JImcrok 2. JIBuzKkenuns MpocTpaHCTBa U BEKTOPHOE ITPOU3BEIEHNE.

Werde der du bistll J. W. Goethe

1. Haiizure Bce a) moBopoThl, 6) OCeBble CUMMETDHUH, B) JIBUKEHUSI, MEPEBOJISIIIE B CeOsI
MHOZKECTBO BEPIINH KBaJIpaTa Ha ILIOCKOCTH.

2. To xe JAJI IIPpaBUJIBHOI'O TPEYTI'OJIbHUKa Ha IIJIOCKOCTH.

3. a) Haiimure Bee mapaJiieibHbIe TIEPEHOCHI TPOCTPAHCTBA, TEPEBOIAIINE JaHHBIN Ky B cebsl.
0) To ke JiJist EHTPAJIBHBIX CUMMETPUIL.
B) To ke J/Is1 3epKaJIbHBIX CHMMETPHIi.
r) To 2Ke jiyist 0CEBBIX CHMMETPHI.

Bpawernuem mpocTpaHCTBA BOKPYD OPHEHTHPOBAHHON HpsIMOIl | Ha yroJl (¢ HA3bIBAETCSI
orobpazkenue [' mpocrpaHcTBa, KOTOpOe KazKJylo TOUYKY HPaAMOil [ ocTapideT Ha MecTe
1 KaykJ1oif Touke X IpOCTpaHCTBAa, He JieyKallleil Ha HPsMOil [, cTaBUT B COOTBETCTBHUE TOUKY
X', onpenensiemyto Tak: 6epem npoekimio O touku X Ha [, nposoauM 1iockocts X OX'
opToroHa/ibHo mpsiMoit [, Tak aro OX = OX' u yron XOX' B 9roit miockoctn pasen « (1mo-
JIOZKUTEJILHOE HalpaB/IeHne orcdera yriaos B maockocrn X OX' corsacosano ¢ opuenTanyeit
IPOCTPAHCTBA U MIPSIMOIL [ 10 TipaButy Oypasauka). [losopomuots cummempueti TIpOCTPAHCTBA
HA3bIBAETCS KOMITO3UIINS BPAIIIEHNUsT I 3ePKAIBLHOI CHUMMETPHIHI OTHOCUTEIHHO ILJIOCKOCTH, TIep-
MEeHINKYJISIPHOI ocu BpareHust (Ui, SKBUBAJCHTHO, KOMIIO3UI[Is BPAIIEHUST U IEHTPATHHOMN
CHUMMETPUE OTHOCUTEIbHO TOUKH, JIesKAllell Ha OCHU BpAIEHNUS ).

4. a) Ocb JI0O0TO BpAIIEHHsT TPOCTPAHCTBA, MEPEBOISIIEr0 JAHHBIH KyO B ceOsi, TPOXOAT
nubo vepe3 BepIINHY, JUOO Uepe3 cepe/inHy pedbpa, b0 depe3 MeHTP IPAHH.

6) Haiijure Bce BpallieHns: IpOCTPAHCTBA, EPEBOJISIIIIE TaHHbIT Ky B cebs.

B) To ke JI/IsT TOBOPOTHBIX CHMMETPHIA.

r) To ke jyist BUZKEHUIL.

Jlyist KayKJIoro THIlA JBUYKEHN{T Hapucyiite KyO n jBuKeHne (MIPUBETCTBYIOTCS KPACHBBIE
IIBETHBIE PUCYHKH), YKAYKUTE TEPECTAHOBKY BEPINH Kyba, peajin3yeMyo 3TUM JIBUKEHUEM,
1 9UCJI0 ABUKEHUI TAKOro THUIIA.

5. To ke I IPaBUILHOTO TETpPasIpa.

6. IlocrpoiiTe OMEKIINIO, COXPAHSIONYI0 KOMIIO3UITNIO, MEXK/Iy HailJIeHHbIM B 3aj@adax 1, 2,
46, 4r, 5 MHOYKECTBOM JIBUYKEHUII 1 HEKOTOPBIM IIOJIMHOXKECTBOM I'PYIIIbI II€PECTaHOBOK N~
9JIEMEHTHOTO MHOXKeCTBa (¢ MUHUMAJIBHO BO3MOYKHBIM YUCJIOM 7).

LCranb camum coboit. — Ilep. ¢ Hem.



BIII, T'eomerpust

7. Hoxaxkure:
a) mootcdecmeo “bay, munyc yab’ [A, [B,Cl] = B(A,C) — C(A, B);
6) mooicdecmeo Hroou: [A,[B,Cl| + [B,[C, A]] + [C, [A, B]] = 0.

[Tocaepyrormue 3a1a4n MOCBSAIIEHBI JI0KA3ATEIbCTBY CJICAYIONIEH HEIIPOCTON TEOPEMbI:

Teopema XbemcieBa—Mopaun. Ilycts a, b u ¢ — Tpu nornapHo HenapaJsieabHbIe MPsiMble
B upocrpancrse. O6o3nadnM depes a’ oOmmii meprneHjuKyJ/sap K nape upamuix b u c. Jaee,
obo3HaunM depe3 @’ oOIHil MepHeHNKY/ISp K nape MpsaMbiX a 1 @' (JaHO, 9TO 9TH TPsMbe
HermapaJiie/bHbl ). Axasgornano onpejgenuM mnpsmbie b u . Torma a”, b, " umetor ogun
o0l IepHeHuKYJIAp (T.e. IPAMYIO, TIePECEKAIOIY IO X BCE U MEePIeHINKY/IAPHYIO UM BCEM ).

8. a) JlokaxkuTe 3Ty Teopemy B ciydae, KOrja a, b, ¢ JieXKaT B OJIHOI MJIOCKOCTH.
0) To ke st caydast, Korja a, b, ¢ IpOXOJAT d4epe3 OJHY TOUKY.
B) Hokaxkure, aro a”, " u ¢ mapannenbusl onHoit mwiockocT (Jist JIEOOBIX a, b, ¢).

[Ipsimyto B TpOCTpaHCTBE MOYKHO 3aJIaTh CJICYIONIM YDaBHEHIEM:
[u, x] = v.

3aech u u v — (DUKCHPOBAHHDBIE NEPIEHIUKY/IAPHBIC JIPYT APYTY BEKTOPBI, & T — Pajuyc-
BEKTOD II€peMEeHHOi TOUKN. BeKTOph! ¢ 1 ¥ MOXKHO IOCTPOUTD 110 JIAHHOI MPAMOii Tak: B3ATh
ase Touk A u B Ha 970ii npsimoii u nojioxkuth u = AB, v = [OA, OB].

[Tycte (u;v) u (u';v") — nBe napot BekTopoB. Hazosem ux npouseedernuem napy (u”;v"),
riae v’ = [u,u] m V" = [u,v'] + [v,u']. Onpenemum cymmy map BEKTOPOB MOKOMIIOHEHTHO:
(u;v)+ (v 0") = (u+u';v+0"). Tlape (u; v) TOcTABIM B COOTBETCTBUE NPAMYIO (U, | = pr o,
rje pro — HPOEKIHsl BEKTOPa ¥ Ha IJIOCKOCTh, HePHEeHUKYISIPHYI0 BEKTOPY 1.

9. a) Ilpsambie [u,x] = v u [v',z] = v/ nepecekatorcs (Uu napaJiIebHbL), €CIH U TOJBKO
ecint (u,v') + (v,u') = 0.

6) Haie coorBeTcTBrE 1I€PEBOJUT IPOU3BEIeHIE B OOIIUiT IIepIeH uKYIIsIp.

B) [Ipoussejienne ap BEKTOPOB yJIOBJIETBOPSIET TOXKECTBY SKOOH.

10. Jloxaxkute TeopeMmy XbemciaeBa—MopJn.



