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JIuneiiHas anreOpa v pyHKIMH HECKOJIbKHUX NePeMEHHbIX
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Jlekuun

Mopnyas 1. JInneiinas aiaredpa

Jlekuust 1. AKCHOMBI U IIPUMEpPBI JIUHEUHBIX INPOCTPAHCTB. JIMHEHHO 3aBUCHMBIE M JMHEIHO
HE3aBHCUMBbIE BEKTOpBl. Kpurepuil JMHEHHOW 3aBUCUMOCTH, €ro cieiactBus. OmnpenereHue
6a3uca U pa3MEpHOCTH JTMHEHHOTO MPOCTPAHCTBA. TeopemMa 0 €AMHCTBEHHOCTH Pa3IOKEHUS IO
6asucy. Koopaunatel BekTopa. JIuHeilHble omepanuu Haj BekTopamMu B 0Oasuce. Matpuna
nepexoaa K HoBoMy Oasucy. IIpeoOpa3oBaHue KOOpJMHAT BEKTOpa IpU MEPEXoie K HOBOMY
Oazucy.

OJI-1, . 1, § 1.1-1.8; OJI-3, 1. 2, § 1, 2, 4.

Jlekuust 2. IloampocTpaHCTBa JIMHEHHOrO MPOCTPAHCTBA. PaHr cHCTEMBI BEKTOPOB, CBSA3b C
panrom martpunbl. JluaeliHas oOomouka. [lpumepbl. EBKINIOBO MPOCTPAaHCTBO, aKCHOMBI U
npumepsl. Hopma Bektopa. HepaBeHcTBO Komm-bByHsSKOBCKOrO M HEPaBEHCTBO TPEYTOJbHUKA.
OpTOroHanbHOCTh BEKTOPOB. JIMHEHHAas HE3aBUCUMOCTb OPTOTOHAIBHOM CHCTEMBI HEHYJIEBBIX
BEeKTOpOB. OpPTOHOPMHUPOBAaHHBIN 0a3uC E€BKIMIOBA MPOCTPAHCTBA. BhIUMCIEHHE CKaISpPHOIO
IIPOU3BENICHUS U HOPMBI BEKTOPA B OPTOHOPMHUPOBAHHOM Oazuce.

OJI-1,rn. 2,§ 2.1,2.4-2.6, 1. 3, § 3.1-3.7; OJI-3, 1. 2, § 3, 111. 4, § 1, 2.

Jlekuusi 3. Teopema o0 CyIIECTBOBaHMHM OPTOHOPMHpPOBAHHOTO 0Oaszuca M Mpoliecc
oproroHanu3auuu ['pama - IlImuara (6e3 mok-Ba). JIuHelHble omeparopsl U UX MAaTPHULIbI
(ompenenenue, npumepsl). [IpeobpazoBanne MaTpuIlbl TUHEHHOTO omepaTopa MpH Mepexone K
HOBOMY 0a3ucy, WHBAapUAaHTHOCTH ee ompeaenurens. [logoOubie Marpuiel. JlecTBust Han
JUHEHHBIMU ONEepaTOpaMU U COOTBETCTBYIOLIUE NeHcTBUS ¢ ux Marpunamu. CoOCTBEHHBIE
BEKTOPBI M COOCTBEHHBIE 3HAYEHHUS TUHEHHOTO OmepaTopa.

OJI-1,rn. 3, § 3.8, r1. 4 § 4.1-4.5; OJI-3, rn. 5, §1, 2.

Jleknus 4. XapakTepuCTHUECKUI MHOTOWIEH JIMHEHHOro oreparopa, ero He3aBHCUMOCTh OT
6asuca. Crnen mMaTpullbl JUHEHHOrO omepaTopa M €ro MHBAPHAHTHOCTh. XapaKTEPUCTHUUYECKUN
MHOT'OWJIEH U COOCTBEHHbIE 3HaueHUsI MaTpullbl. CBOIICTBO MHOXKECTBAa COOCTBEHHBIX BEKTOPOB,
OTBEYAIOIINX OJTHOMY M TOMY K€ COOCTBEHHOMY 3HaUCHHIO. AnredpandecKkasi i reOMeTpruIecKast



KPaTHOCTH COOCTBEHHOTO 3HA4YeHUs, CBSI3b MEXIy HUMHU (0e3 mok-Ba). Teopema o JIHWHEWHOU
HE3aBHCUMOCTH COOCTBEHHBIX BEKTOPOB, OTBEYAIOIIUX PA3TUYHBIM COOCTBEHHBIM 3HAUCHUSIM.
CymecTBoBanue 0a3znca W3 COOCTBEHHBIX BEKTOPOB B Cllydae JIEHCTBHTENBHBIX M HEKPATHBIX
KOpPHEW XapaKTepUCTHUECKOTO ypaBHEHHUs. Marpuna JIuHEHHOro omneparopa B 0asuce,
COCTOSIIEM U3 €r0 COOCTBEHHBIX BEKTOPOB.

OJI-1, rn. 5§ 5.1-5.5, . 6, § 6.1, 6.2; OJI-3, 1. 5, § 3.

Jlekuum S5-6. JluneiiHble omnepaTopsl B €BKIMIOBBIX IpocTpaHCTBaX. CONpPSKEHHBIA U
CaMOCOIIPSDKEHHBIN OMepaTophl, UX MATPHIIEI B OPTOHOPMUPOBAHHOM 0a3uce. CBOICTBa KOpHEH
XapaKTEpUCTUYECKOIO0 MHOTOYIEHa CaMOCONPSIKEHHOTO OIEparopa: BEIECTBEHHOCTb U
PaBEHCTBO alreOpanyecKux U TeOMETpUUYECKUX KpaTHocTed (0e3 1ok-Ba). OpTOroHaJbHOCTbH
COOCTBEHHBIX  BEKTOPOB  CAMOCOIPSDKEHHOTO  OlepaTropa,  OTBEYAIOIIUX  Pa3IMYHBIM
coOCTBeHHBIM 3HadyeHUsIM. CyIIecTBOBaHHE OPTOHOPMHPOBAHHOTO Oa3uca W3 COOCTBEHHBIX
BEKTOPOB CAMOCOIPSDKEHHOTO oreparopa (JAOK-BO JUIsl Cllydash pPas3JIMYHbIX COOCTBEHHBIX
3HaueHui). OpTOroHajbHBIE MPEOOPa30BaHMS, OPTOTOHAIBHBIE MATpPUIBI U HX CBOICTBa.
Jlnaronanusanus CUMMETPUYECKON MaTPHILIbl OPTOTOHAIBHBIM IIPE0Opa30BaHUEM.

OJI-1, rm. 6, § 6.3; OJI-3, r. 5.

Jlekuusa 7. Ksamparuuneie ¢opmbl. KoopannatHas wu  MarpuyHas (GOpPMBI  3aIUCH.
[IpeoOpa3oBanue MaTpullbl KBaJpaTWUYHON (GOpMBI NMpHU mepexojie K HoBOoMYy Oaszucy. Panr
KBaJpaTUYHOW (OPMBI, €ro HE3aBUCUMOCTh OT BBIOOpa 0a3mca. 3HAKOONpPE/IEICHHBIC
kBagpatuunble GopMmel. Kpurepuii Cunbectpa (6e3 10k-Ba). KaHoHMueckuit BUJT KBapaTUUHOM
dopmel. Meton Jlarparxka. 3aKoH HHEPIIUU KBAIPATUIHBIX GopM (03 J0K-Ba).

OJI-1, rn. 8, § 8.1-8.3, 8.6; OJI-3, 1. 5, § 6.

Jleknusa 8. IlpuBenenue kBaapaTU4HOM (QOpPMBI K KaHOHHYECKOMY BHJY OpPTOTOHAIbHBIM
npeoOpa3oBanuem. [IpuBeneHne ypaBHEHHH KpPUBBIX M IOBEPXHOCTEH BTOPOrO TMOpPSIKA K
KaHOHUYECKOMY BUY C IOMOIIbIO OPTOTOHAIBHOTO IPE0Opa30BaHHU.

OJI-1, rn. 8, § 8.4,8.5; . 9, § 9.1-9.3; OJI-3, . 5, § 6.

Monyab 2. @yHKIIMU HECKOJIbKHUX NMepeMeHHbIX
Jlekuust 9. Metpuka 1 oKpecTHOCTH B R”. OTKpBITbIE, 3aMKHYTbIE€, OTPAHUYEHHBIE U CBA3HBIC
MHOXkecTBa B R”. I'panuna muoxkectBa. [lonstne oGmactu B R". CkanspHas ¢QyHKUUS

Heckonbkux nepemeHHbIx (DHIT) kak orobpaxenue F:Q— R (Q2cR”). JIMHUU B TOBEPXHOCTH
ypoBHs. [Ipenen ®HII. beckoneuno manbie u 6eckoneuno Oonbimue OHII. HenpepsiBHOCTH
@OHII B Touke, Ha MHOXecTBe. CBoiicTBa @HII, HenmpepbIBHBIX HA MHOXKECTBE (O€3 J10K-Ba).
OJI-2,rn. 1,§ 1.1-1.7; OJI-4, rn. 8, § 1-4; OJI-5, rm. 8, § 1-3, 11, 12.

Jlekmust 10. Yactueie mpousBomnsie DPHII, reomerpuueckas wHTEprnperauus st n = 2.
YacTHble IPOU3BOHBIC BBICHINX MOPSAKOB. Teopema O HE3aBHUCHMOCTH CMENIAHHBIX YaCTHBIX
MPOW3BOJIHBIX OT mopsiaka muddepeHnupoBanus. Matpumna ['ecce. Juddepenmupyemocts
OHII. Heobxoaumele ycinoBUs U AOCTATOYHOE ycloBue nudepeHupyeMoCTH.

OJI-2,rn. 2,§2.1-2.6, 1. 3, § 3.1,3.2; OJI-4, 1. 8, § 5, 6; OJI-5, r71. 8, § 4, 5.

Jlexknus 11. Iomneni muddepennnan @HII. HeoOxoaumMblie 1 JOCTATOYHBIE YCIOBUS TOTO, YTO

BeIpakeHne Fi%ylx + Q003My  gengerca monmaeM uddepeHnmanoM (HEOOXOAUMOCTh C
Jl0Ka3aTenbcTBOM). BoccranoBnenune GpyHkuuu no ee noiaHomy nuddepenumany. [Ipumenenue
middepennmana OHII k npuOIMKEHHBIM BbIYUCIEHUSM. [Ipon3BomHas CIOXKHON (QyHKIUH.
Yacthas u nonHas npousBoanbie @HII. MuBapuantHOCTh opmbl mepBoro auddepeHuuana.
JuddepeHnmansl BBICIIAX MTOPSIKOB.

OJI-2,rn. 2, § 2.7, OJI-4, rn. 8, § 7-10; OJI-5, 1. 8, § 6-9.



Jlekuuss 12. HesBusle ¢Qynkuun. Teopema o cymiectBoBaHuu (0e3  J0K-Ba) U
muddepennmpyemoctu HessBHON DHIIL. [IpousBonnas ®HII nmo HampaBieHHio U TpaJueHT, UX
CBOMCTBA.

OJI-2,rn. 2,§2.7,tn. 3,§ 3.5, 1. 4, § 4.1-4.3; OJI-4, rn. 8, §10, 11; OJI-5, r. 8, § 9, 15.

Jlexknus 13. KacarenbHas INIOCKOCTh M HOPMaJIb K TOBEPXHOCTH, YCIOBUS UX CYIIECTBOBAHUS U
BBIBOJ ypaBHEHHWH. ['eomerpuyeckmii cmbichn auddepennnana QyHKIUH IBYX MEPEeMEHHBIX.
®opmyna Teitnopa ans OHII (6e3 nok-Ba).

OJI-2,rn. 5,§ 5.1-54,rn. 3, § 3.4; OJI-4, 1. 8, §14, 15, 17; OJI-5, 1. 8, § 7, 8, 13-16.

Jlekmun 14-15. Dkctpemym ®HII. Heobxommmoe ycnoBue CymecTBOBaHHS JKCTpEMyMa.
JlocTaTtouHble ycinoBus 3KcTpeMyMa ((popMysinpoBKa ¢ mOMOIIbI0 MaTpulbl ['ecce, 6e3 A0K-Ba).
VYcenosubiit skctpemyM @OHII, ero reomerpuyeckass unTepuperanus (mpu n=2), QyHKIUS
Jlarpanxa. Heobxoaumoe yciioBue CyIeCTBOBaHHS YCIOBHOTO SKCTpeMyMa (BBIBOJ JUISL n=2).
Hoctarounsie ycinoBus (0e3 mok-Ba). HaxokneHne HamOOJBIIETO W HAWMEHBINETO 3HAYCHHM
muddepentmpyemoit @HIT Ha 3aMKHYTOM OTpaHUYEHHOM MHOXECTBE.

OJI-2,rn. 6,§ 6.1-6.4, 1. 7, § 7.1-7.4; OJI-4, r1. 8, § 18; OJI-5, ron. 8, § 19.

Jlekuus 16. Bexropuas ®HII (BOHII) kak oroOpaxkenue F:Q - R” (QcR"). KoopnunatHbie
¢yuxuun BOHIIL. ['eomerpuueckas uHTepnperauus g n, m = 2, 3. Ilpenen B®HIIL
HempepeiBHocte  BOHII.  Matpuna  SIxkoou  B®HII,  sxkobuan  (mpu m=n).
Huddepenuupyemocts BOHIIL, ee muddepenunan. IlpousBoanas cnoxnoit BOHII B
MaTpU4YHOU (hopMme.

OJI-2,tn. 1,§ 1.2-1.4,rm1. 2, § 2.3,2.6,2.7, I -2, 1. 5, § 41, . 41.4-41.7.

Jlekuus 17. O630pHasi.
CemuHapsbl

Monayas 1. Jluneiinas aaredpa
3ansaTe 1. JluneitHoe mnpocTpaHcTBO. JIMHEHHas 3aBUCUMOCTh. basuc u pa3MepHOCTh
npocTtpancTBa. [lepexon k HoBoMy Oasucy.
Ayn.: OJI-6, 1. 4: 4.1-4.9 (ueu.), 4.15,4.17,4.21,4.24, 4.28, 4.30, 4.37 unu
JUI-3, to. 3: 7-17 (weu4.), 21-25 (weu.), 29-33 (ueu.), 40, 53—57(ueuq.), 63.
Howma: OJI-6, rn. 4: 4.2-4.10 (4etn.), 4.16, 4.18, 4.19, 4.25, 4.31 wnu
JUI-3, . 3: 814 (uetH.), 22-26 (4etH.), 30-34 (4eTH.), 42, 5458 (ueTH.), 64.

3ansitne 2. Panr cucrempl BekTOpoB. JIuHeiliHas 000J0YKa CHUCTEMBI BEKTOPOB.
[ToampocTpaHCTBO TUHEMHOTO MTPOCTPAHCTBA.

Ayn.: OJI-6, rn. 4: 4.45-4.53 (Hey.) unu

JUI-3, to. 3: 73-77 (ueu.), 87-91 (ueu.), 95-99 (ueu.).

Howma: OJI-6, rn. 4: 4.46, 4.48, 4.52, 4.54 win

JUI-3, t. 3: 74-78 (uetH.), 88-92 (ueTH.), 96—100 (uetH.), r71. 4: 612 (uetH.), 32, 38.

3ansaTue 3. EBkinaoBsl npoctpancTBa. [Iponecc oproronanuzanuu ['pama — Imuara.
Ayn.: OJI-6, ri1. 4: 4.63 (a), 4.64 (a), 4.65 (a,0), 4.67-4.76 (neu.), nin

JUI-3, ro. 4: 5-12 (weu.), 17— 24 (ueu.), 31, 37, 39, 47, 49, 53, 57, 59.

Homa: OJI-6, ri. 4: 4.63 (0), 4.64 (0), 4.65 (B), 4.67—4.76 (4eTH.) wiu

JUI-3, rn. 4: 5-12 (uetn.) 17-24 (uetn.), 32, 38, 48, 50, 54, 58, 60.

3ausitue 4. Jluneiineie omeparopsl U uX Matpulbl. [IpeoOpazoBaHne MaTpHIBl JTUHEHHOTO
oreparopa MpH rnepexojie K HoBoMy 0asucy. JleHcTBHs HaJ TMHEHHBIMU ONIEPATOPAMHU.



Ay.: OJ1-6, Tm. 4: 4.83 — 4.99 (new.), 4.103, 4.106 (6), 4.107, 4.110, 4.113 wm

JUI-3,to. 5: 1, 5,7, 21, 23, 25, 32 (a), 33 (a), 44, 45 (a), 47, 49, 51 (a, 6), 71.

Toma: OJI-6, To1. 4: 4.84, 4.86, 4.90 — 4.100 (ueTn.), 4.102, 4.104, 4.108, 4.110(6), 4.118 nm
JUI-3, ro. 5: 6, 8, 22, 24, 32 (6), 33 (6), 43, 45 (6), 48, 51 (8, 1), 72.

3anatue 5. CoOCTBeHHbIE BEKTOPHl W COOCTBEHHBIE 3HAYECHHUS JUHEHHOrO Omeparopa.
JlnaroHaim3anusi CHMMETPHYHBIX MaTPHUIl OPTOTOHATLHBIM MTPEOOPA30BAHHUEM.

Ayn.: OJI-6, 1. 4: 4.129,4.131, 4.135-4.143 (neu.), 4.174, 4.183, 4.191 unu

JUI-3, rin. 5: 75-80 (ueu.). 89—100 (neu.), 155-162 (ueu.).

Howma: OJI-6, 1. 4: 4.130, 4.132, 4.134-4.142 (uetH.), 4.176, 4.184, 4.186 unu

JUI-3, rin. 5: 75-80 (uetH). 89—100 (uetH.), 156—162 (ueTH.).

3anaTtue 6. Ksagpatuunsie ¢opmbl, kpurepuit CunbBectpa. IIpeoOpazoBaHue MaTpHIlbl
KBaJpaTU4HON (hOpMBI IPU IIepexo/ie K HOBOMY 0a3ucy.

Ayn.: OJI-6, rn. 4: 4.218-4.225 (ueTH.) wiu

JUI-3, r. 6: 13, 15, 43, 45.

Howma: OJI-6, rn. 4: 4.218-4.233 (ueu.) unu

JUI-3, ro. 6: 14, 16, 44, 46.

3ansatus 7-8. [IpuBenenue kBaapaTuyHoi (HOpMbI K KAHOHMUECKOMY BHUIY MeTooM Jlarpanxa
Y OPTOTOHAJILHBIM NpeoOpa3oBaHueM. [IprBeeHre KpUBBIX BTOPOTO NOPSAIKAa K KAHOHUYECKOMY
BUTLY.

Ayn.: OJI-6, 1. 4: 4.210,4.211, 4.213,4.215, 4.226, 4.228, 4.231 uin

JUI-3, rn. 6: 19, 21, 23 (6), 29, 31, 35, 47, 49, 55.

Howma: OJI-6, . 4: 4.212,4.214, 4.216, 4.227, 4.229, 4.230 unu

JUI-3, r. 6: 20, 22, 23 (a), 30, 32, 36, 48, 50, 56.

3anstue 9. KonTpoas mo Moayito (pyOeKHbBIN KOHTPOJIb).

Mopaysb 2. DyHKIMH HECKOJBKHX NEePEeMEeHHBIX

3ansitne 10. O6nacte ompenenenuss ®HII. Jluaum u moBepxHocTH ypoBHA. llpenen u
HenpepbiBHOCTH OHIT.
Ayn.: OJI-8: 1792 (B), 1793 (r), 1794 (B), 1795 (a), 1796 (B), 1797 (6, B), 1788 (B), HaiiTH
npezen lim (* +3y%)-¢" ") mpoBepuTh BYHKLHUIO Fy) = % ¥+ #0; Ha HeNPepHIBHOCTH B

y—0 0, X +y? =0,
touke (0; 0) unu
OJI-6, rn. 7: 7.6, 7.8, 7.10, 7.19, 7.21 (mOCTpOUTH JTMHUHU W MOBEPXHOCTHU YpOBH:), 7.32, 7.35,
7.44,7.46, 7.50, 7.55.
Homa: OJI-8 ri. 4: 1792 (e, n), 1793 (6, B), 1794(r, x), 1796 (a, 6), 1797 (T, e), 1799 (6) nnu
OJI-6, rn. 7: 7.7, 7.9, 7.13, 7.20 (mOCTpOUTH JUHUU U MOBEPXHOCTH YpOBH#), 7.33, 7.34, 7.45,
7.47,7.51.

3ansaTue 11. YacTHbie npousBoaHbIe 1-r0 nopsiaka. YacTHbIE TPOU3BOIHBIE BHICIIUX MOPSIKOB.
Huddepenunan nepsoro u Broporo nopsiaka OHII.

Ayn.: OJI-8: 18011825 (neu), 1892, 1894, 1897, 1834, 1838, 1844, 1917, 1924 unu

OJI-6, tn. 7: 7.57, 7.60, 7.61, 7.63, 7.66, 7.87, 7.89, 7.91, 7.103, 7.105, nmpoBepuTh (GyHKIUIO

4 2 4. 2 2 .

f(x) :{Vx TXHYS Y +y2 * % ya muddepennupyemocts B Touxe (0,0).
0; x“+y =0.

Howma: OJI-8: 1801-1825 (uetn.), 1891, 1893, 1898, 1838, 1840, 1845, 1916, 1925 unn

OJI-6, rn. 7: 7.56, 7.58, 7.59, 7.62, 7.64, 7.67, 7.88, 7.90, 7.92, 7.102, 7.107.



3anaTusa 12-13. IIpoussonHas cinoxsHoi u HesiBHOW PHII. IlponsBonHas mo HampaBiIeHHIO U
rpaguent ®HII. KacaTtenpHas mIOCKOCTh U HOPMaJb K MOBEPXHOCTH.

Ayn.: OJI-8: 1856, 1861, 1864, 1865, 1870, 1944, 1946, 1948, 1950, 1955, 1876, 1878, 1882 (a),
1886, 1889, 1981 (a), 1982, 1985, 1986 wiu

OJI-6, rnn. 7: . 7: 7.114, 7.119, 7.122, 7.129, 7.135, 7.141, 7.145, 7.149, 7.152, 7.229 (a),
7.233 (a), 7.232, 7.234, 7.239 (a); OJI-7, rn. 10: 10.31-10.43 (ueu.).

Homa: OJI-8: 1857, 1862, 1863, 1871, 1943, 1947, 1949, 1956, 1877, 1879, 1882 (6), 1883,
1888, 1981 (0), 1984, 1987, 1990 unu

OJI-6, rn. 7: 7.116, 7.118, 7.123, 7.130, 7.136, 7.140, 7.146, 7.150, 7.151; 7.229 (0), 7.233 (6,B),
7.235, 7.239 (6); OJI-7, rn. 10: 10.32—-10.44 (4etH.).

3ansaTus 14-15. be3ycnoBHbli 1 ycnoBHbIN s3kcTpemym OHIT.
Ayn.: OJI-8: 2008, 2010, 2012, 2016, 2016.1, 2021-2024, 2031 unn
OJI-6, rn. 7: 7.187-7.195 (neu.), 7.201, 7.205, 7.214.

Jowma: OJI-8: 2009, 2011, 2014, 2016.2, 2023, 2024, 2033 win
OJI-6, rn. 7: 7.187-7.195 (uetn.), 7.202-7.204, 7.210-7.213.

3ansrue 16. Kourposnb mo moaymnto (pyOekHbIM KOHTPOJIB).



