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ABelrad. In the owe of a weighted squared error loss we 
present a simple method of obtaining lower boundr for r i ~ k  
funotiona of estimatore. The obtained lower bounds are 
saymptotioally optimal. 

l lyc~b  X, = (q, ..., sn) e c T b  sb16op~a I P ~  p a c n p e A e J z e H m  a,, IIPEI- 

nagnemawero n a p a M e q m e c K o i w y  c e ~ e P c ~ ~ y  (P,,  b E B), r A e  @ ecm 
OTI-tpblTOB MIIOMeCTBO E13 ( - m, m). H ~ ~ J I ~ A ~ I E I I I  LC+'IIPUHXIM~H~T 3HaqeHIIR 

B HaMePHMOM BH~OPOSHOM IIPOCTPaHCTBe C ~ep0f i  ,U, OTHOCHTeJIbHO H O T O P O ~ ~  

BCe P* Z~~COJIKJTHO H e n p e p m H b I .  0 6 0 3 ~ a ~ m  

H rqemonomm, UTO f (t , 5 )  p-IIOSTE B C N ) ~ ~  ~ ~ $ @ p e ~ u a p y e ~ a  no t. Ycno- 
BEIMCEI, YTO H a n e e  BCIOJJY ~ u ~ p m  0603msa.e~ npoa3sorr~ym no t, w o  M, 
e c T b  M a T e M a T w e c I c o e  oxmname no p a c n p e a e J r e H n i o  Pt, EL ¶TO H H T e r p a n b I  

6 e p y ~ c ~  no B C W y  IlPOcTpaHCTBy, COOTBeTCTByIo~eMy I I ~ ~ ~ M € ! H H O ~ ~  HHTe- 

rP*OBaH&iEI, eCJIR H e  y E a 3 a H a  0 6 3 1 a ~ ~ b  I I H T e ~ H p O B a H E I R .  q ~ 0 6 b 1 ~ 3 6 e ~ ~ a ~ b  

TpHBHaaLbHrax a a q y m e ~ ~ t t ,  MH 6 y ~ e ~  n o n a r a T b ,  TO Y a T e M a T H Y e c m e  

omnnanm OT H e o T p w u a T e n b H b r x  m y ~ a # ~ h I X  B ~ H Y H H ,  K o r n a  OHH H e  cyue- 
CTBYW)T;-Pa3HH ~ ~ C I I O H ~ U H O C T H ,  ¶TO = 010 = 0 AXII BCeX BeWeCT- 

BeHHbns C. 0 6 0 a ~ a ~ ~ 1 1 2  

f 1 ( t 9 % 2  = 
I ( $ ) . =  % ( f ( l ,  o,) ) 



. I.! . . 

' -  Hac 6yay~  XlHTepeCOBaTb OqeHltH AJIR - 
.. . 

q ( t )  at. .=Slct, 

~ o ~ o p o i  

R ( B " )  = minR(B*). 
8" - 

Haanyrlu~fi p e 3 y n b ~ a ~  H a    TOM n y T n  ( ~ e x ~ w y e c l c t i  ewe 6onee cxo*- 
1 1 0 ~ )  n p M H a ~ J I e W H T ,  IIO-BHAHMOMY, ~ Y C ~ B Y  [2] ( T ~ M  We M O W 0  H I ~ T E  

0 6 3 0 ~  IIpeAllIeCTByIOI4HX p e 3 y J I b T a T 0 ~ ) ,  K O T O ~ H ~ ~ ,  TlpM BbmOJIHeHEln He-  

KOTOPbIX YCJIOBH~~ rJ1aHKOCTE.T AJIR ~ ( t )  H f ( t ,  $), TIOJIJ'¶tia 

H ~ K O T O ~ H ~  p e 3 y n b ~ a ~ ~  B  TOM H a q a B n e H m  n o a y g e H b I  T a E x e  Eyp- 
H a r u e s m  B el]. 

H ~ m e  M ~ I  n p e A J I a r a e M  m e H b  rrpoc~oi cnoco6 n o n y s e H m  H e p a s e H c T B  

, CHH3Y ADIE R(e*), aCMMIITOTB9eCKM HeJ'JIY9IUaeBlbIX, MEIHYIi CJIOXHM~I 

aHaJrH3 B TOM er0 BMAe, B KOTOPOM 0k IIPEICYTCTBYeT, CKaWeM, B [2]  EI [5J. 



Oqswsu ans ~ d p a r n u w o s o  p u e ~ a  187 

CHMBOJIOM MM ~ Y A ~ M  0603~aqa~b laTt3GlTE19eCKOe O H E ~ ~ a t I l l e  IIO 

p a c n p e E e n e H m  c ~ O T H O C T ~ H )  p (t, X) q (d), cooTseTcTByloue iwy  nape 
( 6 ,  X,), K o r n a  B c n y ~ a P ~ o  H m e e T  pacnpeneneme B ( - 00, m) c TIJIOT- 

~ o c ~ b l o  q(t) .  0603~amni repes f l  H o c n T e n L  3 ~ 0 r o  n o c n e n H e r o  pacrrpene- 
JICHHR : 

. a = ( b ;  q ( b )  > 0) .  

, ~ J o K ~ ~ ~ T ~ ~ ~ c T B o .  Ecm ~ ( 8 * - 8 ) ~  = H J ~ M  MGa(O,Xn) = 

TO (4) OYeBHAHo sepao. E c n ~  me 06a y ~ a 3 a ~ ~ b 1 e  3~a '1e~rnf i  KoHeqHbI, TO 

M 1 O* -01 16(8, &)I < W I3 CYTV HePaBeHCTBa L U B a p u a  H, CTaJIO 6b1~b, 
M 1 O*G ( 0, X,) 1 < 00. O T C ~ O A ~  BbITeKaeT CyIIP2CTBOBaHHe BCeX EIHTerpaJIOB 

B cneAyIon leM c o o T H o m e H m ,  ~ l e r r o ~ ~ b s y ~ o u e ~  (3) : 

oTKyna H e M e a n e H H o  Bb-rTeRaeT rpe6ye~oe ymepwneme. 
OTBI~THM, YTO OCHOBHOe YCJIOBHe (3) HHBapElaHTHO OTHOCHTeJlbHO 

AOMHOHleHHFI H (t  , X) H a  nPOH3BOJIbHYH) H3MepHMYIO @~'HIE~EZH) K ( X ) .  
TBO- 2. Q c m b  g5y&yun h'(t) marroea, wno 

I7o~omu.w h ( t )  = S h' ( u )  du  u npedno~203tcu~, umo 



3 a ~ e u a ~ ~ e .  Bce ~ G J I O B H H  H a  h( t )  EI hl( t )  ~ Y X Y T ,  OnesHnHo ,  B b m o n -  

HCHM, ecJIIl h ( t )  B C T ~ '  (PEIHEITH~R ~ H ~ # I ~ ~ ~ H ~ A P J ' ~ M ~ X  (PYHH~PH,  HOCNTWb . 
K O T O P O ~ ~  conepwmc! B wocmene &3 [ X ~ Y H R ~ E I M  ~ ( t ) .  

o K a 3 a T e n I, c T B o. B o c n o n b 3 y e ~ c ~  ~eopmoii 1 npa 

E ( t ,  X) = P'U, X ) h ( t ) + p ( t ,  X ) h J ( t )  -- ( ~ ( t ,  X)h(t))'  

H 3aMeTMM, ¶TO B 3TOM C J I y W e  B( t ,  8) MONHO llPeHCTaBHTb B BHAe 

O T c l o ~ a  IT Er3 (8) BblTeICaeT, ¶TO IIpEl B ~ I ~ P ~ H H O M  E(t ,  X) B ~ I X I O ~ H ~ H ~ I  

B c e  ~CJIOBHX T e o p e M H  1, a n o ~ o ~ y  cnpasensmo (4). 
H ~ M  0CTaJIOCb IIpHBeCTH n p a B y l o  %CTb (4) H BHAy (7). ~ ~ B I ~ T M M  CHa- 

sana, ¶TO 

(9) MgL1(t,  X,) = 0 n . ~ .  



O~cmna cnerryeT, a o  npa pxrion~zi Bcex X clrpasennmo 

B b ~ n o n ~ e ~ n e  nocnenIrero paBeHcTsa n p ~  Bcex BoaMoxmbnc f ( .) a K m -  
BaxeaTm (9). 

Hcnoarbsya (9), nonyraeM 

me IIOCJIeAHee PaBeHCTBO BbITeHaeT H 3  (5). 
Teopma n o ~ a a a ~ a .  
Herpyn~o BaMeTHTb, YTO HePaBeHCTBO (7) IIpeBpaUaeTCR B ~ ~ R ~ H c T B O  

Toraa H TOHLKO Torna, Horns ~ a t i ~ y ~ c ~  Tame KoHcTaHTa C a @~HIEUHEI 

A 

8 - HeKOTOpafI COCTOflTeJIbHaR OqeHHa TIapaMeTpa 8. Bo-BTOPHX, 
MONHO IIOJIOHCMT~ h ( t )  = q ( t )  /I  ( t )  B TeopeMe 2. MH OcTaRoBaMcH Ha B T O P O ~ ~  

BOBMOXCHOCTH. 

TE~PEHA 3. E c ~ u  g 6 y ~ ~ y u a  h,(t) = q ( t )  / I  ( t )  y6'os~emeop~em yuzoerrm 
meopwar 2 ,  mo 



 TO yTBepwn;eaxie HeMenneHHo smereaeT ~3 TeopeMH 2. C p a ~ ~ e n ~ e  
c (2) nosaaHsaeT HeyaIpmaeMocTb r i o i y s e ~ ~ o ~  oqema (10). 

C J I ~ ~ ~ T  OTMBTHTb TaKHle, YTO B H ~ O P  @YHKUBEI: h(t ) ,  TIPH KOTOPO# 

npasaR sacm B (7) nocTaraeT mmmyraa, II~MBOABT B paccMaTpmaenronr 
cnyqae K oueme, o ~ n m a l ~ u e i k c ~  OT (10) nEimh H a  maraeMoe o(l/ma). 
B CnyYae, KOrQa I ( t )  = @ ( t )  IIpM t  E 8, me - HeKOTOPaR ROCTORHHaB, 

M O ~ H O  H B ~ ~ T H  I I B H M ~ ~  BHA @ ~ K U H H  h(t)? Ha XCOTOPD~~ AocTxraeTcn y ~ a a a ~ -  
~ j ~ i i  MHHIIMYM. N~TPYAHO XLPOBePHTb, YTO ~pe6ye~oi'i 6yae~  Q ~ K U M R  



TEOPEMA 5 .  Emu @ynltqu~ q ( t )  uHmezpupyeAaa no P U M U H ~  u A < oo, mo 

Hs < a-' J p (t) dt = a-' = nu'. 

TBO- 6. ngcrnb @ y ~ ~ q u n  h,,(t) = ¶ ( t ) ] ~  ( 1 )  nomu ecdy au@§e- 
penyupyeMa u ~ e n p e p ~ e ~ a  scdy, aa ucrcmoueHua ~ofiwnozo wcna motlek 
a, < a, < . . . < la,, e Icomopblx @ ~ H K ~ U U .  q ( t )  u I ( # )  w e m  xo?teWiide npe- 
a e m  cdeea u cnpaea, a I ( t )  noJomumemta. n p e d n o ~ o m u ,  umo ho(t) 
u hi( t )  @owzem~pmm ecenr ocrnaizbmw zjuzoeumt meopeMar 2, lcpoae (ti), 
u wno H < oo. Toda 

A C 
B(e*)>- -- 

% 7b312 



rne ~ ( e )  = min(n-IP, E ) )  a meno E > O ~b16pa~0 TBI&I 06paaolw, Y T O ~ M  

JIHT~PBBJI~I (al - E ,  a, + e) , . . . , (a, - s , a, + E )  rie nepecexranmb. Bse~ebf 
a pacmo-rpeHHe HenpepmHym ~ ~ H K U U I Q  h,(t), rronaraa 

h i )  d ( )  np. t = + & i d ,  0 < tJ < &(a)? p: > 0 ,  
Jbn(i) = 

E ~ O T ~ H O M  cnyrae. 

C)%~il~py~ H ~icnonb3y~ TOT Q ~ ~ I c T ?  YTO A$ = 0, H npa q; = 0, 
rroslysaeM 

C 
n 

Tpe6ye~oe yTsepmaeme cJ1enye-r Tenepb ~ 1 3  TeopeMhI 4. 



&IR c p a s ~ e ~ ~ a  y R a w e M ,  YTO ecm BMnonHem BCB ~ C J I D B ~ R  mex- 
CTBHH g f ( S ,  x )  ecTb ILTIOTHOCTL H o p M a J I b H o r o  P a c n p e n e J Z e H m  c napaMeT- 
palla ( 1 ,  I), TO (CM. 141) .. min~(8' )  - -  MMeeT BETA (12) q E I  

8' 

0 =JW~( 0,91, 
. t  @(t )  

rge @(t) - @ Y H K ~ M R  PacnpeneJIeHm H o p M a n b n o r o  a a K o n a  c n a p a H e T p a r m  

(0,1)-  
TEOPEMB 7. Q c m a  @yn~yusr h,(t) .= q ( t )  l I ( t )  ydusnemeop~lem e c m  

YCJIOBUJ~M meopeMel 2 (HO H = ao) u cyqecmeyent Konewioe rucdo mowk 
a, c a, < . . . < a, maxux, wno 

(a, - d, ail, e c m  hb (aj - 0)  # 0, u umepmzos [aj,  aj + a), ecm &;(a3 + 0 )  # 0. 
IIpeano~ox~r,w, umo p ( t )  o6paqaemca e H Y A ~  e mowax al, a2,. . . , a&, a @ynx- 
yuu u I ( t )  s amux mowax nenpepuenu cdeea u cnpasa, npuuw I ( t )  
nonowumemia. Toda 

a0 aTeJIb CTB 0. O B ~ B H ~ H O ,  S T 0  IIPEl BbIIIOnHeHZZH YCJIOBE~~ TeO- 

PeMH MOWHO ~afil'll TaItJ'lO IlOCJIe~OBaTeJIbHOCTb &(%I, ¶TO l lHTep3aJIhl  

(aI - E (N) , al + e ( m ) )  , . . . , (ak - E (m)  , ak + E (%)) H e  I I e p e c e E c a m c n  a 

E ( ~ ) + O ,  a ~ ~ ( n ) + c o ,  ~ ( ~ ( f i ) )  = o ( l n ~ ) .  

njf = qiajf Q ) ,  I f  = I ( a , f  01, = h ; ( q f  01, 



I I >  

ho(t) l-y'(U) n p p r t = % & ~ , O < ~ < ~ ( ~ ) , h F # 0 ,  . 
U t )  = 1 - y: ( E  (a)) 

( t )  B I~IOTMBHOM cnysae. 

Cymapyn H acnonbayn c o o m o m e H m  A$ = 0 H IT;'< E ( E  (n)), 
CnpaEeHjIRBbIe  I IpH h; = 0, IIOJljWaeM 

Tpe6ye~oe y T B e p m ~ e H E i e  HeMe&lIeHHO BbITeKaeT K3 TeOpeMbI 4. 
- B 3aRJIK)¶eHEfe IIOnYYElM MMHHMaKCHbIe OueHKH. 

TEOPEKA 8. Ecilu uliinep8u.a ( a -  d ,  a+ 6) cdepmumca e 8, mo 

rnin max IM, (o* - t)' > (m  max I ( t )  + x2 
Or t ~ ( a - d , a + s )  k(a-d,a+d) 



(Ha a ~ 0 l  ~#YHKQHH AOCTHraeT MEIHM'MJWa B KjIBCCe ~ H ~ ~ ~ ~ ~ H ~ P Y ~ ~  

M3 TeopemI smeKaeT,_~ s a c T a o c n i ,   TO E T A T ~ ~ B ~  3~aw%r@ i$ ~ J I I  

HOTopbIX - Ol#XHa 8' MOmeT 6 b I ~ b  C B ~ P X ~ $ # ~ K T E I B H O ~ ,  EIMeeT WHFIJ' H e  

6onamyro,  ern o (1 I)/;;). 
3 w e m  Tame, YTO B rrpa~ofi s a c T t i  H e p a s e H c T s a  B T e o p e w e  8 senn- 

s a H y  max I ( t )  MOWHO swem~b 6onee T O ~ H H M  B m p a m e H H e M  
&(a-d,a+a) 

1 ~ ( b - a )  Td I ( i ]  > m 8 a  at. 
a-d ' 

28 

I 
MbI BHAeJIEl, YTO AOHa3aTenbCTBa IIpEIBeffeHHbM, ~ T B ~ P N A ~ H H ~  Ype- 

I 3 ~ b I r a f i ~ 0  npOCThI Ii aaEIPMaH)T J I R U b  H&MHO~MM 60JIb~fi o65ema, W M  
HX @ o ~ M ~ J I M ~ o B I - C E I .  3 ~ 0  O ~ C T O ~ ~ T ~ J I ~ C T B O  HBJlReTCII B e ~ b ~ a -  CyIJKCTBeH- 

I WblM C M ~ T O ~ O H O ~ R S ~ C K O ~ ~  TO'3HIl 3PeHMII, TBK K a K  IIOBBOJIReT, HaI lPHMep,  
I 

~ H C T P O  YCTaHaBJIElBaTb C B O ~ ~ C T B ~  ~ C E I M I I T O T W Y ~ C K O ~ ~  OIJTHMaJIbHOCTH OlleHOK 

MaKCHMaJIbHOrO I I P ~ B ~ O I I O ~ O ~ H R  (B SaCTHOCTB, MX 6 h 3 0 c ~ b  IC ~ ~ ~ ~ ~ C O B C K E ~ A I  

O U ~ H H ~ M ) .  
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