KOE-YTO O TEH30PAX
TEH30PBI

I13BeCcTHO, YTO 3HAYEHHs] HEKOTOPHIX (DU3MUECKUX BEJTUUYHH' (TeMIepaTypbl, MAcChl W T. II.)
MOJTHOCTBIO OTIPEIe/IAI0TCS 38/ JaHeM 0dH020 ducaa. Takne BeTUINHbl (DU3UKU HABBIBAIOT CKAAAPAMU.
Jpyrue dusnaeckue BeJMauHbl, TAK HA3BIBAEMBIE 6eKMOPbl (CHJIa, HAIPSZKEHHOCTh MATHUTHOT'O
MoJisi W T.I.), B KaKJIOil CcHCTeMe KOODJAMHAT 3aJal0TCs YNopAJOUEeHHbMY MPOUKAMU THCET -
kodddunrmentamu passiokenus 1mo 6azucy. Ecim 0a3uc OpTOHOPMUPOBAHHBIN, TO 3T YHCIA —
KOMIIOHCHTBI BEKTOPa — SABJIAIOTCA B TO 7K€ BpeMsl ero IPOCKIUAME Ha OPTHIZ.
CymecTtByior (dusnyeckme BeTUYUHBI elne 0OoJiee CJIOXKHOW Tpupoasl. Tak, Hampumep,
COOTHOIICHUE MeXK/[y BEKTOPOM HampsiKeHHocTd ssekrpudeckoro nosast (E) wu  Bexropom

ssiekTprdeckoro cvernenus (D) B aunedinom ciaydae nveer B

1

Dy = enkby +eobs +e3l
Dy = eg By +e9lis +e93E5 . (1)
Ds = e31F) + €32l + 335

Pasencrsa (1) M0XKHO 3amucaTh Kopode:
3
Dy =) erE; k=123 (2).
j=1

Qurypupytwommas B (1) u (2) dbusuveckas Bennunna (€) — IUITEKTPUIECKAS TPOHUIAEMOCTD
cpeanl — B KasKIOi cHCTeMe KOOPIMHAT 3aJaeTCA 0e6AMbI0 YACTAMEA, KOTOPBIe MOKHO 3aIMCAThL B
BUJIC MATPHUIIBI

€11 €12 €13
E = |E21 €922 €23| . (3)
€31 €32 €33

Coornomrenne (1) MOZKHO 3aIIcaTh Telepb B MATPUIHON dopMe:
D =c¢E. (4)

Ces13b MeXKJy BEKTOPOM HampsizkeHHOCTH MarauTHoro moust (H) w BekTOpoM MaramTHOM
unayknuu (B) onpenenserca B aunetinom ciydae paBeHCTBaMU

By = puHy+ pioHy + pisHs
By = po1Hy + pogHs + posHs
Bs = psiHy + pgoHy + sz Hs

nin 3
By=> m;H;; k=123,
j=1

nJIM, HAKOHEI,

B =uH,
rjae
H11 H12 M13
W= |21 H22 23
31 H32 133

!B ornmune ot dbuswkn B MaTemaruke cioso "Benmumna' He mcmonb3yercs!
2He ciegyeT TOBOPHTD, 9TO "BEKTOD OIpeJeAeTcsa ero BeJMYMHON M HanpasiaeHneM", m6o mpuaercd oObACHATS,
9TO TAKOE BEJIMYMHA U 9TO TAKOE HAIIPABJIEHHUE, & TaKoe O0bsICHEeHNne OOBIYHO CBOIUTCA K PA3MAXUBAHUIO PYKAMH.



3J/iech (t — MarHuTHAas ITPOHUIIAEMOCTD CpeJibl — (pU3UUecKasd BeJIMINHA, 33/ aBaeMas B KazK/IOM

Das3uce IeBATDIO YHCIaMI.
OrmeruM, 9TO B H30TPOIHON CPE/Ie MATPUIILI JUIIEKTPUIECKONR M MATHUTHOM MPOHUIIAEMOCTH

UMEIT BUJL

e 00 w0 0
0 ¢ 0| =¢-1; 0O pu Ol =p-1.
0 0 ¢ 0 0 p
3yech € u p — yucaa, sekrop D kotuneapen Bektopy E, a Bektop B — BekTopy H.

Pusnyeckne BEJINYHHDI, 3aJaBaeMbl€ B KazKJI0OM KOOPpAHUHATHOM basuce JAEeBATbIO YHUCJIaMU,
Ha3bIBAIOT MeH30pamMu 8Mopo2o paHaa.

[IpuBeseM emme aBa OpUMepa TeH30POB BTOPOTO paHra. B Teopuu yIpyrocTH paccMaTpHBACTCS
men3op Hanpascerud (o), KOTOPbI CBA3bIBaeT MeKLy co00it BekTop BHyTpennux cua (F) u BekTop
(N) BHemrHeil HOpMaJIU K IJIOMIAJIKE, HA KOTOPYIO 3TU CUJIbI JIEHiCTBYOT:

Fy = o011 Ny + 012Ny 4+ 013N3
Fy 091 N1 + 022Ny 4 093 N3
Fs = 031Ny + 032Ny + 0333

njain

3
Fe=) owNj; k=123,
j=1

WJIM, HAKOHEI,

F =0N,

riae
011 012 013
0 = | 021 022 023
031 032 033

TakKe B Te€OpUH yIPYrocTu paboraer mensop dedhopmanut (u), cBA3BIBAIONME BEKTOP (1),
coeMHAIONui aBe On3Kue TouKK Tes1a 10 jgedopmanuu u BekTop (01) — usmenenue sexropa (1) 3a
cYeT 4ucToi JiepopMalium:

Om = unfh + Uia”e + Uizns
Om2 = U M1 + Ugamy + U233
Onz = uz1Th + Usamz + Uz3n3

U
3
oy = Zukjnj; k=123,
j=1
WJIA, HAKOHEII,
on = un,
raoe
Uyp U2 U3
U= [U21 U2 U23
Uzl U2 U33



[Tox BozzeiicTBIEM 3ekTpudeckoro noust (E) B nvezoasexmpure Bosaukaor gedopmarun (u).
B muneitnom cayqae ceasb Mexxay (E) u (u) onpenensercs mensopom nwvezoasexmpuueckozo sfiderma
(d), koTopblil B KazxK10M Gasuce 3ajaeTcsa 06adUuamMbI0 CEMbI0 TUCIAMU>

3
Uim = Y _ dymiEj;  kom=1,2,3.

=1

Tenszop npe3o3nekTpudeckoro 3deKkra — TeH30P TPEThero paHra.
U1, HaKOHeIl, IpUBEIeM MPUMED TeH30pa YeTBEPTOr0 paHra — menaopa modyased ynpyzocmu (),
KOTODBIil CBSA3bIBAET B JIMHEIHOM CJiyuae TeH30p Hanpszkenuit (o) u Tensop gedopmanuii (u) (3aKoH

I'yka):
) 3 3
Okm = chkmjrujr; kam: 17273-

j=1 r=1

Tenzop gerBepTOro paHra B KaxKJI0M Oa3mce 3aaeTCA Y2Ke 80CeMbOECAM 00HUM INCTIOM!

Urak, Mbl 6y/1eM Ha3bIBATH TEH30POM paHTa (BaJeHTHOCTH) 1 00beKT ((bU3HIECKYIO BEJNINHY ),
KOTODBIA B KazJI0M (DUKCHPOBAHHOM 0a3mce (cHCTeMe JeKAPTOBBIX HPSIMOYTOJbHBIX KOODMHAT)
3a/1aeTCA YIOPSA0IeHHBIM HabopoM u3 3" ducest, mpudeM 3TH HaOOPHI IPH MEePeXo/ie OT OJHOT0 Ha3uca
K JIPYTOMY U3MEHSIOTCS [0 MPABUIY, KOTOPOe OyIeT pacCMOTPEHO HUIKE.

COOTBETCTBEHHO 9TOMY OINPEJEJIEHUIO CKAJIsIP Mbl Oy/JeM CYUTaTh TEH30POM HYJIEBOI'O PaHra.
Cxagsip B J11000M Oasuce MpeICTaBISIeTCsT OMHUM U T€M YK€ YUCIOM.

BekTop — TeH30p MmEpBOro paHra 3a/aeTcd YIOPAJI0YeHHBIM HAaOOpOM M3 Tpex dHCea —
OJTHOMEPHBIM MACCHBOM U MOXKET 3alHCBIBATHCSI B BHJE MATPHILI padMepa 1 X 3 — CTpOKH WK
MaTpHUIbl padMepa 3 X 1 — crosbia.

Tenzop BTOPOro paHra 3ajaercs JBYXMEPHbIM MaCCHUBOM U MOZKET 3allUChIBATHCSA B BHJIE
KBaJpaTHON MaTpUIbL.

Tensop Tperbero paHra 3aJaeTcss TPEXMEPHBIM MAaCCHBOM, TEH30pD YeTBEPTOro paHra —
YeTHIPEXMEPHBIM MaCCHBOM.

COIJIAIITEHVIE O CYMMNVNPOBAHUN

B Tenszopnoii anredbpe NMpUHATO COLJIAIIEHHE, TTO3BOJILAIONIEe YIPOCTUTDH 3aIUCh COOTHOIICHMI
tuna  (2). TIoCKOIBKY WHIEKC CYMMHPOBAHUS BCErjia MPUHUMAET Tpu 3HadeHus — 1,23
YCJIABJIMBAIOTCA OIYCKATH 3HAK CYMMbI () M CUMTATH €ro NPUCYTCTBYIOIUM N0 YMOAUGHUIO, €CIIH
HEKOTOPBI WHIEKC B OJHOYJIEHE TOBTOPSIETCS 06aH#CIDL.

[Ipumepswr.

1. Boipaxkenue Yy (IOBTOpsIeTCst MHAEKC k) MOHUMAETCS KaK

3
Z TrYr = T1Y1 + T2Yo + T3Y3
k=1

2. Boipaxkenne Fj, = 0y;N; (IOBTOpsIeTCST MHIEKC j) MOHUMAETCST KaK

3
Fk:ZO'ijj:Uk1N1+Uk2N2+Uk3N3; k21,2,3
j=1

339tu nBasmATH cCeMb umcesN (TPeXMepHBIH MAcChB) MOTH 6b1 06pa3oBaTh "Kybuieckyio MaTpuity", HO Takoii crocob
MX IPE/JCTABICHUS HE MCIOJb3YeTCsa U3-3a ero 04eBuaHON HeahHEeKTUBHOCTH



3. BolpaxkeHue 0k, = CmjrUj, (HOBTOPSIIOTCS MHIEKCHI j U T) MOHIMAETCS KaK

3 3
Okm = E § ChkmyjrWjr; kam = 17273-

j=1 r=1

ITPEOBPASOBAHINE KOMIIOHEHT TEH3OPA ITP11 NISMEHEHIVIN BA3SUCA

Mpbl OorpaHHYHMCH CIydaeM OPTOHOPMHPOBAHHBIX 0a3ucoB. Hoewili 6a3mc OOBITHO 3aA0T,
VKa3bIBasg KOMIIOHEHTBI €ro OpToB B cmapom Oasuce. [loctpoum marpumy b pasmepa 3 X 3 Tak:
ee mepBbIil cTOI0EI] — KOMIIOHEHTHI 1IEPBOI0 H06020 OPTa B cmapom Oa3uce, BTOPOH — KOMIIOHEHTHI
BTOPOTO H06020 OPTa B CMapPom Oasuce, TpeTuil — KOMIOHEHTHI TPETHEro H06020 OPTa B CMAPOM
6asuce. Herpymno yBumers, 9ro MaTrpuna b yauraprag, T.e. b = b~! mwmm b7 - b = [ (eaunmumas
MaTpuna). Beegem obosnauenue ¢t = b7, [IycTh KOMIIOHEHTBI BeKTOpa B CTapoM Gasmce oOpasyloT
croJsoerr

Vi
V= VVQ )
V3

a KOMIIOHEHTBI TOTO K€ BEKTOPA B HOBOM Oasuce (T.e. ero MpOeKIuH Ha HOBbIE OPTHI) — CTOJIOEI]

/
1

V=V
V3
Torma
Vi=bl V=tV (5)
", CJI€J0BaTEJIbHO,
V=t". V.

[Toxpobuast 3anmck dopmyssl (5) umeer Buj
3
Vi= Vi j=12.3
j=1

win (C y9eToM COrJIaleHus: O CyMMUPOBAHNHN)

Vi =ty V. (6)

@opwmyaa (6) maeT paBuIo Hpeobpa3oBaHus KOMIOHEHT BEKTOpa (TeH30pa IepBOTO PAHTA)
IIPH TIEPEX0/Ie OT OJHOTO OPTOHOPMHUPOBAHHOTO Oa3uca K JApyromy (Toxe
OPTOHOPMHUPOBAHHOMY ).

[IycTh B cTapom 6asmce 3adaHbl (v — TEH30p BTOpOro panra, W u V' — TeH30pbI epBOroO paHTa
(BeKTOpBI) 1
W =aV wmarpuunas 3anuch.

[Moxcrapisist croga o npasuiy (5)

wW=w', V=tV



TIOJTY 4UM
W =tV wmm W' = (tat™) V' mwmm W =o'V,
rie o = tat’ (B MaTpuuHOil 3anucH) Ui

O, = Ujlonr Qi (7)

@opwmyaa (7) maeT IpaBuIo Hpeobpa3oBaHusi KOMIOHEHT TEH30pa BTOPOTO PAHTa MPU
IIEPEX0/Ie OT OJIHOI0 OPTOHOPMUPOBAHHOIO Oasuca K APyromy (Tozke OPTOHOPMHPOBAHHOMY ).

AHaJIOTTIHO MOXKHO TOJIYyYUTH (POPMYJIbl 1IPEOOPA30BaHUs KOMIIOHEHT TEH30POB TPETHEIO U
qETBepTOFO paHFOB:
/
Oppn, = Ukjtmrtng®jrq,

/ — . .
Qpns = thjlmrtnglspQirgp-

COBCTBEHHBIN BA3UIC CUMMETPUYHOI'O TEH30PA BTOPOI'O PAHTA

Ecin Tenzop BTOpOro panra o CUMMETPUYEH, T.€. Oy = Qk;  k,m = 1,2.3, o B J1060M
OPTOHOPMUPOBAHHOM Da3uce ero MaTpuiia cuMMeTpudna. V3 Kypca JinHeitHoii ajaredpbl U3BeCTHO, YTO
COOCTBEHHBIE YHCJIa CUMMETPUYHON MATPHIIHI BEIECTBEHHBI, & COOTBETCTBYIOIINE UM COOCTBEHHBIE
BEKTODPBI OPTOrOHAIBbHBI. HopMHpOBaB 3TM cOOCTBEHHbIE BEKTODBI, MOJYYHM TaK HA3bIBAEMbIi
cOGCTBEHHBIH OPTOHOPMUPOBAHHLIN Ga3nc Tenzopa!, B KOTOPOM ero MaTpHIia JIHaroHaIbHA:

Qe = diag[A1, Ao, 3] A1, Ag, A3~ COBCTBEHHBIE YMC/Ia MATPHUIBI TEH30DA.

CBEPTBIBAHUE TEH30PA
Ecyiu B Ten3ope BTOpOro panra

Q11 Q1 0g3
Qpm = Q21 Ol (23
(31 OQiza (i33

3aMeHUuTh 00a MHJEKCa OJHOI OyKBOW, TO B CHJLy COIJIANIEHUS O CYMMHPOBAHUU IOJIYYUM CKAJIsAP

(TeH30p HyJEBOrO paHra):
3

Opp, = Z Qpp = Q11 + Q2o + (i33.
n=1
DTOT CKaIgIp — CYMMY IHATOHAJIBHBIX 3J€MEHTOB MATPHUIBI — HA3BIBAIOT CACOOM MAMPUUDL.
Hamnpumep, eciin B Tenzope Broporo paura D,,f, — 1pou3BoaHON BekTOpHOro mojs f : R? — R3
(marpune fxobn)

[0fi Ofi OfT
8371 8.1'2 81'3
_|9fa 0f2 Of
Dmfk o 81‘1 61’2 8903
Ofs 0fs Ofs

_8371 8.1'2 81'3_

4Haiitu cobGCTBeHHBIH 6A3UC TEH30pa IIPOIIE BCEro, OOPATHBIINCH K KAKOH-HUOYIb Cpe/ie KOHEYHOIO MOJIb30BATE IS
(MAPLE, MATLAB). Ecau Bac 6yayr yuurs genars 910 MerogoM "per anum", T.e. CTPOUTH XapaKTePUCTHYECKUI
[IOJIMHOM M T.JI., — HE TO/IABAATECE.



3aME€HUTb NHICKCDHL k 1 m Ha T, TO IIOJIYIUM CKaJIdpD

Ofn _ 5 fr 0f | Ofs
Z 8£Cn + 0x2 + 8$3

an?’b

— JINBEPIreHIUI0 3TOI'O 10JIs.

BameHy mapbl Pa3/IndHBIX HHIEKCOB TEH30Pa O/HON OYKBOIl HA3BIBAIOT CBEPTHIBAHUEM TEH30DA.
CaeprbIBaHUe YMEHbIIAET PaHT TEH30pa Ha JBe € IMHUILI. HanpuMep, 3aMeHss B TEH30pe YeTBEPTOTO
PaHTa (jypg HHAEKCH k U ¢ Ha j, TOJIYYUIM T€H30D BTOPOTO PaHTa

[ 3 3 3
Doy Y gy D Qg
j=1 j=1 j=1

3 3 3 3
p =D Oy = |2 Qory D oy Y g
= =1 i=1 i=1

3 3
Zl js1; 21 Qjsaj D Ojmp;
= j=

KOMITAKTHAZ4 3AIINCH KOMIIOHEHT CUMMETPNYHOI'O TEH30PA

OnuceiBaeMoO€e B 3TOM ITYHKTE HCIIOJIb30BAaJIOCh BO BPEMEHA, KOTJa
HaIllM MOXHAThI€ MPEJIKN XXWJIN Ha JAepeBbsiaX. B cuily mHepTHOCTH
y4eOHOro mpoiecca COXPaHMJIMCh IIPEno aBaTe/in-CaaiuCThl,
pa3BJIEKAIOMINECs 3TUMI HEHY>KHbIMU Beramu u ceitdac. He
noagaBaiiTech!

Jl1s1 3a1aHusT CHMMETPHIHOIO TEH30Pa BTOPOIrO PAHIa, JJOCTATOYHO YKA3aTh He de6AMmb, a TOJBKO
wecmsb ero KomnoneHnT. Bo Bpemena "OuakoBa n mokopenbs KpbiMa' ux 3amuchiBagn B BUIE CTPOKI
pasmepom (1 x 6). (O6parure BHUMAHUE HA MOPSIOK KOMIIOHEHT B CTPOKe!)

[04117 (g2, (33, (a3, (13, 0412]-

Jlna 3ajgaHusg TeH30pa TPEThero paHra, CUMMETPHUYHOIO 110 KaKOi-HHOYy/Ib Iape HHJIEKCOB,
JIOCTATOYHO YKa3aTh HE d8aduams cemb, a TOJIBKO 80ceMHadyamsb ero KoMIoHeHT. VX 3amuchiBai B

sujie (3 X 6)-marpunpl. Hanpumep, eciu m, = Qupkn, TO

Q111 Qg2 (331 (ia31; (Y131 (X121
Q112 Qg (332 (razg (V132 (X122

113 (923 (U333 (V233 (Y133 (Y123

Hakouert, ecjin TeH30p 4€TBEPTOrO paHra CUMMETPUYEH KaK BHYTPHU JIBYX I1ap UHJIEKCOB, TaK W
MEXKJy 3TUMU MapaMu, T.e.

Okmpqg = Umkpgy  Xkmpg = Ckmgpy  Xkmpg = Npgkm,



TO JI/I €T0 3aJaHus JOCTATOYHO yKa3aTh He 81, a ToMbKO 21 KoMImoHeHTy. VX pacmoiaraior B HUzKHEM
Tpeyroibauke (6 X 6)-MaTpHILb:

_041111

Q1122 (02222

(1133 (¥2233 (Y3333
(1123 (K223 (3323 (¥2323

1113 (2213 (3313 (¥2313 (V1313

| Y1112 (o212 (¥3312 (K312 (V1312 (¥1212

JIroburenam "mporpamMmMupoBaHuA" HPEIOCTABISIETCS BO3MOKHOCTH COCTABUTH AJTOPHUTMBI
"ymakoBku" u "pacmakopku'" cuMMeTpHUYHBIX TeH30poB. [loMaiiTech aypnio!



