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HeOTaeMJIeMyIo ¶aCTb & ' w ~ M ~ H T ~ J ~ H ~ I x  KypCOB yHHBepCUTeTCKOl'0 

06pa30~a~m H aKTHBH0 MCIIOJIb3YIOTCII B ~ H ~ J I I ~ T U ~ ~ C K O ~ ~  IIpaKTUKe 

B c T p a H a x  c nepeno~ofi BKOHOMHKO~. 

IIononaao ~ 0 3 p a c ~ a m w P  a t r T e p e c  K MCA o h c m e ~ c x  npem- 
A e  BCeM, er0 JILUPOKUMH BOJMOXHOCTWIU B 0 ~ 0 6 p a X e H M H  H MOne- 

JIUIJOBaHHH PeaJIbHbK X B J I ~ H U ~ ~  41 npOUeCCOB, X3HaYWtbHO HMeIO- 

UUX, M K  U3BeCTH0, MHOTOnPH3HaKOBYM IlpIQOAy. K p o ~ e  Tom, 6e3 
6 a 3 0 ~ b I X  3 H a ~ U f i  It0 06pa60~~e MHOmMePHbIX AaHHbIX nPOCTO H e  

M o m  Pa3BMBaTbCII COBPeMeHHbIe MaTeMaTXKa H CTaTHCTIIKa. Bce HO- 

B e f i r u ~ i e  pa~pa6om, IIOCBXWeHHble i r p o 6 n e ~ a ~  n p m o m e H m  HeYeTKKX 

MtioxecTB, ~ o n e n ~ p o m  ~ ~ a c r p o @ ,  p a c n o 3 ~ a ~ a ~ ~ u r  06pa30~, cqe- 
H a p H o m  l T ~ O ~ O 3 H p O B a H H I I  I4 T.A., lIpejlllOJIaElKYt MHOmMepHOe 

n p e n c T a a n e H t i e  ~ a 6 n r o n a e ~ b ~ c  O~TSKTUB. 

MCA B TeOpeTEnecKoM nnme r r p e n a m m e T  co6oB aam~efkuee 
pa3BRTUe T ~ ~ ~ H U H O H H O $ ~  O ~ M O M ~ P H O ~ ~  CTaTUClXKU, eTO OTJIIiYaKYT TPY- 
a o e M m e  a n m p ~ ~ ~ b r  p e a n u s a q ~ ~  BbIqucnr r r enbHbrx  npoqenyp, 
n p m s e c l c t l  B c e r n a  p a c c q m a H H b I e  H a  n p m m e r e H u e  T e x H u g e c m x  

,CPeP.cTB, H CJTOXH~R UHTepnpeTUpyeMOCTb aHBJIUTTTseCKUX pe3yJlbTa- 

TOB. &O ~ p e 6 y e ~  OT nOJlb3OBaTeJM AOCTaTOqHO rny6o~ofi IIODJDTOB- 

Kli M K  B 0 k a ~  M ~ T ~ M ~ T W I ~ C K O ~ ~  CTaTUCTkiKU, T8.K H B O~JIBCTM, B 

~ O T O p o f i  npoBO&TKX KOHKPeTHbIe UCCJIeAOBaHXX: BKOHOMHKU, Me- 

L[UYIMbI H T.n. 
k f c ~ 0 p r i ' I e c K U  M H O ~ O M ~ P H ~ ~  C T ~ T M C T W I ~ C K F ~ ~ ~  aHaJIU3 MOXHO 

PaCCMaTpUBaTb KaK OAHO U 3  HOBbIX CaMOCTOIITeJIbHbM ~ a I I p a B J l e H X f i  

p a 3 ~ u ~ w t  c ra~ac~mec~ot i  T ~ O ~ X H .  Em n o x a n e H u e  B H a v a n e  XX B. 
CBII3bIBaIOT C I IY~J IHK~I IURMH pa60~  K. n r ? p c o p a ,  B KOTOpbIX 6bIJIn 
HWOXeHbI  K O H q e ~ b H b L e  OCHOBbI IIOCTpOeHW irrlWpUTMOB CXa-  

TUX m a m m e c K u x  A ~ H ~ I X .  n e p ~ b x e  T e o p e T m e c K n e  p a s p a 6 0 ~ ~ ~  



MCA, B K R O ~ ~ R  n pa- IC nurpwaa, nporwnnucb c y s w o ~  no- 
qe6~oc~eZL ~ H ~ ~ C K O ~  IIpWlXKX B IICMxoJIornu, Wqnonom, 
M e w I U i H e .  Hau6onee aKTllBH0 @OPMUPOBW~ Teopnn MCA T O -  
ncxonnno yxe B 40-60-e rom, B  TO B p e m  0 6 n a c ~ b  ee npmoxe- 
HkiS 3HaYUTWIbHO PaCIIWpIIJIaCb (BO~HHSLR IlpOMblIIUleHHOCTb, M O n e -  
3-), 3aXBBTbIBm XI 3KOHOMYIKY. 

B CCCP U 3 P e H U e  U liCIlOJlb30BaHUe MeTOnOB M H O ~ O M ~ ~ H O ~ ~  

CEITWCTYIKE~ acme B p e m  (Llo K o H q a  50-x - H a y m a  60-x rono~) 
c n e p m s m o c b  u u e o n o r n q e c K m  H e n p m e M  cpop~anb~oil m n -  
CTUKB ~006lqe. IIpHMeHeHMe 3TMX MeTWOB H a r U H W O C b  C BOeHH0fi 
npOMbIIUJleHHOCTH, n03Xe OHM B O W H  B aHanUTYIYeCKYK) IIPaK'l'UKY 
Ei~iXeAoBaHHfi B 3npaBOOltpilHeHEiU, BKOHOMRKe, A P Y m  OTPaCjl5LX. 

B n p e m a r a e M o M  y r e 6 ~ o ~  noco6m a m o p b r  c r a B n n u  C B O ~ ~  ne- 
JIbIO KOMIUIeKCHO M , 4 O C m O ,  B TOM ~ Y I W I e  P.JDl Y m m e f i ,  H e  
rnhaeromax cneuambnoro MaTeMaTElneoKoro 06pa30BaHKX, rrpencrra- 
B= maccnyecme ~ e ~ ~ p g r  MCA. Hmoxe~ue M a T e p n a n a  nocrpoe- 
no no o6menpa~mofi n o n n ~ o i r  cxeMe: OT n p o c T o r O  K 6onee cnox- 
HOMY. OTK~~ERWT p e 6 ~ 0 e  noco6w rlIaBbI (2, 3), nOCBHIUeHHbIe 
T ~ O ~ ~ T U S ~ C K E I M  OCHOB~M MCA, fne npunomn  ~au6onee a m u e  
&pWMeHTb1113 -ulTK¶eC~ofi reOMeTpUH U ~ a ~ p W I H 0 f i  EUIE~PM. 

B IIOCJIenylourEiX rnaBaX (4, 5) KpaTKO U3XOXeHbl OCHOBHbIe AO- 
J I O X e m  M H o m M e p H ~ f i  ~aTi?hfiITHqec~ofi  cTanrcTMKEI ( ~ ~ K O H H  PaC- 
npeAeneHUX, MeTOAbI OUeHEleaHUX MHOlWMePHbIX c J I ~ ~ ~ H ~ M  BenH- 
YHH H npOBepKK MHOPOMePHbM I3UlOE3, IQYUeMM ~ o ~ ~ C T H O ~  One-  
H ~ ~ H W I  c.wratimx m), a 3aTeM n p e n c r a m e H b l  M~TOAH 
MCA: MHOXeCTBeHHOrO KOPpeJLSllIAOHHO-pe~eCCUOHHOlW a H m n 3 a ,  
M H o m M e p n o r o  umarmposaam, 1 ~ 1 f a c ~ e p - a ~ a n u 3 a  n T a .  (rn. 6-11). 
U~06b1 O ~ ~ O N H T ~  B o c n p m a e  T e o p m ~ e c K o m  M a w p u m a  n mten 
B03MOXHOCTb KOHTpOJUI 38 eN) YCBOeHUeM, 9TU UlaBbl II0IIOIIHIIK)TCII 
n c T o p u r e c m M a  c n p a B K a M u  o n o m e H u n  n W B ~ H  M~TOLIOB, 

UpUMepaMIl EiX npmbxeHn5I B KOHKpeTHbM 9 ~ 0 ~ 0 M W e C i C u u (  hfCWe- 
~08annrrx, a 38~ep111m r n a B y  B o n p o c w  u m q u  AJ@K ca- 
M O c T o R T e n b H ~ f i  pa6OTb1. 

B s a m e ~ n e  n p u w m  r n a B a  (12) c pe~o~emawix* no 
peannwuu MWOB MCA rrpu nohionin m n n a p r m  nBxeToB 
n p I I I o r m  nporpam. 

&TOpbI cTpeMnnrrCb ~ 3 6 e r a ~ b  Y p 3 M e p H O I V  MaTeMaTII3UpOh- 
HUX. B 60JIbIUHIicTBC r n a B  ~pHBOiWfCIf  =KO C a m e  H ~ o ~ x o J ~ M M ~ I ~  
rn n o H m a H m  normec~ofi K O H C T ~ ~ K U ~ ~  OnncbDBaeMom MeTOAa 
+ p ~ y n b l  U nOKa3aTenbCTBa. !&CKO~~KO BbIAeJLXK1'L'CX H a  o614ebi 

,.  OH^ m. 2, 3, 6, IIOi?JOTOBJIeHHbIe H e  UKHMII a B T O p W :  P H O M  
rp*. n-pow r ~ e 6 e  n r-HOM n-pou M.Te@epo~.  I3 HUX nmoxe- 
m e  M a T e p n m a  B 6onbueti M e p e  o p u e H  upom~o na Qmpm30- 

H e  UCKYIIteHHOTO B MaTeMaTUKe, B C m Y  nOMYHOCTU em noqpoe- 
HMIL H IIOUCTHHI MaCTepCKOM) EIJJIOXeH d . H ~ K o H ~ ~ ,  UMeHHO 3AeCb 

MOXHO YBUAeTb U OUlJTliTb C a b l e  TOH MaTePH.U T ~ o ~ ~ T K Y ~ c K o @  
CEITncTnm. 

B pa&= HW noco6ue~ ~ B T O P ~ I  
H- ~ I ~ O @ ~ C C I I O H ~ L I I ~ H O ~ ~  TIOAIWTOBKH 
o6nie~ mum c 0 6 n e m e ~ ~ b u . f  
;no 6 0 n b m ~  n e p e w i e M  

' ~ ~ ~ H J I o x ~ H U X  MOXeT 
"&K U AJW lIpaKTIlKOB 
'%HXCeHepOB E T.A. 

. , 

Cn. A o ~ e p n ~ ~ n b ~ o e  o T H o m e H U e  co t f e M e q m x  K o n n e r ,  MX 
' ~ ~ c K o ~ ~ I C T H ~ ~ P  Ei -aJIbHW IIOnIWTOBEITb xm B IIOJIHOM O & M ~  K 



MHeHIIX, TIO3BOJISIJIU YCTPaHIlTb MHOrHe HWOYHOCTH H HaKOHeY no- 
B e c T u  pa6o~y no sasep~lre~ua. 

bnburaa T e x H m e c K a r r  nowom npu n o n r o T o B K e  p y t t o n n c u  B 
MalUUHOnHCHOM BUXe 6au1a O K a 3 a ~ a  COTpYflHUKaMU 6enopycc~om 
MHCTWTYT~ CTaTHCTHKH HA. Kyp6?l4, E.E. C.V~HUK. 

&Ix HaC p a 6 0 T a  H a 4  n p 0 6 J I e M a ~ k i  MCA 6bma BO M H O N M   HOBO^^, 
Mbl YaCTO MCIlOJIb30BanU UH@OPM~L[UM U 3  M O H O ~ ? ~ ~ @ U ~ ,  TOnbKO q T 0  

o ~ ~ ~ J I u K o B ~ H H ~ I x ,  vo Iu  WCTOYHHKOB, H e  I IepeBeneHHbIX H a  p y C C K d  

13bIK. H ~ I B ~ P H X K ~  KaKAe-TO BZKHble MOMeHTbI MOrnU OKa3aTbCII 

J'llyl4eHHbIMU, We-TO HeXOCTaTO.IH0 %TKO n p O B e n e H a  CUCTeMaTH3a- 

qux mu H e n o c T a T o w o  H a r n r t n e H  n p u M e p .  Mar 6yaew panar, ecnu 
3Ta K H W a  BbI30BeT AHTePeC A HalfineT OTKJIMK Y ~ U T a ~ e n e 8 .  O ~ 3 b l B b l  

u n o x e n a H u n  nowow ~ a f i r K  donee HHTepecHbIe  A n p a r M a T u y H a r e  

H a n p a m e H n s  mx 6ynyueii pa6o~b1. 

B.H. Tamaureeur 
- . . ' 'J.A.  Courtiu~osa 

. . , 
A~wpbr yre6~oro now6m: :.;, .'! "":. 

, . . . , 
J.A. ~ O U I H U K O ~ U  - KaHn. 3KOH. HayK, n 0 U e H T  ~ ~ I I o ~ ~ C C K O ~ O  rOCy- 

napCTBeHH0lW 3KOHOMEneCKOrO YHABePCLiTeq 

(rn. 9, 10, 11, 12) . . 
romy Ye6e - npoa., a-p Y ~ u s e p c u ~ e ~ a  Ey~nec~epa (r. 

Bypr), A W e K T O p  k l ~ c ~ l ' ) " T a  CTaTMCTMKU 11 3KO; 

H o w e T p x u ,  Y m i ~ e p c ~ l ~ e ~ a  Eymec~epa (m. 6) 
~ a p m r ~ u  U e 4 e p  - a-p Y ~ m e p c u ~ e ~ a  Eymecsepa (r. riw6yprj: 

t rpenOAaBaTenb  k i H c ~ ~ . n y ~ a  C T ~ T U C T A K ~  M 3 K Q -  

HOMeTpUU Y H A B ~ ~ C Y I T W ~  G y ~ n e c s e p a  (m. 2, 3);, 
3.H. Tmauresur - K W .  3KOH. HaYK, nApeKTOP ~ I H C T U I ~ E %  CT~TKT 

CTUKK n P U  M U H M ~ T ~ ~ C T B ~  CTaTMCTUKH II a H m u r  

, ,  ..,-~,. .: % 
sa Pecny6num 6 e n a p y c b  (m. 1, 4, 5, 7, 8, nep, 

. . . , ,?,. , , PeBOA C HeMeUKOrO PX. 2, 3, 6 )  
. . . . .  

, . . .;:r.~,s(. . r  \ ,: '. . ... *, . : . ,  , ,. , : ,  . , I V ; ~  !?'" 
. ~ , r ::.'.,v,:,..-', ' . . . . t..'..,. , .,...:. ;,., .. $1: . 

, , % . ,.. , . . 
, . A , .  . , I .  1 . .  . , ' , ,,!.,%I t :  

.. ' -~:r,> .,)<, 'X..,'! ,' : . , ,  ,. . - , . . . :. . , . ;:+': 

,a ..., . , L , l ,  r., c ,, . > .< , ., . . . 'J*. - , .I I: 

I : ,  .. . . .  ' ., :A ' 8  , , . : ' . ,  
8 . . .. . ,' ,, i--; . , , . , , t i . . "  .;:,..:., 

-b~. I eopernvecme ocnosb~ MLH, ero Mecm 

MCA CJleAyeT PaCCMaTpMBaTb KaK JlOrliYeCKOe p a 3 ~ A ~ h e  MeTO@B z 

. ~ ; p a n H I I k i ~ H ~ ~ f i  CTaTUCTUKU, 060614e~~m B K W C e  06mei3 TeOpMA 
q a n m u m .  l l p u n y m n ~ a n b a o e  o T n n r u e  3 a K n I O r a e T c x  B TOM, 'ITO 

a @ ~ l C ~ b l ,  COIlYImbHbIe U 3KOHOMHYeCKUe I I B J I e H p  P a C C M a T P m -  
Cg3Ae~b C YYeTOM H e  011HOlW-ABYX, a OAHOBPeMeHHO HeKOTOpOm 

YIiOXeCTBa nPM3H.aKOB. &'o 1103BOKXeT R O ~ U B ~ T ~ C I I  B IICUIeAOBaHUIH- 

SIX nOnHOTb1 TeOpeTUYeCKOm QIIUCatrw! ~a6n1onae~bni O ~ ~ ~ K T O B  A 
O ~ ~ I ~ T A B H O C T U  n o c n e n y ~ ) k  B~IBOAOB. A ~ ~ ~ C T B W T ~ J I ~ H O ,  emu cy- 
? J # ~ b 6  YeJIOBeKe W b K O  "0 YPOBHIO er0 3apa60~~0fi nJIaTbl, U&i 3a- 
p,a%&toB nnaTe u ~ ~ O B H H )  O ~ ~ ~ ~ O B ~ H U X ,  TO H a m u  B~WOW 6yny-r 
$ r p a H n r e ~ ~ ~ r  u H W O ~ I .  Apyme A e n o ,  ecnu M ~ I  B O C ~ O ~ ~ ~ Y ~ ~ C I I  

na6opo~ I X ~ B ~ H ~ K O B ,  n p e a c T a m H ) m m  c o r n s m e  W O ~ O B ~ I I ,  couu- 
9 b H 0 e  nOJIOXeHUe, P O B e H b  ~ O @ ~ C C ~ O H ~ ~ H O ~  IIOArOTOBKu Ii T.n. 

C O B M ~ ~ H O ~  MCCnenOBaHRe 3 H a . I e H f i  3TUX nPU3HaKOB n03BOJIUT 
MOXeXUpOBaTb o6pa3 c y h e ~ ~ a  Ii P e a n b H O  ~ L & e H l i ~ a r t ,  er0 nOBeneH-  

i e c ~ y l o  p e a ~ ~ l l e ~ o m .  nono6xbre npnwepar MOWO npn~eCTYI H ~3 

O,@~CTM JKO.HOMUKU, COUUOJIO~~U,  ~OJIMTUKU. T ~ K ,  e m  H a  npez- 
$$~~Tuu W e e T C R  B ~ I C O K U ~  YPOBeHb IIPOM3BOAUTeJlbHOCTW TpYAa, TO 

3T0 BOBCe H e  0 6 1 1 3 a ~ ~ b H 0  03H8..IaeT, YTO O H 0  p a 6 0 T a e ~  YCT'O~YE~BO, 

y e e ~  AOCTaTOYHOe. @ M H ~ H C O B O ~  06ecneueaae U M O X W  BbICTylIaTb 

~ ~ ~ X C H ~ I M  I l a ~ H e p O M .  B AaHHOM CJlylae &Jln A O C T O B ~ P H O ~ ~  OUeHKU 

AO~OJIHHTWI~HO n e o 6 x o m ~ b 1  XapaKTepriCTUKki JIMKBMnHOCTU 

~ ~ ~ A C T B  npennpamm, c ~ p y t c r y p b ~  K a n u T m a ,  M ~ K T ~ H O C ~  mo- 
~ a n m m a  a rn .  

: . Pemano 113paew~e 065emb1 u m e H u n  n M e m  n p a i m k e c ~ ~  
;&ma MHOlWnpA3HaKOByKJ IlpUpOAy, H a A e m O e  O T 0 6 p a ~ e H k i e  AX B 



3KOHOMHKO-MaTeMaTMqeCKIlX MOAC3JIRx BO3MOXHO Q J U  YCJIOBUll 
y r e T a  K o w u r e K c a  npncylusix UM ~au60nee C y l u e c m e a m I x  xapam- 
PUCTUK. 

Ilepexom K onpenenem MCA, oTMmnM, TO 3TO C@OPMU- 
POBaBIUaRCX caMOCl'OIITelIbHaR o6nacrb T ~ o ~ ~ T E ~ W C K O ~  CTaTHcTB- 
KU. 9mo cosoeynnocmb my601co cjbopxmu3osannw cmamucmurecew 
~ e m o d o s ,  bruupyroyurca na npedcmaenenuu uaodnoC un@op~aquu s 
mfiozoaepnanr zeoxempurecrconz npocmpancmse u no3emmqux onpe- 
dennms nmnsre (~amenmnue), HO 06aercmusno cyU(ecmeymque ~ U K O -  
noMepHocmu e opzanu3aquonnoli cmpyemype u mendenqunv pmeumun 
u3ytae.uba coyuanano-~eonomurec~ux ~enenun u npoweccos. 

&rr MCA K ~ K  c a ~ o c ~ o m b ~ o f i  &awn H a y m  xapaxcrepm 
cnepymuue oco6eaRaCTN: 

Me~0m.1 MCA B mnnrue OT wraccmeaco8 c T a T u m r o r  norr- 
BUNiCb CpZlBHHTWbHO HeXaBHO: @KTOPH~& aHaJIU3 - H a  py6exe 
XIX H XX BB., MHOMlMePHOe DKaXHpOBaIiUe - B K O W e  30-x - B 
40-x mgax H a w e r a  eronemrr, mac~ep-a~anns - 10-20-e r o ~ ~  
n T.A O C I ~ B H ~ R  YB& MeTonoB etue H~XOL[E~TCII B ai,qun a m n o i i  
pa3pa60ncu, 06nac~b u% npuMeHeHIln q m o  H e  pa3rpa~mena. OT- 
cyrc~gyrar c T p o r n e  p e K o M e R q a u a u  no rrpwozemm ma MeTonoa B 
pemeauu 6onburom s u m  KOHK~~THHX C M ~ O H H ~ I X  wa r .  

&n M ~ T O ~ O B  MCA xapmpnbr, KaK npaswo, rJry6o~as 
& o p ~ m ~ m ,  c n o l ~ i a r r  n o r s x o - ~ a ~ e ~ a ~ u r e c m  KOH~T~~KUEX. 
Pa6m C 3.TYIMII MeTORaMEi T P ~ Y I T  y r n y 6 n e ~ ~ b r x  3 H m U g  B O ~ J I ~ C T R  
KaK ~ K O H O M W ~ C K O ~ ~  TeOPklEI, TaK H MBTeMBTEIKU. H e n m m ~  B 
ypOBHe n0AMUM)BKU U C C ~ ~ , L ( O B ~ T ~ J I ~ ~ ~  o6bm~o npOXBJt5IOTCX B ~ e ~ d p -  
p e m o h f  npwoxcemu M~TOAOB mu B omn60qnoii ~ ~ T e p n p m a k ~ r  
aHiurHTU'4eCMX pe3YnbTaTOB. 

IIpmeaeaue MeToRoB MCA ~pe6ym T B o p q e c K o m  n o m a  K 
p e r u e H n m  a n m n T u r e c m x  swag. B WHOM cJIygae  TO ~pe6o~anue 
K HCUIeAOBaTemO 3HaViTenbHO CEurbHet?, YeM n p U  pa6o~e C M m E a -  
MM o6uret T e o p H n  C~~TIICTUKII. Bo-nep~bm, M e T O m  MCA BeCbMa 
M H o I D o ~ ~ ~ ~ H M  I4 MHOIO'KUCneHHbI. &IZ PelueHWI A w e  OlJHOrO TKUa 
3Wa'i WeCb CyUeCTByIOT LleC$ITKM ti COTHEl Pa3JlIIPHbM IlpUeMOB:.'B 
wrac~ep-aaam3e Hacr lnTmaeTcr r  6onee 200 p m m a b r x  n o m o n o B  u 
MeTOnOB; B &~KTOPHOM aHuIanH%, MHOVJMepHOM IUKaKHpOBaHUU - 
n e c m u  pa3.TUWblX MBTOROB U T B .  q T 0 6 M  lIpaBU&HO BbI6paTb TOT 
I t l W  U H 0 8  MeTOn Wl&i KOMNleKC MeMAOB JUUI IIOUIenOBaTeJIbEiOPJ 
peueawr ~ o C T ~ B J I ~ H H O ~ ~  npo6ne~b1, eCTecTBeHH0, HW~XOLIUM~I 
1rpo@WC~o~aru13~ H XOpOLUar! UHTjWuwI. 

I:. ,":"'%b-BlVpbIX, .. TB~P%CKET~ n W 0 A  E ~ ~ O @ ~ C C K O H ~ ~ H ~  nOPy0- 

W f  fI ' n p x o 6 p m ~  oco6e~ko' B-oe 3navenue npn UHTepnpeTa-  
@f ' & i m 6 C K U X  IW3Y.JII,TBTOB, Y a m '  HeOAIiO3HaYHMX, ~ a . a !  
$$;arromYecme, c ~ u n O i ~ o r u ~ e c ~ o ~  I I J I ~ H ~  B~IBWH P . ~ I  ome- 
*m n o m e c K o t  cxehfe cnoxuibot MaTeMamrqecKIlx paCseme (npw 
~ b p e u u x  B S K O H O M ~ C ~  H M a T e M a w e c K m  BHBOL[BX cme- 
'EWCWWT o ~e~oppeKTH0c~n p e m e m  3zt4a.l~ mu HeKOppeKTHO- 
@ii ' umpnpemnn aummmecmx :pe3ynb~am~). Hanpn~ep, B 
MEA racro ucnomsye&~ n o m u e  nd&i~~oro Ccqimoro) npa- 
W. Ehyc npEI3HBK' 0606me~ nec~onbm 3 n e ~ e ~ ~ a p m i x  npn3aa- 

.: K&;' u ~ B ~ C ? H ~ I X  119 o6meB fe6pUM e T i % T U C M ~ ,  TaKdX, KaK m d U 3 -  
& ~ ~ ~ J I ~ H O C T %  TPYA~; KL%fnH@riI(ad~U, cTB)E: pa60~hi A TITI. 

' HWa~rm na~en~aoro  ~ ~ u ~ R B K ; ( .  ne'peo~auanmo m cyruehyei, 
6 R d n m o  6 m  onpenenen0 uccnaosaT6ne~ no R O M ~ U H ~ ~ ~  

~k@~k?~l 'apHbTX npU3Ha&bB B J ~ T ~ H T H W .  B OTfieJIbHOG 384a- 

'i xb:.~bmo %&.. djg)i W u m m o  '0-x 20-33 ,mu- 
QaWm. CyLqecTBye~ h i ~ a  3peam, . w o  m onuwnm peanbm 

: &&&TOuo 33 ttjMij@,@&, c&px Jroro - yce 
P W s a e ~  ce6x ; s o ~ i i J I b ~ n a C T o ,  HO 

;B +o#eYKo~ ere* ~ c i ' b n p e h e ~ ~ ~ e n : ~ '  

B c ~ M -  MHOIDWCP-' 
~ T O B  tm & Cxbficr~Y H 
I1 -- Ad' m & a  XX BB. 
ra 0nKeaHn11 0 ~ I c r o ~ ; ~  

BIIX CTZ$KOBUT~X '0-L~ 



~ ~ H H O  n p ~ e ~ o f i .  Ee ammi0 @I- 
fmwin~ M. G s a ~ c o ~  (60-e r o n ~  XVIII s.) npa memn&n~amiu 
pac~enu9; arrrnnicmB e m m ~ c n b l T a T e m  9. A a p ~ m  (60-e row 
XM B.) - B c~oefi c e n e K q n n  B ~ O B  a npu o n p e n e n e H a n  @ ~ T O P O B  
ammou.~u o p r a t r m e c K o r o  ~npa ;  A.M. me we nee^ (60-70-e m n b ~  
Xy( B.) - IIPH CkICTeMaTW3aIJEiH KaYeCTBeHHbIX XBPaKTepHCTXK Xli- 
MHqeCKKX 3neMeHTOB. He TOJIbKO B eCTeCTB03HaHJiX, HO H B 3KOHO- 
~lme,  C T a T a c m e  w r o r o M e p H b I e  nojmonw ~ O B I I T C I I  n o n y m p m t .  
Yxe BO BTOPOZ~ n o n o B m e  XIX - H a r a r e  XX BB. PYCCKE~M~I ~ ~ M C I M -  

m cramamam 6 m  c n e ~ ~ ~ b ~  y c n e m b I e  nomnm ~~oronpw3~a-  

MAOWMU 3KOHOMUCTa,MEI POCCREI II 3 a l I w H o f i  E ~ p o n ~  - KJlaCCU- 
@In~auui  n p o M b r l u n e m h m  npennpmnfi, n p o B e n e H m  aeannsa m- 
l I U T m 3 a y Y u l  3KOHOhUiK41 U T.A. 3 ~ e ~ b  ITpUBeAeHbI AWIeKO H e  BGe, a 
n u n  ~ a u h e e  a3~emare nmpanecmie @ ~ I % I .  HWMH~HHO, UTO 

W e H  MHOTOM~PHO~~ OLIeHKH IlBlIe~kif i  U npOI&eCCOB 3KGRnyaTHpOBa- 
nKCb 3Ha.MTenbHO ruIlpe. Bce AenO B TOM, YTO RMeHHO MHOmMeP- 
H& n o m  no3aonrreT w e K B a m  oKeHueaTa  cnoxcqm rrpnpo~y 
e m c T B e H n s m  n p o q e c c o B  a uCCJrenosaTenm 6b111o H~O~XOLIUMO 06- 
P w a T b C X  K HeMy. 

BCTOPEW MCA KElK H a m  C C O ~ C T B ~ H H O ~ ~  T e O p e T W f e ~ K ~ f i  6a30fi 
&I OnbITOM 3KCnePHMeHTaJUjHbIX UCCJI~AOBBHM~ OTKPbIBa€ZDl B HaYa- 
Jre XX CTOJIeTIIR. CO~CTB~HHO 3T0 a O T K p m e b  CBR3bIBafOT C IIOIIB- 
nexiueM B 1901 u 1904 IT. H a y m m  c ~ a T e f i  a~rnnBcmx y r e m  
K. nnpco~a H 9. C m p ~ e ~ a ,  n o c m e H K b M  ~ e ~ p n u  @Iarcrop~aro 
a H m 3 a .  ~ ~ ~ B o H ~ W J I ~ H O  M e T O W  MCA & M ~ P ~ ~ ~ T ~ I B U ~ U C ~  H UrEiPO- 
KO ~ m e H I U I H C b  AI[R IICCII~AOBUIE~~ B o6nac~u lICEUrOJIOWU II ~ U O -  

nomu, a nowte - B  he, BO~HHOB n p o h i b I u t n e H H o p i ,  Tex? 
HWeCKOM IIPOeKTEipOBaHBII U, HaKOHeU, B 3KOHOMKe. B q l lCne  
~an6onee rrpm k e n  y n e H m ,  s a n o x c n ~ l ~ ~ ~  @I-~HT T e o p n u  

MCA: JIJ. Tepcroyk, JI.P. Tmep, P. Xopcr, K. Xomu~rep, C. 6ap~, 
r. TOMCOH, T. Kennu, r. KaR3ep, A. Ma~csenn, C.P. Pao, T. Xap- 
(@mop& m), P. TPUOHOH, P. hmuc,  P. Co~an,  Ax. CHIIT, 
P. CU~COH, Y. YSUIbmc, T. T ~ H M M O ,  M. m~610 (KJIac%p& 
BHW~), m. 6. Kpac~an, P.B. X~MMKHP, 1. ( M H O ~ O M ~ ~ H O ~  
mmnpea~ue ) ,  P. M e p ,  T.B. Xek, B.P. Kne~m, A. Bapp @uc- 
KPUMUH~HT& q a J I ~ 1 3 ) ,  C. P & T  (IIveBOfi =r23), n. 3WXe (TeopUff 
Pa3MbmIX MHOX~CTB), n. ~ Y E M ~ H ,  n. fl83ap~@XM, 0. &Eepc0~, 
n. Mam~a~&uc,  C. ~~ ( M H O ~ O M ~ ~ H % ~  MaTMaTUqeCKaR CTaTH- 

cT&iKa). B H U M ~ T ~ J I ~ H O  PaCCMaTPUBaU peTPOCIIeKTMBY &M3Bkil'HU MCA, 
M O ~ O  3 a ~ e ~ n ~ b ,  YTO nepnon em cmoaneam n uau6onee amm- 
HOT0 pa3BHTHSl @ I y ~ i l M e H ~ & T b H 0 f i  TeOPHIl IIpUl[leNCff H a  20-50-e m- 
AM, a B same y r e n m - ~ e o p e n r ~ o ~  MCA npeo6nwam n p e p . c r a B m -  
w a ~ e p m c ~ o f i  u a~ rna l c~of i  M a T e m m Y e c m x  =on: 

A M ~ ~ u I c C Z H C K ~ ~  W0.M - @aKT'~pHbIfi aHBnH3, MHOrOMePHOe 
IIIKUUpOBaHEle, KOHUenUIlH H 0 ~ e b I e f i  C T ~ T U C T W I ~ C K O ~ ~  TeOPMH: 
Pa3-IX MHOXeCTB, W B O m  aHaJIU3a XI T.lI., MHOrOMepHaU MaTe- 
M a m e c K a s  cTamcTuKa;  

~ Z / ~ U ~ C K ~ C K I U I  UiItOflll - @ I ~ K T O P H ~ I ~ ~  aHaJIU3; A U C K P H M M H ~ H T H ~ I ~ ~  
aHaJIli3, M H O ~ M ~ ~ H H ~ ~  K O ~ ~ ~ ~ U ~ U O H H O - ~ ~ ~ ~ ~ C C U O H H ~ I ~ ~  m a m i 3 ,  
m o r O M e p H m  M a T e M a m e c K a n  cramcnim; 

@panyv3cw uKma - w a c ~ e p - a ~ a n m 3 .  
B C O B ~ T C K O ~ ~  CTaTUCTllKe MeTOAbI MCA nonysanw PaCIIpOCTpa- 

HeHHe 3HaYHTeJIbHO nO3Xe, BO BTOPO~~ IlOJIOBUHe 60-x U B 70-x W -  
A m .  Ta~oe  On03AaHkie ~ ~ I J I O  0 6 y c n o ~ e ~ o  &THTWbHbIM n e p H o n o M  
HenpHSTHX @IOp~aXbHofi CTaTMCTUKU U n p e 3 ~ e p H 0 t f  n o n U ~ n 3 a q u e f i  
oTe'4eCTBe~Hofi CTaTIICTHKU ~00646, KOrAa BHKMaHMe IIpeXAe BCWO 
y a e m o c b  n p o a e n e H u m  C ~ O I U H ~ I X  06cne~o~annt M npencTaame- 
HHIO, a H e  aHaJIE13Y AaHHbLX, nPIl'leM C a m  AaHHbIe, A a X e  B ynrep6 
o~~KTHBHocTFI ,  AOEKHbI ~ L U I K  COOTBeTCTBOBaTb HAeOJIOrkfYeCEMM 
KOHUeWEiXM rOCyAapCTBa. kl3BecTHbIe TPYAHOCTki, OAHaKO, H e  no- 
M e m a n u  W e n M M  CCCP y s ~ ~ r n  nepcnemrsy n p a m q e c K o r o  npn- 
JIOXeHUff MeTOAOB MCA U BHeCTU 3 ~ a Y U T e J I b ~ b l f i  BKJIm B TeOpWM- 
'SeCKUe pa3pa60~m. B 3TOM 3aCJT)'lX T a m  U3BeCTHbM OTeUeCTBeH- 
HbIX CTaTACTEKOB, KaK A.2. b I I p c K U f i ,  C.A. A ~ B ~ ~ I I H ,  n.0. A ~ n p y -  
K O B ~ ,  A.M. AyGpo~, A.A. Open~enb, A.M. Enucee~a, A.R. Opno~,  
H.C. EHIOKOB, E.r. MUPKUH, R.A. M a H ~ e n b ,  J .A.  M~IIIuKuH, 
B.M. 6yxur~a6ep, B.C. MxHTapffH U MHOWX ApyIXX. 

B HaCTOXUee B p e M  pa6o.ra no OCBOeHUH) MeTOAOB MCA EI BHe- 
W e H H M  EUr B BH&TUTMUeCKyH) IIpaKTIlKy CEWOBIEn:X O C O ~ ~ H H O  a l q -  
a JbH0f i  IWl 3KOHOMUCTOB ki  CTaTIlCTHKOB npEI IIepeXOge CTpaHbI K 
P ~ I H O Y H O ~ ~  3KOHOhlUKe. O ~ Y C J I O B ~ ~ H O  3T0 GTeAyIOUUM. 

nepex0~ K pbIH0YH0fi 3KOHOMllKe COIIPOBOX4aeTCII KOpeH- 
FfhIMU H3MeHeHEiXMU CTpYKTyPbI M ~ ~ 1 1 3 e t f  HapOAHOm xomfic~~a, 

, H a p a c T m u e M  HeraTKsHbIx K P H ~ Y I C H ~ I X  l ime~ai .  O ~ c n e r n ~ a ~ n e  PI 

WeKBaTHLU PCaKIIUff Ha  3TU IIBJICHIW B03MOXHbI n P U  HanUYUH CHC- 
 em O ~ ~ ~ K T ~ B H O P O  orpameam H onepam~ofi  nepenanu ~ o c ~ a -  
TOYHO non~ofi MMKPO- II M ~ K P O Y P O B H ~ B O ~ ~  HH@OPM~UUM - 3 T 0  no- 
3BOmeT pellraTb IiMeHHO MCA. 
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ax H a  mewiocra  p e a n b w  n p o u e c c a M  MeToRbl MCA MOW -came 
IIpUMe-X B KOMnneKCe C T p ~ l l Y I O H H W  MeToQaMU CraWaq.  
B K m e m e  npmepa H a m B e M  a e c b  ~ B I E ~  O&KTOB no 3m- 
YeHKXM K ~ K o ~ - &  OAHOrO 0606~ue~~om m U 3 H a K a  ( J I a T e m o r O  

@aopa) mu U n n e ~ c H b I i i  ruranvrs no W p m H o  n o J r y s e H H m  

AatMMM @CKOpHOTO UNI ANCICpEMXHlltlTHOm W U 3 a  U TA. 
n p U  peB1M3anUu MCA M O W 0  BbUIenklTb W e n y r O m e  OCHOBHbIe 

smn, a ~ ~ ~ l e n o ~ a ~ e n b c ~ o B  pa6om: I:J 

c p o p ~ y m p o m  3was~ ~~~~~~~m H a  npeme~no- cope^- 
XaTenbHOM YpOBHe, OIIpeAeXeHUe O~XMOB B X O ~ H O ~  U B~MOAH@ 
,@OPM~UU, hpMhI BbIXO-X AaHHbM; ,\ L 

onpeAarreHure  n o w r e n o e a T e n b H o m r r  o6pa6o-m B x O n ~ o i i  HH- 
i#mp~aK&iu M e m X a M a  MCA. npu 3TOM o T p a m m B e X : s  CSLM ~ a 6 o p  
M ~ T O ~ O B  u yrowwen:x n o p a O K  (qepe~o~a~ne )  ux p 6 m ;  

cSop a c n c ~ e ~ a ~ n ~ a ~ ~ ~  ucxom~ofi a ~ @ o p ~ a n , m  mx nowre- 
ny~onrefi ee M ~ U H H O B  06pa60TKU; 

3adauu u ~ e m o d ~  ktn(NOMepHoz0 cmamucmuqecxoto ananma 27 

n p e A ~ a p U ~ e J I b ~ b l f i  aHaXU3 AaHHbIX: UX OAHOPO~HOCTH, COOT- 

3eTCTBUR HeKOTOPbIM CraTUCTH'leCKUM rKlIOTe3aM, noAqUHeHHfl  

63BeCTHbIM 3aKOHaM paCEpeXe4eneHUfl, COAepXcaHUff r p y 6 . b ~  0 ~ ~ 6 0 ~  
4 T.A.; 

c y r e T o M  n p e A b r n y u e r o  3~ana y r o q H a e T c n  M a T e M a T m e c m  

7OCTaHOBKa 3aAaPR U OTIpeAenfleTCJl B03MOXHOCTb IIPHMeHeHMfl. pa- 
iee O T O ~ ~ ~ H H ~ I X  MeTonOB MCA, B crryYae H ~ O ~ X O ~ ~ U M O C T U  ~ a 6 o p  
deTOuOB U3MeHfleTCfl; 

n p o a e x e H u e  ~ m u c n e ~ u k .  Hs-sa T P ~ A ~ ~ M K O C T H  w e T o n o B  

vlCA n p a K m u e c K a  B c e r n a  3 ~ a  pa6o~a n n a H u p y e T c a  H BbrnonHneTcx  

I p U  ilOMOIItU B b l Y H C n U ~ e n b ~ ~ f i  TeXHHKM; 

pe3yXbTaTbI aHUiU3a  CBOAflTCX U OUeHUBaIOl2X H a  a e K B a T -  

IOCTb n p U  nOMOutU CTaTUCTiiqeCKMX KpUTepUeB. Y C T ~ H ~ E J K M B ~ ~ T C U  

IelTPOTUBOPe'IHBOCTb MaTeMaTRYeCKHX Pe3YnbTaTOB P 3KOHOMHqe- 

'KKY BbIBOnOB, OUeHMBaeTCfl CTeTIeHb UHTePnPeTMPYeMOCTU *BbIXOJ- 

IbIXD AaHHbIX; 

Pe3YllbTaTbl UCCJTeL(0BaHYIR 06061llamc~ B HarnILn.~bIx  m6na- 
(ax H H a  V~@MKBX,  U H T ~ P ~ P ~ T A P ~ ~ T C X ,  @OPMYJIUPYKITCII OKOHYB- 

e n b H u e  ableoubr ,  AaroTcn n p a K T y 1 u e c m e  p e K o M e y n a q u n .  

Ha n p a K m K e  Bce  n e p e w c J r e H H b I e  wanat H e  0 6 1 1 3 ~ t ~ e n b ~ 0  npu- 
YTCTBYIOT M YeTKO Pa3 lpaHI lqeHbl .  H ~ K O T O ~ ~ I ~  H 3  Htuc M O W  o65e- 
,UHUTbCR UJIU BCKnIOYaTbCR. S H ~ H U ~  BCeX 3TanOB, TeM H e  MeHee,  

IO3BOnXeT OnTUM&lIbHO ItJIaHITpOBaTb peanE13aLIUH) MeTOnOB MCA U 

YUTblBaTb nPe~CTOXUiHe  0 6 W ~ b 1  p a 6 0 ~ b l .  





pa6OTb1 C TeOpe-  
npe,cinp~- TMYeCKMM IlpOcTpilHCTBOM 
nwe I1 IlpU3HaKOB MnM ~ K T O B  

IlpUMeHIIHlTCR CneUManb-  

HbIe  0 6 0 3 ~ a q e ~ M ~ .  B b l l u e  

ylrce 12CIlOJIb3OBaJIUCb npH-  
BhFIHbIe CMMBOjlbI AlTX 38- 

n u c H  O ~ Y ~ ~ K T O B  (n,, i = 5)  
' x3 - 

L, 
M lIPH3HaKOB ( X,, j = l,m ). 

h3~ep~oCTb npocTpaHcTBi3 

OIIUCbIBaeTCII n p M  I lOMOuM 

1 5 10 COrcpauleHWI @ ~ ~ H U Y ~ C K O K '  
Ilpennpam~e 1 cnosa dimension - pas- 

MePHOCTb, KaK dim T.e. 

pa3MepHOCTb IlpOCTpaHCTBa U. ~ ~ C T H ~ ~ M M  CJIYYWMM MHOrOMePHOrO 

I l p O C T p a H C T ~  RBXSIUTCR O - M ~ ~ H O ~  n p O C T p m C T B 0  - npOCTPaHCTB0, 

H e  conepxauee rrpU3HaKOB, UJIU O ~ ~ ~ K T O B ,  dim Uo = 0, M OnHO- 

M e p H o e  n p o c T p a H c T B o  dim U, = 1. B O ~ W M  cnylrae dim U, = m. 
B MHOl'OMepXOM npOCTpaHCTBe npH3HaKM UJIU 06'be~~bl MMeIOT 

onpenenexme K o n a r e c T s e H H b I e  xapamepbmm. Bce n p a a U M a e -  
MbIe 3HaqeHMX npE13HaKOB ( O ~ ~ ~ K T O B )  IIpenCTaBnHHlT co608 MHO- 

X e C T B a  BeUeCTBeHHblX sacen, U 3 T 0  MHOXeCTBO 0 6 0 3 ~ a r l a H l ~  

CUMBOJIOM Rm, me m n o - l I p e X H e M y  Y K m b I M e T  pa3MepHQCTb  np0- 
CTpaHCTBa. %cTO n p O C T 0  l'OBOpsT Rm - npOCTpaHCTB0 C p a 3 M e p -  

- " ,,...--r... = .  

H b l e  nonomeam, ~ K C M O M ~ I  O ~ W H O ~ ~  e ~ ~ n m o ~ o f i  r e o M e r p a H .  Ha- 
n p U M e p ,  B n p X ~ o y K ' n b ~ 0 f i  CUCTeMe K O O p m a T  YrnbI M e m y  BCeMM 
napmu ocea cocramrrm 90°; napmenbnbte nprrme, IIJIOCKOCTU 

una r u r r e p n n o c K o c T x  H e  n e p e c e K a m m x ,  ecnu K e a n g a T  p a c m s H x n  

Me= KBYMSl TOqKaMEI B nBYMePHOM EPOCTPaHCTBe (R2) O n p e n e m -  

mcx no tr3~ecr~oit @ o p M y n e  nxaaropa: c2 =a: +a:, TO B MHOIO- 

. I .  np&i pa6o~e C m-MepHbIMH IIaHHblMM COBMeCTHO UCnOnb3yIUT- 

' ,  %R YMCTO MaTeMaTMWCKMe, a 6 c r p a m b l e  MeTOnb1 K MeTOnbI 3KOHO- 
@%KO-CTaTMCTMYeCKOrO aHaJlM3a, OpUeHTMpOBaHHhre H a  KOHKpeTHbIe 

o a e p b l  I lpUJOXeHMR. CJlenye~ 0 6 p a ~ a ~ b  BHUhtaHUe H a  HenpOTUBO- 

nOJlflaeMbIX pa3JlH9HbIMU M~TO~&MU. B03- 
..' Y1ma10qne n p o T u B o p e x l u x  Y K ~ ~ ~ I B ~ I ~ T  H a  H a p y u l e H w i  nomm pe- 

@ e H m  ~ K O H O M ~ Y O C K O ~ ~  3 a 4 a 9 U  U CTBHOBRTCX ACTOYHMKOM OUIA- 

. , 
, A , .  .. , . . . ., . . 

I~ . m i .  r 

Bonpocbl 

1:  TO nsl rxeTcsr  r rpenMeToM MCA? 
2. B YeM 3aKnM'laH)TCR O C O ~ ~ H H O C T U  MeTOJIOB MCA M MX o T n u q u e  

I OT M e m n o B  K ~ ~ C C M L I ~ C K O #  CT~TMCTUKH? 

3. .nepeu~cnme ~ m n b l  MCA M WYM, p e u a e M b r e  npu IIOMOIUU 3TllX 

MeTOiTOB. 

4:&30&i~e OCHOBHble UCTOpM~WKMe 3TanbI  Pa3BMTWI MeTOnOB MCA. 
5.1Y~o nBnneTcrr  ~ e ~ n o n o r u s e c ~ o i l  M ~ e o p e ~ w e c ~ o f i  oc~osofi MCA? 
6 4 * @ 0 p ~ y n M p y g ~ e  n0HXTZI.e npU3HaKOBOrO IlpOCTPaHCTBa. ~ ~ M w U T ~  

J Ip r iMepb t  OmlOMepHOrO, LIBYMePHOlD U MHOTOMePHOIY) npM3HaKO- . ~ 

' .Bo rn  nPOCTPaH-- , . ... . , . . - - 



~ O H Z T H ~  BeKTOpa BHasaJIe  nOffBMnOCb B @U3UKe U UCnOJlb30Ba- 

nocb mn n p e n c T a n n e H u x  B~JIUYMH cunb~, c~opomw, y c ~ o p e ~ ~ n ' .  
IIpunoxe~ue c u n b l  B H~KOTOPOL T o m e ,  H a n p u M e p ,  O n p e A e n n n o c b  

OTpe3KOM (BCKTOPPM), HanpaBJ IeHUe  KOTOPOKl yKa3bIEZLIlO H a  Ha-  

n p a B n e H u e  nefiasun c a n b l ,  a m M H a  - H a  eenuruay yroa c u n b ~ .  

C O O T B ~ T C T B ~ ~ ~ ~ U M  06pa30~ BeKTOpHOe o ~ o 6 p a x e ~ u e  UCnOnb30Ba-  

JIOCb M W R  ITpeACTaBneHUR CKOpOCTU U YCKOpeHUn 3JIeMeHTBpHbIX 

YaCTUU. Y M H O X ~ H U ~  BeKTOpa H a  PeLLlbHOe YACJIO yKa3bIBCUTO npIi 
3TOM H a  BeJlUqUHY nOnOXUTeJIbHOr0 W U  OTPAqaTenbHOrO IIPMPOCTB 

CHJIbI (CKOPOCTU, ~ C K O ~ ~ H R X ) .  P ~ ~ Y J I ~ T ~ T o M  YMHOXeHUU 6b111U TaK 

me cwa, CKOPOCT~, YcKopeHae .  

Hec~onb~o c n o x H e e  6b1no n p e a c T a m e H u e  onepaquu cnoxeaurr 
CUn (c~opocreR, ~ c K o ~ ~ H & ) :  B ClIyYae pa3HOHanpaEJIeHHOCTLi AX 

A ~ ~ C T B U R  U3MeHnJIUCb H e  TOJlbKO BeJIAYUHa, HO U H a I I P a B i I e H W  pe- 
3 y J I b T U p y l o 4 e l V  BeKTOpa. BC~OMHUM T p ~ B U a J I b H b l f i  I lPUMeP  C n O x e -  

H e n  cun no TaK ~ a s b r s a e ~ o ~ y  npaauny n a p a n n e n o r p a M M a .  

B b 1 ~ 0 J t ~ e H B t e  0nepaq~k CnOXeKeHUX BeKTOpOB, KaK U YMHOXeHUJ?, 

H e  M3MCHIUIO IIPMPOIIbl aHaJlU3UpyeMblX llpM3HaKOB, AX pe3ynbTIlTa- 

MU BCerna  OCTaBaJlMCb CMJIa (CKOPOCT~, Y C K O P ~ H H ~ ) ,  TOflbKO C U 3 M G  

H ~ H H O ~ ?  B e f l U 9 ~ ~ 0 f i .  

IIo3n~ee n o H n T u e  s e K T o p a  H a w n o  l u u p o K o e  none r r p m n o x e H u n  

M B 3KOHOMMKe. %CTO BeKTOpHOe IIpeACIaBJIeHUe UClTOJlb3yeTCR 

3n%b IUIR XaPaKTepHCTUKR UeH A TOBaPHblX IIOTOKOB. B OTJlUYAe OT 

metimu mmenromuicu s MCA 33 

UKU B 3KOHOMUKe 0 6 b 1 9 ~ 0  HanpaBJ IeHUe  BeKTOpa H e  MMeeT 
HUMnUaJIbHOM 3HaYeHUI(, 6onee BZKHblMM BWRTCR em KOMnO- 

; f f e H ~ ~ b l %  COCTaB, 0 6 ~ m  MaTeMaTUYeCKaX CTpyKTypa,  06ycnoana- 
,?;galowue @ o p ~ y  aa3yann3awu n o n p e ~ e n e ~ ~ b r t  H a 6 0 p  BKOHOM~T- 

.,~~~@i~ICKUX npUeMOB &M ~HCUT~ITA~~CKOP 0 6 p a 6 0 ~ ~ U  AaHHbIX. .. , ,, ., 
, . .  



2.1.3. Apu#uemusec~oe eeKmopHoe npocmpancmeo 

06n,~rasa1o~qm aWHTUBHOCTbI0, TOrna OIIePaUHSO n0KOMnOHeHTHOMT 
CJIOXeHW BeKTOPOB MOXeM 3anUCaTb: 

*+Y=(XI+YI.XZ + Y Z  ,..., x"+Y"), :: , ~: ,:\y : , 4 . ; 3 .p  :I:; .: , ,i, 
no wanoruu c ~ m p ~ o e  n p o u 3 ~ e n e ~ e  6 y m  . it 

aix=(ml,uq ...., cu(n), a s R  .. . , .  . . I .  

I ,  . . . ,  
M B ~ K T o ~ H o ~  IIpOcTpaHcTBO IVIX X : 

,.,,," }. , . : .:, . ., c . : 2 .  , . 
~ = { x ( x = ( x ~ , x ~  ,..., x,), n e N ,  xisR, i=l 

Bemop~oe IIpOCTpaHcTBO V H a 3 b l m  apu@MeTUqec~orM BeK- 

TOpHbrM IIpOCrpaHCEoM A 0603~aqam R". Tame n p o c T p a H m @  

BlarIoqaeT IIOnMHOXeCTIIa (cuCRM~I) U 3  ? l . 4 e k T B U T W b ~ s l x  rlMcen 

WXpaHffeT CUJIY C J I ~ K X I l U X  y r ~ e p X I t e ~ U 8 :  

B V n e f i m w  c~oiicma (2.1) - (2.4), r a ~  KaK nefim~u~enb- 
Hide YIlrma 0 6 J I a . l I a ~ ~  ~ ~ B H O C T b X )  U aCCOIIBaTUBHOCTbW, 8 
c B O ~ ~ C T B ~  (2.5) - (2.8) - COrJIaCHO IIPaBUJIaM BbInOnHeHUR apH@hfe- 

m n e c K u r x  onepawfi  an n e i i m u m b ~ b ~ m  sumam; 
IiyJIeBofi 3JIeMem B V H M ~ ~ T  ii HyneBbIX KOMnpHeHT (O,O, ..., 0) ; 

JW x = (xt,x2,...,xn), x.kc;: WGK@ ... .. . &P~~cTB~$'E;, *.,.,, p ~ g s a ~ g n ~ ~ b ~ a  

Bemp -x=(-XI,-x2 ,..., -Xn). :. . I  ,..%.. : : . 3 -  : , ,  ,-\!i:!>;!;:, , ,. cs, .  8 

OCO~UM c n y g a e M  npocTpaHcTBa V RBJISeTCff R' =R, ' T. 6 .  : 
IIpOCTpaHcTBO ORHOIY) BeKTOpa HKU npOCTpaHCTB0 H W  n p O c ~ b I & .  

MHOXeCTBOM n e f i ~ ' T ~ U ~ e n b H b l X  YACeJI. 
; ,h:-.>:, :. 

,&Iff CYMMb1 HenpepbIBHbM @YHKU& UMeKfC CUJW C B O ~ ~ B ~  (2.1) 
- (2.4).  TO C n e W e T  HenOCpW(CTBeHH0 H3 W X p w e H U R  npaBKJI Bbl- 
nOJIHeHW ~ ~ u @ M ~ T u ' ~ ~ c K U X  nettcTsuR H a  ~ ~ ~ T B U T W ~ ~ H ~ I M U  qUC- 

n a M u  u u3  TO^,  TO cyMMa H e n p e p m H u x  @ymauii ecn  T a m e  ~ a -  

3 n e ~ e ~ m b t  mamehiamuKu a MCA 35 

, npepb1BHm @YHKUUS. B KB'IeCTBe ~ e k T p a J I b H 0 r 0  3JIeMeHTa 3i(eCb 

~b16UpaeTcff  ~ ~ n b - @ y H ~ ~ i l f f :  

~ : [ a , b ] + ~  , cO(x)=O~ff  Bcex x ~ [ a , b ] ,  T o r n a  (f+O)(x)= f(x)+o(x). 
3YJIbTaT 0 6 p a l l l e ~ H f f  @YHKUHM 6 y n e ~  - f (x), npu 3TOM 

(- f )) (x) =. f (x)- f (x) = 0 = O(X) mff Bcex x E [a, b]  . 
hcma (2.5) - (2.8) anrr c K a n a p H o r o  npou3se~~e~um @ y ~ ~ u u R  
onpenenamff n p a B u n a M u  BbrnonHeHua  apu@~e~urecrux 

tik H a  n e f i C T B l t ~ e n b ~ h I ~ U  WCJIaMU M TO& O C O ~ ~ H H O C T ~ X ) ,  

B pe3YnbTaTe MHOrOKPaTHOrO M3MeHeHMff ~ e n p e p b l B ~ 0 f i  @YHK- 

n0JI)'YafOr BHOBb HenpepblBHyfO @YHKL[MM. ._,.. :. * 
, .- Odun, tie orem cepbe3nbrt7, nplLnzep KO ~ n o x e c m e a  .. , 

 TOT IIPUMeP nOKa3bISdeT, '170 IlOHnTMC WHTHBHOCTH WMeeT BBamHOe 
IIeHHe H MOXeT IIPMMeHRTbCH BeChMa UIIIPOKO. 
~ Y C T ~  HMeeM MHOXeCTBO ~ { K o U I K ~ ,  C O ~ ~ K B ,  M ~ I U I K ~ ) .  3Jle~eWTbl 3TOT0 

omecTna npMHaCurexaT TpeM P ~ ~ J I U ~ H ~ I M  ~wnm w HaxomTcn B cnenym- 
B3aMMOCBH3U: 

a) eCnU ~ 0 6 a ~ a  BCTpeTHT KOLUKy, TO OHa C'beCT KOLUKY U npeBpaTUTcII B 

co6a~y, TO oma c o 6 m  caem npyrym c 0 6 a ~ y  
, . H npenpaTnwB B KOIIIKY; 

MbIUIKy, TO OHa C'bCCT MblLUKy H OCTaHCTCR CO- 

KOW, TO oma u3 HRX cbem n p y i y o  u npe- 

MbIUIKY, TO OHa CheCT MblUlKY !A OCTaHeTCR 

e) eWH MbllUKa BCTpeTHT MbIUIK)), TO OAHa MblLUKa C'beCT npyWl0 H OC- 
TaHeTCIl MhIUIKoi4. 
IXO 3aMeTYlTb, YTO B 3TOM 3aMeYWeflbHOM 3BePMHUe KOJlHqeCTBO 
a n ~  XUBOTH~IX K~XJIO~Y) BW onpenensmcn ~ e m s ~ n o u o d  Mepapxu- 

(a) - (e) MOXHO PaCCMaTpUBaTb B KOHKPeTHOM 
O ~ H O M  npocrpancme Y,  o6nanarolue~ CBO~CTBOM wMTnnwocTn: 
C+K=M;C+C=K,C+M=C;K+K=C;K+M=K;M+M=M. 

npaeuny  (2.1), MomeM s a n u c a ~ b :  

(c+M)+M=c+M=c;.$. .,,. . , ,;.cL: 

C+(M+M)=C+M=C; I . d,: I 
... ., , :  , (K+K)+M=c+M=c,  . .  . 

K+(K+M)=K+K=c, .., : , .  

, (K+M)+M=K+M=K,  
K+(M+M)=K+M=K. 



. (Pnlo~ki~WIbU0 m X  CBO~~CRWWTMBHOC~, OrnqmM: 

(2.2) - neffrparranv~ 3 n e ~ e m ~  B v nmexq~  MhlIUg, T+K K& KA- 
rtbUZ U3 ~mpeR,, CE4W374lwfi MauuKy, v k  HeM3MCHHblM, 
re .  coxpawre7 cimm,suno~y~o npuHagnemm: 

(2.3) - 06pamblsn SIeMeHToM WU & M X e T U I  ~blllka, a ' M f l  
KOLUKn - co6a~a.~&n MhIlliKU ( H e f t T p ~ l l b ~ ~ K !  .%CMCHT~) 06- 

; p v M  3lteMCHTOM MHPXem 6 y n e ~ v x e  MbILUKB; . 
(2.4) - WO aKCHOMaV9HOe nPaBWl0 I'amKe WXpeTCP, TaK K ~ K  PC- 

.=nbTaI. BCTPeYa 3 , ~ p ~ t  He ~ ~ ~ B H c u T  ,YT Tor% B FOR IIOWen0- 
~ a m ~ a b n  oHa npoucxoniq c ~ e e ~ ,  c&%a nnperam KO%: 
KY wna KO- snpcraii c06W. 

Oremviuo, m B npubepe iieacieym y l o T ~ ~ ' c ~ o ~ c m a  (2.5) u (2.6), 
KpOMe TOT0 , , 

a~ ( c + K ) = ~  i M lrpaTHoc a,- pnuwHwe KopMa cBHncrrnk 
mye~ id6  yBwaremn nonynfluuu ~ b t i c f i , '  (2.7) 

( a + B ) , j ' ( C + K ) = a ~ C + B i C . .  . ., . (7.8) 
. . , 

2.l.S.' /lo~Ilmue nadnpocmpa~cmea , 

na9k~oxecmo u B ~ K T O ~ H O ~ J  npoc~pa~cma P H~SMLWKOT WK- 

TOPHHM . . I I O X ~ ~ ~ ~ ~ I H C T B O M  V, e~nw B U K ~ K  C ~ M O C T O ~ H O M  WK- 
TOPHOM npocipa~me w3 Y, ' ~ b ~ n o r n i i ~ b l  one* cnoxe~m a 
C v P H O m  n P P E 1 ~ A ~ H ~  BerCMPOB.. 

hyCTb U - BtXlOpHOe ~ o A I ' I ~ o ~ ~ H -  6 ' TOr@ 
l 4 ~ & i ~ + g . ~ ~ n e ~ &  BeaTcp o = (o,o,..,o).; ?WW OIIpWWegHblM Hynb- 

B e q p O M  a jWSl ~ o A o ~ H ~ & ?  9bXBoJ.l CneAyeT A3 paeeHCrBa: 

x+o'& x!':W~cex x  E'u : . . ,  . . 

, , n~td$jg:, .OE.U ,  We.TEiM,, YTO nm60e II&A~~P&~HCTBO B v 
ecTb . ~ e n y m ~ . ~ ~ ~ ~ ~ o x i e c ~ 8 0  Y; 

T p ~ ? , w , n e    won we^^ onepauuir wo ie~m'  a ~ t w q p ~ o w ~  
nponssmnm: krsrlopo~ B V, a .mace. IB V nossorneT . c & . p ~ y ~ ~ p o -  

Barn OOHOI~HO~~ QntepwB cywemmBmn% B ~ K T O P H O ~  nompo- 
mpMCTBZ n O & M i O X ~  U B~KWJpHgnJ lIpo@vaHCTBa P 6 y ~ e ~  
IIOArIpOCTpaHCTBOM c. ecnd BblUOJIH~IOTCIf OAHOBPeMeHHO CJIeAyIo- 

IUMX ABa YUIOBYIII: , ., , .. / : I  

1) U- HenyCT? MHOXC~CTW , , .. 
2) &m Bcex iye.u, ~ E R ,  n e @ , c , ~ ~ y e ~  x f y , ~ ~  n a x e u ,  T. e. U 

3aMKHyTO OTIiOC~nbHO 0IIc2&x+LUlk .qOXeHMR B $ K T O ~ $  u yMHOXe- 

HW Beaupa Ha 'lacno. : 

xeU 
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~aqnfi  ~ercropo~ x,,xz,x, B R~ ~TIII 1II060ru 3 n e M e m ,  KpoMe y .  
I I p a ~ a m  m w, B m m n e ,  B m e M  nomue nmehofi c€imo~m. 

flunelko~ 0don0q~0~  HeKOTOpOrO BeIETopHOrO npOCTpaHCTBa Ha-  

3bIB8IOT MHOXeCTBO BeKTOpOB: 3, ..., X , €  v .  nWHef iHyI0  06onos~y 
0603~arawr: [x, ,..., x,,]. 

Y m e e p x d e n u e: emu wMeeTcn H e K o T o p o e  n o n M H o m e c T B o  

M BeKTOpHOm npOCTpaHClTX3 v , M C v W [M ] - JIWHefiHZUI 060- 
nO'IKa IIJUI BeKTOPOB 113 M , TO [ M  1 eCTb I I O ~ C T p a H c T B O  v . 

P 
AMeeT CHny  h y  =&'(ktl)tl €[MI, OYeBmHO,  ' IT0 h y  C pi := ha;  T o m e  

f=1 

6yne~ n W H e k H 0 f i  ~ 0 ~ 6 W H a U W e f i  BeKTOpOB 3.  
O ~ H O B ~ ~ M ~ H H O  MOXeM 3anUCaTb  PaCIIIUpeHEfe q11CJIa AWHeibIbIX 

K O M ~ U H ~ U U ~ ~  ( 2 )  ,LUM BeKTUpOB W3 M : 

n II n 

y + z = x a i x i  + x y r x i = ~ ( a l + y , ) x l .  
, ,  . & I .  I=]  . i=I 

B KOHe'4HOM CYeTe BHOBb ITOAflaeM nWHef iHyIo  KOM~UHBUMH) 

Xi E T&M o ~ P Z ~ O M ,  [m COI'AaCHO KPElTepAlO CYUIeCTBOBaHU5l 
BeK?op~oTO:nonnpompaHc~~a asnae~ca n o n n p o c T p a t i c r e o M  B V . rn 

-, - -  - . -,. 
2) MI c M2 * [MI]  ~[Mzl; 
3) [Mj = M o  M e m  n o n n p o c r p a H w B o  v ; 
4) I[Wl= [Mj. 
(kWd&le~Ue: r b ~ ~ b  U - BeKTOPHOe IIOnnPOCTPaHCTBO v ,  TO- 

$nenrenmu morne~ornu~u e MCA 39 

EG, O6pa3yrouree M H o x e c T B o  M B e m p H o n ,  n o n n p a x p a i i c T s a  u 
H a b I B B h X  MMHUMallbHblM, WJJU H e  CyUeCrBy$T F$yrOrO &eficTBW- 

qeqb~oro n o m H o x e c m a  M' c M, ,LUM ~moporo u ~ e n o  6b1 cwy 
[MI= [MI  = o.  
ric- JJmegnar mimrnocm. I In~ef i~of i  060no~1m ma MHornecTBa 

&mopos q , x z ,  ..., x, npaawexa.r nce n ~ ~ e i t ~ b r e  KOM~WHWUW 

,..., xn, B TOM Y u w e  H I i yneBof i  s emp:  
' fi 

O = ~ O . q .  

0 6 ~ 3 a ~ e n b H 0  BCe a; = 0. 

, Ecnu BeKToPbl XlrX2, ..., X,, n03BoJIRIOT HeTpUBUallbHO IIpenCTa- 

fi BBKTOP, TO RX Ha3blBaWI' A U H ~ % H O - ~ ~ B U C U M ~ I M H .  CO- 
IJq d11HeBH0 H W B W C Y I M b ~ l d  : BeKTOPbl X[,X*, ..., X"' 6ynyr 

I 

a, =a2 =...=an = O .  
, . 

2. F ~ C C M O T ~ ~  PU n p m n e H r i b l x  p a H e e  s e m p a i  

. . 

opa, a TaKme  ' napa ~ekcopoe' x2,x3 m ~ e f i ~ o -  
M xl.xz a q,y aemmcx n o n a p H o  n u ~ e f i ~ o  He-  

. . , . 

Mbl BeKTOPOB n P 8 B O M e P H M  Cneny Io l4He .  BblCKB- 
, , 

1) naa B e m p a  B c e s n a  n u ~ e f i ~ a - 3 a ~ u w ~ b 1 ,  emu OHW ~ W M H O  

6 y n ~  J l W ~ e f i H 0 - ~ ~ B U C U M ~ I M W ,  eCJIU W3 

X XOTII 6b1 OAUH BeKTOp I l p e Z t c T a ~ ~ e ~  nWHefi~)'lO K 0 ~ 6 1 1 ~ a U W K l  





- - .  
f f k ~  ~ J Z  , ... ~@IR B ~ I  'Biz -.- B i . '  

' (.! . . .  -i: ilkl ' / 4  k . -; b.]-'B " .. ,,, 

' 2 ,  . : . . , '  
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.2.2. Pacvembr e Anampuyax 
Marpnua n p e n c T a m a e r  co6oCi 0 6 b l 4 ~ y K 1  ~a6nnqy, Y J X O ~ H Y ~ O  mx 

MCTeMaTH3aURM KOJIKrIeCTBeHHblX AaHHblX, He 6onee TOrO. ~ O ~ K ~ O K  

bln0J lHeHRB ~ ~ ~ C T B R B  HaP, MaTpKUaMK IIPeAIIOnaraeT, OAHaKO, qT0 

n 6 q b 1  M CTPOKU M a q M U b I  - 3 T 0  H e  lTpOCTbIe H a 6 0 p b 1  YMCeJI, a 
I t p e n e n e H H b I e  CMCTeMbI BeKTOpOB. ,, 

COOTB~TCTB~HHO IIpefiCTaBneHUnM 0 Be l r ropHOM IIpOCTpaHCTBe 

POK u m c~on6qos. K o r ~ a  n = m  , M a T p u q a  n M e e T  p a B H o e  sncno 

npmoyaanbnan, C O B O K ~ ~ H O C T ~  3 n e ~ e ~ ~ o s  M a T p a q b l  o6pa3ye~ 
OXeCTBO, ItO3ToMy AJl5l n106ofi 113 HMX MOXeM 3anMCaTb: A €RnF . 

all a12 ..- 

. . .  



C~anapkoe d'pr,mweHae YaTpum a n ~ o h m  mftmm~efidLIom 
s u m  (a) T a m e  H a x w m a  n y ~ e ~  ~ M H O ~ H I I I I  3 ~ 1 p ~ € m  ucxon- 
H O ~  aca'rpHubl Ha c ~ m p  a : 

faall a42 ..- "alm'l 

. .. . ,.. . 

Ilpa n o h n o m n  neyx o n U c a a H b r x  onepa& - cnoxeaua a cKa-  

N I Q H O ~  n p o u 3 w e ~ a ~  - nonyvaroT 8ce' w36no&cHsre ~ ~ Q H U M  
( n X m )  OllpeAerreHHOIW BeKTQpHOW IlpOCTpaHCTBa. AoKW~M, YTO B 

%OM BeKTOpHOM ITpOCTpaHClBO. &eRb%BYKyp. U S B e U I S b I B ~  V#p&liria 
(2.1) -: $44) K. (2:5) . : ,  .~ - (2.50. . , . . . , ,  . .  , .. . , .  . 

f3 . :&:v~bamoame/ i :arm.&~, : .  . . . , ! I  : .  . .  . ~ . . . ':!'. 

. ' ~ E O N ~ ~ H W  aKW4MaTMYHbUL .npa~E$fi,.:(2.1) LU-@~~)~~O~W#W aB- 

TOMZIXYeCKEt U N ~  C B O ~ ! E  ~ 9 A a T I I B ~ ~ . . B .  K O h n u ~ ~ ~ B X O C T l 4  

onepauna c n o m e H n s  ne5m~u~enb~btx wceJr. 2.2) T~XWS eunon- 
HUMD:~: ~yneaofi dameR;a a M a  O~~aTpuaa npn WOM s h r c r y n a e T  
I ~ K  ~~ f i~pana~ba l tme~ew:  , , . 

. .. 
I ,  .,[ !,. . , .. 

. , ,. . !,. ;,,; .. , : ,.> ,,. . . if0 .... :-,\ . . ' , , . . ..' . . 1 . , 1 1 .  

3ra c u c T e M a  COCWUT ns n x m  ~ ~ ~ M ~ H T O B .  RCHO, %TO pamep- 
KWE. c a M o m  B e K q H o r o  n p o d p a ~ m B a  ~ l f ~  B C ~ X  (n,m)-M~TPRU 
6 y w  pama npoumnenvro nxm . 

O m e m  pacchao'rpexb onepamilo n e p e M n o x e m  MBTPUU.  OH^ 
~pOU3Bari.UTCSI we H e  nOKaWlnOH6HTNbIM ~ ~ O C O ~ O M .  ~ Y c T ~  FiMSeTZ:R 

enma ~ o r n e ~ a r n u ~ u  e MCA 45 

, . :-A - MaTpUUa Pa3MePHOCTbiO n x m  U B - MaTpUUa pa3MepHOCTblo  
( m x p ), T o r n a  npoua~ene~ae A t  B ~ a r l n e ~  c n e n y m w M  06pa30~: 

U B XBJlneTCff MaTpMUa C piu- 
eHMS MaTpHU BbmOJrH.UMa. n p U  

eMblX MaTpUU no qHCJIy CTPOK 

M O ~  MaTpUl l e  n M X H O  6b1Tb 

e. ~ O P ~ O K  BbllIOJIHeHAS 

3 0 6 n a ~ ~ u  BKOHOMUKU n 
aCCMOTpHM IIpOUeCC TOBapHOrO npOa3BOnCTBa. fla~Hb1fi npOUeCC 

paKTepM3yeTCR IIOCJIe~OBaTeJIbHblM npOXOm9eHUeM 3TaIlOB: nOr(r0- 

BKa IIpOM3BOnCTBa ( cb lpbe ,  MaTepUaJlbI, TeXHkiKa, pa6ovan clma), 
bInyCK np0MeX)TOYHOrO M K O H e q H O m  npORyKTOB. 0 6 0 3 ~ a ~ M M  BeK- 

. TOP @IKTOPOB llp0113BOACTBa 

V' = ( v ~ , v ~ , v ~ ) ,  ~ ~ O M ~ X ~ T O Y H ~ I ~  

n p O W K T  - z' = (tl,z2) , KOHetl- 

H ~ I Z L  n p o n y K T  - e1=(elre2). 
I l p e n m a ~ a ~  c x e M a m w o  06- 

Ha PUCyHKe q ~ a p b 1  H a n  

CTpenKaMH yKa3bIBaloT KOH- 
KPeTHbLe 06 'beMHble ,  BejTllSU- 

HbI  ~ B K T O P O B  nPOM3BOACTBa U 

I IpOHsBeneHHOrO XlpOAyKTa. B 
KOHe'IHOM C y m e .  M3 ilpOU3BOn- 

I T O J I ~ a l O T  KOHeqHOrO IIPOIIYKTa: el = 3 A 4 = 4 . e ~ ~ H H L l b l .  On- 
nUM, K a m e  BXWHble XapaKTtpUCTUKU EOJlXeH COAepX3Tb BeKTOp 

i = ( V l ,  V a  v ~ ) ,  9~06b1 6 b ~ 1  0 6 e C t I e ~ e H  BblnyGK. KOHeYHOrO IIPOAYKTa 



E y i l e ~  PaCCMaTPMBaTb CTpOKM U c~on6ubr MaTPMUbl KaK HeKOTO- 

P b t e  BCKTOPbI, T O r n a  MOXeM CKa3aTb, YTO MaTPUUa Pa3MePHOCTbH) il 

x m COCTOMT M3 tl CTpOSHbIX BeKTOPOB, KOMnOHeHTaMH KOTOPbIX SIB- 

JISIIoTC5l n a H H b I e  rn c~on6qos WIN, H ~ O ~ O ~ O T ,  MaTpMqa  C VMCJlOM 

BelCTOpOB m, ~am4b1P C KoMIIOHeHTaMIl il M3 CTPOYHblX naHHbIX. 

A p y r u ~ n  CJIOBBMU, nm6m MaTpUUa A O@AMHET m C T ~ o n 6 q o ~ b l x  

tl CTpOYHbIX BeKTOPOB: .,:<. : . , + , . ~ , . . ,  . . 

M ~ K C U M ~ U ~ H O ~  qHCJlO J l M H e 8 ~ 0  He3aI3nCHMbIX B ~ K T O ~ - C T O J I ~ U O B  

Ha3blBaioT cmo116yocw PUHZOM MampUybL, COOTBeTCTBeHHO MaKCM- 

M m b H O e  YUCilO J I H H ~ ~ ~ H O  He3aBRCMMbIX BeKTOP-CTpOK OnpeAeJlxHlT 

KaK C m p o ~ ~ b *  p a H 2  A. Aanee Mbl Y ~ ~ A U M C I I ,  YTO ~ T O n 6 I J 0 B b l f i  R 

CTPO'IH~I& p a H r M  MaTpMUbI BCeTRa PaBHbI  .4pYr n p m ,  II03TOMy WCTO 

FOBOPRT IIPOCX) 0 P a m  MaTpMUbI Be3 W Y H e H U R  - CTPOYHOM AJlH 

cmn6uoeo~. 3ank i cb I~aKYT P a H F  MaTPMqbI A KpaTKO I&, T.e. I@ = 
= pZ-ir MaTPHUbl A. qTO6b1 KOJlHqeCTBeHHO YCTaHOBklTb p a H r  HeKO- 

~ 0 ~ 0 8  MaTPUIibl A, H ~ O ~ X O ~ H M O  OnpeAenMTb W C n O  J I M H ~ ~ ~ H o  He3a-  

BUCUMbIX BeKTOP-CTPOK kinM '4ACJlO J I M H ~ ~ ~ H o  He3aBUCMMbIX BeKTOP- 

CTOJI~UOB. Mbl OrPaHElYHMCIl A e f i c T B Y l ~ ~ n  HkU CTPOKaMEl MaTPUUbI M 

6 y i l e ~  UCnOJlb30BaTb CJ l eny IoUUe  BO3MOXHbIe W S I  HUX 3JIeMeHTaP- 

Hbre  npeo6pa3o~a~~n:  
1) s a M e H a  i-8 ~ O K U  B M a T p u u e  i-ti C T ~ O K O R ,  ~ M H O X ~ H H O ~ ~  H a  

HeKOTopOe ~ e f i C T B U ~ e J l b H 0 e  qliCJI0 a; 
2) s a M e H a  i-ii ~ O K M  B M a T p u q e  C T ~ O K O ~ ,  nonyqe~~oR B pe- 

3YJIbTaTe CYMMUPOBaHHff i-fi Il J-fi -OK, i tj, i, j € (1, ., n). 
llpx nohcouru npeo6pa30~a~ati 1) n 2) nm6aa M a T p a q a  npueo- 

nMTCSI K BMAy, n p H  KOTOPOM BCe J I I ~ H ~ ~ ~ H o - ~ ~ B H c M M ~ ~ ~  BeKTOp- 

CTpOKIl O ~ H ~ ~ ) ' X H B ~ I O T  ce6x KaK HyJleBble BeKTOPbI. 



B ~tiTpkrue A* z' - m o  EX npo~, Kompm Hq~paBwba 4yJuo, 
~ . e .  i - m SHW m e t i ~ o  mBrcm+x ~ e m o p ~ s  A*, B iiarmc- 

cqm A*, a ~H&YUT n pamepuocrr. OBeux m~eI~~ 'b6&0~e i r "&mr-  
1. 

HOKOBa. .I 
,f&iu A* # p n y c m M ,  - zX =s' K o g Y r i r m  @aiw@,aePew, 

W' A* K A. m @  §TOM, C ~ H N O I  BC% . A e f f ~ ~  W, !&@OW 6y- 
w npanmo~m K ~ K  6u n o@miw n o m e .  !To mmdmn c 
npasqeqfi s m e  a p r y w e m i 4  TmAa ycnmammam &en- 
m,'p = s * E ,- ,? HO frpcnweB..p3H.a+w., YTo 
6npeaenen.yie pamrt ~ a p p w  mxk6i npomm-' :ri.mouw 
npaoBpaw~a~a2t m p o ~  wnu WOB, n p w e ~  s ~ m k ~ e  wm 
Bawfos%q&seMbM neBcmnt 6y~w nonyrea OAAW E m~ Be pe- 
'jynbm. B -ex ~ a ~ p r r u y  pama r npeacrctyumm eo3- 
. M O W ~  B x w  BbInomerrura 3 n e M m p m m  @ & x B s i f i  Sras mpwa- 
mt (cTo~~u~MII)  npumm K npcmtt  (POP*: 
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Onpeneae~nn. C ~ l n e ~ y  n v ~ e f i ~ b ~ x  y p a ~ ~ e ~ n a  B 0 6 ~ l e ~  B u e  

DpOXHO 3aIIUCaTb: 

~ 1 1 x 1  f ~ ~ & , , + . . .  +a,d,,,=bl . . 

.. . , ~ 2 1 x 1  + aUX2 + ... + az"Jn1 = h 

anlxl + a,,& + ... + andrn = b,,, .. 

T.e. CUCTeMa COCTOUT U 3  fl n U H e 8 H b I x  ~ ~ B H ~ H U &  U rn nepeMeHHbIX 

(XI, ..., x,,,), BblCLLlaX CTeneHb  M R  BCeX IIepeMeHHbIX - IIepM. 
n p ~  n o M o u r u  onepaquu n e p e M H o x e H m  M a T p n u  n a H H y m  CUC- 

TeMy y p a ~ ~ e ~ ~ f i  MOXHO nepe I IHCaTb  B COKPaUIeHHOM B U e :  
1 6 :  A ~ = ~ I I ~ R A E ~ ~ ~ , ~ E R H ' , ~ E ~ P I ~ .  
t ; . , , .  
: ' 3necb K O ~ @ @ H U H ~ H T ~ L  A ~ ~ 0 6 0 n H b l e  YneHbI  ( ~ ~ ~ B O C T O ~ O H H M ~  
n e p e ~ e ~ ~ b t e )  -  TO n e f i c ~ ~ n ~ e n b ~ b i e  Y n c n a .  B cwae,  emu b IIB- 
mfXCfl HYJleBbIM B e K V O M ,  CXCTeMY nHHe8HbJX Y p a B ~ e H ~ f i  Ha3bI- 

BaHlr ~ M O P ~ H H O ~ ,  BO BCeX APYrXfX CJlyYaJlX - H ~ ~ o M o ~ ~ H H o ~ ~ ' .  Pe- 
UlefiAeM T ~ K O &  n ~ H e f i H 0 8  CHCTeMbI ) ' P ~ B H ~ H u ~ ~  6 y n e ~  BeFcrop: 
. , ?.., 1"] p= : 

xm 

nOCJIe em nOllCTaHOBKI4 B CMCTeMy BCe PaBeHCTBa BbInOnHRloTCSi. 
n p A  3TOM X* IIpeflCTaaRReTCfl pCUIalOWUM BeKTOpOM, a MHOXCeCTBO 

A''= {x* E @I AXY = b) - PellralOUMM MHOXeCTBOM, B CBOIO OYepeAb 

L eCTb nOnMHOXeCTB0.B P I .  
-. . , .  

ill i : 

!:B, wsecmennoA n n r r p n y p  0 6 u s n o ~ a ~ n e  cncrem nnnefiHbn ypamennfi na- 
SUhP3T OAHOpOBHUMP? M HeOeHOPOAHUMP?. - n p ~ .  nep. 



11. ~ e C T B y e T  ~ ~ C K O H ~ Y H O ~  MHOXeCTBO p e I I I e H ~ f i :  

3x, - X? = 4, 
6xl - 2*, = 8. 
Peluarr naiiriyD c a c T e M y  ypasne~xB, KaK n o ~ a 3 a ~ o  B cnysae I, 

B c e r n a  6 y n e ~  UMeTb 8 = 8, T.e. CUCTeMa J I U H ~ # H ~ I X  y p a ~ H e H M f i  06- 
J I W a e T  ~ ~ c K o H ~ ~ H ~ I M  MHOXeCTBOM p e l u e H ~ 8 .  n p l 4  3TOM MOXeM 38- 

IlRMTb: 

.q = 3x1 - 4, xl d R, 
M MHOXeCTBO 0eIIIeHki8 ~ V I I ~ T  

B STOM cnwae roBoprrT,   TO p e m e H u e  npencnmmeTcrr n o n e M  

~ e f i c T B H T e n b H b 1 ~  XMCen E O B H R ,  PaBHOPO TpeM,  n p O X O ~ l Q H M  qepe3 
TOsKy  (0, -4). 

111. M ~ e e ~ c n  O ~ H O  pemeewe: 
3x1 - x, = 4, 
XI -x2 = 0. 
3pecb nocne o n p e n e n e H u r r  .q = 3x1 - 4 w n o n c T a H o s K u  .q BO BTO- 

p O e  y p a B H e H H e  IIOJlyWiM Xx, = 1 ki  COOTBeTCTBeHHO Xz = -1. Pellie- 
H H e  OAHO H O H 0  'IeTKO OnpeneJIeHO:  

P ~ C C M O T ~ ~ H H ~ I ~  CnJ'¶akc BnJIOTHylO IIOnBOIWT K BOnpOCy 0 TOM, 

UMeIOT JIH aHa l IU3UpyeMble  CHCTeMbI J ' p a ~ H e H M f i  P e l l i e H U e ,  I4 B 

cnpae ,  K o r n a  p e m e H n e  ecTb ,  - K B o n p o c y  o c T p y l c r y p e  pemam- 
lyer0 MHOXeCTBa. O T B ~ T ~ I  H a  3TH BOIIPOCbI M O W  6 b l ~ b  Haf ineHb l  

npli nOMOWU 3neMeHTapHblX  npeo6pa30~a~ufi TaK H a 3 b l ~ a e ~ o f i  

- ,  : 

xi C w c ~ e ~ a  n a a e f i a b t x  ypaane~ufi Ax = b 6 y y n e ~  a M e ~ b  perueawe, 
I ,  2drrEi P a H r  MaTPllUbl A PaBeH PaHI'y ~ ~ c U I U P ~ H H O ~ ~  MaTPMqbI ( A  i b). 
2 '  % ' A 4 a C T ~ ~ C T M ,  3 T 0  03HaqaeT ,  q T 0  rOMOreHHbIe CUCTeMbI n U H e f i H b 1 ~  

. y p a ~ ~ e ~ w f i  ecerea M M ~ ~ T  p e u e H u n  6namnaprr C y u e m o B a H w m  TPM- 

4 x = b , ~ ~  R I ( , I ~ , X  = ~ n , b  E R", 

, M 3 ~ a  c u c T e M a  n M e T  peruetiae. Torna c n e n y e T  p a c c M o T p e T b  nea 
BO3MOXHbIX UlY'KUl, PaCCMOTPeHHblX BbIUIe: 

CucTeMa  wMeeT OAHO O n p e A e n e H H o e  perueawe; 
C U C R M a  UMeeT ~ ~ C K O H ~ ~ H O ~  MHOXeCTBO p e ~ e ~ l i f i .  

B~arane PaCCMOTpkiM TOMOEHHYK) CMCTeMY J I H H ~ # H ~ ~ x  ypaBHe-  

~ a f i  Ax = 0, o H a  o6nwae~ T ~ H B H ~ ~ H ~ I M  p e m e H k i e M  x = 0 npw yc- 
JIOBUM, ' IT0 n 2 m I-i Ig d = m. ~ P U  3;iqaHHbIX YCJIOBAffX LIJM HerOMO- 

I'eHHofi CUCTeMbI y p a f l ~ e H M 8  PeLUeHMeM 6yne~ X* = b*, me b* - 
npaBOCTOpOHHPie YJIeHbI p a c U I ~ p e H H 0 f i  MaTpMQbl K O ~ @ @ ~ ~ U U ~ H T O B  

:wHef iHb lX  Y ~ ~ B H ~ H A ~  n 0 C n e  npOBe&eHUR C H e f i  3neMeHTapHblX 
npeo6pa3o~a~ni+: 

,*- 
.., . (1 0  ... 0  : 6;' ' ' f ,  I i i, ,, ~, -., I , . .  

. . '.,, . , . . , , . . . . 
0  1 0  ..I 0 : 4' . . ,  . , . ,  , 

8 ..,..I , .. , . .  , . . . ,  . .  . 
I ,  b 

7,. . . , . '. : A * = ;  ... ; ... 1 : b ; = [  .]. . . 
0 0 ,.. .., 

0  ... 0 ... 0 : 0  ,, . . ,  . 
. .  . . .  . 

, , (0 ... 0  ... 0 :  0 ,  t . ,  

q: , . 

' B omsecroenHoR nnmpaype: paclunpenHoR MaTpnur cncrc~u. - Ilpuhf. nep. 
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Y p a B H e ~ v l a  B A* HaYMHm C m + 1 a0 H e  IlMelOT HUKaKOrO 3Ha-  

W H U R  PJUl PeIIIeHMFi CMCTeMbI. 3 T O  X A ~ e f i ~ b l e  K O M ~ U H ~ U U U  CTp09-  

HblX B e m o p O B :  

x', = (1, 0, 0, .... O), .... x:, = (0, .. 0, I), 
KOTOPbIe B XOPe 3IIeMeHTaPHblX n p e 0 6 p a 3 0 B a H A f i  0 6 p a w m c ~  B Hy- 

n e s b l e  CTPOKYI. 

npu n > m u rg A = p < m, unu n > m, ~OMOEHHW c u n e M a  nu- 
H e f i H b l ~  y p a ~ ~ e ~ l l f i  HMeeT ~ ~ C K O H ~ Y H O ~  MHOXeCTBO P ~ L U ~ H M ~ ,  TaK 

K a n  B M a T p a q e  A B ~ T O M  cnyqae B c e r n a  uMeToTcn B~KTO~-CTOJI~!J~I, 

J ~ H H ~ ~ ~ H O - ~ ~ B U C H M ~ I ~  OT P - ee JIMHefiH0 He3aBACAMblX BeKWp-  

m n 6 u o ~ .  Pe I I I eHl i e  H ~ I U M O ~ ~ H H O ~ ~  CAcTeMbI nOJIyYaIoT npki 3TOM 

nyTeM 0606ues~n PeUIeHMR, H a f i ~ e H H O m  mrt I U M O E H H O ~ ~  CUCTe- 

M ~ I ,  K o r n a  nocne n p o s e n e H e s  a n e ~ e ~ ~ a p ~ b ~ x  npeo6pa3o~a~~i3  pac- 
UrApeHHaR MaTPAUa KO~@@UUA~HTOB X A H e f i ~ b I x  ypi3BHeHAfi ,4OnOJI- 

HffeTCX IlPaBOCTOPOHHAMH 3JIeMeHTaMA bte, ~penCTaBJl$IlOl.U&MH O n -  

penenesiiible cyMMapHbre  3~aqe~w-1:  

0 * * .  - 8 :  ... ... 
0 * ... ... . 4 ,  . . . . . . .  . . . . I < ,  

0 6 0 6 ~  o c t r o w b r e  nonoxemrr, K a c a o m u e c n  n o a c K a  pememfi 
Qnrr CMCreM n l i ~ e f i ~ b ~  YpaB~eHbif i ,  OTMWUM, YTO CUCTeMbI AX = 6, CO- 

A e p X a W b i e  tl ypaBHeHAfi  A m nepeMeHHbIX, UMeToT P e U e H A e ,  KOrAa 

P a H r  MaTPUUbl A QaBeH P a H r y  ~ ~ c I I I u ~ ~ H H o ~ ~  MaTpHqbI (A i b). E C ~ H  Xe 
cumma y p a ~ ~ e ~ u f i  u M e e T  pemeane, TO   TO pemeaue 6 y A e ~  e w H -  

CTBeHHbIM n P U  YCJIOBUM, 9TO l I p U H W e X a 4 a r t  ucxon~ofi rOMOreH- 

H W  CUCTeMa Ax= 0 o6naqae~ TOnbKO OnHMM TpUBAaJIbHbIM PeIIIeHU- 

e M  x = 0. B0 BCeX npyCMX CJlyWUiX CACTeMa y p a B ~ e H M f i  MMeeT 6ec- 
KOHeqHOe MHOXeCTBO pe l l l e~~f i ,  KOTOpble CJlenyeT PaCCMaTpHBaTb 

KaK CYMMbI ~el l le~l l f i  TOMOEHHO~~ CACTeMbI M OnHOIU OIIpefiWIeH- 

HOrO PeUeHLOI H H ~ W M O ~ ~ H H O ~ ~  CUCTeMbl YpaBHeHMfi. 

J$w4ep 2.8. &'la PaCCMOTPeHHblX BblIIIe TpeX CJIYPaeB C pa3JM11- 

HblMM CUCTeMaMP J l A H e f i H b r ~  YpaBHeHAfi n O K U e M  3JleMeHTapHbIe 

npeo6pa3o~a~m pacuupea~oZi M a T p a q M  ( A  i 6): 



1 0 0  1 8 :  19 

0 1 0 -32 . -33 

0 0 -1 0 0 0  a-l 

,@I IIpeIW2.tWIeHkW aJlmpI?TMa 3neMeHTapHblX npeo6pa3o~a~sJb 
u c r r o f i b 3 y e ~ c n  s a n n c b  sma I11 + 2 11, YTO 0 3 ~ a ~ a e ~  cnenyoum 
3JIeMeHTbI BTOPO~~ CTPOKR MaTpUUbI YMHOXalOTCII H a  LIBa, 3aTBh( 

CKn8.XbIBaKYKR C 3JeMeWTaMH ~ p e ~ b e f i  ClpOKn kl 3aMeHIIKIT P C X a -  

HbIe ' T p e ~ b e f i  CTPOKII. 

OY~BWHO, YTO IIPUBeAeHHaSl MaTpkfUa RMeW P a H r  Itd = 3. CO- 
UTBeTCTBeHHO B PaCUJMpeHHUI MaTpMIIa npuo6pe~ae~ ~ a I C 0 f i  Xe 
PaHr ,  OnHOBpeMeHHO B H ~ U ~ ~ ~ T C I I  CI =I. 

Ilpn 3 a . q a ~ ~ b r x  p = 3< 4 = n = m nm c n c r e ~ ~  y p a ~ ~ e a n f i  me-  
eTC% ~ ~ C K O H ~ W O ~  MHOXeCTBO peIIXe~Pifi. B TO w Bpelrlrr, IIpMHM- 

MWI, H a n p U ~ e p ,  X.f = 0, MOXHO IIOJIyYATb KOHKpeTHOe PeIIIeHHe ILNI 
H ~ M M O ~ ~ H H O ~  CACTeMbI: 

( X I \  ( 1 9 )  

1 x 4 1  l 0 l 
B o614e~ NXfl ~ O M O I X H H O ~ ~  CUCTeMbI MHOXeCTBO p e U l e H ~ f i  $lop- 

MnpyeTca  npn C B O ~ O ~ H O M  eb160pe ~ ~ a r e ~ u t  nnrr on~of i  u3 nepe- 
M e H w x  B HameM cnywe n106s1e 3 ~ a q e ~ m  n p m n M a e T  ~ q ,  mrna xl = 
= -lax4, Xz = 32x4, X3 = 5x4. @ o ~ M ~ I ~ H o  BCe MHOXeCTBO p e I U e ~ l l 8  

C M C T ~ M ~ I  npu  TOM 3anncb1~ae~c11: :; tt ?AaT ,>:,. ,.+.,; .:*, :qii 

19 .ti.4kqb~i+?*?: 
8 ? . ~ P f , . : ~ . < t : p , , > < ! . .  ;: , ::,*qr=;fi ;,: ;,: 

, .. L = { x ~ R ~ /  : I :  

> .  
! 

1 ,  

x4 % !4 i 

m e C b  P O n b  Xq BblnOJIHReT I lapaMeTp p. b. s( 
IIpmep 2.10. Peme~ne C H ~ M ~ I  y p a ~ ~ e ~ u f i  npu ycnostiii n < m: 

(1 0 1 0 : 2 )  111-1; (0 0 0 1 : IJ '":" 

.. I OY~BUIXHO, & = 3 Fi PaBeH p a H V  p a c I U l l p e ~ H 0 f i  MaTpkiUbI. B 
---'nbTaTe nonyYaeM p e u r e H e e  nn~efinofi C H C T ~ M ~ I  y p a ~ ~ e ~ n f i :  

WOAMTCIl B 3aBHCklMOCTM OT X3, T.e. 

r 1 = 2 - x 3 ,  k ,=1 ;x3=1 .  
B LIaHHoM c n y y a e  rn onpeneneHvlrr  T e m p e x  nepeMeHHMx M ~ I  

nn ~ p e  ypasaeam, T.e. s a r r a ~ b ~  T ~ M  ycno~m Ha Exone .  Aonyc- 
ym c u c T e M a  d u e  o6nanaer peureHneM,  ~ ~ a - a n e  6 m o  neo6- 

iM0 H&TM no ~ p a m e f i  Me&X OnHY M 3  IIepeMeHHbIX: XI = 2 - X3, 

R. n0~JIe 3Ton, MHOXeCTBO p e U e H n f i  CVCTeMbl MOXHO IlOKa- 

, i iCnMb3yf l  )'paBHeHMIl CBII31( BeKTOpOB: 

















0 1 - I  ., , Di=detk 2 -1  0 0 1]=2+1=x , :,  , .:$ . n, 

1 0 - 1  
4-61 2 1 2 0 I)=-2+2-2=-2; 

, . 

i: -', :I . ,:> b D,=d 1 0 1 =2-2+1=1.  
. . '. . . . IC 'c  . "e , - 

C u m ~ a  uMeeT ep,mcmeHHoe p e m e H a e :  A?=- -2 
: .; . , ,  

4 

, : ,  
.( [ ]  , ':, >,<,, J '; :. 

- .. 
2.2.11. C06Cm8e~Hble vuma ll C O ~ C ~ ~ ~ H H ~ I ~  8eXmOpbl 

n y C T b  no-IIpeXHeMY XMeeTCn MaTpMUa A pa3MePHOCTbH) (n  X n) 
U HeKOTOpOe A ~ ~ C T B U ' T W I ~ H O ~  YUCIIO h € R. P~CCMOT~UM YpaBHeHRe 

B w a :  

A x = h ,  ~ A ~ A E  R("*")') ,x#O, h €  R. 
%v.xo h, KaK H B e m o p  X, IIBnReTcfl PeuIeHueM n p n B e u e n H o m  

y p a B H e H m ,  npu  TOM h u x n p m a m e m T  npyr npyry, u I H ~ ~ I -  
co6unsennm WWOM, a x - cobcmsennb~lr setcmopoa M a q n u b I  A. K ~ K  
c O ~ C T B ~ H H O ~  WCIIO, TaK U W ~ C T B ~ H H ~ I ~ ~  BeKTOp lUIX 0 A ~ O t f  Mal'PH- 
llbI IIpeIWTaWtIIWI. H e  eWHCTBeHHOe peUIeHUe, UX MOXeT 6b1n He- 

CKOnbKO. B YaCTHOCTK, BCeTAa AOllyCKaeTCff B KaqeCTBe OilHOrO 113 

peme~ufi HyneBoe s H a s e H u e  C O ~ C ' T ¶ ~ H H O ~ ~  nucna: h = 0. 
EULU CyUeCTByeT h - C O ~ W H H O ~  YNCXO MBTpEmbI A U - 3TO 

MHoxecTBo Bcex npuHa.qnexamnx X O M ~  W C J I ~  h C O ~ B ~ H H ~  wm- 
POB, TO & U {O} KTb B e m H O e  IlpOCTpaHCRK) CO~C~%HHOTO VMCIIa h. 

&m o n p e n e n e H m  anropma u c w c n e H u s  co6cmmib1x queen a 
C O ~ C T B ~ H H ~ I X  BeKTOPOB PBCCMOTPUM Bb1TeKaK)IIIYK) U3 IIPUBeneHHOrO 

BbIIIIe YpaBHeHUX CUCTeMy ~ ~ ~ B H ~ H H B  B W a :  Ax - hx = 0 WIR 3KBU- 
BmeHTHOe efi BblpsuKeHtre ( A  - ha x = 0. %O no cyTU mMOEHHaR 

c u c r e M a  ypaaxieHaB,  KOTOP~R no ~ e ~ b u e l t  Mepe  m e e T  OAHO ~ p u - ,  
B u a n b H o e  p e m e H n e  x* = 0; H a n o u H u M ,  PTO  TO p e u e H u e  npencmrr- 
JUIeTCff HeKOTOPblM C O ~ C T B ~ H H ~ I M  BeKTOPOM. 

@J%OBaTenbHO h TOVHO BOCnPOU3BOAUT cO~CTB~HHOC qACJIO MaTpII- 

r,A IIpU YUIOBUU, YlV det (A - Al) 0. O U ~ H K O ~  W H O m  n e W p -  
WaHTa flBNIeXII IIOrullrOM n-fi CTeIIeHH. Ta~otf nOJlUHOM Ha3bI- 

ws xapamepucmuuec~w munonrom nrampuyu A, C O ~ C T B ~ H K ~ I ~  
ma -  TO acxonHbxe ( n y n e ~ ~ e )  Tor- n o n u H o M a  - orno u3 OC- 
BHbIX ~ O J I O X ~ H E I ~ ~  m6ps1. M a ~ p u u a  pP83MePHOCTbK) (n X n) 
9 r a a  UMeeT n C O ~ C T B ~ H H ~ I X  ¶UCeJI. 
npmep 2.15. I I y m  uMeeM M a T p n u y  A: 

f 2 -2 4 -2) 



B xone peuesm ma &axe npocTblM n p e n n o n o m a m e M  n o n y r w M  

pe3ynbTaT: h.3 = * 4. 
OTcyrcmylo~ae A c x o m I e  TOYKM n o n u H o M a  M O ~ O  onpenennm 

npa n o M o m n  @umop~oro pacnonoxemx nocnenaero: 
l . 3 -83 -  16h+ 1 2 8 = ( h - 4 ) ( 1 + 4 ) * h - t .  
nocnenyrouu~ n e n e a u e M  n o n a H o M a  Ha (h2 - 16) n o n y r u M  3aa- 

qewe &: 
(h3 - 8h2 - 16h + 128): (12 - 16) = h - 8, OTKypa h4 = 8. 
3 a n A l J I e ~  BCe MHOXeCTBO C O ~ C T B ~ H H ~ M  YACWI J I Q n n  MaTpAUbI 

k {-4, 0, 4, 8). CO6c~~e~t toe npocTpaHcTB0 nnrr b -4 ITolryrUM, 

pelrraR CJIelIyroruylo CUCTeMY nA~ef iHL4X U ( ~ B H ~ U U ~ :  
6x1 -2x2-43-2x4 = 0 -. . ... 

' ,  , . : ,, .: . 
-8X1+9x2+ x3-&=O . .  . 

3x2 + 3x3 = 0  I .  - , ' , : ,  ( :  ' 
. ~ ' . '., . -  . . 

-2xr - xz + Sx, + 6% = 0, . . .  

, / . . 
Bonpocb~ IIOACKZ~ C O ~ C T B ~ H H ~ I X  sncen u C O ~ C T B ~ H H ~ I X  MKTO~OB 

s e c b M a  M H o m r p a n H u  A u M e m  unpo~oe none npmoxeam. HM 
YfleilRWCII 3HaYUTWlbHOe BHAMaHMe He TWhKO B MaEMaT&iKe, HO A B 

au3me A, WK MI eue H e  pa3 ySenn~cn, B s ~ o ~ o m e c ~ o i l  T e o p n u .  

2.2 12. Eennudoeo eeKmopnoe npocmpancmeo 

BseneM M e l p a s e c m e  noHnTKx: paccronam, yrna H a K n o a a  ma 
~ a 6 n m a e ~ m  O~XKTOB B npocTpaHcrBe ,  O ~ T O ~ H ~ H O C T U .  3necb 
HaM BHOBb I I O H ~ O ~ U T C I I  P a C l U A p H H O e  O n p ~ A e J l e H K e  W IlpOU3- 
BeneH11Z BeKTOpOB, B K n W I m  TaK Ha3blBaeMOe CKanZpHOe npOH3Be- 

neliue. . , . 
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m p m  np0-m. fly- a npemqa, yro BeKTOp- 
woe ~ P O C T ~ ~ H C T B ~  HWI W ~ M  A ~ ~ ~ T B W T ~ ~ M ~ I X  wcen R. 0603~ayw 
S CKiW1pHOe lTpOK3BCAeHAe BOKTOPHXX I I P ~ ~ C T B :  

S= V. V+ R, 
Rmr npti 3aIIUCH B B ~ K T o P H o ~ ~  (PoPM~: 

(x, 9) -+ S (x, Y)).  

, C~axffpaoe npoa3~ene~ue BeKTopoB o6nwae~ cnenyrowum oc- 
UOBHHMW C B O ~ C I ~ ~ M U :  

S 6, Y)  = s b, X) m B C ~ X  X, Y E Y (CBMM~T~BSH-); (2.22) 
; S (3, Y) - nUHeBH0 OTHOCUTenbHO x U Y ( ~ U J I U H ~ ~ ~ H O C T ~ ) ;  (2.23) 

S (x, X) > 0  PJff X E v\ (0) ( I IoJIoXUT~JI~HZ~ ' 

onpenene~nm)  . ,.I . (2.24) 
pnoe npocrpa~clgo aan n o n e M  n e i c ~ ~ n T e n b ~ b r x  mcen, B 
o n p e n e n e H a  0nepam-i c~anrrpaom npor r3~ene~u~ aem- 

a a ~ a r m e ~ c ~  esrcnudoscuc 6e~1opnw npocmpancmsm. 
16. ~ P I ~ ~ ~ ~ o J I o X U M ,  q T 0  B n-MepHOM B~KTOpHOM np0- 

I 

((XI, ..., X"),(YI ,... , Y ~ ) ) + ~ x , Y , .  
i=I 

M o x e ~  yreepmnam, rm cKarrrrpHoe npou3~ene~ue B e m p o B  (4 
e~ n o n o m T e n b a o  o n p e n e n e H n o f i  a e n n r u ~ o k  A a n ~ b r P  BMBOB 
S c n e n y e T  113 yxe A ~ B ~ C T H ~  CBO~~CTB ero CUMMeTPAYHOW, 6 ~ -  
c t n m  n nanoxmawolt o n u e n e n e n H w T y l  

' D p m p  2.17. B BeKTOPHOM npOCTpaHOTBe C (I) LUur H e n p e p b l s -  

kPA? @YHKUWU A ~ ~ ~ c T B u T ~ ~ ~ H ~ L X  rUCen ,  9aM~Hy102fi  H a  AHTePBafie 

I = [a, b],  UMCCM CKWXPHOC npou3acnenne: 



b 
S (h, h) = j hZ(t)dt 2 0, 

a 
b 

a 113 S (8, g) = jg2(t)dt = O  cnepyeT, rro g ( f )  = 0 nnrr Bcex  t E [a ,  b] .  
a 

C n p p f i  CTOpoHbI, eClIH 6~ 6bm0 g (to) # 0 m B C ~ X  to E [a ,  b],  
TO c ~ Y ~ T O M  H e n p e p m H o m  (PYHKLWU g cnenosano 651 o n p e n e n m b  

o l c p e m o c ~ b  U $ U (b)  m TOSKU (to) T-, B KOTOPO~~ g (1) z 0 
mym Bcex t E u (to), HO T o r n a  T a m e  n g2(t) dt + o , sm II~OTIIBO- 

U(f0) 

p e m T  UCXO~UIO~~ n o c b m K e  3 a ~ a ~ u .  
3 a M e V a f l  U R. 1. Pe3yJIbTa~ CKUMpHOKl lTpOU3BWeHUX H e  

GTenJ'eT CMeLUUBaTb C yMHOXeHUeM EeKTOpOB H a  C-p, 0 KOTOpOM 
rOBOpKJIOCb B 11. 2.1.2. Y M H O X ~ H U ~  H a  C K U R P  CER3HBaeT OlIpeAe- 

neHHblM 06pXio~ B ~ I c r o p  X E V C HeKOTOPbIM SHCIMlM U E R, B TO 

B p e m  KaK c~ana@ioe npous~ene~ue  c e a s b ~ e a e ~  npyr c n p y m  
n ~ a  sewpa.  K p o ~ e  ~oro ,  c w p H o e  rrponseeneane ~ b ~ p a m a m c s  
BceTAa HeKOTOpbrM A ~ ~ ~ c T B A T ~ ~ ~ H ~ I M  YHCIIOM, H e  06113a~eJIbH0 RE- 
nRKlLUUMCII 3neMeHTOM ACXOfiHOm EeKTOpHOIW npOCTpaHCTEa V, U 
TeM CaMbIM KaK 661 BbIXOnUT 3a PaMKU 06UYHbIX B H W H H U X  CBII- 
3ett K 

2. C ~ Y ~ T O M  n o n o ~ H o t t  onpenenennomi C ~ H O I W  p u s -  
Be&eHluI W e n y e T  BbDOJI 0 IIlXXBOMepHOCTU BbIpGUeHUK A 8 r . r - A ,  

S (x, x) = 0 0 x = 0. ;3 >I,'?\ \ I:, +)I. 

B n o c n e n y m e M  6 y n e ~  n c n o m m T b  npu m c u  c ~ a r r ~ p ~ o m  
nwon3~ene~m O ~ ~ I Y H Y K I  @ p ~ y  n p e n c T a a n e H n a  onepaqun nepe- 

ny: (x, y)2 4 $9. HepaBe~clgo npeBpauraeTcrr  B paseHcTBo, K o r n a  

MKTOpbI X U y ~ u H ~ ~ ~ H o - ~ ~ B u c u M ~ I .  D o K a r n e ~  llpaBOMepHOCTb Hepa-  
B ~ H C T B ~  Kow-UI~apua e npocrprurm Y1 

a) nycm x A y nn~etiao H ~ ~ ~ B U C U M ~ I .  Torna irpu ycno~uu, YTU 
x # 0, B c e r n a  3 > 0 H hx + y + 0 AJIR Bcex  a E R. 

C P e T O M  n0J IoXU~eJIbHof t  OnpeLWJIeHHOCTU CKaJI5IpHOrO npOU3- 
B e n e H m  uhieeM: 
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6) nPeAnOnOXUM, BeKTOPbI X U y - ~ u H ~ ~ ~ H o - ~ ~ B u c H M U .  B 3TOM 
CIIyYae MOXeM 3aIIACaTb: y = M (a ER),  A TaK KBK CKaRIlPHOe npOU3- 

BejleHUe nEiFieZfH0 OTHOCUTeJIbHO O ~ O U X  apryMeHTOB (~UJIUH~#HO), 
To: \ . . ,  ..,. ~. , , ,  . , 

( 4 2  = (*)2 = h2 (=)2 = hZX2$ = X2h22 = e.:. ., :.., 
" : . 8 t', : 

,I. ' - 
2.2.13. Hophfa eeKmopa 

I C-~HO~ npOU3BeneHUe nO3BOjIReT lu. na6om BeKTOpa no- 
A)nlUTb HeKOTOpOe uACJl0, AHTepnpeTUpyeMOe KaK rylUHa 3 T O m  BeK- 

Topa. 
~ Y C T ~  v - eBKJIUAOBO BeKTOpHOe ~ p O ~ a H G T B 0 ,  TOrAa HOpMa 

eeKmopa 3TOKl npocTpaHcTsa  MOXW 6 b 1 ~ b  h p ~ a n b ~ o  npencTaBneHa  

c n e n y ~ l r r r e f i  3 a n ~ c b w :  '1:;. ,. , ,  M!. .  

Ilx 5 11x11 +llJ# x, Y € V ( H ~ P ~ B ~ H C T B O  ~ p e y r o n b ~ k f ~ a ) .  (2.27) 
B eBKJlUAOEOM BeKTOpHOM npoCTpaHCTBe CyWeCTByeT B03MOX- 

HOCTb BCerna H&TA TaKyKl HOPMY BeKTOw, JJIR KOTOPO~~ Bbl- 
~ ~~ . . , - .  . . ,  , . -  , .. ..- . ., ..,... : 

non-bC~ P a B e H m m :  . . , 
,,. a:, .. 5,: >>,! \,*j. 1 9  . -. , j.: i ..,,, '.. , . 

. s  

I l x l l = + @ = + ~  , i.. . . . . ,. ! - .<. - .  ..'.:. . . ..A, - . ,  ... : . 
T.e. B AaHHOM cJIY.rae MbI HMeeM AenO CO CKflJIQHbtM n p o t i 3 W e H H e M  
B e K m p a  x Ha  cardom ce6~, u 3 ~ n e s e ~ ~ e  KopHa w p a m i o r o  n3 T a K o m  
n P O H 3 W e H l u I  BCerna 6yne~  AaBaTb n 0 ~ 1 0 ) ~ H ~ e n b ~ b l k  Pe3YnbTaT. 

I l e p e y n c n e ~ ~ b ~ e  s b t r n e  c ~ o f i c ~ s a  HOPMU B e n o p a  (2.25) - (2.27) 
BcerAa COXpL5Ilar  CBOKl CUny, B YaCTHOCTU C WeTOM T O ~ U ,  YTO QllR 



2. H o p ~ a  Bcex  HenpepbIBHbIX &YHKIEU~~ g, CYIUeCTBYM4EIX B 
WKTO~HOM npOcTpaHcTBe C ([a, b]) ,  H a  n m p B a n e  [a ,  b] onpenem- 
eTcu MK KopeHb K B W ~ T H ~ I ~ ~  n3 onpeneneaaoro umerpana, no- 
CTpOeHHOW Mff KBaApaTOB @ Y H K u ~  g. 

L 

' ~ ~ M ~ T U M ,  YTO CO~CTB~%HHO HOPMa, IIPUBeAeHHWI W R  @YHKUCI~ 
B BeKTOPHOM lIpOCTPaHCTBe C ( [ a ,  b ] ) ,  BOB= He 0 6 ~ 3 a ~ e ~ l b H o  O n -  
penennew IIOC~~ACTBOM c ~ m p ~ o r o  npon3sene~nrr, oHa, H a n p n -  
Mep, MOXeT 6- B b I P U e H a  0 I I p e ~ e J l e H H o f i  M ~ K c u M H ~ H ~ ~ ~ o ~ L ( ~ ~  
s e n k i u n n o l :  

Uf ll= max l f ( x f l .  
x e [a,bl 

B O ~ ~ O C ~ I  ~ b 1 6 0 p a ,  O ~ O C H O B ~ H U X  n p e ~ M y 4 e c ~ ~  TOR UJIM H H O ~  
HOPMbl BeIcn,pHOIU ItPoCrpBnCTBa ~pe6ywc CaMOCTORTfnbHOW, 60- 
nee n e r a n b t t o r o  a~anu3a, u B paMKax A~HHOR p a 6 m  H e  PacchfaTpn- 

BaKmx. 
3 a M e r a H u e. H o p ~ y  BeKwpa mema MOWHO n w y q n T b  KaK 

p e 3 y n b m T  cwrrpsom n p o s 3 ~ 1 e n e ~ w 1  npw ycnoasa, nm 3m wa- 
mpsoe npon3~eenae onpeneneeo B CylIIecTByIOqeM B ~ ~ E ~ ~ H O M  
n p o n p a a c r r t l e .  

Onpkww 1. B~rn0p~0e nponpawcreo, B K-M onpeReneHa  
HopMa, ~a3nsarar n o p ~ u p o e u n n ~  eeIcmopxw npocmpancmm. 

Jiwneti~oe npocTpaHcTso  U ~ o p m i p o m ~ ~ o r o  B e K m p H o r o  npo- 
CTPaHCTBa Y ~ Y A ~ T  T-e HOPMMPOBaHKhlM n P O C ~ C P B O M ,  e X I H  
ClW WeMeHTbI HOpMUpOBaHbI A BbICT'yIIaDT KaK nOJIMHOXeCTB0 3ne- 
MeHTOB 6 ~ P H  3TOM HOPMY, OIIptXWIeHHyKl B & H83- ~ 1 1 d y y ~ -  
poeanno5 nop~oli  npocmpancmea Y: 

06pamoe ymepmerare, sn, H o p m p o B a H n o e  sempnoe npo- 
CTPaHCTBO v BCerAa BOCIIpOU3BOnHT eBl(nK90BO BeKTOPHOe np0- 
CTpaHCTBO, H e  RBNIeTCR IIpaQOMePHMM. Ha CaMOM JIelIe, ' l T o 6 ~  WYI - 
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' ~eo6xomo Barnon t ie ra re  TaK ~a3braae~oro p a m H c T B a  napameno- 
rpama: 
" 1 b + d 1 ~ + ~ - ~ ' = 2 ~ ~ + 2 1 ~ 1 ~ a n l r ~ c e x x , y ~  v. 

oru~-LU8apqa m n ~ y x  WKTO~OB x H 
m B e  Y, B KOTOPOM x # 0 R y + 0, 

B n p H  3TOM BCelPa BMeeTCX HeKOTOpOe PACnO (p(x, y), TBKOe, S T 0  

&erJIa OAHO3HaqHO 34 Ha3bLBaeTCff YUOM Me* EeKmopa.84u x H y. 
q e B w e o ,  cos (p(x, y) = 0 o xy 0, T.e. ecna xy = 0, TO I&, y )  - 
nMoR y m .  0 6 p a ~ t f ~  B n n M a n u e ,  cmnnpnoe npow3~e.qe~ne 

BeKTOpOB X H Y MOXeT 6 b l ~ b  T a m e  paBHO H y n m  H B crr)niae, 
x + 0, y # 0, .m, H ~ B O ~ M O ~ O ,  ecnn M ~ I  m e e M  neno c o6m- 

MH T u c n a M u  ( c w f i p m n ) .  
P a c c M a ~ p a ~ m  cKanrrpHoe npous~ene~ue B e r n o p o B  u yron, 06- 

@iu~BlIHHbIf i  nap0fi BeKTUpOB, Mbl nOPILOAUM K IIOHUTHX) OpTOlW- 

011pedere~ue 2. BeKTOpa X H Y € X # 0, y # 0 Ha3blMlOT 
mo2onanwwclu, ecna m c K a n a p H o e  n p o u 3 ~ e ~ e ~ n e  pamo Hynm: 

f f ~ ~  H W 6 0 n e e  ~ A O ~ H ~ I M H  
OpraHU3ayUU 6a3Uca  BeKTOpHOKl IlpOCIpaHCTBa ( H a n p H ~ e p ,  

nempmea cncTeMa KoopnnHaT - npmeq. nep.). KOHCT- 
I I O A O ~ H ~  6a3uc 3WaeTCE MHOXeCTBOM OPTOrOHanbHbIX 

pOB. n p U  3TOM HeIIycTOe IIOAMHOXeCTBO ?d eBK.MAOBa BeK- 
PHOID IIpOCTpaHCTsa v Ha3bIBaIOT OPTO~OHBR~HO% C U C T ~ M O ~ ~ ,  e C n P  
4s M, HO XY = 0 ,JXJUI -02 IIaPbl BeKTOPOB X ,  Y E M, .LQlylXMU 
sam, ecna ~ c e  BeKTopbr 143 M n o n a p H o  opmm~anb~b~.  
B e m p f i r  O ~ ~ H ~ J I ~ H O ~ ~  CNCreMbI (x,, ..., x?) IIWH~AHO He3aBU- 

r . Ha caMoM nene H e p a B e H m  x a , x ,  = O  npennonaram, TO 

1x1 
n&ro p E { I ,  ..., r)+ c yqeToM B ~ U M H O ~  O ~ T O ~ H ~ ~ ~ H O C T U  mex 



, A w e p ~ + ~  e m =  .,sm-op~ae apmpark..pw. e&p~~-ylo 
-pry, B I O I W ~ ~ ~ & ~  n ax-' . a..wirree ,n:nmm ,-r 
~luranb~t ~si(Top0~. Mom10 C- UrO m.. ~ - ~ F P C S & ~ ,  flp- 
'EOmR811MEBB OETClWa M if3 %-MWOIY) BC-OIU -. v 
aaNleTca or0 WHCOM. 

&w~o~pifac, icaxrua O@ZWM d P  @1c sns V 6bnb 
lxpm5pa3o~~~ B p p r o ~ ~ . O u ~ .  n#cm rb*,..:.. j, b& - C4eEera 
ly k,?mH@@? H M O ~ ~  W W F B  W - . , E  f l b e ~ ~ ~ ? f 3  
'wio'=8$ $& &&,p* a, &,cp&; B-trnp:/b,, + &, #3Ul-- 

.pxw~e@: ,, omppm~8 9 -. ..~a, !-wxswiw e., wf- 
aaek~! PI~O ymriw@w~JI - 1 Ai  5 k $ ~ . & ~ ~ a ~ b , ~  wp q, .+,, 
.ctrb v,sx,,wefW:.,o!Wo?p ; 4 o ~ ~ & ~  F ; J C v e W ~ f f .  *o.uKo1 

b.*-., 51, .~~wwR@ s m r o w m d  qw cr ~ n ~ e f f e r  
nwjno. brn:;qdE,~ * &PI t... f  PI;:^ .c..-&L Ha- 

x 0 m  n3 ~ R E T ~ M I . ~  , m e & ,  WWM+&,W& < *,&,-+ -+ 0  
. e m n i j %  .gqwt~e: , . -: . .\ : . :. , ,+ .> .  , , . . . , . , : . :  , 

~. ., : 2 . 6 . .  , '  . . . , >. ,; ,-;, ,;.a, .. ; : 
elif.=#~b;.:+l,q = . 

? I i . , ,  
, , . ,  >~ ~ : <, i .;;-,. , ; 1 '  . ,, . . ' \.: 

2 . . .  8 l l - r e ~ : = c ~ l ~ + X t - ~ ~ - l  -0. . .. . I :  . . .,.I . . . , i . l . r .  .,.:1. 

porn *WY? 8 . F p P " W  Elrut Y".,=%@fFi. . ~ o m -  
~ m ~ m  6mxstw K tiaaea 
b m  t C ~ ~ t b 4  .'%JE.w. mBQRen-.ww.,wye B pa3npTnw:.'y- 

wmai&mw(14r MCA 

MCA. Wo6ar nOJIY¶UTa ~,UIIHXXYHM BeKTOp e,, K O M n O H e H m  
m Betoopa ci H O P M ~ ~ ~ W  

6 ,q;=c,b,+h,cf = 6 + h 1 5 = 0 = , $ = 5 ,  

ee m q m e e M  c3 = 4 + I~CI + bc2  c n p o u 3 = ~ e ~ u e ~  c,c,: 
2 i.oj=c,b,+ ~ ~ c f = ' 2  +ht5 = O j h , = - - .  



B peYltbWF4 ~TO&RH O&W&HVb~bifi 6a3W.X 

0,318 

3 am e u a w n e. npu-t q~sprorORWrraUrM He no- 
3 8 9 m  s w a m  nce~@ om03~ap~o~ anpuieneHne@ m P D H m -  
HUR &KG, 'em p3yx~.ra~u wwcm or u c p q m n y y y ~  

6aSCa. w b f ,  Ubiedcrr atia e h b ~  OM-b- 
HeKaropbnr n-~ep~@m ... eeKWg~@Fi,np~ 

cqxm&mn F? (ei,.., erg a {q, ..., g,, 1. IIpH ym- W 

= 1,2, FoxeM mnca~b: 
<irt:-; 2 ,, , * ' 1 . "Z  - clll=l-Cds 5-61h 5, 

2 = *sin6 a a22 = f cost, 

cost = 0. Ca~amTpsua A c 060- 
RIIX all  n %I, o m m c b  o p ~ o p m p -  

51 u 0 21 w BocbMw [o ' ,* i) , x m p l e  n- 

. , 

B rnaBe oaimipHoe npou3~we~ne pacohza-rpmanocb K ~ K  
~pnqec~asf 6lursinetlHaf1 H nonox~~?e~ibkio orrpemne~~arr 
' cY x y)- Hag nolreM nerim~u~erraaarx reen.  llpa 8mbHeri- 

n Teopemsecme BLIBW~I oTHwqnbHo BemopnoPo 
HcTsa paclnnpnwrcrr npa MeHee cq6m' H C X O A H ~  no- 

aue&me 6umiehte &ap.ut& l l y m  meen% Bemop- 
TBO Y HU nonelri tIeii&~UTWAHbur nucen R u @YHK- 
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~ H H o ~  CUMMeT- m i e m n o :  mw m: cmm, m. spry- onpenenennym m a -  
. K W O ~  ma,xpamr~oft - 

M*-... ., i ~ . ' 8  , . , , , T ,  CBOX 9eTKO 3aqaHHtM CUMMeTpUUeCKan MaTpUla, 
H-S I.&mHi&~ &iM&& c-wencO&j 6n~i&e$- HIIeTCR PaBeHCTBO (2.28). 

e& &pb& f 6 y ~ ~  . . npv , ..I' . @ I 0 S p i v 1 ' ~  . . ,  , , , -  ;f (r, #: 1 .. yg ,~ . 3. 
$@, *(&x,ul.y y x  v. Emu wMeeM n - ~ e p ~ o e  sempHoe npocqaneacmo u A - CKM- 

uqy Pa3MePHOCTbIO (Pi x n), To KBa&paTUSIH@i 
, , o @ s w ,  h, ..., YJ G c ,  ~excmpore n-~+o& ~1c f6~H '&  = d h ,  X E [ T.e. ,maTMYeCKUA IIOllUHOM 

-(iP88; p m[ljiii-.;.. Snf? ." x ,  ,;&MI tf. (f&, ,,,. ;$Wi+tq 
fi CBO~~CTB~MM: q~ (hr) =X2qA (I) aNI h E R, 

&xmpa &is 6, ~ F p f l  6 ~ n n e R m m  &R?# ,. f ,. .@iq p) @ W R P V p Q M  , .  . i  V H O ~  @OPM~I A 6yneT: 
? ' ,  ~ f u r e ~ w c e ~ ~ . ~ ~  . , r eneaa, ecnu q,, (x) > 0, x # 0; 

npenmeaa, e m  q, (x) 2 0, m Bcex x; 
, . ~. . . _. _ .  ,.. ., _ o~purra~enb~o onpenenerra, emu qA (x) < 0, x + 0; 

* o~puqa~enb~o  nonyonpeneneneaa, e m  qA (x) r 0, B C ~ X  X, 
npenenen~ofi, ecm mem ~ e c m  mmft-mi6o m f t ,  ~e 

, . . , n ,  1. .; ,(Z!,\,. a#. .~ . . ,? ! l '  %%iqf# t,fmWl@&. . ! I- non Y* npEiaene~ribnt mane, cl~yuak, ~.e .  emu m 
~=(ffy,,:~)) & = I  ,...+ n;jwl,.-.tn).!i'' ,, :ti,,,. !? , ;" ,,,. ?<-:': 

m m  0 6 0 3 ~ e t ~ ~ ~ f . ~ .  a9.3 :su,:ypa @k@mahiyr~ 
..I,: ,. 

f (x,, xz) M O ~  nepemcBT6 ., , . ' 

- ... . ' 7 s  !q: <. . 

npasma mn det A u q, (x): 
nonomnaao  onpeneneaa, emu a > 0, 
O T ~ H W T ~ ~ H O  onpeneneaa, ecnn a < 0, 
nonmTenbHo nonyonpeneneaa, ecnw a > 0, 

ovnuaTenbao nonyonpeneneaa, ecnu a < 0, 

det A. npu ymo~uu, m a + 0, m a -  @p- 
,.:-.> G.L l .  

q k , ~ I ~ ~ ~ ~ n ~ @ & ~ ~ ~ & : ~ * * A  AHOM mpok a n e m :  
@ .- . . r  an, . ~ ~ @ T ~ w x  B 9 up-W KD. 



nOCn.5 BBeneHHR IEsBllpaTUYHOl'O nOnWeHm nonpnhl: 
a qA ((x) = (m, + 6xd2 + (det A) 4, 

1 ac-b 2 
qA(~)=-(mrl+b~1)2+- 

a a 
x f 

ac - bZ - > 0. ~ ~ , Q X T R ~ H ~  -Ma TsIoKe 6y~W nOnOXKTWbH0 On- 
0 

peAeJIe~~0fi: (a (x)  > 0) c ac - d = det A > 0. A~anoI'uYHbIu o6pa- 
30M nerKo y m B B n u ~ a m ,  'ITO qA (x) < 0, e m  a < 0 u det A > 0. 

B cqwe, Korna det A = 0, p a e e ~ c ~ ~ o  (2.29) npeo6pa3ye~cs B: 

u, cnenombxo, qA (x)  nonomElTenbHo nonyonpenenesa, ecnu a > 0, 
u oTpmaTenbHo nonyonpeneneHa, ecnw a < 0. 

noCILeKH&& U3 lTpe~CTaBJIeHHbM UIyVaeB, KOrW det A < 0, Ore- 
BUAHO, 03Ha'iaeT, 9'NI mU WaHHblX a, b U C KBBgpaTUqHM @ p ~ a  
q~ (x) He3aBUCUMO OT 3 ~ a ' l e ~ ~ k  X CaMa MOXW WWHUMaTh 60iTb111:Ue 
MJSM Menbmue 3naqesm u, Tamhi 06p830~, mmeTcs ~ e n u ' ~ i a ~ o I  
~el ine~~u@muupye~oi  

B 2, HaIlUCaHHofi H-POM Mapnnro~ I ~ ~ @ ~ P O M ,  IIpHBO- 
&STC5l o c H o B o n ~ m e  CBeReHElrr Pi3 AB)% 60-x pWeJIOB Ma- 
T e M a m m  axanmu~ec~o8 r e o ~ e ~ p u ~  u ~a'~pwnoPI anre6pb1. mu 
CBeneHSU - B&KHbIfi 3JICMeHT IIOWVP3BM CIIeWanUCTOB, 38HH- 
MaH)lu,UXCR MHOlWMepHbIM CTaTUCTU'teCKUM aHiUlH30M. Heo6xonu- 
Mom MaTeMaTWlecKHX 3 H a ~ U f i  06ycno~nu~aex:fl KOHC'WKTUB~lMU 
O C O ~ ~ H H ~  M~TOAOB MCA, npe~arrmamwx B noAaaRRa111eM 
~ O J I ~ U I M H & E ~  MygaeB llpOCTpaHCTBeHHOe IIpelICTaBneHUe ~a611io- 
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p a e m  morOMepm1x obsemu H monananoe  onnmue rnm 
o & b e m ~  c p e n w m  ~ p ~ o w  WKB, B TQM .~ncne npu :no- 
MOlWf BCKTOpOB U MalpUU. 

' 

. B 12.1 nocne~owwwo p a ~ ~ a ~ p n y o m n ,  nomrux newpa, 
'~e&p~oro ICponpmWEi, n ~ ~ ~ ~ ,  'm~ekofi 
.&OjroYrar w o6pa3ymueB cucPeml~~2.2 ua9ume~cg orrpeamem- 

! 'MU T P r n c @ o ~ ~ a W  6 w c a  ~~KTOPHOl'O n p W C T B 8 ,  MBTPUW, 
NH~BHOM on-pa, WM owewloT0B iTexnuvecIole ~onpocsl 
wwucneHun m r a  u A ~ P M U H ~ H T M  Mamum, perueHnx CUCTeM 
JIUHefi~slx Y ~ B B H ~ H U ~ ~ ,  n0HCKa C O ~ C T B ~ H H ~ ~ X  BeQpOB U co6cTBe~- 
woe queen bialpmm, noapoeem li ucnonb30~a~u~ B anamw3e 
mwpa~uu~ofi Cpop~ar. 

B ir31IOXeHUE OCHOB MaTeMfiTUKU aBTOp He W O A Y I T  3a paMM 
ee~nmonofi m ~ w p n u  . notmm nuuehot  .CBJI~U. T a w  o6pa- 
30M, rnaea rq.wtcTasrraeT xoporuo paspa6ommryro & a m  MamMa- 

K, mu ~ o ~ e f i z m e  
n MCA xepenKopnupmmrr na Menee useec~me 
Mamw&ec~e w, ucnomqmwe 3 CEO& 

o mmel lnm np~3m1&& c d  w PC- 
o TeopenmecKoad r r p o c p a ~ r n d   NUT@- 

~.n.). O&o m ' ~ ~ g s b l  B ~a&eft 
BCEfJlYCII-U 
ana OHH mmynm 

m n w i e m ,  t: APWR cmpom, KOP 
H WlClSlBW pa- C S'IRM-MBTOAaMU O ~ ~ M O ~ , U B B ~ T C R  

gnumu macmec~oi4 mopnu Mm. 

a) SBNIKIPCII n~ ~KTOPE-I a u Q nu~ekno He3PtBxcwhIME 

- -  f 41  1 41 



--r -, 
Ki7XlAbIfi BMP U C O P  IIpOLO'KUUU: 

7. OnpenenuTe, uMeeT nu MaTpaua A O ~ P T H Y ~  MaTprcW (A-9% 
ecnu UMeeT, TO eslllacnn~e ee: 

, , 

~ . . . . , . . , . .. - - - . . . - . . , . -. . -. 

, : :  , , J !  , i . . . ,  . , , 3 , . A ( . .  ,.;>< : '  
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2 -6 -1 

C . 11. lTo npneeaeHnm B Ta6nnue @ p a r ~ e m p n w  W H ~ I M  Mex- 
oTpacnem 6anawca 3a O T Y ~ T H Y ~ ~  nepnon (ycn. nen. w.) ~aruacnn- 
Te 0 6 % ~  WIOBOm BblnyCKa KWXJ&OB OTpaCIM IXpM YCXOBUM, ¶TO: 

a) K O H ~ Y H ~  cnpoc s n e p ~ n m e c ~ o 8  arpacnu peJinquBaeTcrr 
uwoe, a uamnrrompoeHurr wxpammn Ha npemeM ypoBne; 

6) ~o~estrbxil cnpoo a ~ e p m ~ e c ~ o i i  cnpacna yMenauruTcn B 
1,s pass, a MaxuuHocTpoem B O ~ X W T ~ T  Ha 20%. 



13. Bemop b = (4, -4, 5) 3 a ~ a ~  B 6aauce el, e2, e,. Bmpasu- 
Te 3TOT Bemop B 6a3uce a,, (12, a3, KOTOPM~ maH semopmu: 
a; = ( I ,  1, O), a: = ( I ,  -1, 1) u aj= (-3, 5,  -6). 

A = ;) 
H ~ R T ~ ?  MaTpuUy onepampa A B 6a3uce e< = el + 24 u e< = 

= -2el + 4. 

18. Ha&qx~e ~06~TBeHHble qSi1EIWIa U C O ~ C T B ~ H H ~ I ~  BeKTOPbI JIB- 
~ e % ~ o r o  onepaTopa, 3a~annom ~a~pklueit: 

1 5  4'1 

C n y ~ a f i ~ b l e  BeJlMYMHbl. 3a~0Hbl 
pacnpwenetinrr H nnonroerb 

~ e n o r n ~ ~ m  nepearco ~ ~ ~ O L P ~ T M I ~  n a n l ~ ~ a m ~ ~  c cepae3- 
"IlJYAHOClXMU I p l i  MBjleHNII, aQeKBBTHOM OWCBWUU 3aKO- 
H O ~ P ,  nexawix B OCHOBe pa3~um11 mxacnnecrmx sane- 
npouecco~. %% ~pyn~ocnr  B 3Ha9HT~Hofi Mepe npeonone- 
, ecau nomme Bepomocm ucnvnwoBaTb ~ O C I I T ~ R ~  He 

o HenoepwcTBeHno na6mae~1;M d b m l ,  HO u m i o m B a  
WH~M ,sneMenTapHbxx ~ W Y I I ~ T ~ T O B  m vacrynnenm .unu 

CTaarreHHF H~K&PUM% A~&TB&TTWI~H~;MI 
M ~ K  6b1 Hmoe, B o~iwiue q $-- 





-- ,ggnmwbl no- on- 
oc%XWMT5 B8WRTHOeTB IIOSW&WWI * - T o w e  cyureCTByeT auc- 

n p O m H p ~  OT F (x): 

m x z x , ( i = 1 , 2  ,... ). 
' T m  (PYHK~UX f (x) Ha3bIBBeTCII &HKYU~J nnomnocmu s e w -  

nocmen ~ y u & ~ o f i  w m u a b r  X, ~ o ~ o p a a  p a c c M a T p u B a e m  KaK He- 
g p e p b ~ ~ ~ a s ~  aenwma. 

a 8 U e . T ~ K  KaK F - MOHOTOHHO B 0 3 P a C T a h ~ ~ q a  ( ~ e  
@YfmUI ,  OqeBUHO, YTO @YHWEUI IUIOTIIOCTX Be- 

a nmoxumenwio onpedenenno~ 
f (x) 2 0 lJ.WI BCeX x E R. 
~ P U H W M ~ R ,  W O  lim F ( x ) = ~ ,  MOXeM 3aIMCBTb 

2-*. 

yuaaHoP ma- B 
@~HWBU n n m m u  pa=- 

X 

F (x): = P [X < xl= If (u)du. 
4 

MU ~cmm m e ,  B e p o m r o c T b  pawam ~ o f i  eetryr- 

O n p e A ~ ~  uHxPBBnoM C y u l e c ~ ~ ~ m  IIOGRWIH~~:  
[u S X S  01 = F(o)  - F(u). 
pr n p e n e n b H o M  c o K p a r q e H u u  r H T e p B a n a  c y q e m m  x m- 

peanusasus 06paulaen:~ e ~ym: 
r c S X S o ]  = O a l i r n P [ u ~ X S o J  = O .  

Wu 

Ymm WOBZlE-fU, BePOIITHOCTb PeBnB3QUH HeKO'TOpOrD TWHO 
e H H o r u  3nal1enm X p a ~ ~ a  HYJIIO. 

3.3- n y c ~ b  cY4eCTBYeT @YHKUNII P a c R p e n e n e H m  





-. 
npmep 3.5. k k e e m  PamoMepHoe pacnpeneneme n = 

= (-3, 1 ,6 ) .  Bepornom peanasanen K w o m  WeMeHTa u3 R pas- 
Ha 1/3: 

1 1 
pl -P( { -3 ) )  = P ( X = - 3 ) = - , f i = P ( { l ) )  = P ( X = l )  = -, 

3 3 

efi 1paHUUek a = 1 n BepXHeR b = 6 .  20 TaK Ha3~Bae~sIk 
C UAeanhHbIM W b H b I M  K ~ ~ U K O M ,  Ha CTOpOH8X KOTOpON) 

BReHbl YElcna OT 1 no 6. ECT~OTB~HHO, KaK H B n p e m x  
K W O r O  U3 HHaTypWIM YMCW 

pk=P(wk} )  = P ( X = m k )  = -- I - I k = 1, 2,  3, 4 ,  5, 6.  
b-a+] 6 '  

Paemenerne Eepnym. E c n ~  npocTpaHcTBo w6blniil sa~nro- 
m B c e 6  TOJILKO nsa 3 n e ~ e ~ r a  a ={a,, (oz) n m o e  co6fime 

YTO cnyraii~ax eenmmia meeT pacnpedenenue Gepnymu, 
~pau(eHH0fi 3anUCEi, X - B  (1, p). B C ~ B O ~ M O X H ~ I ~  pe3ynbTa- 

M cnyrae npencTaBlwoTcn npa 

3.8. ~ P U E J I ~ M  HeKOTopbIe U 3  MHOrOYIlCJIeHHbIX npUMe- 
6UHapHoi 3Ha'IUMOCTtl CIIYSIRHOC~ BenUWHbI U3 KIPaICTUKU: 
3arpy3~a KOMnbIOTt?PHOlU YUIICa 0 1 
hanomcme su~mosarena Bmrose~o Bu~nm~eno 

M ~ W K  Aemm 
OPm P e u ~ a  

Beporn- HacryMem ~ q o m  m nByx 803- 

OnUHaKOBa (P = 1/2), XapaKTePU3yeTW KaK CAY- 

acnpememe. Emu cnp&a&i ~ ~ c n e p n ~ e m ,  
m nonllHHxIOTcII pacnpeneneanm Bepwnnn, 

He onua, a n pa3, npurerd KW& H O B H ~  ti3 n 3~cne-  
He3aBUCUM OT ~enbt4yIIJUX, TO B ~ I I H ~ P H H X  pe3ynbTaT8X 

~HTOB R ={@I, = {0, 1) sacro~a norrane~u~ e~ulruq 
eICX ~ U H O M U ~ ~ I ~ H ~ I M  3aKOHOM MOTHOCTII PaCIIpeAWeHUX: 

, B cozqmueii~ol h p ~ e  sanwcu, X - B (n. D )  . --,  

K ~ ~ ~ T ~ J I ~ C T B O  TO&, YTO 6UHo~nai1b~ax MOTHOCT~ pacnpene- 
nncen cornacyeTcx c T P ~ M R  ocnoBononaramqam BKCUOMaMU 

B. Ha CaMoM Arne cny- 
IIppmcp 3.7. kiyemff p ~ ~ w e p ~ o e  pacnpeneneaue uenm ru- xmercn, OY~BWHO, qa- 

cen rn 1 JIO 6, EUM CI = (1, 2, '3, 4, 5 ,  6). 3jqecb'm HMWM neno c esax npn n = 1 :  
~ ~ C K P W H M M  ~ ~ H O M ~ P ~ M  paonperrqewue~, onacansmnuiM no- 
cnep.ommu.Hocm naypanfaux wcen 6e3 nponyc~o~, Ha m . e p m e  

<#HO~YICPIIYII EIITWCIYYCOX~H 
-83 *3*IROMWIC 



%KOH 6 m o ~ m ~ l b ~ o t t  IJJIOTHOCTU P;tCWAmeHWI Mom0 Ha- 
rmH0 n p e ~ v r a ~ r n  B s w e  aepeaa (pnc. 3.6). nymb m ~ =  ~ e m n  
n t~oro  nepeea c p a i h i d i  npouecc nosisrreHurr enuaau, a 
npanbre - aynett. C yrm~ m m ~ o t t  HG38BUCUMOCTK nponolmMbM 
3KCIlepUMBHTOB, We#% BHHS n0 BeTBlhl, MOXHO IIOJIyYmb MYnbTW- 
IInKKaTUBHbIe BepWHOCTHbIe pe3yJlbTaTbr P H ( 1  - P). B KOHW ne- 
pesa onpenenxmx ~oqnoe ~ c n o  nomnmmcx e~-: 

Oco6emoe mopemrecxoe 3Haveriue B nono6aoro pona ~ ~ c n e -  
pUMeHTaX np~o6pe~awr T W i  COBepILIeHHO CUMMe?pUqecKOm 
(meam~om) pacRpenenemx npu p = 1/2. 

Dpmep 3.9. MneaIIblra~ MoHeTa no&pacsrsamx tiemmpoc on- 
penenelrHoe wcno pm. Onpenmn~ Bepornam Puma pas nome-  
Hm Opna, ~ ~ B H O M  B 06uleht sucny r r o m e ~ u i  pemsk 

U3TOM P(X=2)= ~)(LT(L)&' 2 2  2 
= r ) ( l ~  I 2 =&(LY=? 2!212 8' 

emoe pacnpenaenne. B muqae  OT neyx npenmuwx 
npe~ene~ui? npocq.xuicTBo c 0 6 m l  A~HHOTO pacnpe- 

UR He KoHeqHo, a npeAnonommenbHo BwrmraeT ~ ~ C K O H ~ W O ~  

@J-, ,rn a,. . .  } = ( O ,  1 ,..., n - 2 , n - I ,  ... 1. 
OTHOCT~ reOMWH4eCKOrO paclrpeneneaurr npg ~ T O M  onpeae- 

~ ~ = P ( X = k ) = p ( l - p ) ~ ,  O < p <  I ,  k = 0 ,  1,2 ,..., 
UIjT&h-IaX BWJliqUHa x Ha3bIBaeTcR B 3TOM Ulnae R O M C p U -  

pacnpenenelraok. 
arnRsHQ nJIOTHOCTb BePoRTHOCTeR reOMelpHYeCKU pacnpeae- 

CJIy~afi~oft BeAUYUHbI nNACTam$Ii?TCX, DO aHaJIOTUU C 6 ~ -  
~ H ~ I M  pacnpeneneHueM, B sme nepetla co6muR (puc. 3.7), 

~crroporo cneea oTpaxam crryt~afiabrl npouecc HacTnneHm 
, a cnpasa - em HeHamynneHun: 

Puc. 3.7 

onanem nonomaHor0 pe3ynb~a~a ( ~ a c q m e ~ m  d b m )  

b ~ o i  marmocrn p a c n m e m  reo~qwma nnm~ocrt, 
e m  Tame yKameT Ha eepomHOCTh n o w e m  nepmi? em- 

meHno AO nomeHm m11 neprd W ~ I .  Teope- 
PYlMeHT MOXeT PJIUTKII ~ K O H ~ Y H O  AOJlm. 

eoMeVurecKoe pacnpeaenelrue, oqeBmo, M O ~ B  npenaa- 





&Iu~ep 3.11. P~CCMOTPUM 3aJlaqy CTaTMCTU'IeCKOrO OqeHUBaHUff 
CJIyqal~oA BenUsUHbl It0 naHHblM H~KOTOPOP FSHepaJlb~~fi COBO- 

KYIIHOCTU. Huxe 6yne~ n o ~ a 3 a ~ 0 ,   TO TaKau 3anaqa npennonam 
peueHae c onpeneneHueM H ~ A ~ B ~ C T H ~ L X  napaMeTpoB pacnpenene- 
Hun, HanpuMep, onpeneneHue ~ e u 3 ~ e m o r o  napahleva N m u  pac- 
npenenertm H (M, N, n). 

B cnynae runepreoMeTpnuecKoro pacnpenenetim 4 a m  B O ~ H U -  

mer cmyaqm, Korna napaMeTp M U ~ B ~ C T ~ H ,  a napaMeTp N neT, Ha- 
npnMep, npn onpeneaeHuu BenuraHbr nonymrrm sma  nTU9, KOTO- 

poMy YI'pOXleT BfiIMUPaHUe. qepe3 H ~ K O T O P ~ I ~  IIpOMe-K BpeMeHU 
nocne TOW, =K c nccneno~a~enbc~oi7 rreabm M nTuu oTnoaneHo, 
OKOJlbqOBaHO H BHOBb OTnylL(eH0 Ha cm6ony, I'IpeAnOnaraeTCII np0- 
BeneHHe KOHTpOnfiHfiIX M ~ ~ o ~ ~ u x T & .  ~ T I I U ~ I  IlaHHOM) B u m ,  Ha 
 TOT pa3 nx sucno n, B H O B ~  oTnannnsaroTcx u npoBepsmx no npu- 
3 ~ a ~ y  Hanuqua Konfiua, T a m  MoxeT 6fir~b k nms. I I o n y ~ e ~ ~ b r e  
AaHHbIe IIO3BOnUlOT YCTaHOBMTb o6qee YvlCJIO nTUU B n0nyJIXUUU - 
N. TaK KaK nnmocTb pacnpeneneHuu pk = pk (N) npegcrameT on- 
HO u3 Bcex N 3 ~ a q e ~ n f i  y ~ u ~ o n a n b ~ o i 7  @~HWMH, 3annme~ pmeH- 

( N ) / p , ( N -  1, 
a cneztyeT ycnosue M / N = k / n, T.e. BK B re~epanmoB corn- 

ammiwe Konbrrm u U H ~ T  ~onbuas, pacnpe- 

Qb1,m2,...,~,,m.+l,...I. 
C~HKIIU~I IUIOTHOCTU pacnpenenem cnyuaitnog BenaqHHar 

p o w b  pacnpeAeneme llyacco~a MO%HO KaK oqew- 
o-rem p e m  c06bmB. B II~OIUIIOM TOIDI~(OM 'LUISI 

TKU ~eopnu  m r o  pacnpenenemn nocnyxmo npenncmoxe- 
~MOXHOB B Teqeme rona. cMepm rcasanepncra OT ynapa 
en, xe n o m u .  Gem s m u p w e c m  6oxee BBIKH~IM 

nohaex npu ~ene+oH~a~x  neperonopax s HeKoro- 
enemirs3 nepiion BpeMem. 

. . 

omose 3 ~ 0 m  Knacca pacnpenene~nil scerna n e m  Henpe- 



Henpepmnoe pannomepnoe pacnpemneime X - U (a, b) 
nyCTb UMeHYM)X HeKOTOpbIe 3Ha- 

qeHm a, b E R. Torna CIIYY&H~IO ~ e -  
n m H y ,  memmym n n o ~ ~ o c ~ a  pac- 
npenenem fi [a, b] + R M f (x): = 

- 1 --, -<a<xSb<-,Ha3bIBBH)T 
6-a 

pasnoaepno pacnpedenennoli Ha m e p -  
@me [a ,  61. 

4 , y m ~ u a  pacnpeneneam B  TOM 
W a e ,  O¶eBUnHO, 6 y n e ~  TOYHO T ~ K O ~  

U " 
me, KaK U ,WI W C K ~ ~ T H O ~ ~  c~qniafi- 

Put. 3.8. r @ m q M e H O E D  HOB B ~ J I X ~ U ~ I  (3.8): 
p d p n a p o  llacwe- 

q a ,  b) ;,;.<:<; 1<; 
x-a F(x)= -, --<a.S'x.S'b<-. 

. 2 - . .  ,, b-a 
_V. ._ I ,  . 

Tpeywmoe pacqqeneme. I Iyc~b m e m c n  a, b, c E R. Torna 
mpeyzonwauc pacnpedenenum nu unmepeane [a, c] ~asb~sae~cr r  cny- 
ua i3~m Bermsma c n n m o c ~ b m  pacnpeneneHna $[a ,  b] E R u 

- - ~  .~ 
KonqaHTHble 3 ~ a Y e m  a, b ,  c U h ~ b 1 6 ~ p m f f  T a m  0 6 p m ~ ,  

ao6b1 IIOJIqniMTb TpeyrOIIbHUK IUIOlqBLlbIO, paBH0fi ~ ~ U e .  Ha- 
npmep, a = 0, b = 0,5, c = l u h = 2, T.e.: 

{ 
0+4x, 05xS1/2, 

f (x):= 
4-4x, l /25xsc. '  

naHH0fi ILTOTHOCTM W ~ O ~ O C T ~ ~  c O O T B ~ W ~ B ~ I ~ O  MOXeM 
3anucaTb (~)~HI(IIMK) pacnpegeneHm: :$ 07'?7i' ii .GO .t 7.  -~:k;'~:i> 

~ a c ~ & e n u e  nape~o.  n y c ~ b  aMeexs a, b 4 clryraji- 
nm BennsuHa x HasbxsaeTcn pacnpedenennoli no ifapmo npa ycno- 
BUH, YTO ANI Hee CYWeCTBYIOT: 

. . , .  :-. ,.:. qr. - . " , 
& m u f f  nn0THOCTU BepORTHocTek dKga:! ;! ,- . i 81 r I... . 8 . . 

f :=[a, b] + R, f (x) := npu 0 <a, 0 < b <  %, F, ';':->- '! 
.... . 

I . '  >. 1 !. 

cTseHHo OWC~IB~IOIIDIX  MOTH^ pacnpeneneHwn H caMo pacnpe- 
nenenue cny~&oE nenIlruHb1 X. 

T U ~ H Y H ~ I M  npuMepoM namom Bma pacnpeqeneam XaanrreTcn 
pacnpeaeneHue noxonoB n a c e n e m  (puc. 3.9). ' n 



rpa@nK MOTHOCR~~ SKCIfOHeHUUaJlbHON pacnpenmeHElrr Cny- qrfbIe BWMeHHMe nepKOAb1, HO p8311IPMII C a ~ m  B P ~ M ~ H -  
.ta2t~ofi ~ U H ~ I  c 3 a ~ a ~ r i b r ~ n  n a p ~ ~ e ~ p a m  h = 1, 5 = 3 n h = 5 OB K% TaKOBM He p a c c ~ a ~ p n ~ a ~ ) ~ ~ ~ .  
IlMeeT BEIl[, ~ O K ~ B H H ~ I ~ ~  Ha PHC. 3.10. 

noHeH~aJlbH01-0 PacnpeneneHllrr paccMoTpnM mynapaMeTpaqe- 
e YHjfMoAenbHoe pacweneneene Dpna~ra. CnyYdfHm BeflmnHa 

fl pacnpet)eRen~ofi no %a~.?y c napaMmpaMn i w n, e u n  

a WoBb B 3KCnOHeH4118nbHOe PacrrpenmeHwe. l l a p a ~ e ~ p a -  
SHa'feHM A = 3 K n = 3 UJIU n = 6 onpeaen- *pMy pac- 

eJieH1m ~PwJ% ST0 nOKa3aHO Ha pMC. 3.1 1. 
I &. 3.10 

I 
I O ~ ~ T U M C X  K npuMepy u3 Teopun Hanemnocrn. nymb BenWgWHa 
1 X o ~ p a x a e ~  pe3ynbTaTbl KOHTpOlUI 3a npOAOJDKllTeJIbHOCTbX) mPeHnx 

I naMnoqm K HMeeT 3KCnOHeHUSianbHOe P~CWKeneme. ~ P U  3TOM A 
mcmmme~ HeK(rPOpyI0 MnHUMaJBHyH, lIPOAOJMH%nbHomb rope- 
H- naMnosKu fo (& > 0), a B - 6mee nponomTenbHoe, reM to - 
rope~ae  n a m o s ~ u  1, (t ,  > to) OrrpeAenKM ~ e P o m m  T m ,  
n a ~ n o r ~ a  nocne mro, K ~ K  npOA0JLXmXbHOCTb ee roPeHm 10, 
6yne~ lWpf5Tb elUe A0 IIepklOAa ti. PUC. 3.11 

Y p o ~ e ~ b  B e p o m w n  ~amncnm no W ~ B ~ C T H O ~ ~  W ~ y n e :  

PacnPeAeneHnn nBIIIIeTca a8ynapaMeTpaqecKoe yfiuMO- 
CnpeaeneHue Beii6yma. 

pe3ynbTaTa A: P (A) = e - h ,  m pe3ym~a~a A n B: P ( A  n B) = 
= e-%, TaK KaK tl MOXHO IIOjQ"-IHT% TOJIbKO 3HaR f. 

nowe nOpCTaHOBKN @ ~ H K L W O ~ H M X  3naqem P(A) H P(A n B) 

me N n  h >O. 
~ o A & &  pe3ymm~ o 6 m o  xaparmp~3yem1 KBK 9KCnOHaYU- npenene~ne Bem~ma ,  K ~ K  a npenarqylu.e.5, npn n = 1 &pa- 

m w o e  pocnpeaeile~ue 6e3 @n~ca4in  ( 3 8 J I o M n ~ ~ ~ )  BPeMeHHOm B 3KCnOHemHOe, a npu wvui~rn n a p a ~ q a x  A = 0,25 n 
nep~ona. B nZ3HHOM crry~ae pew  me^ wnaKo o P ~ ~ B K ~ X  co6bmB npuHuMaeT BHA, n o m a ~ ~ b l ~  Ha pnc. 3.12: 





ttu r p g  3 -mu. ~ ~ K O H U  pac&enuu u n n ~ ~ ~ ~  e.?pO,W,n~@lll 
.~ . 

' J Io r~opMw~oe  pacnpenenenue m e e ~  AM napaMeTpa: a a 02, 

H a  ( P ~ Y U I  mOTHOCTH B~PORTHOC+$~~ B &aHnOM wyqae 
On-eT TY me Ponb, TTO H Pacnmenenue IIapen, B pacnpene- 

O < k , - - < x < o o .  

h&w~UManb~oe JHaqeme cpyHluwn ~ O T H O C I X  BepOmoCTee 
raeTcrr npu x = m (puc. 3.15): 

P-'J P P+O 
pl,. 3.14. 

~ C P W X U ~ U ~  ~lrcvntoc~.~ *ewrn@ 
nop-b~om pas*e&e@@ rdymip~~zjb~. E CiW@ c 3- m- 
,maq da@e n o p - ~ ~  ifacnpegwtmm rn aMW a- 
=-a& 3 w p ~ ~ m  O(5nacle8, ~ . e .  ~tsrr:nero ~e ~Y!&@v+T'~*- 
ICO~opclg 6npemfiemofi gtmerpanwoL i p y a ~ s u ~  F(4. Tenr ~e 
=nee n p e R ~ ~ r n r n ~  B W ~ T ~ P  n p o u s s e c ~ ~  erosnre@xe*- 

I+&-,, naxomiteI.e,err frog i c p ~ ~ o a  
m-z f (4,. H*mo w o  1IO-eT crp0Fb =-" - 

8 (3) fl '&p&W X k O p  ... ,. B . .-ern -, f:;g .s,;: %- ..:' ~ ~ ~ 0 -  
m ~ e n ~ ~  i w m ~ ~ b l .  .aa.nt, & 

B WPUH ,B+KWCBOET~~ npennarae7e~ FW. 3.15 

~ ~ . ~ H O I O  pacnpwmetum - l t Q m q M W H w  paCRW*eRNes 
- 0 m y r e s  r t ~ ~ ~ ~ r n b  s e ~ ~ 8 :  e CRlo~em). ~~~ -- 

%a c ~OTHOCTE.H) seporrr~omti 
2 ,.x.b f :  [a, J) R, f0.- 

n p ~  m~ 3~&q@nwf&) M) C p H e K l b K )  C I f ~ M ~ ~ ' ~ ~ *  
~e~~arpan@iasatan;~ .nono~~~x~& a p ~ ~ ~ o f l . o C l c - .  . ' 

B. pEQ%A€SeHHD P O & ~ ~ ~ o  -- 
m p m w j .  , v e ~  ii-e -0% .e- c 
nlrmif0m.S ~ O S T Z I ~ .  

(I,L~W)* ~ P H  P I .  I+)=& pacnp~eneme C I U D R ~ H ~  (t-psmpe 
, I -7 X > a g 2 j ~ , ~ ~ ~ .  ' -,fl R+ R, f(x)=-.-.C 

amZ x erne) T P ~ H ~ @ P ~ P Y ~ I I  B pacnpe~enenue K o m  c k = 1. 



r p a a n ~  t-pacnpeneneuna c s u c n o ~  neneeei3 c ~ o 6 0 w  n = 5 n 
n = 9 m e m  cnenyamll BM (puc. 3.16): 

, . . ...~* ..~ .. .. . . . . ~ ~  $4,,.t !:F ,,., , >::.~:~. 

X 

Ilro. 3. I7 

Puc. 3.16 

, Ocx<l, Oca, 
nHohiurmmmi pacnpeneneHneM. B STOM cnyrae npoucxonnr KaK 

3nech T(z) - IX~hia-~jTi~SUrr: - 
r (~) :  = j ~ z - l ~ - ~ & ,  o c 2, o 5 x < 

0 ..,. . 
h a - p a c n p e n e ~ ~ n e  n p w c w m m a  O ~ H W M  u s   donee , 0 <a,  p; 0 < 'x<  -. : ' :< ;dG<%*.,~, 

nm, HMenHo OHO J t e m  B OCHOW  eno om p m  wpm ripen I . , . .%.. ~. 
JIeHHbIX m x e  pacnpeneae~nk 

F-paenpe@metree @mepa. U M ~ ~ T  nBa napaMeTpnrecIMx sn h - m w  M)-~aqemae*e. B ~ p a ~ ~ 9 . a  3mncn x1 (y) n u e r  

c~erre~eti cm60m vl n y, n c n w y m a  c~ryvag~oil eennr 
C ItjlUTHOCTbIO BepoSMiOCTe2f: 

@IOTHOCTbH) WpOmoc~e$k: 

Pacnpeneneme x2 npa y = 6 n y = 10 no~a3mo Ha pnc. 3.18. 

me 0 < v,, v2 - uenbxe rncna n 0 s x c -. - . ..n Cpa~nxsarr ~~-pacnpe~ene~we c ma-MOTHOCT~H, pacnpene- 
r p a a n ~  pacnpenenenm Qnmepa npn v, = 3 = 10; v, = vz = 6 n 

V, = v2' = 4 nMeeT BW, notamnib18 Ha pnc. 3.17. 



3rOnBHeHUPWdbllW 
paonpaensme 

S l i C U O H C H ~ ~  
p a c ~ C H S C  

Pue. 3.18 

Pacnpenene~ue X* MomeT 6 m  nanygeHo m n3 pacnpeAene- 
m F-@uluepa u C O O T ~ H H O  6e~a-pacnpenenem. B  TOM 
c r r y s a e y c r ~ a ~ ~ ~ n s a ~ x , a o x : ~ ~ ~ = ~ ,  y:=hf,urf,+-. 

Pacnp-eune Befi6ynna-rama. H M ~ ~ T  ~ p u  napaMelpa: b, d, k u 
ucnona3yeTcfl lUur cnysailaoti ~enwfmm c TUIoTHOCTbm BepORTHO- 
cre1: 

l l a p m  W v  

&m pacnpmeneam BeBeynna-ma Mom0 ~ w m b  LlBa 
ocO6b~ CnyrBR. nepL3b@ - C n t K  H Z ~ ~ I B ~ ~ M O ~  IDIOTHOCTbrO , , 

 BE^ (d = I): '4. ~a~e~irrm~ecwoe omia~me H ~mcnep~m~ 

B npe1~- napamax  MM B ~ M U ,  UTO B p a w  a i c ~ p ~ n -  

OWbIO IIvaMeTpuPe6.KUX BMHPUH, O i I ~ J I R M 4 U X  EX nMOXe- 
B T O ~ O ~ '  -a% IIpWOJIaraeT ~ ~ ~ ~ T O - I U I O T H O C T ~  B ~ ~ o B T H o c F ~ ~ ~ ,  H ~ r e n e ~ b  ~ W L % ~ W  B K O O P I I ~ ~ ~ O &  m i ~ ~ e ~ e .  ~ O X O ~ M  &pa- 

d = b = l n y : = l + x  
I I U C b I B m  HeKOTOPMMU ¶UWaMB, 3WUYUIEI ITWOXeHUe Ei 

eB y p o m  mpomuocm 6epy~ Ha ee6x xapamepnami QT- 
m b m l  qammn uomesua MM me unoro W~UTWI.. 
M a ~ e ~ a m ~ e c ~ e e  ommalure. a) ny& x - nncKpeTHIw w a g -  

pacnpe~enemdi npencraarrexia Ha pnc. 3.19. iur ~enavezia c M ~ H O C T L . ~  ~epomxom& pk = P (X = xd (k@, 



me K - MHAeKC HeKOTOPOrO MHOXeCTBa, BKnMYitIOLUerO 3JIeMeHTbI 

n p o c T p a H c m a  C O ~ ~ I T A R  n, Q = {UJ, I k€K), TOTAa YMCnO 

E(x):= C P ~ X ~  
keK 

Ha3bIBaeTCII MaTeMaTMYeCKMM OXHqaHBeM X. 
6) nycm X - nerrpepbrenm cnpat i~m aenusma, u M e m w a r r  

&YHKIWC IUlOTHOCTK B ~ ~ O ~ T H O C T ~ ~ ~  D + dl, TOrAa rHCJI0 

~&XlJW?p 3.13. R M ~ ~ T C H  c n y ' ~ a f i ~ a ~ r  BenUqURa  X, -3 R, ITpU 

~ T O M D =  ( k c  f l  K = ( l ,  2 ,..., N)) = {1, 2, 3, ..., N )  u p k = a k ( k =  
= 1 , 2  ,..., h'), 

O n p e ~ e n u ~  M a T e M a m e c K o e  ommame nrur X, n p m e  BO BHEI- 

M i w l e  c~08Cl 'Ba C T ~ T U C T U ~ ~ C K O ~ ~  04eHKU YPOBHIl BePOflTHOCTA: 

. . 

17pumep 3.14. IIyc~b u M e e T c x  X - cnyqati~m BWulWiHa c ~ Y H K -  

uHe$i IUlOTHOcTEl B ~ ~ O X T H O C T ~ ~ :  

f (x) = ax', 0 < x < b, T. e. D = (0, b). 

kfs ycnoaux, YTO jf(x)m;= I ,  n o n y r a e M  
D 

3KCilOHW9ylivlbHOe 

e 0-e 6yp.e~: 

3 u a e Y a H u e. 0 &au~@puyuu cflyrahou' ~enwmar. 
. nYCTb g: R--f R - IIHTerpUpYeMEUl @ y ~ ~ u l W f l ,  ToI'ila 

E[g(X)]  = Jg(x)f(n)dx, ecnu x - Henpepm~as E e n n s u H a .  

8 0 lC a 3 a m e fl b C m E 0: O ~ ~ ~ T U M C S I  K C J I p l u o  C A U C K P ~ T H O ~ ~  
tnyya%~oi3 ~ e n u r u ~ o B :  



118 *orinsre Be/luww. &wnu pa~&n%wr u nnomnocmb eeponmnocmeH 1 1 g 

6) Ecnu cnyuahim Benmma X HenpephlBHa n UMW m- , 

H O C T ~  ~ e p o m ~ a c r e l  f (x), x e  D, m ee mcnepcne216ynm: ~ p e ~ ~ a ,  mrna 
varfX) := J [ x  - E(x)12 f (W. var(Y) = p k b k  - E(Y)]'= Zpk[a+bXk - U - ~ E ( X ) ] ~ =  

D k d  keK 
nrcnepcm MoxeT 6w~b  npegmmeHa npm noMoqu MaTeMam- 

secKom 0-EUI CJIY'4&0P BenMYUHbI KBK Pa3HOCTb: = b2 C p k [ x k  - E ( x ) ] ~ =  b2 VIV(X).  
k€K 

var (3 = E - [E  QI2. 
m o  paBeHCTB0 vacw ucnwyeTcx K ~ K  YAO~HBS m ~ a  pawma 

B w a e ,  ecnn X - HenpepbIBHm wryraft~as BenwuHa, TO u Y 
Henpepbleaa u nucnepcum nonysuM B pe3ynbTa~e cnemIqHx cpop- 

Axcnepcuu. ~anmbm npeo6pa308a~uP: 

t E X  M 
= D I [ b x - b ~ ( X ) ] ~  f(x)& = Ib2[x-E(x)]' f(x)& = b2 W ( X )  ¤ 

D 

= ): x ipk  - ~ E ( x )  Z xkpk +[E(x)I2 Z P ~  = EIX? -[E(x11'. 
XEK k e ~  k € x  P~CCMOT~UM npuMepM, no~~ommmee nepefiw K 0606qe~um 

Ecne wryqati~an ewruquma Xwenpepble~a, TO C O O T ~ H ) U ~ ~ M  
IIOHIITN& ~ a ~ e ~ a m ~ e c ~ o r u  o m a ~ m  u nucnepcnn. 

o6pa3o~, MK nolcasasto ~utue,  nonwM: , Hpunrep 3.18. O ~ P ~ A ~ J I U M  ~ a ~ e ~ a m e c ~ o e  oxuna~ue H ~ucnep- 
cum CjWafiHofi e m ,  memmefi pacnpeneneme Pepnynnu: 

v ~ X ) =  ~ [ X - E ( X ) ] ~ ~ ( X ~ X =  J ~ - ~ x E ( x ) + [ E ( x ) ] ' ~ ( x ~ =  E ( X j = I p + O ( l - p ) = p ,  
D D 8 = (1 - P ) ~ P  + (0 - pI2 (1 - P) = P (1 - p) = Pq (4 := 1 - p). 

= j ~ ~ f ( x ) & - 2 6 ( X ) ~ x f ( x )  . . .&+[E(x)]~[~(x)&= n ~ e p  3.19. &W v a i i ~ o f i  ~ e n m u ~ b r ,  rron~mammeficx 6 ~ -  
D D D HoMklmbHo~y SKoHy pacnpe~ene~uX, ~ a ~ e ~ a ~ m e c ~ o e  omasiue u wcnepcm 6yn)rr: 

= E(XZ)-[E(X)12. W E(Xj=np  var(X) = n p ( l - p ) = n p q .  
npamep 3.16. (llpo~omenue npn~epa 3.12). Bep~eMorr K nPu- 1 cPop~ynar OIWAWIeHEUI MaTeMaTUqeCKOIU ow&aHna U 

Mepy c n o n G p a c m u e ~  membaom UWJI~HO~O u temrpmoro  I 

Ky6w: 
6 6 1  7 2  35 

X = p - E X 2 =  - )  =z 
k=l k l  

H p m q  3.17. (IIpoaonxe~ue npuMepa 3.13) 

3 a ,u e r a n u e. JuneCnaa rnpancqbopmayurr wyraCnoa eenurunu. 
EMU X - C J I ~ ~ & I H ~  BermrinHil YI CynleCWYeT JaBUCMMOCTb B W :  
Y = a + b ~ ,  0, b e 4, T.e. Xnmie%~o ~ p a n c d m p ~ y e ~ a ,  TO ueftm~y- 
eT paSeHCT8o: 

var (l') = Pvar (3. 



~ . .  

IIpmep 3.20. IIpu YCJIOBIIM, Wo cJWairHa Benti~MHa X meex 
pacrrpeneneme nyacco~a, MaTeMaTMYeCKOe o r n a m e  * naCnePCm 
~ax0mTcR BeCbMa npOCTo: - 3 

3.22. Rpagene~ 6e3 ao~+a~enbi-r~a ouewcu MamMaTfi- 

A~~nepcum ~ a m e ~ ,  acnonb3yn CBBIIU MOMeHTOB: 
qecKom O-aHm .mxepCMU JUTS HOpMaJIbHOm p&$ftpemne~m 

hk,-X - ak-26h. 
crryrafi~ofi aenmum: 

c+ w 

E(X(X -I)]= Zk(k- l )~k  =Z k(k-l)l=a2 SO!= i'. E ( X )  =p, v a r Q  =&. 
t = ~  !dl B m ~ b t  LUIR K ~f 62 n o n y ~ ~  p a 3 ~ 0 0 6 p m m  C T ~ T M ~ Y I ' I ~ C ~  - hk 

ocofjaM~, mapoK0 wen-e~~bl~k~ B m p e n n ~ ~ o f i  J T U W ~ .  
2 -?. = h e  C-=h2, J'm 6 e P rn e H u e. Ch~Cnyuak~ai ~ e m r ~ ~ a  X, c n ~ ~ e ~ p m ~ o  

k=O /‘I WeHHM BoKPYr H ~ K O T O P O ~ ~  TOTKM S, WeeT MaTeMaTMqe- 
DTKYA~ + oxui~mue, pa~noe S. 

= E [ X ( X - I ) ]  - E ( X ) [ E ( X ) - 1 1  = h 2 - h ( a - 1 ) = h .  
Ma*~amyecKOe o w a ~ n e  ti mcnepcnm JUTS nnoTHom =Po- rn =-, HO..Torm Dm3 KaWom us ee 3 n a ~ e ~ u k  S + * .i- : yk 

HTHOCWZ~ n y a c ~ o ~ a  onpen- m ~ o m f ~ o ,  .I-W miofi OTHoCTb B ~ P W H O ~ T ~ ~ ~  ~ Y A ~ T  P, = P IX =yt], m xe  ~ ~ 2 3  ~ H ~ Y @ , H W ~ $  
cnyga~oir ~er r t i~u~br ,  ~~e104e f i  pacnpeAmeHMe n ~ a c c o ~ a .  xk = yk TUIOTHOCTb B e p O m ~ ~ ~ ~ e f i  pk = p i  = P [X = yi] - EM ca- 

nPmep  3-21. ~ O K W ~ M  nptilrrep nn0THOCTU sepomoc~efi, pnfl M n o ~ a 3 a w n m o  u c ~ e p n b ~ ~ a k .  
~ o ~ o p o f i  ~e c ~ ~ ~ C T B Y W  MaTeMaTENeCKOM hjTH He-Pmm, To c F W O M  ~ZIA+B&U j'CJI0Bm hiomo 

1 P,=p[x=j]=- jc1,2 ... MHGWJ @ma m ~ m m i  se.pomom@: f (S + X) = 
I j ( j+ l ) '  

n p u ~ e n e ~ ~ o e   elrue rue I ~ ~ C T B M T ~ J ~ ~ H O  waeT ~ J I o T H O ~  Be- 
, . 

poFiTHoCTefi, TaK KaK . n[ycpb X - ~~KOT~,&U c I I Y X ~ ~ ~ ~ H ~  Be- 

n n 
M lim -=I. E (9 M L I U C ~ ~ P C U H )  w (a, O T ~ H ' I H ~ I ~  OT n*n, ~orna ee 

j l j ( j + l )  n + l  n + - r i + l  

npa onpefiezeirua MaTeMaTusecKon, oxkmamfl cJWafiHofi Be- 

JlWlMHbI X HMeeM: 
n " 1 " j ~ ( x ) = ~ p , j = ~ - = ~ -  ,=, j = , ~ ( ~ + l )  / = I J + ~  

B~efieM HeKOTOpbIe OnpeLwk~~b~e mwfm: 
z/+L 3 t.5 j=0,1,2,,.. 

k=2 +I 

&M 3~aqeHm @op~anbHO nPM YClrOBm (~'+~-2'=2') nw- 

. . . - -. . . . 



BeAHWRbl.  ~ Y C T ~  UMeeTCIl 
C MaTeMaTKYeCKUM OXMnaHUeM E ( X )  =: P., n Y 1 c n e p c H e f i  CpeA- 

. -. . . -. . . . . 
H U M  KRalIOaT~YeCKUM OTKJJOHeHUeM, 

X p W e H H b I e  BUnbl 
I K W e M  &lEl Kaxcr[Om Y13 HUX 

anropnmar B ~ I Y U C I L ~ H A ~ ~  M ~ T ~ M ~ T X Y ~ C K O M )  0 x m a H ~ 1 1  n n a c n e p c R ~  
(~a6n. 3.2). 

- 
1 

E ( y ) = ( - ) = i ( ~ ( ~ ) - p ) = - ( ~ - ~ ) = ~ ,  a 0 0 

1 x - &  1 1 3KcnOHeH1UIaTbHOC .,ar(y) = vu[T) = - p r ( x  - & ) = - v a r ( x ) = T  a2 
U2 O H o p ~ a J I b H o e  N (KO) 

MepHbIX ~ 1 1 y 4 a f i ~ b Z X  BeJIWIAH. Hasifjonee B W H b l e  U CJIOXHbIe 
npn  TOM - O U ~ H K ~  cwrt.1 w onpenenesrie ieep~oro M a c -  

~uMocBIGI~A T a m  BeJIAPKH. 

HbIe CJI)"IafiHble BenMYRHbl C HOKOTOPO# O ~ ~ ~ H U ¶ ~ H H O #  



B KneTKaX T&W~I, 0 ~ a Z i h v r e H H b I x  XUPHbIMA XMHIIRMH, IIpeA- 

GTaBJIeHbl BeJIMYUHbI, KOTOPbIe YKa3bIBaIOT H a  COBMeCTHY' B e P o -  
ffTHOCTb IIOffBneHHR KOHKpeTHbIX ~ H ~ Y ~ H u L  Z X B ~ M ~ ~ H O U  ~ J I y Y a f i -  

~ 0 f i  BeJIlnMHbI (X, n, a B KneTKaX, PaCnOnOXeHHbIX 3a X l l P H b l M H  
JIMHERMH, T,e. B mewax n o c n e n H e r o  c~on6ua A n o c n e ~ ~ e 9  
CTPOKA, - no~a3a~enu ~ C J I O B H O ~  BepomHocTEi ,  c y q e c T B y m m n e  
pa3AeJIbHO mff 3 H a ~ e ~ ~ f i  K W O E  U3 CJI)TakHbIX BeJIll'lXH X U 
Y. H ~ ~ O M H U M  0 GTaTACTIlYeCKOM aHaJIH3e YCJIOBHbIX B ~ ~ O I ~ T H O C T ~ ~ ~  

OnHOMepHbIX clIyqafiHbIX B e J I l n l l H  X M Y, Q KoTOPblX TOBOPMJIOCb 
B H U e  B nn. 3.2.1-3.2.4; ,iUI5I HOBOTO IIOHXTlur C O B M ~ C T H O ~ ~  B e p o r n -  
HOOTM BBeneM 0 6 0 3 ~ a q e H n e  p,, l l p H  3TOM 0 < pg 5 1, x&Jg = 1 
(i = 1,2, ..., m; j = 1, 2, ..., n)  c q e n b t o  y n p o q e H w  3anucu ItpMMeM, 
TTO m1=: m n m2 =: n. 

LIpu~ep 3.23. YWOBHO~ n coBMecTHoe pacnpenenenxe. lTo~a- 
meM,  TO p a J n n q a b I e  CoBMemHbIe  pacnpenenemx n ~ y x  c n y q a 2 t ~ b I X  
BellUYMH X U Y M O W  npMBOIIUTb K 0 6 p 8 3 0 ~ a ~ M ~  MlleHTUWESX YC- 
noBHbIx pacnpenene~aft. 

wliww ~enurwrsr. 3a~onbl p a c n p d m e ~ u ~  v momttocmb eep~mm~wneeli 125 

llepsoe comrecmoe p a c n p e g e n e H n e :  

f i x = - 1 , Y =  01 =P[X=O,Y=  11 = P [ X = O ,  Y = - l ] =  1/4. 
Y m o ~ m e  p a c n p e n e n e H m  npu 3TOM: 

P [Y = -11 = 1/4 
H COrJIaCHO YOSOBHI0 CAM- 
MeTprnHOcrur  P [ Y = O ]  = 112 

,. P [ X =  11 = 1/4 P [ Y =  11 = 1/4. 
B~opoe COBMeCTHOe pacnpexenertne: 
P [ X = - ~ , Y = ~ ] = P [ ~ = - ~ , Y = - ~ ] = P [ X = ~ , Y = ~ ] = P [ ~ = ~ , Y = - ~ ] = ~ / ( I  

P[X=O,Y=0]=1/2 .  

YCJIOBH~I~ pacnpeneneam m e c b  T a m e  me, KaK M B npenay- 

P[Y=-1]=1/4  
P [ x = o ] = I / ~  " C - B ~ e H ~ O Y ~ o B ~  p [ y = 0 ] = 1 / 2  

CUMMe'7'pNYHoCTN 

P [ Y = I ]  = 1 / 4 .  
Ana H a r m H o m u  n p o u n n r o c T p u p y e M  n p u M e p  p n c y ~ ~ w ,  nolta- 

-4UMIl pacnpenmez-rm coBMecTHbTx aepoxnrocrefi @uc. 3.20 

; l , 8 ~ l , 2  ; l,;, 

0 1/8 Q 1/8 

Puc. 3.20 PUC. 3.21 

. TWM O ~ P ~ ~ O M ,  M O M 0  YTBepWaTb,  q T 0  JUUl C O B M ~ C T H O ~ ~  sepo- 
OCTki CYUeCTByrOT A M O W  6- H a k e ~ b 1  CO(YTB~TCmyK)~I Ie  YC- 

e BePOSTHOCT'U 3WaIOT COBMeCTHYIo OnpeAWeHKyIO BepOXT- 



TOnbKO ~ n y Y a f i  C He3aBHCUMMMR B€XUWHBMM, . 4 O n Y C K B l o ~ R  06- 
p a 3 0 w e  CoBMecrribIX Bepornome% 113 ymo~~brx. 

Arianm MHOiWMePHbIX W)"fahbLX BWIUYUH IlpeLIIIOnaRleT BBe- 
n e H u e  n a p a M e T p m e c m x  o u e n o K  no a H a n o r a a  c X4aTeMaTuyecKuM 
OXUAWUeM I4 A S f c I I e p ~ ~ e f i ,  RCIIOnb3YeMbIX lUIII O ~ ~ T I H ~ M  OAHOMep- 
H b K  BWWZUH. H c x o . ~ ~  R BeCbMa BaYKHbIMU B YRCIIe T W X  O W -  
HOK IISJIRWII IIOKa3aTeJIU KOBaPUaUHCI. 

Koeapuayuei cnyrafi~m B w r u r a i i  X A Y [COV (x,Y)] RBJTII~II He- 

, . 
K o s a p u m  He3aBncUMbIX cJIYY&HMX BBJIHYUH paBHB HY- 

nlo: ~ov(x,Y)=o. 



var(X),var(Y). Torna JWf WCllepCEllf CYMMbl Z : = X  + Y A ~ ~ c T B ~ ~ T :  

0 r var(Z) = E[Z - E ( z ) ] ~ =  E[X +Y - E(X +Y)]'= 

= E ~ ~ x - E ( ~ ] + [ Y - E ( v ~ ~  = E ~ X - K ~ I ~ + [ Y - E ( V I ~ +  

+ 2 [ x -  E(A$[Y - E ( v ~ =  v ~ ~ ( x ) + v ~ ~ ~ Y ) + ~ c o v ( x , Y ) .  t%lJ :,. 
9 ~ 0 6 ~  n o ~ a 3 a ~ b  c n p a m m i B o c T a  a), n e p e k e ~  K p a c e M o T p e H u m  

c ~ a w a p ~ u 3 o ~ a ~ ~ m  Benmm X n Y ,  3 a m m e ~  IWI mx: 
o s v a r ( x " + ~ ~ ) = 1 + 1 + 2 ~ = 2 ( r + ~ ) ,  . .  . ,. ~ , . (3.2) 

,. , 

flMCIIepCUEi pa3HOCTM E= X - Y EUIEI'.Z= Y - X )  ~ ? O T B ~ T C & ~ H H O  

G y m :  
05var(xa-Y*)=l+l-2p=2(l-p). : i ;  - \ . i - -~(3.3)  

b kl3 (3.2) U (3.3) HenOCPeACTBeHHO CJIenyeT npaBOMepHOCTb YC- 

H&HO s3anMOCBX3lUib1, T.e. 
Y = a + trc (me a, b - n a p a ~ e ~ p ~ ) ,  T o r p a  

~ E ( Y j = a + b E ( X )  u v a r ( Y ) = @ v a r ( X ) .  
&R CTaHAQTU30BilHHbM BenUqWH X" El P COOTBeTCTBeHHO no- 

(3 .4)  

(3.5) 

C J I ~ ~ O B ~ T ~ X ~ H O ,  K O ~ @ @ H U U ~ H T  KOPpeJLRUUU P iWI CJI)XafiHblx 

n ~ n ~  X u  Y npu ycnosnv nx nomol nuaeftwoii ~ ~ B X C A M O C T U  
eT PaBeH eAUHUw: 

1 .  p=cov(X*,  = Ib*- E(p)[yr-E(y*)], - . . " . I . .  '.,'..... 

X - E(X)  a+ bX - a - bE(X) 

A H ~ J I O ~ H O  AOKa3bIB?3en:ff, YTO MOXW 6- p= -1.  
f l o m i a ~ e n f i ~ ~ ~ o  w c~oilcma 6) c~pomcr OT 06pamoro: emu 

K03@@UUUeHT K O P P e W U I i  DYX w ~ H ~ I X  BenUYHH PaBeH eAUHU- 
U e  ( p = l ) ,  TO 3TU ,&Be BMU'KUHbl HaXOMTCff B ~oJIHoL? JlEi~efi~oft 

: CBII3U. Ha.tHeM C aKCUOMaTUYHOI0 YTBePWeHUR: Var (X*-Y*) = 0. 
3TO 03HaYaeT, YTO PBHOCTb ABYX CTaWapTU30BaHHbIX CJIyYafiHb1~ 
BenU'iHH eCTb HeKOTOpa  nOCTOflHHaR B e n w U H a :  X* - Y* = k. npki 
n o J ( p 0 6 ~ 0 l  W C U  X* ri Y* UMeeM: 



COOTB~TCTBYIOLUHM 06pa30~ CYIXeCWOBaHEle n0JIH0f i  J IAHef iHok  :*'no B ~ J ~ Y U ~  n p n 6 n u x a e ~ c f f  K ~ H ~ ~ & H I I K ~  f 1, Y ~ C T O  WBOPRT 0 
3aBUCUMOCTU ,X U Y aOKa3blBaeTCX npki 3 H a ' l e H U m  p=-1 U - &&HOB KOppenXUAH npU3HaKOB ( X  A Y), COOTBeTCTBeHH0 npenno- 
vat(X +Y)=O . m W a f f  UX TeCHylO B3aKMHYlO nPMYUHHYIO 0 6 ~ W l b ~ l l e H H 0 C T b .  O ~ H ~ K O  

n p l l m ~ e ~ ~ b l e  nQKa3aTenbCTBa COXpawfioT C A n y  BHe 32lBUCliMO- ~ O A O ~ H O ~  3aKnlOYeHMe BHe OUeHKU JIOWKU A @0pMbl  CBII3M npu- 
CTU OT enUHMU R3MePeHUS Cf lyYakHbI~  B~JIuwH:" .%P~KOB, KaK IlpaBWlO, C-T npUMepOM BCerO n U U b  6eccMbIWleH- 

 punr rep 3.26. n y w b  A ~ B ~ C T H ~  B ~ P O F T H O C T H ~  xa~a~~e~ucmrrca  HOB, nnn noxaofi, K O p p e n ~ q ~ ~ .  Ha CaMOM nene npu r+*l MOXHO 

n ~ Y M e p ~ 0 f i  c J I y Y a h 0 ~  B&UYHH~I (x Y): P[X =o,Y = 2]= 1/2, JroPOPllTb 0 T ~ C H O R  B3aUMOCBII3A X A  Y, eCnM no K p a k H e f i  ~ e p e  n0n- 
P[X =l,Y =1]=1/3, P[X=Z,Y =0]=1/6, O Y ~ B Y ~ H O  npki STOM: p=-1 A ; , ~ B ~ P W J ~ ~ T C I I  ~ U H ~ ~ ~ H O C T ~  CBII3U 3TAX ITPM3HaKOB. C m ~ f i  a O p O -  

Y = 2 - X. OTM~TUM, YTO npEI  OUeHKe KOB@@UUU~HTOB KOppenII-  
HSI, flame aHaJIA3 H a  ~ H H ~ ~ ~ H O C T ~  H e  0 6 ~ 3 a ~ e J I b H 0  CBkiAeTenbCTByeT 0 

L(UU p UCIlOJIb3YHn'CX BGe ~POMeXYTOYHbIe  3HaYeHW( B ~ X U P H H ~ I  
:HWeXHOCTU KOpPenXUAOHHblX OqeHOK, KaK B CJIyYae, s2 n p ~ -  

~. a e T  M h b l e  3HaYeHUX, MnM, CKWCM, IlPUHUMaHn'CII HeKOppeKT- 
COV(?,Y'), a KMeHHO: E(x),E(Y),E(x~),E(Y~),o(x),~(Y), E(XY). 0606ue~urr rl CIEUH@UY~CKAX C O B O K ~ ~ H O C T ~ ~ ~  RaHHbIX (&aw- 

llounme anpeneJIeuuocm. Mepoii o n p e n e n e H H o c n i  npencraann- natrenb~m 06c~renosa~uti, n a ~ ~ b l e  onpoco~ ~ a c e n e ~ ~ x  M T.K.). 

-II 8 e n M Y F i ~ a  p2 +R', OYeBUnHO 05 R' 21. &5l He3aBKCUMbIX ' 0 6 b l Y H 0  HM3KUe 3Ha'feHMX r 2  Y K a 3 6 I B W  H a  TO, ,YTO MeTOn M 0 n e n ~ -  

POBaHCiR, B SaCTHOCTA JIAHefiHb~fi  nOaYOA, ~ b 1 6 p a H  m X  a~mu3a  XB- 

f i e y ~ e p n a n  Henpepmuan cny.la8naa mmiwina X, E B o n p o c b ~  
,'qopan p a c n p e n e n e H u r r  ~ e n p e p a ~ ~ n o g  n ~ y ~ e p n o f i  BenMsuHbl  npen- 

T a W l O T C I I  BUHblMM,  e W A  YSeCTb 'YACTO T e k - i ~ Y e ~ K P i e  CJIO~XHOCTA 

. n u r u ~ a  n p e n n o n a r a e T  H e  CyMMMpoBaHne, a UHTerpMpOBaHMe 3~aye-  
rne {x;} A b} - n B a  MHOXeCTBa KOnAYeCTBeHHbIX AaHHbIX Ha- 

l ~ u f i  U3yYaeMbIX ~ P M ~ H ~ K O B .  ~ ~ O C ~ ~ ~ T O Y H O  ~ @ & I ~ K T M B ~ ~ I M  IlpHeMOM 
u c c n e n o n a T e m  npa ~ T O M  M O X ~ T  6blTb npocroe p a c n p o q a H e -  

s (X)  n s(Y) - o u e ~ m  s~nwpmecmx B ~ ~ U Y U H  m n n a p m b ~ x  H a  cnyrafi c ~ e n p e p b l ~ ~ o f i  ~ e n k q ~ ~ o f i  p e 3 y n b ~ a ~ o s  maiu3a 
KBa4paTYeCKMX O T W O H ~ H U ~ ~ :  : 

IIOcJIeAHefi. CJlefiyeT TOnbKO l7PAHMMLLTb BO BHUMatrUe, YTO TaKOe 

npOCTpaHeHAe aHUlATUYeCKllX pe3yJlbTaTOB H e  BCerna  nOnyCTM- 

o, o s e M  yxe r o ~ o p m ~ c b ,  H a n p u M e p ,  aKwe B n a H ~ o f i  rnaae OTHO- 
npki OnpeAWIeHMR KO!~@@UUU~HT~ KoppeJIffUMH M ~ X ~ T  UCnOJIb- kTeJIbH0 PaCnpeneJIeHHII O A H O M ~ ~ H O ~ ~  U I ~ a f i H C $  BenUYRHbI. 

~ O B ~ T ~ C I I  kfipyrm (PopMYna, K O T O ~ ~ H  dam n o n ~ a e  rrpencranne~xe Onpeckenue I .  C o e ~ e c r n ~ ~  pacnpedwenuenz. 01yya3nbtx eaurun 
060 BWX B~IYAc~EIT~JT~H~H~IX npouenypax m 3~a i ie~uf i  wyx 3 n e ~ e ~ -  
TaPHbIX IlpA3HaKOB XU t ' ' 

~ Z X I Y ,  - z x i x y t  
. . 

r0~0p%I  0 K O ~ @ @ A L ( H ~ H T ~ X  KOppWHUAH ( 1 2 3 M e p A ~ e m  CTOXXTU- 
Y ~ C K O ~  D ~ ~ ~ E ~ ~ ~ H H o C T U ) ,  H ~ O ~ X O A U M O  CAenaTb HeKOTOpble 3aMeYa- ; 
HWf. Aen0 B TOM, 'fTO npaKTUYeCKaH CntTACTMKa HepeAKO 3JIOmOT- :ROCT~% ~ B Y M ~ P H O ~ ~  B ~ ~ M Y U H ~ I  I T ~ O M ~ B O ~ A T C I I  ~ H ~ J ~ O ~ H ~ H O ,  K ~ K  H 

pe6nrre~ TeOpeTUqeCKUMA BbIBOnaMA 0 XMHefiHOfi CBII3U. T ~ K ,  e W M  'm 0 l I H 0 ~ e p ~ O f i  ~ J I y Y a f i ~ O f i  BWlUYAHbl. 



Onpedenenue 2. Pmdenmou' (zpanuwou') nnomnocmbro eepomnno- 
cmeu' dey~epnou' oryuahou' emurzutu Ha3maeTcn C O O ~ T B ~ ~ U ~ R  

UHTepUIbHaS @ y m c l l ~ :  

j f ( s r ) d ~ = f ( x , . ) ~ f ( x ) ,  
D 

Jf (x , r )&=f  (.,y)=:L?(y). 
D 
Onpe&meune 3. KoeapuaquerS cnyvafiaboc e e n m  X a Y ~a3h1- 

Bam xapampucTuKy cen3u  TUX B e n u w ,  memmym cnenyromee 
I$OpMUIblroe BbIpZIXeHUe: 

COV(X,Y):= J J E - ~ ( x ) l b -  E ( Y ) ~ ( X , Y ) M Y .  
DD 

&K B ClXyYae C ARCQWTHMMH EJUI'IHHBMU, MOXeT 6bl~b ITFA- 
noxelro m e  npyroe @op~anb~oe npenmamemie KoBapaauuu: 

cov(X.Y)= E(XY)-E(X)E(Y),  

me E(xY):= J jxy f (x ,y)  dxdy. 
nn 

ollp?dUeiie 4, ABe ~ny'I&HbIe BeJClnHHbl X N Y HX3bIB-II 
n e ~ a e u c u ~ m u ,  e m  m HAX meeT cuny: 

f @ , y ) = f  (x)g(y),  
T.e. COBMeCTHaS IIJlOTHOCTb B ~ ~ o X T H O C T ~ ~ ~  eCTb IIpOU3BeAeHUe YC- 

JIOBHbIX B ~ P O I I T H O C T ~ ~  
@mep 3.27. P a ~ ~ o ~ e p ~ o e  pacnpenenemie B ~ y 6 e  co c~opo~o i t  

~ A U H X ' X H O ~ ~  mMHb1 ( ~ u c .  3.22): 



(&l,x2)€I(--,+..)x(--,+~)l. (3.6) 
 MY^ enyurui: m = 2, = 0. n y m b  o 1 2 = ~ 2 1 = 0 ;  o l l = o z = l ,  

PI =pz =o, Tol'JIa AMeeM nen0 CO C J I ) ~ I ~ % H O ~ ~  B ~ ~ U Y U H O R  ( ~ C J I O B U ~  

p, =pz = O  3 ~ a ~ m e n b ~ o  ynpoqam ee n a p a M e T p n n e c K o e  npemas- 
neane), n ~ e m q e i  C T a m a p m m i H b I e  3 ~ a ~ e a n a .  Ecnn m B e n n -  
-Ha HOpMaJIbHO PXIIpFXeJIeHa, TO @YHKUKHI WWl'HOCTkl BePOflTHO- 
CTCR AJIS H e e  MOXeM 3alIIlcaTb TaK: 



TOFaa CYMMa Z = X + Y RMeeT HOpMaJIbHOe paCIIpeAenem% 

Z . = ( X + Y ) - N ( p l  + p 2 , a 1 1  + s z 2 ) .  I~JIOTHOCT~ ~epomrroc~efi Benaqnnbr 

z m e  pacnpeneneHa H O P M ~ ~ H O .  
Cyma myx ~~BI ICI IM~IX nop~anbno pacnpenenem cmy.lafi~bm 

s e m l r .  n y c ~ b  X H Y - nBe 3aBucume HOPMW~HO pacnpenenetr- 
Hbre cnpafirlble aenmmbr, n p y r u ~ u  c n o m ~ ,  nMeeM 6UBapUaHT- 
HYIO ~op~anbr ro  pacnpenenemym cnysamym BenMsMrly, mrna 
cyMMa Z = X+Y Tame ~ o p ~ a n b r l o  pacnpenenerla: 

Z : = ( X + Y ) - N ( p l  +p2,01 1 +022 +2012). 

rne a 1 2 = p . , l G J G  a p=Fy-. 
011 0 2 2  

(3necb o12 - o6uax ~ o ~ a p u a u m  q12 =o,, , a p - ~03@@4sx- . .L,J 

em Koppemm, -I r p .s I ) .  
m-mepnoe BopMtLRbnoe pacnpenenewe. CnyYaW~fi s e w  

. :  
= x  E R~ uMeeT HopManbrloe pacnpenenenae npn ycnosu~,  

1, awocmenbHo x  a HopMmbHo pacnpenenerla, T. e. z - N ( ~ , O ~ ) .  
~ ~ M W U M ,  YTO M3 m BaPYIaTUBHblX HOPMaJIbHO paClTpeneJleHHblX 

CJIyY&HbK BemnUH BCerAa MOXHO 06pa30Ba~b OnHy m-MepHyIO 
HOpMUbHO PaCnpeAeneHHyIO UI)"lafiHylo BeJlHYMHy. B AaHHOM my- 
Yae nefimyer a 06paTHoe ymepmqeiiUe. 

h e h b I e  TQUC@O~MWUII. n ~ ~ b  MMeeM m-~eprlb~fi HOpMWtbHO 

pacNpe~enerlrlbm BeKTOp b€Rm , 3WaHHyIO MaTpHqY A E R " ~  U 3a- 

~2IHrlblfi BeKTUp bERn , TOWa y = b + M  TaloKe UMeW HOPMiUrbHOe 

pacnpeneneme. B YacTHocTu, ecnn X- ~ L [ U H U W ~ I #  Bemop, TO 

K W ~ R  i-x em KoMnoHeHTa ~ o p ~ a n b n o  pacnpeAeneHa u 
b = o ,  A = ( O O O  ... 010 ... O ) G R ~ - * .  
I Koaapnaunn n ne3~~ncmmocra. C TOYKU 3 p e ~ m  ~ o p m  COTHO- 
LUeHUe KOBapUaUUFi K He3aBUCAMOCTII IIpeACTaBJllleTCII BeCbMa BGK- 
H ~ I M .  T7yc~b no-npem~e~y  x  - ~ o g ~ a n b ~ o  pacnpenenen~b~fi cny- 
qafirlblfi BeKTOp: 

H~~~BIICHMOCT~ H KOBaPIIdlUUI. B ~ K T O P ~  X I  U x2  B38EIMHO 
He3aBUCUMbI TOrna A TOnbKO TOrAa, K0r.a 012 =621=0.  

npII~0e yTBepWeHUe, YTO He3aBHCUMOCTb C ~ ~ Y G % H ~ I X  BenYlYUH 

o ~ ~ c J ~ o B J H B ~ ~ T  UX HyneBylo KOBapUalIJfIO, BcerQa WXpWIIeT cany. 
~ T O ~ O ,  OAHaKO, Henb3SI CKa3aTb 06 06pamo~ ymepmerlm, ¶TO Hy- 
neeax Kosapaaqux 03rra~ae~ H ~ ~ ~ B ~ C U M O C T ~  a~mu3upye~b1x cny- 
'lafi~blx BeJMYUH. n0~jTeJIHee K a K  pa3 He BCerna IIpaBOMepHO, TaK 
xe  KaK, Hanpmep, Henm C Y H T ~ T ~  nocTaTowbIM m yTBepmeHm 
o HO~MU~HOCTH pacnpenenem BeKTopa HopManaHoe pacnpenene- 



@mep 3.28. Meue3a101qm Koeapuaqua B cnyrae ~~BUCHMOCTK 
payx c~ryrafi~m n o m ~ a e ~  B xoae w nueeik-roii v c -  
(POPMWHU. 

1. x - H O ~ M ~ H O  pacnpenenem@ cnynati~bxi3 wmp: e cnenymrireru pa- 
xoRm,  x - N ( ~ , u * I , ) ,  ,. . 

u A ~ + R P , ~ ,  h 2 ~ ~ q , m ,  A , A ~ = O E R P . ~ ,  Y:=A,x, Y E R E ,  

Z : = A ~ X ,  2 ~ ~ 9 .  

f l p K i 3 a q i U i H & ~  y c ~ r o ~ f t i 4  K O E ~ ~ U U ~  J&H&HO-&BUCUW Be- 
nurm YU Z6yneT paBHa Hymo, B ¶eM new0 ~ ~ ~ A U T ~ C I I :  

cii\3Y,z)=E((A1X-E(AlX))(4X-E(hX))'j= 

= A , E ( X - E ( ~ - E ( X ) ) E ( ~ - E ( X ) ) : ; ~ ~  = 

=A~CO<X)& = $ A ~ A ~  =o. 
2. .ITymb a M e e w I f '  :nop~anb~o pacnpemeewm , s e n m H a  

Y - N(0,l) U H ~ K O T O ~ &  ~ ~ ' H ~ U D H M ~  OT Y BenmEIHa b C 

p a c n p ~ e n e m e ~ ' G e p n y ~ u , ' ~ n p a ~ n ~ a ~ ) ~  3 ~ a s e m  +1 -I& -1 c 
~ & H H ~ K o B o ~ ~  BepOXTHOCTbK), paBH0fi  1/2, W H  3TOM 2:- b$ '3 &I- 

HOM W I y l a e  MO-M P p W a T b ,  'iTo UMmM AWIO C, a B y H  aOpMaJIb- 
HO fXICI&XAWIeHHbIhtU BWlWIKHaWr: Y  - KO B~~omfoidy YCnOsUIO U 
- KaK 3Ta BWUYUHa IlpeACTaBJLXm co6oii CMeCb, COCTO- 

H a n o n o m H Y  n3 3~a$e& +Y H H ~ ~ ~ O J I O B U H ~  rn xiage@ - .So- 
nee .mp, .Zn .Y - . m n b  H e  H e m m w e  ~ H M ,  w c n e m  
a3 c o w  Z n n p u m P  @opm em3u Z := bY. HO B TO me ~pem 
~ompnaqm Z u Y  acTaeTCIf pae~ofi HYJIIO a COOT~TCTBUH c rrpam- 
TMM B npa~epe y c n o ~ u e ~  H ~ ~ ~ B E I C ~ O C M  Y  a b: ' , -: 

i c o ~ ( ~ , z ) = ~ ( ~  .KY),- E(Y)..E~~Y)=E~Y~~~~(Y)~-O~O=E~~.Y~)=O. ~ , 

IIuapoeme e~awapwar; T P ~  e KV- ~aaappro 
~ T P T B C T W + ~ ~  p a a p ~ ~ ~ e m i i .  , . qoc~poe~ne  max ~a6nnu , 3 ~ a . r ~ -  
T~JI~HO,. .ygpoqae~ npltlcmmxcqe , . p p g n o m e H n e  ( Y T ~ T U ~ T U Y ~ K M  3a- 
KOHOB, p a c n p q e e w ,  npu 3wM m a q a e T  ~ e o 6 x o $ M o c T b  B rpo- 
q o u ~ q  :&WCJI~HW B -OM O T L ~ ~ I ~ H O M  CiIYgae.. . A O C T ~ T ~ ~ H O  
~ @ ~ , ~ ' ~ a 6 n n y  u i a  nepecereH~ln ~ ~ y x , l r u r x  rpa- 
4~ 'K  C T ~ , ~ ~ , . B $ ~ J @ & ~ . . H ~ ~ F ~ W M ~ ~ O  ,.,, oqeHKy, KWP&P> m W H 0 -  
a . e q q c J e l t  KJW np. .. , I . j l ,  . 

" &nn% yop,-~op pahpegenpm,  donee sacto npkeme- enenem arrrr KC- 
&?,: B, , P C C I I ~ L ~ O ~ T ~ ~ K O ~ .  rime, ~ n p ~ e p e w e  K O J U W ~ . H -  
HP ~ a ~ a ~ ~ e p ~ m i k ,  a K K y M y m q i y e ~ 6 ~  B C T ~ ~ ~ ~ P T H O ~  i w j ~ ~ ~ e ,  kUKeHHOrO OUeHUBaHMII no &aHHblM HeKO- 



6 =dxl,xz,. ..&,A, 
M H O X ~ C T B O  us n ~ a 6 n l m e ~ l l i l  (XI,X2, ..., X,) n p e n m a w x e T  co- 

608 peaJlU3aUUM He3aBUCUMblX, UAeHTUYHbiM 06pa30M paCrrpeAe- 
neHHbIX W y Y a H b 1 x  BeJIllrUH U O I t ~ n e J M e T C R  p-MePHblM IIapaMeT- 

POM. ~ Y ~ B ~ H O ,  -  TO 6 - T a m e  c n y r a f i H a ~  B e n u Y u H a .  

n y c ~ b  ( X I X 2 , . . ;  - ~ J I y t i a w ~ l e  e b 1 6 o p ~ u ,  T.e.  BCe 

Xi (i=l,?, ..., n)-  He3aBUCUMble U UJIeHTUtlHblM o6pa3o~ P a C n p e n e -  

n e e a ~ e  c ~ r y r a . B ~ b ~ e  senusuah~, . . .  I (I u ~ e r o p ~ i e  n n o ~ ~ o c n  pacnpenene- 
HUX ff%4, C H ~ u ~ B ~ c T H S M  napaMeTpOM 8 .  'Toma :@YHKI&B Ma*- 

C ~ M ~ J I ~ H O ?  :, # npa~aonono6~ H~U~IWW . . @ Y H K ~ U I Q  B W ~ :  , 

Cnyrau'nue ~ e n u u w ~ .  3 0 ~ 0 ~ ~  p a c ~ e n ~  u naomnoemb aepmnocmeu' 141 

norapu@~ 3 m f i  @YHKUUU 
n 

L = ~ l n f ( x , ) @ ) -  
i=I 

(3.8) 

norapn+~u~ec~arr @y~muurr MaKcrnManbHoro npawono~o6ua. 
@YHKLWR MaKCUMaJIbHOlW ~ ~ ~ B A O ~ O ~ O ~ U X  MaKCXMlf3UPyeT KO- 

JIUYeCTBeHHyH, 0 4 e H K y  6 B 6 - OUeHKU UCTUHHOrO n a p a M e T p a  

8 .  n p ~  3TOM OUeHKa 6 B b t 6 U p a e ~ ~ E  T W M  06pa30~ ,  YTU peanu3a- 
UEIR @yHKLtUU (3.7) V n l l  ~ K B U B ~ J L ~ H T H O ~ ~  etf @YHKUMI (3.8) 6me~ 
AMeTb H a ~ 6 0 J I b l I l e e  3HaYeHAe.  

llepexon OT @ y ~ w u u  MaKcuManbHoro  np%onono6m K ee no- 
r a p U @ ~ y  O C Y u I e W e T C I I  H a  npaKTUKe  AOBOJIbHO YaCTO U n O 3 E O j l ~ -  
eT  3Ha'lUTenbHO YITPOCTUTb I IPOUempY IIOUCKa O ~ T E ~ M ~ ~ H O &  OUeH- 
KU ( M ~ K C U M Y M ~ ) ,  IIpUTeM, KaK Y B m U M  H U X e ,  pe3ynbTaTbl OseHUBa-  
HEIR B xone n O r a p u @ ~ u p o ~ a ~ m  H e  n p e T e p n e e a m T  R ~ M ~ H ~ H U B .  

OIlTAMasruula npn OOMOW M O ~ I O T U ~ I A O ~  q a ~ c @ o p ~ a m .  K ~ K  u 
npeme, 6 y n e ~  c r m a T b  p = I. ITynb f ( z )  - nrc6arr @ Y H K J J ~  

+ R &I w T b  lW4 3 ~ 0 8  @YHKUUH B OKpeCTHOCTU U ( z O )  O n T U M m b -  

HzM TWKa 6 y a e ~  a: 
f ( z o ) Z f  lz), z E U(q,). 
Torna MOXeM Y T B e P M a T b ,  ¶TO IlpU M O H O T O H H O ~ ~  T ~ ~ H C @ O ~ M ~ -  

uau @yri~uuu f(z) nonometrue ee o ~ ~ ~ u ~ a n b n o f i  TOYKU z0 c o K p e -  

CTHOCTbIO u(z0) OCTaeTCX HeU3MeHHbIM: 

. g : R + R , g ( f ( z o ) ) z g ( z ) ) , z ~ U ( ~ ~ ) .  

4 o K a 3 a rn e n  b c m e o: 3 ~ c r p e ~ m b ~ h r e  3 ~ a q e m a  (hw- 
W, KaK WBeCTHO, 0IIPeAeMK)TCE IIpUpaBHMBaHUeM n e p B 0 f i  npOU3-  

' BoJIHO~ 3& @ Y H K ~ M U  HYJIH): f'(2) = 0.  &la MOHOTOHHO T P ~ H C ~ , O ~ -  

M U p y e M 0 8  @YHKUXU f (2)  COOTBeTCTBeHHO 6 y n e ~  UMeTb: 

d.? d f d z ' d z  
d 2 g  d (@ df)=[%)(&). dg dgdf df=0*%=0 -=--- -=-- 

& dz2 dz df dz df &= 

YYUTblBarr MOHOTOHHOCTb @YHIUIUW g , 3HaK LUlX B T O P O ~ ~  npOU3-  

BOBHOB, a UIeLIOBaTenbHO U 3aKnKl'XeHUe 0 TOM, QPCTUrH'fT MBKCU- 

MYM f ( z )  UnH HeT,  IIpUHMMaeTCR UCKIIIO'lUTWbHO no naHHblM Ca- 

MO& @ y ~ w a a  f ( z ) .  O c 0 6 b l ~  c n y r a e M  M O H O T ~ H H O ~ ~  -rpmc@op~a- 
u @YHKUUU M ~ K C U M ~ ~ H O ~ O  npa~~~onono6nx flBnffeTcrr ee 
norapu@~upomriue. R 



142 - . . 
. . . -  . . , 

' ., ~ ~ ~ B ~ C T H O ,  'IT0 I Q ~ % ~ ~ B H N &  IIePBYI0 J I p O N 3 B O w  @ ~ H K L [ ~ H  
w a a n h n d r b  n~~0n0806l l5 l  (3.9) HyfilO, BbInBMTaHIT YUIOBUe 

g o c T s m e H f l x  L 3KcTpeMYMa I4 IIOJTYYBKYI. B03MOH(HOCTb ( P O P ~ a n b H o m  
onpenenewwrr napaMeTpoB HopManfino pacnpe~enennoi-4 cnysa$l~o$l 

dL BeJIAYEIHbI (p A ?'). B TO Xe B p e m  npOU3BOnH& -= 0 KaK 6br 
dB 

.;. ,. . -%feKe3ae~, H e  n o 3 o n r r e T  YCTaHOBIITb, A ~ ~ ~ C T B U T ~ ~ ~ H W  XU B HeKOTO- 

1 .: 
BTOpbIX IIpOM3BOflHbIX. 
: ha we^ nepriwe n p o z i 3 ~ o & ~ e  arm L: 

,,,. , . , 

n ~ o r o  I I ~ ~ J ~ A O ~ O ~ O ~ K S ? ,  IIpUHUMaeT BHA: 

(3.11) 
: 

Hop~anb~oe  y p a B n e H x e  (3.10) peuxae~crr o r H o c u w n b H o  p npa 
JIIO~OM 0' > 0 ,  HOPMaJIbHOe ~ P ~ B H ~ H M ~  (3.11) I I o ~ B o & ~ T  OnpeAe-  

' m ~ b  G ~ I I O C I I ~  T o m ,  KaK cTana we u ~ B ~ C T H O ~  OUeHKa MaTeMaTHKe- 

pacnpenenemn: . 

n 



snHbI x o u e ~ i a  nacnepcua: - .  n<.. 

cx: &- (k=1,2 ,..., m). 
m 

i. .: f - ,:+ ?., l J ~ J , 2 , 1 0  ,,-,., P;l , :c.. , 
. , 

i r -  , ::.;(:,!:?:.:.'. ..:,:.;,.,:q,j ,, ,;.. z., :~. 7 

. ,,., ,, 
UeCb ol2 = q l  O ~ O ~ H ~ ' I ~ ~ O T C I (  CHMBOJIOM p . 
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B n a y M e p H o M  cnyae, KaK BUAUM, B Q ~ H U K ~ ~ T  n e M a  mam- F cnnec~oro oqe~n-m n m  n a w v e :  Q= 1,c22,p}. 
Ucnomaanue @ ~ H W U U  n n o m m  B ~ P O I I T H O C T ~ ~ ~  B ouenmamu 
€3 n p e n n o n a r a e T  o n p e n e n e H n e  cnenyrom mcnepcno- xapaK- 

TepHCTLnC 
KOPHIl KBaqPaTHOIY) 83 OnpeAenKTWM MBTPU4bl K O B ~ ~ U ~ ~  3anULUeM B BMAe HOPMaJIbHbIX Y P ~ B H O H U ~ ~ :  

(C'ZUTWKII, 9 T b  AeTVMUHaHT 1x1 ~ O J I O ~ ~ b H O  0IipeAeJIeH)  XI -)LI)+PC(X~ - , . L 2 ) = ~ ,  .. ',.: ' '  .. , . . . D  ,! 
! i ,  ... (3.12) 

1 1 1 a) l Z  l i  =- ? IZ l = ~ l l ? 2 2 - ~  2 ..m-d7; m 01 lo22 - P 
[WBePlUeHHO PaBHOQeHHbIMU, I IpU 3TOM BCBrAa 

06pa~~o l t  MaTpum.1 ~oaapuwufi - nonoHarrena~o on* 
. , - 4 , . I I ~ H H O ~ ~ :  
>l~:!.!..:;>l 0 

1 p -p)= (; ;;I, D F  . 1. . 6) x-' = .,~i, ' Am H ~ X O ~ ~ H K I I  ~ p e x  OCT~BILIUXCII o s e n o ~  8   awe npos3se- 
orlab -P2 - p  011 o1joz2 -p2, 't:W A U @ @ e p e H u ~ p o ~ a ~ ~ e  @ ~ H W U U  L, HO yxe no coomexmyto- 

n O K a 3 a T ~  ,&Xcriep~U8 iI0 B M ~ ~ P O Y H ~ I M  H~~ . I I IoL(€~HZ~RM 

r. ] , , 5 ,  , N.:',.: 

B) S:=(XI -PI,XZ -)12 - - , :,,.::>i <,.?,,- ;,.,a" , . 
-P 

X Z - F ~  ~" '?i ,.,. . . I' . ' " ,  
- ,  , , -~ . 

L : ,. 

=o&, -p1Ii +o,1(x2 - ~ 2 ) ~  -2p(x, -p1)(x2 G2) .  

&IS naxdme~m ~ c e x  N ~ T U  n a p a ~ e ~ p w e c ~ i i x  oqe~oc 9 BOC- .,. .... 
nOJlb3yeMCX me U3BeCTHbIM MeTOAOM MaKCUMaJlbHOTO npaB!JOnOAO- 
6m (mu rm = 2) U COOTBeTiXWHHO X O ~ ~ ~ U I $ M O M  MaKCEIMU3UpYlO- 
llrefi @~HKL(uu L. W ~ ~ T U M  BKUMZ-IUe, 9TO B IlOCJIeAYIOUAX BbIBO11aX . , , A  

3HBK C IIpHMeHSeTCff TOJIbKO KaK 3HaK CYMMbI ,I: U H e  CBII3aH C I:, 1 CUOHHbIM nOKa3aTeJMM D M iS: 

n p e n l X i B n e H U e M  MZCpUIJbI K O B ~ ~ K ~ I ~ I U ~ ~ .  ~ O ~ P U @ M  @)'HKwu MaK- 
c m a J I b n o r o  npas~onondm B ~ ~ H H O M  ClIygae n p n H u M a e T  BMA: 

n 2 D 
~=--ln(qta22 z -P ) - T x b 2 2 ( ~ 1  -PIP  +all(xz -p2I2- 

,:, 
1 1. . .~7 

-2dxl -~IXx2 -~~11=- : ln (~  I)--DCS. 2 :p." . a >,.. 

%06b1 ~ a h w  oqemui n ~ y x  ~ a ~ e ~ a ~ m e c m x  o u# ma 

UI 8 w2: 
I ,  .. I,.,,,. ..," i'nr8.<,1 1 .  , < :  : . . I. ',i - .. ! ' . .: . 



T ~ K U M  0 6 p a o ~ ,  3aIIUCb @)'HKUYIU MaKCEiMBnbHOrO npaBQOlIO&O- 
6k~9 MOXeT 6bITb CYJUeCTBeHHO COKpaUIeHa M CBeneHa IT0 CYGi K @OP- 
hiaJIbH0fi Y W K e  TOnbKO A B P ,  3 a p a H e e  R3B%lXbIX, KOHCTaHTHbIX Be- 
JIHYllH (n &i d). B ~ ) K H ~ I M  IIpeACTaaRIleTCff, YTO peA)'UUpOBaHHillI 3a- 
nHCb L C O X p W e T  CUJly .iWl nro60fi B-PKU M &8 WBOKYIIHOCTM 
B ~ I ~ O P O Y H ~ I X  AaHHblX. 

1 ---[-3] 2d--.(n,311)=~, 
+i d d 

(3.19) 

1 r-(-oll a + 2 o l I - 0 l l ) = 0 .  

%4 
IIpmepu cruecn nopmmeo pampejwneBwM nemmae. 

ITpennonowu~, YTO u M e m x  H o p M a n b H o  p a c n p e A e n e H H b r e  cny- r HbIe  U He3aBMCUMbIe BeJIUYUHbI X M ~ P H  YCIIOBUU N (0, 1) 
O m 0  PaCCMaTpUBaTb CXeAYIOulae BapUilHTbI c y M M I l p O B 3 ~ ~ f f  n w  

W H Y U H .  
'I I. lIepan eapwaqun ducnepu. n y m b  m e e T c x  

Z:=O,S.X+O,2.Y, X - N  1 

Torna IIpHHEiMaA, TO BenUYUHa 2, KaK X U Y, HOpMBnbHO pac- 
tkpenene~a, a Z - N (0, 1) AIM n106m a, MoxceM IIOCTpOHTb ABa 

.rpa(Pn~a c~eceZf (pnc. 3.24 a,6): 5 I ' 





dp2 p2 (I-P)' 
omyna cnenyeT :  j s a ~ a e ~  MaKcuMyM oue~nmmuet  cpyH~qua L, 
MMeHHO 3TO E ~pe60sanocb AOKa3aTb. 

Bb~eonbr, n o n y r e H n b I e  npu a~arm3e pacnpegeneam Fepiiynnn, 
H e n o c p e n c T s e m o  pacnpocrpmnmx u H a  cny9aii ~ W H O M U ~ J I ~ H O T O  

p a c n p e m e H m .  k i c x o g ~ i u r  @~HKLVUI IIOTHOCTM B~POILTHOCT~R npu 
3TOM UMeeT BUA: 

B o T n H v n e  OT pacnpenenema Bep~ymu 3necb 06nac~b onpege- 
lrrr &HI(LIEIU W O T H O ~  B ~ ~ O ~ T H O C T ~ ~  H e  {0,1}, a (0, I, 2 ,..., K )  

.."'*) 
-. 

. , , ,'r, .I;, , . . 
3i6.2. Memod M O M ~ H ~ O S  ,!! J:: .. 

11 1.' . . .  .. , . , 
~ ~ o c T ~ T O ~ H O  WCTO 8 C J I Y y W ,  KOrlra npIi OqeHMBaHAU CTaTUnul-  

racEoro PaCnPeneJIeHMX CTaHOBMTCII HeB03MOXHblM UCIIOnb30BWAe 

MeTOAa MaKCUManbHOm I I P ~ B ~ o ~ o A o ~ I ~ ~ ~ ,  IIOJIOmYIlWIbHOrO pe3ynb- 
TaTa  ao6usam11 npkf, n 0 M O U U  MeTOAa MOMeHTOB. B m m C T M Y e -  

CKOR T e o p r i u  yxe n a s H o  no~a3a~0,  YTO HWMOT~SI H a  TO,  TO o u e H -  

g, IIOnYYeHHbIe MeTOLlOM MOMeHTOB, IT0 CBOUM C B O ~ T B ~ M  YCryfaIOT 

WaKCMMtUIbHO npawonon06~b1~ O U e H K a M , B  OTJIUYUe DT n O c n e n H w x  

n p a m R y e c K u  B c e r n a  M O ~  6bmb Haf i aeHbr  m n a p a M e T p m e c K o n ,  

pacnpeaeneaw c 3wa~~oi.i n n o ~ k o c ~ b b  B ~ P O X T H O ~ ~ % .  Ha npam-  
. ~ e  rro o s ~ a ~ a m ,  YTO peue~ne  ~ o x m  6 b 1 ~ b  nonyqe~o m e  mrna, KO- 

H e  n P e A C E i B N I k I I  B03MOXUbD.4 CTaTKTWeCKU OIIElMTb BCe OCO- 

,'@HHOCTM CTpYKTypbl H ~ ~ ~ I O A ~ ~ M O &  COB0K)'nHOCTU PaHHbIX, W U  
. K o r n a  M M e r o r s e e c x  @ o p ~ a n b ~ o e  s b t p a m e m e  @ y ~ ~ q u u  I I J I O T H O ~  I B ~ ~ o R T H o c T ~ ~  CTaBUTCfl UCWenOBaTeJIeM nOfi COMHeHHe B C W Y  CBo- 

ek CTICUM@A'IHO~T~~. 

OCHOBHOP n p m n  o q e H a B a m n  e T a T u c m e c x o r a  pacnpenwem 
@WAOM MOMeHTOB. RCT~ UMeeTCSI MHOXeCTBO M3 n c n y 9 a j i H b l ~  H e -  

%~BUCRM~IX BenIIB'IMH (XI, Xa.., &,). ilOASRHIIM4MXCII OAHOMY 3aKOHY 

PaCnpeAeneHMII.  ~ J ~ O T H O C T ~  BepOIITHOCTel? M f l  TaKOrO MHOXecTBa 

! o n p e A e n g e m n  p - YUWOM n a p a M e l p o s :  Q= ( Q ~ . Q ~ , . . . . ~ ~ ) ,  rm B CBOIO 

b ' f e p e ~ b  n03BOJUleT WBOPUTb 06 (XI, X2 ..., X,) KaK 0 naPaMeTpUYeCKll 

F e n e n n o f i  cwaf i~of i  ~ b 1 6 o p x e .  C r p ~ q p a  nicnennefi n0pn.p- 
- 9 B a e T C f l  CYUeCTBOWHAeM HeKoTOpbLX MOMeHTOB, B YMWe UX MaTe- 

~ + m s e c ~ o e  oxurga~ue: E ( x ~ )  (r = 1 . ~ 3 ,  ,111 n p ~  r = 1, r = 2 c T p m -  

pa n a H H b l x  B ~ I ~ O ~ K M  0 6 y c n o ~ n u ~ a e ~ c ~  cyurec~soemae~ E Q B 

kr (A). Bnpore~,  KaK n o K w M e a e r  pacnpegeneane Kouu, cyu~ec~so- 
B?.HUe HMeHHO MaTeMaTMYeCKOrO OmMAaHUff H e  BCerAa 06ma~enb~o.  

- ~ M n P f p U T e c K U e  MOMeHTbI IU1IIRMTCfl , B ~ I ~ O P O Y H ~ I M W  @YHKUWIMH. 
~ P M H U M ~   TO n o n o m e H u e  3a u c x o A H o e ,  O ~ ~ ~ T M M C S I  H e n o c p e n c T -  

~ H H O  K PaCCMOTpeHHlO np06JIe~ OoUeHMBaHKQ MMeTOAOM MOMeHTOB. 

bouecc o u e H n e a H n n  npennonaram n o n y r e H n e  ~ e K o T o p o i j  KOJIU'Ye- 



C~Be~eofi ~ a ~ ~ p ~ ~ u  6 HeU3BeCTHbLX naPaMeTPOB cnY- : Tow hk Ha3HBaH)T K e k U e u ( e ~ ~ ~ ~  K c o c t h o ~ ~ m ~ ~ ~ ~ k  O~(~HXOP,  

q&Hofi sb160pu (x,, x*..., x*). c mi4 U ~ J I ~ I O  ~ W U O P H  A ~ ~ Y C K ~ ~ T -  E(@k)=@k (k=I,Z ,..., K ) .  
c~ p a B e H m o  s h l r r v r p a s e c K a x  u T e o p e T m e c m X  MOMeHTQB, H Cam 
o q e ~ ~ a  6 Bb16Upael'~R TaKVrM O ~ P ~ ~ O M ,  ~ d 6 b 1 ,  HanPEIMeP, AJlR npa 3TOM CY4eCTBYIO1UPII I ' U n O T e m 4 e c w  B e n W H H a  

mOTHOCT~ n ~ y n a p a ~ e ~ p u s e c ~ o m  H O ~ M ~ J I ~ H O ~  p a c n ~ j e n e n e H ~ a  : =,E(hk)-@k (k=1,2,...,X) XapaKTepU3yeTCX K ~ K  pe3yna~a~ c~ewe-  
j ) . ! ' ~ ,  

MMeTb: 
. . napa~erpusec~ofi ouexrcu. 

~ ( x ) = g ~ ( e ) = g , ( 6 ) = X , .  . (3.22) - 1 7 ~ m ~  3-34. H ~ ~ M ~ ~ ~ H H o c T ~  O ~ ~ H K M  cpen~ea. n y a b  meeM 
. .  . 

1 "  2 -2 
" fi=%, E ( ~ ) = P .  %OT B m O A  H ~ I ~ O C ~ ~ A ~ T B ~ H H O  C n e A y e ~  ~3 

(3.23) b V ~ ~ ( X ) = E ( X ~ ) - E ( X ) ~ = ~ ~ ( Q ) = - ~ X ~  -x . ? n p a B m a  no w m e J I e H M K ,  MaTeMaTUYecKom o ~ ~ H ~ .  
i7 /=I ; 17~me~ 3--?5. H ~ ~ M ~ u ~ H H O C T ~  OUeHKU, ~ O J I ~ ~ ~ H H O ~  M ~ T O L [ O ~  

n o n o 6 ~ b 1 f i  nOAXOA, XapaKTepEi3yeTCR KaK O ~ e H u B a w e  MeToAoM ' b f ~ ~ e - ~  im P a c r r p e a e n e t u l r r  U(0,b) .  nym c a j r s a f i ~ ~  Ben-Ha 
MOMe-B no ~ u P ~ ~ H Y .  ''I,, 

np-p 3.32. CUT~WWX c o u e H n B m m e M  H O P M ~ ~ H O ~  pacrrpe- ' X  H M ~ ~ T  PaBHoMePHoe  pacnpe~ene~ue u(o;~)  H 2 2 = 6 ,  mrna 
A e n e H m  B W W C R  O M ~ ~ H H O  I ~ ~ o c T o ~ ~ ,  TaK KaK B 3TOM C J I F a e  W e H -  iGT cmy  paBeHcT?o: 

b m, n 0 n y q e H H b i e  M e T O s M  MOMeHTOB U MeTOAOM MaKCuMaJIbHOm ' - ' ~ ( 6 ) = 2 ~ ( 2 ) = 2 - = b .  
2 . , 

n p a w o ~ 0 6 U r r ,  n O n H O c l a l o  C O B I l 8 4 W :  - 
p = ~ ( , y ) = : ~ = , i ,  02 =,&x)=:s2 =b2: ~ ~ u ~ ~ H o c ~  oueruui mcnepcm.' nym U M & ~  cnyqanyro 

'17prmrep 3.33. 0q&E.IBaH~fe MeTOnOM MOMeHTOB SKCnOHeHUUaJIb- 
nmHHY X c n f i b ~ ~  PacnPeAene~ue~, HO c M a T e M a m e C a . ~  om- 

H~~ pacnpenene~~ .  &rr s K c n o H e H m a n b H o m  P a c n P e A e n e m a  
W H ~ ~ M ,  P m H b i M  p , U n u c n e p c u e f i : ~ 0 2 .  Torna OU~H* 

UMeeM: 
**o,, " ' 8 "  . - - A , .  . . , , U .  . . _I I . . . 

. , 

&w x>@ r9;!:f:r-. ~ . . ~ ~ J , ~ ;  ,,;, .~ SQ;,!~E.;:I ~ I O I ! .  !~-,j<j 
,Tae. or[eHKa 62 CMeWeHHaS. A 0 ~ a 3 a p 1 b q - m  B ~ B - ~ T O ~ ,  $owe- 

E(X )=,, 
var(X)=l/Lgs: :-,,. ., : .,! ,*, , , ., ,: :!i ,x: l7!!al ;~~~I~~ ? 4 ~ : > ? i .  . nenbm Y n p o w H M  bfOK5T ' 6 ~ b  .,npO&AeHO n e p B o m a J l b H 0  

. . np" ycnoBxu, n = 2, a 3aTeM UHlQ'KTUBHbJM ~ n 0 ~ 0 6 0 ~  pacnpo- 
L W a H e H o  H a  06- CJIW&, KorAa  n 2 2 .  
' Y ~ a ~ e ~ ~ e  C M ~ ~ ~ H H O C T U  A l l C n e p C r i O ~ H o &  o~esm AocTHraeTcR . 
$ W e H o f i  (3.24) H a  M ~ ~ U @ U U H H ~  @ o p ~ ~ ~ ~ :  

' ,#j, 1 .: , , ..?! , , , : , . , ' .  ' 

npencTaeHB BbIlue  pa3JIWIHble MeTOnbI TOYeqHOro OUeHHBaHHR 

c ~ l y ~ a f i ~ m  BemXfUH, 0 6 p a m ~ c ~  K BOnPOCaM K P m P H m b H O r O  Bbl- 

6opa H a u n y . l t u w  n a p a M e T p W f e c ~  OUeHoK. 
nonnme HecMem.ennoeT8 H cmx~Em110em M a T e M a m e c K o *  

o m a m .  nym uMeeM cnyrafi~ym B ~ I ~ O P K Y  AOCTBT0qHOrO 06~m.i~ 
x = (xl, xz, ..., x,,) u c ~ ~ ~ ~ ~ ~ ~ l o ~  m XI  @YHKWK) ~ O T H O -  ~ Y C T ~  H ~ K ~ T O P W  ouen~a Q : = ~ ~ ( x )  ( ~ = 1 , 2 ,  ..., K )  

Hero n a P a M e T P a  Ok CMeureHnaR. Dto oz~aqae~,  PTO: 

E(hk)+@k (k=1,2 ,..., K ) .  



3 ~ y  xe oUeH~y HmbIBaWT acunmmomwecrcu nemewenno;, emu 
. . ., : . . \  

ee CMeIqeHHoCTb UCqe3aeT YmOBUU a*.., T.e, neficTBylar pa- 
; <", 

KHCTBB: . . n W e u u e :  Acmnmomurec~an 3@$ercmuenocmb. . . , : 8 ;  

lim E ( ~ ~ ) = o ~  (k=l ,2 ,  ..., K) 
n+ (C.2 ". ..l. I\ 

A COOTBeTCTBeHHO lim bias(&)=o. 
n--l- 

I lpmep 3.36. A c u M I X T O T U Y ~ C K ~  HOPMaJIbHOCTb O U e H U  AUc- 

nepceu. C P ~ P  WIWqecKpn O I I I U ~ K ~ .  onpec3erewe: Bennru~a 
n y ~ ~ ~  X - ~b160pm IIIO60& BenUWHbl C nI06blM PaCnPwzeJIeHM- MSE:=E[(Q, -ek) l ]  (k=l,2 ,,.., K ) ,  

e~ A u~erotqm xapa~~epuCTlfi(Y AUCnePCAn bZ TOrna R MSE:=E[(@-Q)~I MR K = I  , xapamepu3ye~cx K ~ K  cpen~uri 
*a8pam O I U U ~ K U  ("Mean Square Error") O U ~ H K R  Qk (WLM npo- 

.<..T<>D,.< !>:<, :,>t,'-r, .r 

O n p e h e ~ u e :  Pauloxe~ue ducnepcuu MSE. . ; , , . <.J, .. . . . 
3annmea MSE KaK 

MSE= E[(6-Q)~]=E{[[~-E(&)]-[Q-E(6)]12)= 

=EI@-E(Q)I~ +{E[Q-E(~)]]~ +2~[&-E(~)]E[@-~(6)]]= 

nono6~m sanucb npencTameT PastoxeHue AUCIIepCUM cpen- 
TO KB&4paTAYeCKOrO OTKnOHeHUK. OY~BUAHO, T O  Cpef im ma- 
UqeCKM O U U ~ K ~  Torfit3 H TOnb~0 TOrfia PaBHa HYJIH), K O r - a  paB- 
HYnm nec~epcwr M chfeuenue mmcrusec~oft OUeHW. 

a e r a f~ u e. YCno~ue p a ~ e ~ c r e a  ~ y n m  nucnepceu m- 
1. "-I 

y.SCKofi OUeHKR Uene~006pa3~0 BBOnUTb npU ~ e o 6 x o ~ ~ o c m  
p=o(-xXi)+(l-a)X,, Oca<l, E(g)=b : '  ~ ' t  , :', ti!'' . ! Bennpoemufi cpen~eZi ~eanpamsec~ofi om6m. B cyuaoc~u 

n-l i= ,  YCnOBUe o s ~ a q a e ~ ,  YTO c a ~ a  c m ~ n m e c ~ a f i  OUeHKa nepec~a- 
n n Tb ~ n ~ a l f ~ ~ f i  B ~ J I N Y A H O ~ ~  U YCTaHaBllUBaeTCR JJeTepMUHecTK- 

p=xa,X,,Oca,<l, xa i= l ,  
i=l 

CWM npeM. B aHaJIHTUqec~0%3 ,waKTUKe U3BeCTeH no ~ p a f i ~ e f i  
i=1 

- Koraa M ~ I  UM%M neno He c ~ar60pou~oi1, a c TeHepWbHofi 

; ::; 





I llaparpna nonromuneH il A. Colu~u~osoR n B.H. TardamcsnueM 

penenearn c n y ~ M ~ b r x  ~ ~ 1 1 1 9 k l r i .  B cooTBeTcTBuu c =OHOM 

rrpenenemur o ixeamm MaTeMaTsiqecKoe omai iue  M gucnep- 
cnpaitnoit aenmum X = (XI ,  X2 ... X,), npoBeprtmT pawis- 
craTumeclute runo~e3bI. 3 a u e  xapamepa pacnpeMneHuff 
M ~ o f i  aenmnwbl nomo~txe~ accne&oBawno KoppemHo nomo- 
K npeMeHemm mx m amax M~TOAOB MCA. B r a c m w u ,  

HHM aHmH3 IIpUMeHUM JIULUb B TOM UIpae, eCnM nBe 
~ e ~ r u r m  ( Y  a X)  ~ o p ~ a . i ~ b ~ o  pacnpeneneau. lTpu 

emu m m 3 a  o HOPM~TI~HOCTU pacnpenenem He nogmep- 
j C.MTEPCIf, ST0 IIapHbIa K O ~ @ @ A ~ ( U ~ H T  K O p ~ W W I I U i i  He 

WeKBaTHW OUeHK)' CTeneBU TeCHOTbI CB5l3U. Eonee TOW, W O -  

KZl3HaYWMOCTU IIaPHblX U 9aCTHbXX KO~@$UQB~HTOB KOPpWlIIL(AU 

w c ~ n n f f e ~ ~ f f  npu mx xe npexnocmmx HopManbnocru ux 

ennonoxeeue o ~ o p ~ a n b ~ o c n a  ,pacnpeneneHrn ahtnsaraemlr (a  
6b1~b npo~epe~o!)  npu npoBeprce 'snarmocTa o~ne~~ribrx  
w e m B  perpeccaa no t -~pn~epum C m m g e ~ ~ a ,  a ~ a m e  

pa ouece  KoppenmppoBannocTu ocTawoB no KpaTepum Qap6u- 
B-~UTCOH~.,' MoXHO IQUBeoTU ItpUMepbI M l@yl"SiX .BUAOB mC- 

gene~uii, BcTpenamIusixcrt (a  npoaepxe~m) B xone peanua- 
emgoB MnorOMepHom manma: B nou~amsoZT perpeccuu npu 
@HUH W IICKnIO'leHUU KBKO~O-JEII~O @KTWPHOM lTpH3HaKa 

epacnpegeneaae mumepa; npu r~anu3e ~a6inliU conpmea~e-,  
m r  npomp~u r r n o ~ e 3 ~  o ~anarlau C B X ~ U  M e w  nByMs npu- 

u acnonwyeTCx Benuqnwa, uaefonraa ~2-paonpeameme; B 

HBM ananuse ncnon~~ye~cs~  npenpeartonoxe~ue o H ~ P M ~ ~ ~ H O M  
npeneneami a ~ a s e ~ a t  0 6 m  I#I~KTO~OB ( r j Ias~m K O M ~ O H ~ H T )  

-, Pacnpenenem nonpa3nensmrcff H~ nea 6onburm macca: 
~KpeTIibIk HenpepBIBHble. ,&icKpeTHbfe paCIIpeAeJleHUff OT- 

x a m  npeparsHocTa e ~ a r e ~ w f i  cnygaki~oit senIinaib~, cpenu 
r x  ~aa6anee U ~ B ~ C T H ~  Bn~ofmanb~oe, rs inepreo~e~pu~ec~oe 
&cnpeneneHua, padnpexene~ue llyaccoaa. 

Henpepns~bIe pacripe&eneaurr c o c ~ a m ' 6 o n e e  ~ ~ o r o s t r c -  
d no cpasHeHam c nmxpeTHblMa macc pacrrpenene~ufi. 
IIpeACTaBJMloT ~JIy'lafi~bIe BenUqUHbI, B 3HaqeHU5IX KOTOPbIX 

IlpUOpU HeT IQlOIIyCICOB (pa3pbIB0~). K HeIQePbIBHblM OTHOCUT- 



ta .,-,,.' . , . .  , , ,  , , . ; . : .  , : . .  . If?~~&&,3 
~ ~~ -~ .... ~ . . ,  ". 

clrr H ,EZw@-OE% p~l%pWWIeWU@, KGTOpOe - ~ ~ t % % ~  .H!3ri~tirH'cr,iH 
.wQ&&~; sera.. -a&i 9 . : ~ p e ~ ~ & & . .  ~@pa6@&&.:;k 
arasrrmF'iempP mawe, J3ost\r3wo,: YIB ie: ngiwoutbm: : q ~ a r r b -  
HarB:BpenexeHm. WQXKO' omcaw :nemgnammee b n ~ i u x ~ c r -  -x-1 - 2 5 ~ s - 1  
eo.,p@wao. npo.ucxom~x mgxQuecca8. Kpo~ei m T t m t i a ~ . y m ~ e -  
H ~ W I  s w a  ~~63none~si t .  .H.~~PBRKO~ ap;yrkfe. -mnbi! ~a&~p$aenem& 
II&N$HWl@ BW,HPQM&WHQ~~.! .C:W~TQM c B O F X ; C B ~ ~ ~ T B ~  X O ~ W ~ %  
pappa6~~an@@.m :a,cptwwwibna ~ S ~ O C T O B  @ o p ~ ~ o % . ~ o u ~ p y ~ -  

0 nna npymx 3~a~ennil x . 
pblii: HORMWHOB . paeqpe~ene~ue -umee . ) n p w ~  r .~flefur%row! .B a@m @ynrulnn f (r) nMeeT em: 
&JOC@,SQH@# c i a ~ ~ m a ~ : . ~ B .  ,<rcnw. Henpepbgww. .pacnpefEeaee 
B B ~ ,  &&WF : ~ Q . ~ ~ M ~ v o c o ,  :,U~LWXW~ hq~  :xaqQ . ~ B F Y W (  BE- 
m, pgc&geawen&, Twya~pa.mps~re.nlae, : wcnpeqenwue 
gqam p a e n p e 9 ~ a e ~ n % , , B e @ ~ ~ ~ ~ ~  Paam, pacppememe 'nape- 
a%%$ T:%..$!,.::.. ; , , , T .  ., .!,,. ;+ ,?.: . .  .:: ,,. !,r:, [l ; , :.,7p:,,-.,- , 

, . ! B , s a ~ u e s ~ m  m, mm,-no , w m w ~ p ~ ~ : ~ ~ ~ p a ~ -  
JWHlyri ~ u & X K ~ ~ R H ~ I M ; ~ ,  ;E!EW$CJI~HX~IM~. g W, H ~ t L X T  BMSTSPH- 
q ~ ~ ~ j g t X , ~ $ 7 p ~ ~ ~ y . . ; , .  .: 7 :,';,I .; . ; , : I ( ; . ;  : ! *.<!7 7 (,,<#,..> 

I, . BiwKno8:w~.wrp 4~0,,&1m .@i1fio~ep31.mi a ~ - % f ~ o r o ~ e  
pamrpeawem;: l M i i o r p ~ e g ~ s l e ~ B p : a e e w n ~ ~  .ywimmm;waw- 
Hw-;ymonbl~~rx :r4pwaA~BiiimPapmwao. ,u; ~ p n  I ~ H ~ : ~ U W ~ U T H *  Orrpenennm CooTneTcmymruym f (x )  @ Y K K ~ U ~  pacnpeaeneens 
Y@&kiX~@UWIaKt?l1; rlil&?eBblEEk%QWeM ,3, HC%.W~a.K@C~ w@~vE& )"IafiH~fi BeJIUWiHbI. 
~(pt~epnpmqw.;,: - . : I :  ,. .. ,I:'- i i . , .: , ' , ' 3 L , ,  , , . 8 : ; '  : ;ir . !;.: 
. ?! EWlfi;~~af*. ~ W ~ . ! f ~ ~ h n a T p U , B a f ? r j  6Mbm0!3 XWIO~!P~BBG&- . .. 
m w  pa~dpene~etur&,~aoIca.3bIQaw~d&06~n~i~1:~ rn~ugaxw~e-,  a ~ a c ~ o  onncbl~ae~crr cnyrafi~oir ~ e n u ~ n ~ o f i  co cnef~yrouefi 
%Om. ,Rpw!QlYBkI5iII i %r !: B3aRMmC2 T;BRi& pWIIp@JCWWH~~! ~ q ~ e f i  IIJIOTHOclU B ~ ~ O X T H O ~ T ~ ~ :  
Ur,nWxw. g i 5 ~ ~ ~  <% ! ~ ~ c m ~ ~ ~ a ~ a c n ~ ~ y ~ ~ ~ m s ~ . ~ a r p n ~ ~  rpemmw 
Ms@m%PnmW::q%cA&KBHDW% WqEW@Y1'Wq'R: Z- -:RR- 
ClreqPEgTWR; B~I%@~ % ! Q ~ J E @ ~ ~ ~ ~ ~  ~HP?.;PiWA@!pWe-~ 
tZ%.#- 44(WU3& ;B~"BYT @%?=T@X ~J@E~4iiBWlP,~RBl%Wbni WQ 
I I ~ ( @ ~ C C H O H ~ U ~ ~ H O ~  IIoA~~TOBKB H B03MOXHOCTIIMH paCiIOJl&~- 

W ~ B P T ~ T ~ E F T ~ F ~ C W X ~ : ~ ~ K B ~ ?  ~ ~ ~ W T P W H ~ W  @,Wr +?wcp:;o@~c- 
H%% :?BP~+!K(!;BW;~.Q~,~P:@U.@ 130 ~ ~ b l ~ l l q ~ ~ ~ x @  @SW-: u ,. P(x S 0,75) H P(0,2S 2 xL 0.75) . 
ng?-woW,, ;?$wfl~mbP~ ;i$~a~pa~~scpx7g$w~aeae=m~.:. B ,, , B a~annse  ~cnonb3yfi~e n a p a ~ e ~ p n r e c ~ u e  ~ H ~ ~ ~ H A I I  .q = 1 
H~oxI&&?: .Bp&&X i :$ ' .@K?W&@$& :. C T ~ T H ~ W C K R X  ,.E@Ke!@X 

nporpwi ma 3BM &wmww app~w~eqyx~.ye~giwCme~pac- '1 
n w ? @ w e ~ ~ ~ e  :EM.~&Q&: AWFPSM JE @ ~ P . M : ~ % W G A ~ -  ' 3. O~P~TMMCSI K IIPHMePY H3 XM3HH IKUBOTHUX, CKGKeM, sail- 

, J!~Y@<.>i,5:,~! :::,,.: ,>.,:, , . ,c.e t?:>+-t:.:, :!:.> % ,, ,! ,.,; ': ., ., ,' B. ~ Y C T ~  B HaYanbHOe BpeMrt ( ~ p e ~ a - ~ y n b )  3UIU HaXO&HTCH B 
., . :.,>>," . . ; "r::." ,, . . , . . ,. ... .;. .:!L .., ' :  , a : . :  " : T,>.. :.!':', .,,'>,, ! . . . . xon~ofi nO3UqUU (IIo~HuuK-H~JI~). B MOMeHT BPeMeHH kt, T.e. n0 
..' ...;,-. 
I . ... . 



n y m  nplr  TOM m H n - uenne qucna. K ~ K O B ~  .6yne~ B BTOM 
cnyvae WPO~THOCT~ TOM), YTO 3mq repes ~ a ~ o e - T O  BpeMa (nt) no- 
cne ceoen, nocnenHero npbrxKa o m e m  B ~ O ~ U L I H H  mh? Ose- 
BWAHO, 3Ta BepOSTHOCTb AOMHa YYUTblBaTb B03MOXKoCTb (m+ll) / 2  
npburclcoe snepea I (n - m)/2 npmlcos ~a3aq: (m + n)/2 - (n - 
- m)/2 = m. 

IIo~amuw, YTO pacnpemeHue mpof i~~oc~ef i  ma onpeneneiim 
cnyraEaom ~ecTomxom4emm 3afiqa B m b d f  onpe.mne~m~i? MO- 
MeHT BpeMeHU ~OAYHHIleTCS ~NHoMUWI~HOMY 3aKOHY H IlpN 3TOM: 

P [B MOMeHT BPeMeHH JaaU HaXWUTCX B nO3NUUH m h ]  = 
( . I 0 7 ,  

4. Ypesa~ne pacnpemeaua. Iiycrb oryrai i~as BenwuHa X 
uMeeT nrohe pacnpeneneme Ha %HTepsane [al, bl] u A - TaKoe 
e e p o m m a o e  co6ti~ue, npu KOTO~OM X nonyraeT Ha o ~ p e 3 ~ e  HH- 
Tepma [az, &] orpaHweHue a1 sq, &l; bl, HanpaMep, m HOP- 
~ a n b ~ o n ,  pacnpeneneam: 

I I o ~ a m ~ e ,  YTO ecnu F (x) ec~b @y~-  pacnpeAeneHux Ha UH- 

Tepnane [al, bl ] ,  TO F(xlA) - Q,y~xycrrr pacnpeneneHna Ha w ~ ~ e p e a -  
ae [s, &I 

&ue W'IUH~I. 3 a ~ o n  pacnpedenenua u nnomnocmb eepo~mnocmeu' 165 

I : [ , . ~ o T  ~JIyrlafi UMeeT B 3KOHOMeTpHKe BeCbMa B m O e  3Ha'leHUe, 
PUMep, npM OUeHkiBaHUU X O I ' J I H H ~ ~ ~ H ~ I X  Y P ~ B H ~ H M ~  OH Tame 
OHCTPMPYeT A ~ ~ C T B A ~  nPOCTOP0 IIpaBUJIa JIllHefiHofi ~ p a ~ e p - '  

e 3 ~ a ~ e ~ u e  B Teopuu H w e m o m ,  me B ~ ~ B U C M M O C ~  OT 3 ~ a -  
q~lifi ,  KOTOPble OHM I I P H O ~ ~ ~ T ~ I O T  (60nbune, MUbIe PaBHbIe 
n ~ ~ s e ) ,  ~ ~ O U ~ B O A U T C ~  ~naccu@u~aqux pacnpeaene~ufi cny- 

afiHb1x BeJIlrYHH. B a x ~ e f i m n ~  C TOYKU 3peHUll TeOPUU npn 3TOM 

pep.cmmeTcrr pacnpeneneaue c v (x)  = 1, HanpuMep, ~ K C ~ O H ~ H -  

7. ' ~ Y C T ~  H3BeCTHbI TPH KOOPlIUHaTHbIe TOYKU @YHKIMU IUIOTHO- 

I4 B ~ ~ O S T H O C T ~ ~  

2 , p[x=n2/3(n2  -n- l ) ]=(n2 -n-l)/n , 

I i o ~ a m u ~ e ,  YTO m a  nro6oro n MaTeMaTqvecKoe omnaHue: 
(x)  = 1, a nucnepcna npu n +- He cyqecTByeT. 

1 BeJIUSUHbI P. 
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q = l / 2 7 .  
a) Orrpenenule ypo~enb Kompnaqnn nepeMeHHux X n Y. 
6) $ f ~ n ~ t o ~ c r r  J IM X R Y H ~ ~ ~ B ~ ( C H M M M M  I I ~ ~ ~ M ~ H H ~ I M M ?  

10. W~ee~ca .  (PYWKUWI pacnpeaenem Bwa: f ( ~ ) = e - ~  ut:.g(y) = 1/(l+ y)', 
F(x,y)=yB1xs, ( x , Y ) ~ ~ I ~ ~ I x ~ O , ~ I ~ .  paenpenemam: 
llpn KaKm s ~ a ~ e ~ w r o r  napaMeTpos a1 n a2 F craHoBnTcrr ~ Y H K -  

uneB PaCIIpUXeJIemX 8WX KBWpaTOM C ~AUHUYHO& CTOpo~ofi? 

,, 14. H~ero~cn  cnenyrowue ~ ~ H K Q U U  nnollrocw ~epom~ocxi l :  11. n o m x m ,  YTO @ ~ H K ~ H H  . ~ ( x , Y ) = ~ Y ,  O < X C Y C I  e m  &HK- 
(*,Y? E<[~,IIxIOJIX 

qux ~ ~ O T H O C T U  eepom~ocsrefi. 
Cnen&Te o 6 0 6 q e ~ n ~  nnn cny'IiU1 C (PYHKqUefi f&,y)=ay, 

8 

O < x < y < $ .  
K ~ K  B3sUMOCBH3aHbI KOH~THbIe~JlUYYrHbl i2"U p ? 

, ,, . , .  

12. H ~ e e ~ 3 l  @~HKUYIII: 

f (x,y)= 
( ~ - ~ ) ~ ~ l r c - ~ i r o r ) ~  

Y! A ~ H H ~  m a ~ a  ~ a r n a ~ o  no~a361iraei; YTO name ~o rga  xa- 
rae o s x ;  y=0,1,2 ,... ; O<p<l ;  p o .  

POIITHOCT~~ EI Y T 6  YCriOBHble <rpaHtlYHbie) ~ O T H o C T U  B ~ ~ O I I T A O C T ~ ~ ~  
nMem reoMeTpnsecKoe (c napaMwoM p= Alp, T.e. ~ennqn~ofi ,  
~paTZ&fi M ~ T ~ M ~ T u Y ~ C K O ~ ~ ~  OXUAaHUK) CJTYYahiofi BeJIUYUHbI X )  U 

~ K C ~ O H ~ H U U ~ H ~ ~ ' ( C  napaMeTporx ~$)pacr&~eneiim. 
.. YK n 3 n H v e: npn perueHnn 3a ia~n  cnenym 06paT~Tb BHUM~-  

nUe, YTO @YHKQMII ITJIOTHOCTU B ~ ~ O I I T H O C T ~ ~ ~  ~ ( x , Y )  BKJU$79aeT OnHY 
Henpepblsxyto, a npyrylo RucKpeTHyw nepeMeHHue. McnonmyB~e 



a) llocrpok~e ~a6nurry (~a6nuw K O H T U ~ H U U ~ ~ )  ma onpene- 
neeem 3~ayeHKB @ ~ H W H I I ~  

6) @ B I ? T ~ T ~  Ha BOITPOC 0 IIpaf!OMepHOCTki PaBeHCTBa: 

f(l,l)=fx(l).fy(lf. 
B) R m s  nu n e p e M e e H b I e  Xu Y H~WBECUM~~MK? 
r) B b m c n m  co~~eemoe MaTemmecKoe oxmame 6 (X, Y). 

- - 
C J I ~ L I ~ ~ T  ~ a k i  Tame MaTeMaTUYeCKoe OXMlIaFiUe U JlUCnepCtlIO 

CJIY'Xafi~ofi BeJllnliHIJ 
P e w e H u e: B ~ H H O M  cnyrae M a T e M a m s e c K o e  oxxname 6y- 

a e T  p a B H 0  aynm, a mcnepcus - enuauqe. Ta~o#  pe3y~1b~a~ 
CTaHOBIlTCII OYeBUAHMM H a  PAC. 3.28: 



B n, xe BpeMrr ncxom a3 npueenea~oii B YCJIOBUU 3aaqu 
& Y H ~ I I ~  IUIOTHOCTU ~ e p o m ~ o a e i i  f (x) M ~ I  n o n p n M  06nac~b a- 
pa: 

= 0.5 [ exp [ - - ( x ~ ) 2 ]  +exp [- g]] + -[- $1. 

10, npn zpymx ~ H ~ Y ~ H I I I I X  x. - 

r4e p - nOJIOXCUTeIlbH&l KOHCTaIiTHL111 BeJIU4AHa. 

~ P U  YCJIOBWU, TtU UMemCII  naHHble B b I 6 0 p 0 ~ ~ 0 ~  H ~ ~ J I ~ ~ H W  

(2, 3, 0, I),, H~&I-_ MeTOaOM MaKCUMaXbHOrU n ,pa~ono . l (06~  
oqen .~+jr:,:sc~. - .L :~ ; , . : . , ( , : .  ~,?.:y;.,.> LC..  ,:? < .:y'~,- <?,,,!, . ~ , ,  dj) 

I , . : . , .  : :r , , . ,  : .  2 .  . . .. 
20. CnyvaB~m m n i v u H a  X u M e m  Cp- ~ O T -  

HOCTU B ~ P O ~ ~ T H O C T ~ ~  8 .  . , . , t  

: - :  , to, nPu nP+ :qLt-':: <,p:.5:;.c3i>,; ,: .c;, , 
. . 

~ b l 6 0 ~ 0 4 ~ 0 f i  WBOKYnHOCTbIO P.aHHblX C qEICnOM ~a6~110aeHbfi 

n = 4 a MOTHOCT~H) B~POIITHOCT~~~,  C ~ ~ H K U U O H ~ J I B H O  onucbIBaeMoi3 

f (x), 3a~amcrr cnenymme 3~a.ream X: 

21. npon3~enu~e m cnyraiiaot s e n u q m  X, n p n ~ ~ ~ l u o q e k  
n B a  3HaqeHUS U H M ~ X ~ I U ~ ~  COOTBeTCTBeHHO n B e  pa3JIMYHbIe NIOTHO- 
a n  seporr~~oc~eii,  o u e H u s a m e  M a T e M a n n e c K o r o  oHayraeur r  z.i 
ancnepcm: 



C~a~ncmrectuie rrmno~e3b1 V a T  nHclpyMemoM npoBepm 
BbursuraeMbDt TeopeTnnecm npennonoxe~nit. ~ p e n n o n o m e ~ u ~  
M O W  6bITb CaeJIaHbI OTHOCUTeJIbHO IlapaMeTpOB CTaTMCTM'feCKOW 
pacnpeneneam (B cnyvae ~ o p ~ a n b ~ o r o  pacnpenenenm - Mawma- 
TnrecKoro oMaHliX p WIN nncnepcm $1, mrna rwnm3y ~a3b1- 
8am napamernp~reC"ioi, unn mHacuTem.Ho pacnpeneneam W a R -  
~ o f i  BennrmM ( n o m n ~ e ~ n e  ee ~ o p ~ a n b ~ o ~ y  3a~ony pacnpenene- 
HHX, 3a~ony nyacco~a u T. n.) - B  TOM cnyvae npoBepXeMym 
rmcvre3y na3arBam nenapmempurecxoi. 

llposepm crantcnnec~oB rnno~e3k.1 npzqnonaraeT Hanurue 
~b16opowiok COBOK~~HOCTU RariHbIx, K O T O P ~  napaMeTpurecia 
(ceoeii @y~~qne i% pacnpenene~ux) cpasautlamrr c reaepanmofi 
C O B O ~ O C T b I O  VJM Jtpwfi Bb160pKoft. C K ~ ~ M ,  ~POU3BO~UTCII 
CpaBHeHHe CPeEHeNl ypOBHX ypoxakaomu C ~ J I ~ C K O X O ~ S ~ C T B ~ H H ~ I X  
KynbTyp, cpenHem y p o ~ m  3a60neBae~ocmi Hacenem n T. n. Ka- 
KOR-nm6o if3 o6nac~efi pecny6nuia (~bmopowim COBOK~~HOCT~) co 
CpeXHUM WBHeM n0 BCe# ~ ~ C I C Y ~ ~ T K K ~  ( ~ H e p a n b ~ m  WBOKyn- 

HOCT~). 
npu npoBepxe cTaTumsecmx rrmno~e3 ncnm3ye~cn n o m e  

HyJIeBOi% (IIprtMofi) U aJIbTepHiITUBH0ft (o6pamok) wnm3.  npfMcZR 
2ZUlOmP3U (&) RarrReTCR OCHOBHOfi H 06b1'1~0 COnePXUT yTBepWe- 
HHe 06 OTCflCTBPlU ~ ; 1 3 1 1 ~ ~ ~ f i  Memy CpaBHHBaeMbIMU BeJIU'fUHaMU. 
Anbmep~arnueHm zunome~a (HI) npencrameTcX ~ o ~ ~ y p n p y m u e B  
no oTnorueHnm K ~ y n e ~ o R  n rrpnHuMaeTcrr nocne TOW, K ~ K  omepr- 
HyTa OCHOBHW. np~8en,eM RpMMepbI CTaTACTM'feCKUX IXIIOTe3 OTHO- 
cnTenbHo napweTpoB H O ~ M ~ ~ H O  pacnpenene~~oii O A H O M ~ P H O ~ ~  u 
M H o ~ ~ M ~ P H o ~ ~  CJQYafiHbIx BeJIUYMH: 

Hynesare Anamepwarnuwue 
zmrne3u ;wname?w 

HI:C+PO,W~,PCPO+ P>PO 

OKMePHaR cJry- Ho : p, =Po, 
H W  LRHYUHB 

H 0 : Z = , Z o  H, :2=z0  

m &pornom o m 6 m  nepBoro.poaa (a) -;,~*~epmym ~y3ib- 
iryto r a n b y ,  mraa oHa cnpa~cmn~a,  n ~Wporo pbna(p) -- npn- 

HyneBym m m y ,  K O T ~ :  OHa noma. rpa@~r~ectui 8epo~mb- 

H K ~  a x a p a m p m y m  .K~K KpmrecKarr ,(noporosarr), . . a &am,  



I . : . .  .. . .. r,-:. . I , ,  -r.,,. : . T . . , . ? ,  

PUC. 4. I * .IC., 
. ~ , . . , : .>. .,L, i'L, ,on :4 r .  . ,; c..,:. . , ;.: '<,, -"!$I'>.! .,:;>, ; 

p a K T e p n n n K  O U I M ~ O K ,  KoTopbre  AOII~CK~IOTCR npu npoaeprce $$p- 
Te3 (a A $), 06bl'lHo MCnOJIb3yeTCIl a - BepOIlTHOCTb O U I U ~ K ~ ~ J # -  
BorO  pona.' HanBonee paCnpOCTpaHeHHMMlr B ItpaKTkiKe 3 ~ a Y e H e  

a RBJMI(MCIl: 0,01; 0,Os; 0,1, YTO COOTBeTCTBeHHO y K a 3 b I M e T  H a  Be-. 

POIlTHOCTb IIOJly 'feHnIl  A O C T O B e p H O ~  BbIBoAa (1-a), PaBHylo:  0,99; 
0,9S; 0,90. 

K p M T e P ~ W l b H a s l  I I p O W p K a  rMnOTe3bl B C)'lUHoCTM 03HaYaeTi 

c p a e H u w n b H y m  x a p a K T e p a c T u K y  n a p a M e T p u n e c K u x  3 ~ a ~ e ~ n t i  kInR 

ca~oro  p a c n p e n e n e H u a  wryrafi~ofi s e n n s n r l b r .  T ~ K ,  3 ~ a . r e ~ n n  HOP- 
~ a n b ~ o  pacnpenene~aoi m w a H b t ,  p a c n o n o m e n H b r e  B H e n o c p e n -  

C T B ~ H H O ~  ~ J I W ~ O C T U  OT u e H T p a  p a c n p e n e n e H u r  ( ~ a ~ e ~ a ~ w e c ~ o r a  
oxmama p) n anpnopno n ~ e m q u e  6onee B ~ ~ C O K ~ H )  C T e n e H b  ( ~ e -  
PoRTHoCT~) npAHWJeXHOCT&f ~ 3 Y Y a e M o f i  C0BOK)'nHOCTM naHHbIX, 

COOTBeTCTBeHHO 6ynp nPMHUMaTb KpMTepMWlbHble 3 H a Y e H M ,  Eon- 
T B e p W a i o W U e  HeCyWeCTseHHOCTb MX O T K J I O H ~ H U ~ ~  OT &. I ~,, . ~? : * a , %  

'..* C X ~ M ~ T M Y H O  I & I X Y e c K M  BCe MHOXecTBo ~H~W.H.UR HopMaJIbHO 
l g ~ n p e n e n e ~ ~ o 5  cnyraR~oZi B e n n q u r i b r  MOXHO n o ~ a s a ~ b  m e w -  
* w M  06pit30~ (PMC. 4.2): ,-,;P : : . r ! ~ ,  . #,-! .S<,>;J, C :,, .: 

C I I I -- 
t - 

i' f -A-6 x 
0- I _ 1 ? + A + &  '. i 

C '.- X-A .T+A . 

y nepece- 
IMX ee OAHOMep- 

1 cnyrati- 



Kpnwpua~rb~an IIpoBepKa MHOIUMePHbIX mnOTe3 OCHOBbIBaeTCX 

Ha TeOpeTwseCKHX IIOEXOnU, IIpkiHRTblX &VX OnHOMepHOPJ CJIWaR Ef 

XOpoUIO Ef3BeCPHbIX Ef3 KypCa M ~ T ~ M ~ T E ~ Y ~ C K O ~ ~  CTaTUCTUKU. T ~ K ,  rEf- 
ItOTe3a 0 PBeHCTBe BeKTOpa CpenHEfX 3HaqeHEfR IIOCTOXHHOMy BeK- 
mpy, Korna wcno manu3upye~blx n p n s a a ~ o ~  m - 1 u s~avemn  
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~ ~ 0 1  pacnpeAeneHbl HopManwio, ouem&mx no 
t-lcpmpm CTbmaem: 

2-p 
t" =-&, 

S . . 
me, iE - cpemee3traqemie cny~ati~oti ~ e m ~ i m  X= (x,, ~ 2 ,  ... x,,); 

II, - ~aTq~az&ec~oe  omijmnue ( ~ e ~ o m p o e  crakapyoe . m u  
~ a a u . ~ o e  maqewue); 

s - cpefwpe KBaqpapmecKoe. pmnoi-xeHne, OueHeHtioe IIO B ~ I -  

60PO~,Hau\l At lHHbl~~ 
n - OWM B M ~ O P O Y H O ~ ~  coBo&ocm, T.e. kamm,, yram- 

s nposeprce. 
H a 6 n ~ e ~ ~ o e  31iare~ve t-rcpn~epwr cpae~nsaen5x c Kpmu,qe- 

t, npu Z W I ~ H O M .  aj2' iu1~2 - ypo~He 3 n a v r n ~ r u  H wcne  
m n e ~ e i r  c~o6om.1 v = n-1 . ~nnme3a o paBencTse 3 = P (HD : Z = p) 
nampmsaems, ~ o r m  t, < f&, B .g,pyknx cng-larrx aonycKae~~ff oy- 
~eCTBeHHOIX5 p@jlHm .? H F. 

&unrep. 41. Ha, C K I I ~ ; ,  .~a&uga nomym&a ~OI I~UI@ napTnx 
anerrscnnomru corn. n o  cmina~rry cone$ma~~e HamaJlbHoro corn 
B YFaKQBKe, P ~ c c ~ H I ~ H H o ~ ~  Ha 1  PO-, XONIcKO COCTaWlXTb 
&I%, ~ . H o ~ -  - K O H & ~ B ~ E ~ T + I  a ' i u i g e ~ ~ e  h&iq. ~ P U  IIPO- 
BepKe 49 y n a ~ o a o ~  orciwaioch;' ¶'To cpwmk nf3ouem wnepHalHurr 
HaTypanbHom coKa cparcrwecm w m e T  75% npm cpemeM 
KBaspamecKaM onoroHeHmi s = 4%. l l po~epm m n m y  Ha COOT- 

wmBue n&yve~&oit n p o m n i i  d a m  euec~lwl. 
3anuUIehf IIpffMyIo H anb'RPHaTHBHyE0 .%linaFe3bl TI0 yC$lOBUlO 3a- 

A@#: . . 

Ho:X= 80; HI :Z # 80. 
Paccuvr~ae~ 3 ~ a ~ e ~ u e .  c m m c m :  

5 -  7 5 - 8 0 . r  . , t, = -&=- 49 =-8,75 . 
v 4 

llpn a = 0,lO no T ~ B ~ W M  f - ~ p u ~ e p m  C m o n w ~ a  ~ a a e ~  
KpmurecKoe t r~are~ue :  to,o~ 48 = 1,678, T. e. t, > tw Cneno~aTenb- 

, no, M ~ I  He MoxeM c q m ~ b  naprvno corn o~Beramuefi HopMe. C se- 
poRTHOCTbE0 Jl0Il)'CTElTb 0 1 l ~ 6 w  B BHBOnBX paBH0ti 0,05 CJIeLfyeT 
n p u 3 ~ a ~ b  c y q e c r ~ e ~ ~ o c m  pwuqufi wecma  corn, omermqeru 
~ a q a p y  u nonmluero B ~b16opw. 

C WeToM 3HaqeHEf# fw MOI'jT 6 ~ ~ b  PaCCSMTWbl AOBePYlTeJIbHbIe 
( S[HTepBanbtnnn z: j i * s l & - t a / 2 ~ l .  
; 



75 - 0.96 S xs75 + 0,96, T.e. 74,04% + ;575,96%. 
T a m  06)~830~, &Q&p~~6Xb~bI~.p&&Tep8871bl 3 ~ k % e t I H f i  HH; 

Tepecyrorqem nac npu3~aKa. X, o n p e n e ~ m e  ~ ~ ~ H E Q M  . . . .  K O J I ~ ~ I I ~ -  

~ o c m  2 B reHepmbnofi coeo~yn~oaw, & p n o ~ p ~ : 3 a n m o m  
-em <p 1 8095). J ~ O ~ T F S ~ ~ ~ T C R '  paRecc.enak~b38 B~EEUA o He- 
COOTBRTCT~~U ypo~m ~ ~ e c r m  c o q  ~ n o c ~ a & e r i ~ o 2 t  . . rrap~nu ~ X H -  ,,, . . , . , . . 
napir; 

B MHOMHOM w l y ~ a e  m e e l  .&mo j%ce c m--1: f&lt6M B ~ ~ ~ O P O V -  

rn ~ ~ , u o c , ~  ~ , e .  ,. +c~opo~  . . , . ,  o p e m ' 3 q ~ e d :  XI,  = 6 3 ,  G ..:, .Q. 
&& 2 cpan- c o w  *M !-&' = @I, hzr ...; .. ~ m )  ..,. ~ 

~ ~ X M @ . . F I I O T ~ ~ ~  MMW ~~;,4~,:jE? = p'- .rIpfl p ~ e p ~ a n r ~ y ~ a  
H,:? # p'. , .  ' 

, , , .  

. @ t f i a c ~ o  - mpn- B c e  . j l l  d e 1 . m  
,: '.: 

,. . . . . , . 
~ ~ , , . .  ., . .'.. .. 

c$qCm~~BeHHo ~ T ~ Y & O T . ~ I ~  
~ ~ O ~ H H F  'frl~&+ @? l r p s ~ @ d ; @ ~ l $ ~ e ~ ~ ~ ~ ' $ ! % -  

&&~ ,&nonb33y&jr pi3&~TFfba Wphjlrofi t % r @ ~ c ~ t ~ : ~  . . , , - :  . . , ,. . . ..a ..., . , , ~. 
- ,  , ~. 

, , . ~ . .  . ~ ~ .  . . , .  . . , . , ..,;~~ .: . S  . .  , . : ,.. , 
& 3 ~ 3 e ~  B , %  & a ~  &~LWO .E ~ e ~ y ~ ' . i a r n . . ~ ~ ~ @ j g .  . ,.. . , , . 

2 - 1 -  . . . . t2=.n(js-p)?(,s) . ( ~ - p , ) . ~ .  . , . .  . ,# , , , , .  .,. , 2 .  , : '  . 
_, &nOm~~McR X a p m p u n  W O ~ M ~ ~ H Q R  W @ ~ W Q ~  

!mmaiHu: , !: 
', 

WdecIO 3 ~ a q e ~ m  (2 - p). W M e w - B e m q a  (2 -&),;me . % H 

p, - B CBOW oyepem BeKTOpb! CpeAHUX.E f I 0 ~ ~ ~  3 m Y e -  . , 

.. - 

~etmrp+&HbIbDi, A M i H W K  ~ , kt =kU - ~ @ j , .  , . i l l  . 
. &: a ~ a m 3 e  o 6 m  ~aq%rrxd-&. fenkpwsno& cd.4m~bm;i' emW&a 'I 'meqm H e e  ucm-  xona- 

psiaqw~mym m ~ p n q  no :m6oppaw& G O W ~ C T B :  ,qa??k~ .(a 
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~ - ~ p M ~ e p k i f t  U3BeCTeH KaK K P W T ~ P H ~ ~  

- , H a 6 m e ~ ~ o e  3 ~ a r e ~ u e  ~ , 2  C o n o m n m e T c x  c ~ p m w e c ~ m . ,  

'$iCtrHUDIeMbIM n P U  3 a p a H e e  3UaHHOM ypOBHe BepORTHOCTM a - 
&OnyCTUTb ourw6rcy B BbIBOAaX U YUCJIe ~ R n e ~ e f i  c h 6 0 A b 1  y = m  u 

B a o p ~ y n e  Fe, ,, .-, - ~ a 6 n n ~ ~ o e  a ~ a r e ~ u e  F - ~ p n ~ e p u x  a n -  
mepa Ma u s ~ e m b u r  vi = m w vz = n - m  M H O ~ O M ~ ~ H ~ $ ~  runo~e3a 
b o ~ ~ B e p m a e w x  npw T: <T&~- ,  w H e  M O X ~ T  6 m  IIPUHIIT~, ecnn 

me c p ~ ~ ~ ~ n a '  T ~ - K ~ U E ~ ~  X m n n u ~ r a  xanx- 
a HZ n p o s e p l c y  m n o ~ e s b ~  cpa3y no B C ' ~ M ~  

YKCJfy m aHaJlU3UpyeMLdX I I p ~ 3 ~ a K d 8 .  OAH~KO peaJIbH0, A w e  

pTPU4aHUU ~ O W 3 b I  Ho: = pj, 3HaYeHMff OAHEIX nPI13HaKOB 

M O W  CYUeCTBeHHO OTJIUYaTbC% OT HeKOTOPblX IlOCTOIIHHIJX 3HaYe- 
ma, a ApWe - HecyUeCrBeHHO. B O ~ H I ~ K ~ ~ T  H ~ O ~ X O ~ U M O ~ ~ ~  npo- 
~ e p ~ k  rn1io~e3b1 no ~ a m q o ~ y  o ~ ~ e n b ~ d a n y  n p u 3 ~ a ~ y  wnu H ~ C K O ~ ~ -  
KUM nPK3HaKaM (k '< m) IIpU Y C J ? O B ~  H U W U ~ O B ~ K U ~ I  3 H a Y e H ~ n  
o c ~ a n b m  ~ P U ~ H ~ K O B ,  npencTadnaloruMx omro A TO me narrewe 
nnu npoqecc. L[nrr pemeHnx T I o n 0 6 ~ 0 f i  swak MOXHO UCIIOnb308aTb 

3 a ~ ~ H M f i  Ki)l(~ePUfi' X O T ~ J I X ~ ~ H T ~  T: , H ~ ~ ~ O P . ~ H R O ~ ?  3HaYeHHe K(ITO- 

pkm oueHuBaeTcx  no +op~$re: 

BHBKOB, KpOMe OnHOm UJIM HeCKOnbKlur, )'YaCTBytOUUX B npOBepKe 
l C T ~ T H C T ~ ~ Y ~ C K O ~  I'MnOTeSbI. K O M ~ O H ~ H T ~ I  BeKTOpa C, - HyJIH U enu- 
HUUbl, eaUHUUbl yKa3biBtUOT H a  npU3HaK HJIK npU3HaKM, n O  3HaYe- 

: H H ~ M  KOTOP~IX O c y u e c T m e T c x  npoBepKa rano~e3b1. C ~ a x e ~ ,  ma- 
iJIU3UpYDTCff AaHHbIe no YeTbIPeM npM3HaKaM, ,iiJW npOBepKU I'lmO- 
1 ~ e 3 b 1  UClTOnb3YeTCR OJJRH ~peMh npU3HaK (X3). TorAa d3 = (0 0 1 0). 
: , A o B e p l i ~ e n b H b ~ e  UHWpBaJIbl D I X  M H O ~ O M ~ ~ H O ~ ~  c n y ~ a f i H 0 Z i  BeJIK- 

o 6 q e ~  onpeaeaxmcx no ~ H ~ Y N T ~ J I ~ H O  knee WOXHMM 



~ n r ~ p n ~ ~ a ~ ,  Y ~ M  B cnyrae npomprcu o n ~ o ~ e p ~ o i r  rnrro~e3sr. 3geca B 0 6 ~ ~  c ~ ~ y ~ a e  .fin > 2) coBMecTHIuI f io~ep~mbnas 06nam-b 
cnegye~ BWUTI, T ~ U  B ~ ~ M O ~ W ~ I X  P ~ ~ J I U Y H ~ I X  ~ O ~ I X O A ~ :  O ~ ~ ~ H A Y U B ~ ~ X  nOBepXHOmbK), ~a4aSae~ofi Y ~ ~ B H ~ H U ~ M :  

n e p B b~ P n o m  n p u ~ e ~ u ~  npn p a c ~ e ~ e  m n b ~ o  ~acuioro m(n - 1) (a -w~-~(a-~)=-  
~ p u ~ e p u 1 1  X W ~ U H ~ .  k i c c n e n o ~ a ~ w ~ b  peurae~ M ~ K ~ A W H O  ynpo- a(,, pkm~-m. 

CTUTb 3aAaYy paCYeTa .AOBepUTenbHbU UHTepBanOB A a6c~par~pywrr A ~ H H ~  -YPWHeHUe 39r(ae~ 3MAnCOlyr  C UeHTpOM ( j l , ,& , , . . , j ~ , ) ,  

OT . CyIr(eCl30BaHIlrr BCeX ApyFUX IIpU3HBKOB,. KpOMe OAHOrO. Pelue- H ~ T ~ ~ I I H o  SMeTYITb, YTO n p U  m = 1 U ~ 3 B l X e ~ e ~ A k . i  KBanpaTHom 
H u e  6 y m  3aBeAOMO V ~ ~ H M ,  TaK KaK H e  )"IEllXBaeT KOEaPHaLIHYI KOPHII n3 n e ~ o l  n npawii racreft ypanne~nrr MU BO~BWMM K 
ananmwpyehim n p n 3 ~ a ~ o s  a CB~AUTCX K pBcreTaM no A ~ B ~ C T H O ~ ~  npoc~evilueft @op~yne: 
rrpomir @op~yne: 

S 
X* -'a/2,,r-1 . .& P ~ L U ~ H A ~  S ~ B H ~ H ~  c OIIHOBP~M~HH~IM ~ O U C K O M  no~epmnb-  
B T 0 p 0 if IIOIU(0A IIPUMeHAM W I I  YCIIOBUU T a m e  BbLlWleHI?R EI . 1 HbIX KffTgBanOB QRIl BCeX n? aHBnW3ApyeMbIX npU3HaKOB CBOAUTCR K 

&Bnur3a 3~aYeHWfi  WXbKO OAHOI'O A3 KOMNleKCa IIPEI~H~KOB,'  HO npW nOcneAOBaTWbHOMy OnpeAeJleHUlo C O ~ C T B ~ H H ~ U  nUCen, C O ~ C T B ~ H -  

3TOM nPUHHMaloTCIl BO BHUMaHUe MHOrOMePHOCTlr ClIpafiHof08 W U -  H ~ U  B~KTOPOB, AHXPEWI~HISIX BMUYUH A n p ~ ~ e m  ux K H ~ T Y -  

' I w M  U COOTBCXCTBeHHO IIapaMeTpbI M H O ~ M ~ ~ H O @  CTI~TUC~WI~CKO~~ PZiJIbHOMY M ~ C W T ~ ~ Y .  

c o ~ ~ y n ~ o m - n .  A ~ ~ e p ~ i ~ e n b ~ b ~ e  F H T ~ ~ L W I ~ I  oqpeaemrrolcrr w e c b  c IIpwep 4.2.. W f l p e A n p ~ f l ~ ~ @ ,  wpryrouwt!npoayrcra~n nnm- 
F~TOM o r p a ~ w p a ~ ~ l ~ r u r  ~ H ~ Y ~ H U ~ X  F - k p ~ ~ e p ~ l f  @ U L U ~ P ~ :  : H m  B ~ ~ M Y I H A C T ~ ~ T U B ~ ~ O M  paftd~e, yCWOETeHISI %OpMaTUBHbIe 

s~onokur.tecme no~a3a~enu &@*UBHOM'YL a e m e n h n m :  ypo- 
c'f + m(n-l)xc'.jc x F .  )I12 
1 -( n(n-m) I / "ma-m. . BeHb ~ ~ H T ~ ~ ~ J I ~ H o c T U  T o ~ a p 0 0 6 0 p 0 T a  - 20% U C p e m    par^- 

: BaeMoCTlr TosapHarx 3 a n a c o B  - 12 AH. k n e e  H U ~ K U ~  ~ H ~ Y ~ W W  no- 
T p e T n if ~OAXOA,  orp pa o n p e p e m m  ~e O T A ~ H M ~  un*~- ~a3a~eneft ~ ~ H T ~ ~ € X ~ H O C T U  u c~opocm o60po~a 3arraco~ 03~aramr 

EWIbI, a AOBepATMbHaR 06~1wb, o X E Z I ~ s ~ s & u l m  OAHoBPeMeHHO IIO- H ~ P Y U ~ H U ~  ~ U T M U Y H O ~ U  T ~ B ~ P H O - A ~ H ~ ~ C H ~ ~ ~  o n e p , ~ ~ f f  u O ~ ~ C , H O ~  
CHUXeHUe K O H K ~ ~ H T ~ C ~ ~ C O ~ H O C T U  I ' Ipe~fipXkrU~~:  ' 

Pettm6enwofm~ Dpodolurumenwocm~ obopoma 
m r n W p o m i r ,  % mnPapkaa ~ O M C O ~ ,  an. 

12 

, PUC. 4.5. ~ e c m n a a  dwepumenwan 
odnocmb +mi aeyx 

mYa(umuuewnx npumme XI u Xz 



mfn-1) T& =- 
2(10- 1) 

FO,O%. = - X  4,4597 10,03. 
n-rn 10-2 

. ,, , 
, : LQW. ~ H ~ Y ~ H X ~ I  mopom n p a s ~ a ~ a  - ' n p o n o n m n a ~ o m  d o -  

E P T ~  ~ B P P H ~ I ~  3anaco~ - -p i tg~brf i  ~ p ~ e p u B  .xo~ennulrra:. , 

, . . .  . i '  . 



z ~2 2 -nt;+n2 2 
s&=Sl+- - -s* .  

"1 n2 "l"2 

Bp~cep 4.3. B & B ~ M ~ ~ G K D M  X O ~ U ~ C T B ~  ~ n p o 6 r p y e ~ c x  H0BbIff 
3, y g o 6 p e ~ m .  q~06b1 Y3HaTb eM) ~ K T U B H O ~ ~ ,  n o &  OIIbITHbIe 
nocew 3ep~ci~bIx B x q e n e ~ o '  40 ~ ~ J I U H ~ K .  Ha nepeoM O ~ I T H O M  wa- 
cTKe - 15 &enUHKk3X - BHOCMIMC~ ' ~ r a p b ~ e  yjl06pe~UR B nOJWeH- 
HI& y p o d  ouemBancn c p e n ~ e f i  senumo8 18 rr./ra. Ha 25 ne- 
mHKax - 6TOpOM PaoTKe - 6- BHe%HpI ,HO+e ,YAD%~HUR I3 
c p e n ~ u i  ypow~b y p o x a i ~ ~ w u  o u e m m c i r  20 4/ra. dpcnnae 
KsaspaTu.tecme O T I & O ~ ~ B  rpbrme. y p o d n o c % . n ~  nepeoMy I3 
BTOPOM~ O ~ H T H ~ I M  J l i I a c m  C O O T B ~ ~ H H O  ~ B H J I W  2 u 3 LI/I'B. 

C B ~ ~ I I T H O ~ I O  IlOnyc+riTb om6ky B BPBOJW 0,05 c n e m  OT- 
B~TUTS Ha BOrtpOc:: cnysa#mo n~ pacxoxneme B y p o ~ ~ e  ypoxaiI~o- 
CTH Ha o ~ h 3 T H b ~  JliIaCTW a @ ~ T B u T ~ I ~ ~ H o  nw ROBble y ~ t 0 6 p e ~ u u  
CYlrreCTBeHHbIM 06paW lTOBbWaKm ytJOmmc~b. ~ ~ P H O B ~ I X ?  

ii - 3,773 ?; 2 Z - 0,227. 

aBeHCTBe B€XmpOB CpeAHllx ~ H ~ Y G H U ~ :  - - -  - - -  
Ho: ( x I ~ x ~ ~ x ~ ~  . . . ~ ~ m ) = ~ ~ ~ ~ ~ ~ 2 ~ 2 ~ . . . . ? 2 m ,  - - -  - - -  
.xi : (xilxl2xi3 ...z,m)*x2,xzxz...x2m , 

""B3i3~ene~  B KBwpaT 06e nacTu pasencm u neperpynnupyeM 
~e-I B ero npaso2 garnu, nonylrM r 







1 90 Tnaea 4 

Moxm 6- ~ ~ 0 m . p ~  ~ u a r n o c m ~ a  sa6onesmua CTaHOBUTCsI ro- 
pasno &nee TOYHO~~, emu XapaKTepUCTUKY COCTO- ~ ~ o r o - n H 6 o  
OpraHa (panpw~ep, nesesu). ~ o n o n m m  c m m m m e c m ~ ~  OUeHB- 
m C-B c x a m p u ~ u w  cocro~~~ux.  ~ p y m  . o p m m  icepa- 
qa, nOqeK, IIelrrpanbHofi nepa~ok C U F M v  U ~a.). :O~p j~~a~nbHbI f i  
imp. o 386one~mun ho3Bonm cnenaia IIpbepKa runO'f€sM 0 cY- 
qeCTBeHHOCTU pamiwia I I ~ U ~ H ~ K O B ,  ~[ononHeHHtUI ~ [ p ~ ~ e p ~ o i t  pa- 
BeHCTBa KOBapUa!3UOIiHblX MaTptm pfi myx lpynn nmne8: c ycTa- 
HamuBaeMblM U p e  H3BeCTHblM A U a 0 3 0 M .  , . 

f i x  OAHOMepHblX Bb160pq~blX COBOWHOCS~~ 

Te3bl 06 o ~ ~ o p o m r ~ q  zucnepcuf+ o c y u r e m w  npw n o ~ o u u  
KpNTepWl Bayurnem: 

, *, - 2303 . , 
k 

xH --(n-k)lgs? - 2((nI -1)  lgsf ) 
C ~ .  , . J=l . . 

, , 

. . 

r e  k - sumo nop~mbno pacApeneneHHm B~60poqHblX corn- 
.. ' , , 

K~~HoCI&: . . 
,' , ' , . 

n, -.OGbe~bl w o l f  ti3 k B~IBOPOK, j=o ; 
R - , ... , ,  c @ e ~  , B C ~ X  ~b160rj6q~id COW&H@~ n.= C n ,  ; 
sj -, aucnepcm npmHaKa B j-B ~160poqHOa MrnWnHm,  - , . . , 

j = l , k ;  , , , '  

; st - & ~ ( u H ~ H H ~  (cpWIHS33) no ~h160prca~ . ~ ~ c n e ~ c n f l ,  

1 # '  2 ,$? = - E(n, -1)s) . 
n- k . .I?] . . 

m'$--c~u~kl. KP&eciue 3nise~wr m o m  no 
m m e f i . , 2 - p a c m e m  no .wwniowy W B H ~  3 H a S U M W  a 
aw rnne~ei l  .V = k - 1. Hynem moms o p a H W  ZWcnePouk " WE =0,871 x.13,724=11,9~4. 

2 2 ' . ,, 
~ O H R ~ ;  e ~ m n  Xi aXkv , u  npunuMaercJr, KOrW x,, <xhv. 

p ~y i ,oma iepp~~  .imarm3e' (~opi@na p a m v  &@%C;.k x2 w e -  
e p i q e ~ c s i  c ysgohl. ~oro ,  ?TO ' q a s k r ~ a w ~  KO@PUBU~OHH~I~ 
~ a ~ p a y b l  q~yx m-Gep~boc ~b160po%i$X CO?W&HOC*~~ BMeCTO mmM n~n'B~lo r a n m y  
C+S~OB UCnOnb3yIOTCII morqnapaMeTps~ecme QU~HKU: BemPbI pa6eBCTBe K O B ~ ~ H ~ ~ N ~ H H ~ I ~  Mapxu 
u MgTP-. Kprf~epuk npsio6pem~ smi: W,, =N-21nvd, , 

~ 2 )  m m e ~ ,  wo npu ~ W O M  ypoiwe 3HavMM- 0,05 
. . P m q U c  cyuememo. 
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B b l ~ o ~ b l  
5. ~ O B T O P U T ~  P e u e H u e  3a i zaqu  N94, npu ~ ~ ~ O B A M  T p e X M e p ~ o f i  

e ~ a G H 0 ~  B e l M W H b I  X, K me U3BeCTHblM IIPU3HaKaM XI U X2 no- 

nposeprca c T a T u c r u v e c K u x  runo~e3 npoBonHTcrr  c q e n b m  o u e H -  

KU c o o m ~ ~ m  pacnpenenenurr cnpaFiaoi2 B e n m u r i a r  W3BeCCHOMy 

3tXOHY pacnpenenexurr, a T a m e  coomenrr~m n a p a M + o ~  c T a m -  
cruqe~~oi2 C O B O K ~ ~ H O ~ T M  3apa~ee ~ W ~ H H ~ I M  B ~ ~ A Y U H ~ M  I Z ~ R  naps- 6. I;YA~T JIU ' X ~ T U C T W I ~ C K O ~ ~  C K r t o ~ e 3 a :  

MeTpaM npyIO& COBOKylTHOCTSi. n a p 8 ~ ~ ~ p a M ~  M H O ~ O M ~ P H O ~ ~  COBO- 
' a) 0 P a e H C T B e  AByX KOBapUaqMOHHbIX MaTpAn,  IIpefic~amm- 

KynHOCTM, n0nq~irrnIOLUefiCX HOPManbHOM)' 3aKOHY paCn&XaeneHUSrr, !4m c M 3 B  nPM3HaKOB 3AOPOBbr9 mnek B ABYX r p y n n a X :  H e  IIMCIO- 

s ~ m y n a m  E ~ K T O ~  C ~ ~ A H Y ~ X  3 ~ a r e ~ u R  M M ~ T ~ U L I ~  K O B ~ P A ~ ~ U ~ ~ .  UIIX X P O H U ~ ~ C K O ~  ~ ~ ~ O J I ~ B ~ ~ M O C T U  A c ~ ~ ~ O J I ~ B ~ ~ M O C T ~ K ) ;  

Cymse~wro6 UCTUHHOCTR HJIM JIOXHOCT~ n p o B e p R e ~ 0 f i  W n O T e -  6) 0 H e C Y l q e ~ ~ H H O C T U  pa~nuua8 xapaKTepoB nsyx qerrose~? kI 
3Ld ~ O I L W I I  H a  OCHOBe W U C J I e H H R  H ~ ~ x ~ O ~ ~ H H ~ J X  3 ~ a Y e H ~ l %  Cne-  

UM&JlbHblX KpliTepUeB EI l7OCJIeAYIO111eTO UX C P ~ B H ~ H H R  C 'fa6JICiq~b1- 
M3i (KPEITUU~CKUMU) 3HaqeHUIIMU. Kmecmo n p O B e p W  3WaeTCX 

YpOBHeM a - BePORTHOCTU nOlTyCTUTb OUIU~KY B BblBOaaX. 

n p U  IIpOBepKe CTCTaTUCTU9eCKEfX IXTAnOTe3 lUUI MHOrOMepHbIX Cny-  

q a k ~ b i x .  B F R ~ U H  BOJMOXH~I pamnqaue nomom: u c n o n b 3 o s a H r r e  

0 6 ~ e r O  H qaCTHblX KpUTepUeB C B ~ I A ~ I I ~ H U ~ M  U ~ H ~ J T U ~ O M  Q W U q -  

HbM KOMnneKCOB lIpA3HaKOB, OnpeAeneHUe  A O B ~ ~ U T ~ ~ ~ H O ~  o6nac- 
lTi, d~~a~bl~aIOlII$if O ~ H O B ~ ~ M ~ H H O  AOnyCTuMbIe 3H@IeHwr BCeX 

npU3HaKOB MHOI'OM~PHO& CJIyIafi~~fi BenHVRHbI,U T.H. 

, . 
60npocbl H 3maq# n0BbUUeHIirr a p ~ u ~ ~ ~ c r p a q ~ e t  6 b l n a  0 ~ 0 6 p a ~ a  rpyma 

O n r o T o ~ e H H b l X  p a 6 0 Y I i x  ki no HUM ycTaHOluleH cpen~ufi 
1.  TO nOHAMalOT noA C C ~ ~ T E % C T U ~ ~ C K O ~ ~  wnOTe30fi U K ~ K U ~  Xa- OBeHb BblPaGO'Wu, P ~ B H ~  580 1IeT. Mom0 1 7 ~  B B O ~ U T ~  HOB~IB 

p a ~ ~ e p ~ r s e  n p u 3 ~ a m  AM ~ e e  c y l u e c ~ ~ ~ m ?  M a m B ~ b ~ f i  YPoBeHb BbIpa60TKu H a  npennpnmnx, ~e o n a ~ c b  

, &J~JIHKTOB C P ~ ~ O ~ M M U ?  Pelll~Te 3ZlL(aYy npu 3a.qaHHoM YpoBHe 
2. uw 03~aqae~: ~ P O C ~  A CIIO&~B, O A H O M ~ P H ~  M MOCO- HM0cl-M a = 0,05. 

MepHiUt CTBTUCTWIeCKUe ~ U I I O T ~ ~ ~ I ?  ' 8. Y T O ~ ~ I  OUeHvITb IlpOU3BOnCTBeHHyIo s @ @ e m ~ o &  npemo- 
3. K a ~ o w  pona OLUU~KU MOT 4 o n y c m T b c r r  M YeM o n p w e n r r e T -  ~ H H O %  K B H e n p e H u m  T e x H o n o r u A ,  n p o B e n e x a  n p o s e p K a  KasecTBa  

crr n o m e p H o m  B~IBOAOB npn W B e p K e  c T a T ~ m q e c a i x  runo~e3? m, ~ b ~ n y r r [ e H ~ o f i  H a  C T a p 0 g  U HOBO& aBTOMaTHYeCKEIX nU-  
m, npn ~ T O M  n o n m e H b I  c n e n y I O w n e  n m x b r e  06 y n e n b w o M  sece 

4. ~ o K G K U T ~  rp@U9ecKM IIOBePUTeJIbHYIO 06nam IUIR EBYMeP- 
' 

Onyla lUU BbICluem KaYeCTBa, %: 
HOB CW&~O% BWIUYhHbI: X\= (XI X2), eCJW 'XI - YPOBeHb 0IUlhT0- 

eMKocTa  n p o n ~ u r n  - n p u H v r M a e r  n a p a M e T p u q e c m e  s ~ a r e ~ u ~  ~ - 
= 0,20 C IlpWeJtbHO n o n y ' X ~ h f 0 8  K O J I ~ ~ ~ ~ M O C T ~ I O  (21 ) 2 03; 

a X2 - y p o ~ e s b  s ~ e p r o e ~ ~ o c m  nponywan npn < = 0,s a 

(g - xt2) 2 0,1. 





npB UCCneAOBaHUM CTaTUCTU¶eCKUX COBOK~~HOCT~E YaCTo UpM- 
XOAHTCS u ~ e m  neno c A~HH~IMU, O T K ~ O ~ I O I U U M U C X  OT OCHOBHOM 
MaCCKBa, T.e. C OIIIU~K~~MM, lIJIU B ~ I ~ P o c ~ M U .  ~ P E ~ B ~ A ~ M  npOCTO&% 
rrpmep: Ha Aecm r r p e m p m m  oTpacna nerrcofi npommmeHHo- 
CTU npOU3BeAeIU-I ~ O H T ~ O J I ~ H H ~  PaCYeTbI YPOBHII P ~ H T ~ ~ W I ~ H O C T I I  

n p o a 3 m n ~ ~ ~ a  no moraM paSarbI B nepBoM nonyromn u nonyreHb1 
c n e m m e  pe3ym~a~b1: 

17pednpximue 1 2 3 4 5 6 7 8 9 10 
Ypose~b  pen- 
ma6enbnocmu 
np0ayxyuu,% 15.4 13,2 18,3 47,l 12,O 16,3 65,2 17,4 11,O 12,9 

mime c m a m u c m u w m  oqenwanue 

a nalrHaoc, 3awpxlo~um CTa'Tiie~urecqm c o ~ o ~ y i r ~ o c ~ .  K nep- 
m ~ y  m b c m  ;%&Hare, H e c y r U , M ~ W o  ~ ~ n u U m m e c x  OT 
m, KoTopbIe ~an6onee r a m  BCTperamX B n3yyae~oij CO- 

3ySTtiTaX:% M O W  0 6 p a ~ ~ ~ b c ~  06bm~bh~1 
ec~oro o q e ~ u ~ a m .  . . . ,~ 

.~ . 

06FaWee:urp46bm, onrw6e~~(3awpemfi) nemo nme~rum 

oB c o ~ o l t y m ~  OILIU~OK n.,,oue+Icg napaMeTpOB no w- 
a ~ ~ m . , a ~ a ~ e ~ m .  BTO~OP noAxoA n p e ~ r r ~ ~ m a e ~  B 

ae c ?rpy.W, aqu61colt, samenew& u&~oc;'3@sem~@ 

OW@UK~UKS JlaHHbUL:T%UM o6pa301.t; ~ 0 6 ~  U C = K ~ U @ ~  
15 nolIy.wr HopMmsHoe pacn$Ceneme o HyJreBbIM .Maw 

CKUM; omafwew ~ w m .  wrx HeKoTopm.m&crm rpflblx 
B ~ ~ U ~ T U B H O ~ ~  BernmvnrsI x cyMMa C 5 nptr6-ax KHY-  



s - B b 1 6 0 p 0 ~ ~ 0 e  CPeIIHeKBILIIpaTM4eCKOe OTKJIOHeHAe c n y Y a B ~ 0 f i  

BenMWfHbl. Anz s T a m e  IIpeAIIOqTMTenbHa OUeHKa IIO MCTMHHbIM 

naHHbIM, B IIpOTMBHOM CJ IWae  paCYeT lIPOM3BOAMTCR, KaK M B nep- 
BOM CJIyqae, IIO naHHbIM ~ce f i  B b 1 6 0 p 0 ~ ~ 0 f i  COBOKYIIHOCTM. 

H~~J I IO~WHH~I~  3HaqeHMII T-KpMTePMR CpaBHMBaIOT C IIOPOTOBbI- 

MM, 3WaHHbIMM COOTBeTCTBYIOlUHM paCIIpefiei leHKeM. n p O ~ e p ~ e ~ b 1 e  

lIpA3HaKOBbIe 3HaqeHMII OTHOCRT K KJIaCCY B ~ I ~ P O C O B ,  eCJIA TH >TYp 

(TKp =Ta,h ). E C ~ M  T, <T,, , TO CqMTaeTCR, YTO 3TM 3Ha'XeHMR HeCy- 

UeCTBeHHO OTJIMqaIOTCR OT npyrMX naHHbIX M H e  6 y w ~  n a B a T b  CMnb- 

H o r o  k i c K a m a m q e r o  3 4 a e ~ ~ a .  
K p E i ~ e p M f i  rpa66ca IIpOCT I4 n e r K o  npHMeHMM B aHaJIM3e, HO KaK 

YCTaHOBJIeHO, MMeeT CYIUeCTBeHHbIe HeXOCTaTKH. B YaCTHOCTM, MC- 

CJIenOBaTeJIM o 6 p a L U a I O ~  BHMMaHMe H a  eTO HeiIOCTaTOYHYIO TOYHOCTb 

(WCTO n a e T  BeCbMa rpy6b1e oL@HKM) M, IcpOMe TOrO, OH 4HeYYBCTBYL- 

TeJLeHx K M a C K M p p 4 M M  ~ C $ @ ~ K T ~ M ,  K O r n a  B ~ I ~ P O C ~ I  rpYIIlTKpYIOTCII 

iTOCTaTOqH0 ~ J I M ~ K o  APYr OT APYra B OTAWleHHOCTM OT OCHOBHO~ 

~ a c c b l  H ~ ~ J I I O ~ ~ H M ~ ~ .  , : . t..  . r.~., , \  \ a  , , -&I.,, .I 
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i=I 

Xi - B b 1 6 0 p ~ a  i Ha6n IOf i e~Mf i  IIO K ~ K O M ~ - ~ M ~ O  OAHOMY, J-MV 

n p ~ 3 ~ a ~ y ;  
- 06'be~ ~b160pm; 

& - WiCJIO ~ a 6 J I I O f i e ~ c l f i  C pe3KO OTKJIOHRMIQMMHCR 3HaYeHMII- 
i t< .  , MEI IIpM3HBKa; 

2 - 0 6 4 Z U l  W R  ~ b 1 6 0 ~ 0 ~ ~ 0 f i  MBOKYIIHOCTU AaHHblX CpeAHRR 

senmma; 
jEk - CpenHILR, KOTOpylO paCCqKTblBaIOT 110 n - k H ~ ~ J I I O A ~ H M R M ,  

OCTaIOlUHMRCR lTOCne O T ~ ~ ~ C ~ I B ~ H M R  k r p y 6 b 1 ~  O I U M ~ O K  

I :  n-k 

,?h - ,  z x i  
<CBepXyD p?iKXEpOBaHHOrO pma AaHHbIX: ? - 

k-?' 

'.', , 
C", . 

, , E(.i -?kl2 "," 
X I ,  

s .  E(xi -?)2 , . 
'' ' i=1 

- CpenHRR, paCCVMTaHHa5l IIO n - k H ~ ~ ~ I O ~ ~ ~ H E Z M ;  OCTaIO- 

$ LUHMCR IIOCne 0T6pacb IBaHEZ k rpy6b IX  0 1 1 ~ 6 0 ~  <CHH3y>>: 
y,..:; n-k . . , .  ~ 

O! Zxi _ .  I , I  , . .  ;z _ i=k+l q,? f v . . ~ ~ ~ ~  .,a, , < 
k - x '  

bk E - K p l f ~ e p H B  MCIIOnb3yCTC%, K O r n a  B B b 1 6 0 p ~ e  MMeIoTCR IIpeA- 

OXMTenbHO rpy6b1e oma6m C H ~ H ~ O J I ~ U I I I M A  A HaEIMeHbUIUMM 



n-k' 

C(.,-%)Z 
E= '='+I 

i=l 
r e  Tk, - CpejlHIIX, PaCCYUTaHHW no UUCTUHHbIMU AaIiHbIM IIOCJIe 

d p a c b l ~ a ~ l l r r  H3 B ~ I ~ O P W  HaUMeHblUUX (k )  U HPU- 
~OJI~I I IUX (k') 3 ~ a ~ e ~ m  ? a c o p r r r o ~  c o s o ~ y n ~ o c ~ b  AaH- 

n-k' 

c x i  

Bce TPU KPU'EPWIf L, L' U E ITMeIOT T ~ ~ ~ J I u ~ o B ~ H H ~ I ~  KPU)IITEIYe- 
CKMe 3HaSeHWIf AjlR WaI iHOTO YPOBHSI 3HaY£%MOCTU a n p U  113BeCT- 

HOM c&e~e Bb160pKU n u npeAnonaraeMoM mcne OIJIU~OK k. Emu 
Ha6nIoLle~lib1e 3HaWHwr K ~ U T q l U e B  OKa3bBaIGXff MeHblUe nOpOI'0- 
BHX Ca,k ,  TO OIIIU~KU B A~HHHX, noAffipraeMbre r rpompKe,  n p u 3 ~ a -  

WEII W ~ ~ ~ L M A ,  C y l U m H H O  OTKIIOHXIOrUElMUCII OT OCHOBHOrO Mac- 
cum nmm. npu L, L', E>C, ,  nanHbIe I w n o T e m e c m i  npemo- 

:>&I @opwne k - w o  rpy6m OLIIU~OK, k r an - 4enm n a m  
n p o u 3 ~ e n e ~  m, me n - o&ae~ ~ ~ 6 0 p o ~ ~ o i i  COBOK~IIHOCTU, a 

HeKOTOParr @YHKUm BeJIUYUHhI 3aCOpeHUSl B b m O p W  6. 3~ane-  
a HaXOAXT no CneqUaJIbHbIM l ' a 6 J I U q a ~  (CM. T ~ ~ J I .  5.5). 06z.1~1- 

a ~one6ne~cn B npeaenax OT nym AO 0,5. 

. llo a ~ ~ ~ o r u u r  c oueHKaMEI T(a) a W{or), T.e. t x m w r c m ~ ~ o  IIO 

seanoii c o ~ o ~ o m i ,  mi B E I H ~ O ~ E I ~ O B ~ M  A ~ H I J M ,  MOW 
b H a Z t q e m  H e  TWKO c p e m e  Be-bI, HO n myme o u e m  

e T p o e  cra~ucmqec~ofi C O B O ~ H ~ Y I ,  nanpmep, sapxaquu, 
, MeAUaHbI U T.n. 

~ b 6 o p ~ a x  c CEIMMeTpmmIM pacnpwene- 
rpyBhle oIIIH6m rpynwpyroTcf f  npEiMepHo 

COBOKyrrHOm. 
Y Z E  Ha3BaHHbIMU MeMAaMSi p06&TH01\3 OUeHUBaHWZ, 

o K o e  pacnpocrpmeme HMeeT m a ~ m i i  K n a c c n q e c w M  nonxon 
. OH HanoMHHaeT n p o u e q y p b ~  IJJM n o c n e a o ~ a m H o r u  rynyq- 
P AaHHbIX nt7 BUHBOW. ~ P U  3TOM UClIOJIb3yeTCII HeKOMpiU 
HaR BeJlUYlTHa k, O n p e A W e M % I  C P e T U M  CTeneHU a3aCOpe- 
cra~ucmsec~oii w s o K y n H o m  5 u onpenenwow mar MO- 

m u u u  pe3m mnu'laMIuMcx ~a6nmeHEdt (CM. ~a6n. 5.6). 
Onema cpe~ael wnmwm.1 no MeTony Xy6epa UpO&f3BO~UTCfl 

6 - yc~ottsu~an ouenKa, onpenexReTclI  npu n o M o l w  mepams- 
H n x  npoue,qyp; 

k - BCnWHHa, K O M W  AOIIyCKaeTCII B K~YecTBe OTKnOHeHMR OT 

. uempa c o m ~ y n ~ m ,  n p u H n M a e T  n 6 c r o m ~ e  3 ~ a ~ e m  



c y r e T o M  y n w r b a o m  aeca rpy6buc o m 6 0 ~  B c o ~ o ~ y n ~ o m  

na=m 5; 
n, - YiiCJIeHHOCrb rpyIInbI ~a6n1o~e~u i i  U 3  COBOIcynHOCCU, OT- 

XE'4aIOlrWxCI1 HaBMeHbIItMMU 3HaYeHEIRMU: X I  < 8 - k, UXU 

3HaWHwR B UHTepBaJIe (--; 0 - k); 
a - YHCneHHOCrb myIIIibI H ~ ~ J U O A ~ H &  113 COEOQ'IIHOsTrr, OT- 

m r a l o ~ c X  n a ~ 6 0 n b n ~ ~ a  ~ H ~ Y ~ H W M H :  X, < e + k, mu 
- ~ H ~ Y ~ H I I I I  B unTepsane (e + k; 0). 

lips pacyemx no npnwea~oi i  s b n u e  4 o p ~ y n e  B KasecTBe  Ha-  
Y a n 6 H O l  OU@iKU 0 MOXeT Q U H U M a T b ~  06- CpeAHaR apU@iMe- 

TUYeCKiW UJIU MeAUaHa, OUeHeSHiM lI0 BbI60pICe. ~ M C M  H a  ~amqofi 
I lTepaqHU rrpOEI3BOAUTCX P W e J I e H U e  BbI60jlO¶H0g GOBOKyIIHtXXW H a  
'IpU Y a m .  B YaCT5 IIOIIaPaIOT UUCTKHHbIe* nPEI3HaKOBbIe 3Ha- 
YeHEIB, KOTOPbIe OCTEWTCX a 3  H3MeHeHUX (k - 01 < k). B W Apy- 

rue sacTEI co~orcymrom (m x, > fI + k a .q < e - k) n o w a m  
u o m ~ 6 m * ,  OHM H e  W ~ = A  US paccMcnpes iu f i ,  a ~ ~ M ~ ~ H Y ~ C I I  
COOTBeTC'fBeHH0 H a  BeXUYUHhI Xf- k U X, + k. no UUCTlHHbIM, U MO- 
A H ~ , w U ~ O B ~ H H ~ I M  ABHHbIM K W ~ &  pa3 O n p W e l l W W  HO& OUeH- 
K a  ~ p C Z H e f t  6 E UTePaI@iS ~ 0 3 0 6 ~ 0 ~ ~ .  H E p m M U  IIOBTOp5IhXCX 

no  ex nop, n o K a  B C ~  ~ a 6 m o ~ e ~ w R  ~d O K ~ ~ B I B ~ I I  B KHTepBane 

UHCTLIHKbIXO 3HatIeHUii: ]xi -0lck. 

'?:'Ha OCHOBe IIpUBeAeHHbIX AruIHbnr H~L%I(~M 06bPIHhIe  OUeHKM. 

& e & ~ e f i ' U  IfJiCIIepCUU U Y C T O ~ ~ Y M B ~ I ~  O W H I M ,  Y9I.iTbIBaIOUUe H m U -  
@We B A ~ H H Y X  rpy61.1~ OUIHSOK. 

B M C X O ~ H O ~ ~  COBOKynHOCTU BbUreMIOTCX 3HaYeHllrr: 100,9; 124,2 
'?3610,7; 4020,l. Morn0 npeAnOJIOXHTb, YTo 3TM LfaHHbIe 3aIlUCa- 

MTbI U 3  i~pJTOl"i rpa@bI OTWTHOCTU UXU, HaKOHeU, 
m p O A a  C pe3KO OTJIktvaIOlUKMUCX OT OCHOBHO~~ COBO- 

HOCTM CBOMMU 3 K O J I O ~ W K t i M I I  XaPaKTePUCCHKaMU. ~ P O B ~ ~ U M  
U nruIHbIe  H a  a3aCOpeHUe*, IIpMMeHMB ~pa~epai i  Tpa66ca: 

B pac'1e~ax' UCnOJIb3OBaHbl o6brr~b1e OUeHKM.: .?= 1349,5 ( x  = 

AJIX a = 0,10 (CM. ~a6n. 5.2), K r p y 6 m  O J J I P ~ K ~ M  cnenyeT,oTHe-  

U ToJIbKO A B ~ '  ~ H ~ ~ ~ H Y I I I :  3610,7 EI 4020,1, FJM HUX Tn > TIP, 
= 2,447. T ~ M  H e  bfCHee OYeBmHO, YTO ABa OCTaBIIIMXCI1 3 ~ a q e -  

US:. 100,9 U 124,2 T a m e  3HaYUTeNbHO OTnUYalOTCfi OT OCHOBHOm 

M q  AaHHbIX. YTOYHUM pe3yJIbTaTbI IIPOBePKU ItpU IIOMOnM 60- 
s y m ~ u T e n b ~ o m  E - K p U ~ e p m  Tui-beHa u Mypa; n p M  WOM 

o n o m T e n b H o  oTHecerd K sncny 0111~60~ Bce  r e T a r p e  s ~ a r e ~ m  * 
ejDTIOII&MeCX B AaHHbIX: 

(919,3-iig~,s)~ +( 96s,s8-i19s,8)2+ ...+( 1507,9-1 195,s)~ - 
(100~9-1349,512 +(1'24,4-1349,5)~ +...+( 40241-1349,5)~ - 

919,3+9658+ ...+ 1507,9 





I ~ n a c c  11 wacc m macc 
[xi-elck x i > e + k  x , < e - k  

(xi >1350,4) x, <1348,6 

H c x o m m e  - 1389,4 3610,7 100,9 10153 1161.7 1285,8 
3 ~ a ~ e ~ n f l  1403,3 4020,l 124,2 1037,5 1186,5 1291,9 

1507.9 919,3 1060,2 1258,7 1307,2 
965,8 1078,5 263,7 

M o n n @ u u u -  - 1388,5 3609,8 101,8 1016,7 1162,6 1286,7 
POBaHHLde 1402,4 4019,2 125,l 1038,4 1187,4 1292,8 
3 ~ a ' l e ~ n n  1507,O 920,Z 1061,l 1259.6 1308,E 

966,7 1079,4 1264.6 
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rouepnoM & a c o p e ~ ~ ~ e ~ i  C O B O ~ O C T U  ~ILHHHX 
He &raename. j ~ ~ q e ~ k , ~  3HaieiMfi, vm,aB- 

t .I - BeXTOp CtpeEUiX ,3Ha4eHUfi PJllI ~ I i a r ~ ~ e p H ~ f i  COB0K)Ruro- 

! I: - rdmpnqa ~o~apiaqnB. 

BO~O~HOBBM Ei?l?paIJUIO IIO AaHHbtM, MOAM@UUBPOB~HHUM lU 
n p e ~ m y u e ~  mare: . F,,l,vz , npampse~oe ~a6n10~enae . ae i tmmm~a npuwaercrr 

M ~ J I ~ H ~ I M .  B ~ ~ O T U B H O M  enpniae, T. e. Koraa FH i Pk,,l,v, , 'onuro- . ., 

,, .. , . ,  . 

maw a ,u 4, n T. 8. 

BTO~OR MTepaUAM OUeHKa 9 6yne~:  K ~bIS&IeHHLSM I'py6hlM OIIIU~KBM B M H O F O M ~ P H O ~ ~  COBOKYII- 

1 U. MOXHO npUM%Rl"T U3BeCTII,&Ie Wll C?&WOMepHOm Gny- 6,  = -(26997,7+(15-15)0*862)= 1350.3 u T. a. 
20 

O~~BKQHO, 9TO aTUI AaHHbIX, A M e I O W X  60nbuo@ pa36poc 3Ha- 

r e ~ ~ i r ,  Yaw0 u~epamfi 6 y A . s ~  AOCTaTOqHO BeJIUKO. 

1 ~ n a c c  I1 macc 111 w a c c  

Ixi-qck x , > t l + k  x , < B - k  

1349,0ei<1350,8 (xi >1350,4) xi <1348,6 

H c x o m e  - 1388.5 3609,8 101,8 1016.7 1162,6 1286,7 
3 ~ a ~ e ~ n n  1402,4 4019,2 125,l 1038,4 1187,4 1292,8 

1507,O 920,2 1061,l 1259,6 1308,l 
966,7 1079,4 1264,6 

Monncpw- - 1387,6 3608,9 102,7 1017,6 11633 1287.6 
m p o ~ a ~ m e  1401,5 4018,3 126,O 1039,3 1188,3 1293,7 
3 ~ a ' l e ~ n n  1506,l 921,l 1062,O 1260,s 1309,O 

967,6 1080,3 1265.5 



llpu 0 6 ~ a p y m e H m f  ~acope~mtg", unu erpy6b1x OIUU~OK*, B CO- 

B o q n n o c m  n m x ,  T. e. 3 H a u e m i i ,  ~ K O  o~nma~~quxcrr  OT Me- 

maHHhIX, UCIIOJlh3yH)TCX IIPUHUEmH I l p O B e p m  ClilTUCTIIYeCKUX ~ d -  
Tm.  Hau6onee ~ ~ ~ C T ~ I M M  H P a c n p o q x w e H H m m  m m x  M ~ T O A ~ I  
n o n c K a  OU&K rpa66ca, T u T ~ ~ H ~  A Mypa. E m  B C T ~ T U C T R Y ~ C K O ~  

COBoKylIHOCTU A ~ ~ ~ C T B R T C J I ~ H O  BbIRBneHbl apy6b1e OU~KU*, TO AJlfl 
YMeHblueHm AX BJIUXHWI H a  aHBJMTFYeCKEIe pe3yJlbTaTbI PeKOMeH- 

AyeTcR n p u M e H e H u e  CIIeQH&TbHblX IIpUeMOB 0 6 p a 6 0 ~ ~ A  AUiHblX. MX 
cyru~oc~b  CBOAUTCB K O ~ H O M ~  n3 ABYX peme~uii: ycTpaHeHnm u3 
COBOK~IIHOCTU aHOMaJlbHEJX H ~ ~ J I I O J ~ ~ H U ~ ~ ,  T. e. YCXeHUIO COBOKyn- 

HOCTU, mu nro&~@maqn~ pes~o  o o n m a r o w A x c r r  3 ~ a u e ~ u i i  c q e n b m  

ykfenbluetilllr omw6o~ B ~ a i - i ~ b x .  n e p ~ o e  penreHAe n p e n c T a a n e H o  B 
nornone nyan~ape, mopoe - B nowxiax Xy6epa u B u H ~ o ~ ~ ,  npu 
3TOM CaMO M3MeHeHRe AaHHblX, HaIIpaBneHHOe H a  MMHlTMU3aUUlO 

omii6~r.i B HAX, OIIpeAWXeTCSI KaK BHH30PRPOBaHMe. 

l l o n p e ~ u e  y c m i r s s s b ~ x  x a p a m e p u c r u K  cra~ummec~ofi com- 
KYnHOCTEl HOCUT Ha3BaHAe P O ~ ~ C T H O ~ O  OZleHABaHUR. 

n p 0 ~ e p K a  ClXTACTAYeCKHX lTinOTe3 R ~ O ~ ~ C T H O ~  OUeHABaHHe B 

3KOHOMH9eCKXX RCCJIeAOBakYIIM EIC~OJTh3yH)TCII 'IaCTO KIlK (X1MOCTOII- 

TenbHare c T a T u m s e c K n e  n p s e M b r  B p e L u e H m  3ana-i o u e r l x m  Kaqe- 

CTBa TOBapOB, OileHKU WeKBaTHOCTYI 3WaHHbIM nPOA3BOACTBeHHbIM, 

TeXHOJIOw'4eCKUM, 3KOJIOrR4eCKUM Y C J I O B W  R T, n. ~ ~ ~ A C T ~ B J I ~ H -  

Hble MeTOAbI B KOMnneKCe C APWUMU CC~TIlCTAYeCKElMll MelUAaMM 

n o 3 ~ o m  n p e 4 B a p a T e n b n o  a ~ a r r n 3 ~ p o a a ~ b  ~ a 6 n m e ~ ~ b 1 e  3~are- 
HUR X a p a x T e p m  IIPA~H~KOB, B~IIIBYIT~ B HMX H e w o m e T c m m  A 
r p y 6 b r e  OUIA~KH, ITpOBeGTU M O W ~ U W U D  AaHHbIX, IIOBBIIlIEUOl4YK) 

mMORHHOCTb E I ~ ) " X ~ ~ M O &  C D B O ~ H O C T U .  

Bonpocbl m 3a4larw 

2. Kame cynrecTBywr nomo~br n p ~  o6pa6me r p y 6 ~ x  O I U A ~ ~ K ?  







6.1. B B e ~ e H n e  B M H O X ~ C T B ~ H H ~ I ~ ~  KOPpeflRL(MOHH0- 
p e r p e c c w o ~ ~ b l f i  aHaJlM3 

K ~ p p e ~ q % ~ ~ ~ ~ - p e r p e ~ ~ ~ o ~ H b l f i  aHilJlR3, KaK U3BeCTH0, XBJIR- 

eTCX OJiHHM 113 ~ a Z 4 6 0 J I e e  UlUpOKO PaCnPOCTPaHeHHblX kl rn6mx 
IIpUeMoB 06pa60~m CTaTUCTWYeCKUX ABHHbIX. E ~ o  IIOIIBneHAe CBII- 

3 b I B m T  C HMeHeM ~ m H f i c K o r 0  UCCJIenOBaTeJTX Qps~cuca raJIb~0- 
Ha ,  npepnommem B 1795 r. T e o p m u q e c m e  OCHOB~I p e l p e c c n o H -  

H o r o  MeToAa, a B 1801 r. p a c c 9 m a B u r e r o  c em noMo1nk.m T p a e m p a m  

n o n e T a  nnaHeTbr  Uepepa. I / l s ~ e m ~  T a m e  m e H a  O m c ~ a  Jipa~e, 
~ Y C T ~ B ~  Teonopa @ e X ~ e p a ,  Q ~ ~ H C U C ~  ~ I X B O ~ T ~ ,  BbICKa3blBaBIIIUX B 

CepeAllHe-KOHU.0 XIX B. IIePBbIe UAeH 0 KOJlUYeCTBeHHOM U3Mepe- 

m a  cm3eB a B n e H u f i  B pa3~oe BpeMIi H ~ A  ~ e o p r i e f i  a~anw3a pa6o~a- 
nm H ~ B ~ C T H ~ I ~  B 06nac~u ~eope~nqec~ofi  c r a m c T u m  )nIeHHe: Kapn 
Qpunp~x raycc, Arirrp~aa  map^ J l e x a ~ p ,  Kapn ~ B P C O H  H np. 

Hm6onee IIpOCTOfi @0p~0fi KOppeJIIIUUOHIiO-perpeCCAOHHOr0 
a H a n m a  u e m # T c n  napam K o p p e m u m  a napxan perpeccm. MHO- 
~ O M ~ P H ~ &  ananns, KaK B3BeCTH0, O T J I H Y a m  npOUeDJpb1 0 6 p a 6 0 ~ ~ u  
MHOXeCTBeHHbIX XapaKTepBCTIIK, KOMnJIeKCHO ITpeACTaBTIXFJUUX 

iNaUMoCBX3aHHbIe IIp113HaKl4 ( o ~ K T ~ I ) .  n p k l  3TOM B MHOXeCTBeH- 

HOM p e r p e c c u o H H o M  a ~ a ~ r ~ 3 e :  
MCCJIenyeTCX 3aBHCMMOCTb pe3yJIb~aTUBH0fl BMU'IEIHbI - OT- 

IUIBKa 0 OT HeCKOnhKAX He3aBUClfMbM IIepeMeHHbIX - IIpeAilKTO- 

pOB (X,), T.8. 

Y = f (XI, X2, X3. ... , Xm) .+ 5 ; 
BbIAMReTCX IToHXTEe ~11CTOfi pe lpeCCUU - 3aBUCMMOCTU MeX- 

,5y HeKOTOpbIMB IIapaMU IIpeaXKTOpOB H3  BX MHOXeCTBa IIPM YCnO- 

BUM HUBeJIHpOBaHUR neflCl'BWI OCTSUIbHbE IIpeAUKTOpOB; 
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W e H T o B  s a C T H 0 8  K O p m U n  rv MOXHO IIOJlPUTb naHHbIM U3- 

semi08 ~ a p 4 b 1  napmrx ~ o p p e ~ c a &  R: 

mge A~ K A~ - andpamecme poponne~Wr K C O O T ~ B ~ ~ ~ J S U M  

3JIeMeHTaM M a T p a u u  napam ~ o p p e n m  R 
~ H B K  ~03@@U&AeIiTy T ~ C T H O ~  K O P p e J U I U ~ P  IKpYICBaB?aeTCII CO- 

r n a c H o  3naq cooTBeTcTByI0uxei-o ~ o ~ @ @ n w e m  P e r p e c c u U  B nu- 
~ e h o a  MOAWA. 

Ko~@&~LM~HT M H O X ~ C T B ~ H H O ~  KOPPeJIWPU & I I p e A c T a M l e T  

~0608 vEICjleHwyIo X~pmIepUcTKKy CKnH CBII3U pnolm '20 BCeMK . 
IIpeAUIcropaMII. Emu.mcwaecnta M a w u u a  napnblx ~ o p p m ~ 8  R, TO B b I n O n H l l ~  ~nepauaro yMHoxeHuR u n p o ~ ~ @ @ e p e ~ q ~ p y e ~  

V ~ F ~ H H O ~  BbIPaXeHlE  OTHOCPTeXbHO napaMeTpa  B: 

r e  (R I - onpenenn~enb M ~ T ~ M -  n a p ~ m  ~ o p p e m ~ ;  1:' -xY=-BXX u B = ( X X ) - ' X Y .  

lRjl - MUHOP K M a T p n u e  napnbrx ~oppenrr~tir8 R. B M a T p a q e  R 

BbI ' lepKUBaKmI ,worn A CTO~~~L[,,.,~~~ACTBBII~IOWA~ X a p m p x -  
m U K P  C m 3 B  C j-M' UpA3HaKOM, BbICTyn;UOUUM B Kaqec~LIt? OTWlPKa 

KmQxpalrtlem M H O X ~ C ~ ~ ~ H H &  A e W p M U H W P P  lpb2 - 9klCJIeH- 

padmefi B c e x  n p e w r c r o p o B :  

B a~mu3e  ~ c n o n b 3 y e ~ ~ n  Ma-rpaqa BuAa x,, TO B XOAe pe- 
nn PerPecCHOHHOrO y p a ~ ~ e ~ u n  H a x o m  ace bj, V o M e  bo, a 3a- 

K 0 3 @ @ w l l e H ~ b I  M H O X ~ C T B ~ H H O ~ ~  K O P P e J M 4 H ~  P fieTepMll)ia- hl BblsPCWloT KaK pa3HOCTb: 

qna rrpenmamxm cobofi oqeam c m b r  n m e t t n ~ x  cm!M my- 
qaeMblX Upa3HaKOB. e 7 - cpenxee 3 ~ a r e ~ u e  OTKJIaKa; 

Ko?@@UI~U~HT H ~ O U ~ ~ A ~ ~ ~ H H O C T ~ I  - YPcJleHHm Xapar(TepHGTU- 

m nonu Bapuaqm m u m ,  H e  nodsalouxePcn 06'b~c~enam sapna- 
' - - - 

f - B ~ ~ O P  c~eraulx 3 ~ a w . d  n p e n m p o B  x = ( X I ,  x2 ,..., x,,,); 
lJUea rrpeAHKTOpO8: = 1 -h2. 

Mbl CBmU P3waeMbIX nPti3HaKOB. HaXOAST BCe MHOXeCTBO UapaMeTpPYeCKAX O T H O K ,  T.e. non- 
Hax6onee npoam.4  ~ C C O M  perpeccnoawbm ~onene8 RLWUOTCX 

P e ~ e c c u o ~ ~ ~ e  y p m H e H P e  $' = XB Ha3blBaIOT YPaBHeHUeM B.&- 

IU1bHOM ~ a c m 6 e .  Em K O ~ @ & I Y I ~ ~ Z ~ H T ~ I  I I O K ~ ~ ~ I B ~ H ) T ,  H a  ~ ~ 0 x 6 -  - 



me IR\ - onpenenmenb M a w n u =  n a p H b I x  ~oppemwtt unn on- 

n u ~ e f i ~ m  perpeccua - H a u 6 0 n e e  ~ A O ~ H W  u n p o c T a r i  

nUCaHvtSI B~~UMOP&CTBKX U3Y'iaeMblX nPH3HBKOB ( o ~ K :  
o H a  &anem H e  B c e r n a  x m e ~ c n  n o c r a T o r H o  ~ m e m H o f i  Mone-  

p e a n b H o  npoucxomqnx f l m e ~ u 1  a n p o q e c c o B .  B uccne- 
X IIOBTOMY HepenKO UCnOnhJyIOTCII HeJIHHefiHble PerpeCCU- 

MoAenu ,  a ~ ~ o 6 b r  ~ 3 6 e ~ a ~ h  cnomomti c o n p e n e n e H a e M  

TPM'feCKUX OUeHOK U U H T ~ P I I P ~ T ~ U U ~ ~ ~  PeIpeCCHOHHbIX KO- 

UMeHTOB, TaKMe MOZeJIU CTapaH)TCII npUBCCTB K J I A H ~ ~ ~ H o M ~  

H HaXOGMTb UX PelI IeHUe no XOpOUO H~BQCTHOR @OpMpe: 

XI- 'XY .  B ~a6n .  6. I npaaeaem.1  ~au6onee p a c n p o c T p m e H -  

B a H m  B n u ~ e # ~ b ~ e .  

~ s e m o c ~ s  pe~uennk, nonyyemm M e T o m  K O ~ ~ ~ J I ~ ~ O I U I O I Y )  w 
CHOEHO~O a8W38. K o ~ ~ ~ ~ S I ~ U O H H O - ~ ~ T ~ ~ C C U O H H ~ I ~ ~  a H a n U 3  

HO 3aBepUIaeTCII 04eHK0fi nOC'fOWpHOCTU ~ o ~ Y Y ~ H H o ~  MOAenU 

n a p a M e T p a r e c K U x  X a p a K T e p n m u K ,  a 3aTeM u H ~ e p n p e ~ a u M e f i  

o 6 4 e ~  racne ~ p ~ ~ e p u m b ~ s r x  o q e a o l c  H a , q e m w x  MKPA B ~ I -  

C ~ a m n ~ ~ e c m e  o q e H m  H a n e m o c T a  p e r p e c c u o ~ H o P  M o n e n u  

K O ~ @ @ U I I U ~ H T ~ I  M H O X ~ C T B ~ H H O ~  &eTepMUHaQUYI YI KOppenX- 

~ o I I Y C T M M ~ I ~  3HaYeHUff AJC4 K O ~ @ @ U U H ~ H T ~  MHOX~CTEHHO~~ 
MuHarUlu  cnenymme: 

O,OI-0,09 - CBII3b bTKlIPKa A IIPe&UKTOPOB cna6aa, TeOpeTUre-  

CKU nOnTBepXAeHa HenOCTaTWHO; 

Q,09--0,49 - c m s b  cpenm;  
,49-1,00 - CBR3b AOCTaToqHO C W I b H ~ ,  UCnOJIb30BaHUe per- 

p e c c u o ~ ~ o l  M o n e n s  B a~anu3e T e o p e T u n e c K a  

O~OCHOB~~HHO; 





.2. J l w ~ e k ~ a ~  perpeccwil - ~nacc~rec~ml i  cnyvali 
3aBMCHMOCTH &ByX IlepeMeHHbiX y 

B pepeccuoHHoM aHanu5 B KasecTBe ucxox~oti paccMaTpuBa- 
TCII J I u H ~ ~ ~ H ~ R  M O M b  BWa: 
! J',=&+qxi+U,, u,- N ( o , ~ ) ,  - i=1,2 ,..., n ,  (6.1) 

e U, - cnyqafiaoe cnaraeMoe mu oma6~a Moaenu, 

Horn n p a ~ ~ o n o n 0 6 ~ :  



I 0 Marpnlre recce CM.: I I m u ~ n u i  E&, ,iTanwun I0.M. Yucnembre reemnbi B 
3 ~ c l p ~ a n b ~ h l ~  3anaw. - M., 1975; rpaaeee &K, @&eea B.H. Bmncnmnbme 
M ~ I O ~  B nflnellHoti am6pc. 2-e nw. - M., 1%3. (IIpuw. q.) 

18*B m L  wryrae cpop~ynb~ .n,m onpeneaerulrr ~ o ~ e n h ~ m  rrapa- 
m~ npe06pQym~c~: 



C?m- cnmamm aiy~audeapo~ perpecc11g~w8 m- 
~ ~ e ~ m ~ ~ m 3 m . i ~ ~ ~  m m m  no- 

bo. Ecnu B H C X O ~ H O ~  perpeccno~~oi? M o n e n u  OTC-yeT 

brZi YneH b ,  TO 3a4a9a n a p a M e T p m e c K o n ,  OUeHUBaHWI 

TCII K OlJpeAeneHUlO 4 11 02, COOTBeTCTBeHHO KaK U B C m a e  

TPUPOBaHHbIMM EaHHbIMM: 

=4X,+U, ,  U,- N(o,o'), ( i =  1 ,  2, ..., n). 

UTbIBaTb, lIT0 UX CYMMa BCeI%a PaBHa Hynlo: 

e m  perpeccm bl.Ecnn p e r p e c c u o H H a r r  woaenb conepmar 
OAUH 113 ABYX K O ~ @ @ U U ~ ~ ~ H T O B  perpeccnx b, a H e  Brar loraeT 

Hbl Y U, O n p e A e n m  CpeEHloIO rUrrr ~fJl) ,  COOTBeTCTBeHHO 

M b g .  ~ O K ~ X ~ M  3TO: nYGTb C J I ~ ' £ ~ ~ % H % I  BenUYUHa Y UMeeT 

OCTs BePOIITHOCTU: 

~JIpaf iHofi  BH~OPKII {&,yZ ,..., Y"} @YHKUMII MaKCUMiWbHOFO 

onono6m UMeeT Bm: 

1 " ~ = - n l n ( & ) - ~ ~ n o ' - - ~ ~ ( y , - ~ ) 2 .  
2 0  ,=I 



-e M e T O m  KWQSlOB. &IS HOpMUIhHblx 

y ~ a e H e H &  (I), (2) (CM. C. 224) B KaYWl'Be 81IbTepHWUBHblx M O W  

6 m  npemomeeu pemeiim, 6mnppmecrr Ha 3 ~ a ~ n ~ e n b ~ o  knee 
n p m m  ncxonm nacarn~ax. Hanpmep, H e  0 6 l u a m ~ o  lrpepno- 
noxecewule 06 u 3 ~ e m i 0 ~  w o H e  pacnpeaenem n3)ntaem.u cnyr&- 
HbIX BeJIU¶UH X U Y U WOT-HH X W r 0  38KOHB HOPhWIhHOMY. 

,&TR HCXOJV~OB MO&eJIW: 5 =bg+qXi +Ut lTOClWD'IH0 IlPUHIITb, ¶TO 

H ~ E E ~ ~ I O ~ M ~ ~ ~  m 6 ~ a  Ul ~ 8 n r r m J u O l i o l t  CJlYWhoii ~ e ; r u n U ~ o k  

ffo B ~ I ~ ~ O ~ H ~ I M  nanwm c o u e H e H n u u u  n a p a M e T p a M n  & u 

BTOp0a  ~ ~ ~ O H ~ B O A H O ~ ~  ~ u ~ U E T U ' I ~ C K O ~ ~  (PYHKLIUU Q&,&) 
UM M a q w y  recce R 

F e T o M  n p a B m a  H a x o w e H m  n e T e p M u H a m a  M U H U M U ~ ~ L I U ~  

q e o ~ a n b ~ m  B e n w u H  Q amnraewrr npu cnenyroum 3~ase-  
3neMeHTOB M a q U g b I  R 

nocnen~ee H e p a e e H m  H ; U E ~ ~ T  H e p a B e H m o M  III~apua. 
BTOPYIO IIPOH~BOAHYIO Q, C T ~ T H C T E ~ ~ C K ~ ~ ~  O U ~ H K ~  

epCUU OIIIU~KII I IpU U3BeCTHbDC IIapaMeTpaX b0 ,4  MOXHO YC- 

06pa30~, c T a T u c m e c K o e  o q e m r s a H u e  n a p a M m p o B  HOP- 
~ ~ ~ ~ C C U O H H O ~ ~  MOAenU MeTOAOM HaUMeHh1IIMX KBaLIpaTOB 

MoMemB. AlLP ~ o p ~ a n a ~ s m r  y p a ~ ~ e s u f i  nuna 1, 2 (CM. 

H e  lWIbK0  M W O M  MaKCUMaJXbHOrO I@El(O- 

K€&XtTDB, HO T a m  M W O M  MOMeHTUB. 



s a K o R a  pacnpeneneenn c n p a t i ~ b n r  ~enmua X  a Y  , a n y c T b  w e -  
K)TCII 06a IIepBbIX MOMeHTa JT,JXS O W H ~ K H  MOAeJIki U  , IQXWeM O ~ C -  

mloiqas B e n u q u H a  X  H e  K0ppennpye.T c U  , T.e.  

E(x,u,)=o anrrscex i H s ( i , s = 1 , 2  ,..., n). 
Toraa UMWM IiCXOAHOe pe~eCCUOHHOi? ypaBHeHlle  BMaa: 

Y / = b , + b , X , + u f ,  

nocne n e p e t d n o x e H m  ne~oR u npamti l r a c ~ e i l  n a H H o r o  ypaBtxeHyrrr 
H a  x, UMeeM: 

XI& = 4 X f  +qx/xi +u/x, . 
B n e p s o M  p e r p e c c n o H H o M  y p a s s i e H u u  npocyMMl lpyeM Bce Ha- 

6nmne~nn R 3aMeHUM 3MIIEIPMYeCKUe MOMeHTbI TeOpeTA'IeCKIIMU: 



x'y 650 - * _ I _  4 =-=-=0,765, 4 =8-4 Y =25-0,76.5.80=-36,2, 
Y'Y 850 I 

HHMU u HecMemeeHHbIMu [npa~mo HJIH, wrtl no o 6 u e n p m R  
a66pema~ype, - BLU). 

npewe x e m  OTM~TUM,  TO io H i, - H ~ ~ . ~ T I I I U ~  -oqenm, I 
TaK KBK anropmxi ux m n c n e ~ s f i  onpegemem npu n o ~ b w  on- 1 
T M M U ~ ~ ~ Y I O U U ~ [  M ~ ~ O B :  YakcuMansf~om ripwonop&m u nau- 
Memutux KsaJpaToa 

GsorIemeo I: Aun&ocm cmarnucmu~re~xo~ oc(enlcu 6, 

q ~ e x  e Kaqecme ucxo~~~oi i  Monenb Bwa: 5 =b +4Xi u npn- 
HiUI BO BHUMaHUe, ¶TO CwI =O, Cw,xi = I ,  3anuwe~ 







I I p n ~ e p ~  onpcAenem no~epmeai101 o6nacm n ~pIi 'repIi~b~08 
npoBepm cTamamecRAx ninoxs. n o  naHHbIM npaMepa 6.1 npose- 
AeM nposepq napaMeTpoe perpeccaoa~oit Monena B CooTseTmus 
C H3nOXeHHbIMII BbIIUe IIpaBWIaMYl 

li'pmep 6.2. O n p e ~ e n a ~  nosepa~enbnb@i MnTepBan wn napa- 
a MeTpa b, npa 3maHHOM YpOBHe 3HaqBMOCTM C( = 0.05 ( - = 0,025 
2 

Rpmep 6.4. n p o e e p n ~  npa a= 0,01 runo~e3y Ho :b, = 0 c anb- 
T ~ P H ~ T H B H O ~  rYrn0'TfSo~ H I  :bl # O .  CO~JI~CHO IIpaBEiJIy npOBepKR 
Hynesax rmo~e3a 0~6pacbr~ae~crr, e m :  



IIpMMep, MeTOAOM HaUMeHblUKX K B ~ A ~ ~ T o B )  TOJIbKO m I I apaM TpOB 

b, , B npyrm, knee enoxuiauc, wryram, y w ~ b i e a s o u u x  c~oxa d me- 
I c ~ y ~  npupoay perpeccuu, ,qononHuTenbHo  onpeaenrrmcx cnyratr- 

HU K o m o H e H T a  a', npenmenmow eenarnay O I L I ~ ~ K U  &nmu 
( u  ), YI I r a p a M m p  wy'~att~oft K O ~ O H ~ H T H  v . npu p e m e H u u  nepe- 
suor reHHaoc  3agaq ue~1ecoo6pm~o u c n o z m o e a T b  M a T p u s n o e  ripe&- 
CTaBJIeHKe AaHHbIX. B o s ~ m I q u e  H a  HaYamHOM 3TaIF.3 nepe- 
XOAe K M a T p u W  HeKOTOPbIe CIIOXHOCIW, CBI1311lIHbE C BBeLLeHUeM 

HOB~IX 0603na~e~ui  (nanpa~ep, BMecTo Y, ucnons3yemn 0603~a- 

Bbnne p a w M a T p u s a n q  uam& cnyrai4 h n r o r o l r l e p ~ o l  perpec- 
cuo~nofi MOA~JIU, K o r n a  

e m s e ~ ~ v i  pezpeccuo~nc~~ aaanw 241. 

(Xll  X12' '1 XI' 

x21 x 2 2  1 x2 

1 MOi7eAH. C YYeTOM BOBMOXHOIY) IIOIlBJIeHMII OClWKOB ( 0 l . U ~ -  

perpeccuoii~oil M o n e n n  (U ) n o r u s H o  n p e m o n o x u - r b  c y u e c T -  
muue M e m y  HKMU B ~ ~ M M O C B I ~ ~ U .  I Iocneme H a x o p m  W p a x e -  

M a T p u u e  K O B ~ ~ U W U ~ ~  (covU). C o m ~  ~ J I ~ M ~ H T O B  covU 
5IeT BbIAeJIXTb AOIIOnHUTeJIbHO CTaHJJapTHOrO BUAa MOXe- 

: IY)MOCKeAaCTYIYHbIX, PeTePOCKeHaCTU'IHbIX, C ~ K B u B ~ ~ ~ H T H o &  

OCTaTKOB M aBTOperpeC.CUOHHbIe. P ~ C C M O T ~ A M  3TYI MO- 

IIOCTOffHCTBa AKCnepCUln ~ J T y r a H o f i  KOMnOHeHTEJ. npe.U.II0- 
neTCII ,  'IT0 BeJIUYUHa U H e  MeHIIeTCIl OT H ~ ~ J I I O A ~ H H R  K ~ a 6 n ~ ) -  

, ( ~ E R " ,  XqRn.",  m s n ,  b e R m ,  E(u)=O, 
cov(u) = ~ ( u u ' )  = v = a'~ ,  , (r2 >o}, , .~ 

I'  ' E @ )  E(u,'+) ... E(~+u,,)\ d2 ,O ... 0' ; 

. : E ( ~ U , )  ~ ( 4 )  ... E(u2u,) 
. . 

. . 



CSfQHHbIX ICO~@@X~A~H'I"OB bk if OUeHKa LWCTEepepcriU 2 .  ~ u ~ o T % % -  

runecme npemcJ;namnri.e o pmewarre mcnepcufi o c m m ~  a co- 
mn:yratamitk a y  I U I ~ O ~ U T M  pemnm MoItenx ~ ~ O T C R  mac- 
ememnim mr B pefee'mmfici~~ asaauae A ~ ~ O X M ~ ~ ~ T C R  qaae 
B C ~ Q .  AQx noaclca ktwemx nrtpaMerpoB npu  TOM Homer npn- 
~ e m c s  ~ e m n  H ~ M M ~ H ~ H X  maapa~o~ 6e3 namx-sx6o  om- 
@uwuii* 

Ferqwmmrmmsss ~ ( o ~ J I I , ~  ~emep0~l~e8annuvxacmw H m s a e T -  
CR nmeaae, mm mcnepme ayw%nofi WYRBH~RTW U EO na- 
t i w ~ e m  n p n n m m  pamisnbre ~ennuuiibt. K r , ~ a p ~ a & +  oc- 
TitTKOB M O W &  KZK U B ITpe-EM we, He npCartUnWi%TC5$ 
(64): 

f Y E ~ n ,  XER", m s n ,  b e P ,  E(u)=o, 
 COY^)= E(uu')= v = di&#I; 

o,, "0,  HO 04HQBpeMeHHO npeanonaraerna, YTO ~ P O B H U  c~113ett oc- 



HYJrn. 
AJ~~~PWTM OWHUB~HUR MeTOnOM MHK npu HCnWb3OBiurUU 

M ~ T ~ U Y H O ~  *Mbl -CW BWbm m m  H B m m q a e ~  

TOnbKO nBa mara: 

LtYm 2 orcmmam O ~ ~ H O K  n a p a M q B  perpec~~omoS MOL@XH. 

llpouecc C T B T H ~ ~ ~ C K O ~ ~  o q e m ~ i  n p e J I y c h f a T p m m  BH- 
nonlierrne pma ymosnii, ~e06xonu~b1x JX anrrwmcem B peure- 
mu 3 a 9 a x k 1 3 ~ c r p e ~ y ~ a .  ~ T H  YCJIOBEUI B 06Ltte~ o n p e p . e m x  qe- 
TbiPbMII I I P O C T m  npaBHJfa?dU RW@@~HI~~~POB~HII I I  M~TPUU': 

I Iyc~b f ( x )  - nm6m 9 ,y~~~rvur:  
m&@epe~qupo~ame n o c T o m H o r o  semopa a 

1 CM., nanp~ep, Dhrymes. 1978 Die Able' flit Mahiza (JW~MCC n. @. 
npmm ~ ~ p e a ~ p o m r r a  ~arpLn t .  H Z E Z ' l v 8 ) .  OW. mp. 

= ~ X ' A , A E R " ~ " ,  X E R " .  (6.8) 

, I IPUMeIwI  MeTOA HaUhfeHbmUX K W p l M B ,  ItOJIYgUM Ha%- 

o q e ~ m  i, Lyrn napaMeTpoB pefpeccnomo~ MOAW bl : 

= - 2 y ' ~ + 2 b ' ~ ~ = ~ = , i = ( ~ ~ ) - ' ~ ) .  

U MeTOE3 HaUhfeHbIIIUX KBWplTOB RBlIIIeTC5-I EeCTpO- 
o n o m e H u e  0 M H K - O U ~ H K ~  KaK npoeIc rmH.  ~ ~ ~ B ~ C T H O ,  YTO 

urr j E Rn BeKTOpa y e  R" H a  MaTpIluy X E R",m xapamepu- 

( ~ H H ~ B H o C C ~ ) ,  

(op~oru~anb~oc~b) .  
UHUMM BO BHUMaHRe IUWU (I)  U (2) ~ P U T M a  OUeHWBaHK5I, 

MHK-oue~m: 113 ~ ' X X  = y'X c n e n y e T  6 = (X x)-'x' J J .  

wee roBopIi,  pa3noxe~m M o x e T  6 m  nomepmyra cyhoaa 
QB OIUU~OK Monenu:  

- ~ l ( y - ~ b ) = ~ ~ n + ( b - 6 r ~ ~ ( b - ~ ) ,  

aMbrM ycTaHaanusaeTcx ,  wo napaMeTprnecKvIe  oueHKl i  i2 

. Oi'I11~aHHbIe BbUUe U a r H  (1) Pi (2) 2UIrOpUThia MeTO- 

X KBWpaTOB M O W  PaCCMaTpHBaTbCIi KaK HeKOTOPbIe 



-x%bl,=,=(x~)-~x~~.m 
Pe3yjlb~aT, KaK BIZgUM, IIOJIHOCTbX) COOTBeWI'EYeT peUIeHWI0 Me- 

T O ~ M  HauMemm K B ~ ~ ~ T O B .  
B urysae c m e l i ~ b ~ ~  n p o r p ~ ~ w p o m e ~  BUBOP. onocpenyeT- 

cx npeAnonoxeHaeM, %TO p w  MaTpnUbI HCXOZ[H~M &aHnbIx X pa- 
BeH s ~ c n y  a ~ m a ~ p y e ~ 6 m  n p m ~ a ~ o ~  m ,  T. e. Bce n p ~ i ~ a ~ x ,  on- 
peXWIOu[lle Qa3MePHOCTb ~b16opo~~oB COBOK~IIWOCTYI RaHHbM, JIM- 

~ e f f ~ o  H~~~BUGUWS. B ~ e B m m n m o c n i  TaKm TeopqecrGUc 
nocyrca npexcmmaeTcR ma6oi. 
9606111~ &US MeTWfa MOMeBTOB I(BK IltlCTpmeHTBplllI ClUTHClX- 

vecn~n, ouetnmmw. Teopd Mema HameHbrrrunr mmparn~ no- 
3 m e ~  Amam llmporne 06061qe~d @ PaccMaTpYIBaTb M o M e m  B 

KarleCm oco6eiwm nkrpyrdemmHbIx nprieMoB o q e h u ~ a ~ r n  
peIpeCCMK. 6 y n e ~  XCXOPJiTb 113 MOA'iJIbHOm pWHCTBB, 3al'IUCBH- 
HOW B ~a~pwmof i  *p~e: 

y=xb+u.  



Heaowpue oco6b1e mpau perpeeeaomoii.m~q, ue. tuumaam- 
@ iron- w. 4 (lTpuem oqeHuB;u Im c p e n m  -8e- 
JMWH AJUI npoc~eamei M o n e n u  c O ~ H W  y p a ~ ~ e m e ~ ) .  Teopme-  
c q e  B-ZI+I, n a n y n e w b l e  B ppemmpw# naparpaam r a m ,  MOT 

6- HarJUlAHP WeJlcTaBneHbl H a  n p 0 C T 6 ~  I lpUMepe  p e ~ e ~ ~ U O H 8 0 f i  
M w e n u  c . O ~ ' Q ~ C H X I O ~  ( w p w )  I I~H~HUOM ( m  =I). 
npn  3TOM ' ~ W K O ~  & H ~ ~ ~ % I ~ B W ' ~ I I  CBWb C GmMH M e T o P W  O n e -  

HUB-, HaIIpAMeP, C M~TUAOM M a K C U W l b H O T ~ ,  npa~mo~#, rn ,  a 
we nomimmp ~ 0 3 ~ 0 ~ x 0 ~  n p o e ~ o ~  p T F e  
nomom K oneHliB;uIm CpeK-tSix BeAWIBE UIX . ~ ~ M ~ H T ~ P H O ~  MO- 

A v k i  C O m X M  &laBHeHUeM. I .  . 

Qvmu'. 0: Modens c  HUM @axmopmi nPw#hfiw 
Mop- o61qem BW , , , . 

= B' +u, y eRn, X E Rn''", E(u)= 0, cov(u)= a21) 

x'y y'x 6 = p = (xk)-'xy = - = - . 
x'x x'x 

MHI(-onem Knn npOelUWl. h b ~ e p H a ~ U B H y l 0  0 4 e H i c y  AJUI MO- 

B cXyYae O O C O ~ ~ H H O  nemo npencmm K ~ K  n p o e K u n I o .  TBK, 
npoe-- j, a Rn B e m p a  y sRn H a  &mp x e R " p a ~ ~ e p ~ l 3 y - a  

nBym OCHOBH~IMU cmBclgaMLI: 
a) p=&, L1aR - nmeCi~ocra, 
6) (y- j)Lx a YX = y'x - O & ~ ~ H ~ ~ ~ H O G T ~ .  

Y'X nocbuma a) B 6) n a e T  pesymm~: g'w = &x'x:.& = - . 
x'x 

Qaem 6 = * H e  'ITO u H o e ,  p~ MHK-OU~HK~. B OCO- 
x'x 

6 0 ~  CJ lWae ,  eCJIYr MOneirb B n w o i  Y a C m  UMeeT TOJIbKO OnHy 

KOHCTaHTY q) , B CWIY BCTYIIaeT YCJIOBIIe Pa8eNCTBa  B e I c r o p a  3mz 
rerruB C p a m p ~ o r o  n p * ~ a ~ a  x e w m m o ~ y  8empy: x = e , rne 

e'Y e'= (I~L..I) - emi~mnbla ~eicfop a wrna 6, = fi = j, = - . 
e'e 

Ownuea~ue &06 cptdne2 epflmnw u ducnepcuu - rca- 

cnpenenexue o a a T K o B  

Y; =xib, +ui =pi +u, , npn ui - N(o,=*) 

8in~uHyme y c n o B u e  o H o p M a n b H o m  pacnpenenem o2 H e  o6x- 
b ~ o  nm M H K - ~ e m & a ,  CM. ~mue) .  

&WMII n n m 0 C T U  BepOIPTHOCTkl H O P M ~ ~ H O  pacnpenenemoCi 
a#H0f i  BeiWWHbI 3aIIUCbIBaeKR KaK: 

a~ a L 
U YCJIOBUU POCTAXeHUII 3KCTpeMYMOB: - = 0 M - = 0 IIIIII, qTO 

& ao2 
' we CaMOe, AJ& ' ~ T P O J I O ~ ~ K ~ M U P O B ~ H H O ~ ~  @ Y H W U W ' M ~ K C U M ~ ~ -  

H I I U ~ ~ H ~ M  ypa~nemig, nonyr r iM:  



C K O ~ ~ & ~ B ~ ~ ~ I H ~ K J  ( H ~ c M ~ ~ ~ ~ H J - I Y ~ )  OUeHKy HHCE+EIEI OC- 

TaTKOB 

b ~ e  ~ O ~ P M ~ & M U ~ O ~ H ~ ~ ~  =: L BbaBXfaeM H ~ O ~ X O ~ ( H M H ~  YC- 
OBKR 



, . 
npe&dnoxeWe 0c02 <- . 

i O~B%CHWI% no&a?Ibl& IIapaaOKC MQXHO, pacCKarpBBBII WIOT- 
H O C T ~  ~epomwm tlyi~m M ~ K C U M B J ~ ~ H O ~  ~ w o n o ~ x o 6 m .  ~ ~ no- 
CJIe nO~CTaWOBKU fil  $ B @)'HKIUUO L 11-: slil 

, , , ' ~ ,  , '  . 8 

"-p+u,, ur-~(o,$), i = 1 , 2  ,..., n .  f r- 
U ~ O B H ~  TpYnHoCTlr B OIIeiiumtuu nauabieTDOB vemeccuu nnu 

. - .  
gnni A. n oyenoic cpeanncx npu u38ecmnbcc auglepcuxw. 
EWmnf .B 3aKmbqe~ue ew emu cnysail, K O ~ W  Ann 
w+u n p u ~ m c x  m e w w e  npemonoxeHllrr: 
!*R I*!;!.', ' x f - R"', . X = e", m = 1, )L eR, E(u)= 0, cov(u)= diag(ci:)}; 

p ycnostg~& mm 3wa'iewm scex ~ ~ c ~ e p c u f i  0: uaBemm, 
&UM K TaK wa3b1~ae~o~y B~PUWTY OuewuBanm no ~ m w y  



(nonpo6~ee CM. nn. 6.5.3, 6.5.4). npn 3TOM BMeCTO UCXOAHO~~ MOAe- 

JIH BUAa yi =p+Ui OUeHUBaHUe IIpOU3BOAWKS IIO T~PHC@OPMUPO- 



3 a M e r a ti u e 2. Onpedcvenue rcoppe/lsl(uu. 
K w M ~ ~ C T B ~ H H ~ U I  OnpeJAMeHHOCTb c ~ 3 e f i  x ki y ,  y H x non- 

Y'Y x'x 

p Ha3bIBaHn. ~ O p p ~ U ~ e f i  IIpU3HaKOB y H X, EIMeIOUIHX UeHTpHpO- 

BaHHbIe 3HaqeHU5I. 

3 a M e r a n u e 3. Onpedenenue napnoli petpeccuu. 
&M 0 ~ 0 6 p Z i X t e H m  nonycrur~ofi nHHefiH0fi @OPM~I CM3U ABYX 

nm6brx qeHTpEIpOBaHHbIX mU3HaKOB Xj E R n  H Xk ER" M O W  6mb 

n o c V o e e b 1  pe rpeccuox iHbre  M o n e m :  
0 x .. - b xki +ujk,; u xki = boxJ, +vy ,~  . I' - 

COOTB~TCTB~HHO MOXeM 3anUCaTb TOXAeCTBO M e p  ~ ~ 1 1 3 e f i  M I I  

napaI T I ~ H ~ H ~ K O B :  rj:, Lr; . 
3 a M e r a n u e 4. Ko~urecmsenna o n p e a ~ e ~ ~ o c m b  napnoli Kop- 

peJlZI(uu. 
&Dl nByX npYI3HaKOB XI E Rn H Xk E Rn HMeeM: 

B n p e n s r n y m e M  crryrae n p o m  n p u H m a n o c b :  xj = y n xk = x  nnki  

s+= x , a x , =  y .  
Onpehenue. IIapnm rcoppenrcyun dsyx npu3na~oo c yenmpupooan- 

nbmu 3narentll~~u XI E Rn H xk E Rn emb 

3 a M e r a 8 u e 5. Koppmyurr u ~ o p p m q u o ~ n a ~  Mampuya. . 

ITpu 06061ne~uu Bcex  uMexoqHxcr! no~aza~enefi  napHbxx ~oppe- 
n5IIJ~f i  IIOJI)"B-DT KOppelIffUUOHHyIo MaTpKUy ( M ~ T ~ M U ~  IIapHblX 

~0ppen~IIltfi R).  OH^ B CYUXHOCTEl MOXeT PaCCMaWHBaTbCX KaK 
npOCT%I T ~ ~ H C @ ~ M ~ U M X  MaTPMUbX MOMeUTOB X X  , rAe  X - MaT- 

pYrUa C UeHTpUpOBaHHblMU PaHHbIMH: 



B npyrolf culyaqkin, npu C O B ~ ~ U I ~ H H O P  MYnbTkfKWUHeaPHo- 

an, K O r ~  X =  boz u Y =  bz , m m m b  ~ o ~ W u w e m a  P,,~,, 06- 

OllHOBlJeMeHHO, B C U W  HeKOppWrUpOBWH0CTU X S 7,  ITORWUfeTcrr 

H ~ O ~ X O ~ ~ U M O C T ~  B p W ~ U U  pw H a  HYKb, 'ITO HeB03MOmKO. TWM 
06pa30~, cnyqafi r a c ~ ~ o t i  K o p p e n n q n u  n ~ y x  nepehdeHHbtx npn yc- 
noaun norno# cm3u w o r n  n3 HBX c r p e ~ a e l  sepe~e~t rof i  c 
TOUKU 3PeHUR K O X U ' ~ ~ O T B ~ H H O ~  OIIpefieneHHOCTII PaCCMaTpUBaTbm 
He M O X ~ .  

npZBWZeM IIpHMepbr L(JXR HJVIxJcTpWUlt TeOpeTUseCKUX BbIBOfiOB. 
Dpwrep 6.7. l l y m  n M e m n  H e K o m p m e  m m q e c K u e  nm- 

m e  uempex ~a6nlone~*. 

B xone p a c s e m B  nanyruu: 
p v  = 03835, p, = 0,969Z p, = 03844, 
a T a m e  p,,~, = 0,6773, pXJly = 0.0362 pyZix = 0.6992 

06061uax i u t a n m m e c m e  pe3ynam~b1, n o m p u ~  MaTpHuu no 
3HaqeHUXM ~ c e x  T p e x  n e p e M e H H m :  



uonnuzi ananu? 

6,1v3,1 CTBTFltlWIeCIMX OUeHOK. 
Pq.r,/x~ = ~ = P v z . Y .  vi,iV2,1 V3,1V3,1 

Cornac~o norme pacqeToB o q e H K a  OIJIU~KU perpeccso~no21 MO 

nenu v ecn  qeHTpuposaHHaR B e n w u H a  n u3 pk,, := p x k , ~ ]  WeDy 

px,,xjl* = p  ,,*, , T . e  qXTHb& KOB@$WH~HT KOPPe-NIUfiu V W ~  

peccuoHHbuc MoneJIeZI: 

B 38KnKmeHBe 38llUUIeM OCHOBHbIe BbIBoM: 

G'zy - x ' x . z ' z - ~ ' z ~ ~ ' z .  V'V -x'x--- 2 2 -  z'z 
2 

z'z 

. .  . ' a P q n I *  ' k y l z  = ~ y ' ~ . ~ ~ - ~ ~ ~ ~ ~ . ~ ~ ~ . ~ ~ - ~ ~ ~ . ~ ~  

Ilpumep 6.8. .MM~H)TCX AaHHble: 

ccy- 
lmoR 

: He- 
ITJIA- 



= o Z ( x x y  +02m: 
cx = 0 ,  KaK ycmiowetio pariee, x x si CC' nonomwmHo on- 

MWleHbi B CBJIY W ~ C T B ~ H H ~ I X  KOHCTpyKT&fBHblX o C ~ ~ ~ H H O C T ~ ~ ~ .  HO 
emu CC' - nonomTenbHo onpcneneHnan MaTpma, rmcnepcwr b* 
BCerAa 6yne~ 6onbrrre ElnU *Ha AUCnePCUA 6 ,  TaK KaK Pa3HOCTb 
neyx Kosapwquonmx MaTpnu nam m e  nonomTenbno onpene- 
JIeHHylO MaTpHW. 

3 a ,u e lc a H u e I. 3~1cmuenocma: O u e ~ ~ a  & no CpaBHeHum 
c nm6ofi npyrofi x m m x  nueefi~ofi w ~ e ~ ~ e u e n ~ o f i  o u e ~ ~ o f i  I U ~ K  
b .  MHK-OU~HK~ eCTb TaK)Ke ~ H - o u ~ H K ~  A IIOJIHOCTbK) OTBeYaeT 
ee ceofimm - oHa ~amymm, n u ~ e k ~ a ~  a HecMeIqeHxan. 

3 a M e e a n u e 2. npu nepexone OT p e ~ p ~ ~ C E 0 ~ ~ 0 f i  uonenu c 
neym napahmpaMn ( m = 2  ) K M O A ~ U  c nm6bmf rntxou napmw- 
poe 6onee n ~ y x  ( m = 1, Z,.. ) mopmeciare no1urom K n o ~ a 3 a m -  
C T B ~  CBO~~CPB mamcm~ecKux ogeHoK A [POptdupo~~lf~) B ~ I B O ~ O B  

06 ux HasemocTn no rayccy-Mapmey wxpamm CBW cmy. 
P~~Ilpe&eJIelfHfl C T ~ ~ ~  OlP?HOK. M~TOAOM HaUMeHbllwc 

K ~ ~ ~ T O B  nonyvm ~=(xx)- 'x '~ .  h o~warae~,  TO oueHKa 
nUCIIepcW4 OCElTKOB MOIIeJIU MOXeT 6 b l ~ b  ACrlHWIeHa n0 OTKJIOHe- 
HARM: 

- z  i'i 
(I =- , $ = y ( ~ ~ ) - ' ~ ' y ,  i:=y-3. 

n - m  

OU~HKU 6 K 0' I Q A  s T o M  CTaTUCTUYeCKH He3BBACRMbI A B 

OCHOBHOM OnncmiaIoTcs cnenymuum I[BJIMII ~mam pacnpene- 
ne~ufi: 

t -pacnpeneneHne napawnpa 6 : 

FTCR ~ ~ K O H Y  r -pacnpenenenurr, napaMeTp 6Z - 3aKOHY X2-  

OTM~THM, r m  TeopeTlnecKwe B ~ I B O ~ M  wenam1 Ha ocHoBe npo- 
~lsyxnapa~e~pnrec~ofi na~ef i~of i  ~onena  ( m = 2  ), O ~ H O -  

n K oueHKe nucnepcm eZ K ~ K  cpen~ett xapaKTepxcTaKe 
nauux ~onenbnwx OCT~TKOB. 



3 H a v e ~ n e  4 =),31034 npxsan- a = 0 , 0 1 ,  m = 4  u m = 3  He- 

CYU.teCTBeHH0 OTjlWaeTCX OT & = 0 .  
Tpaac@op~aw pl3lp~cce0~~& MOiW3lli. &Iff PaCCMOTpeHHbIX 

wIy%leB CTETBCTU¶eCKOrO OUeHSiBaHUrr PeQecCLiki BaXHO OTMeTHTb, 
YTO H a  npaKTKKe LlOBOnbHO SBCIY) BCTpe'falUTCR C I I ~ W & Y I S H ~ ~ ~  TUIIbI 
M o ~ W I e f i ,  KOTOPbIX lTpUHUUllRIUIbH6Ie IIOJiXOnbI T~YCCB--Map- 
K o a a  c r a H 0 B n - m  ~eaei%cr~nxmmr. &nee npu u u r o x c e H n n  Teope-  
T n s e c m i x  ~onpocos o T p a ~ c @ o p ~ a q n u  perpeccnon~ott M O A ~  u 
penapa~e~pu3armu ee o r p a ~ w e ~ &  a~ois npo6ne~e ynemmcn 
6omiue B H E M ~ H X .  

~eREBaEEe MeTWOM li(UIMeHbLlIAX KBWpal'OB C 0606nreaaawr 
(~pauc@opmauan n w e m a m e  no A h m y ,  penapmmpmlpra m- 
aw). Ouemmue  no MTKMHY ~ p e 6 y e ~  H e T p m n o m w x  a o p ~ y -  
nnpOEOK n BBelIeHlIa HOBbIX 0 6 0 3 H a q e H ~ f i .  B ~ e m  y=%+u ~ Y A ~ M  

PBCCMBTpkiBaTb 0 = P% +Pu , r&e P W e T  UCXOAHOe YCJIOBUe O W -  

HUBaHEln W R  M e T o m  HaIfMeHblUUX K-TOB C 0 6 0 6 U I e ~ k f ~ ~ U  

P*P=V-I.  npu  TOM o q e H K a  n a p m e T p a  b n p e n c T a m e T c z  cne- 
n p J I t U M  06pa30~: 

265 

o6~uue n p u ~ u u ~ m  T ~ ~ C @ O ~ M B U I I E I  A I ~ H H ~ M ,  K o T o p u e  
GLS-ycno~wul (YCJIOBEWM OUeHLiBaH&iJl MeTOAOM HBU- 

eHblrolX K B W a T O B  C 0606I4e~WTMH)'. 
JIA~efimn ~paaccPop~awa n oqerorsaAae. npu m i ~ e f i ~ m  npeo6- 

a30BaHEIXX LWHbIX COOTBeTCTBYIOI4UM 06pa30~ ~ p a I i C @ o p M U p y e ~ ~ X  
~ ~ c c M ~ H H ~ I ~  MeKlLI CTaTIlCTHYeCKOtW OUeHUBaHUX. T ~ K ,  n p H  

o#, nonyse~~of i  npu T p a ~ c @ o p m q n n  p a H H u x  n npunu~a~orrreii 
HroBbre s~aqe~llrr, a o p ~ a n b ~ m  o u e H K a  napaMeTpoB perpeccnu 

3 ~ e w r e ~  c~ofi ~ m :  6 = ( X  YPX)-' x . 
O ~ ~ ~ T H M  BHMMaHWe, YTO IIOCne T p a H C @ o p M a ~ ~ u  &aHHbIX, a 3a- 

M BBexeHUrr GLS-ycno~m o q m i m e m ,  ~ a n o x e ~ ~ ~ e  a nowone 
a y c C a - M a p ~ o ~ a ,  CTaHOBSlTwr ~ e 0 6 1 1 3 a ~ e ~ l b H J S M ~ .  

m ~ b r x  n p m e x e h i  nBa I T p o ~ ~ e R l u n X :  neps& n p e m o n a r a e T  npensa- 
HTeJIbHOe YMHOXeHUe MaTpUUbl ACXOaHbIX AaHHbIX H a  HeKOTOpYH) 

~anbnym MaTpuny,  BTO~O& - U e m p q o B a H u e  ncxo~brx n a H -  
. h ~ ~ y m r  ~pa~c@opMaqnn n M e m  B a x H o e  T e o p e T n r e c K o e  

H a r e m e  u &nee n o ~ p o 6 ~ o  paccMaTpnsa IoTcz  m e .  
pexon K uearpBponamm ~ m m ,  xem-o-e mmcm- 
BeAPlWM. nyCTb DJUl O ~ ~ I Y H O I ?  nHHefiH0fi MOAenM C OAHMM 

y =  %+u, E(u)= 0, cov(u)= E(uu')= V ,  u,y E R", X E Rmm, b E Rm 

MeeM UeHTpMpOBaHHbIe A m H b I e ,  T. e. BCe 3HaYeHI.rrr nPU3HaKOB 
e e b m e s u  H a  senuruey cpemeis. IIpu  TOM MOW PaccMaTpu-  

CX TpH Pa3JiUYHbLX CnyYaR: 
1. H0Bbie  IUKtUIbHbIe 3HaqeHUX (Apyr~ i% MaCLUl'a6) IIOJryYaeT 

& X c m e M m  BeJrwniHa y  : 

Y .  z , = y , - A i = 1 , 2  ,..., n, y : = C I .  
,=I n 

5 2. HOBH~ IUKaXbHbIe 3Ha'feHIlrr npuo6pe~ae~ O ~ C H I I ~ L U ~  ( 3 ~ -  

ren~an) B e n l n n H a  X  : 
- - " X ,  

x , : = X , - X J ,  i=1,2 ,..., n, Y J : = X J : = C - ,  j=1,2 ,..., m. 
1=1 

' GLS-yoroenc (generaked least squares) - ymome m Mmna HanMeHbumx 
PBTOB o 06061uemw (I7pun. nep.) 



Tpecnb cnyuail UMMT ~ K O  mprnnwxoe 31iawne, T ~ K  K ~ K  
BWMWH~ ~omrntoi% OUIU~KU u Ream0 H e  ~a6qomm.  

k i c n o n b m ~ a M a e  B Ka'leCTBe UCKOAHblX LCIHHbIX UQlFpSipOBaHHbU 

3 ~ a q e H d  IipU3HaKOB II03BONIeT. HBTIUIAHO T@Oll@MOHCTPUpOBaTb 

npoqecc n o c n e n o e a ~ ~ o l  p c Q I o p ~ a q S i n  ~ H H M X  c ucnonb30-  

murehi H ~ K O T O ~ ~ B  onpenenea~oi4 M a v m w  M  : 
ee' M - I , - - ,  M . M = M ~ = M ,  M@=O, e'M=O, e'=(11 ... ~ ) ~ { ~ ) < n - l .  
n .. 

K o ~ c a p y ~ m ~ ~ o  MallW1(a M eCTb UAeMIIcYTeHTHaS? Si, KPOMe 

TOPO, OpWLWHanhH&3 no QTHO11l.eHtiEO K c o 6 c ~ ~ e m m  Be'CfOPaM e  . 
Hen-mue M uempnpowm WHMX npwmme~ 

Si3 DCHOaHhIX 0~ElC'Efi IKJXUlOXeHUa UAeMtIOTWiTHbIx MaTpRU 

&3 OAHOBPeMeHHO 0C06bI& -a# i l P O E ~ c f u o n n 0 ~  MaTpRi@l: 
an' d = I n - - , a c R "  (a+ I ~ A U  a+e). 
a'a 

v = u - i i e o v = M u  e'v = 0. 
K ~ K  e m u ,  c y ~ m  3~auemt4 HOB~IX, q e I i T p n p o B m H b x ,  npu- 

Z ~ K O B  K ~ K  6bi ucqemp, m o m s  p ~ m  Hynm. l l pnqe~  pa- 
BeHCTBo HyRfa BbICTynaeT IIpaBIsAOM U =eT w 3Jt"MeHTap- 
HOB npowpKOZt KOP~~KTHOCTK B s m o m e m  onepanu no WHC- 

CfM~MaltJlSi A-HX. 
OCO~OM) cxyiarr, K o r m  B ~ a ~ p n q e  u c x o ~ ~ b o r  nariKbIx nep- 

& BeKlUp W T h  BfOIEFlSiHa nOCTO%HH&3 (CM. B U U e  Qrur OAHOBpe- 

M e m m  onpenenmm nap8MeTpoB p e r p e c c ~ i o ~ m r o  y p a m e H m  bj 

HCTaIITbl k, B MaTpHqe HCXOAHlJX AaHHbIx nep~61fi npU3HaK XI 
aBJIIIeTCII eAUHMnHblM MKMPOM), UMeeM: 

X l : = X . I : = & , k , ~ R \ { O }  U x l = M X I = M 4 e = 4 M e = O ~ R n .  

MU CJIOBLIMkl, n P U  UeHTpUPOBaHkiK AaHHblX n e p ~ h 1 f i  BeKTop 
bIb) TpaH@opMApyeTC~ B Hynb-BeKTOp U A3 MOnenU YCT- 

Ecna XCe B MOAMA )lJIvIn UeHTPMPOBaHHLdX AaHHblX KOH- 

~ c e - ~ a w  n o m m x  B xone pacnwoe, TO ee Werner pac- 
BaTh C YeTOM AByX IIOCJIeAYIOUUX s a ~ e r a ~ n 8 .  
M e Y a H U e 1. 0 6 6 1 q ~ t u t  P e ~ e C C U O H H W  MOAenb, BKRIO- 

4 a ~  C B O ~ O A H ~ I ~ ~  YneH ( K O H G ~ T Y  -&), npn ee napa~e~pn3a- 
 om 6b1~b npencTaBneHa c Y e T o M  B e m p ~ o b  ~ U C U  M a q n -  

HCXOAHblX AWHlJX CIIeAyIOIUUM 06pao~ :  

(4 '  
b2 

\bm J 

aKa, AOIIOnHIITenbHO BBeAeHHOm j7jlX OnpeAeJleHUII KOHCTaH- 
, T.e. XB.WleTCvIn eAUHUqHbIM BeKTOPOM, TO IIOJIWUM IIPUBbIP- 

npeAcTaBnewie  MonenH: 

y = e q  +Xobg+u, :=(b2q..bmi x : = ( e  x 0 ) ,  
A0CJIe T ~ ~ H C @ O P M ~ ~ ( U U  nOCFACTBOM UeHTPUpOBBHUfl C HCIIOjlb30- 

UeM MaTPMUbt M  6ya.e~ UMeTb: 

z = x b + v ,  E(v)=o, cov(v)= E ( w ' ) = : Q E R ~ ,  & = n - 1 ,  

V , Z E R " ;  X E R ~ J ' - ~ ,  r g x ~ r n - I ,  @ :=(&,q,.,.b,,,), 4 E R ' - ~ .  

H3 n p m e a e H H m  B H m e  a K c u o M a T x q e c m  n o n o ~ e ~ u b  c n e W e T ,  

" T ~ ~ H C ~ M M ~ O B ~ H H ~ U I  M a v A U a  K O B ~ P H B Y E I ~ ~  Q X R W e T o  eAH- 

0b M HMWT UCKtWeHHOe PaHrylBOe YUWO, T a m e  PaBHOe em- 
. C y'4eTOM O P T O ~ O H ~ J I h H ~ S i  e U M  MOXCeM 3anKCaTb: 

(v) = 0, COV(V) = M COV(U)M' = O ~ M  . 



ureHne rnnoTeTnrecKoro pacnpeneneenn cJIyYafiH0k mnmnm $ u .  
&Ib'Iep~aTUB~hlfi IIOAXOA, ~O~BOJWK)UII& YCTpaHUTb Tame HapyUe- 

Hna, paccMaTpnsaeTcrr B s a ~ e q a ~ u n  2. 
3 U M e X U ft U e 2. BBeneM ~pe60BaH~e, ST0 ItePBOHaYaJIbHO 

T~~HC&IO~M~UEDI PaCnpOCTpaHrreTCR TOJIbKO Ha CMCTeMaTUYeCKtie 
Bennvaabr y H X , a nocne ~ p a ~ c @ o p ~ a u n n  U C X O ~ X  naHHblx - 
Tame n H a  cnysalf~yro sennsuriy u . Torna ~ o ~ e n b  npno6paae~ 
Bun: 

r = x&, +v, E(v)= 0, cov(v)= 021, =: Q E R~J ' ,  I&J = 5 
~ , z E R " , x E R ' ~ D I - ~ ,  r g x s m - 1 ;  & ER'-'. 

9 = (ZXXZ)-'ZX~ n ;:= z(zxXZ)-'ZX~J=Z~ nnrr (6.13)'. 
npn 3TOM 38KOHOMePHO 

rgZ s ax, ~ ~ ( z x x z ) ~  ~ m ( r g ( ~ ) ,  &)), 
T.e. ocHoriaHneeM AJIR penapaMeTpn3iurnr ameTcx coKparrreHne 
YMWa MOAWIbHblX IIaPaMeTPOB. COOTB~TCTB~KHO T P ~ H ~ P M W X O H S  

~ a r r  ~onenb (6.14)  npennonaraeT oqeanwme MeHbluero sxcna na- 
PWeTpOB (7 BMeCTO b , / < m ) .  I 

Nauocmpayw I: Ja r  ~ p e y r o n b ~ n ~ a :  y~ennreene nnn coma- 

j=1 

Kwocrnpayun 2: J a r  A n b ~ o ~ a :  narosb~lf nomon n p ~  ~ W ~ H M U  
IIIOPHMX TO'leK. UyCTb UMeeM (il,iZ, ..., im) - HeKOTopble M3BeCT- 

peanb~ue qncna, ~e pas~bre HYJIIO, n p n r e ~  ~ T H  ~ u c n a  RBJIRIOT- 
le 06~3aTenbH0 PaBHOBeCHbIMH npkl: 3WaHEIU OnOpHbK TOYeK. 

T ~ M  CaMbM ~ o ~ e n b  y = B + u ,  penyqnpoeantran no sncny napa- 
w o e ,  3anncu~ae~c11 KaK: 

y = ~ ~ y + u o y = i y + u ,  XER""+~ER'" ,  ~ E R " ' - + ~ E R ' ,  l cm.  
NNuocrnpl74~ 2.1 (AoIIoJIH~HU~): J a r  A ~ ~ M o H ~  C PaBHblMA KH- 

-1maMK. 



1 1 1 ... 1 

e H H 0  ST0  06W~liS MOnenb C OXHUM YpaBHeHUeM, ~ ~ 1 0 -  
a n a p a M e T p a ,  AKII OUeHUBaHKX KGTO~UX MOW ncnonb- 

Yi = i $ y I + %  o y = ( X Z ) y + u o y = ~ y + u .  qHbre M e T o n a .  Hanpmep, I F p m o x e f i u e  M ~ O ~ O B  
Si B L I W O M  cnyrae ~ p e 6 y e ~  n c n o n m m  MaTpn- 

nWrU C O W M  YpaBHeHUeM: - 

n o f i 0 6 ~ a x  M O A ~ J I ~ ,  nMelor saR 6 e c ~ o n e q H o e  q ~ w o  naPm 
B 6 ~ e ~  H e  nop/Iem CTBTEiveCKOMY ouew-. B 
BpeMSt npn IIOMOrW nomwa p b n a p a M e ~ p n m n n  Koka  ~ ~ C J I O  

~ @ @ W ~ U ~ H T O B  PeQXXCUU M o m  6- C O W a e H o  BeCbMa CYm 

BeHHO, C-M.JX0 n@)X, 8 .STeM, OUeHeHO: . .;- . . : ,  
o -bcj (j=0,I,2,3, ...), b>O, O < c < l o q = b ,  @]=be,  %=k 9 8 .  

I - '9 -c  1+c2 . 0 0 

npn JIar0~0fi U H B B P N ~ H T H O ~  ii3 (6.15) cneme~ 
yi =bX,+ba,-, + L J ~ X ~ ~ ~ + ~ C ~ X , - ~ - . . .  0 ... l+cZ -c 

2 cyi-, =,ki-, +bc xi-2 +bc3xll3-.+eu,i 0 ... -c  i+eZ, 
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~ o f i a ~ a o r  napaMerpo8. 6yf ie~  p8311ma~fi cneay10~~-e cny~rur o 
pmme~nil: 

1) ~ y m ,  orpainsem, 
m e e  npom eCTeCTBeHH0 PaCCMaTpHBaTb Hynb-OW- 
e (HY~~-K'-'*'$UUW~HT) KaK pe3YJIbTaT 3nUMmnpo~a~nn co- 
WltrMx KoMnOHeHTOB napaMeTpUqeCKOm Bempa b ~ ~ 0 x 6 -  
a w u e  Hcxofi~b~~ f ia~~boc  X. C O K ~ ~ ~ ~ H H ~  (ypewna  WPM PerpeCCEIU B Cyl4eCTBeHHO Y PerPecCUOHH,aU M O W b  npUHMMaeT Bufi: 

Kasepx o a ~ o m  n3 m a x  BBP~~HTOB, nanpmep, MOB(HO pacc 
pmap myq& 4, npmamexctusrre eMy ~JII-OPUTMH 1103~arrmcur 
UMeXlIqYiOCR HeKOTOPYIO CTOXaCTWieCKyXl CUCTeMy IUI 
a MoAenn, npenmwte~nwe B n. 6.4.6, n p m  K 
mgy (CM. n. 6.4.1). Teope.mcc~o# ocnowfi noao6~o 
m u  eucynaeT nomoa raycca--Map~ona, onpemm- 

Bce  TO eqe pa3 y w m a q  m rullpo~uk cnemp m u r e c K o  
UplllIWeHUU M- HaUMeHbIUUX m T O B .  

Beonefiommie orpmme~c& e perpeCcuo~noti ~ofienn B n w e -  
aYK,rueM nomonm ~ a c  K Becma m a  ~~KII&HMSIM onrocw- 
TeJIbHO GLS-T~~HC@O~M~I~& U 803MOXHOCTU p a G l I l ~ H H 0 ~  fie- 
MoHcTpaunn nomofia raycca-Map~oa. . 

C u- ynpamm siwoxerrae M a m m  npoqecc n a p a ~ e ~ p ~  
necmro o q e w m m  np~-  no~oma pa31~4nm ~ @ i i a w &  MeToAa 

14 + u e  y = x~~b+u=.ZSb'+u. 
ne-, p a c c ~ a ~ p n m m  rnanmm o6paw~ 6e3 omcamu c r p y ~  y~esannoi% ~onenn y = xtb, +u nonyrn~ OUeHKU: 
TYP~I c r o x a m e c m  ~ e n m  (u,v).  IIpa  TOM, o w o ,  coxpame~1 
cu npeRnoroxewfe o cymeETBomma ocla'r~on M O ~ ~ ~ I I I ,  KBK R oue; 
HOK nx MBE-eCKOTO O~CUIWHNII. E(u) .a I C O B B ~ ~ ~ U U  COV(U). 

h e i t m e  napmeqmtww omam 
napnme~puamm y p s a ~ ~ ~ i l  ~qqe~m.  B 

=B+q, E(u,)=o, COV(U,)=V=O~I 
OUeHKM napaMeTpa b npx ycnomn, wo 

(m - 'IUCJIO He3aBUCUMbIX C T O ~ ~ ~ O B  
MaTPUQbl X); 

RqF. o ( R ) = ~ < A  (4 - WCnO He3aBaCuMbIX CTPOK 
1 A ~ ~ M ~ H H ~ O B R H H ~ ~ ,  T.G. O G H O ~ ~ I O ~ E W I  HU x ~ ~ ~ ~ ~ w ~ o H M ~ ~ L x  C 
3 9 ~ .  (17~1~1. nep.) MaTpaqbi R). 



. . 

U nu60 4 = -Ri1R2& (R1 - HeenUHMqH%l M ~ T ~ H W ) ,  

nu60 & = - R F ~ R ~ ~ ~  (Rz - HeenUHHsHUl M~TPuu~) .  
Mo enb 1) B TaKoM cnyuae npsHvlMaeT sun: 
y =  f xI - x ~ R ~ ~ R ~ ) ~  + U  oy  = i14 +U . (6.17) 
0606ruarr BbIBOAbI, OTMeTUM, YTO nps YCJIOBMU: 

 MY^ eerouorenHue orpmmexm 
1) y = ~ + u l ,  E(u])=o, C O V ( U ~ ) = V = O ~ I ,  

2) r=Rb, r#O, R#I,S 

3) x E R " , ~ ,  rB(x)=m (m - qucno H ~ S B U ~ U M M X  c~on6uoe 
MaTpUUbI a; 

4) R E  RqI",rg(~)=q ern (4 - 9UMO He3aBUCUMblx CTPOK 

MaTpsuM R). 
n p ~  nOMOU(U WMgeTCTByIoUUX 3aMeH, KaK U B IIPeAblXyIUeM 

CXyWe C IUMOreHHbIMH OIpaHM9eHEIRMM, nepewe~  K C O K ~ ~ J ~ ~ H H O ~ ~  
N p ~ e  perpeccuoa~ofi MoAenw n ecnn R - Hexompan Heenam- 
H U ~  MaTpaua, HanpaMep, R2, TO ~ O J K ~ I U M I :  
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FClUh ~ ~ ~ ~ H ~ T N B H ~ I M  H B TO Xe B@M3 
pacc~arpen~b~x ebIlue 3 w q  c orpa- 

u r d .  6yyne~ acxoi[a~b as ycnoenrr cy- 

y=Xb+ul, E(u,)=O, COV(U,)=-$Q~, (6.19) 
rp(X)=rn (m - 9ucno H~SBUCBMI~( mon6qoe B MaTpsqe A). 

1 ha xce Monenb nocne Tpa~c@p~aqnn  me^ 

. ; . .  . 

k le~aH~0f i  perpecceu. B B W ~ H U ~  nOnOJlHR~JIbHMx ~ M O B U ~ ~  03Ha- 

e~ B C ~ L ~ H O C T U  ee ~pa~c@opmu&. , . 

ma cneayeT y = ~ b + u  o 



Hmwcmpaym. 0606ue~ne A ~ H H ~ I X .  
lTo~axe~  npmep c ~ e u r a ~ ~ o f i  Monenn npn o606wemu JlaHHblX 

1IReTCII C M ~ U I ~ H H O ~ ~  MOAeJlblO, HO IIpM YCnOBUU, VTO X2 - ~Jly'Iafi- 

H a s  BenmuHa, ~ o ~ e n b ~ b ~ f i  ocTa'roK HukiennpyeTcIl u YcTpilHxeTm n3 
Monenlr: 

- -  ,-  
B pe3ynb~a~e npxMom pacuupeawr MHK-OU~HKK (XXJ X' y 

IIOny'4UM: 

F = FY= (xx+R'R)-'(xpy+~r). 

I ' I p n ~ e ~ e ~ u e  MHK-oue~u~a~ua  nocne c o o ~ s e 7 ~ ~ ~ y m m u x  3a- 
MeH If CmTUR MOJEJId IlpUBOAUT K CJIeAyIOulUM BbIBOAaM: 



n o n o 6 ~ b r f i  pe3yJIbTaT M O m  6 b l ~ h  ,iXOCTUrHYT TaMe n p U  nOM0- 
ma @)IHKUUM n a r p a ~ X X  

L* = ~ - B ~ ~ - B ) - 2 h p ( r - ~ b ) + ~ i n o  
bh 

o L z  =y'y-2y'B+VXB-2h'r+2h'Rb+Min. 
b,k 

B Rb=r=O, O = r e R g ,  ReRqsm, q5m.  

Peme~ne AJR @ y ~ ~ u a n  Barpama c n e n y e T  n3 n p e n n o n o x e H n R  o 
CyUeCTBOElHUM 3KCTPeMYMOB: 

& = 0 = - 2 ~ ' ~ + 2 b l ' ~ + 2 h ' ~ ,  
36 

' =~- (XX)- 'KS~ ,S~=  s = ( ~ ( x ~ r l ~ ~ p .  
: n p U  OTCYTCTBHA OWHWIeHUfi  ,!@Dl 06ILlefi ~ ~ ~ ~ C C I I O H H O ~ ~  MO- 

:.F=(xx)-'x>-(xx~-'R'~=~-(xx)-'R'~, R, OYCBWHO, 6 y n e ~  IlMerb HevmMeHHym OUeHlC)': bps r,0 = R}= 

y = R 6 " o X = - ( R ( X ~ ) - ' ~ p ( ~ - P ) = - ~ ( ~ - r ) ,  s :=(R(xxJ-'~'1 , :=(xx~'x' y T ~ K  ~ e ,  K ~ K  u n0clre B B ~ B H I ~ ~ ~  yCJrOBHSI Rb"= 0 , 
;= b-(xx)- 'R' (R(XX)- 'R'rL(R~-r)= ~+(x'x)-'R'sG-RB) . a ~ a ~ a  0 U e H M  H ~ V U H ~ ~ T  B~IIIOJIHIIT~ p0nb o r p a ~ n q e ~ u x  a 

GLS-0~ern~ n p ~  il0~0n- ~ ~ T ~ P - ~ o B B ~ ~ M  7CnOBHIM ReTCff B03MOKHOCTb H e n W p ~ A C T B e H H O  IlpOBOnHTb BbEUC- 

H c nm601L n e e ~ u r ~ o k  nraquuefi K O W ~ H ~ .  M 06061ue~~oir 
(POPMU J I I i ~ e f i ~ ~ i r  MOAeJIH C OnHIlM Y ~ ~ H ~ H U ~ M :  

~ = B + u ,  E(u)=o, c o v ( ~ ) = ~ ~ v ,  r = R b  h c n r p a y w .  Oraenb~~e  n p n ~ e p x  p a c n p o w p a ~ e n ~ b ~ x  cayra- 
B KJMOIt7HHbIX II Hel'OMOPeHHbIX J I K H ~ ~ ~ H M x  o ~ ~ ~ H F B H H ~ .  MeTOAOM HaUMeHbLUHX K B W a T O B  M o m 0  nOJEYqUTb C J I ~ ~ K ) ~  na- 

p a M e r p n u e c K y i a  oueHKY: 

~ " = ~ + ( X V " X ) - ' R ' [ R ( X Y " X ) - ~ R ~ ~ ( ~ - R ~ ) ,  Rb=r, b e R m , . ' r ~ R Q ,  ReRqsm,  q s m .  
hIAenn~ HeCKOJbKO B03MO)KHblX CJIWaB:  6 :=(xy-fx)-fx' y. 

3 a ~1 e u a n u e. flapaempuvec~arr oyenrca e m p a e  zmoweda- 1. Bce ~ c ~ ~ y u e n r n a r  pezpeecuu npwuaamm ne~omopue onpede- 
ble cc~awm: b = 

cmulinocmu ~ o a e n u  6yaem: 

B =ki xi)[il]r(Xi Xi)[i)=(X[X\ + x F J ' ( x i ~ \  +X;Y~), 

T.e. o H a  ~ K B U B ~ ~ ~ H T H ~  o u e H K e  mli Monenl l  c ~ e m a ~ ~ o f i  p e p e c c H H  

ena TO xe, HO B ~PMBLIYHOB @opMe sanncw pepeccao~~of i    on ens 

- 0 r p a m m e n u e M .  



3. Hyna-ozpo~ure~urr. 
3.1. itfieernor no&nowcrneo xyfleam xo3@uyue~moe pez- 

peccuu. 
AO~YCTMM, 9TO U 3  MOjlfXU YlIaJIeHO HeKOTOpoe VMCJIO O ~ C -  

HSDOUUX n e p e M e H H a n c  

6, + 0,  4 = 0, R := (q~,) ,  r := 0 E Rq (Hynesoil B~KTOP), 

n p U  3TOM OTIleJIbHbIe MOBeJIbHbIe I lapaMeTpbI  HeOnpaBnaHHO o6pa- 
UaIOTCfl B HyJIb. A ~ H H M ~  C.nfla@ CM3bIBaeTCX C npo6neuofi UJieH- 

TU@UK~UUU ~ U H ~ ~ H O #  MOJIeJIU, PJIR KoTOPOfi n0 BO3MO)KHOCTM 
n p e n n o n a r a e T c r r  o n p e n e n e H n e  s ~ a r e ~ a f i  OTC~TCTB~~OUUX napaMeT-  

pOB H a  OCHOBe IIpeJlClllWieHHbIX o ~ ~ ~ ~ c H S I I O I U U X  KepeMeHHbIX. 

IIpoa~ana3apyeu p e l u e H u e  I I 0 n 0 6 ~ 0 f i  3aua~u.  C n e m  nonxony 
raycca-M~PKOB~, MOXeM 3anUCaTb: 

2 
y = X b + u = ( ~ l  1X2) +u, E(u)=o, cov(u)=o I , .  

T a m e ,  qT0 4 := 0 ,  TOrlIa MMeeM: 

B t4  8 0 a: IIOCKWbKy q + 0 ,  iL H e  MOXeT 6 b m  B ( ~ ) @ ~ K T M B H O ~ ~  

O U ~ H K O ~ .  

3.2. Hepapxu crnomucmurecrcwc zunome3. 
Ha o c H o e e  og~oro n M e m u e r o c x  y p a e H e H u f l  perpeccaa, npa no- 

CJIenOBaTenbHOM BBeAeHUU anbTepHaTABHbn  H y J I b - o r p a ~ w e H U f i ,  
MOXHO nonyran M H o x e c T s o  M O ~ M @ ~ ~ M ~ O ~ H ~ I X  ~ o n e n e k  n o ~ a -  
x e M  STO H a  npnhiepe T p e x n a p a ~ e T p w e c ~ o i l  M o n e n a :  

y, = 4, + 4 X l i  + b X u  +Uj ( E ~ C X O ~ H ~ R  M0Aenb) 
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3ne~b  r ~ ~ ~ ~ e T  3JIi3cMtIHOCTb W b I  npU3HaKOBbLX 3Ha- 
qend .  mwcomuneapnocmu. 

~ ~ B U A H O ,  qT0 8 MOnWIU 3aJOXeHa BO3MOXHOCTb paCllMPeHMfl 
WUIa He3aBUCllMbIX npOU3BOnCTBeHHblX @KTO~OB ( k , ~ ) ,  T.e. MO&enb 

mn Q  om 6 m  c m > 2 URWIOM @~KWPH~IX npmuaKos (k,~,....) . am: Pe~eccJioHHtW MOEeJI5 C ORHUM ypaBHeHueM, 
5. Ymoeue cyu(ecmeoemun dRIl napw pezpecuionnb~~ ~03qk+uyuen- XeHHW MYnbTEKonnnHeapHomn 113-38 I I ~ O ~ O ~ U E I O H ~ ~ ~ H O ~ ~  

m e  onpdenennw C W ~ O U ( ~ H W I .  fi ~ ~ y ~ a e ~ s ~ x  @ K T O ~ H ~ I X  npH3HaKOB (m = 2). 
C TOYKU ~P~WEII I  I I ~ ~ K T H K U  B ~ C ~ I A ~  B~XHYM n p e n w f f e ~ c f l  cnFaR nBYMII O ~ C ~ ? ~ U U M U  nePeMeHHKMM ( m  =2),  

cnyrati n r ~ e i b ~ x  orpariune~afi npa yma~omre~~of i  sapmee senu- n"eeTa KOHcTa- OnHa nepeMemarr. 3anuure~ H c x o ~ ~ y ~ )  
rme woTHouIeHm Memy napam M O ~ ~ J E H H X  napaMqoB. KaK 
n o m m a m  n o o n ~ ~ e  paccyacneem, m n e  T~KUX COOTHO- 

memP 03HaYaeT B CylWrOCTM t l e e R e  O ~ ~ ~ Y H H X  JIUHefiHbLX IYIMO- 
reHHm orpai-imernii mna Rb = 0 : 

b k = a * b k  (.,bk-ob,=Ow{r:=O; R=(O ... 010 ... 0-a0 ... o)}. 
4 f t  

k-R A i-g nwmm 

d4.4. &~~HUYWIUI dnn W&WU c M Y ~ ~ M U K W U I U H M ~ O C ~ ~ K )  Mynb~u~onnw~eap~ocn  B ~ ~ H H O M  wywe 03HayaW, yTO 

IIapatd- orpamemin n nappenm p a m  MaTpmW RC- 
=Pvi (70 me B cnyrae, ecnn &weeM neno c n B m  K O H ~ ~ ~ ~ -  

XOpJIbLX n p l  BBeAeHHR lIeTePMUHHpO88- 0~aH~neHUfi 
HquMeP,  BTOParr ITePeMeHHtW - mxe KOH-). 

M O ~ O  nonywm erne O ~ U H  ~ n a w  ~oneneP, n p e n w a m m  3 ~ a -  m11Bom K H ~ W ~ H ~ @ ~ I U I P Y ~ M O ~  M O ~ U  a ~ e f i m m m ~ ~ :  

Y U W ~ H &  nmepec c TOYKU 3 p e ~ m  r x  n 3 y ~ e ~ m .  TWM M O ~ W M  
n nocsRrueH LI~HHHR pa?nen. 

no mx nop peine~ue 3ana~a napa~e~pusec~on ,  o u e m 8 8 ~ m  1 I . . . l , ,  
npOU3BOflUJIOCb &OBEiU CylueCTBOBaHm MaTPUUbl ( x x ~ .  
npmocmKa B CBOH) oqepeps Gipomnaca sia rqxwonoxennn o 
TOM, m t+4apnUa HCXOBHMX mwx X m e ~ w r  nanqopam8ok, 
T.e. rg(X)=m. Orpiuuruenkur, HaKnagmaeMsIe Ha perpeccm, mum- - K CoqmueHam perpeccuo~rioP ~ 6 n w  no ( m-4 ) napaMeTPoB, 
Kolopae Mornu 6b1 6bm oqerremr mammqecKyI. npn s r o ~  cam 
ouemmue ncerna npmunnuarrs~o ocraeanocb BO3MOXMbIM. 

,QR Knacca ~ ~ e n e t l ,  rrpencTameHHbrx B II~HHOM paxene, orpa- 
HMYeHUJI MCROIIb3yim yxe c umbm o6wne~a.ra npouecc ouem- 
~ m ,  K O T O P ~  uanaqmbno ~ e p e i ~ ~ ~ l s y e ~ .  p a  o m e ~ u f i  Me- n p ~ 8 e n e ~ ~ o e  O ~ O C H O W U ~  H H ~ ~ K O  pacmmper Haue npep 
mmn. OHU ~ H O B I I T C I I  n e o 6 x o n u w ,  mff T ~ K ,  em6b1 y w -  aneHne 0 ABYxnPn3HaKoBoii MoAma cnenyrou~ a ~ c n o ~ a m ~ -  
H W T ~  CO-HHO K O H C T P ~ ~ ~ H ~ I M  O&HHOCTIM ~aTPnrlbl M n0mXemeM: ecnu uMeeTcx X, t 2 no MeHmeft M~~~ 
m a b l x  X napyatcnar B ee p m .  no TepuLmonomn B K O H O M ~ -  



mtjmae~u& m O G 6 s c ~ g ~ ) r n n  n e p e M e H H m  a OKpeC'CHocm KOH- 

m H  6 b 1 ~ b  BapUaTUBHa. O ~ H O B P ~ M ~ H H O , C  n0MOWb.m .He- 

W H m a  . . m ~ a p ~ a  (os > O) n o q m p y e T c ~ . ~ o p M a n b H m ~  n p o H j m -  

ne~w JX:. , . 

, .q&a ; n p e o ~ ~ e ~ b  H a p y u r e w  B 2TaTKClW9eCWM OWeHMtWWn 

~ o l f e f i m m  napaMeTpOB per pee^&^ C Mynb~HlC~nn~HeaPHo~@,'~e- 
& x o ~ n ~ o  ~cnoJIb3OBaTb 0lIpenwIeHHbIe O I p m i w H ~ ~ .  fl0~n-e 

880-a O ~ O B p e M e H H O  C AOnOJIHeHUeM p a H m  u c x o & H m  

E a H m x .  ~ O K W ~ M  3m H a  ~ P U M ~ ~ B X '  C KOJIU'Z~CTB~HH~~MA I I m H u -  
K ~ P m  a ~ f  M a T p s i W  MOMeHTOB wawme pewaem B O ~ P W  

K o p p e m o B ~  a 3 m . M  ~a OCHOB~ me C K O P P ~ K ~ ~ ~ ~  
B ~ H ~ . I X  - n o a c K a  n o n y ~ ~ u ~ o l  o u e ~ d  napmew b .  

~ H O M  '3QXaCTUSeCKOM npouecce onu H e  urpam H.UKa~0fi  pons 
0 6 ~ c  ~e n o a n e x a T  ouexiuwn). 

we OrpaHureHvrrr mtem m o u e  B03MOXHOCTI.I 

H o o 6 ~ 8 3 H m  3ma3 perpeccaonnoru a~anusa, 6 3T0 
Q .AeMOHCTpUPyeT -OR, ~ J I ~ T ~ ~ H ~ T H B H H ~ ~ , .  i T O ~ O n  ilx 

~ = ( - a & z + ~ i r * ( a - 2 ~ 4 ) q + u ,  o yl = z i q + u i  ( i=1,2 ,  ..., n),  
:= +xi3 +(a-2)q4. 

e m l  B perpe&un n a n n e T c n  BBefieHue H e m i o r e -  opa- 



n 0 U f e  BBeneHllrr fiOIIOJlHUlTenbHb1X ~ W O B U ~ :  0 W i U f e  aHaJIU3U- 
p y e M m  ~a6mone~uti  ( q e ~ ~ p e ) ,  n o n H o p m m e o c m  R a cyqmoea-  
m u  e m H c T B e H H o m  n a p a M m a  y c T a H a s n m x  3 ~ a q e ~ m  =ex 
T p e x  K ~ @ $ E I ~ ~ ~ H T O B  perpeccua. O u e ~ u ~ a e ~ m  M o n e n b  npu  TOM 
IIpeAcTaBJIRCKX T~~HC@PMUPOBBHHO~ B ~ I P O C T ~ ~ ~ J W ,  C ORHUM 
)'paBHeHUeM: 

bi -xI3)= (xH -x& +aI *Z, =Z,(X+U; (i=l, z..., n), 

q:=y,-Xi.,, Z , :=Xt4 -X i3 ,  a:=b4. 
T ~ M M  06pa30~, Hap)'ILWHUff B p i u I W  MaTpUUbl YEIpaHHMbl C 

BBeAeHUeM HeKoTopOm W U f a  q 0IpaHSxaHtdt. T ~ M  CaMblM PeaXEf- 

3yeW B03MOXHOCTb IIepeXOBa OT ~ ~ 6 p a u t a e ~ 0 %  MaTPUUbI X X  K 
UHB~~CKOHHO# cyMMe MaTpH4 X% + P R .  Me~oj3 IfaMMeHbbrrrIlX 
W p a T o B ,  ~ m o p b ~ #  B & q e ~  cqmae o6ecneq~~ae~ n o u c ~  m na- 
PaMeTpOB PerpeCCUOHHOm VaBHeHPllr, W E  3TOM XCnOnMyeTCIf B 
W K p a w e H H o M  BUAe, AAff HaWOWeHUR m-9 iX$pE1MeTpoB (no qE'2-V)' 

cTon6uo~ C HapylIIeHnffMU PaHra ,  YGmaHRCMbIX ffpU IIOMOLUK fi0- 
n0JIHM'RnbHbI.X ~CJLOBX~).  B n O C f i e a m u l e M  MbI YBWHM T W ,  T O  

p e m e H a q  sana~ ac H a p y u e x u r t m  paera ~ a ~ p - 1  t r c x o n ~ b ~  am- 
H b W  !Jam OCHOBaHHrt A a a T b  TeOpCl"l'4eCWe 0606wem PJi% Me- 
ToAa PaHrOBblX I ~ o ~ T o J I H ~ H u ~ ~ .  

0606qen~11 pgn m w a a  pruaoearx mm&. O n e u e .  

= x X b + x t *  

+ (xx+R'R)-'x> = ( X X  + R ~ R ) - l ~ ~ + ( ~ ~ + ~ * ~ ) - l ~ ' u  =, 

X X ( X X + K R ) - l x p  =x~(xx+~~)-~xxa+x~(xx+~~~)-~~'u= 
= x x b + x x ( x x + ~ ' ~ ) - l x t .  

' , .: B.TO Xe BPeMR n p U  IlCIIOnb3OBaHKU MeTOaa MOMeHTOB 

X X ( X X + R ' R ) - ' x > = x x ~  ~ X X ~ X X + R , R ) - ' X > - ~ ] = ~ ,  n p u s e M  ' 

eron pamnsoc ~onon~eau t i  e 0606qeellwra MII ay~y, Korm 
c m .  3anuiue~ m ~ ~ ~ ~ ~ C C K O H H O ~  M o n e n n  awan&secrcyro 

TeMy B qeJLOM: 

k l c I I o n ~ 3 y r t  MeTOn MOMeHTOB B OqeHUKtHKEi M O M M ,  YMHOXUM 

e rreeyro u npasyro sacru H a  2, n o n W u M :  

u t e H u u  n o w e n H e m  y p a m e x u r t  O T H O C ~ ~ H O  n a p a M e T p a  

arr a e n u r u H a  u  u3~aqanb~o  H e  onpe~eneka 'u M o x e T  

M o n e n n ,  Torna nm-: 
. .~ (6.25) 

uua, 06pa~~arr  X X + R ' R ,  B o T n a r u e  OT x x  cyuecTByeT,  a 
apylUeHElff P a H m  U C X O ~ H O ~ ~  MaTpUlrbI C BBeAeHUeM 0-U- 

H ~ I M  Bblute, M O ~ O  T a m e  c n e n a ~ b  npocwiinree o6ocno- 



s = 1,2 . 
B c m m B n e  c noAxonoM A t h m ~ a  m e  
~ = ( $ y - l k 7 & y - ' ~ .  
Ii'pmep 6.11. i I y m  aMeeTcn nx%m ~OMOCKeAacTusH4X ~onenb. 

Torna B 0 ~ 0 6 0 ~  cnyrae, npa V, =a:[ (s = 1,2), 6 y ~ e ~ :  

6.4.5. Pezpeccuonnarr ~odanb ANOVA 

ANOVA (analysis of variance model) - p e r p e ~ ~ ~ ~ ~ ~ b l f i  a ~ w u 3  
, I ~ H C ~ ~ ~ C U O H H O ~ ~  MOnWK. B 3TOM aHanU3e MaTpHUa XCXOilXbl% AaH- 
HbIX X COGTOKT ITCKJlO'lUTeJIbHO U 3  HyneB UJIU eLUnrunl. Bce MOne- 
nul mna ANOVA nonpZ%uenrrmn Ha nm Knacca: c onwaKoBo 
6onblun~ zi HeommaKom YH~JIOM ~a6nm~em2t  [103, 
c. 61-120; 112, c. 27-28; 113, c. 197). Mcxofi~arr ~onenb m e w  

. ~ "- 
'H~T. 0603na~e~ue t I I P ~  ~TLII rpqmmeHzix onpenenen- 
.~nacca ~a6moaenuB (m6opowom 3 n e m ~ ~ a )  m' { i , i l ,  ncem 

WiBCKEiX IIPH~HBK~B (UJIK &KTOPHM ~@&KTDB) WH&PM~- 
m 6nom i unu j ; cB - oSlua~r BermsEIHa (o6wii m u  an- 
B ~ H H ~  3@$eicr, ur~rmBnaymbHW KOH-). 

Cl!b U ~ & M  OlTpeLIWIeHHadr w ~ C T B ~ H H ~ J ~ ~  BeIcrop; 
(111 ... I), e, ePJ, SEJG,T,OT), 

HepaBHboc MHOX~CTB nabme& m o m  i n ;  fig 21. 

a m ~ r a  B MOAWU noanem napaafezpx p - 06- c p e 4 ~ ~ l f  
uii2 -KT - grand mean); ai a LJ, - c p e m e  3 ~ a r e m  

&O<M cnyrae M O ~ O  p a c c m ~ p a ~ a ~ b  TPH ~ ~ e n ~ n b ~  npen- 
rm ANOVA-A an em: 
munnp~sru' mun: 
y f = p + o i + b j + ~ + u y .  (i=1,2 ,..., G; j=?,2 ,..., T )  ; 
mun m&u arm ypaenenux (npzmiaya) omnocumenwo i : 
y ~ . = ~ + + n ~ e ~ + b + c ~ . + q . ;  

mun ~ d m u  anS ypaenenm (npuwa~a) o m o c u m ~ o  j : 
y . , = p ~  +u+b e +c. +u. 

J G  J j *  



~ P U B Q ~ ~ H H M  MO~Wlb ZWlR@TOfi 06hlY~Ofi, J M H B ~ ~ H O ~ ~ .  3lle~b Mbl 

He 6ynenl mWpUTb w~OTB%HHO 06 WWnHS@ @ ~ K T O ~ O B  K elV B03- 

MOXHOCTZX. T e o ~ s Y e ~ m  60nee  mu^ npemasnrteTcff mwoc 
o ~noroa6paau~ nn~e#nwx & Q ~ M  perpeccnonnoft ~onenn ANOVA. 
C s ~ a #  Torxa spenm p a c c ~ s n p ~ ~  gonee nonpoBno nelcOWpMe 
o o o 6 e ~ n ~ e  cnycas, AeMOH~MpYK)4Me BQSMO~(HOCTY( norwoefinz 
n p m e o m  neo6oap~~ora uyfcna oneunwsripoeiw@arx ~omeZI. 

0 ueaSx0- a- 0IpmeBBg nnn maserm 
mOV.4  &T&C$B~HHO nmbWaTb, Itn, OTmbHm K&$UUH~HTM 
p e m w  B MO&Wli MaryT l l p n O ~ g P T k ,  OKa3aTbCR HBSnWIiMbl- 

M€i, RP€iHUMaTb HyJTQBbIe SWWYPHW ((BMII~B HaMU ~ ~ C C M ~ W U W K C ~  
~ya-orpamvenm .wm n a w -  b) .  C ~ ~ H H O  c y r m M  
rlucna ~ e M 6 n ~ a q ~ i l ~ ~ a v ~ ~ m  ~ o & & n q n e m o ~  B MofieItu F e  MOX- 
HO II~JIOmEFT6 LIOCTaMYHO 60Jlbul0e %KCXO OC06bl.X WyYaeB 

ano BnpeqamTca reTbrpe cnenyrousx orpanlrreHnn 
?OPaHHYeHUff LWI cyMM 0 CUMMeWU'IeCLUIM ~ ~ Q U W Q X ~ H H ~ M ) :  
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Oqe~neanue cpell~eir no 3naxenllrrra npn3~axca nepsoro ~ ~ K T O -   TOM E(u/)=o, v8r(ut)= ~ ( u / u , ) = a ~ ,  E(u,u,)=o. .lI,JIa s *s ; ' ' 

pa i (CEO,  beO, c=O): k(vs)=O, Y B ~ ( V ~ ) = E ( V ~ ~ ; ) = ~ ~ ,  E(v,v,)=o ~ J M  f +S ; 
K =G<GT (i = 12 ,..., C; f.= l,Z ,..., T); 
yi,=ai+uif o y i = a i e T + u i o y , = p T 4 U i ;  T.e. 11=ai. 

KHU, He KOppeRMPYlOJIIBe Me]RnY,c&fi, T.e. u a v Vf,s).  
O q e ~ n m n e  cpepiea no s ~ a q e ~ u r n ~  n p n 3 ~ m  , ?porn . 

pa j(@nO, a=O, CEO): 
ecb cnyrair~m Ben-Ha CTW~TCX B 3~BUCXMOCTb u onpene- 
n nByM npyrnun c n y y a f i ~ b r ~ ~  BenuvuHaMK. IIepem ~3 H ~ X  

K = T < G T ( ~ = ~ , ~  ,..., G;r=I,2 ,..., T); HcnMa OT ~ a 6 m n e ~ n f i ,  npyrarr sennrniia v - B o 6 q e ~  He- 
yi,=bl+uil o y , = b , e G + ~ , e ~ l = p G  +u, , Tie. wecb @ = bl . m a  OT Ha6nH)l[eHllft n onpenen~e~m c . a x a ~  a~anu3upye~br~  

aKOM:' . , 06a RpnBeneHHbIx CJIPW He HA~HTHYH~I, B TO Xe B F M R  M O W 0  

PaCCMaTPUWTb MX CBX3b H WeHTlclIHOW C MOAmMH, 0 ~ 0 6 p ~ a l o -  
mnun mHaunYecicne npoueccbr. 

~ r n ~  3. JJ~aaw~veerme npoueccbi a ax w%wmpoeaRHe. 
P ~ H ~ B H ~  A O ~ ~ J ~ H ~ H ~ X  am ANOVA-MO~~~H ~ p n  Y M O B ~ M  br 0 M B T ~ w H o ~ ~  (POPMC: 
nnn a50 ,  C E O .  

Moaena ~ ~ c e u e a n ~ m ~  mppmmuu c oa~oii ~oncmanmoii 
B llaCTHOM CnVae, KOrpa np~cy~e~Byl0T TOnbKO OWa 3K30P3H- 

H M  BenWnHB U KOHcTaHTa, 0 6 l 4 ~  M O W b  ~ K B ~ ~ H T H o ~ ~  KOppe- 
JIffuKN C OSHHM YpaBHeHPeM COKpaLqaeTCII N IIePeXOAHT B MOAWlb 

Tuna " o q e ~ n e a ~ n ~  cpemefi": 
~ Y C T ~  B MaTPMUe A ~ X O A H ~ I X  llaHHblX X t-a @Om, UJKX4 Be- 

X I ,  CXHMaeTCa A0 eAUHCTBC?HHOm 3Ha'IeHm, PaBHOM) ~ ~ A H P V ~ ,  T.e. 
x, = 1 ,  Toras: 

y = x p + u , u ~ , ~ T ,  ~ = e c ~ ~ ,  P E P ;  
E(u)=o; E(uu')= cov(u)= v =oz[(l-a)l+aer?'], 0 <rt < l ; 
yt=XI$+ut  (t=1,2 ,..., ~ ) 9 ~ ~ = ) r + u , a  y = p + U  C - HW~KC an% 3-TO ~a6 ,n rone~n~  na ~ % A ~ H ~ K Y ,  . - ~ 

~ ~ 

a=, t = s ,  
- ! + , ) = o I E ~ ~ I = F  e ~ u s ) = E ~ f y i ) = ~  2, t f s .  - - CwxamnuecKarr cnoHTaHHm sapnan4anocm. 

ITono6aoro wna Monenx B O J H ~ K ~ I O T  npn oro6pawcennn cne- 3narenue n i x o d a  raycca - Mapnoea 
qn@nqecmx CwxacTnqecKiix npoueccos, n o ~ a 3 a ~ ~ b l x  nume. . Moduzb ~ L U  epenrennmp~doe c hyhin ouru6~nnru. 

llpn ycnoBnn 
{ ~ E R ~ ,  x = ~ E R ~ ,  P E R ,  E ( u ) = o , v = o ~ [ ( ~ - a ) l + a e e n ] ,  , O < a < f  . ) 

caMa ~onenb npnHnMaer BW ye = ~ + u ,  +v, , 



n p R  ITOMOW nByX IlepBbIX MOMeHTOB H a b M  CpeAHlOlO R AUC- 
nepcum ma ~ o n e n b ~ b ~ x  o m a w o B :  
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Ul*l Ul"2 

I E ( * I ~ ) ) = ~ .  - - 
~ b 2 u 1 )  ~ ( u 2 ~ 2 )  

COOTB~TCTB~~~II&WM 06pa30~, KaK El B npeAbmeM UpHMepe, 
nonyssM ~UIOTHOCT~ pacnpeneneHm naparmpn'lecm oueHoK b : 

0,25 

Tenepb M o x e M  c pemM ~ O T H O C T W  paceex- napaMeTpnYe- 

CKWX OUeHOK BbIYMCnUT5 MaEMaTUqeGKOe OmklltaHBe W IIBCUepCElH) 

napaMeTpa b (E(;)= ~ ( 6 ) = b  u var; ): 
~(~)=0,25.1+0,50.2+0,25..3=2=b; 

~ ~ ( ; ) = 0 , 2 5 . ( 1 - 2 ) ~  +0,50.(212)' +0,25.(3-2)2 =0 ,50 .  
HoJIy.leHHb~e O&eHKP% RBJUIfOTCR ~&&KTMBH~IMII IIO &TKP%HY. 

C!xon~bJ$i pe3yJIbTaT M X  p a c c ~ a T p ~ a e ~ 0 f i  Monenu MO>KeT 661~b 
~ O C T U ~ H ~ T  npn arnoperpeccno~~o~ oue~uswna. , . 

H ~ I L M ~ ~  6.14. A B T O ~ ~ ~ ~ ~ C C U O H H ~ ~ ~  MORenb. 
E y n e ~  wcxon~~b n3 -cnenyloII&eft m o ~ ~ o c l u  pacnpeneneHurr c~ry- 

safinbuc senmm: 

M ~ T ~ M ~ T U Y ~ C K O ~  OmunaHI$e MOnenbHhIX OCTaTKOB, KaK 06b19H0, 

nonaraeTcR paBHhrM HynH): 

k ( u l ) =  E(u,)=o, E(u)=o, u.= 

. . 



I 

TenbHO 

~a$)=o,1ZIi.(I,4-2)' +0,375.(l,8-2)2 +&375.(2,2-2f + 

llpOTNB 

vatb)=0,125.(1~75;2)2 +.0,37~.(1,9as--aY +0,37~*(2.072-2)2 + 
+0,123.(2,643-2)? = 0,107248. 

1 -b  0 ... 0 0 0 
Akncupy o606yamcd mnenbrrare no~aza~ena %oBaptr 
H ~ I X  O C ~ T K O B .  P~CCMOTPUM ~a n p v t ~ e p e  pa9nm~ux -b l+b2 -b . 0 

0 -b l+b2 ... 0 
Matpuqar K o m p u a g u u  OCT~~TKOH. P e 3 y ~ l b i a ~ ~  n o K a 3 a H H u x  
M O W  3aTeY MCnOJib~oBaTbGII B T P ~ H O @ O P M ~ I I X O K H ~  nPe 
HUHX M0Pte~Sft: 0 0 0 ... l+b2 -b 0 

O 0 0 ... ~b l+&2 -& 

Q 0 0 . 0 ;Q 1 ,, 
1 . .  0 0 0 

, b 1 0 0 0  

. 0 :  

O 0 .  .. 1 0 0 

0 0 .,. -b 1 0 

0 0 4 0 - b  1, 
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n e p b  o q e ~ n e a ~ n m  n o ~ ~ e m ~  ~ a p n q a  W , ~ a m e  o6ecneu ea1014a 
X K ~ ~ ~ ~ H O C T ~  ti ~ ~ , @ ~ I C M B H O C T ~  n a p a ~ e ~ p M Y e ~ ~ 0 f i  OUeHKu - 

~:~(x'w-~x)-~xw-~~=~+(xw-~x~~.xw-~~; , ' - .  

~@@KTUBHOCT~ n%m 
n ~ Y M H 0 f i  O C T ~ T ~ . ~ H O ~ ~  K w p K W t ? r U :  . 

~ P Y I ' K M R  CnOBaMM, W f V , HO IIpU iTO$?I%TOVHO 6 0 n b u 1 0 ~  YMCne 

~a6monennfi o u e H K n  KoeapuraquM B M a T p x q a x  W a V npablima- 
loTCX K H ~ H H ~ I M  3HaYeHHRM, I TOPPa npaBOMePHbIM CTaHOBIITCX 

pawacrsa r' =:W , nnn, npn 6wee TOYHOI~ ~ ~ U U C A ,  .p  lim W, = V . 

6.5. HeJlk l~e~~ble  PerpeCCblOHHble MQaeJlH 

,&m aneKsaTHoro  npenmasnmm pearrb~blx n p o u e m B  n ame- 
~ u l l  q a m o  pe6ymm ~ e n t i ~ e h ~ b x e  p e r p e c c u o H H u e  Monenu .  K ~ K  
npasuno, m ocnu'ram 6onee c n o x r r b l e  n p o q e n y p b 1 .  n o n c K a  M WH- 

T e p n m u u  n a p a M e T p u r e c K n x  mexrort. B 3~armenmof4 Mepe  MA 
3 a a a . r ~  ynpaurawrcs,.wn nepexone w ~en.n.~ePrnau .K s n ~ e i i ~ b ~ ~  
MOneJIbHbIM ~ , O P M ~ M .  ~ ~ o ~ ~ M D H c T P u ~ B ~ H H ~ I ~  naMvl IUMpOKne 
B03MOZtIPCTB J U I H ~ ~ ~ H O ~ ~  M W J I R  C OLIIIFM Y p a B H e H W  nDM3blBa- 

KYT, YTO HeJIKHefiHbIe MOfieJIU B 0 6 w ~  M O W  nOABePTaTWX OUeHM- 
BaHHiO U aHanM3npOBaTbCff M K  lMHe%Hb~e . .  . . . , 

H e u o e p e m n m  
OT H ~ J I N H ~ , ~ H ~ I x  CBS3 

HOBe npoCTe%LIIMx T ~ ~ H C ~ , O ~ M ~ R O H H ~ ~ X  n p e o 6 p a 3 0 ~ a m f i  MOnenb- 

~ a u r  n a p a M e n p o B x m  c a ~ n x  u 3 y l r a e w  ~ Q ~ ~ H ~ K O B .  B n o c n e n y l o m e M  
 TO n o a m e ~  npa~3w)nn~b.;oqe~iu~a~ne n a p m e T p o B  c I I O M O I I I ~ ~  
XOpOluO E138eCTHOEO MeTOna HaHMeHblUHX KBWaTOB. n0KGfCeM 
H a  npuwepax ~ o m e i t ,  K o r n a  m = 1,2,3 (~a6n. 6.2 - c qenbm ynp0- 
m u ~ b  npeli.cT&ae~n 



B bee o6ure~ Bwe y,, := 
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Ha OGHOBe e3aUMOCBII3UIHbIX % M O B  pOCTZl n0CTpOHM nOl'irOp- 
MUbHyIO MOnenb. ~ Y C T ~  4 =Yi t ,  Tor@ npaBOMepH0 n e p e f i ~  K 

n p o u 3 ~ o n m e ~ ~ o f i  (PYHKUUH Ko66a - Ayrnaca, oueHueaHue KOTO- 

pofi XOpOluO A3BeCTHO A3 ~ K O H O M A ~ ~ C K O ~  TeOpWll (f : R n + R  ): 

f (z) = a,nz?@u ( u  - cnyraBHarc BentiwHa, O C T ~ ~ K ) .  
runore~usecm npe~e6perae~  cuMMeTpu.rHo pacrtpeawte~HoR 

omu6~oB c ~ u  M norryraM pm Teilnopa ~ n r r  pa3noxe~nd f no zo: 

f ( z ) e  f ( z0)+  iafo (z j  - z O j ) ,  (Q - ~ ~ C X O L I H ~ I A '  IIYHKT pa3B8TMR 
j = ~  az j  

aaneHsa BO e p e ~ e ~ n )  

= 5 a j b - 2 . )  

j=l, z /  
n f G ) - f G o )  ZJ -201 .noene ~ B H e & o p ~ m ~ t  ...  or = C a j ~ j t .  YO,  := , ~ j t  :=-. 

f (20 ) z j  y, r X,{Y&II, )- . . j=I 

K03@I@I~~Pille~Tbt a j  B AaHHOM CJIpae WpnpeWpyIOTcII KaK 
K O ~ @ @ M W ~ H T ~ I  SnaCTUYHOCTU: 

, , 

J f ( ~ ) z j  J f  2 , .  

" I = = -  f atj 
0 6 n a m  nparcrrrrecKoro npunoxeHm npo~38oncr~eItHoft am- 

~ u l i  Ko66a - flyraaca B. ~ K O H O M U ~ ~ C K O ~  TeOpBW ~OcTaToqH0 UU- 
porca. K p o ~ e  nu~eapu3a~uu,  B TOR unu UHOB & ~ M C  ona ncnonrJy- 
men npu BbIBoae cpop~yn MeBna, nocTpoeHuu 3aKoHa Bepnyp~ca, 
nocTpOeHUA ~KOHOMKY~CKOB MOnenH 06uero PaBHo~eckiR. 

O u e n ~ s a ~ u e  &u&~pemoiI ct,ymtWu Topn~~ncra.  O ~ ~ ~ ~ U M C R  He- . . . ,  

nocpencmeHHo K npo6ne~e nnhefi~oIU OUenUBaHYtR. Hanpw~ep, 
npu nOMOIl(H M H K - M ~ T o ~ ~  ~ o m o  onpenmum a, b, c - IrapaMeT- 
pb~  cnenytouefi @yh~uuu: 

XI  - c  
(f =1,2 ,..., T ) ,  

Y' = O X t ; b  
mecb ,x, ] - ~atjnmnae~bre ~enuymbl. 

B xone npeo6pa3oBa~ufi (6.26) nonycraeM O ~ ~ I S H Y I O  JIUH~WYIO 
peTpeCCAOHHy30 MOLIeJlb: 



OUeHUBUlHe, npUBOJWI4ee HenEi~efiHyIO MOnena K JIkfHefiHoB 
a o p ~ e ,  cTpomex no cnenymlu.et% n ~ p a ~ n ~ ~ o i t  cxeMe: 

1) 3 a n a ~ ~ e  ~ c x o a ~ b n ,  sHareHm b ,  b - oueHKa napaMeTpa p ; 
2) onpeaeneene HaqanbHon, mpaqaoHHoro HHrteKca mfl pe- 

IUeHIlR X M H ~ ~ H O ~ ~  MOAem i :=O; 
3) oueaueanne nmeit~ofi MOA~JIU i:=i+l (nepexon Ha cne- 

~y~oIT&Itfi U T ~ ~ X ~ H O H H ~ &  ~pyr): 

x(') := X(b('-l)) y' := y(b(l-l)) b(') := ' X ' ~ X f  *y; 

4) nposepm no Kpmepvuo KoskiepreHunu n npneme peme- 
HUE o npep61BaHny mpamR MIIH ux nponoNKeHuu, T.e. o nepexo- 
ne K UIW (3). 
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m I. 3 . 4 ~ ~  pk, k:=-I ( C I W T O ~  r n p a r ~ o ~ m e ~ ~ ) .  
I1 

I1 IUa2 2. IIycrb k := k + 1 . 
O ~ e a ~ a  fi :. (MHK-~e~on,  IIepBoe npnnoxeene nnrr k - t  UTe- I1 

11; pawan) 
Z, :=Y, -Pkyf-l, wt :=xt -Pkxl-1,  

. . , , , :  

1-2 

,!,?fa2 3. Ha ocnose nmiemoii Monenn (2) onpenennM HOBOe 
p,,, . Hcxog~ble AaHHbIe nnn   TO TO npencmsrramcrr u 3 ~ a u e ~ u n -  
MA HOBbIX IIepeMeHHblXr (H~~JINJA~HHNMU OUeHKaMH OCTaTKOB 4 . . 
H ): jt := X& , Yl -Yt .=: UI . 

1l1at 4. OU~HK? ) :. (MHK-M~TO~, BTopoe npUJlOXeHUe Ann k -8 

I 

IIIaz 5. Bo3~pameme K mary 1 no wx nop, noKa no~a3a-6 
. , :I., 

Ecnn ~epasedcT~o BbxnomrReTcrr, a r r r o p r ~ ~  ~ a ~ e p m e n ,  ecnu He- 
paBeHmo He BbmonHrreTcR, npoucxom~ ~0306~oaneme arrropuTMa 
B pe3yJIbTaTe B03BPWe~un K KaIY 1. 

l(aK BmBM, KWpaUWR IIOWre&OBaWbHO BbUlO~HnrarcR E B P  
OqeHHBaeMbIx BeILEIYUH - p B P [105, C. 159-1651. 

mMewM, 'STO B MOnenll K o l ~ a  ~IOXOXUM 06pa30~, T.e. B xone 
nwpaqnt, OnHOBpeMeHHO OIITHMU3Upy~CS napaMev a B CwsaH- 
H& c HBM BTOPO~ napaMeTp b . 

Ilpwiep 6.17. JIoru~ - v a ~ c @ p ~ a m :  n u ~ e B o e  o ~ e ~ n m x e  
Jjm Z O ~ H C T H ~ ~ C K O ~ ~  Moaenu. 

Jlorncrmec~aa perpeccm npenmrvureTcrr e e n n ~ e f i ~ o f i  ~pexna- 
pa~eTpn-iec~olt Mone~~bsO, Ha' rpa@n~e  TO s-06pa3~m K ~ U B I I I I ,  



. .. , . : . .: Kiwa 6 

KaK aesu~u~noft  nepe~e~not l  (ury~a), B neKoTopnx cny.rw Be- 
raHa u, Tame nonsepraeTcx OuewBanuo. B C ~ U  c rn 6 ~ -  

! .  

V;;bf) = - Pfjj,l ' 8 f&;p*i 
-eHm d-), 3 W I U l I I m  KaK 

nom~gg n O C l l w O B B ~ -  *+ :. "260 Y, = f Cu , ;e )+~ , ,  nu60 Y ,  = f ( x ,  ; e p  o t n y f  = ;B)+u, . . 
M O ~ H  y e a m a  JUH l l r ~ ~ o m  IcPYra m e c m  mar. 3 a m  e s a H u e 2. Bbl60p 3asucu~auc eenusun u s e e h u e  ozpa- 

O ~ O B ~ C I I  bee n4apo6~o ~a npmeee c a a m u m  0 B M ~ O P ~ ~ .  ~ ~ H H O N )  vucna U O B ~ D L  0 6 0 3 ~ a ~ e ~ u ~  

Y S ~  ~ e c  W+:B o 6 u e ~ . % y e  ~ ~ 6 0 p ~ ~ r p ) m n  0-a- 
; K ~ K  noKa3bleaeT npmep, npusene~~nfi  mxe ,  racTo 6b~eae~ 

rcar;,. noxett m n w p q  . W P T ~  (c-e~, 
B-MM PeUIUTb BOnPOC 0 B M ~ O P  3aBUCUMbIX BeJImUH, T.e. 

&va w m ) .  U3nauanbno maie -9- a = 
-HN~ ~ e m ~ e m o f i  MoAenu. On- 

HaKO ~ 0 %  MO~HQ,KE@I~UOHH~M n o m - n p e o 6 i v o ~ ~ ~  MOxeT 
6mb nanyruia H ,~W&HUI MO- ~ I I O M ~ ~ C ~ ( ~ ~ ~ ~ P W ~ ~ ~ ) :  L .  

. J  I 1  

ez 
. .a=rM.y=m.&)-, r = ~ " ~ = l n ( i i ? )  *:%.PI> 
, I i,;,.'... ' , .  i;.' ,:.+eZ 
;.y, =X,$.,. , ,.;>>; wue npeo6pa3osa~m: 

! ~ = ~ ~ ~ e ~ o i n ~ = l n ~ + ~ i n ~ + u ,  ;;R, A z o ,  B > O o  

InA 1 U o Y = o + b I n X + v ,  a=--,b:=-- v:=-- 
InB InB' lnB' 

B e p o f f ~ H o m  xapamp npnpoabi na6nsaqae~b1x a onacbrsae- 
8 . ,  . C el'0 VOMOWlO 065eKToB ~ p e 6 y e ~  nOUCKa IIO BO3MOHurOCTU 

mee npoc~otl mpmusec~oil  @op~sr n p e z c m e m  rrpu3~a- 
cmeft  a mmcnnec~olf  orreHm HwemnocTu KaK caMax 





31.8 . . rnwa 6 

' ,  4..,nym , . . . ' I  

. ., Ip .  

. . , i , .  . 
. .. 3 :. 

X=;  , sRn B y = X b t u .  

1 . . . ~ .  . , . . .~ . - 
"' '.,~>,i&+ .:, . . , . ~,, . , .. . . .:., . , . . .,... . ,.-' .. . , .:': , . . . .  . 

1 
U Q K ~ , .  .nm npx ?M nawerpaqecw MHI(-ou?* 6 

6yrh pa-- 
n-1 
z y i  +nY" 

. . jt" 
. n-l+n2 

' 

5. B ~cxomo& p e ~ o n ~ o &  MoaGRn B M W  K o m -  

m - n *  nepe~ennw H 3Ta nepe~ewair W H H a -  ' 

~m m b ~ o  quHwfHbW3 3Ha%HUff, TO 3l')' MOAenb M O a O  nPenCTB- 
BYIm B E r n e ,  n p y I I D m o M  m O a e n U m t W R  ee napaMeTPOB H 3 ~ e m -  

HblMU MBlDRaMn* mpmm:  
n b a )  (i=1,2 ,..., n) ,  ma ; yj -b,Xu+qX2,+~r, Y.- 

u, = r , - q x u - q x , .  
Ann oue~umlm 4.9 a 4 8o W o M  WFae M o m  6 m  He- 

n m w a  q p , ~  . M B K C ~ ~ ~ E . H O M )  n p ~ m o n o n o ~ ~  , .  ( K o H ~ ~  , 

3aMaIWm nepemn~~&). ' .  ' . ' 
: o ~ ~ I ( ~ . ~  ~ a ~ ~ ~ .  p e i - p ~ O H B O I Y )  :ypazinenm -no AaHHhIM 

Tpsxm6Bm&eE&: : . . f : . . , , 

. .. : . 
Q.,irnpa~aq pekpecem. go A@IKbIM WU@Ia n q m  MO- 

Am: ' e . o&.pe rpeocm a r p 3 ~ 3 q A U T e  o u e H H e a H a e  ee 
G ;. , ,  

Poa (44 ,$2).. 

I 
I 



L '  J 

B nopnnrca mczyccuu 06cyxzi~e w o 6 ~ i l  w a g ,  ROFAa a,,, = O .  
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12. AO~-~e, qm emu H ~ K O T O P ~  k - a  C T O J I ~ ~ U  B Maqme 
acxoAHbIx A a H m ~  .X npeAcramgeT noCTOIIHHYlo BenuqBEy (KOH- 
CTaHTHbIe 3Haqe~m): 

,yk=a.e,, .e3=(l 1 ... 11 ecR", a*& a.eR,  

rae ek - k ,ii e@tHn%Hbl& semp .  . :. . r r ~ o 6 n e m ~  BOHPOCOM xeca  smf&freTcx onpemne- 
tma. PacTewa Ha em sec. Cyrb 3maqu veLiyeT 

yK,, a s e: peure~~fe CT~HOBHTCX O'LeBmHbIM, pac- 
oBaHm ANOVA- .MQ&enA sma ydi =k+aci +uf ,, rqe p - Benu- 

cMaqasam naae- MOflwb: 
)I=B+U c y=e A x ' E R * ~ ,  
X - haquuz  x =(x,x 2 . . . ~ k . . . ~ a )  X t  =a.e. RvwtcTBo 

(1) ~ m o n m a c x ,  Korna k-Zt emk~mblB &&p ilPeACTaBJ'xeTCII 
napaMeTPm~~ofi ouemoB: b:= e, , T.e. bj =9, i * k 9 bk 

13. BbIfjopowas mmwma. n y G  U M ~ ~ T ~ R  c OAHRM 

~aGm~eflaeM, npOU@WAeHHa us.. R H ~ P V ~ H O ~  C?BO~mOCT' ' 

0603~aquM 3 ~ 6  ~a6nl0lleHIS % ! @ Y H K ~ ~  mcmari*Om npaaso- 

!. . , 

Y c J I o ~ ~ M ,  ~e06~0mMblM &RR ,nonyYeHux O ~ ~ N M B J I ~ H O ~  o u e m  
aynmn M ~ K c ~ B J I ~ H O I Y )  npaaaonoxob-, k ~ x m x  ee nuWPeH- 1 ~ 2 2 = ~  + ~ 2  + ~ 2 2  y 5 = 4  +b +u5, 

uupomne: +a3 +%I y6=$ +b4, +u6. 

6e3 BBeAeHlfx flonMHUTeJIbHblX 0I'paHMqeH~# He UMeeT 
OTHoCHTenbHo b ,  TaK KaK UMeIOT MeCF HapyuIeHAX 

ra Marpaqbr x . 
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2 ' .  

e) okyn~~e ouetmry: v a ~ )  =s2(xx)-' =:. 
' 1 . .  . 

Y K 0 3 0 H. U e: B Pe3YSLbTaTe TP~HC@OPMWUU IXaHHbIX U AOCTU- 
X e H m  P ~ T ~ P O C K ~ A ~ C T ~ ~ ~ H O C T I I  OCYI4eCTEUIReTGII IIepeXOn K 0 6 b 1 ~ ~ 0 9  

, . 

~ M O C K ~ A ~ ~ H O ~ ~  MOaeJIU A.M cpen~efi BenU%iHbl MnU, W O  TO Xe , ' .  

I . . .  . . ,  

CaMOe, nkiHefi~0fi M O ~ e J I U  C IIepeMeHHblhM, KOTOPbIe M O W  6 b m b  . .  . . , .  

OUeHeHbI M e T O D M  H a E I M e H b W  K W P a T O B ,  IIpU'KeM OUeHKll o6na- 
&amT BLU-ceofi~~~%i~u. T ~ M  CaMbIM IIOnyvIiM OCHOBaHMIf AlIX OTBe- ~ n e m  U C X O R H Y ~ ~  M Q A ~ ~ I ~ :  

TOB H a  BCe BOIIPOCbl: 
n 

Z v i z i  
Yi 1 U .  2 - , i=l -=p-+'"zi=~vi+wi, E(w~)=o, VBT(W~)=O , p=-. 
xi x i  x i  

i V P i  ~oaexn c paowrpea~oS 3 a n u u b r o  mxac~mee~~g .mer(ui@i~a- 
i=1 (OLUF~~KU MOAW):~ 

&m cnyqas 2 ~pe6ycp11 n p e A B a p u T e n b H o e  BBeneHue  m b T e p H a -  

T U B H O ~ ~  BeJIEIPNHbI Y. C 3 ~ 0 k  UeJIbIO U C X O A H ~ ~ ~  MOllenb y M H O M t o T  
1 -. 

U n0n)TaIOT M O A A & M ~ ~ O B ~ H H ) W  MOAenb C On- H a  n p o 6 b  
dl+yZx2 

HUM n a p a ~ e r p o M ,  O ~ J ~ ~ ~ ~ I O U U M  BLU-CBO~CTB~MA. 

18. ~ ~ c I I o ~ M Y I I  HepaBeHCTBO m ~ a p ~ a :  
noKaxU'ce., YTO 

1) (a, +a2+.:.+a,,)2 <n(a:+$ +...+a:); 

ZOKaXHTi?, YTO &TII CyU&eCTByH)UUX BekTOpOB x U y C' rim602 
pa3MepHOCTbIO BbmOhHRtoTCR HepaBeHCTBa: 

2,. (x'YP s (x'xXY'y) u 

3) JG~G~J;;; ; IJ; ; ; .  , 

19. -8fi C n ~ ~ k  ~ ~ I ~ o P ~ u .  ~ ~ O U ~ B ~ R I I T ~  OUeHUBaHUe IIa- 
p a ~ e " p 0 ~  b, U 4 &Itdrrrr CAe~[yIOlyek perpeccEio~~o# MOAenM: 

yfi = boxi + q ( l  -xi)+ui (i = 1,2c..,n), 
xl = 1 (i = 1.2 ,..., k) , 
xi =0( i=k+l ,  k+2 ,..., 2 k = n ) ,  
.: nps  TOM 
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22. jln~eitaoe ol[eHu~aIiue HeAUHePHbIX W ~ C c U o H w  ~~- 25. ~ ~ M ~ W I I  MOnenb: , . 

3eB. 0 6 0 3 ~ a q n ~  u W I ~ ~ ~ ~ Y I O  B a m Y K i Y  ( O I I M ~ K Y  CUM- 'yi = %x~i  + e 2 ~ 2 i  +e3exp(e4xji)+q (i = 1,2, ..., n = 30) ,  
B O ~ W  a,b a c - napaMeTpbI perpeccao~Ho8 Monenu, Y a X - (x~,.%~)=(l,l)(i= 12 ,... JS), ( X , ~ , X ~ ~ ) =  (1,l) (i= 16,17 ,... 20) , 
nepeMeHme. 

a) II~~axam, qn, npenc~ralre~~b~e m x e  ~ 8 1 1 3 ~  Y u X O I I E I C ~ I -  ( ~ 3 ~ )  mcnyrambre quma (i = 1,2, 4 0 ) .  
M-A K ~ W B  r o ~ n e p q a ,  unn n o m c m ~ e c ~ o t  (PYHkuuefi: K ~ K M M  O ~ P ~ ~ O M  abl owenunu 6b1 n a p a ~ e ~ p ~  ~ T O B  Monenu 

1) . Y = uabcx , & = 1.2 ,... 30}? ~ O K ~ X U T ~  PeIJleHUe COOTBeTCTBeHHO 3 a a ~ m  

1 X ~ H M X M  I a n .  2) j;=a+bc + i t .  

6) n o m m i ~ e ,  .rro otier-lx &HK4Uit nPlfMeHnMhI nPIleh-1 26. Hhieexa Monenrs 

nn~eiboro ovenmaim. 

23. jlmemoe oneHnwHue ~enn~e&nbot. CBR& Ove~uTe. na- 
pahieqb~: P y n y ~  na pa3nuya~bca n p x e ~ b ~  O I J ~ H U B ~ H I I ~ ,  ecnu ~enuyu f~a  

e = {el, @, e3, 84 ~UIII MOII~AU  ma: KU u Bsona~cx nepen ~pa~c+op~ayaeA Moaenu, nocne nee? 
2 )  ~ o K Z G X U T ~  KOAXOAbI, KOTOPbIe II03BOJI5IH)T UMeH)lI(yIoCR MO- 

b HenocpencTBenno npmec~u x ~ U H ~ B H O M Y  ~ m y ,  u pemm- 

YK a 3 (I H I4 6?: B naHHoM cnysac CXenYeT ucnon=o~~b  uTepa- 3TY me m a q y ,  HO nocne annpo~cu~auuu ~ o ~ e n u  MeTOnOM 

nrsnoe orre~k~saaue: 

7. Kanu6pom~~an M O E m .  O6wnux npenCTaElIeHHbltl Hnme 

a) O I J ~ H U ~  r n a p a ~ e ~ p b ~ :  e = {el, 0 2 , 4 ]  MOP- . . ypaeweHmm wacc ~ o n e x e ~  a peuruw Bonpoc o B 0 3 M O H O -  

y, = f ( x , ;~ku f  (t = 12, ..., 4, 
eccuomue Monenn: 

6 )  O q e ~ u w  napaMeTpbI 6 = (60, 61, 62I'63) ~enaneibxofi (9 ne- 
p e n a p ~ ~ u ~ o ~ a ~ ~ o i t  MOBWU: . huua  conepxm onpeneneawd Ha60p BapuanToe m a  napa- 

y= f(x;e)= 61.xl o(~+qxlr+~x2,~,=(6,~xt , ) rPu, .  
a o + . h . ~ ~ + b %  OB, He PaBHble H y m .  



29. n e p e ~ e ~ ~ b I e ,  IIpUHUMaKlIWe mbTepHaTUBHbIe 3 H a q e W  0 
a 1. Wcnonb3yrr n o r ~ c ~ y 1 q e c ~ y r o  perpeccmo, n o K a m m e  BO~MOXHOCTL 
P e I I I e W  Bol'IpoCa 0 BbIHeCeHUU CMepTHOrO IIpUTDBapa AJH M O M -  

mum cek@o~ H nommnrt h n b m o #  C- neHer.  nyc~b p - Be- 

POXTHOCTb BbIHeCeHMR CMepTHOrO IIpUrOBOpa U UMeeTC5I IIO ~ p a k -  
~ e #  Mepe  ABe 3K30EHHbIe BeJIUqHHbI C UIbTePHaTUBHbIMM 3Ha'Ie- 

HWIMA, ~ P e ~ C T a B l I I L ~ M M  IIePBOrO O~BUHS~MOIW {~f=(0,1)} U 

BTOpOm 06~lmHReMoIU {x; = (0,1)}. 



332 rma 6 - 
2) C qeJmm x a p a m p u m m  mwrm H a  3KOHoMElqecKoe Pas- 

B m e  H a p y r u e H ~ l f i  B o~pacnemti c w m e  B 1871, 1914-1918, 
1918-1923, 1930-1933, 1939-1945, 1948, 1990 rr. ~ c n o n b 3 y f i ~ e  
coom-Byroqne  K O ~ @ + Y I ~ E I ~ H T ~ ~  A Q O P M ~ I  MaTPMUbI uCXO&HbIX 
AaHHm. -6- i=zinni p a c c y m q e H w r  OTHOCHTenbHO MOAenM WJIR 
~ m ~ b u  HapyUIeHIiZt B 3KOHOMMKe. 

3) 06cyn- mnpoc o TOM, K a m M  06pa30~ MOrJIJIEI 6b1 6btTb 

n o m e ~ b ~  ~ e & i x o m ~ ~ e  M O A ~ J I ~ H ~ I X  p a c r e ~ O B  HCXoJWbIe AaH- 

HbIe. 
4) n H c b ~ e H H 0  060c~yttTe c B o a  WTBCm. 

.I. CYUHOCT~ MeToaoB @atrropnoro a~ann3a 
n MX ~ ~ C C H @ H K ~ U H F I  

B C O B ~ M ~ H H O ~ ~  CTaTECTHKe n 0 A  qbaICRl0p~~ UHMU3Ofi ITOHMMa- 
COBOKytIHOCTh MeTOAOB, KOTOPbIe H a  OCHOBe p e U b H 0  CyWeCT- 
lUHX C B X ~ ~ ~  IlPN3HaKOB (IIIIH O ~ I C T O B )  n03BOJISfOT BbIRRWTI, 

H MeXilHM3Ma p83BUT&3 M3)TaeMblX IIBJIeHUft W npOUeCCOB. 
o m T n e  n a T e H T H o m u  B O n p e n e n e H n n  mmresoe. OHO o 3 ~ a r a e ~  
ocm x a p a m e p u c T u K ,  p a c K p m a e M m  npn n o M o w i  MeTonoB 

p H o r 0  aHaiIki3a. B ~ a ~ a n e  MbI WMeeM AeJIO C H ~ ~ O P O M  3JIeMeH- 

e H H b U  IIplFSiH,  0 ~ 0 6 e H H b I X  YCJIOB&, T.e. CyruecTBoBaHne 
JSX CKP~IT~IX @~KTOPOB. llocne~nure ycmiaannmmcs B pe- 

rpapomme xapaKTepncTuKn,  nnu n p n 3 ~ a ~ n ,  HO 6onee B ~ I -  
I'O YpOBIur. ~ C T ~ C T B ~ H H O ,  r T 0  KOppeJIUpOBaTb M O W  H e  TOJIbKO 

BWaJIbHbIe n p U 3 H W H  4, HO E CaMM Ha6JIlOAaeMbIe o&beKI'bl Ni, 
3TUMY nOHCK JIaTeHTHbU @~KTOPOB TeOpeTkNeCrcEi BO3MOXeH KaK 

npW3HaKOBbIM, TaK W no O ~ M K T H ~ I M  AaHHbIM. P~CCMOT~HM He- 
KO IIPAMePOB. 

e T M  B ABYMePHOM IIPH3HaKOBOM nPOCTpaHCTBe @ C KOOPAII- 
bIMB OCIIMEI: Xl - CTOMMOCTb ~ B T O M O ~ U X I I  R X2 - PjUiTeJIbHOETb 

6orem pecypca mropa. npn ~CJIOBHH K o p p e n M p o m H o m  X, n 
B CncTeMe K o o p m H a T  n o w e T c x  H a n p a m e H n o e  a n o a a T o r H o  
oTHOe CKOIIjleHEie TOYeK, (POpManbH0 0~06paXCaeMoe HOBbIMU 

I I M ~ ~  (F' n Fd. X a p ~ ~ ~ e p m  O C O ~ H H O C T ~  4 R F2 3 8 K n m a e T c x  B 

M, YTO OHM npoxopp~ repe3 nnoTHMe c K o n n e H n s  mqe.leK a B cmm p 





CTPaHCTBeP, B KOTOPO~ 6bma B b I C W a  MAeII IIOCTpOeHW PJraBHblX 
0Cefi. B CylWiOCTU 3IU 6brJra W e I I  MeTOAa rJIaBHbar KOMnOHeHT, IIb- 
3BOJMIOLlkeW IIOJIHO 0 T O 6 p m a ~ b  peOJmHOe KOopAUHaTHOe IIPoCTP~H- 
CTBo B TeOpeTUVeCKOM ~ O C T p a H C T B e ,  OCR KoTopOfO O ~ O ~ I U ~ I O T  &a- 
q e H W  UCXOAHhlX 3XeMeHTapHblX IIpM3HaKOB. 

O n p e n e w o ~ n ~ u  NIX @opmposa~urr @ m o p ~ o n ,  mmnsa B 
c~MoFTIWI~H& 60~1bLU0fi pWen C T ~ T H C T E ~ ~ ~ C K O ~ ~  H a y l a  CTmM 
p a 6 m  6p l l~a~c~oro  ncnxonora 4. C n n p ~ e ~ a ,  6onee 40 n e T  csoeg 
XU3HU nyBXTUBLUelW TeOptTuaeCKEiM M3bICKBHEIRM. B 1904 l'. MM 
6 b ~ a  o I I I ~ J I u K o B ~ H ~  @ Y H A Z I M ~ H T ~ ~ : ~ H ~ ~ ~  CTtTblI 406me CBeL(eHvur 06 
o ~ ' ~ ~ K T u B R ~ D (  P e u e H w g x  M A ~ M ~ ~ ~ H I I R X > .  

Ha ocHoBe mopenie9-M9ecKEix n o c m o K  q. C n n p ~ e ~ a  B 40-50-e 
r W b I  IIOXBWlMCb TJI@OKU~ pa3pa6om aMepMKaHCKUX CTaTUCTHKOB 
n MaTeMaTUKOB: n. r y r r ~ a ~ a ,  r. Xarennu~ra, n. T~PCTOYH~, 
K. X o n ~ n ~ r e p a ,  C. Pao, a~rnaficmx: C. Bap~a, r. T o ~ c o ~ a ,  
a. Jloym, A. Ma~csenna a np. 

B 60-e mar a p c e H m  MeTonoB &amop~oro a~annsa ~ H ~ Y M -  
TeJIbHO IIoEoJTHu~cII HOBbIMU, OIITUMNSUpyIOLUNMI PeUIeHRXhfU 
r. KaiWpa, P. Bopec~ora n np. B 1960 r. B~IXOJWT ~ p y n  m e p H m i -  
CKOIW P e H O r O  r. XapMaHa P C O B P ~ M ~ H H ~ I ~ ~  i # l a ~ ~ ~ p l i b I a  a H m U v P  - 
~ H E K ~ J I ~ H ~ I B  no c~oefi mny6nae n oxeaq p a 3 ~ 0 0 6 p a 3 H b ~  M ~ T O ~ O B  

I%, YTO -0, jl04TYIlHbIfi AJUl 03HaKOMJleHWl CaMOMY IIMpOKOMy 
~ p y r y  V m ~ e n e C .  

T o n r ~ o ~  pa3BUTXA MeTOnOB @%TO~HOTO W M 3 a  U3HaqaJlb- 

HO n c a y m m  3 ~ a y n  M npo6nemr n3 06nam ncmonornn u noxTi i  
ace nepBbre pa6om no BonpocaM @ a m p ~ o r o  awannaa 6mn mesa -  
TaHH B W H B n B X :  *~cEMOJIOII@IV, U ~ C U X O M ~ T ~ M K ~ ,  U T. n. n03me 
MeTonbr @wmp~oro a~ann3a cTam ~KTEIBHO n p a M e m T a c n  E WUMO- 
JIOl'UYeCKUX McCnenO88HHIIX, &4eAiiUUHe, 3 a T W  B BoeHHofi I IpOMbN- 
neHHOCTU, 3KOHO-e. Cer0AH.S me T p W O  Ha3BaTb 06JIaCTU HayY- 

~m,~ccne~osaw&i, rne B TOR mu %HOB Mepe  ~ T I I  M~TOAM H e  nc- 
nOJIKKlWUCb 6br. HeIlpeMeHHblM YCnOBHeM PaCuMpeHMII ~@pbl UX 
npuurome& OCTB~TCII K o M n a r c u r e p n w m  mannmec~o8 npamxm. 

Ha6op M~TOAOB @ampnom manna B H a m w e e  B p e w  nom- 
TOqHO Bl?nMK, HaCYLITmaeT ,ileCSITKU Pa3nUYHbIX nO.4XOP.OB M IIpUe- 
MOB 06pa60~w nFlHHbIX. 'l~o6b1 B UWlenOBaHXIIX O ~ U ~ H T U P O & T ~ C R  
H a  IlPaBWlbHbIfi ~bI60p MeTOAOB, H ~ O ~ X O ~ M O  IIPeL(CTaBJl5ITb RX 

O ~ H H O C ? ~ .  
Pa3nenui.i B c e  M*& +ampnoro a ~ a n n a ' l i l  ~ e c x o n b ~ o  Knac- 

Memod aaetibu: tcoxnonenm (r. X o ~ e m ~ r ) .  Crporo ro~opx, 
e OTHOCXI K &~KTOPHOMY aHmU3Y, XOTX OH UMeeT C HAM 

061uero. C n e r r n @ s ~ e c ~  m m e T c n ,  B O - n e p ~ b a r ,  TO,  TO B 
UlWbHbJX V O U e A y p  OAHOBpeMeHHO nOjly~alOI BCe 

HTaPHbIX lIPM3HaKOB; BO-BTOPbIX, IIOCTYJIUPYeTCII B03MOX- 
nonnom pa3noxe~n11 mcnepcnn sneMeHTapHauc I I ~ W H ~ K O B ,  

MA CnoBaMH, ee n o n H o e  o k c n e ~ n e  repe3 n a T e H T w I e  & ~ K T O -  
( 0 6 0 6 L U e ~ H b l e  I ~ P u ~ H ~ K M ) .  

2 Memodbl & K ~ O ~ U W O  QHa/lU30. flncnepc~n 3JIeMeHTBpHbIX 
3HaKOB JLIeCb o ~ c H X ~ T ~ I I  H e  B IIOJIHOM o & M ~ ,  npM3HaeTCII, 

qawb A n c n e p c n I i  o c ~ a m f f  H ~ P ~ C I I O ~ H ~ H H O B  KBK xapamep- 
CTb. (D~KTOP~I 06blYH0 BbIAWXIOTCII IIOCneAOBaTeIlbHO: IIepBblfi, 

B, 3 a ~ e ~  BTOPOB, o h c ~ m q n 8  M e m m y m ,  B T O ~ Y ~  nocne 
rU JIaTeHTHOKJ @aKTOpa qaCTb AMCIIepCWM, T p e ~ H f i  M T.n. np0- 
B b W e H u R  @ ~ K T o ~ o B  MOXeT 6 b 1 ~ b  IlpepBaH H a  n m 6 o ~  mare, 
npMHIIT0 PemeHMe 0 AOCTaTOVHOCTll AOnH 0 6 a S l ~ H e H H 0 8  nUC- 

CMU 3neMeHTapHbIX IIPM3HaKOB UJIII C P e T O M  EiHTepIIpeTUpyeMO- 

JIaTeHTHbIX @~KT~POB.  
M e m n b ~  @aKTOpHon> aHanU3a uenecoo6pa3~0 pa3AeJIUTb AOnOJI- 

Ha  ABa KnaCCa: )'ItpODJeHHbIe U COBpeMeHHbIe alIcrPOKCR- 

POCTbIe MeTOAbl @~KTOPHOTO aHaJIM3a B OCHOBHOM CBIlJmbI C 

bIMM TeOPeTUVeCKMMU pa3pa60n<a~a. OHM UMeKYI. OVPHU- 
B03MOXHOCTM B BbIAeJIeHUU JlaTeHTIibIX @~KTOPOB U an- 

I nUTb TOnbKO OAUH ~ H e p m b H h I f i  J I ~ T ~ H T H ~ I ~  U OAUH XapaK- 

B a p U m D  3JIeMeHTapEbnt TIPU3HaKOB H e  OAHOM, a HeCKOJLb- 

{ IGiX JIaTeHTHbIX (P~KTOPOB ( O ~ W H O  ~ B Y X )  EI OAHOIY) XapaKTep- 

I#Ump~ud/ibl~ Aie?tIod 1. T~PCTOYH~. B HeM KOppennLWU MeXC.Uy 
nepeMenHarMu p a c c M a T p n B a m c s  KaK n p o K  BeKTopoB, a na- 
T ~ H T H ~ I ~ ~  @KTOP i"eOMeTPUqeCKU IipeACTaBJIPeTCII KaK YpaBHO- 



a e r u a e a r a ~  B e m o p ,  npoxomW r e p  4 e H T p  =.TOW m m .  
Me~oa  n03BOJIIfeT BWWL5ITb HeDKMbKO JIaTeH'SibIX II  XapaK- 
TepHble @KTOP~I, BnepBble n o m m e T c x  BO~MOBMOCT~ COOTfio- 
c m  (P~KTOPHO~ peIIIeHHe c UCXOAH~IMN- n m ~ b r h f ~ ,  T.e. B 

npom21rue~ B m e  p e u a T b  w a r y  a r m p o K c n M a m H .  

fie. 7.3. reo.wempurecxoe npedcmwnne mpnbur x o p p m u f i  
azeaenmapnbrx n p # u n m  u amnenmnw -pa e y w n g o u ~ u ~ i  memode 

C O B ~ ~ M ~ H H ~ L ~ ~  a n n p o K c m n p y I o q n e  MeTonsl  YacTo  npegnona- 
m,, rm nepsoe, I I ~ K ~ J I M X ~ H H O ~  p e l u e H u e  yme ~ a k e ~ o  KaKHM- 
nu60 A3 C ~ O C O ~ O B ,  n o c n e n y r a u a M u  u a r m  M TO p e l I I e H u e  o n ~ n -  
m 3 n p y e ~ C I I .  M e ~ o g b I  0TnHYaK)TCII Ci7OXHOcTbX? B ~ I ~ H M ~ H u ~ ~ .  K 
~ T U M  MeTonaM OTHOCIITC~: . zpynnoeoli memod JI. I ' y r r~a~a  u ll. Xopcra, Peme~ne 6a3npy- 

a x  Ha  IIpeABapUTWIbHO 0 ~ 0 6 p a ~ H b I X  KBKMM-nu60 06pa30~ 
rpyI lnaX 3neMeHTapHblX IIpEi3HaKOB; 

~ e m o d  uloenblx @mopes r. T o ~ c o ~ a .  HanGonee 6nu30~ Me- 
TiJm MaBHbIX KOMIIOHBHT, OTJIWIIie 3aKlIfO¶aeTCR B rrpeW0- 
rroxeaua o c ~ e c m o m n n  xapmp~omefi ;  
~ e m o a  maKcmanwrozo npasdonodo6m Cq. JIoynEi), ~ u n u a n b -  
HLLX ocmam~0.s (r. X a p ~ q ) ,  a - @ x m o p n w  O H M U ~ U  (r.. Kafi3ep 
a El. Ks@(Ppu), KoHonuuecmzo ~ o p n o ~ o  U H M U ~ O  (K. Pao), 
Bce  onmurnu3upyrou(ue. ~ o ~ B C ! ~ H Y ~  n o c n e g o s a T e n b H o  ynys- 
rUllTb npenBapMTenbH0 ~ a k e ~ ~ b ~ e  P e U e H W I  H a  OCHOBe GiC- 
nOJlb30BaHkiS CTaTEICTHY~CKMX ITPUeMOB OIieHU%lHEiS my4a8- 
~ o l t  BenuqnHbI  nnu m a T n c T u q e c m x  IqMTepneB,  npennonara- 
I T  60nbIJIoFf o 6 5 e ~  TpYfiOeMKUX B ~ ~ Y U C ~ ~ H U & .  Hau6onee 



7.2. W~~M~HT~J~~HM TeOpeMa 
gramopworo ananu3a Tapmyna 

-~ - 

klweie @xcmp- .mae&mwil npegnonweT BumreRae 
~ o c m 3 e i t  XapaicEpHbM lIm3HaKOB. &l5l MHOTOMePHbM. 0 % ~ -  

TOB n o ~ a 3 a m m  emu q m x  oueHm mcnepcw~ n ~ 0 3 m U -  
memu r n B a R m ,  ~ m o p b ~ e  0606mwm B mwuw KOBapHaUm 
z (no ~sr60poqHhI~ -M - ~ a ~ p n n a  s). Koma xcxome - 3m- 

' u  ACA' 6 y w  naneK0 He Bcerna B TO~HOCTU Bocnpoumom R. no 

,Cme~pWIecKan haa~phua R R e m  C O ~ C T B W H ~ I ~  ~liCZkh0' KO- 
~cp*eZI Mepe  TO O ~ C H I I ~ T C I I  I I B ~ M  I I P ~ H ~ M U .  BO-nepsb~x, B 

o p m a ~  B ~~pocrpaficpe p, ,me m - mcno i i i m n ~ y e ~ b w  npn- 
PO~HOM aZUU3e, U03BOJIIWI4eM ~@+~KTUBHO O ~ C H ~ %  06- 

3HaKoB. noXI)'~Kan , J I ~ ~ O @ ~ ~ ~ B B H W I  K O O ~ A H H ~ T H O ~  C U C T e W  B CUC- 
WW nXCnepCUl0 AaHHbIX, r ,- YIiCJIO naTeHTHbM ( O ~ O ~ I U ~ H H M X )  

~ e ~ y  rrpocrpaHcma naTemm + a ~ ~ o p o ~ ,  M O ~ O  mnrcam 4 B Bn- 
. . ~ P U ~ H ~ K O B ,  KBK ~ U J I O j  3Ha9UTelIbHO MeHbme ¶llCJIa UCXopnba 
npu3HaK0~ m. R, B O - B T Q ~ ~ ,  B M a m e  A 06bennwnmcs1 TeopeTn- 

z, = all fh +,ap fk+ ... + a j,&, 
hecme OU~HKEI @~KTOPHUX ~ a r p y 3 0 ~  4. c y e m ~  pa3~1ur~ft ~ a -  

Etmc B M ~ T P U ' I H O ~ ~  @Op~e: Z = f l .  

'' 
T ~ K M M  06pa30~, Mom0 OWaTb, ¶TO BOCnpOH3BepeHH%4 U3 AA' 

'UJIE AC4' MaTpUVa ~0ppeJLRw K+ 6 y ~  OTJIU'IHa OT R K ~ K  men- 

me,  a MeHbme emmum. Ha npamnrce 3 ~ a r e m  Fr npum- 
3a O ~ I I I , H ~ ~ T ~ ,  T.e. xapamepummii vacru uHcnepcrtn. n o m -  

n eficfi o h c ~ e ~ u m  repe3 n a ~ e m e  ~ P M  F,, a I-ai; - cne- 
maom, T.e. ~ h c ~ e ~ ~ a r r  nacm nucnepcnu. lIo IoneHu 
omseHWI R+ n R c y m  o ~ L I O C ~ ~ T O ~ H O C T U  Pacna BmeneHm na- 

7 . 3 . 0 6 ~ 1 ~ 1  anropnTM H TeopeTnsecKne npo6ne~bl 
4,amop~oro a ~ a n ~ a a  

m 0614nft a n m p u ~ ~  pentem, npenmaneii~&4 Ha pnc. 7.5. 
uHmcb nOcTpOeHneM ~ a ~ p u 4 u  ncxonm n a m  X,  TOT a m -  
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p- sasep~~rae~c~!  n o q e ~ n e r a .  ~ a w w  @aIcn,PHom ~ P ~ ~ H ~  e HaxorulT He no Ma~pulre R a no ~ a ~ p n u e  ~ o ~ a p g w g a :  
H 3 m q e ~ ~ F  ~ p m p 0 ~ ' A  U E. -C PqT9M qHl!?Tm *3HaqeHm, 
me - yucno ~a-e~Yrtl, nz - uncg  a n k + ~ ~ e c K U X  GPa3HaKoB 
X, ,r -. &wo 3HaYUMbM .&0606LWHHbDt. nPU3WaKOB ( ~ ~ T ~ H T F  a a K -  Ifam xkiMehf w a n  B 're Xe e m H w  U~~epewmf .  
TOPOB),, Ha cx&e n o m a  wPa3MeP.H- nm-wfu ~ H E J X  W Kax- '. Bbmon~e~ue  ¶ ~ T B ~ p T o M  mara a n m p m  06ycnom~ae~cf i  pe- 
noru m r o p m m ~ e c ~ o r o  ma@. , , nep~oZl n~o6ne~b1  - noc~poe~un  p e m m ~ o f i  MaT- 

w. .lco~perr- ( ~ o m ~ ~ w i i i ) .  np06ne~a aKTyaJIbHa MMeHHO 

I- m m ' m npmMaeTcR, MeTwoB - P H O ~  aHVU?a, TaK KaK B MWne rnmHm KOM- 

M a T p h  ¶TO -BCH) B a p H W K )  M C X w b I X  npn3mKo~ 
Marpma H 0 m b ~  n a ~ e ~ n m e  aamop61, npn 

O ~ p n l 3 0 8 a H K M  KOB~PUZWW~~ (IS) 3TOM MaTpma ., 
sm~wlnfi npIt3FUKOB (3 ifbkf KOPPWUUZl PiuMepHOcM m x m OCTBeTcn K ~ K  pemw- 

Mqnua 

-* 

n 

, Marpm 
"C-m 

(4, _ xappwuuuiE 0 
(1) (2) m - 

(3) . , 
: :;;. , ,  , 

.. 3 
. . . . ,  ' a  r r r 

.&lamiw 8 M a v q  
~ n o r 0  MB'u:HU~? 

rmdpmem 7-C 'WtIoPOa 
-+we  now- . ( F )  
P(WI , ' 

,, 
,. 

-F, 
E3 

p e p y " , q k ~ . ~ ~ n n  
M?+P'nuanuap 

Fompnmfi:,& 

mP- .. 
KOppwrarWR (A3 (7) 

(6) . , (4); 

m.: 

h&& ': 

-rn 
~ W ~ H W  

., , (9 ., , 

np&w np&w n~ocinewa 1Xpo6new~~ouex~n 

. ~ w W ?  @ak-mpoB ' . , , ~pavleHHg . . ,  z . .  
3na~emB @wmpo~ 

Pue. 7.5. Auqp- ,9 
pe- +m& @aunW~w.-? 

. ~ il, 
I - 

flepBui.~;~& m p & a  1-3 ,ne su3drm , :w-nr60 38- 
e l ,  ~.e .  wqrarrrur n p p n a ~ o ~  ( x i ,  i=ip) MOXW 6- m x c -  

Tpy&~nii. rfepex0n OT M ~ T ~ W H  RCXO~IH- A a m  X 5 M a ~ u u e  Ha He Ha loo%, aHeCKOnbK0 MeHbIUe, C B~TOM C Y I I [ ~ C T B O ~ ~ ~  

cTaHILapr3~m n a m m  Z 0cymeaw~eTCa nWne nepecva nepac~pb188e~oB xapamp~ocm.  
: $ $ p Z j  , , ,- 

w e x & e k e ~ <  ~y no h p w n e :  ;rl:=-: 
, PI . . 

. . 
. . ,  j 

K ~ ;  n3a-o, & ' k a P T U 3 o ~ a m ~ '  ~ H ~ G ~ H H ~  zu MaTeua- 0 %ern& nau6onaureri ~ ~ p p e m q u u ~  Ha rnas~oB man,~m no- 
" ~OXUTWIbHbva 3H- 3 a n ~ c w m  H B I I ~ ~ W ~ ~  no. m u -  

m e c ~ o e  q m a w e .  . H Y ~ H ) ~  . (Z. - 0) .E mFneP- @ = '. 
.. .., %. . . .  . 

' ' 1 : YUHe XO~&@U~IU~HT KOPjXGWQUU; 
Ha wenylolqehf mare lIp0cTbIM IfePeMWHqM ; C K l U I q !  ; n 

1 
Maqu Z a Z nonysaetx MaTpnuy RaPHMx K~PP~-RRU*. R=-ZZ. 

.. . ,  n 
2 MOXeT 6-, . .  OIIpqeH , u k rna  nocne~roIr(ee pe- 

I 

(5) 
. . , ; :  z , ; , ,  

+ 
.., 





H a a  m x a m . i e c w  @ o p ~ a  c~rmn), me B - ~ a ~ p n q a  K 0 3 W n -  

~ ~ o B T e r p e c c n u  P ~ ~ M ~ P H O C T ~ I O  r X m, ee 3 ~ r e ~ e ~ ~ b l  pj, - per- 
~ O H H M ~  K O ~ ~ H ~ A ~ H T ~ I  K m O r 0  83 *KTO~OB F, no n e p e h l e a -  

OBaHMn TCXHWIeCKXX CpeACTB. 

:M~TOA rJlaBHblX KOMnOHeHT 

.I. O6lyarr MameMamuvecKarr ~odanb 
MeIntJda &aeHblx K O M ~ O H ~ H ~  

R + + R  : : . '  3 WCJIa MeTOAOB, II03BONIIOWkix 0606ua~b 3 ~ a Y e H t l f l  3 n e ~ e ~ -  
H~ - ~ b w  m e  ,, ~ W P ~ P ~ ' : ' P S I . C F ~ - ~  *am'W ~ P M ~ H ~ B ,  MeTOA rnBHbblX, KOMnOHeHT BhmWlleTCII npo- 

3wase~e& -B : s , , . q , . ~ e ~ . ~ ~  WQI . m H b I e  3HseHm nomec~o2t , ~ o ~ c ~ p y a w e 2 t  n B m xe  ~ p e l w r  na em npmepe 

f, .mofi- ew ~ m e m .  T ~ M  08MblM OWJlenfleM n o m m i i  06qarr nnex n uene~bre Y & ~ o ~ ~  MEOW- 
MeTOAOB @ X T O ~ H O ~ O  aHann3a.  

nclLOweHwG o&bel~fgs B ~ , B H -  @ . E  r r m p -  Y O A  rnaBHbIX KOMIIOH~HT AaeT B03M0XHoeb  n0 m - gll'rnY 
~ . .  ~ . . . .  q Z L  (pic. .7.8)i'... . '. 

.Tj$I@:W. .mC)10 06ur.m..@- 

M a ~ e ~ a ~ v r r e c ~ a a  M o a e n b  rnaBHam K O M ~ O ~ ~ H T  6a3upyewrr H a  
YHOM J ~ O ~ Y U ~ ~ H H U ,  q T 0  3Ha'IeHBX MHOXeCTBa B3aHMOCBII3aH- 

KOB ~ O p O X A a K T  H ~ K O I ' O ~ ~ I ~ ~  06~l .1E pe3YJIbTBT. U p e A -  
HefiHYIO @0pMy CBfl3n ~ T P U ~ H ~ K O B  4, 3 a n N U e M  B MBT- 
Me y p a s H e H n e  ~ a ~ n c n ~ o c ~ n  p e 3 y n h ~ a ~ a  F OT X : F = XB, 

P n a p a M e T p u r e c m x  snauemiii nmethrom y p a a H e -  

MepHarr c n y ~ a f i ~ a r r  sensimia, ee A s c n e p c u o H H m  o u e H l c a  - 
K O B a p n a U U O H H ~  MaTpUUa S. ~ O C T O I M . H ~  B e n m n H a  B B m o -  

sa 3HaK aucnepcns u BO~BOAUTCX B KsanpaT,  n o n y u a e M :  

OECK rJIaBHbM KOMnOHeHT CBOAUTGII K 3a9aYe  n O C J I e Z I 0 B a ~ -  
B W M e H U S  IIep~ofi rna~~0fi  KOMITOHeHTbI &, o 6 n ~ a ~ ) ~ e E  

C ~ M a n b ~ o f i  ~~cnepcliefi,  BTOp0fi maslrofi KOMIIOHeHTbI, UMeIO- 
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meti B T U P ~  no ~ e n w s u ~ e  mcnepcnm, u ~ a .  riono6~asr 3a~aqa - Becowti K W U U H ~ H T  ~ i i  rnaFHoi3 K O M ~ O H ~ ~  j-a nepe- 
a ~ e e ~  penre~ue n p ~  yc~ro~un ~ m e ~ u n   owe^@. n y c ~ s  7 OUe- ~ ~ o ~ o  *WOuwema Koppenm F, u 4 

sa=il2+@+.,+b:=l. -ti morn ~ a ~ p n m  A); 
npll B'B=l M+KCU)QI3HpyeM B'SB , UCnOIm3~ MeWA MHOlI(IITe- - BeCOBble K c u @ & ~ e ~ ~  (W~KWPUCIXKU C A ~ ~ I  CBR~U) m 3ne- 

nel JI-: ~ P U ~ ~ K O B  ( j=  G ) AIIX r-ii rna~~of i  KoMnoHe-. 
a r ~ = B ' s B - ~ ( B ' ~ ! - I )  si -=ZSB-2hB=O, oTKyJ@ SB-XB=O. BHeHWr (7.2) OTHocUTeJtbHO F (rJIal3HbIX K O M ~ O H ~ H T )  m- 
as ~POU~BOAH~~MII  Of (7.1). ~ O K M ~ M  3~0.  

Cne~oea~em~o ,  non- F - 5  EIB = O  n x a v p n c ~ u r e c ~ o e  ~B~CTHO,  Y& a n ~ 6 p a w e c e ~  A=Y,Q/*: YMHomMM 0 6 ~  sam 

ypa~ne~ue  ms noucxa k j  .iner*. I S  -5 EJ =O . ~ H ~ P J  Y P ~ H ~ H ~  hesa ~a ( V A ~ I ~ )  n nexo f l e ~ u ~ ~ ~ ,  wo 

kI3 MHOXeCTBa 3 ~ a ~ e m 2 t  x a ~ p g m u e c n i x  nucen l y  OTHOCU- 
A .  Aanee; U M ~ ~ M  = AF, Y M H O ~ M  06e r a m  3~oro  ypa~He- 

Temo  nepBom, ~au60nburem h1 H~XOAUM nemp B1 snase~ui% 

HeHTbI & u T.A. no 5 ,  n B, anrr F, npu m - U C X O ~ O M  mcne ma- 
&npye~m npU3HaKOB. ~ e c b  B - m w p n  h ~ i  npe~mm- ~r,a~r, . . . ,am - meMeHTar rm m 6 ~ a  ~ ~ I S I  i-4 ~ ~ ~ B H O P  KOM- 

N M ] ~  ~ o o p ~ ~ p m  rnaBHbIX KbmoHen~ F, B n m m C T s e  m T m  @ m p ~ o r o  o m 6 h e m  A. 
npnqaKoB RX,, o m  we x a ~ u m i m i ~  c h  cm3n r& r n a ~ ~ o l  
K O M ~ O H ~ W ~ I  u j-n, npn3~aiCa 4. 

~ c r r w  XCXO- Mapuny ~ H M X  x n p e m ~ n w i ~ o  C-W- 
3APOBaTb, TU wqjnqa ~ o ~ a p x a a &  s ne'peffqe~ B M~TPW naPHm 
K O ~ ~ ~ I I $ I @  R, U BeKTop B 6y~e'T @CCB~HH~IM BeK'iVP6hf no v- 
rngrrnoiwnns~ A.BHH~~M. .u. P e m q e e  y p i ~ ~ e m i e  B k1p119~02t 
@ o p e  n p m ~ a e ~  BUK (R-5 E) U= 0. a) ~ ~ P B O H B ~ ~ H O  mcnon HeK0- 

' P ~ ~ ~ J I ~ T B T ~ I  n p ~ ~ e h m  MeWa rJImHbM ,KOMnOHeIT m- T O P  SMnUpUYecKOC pacnpe- 

~ n . m n b u q  hia~puuk oTo6paxem A. B o ~ ~ o m a  mom- 
~ a i  3airuca. ~ U C ~ M O C P U  Wasen& UCXO~HHX n p u s ~ a x o ~  OT 3~are-  
H ~ f t  I7IaBHq.X KOMnOHeHT:. 

Z = &" w u  zii.=al,fil +0/2fZ1 +...+ aj,f* . 

3ne~eH~apHm npu3HaKOB 

~ P ~ & C T B O  rrpU3HaKOB m- 
B y p a ~ ~ e ~ ~ u r x  (7.1) u (7.2) IIPUW 0 6 0 ~ a ¶ e ~ ~ l s :  MBeTcfl H CUCTeMB KOOppJiUaT 
zg - m a m e  j C T V W H H O R  ncpe~emoti no i-MY obaeW n~pc~oc~lcrr B U~HTP pacnpe~~e- 

neHufl ~ H U X  
nafhonenua; 

f, -- pa "maim xo~no~ema F, no i - ~ y  Otihew  ane em; 





Ha 3 a ~ n 1 1 ~ m b H o M  STalle paC¶CiWB Pm U ecTb 0 n P e A m u T e n b  H a q e H m  C O ~ C T B ~ H H ~ U  BeKTOpOB n p H  3TOM M O ~ O  H a h ,  38- . : . . . lv '  

M a T p n m  A (Pm =lAI). &DI nposeprol B b r n H I X e H ~ f i   OX& u d n d m -  0~3BOJIbHO no K ~ & H ~ P  Mepe  BeJlUYUHy 0nHOB KoMnoHeH- 

BaThCR YIXOBUe: Ern = 0. BHU- e m m e ;  
rime smiicne~& p e I c y p p e H T H w  WOTHOIII~HH~~ 3 a n U C a e T a  - M a T p m a  @ m p ~ o m  o~o6paxenm, ee 3AeMeIiTbI a,, - 

x a p ~ ~ c r r w e c a n 7  m o r o y n e H :  P,[&)= h "-4% "'-'-P*% *-*-...- P .  OBUe K o ~ @ @ u ~ E ~ H T ~ I .  Bnaqane A UMeeT pa3MepHOCm m x m - 
3~aqe~11rr 5 ~ a x o l y ~ ~  nocne TOTO, KBK X B ~ ~ K T ~ P U C T U P ~ K E I ~ ~  sucny 3 n e ~ e r n p ~ b m  ~ P U ~ H ~ K O B  xi, 3 a w ~  B aaanuse ocmerc~ 

awjonee ~ H ~ V W U X  KoMnoHenT, r s m .  B b l r u c m m w  MaTpuqy A no 
e W H a M  AaHHSIM M&HU~I C O ~ C T B ~ H H ~ I X  qncen A pj ~ o p m p o -  
HblX C O ~ ~ H H ~ I X  BeKTOPOB V  IIO @ O p ~ y ~ l e  A = vI\I12 ; 
F  - M a w u a  s~a~emd4 mrlm~m K o M n o n e m  pa3MepHOCTbH) r x n, 

C-X) ~ e m p o ~ .  YHWO B e m p o s  V /  n e p s o H a ~ m H o  Pam0 m, T.e. A-'z' U ~ H  F=A-IAZ',  mu F = A - ' I ~ v , ~ .  
I=&. . I I o ~ ~ ~ T  5 n p e o 6 p a 3 0 ~ a ~ u r e M  HeHOpMWO=H6oc CO~CT- Mawma F  B o6ule~ ~ ~ l i l e ' ~ a n ~ c m a e ~ c s :  

B e H H h  BeKTOpOB U : 

~ P W P  7.1. C o ~ o ~ y n ~ o m  a3 semrpex n p o ~ i , m m e ~ ~ m  riper[- 

-Ufi OqeHeHa no V M  XaPaKTt3pHbIM lIPU3HaKaM: B b I p a 6 0 ~ ~ e  H a  
om CPeAHeTOAOBoro pa6o~nu~a  XI, YpOBHH) p e ~ ~ a 6 e X b ~ o m  X2 

BHM @OHAOOTII~'III X3. .. 
p e 3 y n b m T e  n P e A B a P W b H b I X  aHUIUTUYecKUX paCYeToB no 

n r e ~   me. cacw~a ypan~emfti m e e ~  ~ m :  OlIHblM AaHHbIM X rrony9eHa MaTpuqa  napnm KoppeJurqklfi: 

(I-h;)ulj ++?~Uzj+'13U3j+. . .+?m~~ =O, 
e1ulj + ( I - A ~ ) ~  + ~ ~ j j + . . . + ~ , u ~  =O 

a l u ~ ,  +b-hj)~31 + - + ' ~ ~ u n t i  =O* 
................................... . ........... ., .......... a ...... Acnon=yr t  aJtrOPUTM MeTOAa rflaBHbIX KOMIIOHeHT, H M ~ ~ M  co6- 
rmlqj+r,~t+, +rm35j+.-+(l-hj)umj =o. HbIe q4lCJIa M co6mse~~ble BeKTOpbI M a T p U q a  R H noc?poa~ 

npumnennan c u c T e u a  & m ~ m  OnwoponHMe nuHegKbre  
Mrrsl c a H a n u m e c m u  p e 3 y n b T a ~ a ~ n  (A a F): 

y p m H e m ,  a TaK KaK wmo y p a ~ H e H U t l  p~BHReTCS 9 U W '  
1. no P e K Y P P e m b r M  c o o T H o I I I e m  Qameesa U C Y U ~ M  on- 

B e m a  u,., s M e e T  6 e o ~ o ~ e s ~ o e  ~riorneam pernemfi. K o H 9 e T -  



B ~ o p o f i  mar:  . . 

1 . 0,581 0,154 -2 0,581 0,154 il,r . !' ,. 
=MI = ,581 1 Os4L39].F1 -2 -4- ' ' 

0,154 0,439 1 0,154 0,439 -2 "'. *.F. ... 
-1,638 -0,513 0,101 &$ &- 1 . ~ & u ~ ~ , .  . , 

= -0,513 -1,469 -0250 ; ! , &:'. 
0,101 -0,350 -1,783 

5 =(112)t,~~ =(1/2)(-1,638) + (-1,469) + (-1,783) = -2,445, 

0,807 -0,513 0.101 1 L , 
,-- ; 

0,976 -0,350 . 3 ,cb 

0,101 -0,350 ,0,662 

T p e ~ n B  m a r :  
(1 0,581 0,154) ( 0,807 -0,513 0,101) 

6: 



(0,459 0364 0,413) 

TaK KaK V - MaTpUW, aro6paxaronrarr O~TOHOP~PO~HOC np0- 
crpanc~go, B 0 6 u e ~  I I ~ O  BbInonwrmx ycnoBue: W = E. 

Ma~puIg @rcrop~on, oTo6paxenm (A) nonysaM %i3 MaTpm- 

M mart ampzima U~HCJIUM 31ia~e1-m rnaBnm 
H ~ ~ J I I o ~ ~ ~ M ~ M  O ~ ' ~ ~ K T O B  N nOCCpDHM MaTpHny F: 

A- Z' a MaTpnua Z u s m ~ a  u3 ycno8~11 389am, 

ee npue~nroR @op~oil ~ M C W  n x r 3~anemiR rnannbm 

Fr - PII88HbIC KOMllOHeHTbl 

H onpenenem ~a3nanni4 rnamm KOM- 

3. Oyen~a ypoen~ un@o~amuenocmu 
u noucn najeanuir dm MWH~IX  rronrnorrenm 

Ha3BILHEdl p e m m  3aTeM cyfk-0 Ha OCHO- 
e m B  a,, m MaTpHUbl om6pmmm A. 
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AJM K W O ~  rJIaB~0fi KOMnOHeHTbI F MHOXeCTBO 3 ~ a q e ~ &  Ujr  

y c n o ~ ~ o  paJ6wsaemx H a  qeTbxpe nonuiroacecma c n e s m c u M x  rpa- 
HUUWM: 

- IIOnMHOXeCTBO He3HaqUMbM BeCOBMx KO~'&~~=~HTOB; 
W, - noAMHoXeCTB0 3HaqKMbIX B~COB& ~03@Qmne~me; 
W3 - no~oXeCTB0 3Ha- BeCOBbIX K03@l$ULWeHTOB, He 

flaCTByDJl(UX B @OphUipoBa~U&i Ha3BBHEIII rJIaBH0& KOMnOHeHTH; ' 

c p e m e m n o B o r o  pa6onrurta w2-w3 - nOnMHOXecTBo 3HaYUMbIX BeCOBbK K ~ ~ @ @ W A ~ H T O B ,  x2 - YpOWHb @OHBOOTL~~%~ 
paCTByIo I4UX B @O~MKPOB~UYIEI Ha3BWIW. X3 - pa rep  0 6 0 p m x  ~ ~ p o d i c r -  ' .  

~ o ~ o J I H u T ~ ~ ~ H o ~  BbUeJIeHUe IIOnMHOXeCTBa. W3 O G ~ Z C H I I ~ T C ~ I  '" ' BetMsM C W C T B  
C T p e M e H U e M  K 6 0 n e e  IIpOCTO& CTpYKTYpe MJIBBHO& KOMIIOHeHTbI, 
ecerna neme n o m a r o I q e 8 c f i  UHTepnpeTaUua .  Ha c B o n x  P a H I i r r a x  
ItOAMHOXeCTBO W3 n M e e T  I q J n T r n e c m e  3 ~ a s e ~ u a :  B - MaKcu-  

ManhHOe YUCJIO npU3HaKOB, O ~ C H R H ) U U I X  I'JIaBHYIO KOMnOHeHTY, B 
a,,z - M U H H M ~ J I ~ H O ~  YUCJIO o~Y~RcHXIOUWX nPU3HaKOB. ~ P U  T 4 a -  ;& - ~eWT?t6cnbliOCTb ~Ponyrc l luU 

TenbHOM aHaJIU3e KlJHTUYeCKUe WaHYIqbI W3 M O m  YCTaHBBnUBaTbCII 
no CTaTUcTU¶eCKOMy KpHT'pAH) 1, KaK B G J I F a e  0 6 b ~ i ~ 0 2 f  n p O X p K M  
3HaqHMOCTU KO~&@UUU~HTOB K O p p W U U U .  

06quB COCTZIB MHOXeCTBa BeWBbIX KO~@@WABHTOB n p e n U a B -  
n e H  H a  puc. 7.10. 

w, 

0 w, . : w,-w3 
! i 

Ow 1 1 - 
PUC. z lo. Gxtnae atnamcmea oemblx hm&$uy~(~nmw at. j = I,", 

i k  r-n ~ ( ( B H o I  mhano1(eumbz 

~ 0 g ~ B e p X J A e H E l e  3HaWMOCTU I[PU3HaKOB (4 WIU Z1), Y a C T B W -  
U(UX B @O~MUPOB~HBU Ha3-IW l'JIaB~0ft KOMnOHeHTbI, MOXHO no- 
J I y n T h  PaC9eTHbIM nyTeM n p U  OnpeAeJLeHKU K O ~ @ @ U W ~ H T ~  KH- 

' 

@ O ~ M ~ T M B H O ~ :  

Caj, h - w3 1 
/ K"= , m  

ca:r 
/=I 
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%urn n p r 3 ~ a ~ a  XI B 6 o n b u r e P  M e p e  onpegenxeTcf f  ~apuauaei  
fT.e ~ @ @ ~ K T A B H o C T ~  UCnOJIb30BIIlIIiX XUBOrO TpyJIa 06ycnosrra- 
eTCff obuei? ~ ~ K T U B H O C T ~ H )  npOU3B01[CTBa, KnM 0614eti 3@@e~-  

fi OpraHU3aqHeP IQJOU3BOACTBa. TO Xe KaCaeTcX E i  peHTa6Mb-  

Ha3na~ue ~ J I ~ B H o ~  K O M ~ O H ~ H T ~ I  fi OIIPeBe1UIeTCII HaJIUYIleM B HbIe IIpOUejlYpbI MeTOAa rJIaBHbIX KOMnOHeHT U IlOCTpOeH H a  

ee ~Tpylcrype 3HaYMMbIX nPIi3HaKOB X3, Xg, XT, T.e. F2 - 3TO P03- e UCXOAHLilX AaHHbIX MWO& Pa3MePHOCTU. ~ I @ U ~ U T  UH@OP- 

Mep npowsodcmeenn~x pecypcos. K O ~ @ @ U ~ U E H T  UH@OPM~TUBHO- ~ b 1 3 b 1 ~ a e T  H ~ O ~ X O A I M O C T ~  OIIpeWIeHHblX n 0 I I y I q e ~ U f i  n p U  

CTH n u n T B e p m a e T  crnec~ae~aarfi C O ~ B  H 3 ~ b &  rrras~oi? KOM- 
II0HeHTbY: 

ym4eHE& COOTBeTcTBYeT I [ ~ ~ ~ C T B U T W ~ ~ H O C T A  H OCTaeTCII W X  HC- 

0,664+0,49+0,36 0 8 a W l X  n o K a 3 a ~ e n b H b l ~ .  =0,832 . 
Kn2 = 0,01+0,16+0,64+~,09+0,49+0,04~0,36 

O ~ ~ ~ T U M  BHUMBHHe H a  3HaKU B ~ C O B ~ K  K W @ @ U ~ U ~ H T O B  ajr, 

0 ~ 6 0 ~  ~ H ~ Y ~ Y U X  3 n B h i e ~ ~ a p ~ a o c  I I P U ~ H ~ K O B  IIPU O ~ P ~ ~ M ~ H H H  M O W  Cepbe3HO 3aTpyAH%Tb PbIBOnbI. T a t $ ~ m o ,  YTO BapUaUHff 

ifa3gaHSiX r n a ~ ~ d a  KOMUOH~HT~I  ' ~ U ~ B O A R T ~ R  IlpeWe BCer0 no X3 HaXOAUTCX IIOA IIOnOXHTell%HbIM BJlUXHUeM r2IaBHaLv 

~ ~ C ~ J I I ~ T H O ~  ' B ~ & u H ~  B e W B o r o  ~03l$@iheri~a ai, ,  3HaK ~03& 
T Fir F ? H  OTPIi4aTWIbHbIM - F3. n p H  YCJIOBAH Cyrr[eCT- 

~ 0 f i  3HaYHMOCTH F3CJTeJXOBanO 6~ O ~ X C H U T ~  HaTIWIHe OTpU4a- 
~ H W ~ H T ~  I I P & J O ~ ~ ~ T ~ ~ T  3 ~ a ~ e ~ ~ e  B n ~ e ~ y r o ~ e ~ ,  TH norme- b H 0 g  CM3H M IiOATBePnUTb COOTB~TCTBU~ CTPYKTYP6I Ha3BBHUFO 
CKOM O G ~ B C ~ ~ H U A  COCEl&l H YCTaHOBJIeHHH eIY) HelIpOTElBOPYWBO- BHO~? KOMnOHeHTbI. CO~CTB~HHO O I M O B ~ ~ M ~ H H O  PeUaeTCR BO- 
m Htl3E3HliD ~ ~ B B H O ~ ?  KOMnOHeHTbX. 

06pa~mcrr K npIiMepy m n. 7.4.2. B c o r n  nep~oif rnae~ofi e S K O H O M ~ ~ C K H X  B~IBOAOB. : 
KOMIIOHeHTbI BCe U C X O A H ~ I ~ ~ ~ ~ ~ ~ H ~ K U  SHaYMMbI, Haki6OXee CWeCT- W I O ~ H Y H O C T ~  3HcKOB BeCOBbIX K O ~ @ ~ H ~ H ~ H T O B ;  KBK Ii HeYeT- 
W H ~ O  m m e  n p u s ~ a ~ a  X2 ( p e m 6 e n b H o c ~ b  ~ ~ O H ~ B O L I ~ T B ~ ) ,  ~ o p -  TpYKTWa PnaBHbIi KOMIIOHeHT, KOrna BCe Bec0Bble K O ~ @ @ M ~ U -  
peKTHbIM Ha3BaHUeM P;NL Fj BYACT u ~ ~ K T U B H O C T ~  i I P O U 3 B O n c T ~ .  
.Bo BTOp0fi maBH0f t  KOMIIOHeHTe 3HaYeHUeM BeCOBOrO K O ~ @ @ U ~ M -  

eHTa BbU(ana'eTXXI IQJU3HaK X3 ( Y ~ ~ B O H ~  @ O H A a ~ ~ a Y ~ ) ,  OH H a  93% 
onpe~WL%eT c 0 E T G  F2, Ha3OBeM KOMlIOHeHTy u ~ @ ~ $ ~ K T U B H O C T ~  UC-1 
nonM8arnui O ~ H O B H ~ I X  ~ ~ O U ~ B O P . C T B ~ H H B I X  c p e a ~ .  .Tpe~b% m a B -  
H= ~ m i r o n e ~ ~ a  B aiiantr$e MoweT H e  j i a c m a ~ p u e a ~ b c r t ,  Ecnu nep- : 
Bbre ~(Bs r ~ r a ~ H 6 I e  K O M I T O H ~ H T ~ ~  o&~RcHXRX 78,596 :06ureR&3pna4m 
Xh 4, &,, TO 4 - TOJIbKO 10.9%. TaKUM 06pa30~; @IX B ~ I B O ~ O B  W U  

FJIBBHbIX KOMnOHeHT. 

mrimanb~oti IiOTepe AH@~PM~TABHOCTH OCTarOTCX: 
.d. blcnonbjoea~ue ~ e m o d a  enaeHbrx KoMnonenm 
'I e cucmeMe dpyzux cmamucmuvec~ux ~emodoe  

r n a ~ ~ b ~ e  K O M ~ O H ~ K T ~ I  B CBOIO ~ ~ e p e ~ b  0 n p e ~ e n r i ~ u ~  ~ H ~ Y ~ H H E  rJIaBHbLX KOMnOHeHT HM&T H e  TOnbKO CaMOCTO5IWJIbHOe 

3JIeMeHTapHbIX npU3HaKOB UCXOL(HO~ COBOKYIIHOCTU naHHbIX. Ba- B ~ H ~ ~ J I H ~ C ,  HO u IIIUPOKO ~ ~ C ~ O ~ M ~ ~ T C I I  c R&TUMU M~TO-  
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R a e  c@TECTrtKki, ~ ~ 6 o n e e  s a m  c M ~ T O ~ U  rpymrupom~ u 
K O p ~ I ( l l O H H O - ~ e ~ ~ k I . O H H O ~  WiUUl38. & Y m p o ~ ~  O C n e C r -  
B v w ,  a,.$tflS 06seKK@ H ~ A ~ H W I ,  TaK li IUUl 3 n e M e H q p H b l ~   om a~anu3a (CM. rn. 9). 
n p ~ 3 ~ , a ~ ~  X, . B a x ~ o , , . m ,  B K ~ ~ W V  r p p ~ 0 8 o w o m  ~ b 1 - m  Epwep 7.2. C o ~ o ~ y n ~ o c r a  
O@$IL&~F*. IIpU3HaKH, 3Ha'MTWIbHO cmi-mue % x o f i H w  m- U3 50 C ~ ~ ~ C K O X O ~ I I ~ C T B ~ H H ~ M  
h p ~ a w .  Boqioxyocm p a c s n e H e H m  C Q B O ~ ~ H O D T U  O ~ ~ ~ K T & B  F, n~enrrpmmiti ~ H a r m 3 U p O ~ a C b  
(~PWH~KOB) .=. r p y n g ~  WIHOBHTCII O ~ ~ B H L I H O ~ ~  WN rEOMeTpme-  I70 3HaqeHKRM npE13HaKOB: Kaqe- 

CTBY CM~CKOXO~S&CTB~HWM. YM- 
nnf i  4, K l r u M a n n e c m m  ~CJIOBWUM 
30HbI TePPUTOpHaJIbHOrO p a C n 0 -  
nOXeHUff X2, BeJlHYAHe HapY3KM 

T e m o r e H H o m  hops X,, ypo~-  

n e H a  r p y n n n p o B K a  npe~npumuii 

, , 
., 1 9 2  (-1 233: -0,372 no 3 ~ a ~ e m ~  nep~oIt r n a ~ ~ o f i  

K'oMIIoH~HT~I FL, 0 6 ' b X c ~ f f I O ~ e i k  
e 79% o6me# nucnepcun 3 n e ~ e ~ ~ a p ~ m  n p m n a K o B  u mem- 

~ a 3 ~ a ~ u e  ~ C J I O B ~  cenbc~oxo3xt ic~~e~~oro  IIpOU3BOACmGW 

T a 6 Jl U II a 7.1. ~ y m o l p o ~ ~ a  C ~ J I ~ C K O X O ~ ~ ~ T B ~ H H ~ M  
IW- no KaYeCTBy y U 0 d  W I S C K O X O ~ ~ T B ~ H H O N )  

~~~ a,; ~9 n u ~ p q 6 1 ~ m ~  Ai .. ~POE~WPCTB~ (no 3 ~ 1 a ~ e k u l n ~  F,- rmnnoir KOMIIOR~RTW) 

KU-T~HIIJIOTM): 
rp-o~ca MOXW ~ ~ ~ B O ~ T ~ C I I  no O ~ H O B   am,. 7.1,) 

c;ky H e C K o l I b W .  ~ n a B H b n +  K o F o n e m m ,  B n o c n e x H e M  crryrae 
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n p n ~ e ~ e a n e  ~ e ~ o n a  ramam K O M ~ O H ~ H T  B KOPWYUOHHO- qnmn hk nnn B xone npo~eplul napam- 
pezpeccuonm ananme Tarcue mm nccnenoBaTenm onpeneneaewe 
n p e u M y l r r e m a .  Bo-nepnwi, n o x m e T c s  B O ~ M O X H ~  3 ~ a n -  
H O m  ywxnqem qrrcna ~ n e ~ e ~ i ~ a p ~ s r x  IIPU~H~KOB, y r m u n x  B 
aaanme, npa y c n m  m e n m  B pe-m H ~ E ~ ~ I I I o ~ ,  mcrra 
TOJIbKO 3H8%3uMx rnaBHbIX KOMIIOHeHT. %'O, TeM H e  MeHee, H e  F- 
JIOXHX~T ca~02t ~ o ~ e n u  a oa~onpe~emo o6yc110-e~ c o m e -  , ~ P K  &, = F ~ Z . , , , , ~ - ~ - I  . 
me & o m  neohzc~emroft nncnepcnn m m .  Bo-s~opm, opro- 
NHalIbHOCTb r n a ~ ~ b m  KOMnOHeHT I'IpeA-eT n p O m e H K e  e- K o ~ n o ~ e ~ ~ a  ncKmovaeTCff E13 PeI'PeCCMIi, KOrna C O ~ C T B ~ H H O ~  

&KTB MyJIbTXKOJIJDiHeaPHOCTU. Wo hk MWO, MeHee 75-90% M OAHOBpeMeKHO HeCYIIXeCTBeHHO 

B U M ~ ~ H O ~  W H e H K e  p e w C C U E  H a  rJIaBHbIX KOMIIOHeHTaX, n p r i  OHeHTbI B (PoPMX~OB~HUU p e 3 y J I b ~ a ~ a  j~ , m u  npu 
YCJIOBHU, *TO 3H84eHSiS OTIUIAKtl 0 n3MepeHbl B Ha'IYpWbHOM 3KNX H ~ ~ J I I O A ~ H H ~ I X  3 H a ' l e m  KpIlTepueB t n F. 
M ~ c U I T I I ~ ~ ,  3am2CbIBat7TCX 

r ~ H O B K O ~ ~  U ypOBHeM 3a6oneme~oc~jf H a m e -  
9F =Y+Y~,F,  +ynFZ+...+~irF,, 3~ =Y + X Y I ~ F ~  =j;+yF:, 

k=1 
c PWH'fHbIM YPOBHeM TeXHOreHIi0fi HarpysKU 

rae 7 -cpemree 3naseme 3mrrcn~oft nepe~emio2t KaK o u e n K a  
a o r r p m w m  cpeny nony.rem.1 AaHHbIe (a. 7.2). 

cBoGowon, w e H a  ypaBHemm;  
p -  n e m p  6 n e ~ o ~  KO&!I$NIUI~HTOB pe~peccm npn rnaBlmrx T a 6 JI n u a 7.2. Y p o m  ~bonemaemocm meenemin 

KOMnOHeHTaX. Ero HaXO&SC peUIeHlieM ii3BeCTHON MaWUY- ti XBpBlETepBCTHlM ~ K O J I O ~ ~ ~ Y ~ C K O ~  o6cmt0ase B CeMe N I P O ~  

HON y p m H e m ,  ~ i i ~ ~ ~ ~ 3 ~ 3 1 r p y r o u e r u  C p M Y  m a T O B  

O - O H ~ H ~ ~ :  ZG- y ~ ) 2  :$=(FT)-'FL ; 
ropoa ropoa r o ~ a  ropoa mpoa r ~ p o a  rod 

A B  r a 6 N 
F - MaTpEiI&a 3 H a q e H d  TJIaBHbIx KOMIIOHeHT 0 6 b 1 q ~ o m  BUAB 

p a 3 ~ e p H o c T b m  n x r. 
K-HW~HT~I Y,, - 3M HeKOTOpbIe YCJlOBHbIe eAIIHWM, 

n M e m m e  onmi ~ac1uTa6 n ~ ~ e p e ~ m .  
Ypa811eH~e PeQXCCUU H a  IXClBHbtX KWOH~KT~X. 3KBNBaJIeHTHO 

perpeccw H a  e m m a p m m ~ a r x  ~ H ~ X ~ H M R X  I I ~ M ~ H ~ K O B :  
V + y F ' = Y + Z ' B ,  

xy-"/; r e  z~ = 
=J 

p - BeKTOP C T W A a v B a K H b I X  KO~@@HU.IT~HTO~~ p F m r w .  
n p U  ~OcTPOeHUl l  pb?rpeCcSiOHH~fi M o n e n n  B03HaKaeT BOnpDc 06 

O ~ M a l I b H O M  rJIaBHbIX KOMlIOHeHT. Ha n p a K n r K e  p e ~ 0 M e H -  

W e T c x  n e p B o H a w m o  nonyvmb MOA~JB c yneToM B C ~ X  rn ~ ~ B H H X  
KOMROHeHT, 3aTeM C PETOM H P t l l l U m  O Q e m  H S W m O W  srpec- 
C U O H H O ~ ~  MOAeW n K O J I C ~ ~ ~  perpeCCUOHHbIX K O ~ @ @ ~ ~ R O B  
qncno rnaBHbur KOMnOHeHT M O W  6 ~ b  y M e m m e H 0 ,  H e 3 ~ a s u M b l e  
ms perpeccnu rnBBHbIe ~ o m o H e H T b 1  y ~ ~ a ~ a a w m r r  worn, no 
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n0cIIe &%7tr%3 AaHHbE ~KO~OIIPI~CKO& 06CTaHoBKU (113 ~a6.m. 7.2) ' 
no 3AeMeHTapHbIM nP113HaKaM (XI - X5) MeTOAOM rXaBHblX KOMItO- 

HeHT IIOJly%Hbl CXeAyIOUlUe p e 3 y J I b T a m .  

C O ~ C T B ~ H H ~ I ~  '411cJra 

2,611 1,154 0,801 0,344 0,090 

Mawnqa + ~ K T O ~ H O M  0 ~ 0 6 p a ~ e ~ 1 1 ~  (A) 

Xi 0,568 -0,263 0,762 0,176 0,007 
X2 0,840 -0,133 -0,382 0,317 -0,147 
X3 0,887 -0,010 0,046 -0,454 -0,094 
X4 0,891 0,361 -0,159 0,045 0,222 
X5 -0,054 0,968 0,214 0,070 -0,102 
n 0 0 6 X K T ~ b l e  3HaqeHHII IXaBHblX KOMnOHeHT U ~ ~ B E I C L I M O ~ ~  ne- 

pe~emoil  

3.60 -1,O.S. -0,69 -0,44 -0,91 -1,78 A 
1 9  -1,05 0.02 -1,30 -0,26 1,48 
2,87 0,39 -0,53 1,15 -1,38 1,14 
5,40 -0,06 -0,15 . 1,64 0,58 -0,32 
0,47 2,13 -0,29 -1,05 -0,03 -0,35 
5.60 -0,05 2.37 0,OY 0.03 -0,30 
2,54 -0,31 -0,73 4 , 0 8  1,97 0.13 

KO~I$+KIIU~HT~I K o p p e m q n u  H ~ ~ ~ B E I C M M O P  n e p e ~ e ~ ~ o j i  u 
rnaBHbIX KOMIIOHeHT 

Y -0,341 0,514 0,697 0,059 -0,366 
napaMe'@hJ PeTpeCCEIOHHbK J ' P ~ B H ~ H u ~ ~  Onp~AejTRllHCb no U W U -  

BMma.ltbHbIM 3HaSeHnSM rnaBHbM KOMIIOHeHT MeTOIIOM ~ O U I ~ ~ O B O ~ ~  

perpeccuu, nepsoe y p a B H e H n e  ~~n~osarro ace n m b  B m e n e H H b t x  

KOMnOHeHT, 3aTeM ~ m b 1 8  pa3 OnHa  maBH%l KOMnOHeHTa, C HaU- 

MeHbILMM 3HaUeHUeM h, MCKnI09aRaCb. B ~ I B O A ~ I  0 Ka'4eCTBe perpec- 
CMOKHbIX ~ P ~ B H ~ I &  cJrt?AyIOT no A- CTaTMCT&N- w U % p u e B :  

t-OUeHOK CTbI0neIi~a CylUeCTBeHHOCTrl IIpeAUKTOPOB, F - K ~ K T ~ P W I  
WeKBaTHocTIl MOAWTU, R U @ - MHOXeCTBeHHbM KO~@@WU~HTOB 

K o p p e m w u  n n e T e p w H a m n .  P e 3 y n b ~ a ~ b 1  perpeccnorlaoro a ~ m 3 a  
CBeneHbI B ~a6n .  7.3. no  ASHHbIM ~ a 6 . m ~ ~  MOXCHO 3aKJIK)9EITb, 9TO 
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B o61qe~ genmn~bl - c a ~ n x  pcrpeccnonam. KO~MUUU~RTOB c I zt  OT F, u D, nepe- 
yMeHblUeHneM qECna IIPenEIKTOpOB ~ o n e 6 m r r  Ue3HamWbHO. HO 1 

rcpn~epurr-nasemiom  onen nu u ee uapaMerpoe oTnmamTcrr cyw-i 
cTseHHo II anrr cc = 0,05 rempe ypaBHeHm, RpoMe nepeoro, nd 
F-~pnmpYIjO Hem% C ~ E I T ~ ~ '  W&XB~TH~XMU 'PeaJIbHbIM AmbIM, C 

H ~ K M O ~ O ~  ~irr-08 UCKJIlOWHHe AOIIYCTNMO CneJIaTb IUEI i3 .  T ~ K  
xe  pe3~o c ~ m m n - c ~ ~  n 31iaqe~m t - ~ p m p n e ~  HwemocTu p e p c -  
CUOHHHX KO~@@UUU~HTOB a e ~ e ~  06pa~U~b B H Y I M ~ H ~ ,  'iTd BM- 

Bow 0 M ~ O G  3HaWMOCTU ma~H0fi K O M ~ O H ~ @ ~ ' ~ !  F4 I60 h4 = 9,344 
~ O ~ T B ~ ~ ~ & ~ . U  S H H ~ K O ~ %  Z - & ~ H K O ~ ~  a ~~EPBCCUOHHO~~ M O A ~ ~ U .  
mx KoMnonem &C h5 = 0,09 perpeccno~astt ~ p n ~ e p u k  t = 11,6 
yKa3brBaeT Ha ee cymecmeHHocm B y p a ~ ~ e ~ G ,  'mn peueHm BO- 
npoca 06 ncrormeeuu f i  cnenowo 6~ IIPOB- bnee r e ~ y 1 0  
nomecKym H KpYITepuaJImp npOBepKF B UMOM ace Ha npEt~epe 

, . .  . 
nepmfi perpeccuomiot k o n m ,  ( j , )  BUAHO, m c ~ O M O U ~ H )  0606- 
UeHHbIX ( P Q K T O P H ~  IIPK3HaKOB ( ~ ~ s H ~ I X  KOMIIOHQHT) pe&nbHO no- 

xopomym n u n e m  perpeama c BFKOP WeWTHUCTbm 
~ H $ ~ I , H O ~  oMcmrOirre% cnoco6~oc%m (A: = 0;999).. 

npone~O~CTpKp0BaHHbre npn~epbl npammecKoro npiuroxe~m 
MeTma ~rnaBHm KoMnoHeHT B rorampnoM u ~oppenirumom- 
perpmnotiHQM m a n u r 3 e . n p 7  ~B ~ ~ D ~ ~ M : ' B ~ s M o s K H W ~  u 
Mewoh ~ $ m p ~ o r o  alwIu3a. 

7.5. P a 3 n o m ~ ~ e  AmcnepcHm B @ a m o p ~ o ~  a~anmje 

MWAM + a m P ~ o r o  mapfa 6a3upy1o~w1 Ha peanb~o3 oueuKe 
ca~oft  B ~ ~ M ( U K H Q C T ~  nccnenomm mnegit. ' 3necb F p a ~ e e  npn- 
HnMaem, =TO a6- &wropam o & ~ ~ I c H ~  ~ a p m n m  9 n e ~ e ~ -  
T B ~ H ~ ~ X ~ ~ ~ H B K O B  na 100% H e m ,  neKFpm y a m  sapuaqriu oc- 
TaeTcrr c ~ p m o t  xapa~wp~ticmm usyuaeMom~rrarrenm. C T ~ ~ P T ~ I -  2 

3OBaHHOe 3Ha¶eHUe ~U3HaKe'FIO [-MY H ~ ~ ~ W W O M ~  & e m  UPH 
=OM ~CTaBn5leTCR J M H ~ ~ H O ~ ~  ~ ~ B K C U M O C T ~ ~  BW8: f i , ~  IIPYIBeneHHOrO ~ b m e  C ~ R ~ R ,  KO 

zu = ~ , ~ f i ,  +a,'/zfi, + . . . + ~ , ~ f r n /  +ajdfi ,  

me dti - naze~ersti np,n3~a~,  06064am1mt ~epacKpblBaeMyro, 
xa-pnym wipxannm m ~ ( 9 H ~ a p ~ o r O  IIpUM-; - 

~ 

a, - B~COBOB K W @ ~ ~ H T  npn xapampHoM 4,mpe. 
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l j= l -h?-b? J I 

Me~om.  @ K T o ~ H o ~  aHanES3 ~ & ~ B O J I I I H ~ .  B U3ySMu W C ~ ~ P -  
cmi IIOM AaRbIUe u pacvneHmb napuama x a p a n q ~ o m  rrpusna- 

6eAbxoI c n e ~ t $ u ~ o &  npu3riaKg. $ . , ' Memo3 aasnaor &oxno~enm z = AF; R' = AA'; 
Memoau @aiimop~o20 arcmrwa 

IUeHCPBOM M3~epem;  a) npli YC~OBMU OpTOFOHiIJIbHOcTu 25) = A F + a j D j ;  

H & H O C ~ ~  (c;) - &om0 L M C ~ ~ P ~ M ~  x a w p H o r 0  -pa 6e3 o6unux t$aKl'opo~ E i  BbIneneHAH 
. . 

' j qe~a  OII~H~KII,  m u  ~ ~ O I I O @ ~ ~ H U ~  A N C ~ ~ ~ C U U  , TOAbKO X~PaKTepHOTO @-&XI R+ = A A " + ' p .  
OIIIW~KM 1; no n o n ~ o l  nuchepcuu npu3~a- , . .  . ~ .  . : p3ulefMR M BbX&%TeHU# TOnbKO -. rnq Zj=AF+ajD, ;  

B ~ ~ K M O C B ~ ,  iio~a3a~eneB w a ~ a  mcue~cuki - 3 n e ~ e ~ ~ a p ~ o r o  p =ACA'+ u Z ;  

npu3naxa 4 y ~ n m m ~ ~ , ~  O~IJ.IP CXWY (PUG. 7.13): B) npM YCJIOBUU KOCOymJIbHOro Z , = A F + U ~ D , + ~ ~ + , C ;  

M HeHaJ.leXHOCTb R+ = ACA' + LP + @. 

~ , .  

PEIC. 7.13 no3BonkeT ycTanoBum q i r e6~mec~ae  c m ~  ~ O M S -  B ~ ~ H ~ H T  B), c n o n ~ n ~  p a c r r r e ~ e ~ ~ e ~  n~cnepcan npaSHaKa, 
~enefi coc~aea nucnepcnu: qnorrb3ye~cx A O C T ~ ~ H O  p e m ,  TaK MK npeAnonaraeT BbIIIOnHe- 

lhim c)lr~ne+ Me CJIOXHblX i3JlrOpUTMOB BbI9UCnUTenbHbK npOneAyp. 

0 6 ~ 0 n n ~  5 ' ' ' u3 B~XIIJ~IMII Bbmonahiu o CTeneHU cneun@us~oma uwaeMom 
HWl U UH@OPM~TUBHOCTU CTWlXcTuSeCKUX AaHHbnt. 



Me~on IXaBHbIX @ICTOPOB MOXHO PaCCMaTPUBaTb KaK pa3Bme 
MeTOAa DIaBHbM KOMnOHeW. OCHOBHO~ OTnSFIPe 3iwnOqaeTCR B 

u c n o n ~ o ~ a ~ u u  peztyuupom~ol ~oppwr r ruuo~~o i  MaTpuubI Rh, 
Ha rnaeaoi AsaroHanu  omp poi pacnonomeHhl yxe He enuauw, a 
xapamepmnim 06lu.~oern h: . 

Cornac~o maccmec~oi4 MoAenu a a ~ m p ~ o r o  ananma, ypaBHe- 
Hvre D,JW onpeaenearn KOB@@YI~U~HTOB npu o6um +ampax F, 3a- 
wcusaewx B Bme: 

Zj=a j lF i  +aj2& +...+ ajmFm + a j D l ,  

UJIU B ~aTpmoYi (POPM~: 
Z j = A F + a j D j ,  

me Dj - X ~ P ~ K T ~ P H ~  @ ~ K T o ~ .  
Perue~ue ypaBHeHm npn ycnosnu M a ~ c m u w u u  CYMM: 

111 

=% - 8mpoYi MXCUMYM, O T H O C ~ ~ H O  ~CTaBaueiicff noc- 
,=I 

ne 5, nucnepcua u T.A., 

CBOAUTCR K OnpeAenemro C O ~ C T B ~ H H ~ I X  3HaYeH~fi U C O ~ C T B ~ H H ~ L X  

BeKlDpOB cu~MeTpHYeCK08 MaTmIIbl R 83 paSHcTBa (R- )LE)U=O.  
B 57.4, TIOCBffrUeHHOM MeTom IXaBHbD: KOMTIOHeHT, TIOKaWO, 9TO 
IIpK U3BeCTHbM 3Ha'feHEWX 5, U (IlK03@llq1leH'Cbl ajr MOW0 pat- 

cquTam. no @op~yne: 
~ = y . ~ ' l 2  -. 

C ~ Y ~ T O M  m m  m c n e m  a], BHKWTCII 0 6 ~  @op~yna: 

u j r f i  
= /= 

. 

B uccne~onaTenbc~oi npamiice c~~ pmaYHbre npue- 
M u ,  CIIOCO~I HaXO>I(Llem IIapaMeTPOB MOAenYI IXaBHblX @ ~ K T O ~ O B  

rpynna o p u e m p o m  Ha anropum M e w  PJIaBHMx KOM- 
U B CYIUHOCTki nOBTOpSIeT em, WHcTBeMOe OTlIUYSie B TOM, 

cne~nrr  POB BOP^ no ~ W M  p e n y ~ ~ ~ p o ~ a ~ ~ o i  KOppem- 
MaTpW, a He Mimf~ot  Mavnubr napma ~oppmm. B 

cnyqae cPa3Y nonysarOT R co6CmeHnbM YuCen a] 
HOM a~anvr3.7, omaKo, ram 

m~ee memamma  pa- 
eHee B K O H O ~ ~ ~ M .  

HRHYr(24 npmibr, KOTOpMe IIOJBONIKVT 
HayIIHaR c nepeoro, ycra~ammam s~asenm 

n u C06c~~ewmx wmpo~.  l l m e ~ m e  lwru 
MTCR nome npewapmnmott rrpo~epm Ha a o c ~ a ~ e ~ ~ o e ~ b  

M a m i i m  me W ~ H H ~ M  r m m  @~KTOPOB. Two9 
MO'KHO m m m  Knaccwremm B @KTOPHOM ananu3e. Hm- 

W A m m H b I M  3AeCb W X e T C X  MeTQa, pa3pa60~aHHhlfi 
 OM. OH n03B01IReT cp-no 6b1crpo q e n m  

~UclrO 06mm @~KTOPOB, yy-rqm nWTu BCH) 

06q~ocm. M e m ~  onarae~ mpa~maoe peme- 
M~TMJIY nap- KQPW- 
e M  n 0 6 m m m  cxomo- 

OMY 3 m e ~ m  h ,  , 3 a ~ e ~  B ~ F M ~  COOT- 

s n a ~ e m  C O ~ C I W H H O ~  ?aexmpa Ch r @ a m p m e  
. B 3asep1ueme m n a  naxom rrpomBer[eHlrrr ~ K T O ~ ~ B  

. OoTam~~w fRTpuua n a p ~ m  ~ o p p e d  6ym R - R+. ECJIU 
Ke pa3HOm R - R+ emeeqxiHa, nepexom KO m p o -  

, H OITKOHHBR BbLCUe Ei- ~OBTOPSI€T&, KO OTHOCU- 
cO~CTB~?HHOW WClUl  - 5 ,  B6FMCnReMOID no Am- 

n o m p m  ~o  ex nop, no= pa3~oc~a R - R+ ne 
WTXlTOYHO Man0a H TOPAa UrOPWTM 3a8epIMeTcx. 

up-? z4. ~ocnonb3yeMcx nannb~hm Ma7prruu napnblx Koppe- 
m% n3 n. 7.4.2 



K p e r n e a r n o t  K O ~ ~ ~ R O H H O R  bfaTpMue nepewe~,  npx- 
HIIB xapaKTepHocTw Ha ypome ~ a u h b m u x  K O ~ @ @ U ~ U ~ H T O B  KOP- 
pwmnn B -OM C T O J I ~ ~ ~ ,  c nonpaaKaMa Eap~a: 

375 

T a 6 n u q a  7.5.nepssla42orn 
mneneme B 

lUmn mpaami: 

, O u e m  S u p n o m p m m  npasunb~oc~b rtpoBeueHnbm BH- 
xcneaair, ux MaKca~anbHoe pacxomeHue nocne BblnOmeHllrr Tpex 

KJIOB nep~ofi mpaqmi He rrpeBblcmo m TMC-, TWM 
paxtM, OUeXKU KOMilOHeHT IlepBOIO C O ~ C T B ~ H H O ~ U  Bermpa MOS- 



(~a6n. 7.8). 

T a 6 n H g a 7.8. B-enenue U W P K  
nepmm rnannw @mpa 

MaTpma nepBm OCTamnbD( K & @ @ H ~ ~ H T D B  KoppauHa co- 
b~ Aomamulio 6omurae ~ ~ E I P M H U H  BIImHe nommeT 

B ~a6n. 7.8 C O ~ C T B ~ H H O ~  sElCJI0 h, - 3TO nau6onamm J 3 ~ ~ -  

l, = 1,412 n o~riomemm 

. . 
I n ~ o r a ~ a  nepsoti uTepaunU 6 y w :  IIepBOe C O ~ C T B ~ H H O ~  Wcno 1 A, = 1,412 H m m p  @KTOPH~M HWyjoK: Ai = (0,732 0,808 0,471). 

! ' npo~epZ4M Bmonenue ~ ~ e 6 o m n u :  
T a 6 n a i l a  7 . 9 . ~ m x o p ~ n l a T P a 4 8  

Caj,=+, , timi 0,7322 + 0,808~ + 0,4712 = 1,412. : a MaTpwa Jwmm lroppeJwoIfi B wmepro1 C T e m  
I 

O c ~ a e r x  onpep,- ~ocnpou3~e1te~wo Mamxw nap- 
~ o p p e n m f i  (Ph) ~i pelllHTb BOItpOC 0 H ~ O ~ X O Z M M O C T E ~  BbInOJIHeHuX . 

-01 mp- c noucm~ B T O P O ~  C O ~ C T B ~ H H O ~  b 
BeKTOpa @aKtOp~ldX HaVY3OK A2 

BocnpoH3mfieHHaS KOpp~JLKUHOHHZW MaTpHUa no ToJbKo OnH0- 

MY, nepnoMy, BeKtOpy &IKXO~HOI'O o M ~ P ~ W ~ H ~  ~ Y J I ~ T  Rh+ = AA': 

pa3~0cn MaTpm & - Rh+ nomxeT o c r a ~ m ~ ,  He 06mcHeH- 

HW nepBUM TnaBHbKM @~KTOPOM, KOPpeJ15lUHH3 n nOMOmeT OTBe- 



sapxauu 
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u3qYeTCfi n P H  YWOBEIA, qT0 (P~KTOPHY~ OCU I I p o X o ~ T  gepes 
6onee I m n H b I e  CKOIIJIeHUfi TOueK, TaK r T 0  60lIb111nHm~o ToqeK 

e A e n e H m  n a n a e T  H a  ocu mu p a c n o n a r a m c f i  B H e n o c p e a m -  

06ecde~ekoc~a  OCHOB- cpenm- ofi 6 n n 3 0 c T ~  OT HaYaJIa KOOpAUHaTHblX oceB, n p u o 6 p e ~ a f i  

Bawl.B pacvm H a  OjlHOra cpenriem- 
HoBom pa- a) N o r 0  nPOCTPaHCTBa COXpaHReT CU.QJ PaBeHCTBO: R = &', 

Y p o ~ e ~ b  s H e p m B o o p p m i ~  rpy- 
na (xz) 0,614' 0,411 0,892 0,299 

0.4% 0,545 0,410 0,754 a'o-nay8 (Xd 

0,572 0,378 0,089 0,868 

BapaBmm ' nponymnfn Ha  w o r n  
pa6onanca B c p e n ~ e ~  sa ron (XJ) 0,723 0,671 0,265 0,570 

Yposenb p e a n e s y v x m  rnnap~oi4 
w-. (Xa ) .  0,581 0,Sl.l 0,372 0,461 

K ~ K  m, nocne B p a u e H m  B c r p m e  n e p B O M  W ~ W  
 donee c y l ~ e c ~ ~ e ~ m e  H Z I ~ ~ ~ ~ K U  c?decTlunrcb K s~aqe~arar npu- H o P M a H o  P a c n p e n e n e ~ -  Bpame~ae Q , ~ K T O ~ H O ~  n p m m m  
3 H W B  XI (o~~c~~¶~HHocI% ~ p ~ n a  O ~ O B H U M K  C P ~ A ~ )  X? HHMx onpe- M3MeHBeT KOOpmHaTbI MqeK B HeM. 

( y p o ~ e n b  ~ H B P N B O O P ~ X ~ H H C ~ ~  m a ) ,  B XI = =2,025 Y W ~ -  m, OH 6 y n w  B lowe, onncw- Ha p u m  B H O M ~  cucreMe KOOPm- 
Ofi BemwM QeWnX BeJM- HaT a& 3HaYUTW1mO MeHbme am, 

an ' ~ T U ~ I W L  B W b ,  OAHOBPeMeHHO 
BbIPowru 3ua~ennfl ah > ak, 

hrc. ZZ3 

We CKa3aHO BbIIIIe, BpalueHUe 0 6 ~ 4 ~ ~  (PB-oB MOXeT 

m ~ m b m ~ ,  K o r n a  ~3au~oneBcmne (PBKTO~OB ucmiosa- 
R C T ~  yxon OT ~eonpenene~~ocnr  npbhpa~c~senn~ro pacnmoxe- blM, ~ O P O ~ ~ X , L ? I U M  K o p p m u o H H b I e  C B I ~ ~ U  na- 
HEU~ @~KTOPHOB K O O ~ ~ U H ~ T H O ~ ~  CUCTeMbI. M ~ T o I ~ ~ , ~ ~ H ~ J I ~ ' ~ U ' I ~ C K O ~  
reo~erpm narcrr 8a3MOruIQCTg crporo yo~maanuBd~b u e H T p  pac- yews nocnenoea~eni,~oe pemeaue T ~ X  BOIIPOCOB: 

W e R e n e H U S  nrofi0B m-~ep~of i  C O B O ~ H O ~ % : I I ~ H H ~ J ~ ,  HO B TO ]Ke Kame B b I ' i H C n W H b I e  I I P O U e ~ b I  CJIeLIyeT BbInOnHUTb m f i  

Bpehlrr HeOAH03HaqHbI OTHOCHTenbHO IIOBOPO$~ 'CUCTeMIJ- KOOPAH- ! BPWeHUX @ ~ K T O ~ H O ~ O  I I ~ O C T ~ ~ H C T B ~ ?  
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b A0 KaKMX n O p  ( C K O ~ ~ E O  pZ3) XOnXCHa IIOWPXTbCfi  O n e p a 4 H 8  

B p a r ~ e ~ K a ?  ~ 0 ~ 3 0 "  sin30" . f&KOfi YFOn ~ I l I e  YCTaHOBHTb LUX ~ O B O ~ O T ~ ?  

Hm6onee n p o c m I M  m x e T c x  o p r o r a H a n b H o e  BpaweHHe.  OHO 
npOU3BOAUTCR YMHOXeHHeM MaTpUUbl @WTOPP~TX HaQY30K Ha  He- 
~oropyw o p ~ o r o ~ m b ~ y h o  Mlrrpmuy T, smaroruym yrm n o a o p o T a ,  
pa3MePHOCTbK) r % r no 'IHCXy o 6 u ~ x  @ ~ K T O ~ O B .  ~ O B O ~ T  MOXeT 

sa$(asa~bcrr IT0 XJIH npOTI4B Y ~ C O B O ~  CTPMKX, HanPHM6P AAII MaTPM- 

u,bI @ a K T 0 p ~ b l X  H a w 3 0 K  A C YHCJIOM O ~ ~ M X  @~KTOPOB r = 2: 

[ Wsq :::I. cosql -sin9 T = 
-sin9 '= [sin, cosJ e p n p e T U p y e M m  npowe HCXOAHOZ~. B cornme nep~oii I x a ~ ~ o ~ i  

Bpaureme n p a s  
KOlWrOHeHTbI 3aMeTHO onpene- 

Bpawewle no mco~ofi 
Y ~ C O B O ~ ~  c~ppwrxul m u e e  3 ~ a r e m e  I I P ~ H ~ K O B :  cTpenxe XI, XZ, BO B T O P O ~ ~  - X,. 0nl.10- 

ECJIA MaTpUua @BKTOPH~N HalPY3OK COAePXUT A a ~ H b 1 e  6onee BpeMeKHO B b I ~ O ~ H R e T C x  rpe- 
qeM no AByM JfaTeHTHblM @~KToP~M, cTPOWCX HeCKOnbKO MaTpMU 6 0 s a ~ ~ e  AA' = ww nocne 
n p e 0 6 p a 3 0 ~ a ~ ~ n  T &JIR BCeX NlPHblX K O M ~ Z H ~ U M ~ ~  @~KTOPOB. Tax, nepeMHomeHEvr HOPMMPOB~H- 

T p e ~ ~ e p H O k ,  MaTpnUbI A 6 y n y ~  M c n o n b 3 0 B a ~ b c R  TPM MaTPAUbI H o e  IIPOCTpaHCTBO MCKWeHO, 
npe06pa30~a~~~ i  2? T.e. IIORBJIXFOTCII 3neMeHTb1, 

BparJleHxe npoTM6 YacoBoS mpenKW: 6 0 i r b l ~ ~ e  eAHHUqb1, U H e  0 6 ~ -  
cosy, -s inq coscp 0 -8incp 3aTeJIbHO xwj, = $ . q~o6b1 

..;=[gin: 0 1 ;  [ cosj BepHpbCSl K I I ~ X H X T ~ I M  npo- 
CTPaHCTBeHHbIM COOTHOUleHH- 

0 RM, AOCTaTO'IHO H O p M a 3 0 -  

TQ3=ia ;. -*in:]. cosql 
4 b I  @ a K T 0 p ~ o T u  0~06paxe~ux  

Z I4. P~cnomxe~ue 3naUeHmQpHbI.X 
IIOAH~X MaTpUua npeo6pa3o~a~m WIR TpeXMepHON cnyqarr 6y- 

AeT: T = T,, x T,, x T2,. DTOT nomoA 0606LUae~cfi Ha  cnyrag, K o r n a  

~MCJIO 0 6 4 1 4 ~  @amopo~ r > 3, nnrr nemrpmep~o& M a ~ p m b l  A 
nOnH@I WTpUQi3 n p e 0 6 p 8 3 0 ~ a ~ U f f  T 6yAe~ n p o H 3 B e ~ e H U e M  We 

H ~ I M  n o n o x e H u e M  npocwae- 
IrrecTx r n ~ p k l u  B p a w e m ,  mix B c e x  nap o6 lu~x  aamopos: 

T = TL2 X TI, X T14 X G3 X Tz4 T34 U TT. A- 

npri ycxoam o p T o r o H a n b H o r o  B p a w e m  B c e r n a  T T = E. 
f fpwep 7.6. B ~ I ~ I O J I H U M  O~HOQ&TK~@ ~ O E U ~ O T  A B ~ M ~ ~ H Q ~  

MaTPUubT @ ~ K T O P H ~ I X  HarpY30K, ~ O J I ) R ~ ~ H H O %  MeTOAOM r n a B H b B  
KOMnOHeHT (n. 7.4.2). ~ Y C T ~  y r O n  n 0 6 0 p O T a  6 y ~ e ~  P a E e H  30" H H ~ I #  Ton JUIU OAHOBPeMeHHbIM BpaIKeHMeM BCeX @~KTOPOB 

( ~ c p  " 3O0): ~ G P ~ A C T B O M  YMHOXeHKa HCXOAHO~~ MaTpUUbI H q Y 3 0 K  A H a  HeOp- 

1 
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~ o r o ~ a n b ~ y m  ~ a ~ p m y  no~opo~a, n p e n y c ~ a ~ p u ~ a l o l l l y r o  ~oppem- A n0MOJ.W MfXDWi uBapEUda~C* a m -  W C H M ~ H ~ ~ D  
UUOHHbIe C W U  JIaTeHTHbIX @~KTOPOB. 

BoIQOC nOCTaToWiOCTU YECna IIOBOpOTOB IIpOCTpaHCTBa @~KTO- 
POB M O ~  penramcrr c y 6 a e ~ m ~ 0 ,  n o m p o e H u e M  rpaaarto~ pac- 

P a W M b H m  ylIysmeHne m p y ~ ~ ~ ~ b l  &KTO~OB.  
-e cirnw m - m m a m H o e  -ewe qmpm, 

npemnemfi ~ a 6 n m ~ a e m  O ~ K T O B  B n p o c r p a H c T n e  n 0 B e p q m . m  
@BKTOPOB - 3TO ~au60nee T ~ Y L I O ~ &  npb, I lnH t\HanHTEm¶eCKurMEI B a1ianu3e ncnomyems ~ocoymm~oe w e n a e  npo- 
CpeACTBaMH, C HCIIOJIb30WU€'M CIIeWaJIbHbIX KpHTepIIeB &Wl OWH- (P~KTOPOB, TO Ha&o%%?. QCTO R O ~ ~ Y W I Y : X  K P U E P ~ I I  
KM c ~ p y ~ ~ y p b ~  061mx @amopo~. Bce ~ p m p m  K O H ~ ~ ~ K T H B H O  6a- m c ,  K B a p m a m ,  O~JUWUH. 
~ n p y ~ m r r  H a  n p e & m e H w n  8 e n u m b I  mcnepcnu @~KTOPHW 
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