ ¸±À¬ÛÀé¬ y-¤¬ı˛ (ii) y-¤¬ı˛ ¸±À¬ÛÀé¬ x-¤¬ı˛

øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì ≈√øÈ¬ øÚÌ«̊ ˛ fl¡¬ı˛º [Ans. y = 0·8x + 12 ; x = 0·45y + 1]

7. x › y ‰¬˘fl¡¡ZÀ ˛̊¬ı˛ øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì ≈√øÈ¬ ˝√√˘ : y = 5·6 + 1·2x ¤¬ı— x = 12·5 + 0·6y.x

› y-¤¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ › Î¬◊̋ √√±À√¬ı˛ ˜ÀÒ… ¸˝√√·øÓ¬ ¸˝√√·±efl¡ øÚÌ«̊ ˛ fl¡¬ı˛º

[Ans. 56·64, 73·57 + 0·85]

8. ≈√øÈ¬ øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì ˝√√˘ x + 2y = 5 ¤¬ı— 2x + 3y = 8 ¤¬ı— ,,,122 σσ yxx =  ¤¬ı—

r-¤¬ı˛ ˜±Ú øÚÌ«̊ ˛ fl¡À¬ı˛±º

⎥⎦
⎤

⎢⎣
⎡−

= = = =
2

, 2 , 2 , 1 . Ans3 v
r y xy σ
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)( yybxx xy −−  Œ˚‡±ÀÚ 

) (
) (

y
x,y

bxy
ï ïï

ï

ïïïïïïïï

ïï ïïïïïïïïïï =

11
4
44,6

4
24 ====== ∑∑

n
y

y
n

x
x

¸˝√√Àˆ¬√˜±Ú 510
4
44.

4
24

4
306),( ⋅=−=yx

Œˆ¬√˜±Ú 522
4
44

4
574)(

2
2 ⋅=⎟

⎠
⎞⎜

⎝
⎛−== yy σ

4670
522
510 ⋅=
⋅
⋅=xyb

∴ øÚÀÌ«̊ ˛ øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛ÌøÈ¬ ˝√√˘ : x – 6 = 0·467 (4 – 11)

’Ô¬ı± x = 0·467y + 0·86

y = 6 ¬˝√√À˘ x = 0·467 × 6 + 0·86 = 3·7

Î¬◊√±˝√√¬ı˛Ì 2 : ˚ø√ 4u = 2x + 7 ¤¬ı— 6v = 2y – 15 ¤¬ı— x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ øÚ «̂¬¬ı˛Ì ·≈Ì±efl¡

3 ˝√√ ˛̊ Ó¬±˝√√À˘ u-¤¬ı˛ Î¬◊¬Û¬ı˛ v-¤¬ı˛ øÚ «̂¬¬ı˛Ì ·≈Ì±efl¡ øÚÌ«̊ ˛ fl¡¬ı˛º

¸˜±Ò±Ú : 
4
7

2
1 += xu  ¤¬ı— 2

5
3
1 −= yv

∴ )(
2
1 xxuu −=−  ¤¬ı— )(

3
1 yyvv −=−

Œˆ¬√˜±Ú 

2

2
1)( ⎟
⎠
⎞⎜

⎝
⎛=u  Œˆ¬√˜±Ú 

4
1)( =x  Œˆ¬√˜±Ú (x)

¤¬ı— ¸˝√√Àˆ¬√˜±Ú 3
1

2
1),( ⋅=vu  ¸˝√√Àˆ¬√˜±Ú (x, y)

∴ 23
3
2

3
2

)(
4
1

),(
3
1

2
1

)(
),( =⋅==

⋅
== yxuv b

x

yx

u
vu

b
ïïïïïïïïï

ïïïïïïïïï

ïïïïïïïïï

ïïïïïïïïïïïï
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˚‡Ú r = ±1 Ó¬‡Ú tan θ θ θ θ θ = 0 ’Ô«±» θ θ θ θ θ = 0 ¤¬ı— ≈√øÈ¬ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± Ó¬‡Ú ¬Û¬ı˛¶ÛÀ¬ı˛¬ı˛ Î¬◊¬Û¬ı˛

¸˜¬Û±øÓ¬Ó¬ ˝√√ ˛̊ (Coincide), ’±¬ı±¬ı˛ ˚‡Ú r = 0, cot θθθθθ = 0 ’Ô«±» 

θπ =2

 Ó¬‡Ú øÚ «̂¬¬ı˛Ì Œ¬ı˛‡±

≈√øÈ¬ ¬Û¬ı˛¶Û¬ı˛Àfl¡ ˘•§ ’±fl¡±À¬ı˛ 

XY,

 ø¬ıμ≈ÀÓ¬ ŒÂ√√ fl¡À¬ı˛º

(2) øÚ «̂¬¬ı˛Ì ·≈Ì±efl¡ ≈√øÈ¬ ˝√√˘ : øÚ•ß¬ı”̨¬Û

b ryx
y

x
=

σ
σ  ¤¬ı— b rxy

x

y
=

σ
σ

∴∴∴∴∴ b b r r ryx xy
y

x

x

y
. .= =

σ
σ

σ
σ

2

∴ ∴ ∴ ∴ ∴ r b byx xy= .

≈̧Ó¬¬ı˛±— ¸—‡…±·Ó¬ˆ¬±À¬ı ¸˝√·√øÓ¬ ¸˝√√·±efl¡ ˝√√˘ øÚ «̂¬¬ı˛Ì ·≈Ì±efl¡ ≈√øÈ¬¬ı˛ ·≈ÀÌ±M√√¬ı˛ ·Î¬ˇ ¤¬ı— r-¤¬ı˛ ø‰¬˝ê

˝√√À¬ı ·≈Ì±efl¡ ≈√øÈ¬¬ı˛ ¸±Ò±¬ı˛Ì ø‰¬˝ê (sign)

(3) ÒÚ±Rfl¡ ¸—‡…±·≈ø˘¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ Œ˚À˝√√Ó≈¬ ¸—‡…±·≈ø˘¬ı˛ ·≈ÀÌ±M√√¬ı˛ ·Î¬ˇ ’À¬Ûé¬± ’øÒfl¡ ˝√√ ˛̊ ’Ô¬ı±

Î¬◊̋ √√±¬ı˛ ¸˜±Ú ˝√√ ˛̊ Œ¸ ◊̋√√À˝√√Ó≈¬,

b b
b b

yx xy
yx xy

+
≥2

=bb yxxy .

 [Œ˚À˝√√Ó≈¬ byx, bxy ¤fl¡ ◊̋√√ ø‰¬˝ê ≈̊q¡ ˝√√ ˛̊]

= =r r2

¸˝√√·±efl¡, r øÚ «̂¬¬ı˛Ì ·≈Ì±Àefl¡¬ı˛ ¸—‡…±·Ó¬ ˜±Ú·≈ø˘¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ ’À¬Ûé¬± ’øÒfl¡ ˝√√ÀÓ¬ ¬Û±À¬ı˛ Ú±º

Î¬◊√±˝√√¬ı˛Ì 1.  øÚ•ßø˘ø‡Ó¬ Ó¬Ô…·≈ø˘ ŒÔÀfl¡ y-¤¬ı˛ Î¬◊¬Û¬ı˛ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì øÚÌ«̊ ˛ fl¡¬ı˛ ¤¬ı—

y = 6 ˝√√À˘ x-¤¬ı˛ ˜±Ú øÚÒ«±¬ı˛Ì fl¡¬ı˛º

24=∑ x 44=∑ y 306=∑ xy

1642 =∑ x 5742 =∑ y n = 4

¸˜±Ò±Ú – y-¤¬ı˛ Î¬◊¬Û¬ı˛ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛ÀÌ¬ı˛ ¸±Ò±¬ı˛Ì ¬ı”̨¬Û ˝√√˘ :
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Œ˚À˝√√Ó≈¬ Œˆ¬√˜±Ú ( )e ≥ 0 Œ¸ ◊̋√√À˝√√Ó≈¬ 

σyr 22 10, () −≥

 ’Ô¬ı±, 

10 2 −≥ r.

’Ô¬ı±, 

r21 ≤

’Ô¬ı±, 

−≤≤+ 11 r

 ¤ ◊̋√√ Ù¬˘ ¬Û”À¬ı«̋ ◊√√ õ∂øÓ¬á¬± fl¡¬ı˛± ˝√√À ˛̊ÀÂ√º

(3) ¸˝√√Àˆ¬√˜±Ú (x, e)

=− ∑1
n

xxe ii
i
af.

 Œ˚À˝√√Ó≈¬ e = 0

= 

1
n

xexe iii
i i

− F
HG

I
KJ ∑ ∑

= −( ) =1 0 0 0
n

x.

≈̧Ó¬¬ı˛±— rxe = 0

≈̧Ó¬¬ı˛±—, e-Œfl¡ y ¤¬ı— Œ¸ ◊̋√√ ’—˙ ø˝√√¸±À¬ı Œ√‡±Ú Œ˚ÀÓ¬ ¬Û±À¬ı˛ Œ˚ ’—˙øÈ¬¬ı˛ ¸Àe· x-¤¬ı˛ Œfl¡±Ú

¸•Ûfl«¡ Ô±Àfl¡ Ú±º

[Í¬] øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± › ·≈Ì±efl¡ ¸•Ûøfl«¡Ó¬ fl¡À ˛̊fl¡øÈ¬ Ù¬˘ (Some results relating to Regression

Line & Coefficient) :
(1) ≈√øÈ¬ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± ˝√√˘ :

Y y r x xy

x
= + −( )

σ
σ

... (i)

¤¬ı— X x r y yx

y

= + −( )σ
σ ... (ii)

(i)-¤¬ı˛ Ï¬±˘ (Gradiant) ˝√√˘ r my

x

σ
σ = 1 [Òø¬ı˛] ¤¬ı— (ii)-¤¬ı˛ Ï¬±˘ ˝√√˘ r mx

y

σ
σ = 2 Òø¬ı˛, ¤¬ı±¬ı˛

˚ø√ ≈√øÈ¬ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡±¬ı˛ ˜Ò…¬ıÓ¬π ”̧Ñ Œfl¡±Ì (acute angle) ˝√√ ˛̊ θ, θ, θ, θ, θ, Ó¬±˝√√À˘

θ

σ
σ

σ
σ

σ
σ

σ
σ

=
−

+ =
−

+

− −tan tan
.

1 2 1

1 2

1
1

1

m m
m m

r
r

r r

y

x

y

x

y

x

y

x

   = −
+

−tan .1
2

2 2
1 r

r
x y

x y

σ σ
σ σ

¤¬ı— ’¬Û¬ı˛ Œfl¡±ÌøÈ¬ ˝√√À¬ı π − θπ − θπ − θπ − θπ − θ
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2

2
2

)(
)(

y

y

y
Y

r
σ

σ
==∴

ïïïïïïïï

ïïïïïïïï

’Ô¬ı±,  r Y

y
=

σ
σ

¸˝√√·øÓ¬ ¸˝√√·±Àefl¡¬ı˛ ¸—‡…±·Ó¬ ˜±ÚÀfl¡ x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡±¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬ y-¤¬ı˛ ¸˜fl¡

ø¬ı‰≈¬…øÓ¬¬ı˛ ’Ú≈¬Û±Ó¬ (Proportion of the total variability of y) ø˝√√¸±À¬ı Œ√‡±Ú ˚± ˛̊º ’Ú≈¬ı”̨¬Ûˆ¬±À¬ı

Œ√‡±Ú ˚± ˛̊ Œ˚ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡±¬ı˛ Ê√Ú… r X

x

σ
σ , Œ˚‡±ÀÚ σσσσσX ˝√√˘ x -¤¬ı˛ øÚÒ«±ø¬ı˛Ó¬ ˜±Ú·≈ø˘¬ı˛ ¸˜fl¡

ø¬ı‰≈¬…øÓ¬ (Standard deviation) ¤¬ı— σσσσσx ˝√√˘ x-¤¬ı˛ õ∂√M√√ ˜±Ú·≈ø˘¬ı˛ ¸˜fl¡ ø¬ı‰≈¬…øÓ¬º

r2-Œfl¡ øÚÒ«±¬ı˛Ì ¸˝√√·±efl¡ (Coefficient of determination) ¬ı˘± ˝√√ ˛̊ ¤¬ı— øÚÒ«±¬ı˛Ì ”̧S ø˝√√¸±À¬ı

¸¬ı˛̆  øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì·≈ø˘¬ı˛ ¬ı…¬ı˝√√±ø¬ı˛fl¡ Î¬◊¬ÛÀ˚±À·¬ı˛ ¬Ûø¬ı˛̃ ±¬Ûfl¡› ¬ıÀ˘ ·Ì… fl¡¬ı˛± ˝√√ ˛̊º

(2) ˚‡Ú e = 0 Ó¬‡Ú X-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ ¸¬ı˛̆  øÚ «̂¬¬ı˛Ì ŒÔÀfl¡ Œˆ¬√˜±Ú (e) ˝√√ ˛̊ σ y r2 21 −b gº
¤Àé¬ÀS e-¤¬ı˛ ¸˜fl¡ ø¬ı‰≈¬…øÓ¬ (Standard deviation) ˝√√˘ 

σyr 12 −

 ¤¬ı— ¤Àfl¡ X-¤¬ı˛ Î¬◊¬Û¬ı˛ Y-

¤¬ı˛ ¸¬ı˛̆  øÚ «̂¬¬ı˛Ì ŒÔÀfl¡ y-¤¬ı˛ ·ÌÚ±¬ı˛ ¸˜fl¡ ø¬ı‰≈¬…øÓ¬ (Standard error of estimation of y) ¬ı˘±

√̋√̊ º̨

Œˆ¬√˜±Ú (e) = ∑1 2
n

ei
i

,  Œ˚À˝√√Ó≈¬ e = 0

= − = − − −
RST

UVW∑∑1 12
2

n
y Y

n
y Y r x xi i

y

x
i

ii
b g c h b gσ

σ

= − − − − + −∑∑∑1 2 1 12 2
2

2

2

n
y y r

n
y x x x r

n
x xi

y

x
i i

y

x
i

iii
a f a fa f a fσ

σ
σ
σ

= − + = − +σ
σ
σ σ σ

σ
σ σ σ σ σy

y

x
x y

y

x
y x y yr r r r r2 2

2

2
2 2 2 2 2 22 2. .

= −σ y r2 21( )



279

∴ − = −x x c u u( ) ¤¬ı— 

yydvv −=− ()

’Ó¬¤¬ı Œˆ¬√̃ ±Ú (x) = c2 Œˆ¬√˜±Ú (u) ¤¬ı— Œˆ¬√˜±Ú (y) = d2 Œˆ¬√˜±Ú (v)

¤¬ı— ¸˝√√Àˆ¬√˜±Ú (x, y) = cd ¸˝√√Àˆ¬√˜±Ú (u, v)

uv xyb
c
d

u c

v u cd
n

y x
b= = = ∴

) (

) , (
) (

) , (
2

ïïïïïïïï

ïï ïïïïïïïïïï

ïïïïïïïï

ïï ïïïïïïïïïï

’Ú≈¬ı”̨¬Ûˆ¬±À¬ı, b c
d

bxy uv=

(2) x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± ŒÔÀfl¡ Œ√‡± ˚± ˛̊ Œ˚ y-¤¬ı˛ øÚÒ«±ø¬ı˛Ó¬ ˜±Ú (predicted value)

˝√√˘ Yi ˚‡Ú x = xi, 3.1(a) Ú— ø¬ıÀé¬¬ÛÚ ø‰¬ÀS x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡±¬ı˛ Î¬◊¬Û¬ı˛ øÚÒ«±ø¬ı˛Ó¬

ø¬ıμ≈ (xi yi) ¤¬ı— õ∂√M√√ ø¬ıμ≈ (xi yi) Œ√‡±Ú ˝√√À ˛̊ÀÂ√º

Ò¬ı˛± ˚±fl¡,  Y y r x xi
y

x
i= + −

σ
σ ( )

∴ = + − − =∑∑ ∑Y ny r x x x xi
y

x
i

ii
i

σ
σ ( ) Q b g 0

  Y
n

Y y
i

= =∑1

y-¤¬ı˛ øÚÒ«±ø¬ı˛Ó¬ ˜±Ú·≈ø˘¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ Î¬◊̋ √√±À√¬ı˛ õ∂√M√√ ˜±Ú·≈ø˘¬ı˛ Œ˚Ãø·fl¡ ·ÀÎ¬ˇ¬ı˛ ¸˜±Ú ˝√√À ˛̊ÀÂ√º

¤¬ı”̨¬Û ’Ú≈̃ ±Ú ¸±À¬ÛÀé¬ ø¬ı‰≈¬…øÓ¬¸ ”̃À˝√√¬ı˛ ·Î¬ˇ 

e=0

 ˝√√À¬ıº

e
n

e
n

yYyY ii
i i

==−=−= ∑ ∑110 ()

x ‰¬˘Àfl¡¬ı˛ Œé¬ÀS› ’Ú≈¬ı”̨¬Û Ù¬˘ ¬Û±› ˛̊± ˚± ˛̊º

·Î¬ˇ ø¬ı‰≈¬…øÓ¬ (Average error) ”̇Ú… ˝√√À˘ ( )e = 0  ’±¬ı˛› fl¡À ˛̊fl¡øÈ¬ Ù¬˘ ¬Û±› ˛̊± ˚± ˛̊ :

(1) Œˆ¬√˜±Ú (Y)
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˝√√˘ y-¤¬ı˛ Î¬◊¬Û¬ı˛ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± ˚± y-¤¬ı˛ ˜±Ú ŒÔÀfl¡ x-¤¬ı˛ ˜±Ú øÚÒ«±¬ı˛ÀÌ¬ı˛ Ê√Ú… ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛±

˝√√ ˛̊º ¤ ◊̋√√ Œ¬ı˛‡± ¬Û±› ˛̊±¬ı˛ Ê√Ú… øÚ•ßø˘ø‡Ó¬ ¸•Ûfl«¡øÈ¬ Ò¬ı˛± Œ˚ÀÓ¬ ¬Û±À¬ı˛º

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

Œ˚‡±ÀÚ c + dyi ˝√√˘ x-¤¬ı˛ øÚÒ«±ø¬ı˛Ó¬ ˜±Ú (Predicted value) ˚‡Ú y = yi. ’Ó¬¤¬ı c ›

d øÚÒ«±¬ı˛ÀÌ¬ı˛ Ê√Ú… x-¤¬ı˛ ø˝√√¸±À¬ı¬ı˛ ø¬ı‰≈¬…øÓ¬ ¬ı± √w¬±øz¬¸ ”̃À˝√√¬ı˛ ¬ıÀ·«¬ı˛ ¸˜ø©ÜÀfl¡ Ú”Ú…Ó¬˜ fl¡¬ı˛ÀÓ¬ ˝√√ ˛̊º

’Ô«±» ( )x c dy ei i i
ii

− − = ∑∑ 2 2 -Œfl¡ c › d-¤¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬ Ú”Ú…Ó¬˜ fl¡¬ı˛ÀÓ¬ ˝√√ ˛̊º

¬Û”À¬ı«¬ı˛ ’Ú≈¬ı”̨¬Û õ∂ø√flË¡ ˛̊± ˛̊ ’¢∂¸¬ı˛ ˝√√À ˛̊ y-¤¬ı˛ Î¬◊¬Û¬ı˛ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì øÚ•ß¬ıøÌ«Ó¬¬ı”̨À¬Û ¬Û±› ˛̊±

˚±˚˛º

xxryy x

y
=+−

σ
σ()

 ....  (vi)

Œ˚‡±ÀÚ b rxy
x

y
=

σ
σ  ˝√√˘ y-¤¬ı˛ Î¬◊¬Û¬ı˛ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì ·≈Ì±efl¡ ¤¬ı— Ó¬± ˝√√˘ y ¬ı‘øX¬ı˛ Ê√Ú… x-

¤¬ı˛ ¬ı‘øX 3.1(b) Ú— ø‰¬ÀS (vi) Ú— ¸˜œfl¡¬ı˛ÀÌ¬ı˛ Ê√…±ø˜øÓ¬fl¡ õ∂øÓ¬¬ı”̨¬Û ø˝√√¸±À¬ı y-¤¬ı˛ Î¬◊¬Û¬ı˛ x-¤¬ı˛ øÚ «̂¬¬ı˛Ì

Œ¬ı˛‡±øÈ¬ Œ√‡±Ú ˝√√À ˛̊ÀÂ√º

˜z¬¬ı… : (1) øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± ø¬ıμ≈ÀÓ¬ ¬Û¬ı˛¶Û¬ı˛Àfl¡ ŒÂ√√ fl¡À¬ı˛ Œ˚À˝√√Ó≈¬ Œ√‡± ˚± ˛̊ Œ˚ Î¬◊̂ ¬ ˛̊ ¸˜œfl¡¬ı˛Ì

(iv ¤¬ı— vi) x x=  ¤¬ı— 

yy =

 ¡Z±¬ı˛± ø¸X ˝√√ ˛̊º

(2) ≈√øÈ¬ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± ˝√√˘ ¬Û‘Ôfl¡ ≈√øÈ¬ Œ¬ı˛‡± Œ˚À˝√√Ó≈¬ Œ¬ı˛‡± ≈√øÈ¬ øˆ¬iß ˙Ó«¬±ÒœÀÚ Î¬◊æ”√Ó¬ ˝√√À ˛̊ÀÂ√º

’¬ı˙… ≈√øÈ¬ Œ¬ı˛‡± ¬Û¬ı˛¶ÛÀ¬ı˛¬ı˛ Î¬◊¬Û¬ı˛ ¸˜¬Û±øÓ¬Ó¬ ˝√√ ˛̊ (coincide) ˚‡Ú 

r=±1

 ’Ô«±» ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ˜ÀÒ…

¸•Ûfl«¡ ˚‡Ú õ∂fl‘¡Ó¬ ◊̋√√ ¸¬ı˛̆  (exactly linear) ˝√√ ˛̊º

[È¬] øfl¡Â≈√ ·≈¬ı≈̨Q¬Û”Ì« Ù¬˘ (Some Important Results) :
(1) ·ÌÚ±¬ı˛ ≈̧ø¬ıÒ±¬ı˛ Ê√Ú… ”̃̆  ø¬ıμ≈ ¬ı± Œfl¡f ¤¬ı— ¬Ûø¬ı˛̃ ±¬Û ˜±S± Î¬◊̂ ¬ ˛̊̋ ◊√√ ¬Ûø¬ı˛¬ıÓ«¬Ú fl¡¬ı˛± ˚± ˛̊º

x › y ‰¬˘fl¡ ≈√øÈ¬¬ı˛ Œfl¡f (a, b) ø¬ıμ≈ÀÓ¬ àÔ±Ú±z¬ø¬ı˛Ó¬ ˝√√ ˛̊ ¤¬ı— ¬Ûø¬ı˛̃ ±¬Û ˚Ô±√flË¡À˜ c, d ˜±S± ˛̊ ¬Ûø¬ı˛¬ıÓ«¬Ú

fl¡¬ı˛± ˝√√ ˛̊ ˚‡Ú 

uxa
c

=−

 ¤¬ı— 

v
yb

d
=−

,

Ó¬‡Ú 

bd
c

b xyvu =

 ¤¬ı— b c
d

bxy uv=  ˝√√À¬ı

õ∂˜±Ì : x = a + cu ¤¬ı— y = b + dv
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≈̧Ó¬¬ı˛±—, b r y

x
=

σ
σ

¸˜œfl¡¬ı˛Ì (ii) ˝√√ÀÓ¬ ¬Û± ◊̋√√,

y a bx= +

’Ô¬ı±, 

ayrx y

x

=−
σ
σ

a ¤¬ı— b-¤¬ı˛ øÚ¬ı”̨ø¬ÛÓ¬ ˜±Ú·≈ø˘ÀÓ¬ ¸˜œfl¡¬ı˛Ì (i)-¤ ¬ı¸± ◊̋√√ ˛̊± x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ (y on x) ¸¬ı˛̆

øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛ÌøÈ¬ ¬Û±› ˛̊± ˚± ˛̊ ¤¬ı— ¤ ◊̋√√ ¸˜œfl¡¬ı˛ÌøÈ¬ ˝√√˘ øÚ•ß¬ı”̨¬Û :

y y r x xy

x
= + −( )

σ
σ ... (iv)

≈̧Ó¬¬ı˛±—, b ryx
y

x
=

σ
σ  Œ˚‡±ÀÚ byx-Œfl¡ x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ øÚ «̂¬¬ı˛Ì ·≈Ì±efl¡ (regression

coefficient of y on x) ¬ı˘± ˝√√ ˛̊º byx ˝√√˘ x-¤¬ı˛ ¤fl¡ ¤fl¡fl¡ ¬ı‘øX¬ı˛ Ê√Ú… y-¤¬ı˛ ¬ı‘øX

3.1(a) Ú— ø¬ıÀé¬¬ÛÌ ø‰¬ÀS x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-¤¬ı˛ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡±øÈ¬ › √w¬±øz¬ (error) Œ√‡±Ú ˝√√À ˛̊ÀÂ√º

’Ú≈¬ı”̨¬Ûˆ¬±À¬ı ˘ø‚©Ü ¬ı·« ¬ÛXøÓ¬ ’Ú≈̧ ±À¬ı˛ ’±¬ı˛ ¤fl¡øÈ¬ øÚ «̂¬¬ı˛Ì Œ¬ı˛‡± ¬Û±› ˛̊± ˚± ˛̊ñ’¬Û¬ı˛ ¤ ◊̋√√ Œ¬ı˛‡±øÈ¬
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≈̧Ó¬¬ı˛±— yi-¤¬ı˛ Ê√Ú… a + bxi ŒÚ› ˛̊±¬ı˛ Œé¬ÀS ¤fl¡øÈ¬ √w¬±øz¬ (error) Œ√‡± Œ√ ˛̊ ¤ ◊̋√√ √w¬±øz¬, e

˝√√˘ :

ei = yi – (a + bxi) ¤Àfl¡ ·ÌÚ±¬ı˛ ø¬ı‰≈¬…øÓ¬ ¬ı± √w¬±øz¬ (error of estimation) ¬ı˘± ˝√√ ˛̊º ˘ø‚©Ü

¬ı·« ¬ÛXøÓ¬ÀÓ¬ a ¬¤¬ı— b ¤˜Úˆ¬±À¬ı øÚÒ«±ø¬ı˛Ó¬ ˝√√˚˛, ˚±ÀÓ¬ a ¤¬ı— b-¤¬ı˛ ¬Ûø¬ı˛Àõ∂øé¬ÀÓ¬

e y a bxi
i

i i
2 2∑ ∑= − −( )  ˝√√ ˛̊ Ú”…ÚÓ¬˜º a ¤¬ı— b øÚÒ«±¬ı˛ÀÌ¬ı˛ Ê√Ú… ¸˜œfl¡¬ı˛Ì·≈ø˘ ˝√√˘ øÚ•ß¬ı”̨¬Û :

∂
∂a

ei
i

2 0∑FHG
I
KJ =  ¤¬ı— 

∂
∂ b

ei
i

2 0∑FHG
I
KJ =

¸˜œfl¡¬ı˛Ì ≈√øÈ¬ ŒÔÀfl¡ ¬Û±› ˛̊± ˚± ˛̊ ( )y a bxi i
i

− − =∑ 0

’Ô¬ı±, y na b xi i
i

= + ∑∑ ... (ii)

¤¬ı—  

() yabxx iii
i

−−= ∑0

’Ô¬ı±, x y a x b xi i i i
iii

= + ∑∑∑ 2 ...  (iii)

¤ ◊̋√√ ¸˜œfl¡¬ı˛Ì·≈ø˘Àfl¡ ≈̧̧ •§&Ò ¸˜œfl¡¬ı˛Ì (Normal equations) ¬ıÀ˘º ¸˜œfl¡¬ı˛Ì (iii)-¤¬ı˛ ¸Àe·

n ·≈Ì fl¡À¬ı˛ ¤¬ı— Ó¬± ŒÔÀfl¡ ¸˜œfl¡¬ı˛Ì (ii)-¤¬ı˛ ¸Àe· 

xi
i
∑

-¤¬ı˛ ·≈ÌÙ¬˘ ¬ı±√ ø√À˘

()() iiiniixi
i

×−× L
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O
QP ∑

 ¬Û±› ˛̊± ˚± ˛̊ :
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rR =
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[Á¡] ¸¬ı˛̆  øÚ «̂¬¬ı˛Ì ø¬ıÀù≠ ∏̄Ì (Linear Regression Analysis) : ¤fl¡øÈ¬ ‰¬˘fl¡ [Òø¬ı˛] y-¤¬ı˛

’¬Û¬ı˛ ¤fl¡øÈ¬ ‰¬˘fl¡ [Òø¬ı˛] x Î¬◊¬Û¬ı˛ øÚ «̂¬¬ı˛Ì (Regression) ¬ı˘ÀÓ¬ x-¤¬ı˛ Î¬◊¬Û¬ı˛ y-øÚ «̂¬¬ı˛Ó¬± Œ¬ı±Á¡± ˛̊º

ø¡Z‰¬˘fl¡ ¸•Ûøfl«¡Ó¬ ø¬ıÀù≠ ∏̄ÀÌ ¤fl¡øÈ¬ ¸˜¸…± ˝√√˘ ¶§±ÒœÚ ‰¬˘fl¡ x-¤¬ı˛ ˜±Ú Ê√±Ú± Ô±fl¡À˘ ‹ ‰¬˘fl¡øÈ¬¬ı˛

Î¬◊¬Û¬ı˛ øÚ «̂¬¬ı˛̇ œ˘ ‰¬˘fl¡ y-¤¬ı˛ ˜±Ú øÚÒ«±¬ı˛Ì fl¡¬ı˛±º ¤ ◊̋√√ ¸˜¸…± ‡≈¬ı ◊̋√√ ¸˝√√Ê√ ¸˜±Ò±ÚÀ˚±·… ˝√√ ˛̊ ˚ø√ y-

Œfl¡ x-¤¬ı˛ ¤fl¡øÈ¬ ·±øÌøÓ¬fl¡ ’À¬Ûé¬fl¡ ¬ı”̨À¬Û õ∂fl¡±˙ fl¡¬ı˛± ˚± ˛̊  , Òø¬ı˛ y = f(x) ; Ó¬‡Ú ¤ ◊̋√√ ¸˜œfl¡¬ı˛ÌøÈ¬Àfl¡

x Î¬◊¬Û¬ı˛ y-¤¬ı˛ øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì (Regression equation) ¬ı˘± ˝√√ ˛̊º ¸˝√√Ê√Ó¬˜ Œé¬ÀS y-¤¬ı˛ ¸Àe·

x õ∂fl‘¡Ó¬ ’Ô¬ı± õ∂± ˛̊ ¸¬ı˛̆ ˆ¬±À¬ı ¸•Ûfl«¡ ≈̊q¡ (linearly related) ˝√√ ˛̊ Ó¬‡Ú Ó¬± øÚ•ß¬ı”̨À¬Û õ∂fl¡±˙ fl¡¬ı˛±

˝√√ ˛̊ :

y = a + bx

¤ ◊̋√√ ¸•Ûfl«¡ ’Ú≈̧ ±À¬ı˛ a + bx0 ˝√√˘¬ y-¤¬ı˛ øÚÒ«±ø¬ı˛Ó¬ ˜±Ú ˚‡Ú x = x0 ¤ ◊̋√√ ’—À˙ ’±À˘±‰¬Ú±

Œfl¡¬ı˘ ¸¬ı˛̆  øÚ «̂¬¬ı˛Ì ¤¬ı˛ Œé¬ÀS ¸œ˜±¬ıX ¬ı˛±‡± ˝√√˘º

[¤û] ¸¬ı˛̆  øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì øÚÌ«̊ ˛ (Derivation of Linear Regression Equation) :

Ò¬ı˛± ˚±fl¡ ¸¬ı˛̆  øÚ «̂¬¬ı˛Ì ¸˜œfl¡¬ı˛Ì ˝√√˘ : y = a + bx .... (i)

Œ˚À˝√√Ó≈¬ ¤ ◊̋√√ ¸˜œfl¡¬ı˛ÀÌ¬ı˛ øˆ¬øM√√ÀÓ¬ x-¤¬ı˛ ˜±ÀÚ¬ı˛ Ê√Ú… y-¤¬ı˛ ˜±Ú øÚÒ«±¬ı˛ÀÌ¬ı˛ Î¬◊ÀVÀ˙… ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛±

˝√√À¬ı Œ¸ ◊̋√√À˝√√Ó≈¬ x › y-¤¬ı˛ õ∂M√√ ˜±Ú¸ ”̃À˝√√¬ı˛ øˆ¬øM√√ÀÓ¬ a ¤¬ı— b ÒË≈¬ıfl¡ ≈√øÈ¬ øÚÒ«±¬ı˛Ì ¬ı± ·ÌÚ± fl¡¬ı˛ÀÓ¬

˝√√ ˛̊º Ò¬ı˛± ˚±fl¡ n ¸—‡…fl¡ ˜±Ú ≈̊·˘ (xi, yi) Œ√› ˛̊± ’±ÀÂ√ Œ˚‡±ÀÚ i = 1, 2, ..., n. ¤¬ı— a, b

øÚÒ«±¬ı˛ÀÌ¬ı˛ Ê√Ú… ¸y¬±¬ı… ¬ÛXøÓ¬·≈ø˘¬ı˛ ˜ÀÒ… ˘ø‚©Ü ¬ı·« ¬ÛXøÓ¬ (Least Square Method) ¬ı…¬ı˝√√±¬ı˛ fl¡¬ı˛±

ø¬ıÀÒ ˛̊ Œ˚À˝√√Ó≈¬ ¤ ◊̋√√ ¬ÛXøÓ¬¬ı˛ ¬ı ≈̋√√ fl¡±˜… Δ¬ıø˙©Ü… ¬ı˛À ˛̊ÀÂ√º

˚‡Ú x = xi Ó¬‡Ú y-¤¬ı˛ õ∂√M√√ ˜±Ú (observered value) ˝√√˘ yi øfl z≈¬ øÚÒ«±ø¬ı˛Ó¬ ˜±Ú (Predicated

value) ˝√√˘ a + bxi
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Î¬◊√±˝√√¬ı˛Ì 2. ¤fl¡ ¬Û¬ı˛œé¬± ˛̊ 9 Ê√Ú Â√±S ◊̋√√—À¬ı˛Ê√œ › ·øÌÀÓ¬ øÚ•ß¬ıøÌ«Ó¬ Ú•§¬ı˛ Œ¬ÛÀ ˛̊ÀÂ√º ¤Àé¬ÀS

Œ¶Û ˛̊±¬ı˛̃ …±ÀÚ¬ı˛ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ øÚÌ«̊ ˛ fl¡À¬ı˛± :

Â√±S [Œ¬ı˛±˘ Ú—] : 1 2 3 4 5 6 7 8 9

◊̋√√—À¬ı˛Ê√œÀÓ¬ õ∂±5 Ú•§¬ı˛ : 45 60 32 45 32 32 58 56 47

·øÌÀÓ¬ õ∂±5 Ú•§¬ı˛ : 51 51 38 54 54 38 62 58 38

¸˜±Ò±Ú – õ∂±5 Ú•§¬ı˛ ’Ú≈̊ ± ˛̊œ Â√±SÀ√¬ı˛ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘ ¸—À˚±Ê√Ú fl¡¬ı˛± ˝√√˘º

Œ¬ı˛±˘ Ú— : 1 2 3 4 5 6 7 8 9

◊̋√√—À¬ı˛Ê√œ (ui) : 5 1
2 1 8

51
2

8 8 2 3 4

·øÌÓ¬ (vi) :

51
2 51
2

8

31
2 31
2

8 1 2 8

õ∂Ô˜ Œ|Ìœ ≈̂¬q¡ [ ◊̋√√—À¬ı˛Ê√œ] ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘ÀÓ¬ 2 ¤¬ı— 3 Δ√À‚«…¬ı˛ ≈√øÈ¬ ¬ı&ÒÚ (ties) ¬ı˛À ˛̊ÀÂ√º

∴=−+− Tu
n
1

12
2233 33 bgbg =×==⋅ 30

129
5
1802778

ø¡ZÓ¬œ ˛̊ Œ|Ìœ¬ı˛ [·øÌÓ¬] ’z¬·«Ó¬ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘ÀÓ¬ 2, 3 ¤¬ı— 2 Δ√À‚«…¬ı˛ øÓ¬ÚøÈ¬ ¬ı&ÒÚ (ties)

¬ı˛À ˛̊ÀÂ√º

∴ = − + − + − = × = = ⋅TV
n

1
12 2 2 3 3 2 2 36

12 9
1
3 0 33333 3 3b g b g b g

’±¬ı±¬ı˛, 

n21
12

80
12

20
366667 −===⋅

¤¬ı— 
1

2
1

2 9 0 81
4 0 4 81

4 0 1 1 162
n

di = × + + + + + + + +∑

= × = = ⋅1
18

250
4

125
36 3 4722

’Ó¬¤¬ı Œ¶Û ˛̊±¬ı˛̃ …±ÀÚ¬ı˛ ’Ú≈√flË¡ø˜fl¡ √¸˝√√·±efl¡, rR
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’Ú≈√flË¡ø˜fl¡ ˜±Ú¸ ”̃À˝√√¬ı˛ ≈√øÈ¬ Œ|Ìœ¬ı˛ ˜ÀÒ… ˚ø√ ¸•Û”Ì«¬ı”̨À¬Û ’¸˜±?¸… Ô±Àfl¡ Ó¬±˝√√À˘ vi =

n – ui + 1 ¤¬ı— u ¤¬ı— v ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ˜ÀÒ… ¸•Ûfl«¡øÈ¬ õ∂fl‘¡Ó¬ ◊̋√√ ¤˜Ú ¤fl¡øÈ¬ ¸¬ı˛̆ À¬ı˛‡±¬ı˛ ¡Z±¬ı˛± õ∂fl¡±ø˙Ó¬

˝√√À¬ı Œ˚ ¸¬ı˛̆ À¬ı˛‡±¬ı˛ Ï¬±˘ ˝√√À¬ı Ÿ¬Ì±Rfl¡ ’Ô«±» rR = –1

õ∂¸e·√flË¡À˜ Œfl¡ÚƒÎ¬±˘ ƒ̧ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±e· › (Kendall’s Correlation coefficient) Î¬◊À~‡

fl¡¬ı˛± Œ˚ÀÓ¬ ¬Û±À¬ı˛º

Î¬◊√±˝√√¬ı˛Ì 1. ¤fl¡øÈ¬ õ∂øÓ¬À˚±ø·Ó¬± ˛̊ 10 Ê√Ú õ∂øÓ¬À˚±ø·Àfl¡ ≈√øÈ¬ ø¬ı‰¬±¬ı˛ ’Ú≈̊ ± ˛̊œ Œ˚ √flË¡À˜ ¸±Ê√±Ú

˝√√ ˛̊ Ó¬± øÚÀ•ß õ∂√M√√ ˝√√˘ñ≈√øÈ¬ ø¬ı‰¬±À¬ı˛¬ı˛ ˜ÀÒ… ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ øÚÌ«̊ ˛ fl¡À¬ı˛±º

õ∂øÓ¬À˚±·œ : (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

õ∂Ô˜ – 6 11 9 3 7 10 5 2 8 4
ø¬ı‰¬±À¬ı˛¬ı˛ √flË¡˜ : 

ø¡ZÓ¬œ ˛̊ – 4 9 11 5 10 8 2 3 7 6

¸˜±Ò±Ú – õ∂Ô˜ ¤¬ı— ø¡ZÓ¬œ˚̨ ø¬ı‰¬±À¬ı̨¬ı̨ √flË¡˜¸ ”̋̃ √√ ˚Ô±√flË¡À˜ ui, vi Ò¬ı̨± √̋√̆  Œ˚‡±ÀÚ i = 1, 2... 10.

ø¬ı‰¬±À¬ı˛¬ı˛ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ øÚÌ«À ˛̊¬ı˛ Ê√Ú… Â√fl¡

ui vi di = ui – vi d2

6 4 2 4

11 9 2 4

9 11 –2 4

3 5 –2 4

7 10 –3 9

10 8 2 4

5 2 3 9

2 3 –1 1

8 7 –1 1

4 6 –2 4

Œ˜±È¬ 44

õ∂øÓ¬À˚±·œ ¸—‡…± = n = 10

∴  øÚÀÌ«̊ ˛ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ 

r
d

nn uv

i
i =−−=−×

−==⋅
∑

1
6

11644
10101

726
99073

2
10

22 ()()

 [’±¸iß]
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Œ˚À˝√√Ó≈¬ ’Ú≈√flË¡ø˜fl¡ ˜±Ú¸ ”̃À˝√√¬ı˛ ¬ı·« 
1

12
3( )m m−  ¬Ûø¬ı˛̃ ±Ì ˝√}√√±¸õ∂±5 ˝√√ ˛̊ Œ¸ ◊̋√√À˝√√Ó≈¬ ’Ú≈√flË¡ø˜fl¡ ˜±Ú

Œ|Ìœ¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ ’¬Ûø¬ı˛¬ıøÓ«¬Ó¬ Ô±fl¡À¬ı, øfl z≈¬ Œˆ¬√˜±Ú 
1

12
3

m
m m( )−  ¬Ûø¬ı˛̃ ±Ì ˝√}√√±¸õ∂±5 ˝√√À¬ıº

Ò¬ı˛± ˚±fl¡, u ‰¬˘Àfl¡¬ı˛ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ Œé¬S m1, m2, ... mk Δ√À‚«…¬ı˛ K ¸—‡…fl¡ ¬ı&ÒÚ ¬ı˛À ˛̊ÀÂ√

¤¬ı— V ‰¬±˘Àfl¡¬ı˛ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ Œé¬ÀS ′ ′ ′m m mL1 2, . . .  Δ√À‚«…¬ı˛ L ¸—‡…fl¡ ¬ı&ÒÚ ¬ı˛À ˛̊ÀÂ√º ¤ ◊̋√√

Œé¬ÀS õ∂øÓ¬øÈ¬ ¬ı&ÒÀÚ¬ı˛ Ê√Ú… ¸—øù≠©Ü Œˆ¬√˜±Ú ˝√}√√±¸õ∂±5 ˝√√À¬ı ¤¬ı— Œ˚À˝√√Ó≈¬ ¬ı&ÒÚ õ∂ø√flË¡ ˛̊± Œ˚±· Ò «̃±ÒœÚ

(additive) Œ¸ ◊̋√√À˝√√Ó≈¬ Î¬◊̂ ¬ ˛̊ ‰¬˘Àfl¡¬ı˛ Œé¬ÀS ÚÓ≈¬Ú Œˆ¬√˜±Ú ˝√√À¬ı –

σu
nTu 2

21
12 =−−

  ¤¬ı— σ v
n Tv2

2 1
12

= − −

Œ˚‡±ÀÚ, Tu
n

m mi i
i

K
= −

=
∑1

12
3

1
( )  ¤¬ı— Tv

n
m mi i

i

L
= ′ − ′

=
∑1

12
3

1
( )

’±¬ı±¬ı˛ Œ˚À˝√√Ó≈¬ 
1 22

1

2 2
n

di
i

n

u v
=
∑ = + −σ σ  Œˆ¬√˜±Ú (u, v)

¬ı&ÒÚ ≈̊q¡ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ Œé¬ÀS

Œˆ¬√˜±Ú ( , )u v n Tu Tv
n

di
i

n
= − − + −

=
∑

2
2

1

1
12 2

1
2

≈̧Ó¬¬ı˛±— ¬ı&ÒÚ ≈̊q¡ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ Œé¬ÀS Œ¶Û ˛̊±¬ı˛̃ …±ÀÚ¬ı˛ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ ˝√√˘ –

r

n Tu Tv
n

d

n Tu n Tv
R

i
i

n

=

− − + −

− − − −

=
∑

2
2

1
2 2

1
12 2

1
2

1
12

1
12

’Ú≈√flË¡ø˜fl¡ ˜±Ú¸ ”̃À˝√√¬ı˛ ≈√øÈ¬ Œ|Ìœ¬ı˛ ˜ÀÒ… ˚ø√ ¸•Û”Ì« ¸±˜?¸… (Perfect agreement) Ô±Àfl¡ Ó¬±˝√√À˘

õ∂øÓ¬ i-¤¬ı˛ Ê√Ú… ui = vi ¤¬ı— di = 0, Tu = Tv ¤¬ı— σσσσσu = σσσσσv ˝√√À¬ıº

∴     rR = 1

¤Àé¬ÀS u ¤¬ı— v ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ˜ÀÒ… ¸•Ûfl«¡øÈ¬ õ∂fl‘¡Ó¬ ◊̋√√ ¤˜Ú ¤fl¡øÈ¬ ¸¬ı˛̆ À¬ı˛‡±¬ı˛ ¸±˝√√±À˚… õ∂fl¡±ø˙Ó¬

˝√√À¬ı Œ˚ Œ¬ı˛‡±¬ı˛ Ï¬±˘, rR = 1 ˝√√À¬ıñ’Ô«±» ÒÚ±Rfl¡ ˝√√À¬ıº
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’Ó¬¤¬ı, ruv = 

12
1

2
1

12
1

),(
2

2
2

−

−−

=
∑

n

d
n

n

vu
vu i

i

σσ
ïïïïïïïïïïïï

=
−

=
∑6

1

2

2

d

n n
r

i
i

R( )

(b) ¸˜ ’Ú≈√flË¡ø˜fl¡ ˜±Ú¸•Ûiß ˚‡Ú øfl¡Â≈√ ¬ı…ø©Üñ¤¬ı”̨¬Û Œé¬ÀS (When there are ties)

¤‡Ú Ò¬ı˛± ˚±fl¡ m ¸—‡…fl¡ ¬ı…ø©Ü ¤fl¡ ◊̋√√ ’Ú≈√flË¡ø˜fl¡ ˜±Ú ¸•Ûißº Ó¬±˝√√À˘ ¬ı˘± ˚± ˛̊ Œ˚ m Δ√À‚«…¬ı˛

¤fl¡øÈ¬ ¬ı&ÒÚ (a tie) ¬ı˛À ˛̊ÀÂ√º ¤¬ı”̨¬Û ¤fl¡ ◊̋√√ ’Ú≈√flË¡ø˜fl¡ àÔ±¬ÛÀÚ ¤fl¡±øÒfl¡ ¬ı&ÒÚ Ô±fl¡ÀÓ¬ ¬Û±À¬ı˛º ø¬ıÀ˙ ∏̄

Œfl¡±Ú ¤fl¡ Œé¬ÀS ˚ø√ m ¬ı&ÒÚ ø¬ıø˙©Ü ¬ı…ø©Ü·≈ø˘¬ı˛ ’¬ı…¬ıø˝√√Ó¬ ¬Û”À¬ı«øàÔÓ¬ ¬ı…ø©Ü¬ı˛ ’Ú≈√flË¡ø˜fl¡ ˜±Ú r ˝√√ ˛̊

Ó¬±˝√√À˘ ¬ı&ÒÚ ≈̂¬q¡ m ¸—‡…fl¡ ¬ı…ø©Ü¬ı˛ õ∂øÓ¬øÈ¬¬ı˛ ’Ú≈√flË¡ø˜fl¡ ˜±Ú ˝√√À¬ı

( ) ( ) . . . ( )r r r m
m

r m+ + + + + + = + +1 2 1
2

¤¬ı±¬ı˛ ¤¬ı”̨¬Û ¬ı&ÒÚ Ú± Ô±fl¡À˘ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ ¬ıÀ·«¬ı˛ ¸˜ø©Ü, S1 ˝√√Ó¬Srrrm 1
222 12 =+++++ ()()...()

= + + + + + + +mr r m m2 2 2 22 1 2 1 2( .. . ) ( . . . )

= + + + + +mr m m r m m m2 1 1
6 1 2 1( ) ( )( )

¤¬ı±¬ı˛ ¬ı&ÒÚ ø¬ıø˙©Ü ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ ¬ıÀ·«¬ı˛ ¸˜ø©Ü, S2 ˝√√Ó¬

S m r m
2

21
2= + +e j

 

=++++ mrmmrmm 22 11
41 ()()

¤‡Ú, S S m m m m m m m
m m1 2

31 2 1
6

1
4

1 1
12

1
12− = + + − + = +( ) −( ) = −( ) ( )e j
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∴==+ uvn1
2

Œ˚‡±ÀÚ 

uv,

 ˝√√˘ ˚Ô±√flË¡À˜ ui › vi-¤¬ı˛ ˜±Ú·≈ø˘¬ı˛ Œ˚Ãø·fl¡ ·Î¬ˇ u-¤¬ı˛ ø¬ıøˆ¬iß

˜±Ú·≈ø˘¬ı˛ Œˆ¬√˜±Ú, 

σu
2

 ¤¬ı— v-¤¬ı˛ ø¬ıøˆ¬iß ˜±Ú·≈ø˘¬ı˛ Œˆ¬√˜±Ú 

σv
2

 ¬˝√√˘ øÚ•ß¬ı”̨¬Û –

σui
i n

uu 22 1 =− ∑()

= −∑1 2 2
n

u u

= + + − +1 1 2 1
6

1
2

2

n
n n n n( )( ) e j

= + + − + = −( )( ) ( )n n n n1 2 1
6

1
4

1
12

2 2

’Ú≈¬ı˛”¬Ûˆ¬±À¬ı,

σ v
n2

2 1
12= −

’±¬ı±¬ı˛, 

11 22
n

d
n

uv i
i

ii
i

∑∑ =− ()

= − + −∑1 2

n
u u v vi i

i
b g b gn s , [Œ˚À˝√√Ó≈¬ 

uv =

]

=−+−−−− ∑ ∑ ∑112 22
n

uu
n

vv
n

uuvv iiii
i i i

()()()()

= σ σu v
2 2 2+ −  ¸˝√√Àˆ¬√˜±Ú (u, v)

∴∴∴∴∴¸˝√√Àˆ¬√˜±Ú (u, v)

=
+−∑ σσ uvi

i n
d 222 1

2

=−−∑ n
n

di
i

2
2 1

12
1
2
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r
d

n nR

i
i= −

−

∑
1

6

1

2

2( )

’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ ≈√øÈ¬ Œ|Ìœ¬ı˛ ˜ÀÒ… ˚‡Ú ¬Û”Ì« ¸±˜?¸… (Perfect agreement) Ô±Àfl¡ñ’Ô«±»

õ∂ÀÓ¬…fl¡ ¬ı…ø©Ü ¸—øù≠©Ü ≈√øÈ¬ √flË¡ø˜fl¡ ˜±Ú ˚‡Ú ¸˜±Ú ˝√√ ˛̊ Ó¬‡Ú ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ˜ÀÒ… Œ˚±· ”̧SøÈ¬ (association)

ÒÚ±Rfl¡ˆ¬±À¬ı ¸•Û”Ì« (Positively perfect) ¬ıÀ˘ ·Ì… fl¡¬ı˛± ˝√√ ˛̊º Œ¸ ◊̋√√ Œé¬ÀS õ∂øÓ¬øÈ¬ i-¤¬ı˛ Ê√Ú… ui

= vi ¤¬ı— di
i

2 0∑ =  ≈̧Ó¬¬ı˛±— rR = 1 ˝√√ ˛̊º

’±¬ı±¬ı˛ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı˛ ≈√øÈ¬ Œ|Ìœ¬ı˛ ˜ÀÒ… ˚‡Ú ¬Û”Ì« ¸±˜?¸… Ô±Àfl¡ Ú± [’Ô«±» 

uv ii ≠

)

Ó¬‡Ú ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ˜ÀÒ… Œ˚±· ”̧SøÈ¬ Ÿ¬Ì±Rfl¡ˆ¬±À¬ı ¸•Û”Ì« (negatively perfect) ¬ıÀ˘ ·Ì… fl¡¬ı˛± ˝√√ ˛̊

¤¬ı— Œ¸ ◊̋√√ Œé¬ÀS õ∂øÓ¬øÈ¬ i-¤¬ı˛ Ê√Ú… vi = n – ui + 1

¤¬ı—

duni i
i

i
i

22 2 ∑∑=−− ()

= − + + +∑ ∑4 4 1 12 2u n u n ni
i

i
i

( ) ( )

= + + − + + + +4 1 2 1
6 4 1 1

2 1 2. ( )( ) ( ) ( ) ( )n n n n n n n

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

= +1
3 12n n( )

∴ = − −
−

= − = −r n n
n nR 1 6 1

3
1

1
1 2 1

2

2
( ) .

( )

ui ¤¬ı— vi-Œfl¡ ‰¬˘fl¡ ≈√øÈ¬¬ı˛ ø¬ıøˆ¬iß ˜±Ú ÒÀ¬ı˛ ¸¬ı˛̆  ·≈ÌÚ ¬Ûø¬ı˛‚±Ó¬ ¸˝√√·øÓ¬ ¸˝√√·±efl¡ (Simple

product moment correlation coefficient) ŒÔÀfl¡ Œ¶Û ˛̊±¬ı˛̃ …±ÀÚ¬ı˛ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ ¬Û±› ˛̊± ˚± ˛̊º

Œ˚À˝√√Ó≈¬ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘ 1, 2, ... n ¬ı…Ó¬œÓ¬ ’Ú… Œfl¡±Ú ˜±Ú ¢∂˝√√Ì fl¡À¬ı˛ Ú±

Œ¸ ◊̋√√À˝√√Ó≈¬, u v n
n n

i
i

i∑ ∑= = + + + = +1 2 1
2... ( )
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rr
uvvu

fuufvjv

xyuv

iii
i

j
j i

iojj
j

aj
j

i
i

==
−FHIKFH

I
K

−FH
I
K−FHIK

∑∑ ∑

∑ ∑∑∑

50

5050 2

2
22

= × − − × −
× − − × − −

=50 30 13 37

50 71 37 50 55 13
1019

2181 25812 2

( ) ( )

( ) ( )

= ⋅ × ⋅ = ⋅1019
46 70 50 80

0 43

[Â√] ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±e· (Rank Correlation Co-efficient) : ˚‡Ú ¬ı…ø©Ü¸ ”̃À˝√√¬ı˛ ¤fl¡øÈ¬ Œ·±á¬œ

(a group of individuals) ¤fl¡øÈ¬ ø¬ıÀ˙ ∏̄ ‰¬ø¬ı˛S ¬ı± ·≈ÀÌ¬ı˛ ˜±S± ’Ú≈̧ ±À¬ı˛ ¸±Ê√±Ú ˝√√ ˛̊ Ó¬‡Ú Ó¬±À√¬ı˛

’Ú≈√flË¡ø˜fl¡ ø¬ıÚ…±¸ (ranking) ˝√√À ˛̊ÀÂ√ ¬ıÀ˘ Ò¬ı˛± ˝√√ ˛̊º ¤¬ı”̨¬Û ’Ú≈√flË¡ø˜fl¡ ø¬ıÚ…±À¸¬ı˛ ’z¬·«Ó¬ Œfl¡±Ú ¬ı…ø©Ü

Œ˚ øÚø«√©Ü àÔ±ÀÚ ’¬ıøàÔÓ¬ Œ¸ ◊̋√√ àÔ±Ú ¸—‡…± ˝√√˘ ˜±S±·Ó¬ ¸—‡…± (ordinal number) ¤¬ı— Œ¸ ◊̋√√

àÔ±Ú¸—‡…± ‹ ¬ı…ø©Ü¬ı˛ ’Ú≈√flË¡ø˜fl¡ ˜±Ú (rank) ø˝√√¸±À¬ı ·Ì… ˝√√ ˛̊º

¤fl¡ ◊̋√√ Œ·±á¬œ ≈̂¬q¡ ¬ı…ø©Ü¸ ”̃À˝√√¬ı˛ Ê√Ú… ˚‡Ú ≈√øÈ¬ øˆ¬iß ‰¬ø¬ı˛S ¬ı± ·≈Ì ¸—øù≠©Ü ≈√øÈ¬ ’Ú≈√flË¡ø˜fl¡ ˜±Ú Œ|Ìœ

¬Û±› ˛̊± ˚± ˛̊ ’Ô¬ı± ˚‡Ú ≈√Ê√Ú ø¬ı‰¬±¬ı˛fl¡ ¤fl¡ ◊̋√√ ‰¬ø¬ı˛S ¬ı± ·≈ÀÌ¬ı˛ Ê√Ú… ≈√øÈ¬ √flË¡ø˜fl¡ ˜±Ú Œ|Ìœ õ∂√±Ú fl¡À¬ı˛

Ó¬‡Ú ¤ ◊̋√√ ’Ú≈√flË¡ø˜fl¡ ˜±Ú Œ|Ìœ ≈√øÈ¬¬ı˛ ˜ÀÒ… Œfl¡±Ú¬ı”̨¬Û Œ˚±· ”̧S ’±ÀÂ√ øfl¡Ú± Ó¬± ø¬ı‰¬±¬ı˛ fl¡¬ı˛±¬ı˛ ’±¢∂˝√√

Œ√‡± Œ√ ˛̊º ¤fl¡ ◊̋√√ Œ·±á¬œ ≈̂¬q¡ ¬ı…ø©Ü¸ ”̃À˝√√¬ı˛ Ê√Ú… ¤¬ı”̨¬Û ≈√øÈ¬ ’Ú≈√flË¡ø˜fl¡ ˜±Ú Œ|Ìœ¬ı˛ ˜ÀÒ… Œ˚±· ”̧S ¬ı±

¸•Ûfl«¡Àfl¡ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·øÓ¬ (Rank correlation) ¬ı˘± ˝√√ ˛̊ ¤¬ı— ¤¬ı”̨¬Û ¸˝√√·øÓ¬ ¸—øù≠©Ü ¸˝√√·±efl¡ ˝√√˘

’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡º

[Ê√] Œ¶Û˚̨±¬ı̨˜…±ÀÚ¬ı̨ ’Ú≈√flË¡ø˜fl¡ ¸ √̋√·±efl¡ (Spearman’s rank Correlation Co-efficient) :

(a) õ∂ÀÓ¬…fl¡ ¬ı…ø©Ü ¬Û‘Ôfl¡ ’Ú≈√flË¡ø˜fl¡ ˜±Ú ø¬ıø˙©Ü ¤¬ı̨”¬Û Œé¬ÀS (Case when there are no ties)

Ò¬ı̨± ˚±fl¡ n ¸—‡…fl¡ ¬ı…ø©Ü¬ı̨ ’Ú≈√flË¡ø˜fl¡ ˜±Ú·≈ø˘¬ı̨ ≈√øÈ¬ Œ|Ìœ √̋√̆  u1, u2, ... un ¤¬ı— v1, v2, ... vn.

Œ˚À˝√√Ó≈¬ ’Ú≈√flË¡ø˜fl¡ ˜±Ú¸ ”̃̋ √√ (ranks) 1, 2, ... n ¬ı…Ó¬œÓ¬ ’Ú… Œfl¡±Ú ˜±Ú ¢∂˝√√Ì fl¡À¬ı˛ Ú± ¤¬ı—

u ¤¬ı— v ‰¬˘fl¡ ≈√øÈ¬ ¬Û‘Ôfl¡ ’Ú≈√flË¡ø˜fl¡ ˜±Ú ¸•Ûiß, Œ¸ ◊̋√√À˝√√Ó≈¬ ui ¤¬ı— vi ˝√√˘ õ∂Ô˜ n ¸—‡…fl¡ ¶§±ˆ¬±ø¬ıfl¡

¸—‡…±¬ı˛ ø¬ıÚ…±¸ (Permutation of n natural members)º ’±¬ı˛› Ò¬ı˛± ˚±fl¡, di = ui – vi Œ˚‡±ÀÚ

i = 1, 2, ... n Ó¬±˝√√À˘ rR ¡Z±¬ı˛± ø‰¬ø˝êÓ¬ Œ¶Û ˛̊±¬ı˛̃ …±ÀÚ¬ı˛ ’Ú≈√flË¡ø˜fl¡ ¸˝√√·±efl¡ øÚ•ßø˘ø‡Ó¬ˆ¬±À¬ı õ∂fl¡±˙

fl¡¬ı˛± ˝√√ ˛̊ :


