FJ1TABA 7

TEH30PbI

B ecTecTBO3HaHHK M TeXHHKe NPUXOAWTCA WUMETh H[EN0 C (pPIS{’l‘-leCKHMH
pellfUMHAMM Pa3nuuHOH MaTeMaTHYyeCcKOH MNpHUpPOAL. ITO pasdfuuue MPO-
ABNAETCA, B 4YAaCTHOCTH, B XapakKTepe HX aHAMUTHUECKOrO BBIDAMXEHUs
U B 3aKOHaXx npe06paaoBaHHﬂ UX aHAMMTHYECKOrO BbipAweHUA NPU nepe-
XOfie OT OJHOH CHCTEeMB KOODAMHAT B NPOCTPAHCTBe K APYToOf.

TIpocTediliiuMy, ¢ TOYKKM 3PeHMA MaTeMaTHueCKOH npupORH, ¢usnue-
CKUMHM BeJAMUMHAMM ABAAIOTCA CKa/MlApHDB € BeAUUUHH, HanpuMep Macca
Teaa, 00beM Tena, BJAMHA BEKTOpa M T. II., MHBAPHAHTHBIE OTHOCUTE/NBHO
npeofpasopanuift koopnuHaT. KaXpas Takad Cka/lfpHas BedMupHa B JI0-
GoH cucTeMe KOOPHMHAT BHPAXAETCA OOHHUM UMC/IOM, TPHYEM IDTO UKHCIO
HE 3aBHCHUT OT Bb{60pa CHUCTEMbBl KOOpAMHAT.

ChaesywouwuMy MO  CAOKHOCTH MaTeMaTHYeCKOH TNPHPORB ABAAOTCA
BE/JIWUMHBl BE€KTODHEBE €, HAIpHUMep CKOpPOCTD, YCKopeHHe, Cujla u T. M.
BektopHas BenuuuHa B TPEXMEDHOM NPOCTPAHCTBE B KawioM 0Oasuce
onpejendgercd TPOHKOH uumcel — TDOHKOH NpOeKUMH BeKTOPAa Ha OCH
KOODAMHAT, WM, KAK TrOBODPAT, TPOHKOH KOOPAMHAT BEeKTOPa B BAHHOM
Basucey, npuyeM 3T «KOOpIMHATH BEKTOpAa» INpU Nnepexone OT OJHOro
6asuca K BpPYroMy npeo6pasyioTca NmO OnpeieleHHOMY 3aKOHY.

CrelywoumMy NOCAe BEKTOPOB MO CAOMHOCTH MaTeMaThye CKO#H npu-
POnbl ABAAKTCA (pnanqecxne BeAWUMHBL, Ha3biBAEMbIE MEH30 pA MU, UTPAKO-
Iye pOJAb JMHEHHBIX ONePaTOPOB Haj BeKTOpaMy (MO NMOBOLY NMOHATHA
Aune#Horo omepatopa cM. m. 1 § 2). Takoro pogsa BerWuuHOH ONMUCHI-
BAaWTCA, HANpuMep, NPOBOJHMOCTb B aHM3OTPONHOM Tede.

A ¥MeHHO, B M30TPOMHOM Tefe BEKTOD TUIOTHOCTH TOKAa j M BEKTOp
HaNpAXKEHHOCTH 3JAEKTPHUeCKOro noas E KOM/IMHEeAPHB, T. €. CBA3AdHbI
COOTHOLIEHNEM

j=oE, 7.1

rge 0 — CKalApHhIH MHOMuTenb (o > 0), HasbBaeMbil TpPOBOAMMOCTLIO.
B ammsorponHoM Tede j u E ywe, BooOuie roBops, He KOJNIHHEAPHH M
MHOXUTENb O AB/ACTCA AMHEeHHBIM OnepaTopoM, npeolpaayownM sekTop E
8 BEKTOp j; 9TOT ONePaTOp HA3LIBAETCA «TEH3 OP OM>» NPOBOAMMOCTH,
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Ecan BbiGpaTe B MNPOCTPAHCTBE KAKOH-1#60 onpefeneHHbit Gasuc
e, €, €; W DasaOoNuTb MO sTOMY Gasucy j u E

i=Je1+ Jrer+ Jses,
E="F[ e, Eye,~} Ese,,

10 paBeHcTBO (7.1) MOXHO 3aMeHHTb SKBMBANEHTHOH CHCTEMOH Tpex
CKaﬂﬂpr{X pPaBEHCTB

(7.2)

Tp== Zlo,” k=1, 2, 3. (7.19
i=
Takum 00pa3oM, TEH3OD NPOBOAUMOCTH G B KawIOM Oasuce onpene-
JfeTCA OEBATBIO 4uCAaMM G, R, {==1, 2, 3, KOTOpHE Ha3biBaIOTCA
Koopouramamy mex3opa ¢ B naHHoMm Gasuce.

B onpegenenue TEH30pa BXOINT OmMMcaHke NMPeoGPa3OBAHMA €ro Koop-
IMHAT TIpH mepexone OT ORHOro Gasduca K ApPYroMmy.

B §§ 1—9 M orpaHpumMcs nepexojaMH JHMUIP B MHOMECTBE BCEX
OpPTOroHa/TbHbIX HOPMHPOBAHHBIX 0a3uCOB II W3YueHHeM COOTBETCTBYIO-
wyx 1M adpUHHBIX OPTOrOHAJAbHBIX TEH30pOB. B § 10 MBI octaHoBuMcH
KPaTKO Ha 0GOOUIEHAAX.

§ 1. Tlonstue addpuHHOro OpTOroHaJBLHOrO TEH3Opa

1. TlpeoGpas3oBaHHs OpPTOTOHAJBHEIX HOPMHPOBAHHHIX Ga3HCOB.
PaCCMOTpHM ABa KaKHX- AM6O OPTOrOHANBHBIX HOPMHPOBAHHKX Gasuca e,
€, €, M €, €, €; B TPeXMEePHOM eBKIMLOBOM NpocTpanctse. M3 opro-

TFOHAMBHOCTH M HOpMHpOBaHHOCTH 0a3uCoOB BHITEKAIOT ciaenymourie COOTHO-
wieHua AAf CKAJAPDHBIX NPOM3BeIEHUHU:

[0 mpu i+k,

(€ &) =0y (o) e)=10,, 6ik=l1 npu Q= (7.3)

14 7 7
Baaucbr e, €, €, i €, e, e, OyieM YCIA0BHO Ha3BIBATH «CTapbiM» M
«HOBbIM». Pa3/omuB BEKTOPH HOBOro 6as3uca MO CTapOMY, MOAYuMM

7
e =0 e e, ae,
€, = 0y 8 - Upe, - 0ye,, 7.4
s
€3 =0y e, - Uy e, Uge,
WIH, KOpOUE,

Da,e, i=1,2 3. (7.4%y

=1
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Marpuna
Loy o G E
o =1 oa @ oo (7.5)
I gy 03 Gg3 )

Ha3bIBACTCA Mampuyeld nepexoda or cTaporo Hasuca e;, e, €3 K HOBOMY
4 ’
Gasucy e, e, e,
I
Hayunm cBofictBa 3TOH MaTpHUBI. YMHOMXKag BEKTOD e, =a,e -+
I
T+ @58, 1058, CKAIAPHO HA BEKTOp €, =& - ;e -0 .e; 10-
JY4YUM
5 0 mpu j 1,
o, [0 AP e A A= 0;; == . 76
i1 11+ i2 12+ 3% j3 ij 1 led j=l, ( )

T. €. CyMMa KBajpaToB 3/eMeHTOB J/I000# CTPOKH MAaTPHLBI paBHA efH-
HULE, 4 CYyMMa TpOu3BEIEHMH COOTBETCTBYIOLIMX 3/eMeHTOB MOOBIX IBYX
pas/MYHBIX CTPOK MATPHUb DaBHa HYJIO *). YMHoXaf ckanapho (7.4")
Ha €,, Haxoguwm **)

(e['. ek)zal.k. (7.7

HaitzeM ananornunbie BbipameHus A5 9JE€MEHTOB MaTpulh, o6paTHo#
Marpulle (7.5). Pasgaras BekTopbi cTaporo 0asuca e;, €, €3 N0 HOBOMY,
OyneM UMETHL

e, =B &1 B8, syl
€, == By;€; 1~ By Py (7.8)
€3 = fy€; - Bye, =+ Byes.

H.IHM, Kopoue,

3
e, = 2 B, € (7.8%
Marpuua 7=
]ﬁn Biz B3|
IB:;ll =1 Bor Boo Bos (7.9)
‘531 Ba Bas:

ABJISETCS, oueBMaHo, obpaTnoft matpuue (7.5). Ymuowxan (7.8') ckanspho

*) Martpuna [o;;{, Ara koTOpol BHNOAHEns! coorThomenus (7.6), HasnBaeTcs
0pmo20Hassrol. TakuM 06pa3om, MaTpylla nepexoia OF OJHOTO OPTOrOHaABHOrO
HOPMHMPOBAHNOro 6a3nca K APYyroMy SBAfeTcs OPTOrOHaAbHOM.

**) Ouesnano, a;, == (e, e,) = cos (e;, e,).
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#a e;, TO.JIyuUM
(e €)= Ppir (7.10)

CpasnuBag (7.10) wu (7.7), nadizgeMm CJeayOUIyi0 CBA3b MeXAy 3Je-
MeHTamu MaTpHy (7.5) u (7.9):

Ui =By (7.1hH

Takum oOpasom, MmaTpuua (7.9), obpardas MaTpuue (7.5), noayuaercs
TPaHCIOHUPOBAHMEM MaTpyunt (7.5).

2, Onpepenenne adduHHOro OPTOroHaNHLHOIO TeH3opa. [Ipu no-
cTpoeHu¥ QopMaibHOH TeopMM TeH30pOB HHBAPHUAHTHLIE CKAJAPHLIE Be-
JAMYMHL U BEKTOPB OKA3HBAeTCA LeecCoOpa3HuiM BKAUMTL B UHC/I0
TensopoB. Tak, ckaaspHass BejHuMHa L, BEBapHaHTHAf OTHOCUTEJbLHO ne-
pexonoB OT OZHOTO OPTOrOHA/ILHOIO HOPM .poBaHHOro 0asuca K Apyromy,
Ha3biBaeTCcd QPP UHHU M OPMOZOKAALHH M MmMeH3OPpOM
Hyaresoze parza.

TemnepaTypa, Macca, [JJuHa BeKTopa ABJAAOTCA adPUHHLIMH OpTO-
TOHaJbHLIMH TeH3opaMH HyJeBoro panra. IIpoekuusi B:xTopa Ha NepBYio
KOOpPAHHATHYI0 oc¢b (T. €. HA OCb, omnpejejseMyld MNepBbiM 0a3ucHbiM
BeKTOpoM €;) B Kawigom O0a3uce e;, €, €, ABIAETCA CKAJAPHOH BeJu-
uHHO#l, He WHBApDHAHTHOH OTHOCHMTE/JbHO NEpeXoioB OT ojHoro 0Oasuca
K JApYroMy, M NO3TOMY He ABJIAETCA TEH30POM HY.JIEBOI'O DAHra.

BkaiouenHe BeKTOPOB B YuC/lo TeH3opoB ofecneunBaeT

Onpedenenue 1. Ilycms sesuyuna L onpedersemcs 8 xasicdon
OPMOZOHAABHOM HODPMUPOBAKHCOM Ca3lce mpoii/soﬁ yucea. 8 0a-

14

suce ey, e, ey wucaamu Ly, Ly, L; 8 Gasuce ej, e), e,—uucramy

7 7 7
Ly, Ly, Ly u m. 0. Ecau npu nepexcoe om moéozo Gasuca ey, ey, e,
K aw06omy Opyezomy Gasucy e, e, € MU 4lUcaa npeobpasyomcs

no gopmyran
3
Li= 3\ a;,Ly (7.12)
kel

20e Ha,kH—Mampuzw nepexoda om 6a3uca e, e, e; K 0a3ucy
I

e, e, e,, mo Beauwury L Hassigaom a@UHH M 0Opmozo-
HaAsHe M MeH3OpOM nepso20 parza u o6o3nasaon
cumsoaem (L), m. e. L==(L)).

Uucaa L;, i==1, 2, 3, nasbiBa0T KoopauHaTaMu Tensopa L B Gasuce

4 »
e, €, €3 a umcaa L;, i=1, 2, 3, COOTBETCTBENHO KOOPAMHATAME
3TOTo Ten3opa B 0a3uce e;, e, e;.

IlokaxeMm, uto moGo# Bekrop saBiageTcd aP@UHHLIM OPTOTOHA/b-
HbIM TEeH30POM mnepBOro paHra. Bo-mepBbiX, B KaXAOM OpTorOHalb-
HOM HopMMpOBaHHoM Oa3uce e;, &,, €; BCKTOp X ONpezesieTcd Tpoit-
KOH uMcen — TpoHko# (BoHX KoopauuaT. Bo-BTopbix, IIpH IepeXoge
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oT ogHoro 0a3Hca K ApDYroMy KOOPAMHATbI BeKTopa X npeoOpasyloTcs
o cpopMynaM Buga (7.12). IefictBuTensho, paanomnB X mno 6asucam
e, €, e, 1 e, e e, NoIyuum

X=X & - X,€, | x,&, = x /e - x,e,+ xe,. (7.13)

YmuoxuM pasenctso (7.13) ckanspno na e;. B cumay (7.3) u (7.7),
3TO HaeT

x =a,; xl—T—ozmx?—f—(ntdx3 Zalkxk, i=1, 2, 3, (7.14)

npuueM GopMyast (7.14) wumeoT TOT ke BUA, uTo M dopmyan (7.12),
a 5To M O3HAuaeT, 4TO BeKTop X ABIAAeTCA a(PPUHHLIM OPTOroHANLHbIM
TEH30pOM nepBoro pamra.
SameuaHue 1. Ouesimio, kKaxabifi adpduunbii opToroHaabHbIA
TEH30p NEPBOI'O PAHrd MOXKHO PACCMATPHMBATHL KaK BEKTOP.
3ameuanne 2. Tax kak oOpaTHas MaTpuua a.17 Matpuusi (el

no.tyuaercs TpaHCHOHl/IpOBar{HeM la ”H, To M3 paBeHcTBa (7.14) Haxoaum
; aXe  i=1, 2,3 (7.14)

ChopMyaupyeM Tenepb omnpeleJeHHe TeH30pa BTOpPOro panra.
Onpedenerue 2. Il1ycms seanwuna L onpedessemcs 8 xaxcoon
OpPMOZCHAASHOM HOPpMUPOBAHHOM Oa3lce Oe8amicoll uucer: 8 6a-

14

3uce e, e, ey duciamn Ly i, j=1, 2, 3, 8 Gasuce e, e, e;
qucaQ MU LEJ-, i, j=1, 2, 3, u m. 0. Ecau npu nepexcde om aio-
Gozo Gasuca ey, e, €3 Kk 2060my Opyeomy Gasucy e, e, e, dmu
uucia npeoépaay;omc;z no gopmyran

11—2 Zlatma/n mi L j=1, 2,3, (7.15)

m=1 n=1

20e \la;; | — wampuya nepexoda om Gasuca e;, ey €; Kk 6asucy
e, e, e, mo sewuuuny L Hasssaom a@unno i cpmozo-
HaasHolM merH3opod 8moepcocze padza u cbe3rasanom
CUMBOAOM (Lij), m. e. L=(L;)).

Yucaa L;;, i, j=1, 2, 3, nadbiBaoT KoopaunaTamu Tendopa L
B Oasuce e e2, e, a uncaa Ljj, i, j=1, 2, 3, —ero Koopaunatamu
8 Gasuce e, e, e, .

B §§ 2—9 wMm ocranoBuMca noapoOHo Ha NpuMepax U CBOHCTBax
a(dHHHbBIX OPTOTOHAJNBLHBLIX TEH30POB BToporo panra, a celvac cdopmy-
JupyeM onpegenenue ap@HUHHOTO OPTOroHaJbHOrO TEH30PA NPOU3BOJb-
HoTo pamra p > 1.

Onpedeaernue 3. ITycmy seaununa L onpedessiemcs 8 raogwk-~
QoM  OpMOZOHQABHOM  HOpMUPOBAHHOM Oasuce e, e, €,
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cosoxynhocmsio 3P wucea L;,- - =1, 2,3 s=1,2, ..., p.

Ecau npu nepexode « mo60My OpyzoMmy OPpMOLORAABHOMY HOpMU-
I

posanHomy 6asucy ey, e, e, Imu wucaa npeol pasyomes no 3AKOHY
3

L, = o Y F SR
L1L2...[p 1112 _ij=l Lljl [212 Lp]plejz...jp’ (716)
20e |||l — mampuys nepexcda om Gasuca e, e, e, Kk Gasucy

7

7
e, e, e, mo geaununy L nassisaom adgunnoum opmozo-
HAAbHH M MEHLSOPOM P20 PAHZA U 0GO3HAUAIOM CUMBOALO M
(Ligy.ooy) meeo L=(L, ... ).
Yucaa L’]’z--- i Ha3bIBAIOTCA KOOpPAMHATaMM 3Toro TeH3opa B Oasuce

r - I I
ep €, €y a uMcia Lili2... ip—ero KoopaMHaTaMU B 0asuce e;, e, e,

3ameuanue 1. Mnorza omnpenenenue Tendopa p-ro pamra, p > 1,
dopMyaUpYIOT B Caeayiouwiell SKBUBajdeHTHOH (opme.

Fosopsm, wmo 3a0an adPunnsli opmozoRalsholl Men3op paLea

>1 (Lh’z""p)’ ecau 8 KaxNCOOM OPMOZOHANSHOM HOPMUPOBAH-

HoM Gasuce e, e, ey 3adanc 37 wucen L,-l[2._,,p' =1, 2, 3,
=1,...,p u ecau npu nepexode K 2000MYy OpY2oMY 0pmozeo-

HAAOHOMY HOPMUPCBAKHOMY GA3UCY e, €, €, MU 4ucra npeocl-
Pasyiomes ne 3a4KCHY

Lypi = 2 00, .0 Lityewrs s (71D

bpreip Jidg e dp=1 Ialy plp it

Huoraa Mpl OyzeM no/b3oBaThCA 3Tol ¢opMolt onpeaesenusa TeHzopa
npu p=1, a Takxe npd p=2.

Sameuanue 2. Onpezenenns 1, 2 wu 3 chopmyavposannl aas
TpexMepHoro npocTpancTsa. CoBepIeHHO aHa/JOTMYHO OHHM MoryT ObiTh
chopMyarpoBanbl M aag N-MepHOro NPOCTPaHCTBA, TAe OpPTOroHa/b-
Hbie HOpMMpoBaHHbie 0a3uchl cogep:kKaT 1o N eguHUUHbIX BEKTOPOB

. 7 4 v
€, €, ..., €, €, €5 ..., eN, a MaTpHuua nepexoia oT Gasuca
€, €5, ..., ey K 6a3ucy eI, e2, ...y €, MMeeT nopaioK N, Tak Kak
e—EaU/, i=1,2 ..., N.

§ 2. Cpa3p Mexpy TeH30paMH BTOPOro paHra
H JHHeilHRIMH onepaTopamH

1. JluHeituntit onepatop kaxk TeH30p BToporo paHra. HamoMmumm
NpexAe BCEro, HTO LUHECHHHLM Onepamopom MIM QUHedHOR Bexmop-
@yHKyuell HA3bIBaeTCA Takag (QYHKUUA

y =L (%),



