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1. Iesap 1 n1aHUpPYyeMBble Pe3yJbTAaThl 0CBOCHHUS JMCIHUILIMHbBI (MOXYJIsT)

Iesnbro 0CcBOEHMS JUCLMIUIMHEI ABIsETCA (POPMUPOBAHUE CIEAYIOIIUX KOMIETEHIUI:

— OIIK-1 — CriocobeH NpUMEHSTh €CTeCTBEHHOHAYYHBIE M OOLICHMH)XCHEPHBIC 3HAHMA,
METO/bl MaTEMaTHYECKOTO aHAIN3a U MOJIEIMPOBAHUS, TEOPETHUECKOTO U 3KCIIEPUMEHTAILHOTO
UCCIIEIOBaHMS B TPO(PECCUOHATLHON IEATEIIEHOCTH.

PesynpTaTramMu OCBOEHUS TUCLMILIMHBI SBISIOTCS CIEAYIOIINE UHIUKATOPBI JOCTH)KEHUS
KOMIIETCHIIUMN:

— HOIIK-1.1. - O06mamaer HEOOXOAUMBIMA €CTECTBECHHOHAYYHBIMU u
OOIIENHXEHEPHBIMH 3HAHUSMH IS UCCIIETOBAaHHUS HH()OPMAIIMOHHBIX CUCTEM M UX KOMITOHEHT;

—HWOIIK-1.2. Hcnone3yer (yHIaMEHTadbHBIC 3HAHUS, IMOJIYYEeHHbIE B 00JacTH
MaTeMaTHYECKUX, C€CTECTBEHHBIX W  OOLICHMHXXCHEPHBIX HAayK B  MNpodecCHOHATHLHON
NeSITEIbHOCTH.

—HOIIK-1.3. [lpumenser QyHaaMeHTaIbHbIC 3HAHUS, MOJyYeHHbIE B 00JacTH
MaTeMaTHYECKUX, €CTECTBEHHBIX M OOILEHMH)KEHEPHBIX HAyK A MOJEIMPOBAHUSA M aHaIU3a
3a1a4

2. 3a1a4u 0CBOEHUS JMCUHUIIIMHBI

— OcBouTh MeTOJIbl pelieHus cucteM JIuHelHbIX anredpanyecKux ypaBHEHHM M 3ajad
AHaJIUTHYECKON N€OMETPUH.

— HayuuThcst mpUMEHATH MOJMyYCHHBIE TEOPETHYECKHE 3HAHMA Ui (HOpMYTHPOBAHHUS
3ajiay M JUId peleHns IPaKTUYECKUX 3a/1a4 B IPO(HECCUOHAIBHON AESTEIbHOCTH.

3. MecTo AMCUMIIMHBI B CTPYKTYpe 00pa30BaTe/IbHON NPOrpaMMblI
JlMcuuIuInHa OTHOCUTCS K 0053aTeJIbHON 4acTH 00pa3oBaTeIbHOM POrpaMMmBl.

4. CemecTpbl ocBOeHUSI H GOPMBI MPOMEKYTOYHOM ATTECTAIMM MO TUCIHUIITHHE
Cewmecrtp 1, 3auer.
Cemectp 2, 5K3aMeH.

5. Bxoanble TpeGoBaHus 111 OCBOEHUSI TN CUUIIIMHBI

JInst  yCHEmrHOTO OCBOCHHSI JUCHMIUIMHBI TPEOYIOTCS TEOPETHYECKHE 3HAHUA U
MPAKTUYECKUE HABBIKM 10 CIEAYIOLIIUMM JUCLUUIUIMHAM: IIKOJBHBIA KypC MaTeMaTHKH,
MaTeMaTHYeCKHUI aHaIn3.

6. SI3bIK peanuzanun
Pyccknit

7. O0beM TUCUMIIMHBI (MOLYJI51)

OO01mmas Tpy10eMKOCTh TUCIUTUIHHBI COCTaBIseT 6 3.e., 216 4acoB, U3 KOTOPHIX:
— JIeKnuu: 64 u.;

— MPaKTHYECKUE 3aHATUS: 64 u.;

O0beM caMOCTOSATENbHOM paObOTHI CTYIEHTA OIpeIeNieH YIeOHBIM IJIaHOM.

8. Conep:xkaHue TMCHUILIMHBI (MOYJIsl), CTPYKTYPHPOBAHHOE M0 TEMaM

Tema 1. J/Iuneiinas anaredpa.

Martpuubl. OcHOBHBIE NOHATHSA, Kiaaccupukaumus. [lonsartme Mmarpuupl. 3HaueHue
MaTpUll Ui MaTeMaTHUKU U ecrecTBo3HaHusA. domel 3ammcu MaTpui (... pacnucaHHas, B
KOMIIOHEHTaX...). OCHOBHBIE CTPYKTYpHBIE COCTABIISIIOIIME MATPHUIl. 3JIEMEHTBI, CTPOKH,
CTOJOIBI, TTIaBHAA (TIpsiMasi) MAroHaNb (AMaroHalbHbIE JIEMEHTHI), HEJUaroHaIbHbIE SJIEMEHTHI
u moboyHas (Kocas) AWaroHandb. Maremarudeckass TpHpoOJa  DJIEMEHTOB  MAaTpPHIL:
JeMCTBUTENIbHBIE WM KOMIUIEKCHBIE YHCIa, (DYHKIUH, BEKTOPBI, MAaTPUIIbI, OINEPATOPHI...
[TogmaTpunbl (cyOMarpuiibl, 670ku). PasmepHocTh (pa3mep, MOpsI0K) MaTpHI] (KOJIMYECTBO
CTpoK H cTonOuoB). KoHeunsle u OecKOHEYHBbIE MaTpHIbl. BHIBI MaTpuUIl: MPSMOYTOJIbHBIC
Matpuilpl (MXN), Marpuia-crpoka (crpounas) (1xn) u matpura-cronoen (nx1) col (a, ay, ... an)



(crombuesas, cronber) (MX1) — BekTOphl. JlMaroHaabHbBIE MATPHUIBI (BCE HEIUMArOHaJbHBIC
3JIeMeHTHI paBHBI Hy0) diag(ais, az, ... , ann). KBagparasie marpuisl (NXN) (pa3mep, MOPSIIOK)
KBaJIpaTHON MaTpUIIbI (YUCIIO CTPOK (cToa010B)). CKanspHble MaTpullbl. EquHNYHas MaTpula.

YucnoBbie Marpuipl: neiictButenbhbie (A = ReA) u komiiekcHbie (A = ReA +i1ImA,
IMA #0). [TonoxurensHble (ACHCTBUTEIBHBIC MATPHIBI C IMOJOXKUTEIHHBIMH AJIEMEHTaAMHU) U
HEOTpULIATENIbHBIC MATPHILIBI (AEHCTBUTEIbHBIE MATPULIBI C HEOTPULIATEIHHBIMH YJIEMEHTAMHU ).

Onepanuu Haa Matpunamu. CiokeHue, yMHOKEHUE Ha YUCIIO0, TPAHCIIOHUPOBAHKE

PaBenctBo marpunr (matpuiisl A u B Ha3bBaloTCs paBHBIMH, YTO 3aIMMCHIBAETCS KaK
A =B, eciu OHU UMEIOT OJIMHAKOBYIO Pa3MEPHOCTh M MX COOTBETCTBYIOIIME 3JIEMEHTHI PaBHbI
ajj = bjj ). OTHOILIEHNE PaBEeHCTB MATPUIL SABISIETCS OTHOILICHHEM YKBUBAJICHTHOCTH.

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

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

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

A+0=0+ A=A cymecTBoBaHHE HYJIEBOIO (KOMMYTAaTUBHON €IMHHUIIE) DIEMEHTA
(yn);

A+(=A)=0 wm (A—A=0) cyiecTBOBaHHE OTPHUIATEIHLHOIO »3JIeMEeHTa, —A —
MIPOTUBOIIOJIOXKHAS (AJAUTUBHO OOpaTHAas) MaTpUIIA.

YMHOKEHUE WK JeNIEHUE MaTPUIIbl HA YHUCTIO:

1A = Al = A yMHOXEHUSI MAaTPHUIIbI HA ETUHUILY;

a(BA) = (ap)A acconnaTUBHOCTH (COUYETATEILHOCTH) YMHOKEHHSI BEKTOPA Ha YKCJIO;

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

a(A + B) = 0A + BB muctpubyTHBHOCTD (pacHpeIeIuTeIbHOCTD);

oA = Ao KOMMYTaTUBHOCTh (II€PEMECTUTENBHOCTb, IE€PECTAHOBOYHOCTb) YMHOXECHUS
BEKTOpPA Ha YUCJIO.

YeTpipe CBOWCTBA KOMMYTAaTHBHOW TPYIIBI OTHOCHUTEIBHO ONEPAIMH CIIOKEHHUS U
HEepBbIE YEThIpE YTBEP)KIACHUS CBOMCTB YMHOMKEHHUS MATpHIl Ha YUCIO COCTABISIOT BOCEMb
AKCHOM JIMHEHHOTO TIPOCTPAHCTBA.

TpaHCHOHI/IpOBaHHHe MaTgI/IuLI (AT=A=A="A, (A.J) = Ajj) 1 ux cBoiicTBa (AN = A;
(@A) =0A"; (A+B) =B"+A"). Cummerpuueckas (A=A') U aHTHCHMMETPHYCCKHE
(xococummertpudeckue) (A = —AT) MaTpUIbI.

Onpenenurenn mMarpun. Boluucienue u cpoiicrBa. Omnpenenutens (AETEPMHUHAHT)
KkBajpaTHOI MaTpuibl. Dopmel 3anucu A =detA=DA=|A|.

[IpaBuiia Berurcnenus onpeaenuteneid. [Ipumeps! BerarcieHus onpeaenurenei 2-ro u 3-
ro nopsakoB. OCHOBHas TeOpeMa O BBIYMCICHHM ONpEeAeTUTeNei (OmpenenuTenb MaTPULbI
paBeH cymMMe MPOU3BEACHUM AJIEMEHTOB JHOOON CTPOKM Ha MX alnreOpanyeckue JTOMOJTHEHHS).
Onpenenurens UMeeT N! WIEHOB, KaX/Ibli U3 KOTOPHIX UMEET N COMHOXHTENEH M3 3JIEMEHTOB
Marpuil. Matpuiia A BbIpoXKIeHHas (ocoOcHHas, CUHTYJspHas), ecnu detA = 0. Marpuna
BBIPOYK/IEHHAs TOTAA M TOJIBKO TOT/A, KOT/la Y He€ eCTh JJMHEWHO 3aBUCUMBIE CTPOKH (CTOJIOBI).
Marpumia A HeBbIpOXaeHHass (HeocoOeHHast, peryaspHas), ecnu JetA#0. Marpuma
HEBBIPOXKJIEHHAss TOTJa M TOJBKO TOI/a, KOorga y He€ Bce CTpPOKH (CTosObl) JIMHEHHO
He3aBUCHMBI. Teopema: B kBajapaTHOW MaTpulle KOJHMYECTBO JIMHEHHO HE3aBUCHMBIX CTPOK
pPaBHO KOJHWYECTBY JIMHEHHO HE3aBUCHUMBIX CTOJOIOB. MHEMOHHMYECKHE TpaBWiIa JUIS
BBIYUCIICHUS ONpeAeuTeNel 3-ro mopsaka.

CpoiicTBa onpeneauresieii: 1. [lpu TpancmoHUpOBaHUU MaTpPULIBI €€ OMpPENEIUTENh HE
mensiercst detA = detA’.

2. 1lpn mepecTaHOBKE JABYX CTPOK WJIM JIBYX CTOJIOIIOB MATPHIBI €€ ONpeIeIuTeNb
MEHSIET 3HaK Ha MPOTUBOIOJIOKHBIN (CBOMCTBO aHTUCUMMETPHH).

3. OOmmii MHOKUTEITH CTPOKHU WIIM CTOJIOIa MAaTPHUIIBI OTPEICITUTENS MOYKHO BBIHECTH 32
3HAK OMpPEACTUTE.

CnenctBue: Ecnm y maTpuiel eCcTh HYJEBOM CTOJIOEIl WJIM HyJIeBas CTpOKa, TO €€
OTIpENIeIUTENb PABEH HYIIO. ..



4. Ecnu B MaTpulle €CTh JIMHEIHO 3aBUCUMbIE CTPOKH MITH CTOJIOIBI, TO €€ ONpeeTuTeNh
paBeH HYIIO.

5. Ecnu k cTon0uy uian cTpoke NpuOaBUTh APYTOd CTONIOEI] WIIH CTPOKY C IPOU3BOIBHBIM
MHO>KUTEJIEM, TO ONPECIUTENb MATPHUIIBI HE U3MEHUTCS.

6. Ecu cTpoka wiu cTo0er MaTpuIlbl MOXKHO TPEACTaBUTh KaKk CYMMY JIBYX CTPOK HIIU
JIBYX CTOJIOILIOB, TO OMPEAEIUTEb MAaTPUILIbI Oy/IET paBeH CyMMOM OMpeesuTeNei IByX MaTpHlLL.

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 Marputie A.

YMmHo:xkeHue ¢ maTpul. YMHoxenne AB. Onepanust yMHOKEHUSI MaTPULL OIIpeiesieHa,
eciu MaTpulbl cueruieHbl. CrerieHHble MaTpulbl (Matpuiisl AB HasbIBaloTCs CIETIEHHBIMU,
€CIIM YHCIIO CTPOK MaTpullbl A paBHO yucity cToiOnoB mMarpunsl B. CuerieHHOCT MaTpull B
noceoBarebHOCTH AB He 3HAUUT UX CIETUICHHOCTH B 00paTHOM HampasieHuu BA).

[lepecranoBounbie  (komMmytatuBHble) (AB=BA) u He  mnepecTraHOBOUYHBIE
(nexommyTatuBHble) (AB # BA) MaTpuiibl OTHOCUTETFHO YMHOXEHHS (IPUMEUaHue: oreparus
YMHOXXEHHUE JUISI MaTPHIl MOKET OBITh OTpeseieHa mpu oaHOM nopsake BA u HeompeneneHHa
npu japyrom AB). Eciu yMHOXEHUS J[UIsi MaTpHIl ONPEIesieHO, TO OHO acCCOIMATHBHO
(AB)C = A(BC). IIpousBenenue Marpuibl-ctonona (Nx1) ©Ha Marpuiy-ctpoky (1xn) u
HaoOopor. [lpousBereHue KBaapaTHOH Marpuiel (NXN) Ha Matpuiy-croiber (nNx1).
[TpousBenenne Marpuubl-cTpoku (1XN) Ha kBagpaTtHyro wmartpuiy (Nxn). Onepauuu Hax
KBaJpaTHBIMU MaTPHUIIAMHU U UX CBOMCTBA.

Ymuoxxenue 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).

HexomMyTtaTtuBHas rpynmna yMHOKEHHUS KBAJAPATHBIX MaTPHI] OJHOW pa3sMEepHOCTH:

(AB)C = A(BC) accomnuaTHBHOCTb (COYETATETBHOCTH) YMHOXKECHUS;

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

AAT=ATA=1 CYLIECTBOBaHHE 0OPATHOTO JIEMEHTA;

AB°# BA HeKOMMYTaTUBHOCTb (HE EPECTAHOBOYHOCTh) YMHOKEHHS.

OTH CBOWCTBa TOBOPSAT, YTO ONEpalyss YMHOXECHHS KBAJPATHBIX MAaTPHUI] OJUHAKOBOM
pasMepHOCTH 00pa3yloT HEKOMMYTATUBHYIO (HealelleBy) IpyIy.

Anrebpanyeckasi CTPYKTypa BCEX KBAJIPAaTHBIX MaTPHUI] OJHOTO TOPSIKa OTHOCHTEIHHO
OTepalru CIOKEHHS U YMHOXKEHHsI 00pa3yloT (accolMaTUBHBIE) KOJIbIIA.

OOpaTtHble MAaTpPUIIBI OTHOCUTEJILHO OMNEpPalid YMHO:KeHHsl. Bblumcienue wu
cBoiicTBa. O6paTHble (MyIbTHIUTMKATHBHO 0OpaTHbe) Marpuisl A ' mms matpumst A (AA
'=AtA=1; (AB)f1 = BflAfl). BoipaxkeHue oOpaTHBIX MaTpHUIl 4epe3 AOMOJHUTENbHbIE (A~
! = (detA) (AP)"). OGpariMble 1 HEOGpAaTHMBIC MATPHIBI M HX OIpEISIHTENH. KOMILIeKCHO-
conpskéHnple  (compsokeHHble)  Matpuibl (A =ReA +ilmA — A = ReA—ilmA; A= A?.
ConpskeHHBIE  (9)PMHTOBOCOTIPSKEHHBIE, —camoconpskeHHbie) (A =A*) (A*=A'=A";
A** = A, (AB)* = B*A*). AHTHUIPMHTOBBI (KOCO3PMHUTOBBI, aibTepHUpytommue) (A =—-A%*)
maTtputibl. Hopmanbhbie matpunsl (A*A = AA*), T.e. KOMMYyTaTUBHbIE (IIEPEMECTUTEIHHBIC)
OTHOCHUTEJIbHO YMHOXEHHS CO CBOMMH COMpPSDKEHHBIMU MaTpuiiaMud. O CBEIEHUH HOPMAaJIbHOM
MaTpHIbl K aparoHambHoil. KowTparpammentnas matpuma ((A*)™'=(AN™). Cneumanshsie
matpuilbl  (detA =1). OproroHaiabHbIe (AT = A_l, ATA=AAT= 1; He BBIPOXKACHHBIE C
detA ==+1), yHHUTapHBIE MAaTPHIIBI (AT =A*! A*A = AA*= 1) u yHUMOIYyNsApHBIE
(crieranbHble  yHUTapHBIE, T.¢. detA=1 u AT = A*1). Bossencuue B eIyl CTEeNneHb
KBaJIPaTHBIX MAaTPHI] U CYyMM KBaJpaTHBIX MaTPHII.

Panr marpuubl, onpenenenue, cBOiicTBa U cOCO0OBI ero BhluMcaeHHsA. [loHsATHE M
OIpe/ICTICHUE paHra MpOM3BOJILHOW MaTpuilbl rangA = rankA= ra. Panr matpuiipl omnpenenser



MaKCHUMaJIbHOE YHCIIO JIMHEHHO HE3aBUCHMBIX CTPOK (CTOJOLOB). PaHr MaTpHIibl HaXOAUTCS C
KOJIMYECTBOM CTPOK M ¥ CTOJIOIOB N B cooTHOIIeHnu rangA <min(m, n). CoiicTBa paHra: paHr
MaTpHIIBl HE MEHSETCS IPU MEePECTaHOBKE JABYX CTPOK (CTOJIOIOB); paHT MAaTPHIIBI HE MEHSETCS
IIPU YMHOKEHUU CTPOKHU (CTOJNIOIIa) HAa YUCIIO HE PABHOE HYJIIO; PAHT MAaTPUIbl HE MEHSETCS MPU
CIIOKEHMM 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 MaTPHIIL.

ba3ucHbIl MUHOpP MaTpHIlbl, ’TO MUHOP HAMBBICIIErO MOPSAKAa HE PaBHBIA HYIIIO, T. €.
paBHBII paHry Marpunbl. CTPOKM M CTOJNOLBI 0a3MCHOTO MHUHOpA HAa3bIBAIOTCS Oa3MCHBIMU
CTPOKaMU U CTOJIOLIAMHU.

Cucrembl JuHeiiHbIX ypaBHeHuii. Kiaaccupukamusi u  cmoco0bl  pemieHHil.
OrnpezenieHne cUCTEM JIMHEHHBIX ypaBHeHUH. Kiaccudukanys cucTteM JIMHEHHBIX YpaBHEHUH.
OpnnHopoaubie (03 TpaBoi 4acTW) M HEOJHOPOIHBIC (C MPABOM YACTHIO) CUCTEMBI JTUHEHHBIX
ypaBHEHMIA. MaTpu4uHas 3amuch JTUHEHHBIX ypaBHeHui (AX =Db, A - marpuna ko3 uIHeHTOB
CHCTEMBI, X — BEKTOp HEU3BECTHBIX CHUCTEMbI, D - BekTOp cBOOOAHBIX wieHOB). OCHOBHAs U
pacHIMpeHHass MaTpULbl CUCTEMbI JMHEHWHBIX ypaBHeHMH. Poib ompenenurtens marpuulbl Npu
HaXOXJEHUU KOpPHEM CcHCTeMbl ypaBHEHHI. BBIpOXKJIE€HHbIE U HEBBIPOXKJACHHBIE CHCTEMBbI
JUHEHHBIX ypaBHeHUH. JluHeiiHas BBIPOXKAEHHOCTh CTOJIOIOB WM CTPOK MAaTpHUIIBI,
BBIPOXKJIEHHOCTDb ONPEEIIUTENS.

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

Pemienue cucreM JIMHEHHBIX YPABHEHMl M MATPHMYHBIX YPAaBHEHHH MeTOI0M
o6patHoii MaTpuubl. Merox obparHoii Marpumsl (AX =b = x = A*b): Ecin detA #0, to
CHUCTEMa UMEET €JUHCTBEHHOE PEILICHHE.

Pemenne cucrem JmHelHbIX ypaBHeHuili MeronoM Kpamepa. Meron (dopmyiibl)
Kpamepa (X; =Dj/detA, Dj— wmuHOpbl, mnonyvarommecs u3 detA nyréM 3aMeHbI
COOTBETCTBYIOIIMX CTOJIOIIOB MAaTPHIIbI OMPEAETUTENs, CTOJIOOM mpaBbix yacted (Ecmu A —
HeBhIpOXKAeHHass Marpulia (detA # 0), a crosber MpaBbIX yacTell HE HYJCBOM, CHCTEMa HMeEET
onHo pemenne; Ecnu detA = 0 — cuctema He uMeet peuienuil; Eciu crosnber mpaBbix yacTei
HYJICBOil, TO CHCTEMa HMMEeT EIUHCTBEHHOE HyJeBOe peleHue, s ciaydas detA#0 u
OECKOHEUHOE YMCIIO pelieHuit s ciuy4das detA = 0).

Teopema Kponexkepa — KaneJsn.

BexTopsbl. ['eomMeTpruueckoe u anredpanyeckoe npeacTaBieHue BEKTOPOB.

Cucrembl KoOOpAMHAT B TpEéxMepHOM mnpocrpaHcrBe. (CHcTeMBl KOOpAMHAT B
TPEXMEPHOM IIPOCTPAHCTBE: MPSIMOYTOJIbHAA (AeKapTOBa), LWIMHAPUIECKast, chepruuecKas.

CkaJiipHbIe M BEeKTOPHbIE BeJIMYHHBbI. [[0HATHE CKANSIPHBIX U BEKTOPHBIX BEJIMYHUH.

['eomerpuueckoe u  anrebpanyeckoe (MaTpUYHOE) TMPEJCTABICHUE  BEKTOPOB.
Koopnunater BekTtopa. Ilpoekumu Bekropa. OmnpezneneHue BekTopa. JUIMHA (MOIyJdb) U
HanpasiieHue. CBOMCTBa MOJYJS: MOJIOXKUTEIBHOCTh, OJHOPOJHOCTh (YMHOXKEHHE Ha YHCIO),
HEpaBEHCTBO TpeyroibHUKa. KosmHeapHble W KOMILIaHapHble BekTopa. CtaHnmapTHas ¢opma
BekTopa. [loHsATHE NMHEMHONW KOMOMHALMKW BEKTOPOB. YCJIOBUE JIMHEHHOW HE3aBUCHUMOCTHU
CUCTEMBI BEKTOPOB. YTosl Mexay BekTopamu. CpolicTBa mpoekuuid. Teopema O IpOEKLHUH.
CkanspHoe Npou3BEICHUE BEKTOPOB M €ro CBOWCTBA: JUCTPUOYTUBHOCTH, KOMMYTaTHUBHOCTD,
OJIHOPOAHOCTB, ITOJIOKHUTEIbHAS ONPEAETEHHOCTD.

Onepauuu HaJ BEeKTOpaMH. Y MHOKEHHE HA YHUCJIO U CJI0KeHue. JIMHEHbIe onepanu
HaJ BEKTOpaMHU: CIIOKEHHWE U BBIYMTAHHE BEKTOPOB, YMHOJKEHHE BEKTOpa Ha 4YMCIIO, pa3HbIE
yacTHble ciiydad. Omnepaluu HaJl BEKTOpaMHu B KoopAuHaTHOH (opme. CKalsipHOE YMHOKEHHE
BEKTOPOB B Ir€OMETpUYECKOll u B anreOpandeckoil popme. CBONCTBA CKAIIPHOIO YMHOXKEHHUE
BEKTOPOB.

BexTopHOe mpou3BeAeHHe BeKTOPOB. BeKTOopHOE MpoM3BEACHHE BEKTOPOB B
reOMETPpUUYECKON U B anredpandeckoit popme. ['eomeTpuueckuii CMBICT U CBOMCTBA BEKTOPHOTO
IIPOU3BENICHUS BEKTOPOB.



CMmemanHoe mNpou3BeleHHe BeKTOPOB. (CMelIaHHOE IPOU3BEACHHUE BEKTOPOB, €r0
CBOICTBA M TEOMETPUYECKHN CMBICI. JIBOMHOE BEKTOPHOE MPOW3BEICHHE M €ro CBOMCTBA.
OproroHanbHblli, HOPMUPOBAHHBIE U OPTOHOPMHUPOBAaHHBIE CHCTEMBI BEKTOpOB. baszuc u
pa3JoXeHue BeKTopa 1o 6asuc.

Jluneiinble mnpoctrpancTBa. JluHelinsle omeparopsl. Slapa u gedexkr aMHEHHOTO
onepaTopa. CoOCTBEeHHbIEC 3HAUYEHUS U COOCTBEHHBIE BEKTOPHI JIMHEHHOTO omeparopa. CrekTp
oneparopa. KoapunmenTsl XapakTepUCTUYECKOrO ypaBHEHHUS. M3oMoppu3M JTHUHEHHBIX
MIpOCTpaHCTB (ompeneneHue u reopema). Mzomopdusm.

Tema 2. AHaJMTHYECKAS TeOMeTPHA

IIpsiMasi Ha MJIOCKOCTH: pa3jIM4YHbIe BHAbI YpaBHeHHH. [IpsMas nponopuuoHanbHas
3aBUCUMOCTh U €€ rpaduk — mpsmas auHusA. [IpsMas TUHHS Ha TUIOCKOCTH: PAa3IUYHbIC BHUJIBI
ypaBHeHui. YacTHsiil cinyyaid, C=0. Yacthsiil cnyuyaid, A=0. YactHblii ciydaii, B=0.

YpaBHeHHe IPAMOi ¢ yriaoBbIM K03 duumentom. TaHreHnnanpHOe ypaBHEHHE MPSIMOH.
HopmansHOe ypaBHEHUE IPAMOU.

YpaBHeHHe IPSIMOM, IPOXOASILIei Yepe3 ABe 3aJJaHHbIe HeCOBNAJAI0LINEe TOYKH.

[Tapamerpuueckoe ypaBHeHue npsMoil. Ilapamerpuueckoe ypaBHEHME MpsIMOM B
BEKTOpHOU (opme. YpaBHEHHE NPSAMON MPOXOAALICH depe3 3aJaHHYI0 TOUYKY U IMapajuleIbHO
HaIpPaBIIOIEMY BEKTOPY. Y paBHEHHE NIPSIMOM B IIOJIIPHBIX KOOPAUHATAX p U .

OcHoBHBIC 32Ja4M HA NPAMYI0 H TOYKHM. PaccTosHue Mexay AByMs TOYKAMHU B
JIEKapTOBOM cUCTEME KOOpAMHAT. OTKIOHEHHE U PACCTOSHUE TOUYKU N0 NPSAMOM. YpaBHEHHE
IPSAMOM, NPOXOIAIIEH 4Yepe3 TOYKY IapajulelIbHO 3aJaHHOM NpPSIMOW. YpaBHEHHE IPSMOH,
NEPIECHIUKYJIIPHON 3aJaHHOM MpsAMOM M MNPOXOAAIIEH uepe3 3afaHHyro Touky. [Ipsamas,
IPOXOJAIIMX Yepe3 TOUKY M0J] PUKCUPOBAHHBIM YIJIOM 0 K OCH X.

B3anMHoe pacmoJioikeHHe JABYX NPSIMBIX HA INIOCKOCTH. Touka IepecedeHus IBYX
npsAMbIX. B3anMHOE pacnonokeHWe TOYeK M IOPSIMBIX Ha IUIOCKOCTH. B3amMooTHoOIIeHue
IPSAMBIX Ha IJIOCKOCTH. ToYKa mepecedeHrs MPsIMBbIX ONPENENSICTCS PEIIEHUEM 3TOM CUCTEMBbI
YpaBHEHUHN. YTOJI MEXKIY ABYMS IPSAMBIMHU. Y paBHEHHE MPSMOM, MEPIECHAUKYIAPHON 3alaHHON
OpsAMON. YpaBHEHHE IPSAMOM, NEPHNEHAUKYJIAPHOE NaHHOW MPSAMOM U MNPOXOIALIEH uepes
3a7anHyio Touky M(Xo, Vo).

IInockocts B mpocrpancTBe. [lnockocTs. YpaBHeHus miockoctH. OOliee ypaBHEHHE
(monHOE) TUIOCKOCTH. YpaBHEHHE IIOCKOCTH B OTpe3Kax. TaHTreHLHaIbHOE YpaBHEHHE
IUIOCKOCTH. BekTopHOe ypaBHeHue miockocTH. HopmanbHoe (HOPMHMPOBAHHOE) ypaBHEHHE
MJIOCKOCTH. YpaBHEHUE B BEKTOPHOH (popMme. YpaBHEHHE TIIOCKOCTH, MPOXOIAIIEH Yepe3 TOUKY
NEPHEHAUKYJIAPHO BEKTOPY HOPMAJIM. YPaBHEHUE IUIOCKOCTH, IIPOXOMSILEH dYepe3 Tpu
3a/IaHHBIC TOYKH, HE JIeXKAIIMe Ha OJHOM npsmoi. [lapameTpudeckoe ypaBHEHHE MIIIOCKOCTH.

Ilpssimasi B mnpocTpaHCTBe. YpaBHEHUE IPSIMOM B IIPOCTPAHCTBE IO TOYKE U
HampasJsironieMy BekTopy. [lapamerpuyeckoe ypaBHEHHME MNpPAMON. YpaBHEHHE NPSMOW B
IIPOCTPAHCTBE MPOXOAIIECH Yepe3 3aJaHHYyl0 TOYKY B HAIIPAaBICHHUM 3aJaHHOIO BEKTOpA.
Kanonuueckue ypaBHeHHE IPSIMON B IPOCTPAHCTBE (IIpsiMasi, IPOXOJsIias yepe3 1B 3a/laHHbIe
TOYKHM). OTKIIOHEHHE U PACCTOSTHUE TOYKHU J0 MIIOCKOCTH. YTOJI MEXIy IByMs mpsMbiMu. OO1iee
YpaBHEHUsI MpPsIMOM JIMHMM B IPOCTPAHCTBE Kak IepecedeHue Iuiockocted. KaHoHnueckoe
ypaBHEHHMS IPSIMOI TMHUM B TIPOCTPAHCTBE, MOJTy4yaeMoe U3 OOIIEero ypaBHEHHs MPSIMOH.

Yron Mexnmy AByMs NPAMBIMH. YKIOHEHHE MU PACCTOSSHHE OT TOYKH JO MPSAMOA B
IIPOCTpaHCTBE. B3anMHOE pacmoioKeHUe ABYX MPSAMBIX B IIPOCTPAHCTBE, UX IpusHaku. [Iydox
mockoctel. CBsi3ka IUIOCKOCTEW. B3anMHOE pacrosnokeHue MpsMBIX M IUIOCKOCTEM, HX
NapaJUIEIbHOCTh U MEPIEHIUKYIAPHOCTh. B3auMHOE pacrnosioKeHue NpsMBIX B IIPOCTPAHCTBE.
B3anMHOe pacrionoeHne IIOCKOCTeN, X NEPHEHANKYIIIPHOCTh U MapajuieabHOCTh. [Ipn3Hakn
Y CBOMCTBA NapaJICNIbHBIX U IEPIEHIUKYIISAPHBIX INIOCKOCTEN. JIByrpaHHBIM yroil. Yol MEXIy
IJIOCKOCTSIMU. TeopeMbl O B3aMMHOM pPacIOJIOKEHUU IPSIMOM M IUIOCKOCTH. TeopeMa o Tpex
neprneHauKkyispax. [lepnenukynsp 1 HakIOHHAs K IVIOCKOCTH. YTOJ MEXKIY PSIMBIMU, IPIMOMN
U IUIOCKOCTHIO. [lmomiane OpTOTOHANBHOW TpPOEKIMH, TeopeMa o Hel. M3oOpaxenue
IPOCTPAHCTBEHHBIX (DUTYp, MX B3aUMHOE pacnojoxkeHue. PaccTosHue OT TOUKU A0 MIOCKOCTH,



OT MpPSAMOM 10 TUIOCKOCTH, PACCTOSTHUE MEXIy IUIOCKOCTAMHU, MEXAY CKPEIMBAIOIIUMUCS
OpsIMBIMU, MEXJy TNPOU3BOJNBHBIMU  GurypamMu B MHpocTpaHcTBe.PaccrosHue Mexnay
CKpEIMBAOIIUMHUCA TOpAMbIMU. PaccTosiHMe Mexay JIByMs TMpSMBIMH B IIPOCTPAHCTBE.
PaccrosiHne Mex 1y MIIOCKOCTSIMU B POCTPAHCTBE.

JInHuu BTOPOro nopsiaka.

dumune. dopMma 3IIUMIICOB B 3aBUCUMOCTH OT 3HauyeHUM napameTrpoB. CMeméHHOe
ypaBHEHUE Jdiuurca (ypaBHEHHE OJJUIMIICA CO CMEIIEHHBIM IieHTpoM). llapamerpuueckoe
ypaBHEHUE 3JuIMnca. JIMpeKTpUChl dJUIMICAa. YPABHEHUE 3JUIMIICA B MOJSIPHBIX KOOpAMHATAX.
KacarenbHast x smumncy. @okanbHblil napamerp uunca. OnTHYECKHE CBOWCTBA 3JUIMIICA.
Hekotopsle cBoiicTBa 3iuMNcCa. JJUIMIC KaK MPOEKUUS OKPYKHOCTH. JJUIMIC KaK CEYEHUS
KpYIJIOro HWIMHJpa. DJUIMIIC B TexHHUKe. Kak HapucoBaTh 3JuIHIIC.

OxpyxHocTh. KacarenbHas K OKpYKHOCTH.

I'unep6osaa. OCHOBHOH YeTHIPEXYTONBHUK. ACUMIITOTHI THIIEPOOJIBI.

Okcuentpucurer runepbonbl. DokanbHBIA mHapamerp runep6osibl.  ConpskEéHHAS
runepOona. ['mnepbona co cMeméHHBIM HeHTpoM. JlupekTpuchl Turepoonsl. [logoOHbIE U
codokycHple runep6onsl. Jupekrpucsl runepbonsl. PaBHoOounas rumep6ona. ['mnepOoia
npuBEIEHHAs K aCUMIITOTaM IYyTEM COBMEILEHHS KOOPAMHAT C aCUMOTOTAMU U IOJy4YCHHE
«IIKONBbHOU runepOomnsl». IlonspHoe ypaBHEHUE THUNEPOOBl. YpaBHEHHE TUNEPOONBI B
napamerpuueckoM Buze. KacarenbHas u HOpMmane K runepOosie. Xopabl M JIMaMETpPbI
runep6onsl. OnTuueckue cBoiicTBa runepOobl. [locTpoeHne runepOobl.

IMapa6oaa. Kanonmueckoe ypaBHEHHE Mmapaboibl. DJIeMEHTH mapaboisl. HexoTopsie
cBoiicTBa napabosnbsl. Dopma napadolibl B 3aBUCUMOCTH OT (POKaIbHOTO Mmapamerpa. Jupexrpuca.
CmeniéHHoe ypaBHEHHE Napaboibl (ypaBHEHHE Mapaboibl CO CMENMIEHHOW BEpIIMHOW. Bumpl
napabon. CummerpuuyHas mapabona. Comnpspk€HHas mapabona. I[IlpomonbHble mapabOoIIbL.
VYpaBHeHue smuica, runepOossl M mapaboibl B HOJSPHBIX KoopauHatax. KacarenpHas
napabone. «lllkonsHas» napabona. Teopema o miomaau. [lapabonuyeckas cuctema KOOpIUHAT.
Onrtuueckne cBoiicTBa napadonsl. [loctpoenue napabdossl. [TocTpoenne mapa®oibl MO TOYKAM.
[Tapabona B apxutekType. HeBbIpoKA€HHBIE KPUBBIE BTOPOTO MOPSAIKA B (PU3UKE.

OO01mee ypaBHeHHe KPUBBIX BTOPOI0 NMOPSAAKA. YpaBHEHHE KPUBOW BTOPOTO MOPSAIKA B
MaTpU4YHOM BHe. IHBapUaHTHI TMHUI BTOPOTO MOPSIIKA.

Kaaccudukanus aunuii BToporo nopsiaka. Csoaka GopmMyI1 IMHHUI BTOPOro NOpsIKa.

IIpeoOpa3zoBanne KOOPAMHAT Ha IUIOCKOCTH NYTEM CABHIOB H IOBOPOTOB.
[IpeoOpazoBanue ypaBHEHUs K IeHTpY. [lapamienbHblil mepeHoc JUisl YIPOLIEHUsS ypaBHEHUS
AMHUKA BTOporo mopsnaka. IIpeoOpa3oBanue ypaBHeHMH K oOcsIM cummeTpuu. IloBopot
OTHOCHUTENIbHO Haudana koopauHaT. OOmiee oOpatHoe Mpeodpa3zoBaHue, COUYETAIONEe CABUTH U
IIOBOPOTHI. MaTpHIIbl TOBOPOTOB.

IToBepxHOCTH BTOPOro MOpsAKa

IToBepxHocTH BTOpPOro nopsinka. Ob1iee ypaBHEHHE TOBEPXHOCTH BTOPOTO MOPSIIKA.

WHuBapnaHThl TOBEPXHOCTH BTOPOTO MOPSIKA.

DJUINIICOUbI, THIIeP00JIOUIbI, TapadoJIou], runepooanyecKnii mapadosaousa.

JIuHeilyaTble MOBEPXHOCTH.

Kaaccndukanns nopepxHocreii BTOporo nopsiaka

IIpeoOpa3oBaHne KOOPAMHAT B NPOCTPAHCTBE MYTEM CIABUIOB U IOBOPOTOB

Cnsurn koopauHaT. Matpunsl caBuroB. Addunable npeoOpa3oBanus. IIoBOpOTHI
(Bpamienus) koopauHat. [IoBopoT BOKpYr OocH X B OTPHIIATEIHLHOM HAINpaBICHUU (110 YACOBOM
ctpenke). [IoBOpOT BOKpPYT OCH Y B MOJOXKHUTEIHHOM HAIlPaBICHUU (TIPOTUB YACOBOM CTPEIIKM).
[ToBOpOT BOKpYr OCHM Z B OTpUILIATEIbHOM HaIlpaBIeHWU (IO YacOBOM cTpenke). Marpuilbl
IIOBOPOTOB.

Yrasl Jitsiepa. Pusnyeckue CIEACTBUS BpalleHUAd B TPEXMEPHOM MPOCTPAHCTBE
¢usnueckux Ten. CoOCTBEHHOE BpalleHHe, HyTauuss M npereccus. Kommosunus matpuiibi
MIOBOPOTOB Ha YTJIbI Dilsiepa.

9. Tekymmii KOHTPOJIb MO AUCIHUIIHHE



Texkymuii KOHTpOJb MO AWCIHUIUIMHE MPOBOAUTCS MYTEM KOHTPOJIS IOCEUIAeMOCTH,
MPOBEJCHUS KOHTPOJBHBIX PabOT, TECTOB MO JEKIHOHHOMY MaTepHaly, BHIITOJTHEHUS JOMAIIHUX
3a1aHuil U PUKCUPYETCS B POopME KOHTPOJIBLHON TOYKH HE MEHEE OJTHOTO pasa 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.

IIpumepHbIii IEpeYeHb TEOPETHYECKUX BOIIPOCOB
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 MaTpUIBl OTHOCUTENILHO ONEepaluy YMHOKEHMsI. Beruucienue 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 ypaBHEHU MeToaoM 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 JMHUA 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, rUnepOoson isl, mapadoon 1, rTunepooInyecKii mapadoaoua
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. Beruncaute mionaap napamuiesiorpaMMa, CTOpOHbI KOTOPOTo 00pa30BaHbl BEKTOPAMHU
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 mapasiesiorpaMMa, €Ciid €ro CTOpOHbI 00pa30BaHHBI BEKTOPAMH
a=3i+j-k, b=2i-3k, c=i+j+k
3anpaua 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 €€ SKCIIEHTPUCHUTET 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 AByMst psiMbiMu 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.
3agaya 12. Haiitu yron Mexay TJIOCKOCThIO 2X-Y-2Z-1=0 u mpsiMoii, poXoAsiei 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=l2 1 2
1 1 2

x—3: y—2: zZ-5 "

3agauya 14. HaiiTu TOuKy nepecedeHus ¥ yroJl Mexay IpsMoi 1 .

mIockocTeto X + Y —Z + 3=0.
3anaua 15. Haiitu obmiee u pyHIaMEHTATBHOE PEIICHUE CUCTEMBI

2x4 4+ 3x3= xo + x4y— X5,
4.1:1 -|- X3 = 21? - 214 — 21‘5.}

3amaua 16. Haiiti ypaBHeHUe rHIIepOOIIBI, (POKYCHI KOTOPOIi j1exar B Toukax Fi(-2, 4) u

F2(12, 4), a nmuHa MEUMO# ocH paBHa 6.

3amaua 17. Haiitn 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. Hamucare ypaBHeHHE NpsiMoid, ipoxoasmie yepe3 Touky A(1, 0, -3) u mapamiensHo
MPSIMOM, 3aJTaHHOM TTOCKOCTAMHU X+2Y-Z+3=0 u 3X-y+4z+2=0.



3amaua 19. Hanmcath ypaBHEHHUE MPsIMOH, ipoxoasieit yepe3 Touky A(L, 0, -3) u mapamienbHo
PSIMOM, 3aJaHHON TUTOCKOCTAMH X+2Y-Z+3=0 u 3X-y+4z+2=0.
3amayva 20. SIBnAIOTCS 1M MATPMIIBI B3AMMHO OOPaTHBIMU

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

0 0 0 | oo 0 |
2X+y—-6=0,
—-5y-2z-8=0
OHHM HE TIapaJuIeTIbHbI, HANTH TOYKY UX MepPeCeUCHUSI.
3anaua 22. Haiitn (A+3B)2, eciu A u B matpuna

3anaua 21. Haiitu yron Mexy npsiMoi { Y TJIOCKOCTBIO 2x+4y+2z-2=0. Eciin

14 7 -2 1 —1
A=| 2 5 —8|, B=| 1 0 2
—36 9 4 —1 o

3anaua 23. [IpuBeCTH K KAHOHHYECKOMY BH/Ty ypaBHeHHe 4X +9y°+32x-54y+109=0,
OIIPEICTIUTh OCHOBHBIE XapaKTEPUCTHKH U IOCTPOUTH
3anaua 24. Haiitu Bce nmepecTaHOBOYHBIC MATPHIIBI ISl MATPULIBI A

2 1
=] 2 1]

3agaya 25. Hammcare ypaBHEHHE TUIEpOOIBI M €€ aCUMITOT, €CIU (DOKYChI THUIEPOOIIBI
Haxozsres B toukax F(—4,0), F,(4,0) u nnuna BemecTBeHHOM ocu paBHa 6.
3agauya 26. Haiitu oOpaTHy0 MaTpuIly MaTpuiibl A

3 1 —=5b
A=|1 2 4
3 2 -1

3agaua 27. DKCUEHTPUCHTET TUTIEPOOITBI paBeH 2 . COCTaBUTh €€ KAHOHMYECKOE ypaBHEHHE,
€CIIM OHA TIPOXOMT Yepe3 TOUKY A=(+/3,2) .
3anaua 28. Haiitu o61ee u pyHIJaMEHTAIBHOE PELIEHHE CUCTEMBI
3x, =204+ x3— xi=0,
3x) —2x— x34+ xi=0,
Xi— x24 2x345xs=0;
3anaua 29. [lokazarp, 9TO ypaBHEHHE y+x’ —6x+5=0 ONpeAemseT napadory. Haiitu 3HaueHue ee
napameTpa 1 KOOPJWHATHI BEpIIHHEI.
3agaua 30. Pemuth cucteMy MeTo/10M 00paTHOM MaTpUIIbI
x—dy4 z=3,
¥ =5y +3dz= —1,
x— g+ z=1L
3agauya 31. Hanmcarh ypaBHEHHE THIIEPOOJIBI, IPOXOSINEH Yepe3 TOUKY (2,1) , ACHMITTOTHI
KOTOpOH y==£(3/4)x.
3agaua 32. Haiitu coOOCTBEHHBIC 3HAUECHUS 1 COOCTBEHHBIE BEKTOPHI MAaTPHUIIHI JIMHEHHOTO
oreparopa

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

PGSYJIBTB_TBI 3a4yeTa C OICHKOM OIMPCACIIAOTCA OLCHKAMH «OTJIUYHO», «XOpOIIOo»,
«YHOOBJICTBOPHUTECIBbHOY», KHEYAOBJICTBOPHUTCIBHO.



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.
PaHr MaTpuiel u €ro onpeaeieHue.
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 OAHOPOIHBIX 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 onepaTopshl.
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. O01ee ypaBHEHUE 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 TIPOCTPAHCTBE IYTEM CIBUT'OB U TIOBOPOTOB
31. Dnunconbl, THIIEPOOTIOUIBI, TAPAOOTIOHT, TUIIEPOOTMUECKUN TTapaOOIOH 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 aHATUTHYECKON TeoMeTpuu U JuHeiHou anredpe./ Ilox 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 3ama4 mo aHamuTu4deckon reomerpuu. 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 JuHeitHo# anredpe. - M., 1975.

15. Koctpukun A. U. BBenenue B anreopy. - 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. MunHop JIx., Xpro3moiuiep JI. CumMerpudeckue OmmnHelHbIe GopMEL. - M., 1986.

20. TeipreinukoB E. E. Matpuunslii ananu3 v auHeiHas 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 reomerpusi. CIIPABOYHHUK
http://www.mathnet.ru/index.phtml/?option_lang=rus O6repoccuiickuii
MaTeMaTUYECKUH MTOpTal
http://eqworld.ipmnet.ru/indexr.htm MaremVY 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 Teopuu [ PADOB
http://www.fractalworld.xaoc.ru/ ®pakrasr
http://www.ph4s.ru/programs_4.html MaremaTruecKue mporpaMmbl
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 marematuiaeckux npenpuatoB MPRESS
MockoBckoe MaTeMaTHUECKOE 00IIeCTBO
MOCKOBCKUH LIEHTP HENPEPHIBHOTO 00pa30BaHUS
Beoicmas arrectanmonnas komuccust MO u Hayku PO
Poccuiickoe obpazoBanue. denepanbHbli HOpTAl
Hayunas snexrponnas 6ubanorexka eLIBRARY.RU
http Ilwww.ph4s.ru/index.html MatemaTuueckas OubmmoTeka
http://www.ph4s.ru/programs_4.html ITporpaMmbl MaTeMaTH4YeCKHE HAa MATEMATHIECKOM
oubnmoTexe
Maremarnueckas Oubaunoreka http://math.ru/lib/. Ha caiite pa3menieHbl KHUTH, BUICO-
JIEKIIMH, 33141, UCTOPUU U3 )KU3HU MATEMATHUKOB, KOTOPBIE OYIyT HHTEPECHBI KaK
CHEIHAlINCTaM, TaK U ITUPOKOMY KPYTy JIOOUTENeH MaTeMaTUKH.
https://www.math10.com/ru/vysshaya-matematika/

ONoGa~WNE

®opmyITel IO MaTeMaTHKE U pr3nKe

http://nuclphys.sinp.msu.ru/ Yue6 marepuanst "®usnka aTOMHOTO sApa ¥ 4acTHIr"
HUUAD MT'Y

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

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

http://bopmynsimopusuke.pd/ Popmysibl o Gpusnke

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.

[TomenieHust 1t caMOCTOSITENNFHONW paboThI, OCHAIEHHBIE KOMIBIOTEPHONH TEXHUKOH U
JOCTYNIOM K ceTH VIHTepHeT, B 3JIEKTPOHHYI0 HMH(OPMAIlMOHHO-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/

