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C O B ~ ~ M ~ H H O ~  YHUBepCUTeTCKOe 3KOHOMUYeCKOe 06pamna~ue A q J -  

XCUTCS H a  T p e X  KUTaX: MaKPOBKOHOMNKe, MUKp03KOROMUKe U 3KOHO' 

MeTpUKe. n0~JIe CHSTUX M ~ e O n O ~ Y e C K U X  6aphep0~ C 3KOHOMHV€CKO- 

r0 0 6 p a 3 0 ~ a H U X  B POCCNN AOMUHUPOBaHUII M ~ L ~ K C U C T C K O ~ ~  IlOJlU- 

T U Y ~ C K O ~ ~  3KOHOMUU - H a m  BY3OBCKHe 3KOHOMUYeCKUe IIpOl'paMMbl 

C T W U  I I epeCTpaUBaTbcR  B y K a 3 W H O M  HaIlpaBJIeHUU. C B U & ~ T ~ ~ ~ ~ C T B  
3TOPO MHOl'O, B 'I&CTHOCTU, IIOXBNJlOCb MHOlW ~ ~ ~ ~ H U K O B ,  B OCHOBHOM 

IlePeBOAHblX, no MaKpO- U MUKpO3KOHOMUKe. A BOT C ~ K O H O M W P R K O ~ ~  

n o n y s H n x b  npoMar r r r t a .  Hn n e p e B o w x ,  HH o T e r e c T B e n r r l r x  yse6- 
HUKOB HW. I4 nowu neT npeno~ma~eneii, C ~ O C O ~ H ~ I X  =iuTaTb ~ y p c  
BKOHOMWPEKU. T ~ K  ' IT0  C TPeTbWM KHTOM 3KOHOMMYeCKOl?O 06pa30- 
UaHUR IIOKa B POCCUU CJIOXflO. 

n p U Y U H b l  B-06qe~-TO HOHXTHbI. B qe~~p&FlZ%30~aHHOfi I U I ~ H O B O ~  

3KOHOMUKe 3KOHOMeTPHKa 6 m a  H e  HYXHIL, B OTJIHYUe, CKaXeM,  OT 

6ana11conh rx  U n H  0 ~ ~ H M E 1 3 a ~ ~ O l i H b 1 X  MeTOAOB: MeXUJTPWeBOIYJ 6a- 
nanca u n u ~ e f i ~ o r o  n p o r p a M M a p o B a H u x ,  no KOTOP~IM u K H U ~ N ,  u cne- 
qUaJIHCTLI Y HBC HMenUCb U UMeIOTCI1. 

Yqe6~oc  nocoGr?e,  KOTOpOe BhI, ' IUTaTWb,  AepXUTe B pyKBX, n ep  
BOe TaKOrO POAa  H a  PYCCKOM 513bIKe. O H 0  HadIUCZLHO U 0  COBPeMeH- 

HhIM 3XI2.&IihIM CTaI iAapTaM U ~ I I ~ o ~ u ~ o B ~ H o  H a  I IpWTEiKe,  H a  pOC- 

C U ~ ~ C K U X  CTYAeHTBX. ABTOP~I - KBUU@U~FCPOB~LHI I~ I~  CIIeIIZiJINCTbI 

R o6nac~a 7KOHOMeTPUKU. g .  Mac~yc  B T e q e H U e  MHOrUX JIW YHTaeT  

K y p C H  3KOHOMeTPUKU B UeHTpe 3KOIIOMUYeCKUX UCCJ~~&OB~HUZ% TUJI- 

6yprc~o1-o yaasepcmwa (ronnammia) u J I o ~ ~ o ~ c ~ o f i  m K o n e  ~KOHO- 

MUKU. n. K ~ T M I U ~ B  U A. n e p e C e 9 ~ 1 l f i  - MaTeMaTUKU, KOTOpble B I I e P  

I10 OHH EIBJISII(YPCR aCGiCTeHTaMU I T p o @ e C c ~ p a  C. A. Afisa3a~a, KOTO- 

pb12L Y U ~ P ~ R P  r n ~  x e  ~ y p c  npn~namioa ~ U C T U K U .  B aacmxrqee 

BpeMR OUU %%TaXOT KYPC J I e ~ q U f i  IIO 3KOHOMeTPAKe B P3LU aMOCTO-  

r n e n b H 0 .  

n 0 Y e ~ y  3KOHOMeTpUKa JIeXEiT R OCHOBe yAUBepCUTeTCKOr0 3KOHO- 

M u s e c K o n ,  O ~ ~ ~ ~ O B ~ H U X ?  OTB~T H a  3TOT B O ~ O C  H e n p o r n .  Hwerocb, 
.MTaTf!JIb U w I y Y U T  H a  H e m  Ol'BeT, n p O p a 6 0 ~ a ~  Krmry. YW 66nbmu~ 
U ~ O @ ~ C C U O H ~ O M  C W O B I l T C R  3KOAOMlKT, TeM BCHee OH IIOHUMZT, 

YTO B 3KOHOMUKe BCB 3aBNCNT OT BCeFO ~ P K ~ A H H O - C ~ ~ & C T B ~ U H ~ I M U  

CBII3IIMH 3tUiUMaRTCB 3KOtIOMSSeCKaE TeOPEIR, a CBZ3RMU B O O ~ L ~ ~ ,  66e3 

BblSIBJIeUUB EM IIPWIUH, - 3KOHOMeTPHKa. IIOCKOJI~K~ 3KOIiOMUKa OT- 

HOCUTC5I.K TeM o6nacm~ ~ ~ J I o B ~ ~ ~ c K o $  AeXTf%bHOCTU, r&e UHTYUqUZI, 

UCKYCCTBO H e  MeHee  B a X H b I ,  'IeM HayI% 3KOHOMeTpUKa U y X H a  BCeM 

3KOHOMUCTaM, ~ 6 0  OH& C&M& eCTb  CMeCb UCKYCCTBB H W K U .  

B. n. M ~ K ~ ~ o B ,  
WlPeKTOp Ue~'l'p&XbHol% 

3KOHOMUKO-MaTeMaTUqeCKOrO UHCTUTYTa PAH, 
peKTOp P 3 m ,  aKWeMUK PAH 

' ~ K O F I O M ~ I C T ~ ~  UCIIOiTb3yIOT KOJIWeCTBeHHbIe A ~ K H ~ I ' ~  ~a6 .m-  
Aema 3a pmsmua s K o n o M n K n ,  ee a ~ a ~ 1 ~ 3 a  H npor~o3on. Ha- 
60p CTaTMCTUX?CKUX MeTOAOB, UCnOJIb3YeMbIX A n %  3TIIX ~ e ~ e f i ,  H W b l -  

B m C B  B COBOKYIIHOCTU ~ K O H ~ . M ~ ~ P U % O ~ ~ .  Anz YCIIeLUHOI'O IIpHMeHe- 

HHa 3TUX M e T O W B  ~ p e 6 y e r c ~  TOrIHOe (UnU XOTX 6~ n p ~ 6 J l H 3 E f ~ e ~ r b ~ o  

&pUoe)  MOAeJlUpOBaiIUe UOBeAeHUR 3KOHOMUYeCKWX WeIITOB, He06-  

. XOAUMO Twxe n o I i u M a i u e  npoqecco~, n o p o A n B m s c x  u M e r o w e c z  A ~ A -  
. .  , m e ,  a' HXKOII~KO wu K ~ H H L I ~  mpaxaio~ ~e amenua, ~ o ~ o p b ~ e  MH 

ILblTaeMCB UCCJIeAOBaTb. ~ O C K O ~ L K $ '  H~IIIU MOAWU HenOJIHH, a A m -  
wb le  HeCOBepUIeHHbI, 3Ha.lUTeJIbHW Y W T b  3KOHOMl?TpUKU IIOCBRLqeHa 

M e M A a M ,  KOTOpble MOrnU 6 b 1  pa6OTa~b C T a K U M X ' M O A ~ B M U  H A m -  
HblMU. B KOH& KOHqOB, 3KOHOMeTpUKa RBnReTCR H e  60nee .IeM 

POM UHCqYMeHTOB,  XOTR H 0 Y e H b  lTOJle3HbIX. K ~ Y ~ C T B O  U H r p e m e H -  

TOB ( ~ 0 A e ~ r e t f H  A & i U b l ~ )  U TO, KaX MbI UX UCIIOJlb3YeM, o ~ ~ ~ ~ J ( & X I O T  

p e 3 y n b T a T N  H a m e r o  a~mu3a. Ho u xopomue z m c r p y M e H m 1  mmma 
TaKXCe H ~ O ~ X O A H M ~ I .  ~ K O I I O M ~ T P E I K ~  RBJlXeTCS OAIiOBpeMeHHO HZUUHM 



12 &X~11l1~eJlb~0e WOBO 

T~JreCKOlIOM' H HaIIu lM MHKPCJCKOnOM AJIX U3yqeHurR O K p y X W W e I Y )  

3KOHOMnTeCKOSO Mupa. 

K ~ u r a ,  X e X w a E I  IIepeA HaMH, XBJIReTCIf I ~ ~ ~ B ~ I M . ' O P U ~ Y M & H ~ I M  

~ W ~ H U K O M  3KOHOMeTpHKU, U3AiW16IM H a  PYCCKOM B3bIKe 3a IIOCJIeA- 

H u e  ,qec;sTmeTua.  ABTOP~I n p e n o , q a B a m i   TOT M a T e p u a J I  nmu IIOKO- 

neHuffM. CTygeHTOB POCCI~~CKOB 3KOHOMXTeCK08 IUKOJIbI, U o~pa6aw- 
B ~ U  na HHX CBOU n e A a r o s a - x e c K u e  M~TOAUKU. K a w r a n p e A c T a a r r R e T  

co6oB I I p e K p a c H o e  B B e A e m e  B OCHOBbI 3KOHOMmpHKH B TOM,BEAe,  B 

KGTOPOM ona npenoAaeTc9 a u c n o n b s y e ~ c ~  B O . B C ~ M  M u p e .  Hac~ano 
BpeMKAJ iR  TOIY), W O ~ ~ I ' P O C C U ~ ~ C K U ~  CTYAeHTbI i UCCneAOBaTWI& ' U N 5  

nu C B O ~  CO~CTBBHHM& y.re6nm IIO OCHOBaM  TO* H ~ Y K E .  H~erocb ,  
TTO mAmue. BTOB K H H ~  m a e m  TOJI~KO H a q a n o M  u B ~ a n b n e Z i n r e M  

B POCCAK nORBffTCIf KaK ~ T ~ ~ H u K H ,  C O A e p X a l W i e  U3JIOXeHUe ~ a J I b B e e  

IIIUX pa3AeJIOB 3KOHOMewHKU, TaX U BbICOKOKa'leCTBeHHbIe lIpUKJIaA- 

d b 1 e  3KOHOMC?TpUYeCKMe pa60~b1, U C n O J l b 3 y l o ~ U e  MeTOAbI, IIpUBeAeH- 

HbIe  B , q a z i ~ o B  KHUPe. 

~ B U  rpmmec, 
npoaeccop ~KOHOMUKU menu IIona M. Bap6ypra 
(rap~ap~c~liPr Y ~ w s e p c n ~ ,  K e ~ B p w x ,  CLUA), 

npe3&i&eHT ~ K O H O M ~ T ~ ~ Y ~ C K O I W  0 6 l I l e ~ T ~ a  (1975), 
n p e 3 ~ e H T  , .  A ~ e p g m c ~ o t i  . , ~ K O H Q M U Y ~ C K O ~  aCCOFWqE . , (1993) 

Zvi Griliches, 
Paul M. Warburg Professor of Economics, 

Harvard University, Cambridge, USA; 
President. of Ecowmetrjc Society (137,5), 

President of American E c o n o m i c , , A s s o c i a t i o n  (1993) 
Om a e v p o s  
Q u  r p m H x e c  y ~ k p  ~ H O R ~ P R  1990 r. BYPJYH O A H ~ M  U 3  BbIAEUOXWXCR 

3KOHOMeTpUCTOB HaLnerO BpeMeHU,  4 H  BHeC ~ H ~ I U T W L ~ W ~ ~  B K J I W  KilK 

B T e o p a m ,  T ~ K  u B n P H n o q e H n s  BKOHOM~TPUKU. UBU moan y UCTOKOB 

P O C C H ~ C K ~ ~  ~ K O H O M ~ ~ T ~ C K O ~  VOJlbI U 80 CaMOrO KOHVa, 6b1n FXTFB- 

. r n ~  u BJIVT~JI~WM TJ I~HOM M e ~ , q f n a p ~ o ~ o r o  K O M U T ~  , COB~THW- 

KOB P3LU. ~ B B  r p k e ~ ,  CbIPpUI  CyU&eCTBeHHym p O n b  B pa3BHTU3i 

3KOHOMeTpBKU B POCCUU U CTajI  APYrOM TeX, KOMY BbIII&IIO CYaCTbe 

p g 0 ~ a T b  C HUM. 

~ K O R O M ~ T ~ U K ~  ( H ~ ~ S J J  C MUK~(WKOHOMUICO@ U M ~ ~ O ~ K O H O M ~ K O Z ~ )  

BXOWT B YllCnO 6 & 0 B b 1 ~  AUCIPmnkIH, COBpeMeHHOSO 3KOHOMU'leCKOIW 

o6pa3oqma.  TO >Ice TaKOe ~ K O H O M ~ T ~ H K ~ ?  Korna MMeeIUb AWIO C 

X U 8 0 B 0  p a 3 B B . B a J 0 ~ e f t ~ R  H ~ ~ K o ~ ,  B C e r A a  BO3HHKaeT TPYAHOCTb I IPH 

IIOnbITKe A a T b  KPaTKOe OIIUCaIiIZe ee ITPeAMeTa U MeTOAOB. MOXHO 
JIEl CKa?aTb, TTO ~ K O H O M ~ T P X K ~  - 3TO H a y K a  06 3KOHOMUTeCKHX U3- 

MepeIiUXX, K a K I I O A C K a 3 b ~ B a e T  ,CaMO ee H ~ ? B ~ H E ~ ?  K o n e T ~ o  Xe MOX- 

130, HO T O r A a  B03HFKaeT  BOnpOC, ~ a K 0 f  CMbICJI BKJIt3&blBaTb B TePMSiH 

<3KOHOMH'lC!CK,P&e E ~ ~ M ~ ~ ~ H U R * :  3 ~ 0  aHaJIOPU'lH0 TOMY, KaK l?&U 6b1 
OIIpeAQlKTb MaTeMaTUKy icaK I i a y K y  0 TUCJIaX. ~ O ~ T O M Y ,  H e  flblTaXCb 

6onee I10fip061i0 p a 3 B U B a T b  STY npo6ie~y, npHBe,I(eM BbICKa3bIBaHHX 

I I p , U 3 k a ~ H b I ~  a B T O p U ~ T O B  B SKOHOMEiKe M 3KOHOMeTPUKe. 

~ ~ K O H O M ~ T ~ U K ~  nQ3BOBXeT IIPOBOAUTL ~ o J I u W ? c T ~ H H b l f i  aziaJIU3 . , 
P e F b H b l X  3KOHOMXTeCPHX X B J I ~ H M ~ ,  OCHOBbiB?&Cb H a  COBpeMeHHOM 

p a 3 ~ ~ ' & i U  TePPUEl H H ~ ~ J I I O A ~ H H R X ,  CBS3aJIHblX C MeTOAaMU XIOJIyTe- 

HEX B~IBOA&* ( C W ~ W ~ C O % ) .  

(.OCHOB& 3-a S X O K O M ~ T ~ H K A  - HwOJIHUTb  3MIIUPUYe&HM 

COAepXaHUeM ~ P U O P Q b I e  3KOHOMUYeCKUe P W C Y X A e H R R * '  (K@?bw). 
< U W I b  3 K ~ ~ ~ h e ~ p a ~  - 3MIIUpXqeCKUf BbIBOA 3KOHOMYISeCKUX 

~ ~ K O H O B .  ~ K O ~ ~ O M W P P K ~  ,lI,OlIOJIHSIeT TeOPHIO, UCnOJIb3YR PeaJ IbHbIe  

LlaHHbIe A J r R  lIPOBePKU U YTOYHeHUR IIOCTYjIHPYe,MbIX O T H O ~ ~ H U ~ ~  

( M a ~ e n e o ) .  
K H U r a  itjI,pec~b,Ha IIpeX&F BCerO ' c T ~ A ~ H T ~ M ,  BIIepBble  n p U -  

C T ~ , & I Q Z ~ M  K U3YYeHUiO SKOHOMeTPEiKII, U UMeeT  A B e  qRTIH. Bo-nep- 
BbIX, Mbl XOTHM IIOAMTOBUTb YUTaTenR K IIPUKJIilAHbIM UCCneAOBa- 

HURM B O ~ J I ~ C T U  3KOHOMHKH. Bo-BTOPLIX, MbI AyMaeM,  -TO O H a  6y~e-r  
npJ I e J I3a  q A e H T a M ,  KOTOPbIe C ~ ~ U ~ ~ I O T C R  B AaJIb~eftIIIe~ y r ~ y 6 n e ~ n o  
1 1 3 ~ T a ~ b  T e O P H m  3KOHOMeTpBKU. ~ U K ~ K U X  IIpe&BapUTeJtLHbTX 3 ~ a H U f i  



06 3KOHOMeTpUKe H e  rpe6ye~m. 0~1iaK0 n p e & l I O J r a r a e n s I  3HaKOMCTBO 

C KypCaMU JIPiHefiHO& m r e 6 p b 1 ,  TeOpUU BepOXTHOCEfi  H MaTeMaTUYe- 

CKOB CTaTHCTHKU B HaqaJIb l iOM O&be~e ( H i t n p ~ ~ e p ,  r ab@aJ iA,  1971; 
Elnan~, IIO~HIIK, 1984; B ~ H T I ~ ~ J I ~ ,  1964). M ~ I  n p e H n o n a r a e M  T a K x e ,  

YTO qUTa!tWJ.b B n a A e e T  MaTeMaTvlreCKHM a J i U W 3 0 M  B I I p e A e n a X  CT;ul- 
... . . AapTHOrO K y p C a  TeXHUYeCKOm, BJ'3a. ,. * , ., . .. 

' , , , .  

C Y ~ ~ C T B Y ~ T  HWKOJILK~ nPeKpa~Hbl;( ~ Y ~ ~ H H K O B  no 3 ~ 0 H O h l e ~ p ~ -  

K e  H a  aJirJnlaCKOM S3bIKe. TaK, H a n p U M e p ,  KHUFY ( G z ~ e ,  19%) lid 
npaBy MOXHO CYUTaTb Q ~ K O H O M ~ T P U Y ~ C K O ~ ~  3 1 3 q H ~ J I o n e ~ U e 8 >  - B H& 

COAepXaTCSl I l paxTnYeCKI l  6ce p2+3~l?J%1 c o B p e ~ e H F l 0 ' ~  3~0~0~eTpd-  
KEI. B y W 6 H E i K e  (Goldberger, 1990) 6onbme ~ n n ~ a I i u r r ' y ~ e n n &  
& O ~ M U ~ H U M ~ T ~ M ~ T U ~ % K O ~ ~  CTOPOHe 3 K O H O M B T P ~ U .  O Y ~ & '  y&I- 
lioi, C O B ~ ~ M ~ H H O ~ ~  U ~ 6 a j r a ~ C E i p O ~ a J i ~ O f i  C TOYKU 3 p e H U X  T ~ O ~ U U  U 

npmoxead a a n s e T c x ,  H a  H a m  B ~ ~ J I I I A ~  ~ ~ n r a  (Johnston aid Di- 
Nardo, 1997). Cnepye~ Tame O T M ~ T ~ ~  y¶e6n~Ku '(Griffits, Hill and 
Judge, 1993) u (Pindyck .knd Rubinfeld, 1991), o p u e ~ ~ u p o ~ m ~ b ~ e  Iia 
u a ~ a m e & ,  lie H M e m q n x  cunbnofi M a Y e M a T u s e c ~ o t t  no~romsitn, u 
C H a 6 X e ~ H b l e  6 o n b m u ~  KOJIHYeCTBOM I I p Z i M e p 0 ~  I4 y l I p W K H e ~ E l 8 .  Xd 
pOlnEiM AOnOJIHeHUeM K C lWiAaPTHhlM J ' Y ~ ~ H u ~ M  CJlYXUTb, 

KHHW (Kennedy, 1998), r e  OCHOBHO~~ ynop BenaeTm H a c b ~ e p k a -  

TeJrbHyIo  CTOpOHy ~ K O H O M ~ ~ ¶ ~ C K O ~ O  a H a l I U 3 a  I4 K 0 ~ 0 p a k  C O ~ ~ P ~ H T  

6ofimoe qucno un~epecnbix y n p a x ~ e ~ n P .  Heo6xo&~o Twxce yno- 
MXtIyTb K H U V  (Hamilton, 1994), bAe OYeHh noAp06~0 u H a  B ~ C O ~ O M  

M ~ T ~ M ~ T U Y ~ C K O M  YpOBHe H%7OXeHa TeOpHX B p e ~ e H H a ' l b  p & O ~ ,  B'K'&'' 
r y  (Stewart, 1991), coAepmaqym y A a ¶ H u e  u K o M ~ ~ K T H ~ I ~  p a 3 8 4  

, , 
no reopuu s p e ~ e ~ m k x  PWB. 

IIocmb~y, BOJMOXHO, H ~ O ~ X O P ~ ~ M O  IIPIlBeCTU H ~ K O T O P ~ ~ ~ P I ' Y M ~ H -  

T ~ I  B n o m y  H a n u c a m x  HOBO& K n n r u  BMWO n p o c T o r o  nepmo~a OA- 

HOrO U 3  C Y q e C T B Y I O w  ~ Y ~ ~ H U K O B .  Harria K H ~  ocdo&a t i a  M* 

T e p u a n e  nexqaa, K o T o p s s e  OAUH 113 ~ B T O ~ O B  (2 .Mar~yc)  sm B 

KWK?CTBe HaY&JIbHOI'O K y p C a  3KOHOM(?TPKKU Il0 M a C T e p I I p O r p a M M e '  

AJIX CTYAeHTOB POCCH~~CKO~~ ~ K O H O M U Y ~ C K O ~ ~  ~IIKOJILI(PSLU)B hap+' 
anpene 1993 r. Ass Apyrxx aakpa '(n. K ~ T ' ~ ~ I I I ~ B ,  A. nepecewcu~) 
n p o a o w u  n p a x T u s e c K H e  ~ H ~ T U ; .  ~ l ~ ~ e r i c u a ~ b l ~  7-~e,q&IbHbIa ~ p p c  
arnoC~an B ce6x OCHOBH Z I K O H O M ~ T ~ U K ~ .   TO 6bm nep~hlfi ro& cy- 
~ ~ c T B o B ~ ~ I U X  PoccKttc~ot ~ K O H O M U ¶ ~ C K O ~ ~  JlIKolLbl. B ~ O C J I e ~ I O I h X i e  

3 3 T O p b I  COTPY&HR¶aJIH B CO3AWUU IIpOI'pZLMMbI B C e X  T p e X  

' ~ K O H ~ M ~ T ~ ~ ~ ¶ W K U X  KYPCOB AJln Cl'yAeHTOB I lepBOlO o 6 y s e ~ a ~  
B PBLU. B npoqecce pa6on1 MM, B ~ ~ H O C T B ,  C O C T ~ U ~ U  n p u M e p u  

113 POCCU&CKO~~ 3KOBOMUKU, KOTOPble IICnOJlb30B&jTM BMeCTO T P a A m -  

OHHO pitCCMaTpUBa€MbIX nPUMePOB U3 3KOtIOMHKa C T p a H  3allaAl10~ 
E ~ p o m  u CmA. B K o n q e  K O H ~ O B  MU npxurnu K y6ex~e~u10, wo 
6b1no 6b1 X e n a T e J l b H O  HMeTb ~ ¶ € - ~ H u K ,  HltnUCruIHbl& C l i eqUanbHO AJrX 

POCCIlfiCKHX CTYAeHTOB, U nepepa6o~a.11~ I I p O r p a M M y  K y p C a  B 'CaMO- 

CTOXTenbHYH) KHHFY. H m x q a x  K H U r a  XBJIXeTCX, TaK.XHM 06pa30~, 
pe3ynbTaTOM IIXTUJIeTHem O n b l T a  ~ P ~ I L O ~ ~ B Z - I H X  3KOHOMWpHXU &JIX 

, POCCUaCKUX CTYAeHTOB. 

. l'nas~ 2-4 coAepxcaT I u r m u s e c K y r o  ieopum J ~ ~ B H ~ I X  perpec- 
CUOHHblX ~ 0 f l e ~ r e f i .  STOT M a T e p W U  EBJlSeTCfI XJQJOM 3KOHOMeTpUKU, 

. . a c T w e H m  A o n x f f b l  XOPOLUO O C ~ O U T ~  em nepea WM, K ~ K  nepea~u 
' 

K U3yYeHUIO OCTaJlbHbIX H a c T e a  KHUPU. B r J I aBe  2 p X C M a T P U B 8 e T -  

cs npom&max M O W ~  c p S y M a  p e r p e c c o p a M u ,  rnasa 3 nocexqena 
MHONlMePHbIM MOAeJIXM. B OnpeAeJleHHOM CMbl lXe maBa 2 ~ 3 6 ~ 1 ~ 0 ~ -  

H a ,  o,qnarco c n e ~ m r u s e c ~ o f i  TOYKII Spesiux K p a j t t ~ e  no ie3~0  my- 
s u ~ b  cnasma P e r p e c c u o H H b I e  M O A ~ U  c p y M x  n e p e ~ e ~ k b ~ ~ u .  To- 
r)@, aahpa~ep; MOMO 0 6 0 8 T ~ ~ b  6e3 M ~ T ~ U Y F I O B  a.kk6p1.1, B ABY- 
MepHOM CJIyYa€ JIel'Ye TaKX<e DOHXTb I'ptl@~YeC~ym ~ f i T € p I l p e ~ ~ H l O  

perp@.X&iU. haBa 4 COAepXUT IiecKOJlbKO AOIlOJIHUTeJlLHblX p a 3 A e n O B  

(npo6ne~a MyJIbTLlKOJlJlUHeapHOCTU, ~ H K T u B ~ I ~ ~ ~  n e p & ~ e H H b l e ,  Cne-  

I&UKaLqHII MOA~JIII), OAHLKO ee MaTepUaJ I  T a K X e  MOXHO OTHeCTH K 

C%Xi@pTHbIM ~CHOB- SKOHOM~T~UKB. 
B rnmax 5-9 bi3~~&10TfX HeKOTOpble 0606rqe~& ~ ~ a t i ~ a p T t l ~ &  

~ o ~ e n u  M H o x e c ~ n e H H o S i  perpeccuu, k n e ,  x a ~  w o x a c T u r e c K u e  pe- 
qckdpbI, 0606n(e~~b1fl MeTOA HaHMeHbIIIUX K B w p a T O B ,  reTepOCKe- 

A W U 9 H O C T b  H ~ B T O K O ~ ~ ~ J I X L ~ H X  OCTaTKOB, ~ 0 C T y n H b X d  0 6 0 6 q e ~ ~ b r B  
MeTOA HaJiMeHbIUUX K B W a T O B ,  npOrHO3UpOB~HC!,  MeToA. HHCTPY- 

~en-mx nepeyeaablx. Y ~ u ~ u ~ e n b ~ ~ o , ~  T e o p q a  BKOHOM(?TPUKH TO, 

YTO H a  3TOM Y P O B H ~  ~ O J I ~ U I U H C T I ~ O  TeOpeM CTXIAapTI iOrO X A p a  TeOpUU 
, I (rnpbr 2-4) o.cmo~ca c n p m e ~ ~ r a ~ u ~ ~ ,  no ~ p , a j t ~ e t i  ~ e p e  npu6nn- 

. . . X e H H O  UJIU X~M&OTUY~CKB,  KOrAa  YCJIOBHX TeOpeM ~ C J I ~ ~ J I S I K I T ~ ~ I .  

. .. 
'B AaHHOM SBAaEk Ma'.%?pHan ~XiBbI 7 IIepBOW H3AWIkiIf nOMelqeI i  B rnmy 5, 

X PJIe3~bl' 8-13 IIePWOPO W3A- A M W T  H O M e P a  7-12 COOTBeTCTBeHHO. 



Mbl HaCTOnTenbHO PeKOMeHAyeM nOCTOSiHH0 CQOTHOCUTb p I3yJ ILTaTb l  

rJIaB 5-9 C OCHOBHblMU pe3yJ lbTaTaMU,  U3jlOXeUHblMU B r J l a B a X  2 4 .  
rnma 10 CCJAepXUT TeOpUIO CUCTeM OjJJiOBpeMeHHbIX y p a B H e H ~ f l ,  

T. e. TOT ~ n y ~ a f i ,  K O ~ A ~  MoAeJIb C o A e p x n T  60x88 o ~ m m  Y p a B u e m s .  

P~CCM~T~XB~IOTCB np06JIe~bI, C KOTOPLIMU M O X e T  B C T p e T U T b m  3K0- 

HOMeTpUCr B I I ~ ~ K T u Y ~ C K O &  p d 0 ~ e .  
B K H n P y  BKnIoseHO HWKOJIbKO ~ ~ U J I O X ~ H U ~ ,  B TOM zIUCne 0630~ 

3KOHOMeTpUV3CKUX n%WOB U KP~TK&& alIrJI0-PYCCKUfi C n O B a p b  Tel)- 

MYIHOB. 

Ham  om^ n o K a ? b l s a m ,  YTO M a T e p u a n a  r x a B  1-7 A O ~ T O = I H O  AJIB 

7-~e~eab1ioro K y p c a  no 6 s a c o ~  B HeAenro ,  a M a T e p u a n a  r n a B  1-10 - 
Ans m,qapTnom o m i o c e M e c T p o B o r o .  MM nonyrmu xopomne pe- 
SyJIbTaTbl  CO CJle~lOD$?fi CTpyKTypof i  KypCa :  ABe  AByXYUOBbIe  neK-  

gnu B H e A e n m  n OAUII c e M n H a p  (B 6onee ~ a n o ~ r r c n e n ~ b ~ x  noArpyn- 
nax), OAH~KO Apyrae CTPYKTYPM K y p c a  m K x e  ~ M O X H I J .  

P W ~ H H ~  3 W a Y  - KnIOT K CBYYBHUFO MaTCMaTUKB, CTaTEiCTUKEI, a 
T a K X e  3KOIIOMeTPHKU. 06 9TOM rOBOPUJIIIII H&l H a m  YYUTWR, KOl'Aa 

Mbl 6 ~ l 1  CTyAeHTaMU, Ei MLI IlOBTOpReM 3TO 3AeCL. ki 3TO B ~ ~ H O !  f i n  
CI'yAeHlOB C okue~~ayuef i  H a  IIpaKTMYeCKylO AeSiTenbIIOCTb ~e06xop-  
MbI 3KCIIel)UMeHTbl C ABHHbIMEI. Y ~ a j l a ~ e  HeCKOJIbKO ~ 8 6 J I l 0 ~ e ~ ~ f i  M 

BaIIlMX AaZiHblX X i  IIOCMOTpUTe, YTO I I p o H 3 0 f i ~ ~  C BBIJIUMU OqWK&MMH 

a noyesly. Ao6asb~e 061.nc~1srn~q~ie n e p e M e n n m e  a n o c M o T p n T e ,  n a K  

UIM~HRTCII BUM oqemu a nporwosb~. B O ~ I I J ~ M ,  a K c n e p a ~ e n ~ a p y f i ~ e .  

CTYA~HT, OPU~HTUPOB~~IHLI~~  H a  K3y9elIYle TeOPUEI, AQTIXFH 3 w a B a T L  

ce6e qonpoc, n o s e M y  TO u.nu Apyroe ycnosne T e o p e M m  H ~ O ~ X O A M M O .  

~ O K ~ M Y  T e O p e M a  I I epeCTaeT  6 b l ~ b  CI Ipa~e&l lH~Of i ,  e o I U  BbI YAWIReTC 

EJIU H3MeHSIeTe OAAO U3 ~ c J I o B u ~ ~ .  H a x o ~ n ~ e  KOHTpnpAhlepbI .  

B ~ H O ,  Y T O ~ M  BCB CTYA~HTLIO~J I~ADJIU  T p e 6 y e ~ b I M  MaTeMaTU1IeCKUM 

U CTaTMCTU~IeCKUM YpOBHeM IlOArOTOBKU B HaYaJ re  KypCa .  ECJIU 3 T 0  

Ixe TaK,  TO K y p C  CnERyeT  HaYZI'b C 0630pa H ~ O ~ X O ~ U M W X  norrsTai? nu- 
H ~ R H O P  &We6pbI U M ~ T ~ M ~ T U ' I ~ C K O ~ ~  CTaTMCTEiKYI. F J Ina~b l  2-4 AOJIX- 

~ b l  CTOIIT~ B na-ane K y p c a .  Emb O n p e A e n e H a a a  cno60~a B ~ ~ 6 o p e  
~ U I b H e f l l u ~ x  TeM, e C n U  BpeMR H e  n03BOnSieT BKJllo%iTb B K y p C  BCm 

kii&il'y. B c J I y Y a e  HeAOCTaTKa BpeMeHU MOXHO OTJlOXUTb CTOxaCrHYe- 

c K u e  p e r p e c c o p b t  (n. 5.1) u T~CTLI H a  r e ~ e p o c ~ e ~ a c ~ a ~ ~ i  (HO H e  

c a y  K o n q e n q a m  reTepoc~enac.rvrs~om) H a  cnepyrorqntt ~ y p c .  rna- 
B ~ I  7-10 c o A e p x a T  c n e q u a n b e b l e ,  HO s a m a b I e  p m ~ m b ~ ,  K w l o p L I e  MW 

ryr 6b1Tb BIOIIOYeHLI B KYpC C TOR u J I a  U H O ~  CreneHLIO ~ O R ~ O ~ H O C T U ,  

B 3aBUCUMOCTM OT BKYCOB ~ p e ~ 0 ~ ~ ~ ~ ~ .  
Mbl ~ Y A & M  6naro~ap~bl3a n m 6 ~ e  3a~e~akina, c0061qe~a~ 06 one- 

YaTKaX, HeSiCHbtX MeCTBX, O I I I U ~ K ~ X  B 3~08 KHUPB. 



nepB0€! U BTOpOe U3AaHU5l HaJlIefi KHIlrU 6bmx BbI I IYqeHb l  061.q~~ 
T U p a X O M  10 000 3K3. U AOBOnbHO ~ ~ I C T P O  Pa30IUJIHCb.  TO rLOCJIYWU- 

no O A H O ~  (HO H e  r n a ~ ~ o B )  m npuwn H a n u c a n u x  rpmbero n3~aaurr. 
OCHOBH~IM MOTUBOM n p o A o n x e H u n  K H n r n  m u n o c h  xenanue pacme 
P U T b  TeMaTEKY HaxIaJIbHON) KYpCa  3KOHOMeTpHKu, BKJrmYUB 'l'e p w  
-1, K o m p b I e  mysam~cx B M a r u c l e p c K m  n p o r p a M M a x  6 0 ~ r b m a ~ c ~ o a  
3KOHOMAYeCKHK BY30B. HOB~IMU RBJIRWTCS m a B B  11 UM~TOA M a x -  

cnwarrbeoro npa~,qono~o6nx B ~ o ~ w r x x  p e r p e c c n u b ,  rnma 12 uBpe- 
M ~ H H ~ ~  PZIA~I* H rnaea 13 .Auc~pmwre s a ~ u c n ~ b ~ e  n e p e M e H x b r e  n 
q e ~ 3 y p q o ~ a ~ ~ b l e  BH~OPYHX. 

r n a B a  11 COAepXPiT KpaTKOe  OnMCaHUe 06weN) MeTOAa MaKCPi- 

Ma j rbHOW IIP~LBAOIIOAO~HSI U AOCTaM'LSHO 110Ap06~0 p&%~a3blBBRT 06 
em ucnom3o~a~uzi B MOA~JISX perpeccau. Ma H e  c.ra8n.11~ nepeg co- 
608 QWIb  A a T b  nOJIHOe U CUCTeMaTE'YecKOe U3jTOXWUe W O r O  MeTOAa, 

K O T O ~ ~ I B  no ~pwuquu O T H O C H ~  K TeopeTuYecKor4  u ~ P U K J I ~ A H O ~ ~  

CTaTUCTXKe. Bonee n o ~ p o 6 ~ o  0 HeM M o m 0  IIpOTeCTb, H a n p H M e p ,  B 

K n n r a x  (Pao, 1968), (Kpawep, 1975), ( A B B ~ ~ ~ H  u ~ p . ,  1983). B m 
Xe BPeMR MbI BbIAeJrUJTII 3TOT M a W p U a J I  B OTAeJIbHj'IO PJIttBy, a H e  

saraecna ero B npmoxeaue no T e o p a P i  ~epom~~oc~e l f  II M a T e M a T u y e -  

c ~ o l l  e T a T u m n K e ,  DOCKOJI~KY B ABYX n o c J I e w m q n x  rnaBax  TOT Me- 

TOA aXTUBHO uCnOJIh3yeTC3, H AJl% y~o6cma BOCIIPHXTUR MaTtTePUtWa 

qenec006pa3~0 n p 0 Y e C T b  0 MeTOAe M ~ K C H M ~ J I ~ H O N )  ~ ~ B ~ ~ O ~ O A O ~ U Z  

EeIIOCpeACTBeHHO nepe,4 3TUMU m a B a M I .  

rJIma 12 IIOCBBrrleAa AUHaMU9eCKUM MOAeTIXM A B ~ ~ M ~ H A E ~ M  pa- 
AaM.  3 T a  OYeHb O~IUMPHW TeMLTUKa H CJIYXHT C O A e p m e M  60nk 
lnXX M O H O P ~ ~ ~ $ &  ( H a l ' Q ~ ~ e p ,  (Hamilton, 1994)). M b I  P&CM~TPU-  

'B WElHOM W A U U  fJTBB6l 11-13 T p e T b W O  K3AaBBe UMerOT EIOMepa 10-12. 

BaeM IIpOCTeaIIIUe MOAWH C PWnpeAeJ reHHbIMH JImaMEi Pi MOAe- 

JIU, B KOTOPbIX npaBble YaCTIl p€TpeCCHOHHbIX y p a ~ H e I i l l f i  C O A e p X a T  

3 ~ a ~ e ~ n n  3a~ncu~o2t  nepe~ennoii B npe,qbIWque MoMeHTbI BpeMe-  

H a .  3£ia'iUTeJrbHoe BHIiMaHUe YAeJrSieTCX n p o 6 n e ~ m  CTaL(U0HapHo 

CTU u K o n n T e r p a q u u  ~pe~e lu i I ;~x  PWOB flaenx umoxenue ~ m o -  
nonorun Bo~ca-~xmmnca nocqoema ~ o ~ a e t t  s p e ~ e ~ ~ ~ x  px- 
ROB. K ~ ~ T K O  onucblsamm a B T o p e r p e c c u o H H b r e  YCJIOBHO r m e p o c K e -  

@~THYH& M O A W u  ( T ~ K  Ha3b tBaeMbIe  ARCH n GARCH ~ o ~ e ~ r u ) ,  
c m m n e  n o n y j I n p n w M u  B nocnequee spwn  rrpa onucasiau +UH~HCO- 

BbIX PbIRKOB. 

B P J I m e  13 I13YYSLIOTCR MOA€!JIU, B KOTOPblX eCTb  ~ p f f O P H b l &  Orpa- 

H u s e H u a  H a  3nare~ua 3 a ~ u c n ~ o i l  nepe~eniioii. Hanpu~ep,  npx u3y- 
Ye- BnEIIIHPiZI KFLKBX-mi60 &BKTOPOB H a  ~b160p U 3  HeCKOJIbKUX Mb- 

T e p H a T E B  3ttBUCKMWl I I e p e M e U H W  B C O O T B ~ T C T B Y ~ O ~ ~ . ~ ~ @  MOAWH IQK- 

~ u ~ a e ~  pxucpemoe M n o x e m o  sHaYe&. O r p a n w r e ~ ~ u l r  H a  sa~nce- 
MbIe  n e p e M e H H b I e  BO~HHK~XOT T a x e  npu pa6o~e c vemypaposmms- 
M a  HJIU YCeseHHbXMEl ~b16op1ca~u. ,&la ~ O A O ~ H ~ I X  M O A ~ J C ~ ~ I  MeTOA H a -  

MeHbmUX K B W a T O B  H e  RBJlaL?CZ W e K B a T W M  HHCTPYMeHTOM OqeHM- 

BatIHSI 0 ,&JIB nOCTpOeHUFl OqeHOK 06b19~0 WCnOJIb3YWCX M e M A  M U -  

CUMWIbHOrO n p a ~ ~ o n o ~ o 6 u n .  
MbI CTPeMElJrUCb COXPaHUTb KHHrY KaX Y ~ ~ ~ H I I K  n O  HaYaJIbHO- 

MY ~ y p c y  BKOHOM~T~HKN.  Ham onbxT npenomawun BKOHOM~TPUKH 

B T m 6 y p r c ~ o ~  YHUBepCFITeTe, B POCCII~CKO~~ ~KOHOMU¶~CKO%! LLIKO- 

JIe H B Bwcmeil IIIKOne 3KOHOMUICU II03BOJISieT Ha24 PeKOMeHAOBaTb 

HOBOe Pi3AaHUe KHHPU B K a s e C T B e  Y Y B ~ H U K &  AJlR rOAOBOM ( A ~ ; Y X C ~ -  

M ~ C T ~ O B O ~ O )  K y p C a  3KOHOMeTPEiKkl KaK &lIX ~ ~ K ~ ~ B P O B ,  T a K  U AJlX 

M a r u c T p o B  (m pac~ma 2 saca ae~qnlt n 2 saca C e M m a p c K u x  3m- 

T& B ~ e ~ m m ) .  npu  TOM ,qnn n p o r p a M M N  6aKa.naBpua~a rnam 11, 
12,13 MOrYT 6bI~b OIIYLYeHbI, a AJIII MarUCTPOB OHn  MOrYT COCTaBMTb 

OCHOBY I I P O ~ ~ ~ M M U  B T O ~ O ~ O  ceuempa. 
3a B p e M a ,  npomenruee c M o M e H m  n o n B n e H n a  nepBor .0  n3~a-  

H u n  HaTDeZt KHUlXi, B POCCHII 6 b l ~ 1 ~  B b I I I y I q W H  A B a  y s e 6 ~ m a  no 
3KOHOMeTPYIKe: C . A . h a 3 9 ~ ,  B.M. Mxmapx~ u&IPuwFL&~~&~ CTa- 

THCTSiKa U OCHOBbI 3KOHOMeTpUKUS ( A ~ B ~ ~ s H ,  MXUT~PZH, 1998) H 

K . A o y r e p ~ I 4  U B B ~ A ~ H H ~  B BKOHOMBTPHKYB ( f i ~ y ~ p ,  1997). nep- 



BWI Si3 3THX KHAr  O X B a T b l B W  OYeHb I I I n P o ~ l i f i  K P Y r  TeM H RBJIReTCB 

~ $ Y H A B M ~ H T ~ J I ~ H ~ I M  ~ W ~ H W K O M  IIO M a ~ e M a ~ l l Y e ~ ~ O f i  H I IpU~na,Z(~of i  

CTaTUCTUKe H OCHOBaM 3KOHOMW&XiKH. BO BTOPOB K H U R  H3JlOXeWHe 

3KOHOMeTPEiKH AaRTCSI H a  BeCbMa IIPOCTOM YpOBHe, YaCTO HeAOCTa- 

TOYHOM AJIR IIPOl'PaMMbl 6a~anaupua~a. 
B HOBOM U3AaHUU naIIIe&i K H U m  Mbl  CTpeMUJIHCb COXpBXUTb 

KOMII~KTROCT~ I 1 3 n o x e H n s  u B TO x e  n p e m  ero AOCT~TOYHO B ~ I -  

C O K U ~  M ~ T ~ M ~ T U Y ~ C K ~  YpOBeHb. K a K  H B IIepBOM H3AillIWU, HC- 

sue rnam uia6xeshr n p u M e p a u n  ~ 1 3  POCC&CKO~~ BKOHOMUKH. no  
HaIJIeMy MHeHHEO, IIOSBJleFIHe KHUI' U Y Y ~ H H K O B  IIO 3KOIiOMeTPU- 

Ke,  OpHeHTUpOBaUHblX FIa p a 3 H b l e  I'PYIIIIbl CTyAeHTOB U C I I e v a -  

JIUCTOB, I IOJ IaHO Ann pa3BUTUR 3KOHOMeTPKqeCKOl'O 0 6 p a 3 0 ~ & i H %  

B POCCHH. 
nepme u3,qanue K m r u  C o A e p m a J I o  OKOJIO 50 ynpaxnennft. B no- 

IIOJIHeHHe K HeMY 6 ~ n  SblIIYJI&eH C~OPHIIK 3 W a Y  C pe lueHURMU (K& 
TMIII~B, I I e p e c e q K u f i ,  1999)- B HOBOM u 3 ~ a n m  K o n n y e c P B o  sway 
y~~onnocb,  n p m e M  n o n B u n a c b  sa~ga~q peu~eriue KOTOP~IX ~ p e 6 y e ~  
IIpUMelieKUR 3KOHOMeTPUYeCKHX KOMIlbIOTePHEdX IlaKeTOB. B 6yw- 
W e M  MHI M i l l I U P Y e M  BblIIYCTHTb BTOpOe H3AaUHe C ~ O P H E I K ~  3a,Z(a9 C 

peIIIeHuRMH. 

OII~IT ~ I I O A a B a J i k i R  BKOHOMITPUKH y6exaae~ HBI: B H ~ O ~ X O A U -  

MOCTH OCBOeI488 C T y ~ e H T & M E  COBPeMeHHhlX 3KOHOMeTPHYeCKUXrKOM- 

nbHVrepHb lx  n a X e M B .  Peluenme I I ~ ~ K T U Y ~ C K U X  3 ~ a 9  H n p o B e a e n n e  

H 6 0 J I b I I I U x  CaMOCTOHTenbHMX UCCJI~~OB&, ~pe6y10qux pa6OTh1 C 

peWIbUbIMU A&FIHblMU, CTUMyJIUpyeT H l i T e p e c  CTyAeHTOB K UpeAMeTy  

U RBJIHWCR, H a  H&UI B3rlIRA, I I ~ O ~ X O @ ~ M O ~  K O M I I O H ~ H T O ~  C0BpeMC.H- 

H O M  3KOHOMeTPHYeCXOFO O 6 p a 3 0 ~ a H U R .  

~ O M U M O  ~ 0 6 a ~ n e ~ u n  HOBblX PJTaB, 6 6 b ~ 1 ~  BHeCeHbI HeKOTOPble 113- 

MeHeHuR B cogepmue o ~ ~ b n b l x  rnan n e p B o r o  mnanua. B Y~CT- 
HOCTU, BBHJIJ 6hlCTpoIW pa3BUTHR 3KOHOMeTPH9eCKOM IIPOrpaMMHO- 

ro o6ecne.rem~ wn@op~arlwrr, coAepxaqaSIcx B n p a n o x e H u u  a06- 
30P 31COHOMeTPHSeCKHX IIaKeTOBI)I B ~ H B ' M T ~ J I ~ H O ~ ~  M e p e  YCTapeJIa,  

H B HOBOM H 3 A m U M  Mbl PeIIIHJIU eIW CyJI&eCTBf!HHO COKpaTHTb. M ~ I  
IIOCTaphnUCb T a K X e  YCl'pFLHHTb BbIIIBJTeHHbIe 3a 3To B p e M a  HeTOYHO- 

CTU H OneYaTKU. 

B T p e T b e M  U3AaUUH KHHPM ~ b l  IIepeIIIhi B OCHOBHOM K HOBhIM 0603~a- 
Y ~ H H S I M  B ~$OPMYJI~X,  C T ~ I U U M  3a n o i n e ~ m e  roam ae-@a~m man- 
n a p a M  B ~ e x ~ y ~ a p o m i o f i  ~ K O H O M ~ T ~ U Y ~ C K O ~ ~  n u T e p a T y p e  -  ax B 

I K H l i N ,  &K U B H & Y ~ U ~ I X  c ~ a ~ b n i .  H& H e  YAaJIOCb B M A e p X a T b   TOT 
HOBblfi CTHJIb ~d ~ ~ l ? f i  KHHTe, H IIOCJI~ AOJII'OrO H3yqeHUR J I H T e p a T y p b l  

I .  

a MYYH-HIJX 06cyxqe~uti MM npnmnu K BFJBOA~, YTO, K CO& 

J I eHUS,  H W  BO~MOXHOCTU BB& YHUBePC&nbHYH) CXCTBMY 0603~a- 
Y ~ H U ~ .  ~ O ~ T O M Y  BO B ~ p b f i  PYme HCIIO~~~Y&'CZI  (CTapaZIP CPCTeMa'  

I 0603~are~aa. 
I '  B cyqno-, e A ~ t ~ c T n e n n a Z I  n p ~ 6 n e ~ a  npu acnonbsi~aniu HORO~I 

c ~ c ? r k ~ b l  COCToHT B OTCyTCTBnH Y A O ~ H ~ I X  06031 i aYe~UR AJIR O'PKJlOHe- 

~ n f i  O* cpe,qHtix 31iaye~niI. 
H T ~ K ,  B HOBO& CACTeMe 0603na'le~P& ' B ~ K T O ~ ~ ~ ,  M&pdl(bl H E X  

KOMIIOHeHTbl O ~ O ~ H & I ~ I O T C I I  cnePYIOqn& 06pa30M: 

211 "' xlk , : 

Y = r], .= [ : ]  - n x k ~ a ~ p n ~ a  

Yn Z ..' Xnk 
i o 6 ~ ~ c ~ n 1 o q a x  nepe~em~blx, 

,. ry1 - v1 I 

Mbl ~ J I ~ P O A ~ ~ Y I M  npo&eccopa Tu~16ypmoro y H H B e p C n T e T a  A p ~ y p a  
B ~ H  Cycm 3a n n o A o T B o p H b I e  o6cyxneaaa M a T e p a a n o n  T p e T b e r o  u3- 

A W U R  KHUIVi. 



M b 1  6naro~ap~sr !XpoC&C,copy YHUBepCUTeTa r. neE ieH (Benbrux) 
M a p ~ o  Bep6u~y 3a npeAocTaBJIeHHyI0 B03MOXHOCTb 03HaXOMHTbCd C 

pyKOnUCbl0  ero KHUrU (Verbeek, 2000). 
BbIpaxcae~ 6 n F k O ~ a p ~ o C T b  npo+eccopy C. A: Afi~many, mxeme- 

MY H a  ce6x TPYA IlPOYeCTb HOBbIe I'JIaBbI KHUI'U II CAeJIaBLUeMY PSIA 

C y ~ l ? C T B S i H b I X  3a~esm& U n0XeJIaHuk &lIZ YJIY¶III- KaqeCTBa  

KKUPII. 

Bnaro~apm w e u a - ~ o p p e c n o ~ ~ e ~ ~ a  PAH II. M. Emcee~y u npo- 
@eccopa E. n. C y ~ o p o ~ a  3a p e q e ~ 3 ~ o n ~ e  A~HHOM)  a3~ains1 K H E I ~ .  

MbI T a K X e  ~ J I ~ I ' o A ~ P H ~ I  HCEUeMY KOnJIere  A. a. CJI~~THIIKOB~, OCY- 

II(eCTBHBIIleMy H a y q H O e  PeAaKTUpOBkU4Ue HOBON U3AaHUZ. 

M ~ I  HCKpeHHe 6naro~ap11~ CTYAeHTOB POCCII~~CKOB PKOHOMIIYB- 

C K O ~  IUKOJlbl, O C O ~ ~ H H O  Muxanna A p y r o B a ,  KOTOPhle CBOUM KPOIIOT- 

A U B ~ I M  TPYAOM n o M o r n c i  B ~ I R B I I T ~  H~TOYHOCTII a o n e q a T K u  B nepsoaa- 
¶ U b H O M  TeKCTC!. M ~ I  IQn3HaTeJIbHbl Ta.KXe BblnYCKHUqe POCCUBCKOB 
~ K O H O M U Y ~ C K O ~ ~  UlKOJIbI E. E. BWJH-OO~, I I P ~ A O C T ~ B U B I I I ~ ~  I IpUMep  UC- 

CneAoHaHUX YCTO~~YHBOCTU ~ O C C U ~ ~ C K U X  ~ ~ H K O B .  

Mbl TWXe 6 n a ~ ~ a p ~ b I  I I p e n O A a B a ~ H M  CTaTUCTUKU U 3KOHO- 

MeTpUKH pZ3nU%HMX ylIIlBepCETeTOB ,POCCHM - Y¶aCTHUXaM PeI'UO- 

H U b H b I X  CeMElIiapOB no T e n O A a B a U U I O  3KOHOMeTpUKU - 3a nOJle3- 

HbIe  06cyx~eaun HOBbIX PjraB KIiE17I. 

Mbl0683a*ilb1 H m H M  K O J I n e ~ a M  H. B. Tpe~bmco~y, E. B. ~ ~ P W U M O -  

B O ~ ,  6. B. ~ o J T o B ~ H H )  38 IIepeBOA HOBOF0 U3AaHUX B CUCTeMy m, n p U -  

¶eM n O M O q b  H. B. Tpe~bsmo~a BbIXOAUna AaJIeKO 3a PaMKU n p O C T O N  

nepeadopa TeKcTa.  Enaro~apsI AX ycmuaan HoBoe  u3AaHne K K ~  

Bbll'JlsIAWF 6onee COBpeMeKHO. 

Mbl 6naro~ap~b1 H U A ~ P J I ~ U A C K O ~ ~  O p M E 3 a 9 M H  HayYHblX acme- 
A O B ~ H U R  (NWO) 3a @ u H ~ H c o B ~ I O  I l O M e p X K y  nOL(P0TOBKU T p e T h e r O  

Fi3AamiX ~ a 3 l I e f i  KHurU.  

H a K o ~ e q ,  MbI OIUTaRM CBOUM IIpUaTHbIM AOJIIWM n 0 6 J I a ~ 0 ~ a p U ~ b  

U ~ H T ~  3KOHOMrPIeCKHX I I c c J I ~ A O & ~ H % ~ ~ ~  Tun6yprc~0~0 YHUBePCUTeEl 

(Hn~epnaqqw) 3a B03MOXHOCTb CTaXEPOBKU H IIaY'MbIX BU3UTOB, 

YTO B 3 H a ~ k I T e ~ 1 6 ~ 0 f i  CTeIIeHU C ~ ~ O C O ~ C T B O B ~ J I O  IIOFIBJIeHUlO HOBOPO U3- 

AaAU5I. 

Tm6ypr/Moc~sa, anperm 2000 r. 

p a x o ~  38000 3~3. B 2001 r. 3~ H o M e r p u x a  6 m a  B s e A e H a  B c ~ a u -  
f i W T  SXOHOMUBeCKO~O O ~ P W B ~ H  B, U B 0 3 H I W I a  O C r p a H  n0~pe6~0CTb 
B Y ~ ~ ~ H U K ~ X  no 3KOHOMeTpUKe H PYCCKOM 513bIKe. i 

B CBB3U C 3THM B IlOCJIeAHee B eMsI IIOSIBEIJIOCb HeCKOnbKO y q e 6 ~ ~ -  
KOB U yqe6~b1x noc06d no 3KOHO e eTpt IKe  pa3woro ~ ~ O B H R ,  OpueHl-E- 

pOBaHHbIX H a  CTyAeHTOB C pa3J IU  HO& MaTeMaTU9eCKOB IIO@%TOBKO~~ 

(cM., H a n p m e p ,  ( A B n a w ~ ,  2002 , (Enuceena, 2001a,b), (Bopo~us, 
2001), (Aoyrepa, 2001), ( 3 m ~  B, 2001), (Kpe~ep, ~ K O ,  2002)). i Hama K H U ~  coAepmvrT  K ~ K  A o c T a  0-0 crporoe a r r o n a o e  asnome~ue 
M a T e p I I U a ,  y & O M e T s O p ~ q e e  C YAeHTOB CO CKJIOAHOCTbI0 K Ma* 

MaTUKe, TaX II 3HaYHTeJIbNOe KOn qeCTB0 npaKTUYeCKUX n p U M e p 0 B  U 

y r r p F % X ~ e H d ,  npe&Ha3HaTeHHblX 1 AJIZ TeX CTYAeHTOB, KOTOPbZX 60.~1~3- 

U t e  wIITepeCyIOT npUKJr8AHbIe KOPPeKTHOM UCnOnb30BaHIIX 

3 K O H O M ~ U q e C K U X  MeTOAOB, 3KOHOMeTpU¶eCKW TeOpUX. 

no CpaBHeHHH) C npe&bIjTy M U3AaHMeM npOU30lIUIO HeKOTO- T' poe m M e u e e A u e  m y M e p a u m  r n a B .  r n a ~ a  7, nocnnqennax ~ o c r y n ~ o ~ y  
0606rqe~11io~y M e m A y  H a u M e H b l u  X KBaApaTOB, B L T W e H a  B KaYeCTBe 

panma 5.3 B r n a B y  5, aenocpea memo nome pas~ena, coAepxwe- 
IW OllUCaHUe 06061qe~~oro MeTOA 1 HaHMeHbLUUX KBaApaTOB. COOTB~T- 
CTBeUHO, H y M e p a q U X  r n a B  H w  C 8-2t C&BUHyJIaCb H a  e&UHUM. 

B CU5l3U C UHTBHCDHbIM p a C  1 IIIpeHIIeM 3KOHOMeTpIIqeCKOPO o6pa- 
30BaHUR B POCCHU U3MeHFIeTCa OHBTcie QHaYaJlbHOPO K y p C a  3KOHO- 

MeTPUKUb, BCe 6onee npu6n~iwa Cb K COBpeMeHHOMy COCTOBHUH) 3KO- 

HOMfTpPKP. B UteCPOe M3AaHUe H u r U  ~ 0 6 a B n B H b l  T p U  EOBbIe I'JlaBbl: 1 13-x S ~ a U W l b U b I e  AaHHbIW, 14- S @ ? A B ~ ~ U T W I ~ H O ~  TeCl'UpOB€LHUeS 

U 1 % ~  S ~ K O H O M ~ T ~ U K ~  & U H ~ H C  7 BbIX PMHKOB* 

I 



Ma~epuan rnam 14 c o , q e p x n T  noenenue B HOBYIO u UHIWCUB- 

HO pa3BUBaH)IItYH)CX 0 6 ~ 1 ~ ~ ~ 6  3KOHOMWPPfKH - TWPUH)  OqeHOK, OCIIC- 

BttHIIbIX H a  IIpeABapUTeJIbHOM 0T6Ope  M O # e ~ ~ e f i  (p~test-e~ti9?Zator8) U 

a I l U I U 3  YYBCTBEiTeJIbHOCTA (8ensitivity analy~%s), B KOWpOf i  aKTWBH0 

pa60TaeT OAHH H3 aBTOpOB ( % I  ~ W H y C ) .  3 T a  PJI&Ba MOXeT UCnOnb- 

30BaTbCII B IIPOABUHYTblX KYPCaX 3KOHOMCZpUKZi AJIR CTyAeIiTOB C XO- 

~ a T e M a T U ' f e C K 0 f i  I I o A W ~ ' O B K O ~ ,  KWlWpble UIITePeCYmTCR TeO- 

PeTElqeCKIlMU U nPUKJC&AHhIMU p a 3 A e n a M U  BKOIIOMWPUKU. 

r J I a B a  15 n O C B h ~ e I i a  IIpHJIOXeHKRM 3KOHOMWPUYeCKnXz MeTo-  

AOB K Y U C ~ ~ H H O M Y  axia;nmy @ ~ B G H C O B ~ I X  P~IH~OLI .  Ha . a a r n n & c f c o M  

SI3bIKe CYU&eCTBYeT OwOMHOe 'KOJIUWCTBO JIUTepaTflbl ,  n O C B m e H -  

H O ~  TeOpUU U -SKOHOM€'IpW9eCKOMY aHaJIA3Y' @UH&HCOB~IX PblHKOB 

(cM., uampmtep, (Cohrane, 2001), (Campbell, Lo and MacKinlay, 
1997), (LeRoy and Werner, 2001), (Luenberger, 19981, (Mills, 1999),, 
(Gourieroubx, 1997)). T a K x e  m ~ a x i o  H e c K o n b n o  K H ~  B a p y c c K o h l 1 1 3 b l -  

Ke, aj KwrOpbIx  MOXHO F M e T n T b  ~ m r y  (Mamoru~; 2003). ,Qaamarr 
m a B a  M O X W  UCIIOJIb30BaTbTbW B npABUWYTblX  KYPCBX 3KOHOMeTpU- 

KU, O P U e ~ I T U P O ~ W H b l X  H a  C~$A~HTOB, UATepeCYIOIII,UXCZI. I IPaKJIaAHblM 

3KOHOMWpUYeCKRM aHEZJIU30M @ U H ~ H C O B ~ ~ X  PbIHKOB. ' , . a  ' . 
B mecroe mAanue K n H r u  A O ~ ~ B J I ~ H ~ I  m~bie y n p a m ~ e ~ ~ u ~ .  060- 

~ ~ H H o c T ~ ~ o - ~ ~ P o . u ~ A ~ u s  XBJIReTCB HaJIUYUe K O M I I ~ & ~ H ~ I X  ynpam- 
n e m i l , A a R n b l e  AJIB ~ o r o p b ~ x  A O C T ~ I I H ~ ~  B J i ~ ~ e p ~ e ~ e  no axpecy 
hhtp://@oonometrics.nes.ru/mkp/. ,. , 

Mbl 6 J I a ~ ~ a p ~ b l  I I ~ O @ ~ C C O P ~ M  TUJI~YPPCKOM y H u B e p a U T e T a  Awy- 
py naa C y c ~ y  (Arthur van Soest), Teo Hefi~aay (Theo Nijman) 
a Beprpaay Mene~6epry (Bertrand Melenberg) 3a ux n e K q u u  Fta 

1' ! lTpe,qncno~ue K mecm~y  ~ m m  25 

BblWAHbIX CeMWHapaX no 3KOHOMWpUKe Pf o 6 c y x ~ e ~ u a  M a n ? p U a O B  

HOBblX 14-fi U 154  rJIJI&B KHUrU. M ~ I  6naro~apnb1 ,I(MUTPUH) A~HUJIOBY 
(Tilburg University) 3a noMon(b B no f l roToBxe  rjraobr 14. M ~ I  T m e  

6naronap~m npo@eccopa~ 3 p u ~ y  rucenbcy (Eric Ghysels, Univer- 

!, 
sity of North Carolina), Qpaacy ,qe P o ~ y  (Frans DeRoon, T i u r g  

> University), IOpnro K a 6 m o ~ y  (Universitk de Basanson) n Bnqqu: 

r MAPY M a ~ ~ m r n ~ y  ( ~ e n o p y c c ~ ~ f f i  ~ O C ~ A ~ ~ C T B ~ H H ~ ~ &  y ~ l n ~ e p ~ i ~ ~ ~ )  3a 
q e H H b I e  06cyx,qems MaTt?pHWla I'JIaBbl 15. 

M ~ I  UCKPeHHe 6nar0@pu~ CTj'AeHTOB POCCUE~CKOB 3KOHOMUYeC- 

KOW UIKOJI~I, KOMPLI~ CBOUM KPOIIW~JIUBLIM TPYAOM IIOMOPJIU B~IXBUTB 
t HeTOYHOCTU U OneYaTKU B ItePBOHaYaJIbHOM TeKCTe. 

MM 0 6 8 3 ~ ~ ~ ~  n p e n o A a s a T e n m  P3IJ.I Ceprem r o n o ~ m m  3a no- 
I M O W  B KIOJoTOBKe A&HHOIW U 3 A W X .  C. B. r 0 J l 0 ~ a R b  T a K X e  A O ~ ~ B H J I  

HOBble YnpaXHeHUSI  U IIO&rOTOBEuI BCe KOMIIbloTepHLle Y n p a X H e I i U X .  

OH RBJIXeTCS U OftHUM 113 agTOPOB HOBOrO U 3 A W U B  3 w a Y H U K a  II0 

3KOHOMeTPHKe C PeIUeHUSIMU 3 w a Y  H3 AaHHOI.0 Y Y ~ ~ H I z K ~ ~ .  

M ~ I  6nam~ap~bl  H H A ~ P ~ & H A C K O Z ~  O P r a H K i a Y U U  HayYHblX MCCJIe- 

Aogamua (NWO) 3a @UHWCOB~KI n o p , q e p x K y  noAroToBKm m e c T o r o  

U3AaHUR HaIUefi  KHUTU. 

H ~ K o H ~ ~ ,  Mbl a 4 U W M  CBOWM UPUBTHLlM' AOJIrOM n06nar0~apu~b 
~ ~ H T P  3KOHOMUYeCKUX ' U C O I ~ A O B ~ U U ~ ~  Turn6yprc~om y;HUBepCIITeTa 

( H U ~ e p f l a 3 i ~ b l ) '  3a BO3&fOWCHOCTb C T K H P O B K U  U HaYtYrlHblX BmUTOB,  

n O M O m b  B O p P a A U 3 a W  BbIWAHblX C e M B H a p B  II0 sKOHOM€ ' I~HK~~ ,  YTO 

B ~ ~ ~ ~ Y I I T ~ J I L H o ~  CTeneHU CIIOCO~CTBOB~TIO RORBJIeHUIG HOBOrO U3A* 

HEIR. 

Tm6ypr/Moc~~a,  u m ~ b  2003 r. 



~ K O H O M ~ T ~ U K ~  KaK k IayKa  P a C n O n O X e H a  r&+TO M e l y q y  ~ K O H O M U K O ~ ,  

CT~TUCTAKO~ H M ~ W M ~ T U K O ~ .  O , ~ U H  113 OTBeTOB H a  BOWOC, YTO T X O e  

3KOHOMeTPUK&, M O W  3 B p a T b  Tax: 3'rO HaYKa, CBH3aJIIIafl C 3MIIUPU- 

%?CKHM BblBOAOM 3KOHOMUVeCKKX 3aKOHOB. TO E T b  Mbl IICIIOnb3YeM 

AZLHHble EUlU U H ~ ~ J I I O A ~ I ~ U R B  AJIR TOrO, Y ~ Y ) ~ E J  IIOJIY'IUTb IcOJUYeCTBeH- 

Hbre  3aBUCUMOCTU AJlH 3KOHOMUYeCKHX COOTHOIII~HUB. A a H H b l e ,  KZLK 

IIpaBIUIO, H e  RBJIXIOTCII 3KCIIepUMeHT2WIbHhIMq T a X  KaK B 3KOHOMEIKe 

Mbl H e  MOXeM IIPOBOAUTb ( M H O ~ O K P ~ T H ~ ~ ~ )  3KCIIePUMeHTbI. 

HO 3 T 0  - TOnbKO ¶aCTb p860TbI  3 K O H O M e T p H m .  OH Tm- 
Xe &OPMYJIAPY~T 3KOHOMUYeCKUe MOAeJlU, OCHOBblBrnCb H a  3KOHO- 

~ R i Y e c K O f i  TeOpUtl  H M  H a  3MIIUpUVeCKnX AarlHbIX, O q e H F i B W  HeU3- 

B e c T w r e  B e n n r u x i b I  ( n a p a ~ e ~ p b ~ )  B wux MOA~J~RX,  A e n m  nporrro3~ 
(A O q e H U B W  UX TOYHOCT~) U AaeT p e K O M e H ~ W U H  no ~ K O H O M U Y ~ C K O ~  

nOJIATUKe. 

BO B C e a   TO& AeHTWIbHOCTU CyqeCTBeHHbIM IIBJIReTCR UCIIOJIb30- 

HwIHe  M o ~ e J l e f i .  MOAWIU A O n X t l b l  6b1~b UHXTOJIbKO IIPOCTMMU, H a -  

CKOJILKO Q03MOXH0, HO IIe I I p O q e * ,  CKZlXdJI ~ ~ H U J T ~ ~ H .  B ~ O J I ~ U I H H -  

CTBe Gj IygaeB  3KOHOMZVeCKYle 3aKOHbl BblP&II<aH)TCR B OTHOCUTeJIbHO 

npoc~oa ~ a T c w i L m q e c K o f i  +op~e .  P~XCMOTPIIM, H a n p m e p ,  (PYHKQUXO 

rAe C - no~pe6neme H e K w r o p o r o  n w q e B o r o  n p o p y K T a  H a  ~ y m y  a c e -  
JIeHUR B HeKOTOPOM rOAY, Y - pe2WIbHh1k AOXOA H a  WIIIY HXeJ IeHAH B 

3TOM ropy, a P - U m e K C  q e H  H a  3TOT IIPOAYKT, C K O P ~ ~ K T U P O B ~ W ~ ~ ~ ~ ~  

(~e+nnpowa~~brk) H a  o 6 q B  m A e K c  CTOUMOCTU xmm; b, Dl, & - 
KOHCraATbl  TO YpaBHeHUe  Ha3blBaRpCB YPaBHeHUeM IIOBeAeHU2 (be- 
haviouml epuation). OHO O n u c b I B a e r  (B cpeppe~) n o s m e H a e  nolpe- 
6mwx no o T r i o m e H m  K n o K y n K e  ~amioro  n m q e B o r o  npopyma B 3a- 
BUCHMOCTU OT OTIiOCUTeJIbHOI'O YPOBHR U,eH H a  U P O W K T  A P e m b H O r O  

AyIIIeBOI'O AOXOAa.  OH IIOBeAeHUR 6 ~ 8 ~  OIlpeA6XekI, KaK TOJIbKO 

MhI H&%A~M 3HaVekiUII K O ~ @ @ H ~ U ~ H T O B  Po, &, &. COOTB~TCTB~AHO 
3 W a Y a  3KOIiOM€TPUKU OIIpeA&lMTb (09eHEi~b) 3TU K O ~ + ~ E I U , U ~ H T ~ I  

113 n o m s i q e r o  ~a6opa  ~~6~110,qe~nfi. Ho  TO ne e p p H m B e H x i a s i  3a- 
AaYa.  MOXHO 3 a n a T b  MHOrO APyIXiX BOIIpOCOB, T a K X e  OTHOCHmXCR 

K ~ K O H O M ~ T P K K ~ ,  H a n p n M e p :  

H a c ~ o n b ~ o  KOPPeKTHO E i 3 M q e H b l  klitlllll AaHHble ,  I IpeACTaBJI l lWr JlU 

OHU TO, YTO AOJIXHbl IIpeACTaEZ%Tb, IIO kiEl,meMy MH~HUH)? 

Rannmcn JIU MOAeJIL ~ O J I H O ~ ?  (B AZLHAOM I I P U M e p e  Mbl HMeeM AeJIO 

C YpaBHeBHeM CIIpOCa U H e  IIpAHUMaeM BO BHUMarlAe YpaBHeHUe 

npeAnoxe~mx. YTO IIPOU~OSA~T, ecm M ~ I  6 y ~ e ~  m y ~ a ~ b  CITPOC u 
n p e W o m e H u e  o ~ ~ o ~ p e ~ e ~ n o ? )  

n p H B e ~ e I i H % t  BblIIIe MOAeJIb HBJrReTCR c ~ T U Y ~ C K O ~ .  BO~MOXHO, 60- 
nee nop,xofiaqek 6 ~ n a  6b1 A x n a M u s e c K a s  M O A ~ J I ~ .  Harrpu~ep, 



MOXHO IIpeAIIOJIOXFiTb, ¶TO ~ p o I I I n O r 0 J W u i r  AOXOA M o m  BJUISITb 

H a  T e ~ y I 4 i B  YpOBeHb n o ~ p e 6 n e ~ n ~ .  B 3TOM CJIyYaR MW AOJlXHbl 

Taxxe arurmsmb ero B ypasnenue. 

~ K O H O M ~ T ~ H K ~  p a C C M a T p U B W  BCe 3TK BOIlpOCbl, U B nOCneAy-  

mqnx rnasax MH o n n u I e M  cnoc06b1 pemenux n o c T m e H n b 1 x  npo- 
6 n e ~ .  He c n e A y e T  npeAnonwaTb, YTO nocne myqenun K H u r n  ~ U T &  

TeJIb C p a 3 y  Xe C-eT OIIhlTfIbIM SKOHOMeTPUCTOM. QTOMY eCTb  &Be 

UpUSUHbl.  DO-U~PBMX, UMeeTCZ MHOrO TeXHUYeCKOM (T~o&XTU~~CKO-  

ro) M a T e p u a n a ,  H e  arurroseiuloro B ~ a u ~ y m  KHU~Y.  Bo-BTOP~IX, A a x e  

WJIU 3KOHOMeTpUCTa o 6 n a ~ m ~  OAUHaKOBbIMH TeOpeTHrleCKUMU 

IIWHMUIIMH, oqenm H nporno3b1, nony ' I eHHble  nwu, 6ywr p w -  
YaTbCR.  TO IIpOHCXOAHT OTTOrO, W O  S K O H O M e T P U ~  IIpeACTaBJIIIeT 

co6oB H e s m  6oawee, YeM T o n b K o  n p u M e w e m e  T e o p e r n x x e c K u x  s ~ a -  
HUB. Ona ~ p e 6 y e ~  nponaax s ~ o ~ o ~ n u e c ~ ~ x  3 ~ a u u B  u O I I ~ ~ A ~ J I ~ H H O I W  

CKeIITUqU3Ma no nOB0,Q' 3HaYUMOCTX UTeOpeMV B IlpaKTKYeCKaX IIpU- 

M ~ T ~ M ~ T U ~ ~ C K H ~  MOAWU IIIUPOKO IIPUMeHFiIOTCZI B 6u3uece, 3KOHW 

MEIKB, 0 6 q e C T B e ~ ~ b l ~  HayKaX,  UCCJIeAOBaHUK ~ K O H O M U Y ~ C K O ~  =TUB- 

HOCTU u A w e  B n c c n e A o B m n u  n o n a r n q e c K u x  npoqeccos. 
M a ~ e ~ a m q e c ~ u e  M o A e n u  nonanm ma 6onee nomoro n o u u M a -  

nus  CYI~HOCTU n p o n c x o ~ i q ~ x  n p o q e c c o B ,  KX a ~ m ~ 3 a .  Mo~enb, no- 
e r p o e ~ a i w r  H B ~ ~ u & ~ X ~ O B ~ H H ~ S I  H a  ocnone (yxe U M ~ ~ I ~ K X C T I )  H* 

~ J ~ I O A ~ H H H X  ~ H ~ Y ~ I I U B  O~ZRCHRIOI~UX nepeMeHi ib lx ,  MOXW 6 ~ 1 T b  nc- 
I I O J I b 3 0 8 M a  AJIR npor~osa 3 ~ a v e ~ u 1  ~ ~ B X C U M O B  n e p e ~ e ~ u 0 1  B 6 y ~ y -  
uqeM ma A n x  Apyrux na6opo~ s~a.iexuB O & ~ I I C H ~ O ~ O X  n e p e M e H H H x .  

MOXHO BbIAeAWl'b T P X  OClfOBHblX KJlaCCa MOAWI~B,  KOTOpbIe npn- 
M e u m  gns auarru3a a/ann npor~o3a. 

mpenda: y(t) = T(t) + &t, 

l'Ae T( t )  - B ~ ~ M ~ H H O ~  T p e H A  3a&MHOrO I I apaMeTpHYecKorO BETA8 (a* 
n p U M e p ,  J X ~ H e i r l i b ~ f i  T(t) = a+bt), &t - WIy%&iWl ( c T O X ~ C T U % ~ C K ~ ~ ~ )  

K o M n o x e m a ;  

ceaonnocrnu: y(t) = S(t) + ct, 
0 rAe S(t) - IIepUOAUqeCKaSI (!X~OHBW) KOMnOHeHTa, Et - Wlyx1at%HaB 

( C T O X ~ C T U ~ ~ C K W )  KOMIIOHeHTfL; 

mpenda u ceaonnocmu: y (t) =T(t) + S(t) + ~t ( B ~ ~ U T E I B H ~ S I )  nnn 
~ ( t )  = T(t)S(t) + Et ( M ~ J I ~ T U ~ J I U K ~ T U B H F S I ) ,  

I'Ae T(t) - ~ p e ~ e ~ I i 0 f l  T p e I i A  38,AaHAOrO napaMeTpU9eCKOrO BSiAa, 

S(t) - nepnOAH¶WKaX ( c ~ ~ o H H W )  KOMnOHI3Tl"l', &t - C J I ~ ¶ & A W ~  (CTO- 

X~CTHS~CK~SI )  KOMnOHeUTa. 

K MO&€?JllrM BpeMeHHbIX PSIAOB (YTHOCUTCR MHOXeCTBO 60nee CJIOX- 

HblX M O A U I ~ ~ ,  TaKUX, KaX MOA- 8,AaJITnBHOlW IIPOI'A03a, MOAWU &8- 

T o p e r p e c c n n  n c~om3a1qero cpemero (ARIMA) u ~ p .  Hx o6qeB sep- 
 TO^ SBJIIIWCX TO, 'IT0 OHX ~ ~ ' ~ R C H X H I T  nOBeAeHIle BpeMeHAOrO PRAa,  

ncxoAn TOJI~KO u3 ero n p e m 1 A y q i x  31iaqenuf. ' h u e  M o n e a n  M O ~ Y T  

n p a ~ e a r r ~ ~ c ~ ,  H a n p u M e p ,  Anx usyseriun n nporno3npo~a~ua 06.6e~a 
I I p O A a X  &8Eia6UJTe~oB, CnpOCa  H a  MOpOXeHOe, KpaTKOCPOYHOrO np0- 
rxiwa n p o q e ~ ~ ~ b l x  WOK u T. n. 

Pezpeccwnnme ~0dc?A?h c odnuw ypaenenvem 

B TaKUX MOAf3JlflX 3XlUCHMa.S (o6ancaxe~m) rIepk?MeHH%I $/ IIpeA- 

CPaBJIReTClr B BHAe @YHKUUI~ f (2,P) = f (XI,. . . Xk, &, . . . ,Pp), 
rAe XI,. . . , x k  - ~e3mucu~b1e ( 0 6 % f l c n r n o q a e )  nepeMeHHbIe ,  a 
0 1 , .  . . , $ - napaMe?.pbl. B 3aBUCHMOCTU OT BUAa (PYUK~EIU f (x, P) 
MOA~JIU AWIIITCSI H a  nmrett~b~e n w e n u n e & H ~ e .  Hanpw~ep, MOXHO xc- 
CneAOBaTb CIlpOC H a  MOpOXeHOe KaK @ ~ H K ~ u I O  OT BpeMeHH, T e M n e p a -  

T Y ~ H  B O ~ A ~ X ~ ,  cpemero YPOBHR AOXOAOB u n H  B ~ ~ B ~ C U M O C T ~  3apnna~k.1 
OT B03PaCTZL, nana, YpOBHII 06pa3o~anu11, c m a  pa60~b1 &i T. n. 

0 6 n m b  n p u M e H e n n x  T ~ K U X  M O A ~ J I ~ ~ ,  A a x e  n u n e h b I x ,  snasn- 
T e n b a o  m p e ,  9 e M  ~opeaeP B p e M e s i m x  ~ R A O B .  n p o 6 n e ~ a ~  T e o p u u  

ouennsannrr, aepu@n~aquu, wdopa ~ H ~ Y U M H X  n a p a M e T p o n  H qpy- 
l'UM nOCBRLqeH OI'POMH~I* 06'be~ J M T e P a T y P b I .  3Ta T e M a  XBJIReTCR, 

n O ~ a . r I y &  C T ~ ~ X H ~ B O ~ ~  B 3KOHOMeTPUKe U OCHOBHO& B A-OM KYPCR. 
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Cucmuu odnoepeklenna~z g p u e ~ e n w 6  

3 T U  MOAeJIU O n H C b l B W C S i  CUCTeMWH y p a ~ ~ e l i ~ f i .  C ~ m e ~ b l  M O ~ ~ T  

COCTORT~ n3 TOXA~CTB H perpecclonnbrx ypmriennB, K a m A o e  u3 KO- 

T O ~ ~ I X  MOW, K p o M e  0 6 ' b ~ c ~ ~ m q n x  n e p e M e m m x ,  B m K m a m  B ce6a 
T a m e  0 6 z x c ~ x e w e  nepeMeHHbre  u3 myrnx ~ P ~ H ~ H I I P I  CncTeMbl.  

% K B M  06pa30~, MbI RMeeM 3AeCL ~ 8 6 0 ~  ~ ~ ' ~ ~ C H Z I ~ M M X  DepeMeHJibIX, 

CBX3WHblX 9epe3 YpaBHeHUR WCreMbl .  I I p l i ~ e p 0 ~  M O X e T  CJIYHCUTb 

lTpa~ep. Modens enpoca u npednomewun, Ilycrb Qf - cnpoc 
H a  w B a p  B MOMMT BpeMeHa t (demand), Q; - ~ ~ p e p ~ r o m e ~ m e  T o s a p a  

B MOMWT s p e ~ a i n  t ( s ~ p p l ~ ) ,  Pt - qma m B a p a  B MoMeaT B p e M e m  

t (price level), & - qoxop B M o M e m  BpeMetin t (income). COCT~BUM 
wremmmyro cncreMy y p a ~ ~ e x n l f  s c r r p o c - n p e ~ y r o x e ~ n e ~ :  

n~&i MO&C?JIHpOB&RUU 3KOHOMIIYeCKHX UpO~eCCOB Mbl BCTPeYaRMCR C 

ABYMR T E n a M U  AWHblX: 

npocTpaAcTsarnble ~ r t l r a b ~ e  (cross-sectronal data) u 

BpeMeHHHe px,qb~ (tgme-series data). 

npkibIep0~ I I p O C T p ~ c T B e H H b I X  A W X  SfBJiSfeTCB, HaICnpUM'2p, Ha- 

60p cseAe& ( o 6 % e ~  npon3~o~cma, K o n n s e c T B o  p a l i o ~ ~ n ~ o s ,  ~ 0 x 0 ~  

b 
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I H w.) "0 Pa3HblM ~ H P M ~ M  B OAUH U TOT Xe MOMeHT BpeMeHU (lIp0- 
C T P ~ H C T B ~ B H ~ I %  C P ~ ) .  & ~ T B M  UpHMepOM MOrYT RBJIRTbCB AiLHHbIC 

no ~ y p c a ~  no~yrntrr/npo,qaxn H ~ Y H O B  B~JIKYPM B =OR-TO AeHb 

no O ~ M ~ H H E J M  UyKKTaM B MOCKB~. 
~ ~ M M ~ ~ F L M U  BpeMeHHMX AWHbIX MOFYT 6 b l T b  e X e K B a p T i t n b H b l e  

Awtibre no u ~ & ~ ~ , ~ r r r q u r u ,  c p e n n e f l  3apa60~~08 rwraTe, H a q n o n a r n i I o -  

MY AOXOA~, A ~ H ~ X H O B  BMUCCUN 3a noCne,qHxe M A ~ I  ma, w a n p u M e p ,  

e x w e ~ ~ a r l t  ~ y p c  Aarwrapa CIIIA H a  MMBB, q e ~ b ~  +bmsepc~b~x 
K O H ~ ~ K T O B  H a  I I O C T ~ K Y  Aomapa CIIIA (MTB) H K O ~ O B K I ~  rKO 
(MMBB) aa p a  n o w I e L p I n x  rona. 

O ~ i T Z i r r l ~ e J I b ~ o f i  ~epT0fi BPeMeHHbIX AaHHblX SIBJISIeTCS TO, YTO 

OHM RCTeCTBeHWlM 06pa30~ ynOpSip(0YeHbl no BpeMeHU, KpOMe T O N ,  

H.%~JIIOA~HSUI B 6 m 3 ~ n e  MOMeKTbl BpeMeHn YWTO 6 b 1 ~ m  3aBUCU- 

MblMII. 



I Iyc~b y HX ecrb a a 6 , o p  3~areaufi ,q~yx n e p e M e m m x  Xt, I$, t = 
1 , .  .., n; MOXHO 0~06pa3ii~b n a p 6 1  (Xt, Yt) M'IKaMEI H a  IIJIOCKOCrU 

X-Y (puc. 2.1). 

I I p e ~ n o ~ r o x u ~ ,  YTO ~a.meCI saha~ett aarraeTuI n o ~ o 6 p a ~ b  (ano- 
,qor~a~b.~bib) &YHKIUIIO Y = f (X) u3 n a p m e T p u q e c K o r o  c e ~ e f i c ~ ~ a  
@ Y H K I E ~ ~  f ( X ,  P), (UBWIY9IUUMB ~ 1 1 0 ~ 0 6 0 ~  0lIUCblBaX)IlQ'IO 3aBUCU- 

I MOCTb Y OT X .  ~ O A O ~ P ~ T ~  & Y I I K ~ H )  B RiWrHOM CJIYYW 03HaYaRT 

n p ~ ~ e p 0 ~  T ~ K O ~ %  UMePbIB M O X m  C n y X U T b  @ ~ H K W ~  Xy6epa, KO- 
. ,  . 

~ p & %  npn M&HX OTKJIOHeHURX KB%pZ&YFIH&, a IIpi f j o n b U l k 1 ~  JIHHen- . , , . , . ,  

na: , . 

C g ~ a  keadpamoo ommonc9ruO 



Bonpoc. YT-3 6yne~, f!CJla B3RTb B KaYWBt) @ Y U K ~ O H & J I ~  

rAe g(X) = X2 &nn 1x1 < c, u g(X) = O~ana 1x1 > c? (Pindyck, 
Rubinfcld, 1991, 11.1.1, pwc. 1.3b, crp. 6). 

2.2. M ~ T O A  HaElMeHbIUkIX KBaAPaTOB (MHK) 

3 a n ~ I U e ~  neo6xo~u~b1e ycnon n 3KCrpOMYMB (First Order Con- 
dititiofa, FOG'): i. 1 

I 
I 

3weuauue 1. IT3 ncpnom ypa 4 tienun c u c r e ~ ~  (2.3) weme~ 

F = k+m, (2.5) 

- 
pehaeumx Xt u K: X = ( l ln)  b Xt ,  Y = ( l ln)  C K. 
3-uanue 2. MU nmonara+M sAecL, mm cpeAn ~ t ,  t = I,. . . , n, 
ee nce mcna o~naarcouhre, T. e. Yar(X) # 0 a (2.48) nMeey C M ~ I W I .  



0 6 a 3 ~ a . I ~ ~  Y e p e 3  Xt = Xt - X, yt = Yt -<F OTKJIOHeHSiII OT CpeAHUX 

no uar6op~e 3na.ienufi  Xt u Yt, X = (l/n) x xt, B = (lln) C Yt. 
(l7poeept,me, umo J = = 0.) 

PeIIlCiM Tt?nepb TY XCe 38Aa9y: n0~06pa~b  J I U H ~ ~ H Y I O  @ Y I % ~ ~ I O  

f (x) = a + bx, ~ u a u ~ u s u p y m ~ i o  @ y a ~ l m o ~ a n  

.- 
F = C ( y t  - (a + b ~ t ) ) ~ .  

t=1 

H3 r e O M e T p u Y e C K u x  c006paxe~nP IICHO, YTO p e m e H u e M  sa+!caria 6y- 
A e T  T a  Xe n p R M a R  H a  MOCKOCTll (x,Y), YTO W AJIR UCXOAHbIX AaH- 

HHX Xt, Yt. B c a M o M  acne, B cmy (2.5) nepexoA1 OT X ,  Y K OT- 

KJIOHeHUIIM X, y 0 3 H a Y a e T  J I U m b  IIepeAOC H a v a n a  KOOpAllnaT B TO'I- 

KY (X,L). BbIrurcne~us, KOTOPbIe H ~ O ~ X O A U M O  IIPOAWIaTb AJIR P@- 
u r e m  3a~a.114, B n o n H e  ar+anornwm n p e A w W w M  (c sme~ott X, Y 
H a  x, y). 3 a ~ e ~ u ~  B (2.4a), (2.46) Xt, & aa st, yt u ~ Y U T L I B ~ ,  ~n,  

a = = (lln) C xt = (lln) C yt = 0, nonysuan 

CHOBa Ilpt?,4IlOnarmM, YTO BeKTUpbl U X HeKOnJIUHeapHLI; Cp. 3&k- 
yanue 2, crp. 35.) IIOCT~BUM 3wa.1~: H ~ & U  m e  a, b, -1~o6u B e K m p  

e UMWI HaUMeHbUIylO &lEIHY. (&Y~UMW CJIOBaMU, Mbl XOTUM H&UJrYX?- 

lUHM o6pam~ anIIpOKCHMUp0BaTb BeKTOp y BeKTOPOM 9, J I e X a I W M  

B IIO,4IlPOCTPaHCTBe f f . )  OY~BUAHO,  pe lUeHUeM BBnReT- TBK08  BeK- 

T O P  a, ,Is KOTOpOPO BeKTOp f? I I e p n e H A U K y J I Q e H  MOCKOCTU X .  &fl 

3 T O r 0  H ~ O ~ X O A P ~ M O  U AOCL'itTOYHO, ~ ~ 0 6 b I  iBeKTOp e 6- OpTOlWHZileH 

He~pywo 3aMeTMTb, K T 0  Mbl O n m b  IIOJIYTUJIU H ~ O ~ X O ~ M L I ~  YCnOBklR 

3KCTpeMyMa (2.2). 

- 2 X 1 M a T p U q a  (B-P) K O ~ @ U I W ~ H T O B ,  e = y XP, yC4IOBUe 

(2.7) o p T o r o n a n b I . x o c m  B e K q p a  e ~ o m o c r u  n renepb ~ a n ~ , c ~ ~ a ~ c n  
K a v  X'e = , 0 ,  mu X1(y - XP) = $'y - X'XP = 0. Oxm,qa 
nosxyqae~ XIXP =. X'y, m u  . , .  

B npeAnOJIOXeHUU,  KOHeYHO, YTO BeKTOPbl 2, X nUHC8H0  He3aBUCMMbl 

U,  CJlkAOBaTeJlbfiO, M a T p F i q a  X'X o6paTI?~a. 
H ~ T ~ ~ A H O  IIPOBePYITb, W O  (2.8) COBnZV4WT C (2,4a), (2.46): 

OTMCTUM, UTO M g Q P U q a  X'X HeBbIPOHEAeHa, T8K KaX M Z r p U q a  

X UMeeT  M ~ K C U M W I ~ H ~ I ~ ~  paHr 2 (CM. 3 ~ e u a l t u e  2, CTp. 35, CM. npU"  

J I o k e H u e  JlA, n, lo)$ 



B n p e m ~ q e ~  pa3~ene Hac uwrepecosmo TonbKo Kawcmo nouroH- 
KH ~ p m 8 .  Tenepb Ao6am.i K nomoeKe  3afiaqn HeKcvropsre e r a ~ u -  
mmecane ceolcma Aazlnhlx. 

Ha CaMOMaAWe, WSI OAHOIO X MM' MOXeM M ~ ~ J ~ I O A & T ~  pa3eble 
s u a . ~ e ~ u a  Y. 

ITpuuep 1. X -' B O ~ P ~ C T  ~ I I ~ F F ~ B U ~ S - Y M ~ ,  Y -- ero aapnnaTa, 

U p u e p  2. X - ROXOA ceMbn, Y - paocoa~ Ha nnmnne. 
. , ,  , . . . 

3anurue~ ypaBHeHue samcuMocrn Yt OT Xt B nuAe 
, . 

& = a + b X t + a t ,  t = l ,  ..., n, 

rAe Xt - ~ e u r y s & ~ m  I r ( e r e p ~ u ~ u p o s a ~ ~ a x ] ~  mamnHa,a g, E~ - 
CJIy%3fl~lble BeJIE19UHld. X&I~IB~WCX O ~ ~ H C H R ~ M O ~  ( ~ ~ B M C ~ M O T ~ )  ne- 
p e ~ e ~ ~ o a ,  a. xt - ohi~fiilolqefi (He&ucuuofi)-nep6MeKHol ma 
peapeccopau. Ypam~errxe, opmeAeHHoe B ~ ; N I ~ ,  m x e  nmb~namcs pe- 
z p e c c r r o ~ ~ w  ypboneuue~. . . . . 

a )  Hama ~of iwb,  .. x&n& yrrpoirrenue~'~ehcr~u~~b~o&n,  a a a  
' caMoM Aerie ecrb ewe gpyrue napa~eTpb~.((nponyL\eir~ig~e nepe- 

MemUe, omitted variables), OT KOTOPHX ZI~BUCUT Y? 3apnnaia, 
IJaJQUMep, MOXeT 3aBHWTb 01' ypOBllR O ~ P ~ ~ O B ~ H U Z ,  C'I'aSl p2l- 
BOTH, IIOJra, Tnna &UpMbl (TOCYA~~CTB~HH~S~, 9Wnia~1) kf T. n. 

, . .  , , . .  . , .. , 

6) T p y p ~ o c ~ n  B m ~ e p w n  A~UFFLIX ( n p u c y m y ~ ) ~  0y.n6~n 83- 

~ e p e ~ u i l ) .  Hanpu~ep,.~ari&e IIO p & ~ w  c e ~ b u  Ha numaue 
COW-B~TCR Ha O C E ~ O B ~ I ~ H  s a n u c e ~  ~ ~ I ~ U K O B  OII~OCOB, KC- 

mpble, K ~ K  npemanaraeI'cn, T W T ~ J I ~ H O  + I u ~ c a p y m ~  cwu exe- 
qenrrue pacxo,w. Pa3y~ee~cn ,  npu  TOM no:<Moxnbr ourn6~1.i. 

B =OM W I Y Y W  YOAeJlb H&3blbBeTCR ~ ~ p M & l l b ~ ~ f i  JI~~efiHofi pe- 
rpcccnonnofi (Classical Normal Ljnear Regresston model). 

3ueuaxue. B orysae HopMBnb ZL ~ w ~ e f i ~ o i c  perpeccuo~~~otl. uoae- 
JIM YcJlOBUe 3b 3KBUBWleHTHO yCn 5 BHIO CTaTEmWIECKOB He3aeuCHMO- 
CTI 0 ~ ~ 6 0 ~  ~ t ,  E, npu t # s (CM. Inpunoxeliue MC, m. 4, N4). 

3ueuawue. IIosxce 6y&m nox ano, wro MHorHe CsoRc~ua Moflensi i coxpannnvrcn npn s a ~ e n e  yc~los 3a.b H a  6onee cnaboe ycnosue (X 
MOXET 6611.b c J ~ Y Y ~ ~ H o B  B&XHYUH 

i 3'a,b. Cov(Xtr~.) = 0 ms Bcex i ,  s, 
E(ct I X) = 0, E ( E ~  I X) - u2 npn Bcex t, 
E(E~E. \ X) = 0 npx ncexl#  s. 



rAe E = (&I, .  . . , &)', In - n x n eaunusnax :MaTpuqa, V ( E )  - n x  n 
M a T p q a  ~o~apuaqufi .  

Y C A O B ~ ~  EE = 0 & ~ a ~ m ,  YTO E x '  = a + bXt, T. e. npii 4u~ct.i- 
ponaqEioM Xt cpe,z(nee oxn,qaeMoe 3tiaue~ne &, P ~ B H O  a,+ bXt. 

Ycnooue ~e3asucu~oc~w ,qicnepcun O ~ I U ~ K H ,  OT g o M e p a  ~a6nm- 
AeHEin (cur perpeccopa Xt):  E(&;) = v ( E ~ )  = u2 ,  t = 1,. . . ,n ,  .a- 
3~sae~cn zwcrcedacmuunocmbio (homoscedasticitg); ony'tatt, 1 ~ o r ~ a  
YCJlOBEie ~MOCKeJ&8(7I'EiY~lOCTH He BbmWHXeTW,,,Ha3FBaR:CCfl 2e,mepaC- 
keda&wiuo&cbw (heteroscedasticity). Ha piid. ,.. 2.2a , ,  n p i n s e g e ~  A , , ,  npu- 
Mep THIXUYtlOfi KapTUIiKU AJIn C l l y Y a  M M O C K ~ A ~ U ~ I H O C T U  OIUM~OK; 
H a  puc. 2.26 - n p w M e p  ,qanawx c r q p o c K e A a q y r u w M u  O J J J U ~ K ~ M ~  

( 8 0 3 ~ 0 1 ~ ~ 0 ,  YTO B 3TOM EpUMepe V(&t)  N X:). 
. . . , 

' t I . .  

. . .. 
/ "  , ,,< 

Pnc. 2.2a Pnc.'2.26 ' ' 

, ,  . .  . ' " .  , , . , .  

, . 1 

YCJIOBEie E ( E ~ E # )  = 0, t # S ylca3blB&ZJ! : ~ a . ~ f ! ~ C l p p & J l % p ~ ~ ~ t r o ~ ~ b  
O ~ ~ U ~ O K  AJM pa3HblX HC~~JIIOAWR. .%'O YCJIOBHe LIhCrP H a Q y m a R P -  
CSI B CJIYPaR, KOPAa HaWU J&aHtible iwnnWM:R BpeMeHHblMIi PZAaMU. 

B drry.IaR, KOCAa'STO YCAOBHe He B ~ I ~ o J I I ~ I I ~ ,  1'0&pdf :06 a 0 ~ 0 ~ 0 ~ -  
pemquu ourubon (serial correlation). 

&a n p o c r e f i m e r o  cnyran +pToxoppenaqnu OIJIU~OI~,. ' ~ o r g a  
E ( Q , E ~ + ~ , )  = p # 0, T W H ~ H ~ I I L  BUJI gmwx n p e A a a m e E i  H a  puc. 2.3s 
(p  > 0) u puc. 2.36 ( p  < 0). 

OTMRPUM, PTO YCnOBMR 3a,h MOIKHO T&KXe HBIIUCaTb B TePMEIiaX 
, . ,  

s a ~ u h u ~ o f i  n e p e ~ e ~ x o f i :  EX = a +  b&, v(%j = u2, COV&,Y,) = 0, 
t $ s .  

Pnc. 2.3a 

kI-, Mbl  UMeeM H ~ O P  AiLHHblX ( H ~ J ~ I O A ~ H W ~ ~ )  ( X t ,  Y f ) ,  t = 1,. , . , n, 
E i  MOAeJIb 13ab. Hama 3a,I(a¶a - OqeHEiTb BCe TpH IIapaMeTpEl MOR* 
nu: a, b, uZ.  

Mbl XOTEiM OQeHUTh napaMeTpbI a H b 4HaUJIy9LUuM* ~ 0 ~ 0 6 0 ~ .  
% ! O J ~ H ~ Y U I '  a i i a n n y r m u ~ ~ ?  Hanpu~ep; H&TE B macce n n n e f i ~ b ~ x  
(no x)  HecMeqeeHaMx oqeEioK HaunyrmyIo B CMHCJIC M E H U M ~ J I ~ H O ~ ~  

,qucnepcMu (Best Linear Unbiased Estimator, BLUE). 
~ ~ M ~ T H M ,  YTO KorAa mas oqeHKa r ~ a i f e a a ,   TO sosce He oseas* 

eT, YTO He cyqecmym ~ e m m e ~ ~ o f i  u e c M e q e x r i o k  oqeHKa c ~enbrnefi 
@icnepc~eB. K p o ~ e  TOPO, EanpEMep, MOXHO O T ~ P O C U T ~  T P ~ ~ O B ~ H U ~  

HeCMeqeHliOCTM OqeHKu M MUHUMH3UpOBaTb C P ~ ~ H e K B & A P a T U Y l i O e  OT- 

KnoHenue oqeHKu OT ~ c ~ u u H o r o  ~ H ~ = I ~ H U R :  E(b - b)'. 

Teope~a hyma-Map~asa. B npednanmcenwx M O ~ ~ A U  1-3ah: 

A 

oyertcnr 2, b (2.4a), (2.46), nanyrexubce no ~ernody nawen.burw 
~ceadpamoe (MHK), w s m  uaweueuym ducnepcuto e rutacce ecex 
~uued%m tte(SUeqeHnw wenow, 



2 
2 2 -  .a , 

.@)=.(Cwti t )  = v ( C w t & )  = C w t u  -- Ex,!' (. z; 1 i) 

(npH BbIBOne (2.13) Mbl UCIIOJI~OBa.flH TOII<AeCTBO EX: E Cq - 
nff2).  

:I 3. ~ O K W ~ M ,  %TO MHK-onem ZIB~TIRIOTCII . m a $ u r y ~ m ~ ~ u *  (B 
cMwne, ,nw~enbmeii  ~ncnepcuu) B K.nacce Bcex J~uuefinmx Heme- I 

'I~ qeeanzsx oqenoK. - 
Q I Iyc~b b = C ctYt - am61121 ~ p y m  ~ e c ~ e r q e ~ ~ a n  oqeira. IIpex- 
,, c r a ~ u ~  ct B Brine ct = wt + dt ,  mrni 

~ 6 - T )  = O = E ( ~ ~ , K )  = x & ( a + b ~ t )  

nna Bcex a ,  b. O~cm,qa 

x d t  = 0; C d , ~ ~ = x d ~ x ~ = 0 ,  

'' ~(i;) = v ( C c t & )  = u2 C4 = c2 C(W + &12 
= u 2 ( ~ w : + 2 ~ w t d t + ~ h ~ )  = u 2 ( X w : + C $ )  

=v(%)+u2C&, 

1 T. &. v@) 2 v@),  'ITU U T P ~ ~ O B ~ J I O C ~  AOKt33aTb. (Bzsme wt& = 0 B 

cuny onpe~eneiikrs wt'(2.9) u Toro, s+o dtxt = 0.) 
A13aJIoru'IHble BbIYUlXefIUII IIOKiWbIBMOT, YTO V ( z )  2 V(2) ;  Mbl 

OCTaBUM AOKa3aTeJlbC'rBO 3TOrD &a~Ta  B Ka-leCTBe YWklXHeHUR. HE- 
x e  (B rnme 3) MM AoxaxeM TeopeMy raycc&-Map~oea B o 6 u t e ~  cny- 
sac?. . 

Ynpacxexue. l l o ~ a x u ~ e ,  TO V(E) >'V(;i). 

! M T ~ C ,  Tenepb y Hat ecTb aIIau.nyYmne> (B cMhrcJre TeopeMbI raycca- 
M ~ ~ K o B ~ )  ouesiKu ~ o s & & u q u e ~ ~ i a ~  perpeccuu a,  b. O ~ t r a ~ o  B perpec- 
CKOHHOM ypaBucIiuu C C T ~  ewe onnn napaMeTp - Ancnepcm omu- 
6 0 ~  u2. 

A 

0 6 0 3 ~ a w ~  sepe3 = 2 + k t  nporma Cfitted value) saase~~ . l a  
& B TosKe Xt. Ocmarnrm perpeccuu Q onpep,ennlwrw u3 ypanadaurr 



. - 
& = 8 + et = 2 + bxt  + et. He U I e A y e T  I I y T a T b  OCTaTKU PWpECCUU C 

o m u 6 ~ a ~ n  perpeccau B ypmnenuu MO&WIH & = a+bXt+Et. OCT~TKM 
et, TaK XC? KaK M O U I U ~ K M  E t ,  SlBJIHIOTCR WIYY&~IMH BeJlklYUHaMU, 

OAHilKO pa3ma COCTOUT B TOM, ST0 OCTaTKU, B OTJIUYUe OT OIUU~OK,  

~a6.710~aeMb1. 

Kaxe~csi  snonrie e c ~ e c ~ s e n ~ o f t  mnoma, TTO o u e n K a  u2 c ~ 1 1 3 a n a  

C C Y M M O ~  K B W a T O B  OCTaTKOB PerpECCUM et'= & - E  -%xt. B CaMOM 

Aerie, 

a a n n e T c 3 1 1 i e c u e ~ e n a o 8  oqew~oli mcnepcnu oruu60~ a2. 
~ o p ~ y n ~  (2.111, (2.13) A- mcnepcuu o q e ~ o ~  2, X K O ~ + ~ , H -  

T e H T O B  PerpeCCUSi B TOM C J I J T i E ,  eCJIll u2 tl3BeCTHO. Ha IIpBr(TAKe, 

x a K  n p a B w r o ,  mcnepcurr OIIIU~OK u2 nemsemaa H oqe~tisae~crr no 
H&JIIOJ(~HUXM OAHOBpeMeHHO C K O ~ ~ U L ~ ~ ~ H T ~ M U  Pe rpeCCUU a, b. B 

A 

3TOM CJIyYae BMeCTO A ~ C n e p ~ U l f  OqeIiOK c, b Mbl MOXeM I I M Y Y U T b  

numb oqemu ~ucnepctili ii, b, 3 a ~ e n u ~  u2 H a  s2 m (2.15) B (2.11), 
(2.131, (2.14): 

C T ~ I I A ~ ~ T H ~ I ~  OTKJIOHeHU23 OI&eHOK KO~&+UUU~HTOB PeWeCCUU,  

K o T o p b l e  ~~UBOAIITCS B p e 3 y J l b T a m x  perpeccna B c r a ~ u c ~ m e c ~ ~ i x  na- 

3nuewnue. IIpe,qnonox<n~, rm M ~ I  m y ~ a e ~  J ~ U C ~ M O C T ~  Y OT 
X U ¶UCJIO na6n1o~qe~nlf n 3 a A a H 0 ,  HO Mbl  MOXeM B b I 6 A p a ~ b  ~ a 6 o p  
(XI,  X 2 , .  . . , X n )  K a K  B b I 6 p a T b  Xi T ~ K ,  9 ~ 0 6 ~ ~  M'LIHOCTb OqeHKK yr; 
JIOBOM ~03++nque~Ta b 6bma ~au6onbmB? &cnepcnSI  OqeHIcn  b 
3 a 4 W C X  + o ~ M ~ J I o &  (2.16), OTKyAa BUAHO, s T 0  YeM 6onbme C22, 
TeM MSXbIIXe AUCnepCUH v@). ~ O ~ T O M Y  XeJIiLTeJIbHO B b l 6 U p ~ i l . b  Xt 

TaI<I(IIM O ~ P ~ ~ O M ,  ~ 6 h 1  AX p836poc B O K p p  CpeAneTO 3H&YeHnR 6 b ~ n  
6 0 n b m u M .  

3IlAe%atIUe. @ O ~ M $ Z L I  (2.14) &'I% K O B ~ p R a ~ M  OueEOK C B 0 6 0 ~ -  

koro Y e n a  a H y r n o B o m  K W + @ U L I M ~ H T ~  b . c n e ~ y a ,  i m  Cov(E, b) < 0, 
eCJIH X ,> 0.  TO COOTBeTCTBYeT r e O M e T p H r e c K O 8  UHTYUUUU - 
( ~ H c .  2.4). B CaMOM AeJIe, ~ ~ ~ L ~ ) u I ) E I I c  P a B H e H U R  pWpl3CCUU Y = 2 + b x  -- 
BCWJIY (2.5) IIpOX0AIi.r rep- TOTIKYC K&PAUH~T&MU (X ,  Y), IIO3TOMY 



perpeccmm 

IIycrb nmnonerremt ycnosnc ~ o p ~ a n b ~ o t 4  nsae~aoi? perpeccuo~~ofi 
MOAClIE E N N(0,u2In),  T. e. C - MHOPOMepHZhS HOPMaTIHHO PaZXpO 
AeJIeHHaJI cnys&Iian nenmssa, sax, STO TO x e  cmoe, & aMeloT COB 

Mecrnoe HOpMFLiIbHOe pacnpe,qmesne. Torza MEEK-OU~HKH KO~@@U- 
A 

UUeIiTOB peI'pI?CCUEi 2, b TmXe PiMeWT COBMeCTROe HOPMaJIbHOe pX- 
npwwexne, T ~ K   ax orin zanarOmx J I ~ ~ H ~ I M ~  +yrmrqum~a (2.44, 
(2.46) OT &: 

A 

nomx Ha nonegetme Xt npn pocTe n OUCHKU ii, b uMem xnMnTm- 
vecKu fiopMa.nLHoe pacnpeqeneuue, T. e. (2.17) BbInonmm a c m -  
T(YI'UYeCKH n -+ CO. 

3Amb Z -- n X 1 B ~ K T o ~ - c T o ~ ~ ~ ~ ,  C O C T O X ~ U ~  113 OAHUX e m ,  
e = (el , .  . . ,e,,)', E = (EI,,  . . ,€, ) I ,  A - n x n MaTpnya u x* = 
(21,. . . , x ~ ) '  - BeKTOP OTKnOlieH~ft OT CpwIerO 3HaSeHKSl. 

Aanee socnonb3ye~crr CBO~~CTBOM N8 (rrpmoxe~me MC, n.4). 
nponepsnn, YTO MaTpnqa A = I - 422' - x,wl x3 (2.20) aBnxeTen 
nAeMnOTe1iT~Otl: A' = A, TaK K a K  (22')' = 2"z1 = ze', El 



T ~ K  K ~ K  zla = n, alx, = wte = 0 (CM. (2.10)). 
n o  YCJIOBUXM K~l~Cll'leCKOfi ~ o p ~ m b ~ o l i  perpeccuotinoP M O J ~ I U  

e /u  - N ( 0 ,  In), T ~ K U M  06p830~, B CHJIY C B O ~ ~ C T E ~  N8 (npunoxe 
Hae MC, n. 4): 

,", 
Tax Kax oqeInca .qucnepcun o m 6 o ~  s2 nnnneTCrr 4 y ~ ~ q u e f i  OT O ~ T -  

KOLI PerpeCCilU et, TO QlIH TOm YT06b1 AOKa3arb He3FHMOCTb s2 
A 

(z, b), AOCTaTQWO AOKa3aTb He3aBUCUMDCTb el U (c, b). O ~ ~ H K R  z, b 
1.3 

TaK Xe ,  KaK U OCTaTKU PeCpeCCElA et, XBJIXIoTcsl JIUHe&ibIMI? ~ Y E I K -  

qnxMa orua6or Et (CM. (2.4a), (2.46), (2.20)) a n o s ~ o ~ y  .nMem coe- 
MecTHOe HOpMUbIIOe paCnpeAWIeHUe. M ~ B ~ C T H O  (lTP~JIb~eHEIe MC, 
n. 4, N4), YTO ABa CJIY'I&H~IX eertmpa, aMeIorqae c o e ~ e c r i o e  nop- 

I . ,  
MWbHOe paCIIpeAeJreXIne, He3aBUCUMbl TOI'Aa U TOJIbKO TOrAa, ' K O ~ A ~  

onu ReKOppmUpOBanbl. T ~ K U M  o~~ZBOM,  '.1~06b1 AOKa3iLTb He3mUCkl- 

MOCTh s2 A (2, b), H ~ M  J(OCT%PO'IHO AOKa3aTb lleKOpp~UpOBaAIIOCTh 
et a (z,;). 

0603HaYu~ f = wtEt, 83 (2.19) et = Ct - 2 - x&, ' a  U3 
A 

(2.18) cneAyeT, YTO b = b + t .  
2 

i 
'I 

~ov(e t ,%)  = COV(E~ - 5 - x t t ,  b + t) = E(E,C€ - E t  - xt t  ) 

A 

BKUM 06p=, et A b He3WHC%MBI npU BCeX t ,  HTO I? T ~ ~ ~ O B ~ W I O C ~  

n0Ka;laTb. 

A 
2 H3 (2.17) u ~ e e ~  b - b N N(O,ub), qqe u i  = u2/ C z;. Qqema ~ a c -  

A A 

nepcnn oqeHm b M O X ~ T  6b1~b nanysexa no a o p ~ y n e  ~ ( b )  = s t  = - 
s2 b - b  -. %KUM 06pa30~,, N(0, I), a. a3 (2.21) c n e ~ y e ~ ,  YTO 

T. e. no onpeAeneHum cmTucmKa C T L I O A ~ H ~  ( I ~ R J I O I K ~ H A ~  MC, 11.3) 

b-b , '  , , .  t = -  .- b ( n  - 2). 
. ;  Sb 

a ' - a  
t = - - t(n- 2): (2.24) 

s a  , . . . 

MkaK, MbI,Ho~a3um, YTO B cnyr& xop~-ko.pacrrpt)~eqe~~b~x 
omy.6,oe - s e q m u ~ a .  . (2.23) . pacnpenmeqa no ~ ~ K O H Y  C ~ b m ~ e l ~ r a .  3a- 
MWMM, LiTO npU OnpeAWeHHblX YCJJOBUZX PeryJrr-lpHOCTU Ha X t ~  COOT- 

lf&IIeIillrI (2.23) 11 (2.24) ,<rrpaBe#JIHBbI & ~ M I I T O T ~ ' ~ ~ C ~ ~  a 6e3 npen- 
Ironoxenan o H O ~ M W ~ H O C T I ?  0 m a 6 0 ~  perpeccau. 

C T ~ T ~ ~ R ~  (2.23,) MQXHO ucnonsonaTb AJI? n p o ~ e p ~ a  r a n m w  
Hq;! b = bo npwuu @ ~ T ~ ~ H ~ T U B H O +  r a n o ~ e 3 ~  , H ~ :  b # bO. npe~nono- 
XAM,   TO BepHa r ~ n o ~ e 3 a  HO, Torga 





. . , i  . ~, PHC. 2.5 . . ,  . ; . .  .,. , . ,  . 

, . ~ ~ O ~ H ~ ~ I H M  xeflym - & c T ~  B (2.26) sepe3 TSS , (total s u m  of 
sq.uures) - ocrr ,ql<cnepcpia, nep~oe  cnaraehnoe B U ~ & B O &  r a c ~ a ,  co- 
o ~ n e i c ~ ~ ~ r o r q e e  ve, 06aac~.&rrro~ ,qr{chepcxi, sepe3 ESS (,e"rror saln 
of sqabres), smpoe cnaraeMoe R npa~oft  q a . 6 ~ ~  - ItSS (::&gre8sion S U ~  

' i of squares) 0 6 ' ~ x c z e ~ a x  Y a p  ~ c e 2  . Ancnepcun , , . . , , 

, . .  

C T ~ T I ~ C T I ~ K ~  R~ - ~03@@l lq I l e~~  fleTePMEIHaqYIH 

ESS RSS 
~ 2 = 1 - - = -  

TSS TSS' 
I 

~ W ~ T H M ,  YTO BTOpOe paBeXCTB0 B (2  27) BepH0 m I J I L  R TOM CJIY- 

qae, emx neptro (2.26), T. e. KorAa ToHcTaaFa BKnsqqeHa B ypamewure 
perpeCCHB. TOJILKO B 3TOM CJIyqae MMeeT CMblCJI PaCCMaTpHBaTb CTa- 
TMCTHKY R2. 

B cnny onpe~mwma RZ npYrHrmaeT ~ H ~ Y ~ H H X  MeHcAy o x 1, 
0 $ R2 < 1. Ecnx R2 = 0,  TO  TO 0 3 ~ a ~ a e ~ ,  -TO perpeccm lmrero 
ae ,qael, T. e. Xt He y ~ i y w . ~ ~ a e ~  KarecrBz npep,cwsmm Yt 110 CpanHe- 
mm c r p a e l i a ~ f i ~ ~ , ~ ~  npep,cKmaweM I$ i; F. 

'K  ~exdnenuio, sm o603riaqelix~ He y r m r ~ n ~ t ~ p o a ~ ~ .  B acKoTopblx K-ax 
(CM , Haupmep, Jollnnston: DiNArdo, 1997) nepaoe enaraeMoe B npanoii -1acm 
(2 26) 060911aua~~cn RSS (resrdual au7n of squares), a BTopoe - ESS (explawted 
surn of squares) 
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,@yrOk KpaI%H~ wIyqa8 R~ = 1 OSHaTIaeT T09HYW IIOAI'OIIKY' B C ~  

TO~IKH Ma6Jl10~eHd nexaT H a  perpeccnos~ao& npaivro* (nce et = 0) .  
Y ~ M  6nnxe K 1 3 ~ a ~ e n n e  n2, ,reM n y m e  K ~ Y ~ C T B O  rio,ttroHKH, f j  

60~lee TOgRo aIInpOICCNMGIpYeT Y .  HXIK~ B RtIaRe 3, I IOCBX~~~KFTOI% MHO- 
r n e ~ ~ s e ~ ~ o ~  perpeccm, MLI bonee IIO,X.POGHO OCT~HOBEMM Ha Ronpoce 
o 311a~enzx R2 npn oqeme xaZIecTsa perpeccnz 

/ I  

B ~ ~ H ~ M C X  K r e o ~ e ~ p r ? ~ e c ~ o &  zHTepnperaKzx perpccczq m pawe- 
na 2.2. &#Top Fz EBnReTCX op~oroam~HoI% npoe~qureR neKTopa y 
Ha BeKTOp a. B ~ K T O ~  eCTb OpTOFOHUIbIiaX npOeKqHR BeKTOpa y 
Ha njrOCKOCTb ( z , ~ )  (CM. p ~ c .  2.6). IIo TeopeMe o Tpex nepneHUMKy- 
n5IpaX OprOrOHWIbHaZ IipOeKqEn BrKTOpa 5 Ha BeKTOp 2 COBnaAa- 
eT C Fz. P~R~EICTBO (2.26) XBJlReTCZ TeOpeMOS n M & ~ o p a  AIIX n p -  
MOyrOJIbHOI'O TPeYrOJlbHXKit CO CTOPOHaMEI f j  - 7 2 ,  Y - y'&, e ,  T.e. 
\ I y  - F21I2 = lle1I2 + 1lj.j - Yzil?. IIO~TOMY 8: = RSSJTSS = cos2 p, 
PAe 9 - YrOn Me3CjX.Y BeKTOpaMPI (5 - y%) H ( y  - 7%) 



Caosa npeAnonoxuM, Y T ~  MH HBXO,~RMW B pamax a o p ~ a . m ~ o t i  nu- 
~elfnofi p e r p e c c u o ~ ~ o l  ~ o ~ e n u .  & (2.17), (2.21) ilonyraebl 

A 

b - b  -- - b - b  

a / m  
- N(0,l); 

A 

PWee M b l  IIOKa3&nU, 'IT0 s2 U b - He3aBUrJiMbIe CJry'Iailab~e BeJIUm- 

H ~ I ,  n o 3 m ~ y  no onpeAeneHum pacnpeAeJreririfi Quruepa u X-KwwpaT 
(npunoxe~ue MC, n. 3 (7,8)) nonysaeM 

- 

(2.28) 
~OJIYYIHHYH) F-CT~THCTUKY MOXHO IICIIOJIb30BaTb WIl IIPOBepKU 

~yJTeB0fi WllOTf3b1 Ho: b - bg = 0. n p ~  3T0h rHlIOTi23e CTaTUCTUKa 
(2.28) BblrJIXWT CJIewIOrqilM 06pm0~:  

ECJIH Hynesan runoTe3a cnpase,qnuna, TO 31ia~e1me F B (2.29) Ma- 
JIO. 06pa30~, M ~ I  mBepraeM HyneByIo r u n o ~ e . ~ ,  ccnu F npe- 
BOCXOAUT KpuTuYecKoe 3~aqeaue Fa(l, n - 2) pacnpeAeneHun @auto 
pa c napaMapaMu (1, n- 2) ~ ~ r s  B ~ ~ ~ ~ W I E I O I W  yposlia ~ H ~ ~ U M O C T U  a. 

CT~TUCTIIK~ (2.29) oco6enrio npOCM BblVJIR&HT A n R  VHlIOTe3bl Ho' 
b = 0 (cayviati OTCYTCTBU~ na~~ehlioa I $ ~ H K ~ U O H & ~ ~ H O ~  C B ~ U  MeXAY 
X u Y) .  IIpeo6pa3ys YUCnHTenb CJIeAyloWM 06pa30~: 

He y,?!,UBUTPJrbHO, YTO MaTIbIM 3BaYeHURM F (OTCYTCTBAB ~ H ~ ~ H M O R  
~ Y H K I ~ I O H ~ J I ~ H O ~  CB83M X U Y) COOTBBTCTBYIOT MaJlble 3HaYeHUX R2 
(~JIox~X artItpOKCUMZtQHR ABHHUX). 

I 
Hapam C Mf3lWnOM HaUMeUbluUX KBWaToB (MHK) BO3MOXeH U Apy- 

1 roff n o ~ x o ~  K ol \e~iu~arm~o n a p a ~ e ~ p o n  ~ru~efiaoro perpeccuoaaoro 
YpaBHeHUX no A a H b J M  aa6~110&e~nit - MWOJ( MCLI<CUMElJTbIiOPO IIpW- 
~onono6ua.  TOT MeTOA 6 y ~ e ~  PaCCMOTPeFI AeTaJIbHO B rJlaBe 10. B 
,q.wno~ pa3~ene MW P&CCMOTPUM ero npuMeHeiiue I< oqeHuaanuio na- 
paMeTpos n a p ~ o h  perpeccuu. 

l T p e ~ n o n o m ~ ,  STO MIA u q e ~  napaMeTpbr ~ o p ~ a n b ~ o t i  nuaefiltoti 
perpeccuom~ofi ~ o n e ~ u l  

Y t = a + b X t + ~ t .  (2.33) 
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M ~ e s  ~Ha60p H~~J I Io~~€!HB~ ' (X~ ,&) ,  t = 1,. . . , ri, M b l  MOXBM BO- 

n b l f l a T b c s  OTBWHTL H a  BOIIPOC: npu xaxux axauewwsc napa&&npoe 
a, b, u2 M O ~ ~ J L U  (2.33)-(2.34) se j~~rnnocma  nony~urnd shoni &60p 
n a 6 n ? o d e n z l d  n a u b o n a ~ u a ~ c ?  & Y ~ H M U  ClIOBaMH, KaKOBbl ~ a ~ 6 b n g e  B e  

PORTIlbIe  3 H a q e H r i X  I I a p a M e T p O U  MOAWIM, A W H O r O  H a 6 0 p a  ~a6am- 
A ~ H X ~ ?  

q~06b1 OTBeTUTL H a  3TOT BOnpOC,, COCT~BUM ~y?t%?~ulo ilpaedono- 
do6w (npano>~e~ae MC, n. 7), pau~ym n p o H 3 ~ e h ~ o  ~$~oT~ocreii 
BepOSITliOCTIl OTAWIbIiMX H & I O A ~ H U ~ '  ( M ~ I  C 9 U T a e M  UCe Et HC3aBUCIS 

M ~ I M U ) :  

7L 

L(Y~ ,..., Yn,a,b,g2)=p(fi ,..., Y,IXI ,..., Xn, ,a ,b ,d2)=f lp(~)  
, , t=l' 

- - (2r)-n12 u 2 ) -n/2 exp (-& E(Y~ - a - bxt)'), ( 2  35) 

OTM~TUM, YTO OqeHKHMaiKCUMaJIbHOrO II~~BAOIIOAO~IIS n a p a M e T -  

p O B  6 C O B n L l A W T  C Oqf2HKaMa MeTO&a : H a t i M e H b r u l u c  K B W p a T O B  - 
ahf~ = GLS, BMI; = boLs. 3 r o  n e r K o  B M A ~ T ~  a3 ~ o r o ,  TTO y p b ~ e  
HUX (2.37&) U (2.376) C O B n w W T  C COOTB~CTB~EOIU,HMU ypaBk3FlUSIMU 

, , ,  . . : ) , '  

M e T O A a  HE%?MeHb=PIX K B a a p a T O B  (2:2). O q e I i K a  ~ a ~ c u ~ a n b ~ o r o  X p a B -  

~ o r ~ o ~ o 6 s n  PSI u2 H e  c o a n a A a e T  c uZLS = C e:/(n-2), KOTOP~SI, K ~ K  

M b l  3 1 i M M  (CM. (2.15))> mJiSIerrI3l H e C M e ~ e I i H O f i  oI!,e~KI?fi flHCnfQCUM 
' O I I ~ H ~ O K .  T~KUM 06pa30~, 5hL = ((TI - 22)/lz)G&; XBJISIWCS C M e q e H -  

, ,  HOB, HO T e M  H e  M e n e e  c o c r r o x ~ m ~ ~ o ~ o q e ~ ~ o ~  u . 

np&i~ep.  AOXO~W C W b U . ,  B 3TOM IIPUMePe RCIlOnb3YKYPCX LmHHLIe 

RLMS2. nymb inc 0 6 0 3 ~ a q a e ~  peanb~h* AOXUA CeMbn, Expend - ee 
P e a n h H b I e  PaMOAbI. ,&la T o r 0  s m 6 ~  MCCJIeAOBaTb 3aBUCnMOCTb paC- 

xo~on  OT ~ O ~ O I T ,  ogeHW~ K O ~ @ @ U ~ U & I ' T ~ I  perpeccnn Expend na Inc 
u K O H C T ~ ~ T Y .  

,&TIX B c e x  T u n o B  ceMeH (xonarec~no ~ a 6 ~ n o ~ e ~ u t  3594) 

B CK&KW npUBegeHbl  CTaHAapTHbI(: 0 1 1 1 ~ 6 ~ ~  K O X ~ & ~ ~ E I ~ H T O B  P e r p e C -  

CUU. COOTB~TCTB~IOB.(H~ ~-CT~THLTHKEI PaBHbI 19.96 H 30.81, T.e. 

@ U ~ R ~ H T M  CT&TWCTUgBCKII AOCTOBePHO OTnBYaIOTCSI OT HYJIR. OAH~~KO 
3HaYeHHe ~03@@~qneli~@. AeTepMUHaqElEI R2 IieBWIUKO. 3.1~ 0 6 5 ~ ~ ~ -  
era, K o I i e w i o ,  pa3nopo~~oc~b10 ce~e t i  KaK no coc~any, T ~ K  a no ~ p y -  

\ rUM @ a K ' W p a ~ ,  TaKWM, KaK MeCTO IIPOXUBZUiBX, C T p y K T y p a  pitCXOAOB, 

'RLMS, Round VI - 0 6 c n e ~ o n a ~ x e  3781 cemn B Poccr&c~ofi Oe~epaqlln, 
n p o n 3 n e ~ e H H o e  WWIO 1995 r. COBMeCTHO ~ ~ C K O M C T ~ T ~ M  Pa, H n m y m ~  CO- 

Ipionorm PAH, MHCT~TYTOM 11nTati3iB PAMH n YHMBS~EHT~TOM C ~ B ~ ~ H O %  Ka- 
p o n u n h l  (9ane.n h n ,  CIIIA), &amble MOXHO R ~ T U  no aApecy: 
hbtp:jJvvu.cpc.unc, ~du/projeats/rlms/r&d~horne.html. 
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COCTaB CeMhH IT T. n. T ~ K U M  O ~ ~ ~ J O M ,  6 0 n ~  0~liOpOAHOfi B ~ P  

KU C ~ M &  M b r  BIlpaBe OXCUAaTh YBWIUYeHUn 3HaYeHUH K&&uI(H~HT~ 

nerepMuHaqm. 
Ann ce~eil ,  coc~oxqux m oAnoro yenonew (~onu-iecrno H ~ ~ J I I O -  

~ e ? l ~ a  509): 

Ewend = 3229.2 + 0.355 Inc, R2 = 0.39, s = 4567. 
(182 0) (0 0162) 

3na.ienue R2 ynennmnocb no cpmnerinm c nep~oil perpeccueil. nepe- 
X0.4 K y&WlbHbIM nZUIIibIM lTpUBOAUT K YMeHbUIeHUlO AMCnepCUW OUIU- 

6 0 ~  MOnfXH. 

2.1. Ha6n10~e~nx 16 nap (X, Y) ~8.m cr~epy~oqnc p m y n b ~ a ~ b ~ :  

2.4. P~CCMOTPAM MOAWIb Yt = ( Y + P X ~ + E ~ ,  rpe omu6an XBJIHKvrcn He3alnl- 
CUMblMH OmHaXODO PaCIlpeAeneHHbTMH HOPMaJlbHblMU UIy'l&llbl~U B m -  

qnawu. n o ~ e u y  Ann ouelmaamx napaumpos nenbsa npnMeHnTr. ~ m p  
IiaUMeHbUIUX KBZJJ$~TOB? B ~ I B W U T ~  YpaEHeHlle &JlX OUeHOK MaKCHMMbHO- 

1x3 npae,qono~o6ua. 

2.6. ~a8nca&lan nepeMeHuaa B perpeccnu yi = a+PXi + ~ i  pa36usaew.x Ifa 

ABe KOMnOHeHTbI: = Yli + Y2i. P~CCMOTPYIM ABe perpeCCUU ma KOMnO- 
H ~ H T :  Ki = a1 +PlXi +EM u Yzi = a 2  + h X i + ~ ~ i  A o ~ m u ~ e  eJleNlouqne 
c_o(yPH-oureEun nns MHK-oqeao~ napaMeTpoB Tpex perpeccutf: i*̂  = 6, + &; 
P=P1+P2. 
2.7. Ypas~enue Yi = a: + PXi + si o q e l ~ u ~ m x  M~TOAOM HaUMeHbUIUX 
urn-ams. OCT~TKH perpeccnu p a n w  ei, yj = Yi - Y, xi = Xi - X, - 
$ - - Y. I - Y - w ~ n o ~ e ~ u r r  OT c p e ~ ~ n x .  A o ~ u T ~ ,  YTO a e ~ y ~ o q u e  ~ e p ~ r  
KaYeCTBa UOArOHKU COBna,AaloT: 



BblYnWIllTe WIe,DJIO~He BWlUYUHbI: 
a) K O ~ & & U ~ U ~ H T  A A ~ T C P M I I H ~ ~ U U  R2 B perpecan Yt na Xt npn Hannwvr 

c ~ o 6 o ~ u o r o  w e m ;  

6) KOB$&MUU~HT AeTBpMNHaYIlU R2 B PePpecCllM Yt H a  Xi npn OTCyT- 
CTBUA coo6o~noro uneHa; 

I') KO~&&WW~HT AeTePMUH~ilU Ra B PePpeCCKU yt Ha Xt IIpn OTCyT- 
c ~ s m  c ~ o 6 o ~ u o r o  meea. 

B) I Ipmepb~e TeopeMy raycc-Mapuosa, c p a e n ~  nonysennym m c n e p  
cnm oqeHKa p c nucnepcuefi M H K - o ~ e ~ ~ m  02/ Cr=l(Xt - XI2. 

2.14. Me~e.qxep HOBO& re6ypemo8 He yeepw B npaevwmnomu srJ6pan- 
no% q e m  aa ue6ypem, n o m ~ y  n ~e~reei te  '12 HweJm OH napbnpya qe- 
Hy U 3anUCbIB&eT KOJlWYeCTBO I l p O n a H H h M  ne6ype~o~ .  ~ o J I Y ' - I ~ H A ~ E  AWHbIe 
npEIBeAem1 B ~a6nnqe 2.1 (t - eoMep aenenn, qt - KonnrecTBo n p o ~ a n m x  
ue6ypeuon. rn - qena OAHOM qe6yperca (py6.)). 

a) O x e ~ u w  napaMerpu ~ o ~ e r r n  



PAe Wt - YpOBeHb 3apa60THofi IJJIaTbl, 6wt = 100(wt - ~ t - ~ ) / w t - ]  - TeMn 
p o c ~ s  3apnna~m (n npoqen~ax) n uc - npoxenT 6e3pa6o~nblx B t .  Te- 
opm n p q n o n m ,  YTU PI < 0 a Pz > 0. 

kicnonb3yfl Aannue ,qnx cTpmbI u3 T & U ~ M  2.2, oTBeTh& n s  cnenyro- 
q n e  Bonpocbl: 

a) Haitqn~e oqenKn ~<oaQ,+uunen~on ypmnemn H npoBepbTe nmnxtne 
3kiaqEX~Ofi CBRall M e w  6~ II U. 

6) HaSi~nTe oec rec~~e~nbI i l  ypoBeHb 6e3p&'H~bI*, T. e. TEIKo* ypoBWb 
6e3pa60Twgb1, npa KOTOpOM 6~ = 0. 

2.17. B ~a6nnqe 2.3 npencmeIib1 p m o ~ b ~  Ha arpernposannoe no~pe6- 
neme Y n arperupooa~nbrti p a c n o n a r a e ~ ~ t i  ~ 0 x 0 ~  X B se~ompofi  nasxno- 
Ii&ltbIiOfi 3KOEOMAKe U TeYeHHe 12 n W  C 1986 no 1997 r. 

a) ki306pXiEfTe I.P~~&~('I~cKu 38BEiUIMOCTb Y OT X U OyIpl?,4eJIWle, ecTb 
nn npn6nuxe~nm nnlreltnm 3 a ~ u c u ~ o c ~ b  Y crr X. 

6) Bb~vnc~~aTe napnyxo PerpCccuIo arpernpoBannoro I I O T ~ ~ ~ J I ~ H H ~  Y Ha 
X no AZlSIHbIM, IIpeACTaBJIeHHbIM B ~ a 6 a a q e  2.3. 

B) B b ~ ~ n ~ n n ~ e  s=, .a, S Z .  
P 

Ta6nuqa 2.3 

~ O A  t yt xt ~ O A  t yt xt 
1986 1 152 170 1992 7 177 200 
1987 2 159 179 1993 8 179 207 
1988 3 162 187 1994 9 184 215 
1989 4 165 189 1995 10 186 216 
1990 5 170 193 1996 11 190 220 
1991 6 172 199 1997 12 191 225 

2.18. P a c c ~ o r p a ~  perpeccnro, nocrpoennyto B ynpaxaeenn 2.17. 
a) C&OPMY~~UPY%T~ HYJleBYIO (OCHOBHY~O) M &IIUl.ePHaTYIBIiYIO I'HIIMe3hl 

npM IIpOBepKe C T ~ T H C T H Y ~ C K O ~ ~  3HaZIMMOCTII KO~@@WH~ZITOB perpec- 
cua. 

6) K a ~ o e  pXnpenf3IeHXie AMelOT Ol&eeHKLI 2 I4 @ 
B) K ~ K W  PaCl'IptXeTleHUe kiCIIOSlb3yeTCH IIpOBepKe C T ~ T A C T T ~ Y ~ C K O ~  

3 H a H M O C T M  LY I4 P? 
r) Y e ~ y  pmno ~rnwro c m e n &  CBO~OJW? 
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e) n 0 ~ ~ p o Z i ~ e  95%-H& A O B ~ P H T ~ ~ T L H ~ I ~ ~  U H T e P B a n  AJIR K O . J ~ & U ~ ~ ~ ~ T O B  

a u p B perpeccuu ynpaxwexiux 2.17. 

2.19. Dana M o n e n b  napno% perpeccuu Yt = a + PXt + et. t = 1,. . . ,n, 
AJIX KOTOPO~~ BbInOJIHeI%bl CTaHAapTHbIe  YCJIOBAR K J I ~ c c w ~ ~ C K O R  nu~eiinok 
M O A W .  M~BBCTHO, Y M  n = 2m. Bce M>IO>KeCTBO l l .a6nloAeanf i  (&, Xt)  P a -  
6 m  H a  me rpynnw a u b no m ~ a 6 n m ~ e r i a k  B ~ a m o f i  rpynne. 0603~a- 
S U M  xa,fZibrYn,Fb B L ~ O ~ O Y H M ~  CpeAHUe H ~ ~ J I I O A ~ H U ~ ~  X, Y DO P p y n n a M  

5 b, C F B e T C T B e H H O .  B KaYeCTBe OaeHKU n a p a M e T p a  0 6epe~en B e J o l W I I a  

p = ( Y o - T i , ) / ( ~ a  -FL). 
a) H&nwfe ~(2) u ~ ( p ) .  

2.21. npo~eneabr me perpcccuu: 

r e  xt = X ,  - X .  - 
a) no B3BeCTEIbIM M H K - 0 q e ~ K a M  6, p I I a p a M e T p O B  a, 0 R nep~0a  PC+ 

rpeccnu IraCIjxn~e MHK-O~~HKU 2, n a p a M e T p o B  a', p' BO ~ ~ o p o f i  
perpeccun. 

6) H- COV(Z', 3). 

MaCCa AOXOA I M W C a  AOXOA 

1981 2.0 5.0 . 1986 4.0 7.7 
1982 2.5 5.5 1987 4.2 8.4 

a) llpore,qme perpwcuro aar~uouwrbnom A o x o A a  (Y) H a  A e H e x H y r o  

M X C y  (X) U KOlICTaHTY. 

B~opoB Ul!CJIeAOBaT€?JTb C'IUTEie'C, S T 0  B e W B b I e  K O ~ @ @ R I ~ ~ ~ H T ~ I  n e p B 0 f i  U 

B T O p 0 k  OqeHOK ~b l6pa~bI  H€!!&@~KTUBHO, U MOXHO nOCTPOWTb HeCMel4eH- 

H1)'IO OUeIlKY C ~ e l i b I U e %  A U c n e p c H e f i .  Hay=IHbl% p y K O W A n T U b  3m UCWIe- 

A o ~ * l W I e f i  Y T U e p W ,  YTO OH 3 H W  cnoco6 elqe yJIy=ImUTb 06111y10 OUeIIKy. 
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a) KtlKy10 OUeHKy I l p ~ & X a P k E T  HCIIOJIh3OBaTh BTOPOR W C W ~ A O B ~ W I ~ ?  

6) Kay10 OIleIIKy I rpeJWaraeT flCIlOJm3OBaTb Hay9HblB P Y K O W ~ ~ T ~ J I ~ ?  

O u e ~ u w  yJ lyCIueHHe m w o c y n  oqeiro~ nn. a), 6) no c p a r m e t l u l o  e ouen- 
K O ~  p. 
2.24. ~ I ~ ~ ~ O J I O > K H M ,  YTO M O A M ~  Yt = n + PXt + E C ,  t =, 1,. . . , n, y n o i m e -  

TBOpffeT YWOBARM w m n Y e c ~ O R  pereeccuu. nycm Z, p - ouenai MOM- 

Aa HFS3MelibIUHX KE&LlpaTOB. O Y B H K ~  f l  nMY'leH& n0 M C l W J '  BaHMeHblUWX 

nsmamn npu n o n o m n ~ e n ~ ~ o ~  (soo6qe ~ e o p a ,  nenepno~) I I ~ ~ O J I O X ~ -  

limn, 9 T O  n = 0. 

a) HaknTe MHKdqenny 3. IIpu m n x  YC~OBMIIX OW x m n m  Hechce- 

qenno3 oqen~oll n a p a M e T p a  f3? 

6) Hafi,!(&i~e mcnepeuzo oqemn 3, cpmnme ee c nucnepcuen oqennu P. 
B) O~CYAHT~,  KaKyIO U 3  AEyX OIJeHOK JIyWIIe UCflOJlb30BaTb. 

E C T ~ C T H ~ H H ~ J M  06061qenue~ J I u H c ~ I ~ o ~ ~  perpeCC110HHOfi MO,qWA C my- ' MII I IepeMeHHhIMH (CM. II. 2.3) RBJIXeTW &%O~OMep%f28 peZpeCCuO94lrafi 

I ~ o d e n a  (multzple regresslola model), HJIU aod&a u n o x e c m e e ~ ~ o d  pe- 
zpeccuu: 

rAe xt, - s~aqe~urr  perpeccopa xp B ~aGnm~ewrn t, a xtl = 1, t = 
1,. . . , n. C y Y e m M  m r o  3 a ~ e ~ w m n  M ~ I  t l e  6y,qe~ Amee pamma~b  
MO,4WIU B U A a  (3.1) CO C B O ~ O A H ~ ~ M  %WHOM 6e3 C B O ~ O A H O ~ O  YJICHa. 

r u n o ~ e 3 ~ 1 ,  nexaqne B o c n o B e  MOA~JIM M H o x s e c T B e n ~ o f t  perpeccm, 
XBJIIIloTCS eCTC?CTBeHHbIM 06061qe11ne~ MOAWlU ITapHOa perpeccun 
(CM. n. 2.3): 

1. yt = Plxtl+ &xt2 + . ', + Pkxtk + ~ t ,  t = I,. . . , n - cnewbu- 



3 ~ .  OmU6KU Et,  t = 1,. . . , 12 MMeIOT COBMeCTHOe HOpMWIbHOe PBX- 
rrpeAenenae: st - N(0, u2). 

B 3TOM CJIYYaR MOA- HWbIBtWTCII H ~ P M I w ~ ~ % O ~  JIUHC&LO~ PC- 
zpeccuouuod (classical normal lrnenr regmssion8 model). 1 

~ A I X O T I X ~ ~ I ,  JI€XWIIf3 U OCHOBe MFIOXeCTBeHH0fi perpeccaa, ~ ~ 0 6 ~ 0  
3aIIUCaT1 B M ~ T P T P U Y H O ~ ~  b p ~ e ,  KOTOpa% rnaBHbIM o6pmo~ U 6 y ~ e ~  
HCnOJIb30BaTbC% B AMbHeheM. 

~ Y C T ~  Y 06m~a'1m 12 X 1 MaTPUw (se~mpc~o~16eq)  
( ~ 1 , .  . . ,yn)', P = (PI,. . . ,&)I - k X 1 BeKTOp KO~C$C$M~U~HTOB; 
E = (€1, .  . . ,E,)' - n X 1 UeKTOp OIIIU~OK; 

K ~ K  u B cnysae perpecmormoro YpaBHeRHR c 0 ~ ~ 0 %  nepe~ea~ofi  (CM. 
n. 2.2), qfUIblo MeTOAa -eTCSl B U ~ P  BeKMpa OqeeNOK P,  MUHUMH- 

3UpyIOqePO CYMMY KBaJ(paTOB OCTEtTKOB et (T. e. KBamaT AJIUHbl BeK- 
Topa OCT~TKOB e): 

A 

e = g - D = y - X P ,  ~ ~ ~ = ~ e : = e ' e + r n i n .  

Bbtpa3u~ ere sepe3 X a P: 
ere  = (y - xp) ' (y  - x p )  = y'y - y r ~ 6  - $Xry + 8 r ~ ' ~ @  

= yly - 2prx1y + prxtxp. , (3.2) 

Heo6xoqn~b1e yCJIOBM% MUHUMYMa ESS IIOJIYYaIOTCR mC$@epeH- 
WpOBatlUeM (3.2) no BeKTOPY (CM. (JIA.22), (JIA.24)): 

BESS +. 

--, = -2X'y + 2 x t x p  = 0, 
aa (3.3) 

OTKyA8, YYUTbIBF3S O ~ P ~ T U M O C T ~  MaTIIUqbI X'X B CWIY YCJIOBMR2 
(npUJl0ke~Xe JIA, nilo), HaXOAIIM OLI~HK~"M~?TOJ(~  H W M ~ H ~ U I U X  

KB-aTOB: 
1 ,,, BOLS = ( x r x ) - l x ' y .  , - ' ,  (3.4) 

(Cpasmi~ec auanoru~~aB 4op~yno i  (2.8), nonysermoi AJIR perpec- 
cuomoro ypaBHen,ux c OAIIOP nmaBucu~o~ nepe~enno4.J 

D o ~ a x e ~ ,  qm, =K u B myqae oworo perpekcopq, (3.3) p 3 ~ a ~ a e ~ ,  
q T O  BeKTOP OCTaTKOB e OpT0rr)HWIeH BCeM He3aBHCU,MblM IiePeMeIlFlblM 1 # ' "  

x i r . .  . , ~ k  ( C T O J I ~ ~ ~ M  M~TP-I X) .  Ymo~ue x:e = . .; = . x'e . .k = 0 
1 ; , FJKBXBWIeIITHO p a ~ e ~ ~ ~ ~ y  Xre  =.a. A ~ ~ T B A T w ~ H o ,  

X'e = X((y - xB) = X'y - X'XB 
. ~ = X'y - x ' x ( x ' ~ ) - ' x ' ~ , =  0. (3.5) 

~ O J ~ Y Y E I M  IIOJI~A~HYIO B A W I ~ H ~ @ I I ~ M  &O~MYJIY AlfR CYMMIJ KBW- 
pamB OCT~TKOB 

ere = y'y - 2 3 ' ~ ' ~  + ~ 'x 'xB 



* 
Tozda oyema ucmoda wawexewux xeadpcmoe goLS. = 

(XtX)- 'Xty  - aenAcmcA xauboaee ~ e x m u e w o t i  ( 8  cuatuarz xau- 
uen~tuetl ducnepcuu) oyexxotl emacce nuxel ln~x (9x1 y )  xerneqerr- 
x w  oqexox (Best Linear unbiased Estimator, BLUE). 

A o K a 3 a T e n b c T B 0. 0603~aYU~ A = (X'X)'A!lXt, 
BOLS = Ay. JIro6yro Apyrym jmr~e&~m oqenKy seKmpa napa- 
M ~ T ~ O B  p MOXHO 6e3 OrpaHuseHurr O ~ ~ ~ I O C T A  npeACTilBUTb B BUAe: 
b = ( A  + C)y ,  rlie C - neKoToparr k x n hnaTpuqa. 

1. nor tame^,  TO MHK-oqeu~a (3.4) x w x e m  H e c ~ e q e ~ ~ o 8  
01le~KOfl p: 

E B ~ ~ ~  = E  ( ( x ' x ) - ~ x ' ~ )  = (XtX)- lXtE(y)  
= ( X " x ) - l x t ~ ( X p  + E )  

(3,4e~b M b l  RCIIOJIb30B&nU CUMMeTpUgHOCrb MWl'pMqhl, X'X U CBOB- 
CTBO MaTPYlWI KOB~PU&I~UR (h'fc.9)). 

3. Hcnonwyn nonytreHHoe mure paaenc-mo C X  = 0, nony.iaeM 

l'. K. C X  = 0 H 'AX = I .  BWYUCRUM TOnepb MaTpUlIJ K O B ~ ~ U W U ~  

BeKTOIXl b: 

V ( b )  = E ( (b  - p)(b - P)') = E ( ( A  + C)ect(A + c)') 
= ( A  + C)U'I(A + c)' = U~(AA'  + C A I  + AC' + CC') 

= u2 ( ( ~ ~ X ) - ~ x ' x ( X ~ x ) - ~  +. cx(xlx)-I 
+ ( ~ ' X ) - ~ x ' c ~  + CCt) = o2(x1x)- '  + a 2 c c t .  

Ma~puqa CCt aeoTpuiiaTenbao onpeAeJleIIa (npw~oxe~ue  JIA, 
n. 15), n o m ~ y  

V(b) 2 ~ ( P 0 , s ) .  (3.9) 



e = y - Q = y - ~ p = y - ~ ( ~ ' ~ ) - l ~ r l l  

= (I - x ( x 1 x ) - ' x l ) y  

= ( I  - N ) y  = M y ,  M = I - N = I - X(X'X)-~X'. (3.11) 

~ P U  BbIH&e (3.17) MI,  ETCnOJIh30BWIU (3.15);- (3.16), CBOBCTBa UIe- 

f! Aa MaTpnqbI (rrpunoxe~rie BA, n. 9), a Tame cooTtIomenue 

2 - -2 ere Ee? 8 - g  =-=-- 
n - k  n - k  

nrank(M) = rank(I-N) = tr(I -N)  = n - k  (pmr yqeMnowen~Hofi 
MaTpuw paBen ee c n e ~ y  (npznoxenue JIA, n. 16)), TO no neMMe 
(npunoxceuue MC, n. 4, N8) pacnpeAerreHue 



K ~ K  U B CIIyqae p e I ' p W ~ U 0 ~ ~ 0 f t  MOAMU C OAHOB H C ~ ~ ~ B U C U M O ~ ~  I l epe -  

M ~ K H O ~ ~ ,  BapMrtUHlO x ( y t  - 8)' MOXIIO p a 3 6 U T b  H a  ABC YaCTI :  06%- 
SiCHeHHYIO PerPeCCUOHHbIM YPaBHefIXeM U H ~ O ~ ' ~ X C ~ ~ ~ I H Y ~ O  (T. e. CBX- 

aarr~yro c o m u 6 ~ a ~ u  E )  - CM. (2.25): 

urn B B ~ I < T O ~ H O B  4 o p ~ e :  

(Y - ~ z i z ) ' ( ~  - Yz) = (Y - G)'(Y - B) + (3 - @)'(D - 8%) 
- 1 -  + 2(y - Y) (Y - @). (3.24) 

Tpm~e  c J r a r a e M o e  B (3.24) pamo ~ y n r o  B my~ae,  e c J l u  KOHCT~II- 

T a ,  T. e. B e m o p  z = (1,. . . , I)', n p r ? u a f i a e x u T  nulietisofi O ~ O J I O Y K ~  

B e m o p o n  21,. . . ,xk .  B c a M o M  gene, 
A 

- 1 -  ( y  - Y) ( y  - P) = e 1 ( x 3  - 8%) = e'Xp - get% = 0, 

Ilu - = I I Y  - Ql12 + llg - gzIl2, 
TSS ESS RSS 

ESS e'e Q:Qt RSS ~ 2 = 1 - - = 1 - = - -  -- 
TSS 

(3.27) 
YLY* u:u* TSS' 

OTM~TUM, TlW KO~&@HQU~HT R2 KOPPeKTHO OnpeA&7eH ToJlbKO 

B TOM WlYYaR, WJIU KOlICTaIlTa, T.e. BeKTOP 2 = (I,. . . , I)', npUHa,L(- 

n e x m  nu~ef i~o t i  060~1owe B e K m p o e  21,. . . , x k .  B y r o ~  w ~ y ~ a e  R2 
n p u m M a e T  3 ~ a ~ e n u n  u3 un i epma  [O, 11. 

Km@&uquea~ R2 nOK83blBaRT KarIeCTBO IIOWOHKU pel'peCCHOH- 

H0tf MOAeJIM I< U ~ ~ J I I O A ~ H H ~ ~ M  3Hac1eHUffM Yt. 
Emu R2 = 0, m perpeccnst y H a  sl , . . . , z k  H e  y n y Y r u a e T  K a s e  

CTBO nPeACKX3aJlUSI Yt I10 CpaBl3eHUH) C TpUBUanbHbIM IIpe,L(CKa3alXUeM 

fL=g. 
&yroB  paf fir^^ m y s a  R2 = 1 o 3 ~ a ~ a e ~  TOYHYIO n o A r o H K y :  

~ c e  et = 0, T. e ,  oce TOYKU ~dnmaesuf i  y A o M a n o p u l o T  ypasnreaum 
perpeccuu. 

B KaKOfi CTeneHU AOnyCTIlMO UCIIOJIb30BaTb ~pnTepuR RZ AJIlr Bbl- 

6opa M e X W  HWKOnbKUMU PErPeCCUOHIIbIMH Y ~ ~ B B ~ H U B M N ?  CJle,LlJ'- 
~ o ~ q u e  ma sa~esa~rus~ n o 6 y ~ m ~  H e  n o a a r a T b c s t  monano H a  ssaue 
sue R2. 

1. R2, B O O ~ U ~ ~  IWBOPII, B03Pi lCTaeT npu ~06we11uu  eye OJ(HOI'0 

perpeccopa. 

. , 2. R2 ~ M ~ H I I ~ T C R  Gaxe npu npoc'~fiarue~ npeo6pa3o~anuu 3mu- 
c u ~ o f i  nepe~ensofi (CM. n p u M e p  B K o a q e  pmp,eJIa ,  c ~ p .  76), no- 
3TOMy CpWHMBaTb  no 3HaTeHUlO R2 MO>l<*IO ToJlbKO P e l p e C C U U  

C O&UUaKOBLIMU 3aBUCUMLIMH IlepeMeHHbIMU. 



Ecna B3JITb YlCnO peTpt?CCOpOB pa5HblM SUCIIY H~~JI IOA~HHP,  BCe- 

rAa MOXHO AO~UTLCFI TOl'O, 'IT0 R2 = 1, HO 3T0 BOBCe He 6 y m  03Ha- 
r a m  aanmne co~ep~a~en~aoIoi l  (u~emqeit  3xo~o~uqec~Mil  c ~ u c n )  
3aBUCkIMOCTH Y OT PeI'PeCCOpOB. 

I I O ~ T K O ~ ~  y c z p a m  ++~KT, cnnsauablti c p o c r o ~  RZ npu 80%- 

pac rd~ua  racna perpecwpos, asnseTcR ~ o p p m q a n  R2 Ha r~acrro pe- 
rpeccopos. Cxoppexmupoeaxnw (adjusted) R2 I I ~ L I B W C F I  

B OIIpenC3T€SBO& CTeIIeHU UCIIOnb30BWHe CKOppeKTUpOBaHHOrO 
K O ~ & @ U ~ ~ H ~ A ~ T ~ P M U H ~ W & W U  RL, 6onee KOppWTIlO AJrR CP&BHeHMX 
perpeccua npa M ~ M ~ H ~ H W U  Kona¶ema perpecwpoz. 

Hanpu~ep,  PaCCMoTpaM ABe MOAWIK: 

1. y = X p + ~ .  
2. Z = ~ - X ~ = X ~ + E .  

ere 
~ ! = l -  e = My, M = I-X(XIX)- 'X' .  (3.29) 

C ( y t  - B ) ~  ' 

I I o ~ c r m a e ~  ~os@@mpiea~ AeTepMmaqun R2 AJIR ~ m p o t i  MoAe- 
nu. O ~ O ~ H ~ Y H M  6 = (1,0,. . . ,O)' - B~KTOP-CTOJI~~U; TOrAa X d  = XI. 

Ma~puqa  M OAHa U Ta Xe AJIR 06eax MOAmeti, TaX KBX B HMX OAUH 

a T[YP xce ~ a 6 o p  perpeccopoa. OCT~TKU BO ~ ~ o p o i  MoAenu p a a m  

(MU UCDOnK3OB%lU (3.14)). %KUM 06pa30~, OCT&TKU B 06em M O A 5  

I = 1 - e'e 
i (3.30) r; C(* - "I2 ' 
I '  

?> (3.29) U (3.30) OTJIU¶aEOTCFI WJIbKO 3HaMeHaTeJIBMII y:yt U z:%.; 
, 

' (3necb y, = Ay, z* = A r ,  XI, =  AX^, me  A - n x n MaTpuqa 
B3RTIlR OTKJIOHeMlSI OT CFAHerO, A = I - %'al/n). kI3 (3.31) BU,4iO7 

'1TO K O ~ @ @ U W ~ H T ~ I  AeTCPMKflaIXIIEI, ~ 0 0 6 ~ q e  TOBOpR, He COBIlaAaIOT. 

OU~HKB K O ~ @ @ Y I ~ U ~ H T O B  ABYX perpeccllfi CBR3&WI eCTeCTBWHblM CO- 

OTHOIUeHUeM: 

' i 
I  TO U J I ~ ~ U I ~ B :  y 9? 

t!,, 
:,,' ' 

' B. KaqecTse a ~ a q e ~ &  ~ ~ B M C Y I M . ~ ~ ~  n e p e ~ e ~ ~ o a  B MoMeaT t MLI MoxeM 
,,.! , r ;  

trll ucnon~30sa~b yt una, HanpwMep, npornop 3b.  Ma~pziqa ~ o ~ a p a a ~ ~ i i  
,:, 11;. 
, ' .  semopa y no ycno~um ~ o ~ & a  pmHa V(&) = u21,. Ma~puqa KOB* 

% '  paaquti BeKTopa npor~osa  panaa 

V(9) - V(3) = u 2 M  2 0,  ana V(y) 2 V 8 ) .  (3.32) 



Omo,qa n o n y r a e M  (CM. npnnoxemie MC, n. 3): 

ijoLs,i - pi - (P0~s.i - P d l I u p ,  
t = - - t(n- k). 

S& R I ~ &  (3.34) 

nmsercrr 1 0 0 ( 1 - ~ i ) % - ~ b 1 ~  doolepurnenbnw urrrnepsanont ma H ~ H -  

HOlW 3HaWHWII  KO~@@XI(M~H'I% PI,  r A e  tc = tUl2(n- k) - 100(a/2)%- 
I I aR  T O W  p Z U p e A e J l e H U H  C T L ~ ~ A ~ I I T ~  C n k CTeneHZMU CBO~O&H, 

\ 
1 .  ,&ITS TeCTUpOBaHWSl HyJleBOil M n O T e 3 b l  Ho: Pi = Pa, T a m e  MOXHO 

I lpHMeHBTL CTaTHCTHKy (3.34), a UMeHHO, IiyJIeBtlS l 'UDOTe3a OTKnO- 

1: HReTCrr 118 YpOBlie  BHaYWMOCTN Di, eClIM 

IIpoeepm zunomeaar Ho: & = & = .. . = & = 0. npemo- 
JlOXHM, YTO B YUClIO pe IpeCCOpOB BKJIIOseHa KOHCTaHTa ( C B O ~ O A H ~ I R  
wlea): yt = A + h x t z  +. . . + Pkxtk + &a. Hynenm runo~e3a coc~ovr~ 
B TOM, YTO KO~@@WH~HTLI I I p H  BCeX PePpeCCOpaX P&BHbl HynlO. 

P a c c ~ o ~ p u ~  C T ~ T U C T U K ~  ' 

R2 n - k  RSSn-k F = - - = - -  
1 - R 2 k - 1  ESSk-1 

K ~ K  MH n o w m u  panee, 311a~ena~en~ B (3.35) n M e e T  pacnpeae- 
1 

nenne P X a ( n  - k). 
n - k  

," A 

B C ~ M O M  ,qene, 3 = XP = N y ,  rAe N = X(XIX)-'XI - onep* 
TOP OpTOrOH~JlbUOrO IIPOeKTUPOBaHUII Ha TfOAnPOCTPaJxGTBO ?r, nopo- 
XWlcneHHOe BeKl'OpaMX X I , .  . . , Xk. OIIepZUJHIO B3BTUX OTKJIOHeBEIn OT 

CpI?AHelW yt - MOXHO 3WWCaTL B M a ~ ~ ~ Y l i O f i  @0pMe:  



, . ' ' + , ' .  ,.k\, - , .. 
'R2 n-k  &s.-k  $&J(,k-$Ji,, FT"--~--̂ = 

1 - R 2 k - 1  . m : . k - 1  &e/(h-k)  
- F(k-  1 , ~ -  k) (3.36) 

.. 
O ~ c m ~ a  nmysae~, IITO - r N N ( H P  - r , X ) ,  r e  X - 

: g x q' MaTpasa kl z = V(HP - r )  = V(H& = HV($)H' = 
~?&(X'X)-'H'. kf-, 

~8 - T - N ( H P  - T , ~ ~ H ( x ' x ) - ~ H ' ) .  (3.37) 

no n e M M e  (npllrroxemie MC, rr.4, N9) 1x3 (3.37) npn ycmnsin 
cnparlegnusomu rtinoTe.bl Ho: H P  = T ,  nonysaeM: 

- T) ' (H(x , Ix ) - I  HI)-' (HB - s) xa(q).. (3.38) 

.. 
413 (3.81) U (3.38), MCIlOJIb3YR H ~ ~ ~ ~ B E I C I I M ' O @ ~  @ U e, IlOJIyrIaRM: 

. - 
( H B  - ry(k(k~)-iH')-l(~fi - ,~r ) /q '  - F(q, n - k). (3.39) 

e l e / (n  - k )  

CJIM cnpasegnzna l&lOT& Ha: HP - T = Q,,,T? IX&&CTHK~ 

.39) rie goaxma l rPuHnMam,  wumKoM 60nb1nnx 3 ~ a q e ~ u & ,  a 
, c ~ q m a o @ b m  1-a uMeeM F < Fa(q,n-I?), r & e  Fa(qrn-k) 
@%=an Tows pacnpeAenmxst & m m 6 p a  F(q, n - k). . . .  
h),- (3.37), CHOBa I%CllWb3ySI H@3aBHCHMOCl'h 8 U e ,  IlOJry- 

. . 

( j 3  - P ) ' H ~ ( H ( x ~ x ) - ~ H ~ ) - ' H ( ~ ~  - @)/q 
e / d / t d - k ) . .  ' ,  

N F(q, n - k).  

. . , , (3.40) 



Y c n o ~ ~ e  F < F,(q, n - k) 3a,qm 100(1- cr)%-~ym dosepumena- 
my70 06aumb K O ~ ~ $ ( ~ ) ! ~ U U ~ H T O B  P. 

T ~ K  KaK B 9UCJIATWe (3.40) CTOAT IieOTPUqaTeJlbIIO O n P e A e j 3 e H H t  

KBaAPaTUYHaR @OPML OT Pi, TO 3 T a  AOBePUTeJIbHW 0 6 Z a ~ ~ b  RBJIScTCSl 

BbInyKJlblM MHOXeCTBOM. 

B CJ iyYW H = I LTaTUCTUKa F B (3.40) BbIVJISjWT CJ IeWIOUUM 

06pa30~: 

= [Qn 0121 

Qzi Qn ' 
11 ~ 1 2  

-1 - Q Q - [Q21 @2] l- 

B 3THX 0 6 0 3 ~ a Y e a ~ R ~  YUCJIUTeJIb ~ p 0 6 0  B BbIpWKeHUki (3.40) &JIX 

F npa ~CJIOBUU, YTO B e p H a  H y n e B m  runo~eaa Ho: P2 = 0, n M e e T  BW 

3 ~ e m  ~epe3  M1 0 6 0 3 ~ a ~ e ~ a  M a z p z i q a  o p ~ o r o n a ~ l b ~ o i ' ~  I IPO~KT~XD- 

smun Iia n: - ~ ~ o r o ~ l a n b a o e  R o n o n H e n u e  K n q q n p o e T p a H q , B y  ?rl 

B Rn (nopom~e tmo~y  k - q c~osr61la~u M a T p n w  X I ) .  npx B~IBO- 

(3.41) MH n c n o ~ r b 3 o $ & i 1 ~  . . ,@bpd;ryi$ @~.l'87: = 
I . ,  ! '  . . . . , Q22 - 

Q21~;;~ iz .  
a o ~ a x e ~  T e n s p i ,    TO (5.41.7 3pa~db'e*'e* - be ,  rie e* - OCT~TK$ 

(KOPOTKOB* perpeccu~ ( T ~ ~ K O  , @ a - X I ) ,  , a :  e - OCT~TKH ~AJIUHHOB+ 

perpeccarz (aa X = [ X I  X2]) , .B  cauox Arne, : ; 

. ~ & .,, ,. . . , 
, .  . . . ,  

(e*'e* - ?e ) /q  ( . E $ s ~  - E S S & / ~  F =  -. - 
. e l e / ( n  - IC) - Flq, n,- k). =(3.44) 

ESSnR/(n,- k)' 



3 ~ e c b  ESSR - CYMMa K B W a T O B  OCTBTKOB ~KOPOTKOBO ( E S ~ C -  

ted) PeI'peCCUFi; ESSun - CyMMa KBanpaTOB OCTaTKOR U,&U~HHOBB 

(unrestricted) perpeccnu. 
K ~ K  U PiwIee (CM. (2.32)), F-CT~TUCTUKY (3.44) MOXHO Bblpa3WTb 

.repa ~oscjxjmqnmmbr AerepMuuaquu R2 Ann ~KOPOTKOB, w uAnuIi- 
H O ~  perpeccuk 

(npa Bmone (3.45) ncnonb3ye~cz onpe,qmeHue RZ (3.27) n TO, YTO 

TSSuR TSSR). 

B W M  cnyrae a~~~nes io f i s  perpeccaen srenaeTcrr perpeccus 6e3 
orpa~usenuit Ha napaMeTpb1 P, a UKOPOTKOB* - perpeccxn c orp& 
liRW?HU%MH HP = r. m K  UpM 3TOM COCTOIlT B MaHaMu3aIJ,CiM &YHK- 

qau ESS (3.2) npa ycnoann HP = r .  

Ho: c'p = 0, ,c - k x 1 seamop. 3 ~ a  rxno~e3a .raxxe ssnsreTcrr yam- 
H ~ I M  a y q a e ~  064eB n u ~ e l t ~ o R  r n n m b I  HP = r 1 x k MaTpuqu 
H = c'. C ~ ~ T B W C T B ~ H H O  An% lIpOBepK%i rHIlOTWLl MOXHO EICIIOnb30- 
BaTb F-CTBTUCTYIKY (3.39), KOTOPEWI B AWIIiOM CJIygae pBCnpeA€XeHa 
no xucony @ m e p a  F(1, n - k). 

3~)' PUlIO?Cl3y MOXCHO IlpOBePIITb, ACIIOJIb3yII TaXXCe ~~KATEICTIIKY, 

manornnlym (3.34). 3 a ~ e r u ~ ,  u ~ o  c'j3 N N(~'P,U;~),  - m ~ e a -  

M3 paccyrn~e~uf ,  ananormebrx paccyxAeHMaM npu 
smo,qe t-crammma Pt = Pa, n o n y r a e ~  

urn, emu cnpme,qmma run a Ho: c'g = 0 ,  ks- - t(n - k). (3.47) 

Ho: 0' = Pi; U' = uN Yoy (Chow)). I l p e ~ ~ ~ o n o m u ~ ,  
y H W  eCTb ABe B ~ I ~ O P K I I  IT0 K~XAO* ~bl6opmce Mbl CTpOKM 
pePpecCEOHHjT0 MOAWIb. HaC XHTepeCyeT: BepH0 JIM, 

'IT0 3TU ABe MOAenH 

B qepB0fi Bbl60pKe n ua6~11o~kauZi m Hdnm~eHufl BO mopoff. Ha- 
npnvep, y - sap+mmz nh ~ a ,  z+ - ,perpeecop$ ( B O ~ ~ W T ,  c-c, i YpOBeHb p 6 p a 3 0 ~ a ~ ' ~ r t  U T. n.) P HycTb nepBasr ~b16opm O T H O C M T ~  K 

wemx,miaM, B T O ~ ~ J ~  - K MY SuHaM. Bonpoc: m e w  nu 113 oqeH- J, 
KSi b f 0 A e ~ d  (3.48a), (3.486), TO MO,I(Wlb 3aBfiCKMOCTIl 3apIuIaTbl OT 

perpeccopo~ qqHa a rn xce MYXYMH u %en-? L J  
C B ~ A ~ M  3TY CnTyaqrim cxeMe. nposepm ~ u l p e t l ~ ~ x  

orpzimre~iuti Ha napaMeTpu f M O A ~ P .  PerpeccueZi 6e3 orpaxai1eaaB 
3)recb kanae~cs 06.be,qu~enu ~ y l c  perpeCCuR (3.48a), (3.4861, T. e. 
~ S " R  = ESSl + ESSZ,, 9 H C  0 ClWIeIi& C R O ~ O A L ,  ~ 1 ) 1 1 ' 3 ~ b ~  paBH0 

>; t  .(n - k) + (m - Ic) = n  + m 2k. 1TIje~nonowca~ Tenepb, YTO Bepna 

OAHUM )'paBHeHlleM 

1 VyneRarr ranoTaa. T o r ~ a  per eccus c o ~ ~ ~ H E I Y ~ H H E I ~ K  3WtKCblBiLeTCII 

!'/ i P 
8tsh41 + W E l s ~ ' ' ' ~ i ( i k E $ k ~ 8 k ,  teil...,fi)lMI (&do) 



O q e ~ u s m  (3.49), nony.raeM ESSR. T o r ~ a ,  YvuTLmase, XTO H~JIO- 

xeHo k orpaAwenn2i lia napaMeTpbr ~ o ~ m u ,  nonysaeM (cp. (3.44)) 

Ewru F-cT~TuCTUK~ (3.50) 6on~rue KpUTUTeCKOrO 3HaqeHUR Fc = 
Fa(!%, 71 m - 2k), TO H)Wll2BaX PUnOTWa OTBepraeTcn Ha YPOBHe 3Ha- 
qUMOCTU Q. B 3TOM CJIYYaR MbI Re MOXeM O ~ ' ~ ~ A U H H T ~  ABe U L I ~ O ~ K U  

B o m .  
P~CCMOTPHM npmep ucwre,qoaa+lua, ucnonbsymrqero M O A ~ J I ~  

MHOX~CTB~HHOB perpeccaa. 

Bnecb LOGPNCE - fi,onorapu+~ J+LI KsapTupbr (B UOJI~ .  c ~ A ) ,  
' LOGLfiSP - norapn4~  xunoff m o q ~  (B KB. M), LOGPLAN - 
nbrapu+~- nnotqm~' tiexcanblx no~eqeuEi8 (B Kn: M ) ,  LO'GKITSP - 
J I O ~ ~ ~ U + M ' I I J J O I ~ ~ A U  KyXHK (5 KB. M), LOGDIST ~ O F ~ ~ U & M ~ & C T O -  

nKu% OT IAeHTpa MOCKBU (B KM). BKJI~OYCH~I TaKW(e 6 M ~ a p ~ ~ e ,  $+uK- 
TKBHbleD IIepeMeHHUe (CM. n.4.2), IIPUHAMaJOI4Ue 3HaYeHUII 0 WIU 1: 
FLOOR - nputrnaam anaqeuue 1, ecnu KoapTupa pacnonoxeHa ea 
nepBou m u  ua nomenHeM a ~ ~ e ,  BRICK - n : p ~ ~ u ~ a e r  s ~ a r e ~ ~ e  1, 
eWIH KBapTEipa HMOWTCS B KIlpIIKYUOM WMe, BAL - KpPlHM,MWr 
3HaQleHEie 1, eCJl&i B K B ~ P T K P ~  eCTb ~ ~ K O H ,  LIFT - UpHHMMaRT 3Ha- 
senue 1, ecna B *owe ec& m+~, Rl - ~ P U H H M ~ ~ I  &iavenue 1 m n  
O & H O K O M H ~ ~ H ~ ~ X  ~ s a p . ~ p - U ' b  WR' BCeX O C T ~ J Y ~ H ~ I X ,  R2, R3, R4 - ma- 
JlOrUYHble LlepeMeKHble -% ABYX-, TPeX- W 'leTblPeXKOM'HaTHblX KBaP 
WP. 

P ~ ~ Y J I ~ T ~ T ~ I  OqeHnBaHHIl YP&BHeHBR (*) m I X  464 B ~ ~ J I I o A ~ H u ~ ,  OT- 

a o c s q u x ~ ~  K 1996 r., npnseAealr o ~ a 6 m u e  3.1. 

I :~ LOGLVSP .0,670 0.069: 9.45 
LOGPLAN 0.431 0:w. . .&./I 
LOGKITSP 0.147 0,qfiO 2.45 

,. . $ Q @ D ~ T  -0.a4 0.016. GT.11 
, BRIG&, 0.134 ; .  0.024 5.67 

~ m o a  -0,0686 0.021 -3.n 
L E T  0.114 0.024 4.79 

. ,.I BAL 0.042 0.020 2.08 
R1 0.214 0.109 1,867 

) 
,... . R.2 . , ,  ~. 0,140 . : ,  O.,@O,. , &?5 
, , R3 0.164 . . .,0,06.9 , . 2.74, 

,, . >  
, .., ' RA . . 0.$69,, ! 0.4S4 3.11 
, . ~. . R2=0.?3321, &=0.88W1 C l w Q a ~ ~ r a a , ~ ~  IlelpeCm 

s ~ H ~ ,  Y&A Ko~@%i&etIThI, @+ 

n p  'RI U a, 3Ha~UMbI Ha 5%-HOM YWBHe. 

K o s & ~ ~ u e ~ ~ . f ~ p u  LOGLIVSP, p a ~ m ,  0.67,gmarm, ~ T C )  y ~ e  
nwreune munot3 UJIO- w n p b l  lia 1% yBeJfU~a8m ee qeHy Ha 
(1.67%. E &px, snac~km&s qekbl.~n&j?ritpta ~~o~m.un.oB nnw . . . . 

HecicOfibuo cnamw& &ficm%x"S~P~e~ise t o ~ ~ w n p e H l ; o ~  npu 
'fi ' LOGPLAN H ; ~ ~ ~ ~ ~ ~ ~ p .  A ~ ~ K  R*. Mbl +i GCnOn~- 

30BaTb CJI€$JlolI(Z& IIpUM6p. ~ ~ ~ A ~ o J I o X U M ,  Y T ~  .d& KB%$~HP~I C 

O J & ~ H ~ K O B O ~ ' K ~ X H C $ & ~ K ~ ~ M  9 KB; M, 110 Pa3HIsMW nQ W I O q a A W w  &&JlS- 

noMemenuxMa. HZ%np~Mep, B nep~orl map- 
Jt.a tr~~orrr,ap,s pmaa ii KB. PA; a iso  ~rnpoi t f2  I&. M. T ~ K W M  06- 

qE4X nnolZ,il,L$ ~'dnbtkO~aTe~rbHb1~ nOMt?- 

me, weM a nepaorl. Tartoe j ~ m w e u n e  
i n n o q ~ m  KYXHU, B. C O O T B ~ ~ B W W  c sa- 

III& ~o,qwrbm A ~ H O  n p u m m  K y~e~mse~inm. qem e p p B   nap 
~ " > . ~  

Hemlo c nepaoff, H a  5 - 0.431 = 2.15%. Tenepb npe~b6-  
. BUM d e ,  .9TO NMIWCII  TpePbR KBZLpTnPa C ~ y x ~ e f i  10 XB.M W nA0- 

OClWlWb&X BCUOMOX'aW-VbHblX ~ O M ~ U ~ H U ~  11 f t B .  M. 06- 
no are^^ B TBKOB KsapTitpe, w u B 

M. O A H ~ K ~  wnepd M ~ X  O m n ~ a e ~  ysenn- 



5.0.431 + 5.0.147 = 2.89%, m ~ C T L  ysenuqeaue m o m w  BCnOMO- 

l'aTejlbHMX no~elI!,eEIllti 3a C Y W  KYXHU IIPUBOAUT K 6 o n b U I e ~ y  Y W U -  

yenurn qenbl K u a p T u p b I ,  YeM T a m e  me y s e n n Y e H w e  sa c q ~ ,  c r t a m e h l ,  

KOpUAOPa. 

OTpuua~enbnoe s ~ a ~ e n n e  K O ~ @ @ U ~ U ~ H T B .  npu LOGDIST (-0.114) 

KWPOM ona P w n o n o x e I I a ,  a H e  TOJILKO OT ee p a c c T o n a m  m qempa, 
o ~ a ~ o  snnrrnne @ampa u K a q e c T s a r  H e  p a c c M a T p n s a r r o c b  B & ~ H H O M  

HCCJleAOBaHHU. 

Hnme (n. 4.2) Mbl BepHeMCIl K 3TOMY npUMePY AJIX BHTePIlPeTaqHA 

~ o e n u e ~ ~ o n  npn ~ @ U K T U B H ~ I X V  nepeMeHHtax .  

CynlecTUyeI '  MHeHUe 3KCEePTOB, YTO PbIHOK KBaPTHp &OCT&TO'lHO 

IUUX KBapTUP. &R IIJOBepKn 3TOrO yTBepW(eHMII TeCTIipYeM C IIOMO- 

qbm F-CT~TUCTWKW (3.39) rnnme3y HO. ' 1 ~  K O ? I & ~ H ~ U ~ A T ~ I  npn R2, 
R3, R4 paswb~: plo = &I; 811 = 012. I I O J I Y ~ ~ M  cneny~oluKa pe3ynb 
TaT: 

F - C T ~ T U G T ~ ~ ~  0.22315 P-anaserne 0.8001, 
- .  , . 

K O T O P ~ I ~ ~  I I O K ~ ~ J ~ H & W ,  'fTO Mbl H e  MOXeM F B e P P H Y T b  IIHIIO'lWy, 9TO 

AJlU KBapTSXp C YUCJIOM KOMHaT 2-4 @ o ~ M ~ J I ~ I  (*) pY'leTa q€!I5bl W& 

nwarm. O ~ n a ~ o  T e c m p o w n e  rnno~e3y H.0: 09 = o c~unaaemin 
+OPMYJI Ann OAHO- u n u y x K o M H a T n w c  K s a p T w p  ,z@m enepymee 3~a- 
qenne F-cnt~nc~mw: 

C BepOBTHOCTbIO OIUII~IIT~CR, M ~ R L U ~ ~  lo%, MOXHO OTBePrHYTb 

P n n O T e 3 y  0 C O B l l ~ e H U H  @ 0 p ~ y J I  (*) )lJIH OAHO- U &BYXKOMHaTHblX 

K B a p T n p .  

B) IIpn K ~ K U X  Y~IOBURX K O ~ + + U ~ B ~ H T  , ~ ~ e m p ~ n ~ a q n ~  R2 B nepmir pe- 

l. 
rpeccm 6yne~ h b r u e  KOS++UW~HT~ , q m p ~ u ~ a q u n  DTOPO~~ pe- 

t rpeccun? YTO npu m M  M o x n o  c m a T L  o K a q e c T B e  ~ O A ~ O H K Y I ?  

3.2. l l o~mnw,  YTO B perpecuin yi na npor:rosme ~ E I ~ - X ~ H H R  u KOHCTLLH- 

TY C B O ~ O A H ~ I *  men  p w e H  0, a ymomfi K ~ @ U W ~ H T  pasew 1. 

3.3. Amo p e r p e c c u o n H o e  ypamerrne yt = Oxt + ~ t ,  t = I,. . . , T. Ornub- 
KW Bt - He3aBUCBMbIe O@HBKOBO paCnpeAWIeHHL1e HOpM2UIbHhIe BSIUrlU- 

: Hbl. M b l  XOTUM .UpOBepUTL rAIIOTe3YI 9W UOCJle H & W ~ ~ ~ H U S  C HOMePOM 93 

3HaCletIUe I I a p a M e T p a  P03MeHWnOCb. C Y M M ~  KBa&X3TOB OCTaTKOB C OrPaHU- 

u&HneM ESSR nonysae?cs .m pecpeccue y H a  x no BceM T ua6n1onerinrr~. 
&n aaxomennn ESSun n c n a ~ 3 ~ r o ~ &  me pmnbre npoqe,nypbr: 1) oqenn- 
.BZIL?M-CyM?tbl KBaapaTOD OCTaTlCOB perpeccuA RO RDyM n 0 A n e p n O A a M  ESSl 
n ESSa, a a T e M  ax cma,qblBaeM: ESSun = ESSl + ESSa; 2) n e p e n n c m a e M  

6 
' y p a B H e m i e  D D u n e  

yt = Bixtdtl+ 102ztdtz + ~ t ,  

1, t = 1 ,..., n, { 
0, t = l ,  ..., n, 

dta = 
0, t = n + l ,  ..., T, 1, t = n + l ,  ..., T. 

, . 
KBzlnpaTOB OCTaTKOB 3~08 pe- 

'HOK~JKU% TaKlKe, YTO TOT Xe pe3yJIbTaT M O S e T  661~6 IIOJIYYeH, e U l U  

n oune i t  = &zt + bxt42 + ~ t ,  rne 

y ea ~ p n  H e a s u c n M h z e  n e p e M e H m e  

= 25.1 + 1 . 2 ~ 1  + 1.0~2 - 0.5023 
(2.1) (1.5) (1.3) (0.060) 

':?,~5118ueBnu W.9) ( 1, ( ) ( ) 
Pb%~bte *ssBCpMTMbHM l'prpetiartts (2~4.3) ( ) ( ) ( ) 

,,, , ,  , 



1) O q e ~ ~ a  ~03i++uqxen~a npn XI ecTL 1.2. Apyrne ncmcxoB~m . 
nw MoryT c06pa~b Apyrue Aawnbre u nowpowrb Apyrne oqeum. 
3~01-o ~ o 3 i + @ u n n e ~ ~ a .  Pacnpe,qeae~ne wwx oqenoK cocpemT0- 
Y W O  ROKPYr HCTHHHOIY) 3HacIWNR 1.2. ~ O S T O M Y  OqeHKa Lla3bI- 

B ~ C X  nec~e~qe~xof i .  
2) &JXU eCTL anpHOpHZW YBepeHHOCTb B TOM, YTO XI He BllHIIeT Ha 

9, TO IIpeACTWeTCII P83YMHbIM UTBePrHYTL HYJlleDYIO TBLIOTe- 
3 Y  Ho: & = 0 Sa 5%-HOM YPOBHe 3HaYAMOCTH. 

3) Ecnx eCTb aIIpUOpHaJI YBepeHHOCTb B TOM, '?TO XP BnMHeT IIa W, 
TO npeAmamrreTm 6onee pa3YMHhlM ncnmmBaTb OU~HICY 1.0, 
YeM IJPMHUMaTL HYJIeBYIO I . U n m y  &: h = 0- 

3.5. Blop,xce'r~oe 0 6 c ~ r e ~ o ~ a ~ n e  nIITH CJIY~&HQ B ~ I ~ P W H L I X  C ~ M &  Am0 
CJIenyIoqUe pe3yJIbTaTbI (B TbIC. py6.): 

a) O q e ~ r u ~ e  perpeccnm S Ha Y n W. 

6) CnpoTl~m~pyfi~e Hk%KOILlIeUUX CeMbu, , f 3 1 1 e . ~ ~ ~ f i , & ~ 0 f i B ~ $  TblC. P Y ~  u 
u ~ y q e c ~ ~ o  CTOUMOCTL.~ 25 T ~ I C .  py6. , 

, 
, , .  , .  ,. 

B) I T p e ~ o n o m u ~ ,  YTO n o x o ~  c e ~ b n  m p o c  Ha 10 TMC. py6., B T O  npew 
KaK CTOHMOCTL UMyweCTBa He U3MeHUJIaCb. OqeHllTe, KaK B03paCTyT 
ee naxonnermn. 

r) Oqemi~e, KaK B O ~ ~ ~ C T Y T  HaXOIuIemx ceMbn, emu ee  oxo on B~IPOC rra 
5 THC. py6., a CTOMMOCT~ UMyl4eeTBa yBeJIn911JlaGL Ha 15 TbIC. py6. 

n) H&&ETe CyMMY K B W & T O B  OCTaTKOB U T I O C T P O ~ ~ T ~  OUeHKY AUCnePcHH 
perpeccun. 

3.6. P~CCMOT~UM perpeccum S = P1 + hY + P3W + E m nrxabwfmem 
. , ynpamAeHurr 3.5. \ : , . . . : 

91 

c ~ p o i h e  95%-HO~ AOBepUTWbHOe MHOXeCTBO AJlR 

%-HHM YPOBHeM 3HaYAMOCTH C J I ~ I O ~ U e  I'UnOTe3bI: 

1) Pz=On, ' j3=0; 

2) D3 = 0 (CTOMMOCT~ BMYqeCTBa H~CYI&CTB~HH&)~ 

snrIa noxojqa n e ~ ~ q e w s e n ~ a ) ;  

4) h = 1 (T~XUM MOF 6b1~b OTBW BaIUW0 Konnern H a  BOnpOc 0 

3agucu~ocru aaKonnennrr OT qoxona); 

5) Pz = 1.57 ( T X O ~  3UacleHUe K O ~ ( ~ & W U W ~ H T &  P2 Morn0 6b1~b C Bbl- 

WKO& CTeneHbIO HWWSHOCTH YCTWOBneHO An.? @yr0& CPpaHbI 
u BX uHTepecyeT mnpoc, nepno nn 3m AJrn name& CT~WLI);  

3 Pz = - 5 a  ( ~ . e .  ~ & @ u ( T  ,qao,qa npoTnBonmoxen 3 @ i + e ~ ~ y  
. . ' - ! ~ ~ T ~ T c T B ~  B @BKCUPOB~HHO~~ n p o n o p ~ n ) .  

Y = 30 THC. py6. W BMYqeCTBO 

KaKOM CMHWIe 3Ta CeMbZ MO%~T P Z I ~ C M ~ T ~ U B ~ T ~ W I  KaX Cpep- 
~ r r n  Memny ceMLnMx 4 a 5 (yrrpaxue~ne 3.5)? norehay npo- 

- , I , e . ~ ~ m ~ ~  t)eqnqnna ee w a ~ o m e ~ u i i  He eqTb c p w e e  M e w  3.5 
w 1.5 T ~ I C .  py6.? 

~ O C T P O ~ ~ ~  95%-~b1% ~ ~ ~ e p l % ~ b H b l f i  MHTepBWI AJIR nppgI03- 

.,. , . 

- B c e r ~ a  JIH A0BepH'l~bHbIZf UHTepBaJl AJIII PI f Pz IUupe K a a Q O r O  113 

epHTeJIbHbIX U H T ~ ~ B ~ ~ I O B  M R  & N Pz? Ecnx Aa, TU noqe~y?  

.8. B s m M  y n i & ~ e m u  MyYaeTcn nnnnrlne npeo6pa30na11nb 3anncn~ofi 
Ne3a.BUCEiMblX nepeMeHHbu Ha MHK-O~~HKM.  

-' XTO npom0QeT c MHK-O~~HKBMH B napHOR perpeccue y HS s, e d n ~  
q06an.w~ KOUCTtUiTy K -0My IW~JIIOA~HUIO y? K. KWOMy Ha- 
6jilO~e~M10 x?. YTO IIPOU~O~!A~T C MHK-OK~KK~MH B M H O X ~ C T B ~ ~ I N O ~  

. 



perpeccnu y Ha xt u 22, emu ~ 0 6 a ~ n ~ b  KoscTarI'ry el K K-OMY 

~a6mo~eiium xi u .npyryio KOHCT~HTY C* K rcax,qo~y H & I O A ~ H H ~  

za? 

6) q T O  npomofi~er C M H K - O ~ ~ H K ~ M H  B M B O X ~ C T B ~ H H O ~ ~  perpeccm y 
Ha XI n xa, emu nepeMeHnbIe XI a $2 s a ~ e r i n ~ b  sx ormouenmm 
or cpeppux j l Ia~e~ufi?  

5) %Q nposmoaer C MMK-OU~I~K~MU B M H O X ~ ~ H H O R  pe rpcuu ,  ec- 
nn YMHOXUT~ ~ ~ B K C U M Y I O  nepeMennylo Y Ha KOHCWTY? emu H a  

KOHCT~HTY YMHOXUT~ ~a~ofi - rn60 perpeccop? 

3.10. PWMOT~HM oqeaKy sma B = ( X ' X + T D ) - ~ X ' ~  (pub-pe-ccun 
(ridge regression)) m a  seKropa KW++UIPI~TOB perpcuo@oro y p a ~ ~ e -  
AUZ y = XP + a,. , rq D :- wraronanbnarr k x k YaTpwua,. wccpu l aa  a3 
A k i & ~ b ~ b l ~ . 3 J & e ~  M~TP& x'X-' 

3.11. llocne + u ~ a n c o ~ o m  ~pn3nca cnpoc H a  se6ypem (GM. ynpancnenue 
2.14) ynm, U Mff~epZKep ~ ~ I J I  BblHYX@H TpaTm VWTb CPeACTB Ha -a- 
~ y . ' m r r  u3ysenud s a ~ u c u ~ o c ~ n  06.be~a npop@nc QT w n ~  a pacxoaoe ha 

g.& H&#AWE O I I T U M ~ ~ H ~ B  ypoBeHb p m o w B 5 a  peKnaMy npn qene ye- 
. , , 6ype~a,  p a ~ ~ o R  6 py6. 



mt = & + h y t  + h i t  + ~ t ,  (*I 
r e  mt - arpem nenexuiofi MaccbI M1 (wqm norm.), yt - n a n o ~ o f i  

B H y T p e m  I IpoAyKT (BBII) (M.ilp&. n o ~ w r . ) ,  i t  - n p o q m I b I e  CTaBKU 110 

& M ~ W F ~ H M M  r a C y @ p ~ B e H H b I M  O~JIW~~I . I .UI IM CmA (&month US k s 7 L r y  
BiIls, %). B ~a6~1nqe 3.3 npenmamena nanubIe no BTUM n e p e M e H n b I M  3a 
nepuon 1960-1983 rr. no ~ K O H O M U K ~  CILIA. 

B) Pacc~u~atiw. ~ J I ~ C T U Y H O C T ~  enpoca H a  A e s b w  m no aoyo~iud y a no 
IIpOqeHTHbTM CTiIsKaM (a lnm/B in y, a inm/aini) B ABYX M'IK~X (1) 
U (2) U 3  6).  C ~ ~ B H U T ~  pe3yJTbTaTbI. 

1966 756.0 173.7 5.082 
1988 873.4 r99.1, 5.470 
1970 992.7 216;5 6.562 
1972 1185.9 251.9 4.466 
1974 1434.2 277.5 7,926 
1976 1718.0 310.014 . 5.266 
1978 2163.9 363.2 7.572 
1980 2831.7 414.1 11.374 
1982 307$0 478:2 ' 11.084 

a) ~ o K ~ X C U T ~ ? ,  YTO O q e H K a  M e w  Ha3IMeHLllIUX KBaAPaTOB I IPH HiUIJIYI- .. 
YUU OrpaHWYeHUII pR, IIOJIyYalOXQitXCX 113 PeIIIeHUX CO(YPneTCTBYI0- 

l4t% 3 W Y U  MWIiUMU3aIIWU, CJlWJ'IOItWM 0 6 p a 3 0 M  B L I p ~ X G W l W l  YePC3 

O ~ ~ I Y H ~  OYBUKY MeMA$ HaUMenbUIHX K B W a T O B  6~ YYeI.a O L p W U -  

YeHUH pUR: 

1967 799.6 185.1 4.630 
1969 944.0 20x8 6.853 

, 1971 . 1077.6 230.7 4.511 
1973 1326.4 265.8.: 7.118 
1975 1549.2 291.1 6.122 
1977 1918.3 335.5 .5.510 
1979 , 2417.8 3p10  , .10,.017 
198% ''2%k.i 440.6 13.776 
1983 . . .  33159.5 . .  . 521.1. 8.750 

i yc = 2 + 3.5xn - 0.7xfi + 2 . 0 ~ ~ 4  + e,, R2 = 0.882 
(1.9) (2.2) (1-5) 

~mnin~: ~conomic Repart of the President, ~ep&ment of commerce, 
. 'Bureau of Etotfomic Anatysis. : .' ,,.,Pi 

. , . ' . . , -1 . 

",. (,B C K ~ ~ K ~ X  A81161 3HacIeHHR ~-cT~T?~wHK) .  -, 
Oqeuu~anue mti xe ~ o ~ m u  npw o r p ~ ~ e n u u  A = fl4 , quo  wre,n,yro- 

q 5 f e  pe3yJlbTaW: 
w: 



96 lh. 3. M o n e n b  ~ n o x e m ~ e n n o f i  ~eroeccnu 

B) ~ o Y ~ M Y ,  KaK IIPBBHJIO, KOHCTaHTa & IIe  SWpaf?T C ~ I ~ ~ C T B ~ H H O ~  WSf 

nps p a c c ~ m p e ~ u u  perpeccuw? 

r) n O C ~ p 0 f i T e  9 5 % - ~ b l e  AOBepWlWlbHMe UHTepB%lbl Wra K W U ~ ~  . 
TOB &,Pa U Bbl9UCiTUTe KW&&WWBHT AeTePMHHalW3 R2 U CKOPP&- . L T N ~ O B ~ H ~ I A  K&&&WW~NT AeTePMKHaWH R&. -aC ' !:.>>I,' . . 1.i. 

(X1,Xz - n X kl ,  n X k2 MaTpUqLI, COOTBWCTBeHHO, PI,& - U C K T O ~ M  

pa3MepliOCTU kt, b, COOTB~TCTB~HHO), CTpORTCR M H K - O ~ ~ H K N  3TUX napa- 
MeTpOB UCXOM la MOAeJlE 

a) ~ o K ~ X U ~ T ~ ,  YTU n O J r y 9 e H H M  TaKHM 0 6 ~ 8 3 0 ~  OqeHKa BeKTOpa & COB- 

na+qaeT c o q e ~ ~ o h ,  nonyrenaoti B p e 7 y n b T a T e  perpeccm y T o n L K o  H a  

x 2 .  

' 3.18. P ~ c c M ~ T ~ u B ~ ~ ' ~ ' C R  CTaHAapTHaSI JIFl~efiIiaR MOAWIb M H ~ X ~ C T B ~ € I I I O ~  

perpeccuu y = XP + E ,  rge X - n x k M a T p u q a  paam k. 

a) I I y c ~ b  G - k x m M a T p w q a ,  nauemqaa pam m < k, u nymb 
L = {P : P = AJln H~KOTOPOI-0 7). n o c T p 0 f i T e  TeCT AJlSl np0- 

U< 1 B e p K E  rUlIOTe3bI Ho : P E L llPOTUB WbTePHaTUBbI  HI : P $! L. 

I K ~ K U M  06pa30~, UClIOJIb3ySI p e 3 y n b T a T b I  a), MOKUO IIpOBepEiTb, RBJIH- 

e ~ q , q u  HOB- ~ o g e ~ m  n p u e ~ n e ~ o h ?  

3.19. ~ O K ~ ~ K U T ~ ,  YTO n p U  A O ~ ~ B J I ~ H &  B ~ 0 A e h b  P e r p e C C O p a  CKOpp@KTUpO- 

B&HH& K O ~ & @ U U U ~ A ' P  AeTePMHHWHW Rz$i y i 3 W l U S H B ~ T C a  TOrA& Y1 TOJIbKO 

T O r m ,  KOrAa t-CTaTkiCTUKa OUeHKM K O I ( ~ ~ U W ~ H T ~  IlPM 3TOM PerpeCCOpe no 
IIpeBOCXOAUT e&kiUUrU.. 

O l l e ~ U B a H E i e  rleTbIpeX PeI'peCCHOHIiblX MOAejrefi Iia OClIOBaHUEi 40 Ha- 

HHA A ~ O  urepymqne p e 3 y n b ~ a ~ b 1 :  

, A ?  , ,y ,!. 
W = 20 + 0.8 AGE + 3.7 EDU, , .  ., R2 = 0.40, 

(5.0) ' r0.09) (1.31) . . 
W = 3.2 + 0.10 ln AGE + 0.19 lnEDU, R2 = 0.71, 

(3.0) (0.000) (0.03) 

W = 20 + 0.6 AGE + 0.4 EXP,  R~ = 0.59, 
(0.3) (0.09) (0.12) 

W=.2.05 + 0.5 AGE + 0.6 EDU + '0.2 EXP,  R2 = 0.63 
(0.4) (0.19) . (0.35) (0.13) 

KX3aHbl CTaHgapTHbIe O L K I ~ ~ K U ) ,  rAe W - 3 a p n J I a T a  ~ ~ ~ O T H U K ~ ,  

B 0 3 p a C T ' ( ~  roam), EDU - y p 0 B e H b  o6pa3o~mn (rlUCiT0 neT,  

' n p o ~ e ~ e r r a b ~ x  6 yse6rrbrx aase~eusm), E X P  - c ~ a m  pafior~. 

a) Cpasnam ~ T H  9 e T M p e  perpeccuu c ~ Y K U  3 p e ~ u n  ux K a y e c T B a  n npo- 
~HOCTUX~CKO& CHJIbI. , . .  

m T e p n p e T a n u m  K O ~ ( ~ + U ~ ~ H T O B  npu nepf!Mel~HhIX AGE U 

;$AGE B nepBOM n B T O ~ O M  ypaBHeBUXX c o o ~ s e ~ c ~ ~ ~ e m o .  





a) K a ~ y ~ o  perpeccnm enelQ"3T OcyUJeCTBnTb, ~ ' ~ 3 6 ~ 1  y s m  (ncm~nylo) 
nw+op~aqnro, -TO = 26? 

6) ByaeT nu K O B @ & U ~ ~ N ~ B T  AeTepMllHCUlEIU R2 3T08 perpeccun (n. a)) 
Banbme, MeHbme m u  pasm R2 ucxo~~ofi  perpeccuu? i I 

r )  BypT nu nucnepcna BTO* OII~HKU (n. a)) 60nbme, Memme nnn pama 
mcnepcuu oqeHKu 0 B ucxomok perpeccnu. O6mcnn~e Ha waepxa- 
TMbIiOM YPOBHe. 

B) H O M O F ~ ~ T  nn BKnIosenue B ~ o ~ e n t  qononnnTenbmx napaMemoB 60- 
nee ~ o q n o  oqeHuTb napaMeTp r? 

3.31. B ITpUMepe p8p.CMaTpUDalOTC5lTCX AaHHMe no CTOHMOCTH KBapTnp B 

Moucne, co6pa~~hre CTYAeliTaMII nepBOrO KypCa P3m OCenbIO 1997 F. One- 
came nepeMennLrx eoncpxmcrr B ~abnuqe 3.5. 

<<( , / . .  . . : .  . 
Amnble E ~ ~ X O ~ T C R  B +&ne f lat98s. xls . .  , 

.,,, 9 ,. ;<,, : * ~  ;,;.. : 3 

I TaBmqa 3.5 3- 
TOTSP 1 0 6 w a  nno~aab .  I(B.M . , ' 

. PRICE Ueua ~ s a p u p b ~ ,  TI/IC, ~ o n n .  I : ~ .  ..,:,. ':' ,> 

ROOMS Konnsec~ao KOMHaT 'i " ' ' r. ': ' -  

LIVSP XPlnarr , : I , : 4 :  , 

I KITSP 

c m w u  MeTpo,. MBn 
i . WALK 1, eCnU ~ ~ I U K O M O T ( M @ T P O ,  0 - maye 

. ' I ,  

TEL : .  .. .: 8 

BAL 

y I 

i .  i IiLlX KBaPUP. 
:.;, I 

'I 
%52: ( a ~ ~ o p  - Arthur van Soest, lbilrg University), . 
'Beedenue. P ~ C b t a T p ~ ~ a e ~ b ~ e  y n p a x ~ e ~ u x  B a~asmen~no t t  ~ e p e  , . , I  

" 
, 'b?hw~akWCX Ha CTaTbIO (Mankiw et al.11992) U HanpaDJIetibI aa DpOBepKy 110- 
* JryYeHlrtax TaM PBynbTaTOB (fl IIepB O8iepe&b, C 'L'OYKki 3peHW 3&3BBOrO 
: j ,&o~o~asec~oro c ~ m n a ) .  B qnmp c ~ a i e e  M ~ ~ Y ~ R T C I I .  pacmnpen- 
:id%@ BaPHm MOAMW C O ~ O ~ .  OCHOBSIIJM O&~KTOM, , .,. 

f ,,.:.; r W y ' 4 a e ~ b 1 ~ ~  MOAW C ~ O Y ,  nmn.$.cn ygenbHkm BeJlnuma aaxosoro Bny- 
;.,$@,BHeF nPO,!tyKTa (BBn) B HagHOM COCTOXHWU. T ~ K H M o ~ ~ ~ ~ o M ,  
, j l ~ s d ~ e n b  O ~ Z S I C H Z ~ T  pwnnsne ~e 6nasococ~ox~nn pa3nrn c~paxi B 

; $&oorn~pe~e~ i ro~  nnane. MOA~JIU Conoy B pa,6m (Manl'iw et 
! , 1992) cocmn~ B TOM, OT nep~oeasanhrlofi ~0ne.m 3~ecb  

p* , 
" ~ A o ~ ~ ~ W T W .  EHBeCTWH IIe TWK(/ B @U~MY~~CKU~?, HO II B Y ~ J ~ O B ~ Y ~ C K H ~  

XTW. Hpu~eqe~~br t i  TU .jannp s e c ~ ~  axan113 ocaona~~ ~a ~ e x m p a -  
I 'e0~biX AaXHbIXj B3HTblX 163 P ~ O T ~ I  Heston, 1988). Mbl TaKXB 

( . ~ Y A ~ M w c ~ ~ ~ ~ ~ O B ~ ? B  3TU AaHUbte. 1 



06061qeuw mdwa Godog. AWMM KpaTKOe OnnCaHne 06064en~oR MOne- 
nn Coney, npS~no>~e~wVaB pa6o~e (Mankiw et d., 1992). M c x o ~ n a ~  MOAeJlb 
COJI0y n3J10melia BO M H O m  ~ Y ~ ~ H H K ~ X  IIO MaKpXOHOMnKe (cM., tlaIIpU- 
Mep, (Ramer, 2001)). I I p e m o n a r m ,  YTO B -ti M O M ~ H T  B p e n n  
t npOr23BOACTBO 3 ~ C S i  ~ ~ o M B O A C T B ~ H I ~ O ~ ~  @YHKII,~& Kma-&ma- C 

nocronrinoti arpayeti sa ~ a c m a 6 :  

r&e Y - sbmyc~,  K u H - & e ~  +n3u.1eacoro u senoeeqeworo xannrana, 
COOTB€TCTBeHHO, L - TpYA, a IIepeMeEIEaiJ A 0nnCEJbm YpOBeAb rexlIOJlC- 

ma. IIpennonomenue o nocronncTse oTAa.in Ha M C ~ U T ~ ~  n o 3 k o ~ ~  one- 
PUpOBaTL C YACnbXLiMM BWUqZiIiaMU (Ha e&UBElIIy ~@@~KTHBHON) TPYW): 

Y K H y = -  k = - , I , = - .  . AL' AL AL 

- Lt = Loen', rAe n - CKOPOCT~ pocra IIaceneHnrt; 

M3 3THX npejqnoqoxenuR BbITeKWT, YTO 3BOIIK)lWH X&rmTCUl* OUYrC&lBa- 
WCSI CJI~.ZIYJOII@ C ~ C T ~ M O ~  ASi@+epefi'u"anb~b~ ypa41l~liU@: 1 ,,. 

. . Y q m x ~ e ~ m  103 

%JleACTEneM 3TOm WTlIOUleHUX SlBJlSeTCX TO, 'IT0 U B AOJ1MBpeMeHHOM 

lnyt = (1 - e-xtlny' + e-xt in yo). (3.52) 

? nal of Applied Econometrics. OHM C O O T B ~ T C T B ~ ~  pafke  (Durlauf, Johnson 
1995). Ha%ano ~ T N M  nccneAoBannaM nonomuna -a (Summers, Heston 
1988). Emnnqeii na6n1o~e~nx ~lanrre~crr clpana, ~ Y ~ L T ~ T L I  ~a6n10- 

nfi 121 c~panbr. I I c n o n ~ y m ~ u  nepeMeHnbre, nepeqncneHHbre B ~ a 6 n a -  

Uaurrtae, 3a ncKnmrenueM LIT, B ~ U T H  w 3  pa6cmb1 (Mankiw et al., 
J992); nepeMeHHag LIT B3UTa n3 AOKnWa B C ~ M ~ ~ H O C O  6aaKa. A ~ H M ~  

: c o ~ e p x a ~ c n  B + d n e  growth.xls. Cnnco~ C T P ~  npnBeAeH B npnnomennn 
(Mankiw et al., 1992). 

BMYwCJIHT~ CYMMaPBbIe CTaTMCTUKU BCeX nepeMetlHLM. ~ P O B ~ P I ~  

I*, UMeE JIM CMbIClI BamM pC3~JILTaTLI. 

u m T e  ~oppenluluort~~yro nrarpnuy ocex nepetaemmx. Aakm MH- 

TepnpeTWUK) nau6onee B M H b M  pe3yJlbTaTOB. COOTB~I'CTB~IOT nu 
.TOMY, YTO ~ b l  omllpann? 



Ta6nwna 3.6 

, , . . ,  

A n u w  cmaywmapncbo eo-++u~. Ecnu npeymono~u~b, &a B iqf(5"r. . J  

CTp- A ~ ~ ~ ~ r J I + #  C T ~ U O H ~ ~ H O W  C O C T O ~ H U ~ ,  ,m M ~ I , M O ? ~ M  U C I I O ~ T ~ ~ B ~ T P  

A & ~ r a y ~ ~ f i  B 1985 r, ypoomb BBII ,qnw ou~nm&nfi ypagnevun @ig:~j. 
n o c ~ o n b ~ y  . . ,  MW ucnonb3ye~ ,qa~wb~e, o ~ e o & m n e ~  K oZjHo~y, n q y y  y e  
ropy, TO uu,qeKc t MO&O b n y c ~ m .  ~ ~ m r i e r r i e  (3.51) n e p e n n c b m b  n 
caenyromeM ;syqe: . ,  ,, 

P e p ~ e u u g f i  
NUM 
NOIL . 

INTER : 

OECD 

GDP6O 
GDP85 

GDPGRO 

I LIT  

105 

~odenb.Conoy ire e w m m  senoBerec~uir xarru~an. Ow 
ne (3.541, y a m n ~  uepwennym in SCH, C p m n , ~ ~  c pe- 

, no~yyeuubtw~ n. a). B YeM ~ O C ~ ) K T  ocuoBsoe pa3m~ue?  
0 6 . a x c a ~  ,an, pa3na~ue, ncnonbsyn TaKxe pe3ynh~am ynpamae- 

O ~ u i ~ m e  ; ; 

HOMep cTpaubI B 6a3e n m w ~  Summers, Heston (1988.) 
1 m x  cTpW,ge.&06b&a10~eir %@'rb, 0 - W% Ao6bIB8r 

. ~ o q e a . :  
1 mfl cTpUu'c XOpOIU%?M KaYeCTBOM&~,O - B npc- 
TUBBOM wrysae . . ,  

1 &WI CTPaHbI, BxO&XJIV?@ B O~EUi113aqll~) 3KOHOMUYeCKO- 
IW C O T ~ ~ ~ M ~ ~ C T U ~  U pa3BUTHX, o - B IIpOTllBHOM Cnyqae 
BBII na nyrny naceneaua B 1960 r. (aom.) 
BBII ua pymy aaweuufi  B 1985 r. (&om.) 
c p e ~ ~ ~ l t l  p o c ~  BBII ua nyruy nacenem c 1960 no 1985 r. 
(%) .. 

ppna n rvM cp- iracenetlua c~apme 15 m, y ~ e ~ o n w x  
'IUTWTb U UUCaTb B 1960 h 

.5. 'a) ~ T P Y K T Y ~ K ~ ~ ~  + o p ~ a  (3.5ij . n a m ~ b l e a e ~  HeKOTOpOe n,nrrefi~oe 
orpariugeme ua ' napme~pb~  ni, rz, ?f3 n p k ~ e ~ o f i  +opMbl. YTO 

ma 3% orpaxiu~e~ue? 

mro orpanaqenm. 

) ~ n e n u w  B H o B ~  ypa~nenui  (3.541, um0nb3yz o r p a ~ u ~ w ~ e .  
' ' C p a n ~ P i ~  BaDl pe3yJtb~a~ C pe3yJIbTaTbM, IWJTyYeHUhIM B- ynpa3itIE- 
nun 3.32.4 a). 

) Bmppa3u~e CrpyKTypme napawq&r ru u P yepes nl, .KZ unompofi~e, 
I %UM 06pa?10~, nx Onemu.. . , 

'2j32.6.a) ~ o k a s b w  k p e ~ e c c u o ~ ~ o k ' y p a ~ ~ e ~ u e  ynpaameuiis 3.32.4 a) 
+ M K T U B H ~ ~  nepeMennbxe NOIL a OECD n nposepbw m' ZIH~YU- , : 4 ;  : , M m b .  '. ,, , 

i: 6) ~ ~ p o s e p b ~ e ,  nanseTerr nn~e t ixw ,cneu,u@ueaqna (3.54). P ~ ~ Y M H O ~ ~ ,  
.., 
A,,;#<, , ,.,qo6a~mrr KaaApaThI q e 3 a s n c u ~ ~ x  ,nepeMeuHbIx u nepeupecTme 
; .s,,i, "leHw.. 

, , 8 



6) klcxo~nan M W ~  CoJroy ne BxJrrosaeT ~wonesec~s&i ica.nwTan. Oue- 
nuTe ypaBse>rsie (3.55), YA&TUE nepe~en~yro  1nSCA. Cpaanu~e pe- 
3ynbTaT C TeM, SW IlOnySeH B n. a). 06~jl.aCfiKTe PrUHUw. 

, . I House I ILno-b n o ~ a  n Ka A 

B) OqemTe B H O B ~  ypmneme (3.55), ucnonh3yn 31'0 of.Pmnvenne. 
C ~ ~ B I % U T ~  BaKI pW3YJlbTaT C pe?yJlbTa~M, IlOXYYCHHhIM B YIQaXKe- 

mu 3.32.8 a). 

3.32.10. a) A o 6 a ~ b ~ e  @UKTHBH~I~ nepeMennMe NOIL w OECD B ypame- 
nae y n p m e a u n  3.32.8 a) a npoaepbTe EX atlawMocTb. 

6) IIposephw, sarrserw nunettnan c n e q s ~ n a w n n  (3.55) p w ~ n o f i ,  
no6mnni KsaapaTu H~~~BUCUMI.IX nepeaaennblx u nepexpecTtlHe 
SJI$Hbl. 

3.32.11. a) OqeunTe ypaune~ue (3.55) O T ~ & ~ H O  win erpm - ' b e i i o ~  
OECD n .@~s c ~ p a ~  - weunenoB OECD n'npoun~\epnpeTHPyfiTe pe- 
XYnbTaTbl. .: . 

6) npoB.epb~e, COBlWWUT nu ?COXb+nryle~Tbl YpaBHenSUI (3855) (3a UC- 

wroSenuew CBO~OJIHOIY) S n e ~ a )  m s  wpa~ - wenoa OECD a AJra 
crparr - nernenoa OECD. 

3.33. P a c c ~ a ~ p w s a e m  U H & O ~ M W U ~  o c m t l ~ o c ~ n  m w z w e f i  B MOWOFI- 
c~o i i  06Jrama no K n e x m ~ y  nanpamleHuIo (no P.&HII~IM c~pow~eabnofi KOM- 

naam ~ C ~ p o f i c e p ~ n c ~ ,  ocem 1997 r.). 
A&HHU~ naxo&nTcn B @aflne villa.xls. IIepe~enwbre 0nnca~1b1 B m- 

6nnqe 3.7. 



B npeAbInyLqFfx ramax ~ ~ I J I U  U3YYeHW OCHOBHW? TeOpeTUKO-CTaTX- 
cmsecxue Bonpocbl perpeccHoHHMx ~ o ~ e n e g .  3 A W H O ~  r*?aBe pac- 
cMarpmaxurca neKompble npo6aewb1, samo ~03unxaroqae npu ux 
llpaKTllrecK~M NCnOJIb3OB&HUU. 

Ha IIpaElWKe UCGJIeAOBaTenIO HePeAKO wXXO@XTCR CT2dIKBBaTPbCB 
c cu~yaqu&, KorAa nonysenriaR UM perpecclrn ~ a n s e ~ c x  s n n o x o ~ ~ ,  
T. e. &CTaTUCTUKu ~ O J I ~ L U U H C T B ~  OneHOK MaJlbl, YTO C B U ~ W ~ J I ~ C ~ Y ~ T  

o rie3namMomi coomeTcTsymqux we3a~xcu~bl~ nepm- ( p e  
rpeCC0poB). B TO Xe BPeMR F-CT~TUCTKKB (3.36) MOFeT 6bI~b AO- 

CTaTOrHQ ~ o J I ~ u I o ~ ~ ,  -TO MBOPUT 0 3HaYUMOCTU PeQeCCUEI B U€!JIOM. 

O@I& kf3 B03MO%HhIX UPUSUH TmOFO RBneHUR H O C m  Ha3B&HKe NYdb- 

$?&Et%chnJzu%e~p?&OCmU U B03HUKaRT IIpE H2dIK¶UU B ~ I C O K O ~  KOppWIRIWU 
wexigy perpeccopmu. npo6ne~e MynbTmonnuneapaomu nocBxrqe- 
HO HavjWID %mR rnmbl. 

Perpeccuo~~me ~o,qerm srBnrrwra ~ O ~ T O Y H O  T ~ K I I M  UHCWY- 

MeIiTQM, II03BOnsIOLI@iM, B ¶XTHOCTK, OqeHUBaTb BJIUSKUe KaTeCTBeH- 
H ~ L W  QO~JI~KOB (non, npo+eccus, Hmuvae A ~ T &  u T. n.) s a  myrae- 
~ y m  nepeanerrayro. 3~0 ~ c ~ u r m  BseAemieM B mcno perpeccopoB 
TaK HassBaRMm @u~muenm nepmennm, npmuMmqux, K ~ K  npa- 
BRJIO, 3HaTeHUSl 1 UJIW 0 B 3aBUCUMOCTII OT H&nEI¶UB X m  OTCYTCTBUX 

B ~ T O B  rnme MY Tmxe p a c c ~ o r p q ~  z ~ a - y  naxox,qenuR sacT- 

. , 

, ,. . ' M ~ J I ~ T H K O ~ ~ H H ~ ~ ~ H O C T ~  ' . . !  8 , 

. . .  
8 :  Q ~ I W M  ~3 ~ C J I O B &  K Z W C H Y ~ ~ K ~ &  perpeccuomoB MOAWIX xlsnqec 

eArroaomeaar: o nuaeitaoit. ae3wncuMomx o 6 p a c ~ a m ~ u x  nepa 
r ,  YTO 0 3 ~ a q q . n k l ~ e I t ~ y ~ )  H ~ ~ ~ B U C U M O C T ~  c%@~16qaa.~a~puqbI 
OPOB ,X UJIU ( ~ K B U B ~ J I ~ H T H O ~ . ~  TPTO MaTPUqa (y'X)-l UMeeT 

Q@$HbEa pSLaF k. ~ P W  HapYLUeHUU-:3TOr? YCJiOBUX,,.T. 6%. KOPM O m  

''s@:emn6qo~ MaTpUlW X eCTb nmiei%pW K O M ~ U H ~ ~ X  OCT-H~IX 

@ZOJI~~OB,  WBOPRT,~YTO UMeeT M € X W  n0flH* .~onn.u%eapnocm~..B 3TOg 
wsyaqarr HWR' noCTpomb MHK-O~~HKJI ,  n&pweTpa P, 'IM &op- , , .  

U 3  CF5HryJIIIPHOCTK M&TRWbI X'X U HeB03MOFHOgTn 
HOpMaJIbHLle YpaBHeHUR. H~TPYAHO TaKXe IIOHRTb H COAep- 
b~k CM~ICR m r o  xBnenm. P X C M O T ~ ~ M  c n e ~ y ~ o m  rrpocroZt 

inpmep perpeccm (~r&ne:l,997): C = PI + A S  + P3N + P4T + E ,  

. C - nmpe6nexu.e, S - sapnna~a, N - AOXOA, nonysaem~B 
e pa60TU,. x ,- IIOJIEH& ~ O X O A .  ~oCKOJILKJ' BbIIIOJUieHO PaBeHCTBO 

N ,  m w n p o n ~ ~ o ~ ~ b a o r o ' " ~ ~ m a  h ucxo,q~ym perpeccum 
XHO nepmuca~b B me,qzowe~ BEIA~: C = PI+P$S+P~N+P:T+E, 

l$Xe.@& = 02 +h, = @3 $ h,.Oi =.Pa - h . ' % n ~  06pa30~, O&HU u ~e 
# ~ ! , H ~ ~ J I T o A ~ H R R  MOFyT 6b1Tb 06'brrc~e~bl P ~ u w i ~ ~ u  uabopa~a KO- 

'$?&$w~HToB @' &a C m y w  ~ e c ~ a  aa3aaa C npo6ne~ofi udenmu- 
&tqupye&ocmu CHCWMLI, o reM 6onee n o ~ p o 6 ~ o  6 y ~ e ~  roBopmLca . .  . 
k~guee .  K p o ~ e  Toro, ewpl c y r e m ~  paeencma T = s,+ N, nepew- 

T ~ M Y  B B W ~  Q = P I + ( & + P ~ ) ~ + ( P ~ $ P ~ ) N + E ,  
o, sm oqe~mb. .~omio n w b  TPU napaMeTpa hi, 

(Pa +&), a Heserape ucxo~pbtx. B 061qe~ C J I ~ ~ ~ R  MOXHO 

qm emu .rank(X'X) = I  < k, n, oqemi~b M ~ X H O  m n b ~ o  1 



110 rn. 4. Prunnq~ble a e n e ~ m  M H O X ~ ~ T B ~ I I H O ~  perpeecud 

JIUHetfHbIx KOM~UHZLL@ UCXOAHbIX ~ 0 3 & & I I q ~ l e l i T O B .  Ewu eCTb IIOJI- 

H a s  K o n m m e a p a o m b ,  TO MOXHO ~ b ~ ~ e n m b  B M a w u q e  X ~ a ~ c n ~ m b -  
HYIO JIUHeZhf0 He3BBUCUMYK) CElCTeMY C T O ~ ~ ~ O B  H, YAaJIUB OCTaJE-HbIe 

C T O J I ~ ~ ~ I ,  lTPOBeeTH HOByIO PeI'peCCUIO. 

Ha IIpaKTUKe nOJ1HaSl KOAJIIlHeapHOCTb BC'TpeYaRTCII UCKJIiOYU- 

TejlbHO pe&KO. r0pa3~0 Y a I 4 e  IlpHXOAUTW CTaJIKUBaTbCsl C CKTya- 

que%, K o r a a  M a T p t i q a  X u M e e T  n o n ~ b r l l r  panr, HO M ~ X W  perpec- 
copam AMeeTca B b l c o K a s  crenenb K o p p e n s q u u ,  T. e. K o r A a  MaTpu-  

qa X'X, rOBOpX HeCTpOrO, 6 n m ~ a  K B ~ I ~ O ~ ~ H H O ~ .  Tor~a rOB0- 

p I iT  0 H a n F I u n  MynbTWKOnJIUHeapHOCTU. B 3TOM CRyqaR MHK-OV~HK~ 
& o p ~ a ~ m ~ o  c y q e c r B y e T ,  HO 06na~aer u n ~ r o x u ~ u *  cno2ic~sa~zi. 3 ~ 0  

HeTpyAHO O ~ % S C H U T ~ ,  HCIlOlIb3YSI reOMeTpUYeCKYI0 U H T e p l I p e T W I O  

MeTOAa HaUMeHbIUElX K B w a T o B .  I < ~ K  YXc! O T M ~ ~ W I O ~ ~ ,  P e I ' p e C c ~ O  

MOXHO PaCCMaTPUBaTb K&K IIPOeKqEfIO B IIPOCTPSUiCTBe Rn BeKTOpa 

y H a  n o p ~ p o c ~ p ~ c r ~ o ,  nopoxaennoe C T O . ~ ~ ~ & M H  ~ a r p ~ m b ~  X. Emu 
M e X m  3TEIMH BeKTOP&MU CyIqeCTBYeT n p n 6 n u 3 ~ ~ e ~ t b ~ ~  J I ~ H e f l H a 8  

3t%BUCUMOCTb, TO O I I e p q U X  npOeKTHpOBaHUR CTaHOBKTCR ~ e y C T 0 f i Y u -  

BOB: H ~ ~ o J I ~ L U O ~  YI3MeTIeHUe B HCXOAHbIX AaHHIJX MOlKeT IIPI4IleCTl-i K 

CyID,eCTBeHHOMy U3MeHeHUX) OqeHOK. PUCYHOX 4.1 H&rjIRAHO 3 T 0  Ae- 
M O H C T ~ U ~ ~ ~ T . - B ~ K T Z ) P ~ ~  y U y' M a n 0  OTJtUYaIOTCSl Apyr OT ApyI 'a ,  I50 B 

Pnc. 4.1 

cuny TOW, YTO yrOn a m p y  s e K T o p a M n  (perpeccopa~u) xl a x 2  M ~ J I ,  

p~3~10xerinrr npoexcpiir yrnx s e K T o p o B  no xi ti 22 o T n u s a m T c x  3 ~ a -  
qUTeJrbU0. Y npOeKIWH BeKTOpa y 06a K O ~ @ & U ~ X U ~ H T ~  P W O X e H U Z  

no 21 U 2 2  (H~UOMHUM, rm 3 T 0  II eCTb MHK-O~~FIKII) rl0nOXUTeJIb- 

HIJ U OTHOCEPTeJIbHO HeBeJIEIKII. y IIpOeXqHU BeKTOpa 11' ~03&1134ti€X~ 

'. -d.;3: O q e ~ ~ u  ~&&uqciem~ n M e m  ~ e n p m i m b ~ b ~ e  c TO~IKK 3pe- 
L.tc - HHB T e o p u i f  3 ~ a r i E I ;  iutu ~eonp8gAai.1~~0 60nbin~Z ~H&%!&R. 

~. . 
, . . . . .  , 

I i a r R O r O  OTBeTa H a  3TQT. BOIIpOC EfW, H C@&&H 

ecm ppa3uLle w a e t I r i x  na -WT cY~T. Cy~qec~~ym &a- 
B U W I U  K O T O P O ~ ~  G'tklTZWOP, S T 0  :U H e  HYXGHO 

W; AWaTb, .nOCrlOJ&Ky aT% yCTpOeH -MIIpv (CM. Kennedy, -1992). 
! 3 A W  H e  CT&aWM qWb AaTb AOCTWQYVHO IIOJIHW OnUCSIUe  M e  

eapHoc-raio.. Bonee n o ~ p o 6 ~ o  06 %OM 

, B (Greene,. 198t, rnma 9). 
zxeumymmaoro n c c n e A o B a T e n R  npu c T o m a o s e H n n  c ,npo6ne 

BQBHlTKHYJ!b eCTI?ZPBeHHOe XW& 

pou.i~b ~ J I A ~ H U ~ * H ~ ~ ~ B E I C ~ ~ I ~  n e p e w e H m l e , ,  m p b i e ,  BOS- 

. OAHXCO CJIeAyeT ITOMHUTb, -TO. TIpW 

MOrYT B03HHKH)'Tb IiOBbI9 TpyAAOCTH. Bc-UBPB~IX, AaJIeKO H e  



neir;: ~ 6 y g i m n u ~ a 3 -  an. 4.4, dp;re~Baane%@~&%eumx v-~ 
~ B % & X % M X  .mpe~eamX, T.*&: Hesw- .fiep~m-~ ~ m p e  

, . , !  :. .:. . . . ,,' ,'. *. ," /; , I  .. , . ,  < ! . I .  < ' ,  * 3:<7;, .,: ,.+!q = (?Cll@?,?.= ,I,..:- !Pi5&, ,,:. ::: , .,. a6;.6); b w h a -  :. ~ . , , r >  . 
, p p ! ~ . , ~ " p ; y ,  i ~ : ~ ) . ' k , ~ ~ , ~ ~ ~ ~ ~ I . ~ ~  &kpxji"3a~f1~1~~it ,. ,.c.,ti ecra a4ji OTCYTWB~U, aacmem otpswoaan. n 9 + 6 - iqm(emli 
4,p ,. ,, '2,' .. ; .  . , , . . ; : ,-  , , .: 
JIIEW~~;, l % f ~ i ~ ~ ~ ~ , " B ~ - a  . ; .  , , I , ,  < . 1 4  :; ., r 1 .  h ~ :  g,-$UIpe31;~1~)"@* KaK $$?@@3 .I j',:) j 
%liretreane sapmarrar npa ~I-B, $it?)AH9#, *%.p,?= (W , I /  .wig 

, , llIeM1 oBpa30~a~ns] S @mH) (C B b i ~ m h i  06p83aBaH3Xe~] &u' W m  
/ ." 
: . h l g a & w ~ & m *  b@ra%im& %~~w&B!:K o ~ c r e ~ e  .@.2) t ( i o m ~  
*~<,. ~ 

- -  ~ ~ m d e I m r b  q w3n-max X B ~ $ I @ # ~  n n o n y m m ~ ~ ~ ~ n  cs 8, 
' ~ ~ T F ~ . K ) ~ X I C P . ~ " ~ B .  i $ ~ f g  ,~T,o, -ys PU- 

X r n m y  6 = 0, 46$'rtpo~epze~ npemat16 o H + Y ~ ~ T B V O M  

Mes,ny nampmws. 
. r ,  . '  >,.,.!, :-:G:.>;\ ,!I . ," ,, . , : , ,! 

'@@M@~DMuP.. B &0831drfW0&, lWP8~Type m) S K O B O M S p p K K ~ . . I I e ~  

Me yxa3aslroro mwme Tuna HmrsBmrx dzlmmy seciabks, .m, 

ep, ,&wepgf~, .1985!). Gpqw?? opia~o ,~ ,  acKe IIGtIwM%rb, 
d = xe epm~onpaBami mpiM-, m.'u m o 6 ~  m pe- 
e p ~ , ~ $ ,  ~ r j  =., 1;:i.i .. i-k: :&.ua,&mmm~oet~brr m o m  l~)&&& I@ 

OH@ m m i ~ ~ & ~ ~ b l &  o(lpaauw :.q- m w m m &  
. $ 1 .  . , ' i  . i , 5 .  X I .  . , ..'. , 5 ; ; : i I ; :~ , 5 

semzooe-pmin.are.~omro ~ W ~ ~ . ~ . R O M O ~ I C X  mo- 

:d: &CI@KO' B WOWMmWeXcQ8. :npW-tie;.%fOX?h% 
J E J % ~ E T ~ - @ % K T E ~ ~ I ~ ~ . X ' I ~ ~  1-a %&b, TI@- 

a r ~ ~ r a ~ . ~ ~ m a q s w  B&JI~~RF w60-npe rrm. 

i -uwsai 3 m~lgI~zwyJoMa c.8h1emp o 6 ~ ~ ~ ~ a  2 
n w q t y y ~ a  k s r c r n e r a  wfipaxmawi~,: m ,m~z&4m9Hrn~inpn 



WOM perpeccope pa~nrwrcrr 6b1 ~ p m  c p e A H e r o  m M e H e l l H x  3ap I I J I aTbI  

npn nonysemu sucmem 06pa30~anns. 
h U  B ~ J l I O Y a e M b l f i  B PaCCMOTpeHUe K a ~ ~ e C T ~ e ~ H b l f t  n p H 3 H a K  U M e  

eT H e  ABa,  a HeCKOJibKO 3 ~ & ~ e H & f f i ,  TO B nPYlHqAne  MOXUO 6blJI0 6 6 1  

BBecTu  p c ~ p e ~ n y ~ o  n e p e M e H n y l o ,  n p n a a M a I o m y i o  m o e  xe K o n a s e  

m o  3nasennB. Ho 3 ~ 0 r o  & ~ K T M X I ~ C K M  H m o r A a  H e  ~ena~wr,  T ~ K  K ~ K  

T O r A a  TPYAHO A a T b  CO&?pX&n?nLIIYIO IIklTePnPeT8I(UW C O O T B e T C T B m  

q e M y  ~03&$nqnen~y. B BTUX cnysaax qmecoo6pa3~ee ncnonb3o~a~b 
HWKOJIbKO 6 u ~ a p ~ b 1 x  IlepeMeHHblX. TunnsnbI~  nPEiMePOM non06~0B 
CElTyqIXn  SlBllXeTCB EICCneAOB&HUe Ce30HHblX K o J I e 6 a H ~ f i .  Ily~Tb, Uilr 

npnnnep, yt - o 6 a e ~  nmpe6neriun H e K o T o p o r o  n p o A y K T a  B MWU t, 
n ecm B C ~  OcHoBaiAnu CSUTBT~, YTO no~pe6nenwe 3a~ucu-r OT B p e M e  

IIM rOAa.  ,@ST BbIXBJleHUZ BJIURHHR Ce30liHOCTU M M H O  BBeCTU T P U  

6 n ~ a p ~ b 1 e  n e p e M e I i I i b I e  d l ,  &, d3: 

dtl = 1, e C n a  M e y q  t ZBJIZ- 3UMHHM, dtl = 0 B OCTaJIbHbIX 

cny saux; 

h2 = 1, e m  ~ ~ u q  t m z e ~ c ~  s e c e m r M ,  dn = 0 B o m b ~ b l X  

CJIysaruc; 

OTM~TIIM, -TO MbI H e  BBOAUM 9 e T B e p T Y I o  ~BH&PHYH) nepeMeHHYS0 d4, 
OTHOCSJIIJIO~ K OCeHM, UHaYe  TOPAa AJIZ nro(j0r0 M e C W a  t l 3 ~ O n H R -  

nocb 6b1 TOXAeCTBO dtl + dn + dw + dt4 = 1, ¶TO mHa=xa.no 661 nu- 
HefiHyIO 3aBUCUMOCTb PerpeCCOpOB B (4.3) U, K% CXeACTBUe, HeBO3- 

MOXHOCTb IIOJIyYeHuR MHK-O~IHOK. (Ta~ax C l r T y W U Z ,  KOrAa  CyM- 

M a  &UKTHBHLIX nepeMeHHblX  TOXAeCTBeHHO P a B H a  KOHCl'aHTe, W X e  
smmre~noft B perpeccnm, H m b I n a e T c u  tdummy tmp*.) kInurnu cno- 
B ~ M U ,  c p e ~ ~ e ~ e m ~ r n b ~ f i  o 6 z e ~  nolpe6nenurr e c T b  ,& .ms o c e H H n x  ~e 
CXqeB, ,&+Dl - AJtZ 3UMIIUX, Po+Pa - AJIR BWeHHEiX U &1+fl3 - AJIZ 

JIeTHUX. TaKElM 06pa30~, OqeHKU K O ~ & & U ~ U ~ H T O B  &, i 1,2,3, n0- 
Ka3blBaxoT c p e A H n e  ce301inbre o T K n o n e n u x  B no~pe6ne~m no 

pa3nusuu B o65e~e  no~pe6ne~nrr M e m A y  n e T H n M  n OC~HHHM ce3ona- 
MU, rUll(Yre3a pl = ,UB,eH,a npe,OlIOXeHUEO 06 OTCyTCTBnn 

pa3nnsun B no~pe6ne~uu M e x A y  3 u ~ o f t  u B e c n o f t  M T.A. 

@UKTUBHM~ IIepeMeHHbIe ,  HeCMOTPX H a  CBOlO BHeIUHIOK) IIpOCTO- 

TY, XBJIZIOTOI BeCbMa F I ~ ~ K U M  UHCTPYMeHTOM np&i UCCJleAOBtl,HPlM BJTI- 

ZHUZ KaYeCTBeHHbIX npU3HaKOB. P ~ C C M O T ~ U M  ewe OAUH I IpUMep .  B 
IIp€JAbI@'I4efi MOAWIU Mbl UHTePeCOBMElCb Ce3OHHblMH Pa3J lKSIIZMU 

n m  Ann c p e p e M e c R y n o r o  o 6 z e ~ a  I I O T ~ ~ ~ J I ~ H U X .  M o ~ u ~ u q n p y e ~  
- ee, Bse,qx HOBYIO H ~ ~ ~ B A C U M ~ H )  n e p e M e H H y m  i - AOXOA, ncnonmye- 

MWB H a  no~pe6ne~ne. K ~ K  A ~ B ~ C T H O ,  B perpeccnu 

W J M X H M ,  YTO 2 U Y I IpeACTaBneHbI  B BHHe BpeMeHHLIX pZAOB {(xL, yt ), 
&:d;,. . . , n) ( I i a I I p U ~ e p ,  Xt - p a 3 M e p  OCHOBHOrO @ > O H ~ L I  HeKOTOpO- 

V e ~ m p u n m ~  B nepnoA t, yt - o h e ~  npqWKqm, ~ u n y r q e H n o f i  

3TOT Xe nepFi0~). kI3 HeKOTOPblX aIIPUOPHbIX coo6paxeani% HCCne- 



AoBa- cwmam, YTO B MOM~EIT t o  npomomna C T P Y K T Y P H ~  nepe- 
CTpOfi~a Fi JIUHUR perpeCCHU 6y~eT OTJlElYaTbCR OT  TO^, ¶TO 6bma A 0  
MOMeHTa to, HO 06mm nUHUR OCTaA?TCS HenpepbIBH~R (pnc. 4.2). 

YTO~IJ OqeHIITb TaKYIO MOAWIb, BBeAeM 6 i a p ~ y I 0  IIepeMeHHylO 
r, nonaraR Tr = 0, emu t < t o  u r~ = 1, ecm t > t o ,  u sanunreM 
cneAyIoqee perpeccuonnoe ypasaeaae: 

:;. . 
1) &'I4 UCCJIe&OBruIUX BJIUKUUX K?Y,eCTBeHHbIX IIp&H+K0B B MO- 

..': AeJIb MOXHO'BBOAUT~ 6a~apabIe (&,Ei~Td~ble) nePe~e~iib1el KO- 

Topwe, K ~ K  ~PBBUJIO, npnnuMam 3 ~ a ~ e m e  1, ecnu A ~ H H ~ I B  Ka- 
¶eCTBen~bIfi npH3HBK IIpUCyTCTByeTB ~a6nm&e~uu ,  U 3HayeHUe 

t .. 0 npu ero OTCYTCTBUN; 
: l . . 

2) cnoco6 BKnm=Ieuun &UKTUBH~IX nepeMeHIihlx ~ ~ B I I C U T  OT anpa- 
O P H O ~ ~  BH@OPMWUE OTHOCUTeJIbHO BJIUSlHWR COWl'BeTCTBYH)~X 
~ a q e c ~ ~ e ~ n ~ x  n p u 3 ~ a ~ o ~  Ha 3 a ~ u c t l ~ y 1 0 ~ n e p e ~ e ~ ~ y m  u OT ru- 
n0T-, KOTOPble ~POB~PIIX)T& c nOMOWIO MOAWIU; 

3) OT moc06a BmmYemx +UKTUBHO~~ nepe~ennoa s a s u c u ~  u nu- 
TepnpeTaqxx oqemu xoa&@uque~m npu ~ e f i .  

LOGPRICE = 7.106 + 0.670 LOGLIVSP + 0.431 LOGPLAN 
(24.5) (9.66) (8.71) 

+ 0.147LOGKITSP - 0.114 LOGDIST 
(2.45) (-7.11) 

.!! . P a c c ~ o ~ j j u ~  EuITepnpentqum C $ U K ~ B H H X  nepeMeHHbIx FLOOR, 
. I ,  BRICK, BAL, LIFT, R1, R2, R3, R4. . . 
;.~. , , , O~paqa~enbxbx$i ~03&C$uqlle1i~ npn FLOOR oxauae~,  vro map- 

' 

, , , ,! mpa Ha nepeoM w y n o c ~ ~ e , m e ~  3 ~ a x e  CTOUT Ha 6.9% Aemlesne am- 
. X O ~ U Y H O ~  KBaPTUpbI Ha CpeAHUX 3TaJKaX. K s a p p a  B KHpllUYHOM A D  
i t l l I  

Me (BRICK = i) CTOUT Ha 13:4% Aopoxe a~arrorn~nok K B ~ P T U P ~ I  '6 
. ... , 

U a H W b H O M  nOMe. ~ P A C Y T C T B U ~  JIu&Ta (LIFT = '1) JgenUYUBmT CM- 

BMOCT~ ~ s a p T U p i d  ~a 11.4%, 8 Hannuue ~~JIKoH$'(BAL = 1) - Ha 
I ' aiqg. 

, . ,; , .  



yUePefItIWI BWIU¶UHa t-CT~TUCTUKU (2.08), C O O T B ~ B Y I O I I ~ ~ ~ ~  KO- 

~@@BUII~HTY npn BdL, MOFW (UnaqaTh,  'ITO c ~ m b  M e w  qetiofi 
K & T U ~ ~ I  u nam~neu '  B H ~ S  6an~ona COMH;I&~~~~;:BO~MOXX(RO, t m  
5%-n ~ H ~ Y W M O C T ~  ~03@@Squeirra hpu BAG nonysiiia~b aa c v e T  cy- 
lI@CTBOB&Hri5I ~o'CseIiH0fi ~ ~ U C U M O C T A  L@IibI kBapTUPbl OT ~ & R K O H ~ .  

H a n p n ~ e p ~ ' 6 m ~ o H a  H a  nepnou wame, cKopee  ~cero, HT, a, c n a o B a -  

TWbHO, 3 H a ~ U U b I f i  KO~@@WHT lIpU BA.& MQH(ET 6bI~b pe3yJIbTaTOM 

n e K o e m  cnomeoro K o u n n e K c a  B ~ ~ I H B  @awopoo ~ramaocru xa sexy. 
IIepe~en~bxe R1; R2, R3 n R4. 65Gm ~ r c n ~ m b t .  B perpeccuro, 

Y&~I  YYeGTb B 0 3 M O ~ b t . e  Pa3JIHYUII B CTRYKTYPe PbIflKa . W J I b R  AJlR 

, K,BaPTUp, C pa3HIJM -9eGTBOM KOMtiaT. 3 a h b ~ U ~ , : . 3 m  .,,. B B b l 6 o p ~ e  

S T b  IISITU-, ~ ~ I ~ C T U ~  U &?We BWbMU~OlfgpTHbIe I$BapTUpV, EWTOMY 

nepeueaeue R1, R2, R3 n R4 B c y M u e  H e m  KOHCT~ITY. 

.Bbuue .(IIpuwep. PUHOK ~ e a p m u p  s k c T S B 4  n a v q o ,  11.3.5, , 
c ~ p .  86) 6blifo. IIQKa3aU0, m, ~03&nquemb1 rrpu R2, R3 w R4 MOX- 

I10 CYUTaTb PW&M$. 03 ypaBtIetI&9 (*), TaKUM &pa;toU, B&O, T I W  

KBapTXpbI C YH,Q?Og KOMHaT OT 2 A0 4 q T T  AOPOiKe MHO~lJOMH$W171LdXI 

a O ~ H O K O M H ~ T H ~ I ~  - &e ~ o p o ~ e  . . ,  (npn n p o ~ u x  p D B B ~ &  ~+OBWIIX). 

B TOM CJIyTae, KOPAa IlMeIoTCX OAHa He3aBUCUMM Pi OAIIa 3aBUCUM?%l 

I IepeMeHUbIe ,  ~ C T ~ C T B ~ H H O ~  uepoa 3aBUCIIMOCTU (B paMKiW[ JIUHea- 

uoro no~xoga) nsnxmcrr ( B H ~ O ~ O Y I I ~ I ~ ~ )  K O ~ & ? ) A ~ ~ ~ H T  ~oppmrrquu 

~&BCHMOCTII, HO MOXeT ' 6 h l ~ h  O ~ ~ C I I O B J I ~ H O  U ~ p y b f i  ~ I ~ U Y E I I I O ~ ~ .  A 
uueaao, emb ~ p e ~ b n  n e p e M e H n a x ,  ~ o ~ o p a s  o~a3b1nae~ 'ciumroe nna- 
XHUe ;la A R e  I IepBbIe ,  ¶TO h CJIYXUT B KOHe'IHOM C ¶ ~ T ~ ' I J P U ~ M H O ~ ~  

EX 'B~IC?KO~~ K O P P W I U P O B ~ O C T U :  ~ 0 3 ~ 0 ~ ~  B O ~ H ~ K ~ R T  eCTeCTBeHHSl  

a.wa-~a l r a a f i ~ a  u suc~ymv ~oppenrrqu~o ~ q m ~ y  A B y M a  n e p e M e w n b I M u ,  

H C I t J l I O ~ I U ~  (JIEiHe&Iioe) BJIHXHUe ApyI'uX @KTO~OB. %O MOXHO CAe- 



UJIM 

1 - R' = (1 - r2(y, X Z ) )  (1 - r z (y ,  211x2)). 

O ~ U C ~ H H ~  B b I l u e  npoqeflypa -0'IeBUflHbIM 06pa.30~ 06061qae~m H a  

cnyqatt, ~ o r ~ a  u c K n r o s a e T c n  snuziae H e  O A H ~ P ~ ,  a H C C K O ~ ~ K H X :  nepe- 
M ~ H H ~ I X :  A O ~ T O Y I I O  n e p e M e H H y I o  x2 3 a ~ e ~ u ~ b  H S ~  ~ a 6 o p  n e p e M e H -  

HblX X2, C O X p a H a X  OIIpSAWIeHUe (4.7). Q o p ~ y n a  (4.8), eCTeCTBeHH0,  

YCJIOXHMTCZI. n O ~ p 0 6 H e e  06 W M  M O X H O  I IpOYeCTb B KHYIrc? (Ai%~a3~1i  
M ~ p . ,  1985). 

~ ~ O U J I J I I ~ C T ~ U ~ ~ ~ M  l I i ) U B e ~ e H H o e  B ~ I I I I ~  IIoHSITU~ ' I W T I i b I X  ~03&- 

& U ~ U ~ H T O B .  K O p p W n q k i H  u Kx ornume oT 0 6 b l % ~ b l ~  K O ~ & @ U ~ H ~ H T O H  

K o p p e n a q u a  ria c n e p y r o r q e M  n p n i u e p e .  

. - ,  

IIpmep. Parxau e u w m w ~ s  &wrepcoe. P a c c ~ o ~ p u ~  ~onpoc  o 
cnsau poccu8c~oro u s ana~~oro  ~ M H K O B  $amm~brx +bmsepcon. 

B HacTOXIIXea? BpeMZ HeCKOJlbKO ~ O C C U ~ C K U X  6upm B w T  TOprOBnlO 

CpO9HblMH KOHTpaKTaMU H a  BOCTaBKYAOJIIIapa CmA:.MT6, MU@B, 
. PTC6 U Ap. O@I~KO (CM. % C O B J I ~ B ,  Beccoao~, 199Sa; 19956) B Te- 

, , ~e-e nepnoaa ~ a b r r r o ~ e u u f i  ( ~ 0 x 6 ~ ~  1992 r.: - C ~ H T X ~ P ~ .  1995 n) ~a 
MTB n p u x o m o c b  OT 75'80 8.5% o6nuek o6aeva T o p r o n n u .  IIO~MMY 
B KaYeCTBe UeR $ b I 0 q e p C ~ b 1 ~  KOAT~~KTOB H a  IIOCTaBKY A O n J I a p a  CIIIA 
M U  ~bI6pa.n~ KOTUpDKH KOHTpIlKTOB H a  MT6. 

Au~ah iu ia  q H  BaJIIOTHblX @~&Y~!PCOB H a  3 a n d e ' ~ e  &HO 3 a B ~ -  

CUT O'I. 6upm. f i n  Wa.nu3a ~ b f  B3INIW ~ U ~ H ( Y  C H a U 6 0 n b I I i u ~  0 6 a e M o M  

T o p r o m a  - IMM (Internationd Monetary Market, Chicago). 
M ~ I  ncnanb3ye~ e x q B e s a b i e  - q e H a  3 i t ~ p b l ~ k i x  p,nn IMM 

.u K O T U ~ O B O ~ H ~ X  w a  MTB 7 no~a3a~enu ,  K w r o p m e  ucnonb3ym 
T o p r o s u e  n a n a T b r   TUX 6upx msi e > u e f i H p H o r o  n e p e p a c q e T a  no3uqvl f l  

UBBeCTOpOB ( B a p M ~ U O H H 0 8  M ~ ~ > K u ) .  

B K a v e c T s e  n a p a ~ h p o ~  w x  cpanrieriun MM ~ 3 m u  H e  c a ~ u  ue- 
Hbt ROIi'fpWQB, & <&OXO141fOCTUI, IIpUBeLfeHHtil& K TWUYHOMy ~ ~ S U C Y ,  

. . . , , .  , ,~ & e, - qen? KO"TpWTa B MO&"? .e.pM- t Ha n ~ C ~ & Y  i A ~ -  
: I 

: naps B M O M ~ H T : B P ~ ~  T IT. e. CO C p O p M  flO IIWT~BKH.T - t ) ;  St - 
, g r ~ ~ ~ , ~ . ~ W a ~ a ~ ' ~ ~ ~ ~ ~  t'. f& Py6e - A g F I e  M M F ,  psrn 

H$M~+&*. g a ' p ~ , ~ . D ~ ,  6 p , l i ~ & ~ c ~ o r o  & y ~ n i  BP, ~ITOHCKOB wc~br JY - 
,qmnble IMM.) $I, &@, #;, $;,$ 0 6 0 3 ~ a ' l ~ ~  AOXO~~UOCTU. (*) KOA- 

~ p a x r o ~  ~a n o c m K y  1 pprmapi B pyksx, DM, BP, JY. Ha narn 
mrnsi&, m n o m a T e J f b  B ~e~b.mei% M e p e  ~ ~ B U C W I .  wr T e M n a  nrx+nn: 
qm, YeM '&a 4 e d $ h ~ T ~ ~ . ~ B @ e t ! # n  t l k e p x e m  B b d x .  ' , 



%KUM o6pa3o~, BbICOKUe K O ~ ~ ) C $ U I Z ~ ~ ~ H T ~ ~  KOPP(%Bm B zIepBoi! 
i&nnqe, HanpUMep 0.626 #Wrrr RU-DM, ~ W U  Jrwlub CJleACTBHeM Tom, 
.IT0 Ha uHrepn&e mabJl~o~eau& (U0ion6pb 1992 r. - m~TX6pb 1995 r.) UP 
Mewocb nwewue Kypca py6na no mnoluemm K ~onnapy w wemue 
~ypca  .qonnapa IIO oTuomeHam K neMeq~oL MapKe, T. e. w a  ~oppe~151- 

RU DM qua -ems cnqmneM manunusf BpeMentioro ~ p e ~ m  m y * , ~  u &,T. 
BblBOA nCV(TBepXA~ TaKHce TeM, YTO ~03C$@wuv1eUTbI KOPP* 

naqna H YF c t AOCT~TOYHO BYCOKII (-6.673; -0.920). 

npoqepypa IIoII~~I'oBo~o 0~60pa UepeMeHHbIX 
, , , ,  . 

K O ~ @ + X ~ X ~ H T  YWHOB KOppeJIXqUU Tarn0 LiClToJIb3yeT@I IlpU peUIe- 
HUX npo6ne~b1 cnequ~umquu aodenu (CM. Amee 11.4.4). OCT~HO- 
B ~ M C S I  lia ~ T O M  aWKTe &nee n o ~ p o 6 ~ 0 .  

H ~ o r n a  ucmen6sa~enb 3apmee 3nam x & w p  ~~BUCHMOCTU UC- 

CJIeWeMLIX BenZsUH, 'bnUpa5L~b, ~?UIpuMep, H a  ~ K O H O M H ~ ~ ~ @  

opnro, npeAhIgyLque peymTa.Tbt, anpwopHble. 3 ~ -  u ~ . n . ,  a 3a- 
i a ~ a  COCTO~T J I U L L I ~  B O ~ I ~ B -  HemmecTHbxx napm&po~.  (no  
CYqeCTBY, 110 BCeX H m U X  lIPeAbI&J'LLViX P&cQ'XA'%HJIX M" HeRBHO 
npemonaram, YTO uMeeTcrr amenxi0 F a a  CU?~~LWI.)  K n l t ~ ~ n t ~ e -  
C K ~ .  n p n ~ e p  - oqeHuBaHue .napaMeTpom u p 0 m 3 ~ o ~ r n ~ e ~ ~ o f i  ,&YHK- 

qua Ko66a-Aymaca Y =: A K " . ~ ,  rAb Y - COBOK~&~IB mVnycK, 
K  - K~nH~OBi lO~eHua  Z3 L - TpyA03a~~a~bI. ~~I l%p~&~~p$ ' f i  3 l W  

pmencTmo, rronyraeM nuaeenoe d~irocu~&-Hd h A ,  a, /3 ypaewenne, 
U 3  I&TO~OI'O, ~rurp%iMCp, C k 0 ~ 0 m b ~ q  &WO& , ,  k ~ b ? e ~ b ~ ~ k 1 ~ B W a T O ~  , 

MOXHO nonyqn~b o q e ~ ~ u   TUX n a p a ~ w p o ~ ,  ;nponepi,rh ~ .. * unn unb~e 

, coedzmenus, npoqedypa npucoeduxenua-ydmenwr EI npoyedypa nome- 
doearnc.m~ozo ydmenua. O n u m e ~  KpaTKo OAHY u3 w a x  npoqe,uyp, 
UC~OJlb3yH)IIlJ'IO IIOHSTUe K O ~ & ? ) R I I ; C ~ ~ W T ~  YWHOR KOpp€!!XqHU. 

Ha nepeoM waze a3 ucxo~~ioro ~ a 6 o p a  o&brrcamwx nepeMeHsbrx 
B L I ~ H ~ W ~ ~ ?  (n~nlosae~cn B qacno perpeccopo~) nepeMeHnan, mem- 

11~i60~1bUIUfi no MOWJIIO K(M@&UW~HT KOPp€XRqUU C 3&BUCK- 

~ o f i  nepe~eauofi y. 

Bmopotl luaz c o m u ~  u3 g ~ y x  noAmaron. Ha nepBoM u3 ~ u x ,  KOTO- 

p r ~ B  BmnonHrieTcR, emu snmo perpeccopon yme 60~1bme A B ~ X ,  ~ e -  
@€TiX IIOnblTKa UCKm0YBTb . O W H  113 perpeCCOpOB. HweTCS TOT pe- 
rpecCOp I,, YAUeHUe KOT0pOrO IIpMBOAUT K HaHMeHbIIIeMy YMeHb- 
meHnm ~03&&aquen~a AeTepMaaaqua. 3 a ~ e ~  cpamuBaeTcrr 3na1re- 
1iUe F-CT~TUCT~KU (3.44) AnSI UpOHepKU rHIIOTe3bI Ho 0 He3Ha.IMMO- 
CTU ~ T O M  perpeccopa c H ~ K O T O ~ ~ I M  sapwee 3a ,qm~b1~ noporoBMm 
3 ~ a q e ~ u e ~  Fnc,. Emu F < F-, TO x, yAanweTcII as cnucm pe- 
FpeCCOpOB. ~ ~ M ~ T U M ,  TTO ~FiIIOTe3a Ho 0 paBC?HClge K O ~ & & U I @ ~ ~ H T ~  

npI5 Xr FIYXKJ 3KBUB~eArHa IXnOTe3e 0 paBC?HCrBe K O ~ & & U ~ U ~ H T O B  

AeTepMnuaqtrn no a nome yAarrema perpeccopa (CM. (3.45)), a T~K- 
me rUnOTCle 0 TOM, Y'M K O ~ ? ) & W ~ H T  Y X T H O ~ ~  KOppeJIStqUM Xs ti 
y PaBeH 0. B T O ~ O ~  nOAUIar COC'MUT B IIOIIbITKe BKJIIOTeHM5i HOBON 

perpeccopa u3 ucxoAHoro 1ia6opa n p e ~ c ~ a ~ b ~ s a ~ o ~ x  nepeMeHsbIx. 
K q e ~  nepeMemyro xP c H ~ U ~ O ~ ~ U I U M  no MOAYJ~IO YWHGIM KO+- 

@UII,UHTOM KOPpWIFlI~&fH (ucKJIIO~BRTCFI BJIWSJHUe paHee BKJImYeHHbIX 
kl J'paBHeHUe perpecCop0~) Gi CpaBHUBaeM 3SJaYeH$%2 F-CT~TI~CTUKU 
(3.44) AJISI nposepm r u n o ~ e 3 ~ 1  Ho o H ~ ~ H ~ Z I R M O C T I I  wore perpec- 
C?Qpa C HeKOTOPbIM 3apaHee 3waHHbIM IIOPOI'OBbIM 3IHacRHlleM FBKn. 
&JIFi F > FBm, TO Xp BKJIIOYSRTCZI B CnHCOK perpeccopoB. 06b19~0 
B b 1 6 ~ p ~  F.,, < FBm. BTOPOR UIW nOBTOpSIeTCn A0 TBX nop, noKa 
n p o u a c o ~ u ~  mMetieHtie cnucKa perpeccopoB. Ko~ewro, HEI O A H ~  143 

nOUIaI'OBbIX llpOF,eAyp Iie I%pa.IlTUpyeT nOJIyTeIIUe OnTUMWIbHOrO IIQ 

Ka~0hiy-nSi60 KpUTepUIO ~ a 6 0 p a  perpeccopon. 
(" * n o ~ p o 6 ~ o e  OnUCaHfie ll0UIaXOBbIX IIpOqejQ'p COAepXUT~ R KHHl'e 
( & B ~ ~ x H  U Ap., 1985). 



;..4 ',., , '  

4.4.. C : a ! 2 ~ ~ & ~ ~  .MOA!eJM , . I ' 

. . ' / I  

Bee nama npeAbyryqne paccyxaeHna n B H B O ~ ~ . % ~ O ~ ~  Me 
M b l  ~jXitcCWIeCK0fi M H O X ~ C T B ~ H H O ~ ~  PeIpeCCBEl, 0Cfio~biBaJIIICb SBHO 

mix ~eRBfro iid ~PeWronbxem~,  'ITti M u  U M ~ M '  ,qe& lc'npanu&n~h 
c n e ~ & $ u m ~ t ~ e ~ ' ~ ~ i j d e J i t i ~  t i~b ibu  cnoBahau, ~ b i  CY&T&&; 'YTQ 3 k -  

CUM= nepeMennaR 3; perpeccopb~ .X u oqe,ri&tie~r&. u@&a$ii 0 
, , ,  , '  : ca~3arib1 ~ ~ ~ ~ n o n i e i m e ~  

. , . " . , . , 

, . :'.. l % =.xP.+~, .- ! ,. - ~4.10) 
, , . . : , : x ,  , , \ : .  . 

n BbIII0JIaeHk.I YeJroBUR 1-3, IL, 3-1. &Pi STOM :YBCTO MBQpIITj. 9%O,'COOT- 

nomeme (4.10) omawBaeT ,*TtpOqeec,;nopowam~ Amble* amr 
YTO (4.10) ~ ~ e ~ e s  ( < ~ c T ~ R o B  ~o~ejIhrn.~;KaK npmmo, na n p w ~ u -  
Ke J I C T U H H % ' , ~ O ~ W , , + ~ ~ B ~ ~ T I I ~ ,  acwreAosaTem ou-m MOAW~, 

~0~apw-1 mmb nplt6nu~xe~no. ~ o ~ m e p ~ ~ y m  ~npoqeccy+:eapoxyam~ 
' n m m w c p  qw m m e ;  (H~~OMKAM,  ¶TO C8M ~ b 1 6 0 ~  ~ ~ C O P O E ~  

cnequ&u~aayuetl:~odenu.) &STOW . ~ ~ ~ : . e c r e c r r e e t ~ ~ B ~  ~ a q p  
@m%omeHEla . ~ e x , q . M H K - o q e ~ n  napaMqPPon n m m w f i  u 
hpmofi  woaenax. I v k  p a c c ~ q m  me, B . o n p s ~ ~ - ~  c ~ b 3 ~ n e  
npoTmnonoxnbIe, cu~yaq~u :  a oqemae~o&.  MWeJM o r c ) " w ~ ? ~ y ~  
9wm A ~ ~ ~ B I I C U M ~ D ( . ~ ~ ~ ~ M ~ A H ~ I X ,  ubfemqi~cs ~@~bmmaotl * M O A ~  

(acrin,m.le~ne . ,qmmBemax n e p e ~ e m x ) ;  B .oqesmae~oit Moaenu 
npncyTcrnym nesmncmbIe nepemHnue, ~0wpbur wer B nCTEl~nofi 
MoAemi (n~nrnpeme necyqec~~ewnh~~.  pepe~eqjibm). , 

t i ~ a K ,  6 y ~ e ~  U3fiaTb @a OCHOBWbIX ULyYa6f. 

H ~ O M H U M ,  9 T O  MHK-0qe~~a BeKTOpa napaMeTpoB P &ma M O A W  

(4.116) (n ~opomott perpeccuu) weeT BUA (CM. (3.4)): 
( 1,; 

' I ,  , , . ,  
.. , ZOLS = 3 = (X'fX)-'X'g. (4.13) 

/. , 1, 

[ e m o ~  8 = K] ~ . q r n ~ n o t i  berpeccm (B i i c ~ ~ n o f i  rqnenn) (4.Ila). 
, *> J:; 
,j, YYUTEJBU (4.11a), n 0 q s a e ~  (CP. (3.7), (3.8)): 

1, <!,:. EB = (X'X)-'X'E~ 5 f? + (x'x)-'X'Z~, (4.14) 
Pi 

, v(Z) = aZ(x'x)- ' .  
s.,: 

' 2i3 (4.14) B ~ A H O ,  YTO oqema P, nao61ue ronopa, c ~ e q e n a  sa nc- 
%&nosenue~ ABYX cnyqaes: 

6 X,Z = 0 ( o p m n a n b ~ o c ~ b  prpfeccopon X u I ) .  
,>,r:h! , , , , 



%K KaK M X  = 0, TO, COFJIaCHO U3BeCTHbIM @ o P M ~ J I ~ M  (CM. ILpri- 
nomeHae MC, n.4, NS), nonyraeu: 

E(ESS) = E(ylMy)  = E((XP + Z y  + c)'M(XP + Z y  + e ) )  
= E(E'ME + 2y1Z'Ms + y'ZiMZ7) 
= u2(n - k )  + f Z t M Z y .  (4.15) 

nowepee cJraraeMoe. B ( 4 3 )  nempuqwwbno npu nro6aap y,,no- 
CKOJI~I& Z I M i  = Z ' M ~ Z  = ( M Z ) ' ( M Z ) ,  '~ T. e. MaTpUqa Z'MZ 
He0~p2i~aTenbio ob~e&?JIeaa. ' b c n ~ "  06p&0~, oqenka s2 = s2 = 
e'e/(n - k )  = E 4 , / ( n  - k) BBJUI~TCR, ~~o61qe rOBOpSI , p e ~ e n ~ o i t  
oqen~oft ~ncnepcnn 2: E(a2)  2 u2. - 

3 a ~ e ~ m ,  YTO ecnx X'Z = 0, TO oqearca p HecMeqewa, HO oqe- 
a2 no-npeve~y  c~erqeaa: . . ~ .  

OTM~TUM, ST0 TBK KXK a2 PWTBYeT BO MHOFIiX & ~ T Y I C T ~ Y ~ C K I I X  

TeCTaX, TO B 3TOM CJIyYae MOXHO IIOJIYYUTb JlOXEbIe BbIBOAhl. 
C ~ ~ B H ~ M  TeIIepb KOBapriaqHOHHble MaTPEfilbI OUeHOK fi  U r. H3 

( 4 . 1 3 ) c n e ~ y e ~ , ~ m  ' t '  

~ ( p )  = a 2 ( x ' x ) - l ,  (4.16) 

,j @TO, B CBOm OYept?Ab, 03HaYaeT, YTO V(p') 2 V P ) .  M H ~ I M H  CJIO- I CB~MN, oqema, nonyyeauas B KOPOTKOB perpeccriu, B o6rqe~ cnysae 
hbnnene~a, HO o6nwae~ Menb~uei3 BapaaqueR. " ,&Is HaIYIWCCIVl PaCCMOTpnM IIpOCTefim CJIyYG k = 1 = 1, 
T. e. npeAnonoxnM, YTO A J I I I H H ~  perpmnn ecTb 

[ 1 

R y = x p + X - y + &  



ytM*y = (XP + €)'M*(XP+ E) = ErM*c, 

A 

Hl'aK, o6e OqfEiKU P U s2 RBJIRIOTCSI HeCMeIqeHHblMM. 

l l o c ~ o n b ~ y  n K n r o r e i u i e  H e c y q e c m e H m x  n e p e M e n a b l x  c o x p a I l a e T  

HeCMeILleHHOCPb, Y UCWIeAOBaTWlSl MOXeT B03HIIKHYTb ~06~183~  BKJIEO- 

YaTL B MOAeJfb KaK MOXHO 6onbme ~ ~ ' ~ X C I G I I O ~ M X  IIepeMeHHblX C Ue- 

n b I o  nonyrwrb npmym n o q r o n K y .  OAH~KO c n e p y e T  IIOMHUT~, TTO 

TOWOCTb OqeFiOK n P M  3TOM YMeHbLUaeTCn. K ~ o M ~  TOrO, YBcmllYeHUe 

9 U C n a  peI'peCCOpOB 9aCTO IIpllBOAUT K IieyC'IUfi~11BocTH MOAenH l43- 

3a HaJIUYUH cUnbH0f i  K O p p W l F l ~ U  M e X m  KUMU (CM. PXCMOTpeH- 

HYIO B b I m e  (n. 4.1) npo6ne~y ~ynbmonna~eapnoc~H) .  B npocTef i -  

LUeM c J l y Y M  y K ~ 3 l l H H M  o~€ToRTWI~CTBO HWJISIAHO AeMOHCTPHPYeT '-* 
+op~yjra (4.18): npu c T p e M n e H u n  r2 K 1 Ancnepcsn OII~ITKM P CTPP 

MUTW K ~ W K O H ~ ~ H O C T U .  

K O ~ O T K ~ X  Hnn ~ J I H H H ~ X  perpeccaa? 

1 me z - o h n  ~ o n o n ~ i ~ ~ e ~ l b ~ b n e  perpeccop ( X  - n x k, a - n x 1 
M ~ T ~ ~ L I ) .  (MCITOJIL~OB~HEI~ T I ~ M U H O B  u6e3 o r p m ~ 1 1 1 ~ e ~ 1 1 f i ~  M dc orpa, 
HUYeHZieMB COBepLUeUHO IIOHRTRO: em11 B NTOAl?JIIX 1 H m O x u ~ b  Orpi t -  

I mireme y = 0, TO nonyraeTcs ~ o ~ e n b  11. Hanee M ~ I  6 y . q ~  acnonb- 
3 0 ~ 6 ~ ~  UHAeKCbl U ( ~ n ~ s t n ' c t e d )  u '7' ( ~ 8 t r k t e d )  AJIH ~0~eJ Ie f i  6e3 
OrpWHYeHHSl  X i  C o ~ P ~ I ~ u Y ~ H U ~ M . )  

K ~ K  B b l 6 p a T b  OAHY 113 3TUX ~o~ejref i?  P~CCMOTPUM p m H b I e  B03- 

MOXHOCTM Cpa9HeHUR.  

H%d k3Lie~i'a0, YTO BCW@ 122 > R: (CM. (3.45)), IIOCKOjrbKy deu < 
e:e,. n o v r o ~ y  T ~ K O ~  cnoco6 nnox. 

Cnoco6 2 (ocnonaw H a  RLj). 

no  o n p e A e n e a m  (CM. r nuy  3) 

e'e R 2 = 1 - -  1 ete/(n - k )  A=1,--2z1,  R2 -1-  
Y'AY' n  ad^ - ytAy/(n - 1 )  ' 



~P~KHM O ~ P ~ O M ,  eena+..> I, TQ. R;,& aj 42,4,.e n&por. 
Emn MbI B W M ,  T O  c K O ~ . ~ ~ K ? ' U ~ O B & H ~ I ~  .@@UW~HT AWepMn- 
-= R& BsnSeTcR np&UJ&~bXM KpUTepUeM, TO MW'AOJIX%IM &I- 

6pa~b ~ o ~ e n b  6e3 orparrurexirrr~Ta~~a n mirti~ci .drm, icorga (# > 1. 
Usme MLL ~BWAUM,  'TO t =,.I P ~ R R - ,  w c p e w g  pWW&. 

. ~ e p H $ ~ & ~ F , . ~ ~ ' 3 w q g e .  Y nac e m .  ,~o,qena. c orpaaure 
me.M n %pjzwb 6e3 orpiLHWgem, u =?a, qenb.- qqmrpb P. B ? ~ B  
M Q J J ~  c orpIaseTeM, MW MomeM n q n y v h  ,CpdelqeHHyIo O ~ ~ H K Y ,  

B & ~ M o ~ & ~  6~ oGp"~"gw&, M O ~ M  ito-9 ~CE&*TYDBVH) 

WeIKy. ~ C T E & B ~ H H ~ ~ M  K ~ M ~ ~ o M ~ ~ c C O M  

fioco6 3 (dcwosaa Ha HauMmcmeM cpenieKqpaTKwAoM onuro- 
n e ~ ~ a  MSE, Mean Squared Error). 

~ ~ I ~ ~ A ~ o J I o x U M ,  YTO BeKTOp 0 ~ 6 0 ~  si#% ClWiAapTHOe MImm 
MepHoe aopwbroe  pacnpeAexmne. Toraa us n p e ~ h ~ ~ q y w x  pay* 
Tam (CM. (4.13), (4.14), (4.19), (4.20)) &e,xyeT, sm 

. . 
&&b~@, U O & ~ ~ C ~  C B O ~ ~ B ~ M U  E&MWHW PacIIwWeHAR; ; 

nonysaeM (PM.' npnnomnue MC, n. 4) 

Mar mosa B&M ~a3w~ocrb ycnosurr l@l > 1. Ho ria sem pa3 
B - ccceopmyewe t-mmom@nae~, a He TO, K- n~nyqeno rn 
~s&JIIo~€Sisifi. I '  

l lonyse~~~are pesyJIbTaTbI ~ a x v r  rmnly mrr PwwIIuIesiUn. B TOM 

mysae, Korna MJJ XOTUM oqesim K + ~ U ~ H T  P n He yBepenw, 
AOJDKHa JIU lT8peMEITIXaU % IIpECyTCTWBaTb B M O A W ,  TO BOnpOC 
*Bepa JIU rnnoTe3a Ho: y = O?b He x e m e m  ~oAXO#IQB~M! OTB~T 
Ha nero rroicance~, p w o  7 Hynm ma K ~ ~ H O  ~ T O - H ~  v, TM MM XO- 

TeJrw 6h1 JRaTb, a IIMBHRO, lYTO JIyYme - P,. UJI3l P,?v ~ ~ W H E J M  

I 6yae ~onpoc: #epna n w r u n m a  Ho:. / e l >  I?., : m ~  ICW awem 
A 

yenoBze pamuqaeT, moe EB ABYX ,YAW 60mme:. MSE(P;) sinu 
.MsE(P.~). , , , ,  

& C I ~ ~ K T  ~&.16o~a MOAeJIsi WIIeKT 'bJJesiKti IfapaMe~pha M O A W  

qOJIxcHbl 6hITb, crporo PQBOpII, c o ~ ~ e r q e m .  
. .  . . .  , 

npe&IjQ'IQaS OneHKa, 6 C I i ~ B r u ~ & i '  dB !?$~AB~PWTWILHOM ECTi3, 
: 

MOW 6burb 3 ~ p o a ~ s  B ~ q e . ,  ; , . .: . .. . . 



B p a 6 m  (Davidson and MacKinnon, 1981) npe,qnomeIia cnemrorqaz 
IIpOqeAypa, Ha3BaHEU J-T~CTOM. ~OCTPOI IM MOAeJIb, BKJIIO'XalO~Ym 
KaK Y w ~ I i b T f i  CJIyY& MOAeJIU A C i  .B: 

IIpu 6 = 0 ~o ,qmb (4.23) coBnaRaeT c ~o,qenbm A, a npu 6 = 1 
-- C MOAWbH) B. OAH~KO YPilBHeHIlC (4.23) HeB03MOXCIiO OqeIiRTb, 
IIOCKOnbKy ITSPaMeTpbI P,y, b He MOrYT ~ L I T L  I I A ~ ? I T H ~ $ I ~ ~ E I P O B ~ K ~ I  

OAHOBpeMeHHO. O V ~ ~ U M  113 YpaBHeHUx (4.22) IIapaMeTp 7 U 3aMeIiUM 
B ypagHenuu (4.23) y Ha nonyseHHym oueeHKy T :  

3,qecb fjtB - npor~o3~bre  ~ H ~ Y ~ H U R ,  nonyvenme no M O A ~  B, a 
p* = (1 - 6)P. kI3 ypaeweaaa (4.24) MOXHO nonyguTb oqemy 6. 
K ~ K  noKa3ami Davidson ~i MacKinnon, ecnu BepHa HyneBaR rune- 
Te3a (MOA- A), TO plimg = 0 U 06br-z~an ~ ~ - c T ~ T U C T U K ~  ~03@- 

,Upyra~ CITTyaIWl H~O~XOAUMOCTU CpaBHeHuS AByX He BJIOXeHHbIX 
Moj?,I?JIefi B03HUKmT, KOrAa, CKmeM, H W  CAWaTb ~ b l 6 0 ~  MeXAy JIW- 

aeBaoB u nor-nmeB~o8 MOAWXMU. nomonbxy B wux M O A ~ X X  pa3- 
m e  s a ~ ~ i c u ~ b r e  nepeMeHware (yt H ln yt), TO Kpnmpmi Kaqecrsa noA- 
l'OHKU MOAWu, TaXIle KaK KOS@&X~~H~HT AeTePMHHaqkIU R2 W1Ii K p -  

Tepuu A K ~ K ~  unu IIIsapqa ( c ~ ,  rnmy 11, (11.97), (11.98)), Henpu- 
~ e r i u ~ m .  B p a 6 o ~ e  (MacKinnon et al., 1983) npeppoxea PE-T~CT, 
~ o ~ o p b ~ f i  COCTOUT B cnepyroqehn. Ouemrrr 06e M O A ~ E I ,  nu1ieB~ym u 

1:' . . 
Awa,poras?~o, npoBeprra wno~e3y  6 ~ 0 ~  = 0 B y p a ~ i e ~ a ~ ~  

, , I ,  

, \, 
#, , I  . ,  yt = (In xt)'P + SLOG(% - exp(lGt) + s, , (4.26) 

M O ~ H O  T ~ C T U P O B ~ T ~  JIoP-JIuH&HYIO MOA-b O T H O C ~ ~ J ~ ~ H O  JIUHefiHOfi 
<:-:',., 

,,qo~epu. K ~ K  u panee, B O ~ M O M ~ I  YeTbIpe ucxona ~e.&a.  
'V 

,!,, 3aha6?3!U~,  YTO 'PE-TLXT M O X W  IlPHMeHXTbCFI B 3HaYZiTeJIbHO 60- 
ee o614ei-i cmyaquu, no~po6aee CM. (MacKinnon et d., 1983) xnM /Tk 

reene, 1997, n. 10.2.4). 4 (1,;; ,. . , 

... 
Wa~bIfi I p O C T O f i  cnoc06 TeCTUPOBaTb CIIpaBeAJTUBOCTb JIU~egHofi cne- 
% & i w u  M O A ~  (4.27) 
h:,, ~t = zip + ~t (4.27) , ~ 1 %  
$& F O  , I ( o ~ ~ B u T ~  B IIpa5yIO Y X T L  lIeJlll11eB~ble YJleHbl X4 TeCTUpOBaTI, 

Ha¶MMOmb C ~OMOIU,blO 06hlg~01'0 F-T-. H~AOCT~.TOK 3 ~ 0 m  
OAa COCTOUT B TOM, ¶TO M b l  AOnXHbl 3qilBaTh aJIbTePHZX~UBIIYm 

y. B'pabme (Ramsey, 1969) npeqoxea  R E s m - ~ e c ~  (Re- 
saon Equation Specification Error Test), O C H O B ~ H H ~ T ~ I  Ha c n e u -  
B wee.  E ~ U  ~ o ~ e ~ r b  (4.27) BepHa, TO io6-e~ue H-H~&HMX 



IIpu~ep. 3a$iutalha e fitidkpnmdax (ArtLur van Stjest?. f l m b ~ e  
c o ~ e p ' k w  B @a& v%ea.afi. Ei~wcrr i50 H&~OA~HKP; 75 ~ y m -  
*R n 75 &tima, ~ B I U ~ '  ria namrjtm nai3rcy (iie wenee 4 &-xefi 
B BeAenIo B 1987 r.). IIepe~exxme: W - saprrJr&Ta ( rynbnms/~ac)  

'PO BbIVS7l"l' HaJIPrOB; AGE - .WpaC!T (Jli?~.); SEX - 1 (M~x~UULI), 
2 (S~H-); EDU - Ypo88nb 06pa308ZGinn: I ( ( ~ a ~ a n ~ a n  IuKWa 
UJln M€&&], 2 ~1hXtI& ~ ~ M ~ C & H X O ~ ) ,  3 (Cl>&@Ed), 4 (Bb~clIIee pease- 

. memoe), 5~[y*Bepcqmr). , .  , , .: ., 

P+CMWPUM pe I I P O C T ~ B ~ ~ ~  as.qwn6w? ~ ~ n c w ~ ~ ~  aapnaa, 
T ~ I  (YP & p & ~ n x ,  nona n mpacm Jnure;Bny~o . ,  . n nqynor&pn+- 
~n~ecrcyro. IIoaysaeM Ure,qymme~o~e- EE CKO~KW Y~arr& P- . , . . 3H~tY&&g): , , I '  . 

' , ln w 7 (o:ooo) 2.17%-0 (d.001) 1 6 4 ~ ~ l k ; + .  &04 13 EDU + (o.ooiq 0.020AOE 

- 0.017(@ - e x p o i ) ) .  
(0~234) ' # ,  

(4.32) 

I I m y s a e ~ ,  YTO H a  5%-IIOM ypoBIie 31ia~nasoc~n Hynenax m n m a  nu- 
11&1ioft ~ o ~ e n n  oTsepraeTcn ( P - 3 ~ a q e ~ n e  0.045 B ypasHemn (4.31)), 
a nyneBarr rnno~e3a nony~rorapn&~nrec~oR asoAeJln He crrBepraRTca 
( P - a ~ a x ~ e ~ n e  0.234 B ypaBHeHua (4.32)). 

RESET-TCCT m x  ypanueena (4.30) npn m = 3 naeT cne,nymn@i 
PC3YJlbTaT: 

Bennqn~a F-CT~TUCTHKU m x  TcCTHpOBWnn r u n m b I  0 paBeHcrBe 
RBYX IIOCJleAHHX K03&&HlyreHTOI3 BO BCIIOMO~aTeJIbHOM YpaBHeHHU 
pama 6.81 ( c o a r r r e ~ c ~ ~ y ~ o ~ q e e  P-3~asennr panrro 0.0015), nwToMy 
TeCT IIOKXIbIBaRT Ila 0 1 ~ ~ 6 0 ~ ~ 1 y 1 0  c I I ~ ~ H ( ~ ) H ~ I o  YpaBHeHHR (4.30). 
B YpaBHeHUe H W O  nonpo60sa~b BKJllOllUTb HeJI&iHe~Hble Y J E H L l  (H% 
npnMep, AGE2) unn Apyrne nepeMenHbw. 

.4*3. A o m x n ~ e  3KBnBanellTIlOCTL (4.19) n (4.20). 
[#Cma~~e.  nepB0e BbIpW@H&ie nOJIyYaeTC2l H 3  ~ J I O ~ I I O M  IIpeACTaBJIeHUS 
Maquq; smpoe nonyxrae.rcrr 11owre 3aase~b1 X n y iia MX ocTaTKn npu pe- 
rpeccnn H a  2.) 

I 
$:4. npe&nonoxn~, sm sdr oqeenunm nu~eiirrylo +YHKIEUH) no~pe6Jle- 
HHn Ct = ol+ P Y ~  f EL CpeAn n nHAnBU&YyMOB. KaK yxlf!Cl'b 8 0 3 ~ O ~ ~ b l f i  

mnur a ~ o i i  + y ~ q n  ilpn nepexoAe crr ropoAcKoro K C~JILCKOMY 110~pe6u- 
T.eJIIO, eWIU BW CYHT&, 9TO MapPHHaxllbHaJI CKnOHHOCTb K no~pe6nel~110 

easx K ~ X  c p e ~ ~ s ~ n  CKJIOHHOCT~ K no~pe6ne~n10 MOXW 

b ~ ?  KBK npOBepUl'b rUnOTC3y 0 TOM, %IT0 MaprXHaJIbAhle CKIIOHHO- 

UliAMBW&XYYMOB C AOXOA~M BbUUe H HUXe YPOBHH Y' 
. . 





































































Ta6-a 6.13 
IIepe~euaaa Ormcauue 

n H p ~ e p  no nopaarty 

price UeIia KBapTUpbl, TbIC. AOnJI. 

totsq 06iqas nnou\wb ~ m p ~ u p b ~ ,  KB.M 

E ~ u s ~  X~maSl ILIIOrr(apb KBapTMpbI, XB.M 

h t s q  & 0 ~ b  KyXHU, KB.M 

distm P~CCTOXHHC neluKOM A0 MeTpO, MHH 

floor 3 ~ a x ,  0 - nep~bii%unu n o c n e ~ ~ u i i ,  1.- H ~ T  

cat K a ~ e r o p a ~  &OMa, 1 - K E ~ ~ ~ B I B ~  0 - IleT 

teZ Tenegon, 1 - eCTb, 0 - AeT 

l i f t  j l l i&~,  1 - eCTb, 0 - HeT 

balc ~ ~ J I K O H ,  1 - eCTb, 0 - HeT 

qeuy Kqapnpu, qeny K B ~ ~ ~ ~ ~ T H O I - O  MeTpa 064ea mo4a,@4 nnu ux 
norapu+m~.) 

B) E C T ~  JIN CYiqeCTBelInaX 3aBXCUMOCTb qeHbI KBapTEipb~ OT pXGTOZlIJlSl 

no ~ e ~ p o ?  OT sannqsn ~ene&oua? n a b & ?  Karc RmepnpentponaTa 
p e ~ y n b r a ~ ~ ?  

8) IIw6epnre &sogab, ~ o ~ o p a x  B ~ ~ ~ I I I I Y I M  cnoc060~ nporuo~npye~  
UeEy KBapTUrpbI no PlMeIOIIpMCX gaXHbIM. np0~63pbTe HaLlIU9Ze reTe- 
pOCKeAaCTEIYHOCTU. 

6.17. (Arthur v m  Soest, Tilburg University) Qaiin wages..xLs wAepxnT 
,qtarnrb~c o 75 MyiKYurrax N 75 mem\nnax, pa6o~a~ninx  H a  npnnyro manKy 
( ~ e  Meuee 4 AHR% B nmenm B 1987 r.). AaHHbre nojlyyeiiH H a  OCHOB~HMU 

onpoca. B d n n q e  6.14 npnBwHo omcame nepeMeunm. 
A 

Bonpocu dnz 06ey31cde~v.~a 

1 .  AGE Bo3pac~, n e ~  
SEX ~ O J I ,  1 - mlr MyxYxu, 2 - Ann meH4uH 

. EDU YpoBelib 06pa3osa~nx, 

! f: 1 - uaqanbnaa U I K O ~ ~  una MeHee; 

!),: . . 2 - nu31nee pe~ecne~aoe ;  
1;;. 3 - c p e ~ ~ e e ;  

4 - nhlcmee peMecnemoe; 

5 - y ~ u s e ~ c a i e r  

6) C o 3 ~ a i i ~ e  nepeMenuyro S = SEX - 1. 0 6 c y ~ u ~ e  perpeccnm W = 

1 + +fiAGE. nponen?.%Te TeCT H a  i~TepOCKeMki9HOCTb. no- 
, , nyYliTe OqeHKy Y a ~ ~ a  CTaHAapTHbIX O T K ~ O H ~ H M %  K O ~ & & M ~ A ~ H T O B  B 

:> 
M H K - O ~ ~ H A B ~ H U ~ , ,  IIponeaaiiTe AByxuraroBym npoqempy KOppeK- 

W l U  H a  l?eTepOCKeAaCTMYHOCTb. 

: B) 0 6 c y w ~ e  perpeccxro W = pa +@1S+@*AGE+@zEDU. YTO MOXHO 
' 

cKa?arb o ~os++uqneme npu S B 3 ~ 0 8  n npeAqiqeii  perpeccanx? 
H~CKOJI~KO peaJIliCTKYHa 3Ta MOA~JIL? 

? 

r) 0 6 c y ~ n ~ e  perpeccmo W = Po + @IS + @zAGE + @3EDU + &,AGE2. ''  TO 6yne~, eCnU B3RTb ~ ~ o ~ ~ J I o P ~ ~ ~ ~ ~ ~ M B Y ~ c K ~ K )  M~fieJlb? . ~ P M  KaXOM 
, 
" ' 

~ o 3 p a c ~ e  3apnna~a ~an6onbmm? 3 a s u e u ~  n H   TOT B O ~ ~ ~ C T  OT Y ~ O B -  

i ':, En 06pmonarr~rx? K ~ K  HHTepnpeTHPOWaTb K O ~ + & H I ( ~ ~ H T  npIi S B 
' npe&br~yrr\nx perpeccxrtx? 



Owa U3 B a X H e f t m U X  qtlJIeft  MOAWUpOBaI iUS 3 a K n l o Y a e T C S  B T O -  

rk03lipo~Z-IHE I I O B e A e W  HCCJleAYeMOrO o 6 % e ~ h .  O ~ ~ I ~ H O  TePMHH 

m p o r H m n p o s a H s i e ,  ~cnom3ye~ca  B T e x  cmyaqaax, K o r A a  ~pe6ye-r- 
CZ I IpeACKa3aTb COCTORHUe CRCTeMEJ B 6 y ~ y q e ~ .  &IX PePPeCCUOHHblX 

~0~fATIefi OH $ M e w ,  OAHaKO, 6onee XIlUpOKOe 3 H a W H U e .  K ~ K  yXe OTMe- 

YaJIOCb, AaHHJde  MOrYT Ee UMeTb BpeMeHHOa  CTpyKTypbI ,  HO U B 3TUX 
' 

CJIYYaR.X BnOJIEIe M O X e T  B03HHKHYTb 3Waqa OqeHUTb  3HaYeHUe  3 W U -  

C U M O ~  I I e p e M e H H O i  AJI% HeKOTOpOrO ~960pa He3aBUCUMbIX, O~%RCHR- 

IO~I.UX nepeMeHHauc ,  KOTOPMX EeT B U G X O A H ~  H ~ . ~ ~ & Q H U X X .  HM~HHO 
B ~ T O M  cMbICne  - KaK n o c ~ p o e ~ u e  oqenxu s a ~ u c a ~ o f i  n e p e ~ e ~ ~ a f i  - 
Ii CJIeAyeT IIOHUMaTb IlpOrHO3ElpOBaIiUe B 3KOHOMeTPUKe. 

npo6ne~a n p O r t l O 3 U p o ~ a ~ u a  UMeeT  MMOM) pa3JIUWIbIX X n e K T O B .  

MOXHO p a 3 J I U S a T b  TOYegHOe U UHTCPBaJIbHOe IIpOI'H03UPOBaIiHe. B 
IIepBOM Cn)"iae OKeHKa - 3TO KOHKPeTHOe YMCJIO, BO BTOPOM - UH- 

repsan, B KOTOPOM ncrumoe a ~ a ~ e ~ u e  n e p e ~ e a ~ o a  H a x o A x T c x  c 3 e  

AaHHEJM YPOBHeM AOBePUR. B H A ~ R I O T  T a K X e  ~ ~ ~ Y W L O B H O ~  U YCJIOB- 

H o e  n p o r ~ o 3 u p o ~ a ~ ~ e  B ~ ~ B U C U M O C ~ U  OT mro, m B e c T H H  nu m T e p e -  

c p o w e  H a c  06aacmlonple n e p e M e n n M e  TOTHO m u  I I ~ U ~ J I U X ~ H H O .  

K p o ~ e  TOM), AJIX BpeMeIiHbIX PRAOB I IpK  HaXOX&eHUU n p O r H O 3 a  Cy- 

~eCTBeHHOH~UYueUnUOTCyTCTBUeKOppWX~UnOBpeMeHllMe~ 

OII IU~K~MU.  

, I 

nepeuembrx %+I knsecreH mrno. 
~ o & o x ( ' m i ~  &, hdb~ 3s- 3 a a q e ~ n ~ . n a ~ h o  P u 02. 

eCTeCTBeBHQp B KSJ.WTBe ; W ~ H K U  cn+l = Q BeJIR- 

E(gn+l) = rLbP , G p ~ m q y . a ~ p a m ~  0mx6~a m o m  npo- 
enb E(yn+l -g2 = E(E$+,) i a'. Ecna nonommmxp- 

eAIIOlIOXll rb ,  9TO En+, RMeeT HOPMaJIbHOe ~a&~&e%&; 46 

- I -  .. vy? x,,+,p. 
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206 rn. 7. IIpor~o3nposaxne E. perpccnommx Mopmnx 

,. 
H e ~ p y ~ ~ o  n p O B e p U T b ,  . IT0 UOCI4OJIbKy EP = P, TO Eŷ  = Ey,+i, 

T. e. 09-a ~ S B J I X ~ T C S  H ~ C M ~ ~ - H H O % .  O K ~ ~ ~ I B B ~ T C I I ,  B ' K J I W e  J I $ H ~ -  

HblX (no y)  H e C M q e H H b I X  OqeHOK OHa  06~1a,am ~ W M e J i b X I e f i  CpeA- 

' - . ~ e ~ ~ f q p a ~ u r ~ o t 4  omn6~0fi. 

. . Teope~a. l7ycmb f j  = &'b - oqmxa eenuuunu yn+l, zde c = 
(el,,. . . , c,,)' - nemmoptia e c m p ,  u kycm)b oqerrtca 9 nec+m.pxnaR, 

I 
, .. Ey"= Eyn+i = xnilP. (7.4) 
' .  Toada 

E@- yn,i12 2 E(G- yn+i)'. 
~ ~ o K ~ ~ T ~ J I ~ c T B o .  . r P d K K i l I ( B C t i J I Y  (7.4)Eg=CIXP= 

. . xL+;p n b  ~ 1 0 6 . 0 ~  p, m 

clX = xL+,. (7.5) 
,'.. 

, 1. : .Arne% 
E(g- y , + ~ ) ~  = B(g-g+G- yn+1)2 = E ( ~ " - F ) ~  , . 

. . + E($- yn+l)' + 2~((y"-$)(F- yn+l)). (7.6) 
. ~ o I @ X ~ M ,  ¶M . ~ . . , , 

" 8 '  ; 
, . 

((C -'ii)(i?- ~ n + l ) )  =' 0. (7.7) 
. , . .. 
. . . , k i ~ e e ~  . .  - 

. . :. ~ ( ( f j -  ~ ~ G - . Y ~ + J )  = E(C'YZL+~B) -. ~(xk+,6xk+~P) 
I . . .  , 

. . 
. . . , - E (dg(~k+iP + €%+a)) . . 

, ., .,k,, .,;.. . :,' .. : . 9 , . .. . ,  
. . ! .  . ' ' + E (XL+~&&L+~P + &+I)). - ,  

~ e p ~ o e .  , Garae~oe: . , . . .. . 
-1 

. . ' .~(c'~zk+$j =. E(C)yP xkfl) 
. I  . , ,. , = E ( ~ ~ ~ ' x ( x ~ x ) - ~ z ~ + ~ )  

. . 
. . .  . . . = ~E(vY').T(X'X)-~F~+~ ', 

.= c'(u2~ + xpp'x1)x (xtx)-'%,+I . . 
. . .  = ~~c 'x (x 'x ) -~x ,+ l  

. , + cJxjp'x;x (X'X)'~X,+~ 

(8 C m y  (7.5)) = u ~ x L + ~  ( x ' ~ ) - ~ X n + l  + ~k+~PpIxn+l. . . 

i;;.., 
. ;.. E(x~+~Bx;+~B) = xL+~E(BBI)x~+~ 
, , = xL+1 (U~(X'X)--~ + PP1)xn+l 

= ~2xL+1(x1~)-1x,+1 + X;+~PP~X,+~. 
rpe~be  c n a r a e M o e :  
%P 

E (C'V(X~+IP + ~n+1) )  = clE(~)PI~n+l 
= c ' X p p ' ~ ~ + ~  

I (B CUJIY (7.5)) . = X~+~PP 'Z~+I .  
$&mepme -, maraeuoe: 

, , , A , ,  

i .  E(=L+~P(xL+~P + €n+1)) = =L+~PP~=,+~. 
MbI IIOCTOIIHHO IIOJIb3YeMCII TeM, YTO &'IZI BeKTOPOB X U y O@fHa;KO- k% Pa3MePHOCTH X1y = glX.) 
@WM O ~ P ~ O M ,  B ~ ~ O J M ~ H O  (7.7), &3 T e O p e M a  AOKa3aHa.  

nposepmb, TTO c p e m i ~ s a A p a ~ ~ r ~ a s l  o m n 6 ~ a  nporwo- 

(7;8) 

KY s2 n 0 6 0 3 ~ a ~ p  

1 + ~;+~(x~x)-~x , ,+~) .  

b3YII W Xe apPyMeHTb1,  .IT0 U B II.3.5, lIOJIy~ZW2M, VlQ WJIU 

E ,  &,,+I) YlMeIOT COBMeCTHOe HOpMWIbHOe p a C n p e A e n e H U e ,  TO 

@=a.SI BWIHTllHa ( ~ - ~ ~ + l ) / ~ ' k h f e e ~  p ~ I I p t ? A & e ~ ~ e  C T ~ I O A ~ H T Z ~  C 

-MU C B O ~ O A ~ I .  ~ O ~ T O M Y  A O B e P U T e J I b H b l ~  UHWPBaJIOM &lII 

BHeM AOBepEiSi 1 - Ci 6 y ~ e ~  E i H T e p B m  (9 - 6t,p, 9-k 6ta12), 
100(a/2)%-~%3 TOYKa PaCIIpeAej IeHUII  C T ~ I ~ A ~ H T ~  C 

IIeHXMU ~ ~ 0 6 0 ~ 6 - r .  

B cnpae  n a p ~ o t f  perpeccun, T. e. K o r A a  

gt = 01 + Pzzt + ~ t ,  t = I,. . . , n, 
a (7.8) B~I~JIRAHT T ~ K :  

( 1' 
(zn+l -3)') (7.9) 

~ (F-y ,+ l )z=u '  I + - +  
n C(xt-T)2 ' 



B I I ~ ~ A ~ I & ~ ~ M X  P W C y X A e H H X X  Mbl  IIpeA170JIaraJIM, YTO He3aBIlCIIMaR 

I I ~ p e M e H l I a S I  Xn+l El3BeCTHa TOYIIO. O ~ H B K O  ITa IIpaKTElKe B C T p e r a -  

~ T C X  CnTYaLIHM, K o r f i a  B %,+I c o A e p m a T c n  OII IH~KH.  T ~ K ,  npu npo- 
rH03MPOBaHHM BPCMellHbIX P W O B  %CTO IIPIlXOfiHTCX IIPOPH03MPOBaTb 

3HaYeIIMX He3aBMCKMbIX I IePeMeIIHblX,  4 T O  H ~ B ~ ~ ~ X H O  IIPElBOAIIT K OT- 

KJIOHeHHXM OT IlCTMHEbIX 3 ~ a q e ~ H f i .  ~ O ~ T O M Y  PaCCMOTPIlM T e I I e P b  3&- 

A a Y y  ywl06N020 7Lp02N03UpO@aNM. ~ Y C T ~  BLlIIOJIHeHbI COOTHOLUeHIlX 

(7.1) a (7.2), HO BeKTOp X,+l ~ a 6 n 5 O ~ a e T C X  C orun6~ofi 

z = 2,+1 + u, (7.10) 







. 8 .  

omym.Bu~~o, k ~ 0  'QqeHrca rraphq;l-fl 6yfiBT t s e c i e tqe i iHb io8  a $0- 

~ O X T ~ J I ~ H O B ,  T& K a K  E(E +.u) = O  u %(XI € + 11) = 0. Hwnwe, 
x e  ' omra6~u ripmom k '~,muii&mo a w k i i e p c ~ f l  per&& 
V(E t u.) = =, f 0;. , ,  . .., ~ , .  .'. ~ , 

. . : 

, . 

y = x*p + ( E  - V p )  = x*p + E*,  

Pe rpeCCOpbI  U O ~ U ~ K U  yXe RBJIXloTM KOppeJlupOBaIIHLIMEI: 

E * )  = E[(X1+V')(c-Vp)] = -E(VIV)P. 31.0 m n a ~ a e ~ ,  s ~ o  
q e M  cnylae MHK-o~emu 6y,qy~ CMekqenHbIMu u necoCTosITeJlb- 

. C~enenb caaeqenun onpeAmneTcrr KW ncTuAHbIaa  s ~ a ~ e n u e ~  
M q a ,  TaK U M B T ~ U ~ ~ B  K O B ~ ~ E ~ U ~ O U I H ~ O K .  3&ecb M O ~ H O  n p U -  

b MeTOA HHCTPYMeHTarrbHbIX nepCkfeIUibIX. 

OHXTHO, YTO MOXHO P X C M a T P I I B a T b  06-3 CJJ)'TbR, KOF&a e C T b  

KG B H 3 ~ e p e H I I f f X  EE3rW)HCHMbIX I4 3itBUCHMblX I I e p e ~ e H ~ b l X .  , ~ Rc- 

KBaApaTOB 6 y ~ e ~  n p ~ ~ o # . i T b ' K  CMeIQeHHblM H HeCOCTOZITeJlbHblM 

. f l ~ ~ x r u a r o s ~ B  MeTQA HallMeHbIIIEiX 

: K B W a T O B  

0 ITOHXTb, YTO MeTOA OlleHUBaHHB C n O M O W H )  IrHCTpyMeR- 

n e p e M e e n b r x  xBnne.rcR 0 6 0 6 ~ q e ~ u e h 4  O~LIYHOTO M e r o a a   ax- 
m u x . ~ ~ a ~ p a ~ o n . . ~ I I o ~ ~ e p r c ~ e ~  erne pa3,  TO H a x o m q e H u e  nyx-  
' n n c r r p y ~ e u ~ a ~ ~ ~ n b r x  n e p e M e n m x  a s n s e T c R  nener~oi? s a~a~e t t ,  

ne ~ o ~ o p o g  ~ ~ E % ~ C U T  M KOHKP~TI.IO% CMTY~YIIU. 
onweme swcga ~ c r p y M e n T a n b n b l x  n e p e M e n n b I x  c .mCno~ uc- 
x perpeccop.os H e  rranrrmcn 0 6 m a ~ e m ~ a r ~  ycrrossena. Ha ca- 

?;9Wfe, AOCTaTOYHO ~pe6osam, S T D ~ ~ I  qUCJIO H H C T ~ ~ M ~ H T O B  6LIA0  

e ~ y r u e ~ s e ~  'sumo ~ e 3 a s u c n ~ ~ x  nepe~ennb~x. B b I B e n e ~  +op- 
a pIV B 3TOM CAyY?&. U T ~ K ,  WCTb - It X 772 MaTpHQa,  

K O T O ~ O B  m ~ e f i n i  nezaJIucuMbi (T. e. rank(2) = m), n p x r e ~  
. Ehnu . B O C I I O ~ ~ ~ O B ~ T ~ C S  . .reoaaerpnsec~oi% n ~ ~ e p n p w w n e f 8  Me- 

H ~ M ~ H ~ I I I E X  KBaRpaTOB, TO ~OCPaTO ' IHO JIeTKO nOHRTb CMbICn 

KH pIV U nOAYYkITb T ~ ~ ~ Y ~ M Y H ) . @ ~ M Y J I Y .  P~~CCMOTPUM K a X A b I f i  

6eq %,. j  = 1,. . . , k, M a T p U l W  X KilX W M ~ P H ~ I ~  BeKTOP H CnpO- 

p y e M  ero H a  m-~epnoe n o A n p o c T p m c T B o ,  n o p o m A e n H o e  c~on6- 



nenmio TOMY, 9m ME.I O c g q e c ~ B m e M ~ p e r p e c c s i i o  9 ria Z n mxoqm~ 
RpOlTiO3HbIe 3HaYeHUS S j .  & MIJ  TeIIepb 6 y ~ e M  CYUPaTb HOBbIMU 

H ~ ~ ~ B H C ~ M L . I M X  n e p e ~ e k w ~ x ,  B 'oqen~a p& se~*opa n a p a M m o B  

CTPOXTCS G noMopm Q ~ E J Y H O ~  perpeccm y j = 1, ,! . , k., 
%KUM 6 p a 3 0 ~ ~  . . M ~ Q A : ~ M e H b I U U X  K B W p a T O B  I Q H M W S e T C g  3aiXb 
@WK,JJJ$ - C H a ~ a j I &  &JIX ILQCTpOeHES P E r p W C W B  %jt ,j, = 1, .,: . ., k, 
a  sax^ MS sax-& o q e n K n  &. b.qwqepypa ,  noen* nmea- 
ym deyxymzoeozo .+qmoda u a w e x b w w  ,%a&amqe, ro KQTQ~DM MU 

. , * . , . . , , , .;, ' ' ! I '  ' 

, ,I) nocn,edoeapenyocm~ *,ampwq -Z'X ~ qxo&~cp~no~epo~rnr to ,  
, . ;emu :npet.ni+.w tr nefcomopoe Mmpuqe nonrtozo panza k; 

, , , ,, .. . . . : , '  . . 
1 ' : ! ' , :  

;.%) n o c n e ~ m w b t l o c m ~  4 a p ~ g  -2% ccodzLmca no aeportmrto-. 
n' 

: '  cmu npu ns-+ oo.x %e&ornop&nee~p03~:deHwoB Aarnptiqe; . 
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Tecr X a y c ~ a ~ a  
, , 

onpegwuTb, C n e p y e T  nu ucnonb3o~ap u H c T p y M e l i T a r r b n b I e  ne- 

3 0  OVeBUAHO, YTO n p U  HaJIUYUU ToJlbKO 1 i a 6 n 1 0 ~ e ~ u P I  Y,X 
b ~ e p ~ ~ b  3 T Y  rEinOTe3Y HeJIb3II, II(WTOMY Ilpe~lIOJIOXU_M, ¶TO HaPB-  

C 06bl'I~ofi M H K - O Q ~ H K O B  pl = BoLQ eCTb  oseaaa P2 = pIv, n* 
eHHaR C IIOMOIl(b10 H ~ K ~ T O P ~ I X  UHCTPYMeHTajlbHblX IIePeMeHHblX. 

COCTOSTeJlbHa KLlK IIPH HYJI~BOP, T a K  H 11pU 2 J l b ~ e ~ H a ~ l i B H ~  

=ax. T~KUM 06paaona, npn H y n e B o f i  r u n o T e 3 e  PFEIHOCTL fJ2  - P1 
eMU'rCSI K HYJIIO, U eLTWTBeHH0 O X W a T b ,  YTO 1IpU COOTBWCTBY- 

e f i  HOpMPfpOBKe p ~ I l p e & e ~ l t ? ~ ~ e  3 ~ 0 f i  Pa3HOCTM 6 y & e ~  XXMIITOTU- 

COBnELAaTb C K ~ X U M - H U ~ ~ & ~  H3BeCTIIblM paCnpe,&WIeHklEM. . 

ayCMiwI (Hausman, 1978) ROKaZiajl, q T 0  XIIMlITOTU'ieCKU 

- &) = v(&) - v(&) u aenmuaa 

( 2 2 '  - 5 1 ) ' ( ~ ( 6 2 )  - v(i4l))-l(B2 - Bl) 
MIITOTUYeCKU UMeeT  XM-KB&Z(JlaT pa4XlpeAeJleMUe C k CTelIeHSMU 

, .  , 

Bonee no~po6ao o ~ecre Xayc~ana MO~KHO n p o ' i e c T b ,  i anpu~ep ,  
Johnston and DiNardo, 1997). 

&JIB IIOJIyireHUB COCTOSlTeJlb1-IIJX OqeHOK MOXBO BOCUOnb3OBaTL- 

'iPfCJI0 HHCTpyMeHTEtAbHbIX IlepeMeEIHbIx A O n X H O  6 b l T b  H e  MeHL- 



M ~ I M U  nepeMennuMu (ymnne (8.4); B ~ M M  ~ n y ~ a e @ ~ ~  COCTO- 

BTWIbEa, HO, ~oo61qe rOBOpSI, H ~ ~ & C $ ~ K T U B H ~ ;  

4) rrpn narmsnu OIIIU~OK B n3~epemsix. ~ ~ B U C U M O ~ ~  nepeMe~lioji 
MHK-osen~a oc~ae~crr ~&~eIqeHnofi n ~ ~ ' e n b n o t l ,  emu 

. . 
x e  c o m u 6 ~ a ~ u  H B M ~ P B ~ T C R  n e 3 m u c u ~ ~ e  nepeMen~bre, TO m 
nPUBOAUT K B03HHKHOBeHUH) KOppeJISIIJUH MeXjQJ perpe~c0paMU 
EI O J U U ~ K ~ M H  u, KW cJreAcTsue, K necomIfTwbnocTn MHK- 
oqenxn. 

' : . .  1 ' :  

, . I . % .  ... 
I. .- . . . 

ynpaq&en&~ 
. . .  

s . % . n p o e e p b w ~ ~ ( & . 5 ) .  . 1 '  I , , ,, 

s':a. g m m e ,  * npu m =:k O & ~ K ( ~ . ~ ) , C O B G ~ ~  ~~1;s). ,. ,. 

,. ,. . , , ? .  . 
84. H-f* $&).m= ~u.eHOF (84 ~'(s , ,R):  ! . . . . .  , .. 

8.4. I I y w  ww o r t e t m s w b a ~ ~ ~ ~ k l o ~  ypaswmae : ... , 
. . .  

, , / . /  . ' 8  .II. 

. Ilt=&+hxt+,, t y I  ,...,, lt 
:.. 



HXS HOBbIX IIoHIITE~ H pa3pa60~KU HOBbIX MeTOAOB, %My U UOCBXI4e  

H a  qa~aaz r n a s a .  Cnasana MIJ paccMoTpm 6onee npocrym 3-y 
O~eHEiBaHnR CUCTeMbI, B KOTOPO& YPaBHeHAR CBS3aHbI JTUIUb 6narona- 
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WXEIO KOppWIWUK MeXAy 0 d g m  B p&E'fblK YPmH-; 
m~ ~ i u b @ a e ~  cncTeMa, euetutte ue csmawmwx Mexdy co- 

,. . " , ,  

. . .  I . . ,  . . ~ .~ 

~ t = & + & ~ t l - k p $ & j ~ + ~ t r  t='l , . . . , i l . ' r  : ' (91%) 

. . 
~ t = ~ i ' ~ i + ~ ~ p ~ ~ + & ,  t = I ,  ... ;n:' 

.t 
.I,,. i ,,  i ( 9 . 2 )  

M O X ( ~ O  OVeHUBaTb Y P ~ ~ d ~  (9.1-), (9.21 Tld O'k'fieJlbH& 

oau b~rqrqqar K ~ K  :He c~miwme AI,& c A p y r o M .  Ho 
A a I i ~ o h ' b i ~ y a s ~ ~  ~ c ' % c T B ~ K ~ ~  C%Cl%Tb & @ H ~ K u  E t  U 'Q 

8 .. , HOHH~IX y p a s ~ & ~ :  ' ' 

.................... 

y, = +'EM, 



. . 
' 

rAe. gi - n x 1 B e K p p  3aBUCBMbIX nepe~errwrx, Xi - n x k+ M ~ T -  

' pma H ~ ~ @ U C U M ~ I X  UepeMeIiIiblX, pi - ki X 1 BeKTOp HeU3BeCTHblX 

I IapaMeTpOB,  Si - n . x  1 B$KTOp oLID~~,oK, sE I., . . . , M .  E ~ A ~ M  U p w -  

non+&%,:sm EH = 0 m E(E&E,~) = odj npu s = t u 0 B ~JOTUBHOM 

myq,aj.. llocnemee jaomie MOIKHO n p e A m m L  T ~ K :  

. rAe I,'- e - 9 ~ ~  M a T p u q a  p w M e p a  n,x  n. H H ~ M U  p o B q n ,  3ana- 
Hbl M Perpe~&~Hkbl~ ~ ~ ~ B H ~ H u R ,  TI0  K ~ ~ O M Y  I& KOTOPblX UMeeTCR 

n ~,a6eqem.  Emm gamble m e w  c ~ p y ~ ~ y p y  B p e M e w w x  p w ~ ,  
~ c j  . .  c w ~ a e ~ c ~ , ,  , .WQ. OIIM~KU a? j p & e ~ a x  i 6 p p m ~ ~ o B a n ~  B 

O W H .  @ TOP Xe MOMeHT BpeMeHU U HeKOppejIElpOBaHH AJIX pB3HblX . . 
MO?&HTO~. ~ ~ e H C T k 0  (94) O I I p e A W S e T  &mP M e X m  %$@&4@ YPaBH* 

A U I I ~ H .  Kaxqoe O T A ~ J I ~ H O ~  y p a g ~ e ~ e  B (9.3) YAOBJI~TBO~Z~T FO- 

'=M. KJIaCCU¶eCKO& ~ ~ ~ ' ~ ~ c c u o H H O ~  MOAeJIU U M O X e T  6bl~b OqeHeHO 

~ G Y U ~ I M  M~$AOM k a U ~ e ~ b 1 l I U ~  K B W a T O B .  OAH~KO, W U  065e~u- 

oxemie JIA, n. 18). I I pe~nonoxu~ ,  ¶TO M a T p w a  X H e  sbrpo- 
Ha. IIOCTpOeHUSI OqeHKII BeKTOpa  p IlpTTMeHHM 0 6 0 6 1 q e ~ ~ b 1 R  

OA HaJiMeHLIIIHX K B ~ A ~ ~ T O B  (n. 5.2,  &0p~yJIa (5.4)):  

= ( x l ( X - l  €3 ~ ~ ) x ) - ~ x ' ( X - l  I n ) y  (9.5) 

' - ~ . e .  uij = 0 npu i # j. 

SBnXeTCff ~ U ~ ~ a . l I h H 0 f i .  ~ o K ~ ~ ~ T ~ J I ~ c T B O  BTOpOrO Y T B e p  

~ p e 6 y e ~  IieKOTOpblX ~ b l ~ u ~ n e ~ u f i ,  Mbl era O C T W 5 I e M  YUTElr 

K a = x e n s e  ynpamaemrr. 
U ~ O J I ~ ~ ~ B , ~ H E  &OCTyIIHOrO 0606uemlom M W O A a  I-18,UMeHb- 

eHX5I .  K K%iCAOMY YPaBHeHUH, CIICTeMbI (9.3) 06brsauii Me- 



224 ~ J I .  9. &CWMw P-OAwX Y P a H m  

9.2.' C ~ ~ C T ~ M M  OAHOBPeMeHHbIX y ~ m ~ e ~ ~ f i  
I 
1 n p a ~ e p w :  xpuswe enpoca u nped~aoatcew- CUTeJlbHO qt u pt: . , 

I 
n p w p  1. P~CCMOT~UM Bna'Izme n p ~ c ~ o t t  npuMep cncTeMbl OW* 

(3m~ npuMep BXOAUT npmrU%eCKK BO BCe Y ~ ~ ~ H U K B  40 SKOHOMBTPH- 

k e m k  H&OTO~OPO .fiBapa GT erd q e m  u ~ o x o ~ a  - TaK Ha3bII)W-e , 
Kpmuecnpoca H npe,qno)neuua: 

I .gf = a, + &P, +.st (npe&noxen~e], 

&f = a + p2q +'p3% t ut (cnpoc), 

rfie pt - qeBa TOBapa, fi  - ~ 0 x 0 ~  B MdMeUT B P M ~ H E ~  t .  npewonara- 
e m ,  %x) R a  PbIHlC: C'~W~CTB$'~T PaBHOBtCHe, T. e. B K ~ ) K A ~ I ~  UOMeHT 
BpeMem aa6nm~ae~ea  onHa B~JI~-a 

wgieilua (9.6). u ~ e e i .  we,qymq& B?, . , 
Q S -  D -  , (p~nosecue). . . ~ .  * - q - s t  

, . 
. . . 3anxc~aan KamAoe ypanndne, Ann npocro&~ B omnoueamx OT 

,% 
- 

. cpemux s ~ a q e m ~  (CM. n. 2.2). nonyYaM UWVIO- CnCTeMY:. , 

- qt = a z ~ - t ~ t  ( n p e ~ n o ~ e m e ) ,  

. qt=Pz?%-tP32/t+Ut (cnpoc). 
. . . . 

Q T M ~ ~ M ,  TITO B C O O T B ~ B U U  C ~ T O B  MOfimbK) 4eUa B BeJIumHa 
cnpoca7npep,nox- onpeAemloToI OAHOB~~M-HO {on :m~a  u *P 

: MUN <O&HOBpeMeHHbI$ y ~ a B ~ e H U ~ ~ )  H ILOBTOldy 06e 3TU'TrepeMeHltble . . 
, . 

. gonmm c s m a ~ b m  sndozerrmwu. B owmsne OT HUX n o x o ~  yt riBnX- , * 
7 

wcs smoze?cmoCi nepe~emiott. l l o ~ x e p r t ~ e ~ ,  qm AmeHue nepehaeR- 

~. . ~roponott M O A ~ U .  Llpednnnazaem, ,urn0 e %axdm ypaesenuu S- 
# .  . s o z e x n ~ e  nepe.uemmm .xexoppe&f8poear~u c awL61~od. B TO xe'~peM5. 

; 3n,qoreme nepewenuue, c m z q e  B n p u x  =mmm Y P ~ ~ ~ ~ * ,  - 



nepennruenn (9.8) u (9.9): 
qt = nlyt i - V l t ,  

Pt = w / t  + fvzt. 

3,4e~b yxce B K ~ ~ ~ A Q M  y p a ~ r - ~ e ~ u u  ~ K ~ O R H W  n e p e M e H H m  H e K o p  

pf?kpOB;ula C 0XUi6~&, IIOBTOMY M B M g  HaElMeHbKIllX KRaAPaTOB 

AaCT WCTOSTeJIbHbIe OI&eHKU Fl U & K O ~ @ ~ ~ ~ I I M B  ?Ti U 7 f ~ .  3a- 
MeTlrIM, ¶TO ff2 = ?TI/%, nOBTOMy (B C W I y  TeOpeMbl  CnyIJKor0) Be- 

rn- &lL8 = ??l/32 ~ Y A ~ T  C O C T ~ S T ~ J I ~ H O ~ ~  OWHK0t i  C T p Y K T Y P H P  

ro napmapa q. cnoco6 oqermsamsi C + K T ~ ~ H ~ I X  KO~+@ET. 

q u e n T o B  c noiuowe oqeno~  ~ o s + r j ~ u q n e n ~ o ~  n p u B e A e n n o f i  4op~h1 

&Squares, ILS). Cnenosa-no, ,qnn C T p y K T y p ~ o r o  K O B ( ~ ) + H ~ H -  

t n e p B O r 0  Yp aBHeHUS MOXHO nOCTPOUTb COCTOXTeJIhHYK) OqeHKY, 

3Jib3YX K O C B ~ H H M ~ ~  MeTOA HaUMeHbIllUX K B W a T O B .  

bp d3JIaBe 8 OTMeWJIOCb, =TO n p U  HWIUZIXH KOppeJrXL(ICCi MeHcAy 

pjRBCCOpaMH H O I ~ I E I ~ K ~ M U  AJBl n 0 n y W H U R  COC'POSJTWHhIX OqeHOK 

~ X H O  BOCnOJIb3OBaTbCSI MeTOAOM UHCTPYMeHTajIbHbIX nepeMeHHbIX.  



Hawemmx. K B w a T o B  MOXHO B KaqecTBe oqenKu C T P Y K T ~ ~ H O ~ O  

n a p a h p a  a2 6pam nu60 %l/Zn, ne6o $z/%, n p ~ s e ~ ,  B 06qw 
cnyqae,  TO 6 y w  pawwe o q e m .  Toyno T ~ K  me MOXHO B Kasecme 
nanpyMenTa ucnanb3osaTb KaIc yt, TaK u rt, m e  nonpaa pa3~b1e 
OQeHKU. ~ P U  3TOM, eCTeCTBeHH0, BO3E4fKa@I BOIpOC, K a W  U 3  HuX 

nywue. OTB~T H a  Hero 6 y ~ m  A ~ H  m=e n p m  paecMoTpenun o64ei2 
3aq4awx. ' 

B 'M) me s p e d ~ ,  K ~ K  i ie~pymo nposepum; naxe snanue. ~oqtrarx 
saasenalt ~ o s @ + m n e m o ~  npuaeAeemolt +opm H HJIR HCXOAI~O~~,  a 
AJlX yUIomeHH0a ~ 0 ~ e n e t i '  He IIO3BOJIXeT ~ZelIaTb UUKaKUX BMBOAOB 

OTHOCXTeJIbHO CTPYKTYPHhIX . , IIaPaMeTPOB BTOPOM YPitBHeHU5. ,&In 
3TOP0 YpaBHeHUR T8.K- HeB03%OkCIiO UCIIOXb30BaTb .Y'UJIB V B KaKe- 

wBe nncrpyue~~anb~oi l  rrepeMen~o& us-%a ~o3m~sua~qei+ npa WOM 

nune~not  s m u c u ~ o c ~ u  M e w  perpeccopmu. 3 ~ 9  nanerme TecHo 
CBR3arrO C 9 'Ra3U~&eM08 ~ 0 6 n e ~ o K  - u d e n r n ~ @ ~ ~ a q u ~ ,  0 KOTO- 

pOtl no~po6no~ 6Y~b ~ B O ~ U T ~ &  HIIX~.  B ~ a , n ~ o ~ - ' & i 9 a e  HeTpyAHO 

n o w s r m ,  n o t r e M y  ypmHeHue (9.7) w r r  cnpoca ~eu,qen-~x+uqupye~o. 
~ ~ ~ ~ ' c T E ~ ~ & ~ I ~ H o , B O ~ ~ ~ ~  ~ P O M 3 E O ~ b H O e  'hen0 A U C O & ~ W M  JIUtleii- 

Wio K O M ~ U H F B ~ ~ ~ ~  y p a a e d  (916) a (9.7);yk~oxh ne@&e aa A, 
, , 

BTOpOe - H a  (1 - A) U C K J I ~ A ~ I B ~ J ~ '  hxf ' , ,. 

Ypame~tle (9.15) uMeeT TOYHO m o i t  me BW, %TO M. ypmneiiue 
(9.7). HH~IMU CiIOBaMU, CYUeCTByeT 6ec~o1ie~ao MROPO-CTpYKTYPR61X 
@OPM, COBMeCTUMbIX C UMeIODJUMUCZI A m b l M N  qt, pt, '#t. ~ O ~ T O M ~  Ka- 

K O ~  6~ MeTOA OqWUBaHHX C T P Y K q p H h I X  KO~@~UI&X~HTOB YPaBHeHUB 
crrpoca H n  6b1n sb16pm, 1tenb3a CKasaTb, Kmoe OTaouenue nonyseH- 
Hue oqeaxn uMeIoT K X C X O ~ M  napaMeTpm /32 s a. ~ O A T ~ K H ~ M ,  

9TO 3T0 He CTaTI IGTUYeCW npo6ne~a, He np06ne~a KMUYeCTBa Ha- 

6n1o~eaait: A a z e  uMex fiec~o~esnae quwo na6nm~-, H~BO~MOXHO 

<UpitBUJIbHO* OqeHJiTb YpZiSHeHUe CIIpOCa (9.7). 
&$op~yJIEipye~ B b I B O m ,  KOTOpMe MbI IIOnY%iJIK, A 11p06ne~b1, 

c KOTO~MMH C T O ~ K I I Y ~ ~ ,  uccneAyII s m  npo&tf npuMep CHrneMU 

OAHOBpeMWHMX Y&I~Z~B~IIU&. , 
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CTORTWbHO OqeHeHbI MeToAOM H&UMeHbIIIUX KBWpaTOB. 3Tki 

';>KO @&3HbIX OaeEiOK KOCBeR.SOlW M a g a l  HfLHM~bI I IHX & ~ A ~ ~ T o B ,  

; ,. ~ o s @ + x q n e n ~ ~  npu~qeaaoti  v i c ~ e h l b r . .  BI n o c n e s w  ~ w y ~ a e  

! . ,  

Ei  E I C X O ~ H O ~ ~  MOAeJM 1(9.,6Ji j(9.7) C !TIM, 4ao6b1  arb 6on.w Ha- 

e n p e A C T a B n e m i e  o ~ H R T U U  f f ~ e ~ ~ u @ u q ~ p y e ~ o e ~ k ~ :  ' . , 

imocrtorna (Q, P) pmHoaeme n p q c T a e n & r c r r  K ~ K  .nepece- 
Kpamx (B,.A~HHOM cnysae npamx) cnpoca H npen.nbxcennR,  



, , '  , i, . , PAC. 9.1 . ' 

., , ,  . ( . j ,. ' 8 ,  . , ' 

' ~ o ~ + w r ~ o ~ . s r n ,  uife%koailb~o co6na~oa H ~ G J I I O A ~  (Qt, pt), t = 
I,. .. ,,h,anYero xenma:mmaTb 06 ~ C T U H H L J X *  I ~ ~ R M H X  D u S, no- 
cicanbx-y K W ~ R , ~ U . K ~  (Q$,.fi.) MO- & i m ~  pewimo~a~a  K ~ K  nepe 
texeaue ABYX i ' IpSMhX, U~em-x npomoslbn& HaXnou. .3m~11~, 
rro .STOT B ~ O A  nomBep,xcAamCa n irpmewe~110B &op~oB :MoAenu 

I .  , . . . . , . , .  . .  . . 

qt = ( ( ~ 2 %  - &&/(a2 -ad), i 

, . pt=("L+.-4)l(Cr2+p2), ' , '  : , ,  2 

. , , . , ,  , . . . 
K O T O ~ ~ S I  B n p m m  ?WTSX Ypm~enuI o q q e p c m  T O ~ K O  Cnyqa&i~e 
o m 6 ~ u .  , , . , . . , , 

4. . ~ C X ~ ~ M M O W ~ .  (9.62, ,(9.7). 3~ecb. Y I M ~ X I T C S  Ow& KpU- 
Baa npem0xeaura.s HecKe-yo ~ p u a s r ~  cnpoca, 6 ~ 1 w ~ a p x  H ~ K W O  

3 ~ 3 0 r e ~ ~ o f i - ~ e p ~ ~ ~ @ ! ~ j ~ B  pm6p0~ % ~ @ ~ ~ I o A ~ E U R X  O ~ Y W O R J X ~ H .  He 
W b K O  UIY4&1iblMn o ~ E I ~ K ~ M H ,  H O R  C@UrOM KPBSO~~ cnpoca BAOJIb 

. . 
emncTse~no8 K ~ I ~ B O B  np&o*mi~. 3m ~ ~ ~ ' P O S I T ~ J ~ ~ C T B O  a noi~o-  
nzer oqerimb napaMerpbi nodne-gd&R (CM. puc. 9.2). B fi m npeMn o 
nonomeHun rrprnlb~x Dt ~ u ~ e m  cKiL3aTb uenb3~1, mwo&&y, KAK u B 

n p e ~ ~ g y q e ~  npuwepe, m06oia ~ X I I ~ K ~ O R C X ) B M ~ & ~  E ~ ~ ~ ~ ~ ~ T M U C Z I  

~ a & r r m ~ e m x ~ u .  . '  ., , ,  ;..: . 

uuep 5.  IIpe~~roxenue Tmxe ~~LBPCIIT OT RoxoAa: p 
qt = a m  + a3yt + ct . . (npe~nowenme), 

(cnpoc). 

ria- 
leux 

TaK xe, K ~ K  u B nepBoM npuMepe, mi OAHI u3 K ~ X B ~ I X  ne MOXW - T 

Pb U & ? H T E & H ~ ~ ~ P O B ~ H ~ .  

b*egnonoxuM renepb, YTO uMemcs CnepyIomas CucTeMa y p a ~ ~ e ~ u t t ,  
b b l ~ a ~ M & R  c ~ ~ Q ~ / x ~ ? / P H o ~  &o&Mo~ M O ~ W U  (C BTUM IIOHSiTUeM Mbl  



, ,. 

f i l y l t  +@12~2t  +. . .+,(lrny&t +%lxtt  +. , : .$7lkxfd =Elt 

P z l v l t  +Pzavzt +. . . , r t f i r i i ' ~ ~ ~  ,.,.,. + % b i t  +:. , .+Y2k% =€2t (9,16) 
................. <:.............,....>............,.,...... 

P d y l t  +@&Yz~ f .. . . + P ~ ~ r n t + ~ r n ' i ~ . l ~  +. . . +?'in@kt=Enot 
>'C. 

IIepe~emwe yl, , . . , y,, onpqenaehme S H ~ U  CucTeMbl ,  11mb1- 

BalOTCS 3%d0~@9&tL&?A, B nqeM13HHbIe  X I , .  . . ,Xk MOCyT 6b1b1~h BKn- 

Tern KaK B H e m m i e  no O T E X ~ ~ ~ B U I C ~ %  c n c T e M e  ( m o w x u e )  nepe 
M e m e ,  T ~ K  H pwqgavme ,311a~W % T A Q ~ ~ E , ~ ? T  n e p e v e v ,  
K o T o p a r e  naasaroTca n p e d ~ n ~ e d e n e l i n ~ u  n e p e M e n m M M u .  

Hqqe~c t, . rrax w 'pawbnte, o3~awim ~ o ~ e p :  H ~ ~ J I ~ A ~ H U S I ,  st = 
1,. . . , n, a ~ l t , .  . . , E& r i , ~ ~ ~ y ~ a f a m e  OIIIU~KH. I;YAeMi c,ypab,wro 
B KWXAOM YP&BHeHUU 0,W.H U3 X D ~ & ~ , U ~ H ~ K , ~ B  P IIPEI . . .  , K ~ K O ~ ~ - J ~ U ~ O  
3*Ad&o'g 'ne,$*kkko.& P&BeH .-: * b  &&-O& $rqp- 

' . -*  ,, .. . &&Lb'B&, n&B hnam, np&,&Bu(Tb: jr&teH;e nip&&- 

, . 
HOM B W e ,  xorp,a B ne&& 4 8 1 : ~ ~  CMUT o ~ a  ~wo&d&i nepei2~~&h,  
a B npagoe ~ W T U  - OcTaJIbnwe newenme c A&B3BeCTHbIMU.X03& 

~ ~ ~ H T ~  nnlac CJ@$&~R 0 m U 6 ~ a .  ~ ~ & H F I u M  
. . - !. . , 

I t  = I"] xt ' , = .,["I,) . ,  ~. . . c't , = [":I 
Y m t  .~ , %t Emt 
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B ~ U &  K 3K30reHHhlM IIepeMeHHbIM - B e K O P p ~ O B a H H O C T b  

OB X t  Et St B KrWYqOM H F L ~ J I I o ~ ~ H B u  t. By,qe~ I I p e A I I O n W P b ,  

' T ~ ~ H O  onpeneneaa; 

M a T p B q a  B nesblpox,qena. 

~1b3ya YcjloBEte 4), YMHOXMM o6e samu pmexmsa (9.17)'cne- 

= -B-'I?, vt = B-lst: C a c ~ e ~ a  (&is) ~a3blsae~cnnpuseden- 

.I?) nuor;qa ,qna K p a T K o c r u  ria7bram~ crnpywnypnwu KO$- 

: 

' ~ Y A H O  IIOHXTb, ¶TO B 064e1h CJIysae 3HAOreHHbIe  I I e p e M e a H b I e  

GKH B CTPYKTYPHO~ c u c T e M e  ~ o p p e ~ ~ u p o ~ a ~ b ~  ( n p u ~ e p  1 A ~ H -  

mu), II03TOMY, KaK' yXe H ~ O A H O K ~ ~ T H O  OTMer1aJIOCb, IIpUMe- 

K'K~XOMY-nu60 U 3  YP~BHB& MeTOnB HaUMeHbUIHX K B W a T O B  

cmazmbao o ; q e ~ ~ e ~ b ~ , n o c ~ o n b ~ y n e p e ~ e ~ ~ ~ e x ~  H e K o p p m -  

CO CTPYKTYPHHMU O I I I U ~ K ~ M U  E t  U, CJleAOBalTeJlbKO, C OIIIH~- 

Ia,He.  6 y ~ e ~  A a B a T b  $ 0 p ~ a J I b l t O I Q  OIIpe&lXeHUn H@HTU$U- 

e M o c T u  GTPYKTYPHO& Mo,qenu ,  a &ma 6onee no~po6noro os~a-  
HUX C 3 ~ 0 8  npo6ne~ofi MOXeM PeKOMeHAOBaTb, H W p H h l e p  

e ,  1997, rnasa 16). r o~opz  xce H e m p o r o ,  TOT UJIU =HOB 
ypHbl% .-~03&$Etqr'reHT U A ~ H T H ~ U ~ H P Y ~ M ,  eCJIU OH M O X e T  

. '  BbI4HCJIeH H a  OCHOBe I(OS@@UW~HTOB I I ~ u B ~ ~ ~ H H o $  4 0 ~  
@OOTB~TCTFJRHHO KaK0e-nU60 ypameme B CTPYKTYPHO& @op- 
mAeJrU 6y~e .T  H ~ ~ I B ~ T ~ C S  U ~ ~ H T B @ K ~ J J ~ P Y ~ M ~ I M ,  eUIM UAeHTH- 

YeMbl BCe er0 K O B ~ , & U I ~ U ~ H T ~ L .  E O A Y ~ ~ K H ~ M  epe pa3, S T 0  



npo6ne~a u~mn@arp lpye~oc~u  nomrecxcn npwecrrByeT s m a ~ e  
oqeHnsaEIua, owynTrBxie nxen~u@ziqsipye~oc~u omarae~, YTO cy- 

aa6nm~emP. 
I I p u ~ e ~ e m a s  @ o p ~ a  (9.18) no3BonsreT C O C T O ~ W ~ ~ O ,  OnenuTh 

mk 3JIeMmB MaTPllgbI TI U m(m + 1)/2 3JIeMeHTOB MaTpU- 
yu ~ c o i l a p n w  B ~ I E T ~ ~ ~  o i r m h ~  v.  B ~6 ze'ecpe~rr B C T ~ K -  

TYPHOB (POPMB Hen3BeCTHbIMU FIE3IRFOTCR m2 ': m'3JIeMeHTOB MaT- 
PtiqbI: B (ycJrg~Sie BO~MU~OBKH)., mk SneMeHmB .M.aTpHqbl r E i  

m(m f 1)/2 3JleMeHToB MaTpEIq1J KOB~PU- BeKTOpa 0 ~ 6 0 ~  E.  

Tm.uu 06pa30Ed, npeBMmeme wicna. ~ ~ Y K T Y P H ~ I X  K O ~ @ @ ~ . W ~ H -  

TOB , . ,  HW ~ ~ C J I O M  KO~@@W~RPOB ; npme ,Ue~~~~@ Ct)op~b~ ewb m2 ,- 
m. ~n, CIIeAOBaTW&HQ, B ~ 6 m ~  CJIyYv cnc~eba H $ u $ ~ H ~ ~ @ w -  

pyeMai O@W, Y* 6b1no naKa3aqo .panee (npn~ep 1 ,~a-ano% 
many),. : ~ & o m p b ~ i  e"npy~~ybuwe x ~ @ & w ~ ~ T M  , v n  ppybyp-  
HbIe YpaBRemvl MOrJrT 6bXTb E I A ~ ~ ~ T B @ U U U P O B ~ H ~ ~ . ,  O C H O B H ~  nPU- 
-a W I ' O .  - HWt,R4Ye WIpWOpHbnc O F ~ W E Y W ~ ~ ~  cTpyKTxplUJe 
Ko3&$kiqBe~TbI. 
MH 6 y p ~  U3yYaTL n n w  sa,qary u ~ e ~ ~ s ~ ~ @ u q n p y e ~ o c m  oTneJ&- 

Horo ypaBneHns B TOM GJIYS~R) KorAa orpa-anrerrux nnrelm ~ ~ 6 0 -  
nee n p m @  BW, a menno, raab CT~YKT~PHHX K O S & ~ , H U , ~ ~ H T O B  

pa~wa 0. F o m  nomoe mnozeme , npo6jre~, csma~imx c rzqwm- 
@mpxpye~omm Mogenu, coAepxnTcx, t ianpwp, B (Gxeene, 1997, 
raana 16). 

f i x  onpeAeJremocmi paccgnoTpwM aa,zta~y n~enm@nr~upye- 
MOCTU nepsoro ypasnenux emeMbl (9.16) npa YWOBUS, YTO 

xa~ue-TO m p y ~ ~ y p u b ~ ~  K O ? J @ @ H ~ E ~ ~ ~  P ~ B K ~ I  0, ~ . e .  m ypan- 
Hema ncmmrenbr neKompbre nepeMexiame, u men~n@uurqnpye- 
MOC'fi 6y&eM IIOHEMaTb KaX R03MOXHOCTb BbIYYCJKeHWlf CTPFTD- 
H ~ X  K O S @ @ ~ ~ U ~ M T G B  ypariEeHux no ~ o s + & u q n e ~ ~ m  npu~e&enuoPl 
@0pMbIi 

,Dm y~obcma umoxeuza Awee MM o h e p p ~ n ~  B OAUY rpynny 
amorexxrble u npeAonpe&enmmbte nepeanewue II 6 y p ~  HmeaTb ux 
npOCT0 SK%3l%fIHbIMU IIepeMeHHbXMH. 

RCZ3 Orpa+lUVeHHZ O ~ V O C T U  MOXHO CYBTaTb, YTO nepBbIe Q KO- 
~ U J J ~ ~ H T O B  npn3HAOl%HHMX nf2peMeHHMX H IleDBbIe P ~03CbCb~lIn- 



Oi - Hy~1eBOfi B ~ K T O ~ C T O J I ~ ~ ~  pa3MepHOCTU r .  no n p & B U w  A&- 
CTBUX C ~ ~ O W I G M H  MaTpUqaMU EtMeeM 

An,,, = -r:, (9.21) 
p3L.xi. = 0 L p .  , !  (9.22) 

C o o ~ ~ o m e m e  (9.22) aBnr reTcR (nmemoii) cucre~ofi iE - p ypanne- 
Ii& ( Q T H ~ ~ H T ~ ~ ~ H O  P*) C - 1 HeU3BeCTHblMU, IIOCKOJIbKY B CUJIY 

YCJIOBJnZ H O ~ M U ~ O B K U  O m H  f13 3neMeHTOB BeKTOpa p, P m e H  1. O* 
BXAHO, eCJJ+i ~ 0 3 @ @ @ ~ I f e H T b l  @* H ~ ~ , J J , ~ H ~ I , T o  K O ~ ~ U W U ~ H T ~ L  'yX 
orrpeAenxrawx ~ ~ B ~ H C T B O M  (9.21). 2 c ~ o  Tazsxe, qm T o r 0  ~ T O ~ L J  

n a p a M e T p b 1  Q, B c n c T e M e  (9.22) MOXHO 6~4~10 6b1 ~ a ~ - n u 6 y & b  BbIpa-  

3 U T b  yep= 3JIeMeHTM MaTPUIlbJ n*,,~, H ~ O ~ X O @ M O ,  ~ T 0 6 b l  YUCJIO 

ypmue~uii B (9.22) 6uno H e  M e m m e  ruwa H ~ U ~ B ~ C ~ H ~ I X ,  T. e. BM- 

I I O l I H ~ O C b  HepaSeHCrBO 
, , 

k - p > q - 1 .  (9.23) 

HHMMH WIOB~MU, q c n o  a c x J l m r e H H b l x  us y p a H e H u a  3 ~ 3 o r e ~ -  
HblX DePeMeHHbIX AOJIXHO 6 b l T b  H e  MeHbUIe YUCJIa BlUIIoseHHbIX 3H- 

n o r e m  n e p e M e a w r x  ~ m y c  e,qmnqa. H e p a B e ~ C ' r ~ 0  (9.23) H O C ~ T  

~a3-e nopndxoooe ywroeue (order wnditnon) n a s n a w  mrmb 
w e o 6 x o ~ ~  Y C J I ~ B E ~ M  ~ ~ ~ ~ H T U @ U I S , E ~ ~ ~ M O C T U  YpaBHeHUX, nOCKOnb- 

KY eM BbmOjIHeHHU,YP%3HeHHa B (9.22) MOryT OKWaTbCX 

nuneituo ~ ~ B H C N M ~ I M U .  Pi3 o 6 4 e 2 t  T e o p u u  CUCT~M nuuePM~~x ypame- 
H Y I ~  lBBeCTH0, UTO AJIZ P ~ B V I Y I M O C T H  CBCWMbl (9.22) H ~ O ~ X D ~ M O  L3 

AOCTaTOqHO, Y T O ~ ~ I  M a T p H q a  II*,xx UMeJra pMr q - 1:' 

3m p a s e u c c r B o  H ~ ~ M B B ~ T C I I  p a ~ z o e ~ u  ymoeuen* (rank condition), 
KOHO RanReTCZl H~O~XQABM%IM U ,JJ,OGTaTOYKbIM JTJlS EIA~HTU@H~UPY& 

M O ~ X  ypmnenua. 
E m  y c n o B u e  (9.23) sbrnonwaeTca co SE~KOM pageticma, TO ro- 

supsi~,  TO Y p a B R e B u e  moqmo u d e n ~ u @ u y u p y m o  (exactly zdentified), 
e c n H  co J H ~ K O M  C T p o r o r o  H e p m e H c T B a ,  TO ceepmdenmu&21yupye~o 
(overidentified). 3 n o c n e p p e M  wysae ~xcno y p m ~ e ~ n i  n p e a a I l u a e T  

mCJI0 HeYI3BeCTHblX, U HexoTOpbIe  03 CTPYKTYPHPX K O ~ @ ~ ~ ~ U ~ E I T O B  

p, MOryT 6b1m B b I p a m W b l  pB3HbIM C ~ O C O ~ O M  W p a  KO~+@U~HWTM 

M a q u q b l  II*>Xx, KaiK B n p n M e p e  2 ,~qm~09 r n w .  

LUaro~bIZf MeTOA H ~ U M ~ H ~ I U W (  K B W a T O B  

MM B M I I C H ~  B n p e A b r A y q e M  pa3~ene, npuc~yna~b  K oqeauma- 
PO UJIU UHOrO Y P & B H W Z  B CUCTeMe (9.16) KMWT CMbl& nlllub 

OPO, KaK yCT%iOBJIeHa eI'0 EA~HTU@UWUPY~MOCT~. K a K  U pa?Ib-  

Y A ~ M  PaCbMaTpKBaTb  @X OIIpeAeneHHOCTu IIepBOe YpaBHeHHe 

,DJIOJZOXllM, qT0 OH0 COAePXUT Q 3HAOPeHHblX U p 3 ~ 3 0 T k B H b l ~  

eHHbIX U ~ A ~ H T U @ U ~ B ~ ~ ~ M O  (B SWTHOCTU, BblUOnHeHO IIOpZA- 

yCJIOBUe (9 .23)) ,  npa 3TOM 6e3 OrpaHHPeHHa O ~ I ~ H O C T B  M O M 0  

. . 
c e e n n ~ f i  uemod xawelrauux xocendpamos. IIpu a,qe~~~n@uqu- 

~ C T U  YpaBHeHUX OI&eHKH'C&YKTyp&IX KOS@@UIJH~I~TOB MOXHO 

o2t ( ~ e  XCHO, K ~ K Y *  x e  o q e H K y  c n e A y e T  npenno~ec~b), T ~ K  u c 
uqec~oh mmu speaurr ( T ~ Y A H O C T ~  a~1ropa~~n3aypi) :  IIo~To- 

,.' 
K npemo,  u c n - y e ~ ~ ~  

y x u a z o s ~ t i  aemod xawext,ulux xeadphoo.  I I p e ~ c ~ a s x ~ .  
ypmnenke B c n e m q e M  su,qe: 

'. - ̂ 11,1zlt - n2x2t - . .: - -ylpzp:pti + ~ l t ,  t = 1,. . . , n. (9.25) 



. I ~ O C K O ~ X Y  , .  , 3ne~etr~di % t i $ d ~ l ~ b l  Y K O P ~ ~ J ~ H $ O B ~ H ~ ~  ~- c B&TO- 

P~l;b,i)m&60~ el, n e n o c p q q c h ~ o e  r rpu~e~eme M m P a  n&mc~~~nrux  
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POB P1 u yl B perpeccm 

YI = PIPI + Xl71+ €1. (9.27) 

Mbr H e  CTaBUM qeJIbl0 B A~HHOP KHUPe A a T b  I IOAI )O~HO~ OllKCLlliHe 

SCTB ABYXIUarOrOROrO MeTOAa H%iMeHbllIUX KBaApaTOB. nepeXIUc-  

6 ~ 3  AOoKa3aTWBCTBa JIGiUIb OCHOBHHe pe3YJTbTaTbl, KWaKIaHeC5 l  

cnoco6a OseHUBaHHX. 

I1.pTPYMeHTWbHbIX IIepeMeHHbIX, KOrAa B K a W T B e  n0CJIeAHHX HC- 
, 

, .nOJIb3yIOTCX Yl U XI. 

OCneAIlee  CBO~~CTBO 0 3 H a U X T  ~@J@~KTHBAOCT~ ~ S L S - O ~ ~ H K U  B 

eTCTBylOWeM KJIaCCe OUeHOK. OTM~TUM, UTO B ~ o J I ~ I I I U H C T B ~  3KCb 

TeCKUX-KOMlILHYrepHbIX IIaXeTOB AJIX D ~ e H U B a H U I I  CUCTeM On- 

eHHbIX yPaBIie~l&% PeaJIY130Bali UMeHHO p ? y x m m ~ b ~ B  MeTOA 

€ZlbIIIEX K B W a T O B .  B 3aXJIIO9eHUe IIOA¶ePKHeM, 9 T O  l I P U  Sic- 
=li J(ByXJXaNBOP0 MeTOAa H%iMeHhlIIUX KB&IQ~&B @~XTU- 

K a q O e  j 'paBHeHUe OqeHHBaeTCR Ke3aBUCUMO OT ApYP'EIX. CY- 



\ 
I l p w e p  6. Mdmb K~etlna 1. B 1950 r. Jl. KneBu n p e m o m  @ ~ a -  , 

K~etina 1. Oea onurcb~nmm c n e m m x u e f i  c n c ~ e ~ o f i  ypa~eeaml: I 

B M C ~ A ~ ~ T B ~ H H O M  CeKTOpe, At - B p e p l e ~ l K O f i  T p e A A  (B SOP$iX, HaqW 

H ~ W  c i931 r.). KPoMe TOPO, B-Y~ILI TP,H npeAonpeAesr.~~~ge (na- 

: .  Ct = 16.2,+ 0.193Pt + 0.090Pt-l + 0.796(Wf + Wj), 
(1.30) (0.091) (0.091) , , (0.040) 

: i  Wf = 1.48 + 0.439Xt + 0.146Xt-l + 0 . 1 3 0 ~ ~ :  
(1.27) (0.032) (0.037) (0.03a) 

. - 

, . .  

- - - . .  . & ~ ~ - -  ~ 

3 ~ ~ 0 %  MaTpnqe TI ypamenue BII + I\ nMem e,igmmBellnoe 
OTPIOCKTeJTbAO B B r. 

, . 

+ ~ 2 4 W t - 1  = E 2 t r  

+?3~3iSk + 733Pi-1 + 734Wt-I =&st, 

tmorwmare oepeMexHsle - Ct, Yt, It, ~ K ~ D ~ ~ H H ~ J I  nepeMeHam - Gt. 
P r n ~ ~ e  3 ~ y  MoAenb B M ~ T P H S H O ~ ~  @ p ~ e  N n m u ~ e  ee npmepennylo 

CKOJI~KO O I - p a k I ~ Y e H U ~  H B K n W & e T C I I  H a  llIeCTb KO~@@U@~HTOB 
~ W ~ H H O ~  (POPM~I MOAWIU U KaKonbI  3TB O F ~ ~ H U ~ ~ H U H ?  I~KWIIIW, YTU 



. . .a 

~ l t  = 710  + ~ 1 2 y 2 t  + ~ 3 y 3 t  + G i i ~ i t  + Y ~ Z X &  ' .  ; . +=it,..'. ? 
. . . . 

Y2t = 720 + P 2 l ~ l t  f YzlXlt..:- . . ' . .. , . . . , . 1 
~ 3 t  = 730  P 3 1 ~ l t  + P 3 z ~ t  + "~sizir +'m.23{.+$it ' i 

k ~ a q u s a e ~ c r r  MoAeJrb, coc~mmaa n3 ABYX BnemHe.ne C B ~ H M X  

!mi% (SUR): 

. . ., . . . 



perpeccnn 

Aan~an  rnana I r e c K o n b K o  OT~UY~RTCSI  OT q~yrux r n a B .  Pa3nm 10.1- 
10.4 $ ~ K T K ¶ ~ C K U  C O A e p X a T  CnpaBO¶HbIfi  M a T e p U U 7  IIO MeTOAy MaK- 

CYIMaJIbHOrO n p a 9 ~ 0 l l 0 ~ 0 6 n R ,  IUUPOKO IIPUMeIIReMOMY B MaTeMaTU- 

YeCltOfi CTaTHCTUKe. ~ O A ~ O ~ H O ~  E13JIOXeHKe 3 T O r 0  MaTepUaJTa MOXHO 

HaiITPi, HaIIpPiMep,  B ( A ~ B W R H  (1983), Kpwep (1975), Pa0 (1968)). 
Pa?@JJ 10.5 BO MHOrOM nOBTOpReT OTIUCaHHbIe KPaTKO B PWAeJTaX 2.7, 
5.3 u n p u n o x e H a a  MC (n. 7) cnoco6~s n p a M e n e n a a  STOM) M e T o A a  K 

MOA~JIRM napaofi a ~ ~ o x s e c ~ ~ e ~ ~ o i t  perpeccua. IIpasurra, no KOTO- 

pea M ~ I  n o M e c T x n a  STOT M a T e p m n  H e  B n p m o m e H a u  MC, a a~ecb,  
COCTOUT B CJIejlJ'IOWeM. nI?pBoe,  MeTOA MaKCUMWIbHOrO IIpaBAOIIOAO- 

6ua RBJIaeTCS TPWAqWOHHO TPYAWbIM AJIR CTYAeHTOB pa3AeJIOM KYP- 

C a  M ~ T ~ M ~ T U ' ~ ~ C K O ~ ~  CTaTUCTMKU, H e r O ,  n0 HaIIIeMY MHeHUIO, CJIeAyeT 

IIOBTOPUTb B KYPCe 3KOHOMeTPZKH, BWIIOYaJOIl(eM B ce6x TeMbl  Bpe -  

M e H n u x  p q o ~  a ~ C K ~ ~ T H ~ I X  ~ ~ E L B I I C U M ~ I X  n e p e M e H H u x ,  B KOTOP~IX 

3TOT MeTOA UHTefICUBHO EICIIOJIb3YeTCR. B~opoe, YAO~CTBO YUTaTeJIZ, 

AJIn KOTOpOm BCe a e o 6 x o ~ a ~ ~ 1 e  $ a K ~ b 1  no MeTOAy MaKCUMUbHOI'O 

I I~~BAOIIOAO~EX c06pa~~b1 B OAHOM MeCTe KHUrU. 

, . 

.~,,, , . . : , , .  , . ,  , 3 . ' ,  

~ c a ~ c t m a n ~ w o z o  n~donodo6wt (rn&rnurn likelihood, ML) 

. / : , .  .. ~ 



~ a m r ~ ~ - # J ~ r ~ x q u &  npa~donod66w1 (likelihood  function);,^ ee ~ro- 
m p ~ + ~  in L,(B) . w ~ & m '  nbk'hpu&ti~i&fi @&iqhed 'n&&o-, 
noa& (Id glie &iiBdOod .&,,Ctcon~,. , 

, ' 
).. ~ . :,, .,~ >..:: :;.: ... . ! . .  

~. , .~'<..,>A .:: '1;. . . , . 
- mi +&CEI*'O~GN?PO &.fia6~k$na<&e $n(yj E Q, T&O&,~,TO 

. .  . .  . , . , . ,, . .. . . ? ,  . . ', . .  . . ~ .  . 

.,. ~. 

Ha3bIBX3Cff oY€%& M ~ % w ~ ~ % o z o ' ~ B z ~ ~ ~ o ~ ~ ~ u A ( ~ & & u ~  like- 
lihood, : ML, egtix&&) ri&a~er&&h B @qek:&y~& E& rap&&a, 
SM MLoyemarapaMeTpa @a C ~ I ~ ~ ~ C T ~ ~ . - P J I R ( ~ O S T ~ ) . B ~ ~ X  3~aqe- 
HHB v, HO B U M  3T6 ~epv6, @yl&& '.@*. ~a3blaa(Yrai WM&: M K -  
c ~ ~ x o z o  npcledonodo61~$ '(ML kstinidor) ne~+wmioro n a p m a  

. r .  ~~. , pa@o..  ' ., . . ~. , . . 

. . Kor~a ~ a d c c n ~ y ~  a ( ~ Q . ~ ) . ~ ~ C T ~  ao nnyqe~~efir ~ o v ~ e n p o -  
CTpaECTBa IILbpaMe~pb~ .@, 8 &,() ~JI&T&.~kC&ie~e~~kippM~& 
(noie) +yn~&neti,ik se~mp T ~ H . ~ D (  I I ~ ~ ~ O W I X  81eZn(0)/@0 



P ~ C C M O T ~ U M  Tenepb B b l 6 0 p K y  ET3 MHOrOMePHOrO HOPM8JIbHOM) pX- 
IIpeAWleHER C MaTeMaTU-eCKUM OXliAaJIUeM /A = ( ~ 1 , .  . . , pm)' II MaT- 

purlen ~oeapliaqxb u2Im. Y H X  eCTb n I i a 6 J I l O ~ e H Z i a  ( C J I y q a t f ~ b ~ x  BeK- 

TOPOB) (vl , .  . . , vn). @YHKEJ~R MOTHOCTU AJIZ K a X A O r O  n a 6 n m ~ e ~ ~ s 1  

pama 

nm nm 1 
In L = -- ln2r - - lnu - - E(vi - p)'(gz - p). (10.11) 

2 2 2u2 
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ee 3KBliBEL7ZeHTHyIO &OPMY 3amCO: 
~uposarr~asr oxems uMwa npeaenLgoe 
neaae. P~CCMOTPUM YXTWB wryqait. ~ Y C T ~  ( 

.WHOCT~ PacnpeAeneHMx -cny~amioro BeKTopa g pd$~a  

3 a ~ 1 i m  oTin u PWHO ~~peAeJIbnoMy, a-B o 
m ~ ~ o q e e  c ~ o f i m o  a c n ~ n ~ o r m ~ e c ~ o ~ ~  

3.   id^^^^ 

opaa mxeTcx ayn~qnett napaMeTpon p a 02. ZIa~~mse npbns-, 
e nepBoro nopxaxca 3~0fi (PYHK~MH p m ~ u  

9 ~ r  C n e m  o ~ M ~ & ~ - ~ T o  3-!\.[8) XB 
UXiMnT6TEIscCKOrO pitcnpeAeJreHXR 
p~raqnfi e06c~~enno o q w  &I 
4. ~ch~n'rnoinuuecicak: 
MaJIbHOrO 1@ag~onono6Ila 
yam, YTO ecnu M ~ I  Cpa~iiii 
6 c'.JIm608 APYTOe o q e ~ ~  
YeCKu HOPMaJlbH&;X, To1: 
xsnxeTcrr Heoqaqawm 

. .  . 

e n p o n 3 ~ o f i ~ ~ e  ~ ~ o p o r o  nopxpaoT (10.19) P&H~I  . . 

9 = Xp + u, u (V N(0',u21,), 



IIOCKOJlbKY E ((Y - XP)'(y - XP)) = no2. Kpohfe TOI'O, MaEMaTUYS 
cKoe omn,qatIlle or cMemaHHoP npou3~o~poB p a ~ ~ o  Hynm B cuny TUN, 
w o  E(y - XP) = 0. I T o m ~ y  H ~ @ o p ~ a q n o ~ a a s  MaTpnna paBHa 

%UM 06pa30~, X U ~ T U ¶ ~  UH@OPM~HOIIHBB MaTpkiqa me- 
w BIW 
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IIposep~a rnno~e3 B J I E I H ~ ~ H O ~  

M mnepb 06061qe~~ym n u ~ e k y m  M O A ~ J I ~  y = XP + u 
C ~ a r p ~ q e f i  KOBitp~aI@8 0 1 ~ x 6 0 ~  V(U)  = 0, 0 - 
nOJIOXUTenbH0 OnpeAeJreHHBB CUMMeTPUYHaR MaTpUqa. 

M 3TO T ~ ~ ~ O B M M ~  B WIeWMlyeM pa3AeJre. I Iyc~b  Mbl XO- 

U T ~  runo~e3y o TOM, YTO BbInonHena CucTeMa q (q  < k) 
X nUHen~blX OrpaHuYe~a RP = T. 3 ~ e c b  R - H3BeCT- 

9, a r - U3BeC~EibIfi Q X 1 BBKTOP. B AaHHOM 

p a c ~ o r p u ~  ~ p u  pa3nu~fIm Tema AJIR npoBepKn 3~08 

HosaAHwe Ha pa3~blx nomo~ax.  
n o r a p u & ~ u ~ ~ e c ~ ~ r o  @ ~ H K I J H ~  npa~,qon0~06~11 

) (  - X )  (10.28) 

OU3BOAHble ILepBOrO IIOpZIAKa 

3 = (x'n-'x)-1x'n-ly, . . (10.31) 

Hoe s ~ a ~ e ~ u e  n o r a p x @ ~ u ~ e c ~ o B  a y ~ ~ q a n  n p a ~ ~ o n o ~ o 6 u a  

ems AJIR P B perpe~cxi  c orpauuYeKaeM (Rp = T) no- 
~aKcu~uzaqueB (PYHKWU lnL(P)  n p r  ymoenu RP = r .  



- 
Hi ROACT~B$~B '3TO BbIpiWf(eHUe B (10:36), na,B.&e~ O ~ ~ H K Y  P B PeTpeCCUW 

c o r p a n n 4 e n u e M :  
, . . . 

3 = B - ( X ' ~ ~ - ' X ) - ? R ' ( R ( X ' O - ' X ) - ~ & ) - ~ ( R ~ . -  r ) .  (10.39) 
- 

0 6 0 3 n a ~ n ~  ~epe3  G = y - XP BeKrrop o c T a T x o B  B perpeccm c orpa- 
HH4eHHeM. Torna MaKCUMaJIbHOe 3HaYeHUe nOR%pU&IMU¶eu(0~ & I ~ H K -  
qan npa~~orrqqo6ms in L(p) ~ & H O  

bni ~ ~ b d a  @V) { Waid- t e s t ) .  Tea Banana. m o s a u  - ~a n ~ e e ,  
@,WET BU.lIOJIHeHIIlI HyJIeBOff PUrk%S?SbI BeKTOp :RP gonxen 6bll-b 
k 9 0 K  ., , , K. T.:& (10i31) ~ O J I ~ Y ~ ~ M .  
, ,:.-, , , '  

p. . Rp - T . - . ~ ( ~ p ~ , < , ; ' ~ ( f r l n - ~ : $ ) - ~ ~ ' ) ,  . $ ,  I (10.41) 

, , .  . 
i. Qweru~, '$TO TXT Barrbna UCIKOJIb3yeT TOJXbKO OqeHKU B MO&eqU 

. . 
, , Ha uapaM+bI. 

, I  . &+ .uno&uaeaeU JIcazpa-a (LM) (Lhgmnge mult~plier test) .  
b ~ n o i a ~ e n e ~  fi~~arpan~a..gcnp~aA H a  ngee, y q  npn 'BbmOmieHHU 

$en08 r u n o m n  B c e  M H O > K U T ~ ~ U  JIarpauxa ,qonxnH 6 N ~ b  pmm 
kI6, nom&y U B ~ K T O ~ ? A O ~ X ~ ~ I  6b1~b 6 ~ ~ 3 0 ~  K.HYSCIO. ki3 (1B.38) 
'L0.41) I IO iQTWM,  K T 0  B TOM CJIyYae, KOrAa Bb1IIOnHRe'N)Zi HYJRB%I 

!&e3a, : ,. . >. .- t~ ..: : , , . <. 
? < ~ .  ' . -. 

1 N ( O ,  ( R ( X ' ~ - ~ X ) - ~ R ' ) - ~ )  (10.44) 
. . .  ,. . 8  : 

N:,.,., , :  , ;  ' . , - 
" , .  LM-. I ? E ( x ~ ~ - J ~  j -  ~ p ( ~ ) .  , . (10.45) 

Ci.. , . 

b.:, .pmnourr?lcp1a npaedonodobzlsl. (LR) (Likelihood ratio, test). 

&-,. ja&iorne+ npa5~0110~06-~~ ucnonssyeT x a ~  perpeccuro c orpa- 
g@xei, T ~ K  u perpeccum 6e3 orpmmeiiux. OH O C H O B ~  ma TOM, 
6: : 





. .. 
. . OTCMA~ M b l  nOJIyYitBhb,'YlY) . . , . 

~' . ' 
. ,  , Cne,qo~awm~o,  LM'<.LIt:< W. . ' . . 

3m Hepartexcmo c n p a s e m  npu tfyne~oft mno,we.  &R KD. 

HeYHblX BU~OPOX YPOB&~ ~ H ~ & M O & H  TkKlB, em$ ~ipU~&h&. OA-' 

HO u TO x e  KpmmeCKoe 3 ~ a ~ e n a 6 ,  6yAm p-uIyeH; ~ e ~ a ~ i ~ c r ~ o  
csMo no c d e  He nam nnKa~otl ~ n + a ~ ~ a q u i  o I C p a s ~ m m ~ & l t  MOP- 

HOCTW W, LR H L M 8 k m ~ .  lloApo6~oe 6 6 c y x ~ e n ~ e  m r o  Hep&BBn- 
cma u ero m w c r ~ $ P  c : ~ A ~ < K I I ' ~ I  B pa60& ( ~ ~ a n i  rndSavin, 1982) ,. 

' 8 w (Godfrey, 1988). , ~ '  . . . , .  

ks ,BHAe 
s 

w = &'(G(~)(x 'K~x)-~G(~) ' )  - l g ( ~ ) ,  (10.63) 
I: LM =ii'n, --I x ( x ' ~ - ~ x ) - ~ x ~ ~ ~ ~ ~ B ,  
1. .. (10.64) - - A -  at L LR = -2(i L(P; 0 )  - l n ~ ( ~ , 0 ) ) :  (10.65) 
4 - 
ipartHHTe 3TU BbIptUKeHWR C (10.52)-(10.54).) Bpeyru (Breusch, < 
i79) no~a3a.11, YTO u B H ~ H & H O M  c w a e  n o - n p e x ~ w y  BepIto, YTO 

> LM, DjXHaKO BTopOe HepaBeHCTBO W 2 LR, ~ o o 6 q c  rOBOpZ, He b OJIHXeTCSI. 
B 3axJrIo'XeHHe o 6 p a ~ ~ M  BHIiMaHUe Ha HeKOTOPYIb np06ne~y, CB5lL 

HyIo CO C T ~ T H C T I I K O ~ ~  BaJLbna. AWO B TOM, T O  Bcer,qa CyqeCTsyW 
' o x e m ~ o  C ~ O C O ~ O B  3armca OAHoro II Tor0 x e  orpanuseHus. Wanpu- F 
p, B n p ~ ~ ~ ~ ~ ~ ~ ~ A W l ~  I !,, . 

y = fix1 + haz.+  u, , u NN(O, 021), (10.66) 



M ~ I  MOXeM 3aKJlIOYBTb Ok!iOAa, qTO C T ~ T W C T H K ~  TeCTa BMBA~ - 
B oTnnque OT LII: A LM cTa.ramux - nemmapuawma no mnorne 
HUIO K TpmnmbEmM npeo6pa30natrurr~ B H ~ J I ~ B O B  rnno~e3e. npn- 
qUHa, KOTOPO* 3TO IIPOIlCXO@iT, COCTOIlT B TOM, 4TO KPUTUqeCKaS 

CTa.THCTAKB TeCl'a B a m ~ a  BLJBOAETCS U3 JLXHefIfi)~ X I I Q 3 O K C n M m H  

ueKTopa orpamrerrnfi B mwe p, a pa3nEiynbIe C X I O C O ~ ~ I  n b ~ p a x m m  

orpanaqemrr n p m o w  B p & w m ~  nnkeapngaqwx~. h pa3nn- 
W5l WEMlITOTU%eCKu HC¶e3a&W, O A H V O  MOFP 6b1~b CYIUeCTBeHHbl B 

KOHeyHbIX ~blbOpKB]t. 

10.4. B m w ~ e  O m K K  MaKCUMaJlbliOrO n p ~ 0 n O A 0 6 ~ ~  Wlrr IIapaMeTpOB 

p n f2 MHoroMepnom HOPMW~HOM pacnpeAerreean no ub16op~e pluatepa n. 

yl , . . . , y, - H ~ ~ ~ B U C M M ~ I ~ ,  O A H H ~ O B O  paerrpeAeneHHbre wry- 
an=, pasnoMepHo pacnpeAeneHaae H a  u1iTepeane (0,26'). 110- 

MBKCHMBTIbHOM n p & ~ ~ o n 0 ~ 0 6 n ~  eCTb O = maXyi/2; 

crr cMeqen~ok, no acnMnmusecKa necMeme~~oA; 

nmusecKu pama 02/(4n2). 

.I. (llpo~po~o~~xce~ne ynpaxnenm 10.6) P a c c ~ o ~ p n ~  m m e p ~ a ~ n ~ ~ y r o  

,.. 
6' = (minyi + 2maxyi)/5. 

, YTO v(;) ~CPiMlITOTu=IeCKU pkU3Ha 6"/(5n2). - 
, YTY) F &nee s+cbe~~uuna,  ueM O. 

UT nu 3 ~ 0  ~ C U M ~ T D T U Y ~ C ~ O &  ~&@!KTUBHOCTM OIWHI<U 

o npm~onop06u~? 

MOHeJIh y = Xp + U, U UI N ( O , ~ I V L ) .  ~ O K ~ ~ K U T ~ ,  

ESSun)/ESSR, LR = nln(ESsrt/ESSu~), 

W = ~(ESSR - ESSun)/ESSun. 

Te, WO BbInOJIHHmTCII IiepaBeHcTBa LM < LR < W. 

.9. I I p e ~ c ~ a ~ n v  c r a ~ ~ a p ~ r ~ y r o  nn~eirrrym  MOW^ B cnepyroqeehn swe: 



6) MHK-oqen~a npn 3aMeHe MaTpHW X2 H a  HyJIeByM) H UCKJIIOYeHUU 

l iabnI0~e1f~~ Us, x3; 

10.12. ITyIX'L p - BepOSITHOCTb BbIlIWeHHS Opna npU 6po~~mnn MOIi6TW. M3 
n = 100 n c n b ~ ~ a ~ n f i  x = 42 pa3a ~ u n a n  open n 58 - pewm. TecPxpyiiTe 
Ka 5%-HOM YpOBHe 3HaYUMOCI'U rEiIIOTe3Y : P = 0.5  

. ~... . - '. . . , 
a) npU lIOMO4U T ~ C T ~  Banbaa (W)p-. .. . , . , . . l  . . ,. :' . . 

.. ,, : .  . < .~ 
6) npn noMouH r e c m  ~ ~ o ~ n r ~ e n e f i  naiparlka ~LM);' . > ~  . 
B) npn IlOMOLQU TeCTa OTHOEIeHU% npa~ppno~o6nn (LR). 



TaKne ~ o ~ e r r n  ~ c r p e ~ i t ~ o ~ c ~  B ~ K &  pa3, K O T A ~  S w w r e H n a s  nepe- 
M e n n a R  c s a I I a 3 A b I B a m i e M  pemnpym H a  m M e i i e n n a  ~ K ~ O ~ ~ H H O B  nepe- 
M~HHOB. ~ P U  3TOM B MOJV?JIU MOPYT UC~OJIb30BaTbCR JIarHPOBaHHLde 

3HaYf?HUB 3 ~ 3 0 r f 5 1 I H O a  UJIU 3 ~ ~ 0 I ' e l i f f O f i  n e p e M e m o R  UnEI OAIiOBpeMeH- 

HO n Te, w mrae.  ,@B crammencOro ~ o ~ e ~ r u p o s a a u ~  none31io 
pawasaTb Aoa cnpasr. 06e Mows 

B l u n o s a r o T  B ce6x naruponainble 3~a-xenux n e p e M e n n w x ,  1x0 cytqe- 
CTBeHHO P E l l m n ~  C TOYKII 3 p e H U R  CTaTHCTII9eCKOFO OqeIMBaJ3UR 

I I a p a M W p O B .  ,@~CTBUTW~HO, B (11.1) P e r p e C C O p H  I l e K O p p ' % U p O B ~ M  

c o n m 6 ~ m u  ( M ~ I  3,qecb n p e m o n a r a e M ,  'IN s~3ore~trarr n e p e M e H n a a  

Xt A ~ T ~ P M I I H K P O B ~ H I ~ ~ ~ I ) .   OWO OM^ (11.1) MOXHO OQeHEIBaTb C I IOMO 

m K .  B MOAeJIII (11.2) gt-1 BKJIIOqCteT B Et-1,  IIOQTOMY 
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11.1. Mo~ena pacrrpe,qenmbIx naroB. 
. , 

Ypmneme (11.4) B c n y ~ a e  OTC~TCTBUR a ~ m p e r ~ e c c i o ~ ~ b u c  WI~%IOB 

UpHXaMaeT BRA . . 
ompoi3 cTenenu r: 

, . 

yt = 6 + . b x t  + &.xt;l + . . . + ~ 3 ~ z t - ~ i t  st, = I>. . . ,,v, ( :1~5)  
' I  , , ,  

. , . , .. , :. 
M 06pa?.o~, 'nome AOACT~OBKU (11.6) B (11.5) noJrysaeM MO- 

u HamsaeTcrr .warnax, pncrzpedwewrmx &a206. Km, p p u m e ,  CYM- 

MapHoe m m u e  PBBHO P = PO+& +. . .+Pg B K ~ W  OTAeJIbnom n& : , coaepxaryym TOJI~KO r + 2 a e n a a e b l x  napaMeTpos n melo- 
. , 

s p a ~ e ~  W S =  p./P, CE4wk = 1. QYIIKWSX . . ~aenoro a p r y ~ q %  zus ., 

H ~ . ~ I B ~ R I . C S  pacnpenmenueM GaroB. Ann q r o  9 ~ 6 ~ .  U ~ M ~ ~ U T I ;  &o- 
p w b  pearayn y  a a  113~ene~ne x )  MOWHO. BBecrn n0nsrrH.e c p e ~ ~ e ~  
n m ,  pamioro zi,ok~k. Maable. 31ia~ernr~,cpepaero nam com~er-  
WBYIOT 6b1c~pql pe,WLlUU &' Ha ~ n ~ e ~ e ~ u a .  x., ,q, H ~ o ~ W T ,  b ~ n b n p ~  m1X Xt, . . . , X t - q .  

~ H ~ H B H U R M  C ~ ~ A H ~ O  nara ~ ~ T B ~ T ~ T B Y ~ T  3 q d e ~ e ~ ~ a ~ p e a ~ q ~ ~ ~  .. aK OnpeAeJIUTb IIOpRAOK r IIOJlUHOMa (11.6)? &R npOBepKU 
.,, . . 

I . .' , . BaTHOCTX MOAeJIK (11.7) MOXHO WUMeHUTb 06b19~b1B F-T& 
. . I .  8 ,  O q e ~ ~ s a m e  

(ESSR - ESSUR)/(~ - 7) 
B wry~ae, ~ o r ~ a  X Ae~ep~u~LXP~~Z%Hb~, a O I I I M ~ K ~ ~  €6 N' iid(0, d2) E s S u ~ / ( n  - q - 2) 

' 

HespncuMue, o,qmiib~to~o, pacnpe#qeasble,, c nygeBmM ,cpqn$w u cb (11.5) - perpeccxa 6& orpanusenufi, a (11.7) - perpecczia 
mcnepcu& 2 .(independent :adenti&&. dis t$b~ted) ,~ ,~~o~enb!  (11.5) - " E~Y~HURMA.)  B TOM GJrYYa, eCJlfl 3Ha¶Me F <AOCTaTorrlO 
yA0BJIeTBOpeT YCnOBUW ~ w ~ s & C K ? ~  MOACilU nuirebi~fi F-UU '. MeHsllre ~ p u ~ u s e c ~ o r o  a ~ a ~ ~ e ~ a a  F-CT~.TUCTIIK~), MOAW n s  
(n. 3.1), o m a ~ o  Ha npaKTme npn ee oqe~r isama ~ o l ' y r ~ c ~ p e ~ f l * w  ., mblibIX XWOB WeKBaTRa AaHHbIM. KW O ~ M Y H O ,  IIpU npovrrx 
TPYAHOCTH. Bo-~~PBMX, M O X W  O K ~ ~ ~ T ~ C X ,  1<0n~~eCl'~C!,~03&@% : 

X YCJIOBUS,  H a 0  Bb16~pa~b MOflWIb C HWXM€ZibIJIUM KOXUYD 
upreKmB.q + 2 TKOM B~JIUKO, ecm, no C M ~ I C J I ~  3-a ., o i u ~ a e ~ c n  , ~ ' 

anuame C 60nbIIIu~ 3ma3p+1~anue~: BO-BTOPHX, B T ~ M  CJIyYWj eC- .: 
nu p w  xt nMeeT sieKoTopym CTPYKTYPY~. HanpnMeP, ap~Oppenn ,Wm 
ElJrll c~~~HHo&;,  MaTpHqa X'X MOXeT 0~~3al'bCd ~&E~KOB K . , BMPO , . 

w&(eHHOfi, li MbI OKa3bIB*MW B CUTyaqEH MYJrbTUKO~~~apHO~TU~ 
(CM. n 4.1). B ~ Z I  ~ e p e 3  BpeMn q, a npoAonxaem S e c ~ o ~ m x o ,  y 6 m s a  

,&In IXpe0,qOJreHUX 3TUX TPYAHO~&fi d6b19~0 lIp~IIOJIa~WI!C5l . . Ta H H 1Y)T ~ X e  IIPOWHT C KiUKAbIM UIaSOM A 0  BpeMeHU. TaKm 
unx anas r$op~a arnajpcome paCnpe,qeJrema JraroB w,. 3m.npu- . . ,  r r p e ~ c ~ a u n a e ~ m  AOCT~TOYHO ~ a ~ ~ ( o n o ~ o 6 ~ 0 t i  B n p n ~ e p e  c 
BOW K Y ~ e ~ b i & n m ~  m w a  O ~ ~ H U B ~ ~ M ~ ~ X  ~ a ~ a x e ~ ~ o a .  P&CMOT- 1 OM X UHBeCTUIViIIMH B O ~ O ~ Y A O B Z % H U ~ ,  I ~ P M B ~ A ~ H H ~ I M  B H ~ W ~ B  
p n ~  A B ~  nonynapn~e MOP- m o m  p o w  n o ~ p n a ~ w ~ u ~  ia200 . . Mo~enb n ~ e e ~  s u ~ :  
(M~TOR A ~ M O H  (Almon)) . , a ze~empuueclcw M206 (MOAWI~ KO- 
( K o Y ~ ~ ) ) .  

. , 



268 rn. 11. Bpe~embre p a i s  

I I a p a ~ e ~ p  A (0 < A < 1) C B R ~ ~ A  06pa~noi 3&BUCUMOCTbIO co CKO- rrpa~epe (ll.2):?! &\ U v t  4 4. n<>i .;.. :. f i :>:..-, . . ..:I . . A  
POCTbIO P e a X q U U ;  A = 0 0 3 H a X Z T  MrHOBeHHYH) TIOJIHYH) peaXUF1O y . . .  

H a  m ~ e ~ e ~ a e  x. Cy~itapnoe snaamie p a n o  CEO @A6 = /3/(1- A). Y t = @ ~ + P z x t + & ~ t - ~ + ~ t , '  t=1, ...; n. 

Pampe~ene~ue  naros u M e e T  BKA ws = (1 - X)AB. 
M o ~ m  (11.8) COAepXCHT TOJlbKO T P U  I I a p a M e T p a  (6, p, A ) ,  OAHa- 

KO ee oqemsmne s a ~ p y ~ ~ e a o  T ~ M ,  TTO o ~ a  minae~cn nenu~ekot t .  . I  A(L)~I ,  =Pi  -+ B(L)a  + +t, ' % = 1 ,...rn, (11.10) 

MOX-HO IIPeAJIOXYITb 3BPHCTUZleCKYIO n p O q e W p y  OUeH,EBaYIS 3 ~ 0 %  %(L) = 1 - &L B(L) = pa. H a Y n e M  c irpocwbero myqw: 
MOA~JM, n o ~ o 6 ~ y m  npoqegype m e ~ a - J I y  (n. 6.2). nepe6vrpae~ c 9. 'E 81 0 ( O ~ C T U M  YIHA~Kc, y &): , . i ,  , 
HeKOTOpHM LUaSOM 3HaXeHHR A Y13 X H T e P B m a  (0, l)  U AJrR K m A O F O  

~ a x o p 4 r ~  M H K - o ~ ~ H K ~  yp&BHWYIR (11.8). % T ~ M  ~ b 1 6 u p a m  3 H a ~ e -  

U I l e  A, COOTBeTCTByEOlQee H a & M e ~ h m &  CyMMe KBaApaTOB OCPaTKOB. 

h y r o t t  cnoco6 oqemnarlua COCTOUT B C n e g y m q e M :  ~3 YpaBHeHYIR 
2t nRoqecc H a 3 b l a a m m .  r n m p e r p e c c n o n H m d  W G e c c o M  uepmro 

(11.8) B h I V U m S  TO x e  cmoe ypasnerme, c p a n H y T o e  no B p e M e H n  

~a OAUH ~ a 3 a ~ ,  a Y M H o x e H H o e  H a  A: A ~ X  Omn60~ per~eCc+. KW n pwee, MM rrpeqonarae~, TITO 

, , . . . . . , . . 
*,. . ; yz - A X W ~ ' =  S(l -A) + pxt  +ut, t = I,. . . ,n , . . ,  

UJIH 

(11.9) l/t = ~ ( 1 -  A) + ~ y ~ - l +  pxt + ut, t = 1,. . . ,n. 

~ A ~ C L  Ut = Et - kt-1' Y p a B ~ e H n e  (11.9) J IPiHef i I50nO K O M ~ E I K ~ ~ U -  

RM I x a p m e T p o B ,  9epe3 K o T o p b l e  ~ T U  napmevpbr MOXHO B ~ I P ~ E I T L .  

OAH~KO (11.9) cop,epmns narnpoaamym s ~ ~ o r e ~ ~ y m  'mpe~emyro 
u o ~ ~ K Y I ,  ne y A o a r r e T B o p n m m p e  y c x o s a x M  ~naccusec~oZt M O A ~ K  

nmefi~ofi perpeccm. I I o m ~ y  MOXHO n o K a 3 a T b ,  wo. MHX-O~~HKX 
K O ~ @ @ M ~ ( Y I ~ H ~ B  YpaBHeHUR RBJIRFOTCB HeCOCTORTmbHbIMX. @ ~ l  no- 
n y Y e H a R  CoCTOSTeJIbHLlX OqeHOK MOXHO IIPKMeHUTb M W A  TIHCTPY- . , 
MeHTaJIbHarX n e p e M e n a m x  (n. 8.1), BJRB, H a n p u M e p ,  i t -1 B K a r e c T B e  

UHCTPYMeHTa AJIR yt-i, UJIU BOCIIOJIb30BaTbCR MeTOAOM MaXCHMaJlb- 

H O W  ripaa~on0~06nn ( T ~ r a 5 a  10). 
1 , ; > ,  

11.2. A H H ~ M H Y ~ C K M ~  MOReJIR . . 

P a c c ~ o ~ p u ~  o c o 6 e m o c ~ ~  AHHaMHYeCKEU( M O A ~ J I ~ ~ ~  ( C O A ~ ~ X W H X  JIa- 
rnposamme ~ H A O ~ ~ H H M ~  n e p e M e H H b r e  B -&BOB ~ ~ C T I I I )  H a  n v t f -  



%M&%xM, ¶TITO ~ M ~ H B O  tho,Z('enU (11.15) He Cy74eCTBYeT ckD.3~- 

k n n o r o  M m A a  oqemsaRna. B  MOM Arne, B ~ F I V ~ T ~ R  yMHmeanoe 
k a p  ~ B T H ~ O B W O ~  ypasneme m ~ ~ c x m o r o ,  nonp-: 

, 

..: ?~t= (B+p)y t -1 . -D f l t -2+&t ,  t=1 , .  .., n, (11.18) 
. , . .  . 

T .  e napaMeTpm @ u p nepa3JIkFuulbi ((P, p )  = (0.1,O.Z) u @,p)  = 
(0.2,O.l) nppox,qq~ TO x e  ypwneme (11.15)) n ypmHeHue HeE,qen- 
T U + H ~ ~ ~ M O .  , . , , . . 

Tay x e  KaK H B rJlaiBe 8 (n. $.I), B cnysae Koppenaqin perpeccopoB c 
o I I I X ~ K O ~ ~  MO)I(HO IXpEMeHUTb MeTOA EUCTpyMeHTaJIbHbIX IfepeMeHHblx 

. ,  ut = put-I + s t ,  ~t - iid(0>u2). 

elin& x mnrreTix srsKorennott, yt-1 Koppenuponana c xt-1, no- 
st-1  oxn no B~RTE. R KaYecTBe rin.cTpyMenTa ,qna yt-1. O V ~ H K ~ ,  

xueaxue. Memo'd &axcuMaJlanozo npasdonodo6wl 

MYR 0 6 u m e  npeo6pa3o~a~ue,. n p m e n e ~  MOAeJIb (11.19) K 

e.c?nue. , Hwnezlnw$ wemod xauMenbulux ~csadpumoc coc~our  
GM myrae B ~ , r L n n ~ a 3 a q w  +yn~qqu  . 

, .. 

~ o n o ~ 0 6 u x  H OTJImWTCS OT Her0 TOJIbKO OTCYTCTBUeM On- 
& no.naqa.pnuM awayenua~ y. 

npeAbi~yxqem cnewm, mo ,  irepen TeM KaK onenmarb MOA~JE. 

pWpecCiiOHHbIMU WIeFIaMn, H ~ O ~ X O @ ~ M O  ITPOBePATb HaJ1l19U& 
. ~ 

oppenaquu OIIIU~OK. 

nci a~rnompp&t~uw ouru60x 

UM npexqe Bcero, YTO TecT Aap6i~a-Yo~coaa (DW) (n. 6.2) B 

Nuryrae nenpuMenuM, TaK K ~ K  He BmnonHeHbl ywrosua, nexa- 
. W O  O~OCFIOB~HEIEI. npZi HaJIUvliEi JIal'UpOBaXHblX 3HAOreHHblX 



2.72 m. 121. ,Bpmm~ble p w  . . 

nepeMe-x. , ~ ~ ~ B T & T I J  ~errai-.DW G M ~ & S I -  B 'WBIz.Z flPm 
r m ~ ~  OTCYXCTBKR WTOPQPp- 0~~460s :  ' . 
T~~~ - ~ n r e ~ ~ e i ~  . J ~ ~ a z i x a  i&agmnpe Mu!tiplier,, .m)..(n. 10.6) = a + Pxt + +t, ct - iid(0, 02), t = 1,. . . , n. (11.24) 

m~ ~ e f l e  GP*Me~& U'B &&iiid8 cifTYW5iSi. Momno ~ ~ n o j b o ~ a ~ b  '. 

me h TecT Aap6a~a, K O T ~ ~ ~ M B I  @lJIX3088H % MHOrax KO%flIbb- 

:TeaHMx ng~m. ~ T T  q, B: omiaure cur .LM ~ m ,  npf:m-Wn 
FonbK~, w e  npoBepxw.w qpncyvc?Bne aBTa~Dppw-.,nePsoSa no- 

B m e p ,   pa I)"PwH~~wI,{&~?) ~ p m e c t i s , G a T n m m  
'WeeTBW: ,  . ~ .  ' . .  

~. 
1 : fll.22) 

.. HO nepennca~b B BxAe: 

rfieJ)W - KW 

&@- npu yt-l, nonpenearr n p u ~ e ~ r e ~ x e ~  M m  Henocpea- 
C ~ ~ e m ~  R: uma,s,uwy y'pa~~ienm (11.19). ECJIK BepH& aYJ== mno- ' 

Tma; Ho OTCY&&& &Op&&&uIP om&k ~ ~ B o + O T D O ~ R A K ~ ,  'M 

cTdP:u~pctt h H M ~  q~MnqT,nyeqxs.~apTIloe~PTI19?PM.W#~:~PaC- 
nFeAeneSk. ?VOW? ,fIo : m P r a g ~ %  .R& @&HPM,;~JI~O.BH~:~~PUMD- - B n0-y r ~ q p q q s  -Y.W , n p e y ~ + %  ; ~ J ~ W P F W K " >  
ecnn h >'1.645: + - .  . 

TecT He .$&*, && hy&J. ,: l*':.~~p'~;ya' 
Y O I L I M ' K ~ . ~ ~ ,  KoPP~nPOB~Ibl, COCTOSl'l'eJlbHble OqeWw .*a- 

' F ~ c T ~ .  , . :  1) :Bmwpuy oc?~~pi ~ N H $ - p ~ q u : w ' @ % e y  '(11.1;$) et. 

. .g. o ~ ~ , ~ ~ , ~ ~ & ~ M ~ T ~ ? J I ! ~ H ~ K )  pewocu;rb,et Ha et-1, yb-I, s t .  3) DP- 
rnnoresy &j 8 c * , n o ~ o ~ - a i ~ ~ &  !t-&c& He' 3U&'IkiNiOCTb 

m l t j ~ n q m  e.t_l BO ~ c r i ~ d a ~ r * d ~ w ~ t l  p e 6 W ~ n .  , ' ' 

, \ . .  . , . , . .  . ,., . % . , ~ . : r j , ; . !  ' , . 
'7 . . , 

Hex(rropbre npkIMepar MO~&-S~&; C: &kI!mbirft*' "'" 
. , .  ,. . , . . . . ,r 

nep&eaait~M&f. ' . ' 
. . . .  . i _ I  ;. ' I ;. , , , h . .  .. ".: 

' .& 3TOm PiA& MU . & & M ~ U ~  S ~ C T H M ~  WJ"~& . . a ~ ~ ~ ~ .  ,,. Ar)LLJ1l) 

gt I & + &xt + b ~ t - 1  i 84yt-1 + Etr , :, t ., = I> I , L  .:. r o n. . (11.23) \?  

. . 
. . : '  .., I I -' M a h a  ~ a ~ n y x o 8 : O  RpU&Oc@f!+~~ 

B MoAm qaq~mnoro n p ~ c n o ~ @ ~ e m r r : ~ L r , a ~ i . & ~ a d ~ m e n ~ ~ W e n -  a ~dannauenarx o ~ u d a n u a  (adaptive expectations) npeAno- 
nwrBTBRTCRi a. z e ~ ~ ~ ~ o e  (WIU :mmdbnoe, :-ewe) .3Agle=e O X ~ A ~ R  ' ~ ~ P ~ C ~ ~ T P O B L W O T C ~  B HeKOTOpOR npOnOpIxxx 



OT pmnuqb~ (pacxox~enux) Mexm n a 6 n x ) ~ e ~ ~ b l ~  s n a ~ e m e ~  u npo- 
~ H O ~ O M  n e p e u e ~ ~ o i  x na n p e m ~ y q e ~  mare: 

%mi ~0,qe.m BO~HW, aanpadep, B &sG, ~ o r ~ a + i i r p ~ a  npv- 
HuMaeT pemeHue 06 h e ~ e  npom~o,qu~o& B nepuo,q t r ipoky~kn 
yt A0 T01.0, KiLK MBe-a q a a .  Xt+l, IIO KOTOPO~ 3T3. I IpOWKF MO- 

x e ~  6 w b  npoAaHa B c~~epylonylll riepno~. l l o c ~ o ~ r k ~ y  a e ~ a  p+l He 
U3DCXTHa B VepHQA t ,  TO peIUeHHe TIPUHnMBRTCII Ha WHOBe OFUABRMO- 

ro 311arqbsx~+~.  ~UPOTWY & ~ ~ T U B W X  O*H~M.& , . . 411.28) . &KHO 

3aknca~b B Byqe 
x;+~ = Ax: + (1 - X)xt, 

,"* / 

oppeKquu ouru6ox (error 
COCWUT U3 ABYX KOMnO- 

$ + ~ . . Y ~ c T H -  ~ o p p e ~ q e t .  , omnonews y ~a n p e a ~ p y q e ~  mare 
~ ~ B H O B ~ C H O ~  ~ ~ H H P ,  onpe,qenseMor,o ~ H ~ Y ~ H V ~ M  x B c o o ~ ~ m -  
h y  c YpmnentieM (11.30).. : 

'T 6611-b o q e ~ e ~ b ~  npu no- 
rbD3 UAeHTUYeHOqeHUBa- 

 IT owq m &~$TCJI'O , , neBupowenHoR JniaeBHo,@ s q e ~ o g  
MeHHbIX. 

Bu . ~ e w y '  nepe~e~u~~n . ; . .Hanpu~ep ,  BepHo nu, s m  y-senue 
bexmofi Maccbx meym sa co6oR nn+naym~o? 

&HA& TecTa, npe,qnomen~oko D p d o ~ e  (Granger, 1969), npocm: 

jl& X Ha 9, TO kI3MeHeHWR X AOJIXHbI I I P ~ U I ~ C T B O B ~ I ~  U3- 

&HUBXX;f#; .H6 H W ~ O ~ O T ,  NBOps, .A@~XHM. ~ b l n w ~ m h ~ k  
4 YCJIOBXS: BO-IIepBblX, X AOJIXeH BHOCHTb BKnW B npOrHO3 y; BO- 
SX, Y He R O ~ ~ H  B~odhl'b 3HaWka BKnW B ripbm03 2. B- 

;? rn s ~ i i x  A B ~ X  neQe~eKwdix AaeT ~ Y H M H ~  EKRm B 

gmm.~yroi%, TO, c~opee ~cero, cyrqecmym ~ p m b ~  n e p e ~ e ~ ~ w  



Ha si3bl~e 3~0ft MOA~JIU runoTe3a u x  He BJIUII~T H a  y* ~OPMYJIU-  

pyeTcR K ~ K  Ho: P1 = . . . = Pm = 0. &IR ee TecTuposamia npuMe- 
HZeTcR 06b19Hbla F-~ecr  (3.44)-(3.45). rUIIo~e3a 4 y  He BJIHSeT Ha 
X* TeCTUpyeTcR i3HaJIOrU¶HO, H W O  TOJlbKO IIOMeHnTb MeCTaMH X U Y 
B YpaBiieHuu (11.32). ,&rr m r o  Y T O ~ ~ I  nput t~a  K ~~WKI=I~IFHH) ,  'IM 

ux BnuxeT Ha y*, HW, q~o6b1 runo~e3a ax He BnurreT H a  yn 6bma 
oTneprnyTa, a runo~e3a 4y ne BnHam Ha x* 6bma npunma. 

~ O A Y ~ ~ K H ~ M ,  ¶TO (X BJIUReT Ha yd'He 0 3 H a Y W  HaJIIlYHe IIPUYUH- 
H O - C J I ~ ~ C T B ~ H H O ~ ~  CBIWU Me?KAY X H Y, a 03HastWT TO, %TO IIpeAUIe- 
cTBymmue 3naqemrr x o6abc1o.r nomenyromue 3 ~ a ~ e n u r r  y, T. e. 
03HaYm B03MO31CXOCmb HaJIUSUR I Q u ~ u H H @ C I I ~ J ( C T B ~ H H O ~ ~  CBR3B. 

Ecnu x e  runo~eza ax He BJIUR~T Ha yr, He oTsepraeTm, TO'STO 03n& 
sm, ~ K I  x He mnaeTca npuqmoll y. 

Onucanmti Bmme T ~ C T  H ~ ~ ~ I B B ~ T C R  rnecrnoa Tpaltacepa Ha npu- 
ruxno-wedcmeennyw saeucwocrna (Gmnger cavsality test).  3mo 
TUM, ¶TO B M ~ O P  m, ~oo6rqe WBOpR, MOXBT IXOBJIUSITb H a  pe3YJIbTaT 

K ~bl6opy m. B TOM m y ~ a e ,  e c w  HMemTm OcnoBaxns npepponaraTb 
HUIUYUe aBTOKOppWIRI@H oIUITOK B MOAWU (11.32), AJrR TecTIlpOBa- 
HUR WOTe3bl Ho peItOMeHLIyeTCST IIpUMeHSiTh TeCT MHOXUTeJIefT a a -  
rpmxa (n. 10.6). 

a0 CHX IIOp M b l  lWBOPUJIH 06 ~CTOR'IUBOCTH ( c T ~ ~ ~ J I ~ H o c T u )  BPeMeH- 
HOW PRAa. & L ~ M  TelIepb 6onee TOYHOe IlOHZITUe CTaQUOHapHOCTU. 

Cmaqwnaprtocrna 

PRA yt ~ ~ 8 3 b l ~ m m  cmp020 crnaquonapnw (strictly statzonarg) unn 
cmaquonapxaru e ysxou wwene ,  emu coBMecTnoe pacnpeAenenue 
m H ~ ~ J I K I A ~ H U G  yt,, Ye,, . . . , yt, He 3aBUCUT OT C&BUra no BpeMeHU, 
TO ecm conna,qam c pxnpenenennem yt,+t, yt,+t, . . . , yt,+t AJIZ nm- 
6mx m, t, t l ,  . . . , t,,,. O~LIYHO sac  mepecymT cpeauue ~ H ~ Y ~ I I M R  n 
Kosapnaquu, a He Bce pacnpeneneme. IIOSTOMY Y ~ C T O  U C ~ O J I ~ ~ Y ~ T U I  



Ha n3b1~e m B  MOA~JIU runoTe3a OX He B ~ U R ~ T  Ha ys @op~ynuL 
pyeTCR KaK &: Pl = . . . = Pm = 0. & I n  t?e T~CTElPOB&HUIi npElMf$ 
HZeTcR 06b19~b1B F-T~CT (3.44)-(3.45). rMnoTe3a Uy He BJIElneT 
XS TeCTUpyeTcR MalIOlWYHO, HWO TOJIbKO IIOMeHRTb MeCTaMU 2 U Y 
B ypaBHeHUU (11.32). &IS Tor0 YTO~LI  ~ P ~ T I I  K 38Xn10YeHUM, TTO 

cx B J I ~ ~ T  Ha yv, H ~ O ,  Y T O ~ ~ I  r i i n o ~ a a  ex He BJIUR~T H a  ys 6b1ng 
omepmym, a runoTe3a cy IIe ~ m a e i .  Ha XB 6wna npuHRTa. 

~ O A Y ~ ~ K H ~ M ,  ST0 U X  BJIMReT Ha Y > ' H ~  03HaY&eT HWIUYUe IIPUYUH~ 

HO-CJI~&CTB~HHOB CBR3H MeXm X H 3, a 03lh'XEIeT TO, YTO IIpeAlns 
CTByIOWEle 3HaYeHUR X ~&~~cHRIOT IIoCJIepyIbIllEle 3HaqeUElR y, T.e. 
03HaYaRT 603MO31CWOCmb HaJIUYUR IIPIISUHHO-CJI~J(CTB~HHO~ CBmh 
Earn me mnoTma cx ~e BJIUR~T na y~ He o~sepeprae~cs, T O ~ T O ' O ~ H G  

. . , , YaeT, YTO x He s m n n m  II~UYEIHOB y. 
OnncmimEi Bmme ~ e c ~  ~ a 3 b l ~ a m m  medmoa I'pin%cepa Ha npw 

rcincto-cnedcmsennyw 3aeucwiocmb' (Granger causdlity test):' 3me- 
TUM, YTO B I J ~ O P  m, ~oo6nle rOBOpSI, MOXeT IIOBJIURTb H a  pe3yJIbTaT 
Tecra. K ~ K  npaeuno, Jrysme npoAenaTb TecT A J ~ R  H~CKOJI~KHX pa3nb~x 
3Ua~eHZia m EI BbIRCHMTL, HaCKOJlbKO pe3YJlbTitT T e C T a  YYBCTBUTWIea 
K ~bl6opy m. B TOM cnysae, ecnx uMemTcR O C H O B ~ U R  npemonaram 
Hanume a e ~ o ~ t o p p e ~ ~ ~ q z u  ornn60~ B ~ o ~ e n u  (11.32), ma ~ e c r u p o ~ a -  
HUR IWIIOTe3bl Ho peKOMeH,&ytWCS JIpUMeHnTb TWT M H O X U T W ~ ~ ~  aa- 
rpmm (n. 10.6). . . I 

,;. 
8 ,  i 
.., 

11.3. & ( u H E ~ ~ H ~ I ~  KOPHEI EI KOEiHTerPa~klSI . : r  

PRA yt H ~ ~ ~ I B W U I  cmpozo cmayuonapnm (strictly stattonary) UJIZ 

cmaquoxapnm s ymo& c.uucJte, emu coBMecTHoe pacrrpeneJreaue 
m H~~JI IOA~HUB yt,, yt,, . . . ,yt, He 3aBElCET OT CABUW lI0 BpeMeIIPil 
TO e c n  connqaeT c pacnpeAeneHueM yt,+t, yt,+t, . . . , yt,+t Ann nto- 
6b1x m, t ,  ti,. . . , t,. 0 6 ~ ~ ~ 0  H W  UHTepeCymT CpeAAne 3 t l a ~ e 1 i ~ ~  R 
Kosapnauuu, a He Bce pacnpenenenure. I I o m ~ y  YXTO ~ c n o n ~ s y e ~ c ~  



r e .  cpewee H e  B~BUCUT wr B p e M e x u .  llpn =OM me yw~oeuu H a  6 
n o n y Y a e M  

-M 06pa30~, AR(1) npoqecc SIBJIaeTcn CTWUOHapHbIM npu yCn0-  

BUU (4) < 1 n em a ~ ~ ~ ~ o p p e ~ ~ s q n o n ~ a n  + ~ H K ~ A R  pama 

~ a 3 b l B a e M H l t  W ~ U ~ ~ ~ H W M  6nymcdanuw (random w&). %QT npoqecc 
IIO BU)Iy noxm H a  AR(1) (11.36) C 4 = 1, OAHaKO C Y a T B B H H O  OT- 

m~ae~c9 OT craquoaapnoro npoqecca AR(1) (c 141 < 1) no CBOUM 

CBO~CTBZ%M. kI3 (ll.43), YYUTIJBBII, Y 'M 0II IU6Ka E t  H e K O p p t X U p O B a H a  

c yt-i, MOXHO n o ~ ~ p u n : :  %. 

O ~ c m a  ~ C H O ,  sm mJnr@noe 6.nyx~anue H-OH&~HO, TF K ~ K  

V ( y t )  + ~ ( & l ) .  nGjroxu~b, n p ~ q ~ ~ c , ~ i ~ n ~ m w I  c M o y e n -  

Ta t = 1ui E ( Q ~ )  = P, = a2, n, E(%)'= P ,  v(%) ,= i i2 t ,np~ 
t = 1; 2,. . . , T. e. mcneptua neorpannsenno ~ 0 3 p a c ~ a e ~  co ~ p e ~ m e ~ .  

Hpoqwc c ~ ~ y ~ a i l n o r o  ~JIYXQ&HHR ' O T ~ U Y ~ ~ T C ~  OT craquoi~apno- 
ro AR(1) npoqecca TeM,  TO B (11.43). 8 ~ 1 m ~ n e ~ & ~ y u ~ e ~ i i ~  ~t H e  

a a~yxae~ :  ya = ~t + ~ ~ - 1  + . . . , B TO B p e M x  sag p (11.36). B J I U Z H ~ ~  

B O ~ M Y W € ~ H ~  3 a ~ y m  CO B@M~H<M: gt = Et + &$-I + 4'€t-2 + - + .  

(npn m = 0).  

JIer~0 IIOKEIaTb, YTO IIpOqeCC BUAa  (11.36) C 141 > 1 T e M  H e  

C T ~ H O H ~ ~ H ~ I M  (U H e  B c T p e Y a e r c a  B P e a J I b H H X  3KOHOMUYe- 

~ C M O T ~ U M  AR(1) npoqecc (11.36) B a o p ~ e  (11.37) c H y n e s b I M  cpep; 

;.. A(L)yt = (1  - +L)yt = ~ t ,  ~t - iid(0,02). (11.45) 

e ~ ~ ~ u e i i  naparpa&e M ~ I  BUR-, TTO ~ n r r  T o r o  4~06b1 npo- 
(11.45) 6~ CTaUUOHapHbIM, H ~ O ~ X O A U M O  YCJIOBHe 141. < 1, T. e. 

qecwosamie o 6 p a ~ ~ o r o  o n e p a T o p a  A(L)-' = (1 - +L)-'. 
B W ~ ~ M ~ M  ~ p y r o P  n p u M e p  - AR(2) npoqecc: 

A(L)yc = (1 - b I L  - &L~)? / ,  = E ~ ,  E~ iid(0,02). (11.46) 

U BCXKHB MHOrOsneH,  A(L)  MOXeT 6 b I T b  p a 3 J I O x e H  H a  MHOXU- 

U Iim IIOJIeM KOMIIJIeKCIIblX YUCtX: 

A(L)  = (1 - q5iL - 9 5 2 ~ ~ )  = (1 - XIL)( l  - X2L). (11.47) 

L)-l ~eo6x0,qzz~a 0 6 p a T U M 0 ~ T b  KasKAOrO COMHOXUTWIR B (11.47), 
0 ~?J~H~Y&?T, YTO BCe Xi no MOAyJIIO MeHbl l Ie  e A U H U m .  %CTO 3T0 

Ol%WIeAa A(x)  AOJIXHbl J I e m T b  BHe  W U H H ~ O r O K P Y W .  

PHP, B (11.45) cjqec~senno a n u a e T  H a  c~o f i c~sa  npoqecca. K ~ K  
b no E M e I O p M C X  H Z L ~ J I H ) A ~ ~ ~ U ~ M  B e p H 0  nu, S T 0  B (11.45) 
n. 3.5 MbI BHWM, KaK T e P P O B a T b  rUI tOTe3y I IOAO~HO~O PO- 

I I O M O ~ I O  ~ - ~ T ~ T U C T U K H  t = ($-$)/s$, KOTOPaX YlMeeT PWIIpeAe- 
e C T b l ~ ~ e I i ~ a ' k l  WIIMII'MTUUeCKU CTaHAaPTHOB HOPMaJIhHOe pW- 

1, TO t-cra~ixc~ma H e  pacnpeqenena no 3a~ony C ~ b m ~ e a ~ a  a 

u~et iuu  ~onuqecka ~a6m~e1iuZl. 

. . 



'acnpe~menne t-mamc~kwl npu ~ W O B U U  4 .  = 1. B, (ncmimo%) 
M O A ~  (11.45), omrqio  a aynnepd~,  q s " y p m H . e n u r r .  (11:45) 
n ABYX  PO M O A U @ U K ~ ~ U ~ ~ :  . . . . 

. . 
. .  . 

' .g.pro' . ' -  4'38 , - 
.: -4:15 . .',.4';-M .; ''-3 36 

. . 8 . '  ,,y*e5 ..! . ,  : -345 i .,13.30' , -3.69 '13.66 
' 

.:@,Q~O. . , - 3 , ~ '  '3.50.1, 23.45, , ' : . ~ 3 ~ 4 1 . ,  
,~ . . . . . .  .i>, . . '  ~. .. . ' .  , . II.cm*s: (Fnller,i97i3): " ' 

. , ,  , . ,  . .  . ., ,.. . ~ ~ , v  . , ,. .., . , .; > 
'. , 

~pe,qnoxozca~, .MIS T e C T s p y e M  . w n m y  He: 4 =: 1 ?POT%B mw 
~pqa~wwo& wo~pa.~ HI: 4* .< 1 m a  ypwEemm (IkA'J)., . n p ~  1.OP. 
, n & , m , q ~ ~ ~ x x .  .a ~%-HOM y p o B n e  3na*siommt! B. T , ~ M  qj$fa@ .WH 
M ~ I  . . U C U O ~ ~ ~ ~ E M  : c m q a p m y w ,  np0qek.p~ TecTSposaarrzrt m n o T e s a r  

(n 3 4 ,  .w A- MEQXH~T~ ,.Ha: FIPYI 31ia~esi~i~i t - ~ p ~ m x w  
M e H b m M ,  4 e M  -1.66. OJJ&KO, eCIfP Mbf NQnP&EiJieM V&&TRiq~,&l<li '  

-2.89. 
~ K U M  06pa30~, UCIIOJlb3y%1 CTall,qapTH)'JO npOQe)IYpy, Mbl Ya- 

:omu6os~o) OTBepraRM RepHyIO rUnOTf23y HWIM'4HX eAHHU'iHOM) 

a. 
'JJ,UBUTWI~H~~M & K T O M  HBJIReTCSl TO, YTO KpEiTllYeCKUe 3HaYe-  

b, y K m a u a b l e  B ~a6~1aqe 11.1, o c T a m T c x  cnpasegusbrtm, e m  B 

KG- 

LYm 

WeTCSI BKJIIPYa'Fb BO3MOWHO 60~1buee KOJIWYeCTBO JIWOB, w06b1, 
9 - b  B03MOIKHYH) EiBTOKOppeJlBqllH) 0l l1~60~. 8 ~ 0 .  VOM, YTO 

T e c T e  npeAn,onar@m2x, Y,TO OLUU~KU BB~BIOTCSI. 6eJIblM Illy- 
rp .KpuTnqe , cKne  ~ H ~ Y ~ I ~ H B ,  ymannble B ~a6nuqe 11 .l, crrpweA- 
81, TOJlbKO IIpu, 3TOM YCJIOBHU. O n H a K 0  BKJIIO¶eIiUe r p e 3 M e p H O I V  

rYeCTBa JIaI'OB C k m X a e T  MOIIXHOCTb TeCTa. qTo6b1 OIIpeA&lUTb KO- 

:QBO naron, K o T o p o e  na,qo R I ~ I O ¶ ~ ~ Y I ; P ~  .B jrprnHenne, MOXHO KC- 
! 1. :: 

OBaTb  k p k q h  &60pa I I O p W K a  A M A  MOA~JU, OnUC-He Er:.:.. 
e,  'UJIU &~TIICTU.I~CK~H) ~ H ~ Y u M O & ~  A ~ ~ o J I H X T ~ J ~ ~ H O ~ ~  naro~ofi 
MeIiI iofi .  ~ ~ M ~ T U M ,  ¶TO TeCT , & K H - @ ~ J I J I ~ ~ ~  BKIIIOYeH BO BCe CO- . , 

l+HHMe SKOHOMQUY~CKB~ EW2Tk.I. 
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1990), K IIpOBepKe pRAa et HWIb3R WUMeHRTb DF HJIU ADF TXTbl. 

&no B TOM, TTObfHK $BH~E~%?Tv OCTaTKH TaK, S~06bI OHH KMWU 

HaEIMewmyxt B O ~ M O X H J ~ O  Bapnawxt, IIOWOMY, AmKe ecnu nepeMen- 
me He K O ~ ~ P H P O B ~ I ~ ~ I ,  MHK A W I W  OCTaTKH <I!OXOwtUMu* Ha 
mayaoHapme. HO~TOMY npu ncnomoswrru ADF Tec~a  runoTe3a 

Ha:TaquoHapHocmi OTBeprWTCR cJrvrIIIKOM sWT0 (14. COOTBeTCTBeHHO 

O ~ I I ~ ~ ~ O S H O  lIpEi8uMaeTerr IWIIOTe3a HaJIElWis K o H H T ~ P ~ ~ ~ M x ) .  'B .p& 

60- (MacKiion, 1991; Davidson and Mdinnon ;  1993) UMHTa- 

WOHIIbfM MeTOAOM ~ o J I Y ~ ~ A H  YTOsHeAHbIe no CpaBHeHHKI C pa60~0it 

(Philips and Ouliaris, 1990) acHMnmTugecKse KpnmreeKne &a%?- 

IIpIIBeAeHbI B 'Ta6JIurle 11.2. 1: 

HHX PRAOB. n o s e ~ y  6o~ibLoe B A A M ~ ~ ~ H ~  y A & ~ ~  n~eaAo MO- 

, . 

Kax, M O W  ~ H T L  BKmOTeHL.1 KOHCTaHTa U ~pe~eHH0ft TpeHA (manor 
ypmae~nti (111i9) 9)a (11.50)). 

ndambe k o & ~ e ~ ~ p p y e ~ o c ~ ~  CBR?&HO c ~o~qeenllyreft. ~onn)cpOY- 

&ro A ~ ~ - s ~ ~ O ~  pmaoaecq (long-- eqtialibrium). ECJIH zt si 
y , ~ b n ~ ~ r p ~ o ~ m w ,  yt n conepxa~ 06wm x + ~ a y ~ o ~ a p ~ y m  



&I% T O M  Y T O ~ ~ I  BblLleJIEiTb TPeHA B MOAWEi (11.56) (X efi II0~06- 
HUX), Mbl MO%eM npUMeHwTb 0 6 b t s n y m  TeXHuKy OJAeHUBaAUFI lEbp& 
MeTPOB PePPWXEfOHHblX ypaBHe&, C%TM t H e 3 a B U C U ~ 0 f i  I lepeMeU- 

H O ~ .  Uome yroro M ~ I  noayman. prr~ O ~ T K O B ,  AJIR o n u c a d I m  KOTOpOrO 

MOXHO 6 y ~ e ~  n p E i ~ e H k T b  MOAWI~I CTWUOHapHbIX BPeMeHHbIX PS3AOB. 

%cm M O A ~ J I ~  (11.58) n p e & c m m  B syqe pwpeccm c orpsrrme- 
g n e M ,  ~ x m s a x  B nee ~okimamy: 

B (11.59) xo3++xquewm Pi npeAcrawmm oTKnoneHEie  OT c p e A H e r o  

3a rog ypossa B xsaprane i. 
; . Km, n B a fy~ae  ~ b ~ ~ e ~ ~ e ~ a r r  Tpewxa, M~TOAM MOA~JIU~OB~A.UX ma- 

'L&on$p& B p e ~ e H I i v x  P W O B  HpUMeHXIOXCS K p= OCTaTKOB 

perpedcau (11,58). , . . ,  

T u u a v ~ ~ e  n p u M e p w  P ~ ~ U K O B  ~ e c r a q y o ~ a ~ ~ ~ x  . n p e M e m i w x  px- 
AOB IIpUBeAeHbl H a  pKCyHKZ+X 11.1-11.4. 
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0 ~ O m O  IIpE noMow OnePaTopa IWIITUII oe.?o%%oA nomeno- 
oa PaHOCTE A 4 ~ t  = (1 - L4)Yt = yt.- yt-4. (KOH~SHO, ~CJIH 

. C ~ O H H O B  ~ O ~ O H W T M  pmm 12, wo M O * ~  ~ , ~ ~ ~ ~ ~ m  wx 
TO HaAO TEIMeHRTb OnepaTop Alz;) 

: PAC. 11.4. T p e ~  u C ~ ~ O H H O C T ~  (-M =~anepe~-~)  . ,.., 11, . Q O ~ Y ~ & M  i.'(~i) = P2V(yt-I)+ o:, u h a  B ~ I  ~ ~ I J I O  BM,, 
0 YmOBEe cT~uoHapHocTs V(y,) = ,V(7Jt-,), To q y t ) .  = 

Bs~lmue nowzedoeam~bw?~ P U ~ ? C ~ W  . ,  - PI 0. D ~ Y S ~ H B . B  O~PB~L\T~JI~H~SI mmepcim I I P B O A ~  

~ ~ ~ ~ ~ ~ o e  fj,~yxgwue (11.43,) IIBJIIIW~R npEtMepbhn HecTay?roaaPlio- :X BblBOAY, V(YV) # V(yt-I), ~ . e .  pqq (11.61) ~e a m g m  

. , :& B p e u e ~ ~ o r o  pIIAa. OAH-, % , FU . .~ K '.H?MY . . qUMeHHTb OnePW** O H q H F J M .  E P H M ~ H ~ B  K (11.61) OnepaTOp pa3HOCTU, IIOnySEM 
wII n a c n e ~ o ~ a ~ ~ 0 8  pamod~u, n o n y s k  BPP 

.' , . ,. 

M~AHo~PSIA: 
. -  ~. 

' '  . - zt = Ayt = (1 -L)y+, = yt - yt-1, I ' € t .  ~b TOJ.T~CC w - n p e k ~ e ~ y  -. ., , omajrcs !ec&oaapHbrM. C X T ~ H ~  
- 

, . . .~ ~.~ . ' @ o x n m a c ~ ' h ~ ~ ~ e ~  B (1 1.62)' KOppe~lqap OILIE~OK. ' & fix 60Jree & i q e f i p n p b ~ c a  A(L]yt = G# c~p.'C11.45)), rAe A(L) uMe- 

eT o p s  e g u n u ~ ~ b @  , .KOP@~, . .  T.,e. P!L) =,$!CL)!15,+)r %:BY K"PHu 
B(L) n e & a ~  BHe eqliusaok ~ p y r a ,  SITO ~e npeo6p=o~a~ue 4 = Ayt 

E M  O ~ P ~ ~ ~ M ? ~ P ~ M B H ? R  ~bl~eneiihe ~peqqa, @ h o c k  a/& 
.npgi$oAaap K CTa~UOHapBOMy npoqscy B(t)zt = 't. 

. ~~ - amp npcne.ao~+~enb=o~l (u C&OHHO$~ ppa3~0-, Momno 
B~~~~ ~&&OCTU ~ & x e  ~ P H B O ~ T  K +BOH~~PHOMY nP"qKcy ..... , 

' ,. . . .  . - 
p x ~  (11.56) c n n n , ~ w ~ ~ w ~ p e ~ ~ o ~ : i  ! , , 

. , . , , ,  ~, .'I 

h7Jt+/($w, 8 :  i i= ;&+, I ,=e t -~- i .  
, ~, . 

B x ~ ~ a ~ q n o m  ~pea~a,~+.pt+$2 . , B B @ U ~  nep~on P ~ H " ~ ' "  
He wIIBOpT CTasn&aP~d~Y ~fi$,.*0 ecJi%i ~3n'l'b BTOPFO PmoCTb 

', 8 azYt = A(Ayt) = (y& - yt-1)'- (yt-1 - $t-2), : ~ . "  qTO & ~ A Y ~ T  C A ~ J ~ ~ T L ,  - I I O C M O T ~ ~ ~  aa <par$m n m y r e n a ~ x  

- A y t  = p + y(2t - 1.) + act, 
r p  , .cr .. . . i . . ,  . 

> . .:'. . . , . , .. aZyt = 2y + A'€t9 . !. i .,. ... W f ; ; ,  , . , ' , ' I  
1 ( ,  ' 

. ~ 

, ~2~~ y x &  -~xWcrr mrplonapAbrM BPeMemMM Pw"M. 

'_ .. . 
. .,, 

,. . . . 
,. . 

L: Yt = Pyt-1 + Et, p > 1 (11.61) 

Roe npwMeneuse onepampa pa3nocm Taxxe He I ~ ~ B B O ~ ~ H T  K c ~ a -  , ,, . . 



m n n o  .qHqucnepmn OT BpeMenu. B o6om Lny~arrx pan 6 y ~ q  cKopee 
Bcero, n e c w w o ~ a p m k  

Bmopoe - noc~ponm rpa+n~ ~b16opomofi a ~ m ~ o p p e n ~ u o ~ r r o ~  
+YHI(W%U (ACF) (cp. (11.42)), m n  1 c o p p e ~ o a ~ w  (mwelopm) 

Yacrnl~a~ aemo?wppenrrquonna &nffi~wc (PACF) 

JIR~EX,  Mexm n yt-k npn acrcnmqermu muamin npoMempxmx 
3na~enm ~ ~ - 1 ,  ~ t - 2 , .  - . , ~t-k+l 
&XU UpEiMenETb IIpOIJeWpy BbIPUWIeHUB ~b160po~~oro  ?aCTHO- 

r0 KOB@UI(II~HT~ KOppeJIffUKU (CM.II. 4.3), TO o&*, ¶TO B 
mysae maquosapnoro ps,qa yt s a a ~ e m e  ~b160po=!~ofi V ~ ~ C T H O ~  m- 
~oppe~~srpros~o% +yIiKqFUi PACF(k) BbI4RCJIXeTCSi KaK MHK-ou~HK~ 
n o a w e r o  K Q ~ + + X ~ H ~ H T ~  pk B AR(k)  perpeccnowaoM ypartneHm: 

. , . , .  ': 1 . , . I  . .  , 

Yt = &I + Plyt-l+ f l 2 ~ t - 2  + . . . + Pkyt-k + Et. (11.64) 

Boxca-Wewmnca (ARIMA) 

Pawccneintion AC PAC 0-npl 

1 0.977 0.977 38282 
2 0.970 0.329 780.87 
3 0.964 0.159 113Sd 
4 0.954 -0.039 15WA 
5 0.947 0.014 1866.6 
8 0.939 -0.017 2124.4 
7 0.923 4.020 2576.1 
8 0.924 0.075 2024.9 
9 0.015 4.041 3267.5 

10 0.805 -0.063 5803.5 
11 0.903 0.072 393.6 
12 0.892 0 . m  4264.6 
13 0.884 0 . W  -1 
14 0.879 0.041 4908.4 
1 5  0.871 .0.023 5223.7 

18 17 0.864 0.855 -0.W6 .0.073 5536J 58N.6 
18 0.847 .0.033 6141.0 
18 0.841 0.036 6437.9 
20 O . W  0.013 6730.7 
21 0.824 -0.044 m17.6 
22 0.817 4.W 7300.5 
23 0808 -0.032 7578.0 
24 0.802 0.0% 7851:4 
1 0.795 0.0% 8121.1 
26 0.786 4.0% 8385.5 

Pmb - 
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0.033 
0 . w  
0 . w  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0.000 

 lath . Panial Cadatim AC PAC (I-% ~ m b  

3 0.984 4.019 1161.4 0 . W  
4 0.978 4.071 1568.1 0.003 
5 0.971 -o.om i m . 4  o.ooo 
8 0.965 0.068 2326.8 0.OW 
7 0.960 0.036 270317 0.000 
8 0.954 0.003 3075.1 O.Oo0 
9 0.947 -0.088 3442.2 0 . m  

10 0.940 -0.044 3804.0 0 . m  
11 0.933 4.019 4163.0 0 . m  
12 0.925 4.056 4518.1 0 . m  
13 0.916 4.1W 4683.1 0 . m  
14 O S 7  4.036 5204.1 0 . W  
15 0.897 4.W 5638.5 0 . m  
16 0.887 4.m 5866.3 0 . W  
17 0.878 4 .07  6187.2 0 . m  
18 ~0.866 0.030 8501.5 0.0% 
19 0.858 4.M1 8809.3 0.030 
211 a845 -0.05s n 1 a 2  awo 
21 0.835 0.049 7404.5 0 . m  
P 0.825 0.034 7692.7 0.000 
23 0.815 4.Wi 7974.5 0 . m  

24 25 0.795 0.806 0.017 0.015 8250.1 85195 0 . m  0.MO 
20 0.784 0046 87826 0 . m  



Pnc. 11.7. C~~OHHOCTE. ( C O J I H ~ V H ~ I ~  IIRTHa, YWCJIa B m d a )  

A U ~ O C O I ~ M I  P ~ ~ L 3 b M I  AC PAC W a t  Fn%7 

ipma Bmme B pw,qe.ne 11.3. 

saa awoperpeccna n CKoaWxIgero cpegmero 
W! . ,. . ,  

CMoTpHM CJI€?A~MIIJ@ KJIWC ~ o ~ e j r e R  -0HapHbIX BpeMeHHbIX 
. 1 ,  ;oB: 

; ,., 
1- 4 1 ~ ~ - 1  - . . . - &yt-* = b f  ~t  - f31~t-  

moving 

,h .L 

f (11.68) 
&I;' ' I 

WHCTBO 1411' < i SIBJIXeTCX H ~ O ~ X O A & ~ M M M  YCJIOWeM CT~UIH&&L&~- 
$ii npoqecca yt. 

wman a e m ~ o p p ~ ~ o ~ ~ a a  .+ymqus npoqecca AR(1) 
%,.@I, S H B ~ ~ H ~ ~ ~  k .> 1. (no ~ ~ n p t ) ~ w t e ~ ~ h o ~ A ~ ~ ( 1 )  



AR(% 

B o ~ ~ M ~ M  B KaYecTBe n p x M e p a  a n T o p e r p e c c x o n H o r o  npoqecca BLICO. 

Icoro IIOpXAKa IIpOIv3CC AR(2) (nJI5I IIPOCTOTbI IIOJIOXMM C B O ~ O @ ? ~ I $ ~  

TJIeH paBHbIM H~JIIo): 

R 3 n ~  (11.71) npIl k = 1,2 11. YYUTbIBaR, YTO Po = 1, P-1 = P I ,  TLOJIy- 

Y a e M  CHCTeMy Y ~ ~ B H ~ H E I &  C HeU'3BC'CTHbIMIl P I  I? P2: 

C I ~ C T ~ M ~  (11.72) na361saeTc r r  c I 1 c ~ e ~ o f i  y p a a i ~ e ~ ~ g  m n a - ~ o n ~ e p a  
(Yule- Walker) ~JISI AR(2) I IpOqeCCa.  PeIIIaz 3TY CHCTeMY, ~ai?,I(eM ABB 

IIepBbIX 3HaYeIIKx &BTOI~OPPPJIX~HOHHO$~ &YIIK~HM 

C ~ l e n y ~ o ~ K e  3HaYeHEzsI a B ~ O K O p p e J m 1 ~ 0 H H O f i  4 ~ I l ~ L l l l ~ l  BLIYHCJIIIIIIOTCII 

IIO @0pMyJ Ie  (11.71). ECJIH YMHOXFITb 06e YaCTH (11.69) I l a  yt 11 B3RTL 

MaTeMaTIIYeCKOe OXHAaHNe ,  IIOJIYYHM CJIeAYEOIIJee BbIp&X<eHEle JWIS 

Amnepcnm yt: 

'YO = d l 7 1  + $272 + c2. (11 74) 

PeIBZLX 3 T 0  YPaBHeHIle  COBMeCTIIO C &BYME ypaBHeHI15lMH (11.70) AJIn 

k = l , 2 ,  nojrysaeu: 
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OAa, Y W b l B a l R ,  W O  AkfCnepCIIR A O n X K a  G ~ I T ~  I I O J I O ~ ~ h H a ,  

WEM y c n o B a x  c T a q x o H a p E I o c r a  AR(2) rrponecca: 

1421 1, $2 + d l  < 1, $2 - $1 < 1. (11.76) 

X H O  I IOKa3aTb,  YTO I I p U  BbInOnHeHBM YCJIOBI?~~ CTaIpiOHaPHOCTkf 

Pt?JIIIQIlOHHaR @yHKqI1SI I IpOqeCCa y 6 b l ~ m  aKCIIOHeHqI?aiI'b- 

B CJIyYaR, KOPAa KOPHIl XapaKTepMCTI1'IeCKOrO IIOJII1AOMa @(A) = 
&L2 A ~ @ c T B N T ~ J I ~ H B I ,  M m  I13MeHReTCX IIO CIXHyCOE&e C 3KC- 

eHI&UaJIbHO y 6 6 1 s a ~ n q e E i  aMIIJIXTyAOfi, W K  KOpH& KOMlIJIeKCHbIe. 

oIII1lue~ CXeMy BbITMFneRMR YXTHOf i  ~ B T O I C O P P ~ ~ R ~ H O R ~ ~ O &  

~ , n x  npoqeeca AR(2). 3 a 1 1 1 1 m ~  T ~ H  ypanaenwrr Wna- 
 ma (11.72)) @rr AR(3) npoqecca. K O ~ & & M ~ I ? ~ H T  43 pa- 
+ ~ W ~ H T Y  Y ~ ~ T R O ~  ~oppenxq1111 ~ e x m  & w y$-3. fix 

cca 113 (11.71) n o n y q a e h i  pa = 4 1 p 2  + $ 2 ~ 1 .  nonc~as- 
?TO B b I p a x e H a e  n T p e r b e  y p a B H e n m e  -a-Yon~epa, n o n y m , e M  

5- 0. T~KMM O ~ P ~ O M ,  PACF(k)=O ATIR k > 2. A~aJ ro rn9~0 ,  MOX- 

F(k) pasrra H~JIIO, H a = x m a R  c k = p+l. C n e ~ y e ~  a a n e T b  

T P W y J I b T a T  B e p e B  &JIR T ~ O P ~ T H Y ~ C K O &  Y ~ C T H O ~  a B T V  

~ ~ ~ I ~ ~ H O H H O R  + y ~ s q ~ k f  x M o x e f r  H e  B b t n o m n . r b c r r  am BMGOP(YY- 
o~oppen~qxomio# & Y H X ~ ~ P I .  O~warco HB. npamage 

pe3KOe  y6bmaw~e PACF KO a ~ a r e ~ d 4 ,  ~ I I Z ~ K E I X  K 

, paBHbIM IIQPXAKY aBTOPeQCX.CHOHHOTO IlpO&PCC&. 

qeccac cxonwauqezo cp&eza (MA) 

enr?lo cxo~b3aqezo cped~ezo (moving avsruge) 1xopxAKa q ~ a 3 b r -  

ur M o A e n b  A m A ( 0 ,  q) 

= 6 +st - - . . . - B q ~ t T q ,  E$ N i id(0,u2),  (11.77) 

MA(q). M3 (11.77) BIIAHO, ¶TO npoqecc MA(q) 
PM q a ~ G ~ I x  0,. 

o p a A y m p y e M  y w I o B x e  06panwocmdu npoqecca, T. e. BOBMOW- 

ero npe,qcczlarureHm B B w e  AR npoxecca. 



npe,qcnmEi~ MA(],) npoqecc B Byqe aBmperpeccnoHrior0 npoqecca: 

npo,qenm anmoruware nwxncnenua ,xr,na MA(q) qoqecca, rrony- 
YUM, STO em aBToxcoppenfnR~omaSI +ymqua ACF(k) pmHa 0 AJIX 

k > q, T. e. ee BUA anmornyen BXJIY PACF :F AR(q) npoqecca. 
%TH~X~ aBTOKOppWIRqROAH~ +yHKrpls PACF(k) AJra MA(q) 

npoqecca, ana;rrorEtqHo ACF(k) ana AR(q) rfpoqecca, ~RUIOH~ALW- 

mbH0 y6bmWT. %KIM 06pa30~, E I M M  MeCTO H&KO'MpM C%fM&WpUZ: 
napa ~ P ~ H K O B  (ACF, PACF) ,xr,nn MAtq) npoqecca u ~ e e ~  T ~ K O ~  x e  
aw, KaK aapa rpa&am~ (PACIF, Aw AJrrY AR(q). 

kh(1,7- Boxca-Axen~naca (ARIMA) 297 

L-; ¶T 

npoqecca. . . . . 

#11j npoqecca ( i ~ . 6 7 ) 1  
f i ,  6 
&F, , ( l -+~ L)-'(6+&t) = - + E ~ + $ J I E ~ - I + ~ ~ & ~ - z + .  ... . (11.85) 
bli ,, 

1-41 

$Lumnnbte npoyeccM 

yt - 4lyt-1 = 6 + q - Bl~t-1, st - iid(0, c2), (11.86) 
k '  

V Z ~ M  CYIIT~TL, YTO I + I I  < 1 u lell < 1. K ~ K  si B ,mywe AR(1) n 
gpoqeccolc, MOKHO no~az~an ,  'IT? mraa npoqecc ARMA(1,l) 

kgqCSl CTEU,KOHaPHbIM Ei 06paTn~bIM. 
!.&IPKM~HIIR Te xe M ~ O ~ I , Y T O  ti paaee, nonysm me,uylome BLI- 

&mns,~.rrq cpepierct, Aucnepcaa ~i Koeapnaqmi ARMA(1,l) npo- 
&a: . .  , 

11.88) ~ y n  
8 K* ACF 

pio, 'ITO ACI 
Ann AR(1) 
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 TOT B ~ I B O ~  MO)KH.O 06061qki~b. Ha CJIYY& ARMA(p,q) npoqec- 2. IIoc~re Toro KW nonyqe~ CT-OH~PH~IB BpeMemott pa&, CTPORT- 

ca. I I e p ~ u e  q . s ~ a ' r e q a  ACF onpeAensIoTca n3wiM.oAeticTeueM AR ero ~ b l 6 0 ~ o ~ ~ b l e  ACF n PACF, ~ o m p ~ e ,  K ~ K  6b1no no~a3mo BH- 

E MA KOMnOHeHT, a ~arrb~eanree nosene~ue a ~ ~ o ~ o p p e n a ~ u o s u o & ~  e, asnrmrrca C B O ~ O ~ ~ ~ ~ H ~ I M E ~  ( O T I I ~ S ~ T K ~ M U  narmqem ARMA(p, q) 
@ ~ q ~ u l  ~ a ~ o e  xe ,  K ~ K  B AR(JJ) U P O ~ ~ C W .  OU-a U IIOBBOJISFOT C@OPMYJIUPOB~T~ HeCKOJIbKO FEItOTe3 0 B&- 

A~arroruwibrfl B~IBOA CfiPaBeLwIHw A J ~ R  Y~CTUTHOB m x o p p e m -  OXHHX nopqq~ax asroperpeccux (p) u crtonmrrqero cpeAHem (q). 
~UOHHOP ( ~ Y H K ~ H H  ARMA(Z),q) npoqecca. OH& Y~HBBRIC IIOAO~H 

PACF ~ n a  MA(q) npoqecca. . . TO ~ O ~ I I A K ~ , '  KaK npaBEn0, c p + q < 3 (emu HeT CMOHHO~~ KOMIIO- 

Me~o,qofibraa I S O K C ~ - ~ ~ K ~ H ~ E ~ ~ ~  (APIMA) , ' 
Bb16opowme ACF u PACF, KoHe=Ho, He 66m&m B ~ o v n o c ~ w  

ARIMA ~odeAu , I  .: 

K ~ K  MU ~ q e n n  sbxnre, ~ e ~ o ~ o p b i e  Hemaquonapme s p e ~ e m u e  pa- 
Abl MOFyT ~ ~ I T L  npuBeneHH K ~-0fiapHbI~ IipH nbMDIQU 6nep i~  
Topa nocne~osa~erra~ofi pa31ioc3u. I Ipemoioxm,  TO ~ p e ~ a ~ x o f i  , 
pzq yt nome ~ o r d ,  kax K ~ e ~ g  n p u ~ & u n u  d pa3 oneph~op no- I a539 0.538 1ls.m 0 . ~ 0  

&fie,qosa~enb~ott P ~ ~ H O C T M ,  C T ~  m a q n o ~ a p ~ ~ x i  PRMU Adyi, y ~ o -  . 2 0.319 0.041 157.37 0.000 
3 0.190 0 . a  171.81 0 . W  
4 0.092 6.029 i75.35 0 . W  
5 0.014 0.044 175.43 0.000 

sb~nae~crr unmezpuposanubu* npoyecccw asmopezpeccuu u crcbnb- 6 0.012 0 . W  17&50 0.000 

sa'yeao cne&ezo (integrated autoregression and' mowiiig average), 7 8 4.013 0.025 Q.MB 0.059 175.56 175;81 0.000 O.WO 

AFUMA(~, d, q). ( ~ ~ M ~ T E M ,  ki3 M O A ~ U ,  IianpuMep, ma p n ~ a  h y t  aer- 10 a 0.042 0.0~9 0.042 0.018 176.52 178.47 0 . m  0 . 0 ~  
KO ~ O ~ Y ~ M T &  MOAeJIb ,qnx E C X O ~ O ~ D  pqqa fit;ucmnb3yx ~ o o n r ~ n r e m e  11 0027 '7.0.051 178.78 0.000 

12 0.036 0.028 179.32 0.OW 
Yt = Yt-1 + Avt.) 

" M e ~ o ~ o n o r ~ a  B o ~ c a ~ ~ x e I i K x i ~ ~ a  (BOX, 3erikiils, 1976) nog6opa 
ARIMA Mo&m AJIS ASUIHOrO pqq& Iia6~uo~eH& COCTOUT %i3H3:TpeX 

BTanOB. 
Aut0Conetation P u d o n e l a b n  AC PAC Q.Siat Prm 

I. N d e u m u ~ u ~ a y w  uodenu ; 

1.1. IIepsua mar - noJryreHue cmqoHapHoro pqqa. MM ~ e c m p y e ~  0.041 138.15 0 . m  

PXA Ha CT3QiOHapHOCTb, HCIlOJlb3YSi OIIWC~Hble BblIIIe MeTOAbl: Bmy- 0 . W  142.49 0.W 
4.048 147.01 O.m, 

anb~brtl arranm. r p ' a @ u ~ a , ~ m y a a b w B  .mwx3 ACF u PACF, T ~ C T ~ I  o.m 150.~3 0 . m  
0.043 154.il O.OW 

H a  e A m w i u e  icopau. Ecnu n o n y s m w  c ~ a q u o ~ a p ~ ~ l k  p w ,  TO ne- 8 0.080 0.011 156.70 0 . m  
9 0.068 -0.010 158.57 0.000 

p e x o p i ~  ~ m e a y m q e ~ y  ~ ~ H K T Y ,  .emu H ~ T ,  TO n p u ~ e ~ ~ x e ~  onepa~op 10 0.103 0.074 152.91 0 . ~ 0  
11 4.081 0.009 165.W 0 . m  

E3XTUII I I o C J I ~ ~ O B ~ T ~ ~ H O &  pa3UOCTH U U~BTOPII~M TWTHPOBFAHU~. Ha 12 0.083 . O . W  18723 0.000 

lZpftKTUKe nOCJIe~OBaTeJIbH~.p@HOcT5~ 6epe~m,  KaX IkpaBUaq He 60- 
nee A B ~ X  pa?. . , 



Autoconelallon Pamal Con9M.m AC PAC 0-Slat PmD 

Pamal Correlation AC PAC (28lal Pmb 

1 -0.670 -0.670 179.75 c a m  
2 0.553 -0.173 229.82 0.000 
3 -0.147 0.028 238.48 0,000 
4 0.087 0.083 241.55 0,000 
5 .0.088 -0.032 244.67 0 . W  
6 0.090 0.009 247.99 omo 
7 -0.097 -0.042 251.78 0.000 
8 0.088 0.007 W.96 0 . W  
8 -0.066 .0.030 257.98 0 . W  

10 0.108 0.062 262.57 0 . W  
11 .0.092 0.023 266.04 0.000 
12 0.071 0.010 268.12 0.000 

AC PAC 0-Slat P h  

1 -0.757 -0.757 22924 0 . W  
2 0.502 -0.188 331.10 0 . W  
3 .0.310 0.019 369.71 0 . W  
4 0.220 0.069 388.25 0.000 
5 4.183 4.030 402.74 0,000 
6 0.159 0.W 412.98 0.000 
7 -0.147 4.W9 421.84 0.000 
8 0.132 0.005 428.98 0.000 
8 -0.124 4.028 435.28 0,000 

10 0.133 0.054 442.49 0.WO 
11 -0.117 0.037 448.15 0.000. 
12 0.098 0.005 451.08 0.W 
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PaniaI Correlation AC PAC 0-SIM Prob 

Pnc. 11.14. AR(2). Yt =0.9K-l - 0 . 2 Y t - z f o t  
Kopnu p1 = 2.5, = 2 

Aulooonelal~n ParlhlConelatkm AC PAC &Stst Pm4 

A~lmwdal iM) Panla1 CorrelaUon AC PAC 0.StaI Pmb 



~lrnwrshtm ParliaiCMelation' . AC PAC Prob 

1 4.074 4.024 2.1884 0.139 
2 -0.151 4.158 11.407 0 . W  
3 01348 0.W4 12.338 0.006 
4 0.008 4.010 12385 0.615 
5 .0.052 4.042 13.451 0.020 
6 0.018 0.008 13.559 0.035 
7 -0.W 9.057 14.316 0.046 
8 0 . W  0.008 14352 0.073 
9 0.015 0.WO 14.438 0.108 

10 0.067 0.075 16.307 0.091 
11 -0.040 -0.027 16.974 0.109 
12 -0.W2 0 . W  16.975 0.151 

AC PAC QSml Pmb 

AuIsomabn P a w  Correlation AC PAC &Stat Pmb 



111. llpopozrco3uposanue 
n 

Oc~aao~dhacs nqqpo6~e'e .Ha BTOPOM H ~pe-rbm -ax M~TOAHKR 

Bo~ca-Ax$en~uuca. 

O q e ~ a ~ u m e  ARMA ~ o s n e i i  
= 1n L* = const-- 

TOW OWeHEiBaHUII ARMA M O A W ~ ,  ~ a x ~ l e ,  K ~ K  m u e f i ~ b ~ t  Hem- 

O J I H J ~  MeTOA MaKCHMUbHOPO npa~~OIT0~06r?S (,full ML) COCTO- 

KaKW-TO 06pa30~ UHTepIIp~pOBaTb IIepeMeBliyIO ,= O(L)- l y t ,  
KOTOpa RBJlZeTW ; 6enioriegno~ B ~ B ~ ! & ~ H H o ~  CYMMQB IIpeAbIAyIUUX 

Y ;  = yl ,  & = y2 + e1y1, . . . Y; = yYt + o l y t - ~  + . . . t e:-lyl.  

B 3TllX 06039a9e~ug YpaBHCHE# (11.89) IIpMM?eT BUA 

B mM c.nysae, ecnu 81 mBecTno, BTO ypwaeHue rranneTcR mHe8HblM 
no 6*, $1, OJ(HaK0 B 0 6 q e ~  cnynm o I i o ~ e ~ r a ~ ~ n 0  a0 CIapaMeTpaM.: 1 

AjIz oqemmatMR .ypawie,ma- (11,89) IIpUMeI-IEIM y u a a ~ w ~ .  ~ , m o d j  
w a ~ ~ u m w ~ n o z o  ~pa~dorwdo6rwr (conPtipnat ML), KorAa yl npew(*l 
n a r a e ~ c ~  saqaliwr~, c g n m ,  YTO O I U E ~ K M  ~t iidN(0, u2). YCJIOBHW 



306 

Bo-U~~BMX, OUeHK3i K O ~ @ I @ U ~ U ~ H ~ ' O B  MOAWIII , Z ( O ~ X W ~ I : O T & ~ C T W -  

YeCKU aOCTOBepH0 OTJlllYaTLm OT H y n Z ,  T. e. C O O T B ~ T C T B ~ I O ~ ~  P- 
3nasenurr t-CT~TUCTHK ~ 0 n k b i  b I T b  MeHbIIIe ~bi6pw&oro. U O p O m  

B O F  3HaYeHUX. 

Bc-BTOP~LX, COTJIaCHO MOAeJIEI OIIIH~KY Et HBJIRXITW h 6 e n b f ~  IUy- 
MOM. C O O T B ~ ~ ~ B ~ H H O  m OU~AKU, T. a: O&TKW pernewhi et, Ron=- 

UMOTb HyJXeByXI ~ B T O X O P P E J I ~ U I O .  

B MoAenn ,  ~~mo~iuorqe i l  K O H C T ~ ~ T ~ ,  cp 
~TO~TOMY ~ b 1 6 q p , o w r a %  amrcoppenarplonn 
sumrre~ca no +op~yne: : 

ECJIW.MOAWIL. amgsama ,Z(WB~IM, O @ ~ K  

a npu 6om111ux 3~asemiax n a k B ~ J I U  

Q-emmucmulrca Bolrcm-Uupm (Box, 
KaK 

K 

npxi ~ynesoll  r x r r o T e 3 e   my^ 
, . 

npeaenenwe x2(K - p - q), r A e  p, q - 
Hynesarr r u n o w a  cmepmercz, ecnn n 
lire C O O T B W C T B y I o ~ e r O  KpWl'UYeCKOPO 3HaYeHKR; 

Teem JIenmza-Eiolrccn (Ljung, Box, 
T e r n  ~ o K c ~ - ~ H ~ c $ ,  



r n a n a a ~  q m  dcnomsosanusi ARIMA ~oaejrett - ixocTpoenae npo- 
rn03a 3a npeAeJIu bh6oplta. h b  ABa umomi.tm H W O Y H ~ ~ T U  npo- 
rno3a: n e p ~ d  - muopupon&Hue 6y.ny1~1.i~ oniu60~ ' ~ t ,  BTOPO~ - 06 
~nokenne 'oueno~ ~os(ij&uqneam~ M O A ~ A  OT m u c ~ u ~ a b i x  3ntiqe- 
nun. B ~ a r r i i o ~  pa3.qe.ne MU 6 y A e ~  pacmarP:ma~i. TOJI~KO nepBblR 
U C T O ~ ~ U K  O ~ U ~ O K  nporn03a m u ,  ApyruMsi 'CJIOBILMM, n p o r n k p o ~ a -  
HUe B P$MK&X T ~ O ~ & ~ C K U X  MOAM~%. 

PX&O+JXM n p o h e ~ y  npor~o3upo~anusi lia npu&epe ARMA(1,l) 
~1 . ARIMA(l,l,Q) . ~ o ~ e n e t t  (HWKOJI~KO &nee n p o m x  n p r i ~ e p o ~  sbt- 
1iqeso B y n p a k r e ~ u ~ ) .  

, ,  , 

% * .  , Y=+I = 6 + 41Yn + %+I - 01~n.  . . 

EIcnon~3y~ 0 6 m ~ a q e ~ u e  p = E(yt) = 6/ (1 - &)1 nony=iaeM: 

( ~ n + l  - II) = 41 ( ~ n  - P) + 01~n. (11.99) 

FIpo;rio3 ua- O ~ I I  aar, m ~ u ~ B 3 u p y m n @  cpemeKBaJU)aTwinoe OP 

KJroHeme, pamz cn+l = E(y,+llIn) (CM. MC, n.2), rAe I, - uu+op- 
M-R, AOCTYnHaZ B MOMeHT 3. &I (11.99) IIOnJ'YaeM: 

(%+1- P) =..#I(Y~ - P) - 01~n. (11.100) 

O I I I U ~ K ~  nporn03a u & Ancnepcusi p b k u  , , 

%+I = Yn+l - Gn+l = &n+lr , V(en+l) = 0'. " (11.101) 

Hcnonb3ysi @e u ~ e p a ~ m  ypmnehux (11.99), n o n y s a e ~  

(Y,,+z - P) = $ 3 ~ ~  - PI + E,,+~ + (41 - B.~)E,,+~ - 41elE,,. (11.102) 

0i.cib~a ananormno (11.100) s+.arknsie~ca npo~iios H a  ma man: 
. . 

(G+z - P) = &(yn - P) - 41@1€n, 
(11.103) 

v(@+i+2) = a ( 1 + (61 - 01j2) . ' , ,  

~p0~0ilXFWl HTepaqHE, MOJKHO UOjIygUTb 
8 ,s 

(Q+s - P) = # C ~ r r  - P) - 4?-l0l&nr (11.104) 
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lim V(h+,) = a 
(1 

- 2 h e l  + 0;) 
s-m 1-4; 

eBUAI30, ¶TO IIpOrH03, M U M I M U ~ H P Y M W ~  CpeAHeKBaAp&THYHOe 
:nonenne, pmeu cyMMe nepsbm Tpex c ~ ~ a r a e ~ u x  B (11.108). 3a- 
PUM, 95'0 BTOpOe ii TpeTbe CJIaSaeMbIe PaCTYT C POCTOM 5. O I I I U ~ K ~  
) r ~ o 3 a  Ha s m a m ~  pmna &+,. B cu~ly @ o p ~ y m  (11.109) Wcnep- 
[ OIIIU~KU paBHa 

V(e,+,) = 02(1 + (1 + 41)2 +. . . 
+(1+61+4;+. . .+47- ' )~) .  (11.110) 

J XWM, YTO B c~lyyae HecTauuonapaoro BpeMenHoro psaa AUC- 

kusi O ~ U ~ K E ~  lIpOrHO3a MOHOTOHHO paCTeT C POCTOM rOpH30HTa 
>pH038 8. 



, . Eqe pa3 OTMeTUN, ' IT0 B F  , BbIYUUIeHUII , B 3TOM pa3AeJIe 651- 
JIU IIpOBeAeHbI W X  T ~ O ~ ~ T ~ Y ~ C K O &  M O W U ,  T. e; B, ll&X3J(IIOJIO)lceIiUu, 

YTO K O ~ @ @ E ~ ~ U ~ I I T ~ I  MOAWIH U3BeCTHbl TOSHO. O~IJYHO H a  .nP&KTB- 

xe MIA m e e M  ~ e n o  c o e e n ~ a ~ u  ~os@@uquemoa, w o  go6amxe~ ,qo- 
n o m u T e n s , n y m  ~reonpe,qene~~ocr~ B ~ ~ O P H O ~ . , ~ O ~ T O M Y  nonyqemime 
Ol(eWKU TOYIIOCTSi n p O r H 0 3 a  RBllrnOTCn U3JIUIIIAe UOIITUMECTU9eCKU- 

MU*. ~ W ~ T B M ,  YTO HeKOTOPble KOMUbrOTepHble n&&h ( H & ~ P U M ~ P ,  

EViews) K o p p e K T m  p a c c m ~ b ~ ~ m  Azcnepcm OIIIU~OK nponio3a, 
yswrbraax u ~eonpe~errennocTb B xos@&nque~nix: - . .' 

, ,  , , 
~. . . . C~ZIOHHOCT~ E! A ~ M A  MO,&?X ' 

. , 

B W O M  pa3AWe MIJ  J X E m  KPaTKO YIIOMIIHCM 06061qe~ne AWMA 
MoAt3JIeft H a  C J I y ' 4 e  HaJMYHSI Ce30HU0ft KOMlIOlIellTbl. P~CCMOT~HM 
cne~ty10~2i  n p u h n e p .  QCT~ pw yt u M e e T  c e 3 0 ~ ~ y m  ( K B ~ P I M J I L H ~ ~ )  
KOMIIOHeUTy. Tor~a MOXHO HanUCZJTb I I p O c T d t l u y l o  M O , U , ~ b ,  CB%IHB% 

m q y I o  slrase~ne nepe~e~mofi B TeKymehn  mapme c ee s n a r e ~ u e ~  B 

TOM me K s a p T a a e  npeAbrAyrqero roAa: 

TaKm ~o,q- 06owa~ae~or AR(l)xSAR(l). Osa noxoxa H a  AR(5) 
h n o ~ e j l b  c T p e M s  ( n e a m e i b ~ ~ m )  O P p a H m S e n m M q  ~a KOS@&~P~U~HTIJ. 

no,qpo6~ee 0 C B O ~ ~ C T B ~ X  I IOAO~H~IX Mogejrefi MOX(HO n p O S m a ' C b ,  

H a n p u M e p ,  B (Johnston and DiNardo, 1997), (Box and Jenkins, 1976). 

,,qan$ohn pwA&e M ~ I  ,qa,quhn nnmb K p a T K o e  onucwue ARCH u 

3~nnpnsec~ux  ~ a f j n ~ o ~ e n ~ B  3a n o s e A e w u e M  T ~ K U X  PRAOB, K ~ K  

o q e I i T H b l e  mica,  O ~ M ~ H I I L I ~  K Y P C ~ I  II T. n., ~ ~ I J I O  3a~eqen0, Z~TO 

JIXOAeHUX C 6onb111u~u ~ , ~ a n b l M E  O T K n o a e H n a h f u  OT Cpe,?(HUX n ~ e -  
M e t I q V m  K O ~ ~ C S O R ~ H E I O  K n m p O B  (CM. p l l c y n o K  11.22). TO 

IIepI idAb1 U C ~ O K O & H O ~ ' O ~  E i  ~ B O 3 M ~ l I J e I I . H O ~ ~  COCTO~IHU& PLIHICLt 

Prc. 11.22. O,a~o&tte~~ibre  npapaqeaun nrlqeicca PTC 

IB p a 6 m  (Engle, 1982) 6b1n n p e A n o l K e H  cnepym1qu8 cnoco6 ~ o -  
uposanua yroro nmerxnrr. n y c ~ b  uz = V ( U ~ ~ U ~ - ~ ,  . . . , utTp)  = 

~ z l ~ t - 1 , .  . . ,'Utrp) - YCJIOBHWI micnepcnx OIUB~OK 'Ut ( K U  O ~ ~ I S H O ,  ., tl%-1, .'. . , Ut-p) = 0). %$@~KT UKJIXTePM3BqUU> B O ~ M Y I I W H U ~ ~  



IIpoqecc ( 1  1.111)-(11.112) H ~ ~ H B ~ R T C I I  aemopezpeccuoxxo& yozoem 
zemepocxedacmuunod MoAenbm n o p m  p (AutoRegressive, Condi- 
tional Heteiwscedastic), ARCH(p). 

n p o e ~ e z t ~ a ~  M O A m  TaKOrO poaa, ARCH(l) ,  HMeeT BMA: 

,. . ,. , - . .  . .  
(n. 10.51. M+H~ p o ~ a ~ ~ ~ g ; ~ ~  norapn+~'&&~qnn nliagaonoAo6na 
m a  (11.113) ,&'$&&&&.1~ &-&&.$@,$$ .~ ,;., 

{ 1 ' ,. . : I:. ,. 
3 . ., ,,,.,>,',,, , ' ' , ,,?, . > , ' !o;:,..( 

- .. r aeu t=y t -Pm.  
Erqe pa3 O T M ~ M ,  &I O ~ ~ K U  t& B BkitCH@) MOAWII (11.111)- 

(11.112) R B J I ~  cmqnonapHmM npoqe&o~. . , 

K ~ K  xe onpe,qennTa, I I B ~ X M T C ~ ~  nH O ~ K U  B y p a l ~ ~ e ~ m n  (11.111) 
YCJIOBHO ~ ~ T ~ ~ O C K ~ A X T I I Y ~ M E I ?  E C ~ ~ C T B ~ H H ~ ~ B  ,, . . 4PQ~~,DJ~& TeCTMpW 
nagua co&n+ 1;3 +ex ruarok 

.I. l l p n ~ e ~ a e ~  MHK x 3 ? ~ a a ~ e ~ ~ l r o  (11.1119 I% aefxucjrne~.&a~- 
I KU et .  . i .  

, . 

2. o ~ ~ & B & M  ~ O M H K  . ' , ,  perpic&& . eg = + i i l e ! + l + .  : .+Zae&+ 
' otmumott; 

$,;p&m (Bollerslev, 1986). 6 m a  npeGoxeHa 6onee. o614a51 cne- 

enn p w  2 ~ :  Y~OBil€!TBOpSBT ARMA(max@, q ) ,  q)  MOAenzi (11.56). 

tianpmep, ARCH-M, EGARCH. n o ~ p o 6 ~ e e  o MOA~~SIX Tzina 
C H  MWHO nposaTaTb, HanpnMep, b(Greenej'1997); t ~ m i l t o n ,  

, - 

AX t - - ~0llst .'. ;t pxt-1 + E l ;  , ,  
. . 
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Coeficient ~ t d . ~ r r o r  t-stwtic . Pivb, ' 
0.000735 0.001554 0.4728 0.6368 ' . 

xt-I -0.76865& 0.067768 -11.34144 4 . 0 0 d  . . 
Variance Equation 

ARCH(1) 0.1851 
G A N H ( 1 )  0.7296 0.0875 

R-squared 0.379 Mean Depexident var -0.0b0341 . 
Adju6.M R-squared 0.369 S.D. dependent vat :0.0288. . . 

S.E. of regrwion 0.0228 Akaike info criterion -7.538 . ~ O K ~ J K U T ~ ,  YTO y p a ~ e n u e  (11.3) yc~u,it~aao, ecne,~blnonneiio yeno- 
Sum squared resid 0.128 Schwatz cr 
Log likelihood 603.5 F-statistic 
DUrV111-Watson stat 1.916, Prob(F-statistic) 

m (11.7), ~ e p e 3  nepeMeHnlrte X ~ , X ~ - ~ ,  . . . , x ~ - ~  n3 ypa~l~ewun (11.5): 

,.6. Bamem~e @op~yny ~ n r r  Ancnepcuu (11.12). 

plim(lln) x yt-lot = 0. 

:AOK~~KUE &OPMYJILI (11.16) u (11.17). 

aTnM, TOrAa W TOnbKO TOPAa, K O r W  lXll  < 1 W < 1. 

Prc. 11.23, rpa&w~ ycn 

OrWYHOMy (11.52) @X AR(2) MOAWU. 

1996 ropa, c s n 3 a ~ a m  c n 
. n p ~ w x  i-onienE.8, ~ a y x  
JETOM 1996 miza cca AR(2) y 6 m m  3 ~ c n o ~ e ~ w a ~ t b ~ o  B cnysae,  orp pa. xapa~wpu- 

d k e  KOPIUl *(L) = 1 - 41L - &L2 & ~ ~ c T B U ? % % ~ H ~ I ,  UJIU u~M~HR&CSI  

a3 mrrepaqpe w @M~~WCOBW HyCOWe C 3KCnOHeaqUUbHO y6mamqefi a ~ n ~ ~ l i ~ y A o i t ,  KOI'W KOplW. 
namx ~ e p y  aecd iwa~oem puma. 

.. . .., . :, 

'' . . . 
I ? , 
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11.12. n o ~ a x u m ,  w o  y w o ~ n a  (11.76) crayuonap~oc~n npoq& AR(2) 3. Aana nnnefinan ~qe.m, 
3KBUBaAeHTRbI TOMY, YTU 06a KOpIiX X2lpaKTepMCTAYeCKOrO ypaHeH&iS 
@(L)  = 1 - & L -  &La = 0 X M a T  BHe ~ U Y ~ O L  OKpymOmn. =fl1zt  + + UL, = pt-l 

11.13. B a r u & i m  Y ~ T H Y ~  a ~ ~ o ~ o p p e r r ~ a o ~ ~ y m  @- P A C F ~ ~ )  0 < P < 1 E - ~ ~ Y C C O B C K ~  6en61fi IUYM. &OBOAXTCII m e  perpeccmn: 
AR(2) npo~eo5.a. ~ E C X O A J ~ ~ I X  nens~rni E w pmnocmfi, T. e. 

11.14. I I p n ~ e n m e  npoqewpy shIYacneKIla abrhposeom Yacmoro ~ 0 3 +  

@aqrrenla ~opp&aqmi (w. n. 4.3) km m'quonapnoro p m a  Yt. no-n- Y t  = P ~ x t  + h y t - I +  ut, 
~ e ,  'lrn k-e ntaYenne ~b160poq~ofi Y ~ C T H O ~ ~  B B T O K O ~ ~ ~ ~ X ~ H O L I A O ~ ~  @ y f i ~ m  Ayt = AAxt + p2Avt-1 + 9, 

PACF(k) BWUCJ~A- XBX MHK-oqen~a nocJwxnem ~m@@nqmen~a & B 

AR(k) peqecc,mnnoas ypamemu: 

Yt = &J + P i ~ t - 1  + &Yt-2 + ." + h ~ t - k  + Et. 

11.15. n o ~ ~ m e ,  tm, ms MA(q) nposecea ACF(k)=O npn k >  q. 

11.16. C @ o p ~ y m p y f i ~ e  ~CJIOBUR O ~ ~ ~ T ~ ~ M O C T Y ~  MA(2) npoqecca. 
' 

1 n p e w o x n ~ e  oueHKy BeKmpa c noMoYtA0 i $ ~ c ~ p y ~ e j ~ ~ m a ~ b ~ x  I I ~  

11.17, noxaxare, m m d  AR(1) npoqecca (11.67) B ~ n a e  yt - p = P ~ M ~ ~ H ~ I X  H nor;&mn~e, ~ n ,  ona COCTOXWbBa. 

dl (bt-i - &) + ~t nporstm n a ' ~  mar05 Bnepq ~ a r m m r r e ~ m '  no @ o p ~ y -  
ne &+. = p+ 6 (yR - p),  a Mcnepcnn 01uu6~u npornma pasna V(%+.) = 
(1 + 4? + '#tf 4 . . . + 4 y )  ma. 

11.18. I I o ~ a n ~ e ,  YTO wyl~ MA(1) nmecca ,  (11.78) npornm na s mamn 
suepea s u w c n a e l w  no &op~y~laaa &+J, = 6 - O1.%, c+, = ,6, s > 2, a 
nmnepmrr ome6m npornow pmna V(&+.) = (1 + 0:) u2 = V ( y t ) .  

:. 8 

1l . lS .  B q n m  + o p ~ y n b ~  (11.104), (11.105). ., 

11.20. B b ~ ~ u c n m  a e T O ~ o p p ~ a w o a ~ ~  c p y ~ i ~ , ~  ACF(B) WCTIIYIO 

a ~ ~ o ~ o p p e n s q u o ~ n o  +y,y~luprm PACF(k) AIIA MA(2) npoqecca , 

11.21. I I o m x s ~ e ,  w o  oCTaTKn IIPU OqemBmun MeToAOM nanixefibltnrx 
m a p p a ~ o ~ ' y p a ~ ~ e ~  

Y! = W t ~ i  + b t  C Et, 

,AY~ = 7Yt-1 +@st *st+ 

COBnap,BMT. (3nec:h Ayt = gt - %-I.) 
y.221 n,yc~fr yt = 1 + 0 4 ~ t - 1  +0.3yt-2 + ut - AR(2)  vpoqecc, rAe ut - 
nceaBpcriMHe N ( 0 , l )  cny.~&me ~ ~ l f f s n ~ b ~ .  B b l ~ n ~ n ~ ~ p ?  npom03me 3HBr 

4eHm 

E(yt I ~ t - I ) ,  E ( w  I yt-i,yt-z), E(R I yt-i,~t-z,vt-3). 
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, . . .  

. ., 

h a s a  12 

A H c K ~ ~ T H ~ I ~  3aBHCHMbIe ' ,  

n e p e M e H H b I e  
H&~~z'&€T&TB&H~IM 0 6 ~ & 6 ~  y f i ~ i p ~ ~ o & r b  (WttA~Yj( 

lG3[ U,eH3YPHpOBaHHbIe i r h p u h a e p i u r ) ,  w HX By~ep- ~ o k ~ 6 i j r ~ b ~ n h d ~ j B d n b ~ o @ .  

B ~ I ~ O P K H  
i . : i  , , : .  I 

P a ~ e e  MM ~ X C M O T ~ ~ J I U  M o A e n u ,  B KOTOP~IX ~a~ne-11x60 H ~ ~ ~ O U C U M W ~  

n e p e M e H H b l e  n p m u ~ a m ~  AUCKpeTHbIe ~ I ~ ~ Y ~ H U R ,  H a n p a M e p ,  0 UJIR 

1, sb~pman  H e K o T o p M e  K a q e c T s e w n L l e  n p u 3 ~ a ~ u  ( & n ~ ~ u a l r ~ e  nepe- 
M ~ H H M ~ ) .  OTHOC~TWI~HO 3 a e u c ~ ~ o d  nepe~eaaoa XBHO nna HexBHo  

n p ~ n O J I ~ W I O C b ,  9 T O  O H a  BbIpm&eT K O J I X Y ~ C T B ~ H H ~ I ~ ~  n P U 3 H a K ,  npx- 
HXMaJr UHenpepbIBHOeh* MHOXeCT80 B H ~ T ~ H I I ~ .  B YaC'CIiOCTU, B HOP- 

~a j rbnof inu~ef i~of i  perpeccnoaaoi2 M o A e m  (n. 2.3) npefinonarww, 
YTO 0mn61ca u M e e T  r a y c c o B c K o e  pacnpeaeneme, oTKyf ia  cnef iyeT,  Y T ~  

BmRCUMaSI I?epeMeHFIZUi y M O X e T  I IpnHUMaTb  n l o6~e  3HaqeHHR.  B TO 

x e  BpeMrr A o B o n L a o  qacm u H T e p e c y l o i q a x  HX B e n u r n H a  no c~oe*  
I I p n p O A e  ZBJlXeTCx J7,nCKpe~HOfi. B ~ I A W I ~ M  HeCI<OJILKO TUIIE19HblX Cx- 

~yarlufi. 
1. Bb160p 113 ABYX UJIU HeCKOJIbKElX aJIbTePHaTUB.  n p u M e p N :  

- r o n o c o B m n e ;  

- pememe pa60~aTb UJIn H e  p a 6 0 T a T b ;  , W p a m B ,  0,WiZLICO AOqocTaTOYHOyAO-BOpTenb-e C. C O A e p  

- peUIeHUe  I IOKynaTb  H e  nOKyI IaTb  ~a~ofi-~11160 T O B a p  Ann- 

318 
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O X H O  nOKmaTb, YTO B ~ O A O ~ H M X  CMTYWnIIX Sienocpe~cTBeu- 
K ~ K  npmnno, mm &nn ~oge.neB ~ p e r h &  r p p m  ,c xwwsrecrsen- MeIieHIle MCl"l'Aa HaUMeHblIIRX K B q a T O B  Ram CMeqeHHble 
HMMU qeaoqymnuMn nepeMmabIMn., B cnysae;nopwosFx ne- 
peMeHHblX EMTeplIpWaIlUX OUeHOK K W @ ~ E ~ ~ U ~ H T O B  npu o&~$cHsFC- 

B L ~ ~ O P K U  AaeT UCWIeAOBLWIae pacnpeAeJreuAx 
q~ nepeMenxux 3 a a ~ q ~ e ~ l b ~ o . , $ a ~ p y ~ m a :  yqenayeme aae@wally aYUBaeMblX HaJIOrOB MJIM X3yYeHne 3aBMCMMO- 
~ & ~ O B O B  n6pe~eEHofl 03aarae~ nepexoA r ~ ~ e ~ y m q e f i  no PaHry oros OT pamepa ceMba, B O 3 p a  ee vneEroros 
WTepHaTuBe, O&HXO ~ w y o  He BcerAa nepexo~ OT nep~olt anb~ep- eHHX MOrYT UCKJIlOYaTbCfl ~ e ~ b f i ,  UM&O~&%$ 
HaTUBbI K O  B T & ~  yacneHao ~ K B Y I B ~ W H T ~ H  nepexgAy OT BTO~OB K r0 ypOBIin ~~AHOCTII .  B 3TOM myriae ypo- 
~ p e q e & :  Ecnu,xe samcnFz& nepet.fe~asi.nmrreTca HOMUHBJI~HOB n ype3amue B M ~ O ~ K U .  Mwog HauMenbmax 
~ w n S e ~ ~ ~ h  bbTepe<'kiB '602IE.lIIe ABYX,,TO P ~ $ Y J I ~ T ~ &  O ~ ~ H U B ~ H ?  T K CMeWeHHblM OUeHXaM, 
s < & ~ e  w&,c~br& B cnJI> npo&qOnbiom~ ~ ~ ~ e p a r ~ 1 . 1 f  an~ lep-  , ,, e)f(Ay qernyp~posaune~ n ype3auek. B 
H-B. T&K+ o ~ P ~ ~ o M ' ,  & A ~ @ Y ~ P  p e i Y p e c p 0 ~ ~  ~ c e ~ a ,  KFOPYI(! 4eH3YPFiPOBaHHOrO H a 6 ~ n o ~ e i i ~ ~ l  msecT- 
Mbl ~ G n d n b 3 ~ ~ & a  paRee ~ n a  a ~ ~ u 3 a  3 m n m p c ~ ~  m ~ p p e c p o q q  , . ; rrepe~ennbrx, B TO BpeMx I(~K BO mopOM 
Lw . rrepeane&ofi , .  OT 31poreH:~w &~KTOPOB, B CJIYTW H O M ~ W M ~ I X  

s q d q O q e ~ x  nepe~&iwx .HYW=B C Y ~ ~ C X B ~ H H ~ ~  , . ,, KOPP~XW. AbIX W 3  PaCCMOTpeIiUSl O~%BKIY)B H ~ A I  

Cnayma #u P W C M ~ ~ J U M ,  MOWN 61lyap~oro BM%P~, 3a~.eM 6x7 
&f!T IIOKZX3%30, YTO M O A W  C HeCKojlbKFfMU B~~T~@%TPW~MB MOrYT 

6blTb nu60 $ ~ O C ~ ~ C T B ~ H E O  CBqAeHbl ,K MOAeJrpr. 6papnoro BM~+,  

pa, who, : M O V T  6blTb, uCClle&qBWF. WBJIOrIlYWMU M m m B .  :, 

~ p y r o a  Knacc ~ o ~ e n e l t ,  p a c c ~ a ~ ~ u s a e ~ ~ n c  B ~ m n o f i  mae,, cuq- 
3aa c ynsypppoeGymwv (censored) a ype3q~"wu. (truncated) BM- 

6 o p w .  K n ~ c c y ~ e c ~ a B  n p q e p  , , , .  ? p & y p u p o ~ ~ n ?  , &a$? WYwEIne 
paocogA~ ceGefi na &iiynxy Tosapos: ~ ~ 4 1 ~ ~ p r o ~ ; q p , ~ ~ 3 0 ~ a H , + ~  ( a ~ -  . ~ a r n ~ n ~ ~ o c r x  6 y a e ~  n 3 y ~ a ~ ~  MOAW~H 6 u ~ a p ~ o r o  ~bl60pa ~a npn- 
~ o ~ o G u n a ,  AOMa H T. n.). %%ioI 9TO 3Tn. pacxo~hl 1x9 U O ~ Y  , .. 6uTb OT- 6 ~ n n .  0603~auan, K ~ K  a paabme, a& 

I / 

pMqaTeAbHbIMH n B TO: xce B ~ M S  n p ~  GOB&~HE~H o ~ & A o B ~ X X  r 6 ~ -  3'10 " ~ P ~ M ~ H H Y I ~  y, ~ ~ A ~ M C Y H T ~ T ~ ,  VTO Y,-L 1, e ~ l l n  B ~ e y e ~ ~ l e  

~ Y T  BcTpeSaTbeX ua6~110~e~lls c N Y J I ~ B ~ I M  ~ H ~ T ~ M I ~ M S T A X  ~ ~ O A O B ,  m e ~ o r o n e p n o ~ a  n p e ~ e m  c e ~ m  ~ y n n n a  S B T O M O ~ ~ ~ L ,  a y = 0 
~. ? #  ., 

npoc)r0 lb$KwBeT && OT IIoKjq+~u C&+B&q~Yio~&6 ~ d ~ a p a .  THBHOM myvae. IICHO, ¶TO ria p e u ~ e ~ a e  o ROKyIIEe . ~ T O M O ~ E I -  
8 , ,, 

3 , ~ e c s  ocynZecTanflwce qen?ypxpqsaHne ~bT6op~n fia ~poBne.o 3IfP RIOT cabre  pavluseble @ ~ K T o ~ ~ I :  AOXOA C ~ M L H ,  KOJIUS~CTHO ee 

ykm a&&& &qjeMe~ok. ~ p y ~ + ~ t i ' n ~ n ~ +  pi& otipe~eneme B, ux B O ~ P ~ C T ,  M ~ C T O  npOxkiBamH ceMbn n T. n. Ha6op wnx xa- 

( B ~ ~ M ~ E T  ~ 1 1 3 m ~  ~e]mt$Ge&01-0 E ~ ~ & ~ J I U X '  (1' I ~ O M O I ~ I O  E ~ I I W ~ W U A  B 
MCTUK MOXEIO IlpeACTaBXTb B~KTOPOM ,-- (q,. . : , zk)l (1i~3a- 

OAUE~KOBLIX ~CJIOBUSX B ~ e ~ e d e ' o r i p e ~ e n ~ b m  ne@o~a HWKOJI~- ~e n e p e ~ e ~ ~ w e ) .  Coxpanrr OCHOBIILI~ men  perpeccao~noro 

~ E a c  3~3eMIf&QoB a3AeJLAS. &IS TeX 06p%q0~, KOmpHe B IIpowCe 
a, 6 y g e ~ - ~ p e ~ n o J I a r a ~ b ,  sm Ha pemeHae cemw BJIUSlHvr T a x e  

u c n ~ m m h  ~ b m n  r n  C T ~ O Z , ,  BpeMa X U ~ H U  i5y~r~e~ 38fPmqoBmO 
mmo,  pJm ocrranbn~x BpeMeHeM xrnnn 6 y ~ e ~  CqUTWTAX AJImeJlb- ; 

xenwsi o xapamepe ~ ~ B ~ C H M O C T U  y OT a, 6y,qe~ nonysaTb 
M O W U .  3 ~ e ~ b  MbI PaCCMOTPMM TPU MOfleJlM: JIEHefiHy10 MO- 

~IOCTS-.EIC~WT~RHR, a acTumoe:ero aaaqeme o a m m  H ~ U B B ~ C T W M .  . PORTHoCTli B TaK Na3bIBMMbe p7Vbit- li ~ o ~ ~ ~ - M o A W M ;  
B 3TOM CllyYM! YPOBHeM qeEI3YPWBaHUR SBJIfl!XCX B~PUOA ~ ~ n b l *  



n o v r o M y  ee I I ~ L I B ~ I O T  n u ~ e f i ~ o i i  ~odenbw seponrnwocmu (linear prob- 
abilaty model). 

OTM~TUM HeKOTOpble O C O ~ ~ H H O C T U  STO& MOAWU, HWIlYPle  KOTC- 

Pb IX  I i e  nO3BOJISW YCIIeUlHO IIpUMeHSITb MeTOA HitElMeHbLLIMX KBaApa-  

TOB AJIII OqeIiMBaHUSI KO~@C$WH~HTOB p A IlPOl'H03UPOBaHMR. 

I43 c o o T n o r u e H a s  (12.1) urepyer, TI'O o n 1 ~ 6 ~ a  E u K ~ K A O M  Ha- . ,  
6n1o~e11uu M O X W  n P A H U M a T 6  TOJILKO Aka 3HaxIeHEin: E t  = 1 - 2: P C 

Bep05lTtlOCTblO P(yt = 1) H E t  = -XI P C BePORTHOCTblV 1 -P(yt = 1). 
31'0, B SXTHOCTU,  H e  II03BOJISleT CYIITaTb OIUIIGKY HOPMaTIbHO P W I I p e -  

~ e n e ~ ~ o t l  uns u~ernqei.3 p a c r r p e & e n e n u e ,  6 ~ 3 x 3 ~ ~  K ~ o p ~ a a b x i o ~ y .  

Aanee, HenOCpeACTBeHHbIM BbIYECJIeHIIeM IIOJIyYaeM, YTO AECnePCU5l 

o IUU~KU V(E~)  = 51 P(1 - X: p) 3&BHCMT OT 5 6 ,  T. e. MOAeab  (12.1) 
reTep0CKeAaCTMYHa (n. 6.1). K8J< X3BeCTX0, Oqei iKH KOS@&H~U~<IWB 

p, nOjryYeIIHbIe O ~ ~ I Y H ~ I M  MeTOAOM IIaUMeBLIIIEIX KDaApaTOB, B 3TOM 

CJI$"fae H e  RUJIXioTCZ ~ @ @ ~ K T H I ~ I ~ I M U ,  H H<eJI%~eJILHO I IOnb30UaTbcR 

AOCTyIIHbIM O ~ O ~ J ~ ~ H I I L I M  MeTOAOM HWMeIILIIILZY KUaApaTOU (n. 5.3). 
C ~ M L ~ M  CePLe3IibIM IIeAOCTaTKOM JIlllleL%~~fi MOAeJI~BePOIITHOCTE 

SBJISll2rCX TOT @&KT, W O  NPOl'HO3HbIe 3 H a Y e Z i H R G  = XI p, KOTOpLle IIO 

CMbICJIY MOAWM eCTb  I I P O T H 0 3 E I L l ~ ~ 3 H a ~ e H A R  BePORTHOCTU P(yt = I), 
MOTYT J I e X a T b  BlIe O T p e 3 K a  [o, 11 (P - O q e H K a  K O ~ @ C $ U ~ M ~ H T O B  p, no- 
JIyYeHHaSl C nOMOJqbT0 06brsaoro uJIU 0606rqe~~oro MeTOAa HaHMeHb- 

IUUX K B W ~ ~ T O B ) ,  YTO, KOHeYHO Xe, H e  n O M a e T c I I  PX~J'MHO~~ U H T e P  

I IpeTavUU.   TO O~CTOIIT~JI~CTDO CYII&eCTBeImO OrpZUIEI9BBaRT O ~ J I W T L  

WMOCTU J I U S i e i i ~ ~ f i  MOAWA BePORTHOCTM. Ee yenecoo6pa3~0 
OBaTb  npll 60JIbIIl0~ qHCJle H ~ ~ J I ~ A ~ H M ~ ?  U IIPU AOCT~TOYHO 

neqa@EiK-U MOAWU, a T a K X e  &K MHCTpyM~H'l' ~ e p U k l v H 0 R  

U AaHqbIX  AJIX c ~ ~ ~ ~ ~ H U S I  C pe3yJIbTaTaMH,  IIOJIyYX2MLIMA 

. . 

12.2)). Ero M,OXHO IIpeOAOJIeTb, eWIH C'IUTaTL, 

(12.3) 

& ~ H K ~ u S ~ ,  o6nmb 3 ~ a q e H d  KOTOPOL% J I e X U T  B 

own, B K a q e m B e  F(.) MOXHO B ~ I I T ~  C$YHKIJHKI 
POfi  C % ~ ¶ & H O &  BeJIUYUHbI. O A H ~  H 3  BO3MOX- 

wu  (12.3) B~IPJISAUT c n e p y m I n u M  06pa30~. 
CTByeT HeKOmpFbS KOJIE~ecTBeHH%l IIepe- 
e3aBUCUMbIMu nepeMeHHbIME Xt O ~ L I V H ~ I M  

yt = z : p + € t ,  (12.4) 

M u ~ucnepc~leii u2. IIymb TaKxe F(.) - @ ~ A K I ~ R  pacnpe- 
rr nopaanpo~amiolt cnysaltaott o m u 6 m ~ t / u .  B m a ~ a  yt m- 
1 i e H a 6 n l 0 ~ a e h i 0 ~  . ( n a ~ e H ~ H o f t ) ,  a PeIJIeHUe, COOTB6TCTByIO~ee  

n o p o r o B o e  3~a~enne .  T ~ K ,  B n p u h a e p e  c n o ~ y n ~ o a  ~ B T O M O ~ U -  

XHO CYWIZP~, TNI yr IIpeACTaBJIlleT EI&KOAneHUX CeMbM C! HO- 

o p e r p e c c o p o B ,  MOXHO c q u T a T b   TO noporouoe s ~ a r e ~ r n e  P~BHLIM 

BeJrusu~y yt MOXHO TaKxe u t I T e p n p m n p o u a T b  x a K  ~ ~ Z I H O C T ~  

H O C ' E ~  aJIbTepHaTMUb1 1 U BAbTePHaTkiBbl 0. 
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T~KUM 06pa30~, 118 u, ,4oCT&Towio 6m3xax no MOA~JUO K HYJIIO ( ~ a n p m e p ,  
, , y t = 1 ,  ecnu2/2,0, (12.5) E [-1.2, 1.2]), @yHKllUO @(u) M A(%) BeAyT ce6x npuMepH0 

yt = 0, ' m u  'y; < 0. no, B TO xce ~ p e ~ x  UXBOCT~IB no rxmu~ec~oro  pacnpe~pm- 

T o r ~ a ,  npegnonamsf, '%TO cnysa&me omkf6~u et n ~ e m  ope u m' p ~ H ~ Y U ~ - H O  amxcenee, UXBOCTUB* H O P M ~ J I ~ H O M  pacnpe~ene 

x e  C K M M W ~ K . ~ ~ O ~  pa~npe~ene110e F(.) ( ~ . e .  F(-0) = 1 - F(x)), ~ K T U Y ~ C K U ~ ~  OIIblT IlOKa3blBaeT, W O  AjUI ~ ~ 1 6 0 ~ 0 ~  C 1160nb- 

nonyu%M: ~ ~ O C O M  o ~ % ~ ~ c I I X I O ~ X  IIepeMeHHbIX 'a npu ~ T C ~ T C T B H M  Cy- 

P(yt = 1) =P(yf 2 0 )  =P(x:P+Et 2 0) 
BbIBOAbl, nOJIyrI%MbIe C nOMOIIIbI0 pmbit- U logit-Mo~WIut, 

= P ( E ~  a -.:PI = P(E. 6 .;a) = F (y) , (12.8) 
, , enwtiellaa no n a p m e ~ p m . f l ,  TO ux 

TTC c ~ ~ H O C T ~ H )  AO HOPMUPOBKU CoRnwaer c (1'2.3); '. , P U B ~ I W O ~ ~  HHT~P~TPW~~IIW'  KO~+&U- 

, , eI%HblX PerpeCCHOHHblX MOAeJIeB. ~ P ~ J ( I I O J I O X U M ,  YTO y 
3weuowue. B MoAairu (12.4)-(12.6) napaaaqbx P u u y s a ~ ~ ~ y r n  peAeJIeHkfrt F ( . )  ecTb I U I ~ H ~ C T ~  P)(.). ~u@@k~eHqu-  
TOJrbKO B BUAe OTHOIUWHII, U He MOrYT 6~1% no OT#JlbHOCTvl UAeHTU- OMY a p r y ~ e ~ ~ y  r (npuao%e~ne JIA, n. 19) o onycrtm 
@UQ~POB&H~I (T. e. O~eHHTb MOXHO JlllIIlb PIC).. n03mMy B ~aHli0M t (HOMBP H ~ ~ J ~ I O A ~ H A R ) ,  IIOJIYVWM: 
my~t+e 6e3 orpanu-x O ~ ~ H O C T U  MOXHO C Y U W ~ , ~ W O  u = 1. 

Han6onee s m  B Ka-rec-rae (PYHic~nti F(.) UCnOJIb3yIOT: 
- @ym;quh C T ~ A ~ . ~ T H O M  HOPM~JLWOM p-enmea: = F'(x'0) p = p(xl p )  P. (12.7) 

, , . , , 

- F(u) = @(u) = - ] e - ~  & npeAWIbHblfi ~&@C?KT K W ~ O M  06aac1in1oqe~ +ax- 
&: , . ., . 

-a, 
@ ~ K T O ~ O E  t = (XI,, . . . jxk)': 

u ~ ~ O T B ~ T C T B ~ ~ ~ I I I ~ I O  M O A ~  HaswBam pmbit:wobenbm; ' ,, o s a ~ i m  3mi4 MOAeJII ,qnx nonysemn npe,qcsanneauz 
- & Y H ~ K H )  norncTEi~ecKoro pxnpeAenemx: ~ e n b - n a ~  a&&e~~e pexoMewyeTcx B M Y ~ C ~ R T ~  npo- 

eU 
F(n) = A(u) = - An% CpeAHUX no nbl60p~e 3HaYeIiUfl He385UCUMblX 

. . : . 1 +,eU 

H COL3 '3BaCTByrO~H)  Mop-b H 8 3 b l B W  i a g i t - ~ ~ d ~ l ~ i ~ .  
:B rBeTe paC&OTpeHH~o8. BbIILIe OHTepnpeTq M O W  (12.3) uc- 

nolrwoBame @ y a ~ m n  nop~a~mtlbro pacnpe~ine~nx  n p e & m x e T -  ) 0 6 1 ~ 9 ~ 0  O C U O J I ~ ~ ~ I O T  
cn AocTaTouao :ecTecTseHnb~~, I Ipn~mesue  @ y a ~ q m  noruC~IeCK0- Ba '10). ~ ~ ~ A U O ~ O X U M ,  
M pacnpeAeJlwKsf BO MHOMM O B ' L X C H B ~  I ~ ~ O C T O T O ~ ~  ~ u c J I O H E O ~ ~  PB 'Ha6nlo~eHPisf yl, . . . , y, He3&HCOMbI. ~ O C K O J I L K ~  yt MOXW npu- 
arru3- npoqeAypbr oqeHuaamx napatderpoa. Bonpoc o TOM, K e  npa~~0110~06kfsf OMCeT 
KYH) M 3  MOA~JIC?~ (plWbit W logit) CneAyeT UCUOnb30BaTb B TOM 

unm OHQM ~ J I Y Y ~ R ; ~ B ~ ~ I ~ ? X U I  ~ O C T ~ T O ~ H O  C~OXCHUM. MOXHO, Ha- 
npmep, sb16paTb ~y ~ o ~ e n b ,  m KOTOPO~ tjinbme s ~ a - e ~ ~ e   coo^- 

B€%TCTBy$04efi @YHK~HH np~g~0110~06vlh. OTM~TAM TiLKrne, q T O  AnB (12.8) 



&s logit-MOAGTIB o i ~ o ' ~ C ~ e h ~ 6 n . ~ ~  y n p o ~ c x .  Ae%icr~hahFIO, 
nonb3yscb nerrco n p o ~ e p a e ~ b l ~ ~ ~ ~ ~ e m ~ o ~  A'(u) = A(u)Cl- A(u)), 
n ~ e e ~  .. . .  , . ,. . 

- y ( w  - A(x:p))zt = 0.;. 
, , . . . .  t 

Y p a B H e h l i e  ~ P ~ ~ B A O ~ O A ~ ~ K E . ~ ( . ~ ~ ~ ~ O )  %L%nEeTcx CKcTehnofi H ~ J I U H ~ R -  
HbIX ((YJ?HOCK'IWI~UO P) YPBBII~LI&~ - B  0 6 ~ 4 e ~  .CJIyqaR HeJIb3R8 ~ f a t f -  

T W  ee m a n ~ m r e c ~ o e  pmmae .u npuxogmm npu6era~b K. suben- 
HUM M ~ A ~ M .  O T M ~ M  wmxe, YTO $p8~1~emne. I E ~ ~ ~ O A O ~ H I I  ecrb 
JIKIIIb H ~ O ~ X I J A Z ~ M O ~  YCJrOBne JIOKUIhROl33 3KCT&XhdYMa. MOXHO IIOKa- 

aaTa (cM., n a n p a h n e p ,  (Greene, 1997)), YTO @a probit- K logit-MO- 
Aeneti a o r a p m & ~ u ~ e c ~ a n  @ Y H K ~ W I I R  11~&~110&06~l la  1 RBNI~TCB BO- 

r ~ y ~ o t i  no P @ y t r r c q ~ e f i  n, a n a ~ ~ ,  penreme ~ ~ ~ B H ~ H P I H  (12.10) A a e T  

P q e H K y  M$KCbMaJIbHOM I I ~ ~ L B A O ~ O A O ~ U B ,  ~adjopa ?iapa.MeTpOB .&. np0- 
qeqyp,~ o g p p w n  , , :  pro6it- K, logit:~ogenep peqqosanhl B 6 0 ~ -  
lukIqC'lT%e COBpeMeKHbuc S K O H . O $ i e T p ~ C K K X  KOMlIbIoTePHbIX, IIaKeTOB. 

. . 



328 m. 12. f i c ~ p e m ~ e  awHewaabce nepMennbte H q e ~ 3 ~ ~ x p a ~ m m e  ~bi60wn 

il'poeeprca zunornes , 

&s, pi&it-, HJIU logit-~oaweq ,nposep~a runol ' r~ o, s p u s u u  orpa- 
HAY- Ha ~03++uqHeli~bl~ B. YECJpoCrU, rUIIOTe3 0 3HaWMOC1'U 
OAHOrO UJIU rpyIlIIbl X O ~ @ @ H ~ ~ H T O B ,  M O m  RPOBOAUTbX C IIOMO- 

q1onI06oro ~ p e x  T~CTOB - Banb~a ,  o ~ ~ i o r u e m s  n p q o n o ~ o -  
6 m , ~ 1 r o x u ~ e n &  Jiarpanxa, paCCMOTpeHHbIX d rnase 10 (n. 10.6). a a s a e ~ ,  TTO ~enepb  H&~XOAUMO O I I ~ H H B ~ ~ T ~  n+ k - 1 H ~ H ~ B ~ C T -  

BO~~ILIYIH&BO ~ K O ~ I O M ~ T ~ U Y ~ K U X  II~KE'MB; B k0*0pblX pee@30B~bI 
probit: Hnm l b g i t - ~ o , y ~ ~ ~ ,  i ~ e r o T  ~dc~oenxib~e u ~ ) o ~ e & ~ b ~  n p b ~ e p ~ n  , 

0rpati~rf ;I3~~ ,$ YK.&HII~M , 8 . . M & O A ~  , . . ~ecTII~~arul{. , ,  ' : , . . eBO3MOXHO CAWl%rb COCTOEITenbHO Ha OCHOBe 7% sa6nm~e~uf t .  . . 

' ,  , . , . ,  uarrorus~o TOMY, K ~ X   TO ~ e ~ ~ a e r a *  B T ~ C T ~  Epeyma-nard  
t)utuh i+~etqi$9hFayu~ , ~ . ,  , . . , 6), MOXHO IIPeAnOnWaTb Ty UJIH HHym @opMy' 3mUCUM$9CT@ 

Kpa~Kv PWCMOTPHM npo6nek,  . B03HUl(aX)LIXMe " 9 U  H ~ ~ Y I U ~ H H I I  P C ~  OT 3K30PeH.HbIX @&K~KTO~OB,Y TeCTQOBaTb ~ U I I O T ~ ~ ~ I O ~  OT- ' ' 

AeKDMpbIX q ~ A n ~ h ~ ~ e ~ ~ ~ , : f i e ~ & t q r r ~ ,  8: O&OB~'&A+ (12.3). no- BEII reTepOCKeAWTM9HOCTa (no~po6nee CM. (Greene, 1997)). 
p p d ~ o e  uwo,&~i~e  am^ ~ a ~ e p l z d a  ~pd6$& npuaie&&i7 goaonb- n. 4.4 M ~ I  ~~CCMOTPWIX n p d n e ~ ~  a c ~ m s e ~ l l r r  cyqeOTBeHmx 

80 C J I O ~ I ~ I X  M ~ T O ~ B  u B~+AU+ 34 ~ F M K H  gVot KHU~BI. Eonee loream ~ i e c y t q e c ~ s e ~ m x  n e p e ~ e ~ a b r x  ws J I U H ~ ~ ~ ~ I X  perpec- 

~ q a + n o  ~ 0 4 b c b 1  ,&~o??I~I, ~ a n p m ~ e p ,  B ( ~ r e e n e ,  '1997) m u  
(~dhnston a n d ' ~ i ~ a r d o ,  1997). 

P a c w a ~ p ~ s a x  pea.ilU3aI&PJIo (12.4), (12.5): M O A ~ . ; ( ~ ~ . Q )  C IIOMO- 

p m  1le1ia6nm~ae~ofi nepe~enaott y*, M ~ I  npeqonarann, YTO oma6- 
K% ei O ~ H & B O  ~ ~ I t p e ~ e ~ l e ~ b l ,  B'T~THOCTU,?~OMO&~A&~~H~I. k13- 
n e c ~ r r ~  (n. B.P~, -TO np'x ~ a p ~ m e n u n  wore YCJIOB&, :T. e. np&nanH- 

I . , Y  . ' 
sltI? ~el'ep0cl(eA&H~~0nk, $ 8  . . o ~ F H K u ' M ~ T O A ~  H ~ U M ~ H ~ U X  KBCL&~TOB 

& ~ R ~ ~ H . N ( , ~ ~ W ~ B O ~ E J X  , , , ,  , pfOAWIRX IIep+T 6bIib # @ ~ K T ~ B K ~ I -  
MU, 80 0CTaIOn:R HecMewenHHwn H cqcm-H@Mn. n , , p w e ~  my- 
sae r e ~ e p o c ~ e g ~ ~ m ~ o c ~ b ,  no06qe roppw, npuso@i~-K EI&p,yureHum , ,  ' 

c o c ~ o s m b ~ o c ~ ~  I a c u ~ n ~ o m a e c ~ o t i  xecMeqennomn. Ha cogepxa- 
TenLaOM ypOBHe 3TO H@TpygHO nOHSITb, HCXOAII U 3  CJle,4ylOIWX ~006- aMHOXeCTBeHHOP0 sb16opa, KOrAa U M e n c R  He:fle, a HecXOnb- 
paxewufi. I Iyc~b  O ~ E ~ K I I  ~ t ,  t = 1,. . .. r , n ~ pacnpe~ene~~b~ .  H O P M ~ H O  TePHaTHB) MOXHO CTPOlZTb II U3yTkTb, 060614a~ II0AXOAh;I U 

c H Y J I ~ E ~ I M  c p e m ~  u rncnepcuahaa otr t = I,. . . , n ( r m p o c ~ q a -  
c ru~ l loc~b)  H n p e ~ n o n o x ~ ~ ~ r n ,  ~ ~ n q n n e ~ o  (12.5'). T o r ~ a ,  noBToprra , . . , !. . 
BbIlUIIW(H (12.6), IIOnY9HM: . , . . 

z i p ,  
P(%= 1) = @ ( : T )  , , , 

BaTemaonb 6uaapm.1~ B ~ I ~ O ~ O B .  ~ O X G H U M   TO IIPOCTWM 

P,qe g(.) -- @YHKmtiart CELHA~~~TBOM HOpMWbKOi'6 PBCnPWeJieHUR~ eP0M: n p e m i o ~ l ~ ~ ,  ¶a H ~ Y Y S B ~  tlb160p .o,q~oit u3TpeX 

- - -- L 



np@eccd: mmenep, ~ a y s ~ b ~ a  ~ ~ ~ O T H H K ,  npeno~asa-. B B ~ A ~ M  
T p a  6 u ~ a p n w  n e p e M e n m x ,  c o o T s e T c r B y m n y l x  K~UKAOQ npocb~cnn: 
yi = 1 n I i m e H e p o B ,  y' = 0 B c e x  o m b a ~ x ;  ys = 1 Ann 
H a y m b r x  P ~ ~ ~ O T H U K O B ,  yS = o AJIX B c e x  O C T ~ J ~ ~ R ~ I X ;  Yt = 1 AJIZ npe- 
~ r ~ a s a ~ e ~ ~ e t ,  yt = 0 A.IIR B c e x  omwmimx. 

Tor~a  B U ~ O P  OAHOB 113 T p e X  U I b T e p H a T n B  MOXHO OnnCaT1. B BWHe 

UAepeBa* X I O c J r e A O B a p b H b I X  pWI?M@, B y3J I aX  KO'TOPOTO UpOUotO- 

PT 6u~ap~b1f i  ~b160p. 

, . .  ' i .. ,. . . :  

p'($L 1) = P ( ~ +  = 0, y S =  0) = ~ ( ~ d  = O)P(V~ = o I = a). 

B r r o c ~ r e ~ ~ w  n p o n 3 ~ e ~ e ~ u n  nepnu! , ! ,  ~ C O M ~ ~ ~ X I I -  . . , : .  oqe~n~a$mx  D 

UepBOM y 3 J E  ( c T ~ W I K ~  BHB), B I ~ P O ~  - BO B & ~ O M  (cTPG~ BHK~). 

0606rqe~ne  TOW MeToAa  Era .cnylrair ~rro6oro snula a n b T e p t r a T m  He 

npe,qcTmxm T p y A a .  

Ogmico y ;A~HHOIW cnocof5a : n o c T p o e n m z  m ~ e a  M H o m e c m e a l i o -  

SO ~ b l 6 o p a  eCTb or1C?L3n~Hb18 HeAOCTaTOX: e A e p e B 0 S  nOmeAOBaTeJ rb -  

HblX P e I I I e H l r ~  MOXIiO CTPOIITg ?o-~&HoM~,  A P&y~Ib~a~k OqeHIIB* 

aYra 6y&y~, w & ~ e  ~OBOPII, P ~ H ~ I M U .  

Apyrot n O A x o ~  K M O ~ ~ X M M H O ~ ~ C T B ~ H H O M  nm60pa c KaqecTBeI i -  

won ~ ~ B I I C U M O B  nepe~eHti0.a ocnosax ~ra n o ~ a ~ i i ~  .cnys&nofi nme3- 
R ~ C T H  ( K ~ K  yme o T M e w m o c b  emme, B probit-.unx l o g i t - ~ o m n x  GKPW 

WIepeMeHHyIO MOXHO MHTePIIpC2TlipOBaTb K&K P83HOCTb none3~e  
U I b T e p H a T U B  1 H 0). 
Tax, n p e A I l O n O X n M ,  q T 0  n M e e T c r r  972 WIbTepHaTnB.  B ~ A ~ M  cru- 

2ltj + ~ t j ,  rAe u t j  - ~ecnyraii~rm c o c T a s n a m w a ,  a ctj - my- 
H C O C T ~ a R I O ~ ~  lTOJIe3HOCTH. Tor~a HH@iBJIAYYM t B b l 6 e p e ~  

PH~TMBY j ,  e m  Utj > Utk AJIR n1060ro k # j. HH~IMU CJ~OB~G 

= j) = P(wj + ~ t j  > utk + ~ t k  V k # j ,  k =I , .  . . m). (12.11) 

W e M  CJryYW AJIX HaXOXAeHnX s T 0 f i  BePOIITHOCTll ~ p e ( i y e T c X  Bhl- 

5ITb MHOrOMePHbIe UKTeI 'pMbI  DO C O O T B ~ T C T B Y I O ~ M  O ~ J I ~ C T I I M  

OTHOCTM COBMWHOI'O paCIIpeA~.!IeHMR OI I IU~OK Etj .-I<&K npaBuJr0 
THOCTUl AJIZ HOpMUIbHO p a c n p e & e n e ~ ~ b l x 0 1 ~ ~ 6 0 ~  Q j ) ,  3 T B  UH- 

bI HeB03MO?KHO ~Apa3UTb aBaJIHTUSeCKU, a MOXHO. JIUIIIb H a -  

eAeJreHMe B O B H A K W  n P A  H3YYeHUU MaKCUMYMa He3aBUCUMLIX 

TpeMWIbHbIx  3 1 1 a ~ e ~ & ) .  Torna MOXHO A O K a a T b ,  ST0 

exp(u61) + . . ; + exp(%,). 



KOTOpaR H X j b i B r n G I  l o g i & M ~ ~ e J I b K )  MHOXeCTBWHOPO ~b16opa (multi- 
nomial logit model)'. 

Cpem 3K30WIiHblX IlePeMeHHblX Xtj MOrYT 6blTb XaPaKTepUCTU- 

KH, 3 a U C X q U e  M n b K O  0% HHAIIBUAYYMa U H e  3aBIP-e OT aJILTq- 

n a m h l .  Ema, H a n p n M e p ,  ansnmpyeTcn npo6ne~a ~b160pa ~po@ec- 
CKU, TO eCTWTBeHH0 BKnK)%XTb B Xt3 T&KLIe @&KTOPM, K a K  B031)WT, 

Y P O B W b  o ~ ~ X ~ O B ~ A ~ P ,  ~ 0 I t U a j r b ~ b l a  CTBTYC W T.n., KOTOPble H e  3a- 
B U ~  OT npo&eccau. B ~ I , ~ ~ J I H M  T m u e  nepeMeHHbIe:  xij = [dj,zi], 
U C O O T B e T C T B y r O ~ M  0 6 ~ 8 3 0 ~  pSO6be~ HeU3BeCTHbIX 

M W B  H a  A B e  KOMIIOHeRTbl: @ = [y, 6'1. Tor~a YESCJluTenb H 3HaMe- 

HaTe j rb  rrpaBO2f Y- a 0 p M y J I b 1  (12.13) ~Y,QT COAepXEITb 06wB Co- 

~ n o x m n a  exp(r :&) ,  a 3 ~ 0  osnaqm,  TO B e m o p  n a p a p d e T p o B  6 oqe 
auTb H ~ B O ~ M O X H O  (neuaenm&~~rw,ye~oc+b). C n e ~ o ~ a ~ e n b ~ o ,  ecnsi 
~ e o 6 x o m i ~ o  ysf?CTb liHAUBnAJ'~bHbIe X$&eKTbl, logi&M0,4eJIb MHO- 

X m B e H H o r o  aa6opa f l o n X H a  6bl~b M O A P I @ U ~ ~ .  H&IIPUM~P, 
MOXHO CYUTaXb, YTb K O ~ & & ~ U ~ U T ~ ~  6 M O r p  38JBUCeTb OT BJlbTeP- 

H a T m w ,  r.e. uqi = yijy +- ridj. B rrpmepe c ~b16opo~  npo+ccuu 
no,qodaoe n p ~ o n o x e H a e  swrmnar  p - c r n ' y ~ b ~ ~ :  npu OREOM n 
TOM Xe' m O B H e  0 6 p a 3 0 ~ a ~ H P  lIOne3HOCTb pa3HbIX ~ P o I & ~ c E I ~ ~  P i t 3 H M  

(npu nposnx p a b l x ) .  
I 9amu B A ~ e p a T y p e  p a c c M a T p m % e T c n  ~ o ~ e r r b ,  Kor,qa 

U 3TY MOAeJIb T a X X e  Hit3bIBaKYT ~0git-M0fieJib10 MHOX<eCTBeHHOrO Bbl- 

6opa. S ~ M ~ T U M ,  r r o  ~o,qena (12.14) ~esmen~x@uqrpye~a, n o e K o n b -  

KY IQaBaJ1 YaCTb @0pMyJIbI (12.14) 3aSUCUT TOJlbKO OT pit3nmB 

'&or@t ( c ~ . ,  mpeaaep, (Greene, 1997)) STY MOAW na31aaxm yoros~ofi 
l o g i t ~ o & ~ b m  (conditional logit model). !, 

. 1 + exp(x:P2) + . . . + exp(xiP,) ' 
(12.15) 

1 + exp(x:Pz) + . . . + exp(x:P,) ' 

WPyJ(HOBEj3,eTb, YTO npli m = 2 MOgeJIb (12.15) - 3TO O~LIYH~SI  

'MOAeJIb ~ U H ~ ~ H O M  ~b16opa (12.3). M o n a  (12.13) lrpsi m = .2, 
C B O ~ ~ ~ T C I I  K O~UYHOB logit-MOA~U, emu B K a v e c r B e  Ixe3aBucu-  

ecTsemaro BEJ~OPB, 11~n11mcst npemono~rtenue o o T U C T H Y e -  

HhIM, eLXW CpeAU 'WlbTepHaTUB efXb AOCTaTOYHO ~J IEIKU~.  'K&- 
ecmt n p n M e p  T~K~B.CUTYLLUMH, C o A e p x a q z l t w t  BO miornx KHU- 

o6unb). ~ Ipeqonomm,  qn, B ropone c y q e m r t y r m  me KOHKY- 

m e  T p a w c n o p m w e  K o M r I m t m ,  ~ ~ ~ A O C T ~ B J I Z I I O ~ ~  npmtepno 

?:). C n e ~ y e ~  OXHAaTb,  YTO nOJIe3IIOCTU 3TWX ABYX W b T e P H a T U B  

O¶HO ~ J I E ~ K U ,  YTO BCTYnaeT B IIpOTUBOPeYUe .C Pix ae3aBUCCfMO- 

:Ha 3TY Xe n p 0 6 ~ l e M y  MOXHO IIOCMOTpSrb HeMHOrO UHBYe. E13 

P(v~ =j) - =P(w~) - 
p ( ~ t  = k) exp(utk)  

YWIO HXjBaJIUe ffHe3aBUCUMOCTb OT IIOCTOPOHHUX aJlhTePHaTUB* 

I 
ependence of irrelevant alternatives). Ecnw B I I ~ ~ M  n p n M e p e  

, YTO IIepBaff W b T e p H a T I I B a  - 3&J J IF lY~6 l f i  ~ B T O M O ~ U ~ ~ ,  a 



B T O ~ M  - UKPBCA~IB a s d y c * ,  TO o T H o m e H u e  P(yt = l ) / P ( y $  = 2) 
AOIIXHO 6bI~b OAAO U 'ZO ;Ke, He3aBUCXMO OT TOTO, m e T C Z  T p e T b e a  

~ ~ T ~ ~ A ~ T X B O ~  UcUHUfi ~ L B T O ~ Y C ~  U n U  MBTPO, 9 T O  BbII'JIXAUT BeCbMa  

r x e p e m u c T l r y H o .  

Bonee ~ O A ~ O ~ H O  0 logit-MOR~~U MHOXeCTseHHOrO ~b160pa MOXHO 

npovecm B xnure (Greene, 1997). 

B b 1 6 n p i ~ 1  B KaxieCTBe &YHK~UYI  F(.) @YRW HOPMaJllrHOM U n U  JIO- 

IT4crH~ecffOM p a a I p e A e J I e H a a ,  6 y A e M  IIOJIyTaTb IIOpXAKOBbIe probit- 
l ~ g i t - ~ o ~ W I l i .  

@ y m ~ u a  npa~~ono,a06~11 u M e e T  cnepmxa  mu (cp. (12.8)): 

C l ,  Cz MOrYT 6 b l ~ b  aIIpEOpHO W&Hbl, a MOrYT 6b1~b UeU!3Bi?CP- 

t- Unn ~ 0 g ~ t - M o ~ e J I e f i  MOXHO CTPOUTb 0IJeHKU MWCUMaRLAOrO 

A O ~ O A O ~ U R  napmeq io~  P A, @nPi ~eo6xo&uMo, q, cz. 

b -M = ~g < CI < ... < %-I C % = M - ~ T O K  H a  YUCJIO- 

MOR, u (CKP~IT~SI) n e p e M e I i n a g  y* Y m B n e T B o p x e T  y p a S H e I i u I o  

Y ; = " : P + ~ t .  

' .  : P(yt = j) = P(C$_~ < y,* $ cj), j = 1,. . . ,m. 

$yt = j) = F(ci - xi p) - F(cj-1 - xi p), j = 1, .. . , m, (12.18) 

F(.) - &YHKQUX pacnpeAeneIiua omu6~u'&t .  npe~nonaras BW- 

O C T ~  O D M ~ O K ,  I i onyx i aeM cxenymuee ~ b ~ p a x e m e  AJIR ~ Y H K W U  

L =  n n (F(cj -.xi P) - F.(cj-1 - xi P)). 

T. It.) peI'yiInpH0 I I ~ ~ X H K ~ I O T  P ~ ~ ~ T u H ~ u  H~A%KI~OCTU ~ ~ I ~ K O I I .  %UM 

eTOWKU, WKOTOPWM 3TU ~ ~ ~ ~ T W H T U  CTPCIXTCII, IIlUUfKlTCR 3aKPLITLI- 

.U, KaK npanuno, U C U O J I ~ ~ ~  3KCIIep.mbIe OqeHKA. BO~HIIK&~T e C m  

eIWib@l BonpOC, MOXAO h CS.SI3aTb p e f i m r  ~CLHKB. C TIOK~3BTenIIMII 





TO B m y  (12.22) omu16~a ut uMeeT cpennee snaqerine aX(ct )  a nut- 
nepcnm (12.23).  TO 03namm3 qm, npahamm K ~ o ~ e t r w  ~ e r o ~  tiau. 
MeIibIUHX KBaApaTOB, MbI 6 y ~ e ~  nOJIYHaTb CMeqeHHble II HeCOW- 
TeJlbHbIe OIJeHICEi IIapaMeTPOB B. 

K ~ K  u paabme, ~ n r r  nocTpoews c m - ~ b l ~  oqe~or  MOXHO 

BOCnO~OBaTbWI MeTOAOM MaKCEiMiWlhHOrO n p a ~ ~ o n o q 0 6 ~ ~ .  C0l 'n~- 
HO (12.19) IUIOTHOCT~ pacnpeAeneHua cnysatt~oCt B ~ R U Y ~ H ~ ~  yt B ype- 
3-09 ~bl60pKe eCTb 

egoswtne ~ocTa~~swuma ycno~atf (12.27), (12.28) m i  Ma~cu- IF WUU @YHKWU II~XIAOIIOJ&O~J~S (12.26) 5lBJISIeTcZ BeCbMa CJIOX- 

Eswaqefi a sMxDAuT 38 pama ~aprefi KI*mx. 
: o ~ e p m e ~ ~ o  aHarromsHo M O ~ O  p a c c ~ a ~ p m a ~ b '  ~ o ~ e n n ,  B xo- 
ik ype3ame q ioucxop~ ' c  noMoqbIo, ycl~osnfi 1 ~ t  < a unn a < 
B. 
hTO& MaKMM&TLdIOrO npan~ono&06ux OV6WisWUS MOAe- 
? . F & H H b I M U  B ~ ~ ~ O P K ~ M U  peama30BaEI BO MHOPHX COBp8MeIIHblX 
?MeTpPPieCKEiX KOMnbXOTepHbIX IIaK-. 
I , ?  

typuposannwe eu6opmr. Tobit - ~ o d e d a  
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n0Kyn~11). &K. T06m 3WeTHn, 9TO B T~KOB CllTywHK OCyLqe- 
CTUMTL perpeccnlo norapn+~a pacxoAoB Ha norapu+~  AOXOAOB, TO 

oqema 3nac~nw1oc~n cnpoca Ha ~ B T O M O ~ H J I H  no AoxonaM o K m e m  
c ~ e q e ~ r i o f i  vr ~ e c o c ~ o ~ ~ e a b ~ o R ,  H npewomnn MeToAbr m c ~ o x ~ r n b -  
HOrO 04eHRBWUX. C y ~ b  MOAeneB C UeH3ypWpOBaHHeM COCTO11T B TOM, 
YTO AJIX YWTn H ~ ~ J I ~ O A ~ H & &  B3BeCTHO He *UCTUHAOB% 3HaYeHMe 3 W U -  

C E I M O ~  n e p e ~ e ~ ~ o t t ,  a ee ycesemoe 3 ~ + ~ e ~ n e ,  onpeAensehnoe ypoBHeM 
qe~3ypnpo~rurna. 

M O A M ~  (12.29), (12.30) Ha3bIBaIOT tob%t-~o&(WIb10, COCA11HXX B C?C3 Ha- 
3smnn nMx Tobin n ~ e p ~ m l b l  probat, Eogit. 

H a t i ~ e ~  'E(yt), npeznonaraa, YTO O I U I I ~ K ~  €6 D (12.29) nMem 
HOpMaJlbHOe PMnpeAeneHHe C HyJIeBbIM CpeAHnM M AnCnepCHefi g2. 
k l ~ e e ~ :  

E(1~t) = E(vt I Y: < O)P(yf < 0) + E(yt 1 y; > O)P($ > 0) 

= 0 . P(d < 0) + P(et > -2: @)(xi P + E(Q 1 et, > -xi p))  

YTO B 0 6 m e ~  UQ'YaR He pmIi0 sip. B TIOcJICAHeM PWCHCTBe Mbl  BOC- 

UOnb30B&JlnCb IlepBblM PaBeHCTDOM 113 (12.20). ECJIH TeIIepb IIpOBeCTll 
perpeccnm y na x 

Yt =x :p+u t ,  



P m e ~ c ~ ~ o  (12.35) noKmmaeT, .I'M u3MeHeHEe B X ~ O ~ ~ H H ~ I X  @ ~ K T O -  

PO8 IIpUBWT K U3MeHCHkDO K a K  yUIOBHOr0 CpeAtrerO Be-JIH& y* 
B U O J I O X ~ T ~ J I ~ I ~ O ~ ~  O~JIXTM ee pacnpeAeneHna, T&K u BepomnocTu 
nouwaHna IP 3 ~ y  Y~CTL. pacnpeAe8eHuR. 

'Ann ~ o ~ ~ ~ - M o A ~ J M ,  TBK x e  K&K m a  probit- u logit-haonenex%, cy- 
aecTBwaym pons u r p m  n p a ~ u n b ~ a s  ~ r ~ e q u c l x i ~ s  MOAWIH; pac- 
cMoTperiue rrpo6~1eid, B O ~ H U K B I O ~ X X  B cnffjn c omn6~ami cnequ+u- 
K-, MOWIO H ~ B T U ,  HanpuMep, B (Greene, 1997), (Johnston and 
DiNardo, 1997). 

A1i-WYS paCCMOTpeHHy%O B IIPeALlWaeM p&3&WIe ~ o ~ ~ ~ - M o & ~ J I L ,  

~ r e ~ p y e o  06napyxu~b OAHO ee cymcmmioe orpmurenae. Hadnro- 
Aenne yt = 0 ~ o m o  uriTepnpmuposara  ax O T K ~  u q m w y M a  t 
OT y9aC.TUS B *MePOIQKPTM~B (~LUlpEl~ep, UOKYnaTb - He IIOKynaTb 
~ U % T O M O ~ U J I ~ ,  pa60mTb r He pa60~itTb U T.u.). Emu xe yt > 0, TO 

BeJUPiwHJ' yt MOXHO Ha?BaTb EIHTeHCUBnOCTbH) YYWTPLa (piXi0,qH Ha 
IIOKyIIKy, WCJlO ~ L ~ O ~ K X ,  YWOB B UWWIIO U T. n.). H-Y~AHO nOHSITb, 
K'M B tob i t -~0~e .n~ OAUU U Te Xe @~XTOPM BJIUIIIOT KaX Ha BepWT- 
HOCT~,  m~ n m ~~IFLVHCIIBIIOCT~ yqacwx. 

IIpemonomu~, w o  ~ l ~ r a  ueKmoporo Cpaxmpa zj oomnen;~ny~e 
UU& K O ~ @ W U ~ H T  6onbqe Hyjm: Rj > 0. yBejrUseuue 3TOM 

@~KTOPL 6 y ~ ~  IIOBbILUaTb BepOXTHOCTb y9aCTUII H B CpeAneN yBWU- 

YUBaTb UHTeHCUBHOCTb YY&CPWH. ~ H T # M M W  CJIOBBMN, C TOWH 3peHUSl 
U3MeAeHUS BepOxTHOCTw H ~ ~ T ~ H C U B H O C T E ~  y9XTUB ~axc&brP +%TOP 

neilcmye~ *B O ~ O M  HanpaanenuuB. ,411s Mnorux m~yaqult TaKoe 
npeqnonoxeHxe onpa~ario. Hwpw~ep, npn noxynKe ~ B ' M M O ~ U ~  

1TOJI~blfi AOXOA CeMbU MOXBT OKWBaTb no.qo6~0e B O ~ A ~ ~ ~ C T B U ~ .  On- 
u a ~ o   ax 6b1~am AaneKo Iie BcerAa. IIpo~mononox~aa CUT~ZLQUX 

uoaiuxae~, Harrpmep, npu mmn3e pacxoao~ ua mawx. Toxxa xo- 

TBo p.e~efi B ceme OTpunaTenbno BnuaeT qa npmarrae peme- 
nocs3prce. B mnycK, HO. e m  TaKoe pemenwe ~ M R T O ,  TO  TOT 

a ~ ~ o p  o ~ a 3 u s a e ~  nonoxtlmbnoe ~03~eficmue Ha ysenusezue 

6~ IIpeOflOJIeTb 3TU OPpaHliYeHUSI, PaCCMOTPUM MOAeJm, B KO- 

il lipuiimne pememp eyqacrrroB,aTb - He yYacTuouaTbB u onpe- 
Hue wueau  yvacTux PaAeneIm M MoryT 3aucerb OT pa3~b1x 

pwnonoxnM, Y'M seniiwi~a y: yAoanemopzer ypmaelwro na- 
HOB' perpeccuw (c~enenb y ~ a ~ u n )  

y; = + Bt . (12.36) 

eHNe *YY8CTBOBaTb - He Y 9 & C T ~ ~ ~ a ~ b %  OIMCbIBaWCSl 06b1'i~0P 
m 6u~apnoro ~1~60pa:  

gt = 47 + ut, (12.37) 

g t = l ,  ecnagf20 ,  
gt = 0, ewrx gF < 0, 

(12.38) 

Yt =!it, St ='I , .  . euragt;BO, 
yt He ~a6nro~amc11, gt = 0, emmi gr < 0. 

(12.39) 

He' H O ~ M U ~ O B K H  B probit-MOA~~~XX. 
OAeJIb (12.36)-(12.39) H ~ ~ U B S T ~ S I  M O ~ W ~ K )  X e ~ ~ a r ~ a  (Heck- 

sTa MOR~JEX ns3maerrn Tanre sample aelec- 
Y I ~ T  ~ c p ~ ~ i l i b ~  MORWI~ tobit I1 U, np4qw1)Kaa 



:B~IYHCJIUM cpewee 3 ~ a ~ e m e  BWMYHHH yt (npu ycxoBau;~~~.oHB 
.xa6~1m~ae~a) .  I l pe~sapu~enb~o  ~ ~ M ~ T I I M  ~ C M .  pnpaxt~erime 12.15), 

, , , , . .  
YTO 

0, 
Et = -Ut + Vt = 0 e v U t  + Vtt (12.40) 

ui. , , 
' I  

npuTeM E(qt) = 0, u Benmnnw ut u q ~e3amicuia.I f ~ i a  CwoMZeae, 
nepsoe cn&Moe' B npa$oR ' lac~u (12.40) - STO ywo~i~oe  c p w e e  

8 ,, 

E ( E ~  I tit)). H M ~ ~ M  
, , ,. ' . , , . 

E(yt I gt = 1) = x:P + E(et I-gt = 1) 
= sip + E(€t I w 1 - r h )  

B nOCneAHeM pasekcme MbI B O C I ' I O J I ~ ~ O B & ~ ~ C ~  COOTHOIlIeIlUSIMU 
(12.20). . .  . I 

'If3 pasacma (12.41) C J ~ ~ ~ T ;  sm IZpnMeneauc O~HSHOI'O M I ? T O , ~ ~ ~  
H a B M w I l I U X  ,. KBwpaTOB K , @ $ A I o ~ ~ ~ H u ~ .  Yt TuBwF, B 0 6 w e ~  Vy* 
Y q ,  K CMelqeHl%?MO!??Hy, n@PwqPOB P. Ecp.*e f ~ p  qt .T.e. 
KOI?J&M~X&U~M Rbl60pa u c~eneHfr y~ac iua  H W & B U C ~ ~ ,  cMeqenue 
OTCyTCTByeT. B~ITATuHY (P(%{T)/@(%;~) 8 (12.41) 0603HaTam~ X(di7) 
u npbInamT an5iM6~a X e ~ ~ a n a *  (Heckman lambda)'. 

Q ~ ~ M ~ J ~ H O  ~ ~ & o ~ ~ H H E . I &  nepe~enhble zt.'ii 02369; (12.37) MO- 

I'YT 6bl~b .. , I  nPOK3BOJIbE,~M~., 1 .  . . OAHaK(I B pevbEqX MOAW?X, KaKnPmU- . . ,  . (  

no, ka60~  +~KTOPOB, C O ~ J : ~ . $ W X , ~ ~ ,  B K ~ T T ~ ~  g zt:. :,., 
~ a c c ~ m b u M  T u h u r n ~ ~  npuMep, n y d ~ b  .wx ~ ~ ~ ~ e c y e ~ ,  ;OT yen, 

~ & R M T  , . 2'- y c ~ + ? a e i c p  ~ip~~aTa.'~~~pppn9'KU~,, 7:~ i a ~ -  
.mam wf ,  n p w a m M m  na p b I n K e ' ~ ~ , ~ ~ a ~  , . ,  , Y A O B J I ~ O ~ ~ ~ , $ H ~ H , O M Y  . . . . 
ypmpeu1110 , v  , q W o R  p e ~ p q k ,  , .  , , , . . <. , .  . .~ , 

rAe s t  - sx30rq1iwe, nepe~ea~b le  (no3p,aq, ,. ,bran< ' ~ S Q T ~ , .  ,+cur. 
a6pmo~mim~ u T. a m~ y paspeme npe~cmr&e~r rJraBw% aHTt?- 

pec &JJI HcCne,tto~+~ean. npu oq&iusw&ifn j+Qa~kYB!i&id ( 1 2 . 4 1 ) - . ~ & ~  

no, YTO ~ J I S I  rex, KTO Iie p a 6 o ~ m ,  skmmuna ur; ne 1ia6nm~am- 

nTmr pe3epBHoB 3apnna~b1 (resewation wage) (CM. (Gronau, 

p o ~ a b  s a p n n a ~ ~ ,  KOTOPMB U H ~ ~ B U A Y Y M  auTaeT AJIWIII ce6n 

- na6op U H A U B ~ , ~ ~ ~ ~ H ~ I X  xapamepumm. Tor~a ,  0603na~an 

. . 
YM t p a 6 0 T ~  II, UIeAOB.aTeAbHO4 BWIUYHHa W: Iia6JIIo~a- 

a, conepmaT nepe~emibre xt u ewe aercmopbxe AononnnTejrb- 

EIO CTHTaTb, TN omn6~u Et U E l t  ,HC..aBIICEMbl, 1103TOMY B 

0,M chytIae Ue, = Ctnr(€t,Et - ~ l t )  ' 62 > 0. T~XUM 06p&30~, 



 TOT npuMep nOKa3blBaeT, ¶TO B 0 6 w e ~  U I Y Y W  o r n a 6 ~ ~  B YpaBHeHufix 
Bbleopa EI UHT~HCEIBHOCTH YYXTEIR K O P P ~ ~ + B ~ ~ I -  . 

O q ~ ~ ~ a ~ b  M O A ~ ~  X e ~ ~ m a  MOXHO c noMomm MeTOAa MUCa- 
M a n b ~ ~ r o  npa~ono~06urr. 0603HaYX~ MO MHOXeCTB4 TeX t ,  
T ~ p u ~  gt = 0, H MI, - P,$aO)f(eCTBO TeX t ,  Rnfi KOTOPVX % = 1. T ~ r ~ a  

, , , , 
n o r a p ~ + ~ u q e c ~ ~  +YHKI(~R npae~ono~o6urr uMeeT C X ~ A Y * ~ ~  BHA: 

apn@~mrecrcog . + y ~ x w  npa~&ono,qotj,~ g+m~ MOAW X ~ K -  

N M ~ ~ e ' M W € M a  WKGEMWbHOM I I ~ ~ U O A O ~ H R  ~ I V ~ B  oqmw 
rAe. f (gt ,  ggt = 1) - COB 
Hcnonmyrr YCJIOBHbIe pacnpeAeneHUa, nonYTwM mqett &opmym (18.44)-(12!47) E ~ocnopymuym M ~ K -  

nepemcaTb TaK: 
, . ,.. 

l(p,-l,a:,um) = Clnp(gt = 0) 
Mo 

aerpyaab npehepx&, dnru;6~ vt h r e e ~  HyneBoe &&M$ 
,., .. ! OWSqaWkIe U U~KOPP~JM@OB&$ ''2 dt, rt. n&$OMy &&a 

I W p - b  .HecMeul=mae R C Q @ Q w T I e  .c&ei~ff  rrapa 
II .P+ Qap~hdwpb~ y ~ w . & ~ t ~ b l ,  HO I& M-W e m  

UP). no- W E  0VeHK.R B M W  7 3 (12.48)' H WX3- 
'MWW H~YLM-IIIUX KwaTos ,  MWKHO n o q ~ a T b  ~ c T O ~ .  

a ,qacnepcueB B WWV. (Greene, 1997)).,. .m60 + ~ C P O J I ~ L O T  MHK-oqo~xn 
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Modenu rspwerru wcwnus Ass q e ~ r o ~ e ~ a  HWYT P ~ ~ O T Y ,  o m  B ~ e ~ e u n e .  ~ p e x  MeCmeB, 

JJ,emypapo~anne .nnn ype3aIiae Ha6JIm~e~Kfi eCTeCTBeHHwM O ~ P ~ ~ O M  
2i - TeqeHue n"nyro&a. Koro us HUX I U ~ C  H&Tn pa60Ty 
m e  6~1uxa~mefi HeAena ~ m n e ?  

~03anKaeT npn I & C ~ J I ~ ~ O B ~ A H ~  ~ J I u w ~ H o C T Y  K~KoN)-JI=~o UPOrlecCa, 
BpeMeHn H&XOxAWHfI B K ~ K o M - J I ~ ~ ~ o  cOCTOBaWYC nepnOA ~ ~ ~ o T K ~ ~ H o F  K a ~ m  3&acTo~Ka 6oaee BepOXTHO 3aKOHSnTCZI 3 a ~ p a :  m, q ~ o  

p & o ~  n p h p a ,  BpeMff XmHH II&qEleHT& nOcJIe TPaHcnnMTnN Yxe M q ,  XJIll Ta, YTO ~ J I a r n  mew nege~mo? 
aMemM, ST0 a3 (12.49) nerxo cne,qreT, 

cepma,. IrpoMexcymx Bpekiem Mexpy A B ~ M R  apeCTiLMn pe4X~mN- 
nepvrofi 6qa6oTnqbl, AJillWJIbHOCTb 3a6aCToBK&i Si T. n. M o ~ m  

noao6wbrx ~ B J I ~ H ~ B  IIWHBQOT M O A ~ I I B M J I  ~ B P W ~ T ~ U  ~ ( c w ~ u ,  (durn- 
tion models). Ecnn K Mouemy ~ a 6 n m e n m  npowcc ae m e p m m ,  
m.m.moe 3n.a.1eme em mqTenbnocni HeU3BeCTHO U O H ~  nemYPaPy- 
eTW MOMeHTOM H&JIEOA~RUR Hnn Xe 3T0 H & ~ I O & ~ H H ~  UCKJlX)YWn(:R 

m ~ ~ C C M O T P W R  (yp-e). 6onee WcTo B MOAenxX ( B ~ ~ M ~ H U  XU3Hn> cjlyya&ofi 
Mo~enn anpeMeHu xman* yxe B Teqenne H ~ C K ~ ~ B K U X  A ~ T ~ D  

UHW P%CMaTPUBaIOT pacnpe~ene~m 

T. mYqam~cx B TeWnKe,.MeAuIVrae, ~ e ~ o r p a 4 a e .  B wx@MnKe 
KCCJI~AOB-e Ra9WDCb CPBBHBTWbHO HeA&BHo ((Lancaster,' 19741, 
(Lacaster, 1985), (Heckman and Singer, 19841, (Kiefer, 1988)). 1 - F(t)  = e-At" X(t) = A a! ta-1 

Ey~eM C¶nT&Tb BBpeMX XUBHII* U3YYaRMOI'O 06'bexTa C J I Y U ~ ~ ~ O ~  
noracTnsecKoe 1 - F(t)  = 1 

~-qnrio$j B 06031iaq8~b 7. OAHOB U3 OCHOBHMX I3WORTHOCT-X X* X(t) = 
A &(At)+ 

puwpnc- T BBJIR~TCZ~ U H ~ H C U ~ H O C ~ ~  omswqe HJIU ~ 0 4 4 ~ ~ -  1 + (At). 1 + (At)" 

enmwepmwo~mu (h,hzcrrd mte): . . > 0, a > 0 - napa~e~pbr pacnpe~me~ntt. IIo~a3aqtenb1~0~ 

PO) eAeneHne flBJlxmcR 'faCTHWM CJIy9WM PXIIpeAeJIeHIlx J3etf6yJr- 
X(t) = 

1 - F ( t )  ' xapaxTepu3Y~ noc~oxm0B HHTeHCEBHWTbH, OTKa3a; 
pat- 

rAe Fc.) - +ymqusr, a p(.)  - nncunromb pacnp@Aenemx T. @YHK- 
enus Bea6~ma +Y=K~EIX X(t) B03PWTaleT IrpU a! > 1 &.i y6b1~& 
a Y n O r - ~ ~ ~ ~ ~ ~ e c K o r o  paEnpeAwIeHurr UlITeHcnBHoc~b 

qnm (12.49) Ha3bIBaIOT!mKXe 06paWam mnoulenue~ M w m  (in- cHaq=a Bo3PaCTaeT, a s a~ew y6b1~m. o y e ~ u ~ a m ~ ~  &- verse ~ i l k  ratio). 3 ~ a  + ~ ~ ~ q u a  yxe ecrpexIanacb pMee (12.19). O H ~  
n ~ e e ~  c~repymq~fi c~wcn: K MOM~HTY ipeskem t npoIIecc enle 

OB a B Y C ~ O B ~ ~ X  ~ ~ H ~ Y P U P O B ~ U P  Ha6JIlogeu& M O ~ ~ O  BOc- 

B a T b ~  MeTOAOM MmCHMiUlbHOrO ~ ~ ~ B A O U O A O ~ ~ R , , ~ H ~ O ~ H O  
3mepmnm, T.& 7 > t ,  TO BepOXTHOGTb W0 OXOHYZ%UBR B TeqB 

Hne ~ e p y ~ o ~ e r o ~ . B ~ o r O  npoMeMyTKa BpeMWn ht eCTb ,X(t)A't, ¶To 

onpa9mBaeT XWB-e &YHJCIIRA A(.). B MOflW3JX 6BpeMeHU W A ~ H U *  Her(ef13YPuPoBmx HdJ7m~eEUi8, a CO - M H O H ( ~ C . ~ O  q-13~- 
&k6omruHit nwrepec npeAcTa5nrre-r m e m o  ~ W % . + Y H K ~ ~ .  BOT TU- 

B~~ 1 l a 6 m ~ e ~ n a  (Uncensored n Censored Observations), To 
n m u e  aonpocbl, O T ~ W ~ I  ua.mmpbte B B B E ~ T  OT noBeaema @ Y H ~ -  ra~n&Maqec~og ~ Y H K W U  ~~P~BAOIIOAO~EIR  HMeeM cne,qrmqee 
qnu EMWHCKBHOCTU O T K ~ B :  

- OAUH IIaqueHT c nepecaXexHbIM cepgqeM npozsn nome One 

, . 
YMepeTb B Teyenue 6nnxahmero rona swrne? 
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Elnor~a yno6~o s a n n c ~ ~ s a ~ b  norapu+~nsec~yro & Y H K Q ~  II~BB- 

~onogo6uX, lrCUOXb3ySI &yHKI(UK, E~T~HCUBHOCTK OTK&IOB A(.): 
K-FTe BorHY'mxb (no P)  norapu&~usec~oa + Y H K ~ ~  npaAp 

l =  lnX(ri)+ c '  ln(1'-F(TL)). wrr l o g i ~ ~ o ~ m a .  
i€COUUCO 6EUCO 

BO B m p o ~  c n a r a e ~ o ~  cyMMxxposa9ae 6epe~cn no sceM u a h o ~ e n a  
XM. 

B MOAeJIE UBpeMWE XU3HED HeTPYW BBeCTU 9K30EHHbIe nepe- 
MeHHbIe. IIycrb usipe~a XU~HEIV UMW pacnpe&enealre BehCjyma, u 0.768 2.911 0.461 0.000 ' 0.678 0.000 

ecl.b qa6op z = (xl, . .. , xk)' o & b ~ c ~ r r r o ~  n e p e ~ e m m .  IIpemo- 0.000 1.233 1.868 0.709 0.000 o.000 

n w m  ~ e - o l j ~ ~ )  ( P ~ H ~ O I I ~ ~ L H Y K ,  ~ ~ B U C U M O C T ~  n a p a ~ e ~ p a  X OT. 1.010 0.@30 1.422 1.543 4.411 2.385 

(' - HOMep n a 6 m ~ e m s ) ,  H n O A w R X  2, HaUPUMep, Xi = e-'iB Z 0.000 2.487 3.469 1.778 2.931 1.283 
~ T U  31ia'1em B ypmuenne (12.50), ~omHo nocrpomb oqeHKw M ~ K -  0.000 0.060 3.198 5.546 1.546 4.680 
cnMaJmnoro npas&ono~o6ua napaMeTpoB P. noapo6~ee o npo6ne~e 
u~~epnp-u KO~&@H~E~~I<TOB CM. (Greene, 1997). 

Ynpaxae~m . . 

12.1. n o x & u l w ,  y ecas cpega perpeccopoB nnae8aoil M O A ~ J ~ K  oeponp 
AOCTH m u  logit-~Oftenw e c ~ b  ~cmcri+ca, m cpwee  3nwenne n p o I i u ( ~ ~ b ~ (  
~eporrm0~1;eft pwno  one emnmq BO ~ c e R  A p e  a~~acmoik nep.~en%ioR. 

12.2. Ao-~e paewc~na (12.20). Y z z 
(ysmawue. ~ o ~ m ~ ~ i l ~ e c b  ~ ~ ~ H C T B O M  @(u) = -u~(u) . )  0 0 0 

123. g o ~ a m u w  PWCTBO (12.33). 

12.4. n p ~ ~ e p b W  CIIpaBW%lUBOCTb IIpeg-JIaIRII (12.35). 

12.5. P ~ C C M O T ~ ~ M  ~o~enb6u~apFIoro sblsdpa P(yt = 1) = F(ol+Bdt), TAe 
d - +n~mi~uaa  nepeMennaR (nprhiu~mrqas 3naYem 0 urn 1). W e  
npenc~&pe3ynbTam 100 naGnwema: . .  

. . 
. . 
, 

. . 

a) Oqeurrre napwe~pbr a, p, ucnmb3ye logit-~o~enb. npmepbm rn- P m ~ a x  nseegnoit MOAWIN ~ e p o r r r u ~ u  P(Y = 1) = + pz + yz 
n-y m. @ = 0. ' * ~ Y ~ ~ W ~ R ~ Y U M O & ~  BJlKRKUX z 11a y. 



12.9.3,anmure&y~w1110 II~~BAOIIOAO~&P&!IX . O ~ ~ I I K H  napaMeTpow(P, 02)  

MOAenU 

8 8 ,  
rue. IIo~a%uw, w o  npu n ~ o t i o ~  x sblnonnexo Ixeparienmo x + 

(u:- H ~ H ~ ~ J I K ) & ~ ~ F +  nepenaeasai);. Y: ' zip + E t ,  (2) > 0, W ~0CnOJIL3yfiTe~b BTMM &&KTOM. 
' 4 

Ut = ~ { y : ,  4, r ~ e  c # 0, Ec = 0, V(E) = a21. 
., , I 

' \ 
12.10. ~ Y C T ~  1/; = P I  +&31t2 +PSXLS + ~ t ,  w e  ~t N(0,a2) n u t  n ~ a n x -  
CKMbI. 0, B IIPOTUBAOM oIyYa6l, 
1) Bu~apHaR nepeatenam d onpeAenseTylaoztyxotqn~ 0 6 ~ 8 3 0 ~ :  

I I '  1, ecnii yf .> 0; 
H&AWT~ n o r a p n & ~ m e c ~ y ~ o  &yn~lytlo npawonoAo6un Asla oqena- 

dt = ;. 
0, d nporuBuoM cny~ae.  

{ '  
yaqrr BeKTopa p. Rnnsmn nu 3 ~ a  @yr i~qm norny~ofi no p? 

peAnonoxuM, YTO BLI oqenunu nemop p, wcnonmya pmbit-M~Ae.nb, 
. . . , , , 

a) ~ m n r a m e  ~eponTHocra mro, YTO & = i, *K +YHWIO nepeMeH- 
H h M  xti 

, $  .. . . . , '  . , ,, 

6) K w p  napwe&=' BY ~ ~ , a r ~ e n n I I T h  no MJIIOA-RM (z**,,dL)? . ~ 

B) H & A ~  euppamcsue MR a c n ~ n m r w ~ e c ~ o f i x a T p ~  Konapuaquti 
O ~ ~ H O K  ~aXeuManbv?ro rrpan,qono,qo6n~ B WOM mynae. 

. ,  ! , . I ,, ,! ,,: ~ ,,.',,". , . ,, ,: . 1 
I-) BLI XOTUTf? I ~ P O B ~ ~ H T ~  ~HIio~e3y, TM ilepl?MeHHaX Xn He3Ha4WMa. 

Onnum~e npoqepypy nponeprtn 3mfi mmb~ c ~ O M O I ~ K ) .  WCTB 03 
:: , , 

~oraen,nrr h p ~ ~ o n ' o ~ ~ u ~ l  an, emu 1Jt* 5 az. 
. .  . ~ 2 ) n y c ~ b  .. , ,, ... I 

i Ha%,qrre pacnpweneme yt. 
y'= I",! > 0, 

0, B IIPOTUBHOM CnyYe. 

a] KFmie naPaMeTpb1 MOFHO OqeKUTb IIO H ~ ~ J I I ~ U X M  (x*, ye)? 

6) Ha f im~e  nwajgeme AJIR npe~e~~buoro  s&.&ema +axmpa x13 &!IS '. ~ o ~ & ) I ( M T ~ ,  YTO B (12.40) eJIyr~a.ft~ble BeJlnynnlrl ut w 17,. H~~ABUCWMLI .  

U t  y:., 

B) I Ionro~me IIPO.U6!WpY IIpOBepKU rUIIOTe3~. , ,0  Hl3RaYUMOCTU Zta W 3  

n. 1 r) B ABHHOM CnY'Xae, KaK0ti K 3  yrHX A B ~  T e e m B  BbIrnXjTZiT AJIB 

sac 6- ~ ~ ~ A ~ ~ O Y T U W ~ ~ H L K M ?  . . ' ~ ) a c x o p y ~ * ~ - ~ e a ~ r u  ria OTW. B ~ a u t e ~  cnyqae v3 = 0 W R  22.5% 
. , 

IQAennfi. B BTOM pX3AeJ1e Mhl  PaCCMOTpWM MOAWIU 6 u ~ a p ~ o r o  B& 

IZ.IYI',Z(~HO n = nl + a2 + ns ~a6nm,qeIfn$ ne$yc&x y. &mcino, oTReTa aa  Bonpoc, TpaTMT K ~ K H o H U ~ Y A ~  CpeAcrna tla OTALIX nnu 
YTO m n  nl  na6mne~nfi  y  = 1 H x = 1, .I@R nz ~abrrI0~eHufi y  = 0 h x = 1, HOpMpyX W H & O P M ~ ~ O  0 pa3MepaX BTWX 3aTpAT. Mbl PaCCMOTPUM 
ma ns H&IOA~HI@ y 3 . 0  u x = 0. ~ O W T ~ ,  YW KBK a ~ ~ , . ; l ~ g i t - ,  'TW t o b i t - ~ o ~ ~ b ,  B KOTOPO~~ RBHO Y'IUT~IBWTCSI C M ~ U I ~ H H L I ~ ~  A U C K ~ ~ T H O -  
wrr pmbib-MOA~W, ypaBneeae npawono&o6ua ne UMW pemeass. 
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12.16.1. a) ~ o c T ~ o & ~ %  &~KTMBH~IO IlePeM$HNyIO y, TaKylO y = 1, ymCR ABHFlbIe 0 IOHOIlIaX n AeByIUKBX ( I I O A R ~ I ~ O ~ K ~  TeX, KT0 XCM- 
v3 > 0 a y = 0, ec~m v3 = 0. . , ,B  L U O T ~ ~ ) .  EO~~IIIMHCTBO 3 ~ a ~ e ~ u f i  nepe~erinrm[ OTHOCHINX K 

6) O q e ~ n ~ e  nmrefiayo MOA- ~ t ? p o m ~ o m u  lyln y (nhatiepuw nomOAi?I ap,qaTuneTHeMy ~03pacl.y. @atin choice . x ~ s ~  coAepxcw cneaymme 
m t i  na60p ~ B I I ~ I S I I O W M X  nepehamam c p e ~ u  wx, rro a c n o a ~ o ~ a .  ennbre (CM. ~ 8 6 m u y  12.3): 
mcb B YIIpaXCHeHNRX 6.14.1-6.14.10). .nponmpnpempyfim pwYib 
TWI. K ~ K  garruaeal* crra~ni-re O I I I ~ ~ K ~ ?  n b ~ e ~ ~ ?  

B) H u m  nPOrH03 AJIU Y, O C H O B ~ I B ~ U I C ~  na na~er1~08 MOAW seponp 
HOCTM. Haxuan~ca nu npor~03nlre s ~ a ~ e ~ u n  e wnmpeane o~ 0 I? 

12.16.2. a) OqemiTe p r o b i t - ~ o ~ e ~ m  l y l ~  v. np0Mwepnpe~~pyffTe pe3ynb~a- 60TaTb nOJIkIhI8 p5609~B Aeilb) 
T ~ I .  P e s y m r a ~  ~ e c ~ a  o 6 q m  cnocofi~oc~ez3, npouoppqe~ocn B 

6) w p o ~ e p b ~ e  C O B M ~ C * ~ ~ ~  ~ H ~ W M O ~ T ~  nepehae~km B MOAWU n. a). .~-~W'H?M B O 3 W E  

B) B c n 0 n h 3 ~ ~  'c~paTernm e m  061qem K YBCTHOMY;~, nocrpok~e noaxo- 
~ ~ f m y m p r u b i t - ~ o ~ e n a  lyls y. IIpoaHwpnpe~upyPTe pc3yam~l r .  

' IIoJIb3yli~e ~ T Y  MOAWL B ~ ~ ~ , J I W I O ~ X  ynpmeHnnx. , ' . 

r) N ~ A U T ~  &om03 AJIk a, T.e. OUeHKU B~~OI~TNO@@ C(&THB ii = 1. ~, 

B ~ I V ~ ~ W ~ H T ~  TaKpe K ~ @ & & E I ~ H T  A ~ ~ ~ M ~ H ~ U A W  rn% 3T08 pmbit- 
MOAWU. Yew10 nonflen~lnt ~a nwnywnw a m a ~ e a a x  ~brcluux 

Ol&eHOK (3K3~er1 IIPOBOAMTCR B 16 A0 IIPMHnTUR fJ€+ 
12.16.3. a) ~OBTOPHW ymaxtneaue 12.16.2, wcnons3yn logit?~o~e~lb.BMe me- o n p o ~ o n ~ ( e m a  y~e6b1) CTO probit-MO~W. 

6) Cpa~~raTe pe3yJIbTaTIS nwlreRyoz3 Mononu BepowtHacrn, probit- 
h fomKu logit-MOAW. 

12.16.4. a) Olrenn~e to6i t -~o~enb Ann n e p e ~ e n ~ o %  y = ln(v3 + I), ncno~lb- 
3yx PerpeccopbI, B ~ I ~ P B I I B ~ I ~  pmee b ynpaxtneHun 12.16,.2., ' .  nun nepe~eu~oi t  at16 O T A ~ J ~ I S O  arrx loaomefi a nesymelc. klrr~ep- 

6) C p i t s l l ~ ~ e  PWY+T*SH ~ M H ~ ~ ~ H o R  MOA~JIU, B ~ ~ M I ~ H ~ ,  probit- Te pe3ynbTaTH. 
MOAWM, 60git-~o,I(WZf Ei t0bit-Mo~W~. 

. . 
9. ~ K o n c ~ ~ ~ M ~ y a ~ e  nepe~eany~o school, pa~rxylo 1, emu at16 = 1, 

12.17. B B e n u ~ o 6 p ~ ~ a ~ w w  nomoclxu n 16 JIeT A e n b ~  s&ii,ifiS ym o B npoTnnHow cnyvae. ~ q e ~ u w  logit-perpeccnlo nepe~erinoa 
m b H ~ h $  ~ a p b e p ~  :B 3TOM B03pBCTe BCe OHU W CIlelJWQ.llb~d. 3K- a Bce ocrranbtrme nepeMenHbre u n~mpnpernpyti~e pe3ynbra~w. Co- 
3aMelI. IieCKOJIbKO MfX5IUeB IlOCJIe ST0I.b OHII.XOJl)l(Hbl PCUlWTb, hpD CR JIM OHA c B ~ U M M  O ~ U A ~ H W R M B ?  
~ o n x a m  y s 6 y  B mcone m u  a e ~ .  ~e wa HUX, ~ m : p e m ~ a c r & ~ n m  rmony, $. IIOBTOPUT~ YIIPax~xeme 12.17.2, ncnonmyn probit BMecm 6ogit. 
MOrYT, 8 CBOm OqePWl., ~a60TaTh nOn~bffl ~8609Ufi AeHb AJIW COBMeqaTb 
p86my c y~e6air. B mm y n p m ~ e n u n x  mr nonmaenaca BbI5ICHUTbi K& 
KUe &BIKTOP~I OnPeAWlSIlOT. 8'lVr B h p .  . Bbr6epnTe ~3 logit- u probit-~o~mefi  t h e e  ~O.LI,XOA~IUJIO. np0- 

: 3 ~ e c b  u c n m a a y r m c n ~  Iipn~a~uxomr~aqso~anbnom onpoea (UK 
National Chid and Development Survey). OHM C O A ~ P ~ K ~ T  U H @ O ~ ~ I O  o 
m o r n ,  p o ~ m u x m  B B e n ~ 1 ~ 0 6 p ~ ~ m n r n  B Map= 1958 rona:Amiwb~roe 
omcaxne AaHnhIx MOxHo H ~ T H  B CTaTbe (Micklewright, 1986). A m ~ u e  o oro HaquonarmHoro onpoca MOXHO C K ~ Y ~ T ~  no 
pecno~men~ax cofiapa~~ncb B p r w e ~ e  M O M ~ H ~ I ' H X  X I L ~ H ~ .  B ynpweaurnt  tp://~~~.&ta-m~hive.ac.uk/findingData/ncdsNews.asp 



12.17.5. Oqeli3iTa logit- HnU p m b i d ~ o ~ e ~ ~ b  pa3AenbRO ma mnomel u ~ r i  

a eByureK  (ne 3aBymxe y ~ a n s i ~ b  us cmctca 0 6 b I I ~ ~ ) r s n x  n e p e M e a m m  n e  
peMellHyI0 fenlde). ~ K ~ ~ b f e E I T k i p y r * r e  p ~ 3 l I A 4 H I I  B PfB~JIbTaTaX OXqeHU- 

BWUR. 

12.17.6- n p o s e p ~ T a  m n m y  o npnMennMocTn  o6qeti ~oaejrn ~ y i r r  Bcex  

IiOAPOCTKOB flpOTnB I'KTIOTe3LI 0 TOMl Y M  HYXHO NCIIOJIWOBaTb Pa3HWe MO- 

8 e . H  AJlS JOIiOIIIefi U AllSt A8B)'II.W.K (Ei~II~b3yfiTe VXT OTHOIIIeHKS IIpaBAO- 

I l o ~ o 6 u r i ) .  

12.17.7. k l c n o m y r i  aauhnee nwo-, c saute% TOYKM 3peuu11, MC- 

& a h ,  BbIYUCilUTe IlpOrU03HYiO BePOSiTHOCTb IlPOAOJDKHlh y ~ e 6 y  AtISi H)HOura 

H AeByUIKU CO CpeAHHMH XapaKTepHCTXlCWdH. Tame BbIYUCllHTe BJINriHMe 

na wy BepOaTnocTh HBIIUYBR D cwbe eqe OAF&M) maqmer'o 6pam (ce 
c.pl.1. 
12.17.8. P~cCMOT~K'* TeX nOApOCTKOD, GR K h p b I x  S C ~ Q ~  = 0, IIOCTPO~~TF 

nepeMeHnym job,'pamym 1, ecnu at16 = 3 (nombui pa60=1u@ mrrb), n 0, 
emu at16 = 2 ( c o ~ ~ e q e ~ u e  pa6tlrb1 f yle6b1). ITpo~enati~e y n p a m a e r r n r i  

12.17.1-12.17.7 a n p o A k 8 n n 3 n p y f i ~ e ,  K a m e  + a ~ i % p b r  B n a a m  H a  sb160p 

MW pa6o~o% u coBMen@xIueM p a 6 a r b t  w y d b l .  
: : 8 

12.17.9. ~ ~ W I O J I L ~ Y R  H B N ~ O I ~ ~ ~  ~ O ~ W U J U e ,  C BU& W 4 K H  3peLIKB, MOAe 

nu, nurncmTe npor i ro s t rym '  BeposTHocTb ~ ~ p a ~ b  I I o A H ~ I ~ ~  parjo~nti new 
(school = ti n j o b  = 1) nnx muomu w A e n y u K n  co cpemnm xapwTepn- 
C T P I K ~ ~ ~ .  TBKWe BwrnCn i iTe  %nEian& na BB~OXTHOCT~ GIIOM ~ o n m -  
m~+&uoh MJIastriero 6paTa (cec?.pa~). , 

, 
, , ~  

. , , .  . ~ ~ 

1 

HeJIbHbIe .AaHHH€! 
. . 1 I.? 

I : :  
2 .:. .. . 

" > 
,.,,.-::q'm' . 
. , : .~ 

, ,  ; , , 

a h ) ,  ~?$.T&T U3 H&J!IOA~H& OAHHX U 

q KJIa  O B ~ L ~ K T O B  ( I I I I ~ U B H ~ Y M ~ ; ,  AO- 

e X O ~ ~ ~ C T B ~ ,  + F I ~ M ~ I ,  q e r n o f m ,  crpit~hr u T. n.), KoTopnre ocy- 
Sib'klX B ~ & I k A d & T e J I b H F e  n e P b 0 ~ L I  B P ~ M ~ ~ I U .  ~ P Z T M ~ P ~ M H  

T C J I ~ X ~ T ~ '  ekeromible 6 m A ~ e ~ ~ b l e ' o 6 c i e ~ ~ ~ m u i  o & ~ a x  n   ex 
nap+ry&$me A a m ~ e  o '~ea lwmtoc~u 

npi~npirrmiti, ewerbmible ~oqkanb~o-  
r e c K x e  rio~a3aTemi onpemne~~ioti rpynnbr wpm. T ~ K ~ M  0 6  

noro  ha (tmSs-sectional tlata), &x n A&me T n t i a  B y i e u e a -  

! D  K B X ~ h 1 f l   MOM^& B p e M e H n  MMeIWI'C5l 

e npo~~pancmearioi% mna no ~ K O ~ O M ~ ~ ~ C K U M ~ A ~ H U < ~ ~ ~ ,  u 
AOIW TBKOPO 0 6 a e K ~ a  C O O T B W & ~ ~ K ~ ~ L ~   MY Aa~nbie d6pa3y- 

f HJIvl HeCKOJIbxO B ~ ~ M ~ H H L I X  p5IAOB. Bnarogap~ c I I ~ L ~ H & ' ~ ~ I I o ~  

ype naHeJ rbHbIe  AaHHbIe  IIO~BOJTXIOT CTPOUTb. 6onee r f i 6 K ~ e  U 

X a T e J r b H b I e  MOAeJIU U' I IOJIy9aTb OTBeTbI H a  ~0nfi0Cb1, KOlOpbIe  

y n ~ b r  ~ o n b ~ o  B paMrcax;  R a n p n M e p ,  ~oflenefl, ocnoeamm H a  

Pa,HCTHeHIibIX AaHHbIX. 

; ' H & J & & ~ U ~ a ~ r t h l r t  OlvrUHBH M e i n  3KOHOMnteCKUMU q@iIINqaa 
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M a ,  YTO HeJ Ib3S  C&WlaTb B PiEMKaX CIWiAapTHbIX PeI'peCCUOHHblX MO- 

,qeneff. 
Knaccusec~HLt n p u M e p  TaK0f i  C u T y a q U u ,  B O m e A m H l  B 60nbmm- 

CTBO m, nomxrqenm nmeambm A ~ H H M ,  IIPBB~JJ (Ben-Porah, 
1973). npemonoxu~, sn, exwomoe wcwrenosanue p m K a  TpyAa 
nOKa3ZUI0, YTO n P 0 4 e H T  ~ ~ ~ o T € U O ~ X  3aMYXI(FIEIX X e H W H  PiEBeH 50%. 
K ~ K  MOXlrO U H W p l I ~ U p O B a T b  3 m T  &%KT? BO~MOXH~I  A B e  K p a i t H u e  

TO~IKU 3petma. Cornacno nep~oti, nonysennufi pe3ynbla-r O ~ H ~ Y W ,  

YTO K a 2 K A m  3aMyXHHEI SKeHIUJiH& I M W r  I I I m C  50% pi l60l~b B Te- 

T e H I l e  r0Aa. CO~TIXH~ &b$68,'&y~&TaTbI ~MOBBIIUII no-b1Ba- 

IOT,   TO 50% B c e x  3 a ~ y x n m  xcenwn pa6mm UOJIHM~~ pa6owil 
AeI ib ,  a OCTaJIbHble 50% eoo64e Fle P~~oTFUOT. &130, YTO n p O r H O 3  

COCTOEIHHX PbIHKa  TPYAa ~ Y A ~ T  CYlqeCTBeHHO p a 3 H &  B 3aBUCUMOCTU 

OT TOM, KWR ~3 cn~yaquti NMW M e m o .  Bone9 mm M e n e e  

K n a m o e  n p e ~ c m 8 J r e m e  o p e a n a R o M  nonoxeauu MOXHO IIOJIyYUTb, 

e w I U  ITpOCJTeAUTb UC!COPUEO HeKOTOpOFO Y U m a  U W U B U W Y M O B  B Te- 

miue  ortpeaenemom nepnopa ~ p h e m ,  T. e. B P ~ M K ~ X  nmenbnm 
A a n w r J x .  . .. ~. . 

' 8 .  

MOHWO . , , : ,  U ~ U B ~ C T U  . ,  , e q  H ~ C K O ~ K O  ~ ~ ~ M ~ P ' o ' B ,  ndffwbr~&olqux, wo 
n&mbnblp , qa~~b le  A+ ~ o s M o ~ o C , ~ ~  , . y*emi ~ M ~ K T L I ,  ~rnopble 
H"'33MOXHQ n.PQCJIeAIITb, , . OCTaBMCP B 06&41i,b1~ ~,OAeJle$l. 

> .  . $'+<,. npnimy.reHllur s e ~ ~ u w i ~  .BBLI,H~ ,qymy aac&euux k i ~ ~ p ~  803- 

MO)KHOC'fb UJr K ~ K o Z I - J ~ U ~ O  C T P W L I  B F & ~ I ~  nepBO& B p e M a T U  ,If&- 

6 ~ 1 1 0 ~  ,ypo??egh AH&JIXWU, 06'h.e~ H W R ~ C T H ~ ~ ,  A e H e K H Y M  M x c y  n 
T.S. . . HO KpOMe 3TO9 C Y 4 ~ B Y I O T  ~ J ~ K X Q P ~ I , .  ~ ~ T Q p b l e  JIHSO IIe i i a 6 a ~ ) -  

A S M U , S  ~ 1 ~ 6 0  IieJlb3+ S I P e A W U T b  B ¶UUIe%O@ &0pMe ,  HO KQTOl?bre . . 
M o r y r r  o ~ a m s a ~ b  c y ~ e e ~ ~ e ~ ~ o e ,  Bnusqe. na ncurepyevhp IIOKa3it- 

TUIb :  ~ ~ O ~ ~ @ M W C K O ~  IIOJIOXeSJUe, .HCTOpIUT, KyJLbTypkIble T p a A I q U U  

U T. A. ~ P U  3TOM.A&tCTBHe @TUX (~~WTOPOB MOXHO C-Tb: PO~+TOIIH- 

HUM.  (T: e: U e  3 a B U c R I W M  OT ~ p e ~ . e H i a ) ,  AJIZ K ~ X A O ~  k l W U o ~ z i a b H 0 8  

BKOHOMUKU. HMW JWIIIb  IlPOCTpWCTBeHHb1.e A&UHUe AnEI A e C K Q a -  

M X  CrPm, MOXWO OIQCgc%UTb G I H E H U e  O ~ ~ I S H ~ L Y  3KOHCXMEIYeCKLU( 

(P~KTOPOB ~a B e n u q u a y  BBlT ~a ~ r m y  H a c e J J e n u a ,  no ne11b3a B ~ I -  

r rew~a~ ufivpwimannbre pmm9ux ~ m m .  GTPW'BMH, n p ~  H W U ~ U U  

n a 6 m o ~ e ~  3a O@HMU.II TWU x e  C T P ~ I I ~ M H  B T e q e r i u e  H ~ C K O ~ K U X  
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TaKUe  UI*&WRUAyziabFlbIe 

WfS OqeHUTb. 

posae owa u3 T ~ ~ ~ O H H ~ I X  sway - 0 6 . b a c ~ e ~ z i e  

ux XO~XPCTB ~a TOT unn moil TOBBP, x i n p n M e p ,  

raerm. MOHO co6pa~b npompanczuerrable AW- 
3KOlIOMUYeCKUe H C O ~ U ~ J I ~ H O - ~ ~ M O ~ ~ ~ U ~ I ~ C K U ~  

b U  U T.U., U ZIOJIYYUTb 3HaYKMYIO 3BRKCNMOCTb 

OAOB fI& my~af!~b~il T O B a P  OT C e M e b O I ' O  AOXOAa. OAHWO IIa- 
T n o ~ a s a ~ b ,  'ITO AOXOA H e  B c e r A a  o K a 7 b l e a e T  

a pa3~uu.y B paexo~ax menyeT O ~ X C H I I T ~  

U, YPOBHeM KYJmTYPLl U APYPUMM @ ~ K T O P ~ -  

UMUC2l B M e p e H U K ,  H H ~ ~ J ~ I O A ~ H U I O .  

 TO Un&UBUAyaJIbHbte' @ a ~ T O p b l  KOppeJIUpOBaltbI C ApyI'ElMa 

MW. T ~ K ,  HaI IpUMep ,  061quil ypOBeI5b 

e ~ o x o ~ a  enecmetii~o C V U T ~ T ~  CBR~DJI- 

peccuu mo 03Hai'lam;  TO W U B ! ~ ~ -  

nei%sotI nepe~em08 B MOA~JIU u ee 
M OqeHKabI O C T ~ J I ~ E ~ I X  1 1 a p a ~ e ~ -  

O A W U  C UQHeJIbHbIMU ' A ~ I I E ~ ~ I M U  

WeHKU I I a p a M L w O B .  

H& AaHHbIe  COABPXaT H ~ J I ~ o -  

u B p a s H r J e  nepnogbl BpeMe-  

WCHMOCTU 3THX ~ a 6 n 1 0 8 e ~ H *  

fi0BUTCB A ~ ~ ~ ~ J ~ ~ C T M Y H ~ I M ,  zi03TOMY aHaJ IU3  3TKX MO&&!Iefi M O X e T  

60sam I I p ~ M e I 1 e H ~ E I  6onee TOI~KUX (no CpaBHeHllIO C 0 6 b ~ q ~ b l ~  
OM HaUMeEbbmUX K B ~ A ~ ~ T O B )  MeTOAOB OUeHHBaHUSI. 

H o r o  6a3 naambnux A ~ H -  

X KaK H a  MUKPO-, T a X  U H a  MaXPOypOIIHe. Hanpu~ep, R Na- 
nal Longitudinal Survey of Labor Market Experience (NLS), 
p: //WWW. bls. gov/nls/home .'hh. COACpXaTWT AaHHbIC n0 phII3KY 

a B CIUA, B Michigan Panel Study of Income Dynamics (PSID), 
://wvv.isr.mich.edu/src/paid/, - p e 3 y n b T a T b l  BIOF(X~~RLIX 

A. B nowremure MALI npo- 
ARTC5l ~ a 6 ~ Z b  FIO ~ 6 0 p y  n a H W b I i b I X  AaHHblX B POCCE~E~ (Russia Lon- 

dinal Monitoring Survey, http : //www . cpc . unc . edu/rlms/), npen- 



CTaan$4IOIl@tX Pe3Yi'IbTaTbI 0 6 m e ~ ( o ~ a H u f i  lI0 IItHpOKOMy ltpyry BOnp* 

COB ( ~ K W K ~ T H ~ I ~ ,  ~e~orpa+siqemue, c 0 q u m b n b x e . m  T. n.). 

3a~OTHOCETeJIbHO ~ 0 ~ 0 T K k l f i  n p O M 0 X y T O K  B&XMeHU. Tame COOTHODI+ 

H U e  MelKjSJ C h e M W t H  IlPOCTPaHCTBeHlibIX A.BPeMeHHbIX I l a 6 J I m ~ e I i L i 8  

RanSeTar TUIIUYLIblM &JE3 MHOIllX. n&HeJIbULSX AWH6IX. 

UOMIIMO 3~0ro  cym.eCPByeT 6onb1110e:~na10 &HH&~ICO$BIX, ~ a ~ p  
SKOHOMH'IeCKUX II T. V. 6a3 na?IWIbHbIX &aJIHHX. 

B A ~ H H O ~ %  IXme 0,CklOBHQe BHUMaHSe YAWSeTc4 ~4CTaTIIYeCKEM MO- 

&VSiM C 0 6 b I ~ l i b l ~ ~  KOJlU%i?CTBeHHbIMU 3EBUCUMbIMU IIePeMeHHbIMU, 

Ammxreqcue MOAWIII X i  M O W H  C AUCKP&CHbIMH 38BVCYIMblMU lie- 

p e M e a H w M n  . ~ ~ C C M ~ ~ ~ U B ~ I O T C S  MeHee: ae~a~1bk10. RX . I I O A ~ O ~ H W  n3- 
n o w e H n e  BMXO&HT 3a pama HayaJlbHOro'  K y p c a , .  U O ~ T O M ~  M U  ,qae~ 
namb onacanae ~ o n e ~ ~ e f i  N. K p a F m e  nqozenqe B W M O ~ ~ ~ X  M e n  

&on oqe-a~m. B mrouq? .ri'ImbI K p a T q  o n u & ~ a e ~ c a , ~ ~ 6 & e i ~ t r  
M e l O a .  MOMeHMB, KOTOPU~~ L! ~ W S I W W  BpeMSi SIanxekC8 OAIIIIW U3 

ocHosabIx V c T p y M e a q s  . . oqemmiu?~ ~ n a y u ~ e c ~ ~ .  wqenei? c na- 
HeJmHblMU AyHbIM11.  . . ,  

B B ~ A ~ M  06&Sa~eii11*, 'KOTOpble 6 3 ' ~ ~  ~ m d j i b s 0 ~ a ~ b C S I  'Iia npoTs I?Ke  

HUII BCefi mmbl. ~ Y C T ~ ,  yit - s a k l i e ~ M % l  nepe~e~Ii&?'khk BKOHOMK- 

*k?Ckofi ~ ~ U H W  2 E MOMeHT B ~ & ~ H U  t ,  .Sit - &&P ' O ~ ~ R ~ H X I O I ~ H X  

( H W ~ U & ~ B )  n e p e M e m t l x  ( s e ~ d p  BwMepaoc*~ ,k )n  ES - com- 
sen:~~yrorqm omu6~a,  i = 1,. .'. , n, t .sl, ; . . ;..T. ~ ~ O ~ F I ~ L I I I M  wxe  

git = x:@ + €it (13.1) 

k h f ~ k l l i a  CYi BblpaX&X! W ~ I & ~ X & ' ~ J I ~ H ~ I ~ ' ~ ~ & ~ K T  06'beK&'i, HC) 

C S I ~ I I ~  m B p e M e H n  t, npu 3mo.u pezpeccop? zit xe codep31cam 

PHBeAeM 3 A e C b  e q t 3  OAIIII I IpXMep,  KOrAa  Y q e T  HHfiHBuAyaJIbHOPO 

% nOAXO& K 3ada'le OI(e1iUBarlIIX I I ~ O E K ~ O A C T B ~ H H &  @yHKqKZI 

Yit = P + x:tP + sit, (13.4) 

norapu&~ smycra ,  a k-~epHbL$i B~KTOP COCTW~H 113 

UJIbHOlW IIpeACTa5.lIeHWi 0 I I P O ~ ~ B O A C T B ~ H H O ~ ~  @yHKqPiU 

ao n e 6 w m x  4 n p ~ )  qe~1ec006p83~0 ygemb K a y e c m o  
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ynpannenna, BKJIIOY~S ero B wcno + a ~ ~ o p o ~ , n p o n a n o ~ m ~ a ,  T. e. pac- 
CMMPeTb MOAWlb 

yit = p + + qiPk+l+ €it, 

qi 0603Haq~T KaYeCTBO YUPaJWIWUR. EWE 3Ta ~ ~ + M w * H  
j=1 

eTm cyqec~BennOi%, TO MHK-oqet~U MoAeJIU (13.4) nsnrtm!crr CM& 
i X e ~ r n ~ ~ a .  O m a ~ o  nermmia qi ne~aa&~qqae~a, no3TOMy K 

ynpameIInn ~ o m o  yqecrb nurub KaK MI~D,UBU,~YBJI~HM~ 3 @ & e ~ ~  B 

snAe (13.3).  TOT n p n e ~  k e  no3Bonae-r o q e n n ~  . napa~&p &+I, 

nohOn~icy B M O ~ ~ J I ~ " ( I ~ . B )  on ne u ~ e n m ~ u ~ n ~ y e ~ ,  HO ti03~0n~CT -. 
y~eT1~iIl~Ti cdewewe OReHOK n a p a ~ e ~ p o ~  P. : 

B 3a.i1?cn~~mn M' n~6~hb~101~&k1~ti' O%OCF~T~&HO x ~ P & T ~ ~ &  . , Be- 

jinqnin,~ ai p ~ ~ i . & P n ~ &  ~ s e  Mo&k . p e ~ m p  ZT = [I,. . . ,I]' u ~ e w  p m ~ e p ~ o c ~ ~  T, a I, - emnuy- 
' Mod@& c ( 6 ~ ~ ~ ~ p o ~ a n r i w i l ( ' ~ e ~ o d  @xed e.&t Cnodil): npen- aTP=qa p a ~ e p a  n, n 06031raqm~ cw = [al,. . . ,a,]', yp-efrne 

n o j , k ,  - B yPar,HeHuM ( I ~ . ~ ) ' B ~ J ~ E ~ W I I L I  ai k 5 k 0 ~ c x  He- M O ~ H O  no aaarrorn~~ c ypanemre~ (13.2) nepenuca~b B cne 
BeCTHbIMW napaMeTpaMn. e2t MaTpusrioa @op~e:  

~ 6 d m ~ ' ' i ~  & $ ~ a t h ~ u  &exmo~ (random .i.fect model): npeg- 
n o ~ r m !   TO i J'pa~1-1ell~i . . (13.3)' hi = p+ ui, r ~ e  p -naI.'a~&p, ~ = D c r t X p + ~ .  

o6mntf AJiR B&& eqaLIm 60 BCe MOM~EITLI B P ~ M . & ~ ,  a U( -:OIUU~KU; 

~e~oppenuf iona~n~e  c E* a IreKoppenupoawbIe npp pa?awx i. 
3ap;aYa ~bl60pa MOAeX1? B -OM KOqeTHOM mysae pell1aRTc~. ' h a ~ a  HitKMeHLIllM XBWpaTOB. IIpu ~hm0Jniemn c&kaLHbIX 

I ( H J ( U B U ~ + ~ E I O .  Huxe M ~ I  6oqee n ~ ~ p o 6 n o , , . + ~ y m ~ , . w ~  npdne~y .  
. , ,  . . ~, e 'vennono)fiennit 1)'3) o ~ ~ o c n m b n o  nao~enn Mm-orleHxa 

. ,, , 

13.3. M O B ~ J I ~  c @ E I K C I I ~ O B ~ M M  ~ @ @ ~ K T O M  -0qmKWn C Q ~ K T ~ B H ~ I M ~  IIepeMeHEIbIMH (LC%& Squares 
. I '  ' . . Variable estimator, LSDV). Cneme~ 60~1ee noqpo6ao 0- 

Momb c @ B K C I ? ~ ~ . B ~ ~ U ~ I M  *&~K*oM:@c~ effect madel:) OnziCblBW 

wm ypaBrIes.ueM (13,3), B KWPOM ncpeMew%Ie ai RBJIIIIOT 

BeCTWMn f l a p a ~ ~ t ~ p a ~ ~ .  ~ P ~ & U O J ~ O X H ~ ~  PITO B W O ~ H O H ~ ~  Hnx KOJIWieCTBa 3KOHOMUYeCKIIX eAnHUq n, TaK a 3a cqm 
m e  YCJIOBUR: FeHUR WnTWIbHOCIH HadJl10AeHUfi T. B ItepBOM~cJryyae npOxc- 

1) OUIK~KH €it HeKOp~pOBaJIIJ MeXW ~060& IIO H 6 ?& Ynma OqetraBaeMm DapaMeTpOB ( H ~ ~ ~ O M H U M ,  Tlu, neo6- 

E(cit) = 0, V ( ~ i t )  = ~ 2 ;  orlexni6 n napaMapoB a n k napmeTpoB p),  H rapaHTw- 
2) O ~ E ~ K E ,  &a HeKoppenupwanbr c perpeccop.&~a zjs npu BCCX 

i,j,t,s. , ,. s. Bo BTOPOM cnysae h4WK-oqen~a c o c ~ o a ~ e m w ~ ,  Born- 
E v a  BBeCm &ZKTVBA$I~ nepeMeHHble AJfP KWKAOB ~ K O H O M B Y ~  ~ ~ M G H H H ~  H H T ~ ~ B B J I ~ I  npn ~e60nbrn0~ YXCJI~ 3~0lfi~tlqe~KnX 

CICQS WnHnIlrJ: di j  = 1, e m  i = j,, z dij = 0, VIU i # j ,  TO 9'~niuIWlbHblX AaJIHbIX BCTpeTaIrn peAKo. 
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.npx pe-wa 3ln)rO MeTO&a MOryT B 0 3 m H Y T 6  TPYAHOCm. B~ 
~ ~ o r u x  nmeJn,Hblx AariHbIX YUcJIO BKOHOMUSWKUX eAn-71 06blqH~ 

~oc lmoqao  .ejIuKO ( H ~ C K O ~ ~ ~ K O  COTeH U E U  TIJCII~). ~ ~ O M Y I  11PwM8 
~enocpeACTBeHR0 MeTOA HaUMeHbmX KB&APamB ypmHem10 

(13.7), npa oqemsmux napaMeTpoB MOXAO CTOnKIIYTba C Bb1'IUC- 

m~- -~  n p 0 6 ~ 1 e ~ ~ .  K CY~CIZM, ux MOXHO npWWnWb, eCJlu 
n ~ ~ e p e c o ~ a ~ b w  TOnbKO O Q N K ~ M ~  I I ~ P ) . P & M ~ T ~ B  @. n e p e n ~ e ~  sari- & P M Y ~ ~  (13.11) - n e r ~ o  ~ b ~ ~ e x a e ~  BbIpiUKeHHe AnR M ~ T ~ I I ~ ~  

Hw (13.3) C P ~ ~ M  uo ~ p e ~ e ~ u  n m q a ~ i a ~ :  puawili oqemu PFE: 

g i = a i + 3 $ ~ + 4 ,  v(PFE) = O , ~ ( X ' M ~ X ) - ~  

1 T - 1 T 
,.Re gi = Bt, xi = + CT=l xit, Si = Ct=1 &it BbIrlwfafl 

nos~renao (13.8) (13.31, n W q s M  
- bit -a = (zit - zi)'P + sit - ~ i .  

no ST0 - ypasaeane.(13.3), aanucauxoe B 

OT --~q~af~bnb~x cpeppax no apeuem. B MaTpxtIIioa @ o P ~ e  Go- 
OTHomenIie (13.9) MOXeT 6 b l ~ b  3aItUW'3 Tm: 

M D y  = MDXP + MDE, - 
rae .Mp = inT - L)(~ 'D)-~D'  - ~aTpI iqq OCYWCTBJI~IoWaR pH AocTaToYHo cJIa6bIx YCJIOBHZx peryJIrrp~ocTn oqeHKa c @w- 
BqprcJreHwe o a ~ n o ~ e ~ a f i  oT n?AuBUPXWHblx cPeAm. 3'c0 n~w6-  
p m m a e  ~a3mamc-11 ewympuzpynnoeuw npeo6pa30eawu~ (within + o" uJIu n ~ H  T m), ~ O B T O M Y  MOXHO n0~1b3oBaTbm -TI- 
~ m n s f o ~ a t ~ o n ) .  ~ i ~ ~ u e ~ x x  O G ~ I Y H ~ I ~ I  MeToA~nauMem~~X K B ~ A P ~ T O B  

y p i ~ ~ ~ e m ~ o  (13.9) (u&n K y p a ~ ~ e m r o  (13.10)), M , ~ I  U O ~ Y ~ M  0ueHm 1wlb110 UapaM(?TpOB p. 
1 'I '1 w a e ~  OAHO B ~ X H O ~  3a~e~ar11e. B IIaHeJrbHbIX AmRblx cpenlr p = (x"MDX)- X MDY,  , ,  

C U M ~ I X  nepeMeH=mx =it MoryT G ~ I T ~  TBKMB, 'K0ToPbIe He Me- 

s e w  (13.7), T. e. c MHK-oqemmx c & ~ I K . T U B ~ M ~  n e P e M ~ f l ~ ~  
(CM..ynp~xue~ne.4.a). 3 ~ u  oq-u ~ a ~ & e  H a 3 b L B a m  @WmPzPYn- 
n o e w u  o y e ~ ~ w u  (wiW6n estimatar) % ~5gxQMu-c 4 6 ~ ~ ~ ~ ~ 0 * @ " -  
,,w a e ~ m o w  (fixed effect estimator): P = Pw = /%3. k h  M O x f I O  POBaTb cooTBeTcrByIOIQae TaKnM n e p e ~ e ~ ~ b r ~  &03&@~- 

. . 
RpeAmBUTb T a x X C  ~'w~e,q%k%'&i Bme: ?!IJ. @OPM~JILHO 3TO 06%~~-~TCR W M ,  YTO B JrpaBHeHHU (13.9) 

I .. n T -I n T P H U ~  [* XI B YpmHe*= (13.7) uMeeT HenoaHbIB paw), x, 

i=l t=1 
BaTenbHo, nPaMWSITb MeT0.4 HaHMeHbruElX KBwaToB H-B. 

i=l t r l  



&&TOM- 

IIpusomi~ue. w e e  pe3yrm'p~~t.x norryrewba c nommifim nmTa 
STATA. I I o s ~ o ~ y  & O R M ~  nx n ~ w e r m ~  BO MHWM ~ b ~ r r p y ~  Tor a 

re~oB no CpaBnermlo c ~onenbro oheRvrnennoB perpeccnu. 

co ayq@HblM S + ~ ~ K T O M  (mndorn effect model) onucbrua- 
BBHeHUCM 

?lit = l.6 + x:~P + % +€it, (13.14) 
- KOHCTmTa, a % - CJIY'I&H~R 0 ~ 1 6 ~ 5 ,  UfIBapHaHTHaR 110 

t WrR K ~ X A O ~ ~  ~ K O H ~ M M Y ~ C K O ~ ~  e A U H U W .  HH~IMH CJIOBaMU, B 

co C J I ~ ~ ~ A H H M  B&+~KTOM npennonaraeTm, sn, uHAnaum- 
oTnnyurr HOMT m y ~ a i i ~ ~ i i  xapmwp. B ~ A ~ M  c r u m ~ ~ ,  YTO 

?nu aeAymupie ~ C ~ O B U R :  

E o m a 6 ~ ~ i  q t  ~ e ~ o ~ ~ e j ~ ~ i ~ o i m f i r  MeXm co6oli, E ( E ~ ~ )  = 0, 
0:; 

u u 6 ~ n  € i t  HeKOPPeJtMpOBaIibt C perpeCCOpaMu Xjs npa Bcex i, 
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4) ornu6~u ui ~ e ~ o p p e m p o s a ~ ~ ~  c perpecGopaMu xjt npu Bcex i, 
j, t ;  

5) o m 6 ~ u  ui u qi ReKoppefiupo~ambr npu ~ c e x  i ,  j, t: 
Mo&€l.tIb CO CJI~Y&&WM B@@KTOM (13.14) MOOKHO PaCCMaTPUBaTb 

UaK J I U H ~ ~ ~ H Y E O  MOAeJIb, B K O T O ~ Q ~ ~  o I W ~ X ~  Wit = Ui:+Eit B M W  H ~ K &  pUIIy MOXHO Ilpe06pa30~a~b K BUAy 

TOpylO ClIe4UaRbHyrO C%pyKK-y. 
G~repyz 0603~a¶e11u~~ pa3ama 13.2, ~ q m o  nepenucaTb ypitBHa 

Hue (13.14) B sn,qe, 
~6 = V%T + XiP~+ W i  

~ s a  (13.18), (13.20) npmmne p e r u a ~ o ~  npo6ne~y oqem- 
aMeTpOB p, @ 0 6 0 6 q e ~ u b 1 ~  MCTOmM HaUMeHbIIUlX KBW- 

, .  . -  

: , : .. ',.Y'. , 

, U, KOTOPLIe IIOJIPZUOTCR IIpUMefIeHUeM K YpaBHeHNIO (13.21), 
,*Or0 MeTOAa HaUM~t Ib lUUX KBaapaTOB, HFbIB' tOTCH Me31CZPYfZ- 

B c o o r n e ~ ~ ~ s u u  c +op~ynok (5.4) p,nx nonpoe~un  om& oyenltuu (between estimator): p = PB. ~ T U  OqenKu, K&K 

WeHOK ILapaMeTpOB @, .@ ~ e 0 6 x o ~ ~ o  o6pa- MaTPUm x. C no- 





3 ~ a  @CnepCHR OqeHElsaeTW CTatIAapTHbIM O ~ P C ~ O M  IIO OCTaTKW 

~empynnoeotl perpeccm: 
> 

- 
T ~ K U M  06pa30~, I3 MOA~JIH CO cJryX1alfHbDA B+@~KTOM YAaRTCIl peanu- 
3OBaTb &OCTYIIHM& 0606~e~~brZf  MWOA IXmMeHLIIIUX KBaApaTOB. 

Qop~yna  (13.28) AaeT ~ec~ewemyro n coc~or rmuym oqeusy 
Ancnepcau Zz. OANWO ga n p a r c T u K e ,  uorAa o f j a e ~  nb16op~x HeBenuK,  

M O X W  TaX CIIY¶UTbClt, ST0 3Ta. OqeHKa  OKaJKeTcR qTPHqamnbnoR. B 
3TUX C I I T Y ~ U P X  HYXHO UCnOJIb30BaTb @YrZfe OqeHKU AUCUepcI lE 02, 
o n w ~ n e  KOMpblX BhlXO%T 38 paMXa AEU~HOB KHHIx. n o ~ p 0 6 H e e  06 
WOE4 MOXHO IIPO=IeCPb B KHUR (Greene, 1997, rnma 14.4). 

, , 
Dependent Variable: In Q 

Variable 'Coefficient ' Std. ~ m - 0 ~  ' z-Statistic Probability 
InK , 0.24671 0.01763 13.990 , , , 0.006 
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em o&Leau~e~noro K O ~ ~ + A W ~ H T ~  Ann BTU- 

OAee WeKBaTHblM XBJIXeTCX UCIIOJIb3OBaHMe 

. . 

- 
rAe Git - i?i = ( z i t  - 3i)'PpE U' r2(., .) - B ~ I ~ O ~ O Y H ~ ~ ~  k 
Kopp'2JI~4HSi (B A-OM Cny'Iae 0 6 % e ~  BM~OPKEI & 

A~ranorusrio ' MOXHO Ollpe~'2JIk~b ~ 0 3 + + ~ ~ ~ ~ ~ ' ~ &  

Anx ~ e x r p y n n o ~ o f i  perpeccau: . , , 

. . jo6~.1raaa perpeccusr, &wcapo~au- 
-I- rAe gi = xi& (B AaHHOM CJ~JT~R. 0 6 5 e ~  B M ~ O P K ~ .  &cKTj wepyeT ~blf jpa~b.  Ha COA@pXaTTeJIb- 

H m o ~ e y ,  Ann O ~ ~ I Y H O ~  MOAenu o ~ % ~ ~ H ~ H H ~ I  

UI~UBkiAy&IIbHbIX  JIB¶&, I B &ieKVPC?- 

... .ya~+ n p w ? , n a w w e  O~P~BAWHD. B MU- 
me = a! z t  fl  OLS. ~&&$XTOM CSnTaRTCIJ, 'I'M K2JK$laP 3K* Ha C ~ O M  , w e  ~JOPMYA~MU (13.29), (13.30), (13.31) M 

AeaUTb ~ ~ ~ ~ P ~ r ~ y n n o ~ o f i ,  Memrpynno~oit u o + e ~ ~ 1  
+ u m e f ~ ~ b ~  ,~WXPMHHWI?II A J I ~  &ti O$HKM p B&4 

HanpuMeP, B u p o m  u:nonrsye~a~. ~ I ~ O H O M ~ I ~ ~ ~  
, . ,  Q ~ T K  &X3 60lIbw08 C O B ~ ~ ~ H O ~ %  TO ,@l$eW- 

$TATkt npU O U ~ ~ B J & ~  ~ 0 ~ e . d  C IIaH€3&HbldU, 
b CO ~JIyr~alhrm S&&BTOM. I IPUM~~OM MC? 

orleaanq&a np.u~e&e~ca. 

L+& 

Ilpa P@ 
, K W  np.4 
BUS Nnw 

, .. 
UOM pa 

, ,ee,nymg 

, pmx ngaa: 
.aeJIU % 4 
+oarw* 
&* * 
B O K Y ~ ~  

0 

. mnx 
HOW r( &@ 
;nwoa + . - 

rYT 

>)Km & ~~. 
. @ r ~ e  4 
~ P W &  



n p m e A e n u o M  sume npniuepe o q e n u B a r r u n  n p o m s o ~ ~ e x n o f i  +YHK- 

W f U  (YP&BHWII~ (13.5)) ~ ~ ~ Z i ~ W I b H b l f l  3@@eKT, C ~ s i 3 E U I ~ b l f i  C K+ 

9eCTBOM Y n p a W I e H U Z ,  KOppeJr r rpyeT C npOA3BOACl'BeHhbIME @%TO- 

pam xjt: npn npoynx pa~nbrx ycnonnsix HB: npe,qnpmuu c 60- 
nee BLICOKHM K a y e c r B o M  y n p i L B n e n u s i  n p o m B o A c T B e n t l w e  mAepx- 
KU H U X e .  B HeKOTOpbIX Y ' ~ ~ ~ H U K & X  IIO naHejrhI*bIM A m I i b l M  UMeH- 

HO H a n n g u e  nnn 0n:yTcTBue ~oppenmmi M e x m  nqausHAJranb- 
HbIM ~ C $ @ ~ K T O M  U p e ~ e C C 0 p a M U  Xjt P X C M a T p U B W C r r  K a K  KJIH)- 

q e B o e  paurawre M e x w  M o A e n w a u  c + U K C U ~ O B ~ H ~ I ~ I M  u cnysM- 
RWM *KT~;MR. (cM., nanpmep, (Johnston and DiNardo, 1997), 
(Hsiao, 1986)). 

~ M ~ T U M ,  ¶TO He3aSUCUMO G'l' TOM, KOppWTUpOBB.n61 UHAUBEjQ- 

a n m e  +@~KTU c Cyrn im ~ ~ ' ~ X C H Z I O I ~ U M ~  nepeMennbIh r lu  JUH mi-, 
o q e f u u  c ( P E I K C U ~ O B ~ ~ ~ A ~ I M  B++BKTOM ~ ~ B J I ~ T C I I  n e c M e q e w M m  N 

C O C T O Z ~ H ~ I M U .  n o r n ~ y  B nt060i3 C n T y a q n u   MOW^ c +u~cnpO- 
BaHIIbIM 3@@eKTOM A a e T  I I p E e M n e M b l e  OqeHKH. OAH~KO IlpE OTCYT- 

CTBmi  KOPPeJISiqrPU 3 T U  OQeHKU 6 y m ~  A ~ ~ & ~ ~ K T H B H ~ I M N ,  9 T O  M O X W  

6 b l T b  BeCbMa B a X H b I M  IIPU BW~OPKELX ue60nbu16ro o&@M~. B TO Xe 
BpehaS, e C n H  B MOAeJIM npS%CyTCTByW @ U K C U P O B ~ H H ~ I ~  3 @ @ e ~ T ,  TO 

OqeHKH C ITOhkmbKi  CJXY'I~$IION) 3 @ ( P e K ~ t i  6yw~ H e O O C T O M b H b l M B .  

% K U M  06pa30~, KatIeCTBO O m i O K  Cy4eeTBeIEHO 3aBUCttT OT nPaBW7b-  

no* cnequ&u~aqm M o A e n u .  

lIo~po6nee 0 ~ b I 6 0 ~  M O A U I ~ R  C & U K C U ~ O B ~ I I ~ I M  &iJlu mysat%- 
IILSM ~ & + ~ K T O M  MOXHO n p o s e c T b  B K m r e  (Searle, C a s ' d a ,  McCul- 
loch, 1992). 

Ha npamme oqenasanne c n o f d o q b ~ )  pa3nb1x MOW& uwro 
IlpHBO@iT K CY4WTBeHHO Pa3HbIM Pe3YJfbTaTaM. 

~ O M H M O  COAepXaTC!JIbHblX C ~ O ~ P W ~ C W U B  CYlqeCTBYIOT C T a T U C T U 9 e  

cme 'rec~bl, n03~0~1~mnpie YBCTKYHO p e m a T b  npo6ae~y ~ ~ 6 o p a  MO- 

Ai3JEH C IIOMOJlpKl C T a H ~ a p T ~ 0 f l  TeXHHKU IlpOBeplCH I'NIIOTe3. B pX- 
CMOTPeHIlbIX B M m e  MOAeJI(HX CyDIeCTBYET OII&XAeJIeHH&SI HepapXr tZ :  

1) O~JAYH~LII MOAenb perpeccuu (13.2) eCTb  s a c ~ ~ h l f i  C.nyq& MOge- 

n&i C @HKC~OBCLHH~IM ~ + + ~ K T O M  (13.3), KOrAa  B n0CJIeA~efi ffi = 0, 
1-1, ..., n; 

. 06umas ,uode.m npomve  oden nu c @ul~cupoeannw &ex- 
: T e ~ T n p o ~ a H ~ e  M D X W  6b1~b O C ~ I q e C T B n e H O  C IIOMOIqBIO 06bl'f- 

~F-T~cT~, nposeprrwIqero rnnmcsy I& : a1 = : . . = .a,, B MOA- 

H a  nro6o~ pa3yMHOM n O B H e  3Ba'fUMOCTII. 

Mcnonb3y~ M a T p u q y  D &UKTIIBH~IX n e p e M e n n b l x ,  B B e A e m y r o  

AeJIe 13.3, MOWHO 6onee KOMnaKTHO IIpeACTitBETb CTaTUCTUKY 



Breusch and 
x2(1) 

Pagan - mhdom effects: 

A~KHOM u ~ ~ ~ a e  ysepemo o T B e p r a e T c a  B n o m y  MOA~JIH co my%&- 
HblM ~ & & ~ K T o M .  

3. C~zyxatI~w.ti &exm .npomzle  &urccupooan~tozo ~ e ~ m a .  B MO- 

flem CO m y ~ a i r H b I M  ~ & & ~ K T O M  IlpeAIIOJl&r*dCZl'QI, qT0 EH.4RBUAYaJIb- 

HbIe 3@&eKTbI A& KOPP-POT C OCTaJIbHblMkf O ~ % B ~ I I I I O ~ U M H  n* 
peMeHHbIMYI. T~KUM O ~ P ~ ~ O M ,  HC?O~-MO ItpOBePWTb lWnOTe3Y Ho: 
Cov(ui, sJt) = 0. ~ T C : P H ~ T U B H B S I  I'DnOT€%3 COCTOUT B TOM, m0 3Ta. 

KOBapWaqaR O T J l E w a  OT HYJIR, 

Anrr n p o 8 e p K u  no,q~6wx mnow O ~ ~ I ' I H O  UCIlOJIb3YSPW TeCT 

Xayc~ana (Hausma, 1978), o KOTOPOM yxe tuna peva B I-e 8. 
 TOT TeCT -0CHODW H a  CPaBReHUW Q q O K  naPaMeTPOB Pl n O n y s m -  1 
HblX & OCHOBHO~ U & ~ I ~ T ~ P B ~ T I I B H O ~ ~  MOA-X. KEK yXe rOmpU%_ocb 1 
Bbrure,  apy ~ y n e ~ o i t  rnnome oqema eo C J I ~ ~ ~ I I M M  B&&WTOM PRE 
COCTWPejIbHa M ~ & & ~ K T w H ~ ,  a IIpH W l b ~ e p R a T ~ B H o a  

He 1 
cornoarenbaa. Oqea~a c & U K C ~ O B ~ ~ I M  ~ & K T O M  Pm COCIW- 

T C n b H a  KaK I t p U  H ~ J I ~ B O ~ ,  TaK H W U  ?XI I~ I~T~~H&TUBHO~ CNnC'I'e3W 
Co~epxamb~mit  CM~ICJI T e 9 a  Xayc~a i a  - c o c ~ o u ~  H.MM, sm npu 
HyJleB~tf I 'UIIoTe3e OIlWKXX Pm kf PFE H e  i 0 J l ~ H b I  CUJIbIiO OTJlU- 

YaTbCZr, a ecnu crrpaseAnnsa a n b T e p H a T n s u m  r u n o ~ e ~ a ,  TO p ~ 3 ~ t U 4 H e  

&OJlXHO - 6 b l T b  CyqeWBeHIIb lM.  q~06bI nOHSTb, BeJMKa JIU P113HUUa 

,&E - Pm M e X U  - - OWHKaMX, T P ~ Y ~ T W  3HaHEle K O B ~ ~ U ~ U O U H O ~  

M a T p U p  V(PFE - PRE) 3~0g PWIOCTU. MOXHO nomaTb,Ym npu 
BbInOJrlIeHUU H ~ J ~ ~ B O %  -0Te3bI P i 3  ~ & & ~ K T ~ ~ ~ R O C T H  O q W K U  PRE CJIe- 1 

( ~ C U M ~ T O T U ~ I ~ C K O ~ )  P W H C T B O  

~(FJFE - FJm) = ~ ( P F E )  - v(~?RE). 

141.01 Pmbability 0.0000 

~ X U M  o6pmo~,  T e c T  X a y c ~ a ~ a  oTnepraeT r s n o T e 3 y  o cnyr&aux 
W K ~  B nOXb3Y l'UIIOTe3bI 0 BaJIR%UU &UKCHPOB&H~IX UWUBK- 

nbHbIX ~ & @ ~ K T o B .  

Kpii n p m ~ u s e c ~ o t  pearrrr3wnx T e r n  Xayc~awa FoxeT B03HUK- - A k Tpy~nomb, CBFBaHHaR C TBM, YM M a T p H q a  O(pFE) - V(PRE) 
~ S ~ ~ T ~ J B R O  RsJISIeTCZr IIOJIOXUTWIbHO O I I P ~ A ~ R ~ H H O ~ ~ ,  'PTO MOXeT 

&CTU K n p o 6 n e ~ a ~  npu ee 06pa~qem1.i. B no~o6woB c u T y a q a u  

k0 IIbITaTbUI q l H M e H X T b  TeCT X ~ Y C M ~ H ~  n u m b  K q W T K  KOMIIO- 

~ B ~ K T O ~ S  P. 
3 COBpeMeHHbIX JKOHOMeTpU¶%KUX KOMllb~OTepHbIX IIaKWaX,  KaK 

Cbkh0, peaJIU30BaU5I lIpOJJe&'pbI pZl60Tbl C IlaReJIbHbIMU AanIIbIMA 

I$lMsaHMe MoJ!,eJreR no 06ae~~~eI iE lb I~  AaHHlrIM, C &UKCUPOB~H- 
. "UJIF3 % WIYY&H~IM ~ & @ ~ K T o M .  OTMBTUM, B YBCTHOCTIT, YXe YUO- 

mmfica sbrme n a e T  STATA, rAe Tmxe MO~KHO nemo ocywe- 
!%TI, m Xayc~ma. . . 



H O U I H ~ K M  Eit -ZP K O P P e J I U P O B W I ,  VTO, KaX USBeCTHO, M O X e T  npnBe-  

CTE~ I< CMeWeHHOCTH EI HeCOCTOIITeJlLHOCTEl ~ K - o ~ ~ H o K .  O K ~ ~ L I B W -  

a, B A ~ H H O M  myqae MHK-oqema n a p a M e T p a  y ( o q e ~ ~ a  c C$UKCWPO- 

naHHtJM B ~ @ ~ K T O M )  flBJIXeTCR H ~ C O C T O I I T ~ J I ~ H O ~ ~  IIpI-i 72 -+ W u npu 
@ I I I ~ ( ~ Z ~ ~ O B W H O M  T: MOXHO n o K m + T b  (Hsiao, 1986; Verbeek, 2000), 

Pit - Pit-1 = Y(W-1 -  it-2) f (&it - Elt-l), (13.37) 

aCK.n10%2I TeM CaMMM H H ~ ~ U R H ~ ~ J I ~ H L I ~ ~  ~@~$XKT a(. B X O M  Ypm- 
newax perpeccopbl a OIIIU~KX K o p p e J r w p o s a n b r ,  n o c K o n b K y  ~oppmri- 
POBBHHLIMII, OVeBWHO, RBJIRMTCSI yit-1 U Eit-1. B KaV2CTBe IIIICTPY- 

M e n T m b I r t J x  nepeMeHHbmc MOXHO B ~ X T L ,  H a n p a M e p ,  yit-2: 3m Bern- 
m a n ,  oseswno, K o p p e m p o s m a  c yit-1- yit-2 u H e  K o p p e n a p o n a n a  

C E i t  - &it-1: 



Ilpt?AJIOXUTb AOBOnbHO MHOPO K O M ~ E B E ~ H &  J I a r w B a H B b I X  3lIaYetfNtj 

3aBUCUMO@ tIepeMeElt i~& y, KOTOPbIe IIO&XO&RT H a  P O n b  BHCPPYMCHTOB. 

B CBR3U C STWM BO3RIKaOT &B& fJClWXBBeHHbIX BOIIPOCB: 'IT0 me 
JIysIIIe  ~b l6pa~b B KaYeCTBe UHCTPYMBHTOB U HeJIb3R JIU BClIOJIb30BILTb 

B KWM-TO w c a e  B c e  AocTynme u n m p y M e R T a n b x b l e  nepe~enwe? 
O m  s a ~ ~ u o s a e r c ~  B n p n M e H e m u  0606rqex~ozo wemoda &oweumoe 
(GMM), KpaTKOe OmC-e KOTOpOrO IIPIlBOAIlTCR AaJIee B pa3AeJIe 

13.9. 
O C ~ B O #  3WCO MeTOna RsnrrIOTCH MOMeHTtlbIe TOXAeCTBa, EIJlZi 

ycaoera o p T o r o H a r r b H o c m ,  Oco6emom onxcusaeanoro 3gen. DO&- 

xoaa, KOTOP~I~? 6bm n p e m o x e H  B pa6o~e (Arellano and Bond, 1991), 
COCTOEIT B TOM, 9TO SEICJIO MOMWTHbIX TOXHeCTB MeH4eTW C IF3Me- 

H e n a e M  t. Hame ymoxceme c~re,qyer, B OCHOBHOM, KHKN (Verbeek, 
2000). 

B MO,I(WE (13.37,) I IpU t = 2 BbIJI0SIAReT-X MOMeHTHOe TOXAeCTBO 
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B CooTBeTmm c ~eopuea 0606qennoro M m A a  MOMeHToB A J I ~  a c sxsozewfizrucu nemenwuwu 
n0JIyYeHUX W H M m T U Y e C K H  O ~ T L I M ~ J ~ ~ H O *  OUeHKH (T. e. C MUBUM&lb- - 

H& ,!(HCIIepCuefi) B KaYeCTBe B ~ C O B O ~  MaTPUqbl Cne,QWP B3I1Tb MaT- 
i r e ~ c a  Tenepb K 6onee o61@h ~ u n a ~ m e c ~ o l i  MO&JIH (13.33) 

pmy (CM. (13.56)): ptt = @i + f I itP + 'wit-1 + €it, 
swt  = (E (Z~AE;AE~Z~) ) - ' .  (13 .44)  

OnI1~b xe B COOTBeTCTBHU C ~ e 0 p H e f i  0606qem1om MeTOAa MOMeHTOB 

O ~ ~ H K O B  sron MaTpHQM mnmca  MaTpma 
-1 

(13.45) 
peccopoB zit o3na.rae~, sm 

.=l 

E(xkA&it) = 0 m e  AZi - O C ~ T K I I ,  nocTpoerIHMe B ~oaejra (13.37) npa ncnonbso- 
LiZulUU ~mofi-nu60 C O C T ~ S T ~ J ~ ~ H ~ ~ ~  OQeHKH napa~erpa 7, H ~ ~ P U M ~ P ,  

o q e ~ ,  nonpe~not i  pemmueM 3 a ~ a 9 ~  (13.42) c ep ,unus~o~  ~ e c o ~ o t t  ecma; Kompme auanorumir T o x A e c m a M  (13.40), H dCnOJIb36- 
M ~ T P U Q ~ B  s = I .  , 

~ ~ M w u M ,  YTO 3TOT CKIOCO~ OK(c?HEiBWHX SIDE0 lie H a K J I W B a e T  HT B p e M e n u  t nepeMeHHbte =;I,. : .  xi^ MOXIIO UCn0~1b30BaTb a 
0 ~ a I i U X e ~ 8  H a  o I U U ~ K H  &it. O ~ B K O ,  ~ ~ 0 6 5 1  rapWUPOBaTb a#* 
KBaTHOCTb UClIOJIb30BaHHX 0606qe~~oro  M p a  MOMeHTOB B TaXOM M, IlOCTPOeHHblM B lIpe~bl,@~C2iq pa3~e~re. 
~ ~ e , '  Tpe6&lez, 9 ~ 0 6 ~  0 1 ~ 6 ~ 1 1  6 ~ 4 ~  H ~ K O ~ ~ U ~ O B ~ I ~ I  U HMWIU 

O A n H ~ < 0 ~ ) ; m  ~HcI;epcHm ~ e r p y ~ ~ o  n p o ~ e ~ i ~ b ,  w o  ,npU YrUX 66kh'l~bl~ MOAe.JtXX B P ~ M ~ I ~ H ~ I X  PltqOB, B03EMKa;H)T n p o 6 n e M b l  em- 
OlQZulUYeHHXX ~ M x  KopHeg, KOHHTerpaqMW H T. II., HO PWCMOTpeliAe BTUX RbnpO- 

.BMX~AEIT 3a pamu name& Knurn. Eonee n o ~ p o 6 ~ o e  o n u c a r r u e  
-1 2 -1 .. . . ~ e ~ i d  MOXNO n p o ~ e c ~ b ,  aanpmep, B ~nn rax  [Gr'eene, 1 9 9 7 ) ,  

FABeACM KpaTKO mom. . 
0 0 0 ... : rB AwaaMnrecKnx MoAeJrnx  c naneamMn A~IHL.IMW perpecco- 

~ O ~ T O M Y  M O X H ~  B3IITb o ~ T E I M ~ J I ~ H Y H )  BeCOBYfi"M&TpUlly B BHAe PeJIUpOBaHbI C EEAUBHAyaJbHbIMU ~ @ @ ~ K T ~ M H  He3aBUCUMO OT 

j! 

3ahn@I%iM, ¶'TO 3Ta MaTpUqa ae 3aBIICUT OT 7, U, C J ~ ~ , ~ O B ~ T W I ~ H ~ *  

OqeHKa o606rqemioro MeTOAa M O F T O B  MOXeT 6b1~b nOnFeHa sa 
o ~ m '  mar 6e3 n a ~ a r r h a o r p  oqe~u~&ma itemsec~no'ro napaMwa. b c noMoqbm 0 6 0 6 u ~ e ~ ~ o m  Mwoqa MoM~HToB. 



B 3TOM P W A W I e  M U  KpaTKO PLCCMOTPXM MOAWIn C naHWIbHLlM&l Am- 
11b1w.i~ B KOTOP~IX S&BACBM~II n e p e M e H n a 5 t  U w s i e T e R  611aapnoB, T. e. 
npllnn~aroqeB 3 n a ~ e m s i O  nnu 1. Mo~md 6n~apnoro nhi66pa B my- 
qae n ; t n e m H b I x  M m e r  burn onncaaa a t l a ~ ~ o m ~ o  TOMY, KaK STO 8- 

namm p,nz n p o c q m i c T B e a m z s  ,q=x (CM. (12.4) u (12.5)): 

U 
y i t = l ,  ecmr&>O, 
y,:t =.O, e h  y$ < 0 ,  

(13.48) 

rA$ OUIU~KH .Ei$ HHe3aBUQIMU.UO ,i, t U ,  OAnHaKOBO p%npeAWIgHH,  a 
S@@UWiHbl a:,,, 1%. &i P W b I U e ,  O T p F O T  R I E A A B ~ ~ ~ ~ L M ~  P W H -  

rnsi wewxy 0 6 w x r & ~  Eyfie~ m m ~ b  cq P ~ ~ B & ~ I I J M B  ,gapwe% 
~ W U .  .(W?WL C @ U K C H ~ O B ~ ~ ~ ~ W :  ~ ~ @ & ~ K T o M ) .  TOTW M.O%tlC? Top- 
KO TaK +?, K a K  U. W.06UWbIx MOAWJeR, PFCTIXSiKbur B ma- 
B e  12, nOCTpOEiTb O l & e H K k i . . + K C W ~ H O ~  1tp88~0110~06~11 n & p a M W -  

POB at, 4 n &3 (om&nne~ B xaveme y p p a m n e ~ z  na- 
n % c a ~ h  , ~ b p a ) ~ e a u e  p ~ ;  & y n ~ ~ n n  ~ Q & B A ~ ~ O A O ~ W I ) ! .  ~TII oqenxn 6y- 
J&T .cocsomenbm~n JIUIII~ npn +F~CE~~PB+HH.OM n H npu T -r q. 

*KT,. FOHe¶HO >Kg, q m  C, TeM, YTO C y B W l ~ i e H U I ? V  . ~ T& pq-  
T ~ T  m q o  Q Q ~ H U ' B ~ ~ ~ ~ X  n a p e q o ?  a, i .= I,. ...,,, r, noyrpwy ec-. 
JIU 79 + 00, a T &UKCEIPOB~~O, TO OWHKH MaKCUMCIJIbROl'O n p a B -  

~ 0 n 0 ~ 0 6 U I I  r t a ~  n a p a ~ e r p o ~  rri, i = 1 , .  . . ,n, T ~ K  f iapa~e~poe P 
6 y u ~  HeCgCTORTeJrbIIbIMEl. I I P ~ J I ~ M ~  B 0 3 l i n X a W  Xi B ~ l k $ e & H S E i  

~o;ae~mx; AD ~ a ~ d  c POMOI~ESO . . ~ ~ y ~ p ~ r p y n n o ~ o r o  i1peo6pa3.0~efura 

YAaeTcR HCKnW¶l iTb f f i  Ei n W ¶ W T L  WQSTWbHW Ol&RHKtn B ~ K T O  

pa napmexpc P .  B MOAWIIIX 6unapsom. ~b160pa @op~wbno To%e 
MOZHO W W I a T b  BHYTpUrpynIIOBOt?. npe06p&~anne (& BJmb nep 

pa3~oc-m) p ~ s i  nmnmofi nepemennofi: y,f,, vro - n @ B o h t r r  nc- 
M K l s U T b .  f f i  B YPWHeSiEin (13.47). O A H ~ K ~  H e  CYIl(eCTByeT ,XIpQCTOr;O 

C I ~ O C O ~ ~ ,  I I O 3 B W m I q e M  CB1138Tb H ~ ~ J I K ) A B ~ M ~ I O - ~ ~ I ~ ~ H . Y K )  n€@'3MW4 

ny~o. yit c .npe06p830nann08 nasen~~ofi .  nepe~ewioP y i  -'% (nnn 
y:t - yit-J. OAHO UB B O ~ M O X I ~ ~ I X  pemenn@ STOP q o 5 n e ~ q  COCT~AT 
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aKCMMH3WSin H e  II&oAHOfi @YIIK~BU npm~on0~06an,  a HeKOTO- 

cne4i&JIb110 n o ~ o 6 p a ~ ~ o u l  yCJIOBHO8 @ y i f i c @ ~  n p a ~ ~ 0 ~ 0 ~ 0 6 H R  

dersen, 1970), (Chamberlain, 1980). l lyc~a  f ( y i ~ ,  . . . , l ~ i ~  / a i , P )  
COBMeCTMOe p a c r r p e A e J I e m e  s a n i t I n H  y i l , .  . . , I I ~ T ,  3a~nmqee OT 
aMeTpOB f f i ,  P ~ ~ ~ A ~ o J T o x x M ,  YTO CyUAeCTByeT TaK- ClBTEi- 

i l , .  . . , Y ~ T  I Cli, p) = f (yilil,.. . , Y ~ T  1 sir P ) .  Tor~a, MaKCHMU3UpYn 

oBliy10 @ y n ~ w ~ o  n p ~ ~ o n o ~ o 6 n a  
n 

L C = I ' I f ( ~ i l . . . . , ~ i ~  Isi,P)r 
i=l 

BO I l W y Y U T b  COWIITeJ IbHbIe  OIXeAKU n?LpaMeTPOB p. E O J I ~ ~  TO- 

OQeHKYI 0 6 n a ~ m  IlpaKTUYeCKH T e M n  Xe C B O ~ C T B ~ M U ,  YTO 

¶Ha le  O ~ ~ H K U  MaKCUMMLEIOlW npae~ono~o6nsi. 
' ,apo6ne~a, O A H ~ K O ,  COCTOWT B TOM,  PO ~ ~ J I ~ K O  ae B c e r A a  Tman 

U F K a  S i  Cy4eLXByeT .  T a K ,  HaIIpCiMep, MOXHO l I O K m a T b ,  W O  

erlHe) T ~ K O ~  CTaTUCTHKH IIOCTPOUTb HeJIb3II. HO e C n K  omn6an B 

!47) n M e I o T  n o r u c m q e c K o e  pacnpeAenenxe (logit-MOA~.~), TBKdII 
T c T m a  c y I q e c T n y e T ,  a UM~HHO,  si = . C , = l  yib M ~ I  -He 6 y , q e ~ . ~ 0 -  

binam mo B 061qe~ cnysae, a o r p a H n q u M w  nnnmcrpaqnei% ,LI.JlR 

acb B T e Y e n n e  scero nepnoaa n p e M e n H ;  H e  A~KIT * B K n w a B  B 

HYIQ @yn~rplro n p a B 8 0 n 0 ~ 0 6 8 ~  Amee, 0 6 0 3 H a q n ~  jmx K P ~ T -  

(yjl = 0 ,  yi2 = 1) = (0 ,  I ) ,  (yil = 1, yi2 = 0) = (1;o) .  Tor~a 

.P((O, 1) I~si = 1) = P((0, l ) , s , :  = 1) - - : ~ ( ( 0 , l ) )  
P(s ,  = 1 )  P(('A 1 ) )  + P ( ( L 0 ) ) .  

1 e0d+42P 



MLI BUAUM, 'IM 3TEl YCJIOBHLIe BePOXTHOCTEl H e  3aBHCSLT OT f f i .  

B Cl IygaR  IQ083BOJL6AOI'O T AOKa3aTenbCTBO He3aBUCUMOCTU 

ycnounux p a c n p e A e n e H a i i  OT or& n p o u o A u T c a a r r a n o r n s a 0 ,  HO ~ p e 6 y e ~  
6mee r p O M 0 3 A K I X  n d ~ u c n e ~ u f i  (CM. (Chamberlain, 1980), (Maddala, 
1987)). T~XHM, O ~ ~ W O M ,  AJiX ~ o ~ ~ ~ - M o A @ J I U  C & U K C U P O B ~ ~ H H ~ ~ M  3&C$eK- 

TOM YAaRTCB YCTPaHUTb I IepeMeHHbIe  f f i  U J I O n y l U T b  COCMXl'WIbHbIe 

ouemtn napmerpoa p. 
P~CCMQT~RM Tf!nepb lMQAeJlU9 CO C J I y Y & k b l M  ~ & K T O M .  B 

YpmHeHEIU (13.47) 0 6 0 3 U a Y k i ~ b  .%t = 02 + &it, TO BHenI l Ie  MOAeJIb 

(13.47), (13.48) 6 y ~ e . l . s b l r ~ 1 a ~ e ~ b  T a K  .me, K a K ,  M 9 A t I l b  6 ~ i i ~ p ~ 0 r 0  
su6opa w f l  IpOCTpaHcTBeHKbIX ,qaHI ib~X (12.4), 612.5). OD~KO eCTb 

c y r q e c T n e n n o e  omnque: B A ~ H H O M  a y ~ a e  o m r r F j ~ u  uit, t = 1,. .: , T, 
a CJIeaOBaTWlbHO, U ~ d n l o ~ e H U B  yit, t = 1,. . . ,T, yXe H e  RBJIXIOTCX 

H ~ ~ ~ B U C U ~ % U M H  no t AJIa -HOP0 0 6 ' b e K ~ a  i ( M ~ X ~  0 6 ' h e ~ ~ i t . M ~  STU 

omu6~n,  I c o n e n l o  xe,. ~ e 3 a ~ u c u ~ b l ) .  3n, 03~a.rae~, YTO pacnpeame 
H u e  f (y i~ ,  .~. . ,gill .I zil,. . . , Z ~ T ,  P) H e  pacnaaamcs B n p o m B e A e a n e  

O&lIOMepHblX p W I I p e ~ e j ~ e H & ,  a WleAOBaTWbIlO, GI & Y H K ~ E I R ~ I P ~ L B A O -  

n o h a  ~ n r r  3 ~ 0 8  MOA~JIU H e  I IpeAcTi tBuMa  B B Y q e  n p o m B e A e r n n a  

OAHOMepHbIX pWnpe&ejreIi~, K X  S T 0  Qrno AJIR Mo~e-JIefl 6 u r r a p ~ o r O  

nb16opa C IQOCTpaHcTBeHHblMU jW+HblMU.. B o 6 q e ~  FyrIae nOCTp0- 

eHEIe C$YHK~&U n P ~ A o ~ o B o 6 u ~  T P ~ ~ Y ~ T  BbI9UCneH1IX MHOMMk?PHbU( 

UIiTeI'paJIOB, 7 T O  &€!JIaW npaKTHVe.CKU ,HepeaJrK3yeM5IM MeTOA .Max-  

CUMWIbHOM I I p a F i & 0 r i 0 ~ 0 6 1 1 ~ .  

O A H ~ K O  MOXHO 3aMeTUTL,  S T 0  IIOCKOJILKY O U I U ~ K U  €11,. . . ,&fly 
He3XMCUMbI KaK UO i, TaK U IT0 t ,  TO H ~ I ~ A ~ H H X  yit, t = 1,. . . , 3  



CTpaHeHHblX MBIYIAOB OqeHUBaHJIZI.  TOT MeTOA IteJI5IeTCX AOCTaToqHO 

0 6 ~ ~  )I IIPYlMeHZIeTCIl He  TOnbKO B 3KOHOMWpUKe, W B K O  HaUIe 113- 

noxeeue opueHTupoaaao B nepByIo orepeilb H a  ero npuMeneHue K 

M O ~ ~ J I Z I M  perpeemu. 
&XOAH~IM IIYHKTOM 0606qe~110ro Mf?I!OAa MOMeHTOB RBTIflmTCSI 

HeKmphle TeopeTnqecKne cooTnouem M e w  nepeMeHmMu u na- 
paMerpaMzi ~ o ~ w r u .  =es M m A a  3 a ~ m o r a q k  B TOM, mo HWO TU 

BbI6~pa~b n a p m e r p a r ,  9m6b1, rOBOpS HeCTpOW, W M  C O O T H o n r e l i n ~  
AJIS 3t3,I(arlHbIX H~I~JIIOA~HUR BblnOnHZIjiUCb KaK MOXHO t60~1ee TOYHO8. 

I I p e m o ~ ~ o m n ~ ,  r r o  ~ o ~ e n b  B K n m s m  n e p e h a e m b r e  yi, xi, t i ,  

z = 1,. . . , n, K IIYCT~ BbmonHeHbI wepymxque paBeHmaa: 

E(mj(y,, xi, zi, 0)) = 0, j = 1,. . . , l ,  (13.51) 

O ~ O ~ H ~ Y B M  AJIR KPaTKOCTU g(1, XI Z, 0) = g(0,). ECJ~A k > 1 (YUCJIO 

ypaBnenult B (13.53) Menbme rums oqeHasaeMbix n a p a a n m p o a ) ,  .lu, 

M Q A a b  He U A ~ H T U ~ $ W P Y ~ M ~ .  k J I U  pa3MepHOCTE ~ ( 6 )  U 0 COBnaAa- 
XIT (5. e. sumo y p m n e r ~ a a  a (13.53) p m ~ o  ~ n m y  n a p m e r p o n ) ,  n, 

391. 

enm ycno~ufi perynapaoczu) MOXHO pmpemnTb cnci- 
-(13:53) OTHWUTenbHO 0, no;nyYeHEth~e TaKHM O ~ ~ W O M  

a'napaMerpos 0 r r m ~ r o a m  o q e n ~ a ~ u  MeToaa MO- 

7); h E i  Xe KOJIUseCTBO M O M e H n m D t  T0XSAecl.B 

a e u a r x  napameqw (k < l ) ,  m cxm~a~(13.53) 
eAenekAoii. nonyrerm~ OQ~CIOK M ~ A O M  

0 6b1 O ~ ~ P O C W F ~  3WTb MOMeIiTNbIX TOXaeCTB, 

aqe. A uMenHo, n o c ~ p o w m ~  o q w ~ y  n a p u r n  
6b1, rokps w e c ~ p o r o ,  B W T O ~  g(6) 6b1a *<a< 

puMep, nairrn o q e ~ ~ y  6 nyTeM pernews 
, : ,  

MOXHO no~a3an (CM. (Hansen, 1982)), TTO n o n y l e r r s a n  npu WOM 

HOB, Hot ~006we W B O p ,  H ~ B & ~ ~ K T % T B -  

! B M ~  M U H M M U ~ ~ U  CyMMhl K B W a T O B  l<OMnOHeHT BeKTOpa 

b 6- ~6lr(yIO 3-y, a UMekI- 

(13.55) 

xlaas i o n o x m ~ r ~ t r o  onpe,qenenaas 
m, n o n y a e w a a n  pemeHueM swam 

6qennoro MeTOAa MOMeHTOB UJIU 

GMM-o~emoti (Genemlized Method of Moments, GMM): 
I " . 8 

, YTO pX3RblM BeCtBblM MaTPH4&M S COOTBWCTBJ'IOT pmIibIe 
~ , w Z I T C ? $ I ~ H ~ I ~ )  OqeHKU. ~ G M M . .  MOXHO IIOKmaTb, 41YI AJIR IllOJIy- 

$ZI XUMIITOTUYeCKU O ~ T U M ~ J I ~ H O ~ ~ ~  OGf3HKU (T. e. EiMe104ea MXHU- 

mmpn ~ e x g  ~ a 6 J I m ~ e m v ~ a )  



. . $  ' ,. 
~a&kq,  penrams 3*a (13.55) c S =: Szt u B peSynb~a~e ' k .  
nysmcrr oqenxa ~SGMM. &a nocJleAmx mara MONHO ~ O B T O P U T ~  

necmnb~o pa3. 

I I I  
MOXHO nOKa3aTb, qT0 nOC'i'pOC?HfIIIaSI T&KUM o6pa3o~ O9eHKa 

eGMM SBJJXeTCX XliMnmT&PKeCKH H O P M ~ J I ~ H O ~  
I ' .  

: &(ZGMM.- 8)  5 N(0, V), 

' 
06b6qekuibrii MeToA MoMemoi 06naplm pqoM npemynrecm no 

GPaBHeHUm. C ,?@JTltMW MeTO&aMU O~eUUBaHUR: &lIZ 63% .KCIIOJ&WB& 

R ~ S I  .ne ~pe6ye~crr 3 ~ a m  pa~npegene~ue ~a6n16,qe~&; .ori pa60~8e~  
npu ~armsnn rerepocKeAacpruryo@rH m6om . B U ~ .  M T. n. 

IIo~po6nee 06 0 6 0 6 q e ~ n o ~  WeTOAe ' ~ X O M ~ A T ~ ~  c&,  WquMep, 
(Greene, 1997), (Johnston and DiNardo, 1997), (Verbeek, 2000y. 

P~CCMOTPHM HWKOJI%~O XIPUMePOB. c. 

1. ~ h r ~ b c d  ~ e m o a  nawehc~uuz ~ s i i p u r n o ~ ~ w c ~ r n p u ~  KJIX- 

ernec~ym ~ o ~ e r r b  nunettiioiT perpewmi - . : 

: . . , 

opa napaMeTpoB coBnaAaioT. ha nun re^ Bb160p0~~blR ana~mr pa- 
lTia (13.58) (MbI UCnOJIb3YOM 0603naqe~~~1,  BBeAeHHbIe B rn. 3): 

F i t !  

i. " *a wraccu~ecicott nanetinott MOA~JIU perpeccuu o q e ~ ~ a  M ~ T O -  
MOMeHTOB COBnWWP C O+?HKOfl MeTOAa HaUMeHblIlUX KBadpaTOB: 

%s = PGMM. 
I, 2. Memod uncmpyaenmanbnw nepeuewnw. IIyc~b zt - 1 x 1 
/ C T O ~  EIHCTIIYMeHTaJIbHbIX ILeP~MeLlHblX, 1 2 k, rAe k - pa3MePHOCTh 
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Pemart sanary 

(zfy - z'x~)'(z'z)-~(z'~ - Z'XP) -t min, (13.60) 
,* 

nonysaeM 

?lit = Wit-1 + ai + E i t ,  

r,m O L ~ U ~ K U  €it N iid(0, u2) w Hc3aHucu~b1 C yf. npH s < t. B YpaBHWm 
BeyTpnrpynnwoa perpeccnu (13.35) 

w e  fuel :xis w e p m a m  e ) ~ e r b q h ~ e  ,wanwe 06 06aemx smyc- 
rpmarpaTax, mnmanbnh~x Bnmenum P O C C R ~ ~ C K ~ X  ~&~AIIPWBTI& 
~ & ~ ' ~ ~ T w ~ c K o ~ o  KOMIIJIeKCB 3a IIepUOA 1983-2000 Pr. (E. B. Bet- 
.n3@MP). B nanen~ BKJIIbYBBO mono 2400 opennpqpi$f, ir&ep, 
IalrcnpoBana. 
RB itpWMepa - OVeHHTb ~PO~~ACTBeIIHYIO @ ~ H K W I O  n p e A n p ~ ~ ~ ~ 8 .  

. .  - 
M3hW ,KO& o~pacnn OKOHX 
EM - ran 
m'T %&& BbIllVCK 

Yphrpec&.w cn) ;~nwar  ~@&KTOM n p o m  perpeccnn c +~cnpc- 
' B ~ H H B ~ M  Y&&~KTOM. 
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13.10. ( b m o  Bijmolt, Erwin Charlier) 
B 3 M M  Y I I p W e W  MOAeJlU BBAeJIbRUXAaHHbM R C I I O ~ Y ~  

an-a n p o m  HeKoTopOM copTa Tyma (06wHaYeHH0tW K ~ K  A) B 
HeCKOnbKF Mara3HHaX. I lmwb30~fptcb ixamibre 0 @ o m a X  KoHcepBsi- 
p o - ~ ~ r o  yHqa B 24 ~-0~ax'Ynrcam B TeqeHne 104 ~ e i ~ l l b .  Aanib~i) 

a ~ o m  npxvepa. (onuca~ue nepe~enlibnr n p n n e ~ e ~ o  B m 6 ~ 1 q e  13.2) na- 
xoWl~ci a @atbe brand-a.xlsZ. 

n e p e ~ e s ~ a e  
sales, 

totsales 

TegPra 
odpr. 
f eata 

displ,, 

ftdpl.. 

regprb 

aeCprb 
wprc 
adm 
regird 
adprd 

Ta-w 13.2 
Onnca~ufe . , , . 

0 6 e ~  npomx ~ p s a  c o p a  A 
06qnR O&beM n p o ~ a x  M ~ M H ~  3a uecb PaccMawn- 
aae~bdt nepnoA 
I;(e~a T Y H ~ ~  copra A < / ,  ,~ 

u e ~ a  TYW c 0 ~ r a . A  c y s e m ~  C K A A ~ ~  
. 

autrrrm~aa nepehceanaa (1 - m u  .P ~ a ~ m r l n e  6b~na 
peK,JIaMa pblfibl COPT& A, 53 pb& COpTa A 3le BbIICJIW- 

sanacb H a  e n ~ p u ~ y ,  0 - maqe) 
(PAKTHBH~S~ n e p e ~ e ~ m  (1 - emu. a ~ a r a 3 n ~ e  pb16a 

!I 
c o p ~ a  A B H y K % q E w a C b  Ha nmpmy, u He 64mo p e ~ -  
nmbr p&L copTa A, 0 - wna~e) 
Q R K T ~ ~ B H ~  nepehlennan (1 - ecnu B Mara3xne pu6a 
mpTa A nar~~-+imcb Ha BnTprny, n 66hwl pegeKJraMa 
pbl6b1 co-, A, 0 - uxa~ed;Ye) 
IJem T ~ H W  w p ~ a  B (B, C, D - K O H K Y P ~ P Y ~ ~  WP- 

qena ~ H W  cow B c y q m ~  W U A K ~  

Qena ~ y ~ u a  cgpm C 
Q e ~ a  ~ y s q a  coma C c J"IWM cmmn 
Silia ewa coma D 
Qwa TyHQa copTa D c ~ Y ~ T C ~ M  CKXAKII 

' ' 

13.10.1. Elccnepyit~e onucaTenbme CTs~ncmlul A W H ~ . .  Pponepbn: (na- 
npulaep, c noMoq.m rp&OWB), ~OLK cn-a ~ ~ B R C ~ M & R  n e p e ~ e n ~ m  c , 

~ R C H ~ W M U .  

13.10.2. O q e ~ r ~ e  npomg.m (pooled) ~0,q-b 3 a ~ a e w ~ o c ~ u  o 6 s e ~ a  npoixa* 
OT Bcex oc~bbAblX mpe~emxx. BBW TOM  TO pwnnwxMe nenu R qaibi 

2 o p u m a m m ~  npulaep f iac~nea  na crpamqe 3prurrra rIepmepa no w e c Y  

http:  //center .uvt .nl/staff/charlier/pansldata.Mfi 
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K ~ K  IIpa5Fn0, B aKOHOMeTPEIWCKUX UCCJIeAOBWHIIX AaHUhle  H e  RB- 

JIRWlWi pa?yJlbTaTOM SKCnepHMeyTa,  U l I O 3 F M Y  MbI BbIHYXAeHbl UC- 

nOnb30BaTb-OAHU H TC X<e AaHHWe KaK p5i s~a60pa MOAeJIU, TaK U 

OQeHKH U W a M e T p O B  n b 1 6 p n ~ H o f i  MOAeJIU. K O H ~ ~ O ,  ST€l o 6 m -  
T ~ ~ C T B O  BJIUR~T H a  C B O ~ C T B ~  noJryYeHHbuc o q e n o r t .  B A ~ H H O ~ ~  rnme 
HaC OC&HHO 6y- UHTepeCOBaTb BeJIUqUHa 3 T O M  3 & & e ~ T a .  B KOH- 

qe KOWOB BCC, ¶eM MbI 3BnUMaBMCA B 3KOHOMeTPUKe, HerrpaEUnbUO 

(ne~epme MOA~JIU, H e A o c T o B e p m e  AasHbxe,  H ~ S ( ~ ) @ ~ K T I I B R ~ I ~  u UHO- 

r & a  ne c a M r J e  ny=mue o q e ~ ~ u  H T. n.), HO ?TO H e  o6ma~mb~o rrsns- 
e T c x  rrpobne~oi2. llpo6ne~a BO~HUK~GT, ecnu wu HeTOVHOCTII u H e 1 m  

3 ~ a w ~ e r n ~ h 1 n  s&&~KT. 

Emu n a p a M e T p b 1  MOAPJIB oqemmxmn H a  TOM we aa6ope &aH- 

H ~ I X ,  H a  K O T O ~ O M  r rponcxo~~~r  odop MoAensi, TO WTI, nocne rrpe8aa- 
PHTWIbHblX TeCTOB, TO l3X)le  OqeHKA Ha3bIBLUOTCX p f C t C ~ t - 0 ~ e ~ ~ i t ~ I  

I 

.3&B&i&MOCTH 6r ~ o M , ' R B J I R ~  I~WIY'I~IIHO~ 3HaTeHI Ie  It1 

ill : , , 

' .  , . . .  

(mu cpewrmmnpamwoe o~xnone~ue) o q e m ,  namro- 



y = ~ p + & + e ,  , .  (14.i) 
. . 

rAe y - (n x 1)  ~ K T O ~  xia6mo~emB 3mtic~~oa ncpe~emoa, X n Z; 
. . y MaTpUqbI  A~U~JTY?@!~LJ% PePp~CCOpOB pa3MepOB.  (n x..k) U (?I X m), 

C O . ~ B , ~ C T D ~ H R O ,  r.- (n x 1 )  B e m a p  OLUU~OK u P 8: 7 - BWTOPLI 

~ e ~ s B e c ~ n b %  ( H & ~ Y & H ~ X )  R a p a M e T p o B  pa3MepOB (Ic x 1) @ (m x 1) 
. coome~mwno.M~.npe~non.waie~, sv k > 1, m 2 1, n-k-m 2 1, 

6+1paas M a T p m a  .[X Z] wew n o n n u 2 f  paw k + ,m, n 01nu6mi S,B- 

3TQ o 6 m r ~ a a  & I o ~ M ~ J I E ~ ~ o B K ~  CTanAapTnO& J U ~ H ~ ~ H O ~ ~ M ~ ~ J I U  C 

~ o p ~ m m a n a  omq6tcw, .sa a c ~ u m ~ e n n e ~ . ~ m ,  ITO. MLJ wnepb np 
f l k  P-We M e w  p@rp@COpahnI% X E 2. B (IIQYTC~) KWKAOti 

MOAWM K T b  perpeCCOpbI ,  KOTOWW d w n u  ,6wb BKJw'&epbl B MC- 

W. 3 ~ ~ :  MO+W 6 ~ 1 ~ 1 . 3  H.eMOJILIf0 npEIHHA. &iwau~ep,  %y.Q :me- 
w 113 S K Q H O M U ~ ~ C K O ~  TCOPUA UJItl 113 IIpeAbIAyulerO OPLlZ@, B 0 3 -  

MOXHfi,: H ~ W  K O f l J I q  COWYT +MOAeJIb HBIIPAeMJIeMQB,, W H  .HBe H e  

6 y m ~  BK!lOYeHbl AWHbIe p e T p W W p b 1 ,  B M W X E O ,  3TO KaK pW. Te W 
r p o c c o p s i  anmaae KaTopbIa . ;na  y ,wp. n XOTUM 1 1 3 ~ q n ~ b ;  ~ & . ~ q n e  

, , perpwcopa n a 3 w o k  ,oexoent+u, psrpeccopaMp . ( n p e ~ c ~ m m -  
WMU S@OKYCI nnmpeca) ~u B m r m s a s o T c s  B,.H&o~ g e r p e c c o p o B  X. 
' b u m  o6pmo~,  gerpeccopan BICJDWWCZI B. MOA~RL B ~ ~ ~ B K C H M O  OT 

mzrryvwb~x 3na~enuti t-m~uerm, .coo~~ercqymm#x~ o m w w  na- 
p a M e T p 0 B  p. , : . . <  ~ ! ,  , , / . /:, . , .  

m~oarr ammewis ~ q p b l x  @ . M ~ W J L  MLJ H e  emnb r x B e p e m u .  O m  
MOI'YT 6blTb BKnlOYBHbI B MOAeJIb nJIn M O W  (3Wy'I'CTBO~Tb pIMOAe- 

nn. Hanrea senam . .  rr~nnewx . o q e ~ ~ a  n a p a ~ e ~ p o ~  P; n e p e ~ e a m l e  

H~!O~XOAUMLI . .. ~ J I ~ K O  &IinP:W?, SG6w Y~j~iC;B~b O ~ B H , K ~  nii~.abiETpO~ 
b, B T Q B W  K W  7 ITBJIR.eTm B'2KWpOM B C ~ W ~ ~ T P M ~ . ) * W '  (WNIII- 

mtx, neo6ma~enb1ib1x (nuisance)) napahneTpoB.  



Teope~a 14.1. MHK-oqenna nnpaMempoe ,B u y e ,~uste&od sol 

ae&u (14.1) npu ospparcuueqruu Siy = 0 m e e m  eud 

3(q = BT - -wig, . T ( ~ )  =. ( Z I M Z ) - ~ ~ ~ W ~ ~ , ,  

zde 

wi = I", - Pi, 

Ps = (Z'MZ)-'/~S~(S~(Z'MZ)-~S~)-~$~(~'~~)-~/~ 

a c a b m c ~ c  c u ~ ~ e m p u u w w u  udmome~rnwtiuu m x m @mpuquu 
, . pa~zoe m - T; u ri coomeemcmeerrdo. (Pi = 0 e mw mywe, emu 

ri = 0) B e m p  ocmamme w e e m  eud 
, . 

, .  ' 

a emuuuwa = e'(i)e(i)/(n - k - m + n ) w e e m .  weqenmpulbtroe. . . 

x2-pacnpeduenue (w. n p o z e n u e  MC, n. 3 )  ', , . ~. 



MJIM APYrElX K P H T e P H e B  ~b160pa M O A ~ J I H )  Ei, 3 a T e M ,  2) OqeHHBaHMR P 
MO B ~ I ~ ~ Z L H H O &  MOAeJIM. 

M ~ I  IIPeAIIOJIOXMM, YTO K P M T ~ P E ~  B L I ~ O ~ ~  MOAeJIIl 3aBHCMT OT 

y TOJILIW Y e p 3  M y ,  OCTaTKH B MOAe*IEI C OrpaHEi9eHEltIMEI. 31-0 
YCJIOBMP BblIIOJIHeHO BO BCeX CT?kHAapTHbIX I I P O U e W P U  0~6opa MO- 

&eJIeI%. ( ~ ~ M ~ T H M ,  q T O  OCTaTKM B i-fi MOAeJIll k C e P A a  B b I p a X a m T C R  

K ~ K  e(,) = D,My AJIR H ~ K O T O P O ~ ~  I?&~M~IOTCHTEIO~~ MaTpMUbI  Dz ) 
 TO IIpeAnOJIOXeHMe IIpMBOJ(MT K CYqeCTBeHHbIM YIIpOWeHMRM. 

~ O I I R T M C  p r e t e s t - O r l e ~ K E i  AOIIyCItaeT eCTeCTBeIIHOe Ei, I t a K  6 y ~ e T  EiOKa- 

3aao H a m ? ,  n o n e 3 H o e  0 6 0 6 w e ~ ~ i e .  K ~ K  H paaee, ~ ~ C C M O T ~ H M  cnasma 
A A 

cny~lai3 m = 1. 3 a u a m e ~  O ~ C H K Y  B ~ a q e  P = ADU + (1 - A)PT, HO 

T e I I e p b  ITyCTL A RBJIReTCR rJXap,KO& B O ~ ~ ~ C T ~ J O T ~ &  @~I<KUHC& t,.  TO 
BbIFJIRAMT p a 3 Y M I I b l M  IIOAXOAOM h IIO3BOJIXeT H a M  IIpOElSBOJILIIO BLI- 

6xpa~b YpOBeI iL  3Ha'-IHMOCTM. (B CaMOM &-Ie, MOWMY Cne)Cyel  6par.b 
U K a T e C T B e  ,VpOBHR 3HaTIXMOCTH 5% HJIM I%, a H e ,  CKEGKeM, 50% MJIH 

95%?) 
B 06qe~-cnysae  W A L S - O ~ ~ H K ~  (wezghted-average least-squares) 

l r a p a M e T p a  P o n p e ~ e m e ~ c 4  K ~ K :  

"rn 

z=1 

We CYMMa ~ ~ P ~ T C X  IIO RCCM 27n MO/'(eJIRM, U O J I ~ l a I O I L ~ M C R  IIpM IIpH- 

paRFiIIBWlHM Ht?CKOXLI<UX K O ~ @ @ H ~ M ~ H T O B  YJ EYJIIO. 

MLT IIpe&IIOJIar5eM,  4 T O  BeCOBbIR K O ~ @ & M ~ M ~ H T L I  AXz Y.AOBJIeTB0- 

pBIOT YCJIOBMBM: 



- A O K  a 3 a ~ e n  ~ C T B  0. ~ ~ T o P o , ' ~ T o B ~ K T o P I J @ ~ B M ~ H ~ ~ ~ -  

BBCUMbI, IIOJIyWleM 

~ ( 8 ,  I Mu) = ~(i%), v(& I Mv) = ~ ( 3 , ) .  
O ~ n o A a ,  

E(B I MY)  = ~ ( 3 ,  I MY) - Q E ( W ~  I MB)  

= ~(j,) - aQW3 = p - aQ(W9 - q )  
11 

~ ( 3  1 MY)  = ~ ( 3 ~  I M y )  = v(&) = o~(x'x)-'.  
B~~YCJIOBHO~ MaTeMaTUTeCKOe O X B a a U U e  OrleHKH BMeeT BBA 

E ( & =  E ( E ( ~  I M y ) )  = E(P - aQ(Wij - q) )  
= P - uQE(W9 - q) ,  

a 6e3ywronnarr M @ r p u q a  ~ o u a p u ~ f i  partaa 

~ ( 3 )  = E(V@ I MY))  + v ( E ( ~  I MY)) 
= V"X'X)-' + V(@ - aQ(WFj - q ) )  
= u~(xIx)- '  + 2~ V(WS)Q'. 

OXIoAa IlOJIyYaeM, YTO MaTPFiL(a Cpe&HeKB8&paTA'IAbIX O T K ~ O E I ~ U U ~  

p m H a  

MSE(B) = v(B) + E(B - D I E @  - P)' 
= a2(x 'x) - I  + ~ Q v ( w F ~ ) Q  

+ U ~ Q E ( W S  - I ) E ( W F ~  - ~ ) ' Q I  

= O ~ ( ( X ' X ) - ~  + QMSE(W2) 8'). 
'I'M 11 T ~ C ~ O B W I O C ~  nOKa3aTh.  

Teope~a 14.2 AOKa3aJIa  B y n p o w e H H o 2 1  &opue B (Magnus and 
Durbitl, 1999). l I px~e ,qe~~oe  B H n r e  ee 06o6rqenuc npuuwerio B 

(Dmiilov and Magnus, 2002). 
B ~ J K I ~ O C T ~   TO& TeOpeMbl  COCTOUT B TOM, YTO BCJIn Mbl I I ~ ~ M  

Xi TaKUe,  qT0 W S  6 y ~ e ~  OnTuMaJILl108 O q e H ~ ~ f i  7 ,  TO me Dtcree m 
M24e X i  AaAYT OnTFfMaJIbHYlO WALS-O~~HKY BeKTOpa  I I apaMeTpOB P. 
npo6ne~a oqenuoanna B e K m p a  n a p a M e r p o B  ,8 B K o a r e K c T e  yerpec- 
CMll CBOjpiTCII, T W U M  O ~ P ~ ~ O M ,  K 3waqe O q e m B a n n s  n e ~ ~ o p a  q 110 

eAKtiCTBeHH0My BeKTOpy 1 1 a 6 J I i O ~ ~ f i  N N(q, I,,). 



onpeAeJrat.4 ~do&$u&uenm aauuacenurc anmmHoro~ M S E  no WHC- 

IUeHnM x ucw61qae~o~yu MSE (underreparting UH, I&( 1 

~ & M ~ T M M ,  YTO q'q = 1. Benusum UR SiRJIXf!TC23 CJIy~dp08, TaK KaK 

OEa 3aSUCUT OT MtiqUqbI W ,  K O T O ~ ~ ~ ' B % U C X ~  OT '3. K&' m, l'aK 

u ee ~aTeMaTu~ecKoeo~m~mue'ne H ~ ~ ~ . ~ o ' & L ~ ~ M L I ,  noe~omxy  onn aa- 
B U ~ T  i3r q '+epezi R(f)). , I '  . , . I, !. .  

M o x a o 6 ~ n o  6 b ~  oi icx~a~b,  ¶TO ~ a ~ p u i l a  MSE@) a e  Medmc!&a+- 
- *  

pnqw E ( M S E ( P ) )  (T. e .  tlx pa3nocla el'& neo+pu~aTenbko onlje,&- 
nenaasi ~ a ~ p w a ) ,  nocKonbrcy npowpypa n p e m a p m b ~ o r o '  ~ e c ~ u -  

urr BHOCUT nonoJIHu-Hym IreonpeAenennocTb, ~ o ~ o p a s i  urn* 
CR B ~ 0 0 6 ~ ~ ~ 0 ~  3na¶emu M S E .  ~ O C K O ~ ~ K Y  

i! M S E ( W i j )  = E X ~ ( W R  - v)(WiFj - 7) '  
i=l 

2- 

E ( W )  = C ( E ~ i ) w i ,  
i=l 

n, ycnouae BmnonaaeTcx, ecnvr MaTpnqa 

(14.6)  

npomypy  npeABapmenbrioro TemuponaHua ( y n p a ~ ~ e ~ u e  

' '  

'0 < T, j c j ( E W )  < 1 - T, 9 1  ' ( j  = 1,. . . , m), 

r(d).ecTb j-e C O ~ C T B ~ H H O ~  qUCJ10 MaTPUqbl A, Tu A BePORTHOeTb 
a t.4one.11~ 6e3 orpa~urena8 (Pi = 0), a T, - aepoamoc~h 
r ~ w i t u  e DPpwitiiiteaMsirr (P* = f ,), 



410 rn. 1 4 . , p p e ~ s a p m m ~ ~ !   same: o*wm 41 1 

~ a m - . r e c ~ o e  ommwie E(UR) ~ ~ T = , @ Y = w ~ B  B C J l n w H  (%), a MSE(W3) = V+ddl ,  zde V - duazowanaxan m x rn 
(c H o ~ u p o n ~ o ~  qfq = l), q;, 7,  ZfMZ (u m). M m c k i - ~ y  no a, a d - m x 1. senmop c 3 d e ~ e n m u u  coomsemcmeenno 

q n p u e o ~ u ~  K HepZLBeHCTBy 
, dj  = E(A(ijj)ijj - 17j). ~ ( m )  < qi r ~ ~ m g j  f ( ~ *  + ~:R)-'~~[B - EW)(I&,+ ~ R I - " ~ )  . , . 

a 3 a T e n b c T B O. a3 T e o p e M M  14.1 n o n y s a e M  Pi = 
IS:. n o c ~ o n b ~ y  M a T p U V a  0~60pa 3:: RMeeT  BUR [Ir6 O] (EIJIH 

A 3  IIOcJIeAHeB n e p e c T a H O B ~ O &  C T O ~ ~ ~ O B ) ,  To S;Si = I,<, 
W b H O ,  M a T p q a  Pi AnaPOHWIbHaR, C Ti ejpiHHl(aME H 

noJrys%M,  TO n p ~  q; + 00, MU H a  i w r O n a . J I u .  IIO~TOMY ~ a ~ p u I . { a  wi T a x m e  q w o -  
l j 2  EW)R-I /~  . EI(UR) = 1 - &in Cj(R- ( -ri eARHAqaMU I3 Ti HYJIaMR Hd AkiWOHaJru. M3 T ~ O P ~ M ~ I  

~ a c m  eme~ TO 3(i) = Wig e c ~ b  ovema n e ~ ~ o p a  n a p a ~ m  
iuIUseHMH sly = 0.  ~ O ~ T O M ~  O q e ~ x o B  n a p a M e T p a  yj 

m u r e H Z i U  XBn5IeTCZ j-FI KOM~OHeElTa BeKTOpa 

u60 0 (ecna n e p e M e n H a R  zj u c K n r o r e I i a  1i3 MOA~JIYI), 

TOPbIe  B m O s m ~  perpeccop y, A a m T  my 31ce 

~. . 

e BnllXIIUe H a  OQeHKM UHTCPeCYIOnluX IIaC n ,apaMeTpOB,  T.0 

HO (emu 3TO ~03~0x110) B b 1 6 p a ~ b  BCIIOMOm1'eJIbHble pe- 
o P b l  TaK, YTO Z'MZ = I rn .  B ~ O J ~ ~ U I B H C T B ~  cJIyqaen T ~ K O B  

bl o~6.opa MOAeJLU, no T a K x e  n o n y r u T b  T o s H a r e  aaanmtl- 

qertue bcm~ntAcV3u%~'d~ yj, b C P ~ A H ~ K B ~ ~ ~ P ~ T U ~ W O ~ C  OTKJIOHeHIIX OqeIiOK UPA BCeX m; (B 
(6) a p e & o A ~ ~ ~ ,  ;%+w ~ t d  BXAWYaW %j m02da u ?fWZda* HeOpTOI'OHa.JIbHOM CJryqae C p e & H e K B ~ p a T U ~ I H h I e  OTKJIOHeHHg 

w2da tw~mamu&nuna 3 n t o . t w a , .  m e c m  lGj( > C, ..h..qtcmP orpamsem npu m = 1 u ~e Q ~ X ~ ~ T ~ J I ~ H O  orpaziusen~ IIPH 

pozo > 0. Tozaa mampu@a W - auazortanb)larr, 0 3dw-wXm@ 







416 Px. 14. IIpennapamm~oe ~emnposanne: nnenexne 

a H a Y n M  ee t ( ~ )  H ewe onaa ~3 MOAWU c OrpaiaqeHneM 71 = O 
(0603nam~ ee t(z)). B B ~ A ~ M  0603HaseHHSI @a KOM~OI~eHT BeKTOpa 

, ::.. , 
i j  = (GI, ija)'. B c o o m e m u n  c ~ e o p e ~ o f i  14.1 ~a31(~aa m semrpex 
~-cT~TXCTUK RBJIFleTCR JIPiHeftliOfi @ ~ H K I A u C ~  ql, %: 

t r=a? l -p%,  t s=-pTi+&,  

ki 

tcl) = $1 + &, t (a )  = Piil + 6 
~ O C K O J I ~ K Y  01' -k P2 = 1, BCe TeTbIp ~-cT~,TuCTEKU H M e m  H O P  

ManbHoe pacnpeAeneNxe, c ~ ~ ~ H H ~ H o R  fi~cnepcueR u npu COOTBSP- 

C T B F O W ~ ~  H~JI~BoZ~ lTinOTt3e HyJIeBbIM CpeAHAM. kf3 'TeX )Ke COO& 

p=eHH&, 110 KOTOpblM MhI pBHee U O Q ' Y ~ U  He3aBUCHMWtb@, A q, 
nonysaeM, ¶TO He3asucnMbl t(l) x t 2 ,  tp)  A t l .  Amee 

corr(ti, t( l))  = Corr(tz, t,) = > 0, 
Aexa 6& orparia~arus, nc- 

H A $1 x i  0.5 ~ e . 3 ~ 1 a s ~ q w ;  

Corr(tl, tz) = -T, C ~ r r ( t ( ~ ) , t ( ~ ) )  = r. 

H k o ~ e u ,  - 
Itll > ltzl @ It(1)l . It(2)l - 16-11 > 16.21. 

ByAeM H&?.EJBa;rL t-CT~TUCTUKY < ~ H ~ Y I I M O & D ,  eWH ee 3HaY 

CO~IIOTIIO& BeJIPIIlHe npeBOCXOnUT R ~ K O T O ~ O ~  3apaiee sbI6paH~Oe (no- 
noxu~enbnoe) noporosoe s ~ a s e ~ n e  c, HanpnMep, 1.96. 

P ~ C C M O T ~ ~ M  me O ~ ~ I Y H O  ncnonb3ye~ble pretest-npouewpb~: COT 

o61qero K saCTHOMy* A AOT 4XTHOr0 K 06we~yb. B B ~ A ~ M  CJIeAyIOqne 

&aa~anrr:  Mo - M O A W ~  c orpauuremeM, Mi - M O A ~  TOJUIKO 

c o ~ ~ i o f i  ncno~oritTen~i5ofi n e p e ~ e a ~ o f i  tl (y2 = 0), Mz - npyran 
MOAeJIb TOJIbKO C OmIOfi B C ~ O M O ~ ~ ~ ~ H O ~ ~  n e p e ~ e ~ ~ o f i  22 (71 = 0) 
A M12 - MO&Wh Be3 OrpaHuYCHkiX. TOFA~ npoqeAypa <OT o64ero 
K YaXllOMy* (UJIH UCBCpXy B H U ~ D )  3WaRTCIL CJIemIOIWM ~lOpflnKoM 

A ~ ~ ~ C T B H ~  

a) oqeHusaeM M O A W ~  6e3 o r p w n ~ e ~ & ,  Ml2. noJIyqaeM 

CTaTUCTUKH tl H t 2 ;  





8 . ,, 
&IS o6e.p npoqcnyp ,&y&qun E**(W) ~~~~~~a O T H O ~ I -  

TWLI~O TOYKH ,r q ,~. . . . .npk~ r .  = o B I I ~ Y ~ H U X  @y~~;ut i  connwa- 
m u ,npuMepio p a ~ q  0:Q;Q. B r+yxlae npoReq1?br am YWTHO- 

ro K e q e ~ y *  ~ ( u R )  , ~ o t t o q m o  803pw-m~ AO, 1 n p u  ~ W P ~ C -  
T ~ H U X  r OT, 0 .go 1:: B. cnyyaq nposeAypbx <,OT ,06qerg.,.ic sam- 
" O M ~ V  &YAK~IFE**(UR): P&BHoMJ~PER, M ~ ~ I I I ~  COP,TIl€TCTBYlOlKCB 
@y~mgun & npQqeuypM *ok ,sawiioro p 064$1&~,. o,na,~He MO- 

noToHHa u ..npn T F. 1, cxom~cx K. ByusyGe~ 0,.87, ,connaftamrqeii 
C ~ ; ~ W C C E M W I ~ H ~ I M  3HaseHUeM @J'HKl(on ATSI &Ieax ,?JZ = 1 (oT- 

~ e ~ e ~ o  r o p u s o ~ ~ ~ a a ~ ~ o t i  I~~HICTU~HOB XuuueB 11a r p a m e ) .  ~ G n u i  
sue ~ e r n p y  DYMX n p o q e ~ a w w  O C O ~ ~ H H O  B ~ ~ H L C O  npu 3uaue~uax 
17-1 6 m 3 ~ a x  K 1, T.e. B TOM Wy98R, KO<@ Mz, n M t 2  CUJI~BO 

KOPPeJnrPPOBW~- , , . , :  , 8 ' ,  

: , T T O I J ~ R T ~  cm~+qI~v .voxHo wemIowaM , .  :O6jDwoM. , I I ~ G ~ ~ .  r = 1 
U 11yC~b, H ~ N M ~ R , .  7)1 = r*. = q. ,Tovaa npn. ~ O J I L I ~ O M  s e p o p  
HOmb ~b160pa o W B  u3 MOA&& c ~ W T E I ' U ~ ~ I M  orpaHu=reuxeM MI 

Mz- 6~l~ iKa :  K O.'B lrpoqembl u b ~  ~&*HOPO K 0 6 a e ~ y s  
Ma1 nb16epe~ Moaenb c orpauureeue~ Mo c nepoazrnocTbm, 6~1x3- 
KOfi K 0.95, N MOAeJIb M12 C BepORTHOCTbIO, 6nm~oR K 0.05. Icne- 

M U M  K 1 IIpH BCeX $. (B CaMOM AM'?, c ~ ~ A H ~ K B W ~ ~ T H ~ H O ~  
oHeIiue pretest-oqem,u Heorpaeuueao u nponopwoaanbao v2, 
17 -+ w.) OAH~KO u cnysae npoqwpbl UOT o6qero K uacn~o- 

:, cpeAHeKna,qpaTu.uIoe oTKJroueHue . p t e s t - o q e ~ m  DcerAa orpa- 

HeCKOJlbKUX J I O K W H b l X  MaxcUMyMo~. B TOYKaX U3JIOMB IIpOUC- 

, 4 T O  O@@~KT <3&HUXeHHX> ( C ~ ~ ~ ~ K B ~ ~ & ~ ~ T U Y H O I ' O  ~TKJToR~I IMS~)  

teSt-0qeElKSi MOsKeT 61,1~b BeCbMa BHaYUT~JfbHhlM, IleOTPaZIU- 
HHL,IM, B ~~BUCHMOCTH OT n d o p a  npoqexypbr npwnapgTenbrloro 

eCTnpOB&HUX. 

EICEIMOCTS, OT m 

pa T = 0' a aauxylyrreu mysae MLI nonyqah E**(WR) = 0.87 
m = 1 i1 >E**(UR) = 0.9O~ax m = 2. 'renepk H& U H T ~  

e seKTopM Mzi op~oro~anr,fih;.u m-~epkaa  w a q a  pacnwaer- 

rpa@ud Ma~Cr3Mylura E**(UR) K ~ K  :+yek&mi m npneeaeu Ha 
,. ; , , ,  

. . 

.+Pi3 rpa+-a suppo, u'ro E**(WFi)pa&e~ c ~ O C T ~ M ~  m, HO , m ~ -  

buom myqax Z'MZ = I,, oppaxo OH no~~ocnncrr npeAnono- 
b, ¶TO TXXecTb np06ne~b1 ~03paiCTa6~.6 POC'POM EIe Ie 661- 



Pirc. 14.6.3a~wca~ocm E**(UR) OT n (B'MZ = I,,,) 

. , 
Ha Q a K T F 3 K e  HBM M B ~ C T H 5 1  4, Q U P, a ?I 912 HeRJBeCTHbl. PX- 
CM(.IT~UM. OM xm ~ O . ~ O ~ H L I X  WTY~@' TIycwi nwpuwep,. qg. =. 2, 
4 = (1b8, (2&3.)4)' - ~ o p h m p o ~ w ~ ~ i P  6emop (q'g = 1) E r = g.8. 

Ha puctc,, 14.7 n 14.8 iroorpoem rpa+nsn E(UR) , K F I J ~ . + ~ H K ~ A U  

r)l n 912,. ma n p o q w  am, obn<ero K . . % L ~ ~ ~ O M ~ P  u om ~ 1 7 1 0 ~ 0  K 

0 6 1 q e ~ y ~ ,  ~O~O~B~T~SLSHHO.  3xa~eme .E(UR) swga ~$xo,q~rcn M e x -  

0 U 1, U ~it$a~I& I ' P ~ E I K  @UMMeTPU9eB OT$QGUTWIbRO TOYKU 

(q1,.72) = (OiO); , @ ~ ~ I K I ~ I O H , Q ~ W  &PM% 3iP3UCUMOCICU OT, (91, Yj2) 
UOsoJIbWO ;GJIOXAW R C y ~ B C T B W f Z O  . 3 i lBMT OT B ~ I ~ o ~ ~ . . ~ ~ ~ A J " P ~ I .  
&a q p o l * e ~ ~ p b ~  am d u f e r o  K . p w & w ~ p  (puc. 14.7) E(m) = .0 
U p U  ( n , . ~ )  = @, -4), 1x0 MOWerI. AODl'WBtTh 3HartBHU% 0.6551 B FOX- 

xe (M,1..6). &r! Q G q e w p w , , a c u r  y&CTHom K p61qe~p @c. 14.8) 
E(Un) n3~ennemx 0~.31imerma, 6nm~oro K 0 B To'trce (4,4), go 3 ~ a -  

a ~ e ~ u ~  0.8798 ~6m3n TOWy $4,-4). B A W B O M  9 X T H O M  ~ I y 9 & 2  ( I ~ K  

u B 46~412~  cnyuae) npoqegypa cur sae~~roro  K. o 6 q e ~ y ~  6011ee syo- 
cTBnW?nbHa K @PO~JIJIC)MO 63fbHXXQPl#SjZ), 9 e M  Up0U.WWpa *OT a6wero 
K Y X ~ ~ O M Y I .  Ha p~cymax ~06pmcewr *rm+e MU yp~aaa  3mfi 

QYHWBX. . , 



P~CCMOTPUM Tmepb T O ~ K Y  (ql, B) = (1, -1). Ha PHC. 14.9 noK83a-  

H ~ I  c e q e H u s  r p e u ~ a  B ~ - M ~ P H O M  n p o c ~ p a n c ' r B e .  B KWOM ceqenuw 
H3MeHSeTCS TOJIbKO OAUH B3 5 DBpaMBTpOB: 71, m, qg,, q i " ( ~ e p ~ a ~  
~ M ~ o H ~ H T $ , ~ ~ & ' & ] ~ ~ ~ ~ " ~ ? z w  Bmhdajtq p@¶wi$%~e I f a p a ~ e ~ p b I  

6, . ,:*: ., ; .,,;;,,,.,;I:!.,' ,:., , , , , c ~ .  ,;rf". his.$ - 
OCTaIOTCX pai&@th 'bow 3Ip?T@@@ ~,$X%&$$&!@TB&?MQ~ TOTKe. 

",, r,;. ? .. ,<.- .?*. !!, 

firm o6eux npd+;4~p?$~&& ,#JR) ,$;sA16pm1ro~ mwce no3- 
PWW no (ji.q23?:?:;~@Gn*:~Gcj:%~;;~, a P. ~ P ~ E I K H  H a  
put. 14,9 eqe p&!$j$k&e*&T . ~ . ~ ; ~ ( r j ~ )  

, CyUV3CfBWHO 3aBU- 
CUT OT 171 a m. yxe 3 n ~  '{$ ;:&@uR) '$. m x e ~ e .  ~ 0 3 p a m e  
qefi @yHKqPfeB qg, Op(EaK0 3aBFf~~k 3HaqaTeJILHO M ~ H W  CHJIbHaII 

AJIS npoaenypar tor  o6rqerb K s a c T H o M y r ,  .qeM B W a e  npoqem- 
pbi COT YaCTHOM K 0 6 q e ~ y s .  Bmuwma E ( U R ) 3 a B , U C U T  c w e c m e H -  

HO T x x e  u OT q, T. e. OT ql. Cne~oaa~enbno, pannaqmme nu~el i~b le  
KOM~UHWE~E KOMnOHeHT B ~ K T O ~ ~ P ' B  pa3JIHYHOfi CTene I lF  3alTpOHYTbl 

S@@~KTOM I lpOUeAypW UPeAL+aPKPenbHON, TeCTUpOBmMR. ~ ~ ~ & Y I K A  

'IYBC~BUTWLHOCT~ no~o611~e ~ p a + m a ~ .  H a .  puc. ~ I ~ ~ . ~ , . . M o ~ ~ T ~ & I T L  
k f c i r o ~ ~ b ~ o ~ a ~ b f  ~ n a  o q e H k u  ctreneax B B ~ U ~ A ~ Q F T H  B(UR) OT neu3- 

eHMU F I ~ ~ J I I O A E E M ~ I X  keJXki'IUH pi, 9, T. 

 OWMU MU^^^ B pe3yJIbl'dTe I lpOqeAypbI  I ~ e A B a p u T e J I b l I O l W  TeCTU- 

ai~5I. KOHCYHO, BCe p a ~ ~ ~ O T p e H l i b 1 ~  BblUIe n p o 6 ~ 1 e ~ ~ 1  Eo3HHKa- 

'a IIpH IIpOTHO3UpOBaHUH. P X C M ~ ~ U M ,  HaIQUMeP,  CTaHAapTHylO 

, . 

y = X p + ~ z t e .  

,He ,  y s e p e a L r ,  cJlepyeT m B K J u o s a T b  + B y p m n e H w e .  O6b1~nax 
AJpa TaKOBa: BbIquCJlXeM t - C l " l % H ~ y  K O ~ @ @ Y I U U ~ H T ~  7, Zi B 

UCHMOCTJ, OT TOTO, ~60nbruoe~ Rnu IMWOFS n o J I y w m i o e  snaye- 
ti, MM p e m V M  l$CnOJIb3OBaTb M,O&Wb 6e3 OrpUiUYeIlUSI KJIM MO- 

C OrPaHUYeHUeM. ~ ~ T C ! M  MLI DblqUCJIReM III)OI'HO3HOe 3 f I aYeHne  

YUHbI y71+1, WCIIOJIb3YII BLI~P&HHYK) MOAeJlb. 3 T O T  n p O r H 0 3  RMII -  

KOHewO,  p l . e ~ e 3 t - ~ p 0 r H 0 3 0 ~ ,  OAHaKO er0 C B O Z ~ C T B ~  coo6ru.a1o'r- 

u) 6e3 y q e T a  mro, wo o q e u i i B t m u ~ o  n p e A m e C T B o B a a a  npoqem- 
a n p e m a p n T e n b n o m  ~b160pa Monenzi .  Ko~esqo,   TO H e n p a B u n L I i o .  

~ A O B ~ J I O  6b1 c006qa~b u c T u H m e  3naqems C M e q e I i u x  n Aucnep- 

n p t ? @ o n o ~ I 4 ~ ,  im AaUHbIe IIOpOXAeHLI MO&C?JIbIO (14.1), B03- 

XHO, B H~&'RI?CKOJILKO KOMIIOH~HT B e ' ~ T 0 p a  7 paBHL1 0. ~ P U  O r p a -  

- - 
= x;+iPr - = x',+~P, ~C',+1Wi5i, 



~ ~ M W U M ,  '1TO BeKTOp, 06 = 6 U) T W A M  06pa30~, SlBJIR€TCS H & ~ H ) -  

K e M b I M ,  HO T e M  IIO M e H W  3aBUCYn. OT 8, IIOCKOJlbKy W 3aBUCFiT 

OT 0, TaK KaK Xi 3alIUCIIT OT U .  

lTocicojrb~y yn+l = X ~ + ~ P +  dn+l~+~,+l, O I I I U ~ X ~  nporrio3a (FE) 
p a B H a  

427 

_O.K a' 3 a.r e n b c T B, a, Cyrqecmemia~g, rzo P,  u Mg nus- 
, nOCKO.5Ky OHU YIMeKYP COBMe,CViOB EOPMaj lbHOe p a C I l p e A 8  

U HeKOPpWIEipOB&HLI, TaX( KaK &fx = 0. O T C ~ ~  BbITeK&@I 

~ I C U M O & ~  p, I4Wq: CJI~$B~TWI~AO, BeJIUqHIibl Bi, We,  En+l 

H w n c u M u .  f l o x m a ~ e ~ ~ ~ ~ o  nonyyi+mca m B T O M . ~ T B ~ ~  

IIPXMbIM BbISUCJIB&%eM. 

TOYHble B L I p ~ e H U R  ,lI,JTS ABYX IIepBbUC MOMeHTOB O ~ U ~ K U  

03a, OTKYAa BUAHO, K T 0  3TYI MOMWTbI  3aJ1UCSlT l W b K O  OT Q U 2 
MCET OT P. BO-BTOP~IX, T e o p e M a  n o M o r a R T  H a f i ~ u  on mu^&*- 

IIfj&Fk. &U Mbl H&@M &, T~X& YTO Wfi R a n S W C I I  OnTU- 

ir0fi O ~ ~ H K &  (U CMblWIe H€LUM~pI I I e f i  M&T$uTJ~J CPWJiCKBW- 

bn[ OTKJIOH~HUB), ~ 0 . ~ 8  x e  Xi O ? T H M ~ H L I ~ ~  nporn'o3 
iimi y,+l. 3m ~e we camre &, K o m p u e  iamr onmianb~ i~o  

, qrn npor~os ~ec~eqennwfi ,  u ~ P E ~ B O ~ ~ ~ C Z I  MaTpuqa cpeme 

~o +op~yne (CM. (7.811 

P B m  w Yn+1 

%W irClIWTb!3y~~ HeKOTOp& c ~ c T o R T ~ J ~ ~ H ~ x ~ L ( ~ H K ~ . ~ .  Ec- 
inpasumno y w T l r l B a m  +@CKT rrpoqeixypbr ~ ~ 6 0 p a  ~ q q W n f ,  

bl1rrony~a.?~ To &e * w o e  3naseii.ue npnrno3a c*+l, ao CO&M 
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K-aa m I $ Y H K ~ U ~ ~  ~ ~ B U C U T  T m x e  u OT u, I I O C K O ~ ~ K Y  W 3 m U C U T  cyzyecmaercen. Hr~opupo~ame:  p.+c&wa npemapareawzw 
OT u. Tor~a no reope~e  14.4 nonysae~  p o B a H u a  n p n ~ o m  x nporrro3a~, RoTopme M e x e e  p06axmixt 

epdnarhxs .  3ko H B B ~ R & T  ~~HSEHOP TOM, &TO B 
W E )  = -u$i(~),, V(FE) = u2(1/iz(~) + 1). a& CKOHOM&~UK~ ,rrparwo3b1 < h e ,  sew. r i o j ~ a r a ~ ~ c a ,  sbucoWpr 

(h"l'10~a 95%-Hb& A O B ~ P U T ~ J I ~ H ~ I &  HHTePBaJI ,DJI% yn+l n p ~ 6 ~ 1 1 1 3 ~ -  

~ e ~ r b u o  pasen 

&+I + 0 ($I.(v) i: 1.96-).).. 

~ H T ~ ~ B ~ J I  n p n 6 n u ~ e ~ ~ b 1 8 ,  IIOCKOJIbKy p a c n p e A e n e H I I e  FE H e  R m n -  

e T b I  HOPMaJILHbIM (oAH~Ko OH0 RBJISeTCX aCUMlITOTUYeCKH H O p M m b -  

HbIM, YTO II II03BOJIfIeT CAejraTb 3 T 0  npu6nnxe~ue). K p o ~ e  T o r o ,  B OT- , ,  .. , 

JiUYUe OT (14.9) ~ 0 ~ e p ~ W J I b 3 i b l &  HHTePBaJI ~ ~ B H C U T  OT E e B B e C T H b l X  

I I apaMeTpOB fl X U .  OQ~HUTL UHTC3pBa.V MOXHO, 3aMeHUB HeH3BeCTHbIe I (  , I ' . .  , . II 

r] w u ux O q e H I C a m  i j  H 6.  
Korna YMCJIO H&IIOA~I&~ n C T ~ I O B U T ~  ~OJI~I I IVM,  i? CXOAUTC~ K 

0, OAHaKO 6 fie C X O ~ T C X  K 7 ,  ' I IOCKOJI~K~ V(6) = fm. T~XUM o6pa- 
30M,  oJ.&HK&'~ H ~ C M ~ U ~ H H ~ P , ' H O  Ele COCTOSfTeJrbHaZ. ,@IS TOrO, ~ 0 6 ~ 3 1  
~ ~ C T ~ ~ X O B ~ T ~ C R ' O T  u 6 0 n b m u x *  OTKnOHeH* i j  OT fl, MOXHO p & ~ ~ ~ ~  
PeTb 6onee f n u p 0 ~ U f i  U H T e p B M  

R+i + uCi(ii) < Y ~ + I  < %+I + ~Ci(ii), 

we , 

G(3) = min ($I(v) - 1.96-), 
V E X ( % )  

~ 2 ~ 3  = m s  ( $ 1 ~  + 1 . 9 ~ d G G F i )  . 
r lE'H(0)  

MHOX~CTBO 1-I XBJIZeTCB m-MepI ibIM K Y ~ O M ,  32&WIHbIM YCJIOBURMX 

H ( 6 )  = {q : liji - qil < a,,,, i = 1,. . . , m), rAe a,,, o r r p e A e n m T m  

TaK,  3~0661 AJIR CT~IIA&PTHO& HOPM~JI~HO& BeJIHYWlbl 21 BhlIIOnHIInOCb 

ycnosue P(lu1 < am)m = 0.95. 
B pa6o~e (Danilov and Magnus, 2003) 3 T a  T e O p u R  n p u M e I u r e T c n  BUA~IO, YTO ~ @ I $ ~ K T  T O f 4  ,YTO MbI OqeRBB&eM u', OTHOCkPreJIb- 

na npaxme  K n p e ~ c m a ~ ~ r o  ,qoxomocreti ~ K ~ X B .  ABTOP~I I I O K ~ ~ I -  xe~enm, ooobekio B o g j ~ m u ,  r i p e ~ c d ~ s o r t r . ~  d p e c ,  r ~ e  1'11 
B~IOT, YTO B ~ T O M  n p u K n w o M  npuuepe MOXHO AOCWLTOSHO TOYHO 

YVeCTb ~I$@X?KT IIPeABapUTeJIbHOrO TeCTUPOBaHUI) U m0, %mO 3mOm 



Ao cux nop MM npemonaraJIu, sn, MoAea 6e3 OFpanuYeaua aR- 
JIBeTOSl MOAfXblo, ~ O ~ O H ( A ~ X O I ~ &  AaHHbIe. 3 ~ 0  T a K X C  MOXCeT ~ M I J T L  

He oqem p e w a c r m e b ~ ~  npqnonoxeHneM. P ~ C C M ~ E I M  Tenepb, ~ T Q  

~ I ~ M ~ H U T C Z I ,  ecm MOASS, 11OpOXffaK)p%8 Ramme, coAepxnT 6oame 
napaMeTpoB. IIycrb npoqecc, nopoxAaxom,nb A w e ,  TiMeeT B H , ~  

OAH2hKO y Hax! HeT AWHbIX AJlB Z2. T ' Z O ~ ~ M ~  3KBUBWIalTHOCTli 14.2 
no-npeweany npuMenuMa II B 3~0fi CHTY~IJUX.  ~ [ O C K O J I ~ K ~  2 2  Hem 
B ~ O ,  TO rrpaqewpa ~b16opa Mwena nponcxom npu orpaanye- 

- O. Ha wememe ptxtest-oqen~n j3 noBJIIiaeT ;fAn Am- - 7 2  - 
HOtt OIUU~KH cneqn@umqm, HO ,qncnepcnrr oqemw ocrane~err npem- 
He#. ~ I P ~ ? @ D J I ~ X H B  Wff IIPCTOTbI, 'ITO ZiMZ2 = 0, K 0 6 0 3 ~ 8 % ~ ~  
Qi = ( X ' X ) - 1 X ' Z i ( ~ ~ M Z ~ ) - 1 / 2  (i = l , ~ ) ,  IIOJIyySxM 

Bee pacchampen.ntae B ~annolf rnwe pe3ynm~u Bepa  AJ~S KOHA-I- 

H ~ I X  ~b16opot. PWMOT~HM Tenep acuMnToTu~ecme noBe,qenue oqe 
HOK npu n -+ w. K ~ K  O ~ ~ I Y H O  (cp. I'nasa 8), npeAnwIoacnM, sn, 
IIOCJIeAQBa~bHOcTb MaTpUq n-' [X z]' [X g] C X O ~ ~  K HeKO- 
TOp0fi IIOJIOXUTfXbHO OIIpeAl?JreHUOfl MaTpHQe. &'f3 TeOpeMbt 14.2 CJU+ 

AyET, YTO 

, .  . , 431 

. . 

:pafjoT'e (P6ts&er, ,1991, crp. 164), W O B ~ M  npoqeqy-py 

wo@, e i x ~ i r p ~ i  jisenusenm m s r e m d  ~&nmqe&d% BBI: 

npa~suw~an e ~ m n ~ a m i r a n ,  idofte~rb. B @W&,C@Y& 
oqewpbr ne mr~rx~o~crr crporo c o c ~ o r r m ~ b ~ m .  HBOB~M 

f-npoqeixypy q660 cocmmmernwtl, ems A J ~ X  q h r o  yi + () . 8 . ' . ) ' ,  ,.. . . ,m) Bepomoc~b ~oro ;wa~~p23y~l l r&~e n&+eAypd~ 6yAm 
a ~ w b ,  6e3 75, LTP~MU~CR K 0 *T. 7.7,~~~ .C~l$y cocw- 

ai kpO&Pypa8& o ~ ~ ~ T ~ ~ H o  U ~ I Q P ~  m ' G o ~ ~ s  yi ? ,pi 
, ~ o r ~ a  W C T H H H ~ ~  ~ H ~ P ~ H E B  yi = 0. lTow&.iY B pe3ynmaTe &I 

~XOAUMO,! ,KO yImorm, w : ~ ( Y J I ~ - .  MOA-, B ~ (~ fopy lo  HB 
. ~ e o : f j x o ~ ~ ~ b r e  nepeMeRnae. B e  coOTt&+3&~y-e 3apa- 

.: 



c B e p o x T n o m m  0.95, u V(Xfi) = 0.28 (CM. puc. 14.1). B STOM myq* 
Xfj-7 cxo,mi~crr K pacnpeArmenaM c HyJIeBUM c p e A n u M  u wcnepcuefi 
0.28, KOTOpOe, OAHaKO, H e  SIBJISWCS HOPMWbIiHM. 

kl%, 3@@eKT U3aHUXekIUIIS MOXeT BCTPeTUTbCII A w e  B &CUM- 

IITOTUreCKOM QlyYW. ~ P M  '778 = 1 F ~ @ @ ~ K T  U3aHMXeLMRB UCYe3aRT 

%UMnTOTU¶eCKU IIpU y # 0. O-~KO npW 7 = 0 ~@@X?KT U3aIIEI- 

xerina, ae ucse3ae~ npv peawenurn K o n u r w T s a  ~a6nrn~enuti a 
omwaeme s~a- ie~ue  ~o?@@mpiema tsanuxenurr~ MOXW AOCTU- 

mb ~ H ~ ~ ~ H W S I  (R(0) - 0.05)/R(O) = 0.82. 

. . 
Mnorue nonpocbr ue ~HJ IU  p a c c u y u  n,,qa+ronrratre{ ,yp+nei 
emico~ neiompb~x us kax: 

. . , . ,  . 

2) Bte  0651wb hc110~1h3ye~are pretest:npoqe&y$u ~ c ~ p & n b ~ e ~ ' o a r r  
sb16upm o ~ r i y  u? 2* ~ o ~ e n e f i ,  ~ & b ~ & s a % I ~ b : l i b  a r ; ~ & e  t i '$ F- 
CT~TEICTUK. MOXHO O n p e A e j I U ~ b  TZbKke K H ~ I I ~ ~ ~ ~ I B H ~ ~  IIpOq&'py. 

P&yllb~a~ d p e ~ b l  14.2 be be^ U ' A ~ X  T ~ ~ K U $  nP0e&~, , . h( B O ~ ~ O X -  

HO, OH= ~ ~ U B ~ M T  K OqCHKaMC J I Y ' ~ ~ N M U  C B O B C * B ~ :  nebn&&  ha^ 
< ,  . ,  

B  TOM ~aripa~jleriaa meaaik B P$60~e YMagnus; 2D02). ,, : 

i . , , I I ,  .I ' i 
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'~HeChiWrpSi  H a  :3'm B c e  ewe .He pemeaame npo6qe~b1, MOMO TeM 

a HeCKOJIbKO BOUpOCOB. Bo-~~PBWX, BOIIpOC, no- 
e A ~ U H O &  rJIaBbI: MaJI UJIU BeJIIiK 3@@eKT H r H O  

bI IIpeABLtpUTeJIbHOrO WCTEIPOB~HUSI? S@@~KT 
TejIbHO ~ O J T ~ I I I U M  U CuJIbAO 3abUdUT Wr ~ b 1 6 p a n -  

apUTeJIbUO13 TeCTUpOBCU?Ufl. Bo-BTOPUX, MOX- 

nu ac+~u6y&h CAeJraTb C 3 T 0 a  npo6~1e~o8? ,@, MeTOALI, pa3B!iTve . . 
n p u M e m T b c n  H a  n p a x ~ a ~ e .   TO H e  mHaTia.m, 

em npo,qenypu! n p e j m a p u T e n b w o n ,  l % ~ c ~ u -  

CTI3JreT ,w aJIbTepHaTUBa 3 ~ O f i  HelTpKUJIe- 

Aa, n p e n q T a y r e a H m e  TeopeMbr  P p P M e n n -  

-04CHKe, B K~TOPO& B ~ C O B ~ ~ B ' K O ~ @ @ U ~ H -  

E i  @ Y B K ~ R M U ,  a H e  IIpUHUMaIOT TOJlbKO 

a s ~ a ~ e n u ~ ~  0 u 1. B ~ X H ~ I M  BOII~OCOM:C~IOBUTCB 3a~am B H ~ O P L  

2), 9 (Danilov, 2002) cAenan 
a m e H u a ,  pa3pa60~mb1 Taic a a 3 b r s a e h r H e  

, i 

B p a 6 k  Judge u ero 

AOKa3aHa B p&OTe 

lov and Magnus, 2002) 
w o p e ~ u = ~ e c ~ i e  &neK- 

H O M  TBCTZ@OB&HUR. B 
pe ( D a l o y  and Magnus, 2003) ~MJICI PpaccMoTpeIio B n u e a u e  wo- 
p b 1  IIPeABapUTeJIbHOM) TeCTUpOBaHUSI Iia n p O n l O 3  U P X C M O T p o  

npUKna ,qeUe  U n e K T b I .  B p a 6 0 ~ ~  (Magnus, 2002) xi (Danilov, 
2) paCCMOTpeH BOnpOC 06 a.jTbTf?pl?aTUBaX npOqeA)'pe npeABap73- 



TeJILIiOI'O m6opa, BBeAffiU U lWYYeHbl UBeCOBLIe @YHK~HU ~ ~ ~ ~ a ~ ,  
AcuMIITC'~U¶~CKU~ c~otfmna pretest-oqeiio~ pawhao.rpeeb1 B patio~e 
(Potscher, 1991). 

Aariaas maBa ocnosaxa B 60~1~ruetf s m  Ha pa6o~ax (Danilov 
and Magnus, 2002, 2003). ,, , : .~:. ).. - : .,>.,, , " . 

0. 'I I ! : 1.1 . , , ,  .. : ' 4 .  ' 8  , 

1 - X'X X'Z - I  ,x:x*,- - [ Z'X 2'2 I 



- - 

nblti IIQ~TC'$&, npu OTcyTcTsUU U H M U g U U  ~ ~ S P U C K O B O ~ O  &KTUBB. 

COOTBeTCTBeHHO. B nOCJIepeM,  IUeCPOM, P W W l e  PWXMaTpUBaKurcrr 

y o ~ ~ ~ ' ~ p ~ Q ~ a ~ s I ~  . . qm. @UI&HW~MX w.m~Qa(psSetsi) y. B ~ a -  
9eCTBe lIp~~c?pa Q U B e A e H  T&T ~ $ ~ ~ K T K B K O C T U  Y n p W e H U R  B3aUM- 

 MU ~ O H A ~ M H .  . .  . , . 
? '  , ; ,  



B n e p B b l e  nonaTue CJI)"-~&OI'O 6nyx~wurr  6wno BBeAeIiO @a OIIUCa- 

H u a  &BPIXeHUR UtXI aKTUBOB H a  pb IHKe  B pa6o~e (Bachelid, 1900), H a  

5 q8.r pmbme, qeu. OHO noRsanocb B ~ I I ~ M ~ H W T O B  pabo~e 3il1im~e21- 
Ha. ~ o ~ A H ~ ~ , ~ H M ~ c ~ B o . ~ ~ ~ O T  651x0 nOcBarqeHO MO&WIrrM A B y X e H U X  

 lie^ u YrccneAomnum, mrrmcrr m H ~ J I K I A W M O ~  ,qBuxceHue qeu @u- 
HaACOB$lX M T U B O B  WIYS&H~IM. ~JIYXA~IIU~M. - , 

B MliOrUX pa&-' (c.M., H W p H M e p ,  (Farna, 1970), (Mallcel, 1992)) 
0 6 c y ~ ~ e m 1  ,IIOHfiTUe ~ K T ~ ~ B H O M  PbIHKa.  TO IIOHftlWe H e  X W R -  

eorca crporo @opvarruwsamw~. 
I'unome3a &$equevpzo @unhncoso& parutca (Eficient ~ ~ i k e t s  

Hypothesis, EMH) MO?<(?T 6 b I ~ b  C + O ~ M Y J L U ~ O B ~ H ~  r J I C W z o n W d  o6pai 
3OM. P~IHOK Ha3bIBae'lWl I&&!?KT~~BHLI,M, eCJl33 OH nOJlHOCTbI0 U B e p H 0  

o~p- acro v~e~om$mcs ,B M O M ~ ~ T  t u~&op~axqno It, B qeuax aK- 

THBOB. C O & ~ ~ X ~ T ~ J I ~ H O  S T 0  0 3 H a q m ,  'ITO HeBO3MOXHO CUCTeMaTU- 

W C K H  U O n y q a T b  n p m 6 ~ 1 ~ l b  B b I m e  H O P M ~ ! J I ~ I ~ O ~ ,  C T W R  TOpI'OBYIO CTPB- 

TerZiIO H a  OCHOBe HII$OPMWOHHO~O MHOXfXTBa It. 
~ ' 

~ O H X T H ~  ~&@&K'J!uBHoM Pb lRKB 6JlU3~0 K IIOBRTUIO p ~ l i O B e C U ~ .  

3 ~ e ~ b  UMe,eCfi B B W ,  a 0  ec j rU  6b1 ~elCOTopb1f i  aKTUB ~ H J I  He&OOqe- 

H e H  c T O ~ K E ~ ~ ~ ~ H U ~ ~ . U ~ ~ C T ~ ~ O B ,  pamonaramqux u ~ + o p ~ a ~ u e f i  It, 
TO WZiM Ii~~ejTJlelib<~ KTD-HH~YA~ BOCIIOJI~~JB~JICSI,  U q e H 5  BO3POCJIa 

6b1 ,qo ee pas~o~ecrroro. coc~orr~nrr. 
B COOTBeTCTBUU C B L l 6 0 ~ 0 ~  U H @ O ~ M ~ ~ H H O ~ ' O  MHOXeCTBB It CY- 

r q e c ~ ~ y r o ~ i  TPU uapuwa. EMH: 
1) c n i . 6 ~  &op~<(weak  form)-.^^^ 'i.= B c s  uwopua qen u 

~,oX~AHOC@ AaHkIOrO a x T w B a  H a  PLIHKe. 

2) IIonyqrporq .,. @ o p ~ a  (semistrong form) EMH: 4 = ~ a r  ny6- 
n u s H o  ~ o c ~ y ~ r ~ a s  un@opuaqua. 

3) C T ~ W  @ o p ~ a  (strong fonn) EMH. It = sol , q o c T y n H a s  m- 
, , 

@ o p ~ s s a ,  ~ ~ n q q a s i k a m n ~ t o  m ~ + o ~ ~ a q u m ,  ~oc~yn~ylyro numb orpa- 
1 i n s e I i i i o M y  K p y r y  nwq. 
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p6naqa, 15.1 . , , 8 , .  8 ,  . . . .  . . " l IOnyYaeM08  I l p U  H C U O J l 6 3 0 B ~ H U  MOAMU CO CB83aJIWhIM C 3 T u M  
 pendent Variable: Ems . . OM ( H ~ o ~ I ~ ~ A ~ J ~ ~ H H o C T ~ H ) ) .  

Vpriable , Coe&cient S td .Emi  t-Statistic . Prob~,qi ty  I 

con@ , , , 0.001728 . O.OQlO16 1.701.08Q . , 0.0893 
Ta6nnqa i53 

endent Variable: RRTS R&s(-;) . '0.1037~3 ' , 4 7 1  2:Q89094 ,.. ; 0:0029 

, R-,squared, . , . , 0:010766 .. -Mew,dependent, var ., 0.~0t928 
S-E, of,regrmiop. , , 0.0291)73 S.D..dependent yar ,, 0,029213 
Sum squ@ed i;+d 0.693954 , . Aka35 info , c r i t e r i on  I, , ,-4.225568 
Log likel5hood ' i744.936 SAW= c*t+on 

. . . . , . . . , , , . , , 
-4.224115 ' 

,... , 

, . - ,  I .  , i . , , ." ', '  . .... 5 , , >. , , : . : , I 

TFH'~, o6pam~, , , ~ 0 3 ~ a ) ~ I $ b t f I i ~  fl 3 ~ 6 ~ ~ ~ 9  OTJIUy$e?CF OT ,HyJIa 
u rw,?~ o w 7 q h ~ o ~  ~ayx,p&HUU , , .  . q m q f . ! q ~ q .  K p n e v a . , . ~ ~  
n p 0 B . y  6 0 ~ ~ e , , ~ ~ y ~ a ~ ~ o  p p ~ e ~ y p . ~  , o q e H u B w w  ypyye$ne,,Tem 
Y & T ~  (CM. n. 6.1) n o ~ & u a a e ~  n-sue r e ~ e ~ o c ~ ~ e p . a c m w i ~ r 0 c r u  .? MO- 

AV. (15.2). $ e n a q ?  152.  npmlpe4ew ~ ~ W A ? I ? ' C + ' , ~ ~ ~ Y  'B.&OP 
M e  Y&T~. ." .. .?,. 

, '  . , ,. , .;, ' I I  

Ta6n~qa 15.2 
Dependent Variable: RRTS eKTUBqOCT1 PbIHKa. MOXIIO TOJIbKO TeCTMPOBaTb COBMeCTHYm ru- 

. , , .  . 
Variable Coefiiient ~ t k ~ m i r  t-Stbtistic Probability e3y ~ ~ ) ~ ) ~ K T U B B O C T U .  pbIHKB. .Y H ~ K O T O P O ~  MOAWU ~ O x o A ~ o c m .  B 
const - 0.001728 0.001026 1.683112 , 0.0927 HOM ,CJIYYW, B ~ ~ e c ~ s e  ~ o ~ e n r  MM ~3m y p p ~ e n u e  (15.1) n 

'pms(,~ij ,0.1037$3 - o.iigo5d;': :. i.hiieoi8i. . 
. . , . . , . . . . , . 0.0161 , . , . , . . ,  . 

. I !  , , , , ,  , , 8 . , : :  I , ,  . , I , ! .  I,I '): .  , ' ,  ' " .;. ' ' ' 

' f,rM;+. ~yfyqqe~ B y F y e  B X P p H e H P ;  GA!?p:,yk$.e~~. B , 
A n n e  15.3 I@l lDeAabI  P ~ ~ Y J I ~ T ~ ~ w  OQW$~&W.& Y P ~ H ~ H Y B ,  (15.2) C,TU. IIpornp3 :*a oAna qem B w p e A  3a rpawuqy ndnro~e~rqf i  Aaer 

C GARCH(1,l) MOAeJIbIO O ~ O K  (CM. i ,  11.5) ~ O - U ~ ~ W H ~ M Y  i03& 
Ol?H03HOe 3H&¶eHUe O A H O & X ~ B H O ~  AOXOAHOCTU -4.1% a, 9 5 % - H b a  

OT HYJIR H FUnOTe35  0 CJIYY&HOM B e p ~ ~ b 1 1 b 1 ~  UHTepBWI l IpOrHO3a (-4.8%, 4.4%). (B Aefi(XBn~W1b- 
, ,  j :  

H T ~ K ,  Mbl UOJIYBUJIYI, TTO O~HOfiAeBA&l AOXOAliOCTb M A e K M .  PTC 2 , , 

npokniwujpyeua.' Oj$i&KO ~ T C I O A ~  ~ d b 3 S '  C & & d ~ b , ~ i % i d O ~ ;  YTU '$~HoK' I 
, ,M: J w T e p a T y p b l  u3secrno (cM., H a n p u M e R ,  (LO, 2000)), w o  nose-, 

kWft i j $ 4 c & b  n&mj>axiul kB.;=&nencll',.w@e:K+kdfiMd. fieno eVIle AOXOAHOCT~~  p a 3 H O e  AJIS PX3JIXYKMX BpeMeHHMX BHTepBWIOB, 

B TOM, ~ I k d  $&&I$ '& " & H o ~ ~ H H ~ '  C O & ~ ~ H ~ H H O &  T ~ O P H ~  ' + ~ ~ W , & ~ C O B ~ I X  pppbre  IIOACYUTblBaeTCR AO$O@OC'+ 14111 p a 3 ~ k ~ b 1 X  PblHKOB,, 
',, 

, , 
par&n a a n k ~ h  ,&,&OAud&,b %&& Gekid'6&&Gbt.iirbroA- n p a ~ m 0 ,  KOPP~J~SWS A O X O A H O ~ T ~ ~ ~  n~n~wme.mia K O P , ~ ~  

nombm H PECKOM. Emu UHBeCTOP 6epe~  H a  e 6 ~  ,LTOIIOdiU&Hblfi 

PECK> on d ~ o 3 r r a r p a q a e ~ m r .  ~IO~TOMY O T B ~ T P I T ~  aa Bonpoc o mM, 

y K a 3 b w M 3   pa ~ ~ O ~ ~ . ~ Y ~ M O C ~ : : ~ O X O ~ O & U ~ ~ T E Z B ~  Ha. H@$@K- 
ElliAbIX BpeMeHHbIX UHTePBanOB (AOXOAHOCI'H 33 MeCSQ, KBapTW!(  

TUBHOCT~ pbtnm, MCUKBO TO~LKO nome c p w n e s m h  apmrieii mxomo- , , # . ! , , S  , ' " , ,  



B b r m e  MbI PXCMaTpUBaJ IU  OAHOAHeBHbIe AOXO~IOCTM UHAeKM 

PTC n 06napyx~nn ux r l o n o x u T e n b n y I o  K O ~ ~ ~ J I I I ~ O B ~ , ~ H O C T ~ .  Pac- 
CMOTPUM Tenepb Eenemnwe ,qoxo,qnocra. O n p e ~ e n n ~  H e A e n w y r o  ~ o -  
XOAHOCrb KaK 

T5,t = Pt - Pt-6. (15.3) 

~W€X'UM, OAHaKO, YTO 3AeCb IlpUCyTCTByeT TaK Ha3blBaeMaR tnp0- 
6 ~ 1 e ~ a  n e p e r c p b m a m r q u x c n  w r p e m o B D  ( o v e ~ l a p p i n g  samples p w b l e n r ) .  
,&J~o B TOM,  9TQ 

~OZITOMY qt C O A ~ P ~ L I T  B ce6e n o a ~ y ~ ~ ~ e n u r r  q, . . . , ~ t - 4 .  Cne~osa~enb- 
HO, npU k < 4 He,i[eJIbBble AOXOAHOCTM Tg,' )I T5,t-k COAePX2lT 06we 
BmMylu,eREiZ, IIOBTOMY B JlpaBHeHUn (15 .4 )  MOWHO OWUAaTb =TO- 

KOppeJIZL\PlW omu6o~  qt ¶seTseprON IIOpSAKa. COOTB~TC"I'B~HHO, AJIS 
cocTonTmbmro oqennaiulua A u c n e p c u f i  MHK-oqeno~ ~ o s ~ v L ( a e ~ -  
TOB YpaBHeHIISI (15.4) CJIe,DJ€'l' IQUMeHXTb ClYUIAapTHhIB O U U ~ K U  B 

a o p ~ e  Hb~on-Bec~a (CM. u. 6.1). 
ApyraR npo6ne~a c o c i ~ ~ u ~  B TOM, -TO AannbIe Heperynxpau. E C T ~  

npOIlyCKH B AaEIIiblX ( n o  npa3AHEiKaM 6upxa He pa60~aeI'), UHOrAa B 

CBSI3K C npa3AUUKaMU nepeHocmc5I BblXOAHIJe WIU U ~~6601-a CTa- 

HOB~TCR ~ ~ ~ O Y U M  meM u T.A. B ~ m e ,  K o r A a  MU paccM=rpnsana 08- 
HOAHeBIIble AOXOAIiOCTCi, MbI UFHOPHPOBBJIEI 3TY I I ~ O ~ J I ~ M Y  U IIPOCTO 

C Y H T ~ ~ U ,  vro m p r o B m e  AHU IIWT n o m  Hanpmop, ,qoxo~aocm B 

noae,qmnnx pacc . rnTblna .nacb  K ~ K  npnpocr n n A e K c a  no cpanHeHmo 
C IlSl~HUqel? ( T ~ K  YaCTO IIOCTynEUOT, K O m a  TOHKM BpeMeHHaR CTpyK- 
Typa ,qoxo,q~ioc~eti H e  asnaeTcx npeAMeToM uccne~o~anna).  O q a ~ o  
B nOCTpOeHUK Mo~WIeft AJrX npEilIXTU5l peUhHblX @UHa~coBbIx pe- 
m e n u R  3TY HePerYJISIPHOLTb YSEITblBaFOT TeM Unn APf lUM cnoco60~. 
(MOXHO, nanpmep, npemonommb, w-0 Aucnepcua AOXOAI~OCTU B 

nOHeAeJlbHUK bonbme, ¶ e M  B ApyrEie AHki, apryMeHTUpyR 3TO TeM, 

W H a  m M O M  AWIe B BhIXOAHble BKOHOMUKB H e  CTOPIT H a  MWB.) 
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$&a. naqaaa nocTynuM c nweatrmiu HOXOAHOCTSI~ T ~ K  xe, 
X C O&liOAHeBHbIMU. ~ P O C T O  BbITePKHeM ~ P O ~ Y C K U  W 0Ilp~eJInM 
&JIbIiy10* ~ ( o p ~ , q ~ q c ~ b  K a K  AOXOAHOCT~ 38 nffTb W X  nOApSIA 
~OBGIX pef i  (CM. (15.3)). 
O ~ ~ H I ~ M  YpaBHeWne  (15.4), KOHe¶HO, r rpN 3%0M BClIOJIb3YeM CT&- 

HIJe o m a 6 ~ u  B @pMe Hbm-B~cTs~.. PSlpIb~a~ld n p U B e ~ ~ I  B 

Tafkrrqa 16.4 
endent Var+able: R5RTS 

1006.760 Schwarz criterion -2.430248 

' @ ~ R C H - ~ @ @ ~ K T ~  B ypbnenau, r i o ~ r y ~ b ~ ,  ¶m ~ a m 6 6 n e k  %#A- 
tf o~a3bie&Tcs MO&~., n p n ~ e ~ e n m i ~  B ~ a b n ~ q e  15.5; 

tr'pm~erise, oqema KOTOPO~O npuBe,qeria B ~a6nnqe 15.5, A& 60- 

(15.4). Ha s o  xe ~ K ~ ~ M B W T  u snayH-no ~03~~ocmee~saa ' 1~  
E~I~CKOB @ y m q i n  ;'--a~,qono,q66nx M M e n m e  3~a7ie- 

B A~a j IKen  lUnapqa (CM. 11.11.4). P~~YJST~T, OAH~KO, 



!Fa6mrqa 15.5 
~eiendent ,  ~nriabk: R5RTS 

..Variable Coeoefficient Std.Emr z-St~itatistic Probability 
canst 0.010331 0,005147 2:007160 0.0447 

R5RTS(-5) -0.045259 . 0.039117 -1.157013 0.2473 

AR(1) 0.097254 0.040560 2.397804 0.0165 

MA(1) 0.988829 0.006943 142.4168 0.0000 

, , , -  Md(2) , 0.984931 0.012031 81.86410 0.0000 

A4431 0.965062 0.011387 84.75081 0.0000 

MA(4) 01978367 ,, , 0.006391 153.0775 O . ' ~ o o  
Varimce 'Equation 8 ' 8  

wnst 2 . 7 7 . 1 0 - 9 . 9 5  . lo-' 2.782892 0.0054 
 ARCH^ 0.196619 0..0203kl 5.228640 0.0000 . , 
GUCH(1) 0,863495 0.025436 33.94805 0.0000 

R-sauared ' 0.831180 Mean dependent var 0.009522 
~.~.*ofi-e~ression. 0.029435 S.D. dikndent v&r 0.071247 
Slim sauared raid 0:704410 Akaike infa criterion -4.336645 
Log likelihood 1794.629 Schwarz criterioh -11.279379 
Durbp-Watson stat 1.981054 

, . i 

; 

Ka3&&?T pe3ynbTaT bn!?HKu TWO x e  ypiBH7ina C AIUMA(4;O). MOAe- 
? b i  . &rromy60~, . n p a ~ e ~ e n n b ~ f i  B T86nuqe15.6, B H B O ~ ~ I  g ~ e n b  Y ~ B -  

CTB~TWTbIibI, K TOMY, K&KaX , , , .  MOAeJIp OPIU~OK pEuXM~Tpqmc-R. no- 
3mMy IIpU T m B a W U  IIpO~QZl~pyeMOCTII A O X O A ~ ~ C T ~ ~  npll Ha- 
JIBYUU I%P~KP~IB%OIVUXCR ,?fHTqpBIUBaJfOB, - TlpaBUJIO, u C ~ I O J I L ~ ~ ~ O T  

c ~ a p T n q e  0-~KH ? &,o.$ie Hgrou-Beefa (~a6~,mta '15.4) [CM,, 

r i - g p i i ~ e ~ ,  (Fama 'Bench, 1988)). 
.B.C&OMHBM o n p o 6 ~ r e ~ e  nponynWi~b~x na6am.ae~pi. B o ~ ~ o x ( I ~ o ,  

6 o . n e e " ~ o ~ ~ m ~ ~ o  , ,  . . ro~opurb  o lae~-m+ ;qoxop~ocmx  ax o AOXOA- 

H-U n0HeAMbHUK-IIOHeAUfI,~, B'NPHHK-BT0PH.m U T. A. n o w -  
6 y e ~  &&b 3TO. )@IS 9 T O M  8aIIOJIHUM I I $ o ~ ~ c K u  B ALUIHbIX, IIqJXb3)'- 

rrcb W ~ ~ H  npiLBynawi. %n n p o n ~ " l e ~  YeTBepr, s q o n ~ ~ e ~  
ero A ~ H H ~ I M U  no np-qeMy ,iwx~o - cpege, emu nponyuen no- 

Ta6mqa 15.6 

d .Emr  z-Statistic Probabili 

-0.016341 0.058409 -0.281704 0.7782 
-0.114422 0.053008 -2.158563 0.0309 

0.022677 4.738562 0.0000 

1669.040 Schwarz&iterion -3.982581 

Ta6-a 15.7 

Akaike info criterion -2.485948 
Schwarz criterion -2.474865 



HbIX ~ ~ O X O ~ O C T ~ ~  0 6 ' b S l ~ H m T  KibIC S @ ~ B K T  ~ H W A ~ O R R O %  TOPIWE 

nus (nonsynchro?ous trading). Ilpe,qnonoxu~, B UBA~KC BXOWT Ase 
a K q u u  A u B. B ~ a a i a ~ t f  Aeab nowfemaa c A e n K a  no a ~ q u u r r ~  A 6b1- 

IIO 3 H a r e H u R M  HHAeKCa H a  MOMWT 3aKpbITUB, rAe B KaYeCTBe UWbI 

aKU,UU H a  MOMeHT 3aKpbITnR 6epe~crr U e H a  II0CJIe@i& C&Rm(Xi. CO- 
OTBeTCTBeHHO U H T ~ ~ B ~ ~ J  BpeMeUU, n0 KOTOPbIM Bb1YUCIIRH)TCR CeM- 

Rnsinnirra ,~OXOAHOCT~ mqun B u S ~ B T ~ ~ H I I R  ,~OXOAHOCTB mquu A, 
lIepeWKarol.W, YTO MOXeT IIPUBOHUTb K IIOJIOXE~TI%T~HO~ KOPPWISI- 

~ u u r  o m o m e B H b l x  ,qoxo,qnoc~eti 6upxenoro usqercca. Bonee n o ~ p o 6 -  

~ o e  o6cyxgeriue m r o  B o n p o c a  MOXHO na2i~u B (Campbell, Lo and 
MaeKinlay, 1997, rnasa 3). 

15.3. O I L ~ I V I E I S ~ Z  nop~@eJysI q e H H H x  S y ~ a r  

I 
P a c c ~ o q s u ~  T e n e p b  sa~asy O I I T E I M U ~ ~ ~ ~ H  ~ O ~ T @ ( X T I ~  qemim 6y~ar. 
IIyCTb Y BHBeCTOpa eCTb  lIopll$WIb U 3  n &KTUHOB, U Wi  - ROAR 

CDWCTB. ~ n o m e ~ ~ u x  B =TUB i. MM n~emonarae~,  s ~ o  wi MOXW I - . .  . A . .  
6b1~b O T ~ U I @ T W ~ H O ~ .  EYA~M ~ ~ C C M ~ T ~ U B ~ T ~  -KO J(k M O M ~ H T ~  

B p e v e u u :  t = 0 u t = 1. .0603naYI s e p a  r = :(&, . . . , k)' B ~ K -  ~. 
TOO 1 0 x O I U i O c ~ &  aKTUBOB 38 D ~ C M ~ T O U B M M ~ I ~ ~  IIeOUOn BDeMHiU. a 1 

A ., ,, . .  . 
w = ( w l ,  . . . ,%)I - B e m o p ,  onpe~enm- c~pyrnypy n o p ~ m n ;  
Cy=, wi = w'z = 1.5 B MOMWT t = 0 ~ o x o p ~ ~ o m b  no&ena 3a OAUH 
--7- - - 

nepiio~ RanaeTm c~ryqaiinotf ~erm~1uuoi4 ' , ,. . ,  1 
. , , . . 

" 2 .  

R =  W'F = C w i &  
i 

(15.6) i 
i=l I 

C MaTeMaTUWCKUM OXYSqaHUeM p It .i7UclIepC!Ueft a': 
, . 

p = E(R) = w ' m ,  a2 = V(R)  = w ' Z w ,  (15.7) 
. . 

4 o p ~ ~ a ~ e n m o e  3t1a~eme wi e o o ~ o e ~ e ~ ~ y a  onep&H eKojoTzaa npow 
%as, CM. CTP. 449. 

6Hanomms, Ym r = (l,l, . . . ,i)'. 
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wpe3 m u X 0 6 0 3 H a s e ~ b l  c o o T s e T c T B e I m o  ~ a ~ e ~ a ~ n s e c r c o e  oxu- 
e,.E MaTPUUa KOB~PUZIJXU~~ BeKTOPa T 

E(T) = m, V ( r )  = Z .  

TpoeHre onTnManbHoro nop~+ens 

""w'Xw -+ ~nin ,  npu ~CJIOBUU w'm = p u w'z = 1. (15.8) 

Cw - Am - 62 = 0; w = Z-'(Am + Sz). 

yX n U H e 8 w b I x  ypanaennk C 8ByM.R HeU3BeCTBbIMB A U 6: 

A = m'X-'m,  B = m1X-15 H C = z ' X - ~ Z .  I I o A c r a a n a > ~  (15.12) 



HOM m p, n p m m d m m i l ~  ;TOnbKo non0)KvlwAbmr.e 31iaqem~ 'M, - 3 ~ &  

YUT, UMeIaqM II~n0XLI-HLIft K O ~ ~ @ U I J U ~ H T  Upli P. ~ O ~ T O M Y  Ha 
&ocxoc& (a, mqm, c o o ~ ~ e m ~ ~ ~ m ~ e  p a & m ~ ~  3na'rk~n- 

1' , ,  . 
a~ bz nexcaz- Ha' runep6pne. %a wnepdoib coc@m , ,  . k o ~ T $ M ~ J I ~ -  

&Ix I ( ~ + ~ K T * H ~ I x )  * b p T @ ~ & ' ~  . .  . Ha3bIBwCSl . j , :  *q!Ipdnna @ e & ~ -  
X M ~  hipmg5eneti*, UJIU ~ZWHZL& &g5em&en&z r :  nopna&&iiin , , . .    iff^ 
cient frontier). 
. , Ha PUC. 15.2 IIPEfBeAeIIW. .WI1 !?p&UXa @POHTOB, B@&ST~BH~IX 

, . 
nopr@eae% wrr nop~+enefi, comaanemmx m Tpex (mu3), wrhlpex 
(mu4) H nnTn ' (mu5) aKmiBoB. rpdm comameH Ha: BcHoBe .am- 
KbIX ,O MeCSP4HbIX ' A O X O A H O ~ X  6npwe~b1x HHA~KCOB 3a IIePHOA XII- 

s a p  1996 r.-mom' $002 r. IIepsbik 'kpat$r%K: k~jrrb+&& )r cce6 RH- 

AeKC+l DJINDUS (DOW Jones Ifld~tfipki, npomdb~~e,n~@ , . , .  ,,, . , UH&eKC ., < 

~ o y - , & x o a d a ) , ~ ~ ~ ~ l d b  '~NASDAQ 100, k u r s ~ c  s b ~ c o ~ u x  TeXHOJrO- 
ma)  EI DJEURS$ (DJ EURO STOXX $, nuAeKc ampa e~poneacKnx 
KOMIIUI&&). B nopl&?JIb, CGflTOIIrquft U3,4 aKTWO@,,'AOUOfiHUTeXbHO 

BKJImReH RSRTSIN, UliAeKC PTC, a B nop*enb, coCM)aqn% U 3  5 
%TX&OB, ~x.iw%ze% T~Kx~DJTITAS (Dow8Jon& Asian T i t i i s 5 0  ($), 
mAeKc a~qu t t  asua&~ux @ E ~ M ) ~ .  . . . / . :  , . , 

, C n e ~ y e ~  3 a ~ e ~ n ~ b ,  '[TO KOHI<P~P&I% BUA rpact ,nx+.axqc~~ OT ne- 
puoAa ~ a 6 m o ~ e &  xi cnoco6a oqen~rr cie,qneit o m k ~ a k ~ 6 k  ~ & x o A ~ o -  
CTEl YI M~TPKIW K~Bap~i lq~f i .  M ~ I  .3AeCb, m C I I O n b 3 0 w H  ~b16Qp0~~Me 
OQeHKU /l U B UpeAlTOJJVXeHUU C T @ U O H ~ ~ H O C T ~  BPeMeHHbIX pB&OB. 
3 T U  OqeIIKII M O ~ Y T ' ~ ~ I T ~  He CJIUmKOM i&a9f&E, ecJln Ha UHTepBWIe 
~a6&0fiemii 6 ~ 0  c ~ p y ~ ~ y p u o e  u 3 ~ e ~ e m e  m u  ~ a ~ o e - m  C O ~ M T Y I ~ ,  

HapyeB$Uee c T ~ O H a p I l O C T L  PXqOB AO~,ZJlioC~ekr. ,. 
1 ( '  ~~ , 

CIIpaB? OT (PPOHT~ ~(P@~I$FB@I~ ~bPG@eieiI keXU7 MHpXeqBb 
f i&xu~ui idk  nop~&en& @&Bible sit). 3a~&k;!, wd iii (15.13) He 
cnenyer, ~ . m ,  uce wi HecrrpuqaTeJrbHbI. O ~ p w q a ~ e ~ r b ~ o e  s a a ~ e ~ i ~ e  w i  

1 4 - 8 5  :::. , ; , < > . , i : > ,  . . . :] f .  , , 

onepaquu axopomaz npoaaxa* (short sale), KOTC- 

tpaa w x o x i z . ~  cneLtyroweM.. Hn~emop 3 a ~ w a e ~  WTUB..~ ( ~ a n p ~ ~ ~ e p ,  
:'Y 6po~ep~Kbft,@upMLI), TYT we r r p o w :  ero, cKaxceM, 3a Xo. B,WIB- 

mu& n e p q  BpeMenq u r n m o p  noKynam ~ K T E ~ D  i no qeHe XI xi 

aqaer  Aonr. @mu qeRa .ax~wsa. nomc+nn&cb, TO' unsecmp no- 
; Jrysae~ ~pu6bulb & - Xx > ,0. . 

.MM q w a e ,  WE <~opc+mcas npoAaxas ~ a u p M o ~ a ,  x. e: Bee 

: 3 0, @ ~ Z L T . ~ @ @ ~ X T I I B H ~ I X  qop*ene8 COWOUT M 3  OWe3KOB rEI- 

kep6on, cocrrsac~~ymnni i  B@(~)&H~H~IM rpanuqit~, ~ O C T P O ~ H ~ ~ X  

:#rr nopm$enei&, pAe seuoTopbIe ui :=. 0. 
'>. . , l l e p e ~ n c n n ~  .smoaopbIe e ~ o f t c ~ n a  a@@mmanarx nop+w~eli. 

RBJIaWCX ~ & . ~ W T U B E L ~ I M ;  JIro6bre ABa ~&$~KTEBRwx nopT@eJrX 



2. nyCTb g - 3&@eK~t iS i ib IR  IIo&eJIb C H ~ Y I M W ~ I U ~ R  ,B,UCIIepCu- 

ei?. Torqa cpennee, B e K m p  BWB A Aucnepcm ero AOXOAHOCT~ P~BHLI 

~ K T W ~ I  B cmlt nop~@en? B g n l ~  pmaene mu npmeaeM m, no- 
MOrEUOIl@ OTBeTUTb H a  3TOT HOJIPOC. 

llymb e c ~ b  n H B e m p ,  KOTOPH~~ yxe m~mnpom u MHOX~- 

CTBO X 83 12 iUC@SiBQB. 0 6 0 3 n a Y A ~  B e K M P  8%X A W O A I ~ O C T ~ ~  V e p e 3  

TX = ( R x , ~ ,  . . . &,%)I .  MHOX~CTBY X COOTBeTCTByeT @PO& S& 

@ ~ K T ~ H M X  nopll@e.ne&. 3 a ~ a m i ~ m r  B o n p o c o M :  CmrnrtteTm nx   TOT 

&POHT, eGJIW A~~&BJIIIWW BO3MOXHOCTb n0nOJIHaTenbHOrO MIBWTH- 

pornam B adop  Y a3 m ~ K T X ~ B ?  Hnxe MN n c n o n m y e M  mepym- 
m e  06m~aqe~nrr: B c e  B P ~ A Y U ~ ,  HMeIonwie  oTnomenue K n o m n m ,  



HOBHMU UTUBUU H e  IIPHBOAHT K E13MeHeHUIO +PO- S@@K- 

TUBHblX no&e~refi, UJIU, ApyrEMSi CJlOBaMU, BbmOJIHfl~lX YCJIOBUX 

(15.22). . 
P~CCMOT~EM nepBoe ypaBHenne (15.22). 3anume~  era B Bnxe 

my = a + Bmx, r e  cr = 0 n B  = C Y X X ; ; ~ .  3ahtem Ma* 

MamqecKne omn,qanFtsi AoxoAHoCrefi ~ o x o ~ o m n ~ u :  my = r y  - u y  
u m x  = rx  - u x ,  rAe, Kpaemo, E(ux) = E(wy) = 0, noqsnM 

T ~ = C Y + B T X + E ,  (15.23) 

H TeCTqOBaTb OFp2JIll'leHUS (15.25), KoMPble B A m O M  Cny9ae Bbl- 

l'JImBT CJIe ,J IJ 'X)~  06pa30~: 

ih RV amma Y ~ o x m  6blTb nonyreHa K ~ K  ~ o x o ~ o c r a  HeKOTC- 
Y i '  

&* nbpm$erm ~ K T ~ I B O B ,  B K ~ I O ~ ~ H H M X  B n ~ t o ~ ~ b l h  n o d e n b ,  ~ I O C  
$ T O ~ ~ X  AOITOJlHBTenbHasi IIeOnpeAeJIeHROCTb (PUCK) E .  T ~ K  KaK 

$,(E) = 0 u C o v ( ~ , r x )  = 0, TO o x u ~ a e ~ m  AO+OCT~ a m n B a  Ry 
,&Ha O X I W ~ ~ M O ~  ,JJOXO~HOCT~ nopl.+ena, a Finc~~epcua ~ o x o ~ ~ o c ~ u  . - 
,e &emme, neM Ancnepcua AOX~AHOCTU nopr@em, ~ O ~ T O M Y  HHBC 

TOP, MUHUMU~UPYH)~~~ PUCK, He ClXZIeT &O~OnHUT~bHO BKmOYaTb 

KT& R y  B C B O ~ ~  nop~+enb. 
51.:'.nCi,l(p06~b1jl 0630p pe3YJIbntTOB no np06~reMe H ~ O ~ X O A I I M O C T ~  

KnIoYeHIlfl AOUOJIBUTeilbHblX ZKTUBOB B n0&WIb UHBeCTOPa MOX- 

.O Haih i  B (DeRoon F. and Nijman T., 2001). 
. -  B KaTeCTBe GijwIWCTPaIIUU PaCCMOTPUM I I P ~ A C T W ~ H H ~ ~ ~  paHeHeC 
puMep (CM. pnc. 15.2). B m6nuqe 15:8 n p u s e ~ e ~  pe3ynbmT perpec- 
hi (15.26) ki TeCTa (15.27) FIa BKJIIOqeHEe B IWeCTBHeC qeTBepTOr0 

;ononHuTenbHoro arrma nnAeKca PTC. 

RSRTSIN 
~eficimt Std.Error t-Statistic Probability 

L const 0.063431 0.248322 0.255439 0.7991- 
DJINDUB 1.925889 0.568730 3.386301 0.0011 
NASA100 -0.023688 0.273536 -0.086599 0.9312 

.237935 0.570956 0.416731 0.6781 

0.247658 Mean dependent var 0.247452 
2.179939 S.D. dependent var 2.464450 
356.4101 Akaike info criterion 4.445777 
-171.6082 Schwarz criterion 4.565749 

Value df Pmbability 
3.557057 (2, 75) 0.0334 

-!(Ii Chi-square 7.114113 2 0.0285 

k,:', B va6nu-I cnenyeT, %To =,a 5%-IIOM ypoB?xe 3wyMocw mnaTe- 

;$a Ho O T B e p m ,  T. e. BKmos-e aKTEIsa PTC 3AaVUMO CABHraRI. 

frpa~UIIy 3@@e~T%fBHblX ~op'T@WIefi. 

I:,\ 
B Ta6~1nqe 15.9 npmegerr p e 3 y a m ~  perpeccnn (15.26) n TeeTa 

, (15.27) Ha amm-resue B Kasecme nmoro ,qonomnTwbmro mTuea 
DJTITAS. 



Dependent Variable: DJTITAS 
Variable Coeffioient StdError t-Statistic Probability 
comt -0.122446 0.069360 -1.765383 0.0816 

D J I ~ D V S  p.476694 0. i7~492 2.795995 :. 

NASAIOO 0.129076 , 0.076373 1.690075 , 

JEu,Rs  0.223752 0.159591 1.402036 
RSRTSIN 0.037811 0.032238 1.172867 
R-sqwared . ,  0.485761 . Meandependent var, 
$3. of regression 0.608621 S.D. dependent, var 
Sum squared reid 27.41104 Akaike info criterion 
Log.likdihood -70.28531 Schwarz criterion 

Test Statidtic value df Probability 
F-statistic 2.284456 (2. 74) 0.1090 
Chi-square 4.568912 2 '  ' 0.1018 

El3 TafiJIUqbE CJIe,lIy&, YTO Ha 5%-HOM YpOBHe 3HaqUMOCTU rUIIOTe- 
3a Ho He OTBepEWTCfI, T. e. BKJIlOYeUXe aXTUB& DJTITAS Ire CABUPWT 
~ H ~ ~ E I M O  rpmuqy *+~KTHBHUX 110pUpenep. 

T e c ~  npu ( P E I K C H ~ O B ~ H H O Z ~  o m ~ a e ~ o f i  A O X O ~ C T H  . . 

- - , , - - - .  

fie$ npU BKJIIO'~~HH~"HOBOM %TUB8 TOJIbKO B TOW& ~ B ~ T C T B Y I O -  

~qepr.b~+~anbiibL~ nop~+en~o c s a , q m ~ ~ ~ i m ~ , q a e ~ o ~  Ro~&~oerb~o 
p. ~ H ~ W M O  JIU yMeHbIlIUT& PUCK UpU BIvIOYeHUU HOBOCO ,aXaKTUBa B 

nopw+eir,'? . . . . 
B 3T?M QIy'IW XIOBTOpXm BCe p~WyX&eHEfI, KCIIOJIb3OB&HIfble 

ansr BmBoAa ypaBaems (15.21), o,qnaxo Tenepb OHO AonxHo BG- 
~oJIHRT~&I TOJI~KO OAHOM 3ZIJ(mHbI% 3~airerndfi .  O ~ O ~ H ~ ~ Y N B  
q = -4F/r,,, nonywuM 

my - q z y  = ZlrxX&(.mx - q z x ) .  (15.28) 

P~CCMOTPUM mwroryee peqxcmoHHoe ypameH%e (cp. (15.23)): 

TY -VY = a + B ( r x - q z x ) + ~ .  (15.29) 

, K ~ K  u panee, ~ y n e s a z  runwrma cocron~ B m M ,  YTO PUCK He 
~TCS npa nrwrmyenuu nonoro a m m a ,  T. e. ero Aona B HOBOM 

e PaBHa 0. f i e r ~ 0  npOBepUTb, LIT0 IIpU BbInOJIHeHUU Ho ReK- 
& rm E rx ~ e ~ o p p e n u p o ~ ~ m .  B ~ R B  ~ a ~ e ~ a ~ x ~ e c r c o e  o x u ~ a ~ a e  OT 

$UX Y X ' E l f  ypkXBlieHRR (15.29), UOnyYaeM 

a = m y  - qzy  - B(mx - qzx)?  (15.30) 

te. npu Ho nonyqaeM a = 0. Kaac a pmee (cp. (M.26)) ,  ZI,JIB UpOCTO- 
:k$ PXCMOTPUM CJIY9@, KOPAa 11a60p aKTHBOB Y COCIQWT U 3  OAHOrO 

k ~ n a  (m = 11, n n e p e R ~ e ~  K B H ~ O P O ~ H O M Y  auanory ypaerIeHm 
&B TecruposaHua Ho a m  r i ~ o  O ~ ~ H U I I T L  perpeccmo 

c;*. RY, - q = ff + pl(rx , t  - q z x )  + st (15.31) 

B KaYeCTBe IlpZiMepa PXCMOTPUM B ~ ~ K T U B H ~ I ~  II0PTl&Jlb C 

.u,qae~ofi AOXO,~HOCTI,IO p = 0.10, co~romqaft a3 Tpex alcrrn- 
DJINDUS. NASA100 ti DJEURS$, R. T ~ C T I I ~ ~ ~ M  H ~ O ~ X O U I ; I M O ~ T I ~  

ESRTSIN. I I o ~ r y s a e ~  
= 0.0534, U Pe3yJIbTaTb1 PeFpeCCUH (15.31) IIpUBeACHll B T ~ ~ J I u I I ~  

k l o .  ry 

Ta6nnqa 15.10 
RSRTSIN - 

Coeficient 
0.124346 

ETA 
Std.Emr 
0.245787 

~ J I N D U S  - ETA 1.925889 0.568730 3.386301 0 0011 
.NASA100 - ETA -0.023688 0.273536 -0.086599 0.9312 

ETA - -- 

L7658 dependent var 0.194025 

, S.E. of regrcgsion 2.179939 S.D. dcpendent vm 2.464450 
Sum squared resid 356.4101 Akaike info criterion 4.445777 

, -.g liiihood -171.6082 ScI~warz criterion 4.566749 



BKJUOY.&pb'B s&$~KT~BHLJ& IIdwWib C 0 j K u ~ a e b k o R  ~0~0~~6i?l'bIQ 

p = 0.10 WZV3epTblfi aKTH.6 MWSIN. ~ & i i a ~ d ,  KaK W&.l B m M U .  Pa- 
nee, @ ~ O H T  3@@e~$~~ir5ix n o d m e t 4  npu VNIM CAEEWWTCR &-&a- 
CTHYeCKa 3HaUfIMO.' ' ' 

. , t !  

6e3pnc~0,~oro a ~ ~ m a  , .  , 

: , 

P ~ ~ C M O T ~ W M  &OPMHPOB~HU~ O l I W M W b H O r g  IIop'I$WISI npn. B03MO)K- 

H O C m  BKJH0:YeHKR B I I O p & m b  U ~ ~ U C K O B O I Q ~  @KTliBa. ~ O C W ~ K ~  

Mbl P&CCM&TPHBaeM MBeCTUIJJB3 H a  0.4IlfI IXepAOA no BpeMeHEi, TO &- 
P a ~ ~ d 8 b ~ ~  XTEIBOM (n~r~free) H E A D ~  T L L K O ~ ; ~ ~ ~ K ~  na cnewm- 
m a  nepno~ KOTOPOM, ~f ,.sapmee +a~qipo~auna. C o o m ~ ~ s e ~ g o , ,  , .  

rncnepcnx ~ o x o p , ~ o c ~ u  ua pamia 0. B Kaw.rxse 6e3puc~onom aKTREia 

O ~ W I A O  P a C ~ a ~ P ~ B & K ) ~ C R  rOCYAapCTBeHHbIe qeHIibxe 6y~ara,  HWpPl- 

Mep ,  KpaTK0CF)O'IHbIe M C Y & W P ~ B e H N b l e  06nuraq~u C m .  
OmH' k3 &OCO&; I&TH $)POIIT 3&&eKTUBHbIX nopT&J&lle% dCJIy- 

rae npucjrmsni 6 e 3 p & b ~ O r 0  mTF!,a '. air+,o+++ n p e A b i m e ~ y  
(15.$)1.(15..12); MM npe~o~~aBJr~ek 4aw~eJ;io , . , ;  n p ~ A & a ~ ~  erd c a ~ o -  

' . 
&OST-~O (c*. yi$ax&ine l$.3). 

3qecb '& nsm~ef le~  reokerpII~ec~U 6ohee ~ a r ~ ~ & b b r &  B~IBOA.' Ha 
pac. 15.3 npeRcTaBJreH   pow^ +&~KTUBH~IX nopT@eneB A.IIR w x  &e 
r&pex ' ~ T U R O B ,  rm u H a  PUC. 15.2. ,&pva OT r ~ n e p 6 ~ ~ ~  H ~ O -  

A- M E ~ ~ C T B O ,  d o c m u ~ w w  . . .  n o p ~ 9 & e ~ ,  T. e. T ~ K U X  TO&K AOC- 
~ 6 a - i  '(?, @), ~ o % ~ u e  C O O T B ~ B ~ I O T  xo+ 6~ tiWoidj; no$T@enm.  

~ Y C T ~  lUp - n o p ~ & e ~ ~ b  ~KTUBOB c O + E I A ~ M O R  ~ O X O L Q ~ O C T ~ I O  , . , ,  h, , ,a 
Aacnep&ea A O X O ~ ~ O C T I I  17;. 

P~CCMOT~HM T&depb H O ~ b f i  nO&eJlb, B KOTOPOM'JXoJlR @&CTB 

a mbxerra B ~ ~ ~ P X C K O B ~ I ~ ~  &KT&, a ~ o n n ' l  - a ~~10Xena' B  OPT- 
&ern; w,,. (OS&U,~BO, YTO JIK,~O& nomem,  BKJI IO~~XOIUU~~ B ce6x 
~@.PEIc&oB~~~  BKT~B,  hoXC*O &CT~BMT<, %IlM 06&30~.)' . . 

3 m  HOBOM) nop~&.n~ uMeeM: : 

, / .  , , , , #  

B TOM M y Y a e ,  KOrAa Wp npo6erae~ B C I 0 0 6 A a C T b  AOII~CTUMblX 
I 
p@enefi, c o m e r c r B y m q m e  npmble u 3 a ~ e ~ a w r s  H a  nnoc~ocra 

-+eneft. I Ioc~onb~y pg > Rf, TO B e p x H n l t  nyr, 01 

,yrOJI, KacaeTCSi runep6om ( & ~ o H T ~  ~ & & ~ K T A B H ~ I X  

t I e~O 'NpOt4  W q K e ,  C O O T B ~ T C T B ~ ~ O ~ ~ ~ ~ ~  TaK Ha3bIBaeMOMy @IaHIX?W- 

nopT+mn wd. 
, & I R  TOM) 9 ~ 0 6 ~  H ~ T U  3Ty KaCaTeJlbHyIO, K(YPOPaX M RBJIReTCSI 
) , I ,  
@ ~ H T O M  ~ & & ~ K T E I B H ~ I X  lIopT@WIea n p U  HajIUYUA 6e3pnc~o~oro aK- 

; ~ a ,  iahl T e n e p b  ocranocb T o n b K o  ~ a l f ~ u  n a p a M e T p u  m r e H q n a n k  

11% nop~+ena, ~ o c ~ y n ~ f ~  CJteftYmqnnd oSpa3oh. 



0 6 0 3 ~ a w ~  sepe3 0 yron M e w  ~aca~enbnofi a ocbm u. nony- 
YaeM: 

tge = 
pd - Rf (15.34) 

'Jd 

0603Ha~M~ &JIB KpaTKOCTU Tepe3 W = W d  - pWnpeReJIeHHC pecyp- 
COB (no PHCKOB~IM ~ K T H B ~ )  B T ~ ~ ~ H I W ~ ~ H O M  nop'r*ene. T o r ~ a  a3 
(15.34) nonysaeM 

w l m  - Rf wl(m - R ~ z )  
tge = - (15.35) 

( w ' E w ) ' ~ ~  - (wIXw)112 
' 

- - (wlXw)(m - Rfz) - w'(m - ~ f r )  C w  = 0. (15.36) 
( W ' Z W ) ~ / ~  



B KaYeCTBe n p H M e p a  IIpKBe&eM B ~a6nnqe  15.11 pe3yJ lbTaTbI  Te-  

CTa H a  H ~ O ~ X O A X M O C T ~  BKJIIOYeHIm 4eTBePTOrO a K T H B a  RSRTSIN, 
e c n H  B I I o P T @ ~ J I ~  yXe BKXIoYeHbI T P H  PHCKOBbIX aKTHBa  (DJIN- 
DUS, NASA100 H DJEURS$) x 6 e 3 p H c K O ~ b I f t  aKTUB C AOXO&HOC~'~K) 

Rf = 0.04. 
Ta6nana 15.11 - 

Dependent Variable: R S R T S l N  - 0.04 
Variable Coeficaent Std.Error t-Statestic Probabzlitu 

D J I N D U S  - 0.04 1.925889 0.568730 3.386301 0.0011 

NASA100 - 0.04 -0.023688 0.273536 -0.086599 0.9312 

D J E U R S  - 0.04 0.237935 0.570956 0.416731 0.6781 

K ~ K  BHAHO 1x3 ~ a 6 n ~ q b 1 ,  u B  TOM mysae runo~e3a a = 0 ne 
OTRepraeTCSI (p31 iaqe~~e  PaBHO 0.66), TaKHM O ~ P X ~ O M ~  IIPM HaJIH'IMH 

~ ~ ~ ~ H C K O B O ~ O  aKTHBa  C AOXO&HOCTbIO Rf = 0.04 Y IIaC H e T  ~ e 0 6 -  
XOAMMOCTH BW1lOYaTb B ~ & @ ~ K T I I B H H ~ ~  nop~@f?JIb ~ e I ' ~ e P ~ b 1 f t  aKTHB 

RSRTSIN. 

e M  C HOBOrO, 6oaee COBpeMeHHOI'O cnoco6a EkJlOXeHIIR MaTepU-  

2. C @ o p ~ y m p y e ~  p a  e c T e c T a e m m x  npwonoxqmx; 
X m n s e T m  m e 8 1 1 b 2 ~  npaCTpaJICTBoM, T, e. ecrm X I ,  X2 G 

JIR nw6b1x BetqeCTBeHHbIX a, b Bbr l l J iaTa  X = a x 1  -k bX2 & X. 

e C T b  BbfI InaTbl ,  KOTOpble OAKHaKOBbI lTpH BCeX BQ3MOMHbIX 

TBYBT B b n r m T a ,  paww 0 R K O H I X ~  nepxo~s, H ee qewa fionxaa 

IIoctio.mxy n~~eftrioe npscrpawmm X c o m o ~ ~  a3 ~ a 2 3 ~ m  Be- 



B CaMOM &enere, PaCCMOTpKM pj?R IIPOCToThl CJIyTaI%, KOrA5  KOJIN- 

TeCTBO B03MOXHhIX COCTORHH& BKOHOMHKH B MOMeHT t 1 KOHCq- 

HO, S = 1,2,. . . , S. K ~ X A O M ~  COCTOXHXIO COOTBeTCTBYeT er0 B e p +  

5LTHOCTb pS > 0. Kaxc~ax BbIIIJIaTa IIOnHOCTbK) OIIUCbIBaeSCX ~a60 -  
pOM ee 3Ea'IeHHfi B KaH(AOM H 3  B03MO>KHbIX C O C T O R H ~ ~  3KOHOMEKH: 

X = (xl, 22, . . . , xs), ~ O T o p b I g  MOIKHO RHTePnPeTHPOBaTL KaK BeK- 

T o p  B eBKJIHAOBOM IIPOCTPaHCTBe R'. TOW& 

s 

KOHBTHO, RBJIZeTCS CKaJ1RPHLlM IIpOPI3Be~i?HHeM BeKTOpOB X = 

(~1,22,. . . ,as) H Y = (PI,&, . . . ,ys )  B B'. B W O M  CMbICjIe MOX- 

HO I'OBOpHTb, YTO c I I Y T & H ~ I ~  BRIIHTHHI.1 X H Y OPmOZOWUdB%$L, CCJIX 

E(XY) = 0. 

Onpede~enue. PLINOK H ~ ~ ~ I B ~ ~ T C R  ~ O A H ~ W ,  ewtt X C o B n a A a e T  c R' 
( 3 ~ 0  OIIpeAeJIehWe MOXHO p a C r I p O C T p W X T b  lI H a  ~ ~ C I < O H ~ ~ H O M ~ ~ H ~ I &  

cny'1a2i). 

Onpeaaenue. Cny~a i r~ax  s e n H = r M a a  m I m z u t l a e T c s l  c n t o s a c m z l * l e -  

cxuju ducxonmupywqw , M n o a c u m e j m t  (stochustzc dzscount faelor), 
I3CJIU q e H a  KWKAOI'O I<aUEiTWla X IIPeACTaBJIZItYPCX B B h A e  p(X)  = 
E(mX). 

Teope~a. Emu omojzmmmca ycdoausl A l )  A2), mo cyqecmey- 
em eduncmeennaa a ~ n n a m a  X* E X, maxas umo d j l ~ ~  ~11060UC sanaa- 
m M  X E X ee yena p s n a  

A o K a 3 a T e n L c T B O. &a K o H e s E o M e p m r o  cnpax  a a r r H a x  

TeOpCMa RBJTReTCZ XOPOIIIO M~BBCTHO& I13 J I Z H ~ ~ H O ~  mre6pb1 TeOp* 

MOB o TOM, %TO n106an nsae%~iax & y ~ ~ q z i n  f (x), o n p e A e J r e H H a R  ria 
eBKJlHAOBOM I lpOCTpWCTBe,  npeACTaBHMa B BHA@ CKaJIRpHOrO npOPI3- 

Be&eHXH f (2) = (a, a) (CM. y n p a X r i e ? I H e  15.5). 0 6 0 6 q e ~ 1 1 e  H a  6ec~o- 

ah$e"laWUe. ~ Y C T ~  n2 :- H ~ X O T O P ~ I %  A P Y ~ O &  CTOX&CTI~¶~CKA& AMC- 

O H T U ~ ~ I O I ~ U ~  M H O X U T ~ J I ~ .  T o r ~ a  & ~ e e ~  MCCTO p a n o x e m e  

KHM o6pmo~,  o p T o r o H a r r b H a f i  n p o e K q u x  rpx ~1ro6oro c T o x a c T a r e -  

OIKHOCTIt, eCJIU q e H a  BCRKOR BI>IIIJIaTbI X E X, TaKOB, 9 T O  X 2 0 H 

{X > 0) > 0, I IOJlOXUTenbHa,  p ( X )  > 0. 
&yrHMH CJ IOBUN,  OTCYTCTBMe ap6a~pama 0 3 t r a ' I Z T  3anpeT H a  

CT RO3MOIKIiOCTb OTPHqaTeIIbI ibIX BblIIJTaT, a BepOXTHQCTb rIOnO- 

opeaa. A p 6 u m p ~ i c  omcymcmayem mozaa u r n o a a l c o  mozda, xu- 

C o s p e ~ e ~ ~ o e  MacreMaTuYecrcoe u?no>~e~ue  Teopua ap6~~p'ama Momno nai i~u 
(Kabanov, 2001), (LLIupxes, 1998) 



, I .  

~eo&m. ' flm nfo6di .dozodnomu* R cyqecm,q&n dedywzyee , , 

opnrozoxanaxoe pasnowenue: 
, . ,  ' .* ' 

., R =  R* +?Re* + n ,  (15.48) 
, . ,, 

zde 7 ,  - . v w o ,  n - cw6urno.vnaa earn.amnas, E(n) = 0, uece pcoa- 
nonenmac pa3mwenwi ssawtno o p m o a ~ n a ~ ~ , n ~  . . 

a 0 K a 3 a T e Jl b c T B 0. PBCCMWX~~M' '.pR": ~ O ~ K O J I ~ K Y  

P(R - R.*) = p ( ~ )  - p ( ~ * )  = I - 1 = 0, TO R - R* E ze. n y ~ ~ a  T R ~ *  
ecn, oporo-aax npoercqnn s e k ~ o ~ a  R - R  H a  ~ e i ~ ~ p p  Re*, mrAa 
~ K T U ~  n = (H - R*) - no no&poeaum oproroame~ @. ;B~K- 
TOP R* oPw;lomaJ1eH n o A n p o c ~ p a ~ m q  R ~ ,  FocKonbKy ,qna BC~KOM 

Re E %? wMeeM 0 = p(Re) = E(X*Re) = p(X*)~(R*RC) ,  n o 3 m ~ y  
R* opl.oroHanev n H Re*. H3 (16.47) nonyYap E(n) = E(Re*n) = 0. 
Teope~a  ~ o ~ m & a .  . .  , ,  4 

465 

ncnonbsye~ pa3JIoxeHue (15.47) p,na noncswa omnqaeMoro 3na- 
em= u Ancnepcan nm608 uAoxoAnocm* R: 

E(R) = E(R8) + 7E(Re"), 

0 2 ( ~ )  = V(R)  = V(R* +.yZ*)  + V(n) .  
(15.49) 

,",, ' , , 

p = E(R*) +rE(Re*),  

cs ,@alKmp~mx M O A W I ~ ~  oqemu ,nklancos~rx  ~KTUROB cocTowr n 
M; &TO ME.] U C I I O J ~ L ~ Y ~ M  a o p ~ y n y  p ( ~ )  = E ( n ~ ~ )  p,nn-qeuu awn- 

= a + b'f, me a n b - nocronririble -1Hcno u BexTop, a f - ueK- 
cQasrnopoe . Bm60p +~KTOPOB OnpeAensm M O A ~ L .  H a n p ~ ~ e p ,  B 

~ . ~ ( L G I ' B ~  s e ~ ~ o p a  +aicfopon MOXGHO. ~ 3 n m  . . , ,  

8 , .  . 



M3 (15.53) BHA~IO, YTO m~lren'op, M U N S M U ~ ~ ~ ~ I O ~ B  pnw, npmo-  
Y T e r  B b m a T y  Po + +aE(Xn) B b m n a T e  X. 

P~CCMOTPHM ~ c d x  ~ ~ H B ~ C T + B  j = I , .  . . , J ,  IIyc1~. Xj = & + 
Pi]Xy - sr~60p R n n e c m p a  j. Cnwua v m  y p m n w s  ,q.trs Bcex HH- 

BWPO~OB, IlORYYUM ypmrieune m pwnos~o~w nop+ma (maht  
prtfolio) 

T a s n ~  . a6pmo~, MM nany=zmn wuo+aimpngm MW- mas 
(15.51), KOTOPW amu~ae~a CAPM (Capitd Asset Priciw Model). 

B b l B e ~ e ~  t?C? laK H S b I B W M O e  @ - n p o ~ ~ l t Z e l ? & % e .  II~crb m - CTO- 

XaCT~9f f iK& LLCKOHTUpylOD@i% MUOX<HTeSIL. T0l'JI.a UAaxOAIIO- 

mu, R m e e M  

~ O C K O J I ~ K Y ,  B CUny (15.54), M U CTOXXTH~~CKMB &nCKOHTMI)YIO- & 
@fi .Mr%pXUTeJIb X *  CBSI3Wbl JIuH~$EIwM COOTHOIUeH~eM, MLI IlOJly- 

s a e ~  & n p e ~ c ~ a m e ~ u e  CAt'M-~o~errn 
;,.,,, 

1 

I- 
E ( R  - R f )  = P E ( R ~  - R~), (15.601 

I! 

ne 

p 3 cov(R", R) - C O V ( R ~  - R f ,  R - Rf) 
v ~ R M I  - V (  RM - ~ f )  

(15.61) 

' Bosnpaqmcb K B o n p o c y  o a z r o p ~ a n a H o B >  , z \ o x o ~ ~ o c n ~  rrpn oc- 
CyX<AeHUU rUnOT€3rJ ~@@~KTuBI~oCTM PblHKB, Mbl BHAUM, 'IT0 B ... , -. CAPM 

I E ( R ~  - 
U H O ~ M W I ~ H O ~ ~  

R f ) ,  Bce, YTO 

* C B ~ ~ X I I O ~ M W ~ H O ~ >  AOXOJ(HOCTbl0 

K03@&uqne~~ p B (15.61) cosnaAaeT c ~ o ~ ~ ~ ~ s i ~ n e r r ~ ~ o ~  0 B pe- 
rpeccan 

R - R f  = a + @ ( R m - R ~ ) + E ,  (15.62) 

IXOSTOMy MOXHO TeCTUPOBaTb CAPM, n p o n c p x l l  o r p a r I u = l e I u l e  ol = 0 
B perpeecun (15.62). 

B K a q e c T s e  a n n p o K c u M a q u u  p ~ l t r o w i o r o  nop~aenrr (xuropwfi nc 
H ~ ~ J I I o A W M )  I IpU TCCTUpOBaHUH 0 6 b l ~ ~ 0  UCIIOJIWYfOT K ~ X O ~ ~ - H U ~ Y A ~  

UHAeKC, ~ ~ J X l o Y a l O r q ~ f i  B ce6x 6onaruoe KOJlUYeCTBO aKItt&, RRnPZiMep, 

9&P500. 



H~~epnpemqusr y p a a H e H m  (15.63) T a K a a  xe ,  K ~ K  u (15.59). 3anr?-  

u I e M  (15.63) B BHAe 

% K ~ M  06pa30~, EL, P h ( R k  - R5) m n n e T C n  c n m e ~ a ~ u r e c ~ o B  s& 
CTbIO AOXOAHOCTU, eUUHCTBeHHblM PKCKOM, KOTOPbIB OWeHEIBaeTCX 

PbIITKOM. H ~ C U C T ~ M ~ T ~ ~ ~ ~ C K W I  W X T b  E YBeJIM7UBWT AUCnePCfilO 20- 
XOAHOCTU, ocmmnv q e H y  nop~@mn i r e r - l a ~ e ~ n o f f .  IIOBTOMY 3&@e~- 
T H B H ~ I Z I  u H B e c T o p  npeAno=ITTeT E = 0. 

K o ~ + @ H ~ u ~ H T ~ I  P k  ~ 0 x 1 1 0  O l ~ e l i u B a m  u3 p e r p e C c u o n H O r o  ypan- 
HCHUR 

K 
R - R ~  = ,+CP~(R~-R~)+E.  (15.67) 

h=l 



rocympmetnihle o6nuraqnu CIIIA, B ~ a ~ e c ~ s e  p a r ~ o r m ~ x  noI.urrp6 
nee MSCI ul1AeKCbl (CUA, Espona, flI&oflUSI, ME~~OBOP)'. B ~ a 6 m q e  
15.12 IIpnBWOI* Pe3yJIbTaT OU,eIWBWHSI MOAwlki (15.62), a B T a 6 J l ~ e  
15.13 - pmynbT8:r oqeIinsannx M O A ~ X  (15.67). Qqeansaiue npour 
BOAFUIOCb Ha HIllTpBaJIe RHBapL 1996 r . -~e~&pb 1998 P. WWra M m -  

HbJX AOXOAHOCT~~~ .  

Tb6nmp 15.12 
Dependent Vanable: BBUO - RFUSM 

Vuriuble Coe@cient S t d E m r  t-Statistic Pmbabilib 
mfl~lt -1,998535 0.610759 -3.272213 0.0025 

U S A  - RFUSM 1.135910 0.123267 , 9.215072 0.0000 

R-squared 0.714088 Durbin- Wataon stat 1.811360 

Ta6nwsa 15.13 
Deyendent Variable: BBUO - RFUSM 

Variable Coeficient Std.Etmr t-Stattatistic Pmbability 
m~lst -2.010744 0.746870 -2.692230 0.0113 

U S A  - RFUSM 0.054784 0.984420 0.035335 0.9720 
EUROPE --RFUSM -0.172594 0.710937 -0.242769 0.8098 
JAPAN - RFUSM -0.360471 0.337891 -1.066825 0.2943 
WORLD - RFUSM 1.749027 1.939281 0.901895 0,3741 

R-squared 0.7Ci1283 Durbin-Watson stat 1.805166 

K ~ K  oyq~io as ~ d n u q ,  h-~o3@&nquarr Ffe~~cetla o ~ p x y a ~ e n ~ r t h ~ f i  
$ 3 ~ a w m 0  OTnn%mcs OT 0. A~a.norn%ib~R Pwyab~%< nonyswrcfi 
u mrr ~ p y r ~ x  B~~JIMHI,IX @OHAOB M ~ a n u o r o  adopa.  Kod+nqu- 
em a iIonyqilRTCX nu60 o~pur (amb~hl8 ,  JMGO HUIIE~~MMO OT~HUB-  

wIW&CR OT 0. TILKHH 06pti.30~, Ha 3TIIX AWIJX, &IOAeJIN( I nepll.0- 
Ae BpeMain y ~ w p y ~ e m e  MeneAxcepoB ne n w m e p x c ~ a a m  A~HHU- 

MU. A1iworn~11~8 paynmr BaeT a suworenne km@&arlucn~o~ 
ILIapna - nnrr @OHAO~ own OK~%IB~IOTCFI rruxe, tlebr MR @OHAOB~IX 
nmertcon. 

o&wumrc conepx<a~a~ B tl,a*nax data-descviption.doc, mutual-fmd.ds, 
index.xl8, interest_ratea.xls. 
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16.1. Bse,qe~ne .hr,! , l  ., 
',,i, ./,iL ' t ! . !  ,, \>?,. :. ,,,,>;',' ,'!'?.,I<) ' k ) ,  ! : . ' I  . . 

H ~ B O ~ M O X I I O  CTdTb XOpOI2I&W MoPSII(OM, CUASI AOMa U U 3 y ' I U  KHMrA 

no. MOpeXO2HOMy A&Y. CTyAeHT, U ~ ~ Y A B I I I ~ *  bnaTepUadl yroB 
KHUPU, Me m I e T  c p a y  >KC xopoua~  ~ K O H O M ~ ~ U C ~ O M .  Ifpukfra&~b~e 
~ K O H O M ~ T ~ ~ Y ~ C K M ~  Bccne,QoBaaUR BKJIIOcIalOT B ce651 ropdAo ~OJILIIIR 

npo6ne~ ii swag; YeM Mbl  p ac~~o~penk i  B 3Tbi k ~ U " e .  BO~MOXHO, 
f i y q m n M  C ~ O C O ~ O M  0 6 y ~ e ~ a h  RB~RETCP C ~ B ~ O B K ~  y 6hee"onbl~- 

i l  

HOP0 KOJIJlePU. He C.JIe,Qy'Zr & Y M ~ T ~ ,  YTO IIp%T&& 3KOHOMeTPUKU CO- 

~ U T  n p o c T o  B ~ e x a k i m e c ~ o ~  r ip i i~e~e~kbi  , . , ! I ,  . mtiemrib~x npoqemp. 
npAKn*Hafl  ~ K & O M C ? T ~ & ~  - 3TO BBCbMa T O ~ K O ~ ~ ~ ~ ~ ~ C I ~ ~ O B ~ I I ~  

MeX,Qy ~ K o H o ~ I I Y B C K O ~ ~  ~ o p ~ e f i , ,  , Q o c T ~ I L H ~ c T ~ I O  fl?l<HblX, npe,4BaI)EF 

TenbHIdMK H A W M U  U, KOHB'IHO, ~ K O ~ I O M & P U Y ~ C K O B  &oPuefi. 
B 3TOfi, 3akJIIOYUTeJlb~ofi, FJIaBe Mdj  0 6 C y A & ~ ,  < F ~ ' b ~ 6 ~ ~ ~ & ~ ~ ~  , . 3a- 

~ u i d a ~ c n  3KOHOMmpUCT PaCCMOTpUM C B & ~  M e X & Y  ~ I < O I I O M ~ P A K O B  

U ~ Z B U K O ~ ~ ,  ~ K O H O ~ ~ T ~ U K O ~  'k M ~ % M & T ~ ~ ~ C K O &  ~ K O I I O M ~ K ~ ~ , , , ~ K O H O -  

M ~ T P H K O ~ ~  M M & T ~ M ~ T H Y ~ C K O & '  CP~TUCTBKOB, p&blB M ~ X W  'l 'e0pUefi 

Ei II~&KTMKOI, MeTO&OJI?rABMZi <&B&x~,  BH& 'K '  < C I I ~ ~  BBkPk*, CJIa- 

6me 3Be€ibH, a r p e r U p O B a i u e  A KaK ACnOJIb30Barb  OnbIT  A p y r U X  UC- 

C J I ~ A O B ~ H U ~ .   TO nOIIblTKa CYMMUPOBaTb BCe TO, YTO MOrJIO 6bI 6bI~b  
obpa.3~6 txa3~8tto n a T o a o r n a B  e % o ~ o ~ e T p Z K u ~  



K m e ~ K a M n  u M a r ~ y c  B KOHqe CB0efi  CTaTbH 0 6 p a ~ ~ ~ l u C b  K Y U T a T C  

n r rM C npocb60fi H a 3 B a T b  O ~ ~ ~ J ~ U K O B ~ H I ~ ~ I O  paGwy, KOTOpan, no UX 
MlieIlMIo, U3MeHUJIa UpeAcTaB.!?eHUe 3KOIiOMUCTOB 0 K~ .KO~~-J IU&~ 7KO- 

U O M R ~ C C K O ~ ~  npo6ne~e (Keuzenkamp, Magnuus, 1995). Ecnu 6m 
pa6o~a naurnacb, oua 6 ~ m a  6b1 n p l i M e p o M  y c n e I l r w o B  n p o B e p r t u  Teo- 
puu. HUKTO we owerm! 

~ I F I , ! ( K B K ~ ~ M I ~ ,  CeMbU, + H ~ M L I  BeAYT ce6.51 TaX B P p a ~ H O W W I b I I O  II YIX 

r p y n n O B O e  IIOBeAeAMe HWTOnbKO M a l l 0  rIpe,4CKSyeMO, 'IT0 TpyAl lO 

n p e A n o n o x M T L  c y q e c r B o s a H u e  ~ a ~ o r o - n ~ 6 0  s a ~ o ~ a ,  n p c x I i ~ r o u ~ e -  
PO H a  YHHBepCallbHOCTL.  TO CUJfbIIOe y,SBepX<ReHUe, I10 OH0 BepHO. 

I I p u y e ~  Gonee OFOpYHTeJIblIO ,!(WIte ne C T W I ~ I ~ O  O T C ~ T C P B M ~  3 ~ 0 m  3a- 
KOHa, CKOJILKO OTCYTCTBPe TeX BbIBO&OB, KOMPbIB  MOrJIU 6b1 6b1Tb 

IIOnyYeIXbI U3 IiWO. Aa~Zdi'I'e KOpOTKO O ~ C Y A U M  nOCJleACTBI151 OAllOCO 

YHEBCPCWIbJlOrO 3%OlIa.  TO 3 ~ a ~ r i e s i ~ ~ b l 8  n P B M e P ,  ~35I'l'blR 113 ( t ) U 3 ~ -  

KYI n n o K a 7 b 1 s a l o ~ u 8 ,  ~ t a ~  o A n H  n e p l r b l a  s a ~ o x  MOXW 6 w b  Ucnonk- 

3 O H a 1  ,4JIn OTIcpblTYIa ApyI'OM. 

Ha6nm~as1 CnyTliUKU ~ U U T C ~ ~ ,  MOXHO 3 a M W U T b ,  '?TO UHOrUa. 

OIlU H a  BOCeML MMHYT RIIepeAU, a MHOTAa H a  BOCeMb MUHYT OTCTBIWI' 

OT BpeMeHU, paCC9WlaHHOrO no 3aKOIiaM H~IOTOH~.  MOXHO T a K X C  3 k -  

MeTHTb, S T 0  CIIYTHUKU OIlePelKaIOT p W 9 e T M O e  RPeMX, KOrAa Klnwrep 
6mwe K S e ~ n e ,  a OTCT~IOT, K o r W  K)nu~ep y,!(men. E c n ~  ~ b l  ~ o ~ e p s l -  
e M  TeOpYIH HL~TOHB,  TO ,4OJIXHbI 3 a K ~ I O Y U T L  OTClO,!(a, 9 T O  CBeT AMWT 

KOIIeYRYlO CKOPOCTb, U TO IlOJlOiKeHUe CIlYTIlHKOB, I<OTOPO(: MLI H&JIIo- 

AaeM,  annneTcn B o s c e  ue ux TeKyu.luM n o n o x e l I u e M ,  a T ~ M ,  B 1tOTOpOM 

orm aaxo,qmucb H e I c o T o p o e  B p e M s  I I ~ W ,  H'~o~xo,!(uMo~, ~ 1 - 0 6 ~ 1  C B ~ T  

I ~ O I U ~ J I  OT IOnx~epa AO 3e~na. On+ P e ~ e p  ~ U M  o6pa30~ IIoKanaJr  

D 1675 r., .m, c n e T  meeT K O H C ~ I I ~ ~ I O  CKOPOCT~, u ~ A O M  n03Xe OH npu- 
Ben o~Je1%1cy c ~ o p o c ~ u  meTa 214 000 rcM/c, YTO 6~1no 3 a M e Y ~ r e n b I I M M  

JWCTUXeHnBM - JlUIUb Ira 30% MeHblUe UCTUHHOW 3IlaYeIIUSI. 

Hurcro n o ~ \ o 6 1 i o ~  3 ~ 0 8  ~Tporofi KPWOTB HeBO3MOlKtIO R 3KOHO- 

MeTpUKC. ~ I O & U ,  ~ E I P M L I ,  OPl'aIiC13ilI\UU, HX ~3aHMOflefiCl'BM(: I I a  pa3- 

nurublx Y ~ O B H X X  arpernponmm l r a c T o n b K o  6ora~e  H n l r r e p e c t r e e  

W.5I MOAeJIBpOB&HUSi M I r p W H 0 3 8 .  

, 

cm. yWOz4fib Kernrrm. m caxap, o m  
$.ii rmcaac~'pl~b ;Ha pea~wro 

MOXHO B C O B ~ ~ K O M  COR)- 
~ H H O B  Pomn, n, cnqoBa- 

HO, 3KOHOMapUCT H e  M O X W  CTaaATb  110~06~h le  8 K C n e p ~ ~ e l l T W .  

 me, TWUW o l j p m ~ ;  ae v o r y ~  614% 6e ~aEofi-rn60 

 ax S K O I I O M ~ ~ ~ ~ ~  UMBW AWO c LZ-~MU. +te ~3xcnepu~e~- 
oa n p u p w ,  TO, K ~ K  npamno, OH H e  MOXW ~ I O ~ ~ Y R T B  60i1brrie 

r(awm no m T K b T U K B .  3' HECC WS-6 Teapan, O F I K C O ~ B ~ W  

orm ~~16pac~1saxm c~apb~e &%is61e u 61hao6nparo~ N O B ~ I ~  

3 a w ~  npmepm 1.10~ym Wopm si m~\,,tp&2e. ~ ~ Z O M ~ T ' ~ E I ~ T  



H e  M O X e T  noerynam TaKHM 06pEL30~. &U 011 BEJ~POCUT CTa.pbIe A%- 
H N e ,  y H e r o  IMvero H e  ocrdne~w. 

B T ~ ~ U I J H O H H O P I  ~ a ~ e ~ a ~ x w c x o f i  c r a ~ u c ~ m e  npoaepxa r u n o T e a  

H GqeHUBaHUe SiBJlXIOTCA &BYMA Pa3HhIMU TeMaMU, U3JIaraeMbIMH B 

pa3HbIX  l7IaBEbX pa3UbIX  TOMOB. ~ ~ H K J I W J P O ~  CTaTUCTUK J I M ~ O  lIpOBe- 

pa= wito~e3y, ~ i i60  o s e ~ m a m  aeko'ropue napa~mpkI, no m K o r A a  

H e  AeJlaeT U TO H j!,pyrOe OAHOBpeMeHHO. QKOHOM~T~UCT, I iaIIImTUB, 

BbIHyX,I@H OqeHUBaTb  I I a p a M e l Q b I  U IIPOBepSlTb r U n O T e 3 y  OAHOBpe- 

M e m o ,  E14e B I949 r. K y n ~ a H c  B L I C ~ ~ J I  wem, w o  a e o 6 x o ~ ~ ~ a  
COBepIIIWHO HOB%3 W O p ~ f f  cTaTUCTH?eCKOrO BhlBOAa, KOTOPasI 110380- 

arrna 6hr Henam ~ T O ~ H O  TW Teapun AO cux nop H e  co3~aua (Koop- 
mans T., 1949). , 

, , ,  

16.5. T!20pHS' EI IXpaXcTElKa 
. . , .  

H ~ M  ~ a m m ,  ~ I T O  pa3pw: M e w  m p u &  a n p a ~ m o g  B 9KOHO- 

M e T p u s e  6opbftre, s e M  B +mu~e,  M e A u q m i e  u Apyrnx H a y K a x .  g o r ~ a  
3~ . k i M e p  O K O J I O ~ T p H ~ a T U  JIeT H W a A  6u.11 C T y A e W M  , & 4 % r a ~ r ~ ~ o l ' o  

yHHBepCUT.W3,, T W :  pdo~&Jia O¶eIIb W C T m H a R  rI,yRIIai 3BJr41T- no- 
cTpoe,pueN s ~ o ~ o ~ e ~ p x q e c ~ o i 4  MOA~JIU CIUA.. rpynna. pa6o~ma r i a  

nepBOM; WI%Ke, a TeOpC?lWYWKW KYpCbl lT0 3KOHOMrn,&JUKe S U T W C b  

H a  ,xocneArieM,  Y e T s e p r o x ,  , m e  a B  6yn o m e n o h a n w  TeM,  - nu- 
CaJI f i ~ h a e p ,  - YTO OAHH.U TOT Xe R3blK ECZfOJIb30BBJICX B 0 6 0 ~ ~  Me- 

CTRx? Erqe 6mee 3a6a~no 6b1~1oaa6~no~a~b M ~ T ~ M ~ ~ ~ ~ ~ I . € J T A ~ ~ ~ ~ H I J X  

E Z H A U B U ~ ~ ~ M O B ,  K O T O P ~ I ~  6 y h 0  rpemanu aa n e p e o M  maxe H npe 
B p ~ U I U t 3 b  B CBRTe-HX &PellOB$ IIOAHUMWICb Ha q e ~ ~ e p ~ h l f i  3Ta3KO 

(Learner, 1978). . , . , . . 
.3a qocJreAnne T p W R a T b  neT CUTyaquI I  lie E 3 M e A a n a C b .  KOHB~HO, 

eerb H e K o m p o e  KQJ~UX~CTBO SXOROMEICTOB EI S K O H O H ( ~ U C ~ Y ) B ,  KOTO- 

pbIe ,HtULUlU Bep~hlfi 6 m ~ c  MeX,Q' TOMj YTO M O X e T 6 b I T ~  ~ W I a l f i O  Te-  

OpPeTWieCFX, a TeM,  Y W  MaXceT 6- WWEU%O X a  I Q a X T U l B .  OHM 31Wb7 
IOT A W L I e ,  3 H W  S K O k ~ M U ~ ~ C K y I o  TeOpHlO, .MW&?Wl' t l e 0 6 ~ 0 p l r ~ b 1 ~ x  

9KOFIOMWpU¶eCKWMkl MW,Oa<aMU U OWE, C D O C O ~ H ~ I  CMeIIIaTb 3TII W i Q e  

AEleHTbI 8 ~ U ~ ~ b H Y I O  E BKYCHYH) I I0XJ fe6Ky .HO HX MeHbIIIUHCTBo. 

aBJIRX)WC% 60nbra r~c~no  I I ~ U H ~ A J I ~ X U T  K TOMY m ApYrOMy na- 
hO. Aria J l W e p X  OTOpBaHbI ApJT OT ApYlYL U OOqTU H e  O~IQIOTCR. 

~ T ( Y T  p a 3 p b I B  M e X w  T ~ O P U ~ % ?  U n p a K T ~ K 0 8  HMeeT AOBOjrbHO UH- 

CHbIe~IIOC3leACTBUX. OAHO I33 HUX TO, 'IT0 I IpEKJIaAHMe 3KORO- 

HCTM iIYBCTBYmT H ~ O ~ X O A U M O C T ~  IIpOBepKH rHnOTc3 ,  nOTOMy 1 T O  

lIpOXOAUJIU K y p C  eTeopm 3KOHOMeTPHKHS II XOTIPT HCnOJIb30BaTh 

OH 3HaHUR.  O N H ~ K O  OHA 11eAKO M O ~ Y T ' O ~ % R C H E ~ T ~ ,  IIOWMY OHU Te-  

PYlOT KOHI<PWHyIO PHnOTe3Y, CKaaKeM, O@iOPOAHOCTb BbInyK- 

b. EcJIu r U n O T e 3 a  OTKnOHXeTCX, KaK H IIPOHCXOAliT B ~ o J I ~ I I I M H -  

e c a y s a e B ,  onu BUART B  TOM c ~ u ~ e m . b c r m  OIIIU~KH c n e q u & y l a a -  

3 a s e ~  xce Torga n p o s o A n T b  T e c T u p o n a J l u e ,  ewra ero n o r m e c K u e  

CTBHX WI~IOPUPYIOTCII? P a 3 ~ b I l L U l e H H e  0 IIOCJIeACTBHRX TBCTUPO- 

EIR iIepeA cro B b I n o n a e I m e M  6 ~ x 0  613 ~WYMHLIM,  HO p e m  BcTpe -  

B ~ K O H O M ~ U Y ~ C K O ~ ~  IIpaKTUKe. 

O A H ~  UCTOPHR, E13BeCTHaR C p e w  3KOHOMeTPHCTOB, U J J J I I O C T P U P Y ~  

T pa3pu~ M e x c g y  wopaei4 u I I~~KTUKOB.  
, H o Y ~ .  H~KTO A UAeT no YJIUvc H B W K T  ApyCOrO YwIOBeKa, B., YTO- 

n r q y w o  n o i  y n I m m M  +oaape~, ~ Y T O  BLI utqere?~ - c n p w ~ -  
T A. ~ O T e p X J l  KJIIOYU>, - O T B B Y W  B. BLI MX ~ o T ~ ~ x J I ~ ~ ? ~  
nona cnpaurunaez A. a%*, - oTae9ae . r  B, y r t r w b ~ n a w  H a  t r p a ~ -  

r. ~ q o n  o cwpoay. *Tor~a noreuy x e  BM ux n u e T e  3p,ec~?> 
npammaw A, mmncb,, o s e q a g H o ,  r e n o s e K o M  c r~pwr.drecr<u~ 

OM IIOUCKH IIOA YJIUYH~IM + o ~ a ~ e ~ . '  

4 e C T B y e T  JIH ~KOHOM~TPUW?CKF& METOA? KOH~YHO, H e  T ~ K O R  M e  

, K O T o p b l i 4 6 e p e T  3a PYKY H~UCICyIUeHliOrO MCcJieAOBaTeJlR H Be@T 

OT A K B, 3 a ~ e ~  IC C u ~ZZK Awree. K cuambm, T a K o r o  ~ m o -  
~. 8 

H e  cywecrayer, a n w e  nce a ~ o ~ o ~ e T p a c r ~  oeranucb 6h1 6e3 pa- 
LI. M M ~ ~ ? T C ~ I  B BH,Q' I leTTO M ~ H %  a~6lil~n03~0e. C y n f e c r ~ y e ~  JIM 

I I ~ O C M O T ~ ~ T ~  CTaTbU, o n y 6 n u ~ o 1 k a ~ 1 i a i e  B B e A p p i X  X y p H a J m X ,  

IIoKa3&TbcX, 'IT0 T W O &  IIOAXOA CyIUeCTByeT. B CaMOM UeJle,  



478 Pn. 16. n e p c r i e ~ ~ m  3 I $ O H O X ~ ~ I U I  

~OJBIIIUHCTBO pd0T UMeKlT OAHy U TY Xe C T P ~ K T ~ ~ ~ :  BBeAeUUe, 06- 
30P JIMTepaTJ'PbI, MOAeJlb, OIIUCaHUe @liliblX, HeKOTOPLle 3KOHOMeT- 

p u s e c K u e  T~Y~JIOCTW n KaK m ~ o p  ax n p e o A o n e n ,  npumaqme pe- 
3yJLbTaTM, 3aKJIIoYeHUe. %UM O ~ P ~ ~ O M ,  CYqeCTByeT 1ieKIlil e@HLfi 

I I O M  K TOMY, KaK AOJIXIIbI ~ L I T L  M3JlOXetlM pByJlbTa.Tbl  n p U K A W -  e m ~ ~ u m c u r e ~  n e p a m u ~ a ~  01pasbl5aer%w H ~ W  

HOB ~ ~ O T I J ,  HO 3TO UMeeT him0 OTHOLUeWE.$I K TOMY, KaK IIpOBOAUT5 

CO~CTBMHO UCWeAOBaHUX. B e ~ b  CTaTbU HUKOFAa K e  COAep7IcaT pa3Ae- 

JIa U X y p H m  3KCIiepEM~HTOBW, B KOTOPOM BBTOP p X C K ~ 3 f U l 6 b l O  TOM, 

KaK U B KWOM IIOPRAKe OK UpOBOAnjl UCCJIeAOBaHSie, KaKUe OIIIK~KU 

AeJIaJI K T. A. 
T p $ ~ ~ 1 ~ o w w a n  S K O U O M ~ T ~ U K ~  I I p e A n U C b l B W  S iCCl IeAOB~TeJw no- 

CTpOUTb MOABJIb, C O ~ P ~ T L  A W H L b ,  ~ 1 1 6 p a i %  IIOAXOAIIIIIU~~ MeTOA OW- 3 m B M O  K&)K&OM$', CBR3bIiLfOMY C I IPUKnaaH0& 3KOHO 

m i B a n u 5 i  u 3 a ~ e ~  o q e ~ n ~ b  M O A ~ J I ~ .  nome mm m~ nony~eriamomo- ~ % l b  COOTOXT a TOU, Y*M BM rie w o x w  nwyra 
~ ~ q a a  M O A ~ A ~ ,  MOXCHO A e n a T b  maru B PWHMX uanpamenusx: oqe- .' 

I-IUBSTb ( b , p l ~ y ~ l ~  n a p F b M e ~ p 0 ~  ( H a U p U ~ e p ,  ~JIXTUYHOCTU), IIpOBePSITb 

THnOT03bl, ~ ~ A ~ R I o ~ ~  MHTePeC, AeJ l aTb  UPOrH03bI UJIU AaBBTb 

p e ~ c o ~ e s ~ a q m  no a ~ o ~ o m e m o 8  nonmu~e.  TO XO~OIIIU~I M ~ T O ~ ,  IIO 

011 H e  ~&OT~RT.  OH ~ M I U K O M  aM6unrU03~blf i .  B OTJIU'FUe OT &33UKU 

B ~ K O H O M ~ & ~  H e T  M O A ~ J I ~ ~ ,  Kon)pbIe  ~IJJIII 6~ CIip&Ie&JIABbI I30 BCeX , 
cnyqaa. JIywee, H a  TO MOXHO ~ q e m d m ,  - m, YTO M O A ~ J I ~  6 y ~ w  
c n p a a w a  n o K a m a o .   TO o~aasae~,  YTO MOAWI~ A o n x 1 q a  3 m u c e ~ b  

OT TOM, H a  K&O& ~ J ~ ~ B H ~ I B  BOnpOC C O ~ U ~ ~ C T C R  OTBCTUTb UCCJI€?,qOD& 

TeJIb. H Z ~ O B ~ M  er0 Q e K Q O M  (@OK~COM) MCCJIeAOBaHUR. no  BaI l I eMy ' 

haIie.UHI0, ~bl60p U e H T p a  ECCneHOBWWX-3nj  ~ A M H C T B ~ H H ~ I ~ ~  3 ~ p a B l d f i  

n y ~ b  ero H a s m a .  Bce OcPmLHoe :  ~o,qenn, H ~ O ~ X O A U M ~ ~ ~ )  ~ a ~ m ~ e ,  Me- 

m A  OUeIiUBaHUS - 3iLBEICUT w 3TOr0. B y m ~ ~ w ~ p o e  MOXeT,  MIIO- 

rUM nOK83aTbCZI OYeByqHbIM, no' 3TO H e  OleBXflEO fiJI23 6 0 J l b U I E i ~ c T B a  

3KOUOMeTPUCTOB. 

~ K O H O M ~ T ~ W C T ~ ~ ,  KOHe,%O,, ZMeH)T pa3Hble IIpeAC'K'aBJfeHUX 0 TOM, 

m~ n p o ~ o m b  npuicnwiible uccneAomma. He~asiio 6 m o  Hecrcon* 

KO AUCKYCCU~~ 8a 3 T Y  TeMy. Bcemipw~fi KOHQeCC ~ X O H O M ~ T P A ~ W K O -  

ro c€imema B K e ~ 6 p n ~ ~ e  (Maccaxyce~c,) B 1985 r. a A~npano- 
asuaTcK*  K o H r p F c  B Kadeppe B 1988 r, conep~anll B G B O ~  npo- 
I ' P w M a X  IIJIeHapHble AUq&'CCUU IIO M~TOAOJIOP& aKO&O?$erCpEKK. B 
XOAe 3TUX AUCKyCCUfi BblIICHUnOCb, qT0 BCTb TOJlbKO OAHH IIYHKT, 



, . ,  ' ..,, . . 

Ilonpo6ye~ npe~crasum ce(ie, .. . ~ a ~ y m  TVPNH,, MOT 6b1 ~ t j 3 b a ~ ~  K 

XYfJRU ~OAXOA eCHa3Y BBePX*, r ~ ~ ' & ~ ~ , '  YTO ' T & K ~ '  TeOpHSf IIOlt& 

O ~ C ~ T C T B ~ ~ T . . T & K & ~  T W ) P U ~  . A A ~ X ~ H ~  . .  6b1~1a eb;, & O M & ~ T ~  

&e~ll&i B0lIp6c, K ~ K &  3BeHbX M O ~ ~ ' - ' ~ T ~ R ' H ~ U ~ O ~ $  ;?% 

6b1m. @ & I & H & x  ~ ~ a c r b  p a 6 m  u~ee? '  riec~dhb~oacnerc$ok: 
IibIe, ~ K O H ~ ~ U ~ ~ C K & X  TapUR, ~ K O H O M ~ ? T ~ A ~ ~ C K ~ ~ ~  ~fd'0.Q O ~ ~ H E & W B  

u pp. Hccnej?,o~a~mb ~aqkMam c npocrehea ~ o ~ ~ u  u c ~ a i r ~ w ~ w ,  
K O T O ~ U ~  B C T ~  Y Ileh'IIOA p Y ~ ~ & .  OA IT0ny'Z~ H F ? K o T o ~ ~ ~ ~  T)dkd~a-  
TAI, KOT&$ISME~ ' ~ e  iitio'he jm~~a t r eTk~e~ :  %b nadhie? Chew& nu 
paCILl~p&b MOACXb, hphhd&ia~b '&I& CJIoXkI~rb ~0I$&Py oI&uB~- 

E U X  wnu H ~ O ~ X O A ~ M O  c&~X%T~ Bornme AaHtibLX ( E ~ H  AaIiHbIe JI$=IIUk- 

rb ~a+&a)? ~ K ~ ~ T O M ~ T P ~ ~ C T ~ J  @ e g o  apu6erar0~ K ST OM^ ripocro- 
. My, saqac~ym C W O M ~  pmy~kro~y; cp&fi- - 'ynyw~u~b Aarmijre. 

B~ec ro  m o  ~ ~ t r ~ a w r e  cocpe&wrosa~ae~ca Ha MOA~JIU'  u txei~kax 
oqemmmua. 3a~amym BcTpesaroTcn. yToIiveaeaIe ynyrruaiux (FZ* 

, IIpUMep, MeTUiq MaKCIIMYMa Ilph~0n0~06tlfi c %6nnotl M k ~ p ~ ~ ~ e f i  
B M ~  U H C T P Y M ~ ~ ~ ~ . J P ~ ~ X  nepeMeHmx,' ~erihpa~e+p~4ecs~id dmo- 
AbI BMWTO P ~ O ~ ~ ~ - M O A ~ J I U )  Arne B TeX WYWISLX, KOFAa XCEdJr&y& 
MbIe AtuIZibIe COAepXaT MHOrO UIIIYMaD, U 6b1m 6b1 rOpWAO nOae3WEe 

nOTpaTUTb YCRIIB-II ma: f io6~smue 6onee HWeXHbIX fiaHlXMX, 

BMAHO, , q o m e ~  6b1m 6ananc Mexpy pa3nawum utrrpemec1Tam B 
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ro? H ~ T ,  m o r o  Teem He cyn~ecmy~~ .  KOH~YHO, ero Hev;.ItaIc.IieT 



3 a ~ e m e k 1 m  M e w  K ~ ~ U T W X O M ,  ! r p y ~ a ~  u s n e p r u e f t  B poscH8c~oti 
~ P O M b I L I U I ~ O C T U .  Ec.Tb T P U  TeCHO CB,Fl3&HHble C IIpBAMeTOM B831r8  

r9 uccnejqo~a~ur~ pa6o~b1: 0mia.c A ~ H A ~ ~ M U  no Kaiwe, ~ p y w  - no 
CLUA u T ~ R  - no. H U A ~ ~ J I ~ A , ~ M .  ' C I ~ M  srn p a 6 m  M O ~ ~ T  UOMOW, 

B B ~ I I I ~ M  UCM~AOB&HUU? K a  w A e p x a m y r o G a  R HUX ~ r j ~ o p ~ ~  
M o x a o  npuanerlnvb .ma myrenm p o c o ~ t k ~ u x  ABHBLIX? P e m e n ~ e ~  
MOr  6 H ~ b  ~ & ~ C O B C K U ~ ~  I I O a o A ,  IiO OH UMeeT CUOU Tpy,qHOCTu. K 
TOMY ~ O J T ~ I ~ I W H C T ~ O  A3 H e  XBJMlOTCSl I I p b N U  I I ~ B e p X e t l I ~ a M U  

S W r O  IIOAXOAa. HI*LK, YTO ~ e J r a T b ?  0 6 ~ 1 9 ~ ~ 1  U P O I @ ~ a  TBXOBa: n0- 
CKOX~KY MU XOTHM, m6b1 B H831reR pa6o~e 6 m o  KaK MOXHO 60nbu1e 
HOBOM, Mbl  H e  KOfEipyeM B TOVHOCTII MOAeJlb UJIU M e T W b I  OUeHUB& 

nun, a n w m i ~ m  c,qeJIam YTO-TO HALHO~O me M ~ I  Y n o M n l l a m  

auerorqneca ~ ~ ~ O T L I  B o  BBeAemu, IIO ,&tee MU u x  U ~ H O ~ U P ~ ~ M ,  no- 
Ka: ne AOXOAP~M AO ~ ~ K J I I ~ ~ W R .  A T ~ T  e- Aua iapnm~a: m n  H a u l u  

pe3yna ' ra~~16iuxu K npeAbrm&hi; m u  Her :  B JIepBOM cay~ae'  MLI 

MBO~X~M SUT~&, . ,~& natia pa6om ~ O ~ O U I U I  u ikrrbsa~enanm, 
n ~ p ~ i ~ x c n ~ r u . &  na npnMepci P O C ~ H ~ ~ C K O ~  ~e&$a~n* m, s ~ o  yxe 
6i1nb natipez~o ~ ~ y k i x  c~p&W. BO B&OM cnpae, H a m u  pe- 
3 Y ~ ~ b ~ a ~ b l ' k i e  dOBIla,Z(atbr d P a H e e  ~ O J I ~ ~ ~ H H ~ ~ M U ~  . Mhl . PwbI & w T b  

Y w T I T ~ T ~ ~ ~ o ' ,  Y'I;o 3T0 i l l e Y ~ ~ % i ~ e ~ b ~ ~ ,  TBK K a X  MH UClIOXI&YeM ~ p ~ k 0 f t  
M ~ A ,  a . TO,"ITO , , '6wn0 . r&xmo , I @ ~ U M U  pahbki, thYcnoBHo, ornu- 
609iIo! 

16.10. 3 a ~ ~ 1 m e n a e  

B 3 T O a  P J l W e  MbI 3aTPOHYJIU I i e K O M P U e  aCXeKTbI,  KOTOPbIe K&)t(YTCII 

I i a M  CTpk3HMblMH UJIbi O U I W ~ O Y H ~ ~ M N  B TeOPUU U IIP&KTUKe BKOHOMW- 

p a n .  MOXHO 6b1m 6 ~ 1  paCCMOTpeTb U Apyrue u o n p o c b I ,  I i a n p U M e p ,  

poab n a p w o K c o B ,  B n n n m i e  ~anurrpo+ H C T P Y K T Y ~ ~ X  n z i ~ e ~ i e ~ d  
(1%- H ~ O ~ X O A I I M ~  TeOpMR, KOTOpaR MOrJla 613 6 H ~ b  EiCIlOJlb30BELIfa 

A.II~I O~ZJ-ICH~HUSI T o r o ,  K ~ K  H a n I n  o q e n K u  u IIPO~HO~LI m M e I i n 3 r c x  no- 
CJIe GI'PYKTYPHOM U ~ M ~ H ~ H W ) ;  IlpOlJe.I(J'pa $ O ~ M U ~ O B W U X  A a H b I X  

( n 0 s e M y  MbI H e  I I p e A I I O J I W e M  OTBeTcTBeHHOCTU 3a AaI iHbIe ,  KOTOPbIe 

n n o n ~ s y e ~ ?  Ecnu H ~ M  y K w b m a I o T  H a  ~355113 B A~HBHX,  MH (YPB~Y* 

e M ,  .LW 3TO BUHa  kie UaII Ia ,  a T O M ,  KTO llpeAOClW3IIJl 9TU A ~ N H ~ I ~ ) ;  
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tpo6xe~a n u a e M o c T u  (B 9 e M  ponb J l u n e l t k I b ~ x  ~ o ~ e ~ ~ e t i ,  KpOMe  ti 
i*renn,q~ott, s ~ o  OHU IWIRIOT~% n p u 6 n u x e ~ m ~ u  n e p B O r O  nopnnrca K 

ZaAKUM H ~ J I U H ~ ~ ~ H L ~ M  MOAWIRM?) . 
~ K O H O M ~ ~ ~ W K ~  u M e w  w.miKonerrnwe Aomuxewun, n D K O H O M ~  

ju~rec~as  T C ~ P U R  ~LICTPO ~ ~ ~ B u B B R T C R  BlllEipb )I ~rJIy6b. T ~ M  H e  Me- 



I I p ~ n o x s e ~ ~ e  JIA ;' " ' " 

Aat~s~oe npxnomeaue tie nperesrmer aa nonHoTy mnomeIiua nuIiett- 

HOk ~ J I F C ~ P ~ I .  B HBM JIIlUIb lIpUB&AeHbl Onpi?AaleHHiI OCIiOBHblX n0- 
~ n ~ n f i  nuneilaofl an re f jp~ ,  ucnonssyeMble B Kypce BKOIIOM~~PBKII,  n 
(6e3 ~01ta3a~eJIbCTB) HeKOTOpble kiX CBOBCTB~. 

2. a + b = b + a Ann ncex a, b E L (KOMMYIW~BBHOCTL). 

3. a+(b+c) = (a+ b)+c mrn ncex a, b, c E L ( a c ~ o ~ k i a ~ m ~ o e n ) .  

, Hyne~ol BeKTOp NMeeT RCe KOOpAUHam, paBHLIe 0. 

Ynpa9lC.tlen~e. npoueph~e, sT0 TaKkIM 0 6 p a 0 ~  OTIpeAeJleHAOB MHO- 

XBFPBO B CaMOM Acne RBnSeToI BeKTOPHbIM IIpOCTpaHCTBOM, T. e. y&@ 

nne~~opxer  a ~ c u o ~ a ~  (1)-(9) H ~ K T O P H O ~ O  npoerpa~m~a.  . .  , 

> ' .  : 2 ,  R . i. 

3. . i h ~ e f i ~ a s  3aBHCHMOCTb 

OnPedw~enuc. B ~ K T O ~ L J  a,, . . . , ak n a 3 ~ 1 n a h m  nunerlwo xesacucu- 
.w~bl~u, ecnn ~3 T O ~ O ,  YTO. . 

a1al-t ma2 +. . . +  akak = 0, a i E  R, ;(JIA.l) 
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B~KTOPM al, . . . , a k  ~mb~omo~cr r  nuxeSi~o s a s u c u ~ ~ ~ u ,  ecnu cy- 
ItlecTByCr ~ a 6 o p  ui, i = 1,. . . , k, r e  XOTX 6 ~ 1  OAUO (I.; OTJIUYI~O OT 0, 
Y A O B J ~ ~ T B O ~ R I O ~ U ~ ~  YWIOBUIO (aA.1). 

n p ~ e p .  P~CCMOT~UM MIiOXeCTBO BeKTOpOB U3 Rn, WCTORIr(ee K3 

TaKIlX B~KTOPOB, y KO~VPHX nocneatlue n - k K O O ~ D H ~ T  ~ ~ B I I M  0. 
He~pyf i~o  IIpOBepUTb, YTO 3TO MllOXeCTBO RMSleTCR JIXHefilibl~ n0A- 

qOcTpaHCTBOM npOCI'p~lCTlla R", COBlIa+Z(aIOlqUM C R ~ .  

Onpedenev~ue. MHOX~CTBD BCeX 4 u ~ e f f ~ b i ~  ~onc6u~aqub BeKTopOB 

al, . . . ,a& E L alal + a2a2 + . .. + u k a k ,  at E R ~ m w m m  
npocmpaucmew, nopo3rcdexuw aemopaMu al, . . . ,ah. (npoecpb- 

Te, YTO OH0 RBJlReTCSl J ~ u H ~ ~ ~ H ~ I M  IIOAnPOCTPaHCTBOM BeKTOPHOrO ITpO- 

crpmmsa L.) 
Ecnu nuuetiaoe noqnponpaam-rao K B ~ K T O ~ H O ~ O  npompmcTna L 

H e  COBIIWaeT C IlUM, TO WCTO H83bIBatOT ZUnepWC%OCmbW. 

Onpedwexue. H d o p  B ~ K T O ~ O B  81,. . . , a,, E L I I ~ ~ H B ~ ~ T ~ R  Emzm.u 
npocTpanmsa L, e c w  ~ ~ ~ n o m s ~ o ~ c s r  w a  ywoenn: 

: Hdop BeKTopoe ei, i = 1,. . . ,r i ,  y ~campblx Bee~oop- 
, K ~ O M ~  Cfi, pama 0, a Gs KooppfvIam pama 1, aBneeTcs 

KCDM B nPOCTPWCTB8 p. 
&m ~ a r ~ u c u  ~ a x n x  s e ~ i ~ o p o ~  y,qo6no ucnonwooa13b c w o n  Kpo- 

1, ecw i = j, ., , 

. . , , ,  

. . 

edno~~cenue. Bce 6amcw B ~ K T O ~ H O W  xrpoc~panm L COfiepMT 

(A)  B~KTo~ '&o~% U ~ O ~ ~ & C T B ~  L. 

&~~)3~:ett f i t?.  ' nIO6l3it BeKT(ip L& J ~ & ~ ~ H D T O  IIPOCTPaHLHCTBD MUXHO 

ncmeerrftaut cnoco6o~ JW?J$O31CUmb fl0 ~~UUCY, T. e. IlpeACWUTb B 

fie nmetinofi K O M ~ ~ & ~ U U  68ucmx 8eK~opoa: a = ale1 + azea + 

JIzi~el~bte onepaTopbI 

;!: 1. A(a.+ b) = A(a) + d(b) ma ~ c = a , b ' E  L, , , 

O&paaa ompmopa A: L + M mamsaacn MHOX~CTUO Im(A), 
CO&%III&W U3 BeeX BeKTOpOB A(x),x E.L. h ( A ) . a ~ n s m a  ~lnIiehl3M 

IIO~IIpOCTpaHCTBOM npOCT@HCTBa M. 



JIunehblft onepamp nonHocTbm onpeAemeTq CBOUMX 3~ac1e~un- 
MU Ha ~ E I H C H ~ I X  BeKTOpaX. B CaMOM Arne, nro6oi1 BeKTOp X, npU- 
Ha~~reXalQ& n-MepHOMy BeKTOpHOMy lIP0CTpaHC'rBy L, MOXHO pa3- 
JlOXUTb IIO ~EIHCH~IM BeKMpaM ef: X = ale1 + a2.Z~ + . ' . anen, 
cui E R. Tor~a,  acnonb3yx OnpeAeneHne JMHehOro onepaTopa, nony- 
saeu: A(z) = q14(e1) + azA(ez) + . . . + anA(en). , 

K ~ W ~ I B  . ~ 
n ueKmpoB A(ej), 3 = 1,. . . , n , . m ~ x e  MOX~IO PEE.- 

JIOXUTE. no 6a3ncy li,'i = 1,. . . ,mi (B m-M~~IIOM .npocTpaJIcTse M): 
A(ej) = Czl aijli 

T~KUM O ~ ~ E E . O M ,  nu~e i tno~y  onepampy A n  ~616pailHblM 6a3vrca~ 
{ c j ) ,  { l i )  B: npocTpaHcruax L, :M COOTB~TCTB~~T ~IL6nuqa m x n,?sncen 

 la,^ amz . . . a,, J 
: b e , .  ' 8  . ( : .  . , . I . &  : " 

Onpcdenenue. m x  n aarnpuqeo na3blsaeTcx npmoyronbaan ~a6nn- 
ua wcra (JIA.3), rxe nepBbIB x~,qe~c:ri3~a=iae~ HoMep c~ponw, a BTO- 

,, 
poR - ~oidep c~on6qa. , .. : ' 8 ,  , , i ,  

Oyaesu~nb, s e p ~ o ' x  ' O ~ ~ ~ T H O C ! :  iaxcAo?k m x n MaTpsiqe coo'rue* 
CTBYeT mifeflrib~B OnepaTOP, o~b6P; I~ t i10~9r  ~ - M ~ P H O ~  BeKTOpHOe 
npOCT~dHCTU0 B WMepIiOp BeK'DOpHOe lQOCTpaI&T&%O (IIpeAIi0JIarae~- 
cn, IlTO 6a.311~~1 B O ~ O M X  1IpOCTpaBCTUaX + E I K C H ~ O U ~ H ~ I ) .  

Ma~pnqa n x 1 ihb~saei-crr ' oekft~opoh-crnon6yoa~ MaTpHqa 
1 x n - sexmopoa-cmpoxob; 1: x 1 ~ a ~ p a a  ~ a 3 b r ~ a e ~ m  c x m p n o i i  
~ a ~ p n ~ t e B .  ,@nee, ecnu He oroBopeno,: npoTnmroe, MSI ~ Y A ~ M  ~ e 3 ~ e  
patCMaTpk!BbTh BeKTOp Kak se~Mp-cr~~16eq. 
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Onpedenexue. Tpancnonupoeanrroti ~ a ~ p u q e B  f r a 3 b m e r a  M a T p n -  

Qa, y K O T O P O ~  CTPOKA U CTOJI~W UOMeHSIJIUCL MeCTaMU, a UMeklHO 

~nrr m x n M a T p u q b I  A = (q3) ~pmcnornpo~a~~~o i i  ~~BJIR(?TCB n x m 
M a T p u q a  A' = (a:j), r e  a{j = aji. Hanpu~ep, 

( A  + B)' = A' + B', (A')' = A. 
J : 

Onpetlenexue. IIYCTL MM n M e e M  M ~ T P U L I ~ I  A ~ ~ ~ M ~ P I I O C T U  m x n 

JI B pa3MepIiOCTU 7% X k, T.e. Y U M O  CTOJI~UOB y MaTpMQbI A p a -  
HO 'IJICIIy CTpOK y M a T p U q b l  B. l 7 p o u ~ ~ e d e n u e ~  ~ E ~ J X  k(llmpUY A, B 
Ha3blFjaeTcff m X k M a T p u q a  C = AB, 3JleMeHThl ~0Mp0fi OnpeAeJIR- 

, , '  

, . 

euanue 1. 3 n e ~ m  c KOopAunaTaMII  i, j B n p o m q e ~ u u  Ma-r- 



K ~ K  ~ w t r o  n3 lIpuMepa, seKmp Ab rronrreTca nunetiwod nw6u- 
naqued C T O X ~ ~ O B  MaTpUUbl A C K O ~ @ @ H W ~ H T ~ M U  bi. 

AHr~~orllr~o UpU YMAOXeI-IHU MaTPm A Ha BeKTOP-CTPOKY (cJE- 
~ a )  b'A Mbl  l I O J I Y T i M  BeKMPCTPOKY, RIULRX)I@CEI JIH~e8~0fi KOM- 

6mlaqaetl CmpOX MaTpHqbl A C K O S & & U ~ U ~ H T ~ M I I  br. 

M~PHOCTU), 
A ( B + C ) = A B + A C ,  
(A + B ) C  = A C + B C ,  

' A(BC)=(AB)C,  
(AB)' = B'A', (ABC)' = C'B'A', 
A0 = 0. 

B ~&Tba&l%Ie~ saCT0 UCnOJIbBj'IoTW @e 'IKCllOBbIe @YHKIW~, OIlpe- 
AeneHnbre TonbKo p,nn icaadprnnwx ~arpuq :  cned M ~ T ~ U U ~ I  n onpe- 
denurnen* (dernepuunanrn) MaTpuw. 
Onpede~enue. Cned (trace) MaTpKqt paeH CyMMe ee ,quylaro~w- 
HbIX 3JleUeHTOB 

E m  a - ne~~op-c~on6eq, m tr(aal) = tr(ala) = a'a (a'a - 
C K ~ J I R ~ H ~ I ~ ~  KBaHpaT BeKTOpa a). 
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10. Pam MaTwqbI  . . 
, ? .  a . O 6 p a ~ ~ a r r  M a T p m q a  

n y c ~ b  A - m x n ~ a ~ p n q a  (ne 06ma~e~mio maapa~narr). 1 '  ., ., C T ~  A -  KBanpaTtiax n x n MaTpuqa. 

Onpedmeltue. Paitzont no cmpmw MaTpuqw A H ~ ~ ~ ~ B W T S  pm- 
MartCUMaJlbHbilt B03MOXHbI$i p m :  rank(A) = n. 

MepriocTb ntine&noro noAnpocrprwicrBa 6 R9'$ nopox~e~r~oro  rn BeK- 
TO~&$U-CT~~K&MN M ~ T ~ U W  A. d & ' t e ~ ~ .  M a ~ p n u a ,  06pam~oCi K MaTpuqe A, i i a 3 ~ ~ w n c z  

uaa, 0603nasae~az A-l, mas, s m  AA-I = A-'A = I .  
Onpedenenue. Pawzokc no crnon6qa-M ~aTPHqbl A H&~~IB~&IW PW- 
M ~ ~ H O C T ~  JIW~RHOM n o ~ n p o c ~ p & ~ ~ s a  B R ~ ,  nopox~eunoro n seK- axesue. ,&x n c r r ~ o ~  neeurpowdenrroir ~sadpa~noit  n x n 

TOPBMU-CTOJI~Q&$U M a T p U W  A. U 4 H  A CYUeCTByW (~AUUCTBBHH&~~) 06pa~nax ~ a ~ p u ~ a  A-l. 

Onpwhenue. P&zm ito &unapa& M a q u q  A AHR&~TCS nau- 
6onamn~ nOpSXAOK HCHyJIeeOPO M U H C @ % M ~ ~ W U ; ~ ~  A. (MUHOP i I 0 P ~ a  
k MaTpUqbl - OlIpeAeJlUTeJIb K B ~ ~ ~ P ~ T H O R  k X k MaTPUIlbl, IIOJTYa- 
IOJ.q&CS E l 3  ~CXoAlTofi MaTpUqbl BblYepKUBaHUeM HtX(YTOpOr0 KON1Ye- 

( .  0 ?z 1 

CTL~B.&OK U C T O J I ~ ~ O B . )  

1 

l7ped~omenue. Bee rpu npuBqennblx Bume onpen-x A ~ T  OA- 

no n M x e  s u m ,  n m m a e ~ o e p ~ c w i  mmpuqbc: rank(A). 

l7peano31(:eirue. C~ollcma pmra MaTpuabl: 

rank(A) < min(,m,n), 
rank(AB) < min(rank(A), rsnk(B)), 
e c n ~  B - n x n KnaapaTnaR Marpmxa panpa n, TO r&(AB) = 

r e ( & ,  
e m  B - m x m KsanpaTkran MaTpuqa pPaA1~ m, M rsnk(BA) = 

rank(,A), 
rank(A) = rank(AA1) = &~(A'A), npwseM AA' - m x m MaT- 

puqa, a A'A - n x n MaTpwytt. eddoxenue. C~oficrea 06pa~nolt ~ a w u q b ~ :  

3a~ewnue. IIyc~b A - nuliei%iibllt onepamp A: Rn -+ F, co- 
o r~crc~~yroqul l  m x n Marpaqe A, 06pa30~ Im(~t)  OnepaTopa A 
Ha3HBaeTcR MlIOXeFPBO BC- BeKTOPOB U3 Em, KoTOPbIe I I D n X m  

o6pa3mn Be~~opoB Rn npa o~o6pa~enuu A. Toi-~a pa3MepIIOcTb 
o6pa3a onepaTopa pama p q  MaTpuqbI: dim(Im(A)) = rank(A). 

~eublpo>~nenable.) 



I 

496 'Hpyoxe~we JL4 

12. CHCWMH J I E ~ ~ & M K L  Y P ~ ~ B H ~ H % &  . .I 

Cnc~euy n nanei4mx ypamiem8 c n nea3~ec~nb1~n . , 
1 , . 

' i .  ,. 
+alz'zz+...:+&lnzn = b i ,  . ' ..., 

. . . . , , . ,  . ' / .  
' (~1A.7) ................................ 

dnlz1'+ &,a- + . . . + = b,,, : ,  , '  . . 
bdenejrue. ' Ypa~rreaue IA - A I I  = 0 I I ~ ~ M ~ & R  xapdmep'u- 

, ,  .. , . . : :  rnuuecrm~ ypaenenuent M ~ T P ~ .  KopnR~u3~0ro MHOIX~~IJIBH&' SIB- 
1 .  - : ~ ~ 0 6 ~ 0  3aIIIlCaTb B MaTpU¶HOM BWe: 

. -. . . .  , , % . : ..,I .:* #,,%,.-%w,:A fi,,'.,, , , . , 1 .  . , ,  ~ . . . .  . . . 1 , . . .  . . 
8 . . . . . 1- I:., h. i A = =  b, . . . . . . . .. ca xaparc~epnc~usec~aft ~ a o r o s n e ~  TOT xe). 

. . .. 
: . . .  

/ ryie A = (dij) - &$@,aTnaw.r n x,:& ~ ~ ~ i @ ; ' ~  = Csi > " ' I  8 P ' ) ~  7t ~l 
L,. b = (h, . . . , b,)' - se~~opbt-cron6qb1. 

, , , . 
'I lTpea~lo3ceenue. ECJU . & a k a  A ~mdrpowensiax, TO cncreMa 

(JIA.7) mee~ ep,mcTBemioe pbtueane: x = A-'b. 
, =  ' ' 4  . '  . 1 ' , ' 8 ,  * l , .  I' 
, 17pediwexue. 0 ~ ~ o p o ~ r r a r r  c x c ~ e ~ a  AX = 0 ,me- n%iyneaoe 

PeUXeHne TOrAa R mnbK0 TQXAa, KOrAa MaTpHW A B ~ I ~ O & A ~ I J H ~ . ~ I :  
11 lAl = 0. 

- . , 
8 

. . 
I 

.. , 13. C O , ~ C T B ~ T ~ H ~ I ~  ¶HCJIa EI B ~ K T Q ~ ~ H '  ' 

n y c ~ b  A - pu~efinbtit onepa~op A: Rh i R". :. 4e.i): l j  = C,c,je.. ITycrh n n n e f i ~ ~ o ~ y  onepa~opy A C O O T B ~ T ~ B ~ I O T  

Onpedmencie. B e ~ m p  :a, ile  pa^& 0, rraJusaeTca"w6cmeewnw 
aexrnopo.u (xapawrepa~~nsec~n~  B~KTDPOM) nandnorp onepaTopa B = C-'AC. 
;$, a X - co6,cmeennac~ *rucnok (CO~Z~~B~IIH~IM KOPH~M, xapaKne- 

. . pXCTH%CKnM YECIIOM), COOTBWCTBYIO4RM CO~CTB~HHOMY BeKTOpy a, 
emu ~brnonaama p m e w ~ o  : , 

I, 

I da = Xa. (JlA.8) , B~IYUCJIUM xapa~~epnc~mec~cxfi   orow ow en onepampa A B 6& 
. I  

C06Cr~wblfi BeKTOp ' O Q ~ A ~ ~ H  C TOWOCT'bm AO, K O ~ C $ C ~ H ~ U ~ ~ I T &  

nponop~~ona~~~+oc~n .  ,, ; : I 

IIepenunrk~ p a n e ~ m o  (JIA.8) B w e :  
, . '  . . 

=~det(C-'(A - AI)C) = ddt(t(~-') det(A - AI)det(C) 
. . 

d a - A a = O ,  nnx ( A - X ) a = O , .  



Onpedenexue. M a ~ p ~ u a  A A H ~ ~ L S B ~ C S  w e m p u u w t i ,  m u  
A'= A. 

f lped~031ce~~e.  ~ I I  m608 MaTpuqbI A Maquqa A'A - CIIMM~T- 

paruan. 
B CaMOM Awe, (A'A)' = A'(A1)' = A'A. 

Eonee mro, nocrconbxy c o 6 m m ~  =TOP onpeAqrxera c  CK- 

&El 30 K O B & & W ~ @ ~ ~ Z T ~ .  ~ w n ~ ~ L & X i O ~ ~ ~ ~ ~ , ~ ' ~ ,  WD-Q HO~MM- 

A = 0 - I  AO, (JIA.11J 
.$$e ~a -OH& bi&rp&qb~ A c.ro$i? , .  do'6rnCTB@~e , . &a M ~ T ~ & - A .  

' I ,  , . 

Q?O = I, . , . . . : ,  

p8,BHbm f 1 BdIU -1. 

.:, , . , ',,I 



3 ~ e ~ b  BeKTop y = Ax, a C~carrsp~bIfi K B W a T  am6oro BeKTopa, KO- 

aeuao, xeorpmqamen. 
CUMMeTpn- MlaTpUIJ MOXHO BkeCTli OTHOIIIeHUe IIOpAKa. 

, . 
Onpedmenue. ByAeId MBOPIIT.~, 'ITO A $ 0, e m  4 -. aeoxpzqa- 
T~JIRKO onpenwenat a A > 0, eww A n o q o x m s n o  onpewma. 

, , 

BYA~M r d ~ o p ~ b ,  ., YTO 4 2 .  (A. 2 ,B), ems # ! I  M ~ T ~ ~ ' A -  .,, B k&n- 
qa-m, onpe,qe.ueaa'(mwo>~mb~o onpeneneia). 

fipedm~eenue. Emu A 2 3, TO ah 2 bii ms ncex i. 
(&s ~ o ~ a 3 a ~ e m r n a  nocraToyHo pacc~o~pma  x$(A - B)xi npu 

I : . , '  . , .  . , , .. x. - - (6. t l r  8 .  ,2ys.:,6in).) 
. . , . 

z o 6 c ~ e ~ h o ~ y  sumy A,  T. e. AX = AX. T&K K&K MdTPUlfa nonw 
ii&n+enbno onpeAen.ma, n, x g x  > O. HO X'AX = X'XX = AX'X > 0, 

A = OAO'. 

, ~Uaro~anbeLde 3JleMEZiTbl h XBJnrIcrrca C O ~ C T B ~ H H M M ~ ~  xIUcJraMU MaT- 
' pUqM A,, meAOBaTeJILtl0, HeOTPUqaTeJrbHhl (CM. ~bIiUe). Toba MOKHO 

, , 



Onpeduenue. Ma~pnqa M ~a3~.1sae~cn udencnomenmwoff, ecnu o H a  

COBnaAaeT  CO CBOUM K B w p a T O M :  M = M ~ .  M b l  Aa.lIee 6yfie~ CVIU- 

T a T b  M a T p U l l y  M TaKXCe U ~ ~ e ¶ I p ~ % % f l f i ,  TaK KaK UMeHHO TaXUe  

MaTPUL(bl BCl'peSaJOTUI B 3KOHOMeTPUKe. O & H ~ K O  MHOrUe npUBefieH- 

Iible H U X e  p e 3 y J I b T W b l  BepHb l  U 613 IlpeAlIOJIOXCeHUri CHMMeTPWIHO- 

CTU M a T P U W  M. qaCT0 T ~ & o B ~ H E ~  CPiMMeTpUWiOCTU BKJllO'laWI. B 

OnpefieJreHHe U A ~ M I ~ O T ~ I I T I ~ O %  M a T p m b l .  

n p e d A f l 3 ~ e w ~ e .  C o 6 m e n ~ b 1 e  Y U u I a  U A C M ~ O T ~ H T H O ~ ~  M a T p U q b l  MO- 

VYT lIPULiUMaTb 3HaqCHUJI TOJIbKO O &nU 1. 
B c a ~ o ~  awe, emu x - co6cme1111b1H B~KTOP ~ ~ e ~ n o T e ~ i * r t ~ o H  

M a T p U q l J  M, a A - COOTBeTCTBYlO~ee  W ~ C T B ~ H H O B  3HaYeHUe,  TO 

Ax = Mx = M2x = MAX = XMx = X2x, UJIU (A - X2)x = 0, 
OTKYAB A ( 1  - A) = 0. 

Ilpednoacexue. Pmr x r n e ~ n o ~ e ~ ~ ~ o r l  M a T p n q b I  panen ee cneay. 
nyCTb M - U ~ e M l l O T e l l T H a R  ( c U M M ~ T ~ X Y H ~ S I )  MaTpMUa. CU- 

J l y  (JIA.13) Ce  MOXCHO IIl>CaCTaJIUTb B BIlfie M = OAO', r e  H a  

A U a r O I i U U  A- CTORT IiyJlU U enUMUUbl ( C O ~ C ' P B ~ F I H ~ I ~  'IBUIB MaTpU- 

Ubl M). 183 CBOBCTB pSLHPa MaTI)UIJbl (CM. flA, n.10) CJICAyf3"l' qT0 

rank(M) = rank(A), T. K, OpTOrOHaJIbHaR M a T p U q a  0 IieBbIpOXCAeaa 

(det(0) = f 1). Pall' M ~ T P I I ~ I I I  A paBel1 ,  OYeBMr(H0, YUCJIy HeHyJIeBblX 

3JleMeIlTOB 118 AU&I'OHaJIl<, T. e. YUUIY C O ~ C T B ~ H H ~ I X  3HaYeHUfi MaTpH- 

q ~ l  M, ~ ~ I I ~ I X  1. C n e ~  M a T p u q m  M panen tr(M) = tr(OAO1) = 
tr(O1oA) = tr(A), T a K x e  paneri qucny C O ~ C T B ~ H H ~ I X  3~areauir MaT- 

~ H ~ L I  M ,  ~ ~ H L I X  1, w o  u ~pe6o~anocb n o K a 3 a m .  

Upu&ep. 0 6 0 3 ~ d q R M  Wpe3 2 n X 1 - B ~ K T o ~ c T o ~ ~ ~ ~ ,  ~ 0 c ~ o R r q l l f i  

K3 O#IUX eAPiHHq. P a c c ~ o ~ p u ~  M a T p U w  M = I - $22'. ~ P O B ~ P H M ,  

YTO OHa  I I~eMI IOTe l iT I i aU .  

3 ~ a  M a T p R q a  obnmae~ C J l e ~ I O U ~ U M  CBO~~CTBOM ( B b l 9 ~ C J I e H l l e  OTKJIO- 

H ~ H U B  OT cpennero 3 ~ a ~ e ~ u a ) :  



E y m  n x n MaTpnqa A pa36u~a m a  ~ J I O K ~  (aA.16), TaKue YTO 

A11 II A 2 2  flBJElloTCS KUEWPaTHGIMn MaTpEqUU. Tor~a BepHa me- 
RyIOWa &OPMYJI~ AJlR OllPeAenUTenH MaTpmlr,I A: 

uep. 

Onpedenenue. I I p o n ~ n o ~ ~ o 8  cxmapwfi 4 y ~ ~ q m n  p(x) OT BeK9rop- 
I nor0 n x 1 apryMeHTa x = (xl,. . . ,xn)' na3rJsaeTcx I x n Bemop 

Onpedeneuue. ~ P O B ~ B O A H O B  ~emopnoa m x 1 + ~ H K U M U  f (x) 
B ~ K ? O ~ H O ~ O  n x 1 apryhnehln in = (xi,. . . ,a,,)' Ha3btBMTC 



~ ~ M ~ T U M ,  YTO npu m = 1 spopoe onpe,qeneune c o s n a m  c n e p  
BbIM. 

1. p(x)  = a'x, a = ( a ~ ,  . . . , %)', x = ( x l , .  . . ,x,,)' - n x 1 BeK- 

Oia(x) -- 8 ( E ,  Ct x*A~tx t )  - 
= C C a'""A""' 

8xi  Bxi - s t 
Ox* 

. . ,  , = ( $ ' f ~ ' .  +. A)); I . .  . . 

3. f (a) = Ax, A - m x n Maquqa. 

Bofipo6~oe n nocne4osaTeJfimoe u3noxeHne anqapara keKlVpH0- 
ro n M"pnworo nx@&epe~qua.maoro ncmcnenust MOXHO Harwn B 
Knnre (Magnus, Neudecker, 1988). 
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A.1. Ao~muTe,  YW tr(AB) = tr(BA). (Yrcasanue. Hanuurnw rn 
urosne B ~oopfiuria~ax.) 

JIA.2. ~ o m u ~ e ,  sn, tr(A @ B) = tr(A) tr(B). 

3IA.4. Ma~puqa A - KqeMnoTeHTHan. f l o ~ a x m ,  ~ n ,  ~ a ~ p u q a  B = I -A 
TaKxe n&eMnoTerITnan u B A  = 0. 

. f l A . 6 . ~ y c ~ b A - n x n ~ a ~ p u r ~ A = ( l - a ) I + a z r ' , r & e r = ( l  ... 11'- 

.n 5( 1 BeKq. Haik,qu~e C O ~ C T B ~ H H ~ I ~  VHcjra li C O ~ C T B ~ H H ~ I ~  BeKTOpbl Mate 

h~.6 .  n y c ~ b  n x n MaTpuqa A 3asnc.u~ OT c~annp~oir  nepe~e~tiofi t, A = 

a) H a t i ~ u ~ e  8(x1Ax)/Bt. 

6) Hat&i~e a(xlAx)/&, eolu x ~ ~ B U C U T  OT t: x = x(t). 

JIA.7. nymb A: L -+ M nu~et i~b~i r  onepa-rop, dim(L) = n, dim(M) = m. 

a) Im(d), Ker(A) - BexTopuLre npocTpaHcTsa; 

6) &m(Im(A)) < min(n, m); 

B) dim(Kcr(A)) + dim(Im(d)) = n. 

aA.8. ~ O K ~ S K U T ~ ,  Y'M MnOrOtU1e31bl p(%) C BeIllIeCTBeHHbtMn ~ 0 3 @ @ ~ -  

Wl'aMU li eCTeCTBeHHblMU OnepwXMU CJIOXeHUS M YMHOXWIIS Ha YUWXO 

o6pa7yro~ BeKTopHoe npocTpak1cTBO L. 

a) Haiimi~e P ~ M ~ P H O C T ~  L, 
6) Bbr6epu~e 6amc B L. Kwue M ~ T P U U ~ I  C O O T ~ ~ T C T B ~ ~ T  B B L I ~ P ~ H H O M  

BaMu 6a3nce onepaTopaM A: p(x) + dp(a)/&; U: p(x) + p(x - 1). 
Hagmrw-co6L~se~~~e  Yuma H co6c~oe~~bre  sexmpbl yrux onepaTo- 
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JIA.lO. I I o ~ a x m ,  sm: 

aa'f ( X I  = tap(=). 
a) ax1 ax1 

ax1 ' 

ax1 

. . 

. . 

1 . .  I.' ' ,  

',.' , . 
I , '  . I <  

: i: . . I '  

'A& dpRIIOE&h baBO&!g$kft && & 0 d X  dog&& 
CSYJImmD~qirlt I(eQpR*&& a i&@t&K& -&&&, 

w r u .  I I p ~ ~ ~ w r n n e  kc% 
'I cwie 

& rr t x a ~ e ~ & e c ~ ~ ~ t  ~W&~UKU. 
. , r , , , ,  ! ' . , .  . ,  . . I '  . . . r ,. 

, I  . . , 

, , . .  . >  ; :: . >,:I 

co~ep1&~exbrrolra ypome clrys&~v## sm-I acw ~ a a  
&&& dm..,&,EtK'repkn?EIK 6' , .  . , : Eawm c myra 

0 Temiro' % 3a9X4m OT wysarr. 
~ m h ' o  cnyvadw swru& X -9ro qHdiro~861: 

~ a i  a e ~ m p o ~  ~ e p o m x i b c + ~ &  n p a i p a i m e  (0 
u E R. Qv$rNuaa plrenppQ&z~textur ~ ~ o &  sen 

%cJLOBax @ ~ I I K ~ ~ I I  wcn:oBor~ .aptyMem, 



, . 1 : . .  . , .  .".. . 5 
Bepno n &pamoe, ~ . e .  nm6m @YHKUH~,  ~ A O B F I B T & O ~ I O ~ B S  

YCJIOBHPM F1)-F3), rranrrm +yn~~~nePr paCnpeAejle*i q~qblrbpoll 
q s a t t ~ o t i  ~amymibi'. Henpow POBOPR, @ y n ~ r r  pcicnpeAmenuR 
COAePWllT B W  F3PoWl"l'WT~JO HR@OPMWUIO 0 CJIy'iaftnog .BWnqkiHe 
X. B S ~ H O D T U ,  P(X E, (Q, !]) ' = '{'b) - F(a) A.WI nro6Gx qucm 
a<!?. , . .  . 

MOXAO, BIJAW~ p a  mwca  CJIYY&HMX ~ e n m n ~  - , p r c~pe~-  
m , e  n neupepvsaue. C~ry=xaa~ax s&w~a X.H~~, IBW~C;R AVem- 
?W&,eCJIU MH0)KeCTBO ee 3HaTeHBfi KOHeqHO &~"Io. H W & ~ B  
~ a m  mo (PYHKUUX pacnpewenns ynuBepcanbHblaa 06pa30~ o m c ~ -  

B~?~OIPTHOCTH~I~~ mPBKTeP CJlyn&HOfi B ~ I ~ ~ I b L ,  AMCKpeTHyIO 
MWaaYm m y  ~ ~ 0 6 ~ 0  npwcmwwm R B ~ t i . , ~ a 6 -  

p(x) 2 0 npn nro6ow x E R; 

06pa~w0, n106ax @ Y H K I ~ ~ S ~ ,  YAOBJIeTBOPRIOqtX YCJIOREIRM pl), 
p2), nmaenur ~ O T H O C T E . ~  pacnpeAenenun HeKo~opoli cny~&nofi ~ e -  

Henpepblawa~ cny&m Berrusuaa c IIJIOTHOCT~~ p(x) OMW 

cwempuunoe pcnpedwlewue, ecnn p(x) = p(-x) p r r  ncex x. 

wyx ~ n a c c o ~ ,  m ronopm, s m  oHa uMeeT c&ewaxxard mun. 
, Mamwamuuecxoe owudanue (cpen~ee a ~ a y m e )  ,gncKpeTnoB 
.mys&nofi BennYn.nbr X, nwemqeli pacnpeAmeHue (MC.2), ecTb no 
onpeuenenm p r r ~  

E(X) = xk~k  (MC.4) 
, . 

:El)  E(aX +by) = aE(X) + bE(Y); 
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E(Y)  = Jtmg(x)p(x) h. (MC.t ~ s ~ ~ . i ~ ~ : p y & @ y & & ~ ~ b ,  STO 2p e'wl+. I ! 
-m 

~prwoy&b~tlit .fi&op ;D = (XI>, 1. ,;. UfpS%8Hm S W E 4 E H  Apyrofi ~ a m a e f t u r e t l  s~wronoi2 x a p a ~ ~ e p ~ c ~ u ~ o t t  c~rysafi~ott ~ t -  

JIH~IAHIJ X RBJIR~TCX dllcnepcua, wpaxarouu menem upa36po~ta X,  E Z ~ W B ~ W E  e ~ e p n ~ k (  ~ r a w  eam.Bpea, a m m -  
cnysatt~olt nenusanbr o T n o c n T e J r b r i o  c p e A H e r o  s n a q e H a r r .  Ona onpe  : ~ e n e ~ ~ i t ~ a  & - em i-$4 ~ o ~ n b ~ m B .  IIn rn-n c (MC.1) 

j, .. . 
eW-oTm +$&.&dari m R ~ s ~ ~ ~ c J r y s & & b :  sntmpe a: 

AeJrReTCfl paBeHcTBOM . 4 ,A - 8 ,  , .  

V ( X )  = E(X - E X ) ' .  ~(&i.,'. . . :kn) = P(X1.S Qi, . . . , Xn k B d .  

B e n w u ~ y  u = H ~ ~ L I B ~ J O T  cmandapmrtatu orn~no~ewueu 
myrattaolt ~ e r m ~ ~ u ~ i a ~  X .  

El3 CBOfiCIBLa El )  HelIOCpeAcTBeHHO BEJTeK*, ¶TO 

V ( , X )  = E(X2)  - ( E X ) * .  

P~CCMOTPHM 3 W a Y Y  MUIIUML338~HH n0 C CpeAkIeKB&RPaTL39IIOI'O 

OTKJIOHeHHR f (c)  = ,E(X - c ) ~ .  C IIOMOIIILIO ~ J I ~ M ~ H T @ F I ~ I X  BbIcIIIC- :,' . , .?, 

nenutt n o n y g a e M  w r e j x y r o q n t i  p e 3 y n b T m  

E4) @YHKIWII f (c) AOCTZ3KET MUHUMYMB n p U  C = E ( X ) ,  IIpU'XeM 

min f (c)  = V ( X ) .  

B ~ a ~ e M a ~ u ~ e c ~ o f t  c r a T u c T m e  l l r h p o ~ o  H C ~ O J I ~ ; ~ ~ I O T C I I  K R ~ I ~ T L ~ T L U  

n npOII.t?HTHbIe T O n t U  paCIIpeLICS7eHnR C J I ~ Y ~ H O ~  BeJInYCiHbI. EyCTb 
cny~a&asi n e n n G I a n a  X EiMeeT I I e n p e p h I B H y r o  @YHKIJIIK) pacnpenme- 
HHR F ( x )  I4 nYCTb 3 ~ 0  Y a c J I o  0 < g < 1 .  Kecmmuaa?~ ypoorlR q 
(unn q-~sanmunbm) pacnpene~reiinn F(x)  ximmaercn T a K o e  sncno 
uq, YTO F(uq) = P(X 6 tiq) '= q: ECJIU B ~ ~ Y B H ~  X ,qmKpeTna ,  M 

MOXW ~ ' I U T ~ C R ,  4M ~ m r o   cia tiq nu60 ~e cyrqec+njcl; nn6 . ,  , , .  . 
CiX ~CCKOII~YHO MHOTO. HO BCerAa  MOXHO H&TB dm$ Tb < 2; . 
TaKUe,  ~ i . 0  F ( z ~ )  6 g ,  F(x:) > g .  Torda ~-KB~HTUJIL  OnpeAeJIReTCII 

KaIc nro6oe sncno, nwrtqee ~ e i j x y  xt u x:. 
C n M M e T p u s H H x  pacnpe~menufi F ( x )  BBOAHTCZ Tadxe ~ O H > I -  

me  deycmoporme0 g-~sawmcuru, a n M e m o ,  sacno .t, (0 < q < 1) 
Ha3bIBaOTCSI A B Y C P O P O H H ~ ~ ~  Q-KBaHTUnLIO P X I I p e A W I e H U R  F(x) ,  eCnU 

P(IXI < t,) = q.  
ITycrb T e n e p a  swan0 yacno 0 < a < 1. 100a-npoqenmwir 

mou~oir H e n p e p u B n o r O  p a c n p e A m e H u a  F(x)  H m a r B a c T w  T a K o e  'inc- 
no w,, TM 1- F(w,) = P(X > w,) = a. ,&a ~ u c ~ p e ~ ~ ~ o t t  B e n a Y u m  



Anarioro~ Aucnepmu urn mysaitaoro neKmpa xnnxwcn Aampu- 
v,a xosapuaquZl m u  xoeap~laqt~onma~ wmpuya, onpcAwIneMax pa- 
BeHCTBOM - 

V(X) = E((Z - E2)(3: - EX)'). 

Marpuqa ~O~apHaqnfi n-MepHor0 BeKTOpa WMWT pa3MepHOCTb 
n x n, ee (i, j)-t4 3ne~eu.r e c n  meapuaywr 

u t y s & m  BWUYHH Xi H X j .  B ~ ~ C T H O C T H ,  Ha marmolt AuaroIia- 
a m  pxnonoxeaw m c n e p m  KoMmoHenT BeKmpa x. H g y q o  npo- 
BeIMTh, 9Td MaTpYIqa K O B ~ P L P P ~ ~ B  CUMMel'PWIBa H HeOTPUqBTenbHO 
onpeaeneaa. 

B AarrbxethueM samo 6 y ~ e ~  npuMeHmhm mepylornnlt nerKo no- 
rc;f3uuaewfi p e 3 y n m ~ .  IIyc~r, x - n-~epuwfi c .ny~a%~h~B Bemop co 
CpeAHKM 3HarlUiMeiW EX U Ma~pHqetf KOBaPUaYUa V(X) li IIyCTb b - 
m - ~ e p ~ ~ t  neKfrop ur A - m x n MaTpuqa. T o r ~ a  ma cnyqafi~oro 
gexTopa y = A x  + b cnpaaemmbr pasenma 

,515 

: &sx ABYX cny98RHmx ge.nnym.~u y. ~epo@ ux .IWH&BB s~aBBq 

. . .  ,.  . .  .. . . 

rl) -1 < r(X, Y) < 1 qs;m06ux Cnysa2t~b1x B ~ J I H ~ U H  X a Y; 

w w r ( X , Y ) = - l , m Y = a X + b , a < O ;  

r3) emu my.ldtl~t,te ~&iu&-& X ii Y. k-ucrra;r~;% b;lX,Y) = ij. 

myY&~arx B e n l l W  X n Y , . ,. 

. i  wwrnccw, AJIX mopPeJInpoBaniif*X (a 6,0~1ee p r r  nmaswcll- 
' %&IF) X H Y BbmOmeso p a m e m o  

? l  , .  

, Cov(x, y) w .E(,(x - Ex)& ,-. Ey)') ... 
, . .  . ,. .<)  , . ,, ' Ecjra CO;(X, y) = O, TO IYIBOPIIT, <ITO B~K'~Y)PU x IT' y nexo?ipe- 

nupoea?tu. nycrb I = A x  +a, u = By + b, me A: R" 4 'H', 
B: Rk + Rq - HeKOTOpbIe JPUHeZtflbie upeo6pa3o~&EMrr- I? U E BP, 
b E RQ - IIpomBonbmse ( n e b n y ~ & n u e ) n h & ~ ~ .  IIposo~rr Eello- 



I I ~ ~ ~ I B ~ ~ T C S I  nnomnocmaw ycnoemozo pacnpedenenua x npu ycnoeuu, 
umo y = y. He~pynno nposepu~h, 'ITO pmir(z I y) IIPA K ~ X A O M  y, 

¶TO p&) # 0, y ~ o a r r e ~ ~ o p ~ e ~  (no x) y c n o s u ~ ~  pl),  p2). 
~ Y C T ~  dVz, dvy - M%JlbIe OKpeCTHOCTU T O W K  X U y B npOCTpaHCTBaX 
Rn% uR" COOTWCTBeHHO. Torna, UCnOJIb3yX 3JteMeHT&pHbIe nOHSITHR 
YCJIOBHbIX R~PORTHOCT~~~ A CBOBCTB~ I'IJIOTHOCTU, MOXSHO nOKa3aTb, 
VTO ecnn coswemnan nnoTnocTb nenpepbmna B  owe (x, y), TO uMe- 
eT ~ e c m  n p ~ 6 ~ l u x e ~ ~ o e  pasenc-mo P(x E dV, ( y E dVu) = peJy(x I 
g) ldK I ,  rAC IdK I - o61.e~ o 6 n m u  dc, n pa%euCTnO C~HOBIITCX TeM 
TosEree, YeM Meribme o 6 n m n  dV,, cM, 3To O ~ C T O ~ T U I ~ ~ T B O  onpas- 
fiunaeT npnhceneaae TepMaHa u n n o ~ ~ o c ~ b  pacnpeAmenun,. 

Y u o e n a ~  Namwamuuecxw oscudamliu (wndational expecta- 
tion) C J I ~ ~ & H O K J  BeKTOpa X npn YCJXOBUU, ¶TO y = Y, Ha3bIBaeTCS 
@ Y H K ~ U R  



Ha3hlRaeTCSl 6u,waua,aax& C.nyYak0fi BWUeXHHO8 C napaMeTpaMu 
n U P. CnyYdHkUI BeJlU'IBHa C T&KUM pXlIpe&WleHUeM BO3HUKaOT B 

e x w e  Gepnymu. I I p e ~ n o n o x u ~ ,  sm n p o ~ o ~ u ~ c r r  cepaa n He3aBx- 
C U M ~ I X  n c n b ~ m i ~ f i ,  IIpugeM ~ m ~ , q o e  ncrmTaHue m e w  Aea HotoAa - 
aycnex, HJIU a ~ i e y a ~ ~ a * ,  u rrycrb p - BepoaTHocTb ycneka B o ~ x ~ b -  
HOM n c n b ~ m ~ a a .  'lbr~a'o6rqee YUCJIO ycnexoB B m x  n HcnumHmx 
nBJISlf2TcR ~ U H O M B ~ J I ~ H O ~ ~  CJIyYafiH~ ~Wll'-IX~ofi. CBSX~M C K a X A M M  

i-M ElcnblTsJrUeM CJIy~&y10 BWlaYHlIy €6 = 1, ewM B i - ~  UUILJTaIiKII 

ycnex, u c2 = 0, em= B GM xcnmmMH HeyAazIa. T o r ~ a  m y ~ a h ~ e  
BeJInYUIibI St ,  i.= 1,. . . , n ,  He3aRUCliMbI U 

i=l 

l43 El) u (MC.~)  nerKo & e ~ ~ e ~ ,  YTO 

Evn(p) = np, V(w*(p)) = n p ( 1 -  p). . ; 

, '  

2.,, L l ~ ~ c e o n o ~ c ~ o e .  pacnpedqel~ue. ,4uc~p?am cnysalhraa n&wra- 
H a  II(A),, lIpUHUM,WwaX 3IiaWeHYISI k = O , 1 , .  . . C BePOSITHOCTXMU 

Paerco~epnoe pacnpedenenue. Henpeps~unaa u~y.raitaan m.nulru- 
,X, ~ O T H O C T ~  pacnpeAenenua K O T O ~ O ~ ~  3a~~amxa 4op~ynoit  

b + a  [ b  - a)2 
E ( X ) = T ,  .V(X)= , 12 . 

"4. Llo~acasamenanoe (sxeno~te~tquanwcoe) paenpedene~ue. Henpe- 
'phl~lIZG3 CJIyY&HXI BeJIUYLiHa X, IIJIOTHOCT~ PaCU!XAWleHMR K O ~ % ~ O &  

<&Il%?lW3 ~ O ~ M Y J T O ~  

A. B ZIIU~OKOM uucne ,ulysaeo noKa3aTenblioe pacnpe,qwsetrae orrncbl- 
BBeT BpeMR ~ ~ ~ ~ T K W I H O ~  pCl6OTbi npn6opa, UpU 3TOM YUCJIOi A HHTeP 

,, L,pf?TlipJ'eTC51 KaK KHTeHCuFJHQCTb OTKa3a. 3TO pzbCnpe&WeHUe H W  



Huxe MLJ 6051ee no,qp06~0 OnuIneM c ~ o t f m ~ a  HOPM~JILHOPO pacnp* 
Aeneuan. 

, . , ; .  
7. X 2 - p ~ ~ n p e d e n e ~ ~ ~ .  nymb $1,. . . ,.Em - ~fkIa.BI4Ui~bIe CT&H&apT- 
mue HopMarrbaue cnyrattnue sermsunu ( ~ . e .  ~i - N ( 0 , l )  i = 

, . ,  2 , -. .2.'1;. 
1,'. . . , ii).' r o ~ o h ,  YTO u ~ i - i a % ~ a s ' ~ e h w i i i ~ ~ a  x (n) - Ci=x~i  nMeeT 

. . , . .  , i.;>:.~ ~ ~ - ~ d n p e d e m k k e  c n  cherxeWu ceo6h& IInoTmoo~~ pa~r~e,&e 
nun aenu.nrehr x2(n) swaeTw @op~ynoii ,. , 



Pacrrpegeneaa~ x2, C ~ b m ~ e n ~ a  u Qnmepa npuMearrtoTm B c m  
THCTUKe npU IIOCTpOeHUU ROBepAWJIbHblX UHTepBaJIOB AJlX OI&H&iL%% 
emtx napaMeTpoB u npu nposeprte run-. 

B e e ~ o m p m  06nax:~nx ~ a r e ~ a ~ a v e c ~ o l t  u npu~~~aF(aofi cTaTa- 
CTMKU UCIIOJI~J~IOTCSI wew,eNmpaH.ble auanorx pknpe~e~1em9 x2, 
CTblOfle~~a A @Umepa. 

10. Heyelrmpanbnoe Xz-pcnpedenenue. n y m  XI,. . . , X, - i1e3a- 
BUCUMble HOPMaJIbKble C J I Y ¶ & H ~ ~ ~  BeJlUYUHbl: Xi N(mi, 1). Tor,qa 
FOBOPXT, YTO CJI~Y&H~SI senurInaa Y = X: + . . . + X i  u ~ e e ~  Heqeu- 
Tpajlbnoe X2-paape,qem~ue. 3~opacnpe8eneaue ~ ~ B U C H T  TOJI~KO OT 

@yx napanampon: n - YUCJIO Creneaefi C B O ~ O J ~ I  R A = x7=l rn; - 
napaMeTp cfiura ( n a p a ~ e ~ p  e e q e ~ ~ p ~ b e o c n i ) .    TO pacrrpeAmeme 
060311a.rae~or x2(n, A). 

n o ~ a x e ~ ,  YTO liacnpeAenenule x2(n, A) ~ e ~ m t r a ~ e n b r l o  sasucu~  
TOnbKO OT ABYX IlapaMeTpOB. 0 6 0 3 ~ a w ~  Yepe3 m = (ml,. . . , w,)' - 
sertmp cpeAHux 3 n a ~ e e d  u qepe3 llrnll- ero q u a y .  nyWb Q - op- 
~ o r o ~ i a a k ~ a a  MaTpuwa, y KOTOPO~~ nepBaa crponKa rmnnma ueKm 
p o ~  rn'lllrnll, a ocTansnble aonommo.l. Bemop m'lllrnll AO oproaop- 
MUpOnaHHOrO 6a3uca. O60311aYFiM BeKrop, COCT?XLI@ U3 CJ~~Y&HNX 

sermwu Xi, sepe3 x = (XI,. . . , X,)', n' n y m  2: = Qx en,  ~~nneltnoe 
rrpeo6pa30~anae; Z = (21,. . . ,Zn)'. B CUJly OpTOMHaJIlHOCT~ MaTpK- 
P,bI &HM~C!M Y = Xf+. . .+X: = 1 1 ~ 1 1 ~  = l l ~ 1 1 ~  = Z;+. . .+z:. B Cmly 
(npunoxenae MC, n. 4, N5) noayrak~,  YTO Zl, . . .', 2, - ~ei~anucu- 
Mme HopManmime cayyauwe B ~ ~ E I W H N ,  Tame YTO 21 N N(llmll, 1) 
a Zi N N(0, I), i = 2,. . . ,n. OTCI&~ crie,qye$, wo,pacripena~e~ue 
~ B R C I I T  TO~LICO OT Ilrnll. 

He~pymo BUA~TL, 'pro npu A = 0 HeqeIiTpaweoe pacnpefleneeue 
x2 (72, A) COBna#IeT C paCUpL?,ZJWIfXUeM x2(n). 

Pacnpe~enerme xa(n, A) o 6 n w a e ~  cJIe,nymwMn C R O ~ ~ C T B ~ M U :  

1) IIycTb Yl, Y2 - ABe Ile3aBXCUMblX CJly'1afiHbIX BeJIUXHHM C paC- 
npeAeneaanMu Yi X2(ni,Ai), i = 1,2, mrAa cnysalt~as senu- 
suHa Y = Yl + Yz meeT m x e  HeqempanbHoe X2-pacnpefieneme: 
Y -X2(n ,X) , r~e  X = A l + X z  u n = n l + n z .  

2) nycTb Y - X2(n, A), Tor,qa B(Y) = n +  A u V(Y) = 2n + 4 ~ .  

:npx x > 0 u p(x) = O  npn x ,< 0. 
11. Heqe~mponbnoe pacnpedeae~t-aue Gmarode~ma. H e ~ e a ~ p a n m m ~  
:pacnpe~enemeM C T ~ I O A ~ H T ~  c n CT&~HZMU c ~ o 6 o p ~  u napaMeTpoM 

HUX COOTBeTCTBeHRO N(m, 1) U X2(d). 

: oneAymqeii ~OPMYJIOB: 

(ni +XI/ '  + (nl + 2Al)(nz - 2) 



524 I'Ip~nonceme MC 

4. M H O ~ O M ~ ~ H O ~  HopMaJrbHoe pacnpeAeneHHe 

CJry'I&HbIff BeKTOp X = (XI,. . . , X-)' H83bIBaeTCB ne8'b(po31~demrn~& 
y HeKOppeiTWpOBaHbJ, TO O m  He3WUCUMbI. 

mopManan- (zayccoecnw) wywilmtw eemnopoa, emu nnmlocTb 5) ~ Y W L  B: Rn + R~ - nn~e*noe npe'06~a30~ariue n p o q a n -  

era pacnpeuene~na w a e ~ ~ z  ~ W ~ H C T W M  
' CTBa Rn B R', B - --PO M a l ' p U ~ ~  U 1 - npOE3~0JIbHb@ BeKTOp 

,. , 

1 - -  - - ) , x t P. 
( l  

Be+l nanaemx HO~M+ILHLIM c napaMeTpaMH Bm+l u BCB'. 
P(X) = pT)n/2 /811/2 exp 2 

, . +  (MC.lO) 
(lTpeo6pa3osa~ue npocTpnwmi R" B R~ BnAa y = Bx+l, aB- 

nnmrecxsr m~no3uquell nunegnoro n p e o 6 p a 3 ~ ~ a ,  B u na- 
rAe '772 E &? - (Ilp0~3~0JIbHLIff) BeKTOp, - CUMMeTPU'IHiLR, IIOJIO- ' . p m e ~ r b ~ o r o ,  nepbioca na i e ~ ~ o ~  , . I ,  ~a3bmae~cs  a ~ u r r r t u w  
xuTenbao onpenenenam MaTpuqa (T. e. I: = 8' EI E > 0). B cny- npeo6pasoeamue~.) 

, , 

11% n = 1 nonyaaeM n o p ~ a n a ~ y x ,  cny'~&~yro BelInsUHy, BBeAeEHyro 
B n. 3. B e ~ r o p  m u Maqnua X rmnnmrcs napaMeTpaMu pacnpem- 
nenna, n 06b1~0 ucnonb3ye~m 0603ua'1eme X .N N(n, X). Hop- a) nur~ehiarr K O M ~ I U I ~ ~ I I R  K O M I I O W ~ T  ~ Y C C O B C K O ~ O  B ~ K T O ~ ~  

eCTb ~%~CCOBCKZSI C ~ ~ Y ~ ~ K U  Bejrusulia; ' 

puqa), nmmsaem crnandapmnu c~op.uanbnuw eenmopm. ECJIU 1 . 6) opToroii-aoe nmeffabe npeo6pa3o~a~ue c m a p ~ o r o  

Mzrpnqa X ablpomena (HO HeoTpuqaTenbno onpe~ene~a) ,  TO MOX- HOpHWlbHOrO BeKTOpa ecTL C T ~ H A ~ P ~ P T H ~ I ~  HOPM&II~HLIB 
, . , ,  ., , . 

no onpeamum s w o w e n n o e  HopManLuoe p a c n p ~ w e ~ u e .  ITyc~b 
rank(8) = k < n a L = m i- ;CRn - k - ~ e p n m  mepnnocKocTL 
n R", r ~ e  X-- nn~earr~xti o n e p ~ m p  B ~ n ,  ~ ~ J ~ ~ B M M ~ I B  w ~ ~ p u r i e ~  m p u w a ~ e ~ m ~ r o  onpenmeaa, TO, K ~ K  U ~ B ~ C T H O  ( n p u n ~ x e ~ u e  JIA, 
X. H~B~CTHO,  sTo B no~omparicTBe Z R ~  onepa~op I: O ~ P ~ T U M ,  ..IS), ~ c e  ee c d 6 m e ~ i i ~ l k  ina . r e~m x ~ ,  i = I, : . . ,n, ~ e o ~ p a ~ a ~ e n ~ :  
0603na'1uM 'Iepe3 IEl (# 0) OnpeAeJraTWIb M ~ T ~ u ~ U  3~0r0 O~epaT* 
PA B xRn, a 'Iepe3 X-' - M~!I~HI@ COOTBeTCTB~IdI4eM 06pa~1ioro 
onepampa. T o r ~ a  pacnpeAeaeEue, cocpeAoToqenHoe B L u uMeIorqee 
nnmHOCTb (MC.10) (OTHOCUT~JIL~O ~ M ~ P H O M  0 6 5 e ~ a  B L), Ha3bl- 

eae2Y:a e w p o x d e x x u ~  mopuanamw pacnpedenexum. IIepesucnw~ 'v.(8) =,A.   TO O ~ H B Y ~ ~ T ,   TO KoMnoHenTbI B ~ K T B ~ C  8 n e ~ o p p e ~ p o -  
6e3 AOKa3aTeJIbCTBa OCHOBHbIe ' C B O ~ ~ C T B ~  MHOMMBpIiOrO HOpMaJILHO- 
1-0 pacnpe~enelma. a =.Ps+m,  

N1) Bwu x - NCa, X), TO E(x) = m, V(x) = X. . , :me MaTpwa P oproroHamHa, a Bemop s t i~ee+  riyneBoe cpeAHee 
. I  ;+ IIe3mUCEMbIe-KOMIIOHeIfPM. 0603na~~iM Yepw h1I2 A U W O H a J I b ~ ~  

N2) JI10608 noABeKTOp.HOpM~HOM BeKTOpa 'raKXe XBJIReTCX Hop- 
M W H L I M  BeKTOPOM. 

N3) I Iyc~b 2 U - ABa H ~ ~ ~ B Y I C I I M L I X  HOpMWlbHbIX BeKTOpa. TOFA& 

ofhi?&UHe~~LIfi BeKTOp E TBX)Ke BBJISIWCX WOPMaJIbHLIM. 
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N13) Yc j ro~~oe  pacnpeAeneme x npu y m o ~ u u  y = y nunneTcR n o p  
MaJIbNbIM. npn  3 m M  

E ( x  I Y = Y) = C o v ( s , ~ ) r V ( ~ ) l - ' ( ~  - mu) + m,. 

O n p e d ~ e ~ u e  1. ~ O C J I ~ A O B ~ T ~ ~ H O C T ~  CnyYa&iblX BeJIHWiIi XI, 
X2,. . . CXOAI~TCZ noumu nasepiioe K C J I Y - I ~ ~ ~ H O ~ ?  B ~ ~ A ~ I U H ~  X 
(lirn,,, X,, = X n. H.), ecnn npx KWAOR cnysai%~~oB pea~1n3wun 
W %ICJIOBm m)meAOBaTenbHOcn'b Xl(w),Xz(w), . . . CXOWTCEI K YUC- 

JIy X(w).' 

'I] o6luenpw5l~o~ OnpCAC?neBm! T ~ o ~ ~ c T c S I ,  TN&~I CXOjWtdOLTa nMCJIa MeCTO 

Ann ~canc~oB c J T ~ ~ & H o &  peWU3aIXWki W ,  a .lWX ECCX &J n3 MHOXeCTBa U O ~ I I O &  

B e p O X n l O C T n .  O , ~ H W O  O I l p ~ A l X e H B e  3 T O r 0  UOHBTHX 1 1 0 ~ p e 6 0 ~ & 1 1 0  6~ N3nOXel iWlI  

&nee 0 6 1 q o t i  taa~e~amvec~ot4 T e O p a l r  M C ~ W .  
, . .  , . I ,  I 

npeduenue 2. ~ o m e ~ o ~ a ~ & a i i o c r b  my~aCiabrx Benuran XI, 
, . . . CXOAMTCZ K my~aHHoR BeJlFIHHe X n0 6eJlOllmltOC~U 
im,,, X, = X, p = probability), m u  

lim P(IX, - XI > E )  = 0 
,-+oil 

. . 

Onpedue+iue 3. ~ o C J I ~ ! A O B ~ T W I ~ H O C T ~  my.t&liblx ~€!JIr?.rll~ XI, 
Xz,. . ., i l ~ e m ~ q u x  (Pya~quu pacnpe,qmenxa Fl(x), Fz(x), . . ., cxo- 
AaTca no pacnpedenenum K mysatt~o* nwxruHe X c &yZiKqkieR 

d pacnpe,qemm~ F(x), (dlimn,,Xn = X) unIi X, -+ X. (d = 
distribution), ecna lim,,,F,(x) = F(x) B ~ i t m ~ o l i  N = I K ~  x , m e  
@ y ~ ~ q u n  F Henpepmna. 

MOXHO nOKa3itTb, YTO U3 CXOAUMOCTU UOYTU HaBepHOe 
,CXOAIILlOCTb U 0  BePOIITHOCTil, a U 3  CXOAUMOCTM n0 BepOXTHOCTU CJIe  

A3Weqb nOAIIOCJIe&OBaTWIbHOCTb, C X O A R ~ I O C n  IlOqTU HaBePHOe. 
~ P H B ~ A ~ M  AOCTaTOsHO npOCTyio, 110 BaXHJ'IO 'I-OpeMy. 

:Hepaeencmeo Ye6aruleea. l7ycmb X - ueompuyamedbirm cny- 
u a d n a ~  eehuuurra. Tozda d d ~  ~106020 u u u a  c > 0 crbpasedr~ueo ?repa- 

, ; ' . /  

. ., . 

YTO 3KBliBaJIeHTHO (MC.11). 
Caedcmeue. r~106oCi cnyua61~06 e u u u u ~ ~ b ~  Y u d m  n~o6ozo 

., rucna E 0 cnpoeednueo nepaeencrnco 



~ Y C T ~  Xl, X2,. . . - nOUleAOBaT~bIIOCTL He3a5WCUMbIX OABIiaKO- 
uo pacnpeAeneHnblx CJI~=I&H~IX sennsn~,  E(X,) = m, V(Xi) = cr2. 
0 6 0 3 ~ l t q x ~  

12 

s, = C xi. 
r= l  

3 a h o ~  6onaurux Yucen s &ope  Ye6utueoa. Mjueenr jueemo 
pneetlcmeo 

1 
plim -Sn = m. 
n-m n 

P -Sn-m > E  <--- - to  npx n - w  (1: I ) :2 

npn nro6o~ E > 0. 
C IlOMOqbK) 60~1ee CJlOXlILIX p a C c y ~ ~ e ~ x f i  MOXHO YCTIIOBUTb 

Gonee 0 6 1 1 4 ~ ~  pe3ynLTaT. 
Y c u J c e ~ ~ ~ ~ i l  sa~con 6onburux uucen. Mjueem j u e m  paeexcmoo 

1 
lim -Sn = m n. H. 

n-m n 



I 
~ ~ 6 o p o s a o e  cpepee: X = - Xi; 

i=l 

1 " 
B ~ I ~ O P O Y H M  Aucnepcua: Var(X) = s2 - - X(X, - Xl2; 

X - n - l  1=1 
pib7~ax: d = max {Xi} - min {Xi). 

l Q < n  16i+ 

Emu ecTb e m  oma cnysakaarr eb16op~a Yl,. . . , Y,, TO onpqe- 
am- m x e :  

1 " 
Cw(X,Y) = cxy = - 

n- I  E(xi - X)(K - 7); r=1 

Oqenueanue napaMempae. I I p e n n o a ~ x u ~ ,  .~m pacnpemeiiue 
CJIy'Ia8HO~ 8eJIU'IUHL-I X (re11ep~bH0~ C O B O K ~ ~ H O ~ U )  3BBHCUT OT 

HOKOTOpOI'O (BMMOXHO, MKOMM~PHOI'O) IleH3BeCTHOrO napBMeTpa 8: 
F(x)  = F(x ;  B), 8 E 8 Rm. 061qm s w a s a  oqeuusanua 3a~nro- 
'IaeTor B nonyqeeuu ~ a ~ u x - n u 6 0  BMBOA~B o na ia~eTpe I9 Ha oceoaa- 
~uru  nabn~o~ennfi XI,. . . , X,. P a m s ~ m  mtIee9aoe a m p n a n h n o e  
OqeHHsariue. JIloBan @ y n ~ q u s  p,: P 4 8 aa3brsamcn moue.tnoii 
oqeuxo5i (unu npoc~o oqe11~0f i ) ' napa~e~~a  0. Uacro ucnow3ye~c.n 
0603nare~ne 8 = p,,(X1,. . . , X,). B pycc~os13b1snolf raTepaType no 
CTaTUcTUKe, EaK IIpk%BU.iTO, OAHkiM U TeM Xe TePM~HOM UO4eHKa* Ha- 
3blBaOT K W  &Y?IKI(XIO (pnt Ta,K W w 3HaYeHHe 8 ,4JISl KOHKPeTHblX 
ra6n1o~en~tt  Xi,.  . . ,Xn. B aHrmlfcK0~ a 3 n ~ e  Wu 06'be~~b1 pa3na- - 
n m ,  na3blBas cp, estimator, a s e ~ ~ ~ . r u r r y  8 - estimate. ~ O Q T O M Y  

IlpWJIbFf@ 6bmp 6s1 IiWhIBaTb &~I-HH, $On h p O A O M  OUt?HUBBflU54, 

coxpaiun ==same *oqen~a* 3a smnuuoi i  8, OAH~KO  arta as rep 

'PUTenbHMX MHOXCeCTB PttOCMaTPMB-, Kw IIpaBUJIO, UHTepBW7&1 

W M  06pXi0~. B ~ I ~ W H ~ B ~ T C R  OCHOBHM, aTIU H~neBOJL, ru11ffre3a 0 TO?, 

wo uen3~ec~abdl naP;me~P( n p ~ ~ a a f l e x . r n ! ~ e ~ w o p o ~ y  3wamintiy 
~ O ~ H O X W T B Y  ZO C @ u anbrnepnamwetrw r u n m a  o m M ,  w o  

.:. 8 ' , , . . , : ,  

7. O q e m i s a ~ ~ e  rrapaMeTpoB . , 
, 1 .  

. > I  

. :, 

npu n1066~-@ E 8. B (.MC.13) MaTeMam'IecKoe oxuAamie 6 e v  
no pxnpeAmeuum, nopo;ngqemlroMy 4 y ~ ~ q u e l f  F(x;  8). Y~06bl 
uep5myTb 3T0, YcJIOBUe HeCM~eHHOCTH Y Z T O  3&AUCbTBaroT B- 'E@@ 

ED(@) = 8. Bb160po~aoe c p p w  X rranaeTca npuuepohn Hem. ' 



CKOJL~KY E(Xi) = m K w o r o  i, TO 113 C B O ~ C T B ~  El) me,ayeT, 
TTO E(X) = m. Cnox~ee  nponeprreTcx, TTO E(s2) = V(X), T. e. BLI- 

6opo~r~a51 AHCnt?pCHR A a e T  HCCMe4eHHylO OQeHKy T ~ o ~ ~ T U W ~ C K O &  AAC- 

I IepCUn.  ~ T N M  O~CTOIITW?~CTBOM 06'bnc11ne~cx HWI19UB COMHOXCEITenX 

l/(n - 1). A ~ a n o r u ~ a o e  YTBepXCAeKue CIIpW3eAJIUBO H AJIR ~ ~ 6 0 ~ 0 9 -  
H O ~  KOBapU%TUU. P e K o M e ~ y e M  YUTaTeJlIO CaMOCTORTenbHO UpOBeCTH 

COOTBeTCTByIOUI,Ue Bb lKnWKU.  

O s e u ~ a  0 = cp,(Xl,. . . , X,) ~ a 3 b ~ s a e ~ c x  cocrno~lrneJlb~lod, emu 
p l i h - ,  %(XI,. . . ,X,) = 8. 3 a ~ o ~  6onbmux sucen B + o p ~ e  Ye- 
6~rnena yTBCpX,I(aeT, Y'IW B L I ~ O P O ~ H O ~  CpeAHee  eCTb  COCTORTenbHaX 

O u e H K a  MaTeMaTU9eCKOrO OXUAlurHR r e H e p W I b H 0 a  COBOKyUHOCTU. - 
Oqen~a  6 = p,(X1,. . . , X,) Ha3bI saeTc r r  &bexmc~oxod, emu 

I'AC ILIUBHM~M 6cpe1w no n c e M  B O ~ M O X C H ~ I M  o q e n m  g napam- 
pa 8. EuIU 6' - Q # I O M ~ ~ H L J ~ ~  n a p a M q ,  TO ~ & ~ € ! K T ~ ~ B H o c T ~  B KJlaCCe 

HEXMeUJeHHblX OI\eIiOK 0 3 H a Y a e T  MUIIUMaJIbHOCTL &(UCnePCMU. 

C o ~ e p x a ~ e n a ~ o  H e c M e L q e n n o c T b  o s e H K n  03~a;rae~, 'ITO npu ee 
UClIOJIb30BaHUll Mbl H e  I lOJly98eM C B C T ~ M ~ T H Y E X K O ~  0mn6~u;  COCl'OII- 

TMbI iOCTL OqeHKH I'itpaEI!CAPYC?T i1p~6nn1~enne OUeUKH K MCTHHHOMY 

arrat~enum n a p a M e T p a  npn yaenucreem o6he~a  B L S ~ O ~ K U ,  a s+&e~- 
THBHa5I OQeHKB SlBJlIIeTCS n a ~ n y ~ ~ e f i  B CMbIwIe MHHUMYMa CPeAIIC+ 

K n ~ a T H ¶ l i O I ' O  (YPKJIOHeHUB. OTM~THM, 9 T O  HeCMe4eHHOCTb a 3* 
+~KTYIBHOCTL - 3TO CUORCTBL, I-Ie 3aBUCRlqrre  OT 0 h M a  B ~ I ~ O ~ K U  n, 
B TO BpeMR KaK COCTORTeJIbHOCTb RBJIReTCa WUMIITWUSeCKHM CBOfi- 

CTBOM npu c t r p e M n e a a i i  n K ~ ~ C K O H ~ W ~ O C T U .  

C M ~ ~ ~ H H O I X ~  l l n H  HeCMelqeHHOCTb K O I I K ~ ~ T H O ~  OQeHKH IlpOBepll-  

e~csr, KaK n p a B n n o ,  I r e n o c p e , q c m c ~ m u M n  B r n r a c a e m s i M n .  f i n  ycra- 
BOBJIeHUR COCTORTeJIbHOCTU MOXHO nOJlb30BaTbCX UpeAeJIbHblMEi Te- 

o p e M a M u  T u n a  s a ~ o ~ a  60nbnIF1x queen. IIpouepum. ~ @ + ~ K T ~ B H O C ~ T .  

OQeHKN O ~ L I Y I ~ O  CYEp?CTBeHHO T P Y A H e e  B AaHHOM UPUJIOXOUIIII Mbl 

- 1 :  
E(B - = v I ~ )  .Y -. 

> ,  . . . ., ~ ' . 1 In. L . ,  < ,  



Memod .wrccumananozo . npaedonpdo6va. Sace~o l lpu~  . eny- 
w ~ & ~ t i  BeK'MP x = ( X I , .  . . ,'Xn), nweronpiB I I J I O T I E O ~ ~  pacnpeme- 
narr p(x; a), ~Kompas 3asncUT OT H ~ U ~ B ~ O N )  napa~e~pa:& d)?/nx- 
qued ngasdonodobua (likelihood function) ~ a 3 ~ a a m m m g ~ d ~ & ~ .  B& 

narma L = L(x; e ) . = , p ( ~ ;  0) .  Hapq~y c, L paccMaTpqaIq Tartxce 
nazbpu@m&ecnyro #ytrxqu,o npaedonodo6G b = In L. 0qexioff wax- 

> ~ ' < .  , - ,!,.,%'. 
cu~anbnozo npaedonodo6un I I ~ W B ~ R T ~ ~ ~  senuxurra 0 = OML,  M ~ K -  

ca~mnpyralqax (npu ~ a x ~ o M  @u~cupo~an!uo~ *3narenan x ) .  + ~ H K -  

iCU10 n p a ~ ~ o n o ~ O 6 ~ s  L (YIJIU, YTO 3KBUBaJIeHTH0, mtritJU@~uqe 
c ~ y m  +YHK~UIO I t p ~ ~ 0 ~ 0 & 0 6 ~ 1 1  l ) ,  ~ . e .  T ~ K M  M K ~ I I  e = O(z), 
-TO' ' L ( x ; I ~ ( x ) )  '' = nlmb Z(X:'@).' ' ~ ~ H A ~ K C  ' ~ c  cCOX;~TCTB~~T ail- 
I?IHBCKOM~ TqJMUHy Mm'rnum Litelihood estimation. B peryasp- 
HOM UIYYae I ~ ~ O ~ X O A U M ~ I M  YCROBqeM MaXCUMYM8 RBnaem ypapH6 
niie ~ L ( x ;  0)/6@: = 0, Khopoe HGL~B&~T& &a'&~e,ru&~'rah&8ono- 
do6wr. nemo nn~&b," ¶TO 'k&u ~b.~bortetr& x ~ , .  :. , X, ljeitTopa 
x H+fltlacvlMbl a OAUH'XOBO pqnpewenu  e mo~~ocrb ro  p ( x ; ~ ) ,  
x E R', TO +YHKWZI npai&o&o~o6us ecrb np0nmeAenue +yn~quR 
npa~~ono,qo6~n ~wyqof i  KoMnonenTiw ( c o o ~ ~ ~ m e r a a o  no~apu+~u-  
w . ~ @ y H % J . p i ~  I ' I ~ ~ I B A ~ I I O A O ~ I ~ ~  pacnn;qa;t.rcrr B C Y M M ~  U I E ~ U B W ~ -  

~ J I ~ A L K X  ~ ~ O ~ ~ P ~ M M Y W K U D ~ + ~ H K W ~ ~ ) .  ' , ,  . I  , ,  

mupoKorcy Knaaca 3axaq overnu ~.&cu~anbuorcl ~rnpa~gw 
U O A ~ ~ N ~ ~  §4BJI5t@T6% ~ 1 f ~ e J I b H b 1 ~  a'XUMll1OTmeCKU ~&&~~cTE)B- 

HbIMU.' B TO %e' BpeWII OEU MOl'yT :6blTb .CMqeIIAbTMvl. I .~al'@h&ep, 
c nOMOrqbI0 HenocpeAcmeliHblx BbmHwTefIutt M O X H ~  .moKaaaTb, 91~)  

~ s ~ ~ o p ~ ~ ~ o B . ~ e n e p a m ~ o I t  c ~ ~ o ~ y m x o m ~ ~ o ~ e ~  M&KCE~V~&~~~HOEO 

npse~ono~o6m qe,q~ero s*aremsi a gamepcHn. e e ~ a  comBmBea- - 
HO f i ~ ~ =  X R. ZhG = 1 n C? 1=1 (X~ix)3.=::Fs2, u E(a&L);=.E&$. 
H ~ A O C T ~ T K O M ~ M ~ T ~  ~~BJIII~TW. I ~ ~ O ~ X - M O ~ T ~  3HaTb pmnpeAeneHne 
s e ~ m p a  x .  , . _ .  . , .  . . , , , .  

F(x) = F ( x ; 0 ) ,  0 E 8 R"'. . 
,. . * ,:. , ; ; , .  ,. . .  

r I @ ~ o h o x n i ~ ,  ma aa,qazbf @mqbu ~ l f r n ) ~  ,. r ;fi(x) ~%Ptl?,.lttl'o 

'!I,?, a) B IlBHOM BUAe Bb1SHWIIH)TCSi MaTeMaTU9eCKUe OXXAaHII% 

f k ( e )=  fk(6'l ,..., @,)=Egk(X),  k = l ,  ..., m; (MC.16) 

' Anri nonyrewrr OqeneHKu napaMeTpa 0 B npa~olf YWI~II c ~ c r e ~ u  
- (MC.16) MaT~MaTuYWKHe - oXuA2Jiua 3aMeHaroT wx ~b160p0911bl~Ei 
'manora~a  gk (X) = ELl gk (Xi), k = 1, . . . , m, T. e. CTPOST cx- 
meMy ypm~enu i  (o~rrocun?nb~o 0 )  

@ Y H K ~ u u  & ( x ) ; : .  . ,gm(z), y9aCTByH)I4ie B OLleEIMBPJiUH, HOCnT Ha- 
izaanae ~o,wenmx&x ayrrrquii. T~PMUH *Moz.fenTb C B X ~ ~ E I  c TeM 06- 
iCTORTeJ1bCTBOM, 9TO Y5CTb NClIOnb3YIOT & ~ H K I W U  g k ( ~ )  = xk, UHblMU 

WOBaMvl, ItpaBHMU Y&TSIMM CUCTeMbI (MC.16) aFUIXI0TC.X MOMeI%Tbl 
I crrysa%~~ofi aeJrusaHLx X. Oqen~u, nonyseHabIe. M~TOAOM MOM~HTOB, 

B IUH~OKOM rucne w y ~ a e ~  CocToxTenbHH, no, K ~ K  npasmo, MeHee 
~M~KTUBH~I,  YeM OqeHKU MaKCHMaJlbHOIV npa~~\ono~o6na. 

' Aoeepumenawme uumep,eanm. IIOMHMO nonysenlrra ,rocresnoil 
:oqemr;r neu3~ecr~oro napaMga same cTaBaTcs 3a,4ara n o c w  
em% ~ a ~ o l  o6nac~a, B KOTOPYIO napmeT1) nonanm c 3 ~ ~ 0 %  

BepOXTHOCTbH, UJIU C 3WaHHblM YpOBWW ~ O B ~ ~ U I L .  HHHMU UIOB& 

MU, ~pe6yeTEII Ana ~JIpatlHolt ~b160pKU X = (XI,. . . , Xn) H YHWa 
' 0 <. a < 1 natt~n T ~ K O B  MHOX~CTBO Dn = & ( X I , .  . . ,Xn) e, 

I3 Ha MHOIVM~PW~& tXy~afi. &'In IIOCTP0eHU.X AOBePUTWbHbIX MHO- 

xeCTB uCnOJlh3yeTEII mepy~oqnB 06quR noP,io&. npeAIIonoxvl~, 'IT0 





Beporr~liocm O U E ~ O K  n e p B O P 0  U BTOpOM p O A a  MOXHO 0603~a- 
YUTb (Y = P ( H 1  I Ho) II @ = P(Ho I HI) COOTBeTCTBeHT30. B e n u s u ~ y  
a H a 3 m s a m T  s n a u u a o c r n b t o  T e c T a ,  a s e n m m ~ y  1 - ,f3 - ero MOWNO- 

cmbw. 
ECTCCTB~II~IO I IpU n0CTpOeHEiU TeCTa  CTPeMUTbCR YMeHbIUUTb 3TU 

omu6~11, OAHaKO I ieTpyAHO IIOHRTb, ' IT0  HeB03MOXHO MHHIIMMUpO- 

B a T b  UX OAIiOBpeMeHHO. n 0 3 T O M y  0 6 b l Y ~ 0  IIOCTynaHvr U I e , l I y E O ~ M  

0 6 ~ ~ 3 0 ~ :  @~KCUP)'IOT 3HaYUMOCTb TRCTB U CTFLpaIOTCB H&TU %0fi 
TeCT, y KOTOPOrO MOlll,HOCTb MWCBMaSmHa  (HM~HHO 3AeCb  B XBHOM BU- 

Ae npORBJII IerCS HeCUMM~rpUxIHOCTb rSfIIOTe3, AeJreHUe UX H a  OCHOB- 

HYIO U ~ J I ~ T ~ P I I ~ T H B H Y H ) ) .  

Ha I I p Z T U K e  AJIR IIOCTPOeHUX TeCTOB YaCTO UCnOJIb3YIOT CJlCAy- 

10- noAxoA. I Ipe~nonoxc i~ ,  YTO MOXHO H&TU %ylo C T ~ T U C T U K ~  

t, = tn(X1,. . . ,X,), ~m emu runo~esa Ho neplra, TO p a c n p e A e J l e -  

HUe C J I y Y a 8 ~ 0 8  BeJIUYHIEbI tn U3BeCTIiO (H~IIPNM~P,  T~~YJIUPOBWO). 

Torxa AJIR 3 Q a H H O M  3HaqeHUX (Y O U I U ~ K U  IlePBOf'O p0Ja M O H O  H&- 

TU ~ m y m  06nac~b K,, YTO P(t, E K,) = 1 - a (noa'rep~ne~, YTO 

BCPOnTHOCTb BbIYBCJIReTCX B IIPeAnOJIOXCHUU, YTO B e p H a  H y J I e B U  rU- 

no~wa). Torna T ~ C T  onpeAenaeTcs c n e A y m r q u M  06pa30~: 

2) ,4JIX 3 ~ a I X H O r O  y p O B H 8  3HaYUMOCTU ff I i W O A U l W  0 6 n m ~  K,; 
3) tn E K,, TO H Y J I e B U  TEiIlOTe3a H e  O T B e p I W C S l  ( I I ~ u H u -  

~ a e ~ c n ) ;  ecnu t, # K,, m H y n e B a a  m o ~ e 3 a  o T s e p r a e T c R  B 

nOJIL3y &llb~epIia~II~~08. 

CT~TWTHKY H a 3 b l B W P  ~pumU*becx~'l?, cmamz~cmuxod, a 06- 
JlaCTb Kc* - ) c ~ u ~ Z U U ~ C K O ~ ~  06nacnraro. Ha IlpaKTMKe Y i l X O  K p U T U ¶ O  

CKUe CTaTIICTUKM UMelOT P X n p e A e J r e H U S  CTaHAapTHOe HOpMaJIbHOe, 

X2, C T ~ I O A ~ H T ~  u Qumepa. B yrnx c n y Y a x x  npu ncnomosamn no- 
~o611oro p O A a  TeCTOB AJISI KaXAOPO 3HaYeHUX K ~ U T U Y ~ C K O ~  CTaTU- 

CTMKU, n o n y r e ~ ~ o a  B ' ~ K C ~ ~ ~ H M ~ H T ~ ,  H~XOAMTCS eqe T ~ K  ~rnb1ua . e -  

M o e  P-axa'rexue. Emn CTaTMcTuKa t,, p a c n p e A e J I e n n e  K O T O P O ~ ~  n p H  

I i y J I eB08  m I I O T e 3 e  IIpUHWJTeXCUT K OAHOM)' W 3  YKa3WHblX YeTbIpCX 

THIIOB, IIpUHIWIa 311a'ieHUe C, TO COOTBt?TCTBYIO~UM P - 3 l l a ~ e h ~ e ~  Ha- 

~MB~RTCSI  rumo P(ltnl > IcI) - ,qm H o p M a J I b H o r o  p a c n p e A o J r e h n a  a 

, 
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p a c n p e A e J r e H n n  C T L ~ A ~ H T ~  u YUCJIO P(tn > c) - AIIR pxnpe~menuii 
X2 u Qnmepa. T ~ K U M  06pa30~, P - 3 ~ a s e ~ u e  cpa3y n o 3 ~ o n ~ e ~  CYAUTL 

0 3UaqHMOCTU H ~ J I ~ B O ~ ~  FUnOTe3bl.  Bce KOMnbroTepHbIe  n a K W b 1 ,  K a K  

npEU3UJIO,lIpHBO@T P-~H&¶~HuII BbIYUCJleHHbIX C T ~ T U ~ T U K .  

J I e r ~ o  YCT~EIOBUT~ C B I I ~ ~  M e x A J r  onacannofi m l m e  n p o q e A y p o R  u 
nOCTpOeHUeM AOBepU-HbIX UHTQBWOB. A~I%CTBBT~JI~I~O, IlpefinO- 
n o n a i M ,  YTO ,4JIZ HeU3BWL'HOM n a p a M e T I > a  6 IIOCTpOeH A O B e p U T m  

H L I ~  UHTepBaJI Dn C YpOBHeM AOBePUR 1 - a ,  M npe,4KIOJIOMM, ¶TO 

H y n e s a a  runcrrwa R a n a e T c R  npoc~o8, T. e. Ho: 0 = 60. Tor~a  aynesan 
runoTe3a H e  orseprmcn, emu 00 E D,, u o m e p m a  B ~ P O ~ U B H O M  

u; 
I ?  ! : ?  ..,%., . r  
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IIoCS~AH~~ A m T U J I e T H e  X a P W T e P H 3 0 B U l O C b  Ype3BhIYMHO 6 b l ~ ~ p b l ~  
npOr'peCCOM U Ko~ICy&XHqueft B o 6 n a ~ ~ u  3KOHOMeTpU'IeCKOrO npo- 
P p a M M H O m  0 6 e ~ n e V e H U ~ 1 .  Ho~are MeTOAbl, OIIUCaABbIC B 8 K O ~ o ~ e r p U -  

scc~of t  n u T e p a T y p e ,  yep- H e c K o n b K o  n e ~  yxe  B K n r o s w m x  B n a K m  

H CTaIiOBXTCX 06fqe~omymb1~u MeTOAaMU W a J I U 3 a .  ~ O W M ~  0630- 
PbI 3KOHOMeTPEi'IWKLIX naKC?TOB, H a  KOTOPble Mbl CCblllaJIUCb U nePBOM 

U~A&HEIEI ~ a m M  muru (MacKioMason (1992), A&s;umr u ~ p .  (1989), 
K ~ ~ I I ~ ~ o B ,  Xaauaee~ (1991), Greene (1997)), B 31iaru~enb~ofi cTe -  

nem y c r a p e ~ ~ ~ .  IIporpecc B M O ~ H O C T U  nepconanbmax K o M n b m e p o B  

U p H B e n  K TOMY, YTO OrpaHUYeHUR H a  0 6 % ~  0 n e p a T a ~ H O B  n B M z T n ,  

)K~CTKOIY) mcm, II~~ACT~BJISIIOTCR C&VN t I e c ~ e C T B e m b l M u .  Bonb- 
m m m  n a x e T O B  B H a m o r n e e  spem u M e m T  Windows - sepmo (a 
M t I o r u e  u M e m  B e p c u u  Tamice ,qaa Unix u Macintosh). 

B AWHOM o630pe n c n o n b a o B m  mxme nmm8 onwT pa6o~u a- 
TOPOB C 3KOHOMWieCKHMU U &XH~HCOB~IMU AaIfHbIMU C naKeTaMGi 

GAUSS, MicroTSP, Microfit386, Econometric Views, STATA, Stat- 
graphics, TSP, a TaKXie  HenOCpeACTBeHHOe 3HaKOMCTBO C naKemm 
SAS, SPSS, RATS. 

I 

I ~ O ~ ~ U U H C T B O  n a K e T o n  - T a K u e ,  KaK RATS, SAS, STATA, TSP, 
SPSS, SORITEC, SYSTAT, ~ M J I U  I I ank i canb I  3pb1 IIepCOIIBi7bHbIX 

l tOMnh10TepOB Ei OpUeHTUpOBaJIUCb I l a  T e X k l O J I O ~ I O  p a 6 0 ~ b 1  C 6on1mu- 
MU 3BM. D a ~ ~ u r e c ~ u  o ~ u  n p e ~ c r a ~ n a ~ m  co6ofi 1ia60p npoqeayp H a  

a3bl~e FORTRAN. M ~ o r n e  m y r r a x  n a K e T o B  u no cux nop ~~nm-raro.r 
s a c ~ u ,  H a n u c a m i b i e  H a  FORTRANe. IIpu n e p e I i e c e i x u u  H a  n e p c o H a n b -  

HbIe  KOMIIblOTepbI K ~ a 6 o p y  npOF,eAyp AO~WRJIN~ H w C T p O R K a  B BH- 

Re K O M ~ H O T O  JIBblKa (UXU AOCTaTOgHO ~ ~ U M U T U B H O ~  CUWeMbl  Me- 

HIO, 38. ~ 0 ~ 0 ~ 0 %  CTORP KOM&HAT%~~& SI~LIK)  AJIS YIIpaBJKeHUSl BbI30BOM 

npoqewp. B cuny woro OHH Y c T y r I a w r  n a K e T a M ,  c n e q u a r l b H o  H a m -  

C~IXIIMM pnwrrr PC ( ~ a n p u ~ e p ,  GAUSS, Microjt, MicroTSP, EViezus,), 
no TaKUM IIapELMeTpaM, KaK ~ ~ I c T P o ~ ~ ~ Z ~ C T B U ~ ? ,  f iU388H,  U H T ~ P & ~ & C  C 

nOJIb30B%1'eJIeM, ~ & & ~ K T U B H O C P ~  UCnOJIb30BaHUR PC. 
I I a ~ t e r b l ,  ~ I ~ ~ , ~ H ~ ~ I I ~ Y ~ H I I L I ~  PC, nanuca~b~ ,  KaK npaomo, H a  

JI3hlKe C, KO'TOPblB n03BOfiXeT 3aIIPOl'&X&MMUPOBaTb 6onee ~2i6KLX8 I3 

I ~ & & ~ K T A B H ~ I R  A H T ~ P & ~ ~ ~ C  C nOnb30l3aTeJWM. OAH~KO n a K e T b l ,  H3Ha- 

Y ~ J I ~ H O  H a n u c a u H b I e  H a  FORTRANe, Tame, KaK TSP, STATA, SPSS, 
SYSTAT, SAS, CO3AaBUlUCb U pa3BUBWMCb B TeW31He MlIOrUX JIeT 

6 0 n b m H ~ H  KOJInJ1PKTUBaMA p a 3 p a 6 0 ~ W i K 0 ~  U BWIIO'IaIOT B ce6s OPpOh4- 

H o e  KOnUYeCTBO CaMblX pa3~006pa3~bl~ MeTOAOB. 

r&ureclcue eos.~o~~cxocnau n p e A m a m x m T c s  ue o'lelrb cywe 
CTBeHHblId ~ > ~ K T O P O M  npu sb160pe n a K e T a .  A o c ~ a T O r ~ o  HMeTb  rp* 
& U Y ~ C K U ~  CpeACTBa, H W ~ X O ~ U M M ~  AJISI ariaJIEi3a U nOHUMaHUX Am- 
HbIX, M O ~ e n e j i  (HCLIIpUMep, rpa@l?l<H OCTaTKOB PCrpeCCUU, aBTOKOPPe- 

nnrwonaas & Y H K ~ U I I  OCI~TKOB, r x c T o r p a M M a  OCT~TKOB u T. n.), a ux 
npeAocTaanaloT npwruqeclta nce c T a T H c T u s e c K u e  naxerrbl. Eonbme 
BHUMaHUX, H a  H W  B3WlSl,l(, C&e,DyeT YAenMTb nerKOCTkl nOJIyYellUS1 

H e 0 6 ~ 0 ~ U M b l x  rp@KKoB ( H a n p ~ M e p ,  C p W y  U 3  MeHm nOCTperpeCCll-  

OHHOFO aHiUIU3a) U UHTepaKTHBtIbIM B03MOXGlOCTZIM ~ P ~ L @ R Y ~ C K O ~ O  

ua~cp&etfca (rp@u=~ec~& ~ypcop, rpa&usec~atf p e A a K T o p  13 T A.). 
ECJU >KC AJIZ O T Y e l a  H ~ O ~ X O A U M ~  I I p e 3 e H ~ U O H H a 5 l  rp@UKa,  TO J Iy4 -  

l l l e  0 6 p a ~ u T b c x  K c n e q u a n u 3 u p O B a J 1 I ~ b I M  I ~ ~ @ U ¶ ~ C K U M  n a K e T a M  HflH 

K MOllMbIM T ~ ~ ~ ~ A Y H ~ I M  npOq€!CCOpBM, H a l l p U M e p  K Exel .  



SAS (Windows) 

Cahnb18  0 6 ' b e ~ H b l f i  U 3  CYIIleCTBYIOIqUX IIaKeTOB. OXB~T~IB%?T npm- 
T W l K K U  BCe 06~lac~u  n p n K J I W H O a  CTaTHCTnKU U a H W I H 3 a  AaHHblX. 

EM&%' JryYUlUe CpeACTBa Ann pabo~bl C AaHHbIMU. B HaCTOXIsec  Bpe-  

MX n B n n e r i x  MO~ISLIM CP~ACTBOM ~JIZ c60pa, P.OCT~BKN, xpaaemm 
a o ~ o 6 p a x e m  un&op~aam.  O p x d  aa  TO npnxonuTCg nnaTum. 
PCsepcna pa6o~am  pah he M e m e n n o .  M TO o p n  a3 sau6onee pac- 
n p o c T p m e H I i b I X  UaKeToB, O A H X O  ~ O ~ U I H ~ C T B O  n o ~ I b 3 0 B a T e ~ r e t i  H e  

XBJIXIOTCR 3KOHOMerpnCl'aMU, a KlpeACTB.BSIEIOT WyI'He 06nmu CO- 

UAWIbHLIX n eCTeCTBeHHblX HayK.  A O K Y M ~ H T ~ ~ U R  H e  O p E e H T n p O R a l i a  

I I a  3KOHOMUCTOB. no H a 6 0 p y  COBpeM€%lHbIX 3KOHOMeTpUYeCKUX Me- 

TOHOB Y C T ~ I I ~ R T  C n e U U a T I U 3 U P O B ~ H b l M  3KOXOMeTPUYeCKUM naKeTa,M. 

SAS Institute u 3 ~ a e ~  xypnan rn nonb30na~enefi SAS. Bnpose~,  
alimoruqabie n e p n o p s e c K u e  XC~PHBTI~I  ~ J I X  CBOUX n o J I b 3 o B a T e n e R  

~ 3 , q a x o ~  Tmxe SPSS, GAUSS, STATA. IIo~po6~y1o nn&op~aqn~o o 
SAS MOXHO ~athll  no aApecy http: //www. sas. corn/. - 
GAUSS 

& ~ K T u W C K H  SBJIXeTCSI X3bIKOM IIpOI'paMMUPOBaHUR C OKeHb pa3BU- 

TblMU B03MOXHOCTZIMU p a 6 0 T L 1  C MaTPUqahnEI. H e n o c p ~ ~ ~ e r n o  B 

a 3 L l K e  OTCYTCTDYIOT 3KOHOMeTPA'YeCKUe ~eTd@l, HO OHU A O ~ I I H h 1  B 

B U n e  C J ~ Y I U P H ~ I X  6 ~ 6 r m m e ~  I IpOrpaMM,  H ~ I I ~ C ~ H H L ~ X  R& GAUSS (cM., 
r i a n p n h a e p ,  http: //uww. aptech. corn/links. html). Mnorae ~ K O H O M ~ P  

PUCTbI I I p e R l I O Y ~ O T  COC-STL I I p O r p W M b I  KeCTaIiAapTHbIX 

MeTOAOB H a  X3hIKe GA uss. O T ~ ~ I W B T ~ U O ~ ~  Y e P T O a  XBJIRWCR nepm- 
AUWIlOCTUKa 0 1 ~ ~ 6 0 ~ .  ~ T O A ~ O ~ H Y I O  u ~ @ o p ~ a q m  0 GAUSS 

MOXHO H*U no aApecy http://ww .aptech. corn/. 

STATA 

6en p a b 0 ~ ~  C UWWl6HI; IMn, .  AWIHbIMU. J ~ K O  OCBCLUB~RTCII: 

I I o ~ p 0 6 ~ y m  U H @ O P M ~ ~ ~ I O  o STATA MOXHO H ~ T U  no agpecy 
http://waw.stata. corn/. 

TSP 

IIaxe~ n p e g o c T a r r n s i e T  mnporcue B O B M O ) K I < ~ U  mx ananma BpeMeH- 

HLIX IXIAOB. XOPOIII&& Pa3AeJI CUCTeM OAIiORPeMeHHLIX yp~iletlE@. 
COA~PXHT n0~1I ib l f i  pZ3AeJI H e i l n n e f i H b 1 ~  M o n e n e B ,  o606wembfl Me- 

TO& MOMeHTOB GMM. ~ P O ~ ~ B ~ & I X T  aHWtETU¶eCKOe ~ ~ & @ e p e ~ q H p O -  

nanue. Xopom0 AOKyMeHTUpOBaII, I IOA~O~HYD ~ ~ @ o P M a q U l o  0 TSP 
MOWHO naWu no aapecy http: //wwa.tsp. corn/. 

SPSS 

O~nurae~csr  y~o6~oPr  c rpy~~ypof i  Windows-m~ep+etica. C o ~ e p x s a ~  
6onbmoPr n 6 o p  pamoo6pm~blx CTaTUCTU¶ecKllX M W O B .  X M ~ ~ T  AH- 
n e p o B  B MOCKB~ (http: //www. Spas .Ill). ~ ~ O B O A J I T M  KYpCbl AJIR 1lOJl.b- 

3 0 ~ a T e J l e k  B MOCKB~. IIOAPO~IVIO H H + O P M ~ ~ ~ O  0 SPSS MOXHO W$- 
TU no Wpecy http://vwv.spss.com/. 

ABTOPLI - Hashem Pesaran, Bahram Pesaran (cnewanum no npo- 
PpiLMMUPOBaHIM) H ~ P O @ ~ C C O P  CT~TUC'IXKA). ~ P o P P ~ M M ~  COAePXUT 

p'1A CORpeMeIiHLIX sK0HOMeTpZiYWKIlx MeTOAOB. H~KOTOPM~ U3 HIiX 

a n n a I m  oco6e~aoerbro nporpmmbr. J I e r K 0  ocnammcrr. 

, Econometric Views 

RwaeTcs~ Windows-nepc~eti n m a  MicroTSP, 3~asa~enb1io npe- 
BOW(O&X D O $ - B e p c u l l 0  UO ~CL60py MeTOAOB. Bnaro~apn c~pottno* 
n noraqnofi ngeoaoruu n o ~ ~ p o e n n ~  Windows-un~ep&efca O'lelIb 

npocr B OCBOeHUU. COA~PXUT pa3RUTyIO IlOACKa31CY (help), RBJISIKI- 

UIJIOCX, no C y q e C T R y ,  CnpaBOYHuKOM no BICOI IOM~pU~eCKEIM MeTO- 

AaM. ~ O A ~ O ~ H ~ H ,  UH@O~MWUH, 0 EVaews MOXHO HF&Tu 110 aApeCY 

http: //wan. eviews . corn/. 



B CBO~B p d ~  aBTOpbI 06b13~0 HCIIOJIb3YIOT IIBKeTM EVaews, 
TSP, STATA, Microfit. K ~ A L I B  a3 BTAX nmeMB C O ~ X U T  orpoM- 
Iroe KOJIUTeCTBO 3KOHOMeTpUYWKUX MeTOAOB. EViews O W H b  JIeFOK B 
OCBOeFJliU, IIO3TOMy UMeHKO eM) itBTOPE.1 UCIIOJIWIOT B IIpOrpaMM? 
< o v t i " ~ ~ h  - 3lcO%O.Uemj3U%W, IIPOBOAHMO~ POCWBCKOB 3KOHOMH¶& 

CKOB I U K O ~ O &  A ~ ~ H U C T ~ P C T B ~ M  06p830~a~118 P@, UfXbIO K O T O P O ~  

8BJIRk?TGl n0MOQ npeII0A~aTWIHM BY30B POCCUH Fi C m  B IIOAPO- 

TOsKe COBpeMeEIHOrO KypCa DKOHOMWpUKU. (Bonee nonpo6~o npo Wr 
npOI'paMMy CeMPiHapOB MOXHO Y3HaTb 113 http: //WWV. Ilea .r~/ El j rM na 
Wecy outreachhes . ru). 
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adaptive expectation - aAanT+xoe oxngamxe 

:. :: adjusted RZ - CKOppeKTElpoBaHI B d P 
I augmented test - pacmuperi~q, nononnenn~i Tern 

autocorrelation function ( A C ~ )  - ~ r o ~ o p p m n q ~ o m w  +ym- 

autoregressive conditional hetlerosceda~ticit~ (ARCH) model 
- mmperpecmoru%an ycnosnp reTepocKeAacm~rrasi ~ o ~ e n b  

autoregressive (AR) model -(aBToperpeccnonnas  MOW^ 

autoregressive integrated mokng average (ARIMA) model 
- HHTelTHpOBaHHaR M O A W  hTOpCrpeCCA13 Pi C K O J I b 3 8 I ~ O  CpeA- 
Her0 I 

autoregressive moving aver (ARMA) model - MoRem w- 
~operpeccnn n , .U.\ 

, .. . . .  
best linear unbiased estimat (BLUE) - ~ a n n y s m a  (c mnnn- 

M ~ ~ H O B  g~cnepcaeB) Knacce aecMementudx ~ M X , ~ P ~ H M  
:,;.. -:., .,i; *,??<>>> 

OqeHoK 
8 . .  . ,c  .-,, -,-;:;;;,'Y3 

binary variable -"Inaapraa n e  e ~ e ~ m a a ,  npxnnruoluan 3~1a.1eaaa 
0 znn 1 P 



Box-Jenkins model = ARIMA - M O A ~ J I ~  BOKC~-AX~HKUI~C~ = 

censored model - M O A ~ J I ~  c q e n 3 y p u p o ~ a ~ ~ b 1 ~ a  ~a6nro~enm-  
MU, T. e. ~o,qe.nb, B KOTOPOB ~ H ~ Y ~ H U I I  H~KOTOPUX nepeMeHnbrx 
OrparluYl3BaIOTCSI, KaK IIpaBEnO, HeKOTOPbIMU IIOPOMLBhIMU 3HaTe- 
HMSIMU 

central limit theorem (CLT) - qeuTpmLnarr npeAe.nLaa Tea- 

peMa 
classical normal regression (CNR) - MoAenb Knaccl<recKoB pe- 

rpeCCBM, B KOTOPOB O I I I I ~ ~ K M  IIMkmT COBMeCTHOe H O ~ M ~ J I ~ H O ~  p=- 
npeAeneHse 

classical regression (CR) - ~ o ~ e r r b  &rpeccun, B ' K O ~ P O ~ ~  orna6~11 
H ~ ~ ~ B U C M M ~ I ,  OAaBaKoBo pacnpeAmenbI, H M ~ K Y ~  Hynenoe cpeAnee 
3HaTeHPie I3 IIOCTORHHj'M ,L(UCIIePCAH) 

coefficient of determination (R-squared) - K O ~ + + U I < ~ ~ H T  Ae- 
TePMMHaYUH R2 

cointegrated processes - KonHTerpapoBaHHme npoqeccL1, uecra- 
q~o~ap~bxe-npoqeccbx, n u ~ e k a n  ~ o ~ 6 u ~ a q a a  ICOTOPUX eraqao- 
HapHa 

conditional distribution - ycnoanoe pacnpeAeneHue 
conditional expectation - ycnonI.1oe cpeppee, ycnonzioe MaTeMa- 

~ n s e c ~ o e  oxa,qal~ae . ... ... ,, 
confidence interval - , q o ~ e p u ~ e n b ~ ~ t i  n ~ ~ e p q q ,  ., : . .,- . ., , .:,. 
consistent estimator - cocToamHa? o q e T , , i  ,,,, ..:, 

, :. 
convergence in  distribution (law) - CXOAHMOCTL no pa&pe~un?; 

HUH) 

convergence in probability - ~ ~ O A ~ M O C T ~  no B~~OSITHOCTU 

correlation - KoppenaqxsI 
correllogram - r p 4 n ~  (BLI~O~OYHOB) a~~o~oppenxqaon~ofi  

+ Y H K W ~  

correlation coefficient - K O ~ @ & ~ U H ~ H T  ~ o p p m a ~ u  
covariance - Kosapuaqun . 
cross-section data  - AanHbre, He xMeroque npeMeHHoB npnpogbi, . . 

. .., nopWoK ux pacnonomeaaa necmecmen 

density function - I W I O T H O ~ ~  pacqpeaeneaaa i" ';:'.,;i'fc~&& 

dependent (endogenous) variable - ~ ~ B H C N M W  (BHAOI'&~H&) fiB; 

. _ I  I,.'. 

distributed lags model - honed pacrrpeAenenabIx naroB 3 ''g""'"d 

distribution - pacnpeaenenne 
. . ;:, 

. . 

distribution function - I$YHK~EB pacnpeAenema '-' 'ci'l'wy: 
. . 

dummy variable - & ~ K T U B H Z ~ I  1i~e3a~acn~m n e p e ~ e ~ ~ m ,  i n p n ~ ;  
MalOIWII, KaK IIpaBHJlO, m a  3HaYeHUR - 0 1 . . ,  f 

dummy t r ap  - CMTyaqUB, KOrAa CyMMa HeCKOJIbKUX &iK7!XW7y~ 

nepeMeHHUx, BwrIoqeaabrx B perpeccam, pwHa KoITcwTe, TaKme 
~KJIloTe~Iiofi B p~PpeCCWl0 , ,,, 

duration model - MOAenb ABpehleHU X M H U B ,  MOAWL IIPOAOJIXU- 
T ~ J I ~ H O C T ~  K~KO~O-nu60 npoqecca 

efficient estimator - ~ @ + ~ K T U B I I ~  oqenna, onTnMybnhrP (B H ~ K O -  

b TOPOM ~tnwce) M ~ T O A  oyerraaa~aa 

E efficient frontier - i p a ~ n q a  ~ & + ~ K T U B I I ~ I X  nopr@enefi 
endogenous (dependent) variable - sii&oreHHm (3asuca~a.x) no 

peMennan 
error correction model - ~ o ~ e j r b  ~ o p p e ~ q n u  OIUB~OK 

i ! estimate - aenasuIIa oqenm npa 3a&%HHbIX ~b160po~nblx 3qaxrem- 
RX 

i exogenous (independent) variable - 3~30re~uan ( H ~ ~ ~ B H C U M ~ )  
nepeMcHaaR, perpeccop 

expectation (mean) - cpeznee snaYeHne, Ma?eMaTusecKoe OXH- 

explanatory variables - 0 6 ~ n c a a ~ u ~ e  nepeMeaame, perpeccopb~, , , .> . 1 nnaencuiii~e n e m e ~ i u k e  
I' explained (unexplained) variance - ohncrme~aJI (~eo6aah~ae- 

~ m )  picrrepcnn 
exponential smoothing - sKcnoHenqHajILiioe crnaxnaame 

fitted value - npowos~oe 3HaYeHUe 



first-order condition (FOC) - ~eo6xo~u~b1e ycnonux s ~ c ~ p e ~ y ~ a  

generalized autoregressive conditional heteroscedasticity 
(GARCH) model - 06061qeanan mToperpeccnonnm ywos- 
HO reTePOCKeAaCTUYHaSI MOAEIlb 

generalized least squares (GLS) estimation - O ~ O E ~ ~ ~ ~ H H L J ~  MB 

TO& HFWiMeHbUIUX KBaJQJaTOB 
goodness-of-fit - KaYecTBO npu6nnxenun AiuiHblX MOAeJILIO 

hazard rate - UIITeIiCUBHOCTL OTKa7OB, I<o~@@IL(u~HT CMCpTHOCTn 
heteroscedasticity - FW€pOCKeA%TMYHOCTb 
homoscedasticity - rOM0CKeAaCTHYnOCTb 

idempotent matrix - XAeMnoTenTrnax MaTpaqa 
independence of irrelevant alternatives - B ~ ~ ~ B U C U M O ~  GT no- 

CTOPOHHMX aJIbTePIiaTUB 
independent (exogenous) variable - ue3auncu~an (s~3ore~aan) 

nepeMeHnas 
indirect least squares - ~ocne~ub~il MWOA H ~ M ~ H ~ I I I Y U :  KBW- 

PaTOB 
information matrix - nrt@op~asuonaaa MaTpnqa 
instrumental variable (IV) - aucTpyMeaTmbriaR nepeMeElHm 
instrumental variables estimator (IV-estimator) - M ~ T O A  oqe- 

HEgaIiUn C nOMOqb10 UHCTpYMeHTWlLHbIX nepeMeWHblX 
intercept - C B O ~ O U H ~ I ~ ~  B YpaBrreuuA pcrpecczia 

joint distribution - coBMecmioe pacnpe,qmeanre 

lag operator - onepmop wura 
lagged variable - narxposiwlnas rrepeMeunan, nepeMeutras c 3ma3- 

AblBaJrUeM 
latent variable - CKP~IT~SI, n e ~ a h o ~ a e ~ a x  nepenamas 
law of large numbers (LLN) - sa~on 6on~,max sucen 
likelihood function - &ya~qun npa~p.ono~o6xn 
linear probability model - nnne&sari ~ o ~ m b  ngpo~~~ocrn,  na- 

HettHaH pCrpecCUOHHM MOAWib Fyrx 6~~aprtoe sanaca~oii ncpe- 
MeUflOB 

mme8n ablate petcentage error - kpepe.  om- OF 
, mQemm; ? ' . '  8 , " .  - ::. i" ' ,,: !2&*22,5!1 

meag 4cyug11pd ewoi: - E@@ieK~TXYZ.%R , . . OIUU~KB. . 
-:,, . .  ' , { , f a ' .  , 

. I  . . v a e l  .. . .. sbefifiw>iori ' .  . . I . I  1 , <  1. . - j c p e s ~ G j y ~ :  ,. . . .  : 
,! ,, ~ . ,  , , , . , , 

,moving average - &onismaee 
mowi"l%:..+y&F~~  M MA^ eodei. - M W ~  w p r n ~ n r e m ~ c w & ~  
rnG~tio61lineariti - M Y ~ N ~ B ~ ~ ~ ~ I I O C T ~  .-. . . . . 

m u l t i n ~  i*$t model - I s t ~ i t - w o ~ e ~ ~ ~  t-tamismmwfm i & , ~  

dtipk% madel - k a a ~ e m  .mtfscem~e~~ds pew- 
. . . . . , , ;< , ', 

n e r d  (~aussim . .. distritautfm - aQpQPM-nblyde (rnymycco~e~oe~ 
.: .,; <I:.: 

p&Cnweme 
ma- parameter - B E w M ~ ~ ~ ~ ~ &  ( ~ & i i t & 4 & )  n t i p a m  .' 

. I , ., , 
' ,  .. 



omitted variables - nponyIqeHHare nepeMeHnLxc (ae3muca~ue n e  
PeMeHHble, He BKJIDYeHIible B M O A ~ J I ~ )  

ordinary least squares (OLS) method - MeToA rranlvreabmax 
KBWpaTOB, MHI< 

outliers - am6poc~ ( ~ a n a ~ e ,  nMemrque 6onbmue MKJIOH~HY~;~ OT 

6onbmn~crsa Rpyrnx) 

panel data - nmenbnme Aambre, &amme nMelorqne K ~ K  npocTpa1- 
CTBeHHylo, TaK H BpeMeHllym CTPyKTyI)Y (HZUIPUM~P, AaHFIblk? n0 
nor-aTeJrsM HBCKOJILK~X +UPM 3a H ~ C ~ W ~ ~ K O  ner) 

partial adjustment, model - yo,qenb sacTu=lnoro npacnoc06neanrr 
partial autocorrelation function (PACF) - %racYzian ~ B T O K O ~  

pwaq~on11aa +yn~qua  . . 
, , 

partial correlation coefficient - K O B + & H ~ X ~ ~ T T  Y W T H O ~ ~ , K O ~ ~ ~ J I R -  

. , *  . .  ( , 

pretest estimator - o q e ~ ~ a  ~03+~Ilq&et i~a .  perpeccMq, nonyqea- 
~ a u  nocne npoueA;Ypu npeaaapwremnoro vfiopa   on em 

probit model - p 9 D b i t - ~ o ~ ~ b ,  H & M H ~ R H & I ' M O A ~ J I ~  p,p 6ii11a~aoB 
sasucu~olt nepeMennofi c ucnoJra30~arme~ & y ~ q u u  q a q a p T -  
H O ~ O  HOPMaJIbHOF.0 ~ ~ c I I ~ ~ A W I C H H I ~  

..< ., , . 

qualitative variable - KaqecTnealiarr, IioMnHanbHan nepeMeHsian 
, , ,  , , 

random walk - cny~r&&oe. 6'Jryx&&ie' 
, ,  , 

ranking variable - pamosas, nopsr~rtona~, o p q i ~ a m a a s ~  nePe~e1i- 
', I Hau 

reduced form of the model - rrpu~ezertaiu + o p ~ a  MOA~JIU 

residuals - O C T ~ T K ~  

restricted regression - perpeccnx c orparru7~eaan~rn, ~o~mb '3pe-  
rpeccun c OrpeLIru-rennzMu tra napmerpbr 

return - ,Z(OXOAIiOCTb aKTHBa 

sample - B W ~ O ~ K ~  

sample mean (variance, covariance, moment etc.) - R ~ L ~ O P O Y -  

Hoe CpeAHee ( ~ ~ ~ I I e p c l m ,  KOBapXWUR, MOMeHT U T. A,) 
seemingly unrelated regression ' (SUR) - cucreMa BnemHe ~e 

cknsa~a~xx ~ e ~ a y  co608 ypakHeItKn 

553 

spurious regression - MHnMan, nomaas perpeccua 

, stationary time series - c ~ a y u o ~ a p ~ b r f i  spe~eanofi prrg ( ~ T ~ T H -  

stochastic discount factor - croxacTnqec~uB ~ n c ~ o z ~ ~ u p y ~ o n y r f i  
M H O X I I T e n b  

~ U O H ~ P H ~ I ~ ~  B y3KOM CMbICne IIpOqeGG 

AaeMble B IIOCJIeAOBaTf9IbHble MOMeHTbI BpeMeHN 
time series, integrated of order p - ~ ~ ~ e r p u p o ~ a ~ ~ b l i t  BpeMeu- 

HOB PIIA IIOpllAKa p, H W T W H O H ~ ~ H ~ I @  BpeMe1l~08 p ~ i ,  p n  IIOCJIe  

, AOBaTeJTLHaX Pa3HOCTb KOTOPOPO UBnReTCS CTaIJUOHapH61M IIPO- 

truncated model - MOneJrb C yCe4CHHbIMU H ~ ~ J ~ I O A ~ H E ~ ~ ~ M U ,  T. e. MO- 

A a b ,  X 3  KOTOPOB EICKnIOYeHN IIeKOMPble H ~ ~ J ~ I O A ~ H U R  

two-stage least squares (2SLS) - ~ s y x m a r o ~ b ~ t i  M ~ T O A  ~ a u ~ e ~ a -  
IUUX KBWaTOB 

' ,unbiased estimator - nec~enle~r~ioe oqerulsmne (oqe~ i~a)  
under-, overestimation - ouemaa napaMeTpa, u~e~orqan  oqnqa- 

TenbHOe (COO~I'B~TCTB~EIHO I ~ o ~ o x ~ ~ H o ~ )  CMeqeHHe 
unit root hypothesis - runoTe3a o ~arol ruu eAutrnmoro K O ~ H X  

unrestricted regression - perpeccan 6e3 orpasraseanit, ~ o ~ e n b  pe- 
rpeccnn 6e3 orpaAwe~uB Ha rrapmeqbl 



variance (covariance) matrix - MaTpqa xo~apn@ uryrahory) 
BeKTOpa 

weakly stationary process - h&o c m q n o H a p n ~ %  , , npohecc,, r . '  ma- 
~ClHapHL48 B JIIEipOKOM chiblC-JIe ~POR&C 

weighted least square6 - ~eTo$'m-ermbrx'h&e~b& 
. ,' 

PaTOB 

white noise - 6mbIif myw, npoqeec c IIM~ESCXMMMU o.i&kaito~o 
p a C n p e A ~ J I e H H H M U  ~ I ~ ~ Y ~ H H S I M H  c n y d e w x ~ n  C P ~ ~ M K '  '. . . .:, . .  
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