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1. eab ¥ n1aHUPYyeMble Pe3yJIbTAThI 0CBOCHHS TUCHHMIJIMHBI (MOIYJIs1)

[enbr0 OCBOSHMSI TUCIUIUIHHEI SBIISICTCS (DOPMUPOBAHHE CIICAYIONIMX KOMITETCHIINI:

— OIIK-1. Criocoben mpuMeHsATh 0a30BbIe 3HAHUS B 00J1aCTH (PU3UKO-MATEMAaTHUECKUX H
(WJIM) eCTECTBEHHBIX HAYK B cepe CBoeH MpodhecCHOHATBHOM IeATeTbHOCTH

Pe3ynbraramMu 0CBOEHUS IMCLUUIUIMHBI SBIISIOTCS CIEIYIOIINE UHAUKATOPBI TOCTHKEHUS
KOMIIETECHIINH:

HOIIK 1.1 3Haer OCHOBHBIE 3aKOHBI, MOJICJIM M METOMABI HCCIICAOBAHUS (HU3MUECKHUX
IPOLIECCOB U SIBJICHUN

2. 3a1a4u 0CBOEHUS TUCIUILIMHBI

— OcBouTh METOABI pelieHus: cucteM JIMHEHHBIX anreOpanyeckux ypaBHEHUH M 3ajay
AHaJIUTUYECKON Tr€OMETPUHU.

— HayuuThcsl mpuUMeHATh MOJy4YEHHbIE TEOPETHUYECKHE 3HaHUA i1 (HOpMYIHMPOBAHUSA
3a[a4 ¥ JUTSl peIeHHsI MPAKTUYECKHX 33124 B MPO(HECCHOHAIBHON e TeTbHOCTH.

3. MecTo AMCUMILIMHBI B CTPYKTYpe 00pa30BaTe/IbHOM NPOrpaMMbl
JlMcuuIuIMHa OTHOCUTCS K 0053aTEIIbHOM YacTH 00pa30BaTeIbHOM MPOrpaMMBbI.

4. CemecTpbl ocBOeHUS H GOPMBI MPOMEKYTOYHOM ATTECTALMM MO TUCIHUILIHHE
Cewmectp 1, 3ayer.
Cemectp 2, 5K3aMeEH.

5. BxoaHble TpeOoBaHMs AJIsl OCBOEHUS THCIHUILINHBI

JInst  yCHemrHOro OCBOCHHUSI JUCHMIUIMHBI TPEOYIOTCS TEOPETHYECKHE 3HAHUA U
MPAaKTUYECKHE HAaBbIKK MO CIEAYIOIIMM JAMCHUIUIMHAM: IIKOJBHBIM Kypc MaTeMaTHKH,
MaTeMaTHYeCKHUI aHaIn3.

6. SI3bIK peanuzanun
Pyccknit

7. O0beM TUCUMIIMHBI (MOLYJI51)
OO01mmas Tpy10eMKOCTh TUCIUTUIHHBI COCTaBIseT 6 3.e., 216 49acoB, U3 KOTOPHIX:
— Jexnuu: 64 u.;
— MPaKTHYECKUE 3aHATHS: 64 u.;
B TOM YHCIIe TpaKTHUeckas nmoaroroska: 20 u.
O6beM caMOCTOATENBHON padOThI CTYIEHTA OIpeAeeH Y4eOHbIM IJIaHOM.

8. Conep:xkaHue IMCHUILIMHBI (MOYJIs1), CTPYKTYPHPOBAHHOE M0 TeMaM

Tema 1. J/Iuneiinas ajareopa.

Martpunbl. OcHOBHBbIe NOHATHSA, Kiaaccupukanusi. [loHstne Marpuubl. 3HadeHHE
MaTpull Ui MaTeMaTHUKd U ectecTBo3HaHus. dompl 3ammcu Matpuil (... pacnucaHHas, B
KOMIIOHEHTaX...). OCHOBHBIE CTPYKTYpHBIE COCTaBJISIIOIIME MAaTpPUIl: D3JEMEHTHI, CTPOKH,
CTOJIOIIBI, TTIaBHAA (TIpsiMas) JUArOHab (AHMaroHaIbHBIC SJIEMEHTHI), HeIMarOHAJIbHBIE DJIIEMEHTHI
u noOouyHas (kocas) JAMaroHanb. MaTeMaTHueckass IpUpoJa DIIEMEHTOB  MAaTpHIL:
NEHCTBUTENbHbIE WM KOMIUJIEKCHBIE 4YHCIA, (DYHKIMH, BEKTOPbI, MATPHIIbl, ONEPaTOpBHI...
[Mogmatpuisl (cyOmaTpuiisl, 010ku). PazmepHocTh (pasmep, MOpSAOK) MaTpull (KOJIHMYECTBO
cTpok U crosbnoB). KoHeuHnble u OeckoHeuHble MaTpullbl. Bumbl mMaTpull: mpsiMOYTOJIbHBIE
Matpuiiel (MXN), MaTpuia-cTpoka (crpovnas) (1xn) u marpumna-croader (nx1) col (as, az, ... an)
(crombuesas, cronber) (MX1) — BekTOphl. JlMaroHaabHBIE MATPHUIBI (BCE HeIUAroHaJbHBIE
9JIEMEHTHI paBHbI HYJt0) diag(air, 8z, ... , &mn). KBagpaTHeie MaTpuirsl (NXN) (pas3mep, MOpsI0K)
KBaJpaTHON MaTpHIbI (YMCI0 CTPOK (cTonOI0B)). CKansipHble MaTpUllbl. EMuHIYHAs MaTpuULa.



YucrnoBeie marpuibl: aeiictButenbHbie (A = ReA) u komriuiekcHbie (A = ReA +iImA,
IMA #0). [TonoxurensHble (ACHCTBUTEIBHBIC MATPHIBI C MOJIOKUTEIHHBIMH AJIEMEHTaAMHU) U
HEOTpULIATENIbHBIC MATPUILIBI (ACHCTBUTEIbHBIC MATPULIBI C HEOTPULIATEIHHBIMH YJIEMEHTAMHU ).

Onepanuu Haa MatpunamMu. CiokeHue, yMHOKEHUE Ha YUCIIO0, TPAHCIIOHUPOBAaHKE

PaBenctBo marpunr (matpuiisl A u B Ha3bBaloTCs paBHBIMH, YTO 3aMMCHIBAETCS KaK
A =B, eciu OHU UMEIOT OJIMHAKOBYIO Pa3MEPHOCTh M MX COOTBETCTBYIOIIME SJIEMEHTHI PaBHbI
ajj = bjj ). OTHOILIEHNE PaBEHCTB MATPUIL SABJISIETCS OTHOILICHHEM YKBUBAJICHTHOCTH.

KommyratuBHas (abeneBa) rpymnma OTHOCHTEIBHO — CJHOXEHHS MAaTpUIl  OJHOM
pa3sMepHOCTH:

A + B =B + A (KOMMYyTaTHBHOCTb (II€PECTAHOBOYHOCTD) CIIOKEHUS);

A+ (B +C)=(A+B)+ C acconraruBHOCTb (COUCTATEIBHOCTb) CIIOKCHHUS,

A+0=0+ A=A cymecTBoBaHHe HYJICBOTO (KOMMYTAaTHBHOW €IWHHUIIC) 3JIEMEHTA
(nys);

A+(-A)=0 wm (A—-A=0) cymecTBOBaHHEC OTPHUIATEIBHOIO 3jeMeHTa, —A —
MIPOTUBOIIOJIOXKHAS (AJAUTUBHO OOpaTHAas) MaTpHIIA.

YMHOKEHUE WK JeIEHUE MaTPUIIbl HA YHUCTIO:

1A = Al = A yMHOXEHUSI MAaTPHUIIbI HA €TUHUILY;

a(BA) = (ap)A acconnaTuBHOCTH (COYETATEILHOCTH) YMHOKEHHSI BEKTOPA Ha YKCJIO;

(o + B)A = oA + BA aUCTPUOYTUBHOCTD (pacCIpeIeIUTEIBHOCTS ),

a(A + B) = 0A + BB muctpuOyTHBHOCTD (pacHpeIeIUTeIbHOCTD);

oA = Ao KOMMYTaTHUBHOCTh (II€PEMECTUTENBHOCTb, IE€PECTAHOBOYHOCTb) YMHOMXCHUS
BEKTOpPA Ha YUCJIO.

YeTpipe CBOWCTBA KOMMYTAaTHBHOM T'PYNIIBI OTHOCHUTEIBHO OMNEpPAllMH CIIOKEHHUS U
NEpBbIE YETHIPE YTBEPXKICHHS CBOMCTB YMHOXKEHHUS MATpPUIl Ha YHCIO COCTAaBIISIIOT BOCEMb
AKCUOM JIMHEWHOT0 IPOCTPAHCTBA.

Tpaucnonnposanssie Matpunpl (AT = A= A=A, (Aij)T = Ajj) 1 ux cBoiicTBa (AN = A;
(@A) =0A"; (A+B) =B"+A"). Cummerpuueckas (A=A') U aHTHCHMMETPHYCCKHE
(xococummeTtpudeckue) (A = -A" MaTpUIbI.

Onpenenurenn mMatpun. Boluucienne u cpoiicrBa. Omnpenenutens (AETEPMHUHAHT)
KBajpaTHOM Matpuibl. Dopmel 3anucu A = detA=DA=|A|.

[IpaBuiia Berurcnenus onpeaenutened. [Ipumeps! BerarcaeHus onpeaenurenei 2-ro u 3-
ro nopsakoB. OCHOBHas TeOpeMa O BBIYMCICHHM ONpeAeTUTeNei (OmpenenuTenb MaTpULbI
paBeH cymMMe MPOU3BEACHHUM AJIEMEHTOB JHOOON CTPOKM Ha MX alnreOpanyeckue JTOMOJTHEHHS).
Onpexnenurens UMeeT N! WIEHOB, KaXIbli U3 KOTOPBIX UMEET N COMHOXHTENEH U3 3JIEMEHTOB
Marpuil. Matpuiia A BbIpoXKIeHHas (ocoOcHHasi, CUHTYJspHas), ecnu detA = (0. Marpuna
BBIPOJK/IEHHAs TOTA M TOJBKO TOT/A, KOT/la Y He€ eCTh JMHEWHO 3aBUCUMBIE CTPOKH (CTOJIOBI).
Matpuiia A HeBbIpOXjaeHHass (HeocoOeHHas, peryaspHas), ecnu OetA#0. Marpuna
HEBBIPOXKJIEHHAss TOTJa M TOJBKO TOI/a, KOorga y He€ Bce CTpPOKU (CTosiObl) JIMHEHHO
He3aBucUMBI. Teopema: B kBaapaTHONM MaTpuile KOJWYECTBO JIMHEMHO HE3aBHCHMBIX CTPOK
pPaBHO KOJMYECTBY JIMHEHHO HE3aBUCHUMBIX CTONOLOB. MHEMOHHMUYECKHE TNpaBWiIa JUIs
BBIYMCIICHUS OMPENCIIUTENCH 3-T0 mopsIaKa.

CpoiicTBa onpenenureseii: 1. [Ipy TpaHCIOHUPOBAaHUM MATPUIBI €€ ONpPEIETUTENh He
mensiercs detA = detA’.

2. Ilpu mepecTaHOBKE JABYX CTPOK WJIM JIBYX CTOJIOIIOB MAaTpHIbI €€ ONpeaeauTeNb
MEHSIET 3HaK Ha MMPOTUBOITOJIOKHBIN (CBOHCTBO aHTUCUMMETPHH).

3. OOuMii MHOXKUTEINb CTPOKU WIIM CTOJIOLa MAaTPHUIIBl ONPEAEIUTENS MOKHO BBIHECTH 32
3HAK OTIPE/ICITUTEIS.

Crnenctue: Ecnu y MaTpuisl €cTh HyJIEBOH cCTOJIOel WJIM HyJeBas CTpoOKa, TO e€
OTpeAeNuTeNb PaBeH HYIIO. ..

4. Ecnu B MaTpulle €CTh JIMHEHHO 3aBUCUMBIE CTPOKH MJIM CTOJIOLBI, TO €€ ONpeAeInTeNb
paBeH HYJIO.



5. Ecnu k cTon0uy uiam cTpoke NpuOaBUTh APYrOd CTONIOEI WM CTPOKY C IPOU3BOJIBHBIM
MHO’KUTEJIEM, TO ONPEEIUTENb MATPHUIIBI HE U3MEHUTCSL.

6. Ecu cTpoka miu cTo0er MaTpUIlbl MOXKHO MPEICTaBUTh KaK CYMMY JIBYX CTPOK HITH
JIBYX CTOJIOIIOB, TO OMPEAEIUTENb MATPUILIBI OYy/I€T paBeH CyMMOM OMpeesuTeNel IByX MaTpHlL.

7. det(AB) = det(BA) = detAdet(B).

8. det(A ™) = (det(A)) .

Munops! (agbloHKTBI) Djj, KOoTOpBIE HONy4aroTcst myTéM BhYEpKuBaHUA K cTpoku u |
CTOJIOLla M3 MAaTpUIbl, anredpandeckue AOMONHEHHs Ajj MUHOPOB Oyner: Ajj= (—1)k+ IDij.
JlonomHuTeIbHAS MaTPHUIIA AP =AYk Matpuiie A.

YMmHo:keHue ¢ maTpul. YMHoxenne AB. Omnepanus yMHOKEHUSI MaTpULl OIIpeiesieHa,
eciu MaTpulbl cueruieHsl. CremieHHble MaTpulbl (Matpuiiel AB HasbIBaloTCs CIETIEHHBIMU,
€CIIM YHCIIO CTPOK MaTpullbl A paBHO yucity cToiOnoB mMarpunbsl B. CuerieHHOCT, MaTpull B
noceaoBarebHoCTH AB He 3HAUUT UX CIETUICHHOCTH B 00paTHOM HampasieHuu BA).

[TepectanoBounbie  (kommyraTtuBHble) (AB=BA) u He  mepecTaHOBOYHBIC
(nexommyTatuBHbie) (AB # BA) MaTpuibl OTHOCUTENTFHO YMHOXEHHS (IpUMEUaHue: Oneparus
YMHOXXEHHUE JUIsI MaTPHIl MOKET OBITh OmpeseneHa mpu oaHoM nopsake BA u HeompeneneHHa
npu gapyrom AB). Eciu yMHOXEHHS [JIsi MaTpPHIl OMNpEaesiieHO, TO OHO aCCOI[MATHBHO
(AB)C = A(BC). IIpousBenenue Marpuibl-ctonona (Nx1) ©Ha Marpumy-ctpoky (1xn) u
HaoOopor. [lpousBereHue KBaapaTHOH Marpuiel (NXN) Ha Matpuiy-croiber (nNx1).
[TpousBenenne Marpulbl-cTpoku (1XN) Ha kBajgpaTtHyro wmatpuiy (Nxn). Onepauuu Hax
KBaJpaTHBIMU MaTPHUIIAMHU U UX CBOMCTBA.

Ymuoxenue Ha HyneByto Matpuily (AO = 0). Enunnunas kBaapaTHas MaTpuia (MaTpuia
TOXKJecTBeHHOro npeodpasoBanus) (1=E =1=4j, djj— cumBon Kponekepa) u mnpasuna eé
ymuoxenus (Al = 1A = A).

HexomMyTaTtuBHas rpynmna yMHOKEHUS KBAJAPATHBIX MaTPUI] OJHOW Pa3MEpHOCTH:

(AB)C = A(BC) acconuaTHBHOCTb (COYETATEIBHOCTH) YMHOXKCHUS;

1A = Al = A cymiecTBOBaHUE €IUHUYHOIO 3JIeMEHTa (KOMMYTAaTUBHOW €IMHULBI WU
MIPOCTO €ANHUILBI);

AAT=ATA=1 CYLIECTBOBaHHE 0OPATHOTO 3JIEMEHTA;

AB°# BA HeKOMMYTaTUBHOCTb (HE EPECTAHOBOYHOCTh) YMHOKEHHSI.

OTH CBOWCTBA TOBOPST, YTO ONEpays YMHOXCHHS KBAJPATHBIX MAaTPHUI] OJUHAKOBOM
pasMepHOCTH 00pa3yloT HEKOMMYTATUBHYIO (HealesieBy) IpyImy.

Anrebpanyeckasi CTPYKTypa BCEX KBaJIPAaTHBIX MATPHUIl OAHOTO TMOPSAKA OTHOCHUTEIHHO
OTepalru CIOKEHHs U YMHOXKEHHsI 00pa3yIoT (acCOLMaTUBHbBIE) KOJIBLIA.

OOpaTtHble MAaTpPUIIBI OTHOCUTEJILHO OMNEpPalii YMHO:KeHHsl. Bblumcienue wu
cBoiicTBa. O6paTHble (MyIbTHIUIMKATHBHO 0OpaTHBIE) MaTpuisl AL mms martpuisr A (AA
=ATA=1; (AB)fl = BflAfl). BoipaxkeHue oOpaTHBIX MaTpuUll 4epe3 JONOJIHUTENbHbIE (A~
! = (detA) (AP)"). OGpariMble 1 HEOGpAaTHMBIC MATPHIIBI M HX ONpeAeIHTeNH. KoMIuekcHo-
conpsokéHHBIe  (compsbkeHHBIE) MaTpuibl (A = ReA +ilmA — A = ReA —ilmA; A= A?.
ConpskeHHBIE  (9)PMHUTOBOCONPSKEHHBIE, —caMocompskeHHbe) (A =A*) (A*=A"=A";
A** = A, (AB)* = B*A*). AHTHIPMHTOBBI (KOCO3PMHUTOBBI, aibTepHUpytommue) (A =—-A%*)
maTtpunibl. Hopmanbhbie matpunsl (A*A = AA*), T.e. KOMMYTaTUBHbIE (IIEPEMECTUTEIHHBIC)
OTHOCHUTEJIbHO YMHOXEHHS CO CBOMMH COMpPSDKEHHBIMU MaTpuiamMu. O CBEACHWU HOpMaJIbHOU
MaTpHIbl K aparoHambHoil. KowTparpammentnas marpuma ((A*)™'=(AN™). Cneumanshsie
matpuilbl  (detA =1). OproroHaiabHbIe (AT = A_l, ATA=AAT= 1; He BBIPOXKACHHBIE C
detA ==+1), yHHTapHBIE MAaTPHIIBI (AT =A*! A*A= AA*= 1) wu yHUMOIYNsApHBIE
(crieranpHble  yHUTapHBIE, T.¢. detA=1 u AT = A*1). Bossencuue B eIyl CTEeNeHb
KBaJPaTHBIX MAaTPHUIl K CyMM KBaJpaTHBIX MaTpPHII.

Panr marpuubl, onpenenenne, cBOMCTBAa U COCO0OBI ero BhluMcaeHHsA. [loHsATHE M
OIpe/ICTICHUE paHra MPOM3BOJILHOW MaTpuilbl rangA = rankA= ra. Panr matpuiipl omnpenenser
MaKCHUMaJIbHOE YHCIIO JIMHEHHO HE3aBUCHMBIX CTPOK (CTOJOLOB). PaHr MaTpHIbl HaXOAUTCS C
KOJIMYECTBOM CTPOK M ¥ CTOJIOIOB N B cooTHOIIeHnu rangA <min(m, n). CoiicTBa paHra: paHr



MaTpPHUIIBI HE MEHSETCS TIPU NIEPECTAaHOBKE JIBYX CTPOK (CTOJIOIIOB); paHT MAaTPHUIbI HE MEHSETCS
IIPU YMHOKEHUU CTPOKHU (CTOJNIOIa) HAa YUCIIO HE PABHOE HYJIIO; PAaHT MAaTPUIbl HE MEHSETCS MPU
CIIOKEHUM OJIHOM CTPOKM C JpYyrol NOMHOXXEHHOM Ha HEHyJeBOE€ 4ucio; rangA = rangAT;
rang(A+B) <rangA + rangB; (rang(AB) < min{rangA, rangB}). CBs3p nuHEHHON 3aBHCHMOCTH
CTPOK H cTOJO1I0B. CBsI3b BRIPOXKICHHOCTH U paHra KBaJAPaTHBIX MaTPHII.

ba3ucHbII MUHOpP MaTpHIlbl, ’TO MUHOP HAMBBICIIErO MOPSAKAa HE PaBHBIA HYIIIO, T. €.
paBHbBII paHry Marpunbl. CTPOKM M CTOJIOLBI 0a3MCHOTO MHUHOpA HAa3bIBAIOTCS Oa3MCHBIMU
CTPOKaMU U CTOJIOLIAMHU.

Cucrembl JuHeiiHbIX ypaBHeHuii. Kiaccupukamusi u  cmoco0bl  peuieHHil.
OrnpezerieHne CUCTEM JIMHEHHBIX ypaBHeHUU. Kiaccudukanus cucTteM JMHEWHBIX YpaBHEHUH.
OpnnHopoaubie (03 TpaBoil 4acTW) U HEOJHOPOIHBIC (C MPABOM YACTHIO) CUCTEMBI JTUHEHHBIX
ypaBHEHMIA. MaTpu4yHas 3aluch JTHHEHHBIX ypaBHeHHH (AX =D, A - marpuna ko3 UIHEHTOB
CHCTEMBI, X — BEKTOp HEU3BECTHBIX CHUCTEMBbI, D - BekTop cBOOOAHBIX uiieHOB). OCHOBHAs U
pacHIMpeHHass MaTpULbl CUCTEMbl JMHEHWHBIX ypaBHeHMH. Ponb ompenenurtens marpulbl Npu
HaXOXXJICHUA KOPHEW CHUCTEMBbI ypaBHEHHU. BBIpOXXJIEHHBIE W HEBBIPOXKICHHBIC CHCTEMBbI
JUHEHHBIX ypaBHeHUH. JIuHeiHass BBIPOXKIEHHOCTh CTOJOLIOB WJIM CTPOK MATPHULBI,
BBIPOXKJIEHHOCTDb ONPEEIIUTENS.

Meroasl pelieHus CUCTEM N HEOAHOPOAHBIX YPAaBHEHHMM C N HEU3BECTHBIMH. MeToj
MCKIIFOYCHHS] HEM3BECTHBIX. METO/1 SKBUBAJICHTHBIX TIpeoOpa3oBanuii (Meron ["aycca).

Pemienue cucreM JIMHEHHBIX YPABHEHMII M MATPH4YHBIX YPaBHEHMH MeTOIOM
o6paTHoii MaTpuubl. Merox obparHoii Marpumsl (AX =b = x=A™*b): Ecin detA #0, to
CHUCTEMa UMEET €JUHCTBEHHOE PEILICHHE.

Pemenne cucrem JuHelHbIX ypaBHeHuili MeronoM Kpamepa. Meron (dopmyiibl)
Kpamepa (X; =Dj/detA, Dj— wmuHOpbl, mnonyvarommecs u3 detA nyréM 3aMeHbI
COOTBETCTBYIOIIUX CTOJIOIOB MATPHIIBI OMPEIEITUTENs, CTOJIONOM npaBbix dacted (Ecom A —
HeBbIpOKaeHHas MaTpuia (detA #0), a cromber mpaBbIX YacTel HE HYJIEBOM, CHCTEMa MMECT
onHo pemenne; Ecnu detA = 0 — cuctema He uMeet pernenuit; Ecmu cronber mpaBeix yacTteit
HYJICBOil, TO CHCTEMa HMEET EIUHCTBEHHOEC HyJeBOe pelieHue, s ciaydas detA#0 u
OECKOHEYHOE YMCII0 pelieHuit s ciuy4das detA = 0).

Teopema Kponexkepa — KaneJsn.

BexTopsbl. ['eomeTpuueckoe u anredpanyeckoe npeacTaBieHue BEKTOPOB.

CucremMbl KOOpPAMHAT B TpPEéXMepHOM mpocTpaHcTBe. CUCTEMbl KOOpAMHAT B
TPEXMEPHOM IIPOCTPAHCTBE: MPSIMOYTOJIbHAA (A€KapTOBa), LMIMHAPUYECKast, chepruuecKas.

CkaJisipHbIe M BEeKTOPHbIE BeJIMYMHBbI. [[0HSATHE CKANSIPHBIX U BEKTOPHBIX BEJIMYHUH.

['eomerpuueckoe u  anrebpanyeckoe (MaTpUUHOE) TMPEJACTaBICHUE  BEKTOPOB.
Koopaunater Bektopa. Ilpoeknuu Bektopa. OmpeneneHue BeKTopa. UIMHA (MOIYNb) H
HarpaBieHue. CBOMCTBA MOIYJS: TMOJIOKUTEIBHOCTh, OJTHOPOJHOCTh (YMHOXEHHE Ha YHUCIO),
HEPaBEHCTBO TpeyroyibHuka. KomnnHeapHble W KOMIUIaHapHbIe BekTopa. CranmaptHas dopma
BekTopa. [loHsATHE NMHEHHON KOMOWHAIIMKM BEKTOPOB. YCJIOBHE JIMHEWHOW HE3aBUCUMOCTH
CUCTEMBI BEKTOPOB. YTosl Mexay BekTopamu. CpolicTBa mpoekuuidl. Teopema 0 IpOEKLHUH.
CkanspHoe Npou3BEJCHUE BEKTOPOB M €ro CBOWCTBA: JUCTPUOYTUBHOCTH, KOMMYTaTHUBHOCTD,
OJIHOPOAHOCTB, IOJIOKHUTEIbHAS ONPEACIEHHOCTD.

Onepauuu HaJ BeKTOpaMH. Y MHOKEHHE HA YHUCJIO0 U CJI0KeHue. JIMHEHbIe onepainn
HaJl BEKTOpPAMH: CJIOKE€HHUE M BBIYMTAHUE BEKTOPOB, YMHOXEHHE BEKTOpa Ha YHCIO, pa3HbIE
yacTHble ciiydau. Omnepaiuy HaJl BEKTOpaMHu B KoopAuHATHOM (opme. CkansipHOe YMHOXKEHHE
BEKTOPOB B Ir€OMETpUYECKOl u B anreOpandeckoil popme. CBONCTBA CKAISIPHOIO YMHOXKEHUE
BEKTOPOB.

BekTopHOe mpou3BeAeHHe BeKTOPOB. BeKTOopHOE MpoOM3BEACHHE BEKTOPOB B
TEOMETPUUYECKON U B anredpandeckoit popme. ['eoMeTpruyaeckuii CMBICI M CBOWCTBA BEKTOPHOTO
IIPOU3BENICHUS BEKTOPOB.

CMemianHoe mnpou3BeleHHe BeKTOPOB. CMeEIIaHHOE MPOU3BEICHHUE BEKTOPOB, €rO
CBOWCTBA M TEOMETPUYECKHUM CMBICI. JIBOMHOE BEKTOPHOE MPOU3BEICHHE M €ro CBOMCTBA.



OproroHanbHblli, HOPMHUPOBAHHBIE U OPTOHOPMHUPOBAHHBIE CHUCTEMBI BEKTOpOB. basuc u
pasJio’KeHUe BEKTOpa 1o Oa3uc.

Jluneiinble mnpocTpancTBa. JluHelinsle omneparopsl. Sapa u gedexkr auHEHHOTO
oneparopa. CoOcTBeHHbIE 3HAYEHUs M COOCTBEHHbIE BEKTOpHI JIMHEHHOro omneparopa. CrekTp
oneparopa. KoaphunuenTsl XapakTepUCTUYECKOrO ypaBHEHHUs. M3oMopdu3M JTHUHEHHBIX
MpoCTpaHCTB (ompeneneHue u Teopema). Mzomopdusm.

Tema 2. AHaJMTHYECKAS TeOMeTPHA

IIpsiMasi Ha MJIOCKOCTH: pa3jIM4YHbIe BHAbI YpaBHeHHH. [IpsMas nponopuuoHanbHas
3aBUCUMOCTh U €€ rpaduk — mpsmas auHus. [IpsMas TUHHS Ha TUIOCKOCTH: PAa3IUYHbIC BHUJIBI
ypaBHeHul. YacTHslil cinyyait, C=0. Yacthslii ciryyaid, A=0. Yactaslii ciyqait, B=0.

YpaBHeHHe IPAMOii ¢ yriaoBbIM K03 duunentom. TaHreHnInanbHOe ypaBHEHHE MPSIMOH.
HopmanbHoe ypaBHEHHUE TTPSIMOU.

YpaBHeHne NpAMOii, NPOXOASLIEH Yyepes ABe 3alaHHbIe HECOBNAJAI0OIIHE TOYKH.

[Tapamerpuueckoe ypaBHeHue npsMoil. Ilapamerpuueckoe ypaBHEHHE TMIpsSMOMl B
BEKTOpHOU (opme. YpaBHEHHE NPSAMON MPOXOAALICH 4epe3 3aJaHHYI0 TOUYKY U IMapajuleIbHO
HaIpPaBIIOIEMY BEKTOPY. Y paBHEHHE NIPSIMOM B NOJIIPHBIX KOOPAUHATAX p U .

OcHoBHBIC 32Ja4M HA NPAMYI0 M TOYKHM. PaccTosHue Mexay AByMs TOYKAMHU B
JIEKapTOBOM CUCTEME KOOpAMHAT. OTKIOHEHHWE U PAcCTOSTHUE TOYKU N0 NPSAMOM. YpaBHEHHE
IPSAMOM, NPOXOIAIIEH 4Yepe3 TOYKY IapajulelIbHO 3aJaHHOM NpPSIMOW. YpaBHEHHE IPSMOH,
NEPIECHIUKYJIAPHON 3aJaHHOM IpsAMOM M MNPOXOAAIIEH uepe3 3afaHHyl Touky. [Ipsamas,
NPOXOALINX Yepe3 TOUKY 1Mol GPUKCHPOBAHHBIM YTIIOM ¢ K OCH X.

B3anMHoe pacmoJiokeHHe JABYX NPSIMBIX HA INIOCKOCTH. Touka nepecedeHus IBYX
npsAMbIX. B3anMHOE pacnosokeHwe TOYeK M IPSIMBIX Ha IUIOCKOCTH. B3amMooTHoOIIeHue
IPSIMBIX Ha IUIOCKOCTH. Todka mepecedeHus NpsIMbIX ONPEACIIAETCS PELIEHUEM TOW CHCTEMBI
YPaBHEHUU. YTOJI MEXKIy ABYMsS IPSAMBIMHU. Y paBHEHHE NPSMOM, NEPICHINKYIAPHON 3aaHHON
IpsAMON. YpaBHEHHE IPSAMOM, MNEPHNEHAUKYJIAPHOE NaHHOW MPSAMOM U MNPOXOIALIEH uepes
3a7annyio Touky M(Xo, Vo).

Ilnockocts B mpocrpancTBe. [lnockocts. YpaBHeHus miuockoctu. OOmiee ypaBHEHUE
(monHOE) IUIOCKOCTH. YpaBHEHHE IUIOCKOCTH B OTpe3KaxX. TaHreHIHaJbHOE YpaBHEHHE
IUIOCKOCTH. BekTopHOoe ypaBHeHue miiockocTH. HopmanbHoe (HOPMHMPOBAHHOE) ypaBHEHHE
MJIOCKOCTH. YpaBHEHUE B BEKTOPHOH (popMme. YpaBHEHHE TIIOCKOCTH, TPOXOIAIIEH Yepe3 TOUKY
NEPHEHANKYJIAPHO BEKTOPY HOPMAIMA. YPAaBHEHUE IUIOCKOCTH, IPOXOMAILNEH 4Yepe3 Tpu
3a/IaHHBIC TOYKH, HE JIeXKAIIMe Ha OJHOM npsmoi. [lapameTprueckoe ypaBHEHHE MIIIOCKOCTH.

Ilpsimasi B mnpocTpaHCTBe. YpaBHEHUE MPSIMOW B IIPOCTPAHCTBE IO TOYKE U
HampasJisiroieMy BekTopy. [lapamerpuueckoe ypaBHEHME NpPSMOW. YpaBHEHHE NPSMOW B
IIPOCTPAHCTBE MPOXOAIIEH Yepe3 3aJaHHYyI0 TOYKY B HaIIPpaBIECHHUHM 3aJaHHOIO BEKTOpA.
KaHnonuueckue ypaBHEeHHE IPSIMON B IPOCTPAHCTBE (IIpsiMast, IPOXOsIias Yepe3 IBE 3a/1aHHbIe
TOYKHM). OTKIIOHEHHE U PACCTOSTHUE TOYKHU J0 MIIOCKOCTH. YTOJ MEXIY ABYMS npsiMbiMu. OO1iee
YpaBHEHUsI MpPsMOM JIMHMM B IIPOCTPAHCTBE Kak IepecedeHue Iuiockocted. KaHoHnueckoe
ypaBHEHHS MIPSIMOI TMHUM B TIPOCTPAHCTBE, MOJTy4yaeMoe U3 OOIIEero ypaBHEHHs MPSIMOH.

Yron Mmexnmy AByMs NPAMBIMH. YKIOHEHHE W PACCTOSTHUE OT TOYKM JIO TPSMOU B
IIPOCTpaHCTBE. B3anMHOE pacnosioKeHue ABYX INPSMBIX B IIPOCTPAHCTBE, UX Ipu3Haku. [Iydox
mockoctel. CBsi3ka IUIOCKOCTEW. B3anMHOE pacrosnokeHue MpsMBIX M IUIOCKOCTEM, HX
NapaJuIeIbHOCTh U MEPIEHIUKYIAPHOCTh. B3auMHOE pacnosioKeHue NpsMBIX B IIPOCTPAHCTBE.
B3anMHOe pacronoxeHne mIOCKOCTeN, NX NEPHEHANKYIISIPHOCTD U MapajuieabHOCTh. [Ipn3Haku
Y CBOICTBA NapajuIeIbHBIX U NEPIEHIUKYIISAPHBIX IUIOCKOCTEN. JIByrpaHHbIi yrosi. YTroa Mexny
IJIOCKOCTSIMU. TeopeMbl O B3aMMHOM pPacIOJIOKEHUM NPSIMOM M IUIOCKOCTH. Teopema o Tpex
neprneHauKkyispax. [lepnenukynsap 1 HakIOHHAs K IVIOCKOCTU. YTOJI MEXy NPSAMBIMH, IPSIMON
W IUIOCKOCTHIO. [lmomane OpTOTOHANBHOW TPOEKIMH, TeopeMa o Hel. HM3obpaxenue
IPOCTPAHCTBEHHBIX (DUTYp, MX B3aMMHOE pacnojoxkeHue. PaccTosHue OT TOYKU 0 MIOCKOCTH,
OT MpSAMOM [0 IUIOCKOCTH, PACCTOSIHUE MEXKIY IIOCKOCTSAMH, MEXKIY CKPEHIMBAIOIIUMUCS
OpSAMBIMH, MEXAY HPOU3BOJIBHBIMM (urypamu B mpocTpaHcTBe.PaccrosiHue Mexay



CKpEIIMBAIOIIMMHUCA TpAMbIMU. PaccTosiHMe Mexay [IByMs TMpSMBIMM B IIPOCTPAHCTBE.
PaccrosiHne Mex 1y MIIOCKOCTSIMU B POCTPAHCTBE.

JInHuu BTOpPOro nopsiaka.

dumune. dopma 3IIUIICOB B 3aBUCUMOCTH OT 3HayeHUW mnapameTpoB. CMelméHHoe
ypaBHEHUE J3iuurca (ypaBHEHHE OJJUIMIICA CO CMEIIEHHBIM IieHTpoM). llapamerpuueckoe
ypaBHEHUE 3JuiIca. JIMpeKTpUCHl 3JUIMICa. YPABHEHUE 3JUIMIICA B MOJSIPHBIX KOOpAMHATAX.
KacarenbHas k smumncy. ®okanpHblii napamerp 3iuiunca. OnTHUYecKue CBOWCTBA 3JUIMIICA.
Hekortopsle cBoiicTBa 3iuIMINCA. JJUIMIC KAaK MPOEKUUS OKPYKHOCTH. DJUIMIC KaK CEYEHUS
KpYyIJIOro HWIMHJpa. DJuIMIc B TexHUKe. Kak HapucoBaTh 3JuIHIIC.

OxpyxHocThb. KacarenbHas K OKPYKHOCTH.

I'unep6osaa. OCHOBHOH YeTHIPEXYTONBHUK. ACUMIITOTHI THIIEPOOJIBI.

Okcuentpucurer runepbonbl. DokanbHBIA mHapameTp runep6osibl.  ConpskEéHHAS
runepbona. ['mmepbona co cMeméHHbiM 1eHTpoM. [lupektpuchl runepOoinsl. Ilogobuble u
codokycHbie TuUIepOobl. JupekTpuchl rTunepOosbl. PaBHOOOuYHas rumepbosna. ['mmepOona
npuBEIEHHAs K aCUMIITOTaM NYTEM COBMEIIEHMSI KOOPAMHAT C ACHMIITOTAMU U IOJydyeHUE
«IKONbHOW runepOomnsl». IlodspHoe ypaBHEHHUE THUMNEPOObl. YpaBHEHHE THUNEPOONBI B
napamerpuueckoM Buzie. KacarenbHas u HoOpMmane K runepOosie. Xopabl M JIUaMETpPbI
runep6onsl. OnTudeckue cBoiicTBa runepOoisl. [loctpoeHue runepOobI.

IMapa6oaa. Kanonmueckoe ypaBHEHHE Mmapaboibl. DJIeMEHTH mapaboisl. HexoTopsie
cBoiictBa napabosnbsl. Dopma napadolibl B 3aBUCUMOCTH OT (POKaIbHOTO mapamerpa. Jupexrpuca.
CmeméHHoe ypaBHEHHE TMapaboiibl (ypaBHEHHE Mapaboibl cO CMENIEHHOW BEpITMHOW. Bumb
napabon. Cummerpuunas mnapabona. Compspk€HHas mnapabona. IlpomonbHble mapabOIbL.
VYpaBHeHue smunca, runep0ospl M mapaboibl B MHOJMSPHBIX KoopauHatax. KacarenpHas
napabone. «lllkonsHas» napabona. Teopema o miomaau. [lapabonuueckas cuctema KOOpAUHAT.
OnTuueckue coiictBa napaboisl. [loctpoenue mapadoisl. [TocTpoeHue mapabobl MO TOYKAM.
[TapaGomna B apxuTtekType. HeBbIpoKaeHHbIE KPUBBIE BTOPOTO MOPSAKA B (PU3UKE.

OO01mee ypaBHeHHe KPUBBIX BTOPOI0 NMOPSAAKA. YpaBHEHHE KPUBOW BTOPOT0O MOPSAIKA B
MaTpUYHOM BHJIe. IHBapruaHThl TMHUM BTOPOTrO NOPSIKA.

Kaaccudukanus aunuii Broporo nopsiaka. Csojaka GopmMyI1 IMHHUI BTOPOro NOpsIKa.

IIpeoOpa3oBanne KOOPAMHAT Ha IUIOCKOCTH NYTEM CABHIOB H IOBOPOTOB.
[IpeoOpa3zoBanue ypaBHEHUs K IeHTpy. [lapamienbHblil mepeHoc JUisl YIPOLIECHHUS ypaBHEHUS
JMHUKA BTOporo mopsika. IIpeoOpa3oBanue ypaBHeHMH K ociaM cuMMmeTpuu. IloBopot
OTHOCHUTENIbHO Haudana koopauHaT. OOmiee oOpaTHOe Mpeodpa3zoBaHue, COUYETAIONEe CABUTH U
IOBOPOTHI. MaTpHIIbl IOBOPOTOB.

IToBepxHOCTH BTOPOro NOpsAKa

IToBepxHocTH BTOpPOro nopsinka. O61ee ypaBHeHHE TOBEPXHOCTH BTOPOTO MOPSIIKA.

WHBapnaHThl TOBEPXHOCTH BTOPOTO MOPAIKA.

DJUINIICOUbI, THIIEP00JIOuIbI, Tapa00JIon], runepooanYecKnii mapadoJaousa.

JIuHeilyaTble MOBEPXHOCTH.

Kaaccndukanns nopepxHocreii BTOpoOro nopsiaka

IIpeoOpa3oBaHne KOOPAMHAT B IPOCTPAHCTBE IMYTEM CABUTOB U IOBOPOTOB

Casurn koopauHaT. Marpuusl ciaBuroB. Ad¢unHble mnpeoOpasoBanus. IloBopoTb
(Bpamienus) koopauHat. [IoBopoT BOKpYr OocH X B OTpHIIATEIHLHOM HAINpaBICHUU (110 YACOBOM
ctpeinke). [IoBOpOT BOKpPYT OCH Y B MOJOXKHUTEIHHOM HAIlPaBICHUU (TIPOTUB YACOBOM CTPEIIKM).
[ToBOpOT BOKpYr OCHM Z B OTpUILIATEIbHOM HAIpaBI€HUU (IO YacOBOM cTpenke). Marpuilsl
IIOBOPOTOB.

Yrasl Jitsiepa. Pu3nyeckue CIEACTBUS BpalleHUd B TPEXMEPHOM MPOCTPAHCTBE
¢u3nueckux Ten. CoOCTBEHHOE BpalleHHe, HyTauuss M npeneccus. Kommosunus matpuiibi
MMOBOPOTOB Ha YTJIbI Dilnepa.

9. Tekymuii KOHTPOJIb MO AUCUHUILIUHE



Texkymuii KOHTpOJb MO AWCIHUIUIMHE MPOBOAUTCS MYTEM KOHTPOJIS IOCEUIAeMOCTH,
MPOBEJCHUS KOHTPOJBHBIX PabOT, TECTOB MO JEKIHOHHOMY MaTepHaly, BHIITOJTHEHUS JOMAIIHUX
3a1aHuil U PUKCUPYETCs B POopME KOHTPOJIBLHOW TOUYKH HE MEHEE OJJHOTO pa3a B CEMECTp.

10. lopsaiok NpoBeAeHUs] U KPUTEPUH OLIEHUBAHUS MIPOMEKYTOYHOM aTTeCTAllUH
3a4yeT ¢ OLEHKOI B MEPBOM ceMecTpe MPOBOJIUTCS B MUCbMEHHOU (hopMe 1O OUeTam.
bunet cogepkuT TeopeTudeckuii Borpoc u ase 3ana4n. [IponomxurtensHocTs 3auera 1,5 yaca.

IIpumepHBbIii IEpeYeHb TEOPETHYECKUX BONIPOCOB
Jluneiinas aaredpa

1. Martpuipl. OCHOBHbIE OHATUS, KJIacCU(pUKaLUs

2. Onepauun Haa MatpunaMu. CiokeHue, yMHOKEHUE Ha YUCIIO0, TPAHCIIOHUPOBAHUE
3. Onpenenurenu MaTpull. Beraucienue u cBoiicTea

4. YMHOKEHUE ¢ MATPHUL]

5. OOpatHble MaTpPUIbl OTHOCUTENIBHO ONEpALlui YMHOXEHU. Bpruncinenue u cBoiicTBa
6. Panr matpuisl, onpezieneHue, CBOINCTBA U CIIOCOOBI €r0 BEIYUCIIEHUS

7. Cuctemsl TMHEHHBIX ypaBHeHUH. Knaccudukaius u cnocoOs! pereHnit

8. Pemrenue cucreM NTMHEWHBIX YpaBHEHMH M MATPHUUYHBIX YPaBHEHHUH METOJOM OOpaTHOM
MaTpHIIbI

9. Pemenue cucrem nuHEHHbIX ypaBHEHH MeTogoM Kpamepa

10. Teopema Kponekepa — Kanenu

11. CkaJisipHble U BEKTOPHBIE BETUUMHbI

12. Omnepauuu HaJ BEKTOpaMU. Y MHOKEHHUE HA YUCIIO U CIIOKEHHE

13.  BekTopHOe nmpou3BeIeHUE BEKTOPOB

14.  CwmemanHoe npou3BeieHUE BEKTOPOB

15. JIuHeiiHbIe NpOCTpaHCTBA

16.  JluneliHbIe onepaTophl

AHaJuTHYecKasi reoMeTpus

17.  Ilpsimast TUHMS HA TUIOCKOCTH: Pa3IMYHbIC BUbl ypPaBHEHUH

18.  BzammHOeE pacrnoioKeHne IBYX NPSMBIX Ha TUIOCKOCTH

19.  IlmockocTh B MPOCTPAHCTBE

20.  Ilpsmas TUHUS B IPOCTPAHCTBE

21.  OOuiee ypaBHEHHE KPUBBIX BTOPOTO MOPSAKA

22.  Dnmunc

23.  T'umepOGona
24.  Tlapaboma

25.  Knaccu¢ukanus JUHUI BTOPOro nopsiaka

26.  TIpeoOpa3oBaHWe KOOPAWHAT HA IJIOCKOCTH MYTEM CIIBHTOB M IIOBOPOTOB
27.  IloBepxHocCTel BTOPOTo MopsKa

28.  IlpeoOpa3oBaHue KOOPAMHAT B MMPOCTPAHCTBE MTyTEM CIBUTOB M IIOBOPOTOB
29.  Damuncoupbl, runepOoon !, mapadonon, runepooIndeckuii mapadbonouna
30.  JIuHeidaThie TOBEPXHOCTH

31.  Knaccudukanus moBepxHOCTEH BTOPOro mopsiaka

32. Vsl Diinepa

IIpuMepHBI nepedYeHb MPAKTHYECKUX BONPOCOB
3anava 1. Beruucnute onpenenuTens
30 —10 120 &0

—5 3 —H -2
1 1 3 =7
-3 2 &8 —I5

3agava 2. BeruncauTh miomaap napauiesorpaMma, CTOPOHbI KOTOPOro 00pa3oBaHbl BEKTOPAMH
a=2i+3j-k, b=i-3j+2k



3agaua 3. BeraucnuTh onpeaenuTenb

5 87 4 -2
-1 4 2 3 1
9 27 6 10 —9
3 96 2 —3
1 3 2 8 =1

3anaua 4. Haiitn 006EM mapasieiorpaMMa, €Ciid €ro CTOpOHbBI 00pa30BaHHBI BEKTOPaAMH
a=3i+j-k, b=2i-3k, c=it+j+k
3anaua 5. Haiitu panr Matpuibt

1 1 2 3 -1
2 —-1 0 —4 —5
-1 —-1 0 —3 =2}

6 34 8 -3
3anaua 6. Haiiti 066EM nupaMupl, BEpIIMHBI KOTOPOH 3a/1aHbl TOYKAMH

A(1,0,4)B(2,7,3),C(4,0,-1),D(2,8,-1)
3agauya 7. MccnenoBaTh ccTEMY Ha COBMECTUMOCTh
dx, + 3y — Jxg — xye=4,
dxp— x43e—2n=1,
dx 4 xa — =0
5-f.| Fdxy—2x3 4 xy=21
3agauya 8. Haiitu yron Mexay aCHMIOTOTaMU THIIEPOOJIbI, €ClU €€ SKCIIEHTPUCUTET PaBeH 2.
3agauya 9. Pemuts cucremy meronom Kpamepa
Py — k2 — dap =213, }
Juy + dxg — by = —8,
s 4 Tag =17,
3anaua 10. Haiitu paccrosiaue Mexy aAByms npssMbiMu 3X-4y+5=0, 6x-8y-13=0
3anpava 11. Haiitu o01ee pemieHre CUCTEMbl
X1+ Xe— x3a—2x4—2x=0,
211 +3.Ig‘—2.1'3 — 51’1 —41’5 =)
X1— Xz— X3 — 2x; =0,
X1 —2x2— x3+4+ x4—2x =0.
3agauya 12. Haiitu yron Mexay TJIOCKOCTBIO 2X-Y-2Z-1=0 u mpsiMoii, IpoXoAsieit yepes3 aBe
touku A0, 2, 6),B(3, 6, -6).
3agauya 13. HaiiTu coGCcTBeHHbIE 3HAUEHUS U COOCTBEHHBIE BEKTOPHI MATPHUIIbI TUHEHHOTO
onepartopa 4

¥

-3 2 -4
A=l 2 1 2
1 1 2

x—3= y—2=z—5 .

3agauya 14. HaiiTi Touky nepeceyeHus U yroy Mexay IpsiMoi 1 >

IUTOCKOCTBIO x+y—z+3 =0.
3anaua 15. Haiitu o61ee u ¢pyHJaMEHTAIBHOE PELICHUE CHCTEMBI
261+ 3x3= xo+ x4— X5,
4x) + x3=2x3 — 2x4 — 2x5.}
3amaua 16. Haiiti ypaBHeHue rurnep0osibl, GOKyChl KOTOPOii jexar B Toukax Fi(-2, 4) u
F2(12, 4), a nmHa MHUMO# OcH paBHa 6.
3amaua 17. Haiitu kommytatop [A, B]. u antukommyratop [A, B]+ marpui A u B

1 0 2 2 7 1
A=|0 —1 3|, B=|3 2 —4
4 0 5 1 —3 5

3amaua 18. Hamucares ypaBHeHHE NpsMOii, ipoxoasmie yepe3 Touky A(1, 0, -3) u mapaiensHo
MPSIMOM, 3aJTaHHON TTOCKOCTAMHU X+2Y-Z+3=0 u 3X-y+4z+2=0.



3amaua 19. Hanmcath ypaBHEHHUE MpsIMOH, ipoxoasiei yepe3 Touky A(L, 0, -3) u mapaienbHo
PSIMOH, 3aJaHHON TUTOCKOCTAMHU X+2Y-Z+3=0 u 3X-y+4z+2=0.
3amava 20. SIBnsAI0TCS 1M MATPMIIBI B3AMMHO 0OPATHBIMU

[t =t 1 —1] [t 1 oo
RL 1 —1 | DLl on
A=y 0 I -1 B=l0n o I 1

] i ] | oo 0 |
2X+y—-6=0,
—-by-2z-8=0
OHHM HE TapajuIeIbHbl, HANTH TOYKY UX MEPECCUCHUSI.
3agaua 22. Haiitu (A+BB)2, eciu A u B marpuna

3anaua 21. Haiitu yron Mexy npsiMoi { U IJIOCKOCTBIO 2x+4y+2z-2=0. Eciu

I 4 7 —2 I —1
A= 2 5 =84, B= 1 0 2
—3 6 9 4 —1 0

3agauya 23. [IpuBecTu K KAHOHUYECKOMY BUAY ypaBHEHUE 4x2+9y2+32x-54y+109:0,
OTIPE/ICITUTh OCHOBHBIC XapaKTEPUCTHKHU U MIOCTPOUTH
3agaua 24. HaiiTu Bce nepecTaHOBOYHBIE MATPUILIBI TSI MATPUIIBI A

2 1
A=[_1 3]

3agauya 25. Hanucare ypaBHeHHE TUIEpOOIBI M €€ aCHMIITOT, ecid (POKYCHl THUIEPOOIIBI
Haxosrest B Toukax F (-4, 0), F, (4, 0) n muiHa BenecTBeHHOIT ocH paBHa 6.

3agauya 26. Haiitu oOpaTHyI0 MaTpuIly MaTpuiibl A

3 1 =5
A=|1 2 4
3 2 —I

3amaua 27. DKCICHTPUCHUTET rHIIepOOITBI paBeH 2 . COoCTaBUTh €€ KAHOHUYECKOE YpaBHCHHE,
€CJIM OHA TIPOXOJIUT Yepe3 TOUKy A=(+/3,42).
3anauya 28. Haiitu o01mee u pyHIaMEHTATBLHOE PEIICHNUE CHCTEMBI
dx) —2x2 4+ xa— xi=0,
x) —2x — x4+ xe=0,
X1— xo24 2x345xs=10;
3anaua 29. [lokasarp, 4TO ypaBHEHHE y+x* —6x+5=0 ONpeAesseT napadory. Haiitu 3HaueHne ee
napameTpa 1 KOOpAWHAThI BEpIIUHBI.
3agaua 30. Pemnth cuctemMmy MeTo10M 00paTHOM MaTpPHUIIBI
2x—dy+ z=3,
x=—50y+43z= —1,
x— y4 z2=1.
3anaua 31. HanucaTth ypaBHeHHE rUnepOo0IIbl, IPOXOAAIeH Yepe3 TOUKY (2,1) , ACHMIITOTHI
KOTOPOH y=+(3/4)x.
3agaua 32. Haiitu coOOCTBEHHBIC 3HAUECHUS 1 COOCTBEHHBIE BEKTOPHI MAaTPHUIIHI JIMHEHHOTO
oreparopa

3amaua 33. Haiitu ypaBHeHue chepsl, mpoxossieit uepes 4 roukn A(1, 1, 0), B(7, -11, 0),
C(10,1,9),D(-2,-11,9)

Pesynbrarel 3adera C OLIGHKOW ONPENENSIOTCS OLCHKAMH «OTJIIMYHO», «XOPOILOY»,
«YZOBJIETBOPUTEIILHO», «HEYIOBIECTBOPUTEIBLHO.



Hanee neobxooumo onucamv Kakum 00pazom meKywuli KOHMpONb 6iusem Ha
NPOMEINCYMOYHYIO ammecmayuro U 6 KAKOM CaAydae Cmasumcs «OMIUyHO», «XOPOULOY,
«y0081€MBOPUMENLHOY, «HEYO0BIEMBOPUMENLHOY.

B cnyuae npumenenus 6annvrno-petimuneosoul cucmemsl, oHu onucvléaemcs 6 n.9 un.l1 c
yuemom meKyujeco KOHMPONS U NPOMENCYMOUHOU ammecmayul, HA NPOMENCYMOUHYIO
ammecmayuro nianupyemcs He 6onee 40% petimunea.

B cnyuae npumenenus cucmem OyeHUBaHUs, OMIUYHLIX OM NAMUOALILHOU, ONUCAMb
Mexauuzm nepegooa OyeHKU 8 NAMUOALIbHYIO WKATY.

JK3aMeH BO BTOPOM ceMecTpe IPOBOJUTCS B IMHUCBMEHHOH (opMe Mo Owieram.
DK3aMEHAIlMOHHBII OWJIET COCTOUT M3 JPYyX TEOPETUUYECKHX BOMPOCOB M JIBYX MPAKTUYECKHX
3aganuil. [IpogomxuTtenbHOCTh 3k3aMeHa 1,5 yaca.

Cmpykmypa 2K3ameHa OO0NHCHA COOMEEMCMB08aAMb KOMNEMEHMHOCIMHOU CMPYKmMype
oucyunnune. Ilpu onucanuu cucmemvl OYEHUBAHUS UMO208020 KOHMPOISA NO OUCYUNIUHE
Heobxo00UMOo npodeMOHcmpupoeamb oocmuodicenue 6cex 3anjiaHupoB6arHblx quuKamopoe -
pe3yibmamos 00yuenus.

Pe?;y.HI)TaTI)I OK3aMCHa OIMpCACIIAOTCA OLICHKaMH «OTJIUYHO», «XO0po1mo»,
«YHAOBJICTBOPUTCIIBHOY», KHECYAOBJICTBOPUTCIBHO.

11. YyeOHO-MeTOAMYECKOE 00ecTIeueHne

a) DIEKTPOHHBIN y4eOHBIH KypCc MO JUCIHHUIUIMHE B SJICKTPOHHOM YHHBEPCHUTETE
«Moodle» - https://moodle.tsu.ru/course/view.php?id=00000

0) OnieHOUHBIE MaTepHalibl TEKYHIEro KOHTPOJIS M MPOMEKYTOYHOW aTTECTAllUU IO
JUCIMIIIIMHE.

B) [1nan ceMuHapCKuX / MPaKTUYECKUX 3aHATHH 11O JUCITUTUIMHE.

Jluneiinas aareopa
1. Marpuusl. OCHOBHBIE MOHATHS, KJIacCU(UKALINS .
2. Omnepamun  Hajy  Marpunamu.  CrokeHwe, yMHOXXEHME  HA  YHUCIIO,
TPaHCIIOHUPOBAHUE.
Onpenenurenyu Matpull. Berarcienue u cBONCTBaA.
YMHOXKEHUE ¢ MATPHII.
OOpatHble MaTpullbl. Berarcinenue u cBoiicTaa.
Panr maTpuupbl u ero onpeaeneHue.
Cuctembl TUHENWHBIX ypaBHeHUH. Knaccugukaius u cnocoObl peleHui.
Pemenne cucreM JMHENMHBIX ypaBHEHMM M MAaTPUYHBIX YpPAaBHEHW METOJIOM
00paTHON MaTPUIIBI
9. Pemrenue cucteM JIMHEWHBIX ypaBHEHUH MeTogoM Kpamepa.
10. Pemmienue OAHOPOAHBIX U HEOJHOPOAHBIX CHCTEM YpaBHEHHH ¢ OECKOHEUHBIM
MHOECTBOM PELICHUM.
11. Teopema Kponekepa — Kanenu
12. CkansipHbIC U BEKTOPHBIE BEJTHUNHBI
13. Oneparnuu Hag BEKTOpaMH. Y MHOKEHHE HA YUCIIO U CIOKEHHUE.
14. BexTopHO€ MpOU3BEAECHNE BEKTOPOB.
15. CmernanHO€ IPOM3BEICHUE BEKTOPOB.
16. JIuneitHbIE TPOCTPAHCTBA.
17. JluneiiHble onepaTophl.
18. CoOcTBeHHBIC 3HAYCHUS  COOCTBEHHBIC BEKTOPBI TMHEHHBIX ONIEPAaTOPOB.

NG AW

AHaJTUTHYeCKasi FeOMeTpHUsi
19. [psiMast TMHUS HA TUIOCKOCTH: Pa3IMYHbIC BUIbI YPaBHEHHMA
20. B3anMHoOe pacroyio’keHHe JBYX MPSIMBIX Ha TIOCKOCTH
21. T110CcKOCTh B IPOCTPAHCTBE
22. Ilpsimast TMHUS B IPOCTPAHCTBE


https://moodle.tsu.ru/course/view.php?id=00000

23. O61ee ypaBHEHHE KPUBBIX BTOPOTO MOPSIKA

24. Dnnurnc

25. T'unepbona

26. ITapabomna

27. Knaccuduxanus JIMHUN BTOPOTO MOPSIIKA

28. [IpeoOpa3oBaHue KOOPIUHAT HA IJIOCKOCTH MYTEM CABUIOB U IOBOPOTOB
29. TToBepXHOCTEH BTOPOTO MOPSIKA

30. [IpeoOpazoBaHue KOOPIUHAT B IPOCTPAHCTBE ITYTEM CIBUTOB U TIOBOPOTOB
31. Dnunicon b, THIIEPOOTIOUIBI, TAPAOOIOH T, TUIIEPOOTMUECKUN TapaOOIOH T
32. JIuneityaTpie TOBEPXHOCTH

33. Knaccuukanus moBepxHOCTEH BTOPOro MopsiaKa

34. Yrue Diinepa

12. Ilepeyennb yueOHoii JJuTepaTypbl U pecypcoB ceTu UHTepHeT

a) OCHOBHasi JIMTepaTypa:

1. Anexcanapos II.C. Kypc aHanuTHueckoil reoMeTpuu W JTUHEHHOW anredpel. — M.:
Hayka, I'maBHas pemakums (u3MKO-MaTeMaTH4ecKoi iureparypsl, 1979. 512 c.

2. bexnemumeB /J[.B. Kypc ananmutudeckold reoMeTpuu U JIMHEHHOW anreOpsl. — M.:
Bricmiag mkona, 1998. 320 c.

3. bexnemumena JI.A., IlerpoBuu A.}O., UyGapoB HM.A. COopHUK 3amady 1o
AHAINTUYECKON TreoMeTpuu U JuHeHon anreOpe. — M.: OUIMATIIUT, 2003. 496 c.

4. bByxtsx M.C. OcHoBbl nuHeitHON anredpsl. Tomck: M3a-Bo Tomckoro
rocynapcTBeHHoro yuusepcureta, 2009. 200c.

5. Mogenog I1.C. Ananutudeckas reomerpust. — M.: M3a-so MI'Y, 1969. 698 c.

6. Monenos I1.C., ITapxomenko A.C. COOpHUK 3a7a4 1O aHAIUTHYCCKOW TCOMETPHUHU.
— M.: Hayka, ['maBHas penakuusi pusmko-mareMaTudeckoi aurepaTtypsl, 1976. 384 c.

7. COOpHHMK 3a/Jau 1O aHAIMTHUYECKON TeoMeTpuu u JuHeiHou anredpe./ Ilom pen.
Cmupnosa F0.M. — M.: Jloroc, 2005. 376 c.

8. [IpockypsikoB H.B. Coopuuk 3anau no nuHeitHoU anredpe. M.: U3a-Bo «Jlanby», 2016.
480 c.

9. Knerenuk /[.B. CoopHuk 3amau no aHanutuyeckor reomerpun. M.: U3a-Bo «Jlanby,
2016. 224 c.

10. Kypomr A. I'. Kypc Bricmieit anreOpst. - M., 1968.

0) 10MOJIHUTE/ILHAS JUTepaTypa:

11. boraues K. FO. MeTo/ibl pelieHns TMHEHHBIX CUCTEM M HaX0XI€HUSI COOCTBEHHBIX
3HaueHui. - M., 1998.

12. bynrakos 1. H., [TortoB A. M. bununelinsie u kBagpatuunsie Gopmsl. - M., 2001
Bunb6epr 3. b. Kypc anre6pst. - M., 2001.

13. I'antmaxep @. P. Teopust marpuil.

14. T'enbann Y. M. Jlekuuu no nuHeitHoH anredpe. - M., 1998.

11. UxpamoB X. JI. 3agaunuk no JguHeitHo# anrebpe. - M., 1975.

15. Koctpukun A. U. Beenenue B anredpy. - M., 1994.

16. Koctpukun A. U., Manun 1O. U. Jluneitnas anrebpa u reoMeTpusl.

17. Kypour A. I'. Kypc Bbiciieit anre6psr. - M., 1968.

18. ManbneB A. Y. OCHOBBI IMHEHHOW anreOpshl.

19. Munsop JIx., Xpro3mosutep JI. CumMerpudeckue OmmmHelHbIe GopMEl. - M., 1986.

20. TeipreiinukoB E. E. Matpuunslit ananu3 u auHeiiHas anredpa. - M., 2005.

21. TlpockypsikoB M. B. CoopHEK 3ama4d 1o uHEHHON anredpe. - M., 1966.

22. ®annees /1. K., Comunckuii Y. C. 3agauu no Beicuieii anredpe. - Cnb., 1999.

23. Xammorn I1. KoHeuHOMEpHBIE BEKTOPHBIC TIPOCTPAHCTBA.

24. lagapesuy U. P. OcHoBHBIEC TOHATHUS anreOpsl. - Mxesck, 1999.

B) pecypcbl cetu UHTEpHeET:
http://www.mathnet.ru/ O0mepoccuiickuii MaTeMaTHIECKUI MOPTal


http://www.mathnet.ru/

http://www.fipm.ru/ JIuneiinas anre6pa u reomerpust. CIIPABOYHUK
http://www.mathnet.ru/index.phtml/?option_lang=rus O6repoccuiickuii
MaTeMaTUYECKUH MTOpTal
http://eqworld.ipmnet.ru/indexr.htm MaremY paBHeHus
http://www.imath.kiev.ua/~golub/rmsites.html /36pannvie mamemamuueckue caiimol
http://lib.mexmat.ru/ MI'Y, mexmar, s51eKTpoHHast OHOIHOTEKA
http://matcreative.ru/sayt-matematicheskie-etyudy Maremaruueckue 3THOIbl
http://pco.iis.nsk.su/grapp/ TockoBelit ciioBaps o Teopuur [ PAPOB
http://www.fractalworld.xaoc.ru/ ®pakrasr
http://www.ph4s.ru/programs_4.html MaremaTrueckue mporpamMmmbl
http://forum.ru-board.com/topic.cgi?forum=5&topic=4633&start=1960 Bcé o TEX.

JlutepaTypa nporpamMmmbl
ApXHB 3JEKTPOHHBIX HAYYHBIX CTATEH
YueOHble MaTepuaisl g cTyneHToB MexMarta MI'Y
EBponeiickas cucrema noucka matematudeckux npenpuntoB MPRESS
MockoBckoe MaTeMaTHUECKOE 00IIeCTBO
MOCKOBCKUH LIEHTP HENPEPHIBHOTO 00pa30BaHUS
Briciias arrectanmonnas komuccusds MO u Hayku PO
Poccuiickoe obpazoBanue. denepanbHbli HOpTAl
Hayunas snextponnas 6ubanorexka eLIBRARY.RU
http Ilwww.ph4s.ru/index.html MatemaTuueckas OubmmoTeka
http://www.ph4s.ru/programs_4.html ITporpaMmbl MaTeMaTH4eCKHe Ha MaTEMATHYECKOM
oubnmoTexe
Maremarnueckas Oubaunoreka http://math.ru/lib/. Ha caiite pa3menieHbl KHUTH, BUICO-
JIEKIIMH, 33141, UCTOPUU U3 )KU3HU MATEMATHUKOB, KOTOPBIE OYIyT HHTEPECHBI KaK
CHEIHAalCTaM, TaK U ITUPOKOMY KPYyTy JOOUTENel MaTeMaTUKH.
https://www.math10.com/ru/vysshaya-matematika/

ONoGa~WNE

®opmyITel IO MaTeMaTHKE U pr3nKe

http://nuclphys.sinp.msu.ru/ Yue6 marepuanst "®usuka aTOMHOTO Spa ¥ 4acTHIl"
HUUAD MT'Y

http://www.indigomath.ru/ ®opmysl mo Mmarematike U GU3MKe

http://Bcedopmynsl.pd/ Bee popmynsl mo @usuke u Maremarnke

http://dopmynsinodusuke.pd/ opmyisl o pusuke

https://sciterm.ru/spravochnik/atomnaya-fizika-formuli/ Aromuas gusuka

https://spravochnick.ru/fizika/atomnaya_fizika/atomnaya_fizika_osnovnye ponyatiya i f
ormuly/ CnipaBounuk ¢ hopmynamu

14. MaTepuaibHO-TeXHHYECKOe odecrieyeHmne

AyauTtopun Uil IPOBEICHUS 3aHATUH JIEKIIMOHHOTO THIIA.

Aynutopun JUisi TPOBEACHUS 3aHATHM CEMHHAPCKOTO THUIA, WHIUBUAYAIbHBIX U
TPYIIIOBBIX KOHCYJIbTAIlM, TEKYIIIETO KOHTPOJISA U IPOMEKYTOUHOM aTTECTALNH.

[Tomerienust 11 caMOCTOSITENILHONH paboThI, OCHAIEHHbIE KOMIBIOTEPHONH TEXHHUKON U
JOCTYNIOM K ceTH VIHTepHeT, B 3JIEKTPOHHYI0 HMH(OPMAalMOHHO-00pa30BaTeNIbHYIO Cpely U K
UH(POPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

15. Uupopmanust o paspadoTyuke
UypuxoB Bukrop AHaTonbeBuY, KaHl. GU3.-MaT. HAyK, IOIEHT, Kad. reoMeTpuu
TI'Y, noueHT.


http://www.fipm.ru/
http://www.mathnet.ru/index.phtml/?option_lang=rus
http://eqworld.ipmnet.ru/indexr.htm
http://www.imath.kiev.ua/~golub/rmsites.html
http://lib.mexmat.ru/
http://matcreative.ru/sayt-matematicheskie-etyudy
http://pco.iis.nsk.su/grapp/
http://www.fractalworld.xaoc.ru/
http://www.ph4s.ru/programs_4.html
http://forum.ru-board.com/topic.cgi?forum=5&topic=4633&start=1960
http://arxiv.org/
http://dmvn.mexmat.net/geometry.php
http://mathnet.preprints.org/
http://mms.math-net.ru/
http://www.mccme.ru/pdc/
http://vak.ed.gov.ru/
http://www.edu.ru/index.php
http://elibrary.ru/
http://www.ph4s.ru/index.html
http://www.ph4s.ru/programs_4.html
http://math.ru/lib/
https://www.math10.com/ru/vysshaya-matematika/
http://nuclphys.sinp.msu.ru/
http://www.indigomath.ru/
http://всеформулы.рф/
http://формулыпофизике.рф/
https://sciterm.ru/spravochnik/atomnaya-fizika-formuli/
https://spravochnick.ru/fizika/atomnaya_fizika/atomnaya_fizika_osnovnye_ponyatiya_i_formuly/
https://spravochnick.ru/fizika/atomnaya_fizika/atomnaya_fizika_osnovnye_ponyatiya_i_formuly/

