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I. BB6,Zi;6Hl-16 

H8CTOH~8H pa60T8 OOCBR~6H8, BO-nepB~X, 8KTY8JlbHO~ llp06JI6M6 - no
~CKY OOTHM8R:OHHX B~~CJI~T6JlbHNX M6TO,Zi;OB H8XO~,Z{6HHH B6~y~X (6JI0qH0)~ 
yrnOB~X MMHOpOB (0e3 KBKHX-llHOO orpaHMqeHH~ [9 ,IO] H8 HX fiOBB~BHHe) 
H onpe~6HHT6HH (dHOGHO) TP6XAH8rOH8HDH~X MBTpHU Od~ero BH,Z{8 (I.I), 8 
TaK~e (c5noGHO)xJ WaKTOpHaOBBHHHX MBTPHU Ha onpe,Zl;eneHHoro Knacca. MaT
PHU@, oOpaTH~e K M8TPMU8M 3Toro KH8CC8, RBHHIDTCR (6JIOGHO) TP6XAM8rO
HBllbH~MH ( 3]. BepHO H 00p8THOB YTBBJlll\l!BHHe (3]. BO-BTOp~x, B paOOTB 
OOJIOJttH'ren::OHO p6lli6H8 H BTOp8R 8RTY8JIDH8H np06JI6M8 - 06D6ut6HJ.r16 llOJIYt16H
HHX H8MH p8H66 B (6] peayJihT8TOB flO OOCTp06HHID 6CT6CTB6HH~X OOnH~X 
M8TpHqH~X ~8KTOpH38UHli (dnoqao) Tpe~HBrOHBllbH"X M8TPHU (I.I), KOr~a 
donee qeM ,Zl;B8 J.r13 HX O,Zi;HOTHITHNX B6AY~HX (6JIOqHO) yrnOB~X MHHOpOB O~O
BP6M6HHO p8BH~ HYJIID. 

MTBK, nyCTD (f;- (OnoqHo) Tpex)lllarOHBll1H8H M8TPI!ll8 od~ero EH~axx) 

'h <=-.. 
1'.._ q,_. ~ • 

.P, q,, i# 

(I. I) 

, r.z.te 

{ Zr< ,PKJK~- npaMoyroHOHble BHG.ztHaroHallDHhle M8TpH~bi-611Dim·, a f t?KJJ<:.f
RBa~paTHble ~B oClmeM cnyqae p83HhlX p83M6pHOCTe~) ~H8~0H8HDHN6 M8TpH~bl 
-OnOKH C (I. I). 

ITpHBO~HMM~ HH~e peaynoTBT M~ CWOPMYllHpyeM B BM~e Teope~ (des ~O
K838T6llbCTBB), llOCkOHDKY OHB HBHH6TCH oqeB~HblM 0606~6HH6M COOTB6TCT
BYID~ell TeopeM~ H3 [I]. 

TeopeMa I. EcnH £- Tpex~HaroHanoHaa MeTpM~a oO~ero BH~a (I.I), 
TO 66 Be~ymHe yrnOBbl6 MHHOpbl (M Ollp6~6HMT6Hb) MOryT 6blTb H8~~6Hbl C 
HCITOllD80B8HH6M OAHOro H3 Clr6AYID~X ITP6ACT8B116HH~: 

ITpeACTeBneHHH I (HTepaUHOHH"e, Ha [8]) 

X) BCID~Y B TeKCTe padOT~ M~ IT0llb3YOMCH 0003H8qeHHHMH (6noqHo) TpeX
AHBrOH8llDH8H M8TpM~8 H (6noqao) yrnOBOU MHHOp, ITOAqepKHBBH T6M ca
MblM CITp8B6AlrHBOCTD peaynDTBTOB H B Cnyqae Tp6XAHBrOH8HDHb!X M8TpH~. 

XX) HanOMHHM, qTo ITO~ MBTPHUOH C (I.I) Od~ero BH~B ITOHHM8BTCH Cnyqa~ 
{C'YK'/'<j,K')4o(eK4'?K')#{ll,-4'~,) 7 npH K*K'}K";~ • ECnH lKB ['f;;'/-K, 

~K,PK}K;,- llHHellH~e onepaTop~, TO~ (I.I) Oy~eT M8Tpi!Jlell nH
H6~HhlX· onepaTOpOB. 
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(1.2) 

(1.3) 

(1.4) 

ilpM STOM HM6IDT M6CTO CHSAYID~He ~OOnpe~6H6HHfl: 

I~ AK==O->A,/~tlti(+J. ,4+iJ:c-.L,XK+.F 00) !!Q ~4+f-J;; ,A.t_==~,I(=.2,:> .. ':>Jf}:> 

2°. if.=O--'> /f, ... 'l-K-1, ~,_f(,., > ~-1= Oo 7 HO if; ?;.f' -J;,+i ifi1/-J'fm, K~m·J, ... ,i, 
- > (I.5) 

H3 KOTOp~X B COOTBOTCTBilli C (1.2) CHO/lYOT! m If 
I) EonH[ilK;O,_ii)(~O=~K+i H Jj,,.t=0]7 To /fli==oJ~~K-;--"cU ((}=0. 
2) EcnH [/;',=O)fx.fO~~K-1 H (,.1 =0), TO { /J.;=o },":.,1-,..def{tt)=O. 

• - < 
3. • f 0, OCRH AJ'-:£=0, -

(t.ii. = [Jl~J[,.·.X3·. ·A.-£(Ax,X,.,.:2·k.i. -i£+1]#0 j {"':A,,_,)==-~> 
K~.J.. K • = q,,.-+~ ecm1 AK==O .ztJIH modoro .t ~K!:.J • 

JLI(+.2, ,. ... ' 

(I. s') 

nm z =- [&.--~· ~- •.. iix-£(if.-~-G.)-<$'x+1' --<T.,,·IT.,]#o;(~._i~)=-J,::,i> (1.5") 
4°. { 0, 8Clli1 lft-J.= 0., _ _ _ 

qf( " - .. 

K=l-1 ~1(-2.. = 'h·-.t :> ecnH lfl( = 0 ,n;JIH mo6oro t ~ K & m-.J.. • 

3B140~BHH0 1. ~3 (I.2),H,TO ll<O CBMOO,H3 (1.3)+(1.5") cne,llyeT, ~TO eCnH 

;n,Ba no.ztpH.1l H.zr.yutHx ( A~ H Did ) - Be,n;yll1,Hx BSPXHHX JIH6o ( /Jt~ H .11,: )
Be,n;yll1,Hx HHEHHX yrJIOB~X MHHOp8 TP6XAH8rOH8JIDHOn MSTpH~ £ (1.!) paBHM 

HYJIID O,llHOBp6M6HHO, TO M8TPHUS C (1.1) HBnH6TCH BapOE,ll6HHOH. 

~ O~BH o6pa~eHHH B HYXL HSKOTOpHX H8 B8~X dno~X yr~OBHX 

MHHOPOB H6BhiPOlK,l(6HHblX 6JIOtlHO-TpeX)U:18rOH8JI:OHbiX 148Tpau qJ (Ll) B pa6o

T8X [ 4 ,6] 6b1JIH T8KlK6 onpe,n;eJI6Hbl (no 8H8:1IOrHH CO CK831HpHb114M TIOCJI6,ZI,OB8-

T6JI:OHOCTHMH (1.4)) M8TpHt1Hbl6 TIOCJI6,ZI,OB8T6JI:OHOCTH BH,Z1,8X) 

X) OrpaHH~eHHH [oLef:(f/-,.)#-0 > cat(f/-f·J.)*O ] RH60 [ ~i('f1 )4=0, 
o/.e.t ( 'lf+J.}:/=0 1 H6 HB3Ui!OTCH llpimUaTIH8l1:0HbiMH l1 JierKO CHHM810TCH, 

6CJIH BOCfiOJI:030B8T:OCH peKOM6H,ZJ,8UHHMH B8M6q8HHfl 3 (6]. 
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{

EcnH cUt(~)# 0 , TO i;-~-f %- t~,j li;.;·l·~,1 , tf,.J' '1-m;~ ,/r/('l;,)ottJ), ~~711-1, ... ,1. 

h'cn• rjet(ti!)=O ~lli! n~6oro ~ •a (11--" ~.<,m-z),To G~-'l?, (I.6) 
HO Of~-f 'Y~-i , r~e dd('t-t-1 ) *0. 

{
~CnH cLd(~)*O, TO A,.,1 = ').~- .P~ ·A/Z? ,A.;_ =').1,(,/r~(~);o),~~~~-·-,m, 
llcnH ~t(~)=O ~na nm6oro ~ H3 (3,.J<,5,m-i),To A?•7 . HO A;'+:i" :.•<' 
r~e dd( %,1 )* 0. (I. 7) 

~MeiDT M8CTO (2,6] CR8AYID~e npeACT8BR8HWR ~RH H6BNpO~A€HHHX M8T

PHU tC (I. I): 
ll peAcTBEJJ6HHe I (npH f det(Ji.,.1)4-0 J .:.._ ) 

E, 11." E.itc,) 
tj>.)E" X, E,(-c,) 

(-~,)Ez A{t-i 
E, (-c. ) 

"' 
=a; (.X) 

(I. B) 

r~e 

6CT> (I.7)I) (I. 9) 

E,C:-~,.,.) ~,-.~ 
(I.IO) Em:c-Jm) ~"':• 

Em 6m-.t (-t,)Em , r11e 

t~,.f'-(2'.,i€r::'), f.:.1-(tt.;'.R,,,)},:~1 , [ i;,_iJ.-:1 ecn (I.6)I) (I.II) 

llp6ACT8Ell6HH6 3 (npH ,&_f(lf,)=O ~nH nro60r0 ljJHHCHpOEaHHOro I( H3 

(.t""""' m-z) ) 
E1 t}) E1 

E, 
-E;;., 

~ ... E.c-! 
11,---A:,.,E._ 

E,.i 

E, 

-~:! 
'h::-.1 " 
[(4"9")?••,1 
l J? .... fi-, J 

fi".t:: ... .i 

E'f.,., 

3 

(I.I2) 

=(;(6) 



={/(.A) 

(I.I4) 

2. Q M8TO,Z{8X BbllJJ1CJ18HHH OllQ8481IVI'l'8Jlfi Yl B84Yli!I1X ciJIO'llibiX yrliOBbl'X MHHO

poB, Hl1 O,Z!HH VJ3 KOTOQblX He 06Q8l!l88TCfi B HyJI:&, 6JIOtsHO-TQ8XlUf8rOH81l:&

HbJX M8Tp1-H.( 

" llyCT:O IJ£ 80Th Ollp8,ll;8JH1T81UIJ 6JIOLIHb!X M8Tpl1LI,, llOJiyliBIOIUHXCfi OT6p8CblB8-

Hl18M BC8X KB83VJCTpOK (= 6HOLIHblX CTpOK) C HOM8p8Ml1 M8H1W8 t H BC8X KB8-

3HCTOH6~0B (£ 6noqH~X CTOH6UDB) C HOMep8MH 60Hbille 77 DpH ( 1,fn, t~ITI), 
h8AYIUHMVI dJIOLIHblMVJ yrJIDBbJMH MVIHOp8Ml1 (= rJIBBHbJMVJ yrJIOBbJMVJ KB83HMH

HOp8MH) M8TpHU" C (I. I) fl03TDMY HB3~BBIDT LJ{ (npH J~ i,.t, ... , m ) -



- B6!JXHH€ (H8t.UiH8101l.UIJ:6CH C oftf:('/-.J.) ) rJI8BHbl6 yrJIOBb!6 KB88HMRHOpb1 H 

t,"'. (npa J·= m,m-1, .. ,I) - HHJ<HHe (HaqaHaro~aecH c dei{'fm) ) rnaBHble yrno

Bde KB83HMVIH0pbl. Tor,14a Otl6BH,llHO, !J: 6CTD onpe.n;eliHTem, MBTPH.IJ;hl dJ (!.I). 
MTBK, cnpaB6,1lJIHB8 

TeopeMa 2. 11yCTP £ -63I01.1HO-Tp6X,ll;IofarOH8JU:oH3H MBTPHUS 061llero BH,lt3 
(I.I) c npHMoyron:&HhiMH sneMeHTBMH-6JioKaMM S' ZKJ~J ~ H ;lU1aroaam.HbiMH 

l lm ~ K-'.t 
KB8,1lp8THhiMH 6JIOK8MH ( ~K K~~ t KM6IO~MH B 001ll6M Cny1.186 p83Hb16 p83M6p-

HOCTH. llyCTh T8KJK6 ee /J.J -B6pXHH6 ( 11"': -HHlKHH6) rJISBHb16 yrJIOB!ll6 KB83H-
) 1 " • m 

MHHOpbl OTJlHY:HJC OT HYJIH npH BC6Xl H3 (.ti:::.J.£:m-.1) • Tor,n;a L1i_:1t1,/ , 

H /j~~oki(C) MOryT 6b!Tb H3H,146Hhl C HCTIOJib30B3HH6M 0,14HOrO H3 CJI6.UYIOillHX 

npe ,1lCT8BJI6HHH: 

ITpeACTBBJieHHH I (MYJIDTHTIRHKBTHBHble) JtJIH BeJty~x 6n01.1HhiX yrno:aax 

MHHOPOB H onpe~enMT6HH 

(2,I) 

(2.2) 

yrnOBbiX Mlo!HO-

(2.3) 

x) Mhl U:CKJIIO'tlHJIH H3 YK838HHOrO HHT6pBaJia J 3H8ll6Hl1HJ:.1 vr.J=m, no

CKOJillKY YC110Bl1H BUp0JK,ZI;6HHOCTH 6JIOKOB fJJ. H tj,111 H6 HB1IHIOTCH TipHHUHilll-

8JillHbiMH H nerKo CHKMaiOTCH c y'tleTOM SauetraHHH 3[6], T.e. nyTeM npe~

Bap>~Ten1HOro Bbldopa HOBoro pasdaeHaH •cxo~HOil M8TP"ll"' IC (I .I) • 
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S~ecL B (2.1)~(2.5) BBe~eHu onpe~eneHHH 

t()).= Jet( 'f.)- dd(fiOJ), g.= .kt(if,-}w;, w,=O= gm, i. "i.,m-1, 
.I J- ~ _,~~ ..... ~ wi = d.i(~.)-ckt(Aj.4), e<;J = .kf(.AJ)·U::,·, U-!,=0= P.1, <- "" "'m, (2.6) 

~K.-J. == ~- ~1(-f.J.· ~;1-PK4i 1 6-171 = Em
7 6-m-.,J= 'J..m., K= m-.t,m-l., ·" ,.i. :> (2. 7) {

j[K•J.= fl,K-PI( :A;.!.zK ~.A1 ~ E.J. ~A-t:=_ tf.i..' x:::::: .t.,.3.., ... ,m, , 

E:1. H Em- 6;zu.IHHl.IHbi6 M8TpMUbJ paaMepHOCTBJ.i: ~.!.. lii CJ.m COOT:.B8TCTB8HHO. 

flpH STOM HM8~T MBCTO CR8~ID~8 yTB8p~~8HHH: 
YTB6p><A6HH6 1, ECID! dei{f.)=O="'f(An>+J),TO ,/et(C)=O. 
YTB6P!A6HH6 2, llpe~CT8Bn6HHH (2.1)+(2.7) HBnHIDTCH 06o6m8HH6M COOTB8T
CTBYID~X npe~CT8BR8HH~ (I.2)+1.4),H,60JI88 Taro, qeTupe npeACT8BJI8HHR 
(2.4)+(2.5) nepexo~HT B DAHO npe~craBnBHHe (1.2)3) ~nH cki(~) B cny
qae £ -Tp6XAH8rOH8JIDHOiii: MBTp.HUlJ. 

AoKaaaTennCTBO TeopeMbJ HBI.IHBM co cneAyro~ero yT:eepmAeHHR (BaMel.IBHHe 2). 
EcnH MynLTHllnHKBTHBHbJe npeACTBBJIBHHH (2.1)~(2.2) H MO~Ho 6uno 6hl eme 
@OpM8JlbHO 38UHC8TD flO 8H8JIOrHH C COOTB6TCTBYIDmMMM MYHhTMllHMK8TMBHNMH 
npe~CTBBneHHHMH (1.3)~(1.4)(1], TO HTepaUHOHH~e npe~CTBBneHHH 
(2.3)-t(2.7), K8K BH,7J;HO, YJK6 H6 .ilBHHIOTCH llpOCTOVi BHBHOrHetf. COO'rB6TCTBy-
1001JlX npe~cT8B.iJeHI!li (I.2)[Ihna rpex~HaroHan>HhlX MaTpl!l\. 0TM6THM, qTO 
OCHOBHym pOnL B ilOCTJnHpOBBHHH BH~a npe~CT8Bn6H .. (2.3)+(2,7) ~nH HBC 
Curpan. paB6HCTB8 {(2.3) H (2.4) H3 [3]jH ~ (2.28) H3 [~]. 

O~HaKo na~e He npoTHBopeqamHli waKropHsa~•HM ~ (I.I) BH~a 
(l.8)+(I.Il) <))Opl48nH3M BB6~6HHH MynLTHnnWK8THBHhlX npe~CT8Bn6HHli 
(2.1)~(2.2) Tpe6yeT CBOero 060CHOB8HHH, 

~T8K 1 nyCTh MM610T M6CTO MYHDTHllHKK8THBH~6 npe~CT8BJI6HHH (2.!)~ 
~(2.7). ilO~CTBBMB B Tip8BYID qaCTL (2.3)l) Bhlp8JK6HHH ~nH LJt1 H LJ;-~ H3 
(2.I)r) c yqeroM. (2.6) 2), nonyqaeM •'< _ 

ili = .kf('f.) ./].let(.l,)-ol•i(.A,·)[det(~-)-,/d(.A4.,_.i)]/),dei(~")= J K~~ J-1 
= r,Ut(q,.J. ~t(.ii.)- o/d{-A.·)~f{rt_.)+dd{.i[;)·e/ef(A. )}-n&t(£")= C ..J J J .t~.f l(c.J. 

= dei(X.)-~f~+1)}/.!d~)= jt~l(l) 4 K:.f K~.i. K • CnpaBe;J~nHBOCTL (2.3)1) 
npOB6p6H8. ITO~CTBBMB T8KJK6 B npaByiO ~8CT1 (2.3) 2) "BHp8JK6HHR ~nfl 4~ 

H .dj.~ H3 (2.1) 2) C yqeTOM (2,6)l)' HM66M "' 

11"' = .~et('f.)-!1 o/d(~,)-./et(~->-r-ktc<~.)-.ltf(tf,)J.n.t!,t(~.>= j J 1(:11:~ J .J 'J K=J+.i. 
" - m = [ .ki('l;,·)-dd(ti,-)-old(~.)-/ettt-) +& t{f,J . ./et(f, JJ· n.~t(~)= 

;; J ;} .J;i I{~J~ 

- def(~.)..ld(~ )-/7.t£t(q,)- nm ddt(<~) 
- ..J ;J-.1 K=u~.i. K - ., '11( liJTBK, CnpaBe~JIMBOCTl> K::J-.1. • 

(2.3)z) ycTaHo:eneHa. Bocnonoao:ea:ernHch MynoTHnnHKBTHBHNMH npe~cTa:eneHM-
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Cne~oBarenbHO, M" yoe~HnHcb B cnpaBennHBOCTM (2.4)1 ) H (2.5) 2). AHano

rMqHo npOBBpH~TCH p8BBHCTB8 (2.4)2 M (2.5)l)" B HTOre npOB6pHHH, qTO 

BCJIH HMBIDT MBCTO (2.1)~(2.2), TO Cilp8BB)(JIHB" il!lBAC'rBBJIBHMH (2.3)+(2.7) 

AJ!H ./l1 .ll:" H okf(if:)=.ll'; • )IOK838TBJ!bCTBO ll<e HCTMHHOCTH MYHbTHllnH-

K8THBHwx' npenCT8B~HHiii (2 .1)+(2 .2), BCHH i 0 # def(A;,_j) 1,.:;" HHOO 

{ 04= Jet (~~..f)} i= .t 
1 

BhlflOJIHHM M6TO,li;OM MBT€M8TH1~€CKOi1 HH.zQ"K~HH. llpM 

aTOM yqT6M, qTQ Ollp6,21;6JIHT6nM 6JIOqHQ-AH8rOH8Jl1HhiX M8TpH~ p8BH~ npOH3B6-

~6HHID onpeAenHTeneH HX 6JIOKOB, a TBK~e Bocnon:oayeMca MaTpHqH~MH WBKTo

pHaauHHMH (1.8)+(1.11). QqeBHnHO npH 3TOM, qTQ BCJIH nopHnOK K8TPHU" 

C (1 .!) Ue 60JI66 3, TO yCT8HOBHT]) CBRSD COOTB6TCTBYIOutHX rJIBBH!;l!X yrJIO

BbiX KBBSHMHHopoB MBTPHUhl c .nerepMHH8HTBMH MarpHu { ~} H {A J He npe.n;

cTaBnaeT Tpy;n;a. ,lliDi STOrO ,11;0CT8T0trn0 BOCllOJl:bSOB8TbCH onpe;neJI6HH6M llpO

U8CCOB { ~ J H {Jt J (2. 7), B T8KlKB M8TpHqH"Mil i)?BKTOpH38UHHMH (l .8)-t 
+(l.Il). Ha CBMOM nene. EcnH 711=J., TO 

d.t(.A,.) = [d.t('l-,)=d.ei(C.)] = dd(q,). 
EcnH m=.z , TO 

[Jd (A.,)=ckf(%)].Jd{.4)= [tki en: ~:J)=dti{~J]= [dd(t!=dtt(%_ff./d(~). (2. 8) 

EC1IH m=- 3, TO .t 

n,id(X..>=[dd([~! ~~ ~]>="'tt(a:.)J= qe~et(~). 
K=.t @ p"' q..~ I( 0 

llyCTb Tanepb npencTaBHeHHH (2.1) H (2.2) cnpaBennHB" nna n•6HX 

rJI8BHbiX YrJIOBbiX KB83HMHHOpOB fl0,IJ;M8TPV!IJ. (:. ycel.leHHhlX M8Tp.H.I\) tn U.BTpH-
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!.(hi I[; (I. I), JIJOOoro nopR;r.:uta n , 'raRoro, QTO 4 :!:7'1£ m , T. e. 

t 
• j•J I 

t.J = ndet(ii.,), ad(A1 )=i, J~J,~, .. ,n, 
1 K.=..i. 

/:,":= n.o/et{!I,), Jd{if11)=i, I=n,n-1, ... ,i, 
,J /(~.,J-j 

nokWf,J = f olet(d:)=fl; 1 =n".iet?l,)Jet(4,)=l=ckHif,) . cz. 9J 
/(::::&0 }(::..f 

OoKaJKeM, qTo (2.9) HM6JOT MecTo H npM mo6hlx J 113 (1. 6. J 6- 17+.1) • Yce-

qe~H~Hy: M8TPH11JY C'l7+.J. Bl1,ll[~i(~~l) MO~JHO ll1J€,D;CT8BMT:0 OAHliiM 113 cnocoOOB 

n =4: = < ~ (2.10) ;,""- ,.i c ~ 
~1 ~"'" n 

7 r,lle C, H U:n -yceqeHH~e (no-
pRAKB TI ) KB8311Tp8X,llH8rOH8JI:OHhl6 M8TPH~bl T8KJK8 BHAB (I.I). KaK BHAHD, 
JU06ble LJ~ -BepXHJ.f6 yrJIOBbl6 RB83MM£1HOpb1 M8TP11Ubl (;n (T.e. nplii ]lJ06bJX 
J. ~J!::.n ) C0Bll8,ll810T C T8RHMJ1 lK6 RB83MMMHOp81.lM M8TpHI.(bl (Jn+l'M ,llJHl HHX 

11M610T M6CTO B COOTB6TCTBMM C HH,llyKTJ.IBHhiM llp6,llflOJIOlK6HH8M paB6HCTB8 
(2.9)1 ). B cooTBeTcTBHH c T8M JKe MHAY~TMBHb!M npeAnonoJKeHHeM ,llJIR nro6b1X 
HHlKHHX yrnDBUX KB83HM11HOpOB M8TpHI.(bl (n HM6JOT M6CTO p8B8HCTB8 (2.9) 2). 
T8KJK8 oqeBHAHO, qTQ 11106h18 HHlKHJ.f6 yrJIOBbl6 KB83MMHH0pb1 (BKJIJOti8R KB83HM11-,., .. 
HOp Ll.t. ) MBTpHI.(bJ ll.tn+.i C0Bll8,ll,8JOT C CC::TBI.?':'CTBYIOO.!t;;,;:; ;:1.1 KB83HMHHOpaM11 
M8TPHJ.1~ f, 

]lane en B CODTB6TCTBH11 C onp6,ll,611GHHHMM f.i\. J M t ~ 1 (2. 7) H M8TPW1Hbl
MH i)>8KTOpH38UMHMM (I.8)+(l.Il) AHR if:n,i HM88M p8B8HCTB8 

n'J.t(X.) = {ll1"'"(.K)~det{€)=tt'tif>] = !f-'dct(tfl rAe dei(.A1 )=i~a'd((,.'.l). l(="i ., J.. ~~:;::::.0 .... .:> 

1'8K11M 06p830M 1 p8B6HCTB8 (2.9) HM610T M6CTO H npVI ,/=(n+J)J 'liTO M ,llOK83bJ
B88T CTipaBa,llHHBOCTb (2.1)+(2.2) npH 11ID6DM m, 

B 3anepweHHe .llOKBSBTen:ocTBB TeopeMbJ noKaJKeM cnpane~llMBDCT:o yT:seplK

,lleH•U I • 2. YTBeP*IleHHe I HBHReTCR npRM~M cne,llCTB•eM Hs (2.2). ~"" 
,ll0R836T6ll:OCTB8 *e yTB6P*~6HMH 2 OTM6Tl1M, 'liTO fCllH £ (!.!) - Tpex~Haro
H81lbH8R M8TPHU8, TO llpH HID60M / oUi(<J,.)~ 'f:.,H TIOR8lKeM, qTQ ilpH 

I 1 m 'zm-1 ,J " -1.1'*0, LJ.~J· ,H6HYJieBbiX B8AYillVIX yrJIOBbJX MHHOp8X1HM810T M6CTO paBeH-.J .J::r;t 

CTB8 

(2.II) 
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llnH ~OK838TCRbCTB8 (2ol2) H (2o13) BOCTIOnb3YOMCH p8B6HCTB8MH [7J 
111 - ; -

n .Jt, ... =[s~o"=(G.: .. +.x,~.-"'-·>J=n a.lf."-" , (2o14) 
I<'"'"/ &I< t' l K o=..J. l 

KOTOphle HBnH~TCH Cne~CTBH6M 6onee o6~HX 38BHC~OCT6~ ~ (2o3) H (2o4) 

H3 (3}} H { (2o28) H3 (2J} o 3~6Cb fbit - ~HaroHan•Hl<6 aneMeHThl M8TPI!Uhl 

fl,=c-! o B CHny (2o14) B (2o12) H (2ol3) ~OCT8TQqHQ TIOK838T. cnp8B6~

JIHBOCTb JIHUJ:& no o,n,HoMy 113 paBe_!iCTB, aanpHMep,;M,(ll.H.J)fJ:.iH Jetft·)·/ ~}=i. 
tlTaK, BOCTIORb30B8BillHCb '"':,· H W,· (2o6), 8 T8Kllt6 {A,ff j (2o7) H 

(2o14), HM66M 

J. [, """ ~ - -· . - - - ] -- n --- +[lh .. =('1-·-~.-A. )J+A· :j 
JL K='J4..i. c.tK-..1 .J.J J .J-.1 .J~i .J-+1 , ,., 

J+.i.-.!:_.{n tr,. .. fs-.J. - -,1 -j 
"i_;. x=l .if, + .,;.l/;1 =(~~-~·V+~o = j TeopeMa AOK838H8o 

3. MeTO.ltbl BbltU1CJI6HHfi onp6A6JIHT6Jlfi H B6AYU!.HX 6JIOG:HHX yrJIOBHX MMHOQOB, 

HH OAHH 113 KOTOQbiX He odpamaeTCH B HYJib, 6JIOqHHX W8KTOQH30B8HHbiX 

M8TQHU 113 H6ROTOpOrO KJI8CC8 
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H ~ !K~J«=~ - KB8,11;p8THH6 (B03MOEHO paanH~HWX p83M€pHOCTeH) H80C06e:
H~6 M8TpH~· Tor/!8 M8TpHL\~ fb HBJJl!IDTCH HeOCOOeHH~MH (T.e.[<f.i(O,}=,/>"N 

-=f= 0 ) H HM8lOT BCe H6HY1I8Bble 
8
LJ.j :7.gt1J~ - B8AYU\H8 6JIOqHbl8 yr1IOBhl8 

MHHOpH, KOTOpHe MOryT 6b!TD H8",11;8Hhl C HCIT01Ib30B8HH8M O,ZJ;HOrO H3 C1I8AY~ 
~HX llP8ACT8B1I8HHM: 
llp8ACT8B1I8HHH l (MY1IDTHil1IHK8THBHb18) ,11;1IH B8AYmHX dnOqHb!X yrnOBb!X MHHO-

t/1;= !r Jetr;z)~ Z~"a:;::;n: ~~r~Jl, "~ 1,:<, ... ,"', 
8 J. K;:.J. 8 

tJ.":= ncki(tt,,,J; ~Ntt.,.)=.il; =oiet(~.,),j="',m-J., .. ) 1, (3.sl 
15 J K-:=.J "' 

r noki(tl,-J.)=[olei{E$)=fl,m)= (1,/d(tt,.,)j' (3.6) 
( K="'.i. B K-'-..f 

llpeACT8B1I8HHH 2 (HT8p8~HOHHH8) ,11;1IH B8AY~X 6nOqHbiX yrnOBNX MHHOpOB H 
onpe.zteJIHTeJIH 

{ 

j I ,cJ. • .i-• -J " 
.,11.< = oui(~;-)/"1 - ~· ·LI4 , 8.LI1 =07 ,..IJ" = i, J·-1,2, ... , m, 

11'" = ,/ei(e, .. ).tl:?'- {f<.fJ:" .6m =o ll"'=i i=m,!1J-J, ... ,1, (3.7) 
.& ,J• .IJ 8 .;+.J. J 8 J-f-.1.:>8 d1+.:J. :IS T!J.+.f -' 

ilpBACT8BR6HHH 3, CBH3~B8~~He onpe~6RHT8Rb C Be~ymHMH 6noqH~MH yrnOBH-
MH MHH0p8MH 060HX THflOB 

{

fold(e,>=.,tO= ft(t~.J:J)L~};1~~:~ +<t;]·i~LI":-VJ;;:~t.,:, 
r,Uflf3,'=l1m1 __ d._ J /r cld(f4+J.) A, 7.Llj· m "~fA"! . (3.8) 
L' 1' "s 1J- t/d(il,;.,;)LK•J.d.f(/2,_4) +-r;js 'B11.;.1-'t}s.LI<6J+.t.' . 

t 
de "' .J r !7 dd(JL',") ,;, 7. ,/,1m ' i•J. Ll"' 

[< f(!J)=aLI.J )= </d(a· ,'L~·A Jd(aK+~) + J;!f'e, :t$ .ff1-~i;s<'o •'• 7 (3.9) 
;.J+,z.) 0 

r;/d(S'-!Jm L d ·[.fl cld(aK,J) + .£ 7.//;1"'-<f.. .;rr.:Ll": 
L' Yf, .4.J- a'Lf(IL;.;..) <•.1 fiLt(J;.,) <p_;1}B.i8 ,;, Ji.1.8J. ,.-.,. 

8~6Cb BCIDAY B (3.5~3.9) HCflOHb30B8H~ cnenyro~He MBTPHU~ H onpeneneHHfl 

{~· = o/d(fb.)-aki (f£;1 ), "j·=oUf(U;..l·<IJ.,~f(tLm-.)=1, tlf,=O='f'm,i"J•m·J, 
A f "" A II A " ""- A • (3.!0) 

<f:;· = Jd(lf,.)- cui(IL,;.), t'· =./d Ctl;:,l·¢;·, rki(tf)=i, ¢,..7 0·~1 , .t."'J" m, 

{

LLI(+.i. = a.KK- B>KK.,.; e;:~j· B>J(+.JK ~ K::: .i)-2, ••• ;::/m-1; 1./,"tl/-1 = tomm~ 
• 1 1 

ui(-J. = ~I(- li>K~j. fb;_..ti<-J... sJ(-.It<, x. = -t::- 3 :;> ••• :» 111 ; /2
0 

= £
11 7 < 3. rr) 

1 m 1 • ]m 
llpH ~TOM. Bo-nepB~x, {.ui(I<K•")ofo]K•.L H I ui(ll. •. ")""o K•.J; r.e. •,;;e 
r LL, ,U."l14BTPH!lll HeBupol!t~eH!l. BD-BTOp~x, ecnM y MBTPH!l~ fh =/I fh,:./1 • • _, 
( " :J l,J-.... 

Bi. He 6nOKH, a Be~eCTBeHH~e qHcna, TO Bee qeT~pe npencTaBneHHH , 
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(3.8)~(3.9) AHH d£t(EJ,) OCT8~TCH p83nHqH.MH B OTHWqwe OT ananorHqHoli 

CHTyaLJ,ltHf B TeopeMe 2 • 
.UoKaaaTeJI:oCTBO. B npouecce ,ztoKaaa·ren:ocTBa TeopeMbl Oy,n;eM non:oaoBaTI>CH 

p63Y1IbT8T8MJ1 CJl€.ztY!Omeiti Jl6MMbl. 

JleMMa I. Ecm:1 6noqH.bJe MaTpLU(b! Eb=II~·.J/.": Y.ztDBJieTBOPHIOT rpe6oBaHHHM re
:J '..,..1=.1. 

Op6Mbl 3 1 TO ,ZPIH HHX CTip8B6,l'UIHBbl CJI8JJ;YIOll\116 6A1rlHCTB€HHb16 M8Tpl1tiHbl6 (j;laK-

TOpl130B8HHbl€ npe,ztCT8BJI6HJ1fl 

Q., El .l-" El A- IL, 
Q..i EJ.~t~-t ~ 1::~} tL~ 
• =-a= E i. ~ E,: U.~:i Ei ;. u. ~ -E.: nc,-- 'T' -- (j)-- ' n ~ --

~".i+i • lei t ~-. 1 
_ Em U.m-j [m Em U.m+i -J"+.i Em ? r.n;e 
S ~ A • - - } m { • A _ j m [ ,_, 1.c~<,~.o<)c,..,,tK l(:::..t, lLI(-J.,tLo-8.tt K=.t, 1Lm+J.::.!iJmm,1Ltr.,J}~<=.i.-

(3.12) 

- Ofl~e.z~eneH" B BH,lie (3.4) W (3.Il) COOTBeTCTBeHHO. 
goKaaaTen:ocTBO (AeMMbl I). B padore [3J noKaaaHo, tiTO ecn11 MaTpHua ~ 
l1M66T BH.zt (2.15), TO OH8 €,Itl1HCTB6HHb!M 06p830M (eM., H8TIPHM€p, (3.!1)~ 
+(3.13) W3 (3)) OTOOpa~aeTCH Ha qeT•pe npe.z~CT8BneHHH BH~a (3.2), (3.3~ 
B:ae,n;eM B p8CCM0Tp6H~e M8T.i)VIl.l,bl {UK,tl,.} (3.11), 8 T8KJK6 M8TPl-lUbJ 

{

4, = u;.1-(j.;~. =P. c, l; {q," = tt;..-; -(t.JP..;=t..,·t.,); 
z,= 1r"+C..) 2,=o; 2",=<-i.J-tZ;; ,t,..,=B; <3.13) 

K_ -.1 7 "-.J. - ~ 
.PK== (-,rJ()tLK ~ PJ. ==-IJ;w=-i~.z, ... ~m; ~== tL.IC-.1·(-CK.)7 P, • .t::$;K=J> .. :.m, 

BOCTIOJI:&30B8Billl:'IC:& H8B6CTHbiMH M8TpliiU8Mlii l JK. ~CA:,i,t"~<} BH,It8 (3.4), KO

TOpbl6 OTip6.11,6JIRJOTCH qepea 3Jl6M6HThi-6JIOKH 5 a,.. ij, •• g •• J TpeX I'118B-~ '~ ~ t-.1t , "+.i. 
HbiX KB83H,Zf~18I'OH8JI6ti: M8TpHI.(bl fb o Bee M8T.i)L1Ubl { 4.o LLI<,£LI(j (3.13) H 

(3.11) OJip6,11;6JI6Hbl 11 (.B COOTB6TCTBM:U1 C 'l'60p6~MOJ.i 9 V!3 [3]) HBJIHIOTCH H6-

BbipOJK,ZJ;6HHb1Ml1. Herpy.zuto y6e.ztHThCH, t{'l'O ,l\JIH M8TpL1l.l, { U..~.i H {L~.i j- od
p8THbiX K M8TpHU8M { LLK H fLK J , HM6IOT M6CTO?B CBOIO oqepe.zt:&, peKyppeHT-

.Hble npol.l,eccbl 

{
u.-1

- 4 -P -u -~ {u' -1 A , u' • K+.i- K f( I< I(' J(-l = "lo'.(- CK"'.i.. "J<"~K_,J. ' 
"- • m· u.-J._a, · . "'-J.,_t? (3 14) ,..._ ... 1~, ••• , , ;:-7.J., tc=m-.J.~m-.t., .•. ,:J.,tLm-J 71'm, • 

ROTOp"e o6pa~aDTCH B TOJ<,!ieCTB8 npw ! <j, 2, £, 3 (3.13). 
K.. , ., -.1. 

JlerKO ycie~HT:CCH T8KlK6 1 ttTO npH qJOpM811HlOi1 38M6H6 i.X,z= lLI< H 
&,~ii.~"J npoJ~ecc".(3.14) coBnaAaiOT c npoueccaMH j.i\:)(2.7) H [G' J (2.7), 

ttTO H 6N110 YCT8HOB116HO HBMH p8H66 B [3]. 
llp8BH1l:CHOCT:C (3.12) yCT8H8B11HB86TCH T6ll6p:C llYT6M ll6p6MHOlK6HHH 

Onow"x MaTPHU c yqeToM onpeAeneHHii (3. II), (3. 2)+(3 .4). A eMMa JiOKa
~· BOCll0ll.b30B8BUIHC:C npe~CT8BJ16HVIHM11 (3.!2) U M6TO~OM llOll.i!OH MBT6M8-
THl.I6CKO~ HH~YKU,l1H 1 llOK8lK6M Cnp8B6,ll,JH1BOCT:C (3.5)-t(3.6). VlTBK, 6Cm1771=i~ 

TO {Jd(IL,)=,/,ef(fj11)J = { J<t(O,.J.)==tkf(f!Jfd={M(Ii,)= ,/-f([/,11)]. 
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EC:n¥1 ffl=.t, TO yC81.18HH8H M8TpVU,18 lt,.t. (B COOTBElTCTBI1J.1 C (3.12)) 
lH1M8 B BH)I.El 

~i~lE:r·~J[!t)J=(~~= [~: a~:}=[~~l][\J~~)EJ , 
npe;ucTa-

r~e 

J~ ... = (& ... (1,;£:' j~ =:_ c~>;t~_~.) 'u1= (8;,_~8.,8,~~~-), J.,=_~>n, 
1c~- c (j,.u. a.,), .J',_- ( e; •• q,,), u,_ - ( ~>,1 ~>,.,. ~ •. s,_i), u,- a • ._ . 
OTKyAa, ytiHTI::lB8H tJTO onpe)!.eJm:Telli1 6JIOtiHD-,zu1aroHalll1HbiX MaTp11U paBHhl 
npOH3B6~6HHID Ollp6)1.8llMT6:neVJ HX 0HOKOB 1 HM88M 

[d.tt c~)=dd(8,i)J-Jdta1 > = [dd(EI>,)= ,;:.~I= r &tt"3)=dtttf4.)J-tldt~tg>. 

E~~~;~5~JT[:~""],.[~;~~f;~J~r:M:r;;~~~~"~~~~~~~Jf~. ]~~~- ~] 
tc,-c_,w:,)E~ U._,_ ® r:, •l ~'" Jb.,_ll>jJ l {J) E, l s.J~;~)C~•)f ' 
. ["" "'"1" ~- -1 3 Ju u·fL ILj rile C.<,J'I(JK=.t'J ~J!d.t(=.t- HM610T BH/.l (3.4), 8 l :1) ~J :3..> .z -MM6-

IDT BM~ (3.II). 0TKy~a nony"aeM 

n&t(/;...1)=[dd(B>)=tJ~ J = h c!.t(t£,) r~e cl.,i(4J=dd(t>,1Jld(tl-,)=ltN11J.). J<=.i. d 8 ... 1(""".1 ,. ..... ' ) 
J1yCTb Tenepb npeACT8BrreHMH (3.5) M (3.6) Cilp8BeMHB" A"H rJI8BHMX 

yrJIOBbiX KB83Y!MHHOpOB yC61.J:6HHhJX ,J8Tp.IIII1, /};11 M8TpHIJ,bi fh , mo6oro il0pH;D;K8 
17, TaKara, tJ:TO lt:!:.Tl:b m, r.e. 

{8/j~· = K1 Jd(aK·l); dd(tL0)=/J:=oid(S11), l=.J,.<, .. , '17, 

L1 '.?' = ?r tb.t(u,,1) · clef ( fLn,1) =
8
/J; = ,kt(&·""), J=v,,-1, ... ,1, 

8 J K•J > 11 (3.I5) 

I /7 dd{a •. 1> = Mtra;= IJ "J= I! okt(a..l)J. 
( K=-.i n 8 .i x-.1 

llDK8lK6M, tiTO (3.!5) Cllp8B6,Zl)U1Bb! L1 ;D,Jlfl. M8'£PJ!Il.4 fl>n+J ll0pfl.;ll;.K8 (i1-+1) • 

Yce"[TY" :~P"~Y J&_"t:']::;[•:::B~.[:~~~&~"~P>Jl . 
a i n (3.16) 

tbnTJ.i lbn+J.t. ..• 11>~..£ n lb~Jn+i e:,:tJi ,_ J r.lle lln, Ehn (rropjij];Ra n )-
- yCS'i6HHbJ6 M8TpHl{bi, 3H6M6HThJ 61IOfU1 £t .. H Eb •• KOTOphlX T8KJ!re Ollp6;zt6JIH-

'.J '...r IDTCH OAHMM H3 CllOC060B (3.1)+(3.4). CJie;ztOB8T6JIDHO, ;ll;nR Bn · cy~6CTBY6T 
M8Tp.l1Ill:H8H W8KTOpH38IJ,Hfl. B BH;zte 1I6BOH qacTH (3.12) H ;D;nH an B BH;D;6 npa
BOM 1..J:8CTM (3.!2) COOTB6TCTB6HHD, a T8K~6 ;ll;JIR JIID6bJX B6;ztYmHX yrHOBhJX MH

HOpO.B M8TpHU ibn .iii in HMeiOT M8CTO npe,:UCT8BJI8HHH (3.15). l1pJII 3TOM 3TH 
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WT8K, MH npOB6pHnH (3.8)1) H (3.9)z)• 0CT8BillH6CH ~Ba p8B6HCTB8 (3.8)z) 
H (3.9) 1 ) npoBepHIDTCH aHanorHqHo. Wa paBeHCTB (3.8) H (3.9) cne~yiDT, 
K8K H6Tpy~HO yde~HTDCH, COOTB6TCTB6HHO p8B6HCTB8 

13 



= 
,kt( (3,) 

t/-1. /J m 
& J. & ~~J. 

~JIH nroeioro ~ HS J. :!f ~ ~ m • TeopeMa AOKaaaHa. 
' 

(3 .17) 

CRei!CTBMe I (Ma TeopeMM 3). Ka• BMI!HO Ma (3.5)+(3.II), B61!Y~Me yrnoB~e 
0JIOtlHN6 MHHOp~ H onpe~en»T6JID 6JIOllHOH M8TPHU~ ~ JIIOdoro H3 BHAOB (3.1) 
+(3,4) BfrlqliJC1IHIOTCH H6TIOCpe,n;CTB6HHO llepea l48TPHUhJ-6JlOKH I~·JJ\' fbJ<I<,flKIC~l}
- Tpex ee B6AYmHx 6JIOllHfrlX JlH8rOH8JI6~ C HCTIOJib3DB8HH6M MBTPHU (3.11). 

4. MHAYUHQOBSHHfrle MBTQHUfrl H HX ponD B peweHHH npo6neM noJIHOM WaKTDpH
aauHH H Bbl\iHCJI6HHH B6AYUUIX 0JIO'IHbiX yr:nOBbJX MHHOQOB, oT.rt8 .. 1hliEe .113 

KOTOQfrlX odpa~aiDTca B aynn. OJioqHo-TpexnnaroHannHMK MBTPKU 

BHwe 6blnM paccMoTpeHfrl paaHHt{Hfrle MeTa~ BfrltlHCJieHHH Be,n;y~x 6noqHhJX. 
yrJIOBhlX MHHOpOB, HH O,ll;HH H3 KOTOpblX H6 paBeH HYJIIO, H onpe,n;eJIHT6JIH 
6noqHO-TPeXAHaroHBJIDHfrlX H WaKTOPH3DB8HHfrlX MBTPHU, KOTOpble (KaR noRasa
HO,CM., H8ll~HMep, (3]) RBHRIDTCfl B38HMHO 06p8TH~MH. 

ilpH 3TOM B~me, BO BB6,Z1;6HHH, AHfl TP6XAH8POH8nbHHX M8TPH4 O~HH Y*6 
npHB6A6HN p83HH~H~6 CllOC06N B~~HCH6HHfl YK838HHNX M8TpH~HNX X8p8KT6pHC
THK,H 668 BCHKHX orpaHHqeHH~ H8 HX ll0B6,Z1;6HH6. B np6AN,Zl;ymHX pa60T8X 
STOt-1 C6pHH, B qacTHOCTH B (6 ], H8MH YlK6 flO CyTM 6NH ;)'R838H CflOC00 BN
qlf.CH6HHH nro6~X H3 3TKX X8p8KT6PHCTHK H AHH 6noqHO-Tp6X,Zl;H8POH8HbHNX 
MBTpH~ OO~ero BH~8 £ (I.I), KOr~a H6KOTOp~e H3 HX Be~y~HX OnoqH~X yr
HOBNX MHHOpOB 06pamaroTCH B HynD. 

HacTORUU'Iit pa3.UBo~1 nocBHIIIBH Oonee no,Zl;p06HOMy May~eaHro aToti npo6ne
MN. ilpH STOM M~ CYIII6CTB6HHO OllHp86YCH H8 ll0HHTH6 HHAY4HPOB8HHNX M8T
pHLI,o 

Yl!IAY~HpOB8~MM (: llOpOQB6ll~liH) 118TpM~8liH II~ H83~B8611 [6] Cp6~
HH6 M8TpHLI,N-COMHO*HT6HH B npe,Zl;CT8BH6HHHX ~ (1.1), KOTOpNe COA6P*8T H6-
TOX,Z1;6CTB6HHYID HHWOPMB4HID o saa~eHHH Hx BBAYIIIHX 6noqahlX yrnoBHX MHHo
poB. 

CornacHo STOMY onpe,Z~;eneaHro, ecnH y 6noqao-rpe~aroH8HDHNX MaTpHLI, 
t(I.I) HH O,Zl;HH H3 BBAYmMX 6noqHNX yrHOBNX MHHOpOB He o6p811186TCH B 
aynD, To HHAYLI,HpoBaHHNMH 6y,Zl;yT 6noqao-,Z~;HaroaanDHNe MBTpnuu 

u}:~{.A .. ,Jf,, . . . ,Jfm,j[m•J H tJ;=J.!aJ{~,§,, ... ,~m-,/;._,j (4.1) 
B CHny npe~CT8Bn6HHH (I.B)+(I.II). 

EcnH oOpa~BIDTCH B Hyno HMWb no O~OMY (HBllpHM6p, (K-1)-BepXBM« 
HHM (K+i) -HH><HH~) M3 B6:zlY~X OnoqH~X yrnOB~X M~HOpOB (T.e. J.f(-\)=0 HR~ 
d£i(~K)=0) 7 TO HHIIY~HpOB8HH~e M8Tp~~~ o0peT8RlT BM)! 
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r~e 

15 

npM ycnoBHH 12); 
(4.3) 

npH ycnoBHH Ir)• 

npH ycnOBHH ll2) ; 

(4. 7) 
npH YCHOBHH n!)t 

(4.8) 



(4.13) 

r11e 

, 
(4.14) 

{
¥e_"=<v,_ __ ;Q;"), Ji,_" = (?i;":Yft-J), l!. = (lit -"Vt-i?}~ 1• Wi-t), 
~ ~-1 ,.! ..t ~ A.-_1 ...t ~ ,c. .! :1 ~ 
fl.f'(Q, ·Yi.+f),J'-f+l«'(W!+iQ_< ), Ct: (fie-W?•iQ;.JZ.) q)- T0"'1(6CTB6HHO Hyne-

B8ff M8TPHU8. flpH 3TOM rbi.(Q,)-4' 0# ttei(~,) 7 Jt(t;)#O#akfde)• 
ilpM o6pameHHH B HyRb O~HOBP8M8HHO 6onee 48M ~Byx O~HOTHllHhlX B6AY

~HX 6n04H~X yrnOB~X MHHOpDB MBTPHU~ ~ (1.1), paCCMOTp8HHH8 BHlli8 dnoq
H0-AH8rOH8HDHH8 MBTPHU~ o6peTBIDT 6onee cno*H~~ BHA, qeM (4.2)~(4.10), 
T.e. 
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fw<A)= cLiaJ{A)i, ... ,X, ['m.AJ,.A,X, ... ,Ji.}, 
lw(~)=d·as{G=,~, ... ,lf,[m~],t?,if, ... )J}, rl(e (4.15) 

X8p8KT6pHb16 M8TpMnbl 1Jil.A, 'm~ (B COOTB6TCTBHH C npe.zr,CT8BJI6lili/IMH ,zprn 
~ (I.I), nonyqeHHHMM B [5]) REnRIDTCR 6noqHo-Tpex~aroHanoHHMH COOT
B6TCTBYJOut6rO II0pH,Zl;K8. 

Tenep:o, BOCllOJib30B8Billl:'!Cb CBO~CTBBMH l:'!H.li.Y~HpOBBHH~X MBTPRU 0V()[) 
H Ul(~), noKa*eM cnpa:se.zr,JIHBOCT1 cne.zr,yJOutett reopeMH. 

TeopeMa 4. Hycr:o C- H6BblpOJK,ZJ;eHHaa 6noqHo-Tpex,7.U1aroHan:oHaH M8Tpl:'l
ua odmero Bl:'l,Zl;8 (!.I), C llPRMOyrOJI:OHHMl:'l SJI6M6HT8Ml:'l 6JIOK8Ml:'l {ZxJPK}x~~ 
H AHaroHanDHNMH KBBAPBTHb!Ml:'l 6noKBMH I4xfK:

1 , HMeJOutHMH B o6uteM cnyq;e 
p83Hb16 p83M6pHOCTl:'l. ilyCT:O T8K~6 O,ZJ;l:'!H l:'l~ ,ZJ;B8 l:'l3 O.li,HOTl:'lllHbiX B6.li.Y~X 
6noqHWX yrnOEHX MMHOPOE y £ (I.I) o6pa~·IDTCR B HYllo, Tor~a niD6we ee 

AJ HI B6.1l.Yill£16 0JIO'lH.bl6 yrJIOBbi6 MHHOpbl, T.e. ~:1. (BepXHH6) H LL (HH.lKHH6) l'l m J ~~ - onpe.zr,enMT6JID MOryT 6HTb H8~,l\8HH C MCllOHD30B8HM8M cne~yiD~X npeA-
CT8BlleHHi1: 
ilpe,ZlCTSBJieHHR (MyllDTHllllMKSTMBHbl'e) ,2:\JIR Be,llyl!lMX 6JIOqHhiX yrnOBhJX MHHO

pOB M onpe~enMTen:a 
I. (npa [dd(.X.)=O IJ;TIH nro6oro \I?HKCHpoEaHHDro K wa .3 ,.K~m-i]nH6o 

[Jd(f!i,):O )J;ID! niD60rO \I?HKCHpOESHHOrO I( H3 .Z,;, I( 6m-"-] ) 

jjj = rlcl.d.(.A,).Jet(m, )· f"/~t(A,); L{~o. dd(.A.,.)=i J"=.i J • m 1. ?-=.1. (" ..(~1( ?=K+3 (' .if,. " > -;/" ~ :> 

t."! = n .kt(~ ).~t(fll.- )· r/olet(~) . .!]"~=o, J.t(i,)=i, J':dl,di·J, ... , 1, 
J ~ =K+J.. ~ '111/j~< ~=J:.1 '} > IC+;J, f11 K-3 ~, 7 

[ fi"cld(X,).Jd{m4<)·n c~Lt(Ji.?>=f dd(tJ=I/'1= !Jddef,>dd('i-)/7/~!J.< 4. I6 > ~=.! <" ~=K+3 :1 !-Ktl K <' ' 

r~e MSTPMI<" '1!2.Ji, , m<f, - onpe)J;eneHN B (4.2). 
2. (npa ycnOEHH I) 

• K-.i. .J+i. 
11"= nc~Lt(~>[.Ut(11Jr A )]-n <kt(~); tt~o=tJ''',u,F;;>_1 ... 1 1. !~.1. 1<' Jtt-3 f=K+6 :1. :1. > t-"~ - :»J- , ... ,m, 

711 rn _ K·' _ 

~ .. =p,.'{et(~)[olet(m<f,.,.,e-J/J.ft(~); .a';,;=o=A,:_,Jd(f,>=J,"'=m, .. -,1, 
K-.1. - 711+1. - m 

{ ~ dd(:).[aki(!ll..x,,A,.,.)]/£x~t(:; = [ ~ =~f(€)]= 
=!]<kt(~)-[c/et(m- -)}neM(i;.)}, r)J;e ?-lff.i q.A'--.SJQK 1=0 ~ 

JIK,A.,.) dd:. (Q,)·okf(1Jt,J).ltf(4_,,)·cld('I.K,..) > { 
tkt(m- - (#.£J> 

okt(Q'Il~ ... ,~) !.'!:!.!!_Jd(4.).okf(q,_.
1

). o/d(SM}dei ('1--K-#); r)J;e 

MaTpHJ<N [Q.,£ •• 3] H [Q, ,e._.] onpe~J;eneHN B (4.12). 
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3. (npM ycnoBMM IT) 

• K-1 _ . 1 ~ .1 f1J>J Jd/-) K-J f-J J" -
f)/,= J1 cUf:f':AtJ{ad(311.;;, lit)J·,~f,3 <~, Ll1 =0~.£!1 , tta(A.tl"i, J=J., ... ,m, 
~ i=i ' c 

1:>''!= ,7~u~ >f&H~ q, >Jb?.~st(~>, A:.-'=o=A[;,,J-t(im>=J,;~·'v;:{9> 
J :z.=I(+J. ~ "'' 'l ? ;,J-.J. <' K-i _ ,._ ;1/+.J. 

{ n clet(.A-J·[d.t('Tllx x,>J- 1J .Ut(.X,J = [d.t(c)=IJ~ ]= ~=J. -~ 1(.1 ,_,~ 1.:- <' .. 

= /7 d.t(i_)[dd(?4 
8
- )]-n'clet{if.J} , r)le 

f=K+i. (' "I(' 'i f""O <' 

{~t. (ffi, X) (l/.13) J.t(Q'.;.Jd('I-~J)}/clet(-1)-dd(i[J-ckf{tf.t•J) (4.20) 
-~, t ~:=:J{<f.!> 

dd(iiz;;: ;; ) (W) det(rf.)-d.i('f,..,)· Qd.t{~)-d.t(c;;.ckt{'lt), r)le 
o.tK"I"l""f ~- L+i 

COOTB8TCTBYIO~Me M8TpM~~ [Q.,£.iJ M [ Q-K, t,_ J onpe)leneH" B (4.I3). 
llpH STOM HM6IDT M6CTO CR6AYID~He YTBepx~eHHH: A 

I~ [det (11JA.)* o-4'det(111if)J, [./d(Q,)'!'o.,ckt(~,), dd(e,,.l*D'!'Jd(c.-.J}, 
[dd(fi,l'I'0-4'cUt(&.>, dtt(Ee)-#0-# ctt(f£!]. - (4.2I) 

2~ EcM [dd(Am,1)=0 M (n•6o) c/d(7Tij[)=o] M6o [&f(4,)=0M (M60) 
def(1fl~)=O},TO cid(&)=O,T.e. €- B~pOlKil8HH8ff MSTp•~at (4 •22 ) 

r)le ~'1flf - COOTBSTCTBYIO~·e X8p8KT8pH~e M8Tp•u" B (4.I6)~(4.20). 

noR838T6HbCTBO T60peMH HBnHeTCH (B COOTB6TCTByromHX cnyqaax) npRMHM 
cne~CTBHeM CBOHCTB MH~Y~HpOBBHH~X 6noqHo-~arOH8HbH~X MBTpH~ (4.2)~ 
~(4.I4) c y~eTOM ]SMM IO • II •s [6]. noaTOMY M~ H8 HeM He OCT8H8BHM
B86MCH. TeopeMa ADKaaaHa. 

88M6q8HH6 3. llyCTb T6ll6pb B HYHD 06pa~anTCH O~HOBp6M6HHO donee 
qeM ~B8 H3 B6~YmHX O~OTHOHhlX dnOqH~X yrnOBNX MHHOpOB M8TpH~~ ~ (1.1), 
T.e. HH~y~pOB8HH8H M8TpH~8 HM66T X8p8KT6PHH~ KB83HTp6XAHBrOH8HbHH~ 
B•ll (4.I5) (CM., H8llpi!Mep,[5]). TOr)la )lllff COOTBeTCTBY!OilliiX cp8KTOPH38-
~H~ H BHqHCH6HHH B6~YmHX 6noqH~X yrnOBHX MHHOpOB H OllP6A6HHT6RH 3THX 
•HilY~ilpOBSHH~X M8Tp•l( .,CH8)lOB8T8nl>HO,C8ll0~ liSTP"U~ (!; (I.I) ILO>KHO BB8-
CT• B paCCMOTpeH•e HOB~e llOCH8)lOB8T8RoHOCT• fJi',?;] T•nB { j[ ,if} (I. 7) 
~(I. B). 

CymecTBOBBHHe H onpeAeneHHOCTD HOBhlX npoueccoB ! X,~ J , a TBKllte 
OTCYTCTB•e B~p0lK)l8HH~X MSTp•l\! T.e. Jkf(.l,.)+O M60 dd(f!,)·$0} 
B aTHX npoueccax o6ecneqHBaeTCH cne~yiDll(HM yTBep~eHHeu. 

Teope11a 5. UyCTo € (I.I)-nD6aH HeB~PO!AeHHSH Ono~Ho-TpeX.ll"aroHanoHaH 
MSTp"UB 06~ero Bil)lB C (I.I), y KOTOpO~ o6pa~a!OTCH B Hyno OilOH •no O)l
H0Bp6M6HHO H6CKOllbKO O~HOTHllHHX B6AYU(HX 6HOqH~X yrnDBHX MHHOPOB. Tor
AS: Bo-nepBhlX, cooTBeTCTByJOlli,He HH.ztYUHPOBBHHhle MBTPHl\H. W(.A.) :J W(~) 
flBHflJOTCH H6B~POEA6HHhlMH. BO-BTOpHX, AHH H6Bhlp0lii:A6HH~X (B Odl1(6M cnyqae 
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mo6oro Jt; lll3 ..3 ~K~[K+3(1r-J.)]~II!!m-..1, 
Tf-::: .i,.t., ..• , N.3K ·d.) 

(4.23) 

(4.25) 

( 4. 26) 

(4.27) 

(4.30) 
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( 4. 32) 

noK838T81lbCTBO nepDOrD YTB8P*~8HHH T80P8Mhl HB1IH8TCH llpHM~M C1l8~CTBH8M 
nonyqeHH"X MBTP""""x (!JaKTOpHaau•~ BHI\8 C(.if) rrHOO £(ii) (eM., HanpM
Mep,[S]) ,ll1IH H8B~po~A8HHOW KB83HTp8X~H8rOH81lLHO~ M8TpM~~ £ (I.I). 
CnpaBe.ztJIHBDCT:o BToporo YTB8PJICA8HHH reopeMw, B cnyqae o6pauteHHH B Hynb 
OI(HOrO HITH OI(H0Bp6MBHHO 1\BYX (T.e. [J.t(:X,)=O HITH dzt(A,)=O=dd(A,.,)} 
llHOo( cfet( 6-;)=0 HllH J.t(lij, )=0= a<f (<f ••• )) ) O)lHOTHlll!WX BBI(yll(llX OnoqKJ>lJC yr

ITOB"X MHHOPOB MBTPHU" (;(I. I), """" Y*e noKaaaHa (eM. JleMM" IO H II 
B [6]). ITyCTD T6ll6pb B ITOCIT6)lOB8T6ITbHOCTHX {.if j (I. 7) ITHOO {6-} (1.6) 
HM6~T M6CTO ll8pHOAHqecKH8 BblpD*A8HHH (c nepHOAOM 3, KDTOpwU 06yC1lOB
IT6H neMMOll IO [6]H cki(d:)IO) MBTPHU, T.e. 

{Jet(:X,):O, det(Jf.<+;)=O, Jet(X,,,):O, ..• , dd(li,;)=o},r.l(e 3 "K, IV.,; 171-i, 

{ Jd (6-,)=0,d.t(if:,.,)=O, dtt(?i,.,)=o, .. . > dLt(iJ..,)=o}, rl(e '.:t ~ M, K £ m-.t. 
,llpyrHMH cnoBaMH, B nocne)J.oBaren:DHOCTHX (KOHS'liHOH .ll.JIHHbl IV H M ) {X,.) 
£1 ! EfK j HM810TCH nepHO,ll;H1!8CKH BblpOJK.ll;8HHb18 M8Tp£1U,b!o 

.KaK BHAHO H3 Ollp8,ll81I6HHH, y W(..if) 11 tlJ(#)- HH,Zi;YUHPOB8HHhiX M8TpHU, 
COA6PJK8UJ,HX .KB83HTp6X.l\M8rOH81II>Hh!6 6JIO.KH ~ H :11J&= B K8l[8CTB6 CBOHX X8-
p8RT6pHhiX MBTPHU, B6.l\YlllH6 dJIOtlHble ,YrJIOBble MMHOph! COBfi8,1l;810T C TBKJIIMH 
)K6 Be,Zl;yil(HMM 6JIOtlHhiMH yr1IOBhiMH MJIIH0p8MM HCXO,Zl;HOti 6JIOtlHO-Tp6x.ZJ;H8rOH8JID
HOti MBTPHUhl \£ (!.!), flOCKOJII>i\Y ,llpyrHe ee !J)8KTOpi13YIOUlH6 M8TPltllJ:J-MHOJKM
T6nM H8 RB83H.l\M8rOH81IRX MM810T e~HHMtlHb!8 M8TpMUhi. 

ita N paneHCTB fdti(.Ak,.3(n·JJ)=o, r.1.1e n=iJ.t, ... >N;K+J.} H M paneHCTB 

!J,.t(.fK--3(I7-..l)):==0 1 r.ne n=.l;.:t_, ••• ,!<~M+.t], Cne;zr.y8T 1 1.l:TOh'-nepXHHX-
N(fl-.J)-L M • m IJ.
1 

H - HMJKHHX - LJK-.3(71-.1)·1"1 B8)ly!.U,l1:X 6JIO'l[HhiX yrJIOBhiX MMHOpOB 
MBTPHUhl ( (I.l) o6p8!J1810TCH B HJ1Ib. B CMJIY Tpe60B8HHH H80C068HHOCTJII 

M8'rpHU" ~ (I. I) H B COOTBeTCTB•H C ]eMMOM lO [6) B 3TOM crryqae 6yl(yT 
H8HYJI8BhiMH T8RJK8 COOTB8TCTB8HHO 88 N- B6pXHJIIX - IJ

1
1(+j(n-J) 7 r;n;e 

X) 'l'8R 6blJIH H83B8Hhl HBMH B p860T6 [ 5] M8TpHll,bl MH.HHMBIIDH0£1 p83M6pHOCTM, 
CTOHUJ,H8 BAOJID rJI8BHO~ KB83H,Zl;H8rOH8JIH X8p8RTepHhiX (B ObUJ,eK CJiyqae 

RB83i1Tp6X)l,H8rOH8:1[bHhiX) MSTpioil.l, 11J_x H 7lJg • 
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Il-K M 11m x-M J i7-=i,.t.., ••• 7 T-~"i M - HMlitHMX- K-3(n--1),r11.e n=J.,.t~···, ~+ B6l1.YlltHX 
6JIOl.!HblX yrJIOBb!X MHHOpOB H COOTB6TCTB6HH0 y MH,7JJ1.(HpOB8HHblX M8TpHn 

cV(Ji) M W (-6') 
B CHHJ 38M61.!8HHH 3 HS [6) BC6rl1.8 MOMHO Bbl6p8Tb B 3TOM CJIJ1.!86 T8-

K06 p836H6HH6 (1; (!.I), liTO M8TPHUbl 'f,, , BXO.l(fi!UH6 B .ZJ;HarDH8JIDHN6 0JIOKH 
MaTpM~ l'fl_ M 1flg (4.23)~(4.32), 6y~yT HOBHpOlK~OHHHMM·. Cne~OB8TOHbHO, 
"6Yll.YT He~yJreBblMH TaKJKe IV - BepxHHX - L1.t'".3(n-J)+J. H M - HHJKHHX -

.D.1:_
3

(fl-.£)-l Be.n;ylli,MX ·6JIO'IHblX yrJIOBbiX MHHOPOB K8K y C (!.!), T8K H y uJ(Ji.) 
H ~(~) • ~TBK, eCJIH Bbl6p8TD T6ll6pb 6JIOqHbl6 p836M6HHH X8p8KT6pHblX M8T
pmj ,m.X M ?1Jif BH~8 (4.25)+(4.27) M (4.30)+(4.32), TO B CMny OTnM'lliH 

OT HYJIH ilOCJI6lJ.HHX H3 YK838HHblX B6li.YutHX 6JIOl.!HblX yrJIOBblX MHHOpOB M8TpHU 
C (I. I) H W(Jl), w({r) , BO~Yil1MO 6noqHHe yrnOBHe MHHOpH X8p8KTOPHHX 

M8TPHU nl_x H llJ~ T8KJK6 6y713T H6HYJI6BblMH. 8TO H 066Cll6l!~IB86T CyU(6CT
BOB8HMe M onpe~enesHocn HOBHX nocne~oBaTen•HocTeli !]\} (4.24) MIll' 1 
(4.29), a TBK~e pasno~eHMW (4.23) M (4.28). 
38M6~8HH6 4. 0dp8TMM 6U(6 p83 OC0608 BHHM8HH6, 'ITO B Odut8M CJiy~ae H8-
B~PO*~OHH~X 6noqHo-TpeX~MarOH8R>H~X M8TPM~ C (I.I) 6y~yT HOBHP0~6H~ 
TOJI:bKO M8TpH~bl ~K = XK+.t. , ~ = ~.J. , 'ITO cne;n;yeT aa ,li;OK838Ten:r,cTBa 
JleMM~ IO [6], T.e. 

rrJ.t(it J. =dd(X. J1=J<t(rff_.,'t_o.l~ 1)~01 fr:J.+&)=dd(~ .. ,'lj=dd([~(.,~b-.)~ .. \"o. ~t ~:· K:l') t~ o q,~J J,r- K (tl R~tti 6-:J 
Ecna *6 C (l.l) H8BUPO*,li;8HH8ff Tp8X,li;H8rOH8JI:bH8H M8TPMU8, TO BC6 M8TpH
UH ~ (4.25) M if, (4.30) HOB~PO*~OKH, llOCKORhKY COOTBOTCT~yromMe 
dtt/!Jl)=A =0 nM cfd(f;)= if= 0 TeopeMa ~OH838H8. 

CneACTBMe 2. K xapaKTepHhlM M8TPMU8M ~A (4.23)*(4.27) M 7<n~ (4.28)+ 
t-(4.32) ITpHM8HMM8, 8CT8.CTB6HHO, Teop8M8 2. 11CITOJI:b3YH T6IT8p:& COBM6CT
HyiO .KOMdHHar.vm TeopeM 2,4 .11 5, nerKo (c y118TOM nocne;n;oBaTenJJHOCTet1: 
{.X H ~ J H HBHoro BH~a MaT pH~ I~ 11 ~} ) sanMcan RBH!ln BH~ MynhTH

nnMKaTHBHux npe,:n;CT8BJI8HMt1: ,li;JIH BH'\IHCJI8HHH B8,li;J~X 6JI0'\1Hb!X yrJIOBb!X MHHO
pOB, OT,:U8Jll,HH9 £13 KOTOphiX 06p8ut810TCH B HJJI:&, H Ollp8,li;8JIHT8JIH 6JIO'IHO
TpeX~M8rOH8nbH~X M8Tp~ t (I.I). B CHny oqeBM~OCTM Teneph STRX npe~
CT8BJI8HH~ Mbl H8 OCT8H8BJIHB88MCH H8 HHX. Cne;n;yeT T8K*6 OTM8THT:&, 'ITO 
nony11eHHble B TeopeMe peayn:r,TaTbl nerKo nepeHOCHTCH H Ha cnyqat1: THna 
(4.8). 
CneACTBHe 3. ITocTpoeHHe nonHOCTE>IO onpe;n;eneHHoro HBHoro BH;n;a (4.23)+ 
+(4.32) MaTpMqHHX waKTOpMsauMn xapaKTepH~x MaTpMu ~ M ~if , B cnyqae 
o6paut8HHH B HYJI1 ,li;BYX H donee O,li;HOTHllHbiX B8,li;J~X 6JIO'lHb!X yrJIOBHX MHHO
pOB M8TPHU £ (l.I), llpHBO,li;HT, K8K 0~8BH~O, K 6CT6CTB6HHUM M8TpHqffhlM 
gi8KTOPM38~HHM M8TPHU £ (I. I) H8 OCHOB6 eCTOCTBOHHO-aneMOHT8pHHX M8TPH~ 
MHHHM8JI1HO~ p83M8PHOCTH. ilpH STOM HeT H606XO,li;HMOCTH npHderaT1 K nepe-
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CT8HOBK8M CTpOK H CTOXd~OB y HCXO~HOM M8TPH~~ ~ (I.I), llocne~Hee 06-
CTOHTSHDCTBO ll03BOHR6T CTpOHTD, K8K 0~6BHAHO, 8CT6CTB6HH~6 OITT~M8Rb

HH6 M6TOAH 06pameRHH T8KHX MBTPHU H p6W6HHR C HHMH CHCT6~ ypaBH6HM~. 

8aMe~aHHe 5. BuqHCHHTenDHBH ycTO~llHBDCTb H orpaHHtteHHOCTb BBRHllHH 

{ ~, ?; } H {.A _,.il J ;n;e JI8JOT, Oll6BH,IJ;HD, npe.n;nottTHTe nDHblMM MYJibTJIIll3ll1Ka-

THBHble npe;n;CT8Bn6HHR npH BblllHCJI6HHH B6AY~X 6JIOllHblX yrnDBblX MHHOpOB H 

onpe~enHT8XH M8TpH~ ~ (I.I), 
flonyqeHHbl6 me BblW6 COOTB6TCTBYIDmHe HT6PBUHOHHbl6 np6,11;CT8B3I6HHH,B 

CBOID Dtlepe,n;b,HrpaJOT 60JibWYJO pOJib B 8H8nHTHll6CKHX HCCJI6,11;0BaHHHXo 

38KJIIOQ6HH6 

I. Odod~eH~ (Teopeua I) nonyqeHHhle paHee B [I] npe~cTaBneHHH 
MYJibTHITJIHK8THBHOrO BH,11;8 ,IJ;JIH BblQHCJI6HHH B6;D;YmHX yrJIObhlX MHHOpOB H Oll

p6,11;6JIHT6JIR (668 BCHKHX Orp8HHQ6HH~ H8 HX ilOB6,11;6HH6) Tp6X,IJ;H8rOH8JlbHblX 

M8TpH~ Od~ero BH~a il: (I.I), 
2. ilDJIYll6Hbl (TeopeM~ 2 H 3) MJRDTHITRHK8THBHM6 H H6H3B6CTH~6 p8H66 

npe~CT8BR6HHH HT6P8UHOHHOrO BH~8 AnR B~~C316HHH B6AYmHX 6RO~HhlX yrno

B~X MHHOpOB, HH OAHH H3 KOTOp~X H6 p8B9H HYHID, H Onpe~6HHT61IH (a T8K

E6 MHOE6CTBO llp6ACT8B316HH~ OTIP6A9HHT63IH ~epea B6AYmH6 6noqHNe yrnOBH6 
MHHOp~ 060HX THllOB) 6nO~HO-Tp6XAH8rOH83IDHHX MBTPHU 06~ero BH,11.8 C (I.l) 
H HeKOTOPNX 6noqHNX WaKTOpHaoBBHHMX MaTpHu. 

3. BnepBNe B~nonHeH~ HccneAOBBHHH (TeopeMw 4 H 5) WaKTopHaauHoH

HNX CBO~CTB HHAYUHPOB8HH~X M8TPHU, 6CHH OAHH HRH 0,11.HOBP6M9HHO ,11.B8 H 

6onee OAHOTHllH~X B6AJ~HX 6noqHWX yrnOBNX MHHOPOB 6no~HD-TP6XAHBrOH8nb

H~X M8TpH~ o6~ero BH~a C (I.I) odpa~aiDTCH B Hynb, H waKTH"eCKH Bnep
Bhle nonyqeHbl H8 HX OCHOBe (npH YK838HHOM llOB6,11.6HHH B6AYutHX 6notrnNX yr
XOBI>lX MHHOpOB £ (I.I)): 

- nonnwe ecTeCTBeHHhle MBTpHqawe WaKTOPH38UHH 6noqHo-TpeXA.HaroHano

H~x M8TpH~ Od~ero BHA8 £ (I.I) H HM o6paTHhlX; 
- MynbTHTI3IHK8THBHhl6 llp6,11.CT8B3I6HHH ,11.3IH BhlqHC316HHH B6AYutHX 63IOqHhiX 

yrnoB~X MHHOPOB H onpeA8HHT8XH M8Tp~ C (I.I), 

ABTOPN npHaHaTenDHhl ~neHy-KoppecnoH.11.6HTY AH CCCP npo~eccopy 
H.H.roBOpyHy 38 HHTepec K H8CTOHut6" C6pHH pa60T ~ npe,1l.OCT8BR6HHYID B03-
MOEHOCTD pa60T8Tb H8,11. H6~. 
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