OpTOroHAJHM ONIEPATOPH

OmnpenesieHue:
Heka A e kBaapaTHa maTpuIla €JIEMEHTUTE, Ha KOATO ca peayHu uucia. KazBame, ye Ta3u marpuia €
OPTOTOHANHA, aKO TS € 00paTHMa i 0OpaTHATA ¥ ChBIIAJA C HEMHATA TPAHCIIOHMpaHa , T.e. A = A’.

IIpumep:

cosol -sina.
A=

sina,  coso

3a ma JmokaxkeM, ue €IHa MaTpHIla € OPTOTOHANHA TPsOBa Ja MPOBEPUM, Y€ Ca M3IIBIHEHU PABEHCTBATA
A A’ = A’A =E. llle e n1a npoBepuM camMO €JHOTO OT T€3M PABEHCTBA ThH-KATO JOKA3aTEJICTBOTO HA
JIpYyroTo € cpuioto. Hanctuna

Heka A A’ = E torasa

det(A).det(A’) = 1 = (det(A))* = 1 = det(A) = +1

Z>IC’I)HIGCTByBa A’ Karo YMHOKUM OTJISIBO JIBETE CTpaHH Ha paBeHCTBOTO A A’ =E ¢ A’ [I0JIy4aBaMe
A=A,

B npowusBenenrero AA’ BCBITHOCT C€ YMHOXKaBa pell Ha MaTpuiiata A ¢ pell Ha MaTpuiara A B CMUCHI
Ha CTaHJAApTHOTO cKanapHO mnpousBeneHue. [lopanu taBa A A’ = E BCBIIHOCT O3HAa4yaBa, Y€ KOraTo
YMHO)KaBaMe €/IMH peJl Ha MaTpuiata A cbc ceOe Cu momy4aBaMe 1, a ako YMHOXKUM JIBa Pa3IndHH pelia
nonmyyaBame 0. ToBa o3HauaBa, 4e pefoBeTe Ha MaTpuiata A o0pa3yBaT OpTOHOPMHUpPAH 0a3UC OTHOCHO
CTaHJAPTHOTO CKajapHO mpousBeneHue. CleroBaTeTHO MaTpullata A € OpTOTrOHaJHa TOraBa U Camo
TOraBa, KOTaTo penoBeTe W o0pa3yBaT OPTOHOPMHpPAaH O0a3uC OTHOCHO CTAaHIAPTHATO CKAJIAPHO
npousBezcHue. [1o chiuaT HaunH ce yoexxnaBame (ot A’A=E), ye enHa MaTpuiia € OpTOroHajgHa ToraBa
W caMO TOTaBa, KOTaTo CTHIOOBETE i 00pa3yBaT OPTOHOPMHUPAH 0a3MC OTHOCHO CTaHJAPTHATO CKAIAPHO
npousBezcHue. [lopaau ToBa € BAPHO :

CaenctBue: Axo pedogeme Ha eOHa mampuya oopazyeam opmoHOPMUPAH OA3Uc, Mo2asa cmvilbooseme
Ul CbU0 06paA3yeam OPMOHOPMUPAH 6A3UC U OOPAMHO.

[To-rope nokazaxme BCBHITHOCT, Y€ JEeTEpMUHAHTaTa Ha KBaJpaTHa MaTpuua (opToronanHa) e 1
i —1.Mma o0aye TakuBa MaTpuIM, Ha KOUTO JETEPMUHAHTHUTE ca * 1, HO T€ HE ca OPTOTOHAJIHHU.

3amaya: Jla ce uaMucCaM NpuUMeEp 3a TakaBa MaTpuila KOSATO MMa JIETepMUHAHTa |, HO HE €
OpTOTOHAJHA.

Tebpaennel:
Mampuyama na npexoda om opmoHOpMUPaH 6A3UC KbM OPMOHOPMUPAH OAZUC e OPMOLOHATIHA.

-Bo:

* *
Hexka ej,..,e,ue | . €, ca OpPTOHOPMHpPAHH OA3UCH, KATO

*
€1 =Tt Ter + ...... +T1n€n

* *
umame (€ ;,€ j) = TiiTj1 + TioTp T ... TinTjn , 3aI10TO €1, . . , €, € OPTOHOPMHPAH Oa3HUC.
* * B *
ITonexe e i....6 n € OPTOHOPMHUPAH, (€ ;,€ ;) = O;j(cumBoa Ha KpoHekep). cienoBaTenHo
TiTi + Tt + ... . TinTjn = Ojj

, KOETO O03HauaBa, 4ye CTHIOOBETE Ha MaTpHIlaTa Ha mpexoaa oOpa3yBar opToHOpMHUpaH Oasuc. [lopamu
TOBa MaTpHIlaTa Ha MPEX0/a € OPTOrOHAIIHA.

Onpenenenue:
Hexa L e esxnuooso npocmpancmeo u A e auneen onepamop 6 L. Kazeame, ue mo3u auneen onepamop e
opmozonanen, ako (A(x), A(y)) = (x,y) 3a écuuku x,y om L.




CBoiicTBa Ha OPTOrOHAJTHUTE ONEPATOPH:

CBoiicTBoO 1:
Opmoconannume onepamopu 3anazeam OvidcCuHume Ha eekmopume, m.e. | A(x)| = |x|
-BO:
| A0 = V(A(x), 4(%) ) = V(x,x) = |
CBoiicTBO 2:
Opmoconannume onepamopu 3anazéam opmo20HAIHOCMMA, m.e. aKO 08d 86eKMOPA ¢a OPMO2OHANHU, MO
U mexnume o6paA3U CHUWO CA OPMOSOHATHU.
-BO:
Hexka (x, y) = 0. [lonexe ( A(x), A(y) ) = (x,y) umame (4(x), A(y)) =0, T.e. A(x) u A(y) ca OpTOrOHATHH.

CBolicTBO 3:
Opmozonannume onepamopu u300pazsigam opmoHOPMUPAH 6A3UC 8 OPMOHOPMUPAH OA3UC.
-BO:

Hexka ey, . . ,e, € opToronaieH 6asuc.
Trii-kaTo omeparopa 3ama3Ba IBDKHHUTE uMame | ¢ | = | A(ej)|. Thii-karo omeparopbsT 3ama3Ba
OpPTOTOHATHOCTTA BCEKH J1Ba OT BekTopuTe A(e;), . . , A(e,) ca oproroHannu. CienoBatenHo A(er), . . ,

A(en) € opToHOpMUpaH Oa3ucy

TBbpaeHue 2:
Axo eOun nuneen onepamop uzo0paziea OPMOHOPMUPAH OA3UC 8 OPMOHOPMUPAH Oasuc, moaaea moi e

OPMO2OHAIEH.
-BO:

Hexka ey, . . ,e, € oproHOpMUpaH 6a3uc u e*; = A(ey), . . , €*, = A(e,) CHILIO € OPTOHOPMUPAH Oa3uC.

[a pasrnename

x=§et+...t&enmy=pe+. ..+ ey
TOoraBa uMamMe
AX) = gie* +....+ Ee*y mA(y) = we*; ...+ ue™n

Teii-karo ey, .., €, € OpTOHOPMHUpaH O0a3uc umame (X,y) =& +. .. + &y
Ot ToBa, ue e*y, . ., e*, e oproHopmupan 6aszuc ciensa ( A(Xx), A(y) ) =& +. ..+ Eulln
U Taxa (4(x),A(y)) = (X,y) = A € OpTOrOHAJIEH OmepaTopy

Tebpaenue 3:
Mampuyama na opmozonanen onepamop 8 OPMOHOPMUPAH OA3UC e OPMOSOHAIHA.

-BO:
Hexka ey, . . ,e, € OpTOHOpMUpAH 0a3uC U

A(e1) =011€11+ ...+ 0n€n

A(en) =0nie; +. ..+ dnpln

Teii-xato A(ey), . . , A(e,) € opToHOpMHpaH 0a3uc, MaTpUIlaTa Ha JTUHEWHUsS oreparop 4 MOXe Jia ce
b b b

pasriexaa KaTo MaTpHIla Ha Mpexoa OT OPTOHOPMHpAHHs 0a3uc €y, . . ,&, KbM OPTOHOPMHpAHHS 0a3uc

A(ey), . ., A(en). Cprmacuo TB.1 Tazu MaTpulia € OpTOrOHaIHA

TebpaeHue 4:

Axo eoun nuneen onepamop 6 OpmoOHOPMUPAH bazuc uma OpmoOcOHAIHA mampuyd, nmocaea no3u JTUHEeeH
onepamop e opmo2oHaeH.

-BO:
Hexka ey, . . ,e, € opTOHOpMUpaH 0a3uc U

A(e)) =o€ t+. ..+ dpmen




A(en) =0pier +. ..+ dnln
[Tonesxe 6a3UCHT € OPTOHOPMHPAH UMaMe
(A(ey), A(ej)) =010t OOl
Ot ToBa, ue MaTtpunata A Ha 4 € OPpTOroHaJIHa CJe/ABa
01041 T .oee 0Ol = Sij

Ot Te3u paschkaeHus noiaydasame, ue (A(e;) , A(€j)) = O
, T.e. A(e)), . . , A(e,) e oproHOpMmHpaH Oa3uc.PasrimexnaHusT JTUHECH Omeparop H300pa3sBa
opToHOpMHpaH 6a3uc B oproHopMupan 6a3uc. Coriaacuo TB.2 Toif € opToroHaneH

Tebpaenue S:
Axo eOun opmozconanen onepamop uma coocmeeHn 8eKmop, mo He2ogama coocmeena cmounocm e 1 uiu —

1.
-BO:
Heka A e oproronanen onepatop u A(u) = Au, u # 0 Toraa
(A(u), A(u) ) = (Au, Au) = A*(u,u),
#0 ( A(u), A(u) ) = (u,u). Cnemosareno (u,u)= A* . ITouexe (u,u) =0 =>A> =1 = A==I.




