Ć¡ÔňŰĚþÀśŮøÍÜţ£õćŘÀäŘ

ŚûćÂŞďŚîSSþŘěŘĆœĄÞœŒþĆŐŘďŘĆŞŚźĂþŘďć.ćďŘććĄŻøÍÜţ£õćŘÀäŘýŘÂŞüäĄĂţõýŚûćÂŞďŚî ýŚûÛþÀśŮüĺďÂŞĆŞÍÜţ£õćŘÀäŘŒÞîĆŞ.ÀþÂČÚŞÂÑœďćŘď C ĎfćŚãõŚþ R2Ćb¡Ôň.ÝþěŘćÂŢüõ ĆbÞûĆîÝþÂČðüõôĄúÔõSSþŘĆŞŘďñŚÖţœŘ.ťąŘćÂŢÝČûŘĄąĆ¡ÔňěŘ “ÅœŚźŮ” ø “öŘďøć” ,“ñŚÖţœŘ” ĆÎÖœÂû,B üţŞŚŹďŘćÂŞýŘÂŞ,ÂŮÕČìćďĄÏĆŞ.ÀĂĂîťîÂ§ďŘÀÖõŒþĆŞøćŘÀţõŘŒþďćĆ¡ÔňŕŚÖœ öŘĄŮüõ,ÀłÓþÂãŮŚûďŘćÂŞâÞŻŚŞÂÒŚĂţõÍÜţ£õćŘÀäŘâÞŻĆîŚźœŊěŘ.ÀĂîüõťîÂ§ B ùběŘÀœŘĆŞÛØłĆŞ_{f : C −→ C} üãŞŚŮŘďñŚÖţœŘ_{T (z) = z + B} (1)

ťŞŚŹÍÜţ£õćÀäøć B2ø B1ÂðŘřČŮÂŮSSþÀŞ.ťĺŘťŞŚŹÍÜţ£õćÀäŒþ B öŊďćĆîćÂîüÖÜŮ

:ěŘťĺŘŰďŚśä B2ø B1ŚŞüóŘĄţõñŚÖţœŘøćÛňŚ§ÀĂłŚŞ

z −→ z + B1 −→ (z1 + B1) + B2 = z + (B1 + B2)1

.B1 + B2ĆÜČĺøĆŞñŚÖţœŘüĂãþ .ÝČĂîüõüĺďÂŞŘď,0üĂãþ,ŰŚÊţ£õŘbÀśõñĄ§öŘďøćťÆ£œøÝþÂČðüõÂÑœďćŘďöŘďøćñŚ§

z^′ ýŘĆÎÖœĆŞŘď z ĆÎÖœÂûĆîťĺŘüÜþÀśŮ α ĆbþøŘěĆŞ0ñĄ§öŘďøćěŘćĄÊÖõ,α ĆbþøŘěÂûýŘÂŞ

ÍąĆŞ z ĆŞ0ěŘÛňŘøÍąěŘĆþøŘěüóøťĺŘŘbÀśõěŘ z ĆÜňŚêÂŞŘÂŞŘbÀśõěŘöŊĆbÜňŚêĆîÀţĺÂêüõ ďć α ťśůõÂþćŚÖõ,ćŘćďŘÂìÕśÏùďŘĄÞûĆîÀČłŚŞĆţłŘćĆŻĄŮ.ťĺŘ α ťŞŚŹďŘÀÖõÂŞŘÂŞ z′ ĆŞ0ěŘÛňŘø ÂðŘ,ÍÜţ£õćŘÀäŘŠÂőÛňŚ§ÓþÂãŮĆŞĆŻĄŮŚŞ.ćĄłüõďĄÑĂõ(ťäŚĺĆŞÂÖäÀő)üŮŚůÜůõťúŻ

:ÝþďŘć,ÀłŚŞŰŚÊţ£õŘbÀśõñĄ§öŘďøćŒþ R : C −→ C R(z) = cis(α) · z (2) ÍÜţ£õćŘÀäŘŚŞŘď z0üûŘĄ£óćĆbÎÖœñĄ§ α ĆþøŘěöŘďøćÝČûŘĄ£ŞÂðŘñŚ§.ťĺŘťŞŚŹýďŘÀÖõ α Ćî 0ĆŞŘď z0ĆîÝČûćüõôŚźœŘ (−z0) ùběŘÀœŘĆŞüóŚÖţœŘťÆ£œ.ÝČĂîüõÛÞäÂþěÕþÂÏĆŞÝČûćÇþŚÞœ ñŚÖţœŘŚŞùÂąĎŚŞø,(cis(α) ďćöćÂîŠÂő)ÝČûćüõôŚźœŘŘď0ñĄ§ α ĆbþøŘěöŘďøćÅşĺ,ÀĂîÛÖţĂõ ĆŞ z0ñĄ§ α ĆþøŘěöŘďøćřČŮÂŮSSþÀŞ.ÝČœŘćÂðüõěŚŞľŘĆČóøŘöŚØõĆŞŘď z0ĆbČóøŘĆÎÖœ,z0ĆbÜČĺøĆŞ:ćĄłüõÛňŚ§ÂþěŰďĄň z −→ z − z0 −→ cis(α) · (z − z0) −→ cis(α) · (z − z0) + z0 (3) :ćĄłüõùćŘćÃČœÂþěŰďĄňĆŞ z0ñĄ§ α ĆbþøŘěöŘďøćñĄõÂêÅŢ z −→ cis(α) · (z − z0) + z0 = cis(α) · z + (1 − cis(α)) · z0 (4) ĆîćĄłüõĆźČţœĆÜňŚêĚŞ,ťĺŘťŞŚŹÍÜţ£õćÀäŒþ (1 − cis(α)) · z0öĄİĆîÀČĂîĆŻĄŮ2 ñŚÖţœŘŒþøĆþøŘěöŚÞûŚŞ0ñĄ§öŘďøćřČîÂŮŰďĄňĆŞöŘĄŮüõŘďĆ¡ÔňďćöŘďøćÂû(1-5).ťłĄœ

,ćÂČðŰďĄňñŚÖţœŘŒþÅşĺø0ñĄ§,α ≠ 2kπ ,α ĆbþøŘěöŘďøćŒþŚfČóŘĄţõÂðŘÅØãóŚŞ ŰďĄňĆŞüśČîÂŮSSČĂİ.ćĄŞÀûŘĄą z0ýŘĆÎÖœñĄ§ α ĆbþøŘěöŘďøćŒþÛňŚ§ÝČĂîüõŚäćŘ ŰďĄňĆŞŘď z0ÂðŘÅŢ cos(α) ≠ 1ÝþďŘć,α ≠ 2kπ ÝþŘùćÂîŋÂêöĄİ.ćĄŞÀûŘĄą cis(α) · z + B öŘďøć(4)ÕśÏĆî cis(α) · z + B = cis(α) · z + (1 − cis(α)) · z0ÝþďŘć,ÝČĂîÓþÂãŮ B1−cis(α).ťĺŘ_z0ñĄ§_α ĆbþøŘě

ĆÎÖœŒþ z0øÀłŚŞùÀłùćŘć k üÔĂõŚœüÖČÖ§ćÀäÂðŘ.ÝþÂČðüõÂÑœďćŘďÅœŚźŮÛþÀśŮñŚ§ ÍąÝČœýøď z ĆÎÖœÂûĆîťĺŘSSþŘ k řþÂőŚŞ z0ÃîÂõĆŞÅœŚźŮěŘćĄÊÖõ,ÀłŚŞĆ¡Ôňďć .ťĺŘ z0ěŘ z ĆÜňŚêÂŞŘÂŞ k ,z0ěŘľŘĆÜňŚêĆîÀĂîüõťîÂ§ z′ ýŘĆÎÖœĆŞ z ĆŞ z0ěŘÛňŘø

.ÀœŚõüõüìŚŞťŞŚŹÅœŚźŮÂŹŘť¡ŮÅœŚźŮÃîÂõ,k · 0 = 0øťĺŘÂÔň z0ěŘ z0ĆÜňŚêöĄİ ŘbÀśõÅœŚźŮÃîÂõĆîÝþÂČðüõÂÑœďćŘďüţóŚ§ťÆ£œ,ÅœŚźŮýŘÂŞüóĄõÂêöćďøŊťĺćĆŞýŘÂŞ k ćÀäŠÂő)ćĄłüõùćŚţĺÂê kz ĆbÎÖœĆŞ z ĆÎÖœĆîťĺŘSSłøďťóŚ§SSþŘďć.ťĺŘ,0,ŰŚÊţ£õ :ěŘťĺŘŰďŚśä,H : C −→ C ,k řþÂőŚŞ0ÃîÂõĆŞÅœŚźŮâŞŚŮřČŮÂŮSSþÀŞ.(z “ďŘćÂŞ” ďć_{H(z) = kz} (5)

ŚŞťÆ£œüĂãþ,ÝČĂîüõÛÞä z0ñĄ§öŘďøćĆŞŚÈõüłøďĆŞ,z0ùŘĄ£óćÃîÂõĆŞťśÆœÅœŚźŮýŘÂŞ øÝČûćüõôŚźœŘŘď,H ,ëĄêÅœŚźŮÅşĺ,ÝČĂîüõÛÖţĂõ0ĆŞŘď z0ĆbÎÖœ,Ć¡Ôňďć (−z0) ñŚÖţœŘ3

:ÝČûćüõñŚÖţœŘ z0ùběŘÀœŘĆŞŘďÛňŚ§ùÂąĎŚŞ z −→ z − z0 −→ k(z − z0) −→ k(z − z0) + z0 (6) :ťłĄœÂþěŰďĄňĆŞöŘĄŮüõŘď k řþÂőø z0ÃîÂõĆŞÅœŚźŮâŞŚŮüĂãþ

z −→ k(z − z0) + z0 = kz + (1 − k)z0 (7)ÝþďŘćťĺŘťŞŚŹýćÀä

(1 − k)z0ĆîŚźœŊěŘ ŒþøřþÂőöŚÞûŚŞ0ñĄ§ÅœŚźŮřČîÂŮŰďĄňĆŞöŘĄŮüõŘďĆ¡ÔňďćÅœŚźŮÂû(2-5).ťłĄœñŚÖţœŘ

ćÂČðôŚźœŘ k ≠ 1řþÂőŚŞÅœŚźŮťÆ£œÀČĂîŋÂê.ťĺŘťĺďćřÜÎõÅØäÃČœŚźĂþŘďć öĄİ.kz + B ěŘťĺŘŰďŚśä z ĆbÎÖœÂŞÂŹŘÛňŚ§ŰďĄňSSþŘďć.B ďŘćÂŞŚŞñŚÖţœŘŒþÅşĺø (7)ÕśÏĆî kz + B = kz + (1 − k)z0ÝþďŘćÝČõŚĂŞ z0ŘďöŊÂðŘøťĺŘùÀłÓþÂãŮ B1−k ,k ≠ 1 ÍĺĄŮĆî,ÅœŚźŮøöŘďøć,ñŚÖţœŘüÜîýŚûñĄõÂêĆŞÂðŘñŚ§.ťĺŘ z0ÃîÂõĆŞ k řþÂőŚŞÅœŚźŮ z ĆŞťśÆœŒþĆŻďćýŚûâŞŚŮ,ĆĺÂûĆîÝČĂîüõĆÑ§Ěõ,ÝČĂîÂÑœ,ÀœŘùÀłĆŐŘďŘ(7)ø(4),(1) ŒþĆŻďćâŞŚŮÂûüĂãþ,ťĺŘĳČ¡ňÃČœřÜÎõSSþŘÅØäĆîÝČûćüõöŚÈœöĄĂîŘ.ÀĂĂîüõÓþÂãŮ ŰďĄňĆŞ f : C −→ C âŞŚŮÀČĂîŋÂê.ťĺŘÛþÀśŮáĄœĆĺSSþŘěŘüśČîÂŮâìŘøďć f : C −→ C_{f(z) = Az + B} (8)

ĆbÎÖœĆŞĆ¡ÔňŕŚÖœĆbÞûĆî A = 0ÂðŘ.ÀĂłŚŞťŞŚŹÍÜţ£õćŘÀäŘ A, B öŊďćĆîťĺŘùÀłùćŘć .ťĺŘ k = 0řþÂőŚŞ B ÃîÂõĆŞÅœŚźŮ,SSþŘøÀœĄłüõùćŚţĺÂê B ťŞŚŹ:ťłĄœöŘĄŮüõ,_{A ≠} 0ÀČĂîŋÂê_{A = |A|cis(α)} (9)

:ťłĄœÂþěřČîÂŮŰďĄňĆŞöŘĄŮüõŘď f ÅŢ z 0ñĄ§öŘďøć−→ cis(α) · z 0ÃîÂõĆŞÅœŚźŮ−→ |A|cis(α) · z ñŚÖţœŘ−→ |A|cis(α) · z + B (10)4

.ťĺŘñŚÖţœŘŒþø,0ÃîÂõĆŞÅœŚźŮŒþ,0ñĄ§öŘďøćŒþřČîÂŮ,ŒþĆŻďćâŞŚŮÂûüĂãþ .ćÂîËþĄãŮŘďÅœŚźŮøöŘďøćřČŮÂŮöŘĄŮüõ,ťĺŘüþŚźŞŚŻŠÂőÛÞäöĄİSSČĂżÞû ĆŞÅœŚźŮŒþøöŘďøćŒþřČîÂŮŚþøťĺŘñŚÖţœŘŒþŚþ(10)řČîÂŮĆîÝČĂČŞüõöĄĂîŘâìŘøďć:íÂţÈõÃîÂõ

.ťĺŘñŚÖţœŘŒþĆîćĄłüõĆňĚą z −→ z + B ĆŞâŞŚŮŰďĄňSSþŘďć A = 1:ñøŘťóŚ§ ĆîýďĄÏĆŞćďŘććĄŻø z0ýŘĆÎÖœĆîÝČûćüõöŚÈœŰďĄňSSþŘďć A ≠ 1:ôøćťóŚ§ ĆbÎŞŘďďćÀþŚŞ z0ĆbÎÖœSSČĂİŒþ.ťĺŘ z0ÃîÂõĆŞÅœŚźŮŒþøöŘďøćŒþřČîÂŮ z −→ Az + B ø (1 − A)z0 = B ĎfćŚãõÅŢ,ÀœŚõüõťŞŚŹÅœŚźŮøöŘďøćÃîÂõöĄİÀĂîëÀň Az0 + B = z0 âìŘĄóŘüêĆÎÖœSSþŘĆîÝČûćüõöŚÈœñŚ§.ÀþŊüõťĺćĆŞ z0 = B1−A ,ťĺŘùÀłŋÂê A ≠ 1öĄİ :ÝþďŘć.ťĺŘ z0ñĄ§ÅœŚźŮøöŘďøćřČîÂŮ z −→ Az + B üĂãþ,ćďŘćŘďÂÑœćďĄõüðÄþø Az + B = A(z − B1 − A ) + B + AB1 − A = A(z − z0) + z0 řþÂőŚŞÅœŚźŮø α ĆþøŘěŚŞöŘďøćřČîÂŮâŞŚŮSSþŘĆîÝČĂîüõĆÑ§Ěõ A = |A|cis(α) SSţłĄœŚŞ.ťĺŘ_z0ñĄ§_{|A|}:ÝČûćüõďŘÂìĆŻĄŮćďĄõŘďÂþěťóŚ§øćÉąĎŚŞ

.ťĺŘ z0 = B1−A ñĄ§ cis(arg(A)) ĆþøŘěĆŞöŘďøć z −→ Az + B âŞŚŮ,|A| = 1ø A ≠ 1ÂðŘ .ťĺŘ z0 = B1−A ñĄ§ A řþÂőŚŞÅœŚźŮ z −→ Az + B âŞŚŮ,A ≥ 0ø A ≠ 1ÂðŘ β ĆbþøŘěĆŞöŘďøć T2 : C −→ C ø z1ñĄ§ α ĆþøŘěĆŞöŘďøć T1 : C −→ C ÀČĂîŋÂê.1ñŚůõ ?ťĺŘüÜþÀśŮĆœĄÚİ T2 ∘ T1řČîÂŮŰďĄňSSþŘďć.ťĺŘ z2ñĄ§ ÅŢ.T2(z) = cis(β) · z + B2ø T1(z) = cis(α) · z + B1ÝþďŘć T2 ∘ T1(z) = T2(cis(α) · z + B1) + B2_{= cis(β) · cis(α) · z + cis(β) · B}1_{+ B}2_{= cis(α + β) · z + (cis(β) · B}1_{+ B}2_) cos(α + β) = 1Śþ,α + β = 2kπ ÂðŘ.ťĺŘťŞŚŹÍÜţ£õćÀäŒþ cis(β) · B1 + B2ŚźĂþŘďćĆî5

ĆŞöŘďøćŒþëĄêÛþÀśŮ,α + β ≠ 2kπ ÂðŘ.ťĺŘ cis(β) · B1 + B2ďŘÀÖõŚŞñŚÖţœŘŒþÛþÀśŮSSþŘ.ÀłŚŞüõ_z0_{= cis(β)·B}1_{+B}21_{−cis(α+β)} ñĄ§_{α + β} ĆþøŘě

6