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. . . . .  
B &sxenane ram e r r a ~ m m o  p n q n r n x b  nmneFi7 

OCM ~ m p i d x  g c MOTOR HB $AH$HCOBUX 

x cneuuanucmB ~eaBxonu~o  xopom& s ~ a n u e  ?c- 
ia aaw~a~uqec~of i  C T ~ C T I P K H ,  TaK 9 

W UHCrpyMeliTbl  (WUW) BEerna UMeKlT WI)M NHYW CrrenCHb 

~eonpenM~eB~ocwi. B ~ o i i  mure cnmatra ~ ~ M T K ~ : . c u c T ~ M ~ ~ ~ Y ~ -  

~WUO pai%MOTp.e%& IIpaICTki~eCKUe M m 2 b I  CTaTUCTHKU .nPUMe- 

H m p n b H O  K ( P U H H C ~ M .  H a u 6 o n b m u f i  UHTepeC RaHUaR lCHHi"a MOH(eT 
, , 

$ ~ & ~ T ~ B J I X T ~  LUlX ~ p e ~ ~ e p ~ B / I I ~ p ' T @ e n b ~ b l ~  M e H e & e p 0 ~ ,  TO eCTb 

C!XeIlAUIUCTOB, UPUHUMakOUUX CaMOCTOIITenbHble peIIleHwIl H a  (Pu- ' .  

H ~ C O B ~ I X  p b ~ ~ ~ a x  .B ycno~nnx neonpe~tne~noixu~ M3nomepe Ma- 

T e p w a n a  H a w H a e T c n  c 6 & s b l x  nounmti, n n o c T e n e n H o  nepexonm 
K n O C T a T O w 0  CJlOXHblM MeTOAaM, I lPUMeHIIH)vMCII  n p U  aUaJ iN3e  

U H B ~ C T U ~ U O H H ~ I X  ~ U C K O B .  B K H U ~  conepxw~n 6 0 n b m o e  KOJlUYe- 

I 
CTBO IIPaKTU'ieCKUX aJIrOPUTMOB BblqUCneHUff N OnTUMU3aqHR p a -  
nuqablx @n~aricosb~x c m x a c T u q e c K n x  n e p e M e m b r x .  

. < 

B 1-fi rnase p a c c M o T p e H o  nounrue s e p o n ~ ~ o c ~ u ,  cnysdsoio co6d1- 
TUX, cn)lll&uoii B e n n q n u b I ,  nmo onpenenenue 3mona pacnpenene- 

nenun,'notca3aTenu M e p H  paccednun, n o K a w T e n u  .@OPMM pacnpene- 
neuui. 

Bo 2-Ci m a B e  paccrawno o ~au6onee y n O ~ p e 6 ~ ~ e J I b H b I x  s a ~ o ~ a x  
p a c l p e n e n e H e n  C ~ Y Y & H ~ I X  B e n K q U u  u OCHOBH~IX n a p a M e T p a X  ~ r u x  
3aKOHOB. MeTOAbl IlOUCKa @YHKYUU paCiIpeAeJIeHUB BepOflT- 

HOCTU C n y Y & H ~ f i  BeJIUVUHbl B C n y q a e  ~ e N H ~ e r p ~ p y e ~ 0 f i  IlnOTUO- 

CTM B e p o n T H o m u ,  a m e  a n r o p u T M b 1  nonyreuun n o c n e n o s a T e n b -  

H O C T ~ ~ ~  ~ y . t & ~ b l x  BenUqUH C ~ P O H 3 B O n b U b I M  3aKOHOM PaCnpef le -  

neuun,  TO H ~ O ~ X O ~ U M O  npu M o n e n a p o s a u u H  c n y r & ~ b ~ x  npouec- 
COB. 

B 3 4  rnase u 3 y q e ~ b 1  cneqnanbnble pacnpenenenun aeponmocreti, 
I , :  p,.: MCIlOJlb3yeMbIe AJIU IIpOBepICU C T ~ T U C T U Y ~ C K E ~ X  m n O T e 3  U n p U  O w e -  

J(eJIeHUH AOBepUTWbHblX EUTepBZUIOB crr)rafiUblx BenUqUH. 

h, ,' 
: ..,, \ 
(&,,", ' '  

,,A 

4-n rnasa n o c s n q e H a  MeTozaM oqeumc no s m u p ~ l r e c ~ o f i  a b l l j o p ~ e  

n a p a M a p o a  pacnpenenenan cnp&uok B e n n r n H b l ,  y r t m a s u  @op- 
~ y n b r  A n n  oqenw q e n T p a  pacnpenenem, nucnepcuu u nouasa~e- ' 
nefi Q M p ~ b r  pacnpenenenun, a T a m e  n p a ~ ~ s r e c ~ u e  n p u e M u  ynane- ' 

HEX aUOMUlbHb1X ~ H W ~ H U ~  ( ~ P O M ~ X O B )  113 Bb160pKU. 

'B 5-6 rnase paccrcaano o M e T o n a x  nposeprcu c T a m c T t i r e c m x  ru- 
n O E 3  U MeTOLV3.X OnpeAWleHUX j7OBepUTWlbHblX I3UTepBZUlOB ,hJIff 

cn)lllafiHblx BeJIUqNH. 

6-n masa nocmmena ~oripocy o TOM, KaK no 3 ~ n u p u ~ e c ~ o 8  861- 

6 o p ~ e  une~~u@uquposam 3a~ow pacnpenenenun cnyratiuoti ?em- 
YUHbl. ~ J O U @ ~ H O  paCCM0TpeHa npo6neha r p y r m H p o % K H  n W E b l x ,  TO 

onrw~anbnoti mupwab1 nmepaana, a T a m e  n o c T p o e H u n  no crpyn- 
~ U ~ O B & R ~ I M  AaHHbIM rECTOlpaMMbl PaCnpenenef iMI l  T&HM o6pa- 
30M, '1~06b1 MaKCUMaJIbHO B03MOXHOe C m a X U B p i e  cn)lllaiiHoro 

U Y M a  C O ' ~ ~ T ~ J T O C ~  C MUHMMUIbHblM MCKalKeHUeM ' OT CrJIZKUBaHUX 

cahtoro pacnpenene~nn. 

B 9-%i rnase usnaramcn M~TOA.  annpo~ca~aqnn s~nupnrec~ot i  3 

BUCUMOCTU T P U T O H O M ~ U 9 e C K U M  PIInOM Q y p b e .  & t I b l , @ O p M y ~  

& ~ o s l l l l o q U e ,  no p e ~ b H 0 f i  s b l 6 o p & e  BbI'$flCnU~b K O ~ @ @ H ~ U  

@ y p b e ,  aMnJIUTyAy K @my rapMOFlUK. P ~ C C K K ~ W O ,  KaK CTpOUTCII 

~ M ~ & T ~ B H ~ + ~ ~ C T O T H ~ ~  X a p W E p N ~ K a  pa3nOXeHUX, H ,  

' UCIlOnb3YeTC.X A n l I  BblAeneHRX raPMOHUK C M ~ K c E ~ M ~ J I ~ H o ~ ~  a ~ n n u -  
~yn0fi. . , 



. . . . 
. , ?  nau~blx n, C n e n o s a T e n b H o ,  n o c T o x H H o e  wanmpomme K ~ 3 ~ e -  ~ 

~ n ~ o u u ~ c n  y p o e H n M  nuha~u4ec~oro pma, 4M u M e e T  pemawqee Teopyn B ~ ~ O R T H O C T ~ ~  U r p a e T  3 H t l W W n b H p  P O n b  BO M H O ~ U X  

swaqe~ue npu M o n e n u p o e a n n u  a nporH03npo~a~na ~ o n a m n b ~ b ~ x  
o6nac~xx qeno%W!CKofi AeXTenbHOCTH, B TOM q U C n e  B @ F H ~ ~ H C ~ X .  , 

pnnos. 
. ; '  3~ C B S I ~ ~ H O  c TeM,  TO pe3yn~~a~b1  peuieann O ~ U H B ~ C T K ~ O ~ ~ U  B 

@ H H & C O B ~ I ~  I l H C T P ~ e H T b l  ( a w H ~ b 1 )  BCeTP,a UMelUT TY UnH U H ~ W  

13-8 maBa n 0 C B W e H a  MeXaHUqeCKMM, TOPMBhlM CUCWMaM, TO eCTh , c ~ e n e ~ b  ~ e ~ n p e n e j i e ~ ~ o c ~ n .  
anrbpUTMaM,  KOTOPbIe @ o P M ~ W U ~ ) . ~ ~ T  I I p a B U n a  OTKpblTliX ii 3aKPhI- B 6 i p x e e b 1 x  T O p r a X  no pa3nUqHblM aKTUeaM IlpUHliMalOT p a -  
nrn no&u~fi  B 6upxesoa T O P ~ O B ~ ~ .  IIonpo61io ~ ~ C C M O T Q ~ H ~ I  me-' c ~ n e  6 o n b w O e  KOJIH4eCTBO MHBeCTOpOB U CIIeKYIUIHTOB. KaXAblfi 83 
Tat0 pa60~e ~opro~o i i  CUCTeMbl U n u b 1  npaKTHqeCKHe ~ ~ K O M ~ H A ~ -  . 

' 

YY~CTHUKOB mew C B O ~  n p e n c ~ a s n e t r u e  0 TOM, K N ~  B B U ~ ~ T C B  pbl-  

J.lnn 0 TOM, KaK n0 BeJIU'iUHe, P ~ ~ P O C Y  U Y C T O ~ ~ ~ U B O C T U  nOK&aTe- HOK, Y K & & ~ o ~ o  ti3 HUX C B O ~  rOPU3OHT UHBeCTHPOBaHUR B CBO11 TeX- 

nefi C U C T ~ M ~ ~  CAenaTb BbIBOA 0 ee KaqeCTBe. $,,' ~ d n o p i s  ' p a 6 0 ~ b l  H a  p b l ~ ~ e .  M3-3a C T O ~ K H O B ~ H U I (  U H T ~ ~ ~ C O B  60nb-  

20r0 K O & U ~ C T B ~  n&efi UeHhl BKTMBOB nPU06pe~ah3~~~~Faf i~bl i i  
xapawep. C n e n c ~ s u e ~  mro n a n n e T c n  H e e o s M o x H o c r b  T o r H o r o  

: l I p e ~ c K a 3 k l H H p  6ynyqeB QeHbl.   PO THO^ CTilHOBATCq B O ~ M O X H ~ ~ M  

T O ~ ~ K O  B ~ ~ ~ O I I ~ O C T H O M  CMbIcne. 

B 15-ii rJlWe PaCCMaTpEfBEVOTCfl BOnpOCbl, CB113aHHble C OnTMMW3a- 

unefi nomenn a m n e o B .  M3yrae~cn mnnnne K o p p e m r r u n  M e q y  

o T n e n b r i b r m  napmu amueoa H a  o6qnii ~ H C K  nop~@enn, npu WOM 

B ~ a q e ' k ~ ~ e  M e p b l  PUCW n p u H u M a e T C a  nucnepcns (urn c p e p n e K w -  

PaTUqHOe OTKJIOH~HH~) .  P a c C K a 3 ~ 0  0 TOM, YTO TaKOe ~ @ @ ~ K T I ( B H ~ J I  

n ~ ~ o p c p @ n ~ a n s  H K ~ K  o6nlufi p a c I c  n o p ~ e n a ,  c o c T a s n e n a o r o  a3 
npOU3BOnbHON) KOJlHYeCTBa aKTUBOB, M O W 0  p a 3 A e n U T h  H a  HeCWC- 

T ~ M ~ T U Y ~ C K U ~  ( ~ U B ~ P C U @ M ~ K P Y ~ & )  PUCK U pb1~0'1~blf i  (He AIi- 
/ s e p c a ~ u w p y e ~ h ~ i i )  PUCK. noc~a~nena 3waqa no onm~u3auun 

1 nop~aenn c V e T o M  orpauusennti H a  COCT~B A B e c a  a K r n B o B  B 

n o d e n e  ( ~ U M W ~ B ) ,  u npmenea a n r o p n T M  noncxa peme~nfi woti 

C n p y ~ f i  CTOPOHb1, Pe3YllhTaTbl HHBeCTUPOBaHUB B UHCTpy- 

MeHm.1 c @ H K C U ~ O B ~ H H O ~ ~  PDXOAHOCTLK) m e  IIBJIXKITCX aeonpe- 
neJleHHhIMU U3-3a TOrO, qTO CYnleCTBYeT PUCK HeBbIilOnHeHHR 3MW- ' 

#! WHTOM ( ~ ~ ~ M I ~ K o M )  CBOUX O ~ X ~ ~ T W ~ C T B .  

B 3TOfi W a B e  Mbl PaCCMOTPUM H a  KaqeCTBeHHOM YPOBHe nOHX- 

T u e  B e p o n T n o c m ,  cnyqaii~oro W ~ ~ I T U I I ,  cnyuafi~afi senwanbr, Aa- 
WM o n p e A e n e H n e  sa~owa pacnpeneneam cnyqak~oii eenaaaau. m: ,4anee 6 y ~ y r  ~ 3 y q e a h 1  oc~osaue n a p a ~ n p h l  3 a ~ o n o ~  pacnpeaene- 
H u n ,  T a m e  KaK n o K a 3 a T e n u  sealpa pacnpeneneaur, no~a3a~enu Me- 

p b ~  P E C C ~ ~ H U I I ,  no~a3a~enw $ 0 ~ ~ 6 1  pacnpenene~nn. 1 

1.2. C ~ l ~ ~ a f i I f ~ e  co6mae. B ~ D O ~ T E O C T ~ .  

eT ~axnpon3orrii~u, TaK a ~ H e  npou30R~n npu co6nmne~im onpe- 
IDl U 3  I I P O H ~ B O J ~ ~ H O M  KOnUPeCTBa aKTUBOB U YTIPaBIleHUX PUCKOM eneHHOT0 KOMnneKCa ~ c J I o B u ~ ~ .  6 y . W ~  npeAIIOnZll%Tb, 'IT0 yK83aH- 
nopT@m H a  O C H O ~  HX ~ H U I H ~ ~  b1k KOMnneKC ~ c J I o B U ~ ~  MOXeT 6 h l T b  BOCIlP0113BeAeH HeOTpaHUqeH- 

e KOnUYeCTBO p a . ,  M~nblma~ueA4 6 y A e ~  Ha3bIBaTh KaH(4Oe OCy- 
,; B c e ~ 3 m ~ w t m  no codepxwuro u o6opnmernno ~ a y a i  npoc e c ~ s n e ~ u e  3~01-0 ~ o ~ n n e ~ c a  y m o ~ ~ f i .  

, , nnmb asmom, no ad@y ili6n@dnline.ru . , 
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nepBb1ff HaWJIbHbG M O M ~ H T ~ ~ I ~ ~  Y]Ke PaCCMOTPeH BbILLle '" 
TeMaTqecKoe omname. 

Ue~$aJra~i~fi ~ ~ 'MOM~HT k-20 nopnn~a ~ b l - u . ~ ~ e ~ c ~  no 
n a ~ :  . ,  
- &n pnc~peT~oro'pacnpenenesun 

@, =C(x, TP)~P" 
n 

- Ann $enpepb~~~oro  pacnpeiene~ua 
. +II 

, , 

m, = j ( ~  - P)' P ( x ) ~  
-- 

nonnmie MoMeHToB pacnpefie~e~mn 6yne~  rtcno 
s e ~ u u  no~asa~eneti paccenHun cnysaihoti  en 
nefi $OPM~I pacnpenenenua. ./I 

1 ' 

,i, 
' ' 

1.7.lIo~a3a~ene MepH paeeea.uars. 
" . , ,  . . 

O~enws  BennsuHy ' q e ~ ~ p a  pacnpenenetwra, HaM H 

UMeTb IIp,epypHHe, K ~ K  cJI~affH&n B W E W  

mfi TO&: Ann oqeam Mepa paccenHm ucn 
~. , ~nno', nia cnoco6a 

.- '@akrunb~oeoTimoHe~we crrysaiIH4Jt &nuwi~w, 
- nxcnepcwn a cpepHemwpamwoe oTKnoHeHxe .a 

IIUYHHbl. 
. . !. ' ,  

Ksanmzwbnoe o m o n e n u e  

' nnOn&s ; . .~w~se~~an  ndy. Kpri~oit & ~ T H ~ C T U  

Hun .p(x); drjraciio np&gy ~ o p ~ u p o a a ~ u n ,  . panHa 
e c ~ b  d$gk(a& BePOXTHOCF BCeX B ~ ~ M O X H ~ I X  

~ii16epe+ m%cy X, Ha. ocu x T-M o6p 
. ., :1 :.., 
~ ~ o X ' ~ H B O ~  ~ T x )  mem OT ToP~IX,,  6 m a  6b1 P ~ B H . ~ ,  .H 

.;i?.:3:< . t ,  j , .  ,, , 
~ ~ 0 6 q e ~  nn0nM;  T b  ecTb Bep0~0cTb TOM, 9TO. .,..... ,L! I . . , ,  . , 

n 8 s m  Menbme,;seM X, comimnei 0.05; B 3 t o ~  
VTO X, - 3TO 5 % ~ a 4  KBUHmlUlb panipedene~w. '& 

, . 
YllTb i(aK XI = XO,I. 

Bb16epe~ nange TOYKY X J ,  Ha OCH- X T ~ M  

: nnoqanb non ~pusoii p@) cnesa OT T O ~ K U  Xj 6bm 
o6meti nnolqajpi, TO eCTb BepOWIiOCTb TOM, 

, . . . 
1 8  



TOnbKO KBaHTAJIbHOe OTKnOHeHUe UMeeT OnH03HaYHOe COOT- 

Knacca ~an6onee y~to~pe6uTenbHb1x ~ K O H O B  p a c n p e n e n e a w n .  no- 
m ~ y ,  npu OTC~TCTBUU f i a n e w x  o sme 3 a ~ o ~ a  pacnpeneneuun, A n n  
OUeHKU KBilHTUnbHOrO OTKJIOHeHUIl PeKOMeHDyWII nOnb30BaTLCZ 

, I (o~€?p~Tei lb~of i  BePOXTHOCTbK), paBkI0fi  0.90. 

Ecnu B KaqecTBe nowawnn ueaTpa pacnpeneneHur ~b16paa0 
MaTeMaTllYffiKOe OXUAaUUe, M B KaSeCTBe MePbI PaCCeXHUn Cny- 
s a f i a o f i  BemquHsr ucnonmy~o~ nucnepcum. ,4ucnepcm -  TO cpen- 
Hee 3HaSeHUe KBWpaToB OTKIIOH~HU~~  ~ J I y ' l a f i ~ ~ f i  BenUSRHhI OT ee 
MaTeMaTUSeCKOrO OXUAaUm. mcnepc~n flBJIneTCn BTOPblM UeH- 
TpmbHblM MOMeHTOM ~ Z W X I ~ ~ A ~ J I ~ A W I I .  

A u c n e p e h n  0 6 0 3 ~ a ~ a e ~ ~ x  KarC D U BblqUCjlffeTCS no @ O P M ~ ~ ~ M :  

B @ o p ~ y n e  Ann n u c n e p c w u  B KaqecrBe uealpa pacnpenenenun 
ucnon1.3o~ano MaTeMawrecKoe O m A a H u e .  3m He cnyr&ao. &no 
B TOM,  TO ncnonmmue  B KaqecTpe ueaTpa p a c n p e n e n e H w n  Ma- 
TeMaTUreCKOI'O OXUAaUUn MUHUMU3UPYeT C P ~ ~ H H ~  KBWPBT OTWIO- 

HeHSiX C J I P ~ ~ ~ H O ~  BenUSUHM OT QiXTpa ~ P H  3TOM MUHUMYM 

cpegaero O T K ~ O H ~ H U ~ ~  &yc pa3 w pmeH nacnepcuu. Auc. 
nepcux U MaTeMaTU'IffiKOe OXURWUe CBX3aUbI COOTHOLUeHNeM: 

D(x) = M ( x 2 )  -[M(x)12 
A u c n e p c u n  uMeeT pa3Mepuocrs KsazpaTa C j l y r a i i ~ o f i  senurn- 

HLI. ~ O ~ T O M Y  A n n  6onee ~arnxn~oi i  x a p a m e p w c r w t u l  paccexaun uc- 
nOJl63yloT KOPeHb KBaApa~Hbln 83 HUClIepcUU, KOTOPU~~ Ha3blBaeTCX 

cped~e~sadpamuvxmt ommoHexueM (c.K.0.) (r = f i .  

cpenHeKsanpaTusHoe omonenue He  W ~ B H O .  

 tam^ 06pa30~, w mro, m6b1 paccemun c n y r a i i ~ b r x  senu- 
SBH Mom0 6bu10 CyMMUpOBaT6 aU&TU9ecKU, 3Tii patcellHun 
nonrmrb~ 6b1m n p e n c T a m e n b r  CBOUMU .mcnepcunMu, a He KBW- 

TUJI6HkIMEi ~ C B ~ ~ U T ~ J ~ ~ H ~ I M W )  'OTKEOHeHKXMU. - i 

O ~ H ~ K O ,  K o H e q a a r r  mcnepcm cyuecmyeT T O ~ K O  y Tex pac- 
n p e n e n e u w f i ,  y KOMP~IX iipu x + fm n n o ~ ~ o c ~ b  B e p o n m o c T u  

. cnimam KaK 11 1 x 1''' unu KpFe, me 6 - c~onb  yronuo Mmoe no- 

o n p e n e n r n m q n f i  nucnepcm-unwrpan p a c x o A u T c n .  



. . , .  ., 

rnaea I .  ~ p o n m ~ ~ n o e  onuca~ue cnyval~nb~x aenu4un , , . , . ,:. . ' , ,; .,,: 
.~ ~. .~~ 

. H~KOHW, y m e m p u u n b t x  pacnpenene~ufi, M e m m  

M t i T e M a m q e c K o e  oxunmue C O B I I ~ A ~ T .  

P a y ~ e e ~ c n ,  ece e b 1 r n e C ~ a 3 a u ~ o e  o C O O T H O ~ ~ H U H  norcajswefi 
,@h-%. c n p a e e n n u e o .  ~ o n b ~ o  A ~ P  T ~ X  pacnpenene~uii, y KOTOP~IX 
cy l l r eCTByeT M o n a  U / U ~ U  MaTeMaTU'ieCKOe OXWAaHUe. H ~ ~ O M H U M ,  
'ZlX%nOHXT%fe MeAUaHbI IIpUMeHUMO K , ~ ! O ~ O M ~  PaCnpeAeneHUtO.  , , ' 

Cyrrlec~~yeT HeCKOnbKO MeTOaOB AJIX OUeHK,u k 0 3 @ @ U q n e U ~ a  
, . aCUMMeTpUU. 

Oqen~a ~03@@uyue~nta usurcrtempuu c no~oqfiro ~sanm 
pacnpeh,enun 

90%-~0tt B~~OIITHOC?!~IO. H~IIOMHUM, 910 OH O ~ ~ ~ ~ O B I W  C 
5%-nott u 95%-~0R KLwminefi pacnpenenem. Torna c o o T B e m x -  

, '  

~ y m q u a .  , ~o~@@nquem ~ C H M M ~ U U  B~I'LWCN~~TCII no me~lyloq 
@op~yne: , , 

( ~ 0 . 9 5  - X O . ~  - ' ( x o . ~ o  ? ~ 0 . 6 5 )  .- _ X 0 . 9 5  + X 0 . 0 5  - 2 x 0 , ;  

x 0 . 9 5  - . x 0 . 0 5  _ X 0 . 9 5  - X 0 . 0 ~  

P & ~ M ~ ~ T c % , . T & M  C ~ Q C O ~ ~ M  MOX&O ~ b l ' i U ~ n U T b  K O ~ @ @ U U U ~ H T  

a C H M M q H U  H a  m 6 0 ~  U H T ~ P K B ~ H T U ~ ~ H O M  IIpOMeXYTKe, ORHCI~O 

U l e A y e T  CKi33aTb, ' tTO JIOAQ~H@, OUeHKa 6 y ~ e ~  3aBUCeTb 0 T  ~ b l h p a  
U H T ~ ~ ~ T U J I ~ H O ~ ~  ~ P O M ~ W Y T K ~ ,  TO eCTb, HaIlPUMeP, OUeHKa ' H a  

.~~Y&-HQM. U H a  ~O%-HOM; I I P O M ~ X Y T K a X  ~ Y A Y T  AaBaTb eoo6qe mB0- 
p X  pa3HbIe.pe3yJlbTaTbI.  ~OCTOUHCTBOM AClHHOrO MeTOna  XglllIeTC4 . '  '. 

TO, 4 T O  C er0 nOMOulbW MOH(HO PaCCYUTaTB K O ~ @ @ U U U ~ H T  aCUM- 

. ~ q u w  s n  nm60m pacnpenene~un. ' , .- 

Oyen~a ~oqlupuque~nta acurcrtempuu c '  no~o.qb ~op~anbnom. , . . ,, , ,  z .. , :, 
yenmpanbnozo ~ o ~ e n n t o  pacnpedenenun . .' ; m&ep&,,H& 

, . .,, *. . ; 
Ecnu w r ~ m e  no-mn weu~pa pacpp,enwe~ 

~ ~ ~ e ~ a h ' i e ~ ~ ~ e  , . , . ,  , OXUAClHUe, TO K O ~ @ @ U I I U ~ H T  aClTMMeTpUn p a C C w -  X 5 m T a M E  . .  , , , . ' , 

T b l B W T ,  U C I I O J I ~ ~ ~ I I  ~ p e T U f i  U e H T P B n b ~ b l f i  M O M ~ H T  p a ~ n p e n e n e a U X ~  ; 
B 3TOM CJ tyYae  K O ~ @ @ H P ~ H T  a C U M M e T P U U -  3TO O T H O ~ ~ H ~ ~  

. . 
,. . T p P b e r O  UeKTpBnbHOrO M O M e H T a  ( U ~ e l O ~ e r 0  pa?MepHOCTb ~ y 6 a  

. . cn$aq"+fi .. eikhru~br)  ,K c p e m e m a n p a m H o M y  ~ T K J ~ ~ H ~ E U *  (pa3- 
p ~ o c ~ p  ~ o ~ o p o r o  c o e n w a e T  c p a 3 M e p H o c n m  c n y r e o f i  B e n u -  

H ~ I ) ,  B O ~ B ~ ) ~ ~ H H O M ~  B Tp&blO CTeneHb.  

K o ~ @ @ ~ ~ u ~ H T  aCvlMMeTpUE BbFfUCJIXeTCX no @ 0 p ~ y n a ~ :  

22 23 





4) y(x) =e-" t 
3m @ y ~ ~ q n n  nBnnewn MOHOTOHHO y661mmqeii. I I epe~en~m 
x onpeneneHa Ha nceii sacno~ofi ocn, n e p e ~ e ~ ~ a r r  y onpenene- 
Ha Ha HHTepBaJle OT 0 &O b. 

5 )  y(x)=x2 
%a @ ~ H K I ~ H X  MOHOTOHHO ~6bl~aeT Ha EiHTepBaJIe OT A 0  0 A 

MOHOTOHHO mapacTaer Ha HHTepesne OT 0 no "a. l l epe~e~nan 
x onpeneneHa Ha ~cefi  sucnoeoii ocn, nepe~e~uarr y onpenene- 
HZ Ha IiHTePBaiTe OT 0 A 0  b. I 



. , . . . . . 

- ~ ~ K O H ~ I  6 0 n b m u x  ~ucen,  onpenennmme CB 

6onbmoro KOnUqeCTBa cJly.lafiIiblX BeJIU.ulH. ' 3BaHUn 3aKOHOB 6 0 ~ 1 b l l I U ~  YACW. 

Hepasencmeo Ye6~1ueea 

H e p a e e ~ c ~ ~ o  qe6bnuesa o n p e A e n n e T  rpaewraoe 3 ~ a v e ~ n e  B e  

POXTHOCTU IlOIIWaHUX ~ a f i ~ 0 f i  BenUYUUbl X C npOU3BOnbHbl 

WKOHOM pacnpeneneawn, w~emwefi M a T e M a T u s  

oxuinmun: 
1. 

p { l ~ - p l z a ~ } s -  
2 

M H ~ I M H  CIIOBaMU; B e p X T H O C T b  TWO, YTO ,B HeKOTOPOM UCn 
' +; 

HUU cnyraii~an B e n w Y a H a  x  o K a m e T c n  3a n 
m U H a  KOTopOrO n p X M 0  npOIlOpQUOHaJlbHa C.K.O., y6blBae~ 0 

~ p O I I O p q U O H a J l b H 0  K B a n p a T y  K O ~ @ @ U U U ~ H T ~  

A. 
H e p a e e ~ c ~ ~ o  ZIe6b1mesa o n p e n e n n e T  WOCTE. c p e n H e  

TUYHOrO OTKJlOHeHUX KaK X a P a K E P U C m K U  PaCCellHUI CJl 

BeJIUYUHbI OTHOCUTenbHO l l e H T p a  p Z l C l I p € ~ ~ e H U n .  

n o n C T m U B  B H e P B e H C T B O  9e6b1me~a HeCKOnbKO KOH 

~ H ~ ~ H U R  B ~ J I U ~ U H L J  A ,  ~ O ~ P U M ,   TO RJIX 11106blx 3 a ~ 0  . . 

npe&eHlln c M a T e M a T u r e c m M  o m r u l u e M  p  n nucnep 
c n p a B e n n n B o :  

A = l :  P { l x - p ( 2 a ) S l  P { ( x - p , l < a ) Z O  

A=2:  P{lx-p1>20)51/4  ' P { l x - p / 1 2 a ) 2  

. A = 3 :  . P { l x - p 1 ~ 3 0 ) ~ 1 / 9  P ( l x - p l 5 3 o ) r  

~ U K O H ~ I  6onbu~ux 'LUCW2 

H ~ B O ~ M O ~ H O  n p e a B w e T s ,  K a K o e  s ~ a ~ e ~ n e  n p u M e T  cnyraii~an 
~ e n u r u ~ a  B. pe3ynb~a~e o~nenbuoro u c n ~ ~ a w u s ~ O n ~ a  . . 
TaTOYHO ~ O ~ L U I O M  KOnUYeCTBe Ucnb-Ufi OIWHKU "0. 

pmevos pacnpeaenemn crryuail~brx  enu us en B noc 
n e w  y T p a q u e m  cnyrafi~MZt xapaqep. To xe c a M  

3 a T b  U B O T H O ~ ~ ~ ~ H H W  C Y M M b l 6 0 J l b ~ 1 0 r 0  KOnH'ieCTBa 

nurua. IIpu ym&e~ww rwcna c n a r a e M M x  K o n e  

BrnUYUH B3aUMHO CrJI 

npu6numaexn K sop 
28 



2.1. B s e n e A s e .  

B 3roi rn&e MM piccMOTpu~ aan6pnee y n d r p e 6 u T A n b H b r e  G- , ,..: 
K O H ~ I  pacnpe~ene~kik c n y d i ~ b ~ x  s e h u k ,  a T a m e  o c H o e H b l e  na- , 
P M e T p b I  3TUX 3aKOHOB. 6 y m  n m b l  M e T o m  IlOUCKa @YHKLWU pac- 
npenenbnun B e p o r n o m i  enyqag~ofi B e n u w H b r  B crrysae neu~~er- :  
pupye~ofi iTlOTHOCTU BepORTHQcTH, a.TaKHte:aJIrOpUTMbI nOJIyYeHbM 

~ O , C ~ ~ ~ O B E I T ~ ~ ~ H O C T ~ ~ ~  ~ J l ' V a f t H b l ~  BenWYUH, C IIpOU3BOnbHblM 3aKO- 

HOM p a e n p e n e n e H n n ,  ao ~ e o 6 x o n u ~ 0  npu ~ o n w u p o ~ ~ m  cny- , 
' r&nm npoyeccos. Oco6oe BHuMaw,ue 6yne~ y n e n e H o  0606~e~eo -  .: 
MY s K c n o H e n q a a n b H o M y  pacnpeneneuum, ~ o ~ o p o e  ~an6onee. npu- 
romo npu u3yreeau ~ e ~ o o 6 p a 3 o ~ a ~ n n  WKBOB.' 

, . 

2.2. Kmornnanb~oe pacnpeme&a 
...::,, , .  , :  ~ . .  , , ,  , , , . .  .. 

~ Y C T ~ '  deK0TOp0e  ~ 0 6 b l T H e  M O X ~ T  .,UM&T~ T O ~ ~ K O  R B a  .NDXOP& 

K O T O ~ ~ I ~ H Z ~ O B ~ M  "ycnex" U '"HeynaYa", H p n  3TOM B~POIITHOCT~ YC- 

nexa p m H a  p . B e p o j l T H o c m  H e y n a w  p a ~ ~ a  (1 - p )  . 
! 

EcJIu IIpoBonu'rcn CepUn Wx N He3aBUCUMblX . ~ ,  ucnMm'uB, TO 

Bep.OllTHOCTb TOrO, YTO YCneX B, A*HO~ C V U H  ~ O B T O ~ U T C X  X p a  a 
eeynaqa, (N - x )  pm, 6 y n e T  pama n p o u 3 ~ e n e v  Y u c n a  cnoco6o~, 

' , .  . . 
KOTO~'HMA MOXHO ~ b i @ T b  X U 3  N,,, H a ,  B ~ ~ O I I T H O C T ~ .  TOrO, YTO 

c~asana. x p , a : n o s ~ e p ~ ~ c x  ycnex; a 3 a ~ e ~  (N - XJ pa3 n o ~ ~ o p u ~ c n  , . " ,  

,, , 
H e y n a r a .  CnenosaTenb~o, B e p o x m o m  x ycnexos B N ~ e s a ~ n c n -  ; .> . ,  . * , ,  . , , . , ' * ' ,  " 

MbIX ktCqbITIUlUBX P m H a :  , , 

N! 
P(X)  = p'(l-p)N" , x = 41, ..., N x!(N - x)! . . &:.TO,.  HIM^ 

, , .. 
,I(tulHaX'@oPMyqi o n u c q e a e T  6 u ~ i m a n b u ~ ~  3mOH p a c I l p e n e i e H u x  

CJIy%@H08 B e J l m U H H .  ki3 O ~ ~ ~ ~ I H ~ U ~ ~ ~ ~ C T B ~ H H ~  CJlenyeT, YTO 

~ U H O M U ~ ~ H ~ ~  ~ ~ K O H  ~IO~HOCT~H) , X a ~ a K E p U 3 Y ~ I I  g?YMX nva-  
M ~ T ~ M :  K O ~ U < ~ C T B O M  ~ ~ n b l ~ a f i ~ f i  N U BePOIITH,OCT%H) , Y ~ l l e ~ a  P . 
Ha .PUCY;HK& nPRBeAeHa ~ J I O T H ~ C T ~  ~ u H ~ M u ~ J I ~ H o ~  P a C n p e n e n e H W d  

IIpK N = 10 ti pa3lIU7HbIX 3UaYeHKXK BepOnTHOCTU YCIIeXa p . 
, .  : , . , , r . . , ' ,  , . Pacnpe~ene~ue nennwcn nucKpeTubIM, n o 3 ~ 0 ~ y   TOY^ c o e n u H e H b 1  

~a rpaau~e n u r u b  nnn ~a r J rkn~oc~n .  , . 

30 
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npu K o n w m e  BCIIUT~HUB N -t w 3KCUeCC G U H O M U ~ J I ~ H O ~ ~ ,  
p a c n p e n e n e n u n  c v e n o l w n  K qucny ~ p u ,  TO ecTb K xcqeccy uop- 
Manmoro p a c n p e a e n e n u n .  

Pacnpenenenue nyaccona npueruo~ enre pacnpeaenenueM 
p e m  C O ~ ~ I T U ~ ~ .  EMY ~ O A A ' I H ~ M T C ~  cn)~(aiin6le~~enmmI, Bep- 
lITUOCTb IIOXBneHUII KOTOPbIX B OTAeJIbUOM UCtlbITilHUU MBna U no- 
CTOIlHHL 

Pacnpenenen~e nyacc~na nruIneTcn  R p e R e n b n a I M  cnyraeM 6u- 
HOMUaJIbHOrO PWIIpeneneHUX. EIV M O W 0  IIPUMeHRTb, KOrAa KOJIU- ' 

WCl'BO HCII~ITW&& ?? &OCTaTOWO BIIMKO, a BepOnTHOCTb YCneXa 
' 

p Mana, no nuc s.n, r r p o u s ~ e n e n u e  p = Np - m HeKompoe KO- 

HeqHoe  IIOCTOXHHOe 'IHUIO. 

E C ~ U  Mbl 0603na9n~ MaEMaTUYeCKOe O X U A W U e  KOnU'leCTBB 

YCneXOB 3a H ~ K O T O P ~  IQOMeXyTOK BpeMeHH ( H m  3a HeKOTOpOe 

KonusecTBd n c n ~ m u P )  KBK p ,  TO BepomocTb nonpum x yc- 
nexos 3a  TOT npoMeX()PIDK BpeMenn n o m u n e n : n  p a c n p e A e n e n u m  
nyacco~a: - 

*: 
namoe pacnpenenenne sasucu~ OT ennncTseuHoro napaMeTpa 

p , KOTOpbB MOXeT IlPUHUMaTb KOHeSHlrle UOJlOFiTeJIbHPIe 3HaVe- 

m. HB;IIOMHUM,  TO Benuquna x - x o  KO~U'I~CTBO YcnexoB,  a no- 
TOMy A U C I q X I B a  

ki3 W M Y ~ I  m n  p a c n p e n e n e n u n  nyaccona HenocpencTsenHo 
cnenym, ¶TO p(x+I ) /p (x )=p / (x+ l ) .  Emu 1 TO 

p(x + 1 )  < p ( ~ )  UpU n m 6 0 ~  X U MaKCUMWlbHOe 3HaqeIiUe P(X)  
nocTurBeTCn qxi x = 0, Ecnn xe ,u > 1, TU p(x) cnaqana pacTeT c 
penusenueM x , n o c T u r a n  ~ a ~ c u ~ y ~ a  npu x m ,u, a 3aTeM y661~a- 
eT. 
Mamemmuvec~oe oxudmue u ducnepcm p a c n p e n e n e n u n  npc- 
cona p m n ~  p . 
Tpemuir yenmpanb~~ii xonream m, Tame paseu p . Cneno~a~enb- 

HO, K O ~ @ @ U ~ U ~ H ~  UcUW4empuu COCTaBnXeT y = l / f i ,  PO eCTb 
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rnaea 2. Ananurnuvecwe tamtd pacnpeaenenus atpaCntdx eenwun 

HGTU B pasnede "CTa~uc~u~ecme @y~muu"  ~ ~ ~ K T ~ O H H ~ I X  

Microsoi? Excel. 

n y c ~ b  cnyqafi~an senusuna X nonsuesacn HOPM~JI~HO 

'npeneneeum c n a p a M e T p a M u  ( p ,  o) . 
1.) ~ ~ O T H O C T ~  p a c I I p e n e n e ~ l l X  B TOYKe X = X : 

'HOPMPACI7(s, p , a , n o ~ b )  

2) B~POXTHOCT~ TOTO, YTO X ' s  X : 
HOPMPACII(s, p, c, ucmuna) 

3) Bepoxniocm. TOTO, q T 0  X>x : 
I - XOPA4l'ACl7<x, p ,  o, ucrnulta) 

4) E C ~ H  U3BeCTHa BePOXTHOCTb TOrO, 9TO X 2 X ,  T O  eCTb 

P = P{X 5 x} ,  TO C O O T B e T C T B y i o ~ e e  3Ha'JeHUe X M o m 0  BbI- 
I 

'JUCnUTb KaK: 

x =HOPMOGP(P, p ,  o) . . eQ-@fl %w P,(Y). ImfOPqnO 

5) f i x  n p u B e n e n n n .  e o p ~ a n b e o  pacnpenene~eofi crrfiafi 
IMYUHbI K C T ~ ~ H A ~ ~ T H O M Y  BHW, TO e 
z = ( x  - p ) l o  u c n o n b s y e ~ c n  @yn~qun:  

. z = H O P ~ 5 7 N 3 A ~ N ~ ( x , , u , r s )  

~YGT! cnyqaij~ax senuquea Z nonqu~n&n ' i ~  
~ .. . 

.., , ~ h b ~ o h n y  pacnpeneneeum ( p =  0, a = 1). 
) B~POUTHOCT~ TOrO, qTO, Z 2 Z : 

HOPMCTPACli'(z). . 

!) B e p o r r ~ e o c ~ b  TOTO, 'JTO Z > z : 
1 - HOPMCTPAC~~ '~~)  

;) Ecnu H ~ B ~ C T H ~  BepOXTROCTb '@o,. qm 
P = P{Z 2 Z )  , TO C O ! ~ T B W ~ T B ~ ~ I ~ ~ ~  3HsY 

YHWlUTb KaK:, 

z = XOPMCTOEP(P) , , : , , . ,  . .  , , . .  

4). B e p ~ f l n i ~ ~ T b  TOTO, YTO - Z s 5 Z I 
HOPMCTPACl7(z) - HOPMCTPA 

5) E C ~ U  U3BecTHa BepOXTHOCTb TOTO, 9TO - Z 2 Z 2 z ,  TO eCTb I(), 

P = P{-z z 5 Z), TO COOTBeTCTBy 

HO BblYUCJIHT5 KaK '~', 

36 
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O ~ H ~ K O ,  3HaYeHAII H H T ~ T ~ ~ T ~ H O $ ~  @YHKI&~u JlOrHOPMaJIbHOrO 

PaCnpeAeJIeHUX MOXHO H ~ ~ T U ,  UCnOnb3YII 3HaYeHUII HHTepXTbH0fi 

@ ~ H K U U U  pacnpeaeneHus raycca, TaK RaK onn C B U ~ ~ H ~ I  coonroure- 
HHeM F, ( y )  = Fv[ln(y)], nJlH B IIBHOM BUne: 

Y I " ( Y )  ' 

J I o m o p ~ a n b ~ o e  pacnpeneneme MOXHO ~ c n o n b 3 o ~ a ~ b  B Kaqe- 

crse nepmro npu6nuxe~ua 8n11 0nHCaHUX omHocumenbnozo w e -  
HeHW Z@H aKmUBO6, OHIIaKO, C TeMU OFWMYeHMIIMU, 0 KOTOPblX 

6b1no C K ~ ~ ~ H O  npu 06cyX~e~wn pacnpeneneHun raycca, 

Eqe  OAHMM TUnOM 3KCJIOHeHUMFlJTbHOCO PaCnpeneneHXX, Hapn- 
ny C HOPM,aJIbHbIM, XBJIXeTCII PaCnpeBeneHne flannaca, IInOTHOCTb 

KOTOpOrO BbIpaXaeTCH @op~ynofi: 

KSK A pacnpenenenue raycca, pacnpeneneHue nannaca: 
- 3aBHCHT OT UBJ% rIaPaMeTPOB ( p ,  u), 
- Mamexamuuecxoe oxudanue, nneduawa u xoba nmHoro pac- 

npenenenun paBHb1 p , a ducnepcwr cr , 
- KpHB? nn0TKOCTX BePORTHOCTM CBMMeTpMYHa OTHOCUTenbHO 

MaTeMaTusecKoro ominanun, ~ou$@uyue~m a c w e m p u u  pa- 
BeH HYIIIO 

O n ~ a ~ o  3~cyecc pacnpeneneHus E = 6 ,  TO ecTb sneoe npeBb1urae.r 

~ ~ c u e c c  HopManbHoro pacnpenenerrux. C n e n o ~ a ~ e n b ~ o ,  pacnpeae- 
neHae nannaca OcrpoBeplllaaeoe, TO ecTb nMeeT BF,ICOKH& nuK a 
"TIIXenble" XBOCT61, 

K p o ~ e  TOrO, IInOTHOCTb ZaHHOrO PaCnpeAeneHUII RHTeI'pUpye- 

Ma, H (PYHKUAX paClIpei7eneHHII MOHteT 6b1Tb IIOnYYeHa B XBHOM BM- 

ne: 

Pacnpenene~~e JIannaca MOXHO ucnonb30~a~b nnn OIIHCWMX 

6 0 n b ~ ~ U ~  YCneXOM, YeM HOpMaJlbHOe PaCIIpefleJIeHUe. O,Z(H~KO, C 

ewe 6onbmeti TOYHOCT~H), peanmbre paCnpeneneHux seponnroc~eti 

2.8. Pacnpe~aeuae  Komu. 

Pacnpbgene~ue Kouru rr~me~crt o a ~ u ~  113 npoc~eihux  3 a ~ o -  

AOB paCnpe~eneHHX. Em IInOTHOCTb BblpaXaWCII @op~yJlofi: 

~I~OTHOCTL pacnpeneneHun Komu uMeeT B U ~  CUMM~TPNYHO$~ 

OTHOCllTenbHO TOYKH x = U K P A B O ~ ~ ,  BU3YWIbHO OYeHb I ~ o x o x ~ ~ ~  H a  

IInOTHOCTb HOpMaIIbHOI'O PaCnpeneneHUII. 
K p o ~ e  Tor0 p ( ~ )  uHTerpupyeMa, n o 3 ~ o ~ y  @YHK~BH) pacnpene- 

JleHUII K0IUli MOXHO 3anHCaTb B IIBHOM BRAe M He  npM6eraTb nPM ee 
BblqMCneHUU K n O M O q M  4HCneHHbIX MeTOnOB: 

I 

Kmanocb 661, pacnpeneneme Komx BbrrnnmT oseHb npnsne- 
KaTenbHo nnr onucannn H ~ o n e r r M p o ~ m 8  cnyr&ab~x penmuH. 

OAH~KO B U ~ ~ ~ C T B E ~ T ~ ~ ~ H O ~ T H  3T0 He  TaK. CBO*CTB~ PaCIIpeAeneHHX 

Kowu pe3~o  OTJIH~HSI OT C B O ~ ~ C T B  PacnpeneneHua raycca, nannaca 
X 3KCnOH~HIlH?Ul6HblX pacIIpeneneHHfi. 

eno B TOM,  TO pacnpenenenue KOIUM 6 n n 3 ~ o  K npegenmo 

nOnOCPiM, eCnU npH X + fm em IInOTHOCTb BePOIITHOCTU 

p(x) Z 1/ I X 1'': me 6 - CKOnb YTOnHO MWOe IIOnOXHTenbHOe WC- 

no. npa 6onee nonom,  YeM 11 1 x c n a n c n n o u a n b  non KPU- 
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f i x  pacnpenenemrr ~ o m n  He CywecTByeT naxe nepBoro 
Y a b H O m  MOMeHTa PaCIIpeAeneHUS, To eCTb 

03CudO~u8, T ~ K  KaK onpenennmqnti ero u ~ ~ e r p a n  p a c x o m ~ x .  n p  

v .  
,.< ' M T ~ ,  M ~ I  non)irlunu c n ~ ~ e ~ p u s ~ o e  p a c n p e n e n e ~ ~ ~ ~ c n m e e  OT 
, v e x  napmerpoB, c noMOWN3 xoToporo MOXHO onucmam .~w6opnn 
-XJ"I&H~IX BeJlHYliH, B TOM YUCne C nOJIgTAMH CnWaMU. O ~ H ~ K O ,  
~a~Ilpe.4eJle~Ne 06Sfftqa~ HenOCTaTKaMIi, KOTopbIe 6 b m  PaCCMOTp 
.!% O ~ C Y ) ~ U ~ ~ H W W  PaCnpeneneHXX K o , ~ ,  a UMeHHO, MaTeMaTKYeCKO 
b2nnmue CymecTBye~ Tonbno n p ~  > 1, mcnepcun ~ o i e s ~ a  &JI~KO 

:npn I,, .,, a > 2,. H ~oo6ue,  K O H ~ Y H ~ I E  MOM~HT papnpenenenun K-20 .nopm- 
,,, , ? ,  , 

x a  CyqecmyeT npn a > k . I , , . , . ,  

Buue  B XOI? rnaBe 6 b m  PaCCMOTpeHbl Ma BRA8 3KCnOHeHqKanb- 
H ~ I X  pacnpeneneauE: raycca n Jlannaca Y HNX Mnoro 06qer0: OHH 

'CHMMeTpUqHbl, 3aBMCXT M PBYX naPaMWpOB (,U,C), MMeDT KOHeV- 
nble MOMeHTbl mo6oro nOpXRKa. &nuY&ie Xe COCTOnT B TOM, Yr0 H3-3a 
lore, YTO IIePeMeHHm X BOBBOLIUTCX B PmHYIO CEDeHb Don 3HaKOM 
3KcnoHembI (B KBanpaT y pacnpeneneHnx raycca n B nepnym creneHa 
y pacnpenmeHu8 Jlannaca), 3~cuecc y ~ u x  pa~brii .  H ~ ~ O M H U M ,  ' f ~ )  

3~cuecc xaparrrepn3ye1 OCTPOTY nuKa pacnpeAeneHux H K P ~ T U ~ H Y  

cnana XBOCTOB pacnpenenettun. B O ~ H U K ~ ~ T  sonpoc: MOXHO nu saha- 
GaTb Cbop~yjIy Win IIJlolHOCTU BepOXTHOCTU 3KCnOHeHqHanbHOlW pat- 
ppe.4eneHUX B o 6 u e ~  BUne, TO eCTb C np0~3~0nbH0~ nOn0X~lenbH0fi 

:mm nepe~en~ot i  x non ~HSU(OM ~ K C ~ O H ~ H T ~ I ?  OK~~MBB~TCS, Ta- 
IOpMYJTa CyWCTByeT: 



A =  , / r ( l /a) /r(3/a)  4 

rne r(t) -  TO l i l~~a-h~~m. o 6 ~ ,  ~(BK B M ~ H C ~ ~ T C I I  m ~ a -  I 

+y~wm, ~~CCKIULUFO a WIIJIOXEHMM 2.1 K JT& maw. 
Pacnpeges~ue c npmge~noi i  w e  ~ m t m i o  ~ W T H O ~ ~ .  - - - . . . . , 

MU 6ym m e e r r ,  C ~ O ~ ~ H H W  ~ w y u a n m  pacnpebene~u- ' 
a, ~omp'oi x a p m q w ~ y e ~ ~ x  -Ma n a p e p m u :  
- MaTeMaTsreclrclhl O X ~ A ~ H H W  ( ~ e n u a ~ o i t  MOAO~~) p , 
- cpenHeIcwpamrHm oTmcnremM CT (menepoteii c2), 
- n o w a m m  crenexu pacnpeppnenan a .  
lloaaxmnb cmmcn a xapmqu3ya  bpbry pa&ripenenmur: 
- iipn a < 1 pacnpemwne mem o.iezi. oc~pbnk nuK a ( p m e ~ i  no- 

.( 

norne wanhr, i 

- npe a = 1 p;hcnpenenenne T O ~ S C ~ ~ S H H O  pacnpenene~m filitew wry~w IVK,TWQW~ B ~ ~ ~ I I T H ~ T H  O ~ O ~ I ~ ~ W H O T O  ~ q 0 -  
I l a n n ~ q  , , HeHqrtWro WVeJKRf?HuU HWb3Z ~ ~ ~ U H W ~ Q H  osmb nonyqe- ' . 

- npu a =:2 p a c n p e m e ~ ~ e  ~ e e m e ~ r i o  pacnjwene~um Q r w q ~ n  P W ~ P ~ W ~  WORTH- F(X) $.' B n m o ~  umne. ~(x) , 

raycca I 
HO d k u  c u c h ~ & i n m :  

- npu 8 > 2 p a c r i ~ n e n a e  c r a ~ o s m u  noxoarw Ha p ~ 0 6 e n -  , 
p e ~ ~ y ~ o  Tpmeqm, m ecla ~nnee+ nnocqm m p n ~ y  H pe3~0 ma- , 
,imolume XROcru, Y 

- ' n p ~  a C O  pWnWE%Tt?HUe TOXIfecTBeHHO paBHOMepEOMy pat- 
npenenemim. 

?~cqec+ p c n m ~ i i n  OnUmN@IHO o n ~ m e r c n  nomaaBne~c re  ' 
. . 

IEHU a : E = r(l la)T(SIa)/[T(3 la)I2. 
CO~T~~~TCTB~KHO, H3 BsI9ZfCRHUOrO .$I0 EbI60p~e C R ~ & I ~ M  EenHXUH 
3Ha%HUS OQetlKE 3KCUeCCa, b a ~ ~ 0  Ollpf5flWlUl% OUeIfQ' nOEBaIWXI 
a .  I 

06&o n cnpaeoq~slcaw pacnpeaeJleHm raycca, Jlamaca n paa- 
HOMepHOe p%ccMaTpWW3TCll W b l e  p l ~ i I p e n ~ H ~  X W S  6 UuIa- 
WMOR 3mb Iconqenuun - woonw, H mwe p n p e n e n e m .  E~HHCI- , . - . ,  . 

eeaeblm napmeqou, x a ~ p ~ ~ ~ ~  @ p ~ y  (a syarlm u c m a m  
m) ~ T X X  p n p a n e n e ~ ~ f i  m m m x  nou%samnb a .  ' 

? 
-- < .U F(E) ~ ' 0 : 5 - 0 . 5 .  TAMMAPAC~ 

, , b: . , 5 -e$lmew, mvl npumtp renoma o TOM, ' l ~ o  nnomomb ee- 
poar~ocm CnY%&Ho& BWiUYRHbl HMeCT ~ ~ M ~ H U U B T D H M ~ ~ ,  XapaKTep, 

onunulnn 3mfi BenR'lUlfbl6~ltehl WCflOJIb30MTb HMSIHO 06064e~- ' U H T ~ ~ ~ J ~ ~ B O P  ~,f~f-na p~~peneJlmsl ,  . Y ; . ~ ~  / 
Hoe 3KCnOHCHUllanbHW p a a I b c n p c ~ U U S .  r n o ~ , b * ' ~ r p l l p o m m i  ~ o i e o , ~ ~  ps&peneJr&sn. 

~a pucy~ae npeeeneia nnimo&b m ~ f a p m a r o  O ~ O ~ U ~ H H O ~ O & +  n ~ ,  ~ i m a  c s l y ~ H &  seikraira, ~ m p a  nomIIHmkII 
~ K C ~ O H ~ H L U ~ ~ I I ~ H O ~ O  pacnpenenemn npu pavruqub~~ 3~are~r iax  a . , 

- " . . ,  -.:,,. ., , . . .  .,~,. . . , , ,  . , ,  ~ ~ ~ ~ W H W M Y  ~ C ~ ~ H U H ~ ~ ~ U O M ~  pacnpenm&nro na*keTpa- ., : ' 

' ( P , c , ~ )  eCTb ~UIOTWOCT~ B ~ ~ O ~ T H ~ T N  UMeeT BW: 
, I, 
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.- -* 
Ilpe)ae scem ~ ~ M ~ T U M ,  YTO 3aaa~y  MOXHO ynpocmTb, nepel- 4 

rn K nepeMe~Hoii t = (X - p)/cr. C n p a l ~ a x  BenamHa t uMeeT Ma- ' 
!@ 

- p836u~b scm o6nacm okpent?Ieem nepeMeHHoR t Ha N UHTep- 
B ~ O <  IIpU 3TOM y3Jlbl p836ue~un ~ W T  06p830~br~a~b MaCCUB 

, , { T k ] , k = o  ,..., N. 
- , Bsmcn~uib s ysnax pm6&emix Maccue snarenaii u~~ . e rpanb~o i i  

@ ~ H K U U U  {Fk), k = 0 ,..., N. 
Torna nm npou3~onbaom 3~arefiuh nepehieH~ol t, TaKoro, YTO 

T, < t Tk+, 3 ~ a ~ e ~ u e  U~TWpanbHok @ ~ H W U U  F(4 MOXC~T .6b1~b 

n p u 6 n u ? ~ e ~ ~ o  onpenene~o s sane: 
F(t) = Fk + (t -TI )(Fk+I -4) l(Tk+~ -Tk 

O ~ H ~ K O ,  RJIOTHOCTb BepOIITHOCTU OIIpeAeneHa Ha BC~I? XUCnO- 
BOR OCH, @ pa36u~b 6e~~0HesHblk UHTepBm Ha KOHeqHOe ,KoJ~u'I%.T- 



rl 

S , = x p ,  k = O  ,..., M 
,=o 

9) T ~ K  KaK sHaveHue ~~TerpaJIbF!ofi @ y ~ w u a  B ueHTp'e pacnpene: 
IIeHlla (TO eCTb B rJne c HOMePOM nil) PaBHO 0.5, TO MOXHO BbI- 

mrcnn~b neBym s a c n  yacctiea, B K O T ~ M  mnepxnTq @YHK- 

Uun pacnpegeneHRn 
F,3.0.5.Sk/i9& k=:o ,... ' M I . ,  

10)  TBK ui~ pacnpene~eme c i i ~ a e ~ u s ~ b  dT~ocnTenbm ue~*a, 
' B ~ I ~ K c ~ ~ M  bcTaBlUyM8. saCT6 M ~ C C ~ X B ~ ,  B ~ K ~ T O P O M  't%nepX@iT- 

, .  ,:! . , 
cn + Y H K ~ H X  pacnp,eneneHnx . 

k  =,M+I, ..., N F, = 1 - F,-, 

H& &i,nonjb& MWHB 3 ~ i v e : ~ &  , . c . n ~ q & ~ o f i ' ~ e n ~ w m ~  {Tk) u 
c o o T s ~ & 5 1 ~  e ~ y . M w c p  u~Aq~anb"ofi +yiYuu pacnpenqeHIln ,. , 

{F,,),To e p  3 ~ ~ ~ + ~ ~ 4 1 1 r n ~ ~ n p : ~ e r r e ~ @ ~ u  rn6nu&o~,~ti4e.. 
&m n p o a s ~ o ~ n o r o  3na'le~six 'nepe&ejreHnofi, t 3na'fe~ne UHTP 

rpanbnoti @yxluinn F() M O ~ ~ T  6b1n onpe~enemo-no ~ l o p ~ y n a ~ :  
t i & :  F(t)=O , .  . . . , 

.T,4t<T,, k = O  ,..., N-1: 
- F(j)= F, + (t -T,)(F,, - Ft)I(Ta -T,) 

t>T;: F(f)=l 
H ~ ~ O M H U M ,  9~~ nepeMeHHw t HMeeT ~ y ~ e  M ~ T ~ M ~ T H Y ~ C X O ~  

oxngatiee n eflnHaqnyro Aucnepcnio. n e p e ~ e n ~ a n  x c npou3~on.b- 
HMMU MaTeMaTnrecrutM omnnwneM n nucnepcuei4 c ~ m i ~ a .  c nepe- 

, , 
.. , 

M ~ H H O ~ ~  f CQOTHOIWHiIeM X = 9 +,Qt.  . , 

3wavy, nocTmneHnyro npenbrnyureM naparpa@e, MOXHO pe- 
~ H T L  nyTeM pamoxeiiux c ~ o n q e s  non ~ H ~ K O M  uwerpana @ynwxnu 
B PRA Teiindpa C nOCJleLlylolUHM GIHTeQUpOBaHUeM 3TOTO pnL(& 



B C T P O ~ H H ~ I ~ ~  B KoMnbmp reHepamp ncesnocnyrafiab~x rucen 
BblnaeT WWa, PaBHOMepHO PaCnpeneneHHble B HHTepBme OT 0 A 0  
1. T ~ K  KaK n1o6an u ~ ~ e r p a n b ~ m  @ y ~ ~ q u n p a c n p e ~ e n e ~ u x  F&) m e -  
eT o 6 n a m  3HaseHufi OT 0 a0 1, TO C UOMOqbK) PaBHOMePHOrO pa* 
npeneneHm MOXCHO nonYguTb cnyraiiHoe rucno c npou3BonbHblM 
~ ~ K O H O M  pacnpeneneHun nyTeM pemerlun 06pamofi 3anavu, TO ecT6 
BOCCTaliWHRan no U3BemlOMy 3HaYeHUH) F(x) 3Ha'leHUe X. B Ka- 
recTse npuMepa 6 ~ x 5 ~  MonenupoBaTb cnyrafi~ym BenuruHy, non- 
Y%iHXIollg.roCn 0 6 0 6 q e ~ ~ o ~ y  3KCnOHeHUUaAbUOMy PaClIPeneneHUbJ. 
Ann pemeHUX  TO# 3aaqU 6 y n e ~  UCnOnb30BaTb pe3ynbTaTb1, nOny- 
seHHbre B n ~ y x  npenb~nyqux naparpa@ax. 

Peurenue n y m  npedeapumenbnozo vucnennom unmetpupoea- 
HUR nnomnocmu pacnpedenenun, nu, ecmb 3adanu @ ~ H K ~ U U  

pacnpedenenu 8 ma6nuuno~ eude. 

nonyreHua ucKoMoro rucna X, ~ & n e ~  cHasana BcnoMora- 
enbHOe qUCJ l0  t, KOTOpOe nOEiUH!4eTCX 0 6 0 6 q e ~ ~ o ~ y  3KCnOHeH- 
[uanbHoMy pacnpeneneeuro, c napaMeVaMu (p  = 0,o = I). ,J$m 

more no MeTonuKe, ~ 3 n o x c e ~ ~ o t i  B naparp4e 2.1 1, nonYguM Mac- 
:MR 3~8'4eH~fi CJIY'I&HO% BenU'iUHbl (Tk}  U C O O T R ~ T C T B ~ ~ N ~ ~  eMy 



. 

T&.M F& ., 

t i -  
' t t r (Td"s'T-)12 . . . : . ,~ , . ,  , .  . '  

l.l'Z*raws&y sf$, ' 

EIJIOXEHME 2.1. ram~a-@yaaqnn &epa. 

O ~ H O ~  U 3  B N H ~ ~ ~ K I U X  CneUMaJIbHblX $JYHKIIH~.  npOU3BOnbHOrO' 

n o n ? x n T e n b i i o r o  x , s ~ a y e ~ u e  r ( x )  s a n a m c f l @ o p ~ y n o A :  

I B 3TOM IIpUJIOXCeHUU MbI PaCCMOTPkiM aJIrOpUTM BbrYllCneHUU raM- 

: 3 ~ 0 J I n e ~  CBeCTM Bb1qZ:CJIeHUe r ( X )  M nm6oro X  K BGwCII~HUIO 

TO r ( ~  + 1) B ~ I ~ U C ~ ~ T C I I  c noifoqbm n o m n o M a .  

.B 3TOM ~J%y'Iae BeJIUqUUY x MOXHO IIpeACTaBUTb B BHXe 

N - ! ~ ~ o q e n a x ~ a c ~ b  X ( N b 2 ) ,  . '  

z - 3m n p o 6 ~ a u  q a c ~ b  x (0 < z i 1). 
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3. F-pacnpenenesne (pacnpe~enewne vZ). 

, ~ ~ O T H O C T L  F-pacrrpe~ene~cin 3 a 8 u c u ~  OT u ~ y x  n a b a ~ ~ o ~  

un OCHOBHLJX xapa~~epuc~n~,F-pacnpe~ene~nn: 

~ Y C T ~  ~Jly' iaf i~Lle  BeJTUYUHbl X U Y HMeEOT H O ~ M ~ ~ ~ H O ~  paC- 
2 2 

n p e f l e n e H u e  c AMCnepCHnMU o, U IT, C O O T B e ~ e H H O .  

Ecnw UMeHvrcX Bb160pKU ' 3TUX C J I Y ~ & H ~ ~ X  BeJIHYHH 



~ Y C T ~  ~ b 1 6 0 ~ 0 9 H a U  AUCnepCUR Be~lu ' IMHbl  X60Jlbllle ~b160~09- + 

HOB nucnepcuu BenusaHbr Y . Torna cnyqaiuau BenuquHa 

npPiBene~ HeCKOnbKO IIpUMepOB Bbl'lUCneUKX XapaKTepUCTUK 
F-pacnpenene~ua. Bce ucnons3ye~b1e @yumuu MOXCHO H ~ T U  B 

pa3Aene "CT~TUCTUY~CKU~ @~HKUUU" 3lleKTPOHHbIX T ~ ~ J I I I I I  Micro- , 
softExce1. 

X nonmaeT B ~paTnqecKyK) 0 6 n a ~ ~ b  F-pacnpenenenuu. 
3) U3BeCTHa BepoXTHOCTb P UnU WpOUTHOCTb 9, TO COOT- 

BeTcTByrorqee 3 ~ a ~ e ~ u e  x , onpenenamqee rpaHuuy UHTepBma 
x 2 X PaBHO: 
x = FPACnOEP(q, V, , v,) nnu 

x = FPACI7OEP(l P, v,, v,) 



&a$Yeaa no B & ~ T ~ H @ , ,  noye  rero ~emi tny  MOVO onpene- 
8 , ,  .'- nuTb c n e ~ y m q u ~  06pa30~: ' .  ,,,, ;:. 

r7 - -  ecnu &eM Bb160p~ki NnBnneTca HeYeTHblM, TO 

BenHYUHa XBJlUeTCU H ~ c M ~ ~ ~ ~ H H o ~ ,  U C O C T O X T T ~ ~ H O ~  o I J ~ H K o ~ ~  

MaTeMaTurecKoro OXHnaIiun (re~epam~ori  cpea~efi) ,u cwaiiaori 
I I ~ ~ ~ M w H O &  X H~cM~I~I~HHoCT~ - 3aKnIOYaeTCn B TOM, 'iTO MaTeMa- 

, -YTO npu -o&be~e B ~ I ~ O P K U  N + m, 3~aqe~me 
. , ,  

e c ~ o e  c w a ~ i ~ 6 1 ~  B ~ ~ U Y U H  c a ~ o  kerrnmca cny- 
ucnepcur y cpeRHeKs?npaTurHoe,,oSKnoHeHwe 
c ~ o r o  'jasucn~ OT Aucnepcuu u cperisereW- 

0s CnyVafiHdii & q u ~ ~ ; r  sbr- 

. ~ 

e cnpa~emuao 'mn xe3aficuMblx Aau~brX c KO- 

eii n c ni06blM MCOHOM pacnpeneireeun. T*M 
X ~ e ~ b h e ,  YeM C,KO, , , c ~ o g  Cny-  

ki3 &om c;leWeT, rTo Toruocla 
y ~ e ~  ysena'reHun ' o & e ~ i  ibr6op~u. 

e, s q d u e ~ o  OT IIPOM&YOB.' , ~ c q 6 e ~ e 0  
~ a 3 b r ~ a r o ~  ~ ~ , M ~ X U ' ~ ~ U , ~ O M  b&e$e 

nu o65e~a  ma oie&a ~ m o q u w n  , . . ,  , &'go,- 
. .  . 

8 .  ' 

, . . . ,  . . 







-- 

5.3. ~ 0 ~ e p H ~ e ~ l b H b l k  uempBan nnx re~epansnoli cpcneeli. 4 

TOB BCeX 3~a ' le~ufi  CJLF&HO~ BeJIUqUHbl f, a lOOq IlpOUeHTOB 

n e m a T  BHe m r o  n p o M e m y T K a .  npu  TOM 1004 I 2  npouetrcos ne- 

. O~clo.48 CJleJlyeT, T O  n 0 ~ p U T e J l b ~ b l f i  SHTepBaJ l  IWl MaTeMa- 

m v e c K o r o  oxwlmun p sepe3 ~ b 1 6 0 p o r ~ y m  C p e m m m  B BH~OPOY-  

H o e  C.K.O. 3wae~cx B snne: 
- - 

W H ~ U H ~  n O B e p U T e n b H O r 0  U H T e p m a  Ann MaTeMaTUqeCKOrO 

OXUnarlUX OYeHb CyI l l eCTEHHO 3BBUCUT OT 06Ee~a B ~ I ~ O P K I I .  

u n n m c r p u p y e M   TO H a  n p O c T o M  n p u h f e p e .  I Iyc~b  B ~ B Y X  n c n b I T a H u -  

XX I I O n F e H b l  OAUHaKOBble 3HaqeHUX B ~ I ~ O P O ' I H O ~  ~ p e . 4 H e f i  - - 
X = 1.2 U B b 1 6 0 p 0 T H 0 m  G.K.O. U = 2.5. HO B TlepBOM C J l P a e  3TU 

n a H H b l e  6bmu n 0 n y ' I e H b l  no B b l 6 0 p ~ e  0 6 5 e ~ o ~  N = 100, a BO BTO- 

pOM cnyrae no B b 1 6 0 p ~ e  O ~ ~ ~ M O M  N = 25. ~ W W M C X  YPOBHeM 

3Ha ' IUMoCnr  q = 0.05. 
B b l r l r c f l ~ M  C nOMOUlbH) @ Y H K W ~  Microsoft Excel ,4OBepUTC3lb- 

H b l e  UHTePHanbI AJlR MaTeMaTUqeCKOrO OXU~LWUX: 



. , 

2OEP(l-0.025,24) = 12.40 

nonomTenbnoe cym- 
neHne o ~ ~ K O H O M ~ ~ H O C T X X ,  KOTOP~IM nonquHnmn cnyqak~ai  Be- 

nurma.  M ~ I  6 y n e ~  paccMaTpnsam funo~esbl o eennqnae napaluler- 
POB 3aKOHa paCIIpeneneHUn B ~ ~ O X T H O C T ~ ~  U 4 er0 BU'Ae. 

Cmamucrnurec~as npooepKa zunome3 -  TO CucTeMa npneMoe, 

fIyXe6U ZUnOme3U H, ' 3 ~ 0  ~ u ~ o T ~ ~ ~ ~ , ! K o T o ~ ~ s I  CYHTaeTCX Bep' 
'' HL)k 80 E X  nOp, nOKa He 6ynw AOKa3aHO 06paTHoe UCXO,L(nA3 

pe3ynbTaTOB C T ~ T U C T M ~ ~ C K O ~ ~  npOBepKM, 

r a m n  HyneBan nmoTesa. 

mne~nfi, KoTopaa CJQXHT ~ e p o f l  pac- 

cnyq&sobl aennweoii. 
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7" Q,, YTO ecnki runo~e3a Ho BepH% TO BePOXTHOCTb TON, YTO 

nrocmu. Ecnu Q .I QQ , TO m 0 7  Ho npuHnMaeTCn, a ecnu 

. ~ 

. ,  , 

. , n& pemeawu soupoca o cnpmemasocTu runoTe3pr H, M ~ Y  

6b1Tb ,UOlljWeHbI 0 m 6 m  ABYX BUROB: 
- oulu6xa nepsozo poba n p o ~ c x o m ~  Torna, Koraa OTBepraeTCB 

sepaaa runoma Ho , 
- . o u p ~ e ~ a  .ornopaz~ poba npoucxowT mra ,  Korna np rzau~ae~n  

, , ,. , nokan  runo~e3a H, . , , , , ,  p; . . -  , , ,  . . ''8 . , 1. 

::' Ypmena 3~alj1+ocmu . , , , , ,  

5.7. nposeprca reno~e3 o ee~lesdee reeepanbaoE cpeneeii. 

Pacnonaran anpuopumu CyweumMw o eenuqese reHepanb- 
~ 0 %  cpemeE (Ma~eMa~kiqe~~oro 0X~naHUn) Mbl MOXeM IIPOBepUTb 
rUnOTe3y 0 TOM, COOTBeTCTBYW JIU B ~ I ~ O P O Y H ~ J I  CPeRHBIl allpEiOp- 
HOW 3 ~ a ~ e ~ u m  MaTeMamsecKoro OXWAaHMllr 

~po~C?Plca rUnOTwb1 0 COOTB~TCTBUU B ~ ~ ~ O P O Y H O ~ ~  cpe.4HeE SII- 

PHOPHOMY 3HaYeHNEO MaTeMaTUVeCKOrO OXMLIBHUfl MOXeT 6b1~b On- 

~ o e ~ o p o ~ ~ e i  (npasocmpo~~eii urn ~ ~ B O C T O ~ O H U ~ ~ )  unu ~BYGTO- 

pomeR: 
- dsycmopo~ww npoeepxa ucnonb3ye~cx B TOM cnyrae, korna He- 

I O ~ X O ~ W M O  npOBepKTb, PaBHa nU B b 1 6 0 p 0 ~ ~  Cpeprllur allpUOp- 

' ,! r a e a  5. Cmarnucmwecme ebie0ab1 

H O M ~  ~ H ~ Y ~ H U I O  MaTeManiqecKoro o ~ u n a ~ u n ,  R kuno~esa 40p- . , . MyJIHpyeTCX B BUAe: - 
H,:  X = p  

+ H , :  X+,LI 
. . . - npasocmopo~m nposepxa ucnomye~cn B TOM cnysae, ~ o r n a  

H ~ O ~ X O L ~ I ~ M O  np0'Bep&i~b, s T 0  B ~ I ~ ~ o w ~ W  CjleAHnU 6onbme, seM 
anpuoprioe s ~ a ~ e ~ u e  MaTeMaTnrecKom ornunawn, u wnoTqa 
@op~ynupye~cx B eu,qe: - 
H,: X = p  

- 
H,:  .Y>p 

: - neeocrnopo~~m npoeepxa ucnonmye~ca B ;OM cny~ae, ~ o r n a  
H ~ O ~ X O ~ U M O  IIpOBepUTb, qTO Bbl60~0qHa~ CpenHnn MeHbLUe, 
qeM anpwopHoe 3 ~ a s e ~ u e  MaTeMaTwsecKoro o ~ n n a ~ u s ,  n runo- 

!: ~ e 3 a  @op~ynapye~cn B sune: 
- 

) ;  
Ho: X = p  

I: H,: F<,LI t' 
E npoannm~pupye~  npompv runo~e3 Ha npmepax. 
i 
i ,4sycniopo~~nn'npo6eprca zunopa  
6 

1) Anpuop~m uA@opmyw~ . . 
?! M a ~ e ~ a ~ u r e c ~ o e  ornuname p  = 1 

2) Pe3ynbmambz ucnbamaxm a - - 
N=100 X=1.2 a=2.5 

3) runomerra 
: 
I. Ho: X=.u 
I), 
u H,: 2z.u 
! 

4) flpu~nmarc senuvma yposm 31iavmocrnu 
4 q = 0.05 

. 5) Kpumepuli npoeepm 1 - 
'X-," 

. . 6 = 7--- 

t m / f i  
1 6) ITpasuno npuwimuupeurexurc 
C- r. 
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= - C T ~ H ) A P A C ~ O ~ P @ X  Ba@,9j =-I.@ 
8) Pacsem Kpumep w m  - 

X- 1.2-1.5 

9) ffposeprcaanome3~ \ 

TRK KRK t 2 -f,_,., m slpos@ptm t - - f 3  i te~cm- 
nae~ B ~ p n m ~ e c ~ y ~ o  061mcr1, ixw n p m a ~ a e ~  wno~e3y Ho, 
%Q 03HaYaeT, rT0 IIPN WZtfEWiW ypOlwre 3HaYUMOCTU Bb160- ' - 
poTHaa Cpentl!LX X 1.2 L-nrmCTBYeulU HWS.'IUMO OTStMYWT- 
ca OT tlnpitopaali aenamibl acBTeMBm~eCKor0 o x m m r r  
p =l.S, 

Pacnonaraa anpnopHbmu cymenunMu o Benurune reHepanb- 
H0fi AUCnePCUU Mbl MOXeM HPOBePUTb rUIlOTe3y 0 TOM, C0OrTBWCT- 

~ y m  nu ebl6oporean nncnepcm anpuopHoMy suarenum reuepanb- 
~ o f i  nucnepcuu. 

rIpobeplca runo~e3b1 m n  nucnepcuu MoaeT 6 b l ~ b  O ~ H O C T O ~ O H -  

~ e f i  ( n p a ~ o c ~ o p o ~ ~ e f i  nnn neeoc~opou~e#) nnu ~BYCTOPOHH~R: 
- d6ycrnopownm nposepw ucnonb3ye~cn B TOM cnyrae, Korna He- 

O ~ X O ~ U M O  nposepulb, pama nu Bbl60poqHan nucnepcun anper- 
OPHOMY 3~a'1enum re~epanbno2i nucnepcuu, n renore3a @ o p  
Mynupymcn B snne: 

-2 2 H,: 0. = u  

H,: cr2+C2 



rnaaa 5 CrnarnuunuvecKue ebfeodbf 

2 2 = x0.02s,.u = XH206P(l-0.025, 24) = 1.2.40 . '  

2 - 
X 1 ~ i 2 , ~  - x:,i75,24 = XH20LP(1- 0.975, 24) = 39.36 

, Pacvem xpurnepwl npooepxu 
-2 

6.25 2 o x = (N-1j7 = 24- = 37.50 
0- 4 

9) I7posep~a zunome3hz 
2 2 2 

T ~ K  KaK Xq12 ,v  5 X 5 X1-q ,2 , v ,  TO K P H T ~ P U ~ ~  nPOBepKLl 

x2  =37.50 He IlOnWaeT B KPXTM'LeCKYK) 0 6 n a ~ ~ b  &I Mbl npa- 
H a M a e M  runowsy Ho. 3m 03aarae~,  TO npn 

-2  
3HaYWMOCTU ~bl60~0'1~a.8 nUCnePCIlR 0 = 6.25 CTaTUCTIlq 

H ~ ~ H ~ Y U M O  oTnaqaeTcx OT a n p ~ o p ~ o G  Bena 
2 nxcnepcaa o = 4. 

I I p a e o c m o p a ~ ~ x ~  npoeeplca zunome3 

1) Anpuopnm un@op~atf+ 
r e ~ e p ~ b ~ a . 8  AUCnepCHR o2 = 3.6 

2) Pe3ynbmambz ucnbrmanun - -2 
iJ7 =25 o = 2.5 a = 6.25 

3) Tunomesa 
-2 

H , :  0 =02 

H I :  >02 

4) I l p u n ~ m a  senuruiia ypoelur snaut~lzocmu 
, q = 0.05 
5) Kpumeputi nposepm 

-2 
o x 2 =  ( N  - I), 
5 

4 ~ ~ p a s m o  npu~mwrpeulentix 
2 '  2 

IIPuHIIT~ H o ,  ecnu ,y 5 

@q 
p:n, '.'I 

,, ,V*' 
.!., ';;:$': # :?,,,&;y?2> 

"1 *,*$z 
:g$,i;":"$; ,a, ;v,) -. ,$ , ;:, ; ;"$k rs 

,:fi'?1.:,1. ,j11?%8 



8) Pacuem xpumepuu nposepltu 
-2 
u 6.25 

X Z  =(N-1)-=24-=16.67 
u2 9 
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deli; '& ?i;iepa~ ~onbico OAUH uHTepBan rpynfinpp? 3 ,~,ripn: 
r . , . ,, , 8 '  n , , ,  :,., N .  ;, ,. ,:',,$; ,,,, ;? , : . t , i , !  ?"',r,i:.;>-.,, ,,,.A! . . %~ 
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2 $$g&pg$< BenbjlI ,- .& ni@e 
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p o w q '  @iiec;r$psk~b: : n e ~ o ~ p o ~ ~  , . , . . ~n~k~Libnoe  , . . . , ,, . ~ o , q n ~ e ~ c ~ m  , ,j:tt>,: rq- ,, . ' Tep.BanbB 'rpwn$,pQBwI 

cro.16~0~ @inhlpywr ,mx  my^. Onna~o, n a n ~ . ~ e e ~  llec y Benurewe 
U U P I I H ~ I  C T O J I ~ ~ I ~  HaqnHm crnaworsan yxe cahto pdcnpexe.1enue. 

npeneJIeHRX. ~ ~ ~ ~ c T B u T ~ ~ ~ H o ,  eCnH n~OCKOBepWHHHbIe PaCnpenc 
JleHUR MOXHO np~6nH311Tb .4OC'TaTOSHO MWIblM KOJIHqeCTBOM CTOJI~ 

906, TO nJlX OCTpOBeP~UHHblX paCIIpeA&IeHHfi C UX ~JlUHHblMW, I l C  

JIOI'MMH CIIanaMH 3T0 KOnUVeCTBO eCTeCTBeHHO LIOIIXUiO 6blTb 60nb 
me. . - 

Konnrec~~o HHEpBWOB rpynnnpoBm AOnXHO 6blTb HeYer- 
HbIM YUCIIOM. npH SeTHOM SuCne C T O J I ~ ~ O B  06nacTb ~6nn3u UeHTpa 
PaCIIpeRerreHHR 6yne'r OnUCbIBaTbCX RByMX CkiMMeTPWYHO PaCIIOnO- 

. . 
:; o c o 6 e ~ ~ o  KPHTUSHO ~nrr ~ c ~ o B ~ ~ ~ ~ H H M x  pacnpe~ene~~ti .  KaK 
,, yXe NBOpUnOCb BblIUe, TPU mon611a AaK)T OYeHb MWIO UH@OPM~- 
I qqu o @ o p ~ e  pacrrpeneneHux. n o m ~ y  6 y n e ~  CruTaTb,  TO K O ~ U -  

SeCTBO c ~ o n 6 u o ~  rHCTOrpaMMb1 nOnXH0 6blTb H ~ S ~ T H ~ I M  YUCJIOM He 
MeHee nn~u. 

. 3~nZipHsec~an @0pMyna ,4Jl% OUeHKU O ~ T U M ~ J ~ ~ H O ~ O  KOnUYeCT- 
i 

B8 C T O ~ ~ U O B  rHCT?rpaMMbl KaK @ ~ H W U U  OT 06'be~a Bbl60pKU N n 
: 3~cuecca E , npuron~an K n p n ~ e ~ e ~ u ~ o  nna~mnpo~oro macca pac- 

n p e n w e ~ ~ f i  cnenywuan: . , 

E + 1-5 : L = -  
. . h 



h e a  6 Mde,wrnu@u~awnea~o~a pacnpedeheHun no ~p16op~e cnyraIho3 6e- 
nU'IUHbl 

Y r r o p n ~ o s ~ ~ b  3TH OIleHKH no BO3paCTaHUm M Bb16paTb 113 HHX B 
1 

K a r e c T B e  qe~ lpa  p a c n p e A e n e H H n  c e p e A u H n o e ,  T o  e c T b  T p e T b e  

no CYeTy, 3HareHUe,  KoTQpne 0603HaqMTb KaK &EHTP 

UCIlHTb OUeHKY CpeAHeKBiiqpaTlrYHOrO OTKJIOHeHAII 

pa36ue~ua. 
12) P ~ C C Y U T ~ T ~  K O J ~ U Y ~ C T ~ O  c J I ~ & H b l x  BeJIUsHH 113 B b l 6 0 p ~ H  

{x,}, k = 1, ...,M, KOTOpOe IIOTIaAaeT B ~ ~ b l f  Pi3 UHTePB&TOB 

pa36ne~nn. B pe3yJIbTaTe HOJIyYHTCII HeHOpMEipOBaIlHal8 IuCTO- 

r p a M M a  p a c n p e A e n e H u n  v l n u  m c T o r p a M M a  q a c T o T .   OH^ 3aaa~a B 

BUAe MaCCHBa, K O T O P ~ I ~ ~  0603~a911~ k a K  { s , ) ,  i = l<.,.,L. 
13) B cnyrae, ecm e c T b  o c w o s a H H x  nonara~b, r T o  IIJIOTHOCT~ B 

XTHOCTN AOJIXHa 6 6 l T b  C A M M ~ T P W ~ H O ~ ,  M B IIOATBepXAeHHe 

r0, B ~ I Y R C I ~ ~ H H ~ I ~  H a  J i I a r e  7 K O ~ @ @ ~ ? I I ~ H ~ H T  a C H M M e q H N  He3Ha- 

r m e n b n o  OTnuYaeTcIi OT RYJIII, TO MOXHO n p o B e c T n  pacsemoe 
CUMMeTpHpOBaHHe I'liCTOTpaMMbI. ~ e ~ ~ a i T b ~ b 1 f  C T O ~ ~ ~ I I  OCTa- 

eTCX 6e3 U3MeHeHHR, Ti B CHMMeTpHYHblX OTHOCNTeirbUO H e r o  



7 
14) B b l r u c n u ? b  nnOII(anb ' H ~ H O ~ M H ~ O B ~ H O ~ ~  MCTOTaMMbl.  O H a  

nonxrta 661~6. p a~na  n p o ' f i 3 ~ e ~ e ~ ~ m  UIHPRHM c ~ 6 q a  d H a  066- 
. , 

e M  ~ b 1 6 0 p K M  hf 
~ S ) ' H O ~ M M ~ O B ~ T ~  lTiCTOrpaMMy ~ 6 l I e H H n  K o J I H ~ & B ~  OTC'le- 

TOB B KCOKAOM c~on6qe H a  S. T&KUM 06paG~ 3TOM 'UIaI'e no- 
n y s e H a  mcmozpwa nnomHocmu eepo~muomu: 

. ,  , 

pi = s , l S = s , l ( d . M )  , 
i =  1, ..., L 

16) Pacc.cum~b 3~aqe~an u~mezpana~oli ~yil.quupacnpedene~wl B 
: , I . , ,  

w a x  pa36ee~iie I ,  . . , , .  , , .  

F, -0 . . , , , .;, 8 ' , . 
.~ , 

F; = &, + p ,  . d  , . , . 

i = 2, ..., L +1 .. 

Qam~rece,  H a  3 7 b ~  yare . M b l n o n j + ,  ,$YHKIIHK) p i g p e ~ l ~  
neeax B . I~~JI&OM 'BVze, TO ec+a M ~ I  u~em ~ a t c u ~ 3 ~ a r e ~ ~ i i  
CJTJT&Jiofi BenUqfiHb1.' {X,} H c ~ o T B @ T C T B ~ ~ ~ I U ~ ~  . e M y  MaCCUB ' 

s ~ a r e ~ u j  {F; ) , i  = I ,-,. ;,,L . , . + I .  
, , 

6.4, r u c ~ o r p a ~ ~ a  ~norapetpmo~ o ~ e o c ~ ~ e n ~ . ~ u x  uimeeenufi AA- 

nesca,PTC! 
, ,  . . . ,  

.P&CM~@HM Bpe~eli&k p e ,  coc~nuinli ft3 n ~ c n ~ ~ O + ~ e n b -  , ) .  , , ,  

HJ& .,. , : g ~ a r e ~ u f i  , qenw HeKoToporo.  . w , B a .  (P,},t  = 0 ,.,., T.,  Torna 

~ B S I H ( ~ H W ~ U ~ H ~ I  aKTWBa - 3 T O : . ~ n ~ t i f i H ~ l ~ l i p , ~ e C C ,  ~ b I 3 ~ a H ~ b l f i  

A~%CTFXMF 6onbmoro KOnHYeC.TBk,ysaCTHUKOB PbIHKit, npe4IIIoJI0-  

XAM, %TO OTHOIUeHHfl UeH LLKTVBOB, B nm6ofi M 6 b i i T  B & ~ ~ M ~ H I I  XB- 

JrnlarcB ? J l y q @ ~ ~  BenUvUH,aMU C O ~ U H ~ K O B ~ I M  3aKOHOM pacnpe 
ne~iealm. 2 . . 

Toqqa UO. s b 1 6 0 p ~ e .  3TEIX ~ ~ ~ a f i H b 1 ~  BeJIUWH, ,K-~&, M O x m  

6b l~b  nonyie~a 113 u e B o B o r o  pnna,, MOXHO onpeRenu~b ax ~ K O H  

pacnpenene~m~, , . ,  . 



. ' , . , e *m) ,  , , ,. . ' I . .  

m p w ~ r u ~  o m ~ m w  0.0324 , , 

@ SMM~~%~U:  70.3M4 
7.4301. 



rnaea 6 Maenmu@u~ar(un Jamma pacnpeaenenun no eb16op~e cnyvacl~od ee- 
nUqUHbl 

noHeHqnanbHb1M pacnpeneneuneM c n o ~ a s a ~ e n e ~  cTeneHn Memule 

ABYX. 
BblnBHHeM rnnoTe3y o TOM, YTO + ~ K T U Y ~ C K O ~  pacnpeneneeue 

On~CbIBaeTCX MOAenbkO 





cnn HawBaeTCn nuneBaoii. JImieZinam perpeccnn o 6 n a ~ a e ~  TeM 
C B O ~ ~ C T B O M ,  ?TO emu perpeccun Y naxnnnefina, w perpeccun Xna 
Y ~ a m e  nn~eiina. 

~ ~ M ~ T U M ,   TO @ ~ H K U U A  perpeccnn X Ha Y u Y Ha X He nmnm-  
C f f  W M H O  O ~ ~ ~ T U L I M A  M COOTBeTCTBYH)II(Ue J I U H H H  PerpeCCUU 

" C O B I I W W X  TOJIbKO B CJIyqae, KOrna BeJlUqliHbl Y X CBX3aHLl 
I $ Y H K U I I O H ~ ~ ~ H O .  Ecnu 3TU BenUYUHbI CBII3LWbl KOPPenS~UOHHO, TO 

nnunn perpeccnn Xna Yw Y~aXpmnusnbr. ' 

B & a J I b ~ e f i ~ e ~  M b I  DTpaHUqWMCX PaCCMOTpeHAeM T o f i b K O  TeX 
cnyqaes, Koraa @ynKqnn perpeccun nmnewn nnnefinofi. 

Koppennuuonnam 3aBUCUMOCTb M e w  c J I ~ ~ & H ~ I M u  BenUqn- 
HaMu X u  Y na3~~~awc.m nn~eiinoii ~oppenmquefi, ecnu 06e ( P y n ~ ~ n n  
perpeccun Xna Y u Y na Xnsnnm~cn n n n e i i ~ b ~ ~ u .  

n y c ~ b  MaTeMaTnqecKoe omnauue u nncnepcun cnysafiuofi se- 

n Y 
p, = M f y ) = M ( a x + b ) = a M ( x ) + b = a p ,  +b 

b=P,-aP, 
2) Torna ypameHue perpeccun MOXHO nepenucaTb B sane ' 

Y ="+PYu,-aPX 

Y - P  Y =a.(x-P*)  
3 )  Haiine~ ~os@&yuenm pezpeccuu a sepe3 MaTeMaTusecKoe 

ornunawe npou3~ene~un crry.latinbrx Benusun X u  Y 

M(xy) = M[x(ax +PY --PJl 

M(xy) = aM(x2 + M(x)P, - ~ M ( X ) P ~  

W x y )  = aM(x2) + PxPy -UP: 



- P~CCMOTPUM nonpo6uee ~~enen~b12i B n p e g b ~ n y q e ~  naparpa@e 
~ 0 3 @ & U e ~ m  KOppCJl%l4UU. EblJI0 BblRCHeHO, YTO OH P a B e H  

' 

n n R  n f 0 6 b 1 x  KOHCTaHT Uo , a, > 0, bO, b, > 0 .  

; 2) K O ~ @ @ E I U M ~ H T  KOPpeKZlllqUEj C ~ ~ Y % ~ % H ~ I X  BeJIUVUH X U Y 3 a K n M -  
I seu npenenax ~ e w y  -1 u +1, nocmran 3m ~ p a i i ~ n x  wave- 

~ u f i  TOII~KO B cnysae n u e e i i ~ o f i  ( P Y H K I ~ U O H ~ ~ H O ~ ~  3ZiBucnMocTn 

M ~ X A Y  X u Y 
3) K o ~ @ @ u ~ I ~ ~ H T  K O p p ~ u u  M e w  He3aBUCUMbIMR c n y ~ a i i u b ~ -  

MU BeJIUYHHaMA. PaB'GH HYJIIO. 

O ~ P ~ T H O ~  y ' T B e p m e H H e  ~006qe rOBOpX UeBepHO, TO e C T b  ecnu 
K O ~ @ @ R U M ~ H T  KOppenXqUU p a B e H  HYJIH), TO 3 T 0  H e  0 3 H a q B e T  He- 

3aBUCUMOCTH COOTBeTCTBYtOWHX BeJlMsUH. B 3TOM C n y Y a e  rOB0-  

PIIT, 9 T O  BeJIFIMHbl HeKOPpeJIUPOBaHbl. 

K ~ K  yXe rOB0pHnOCb BbIIIIe, K O ~ @ @ U ~ H ~ H T  KOppenRl(UU RMXeTCX 

6e3pa3~ep~oii ~enaru~oi i .  npou3sene~ue K O ~ @ @ ~ U U ~ H T ~  K o p p e n n -  

w u  ua c p e n H e K B a n p a T u r H b I e  o T w r o H e n u r  c n y s a a ~ b l x  B e n u s u n  X u  
Y H M e W  pa?MepHOCTb AUCnepCHU U Ua3bIBaeTCR ~ 0 8 a p U a y Z i e l i  Cny-  

s a h m  B e n u r u H  Xn Y: 



















































'
b

b
b

b
o

o
o

o
o

-
 

o
b

b
b

b
g

b
b

e
b

g
 

o
o

o
o

o
 

0
0

,
O

i
O

~
 ,
 



5) npoaep~a mnome3u I 
T ~ K  KaK K p n T e p n n  npoeepm m 06oux n a p a M e T p o s  pelpeccnu 
HaXOHnTCX B K P U T U Y ~ C K O ~  ~Gnacm, Mbl IIPllHUMaeM r imOTe3:  

HI. 3m o ~ ~ a r a e ~ ,  YTO npn ~ , ~ I ~ H H O M  y p o B H e  ~ H ~ W M O C T B  na 
PaMeTpbl  PeI'peCCUU CTaTIlCTUqeCKU 3HaWiMO 0TnUYaK)TCX 0 

nynn. 

Cmamucmurec~ue sareobbt o oenurune ~os@@uyuenma bemep 
MUHUyUU 

Y6em~ca B TOM, YTO K O ~ @ @ U U U ~ H T  AeTepMUHWHIi  3HaUUMO OTJlI% 

W W C X  (YT HYIUI. &la n p O B e p M  3TOTO BWBU&3eTCX E4nOTe3a:  

H,:  R 2 = 0  

H , :  R~ > 0  
I )  IIpu~em eenuquny yposns 3narwoemu 

4 = 0.05 
2) Paccrumam ~pumepuli npoeepxu 

t F = ' RZ - - 0.9348 
= 11671 

( 1 - ~ ' ) l ( ~ - 2 )  (1-0.9348)/814 



Ilpnsege~ Tame rpa@u~ omh60~ MHK n ero nonocy Aeonpege- 
JIeHHOCTU: 

O u l n 6 n ~  n u w e l ~ o l  anmnorc~msunn M nonoca 

- 
?TO, '1~06b1 MbI MOrJIU CKa3aTb, 'lTO MOAi3Ib WeKBaTHa 3M- 

nnpnseeKuM n a u ~ b ~ ~ ,  o m 6 w  c g o m b ~  0 6 n ~ a m  cnenymqum 
CBO#CTB~MU: 
1) O m n 6 ~  A O ~ U K H ~ I  IBJIXWX pemn3aupeii n o p ~ a n b ~ o  pacnpejqe- 

n e ~ ~ o f i  cnyqaiinoli nepe~en~ofi .  
2) M a ~ e ~ a m ~ e . . o e  omnaune o m 6 m  nonmo 6b1~b pamo HY- 

nm: M(e,) = 0. 



. - - 

,dace 10 npuhienenue MHKnpu uayrenuu duHannurecxux'pnuva 

H o ~ e p  UH- JIeuan IIpaean 3~nupuvectia~ Teopemuvectim 
mepcana zpaHuya zpa~uva qacm,a S, ,cm,a (T -s>I2 

T 
1 -0.8732 -0.6791 13.00 10.03 0.88 - 2 -0 6791 -0.4851 34.00 37.08 0.26 
3 -0.485 1 -0.291 1 105.50 94.29 1.33 - 
4 -0.2911 -0.0970 152.50 165.03 0.95 
5 -0.0970 0.0970 206.00 198.88 0 25 
6 0.0970 0.2911 152.50 165.03 0.95 
7 0.2911 0.4851 105.50 94.29 1.33 
8 0.4851 0.6791 34 00 37.08 0.26 
9 0.6791 0.8732 13.00 10.03 0.88 

14TOr0 X 2  = 7.09 

3 W W l i M c ~  J'pOBHeM 3HaqRMOCTU q = 0.05. Torna C F e T O M  TOrO, 

qTO KOJlW4eCTBO C T e I l e ~ e a  ~ ~ 0 6 0 n b l  p a B H 0  

v = L - l - r = 9 - 1 - 2 = 6  
r p a K E E a  K ~ u T I ~ ~ ~ c K o ~ ~  O ~ ~ ~ C T H  BblqHCnXeTCX KaK: 

' = XH206P(0.05,6) = 12.59 XI-q," 

2 2 Tax KaK x I x , -~ ,  ", TO pacnpeneneaue o T w r o H e H  
/ 

PerpeCCUU MOXHO ~ n p O K C ~ M U p O B a T 6  HOPMaJJbHbIM PaCnpeAeJIeHU-  

e M  n p U  3anaHHOM YpOBHe 3HaWiMOCTU. 

ITposeprca zunome3ar o moM, umo MameMamuuecKoe oxudanue 
O U I U ~ K U  pa6no nynro 

nposep~a r ~ n o ~ e 3 b 1  o c y q e c T s n n e T c n  no c x e M e :  

1) A X p ~ o p ~ b l ~  n p e d n o n o x e x u s  
M a ~ e ~ a ~ l i s e c ~ o e  omname oma6m pmao a y m  

P, = o  
2) Pe3ynbmamb& ucnbcmanwc 

B b 1 6 0 p 0 q ~ a x  C p e n a m  OIIIII~KU H ~ b 1 6 0 p 0 4 ~ 0 e  C.K.O. O L U U ~ K U  - 
e = 0.01 

o, = 0.313 
npu o 6 % e ~ e  ~ b 1 6 o p m  N = 816. 

3) Tunorne3a 
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4) Ilpunzmaz oenuruHU ypoc~n snuvwzocmt 
14, q = 0.05 

5) Pacvem tipumepun npoeeptiu - 
, , 

@-Pe - 0.0' - 0.032 I!;; t=- 
a!. ' ' 0, 0.3 13 ..., 
.< , ., ~ . ,  ,6j; lIpasw2o npunnmuzpeurenuz 

" 
~ P H H X T ~  H,,  ecnu - t ,_,, ,, 5 t < t ,_,,, 
B IIpOTHBHOM C n y Y a e  IlpHEiXTb f i .  .,, .,It 

'7J Pacvem zpanuq tipumuvectioli o6nucmu :,. 
0, ;  

= CTbIOAPACUOEP(q, N - 2) = ! .  t,,~,," !# 6 s >, 
= CTbfV,4PACl7OEP(O.O5,814) = 1.96 ,;ca ,* 

$;; 
91 Ilposep~u zunomecibz ' r , , , ,  

T ~ K  KaK - tl-y,,, < t < tI-V,Z,Y TO Mbl npHHHMaeM TNnOTe3y  & 
($ 

,, 

TO eCTb n p H  3aAaHHOM YPOBHe 3HaYMMOCTH B ~ I ~ O P O Y H Z ~  CP'S - ,,.,,..? 

t HXX O I I I P ~ ~ K P I  e CTaTllCTHYeCKH He3HaqHMO OTnHYaeTCX OT H ~ I I ~ , ,  
i 'J I 

, ,", 8, 
IIpasep~a zunommar o moM, umo duchepcun O U U ~ K I I  nocmort~r& 1 .  . 

'e npo'sepm 3~0ji  r ~ n o ~ e 3 ~ 1  p p a r c n e n m  3 M n u p a Y e c K u e  fiz& 
~ b r d ~ a ' n e e  r p y n n b l  no 350 TOqeK: C 1-13 no 350-10 a C 467-&no 8l@ 
IO T o s t o l .  C e p e n u ~ ~ b ~ e  Tows c 3514 no 466-10 (14.2% oT o6aed 
~ ~ 1 6 o p u )  n c r n a r a e ~  nns n y ~ m e r o  p m r p a ~ u r e a n s  n e w  r p a  
n a ~ a :  P a c c ~ a ~ a e ~  C ~ M M ~ I  K B ~ A P ~ T O B  OIIIU~OK nna ~axnoi i  u3 3~ , , 

8 )  m ynn: . ,  r 

!-nave I d. npu~enenue MHK npu u3yvenu 

q = 0.01 
3) Pacvem tipumepun nposeptiu 

KOrAa K p H ~ e p ~ f i  .*, , . npOBepKl3 $..,, ... F IIOIIaiTaeT B KpHTHYeCKyto ' 06- 
"? .,,,, 7,':::::::$, ::'?4Li,:.Yf;,p+ 

JIaCTb F > F~G&~;-,, . . ,.,,, , ,  .- -,,,,., ,ti, ! * (  

w ,  " . 
5) Pacrem zpaltuw tipumuiectiou o6nacmu 

-= F P A ~ U O E P ( ~ ,  V ,  ,:, ) = 

(0.01,350 - 2,350 - 2) = 1.284 
septia zunomecibc 

Mbl OTKnOHXeM n l I I O T e 3 y  H U HpUHkiMaeM I'BnOTe3y HI Cne- 

L / 
n o s a T e n 6 n o  nucnepcm oornu60~ perpeccua H e  n o c T o x H H a .  

Ha n p a t c T u K e  n p o s e p a e T c a  H e  H ~ ~ ~ B ~ C H M ~ C T ~ ,  a H e K o p p e n u p o -  

HOCTb OIUA~OK, KOTOpaJl XBJIXeTCX H ~ O ~ X O H U M ~ I M ,  HO HeAOCTa- 

OYHbIM YCnOBHeM He3aBMCMMOCTU. 3TOrO H P H O  PaCCYHTaTb 

N-I 

zekek+l 

' &n p a c c M a r p u s a e M o r o  3 n e c b  cnyrm 3 ~ a  B e n k i q u H a  pama 
p,,,,, = 0.987. O Y ~ B U A H ~ ,  YTO K O ~ @ ~ $ U ~ H ~ H T  aBTOKOPpe~XUHH 



rnasa f 0. npuMenenue MHK npu u s y ~ n u u  d u ~ a ~ t r i ~ u x ~  

Cnenye~ n p u ~ ~ a ~ b ,   TO annpoKcHMaqux nu~ejt~of i  4 y ~ a u e f i  
J I o I ' ~ ~ u @ M ~  UeUbl mUBa IlBnlleTCX H ~ ~ A O B ~ ~ T B O ~ U T ~ ~ ~ H O ~ ~ ,  TaX KaK 
He co6nm~a1o~cx nsa us renrpex fionywevuii MHK. 

He npUBoj3l fl~IWBTeJ3bCTB CKmeM, qTO IIOnHTKa YTOqHUT 
MOLlenb IIyTeM BBeneHUX UUKJIUreCICHX KOMIIOHeHT He IIPUBOAUT K 

ynyrlueaum Kaqema omu6o~ perpeccuu. 
Ha npaxruKe npu N ~ ~ Y ~ H U U  fiuuaMIiYecKux pxno~ uen ~ U B O B  

ucnonb?ym ~emodbz  adanrnumozo ~odenuposanw, o ~o~ophrx 
6 y n e ~  pacc~a3auo B c n e w m x  rmax. 



~ ~ O C T ~ R  cxozb3nqan cpeminn. ~. 
4 

npdc~m crconmnman cpenunn nopima T   TO cpenum apna- 
WCKm UeH 3a nepUOA BpeMeHA [t - T 1, t ]  , TOeCTb. 

ana t - T + 1 5 k 5 t sce seca, c ~ofopbm~k 
eTec~onb3nweil cpenuei4 OnmaKosbt a pai~. 
eAenaMu 3~0ro  unrepsana, TO ecrb npk 

xennewn prlseucTBoaecoB B npe- 
a K  U H T ~ ~ ~ T U B H O  ~OHIITHO,  TO no- 
6OJlbIUyIO UeHHOCTb, TO eCTb BXO- 

Bsrierueu~an c~wb3nrqan cpennin npwnaeT 6onbluuii sec no- 
CJIeAHUM fiaI3IiblM:  OH^ PaCCqHTblBaeTCII nJ'TeM Y ~ ~ ~ % e ~ l i ~  ~arrnlofi 
QenH B npenenax nepuona BpeMeHa [t - T + I; t ]  Ha coomacT- 
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k M U -  BWNYUHbl nOKa3aTenbHOn3 npO4eHTa - 3T0 nOqi 
60p T & O ~  em s ~ a ~ e n u n ,  YT06bl npu @ H K C U ~ O B ~ I ~ H O M  P ,406HTbCfl 

i 
TOrO, $&b1 Q, +mill. 06blYH0 BenUVUHY P Bbl6I1pil~1~ B ripe- 

JJWax OT 0.1 A0 0.2, 4TO npu6nn3u~enbno COOTBeTCTByeT llepI1OAy 
crnaxumun u Itpenwax OT 10 no 20. 

11.8. 3~cno~emqaambaas cmns3nqan cpeuHsrr c nepeMeaHslM 
nOKa3aTeJIbllbIM IIP09eHTOM. 

- a, - nepe~eu~b~i l  no~a3a~enb~bdk npoqeHT cmnamimiwn pnna 

- p - lI0KXBTenb~blfi np04eHT CrlIaXGiBaliUS 0UIU6iJK npOIlfO3a 
. n ~0,Uyneii o m 6 0 ~  npOrHO3i3, 

- E, .- EMA omn6or npomosa: E, = P .  e, + ( 1  - P)  . E,-, , 
- A, - EMA uonyrreB omu6o~ : A, = P. 1 e, I +(1  - P)  . 4,. 
3~aqeuue nepeMeHHoro no~a3a~enb~oro npoqeHTa B ~ ~ b l t l  MO- 

MenT BpeMenu B I ~ H C ~ ~ I O T  no @op~yne a, =) El /A,  1 .  Benuwny 

P~CCMOT~UM Ha Ka'IeCTBeHHoM YpOBHe UOnpOC 0 TOM, KaK CO- 

OTHOCUTC~ nncnepcm 3aaremti ncxonnoro nwHaMusecKoro pnna c 
wcnepcueil c~onb3nqeii cpenneii mom pnna. npocToTb1 ~ Y A ~ M  

npennonararb, 'mm ucxonnblii m u a ~ n ~ e c ~ u t l  pnn COCTOUT 113 cny- 
Y&HbIX BenUYUH, UMeIOUWX OUUHaKOBp AUCllepCUfO u' ,  IIpUYeM 
B npenenax uHTepeana crnmueauna cpemnn BenuuaHa KO~@QINW- 



12. M A ~ H B H O E  MOAEJI~OBAHEIE A ~ A M U U E C -  

12.1. Bwenee .  

' Anamsecxan annp0KCUMarlAX ZlEiHaMuYeCKOrO pwa' K ~ K O ~ -  

--nu60 MOnenbIO C IIOMOUlaIO MHK UMWT pm oco6enno.c~e~, KOTO- 

. phIe H~IUI~~MLGUOT orpanuuemn Ha ee npmenenue: - A N H B M U Y ~ C I M ~ ~  pH& K KOTOpOhly npEiMeIiUeTCX aIInpOKCUMa4HX, 
~onmen~6hm ~OCTBTOYHO & T w ~ ~ I M ,  

- npuMenenue a~anumseucoff annpo~cu~asuu. 3@@ernu~no 
mnbm B cnpae, m u  ypoenw w ~ a ~ u s e c ~ o r o  pwa ~enrrm~cn 

mama u Memenno, h n,ecra pm g o m m  6bmi He- 
, B O ~ ~ T H ~ ~ H H M ,  

ananuTHsecKan annpoKcnMarmn He wannrpye~~x K nomennm 
HOBHX nannbm, TO ecm npn nomenun noem n a n ~ b ~ x  111206- 

x o m ~ o  nepeesuTam napaMeTpbl ~ o n e w ,  a a n o m  B O ~ M O ~ O  

BXOWT C OWHLLKOBhIM 'BeCOM, XOTIl IIOHXTUO, YM 6OJIee II03.4- 

O C H O B H . ~ I M ' ~ ~ ~ U ~ ~ C T B O M  M-AOB, OCHOBaIiHbM Ha 3KCnO- 
: HenquanbnoM cmamuBanuH, xmneTCx y r e T  epe~emoff semorm 

nannblx A, cnenoBaTenbHo, nocToxHHoe aAanTnpoBaIiUe K rime- 

pnna, ¶TO H M ~ T  pemmtqee 
rno3nposartna Bonamnbnm 











., i--r--? 
,. , 

. . 

E, =P.'&, +(~-P)-E,-,, , . . ,  

N 1 + z UOFpaim: 'A, - EMA ~onyneii omu6o~ npomo3a, 

q =PI&, l+(1-P).4-,. 
eHNe nepeMenHom no~a3a~enb~oro npolreHTa B KWM M, 

' - - M ~ H T  BpeMeHu EwiwcnnroT no 4op~yne  a, =I E, /A,  1 .  Benyun 

6upm.  B npenenax OT 0.1 no 0.2. 
. . .  , I ' I '  . , . , !, 

. . . .  , 
, . .  ., , 

I : .  . , 

5 : '  . .  , .  - :  

174 



OlTpeneJIHM UHBeCTUpOBWlUe KaK BJlOXeHUe C B O ~ O A H ~ I X  Ae- 

HeXHblX CpenCTB B P&UIUYHbIe BUR61 &~HX-IWB~~X aKTHB0B C UWlhH) 

I I O n p e H U S  npw6bmu. n p U  @ o ~ M U ~ O B ~ H U U  UHBeCTUIWOHHOI% 

nopW&mI ~b16upae~cn T a K 0 8  ~a6op  aKTPiBOB U T a K 0 8  cnoco6 
1 

y n p a B n e H w n  u M u ,  KOTOpbIe 6~ o6ecnesn~anu 0 X x n a e ~ b l f t  AoxOA H e  

mxe zapwee s m a ~ ~ o m  m u m M a n b H o r o  3 ~ a s e ~ u n  npu p u c K e  no- 
nysemn goxona H e  B m e  3 a p r u t e e  s aga~~oro  ~ a ~ c m a r r b ~ o r o  3 ~ a -  
WHUX. CYIU~CTB~IOT n B B  OCHOBHblX cnoc06a )'IIpaBIIeHUIl ~OPT@- 

n e M  qeUUbIX 6 p ~ :  ~ K M B H ~ I E  U I l a C c U B ~ b d f .  

Cym n a c c u B u o r o  ynpamemn WCTOUT B co3~1anwu xopomo AH- 
~ e p ~ U @ u l p ~ ~ a m i ~ r ~ ,  COCTOXI4eM U 3  6onbmoro KOIIUYeCTBa alCTU- 

BOB n~pT@€?iDi, H I l p O n O J I X W T W h U O ~  YAepXLiBWlUX em B HeU3MeH- 

HOM COCTOXHHU. ~ ~ C C U B ~  n o p r @ e n b  xaphpmyercn  H H ~ K U M  

0 6 0 ~ 0 ~ 0 ~  U MMbIM J'POBHeM HBKJIWHblX paCXOAOB. 

M b l  CKOHqeHTpUPYeM BHHMX-IUe H a  PaCCMOTPeHUW aKTUBHOm 

ynpamenua n o w e n e ~ ,  K o m p o e  H a q e n e a o  Ha n o n y r e H n e  noxona 
sbrme cpep.nep61somom yposun. A m u ~ ~ o e  ynpameeue nonpa3y- 
MeBaeT: 
- ~b160p H ~ ~ O J I ~ I I I O ~ O  KOJIUYeCTBa BbICOKOJIUKBUAHbIX alCTUBOB 

bnn @op~uposa~un  nowem, 
- onpenenerne npaeun oTKpblTan  H ~ a ~ p b m n  n 0 3 d  no tax- 

nOMy U 3  -BOB, 

- onpenenenwe o6be~a o T q m B a e M b l x  no3wli. 
- O ~ T U M U ~ ~ H H )  nop@enn, TO ecm ~mnar cxuxenun pucm~. 

OIIpeneJI i iM HeKOTOpble I I O H n m ,  KOTOPbIe 6 y ~ e M  UCnOJIb30BaTb 

B ~anbnelime~. 
Mexanuvec~arr mopzosarr m m m a  (MTC) - ua6op npasun, OA- 

HOWaYHO OnPeJ(eJUIH)UUX MOMeHTbI OTKPblTUX U 3aICpbITUX n03Pi- 

qua, TO e c T b  MTC 3anaeT r rpaBHna B x o n a  B no3uqum, npasuna BH- 

X O n a  U 3  B b I U ~ b l ~ a ~ l ~ e 8  n03111l118, I IpaBUna BbIXOAa U 3  n p O U ~ b l -  

eamqeli no~umnl. . 
Y n p a m ~ u e  xanumanox - ~ a 6 0 p  p u n ,  onpenennmwx 0%- 

e M  OTKPblBaeMbIX It03~lul@ B*MOMeHT nOCTyllJleHUn W-CTByW- 

w x  c a r H a n o s  OT MTC. 
Onrnu~waul~n nopm- - M e T o m I ,  no3~onnmll~ie B b l 6 ~ a T b  



13.3, CBOZ~TB~ NTG 
li'o~&mii ncexauraueb.lc& &prow ambl ~ e p u 3 ~  

=Ten& O ~ € x W f J T  

MTC u MWBU u x , .  
... ClraOTPefIbc H U m .  , , , .  ,, 

, . J T ~ ~ z M ~ ? ~ ? ~ c W U  -w& CNC%W&l H W , m f l  

-BfJpemHHbce:  I l p U C ~ B & X e  CTT- s WbITUS 
EX n onnrar~~wrn .MTC. onpc- 
, R p U  K ~ M W Y N W & t ' p W -  

x IiOKaw~eJieFi CHCT&~U limoaarc)I , 

, 
s,, , 

&+W&TBO O f i T U M U 3 H P ~ M b I X  lX%&XWderpOBi 

:( 6 s  no~a la~enw r)B60TM nfRl ~~BRMM?I 
, , . .  . . , 

I; & ~ q e f i ' ~ 6 o T ~  .B 06- OW 

, . , . 
#7,;,., . ",, , . . ,  , . 
;,,, ;> , 
>,,(? 

- , .-? c y q w m ~ ~ e m i  :nospaRmef# Fdepe .wecawtsra, . a r m n ~ . o %  
'(,I,,. 

??;, 
Ha. K O T ~ ~ ~ U L  CU- lim p p w N : M h E e  parynsm~6e3 -w- 

, .. , ..., i mynioti onmwwwn: , , , , : . , ! .  , '. 
~ > ~ .  
.,, , . .  
' . . ,  ' ' .* 
.,;!, . .,Vera 6-e o n m a a n w p y e h ( b u r . .  ~~ EvlTC,, T ~ M  
I , '  ,,, , , 
~ , L , ~ ! . _  Bomb n p  peymoi4 
5: ; 

,#',,. . ,, ' 
, . 7 ,' " WOM Fucne nap( tMCIp  
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, rnasa 13. Mexanuvec~ue nmpoebfe fwr101MM 

KJIWH~IM p a c w n a M  npu c o 6 e p u e H u u  cnenmi, TO e c T b  o H a  Aonma 
YYMTbIBaTb CJle,4yEOYule B ~ J I u Y u H ~ I !  

. - - KOMVCCXK) C 060po~a ( ~ P O K ~ P C K ~ I O  U ~ H P X ~ B Y H ) ) ,  

. - cnp38 ( p a m ~ q y  M e w  KOTUPOBK~IMH H a  n o K y r I r c y . u  nponaxy), 
- ~ ~ O C K ~ L K ~ ~ ~ I B ~ H U ~  (pa3HutIJ M e W y  B ~ J I u W ~ H O ~ ~  cnwana MTC U 

.- .- p € W I b ~ ~ h 4 ~ ~ ~ f i  UCIIOnHeHUX cnenKIi). . 
i32 fl' 6po~epc~an KOMUCCHH H e  3aBUCRT OT B H n a  W T U -  

Ba, TO H a  BenHYUHbI C n p 3 n O B  N ~ ~ o c K ~ ! I ~ ~ ~ I B Z I H U %  C ~ ~ ~ ~ C T B ~ H H O ~  

BJIE$XHHe OKa3bIBaeT nUKBUJ(H0CTb KOHKPeTHOSO alCTUBa B UeJlOM 

MOXHO CKa3aTh, YTO IlPU TeCTEiPOBLWIIA MTC CyMMaPHYIO KOMHC- 

cum c n e n y e T  Bb16UpaTb H e  M e n e e  q e M  0.5% OT C ~ M M ~ I  cnenm name 
p S  ~au6onee IIHKBUJIHbIX LIKTIIBOB. 

YcmoClrueocmb no~mameneri s o6nacmu O~mU.'W~.!IbrtOCWU 

. Y c T O ~ ~ Y U B O C T ~  noKa3aTeJ Ie i i  MTC B o6nac~u OnTUMaJIbHOCTfl 

n a p a M q o s  npome B c e r o  n p o u n n I o c T p u p o s a T b  rpa@u~ecv nnn, 
, C U C T ~ M ~ I ,  3a~ucnqefi OT e n n H m B e n H o r o  ' n a p a M e T p a .  PKCMOT~UM 
r p a a n ~  ~ ~ B U C H M O C ~  omoro n3 nowa~enefi  c u c T e M b r  (noxomo- 
CTU B % I%,IIoBbIX) OT BenflqUHbI OIITEiMH311PYeMON) napWeTpa. 

0 2 4 6 8 10 12 14 16 18 2 0  

napawern 

B ' n a H H O M  CJIyYae Bb160p  B Ka'leCTBe O I I T U M ~ H O ~ ~  BenUYUHbI 

n a p a M e T p a  3~ave~ne ,  c o o r e e T c T B y l o m e e  T o v K e  A (napme~p-6, no- 
X O ~ H O C T ~ ~ ~ ~ % I Q ~ . ) ,  H e  m n e T C n  n p a B ~ n b ~ b I M ,  T a K  M K  B . P ~ O H ~  

f 3~0fi TOYKU BeJIH'IHHa nOXOmOCTW IlBnll~TCII  H ~ Y C T O ~ ~ Y U B O ~ ~  H CTOJIb 

pe3KUfi  n U K  FIepoXTHee B C X O  06'bXcHneTCX O C O ~ ~ H H O C T ~ ~ M V  KOH- 

K P ~ T H o ~ ~  c n y Y a H 0 f i  BH~OPKW, H a  KO-O~~ .IIPOHCXOAIIIIO TeCTUPO- - .  

, . 
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rnaea 13. MexanurecKue mopzoeb1e cucmem! 

A ~ T ~ / B ~ ~ M X  TeKyure ro  6apa. 

, , Toprosan no3auun Ha KoHeu TeKyll rero  6a- 
pa. B o 3 ~ o x w 6 r  cnenywurxe T n n b l  no3uquh: 
"OUT" - BHe PbIHKB, 

3YnbTaTZM TeCTKpOBaHUB n p O r p a M M a  @ O ~ M H P Y ~ T  OTqeTbI, H a  OCHOBa- 

HUB KOMPLIX nenam~cn H~IH;)AE.I o x a q e c ~ ~ e  MTC. . , , ,. 

n p H  OTlTnM113a4MN .CHCTeML1, B I lpaBlma& O I l U C b I B ~ ~ X  OTKPbl- 

me H 3a~pbme n03xn&i, n o c r o x H H H e  n a p a M e T p b I 3 a ~ e w r w ~ c n  H a  on- 
TAMIuUpyeMbIW TIepeMeHHble ( O P T - l l e p e ~ e ' H H b l e ) ,  pJIX KOTOpLlX 3qa- 
m C X  AkiaIIa30H U Y I Z  U3MeHeHMR. % T ~ M  TlpOI'paMMa IXpOHOAHT pXA 

p y a  C O O T B ~ T C T B ~ ~ ~ ~ ~  O T Y a b I .  na pe3yirbTaTaM aHCLlIE3a 3TKX O n e -  

T q  B ~ I ~ H ~ ~ ~ T C I I  T~KO* ~ a 6 o p  IIapaMeTpOB, l l p U  KOTOPOM BenFFIMHa, 
13.7. Crpynnuposan~brfi oTseT o sefiusune Toprosoro cseTa. 

piu6Qoc u YCTO~~YIIBOCT~ naxa3a~enefi CxcTeMbr a B n X m c x  OnTUMaJIL- C r p y n n ~ p o ~ a ~ ~ b r %  onez  o B e n x r u H e  T o p r o B o m  creza @ O ~ M U -  
H ~ I M H  ~ J I X  ~pefinepa. PYeTCII H a  OCHOBe O F I C T a  0 TOPrOBOM CYeTe  U IIOKa3blBaeT H3MeHe-  

T ~ C T U ~ O B ~ H H ~  U o ITUM,U~~UUH)  CMCTeMbI peKOWeHnye,TCX TIPOBO- HEle CTOUMOCTW 'TIO~T@BJIX IIO Y ~ P Y n ~ e ~ ~ ~ ~ ~  I I e p H O n a M  BpeMeHM. 
r m ~ b  p ~ n e m ~ o  n q  ~ H H H ~ W  u KOPOTK~X cneno~. OTY~T conepmr cnenyronrwe nona: 

n e p M 0 n  rpynnHp0BKM: 

"D" - newb, 

0603HaYeHmi no~a3a~eneBMTC a @ o p ~ y m  

nepuoaa. 

OTYW 0 BeJIHYUHe TOprOBOKJ 

c n e R y r o W x e  nona: 





nrax price in had$.-~in price in trade 

~ I C N # B H O C T %  BXQAQ WIO2K&T ~ U ( H H M ~ T P ~  3ltB*lds..01.0 ,I@ 1.. 
~ w ~ m  w o b a  ars n o 3 q p  s o ~ m ,  H H B C ~ ~ ~  

xopomo MTG i( xone ~cm~penroft wenm p e ~ m y m ' m q n a + -  
nyw np&5ib o ? ' H ~ H ~ : & ~ H o  am& &&&a n3 nowqnx n w ~ ~ m -  

. , 

&ca no e y a a a d :  

- pjra mwmsm no$iquR 
exit PPi~e - mitt pice in trade 

. , . .  

m& prlce in&&-&In priceik trade 

, ,  , 

. e d y  @ice -exit price 

trade e f i i e w  ~jf&).e?dienc9/::+ ~ x f f  e@&lsey -1 , 
HO?XT n p R t M m  &V@IW OT -1 n0 1 

' 

, . 





r naea 13. Mexanulrem mopo.sbIe cuane~bl 

loss trades % 

loss amount 

avg net loss 

stdev net loss 

avg % loss 

stdev % loss 

max % loss 

avg bars loss 

stdev bars loss C p e n ~ e ~ s a n p m r ~ o e o ~ ~ n o ~ e ~ u e  nponon- 
muTenbHocTu ~pONrpblLUHblX CnenoK (B 6a- 

max bars loss Ma~cuma~~buan npOnOJDKNTenbHOCTb IlpONP- - p b ~ u ~ o f t  cnen~u (B 6a~ax). 
v 

max consecutive losses Haa6onmee ~ o n u s e m b  n p o u r p a ~ ~ ~ ~ a r x  
C ~ ~ J I O K ,  cnenosasuax onua 3a npyroft. 

avg enter efficiency Cpen~nn ~ ~ ~ ~ K M B H O C T ~  OTKP~ITNR n03uqnu 

stdev enter efficiency Cpen~emanpamr~oe o~woireeue a+Qle~- 
msnomn OTKP~ITU~ ~ O ~ M Q H U .  

avg exit efficiency C p e n m  ~ ~ ~ ~ K T U B H O C T ~  3a~pb1hla no3u~m.  

stdev exit efticiency Cpen~e~eanpamrnoe o ~ m o ~ e n u e  S@@~K- 
TUBHOCTB 3aKpblTUB DO3UUUU. 

avg trade efficiency Cpennm 3@4emm~omb cneno~. 

stdev trade efficiency C p e n ~ e ~ s a n p a ~ a s ~ o e  o n c n o ~ e ~ u e  3 4 4 e ~ -  
TUBHOCTU cnenoK. 
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KyMynXTUBHaSI KpUB&% AOXOAa CAeIIOK I I o K Z 3 b ~ '  UqMeHeHUe 
TOPI-OB~~O crem m cnenm K cnend. npw ouenxe Kayecma ~opro- 
Bog CNCTeMbl nOKe3HO U 3 m T b  3TY KPUBYIO B I I o J I ~ J I o ~ ~ ~ u @ M H Y ~  

CKOM ~ac111m6e. &XI ~ c K J T I O Y ~ H M X  BJIUnHUIl BeJlUgWYbI HaWbHbIX 
u~secmqeg KPUBYIO MOXHO HopMripoBaTb. llocne xoro nonyreH- 
H?H 3aBUCUMOCTb UCCneQ'eTcX C npKMeHeHUeM PerpeCCFiOHHOlW 
a~mu3a. 3asucu~oc~b BenugWHbr ~oprosoro cqma OT awepa cnen- 

TI~O?O&OC~ Ha BPeMe~EI0h4 b5fi~' UeH 3aKPbITUX "0 UHAeKCy g c  B 
nepuk c nasap 1~996 r. no ce~m6pb 20b2 r. 3a ,mo ~ p e m  cuc.?eMa 
c0Bep'&a 65 cL[eJlOK,,TO ecrb obey B H ~ O ~ ) ~ Q I  p e U  661: Pe3yJIb~a- 
m.1 nocne 6s c ~ e p o ~ . .  pe3+~c.~ 'no. nep~ojl c&w ( H ~ Y ~ $ H H ~  
U H B ~ ~ U ~ ( U U ) .  H; ~ ~ C ~ H K F  U306PaXe~. ~ O ~ ~ P E Z @ M  ~ M ~ ~ U P U Y ~ C K O ~ ~  

k~pMHp~Ba$~ofi K ~ ~ J I ~ T ~ B u o P  K ~ ~ B o ~ .  ., gOXOAa CRenOK ( y) ,  JIM- 

' H&H?H ~IIII$OKC~MWU~! ( f ) II 95%-~b!fi A O B ~ W W ~ ~ H ~ I P  UHTePBan 
' . , I : . . .. , '  , . . '  . .  lrpleuu perpeccpu. , . :. . . ,, 

, . 

,, .l. , , , 8 ' .  , 

, , . . , . . 
' 8  1 

~ ~ . , -.;.:, ,. ,:,.s 
0 10 2 0 ,  30 4 0 '  50 60 70 i""$ 

x = tndo number ,, , 
, .  . 

n o ~ a 3 a ~ e n e ~ ,  xapamepu~yroqu~ ~[oxomroc~b ldTC, nimne~cn 
yrOn HWoHa m n n  perpeccuR K OCH ~ C U M C C .  %M BbIIIIe ymn Ha- 
moua, TeM 6onee noxoma MTC. P ~ C K  MTC hpamepu3ym ue&- 
ncaeman jqicnepcux paccenmn 3~nupusecmx A ~ H ~ I X  ~ o ~ p y r  REI- 

HUH perpeccuu. 4 e ~  Bbllue ~eoGanc~eanan nucnepcux, TeM Bonbme 
p 6 p o c  3~nnpnqec~nx TozIe& TO e c ~ b  Bume PUCK CncTeMbr. Or- 
HomeHue TaareHca yrna namona nuHun perpeccnw K BenusuHe ne- 





CJlenyeT IIOMHUTb, 9TO lIpUBeneHHaR BbIlUe OqeHKa BepOXTHO- 

mu y6b1~1ca nocne c e p u ~  c q e n o i c  c T p o u n a c b  H a  TOM, YTO B c e  B~IUT-  1 
pbllUHb1e CAWKK IIPKHocX? O ~ ~ U H ~ K O B H ~ ~  .4OXOfi UVg %win, a BCe 

I IpOUvbUUHbIe  CneJIKEi npUHOCXT o j J H H a ~ b ~ b l @  y661TOK UVg Yd0SS . 
%o a w r e T c r r  nommmo r p y 6 b 1 ~  npa6nume~Ne~, K o T o p o e  H e  

y.lUTblBaW pa36poc pe3YnbTaToB K O H K P ~ T H O ~ ~  C S n K H .  Eonee TOY- 

H m  OlleHKa B ~ ~ o X T H ~ ' C T U  ~ 6 b 1 T K a  OCHOBaHa H a  MHOrOKPaTHOM YUC- 

n e H H 0 M  MOAenUpOBaHUU pe3yJlbTaToB CepUU CneJIOK no M e T O W  

MOHT~-Kapn0. ~ ~ u H u u ~ H ~ X ~ H ~ X  CXeMa TaKOrO aJTOpUTMa HMeeT 

BUR: 

1) 3~uiZ-Iue BXOLUiblX naHHblX 

1.1) M3 O T Y m  0 CnWKaX MUCUB 3 H a 9 e ~ a  nOX0nOB CnWOK 

{%pro!t(k)) 
k = 1, ..., total trades 

1.2) KOJIU~~FTBO p03hl rpb l lue f i  kf ( Y ~ M  60Jlbl l le  p03brrpbIlUefi, 

TeM AOCTOBepHee pe3yX6TaT). 

1.3) cepua cneno~ N . 
2) B ~ I ¶ U C J ~ ~ H H ~  BCUOMOTaTeJIbHOOTO MBCCUBa {~(k)) 

x(k) = ln(1 + %proft(k)) I 

k = 1, ..., total trades I 

3) fihlrucne~ae B T ~ ~ ~ P M O M  B u n e  r u c r o r p a ~ ~ ~ . ~  n n o ~ ~ o c r u  Beporn- 
~ o r m  s~asenufi B e n n r u m  x ( ~ e m m ' n o n p o 6 ~ 0  umomeaa B 

rnase 6). 
4) B b l Y l l c l r e ~ H e  B T ~ ~ X U W O M  BUIle ~ H T e ~ p a J l b H ~ f i  @YHKIIUII pacnpe- 

neneHar r  s ~ a s e m  B e n a s a H b r  x H a  o c a o B a R u a  norryse~~ofi B 

n p e m e M  nyHKTe rWCTOTpaMMb1. 

5) 3anae~  c q n n m  snarenae H o M e p a  T e K y q e r o  p03611pmua 
m = O .  

6) 3&ae~  c r a p r o s b r e  s ~ a r e m  K o m n e c T s a  po3~1rpb1mefi, npu~om- 
max K f i b m y  N ~ O S S  = 0  

7)' Hmep T e q w e r o  po3~rpmx1a m = m  + 1 
8) ~ ~ o B O J V ~ M  OTn=Hb& p 0 3 b ~ p b t l U  pe3)'JlbTaTOB CnWOK: 

8.1) r e ~ e p u p y e ~  ~ a 6 0 p  c r r y r d s b m  queen B K o n w r e c m e  N , paB- 
HOMePHO P U n P e n W e H H b l X  B U H T e P B m e  OT 0 A 0  I.  

8.2) 113 p a m i o M e p H o  pacnpeneneHHoi-0 na6opa CJIYW&H~M mcen c 
nOMOII(bl0 RoJIYIT~HHo~~ H a  IllEire 4 u H T ~ T P & ~ ~ H o @  @ ~ H W U  





Ynpmnenue ~ a n u ~ a n o ~  -   TO ~ a 6 o p  npasun, onpenennm~qux 
O & ~ M  OTKpblBaeMblX no?.uqnk B MOMeHT IIOCTYnneHUIl COOTBeTCT- 

ByrOIQUX CUrHaJIOB OT M ~ X W I U ~ ~ C K O ~  TO~TOBO$! CUCTeMH. TtlK KaK 

MeTOn jTlpassleHUX KanHTaJlOM HeIlOCpeACTBeHHO BJIUXeT H a  ,4UHa- 

MHKY T o p r o B o r o  c r e T a ,  TO npu ero a b r 6 o p e  HY]KHO ~ ~ T K O  ovene- 
nMTb CBOU HHBeCTUqUOHHbIe LleJlU. 

Texuurecmi 3agara CBOAaTcn K TOMY, qT06b1  3aAaTh T ~ K O ~  an- 
~ P U T M  ~ b ~ r u c n e ~ u n  nonu yqacmytorqero B K O H K ~ ~ T H O ~ ~  c n e n K e  Ka- 

lllirfTUI& 9 ~ 0 6 6 1  M & C I I M U ~ U P O B ~ T ~  OAUH 113 n o K a 3 a T e n e ~  ilUHaMUKU 

T o p r o B o r o  c r e T a .  3 m ~ u  n o ~ a 3 a ~ e n n ~ u  MOT 6 b 1 ~ b  cpepf luk  noxon 
H a  onuy cnenq, cmeomeuue noxona u p u c K a  cnenox, cpenwufi 
n p u p o c T  ~ o p r o ~ o r o  c r e T a  no @ u ~ c u p o s a ~ ~ b r ~  npoMemyTKaM spe- 
MeHU ( H a I l p U ~ e p  no M ~ C X U ~ M )  U T.n. 

KtlK U T O p r O B m  CUCTeMa, MeTO.4 YIlPaBjIeHUn KailUTUlOM n0n- 
X e H  6bm ~ I Q d T e n b ~ b l ~  06pa30~ IIpOTeCTUpOBaH. ~ P U  3TOM ~pe60- 
BiuIUn K HeMY CXOXU C T p ~ 6 0 ~ a a H n M U  K T O ~ ~ O B O ~  CUCEMe: - He60nb1110e K o n u r e c m o  o n n i ~ u 3 u p y e ~ b 1 x  n a p e T p o B ,  
- ~ C T O ~  ~ K B O C T ~  B o6nac~u OnTUMaJIbHOCTU IIapaMeTpOB, - AOnXHO C)'IWCTBOBaTb no K p & ~ e f i  M e p e  HeCKOnbKO W U B O B ,  

H k  KOTOPUX COBOKYnHOCTb U 3  T O P ~ O B O ~ ~  CUCTeMbI N MeTCIna " 
YTlpaBJeHUJl KanUTaJlOM UMeeT ynO?JleTBOpUTenbHbIe pe3yJlbTa- 

T b l 6 e 3  ~ O B T O P H O ~ ~  OnTHMU3aWiH. 

nyc~b  T o p r o B m  CncTeMa nana curnan o n o x y n K e  m u s a  no se- 
ne enter price, n p u r e M  aenuqana puma no c n e n K e  COCTaBnUeT 

%risk, TO e c T b  B cnyqae R e m e H u n  npoma o~~psrrof i  nosuqnu 
c n e n K a  nonmna 661~6 3 a ~ p b 1 ~ a  no q e H e  

exit price = enter price x (1 -%risk) . 
P~CCMOT~UM BOnpOC 0 TOM, KaK B b l 6 p a ~ b  nOJlH) ~ a C T B y l o I q e r 0  

B c n e n K e  ~ a n u T a n a  -M o6pa30~, ~ ~ 0 6 6 1  B cnyqae ue6naronpua~- 
nor0 P ~ B U T U ~  c n T y a s u u  Y ~ H T O K  H e  n p e s b l c u n  sapa~ee 3 w a ~ ~ o r o  

s~aqe~aa .  Pa3~ep m n n T a n a  no u nocne n p o u r p b r m u o k  cnenm u 
BeJlHWiHa MaKCUMmbHOrO ~ 6 b 1 T S i  (B ~ ~ H G T ~ X )  CBII3aHbI COOTHOIIle- 

UUeM 

t m a  net loss = exit equity -enter equity 
0 6 0 3 H a q ~ M  KaK a AOJIm y q a C T B y l o 4 e I ' O  B CAemte  KaIlUTtlJla, 

n p u s e M  0 c a < 1. Torna K o n s r e a B o  no~ynae~arx  U e n n b l x  6 y ~ a r  
(uoTOB) PaBHO 

a x enterequity - volume = 
enterprice x (1 + %comission) 

n 0 C J l e  3aKpbITEDl C m K U  BWUqMHa KallXTCUIa 6 y ~ e ~  p a B H a  

exitequi@'= (I -a) x enter equity + 
+exit price x ( 1  - % comission) x volume 
noflCTaBJIX8 B IIOCfieAHIOH) Qop~yny HanUGaHHble pWee COOTHOlue- 

nun nocne ~ecnoxn6nr npeo6pa3o~a~ufi n o n y q a e M  B b l p a x e H u e  m 
nonu y q a c T B y m q e m  B c A e n K e  S i n u T a n a  

I maxnetloss I 1 + % comission 
a =  X 

enter equity 2 x % comission + %risk x ( 1  - %comission) 
npu o n p e n e n e H H o M  c o o T u o m e m  M e m y  enferequity, 

a x enterequity 
volume = qEX0 

enter price x (1 + %comis.rion) d~ 1 
AWIH~I@ MeTOn ynpaBIIk~m KaIIUTaJIOhl UMeeT O%Hb I ~ ~ O C T O ~  

CMbICn - OVOJJUWiTb l l p e A e n b H 0  J ( 0 n y ~ T U ~ b l f i  ~ 6 6 1 ~ 0 ~  n0 KOHKPeT- 

HOR CAeJlKe H e  O V W I U q U B m  n p H  3TOM BOJMOXHYIO npu6blnb. On- 
~ u ~ u s a q u n  m o n a  n p o s o n u T c n  no B e n u m e  n p e ~ e n f i ~ o  n o n y c T u -  

MOrO y 6 b m  mc7.X W t  loss. 

B o T n u r u e  OT p a c c M o T p e n H o r o  B n p e n b r n y ~ q e ~  naparpa@e, Me- 

  on puma @UKCU~OBWHE.IM n p o q e H m M  K a n u T a n a  B m o %  c,qenKe 
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,,,#' , , 4 :+-. . , ,, , ,  . J  , , I .  :. 

! E ~ ~ ~ B ~ R C = - ~ + T ~ W I ~ ~ E O ,  ~ R W  lelnkfrma, np~ .  
ritdr O C ~ < ' ~ , U ~ ~ @ W B E ~ O ~ ~ ~ ~ ~ ~ X C ~ ~ T O  

' bvg 9Copvjt ( a )  -. : ,  -1  
l-J . . 8 '  

B OTnenbHbIX C n F 8 . X X  B b 1 6 0 ~ 0 M  COOTBeTCTByKXIXerO 3Ha9eHUX a 
M O M 0  MBKCUMU3UPOBaTb BelIUWiHY aVg %profif (a) TaK, 9 ~ 0 6 b l  

avg %proJir (a) > avg %profit. 
B 06lqe~ CJIyYae Anfl ~ ~ o H ~ B o J I ~ ~ ~ o %  llOCJlenOBaTWIbHOCTM CAeJIOK 

g a q a  pemamcn Y u c n e H n o  n y T e M  nepdopa B c e x  s~aqens8 a c 
ne6onburu~ m a r o M  w3MeHeHna (nanprt~ep 0.01). Onna~o, T a K  KaK 

Xa O D e p a q U a  n O C T a T O ~ H 0  TpyAOeMKa, TO XOTeJlOCb 661 U ~ R T ~  np0- 
CTble XapaK'RpHCTHKU TOprOBblX CUCTeM, KoTOPble 6~ OIlpeAeXSlnU 

B O ~ M O ~ H O C I ~  TZiK0fi OIlTUMU3WHU. 

B e p H e M c n  K @ o p ~ y n e  c p e n H e r o  3na.te~m noxona cnenon. Ee 
MOXCUO~ F a n n c a T b ,  ucnonmyn cpeanue ~ H ~ Y ~ H R X  ~ b l u r p b m b ~ x  w 
n p o I l r p b u u H b n r  cnenorc, a TaKHte n p o q e m T  B I . I U I ~ ~ I ~ X  c n e n o K  mn 
C n p 8 . X ,  K O r n a  B K W O ~  CAeJTKe yYaCTByeT BeCb KanUTan: 

1 + avg %profit = 

= (1 + avg %win) ,"I" t&% x (1- I avg %loss I)'-" 
6 y n e ~  npu6name~~o CWTaTb,  YTO 

1 + avg %profit (a) cl 
w ( l+axavg %win)"'" x (1  - a x  I avg %loss I)'-"" 
nocnemee paBeHcTBo H e  n s n n m s  C T P O ~ ,  ORHaKO AJIII OHO B n o n -  

H e  IIpUrOAHO QrrX O ~ e H O Y H b K  B b l q ~ l ~ J I e H W f i  o I I T u M ~ I I ~ H o ~ ~  BenW'KEiHbI 

a .  
BBW~M @ynlarm S(a )  = In(] + avg %profif ( a ) ) .  T ~ K  K ~ K  

1 
; ~a-rypanb~bdi norapu@~ n m e T c n  MOH~TOHHO ~o3pac~amweli 
! (Pynw~eli, TO M a K c u v  @YHWUU S(a )  C O O T B ~ T B ~ ~ T  M~KCHMY- 

. MY @~HWUA avg %profit (a). 
I 
I 3anume~  S ( a )  B XBHOM Bune:  

1 S (a)  = win trades % x ln(1 + a x  avg %win) + 
i + (1 - win, trades %) )x ln(1 - a x  I avg'~doss I )  

B 0 3 b M e ~  n ~ o u ~ ~ o n n y m  S(a )  no a : 
, &(a) win trades% x mg Youfin ( I  - h in rrades%)x avg %/ass -= - 
' d a  I + a x m ~ % w i n  I - a x  a~g%lossI 



, . 

I , win traders o/o mtn = 
, '  , . , , . . , , : 4 bco4iii.t- l.svg *?8f ,': , , ~, ., . , . , . 

' Emu nociremee..n 





S (a) = win trades % x ln(1 + a x  avg %win) + - 1 

+ (1 -win trades %) x In(1 - a x  I avg %loss 1 )  +(I - a x  %risk) 
BWB npoa3~on~ym S(a )  no a a npapamns ee K ~ y m o  nonysuM: 

me 
a, = win trades% x avg %win - (1 -win trades%) x I mtg %loss I - 
- %risk 
u, = aog %win ~ (~ /or f sk+  lmtg %loss I)+, , . . 

+ win trades% x %fisk x (avg %win + I mtg %loss I) 
- 2 x %risk x I avg %loqs I 
a, = 2 x avg %win x I avg %loss I x %risk 

. .  . 

T ~ K  , ,   ax , a, '>, 0 TO win trades % > win trades % @in 
. . , . ,  . , , , ,  , 

' r e  
%risk'+ ( avg Ydoss I 

win trades,% min = 
avg %win + I avg O/doss 1 

a- 

Y ~ i s k  + I avg %loss 1-2 x %risk x I avg %loss 1 x win trades % max = 
avg %win +I wg %loss I 

Emu we co6monae~~n m k o e  nepaBeHcTBo 
win trades % min i win traks  % < win trades % niax , 

lprisene~ npaMep pelnenun sanaqn on~n~u3aquu poonrorueHaa 
~ o x o ~ s o c m  a pacKa MTC. 



B rrpenwymnx naparpaw pacehui~pnRajlncb wtpm O ~ T H -  

un3aun~ norm ywumyloqeru s tv.~&vax KanKrana B ~ & M O C I ) I  

or n o ~ a s m e t i  MTC (npoqma apn6slnbnboc WJIOK, cpen~eli se- 
AH'IUHY m~ipblwa,  cpe~~et4 ~ ~ ~ U ~ ~ ~ ~ , ~ $ Q R I " P I L I I ~ ) , ~ ~ ~ ~ ~ K B ~ ' H ~  
6bma yrlrena eosuox~ocrr  mppenru& i-mmy:pnyjibmahui no- 
cnenosmnbnblx qenolc, w m b  mwocn W+iniMDipnnB:c$- 
pun u3?p16wy%f?ll~ Y ~ ~ ~ , ~ Y H L J X  MCUOK. 

@opilraawo, w n w c  ?O&JLZ&I, < ~ ~ n j c ~ ~ '  UOXIIO 

&B"% ~~ mn$i$dqueiiT a~m*&6' nn~~+&o 
psh ?46p~bf2 (trade number) ;.raa'fratde number .' wcwrep cneji- 



ea 14. . .,menue nanum 

F~CTBYEOIU~RI B 0qepe~eofi KallUTaXa MOXHO B 

s ~ a q e ~ u e  n~~erpanb~o i i  + y ~ w a n  pacnpeaenerrna B nochen~ 
nepen n n i u l ~ p y e ~ o f i  cnen~ofi T o w e  B b 1 6 0 p ~ U .  Mcnonb3 

xk << X, 3' ak+, 

- 
x* >>X, =r ae+, * 1 

short line >long line nonn 6 y n e ~  B O J ~ ~ C T ~ T ~  OT 50% B n n o n  

- Me~on  YnpaBJTMUn KallUTaJlOM no COOTHOIUeHH~ CKOnb3 

CpeAHAX M O X m  MOXeT 6 b 1 ~ b  OnTWMU3BPOBaH I I 0  ZBYM I I a p a M e  

cmmqa c~e&li&. 

14.7. K p t I ~ e p A f i  ceplifi 

O A H ~ M  U 3  B m e  

AyIOmHe BapHaHTbl: 

1) @ X O A ~ I  n0CneAOBaTeJlbHblX CAenOK He3aBHCUMbI Ap)T OT APYra, 

TO eCTb B b I U ~ b I I U U  II n P O U v b I I U U  YepeAyIOTCIl C J I y Y a h b 1 ~  06- 
pa30M.  B 3TOM C J I P a e  MbI UMeeM HYneBYH) K O p p ~ H q U m  M e X A y  



rnaea 14. Ynpaanenue mnmano~ :b. , ' . tv,$.,-. I,-. '. ., ;,;.:. - L + , ; ~ ~ ! ~  

.~ ' . . ,.. , 
a, ecnu Konwecmo cepua 6onbme omunaehioro, TO 
pUIJaTWbH0fi KOppUqHH. Ol'pEiIJaTenbHblfi Z -C 

nU KOllKYKTBO eepult MeHbIUe OXUnaeMOrO, TO eCTb 
TeJIbHofi KOppenflIJUH. 

Bep~fll'H~CTb Tom, YTU CTaHAapTHaX HopMan 
Ha.XO.l(&f?Cfl B &iH'TePF@Jl~ OT - I Z I A0 / Z 1, UJlU CO 

BenuruHe 2 ' -c re~a  ,qoBepuTenbaym seposmoc 
nUTb C nOMOL46M Ta63IWIl 

p(Z) = 2. HOPMCTPACI7(1 Z 1) -1 .  . 

Km npasuno C Y W ~ T ,  YTO npu 1 Z I< 1.96 (P(Z) 5 
oTKnolreHue 3 ~ n u p u ~ e c ~ n r o  sucm cepufi o 
YAM0 ri 0&fl~UfleTCfl c J I ~ ~ ~ ~ ~ H o c T ~ H )  Bb160pF& B 
uenew06pa3~0 M O A U @ U ~ U ~ O B ~ T ~ ' T O ~ ~ O B ~  

HUU Z -cseTa. 
Ecnu X& MbI UMeeM CUCTeMY, y KOTO 

( P ( Z )  > 95%), ,m MOXHO ~cnonb30~amnonyse~~y lo  38 

a o c ~ b  cnenyroquM o6pa3o~: 
1) npu 6011bll10~ no MWym U ~O~OXCEiTeJlbHOM no 38 U J M B E ~ H U ~  caw@ (%j, 

c s w  3a npn6blnb~og cpen~ok c~opee  a~~ao60nttk.~ ~ewembix +en& nwxe N cnenorc, 
mlc~an, a 3a ~ B ~ I T O Y H Q ~ ~  - npw6blnb~an. Cnen 
sbr~rpb~mefi HYXHO yMeHbmaTb 0 6 5 e ~  cnenymulelt 
nome npourp~mefi - ysennnusam.. , , 

2) npll60nb~ohl "0 M ~ ~ J I H ,  U OTpHIJaTeJlbHOM n0 3H 
3a npki6b1~1b~oii cnen~ofi cKopee scerb 
np~6b1nb~tM CnenK3 a 3a Y ~ ~ I T O Y H O ~ ~  - 
Cneno~a~enb~o ,  nowe eblnrp~rel l  HYXHO y 
cne,qyromefi cnenKu, a nocne npourpb1,melt - yMeHbmaT6. 

Olwel'U~, TIU KpU~epUfi cepliii MOXm CnflTb I$~JI~TPOM Nlfl PC-, 

CMOTpeHHOrO B IlpeJtblJIJ'l4eM naparpa@e MeTOAa CKOXb3flqHX CpeA-, ' .  

m x .  

14.8. Y ~ e ~ l u s e e s e  o&ae~a  suafpuaawmeil  nomqea. 

B 3~0~.naparpa@e 6 y ~ e ~  u3noxe;l MeToR ysenmeHun 0 6 i e ~ a '  
s b ~ u r p ~ e a m ~ e l t  ~,JIUHHOE no3muu nnn 

m0finpOqeHT B b l U ~ b l ~ H b l X  CneJlOK k i  BblC 

npu6bmu K CpenHeMy Y ~ ~ I T K Y .  

218 ' I .. 519 
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15. YIU'ABJIEHHE PHCICOM IIOPTaEJIII HA OCHOBE 
AMEBA ICOBAPHA~HB AICTHBOB 

B ~ T O A  rnme p a c c M a q x i e m n  ~ o n p o c b r ,  c ~ n 3 a ~ ~ b 1 e  c onm. 
~ ~ 3 a q u e E  n o p ~ e n n  a K T u a o e .  P i . l s y q a e ~ c n  B J r u n H n e  K o p p e n n u n w  M e  

X J y  OTneJIbHbIMH UapaMH aKTUBOB H a  0611~uii PKCK I I o ~ T @ ~ J I x ,  n p ~ ' ' ~  1,; 
STOM B K a u e c m e  M e p b r  p u c ~  n p n H u M a e T c n  nacnepcun (unw cpenqi 
H e m a n p a T m o e  o~mone~ue). Pacc~rwano o TOM, YTO T a K o e  36- 
@e~msnan nueepcu@ulcauwn u MK o61quB PUCK nop~aem, c o c T a s -  

JIeHH0.0 U 3  IlPOFC3BOJIbHOTO KOnHYeCTBa BICTUBOB, MOXHO pa3iTWIEiTb 

ua ~ e c n c ~ e ~ a ~ u ~ e c m i i i  (~sepcu@uqupye~brA) PUCK w pbrno~~brii 
(~enwsepcu@uuapyem~A) PUCK. A a ~ o  nounme rprwuub~ 3@@e~- 
TUBHOCTU H a  n p n M e p e  nop~@enn u3 RBYX ~KTUBOB u npuBenem.1 

@ophaynbI ,  KOTopbIe II03BOJIXH)T B b l 6 p a ~ b  H a  r P a H U U e  ~ @ @ ~ K T U B H O -  

CTU I I o P T @ ~ J % ~  C M H U H M ~ b H b I M  OXUnaeMblM PUCKOM W nopl$enb C 

MaKCUMaJlbHblM O T H O I U ~ H ~ ~ M  OXUAaeMOrO AOXOna K OXURaeMOMy 

PHCKY. FIoc~mne~a 3ana.ra no onm~u3aquw nopv$ejm u3 npou3- 
B o n b H o r o  K o n u q e c T B a  ~ H B O B  c y q e ~ o ~  orpauuve~uB H a  COCT~B u 
seca WUBOB B nop@ene (IIAMUTOB), u n p u B e n e H  a n m p u T M  n o u c K a  

peUIeHUt i  3TOB 3 a S a Y H  MeTOnOM MOHT~-Kapn0. 

P e 3 y n b ~ a T b l  P e l l I e H U a  06 UHBeCTUpOBEIHUU B TOT UnH HHOA @u- 
H ~ H C O B ~ ~  UHCTPYMeHT (~KTUB) B C e r A a  UMeIOT HeKOTOPYH) H e O n p e -  

neJleHHOCTb. B 6 o n b u r u ~ c ~ ~ e  C n Y W S B  p e a J I b H 0  I I o J l y ~ e H H b l ~  AOX0.4 

OT BJIOXCeHHX B H ~ K U ~  ( P u H ~ ~ H c o B ~ ~ ~ ~  AHCTPYMeHT H e  .COBIlaSaeT C 

OXUnaeMbIM nOXOAOM no 3TOMY UHCTPYMeHTY H a  MOMeHT IIPHHXTUII 

PeIIIeHUX 06 UHBeCTEipOBE-lHU, TO eCTb HHBeCTlXpOBaUUe - 3 T 0  c+pa 
~ e T l W l b H O C T H ,  CBXSaIiHM C PUCKOM. 

Mepy paccerrnwr peanbno nonyqewbul doxodos o m n o m e n b ~ o  
o m d a m o z o  doxoda, mo ecmb PUCK axmuea, Gydau xapamepwo- 
samb dmepcueai (unu cped~e~sadpamu'cnw omm~enuenr) doxo- 
doe no d a ~ ~ o ~ q  axmusy. 

P~CCMOT~UM GJIY&, KOrAa UHBWTUp0B;ulWe npOBOnUTCX B He- 

CKOII~KO ~ I C T ~ B O B  (nop~@ena). n o p l $ e n b  n m e ~ c x  nn&ii~oir KOM- 

6wnauaeE aKTHBOB, KZC%CA~I% 113 KOTOPblX UMeeT d06men~oe M a T e  

M a T u q e c K o e  oxcnnanue noxona u nucnepcslo noxona. 



r naea 75. ynpamnue pucnon nopmrpemr ~a ocnocle afianu3a mapuaqud aK- 
mums 

i 

C ~ r t W a e ~ b I e  BHZa w:c:, KOTOPbIe XaPaKTePU3YIOT PUCK OT- 
4 

AellbHbIX ZtKTUBOB, BCerAa  ilOnOXUTWlbHb1. C n e f i 0 B a ~ e n b ~ 0  OHM MO- 

W T O ~ ~ K O  y w m n B a T b  PUCK n o d e n n .  
Cnaraeme smna ~ , w , p , ~ a , c r , ,  KoTopbre  x a p a ~ ~ e p ~ 3 y m  KO- 

B a p E i W l O  p a 3 W 9 H b l X  nap aKTUBOB B nojYT@We, M O T  6b1~b IIOnO- 

X?jTeJIbHblMU, PBBHbIMU HYJIIO W OTPUIIaTejZsHblMU. Bce 3aBUCUT OT 

B e n u s u H b I  K O ~ @ U ~ ~ H T ~  K o p p e n n q a u  M e m y  m s a M u .  Cnenosa- 
TenbHO, 3TU CJIaraeMble M O W  YMeHbiUUTb PHCK n o p T @ e n %  B UenOM 

no CpaBHeHUlO C PUCKOM OTAenbHblX aMUBOB. ' 

IIpounnmc~pnpye~  TOT  em em nu~epcuQmrcaqnn H a  npzmepe 
nopr@em, cocxoqero a3 myx  BOB. P ~ C C M ~ U M  ~ p i i  CJI~Y~UI, 

B KWOM a3 KOTOPLIX Ma-reMamqecKne  omunanun a nucnepcun art-  

TUBOB OAUHaKOBbI, a pa7nUqHbIMif  XBJlnmTCX K O ~ @ @ U ~ U ~ H T ~ I  KOppe- 

M Q U U  MeXQ' HUMU: 

1) A~muabz ?lOilHOCmbM KOp~UpOaUHHbl 

B  TOM cnpae ~ o 3 @ @ m n e ~ t  ~oppennquu M e m y  ~ K T U B ~ M U  pa- 
sen l. Cnenosa~enbno nnn nucnepcan u C.K.O. n o d e n n  nony- 
yam 
a: = w:a: + w,2a,2 + 2wIw2a1a2 = ( w p l  + ~ ~ a ~ ) ~  

OT LIUS~PCU@IIKIIIIUU OTCyTCTByeT. 

2) A~muabl He KOppt?JIUpO8LlfiHbZ 

K o ~ @ @ u ~ N ~ H T  KOppelInlIAU M e X A y  aKTUBaMU PaBeH 0. 
2 - 2 2  2 2  a, - W] ffL + w2a, 

cTy = Jm 
B ?TOM cnyqae C.K.O. nop~@enn M e n a m e  cpenaeii ssaerne~~oii 
C.K.O. OTnUIbHbIX -BOB, TO eCTb IlPUCylTTBYeT nOHUXeHAe 

p a c K a  nop+enr OT LMB~PCU@UK~UUU,  o j w a K o  C.K.O. nop~@enr 
60116111e H y n a  n p U  nm6ux HeHyneBblX ,4ucnepcmx OTnenbHbIX 

aKTUBOB. 
I 

3) Amuabz anmuKoppenwpoaannu 
K o ~ @ @ E U U ~ H T  KOppWMQUU M e X A y  aKlUBaMH p a B e H  -1. 



mu806 

I T ~ K B M  06p830~, 06~1iii PUCK IIoPT~&~II MOXHO pa?nenHTb H a  ' 
Ase sacmi: 
- ~ecucme~amuvecmtti pucti, o n p e n e n a e ~ b ~ i i  cpen~eii Aucnepce- 

efi aKTHBOB, KOTOP~IB MOXeT 6b1m UCKJIKJYeH n)'TeM ~ O ~ M U P O -  

BaHU5l IIO~T@WIX ti3 6on~.moro KOnUYeCTBa aKTuB0B (AUE~CW- 

@aKaUxeB),  
- cucmemamuuemt(ti ( ~ ~ Z H O ' I H ~ L ~ ~ )  PUCK, o n p e n e n n e ~ d  cpemeii 

K O B ~ P U W U ~ ~ ~  nap pa3nMYHblX aKTNBOB, K 0 T O p d  H e  MOXeT 

6 b 1 ~ b  U C K n m r e H  l I p M  @ O ~ M U ~ O B ~ H A X  110pT@enl1 U 3  60mmor0 
K o n u r e m a  arcrueas (nnsepcu@u~aqneZi). 

n p U  3TOM MaTeMaTUYeCKOe O X W S H U e  nOXOLIi3 n o p T @ e n ~  p a B H 0  

CpeAHeMy MaTeMaTIlYeCKOMy OXUnaIiUIO n 0 X O n a  BXWIIrUMX*B n 0 p T -  

@ a b  aKTABOB: 

B n p e n b I A y u r e M  naparpa@e 6 b m o  no~a3au0, ~ n ,  B uyiae, KO- 

ma K O ~ @ @ H I ~ ~ ~ H T  K o p p e n a q w u  M e m y  a t c m B a M u  M e H a r u e  1, jpmep- 
CU@UKZUIU~~ IIo~T$WIX MOXeT YnYYUIUTb WOTHOLUeHUe M e w  OXA- 

n a e M b I v  AOXOnOM U OXUnaeMbIM PUCKOM. h CB113SHO'C TeM, 9 T O  

o m n a e ~ b ~ f i   oxo on nopT@errn a B n n e T c a  mnetisoti ~ 0 ~ 6 n ~ a q ~ e f i  
o m n a e M b 1 x  A O X O ~ O B  no B x o n n m w M  B nop@enb a K T u s a M ,  a nxc- 
nepcun nopr@ena a B n n e T c n  mpammoi i  Qyx~qneti OT C.K.O. BKO- 

W Q U X  B I I O P T ~ M ~  aKTUBOB. 

n p ~ l  3?lAaHHblX MaTeMaTUYeCKUX OXUAafIIlXX W &UCIIepCUIIX BK- 

TUBOB, a T a m e  K O ~ @ @ U U H ~ H T ~ X  KOppeKXUUE% M e w  pa3JlUYHbIMU 

napam a m u B o r c ,  n y T e M  O ~ T U M U ~ W U A  B e c o B  a a u B o B  B nop~aene 
MOXHO R O ~ U T ~ C I I  YJIYgllleHUIl COOTHOLUeHU!i M e w  AOXOAOM U PUC- 

KOM nop~@ena. 
P~CCMOT~UM nopT@eJIb ,  C O C T O ~ ~ W ~ ~  113 n B y X  m t i B O B ,  C ~034- 

@UW~~HTOM KOppeDXUUIl M e w  HUMH PaBHblM P = 0.5: 

C.K.O. OXUAaeMOrO fiOXOna (PUCK) U, = 15% 
- 2-c aKmU8 

. , 

muaw 
. . 

.:, 0 ~ ~ n a t i ~ b l f t  R O X O a  ,!L, '= 13% 
' G . K . . ~ ,  $ ~ ~ ~ ~ ~ M o ~ O A O X O ~ ~ ( ~ U C K )  q2 =160/ia 

F$!&~%I$ ~ O X O ~  Ei C p e ~ H e K B W p a ~ ' i H O e  

u3 n ~ y %  ~KTUBOB ~ b ~ r n c n m ~ c n  no Qop~ynaw: 
.. 
- 21, = w,,uc +. wzp2 

p a c ~ e h b ~ e  snat l&xyrrr   TUX B ~ ~ U ~ U H  npu P;&UYHOM C O O T ~ O ~ ~ ~ & H I &  

&COB mnms npeac~ame~ar s~a6nuqe. .: ,. ' < . .  , :. 

, , 

Bec 130  aKtnuBa Bec 2-20 a~musa C. K: O. n o p m e  n o p d e n n  . . 
. , 

w2, c~ ,. Wl... 

0.0 1.0 : 16.00' , 13.00 , , 

0.1 0.9 15.21 12.70, 
~.$ 

' t 



rnaea T5 Ynpasnenue pucxo~ nopm4,enn Ha o c m  ananma noeapuaqud a ~ -  
mUBM1 

Ha nwuuu ABC n e m a T  B c e  B O ~ M O X H ~ I ~  ~ 0 ~ 6 u ~ a q u u  noxona u 
pucm nopeenu.  T o s ~ a  A C O O ~ C T B Y ~ T  nop~@enm, C O C T O U ~ ~ M ~  

TOnbKO U 3  1 -r0 BKTIIBa, T O 4 M  C COOTBeTCTBYeT I ~ o P T @ ~ ~ H ) ,  COCTOI1- 

4 e M y  TOnbKO H3 2-IW a m U B a ,  TOqKa B COOTBeTCTBYeT I I o ~ T @ ~ J I I O  C 

HaMMeHbIlIUM PUCKOM. 

A H ~ ~ M T U ~ ~ C ~ ~ ~  K o o p m H a m l  T O ~ K U  B B cnyqae nopv$ena a3 2-x 
akTHBOB MOXHO H&~TH W3 C n e n y m q u x  c006paxe~ut4. T ~ K  KaK B e c a  

m U B O B  CBUSaHbl COOTHOUleHAeM W 2  = I - W I  , TO MaTeMaTW'leCKOe 

omname u nucnepcum nop~eenn MOXHO n p e n c T a s u T b  K ~ K  @WK- 
9HIO TOnbKO OT W I  : 

~ ~ = w l ~ I + + ' - w l ) ~ ,  
1 

0; = w:u; +(I- ~ , ) ~ f f ;  +2pw1(l- w1)0102 
T o s ~ y  c M U H U M ~ J I ~ H ~ I M  3 ~ a ' ~ e u u e ~  mcnepcuu (c.K.o.) nop~@enn 

2 
MOXHO H ~ ~ T A ,  EWTB nPOU3BO~HYH)  BeJlU'INHbI C y  no W ,  H IlpEipaB- 

HXB ee K nynm. P e m a ~  ypameuue o T u o c u T e n b u o  w, norryrenn: 

W - 0: - P 1 ~ 2  
I - c; +a; - 2p01a2 

~ O ~ C T @ M B  3 T 0  B b l p a X e H U e  B @ 0 p M y n b l  .WIU ,Uy K C y  , MOXHO H&- 

m ox@inae~b~ii ~ O X O A  M PUCK nop~@enn (c.K.o.) B m q K e  B. Ann pac- 
c M o T p e u H o r o  3necb n p u M e p a  nonyqm: 

JIuuun ABC: 
- B o r n y T a  meso npu ~03@@umeu~e K o p p e n n q u u  p < I ,  npu 

3TOM BOrHYTOCTb TeM CUJIbHee, q e M  MeHbUIe K O ~ @ @ U U ~ H T  KOP- 

pennuaa, - nBJX%eTCX O v e 3 K O M  n p ~ ~ o f i ,  COenUHnlo4MM TO'fKM A U C, n p U  

K O ~ @ @ E ~ ~ U ~ H T ~  KOppeJlllqUU p = I .  
Bepmnn s a c ~ b  nunuu ABC ( n u ~ u n  BC) nmueTcn zpar~uyeC 3@- 

@ ~ K ~ U ~ H O ~ U . , ~ U H M X  BC XBJlXeTCn ~ @ @ ~ K T U B H O ~ ~  H TOM CMbICne, 

 TO H a  net4 H ~ B O ~ M O X H O  ~ O B ~ I C H T ~  noxon 6e3 nosmenun puma u 
CHU3UTb PUCK 683 CHIlXeHllU flOXOjla (6 OTnUYUe OT n U H E l l  AB). 
B b ~ u r e  n u H u u  BC naxom-ccn H e n o c T m M o  n p u e n e K a T e n b H b I e  KOM- 

6 u u a y u ~  noxona u pucm. Hnme muuu BC H a x o n u T c u  xynmue 

rnaea 15. YnpaBneHue PUCKOM nopmcpenn na o c ~ w e  anmu3a mapuauuii aK- . 
r n w  

K O M ~ U H W U M  n O X o n a  &i PZCKa, KOTOPbIe M O T  6b1Tb YTlYYllleHbl Tie- 

p e x o n o M  aa nnuxm BC. Hanpu~ep, nepexon w mqm n B TOYKY 

T1 n p u B o A u T  K y ~ e n u r e ~ n m  noxona nop@na npu H ~ U ~ M ~ H H O M  

y p o s H e  p a c l t a .  

Ĥa rpauaye 3 @ @ e m ~ ~ o c m  H e  c y w e c T B y e T  uaunyqluero 
nap~@ena. Bb160p  M q K U  H a  3 ~ 0 6  nUHUH 3 E M C U T  OT UHBeCTUqUOH- 

H ~ I X  npenno~msnii n o p w b ~ o r o  M e u e n x e p a ,  TO e c T h  ~ a ~ p  nna- 
v, B b I p a X X M y l o  B eIf.FiHHllaX PHCKa, OH rOTOB HeCTU 38 ~ O ~ ~ B O ' I -  

HP enunuuy noxona. 
P a c I I p o c T p a H e ~ ~ b l ~  MeTOnOM s b r 6 0 p a  TO= H a  V a H U u e  3@- 

@ ~ K T ~ ~ B H O C T U  IIBJlUeTCU Bbl60p  T a K O M  I I O ~ T @ ~ ~ U ,  .WIU KOTOpOIW OT- 

H o I u e H u e  o m m e M o r o  A o x o n a  K o ~ u n a e ~ o ~ y  pucxy SBJIU~TCII M ~ K -  

CUMi3JlbHblM. ~I ianu~usecKn B C n p X  IIo&EJM H 3  2-x aKDlBOB 3TY 

TOYKY MOXHO H&TU, IIpBpaBHXB K HYJIH) nPOU3BOnHYIO no Wl OT 

@ Y H K I I ~ M  

w1 = 
(&polo2 -P,C:) + ( P , P ~ , ~ *  - ~ 1 4 2 2 )  

)$IS PaCCMOTpeHHOrO 3 a e C b  I l p M M e p a  TOqKa C MaKCUMClJlbHblM OT- 

HOrueHKeM n 0 X O n a  K PIICKy: 

w, = 0.37 w, = 0.63 p ,  = 1 1  39% oy = 13.72% 

non o n m ~ n w u e f i  nopr@enn, coc~onqero n3 npou3~0nb~oro 
KOnUqeCTBa W H B O B ,  Mbl 6 y n e M  IlOHUMaTb IlOUCK TaKNX H ~ ~ O P O B  

BeCOB ~KTUBOB, KOTOpbIe 06ecnew~anu 6b1: 
- oxup.ae~b~ii noxon nop~4enn 6 0 q b m h t 4  unu pas~ut4 nanepen 

3 W a H H O M y  MHHHMUIHOMY 3Ha9eHWEO LTOXOA% - 0XnnX~blfi PWCK nop~@enn M e ~ b U I i l f i  EUlH paBHb1fi ~ h e ~ e n  3a- 
jlaHHOMy MaKCUMUlbHOMy 3HaYeHUm P H C M .  

Cnenosa~enauo, ecnu npennonmmn u3~ecmbr~u o m n a e M b r e  

AOXOnbI no K W O M y  H 3  aKTuBOB, O X E D X M b l e  AEiCnepCHH (c.K.o.) 
AOXOna no KaycAOMy U 3  aKTIIBOB, KOBapUWUU ( K O ~ @ @ U U H ~ H T ~ I  KOP- 



, perrnuwu) M e m y  -0% napoti p m n u s u b l x  aKTueoB,  TO 3anasa on- .I 
~wnu3aqua nopaenn c e o n u T c a  K TOMY, sm6b1 naRm T a m e  ~a60pbl 
E W E  W E B O B ,  KOTOPble 6 b 1  YAOWleTBOpIIJJU C U C ~ M ~  

& ' n  - 
k=I 

6 y n e M  n p e m o n a r a T b ,   TO B c o m a B e  nopnpenn B xasecme on- 
' 

HOrO U 3  ILKTUBOB M ~ V T  HZVLOAUTbCn AeHeXFIbIe CpeACTBa, TO eCTb 

6 e z p u c ~ o ~ b r f i  %TUB, n ~ e m r q u ~  u y n e B o e  oxunanue nnbona, H y n e -  

BYh7 AUCIIePCEIH) AOXOAa A U y l l e ~ ~ f i  KO~I$@HUU~HT KOPpWXUUU C 

nI06b1M A p y r H M  W U B O M ,  n03TOMY PaBeHCTBO e R U H U q e  CYMMbl Be- 

COB BCeXaKTEIBOBRBnUeTCUCTPQTUM, 

O r m v r a e ~ b t B  noxon n o d e m  a O Z U W M ~ N  nucnepcm nopr@nu 
n m n  yenesmu & ~ H K ~ ~ M u .  U e n e s b t e  (PYHKLIWU onpenwm 3a- 
n a v  ~wropan nonxua 6 6 1 ~ ~  peueuaa rrpoqecce onrwmmiwa. B A ~ H -  

I HOM myme w a q e %  n m e ~ c u  ~ a ~ c n ~ n 3 u p o ~ a r n  w~efiuyro @YHKUNEO 

B n o m o e l c e  3anam no o n ~ u ~ ~ ~ a q u n  nop~aenn arnueo~, 
c~wanuofi B n p e n b l n y l U e M  naparpae, HenBHbIM 06paw~ npenno- 
n m o c b ,  s T 0 :  
- I I ~ p T @ ~ b ~ b l f i  M e H e A Z e p  UMeeT B03MOXHOCTb UHBeCTUPOBaTb B 

mo6b1e axTUbbl ,  06paqammecu H a  pblHKe,  TO eCTb OTCYTCTBY- 

IOT O r p a m s e H u n  H a  W C T ~  a m n e o B  B nopraene, 
- OTC~TCTB~IUT O r p a H u s e H u n  H a  sec o ~ 4 e n b d o r o  a m e a  B n o p T -  

Gene. 

rnaea 15. Y n p a e n u e p u ~ ~ ~ k l  napm@enn ~a ocnoee wanusa m a p u a w u  an- I 

mUBOB 

- B Gop~ynax nnu u e n e s b r x  @YHKUU% ~ ~ U C ~ T C T B ~ K Y T  T o n b K o  pm- 
p e u r e u H b I e  ~ K T M B ~ I ,  

- BBOnnTCU OrpaUHYeUL¶ H a  BW K a m s O W  KOHKPeTHOm aKTABa B 

JIop~@ene. 
OrpaHli%UUfl  H a  BeC m6oro aKTUBa 6 y n e ~  BBOnUTb KaK CBepXy,  

* TaK u C H M ~ Y .  Ha n p a r r m K e  m3~0e  O r p a H u q e n u e  c B e p x y  B B O ~ ~ T  H a  

I IOTeH~UaiTbHO O q e H b  ,4OXOP,UbIe, HO U O W H b  P U C K O W H b l e  aI(TUBb1. 

CaMble HU3KUe O p W U 4 e H H I I  CBePXY B B O D T  H a  B e C a  aKTUBOB, UHBe- 

CTEUHH B KOTOPbIe C B ~ ~ C O K O ~ ~  BepOXTHOCTbK) M O T  6 b l T b  IIOTepXHbI 

n o n u o c T m .  B nymew cnyyae ~ T H  k r n ~ b ~  MOYT npnuecrw noxon 
3a npenenmu ropu30n~a utleecrnposanun. Orpmuueme cmpxy 
H e  M o x e T  n p e B w a m  1. H e ~ y n e ~ b ~ e  O r p a n n Y e n k i u  cm3y BBOHUTCII 

K ~ K  n p a B n n o  nnn co3na~un B C o c T a B e  nop~4enn "nonymm 6e30- 
~~BOHOCTU" U 3  HH3KOnOXO.4Iib1X. UO M HU3KOPUCKOBaAHb1X t3KTUBOB. 

O r p a ~ u s e ~ a e  CHM3y H e  M O X ~ T  6 b 1 ~ b  M e m u r e  0. K P O M ~  T O ~ O ,  a Ha-  

6op orpanuseanii cwxy,  H ua6op orpanuqe~uii C H U ~ Y  u M e m  CBOA 

n p a B u n a  ~ o p ~ u p o ~ a n u x .  
M T ~ K ,  orpanuqenuu H a  aeca a K T n s o s  B n o e e n e  BBOQZ~TCII cne- 

WIOllrUM 06pa30~: 

w ( m ) k  5 wt w(max)k 

0 s w,,), < 1 0 < w(-,, 5 1 

UT~K,  3zga~y 06 OILTUMU3a4HH n 0 d W M  aKTUBOB C YYeTO 

nWMUTOB MOXHO C@OPMYJIUPOB~T~ B Brine: 

, , 
N 

8 s = T w ,  =1 . . . . , . , . .  i-i! 
, ? ,  

, . 
I /  '..>&l< 
, ,  . 



1.5) M a ~ c u ~ a n b ~ o  omiLtae~abrit pnc~nopT@ehn: cr, 

1.6) Ha6op 0rpiurUqeHHR CHH3y Ha BeCa CWTUBOB: 

{w(-)k ),k = l,..-?N 
-1.7) Ha6op orpatlure~uii csepxy Ha Beca arrmm~: 

{w(-p}>k = l,-.,N 
1.8) KOJIU~~CTBO po3b1rp~rnefi (renepaquit ~ ~ 3 6 0 ~ 0 ~  seco~): 

M 
1.9) T O ~ H O C T ~  HopMnpoBmun ( ~ a n o e  nonomTenbHoe suc- 

no): 6 
2) 3WaeM CTapTOBOe 3HaqPHne HOMePa TeKYUerO P03bIIpbILIll 

m = O  
3) H o ~ e p  TeKyuero posb~rpbrma m = m  + 1 
4) Pa3blrpbl~ae~ cJ~) 'W#H~~M 06pa30~ ~ a 6 0 p  BeWB, COOTBeTCl 

B ~ I O ~ N R  na6opy o rpmn~e~n i t  Ha Beca aKTuBoB 
4.1) ~ W M  HaqWbHbIe MUHUMmbHO B03MOXHble 3HaW 

HNII BeCOB 
WR=W( m,k, k = 1 ,  ..., N 
Bblrucnne~ TeKyulyIO CYMMY =COB 

4.7) BblqU~JIfleM TeKyl4yrO CyMMy PeCOB 
S = S + d W  

4.8) Ecnu k<N, TO nepexomm Ha mar 4.4 
4.9) Ecnu He w6monae~cx T O ~ H O C T ~  H O P M U ~ B ~ ~ ,  TO 

ecTb (1 - S) > 6, m nepexoAuM Ha mar 4.3 



5 )  n p o ~ e p ~ e ~ ,  COOTBeTCTBYeT nop~@enb, ~ 0 ~ r a ~ n e ~ H b f i  U3 rto- 

JlYTeHHblX Ha luare 4 BEOB,  OIllaHUYeHUUM Ha M U H H M m H O  

0 ~ U ~ a I 2 ~ b I f i  n0XOn U MaKCHManbHO 0 H t ~ ~ a e ~ b d i  PUCK lI0p4eJb3 

N N N 

0; = w:0; +2C C W , W ~ P , ~ ~ , ~ ~  I f f &  
k r l  k=l ,=k+l 

Ecnn PelUeHUe COOTBeTCTByeT 3TUM HepaBeHCTBaM, TO @UKCU- 

PyeM er0, TO eCTb 3alIOMUHXM ~eKy4Ufi ~ a 6 o p  B W B  U COOT- 

BeTCTByIouIRe eMy 0HtWaeMblfi AOXOn, oXti.L(aeMilfi PUCK, OT- 

Homenue &OXOAa K pUCKy. T e w u k  pO3brrpbl11138 HOMepOM m 
sasepmeH. 

6)  Ecnu HOMep TeIcmerO pO3bIrpblLUa m MeHbIUe, YeM o6mee YUC- 

no po~b1rpb1mei3 M, TO nepexonm Ha mar 3 
7) n 0 u e  TOTO, K@ C.4eJIEiHbI BCe PO3bITpblLLlU (TO eCTb m=1M), Cpe- 

n U  BCeX H ~ ~ H H ~ I X  peIUe~kik sbl6UpaeM TO, IIpU KOTOPOM OT- 

HolueHue ominaeMoro noxona nop4enn K omnaeMoMy p u c q  
IIOPT@WX 6~ MaKCUMBnbHblM. 

E m  H e  661110 ~aiineH0 Hn OAHORJ pemeHun, TO ~Xe06xonU~o: 
- mi60 ylsenUYFiTb KOnUYETBO p03blrpblILWfi, 

~ 6 0 ,  o c n a 6 m  OrpaHUYeHFin no QeneBbIM @YwW~M, TO eCTb 

y ~ e ~ b m ~ ~ b  0Xtinae~blfi AOXOn U/UnU YBenUqUTb b ~ u l n a e ~ b ~ f i  
PUCK nop+=nn, 
nu60 nepecMoTpeTb orpamisennu Ha seca aKmBoB B nop~+ene 
B CTOPOHY pacmupeHwn ua-sanos pa3peme~~brx 3 ~ a r e ~ s f i  ' 
BecOB. 

P ~ C C M O ~ B M  nopr@enb, cocmrrmiii u3 ~KIUBOB: 

- 1-li aKmus 
oxunae~b~fi  noxon 10% 
C.K.O. OxunaeMoro noxona (PHCK) 15% 
momenue noxon ip~c~  = 0.67 
M M H H M ~ J B H ~  Bec B nopr@ene 0 
MBKCUM~JBHME Bee 'B nopr@ene 0.50 

- 2-zia~mus 
0~awaehfd  nOXOA 13% 

rnaga 15. Ynpaenenue puoro*r nqwn@enn na OCHOBB anenusa ~oaapuaqutia~- 
mueoe 

C.K.O. OmUpaeMoro noxona (PUCK) 2G?? 
oTHolneHEe noxonipnc~ = 0.65 ' 
M U H U M ~ I I ~ H ~ I &  BeC B llop~@ene 0 
M ~ K C U M ~ T E H ~ I ~ ~  BeC B IlopT@ne 0.50 

, .  , - '3-ir UKrnUS 
. .. ,. 
, , . , . 0xunae~bIfi noxon 18% 

C.K.O. oxunaeMoro noxona (PUCK) 30% 
momeHne .qoxoplpuc~ = 0.60. 

I : I. 

m m a n b ~ ~ k  Bec B n o d m e  0 
~a~cZMajlb~blfi BeC B IIopT@eJIe 0.50 

K03@@~iqnem KoppennuUU MeXny aKTHBaMK: 
' . - I-zi u 2-ii a~rnueu: p,, = 0.5 .a: 

3WWUM MUHUManbAO O X U A ~ ~ M & ~  XOXOA IIO&W@~?IR Is%, MBKCW- 

~ m b ~ b l k  o x ~ n a e ~ b ~ f i  PUCK no&neXn 18%, KOnUYeCTBO p03Mrpblluefi 
BeCOB aKTUBOB 10000. 

Torna peluenue 3aaa~u O ~ T ~ M H ~ W U  no npueenemaoMy B =OM 
naparpa@e anropmMy c B E J ~ P O M  cpenn nonyseHHbx pemeenfi Toro, 
KoTopoe 06ecne'lu~aer Ma~caManaHoe omomenme m w a e ~ o m  noxo- 
na K OxUnaeMoMy PUCKY cnenyioIqee: 
- sec 1-ro m x e a  wl = 0.1 141 

- omomerne noxonipuc~ = 0.91 . . 
Mar norrywnu noxon nopr@enn 6onbme cpemero a p ~ @ ~ t x u ~ e c ~ o r o  
noxonoe axMeos ($3.67%), PUCK nopr@enn MeHblue cpemem ape@- 
~ e ~ w e c ~ o r o  puc~oe  -BOB (21,67%), u cJlsecmeeHo yrryrmmu 
COOTHOLUeHUe nOXOna U pUCKa no CpaBHeHUn? C. 3TUM COOTHOUleHUeM 
m n m h r o  mnemmom amma. Cnenye~. ewe pa3 nonvepmyrb, wo 

po3b1rp~mefi 8eponmo onoco6~s1 ero yn~qmmb. OAHBKO, mi- 
IneHUd 'nLIJXleTCn ' ' ~ o ~ ; ~ ~ Y H o  O I ~ T M M ~ ~ H ~ I M " ,  T8K KaK YnOBJTe- . . 



, , rnaea 16. Ynpaenanue p m  notnqban~~ na OCHOBO ananwamanmunbnb 
MBP puma 

16. Y I I P A B J I E ~ E  PHCICOM IIOPT@EJIII HA OC 
AHAJIEiJA ICBAHTMJIbHMX MEP PHCICA 

16.1. Beenemme. 

B npe~blnyu~eff WaBe 6bmn paCCMOTpeHb1 BOnpOCbl, CBn3aHHble 
c ynpaerreHueM PUCKOM nop~aenn, npu  TOM B KaqecTBe mep61 ppac- 
cenawr oxrnnaehloro noxona no Kotil(peTuomy amuBy u no nopfie- 
nm, TO e m  B KavecTse Mepbl pucita, 6bma ucnonb3o~a~a nwcnepcna 
(UJIU CpenHeKBWpaTllYHOe OTK'IOH~HU~). 

I lIupo~oe ucnonmosaHue nucnepcuu B KaqecTse oueHm p a p  
cenHun oxrnnaemoro noxona nopr@ena cBn3iulo c WM, -TO ee MOX- 

HO BbIWCnATb aHaJUTUYeCKU, eCnH R3BeCTHbl nUCnepCUU XamqOIY) 

WWBa N K O ~ @ @ U ~ U ~ H T ~ I  KOppWXUHA MeWy aKTHBaMU. ,@%CTBU- 

~enbuo, nucnepcun omunaeMoro noxona nop~@enn -  TO B ~ B ~ I I I ~ H -  

urn cymMa ~oeapuayuti scex nap atcru~oe B nop~@ene, npureM Bec 
KWOR Kosapuaauu pasen npoa3~ene~um ~ e c o s  cooTBeTmym- 
Illeft nap61 aUTHBO8, a KOBapUUUX WHBa C CaMHM ~ 6 0 2 j  IlBNleTCIl 

nucnepcueti nanHoro m u e a .  I I ~ H  GM CyMMupomue npoBonumn 
~ ~ ~ O T H O C ~ T ~ ~ ~ H O  K pa?~oo6pa?wm 3aKOHOB pacnpene~le~~fi  K m n O -  

ro u3 CnaPaeMbIx u B O ~ M O X H O ~ ~  ne@opmarrue S~JCOHOB pacnpenene- 
Hun npU CyMMUpoBaHUU. 

CUT-aqun c y u r e c ~ n e ~ w ~ ~  o6pa30~  ycnoxlinma, ecnu B Kaqe- 
cTse Mepu paccenHun omnaeMoro noxona nopr@enn ~ e o 6 x o n u ~ o  
yK83aTb KBX-tTHnbHOe OTKJrOHeHRe C 3 a A a H ~ O a  A O B ~ ~ U T W ~ H O ~  Be- 
POXTHOCTbm, TTIU( KBK 3M HeB03MOXHO CHenaTb, eCnU HeM3BeCTeH 
sartou pacnpenenemn noxonoe nop~@enx. Teope~urecm, ~ ~ K O H  

pacnpepeneaun noxono~ nop~@enn mom0 uaii~n,  ecnu U ~ B ~ C T H ~ I  

~ K Q H ~ I  pacnpenenenus noxonos ~xonnnrux B Hero amuBoB. O n ~ a -  
KO Ha npamulce auanunisecrtoe pemenue ~ a ~ o f i  3ana~u conpnxeHo 
W 3HaWTeilbHblMH TPYAHOCTIlMH ,!(aXe &llZ Manom YUCna aKTUBOB 
(3a ucIuImseuueM HeKoTopbrx tIacwbIx c n p a e ~ ) .    TO npoucxonu~ 
nmomy, YTO, BO-nep~b~x, noxonbr no ~ x o n ~ l u u m  B nop~@enb a m -  
BaM M O T  6blTb KOPPenUPOBX-tHbI MeXAY CO~OFI, BO-BTOpbIX, npu 
C ~ M M H P O B ~ H U U  noxonoB ~KTMBOB ~ ~ K O H ~ I  nx pacnpeneneuun MOW 

cyqecTBeuubrm o6pa30m ne@opmuposa~bcn, nomMy pacnpenene- 
Hue AOXOAa l I~p~@eiln  MOXeT CUnbHO OTJlUYaTbCX OT PaCIIpeAene- 
HUR AOXOnOB COCTaBnXMWUX er0 aKTHBOB. 

3 ,- . 3  

rnaea 16. Ynpaenenue p m u  nopm@m Ha ocnoee ananusa mranmtlnbnbu 
Mep puma 

B ~ T O B  rJTaBe ~ Y A Y T  PaCCMOTPeHbI IIpaKTH9eCKUe MeT0.461 BbI- 

wrcnenun I c B a m b H m  Mep puma noxona n o p ~ @ e m  us npow3- 
BOnbHOm KOnUqeCTBa klKlXB0B U ylIpaBJIeHllX PECKOM ~ O P T @ W U  Ha 
owoBe ux a ~ m 3 a .  

'16.2. I I o e a ~ ~ e  Value-at-risk B Shortfall-at-risk. 

A O ~ ~ C T U M ,  YTU npennonaramg c@opnnupo~a~~. nop~@ens, co- 
C T o ~ ~ u i f  H 3  HeKOTOPOTO ua6opa aKTkIBOB. B B ~ A ~ M  0603~aYeH~11: 
N - KOnHYeCTBO aKTUBOB B nopT@ene, 
T - npoMexyToK spemeHu, B TereHne ~ o m p o r o  npennonaraexn 
nOPJ(epXHBaTb nop@enb B HeU3MeE30M COCTOXHUH, 

{w,} - ua6op secos, c KOTOPMMU ~ K T W B ~ I  BXOLUIT B nopr@en6 Ha 
MOMeHT er0 @ o ~ M u ~ o B ~ H U X ,  

{ x , }  - ~ a 6 o p  cnyqaii~blx BenuquH, paeubu noxonaM no m o ~ y  
03 aKTUBOB, KOTOPble 6 y n y ~  pmbHO nOnyW2HbI no HCTWeHUU np0- 
MewTKa BpeMeHPi T , 
y - cnyraii~an eenuquea, paeaan peanb~o nonpeuHoMy noxony 
n o p ~ @ e m  no ucTeqeauu npoMexyTm BpeMeHU T, 
{p,) - ~ a h p  omnaeMm 3 ~ a ~ e ~ u k  noxonoB no ~ a w u r o ~ y  u3 aK- 

TRBOH, 

p, - oxulnaeraoe 3 ~ a ~ e ~ u e  noxona nopm$enn. 

Peanb~o n o n y r e ~ ~ h d i  noxon n o m n n  H oxunaeMoe 3~a.reane no- 
X O ~ ~ I I O ~ T @ ~ J I X  3a B p M n  T Mom0 BblqUCnUTb Il0 @OPMYJ~~M:  

B ~ O I I ~ I I I U H C T B ~  CnWaeB OKa3blBaeTCn, YTO BeJlUYUHbl Y U ,Uy 

B KaqeCTBe K B ~ H T U ~ H O ~  MePbI PUCKa n0NejlX UCilOJlb3yeTCX 
senuqgna Vblue-at-risk (VAR'). TO em6 VAR - 3m meva vucKa now- - .  
@enn c 3 w a ~ ~ o t i  nosepxnnbuoii gepomocrbm. 

Y ~ e e p x n e ~ u e  o TOM, 'ITO nopfiem uMeeT OnpeneneHuoe 3na- 
qeHue VAR @amwqec~u o 3 ~ a q a a  cnenyromee: B TereHue npoMe- 

1 



XYTKit BpeMeHU T C ~ O B ~ P U W ~ H O ~  BePOIITHOCTbK) P a6conmmrn ' 
BWUYUHa y 6 b l T ~ a  no n o p T @ e n m  H e  MOXeT 6b1Tb 6onbme, YeM VAR 
( ~ 0 x 0 ~  no nopT@fXUO H e  MOXeT 6 6 1 ~ 6  MeHblUe -VAR), n p H  3TOM a6- 
w n w r s i l n  s e n u q u H a  y 6 b l T q  npe~ocxoppqrn VAR, T m e  H e  uc- 
KnIOqeHa, OnHaKO T ~ K O ~  Y ~ ~ ~ T O K  MOXeT CnYqUTbCII nUlLlb C MLUIO~~ 

BepOIITHOCTbH) I - P . 
/ 

~ Y C T ~  cnY'f&Hilll BWlH'IUHa y (ROXOA I~oPTI$~JIII) UMWT lInOT- 

-/ BepOXTHOCTb T O m ,  YTO cnY'f&Hilll BWUYUHa Y OKaxCeTCX 

M e n m e  nnu p a ~ ~ o j i  y ,-,,, pasia 1 - P , T.e. 

Prob{y I y,_,} = 1 - P 
- B ~ P O B T H O ~   TO^, YTO CV&H= B e n u w H a  y o K a x e T c n  

' ,  60nbme y ,_,, p a e H a  P, T.e. 

' Prob{y % yl-,} = P , . 

~ o B ~ ~ H T Y ~ ~ ~ H ~ H )  BepOXTHOCTb P MK npaBUJl0  B616EipaKlT B Ilpene- 
nax o~..0.95 no 0.99. B  TOM c m a e  m a n m n b  yI-,, nsnnen:x'crrp~- .?!' 
q a T W S H b l M  sacno#. Torna BWXVUHa VAR p m H a  M o n y m  3 T O r 0  f! ', !,. a\: 
sncna: .- . ~ '  I.;: ..@ ,,,, 

,!P 

VAR =I y,, I ,,,A? 
, . ",,",, 

( 8 -  

M r O ,  Y ~ 0 6 b 1  H&TU V ' R  ~ n y Y a Z i ~ 0 i l  BenUqUHbI y , ~ y ~ d ; p e -  ~.*.;, ;?( 
UIUT~ y p a B H e H u e  ,r 

, . 4') 
1 - P = F(-VAR) a* I 4 

* 
VAR XBlIZeTCX nOCTaToYH0 p a C l ? p O ~ T p a H e H H ~ g  M e p 0 g  PUCK& n o p T -  

@&a, K O T o p U  U M e m  OAHaKO pXA CyIUeCTBeHHblX He.I(OCTaTOB: 

1) B o~nurue  crr nucnepcuu, VAR H e  0 6 n ~ a e T  csoil 
MBHOCTU. 3m . o s H ~ ' I ~ ~ T ,  YTO naxe ecnu u3secr~p1 B e n  

VAR c o c T a B n n n x q n x  nomen6 -BOB u K O ~ @ @ M  

PeJInqEiH M ~ X A Y  aKTvBaMU, TO B 0 6 q e ~  C J l F a e  H a  

3THX AaHHblX H ~ S ~ ~ ~ O X H O  PaCCYWTaTb VAR nopT@ejEI. 
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map ~ ~ . . , ~ v ~ & . ~ : ~ m ~ . n o p m & n ~ ~ , n a  ocm.&aw~aceanmWim~k .... 
Meppuara 

. .,, . 

. , 3 a H o  G.TeM, s T 0  VdR XBJlffETCX K B ~ H T u ~ ~ H O ~  O U ~ H K O ~ ~ ,  J l03TOMy 

ee H&bsn B ~ I Y W W I U T ~  6 e 3  S H ~ U X  ~ K O H ~  pacupeneneuirn ~0x0- 
, ' na nol(~@e,nn. Ho npu c y ~ ~ u p m m u n  n o x o n o B  a m m B  3a~okb1 
. . q HX pacnpemne~un MOW B~@OPMU~OBBT~CII,  ~ O ~ T ' O M ~  pacnjie 

'' AeJleHUe n O X 0 ~  TIo~T@JI$I MO&T CUnbHO OTJIUVaTbCff O T  p2X- - npenene~u8 noxo~oti coc-rolqux ero  BOB. 

2)  VAR B e  Y'iUTMBaeT BOBMOXHMX 6 0 n b m u x  Y~MTKOB, KOTOP61e 

M O W  ~ p 0 ~ 3 0 h d  MaJlMMH BS?pOIITHOCTIIMU. , . 
) n p ~  y ~ w a t i u u  B Kit'16cTBe MPM P H C ~  m b ~ o  ~ e n i w i n b ~  v&?, 

MU H e  H= brn@op~aqun o ~ u n e  pcnpeneneumi noxoio~ 
nop.~@em. npu  TOM, e m u  pacnpenexmme noxono~ nopTI$em 
x ~ I I X ~ T C X  O ~ O B e p U I H H H b 1 M  (3KCseCk 60JIbUIe 3), TO PMCK 

nop~I$ena 6yn& HenooueHuBaTbWr,  a  em^ pacnpeneneme. no- 
B I I E I W C X  IlnOCKOBePIIIUHHblM ( ~ K C ~ ~ C C  hieHbIiIe  3), TO 

eT nePt3OLfeHUBaTbCX. 

XapaKT@pHCTUKy PMCKa napr@@TX, KOTOpM OnHGblBaeT pea- 
3ylomUeCX C ManblMH BePOIITHOCTXMU ~ H O M ~ ~ ~ H O  60nbme 

TKU. Tmo* ~epo21 pucm nmne~cx ShwrfaII-at-ria (SAR). M R  - 
o m n n a e M o e  3~aqe-e y 6 b l ~ ~ i - i  nopT@enr, npu ycnosue, m, a6- . 

n m T n a n  senusuaa y661~ra npsmcxonu~ VAR. Hcxom u3 f ia r iHoro  

penene~un, swasenne SAR M Q ~  6 b 1 ~ b  B ~ Y U C ~ ~ H O  no QtOP~yne: 

, . 

osMec~~ae.lrcnonb~o~a~ne B =¶&me M e p  pucxa VAR u SAR no- 
am HMST~. 6onee nonriym R H & ~ M ~ U N K )  o XBOCF pacnpene- 

nenun noxonos nop~@enn. llpa  TOM n p e n c T a B n s e T c n  qenecoo6pa3- 
p a ~ C Y ~ ~ b l ~ a T b  3k BeJIUYKHbI O ~ H O B ~ ~ M ~ H H O  Wm. HeCKOnbKUX 

m i ~ u x  s ~ a r e ~ u ~ l  .qo.owtpwrenb~oil  shlpon~~ocm P ( ~ a n p ~ ~ e p  

0,0;975; 0.990,0.999). 





r a e a  7% nnpaenenue pua~om nopmqenn na ocnoee ananu3a KeanmwanbIx 
mep puma 

~ ~ K O H  gacnpenenepun pe3ym~upymqero B n p r y a n b H o r o  n o p T -  

@em, a ero M o m H o  o n p e n e n n T b  no ~6160p~e {Price,) .  
C ~ ~ ~ C T B ~ H H ~ I M  HenOCTaTKOM TaKOrO n0,QXOAa XBnXeTCX TO, YTO Te-  

Icymue B e c a  a K m B o B  B nop~@ene P ~ B H ~ I  ~ W ~ I I H O M ~  ~a60py BeCOB 

{w,} TOnbKO B ~ a ~ a n b A b 1 f i  MOMeHT BpeMeHU t = 0 .   TO IIPOUCXO- 

iTUT nOTOMy, YTO nUHaMUKa UeH B X O n m W X  B ~ I l P T Y a n b ~ b l 8  IIOpT- 

@ e n b  aKTUBOB ParnrtUYHa M X  Pa3HbIX IU(TlDOB, Pe3YnbTaTOM Y e r O  

BBIIXeTCX IIOCTOXHHOe U3MeHeHUe COOTHOIIIefiUX T e q l q U X  BeCOB aK- 

TUBOB B BIlPTYaZbHOM n o p T @ e n e  B p X 3 W q H b l e  MOMeHTbI BPeMeHU 

( ~ a m ~ b ~ i ?  ahTI lB  y w T m a e T c x  no ero ~ewrrr& P ~ I H O Y H O ~  qeae). 
A ~ ~ ~ c x B u T ~ J I ~ H o ,  e C W  CYHTaTb, YTO B MOMeHT f = 0 CTONMOCTb 

~ t l p y a n b ~ o r o  nop~@em Price, = 1, TO B nocnenyroqae MOMeHTbI 

B p e M e m  ero CTOUMOCT~ B b l p a x a e T c x  4op~ynoti: . . 

Price,,, , 
Price, = w, ~ t = l >  ..., twx .=, P r i c ~  , 
rne Price,,, -  TO q e H a  n -ro a h u ~ a  B M o M e s T  B p e M e u u  t  . 
G3 3 T 0 B  C U v a U U U  M O X e T  6 b l ~ b  R B a  BbIXOAa. Bo-nep~bfx, M o m 0  

nperre6pesb u s ~ e u e ~ u e ~  c o o T n o l u e u u n  BecoB.  Bo-BTO~~IX, nacne 
K W O r O  TOprOBOrO nHX npUBOAHTb T e K y r u U e  BeW BKTKBOB B COOT- 

B ~ T C T B ~ ~  C 3 ~ A W H b l M  ua60po~ {w,,) . B 3TOM C W a e  CTOUMOCTb 

B R ~ Y W ~ H ~ ~ O  n o p T @ e n X  B I I P O H ~ B O ~ I G H ~ I $ $  MOMeHT BgeMeHU 6yne~ 
paeaa: 
Price,, = 1 

t = l ,  ..., t,"- 
Price,, ,-, 

Price,,, , 
Price, = Price,, . c wn .=, Price, ,_, 

1) Ecnn ROXOALI B c e x  a m u B o B  p a c n p e n e n e H b 1  ~ o p ~ a n b n o ,  TO ux 
c y M M a  (noxon nopT+enr), T a m e  p a c n p e A e n e H  n o p ~ a n b ~ o ,  TO 

e c T b  H e  n p o u c x o m T  ne@op~aqnu s a ~ o ~ a  p r r c n p e n e n e H u r r  npu 
CYMMUpOBaHHU. 

2) Ecnu npu H e  o ~ X ~ ~ T ~ J I ~ H O  H O ~ M ~ ~ ~ H O M  pacnpenenemn noxo- 
n O B  aKTIiBOB B b l 6 p a H  YPOBeHb , ~ o B ~ ~ u T ~ J ~ ~ H o I ?  BePOXTHOCTM 

P = 0.95. Aeno B TOM, YTO ~ J T X  6 0 n b L U 0 r 0  sucna ~ a ~ 6 0 n e e  
y n o ~ p e 6 ~ T e n b H b r x  3aKOHOB P a C n p e n e n e H U X  ~ % - H w  KBaHTUJlb 

P a C n p e n e n e H U X  BbIptlXaeTCX Y e p e 3  MaTeMaTHYeCKOe OXU.4aIIUe 

a C.K.O. no enu~~oii G o p ~ y n e  x, ,, % p - 1.60.  
B o6onx cnpaxx VAR ~ o p ~ @ e n a  B b I Y u c n n e T c n  no @op~yne, auano- 
rusnofi @ o p ~ y n e  m nucnepcuu nop~@enrr: 

N N N 

VAR: = C w :  . V A R ~  + 2c w,w,p,, .VilR, - VAR, 
,=I k=1 i=k+l 

16.4. On~n~a3anns  nop~@e~ls  c ywTorn Value-at-risk n Short- 
fall-at-risk 

A n r o p u ~ ~  mcnennoro p e m e H u n  3ana~u onm~n3auuu n o p T -  

@ens IIO COOTHOLUeHAIO MaTeMaTUYeCKOrO 0XU.iWIUII AOXOAa U 

c p e n n e K s a n p a m s n o r o  o T K n o n e H u r  noxona npusenen B r n a B e  15 
naparpaae 15.7 3~08 K H U ~ U .  B B ~ R ~ H U ~  B p a c c M o T p e u u e  M e p  p u c K a  

nopT@eJIX VAR U SAR nUIUb AOIIOJlHXeT 3TOT FUIrOPUTM. Bbl60~ 
K o n i c p e n r o r o  p e m e H u n  u3 M H o x e c T B a  peme~afi saya~u o n ~ u ~ u s a -  
UUU nopT@enX (TO eCTb O ~ T U M ~ b H O e  COOTHOLlIeHUe BBnUYUH py, 

n X e T  r -?TOM CBOUX UHBeCTHqUOHHbIX I l p e n n ~ Y T e ~ ~ i ? .  
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