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npHMeHeHHe WeTO~8 06paTH~~ 38~qK K KCCne~OB8HKD pa3nHqHHX He

nKHe~RHX npOneCCOB 38 npOme~mHe ~8 ~eCRTKneTKa 060r8TKnO H8YKY pft

~OM rnyOoKKx pesynhT8ToB, cy~ecTBeHHO yrny6KBmKx H8me nOHKM8HKe MHO

rKX RBneHK~. B ~e~CIBKTenbHOCTK MHorHe H3 3THX pesynbT8IoB MorYT 6HTh 
nonyqeHU Oe3 Kcnonb30B8HKR MeTO~8 06paTHO~ 38~a4K. B HaCTOR~eH pa
60Te 3TO YTBepK~eHKe 6y~eT npo~eHOHCTpHpOBaHO Ha npHMepe CKCTewu ypaB
HeHK~ 

~u 'dlJ ~ I ~ . ~ 'f ê)2. r 
'dt -'di rZ)(.'Í!'X, 'fI =0, &-if= L/<f -j- 'dx2.' (1) 

onKCHB8D~eH (B HeKOTOpOY ITpK6nK.eHKK) B38KMo~e~cTBKe ~nKHHo~ BonHH c 

n8KeTOM KOpOTKKX BonH, ~cnpocTpaHRD~XCR Ha nnOCKOCTK xli 
no~ yrnoM Apyr K Apyry 71/. 3AeCb ~ - 8wnnKTYA8 AnHHHoA BonHH,

'f - KOMnneKCHaR orKOaD~aR naxera KOpOIKKX so na , napauerp J.t, 

y~OBneTBopReT ycnOBKD ~~ =1 . H8MK nonY4eHU RBHue BHpaxeHKft ~a 
MHoroconKTOHHoro pemeHKS CKCTeyy (I). OpK 3TOM OCHOBHYD ponb KrpaDT 

Hexoropae OqeHb 3neMEl! rapase ~aKTu, OTHOC RII{HeCR K M8TpKU8M secsua 
CneURanbHOrO BK~a. nOCTKraeTCR 3TO cneAYD~HM 06pa30M. 

§I. PemaI ae BCnOYOr8TenhHoR CKCTeMbl YIRBHeH MA 

nYCTbB - KB8.~p8THaR yaTpKU8 nOpRJIKa lo -= 'li +22.2., J "tI.> o ( i,t> oJ 

c 3neweHT8WK B'l"s , 7-
J 

S = i J •• • ,Zo . Ilpe.monoaaa , 4TO OInK4Hue 
OT Hynft 3neMeHTY W8TpKUU B HMeDT·BKA 

. (~ ~]
f>t-exp[(Wt-ÕS)x"-v rJ'r,,-Õ1,,)J i ecna ~=/.J'" 

(J~- 55 
• I ~ 1. I 'Lí t- "l.;L+ {, . . .J i. o J 8 S ={J • • - I I~O +- t 1. } (1.1)

B~Js ~ 
'(4)2. 6'.~jl/]

J", ex?[- { ~ - i d<, eCJIK '"1< '& 6 '1-,+'1-", < S <' 7-. 
- ~ 6':;1., 

cJt - s -1l&"W'B~11~li;iloi~ RHCTI!TJ'i' 

1'.l\1~~~~;"'~Á hi" 'li'" J}J3au8rj 
1:1.#0' ~. -.~ --l{ ~\I 11 ~,l"l't':. H~ . _ _\-;'. !I.""" ' • ""..,. '11.-'



OCTanbHN8 3neU8HTN MaTpHUN B npe~nOnaraDTCH paBHNMH HynD, T.e. 

i) ·i ~ 'z- ~ 'l-í I 7,1. -t "l. a., .< S ~ 'l- c J (1.2) 

B~ s == o) eCJlH ~) ttt < ~ :f:. ~l + ~2 1. ~ 5 ~ 7.-1 + '611- )JI 

.3) '7.-1 -+- 'Z", < 'z, S ~ '(,o , 

llpa 3TOM. npe.anoxaraerc a, 4TO BeJIH4HHN fi J " j'~OJ <Jf. J • tJi.C)• 1 •• J 

6! '., IÕt OT KOOp.D;HH8T X. J)f ne 38.BHCSlT. KpOMe' TOrO, npeanoao-

XH~, 4~0 B:nH4HHIi fi} ... j~ 38BHCSlT OT speuea a t TaK, 4TO asnos-
HJlDTCSI paa eHC THa o 

'1j". + i (w;;- "'l,:L) J'l, ~ O npa 'l,~ f) •.. , 'z,í)
r'dt 

'df.z- -e-, i 6t:Lj", ~ O '1- ~ 'trd I •• '. ) "'1. -r '1-2- , (1.3)npa 
~t 

~ft ./}2. f -
~ t + ~ W'rI t - O. npH t:::l '&1+ i,~t {.} · . · J to. 

O,ltHaKO BeJlH4HHY Wj. }, • , J W~O} 6;. J •• • '~D CQHTaDTCSI ne SaBHCHIItHMH 

or t . Boasxea re neps BeKTopli-CTOJIOUN À 11 t COOTBeTcrBeHHO c 

KOMnOHeHTaMH ~ 't- H t'l". BH~a 

f'texp [w7l x - i (w;:- Õ;):!]I acnH '(,.:: f,",., ~!J 'tti'~p,,+1.} ••• , to I 

(I. ~) 

'V { 2. z À : 
j'7.- e'/.f [-í (w'(, - 6'~ )J] ecne ~1 < t, :5 ~t + 't,2 IJ 

e)(p (~õ'(.,~)} ecna i ~ ~ ~ t- i + '&2, J (1.5)

t - . k 
~- { i} eeJU'1 7- 1 + 1t:L < ~ ~ v c ' 

B03LlLeM, ,I18.nee, .D;HarOHan~Hl:ie uaTpHUN J 3 J J. nopSl,lUta '& ,
0 J ol/f :;., 

HUelllltHe c OOtB eTC r BeHH o B H,lt 

2 

J :::ofia~(!'."Ji) f} ••• )i) O) • • ~) O) J 

:Jo z: J ~ CfJ ( i J ' •• ) 1 } OJ ••• J O) :1. } • • • J i)) 
(1.6)

J := déDJ (oI • • , ) O} 1 ) .. 'J 1., OJ ••• J O) }
1 

J'). z: j íaJ (OI · ·" OI 'O) • • " OI i) . . . ) i) ) 

r,lte nepBye rpynnli Hyne~ H e.D;HHHU e»ellT ,ltnHHY ~i ,a BTopwe H TpeThH 

- HM81lT AnHHY ~l • 
llonOXHM 

D~oIei(/+B)) (l.7) 

o "'Jto 1:JBI) 4/"' Jetcf> ; J.d IJ. >. Ji À i + sf ' (I '.8) 

r.ae 1 - eAHHe4HaJl MaTpHIla nopaasa to , a 3HaK "...., li 03Ma saer 
" TpaHcnOHHpOBaJlHe, T.e.,B secra ocra.nep exox OT aexropa-croncua it" 

aesropy-crpoxe , Ilpaano nOD .. r eneps , 4TO B HeKOropoã OKpeCTH OCTil tOtlKH 

Xc: X o I ~ == i o ) t ~ to BYnOnHe~o HepaBeHCTBO D:::. let (J+ 8)/ o. 
Onpe,ltenHM lIJYHKnHH U, Cf} r c nO"O~hD iBBeHCTB 

~2, p ti! 
u ;::. ~- [11 D (/J = - I' Cf =- - (1.9) 

~x2, ) J O O 
TorRl cnpaB8.lJlH8a cneAYl>~Jl 

Teope.. a L Onpe.leneHHWe nccpezc raoa (1.1)-(1.9) lWHIUUUI U) fi <f 
Y.lOBJIeTBOpRDT B YJta3aHHoA BYllle OKpeCTHOCTH TO~KHX=Xc)J:=;JDlt:>to 

cHctexe ypaBH8HHR 

r"Jq ~l/ , 'd 
~ -~ - 2 i r'Jz (Cf <fi) ~ o I (i.IO) 

· W _ !j 1'!1 · 11 1!1. 
Ú Id t - LA r l' rox,:lJ J ~ r'i) t .+ U f + t() x;t - o, 

lOKa3aT8nhCTBO 3roR TeOpeMY onHpaeTca Ha Cne.lYD~1l 3neMeHrapHYD 

neMKY· 
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JIeItlMa. IlYCTb A- KBaAp8.TH8.R M8.TpHUll no paasa 111+ 11 + 1. m >..0 

n ~ O • IlYCTb, AaJIee, Aj-l,'II - KB8.JlpaTHafl uarpaua nopaasa
) 

rtl+n, 
) 

nOJIYtlaIlIlt8.RCR H3 M8.TPHUhI A nOCJIe B~tlepKHBaHl-lfl 3JIeMeHTOB fi - ;H 

CTpOK., H ...; -ro CTOJI6ua, a aij./,v'::.cietA,P,1/ )p,'I!=1.]".,tn+n+/.. 
IIYCTh, mKOHeu, Ao - MHHOp l1-ro n opaaaa , CrORIltHtt B rrpasoa HHJtHeM 

yrJIY MatpHUhl A ,a MaTpHua fi o ~n4eeT BH,ll 

ri j , i (l.lI)". a(,{'''''+i IJl o ~ I . . . . · . · . , . . · · .. . . 
cim + 1. /1. • •• dm+1. } 111+ f. • 

TorAa cnpaBBAJIHBO paBBHcTBO 

( of ei A) t11 dei A<J ~ Jet Jf o (L 12) 

nOK63aTeJIllCTB o. Paccaorpaa CHatlllna cJIYtlaH, xorza der A'* O. 
B03bMeM M8.TpHuY Â BHA6 

A I ~111+{ (1.13)Ai IA== o Ao ' 
rÃe ~ tl1+1 - &AHHHtlHafl MaTpHUa nopaxxa m+ i ,a Ai - MHHOp 

MaTpJfIUl A ' o6pa30BaHHblR 3JIeMeHTaMl-l, c TORD\HMH HtI. neveCetleHHH CTpOK 

c HOltlepaMH fi =1/ "') m +1. H CTOJI6UOB c HOMepaMH )/a m+2] ... 
WI·+ n.Lo i Tor.n.a cnpas eanaao paB8HCTBO 

, • " r. A 

Ao o 
(1.14)A-i Â ~ 

Â 1111 
A 

rAe:l1 11 - eAHHHtlH6R MaTpKUa 1I0pJlJlKa n , Ao - WHHOp (»1+1) -ro 

A- i 7
nopJl,JI,Ka. CTOJlIltHH B JIeBOM BepXHeM yrJIY MaTpH~ , a Ai - MHHOp 

MaTpHnH A-i , oõpaaoaaaauã 3JIeMeHTa:uJl, CTOJlII\HMH aa nepeceseaaa CTpOK 

c HOWepaMH}.(=:tn+~, ... ) #11+ 11 + i li CTOJI6nOB c Ho,wepaMH V=:1.) ••• 
• •• J m-I-.i. • H3 IRBeHCTBa (1.14) B CH.ny (LII) H (1.D) CJIeJij'eT 

CnpaBEU(JIHBOCT h COOTHOmeHHJI (r. 12). 
B TOM cJIYtlae, KOr.1\a ele-/:; A:::: O, 38.MeHHM MaTpHny A aa MaT

pHu:rA':. A+t 1111+/1+1., r.1\e 1111 + /1+ 1. - e.1\HHHtlHaR .MaTpH

na nopJlJUta. WI+n+!. ,UJIJI waTp~H A' YTBepX.1\eHHe JIelülH cnpa-

BeAJlHBO n px acex .1\OCTaTOtlHO lfaJIliX E.::f:. o • Ilepexo.as K npe:,J(e,~ npa 

4 

E ~ o , nonytlael4, tlTO B 3TOK c~ lia e cnpaaemaao paaeHCTBO 

dei Jl.o = O , r , e, COOTHomeHHB (1.12) cnpaBe.1\JIHBO H B cnytlaB 

J~-t A :=: O , 
TIeWMa AOKasaHa. 

nOKa3aTeJIllCTBO reopeMH. C nOMOlltbIl Henocpe.1\CTBeHHO" nO.1\CTaHOBKH 

B~paE~HHI (1.9) B (1.10) y6e~eKcJI, tlTO CHCTeMa (1.10) 6Y.1\8r 3aBe

.1\0140 y.n;OBJIeTBO pesa, BCJIH BeJIHtlHHbl D s: (jl Y)lOBJIeT BOP~U)T) t.J.I / 
COOTHomeHHRM 

~Z D _ 'd~ D) D: (!() O_ d D)cl D ~;1,. lf (1.15)
( 'd1:êJrK- 'dx'dJ 'Í! t 0:J 0x. + 'f J 

(
L'd ~ _ 'd!l.!fi) D'" (í 'd O+ !f) ~ D) tT _2, /() D'rJ p) (1.16) 

"Oi ~xl ra t 'dX~ 1x 'OX
 
, ~ tr 'e)lJ.,tf (.'1D ~~D)(lJ "OD~<f
( L 'é)t .,.. 'h:?.J O" L 'ô t - t() Xl T + Z';)x. ~!:to (1.17)• 

nOKaXeM HX. COrJIaCHO (1.1),(1.2) H (1.4)-(1.6) CnpaBe.1\JIHBbl paBBRcTBa 

'1 B::: w:1o B- BJ õ;; [/0) lJ ~).. ;::tJ1o~ 'de =._ roJ t (1.18) 
/() x, ) 'Ox } 'Ox. ) 

r,Jte npoasaeaenae À'[ BBItr ops-croxõua À aa BBKTOP-CTPOKY l 
nOHHMaeTCJI KaK npoH3Be~eHHe waTpH~ H. CJIe.n;OBaTeJIhHO, RBJISeTCJI KBaApaT-

HoR MaTpHUel nopsAKa ~o c 3J1BKEIITaKH À.. ts ) ~ I S =.J ~ Iv l. ) ••• IVQ 

a ~Ha.rOH8JI.H"B waTpHIlJi fi) H () HKellT BH)I; 

tJ ::. j: QJ (w~ /... I w~" ) J ()::=: 0/í aj (~ I ••• I õ"t ) . (1.19 ) 
o 

nJIS npoasaoJlhHHX neJIIiX tlHCeJI f11 'lO' H n/;.-o onpeJlBJlHK KBa,JlpaTHHe 

U8.TPHUJi t l11 11 (]. m H1'1 no paaae i-o + i : 
" I 

lJ6'111 
f",,11 "I : A (1.20)w J o l +B ' 

G _j I J2, f H _ l J õl1lO O 
(1.21)

• W1 - W t11 J 
o 

~ ~ + (3) 11 - :1
1 
~ .J-r13 . 
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nYCT&, .u.aJIee, K - KBa,n,paTHaR Ma.TpHIla no paMa 7-0 + 1. , ~KellutaR 

B~,lt	 ,." 

-l-J~ 
(1.22)J{ ~	 IJ~ ~ l+ B I 

BOS&MeM, HaKOHen, KBa.u.paTH...e MaTpHIUi tI V W nopaasa 7.. 0 + 2.. ;
I	 J 

O O i-;
U ;: I () O lJ 

Ji~ JcÀ ~+B 
(I.23) 

O	 Oo O t». 
l ~~ I1;1Q OV~	 I O (J lJ 

J W:::
 (1.24)
it BcJ:Jo À JoÀ Ji~ ~o~ l+ B 

Ha	 OCHOBaHHH (1.7),(1.8), (1.18)-(1.21) H (1.24) HMeeM 

~D~-Jetr. 'd~D=-deir;Of"JeiI:J. (1.25)
.!()% 0,0 J !dX~ , , J 

'd P: dei G'1 , 'd2.t: Jei G-'J. dei VJ-	 (1.26) 
'Ô x, rax 

'd lf/_ d 1 H ra2, tJ!,:= 01 et H:t + dei VI , (1.27) 
'ê) 'X.- - -. e-r, i I 'dX~
 

B03bKeJl r enep s MaTpHltY T BHJta
 

T ~ ex r(i <õ z J t)	 (1.28) 

H nOJIODM 
....B ::: T -{ BT .	 (I .29) 

6 

C YlleToM (1.1)-(1.3),(1.6),(1.19),(1.28) ~ (1.29) H8XO,B.HM, IlTO OTJlHIl~ 

HHe OT UYJIR 3JIeV8RT... B"L,s MaTpHUI:I B HMellT BH,lt 

~"L exr [CWt  65)~ - i(w;- 6'/') t  ~ (cJ'; - 6'r12-) JJ 
(1.30) 

r:J~ - O:s 
Ã 

13~/s;:' i eCJIH 'V=='!.'··"~1Itoz,1.-rt~t1.'····I'?,OJ a S:i.""liJ.+-t~J 

[ ( 
' 2, 2.] . 

~ 'v ex p - i Wu - tõ"L ) 'j 
z, ~ JeCJIHtf.<"z,!:'''l,!+~~<.s~~o 

Wt - Ôs I 

r.ae	 BeJI~qH"bl ~ ••• I J~c CBRaaHH BeJI~qHHaKH fi I flz-oI c ••• I 

COOTR OmeHlIeM 

J'v ex f [j,(w; - 6"''lt2-Ji] I eCJIH 1. ~ 7.t ~ t 1 I 

q =- -< f (. c- 2.t) (1.•3 I ) 
~ 'V I]'V e.xp - L, v'(,. 1 eCJIH ~1 <: 't. ~ ~l.+ ~~ J 

t~ e.X:jJ( i w;;t) eCJIH "t,1.-t~~< tz, ~ 'to 1 ftI 

H, CJIe.u.OB8.TeJIbHO ,OT t se SaBHCRl' • OCTaJIItHbl e 3J1eKeHTY WlTPHU'" B , 
oqeBH,ltHO, paBHU "YJIIl. B ~HJIy (1.4)-(1.6) ~ (1.28)-(1.31) nOJIyqaeM, IlTO 

.I\. 

/()B . 21 (3"" ,AB"ir.::'~ 
-:=.-~w -tv JV :::::t()t c 

~ - 'L T - ! ( W j~ Àl J 1- ':10 At J õ ) T J 

/j)~	 CT- i J" i) =- i. T- i 
tJ2 J. À , (1.32) 

~ (T:J t) ~ i T' õ 2 1 eI 

rtJt 

2(T-~JÀ)=2(TJ l):::o.
/dt i di 2 

JlaJIee, _COrJIaCHO (1.7),(1.8) ,(1.28) H (1.29) CnpaBe.Jl,JIHBH pea escraa 

D ~	 Jet (1+ 13) I 

o t J TI 'I o 'l J T I~=c1e.i IT- í Jo~ ~+:L8 'f=c4~t T-f~iÀ 1+ B II 
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R3- KOTOphlX na OCHOBe (I.32) sarexaor COOTHomeHRSI 

Í, ~D=-oteil O lJT)_detj o lJa:T / , 
'Ut T-1WJc~ f+B T-{:ro~ 1+8 

O O lJ~T 

Lra~ :::del I o .e 

'V 

Jh!l+ dei O o lJT II 

'ôt T- i w2. JoÀ J+ B T-!wJoÀ T-:i.J~~ B+B 

r- k O O eJ eT 
.'í)'1J~_Jetl O tj~ T tdet O o t:J~ 
Lot Irljl).. 1t p, T-I~). rl:t.>' H B 

T.e. B COOTBeTCTB"H c (1.20), (1.21) H (1.24) HMeeu 

'L '() D=- Jet r: o - J. et fo i )ro t 1, ,	 (1.33) 

, 'il4 _Jei G; + det V, i. 'Ô lj!~ -dei H;L -t- dei W. (1.34)
L -- - ;t
roi	 rot 

OTC[)~ Ha OCHOB6HHH (1.25)-(1.27) cneAYDT paBeHcTBa 

, td D 'd2 D f .L r . . t() D !()2. D () det I' 
l -t + ----;)::: - 2, q e L riO l -t - -~ == - N [ oI i I (1.35)'O ~ ~/v I J f() '() XJ 

I	 I 

L n t + 
~ $ 'd.2-~/.J- V '() y; 1J2-tJ! _ d.l W (1.36)
L---=~ael )	 ?v-~ ec ,
iQt rox?'	 .() 'Ôx, 

Bocn o nsayeucn r ene ps ,noKa3aHHoR pauee neWioR. llOJIODM A=. V. 
Ee pR I'YI "" i ,h:: ~o C Y\leTaM (1.20), (1.21) H (1.24) nOJIY"4aeM, \lTO ~ 

)	 . 

A.o=. ~ + B I Ai.,{ = J~, o I Ai, 2.=. ~ I o I A~ ,i= GOl A~ c'L ==- Gi . 

B CHJIY (1.7),(1.8),(1.21),(1.25),(1.26),(1.35) H (1.36) paBeRcTBo 
(1.12)	 B 3TOM cJIyqae HMeeT BH,n (1.16). AHanarH\lHhlH odpa30M, nonarag 

A': W ,npH rn:: 1. , n =. to HaXO.nHM, qTO Ao =. 1+13) Ai/oi = Fo,o,
A.I 9.,= Ho A,., c= r:...I A'}.. 2 -=. H1.' COrJIaCHO (1.7),(1.8),

"J., } ç", 0,"1. ) / 

(1.21),(1.25),(1.27),(1.35) H (1.36) paBeHcTBo (1.12) Ha 3TOT pa3 

npHHHMaeT ~ (I.I?). 
8 

B03bMeM Tenepb MaTpHUY Y BRla 

(1.37)Y:: ex f ( í fÕ 21) 
H nYCTb 

vB ::: Y-{ BY.	 (1.38) 

B cooTBeTCTBHH c (1.1),(1.19),(1.37) R (1.38) OTnH\lH~e aT Hyng 3neMeH
"	 v

T~ B"t.,s MaTpHuhl B HMellT BH,n 

J-v exp [(W'f.,- 6's)X - i (wt - <5;) J]
_---------'----. , ecna '7., = i} . . . 

W'T, - Õs 

v 

S = l }... 7., +'" (r. 39) B~/;, -;"1). · . i 'z! J 7-1+t~+ 1.) •• " ~o} a , 1. Jv~ 

J't etf [- í (w;- 6S~) l J 
- ,ecnH ~1 < '& ~ &1+7-7u < S ~ ~c • 

. 'l2. - b: ~ 
W'l" s 

v 
OCTanbHHe 3neMeRT~ KaTpHUH 8 ,0\l~BH~HO, paBHhl Hynll. C nOMombll 

(1.4)-(1.6) H (1.37)-(1.39) nonyqaeM, \lTO 

v \/" v" 
t()B =-iw~jo f3 + L BJ õ~ - iw'LjiBJa-+tc:1fBJ2,62,::; (1.40) 

~6	 ,v I'J r

::; - ~ y-r ( tAl J(J ÀeJ + ~o ~ eJ 6 - J{ Àl j ~J Y. 
llaJIee, B CHJIY (1.7) H (1.38) HMeeM D;: de, i ( ~.; B) . 
OTCIl~a aa OCHOBe (1.40) cJIeJ1YeT paaea crao 

'~:_.Jet\ o . tJ~ 
l rrJ;r 'l-I,,)JoÀ J+B 

o t J6' 't Jet \ o l J?-, YI
 
-Jet '{-i.jo~ !+B + ~-iJ1\ ~+r3


\ 
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T.8. B COOTBeTCTBVIVI c (1.20) H (1.22) nOJlY4aeM 

~ Id O::: _ det r: o - dei f o 1 + dei K.IdJ " I 

TaltVlM oõpaaoa , c Y4eTOW (1.33) Haxo.nma, 4T o 

roD _ 'dD:::: íoletK (1.41)rat rol · 
OTCDAB COrJlaCHO (1.4)-(1.6), (1.18),(1.22) H (1 •.23) CJle.nyeT paaeac r-
BO 

1'"J2 D r;j2D 
(r. 42 )1:x/"J)/ o: - í, 01et U.t()-fd:>e 

Bocn ons syexc a CHOBa .n0K8.3a.HHoR pauee JleM),(o~L IloÍloltIDI A:= lJ. 
Beps m= i ,t1= ~(J ,B CMJlY (1.20)-(1.23) no JlY4aeM, tnoAo=l+ 13) 

Aí í ::;; F; o Aí ~:: Ho J A~ i. ::. (;0 ' A2, a,. = K. B COOTBeTCTBVlH c 
I , I I I) I 

(1.7),(1.8),(1.21),(1.25),(1.41) K (1.42) ydeltAaeMCJI, 4TO B 3TOI 

cVlTyauVlVl M3 COOTHOmeHMJI (1.12) BYTeKaeT' cnpaaeanaaoc rs (1.15). 
Teopewa .nOKa3aHa. 

YwecTHo OTMeTVlTb, 4TO eCJlK BeJlVl4V1HY W1 I' •• w'(. 6: 6-:.. , o ) 1 J 
OI' 

If/O 

y.nOBJleTBOpJlDT YCJlOBHD 

tJ~~ :::::: 6'",,2.-- J t == 1.) ••• J te) 
TO nOJlY4eHHOe HaMVI pemeHKe CVlCTeWY (1.10) cornaCHO (1.1) K (1.4) 
s e 3aBMCKT OT f.{" VI, CJl~OBa.TeJlIIHO, y.nOBJleTBOpJleT CKCTewe ypa a-

HeHHH ti 

'dU • ~ , r;)Cfl d~(/). rcJCf (j'lCf
 
- - ~ I. - (rr) =O L.::J--=. U<fJ+:J L - +L!(V + .---'::-O


'd t 'ÔXJ ' fJ t / r;)X~ J ~ t T 'dx~ 

§2. iiHBa pVlaHTHOe wHoroodpa3V1e CKCTeMY (1.10) 

Ms TeopeMH I CJle.nyeT, 4TO eCJlK onpe.neJleHHHe no~pe.nCTBOM (1.1)
(I.81..«nH.!Ql!!L D, p) f y.nOBJleTBOpJlDT coa THOMeHKJlM K 

*)3.necb VI BCD.ny B )laJlhHeRmeM'qepTa Ha,ll KaKoR-HVldy.nh BeJlH4V1HOR 
03Ha4aeT KownneKcHoe COnpJllteHVle, ~ 3Be3.n04KoH Oa03Ha4aeTCR apMMTOBO 
COnpRlteHHe ~'JI MaTpHU (M BeKTopOB). 

D ~ 1) lf ; ~ ~ ~ 
} 

Jt2.=i 
) (2.I) 

;)
 
TO onpe.re nensae COrJlaCHO (1.9) 4>YHltUVlH tAI Cf, <fi npVlHa.nJlemT VlHBapiBHT-'
 

HOMY MHoroOapa3V1D U =Li ) r = LK <f CVlCTeMY (1.10), H, cneaoaare .Ilb-


HO, 4>YHKUVIVI
 

~~ <P u :::. ?- .- 111 D úJ = - (2.2)
?Jx?v I J 0

JlBJl8DTCR pemeHVleM CHCTeMY (I). CJle.nYD~aR TeopeMa co.nepltVlT .nOCTaT04

Hye YCJlOBVlR .nJlR BYnOJlHeHHH cooTHomeHVlR (2.1). 
TeopeMa 2. ECJlli BXO.n.mrtR8 B onpezeneaae MaTpmu~ B VI aexropos 

À I e . BeJlH4HHY fil"') f'l,Q) WiJ"" t.J7,.oJ J (Jil" • , õ-z,c 
y.noBJleTBOpJlDT YCJlOBHJlM: 

I) f~ :f o npa 'l. = i J • • • , 'Z o I
 

2)f.t~J'r, ,õ~=--Jj~ npa 'G-=-iJ,~,,'i1) (2.3)
 

3) 6'''(,1+ 't =: - W'tL+ ~1.J 1" 'v J 5'''1+~;t. + 1, .:.= - cJ"'L-t "v 

}'t1.+"r.,~+'t- ::: i ~ f~J.+'v npa ,&::: t , .. " "l.~) 

TO nOJlY4eHHue c nOMO~bD (1.1)-(1.8) 4>YHKUHVI D ~ ~ y.noBJleTBOpJlDT 

COOTHOmeHVlJlM (2.1). J I 

nOKa3aTeJlbCTBO~ Ilpe.ncTaBKM MaTpHny B B cne~D~eM dJl04HOM 

BH.ne : 

d.. ~ o 
(2.4)B=: o o -'O 

C{ ~ o 

J r.ae d.... - MHHOp, CTOR~VlR na n epe c exeuaa nepasx ~t CTpOK VI nepasx 

&L CTOJldUOB; t -MVlHOp, CTOSlUl'fR na n epe cexenaa CTpOK c HOMe

paua '(, ;: i ... "l,i VI CTOJlaUOB c HOMepaMVI 5 ~ 't.+[ ••. ti + t . 
J , ... }' 2. , - t - .MVlHOp, CTOJl~VI~ na n epeceveaaa CTpOK c HOMepaMH i. : 

::::: ~ + í t + ~ VI CT OJlaUOB c H0101 epaaa S::.~ +~ +1. M'
"t: J" • I L G-~ 1 (,~ J'" I 've ~ 

Q - MVlHOp, c TOJl~VlR aa n epecex eH VIVI crpox c HOMepaMVI t = ti + 
... .... .1 h VI c ro nõuos c HOMepaM'f S· _ .J h.+ (,1, l~, . . . J v o - l. I • • " v t .I 

VI, HaKOHeu, C - MHHOp, CTOR~VlR Ha nepece4eHHVI CTpOK c HOMepaMH 

·t=-'tt.f~2.-t-1.,.. J ~o H c ro aouoa c HOMepaMVI S::~L+l J"') i t + 'l.Ã,' 

IlycTb 
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f::JLaJtf1e,~f[-i(w;-CJ:):J]) .. ·,f'r,1e-)(f[-i,(cJ't:~ iJ't~)d]}} 

(2.5) 
~ = dL0J(~1/ ... / 1t~) ) h:: JtDJ(hi ' . • • ) h1-~) ) 

r.ae no onpexeaenan npa "Z.::: {/ ••• I 1-~ KMeell 

r [. 'J., -~ (2.6)~~=1~t.+'r" exp -lt(c.J't,i-+~- w~1.+~'JJ-t'v)1J 
'( a, -2.,

h~= f't,i-t~~+t exp [ -/., tJ'l-1.+t~-t'ü .... cJ'üI.+~):I]' 
B CHJlY (2.3) nonyqaeu, qTO 

. r~ I ' *' (2.7)J::;1 ) 1 ~t}{,J . 
naJlee, B coOTBeTCTBHK c (1.1) H (2.3)-(2.7) Haxo,nKM, qTO 

(2.8)tLf=fet.*J af=h!,', th~=hr, ir»: 
ilOJlOJ:H1l reneps 

5 ~ 
f 
f) 

o 
o 

o \ 
- i «~ 1 

50 ~Jet S.' 
(2.9) 

o h () 
CornacHo (2.4)-(2.9) cnpaBe,nJlHBH paB8HCTB6 

S =: S". S B*: 13 S* ~ B S 
OTCIl)l;6 CJle.uyeT, qTO 

s (~ +Ij ~) = (~+ 13) S , (2.10) 

T.e. c YQ8TOM ue paaeac na f'z,. f O npa t =. 1., •.• I ~D nonyqaeu 

p6BeHCTBO de.t (D + B) = Je t (~-t f3 ~) • TaKHM 06paSOIl, n epaoe H3 

cooTHomeHHI (2.1) ,nOKa36HO. 
nOlaEe» Tenepb BTopoe H3 CooTHoweHHI (2.1). B CHny (1.8) H 

(2.9).. Hlleell 

À* Jo I _de·tI o eJ 5 I's, f=J,{ IS~~~ S(ftB') .' tj!So- ::l,>- (H B) S . (2.11) 

Ha OCHOBaHHH (1.4)-(1~6),(2.3),(2.5),(2.6) H (2.9) cnpaBeÃJlHBH pa',. 
BeHCTBa 

(c .12)lJS = À~Jo c:f1 À=LK SJ7.- l.I 

B COOTBeTCTBHH c (2.10) H (2.12) BTopoe H3 CooTHoweHH" (2.1) cne~eT 

H3 ps aenc rn (2.Il). 
TeopeMa ,nOKa36Ha. 
}13 3TO~ Teopeas c ne,DJeT, q TO ecnH BeJlHqKHbI cJ1 i : •• ) W'&C 

Bbl6paHH C C06JlD,D;enHeM YCJlOBH" 

I) W't,'::; w~ npa 't == 1.., ' •• I "z- i ) 

(;(.13) 
~~ 

) ..,~ tU - o
2 w""i+'v - "tt.+t3.-i"~- npa 't:1,.",t2..-) 

TO nonyqeHHOe H6MH peweHHe CMCTeM~ (I) He 3aSHCHT OT ~ H, CJIe
~oBaTenbHo, y~oHneTBopReT CHCTeMe ypaBHeHKR 

~u ~ 2, • ~Cf r;)""(J) (2.14) 
n.L -t~}( -{cpl =0 t. ---:::; Uf1" .i:»: 
·01., t()~ 1 J rut td;)t,2. ) 

HrpaDmeR B6XHYD pOJlb B pR~e oOnacTeR MaTeMaTH4eCKoR ~H3HKH. HeTpYÃHO 
yOe,lI.KTbCR, qTO eeJlH l.(::::. u(x,fJ , <f;:. 1(')(;/ t) RBJlReTCR peaea aea CHCTe
UH (2.14), TO napa ~YHKnHRlo; 

I 
lJ'(z{t)= L((~+cf,i) / f(x,t}::::'<f(x+tt,t)exf[if(x+ftJ] 

~ 11 

: ). 
y~OBJl8T so paer CHCTeMe ypaBHeHH~ 

~ I'()u- . 2- 1"){2. ;:; o L~ Y; = li rJJ + rrJ ~ tf, (2 •I 4~ 
rcJt-e.rox. -t-I.-X'dXJ T ,r;;t f rux.2. 

B paõ orax /2,3/ CHCTeMbI (2.14) H (2.14') HCCJle,D;OBaJlHCb c nou oasn Me

To~a o6paTHo" 3a~aqH pacceRHHR. O~HaKo nonyqaeM~e 3,D;eCb nonYTHO RBHble 

BupaxeHHR ~R u.HorOCOJlHTOHH~X pemeHKR 3THX CHCTeM RBJlRDTCR HOBblMH. 
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•• 

BY~CHHM Tenepb, 

Bem,QHHH fi ,'" f'l,oI 

D se oopaaanca B 

OTBeT zae r cJte ~notaH 

TeopeMa 3. 'EcnH' f w}1 • , j to' i"",
" 

KaKHe Tpe60BaHHH HYXHO ,IlOnOHHHTenbHO HanOXHTb Ha 

1 c.Jt." •• I r,J,(,.C ,IlnH Toro, QT06H onpe,llenHTeHb 

Hynb npa nll6lix BeoteCTBeHHIiX 3HatleHHHX XI} I t.. 

BXO.D:HIIlI.fe B onp eaexeaae MaTpHua B Be1lH'IHHIi 

o; Y.D:OBneTBOpJlIlTycnoBKHM: 
11'0 

1) Sia nf1=o =. S~jl1J.tt S;dt1(ReWi)-=- .. ,:,s~211(Rel.JloJ,(2.15) 
2) $; ql1 (Re W!LL+'l,~tt) ::: • ,. ::: SíJI'1 (Re W'7,c) I (2.16) 

á ~ ._~ 

3) )t Re [i, ( tJt 1+'V- W'L 
1
+'fi) w'c,ti.;2,-t-'VJ <: o npa ~"d,. ", t'J..}(2 .17) 

TO onpe,llenMTe,Hb D=- Jet(n -+ 13) OTnHtleH OT HynH npz nn6HX senec r-

BeHHIiX x, ~ I t , 
nOKa3aTenhcTBO. PaCCMOTpmt O.D:HOpo.D:Hyn CHCTeMY nHHe~HIiX e nr eõ pa-

KtleCKMX ypaBHeHHH 

(2.18)
X+cLX+fY='o, Y-tZ=-o, o.X+iy+Z=o/ 

rxe MatpHUS d. I ~ ,r I CV 1.1 onpe.D:eneHLI paaee c nOMoasn npe,llCTaBneHKH 

(2.4) MaTpMUhI B ,a X M YJ Z - BeKTopH-CTOn6uy COOT-

BeTCTBeHHO c "(,1 M "t'Jv KOMnOHeHTaMM. IlOKBX8J4, sr o npa BbIT10nHeHHH 

ycnoBHI (2.15)-(2.17) CHCTeMa (2.18) MMeeT ~onbKO TpKBHanbHoe pe

meH~e. C 3TOM nenb~ C,IlenaeM B CHCTe»e (2.18) 3aMeHY 
~ ~ A ~ 

X ::: r X Y::: h' '( Z ~ ZJ , I ) 

r,lle 18TpHUIi J H h onpe,lleneHY n ocpezcTBOM (2.S) H (2.6). B 

pe3ynbTaTe nonyQHM cHcTeMY 
'" J\ Â A "" "",A J'\

ti + J.) X+ f Y~ o • Y- rZ"oJ â X+ g Y+Z = o. (2. 19) 

r,lle ~ 

J =oéf I f =t /," I 6= (In-I t .â z, o f I e = i I, ~. (2.20) 

CornaCHO (2.7),(2.8) H (2.20) HMeeM 

t: ~ j , (2.21 )J..= ri, ":': j·=i 

., 

.t 

t-

I ~ 

~ .... 
r ,e , MaTpMUhI f + c2 , t H r RBnHIlTCH 3PMHTOBIiMH. nanee, H3 

CHcTelW (2.19) asre saer JBBeHcTBo 

A A J'\ (2.22)- x*(f+J.)X + Y* i Y + z*[ Z ::: O. 

"3nellleHTapmdt aHaHHS nosaaraaer , tlTO eC1IH BHnonHeHO ycnoBHe (2.17.) 
K CnpaBe,llnMBO paoeHcTBo 

S;~11 li.:::: ... ::: siJYI f'l,,.= Sídt1 (Re Wj )=. . • :::: sijl'l (RecJ'Z,~)= 

~ - si:" (Re wt,+},.,+l) '" . , . '" - siJ" (Re ,J~.) (2.23)J 

TO MaTpHUIi - (f+ dv) ,~ H % 6Y.D:YT o,n.HOBpeMeHHO nM6"'O HeOTpR

l1,8. TeHbHN, nH60 seno HO)l[HTe nbHIi. Kpolle Toro, B- C"ny paB8HCTB nepBolI 

c t-pOKH tflOPllY nH (2.23) HMeeM Jet (f + J) t: o • OTCIl,J(a cne,llyeT, 

tlTO paaeacr ao (2.22) B03MOXHO r onsxo npa X == O, 3TO 3HatlHT, 'ITO 

,nnJl ancoro peuenaa CHCTellH (2.19) BHn01lHHIlTCg COOTHOmeHHJI 

A .... '" Â '" A 

Y.-tZ=O, gy+Z=o. (2.24) 

i;
... 

Ha ...oCllo"Be CKa3aHHOro Blime sce coõcr ae nnae 3Ha'leHHH W:l.TpHU 

M t ~ HeOTpHUaTenbHY~ C1le~OBaTenbHO, ·onpe,llenHTenb CMCTeMIi (2.21i) 
OTJlHq.eH OT HY1IR, r ,», 'í = Z ::: O • TaKHM oOpa30M, np~ BHnonHeHMH 

ycnoBMR (2.17) H (2.23) CMCTeMa (2.18) HMeeT T01lbKO TpHBKaJlbHOe 

peueaae , 
PaCCMOTpHM renep s MaTpMUY Ao H Ai BH,n.a 

AAo .=:.). f t J ~ 1 Ai := d.
 
Q l'
 

COr1l8.CHO (2.21) MaTPiIllli Ao K Ai gSnHIl,TCR 3PMHTOSIiMH. 311eMeRTap


HYI auanH3 n osaaaaa er , 'lTO eC1IK BlinonHeHO ycxoa ae (2.17) R cnpaaez

11M BO p8.B8 HCTBO 

. OIS iq11 f! = = síq t1 f = s íqh ( Rewd:= , . ,~ 5 j q 11 (R e cJ'lt! ) '= 
~ a ~i 4 d (2.25) 

= sír (Re r.J~,+'t~+l) = •.. = SiJ 11 (Re w'to ), 

TO lIlaTpKJIY Ao H Ai 6YlYT O,lUfOBpeMeHHO lIx60 HeOTpRuaTe1lbHY, 1IM60 

R8nOJlO.XT8HbHY. B031lM8M »aTplflIY ~ BHJta 

.j 'r, o 
Q= \ -; ~'t,., 

15 
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,,;:~~ 
,·t,t~J 

:~ t~ ' 
r ae 'l"f,L - e~HHHtlHaft xarpane nOpR,JI.Ka rz.,IL ,a 1= â (f-tJ)-i . B38HMO.ltettcTBHe '&1. + 1z.~ ye.ltHHeHHYX BOJIH ~BYX THnOB. BOJIHY nepaor o
 
C YtleTOM (2.21) HM:eM ~lf-= (f+J.)-! f . HeTpY~HO y6e~HTbCR, tlTO
 

rana HMellT BH~
 

3pUHTo~a uar paua Ao =. ~ Ao Q* HHeet BH,n
 

Zfi/~o U =-----------
J f =. O JÂ : I j-+2 ch~[}(1.x + ').,}'-1."'I1 CJ+ t )] o O Q( f + 1 )-iI~ 

1 
..... I rAe BemeCTBeHHY8 napaMeTpbl)1i H Vi npHHHMaIlT npOH3BOJIbHye 3H8

M8Tp~Y Ao H Ao 6Y}J.yT O~HOBpeu.eHHO JIH60 HeOTpHuaTeJIbHY, JIH60 tleHHR. BOJIHY BToporo THna HMellT BMA 
HenOJIOEHreJIbRY~ ~3 CKa3aHHOro BHme BHTeltaer, tlTO 3pUHTOBY MaTpHUY 

2J1l 
u=(2.26)} + l, A1 = i I A~ = ~ 

Ao 

- a(f + 2)-i f ch~ [f~(x+2 Y'N t + 2, õJ]J 
6Y~YT O~HOBpeueHHO JIH60 HeOTpHuaTeJIbHY, JIH60 HenOJIOEHTenbHY. Bypa3HM
 
rsneps C n~MOutbll nepaor o ypaBReHHR CHCTeMbI (2.19) aesr op X xepee e.x p[Ly ( ~f t '
 

A 
'f:e 3, x+2.y~ )+/'(;','{J 

aesr op '( ,T.e. nOJIODM ch[jt2.(x+2.v~t +lõ:fJJ expH(p5:+'I;ltJ, 
'" '" !. A A (2~27)X =- ~ f + dv)- f Y· 

r~e aeuecra ensse napaUeTpy)l.3., , vI).., I 6' ) t: H KOMnJIeKCHaft3TO MOEHO C~eJIaTb, TaK KaK B CMJIY paBeHcTB nepBoR CTpOKM ~OPMYJIbI 

(2.25) CnpaBe~HBO nepaaencr ao dtt (ft J) tO. necxe noacra- BenHtlHHa C. YAOBJIeTBOpftlJT e.ltHHCTBeHHOMY YCJIOBHIJ
 

HOBlta BypaJeHHft (2.27) B TpeTbe yp6BHeHHa CMCTeUY (2.19) nO~tlaeM
 
'k(Y~-6')fit + H {C{2-= O IcHcTeuy A A A 

H, CJIe~OBaTeJIbHO, ~R cy~ecTBoBaHHa 3TH~ pemeHKA Re06xo~MO BenonHe'( - A Z = o A'). '( 1- Z s: o 1 (2.28)t 
HHe ycnoe Hft (V2J - <r) J<, < O. B THnHtlH 014 cnytl8e B38.HMO~eRcTBHe 

r ae l6aTpHIUl Ai H AI)., onpaae seaa nocp ezc raoa (2.26). c yqeT0J,4 CKa Bcex BonH RBJIReTCS ynpyrHM, T.e. pe3YJIbTaT B3aHMo~HcTBHft BypaxaeTcR 
B COOTBeTCTBYIl~HX ~aSOBblX C~Hr8X Bcex ~38HMo~e~CTBYIJ~HX BOJIH.3B.HHorO ByMe ace c06CTBeHHble 300 tle HHR M8TpHU Ai A H A').. Ai seorpa

CHTyaUHR MeRReTCH KOpeH'HYW 06pa30M, eCJIK sa BeJIHtlHHY W! ,". WtnaTezbRH. Ha 3TOM OCHOB8HMH onpaAeJIHteJIb CHCTeuw r2.28) OTJIHtleH OT I oA ..... A 

HYJIJI, T.a. y. = Z == o • .ll8JIee, B CHJIY (2.27) nonytlaeM X:; o • Ta- H8nOXHTb onpeAeneHHye .ltOnOJIHHTeJIbHNe Tpe60BaHHa. B 3TOM CJIYtlae cpe,nH 
B38HMO~HcTBYIl~HX BOJIH nOSanHllTCR, H8npMKep, napH BOJIH pa3HNX TMnOB,KHK 06pa30K, npH BHnOJIHeHMH YCJIOBM. (2.17) H (2.25) CHCTeua (2.18) 

f, B KOTOpyX 0,Ir,H8 BOJIHa raCHT ~pyrYIl. Bnépase no ftBJIeHHe ~YJIO oonapyMuseT TOJIbltO TpHBHaJIbHOe pemaHHe. 
KeHO HaMK B pa60Te /4/. O~HaKo paCCMOTpeHHblH T8M cJIYtlaR He HCtlepnYnOCltOnbKY H3 YCJIOBHA (l.15), (2.16) BYTelt8eT cnpaBeAJIHBOCTb 
B8el SCSI CTOpOH 3Toro HBneHHR. PeSYJIbT8TY HaCTOHmeA pa60TbI n03BOJIH60 ycnoBHR (2.23), JIH60 YCJI OB HJI (2.25), TO H3 cxaaaaacr o asae
 
nJl~T paCCMOTpeTb 3TO RBJIeHHe 60JIee nOJIHO.
CJIe~eT, 'ITO ycnOBHft (2.15)-(2.17) rapaHTMpYDT oTcYTcrBHe y CHCTeMY ~,
 

I B 3aKJImeHHe OTweTHM, xr o eCJIH B CHCTeMe (1) 3B.MeHHTb t
. (2.18) RerpHBHaJIbHOrO pemeHHft, tlTO, lalt H3BacTHo, 3RBHBaJIeHTHO OTJIH
I• 

'IHIl OT HY JIft onp ezeJIHTeJIR D aa J ,a 1 na t ,TO B aror e nOJIytlHM c HCTeMY 

TeopeMa ~OKa38Ha. 
~11 dtJ d ~ ' r;;r 'dZ r (',o'D4eTHU, s ro YCnOBHJI (2.13) se npo raao pesar ycnOBHRu (2.15) -- -=~){~/fl L--::::' U(f}-t - -K-)
 

(2.17). ~t ~J ~~ I ~J I ~x~·
 
C,.enaeu reneps He'CRO JIbltO 38Me'l8HHA no nOBo.n.y no JIytleHR oro HlUIH
 

'OtleBH~HO, tlTO npO~eJIaB B pemeHHH (2.2) TY xe caMYIl 3aMeHY, MN
pemeHHI (2.2) CHCTeUbI (I). B THn~qHOU cny'lae 3TO pemeRHe OnHCYB8eT 
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nony4MM peuenae CMCTeMbI (*"). O,llHaKO ynoMHHYTOe BblWe penenMe 
B HOBblX nepeueausx MMeeT COBceM ,llPyro~ xapaxr ep , a m.l.eHHO: B HOBblX 
nepeMeHHblX 3TO pemeHMe onMCblBaeT M3ny4eHMe (MnM nornomeHMe) ,llnMHHOR 
BonHO~ naKeTa KOpOTKMX BonH. PaHee 3TO RBneHMe 6b1no o6HapyxeHo HaMM 
B ,llpyro~ CMCTeKe ypaBHeHMR /5/ 
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HET RH npOSEROB B BAlliEH E"SRHOTEKE? 

BbI MOJKeTe n,OJlY'ntTb no nOQTe nepevacaeaaae HHJKe KHH1H. 

eC'J1H OHH H~ 6b1J1H aaxaaaasr pasee. 
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