(1)üÎąýŚûťłŚÚœ øÓþćď m ŚŞ,n ďć m řóŚìŒþďćŘď,j = 1, . . ., n ,i = 1, . . ., m ,aij üÖČÖ§ćÀä m × n üţìø :ćĄłüõÓþÂãŮ(üÖČÖ§) m × n ÅþÂŮŚõŒþ,ÝČÆþĄĂŞÂþěÛØłĆŞöĄţĺ n a11 . . . a1n. ._{am}1_{amn} ÓþćďďćĆîťĺŘýŘĆþŘďć aij ěŘćĄÊÖõ.ÀĂõŚœüõÅþÂŮŚõýŚûĆþŘďćŘďÅþÂŮŚõďćŽďÀĂõćŘÀäŘ

[a_{ij} ]_{i=}1_{,...,m j=}1_{,...,n} ÂţÜõŚîďĄÏĆŞŚþ,[a_{ij}] ŰďĄňĆŞŘď A ŰŚìøŘüûŚð.ćďŘćďŘÂìôŘ j öĄţĺøôŘ i.ÝČÆþĄœüõ

ŰŚČÜÞäÀĂœŚÞû,üÖČÖ§ćŘÀäŘďćŠÂőÛÞäø,âÞŻÛÞäöŘĄŮüõùěŘÀœŘÝûýŚûÅþÂŮŚõýŘÂŞ ,ÀĂłŚŞ m × n ÅþÂŮŚõøć B = [bij] ø A = [aij ] ÂðŘ.ćÂîÓþÂãŮŘď(ŚûďŘćÂŞ)ŚûüþŚŮ n ýŘÂŞĆŞŚÈõñĄõÂêŚŞ_{A + B = [cij]} ,ÅþÂŮŚõøćáĄÞźõ_{cij = aij + bij} (1)

:ťĺŘťĺŘďÂĺÓþÂãŮěŘÂþěńŘĄąť¡ňÕČÖ¡Ů.ćĄłüõÓþÂãŮŚûÅþÂŮŚõâÞŻüþŘÀţŞŘńŘĄą(1-11)

ÝþďŘć,ÀĂłŚŞ m × n ÅþÂŮŚõøć B ø A ÂðŘ.(üþŚźŞŚŻ)ýÂþÁŢËþĄãŮ(1-1-11)1

.A + B = B + A

A + (B + C) = ÝþďŘć,ÀĂłŚŞ m × n ýŚûÅþÂŮŚõ C ø B ,A ÂðŘ.ýÂþÁŢťîÂł(2-1-11).

(A + B) + C

ÇþŚÞœ O ĆŞøťĺŘÂÔňöŊýŚûĆþŘďćĆbÞûĆî m × n ÂÔňÅþÂŮŚõ.ÂŹŘüŞÂÊĂä(3-1-11) ÝþďŘć,A ,m × n ÅþÂŮŚõÂûýŘÂŞĆîťĺŘüðÄþøSSþŘýŘďŘć(m × n ÅþÂŮŚõĆœŚÚþ)ÝČûćüõ._{A + O = O + A = A}

ćĄłüõÓþÂãŮ bij = −aij ŚŞĆî −A = [bij] ÅþÂŮŚõ,A = [aij ] ýŘÂŞ.ĆĂþÂìÂÊĂä(4-1-11) .A + (−A) = (−A) + A = O ĆîťĺŘüðÄþøSSþŘýŘďŘć(ÅþÂŮŚõĆœŚÚþ)

b_{ij} = ra_{ij} ñĄõÂêŚŞ rA = [b_{ij} ] ÅþÂŮŚõ,r ∈ R øÀłŚŞ m × n ÅþÂŮŚõŒþ A = [a_{ij} ] ÂðŘñŚ§

ťĺŘďÂĺÃČœÂþěńŘĄąÕČÖ¡Ů.ÀœĄłüõŠÂő r ćÀäďć A ýŚûĆþŘďćĆbÞûüĂãþ,ćĄłüõÓþÂãŮ:ťĺŘ

ŚûÅþÂŮŚõďććŘÀäŘŠÂőüþŘÀţŞŘńŘĄą(2-11)._A ÅþÂŮŚõÂûýŘÂŞ1_{· A = A} (1-2-11)

.r, s üÖČÖ§ćÀäŽøěÂûø A ÅþÂŮŚõÂûýŘÂŞ (rs)A = r(sA) (2-2-11) .r, s üÖČÖ§ćÀäŽøěÂûø A ÅþÂŮŚõÂûýŘÂŞ (r + s)A = rA + sA (3-2-11) .B ø A ùběŘÀœŘÝûÅþÂŮŚõøćÂûø r üÖČÖ§ćÀäÂûýŘÂŞ r(A + B) = rA + rB (4-2-11) ĳČőĄŮĆîřĺŚĂõýŚûùěŘÀœŘýŚûÅþÂŮŚõSSČŞŚõÃČœŚûÅþÂŮŚõŠÂőôĄúÔõ,ĎŚŞŰŚČÜÞäÂŞùøĚä2

n × p ÅþÂŮŚõŒþ B = [b_{ij}] ø m × n ÅþÂŮŚõŒþ A = [a_{ij} ] ÂðŘ.ćĄłüõÓþÂãŮ,ÀłÀûŘĄąùćŘć

:ćĄłüõÓþÂãŮÂþěŰďĄňĆŞ,AB = [cij] ,ŠÂőÛňŚ§ÅþÂŮŚõ,ÀłŚŞ

c_{ij} = a_i1b1_j + a_i2b2_j + · · · + a_{in}b_{nj} (2)

B ýŚûÓþćďćŘÀãŮÂŞŘÂŞ A ýŚûöĄţĺćŘÀãŮĆîťĺŘSSþŘŠÂőÛňŚ§ÓþÂãŮĆbõěĎĆîÀČĂîĆŻĄŮ ÅþÂŮŚõôŘ i ÓþćďüÜąŘćŠÂőÛňŚ§Řď cij öŘĄŮüõâìŘøďćøćďŘćüĂãõ(2)ŰďŚśäSSþŘÂŞŚĂŞ,ÀłŚŞ .ćÂîüÖÜŮ (bj1, . . ., bnj ) üþŚŮ n öŘĄĂäĆŞ,B ÅþÂŮŚõôŘ j öĄţĺŚŞ (ai1, . . ., ain) üþŚŮ n öŘĄĂäĆŞ A.ćÂîÝČûŘĄąüĺďÂŞùÀĂþŊĆbÆÜŻďćŘďÓþÂãŮSSþŘùbÃČÚœŘ

ŚûÅþÂŮŚõŠÂőüþŘÀţŞŘńŘĄą(3-11)

p × q ø n × p ,m × n řČŮÂŮĆŞùběŘÀœŘýŘďŘćýŚûÅþÂŮŚõ C ø B ,A .ýÂþÁŢťîÂł(1-3-11):ŰďĄňSSþŘďć.ÀĂţÆû

(AB)C = A(BC) ÝþďŘć.üÈ£ŢöĄœŚì(2-3-11)

(A + B)C = (AC) + (AB) , A(B + C) = (AB) + (AC)

.ÀłŚŞřĺŚĂõùÀłÂîčŰŚČÜÞäýŘÂŞëĄêýŚûÅþÂŮŚõùběŘÀœŘĆîSSþŘÂŞŕøÂÈõ :ĆîćĄłüõÓþÂãŮŰďĄňSSþÀŞ In = [δij ] ,n × n À§ŘøÅþÂŮŚõ(3-3-11)_{δij = {} 1_{i = j}0_{i ≠ j} 3

:ÝþďŘć,B ,n × p ÅþÂŮŚõÂûø,A ,m × n ÅþÂŮŚõÂûýŘÂŞ A · I_n = A , I_n · B = B ďŘÁðŘøùÀĂœŘĄąĆŞŚúœŊÕČÖ¡ŮøÀœÂŮùćŚĺÂÚþćýŚŮøć,ÝČĂîüõĆŐŘďŘŘď(1-3-11)ŰŚśŹŘ ,BC = [eij ] ,AB = [dij] ,C = [cij ] ,B = [bij ] ,A = [aij ] ÀČÆþĄĂŞ(1-3-11)ýŘÂŞ.ćĄłüõ :ÝČĂîüõÛÞäŚûÅþÂŮŚõŠÂőÛňŚ§ÓþÂãŮÕśÏ.A(BC) = [yij ] ø (AB)C = [xij ]

x_{ij} = = p∑ i=1 dikckj_{= p∑k=}1_{( n∑l=}1_{ailblk)ckj= p∑k=} 1^{n∑}l=1 ailblkckj_{= n∑l=}1_{ail( p∑k=}1_{blkckj )= n∑l=} 1 ailelj_{= yij} .ÀĺďüõŰŚśŹŘĆŞÝØ§ø

ÀłŚŞüœÀłÓþÂãŮÃČœ BA ćďŘÀœüõøÃó,ÀłŚŞùÀłÓþÂãŮ AB ÂðŘĆîťĺŘÂîčÛŞŚìŚźĂþŘďć SSþŘø,ÀłŚŞ B ýŚûÓþćďćŘÀãŮÂŞŘÂŞ A ýŚûöĄţĺćŘÀãŮĆîťĺŘSSþŘôÃÜţÆõ AB ÓþÂãŮĆîŘÂþě øćÂû BA ø AB ÂðŘüţ§.ÀĂîüÞœ A ýŚûÓþćďćŘÀãŮŚŞ B ýŚûöĄţĺćŘÀãŮýÂŞŘÂŞćďĄõďćüÞØ§ Œþ B ø1 × n ÅþÂŮŚõŒþ A ÂðŘĚfůõ,ÀĂłŚŞùěŘÀœŘŒþøćÂûćďŘÀœüõøÃó,ÀĂłŚŞüœÀłÓþÂãŮ4

,n > 1,ÀĂłŚŞ n × 1ÅþÂŮŚõ A = [a1 . . . a_n] , B = b1._{bn} ťĺŘ n × n ÅþÂŮŚõŒþ BA ĆîüóŚ§ďć,ćĄłüõ ∑ni=1 aibi ĆbþŘďćŒŮŚŞ,1 × 1ÅþÂŮŚõŒþ AB ,n ≥ 2ŚŞ,n × n øćÂû B ø A ÂðŘüţ§.bjai ěŘťĺŘŰďŚśäöŊôŘ j öĄţĺøôŘ i ÓþćďĆbþŘďćĆî:Ěfůõ,ťÆČœ_{BA} ø_{AB} ýøŚÆŮÂŞüõøÃó,ÀĂłŚŞ

[ 1100 ] [ 0011 ] = [ 1100 ] , [ 0011 ] [ 1100 ] = [ 0011 ]

AI_n = I_nA ĆîćĄłüõĆźČţœ3-3-11ěŘ,A ,n × n ÅþÂŮŚõÂûø I_n ÅþÂŮŚõćďĄõďćĆţśóŘ.(

A =) SSØÞõÇþŚÞœĆĺöĄĂîŘ,x = (x1, . . ., xn) Ěfůõ,ćŘÀäŘěŘřŮÂõüþŚŮŃŃn ŒþýŘÂŞĆîÀČĂîĆŻĄŮ ,1 × n ÅþÂŮŚõŒþŰďĄňĆŞÂÚþć,ćďŘćýďŘćÂŞÝÆźŮĎfĄÞãõĆîĎŚŞŰďĄňĆŞüØþ,ÝþďŘć ĆĺSSþŘSSČŞĆîťĺŘôěĎřÜèŘ .^x1._{xn} ,n × 1ÅþÂŮŚõŒþŰďĄňĆŞùÂąĎŚŞø [x1 . . . xn] üþŚŮ n ùŚðÂû,ďĄÑĂõSSþŘýŘÂŞ.ćĄÈœÛňŚ§ŰŚČÜÞäďćüõŚúŞŘŚŮÝþĄłÛŐŚìÃþŚÞŮÇþŚÞœ ĆŞùŚðÂûø,ÝČûćüõÇþŚÞœ ⟨x| ĆŞŘďöŊ,ćĄłĆţłĄœ1 × n ÅþÂŮŚõŒþŰďĄňĆŞ x = (x1, . . ., xn) .ÝČûćüõÇþŚÞœ |x⟩ ĆŞŘďöŊ,ćĄłùćŘćÇþŚÞœ n × 1ÅþÂŮŚõŒþŰďĄň .ÝþěŘćÂŢüõťĺŘ “üÎąýŚûťłŚÚœ” ĆîğďćüÜňŘáĄőĄõĆŞ,ŚûÅþÂŮŚõćďĄõďćĆõÀÖõSSþŘŚŞ ĆŞĆîÀĂİÂûťêďÀĂûŘĄąďŚîĆŞéćŘÂţõĚfõŚîŰďĄňĆŞŚźĂþŘďć “ÛþÀśŮ” ø “ťłŚÚœ” ,“âŞŚŮ” ŰŚÞÜî ,ÀĂłŚŞĆäĄÞźõøć T ø S ÂðŘ.ćĄłüõŔŚÖóŘŰŚÞÜîSSþŘěŘüŮøŚÔţõüĂûčÂþøŚÊŮüûŚðü£þďŚŮàŚ¡ó ÂÊĂä,S ěŘ s ÂÊĂäÂûĆŞĆîťĺŘ f üœĄœŚì,T ĆŞ S ěŘ(ÛþÀśŮ=,ťłŚÚœ=)âŞŚŮŒþěŘćĄÊÖõ üţìøĎfĄÞãõ “âŞŚŮ” ĆbÞÜîĆţłÁðďć.f : S −→ T ÝČÆþĄœüõ.ÀûćüõťśÆœ T ěŘ f(s) üÊ£Èõ ĆäĄÞźõŒþěŘýŚûâŞŚŮüĂãþ,S = T ťóŚ§ďć “ÛþÀśŮ” ,ÀłŚŞ C Śþ R ÂŞŘÂŞ T ĆîťĺŘĆţêďüõďŚîĆŞ5

SSČĂİŚõ.ťĺŘĆţêďüõďŚîĆŞ,1ěŘÂţðďÃŞ m, n ,Rn −→ Rm ýŚûâŞŚŮýŘÂŞ “ťłŚÚœ” ø,öŊćĄąĆŞ Řď T ĆbäĄÞźõø,(øÂÞÜì=)ĆĂõŘćŘď S ĆbäĄÞźõ,f : S −→ T âŞŚŮýŘÂŞ.ÝþĄłüÞœÛþŚìüþŚûÃþŚÞŮ f ť¡Ů S ÂþĄÊŮŚþ,f ÂþĄÊŮ,ťĺŘ T ĆbäĄÞźõÂþěŒþĆî {f(s) | s ∈ S} ĆäĄÞźõ.ÝČõŚœüõćÂŞe ùćŘćÇþŚÞœ f(E) ĆŞĆî,f ť¡Ů E ÂþĄÊŮ,S ěŘ E ĆbäĄÞźõÂþěÂûýŘÂŞâìŘøďć.ćĄłüõùÀœŘĄą:ŰďĄňĆŞćĄłüõ_{f(E) = {f(s) | s ∈ E}}

ÀûćĆźČţœùďŘĄÞû f(s1) = f(s2) ĆîüŮďĄňďćÝČõŚœüõŒþĆŞŒþŘď f âŞŚŮ.ćĄłüõÓþÂãŮ üãŞŚŮ,f : S −→ T ,ŚłĄŢøŒþĆŞŒþýŚûâŞŚŮýŘÂŞ.f(S) = T ÂðŘÝČõŚœüõŚłĄŢ f ø,s1 = s2 .ÝČûćüõÇþŚÞœ f −1 : T −→ S ĆŞĆîćĄłüõÓþÂãŮÂþěŰďĄňĆŞ(f ğĄØãõŚþ) f öøďŘøôŚœĆŞ ŒþĆŞŒþ f öĄİùøĚäĆŞ.f(s) = t ĆîćďŘććĄŻø S ěŘ s ýÂÊĂä,ťĺŘŚłĄŢ f öĄİ,t ∈ T ùŚðÂû üœĄœŚìŰďĄňĆŞ f −1ÅŢ,ćĄłüõSSČČãŮćÂêĆŞÂÊ¡ĂõďĄÏĆŞ s ÂÊĂäSSČĂİ,ťĺŘùÀłŋÂê:ÝþďŘćøťĺŘüœÀłÓþÂãŮ_{f −}1_{(t) = s} ôŚúŞŘüŞ

f ∘ f^−1 = 1_T , f^−1 ∘ f = 1_S.

x ∈ X ÂûýŘÂŞ1_X (x) = x ,ťĺŘ X ĆbäĄÞźõüœŚÞûâŞŚŮ1_X ěŘćĄÊÖõĆî

ĆbäĄÞźõ f −1(t) ěŘćĄÊÖõ.ćøďüõďŚîĆŞÃČœÀłŚśœüœÀłÓþÂãŮ f −1üţìøüţ§ f −1(t) ćŚÞœ:üĂãþ,ÀœĄłüõ(ĆţłŚÚœ=)ùćŚţĺÂê_t ĆŞ_f ť¡ŮĆîťĺŘ_S ŕŚÖœ f^−1(t) = {s ∈ S | f(s) = t} ,ÀłŚŞ T ěŘýŘĆäĄÞźõÂþě Y ÂðŘ,üÜîďĄÏĆŞ.ÝČœŘĄąüõ t ĆŞŠĄÆĂõěŘÂŮĆbäĄÞźõüûŚðŘď f −1(t) :ćĄłüõÓþÂãŮŰďĄňSSþÀŞĆîťĺŘ S ĆbäĄÞźõÂþěŒþ(Y öøďŘøÂþĄÊŮ) f −1(Y ) ĆbäĄÞźõÂþě f^−1(Y ) = {s ∈ S | f(s) ∈ Y }6

,f : S −→ Rm ýŚûâŞŚŮ,ÂŮüÜîďĄÏĆŞŚþ) f : Rn −→ Rm ýŚûâŞŚŮüĺďÂŞŚõğďćüÜňŘáĄőĄõ üþŚŮ m Œþ,ĆĂõŘćďćüÖČÖ§ćŘÀäŘěŘřŮÂõüþŚŮ n ÂûĆŞ f âŞŚŮSSČĂİřČŮÂŮSSþÀŞ.ťĺŘ(S ⊂ Rn:ÀûćüõťśÆœüÖČÖ§ćŘÀäŘěŘřŮÂõ f(x1, . . ., xn) = (y1, . . ., ym) (3) ěŘŒþÂû,f1, . . ., fm âŞŚŮ m ĆŐŘďŘÀĂœŚÞû f ĆŐŘďŘâìŘøďćÅŢ,ťĺŘ (x1, . . ., xn) ĆŞĆţÆŞŘø yi Âû :ÝČÆþĄœüõÃČœÂþěŰďĄňĆŞŘď(3).i = 1, . . ., m ,fi(x1, . . ., xn) = yi ,ťĺŘ R ĆŞ Rn f1(x1, . . ., xn) = y1_{. . .fm(x}1_{, . . ., xn) = ym} (4) .ÝČõŚœüõ f ĆÔóĄbõŒþŘď fi Âûø f = (f1, . . ., fm) ÝČÆþĄœüõüûŚð Œþ fi(x1, . . ., xn) ÂûĆîüŮďĄňďćÝČõŚœüõüÎąŘď(4)Śþ(3)ďć f : Rn −→ Rm âŞŚŮ:üĂãþ,ÀłŚŞ_x1_{, . . . , xn} ĆŞťśÆœñøŘĆŻďćSSÚÞûŰďŚśä

y1 = a11x1 + a12x2 + · · · + a1nxn_{. . . . . .ym = am}1_x1_{+ am}2_x2_{+ · · · + amnxn} (5)

ĆŻďćěŘĆÞûŚźĂþŘďć,ÀœŘĆŻďćŒþěŘťĺŘďťÞĺŰĚÞŻĆbÞûĆîťĺŘSSþŘ “SSÚÞû” ěŘćĄÊÖõ øÝþÂČÚŞÂÑœďć1ĆŻďćÍÖêŘďťĺŘďťÞĺŰďŚśäÂûÂðŘ.ćďŘÀœćĄŻøťŞŚŹĆbÜÞŻÉąĎŚŞ,1 ĆœĄðSSþŘ.ćĄłùćøÃêŘĆÜÞŻÂûĆŞťĺŘSSØÞõÃČœťŞŚŹćÀäŒþ,ÝČĂîéÁ§ŘďSSÚÞûťþćøÀ¡õ:ÝČõŚœüõýĄţÆõŘďŚûâŞŚŮ y1 = a10 + a11x1 + · · · + a1nxn_{. . . . . .ym = am}0_{+ am}1_x1_{+ · · · + amnxn} (6) 7 øÀþŊüõťĺćĆŞ (a10, . . ., am0) ťŞŚŹüþŚŮŃŃm ŚŞ(5)âŞŚŮďŘÀÖõñŚÖţœŘěŘ(6)ýĄţÆõâŞŚŮďŘÀÖõ.ťÆČœýĄţÆõýŚûâŞŚŮĆbœŚðŘÀŻüĺďÂŞĆŞýěŚČœ

ñŚůõÀĂİ(4-11) ćÀäŒþ m ∈ R öŊďćĆîťĺŘ f(x) = mx ÛØłĆŞ f : R −→ R üÎąâŞŚŮÂû(1-4-11) üÖČÖ§ćŘÀäŘ b ø m ,g(x) = mx + b ÛØłĆŞ g : R −→ R ýĄţÆõýŚûâŞŚŮ.ťĺŘùÀłùćŘćüÖČÖ§.ÀĂłŚŞüõ,ùÀłùćŘćÝČĂîüõÓþÂãŮÂþěŰďĄňĆŞŘď_{f : R}2_{−→ R}2(2-4-11)_{f(x}

1, x2) = (2x1, 12x2) SSþŘćÂØÜÞä.ťĺŘüÎą f ÅŢ,ÀĂţÆû (x1, x2) ĆŞťśÆœSSÚÞû1ĆŻďć12 x2ø2x1ŰďŚśäøćÂû öŊĆbÜňŚêøÀûćüõÇþŘÃêŘÂŞŘÂŞøćĆŞ x2ďĄ¡õěŘŘďĆÎÖœÂûĆÜňŚêĆîťĺŘŰďĄňSSþÀŞâŞŚŮ ŚŞŕŚÆśœŘ)ćĄłüõĆţłŚÚœöŊćĄąĆŞ2ÅœŚźŮřþÂőŚŞ x1ďĄ¡õ.ÀĂîüõÓÊœŘď x1ďĄ¡õěŘ (1ÛØł).ćĄłüõËśÖĂõćĄąýøď12ÅœŚźŮřþÂőŚŞ x2ďĄ¡õø,(2řþÂő 8

:ÝČĂîüõÓþÂãŮÂþěŰďĄňĆŞŘď f : R2 −→ R2(2-4-11) f(x1, x2) = (x1 + x2, x2) ĆÎÖœÂûüóøÀłüõĆţłŚÚœöŊćĄąĆŞ x2 = c üÖêŘťĺŘďÍąÂûĆîÀČĂîĆŻĄŮ.ťĺŘüÎą f x1ďĄ¡õýĎŚŞüÖêŘťĺŘďŕĄÎąřČŮÂŮSSþÀŞ.ÀŞŚþüõüÖêŘñŚÖţœŘ c ďŘÀÖõùěŘÀœŘĆŞÍąSSþŘýøď Âĺ x1ďĄ¡õŕŚÖœ.ÀœÃçóüõćĄąýøďšİťÞĺĆŞ x1ďĄ¡õSSČþŚŢüÖêŘŕĄÎąøťĺŘďéÂÏĆŞ.ÀĂœŚõüõťŞŚŹćĄąýŚŻ

ÂðŘ.ÀþÂČÚŞÂÑœďćŘď α ĆbþøŘěŚŞ R2ďć0ñĄ§öŘďøć(R2ďć0ñĄ§öŘďøć)(3-4-11) :ÀþÂČÚŞÂÑœďćüśÎìŰďĄňĆŞöŊÇþŚÞœ,ÀłŚŞĆ¡Ôňďć0 ≠ ýŘĆÎÖœ x = (x1, x2)._x2_{= |x| sin θ} ,_x1_{= |x| cos θ}

:ćĄłüõ f(x1, x2) üśÎìÇþŚÞœ,ÝČûćÇþŚÞœ f : R2 −→ R2ĆŞŘď0ñĄ§ α ĆbþøŘěöŘďøćÂðŘ f(x1, x2) = (|x| cos(θ + α), |x| sin(θ + α))_{= (|x| cos θ cos α − |x| sin θ sin α, |x| sin θ cos α + |x| cos θ sin α)}

= ((cos α)x1 − (sin α)x2, (sin α)x1 + (cos α)x2)9

.ťĺŘüÎą f ÅŢ,ťĺŘ (x1, x2) ĆŞťśÆœSSÚÞûŒþĆŻďćâŞŚŮŒþ f ĆbÔóĄbõøćěŘŒþÂû Řď f : Rn −→ Rm ø n > m ÀČĂîŋÂê(üŮŚÊţ£õýŚÌêÂþěŒþýøďÝŐŚìÂþĄÊŮ)(4-4-11)ÀČĂîÓþÂãŮÂþěŰďĄňĆŞ f(x1, . . ., xn) = (x1, . . ., xm) m ěŘÛØÈţõ,(x1, . . ., xm) ĆŞŘď (x1, . . ., xn) ĆbÎÖœĆîťĺŘSSþŘöŊćÂØÜÞäøťĺŘüÎąâŞŚŮSSþŘ ýøď (x, y, z) ÝŐŚìÂþĄÊŮ f(x, y, z) = (x, y) ,m = 2ø n = 3ýŘÂŞĚfůõ.ćďŚÚœüõ,öŊñøŘĆbÔóĄbõ.ťĺŘ_{xy} Ćb¡Ôň:ÀČĂîÓþÂãŮÂþěŰďĄňĆŞŘď_{f : R}2_{−→ R}4(5-4-11) f(x1, x2) = (x1, x1 − x2, 2x1 + x2, −x2) .ťĺŘüÎąâŞŚŮSSþŘ,ťĺŘ (x1, x2) ĆŞťśÆœSSÚÞûŒþĆbŻďćŰďŚśäŒþ f ĆÔóĄbõÂûöĄİ:ćĄłüõÓþÂãŮÂþěŰďĄňĆŞ_{f : R}3_{−→ R}2(6-4-11)

f(x1, x2, x3) = (x1 − x2 + x3, x1x2).ťÆČœŒþĆbŻďćěŘ_x1_x2üĂãþ,_f ôøćĆÔóĄbõŘÂþěťśÆœüÎąâŞŚŮSSþŘ ÂþěŰďĄňĆŞŘď(5)öŘĄŮüõĆîÀČĂîĆŻĄŮ.ÝČĂîüõöŚČŞŘďĆÆÜŻSSþŘű¡ŞøćöŚČõŕŚśŮďŘöĄĂîŘ:ťłĄœ y1._{ym} = a11 . . . a1n. ._{am}1_{. . . amn} x1._{xn} (7):ÃŻĄõďĄÏĆŞŚþ_{|y⟩ = A|x⟩} (8) 10

ŒþďćŘď(5)ďć aij řþŘÂőĆîćĄłüõÛňŚ§ŰďĄňSSþÀŞüÎąâŞŚŮŒþďŘÀÖõĆbśĺŚ¡õüĂãþ řČŮÂŮSSþÀŞ.ÝČĂîüõĆśĺŚ¡õ |x⟩ öĄţĺŚŞŘďÅþÂŮŚõSSþŘŠÂőÛňŚ§øÝČûćüõďŘÂì m × n ÅþÂŮŚõ .ćĄłüõćŚźþŘ m × n ýŚûÅþÂŮŚõø Rn −→ Rm üÎąýŚûâŞŚŮöŚČõŒþĆŞŒþÂÒŚĂŮŒþ :ěŘÀĂŮďŚśäSSČþŚŢĆŞĎŚŞěŘřČŮÂŮĆŞŕĄŞÂõýŚûÅþÂŮŚõ,ĎŚŞüÎąýŚûñŚůõýŘÂŞ_{[m][} 20012_{][}

1101 ]_{[ cos α − sin αsin α cos α ]} 1 O..._{OO} 1 101_−1 210 −1 ,ñøŘÀţõĆbþŚŢýŚÌäŘÂŞüÎąâŞŚŮÛÞäöŘĄŮüõüÎąâŞŚŮŒþĆŞÂÒŚĂţõÅþÂŮŚõĆŞöćÂîùŚÚœŚŞ

|e_j ⟩ öĄţĺďćšİťÞĺěŘ A = [a_{ij} ] ÅþÂŮŚõÂðŘĆîÀČĂîĆŻĄŮ.ťêŚþďćŘfďĄêŘď,e1, . . ., e_n üĂãþ

ŕĄŞÂõÅþÂŮŚõSSţłĄœýŘÂŞ,řČŮÂŮSSþÀŞ.ÀþŊüõťĺćĆŞ^a1j._{amj} ÅþÂŮŚõôŘŃŃj öĄţĺ,ćĄłŠÂő ďćřČŮÂŮĆŞŘďÛňŚ§ÿþŚţœøÝČĂîĆśĺŚ¡õŘď f(en) , . . . ,f(e1) ťĺŘüêŚî,f üÎąâŞŚŮŒþĆŞ.ÝČĂîŽďćôŘ_n ŚŮñøŘýŚûöĄţĺ 11