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. 1 ~. PaCCMclJPII1Ba'en:Si i::neityfO!itai:l MaTeMaTII11.feCKaR MOAen~. ·. nycTb. 
~ =(al~a2',.;.,~ 5 )- cny4ariiHblrii BeKTop napaMeTp_08;111:gl(t) ,- ... 
g2(t) , •.• , g 8(t) - ynopRAOI.feHHblrii Ha6op Hecnyl.fariiHbiX tPYHK4111rii ne-· 

peMeHHOfii t • d603Hal.fii1M l.fepe3 

. TJ(t) ~ a 1 g 1(t) + a 2g 2 Cb + ~-~+ a
5

g 
5

Ct) (1) .·.· 
. . . . ' 7• 

cny'-iariiHyto tPYHK4111to, pean1113a4111111 .. Koroporii ~ Hecnyl.fariiHble . QJYHK4111~ 
z(t) ;:· algl(t) + a2g2(t). + ... ·+ asg 5 (t), 8 AallbKeriiWeM Ha3bl8ae
Mble TpaeKTOP111RMII1; . II13MepRtOTCH 8 TOI.ff<aX t 1< t 2 .< .. ; .< t N C ; attttll1'-, 
TII18HbiMII1. 6w1116KaM111 f k , , k, .• = 1; 2, . : .· , !-:J ~ TaKII1M o6pa3oM, B TOI.fKe t k; 
nonyl.f~eM : · 

' ' . ' . . .• . : ~ ' ' ' . ~ ;' (" 
xk: z(tk) .+ fk =·alg1(t k) + : .. +asg.sCtk) + ek • 

" ~-) ~'! . .;(2) 
· 6/tteM :~_Petirionara~'b, ·\.fro_:ci1Y'-~ai1HbM se~T~p ow111oo~ ;:·~·(£~~·: .. , , 

.fN) .He3aBII1C111M :pT 8eKTOPoa .. TJ >; ~(71.( t 1 ) , • • • , rj(t N)) ~;;.111. 1i1MeeT. 1113~ 
BeCTHoe. P?-_CnP,etteneH111~. (Ko~ap111a41110HHyto MaTp1114Y.·K~ ) ;; ; ... ; : ._· ..• 

_ Ecn111_ a _Pe:yn~raTe 3Kcnepii1MeHTa OblllO' pean~3oBaHo'.r ,.TpaeKTo7 
Plll111 ~ny~a,II1H0111, 4JYHK4111111 8111Aa (1), TO B pe3yJlbTaTe 1113MepeHII1fii ,. ,

1 B Kali!AOIII l13 TOI.feK tK, k,: 1,2, ... , N
1
nonyl.faeMHeynopRAOYeHHo'e. 

MHOll!eCTBO Xk = lxk 1 .. l.fii1Cen •.. ·. . . ,'·. , ·, •· .· ..•.... · , :· . 
. ,HaKoH·eu~ ,·n~n~r,aiM .~,,~. ~~=i~ k •· '3ryeMeH.T'aMII1_ MHom~cr~·a m. ·~_anR~~. 

IOTCR BeKTOpbl y- (y1 , ••• , YN), rAe ~k·~~,. k -.,1,2,
7
,,.,,N. J1X,.;; 

l.fiiiCJlO paBHO 1m1 = rN • 8oo6~e rOBOpR, KOMnoHe~TaMI/1 BeKTOpOB Y 
RBllRIOTCR l.fii1Clla, nonyl.feHHIDie B pe3yllbTaTe VI3MepeH111fii pa3Hb1X TpaeK-: 
Ta·p~rii. BMecTe .c TeM t4HOIKeCTBO:m COAeplKIIIT TaK>Ke. seihopbl !113Me- . 
peHII1rii KaiHAorii 1113 r pean111~a41r1~. cnyl.fali11-!orii tPYHK4111111,. 71 (t). 6yAeM ooo-. 
3Ha~aTb .)1X l.fepe3 X ,= (x 1 ' ••• ' X N):T ~ rAe _B COOTE!I~TCTBI/1111 c (2) , .. 
x k =; .z (t ~) · +: ~ k·~ · k: ::· 1, 2_,_,. •• , N (:i (t) ' :;: onf<eAe!le_H~aR pean1113a-
4111R0 77(t)~)~ _l1 Ha~biBaTb .TPe.Ka~lll. nonara~M :lJ!, O) =!xI;,. TaK '-ITO,: .. 
1 !JR < > 1 -:-· r . 111 ~ < > c :· m.. ! , . . . • . t • . . : 

. 3ilAal.feli1 npeA&aPVITelll:aHOrii o6p&60TKIII 6yAeM Ha3b1BaTb MeTOA,Itl an:
ropVITM, n038011RifU4Hii1 lbltteiwiTb laO MHOKtecne m 'HeKOTOpoe nOAMHO..: 
lKeCTio' !Ill 0 '; YAOBJleTBOpsitOiilee ClleAYfOU.IItlM ycnO.IIIt11!M: . , 

. 1. i:lllo I $c. r. (C - 'nocTORtiHaH' He 3aBVJCR~ad\ OT N); 
2. !Ill (O) C ~ 0 ( Vllllr1 6onee Cllil6oe· YCllOBIIIe: ~{ n m o' .,;· r; ) ; 

3. AnropVITM MeTo,l,a Tpe6yeT pean1113a4111111 nopRAKa c
1

N onep~4111rii 
Ha npOIII3BOllbHblfii BeKTOp. 1113 »! • . 

r-~~- 7. . .._- ... ·ro· • .,_., 1 ! t_ .... t.t.-. .. ti{' 'l'""h 'GJ. .. ,a:;~ l 
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K Heo6xoA~MOCT~ peweH~H 3aAaY~ npeAsap~TenbHo~ o6pa6ojK~ 
np~BOAHT 3Kcnep~MeHTbl B o6nacT~ QJ~3~K~ BbiCOK~x 3Hepr~~ ~ pe3ynb
TaTbl KOTOpbiX npeACTaBnHIOT C060~ ~HQJOpMal,.\~10 C KOOJ)A~HaTHbiX Ae~ 
TeKTopos, a 6onbwaH MHOIKeCTBeHHOCTb Yacni4 s KoHeYHOM cocToH
H~~ fpe6yeT npeABap~TeflbHOfO CIKaT~H AaHHWX CKaH~pOBaH~H B n~
He~Hble TpeK-3neMeHTbl 11

•
21 

• B HacToHutee speiviH cyutecTsyeT 6onb
woe Y~cno pa6oT, ~cnonb3YIOU.l~x· pa3Hble noAXOAbl K peweH~IO 3To~ 
3aAa4~ 13

•
51 

• npeAnaraeMbl~ H~lKe ·. MeTOA OCHOBaH Ha ~AeHX Teop~~ 
pacn03HaBaH~~ o6pa30B /6/ • '- ,. . . ' '· ., 

Z. 6yAeM CY~T~Tb. BCHK~~ BeKTOp y ~m Ha6opoM np~~HaKos: Cn·e~ 
AYH OCHOBHWM BWBOAaM Teop~~ pacnb3HaBaH~H~ He06XOA~MO npeAno
lK~Tb,peWaiOU.lee npas~no, OCHOBaHHOe'Ha Ben~Y~Hax ~ KOM6~Ha4~~ 
3T~X np~3HaKOB, KOTOpoe n03BOhHeT BWAen~Tb B MHOlKeCTBe ~ nOA~ 
MHOlKeCTBO tpeKOB. BMeq_e c 'ieM HeTPYAHO BL1AeTb, '-iTo· KOMno'HeH..,:; 
TbLCny4a~HOfO:BeKTOpa ~ = (~i , ~2 ~ ~.-., eN)'~ .~k ·= TJk + ·r.k, Kop
pen~pOBaHW.' B CBH3~ c 3T~M npeABap~tenbHo·cneAye~ onpeieri~Tb 
HeKoTopoe opToroHanbHoe ·npeo6pa3oBaH~e, AeKoppen~PYIOlltee '3i~ 
KOMnoHeHTbl, T. e. n~~MeH~Tb xopowo ~3BecTHoe npeo6pa3oBaHVIe · · 
KapyHeHa - fl03Ba I "_; A~aroHafm3~PYIOlltee KOBap~a4~0HHYIO MaTp~4Y 
cnyya~Horo 8eKTopa ~ • ,. · '' · · · · ·· · ' ·· ·· · 

06o3HaY~M Yepe3 C - Kosap~a4~0HHYIO MaTP~4Y se~i-opa napaMeT
pos.a .nycT~ Aanee ·a_= (gjj) ,:... MaTp~4~· nopSJAK~ Nxs;· Eie~To~aM~·.:. 
CTOfl61,.\aM~ g. KOTOpO~ · HBflSIIOTCH. Ha50pbl 3HaYeH~~ HeCf1Y4a~HO~ .QJYHK-
4~~ g j (t) B J T04K.aX, ti:, : T =· ·1 ;2, ~·.· :•~:N,' _:~.e. gj. = gj (t i'.) ~· V13'Jl) -
~ (2}.TorAa cneAyeT:····I.lTo · · .. ·. _., ... ;;.,. /·"· ·: · J '·•.·" • .... '·'. ' ' ' - ' . ( . ' . '• ,-. ~ ' . ;;-=a;; .[;;;, aa'+f". ", --,. · ·. ·· · · ·~ : ·'(3} 

.; • ; • '. t. •. . . ~.. . • : .. :: ,, i 1 \ ·., . 

Ecm1 KM - KOBap~ai,.\~OHHaH M!i,~P~4e_ BeKTopa ~: ( T'. e. :MOAen~ )' i-1 K''
KOBap~a4~0HHaH MaTP~4a BeKiopa ·e' :To. B c~ny 'iie3asi,jcV!MOCTL.i ouiVI:-

'5oK '~3MepeH~~ oT ·~. nony~aer-1' .. · · ·· · · ·· · · 
-~~:.·_:.)·:.·., ._·; ~.;;~:'." ; ·: '' .)•: ,. ~-. / 

t·· ... 

K'·;;·~.+'K(: ;,,.?:~.~- /J_~· ~fK( ~\' '·' .. , . . .:.·::~·, .. 'Cf(_: 
·.·; 

. ; BCIOAY· a·· AailbHe~weM. Mbi. npellnoriaraet-4·~·. 4TO. <letC I ·a L4 ·c~cTe.Ma .... 
. BeKTopos gf= ·(g{(t i) ', .···~·, g i (tN)) T , j ,= l_, 2, ~ .. ~ ;s· n~~~~~o·_ · · · _ 
He3aBLIIC~Ma'. >0503Ha4~M. yepe3. Ak,' k = 1·,2; ... ·, N; C06CTBe~Hble ·, .. 
YVIcna• MaTplli4bl K'i13: (4),· TaK '-iTo 0 ~'"'i·'-5··: .. ·;~-AN.'·~; Ye:p~3 'L'M::.. __ ~· 

. ~~.ll~po,cTpaHCTBO :(pa3MepHOCT~ S ),_ n~pO)I{,Q,~H~oe ~-~KT_opa~Wg 1? ·,:.·, g ''• a·yepe3 LJ.,_, ero opToroHanbHoe aononH.eHVIe>.···· · ·. ·· ·. ~ 8 

'Fe;:o · p e M' a'.'' nycrb K '= a 2I· (I ·-· eA.LIIHVIL!HaSJ::MaTp~4a} Ltl ·r.,a-
• » • ( • "·'•."" .·~' •• ." •• •• .. ' ·, ,f •, ' 

TPVI4a K onpeAeneHa COOTHoWeHLII.eM '(4) .. Tor,Q,a:··· ·.~: ... ··~ . ' . '· ...... 

~: ,;,,,~Ji i ~L2(~·~·;· "i~~ ~ ;·~ ; '; '' • ; :·: 0 

0 
• : ; ' • i · ' ' 
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rAe Yep'e3 L (A) o5o31-iaYeHo noAnpocTpaHcTso co6cTa·etiHblx · seKTopos, 
COOTBeTCTBYIOlltl'iX C05CTBeHHOMY. YVICflY >.. ~· ·· ; . . . 

0 
. . 

0 
. 

IJ. o.: K a 3 a T e ·n.b c .T B o· •.. Q6o3HaYVIM .yepe3 A~> (0 -~A\)~ 
.s .:. , sA~>· } co6cTBeHHble YVIcna .MaTP~4bl • KM .VI AOK~lKeM npeAsap!J1-
TenbHo, 4TO .. 

, ' ' (0) . - (0) . : i 
1 ... A 1 = ••• =AN_ 8 = 0; .. 

., 

2; .', .LJ. = .L (O). , 

lJ.e~CTBVITenbHO, T. K. detC f,. .0 ~ RdngG = s B cl.-iny~ n~He~HO~ 
He3aBvlCVIMOCT~ BeKTOpOB:-CTon6L\os 3TO~ MaTpi-11,.\bl,. TO~ nonyyaeM, 4TO 
Ra~gKM = s.: ~nelloBaTemmo,, ~Ho[o~Y~el-l ''?e~ lK'~>:- AI I· ~MeeT. ~opeHb 
A,- 0 ~paTHOCTVI N- s, T..e. } 1 .... - ••• -; .~<14-s ~ nyHKT 1 AO-.. · 
Ka3aH·. COOTBeTCTBYIOlltee ,C06CTBeHHOMY yil!cny A = 0 'noAnpOCTpaHCT-

. s'o co5cTBeHHbD( seKTopos L (O) M1npV14bl K M VIMeeT· pa3MepHOCTb N -s. 
npeJinonolK~M Tenepb,. 4TO BeKTOp y .::; LJ.. TorAa CKanHpHoe npo

, ~3BelleH~e (i~ j. y ) =.· 0, · ' j -:: 1, 2; · .. .', s ·VI, cneAOBaTenbHo, · · · · 
T - -a .. ::Y ,= 0. ,; 

OTCIOA~ nonyyaeM, Y~o 

- . T- . - , -
KM y = a · C • (0 y) = a • C ~ 0 = 0 • y 

· T.~. y .~ L (O). Mbl. noKa3anVI TeM caMbiM, YTO L ~ L<0 >. B c~ny pa
BeHcTsa· pa3MepHOCTe~ 3TVIX noAnpocTpaHCTB:oH~. cosnaAaiOT, ~ nyHKT 
2' AOKa3aH TaKme~ ... · . . . . .:. ;,; .. :·. · ·, ' , · · · .. · 

HaKoHe4, noKalKeM, YTo ecm1 · A _ .. co6cTBeHHoe YVIcno MaTPVI4bl 
~. TO i.j~cno . X = K + a 2 SIBnRel-c'SI 'co6CTBeHHbiM AflH MaTP~4bl K ~ 
lJ.e~CTB~TeflbHO; . ' . , . : '. . . 

, . . .- 2 ., . 
detiK -All= detjK'M+KE ;_AI :-a II= 

. . 

= det I (KM- :\t) +' (KE- a 2I)I = det IKM~:\ I I= 0, 
\ ~ ' 

T.K. KE =a21. -
0TCIOAa HenocpellCTBeHHO nonyYaeM, 4TO A 1 = .·. . = AN_ 8= a 

2 

~ nyHKT 1° Teope~bl AOKa3aH. . 
nycTb Tenepb 'tr -. C06CTBeHHW.~ BeKTOp, COOTBeTCTBYIOlltii1Lii C05CT-

BeHH,OMY Y~cny'X' MaTP~4bl Kr.f ll~KalKeM, .4T'o 3TOT me BeKTOp rx HB

nHeTCH C06CTBeHHWM AflR .MaTpl/11,.\bl K, a COOTBeTCTB,YIOU(ee eMy C06CT:-
- BeHHOe 4V1Cfl0. paBH~ .X +a~-,~: lJ.e~CTB~TeflbHO, . . . . 

K. rx 
-· '•, -\' "; 

= KM· r K + K( rx'· ~ .... 
= ~fX +a 2Itx= (i*' u2)tx=Af"X,. 

" 

(5) 

3 



OTC~Aa riony~~eM, 4To'ndAnpocTpaH~TBO c65cTBeHH~X-BeKTopoB· 
MaTPiil4bl L (a 

2
) ,' 'coOTBEHCT~Y~IiiX C05CTBeHHOMy ,41!1cny. a 2,; CClBna

AaeT C nOArlPOCTpaHCTBOM C05CTBeHHbiX BeKTOPOB L (O) MaTpli14bl' KM 
c co5cTBeHHbiM: 41!1cnoM 0, OTKYAa cC yl.teTOM nyHKTa 2 ,. 111 · cneAyeT pa-
BeHCTBO L = L<a 2 ) : · TeopeMa AciKa3aHa. · .•.. · 

nony4eHHbl~ .B TeopeMe pe3ynbTaT COCTaBnSleT OCHOBY cneAy~ero 
MeTOAa BbiAeneHl!ISl ( pacn03HaBaHI!ISl) TpeKOB I!IJ ·. BCe~ COBOKynHOCTiil 
nony4eHHbiX li13MepeHiil~ •. nycTb 9J = 1¢"1 , •.. , ¢ ~-s, ¢ N-s+ 1' • · 

1
• , if>NI

opTOHOpMIIIPOBaHHbl~ 5a31!1C ·. lil3 C05CTBeHHbiX BeKTOpOB l\.1aTplil4biK, no
CTpoeHHbl~ cri_eAYI<>~IiiM. o5pa3oM_, Befn~opi,(.·¢.1'. ' .• '·iN~~ o5pa3YI<>h, 
np01!13BOnbHbl~ 5a31!1C noAnpocTpaHCT;Ba L , T, e •. COOTBeTCTBYI<>T: Halil,
~eHbWeMy c,o5CTBeHHOMY ,~llicny .A :::··a 2, _· a KalHAbl~ 1!13~ Be~T~poB . ~, 
J = N - s + 1, ... , r~·.YAOB[leTBOpSleT. p~BeHCTBy K cPj= ,\ j ¢ j 111_, ~.ne
AOBal'enbH00 npliiHaAneH<l!IT noAnpoc_ypaHCTBY LM, (Ecn~ KpaTHOCTb _He-
KOTOporo ,\j', j >f'J_;sA·) 50~b.W8 eA~I;llil4bl 1, TO B CO~~~eTCJ.~Y~jM . ' 
ncitinpocTpaHcTBe L ( J c L.M Bbl51!1paeM npolii3BonbHbl~ opToHopMI!IpoBaH-
Hbl~ 5a3vic! ) .' ' . · · . . · · . 

Ecn111 Tenepb ~ - npo1!13BonbH~~ BeKTop lil3_m, JO· nony4aeM·pa3-
noH<eHI!1e 

N-s _ N _ 

y = I 'ck ¢. k + . . I ck ¢. k • 
k=1 ··k=N-s+1 

if" • 
(6) 

'·. ~ 

Ha5op KOOPAiiiHaT ( c 1 , ·• : • , c N _ 
8 

, c N _ s+ 1 , ••• , eN ) Bei<Top~ 
B .5a31!1ce$ rP~ACTaBnSleT co5o~ HeKoppenlilpOBaHHYI<> COBOKynHOCTb 
npi!I3HaKoB aToro .. Be'K'Topa. no,~p~3HaKaf>:1 ci, -~ .. ,eN-s .Ill cTp01!1T-
cH pewa~ee npaBl!lno 3aAa41!1 pacno3HasaHI!1Sl. , ,. ... ·· 

3. 4nSl nOCTpOeHI!IH:yKa3aHHOro npaBI!Ina B 3aAa4e pacn03HaBaHl!ISl 
(B 3aAa4e npeABapi!ITenbHO~ o5pa5oTKvi pe3ynbTaTOB 1!13MepeHI!I~) Ha~
AeM pacnpeAeneHI!ISl Ill HeKOTdp~e XapaKTepi!ICTiilKiil HeKOppenll1pOBaHH~X 
cny4aiiiHbiX Beniii4111H c 1 ; •.• , eN_ 

8 
• · · 

6yaeM npeAnonaraTb CHa4ana, 4TO cny4a~H~~ BeKTOp e SlBnSleTCSl 
TpeKOM, T.e. ek=TJk+fk, k= 1,2, ••. ,N: Cy4eTOM (1)111 (2)' 
TOrAa HaXOA~1M, 4TO AnSl BCSlKOro j :: 1,2;.:·.·;.N;;..s ., \ 

- ~ - - .. . -;;·;·~,- •: .:-: - .,_. --N , ...... 

cJ =Ce' if>J) = (TJ, if>J) +(t '¢ J) ~~(-~, ¢ J) =.t:l (J·.~·~J :' 
~ • • < " • • , ' '>, 

(7) 

T • K. 7] ~ L M • . Ecnlil KOMnoHeHTbl Bei<Topa \ owi15oK He3aBII1CiiiMbl B COBO
KynHOCTII1 111 pacnpeAeneHbr no'· OAHOMY 111 TOMY li<e :3'aKoHy' c• nnoTHOCTbl{) 
f( (u) , To nnoTHOCTb ·rc .(u) pacnpeAeneHII1Sl cny4a~Horo K<?.~<P¢111-. 

. . J . . •. '· .. 
4111eHTa c. npeACTaBnSleT co5o~ cBepTKy: · • .. J -

4. 

) 

)j. 

) 

) 

(8) f c J =. f 1 * f 2 * ... * f N (u) 

rAe rk {u) = r ck q;kJ(u). 

npetinonOlHI!IM Tenepb, 
6111pa1<>TCSl He3aBI!ICII1Mo. B 

4TO KOMnoHeHT~ cny4a~Horo BeKTOpa l B~-· 
3TOM cny4ae C y4eTOM (6) nnOTHOCTb f~ 

' pacnpeAeneHII1Sl HBnHeTCSl 
noHetiT, T. e. 

cBepTKo~ nnoTHOCTe~ pacnpeAeneH~~ KOM-. 

r c . (u) = r t: -~. . * ... * _r c A. • ( u ) • 
J. <, 1 '~-' lJ • 'N '~-' NJ 

(9) 

npoaHanlil3111p:yeM nony4eHH~e CO.OTHOWeH111e. (9). J;:K:~·,ek = ;TJ k'+ ~~' 
k. = 1; 2, • , ~ , N. ' ( HO KOMnofieHTbl. 1J k He. QJOPMII1PYI<>T BeKTOP-;-TpeK. TJ ,) 
Ill 0Llllii5KII1 lii3MepeH111~ 'He 3aBI!ICSlT.: OT liiJMepSleMbiX Benii14111H,- TO ,. 

• . ~: t• l ~-,~ •• • ~-.. ••• ~. • i.'<.~.-· \ • ~· \' ··~· 

r_~:: .. ¢',.(u)=·fTJ ..~._· *f~ ..~.· (u); k~l.2, .. ~.i{.' (10) 
s k _kj ' \ ' ' k 'f' kj c k 'f' kj . . : \ ·• .} '" " ' 

•. ' !· [! 

noACTaBnSlSl (10). B npaByl<> ,4aCTb (9) , ... HaXOAIIIM,: .4TO 

• ! ... , ~~!.-~t ,: ~ ' 
f'c. (uhd.;/(fTJ· ¢ .,* ... * f TJ q; . ) *(f1*;;;:* fN)(u) ,, 
, . J ,·· . ·.',~-,-.,.~ 1J , N NJ. · , · 

.: • f • ; ·J_ •.• ., . ··' -~ . '. t.' ' , :. " : . ' . :· 

: ( 11) 

rAe BTopaSl>cKo5Ka B -(11) coBnaAaeT c npaBo~ 4aCTbl<> (8). B pe-
3yn~raTe .n.oriy<-iaeM, 4T() nn~THO.CTb pacnpeAeneH111Sl. 1i03QxPI!I4111eHTa ,cJ 
B! cny4ae He3aBI!ICI!IMOro Bbl5opa KOMnOHeHT BeKTOpa' e OTnl!l4aeTCSl 
OT 'nnOTMOCTIII pacnpeAeneHII1Sl TOro H<e. K03QxPii14111eHTa, KOrAa ( SlB.- .. 
nHeTc·Sl· ... setnopoivl i{3MepeHIIIV1 cny4a~t-ioro TpeKa; t-i<mlll4111eM Aononlill1..: .. 
TenbHoro ,c8~pTo4Horo MHOH<II1TenH BII1Aa· · · "· 

f. )\;*}~~~i:,·:~.:.''\· .. ·(u). . ·: .... i, .: : ~·;~·· 
TJ 1 ¢.1J. :/ c ' TJN ¢ N j ·. ' -' ?, ·. : i' 

~, ~. •' t I. '" T 

~ ,, ~ 

( 12)" 

,. ,·: .. :t;'f ~ , s· ·-~" .. "\:~-.A~n i: :~···. 
TaK111M. o5pa3oM, pewa~ee npaBII1no MOH<eT :5b1Tb ~nocTpoeHo ( c y4e,-

TOM 'sblpaiKeH~Sl· · (12} ) no B111AaM pacnpeAeneHII1~.. · 
-···;·~ ·-*~·.:; .• '(;_:·;,~;:.::;. i'• .... ~- -,~-~--~- '· "'" 

4.,.J~aCCMOTp111M, KaK, QJOPM111PY,eTCH;·tPeWa~ee ,npaBIIInO, liiCXOASl 
1113 · 8i-1Ao8. pacnpeAeneHII1~ (8) .111 (il) ~~' (:lpeAnonoH<111M;;•4To p'eanl!13a- •. · 
4111iiM111~ cny4a~Ho~ QJYH.Kt.\111111 ( 1). SlBrlSli<>TCSl npHMble,: 111CXOASl~V1e 1113 OA
HO~,:T04K_0 1 (H,a4'ima.KOOPA111HaT:·.( ~.Qf.::~TOrAa s = 1 Iii g 1(t) ~~t. 
nycTb "lfi3MepeHII1Sl ~ocy~eCTBnSlK>TC~ .B TO<-iKaX t k = k, k = 1, 2, ••• ,N, 
np~4e'r~1 '6wL16f<111 ·-1113MepeHIII~ ( Kor:u1ot-leHTbi eiet<l-opa f:). paBHoMepHo pac
npeii.e·neHbl Ha L-1iiTe'pB'an'e,'. [-~:-~1. ,HaKOHe4, npeAnOnOlHIIIM, .4TO cny-
4a-~Ha.'Sl . Benlli41>1Ha . TJ<ftf~ TJ(l) paBHOMepHO. pacnpeAeneHa Ha: liiHTep~ ·. 
Bane [ -a'~ 'a i . 1.13 ·a Till X ripeAnono-H<~H"vi~ nony.4aeM, ~To 

:,· . Y' · • • · ' - ·~·· · • ;_, ~ ,•, ·l_,j;r.. • ·• ; . 

·7'7 r; .... '· 
~. 

_s 



{ 1 
-. u ~ [ -6, 6]' 
26 

C (u) = 
( -

0, u ~.[ -6, 6] 
I ,/ i ,~ 

: .. 
Ill 

{ 

1 

l 
· -· , u ~ [ -a, a , 

2a 
r (u) = -

TJ 0, .u ~ [-a, a 1 . 
,J 

H eTPYAHO BIIIAeTb, '-ITO CBepTKa ABYX <fJYHKL\IIIIii, KamAafl .1113 · KOTOpbiX 
IIIMeeT KOHe'-tHbllii HOCLHenb,. TaKm(t's:~shsleTCfl·.cjlyHKL\IIIelii C KOHe~HbiM 
HOCIIITeneM, nplll~eM ecnlll ·. stippf ;'=[ a, b] . Ill supp g ='[ c ' d 1 ·,:\1-o 
supp(!*gf = [a + c, ·'tr' + d 1. · ~1cnonb3Yfl 3TOT cjlaKT, HaXOAIIIM~ '-ITO 
nno!HOCTb pacnpeAeneHIIIfl fnY':faliiHolii senlll'-tiiiHbr cJ , j = 1, 2, ~ .•• ·, N, 
KOrAa cny'-taliiH~Iii BeKTOp ·e'fiBtifleTCfl TpeKOM, B COOtBeTCTBIIIIII c·s~
pameHI/IeM . ( 8) IIIMeeT KOHe'-tHbllii HOCIIITenb, COCp_eAOTO'-teHHbllii BHYTPIII · 
IIIHTepsana [-N6,N~].(LK; I<PiJI~1 Ans:~vi;'J· = 1',2-,: •• ;N).··~ 
Ecn111 me KOMnOHeHTbl BeKTOpa { BbiOIIIpaiOTCfl He3aBIIICIIIMO, TO HOCIII
Tenb nnoTHOCTIII pacnpeAeneHIII~ cny'-laliiHolii .senlll'-tiiiHbr c J cocpeAol-6-:-:· l 
'-teH BHYTPIII IIIHTepsana [-N(a+~), N(a + 6)] B COOTBeTCTBIIIIII c(11). 

TaKIIIM o6pa30M, ecn111 ,, .•. , " ... 

, • . :1 r /.", r ~", 

I cr(e)! > N~ ·. :· ·;· . .. . . . .. , ,. , -~~:: :,:;:~~~2:{): 
Anfl ·HeKOTOporo j_ =. 1,2, ••• , .N, TC) .COOTBeTCTBYIOUlllllii .BeKTOp •3( 
He fiBnfleTcst· TpeKOM. .. . . . . • . . . ~- . ·· .... , .. ";. :, .. 

ECTecTseHHo; '-ITo pewaiOUlee npas111nci (KPIIITeplll~ Tlllna (12')) 
cneAyeT npiiiMeHfiTb nJ)III cjliiiKCIIIpOBaHHOM j He KO BCeM peanlr13al\111fiM 
cny'-laliiHoro. BeKTOpa {, a TOnbKO K TeM 1113 HIIIX: KOTOpbre ·,He·;'YAOB
neTBOpfiiOT 3TOMy KPIIITepiiiiO Ha npeAbiAY~eM ware j - 1. TaKafl npo
l\eAypa no3~ons:~eT:3Ha'-I~TenbHO·YMeHbiliiiiTb cpe~Hee '-I~Ehri 0on~pa41111ii 
Ha OAHY pean1113a411110. . . " · · · · ·. ,.~,.., .;:• · 

; 6brno npoBeAeHO HeCKOnbKO 3KCneplr1MeHTOB C IIICnOnb30BaHIIIeM 38M. 
B KamA oM 3Kcneplr1MeHTe reHep111posan111cb 10 . Tpet<os, r<a>ititbrlii ··,:,3 Ko
Tc.ipbrx npeAcrasns:~n cooolii nps:~Myro '~(t) = at, IIICXOAflutYJO 1113' HaYana · . 
KOOPAIIIHaT TaK, '-ITO B :To'-!Ke ,t 1 ·=.lc:qly'-laliiHafi'Benlll'-llfi:H.ii·'~'(~~ ), ··r.·l' 
KaK Ill' Bbrwe,. 6brna . pasHoMepHo pacnpeAeneHa · Ha IIIHTepsane [ .!.:!,; a]_ •.. 
B _TO'-IKax tk = k; k = 1, 2; 3} 4 <'(raK ~To N = 4) n'polr13BOA111m1cb 
1113MepeHIIIfl Ka>KAOiii 1113 10 npfiMbiX '(:> 6wl-16Kolii 0Kpyrne'Hr..1s:~·· 3Ha'-leH111sF. 
1113MepeHIIIfl, pacnpeAeneHHolii ·paslioMepf..to Ha IIIHT.epsarie [9 ,· .. ~1 :~· · B · pe-
3YnbTaTe OblnO nony4eHO' 4. COB~KYnHOCTIII xj ' r = .:1 ~ 2' 3 '~;no 10 1113.;. 
MepeHIIIIii KamAafl: KoMOIIIHIIIPY~'hpoiii~BonbH~e 3neMeHT~ nony'-leHH~x
MHomecTB, nony4aeM 10 4 pean1113a41111ii cny'-laliiHoro seKTopa (cpeAIII 
KOTOp~x COAepmaTCfl Ill 10 TpeKOB!). 

/ 

6 

·~·· lf,' 

i' 
I. ·, 

'. :;'' -· 
no Y~nOBIIIfiM 3~cne~~~eHTOB nOA~POCTpaHCTBO L~OAHOMepHO Ill, 

cneAOBaTenbHO, nopomAeHO BeKTOpOM . 
- ·1 ·. '. . ., 

<;64 = -=(1,2;3,4); 
v'30 ; - . '· 

0TCIOAa pa3MepHO<:_Tb q])TOfOHanbHOrO AOnonHeHIIIfl L paBHa TpeM. 6a-
3111CHble BeKTOpbl if> t. if> 2, .if> 3· B L ( B CL·1nY npolr13BOnbHOCTII1 '111x BbiOO
pa) onpeAenflnlllcb KaK AIIICKpeTHbre MHoro4neHbl, opToroHanbHbre · · 
Ha· MHomecTse ·1-13.4 3neMeHTos.· · · · · · . - ·· · ·• :· ... 

tlnst 'YAOOCTBa 111306pameHIIIfl Anfl KamAOLii 1113 pean1113a41111ii Bbi4111Cnstn
Cfl He COOTBeTCTBYIO~IIIIii K03cjlcjlllll\llleHT C j.(i), . a Benlr14111Ha. ;{} j = 
= c j (f) I II Yi I ' y (,;; m' npeACTaBnfiiOUlafl cooolii KOCIIIHYC yrna Me}f{AY 
BeKTopaMIII y 111 ¢J ·. B 3TOM cny4ae pewaiOUlee npas111no ·He MomeT • ObiTb • 
3an111caHo B BIIIAeHepaEieHCTBa'(12'). BMecTo· 3Toro Ha3Ha'-lancfi.He
KOTop~lii nopor h, 111 no KPIIITeplllro: 

cJ(y)/!IYII·~ h : ··:( 13) 
'•·>1'• 

cooTBeTCTByro~as:~ pean1113a4111fl y IIICKnro4anacb 1113 AanbHeliiwero pac
cMoTpeHIIIfl KaK He s:~sns:~ro~aflcR TpeKoM. Bo scex 3Kcneplr1MeHTax a =0, 1, 
~ = 0, 001. HeKOTOpbre pe3ynbTaTbl CBeAeHbl B Ta6n1114Y; B-·fl4eliiKaX .. 
KoTopolii · OTMe4aeTcst '-llllcno cnopacbrsaeMbiX Ha KamA OM ware .•. · BeKTo.;.< 
POB y . B nocneAHelii CTpOKe yKa3aHO OKOH4aTenbHOe '-IIIICnO• OCTaBWIIIX-:
Cfl nocne npiiiMeHeHIIIfl Kplr1Tepll1fl ( 13) BeKTOPOB y , L e. TpeKOB ~ Anfl 
KamAoro 1113 paccMaTplllsaeMbiX 3Ha4eHIIIIii h. ·· ' · · · · 

··, B pe3ynbTaTe np111 h = 0,03 anropiiiTM ocTasns:~eT 38. TPeKoB,BKnro
'"'~~ 10 IIICXOAH~x ('-ITO iaKme nposep~nocb anropiiiTMOM s·opo4ecce 
npoBeAeHIIIfl 3KCneplr1MeHTa) ;'Hanlr14111e ·AOnonHIIITenbHbiX ·.Tpe.KOB, ,BnOnHe 
OObfl CHIIIMO, Ill X CE!napal\lllfl AOnmHa ocyujeCTBnfiTbCfl B nocneA~eM 
(a.He ~a.cTaAIIIIII·.npeABapiiiTenbHOiii o6pa60TKIII). ' 

I - , , ~. ,- ,_ , 

N~ 3Kcn~ 

h 
0' 1 

2:' 
• ~'. '.,' L"l. 

.Ja6n1114a; .•. 

;_ 3' . 
•. 

·'o··0'3 . ' 
. 02 

0,5 
548. 

·.3035 
7087 
2913 

. 0,3 
2715 

'4062 
. 2274 

0;1" 
6491 
2696 

·a ,05 ., 
7662-;; 
197a·· .. 

7987 
1669 
306 .. I 03 . ' 

. U . 
949 

544 
'269 

308 .·. 
.• 60'' ' 38 : .. 

" ' 

J

. 4111cno. TpeKoB 

l: 
j 

. 5. PaCCMOTPIIIM Tenepb cny'-!alii, KOrAa KOBaplllal\IIIOHHafl MaTp1114a 
OWIIIOOK 1113MepeHi-Jiii RBnfleTCR AlllaroHanbHOiii, HO He CKanstpHolii, -f'.·e. 
KE=a2 W, rAe W=diag(w 1 , w 2 , ••• ,wN) 111 wk > O,k=1,2, ••• ,N. 

; ' 

7 



B aTOM cnyYae no·AnpocTpaHCTBO, opToroHan~Hoe L M , H~KaK He css:r-
3aHo c noAnpocTpaHcTBoM; nonyyaeMbiM B · pe3ynbl-a're AeKoppens:ru,~~ 
MaTP~LI,bl K = K M + Ke. _ . ·· .. 

lleViCTB~TenbHO, npell,nonmK~M, Hanp~Mep, YTO S = 1, TaK YTO 

71 (t) = ag(t), rAe D[a]=d. TorAa KM= g·d·gT~ 

K=KM+Ke ,;,dg .gT + a2w·. 
:' •,:: -' ~ ·, 

noKaiHeM, YTO BeKTOp g He SlBflSlEHCSl co6CTBeHHbiM AnSl fviaTp~LJ,bl K. 
HaxoA~M · · ·' 

- - -T - . - 2 -
K M g = d. g. g • g ,;•'d II g II . g • 

;l 

TorAa 

. - 2 - 2 -
K_=(K +a 2W)g=dllgll ·g+a Wg. 

g M . . 

llns:r TOrO YT06bl BeKTOp g 6bln c'o6CTBeHHbiM, H_eo6XOA~MO ~ AOCTaTOY-
HO s~nonHeH~e ycnos~s:r 

~nw 

(d II ill 2·+·a2 
W) g =,_;g. 

CneAoBaTenbHO, 
•"•,,• .. ,.,. 

,•.-! .· 

w = _l_(ll··- d II g\1 2) I. 
{12, , , ·;.IT_ ., .,... ·I·· 

~. 

•'i. 

.• .. 
T.e. s:rsns:reTcSl cKans:rpHoVi MaTp~u,e£1 np~ n~6oM ll, YTo~npoT~BopeY~T 
ycnos~~. 

PaccMaTp~saeM~£1 np~Mep.noKa3~BaeT, YTO HenocpeACTBeHHOe np~
MeHe_':i_~e Ae~oppen~py!OU.Iero npeo6pa3oBaH~Sl KapyHeHa - flo3Ba. B cny
Yae A~aroHanbH0£1 KOBap~au,~oHH0£1 MaTp~LJ,bl He AaeT npaB~nbHOro. · 
pe3ynbTaTa. _ 0TMe·T~M, ~TO 3TOT} cf>aKT SlBnSleTCSl O~paH~YeH~eM 
Ha np~Me-HeH~-e ·MeToAa, n~eAno~HeHHoro s pa5oT-e 

41
• 

noaT.OMY cnyYa£1 Ke= a W He06XOAi1Mo' CBOA~Tb K yiHe paccMaTp~
BaBWeMyCSl. BblnonHs:reTcs:r 3TO cneAYIOU.I~M o6pa3oM. nQnaraeM J = 
= W- 11.~ ~ paccMaTpii1BaeM HOBbl£1 ·cnyYaViHbl£1 BeKTOp e (l) = T t". Era; 
KOBapll1aLJ,~OHHaSl MaTpii1LJ,a.II1MeeT~B111A: 

K (1) ,;_T.K· T~= (T.G) C(TG) '+a 2T-WT' = a<1>.c · G (1)' + a 2 I ~ 

.• 

8 

TeM CaMbiM_ nonyYaeTCSl. HOBaSl. MOAenb, nopOIHAeHHaSl MaTp111LJ,e£1 .BeK-': 
TOPOB-CTOn5u,oB' (J(l) ; r ow~5K111 i13Mepe_HII1Vi ~Me~T Te.f1epb OAHYii i 

. .· ... " .... 2 . • • . . . .. . . . .. 
111 TY_IHe A111CnepCL1~ a . ··. ;, . •. ,., . "''' . ,-,' -, ' ·- . r. 
· ·· : nocneAH~e p·accyiHAeHL1~. Mo.ryT .·5b1Tb, o6o5~eHbl Ha npoii13BonbHY~ 
Maipvlu,./':owvi5.oK _ K(, koTopas:r B c0ny·: ·csoe£1, iionoiHL1Tenbi-w£1 onpeAe~_; 
neHHOCTL1: see rAa · npeAci"aBL1Ma . B · BIMe KBa/J.paTa HeKoTopo£1 MaTpii1LJ,bl • 
. , . , ,_, _, .~ ,. _ , . ,f <, __ ~ • , , _ c \ •, r ·- · ' · · • ···• 

6. B. 3aKn~YeHII1e nOACY~TaeM Yli1cno. onepau,111Vi, .· Heo6XOA~MbiX .A~~' 
pean1113a~~~ npeAn61H~H~ord inf~p~TMa npeAsap1!1TenbHoVi o5pa5pTK~.· .. 
pe3ynbTaTOB • 3Kcnep~MeHTOB'. a. Tai<~He" paCCMOjp~M BOn.poc .6. B03MOIH-:-. 
HOCTII1 npoBeAeHII1Sl ,Bb1YII1cnet-i1!1Vi Ha, cneu,ll1anii13L1posaHHOM npou,eccope. 

B COOTBeTCTBL1VI 'C.peWaiOU.IIi1M npaBIIInOM (12) (111n111 (13)) OCHOBH0£1 
o_nepa_LJ,IIIe£1 anropVITMa SlBf)HeTCH _BbiYVICneHL1e K03!fJ!fJII1LJ,IIIeHTO~.c;(f) , · 
J = 1; 2, •.. , N -s · pa3no1HeH111H npoiii3Bo·nbHoro seKTopa y ~ Jll B no
CTpoeHHp,f:16a3VIC:~ !B •. ,1113 j7) cneAyeT, ~To 3Ta _onep~u,111s:r .,Tpe5yeT N; 
YMHOIHe·H~C1 VI CTOnbKO'IHe' cnoiHeHVI£1. T. K. ,yL-icno BbiYII1Cns:reMbiX: K03tfj
¢VILJ,VIeHTOB' paBHO N- S,. TO B pe3'ynbTaTe:nonyyaeM·~ ~:r:o. :o.6~ee ~.YVIC~. 
no onepau,111Vi. T111na 11 cnoiHeHIIIe -, yMHOIHeHVIe 11

, 3a-TpaYVIsaeMbiX Ha BeK-. 
Top :; , paBHo ,(N ·- s}_N ,'. yTo. i-le cooisincTBYeT c¢opMym1posaHHoMy · 
s ·t-~aYane qaTbll1 ycnos1111o) '{'-tVIcn·o 

1
onepa4111Vi He· ·t:ioniHHo ;npesbiWaTb 

C 1N i-ia sei<'iop):_BMecTe c:TeM·, .KaK'IioK'a'3aH·o B n • .4, .pewa~ee' npa
BII1no :ho'3's'cin~_e,·f'oT6pacbiB(l."!'.b;~<j'acl:,b 1 , B.~KfppaB y,, L--i'3.·,m, noc~ne BbiYIIICne:. 
HVIH KaiHA~ro_ 'L1~" .~p3cf>¢111~111~_H_To·~~ c~j":·ll1, .. Cll~AOBaTenbHO, _He,; BbiYII1CnSlTb 
Ans:r 3TIIIX ·seKTopos .nocneAY~~IIIe_,Ko3¢!fJVILJ,VIeHTbl •. 3To :3HaYII1TenbHo ... 
COKpailiae·T'YIIICflO onepa4VI£1, .'T·~~~.:·OCI·lciBHaSl YaCTb BeKTOp.OB, y · ' 
1113 MHomecTBa m OT5paCbll3aeTCH yiHe 'no'cne' BbiY~CneHi1H K03cf>¢VIU,L'!eHTa · 
c1 (y)':. _B 'l.fa<:;THOc,T~, • ~ .~no·~neA.HeM··~3 . nP,()BeAe~H6Ix •· 3'Kcne'pL1MeH~()B 
( CM~- TaOnVIU,Y BbiWe, nocneAHVI£1' C,TOn5eU,) :1flOCne BbiYII1CneHIIIH 8 1 · 

111 npiiiMeHeHL.!s:r' pewa~~ero npas111'na 's )miJ.e· i<pi-'ITe.pL'Is:r (13), ocTa.eTcs:r 
20131'BeKTopo8 

1(T'. e. oi<Ono 20%) ~- a"f19Cne BbiYIIICneHL-1'~' .e2 L-1 CHOBa' 
npii!MeHeHVIH Kp111Tep_ll1s:r .-:,.13cero 306~ s: pe3ynbTare _Ha· KaiKAbl£1 1113_ .seK
Topos 3aTpa'YIII.Bae'rcSI s· q)eAHeM He· 5oilee 1, 25 N (N .= 4) :·anepal\111~ 
Tlllna 11 cno~HeHII1e - yMHOIHeHII1e 11 

• • __ • _ · • ., • _ . • : • • 

0AHOTVInHOCTb BblnOnHs:reMbiX 'ope'pa4111£1 HaBOAIIIT Ha MbiCnb o _B03MOIK
HOCTIII peanlll3aLJ,IIIIII AaHHoro anrop1!1TMa Ha cneu,VIanVI3111posaHHOM npo
u,eccope. MOIHHO npeAno!lilitTb cneAY~~ cTpyKTypy 3Toro npou,eccopa. 
B N OAHOTIIInHbiX YMHO}KVITeneill 3aHocs:rTcs:r Ko3cf>¢VIU,111eHTbl. ¢ 11, rt

12 
, -~ •• , 

¢ lN· KoopAIIIHaTbl yl' y2 , ••• , YN npeAbHBneHHoro BeKTopa y YMHo
IHa~Tcs:r' Ha 3TII1 BeCOBble K03cjxfJVIU,111eHTbl Ill pe3ynbTaT nocTynaeT 
Ha cyMMaTop. TaKII1M o5pa3o'M,' Ha cyi"'MaTope cf>opMIIIpyeTCs:r Ko3cf>¢111-
U,VIeHT c1(Y). llanee npoii1CXOA111T cpasHeH111e nonyYeHHoro YVIcna c s~-
6paHHbiM noporoM 111, ecn111 KPVITepii1Vi ( Hanpii!Mep, . Tlilna ( 12)) Bblnon
HHeTcs:r, TO cooTBeTCTBY~~VIill·seKTop noMe~aeTCSl B 6y¢epHy~ naMHTb. 
nocne BblnOnHeHIIIH: yKa3a!iHOL-1 npoLJ,eAypbl. Ana BCeX B~KTOPOB Vl3 m 
npoiiiCXOAVIT nepeHacipoVii<a_ Yf-1HOIH111Tene£1. B .HIIIX :3aHOCRTCH Be COBble 

I. ~-· ~··( 

·,9 



, Koa4xP1114ir1eHTbl' r.62 1', r,0 22 , ·· •• :. , r,6~~ :CooTBen:TBeHHO. ,llanee. · onlt1caH:
·HaR np04eAypa·B~nonHR8TCR CHOBa, HO.y~e ~OnbKO AnR B&KTOpos: . 
'lt13,6y¢epHO~ naMRTit1, naMRTb Ol.ll!llllaeTCR, a pe3ynbTaT (T~e~ BeKTO.:.. 
pbt, YAosneTsopRK>u!llle Kp1!1l-eplt1to) cHosa Jat-iocl!lTcR· 8' Hee; HaKoHe4, .. 
nocne BbtnonHeHI!lR (N •..;. 's) -ro 41t1Kna, • s 6y¢epHo~ naMRT~· oKa3btsaKiT
cR · 3anl!lcaHHbtMvi ., ()T06paHHbte anroplt1TMOM. npeABapl!lTenbHO~ o6pa6oT.Kit1 
TpeKit1 •.. 

·. TaKo~ · ·cne4~anlt13111posaHHbt~ npo4eccop···Hecno~Ho peanl!13osaTb .· 
1t1, · ol.leBI!lAHO, a To noJsonReT coKpaTI!lTb speMR o6pa6oTKI!1 nocTynl!ls-
wero · t:laccl!lsa· 1!13MepeHI!1~. ·. .· ··. · · 

·" ..;' '.'' :· .. ,. 
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