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HBIMH MHOXHTE/JAMH OTJAHMYAIOTC OT MHOrouwseHos Jlexauapa, onpene-
AsieMbIX NO (popMyne Poapura

P, (x)—~2nn, dxn (22— DY, n=1 2 ...; Pyx)=1.  (I6)

Oproronaansys Ty xe cHcTeMy cTenene#t (15) na orpeske [—1, 1]

y NOJAYUYHM CHCTEMY NOJHHOMOB YeOuliueBa nep-

BecOM p (%) !
C e ¥, = eee—
Yi—x2

BOTO pOZLA3; €CJM Ke BasTbh BeC p(x)=VT1—x% 10 noayuaiorcs no-
aunoMbl Hebrlmera BTOpOro poaa.

OptoroHanusys cucteMy cTenedeit (18) ua nosaynpsamoi [0, -+ co)
c BecoM p(x)=e~*, noayuuMm cucTeMy noauHoMos YeOwimena — Jla-
reppa. Ecam we B3gte p (x)== x%e~¥ rme s> —1, To npu oproro-
Haauzauuy cucremst (15) Ha To#t e noayocu [0, - oo) moayuatcs 06o6-
menHble nosavuHoMst HeGoiwena — Jlareppa.

Haxoseu, oproronainsys cucTeMy cTeneueit (15) na Bcet npsmott
— 00 < x < -} 00 ¢ BeCOM p(x)==e~*, NoAyYHM CHCTEMY NOJHHOMOB
Yeb6rimena — Opmuta. Jus BceX CneuManbHblX NOJHHOMOB CYIUECTBYIOT
yno6ubte obuine Gopmy.asl, nogobusie dpopmyse Poapura (16) (cm. sbin. 4).

TMepeuncneHHsle CHCTEMbl OPTOTOHAIbHBIX NOJHHOMOB HAaXOAST BaXHbIE
npUMeHeHUst B MaTeMaTHyecKoR ¢Hsuke (CM. Bbin. 4).

AONOJHEHHE 3 K TJL. 11

¢YHKUHOHAJIbHOE NMMPOCTPAHCTBO
H FEOMETPUYECKHUE AHAJIOrdH

Muoxectso ¢yuxuuit Q[a, b], onpemenenHoe B § 6, MOKHO pac-
CMaTpHBaTbh KaK PYHKYUUOHAAbHOE NPOCI PAHCMBO, CUNTAs, YTO ABe PyHK-
wan @ (x) ¥ P(x) u3 Q[a, b] npexcTaBAKIOT OLMH M TOT Ke 3JIEMEHT
HJIH «BEKTOpP» NPOCTPAHCTBA, ecAH OHHM MOryT OTJiHMYarthCs camoe 60Jb-
Liee B KOHeWHOM YHcjie Todek Ha [a@, b]. DaeMmentsl npoctpanctsa Q [a, b],
onpeneasieMble GyHKHMAMH @ (x), P (x), N(x), ... 6ynreMm o6oaHauartb,
onyckas aprymeHT x, uepes ¢,¥, M. ...

Onpene/uB CyMMy 2jeMeHTOB ¢— 1y M npoM3BeieHHe A d/IeMeHTa ¢
Ha YHCAO A COOTBETCTBEHHO Yepe3 cYMMY ¢ (x)— 1 (x) u npousserenue
HA YHCAO0 A GYHKUHE @ (X), NpeACTaBJASIOWMX 3TH 271eMEHTHl, NOJNYYHM,
yto Q[a, O] oTHOCHTebHO 3TUX Onepauuit BeleT ce0f TaKk e, Kax
MHOXECTBO BCEX BEKTOPOB TPEXMEPHOIO €BK/IMAOBa NPOCTPAHCTBA OTHO-
CUTE/IbHO ONepaiuif C/A0XMEHHS BEKTOPOB M YMHOXeHMS MX Ha Ydcaa.
Hynesoit 2sement 0 npocTpaucTBa npeicTaasercs mo0oi  dyuxunen
u3 Q[a, bl, xoTopas Moxer oTiHMYaThCH OF Hyas camoe Oo.abiuee B Ko-
HeYHoM uHc/ie Todex Ha [a, b).
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Onpenenny cra g pioe npoussedenue AIOOBX ABYX 2AeMeHTOB ¢ 1 1P
u3 Q[a, b] pascicTsom

b
@ W= [ev)dx (1

Herpyauo nposeputh, uTO onpexejeHHoe TaxuM o0pa3oM cKaasipHoe
npoMsBeeHHe YLOBJAETBOPHET OObIYHLIM TpPeOOBAaHMAM, 4 HMEHHO:

1) @ V= 9.

2 (M, P)=A (. }), rae A — a0boe BellecTBEHHOE YHCIIO,

3) (@ by +9) = (@, b)) (P> o)

4 (@, 9)>0; ecan xe (¢, @) =0, 0o p=0.

(Buinoanenne tpeGoBanus (4) yxe Oblji0 10K333aHO B X0AS 10K43aTe/LCTBA
Teopemsl 11.6 n. 3 § 6.)

TaxuMm o0OpasoM, OTHOCHT@NbHO CKaJAgpHOTO NPOH3BClAeHUs, onpene-
aseMoro paBeHcTBOM (1), npocrtpauctBo Q[a, b] Beder ceBs Tak e, Kax
MHOXECTBO BCeX BEKTOPOB TPEXMEepHOrO eBKJIMI0BA NPOCTPAaHCTBA OTHO-
CHTEJAbHO OOBIYHOTO CKAASPHOTO NpPOH3BELeHHS.

JBa «mexTOopa» ¢ u ¢ u3 Q[a, b] HA3LIBAIOTCHA O PMOLOHAABALIMU,
eCc/IH HX CKa/JfpHOe Npou3BejeHHe PaBHO HYJIIO, T. €. ecii

b
@ H= [e@V(x)dx=0. @

Hopmy wmianm «anuuy» Bextopa ¢ & Q[a, b] Moxuo Teneps onpepe-
JIMTE PaBEHCTBOM

lel =V @ - ®)
Ecan ||@| # 0, 10, nonaras ¥ (x)= (p((p”)' noJay4nM, YTO
2. 9
2 =(ror+ Tor) =T @ D=1 “

B cuay onpeaetenss (3). Kocunyc yriaa Mexay f(x) u g (x) onpenejium
.COOTHOLLIEHHEM

~.  (f0
cos (f+ &)= Tfier ®)

J10 onpeneseHHe 3aKOHOMEPHO, TaK Kak, B Cuay nepaseHcrsa Komn —
Byusxosckoro {(cp. n. 2 § 6 ra. 8),

[(f. @ < f gl (6)

ITlpoexumeit f va g, rae g + 0, nasuBao?

1/ Jeos (77 gy =18 )
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Onpeneaum Teneps CXoauMoCTs B npocTpaHcTse Qla, 0]. Mu cxaxen,
4T0 P, —> @ Npu 7 —> - co, ecau
b -\
lon—@ll={ [10(0—@()Pdx]| -0 ®
a

npu n-—>--00, 1. €. ecid nocieROBATEbHOCT: [P, (X)) cXxoaurtcsa
Bcpenunem K ¢(x) Ha [a, b].
Mpul ckaxeM, YTO HMeeT MECTO pPaBeiHCTBO

f=h+fit+ oo+t ()

eCJaH
b 2 s

| n ] n
ff—kai= [lreo=Nrim|ac] -0 o
k=1 a k=1

+co
npu n->-00, T. e. ecAn psn > fe(x) cxomurcs B cpemHsM K f(x)
k=1

ua [a, b].

YcTanoBuM aHaJOTHIO MENKLY pasioMelHeM BeKTOpa X TpeXMepHoro
eBKAMAOBA NPOCTPAlCTBA NO OpTOTOHalbHOMY 0asucy e, e, e; H pas-
aowenneM ¢yuxuun f (x)EQ[a, b] B pax Pypse no noawo#t oproro-
HaJbHOR CcHCTEeMe

3 () DX« vs Pp(x)s e (In

B TpexmepHOM eBKJMIOBOM NPOCTPaHCTBE [Jf KaKAOTO BEKTOpA X
© Jiobom duxcupoBanHonM Oasyuce CylecTByeT eiNHCTBEHHOE Pa3JjoMeHie

X = X&) - Xy€) |- ¥3e;. (12)

KospduunenTst 3TOr0 pasiomeHnss JAerko Ha#TH, eClH BOCNO/b30BATLCH
CKa/JfpHbLIM npouspefeHHeM. YMHoxas pasenctso (12) cxaaspuo na e,
noJiy4nM

(x, e)=x; (e, ;)= x;lle;]|% (13)

B CHJY ODTOrOHaiALHOCTH 0asuca e,, e,, e, *). Ma (13) waxoxum, urto
P 1 € €

(X, €;)
X = ==, 14;
! fe:lt? (14
Beavunnst
(X, ep) -
xpllepll = -, k=1, 2, 15)
k“ kfl leq 3, ( J
rne cumpojoM || || obosnauena AauHA BEKTOPA, SBIAIOTCH NPOCKUHAMH

BEKTODa X Ha HaNpaBjeHHe BeKTopns e,, k=1, 2, 3.

*) BextOpn ey, €, €3 MBI 1le Apeaa0aaraeM, BOOOLIE FOBOPS, eluUuLdHb Mil.



‘538 PAOBl ®YPBE Y UHTEIPAJI ®YPbE [T 11

Bossoaa ofe wactu paseuctsa (12) 8 CKaaapHblit KBaApar, NOAYYHM
PaBeHCTBO

%= st e P+ ] o+ e f (19

Bupaxaioumee TeopeMy [ludaropa ajas TpeXMepHOro ciayuas: KBsaapat
IJIHHH BEeKTOpa paBeH CyMMe KBAApATO8 ero NpoeKUHMiA HA TPH B3AUMHO
NepNeHAUKYIAPHBIX HANpAaBAeHHA.

CoBsepiueHHO aHajIOrM4HO B npocTpaHcTBe Qf{a, b] xamawni#h «Bek-
“TOp» f MOXeT OblTb elMHCTBEHHBIM OGPa3OM pasNoXeH NO KBEKTOpaM»
TIOJIHO# OPTOTOHaNbHOM cucTemst (P}, T. e. npeacrasieH B Buie (cM. m. 1
§ 6 ro. 11)

f=cotcopo+ oo +Cp@p+ ..., (a7

npudeM Ko3gdHUHeHT ¢, padnowenus (17) onpemensworcs no dop-
MyJaM

fie
ck=i——ﬁ, k=1, 2, ... (18)
@l
“TakuM o06pa3om, Kaxablih «BexTop» f M3 Q[a, b] oanosHauwo onpene-
nseTcs OeCKOHeyHOH NOC/AEHOBATEALHOCTBIO CBOHX «KOODAMHAT» (Cp)
B «basuce» {@,}.

B cHay noaHoTs cHcTeMut {(p,}, MMeeT MecTo pamencTBo [lapcesans
(cM. n. 2 § 6)

1P =P+ af+ o Ffeft (9

soipaxcaiomee reopemy Iludaropa ans ¢GyHKHMOHAALHOTO NpPOCTPaHCTBA
Q[a, bl.

Ecan B3t NpoeKHuy BEKTOpPa X He Ha Bce 0asHMCHBIE BeKTOPbHI e,
€, €j, a, HaANpUMEp, TObKO HA €, M ey, To paBeHcTBO (16) 3amenutca
HepaBeHCTBOM

x> 3

feuf + 3] &, (20)

_AnajiornuHo, ecjH OpTOrOHa/ibHaf cucteMa {¢,} we nouana B Ql[a, b],
-10 pasenctBo [lapceBans (19) saMmennrtcs HepaBeHCTBOM Decceas

P> o4 Glof+ - +Sfof+ - @D

OTH reoMeTpHyecKHe HMAEH HCNOJAL3YIOTCH B TEOPHH TaK Ha3bIBAEMbIX
“rHAb6EPTOBBIX NPOCTPAHCTB, HaXoAsie# NpHUMeHeHHs B KBAaHTOBOIl MeXa-
CHHKe M MaTeMaTHueckoi ¢usuxe.



