Jleknus Ne4

§6. XapakTepucTuueckue 4ucja U cOOCTBeHHbIe (PYHKIIUH
HHTErpajbHOro oneparopa ®pearojbmMa ¢ CHMMETPHYeCKHM HellPePbIBHBIM SI/IPOM.

[lonpITOXKUM pe3yibTaThl, MOJYYEHHbIE B MpeAbLAyLIeM Maparpade, B cleayrouei
TeopeMe.

Teopema. Ilycte omepatop A npeiictByer w3  hla,b] B hla,b] u sBusercs
BIIOJIHE HEIPEPBIBHBIM U CaMOCOINPSKEHHBIM. PaccMoTpuM ciieqyromuil mpouece nocTpoeHUst
TIOCJIEIOBATEIFHOCTH COOCTBEHHBIX 3HAUCHHIA M COOCTBEHHBIX BEKTOPOB omepaTopa A4 :

1) H, =hla,b], |Al|:||A||H1~>H1 ’
T
?,
2)  H,={yehla,b]: (y.0,)=0}, AL =],
T
®,

n) H, ={yehlab]: (y,0,)=0,.,(»,0,,) =0}, |An
0
¢n

141, s,
H,—>H,

Yy

1€ MOKHO CUUTATh, 4TO @), P, ,..., P, ... 00Pa3yI0T OPTOHOPMHPOBAHHYIO CUCTEMY.

Ota mporeaypa MPUBOAUT K JIBYM BO3MOXHBIM pe3ylibTaTaM (KpUTEpUN OCTaHOBKHU
mpoiiecca ||A| =0):

Hn+l_)Hn+l
1) |A1| > |A2| 2.2 |An| >A,,, =0 - KoHeYHas OC/Ie10BAaTENbHOCTh COOCTBEHHBIX 3HAUEHUH;
2) |A1| > |A2| > |An| >...- OeckoHeYHas IOCIEJOBaTEIbHOCTh COOCTBEHHBIX 3HAYCHHUIA,

A,

- 0.
n—»0

[Ipy sTOoM B mOCIENOBATENBHOCTH COOCTBEHHBIX 3HAUEHUH KakJ0€ COOCTBEHHOE
3HayeHue OyJeT MOBTOPATHCS CTOJIBKO pa3, KaKoBa €ro KpaTHocTh. lIpoliecc mpuBOIUT K
HaXO0XJIEHHUI0O BCEX COOCTBEHHBIX 3HAUYEHUN KpoMeE, ObITh MOXKET, HYJEBOTrO COOCTBEHHOTO
3HaueHus (B ciayyae 2).

CrnenctBus. 1) XapakTepucTUuecKre YUCia BIIOJHE HEMPEPHIBHOTO CAMOCOIPSKEHHOTO

oreparopa MOT'yT 00pa30BBIBATh:
a) |/”Ll| S|ﬂz| S...S|/1n| - KOHEYHYIO [10CJI€I0BATENbHOCTH;

0) |/11| < |/12| <..< |/1n| <... - BECKOHEUHYIO MOCIEeI0BATENbHOCTD, TOTAa lim |/1n| =0,
Né—0

Kaxzomy XxapakTepucTH4ecKkoMy 4YHMCIy A, MOXKHO CONOCTaBUTh COOCTBEHHBIN BEKTOP
@, , IPUYEM BEKTOPHI 00pa3yr0T OpPTOHOPMUPOBAHHYIO CUCTEMY.

2) Bce momydeHHBIE pe3yiabTaThl BEpHBI JJIsI  HMHTETPAIBHOTO ONepaTopa ¢
HETPEPbIBHBIM, CUMMETPHUYECKUM U HEPaBHBIM TOXXKIECTBEHHO HYJIO siipoM. B sTOoM cimyuae
BMECTO CJIOB COOCTBEHHBIC BEKTOPHI TOBOPAT COOCTBEHHbIC (YHKIMH HHTETPATBHOTO
orepaTopa uiu codctBeHHble GYHKIMH siapa K(x,s) .

PaccMoTpuM MHOXECTBO BEKTOpoB V€ h[a,b] Takux, uyto Ay =0. J[lokaxure

CaMOCTOSITENIbHO, YTO YKa3aHHOE MHOKECTBO 00pa3yeT 3aMKHYTOE JIMHEHHOE MPOCTPAHCTBO B
hla,b] . HanmoMHHUM, Y4TO 3TO MHOXECTBO Ha3biBaeTcs (cM. §2) HyJIb-IPOCTPAHCTBOM OIiepaTopa
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A n obo3navaercss Ker A={y: Ay =0}. OueBHIHO, YTO HYJIb-IPOCTPAHCTBO HETPUBHAIHHO

(T.e. COIEpPKUT HEHYJEeBbIE 3JEMEHTHI) TOTJAa U TOJIBKO TOTNA, €CIH omepaTtop A HMeer
HyJCBOE COOCTBEHHOE 3HadeHume. B asrom cmydae (cm. §2) omeparop A Ha3bIBaeTCs
BBIPOXKJIEHHBIM).

Omnpenenenue. Snpo mHTErpagpbHoro omeparopa K (x,s) Ha3bIBaeTCAd 3aMKHYTBIM,

€CJIM MHTETPAJIbHBIN OIIEPaTOp SBIIAECTCS HEBBIPOXKICHHBIM.

Ilyctb A - BHOJHE  HENPEPHIBHBIA  CAMOCONPSDKEHHBIM — omepaTtop €
MOCITIEOBATEIPHOCTRIO  XapaKTEPUCTUYECKUX  YuceNl (KOHEYHOW WM  OeCKOHEYHOM)
|/7,1| < |/12| <..< |/1n| <..., KOTOPBIM COOTBETCTBYET OPTOHOPMHPOBAHHAs MOCJEAOBATEILHOCTD

COOCTBEHHBIX BEKTOPOB @, D5 5ecey @, ...
Teopema. BekTop y NpUHAIICKHUT HyJIb-TIpocTpaHCTBY omepatopa A (y € Ker A)

Torga W TONbKO Toraa, eciu (y,¢,)=0, k=12,.. (@,- KOHeuHas wIn OECKOHEUHas
MOCJIEI0BATEIBHOCTD ).
JokazatenbctBo. 1) Heob6xoaumocts. Hynb-mipocTpanctBo omepatopa A — 3T0

MHO>KECTBO BEKTOPOB, COOTBETCTBYIOIIUX HYJIEBOMY COOCTBEHHOMY 3HaueHHUI0, T.e. Ay =0-y.
[Tycth DLy Pyreer @, gene MOCJIeI0BATEIEHOCTh BEKTOPOB, COOTBETCTBYOIIIUX

XapaKTEepPUCTUUYECKUM YHCIaM (HEHYJIEBbIM COOCTBEHHBIM 3HAa4eHMAM). Mbl J0Ka3aau paHee,
YTO BEKTOPbI, OTBEYAIOLIUE PA3IUYHBIM COOCTBEHHBIM 3HAUEHUSM CaMOCOMIPSKEHHOTO
ornepaTopa A, SIBIAITCA OPTOrOHANBHBIMY, TOATOMY (V,9,) =0 k=12,...

2) Jloctatounocts. PaccmoTpum MHOkecTBO P € h[a,b], cocrosiiee U3 BEKTOPOB )
Takux, 4T0 (y,¢;) =0 k=12,... OueBuaHo, uro P - IMHEHHOE MPOCTPAHCTBO (JIOKAXKUTE

3T0 camocrosTenbHo). Kpome Toro, P - 3aMKHyTOE€ JUMHEHHOE MOJIPOCTPAHCTBO.
HelictBuTenbHo, [uid  J000M  mocienoBarensHocT  y, € P, n=1,2,3,.. BepHO
(»,,9,)=0, k=1,2,3,..., m ecnu y,—>yy, TO B CUIy HEINPEPbIBHOCTH CKAaISIPHOIO
npousBeieHus nomyvaeM (yg,9;) =0, k=12,.., T.e. y, —d1eMeHT P.

Hanee, P — vHBapuaHTHOE MOANPOCTPAHCTBO omeparopa A, Tak Kak eciu y € P, 1o
1
(Ay5(0k)=(y>A¢k)=(y’%)=7(ya¢k)=0> k=1,25--- . TaKHM O6pa30Ma u3 yEP
k k
cinenyer Ay € P, 1.e. P - NHBapMaHTHOE MOJIPOCTPAHCTBO.
JlokaxxeM Temnepb, uTo P — HyJIb-pOCTpaHCTBO omeparopa A4, T.e. AP=0.
Jlonyctum, 4TO 3TO HE Tak. Torja cymiecTByer BeKTop y € P Takou, uto Ay # 0, ||)7|| =1.

CrnenoBaTenbHO, ”A”Hp = yS})l}‘i‘; H:1||Ay|| = ||A)7|| > (0 u, KaK JI0Ka3aHO B MpebIAyIIeM maparpade,

orepaTtop A WMeeT HEeHyJIeBO€ COOCTBEHHOE 3HAUCHHE, a 3HAYHUT, U XapaKTEPUCTUYECKOE
guciao | A [>0. DToMy cOOCTBEHHOMY 3HA4YEHHIO (XapaKTePUCTHUECKOMY YHMCIy) OTBEYAET
COOCTBEHHBIH BEKTOp, HE BXOASAIIMI B IOCIEIOBATENBHOCTh @, (MHAa4Ye 3TOT BEKTOpP ObLI ObI

OpTOroHaJieH caM ce0e). Mbl IPUXOJUM K IMIPOTHBOPEUHUIO C TEM, YTO B MOCIEA0BATEILHOCTH
XapaKTePUCTUUECKUX YHUCET [EPEUYUCICHBl BCE XapaKTEPUCTUYECKME YHCIA C YYETOM
KpaTtHocTu. Teopema Joka3aHa.

PaccMoTpuM Temepp cienyromuid Ipouecc Uisli MHTErpanbHOro omeparopa 4 ¢
CUMMETPUYECKUM HEMPEPBIBHBIM siipoM K (X, ) .

[TycTh XapakTepucTHYECKHE YHCIA YIIOPSI0UCHBI B MOPSAIKE HEYOBIBAaHHUS MOJTY IS
A <|A] <<, <,

¥l UM COOTBETCTBYET OPTOHOPMHPOBAHHAsI CHCTEMA COOCTBEHHBIX QYHKLHH @, @, oo @, 5...
1) O6o3naunm K (x,s) = K(x,s).

26



2)  Ompememam K@ (x,5)=K(x, S)_M’ M PAcCMOTPHM HMHTETPAIbHEI
1

onepatop A4” ¢ saapom KP(x,s). Bce QyHKUMH @,,...,@, ... OCTAIOTCS COOGCTBEHHBIMH

dyHkumsMu 1 onepatopa A'”, COOTBETCTBYIOIMMHM TeM K€ XapaKTEPUCTHUYECKHM YHCIAM
|/12| <..< |/1n| <..., IOCKOJIbKY

[ 090001 ds = [K (19951 ds = [ 28D g (5)ds = () -0 =g, (0) k=23,

a a a 1 k k

DyHKIHA @, Takke ocTaeTcs cobcTBeHHOM (ynKimeit oneparopa A, Ho oTBeuaromeit
HyneBoMy coOcTBeHHoMy 3Hauenmio sapa K P (x,s). Ilostomy [, OTCyTCTByeT B

2
OCJIICAOBATCIBbHOCTHU XapaKTCPUCTHICCKUX YUCCJI orneparopa A( ) . HOK&)KI/ITC

2
CaMOCTOATENBHO, 4TO onepatop A'” He MMeeT APyruX XapaKTePUCTHYECKNX HCE, OTIMIHBIX
OT yKa3aHHBIX.

[Ipomomxkas mpouecc, Ha 7n+1-om mare umeem K" (x,s) = K(x,s) — Z(D’ (xl(pl ()
i=1 1

1

1 1
D¢ anpom K"V (x,s)uMeeT Te ke XapaKTEpUCTHUECKHME YUCIA U Te IKe

Oneparop A4
COOCTBEHHBIE (DYHKIIMHU, YTO U ONEPaTop A, KpOME MEPBBIX 7 XapaKTEPUCTUUECKUX YUCEIL.
Ecnu xapakTepucTuyecKux yucena 6ECKOHEUHOE YUCIIO, TO TOTy4aeM OCCKOHEUHBIH psif

(MbI HE Oy/ieM HCCIIEI0BAaTh €r0 CXOJUMOCTB).

Ecnu ke XapakTepUCTHUeCKUX uMcead KoHeunoe uucno, 10 K" (x,5)=0 wu

x
K(x,s)= Z o.( ;pl( ) , T.€. IO MHTETPAIbHOTO YPABHEHUS MPEACTABIAET COOON KOHEUHYIO

CyMMY.

Onpenenenune. Snpo K(x,s) Ha3bIBaeTCS BBIPOMKICHHBIM, €CJIIM OHO IMPEACTaBUMO B

n
Bune K(x,s)= Za ;(x)b,(s) Ha [a,b], rne pyHkuun  a;(x), b, (s)- HENPEPBIBHBI 10 CBOUM
j=1
apryMeHTaM Ha uHTepBaie [a,b]. IIpu 3TOM MOXKHO cuuTartk, 4t0 @, (X),...,a,(X)— JIUHEHHO
HE3aBUCUMBI, U D, (S),...,D, (s) - NMHEHHO He3aBHUCUMBIL. Eciy 3TO HE Tak, YUCIIO UYICHOB B

CYMM€ MO>KHO YMEHBIIUTH (JJOKaXKUTE ITO CAMOCTOSITENBHO).

HNHuTterpanbHblii onepaTop ¢ BBIPOXKIACHHBIM SAPOM, OYEBUIHO, SIBJISETCS BBIPOKICHHBIM,
T.€. y HETro BCETJa €CTh HyJIeBOE COOCTBEHHOE 3HAUYEHUE, TPUYEM KPAaTHOCTh HYJIEBOTO 3HAYCHHS
paBHa 0.

Jlia oThICKaHUS JPYTruX COOCTBEHHBIX 3HAUEHHUH MOCTYNHM CJEAYIOUIMM 00pazoM.
PaccmoTpuM 3amauy Ha cOOCTBEHHBIC 3HAYEHUS U COOCTBEHHBIE (DYHKUMU AJS HHTETPATBLHOTO
orneparopa ¢ BbIPOKICHHBIM SIIPOM:

Ay =Y a, ()b, (s) y(s)ds.

a Jj=1
O06o03HaunM I y(s)b;(s)ds=c;. VYMHOKAM JICBYI0O M TpaByl0 dYacth Ha b,(x) wu

OPOMHTETPUPYEM OT a 10 b :
b
Ac; = chjaj (x)b,(x)dx, i=12,..,n.
J=1 a

ki
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9|
IMomaras C=|: |, K= {kij}ﬁ j=1, TOJY4YHM 3ajady Ha COOCTBCHHbIC 3HAYCHHUS U
c}’l
coOcTBeHHbIe BekTOpbl s Matpunbl K: K-C=A-C. Kak u3BecTHO, COOCTBEHHBIE
3HAYCHUS MaTpullbl K MOXHO HAWTH, HalpHMeEp, PEHIMB XapaKTCPHUCTHUYCCKOE YpaBHCHHE
det(K —Al)=0.
Ecoun omeparop A: hla,b]— hla,b], T.e. nelcTByeT B BEIIECTBEHHOM JIMHEHHOM
npoCTpaHcTBe /h[a,b], OH MO ONMPEEICHUI0 MOKET UMETh TOJIBKO BEIIECTBECHHBIC COOCTBEHHBIC

3Ha4eHus. TeM He MeHee, ITPU PEeIIEHUH XapaKTePUCTUUYECKOTO YPaBHEHUSI MOTYT HaXOQUThCS U
KOMIUIEKCHbIE KOpHM. O ueMm ke uaer peub? MOryT JIM 3TH KOpPHHM paccMaTpuBaThCs Kak
KOMILIEKCHBIE COOCTBEHHBIE 3HAUEHUS?

Jleno B TOM, 4TO MBI MOXXEM paccMaTpuBaTb TOT XE OINEpPATop B MPOCTPAHCTBE

HENPEpPBIBHLIX KOMIIEKCHO3HAYHBIX (yHKIUH h[a,bh], cOCTOSIEM M3 KOMIUIEKCHO3HAYHBIX
(GYHKIMI BEMIECTBEHHONW TepeMeHHor x, T.e. y(x)=u(x)+iv(x) x€[a,b], tne pyHkuun
u(x), v(x) — HempepbiBHBIE Ha [a,b]| BemecTBeHHbIE (DYHKIUU. YMHOXKEHHE SJIEMEHTOB

IIPOCTPAHCTBA HA KOMIIEKCHOE YHCJIO ONpeAesieTcsi OOBIYHBIM 00pazoM.
B 3TOM MIPOCTPAHCTBE MOXHO BBECTH CKaJIIpHOE MPOU3BE/ICHUE:

b
(V)= J. Y (¥)y,(x)dx  (3mech " - 3HaK KOMIUIGKCHOTO CONpsbKeHms). B KadecTse
a

YIPaKHEHUS OIUIINATE CBOWCTBA 3TOTO CKAJISPHOTO TMPOU3BEICHHS (OHH OTJIUYAIOTCS OT
CBOWCTB CKaJIIPHOTO IPOM3BE/ACHUS B BEIIECTBEHHOM CIlydae, B YaCTHOCTH, (V,,V,) =(,,V,) )

" MMPOBEPLTEC, YTO 3TO CKATAPHOC IMMPOU3BCACHUC MTOPOKAACT HOPMY.
Ecmmn  xe HHTeraJ'IBHLIfI oreparop A wumeer CUMMCTPUUYCCKOC BCIICCTBCHHOC
HCIIPEPBIBHOC AP0, TO OH HMECT TOJIbKO BCHICCTBCHHLIC COOCTBEHHBIE 3HAYECHHUS U npu

neiicTBum B npoctpanctee h[a,b].
Teopema. IlycTe UWHTErpajbHBI ONEPATOP C HENPEPHIBHBIM CHMMETPUYCCKUM
BEIIECTBEHHBIM AnpoM K (x,s) AeiicTBYeT B KOMIUIEKCHOM mpocTpaHcTBe A<[a,b]. Torma stor

oneparop MOXKET UMCTh TOJIBKO BEIICCTBCHHEBIC CO6CTBCHHBI€ 3HAUYCHUA.
HoxkazarenbctBo. Ilycth A - coOcTBeHHOEe 3HaueHue omepatopa A,  p(x)#0-

b
COOTBETCTByIOIIAs coOcTBeHHass QyHkuus. Torma A y(x)= J.K (x,5)y(s)ds. Ilpumenum

onepalyi  KOMIUIEKCHOTO  CONpsDKEHWs K JIeBOM W mpaBod  yacth. Torma
b

AN y'(x)=[K(x,8)y"(s)ds, T.e. A" - cobcTBeHHOe 3Ha4eHue omepatopa A, a y -
a

COOTBETCTBYIOIIAsi COOCTBEHHAsI (DYHKITHSL.
VMHOKHM TIEPBOE PABEHCTBO Ha ) (X), a Bropoe Ha y(X) W MPOUHTETPHPYEM OT d

no b. Torna A“y(x)|2 dx = Jy*(x)('[K(x,s)y(s)ds)dx;

A J-|y(x)|2 dx = Iy(x)(IK(x,S)y*(S)ds)dx.

Boluntas W3 mepBoro paBeHCTBA BTOPOE W YUMUTHIBasE CUMMETpUYHOCTH siipa K(x,s),
1oJIy4aem
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(A=A [|yo]” dx =0,

| —
#0

u3 4yero cieayer A = A", T.e. A - BelecTBEHHOE YnCiI0. TeopeMa JoKa3aHa.

B nanmpHeiimem, Kak W paHee, Mbl OyJeM pacCMaTpHBAaTh MHTETPAIBHBIC OIEPAaTOpPhI C
BCIICCTBECHHBIMH SIIPAMH, JICHCTBYIOIIME B MPOCTPAHCTBAX HEMPEPBHIBHBIX BEIIECTBECHHBIX
¢yuxuuii. [lpuBenem HeKoTOpble TMOJIE3HBIE JJII IMOHMMAHUS IPUMEPbl HMHTErPajbHBIX
OTIEepPaTOPOB.

Ipumepor. Tlonoxum [a,b]=[0,7] u paccmoTpum npoctpanctso A[0, 7].

Kak Obulo TOKa3aHO B Kypce MaTeMaTHYeCKOrO aHaiu3a, B OTOM IPOCTPAHCTBE
byukm @, (s)=sinns, n=1,2,3,... 00pa3yi0T OPTOrOHAIBHYIO CUCTEMY (UTOOBI MOIYUHUTH

[2
OPTOHOPMHPOBAHHYIO CHCTEMY, HaJ0 YMHOXHUTh KaXIyl0 (QyHKIHMIO Ha ,|— ). DTa cucrema
V4

3aMKHYTas, T.e. U3 TOrO, YTO HempepbiBHAs (QYHKIMS )(S) OPTOroHalIbHA BCEM (YHKIHSIM
@,(s)=sinns, n=1273,... cunexyer, uto y(s)=0. Dra cucrema mnomHas, T.e. aro0asd
HernpepbiBHAs Ha [0,7] dyHkums f(x) MOXeT ObITh pa3noxkeHa B psag Pypbe M0 yKa3aHHBIM
byskuusam, npuueM psag Oypre cxoaures K f(x) B CpeaHEM.

2 Z“’: sin nx sin ns

1) CocraBum simpo K (x,s) =— > Ha [0,7]x[0,7]. Torna mo npusHaky

n=1

BeiiepmTpacca 3anvMcaHHbIN PsAJ CXOAUTCS PaBHOMEPHO, T.K. MOAYJb Ka)XIOTO YJIeHa 3TOr0

1 .
pAla Maxxopupyercs T W3 paBHOMEPHOI CXOAMMOCTH psiia cieayeT, uTo pyHkims K(x,s)

HENpephlBHA 1O  COBOKYMHOCTH  MepeMeHHbIX. OueBuaHo, urto sapo  K(x,s)

cumMmerpuyeckoe. Ero coOcTBeHHble (YHKIMM — sinzs, a XapaKTepUCTUYECKHE YHciaa —
2

A =n", n=123,... (ecnimu Obl OBUIO Jpyroe XapakTePUCTHUECKOE YHCIO, TO

n
COOTBETCTBYIOIIAsl €My COOCTBEHHass (PyHKIUS ObuTa OBl OPTOTOHAIBHA BCEM Sinzs, a TaKo
GyHKIMHA HET, T.K. Sinzs o0pa3yloT 3aMKHYTYIO CHUCTeMY). M3 3aMKHYTOCTH CHCTEMBI SInns
cienyer, 4yto sapo K(x,s) OIpenensieT HEBBIPOKICHHBIM WHTETpalbHBIN olepaTop, a,
CJIEZIOBATENIbHO, 3aMKHYTO.
2 & sinnx sinns
2) Tenepp paccMmoTpuMm siapo K(x,s) =;Zn—2
n=2

. TosBasercs coOCTBEeHHOE

3HaueHne A, =0 KpaTHOCTH, paBHOW |, KOTOPOMY COOTBETCTBYET COOCTBEHHasl (DyHKIHS
sins. MHTerpanbHblii onepatop A C TakuM sJIpOM SIBJISIETCS BBIPOKJICHHBIM, a €0 SpO
HEBBIPOXKJIEHHOE, HO U HE3aMKHYTOE.
2 & sin2nx sin 2ns
3) Paccmorpum K(x,s) =—Z—2.
T p=1 (271)

AIpOM HMMeeT coOcTBeHHOoe 3HaueHne A, =0 OecKOHeuHOW KpaTHOCTH (COOTBETCTBYIOILNE

HNHrerpanbHblii  omeparop ¢ TaKUM

coOcTBeHHBbIe GYHKIMHU sins, sin3s, ...). VHTerpaabHBIA OmepaTtop BHIPOXKIEHHBIM, HMEET
0ECKOHEYHOMEPHOE HYJIb-IIPOCTPAHCTBO, & €0 PO HEBBIPOXKACHHOE, HO M HE3aMKHYTOE.
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1)

IK3aMeHAIIMOHHbIE BONPOCHI

Omnpenenenus 1 GopMyJHMPOBKH TeOpeM.

CdopMyMpoBaTh ONpeeeHHe 3aMKHYTOI'O s1Ipa MHTErPaIbHOro oneparopa Opearoibma.
CdopMyMpoBaTh ONpeeeHHe BEIPOXKIECHHOTO Spa HHTErPaIbHOro onepaTopa dpearonbma.
CdopMyIrpoBaTh OINpPENENCHUE CKAISIPHOIO IPOU3BEIEHHS B KOMIUIEKCHOM PpaCIIMPEHUH
npocrpanctsa hfa,b].

2)  YTBep:KaeHHs U TeOPEeMbl, KOTOPbIe HEOOXOAMMO YMETh A0Ka3bIBaTh. TeopeTnyeckue
3aa4H.

10.

OnwmcaTh TpolecC MOCTPOCHUS COOCTBEHHBIX 3HAYCHWH W COOCTBEHHBIX  (pyHKIMI
UHTETpaIbHOTO  omeparopa PpenroabmMa ¢  CHMMETPHYECKMM — HENPEPHIBHBIM  SIIPOM,
JEHCTBYOIIEr0 B OECKOHEYHOMEPHOM €BKIIHI0BOM TIpocTpancTee hla,b].

ChopmynmupoBaTh U 000CHOBaTh HEOOXOIUMBIC W JTOCTATOYHBIC YCJIOBHS TOTO, YTO BEKTOP
IPUHAICKHUT HYJIb-IIPOCTPAHCTBY BIIOJHE HEMPEPHIBHOIO CaMOCOMPSUKEHHOTO omepatopa A,
JICHCTBYIONIET0 B OSCKOHEYHOMEPHOM €BKJIMIIOBOM IPOCTPAHCTBE.

JlokasaTh, 4TO €CJIM WHTErpalbHbIA omeparop PpeAroibMa ¢ CHMMETPHYSCKHM HEMPEPHIBHBIM
SIPOM HMEET KOHEYHOE YHCIIO XapaKTePUCTUYECKHX 4YHCEJ, TO SIPO OIeparopa paBHO

Kr) =520

1

XapaKTEpUCTHYECKUE 4YMCNA, (), - COOTBETCTBYIOLIHME

COOCTBEHHBIE (PYHKIINN).
[puBecTH TpUMEP HHTErpaIbHOTO oreparopa Ppearoibma, HyJleBOe COOCTBEHHOE 3HAUCHHUE
KOTOPOTO MMEET OECKOHEUHYIO KPATHOCTb.
[IpuBecT! TpHMEP HMHTErpalbHOro omeparopa PpearonbMma, HyjleBOe COOCTBEHHOE 3HAUEHHUE
KOTOPOI'O HMEET KOHEYHYIO KPaTHOCTb.

. 2 & sin nx sin ns
JlokasaTh, 9TO MHTErpaibHbIi omneparop ®penronsma ¢ sapom K (x,s) :_Z—z’

n=1
neiictByronmii B mpoctpanctse A[0, 7], ABIsSETCA HEBBIPOKIECHHBIM.
Jloka3aTh, 4TO HyJIb SBJSETCA MPOCTHIM COOCTBEHHBIM 3HAYEHHUEM HMHTErPAIBLHOTO OIepaTopa
. 2 & sinnx sinns
®pearonbMa, aeiicTByromniero B npoctpanctse 4[0, 7], ¢ sapom K(x,s) = —2—2.
T n=2 n

Jloka3aTh, 4TO HyJIEBOE COOCTBEHHOE 3HAUYEHHE HWHTErpaJbHOro ormeparopa dpearoabma,

2 & sin2nx sin 2ns
neiictByromero B mpoctpanctee A0, 7], ¢ sapom K(x,s)z—zT
T n=l1 n

nMeeT

OCCKOHEUHYIO0 KPAaTHOCTb.

IIpuBectu mpuMep BBIPOKIAEHHOTO MHTETpAILHOrO oneparopa dpearonbma ¢ HEBBIPOXKIEHHBIM
SITPOM.

[IpuBectn mpumep WHTErpaibHOTO omeparopa PpenronsMa, HyJleBoe COOCTBEHHOE 3HAYCHHE
KOTOPOTO, UMEET KPaTHOCTH 5.
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