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ITepc~ nccrre~oBaTe~eM ~acTo noaunKaeT sa~a~a o6~e~eHUn oue

HOR O~HOil M TOil iKC BCJllf<Uflill (RaR IIpaBltJIO; MHOI'ORQr.ffiOHCHTHOil) C 

TOM, ~T06H II8HTll HOBYJO, 6o~ee TO"tffiYIO OUCID<y 3TOfi BC.lill'IHHU. 06~e~
lillCMI:IC OUCHRll 06II~HO IIOJiy'IaiOTCH B pC3YJThT8TC ~OBO~LHO C~OlltHOil 

IIpoUC~l:l o6pa60TRH C06CTBCHIIO ~aiU!HX 3I<CIICpHMCIIT8. 

HacTo~an cTaTLR noc~eua paccMoTpeuuro ~a cTaTncTrrqeci<nX 

aa.n:a~, BOSHUI<aKII!llX B CBH3U C o6~C){HHCin1Cl\1 OUCIIOlt. B tiaCTHOCTU, 

nccrre.nyeTCH ~me ~CTa KOppCJIJilllm OUCHOI< Ha J<a~CCTDO 06'hC,JUI

HCHHOil OUCIDCU, DJIIDIHUC Ha OUCHey 3aMCH!l TCOpCTif'ICCKUX BCCOB llX 

IIpH6JIIDKCHH!lMll 3Ha~CHUIDI'M, IIpHBO~TC.fi npn6JIUiKCHI!UC qx:>pMy~U .n . .rm BH

~crremm Itonapnauummoii MaTpiii.UI neKTOpa .c~orumx oJJ,eHoK, npe,n.n:ara

eTCH MeTo~ ouemm neiianecTnux rrapaMeTpon rrpn c~anuux perpecciioH

HUX IICpCMCI!llUX. 

I. CJIY'Iafi O,l}HOH KO!.ffiOHCIITH. 06'bC){HHCHllC C IIOCTOID!l!ill.!ll 

~ 

PaCCMOTpllM CHatia~a c~ail, KOI'~a OUCHI!BaCTC.fi C,T(IDICTBCHHa.H 

CJ<a.1!HpHBH BCJIIl1Il!lla e , ITyCTl> IIO peay~I>TaTaM ::mcnepiiMCHTa 6WIO 

IIO~CHO ~ OUCHOK "Jl , , .. , "J~t rrapaMCTpa e , I>y~CM IIpC.JmO~a
raTI>, ~TO 3TH OUCHKU Jlll.JIRlOTC.fi HCCMC!IICHHUMII (T.e. My.:= e ) . HX 

rtoBapuauuounan MaTpiiua C ={ colf ( ynfi) J IIsnecTHa u ee orrpe~e.Jlii-
TeJTh OTJllrtiCII OT 0, Hamu IIpC,l\TIO~OlKCIU1H MOiKHO sanucaTI> B DCKTOpHOii 

qx:>pAe: ... 8 -+ 

"' = e +o , 
r~ v - BCKTOp-cT0~6eu OUCHOK {'If<}; e- BC!iTOp-CT0~6eu_ua I; 
b- - neKTOp omu6oK. ITpu aTOM o~eBIWIO, 'ITO M li = 0 , ;JJ 5 = 'iJy = C . 

3,neci> II ~MOO CUMBO~OM fiJ , CTO.fill{liM IIepe~ ~aiiHHM BCKTQ

pOM, 0603HatiaCTC.fi KOBapll8UUOHHa.H M8TpliU8 BCKTOpa. Huilte Mil ~aCTO 

~~.,;:;uiu rl!!llll IDIC'I'!!'fYT I 
m~e;:~ titfJ'~:~~OOBIJ~ 

~!:!PJJ~.LO i diA 



6y,neM neUOJil>30Ba.T:& H3BeeTHlle <lJoiJMYJIII (eM., Hanpmo~ep, /I/): 

~(A f)= II g)fA 7 
; 9J (f t-if) = c;J f +fiJi/· · (.I. I) 

r.ne r. if - neaanuem.rne eJIY'{a~HIIe BeKTOpii; A - noeTomma.fi M3T
pnn;a; T - :maR TpaHeiTOHHPOBaHH.fi, 

OueHKa B Be.1lli'lliHII 8 , UOJIY'{eHHa.fi MeTo,nOM IIaHMeH:&nrnX 
KBa.np8TOB, ID.meT CJie,nyT!I11Hil BH,n (eM., HaiipHMep, / 2/): 

e = (eTc-let1 (eTc-t) v • (I.2) 

0Te~a, BOeiiOJil>30DanmHeb rrepBOH H3 <lJoPMY~ (I.I), HaXO,nHM 

f1Ja =(erc-J.e-)-1 = (f c;f)- 1 
, 

-l l;J-i 
r,ne trepe3 Cij 0603lra'!eHII :meMeHTII o6paTHOtt MaTpHU!l c-J., Ec.Jm 
IIO~Ol!tHT:& 

'K 
~ -1 w.. = L._ c,J. ' . . J=i 

K ~ -J. 
W= ~ W, =L_ CiJ 

L=t t,j::.t 

TO MOlKHO 3aTIHeaT:& 

"' x 
(9 = w-t L Wi'J• 

i.=t 

.... 
~e = w-t (I.3) 

3~eMellTII o6paTIIOH MaTplmti, BXO~e B w-ill WL , BII'!HCJI.fi!OTe.fi 

,nOBOJil>llO CJIOlKHO, e~ .OUeHKH 'Ji KOppMHPOnaHII• 
Ec.Jm KOppe.1I.illmll OTCyTCTBYIOT, TO KOBapH8U'ff.OHH8.fi MaTpHUa HMe-

eT BII,D; C0 = diag ( eJt'··, • ~ . , tr,f) , r.ne ff{" = 3Jyj , H 

C;1 = di.aV ( L/61z., ... , 1./of) • ITo~ oueuey 

"' -1 ~ c•> en " -t Bo = Wo ?- w, 1/i. • ov8o = Wo ' 
. P•! tJ ~ K 

r.ne wf") = L/6;,L . • Wo = L w?} = ;;: 1./61.1. • 
IlOelto~:&Icy" Beca W;,'"l W'i' i.=i . ~TCJI. 3H8'IHTM:&HO rrpo-

l!le, treM W.: w -1 . , paccMoTpHM, K treMY npHBe,neT npeHe6peJKeuue 
KOppe~H llpll Bli'IliC~emm Be COB B TOM CJIYtiae, KOr,na KOpp~
UllH Me~ ,naHIUH.~H XOTJI H CYI!IeCTBYDT, HO M~ II ITO ITOpR,nKy Be~
'OOIU pamrn E <.< I • 

MTaK, B03:&MeM oueHKy 

Bo = (e7C;1et1 (erc;J.)f = wa-1 (erc;1f 
.nucrrepeM KOTopon 6y,neT, corMeuo rrepnon na <Ix>IJMY~ (I. I) , 

2 

t 
'I 

It 

r 

·I 

~ 

mea = w;l. ( eT c;i c c;f. e) = 
(I.4) - w-2. ~ we•> C wc•J - •. ,-a. ~ ..2!.L - o L- ,; L' • - vvo L.. .t I. 

l,j =t J J ·~i=1 °• Dj 
Yxy,nmeHHe oueHKH MOlKHO oxapaKTepU30Ba.T:& neJIUtiUHOil (~~ -&Je)jfiJe . 
KOTOpyD B 061!1eM CJIY'{ae OUeHHT:& ,nOBOJil>HO CJIOmiO. Ilpu HamHX rrpe,n-

IIO~Ol!teHHHX HMeeM 

r.ne R = { f"•i} , 
E li.j H Eptj 

pe.JISillllli. 

0 == Co + E R 
r,i = p,1 6', 51 ( i -:;£ j ) 1 ,. .. = o , nputreM 

- COOTBeTCTBYKIIUie KOBapuamm H KOaqxJliiU!IeHTII KOp-

BoenonaonanmHc:& npu6JmliteHHIIM BIIpaJKeuueM 

c-t = [(I+ eRC;t)cor1= c;t(I+ERCott ~ 

~ C;J. [I -sRC~t +c2.(RC~t)z] , 
( I - e,niruwniaJI MaTpm.~;a) , ItOTopoe enpane.nm.mo npu o,nuoli us nopM 
MaTpHU!l liE Rc;tll < 1 , uanpuMep, syp t, I E~}l <1, 
noCJie.neKoTopux npeo6paaoBaHuil noJIY'{aeM '~ 

fiJBo-9JB ,., c2. .. ,-z ~'(A;.-Aj}L 
A - 2. IFVD ~ I. t. 

/i)t:l i.,J"1 6i 6j 

r.ne Ai = L: f"· 5i. I 6'e Ilpu MMOM OTJIUtiiiH mea 
A t~i - ' 

OT BJB OUeHKa 80 MOJKeT 0Ka38T:&CJI npe,niTO'!THTeJil>Hee, 
0TMeTHM, 'ITO B 06eJIX OUeHKaX neca W;. w-.t H Wfc} Wo-.t 

aaBUC.fiT OT TeopeTU'leCKHX KOBapHQUHil II ,nHCIIepcuil OUeHOK 'lfi , 
Ilpu aaMeue TeoperntrecKUX auatreuun cotr ( "/< 'fj) ux oueHKaMH MU 

rro~IM cJIY'{alhrue neca. MeCJie,nonamre Bmr.mnm rro,no6Hoii aaMeiru ua 
OUeHKy e npoBO,nHTC.fi B CJie.IJYlCllleM paa,ne~e. 

2. C.ny;Iail O,nHOf! KOMllOHeHTH. 06'be,I!!IHeHHe CO CJIY'l8HHIIMli 

~ 

3,nee:& MII orpamrnn~en CJie,nymtHM CJIYtiaeM. By,neM e'!lrTaT:&, 'ITO 
ouemm y;. ( i = I • . .. I ~ ) rrapm.mTpa e CBSI3aiiU CJie,nyl!l!UIM 

o6pa30M C eodeTBe!IHO SKCnepHMeHTaJil,HIIMli ,naHHID.lH '7fi.j : 
n. 

1/i. = ~ r 71;.· (2.I) 
1 n. j-=J l'J 

3 



Jlc.JIH'llillll Y<-j HesaBIIeHMU' HOpMaJilJHO paenpe,neJiei!U u M fq = e ' 
fiJ 'Vii = f't . Tarou~ o6pasoM1 

My;.= e , 9Jyi = 
z. 

,A = fi'..z. 
n~. , 

Tax KaK TeneplJ colf(Yi"/J)= 0 npu i r5 j , TO ouemm 
eOBH8,ll;810T 

e = eo = ( t ~~ y,)/ ( f ~) 
•=f. r• i.=J. .r• . 

3aM8HHB B STOll qopMyJie BeJrntiiiH!:l pt liX OUeHitaMII ,. 
('- = n-1.__1 !:. ("'J•rYlY 

• J =-! 
Mll nOJIY'IIDJ! HO:syiO 067>8,niiiieHHYIO OUeHRy 

I<! 

8 = 2:. h .. y. 

en& 

i:d. 
r.ne uopMHpOmnniie c.rryqaiiniie neea h, onpe,neJIRIOTCJI qopMyJiaMu 

I 2. ~ 2. 

h i S;. - , l. z 8· 
i. = --=-- , W., = L SJ ; S;. = -· w., £=1. •- n;. 

IlpaKTH'!eeKU IIenoJilJsyeTCJI IIMeHIIO OUemta 8 , TaK KaK 0118 Bli'llie-
JUieTCJI no usneeTHUM neJm'lliHaM "'fi.. H no oueHRaM HX ,n:aenepeull 
st . MeeJie.nyeM ee enoiieTBa. 

tJI. ,z./3/ 
J1enOJilJSY.II BS8llMHYIO H8.!!_8BHeiiMOeTlJ ";/1.> ••• , 1jN , Ot , ••• , ON , 

HeTpy,niiO nOK838TlJ, 'ITO B 9 He 6IIJI8 BHeeeHa eiieTeMaTH'!eeKa.II 
ourn6Ita' T. e. Me= e . KpoMe Toro' nponep.!IeTe.II TaiOKe' 'ITO 

K ,_ I<! 

9J{j = L !: Mh; = ~ 6ll.f1hf . 
Z, L"1 L i..,f. 

)ljm M h neT npoeTo:ii TO'!Hoii q;opMyJil.l, o,n~~aKo, eCJin n, = d.;.n 
( d;. = const ) , TO npll n- CXl MOJKHO IIaiiTII paSJIOlK8Hll8 9Jlf no 
eTeneruJM 1 / h • Tmtoe paMOJKen:rre e .nnYM.II 'lJieHaMU c Y'JeTOM nop.~I.n-

Ka M8JIOCTII OT6polllel!l!!1X 'lJieHOB ( orpaHU'leHHOeTlJ /'( He npe,nHOJia-

raeTCJI) m~eeT BR.n 

Ole- - /. R., Lll /. ( /. l. ) o ( J.. ul) OJ --+- - 1.--·- + --;:,+..!>-. 
Wo Wf i.=t n,O;." Wo 6i." n'"tz nt-

r.ne t > 0, llJIH 

me= .1. [i + z t rz·s~-'l·) J , 
Wo i•l. • 

r,ne ~i =: r.y;t ( 1../6/) - TeopeTU'leeKUC HOpMHpOBaHiille neca. CTpo-

4 

-
l . 
~ 

roe ocloenonmme npune.n;ennoro Billile pasJiolKemm nuxo.n;uT sa paMKU 
H8eTORIIl8ii paclOTl.l. 0TMeTID~, 'ITO paSJIOlit8Hl!e flJ{J e .n;ByM.II 'lJI8H8Mli 
6l.lJio noJIY'leHo n pacloTe 147. B Ka'!eCTBe ouemm flJiJ eeTeeTnen
no uenOJilJSODaTlJ 

file ~ !. [ 1 + 2vf h,~~hJ] 
Wo i.=f. • 

TaruiM oclpasoM, rrpu r.!a.JIHX ocl'beMax nuclopoK n, r.1amruii 'lJieH 
lJI. = W.,-l B OUOHKe ;j)(j MOlKeT 3BMOTIIO OTJIIN8TlJe.II OT g}(j 

B 3TOM eJIY'lae rronpaBO'llrnll 'lJieH JIYlKHO Y'Jl!TIIBaTI>. 
li 

lfecJie.nyeM TeneplJ aem.mToTmecKYJO "nnTepnaJII>nyro oueHRy napa
MeTpa e U Dl1.1IeHIIM r:nmrnuu ee npn:MeiUU.!OeTI!. l.!OlitHO ITOK8SBTlJ 
(eM. TeopeMy n.28.4 f 3 f), 'ITO npu hi= d..in ouemca e aem,m-
TOT!NeeKU HOpv!8JllJHa e M8TeMaTnqeeKI!M OlKH,n8Hl!8!.1 e U .1\IICitepeueii 

fit.= f/'v-10 • 0Tero,na, Tait KaK 8;.'· eXO,WITC.II no Bepo.IITHOeTH K 
2, f3• , eJie.nyeT, 'ITO 

f1n P (je-a-el~ Ur~.)=-1 J"'..._e-tdu = 1.-Zo<. 
n-oo ~ ~qr <- -Utf. 
Taruru oclpa3oM, MOli'JIO nanneaTI> amn.mTOTH'!eCimii .nonepuTeJilJIIHi1 

llliTepBa.JI ,nJUI e . HepaneneTBO 

e ,_ u"'8 ~ e ~ e + u"'8 c2.2> 
nepHo e nepo.IITHOeTI>IO 1 -2.d.. • IIpn neclOJII>rrnrx sHa'!einmx n, ne
po.IITHOCTI> BUHOJIH8HU.II HepaBeHeTBa MOlK8T OTJIIflaTI>e.II OT i - 2,d., • 
)ljm onenrur rpamru npm.:emrMoeTu unTepBa.JII>noil ouenrur npn noMomu 
c.rrytiaiiHUX '!HCeJI .JJ;JI.II S8,Il;8HHUX e , ni. , /Ji IQQ pas MO,ll;O.JU!poBa-
JIIIei> SH8'leHli.II 'IJi.j ll onpe.n;eJI.IIJIBClJ '!BeTOTa HapYllleHUii (.Zd..).,. 
nepaiieHcTna. PesyJilJTaTII rrpune.n;enll B Ta6.m~e ( U,_ nuclnpa.JmelJ )t)I.II 

5% ypDBH.II SHB'!HMOCTH). 0Ka3aJIOCI>, 'ITO D Ka'leeTBe napaMeTpa, xa
paKTepllSYJ!XIIOrO cl.JIHSOeTlJ paenpe,neJielll1.1I e K I!OpMaJilJHOMy, MOlKHO 
npe.ItJIOlKIITlJ .D. = (me- P/)fo~ IIpn ll ~ 0' 04 qaeTOTU ( 2. d. >i ; 
(.Zd.. )~ HBpYll!ellllii nepaneHeTBa (2.2) MaJIO OTJIH'lBIOTeil 0'1' Bepo.IIT-
HOeTll ~d.. (eM. Tacl.mruy). B IIpHBe.n;eHHUX rrpm.mpaX 3TO nepaneHeTBO 
nurroJIH.IIeTe.II oclwmo np:rr ncex n;. > 25. 

qaeTo uenoJilJsyeMa.II oueHKa .n;uerrepe>rn cpe.n;IIero nsnerneHHoro 

s: = ~=1 t h.{y;.-8]2-
( TBK nasunaeMa.II norpeli!HOCTlJ pasclpo~;~ .n;aeT n clOJilJlll:l:rneTne eJIY'la
en nenpaBHJII,Iruil .n;onepnTeJilJHUiJ IIHTepBaJI (eM. Tacl.mrrzy") • TarouA o6-
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p830M, ~aCTO BCTpe~aromaRCfl lipaKTHKa IICliO~b30BaiD!fl D Ra~CCTBC 
"- -z. -1 2. 

ou;emlli f1J8 nan6o~metl U3 .nnyx ou;enoK B = W0- II SR cTa-

THCT:II'lecKU HC O!IpBB,IJ;aHa II llpOUCTCKaCT, !IQ-BII):tUMOMY, li3 CTpeM.JIC

HID! nepecTpaXOBaT:bCfl. .1LJili liCMe.n;yeMoro CJIY'IBfl !IOKa38IlO, ~TO liH

TepBaJI (2.2) CO,J:tep:illiT OIJ;eiUIDaeMIIfi IIapaMeTp e C BeponTHOCT:bl01 

6JIH3KOtl K TeOpeTU'leCKOii. 

Mu paccMoTpeJru CJIY'IBtl, Itor;:ta o6'be,I4JIHJieMue ou;eHKU "'• CBII-

381Ibl c ;:taHHI1MI1: :mcrrepm.mHTa "Jlj npocTUMII qXlPMYJiaMli (2.1) • 
B npaKTH~ecitn IIHTepecnux CJIY'IBRX 'fL BU~~IOTCfl no ;:taHHHM :mc

rrepHMenTa nocpe;:tcTBOM ;:tono~no c~olKHoii npou;e.n;ypu. CaMU aitcuepii

MeHT~Hue ,l:tBHiille MOryT U He 6UT:b rayCCOBCitiiMII. 0,IUiaitO ,J:tWKC D 

3TOM CJIY'IBe, eCJIH OIJ;ei!Illi 1Ji. ll eJ/ ORBJKyTCfl COCTORTe~:&HW.!ll II 

8CHMliTOTII~eCI9:.! HOpMB~:bHW.lli OIJ;eHRB.MH e ll flJyi. , TO IIpe.wrarae

MM OIJ;eHRB 8 TOlKC 6YJ:tEit BCHMliTOTll~CCKU HOp~aJI:bHOil. IlapaMeTp!1 

6JIH30CTII pacrrpe;:teJiel!l11l e It HOp!.!BJI:bHOMY pacrrpe;:te~CHHIO MOrYT 

6UTb IICMe;:tOBaHJl B lipaitTircJeCKU BalKlillX C.JI'J'IaflX IIa Tli!Ill'IllllX IIpiiMe

paX liO MeTO):tlllte, npmi!eHeHHOtl ,J:tM CJIY'IM (2.I). 

3. 06ll!HH CJIY'!Btl 06'be):tllHCHIIfl OIJ;CHOit 

IlycT:& liOJIHUll BCitTOp OIJ;CHOit v COCTOliT ll3 DeitTOpOB • 

y. ( l = I, ••• , K ) , a ItaJIU1;UH BCltTOp Yl RBJ!fleTCfl HCCMCllleHHOil 

OIJ;eiiK011 BCitTOpa HCII3BeCTlillX BeJili'lliH fJ ( et , .. •, e, ) (HBlipli

Mep, /1! pa3 ll3MCpllJ.!Cfl Ha6op II3 m J-nepeXO,J:tOD lipll pa3HUX yMo

BIIRX, B pa3HUX ~a6opaTOpllflX U T.,J:t.). Tor;:ta JIHHefinan: MO;:te~ HMe

eT llii,1l; 

(j::: i, ... ,m; i=i, ... ,~), 1Jij = ej + d".i 
liJili 1 B M8Tpli'IHOll qopMe, 

. 1j = EB +f. 
r;:te v -BeitTOp pa3MepHOCTH n = ~ )( m ; E - MaTpiiD;a ~3MCpHOCTll 
n x m , cocTaMeHHan ns K e,IJ;HHH'IllllX MaTpiiU Im ; Cf- n -Mep

nlrll neitTOp omn6oit, ):tJlfl ItoToporo M lf = 0 . 
Ey;:teM npe,J:tUo~araT:&, 'ITO zwnapnaiJ;IIonnan MaTpiiD;a C = fiJf = ~lf 

H~DUpolK,l:teHa U II3BCCTHa. B HBIIICM CJIY'I88 ,J:t.Jlfl 06'be;:tUHeHHOil OIJ;eHKU 

e COxpaHIITC.fi cixJPMY~a TII!Ia (I. 2) , B ItOTOpoil e 38MeHfleTC.fi Ha 

MBTpHey E • 
KonapnaiJ;IIOHHyiO MaTp:trny C n ee o6paTHYICJ C -1. MOlKHO npe;:t-

CTaBllT:b B Bll,l:tC 

~ 

7 



1 
c = { c~d , c-i :; { c~~} , 

r_ne C ij , C ;,~· - IIO)J};IaTpUI-Ul pa3M8pHOCTU m X m . 0TMeTRM, 'ITO B 

061J1eM CJIY'Iae IIO)J],!alPJru,a t.-C~ji He .fiBJ!ReTCR o6paTHOH It c,j . B 3THX 

0603Hatremmx ;n;JUI €J H 8Jid JierKO B!liiHCHBa!OTCR RBHUe BHpalK8InfR: 

" ~ 
- -l. ~ -e = w L w, 'lfi. 

i.=1 
fJJe = w-.1. 

' 
(3.1) 

I<! -.f. t L ~ )-i 
r,ne !.laTpHil;ll W~ =?. Cij 1I w- = 5"" \111.: HM810T pa3M8pHOCT:& 

J•i tal a , 

m X m . F.C.'!U rrpe,n;IIOJIOJ:GIT:&, 'ITO Ma T.PJITJ,a C 6JIU3Ita It ,nnarOHaJI:&HO:!l, 

TO MOlKHO .n;JIR "necon" w, W -J. namrcaTI:. rrprr6JIID.temrue qiCrpMy.~m u 

nponecTn rrccJie,n;oBaHH.H BJn!RHlUI Roppe.JUIIJ;!Iii Ha o6'be;rumeHHyiD ouemty. 

3aueTID.1, '!TO s,n;ech I! ,naJiee rro_n m IIOHUMaeTCR MaKCUMaJI:&HaR 

pa3MepHOCT:b BeKTOpa e . Ec.Jill HeROTOpHe 1!3 BeitTOpoB 1j;. co.nep

J:taT OUeHRH He BC8X rrapaMeTpOB 81, ... , em , OHll ,nOIIO.JIHRIOTC1l 

HyJIRMll, IIpU'!eM B MaTplll~e C TaiOKe ITORBJIRIOTCR CTpOKU l! CTOJI61-Ul 

H3 eyJief!. TeM He ti8HC8, cJx:lpMyJia (3. I) OCTaeTC.H crrpaBe.nJIHBOH, HO 

Bl'.1eCTO o6paTHUX MaTpl!U B COOTBeTCTBynrui8 BHpal!':eHl!.H BXO.n;RT IICeB,nO-

o6paTHHe Ma'l'PI!l-Ul. 

4. ButrucJieHHe Iwnapnawomroii MaTpiDJ,I:l o6'1e,!UIR!IeMHX 

ou;enoK 

ITpu o6'bewmenHn ouenoK HYlKHO 3HaT:o ux Konapua~OlffiYIO MaTpn

uY. I\oppe.JUUJ;IrR M8EJIY OUei!Kal.III 06WJHO IIORBJIReTCR B pe3yJI:&TaTe UC

IIOJI:&30MHRII Ilpl! HX BH'!HC.~'IeHHH 06lllllX CJIY'IallHUX rrapaMeTpoB. lTyCT:b 

rroJIHufi neRTOp ouenoR f = ( 1j't , ••• '· f/~< ) T orrpe,neJIReTcR <I;opuy-

Jioif 

V =[ex. if) = [ftC ;_c.~.,~), ... , t~cxK.rJ] T, 

......., -+ -+ T 
r.n;e x = ( X1, ••• , xli) - neRTop perpecciioHHHX rrepeMeHHUX, a 
-+ ( )T d lf = 'f1, ••• , Cf'N - B8RTOp 06U\l!X CJIY'Ial1HUX rrapaMeTpoB, npH-

.- - <f treM neKTOpH x1 , ••• , XI<! , nsaHMHO Hesanncn:Mu. Pa3MepnocT:& 

- - T neKTOpa X;. o6osHa'!UM qepes mi. , T.e. X;,= ( X;.1 , ••• , X.:,, ) • 
3aMeTuM TaiOKe, 'ITO neKTop If pasMepHOCTU N cocTaameTCR, no

o61J1e POBOpR, U3 BeKTOpoB a. 061J1UX rrapaMeTpoB, crreumpn'!eCKHX 

.n;JIR i.-oro 6JIOKa ,naHHHX, U BeKTOpa B IIapaMeTpoB, 06UUU ,nJIR 

ncex 6JIOKOB. 

Hail,neM rrprr6JIID.teHHy10 clX:>PMYJIY .n;JIR fJJij . Pa3JIOJKIIM cJlyHKumo r 

8 

B pJI.n TefJJiopa B OKpeCTHOCTl! TO'!KII 

HeiiHIIM rrpn6JIHiK8Hl!eM, IIO.JIY'!l!M 

M X, M if . Orpamrtn;BI!Illc:& .mr-

y ~ ~ + Fdx>(x-Mx) + Fc}"J(if-Mif), 

r.n;e fo = ( ft ( Mx1, Mif) , ... , fK ( Mx"', M if) ] T 

Focx>, Fo'") - MaTpmm HCCJIY'Iai!nux BeJIII'!Irn mma 

( 

(~rod~ fi) T • • • 0 ) 
(X) • • 

Fo = · · . . 
0 . . . ( 9rad:r,J11Y 

Fo('f') = ((grad if r~Y' ... ' ( '!rad if f·Y) 

( ~radx. f;,r = G~ .... , E.ll ) • x.,1 ax.:,m, 

IIpl!'IeM 

(4.I) 

• a 

( 
T (of,· 2£ ) 9radi( f•) = ac;,. • · · · , a : • 

CJie.n:yeT OTMeTHT:b, '!TO :3JI8M8HTII MaTpUU If. F
0
rx), Fo(r() , COOTD8TCT-

Bynrui8 HeUCIIOJI:&30BaliHUM IWMIIOHCHTaM XLj II/I1Jll1 06IlUIM CJIY-

qaiiHUM rrapaMeTpru.1 'ft. , 6y.IJY'l' panHH IIyJIIO. 

TaR KaK x u if HesanncnMH, TO us qx>pMyJIH (I. I) u ua qx>p
MY Jill ( 4 • I ) IIOJIY'IIIM 

fJJ fj :::: Fo("') 8J X F;/z') T + F/') 9J 1/ F/"J T (4.2) 

0TciCma, ytrnTIIBaJI nesanHcnMocT:o £1 , ••• , XI<! , IIOJIY'IliM 

eCJIII j ;e i f. . 2fl cofl' ( '(',. Y's) ;f• 
r.:s ,.f 8 ,,. lfJ 
' 

Cov(y•¥i):::: 
~ ~ ( ,, 2!!. ~ qf. ( ' "af, L a col! If,. '£'$; 8 + L a X· cov x.,,. xi,S} 8Xj s ' 

r.:sat 'f,. 'fs r,s~t .,,. ec.mr J. = L ,, . 
TaKHM o6pasoM, co'IF(tp. ~) rrpii i. :f j npm.ro rrporrop~OHM:&Ha cyr>"I-

Me KOBapHaurrff 0611U1X IICIIOJI:&3yeMIJX rra pm.reTpOB. 06IlUIMH rrapaMeTpaMU, 

OIIpe,n;e.n:eiiHHMU C OIIIU6KOH, MOryT 6HT:b, H8l1pl!!,1ep, KOa<I$ml1eHTII rpa

.IJYRPOBO'!HOil KpliBOi.t CIIeKTpOM8Tpa. lleKOTOpHe CTaTHCTU'!8CKH8 3a.IJ;a

tru, CBR3aHHll8 C rpa.n;yrrpoBitoii, paCCM8Tpl!D8IOTC.fi D CJI8.IJYK11l8M pas,n;e

Jie. 
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5. JleRoTopue 3a,Ila'!n rpa,nyupomm 

Orrpe,IleJieHrre ::meprun rrepexo,IlOB Ha HeRoTopor,l crreRTpoMeTpe 

BRJIID'!88T B ce6R ,IlBC CT8TITCTII'I8CRIIe 3a,IlU'Ill: 

I. rpa,IJy!IpOBP'..U CII8RTpOM8Tp8 (OUCIDW RO~CHTOB rpa,ny1!po

BO'IH0ll Rpnnoii); 

2. orrpe,IleJICHHC 3Heprn:i! U Bli'rnCJI8HH8 IIX ROBapHaUHOIIHOit M8T

pm]J1 C HCIIOJI:b30Balill8M OUCHOI\ R03<WMUHCHTOB rpa.nyiipOBO'IHOH RpHBOH. 

Ha BTOpOM 3T8II8 B IW'18CTB8 061J1IIX II8p8M8TJlOB ( Tima B8ItTOp8 0:;. 
II3 p83,Il8JI8 4) BHCTYJI8IOT R0Sgxpmm8HTII rpa,nyiipoBO'IHOll RpHBOll, 'ITO 

o6yCJiaBJIIIB88T I<OppeJI.mJ,IIJO MClK.I\Y ROMIIOHCHTW.m BCRTOpa 3Hepr!Iii, Ha:i!

,Il8HHHMII npu ,IlaHHOii rpa.I\YIIpo]r-e. Ha nepnoM JKe aTane poJI:b 061J1IIX 

napaMeTpoB ( TIIIIa BeitTopa 8 pa3,IleJia 4) nrpam 3HeprHH penepH!lX 

nepeXO,IlOB, UCIIOJI:b30BaiiH!lX (B pa3HHX OIIHT8X II T,II,) ,IlJIR rpa,nyupoB

RU, JIOJIOlKemte ,IJ;OIIOJimiTCJI:bHO OCJIOllUUICTCR TeM, 'ITO 3Heprmi perrep

HHX IIepeXO,IlOB B CBOJO 0'18p8,Il:b MOryT 6HT:b 38ROppeJIIIpGB81!H MClK,Ily 

co6ofi 6Jiaro,IlapR nciiOJI:b30BaHIIJO np:u nx onpe,IleJiemm 061J1IIX CJIY'la:fiHUX 

rrapaMeTpon - 3Heprrril HOpAaJiefi. 

Pacm.mTpiiM rrepnui1 aT an. ,lJ,7m n,IleaJI:bHoii rpa,ny1rpono'1HOi1 KpHnoii 

crrpane,IlJilmo cooTHornerme 

r,Ile 

f = nr; (5.1) 

f= cr1 .... , rmY 
f = ( 'ft'.,.' l(n)T 

- BCRTOp 3Heprn:fi; 

- BCitTOp ROail$IUHeHTOB rpa,nyi!pOBO'lHOil 

Rpnnon; 

n=={9iij} 
1
i:.l, ... ,m;j=i, ... ,n- l.l8TpmJ,a, 3JI8M8I!Tl1 ROTOpojj CCT:b 

clJyHRUHH HOMepoB RaHMOB II,Il88JI:b-

Horo cneKTpoMeTpa, r,Ile 3apern

cTpiiJlOBaHH sHeprmr fi • 
ECJII1, Haiipii!.lep, II,Il88JI:bH8R rpa,IJyHpOB0'1H8R RpiiBaR SffiJIJICTCR IIOJIIIHO

. L 
MOM cTerrerur n -l , TO 1i;.j = qr{ , r,Ile 1ii - HoMep RaHaJia 

II,IlCM:bHOrO CIICRTpoMeTpa , B ROTOJlO!.l 38periiCTpi:!poB8Ha 3HepriiR f.: , 
B peaJILHOM CJIY'188 HaM ll3B8CTHH TOJI:blto OU8H1tU ~ I:! p 

SHeprim f II M8TpiiiJJ1 n , J1CIIOJI:b3YR 3TU OUCHim H ypaBHCHIIe 

CM3II (5,1), MOl!\HO HBi1Tll OUeHRy if B8RTOpa V , By,I\8111 IIpe,IliiO

JiaraTL, 'ITO OU8H1tu if II p- H838BIICIUrue II H8CM8l!lCHHH8 

( M9 = f. MP= n ) . Kor,Ila pacrrpe,IleJiemre v II p RMRCTCR 

raycCOBCRUM, MH H8H,Il8M OUCHim MaRCID.IaJILIIOro IlpaB,IlOIIO,Il06UR ,IlJIR 

if , ROTOpue B STOM CJIY'188 COBIIa,IlaiOT C OUCHRru.m IIO MCTO,lly H1lllM8H:b

IlliiX RBa,IlpaTOB, 
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,lJ,7m BI1'1IICJI8IIIIR ItoBapiiBilllH II 38IIMCU <I:opt.!yJlll ,IlJIR qiyHRIJlUI rrpaB

,IlOIIO,Il06IIR HUM ~06HO 6y,IleT npeo6pa30iillB8T:b IIO OIIpe,IleJieHHOI\!y IIpa

BIIJIY M8TpiiiJy B BCRTOp U BCRTOp B MUTpirny, JiyCT:b IIMeeTCR M8Tpuua 

n = { 9iij} pa3M8pHOCT:bJO m X n II B8RTO£. if = ( 'ft , , , , 1 lf11 ) T 1 

U3 SJICMCHTOB ROTOpllX 06pa3yer.1 BeitTOp g; U MaTpiiiJy cp : 
fJF = ( 'Jitt 1 • •· J q;"in , qj"Lt 1 ... , Sf:.n, .. ·• !Jim1, ... , 9'i,;,,) T, 

(

ifT. • • 0 ) cp - . . . - . . 
• ::...T 
0 ... 'f 

pa3MepHOCTII COOTBCTCTDCHHO n >C m II m )( ( n lim) , IleTpy,IlHO y6e-

,I\UTbCR 1 'ITO n" ,;, cp§!. 
HCIIOJI:b3YR ypaBHemie CBR3U (5.1) II COOTHO!lleirne (5.2), 

'!liM JiorapiiqM lj}yHRIJllii IIp8B,l.(OIIO,Il06IIR B CJI8,IlY10lll8M BII,Ile: 

L(~.P) = (f- mf)rw7(f-nif)+(p-Wtwp(p-l), 

(5.2) 

IIOJIY-

(5.3) 

r,Ile L\.1 = (&JW't1 
u Wp = (Blf!'t1 

• OueHRII Koa<Iipm-!eHTO~ lf 
II neJIII'Imt §f HaXO,IlRTCR 113 MIIHIIMH3amm L ( 5. 3) no lf II !Ti , 
T, e , JIDJIRlOTCR pemeHIIRI\ffi ypaBHCHIIM: 

aL = 0 arp . 
IToJIY'laeM CJie,IlYICIIIIIe pernmmii: 

i=O 
-+ [ T ,1-i nT -'f = n wa nJ w1 ~. 

- [ T m 1-t [ T -+ -1 1i = cp w1 -r + wPJ <p w19 + Wp p 

UJII1, Y'liiTllBM ( 5, 2) , 

n = cp [ cpTw1 cp +wpJ1 [ cp Tw3 9 + WppJrpT (lf Vj-1 

(5.4) 

(5.5) 

(5.6) 

Jlo,IlCTB.BJIJ!Il ( 5. 6) B ( 5. 4) , HaxO~ RCROMOC ypaBH9HR9 ,IlJlSI 1/ , 
KOTOpoe B RBHOM BII,I\9 B OOmeM cnyqae He pemaeTCR, IT03TOMY ,IlJlSI Ha

XO~eHIIR B9RT0pa KO~eHTOB rpa,nyiipOBO'lHO~ KpRBO~ MOlKHO HC

flOJI:b30BaTb KTepanHoHHllft rrpouecc: 

nco)= p ip(o)= [ P\•/a P]-1 pT WI f 
(5. ?) 

II 



n (1<•9= pC"')[ <pC'<') Tw, cpc>~J+ Wpri [ cp(ll) w~ ~ +w,op]~cttl(¥(")if(II)Jo{ 

'f (ul) = [ n (lo/•1) T V/1 n (11+1)] -i. n (ll+l) T ~ f 
HeTpYWIO yKa38Tl> yc~OBHJI, IIpR KOTOpHX 9TOT rrpo~ecc CXO,IJ;RTCJI. 

Orrpe,IJ;eJieHHUe Tpy,ll;HOCTH B03HHK8IDT rrpu HaXO~eHRH KOBBpRBUUOH-

HO:I! MBTpHD;ll iJJ lf(ll) B8KTOpa O~eHOK KO:$ImJ:UeHTOB rpa.nynpoBO~O:I! 
KpHBO:!t HB ~ -M ( ~ = 0, I, •••• ) HTepa~OlUIOM mare H3-38 c~a~

HOCTH 3~8M8HTOB MBTpHD;ll p . IloCIIOJII>3YeMCJI pas~OllteHHeM B pJI,ll; B 

oKpecTHOCTH TO~ [Mp, Mg"] c TO~HOCTI>JO .no tmeHOB I-ro 

IIOpJI,IJ;Ka: 

!pM:::: fo'"'J +Go ("f-Mf) + Ho(p-Mp). 
Tor.na 

~ !pM = Go w1 GoT + Ho Wp H[ (5.8) 

r.ne Go- MaTpHUa pasMepHOCTH n x ( n x m) co cTpoKBMH BH,IJ;a 

( _/ cJtJ)T ·· H 9raup- .,. • L = I, •••• n • a 0.- MBTPJmB pasMepHOC-

TH nxm CO CTpDKBMH BH,ll;B ( 91-adf l.fl"')T , . i =I, ••• , n , 
rrpwreM Bee rrpoHsBo,ll;lrne 6epyTcJI B TO'ffie [Mp, M~] . . 
~ pemeHHJI BTOpo:l! CTBTHCTH'l:eCKO~ 38,ll;B~H MOXHO IIpHBne~ Me-

TO,ll; M~CKM8.7II>HOrO IIp8B,ll;OIIO,IJ;06HJI, aHBJIOr~o TOMY, KaK STO 6WIO •'' 

c,IJ;eJiaHO Bblllle. Boo6me roBOPJ!, ,nJlli pemeHHJI o6eux sa.na~ MOXHO Boc

rro~sOBBTLCJI Ta~e MSHee TO~, HO 6o~ee IIpDCTNMR MSTO,IJ;SMH. 

Bu6op Han6o~ee rrpneMneMoro c IIpaKT:Il'lecKo~ TO'ffilf speHHJI MeTo.na 

sa~eT ,IJ;8.7II>Henwero Hcc~e.noBBHHJI 

· ABTopl:l BllpalltBIDT 6~o.napHOCTI> ll.,ll.BwroBY sa IIJIO,IJ;OTBOpH!:le 

o6cYJK,IJ;emm. 
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