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I.	 BBe.ueH~e 

B HaCTo~e~ paCoTe npo~o~aroTcR ~ccne~OBaH~fl no ~3yq~~ro CBO~CTB 
TpeXA~arOHanbHb~ MaTp~Q Ha OCHOBe HeTpa~~U~OHHoro no~xo~a 1-3/. 3~ecb 
6YllYT nOAPoCHo ~3Y'qeHbl npo6JIeMbl BbILTt1CJIeH~R rJIaBHblX yrJIOBblX MHHOpOB 

(acne~oBaTanDHo,~ ~eTepMMHaHTa) MaTpt1u. HeT Heo6xo~~MOCT~ ~OKa3U­

BaTb, CKOJIb ~~Hbl YKa3aHH~e ~YH~aMeHTaJIbHUe xapaKTept1CT~Kt1 B nOJIHO~ 

anre6pa~ecKo« np06JIeMe ( AX=Y , AX= ÀX ) C~CTeM ypaBHeH~M c 

TaK~~ Marm~aMH (oneparopaxa) , ,lJ,et1cT Bt1 TeJIbHO" xopomo t13BeCTHo; nan­
PHMep/4-8 , ~TO C~CTeMbl aJIre6paKQeCKt1X ypaBHeHHH o6~ero Bt1~a * 

A'Z = V	 (r. 1) 

rne Z , VE.Rm(Rm - eBKJIt1~OBO npocepaacmo ) , c nOMO~blO npeoõpaaoaaaaã 

nO~OCt1R QT (QAQT) QZ=V CBO~RTCR K Ct1CTeMaM 

C'X = Y	 (1. 2) 

rne x , Y E I\n ' a TpeX~t1aÍ'.oHaJIbHaR MaTpm~a C ~MeeT B~~ 

C=QAQT ~ X=Q·Z ,Y=Q·V. np~ 3TOM YKa3aHHble npeo6pa­
30BaH~R 06JI~aroT CBoijcTBaMH: 

10. QTQ = QQT = E 
m m 

2°. det (A-) = n ).k =n /~ =det (C)
 
k=1 k=1
 
m m	 (1.3) 

sp (A) = L~k = 1:. Pk = sp (C) , rne
 
k=1 k=1
 

A'Z k = Àk'Z k ' c,xk = uk,xk 

3°. ! zll = [x] I/yll = 11 vil 

4°. 1I A II . 1i A- 1fi = v = 11 d· II C- 1 I! 

*J	 HH~e MN 'npHBO~HM npeo6pa30BaHt1R nOAo6~fl nnR A=AT ,XOTR ~Aeí 
HaCTO~~X pacc~eHHH coxpaHReTCR c He3Haq~TeJIbHblMH oroBopKaM~ 7/
t1 AJIR A -õõmei-o Bt1Aa. 

Db'htniirtetiH~A KHCmyr, 
fUie~B~X etCtlelOBiUuíS 

• 6~5J1~:!OTEKA 



Ha~60~ee m~pOKOe paCnpOCTpaHeH~e (OC06eHHO,KOr~a ' A- CaMOCOnp~e,­

HH« OnepaTOp, Hanp~Mep, np~ pemeH~~ HeKOppeKTHUX 06paTH~ s~a~ 9 ) 
no~yq~~~ npe06paSOBaH~fl nO~06~fl c Q -MaTp~~aM~ OTp~eH~fl 5/. llpH 

STOM, KaK c~e~yeT ~S CBOnCTB 30 ~ 40 (1.3), TaK~e npe06pa30BaH~H oc­

TaB~HIDT SHB~B~eHTH~ Bb~~C~~Te~b~e CBO~CTBa ca~x onepaTopOB A ~ 

C ~ pemeH~~ C~CTeM (~.I) ~ (1.2) OTHOC~Te~bHO B03~eH~A A±~A 

~ v±~v . 
MTaK, nyCTb*) MaTp~na C (1.2) ~MeeT B~~ 

q1 r 2 
P2 q2 r 3 ( 1.4)

P 3 q3 r 4

C
 

Pm- 1 qm-1 r m 

Pm qm 

r~e {Pk10 , rk10, qk10, i q110}m=2.
 
B 2/ 6una ~OKaSaHa c~e~ro~aR TeopeMa ~. Ec~~ C (1.4) - asoco6SHHaa
 

Tpe~~arOHanbHaH MaTp~Qa c OT~~H~~ OT HY~H S~eMeHTaMH, TO ~H s~e­

MeHTOB 06paTHOA eA MaTp~~H B=C- 1 cnpaBe~~~BO npe~CTaB~eH~e: 

-101. B .'qi' i' i' l=J . 
J 

i+j -1 . n r k ., 
_ (-1) .q . . rI.·B.· -, l~J 
- const 1 1 qk (1.5)Bi] J k.=i+1 

{ '+' -1 (. Pk(_1)1 J.q ..B.·o(.·n -, j~i 
J 1 J k=j+1 qk 

(.r~e 

i=1',2, ... ,m-o/, - Y ..oI... 1 1 oCi +1 1-L.. (kc.X.k- 1cXi+1 - i 01 1- ,<==> /(c ~ 

B _ 
j 1B j _ 1 =B j - Oj+" Bj + 1 { 1-~ õ'k+1 Bk +1, j=m, ... ,1 

k=J 
0.6) 

c( o =0<'1 = OS=1 B =B =B =1m+1 m m-1 

P k r k 
d'k = qk-1' qk , Ói = (m+ 1=0 , k=2, ... ,mi Const=' (0(.-m+

1 1 B-
o 

1 ) 

*J B HaCTO~eA cep~~ pa60T, KaH ~e OTMe~anOCb B /1-3/, np~HHTa e~H­
HaH C~CTeMa o6osHa~eH~~,. a Ta~e HYMepa~~H OCHOBHHX peSY~bTaTOB 
(TeopeM li ~eMM). 

2 

a TaKJlte' 

Consto (B i 'o(i+1 - t i +1 .di · B +.1) =1 , i=1 ,2, ... ,m. (1. 7)
i 

rrp~ STOM:
 
1 j~i k>... i
 

10. Ecna «: =0 ,TO B .. -1 =r -: ~ B ...= O, B = o 
1 11 1_1 lJJ~i' k.lk~i. 

20
• Ecnn Bi =0 , TO Bii+1=Pi+1 ~ Bi j = o Bk i = O; 

30 
• Ec~H Bii=O (T.e.o(i=o ~~H Bi=O ), TO HBi +1i+1 

Bi- 1i- 1 O~HOBpeMeHHO B HY~b He 06p~aroTCfl. 

40 • Ec~~*) o(i =0 ~ Bi =0 , TO B (~C~e~OBaTe~bHO, C ) OC06eH­

HM MaTp~Qa. 

3aMe~aHHe I. KaK YMe OTMeqa~~ B/2/ , noc~e~OBaTe~bHOCT~ {d,B} (1.6) 
BHq~C~flIDTCH YCTO~~~BO no OTHomeHHID 'H OillH6KaM oKpyr~eHHH Ha SBM, ec~~ 

{ Irk I :; 1 } ~=2 . Ms aroro caenyer , yq~TblBaH (1. 5), ~TO ~ secs 
06paTHuA onepaTop C-

1=B 
MOJlteT 6HTb BHq~C~eH YCTO~HBO npH TOM Jlte 

YC~OB~~ {It k I ~ 1] m , nOCKO~bKY Bb!liHC~eH~e npO~SBe~eH~A aneaea­
r k-2 

TOB { ~, a TaroKe Pk} B (1.5) ne HMfleTCH peKyppeHTHbIMH npoueny­
qk q 

p8MH. . k 

3aMeqaH~e 2. MbI YKa3bman~ Y'JKe B/I , 2/ na O~HY BaJltHyro YHHBepCaJIbHyro 

ocoõesxoc-rs npe~cT'B~eH~R 0.5), OT~~qalO~ ero BblrO,IV{~ 06pa30M OT 

APYDHX ~sBecTHblX/7 npe~cTaB~eH~~ c- 1 • A ~MeHHO, STO npe~CTaB~eHHe 
O~HaKOBO cnpaBe~~BO KaK B cnyqae Bcex OT~~~bIX OT HY~H yrRoBbIX MIi­

HOpOB, TaK ~ B c~yqae, Kor~a HeKOTopble ~S ~x 06p8~alOTCH B HY~b, QTO 

06eCneQ~BaeTCR ~cnO~b30BaHH~ 6es~e~HTe~bHHX YCTOnq~BbIX peKyppeHTHbIX 

npOneCcoB (1.6). rrp~ STOM B 1,2/ MbI ~cnO~b30B~~ B pacc~eH~flx ~Hillb 
Ka~ecTBeHHyro CBHSb noc~e~oBaTe~bHocTe~ {~,B} c r~aBHHMH yrJiOBHMH 

MHHOp8M~. HH!te MbI no~yqHM ~ HBHbIe BbIp8JKeHHH ):VIH Ko~~eCTBeHHbIX CBfl3e~ 
Mellt,IJ,y H~M~. 

3aMeqaH~e 3. HecMoTpR Ha YKasaHHue ~OCTO~HCTBa npe~cTaB~eH~H (1,5), 
OHO MOJlteT OKaS8TbCfl Henp~ro~~ ~~fl npaKT~qeCK~X BHq~C~eHH~ Ha SBM 
npa 6o~bnrnx nopansax m MaTp~Q C B cnyvaax , xorna teX.. ~ B J ~MeroT 

xapaKTep MOHOTOHHO y6UB~~X noc~e~oBaTeRbHocTe~, XOTR np~ STOM peanb­

~e 3HaqeHHH Bi ; (1.5) MorYT ~ He 06pa~aTbcfl B HY~b.ll03TOMY af2/ 6H­
JIO nOJ.IY1iSHO ,IlJ>yros nps,ncTaBJISme ~ -I:. B B BR,nS TeopsMH e.EcJlli c t1.4) ­
Heoco6eHHaR Tpe~~aroH~bHaH MaTp~ua c OT~~qHNM~ OT HY~H 3~eMeHTaM~, 

-1 
TO sneMeHTU 06paTHOn sn MaTp~~bI C =B MorYT 6bITb BbN~c~eH~B 06~eM 

c~~ae YCToRqHEblM 06pa30M npa tIOkI ~ 1 } B B~~e: 

*) ÔTHM CBoR/CTBOM ~onO~HeHa TeopeMa 7/2/ Ha OCHOBaH~~ cBoRcTBa 30 
TeOpeMbl 6 2/. 

3 
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t s í, s m O, eC.1IH '\=0 HJIJ.i ( 11 ) G.=O 
l'

B .. = 
~~ 

-1 -1 
q. .(G. 1+ li. +1-1 ) , eCJII1 A. f-of-G. ; 
~ ~- a,	 r, ~\ 

j-1	 ( 1.8)
f Bii ' (-1) i+j n.?k ' i < j, eCJII1 (l\f-Of-G - B'iif-O)iB .. k=~ 

~J 
i- (r.9) 

' (-1) i+jl B
ii n fl k , j < i, eC./Hi (11. f-Of-G . - B. . f-O) ; 

k=j+1 ~ ~ ~~
 

J.lli60
 
j-1t' 

-1 i+j-1 n ~ . . 
(Pi+1=Bii+1)'(-1) k' ~+1~ J~m , (ll.f-o,G.=O-+B

k=i+1	 ~ i·=O)~ ~fo , i 6 j, eCJII1 1\i =0, 'G nenyneaoe ; 
B ..	 i ­
~J 

0 , j ~ i , eCJII1 Gi =0, '\ - HeHYJIeBOe, 
(L 10)

i.-1 
-1_ i+j-1 '. 

I (ri -B ii+1)· (-1) kQfk ' ]+1 ~ ~~ m , eC1IH 

t \ . (Gif-O , L\=O - =0),Bii

rp;e: Bk 
G - ­ oC.k }


{ k- B
k

+
1 Ak = o(.k-1
 

-1
Gi-:-1 =1- Oi+1 . Gi , i=m-1, ... ,1Gm=Gm_1=1, (LII) 
A -1

.llj +1=1- Oj !\. j 11 1 = Â 2=1 , j=],4, ... ,m 

t=~·l; = 
m+1

=._k qk-1 qk 01 t O , k-2,], .... ,m 

\ qk [
( k= Pk+l (1-Gk_1)=Ck+1'G~1}; 2m=0; k=1,2, ... ,m-1 

(L 12) 
{ 11 - ~{(1-i\k 1)=(, .i\-1~ • U -O, k-2 3rk- r + k k j , r1-' -, , ... .m , 

k 
a Téiliii\S, ~: 

TO. L\k=O -	 1130JIl1pOBaHH~H HYJIb nOC4e.n;OBaTeJIbHOCTM {A } , TO 
k 

(Ak - 1=rk- 1, !lk+l =DO, 11 k+2=1)- ~k-1 = ~:=~, fk= 00 , (r. 13) 

Pk +1fl k +1=0 ) , HO J1k + 1' ,u k =- c-.­
K
 

20 
• Gk=0 -	 H30JHtpoSaH:-Ibr: HYJIb nOCJIelJ,OBaTeJIbHOCTH {G 1' TO

k 
qk+l

(Gk+ 1=Ok+2' Gk- 1== , Gk- 2 =1)- (? k+1= Pk+2'Pk=OO'~k_1=D:(I.I4) 

r"o.HO y1	 • r} 
<. k+ 1 l k F k.,-l 

·i 

3aMe~aHMe 4. KaK CJIe~eT M3 onpe.n;eJIeHHfl (1.11) nOCJIe.n;OBaTeJIbHOCTe~ 

{ilk~ H { Gk1(M30MOp<pHbIX nOCJIe.n;OBaTeJIbHOCTflM feL} H ~B} ), nepsue 
y6HBa~T Me~eHHee, qeM nOCJIe.n;HHe, qTO n03S0JIfleT 3HaQMTeJIbHO YBeJIYJqHTb 

nopanox m paCCM8TpMB8eMbIX M8TpHn. EcJIH xe YCTO~qHBbIe npa Itk 'I~ 1 

npoQeccu (1.14) npepHBaIDTCfl H3-3a Ai=O~( i - HYJIeBo'A BepxHH'A yrJIO­

BOti MHHOp), m~60 Gi =0--( i -HYJIeBo'A HIDKHH~ yrJIOBo'A ~mop), TO HX 

~oonpe~eJIeHHe	 (1.13) HJIH (1.14) C yqeTOM (1.8)1) H (1.10) n03BOJIfl8T 

0.n;H03HaQHO H YCTO~HBO (nOCKOJIbKY nponeCCN (1.12) He flBJIflIDTCfl'peKYP­

C- 1=BpeHTHHMH) B~HCJIHTb • ITpH 3TOM ornH6KH (H3-3a rrponecca oKpyrJIe­

HHA H8 3BM) BHe.n;H8rOHaJIbHhlX 3JIeMeHTOB Bi.j . ae npeBOCXO~flT. omaõox 
J-1 L-1 l 

B.. JIH60 ( B. i+ 1 HJIH B.. -1 ), eCJIH r n 7k I~ 1 H \ H Pk I~ 1 
~~ ~ ~~ k=i,i+1 k=j+1 

3aMeQaHHe 5. CJIe~e~ o.n;HaKo,OTMeTHTb, QTO HH TIpe~CTaBlleHHR (1.5)­

(I.?), HH (1.8)+(1.14) caMM no ce6e e~e He p;aroT TOqHhIX KOJI~eCTBeHHhIX 

CBH3e~ c rJIaBHUMH yrJIOBMMH MMHOpaMH MaTpHU~ c (I.4~ XOTfl H YKa3~Ba­

IDT cnoo06 HX nocTpoeHHR. 3Ty 3~aQY Mhl HH)Ke H pemHM. 

2.	 YCTo~HBoe BHqHCJIeHHe neTepMHHaHTa H rJIaBHb~ yrJIOBhIX MHHOpOD 

TpeXAHarOHaJIbHhIX MaTpHg 

OTMeTHM TaRme, qTO np06JIeM8 rJIaBHhIX yrJIOBhlX MHHOpOB B~Ha He 

TOJIbKO B CBR3H c BbNHCJIeHHeM onpe.n;eJIHTene~, HO H B CBR3H c pem€HH€M 
3~aqH c06CTBeHHUX 3HaqeHiA H co6CTBeHHhIX ~KQH~75,?,IO/. 

B AaJIbHe~meM, CJIe~fl 7,11/, 6y.n;eM 0603HaQaTb ~zn - MHHOp~ 
(onpe.n;eJIHTeJIH MaTpMn, nonyqaID~HxCfl H3 c,(I.4) oT6pacNBaHHeM Bcex CTpOK 

c HOMepaMM MeHbme e. H scex CTOJI6QOB c HOMepaMH 60JIbme n • Tor-na, OQe-

BH.n;HO, L1 ~ eCTb I'JIaBHbIe yraosue MMHOphl, HaqHHató~HeCfl c q1 H 

L\t - rxasase yrJIOBbIe MHHOpbI, Haq.!H8.IO~HeCR c qm B C (1.4) , a L\ ~ ­
onpe.n;eJIHTeJIb MaTpHUbI. CnpaBe.n;nHBa CJIeAYID~afl 

TeopeMa Ir. IlyCTb c -epexnaar-osansnas xarpaua 

q1 r 2 

P2 q2 r] I	 (2.I) 

c = I p] q] r 4 

rPm- 1 qm-l m 

Pm qm 

C OTJIYJqHbIMH OT HYJIH 3JIeMeHT8MH fPk7'0"!-r k; CJkf-ü ; q 1f-O J m 
.	 k-2

Tor.n;a ee rJIaBHbIe yrorosse MlmOphl -,6~ , ,1~ (H ~eTepMHHaHT 

det(C)= ~ m ) MOI'YT 6blTb npS~CTaBJleHH B BHge 
1	 • 

5 



.1 j fl qk' o<.j+11 mk=1 (2.2)n qk1~ (det (C) ~ s7) ~(o( m+l~'o) 
m 

m	 
k=1 

!J. i	 n qk' J3 i - 1

k=i
 

l. 
r~e 

o(,i+1	 =.xi - ôi ' oLi - 1H o( i + 1= 1- L. 0k'cXk- 1; i=1, 2, ••• ,m 
_ k=1 

(2.3)J3 _ 13 ,- , ,13, 13 = - . . ' ­
j 1 J ~+1 J+1 , j-1 1 ~Ok+1 J3 k +1 ' J-m,.,., 1 

o/. 0=0(1 =0<2=1 13 =13 =13 =1m+1 m m-1 

kô' =~. r k=2, .•. ,m Oi=Om+1=O ,
k qk-1 qk 

a TaKJK8 

[e J3 ' eX- i +1 (i+1' eX- i' J3 i +1 ) (oC m+1 Const- 1 = 13 )]< > 
i	 0 

(2.4)r m i A m Ô. i;-1 m ]L (det (C) = ,11) = 4 1 ts; i+1 - P i+1 r i+1 1 .!J. i+2 

llOKasaTeJIbCTBO. PaCCMOTpKM paBeHCTBO 

C'W = (det(C) =~~)'E	 (2.5) 

rne E - TO'lt,Ii,eCTBeHHbl~ oneparop , 'a W - npHCOe~HHeHHaH XaTpHn&, 3JIe­

MeHTB;.MM v~ i j KOTOpOtl RBJIRlOTCR anreõpaauecxae ~OnOJIHeHHR, nOJI~­

~HeCR HS c (2. I) BhItlepKI'!BBHHeM i -CTpOKH H j -cToJI6~a. CJIe,I\,YSI ,IlI 
MOMeM aartacars 

~ 

i-1	 ml o• wi j = D. 1 ,~ i+1 ' eCJIH i=j 

o i+j ~ i-1 m , eCJIH i.( j (2.6)2 • Wij=(-1) L~ re.+1!J. 1 '~+1
 
o' i+j h( j-1 m
 , eCJIH i > j.3 . Wi J'= (-1 ) I I, Pe.+ 1 !J. t : 't. i + 1 

• e=J 

SanmneM MS m 
2 -paBeHCTB (2.5) m -~MarOHaJIbHbIX, T. e. 

m ' 
q1 W11 + =.1 1 r J=1r 2W 2 1 

(2.7) 
Pj,Wj_i,J+<lj Wjj+rj+1Wj+1j=t1~ , j=2,3, .. "m-1 

m j=m,m+qm' v~mm = Ll 1Pm' Wm- 1 

6 

110~cTasHS B (2.7) BMeCTo MX cooTSeTCTBYIOIllHe aHaqeHHR MS (2.6),wi j 
nO.7lytlaeM 

m m o m 
(q,.A 2 - P2r2~3) 6 1 =.1. 1 j=1 

(2.8) 

j-2 j-1 m m j-1 m 
(-Pj r j t.1 1 + q j 1l1 )b. j + 1 -Pj+1rj+1!J.j+iLl1 =/11; j=2, , , , ,m-1 

m-1 m-2 m m ,
(qm Ô 1 -Pmrm ,11 ) .1 m+1 =!J. 1 ; J=m 

Ma (2.8) CJIe~eT, ttTO nepsoe H nOCJIe~ee paBeHCTBa 6Y~T cornacosbl-
BBTbCR co CpeWiHMH (npa j=1 H j=m ), eCJIH nOJIOJlrnTb 

-1 m 
!J. 1	 = o =.1 m+2 . (2.9) 

~ee CHOBa, BO~nOJIb30BaBmHCb pe3YJIbTaT8MH/ 7,II/, MOMeM aanMcaTb 

CJIe~~e peKyppeHT~e npo~eCCbl ~R rJIaDH~ yrJIOB~ MHHOpOB 
j _ A j-1 A j-2 • A -1 o,

.1 1 -	 qj 01 -Pjr j U 1 r o 1 = o , !J. 1 =1; J=1, .. "m 
(2.10) 

m 'm A m • m A m 
Llj =	 qj'Ll j+1 -P j+1 rj+1Uj+2 ,6 m+ 2=O, l-\m+1=1; j=m.",1, 

110~CTaBJIR??~ePBble Ma (2.10) paBeHcTB B (2.8), nOJIyqaeM CJIe~IqHe 

paBeHcTBa : 
_Am _Aj Am A j-1 m 

det (C) - L.l 1 -u 1 is j+1 -Pj+1 r j+fLl 1 . 11 j+2 j=1 ,2" •. ,m , (2.II) 

SaMettaHHe 6. O~opO~ble BNtlHCJIHTeJIbHble npo~eCCbl (2.10) ~JIR rJIaBHblX 
yrJIOBblX MHHOpOB 06HtlHO, HanpKMep/5,IOI, HCnOJIb3YIOTCR B paCqeTaX, HO 

OHM, KaR BH,1J,HM. YCTORttHBhI rrpa YCJIOBHH {f qJ' f ~ 1 ,I p, r, I ~ 1 J 
J J 

ttTO 06eCnettHBaeTCR He BO BCeX BCTpettaD~HXCR Ha npaKTHKe S~aqax. 

KpOMe Toro,6blCTpoe MOHOTOHHOe y6HBaHHe (BOSpaCTaHHe) Y,riOBblX MHHOpOB 
npHBO~HT K He06xo~MOCTH HCnOJIbaOBBHHR ~OnOJIHHTeJIbHblX77 npo~e~p, 
HanpHMep. paa~eJIbHOrO BNQHCJIeHHSI MaHTHCC H nOpSl~KOB npH BblnOJIHeHHH 
apH~eT~eCKHX ~eRCTBH~ c HCnOJIbaOBaHHeM ~R KOHTpOJIR YCTO~HBOCTH 

paB6HCTB (2.IJ). &To 06CTOSlTeJIbC7BO eCTeCTBeHHO CH~aeT ueHHOCTb 
(2.10), KaK npH HX HCnOJIbSOSaHHH 1I/~R jOCTpOeHHR C- 1=B, TaK H npH 

pemeHHH n~06JIeMH C06CTSeHHblX BeKTOpos 11 , a TaK*e pemeHHR CHCTeM 
ypasHeHH~ 7/ c Tpe~MarOHaJIbHblMH MaTpHn8MH. 

HTaK, npH ~aJIbHe~eM ~oKaaaTenbCTBe TeopeMU MH SOCnOJIbayeMcR 
TeM, ~TO c O~HO~ CTOpOHbl cnpaBe~HB~ paseHcTsa (2.5) H npH 3TOM 
3JIeMeHTU npHcoe~HHeHHO~ MaTpHqu W BMtlHCJI~TCR no (2.6), (2.10), 

(2.11), a c ~yro~ CTOpOH~, cnpaBe~~sN TeOpeMbl 7 H 8. Ho Ha 3Toro 
CJIe~T paseHCTS8 

(C·B = E ; C'W=A m E)- B, ,=(fJ,m	 (2.12)
1 1J' 1)-1. w1J.

. , 
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II~ ! 
I 

~yrHMH CnOBaMH, HanpHMep, ~nfl H~HerO TpeyronbHHKa HMeeM, BOCnOnb30­ r.p.
Lf1· <Xj + 1 = lf 1' O!j -lf1 ~'o{'_1 {2.1B)BaBmHCb (1.5) H 30 B (2.6)	 qJ-1 qJ J , 

1°. i? j 1­
i+j -1 n Pk Ho 3TO paseHCTBO, KaK MbI 3HaeM, cnpaaennaso npa mo6bIX t.f , nOCROJIbH:YB .. =Const· (-1) . q. . 13.' cc ,> 

i 

1J J 1 J k-' +1 
-

qk ' OHO Onpe~M.fleT O~OpO~H~n B~HCJIHTenbH~~ npo~ecc nonyqeHH.fl nOCJIe~o­C ~yro~ CTOpOHW, -J (2.13) 
H BaTeJIbHOCTH {oi} • 11TaK, RaRott JKe ~OJDKHa 6bITb Lf -ROHCTaH'l'a ? ~HHCT­1 

( b.m) -1 'w:.. = (f1 m) -1 _ (-1 ) i + j n .b j -1, L\ m BeHHNM HCTOqnHKOM HH~opMaUHH npH DOHCRe OTBeTa Ha nOCTaBJIeHHW~ Bon­
1 1J 1 _,P[+1 1 i+1, pcc MorYT 6~b Ha'tlaJIbH~e YCJIOBHR 01. 0 = aGi ,;r::c(.z,;:-1 ~n.fl nOCJIe~OBaTeJIbHOCTH

Ilepertmuea 3TH paeeaceaa B .BYl~e e-J ,	 11,,';1
í, , {olj (2.18) H b.-~=O ,il ~=1 - ,IVI.fl nocne~OBaTeJIbHOCTH J'j, ~ (2.10),
I 

MT~R, COrJIaCHO onpe~eneHHID (2.16) H HaqanbHNM ycnOBYlRM S (2.10) ~R 
J k=J J. k=1+1 k=J+1 

B i · =c o n s t { (- 1 ) i + 
j [rl q~1.oL.].[ Aqk'13 i J}'~ Pk 

.' 
!1 ~ ,a TaKlKe Ha'tlanbHbIM YC11.0 B1I1HM ,!VIR teX J , loiMeeM 

m	 f11i+j /I j-1 A m } A	 _ 0_ • n -1 m -1 m n - 1w" = { (-1) 'u 'u . {I P 
1J 1 1+1 k=j +1 k, 1- ~ 1- f1 qk -"1 = c..f1,n qk = n qk' qk
 

k=1 k=1 k 1 k==1 .
 

OTKY.n;a, nO~CTaBJI.flfl HX B (2.12),noJIyqaeM CJIe~OBaTeRbHO, 1113 cornaCOB8HHH HaqarrbHHX YC11.0BH~ HaXO~YlM, QTO 
m

(const.~m).) (n q-1).oI... }.{( r'l .q ). 13.}= ~j-l, 11fT} ,i~ j (2.14) ti'1= []1 q k.	 (2. 19) 
1 l k=j k J k=i+1 k 1 1 1+1 ' 

~ettcTBHTenbHo, HeTpy~o y6e~YlTbCH, qTO TaRO~ B~6op ~RTOpYl3yro~ero 

MHOJKHTeJIR Lf1 B (2.15) ae nporasopeuar 3Ha'tleHHRM L\ ~ =q1 111 d 

Ha CaMOM ,qeJIe
2=1 

m m 
PaBeHCTSO (2.14) no CYTH ~e YCTaHaBJIHSaeT CBR3b yrnoBHX MRHOpOB c q1 = !1 ~ =	 n qk' n q~1 , (0(.2=1) = q 

k=1 k=2 1·T04HOCTb~ ~o HOpMHpOe04Horo 06mero COMHO~HTen.fl - const'h~ C
 

3JIeMeHTaMH nOCJIe~OBaTMbHocTe~ fcX} ri {8}. Ho KaK tJlaKTopH30BaTb 3TOT OROH'tlaTeJIbHO nOJIyqaeM:
 
. m m	 J 

COMHO~HTeJIb ? KaRon npH 3TOM BOCnOJIb30SaTbCR anpRopHoH HH~pMaL~He~? ~ ~ =n qk' n q~1·clJ·+1-+/).~ n qk'<X j +1 .	 (2.20)
k=1 k=J+1	 k=1qT06~ OTseTHTb Ha 3TH BonpOC~,3anHmeM ~pManbHoe pa3no~eHHe 

cons t > A~ =lf 1 ' !f 2 . (2.15)	 IJyCTb Tenepb,!VIR /). ~+1 cnpaBe~JIHBO BTopoe paBeHCTBO B (2.16). 
Torna, OqeBYl~O, MOJKaM aanacaes

MT8K, nYCTb (2.14) c yqeToM (2.15) 3anHweTCR RaK 
m 

A j-1	 L\~+1=tp2'fl qk,B i (2.21)
=tf·nq-1.<x. }	 (2.16)

1	 k=1+11 k=j k J
 
m
 

/). 
m 
i+1 = f 2 n qk' 13 i ,	 fj ~+2=f2' IJ 

m 

qk' 13 i+ 1k=i+1 k=1+2 

Tor~a B ~OnOJIHeHHe R nepSOMY paseHCTSY S (2.16) HMeeM l'l m 
1. m 1	 t:J. i =tf2 ' r 1qk,8 i - . 

AJ=lf n q-:cL.
1 1 k=j+1 k J+1 J (2.17)	 k=i 

rrO~CTaBJIRH 3TH paBeHCTBa BO BTopoe H3 paBeHCTB (2.10), nonyqaeMj -2 i o (11 -1 m m	 rn/). 1 = 'f 1 n qk' 0/j -1 . 
k=J-1 Lf 2f l qk' 8 i - 1 = q r '-f2 n qk,13 i-Pi+f 2 ·n Qk'13 i +- 1

ri+(f
flo.n;CTaBn.fl.fl 3TH TpH paBeHCTBa B nepBoe paBeHcTBo (2.10), nOJIyqaeM k=i k=i+1 m k=i+2
 

m m m COKpaTHB nocnensee paBeHCTBO Ha n qk'lo , nOJIj'l-I'l"IM
 
10 n -1 n -1 n-1 k=i
 
11· qk'o{'+1 = q··tf, qk ,o(.-p.r.Lf1 qk ,0('-1	 fl 

k=j+1 J J 1 k=j J J J k=j-1 J, ,.p ,8. = Lf . 13.- P i+ 1 . r i+1 Lf ' 13. (2.22) 
2 1-1 2 1 qi qi+1 2 1+1, 

111

-l 1	 J Ho 3TO paBeHCTBO, KaK cnenyer 1"13 (1.6), CllpaB6,II,JillBO IIPli JIIOóme Lf , 
COKp~a.fl nocne~Hee paBeHCTBO Ha I q~ 'I o , nOJIYqHM	 2 

k=j+1 nOCKonhKY onpe~MHeT	 O,IJ,HOpO~H~H BõItIHCJIHTeRbHbI~ npouecc nOJIYlIeHHR noc­
JIe~OBaTe11.bHOCTH {13}. OqeBH~HO Tenepb, qTO A11.~ Bbl60pa ~KTOpH3YD~ero 
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COMHOJlltHTeJIfl l.f2 ,IJ,OCTaTOtIHD COrJIaCOBaTb HatIaJIbHbIe YCJIOBHfl 8
m=8 m_ 1=1
 

,IJ,JIfl {8} C HaT.laJIbHbtMH YCJIOBHRMH 6:+1= 1 ,..1~=qm WIR {.1~}.
 
COrJIaCHO onpe,IJ,eJIeHHIO (2.21), HMeeM Â~+l =lf2 ,fi qk 8 = lf2 =1 • 

m m m 
AHaJIOrHT.lHO L\m == tf2 'n qk' 8rrt- 1=lf2, qm---+-tp =1 K=/1I+1 

CJle,IJ,OBaTeJIbHO, MHO'ltH~Mb t.f2 B (2. 15) pã-BeH 1:. MT8K, nO,IJ,CTaBHB reneps 
~1 H ~Z B (2.15), nOJIytIaeM*) 

m	 m 
constÂ 7 = n qk -+- det (C) =!J. n\1 = n qk' (o( 1=8 ), (2.23)

k=l	 k=l m+ o 

Oro paBeHCTBO, KaK BH,IJ,HM, He npoTHBOpetIHT onpe,IJ,eJIeHHflM (2.17I)H
(2.21)3) rJIaBHbIX yrJIOBbIX MHHOpOB. MTaK, MbI no CYTH MomeM rbBopHTb 06 
HaoMo~HaMe nOCJIe,IJ,oBaTeJIbHOCTe~ (2.10)1) H (2.18) npH ~1= fl qk 

k=l
 
8 Ta~~ (2.10)2) H (2.22) npH f 2 = 1, H TeM CaMUM nOK8aaJIH CnpaBe,IJ,-


JIHBOCTb (2.2), (2.3). HeTPY,IJ,Ho YCTaHOBHTb TaREe HaoMo~H3M paBeHCTB
 
(2.41 -1 -1-1 

(8 i o( i+l-ti+l'o({8J.' +1) = Const ; Const= tx 1=8 ) 
m+ o (2.24)H 

(2,ll)m i m . i-l m
 
det (C) = Â 1 =6 1'6 i+l -Pi+l' r i+l /). 1 .!J.i-J:"2 i=l ,2,.,.,m
 

mnpH YCJIOBHH 
nqk m 

det(C)=ó m = ~ = n	 (2.25)qk '~m+l = )1 const k=l Bo 

Ha CSMOM ,IJ,eJIe, nOK~eM, T.lTO Ma paBeHCTB
 
i m A i-l m
 

8 1 l1 i+l -Pi+ 1' r i+" ti 1 .:L\ i+2 = det(C)
 

CJIe,IJ,YDT paBeHCTB8
 

cXi~l' 8 i - ~i+iol.{8i+l = (oIm+1=8 ) 1 ~ i ~ m , 0 

rrO~CTaBHB BMeCTO yrnoBbIX MHHOpOB HX BHpaMeHHfl tIepea o< (2.17) H
 
B (2.21), nonyqaeM
 

"i"m /J.i-l m
det (C) =	 w 1 ts i+l -P i + 1r i+l' l' A i+2
 

m m m
 

=nq' n q-l,o( n q ,8,
 
J.+1 k=i+l
k=l k k=i+1 -k k J. 

m rn m 

- r Hl ri êJk ' n, q~1. <Xi rJ qk' 8 i+ 1P i+ 1' 
k=l k=J. k=J.+2 

m [
= 0/.., - ,eX,
[Jl qk i+l 8 i Ôi+l i 8 i+1 ] 

*J	 TeM' C~~ YCTaHOBHJIH RBHYIO aaBHCHMOCTb BBe,IJ,efrno~ n/I - 2/ Const 

Const =f!qkl/det(C) 

oTKy~a B CHJIY onpe,IJ,eJIeHHR det(C) (2.25) CJIe,IJ,YeT nep~oe paBeHCTBO 

(2.24).	 C ,IJ,py~oR CTOpOHbI 

( o( m+l =8 0 ) =	 o< i+l' 8 i - OH1' ol i' Bi+ 1 
i m, i-1 m 

,! 

n -1 i n -1' m " n -1 i-l n -1 m 
= qk '[\1 . q k.1i+l - ()i+l' qk'Â1 ,qk'L\i+2

k=l k=J.+l k=l k=J.+2 

i]	 m 
n -1 i m i-l m 

= qk (L~l'Lli+l - r i + 1P i + " L\ 1 'Ll Hfr, 1 )
k=l 

OTxy~a B CHJIY det(C) (2.25) CJIe,IJ,YeT BTopoe paBeHcTBo (2.24). MTaK, 

MH nOKaaaJIH HaoMo~HaM p8BeHcTB (2.24) H BMeCTe c TeM aaKOKtIHJIH go­
KaaaTeJIbCTBO TeOpeMH 11. 

,CJIeACTBHe I. ~R YCTO~HBOCTH npo~eccoB (2.2)-(2.4) BuqHCJIeHHR rJI8B­
,	 (11 

HbIX yrJIOBbIX MHHOpOB Do ~ H ~ i, M8TpHIJ,bl C ( 2. I) He06xo,IJ,HMO H ,IJ,O-

CTaTOqHO, tlT06N {IÕk I~ 1 } ~=2. ,LloKaa8TeJIbCTBO sroro YTBepK,IJ,eHHfl 
OqeBH)J,HO H HenOCpe,IJ,CTBeHHO CJIe,IJ,YeT Ma YKaaa~~ npe,IJ,CTaB.1IeHHR Teope­

MbI	 rI. 
C~encTBHe 2 (]eMMa 11). TpeX,IJ,HarOHanbHafl MaTpH~a C (2.1) c OTJIHT.lH~ 

OT HYJIfl	 aJIeMeHTaMH TOr,IJ,a H TOJIbKO TOr,IJ,a BbIpO*)J,eHa, eCJIH 

10. O<:'m+l =	 o = B < ?~7 = oo
20 0<.	 = o = 8, < >.1J.-l= o =Â~ (2.26)

•	 J. J. 1 J.+l1 . 
30 • Jfu:60 IWr,IJ,a 06parqamTCJl O)ViOBpeUeHHo B HYJIb napu COCe,IJ,HHX 

tIJIeHOB (o<'k ,o<'k+l ) nOCJIe,rr.OBaTeJIbJ;lOCTH lo< L JIH60 ( ' 8 k )Bk- 1 
nOCJIe,IJ,OBaTeJIbHOCTH t8}
 
llOKaaaTeJIbCTBO nyHKTa 10 JIeMMN HenOCpe,IJ,CTBeHHo CJIe,IJ,YeT Ha onpe,IJ,eJIe­

HHfl (2.2) TeopeMN 11. Ma 3Toro ~e onpe,IJ,eJIeHHR CJIe~eT, tITO B c~ae
 

"HYJIeBbIX nap" coce~HX ~JIeHOB nOCJle,IJ,OBaTenbHocTe~ {~J ~JIH tB}
 
CTaHOBJlTClI HyJIeB1JlMH H sce yrJIOBbIe .rorasaae MHHOPbI!l~ HJIH ó.j á4aT­
Pm:(foI C (2.1) B COOTBeTcTBHH c onpe,IJ,eJIeHHIDdH (2.10), a CJIe,IJ,OBB,Te.JIbHO,
 

~ BbIpo~eHHocTb MaTpH~ C B cooTBeTcTBHH c TeopeMoR ~aca/7/.
 
nyHKT 20 JIeMMN 06NQHO B opHr~HanbHoR H CnpaBOtIHO~ .1IHTepaType He YKa­


abIBaeTCJl. Ero ,IJ,OKa3aTeJIbCTBO HenOCpe,IJ,CTBeHHO. C.1Ie,IJ,YeT H3 HaOMO~Ha­


MOB (2.24). :vITaR, JI8MMa nosaeaaa.
 

3aMeT.laHHe 7. neMMa 11, KaK BH~M, YCTaHaBJIHBaeT npocTbIe KOHCTPYKTHB­
,I,I 
HbIe KpHTepHH Bblpo~eHHocTH onepaTopa C , KOTopbIe HenoCpe,IJ,CTBeHHo CBR­

il 3aHU c YC~O~MB~ BNQHCJIHTeJIbHbIMH npo~eccaMH (2.3), O,IJ,HaKO (H 3TO 

oc06eHHO BamHO npH BbIBO,IJ,ax, KOTopbIe CJIe~T H3 20 ) He06xo,IJ,HMO OTJIH­
.t 
I. tIaTb"HcTHHHO BbIp~eHHbIe" MaTp~bI, T.e. TaKHe.AITlI KOTOp~ B COO~BeT-

CTBHH c JIeMMot\ 6 2 YCJIOBHfl ~. (1- Q'+2)=0 H Y, 1 (1- r, 1)=0
J. J. 0J+]-' 

k=l 

" 
10 

;1 
11 

11 



flBnfl~TCfl He06xoÁHMb~H H AOCTaTOtlHNMH Anfl C~eCTBOBaHHfl 6n~a~x 

cnpaBa OT 01., ==0 H cnesa OT B, ==0 HyneBblX 3HatleHHtl ol"':O H B ==0 OT 
l --- J k n 

"MamHHHO-B~po~eHHMX". rrOcne~HHe MorYT nOflBHTbCfl H3-38 3aMeH~ Ha3BaH­

HUX Bbme TeOpeTHu.eCKHxycnoBH~ HX npaKTwqeCKHMH aHaJIOraMH, Henocpe~­

CTBeHHO HCnOJIb syeMW<m B BhIt1HCJIeHH,RX, T. e. ~i +3== Oi(1- 'Oi +2) . o/..i -1 ==0 

linH Bj_ 3== 0;+1 (1- Ój-1)' B '+1==0 .!\aK BI1AHMJ "MaInHHHliIe'" HyJIH MorYT 
nORBHTbCfl "npeJlt~eBpeMeHHO~' H no npmmHe MaJIOCTH cL _ HJIH B

i 1 j+ 1 
38Meq8HHe 8. B cnyqae MaTpH~ c(1.4) c ~H8rOHaJIbH~ npe06JIa~aHHeM, 

KaK aTU 6bmo OTMeqeHO B CJIenCTBHH 3 K neMMe 10/2/, aJIeMeHT~ MaTpHU 

C- 1==B y6~BaIDT GT ~HarOHaJIH K nepBoMY (nocneAHeMY) cTon6uaM (Ha 60~ 

JIee no~o6HoM aHanHae aToro MH e~e 6y~eM OCT8HaBJIHB8TbCfl npH Bb~HC­

neHHH ncH ). ÔTO B CBOro Otlepe~b 06Y~OBHHBaeT y6uBaID~Htl X8paKTep 
paBH9MepHO OI'paHHQeHHbTX nocneAOB8T8JIEHOcTetl Lot} H{B 1cornaeao (r. 5). 
C ~YI'otl cTopoHbr,xapaRTep nOBeAeHHfl nOCJIe~OBaTeJIbHOc~etl {~11 B}COB­

nanaer c xapaxrepov noseneaaa , nocnenoaaeensaoceeã {~~ H.1 ~ }
.l m 

C TOqHOCTblO AO COMHOJKHTeJIetl { D1 gk H DL qk} , KaK aTO cJte~yeT HS 
(2.2). ITOJIHOCTbIO 1l30MeTpRllHh1MH 3TH nocnenoaarensaoc-ra 6Y~T munh 
~fl M8TpHU, Y KOTOpbIX 19k==1} ~==1 • ECJIH , tlqk I ;>'1} ~=1 ' TO 
OqeBH~HO H3-sa (2. 3) nOCJIe~OBaTenbHOCTH t!J. ~ H t. ~16Y~1 no 

MO~JIIO B03paCTaTb 6~CTpee, qeM y6~Ba1OT nOCJIe~OBaTeJIbHOCTH tcX H ~} 

H H8060pOT, eCJIH {Igkl <1} ,TO y6~BaTb no MOAYJIIO 6NCTpee, tleM 

{o<. H B} . CJIe~OBaTenbHO, npe~CTaBJIeHHe (2.2), (2. 3) ~mL yrJIOBbIX 

MHHOpOB n03BOJIfleT YBeJIHQHTb MaKCHM8JIbH~tl nop~oK m ~,HX H3yqeHHH
J 

ocoõemro eCJIH { gk==g j ~==1 no cpaBHeHHID c H3BeCTHblM}{ tlHCJIeHHl&H
 

npouegypaMH (2.10). YJIyqIDHTb (rrpaKTHtIeCKH CHflTb OI'paHHtIeHHe Ha nopfl­


~OK m ) CHTyauHIO n03BOJIfleT cnenyomaa reopeaa .
 
CJIenCTBHe 3 (TeopeM8 12). ECJIM c -TpeX~HarOHaJIbHafl MaTpHU8 BH~a (2.1)
 

c OTJIHq~ OT HYJIfl 3JIeMeHT8MH, TO ee rJIaBHHe YI'JIOB~e MHHOpH MOI'YT 

6b1Tb n~e~cT~~feHhI K 

s~ == n gk' n Ak (2 27)
k==1 k.=1 m m+1 rn • 

m m =-";:det(c)==!lqkO{n 1,\=nG )
k 

1\ m _ n ,n k== 1 k== 1 k==O
w' - g G l8Kl k==i k k==i-1 k 

I'~e 

-1
G i _ 1 1- ai+1 ; G i=m-1, ... ,1Gi m==Gm_1=1 ; (2.28) 

. L\j+1 1-Y,' .1\-:-1 j==3, ... ,mL\1 == 1\2 == 1 

~ 0J J 

Pk ~krk == "gk-1 gk k=Z, ... ,m . 

I1pY1: aTOM, ~ 

10. i\k==0-!I k+ Z=1 , A k- 1= tk - 1 , i\k+1=oo, HO A k ' J\ k + 1= - Ok' (2.29) 
20• Gk==0 - Gk_ Z==1 , Gk+ 1==h+2' ~k-1 == 00, HO Gk· Gk- 1 =- ok+1 . 

II 
JOlíasaTenbcTBo TeOpeMbI OqeB~~HO CJIe~eT ~3 (2.2) Y1: (2.3) ~ TeopeMW 8 

(1.8)-(1.14), nocKonbKY B~nOJIHflIDTCfl ~pManbHHe paBeHcTBa 
jH of.. m 13 

o< '+1 = n (.L1 k= cl-- )11 l3i - 1== n (Gk == Jf-), (2.30)
J k=1 k-1 k==i-1 k+1 

., 
B cany HaqaJIbHbIX 

DpH aTOM CJIe~eT 

j+1
1 eX. =n i\. == 

J+1 k==1 k 

m 

Bi - == n G1 k==i-1 k 

YCJIOBHtl B (2.3) WIR fo; , B1 ~ B (I. I I) .n.JIR ti\. H G}. 

HMeTb B BH~, tITO 

tO' ecna ~. 1==0 
J+ (2.31) 

.J\. ... (l1k.L\ +1)·.I1 k+ 2 • • .11,'1\'+1 10 
1 2 ( J J
 

eCJIH Ak=0 ~JIfl JII060ro 3 ~ k ~ j
 

O, ecna G - 1==0 

Gi_1GiGi+1 ••. (Gk_1Gk)Gk+1···Gm10, (2.32) 

ecna Gk==O ,JJ.JIfl .JIlo6oro i ~ k ~ m-2.t
i 

OTMeTHM, qTO BBe,n.eHl1e B/2/ ~OpMaJIbHNX 0603HaqeHHM (2.30) npHBeJIO K 

He06xo~HMOCTH BBe~eHHfl ~oonpe~eJIeHHtl 
~ npoueccu (2.28) BMeCTO 6e3~eJIHTeJIbHUX
I 

6H B/2/ H8M11 6~JIH I1CnOJIb30BaH~ BMeCTO 

I Gk- 1 Gk == Gk - Ok+1 11 1\k+1' .Ak 
I 

(2.29), nOCKOJIbKY HCnOJIb3YIDTCH 

npoQeccoB (2.3). O~HaKo, eCJIH 

(2.28) npoueccH 

(2.33)==L1 k- Ok 

I
 TO ~OKa3aTeJIbCTBO ~oonpe~eJIeH'~ (2.29).MO~HO 6bIJIO 6H BHnOnHI1Tb 60JIee
 

npOCTO,QeM 3TO 6bIJIO c,n.enaHO B 2/. A HMeHHO: nyCTb
 

I
 
(Gk==o , .L\==O) -- (Gk- 1' Gk == - <1k+1 ' il k+1' Âk=-tk)


C ,~YI'o« CTOpOHhI, HMelOT MeCTO ~pManbHHe paBeHcTBa
 

Â k+ z' Ak+1== L\ k+ l - Ok+l=(1-0k l\-~)-tk+1 H Gk_ZGk_l=l:".(ry'=(1-~:r:~1)-rk'
 
113 KOTOpbIX c ycIeTOM (i\k=0 H Gk==0 ), noxyvae«
 

I
 (2.33)

== -Qk+l - ­Gk- Z' Gk- 1, Gk Gk_ Z==l (2.34) 

(2 .33) 
lt k +Z' J\k+" J\.k == - ~~ -- l\.k+2 == 1n 

TeopeMa ,UOKa3aHao 

. \ 
12 1 :~ 
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Y~HT~BaR, QTO rrpoQecc~ (2.28) YCTO~BN, Ha ~TO Heo~HoKpaTHo YK~S~-


BanOCh paHee, npH{lokl~1} , npHXO~HM R cneAYID~eMY B~BO~.
 

3aKnlO~eHHe 

~qnonhSYR pe3ynhTaT~ HeTpa~HQHOHHoro no~xo~a/I-3/ K Hs~eHHIO
 
CBO~CTB TpeX~HarOHanhH~ onepaTOpOB,MH narr~ HOBHa npa~CT~aHHH
 

(2.3)~{2.4) H (2.27)f(2.29) ~nfl rnaBHb~ yrnoB~ MMHOpOB, YCTO~BHe
 

npa ycnoBHH {I rk 1 ~ 1} ~=2 • IlpH 3TOM BbIpaJKeHHfl (2.27) f( 2.29)
 

npegcTaBnfl10T co6o~ cBoeo6pa3H~~ cnoco6 aBTOMaTH~eCKoro ~HcneHHoro
 

KogHpoBaHHfl (= ~aKTopHsaQHH) yrnoBNX MHHOpOB rrpH n106~ CKonb yrogHo
 
60nbmHx nopflgKax - m MaTpH~~ c (2.1) B BHge 3neMeHTOB orpaHH~eHH~
 

rtocnenoaareasaocreã {qk H Gk ' J\kJ. ,1JpyrHMH CnOBaMH, nocnenaee
 
npegcTaBneHHe CHHMaeT HSBecTHoe orpaH~eHHe Ha BenH~HHy MMHOpOB (KaK
 
~YHKIWIlO OT m -nopamca MaTpHIJ,bl C (2. I) npa B~HcneHHH HX aa SBM no
 
H~BecTH~/7/ peKyppeHTHWM qoPMYnaM (2.10). KpoMe Tor~ HaMH non~eH~
 
npocTHe KOHCTPYKTHBH~e KpHTepHH (2.26), ecnH K TOMy me yqecTh npeg­

CTaBneHHfl (2.30) B~pomgeHHocTH Tpex~HaroHanbHb~ MaTpHIJ,.
 

ABTOp HCKpeHHe rrpHsHaT€neH ~neHY-KoppecnoHgeHTY AH CCCP rrpo~ec­
copy H.H.roBoPYHY sa HHTepec K HacToH~e~ cepHH pa60T H npegcTaBneHHY10 
B03MO~HOCTb pa60T~ Hag He~. 
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'IEMA'I'WIECKHE KATErOPHH llYBJJHKAI.OOt 
0B'bE.lU1HEHHoro HHCllfi'YTA B,llEPHWX 

HCCJIE.Z.OBAHHA 

H!mexc Te.taTIIKa 

1. 3KcnepHMeHTanbHaR ¢M3HK8 BWCOKHX 3HeprHH 

2. TeopeTH4ecKaA ¢M3HKa a~cOKHx 3HeprHH 

3. 3KcnepHMeHT8nbH8R HeHTpQHH8R ¢M3HKa 

4. TeopeTH4ecKaA ¢M3HKa HH3KHx 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaA cneKTPOCKOnHR H P8AHOXHMHR 

7. $H3HKa TR•en~x HOHOB 

8. KPHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3aUHA o6oa6nTKw 
A8HH~X 

~~rn~nuuAu~~nLuL•-. - ~. ----

11. B~4HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. 
14. 

15. 

16. 

17. 

18. 

19. 

TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

HccneAOB8HHA TBePAWX Ten H *HAKOCTeH 
AAeP~MH MeTOA8MH 

3KcnepHMeHTanbHaR ¢M3HKa AAep~x peaKUHH 
npH HH3KHX 3HeprHAX 

ao3HMeTpHA H ¢M3HK8 38~TW 

TeopHR K0HAeHCHPOB8HHOrO COCTOAHHR 

HcnonbsoaaHHe pesynbTaToa H MeTOAOB 

~YHA8MeHT8nbHWX ¢M3H4eCKMX HCCneAOB8HHH 
B CMe*HWX o6nacTAX H8YKH H TeXHHKH 
6HO~H3HKa 

EHeJlbR:HeHKO r.A. Pll-86-531 
0 CBOHCTBax CHCTeM JlHHeHHbiX ypaBHeHHH C Heoco6eHHbiMH 
TpeXAHarOHaJibHhlMH, JleHTOqHbJMH H KBa3HTpeXAHaroHaJibHbWH 
MaTpHI.J;aMH. BbiqHCJleHHe rnaBHb!X yrJIOBbiX MHHOpOB 
TpeXAHarOHaJibHb!X MaTpH~ 

Ha OCHOBe TIOAXOAa /1-3/ K H3yqeHHID CBOHCTB TpeXAHarOHaJib­
HbiX MaTpH~ TIOJiyqeHbi HeTpa,D;H~HOHHbie npeACTaBJieHHR: AJIR: rJiaBHb!X 
yrJIOBbiX MHHOpOB /H onpeAeJIHTeJIR:/, a TaKJKe KOHCTpyKTHBHbie KpH­
TepHH BbipOJKAeHHOCTH MaTpH~. 

Pa6oTa BbmOJIHeHa B Jla6opaTopHH BbiqHcJIHTeJibHoH: TeXHHKH 
H aBTOMaTH3a~HH OHHH. 

llpenpHHT 06l.e,!U1HeHHoro HHCTHT}'Ta SAepHblX HCCJieJ].OBaHHH. Jly6Ha 1986 

llepeBoA O.C.BHHOrPaAOBOH 

Emelyanenko G.A. Pll-86-531 
On the Properties of Systems of Linear Equations 
with Non-Singular Tridiagonal, Band and Quasitridiagonal 
Matrices. The Calculation of Main Corner Minors of the 
Tridiagonal Martices 

On the basis of the approach (1-3) to the investigation 
of the properties of tridiagonal matrices the non-traditional 
properties of main corner minors (and determinant) and the 
construtive criteria of the singular matrices are obtained. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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