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1. Heab ¥ n1aHupyeMble pe3yJibTaThl 0CBOEHHUS TUCHMIIIHHBI (MOIYJIs1)

Lenbto OCBOEHMS TUCIMIUIMHEI ABISIETCS (POPMHUPOBAHUE CIIEAYIOIINUX KOMIETECHIIUI:

— OIIK-1. Criocoben mpuMeHsATh 0a30BbIe 3HAHUS B 00JACTH (PU3UKO-MATEMAaTHUYECKUX H
(W) ecTeCTBEHHBIX HayK B cepe cBOCH MpodhecCHOHABLHOM e TeIIbHOCTH

PesynpTaTamu OCBOEHUS AUCLUILIMHBI SIBJISIOTCS CIIEIYIOIINE UHAUKATOPBI JOCTHKEHUS
KOMIIETCHIIUM:

NOIIK 1.1 3Haer OCHOBHBIE 3aKOHBI, MOJIEIH M METO/bl WCCIEAOBAHHS (HU3NIECKUX
MPOLIECCOB U SIBJICHUI

2. 3aga4u oCcBOCHMS M CHHUILIHHBI

— OcBouTbh MeTONbI pelieHusl cucteM JIMHeHHBIX anreOpanyecKux ypaBHEHHUI M 3ajad
AHaJIUTUYECKOU T€OMETPHH.

— HayunTbcsi mpUMEHATh MOJTYy4YEHHbIE TEOPETHUYECKHE 3HAHMS A (OPMYJIHPOBAHUS
3a/1a4 U JUId pelieHus MPaKTUUeCKUX 3a7au B Po(eCCHOHAIbHON e TENIbHOCTH.

3. MecTo IMCHMILIMHBI B CTPYKTYpe 00pa30BaTe/IbHOIi NPOrpaMMbl
JlucuuninHa OTHOCUTCA K 00s13aTeNIbHOM YacTH 00pa30BaTEIbHON MPOTPaMMBI.

4. CemecTpbl 0CBOeHUS U GOPMBI MPOMEKYTOYHOM ATTECTALMHU O JUCHUIINHE
Cemectp 1, 3auer.
Cemectp 2, 3K3aMeEH.

5. BxoaHblie TpeOoBaHMs AJIs1 OCBOCHHUS IMCHMILIMHBI

JUis  ycmemmHoro OCBOGHHMSI AUCHMIUIMHBI TPeOYyIOTCS TEOpEeTUYECKHE 3HaHUA H
MPaKTUYECKUE HAaBBIKU 110 CIEAYIOIUM JUCHUIIMHAM: MIKOJBHBIM Kypc MaTeMAaTHKH,
MaTEeMaTUYECKUN aHAJIN3.

6. SI3pIk peanu3anuu
Pycckuii

7. O0beM JUCUHMILUITHHBI (MO1YJIf)
OO6mrast TpyJ0€MKOCTh JUCIMIUIMHBI COCTABISAET 6 3.€., 216 4YacoB, U3 KOTOPHIX:
— JIeKIuu: 64 4.;
— MPAKTUYECKUE 3aHATUS: 64 4.;
B TOM YHCJIC TTpaKTUYeCcKasi moaroroBka: 20 4.

8. Coneprkanue QM CHUIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAHHOE 110 TeMaM

Tema 1. JIuneitnas ajareopa.

Martpunbl. OcHoBHble NOHATHSA, Kiaaccupukanus. [lonstue marpuibl. 3HadeHHE
MaTpHIl JUIsi MaTeMaTUKd W ecTecTBo3HaHuA. Dombl 3amucu Marpuil (... paclnucaHHas, B
KOMITOHEHTaX...). OCHOBHBIE CTPYKTYypHBIE COCTAaBJISIONIME MATPHUIL: DSJIEMEHTHI, CTPOKH,
CTOJIOLIBI, TTIaBHas (MpsAMas) IMaroHaib (JUaroHalbHbIE 3JIEMEHTHI), HeAMArOHAbHBIE JIEMEHTHI
1 moboyHas (kocasi) AuaroHanb. Matemaruueckasi mpupojia SJIeMEHTOB MAaTPHIL: JeHCTBUTEIbHbIC
WIM KOMIUIEKCHBIE 4YHMCia, (YHKUMUM, BEKTOpPbHI, MATPHUII, omepaTopsl... I[loamarpuiisi
(cyomarpuirsl, 6:10k1). PasmepHoCTh (pazMep, HopsA0K) MaTpull (KOJIHMYECTBO CTPOK U CTOJIOIOB).
Koneunslie 1 6eckOHEUHbIE MATPUIIBl. BUABI MaTpHIl: TPSIMOYTOJIbHBIE MATPHUIIBI (71X7), MAaTPHUIIA-
cTpoka (ctpounasi) (1xn) u marpuna-cronéern (nx1) col (ai, az, ... a,) (cronduesas, cronderr)
(mx1) — BekTophl. J[MaroHanbHbIE MaTpPUIBl (BCe HEIUArOHAIbHBIE AIIEMEHTHI PaBHBI HYIIIO)
diag(ai1, a2, ..., amn). KBangparHsle mMaTpuisl (nXn) (pa3Mep, MOpsAIOK) KBaJpaTHOW MaTpPHUIIbI
(aucno ctpok (cTonbuo)). CkansapHbie MaTpullbl. EquHUYHAsS MaTpuna.

UucnoBeie MaTpullbl: AeiicTBuTenbHble (A =ReA) u komriuiekcHbie (A = ReA +ilmA,
ImA # 0). TlonoxutenbHble (IEHCTBUTEIBHBIE MATPUIBI C TOJOKUTEIHHBIMU AIEMEHTAMH) U
HEOTPHUIATENIbHBIE MATPUIIBI (JIEHCTBUTENBHBIE MATPUIIBI C HEOTPHUIIATEIHHBIMU DJIEMEHTAMH).



Onepauunn Hag Matpunamu. Crio)keHue, yMHOKEHUE Ha YUCIIO0, TPAHCIIOHUPOBAaHUE

PaBenctBo Matpuil (MaTpuisl A U B Ha3pIBatOTCS paBHBIMM, YTO 3aIIUCBHIBAETCS Kak A = B,
€CIIM OHU UMEIOT OJMHAKOBYIO Pa3MEPHOCTh U MX COOTBETCTBYIOIIUE DJIEMEHTHI PaBHbI a; = b ).
OTHolIEHNE PaBEHCTB MATPULL SIBJISETCSI OTHOUIEHUEM SKBUBAJIEHTHOCTH.

KommyratuBHas (abenmeBa) Tpymma OTHOCHUTEIBHO CIOXKEHHS MAaTpHIl  OJHOU
pa3MepHOCTH:

A+ B =B + A (KOMMyTaTUBHOCTb (IIEPECTAHOBOYHOCTb) CIOKEHHUS);

A+ (B+C)=(A+ B)+ C acconaTuBHOCTb (COUETATEILHOCTb) CIOXKEHUS;

A+0=0+ A=A cCyuecTtBoBaHHE HYJEBOro (KOMMYTAaTHBHOW €IMHHUIIEC) 3JIEMEHTA
(nyns);

A+(—-A)=0 wm (A—A=0) cyunecTBOBaHHE OTPUIATECIILHOIO »JJEMEHTa, —A —
MIPOTUBOMOJIOKHAS (aJAUTUBHO OOpaTHas) MaTpHUIIA.

YMHOKEHNE WIN JIeJIEHue MaTpUIbl Ha YUCTIO:

1A = Al = A yMHOXXEHHS MaTPHUILIBI HA €AUHUILY;

a(BA) = (af)A acconmaTUBHOCTH (COYETATENBHOCTh) YMHOKEHHUS BEKTOPA HA YUCIIO;

(a+ B)A = aA + BA aucTpUOYTUBHOCTH (paclpeIeIUTENbHOCTD);

a(A + B) = adA + B aucTpuOyTUBHOCTH (paclpeaeaIuTeNbHOCTD);

0A = A0 KOMMYTaTUBHOCTH (II€PEMECTUTEIILHOCTb, IE€PECTAHOBOYHOCTb) YMHOKEHUS
BEKTOpa Ha YHUCIIO.

YetbIpe cBOICTBAa KOMMYTAaTUBHOM IPYIIbI OTHOCUTEIBHO OTIEPAIMH CI0KEHUSI U TIEPBbIE
YeThbIpe YTBEP)KJIEHUS CBOICTB YMHOXKEHMsI MaTpHUI] Ha YMCIO COCTABIISIIOT BOCEMb AKCHOM
JIMHEWHOI'O MMPOCTPAHCTBA.

Tpancnonnpopannsie Matpuisl (A= A= A=A, (A;)" = A;) u ux cpoiicta (A7) = A;
(aA)"=0A”; (A+B)"'=B"+A’). Cummerpnueckas (A =A") u aHTUCHMMETpHYECKHE
(kococummerpuaeckue) (A = —A”) MaTpHIIbL.

Onpeneauteaun marpull. Boruucienue um cBoiicTBa. OnpenenuTens (JIeTEpPMUHAHT)
KBaZpaTHON MaTpuilel. @opmel 3amucu A = detA =DA=| A |.

[IpaBuna Beruncienus onpenenutenei. [[puMepsl BRIUUCICHUS ONpeaenuTenen 2-ro u 3-
ro nopsakoB. OCHOBHAs TeOpeMa O BBIUMCIICHUHU OIpeieuTeNell (onpeaennTelb MaTPUILIbl paBEeH
CyMME TPOHU3BEACHHUI JJIEMEHTOB JIIOOOH CTPOKM Ha HX alreOpanyeckue JOTOTHEHUS).
Onpenenurens UMeeT n! YICHOB, KaXKIbIM U3 KOTOPBIX UMEET # COMHOXKUTEJIEH U3 3JIEMEHTOB
MaTpullbl. MaTtpuma A BbIpoXKIeHHas (0cOOCHHas, CUHTYJspHas), ecnu detA = (0. Marpuma
BBIPOXKICHHAs TOT/Ia U TOJIBKO TOT/a, KOrjga y He€ eCTh JMHEHHO 3aBUCUMBIE CTPOKHU (CTOJIOBI).
Matpunia A HeBbIpOXKIeHHass (HeocoOeHHas, peryisipHas), eciu detA #(0. Marpuma
HEBBIPOXK/ICHHAs TOT/1a ¥ TOJIBKO TOT/Ia, KOTJIa y He€ BCe CTPOKH (CTOJIObI) TMHEHHO HE3aBUCUMBI.
Teopema: B kBagpaTHON MaTpHIle KOJMYECTBO JIMHEHHO HE3aBUCUMBIX CTPOK PAaBHO KOJIHUYECTBY
JUHEIHO HE3aBUCHUMBIX CTOJIONOB. MHEMOHHUYECKHE MpaBuia JUIsl BBIYUCICHUS ONpeIeuTesei
3-ro nopsaka.

CaoiicTtBa onpeaesntedneii: 1. [Ipu TpancnoHnpoBaHUM MaTpULbl €€ ONPEACIUTENb HE
mensiercs detA = detA”.

2. Ilpu nepecTaHOBKE IBYX CTPOK WJIM JIBYX CTOJOIIOB MATPUIIBI €€ ONPEICIUTETh MEHSET
3HAK Ha MPOTHUBOIMOJIOKHBIN (CBOICTBO aHTUCUMMETPHH).

3. O0mmuMii MHOKUTETh CTPOKH HIIM CTOJIOIA MATPUIIbI OMPEIEIUTENSI MOXKHO BHIHECTH 32
3HAK OIpPEAeTUTENs.

CnencrBue: Ecnu y maTpuilbl ecTh HyJIEBOW CTOJOEIl WM HyJeBas CTPOKa, TO €&
OIIPEAETUTEIb PABEH HYIIIO. ..

4. Ecnu B MaTpuIle €cTh JIMHEIHO 3aBUCUMBIE CTPOKH MJIH CTOJIOLBI, TO €€ ONpeeTuTeNb
PaBEH HYJIIO.

5. Ecnu k cTon61y uiam cTpoke MpuOaBUTh JPYroi CTONOEI WIH CTPOKY C MPOU3BOIBHBIM
MHOXHUTEJIEM, TO ONPEEIUTENb MATPULIBI HE U3MEHUTCHI.

6. Ecmu cTpoka unm ctonden MaTpUIlbl MOXKHO TIPEJCTaBUTh KaK CyMMY JIBYX CTPOK HITU
JIBYX CTOJIOLIOB, TO ONPEAEIUTENb MATPUIBI OyAET paBeH CyMMOH OIpeaenuTeNneil IByX MaTpHIL.



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

8. det(A™") = (det(A)) .

MuHOpBI (aIbIOHKTBI) Djj, KOTOpbIE MOMYYarOTCA MyTEM BBIYEPKUBAHHUA kK CTPOKH U [
cToNOIA W3 MAaTpHIbl, anreOpamdeckue nomonHeHus A; munopos Oymer: Aj=(—1)"'Dj.
Jononuutensuas matpuna AP = AV k matpune A.

YMmHo:xxkeHue ¢ matpui. YMHOkeHue AB. Onepaiius yMHOXKEHUs MAaTpPUIl ONpeiesicHa,
ecn MaTpuibl creryienbl. CreruieHHble MaTpulbl (MaTpullbl AB Ha3bIBAIOTCS CIETNICHHBIMH,
€CITM YHCJIO CTPOK MAaTPUII A pPaBHO YMCITy CTONONOB Marpuibl B. CuerieHHOCTs MaTpull B
IocJIeI0BaTelbHOCTH AB He 3HaUUT KX CLETIJIEHHOCTH B 00OpaTHOM HaripaBieHUUd BA).

[lepecranoBounble  (komMMyTatuBHble) (AB=BA) u He  mepecTaHOBOYHBIE
(nexommyTtaTuBHbIE) (AB # BA) MaTpuibl OTHOCUTEIBLHO YMHOXEHUS (IPUMEYAHUE: Oleparus
YMHOXXEHHE [T MATPULL MOKET OBITH OIIpe/ielieHa IpU OJHOM ropsake BA u HeonpenenenHa npu
npyrom AB). Eciii yMHOXKEHUS J1s1 MaTpUII OoTipesiesieHo, To oHo acconmatuBHo (AB)C = A(BC).
[TpousBenenne marpuibi-ctondma (nx1) Ha mMaTpuiy-ctpoky (1Xn) m Hao6opot. IlpousBeneHue
KBaJIpaTHOM MaTpHIbl (nXn) Ha MaTpuily-cronoden (nx1). [IpousBenenne Marpuibi-ctpoku (1xn)
Ha KBa/IpaTHyIo Matpuiy (nXn). Onepannu HaJ KBaIpaTHBIMA MaTPUIIAMH U X CBOICTBA.

YMHo)eHue Ha HyneByto Matpuiy (A0 = 0). Enunnunas kBagpaTHas MaTpuiia (MaTpuia
ToOXAecTBEeHHOTO TpeodpazoBanus) (1 =E=1=¢;, J; — cumBon Kponekepa) m mpaBuna e&
ymHO)keHus (Al = 1A = A).

HexomMmyTaTHBHAs TpyIIia YMHOXKEHHUS KBaIPATHBIX MATPHI] OJHON Pa3MEPHOCTH:

(AB)C = A(BC) acconnaTuBHOCTh (COUYETATENBHOCTh) YMHOKEHUS;

1A = Al = A cyliecTBOBaHHE €IUHUYHOIO 3JIeMEHTa (KOMMYTaTHMBHOW €IMHHUIIBI WIIH
MIPOCTO €TUHUIIBI);

AA' = A"'A =1 cymecTBOoBaHKE 0OPATHOTO PIEMEHTA;

AB°# BA HEKOMMYTAaTHBHOCTH (HE IEPECTAHOBOYHOCTH) YMHOXKEHUS.

OTU CcBOWCTBA TOBOPST, UYTO OINEpalusi YMHOXEHHS KBaJpaTHBIX MaTpPUIl OAMHAKOBOMN
pPa3MEpHOCTH 00pa3yIOT HEKOMMYTATHUBHYIO (HeabeneBy) Tpymimy.

Anrebpanyeckasi CTpPYKTypa BceX KBaJApaTHBIX MaTpPUIl OJHOTO MOPSAIKAa OTHOCUTEIHHO
oTepalfy CJI0KEHUS U YMHOKEHUS 00pa3yroT (acCcolMaTUBHBIE) KOJIbIIA.

OOpaTHble MaTpHUbI OTHOCHTEJBHO ONEPALMH YMHOKeHHMs. BbluHMcieHue H
cBoiicTBa. OGpaTHbIe (MYILTUILTMKATUBHO 0OpaTHEIE) MaTpHIbl A~! 11 Matpuusl A (AA™ = A~
'A =1; (AB) ! = B'A™!). Bripaxenue o6paTHbIX MaTpHIl uepe3 gononuutensubie (A = (detA)
'(AP)T). O6paTumMble u HeOOpATHMbIE MATPUIIBI U UX OHpeenuTend. KOMIIEKCHO-CONPKEHHbIE
(conpsxennbie) Matpuibsl (A = ReA +iImA — A =ReA —ilmA;A=A). ConpsxeHHbIE
(3pMHUTOBOCONPSKCHHBIE, caMocomnpspkeHHbIe) (A = A¥) (A*=A"=AT; A¥F=A,
(AB)* = B*A*). AHTHOpDMHUTOBBI (KOCOPPMHUTOBBI, ajdbTepHUpYOIHUE) (A =—A¥*) MaTpulbl.
Hopmanbabie Matpuiisl (A*A = AAY), T.e. KOMMyTaTUBHBIC (TIEPEMECTUTEIILHBIE) OTHOCUTEIBHO
YMHOXKEHUSI CO CBOMMH COMPsHKEHHBIMU MaTpunamMu. O CBeJEeHHUH HOPMAaJbHOM MaTpPHIBI K
nuaroHanbHoit. Kourtparpamuentnas wmarpuna ((A*)!' =(A")"). Cneumansuele maTpuibt
(detA =1). Oproronamsubie (AT=A"!, ATA=AAT=1; He BbIpokncHHBIE ¢ detA ==l),
yuutapaele Matpuubl (AT=A*!, A*A=AA*=1) u yHuMOIyIApHBIE (CHELUANBLHEIE
yHHUTapHBIE, T. €. detA =1 u Al = A*’l). Bo3Benenue B Lenyro cTeneHb KBaAPATHBIX MAaTPHUILl U
CYMM KBaJpaTHBIX MaTPHII.

Panr marpuubl, onpeaeienue, cBoiicTBa U cnocodbl ero BolunciaeHus. [lonstue u
oTpesieTieHNe paHTa MPOU3BOIBHON MaTpHIlbl rangA = rankA= ra. Panr marpuimsl omnpenenser
MaKCUMalbHOE YHCIIO JIMHEWHO HE3aBUCHUMBIX CTPOK (CTONOIOB). PaHT MaTpullbl HAXOAUTCS C
KOJIMYECTBOM CTPOK /71 ¥ CTOJIOILIOB 7 B COOTHOIIEHUHU rangA <min(m, n). CBONCTBa paHra: paHr
MaTpHIIbl HE MEHSETCS MPH MEePECTaHOBKE JBYX CTPOK (CTONOIIOB); paHT MAaTPHUIBI HE MEHSAETCS
MIPY YMHOXKEHUH CTPOKH (CTOJIOIA) HAa YMCIIO HE PAaBHOE HYJIIO; paHT MaTpPUIIbl HE MEHsIETCS MPU
CJI0’KEHUM OJHOI CTPOKM C JAPYroil HOMHOKEHHOH Ha HeHyleBoe 4ucio; rangA =rangAl;
rang(A+B) <rangA + rangB; (rang(AB) < min{rangA, rangB}). CBs3p IuHE’HOI 3aBUCUMOCTH
CTPOK U CTOJIO0110B. CBSI3b BBIPOKJICHHOCTH M PaHTa KBaJIPaTHBIX MATPHII.



ba3ucHbII MUHOP MaTpullbl, ’TO MUHOP HAMBBICILErO NOPSAKAa HE PaBHBIA HYJIIO, T. €.
paBHBI paHry MaTpuibl. CTpOKM M CTOJNOIBI 0a3MCHOTO MHHOpPA Ha3bIBAIOTCS OAa3MCHBIMH
CTPOKaMH U CTOJIOIaMHU.

Cucrembl JuHeiiHbIX YypaBHenuil. Kiaccupuxanmsa u  cnocodbl  pelieHHid.
Omnpenenenue cucteM JMHEHHBIX ypaBHeHUH. Kiaccudukanus cucreM JTHHEHHBIX ypaBHEHHUH.
Onnopoanbie (0e3 mMpaBoW YacTH) W HEOAHOPOJHBIE (C MPaBOM YAaCThIO) CHUCTEMBI JIMHEHHBIX
ypaBHeHMI. MaTpuuHas 3anuch JUHEHHbIX ypaBHeHUH (AX =b, A - maTpuua ko3¢p¢uuueHToB
CUCTEMbI, X — BEKTOpP HEM3BECTHBIX CUCTEMBbI, b - BekTOp CBOOOIHBIX uiieHOB). OCHOBHAs U
paciivpeHHas MaTpULbl CUCTEMbl JIMHEHHBIX ypaBHeHUU. Ponb omnpeaenutens marpuibl npu
HaXO0XJCHUHU KOpHEH CHUCTEMbl ypaBHEHUH. BBIpoK/IeHHbIE M HEBBIPOXKIECHHBIE CUCTEMBbI
JUHENHBIX ypaBHEHUW. JIuHellHast BBIPOXKAEHHOCTb CTOJOLIOB WM CTPOK MaTpUIlbl,
BBIPOXKJAEHHOCTb OIIPEICIUTES.

Meroabl pelIeHus] CUCTEM # HEOJHOPOIHBIX YPAaBHEHMH C 7 HEW3BECTHbIMU. Meton
WCKIIFOUEeHMSI HEM3BECTHBIX. METO 1 9KBUBAJICHTHBIX IIpeoOpazoBanuii (merona ["aycca).

Pemienne cucreM JIMHEHHBIX YPAaBHEHMH M MATPUYHBIX YPaBHeHHMil MeTOI0M
o0paTHoii Marpunbl. MeTon o6patHoii MaTpumsl (AX=b=> x=A"'b): Eciu detA #0, To
CHCTEMAa MUMEET €IMHCTBEHHOE pEellIeHUE.

Pemenne cucrem JmHeiiHbIX ypaBHeHuil mMeronom Kpamepa. Merton (dhopmybl)
Kpamepa (x;=Di/detA, D;— wmuHOpH, mnonydawomuecs u3 detA nyTéM 3amMeHbI
COOTBETCTBYIOIIUX CTOJIOIIOB MATPHIIBI OMPEISIUTEN, CTOJIONOM mpaBbix yactedt (Ecmu A —
HeBbIpoxkAeHHas Marpuna (detA # 0), a cTonbenl mpaBbIX YacTedl HE HYJIEBOW, cUCTeMa MMEET
onHo pemenue; Eciu detA = 0 — cucrema He umMeeT pemeHuil; Ecnu ctonben mpaBbix dacTeit
HYJIEBOM, TO CHCTEMa HWMEET EeJMHCTBEHHOE HyJIeBOe pemieHue, s ciaydas detA #0 u
OECKOHEYHOE YHCIIO pemIeHui st caydas detA = 0).

Teopema Kponexkepa — Kanesn.

BekTtopsl. ['eomeTpuueckoe n anredOpandeckoe MpeicTaBIeHIEe BEKTOPOB.

CucreMbl KOOPAMHAT B TPEXMepPpHOM mnpocTpaHcTBe. CuUCTEMbl KOOpPAMHAT B
TPEXMEPHOM MPOCTPAHCTBE: MPSIMOYTOJIbHAS (JIeKapTOBa), IMJIWHApUYIECKasi, chepruaeckas.

CxajisipHbie M BEeKTOPHbIE BeJINYMHbI. [[0HATHE CKaIAPHBIX U BEKTOPHBIX BEJIMYHH.

I'eomeTpuueckoe u anredpanyeckoe (MaTpUIHOE) IIpeICTaBlIeHHEe BEKTOPOB. KoopauHaThl
BekTopa. [Ipoekiuu Bekropa. OnpeneneHne BeKTopa. JyInHa (MOAY/Ih) U HanpaBieHue. CBoicTBa
MOJLYJISI: TOJIOKUTENIBHOCTh, OIHOPOJHOCTH (YMHOXEHHE Ha YUCIIO), HEPABEHCTBO TPEYrOJIbHUKA.
KonnuneapHsle 1 koMIutaHapHble Bektopa. CrannaptHas ¢opma BekTopa. [loHsTHE MMHEHHON
KOMOUHAIMY BEKTOPOB. YCIOBHME JUHEHHOW HE3aBUCUMOCTH CHCTEMbl BEKTOPOB. YTOJ MEXKIY
BekTopaMu. CBolicTtBa npoekiuil. Teopema o npoekuuu. CkansipHOe NpOU3BEACHUE BEKTOPOB U
ero CBOWcTBa: JUCTPUOYTUBHOCTh, KOMMYTaTHBHOCTb, OJHOPOJHOCTb, IOJOKHUTEIbHAs
OINIPEAEIEHHOCTD.

Onepanun HaJ BEKTOPaMHU. Y MHOKCHHE HA YUCJIO U cJI0KeHue. JIuneitnble onepanuu
HaJ BEKTOPAMH: CIIO)KEHHE M BBIYMTAHHME BEKTOPOB, YMHOXXCHHE BEKTOpa Ha YHCIIO, Pa3HbIE
yacTHble ciydau. Onepanuy HajJ BEKTOpaMu B KoopauHaTHOH ¢opme. CkalsipHOe YMHOXKEHHE
BEKTOPOB B r€OMETpUUYECKON U B anredpanueckoi gopme. CBONCTBA CKAISPHOIO YMHOXKEHUE
BEKTOPOB.

BexTopHOoe mnpom3BeneHHe BeKTOPOB. BekTopHOe IpoM3BENCHHE BEKTOPOB B
reOMEeTPUYECKOi 1 B anredpanueckoi popme. I'eomeTprueckuii cMbICI M CBOWCTBA BEKTOPHOI'O
IIPOU3BEACHUS BEKTOPOB.

CMmemanHoe mnpou3BefeHHE BeKTOPOB. (CMEIIaHHOE NPOM3BEINCHHE BEKTOPOB, €ro
CBOICTBAa M TI'E€OMETPUYECKHHA CMbICH. J[BOWHOE BEKTOPHOE IIPOU3BENEHUE MU €r0 CBOMCTBA.
OproroHanbHblli, HOPMHUPOBAHHBIE W OPTOHOPMHUPOBAaHHBIE CHCTEMBI BEKTOpPOB. baszuc u
pasyoXeHue BEeKTopa 1o Oasmuc.

Jlunelinble npocrpaHcTBa. JluHeliHble omeparopsl. Sapa u  Jedekr JTUMHEHHOro
orneparopa. CoOcTBeHHbIE 3HaUCHHsI U COOCTBEHHbIE BEKTOPHI JIMHEHHOro omnepartopa. Crekrp



ormepatopa. Koaddunments xapakTepucTUdeckoro ypaBHeHHs. M3oMopdu3M JMHEHHBIX
MpoCTpaHcTB (ompeaeneHue u Teopema). Mzomophusm.

Tema 2. AHasnTHYeCKAsI TeOMeTPHSA

IIpsiMasi Ha MJIOCKOCTH: pa3jIM4YHble BUAbI ypaBHeHHMH. [Ipsamas nponopuuoHanbHas
3aBUCUMOCTh U €€ rpaduk — mpsmas auHus. [IpsMas TUHHUS HA TIOCKOCTH: Pa3UYHBIC BHJIBI
ypaBHeHui. YacTHbii ciydait, C=0. YactHbiii ciydail, A=0. YactHslii cayyaii, B=0.

VYpaBHeHHE MPSAMOU C YIIIOBBIM KO3PPUIIMEHTOM. TaHreHIIMaIbHOE YpaBHEHUE MPSMOM.
HopmanbHoe ypaBHEHHE IIPAMOIA.

YpaBHeHue NpsIMOii, MPOXOAsLIell Yepe3 ABe 3aJJaHHbIe HECOBIAJAK0IIME TOYKH.

[Tapamerpudeckoe ypaBHeHHMe mnpsAMon. Ilapamerpuueckoe ypaBHEHHME NPSIMOM B
BEKTOpHOW (hopme. YpaBHEHHE MPSIMON MPOXOAALICH depe3 3aJaHHYI0 TOYKY M HapayljIebHO
HaIlpaBJSAIOIIEMY BEKTOPY. Y pPaBHEHHE NPSMOU B MOJSIPHBIX KOOPJAMHATAX p U (.

OcHoBHbIE 32a4YM Ha NPSAMYI H TOYKH. PaccrosHue Mexay ABYMsI TOUYKaMH B
JIeKapTOBOM cucteme KoopAuHAT. OTKIOHEHHWE W PAcCTOSHUE TOYKU JI0 IpsSIMOM. YpaBHEHHE
NpSIMOM, NPOXOJAIIEH Yepe3 TOUYKY IapauIesIbHO 3aJaHHOM NpsMOW. YpaBHEHHE IPAMOH,
NEPINEHAUKYJSIPHOW 3aJlaHHOM IIPSMOM M TNPOXOJAIIEH uepe3 3adaHHyr Touky. [Ipsamas,
MPOXOJAIINX Yepe3 TOUKY M0l GUKCHPOBAHHBIM YIJIOM o K OCH X.

B3aumHoe pacmosioxkeHHe ABYX NPSAMBIX HA INIOCKOCTH. Todka IrepecedeHus: IBYX
npsAMbIX. B3anMHOE pacrnoiokeHre TOYEeK U NPSIMBIX Ha IUIOCKOCTH. B3aMMOOTHOIIEHUE TPSIMBIX
Ha IJI0CKOCTH. Touka repecedeHus MpsMbIX ONIPENEIAETCS PEMIEHUEM 3TOM CUCTEMBI YPaBHEHHM.
Yrom mexay AByMs MNpsSMBIMU. YpaBHEHHE IPSMOM, MEPIEHIUKYIIPHOU 3aaHHOW IPSMOM.
VYpaBHeHHE IPAMOM, NEPIICHIUKYIISIPHOE JAHHOM NMPSAMON U IPOXOIAIIEH Yepe3 3aJaHHY0 TOUKY
M(xo, y0).

IlnockocTy B mpoctpancTBe. [lnockocts. YpaBHenus miockoctu. OOiiee ypaBHEHUE
(moNHOE) MJIOCKOCTU. YpaBHEHHME IUIOCKOCTH B OTpe3Kax. TaHreHIuanbHOE YypaBHEHUE
IIOCKOCTH. BekTopHoe ypaBHeHMe IutockocTH. HopManbHoe (HOPMHPOBAHHOE) ypaBHEHHE
IJIOCKOCTH. YpaBHEHHE B BEKTOPHOU opMe. YpaBHEHHE TIJIOCKOCTH, MTPOXOISIICH Yepe3 TOUKY
MEPIEHIUKYIJIAPHO BEKTOPY HOPMAJIU. Y paBHEHHE IIJIOCKOCTH, POXOAAIIEH Yepe3 TPU 3aJaHHbIE
TOYKH, HE JIeKalIue Ha OAHOM npsiMoi. [lapaMeTpruueckoe ypaBHEHHUE MIIOCKOCTH.

IIpamMass B mnpocTpaHcTBe. YpaBHEHUE TIPSAMOM B MPOCTPAHCTBE IO TOYKE U
HanpapisionemMy BekTopy. [lapamerpuyeckoe ypaBHEHUE MpsAMOW. YpaBHEHHE NPSMOM B
IIPOCTPAHCTBE NPOXOJAIIEH 4Yepe3 3aJaHHYI0 TOYKY B HAINPaBICHHUM 3aJaHHOIO BEKTOpA.
KanoHnyeckue ypaBHeHUE IPAMOI B IPOCTpaHCTBE (IIpsMasi, IPOXOIas Yepe3 IBe 3aJaHHbIe
TOuKH). OTKIIOHEHHE U PACCTOSHUE TOUKHU J0 INIOCKOCTH. YTOJI MEXy IByMs npsaMbiMu. OO1iee
YPaBHEHHs IpPSIMOM JIMHUM B IPOCTPAHCTBE KaK IepecedeHue IUIocKocTer. KanoHuueckoe
YpPaBHEHMsI IPSIMOM JIMHUK B IPOCTPAHCTBE, [10JIydyaeMOe U3 OOILEro ypaBHEHUs MPSIMOH.

Yron Mexay IByMs NPSMBIMH. YKIOHEHME M PACCTOSHUE OT TOYKH A0 IPSAMOM B
IIPOCTpaHCTBE. B3auMHOE pacnoaokeHUe IBYX NPSMBIX B IIPOCTPAHCTBE, UX NpHU3Haku. [Tydox
mwiockocTeil. CBsA3Ka IUIOCKOCTEW. B3amMHOE pacnonoXkeHue NpsAMBIX M IIOCKOCTEH, HX
[IapaJUIeJIbHOCTh U MEPHEHIUKYIISIPHOCTh. B3auMHOE pacronokeHue NpsMbIX B IIPOCTPAHCTBE.
B3aumHoe pacnosiokeHne MIOCKOCTEN, UX NMEPIEHIUKYIIIPHOCTD U NapajliesIbHOCTb. [Ipu3Haku
U CBOMCTBA NApAJUIEIBHBIX U NEPIEHIUKYJISIPHBIX IUIOCKOCTEN. JIByrpaHHBINA yroi. Yros Mexay
IUIOCKOCTSAMU. TeopeMbl O B3aMMHOM DPACIOJIOKEHUM INPSMOM M IUIOCKOCTH. Teopema o Tpex
neprneHuKysapax. [lepnenaukysip u HaKIOHHAs K IVIOCKOCTH. YTOJI MEKIY NPSAMBIMHU, IPIMON
U TUIocKocThio. [lnomane oOpTOroHambHOW TNpoeKkuuu, TeopemMa o Heid. M3o0paxenue
IIPOCTPAHCTBEHHBIX (PUTYP, UX B3AUMHOE pacroyiokeHue. PaccTosiHue OT TOUKH 10 IIIOCKOCTH, OT
MIPSIMOM 10 IIIOCKOCTH, PACCTOSTHUE MEXKIY IJIOCKOCTAMU, MEXKIY CKPELMBAIOIIUMUCS NIPSMBIMH,
MEXJly MPOM3BOJBHBIMU (UTYypaMu B IpocTpaHcTBe.PaccTosiHMe MeXAy CKpelMBaOIIMMUCS
npsamMeiMuA.  PaccrostHMe MeXIy JAByMs MNpsSMBIMH B IPOCTpaHCTBE. PaccrosiHue Mexay
IJIOCKOCTSIMU B IIPOCTPAHCTBE.

JIMHUM BTOPOro mopsiaka.



duumnne. Popma IJUIMIICOB B 3aBUCUMOCTH OT 3HaueHUM mnapameTpoB. CMmelméHHOe
ypaBHEHHE »JuMIca (ypaBHEHME OJJIIMIICA CO CMEIIEHHBIM LeHTpoM). Ilapamerpuueckoe
ypaBHEHHUE 3juinIca. JIMpeKTpUCHl 3JUIUIICA. YPAaBHEHUE JJUIMIICA B IOJSIPHBIX KOOpJIMHATAaX.
KacarenbHass k smuncy. @oxanbHblil napamerp amunca. ONTHYECKHE CBOWMCTBA 3IUIMIICA.
HekoTopeie cBoiicTBa 3suinIca. DJUIMIC KaK MPOEKLHS OKPYKHOCTH. OJUIMIIC KaK CEueHUs
KpYTJI0ro HUINHApA. DIUIUIC B TeXHUKE. Kak HapucoBaTh 3JUIHIIC.

Oxpy:xkHocTh. KacarenbHas K OKpYKHOCTH.

I'mnep6oJia. OCHOBHOM YETBIPEXYTOIbHUK. ACUMIITOTBI TUIIEPOOIIBI.

Okcuentpucurer runep6osisl. dokanbHbll mapamerp runep6osibl.  ConpskEéHHas
runep6ona. ['mnepbona co cMmeméHHbIM HeHTpoM. JlupekTpuckl Turnepoosbl. [logoOHBIE U
cookycHbie TunepOonbl. JupekTpucel rHmepOosnbl. PaBHOOOuYHas rumepOona. [mmepOona
IpUBEAEHHAs K ACHUMIITOTaM IMYyTEM COBMELIEHUS KOOPAMHAT C aCHUMITOTaMHM M IOJIy4EeHHE
«IIKOJNBbHOW rHunepOosnbl». IlonspHoe ypaBHeHHEe TUNEpOOIbl. YpaBHEHHE THIEpOOIbl B
napamerpuueckoM Buje. KacarenbHast 1 Hopmaiib K Tunepoosie. Xopsl U JUaMeTpbl TUIEepOOIb.
Ontuueckue coiicTBa runep0Ooiibl. [loctpoeHue runepooIIbl.

IMapa6oaa. KanoHuueckoe ypaBHeHHE Mapaboibl. DieMeHThl mapadoisl. HexoTopsie
cBoicTBa mapadossl. Dopma mapadosibl B 3aBUCUMOCTH OT (POKaJIbHOTO Mapamerpa. Jupekrpuca.
CmeménHoe ypaBHEHHE Mapaboiibl (ypaBHEHHE MapaboJibl cO CMENIEHHON BepruHoN. Bumbl
nmapabon. CummerpuuHas mapabona. ComnpspbkéHHas mapabosna. [IpomonpHbIE  MapabobL.
VYpaBHeHue smunca, runepOoisl W mapabonbl B MOJSAPHBIX KoopauHatax. KacarenbHas K
napaborne. «llIkonpHas» mapabdomna. Teopema o mmomasau. [Tapabonudeckas cucrema KOOpIuHAaT.
OnTtuueckue cBoiicTBa mapadossl. [loctpoenue mapabomsl. [loctpoenne mapaboiabl MO TOYKAM.
[Tapabona B apxutektype. HeBpipok1ieHHbBIE KpHUBBIE BTOPOTO MOpsiAKa B DU3HKE.

O01ee ypaBHeHMe KPMBBIX BTOPOI0 NOPS/IKA. YpaBHEHNE KPUBOW BTOPOTo MOPSIKa B
MaTpHYHOM BHJIe. IHBapHAHTHI IMHUH BTOPOTO TIOPSIKA.

Kanacenpuxanus 1uHuii BToporo nopsinka. Cronka GopMyIt JUHUA BTOPOTO TOPSIKA.

IIpeoOpa3oBanne KOOPAMHAT HA IJIOCKOCTHM MYTéM CABMIOB W TOBOPOTOB.
[IpeobGpazoBanne ypaBHeHUs K IeHTPY. [lapamiensHblii IepeHOC Ui YOPOIIEHUS ypaBHEHUS
TUHUKM BTOporo mopsaka. [IpeoOpa3oBaHue ypaBHEHHM K OcCsiM cuMMeTpuu. [loBopoT
OTHOCHUTENILHO Haudaja koopauHaT. OOmiee oOpaTHOe MpeoOpa3oBaHUE, COUYETAIOIIEE CIBUTU U
MOBOPOTHI. MaTpHIlbl TOBOPOTOB.

IloBepxHOCTH BTOPOr0 MOPSAKA

IloBepxHocTH BTOpOro nopsiaka. O0iiee ypaBHeHHE TOBEPXHOCTH BTOPOTO MOPAIKA.

WNHuBapuaHTbl TOBEPXHOCTH BTOPOTO MOPAIKA.

DJJIMIICOUIbI, TUIIEPO0JTOU/IbI, TaPa00JI0H], THIepOoJInYecKril mapadoJiona.

JIuHeilyaTble MOBEPXHOCTH.

Knaccudukauusi nopepxHocrTeii BTOPOro nopsijaKa

IIpeoOpa3oBaHne KOOPAUHAT B IPOCTPAHCTBE MYTEM CABUIOB U OBOPOTOB

Cnsurn koopauHatr. Martpunnsl cauroB. AddunHbie TpeodpazoBanus. [loBopoThl
(Bpamenusi) koopauHat. [IoBOpOT BOKpPYTr OCH X B OTPHUIIATEIFHOM HamlpaBiIeHUH (TI0 YaCOBOU
ctpenke). [ToBOpoT BOKpYT OcH ) B MOJIOKUTEIHHOM HampaBlieHUH (IIPOTUB YacOBOM CTPEINKH).
[ToBOpOT BOKpPYr OCH z B OTPHIIATEILHOM HAINpaBJICHUU (II0 YaCOBOM CTpenke). Marpuilbl
MTOBOPOTOB.

Yrasl Jisiepa. Ou3nyeckue CIEACTBUS BpalleHUH B TPEXMEPHOM MPOCTPAHCTBE
¢usnueckux Tten. CoOCTBEHHOE BpallleHHWe, HyTaluus W mpeneccus. KoMmmos3umus MaTpHIilbl
MOBOPOTOB Ha YIJIbI Diinepa.

9. Tekymuii KOHTPOJIb 10 JMCIUILJINHE

Texymuii KOHTPOJb MO AUCHUIIMHE MPOBOJUTCS MYyTEM KOHTPOJIS IMOCENIaeMOCTH,
MIPOBECHUS] KOHTPOJIBHBIX Pa0bOT, TECTOB MO JIEKLIMOHHOMY MaTepHaily, BBIIOJHEHUS JOMAIIHIX
3ajaHuil U Qukcupyercst B (hopMe KOHTPOJIBHOM TOYKM HE MEHEe OJHOr0 pa3a B CEMECTp.
OneHouHble MaTepHalbl TEKYIIero KOHTposs pasMenieHsl Ha caite TIY B pasnene
«upopmarnust 06 oOpazoBatensHON mporpamMmme» — https://www.tsu.ru/sveden/education/eduop/.



https://www.tsu.ru/sveden/education/eduop/

10. ITopsiiok NpoBeAeHUsI U KPUTEPUH OLleHUBAHUS NMPOMEKYTOUYHOIM aTTecTauuu

3aueT ¢ OlleHKO} B MEPBOM ceMecTpe MPOBOIUTCA B MUCbMEHHOH (hopMme 1o OueTam.
buner conepxuT TeopeTHdecKuid BOpoc u aBe 3a1auu. [IponomkurenbHOCTh 3a4era 1,5 gaca.

OL[GHO‘-IHBIC MaTCpuajibl I IPOBCACHUSA HpOMe)ICYTOqHOﬁ arTeCTallu pasMCUICHbI Ha
caiite TI'Y B pasmene «Wupopmauus o0  oOpa3oBaTenpHOM — Iporpamme»  —
https://www.tsu.ru/sveden/education/eduop/.

IIpumepHbIii NepeyeHb TEOPETHYECKUX BOMPOCOB
Jluneiinas ajaredpa

1. Martpunibl. OCHOBHBIC TOHSTHSI, KJIACCU(PUKAIUS

2. Onepanuu Hag MatpuiaMu. CrokeHue, yMHOKEHUE Ha YUCII0, TPAHCTIOHUPOBAaHUE
3. Onpenenurenu MaTpull. Berancienue u cBoicTBa

4. YMHOXEHHE ¢ MaTPHI]

5. OOpaTHbIe MaTpUIIbI OTHOCUTEIBHO ONEpalliil YMHOKEHUs. Beluncienue u cBoiicTea
6. Panr marpuiel, onpezaeneHue, CBONCTBA U CIIOCOOBI €0 BEIUUCICHUS

7. Cucrembl nuHeHbIX ypaBHeHHN. Kinaccuduxanus u cnocoObl pereHuit

8. Pemenue cuctem JMHEMHBIX ypaBHEHUN M MATPUUHBIX YpaBHEHHIl MeTOOM 0OpaTHOU
MaTPHIIbI

9. Pemrenne cucrem nuHeHHbIX ypaBHEeHNH MeToaoM Kpamepa

10. Teopema Kponekepa — Kanenu

1. CkansipHbIE U BEKTOPHBIE BEJMYHUHBI

12. Onepanuu HaJl BEKTOpaMy. ¥ MHOKEHHUE Ha YUCIIO U CIIOKEHHE

13. BektopHoe npousBeieHre BEKTOPOB

14. CmemaHHOe MPOU3BEICHHE BEKTOPOB

15. JIuHeitHbIe MPOCTPAHCTBA

16. JIuneitHbIe onepaTopel

AHaJIMTHYECKAS TeOMeTPUs

17. [Ipsimast TMHKUS HA IJIOCKOCTHU: PAa3JIUYHBIE BU/IbI YPAaBHEHUM

18. B3anmHoe pacrnionoxeHue AByX NpsIMbIX Ha MJIIOCKOCTH

19. [inockocTh B MpoCTpaHCTBE

20. [Ipsimas nuHKUS B IPOCTPAHCTBE

21. OO6miee ypaBHEHHE KPUBBIX BTOPOTO MOPSIIKA

22. Dnnunc

23.  T'umepbona
24.  TlapaGomna

25. Knaccudukanus 1uHAA BTOPOTO TOPsIKA

26.  Ilpeobpa3zoBaHue KOOPAMWHAT HA MIIOCKOCTU MYTEM CABUTOB U IIOBOPOTOB
27. IToBepxHOCTEN BTOPOTO MOPSIAKA

28.  IIpeobpazoBaHue KOOPAUHAT B IPOCTPAHCTBE MYyTEM CABUTOB M IIOBOPOTOB
29.  Danurncouabl, rTUNepOOIOU b, MapadoIou I, THIEPOOTHUECKUN TapadoIou
30. JIuHeityaThie MOBEPXHOCTH

31. Kiaccudukanys moBepxHOCTEH BTOPOTO MOpsIIKa

32.  VYrusl Oiinepa

IIpuMepHBbIii nepedYeHb NPAKTHYECKUX BONPOCOB
3apaua 1. BeruucnuTe onpenennTenb

30 —10 120 80
-5 3 —34 —23
| 1 3 =7

-9 2 8§ ~I5


https://www.tsu.ru/sveden/education/eduop/

3agaya 2. BeIurcauTh IUI0MAAb MapaielorpaMMa, CTOPOHBI KOTOPOTo 00pa3oBaHbl BEKTOPAMH
a=2i+3j-k, b=i-3j+2k

3apaua 3. Beiuucnuth onpenennTeb

5 8 7 4 -2
-1 4 2 3 1
9 27 6 10 -9
3 96 2 -3
1 3 2 8 -1

3anaua 4. Haiitu 006€M mapauienorpaMmma, €Clid ero CTOPOHbI 00pa30BaHHBI BEKTOPAMH
a=3itj-k, b=2i-3k , c=itj+k
3agaua 5. Haiitu panr maTpuLibl

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

6 3 4 8 -3

3agaya 6. Haiitu 00BbEM nupamMupl, BEPLUIMHBI KOTOPOU 3a/1aHbl TOUKAMHU
A(1,0,4),B(2,7,3),C(4,0,-1), D(2,8, -1)
3anauya 7. MccnenoBaTh cUCTEMY HA COBMECTUMOCTh
4x, +3x: —3X3— Xy=4,
3X[ - -X9 +31'3 = 2X4 - l,
3x 4 x2 — x3=0,
5X] +4X2 —-2X3+ X4=3.
3agaua 8. Haiitu yrosn mexay acUMIITOTaMH TUIEPOOIIbI, €CIIU €€ SKCIIEHTPUCUTET paBeH 2.
3apaya 9. Pemuth cuctemy merogom Kpamepa
¢y — x2—3x3 =23, }
3x, + 4x3 — Sx3 = —8§,
22 + Txa=17.
3apaya 10. Haittu paccrosinue mexay nByms npssmbiMu 3x-4y+5=0, 6x-8y-13=0
3anaua 11. Haiitu o01iee pereHne CUCTEMBI
X1+ Xo— X3—2x4—2xs =O,
2x) 4 3x2 — 2x3 — Sx4 — 4x5 =0,
X|— Xo— X3 —2x5 =0,
Xy —2x3— x34 x4—2x5=0.
3apaya 12. Haiftu yroa Mexy mioCKOCThIO 2x-y-2z-1=0 1 npsiMoi, poXoIsllei uepes aBe
touku A(0, 2, 6),B(3, 6, -6).
3anaua 13. Haiitu coOCTBEeHHBIC 3HAYCHUS U COOCTBEHHBIE BEKTOPHI MATPHIII TMHEHHOTO
onepartopa A
-3 2 -4
A=|2 1 2
11 2
x-3 _ y—2 _ z-=5 "
1 7

3agaya 14. HaiiTu TouKy nepecedeHus ¥ yroja Mexay npsMon

IJIOCKOCTBIO X + V) — Z + 3=0.
3anpaua 15. Haiitu o0mee u pyHIaMeHTaIbHOE PEIICHUE CUCTEMBI

2xi 4+ 3x3= xo+ x4— xs,
4x) + x3=2x9 — 2x4 — 2xs.}

3anaua 16. Haiitu ypaBHeHue runep6osbl, poKychl KOTOpOH Jiexar B Toukax F1(-2, 4) u

F>(12, 4), a niuHa MHUMOM ocH paBHa 6.

3agaya 17. Haiitu kommyraTop [4, B]. u antukommyrarop [4, B]+ matpuny 4 u B



| 0 2 2 7 1
A=|0 —1 3|, B=|3 2 —4
4 0 5 1 -3 5
3agauya 18. Hanucats ypaBHeHue npsmoid, npoxoasieit uepe3 Touky A(1, 0, -3) u napaienbHo
IPSIMOM, 3aJaHHOU TUIOCKOCTIIMU X+2y-z+3=0 u 3x-y+4z+2=0.
3agaya 19. Hanucats ypaBHeHue npsimoii, npoxoasiieit uepe3 Touky A(1, 0, -3) u napaienbHo
MPSIMOM, 3aJaHHOU TUIOCKOCTIIMU X+2y-z+3=0 u 3x-y+4z+2=0.
3angayva 20. fIBisAr0TCA M MATPUIIBI B3aMMHO OOPAaTHBIMM _
[0 =1 1 =1 oo
i I -1 | 1 1 0
A=lo 00—t B0 o0 0
0 0 0 | I I

2x+y—-6=0,
5y-22-8=0
OHH HE TapalIeNbHbl, HAWTH TOUKY UX TIepeCceUeHHs.
3amaua 22. Haiitu (4+3B)%, ecnu A u B matpura

3anaua 21. Haiitu yron mexay npsmoit { Y IUIOCKOCTBIO 2x+4y+z-2=0. Ecinu

1 4 7 -2 | -
A=| 2 5 —8|, B=| 1 0 2
-3 6 9 4 —1 0

3anaua 23. [IpuBecTy K KAHOHUYECKOMY BUJY ypaBHeHHUe 4x’+9)%+32x-54)+109=0,
OTIPEIETNTH OCHOBHBIC XapaKTEPUCTUKU U TTOCTPOUTH
3anaya 24. Haiitu Bce mepecTaHOBOYHBIE MATPUIIBI ISl MATPULIBI A

2 1
=1 3]

3anaua 25. Hanucate ypaBHEHHE THNEpOONBI M €€ aCHUMNTOT, €Ciu (DOKYChl THUIEPOOIBI
HaxogjsiTcs B Toukax F(—4,0), F,(4,0) u anvHa BeneCTBEHHON OCH paBHa 6.

3anaua 26. Haiitu oOpaTHyI0 MaTpuily MaTpHIiibl A
3 1 —5
A=]1 2 4
3 2 -—I
3agaya 27. DKCICHTPUCUTET TUIEpO0IIBl paBeH /2 . COCTaBUTh €€ KAHOHMYECKOE YPaBHCHHE,
€CJIM OHA MPOXOJIUT Yepe3 TOUKY 4 =(13,42).
3anaua 28. Haiitu o0miee u pyHIaMeHTaIbHOE PEIICHUE CUCTEMBI
{Bxl —2x24+ x3— x4=0,
3x; —2xs— x3+ x¢=0,
X — X2 + 213 + 5x4 =0
3agaua 29. [Toka3aTh, 4YTO YpaBHEHHE y+x*—6x+5=0 ONpenenser napadony. Haiitu 3HaueHue ee
rnapameTrpa U KOOpJAMHAThI BEPLINHBI.
3agauya 30. Pemuth cucteMy METOI0M OOpaTHOM MaTPHIIbI
2x—4dy+ 2z2=3,
x=—by+3z= —1,
XxX— Y+ z=1.
3agauya 31. HanucaTh ypaBHeHHE TUNEpOOIIbI, MPOXOAAIIEH Yepe3 TOUKY (2,1) , ACHMITOTHI
KOTOPOH y=%(3/4)x.
3agauya 32. Haiitu coOcTBeHHbBIE 3HAYEHUS U COOCTBEHHBIE BEKTOPHI MAaTPHUIIbI THHEITHOTO
orneparopa

2 0
1 1
3 0

e = L



3agauya 33. Haiitu ypaBHenue cepsli, mpoxossieii yepes 4 touku A(1, 1, 0), B(7, -11, 0),
(10, 1,9), D(-2, -11, 9)

PesynbpTaTel 3auera C OIICHKOW OIPENCISIIOTCS OICHKAMH «OTJIHMYHOY», «XOPOIIIOY,
«YIOBIIETBOPUTEIHHOY», «HEYIOBICTBOPUTEITHHOY.

Hanee HeobxoOumo onucamv Kakum o0OpazomM mMeKyWull KOHMpOTb 6ausem Ha
NPOMENCYMOYHYIO ammecCmayuio U 6 KAKOM Cayuyde CMABUMCA «OMIUYHOY, «XOPOULOY,
«Y00871eMEOPUMENbHOY, «HEYO08IEeMEOPUMENbHON.

B cnyuae npumenenus 6annvHo-peiimunzo6ou cucmemvl, onu onucvieaemesa 6 .9 u n.11 c
yuemom meKyujeeo0 KOHMPOJSL U HPOMENCYMOUHOU ammecmayuu, Ha NPOMENCYMOUHYIO
ammecmayuro nianupyemcs ne 6onee 40% peiimunea.

B cnyuae npumenenus cucmem oyemusanus, OMIAUYHLIX OM HAMUOAILILHOU, ONUCAMD
MEXAHU3M Nepesood OYeHKU 8 NAMUOALILHYIO WKATLY.

JK3aMeH BO BTOpPOM ceMecTpe IPOBOJUTCS B NHCbMEHHOM (opme mo Ouieram.
DK3aMEHAIMOHHBIM OMJIET COCTOMT U3 JPyX TEOPETUYECKHX BOIPOCOB M JIBYX MPAKTHUYECKUX
3amanuit. [IpogomxuTenbHOCTh 9k3aMeHa 1,5 yaca.

Cmpykmypa 3K3ameHa OONHCHA COOMBEnCmeo8ams KOMNEMeHmMHOCMHOU CMPYKMype
oucyunauwne. Ilpu onucanuu cucmemvl OYEHUBAHUS UMO208020 KOHMPOISL NO OUCYUNTIUHE
HeoOX00UMO NPOOEMOHCMPUPOBAMb OOCHMUICEHUE B6CeX 3aNIAAHUPOSAHHBIX UHOUKAMOPOS —
pe3ynibmamos 00yueHus.

PesynpTaThl  3K3aMeHa  ONPEACISAIOTCS  OICHKAMH  «OTIHUYHO»,  «XOPOIIOY,
«YIOBIIETBOPUTEITBHO», «HEYIOBIIETBOPUTEITHHOY.

OrneHOYHBIC MaTepUANTBl JUIS MTPOBEICHUS MPOMEKYTOYHONW aTTeCTAIlMU pa3MeEIICHBI Ha
cante TI'Y B pazgene «Wudopmamus 00  oOpasoBaTeinbHOM  mporpaMme»  —
https://www.tsu.ru/sveden/education/eduop/.

11. Y4eOHO-MeTOAMUYECKOE OOecIiedeHne

a) DJIEKTPOHHBINA YUE€OHBINH KypC MO AUCITUIUIMHE B 3JIEKTPOHHOM yHHUBepcuTeTe «Moodley
- https://moodle.tsu.ru/course/view.php?id=00000

0) OLeHOUHbIE MaTepHallbl TEKYLIEro KOHTPOJSI M MPOMEXKYTOYHOW aTTeCTallMd I10
JTUCLUILTAHE.

B) [1nan ceMuHapckux / mMpakKTHUECKUX 3aHATHH 10 TUCIUIUIMHE.

JluHeiiHas ajredpa
1. Matpuiisl. OCHOBHBIC TTOHATHS, KJIaCCU(PUKALIHS .
2. Omnepauun  Haa  marpunamu.  ClOXKEHME, YMHOXEHHE  Ha  YHUCIO,
TPaHCIIOHUPOBAHHUE.
Onpenenureny Marpul. Beluucienue u cBolicTsa.
YMHOXEHHE C MaTpulLl.
OOpatHble MaTpulibl. BeiuriciieHre 1 cBOMCTBA.
PaHr maTpuIs! ¥ €ro onpeeneHue.
Cuctemsbl TuHENWHbIX ypaBHeHul. Knaccudukanus u criocoObl pereHui.
Pemienne cucteMm JIMHEHHBIX YpaBHEHUH W MATpPUYHBIX YpPaBHEHHUH METOJIOM
00paTHON MaTpHUIbI
Pemenue cucreM nMHENHHBIX ypaBHEHUI MeTogoM Kpamepa.
10. Perienne OJHOPOAHBIX M HEOJHOPOJHBIX CHUCTEM YPaBHEHUH ¢ OECKOHEUHBIM
MHO>KECTBOM PELIECHUH.
11. Teopema Kponekepa — Kanenu
12. CxansipHbl€ U BEKTOPHBIE BETMUNHBI
13. Onepanuu Hax BEKTOpaMHU. Y MHOXXEHHE Ha YHUCIIO U CII0XKECHHE.
14. BexTopHOE NPON3BEIEHUE BEKTOPOB.
15. CmemanHOe IPOU3BEIEHUE BEKTOPOB.
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https://www.tsu.ru/sveden/education/eduop/
https://moodle.tsu.ru/course/view.php?id=00000

16. JIuneliHbple IPOCTPAHCTBA.
17. JIunelinple onepaTopsl.
18. CobOcTBEeHHBIC 3HAYECHUS U COOCTBEHHBIEC BEKTOPHI IMHEHHBIX OMEPATOPOB.

AHATUTHYECKAas] TeOMeTpuUsi
19. Ilpsimast TMHKS HA MJIOCKOCTU: PA3JIMYHBIC BUIBI YPABHEHUH
20. B3aumHOe pacrosioxKeHne ABYX NpsMbIX Ha INIOCKOCTH
21. IlnockocTh B NPOCTPAHCTBE
22. Ilpsimast TMHUS B IPOCTPAHCTBE
23. O01ee ypaBHEHHE KPUBBIX BTOPOIO MOPSAIKA
24. Dnnurnc
25. 'uniepbouta
26. [Tapabona
27. Knaccuduxanus TMHUN BTOPOTO MOPsIIKA
28. [IpeobpazoBanme KOOPAMHAT HA TUIOCKOCTU MTyTEM CIBUTOB M IIOBOPOTOB
29. IloBepxHOCTEH BTOPOrO MOPSIKA
30. IIpeoOpa3zoBaHne KOOPAUHAT B IPOCTPAHCTBE MyTEM CIIBUTOB U TIOBOPOTOB
31. Dnnuncoupl, TUIIEPOOTONIbI, TAPAOOIONT, TUIIEPOOTUYECKUN TapadOITON
32. JIunenyaTpie MOBEPXHOCTH
33. Knaccugukanus moBepXHOCTEH BTOPOro NopsaKa
34. Yrawl Diiniepa

12. Ilepeuyens yuyeOHoOI JuTEepaTypsbl U pecypcoB cetu MHTEpHeET

a) OCHOBHAas JiUTeparypa:

1. AnekcangpoB [1.C. Kypc ananutuyeckoil reoMeTpuu M JHMHEHHOHN anreOpsl. — M.:
Hayxa, I'maBHast penakuus ¢usznko-mMaTemMaTHdeckol sureparypsl, 1979.512 c.

2. bexnemumes JI.B. Kypc anHanmuthueckoil reoMeTpuu W JMHEHHOW anreOpel. — M.:
Brrcmag mkona, 1998. 320 c.

3. bexnemumea JI.A., IlerpoBuu A.}O., UybGapoB W.A. COopHMK 3amad 10
AHATMTUYECKOW TeoMeTpHH W JuHelHoi anrebpe. — M.: ®USMATIIUT, 2003. 496 c.

4. byxtsk M.C. OcHoBbl InHeHOU anreopsl. Tomck: U3a-Bo ToMckoro
rocynapctBeHHoro yuuepcurera, 2009. 200c.

5. Mognenos I1.C. Ananutuueckas reomerpus. — M.: U3n-so MI'Y, 1969. 698 c.

6. Monenog I1.C., ITapxomenko A.C. COOpHUK 3a/a4 MO aHAJTUTHYECKON T€OMETPHH.
— M.: Hayka, ['maBHas pemakius pusnko-mMaremMaruueckon auteparypsl, 1976. 384 c.

7. COOpHHMK 3aJa4y 10 aHAJUTHYECKOM TeoMeTpHH M JHHEHHoW anredpe./ I[lox pen.
Cwmupnosa FO.M. — M.: Jloroc, 2005. 376 c.

8. IIpockypsikoB H.B. COopHuk 3amau o auHelHo# anredpe. M.: U3a-Bo «Jlanby, 2016.
480 c.

9. Knerenuk /[.B. CO0pHUK 3amau mo aHamuTH4YecKoi reomerpun. M.: M3a-Bo «JlaHbY,
2016. 224 c.

10. Kypomr A. T'. Kypc Beicuieii anreOpsl. - M., 1968.

0) ZOMOJIHUTEIbHAS JINTepaTypa:

11. boraues K. FO. MeTroap! pemieHus THHEWHBIX CHCTEM M HaXO0XKJICHHS COOCTBEHHBIX
3HayeHui. - M., 1998.

12. bynarakos /1. H., [TonoB A. M. bununelinsie u kBagpatuunsie Gopmel. - M., 2001
Bunb6epr 2. b. Kypc anre6psl. - M., 2001.

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

14. T'enbdpann U. M. Jlekiuu o auneitHoH anredpe. - M., 1998.

11. Ukpamos X. /1. 3anaunuk no jauHeiHoH anredpe. - M., 1975.

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

16. Koctpukun A. U., Manun 0. U. Jluneitnas anredpa u reoMeTpus.

17. Kypour A. I'. Kypc Boicuieit anredpsl. - M., 1968.



18. Manbues A. Y. OCHOBBI TMHEIHO anreOphl.

19. Munnop k., Xsro3moiiep J. Cummerpuyeckue oununeiinsie popmsl. - M., 1986.
20. TeipreiaukoB E. E. Matpuunsiii ananu3 u auHeiHas anredpa. - M., 2005.

21. Ilpockypsxos U. B. CoopHuK 3a1a4 1o JUHEHHOH anredpe. - M., 1966.

22. ®annees /. K., Comunckuii U. C. 3amaun o Beiciiei anreope. - Cr6., 1999.

23. Xanmou II. KoneuHoMepHbIe BEKTOPHBIE TPOCTPAHCTBA.

24. adapesuu U. P. OcHoBHBIe mOHSTHA anreOpsl. - VbkeBck, 1999.

B) pecypchbl cetu UHTepHeT:

http://www.mathnet.ru/ OOmepoccHiicKiii MaTeMaTHIECKHIA TOPTAI

http://www.fipm.ru/ JIuneitnas anredpa u reomerpus. CIIPABOYHUK

http://www.mathnet.ru/index.phtml/?option_lang=rus Obmepoccuiickuit
MaTeMaTHUYEeCKUI MOpTall

http://eqworld.ipmnet.ru/indexr.htm MaremY paBHeHHS

http://www.imath.kiev.ua/~golub/rmsites.html /36panunvie mamemamuuecxkue cavimoi

http://lib.mexmat.ru/ MI'Y, Mexmar, aJieKTpOHHas OMOINOTEKa

http://matcreative.ru/sayt-matematicheskie-etyudy Matemarnueckue 3T0 b1

http://pco.iis.nsk.su/grapp/ TockoBsiii cioBaps mo Teopuu [ PAOOB

http://www.fractalworld.xaoc.ru/ ®pakranbt

http://www.ph4s.ru/programs_4.html MatemaTtnueckue mporpaMmbl

http://forum.ru-board.com/topic.cgi?forum=>5&topic=4633&start=1960 Bc€ o TEX.

Jluteparypa nmporpaMmsl
ApXMB JIEKTPOHHBIX HAYYHBIX CTAaTEH
VYyebnsie MaTtepuansl it cryaeHToB MexMara MI'Y
EBponeiickas cucrema norcka matematudeckux npenpuatoB MPRESS
MockoBckoe MaTeMaTH4ecKoe 00I1IeCTBO
MOoCKOBCKHH TIEHTP HEMPEPHIBHOTO 00pa30BaHUS
Bricmias arrecrarmonnas komuccust MO u Hayku PO
Poccuiickoe oOpazoBanue. denepanbHBIN MopTa
Hayunas snektponnas 6ubmmoreka eLIBRARY.RU
http //www.ph4s.ru/index.html MaremaTtudeckas 6nbanoTeKa
http://www.ph4s.ru/programs_4.html [IporpamMmmbl MaTeMaTH4YECKHE HA MaTEMAaTHIECKON
OonbInoTeKe
Maremarnueckas oubnuoreka http://math.ru/lib/. Ha calite pa3MenieHsl KHUTH, BUIEO-
JIEKIUH, 337]a4, UICTOPUU U3 KU3HU MAaTEMAaTUKOB, KOTOpPbIE OYyT MHTEPECHBI KaK
CHelHalucTaM, TaK U IIUPOKOMY KpYTy JIOOUTeNel MaTeMaTUKH.
https://www.math10.com/ru/vysshaya-matematika/
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@dopMyIIbl 10 MaTEMAaTUKE U (PU3UKE

http://nuclphys.sinp.msu.ru/ Yue6 matepuans! "®usrka aTOMHOr0 siipa 1 yactui”
HUUA® MIy

http://www.indigomath.ru/ ®opmyisl 1o MmaTeMaTuke u pu3nuKe

http://Bcedopmynbl.pd/ Bee popmynsl mo @usuke u Maremaruke

http://bopmynbimodusuke.pd/ @opmynsl o dpuzuke

https://sciterm.ru/spravochnik/atomnaya-fizika-formuli/ Atomuas ¢puzuka

https://spravochnick.ru/fizika/atomnaya_fizika/atomnaya fizika osnovnye ponyatiya i f
ormuly/ CipaBoyHMK ¢ (hopMyTIamMu

14. MaTepua/jibHO-TEXHHYECKOe o0ecneyeHue

Ay,Z[I/ITOpI/II/I JJIsL TIPOBCACHU S 3aHATHH JIEKIIMOHHOI'O THIIA.
AYI[I/ITOpI/II/I UL IIPOBCACHUS 3aHATHI CCMHUHAPCKOI'0 TUIla, HHIAWNBUAYAJIBHBIX U
IpyHIIOBBIX KOHCyJIBTB.I.IHfI, TCKYIICTO KOHTPOJIA U HpOMe)KYTOQHOﬁ aTTCCTalliu.


http://www.mathnet.ru/
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/

[lomemienus a1 caMOCTOSATENbHONW pabOThl, OCHAIIEHHBIE KOMIIBIOTEPHONH TEXHUKOH U
JIOCTYNOM K ceTd MHTepHeT, B 3JIEKTPOHHYIO MH(POPMALMOHHO-00pa30BaTEeIbHYIO Cpeay U K
MH(POPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

15. Undopmanus o paspadorunke
UypukoB Bukrop AnaronseBud, KaHa. pu3.-MaT. HAyK, JOLEHT, Kad. [ eomeTpun
TI'Y, norenr.



