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1. BBEAEHUE

BruManze aBTOpa K pa3paboTke alrOpHTMOB DelleHHA 0OpaTHHX 3a1ad
nua mackperHoro ypasHerua [lIpemuarepa 05110 IpUBJIETeHO B.H.3axapse-
rv [9]. B [4] mmeerca monpo6ras 6ubmrorpadmsa mo MEOTOMEPHEIM obpar-
HEM 3azadaM. lepBoHa9aIbHO ORLIO MCCIeNOBAaHO ONHOMEPHOE MUCKPETHOE
ypasuernue Illpemunrepa [6-7]. Pemenne obpaTHoi 3amauy B 9TOM CIydae
CBA3AHO C IOCTPOEHMEM IO CIEKTPAaJbHHM JAHHHM CHMMETPHYHOA TpeX-
ImaroHajpHON Marpuus. B [7] 681 mpemmoxen 3¢ (eKTUBHHNE alropuIM
BHUNCIIEHA CHMMEeTPUIHOM TPeXIuaroHalbHON MATPUIE 1 6a3MCHHX C0O-
CTBEHHHX BEKTOPOB II0 3aJaHHOMY CIEKTPY W MEPBHM KOMIOHeHTaM 6asu-
CHHX COBCTBEHHHX BEKTOpOB. B 3Toif pabore ofcyxmaerca obparHas 3a-
Java U1 IByMepHOTO mucKpeTHoro ypasHerus Illpenmsrepa. Bmwxerne
BOJIH Ha pellleTKaX B AMCKPEeTHON KBaHTOBOM MeXaHWKE OIMCHBACTCA [5,6,9]
pasHocTHHM ypasHeHmeM [llpenunrepa:

Pic1j = 2%+ iy Vi1 — 295+ i
_ J hg] +17 J hZ’] J + Uij'l/)ij — )\wi,]“

PaccMarpuBaerca 3afada B IpaMoyromsruke 1 < @ < M, 1<j<N,
C Hy/eBHMI TDaHMYHHMHA yCIOBUAME: Yo ; = YM41j = Yio = Ying1 = 0.
B ciyuae Hymesoro morenmumana (Ui; = 0) cobcrBeHEHe 3HAYHUA U
6a3uCHEE COOCTBEHHEE BEKTOPH OIPeNesII0TCA GopMylIaMu
. m 4 ™
Amn == —551n2——————+—— 2

PRt oM+ TR 2N 1)

o .ommi ., T™nj
Vm,n = “Um,n(ZvJ)H = 2\/]7’2hyll51n ]\44— 1 SlnN_:]_”’

1<im<M,1<jn<N,1=MN.

ViopanoumM cobCTBeHHEE 3HAYEHUA B MOPAIKe BO3PACTAHUA:
A < A< A <AL
BeomnM B paccMoTpeHHne BeKTopH — Eg = [e?, €] =

= [Umn(1, 1)y e Vmn (L, N), ooty Vmn (M, 1), o Unn (M, N)J.



Onpenenennne (ana HymeBoro moTeHmmama . h, = hy, = 1) g, E;
ABJIAIOTCA pelleHreM CIeKTPAJIbHON 3aJau¥ [JIA CAMMeTPHIHON IATHAVA-
TOHAJIbHOM MATPHIIH:

Ar Dy O 0 4 -1 0 ... 0
| Dv Ay Dy ... 0 -1 4 -1 ... 0
¢ = DM_1 ’ Al_ R T
0 0 ... Dy_1 Ay 0o o0 ... -1 4
a Ha OOKOBHIX IMAroHAJNAX cTOAT Omoku D; = —I , roe I - eauEUYHHe

MaTpunH mopAaka N .

CraBurca 3aaya BOCCTAHOBJIECHUA II0 CIIEKTPAJIbHEM JAHHHM BO3MYIIEH-
Holl mATuauvaroHampHOM Marpuis C : Ha 6oKoBHX amaroHamax C cToAT
OUaroHAJbHEE 0JIOKK

—-1+qu+1 0 0
D; = 0 Lt vgie 0 Li=1,.,M—1,
0 0 _1+qu+N

qi = (i — 1)N , a Ha TyaBHO# muaroHamm - A; =

4+9qi+1 —1+uq,‘+1 0
_ -1 + Ugit1 44 Hq,'+2 ce 0 i=1 M
- =1+ ugipn-1 ’ LA
0 . -1+ Ugit N-1 4+ 94i+N

OpToHOPMATEHOCTE 6A3UCHHX COGCTBEHHNX BEKTOPOB Bieder [2] opro-
HOPMaJIbHOCTh BEKTOPOB €j, COCTABJIEHHHX M3 j-X KOMIIOHEHT 0a3MCHHX
cobCTBeHHNX BeKTopoB: e; = [e], e?, ..., €l]. Orcioma ciemyer mpocroit
anropurM (OpEBeZeH B maparpade 5) BEUUCICHUA CEMMETPHYUHON [ATH-
IuaroHaibHOU Marpumsl C' 10 3aJaHHOMY CIEKIPY W 3aJaHHHM HepBHM N
KOMIIOHEHTaM IJU1 KaKI0To 6asucHOTo cobcrBerHoOro Bekropa. Marpuma C
uMeeT MaKyHy Mexxy BTopoit u (N + 1)-it nmaronamavu. B pesymapraTe He
Bce N KOMIIOHEHT MOTYT OHTb 3aJaHH IPOM3BOIBHO. JTH KOMIIOHEHTH Ha-
paxy ¢ N(N+1)/2 ycnoBuaAMu 0pTOHOPMAIEHOCTH TOJUKHE YAOBIETBOPATH
(N —1)2(M — 1) RONONHWTENBHEM YCIOBHEAM, 06€CIeINBAIOLIM OPTOTO-
HAJbHOCTh BHYMC/AEMHX IPH IOCTPOEHUH MATPUIH CIETYIOIMX KOMIIO-
HeHT 0a3uCHHX COOCTBEHHHX BEKTODOB:

(61,6]') =0,..., (ej_l,e]-) =0,7=N+1,..,L
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Kpome Toro, MOMKHE yIOBIETBOPATHCA YCIOBHA COTJIACOBAHHOCTH, 0bec-
meYyuBalolne BHIONHeHWe N HIDKHUX YpPaBHEHWHA CIEKTPaJbHON CHCTEMH
CE; = M\;E; nna Bcex j.

Obpammnas 3adaua das deymeprozo ducxpemnozo ypasnenus Ilpedun-
2epa c600UMCA K NOCTPOEHUI CUMMENPUUHOT NAMUIULAZOHALLYHOT Ma-
mpuyvL no 3adarnnomy cnexmpy u sadawnoim k(M,N), 1 < k < N, nep-
8YLM KOMNOHEHNAM 048 KaH0020 6A3UCHOZ0 CODCNEENHO20 BeKMOPA.

OIeMeHTH MAaTPUIH ONPeIeIAITCA OTHOBPEMEeHHO C ~HeI0CTAIoumMa’
(N —k) KoMIOHeHTaMJ U3 PelIeHNA CHCTeME TIOMTHOMAATBHEX YPaBHEHWH,
B KOTOPYI0 HapALy C YCIOBUAMHI OPTOHOPMAJBHOCTH, IOIOJHUTEIbHEMHA
YCIOBUAMY U YCIOBUAME COTIACOBAHHOCTH BXOIAT COOTHONUICHUA, OIIPeIelL-
Iol7e IeMEeHTH MAaTPUIH Yepe3 \; ¥ KOMIOHEHTH 0a3uCHHX CO6CTBEHHHEIX
BEKTOPOB.

B naparpadax 2-6 06cy&IanTca BHBOL JOIOMHATEMbHEX YCIOBHIA, YCI0-
BHI COTNIACOBAHHOCTH, aJICOPUTM pelleHI o6paTHO 3a1a4u, BRIKNYAA IPO-
BEPKY KOPPEKTHOCTH, U IOIyYeHHHE YUCIeHHHE Pe3yIbTaTH A CEMMe-
TPUYHOW NATUAMATOHANbHOM Marpuun mopanka 12. Te ke apryMmeHTH
CIpaBelJMBH B obueM ciydae. B maparpade 7 mpuBogaTca JOIOJIHATE -
HEE YCIOBUA [UIA CAMMETPMYHON MATMAMATOHAJIBHOX MATPUIH MOPAIKA
MN. Taum e BHBOZWTCA TPOCTOH aNropuTM miA ompexenerus k(M,N)
qucia cBOOOIHO 3afaBaeMHX (A KaXIOTo 6a3MCHOTO COOCTBEHHOTO BEK-
TOpa) KOMIIOHEHT B obuleM ciydae.

2. JOITOJIHUTEJIBHBIE YCJIOBUSI

Huco DOTOTHATEIBHEX YCIOBH PABHO YHUCILY HYJIEBHX 3IeMEHTOB MEKILY
BepXHEME BTopo#t 1 (N + 1)-it amaronamamu Marpunu C, UCKIIOUag Hy-
JeBHe dIeMeHTH HWKHUX N crpok. TpexmmaromampHse Marpuns (7] me
UIMeIOT TaKWX JIAKyH.

3amernM, 9ro npu N > M > 2 cupaBeaamBo HepaBeHCTBO

(N-1)(N+2)/2+ (N -1)*(M - 1) < (N —1)NM.

Tak 4To KOMIOHEHTH €] MOTyT GHTH TP OM3BOIBHEME, TOJIbKO ||e1|| = 1.
ITepBoe caraemoe B J1eBoit 9acTh MOC/eHET0 HepAaBEeHCTBA 03HAYAET YHUCIIO
yCJIOBU OPTOHOPMANBHOCTH IJIA BEKTOPOB €3,...,ey. B IpaBoit wacTm
CTOHMT oflllee UMCII0 KOMIOHEHT 3TUX BEKTOPOB.

Huxe nmpusenena cucrema 18 nomonmnurensHEX ycmosumit gma N = 4,



M = 3. Vckomasa cuMMeTpHYHAA MATHAXATOHAIBHAA 12 X 12 MaTpua

( tel
uuy

uuy
teg
UU9

0
0
’Ud3

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

teg uug 0 0
uugy telo UUl 0
uuyg teyy wuup
0 uul1 t612J

3nmecs 1 majee KPATKOCTH PaId UCIONB3YIOTCA 0603HATCHIA

-1 4 u; = v, 44 0; = te;, -1 4 v; = vd;.

k! OPTOHOPMAaJIbHOCTIL 0a3UCHHX COOCTBEHHHX BEKTOPOB CJIeOyIT COOTHO-

LIeHnA

! !
2 i i ) 20 i _
> Ajeles = uug - uuy, ey L es; > Aeey = uug(

i=1

{ o
Z /\iegez = 0, €g 1 €4,

=1

l

1=

te,-

Y Aiejes =0, e5 L es;
1

l

l .
'2:1 )\j(@?){ uu;
]:

>

{ .
Aiejey =0, e5 L eq;
—

1

! o
- ol ol
=2 Ajeied,
j=1

KOTODHE ONpeNeAIoT te;, ul; COOTBEICTBEHHO.
Cucrema DOMOMHUTENBHEX YCIOBHIA:

Z )\126216; = uul(tel + t€2), es L e,

i=1

1=1

.

teg + teg), er L eg;

! !

2 i ) 20,0 _ .
> Aieles =0, eg Les; > Aebey = uug - uug, eg L eg;
i=1 =1

l

> A?egei = uug(tes + teq), eg L er;

i=1
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{ .
> /\fe’leg = uuy - uuy(te; + teg + tes), eg L er;
i=1
l 3 i
> Ajeley = uug - uuy - uug, eg L eg;

i=1

l o
3 Mebel = uuy - uug(tey + teg + teq), €19 L eg;
i=1
1 9 i i
11 .
Y Aeseq = uus(tes + teg), eqo L eg;
i=1

l
2,11 .
Z )\i65€7 = UUs5 * UUg, €11 1 €9;

i=1

l o
Z /\361162 = uup - UUg - UUg - (tel + teg + tes + t€4), e1y L eg;

i=1
l

2 i i )
> Aieger = uug(teg + ter), e L eqp;
i=1

Loy
11 B
Z )‘i €€ = UUg - UUT, €12 1 €10;
=1

l
0 i
> Aiereg = uug(ter + teg), ey L eq.
i=1

[ToscHMM, KaK IOy YeHO IepBoe TONIOJIHUTENbHOE YCIoBHIe €5 L e3, oGecte-
4YmUBalOllee OPTOrOHAIBHOCTS €5 K e3. HamomuanM, uto cucrema CE; = \E;
Ha3HBAETCA CIEKTPaJbHON. YMHOXaeM IepBoe ypaBHeHHe CIeKTPaJjbHOI
CHCTEeMH

te; -e’i + uuy -eg + vd, -eg = )\ie’i
IoCIe0BaTelBHO Ha e}, el e} u Kammmii pa3 cymmmpyeM 1o i. Tak Kak
BEKTODH €], €3, €3 OPTOHOPDMANBHH, a  te; = yi_; Ni(e})?,  wuy =
=¥l \ielel, momygaeM coorHomeHnA

! ! ! !
vdy Y. eée’i =0, wvd ) egeé =0, wvd ) egeg =3 )\ie’ieg

i=1 i=1 i=1 i=1
B IIePBOM, BTODOM U TpeTheM CIydYafgX coorBercTBeHHo. OTcioma cilemyer,
9T0 U1 OPTOTOHANBHOCTH €5, €3 HeoOXOQUMO, YTOOH BEIIONHANOCH Tep-
Boe NONONHMTENbHOE YCIOBHE: Y._; \;eiel = 0, B To BpeMa Kak OpTOro-
HAJIBHOCTD €5 K €1, ey ClIelyeT aBTOMATUYECKH M3 OUpeleNeHna te, uuj.
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OcranpHEe TOTOMHUTEIbHEE YCIOBHA MOIY9alTCA aHAJIOTHYHO. B ciygae
TpexXUaroHaJbHONH MaTpuuH [7] OPTOrOHAIPHOCTh BCeX BHUMCIAEMEX ej
clenyer U3 ompeneleHnd te;, uu;.

Bra mocrasinena mems Ha KoKpersoMm npuMepe (M =3, N = 4 ) mpo-
BEePUTh HEOOXOAUMOCTh BHIIOJHEHUA JOTIOTHUTEMBHEX YCIOBHI X BO3MO-
HOCTb OTpefle/IeHNA HeJOCTAloMUX KOMIOHeHT e}, j = 2,..,N, i =1,..,1,
yepes pelleHNe CHCTEMH JOMOIHUTEIbHHX ycnomm COBMECTHO C YCJIOBUAMMU
oproHopMasbHOCTH. Havamproe smauenme A = 0.96775... 6mu0 Bo3My-
meHo, B pacuerax A; = 0.96.

B paGote [8] ommcaHH MONHTKA CBeIeHWA pelleHUA CUCTEMEH [OMIOTHU-
TeJBHHX YCJIOBH COBMECTHO C YCJIOBHAMHI OPTOHOPMAJBHOCTH K PelIeHHIO
TpeX CHCTeM JUIA HOC/Ie0BaTebHOM Koppekuun eh, ef, e} . Ha Takom myTn
YOAIoChk pelnurs cucreMy 24 u3 27 ypasHermit. OcTaluch HeyIOBIETBOPEH-
HHMU 3 TOIOTHUTEIbHHX YCJIOBHA, o6ecneana10ume OPTOTOHAJIBHOCTH BEK-
TOPOB €19, €11, €12 . B 3TUX CoOTHOmEHHAX €}, e} mpmcyTcTByIOT OIHOBpe-
MeHHO. IlonmuTku pelraTh MomepeMeHHO CHCTeME OTHOCHTEIBHO €, ey IpH
3aMOPOKEHHHX €}, e} COOTBeTCTBEeHHO He Jajl pe3ylbIaTa. Wrepanun me-
Toma HeloToHa pacxommiumce, BKIOUaA MOAUGUKAIIME C IIepeMeHHEMIY 1Ia-
ramu. Koppekmua ey 6EuIa mpomsBeseHa IpeaBapuTensro: eb, 1 = 1,2, 3,
OHJIN OIIpeJeNIeHH U3 PEelleHnA CHCTeMH

!
9 i
(e1,€2) =0, (en,e2) =1; Y Aejeh = uui(te; + tey), €6 L e5.
i=1
IIpu stoM e; u e}, ¢ = 4,...,], ocTaBaIuCh PABHHMHI HCXOZHEIM 3HAUe-
HUAM. 3alady yoajoch PelMTh N0 KOHIA Ha APYTOM IyTH. e3, €4 KOp-

PEKTUPOBAINCH ONHOBPEMEHHO U3 PelleHnA CUCcTeMH 45 ypaBHeHmit ¢ 45
IlepeMeHHHMU:

es, €y, 1 =1,...,12, uug, uus, uug, uug, tes, tey, teg, ter, tes,
vdy, vds, vdy, u2, v2, u3, v3, su3, sud, s67, s68, sT8.

[IepBre 36 mepeMeHHHX ABIAIOTCA KOMITDHEHTAMHI 6a3MCHHX COOCTBEHHEX
BEKTODOB U 3JIeMeHTaMU NCKOMOM ATUIAATOHAIbHOM ManPIIILI Ocranpane
9 mepeMeHHEX OIpeNeNANTCA COOTHOIEHIAME: u2 = Y \_ /\26263,

l . { . l .
v2 =3 Melel, ud = 3 Mebel, v3 = Z Nelel, su3 =Y (\eb)?,
i=1 i=1 i=1 i=1

l . l . l L. l L.
sud = Z(Aiefl){", 67 =" )\?e%ef,, s68 =" )\?ege'g, sT8 =3 A?ef,eg.
=1 =1 =1 i=1

~.
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W3 45 ypaBHeHmit cucTeMH 24 ABIAIOTCA YCIOBAAMEA OPTOHOPMAJTIbHOCTH W
JOTIOMHATEIPHEIMY YCIOBUAMA (HAIOMHEM, 4TO Bcero mx 27, 3 OHIZ mc-
HOJIb30BAaHK IPH KoppeKuuu es). OcranpHie 21 ypaBHeHHe ABIAIOICA CO-
OTHOLICHUAMH, OIIPeJeAIIIAME SJeMEHTH MATPUIIH:

uug, uugz, Uug, UU7, t€3, te4, teg, t67, t68, ’Ud2, ’Udg, ’Ud4

u mepeMeHHHe u2, v2, u3, v3, su3, sud, s67, s68, s78. Cucrema 45 mo-
JTUHOMUAJBHHX ypaBHeHH# Omia pemena Ha SPP (3mecs u mamee mmeercs
B suny HP Exemplar S-Class SPP-2000) ¢ momompio makera NUMERIC,
REDUCE 3.6 [3]. B pesymbrare 6mua ofecmedera maeambHAs OPTOHOD-
MaJIbHOCTh BRHYUCJIAEMEX ~0a3MCHHX’ BeKTOPOB, HO BO3HUKIO HOBOE IIpe-
HOATCTBZE, 0 KOTOPOM Io#imeT peus B maparpade 3.

3. YCJIOBUA COIVIACOBAHHOCTU

Ecmm mpu BEUBCIeHNN 5€MeHTOB TpeXauaroHaJbHON MaTPHUIH 1 ee Oa-
BUCHHX COOCTBEHHHX BEKTOPOB YJacTBYIOT BCe YPAaBHEHHA CIIEKTpaJbHOMN
cucTeMH (7], TO IPU BHYWCIEHAM 3TeMEHTOB pacCMaTpHBAeMOil IATHANA-
FOHAJIBHON MATPUIH U ee 6a3WCHEX COOCTBEHHHX BEKTOPOB (II0 32 JaHHOMY
CIIeKTPY ¥ HepBHM [V KOMIIOHEHTaM IJIA Ka)KI0ro 6a3MCHOTO cOOCTBEHHOTO
BeKkTOpa) HkHZe N ypaBHEHHUH CIEKTPAIbHOM CHCTEMH He MCIOMb3YIOTCA.
CoorsercrBeHHO, BHUHCIeHHHe ~0asucHHE” BEKTOPH He YIOBIETBOPAIT
HIDKHEUM N ypaBHEHWAM CIEKTPAIbHOW CUCTEMH aBTOMATHYEeCKH U 3HAYUT
He ABIAITCA 0a3MCHHEMU. JTO BH/CHUJIOCH B IpOIecCe UMCIEHHHX dKCIIe-
puMeHTOB. UTOOH BHUMCIAeMEe ”6asucHEEe” BEKTOPH JefCTBUTEIHHO OHIIM
0a3MCHNME, IPHULIOCH N06aBUTh ycaosua ~cormacoBagHocTr” . CHavasna B
KauecTBe TAKOBHX OHJIA B3ATH COOTHOLICHIA

! .
vd; + tef + uuy = 3 (Niep)?,

=1

l X
vdg + wu§ + tef) + uuiy = 3 (Niely)?,
i=1

l .
vdi + uudy + tef; + uui; = 3 (Nel))?,

=1
2 2 2 gy i 2
— ot
vdg + uuy; + tey, = 2()\:312) :
1=
Onn momy9alorca IPoCTHM Bo3BeJeHUeM B KBaJpaT HIWKHUX N ypaBHeHMIA
CHeRTpaHLHOﬁ CHCTEMH C IIOC/HIenyILInM CYMMUPpOBaHHEM IIO T y4dyeToMm
8



OPTOHOPMAJbHOCTH. 3aMeTHM, UTO JIeMEHTH HWKHUX N CTPOK MaTPHIH
OIpeneNATCA 6e3 MCIONb30BaHUA HWKHUX N ypaBHEHWA CIeKTpaJbHOI
cucTteMH. Boobie rosops, oHE He 00A3aHH YI0BIETBOPATH BEIMCAHHKEM CO-
oTHOmeHNAM. [TomETKYE pemnTs "HmoMHYI0” cHCTeMy BMecCTe C IOCJIeTHIMA
JeTHPbMA YPaBHEHUAME He Jaju pesyiasrara. Ilocile sToro 6miIa coemaHa
ellle oJHA IOIHTKA: B Ka4eCTBE YCJIOBUil ’COINIACOBAHHOCTH® OHJIZ B3ATH
IpocTo 4 MOCTeIHNX yPaBHEHUA CIIEKTPAIBHON CHCTEMH IPH \; = \j :

vds - e + (teg — A1)eg + uug - efy = 0,
vdg - eé + uug - egl; + (tey — /\1)6%0 + uugg - 511 =0,
vdy - e% + uugg - e%g + (ten — >\1)€}1 + uugy - 6%2 =0,
vdg - e}; + uuqy - 6%1 + (teiz — )\1)6%2 =0.

OTa HONHTKa 0Ka3ajack yCIEWHOM: U1 0CTAlbHHX \; HKHEe N ypaBHe-
HUI yIOBJIEeTBOPANNCH aBToMarumdecku. MrTak, 4roOH BHUYHC/IAeMHe 6a3m-
CHHE BEeKTODH Y[OBJIETBOPAIN HIWKHUM [N ypaBHEHUAM IPU BCeX \;, 1 =
= 1,...,], nocratouso morpeGoBaTh, UTOOH 3TM ypaBHEHUA BHIIOJHAINCEH
Ipu KaKoM-To omHOM ;. B KauecTBe ycioBmii ”cormacoBaHHOCTH” MOTYT
OHTH B3ATH Hocaenane N ypaBHEHU CIIEKTPAJIbHON CHCTEMH IPH \; = ).
Wrax, KOMIIOHEHTH BEKTOPOB €3, ...,€y IOJUKHH YIOBJIETBOPATH CHCTEMe

L=(N-1)(N+2)/2+(N-1>*M-1)+N

ypasrermit. IlorkaxeM, uro L < (N — 1)NM. Ilocnenree cooTHOmeHMe
SKBUBaNeHTHO HepaBeHCTBY 2N — 1+ (N —1)N/2 < (N —1)24 (N —1)M.
IMocne menerma ma (N — 1) U IPUMUTMBHEX apudMeTHUeCKUX Hpeobpa-
soBammit moxydaeM 3 + 1/(N — 1) < N/2 + M. Tlocnenree HepaBeHCTBO
cupasemymso mpu N > 2, M > 3. PaBeHcTBO mocTuraercA JMulb IpH
N =2, M = 3. CrenoBarejibHO, IepBhe KOMIIOHCHTH 0a3MCHHX CObCTBEH-
HEIX BEKTOPOB €] MOTYT OHTb BHODAHH IDOM3BOTBHEIMI, TOIBKO ||eq|| = 1.

4. BBIYVMCJIEHUE MATPUIIBL

O6cyxmaerca 3amada BOCCTAHOBJEHWA CHMMETPUYHON HIATHANATOHAH-
HoIi MaTpuns 12 X 12 mo 3agaHHOMY CIEKTPY U IT€PBHM KOMIOHEHTaM 0a3m-
CHHX COOCTBeHHHX BeKTopoB. A; = (.96, ocrambHme A;, 7 = 2,...,12, ocra-
I0TCA HeBO3MYIEHHHMU. B kadecTBe e GHIIM B3ATH mepBHE KOMIOHEHTH
0a3sMCHHX COOCTBEHHHX BEeKTODOB HeBO3MYIIEHHOi 3amauu. B paccmarpu-
BaeMOM Cllydae KOMIIOHEHTH BEKTODOB €y, €3, €4 NODKHH YIOBJIEeTBOPATH 31

9
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ycaoBuio. KoMmomeHTH eé, 1 =8,...,,12, DpUHUMAITCA PaBHHMH COOT-
BETCTBYIOIUM HeBO3MYIIeHHHM 3HaueHnAM. [lepBhe 7 KOMIOHEHT BeKTopa
€y ¥ BCe KOMIIOHEHTH BEKTODOB €3, €4 HaXONATCA U3 PelleHHA CUCTeMH 64
IOJMHOMHMAJIBHHX YPAaBHEHW OMHOBPEeMeHHO C 9leMeHTaMU UCKOMOM BO3My-
IeHHON MAaTPUIH U nepeMeHHNME sul, su2, su3d, sud. Cucrema pemaercs
¢ nomomsio makera NUMERIC, REDUCE 3.6 [3]:

load_package numeric;
rt:=num_solve(sys,var,accuracy=na,iterations=ni);
var:={x1=eg(2,1),x2=eg(2,2),x3=eg(2,3),x4=eg(2,4),
x5=eg(2,5) ,x6=eg(2,6) ,x7=eg(2,7),yl=eg(3,1),y2=eg(3,2),
y3=eg(3,3) ,y4=eg(3,4) ,y5=eg(3,5),y6=eg(3,6),y7=eg(3,7),
y8=eg(3,8) ,y9=eg(3,9),y10=eg(3,10) ,yl1=eg(3,11),
y12=eg(3,12) ,z1=eg(4,1) ,z2=eg(4,2) ,23=eg(4,3) ,z4=eg(4,4),
zS=eg(4,5),26=eg(4,6),z7=eg(4,7),28=eg(4,8),29=eg(4,9),
z10=eg(4,10) ,z11=eg(4,11) ,z12=eg(4,12) ,uul=-1,uu2=-1,
uu3=-1,uub=-1,uub=-1,uu7=-1,uu9=-1,uu10=-1,uuli=-1,te2=4,
te3=4,te4=4,teb=4,te6=4,te7=4,te8=4,te9=4,te10=4,te11=4,
tel2=4,vd1=1,vd2=1,vd3=1,vd4=1,vd5=1,vd6=1,vd7=1,
vd8=1,su2=du2, su3=du3, sud=dud};

Basucuue Bexropn aBmAwTCA cronbnamu Marpuns eg(12,12). B umcio 64
YPaBHEHUI CHCTEMH SYS BXOOAT 9 yCl0BHl OPTOHOPMAaJbHOCTH, 18 momoi-
HHUTeJbHHX YCJIOBUHA, 4 yCIOBHA COBMECTHOCTH, 29 COOTHOLIEHWIA, oImpeme-
JLIOIUX 3JIEMEHTH MaTPHUIH, ¥ 4 COOTHOIIEHWSA, ONPeae/AI0IIX SUi:

l .
sui = Y (\el)?, i =1,2,3,4.
=1

B nakere NUMERIC peanmsoBan amropurm meroga HrpioToma mia peme-
HUA CHCTeM HeJMHeHHHX ypaBHeHmit F(z) =0, z = (z1,...,2,)7, F =

= (f1, .-, fn)T. B rauecrBe KoMmoHeHT z° , HAYANBHHEX TAHHEX [JIA HTe-
pammit MeTona Heloroma z"t! = z" — (F'(2"))"'F(2") [1], 6sum B3aTu
3Ha4YeHWA IlepeMeHHHX, 0TBeYaloliue HeBO3MYIIeHHOH 3a1ade.

5. IPOBEPKA KOPPEKTHOCTU

[na mpoBepKE KOPPEKTHOCTH MOJyYeHHHX Pe3yIbTaToB IO 3aaHHEM
Ai, €] I CKOPPEKTHDOBAHHHM €3, ..., €y BHUHCIAEM SJIeMEHTH ILATHIA-
arorampHOI Marpuun C ¥ ocTajbHEHE KOMIOHEHTH 0Aa3MCHHX COOCTBEHHHX
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BEKTOPOB €N 41, ..., €. C ucnoms3oBarnem cucremsa REDUCE 6mur peamso-
BaH AJTOPUTM, aHAJOTHYHHIA aJrOPUTMY PEKOHCTPYKIHHU TpeXIuaroHab-
HHX Marpur [7].

AJITOPUTM. IIo 3adannomy cnexmpy u sadamnvim nepsvin N Kom-
NOHEHMAM 048 KaHD020 6a3uUCH020 cobCcmEeHH020 8exmopa nocaedosa-

meavno no 1 =1,....N aviuucaaromcs te; = Zﬁ-:l Aj(el)%

! o
— Jod )
uu; = Y Ajejerq, 1 # N;
i=1

J— J J J -
i = uuirel_y + (te; — Aj)el +uuely, j=1,..,1

x
3decv u dasee uuy = 0,uuy = 0,uugy—g = 0,...,uuyy = 0 : umeemca
6 6udy, wmo caazaemvie, codepucaujue uu; ¢ i xpamuwvim N, omeym-
cmayom.

Lo ; .
2 (@)% evyi = —ai/vdi, j =1,
]:

Hanee pexyppenmmno noq=1,...M —1 u nocaedosamesvro no
1=1,..., N eaviuucaaromes

] .
teg = 3 Nj(eh;)’ qi=qx N +7;
=

l o
_ od i : . _ —
Ullg; = X:l Ajegi€yiv1y © # N; uug = uugy = 0.
]:
Honaqg=1,...M — 2 evivucaaromes

Jo_ J J J J - .
Tgi = vdgi-N€y_y + Ulgi_1€p;_1 + (teg — Aj)ey; + UUgi€hiry, J=1,..0

vdqi —_ — Z(I]i)2’ e‘gi_’_N = —.’L";i/’l)dq,‘, _] = ]., l

J=1

BareM Buumcigerca (¢ mpumenenmeM makera ROOTS [3]) cmexrp sp
monmydeHHON Marpuusl mit . IIpoBepserca Takke opTOHOPMAJBHOCTH BH-
YUCIEHHHX BEKTOPOB €;, j = 5,...,12. Tak, opu pemenun cucreMmn 24
YPaBHEHUH - CUCTEMH, 00ecIednBalollell OpTOHOPMAIBHOCTS €1, ..., €4 ¥ BH-
HoJIHeHNe TOMOJNHUTEbHHEX YCIOBHH, KpoMe TpeX HOC/Ie[HAX,- OHIIE HOTy-
YeHH TaKde pe3yldbTaTH. B cKoOKaX ¢ HOMEPOM 7 CTOAT BeIMYUHH

((el,ei), ceey (ei, 6,’), 0, cery 0)
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er := mat((1,0,0,0,0,0,0,0,0,0,0,0),
¢0,1,0,0,0,0,0,0,0,0,0,0),

(1.148...e-27, - 1.454...e-26,1.0,0,0,0,0,0,0,0,0,0),
2.800...e-25, - 2.869...e-25,6.621...e-24,0.00408...,1,0),
(3.566...e-26, 9.102...e-26, -5.177...e-26, - 5.092...e-27,
7.934...e-26, 3.662...e-25, -1.325...e-25, 3.102...e-26,
-6.333...e-25, 0.305..., 0.0103..., 1)).

Kak u oxmmamoch, BEKIOpH €1, €11, €12 He OPTOTOHAJNBHH, TaK KakK He
VIOBJIETBOPEHH COOTBETCIBYIOUINE 3 IOCTIETHUX MOIOIHUTEIHNX YCJIOBUA.
B T0 BpeMsa Kak ocTajJbHHE YCJIOBUA OPTOHOPMAJBHOCTH BHIIOJHAIOTCA C
BHICOKOM TOYHOCTHIO.

6. UACJIEHHBIE PE3YJIBTATHI

O6CyXIa0TCA pe3yJIBTaTH PelleHuA 3aJa49] BOCCTAHOBICHA CAMMEeTPAY-
HOIl mATMAMAroHaNbHON Marpums 12 X 12 mo 3agaHHOMY CIEKIDPY ¥ Iep-
BEIM KOMIIOHEHTaM 6a3MCHHX CoOCTBEHHHX BekTopoB: A1 = 0.96, ocraums-
HEE TOUKA CIIEKTPa ¥ IepBHe KOMIOHEHTH 6a3sMCHHX COOCTBEHHEX BEKTO-
POB COBIAJAIOT C HCXONHHMY 3HAUYEHMAMH, OTBEUAIOIMMY HeBO3MYLEHHOM
Marpuie.

Pacuern sunonuenu Ha SPP ¢ npumenernem REDUCE 3.6 [3]. B mpo-
Iecce cUeTa oIpe/eseTcA BpeMs cueTa, BKIIYad aHaIMTHYeCKIe BHIACIIe-
HUs, CBA3QHHEE C IOCTPOEHMEM IOJIMHOMUAIBHON CHCTeMH 64 ypaBHeHwUIl.

Time: 3077050 ms plus GC time: 2371770 ms;

Bropoe Bpema ”GS time” - Bpema cbopku Mycopa. Pacuern mposoxu-
mucsk ¢ tounoctsio PRECISION 15, 6muro cmemano 10 mTepanmii mo Me-
tomy Hpioroma. Ilomyuenw cienywoume pesyiasraril. Huke mpusomutcs
pellleHEne cucTeMH 64 mMoJIMHOMMANBHHX ypaBHeHHUA - rt. 1A KpaTKocTu
OCTaBJIEHH JIMIIH 3 IMePBEE KOMIIOHEHTH BO3MYLIEHHOIO BEKTOPa €3, KOMIIO-
HeHTH HalilcHHHX e3, €4 He IPHUBOIATCA, BMECTO HUX CTOAT MHOTOTOUMA,
Iajiee CIeIYIOT JI€MEeHTH BO3MYUIEHHONX MATPUIIH.

rt := {x1=0.29199744810, x2=0.17892815399, x3=-0.1860226459,

uul=-0.99857616882, uu2=-0.93278096115, uu3=-0.92501588,
te2=4.0243560284, te3=4.0497279369, te4=4.025782195,
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teb5=3.9695149371, te6=3.9827897090, te7=3.9924048391,

te8=4.040954776, te9=3.9898643965, te10=3.973428471,
tel1=3.9635271034, te12=3.9801649979, vd1=1.0022334844,
vd2=1.0358524379, vd3=1.0554057399, vd4=0.9513142332,
vd5=1.0607333883, vd6=0.97310263007, vd7=0.9340274450,

vd8=0.98235300221, uub= - 0.96948708247, wuu6=-1.010745346,
uu7= - 1.0396662704, uu9= - 1.0376083614, uul0=-1.06095785,
uull= - 1.022499574, su2=19.135666402999, su3=19.239912353,
su4=17.9675754512291}.

[l IpoBepKM KOPPEKTHOCTH CYeTa II0 3aJaHHHM \;, e’i ¥ HalileHHHM BO3-
MYIIEHHHM ey, €3, €4 OhlIa BHYUCJIEHA (II0 aJrOPATMY, aHAJOTUIHOMY aJl-
TOPUTMY BHYMCJIEHUA CAMMETPUYHHX TPeXAMaroHAJbHHX MAaTpPHIl, CM. Ia-
parpad 5) CHMMeTpUYHaA MATAJAAroHaJIbHaa Marpumna mt. Ee snemenTH
nﬂeanLHo(npaKaneCKn(:pacquHoﬁ:Tquocrbxﬂ COBIIAJIA C COOTBETCTBY-
IOIIMMHY KOMIIOHEHTaMU pelleHWA MOoJuHOMUaJbHON cucreMH rt. OmHo-
BpEMEHHO C 3JIeMeHTaM; MaTPHUIH BHYUCIAKTCA BCe KOMIIOHEHTH 0a3u-
CHHX COOCTBeHHHX BeKTOpoB. Marpuma er = I + 0(10‘“) JEeMOHCTPUPYeT
IPEeKpPacHyl0 OPTOHOPMAJIPHOCTh BHYHUCICHHHX COOCTBEHHHX BEeKTOPOB E;
(CpaBHHTe c er BKoHIe maparpada 5). Brul HailineH XapaKkTepuCTHIeCKHit
muorounern det(mt — M), u c mpumenernem makera ROOTS [3] Brrun-
cneHH ero KopHE. Hivke, B teBoM cTonbme, IpuBeIeHH UCXOIHHE 33 JaHHHE
cobcTBeHHHe 3HaueHNA. B mpaBoM cTonbme cToAT pelieHna XapaKTepuCTH-
YEeCKOT'0 MHOTOYJIEHAa BHYMCICHHON MATUANATOHAJIbHOR MAaTpUIH mi.

Given spectrum ’ Found spectrum
g:={0.96, sp:={0.959999999999521,
1.96775244887701, 1.96775244887522,
2.38196601125011, 2.38196601125278,
3.2038204263768, 3.20382042653208,
3.38196601125011, 3.38196601088368,
3.7961795736232, * 3.79617957432827,
4.2038204263768, 4.20382042508211,
4.61803398874989, 4.61803399114552,
4.7961795736232, 4.79617957192296,
5.61803398874989, 5.6180339889683,
6.03224755112299, 6.03224755104145,
7.03224755112299}. 7.03224755112361%}.
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OleMeHTH g, Sp COBHAJAIT C BOCHMBIO 3HAKAMM IIOCJIE TOYKM, 3JeCh TOU-
Hocts PRECISION 15. Ilpm yBemwuenuum tournoctu mo PRECISION 25
3JIEMEHTH g, Sp COBIIaJalOT C CEMHAUAThI0 3HAKaMU Iocje Touka. Hampn-
mep, A; = 0.9600000000000000000000001. MuTepecHo, 9To IpH STOM
BpeMs cueTa He Bo3pocio. BuaHo, uro HaiineHo pemerne o6paTHOI 3a1a9n.

Initial with lines, found with errorbars Initial with lines, found with errorbars
0.45 T T T T 2 C T T T T 7
0.4 - — :% - -
0.35 - AN ]
0.3 2 | ¢ P-TN ; ;
0.25 |- . :§;2 - 5 é VXZ v
02 F | 08 F
0.15 ! 1 ] 1 :8% C 1 | 1 L ] b

0 2 4 6 8 10 12 0 2 4 6 . 8 10 12

E1(7) E7(J)

Ha pmcyHKax BHIIEe IpeacTaBieHH IePBHIX M cexbMoit 6a3uUCHHe oG-
CTBEHHHE BEKTODH HCXOTHOH ¥ BO3MYUIEHHOW CUMMETPUUHHX IATHIMATO-
HaJIBHHX MaTPHII.

[Iposenennnit pacyeT MMeeT NPUHIWNNAIbHOe 3Ha4eHHe. llpemBapm-
TeJIbHHE TeopeTHdYecKue IPUKUIKA IPUBOAUINA K JIOKHHM 3aKIIOUeHHUAM.
Kazamoce, 9To moCTaTouHO ymOBJIETBOPHUTH JIMIIL UACTh JOIOJHUTEIHHEHX
ycnosuit. B mporecce BHUnCeHnit BHACHAIACH HEOOXOAUMOCTD BHITOIHE-
HHUA BCeX NONOMHMUTeNbHHX ycioBuit. Ho sToro okasamocs HemocTrarouso.
ITocne Toro kak 6rIa penreHa "HonHaA” CHCTEMA, CTAJIO BUAHO, YTO IIOCTPO-
eHHHe ”6a3uCcHNe” BEKTOPH He YIOBJIETBOPAIOT HocieqHuM N ypaBHEHHAM
CIeKTpaJbHOll cucTeMH. PacueTH mokaszaam Heo6XOOMMOCTH IIOCTAHOBKA
YCIIOBHH COINIaCOBAHHOCTH.

[na monTBepKIeHNA CKa3aHHOTO IIPUBeLeM 3HAUEHUA MepBOTO U IIOCTe-
IHEro coOCTBEHHHX 3HAYeHWH BHYMCILIEMOM MATHAMATOHAIbHOR MaTPUIIE
mt B OPOMEXYTOYHHX pacdeTax, KOIZa B KaueCIBe MCXONHHX 3HAUeHHit
KOMIIOHEHT €3, €3, €4 BRHOMPAJICH COOTBETCTBEHHO:

a) KOMIOHEHTH HeBO3MYLEHHHX 0a3MCHEX COGCTBEHHHX BEKTOPOB -

A1 = 0.9665730234841419237367531, A1e = 7.028411685655399396123375;

6) pemerne ”monHO cucTeMn” 6e3 Tpex MOCTeTHIX YCIOBHIA, obecmeun-
BalOIUX OPTOTOHAJIBLHOCTH €19, €11, €19, —

A1 = 0.9859537736356722366983022, A12 = 7.003158151728631308074687;

B) peleHWe ”moiHON cucTeMH” 6e3 ydueTa yCIOBHil COINIACOBAHHOCTH -
A1 = 1.007636440404440543026414, \13 = 6.97504704940886626821059.

Peamu3oBaHHHI YNCICHHHA aJITOPUTM HEyCTOHYWB. AHaJIOTWIHEI pac-
ger ¢ A\ = 0.973 max cToms ke Xopolme pe3ymbTaTH, Kak 1 41 A\, = 0.96.
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B 1o Bpema kak mpm A\; = 0.97 u \; = 0.975 urepannu meroma Hrioroma
PacCXomATCAL.

7. OBLIWI CJIYYAN: JTOTIOJIHUTEJILHBIE YCJIOBUA, k(M, N)

OprororambHOCTS BEKTOPOB €y 44, ¢ = 1,..., N, K BeKTOpaM e, ..., eNti_1
CllelyeT 13 OPTOHOPMAIbHOCTH BEKTOPOB €1, ..., ey M ONpeIeleHus te;, uu; .
Kpowme Toro, MO/KHE BHIOIHATHCA NOMONHUTENBHEE YCIOBHA:

! .o
E)\jefezzo, 1=1,...,.N -2, q=1t1+2,...,N, enyi L eg;

1 ..
2.0,  _ y — .
E )\jeie,-_l = uui_l(te,- + tei_l), 1= 2, ...,N, EN+i L EN+i—1;

i .
2,90 _ C_ .
) )\jeiei_Q = U U9, ©=3,...,N, eyy; L eyiio;
i=1

!
Y Aeie;=0,i=4,.,N, g=1,..,i—3, eyy; L EN+4q-
i=1

ITycrs oGecmedeHa opTOroHAIBHOCTS BEKTOPOB eNpt+i, © = 1,..., N, K Bexk-
TOPaM €y, ..., ENp4i—1. 1OLMA A OPTOrOHAIBHOCTH EN(p+1)+ir ¢ = 1,..., N,
K BEKTOPAM €1, ..., €N (pt1)4i—1 HAODKHH BHIOIHATBCA CJIeLyIOAe JOIIOIHY-
TeJIbHHE COOTHOIIEHMA:

! . ‘
Y AjeNprihprg =0, i=1,..,N=2, g=1i42,..,N, eN(p+1)+i L ENpg;
P

! o
2.9 J _ . ) —
> AjeNpri€hprio1 = UuNprio1(tenpti + tenpriot), =2, ..., N,
=
EN(p+1)+i L EN(p41)+i-1;

-

] . .
2 j j _ :
Zl AJENp+i€Nptio2 = UUNpti1UUNpti—2, § = 3, ..., N,
]:
EN(p+1)+i L EN(p41)+i-2;
1 . .
j j -0 i— _ .

'Z:l )‘jeNp+ieNp+q =0, 1=4, o IV, g=1,.,1-3, EN(p+1)+i 1 EN(p+1)+¢-
]:

3necs 1 <p < M — 2. Korma cucTema JOMOMHATEILHEX YCIOBAI HCIIOMD-
3yeTca IJA ompelelleHnA HeZOCTAIOIWX KOMIIOHEHT, B Hee IIOACTABILTIOTCA

15



ef\,p 4 KaK ABHHe (YHKINM IepBHX /N KOMIIOHEHT 6a3sMCHHX COOCTBEHHHX
BEKTOPOB. JTH (HYHKIWA JETKO BHYMUCJAIOTCA U3 IPOCTHX PEeKypPPEHTHHX
COOTHOIIEHNIA:

AlG{) + DIG{ = ’\J'Gév G;) = [eg\lp+17 ) e?\’p+N]T’
Dy Gy + AGL_ + DGl = )Gl

B pesymbrare moACTaHOBOK IOy YaOTCA TPOMO3IKIE BRPaKeHAA. VIX MOKHO
YIPOCTIUTh, HUCIOAb3YA ONpeNeJeHHA te;, UU; , COOTHOIIEHWA OPTOHOD-

pla2SpSM_1~

MaJbHOCTH U IIpeJUIeCTBYIOIIMe TPYIIH IOIOJHUTENbHHX Ipeobpa3zoBaH-
HEX yclnoBuit. Tak OHIM IOMydeHH IPOCTHe JOMOJTHATEIbHEE YCIOBUA (CM.
maparpad 2).

Hma M =3, N =4 mneppse KOMIOHEHTH 0a3UCHEX COOCTBEHHHX BeK-
TopoB €}, 7 =1,...,], 3a1a10TCA IPOM3BOIBHO, a €3, ..., e{ OIIpeeJIAI0TCA
U3 pelleHuA cUcTeMH. B oburem ciyuae k TmepBHX KOMIIOHEHT (a3sHMCHHEX

COOCTBEHHHX BEKTODOB el,...,ei, J = 1,...,1, 3a1a10TCA TPOU3BOIBHO, a
€N_jy -y €N OIPENEIITCA U3 PElleHWA CHCTeMH. ECTecTBeHHO IIpemmo-
JlaraeTcA, 4T0 BEKTOPH €1,...,€; OPTOHOPMANbHH. Ywucio Kk DOIDKHO

YOOBJIETBOPATH COOTHOIIECHHNIO

(N = K)(k + N - 1)
2

Jemma. IIycmov x1 - menvwud u3 08YT NOLOACUMEALHVIT KOPHET MHO-
2ousena

P(z) =2* = (2MN — 1)z + N(N = 3) + 22N — 1)(M —1).

N+ (N-1)*M-1)+(N—-k)+ < (N = k)NM.

Toeda k ecnv yeaas wacmy x1, k = [21].

Tar, nua M =3, N =4 wmenbumit kopeasr z1 = 1,48..., k=1. A mua
M =4, N =7 MeHbumii KopeHb 21 =2 u k = 2.
B o6mem ciyuae nmeem z19=MN —1/2F Vd, tme

-

d=(MN - %)2 _ N(N=3)=22N —1)(M - 1),

HOma N > M > 3 copasegmuso coorromernue (MN — 1 2> d > 3N
Tax uro 0o6a KOpPHA MONOKATEIPHEE U Ty > 3NN.
[IpomsBonsa smeMeHTapHEE IpeobpPA30BAHUA, IOLYIaEM, YTO A
N > M > 3 chnpaBeIyIUBH COOTHOIICHUA:
P(1)=2(N -1)(M —2)+ N(N - 3) > 4,
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P(N)=-2N -2(N-1))(M -1) < 0.

Orcroma crnegyer, uto 1 <23 < N, 1 <k < N.

B cnygsae M = N =2 mmeem z; = 0.62..., 29 = 6.37...,k = 0.
Haxomen, nma M = 2, N = 3 momusom P umeer kopHE 77 = 1, 29 = 10
u 3Haumr k = 1.

Crenosaremsso, nma N > M > 2, 3a uckmwuenuem M = N = 2 |
YKUCIIO0 TPOM3BOJBHO 3aJaBaeMHX KOMIIOHEHT He MeHblle 1 (A Ka)moro
basucHOro cobcTBeHHOTO BeKTOpa). Ho Bce /N KOMIIOHEHT He MOTYT GHTBH
3agaHu npousBoabHO k < N. Tak uTo Bcera IPUXOMUTCA pelIaTh CACTEMY
oA oupeneneEns N — k HemoCTalOUNUX KOMIIOHEHT.

3AMEYAHMUE. IlocrpoenHas Bo3aMylleHHaA CAMMeTPUYHAA IMATHAINA-
roHajgbHag Marpuna C' COOTBETCTBYeT AUCKpeTHOMY ypasHeHwio IIIpemus-
repa ¢ HeJOKaJbHHM IT0TeHIuamoM [6]:

Vi1 — 295 + iy Vi1 — 2%+ i
B h2 h2
z Yy

+&ijiv1j + Ei1j%im1,5 + NiYijar + Mij¥ijo1 = A .

Onements marpuis C' (cM. cTp. 3) comepsar 6;, u;, v;, KOTOpHe ompe-
JeJLAI0T SIeMeHTH HeJOKaIbHOro MoTeHIInaIa

+ Uijvij+

Uij =06-1)nv+jy  &ij = Vi—1)N+js  Mij = UG—1)N+j-

BBIBO/IBI. KomkpeTHHIt pacder m03BOMIMI 10 KOHIA MPOACHUTH IIOCTa-
HOBKY 00paTHOH 3agauy JJIA ABYMEPHOTO NUCKpeTHoro ypasHeHusa Illpe-
muarepa. CmMMeTpWyYHasA OATUAMATOHAJbHAA MaTPHIA MOKeT OHTH BOC-
CTaHOBJIEHA TI0 3aJaHHOMY CIIeKTpYy ¥ nepBuM k(M, N) KoMmoHeHTaM mya
Ka)KI0r0 0a3MCHOr0 COOCTBEHHOTO BEKTOPA. JIeMEeHTH MATPHIE BMeCTe C
HeJI0CTalOIUMI KoMIoHeHTaMu €], 1 = N —k, ..., N, j =1,..., M N, moryr
OHTH OIpeeeHH M3 PelleHNA CACTeMH HOJMHOMHUAIbHHX ypaBHeHmil. B
CHUCTeMY BXOIAT YCJOBHA OPTOTOHANBHOCTH €;, ¢ = N — k,.... N K mpen-
WECTBYIOMUM BEeKTOpaM €y, ..., €;_1 , YCIOBAA HOPMUPOBKL ||e;|| = 1, mo-
HOIHUTebHEE YCIOBAA, 06ecnednBame OPTOrOHATEHOCTh BEKTOPOB €,
§ =N +1,...,] kK mpeauecTByIOMNM €y, ..., €¢_1, YCIOBEA COBMECTHOCTH,
obecmeunBalolne BHIIOJHeHXe [N HIWKHUX YPaBHEHWH CIIEKTPaJbHOH 3a-
Nlavd, 1, HaKOHeI[, COOTHONIEHNA, OIIpe e IAI0IHe IeMeHTH MaTPUIH depe3
CoOCTBeHHHE 3HAUeHNA ¥ KOMIOHEHTH 0a3WCHHX COOCTBEHHHX BEKTODOB.
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3ARJIFOYEHME. IIpuromy 6naronaprocts B.H.3axapsesy 3a mocra-
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Ceparoxosa C.H. P11-2000-57
OO6parHas 3amaya 11 JByMEPHOTO JUCKPETHOrO ypaBHEHHs
IpenuHrepa

Jlns nBymMmepHoro nuckpeTHoro ypasHeHus Illpenunrepa peruaerca Kpaesas 3anaua
B npamoyronbHuke M x N, M < N, c HyneBbIMM TPaHH4HBIMH yCIIOBUSIMH. B aToi paboTe
YCTaHOBJIEHO, YTO oOpaTHas 3a/aya CBOAMTCH K HOCTPOEHHIO CHMMETPHUYHOM HSTHAKA-
roHanbHOH MaTpHibl C IO 3aJaHHOMY CHEKTpy W nepBbiM kM, N), 1 < k < N, xommo-
HEHTaM W1 Kaxnoro 6asucHoro cobcreeHHoro Bektopa. Martpuua C uMeer JakyHy Me-
Xny BTOpoi U (N + 1)}i nuaronanamu. B pesynerare nepsbie N KOMNOHEHT Ga3sHCHBIX
COGCTBEHHBIX BEKTOPOB HOJIKHBI YIOBIETBOPsTH cucteme (N — 1) (M — 1) noronHureb-
HBIX YC10BHiH U N yCa0Buil COMIacOBAHHOCTH. DieMeHTbl C OIpeeNsioTesi COBMECTHO C
«HENOCTAIMMH» (N — k) KOMMOHEHTAMU M3 PELICHHS CHCTEeMbl MOJIWHOMHAIBHBIX
YPABHEHMIA, B KOTOPYI0 Hapsiy C YCIIOBUSIMH OPTOHOPMATBHOCTH, AOMOJHHTEIBHBIMU
YCJIOBHAMM M YCJIOBUSMH COIJIACOBAHHOCTH BXOAAT COOTHOLLIEHUS, ONpeeNioIlue dlle-
MeHThI MaTpHLbl C yepe3 cOOCTBEHHbIE 3HAUEHHs M KOMITOHEHTH! Ha3uCHBIX COOCTBEH-
HBIX BEKTOPOB. [10cTaHOBKY 3amauy yaaaoch MPOSCHATD N0 KOHLIA B [poLecce KOHKPeT-
HBIX PacyeToB. BhIBOI M pellieHHe POMO3AKHX MOJIUHOMHAIBHBIX CUCTEM MPOBOAWINCH
Ha SPP ¢ mpumenennem CAS REDUCE 3.6.

Pa6ota BeimonHeHa B JJaGopaTOpHH BBHIYMCIMTENBHOM TEXHHKH W aBTOMAaTH3aLUK
OMSIN.

Ipenpunt O6beaMHEHHOrO HHCTHTYTA SIEepHBIX HecnenoBanuii. Hy6ua, 2000

IlepeBon aBTOpa

Serdyukova S.I. P11-2000-57
Inverse Problem for Two-Dimensional Discrete Schrédinger Equation

For two-dimensional discrete Schrodinger equation the boundary-value problem in
rectangle M x N with zero boundary conditions is solved. It’s stated in this work, that
inverse problem reduces to reconstruction of C symmetric five-diagonal matrix with
given spectrum and given first k(M,N), 1 < k < N, components for each of basic eigen-
vectors. C matrix has lacuna between the second and (N + 1)-th diagonals. As a result
the first N components of basic eigenvectors must satisfy (V- 1)* (M - 1) additional
conditions and N conditions of compatibility. The elements of C together with «lack-
ing» (N - k) components can be determined by solving the system of the additional
conditions, the compatibility conditions and the orthonormality conditions coupled
with relations determining elements of C matrix by eigenvalues and components of ba-
sic eigenvectors. We succeeded to clear the statement of the problem to the end in the
process of concrete calculations. Deriving and solving the huge polynomial systems
had been performed on SPP by using CAS REDUCE 3.6.

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 2000




Pepaxrop E.10.I1laranosa. Maket P.J1.®@oMuHoI

Moamucano B nevars 3.04.2000
®@opmat 60 x 90/16. Odcernas nevars. Yu.-uza. jucros 1,9
Tupax 320. 3aka3 51949. Llena 2 p. 28 k.

Hzparenbckuii otaen O6GbeIMHEHHOTO HHCTUTYTA SIEPHBIX MCCIIEHOBAHMIA
Hy6Ha MockoBckoii obnactu



