
.£ 3'tft, l? 

· -cfo;m~~lH 
OB'bE,ll,J1HE.HHOrO 

J1HCTJ1TYT A . 
. . . H,ll,EPHhiX. 

.. J1CCJIE,ll,OBAHJ1H 
.Oy6aa 

s· 
·~ 

s· 
:::c 
>< w 
1-

. ·:S:: 

• :c 
I_ .Q 

Ill!:: 
LLI ... 
:s: 

/ 

p 10-5887: 

., 
'· ' 

Ill!:: • .·. • . ·. ' ~ . • . ·" 

. ~~ . OBPAIQEHHE. J(YJIOHOBCKOA MATPHUY 

/ _, 

·-:A':f ·. OPH OBPA·BOTKE· KAMEPHYX CHMMKOB 
-~ ' M 

~:s: 
s:t-· 
.0.~ 

·~ .... 
~ ... 

\ •... ' 

~~ ~-· 

IIIII: ' 
~:s:: 19:71 .. 



OTKe KBMepHhlX CHHMKOB-

2 
I , yno6aoe a -aaann~-

1. G,-Tr G -t _ r. • ~-- . -·· .. 
ono)KHTenbHD onpeneneH-:-. 
. OT: Hy/111 TO/IbKO ane- . 

. 2 • -.• 
IBnen,· -. (} • ,.. . KClliCTBHTa,. 
iaoll_nniuibt cpen6t,-ia Ko-. 

H_ ~pnTepn~ onTIIJI1BJ1qHO,~D 
.·., 

/ ;' --~: •• ~ < 

, .... 
. -~· ,/ 

·: '· 

WX IICC.l8AOB8HHII . 

·:P10~5687 

... ' '~ . . \ 

I_ , sl,litaf!J':. fo~ -T ~-' ~ i 
~es ·:£ = - .• G r .. G , ":. . ' ·'12 .. . .. ·. 
i m.,;_tr~;· I! : iS :a · · 
1avirig · diff~~,ing. from . 

} 
. ·' 

o upper superdiagonals • · 
! . mass, momentut)1'.qnd. 
ible Is'· moVing •. A._· '· 
lion: is . formUlatE~d .• ~ .. · 

t-·.· 

opa, - coKpamemwe 
H'r'Oll H3Jl8HHII. -' 

p 10-5687 

r .A. E MeJI&JIHeHJ<o 

OBPAIQEHHE KYROHOBCKOA MATPHUH 

OBPABOTKE KAMEPHHX CHHMKOB OPH 



8 KpynHbiX HAepHbiX U9HTpax, I!CnOnb3YIOWIIX KBMepHyiO MeTOAIIKy np11 

1!3y'IeHIIII CBOli:CTB aneMeHTBpHbiX 'I8CTI!U 0 CI!CTeMbl o6pa60TKII QlllnbMOBO:l! 

IIH~OpMBUIIII BKniO'I810T B K8'I9CTB9 He06XOAI!MOrO KOMnoHeHTB reoMeTpi!'IeC

KI!e nporpaMMbl, CYWHOCTb KOTOpbiX CBOAI!TCSI K Bbl'II!CneHI!IO 3H8'IeHI!li: napa

MeTpOB 'IBCTI!Ubl B 'BepWI!He' C06b!TIISI C uenbiO nocneAyiOruefi KIIH9M8TII'I9C

KOli: npoBepKn rnnoTea o co6biTIIII B uenoM/1-t3/, 

Cno~HOCTb TBKIIX paC'I~TOB B 3H8'II!TenbHO:l! Mepe onpenenHeTCSI TO'I

HOCTbiO ncnon&aoBaHHoli MaTeMaTn'IecKoli: Monenn cnena aapH~eanoli tiacTI!Ubi, 

Han6onee nonHble 113 MOAenefi/l-t5/ y'II!Tb!BBIOT BIIA 'I8CTI!Ubi 0 KOH~IIrypaUI!IO 

MarnnTuoro nonH B o6'beMe neTeKTopa, ypaanenne nan~ennH, noT·~pn aneprnn 

acnencTane nonnaaunn, MHoroKpaTuoe KynonoacKoe pacceHnne, naMepnTen&-

Hbie oum6Kn, nanoMbi, 

" OnnaKo pac'I~T6I auaqnTen&Ho ynpomaiOTCH B cnyqae 11,4/ nnn auaqennH 

napaMeTpoB MoryT 6biTb nony'IeHbi auannTn'IecKn B cnyqae/5/, ecnn naaecTHo .

o6pamenne KynoHOBCKoli MaTpi!Ubi, 

nycTb MaTpnuax/ nonnoro KynonoacKoro npouecca pacceHHnH/5/ nMeeT 

( 1,0) 

x/ /6/ . n 
EyneM non&aoaaTbCH o6oana'IeHI!HMn , HanpnMep, A= II A 11 'II 1 , 

A- 1 =IIA~:11~.rne A 11 A-;/ cooTBeTCTBenno aneMeHTbi MaTpi!Ubi A 

11 MaTpi!UbJ , o6paTnoli: K · A , 



rAe 

0 2! x
2
1(3x 1 -x 1 ), i<;;.j, .i=I,2, ••. ,n 

}; - --·-11 II - I2 , 
X ~ (3 X I -X I ) , j ~I , j = I,2, ... , n 

12 };II = 21 }; II 

2 o. 
22};11 = 2~ 

o! 
4 

{ 

0, 

. XI 

{ 

0, j > I 

(x 
1 
-x

1
_ 1 )(2x 1 -x 

1
-x 

1
_ 1), 

II-i I> o 

-x 1-1 •· I~ I =.i~n . 

( 1.1) 
j~l 

B ( 1,1) X -a6cuncca KoopAI!HaTbl TO'!KII aa TpeKe B Bbi6paHHoli: cncTeMe 

KOOPAIIHaT/7 /, 
. • 2 2 

2 M + P 17/ 
0 • = const 

4 
, rAe M , P - Macca 11 IIMITynbc '!aCTI!Ubl, 

p •• 
x/ .,..-1 

nony'lnM o6pameHIIe 
11 

..., 

/9/ 
CymecTByiOT paanii'!Hbl9 ( Harrpi!Mep, ) MOAIItPIIK8UIIU crroco6a TpeyronbHOfi 

cpaKTOp1!38UIIII o6paTHblX M8Tp11U C ITOMOII!b!O sneMeHTapHbiX MaTpnu Bpame-

HIIH/6/, HO OHI! 0 K8K rrpaBI!no, YA06Hbl B KOHKp9THbiX 'II!CneHHblX paC'!~TaX, 

B/4/ 6bin8 rrpeAITp11HIIT8 ITOITblTKa HafiTII 06II!I!fi BHA II}; -I 0 HO rrpii STOM 

rrony'!eHO rrpeACTaBneHIIe, He COBCeM YA06H09 Ani! aHaniiTII'I9CKIIX paC'!~TOB 

C rronHOfi KOB8p1I8UHOHHOfi MaTpiiUeti:/1/, 

PaccMoTpiiM cneAyroume aeoco6eHHbJe MaTpHUbl n -ro rropHAKa 

K = (II}; -12 I 
-1 -1 

'22I "21I) • 

-I 
R = 22 }; '21}; ' K ' ( 1.2) 

-1 -1 T 
.F = 22 }; + R•K • R 

x/ . 
B cnyqae pasHoMepHo II3MepeHHblX TO'!eK aa TpeKe TaKoe o6pameane 

rronyqeuo alB!, OAHaKo, aac IIHTepecyeT 
11 

};:-
1 

AnH rrponasonbHoro paa61I
eang, 

4 

11a ( 1.1) II ( 1.2) c; 

ITO'ITII TpeyronbHaH, 

nycTb f 1= X 1 -X 1-1 

-1 o. 
2 { K11=~. 

KaK cneAyeT na, Tee 

nneTCH Tp9XAI!aroHanbHOfi 

K _ 24. 
II- () 2 

• 

PaccMoTpi!M TaK~e 

(Ell) II 
{ 

I ' 

0. i<i 

j::: i 

II crrpaseAniiBO cneAyrome· 

T 
R=U.EA.K 

-I 
3neMeHTbl MaTpnu E A , 

HeHIIIO D • X = E ( D -

Hll'IH8H M8Tp1IU8)ITp1IMeHD 



( 1.1) 

B Bh!OpaHHOl! CIICTeMe 

171 
IhC 'I8CTII!lhlo 

croco6a TpeyronhHol! 

IhiX MaTpllll apame-

::neHHhiX pactr~Tax •. 
-1 

1 HO rrpll 9TOM 

TII'I8CKIIX paCtr~TOB 

-ro rropHllKa 

( 1.2) 

JeKe TaKoe o6pamea11e 
)113BOl!hHOrO p83DII-

J 

113 ( 1.1) 11 ( 1.2) cneayeT, 'ITO· K , F - CIIMMeTplltrHhte, R - BepxHHH 

ITO'ITII TpeyrOl!hHal!, 

nycTh el=Xx-Xi-1 1 

-1 
(1 ::> i ::> n ) , Tor a a anH sneMeHTOB K rronytriiM 

~{ ~ 
3 

-1 e k • i::: .i 
K k=1 ( 1,3) 

ij 
24 j 3 

~ e k • .i::: i 
k=1 

/10/ -1 
KaK cneayeT 113 TeopeMhi (eM, ) , MaTpnua, o6paTHaH K K , HB-

l!HeTCH TpexallarouanhHol! MaTplluel! HKo611/6/ 

K 
24. 

lj
=-

(]2 

• 

0, 

e -8 
- 1+1 • 

PaccMoTpnM T8KlKe M8Tpllllhl 

I i-.i I> 1 

i = .i + 1 

, 1 ~ i = i .5 n -1 

i= .i = n • 

ELl,u , TaKne, 'ITO 

{ 
e 

1 S i = .i ~ n 1 • .i::: 2L, 

(ELl)ll u ll e' 1~i~n-1, i + 1_5 .i 
0. i<i 

0 j < 

11 crrpaBeannBo cneayiOmee pa3l!OlKeane JJ.l!H R R -
1 

T -1 -1 -T -1 
R=U.ELl.K' R =K .ELl U 

( 1.4) 

< n ( 1,5) 

( 1,6) 

-1 1 
3neMeHThl MaTpllll ELl • u- nerKO rronytraiOTCH, ecnn K MaTp!I'IHOMY ypaB-

neHIIIO' D. X= E ( D -· n106aH 113 neoco6eaHhiX MaTpllll ELl' U , E - ean-

HHtrHaH MaTpllua) rrpiiMeHIITh rrpeo6pa30B8HIIH I -ro nil -ro pona/6/ 
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1,1:::;1=l:Sn 

-1 , 1 S .i ~ n-1 , I= j + 1 

-I u =4 
II 

0' i > 

e-1 
I 2-' i =i 

(I. 7) -I 
(E ~)II = 

0 , 1 :S j :S n-2 , I> .i + 1 
(-1)1+} £~ 1 .1Si:S~-1, i+1S i~n 

L 
0 , I <i 

npencTaBIIM Terrepb MaTpiiUbl F 11 F -I B anne: 

-I 
F = 22~ + H I F -I = H~ 1 - H 

2 
( 1,8) 

-1 T I 
rne Ht = R•K • R , H 

2 
- aeii3BeCTHaSI rroKa MaTpllua. Ms ycnoBIISI F. F - = E 

rrony'!aeM llnSI H 2 cnenyromee MaTpii'IHOe ypaBH6HII6 

' -1: -1 
f,H'2=2;: .HI . 

Ecn11 socrronb3oBaTbCSI rrpencTasneHIIeM F Bill! a 

-1 -T T 
F =22~ .[R +21:£ ]. R • 

TO nnH H 2 113 ( 1,9) rrony'!aeM 

111 H
2 
=R-~[R-T+ ~]- 1 .H- 1 • 

21 I 

YMHD)KIIM Terre ph ( 2.1) cnesa 11 crrpaaa aa aeoco6eHHbie MaTpiiUbi 

RT ' R . 

RT.H .R .. [R-T ~]- 1• I. ~-I 
2 + 21 22 12 

6 

( 1,9) 

( 2.0) 

( 2.1) 

( 2,2) 

B (2.2). cnesa cTo 

aaSI ( 1.8); cnenosaTenhf 

0603H8'111M 

W= I 

Torna nnH o6paTHoil Ma~ 

_, 
w-1,. ~ • ~ 

12 22 
~+ 

21 I 

[R-T. 

Mcrronb3YSI ( 2,4), MO)Ke~ 

Ms ( 1.9) .11 ( 2,5) rrony'l! 

F .. r!1 
22 

MTaK, Mbi rrony'lllnll 

llOKa3anll B03MO)KHOCTb. , 

rrpaanorrono611SI/5/, ecn11 

3arrllweM 
11 
~-I B 

-1 T 
~ = (E; .I 

II Ll 

rne . Mbi Bocrronbsosanllcb 

. Q -I = [ u 



1 
,j 
! 

= j 

( 1, 7) 

( 1,8) 

3 ycnoanl! F • F - 1= E 

( 1,9) 

( 2,0) 

( 2,1) 

5eHHbte MaTpHUbi 

( 2,2) 

8 ( 2,2) cneaa CTOHT CHMMeTpH'IHal! MaTpHU81 T,K, H 
2 

- CHMMeTpH'I-

H8ll ( 1,8); cneaoBaTenbHo, crrpaaa aonxma 6biTh TO)!(e cHMMeTpH'IHall MaTpnua. 

06o3H8'IHM 

Toraa Anll o6paTHofi MaTpHUbi -1 
w rrony'IaeM 

_, 
:s. :£ 

12 22 
,.. ,.. y -1 ,.. ~-1 K -1 

• "'-+ """2:r 0 22"'"12"". 
21 12 ' 

J1crronh3Yll ( 2,4), MOlKeM ( 2,2) 38IIIIC8Tb B BIIAe 

Ma ( 1,9) II (2,5) rronyqaeM OKOH'IaTenbHO 

( 2,3) 

(2.5) 

( 2,6) 

MTaK, Mbl rrony'Innn rrpeacTaaneane F 'Iepea 
11 

:£ n, cneaoaaTenbHo, 

aoxaaann B03MO)!(HOCTh aaanHTH'Iecxoro perneanl! B cnyqae rronaofi ~YHKUIIH 

!Ip8BAOIIOA06Hl!/5/ 1 ecnH H3BeCTHO '06pameHHe 
11 

:£ - 1 

3arrnrneM :£-1 
B BHAe 

11 

( 2,7) 

rae Mbi Bocrronhaoaanncb ( 1,2), ( 1,6), ( 2,2), ( 2.5), a T8K)!(e o6oaaaqnnn 

-1 . -T -1 -1, -T -1 -1 
Q = [ U • E tJ. • K • E f). • U + 22 :£] ( 2.8) 
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nerKO npoBepRTb 0 BOCnOnb30BaBlliRCb 

[ 

f 
3 

-1 -1 -T () 2 I 3 
El\.K .Et1 =~• f 2 

24 • 
0 

l1s (2.8) n (2.8) nony'!RM 

( 1.3) R 

~ '\ 
f n \ 

( 1,5) 0 '!TO 

()2 

= "2i- of 

-1 0
2 

-T 
Q = [-•-.U. Of 

24 
u-1 "(' 1-1 

'+ 22"" • 

( 2.8) 

(3.0) 

MaTpnuy Q MOJKHo sanncaTh B anne cneny10mero pasnoJKeHna: 

- -I -I I -I ... (-I) n-' 
I-I I ... (-l)n-2 

I -I , , , (-I) n -3 

I 
:.I I \\"' ' I -I I 

0 ,, '~ >+'•' ~. 0 

-I I -I I 
I 

I Q=.!.02· 
' 3 s 

. ( 3.1 

" 
n-

(-If-(-If-1-It:
3
• I 0 f n -I 2(fn .&fn) 0 l 

npn 9TOM Mbl BOCnonb30BanRCb SIBHblM BR):IOM U -I R 22I 0 a TaKJKe 

MeMeHTapHbiMR npeo6pasoaaHRSIMR I -ro n II -ro pona/6/ aan MaTpnuaMn. 

3annmeM Tenepb Q B BRAe 

Q = _4_ ()2 
3 s 

rne T !\- neBblH COMHOJKRTenb, 

B ( 3,1), 

T 
Tt1.r.Tt1, (3,2) 

r - TpexonaroaanbHaSI MaTpnua HK06R 

KaK cnenyeT R3 (2,7) R (3,2), MaTpRU8 0 o6paTH8SI K KynOHOBCKOii, MOJKeT 

6biTb npencTaBneaa a. Bnne cne,~:~y10mero pasnoJKeHna: 

8 

~. 
I' 
'~ 
\' 

i.':, 
~' 

i 

l 

/'i, ', .'\ ! 
l 

~ 'fo• 

~ 
\ 
I 

'('-I 
II"" = 

rne o6osaa'IRM 

I -'J:.-1 -T 
G= TE!\u T t1 

T 

Ecnn yqeCTh, 'ITO 

npOR3Be.QeHRSI ABYX sne: 

a .Qpyroii OT HOMepa CT 

(3,4) MaTpRUbl 11 :£-l y 

n npn npoBeneann qncn 

MaTpRUbl Tpe6yeTCSI. 3~ 

f ~I R 2 D , .QnSI Xp 

II L npn 9TOM 3Ha'!R1 

noM ( oco6eaao ecnn y~ 

B CBSI3R c nos!BnE 

B03HRK8Tb BOnpOC 06 y 

npeACTaBneHRe (3,3) 0 

HB 9TOT Bonpoc, 



'ITO 

(2.9) 

(3,0) 

:ero paanoJKeHnH: 

1-1 1 -1 .. • (-1)n-l 

1-1 1 ... (-l}n...a 

1 -1 ... (-1}n-8 

1 
• ( 3.1) 

0 1 

n , 22~ , a TaKJKe 

poaa/6/ aa11 MaTpnuaMn. 

( 3.2) 

THa.ll K KynoHOBeKOfi, MOJKeT 

( 3,3) 

rne o6oaaattnM 

0 

(3,4) 

0 

Eenn ytteeTb, 'ITO KalKAblfi sneMeHT MaTpHUbl r -I npeneTaBHM B BHAe 

npDH3BeAeHH.II ABYX sneMeHTDB, DAHH H3 KDTDpb!X aaBHeHT DT HOMepa eTpDKH, 

'a npyroft oT aoMepa eTon6ua (eM. TeopeMy/10/), TO npeneTaaneane (3,3), 

(3.4) MaTpHUbi 11 ~-l yno6ao ae TOnbKD npn aaannTnqeeKnx BbiKnaliKax, HD 

n npn npoaeneann ttneneHHhiX paeqeToB, noeKonbKY nn.11 xpaaean.11 o6paTaoft 

MaTpHUbl Tpe6yeTeH. 3 n .lltteeK U8M.IITH ( n -An .II xpaHeHH.II o6paTHblX AnHH 

f ~ 1 H 2 n An.ll xpaHeHH.II M8TpHUbi1 o6paTHDfi K r ) , BpeM.II o6pameHH.II 

II~ npn STDM 3HattHTenbHD MeHbWe, tteM o6pameane II~ Up.I!MbiM MeTD

ADM ( oeo6eaao eenn ytteeTb eme apeMH aanonaean.11 11 ~ ) • 

B eBH311 e noHaneaneM paann'IHhiX Moae:neft TpeKa/ h5/ Bee ttame eTan 

BD3HHK8Tb BOUpoe 06 yeTOfi'IHBOeTH peWeHH.II HOpManbHDfi eneTeMbl ypaBHeHHfi, 

llpeAeTaBneane (3,3) o6p8THOft KynDHDBeKoft M8TpHUbl U03BDn.lleT DTBeTHTb 

aa STDT aonpoe. 

9 



3amnueM KynOHOBCKYIO M8Tpl!Uy 0 BOCIIOnb30B8BIIIl!Cb ( 3,3) 

2 

~ = ~.G-T.r. G- 1
• 

II 12 (:15) 

npll 9TOM HeTpyJ:tHO IIOnyql!Tb 

2 3 
£1 ~ £ k ~ fk ... ~ e k 

k=l k=l k=l 
3 n 

e2 ~ e k • • • ~ ek 
k =2 k=2 

-I I n 
G = e8 ... ~ e k 

k=3 

(3,6) 

0 

en 

-1 

G - aaaqnTenbHO yrrpowaeTcSI, ecnn rrepeliTH K KoopnnHaTaM x 
1 

• Boc-

rronbayeMCSI TpeyronbHOll <jlaKTOpli38Ulleli M8Tpi!Ubl r B Bll}:le/ 10/ 

c-1 -1 
0 -f1•C 2 c -1 2 .. 

2 
c-1 0 --£2· c 3 

0 
c-1-1 -1 3 3 

-1 c-
1 

-fa·C4 ·' 4 (3.7 
• I I r1 I r= 

-1 c:1 11 0 

-e l'c } l -1 0 

(2 (fn-1+fn): ~,;£ nn-J 

0 c -1 n -1 1 
1 

10 

~·· 

I 

> 
t 

\ 
f 
l 

rne 

c1 =o, c 1 
2 (£ 

nocKOnbKy llpl!ql!HOI 

MaTpl!Ubl Cl!CTeMbl0 KOTOpt 

penenSieTCSI o6ycnoBneaao~ 

nonyqnTb oueHKY · BennqnJi: 

yK83biBaeT H8 llnOXYIO ooy 

det( 11 ~ ) = ~ . 

OTMeTHM, qTo Benn'l 

Tepl!eM ooycnoBneHHOCTI! 0 

I!Me!OT Olti!H8KOBYIO ooycm 

BTOpOii COMHOlKI!Tenb 

del ( G-T • r. G- 1
, 

Ecnn Bocrronb30B8TbCH (~ 

n' 

del (G-"x;r • G- 1
) =; D 

I=' 

KaK BIIAHO 113 ( 3,8) 

AI!TCSIX/ K -a 0 KOI'A8 n 

C ABYX CTOpOH IIOCnenoB8' 

crrocooe paaoneHI!SI TpeKa, 

cnenoBaTenbao; MaTpnua 1 

no OlKIIA8Tb), 

x/ 
MMeeTcSI B BllltY c 

<Ia 1<0,268). 



UIHCb (3,3) 

>JlHHaTaM x 1 , Boc

B BHJle/10/ 

c-1 -1 
8 

·' 

( 3.5) 

(3,6) 

(3,7 

• 

0 
-I c -1 
n 

I"Jl9 

C 1 =0, C I I =2, ... , n. (3,8) 

nocKOnbKY npH~HHOfi H9yCTOfi~HBOCTH HBnHeTCH nnoXaH o6ycnoBn9HHOCTb 

M8TpHUbl CHCT9Mbl 0 KOTOpaH, B CBOIO o~ep9Ab 0 B 3H8~HT9nbHOfi CTeneHH on

penenHSTCH o6ycnoBneHHOCTbiO KynoaoBcKofi MaTpHUhi 1 r I , aeo6xoJlHMO 

nony~HTb oueHKY BenH~HHhi ·onpenenHTenH I
11

I I , " ManoCTb" KoToporo 

yKa3biBaeT aa nnoxy10 o6ycnoBneHHOCTb 11I 

(3,9) 

0TM9THM 0 ~TO BenH~HHa onpenenHT9nH cnymHT nHUib He06XOJlHMbiM KpH

T9pH9M o6ycnoBneHHOCTH 0 noCKOnbKy MaTpHUbi 0 OTnH~8101UH9CH MHOmHTeneM, 

IIM910T OJlHH8KOBYIO o6ycnoBneHHOCTb, noaTOMY Jl0CT8TO~HO OU9HHTb B ( 3,9) 

BTOpOfi COMHOmHTenb 

det ( G-T. r. G- 1 
) = det (G-T )·det (r >·det ( G-

1 .j. (4,0) 

EcnH BocnonbaoBaTbCH (3,6), (3,7), TO nony~HM 

n 
T I 2 n -1 

det(G-.r.G- )=; llf. ll (-fl_jC ).([2(fn_ 1+fn)+Cn.fn_ 1 ] • 
1=1 I l=2 

( 4,1) 

KaK BHAHO Ha ( 3,8), nocnenoBaTenbHOCTb C1 (I = 1, 2, ... , n ) cxo-

AHTcllx/ K -a 0 KOI"Jl8 n-> oo , T,e, lim CJ =-a , 8TO - OI"p8HH~9HH8Sl 
1->"" 

c llBYX cTopoH nocneaoBaTenbHOCTb, Ee aneMeHThi C k,;; (0, -1) npH n106oM 

cnoco6e paa6HeHHH TpeKa. Kamnbifi H3 coMaomHTenefi B ( 4,1) nonomHTeneH, 

cnenoBaTenbHOi MaTpHua 11I- nonomHTenbHO o6ycnoBneaHaH (KaK H cneaoBa

no omHJl8Tb), 

x/HM99TCSl B BHAY cny~afi paBHOMepHOI"O paa6HeHHH cneaa (0,267 < 

<Ia 1<0,268), 
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l1TaK1 ,lleT~pMI!IIaHT MOlKHO 3anl!eaTb 

det(G--x:.r. G- 1 )= 
n 8 
II e 

1
• II 

1=1 j=2 

n 

c- 11· j 

2(~-l+fn )+Cnf n-1 

e. I 
(4.2) 

OueHHM npH moo oM enoeooe pa3olleHIIR TpeTHii: eoMHOlKHTen& a ( 4. 2) 

fn_f-2 en 

e I' 
< 

2 (fn-1 +fn)+Cn fn-1 2 (f n-1 +fn) 
<---

el e I ( 4.3) 

Cnpaae.nnHaoeTb oueaxH ene.nyeT 113 yenoBIIR oTKpbiToii: oonaeTll .nnR Ck. 

C BbieOKOii: eTeneHbiO TO'IHOeTH MOlK9M 3anlleaTb Tenepb 

(4,4) 
det ( G -T. r . G- 1 

) ~ II JC-IJ·Ilnfs 4fn+3f_l 
l=2 l I • n 

1=1 2 e 
I 

n 

llanee noKalKeM 1 'ITO eooTHOW9Hl!e ( 4,4) MOlK9T Ob!Tb Henonh30BaHO 

rrpll ~opMynHpoaxe xpHT~pliR onTHMan&Horo pa3oHeHHR Tpexa e uen&ro H3ane

.'IeHIIR MaKel!ManbHO TO'IHOil ~ll3li'Ieexoit liH~OpMaUllll 113 enyqallHOi!: Bb!OOpKll 

B paMKaX l!enonh30BaHHOi!: MaTeMaTl!'IeeKOil MO,li9IIII Tpexa, 

Xopowo li3BeeTno/ 11/, 'ITO oTHOel!Ten&Hbie owl!oKll B onpe.neneHllll 

MarHIITHOit Kpl!Bll3llbl 3a e'I~T annapaTypHbiX H9TO'IHOeTell II KynoHOBeKOrO 

paeeeSIHIIS! oopaTHO nponopulloHanbHbl Benli'Il!He MarHIITHOro nonR H 

II 

r.ne 

Bp an 
!1Y.P 

.. -.f:...lL. = 2,8 • 10 g I/2H L 6/2 
p 

an 

p ll 3,5 .10 

Bp MH .. p MH= f3 .H(LX ol%-

( 4,5) 

g = ~ - nnoTHoeTb II3MepeHl!ii: .To'IeK Ha ene.ne .nnliHOi!: L , P - liM-

nyn&e qaeTIIUbi1 f3 - exopoeTh, X 0 - pa.nllaUHOHHaR .nn11Ha (.nnR.nponaaa 

10 5 eM, ,liiiS! BOliO pO,lla 990 eM) 1 1'1 Y - OWIIoKa OTe'I~Ta, 
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l13 ( 4,5) MOlKHO Bbl'IIl 

BHOel!MbiX B li3MepeHl!e Mal 

.neneHHbill HMnyn&e. 

BH.liH01 'ITO BKna.n ann 

pSieMoit .nnHllbi L ene.na 6 

aoro xynoaoaexoro pae?eRE 

noaTOMy ,liiiR KalKAOrO 

Ha KOTOpoit norpeWHOeTll 0' 

npHonlllKeaao L _ Mo 

8 pan 

Bp a 

BpMH 

Bpa. 

O'IeBll.liHO, 'ITO, L = e 

HGHHGM1 '19M e TSllKGIIbiM ( 1 

ponb annapaTypaoii: owHoKH 

eKOIIbKy He aeer.na MOlKHO l 

( HanpHMep, ,liiiS! ny'IKOBb!X ' 

O.naaxo .nalKe .nnR BO.lll 

y BTOpli'Illb!X qaeTIIU eOOTHC 

11, ene.noBaTenbHo, aa TaKH) 

KynolloBeKOG paeeeSIHIIS! eTa 

~ho, B eBOIO O'Iepe,llb 0 

MO,li9IIII Tpexa/1-5/, KOTOpa 

11 ~ liiill ee pa3nli'IHbie npll 

eyweeTBGHHO 3aBlleiiT OT en 

npll oopaoOTKe Tp9KOE 

,liiiS! KOTOpbiX L >> L = II, 

'I9K MOlK9T OKa3aTbeR Ha .'II 

(4,4) Ha'IIIHaeT npiioopeTaT! 

x/ 
Ooo3Ha'IIIM qepe3 • 

AD nopora L= II oy.neM e'Il 



(4.2) 

:OMI!OlKI!Tenb B ( 4,2) 

( 4,3) 

•pb!TOit o6naCTII P.n!il C k, 

pb 

(4,4) 

6b!Tb IICnOnb30B81!0 

r Tpexa c uenb!O 113Bne-

3 cnyqaitaoit Bbi6opK11 

Kll B onpeaene111111 

Tefi 11 xynoaoacxoro 

raoro no/UI H 

( 4,5) 

e · an111!oit L , P - liM-

nn1111a (anH nponaaa 

ra. 

113 ( 4,5) MOlKHO Bbl'IIICniiTb BKnaP,bl COOTBeTCTBYIOlllHX norpeWI!OCTeit, 

BI!OCIIMblX B 113Mepel!lle Mari!IITI!Oit Kp11BII3l!bl cneP,OB '18CTIIU1 IIMeiOWIIX onpe

nenel!l!blit IIMnynbc. 

BIIP.l!00 'ITO BKnap, annapaTypaofi OWII6KII y6biBaeT C yBenll'191!11eM 113Me

pHeMoit anlll!bl L cnena 6biCTpee, qeM BKnaa ow116K11 aa C'I~T MaoroxpaT-

11oro xynol!oBcxoro pacceHl!IIH, 

riosToMy anH KalKP.oro P ({3) MOlKl!O l!aitTII P.nlll!Y L=( L - paBl!oe), 

l!a KOTOpofi norpeWl!OCTII OT o60IIX s<f>tiJeKTOB OP.IIl!aKOBbl, 

MOlKl!O OUel!IITb 113 paBel!CTBa 

( 4.6) 

Qqeallnl!o, 'ITO, L = cywecTBel!l!O 6onbwe anH xaMep c nerKIIM Hanon

l!el!lleM, qeM c THlKenbiM ( s<jl<jlexT pap,llaullol!l!oit nnlll!bi). CnenoaaTenbl!O, 

ponb annapaTypl!ofi ow116x11 cywecTael!l!a anH nepaoro xnacca KaMep, no

cxonbKY He aceraa MOlKl!O Bbi6paTb nnH 113Mepel!IIH nmmy cneaa L >> L = 

( l!anpiiMep, nnH ny'IKOBbiX '18CTIIU), 

Oal!aKo nalKe anH aoaopoP.l!biX KaMep (a nponal!OBbiX TeM 6onee) 

y BTOpll'll!blX '18CTIIU COOTl!OWel!lle L > L 
113M, 

B Cpenl!eM BbinOnl!H9TCH 

11, cnenoBaTenbHo, l!a TaKIIX nn1111ax nnH aaaal!l!oro IIMnynbca Ml!oroxpaTl!oe 

Kynol!OBCKOe pacceHl!IIH CT8l!OBIITCH OCl!OBl!hlM IICTO'Il!IIKOM OWII60K, 

3To, B CBOIO O'lepenb, npiiBOP.IIT K l!eo6XOP.IIMOCTII 11Cnonb30B8l!IIH nonl!Oit 

Moaenll Tpexa/1-5/, KOTopaH l!ella6elKI!O npiiBnexaeT nnH onllcai!IIH MaTpiiUY 

11 I 11n11 ee paanll'll!bie npn6nlllKel!IIH, B ( 4,4) neTepMIIl!ai!T MaTpiiUbi 11 I 

cywecTBel!l!O aaBIICIIT OT cnoco6a paa611e1111H Tpexa. 

rip11 o6pa6oTKe TpeKoB ( oco6el!I!O anH xaMep c THlKenbiM Hanonael!lleM), 

anH xoTopbiX L » L 110 ecTeCTBel!l!O, · 6onbW8H '18CTb 113Mepel!l!biX TO-

qex MolKeT oxaaaTbCH l!a '!aCT!! Tpexa, nelKawen aa noporoM L= , ycnoa11e 

( 4.4) l!8'IIII!aeT npllo6peTaTb cywecTBel!l!biit CMbicn. A IIMeal!ox/, ecn11 nnoT-

x/ 
06oal!a'IIIM '!epea n '!llcno 113Mepel!l!biX TO'!eK l!a Tpexe, nelKaWIIX 

no nopora .L= 11 6yneM C'IIIT-aTb n= << n 
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HOCTb H3MepeHHfi 3a nopOI'OBbiM y'IaCTKOM L= TaKoBa1 'ITO nnHHbl npoMelKyT

KOB fi«l (a enHHHuax nnHH), Korna iE-[n=,n],To B cuny nnoxoif o6ycnoa

neHHOCTnX/ ( npii TaKoM pa3 61IeHIIII) MaTpiiUbi 11 ~ B03MOlKHbi cneilyromiie 

HCXO!lbi: 

a) TO'IHOCTb KHHeMaTII'IeCKIIX napaMeTpOB nonyqaeTCSI XylKe1 '!eM npii 

OllTIIManbHOM pa361IeHIIIIxx/; 

6) TD'IHOCTb cymecTBeHHO He ynyqwaeTcst c yaenii'IeHIIeM 'IIIcna II3-

MepeHHbiX TO'IeK Ha TpeKe no CpaBHeHHIO C OllTUManbHbiM 'IHCnOM U3MepeHUfi 

Ha naHHofi nnnHe L 

TaKast HeonHD3Ha'IHDCTh BbiBonoa stBnsteTcst cnencTBIIeM IIcnonb3DBaHIIst 

TDnhKD Heo6xonHMoro (3.9) ycnoBIIst nnoxoif o6ycnosneHHOCTH HOpManbHofi 

cncTeMbi, 

Y'IHTbiBast, 'ITO L= << L (oco6eHHO nnst TstlKenbiX lKH!lKOcTei!:) n, cne

nosaTenbHo, H3MepeHHbiX no nopora L= TO'IeK n= << ·n, HHlKexxx/ npnso

nnTcst lj>opMynnpoBKa Heo6xoniiMoro ycnoanst KpnTepnst onTnManbHoro Bbi6opa 

TO'IeK Ha TpeKe, 

B 3aKniO'IeHne aBTOP 6naronapnT H.H. rosopyHa, I1.H. CnnnHa, P.M. ne-
6eneaa, B.r. I1aaaosa 3a none3Hbie o6cylK!leHIIst n ueHHbie coBeTbi, .. 

x/ Bo3MOlKHO paBeHCTBO det ( II~)= 0 ( MaWUHHblif) • 

xx/ 

xxx/ 

Bo3MOlKHa 6onbwast noTepst TO'IHOCTII n3-3a x/ • 

Llnst naHHoro L HSfiTU TaKUe n 

w max 
n, f 1 

n u 3 

< n 1 c~ 1 
1 • n e 1 

l=2 1=1 

n 

n ~f 1 =L. 
I =I 

n e. (1 < i < n) • 
J - -

4e + 3 e 1 __ n __ ~-) 

2fl 

'IT06b! 

(4. 7) 

Y naHHOfi 3anaqn cymecTByeT MaKcnMyM, Ee peweHHe npencTaBnsteT 

ae TOnhKD caMoCTOstTenbHbiif, ao II 6onbwoif npaKTII'IeCKIIif IIHTepec, KaK 

noKa3biBaeT npocToi!: Ka'IeCTBeHHbii!: aaanH3 peweanst, oao aaxoniiTCst B xopo
weM cornacnH c npaKTIIKOfi o6pa6oTKII (oco6eaHo KopoTKIIX TpeKoB). no-BII

nnMoMy, aHanorii'IHast 3anaqa MoJKeT 6biTb clj>opMyniipoaaaa c y'IeToM n no

cTaTo'IHoro ycnOBIIS1 1 npii 9TOM BM8CTO L ITOSIBUTCSI L = , KOTOpoe XOpOWO 

oTpaJKaeT cBoficTBa cpenbi II IIMnynhc qacTIIUbi, TaKJKe aeo6xoniiMO aaanii31I

poBaTh 'IIIcna o6ycnoaneHHOCTH (eM/ 6/) MaTpiiUbi 11 ~· 
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1a, _'ITO .llniiHbi npoMelKyT

l cuny nnoxoll o5ycnoB-

03MOlKHbl cne.llyromne 

qaeTCli xylKe, '!eM npn 

·HhiM qncnoM naMepeanll 

lCTBIIeM ncnonb30BaHIIl'l 

[eHHOCTII HOpManbHOll 

>IX lKII,IlKOCTell) 1! 0 cne

: 'n , HIIlKexxx/ npnBo-

I onTnManbHoro Bbr5opa 

., H.H. Cnnnaa, P.M. ne-
eHHhie coBeTbi, 

!bill). 

x/. 

'IT05b! 

~-) 
(4,7) 

!HII~ npe,llCTaBnHeT 

~'IeCKnll IIHTepec, KaK 
OHO l!aXO.IIIITCl'l B XOpO

)OTKIIX TpeKOB), no-BII

pOB8H8 C y-qeTOM II .IIO

l = , KOTopoe xopowo 
Ke Heo5xo.IIHMo aaan11a11-

,I· 
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