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B 3THX JBYX JIEKIMAX Mbl XOTHM pacckasaTth Bam 0 JuddepeHiImasbHbIX
(hopmax, paccyioeHHsIX U CBSIBHOCTSIX. DTH [OHSITHSI cefuac oueHb aKTHBHO
MCIOJIb3YIOTCS B CAMbIX Pa3HbIX 00JIaCTAX MaTeMaTHKK U (PU3HKH, U HAM Obl
XOTeJIOCh XOTs1 Obl HEMHOIO BAaC C HUMH MMO3HAKOMUTh. JlJist TOro uTtoOh! HAaLl
pacckas He OblI H3JHMIIHE a0CTPAKTHBIM, Mbl PELIUJIH PUBSI3aThCS K TAKOMY
(bu3ruecKoMy OOBEKTY, KaK 3ACKMPOMACHUMHOe NnoAe, W T0Ka3aTh BaM,
KaK MPH MOMbITKE OMUCAHUSI 3TOTO MOJISI €CTeCTBEHHbIM 06pa30M BO3HUKAIOT
BCe Mepeunc/ieHHble TOHATHS.

PagymeeTtcsi, 3TH JIeKIIMM He TPETEHIYIOT HAa CHCTEMATHUECKOe H3JI0XKe-
Hue Teopuu auddepeHIMaNbHbIX HOPM WM TEOPUH PACCJOEHHH U CBSI3HO-
creil. Kaxkaplil 13 3THX CI0XKETOB 3aHUMAET MPUMEPHO CEMECTPOBBIN KypcC Ha
mexmate. Haia 3ajmaua ropasno ckpomHee: rpeaBapuTesibHOE 3HAKOMCTBO
C MPEeJIMETOM W MOTUBUPOBKHU (rpuile/iiiiie U3 HU3UKK) HEOOXOJIMMOCTH ero
U3yUeHusl.

Jlekynsa 1

§1.

[TpuHATO CuMTaTh, UTO 3JEKTPOMArHUTHOE MOJie XapaKTepHayeTcs By -
Msl BeJIMUMHAMU — BEKMOPOM INCKIMPUUECKOLL HANPANCCHHOCMU E =
=(E,, E,, E.) ngekmopom macHumuoi nanpsacerrnocmu H=(H,, H,, H.).
[TpenmoJiaraercsi, UToO KOMIMOHEHTbI STHX BEKTOPOB MJIAJIKO 3aBUCAT OT TOUKH
npoctpaHcTBa, a Takxke 0T BpemeHd. COBOKYIHOCTb 3KCII€PUMEHTaJbHbIX
JlaHHbIX Oblia 06o6miena Makesesiom B 1861—1862 rogax B ero snameHu-
ThIX ypasuerusx Makcseara:

- | 0H
rotE = —EE,
div A =0,

= 10F  4n~
ot H T L
divE:4np,

rjie ¢ — CKOpPOCTb CBETa, P — IJIOTHOCTb 3apsijia, a j_ IJIOTHOCTb TOKa, T.€.
[JIOTHOCTb 3apsiia, YMHO>K€HHasi Ha CKOPOCTb TepeMElIeHHUs1 3TOro 3apsijaa.
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HaHOMHI/IM, KaK OTpeae/sitoTCs POTOP U JUBEPreHLUsI:

. "_dHX dHl/ aHZ
div = ox +d—y+ 0z’

OH. O0H, OH, OH. @_0&)

dy dz ' 0z ox’ 0x dy

rot H= (

Ho neficTBUTENLHO U BEJTHUMHBI E, A v rot T ssasiores Bekropamu? Kak
OHH MEHSI0TCS NpH 3aMeHe KoopauHaT? CKOpO Mbl YBUUM, UTO OHH HE OUeHb
MOX0KH Ha BEKTOPbI M UTO eCTb Jipyrasi, GoJiee ypo0Hast dopMa 3arucu Tex
JKe CaMblX YPaBHEHHH, KOTOpast BO3HHKJIA M03/IHee, KOTJla MOsIBUJIACh TEOPHS
addepentmaneueix Gopm, BBeaenHast [lyankape u D Kapranowm.

Uro0bl Jyullle MOHSATb, KaK MEHSIIOTCSI KOMIIOHEHTbl BEKTOpa MpH 3aMeHe
KOOpJMHAT, PACCMOTPUM HECKOJIbKO TPUMEpPOB.

[Tpumep 1. PaccmoTpum n-mepHoe npoctpaHcTBO R' (MOXKHO CuHTaThH
JJIs IPOCTOTEI, UTO 72 = 3) W rajKylo kpusyio ¢: R —+ R, 3anaBaemyio B He-
KOTOpPOI cucTeme Koopaunat (x', ..., x") ypasuenusimu x' = ¢'(f). Ilpu £ =0
KacaTtesibHbIH BEKTOP K 3TOH KPUBOH B BbIOPAHHOH cUCTEMe KOOPAMHAT UMe-
et komnouentsl & = @;(0) (Toukoi o6o3nauaercs auddepenurpoatue 1o ).
Terepb paccMOTPUM HOBYIO CHCTeMY KOOpAMHAT (£!, ..., £"), CBSI3aHHYIO CO
cTapoi Mpu moMoty riaakux dynkimi £ = fi(x!, ..., x"). KommonenTs! Ka-
caTesIbHOrO BEKTOpa B HOBOII CHCTEME KOOPAMHAT GyaeM 0603Hauath & Torna

G di | @0, ) | N~ O
E - dt 1:0_ dt |1:0_Z ()xj

i
t=0

=
no opmyJie TPOU3BOIHON CJ0XKHOH (YHKIMH. BOT Kak, okasbiBaeTcsi, CBsi-

3aHbl KOOPIMHATHI KACcaTeJLHOrO BEKTOpa B HOBOK M CTapoOi cHCTeMax Koop-
JIAHAT.

Mpumep 2. Pacecmotpum yHKIMIO @ OT 71 epeMeHHbIX: @ = (X', ..., £7).
3auem Mbl 3anucaliu ee cpa3y B HOBbIX KOOPJMHATAX, CTAHET SICHO UyTb [103-
ke, Pacemorpum epaduenm 31oil dyHKUMKM (KOTOPbBIA TakxKe 4acTO Hasbl-
BAlOT BEKTOPOM)

gradcp:(d“’ g)ffﬂ):(ﬁ',...,ﬁ”).

oz’

Teriepp nonpobyem cjesnath 3aMeHy KOOPAMHAT W BBIYUCJHTH KOMIIOHEHTbI
rpajiMeHTa, TOJbKO Ha 3TOT pa3 y)Ke He B HOBOH, a B CTapoOd cHCTEMe KOOop-
JIMHAT:

o 0e(fr (e, o X, T LX) u
= oot 1, _y

09 Of _ N~ OF
0% ax"_zn o

i=1



CpaBHuM hopMmysibl, MOJyUeHHBIE B 3THX JIBYX NMpuMepax. B obGenx 3THx
dbopMynax yuacTByIOT Bblpaxkenusi Buaa Of /0x/, HO MeXKIy HUMH €CTh Cy-
LLIeCTBeHHOe OTyiMune. B nepBom cjiyyae Mbl BbIpaxKaeM HOBblE KOOPJHHATbI
uepes cTapble, a BO BTOPOM — HA000pOT. Mbl MPUXOAUM K BbIBOJLY, UTO IpPH
3aMeHe KOOPJMHAT KOMIOHEHTbI MPAJMEHTA MEHSIIOTCSI COBCEM [0 JIPYroMy
3aKOHY, UeM KOMIOHEHTbI KacaTe/IbHOTr0 BeKTopa. [pajMeHT ckopee HarmoMu-
HaeT He BEKTOp, a AuddepeHiman QyHKIHH:

d@:Z%df:Z%dﬂ

i=I =

W rpajuent yHKLUMH, U KacaTesbHbIH BEKTOP SBJSIOTCS MEH30pami, HO
TEH30paMH Pa3HOTO THIIA.

§2.

Paccmorpum Ha R npoctpancTBo BekTopHbIX nodieir D(R*). [Tox BekTop-
HbIM 10JIeM Mbl Oy/leM MOHUMATb BbIpaXKeHHE

n
=1 2 : 1 d
U(x,...,xﬂ): Uj(x,...,x")ﬁ,
=
rie vj(x', ..., ") — riaakue dynkimu, a uepes 0/0x’ 06o3HaueH BEKTOP ¢;

craujiapraoro 6aduca B R" (311 0603HaueH sl OKa3bIBAIOTCS OUeHb YJI0OHbIMH
[P PaCCMOTPEHUM BEKTOPHBIX 110J1el HA MHOroo6pasusix). Takue noJsi eiie
MHOT/Ia Ha3bIBAIOT KACAMmeAbHolmu. MHOXKeCTBO Tafkux GyHkiuit Ha R? Mbl
6ynem o6o3nauats F(R").

MHO02KkeCTBO BEKTOPHbBIX MOJIEH SABJSETCS JIMHEHHBIM TPOCTPAHCTBOM: BEK-
TOPHbIE OJISI MOXKHO CKJIa/biBaTh (MOKOOPJMHATHO) U YMHOXATh HA UMCJa.
BoJsiee TOro, X MOXKHO YMHOXKATb Ha JOOble [ajkue (QyHKLWH, 3aJaHHbIE
Ha BceM mpoctpaHcTBe R'. K coxanenuto, riajgkue QyHKIHA 00pasyloT He
noJie, @ KOJIbLO, OTOMY TOBOPST HE O JIMHEHHOM MPOCTPAHCTBE BEKTOPHbBIX
noJsiel, a 0 Modyae BeKMOopHolX noaeti Ha0 KOAbUYOM eAadKux ynkyull.

Paccemorpum  coripsikentoe tpoctpanctso Kk D(R') — rpoctpancTso
F-nmuneituplx Qynxkunonano a: D(R") — F(R), T.e. Takux oToOpaKeHHUH,
uto ofd) = fo(T) mast moboit raakoit dyukumE f(X) U MH0GOrO BEKTOPHOTO
nojist ¥ u o(T) + o) = a(T)) + o(T). D10 conpsirKeHHOE MPOCTPAHCTBO TaK-
Ke SIBJSETCS MOJyJeM HaJl KOJbLUOM TJajkux QyHKiuiA. OHO HasbiBaeTcst
npocmpancmsom ougpeperyuarvroix 1-gpopm nw o603nauaercs A'(R?).
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Y 3TOro MomyJst ecTh 06pasyiollve, conpsbkenHele K obpasyommm D(R?),
KOTOpbIe Mbl OyeM 0603Hauath uepes dx':

W . I, i=j
di (L) =p =1 "
0x 0, i#j.
Jlio6asi 1-chopma moxkeT GbiTh 1pejicTaBjieHa B Bujie F-JuHeHHOH KoMOrHA -
LMK 3TUX 00pa3yroLuX:

n
a= Za,-(xl, e, X" dx

i=1

rae o (x!, ..., x") — rnankue dyukuuu u3 F. [Ipu n3mMeHenud KOOPAMHAT B
MCXOJIHOM [TPOCTPAHCTBE COOTBETCTBEHHO MEHSIIOTCSI KOOPAMHATBI U B COMPSi-
JKeHHOM npocTtpaHcTBe. KoMnoHeHTbl 1-opMbl IPH 3TOM MEHSIIOTCS 110 TOMY
JKe 3aKOHY, UTO U KOMIMOHEHTH! auddepenipana. To o3Hauaet, 4to audde-
peHLMan PyHKIMHK [ ABJASIETCS YacTHBIM caydaem |-dopmbl (UTO onpaBjbIBaeT
BBeJIeHHE TaKUX 0603HaUeHHH Jyis Ga3uca COMnpsiKEHHOro MPOCTPAHCTBRA), T. €.
y Hac umeetcst oto6paxenue d: F(R*) — A'(R"). He Besikast tudpdepenim-
anbHas 1-cdopma siBasieTcst 06pa3omM HEKOTOPOH (YHKIMH MPH B3STHU JUP-
(hepennmasa, HO UMeET MECTO BKJIOUeHHEe: 06pa3 d JIeXUT B MPOCTPAHCTBE
1-copm. Takum o6pasom, mudcepeHiral sBseTCs He BEKTOPOM, a KOBEK-
MOpPOM — TaK TPUHATO Ha3bIBaTh M depeHiraibible 1-hopMbl.

MOXHO J11 paclIMpUTb 3TO OMpeJiesieHre, T. €. PACCMOTPETb HE TOJIbKO
1-popmbl, HO U, Hanpumep, 2-opmbl? OKa3biBaeTCsi, TO CJeJaTh COBCEM
HeTPYAHO. 11 9TOr0 Hy:KHO JIMLIb BMECTO BEKTOPHOIO MO0JIS PACCMOTPETH
napy BeKTOPHBIX MOJel, H KaX/0H rmape BeKTOPHBIX ToJIell MOCTaBUThL B CO-
OTBETCTBHe Tyafikyto ¢ynkumio. M ecnu 310 oToGpaxenue spisiercst F-Jn-
HeMHBIM MO Ka)/IOMY apryMeHTy, TO Mbl IPUXOAHM K TOHSITHIO 2-KOBEKTOpa
Ha MHOXKECTBE BEKTOPHBIX MOJel: 3T0 NpocTo F-Ou/uHeliHoe oTobpaxKeHne
a: D(R") x D(R") - F(R").

Mpumep 3. Paccmotpum 1Ba BeKTOpHbIX N0Jst T U Ty B R® 1 oto6paxe-
HEe, COMOCTABJSIIONIee ape BeKTOPOB HX CKAJSIPHOE MPOU3BEICHHE:

r: D(R’) x D(R) = F(R’),  r(dy, 8) =[] - |Ta] - cosy.

Jlerko npoBeputh U4To 3T0 OTOOpaxKeHue F-OUIUHEHHO; K TOMY Ke OHO ellle
¥ CHMMETPHUECKOE:, €CJIH MOMEHSITh MeCTaMu J; U T, TO PE3yJIbTaT He H3Me-
HUTCSA. DTO 0TOOpaXKEHHE MOXKHO 3arucath U B MATPHUHOH (opme:

1 0 0\ /¥
r(@, ) =(x'y'2) {0 1 0] (4],
0 0 1 22



rie X', Y, 2 — koopmuHathl BekTopa J;. [Tosyuaem cummeTprueckyio 2-gop-
My, KOTOpasi HA3bIBAETCsI EBKJINJI0BOH MeTpuKoi B R?.

[Ipumep 4. A Bot npumep (TOKe XOPOLIO BCEM M3BECTHbIH) aHTUCHMME-
TPUUECKOI0 2-KOBEKTOPA, WJIH BHeulHell hopmel. PaccMOTPUM B IIPOCTpaH-
ctBe R? J1Ba BeKTOPHBIX 1104151 T) U Ty M MOCTABUM MM B COOTBETCTBHE OPUCH-
muposannyo niouads 1(7,, dy) € F(R?) napanenorpamMmma, NoCTPOECHHOTO
Ha 3TUX BeKTopax. B KoopauHaTax sta mjouajb paBHa ONPELEJHTENO

1 1
XY 12 2 1
y ol =x'y*—xy'.
P Y Y
D10 0TOOPaKEHHE TAKKE SIBJISIETCS JIMHEHHbBIM 10 KaXJOMYy M3 apryMEHTOB,
HO y»Ke 006JalaeT CBORCTBOM aHTHKOMMYTAaTHBHOCTH: T(T, Uy) = —1 (T, T)).

MmeHHO Takue 2-KOBEKTOPbl (MX elle HAa3blBAIOT KOCOCUMMEMPUUECKL-
MU) PEICTABJSIOT JI/Is1 HAC 0COObIA MHTEpecC.

Onpepenenne 1. Otobpaxkenue a: D(R') x...x D(R") - F(R") na-

~

k
3bIBaeTcsi gHeulnell dugpepenyuaroHoi popmotli cmeneni k, €Cau OHO
F-JMHENHO TI0 KaXJIOMy apryMeHTy

Ty eeny Uiy ovny Uy vnoey On) = =0Ty ooy Tjy ooy Uiy v oey Uy)
JI1s1 JIIOOBIX £, |.

[Tpoctpanctso A*(R") Buewnux muddepenuuanbibix Gopm cTenenu k u
cTaHer oO'beKTOM Hallero jaJjbHeillero udyuenusi. EcrecTtBeHHO, UTO BCsi-
KUl | -KOBEKTOpP MOXKHO pacCMaTpHBaTh Kak BHEHIHIOW JU(depeHIHaNbHYO
¢hopmy (BMpoueMm, TOUHO TaK >Ke ero MOXKHO paccMaTpHBaTh W KakK CHMMe-
TPUUECKYIO (hOpMY).

st Toro, utoObl 3anuchbiBaTh (GOPMbI B KOOpJMHATAX, Mbl BBEIEM HO-
ByI0 onepatiiio Ha juddepeHiraibHbiXx GopMax — gHeuLnee npoussedenue.
CHauasna onpejesum ee i napbl 1-opm. dra onepauus GyaeT Toxe F-ju-
HEHHOH, MOTOMY Mbl OTpEE/UM ee TOJbKO Ha 0a3ucHbIX 1-KoBekTOpax, a
3ateM pacrnpocTpaHuM Ha Bce |-copmbl mo F-nmuHeiinoctu. Kaxno# nape
l-cbopm 3Ta omepauusi CTaBUT B COOTBETCTBHE 2-(hopMy, MpUueM Ha Gasuc-
HbIX KOBEKTOpax OHa ONpelessieTcsl CJe/yloliuM 00pa3oMm:

(dx" Ndx')(Ty, Ty) = dx'(T)) dx!(To) — dx'(To) dx'(T)).
Jlerko mnpoBepuTh, uTO MoJiyueHHast GopMa KOCOCHMMETpHuHa. 3ameua-

TeJbHO, UTO TAKUM 00PAa30M MOXKHO MOJYUHTh BeCh 0A3UC B MPOCTPAHCTRE
2-cpopm. TTosTomy J1060# ssemMenT @ u3 A*(R") 3anucbiBaeTcst OueHb MPOCTO:

w= E iy, (X' oy XYy dX' A dx®.

I<i <iggn



AHanoruHo MOXKHO OMpee/nTh BHElIHee TPOHU3BeieHre /It (hopM Mpo-
13B0JILHON cTenend. [lyeth o 1 B — p- 1 g-popmbl cootsercTBenHo. Torna
BHELHUM TIpou3BesieHHeM dopm o 1 (3 HasbiBaetes (p + g)-chopma

(aAB)(T, .., Tpyg) =

1 - o - -
= Zs(s)a(vs_lu,, ey Tomp) X B@m1pgt)s - -+ Tomtipra)s

IJIe CyMMHPOBAHHE BEJETCsl 110 BCEBO3MOXKHBIM [€PECTAHOBKAM P + ¢ 3J1e-
MEHTOB, a £(S) — 3HaK [1EPECTAHOBKH S,

[IpuBeseHHOe ONpeesIeHMe HHBAPUAHTHO, T. €, HE 3ABUCHT OT BbIGOpPA CH-
ctembl Koopaunat. Ho ecan cuctema koopaunat GUKCHPOBaHa, TO M3 HErO
cpasy cjielyer, uto Gasuc B MPoCTpaHcTBe R-DOPM COCTOMT M3 3/1eMEHTOB
Buga dx' A ... ANdx'*, [} <iy < ...< i TTosromy npousBojibHasi hopma o
MMEeT BHJL

o= Z oy (X X AT A N dx,

I <...<ipgn

OTMeTHM ellle OJIHO 3aMeuaTesibHOe CBOMCTBO OMepallid BHELIHEro Judde-
pentmpoBanus: a AR = (—1)"BAa. OTclona, B UaCTHOCTH, CJIELYET, UTO €CJIH
cTerneHb of HeyeTHa, To a Aot = 0.

§3.

3ameTuM, uTo ornepatirst AUddepeHIIHPOBAHNS KAXKI0H (PYHKIMH COMOCTa-
BrsteT 1-chopMy. A MOXKHO /M OTIpe/IesIUTh OMepalrio TuddepeHIpoBaHns
JJIs1 TPOM3BOJIbHOK (opMbl? OKasbIBa€TCs, 3TO OUeHb Jerko caenatb. [lo
OIPEJIeJIEHHIO [10J1araem

do = Z dotil___,v,(/\dxi‘ /\.../\dxik.

1< <...<ipgn

Buuro, uro auddepeninasn nosbillaer Ha edHully cTerieHb Gopmbl. Kpome
TOTO, U3 3TOTO ONpeiesieHnst cpasy caenyet, uto do = 0. Jeiictere madde-
peHLMa/ia Ha BHEITHHE POPMbI MOYKHO MPEACTABUTD CJEIYIOLIEH IMarpaMMoii:

1 4 1 4 1
FR) S ARY) S A RY) S0 S ANRY) S
ITOT 00bEKT HA3bIBACTCS KOMNAEKCOM Oe Pama, u B HeM COEPKUTCS 60JIb-
mo# 06beM HHOPMALMK O MPOCTPAHCTBE, HA KOTOPOM 3afaHbl auddepet-
1masbible hopmbl. B nannom ciayuae mel nmeeM fesio ¢ R?, kotopoe yetpoeno
JIOBOJIBHO [1POCTO, HO €CJii Obl Mbl CTAPTOBAJIM C JIPYrOro POCTPAHCTBA, CKa-
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JKeM, cO cepbl, TO MO 3TOMY KOMIJIEKCY Mbl Obl y3HAJIH OUeHb MHOTOE O
TOMOJIOTHH TIPOCTPAHCTBA.

HetpynHo npoBepuTbh, UTO BBEAEHHASI C TOMOLIBLIO KOOPJMHAT ONepaLHs
BHeLIHero JuddepeHIpoBaHnsl HA CaMOM JieJie OT KOOPJMHAT He 3aBUCHT,
T.€. sIBJISIeTCSl HHBAPUAHTHOH (IIPOBEPBLTE ITO CAMOCTOSITE/LHO).

Hakownel, nocsiennsisi onepaiusi, KOTOPyl HaM OCTaJ0Ch BBECTH — Orle-
payus sHympenneeo npousgederus. [1ycTb y HaC ecTb BEKTOpHOE roJjie T
u BHelHss popma o nopsika p. Torjpa mbl MoxkeM NOCTPOUTH (POPMY CTelleHH
p—1, KOTOpast Ha3bIBAETCsI BHYTPEHHAM [1POM3Be/ieHreM hOpMbl o W 1104151 T

([Uot)(z_fl, ey Z_J'p_l) = 0((5, 61, ey Z_jp_l).

10 ornpeneJeHrue TakKe HEe 3aBUCHUT OT Bb160pa CHUCTEMbI KOOpAHWHAT.

§4.

[TorpoGyeM Ternepb MOHATb, UTO O3HAUAIOT OMEPaTOPbl POTOpA U JHUBEp-
FeHLMY HA MHBAPUAHTHOM si3blke juddeperianbHbix Gopm. XOTs Mbl 4aCTo
nucanan nuddepenimannibie GopMbl B KOOPAUHATAX, OTpeeseHHe UX ObLIO
WMHBapHAHTHBIM, OT KOOPJIMHAT He 3aBUCSIIMM. A BOT orpese/sieHust poTopa u
JIMBEPTeHIMH 3aBUCST OT BbIOOpA CHCTEMbl KOOPJIHHAT. Tak jaBaiiTe BbIICHUM,
B UeM 2Ke COCTOMT 3Ta 3aBUCHMOCTb.

Pasbepemcst cHauana ¢ auBeprenuyeil. Mbl HaunHaeM ¢ BEKTOPHOrO MO-
Js1 0 Ha R®. TTo 5ToMy BEKTOPHOMY TOJIIO Mbl TOCTPOUM 2-hOpMY CJIeIYIONIAM
o6paszom. BosbMmem ghopmy ob6vema t=dx Ady Adz w paccMOTpUM BHY-
TpeHHee MPOU3BENEHHE [, T — 9T0 U ecThb obellannasi 2-¢opma. M3 Hee Mmbl
noJsiyuum 3-copmy nyrem B3siTusi BHelnHero auddeperumnana. Ho npocrpan-
¢TBo 3-dopm Ha R® nmeeT enMHCTBEHHbIH 6A3UCHBIA BEKTOP, ¥ 3TO B TOUHOCTH
opma o6bema dx Ady Adz. 3nauut, 1oJjydeHHast Hamu hoOpMa ecTb HEKOTO-
past ryazkast (hyHKIMsI, TOMHOXKeHHast Ha popmy o6bema. [Iposepum, uto sTa
rnajakasi pyHKUMs ¥ OyJeT auBeprenuueit BektopHoro nogst J. Iyctsb nose 7

UMEET BHJL
J

= X0x+vy dy+vzdz
Torna
(zur)(% ai) = (dx/\dy/\dz)( 7, ddy’ %) =u,,
(8 ) -wenaunsn(s 2. 2) o
(i (2, ;)—(dx/\dy/\dz)< ,adx,j—y)zuz.
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Orcrona
,t=v,dyndz+v,dzNdx+v.dxNdy.

Tenepb Bo3bMeM LLch(bepeHuHaJI:

d(i,T) = J a’y/\a’z/\dx+ dz/\dx/\dy—

([ Ouy 0vy v
_<0x+0y+

Mb! noJiyunsii B TOUHOCTH JAMBEPreHLInto, MOMHOXKEHHYI0 Ha dopMy oObeMa.
Takum 06pa3oM, TUBEPTeHIMI0 MOXKHO 3aMUcaTh B OUEHb KOMIAKTHOM BHJIE:

d(iyT)
—

)dx/\a’y/\dz

divd =

UTo 2Ke 3/1ech 3aBUCUT OT BbIGOPA CHCTEMbl KOOPAMHAT? BHyTpeuuee npous-
Bejenye v auddepenimas MHBAPHAHTHBI OTHOCHTEJILHO 3aMeH KOOPMHAT, OT
KOOPJIMHAT 3aBUCUT TOJIbKO hopMa oO'bema. BhisicHUM, 1IPH KAKHX 3aMeHax
JMBEPTeHIIUsT He MeHsIeTCs.

[Tpu 3amene koopmunat £ = fi(x!, x2, x*) nonyuaem

t=d' NdPZANdL = 1),

rie J(f) — onpenenutens matpuubl (df/dx’), naswiBaemblil skoGHaHoM 3a-
menbl. [Tostomy

d(iy%) d(](f)ty‘t) d](f) Nivt | d(iyT)

T I I T
B cujly nMpoM3BOJBHOCTH 10/t T M0JIyuaeM, uTo JMBEPreHLiksl He MeHsieTcst
JIULIb [P TAKUX 3aMeHax, AJIsi KOTOPhIX

di(fy=0, mr.e J(f)=const.

Ecan ke nojx auBepreHuyed mossi ¢ KOMIOHEHTAMH U, Uy, U, MOHUMATh
KOMIOHEHTY BHeIIHero auddepeninana 2-Gpopmbl ¢ KOMIOHEHTAMH Uy, Uy, U,
(310 opma i,T, BBIMHMCAHHAS BBIIE), TO TAKOe OMpe/ieseHHe HHBAPHAHTHO
MOJIHOCTBIO, T.€. TIPU 3TOM JMBEPreHIHs] HUKAK OT BbIOOpA KOOPJMHAT He
3aBUCHUT.

Paccmotpum Teriepb potop BeKTOpHOro nosisi I, Jljist 3TOro BBEIEM 0TO-
OpaxeHue

o: D(R*) = A" (R?), ( 00 +, ddy+vz(;)):vxdx+vydy+vzdz.

3aMeTHuM, uTo

(do0) (@) = (52 =5 ) dxndy+ (G2 - 52) dundz+ (%% - 5= ) dzndx.

ox 0 15}
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Paccmotpum orobpaxenne x: A2(R?) — D(R?), «o6patHoe» K BHYTpeH-
HeMy [POU3BEIEHHIO, T. €. TAKOe, UTO LT = o A5 Bcex o € A*(R?), rue t
no-npexuemy dopma oobema B R, Torna

rot 7= (xodo o) (7).

[TpoBepka MOJIyUEHHOTO COOTHOIIEHHSI CBOJUTCS K [POBEPKE TOXKIECTBA
izt = d(o(7)), KOTOpast IPOBOIUTCSI TOUHO TAK Ke, KAK BbUKC/IEHHE (HOp-
Mbl i,T B CJlydae JIMBEpPreHLH.

[Ipoananusupyem 31y KoHCTpyKUuio. HeTpynHo BuaeTb, uTo 3ajaHue o
PABHOCHJILHO OMPEJIENIEHHI0 0TOOPaXKEHHS

r: D(R®) x D(R®) = F(R), r(T, @) = (a(?)) (D).

Ho 13 copmysibl A1 6 BBITEKAET, UYTO / COBMAJAeT C CHMMETPHUECKOH
2-chopMoii U3 mpumepa 3, T.e. r SIBJISIETCS eBKJINI0BON MeTpuKoii B R3.

3aMeTuM, UTo B olpejie/leHHH 0TOOPaXKeHHUs X CYLLIeCTBEHHYIO POJib UrpaeT
TPEXMEPHOCTB MPOCTPaHCTBA R®, TAK KAK CTEMEHb (DOPMBI iy, T HA EIMHHUILY
MeHbllle Pa3MepPHOCTH MPOCTPAHCTBA, a popMa o UMeeT cTereHb JBa.

Ortctofia caeyeT BbIBOJL OMepalysl B3sITUST pOTOpa BEKTOPHOrO MOJIsl MO-
2KeT OBbITb Olpejie/ieHa MHBaPUAHTHO JIMLIb Ha OPUEeHTHPOBAHHOM TPeXMEPHOM
MHOr006pa3ny, CHaGKEeHHOM eBKJINI0BOM METPHUKOH (MPOBEpbTe CaMOCTOsI-
TeJIbHO ITOT BbIBOJL, BBIUMCJIMB Te 3aMEHbl KOOPAUHAT, MPU KOTOPbIX KOMIIO-
HEHTbl POTOPA BEKTOPHOIO 110J1s1 JIeHCTBUTE/LHO [1peo6pasytoTcst KakK KOMII0-
HEHTbl BEKTOPHOIO 110J151).

DTOT BBIBOJI [IOKA3BIBAET, UTO POTOP JIyullle OMPEIEJsiTh He KaK BEKTOPHOE
rnoJie, a HHBAPHAHTHEIM 06pa30M: KaK BHEIIHHI A depeHiiag KOBEKTOPHOTO
noas vy dx +v,dy + v, dz.

§5.

[lepeiizem Terepb HEMocpeaCcTBEHHO K aHasiu3y ypaBHeHnd Makcsesa.
Ecs ciienoBath TpajMilMOHHOMY B3IVISILy, YTO COCTaBJSIOLLME 3JeKTpoMar-
HUTHOTO noast — noaist £, H — 310 BEKTOPHbIE MMOJIsI, TO aHAJN3 CTPYKTYph
0repaTopoB POTOpa W AMBEPreHIMH MOKa3biBaeT, uTo ypaBHeHnus: Makcpes-
J1a MOTYT ObITh 3aMHCAHbl KOPPEKTHO JIHIlIb B TPEXMEPHOM OPHEHTHPOBAHHOM
MPOCTPAHCTBE, CHAOKEHHOM €BKJIHI0BOH METPUKOM.

Ho 1ot daxT, uto poTop U AUBEpPreHIUs MOTYT MEHSATLCS TPH KaKUX-TO 3a-
MeHax KOOpJIMHAT, He oTpaxKaeT (hM3MKy ypaBHeHHH MakcBeJa, MoToMy uTo
NPUPOJA 3THX YPABHEHHI HUKAK HE CBfI3aHa C HAJHUUMEM, CKaXKeM, METPUKH
B MPOCTPAHCTBE WJH C BhIOOPOM cHcTeMbl KoopauHat. [Tostomy Ham xore-
Jloch Obl HMETb KaKoe-TO WHBAPUAHTHOE OMNucaHue ypaBHeHHH Makcaedsia.
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Bce Bhitenepeunc/ieHHoe MO3BOJISIET MPE/NOJI0KUTh, UTO JIEKTPOMATHUTHOE
nosie ecthb juddeperimabias hopma crenenu asa’.

Ara 2-dopma (2, Ha3bIBaeMasi MEH30POM INEKMPOMACHUMHO2O MNO-
A5, ONpejieJieHa Ha uYeTbipexMepHoMm npoctpaHctse R ¢ koopauHatamu
(x,y, 2, 1), rne t —Bpewmsi, 1 UMeET BUJL

Q=cE, dxNdt+cE,dyndt+ cE.dzNdt +
+H,dyndz+H,dzNdx+ H,dx Ndy.
Boruncsum muddpepenimaln 310 GOpMbl U NPUPABHSIIEM €r0 K HYJIIO.

dQ =c 0Ex O0E,

= dyndxndi+e S dzAdxAdﬁ+cﬂidxAdyAdt+

+c—

+MbMA@Am+ XWA@AM+—1@A&AM+

de de

ydt/\dz/\dx+ dz/\dx/\dy+ dit Ndx Ndy = 0.

Cobepem KOdeC]I)I/ILLl/leHTbI npH dx ANdyNdz:

0H, A 0H, _l_de
o0x dy 0z

¥ Mbl [10Jy4dM BTOpoe ypaBHenne Makcsesia. Tenepb cobepem ko3dpduiin-
eHTbl pu dx Ady A dt:
C(@ _ 0E, 0H2) _0
Ox dy ot )
ATo ecTb z-KOMMOHeHTa mnepBoro ypaBHenuss Makcesnna. Cobupasi Kosg-
utenTsl pu dy AdzAdt v dzAdx Adt, Mbl OJYUNM X- U y-KOMITOHEHTbI
9TOT0 YpaBHEHHUS] COOTBETCTBEHHO.
Wrax, nepBble jBa ypaBHeHHss MakcBessia Mbl MOXKEM 3aMucaTh OueHb
pOCTO:

=0,

dQ=0.

B uem npeumyiiectBo sto# 3amucu? Mbl 3arucaji ypaBHeHdsi B HHBAPUAHT-
Ho# dopme: Hu ddeperiaibibie GopMbl, HU BHellHee jiddepeHinpoBa-
HHe He 3aBHCST HH OT KOOPAHHAT, HH OT OPHEHTALMH, HH OT METPHKH.
Benomuum tenepn, uto d? = 0. Otciona caenyer, uto Imd C Kerd. Ho
B npoctparcTBe R nmeer mecto semma [lyankape: Imd = Kerd. W3 stoii
JIEMMbl CJIEJlyeT, uTO BCsiKasi 3amkHytasi gopma (auddeperiman oT KOTo-
po#i paBen 0) siBisieTcsi TOUHOH (T. €. siBJIsieTcs AMpPepeHIHanioM HEKOTOPO#

I 3jiech ymecTHO eliie pa3 0TMETHTB, UTO TPAIMLMOHHAS (HOPMa 3ankcH ypaBHeHuii Makceeiia
TNOSIBUJIACH 10 CO3JaHHs Teopun HdhepeHIHaIbHbBIX (HopM.
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dopmel). B uacthoctd, Q = dw, rie  ecth 1-dhopma Ha npoctpanctse R*:
wo=Adx+A,dy+A,dz+A,dt

OTa ¢opma HasblBaeTcs 4-nOMeEHYUAIOM INEKMPOMACHUNHORO NOAA.
Bgejiem, Kak 3T0 00bIUHO Jlesaetcsi B U3HKe, KoopiauHaThl x' = x, x? =y,
X} =2, x* =ct. Torza Mbl MOXKeM 3anucath Hallld GOPMbI B BHJIE

Q=FdMANdx, o=A,dx*
(3HaK CyMMHpPOBaHUS [0 MOBTOPSIIOLIUMCS] BEPXHEMY U HHXKHEMY HHAEKCAM
omnyuien). Tor dakr, uto ) = dw, MOXKHO 3amucaTb COBCEM MPOCTO:
F o= 0A, 04,

uw =

;o ou<w
Oxy  Oxy <

MMeHHO Tak BBINISIAT ypaBHeHHs MakcBesla BO BCEX COBPEMEHHBIX
yueOHUKAX (PU3HKH.

3ameTum, uTo opma w onpesessiercs o gpopme {2 HeOAHO3HAUHO: MBI MO-
JKeM Beerjia npubaButh K 310# hopme Tounyto 1-dopmy, T.e. auddepenunal
yHKUMK: ' =w+dS. V1 BHOBb Mbl 10J1yunM, uto de’ =€), Tak Kak KBajpar
Juddeperyaia paBeH HyJo. JTo 03HAUaeT, UTO 4-MOTEHUMAN OIMpeeJis-
eTcsl, KaK TOBOPSIT, € MOUHOCMbI0 00 KAAUOPOBOUHLLX NPeobpas3osaruii:
Al = A, +0S/0x,. A nockonbky B ypasuenust MakcBe/a BXOJSIT TOIBKO
3JIeMeHTbl [y, TO, cTajo OblTh, BLIGOP 4-TMOTeHlMANA He BJUsET Ha ypaBHe-
uusi MakeseJsuia.

Tak ob6cTosAT nena B Knaccuueckoil ssekTpoauHamuke. Ho yxke B kBaH-
TOBOM CJlyuae JBHXKEHHE YacTHIBl 3aBUCHUT HE TOJBKO OT TEH30pa 3JEKTPO-
MAarHuTHOTO MOJIsl, HO U OT 4-TIoTeHIMala, U TaM KaJuOpOBKH HMeEIOT GoJiee
Ba)KHOE 3HAUEHHE.

Jlekyns 2

Ha npenpinyiieil jiekuwn Mbl 3anucany dapajeeBy 4acTh ypaBHEHHH
MaxkcBesia (T.e. TiepBble JIBa YpaBHEHHs) B BHJIE

dQ =0,

rie Q=F,,dx*Adx”, u<v (3HaK CyMMHPOBaHHs1 [10 MOBTOPSAIOIIMMCS HH/ICK-
caMm 3JieCh U HHXKe, KaK MPaBHJIo, OMyCcKaeTesl) — TeH30D 3JEKTPOMArHUTHOTO
mnoJist.

3ateM, HCMOMb3yst TOT GaKT, uTo JyIst TpocTpaHcTBa R nMeeT MecTo JieM-
ma [lyankape (kaxkuasi 3amkHyrtasi (popMa Ha ITOM [POCTPAHCTBE SIBJISIETCSI
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TOUHOF), MbI MepPenucallu MoJyyeHHoe ypaBHeHHe B BUIE
Q=do, w=A,dx"

WJIH o
_ dAy u
Fo = Ixe 0% u<v.

dopma w HasbiBAETCS 4-MOTEHIMANIOM 3JIEKTPOMATHHTHOTO MOJISI W OMpeie-
JISIETCST € TOYHOCTHIO JIO KATMGPOBOUHBIX Mpeobpasosannii A) = A, +0S/0x,.

Tak 06CTOMT J1e/10, €Cjii MPOCTPAHCTBO, HA KOTOPOM pa3BOpAUHBAIOTCS
coObitusi, — R*. Ho ne Bcerma apenoil dusuueckux coObithii Gbizaer R,
Hanpumep, ypaBHeHHe MAarHUTHOro aumnoJsi Jlupaka OMUCHIBAET CHTYALHIO,
KOTJIa B OJIHOH TOUKE MPOCTPAHCTBA PACIOJIOMXKEH MArHUTHbIN 3apsit. Torna
Bce ypahenusi mawytest B npoctpanctse (R* \ {x}) x R. B kauectse Tako-
O MPOCTPAHCTBA MOYKET TAKXKE BBICTYMATH MPOU3BEJEHHE TPEXMEPHOTO TOpa
Ha Ru

B sTux cayuasix nemma IlyaHkape y»Ke He Bcerja UMeeT MecCTo, T.e. [VIO-
GanbHblil 4-MOTEHLMA] MOXKET He CyllecTBOBaTh. OJMHAKO, MOCKOMbKY JIO-
KaJlbHO KaKJl0e MHOrooOpasue yCTPOEHO KaK €BKJHMIOBO MPOCTPAHCTBO, B
KaXKJI08 KapTe CBOH 4-moTeHUMas MoxeT ObiTh rnoctpoeH. Ho kak cBsizath
BMECTe BCE 9TH JIOKaJbHbIE 4-MOTeHIMAbl, KAK 3armucath B HHBAPHAHTHOM
(hopme ypaBHEHH ST 9JEKTPOMATHUTHOTO T0JIs1, 3aIaHHOr0 HA BCEM MPOCTPaH-
CTBE U He 3aBUCSILIEr0 OT BBIGOPA KaPT (T. €. JIOKAJbHBIX CHCTEM KOOPIMHAT)?
J171s1 3TOTO W CYLIECTBYET SI3bIK PACCJAOEHHH W CBSIBHOCTEH, K 3HAKOMCTRY ¢
KOTOPBIM MbI Terephb W MPHCTYaeM.

§6.

Mbl HaUHEM ¢ MPOCTOro MPUMepa paccyoeHusi, KOTOPbIE BaM OU€Hb XOPO-
1110 3HAKOM.

Mpumep 1. Pacemorpum dynkumio f: R — R?. Ee MoxkHO npenctaButh B
Bujie rpaduka B npoctparctee R x R?. 910 MHOKECTBO Touek s = (X, f(x)),
rae x = (x', x%, x*, x*). Vmeercsi ecrecTBeHHast MPOEKIMsI T MPOCTPAHCTBA
R! x R?, cocTosiiiero u3 Touek (x, y), na R': (x, y) — x (puc. 1). Hawa dyuk-
1IHsT €CTh He UTO HHOE, KaK 0ToOpaxkKeHne s U3 6asol — npocTpanctsa R —B
npoctpatctBo R x R?; npu s1om no s = id. Besikoe otoGpaxkenue s, obia-
Jaiolliee TakKUM CBOFCTBOM, Ha3bIBAaeTCsl ceyeHuem. A cama KOHCTPYKIHS,
KOTOPYIO MBI TIOCTPOHJIH, HA3BIBAETCS (MPUBUANLHOLM) PACCAOCHUEM WIH
PAMOLM NPOU3BEOCHUEM.
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Tenepb Mbl 0600LIMM MPUBEJCHHYIO B MPUMepe KOHCTPYKLMi0. Pacemo-
TpuM 1okpbiTHe R' oTkpbIThiMH MHOXKecTBamMu U [lyetb st Kaxioro
HerycToro nepeceuenust U;NU; 3ajana HeKoTopast PyHKIIHsI
CO 3HAUEHHSIMHU B TPYyIIIe HEeBbIPOXKEHHBIX MATPHUILL pa3Mepa
2x2:

g UinU; = GL(2; R).

Eciou natop dyukuuit {g;} o6aanaer cBoicTBamMu

1) gu(x) = (gy(x)) ",

2) g (%) - g () - gu(x) =1 (ecom UiNU;NU, # D), Puc. 1
TO 3TOT HAGOP HA3BIBAIOT CKACUBAIOWUM KOYUKAOM (371eCh (g;(x)) ™" — 3T0
MaTpula, o6partHas K g;(x); / — enunuunas matpuua). [1pu momomn ckien-
BAIOLIEr0 KOLMKJA MOXKHO MOCTPOUTL HOBBIH 0G'BEKT, KOTOPBIH JIOKAJIbHO MO-
X02K HA CKOHCTPYMPOBAHHOE B IIPEJIbILyLIEM [IPUMEPE [1PSIMOE [IPOU3BE/IEHHE,

«Kuprnuunkamu» B Halleld KOHCTPYKLMK

6ynyt npoctpanctea U; x R?, xoTopbie

(g MM OyJleM CKJEeHBaTh MO MHOXKECTBaM

(U;NU;) xR?. EcTb oueHb MpocToii cro-

co6 ckJelKu: Touka (x, E) u3 U; x R?

CKJIenBaeTCs! (OTOKAECTBIISIETCS]) € TOU-

Koit (x,&) u3z U; x R%. Torma wuHtym-

THBHO SICHO, UTO Mbl TOJIyUAM B TOU-

HOCTH TpsiMoe MpousBesieHue. Jlapatite

Puc. 2 [OCTYIIUM HHAYe — CKJIEUM LUJUHJIPbI

«C MOJKPYTKOU»: TOUKy (X, E’) oTOXKjle-

CTBUM C TOUKOH (X, g,-,E') (puc. 2). OrpaHuueHusi, HaJOKeHHble HA (DYHK-

LUK g, 06ECTIEUMBAIOT KOPPEKTHOCTD TaKoH cKieitki. CBoiicTBo 1) o3nauaer,

UTO €CJIM TOUKA (X, &) CK/IeHBaeTCs C HEKOTOPOK TOUKOi (X, 1j), TO Touka (x, 7))

CKJICUBAETCSI C TOUKOH (X, E). Ecuii y Hac vmeercst nepeceueHue Tpex LUJIUH-

JIPOB, TO Mbl CKJEHBAEM TOUKY M3 [EPBOrO LMJMHPA C TOUYKOH U3 BTOPOrO

LUMJMHJIPA, Ty, B CBOIO OU€pPejib, — C TOUKOH M3 TPETbero LMJMH/PA, a ee —

C TOUKOH M3 mepBoro 1ujuHApa. CBOKCTBO 2) rapaHTHpPyeT Ham, uTo 1ocJje
TaKUX CKJIEEK TOUKa MepBOro LMJIHHIPA NepeiyieT B cebs.

[Tocsie ck/IeHKH Mbl MOJYYUM HEKOTOPOE MPOCTPAHCTBO P, CKOHCTPYHPO-
BAaHHOE W3 3TUX LWJIMHAPUKOB, Y KOTOpOro Gy/eT ecTeCTBeHHAs MPOEKIHUs T
Ha 6asy R'. [TpuueM 3Ta MpoeKiysl KOPPEKTHO OMpeeseHa sl BeexX LUIUH-
JIDUKOB, M CKJIefiKa ee He MOPTHT.

[ToJiyueHHbIH 00bEKT HA3LIBAIOT BEKMOPHLIM paccioeruen ¢ 6asoil R,
npocmpancmeon pacciroenus P, caoem R u cmpykmyproii epynnoi
GL(Z;R).
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BosbmeM Tenepb Apyroil cK/IEUBAIOLMI KOLUMKI U TOCTPOUM COOTBETCTBY-
[olllee eMy BeKTOpHoe paccJ/ioeHue P’ ¢ oToGpakeHHeM [1poeKTUpOBaHus T,
Ecsn cyliecTByeT B3aMMHO-0JIHO3HAUHOE TJIaJKOe B 06€ CTOPOHBI JIMHEHHOEe
Ha KaxkJ0M cJjioe otoOpaxkenue F u3 P B P', Takoe 4yto nauarpamma

pP——— P
N R
R4

KOMMYyTaTuBHa (T.e. W' o F'=), T0o roBopsTt, uto paccJjoenusi P u P aksusa-
AeHmHol. PaccjioeHus, SKBUBAJIEHTHbIE MTPSMOMY [TPOU3BEEHUIO, HA3bIBAIOT
mpusuarbHoLmu. MoKHO J0Ka3aTh, YTO €CJjid B KauecTBe 6a3bl BbICTyNaeT
npoctpanctso R, To Bee paccaoenus OyayT TpuBHaibHbiMi. Ho sicho, uto B
MPUBEIEHHON KOHCTPYKIMM KOHKPETHBIA BUJL 6a3bl (B KauecTBe KOTOPOH Mbl
BBIGpAJH JIJIs1 TIPOCTOTHI MPocTpaHcTBo RY) U pasmepHOCTb ¢Jos1 (pocTpan-
ctBa R? B Harem cJjyyae) HE MpH YeM. B KauecTBe 6a3bl MOXKET BBICTYMATh
Jmoboe MHOroo6pasue, a B KauecTBe CJ1051 — eBKJNI0BO MPOCTPAHCTBRO JIIoOOH
Pa3MepHOCTH.

[TpuBeieM MpUMep HETPUBHAILHOTO paccjoenusi ¢ Gazoi S' (oOKpyx-
HOCTB).

Mpumep 2. Pacemorpum JiBa sk3emiisipa wuiuaapa S' x R u BeiGpocum
U3 MepBoro uMauHapa npsimyio {x} x R, a u3 sroporo — npsimyio {y} x R,
re X ¥ Yy — pasanunbie Touku okpyxHoctd S'. [Tosyunm aBa kupruunka
U xRu Uy xR, e Uy =8"\{x}, a Uy =S"\ {y}. [lepeceuenne U, N U,
CoCTOUT W3 JBYX KomroHeHT Vi u V,. Ecan 2 € Vi, To ckienm Touku (2, )
v (2, 1). Ecan ke 2 € Vy, TO CKJIEUM HalllM KAPIMUUUKKA CJIEIYIOIIM 06pa-
30M: Touka (2, f) MepBOro KUPIHUKKA CKJIEHTCS C TOUKOH (2, —f) BTOpOTrO,
T.€. B HalleM cJlydae CKJIEHBAIOUIMH KOLUMKJ COCTOMT U3 OJHOTO 3JEeMEH-
Ta g9, TOXKAECTBEHHO paBHOro enuHuue Ha V| u paBHoro —1, ecau z € V.
CrpykrypHas rpynna sisasiercst rpynnoit GL(1; R), T.e. rpynmnoii HeHyJieBbIX
JICFICTBUTENBHBIX UUCE/ C OMepalrell YMHOXKEHHUS.

[TpocTpaHcTBO 3TOro pacc/ioeHusi — MOBEPXHOCTb, MOX0XKasi Ha JIMCT
Mé6uyca, TobKo Geckoneunasi. Ona we romeomopdua muapy S' X R,
IMOCKOJIBKY LHJHH/IP — OPHEHTHPYyeMOe MHOrooGpasue, a roJyueHHOe HaMH
MPOCTPAHCTBO pPacC/0€HHs — HeT. 3HAUHUT, 9TO pacc0eHHe HETPHBHAMBHO.

Ceuenvie MPOU3BOMBLHOTO PACCIOCHHUST OMPEAESIeTCs TOUHO TaK 2Ke, KaK U
B pa3oOpaHHOM cJydae MpsIMOro MPOM3BEJEHHS: 3TO Takoe 0ToOpaKeHHe S
13 6a3bl B MPOCTPAHCTBO pacc/oeHus], uTo o s = id. Ceuenus paccJoeHus
06pasyloT MOJIyJib HaJl KOJBIIOM IVIAAKUX (DYHKIIHI 6a3bl: UX MOXHO CKJIajbl-
BaTb ([OKOOPJMHATHO Y MOTOUYEUHO) U YMHOXKATb Ha (DYHKIIMH.
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§7.

Y npsiMOro MpOM3BE/IEHHS €CTh CJIelylollee 3aMmeuaresibHoe CBOUCTBO: ce-
ueHue MPSIMOro MPOU3BEJICHUS MOXKHO JuddepeHudpoBaTh BIOJb JIOOOr0
BEKTOPHOrO 110J1s1 U Gasbl, A MMeHHO, BO3bMeM ceuenue (x, f(x)) u mocra-
BHM €My B COOTBETCTBHE HOBOE ceuenue (X, d,f), rne d,f = df(7)). Bripaxe-
uue df ectb BekTopHO3HAuHast 1-hopma Bupa (df', ..., df*); ee 3nauenue Ha
BEKTOPHOM ToJie ¥ — riajkast Bekrop-yukuus ((df' (D), ..., df*(7)). A ee
rpaduk (T.e. ceuenne (x, df(7))) u Gymer KCKOMOK MPoU3BoOHO# (X, 0,f) uc-
XOJIHOTO CeueHHsl BIOJb J.

MOXHO JIH MOX0XKHM 06pa3oM HayuuThCsl JAUPPEepeHInpoBaTh CeueHus
MPOU3BOJIbHOTO paccJyoeHns? Ha ceueHne paccjoeHust MOXKHO CMOTPETh Kak
Ha COTJIACOBAHHYI0 COBOKYMHOCTH (X, [;) ceuennit kupnnunkos U; x R2. Yeao-
BH€ COMVIACOBAHHOCTH COCTOUT B TOM, UTO 3TH JIOKAJIbHbIE CEUEHUSI CKJIeHBA-
toTcst B rv106aJibHOe, T. €. Jylst JII000k Touku X € U;NU; uMeeT MecTo TOXK/1eCTBO
fi(x) = gy (xX)[;(x).

Hagaiite npomrddepeHIHpyeM KaxJIoe TaKoe 3JeMeHTapHOe CceueHHne
0OBIUHBIM 06pPA30M BJIOJIb BEKTOPHOTO MoJisi. Hy>KHO TOJIbKO MPOBEPHTH, UTO
MoJlyueHHbIe JIOKaJbHble CeueHHsl BHOBb KOPPEKTHO CKJICHBAIOTCS:

0ufi = 0u(gul;) = (0.8i)[; + is0.f .

Ecsm Obl unena (0.g;)f; He Obln0, ceuennst Obl CKICHBAINCH M TPH CKJIEH-
BaHWKM J1aBanu robajibHO onpejesedHoe, 6e3 pa3pbiBos, cedenre. Ho ecsn
(YHKLMM g; 3aBHUCSIT OT X, TO 3TO OMNpeJeJeHHe HM K ueMy XOpoLleMy He
MPUBOJUT. 3aMETHM, UTO He8A3KA TOH (hOpMyJsbl — UjieH, JHHEHHbIH Mo f;.
JlapaiiTe uyTh-uyTh MOJMPABHUM OTpeJe/eH’e MPOU3BOJHON BJIOJIbL BEKTOP-
HOrO MoJisi, T0GABHB TaKyl) JIMHEHHYO MO [ yacTh, uTOObI HOBblE CEUEHHsI
CKJIEUJIUCh. A HMeHHO, OTpeieJIuM HOBYIO TPOU3BOJIHYIO, KoTOpast GyleT Ha-
3bIBATBLCS] KOBAPUAHMHOL NPOUSBOOHOL 8006 BEKIMOPHO2O NOAS T

V.fi = 0.f; +A2fi,

rae Al — maTpuia pasmepa 2 X 2 (31eCb CyMMHPOBaHHE 10 HHJIEKCY [ He
npousBoautcsi). Mbl nocrapaemest mogo6pate Matpuibl AL (cBotO Jyist Ka-
JKIIOTO KHUPIHMYKKA) Tak, uyToObl B WTOTe MOCJe MPUMeHeHHs KOBapHaHTHOM
MPOU3BOJIHON BCE JIOKAJbHbIE CEUEHHUS CKJICHIUCH B OJIHO.

Pacnuiem onpenenenve V,:

Vol = 0. + ALl = 0.(guly) + AL(gil)) = (0.8 [ + gy0.f; + ALgul; =
= gi(g; ' (0ugi)f; + 0o + g7 ' ALgily) = g Vo]
[Tocsieinee paBeHCTBO HEOBXOMAMMO JJIsl TOFO, UTOGBI JIOKAJNbHbIE CeueHHs
CKJIEHJTHCH. Boipaxenue V,f; T0/DKHO conepKaTth ujieH 0,f;, Cle10BaTeNbHO,
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CyMMa OCTaJIbHBIX UJIEHOB JI0/DKHA paBHsiThest Alf;:
j — g1 —1 Ai
Al = g7 0.8+ g5 A&

OTcrona
1

A, = —d.ug,v,-gijl + g;ALg; -

Hrak, eciu yjaercsi HaiTH matpuunble (yHkuud AL, ypoBaerBopsitolime
MOJIYUeHHOMY YCJIOBHIO, TO MOXKHO BBECTH orepalnio quddepeHrpoBaHus
CEUEHHH BJIOJIb BEKTOPHOTO MoJIst T.

Ho kak ObiTh, ecyid Hajlo NPoJUdPepeHIpoBaTh CeUeH s BIOJb JPYroro
BEKTOPHOTrO MoJis? VicKaTh Kax/blil pa3 Mojxojsiliie MaTpuuHble (yHKIHH
Ob110 Gbl JI0BOJIbHO 3aTpyaHHTesbHO. Kpome Toro, ecrectBeHHO OblI0 Obl
oxuiath, uto Vy, [+ Vo, f =V, 4o, [, Kak B caydae o6brunblx ¢yHkumit. [To-
3TOMy JaBaiTe notpebyem, uToObl Ha Kaxk10H okpecTHocTH U; Oblia 3aaaHa
MatpuuHasi auddepeHiManbias Gopma (T.e. mMaTpulla pasmepa 2 X 2, Bce
3J1eMEHTbl KOTOPO# siBJisitoTest 1-hopmamu) ; Tak, uTo

o =—dg;g; " + gyw;g;" (%)

Jist JoObiX nepecekatowwmxes U; n U,
Torna oxasbiBaercsi, uTo Mbl MOKeM JuddepeHpoBaTh at060e ceueHne
BJIOJIb JIIOOOr0 BEKTOPHOTO 10Jist. JIJisi 5TOr0 HY»KHO JIMLLb 110JI0XKHTh

AL = w;(9).

Onpepenenue 2. [oBopsAT, UTO B BEKTOPHOM PACCJIOEHHH 3afaHa C813-
HOCMb, ecn JJ1s o60ro Habopa OKPECTHOCTEH U CKIIEHBAIOIINX KOIMKIIOB,
M0 KOTOPBIM MOXKHO MOCTPOHTb 3TO pacc/oenne, 3aaan nabop auddepeHim-
aslbHbIX MaTpuunbix 1-dopm {w;}, yrosaersopsitouwmx csoiictsy (x). Cpsi3-
HOCTb 0603Hauaercst 06bluHO 3HAuKoM V. PopMa w; Ha3bIBaeTCsl JIOKAJIbHOH
(hopMOil CBS3HOCTH.

CB$I3HOCTb COOTHOCHTCSI C KOBAPHAHTHOM [TPOU3BOAHON IPUMEPHO TaK XK€,
Kak juddepeHinan GyHKUAM € 4acTHOH MpousBoaHoll. Ecin s — ceuenue
paccJioenusi, umerotiiee B wagunape U; x B2 sun (x, fi(x)), To

Vs = (x, dfi + wif5). (%)

JlpyruMu ¢JIoBaMH, €CJIH Mbl IPUMEHHM K CEUEHHIO He KOBAPHAHTHOE JH(-
(hepeHIMpOBAHKE, a OMEPaToOp CBSIBHOCTH, TO Mbl TTOJYyUYHM CeUeHHe ¢ KO-
¢uumentamu B 1-copmax. [Ipousstoctpupyem 310 uarpamMmmoit:

V: {ceuenne} — {ceuenne} ® A'(R*).
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rak, cBS3HOCTb B BEKTOPHOM PACCJIOECHHH — 3TO MPOCTO BO3MOXKHOCTD )~
(hepenumpoBath ceuerusi. CBSI3BHOCTb SIBJISIETCS] JIMHEHHBIM OTOOpaKEHHEM
(r.e. V(s1+52) = Vs + Vsy) u ynosnersopsier npasuiy JleiGuuua: ais
ao6oro f € F(RY) u nast o6oro ceuenusi s umeem V(fs) = (df)s + [Vs.

ITO0 HHBAPHAHTHOE OIMPENEJICHUE CBSI3BHOCTH: TOBOPSIT, YTO HA PacCJ/oe-
HHUM 33J1aHa CBSI3HOCTDb, €CJIH JIOOOMY CEUEHHIO CTABHTCSI B COOTBETCTBHE
{ceuenne} ® {nuddepenupanbrasi popmal, U 310 0TOGPAKEHHE JIMHERHO U
ynoBJeTBOpsieT npaBuity JleiiGuuiia. Jlerko nokasarb uto Takoe orpeseseHue
CBSI3HOCTH IKBHBAJIEHTHO JAHHOMY BBIIlIe <KOOPAHHATHOMY>.

Pacemotpum crHoBa wwamunap U; x R?. B HeM ecTb cTannapTHbIiA Gasuce ce-
ueHuil & = (x, e1), & = (x, e9) (rne e; U ey 0Opa3ylOT CTaHAAPTHBIA Gasuc
B R?). Jlio6oe ceuenne s = (x, f:(x)) nax U; MoxkeT OLITb 3aMHCAHO B BH-
ae s = [l& + [78 = (&1, &)[: (tie nocsieiee BbipaXKeHUe MOHUMAETCsI Kak
npor3BejieHre CTPOKK Ha cToJibelt). JIjisi MOCTPOeHHbIX CeUeHHH nMeeM

V8 = x, Ve = (5, ) = (5, o),

rjie uepes w, o6o3nauen j-i crosbel MaTpuuHoil auddepentaibHoi Gop-
MbI ;.

CaenoratesibHo, (VE;, V&) = (&1, &)w; (BEKTOP-CTPOKA YMHOXKAETCS HA
MaTpHily), MOSTOMY Ha MaTpHILy ); MOXKHO CMOTPETh Kak Ha MaTpHILy CBSA3-
Hoctu B 6asuce (&, &).

Tenepb nenaercs 6oJiee MOHATHBIM CMbICJ BbipaxKeHusi (k%). Ero MoxkHo
nepernucartb B BUje

Vi =dJi+ oif:.

D10 jleficTBUE CBS3HOCTH HA KOOPJMHATAX ceueHusi S (110 OTHOLIeHHIO K 6a-
3UCHbIM ceuenusim &, &y).

Bo BCSIKOM JIH BEKTOPHOM pacC/JOE€HHH MOXKHO BBECTH CBsI3HOCTH? OT-
BET Ha 3TOT BOIMPOC JIaeT CJeylollee YTBEPKIEHHE, KOTOPOE Mbl OCTaBJISEM
UUTATEJII0 B KAUECTBE YIPaXKHEHHUsI,

B no0bom enradkom 8eKmMOPHOM pPACCAOCHUL MONCHO B8ECMU CBIA3-
HOCMb.

(¥kazanue: Paccmorpure ryajikoe pasbuenue eHuLpl {\;}, nojaunHeH-
Hoe nokpeiTHio {U; }; Tak Kak HaL KaxbiM U; pacc/ioeHre uMeeT BUJL PSIMOro
MPOU3BEJICHHS, B OTPAHHUEHUH paccjioeHusi Ha U; MOXKHO BBECTH HEKOTOPYIO
CBSI3HOCTb V;; TOKAXKHTe, UTO JHHeHHas1 KoMOuHatms y . \;V; sIBJsieTcst Kop-
PEKTHO OTpeie/IeHHON CBSI3BHOCTbIO B UCXOIHOM PacCJIOeHHH. )

CeueHue S HaA3bIBACTCSI 20PUBOHMAAbHOIM (10 OTHOLIEHUID K CBSI3HO-
ctu V), eciu Vs =0.

N3 (xx) caenyet, uto B 6asuce &, & JIOKaNbHBIX CEUEHHH pacCOeHHst
Hajl U; KOOpIMHATbI POPU30HTAJ/ILHBIX CEUEHHE YIOBJIETBOPSIIOT CJielytoliiei
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crucreMe U depeHIHaIbHbIX YpaBHEHHH:
dfi = —wif;.

Ecuin pacciioenune tpuBuasibHo, 10 B 6a3uce &, & ryodasibHbIX ceueHui pac-
CJIOEHHUST KOOPJIMHATHI TOPU3OHTAJBHBIX CEUEHHH YIOBIETBOPSIIOT CJIeytoliel
crucreMe U depeHHaIbHbIX ypaBHEHHH:

df = —o].

B npyrom 6asuce ceuenuii (mpu Apyroi TpuBHadn3aluu paccaoetus) &), &
COIJIACHO (%) ypaBHEHHEe FOPU30HTAJILHBIX CEUEHHH MPUHUMAET BHJL

df ==o'f', e [ =Ty, o =—dlT"'+Tel"!

(v e B cBoto ouepenb (€, &2) = (&), €,)T"). 3amernm, uto Takue npeobpaso-
BaHHsl HA3BIBAIOTCS KAAUOPOBOUHbIMI NPeobpa308arusimy HOPMbl CBSI3-
HOCTH.

Urax, cesaszrocmo 8 mpusuaibrom paccaoeruu sadaem cucmemy ough-
GepeHyuarbHoLx YpasHerul ¢ mo4HOCMbl0 00 KAAubpOBOUHbLX npe-
obpazosanull.

Ecsn e paccsioeHre HETPUBHAILHO, TO CBSI3HOCTb 3aJ1a€T COIJIacOBaH-
HOe (B CMBICJIE COOTHOILIEHHH (%)) CeMeHCTBO cHcTeM auddepeHIHanbHbIX
YPaBHEHHH.

§8.

[TonpoGyem 1po0JKUTL arpammy AnddepeHipoBatms ceueHHuii:
{ceuerme} ~ {ceuenne} @ A'(R") —» {ceuenne} @ A*(R"),

rie orobpaxkeHne V KaxkJI0My ceueHuio ¢ Ko3dduuueHtamd B 1-dopmax
CTAaBUT B COOTBETCTBHE CeueHue ¢ Kovdduuuentamu B 2-popmax. Mbl Takxke
notpebyem, 4TOObI /I HETO BBIMOJHSAIOCH NpaBuio JlelibHuma:

V(f) =df Aa+[Va, V(Bs)=(dB)s—BAVs
JUIst [IPOM3BOJILHOM beHELl[/ll/I [, ceuenusi s u 1-chopmbr B. Ornpesiesium ckBo3-
Hoe otoopaxkenne K =Vo V.
Jlemma. Omobpaocenue K asasemcs F-auneliHoiMm.
HokasateabctBo. [lycts f— dyHkuus, s — ceuene. Torna
K(fs)=V(V(fs))=V ((df)s+] Vs)=(d’[)s—dfAVs+dfAVs+[K(s)=[K(s),

nockoabky d?f =0, a BTOPOW 1 TpeTuil useHbl COKPALIAIOTCS, O

20



Oro6paxkenne K Ha3bIBaeTCS MEH30pOM KpususHol cesagnocmi. Jlo-
KaJjbHo Haj U; B Gasuce &;, & TEH30p KPUBHU3HBI MOXKHO 3aMUCATh B BUJIE

K(Ely Ez) = (El, Ez)Qn

rie ; — matpuua auddepeHunalbHbx 2-hopM.
Bbiuncanm sty matpuiy B HailleM Gasuce uepes w;:

%(V(El, &) = 6((51, &o)w) =(VE, V&) Aw; + (&), &) dw; =
= (&1, &) (o Aw) + (&1, &) dw; = (&1, &) (w; A w; + doy;).

CpaBHuBasi Ko3(hhHIMEHTbl MPH Ga3UCHBIX BEKTOpaxX CJeBa W CrpaBa, Mbl
noJyuaem ypashenue ; = dw; + w; A w;. (Bueuwinee npoussejierue w; A w;
He 00513aHO PABHATBCS HYJIIO, OCKOJbKY ; — MaTpuuHasi ¢opma.) [Tosy-
ueHHOe ypaBHEHWEe Ha3blBAeTCsl crmpyKkmypHolm ypasueruem. nddepen-
Mpys 3TO ypaBHeHHe, Mbl nojyuum df); = ; A w; — w; A§);. ITo paBeH-
CTBO HOCHT HasBaHue modcdecmso bosanku. Beens Hosblil onepatop DY, =
=dQ; — QAN w; + ©; AQ; (ero Ha3bIBAIOT KOBAPUAHIMHOL NPOU3BOOHOLL
Gopmoetl), nanHoe BbIpaXKEHHE MOXKHO [eperucaTh B BUjle

DQ,‘ == O

§9.

[To anasorue ¢ KOHCTPYKIHMEEH BEKTOPHOTO PACCJOEHHST PACCMOTPHM Te-
nepb eaasHoe paccioerue. Ias storo smecto R? B HAIKMX KUPIHUMKAX
Bo3bMeM GL(2;R), T.e. B KauecTBe 3JieMEHTAPHbIX LMJIHHAPOB OyaeM pac-
cmatpuBath LMJUHAPLL U; x GL(2; R). Ck/ienBath Mbl UX OyJleM TOUHO Tak
Ke, ¢ roMollblo Kouukaa {g;}:

()C, G) ~ ()C, g,'jG), €CJIn X € U,ﬂ U/'.

TosibKo yMHOKATh MATPHLLY g;; HAM MPHUJIETCS Y2KE HE HA BEKTOP, a HA JIPYTyIO
matpuily G. Pacciioenue, y KOTOPOro CTPyKTypHasi FpyIrina U CJ0id — 3TO 0JIHO
¥ TO 2Ke TMPOCTPAHCTBO, HA3BIBAIOT 2AABHbIM PACCAOCHUEM.

B ryiaBHOM paccJioeHuu TakKe MOXKHO BBECTH CBSI3HOCTD, (POPMAJILHO BOC -
MOJIb30BABILKUCH JAHHBIM paHee OrnpeneseHreM (Kak COBOKYMHOCTb COLJIa-
COBaHHBIX C MOMOIIBIO COOTHOLIEHUS! (%) MATPUUHBIX JHGbepeHIHaTbHBIX
dopm). Ho ee yxe Hesmb3si GyneT paccMaTpuBaTh Kak auddepeHInpoBa-
HHE BEKTOp-ceueHuil. [eomeTpuueckasi HHTepIpeTals CBA3HOCTH B IJIABHOM
PaCCJIOEHHH COCTOUT B TOM, UTO CBSI3HOCTb BBIIEJISET B KacaTeJbHOM TMpo-
CTPAHCTBE K KaX<JIOH TOUKE MPOCTPAHCTBA PACCAOEHHUS MOAMPOCTPAHCTBO TaK
Ha3bIBAEMbIX FOPU30HTAJIbHBIX BEKTOPOB, [JIAJIKO 3aBUCSILLEE OT TOUKH.
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O6beM naHHO! OpoLIOpb! He MO3BOJSIET HAM [103HAKOMHUTLCSI OApoOHee
¢ sTo# uHTeprperanyeil. OTMETHM JIHIIBb ellle pa3, YTO AHAJOTHUHO CJyuato
BEKTOPHOTO pACCJIOEHHs] B TVIABHOM PACCJOEHHH MOXKHO BBECTH KPHBH3HY
CBSI3HOCTH W BbIIIUCATb CTPYKTYPHOE ypaBHEHUE U TOXK/1eCcTBO BbsiHku.

§ 10.

Bepuemcsi BHOBBL K ypaBHenusiv Maxcsesia. Oka3biBaeTesi, Ha 34€KMpo-
MACHUMHOE NOAe MONCHO CMOMPENb KAK HA CBA3HOCMb 8 eAABHOM Pa-
caoenun Had R co ecmpykmyproil epynnoti u caoem U(1) € GL(1;C)
(U(1) — 310 rpynna KOMIJIEKCHBIX UMCEJ, PABHBIX M0 MOAYJIO 1, T.€. reome-
TPHUECKH 3ITO OKPYXKHOCTh S').

B stom paccsioennn QyHKIMH CKJICHKH g;; MPUHUMAIOT 3HAUYEHHE B IPYIM-
ne U(l), a ¢popmbl CBSI3HOCTH W KPUBU3HbI CTAHOBSITCSI CKAJISIPHLIMM, a HE
matpuutbiMu. [ToaTOMY JUIsi JIOKAJIbHBIX (DOPM CBSIZHOCTH W KPUBHU3HbI CBSI3-
HoctH noJydaem: w; Aw; =0 1 ; Aw; —w; AQ; =0. CTpyKTypHOE ypaBHEHHE
NpUHUMaET TIpu 3ToM BUJ 2; = dw;, a ToXKaecTBO Bhsnku — df2; = 0.

[TosTomy sokanbuyio dopmy cesisnoctH «; = Al dx* Mbl Gynem nHTep-
NPETUPOBATL KAK JIOKAJbHbIA 4-10TeHlMas B JlaHHOH KajubpoBKe, T.e. B
JIAHHOU JIOKAJIbHOU TpUBHAJIM3ALIMK paccoenusi Han U;, siokajbhyto dpopmy
KpUBH3HbI {); — KaK TEH30D JIEKTPOMATHUTHOIO 110Jisl B JIAHHON KaJMOPOBKeE,
a TOXJeCcTBO DbsiHKM npeBpartutesi B (hapajieeBy uacTh ypaBHeHui Makc-
BeJlIa.

[Ipu nepexose 0T OHON JOKAJILHOH (DOPMBI CBSIZBHOCTH K JPYTOH (T. €. MpH
3aMeHe KaJuOpOBKH) MOJYUNM COTJIACHO COOTHOLIEHHIO (%) (K COTIacHO TOMY,
uTO (PYHKIIMU CKJIEHKH — CKassipHbIe):

o = —dgyg;' +gywig;' = w;+dSy,
rae S; = dlog(—gj;), Win B TepMHHAX KOMIOHEHT (hOPMBI 0

; i 0Sj

A=A+ a—“’.
CorsacHo 3Toil opmyJie, KOMIOHEHTbI JIOKaJIbHONH (DOPMbI CBS3HOCTH Mpe-
00pasyloTcst TOUHO TakK 2Ke, KaK KOMIOHEHThb! 4-MoTeHlMala 3JeKTPOMAartuT-
HOTO T10J1s1 P KaJUOPOBOUHBIX MpeoGpa3oBaHUsIX, UTO elle pa3 MOoATBep-

JKAeT MPaBUJIBHOCTh Halllell HHTePIpeTalyiH.
Wrak, B c/yuae T/IaBHOTO pacc/oeHHs Bce HAUIM (GOPMyJbl MOTYT ObITh
OMHUCaHbl HA JIBYX sI3bIKAX: F€OMETPHUECKOM U (pr3nueckoM. COCTaBUM COOT-

BETCTBYIOLLME CJI0BAPHUK:
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BriGop J0KaJIbHOTO HHIHHAPA Ui x G
1 Kanu6poska
(JToxanbHAST TPUBHATU3ALIHS) (Ui x ")
; 4-n0TeHLHA JIEKTPOMATHUTHOIO
Jlokanbuasi hopma cBsIZHOCTH o; = Al dx¥ Ha ® poma
H noJIsl B JaHHOH KaJuGpoBKe

CBsi3HOCTb v DJIEKTPOMArHHTHOE M0J1e
JlokanbHast hopmMa KpPHUBH3HDI Q, Tenzop 3/1eKTPOMArHUTHOrO 110JIs1 B
CBSI3HOCTH ! JAHHOH KaIMOPOBKE
TeHsop KpUBH3HBI CBI3BHOCTH K TeHzop 3/1€eKTPOMArHATHOTO MOJST

dapajeeBa yacTb ypaBHeHHH
ToxaectBo BbsaHku DQ; =0 pa M

Makcsesna

dazoBoe MPoCTPAHCTBO
TTpocTpaHCeTBO pace/ioeHus P (R* x S ‘ pocrpe

(br3HueCcKOll CHCTEMbI
Basa paccioenns B (RY) [TpocTpancTBo-Bpems

[pynna «BpalleHuit» B 3apsi10BOM
CTpyKTypHast rpynmna paccJoeHust G (U(1)) by paii p

MPOCTPaHCTBE.

[Tocaennsisi cTpouka cjoBaprka TpeOyer mosicHenusi. Jleso B Tom, 4TO
crpykrypHasi rpynia U(1) nosisjisiercst B OMCaHHK 3JIEKTPOMATHUTHOIO 110151
B CBSI3M C TeM, UTO (hM3HUECKAsl CHTyalldsi HE JIOJ2KHA 3aBMCETb OT BbiGOpa
(hasnl (BeIGOpA HAMpPABJICHHST B 3aPSIIOBOM MTPOCTPAHCTBE), UTO COOTBETCTBY-
eT MHBAPUAHTHOCTH OTHOCHTEJbHO KaJHOPOBOUHLIX MPeoGpa3oBaHHil BuUaa
gi; = exp(is(x)) co snauennsmu B U(1).

§11.

Cutyuait 3/1eKTPOMarHUTHOIO 110Jisi — B KAKOM-TO CMbICJI€ [IPOCTENLINI U3
BO3MOXKHBIX, TaK KaK CTPyKTypHasi IpyIIa paccsoeHUs! B 3TOM cJyuae oueHb
npocra. OaHAKO 3TUM MPHUMEPOM He MCUepribIBaeTCsl OMucaHnue (pU3HUIecKnX
noJieil B TePMHHAX PACCJOEHHUI U CBSI3HOCTEH.

Jpyroil W3BeCTHbIH MpUMep — 3TO 3HAMeHUTble noaa fAnea—Muaica,
cJyXKallile AJsl ONUCAHUsl MOBeJeHHs HYKJIOHOB (MPOTOHOB W HEHUTPOHOB).
ITU MoJIl HHTEPIPETUPYIOTCS KaK CBA3HOCTH B [VIABHOM PACCJOCHHH CO
cTpykTypHO# rpynnoil G = SU(2) (tak o603HauaeTcs rpyrnna Beex HEBbI-
POXK/IEHHBIX KOMIJIEKCHBIX MaTpHIL pagmepa 2 X 2, onpeienTesb KOTOPbIX
pasen 1). B stom ciayuae Bce opmbl CBSI3BHOCTH M KPHUBU3HbI SIBJISIIOT-
Csl MATPUUYHBIMH, W T€ YNPOLLUEHHs, KOTOpble OblJIM BO3MOXHbI B CJyuae
3JIEKTPOMATHUTHOTO 1104151, 3/ieCh He MpoXoasT. OJHAKO BbIIHCAHHBIH HAMH
CJI0BapUK «paboTaeT» W ISl 3TUX MOJIeH.

Hccenenyst mogo6GHOro posa MoeNH, (hM3NKH HAyUHIIHCh BBIUHC/ISITh TaKHe
BEJIMUMHBI, KAK Macca [IPOTOHA M Macca HEHTPOHa, POCTO pellast ¢ MOMOLIbIO
KOMIbIOTEPA COOTBETCTBYIOIIME ypaBHeHus. Ho 370 Tema coBcem apyro# Jjiek-
LIMH.

23



Anopeti Anopeesuu boaubpyx

Ypasuenust Makcgena u auddepennanbabie GopMel

Penakrop E. CmupHoB
Ceputiinoe oopmieHue 00J102kkd pazpadoran M. [1anos.

MapnatensctBo Mockosekoro Llentpa
HENPEPBIBHOIO MATEMATHYECKOr0 06pa3oBaHust

JInuensust I Ne 01335 ot 24.03.2000 .

[Tonnucano B neuats 27.2.2002 r. dopmar 60 x 88 Y16. Bymara odcernasi Ne 1.
[Teuatsh odcertnasi. ITeu.st. 1,5. Tupax 1000 sk3. 3akaz Ne

MIIHMO
121002, Mocksa, Bosibuioit Biacbesckuii nep., 11

OTrneuatano ¢ roToBBIX AUATIO3UTHBOB B MocKoBCKo# Tunorpaguu «Tpancneuarsb»
107078, Mocksa, Kananuesckuil Tyruk, 1. 3/5

Kuuru nsnarensctea MIITHMO moxkHO npro6pecTy B MarasuHe «Martematnueckast KHUra»,
Bousboit Baacsesckuit nep., i, 11. Tea. 241-72—85. E-mail: biblio@mceme.ru

ISBN 5-94057-022-4

9'785940"570226™>



