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1. Iesp ¥ IIaHUPYeMBbIe Pe3yJIbTAaTbl 0CBOCHHS IMCIUIIIMHBI (MOIYJIsT)

Lenbr0 OCBOEHUS TUCIMIUIMHBI ABIIsICTCS (POPMUPOBAHUE CIEAYIOMINX KOMITETSHIINA:

— OIIK-1 — CnocobeH mpUMEHSTh €CTECTBEHHOHAYYHbIE U OOILICHMH)KEHEpHBIE 3HAHMUS,
METO/Ibl MaTEMaTHUECKOT0 aHAJIW3a U MOJEINPOBAHUS, TEOPETUYECKOTO U IKCIIEPUMEHTAIBHOIO
UCCIIEIOBAaHUS B MPO(ECCUOHAIBHON AEATEIbHOCTH.

PesynpraramMu 00y4eHUs: AUCHUTUINHBI SBIISIOTCS:

—POOIIK-1.1. — 3HaeT BBICHIYI0O MAaT€MAaTHUKY, METOJbl MAaTEMaTHYECKOIO aHaIu3a M
AQHAJINTUYECKOM  TEeOMETpUHM, TEOPHUIO  BEPOSATHOCTEH, MATEMaTHYECKYyK0  CTaTHCTHKY,
BBIUHCIIUTEIBHYIO MAaTEMATUKY;

—POOIIK-1.2. VYmeer pemarb 3aga4d HpOPECCHOHATBHON  JEATENBHOCTH C
IIPUMEHEHHEM MAaTEMaTHYECKUX METOJOB aHajau3a, MOJEIUPOBAHUS, TEOPETUYECKOTO H
AKCIEPUMEHTAIBHOTO UCCIIEI0OBAHUS.

2. 3a5a4yu 0CBOCHUS AU CHHUIIIMHBI

— OcBOUTh METOJBI perieHus: cucteM JIMHEWHBIX anredpanyeckuxX ypaBHEHHMH M 3ajad
AHaNUTUYECKON F€OMETPHH.

— HayuuTbcst MpUMEHATh MOJYYEHHBIE TEOPETHUYECKHE 3HAHUSA I (HOPMYITHPOBAHMS
3a7a4 v JUIs peleHus! MPaKTUYECKHUX 3a/1a4 B MPO(ECCUOHAIBHOM AEATEIbHOCTH.

3. MecTo TMCHMIUIMHBI B CTPYKTYpe 00pa30BaTe/ibHON NMPOrpaMMbl
JlucumIinHa OTHOCHTCS K 00s13aTEIbHOM YacTH 00pa3oBaTeIbHONU TPOTPAMMBL.

4. CemecTpbl 0cBOeHHS M (POPMBI IPOMEKYTOUYHOM aTTeCTAUMYU MO TUCIUITTHHE
Cemectp 1, 3auer.
Cemectp 2, 3K3aMeH.

5. BxoaHble TpeOOBaHMs AJIs1 OCBOECHHS M CUMILINHBI

JUis  yCHEImIHOTO OCBOGHUS JUCIHILIUHBI TPEOYIOTCS TEOPETHYECKHE 3HaHUS W
MPAaKTUYECKHE HABBIKM TI0 CIEAYIOINIMM JUCIHUIUIMHAM: IIKOJBHBIM KypC MaTeMaTHKH,
MaTeMaTUYEeCKUI aHaInu3.

6. SA3bIk peasnzanun
Pycckuii

7. O0beM AUCHUNTIHHBI (MOIYJIA)

OO0mas TpyI0eMKOCTh JUCHUIIINHBI COCTaBIseT 5 3.¢., 180 yacoB, U3 KOTOPHIX:
— IeKumu: 64 u.;

— IPaKTUYECKUE 3aHATUA: 64 u.;

OOBeM caMOCTOSTENTBHOM pabOTHI CTYIEHTA OTPEAEICH Yy4eOHBIM IUIAHOM.

8. Conep:kaHue TUCHUILIAHBI (MOAYJIs1), CTPYKTYPHPOBAHHOE 110 TeMaM

Tema 1. JInneiinas anareopa.

Matpunbl. OcHOBHbIe NOHATHA, Kiaaccupukanus. [loHsthe Marpuubl. 3HadeHHE
MaTpull JUIsl MaTeMaTUKU U ecTecTBO3HAaHMsA. DOMBbI 3amucu Matpul (... pacHucaHHas, B
KOMIIOHEHTAaX...). OCHOBHBIE CTPYKTYpHBIE COCTAaBISIOLIME MAaTPUIL: DJIEMEHTBI, CTPOKH,
CTOJOIIBI, TTIaBHAS (TIPsiMas) AUAroHajb (IMaroHAIbHBIE JIEMEHTHI), HETUATOHATBHBIC DJIEMEHTHI
u mobouHas (kocas) JuaroHanb. MaTeMmaruyeckas IPHPOJA  IJIEMEHTOB  MATpPHIL:
JIEUCTBUTENBHBIE MM KOMIUIEKCHBIE 4YMCIa, (YHKIUH, BEKTOPbI, MAaTpHIIbI, OMEPaTOpHI. ..
[Monmatpunpsl (cyOmaTpuisl, 010ku). PasmepHOCTh (pa3smep, MOpsAIoK) Marpuil (KOJIUYECTBO
CTpoK M cTosiO1noB). KoHeunble n OecKOHEYHBbIE MAaTpHLbl. BHIbl MaTpuIl: MpsSMOYroJibHbIE
MaTpHIlbl (mXn), Matpura-crpoka (ctpounas) (1xn) u marpuna-cronben (nx1) col (aj, az, ... a,)
(cronbuesasi, cronber) (mXl)— BekTopbl. JlMaroHampbHBIE MATPHUIBI (BCE HEAUMAroHaJIbHBIC
AJIEMEHTHI paBHBI HYI0) diag(a;;, ax, ... , am). KBagpaTHbie MaTpuIls! (nXn) (pazMep, IOPsAI0K)
KBaJpaTHOW MaTpHUIBI (YMCIO0 CTPOK (cToa010B)). CKanspHble MaTpulbl. EquHnYHAs MaTpuiia.



Uucnossie Matpuilpl: neictBuTenbHbe (A =ReA) u xomiuiekcHble (A =ReA +iIlmA,
ImA # 0). IlonoxxurenbHble (IEHCTBUTEIbHBIE MAaTPHUIbI C IMOJOXKUTEIBHBIMU 3JIEMEHTAMHU) U
HEOTPULATENIbHBIE MATPULIBI (1€HCTBUTENBHBIE MATPULIBI C HEOTPULIATEIbHBIMU JIEMEHTAMHU ).

Onepanun Hag Matpuniamu. Cro’keHue, yMHOKEHUE Ha YUCIIO0, TPAHCIIOHUPOBAHKE

PaBenctBo marpuiy (MaTpuubl A ¥ B Ha3pBaroTCs paBHBIMHM, YTO 3aIMCBIBAETCS Kak
A =B, ecnu OHM UMEIOT OJMHAKOBYIO Pa3MEPHOCTb U UX COOTBETCTBYIOLIUE 3JIEMEHTHI PaBHBI
a;; = b; ). OTHOIIIEHNE PABEHCTB MATPHIL SABJIIETCS OTHOIIEHUEM KBUBAJIEHTHOCTH.

KommyratuBHass (abeneBa) Tpynma OTHOCHUTENBHO CIOXKEHHS MAaTpHUIl  OJHOU
pa3MepHOCTH:

A + B =B+ A (KOMMyTaTUBHOCTb (IIEPECTAHOBOYHOCTH) CJIOKECHHUS);

A+ (B+C)= (A +B) + C accounaTuBHOCTb (COYETATENBbHOCTD) CIOKEHUS;

A+0=0+A=A cyuecTtBoBaHle HYJIEBOr0 (KOMMYTaTUBHOM €IMHMIIE) DSJIEMEHTa
(rys);

A+—-A)=0 wm (A—-A=0) cymecrBOBaHHE OTPHUIATEIHHOIO D3JIEMEHTa, —A —
MIPOTUBOTIOJIOKHAS (AITUTHBHO OOpaTHAs) MAaTPHIIA.

YMHOK€EHNE WIN JIEJIEHNE MaTPULbl HAa YACTIO:

1A = Al = A yMHO>XEHHS MaTPHULIbl HA CAUHUILY;

a(BA) = (af)A accorMaTHBHOCTH (COYETATETHHOCTh) YMHOKEHHUS BEKTOPA HA YHCIIO;

(o + B)A = A + BA 1ucTpuOYyTUBHOCTD (pacTpeieIUTEIbHOCTD);

a(A + B) = 0A + BB nuctpruOyTUBHOCTD (pacrpeeuTeNbHOCTD);

0A = Ao KOMMYTaTHUBHOCTH (II€PEMECTUTENIBHOCTD, MEPECTAHOBOYHOCTh) YMHOKEHHUS
BEKTOpa Ha YUCIIO.

UYerplpe CcBOMCTBA KOMMYTaTUBHOW TIPYINIIBI OTHOCHUTEIBHO OIIEpAalMU CJIOXKEHUS H
IIEPBBIE YETHIPE YTBEP)KIACHMS CBOICTB YMHOXKEHHS MATPHI] Ha YUCJIO COCTABIIAIOT BOCEMb
aKCHUOM JIMHEHHOTO MTPOCTPaHCTBA.

TpaHCIOHUPOBAHHBIE MATPHULIBI (AT=A= A=A, (A,-j)T = Aj)) 1 UX CBOWCTBA (AN =A;
(0A) =aA”; (A+B) =B +A"). Cummerpuueckass (A = AD wu AHTUCUMMETPHUYECKUE
(kococummeTpuueckue) (A = ~A") MAaTPHUIIBL.

Omnpeneaurenun marpul. Boluuciaenne um cBoiicTBa. OnpenenuTens (I€TEPMUHAHT)
KBagpaTHOW MaTpullpl. Popmbl 3anucu A = detA = DA =| A |.

IIpaBuna BeluncieHus onpenennuteneid. [Ipumeps! BeIUMCIEHNS ONpeaennuTencei 2-ro u 3-
ro nopsaxkoB. OCHOBHas TeOpeMa O BBIYHUCICHUM OIpeAeiauTenedl (ONpeAeauTeNlb MaTpHIlbl
paBeH CyMMe IPOU3BEICHUIN 3JIEMEHTOB JIF0OOOW CTPOKM HA MX anredpanyeckue AOMOJHEHHS).
Omnpenenurens UMEET n! 4IEHOB, KaXAbIH U3 KOTOPHIX UMEET # COMHOXXHUTEJIEH U3 JIEMEHTOB
MaTpuipl. Marpuna A BbIpoXaeHHas (ocoOeHHasi, CUHTYIsipHas), ecnu detA = 0. Marpuua
BBIPO’KJICHHAsI TOTJa U TOJIBKO TOTJa, KOTAa y He€ ecTh JIMHEHHO 3aBUCUMBIE CTPOKH (CTOJIOBI).
Marpuma A HeBbIpoXAeHHass (HeocoOeHHas, peryispHas), eciu detA #0. Marpuna
HEBBIPOXKACHHAS TOTJa M TOJBKO TOTJa, KOrga y He€ Bce CTPOKH (CTOJObI) JUHEWHO
He3aBUCHMBI. Teopema: B KBagpaTHOM MaTpulle KOJMYECTBO JIMHEHHO HE3aBUCUMBIX CTPOK
pPaBHO KOJMYECTBY JIMHEHHO HE3aBUCHUMBIX CTOJIONOB. MHEMOHMYECKHE NpaBWiIa JUIS
BBIYMCIIEHUS ONIpEAEIUTENEH 3-r0 NopsAIKa.

CpoiicTBa onpeneantedneii: 1. [Ipy TpaHCIOHMPOBAHMK MaTpULBI €€ ONPEAETUTEND HE
mensiercst detA = detA”.

2. llpu mepecTaHOBKE JBYX CTPOK MM JBYX CTOJOLIOB MAaTpPHUIBl €€ OIpeNeNuTeNb
MEHSET 3HaK Ha IPOTUBOTOJIOXKHBIN (CBOMCTBO aHTUCUMMETPHH ).

3. OOuMit MHOXKHUTEIb CTPOKU WIJIM CTOJIOLIa MATPHUIIbl OTIPEACTUTENSI MOXKHO BBIHECTH 32
3HAK OINPEAETUTENS.

CnencrBue: Ecnu y MaTpuisl ecTh HyJIEBOM CTOJOEI] WIM HyJeBas CTpokKa, TO €€
ONPEIEINTEND PABEH HYIIO. ..

4. Ecim B MaTpuIle €cTh JUHEHHO 3aBUCUMBIE CTPOKHU MM CTOJIOIBI, TO €€ ONpeIenuTeNb
paBeH HYIIO.



5. Ecnu k cTonOiy uiau cTpoke npubaBUTh APYroi CTOJOCI UM CTPOKY € POU3BOJIBEHBIM
MHO>KHMTEJIEM, TO OIIPENEIUTENb MAaTPULIBI HE U3MEHUTCS.

6. Ecnut cTpoka mnu ctondern MaTpuilbl MOXKHO MPEJCTaBUTh KaK CYMMY JIBYX CTPOK HIIH
JIBYX CTOJIOLIOB, TO ONPEACTUTENh MATPHLIBI OYAE€T PaBEH CYMMOM OTIpe/ieIuTeNel ABYX MaTpHIL.

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

8. det(A™") = (det(A)) .

MuHops! (axblOHKTBI) Dj;, KOTOpbIE MOJIy4aroTCs MYTEM BBIYEPKUBAHUS k CTPOKH U [
CTOJIONa M3 MAaTpullbl, anreOpandeckue AOMOJHEHUS A; MHHOpPOB Oyner: A;= (—l)kHD,-j.
JloronHuTeNnpHAs MaTpULAa AP=AVk Marpurue A.

YMmHoxkeHHe ¢ maTpull. YMHOkeHue AB. Onepanus yMHOXKEHUSI MaTpUll ONpeAeIcHa,
eciin MaTpulbl cuervieHsl. CuersieHHsle MaTpulipl (MaTpullbl AB Ha3bIBaroTCs CLETVIEHHBIMH,
€CITM YMCJIO CTPOK MATpUII A paBHO YMCIy cTOJIONOB Marpuibl B. CluermieHHOCTs MaTpull B
MoCIeI0BaTeIbHOCTH AB He 3HAUUT UX CIETNIEHHOCTH B 00paTHOM HampasieHuu BA).

[lepectanoBounbsie  (kommyraTuBHble) (AB=BA) u He  mepecTaHOBOYHbIE
(mexkommytatuBHbIe) (AB # BA) MaTpullbl OTHOCUTENBHO YMHOXKEHUS (MpUMEYaHue: oneparus
YMHOXEHHE IJIsi MaTpHUI] MOXKET OBITh OIpeJeNieHa Mpu OJHOM mopsiake BA u HeompeneneHHa
npu apyrom AB). Eciau ymMHOXEHMsT A MaTpUll OINPEAENIEHO, TO OHO AacCOLMaTHUBHO
(AB)C =A(BC). Ilpoumssenenue wMatpuusl-ctonbma (nX1) Ha wmarpumy-ctpoky (1xn) u
HaoOopot. [lpomsBeneHue kBajgpaTtHOW Marpuubl (nXn) Ha Matpuiy-cronber (nx1).
IIpousBenenne Matpuupl-cTpoku (1Xn) Ha kBazpatHyro Marpuny (nXn). Onepauuu Hax
KBaJIpaTHBIMU MaTPULIAMU U UX CBOICTBA.

YMHO)eHue Ha HyaeByro matpuny (A0 = 0). Enunnunas kBaagpaTHas MaTpulia (MaTpuLa
ToXkAecTBeHHOro npeoOpasoBanus) (1 =E =1=J;, J;— cumBon Kponekepa) u mpasuna eé
ymHOXkeHus (Al = 1A =A).

HexoMMyTaTuBHas rpynmna yMHOKEHHs KBaJIpaTHBIX MATPHUL] OJHOW Pa3MEPHOCTH:

(AB)C = A(BC) acconMaTUBHOCTb (COUYETATENBHOCTb) YMHOXKECHUS;

1A = A1 = A cyliecTBOBaHHE EJUHUYHOTO 3JIEMEHTa (KOMMYTaTUBHOW €IWHHUIBI HIIN
MIPOCTO €AUHUIIBI);

AA ' = A'A =1 cymecTBOBaHIE 0GPATHOTO TEMEHTA;

AB°# BA HEKOMMYTAaTUBHOCTb (HE IEPECTAHOBOYHOCTH) YMHOKEHHUS.

OTu cBOHCTBA rOBOPST, YTO ONEpalMsl YMHOXEHHUS KBAJApPAaTHBIX MaTPHIl OJMHAKOBOU
pasMepHOCTH 00pa3yl0T HEKOMMYTATUBHYIO (HeabelneBy) rpyriy.

Anrebpanyeckasi CTPYKTypa BCeX KBaJPaTHBIX MAaTpPHULl OJAHOTO MOPSAKA OTHOCHUTEIBHO
OTIepalyy CIOKEHHS U YMHOXKEHHs 00pa3yIoT (acCOIMaTHUBHBIE) KOJIBLIA.

OOpaTHble MATPHIBI OTHOCHUTEJBHO ONEPANMM YMHOXXeHHsl. BbluucieHue u
cBoiicTBa. OGpaTHbIC (MYTbTHILIMKATHBHO OOpaTHbIC) MATPUIBI A~ s Matpuibl A (AA™
"'=AT'A=1; (AB)'=B'A""). Belpaxenne 0OpaTHBIX MATPHUI[ Yepe3 AOMNONHUTEIbHbIEC (A~
= (detA) '(AP)"). O6patumbie U HeoGpaTHMbIE MATPHIBI W UX ONpEICIUTEIH. KOMILIEKCHO-
conpspkéHHble  (compsbkeHHble) MaTpuibl (A = ReA +iImA — A = ReA —i/ImA; A = A).
ConpsKeHHBbIE  (9PMHUTOBOCOTIPSIKEHHBIE, —CAMOCONPSKEHHBIE) (A =A%) (A¥=A'= A';
A**=A, (AB)* =B*A¥). AHTUPPMUTOBBI (KOCO3PMHTOBHI, ajdbTepHUpYIOUIUE) (A =-—A%)
Matpuubl. Hopmanbueie matpuibl (A*A = AA¥), T.e. KOMMYTAaTHBHbIE (IIEPEMECTUTEIILHBIE)
OTHOCUTEJILHO YMHOXEHHSI CO CBOMMHU CONPSDKEHHBIMM MaTpuliaMu. O CBEIEHMM HOpMabHOMN
MaTpullbl K JuaroHaibHOW. KoHTparpaaueHTHass Marpuia (A*) "' =(A""). Cneunanbusie
matpunel  (detA =1). Oproronamsubie (A'=A"', A’A=AA"=1; He BBIpOXICHHBIE C
detA =+1), ymurapueie Matpumel (A'=A*' A*A=AA*=1) u yHEMOIyIApHBIC
(cmenmanbHbie yHHTapHBIE, T.e€. detA=1 u AT=A*"). Bossenenne B LENYI0 CTENEHb
KBaJPaTHBIX MAaTPUIl U CyMM KBaJpaTHBIX MaTPUII.

Panr marpuusl, onpenejieHne, CBOMCTBAa U cNOCO0OBI ero BhIuMcaeHUs. [loHsaTue n
OTIpe/ieIeHNe paHra MpPOU3BOJIBHON MaTpulbl rangA = rankA= ra. Panr marpuisl omnpenaenser
MaKCHUMAaJIbHOE YHUCIIO JIMHEHHO HE3aBUCHUMBIX CTPOK (CTOJIOIOB). PaHr MaTpuIlbl HAXOJUTCS C
KOJIMYECTBOM CTPOK /7 M CTOJIOIIOB 77 B COOTHOIIEHUH rangA <min(m, n). CBo¥cTBa paHra: paHr



MaTpUIBl HE MEHSETCS MPU MEPECTaHOBKE IBYX CTPOK (CTOJOLOB); paHT MAaTPHIIBI HE MEHSAETCS
IIPU YMHOYXEHUU CTPOKH (CTOJOLA) HA YUCIO HE PABHOE HYIIIO; paHT MaTPHUILIBI HE MEHSETCS MPH
CJIIO)KEHUHU OJIHOM CTPOKH C JPYro¥l IIOMHOXEHHOM Ha HEHYJIEBOE YHCIIO; rangA=rangAT;
rang(A+B) <rangA + rangB; (rang(AB) < min{rangA, rangB}). CBs3b JMHEWHON 3aBUCHMOCTH
CTPOK M CTOJIOOB. CBsI3b BHIPOKICHHOCTH U paHTa KBAaJPAaTHBIX MaTPUII.

ba3ucHBII MUHOP MaTpullbl, 5T0 MUHOP HAMBBICIIErO IMOPSAAKAa HE PAaBHBIM HYIIO, T. €.
paBHBIN paHry marpunbl. CTpoKM U CTOJOIBI OAa3MCHOTO MHHOpPA HA3bIBAIOTCS Oa3MCHBIMHU
CTPOKaMHU U CTOJOIIaMHU.

Cucrembl JuHeiiHbIX ypaBHeHuil. Kiaccupukxanmsa u  cnoco0bl  pemieHHi.
Omnpenenenue cucTeM JIMHEHHBIX ypaBHeHUH. Kiaccudukanus cucreM JTUHEWHBIX ypaBHEHHH.
OpnopoHbie (0€3 MpaBoOi 4acTH) M HEOTHOPOJHBIE (C MPAaBOW YaCThIO) CHCTEMBI JIMHEHHBIX
ypaBHeHUI. MaTpuuHas 3anuch JUHEWHBIX ypaBHeHUN (AX =Db, A - maTpuia ko3¢pPHUIHEHTOB
CHCTEMBI, X — BEKTOp HEM3BECTHBIX CHUCTEMBI, b - BEeKTOp CBOOOJHBIX ujeHOB). OCHOBHAA U
paciiupeHHass MaTpHIbl CUCTEMBI JIMHEHHBIX ypaBHEHMHU. Ponp ompenenurtenss mMaTpuubl MpU
HaXO0XJCHUHU KOpPHEH CHUCTEMbl ypaBHEHUH. BBIpOXKIE€HHbIE M HEBBIPOKICHHBIE CHUCTEMBI
JUHEWHBIX ypaBHeHMW. JIMHeWHass BBIPOKICHHOCTb CTOJIOIIOB MIM CTPOK MAaTpHIbI,
BBIPOKJIEHHOCTD ONPEIEITUTEIIA.

Meroapl pelieHuss CUCTEM 71 HEOJHOPOAHBIX YPAaBHEHMH C 1 HEU3BECTHBIMU. Meton
MCKITIOUEHHSI HEM3BECTHBIX. MeTo1 SKBUBAJICHTHBIX TpeoOpa3oBanuii (Meton ["'aycca).

Pemienue cucreM JIMHEHMHBIX YPaBHEHMHl M MATPUYHBIX YPaBHEHHH MeTOAOM
o6paTHoOii MaTpuubl. Merox obpaTHOl MaTpumpsl (AX=b => x=A'-b): Eciu detA #0, To
CUCTEMA UMEET EIUHCTBEHHOE PEILICHHUE.

Pemienne cucrem JuHelHbIX ypaBHeHmii mMerogom Kpamepa. Merox (popmyssi)
Kpamepa (x;=D;/detA, D;— wMuHOpBI, mosyyaromuecs u3 detA mnyréM 3aMeHBbI
COOTBETCTBYIOIIUX CTOJIOIIOB MaTPHIIbI ONMPEACIUTENs, CTONONOM mpaBbiX yacted (Ecin A —
HeBBIpoXkAeHHas MaTtpuna (detA #0), a cronber mpaBbIX YacTeil He HYJIEBOM, CHCTEMa UMeEeT
onHo peuienue; Ecnu detA = 0 — cuctema He umeer pemenuit; Ecnu cronben npaBbix yacteit
HYJEBOW, TO CHUCTeMa HMMEET EIUHCTBEHHOE HyJieBOoe pelieHue, Uit ciydas detA #0 u
0ecKOHEeUHOe YHCII0 peleHui 1ist ciaydas detA = 0).

Teopema Kponexepa — Kanenu.

BexTopsl. ['eomerpuueckoe u anredpandeckoe MpecTaBIeHHEe BEKTOPOB.

Cucrembl KOOpAMHAT B TpPEéxMepHOM mnpocrpaHcTBe. CHcTeMbl KOOpAMHAT B
TpEXMEPHOM IIPOCTPAHCTBE: MPSIMOYTOJIbHAS (JIeKapTOBa), IMIMHAPUYECKast, chepruuecKas.

CxansipHble M BEeKTOPHbIE BeJIN4YMHBI. [[0HATHE CKAISIPHBIX U BEKTOPHBIX BEJIMYHH.

I'eomerpuueckoe u  anrebpamdeckoe  (MaTpUYHOE) IPEACTABICHHUE  BEKTOPOB.
Koopaunatel BekTopa. Ilpoekumu Bekropa. OmnpeneneHue BekTopa. UIMHA (MOIYJb) U
HanpasiieHue. CBONCTBa MOAYJS: MOJIOXKHUTEIBHOCTh, OAHOPOAHOCTh (YMHOKEHHME Ha YHCIIO),
HEPaBEHCTBO TpeyrojbHUKa. KommuHeapHble U KoMIUIaHapHble BekTopa. CraHpmaptHas ¢opma
BekTopa. [loHsATHE NHMHEHHONW KOMOMHAIIMM BEKTOPOB. YCJIOBUE JMHEWHOW HE3aBUCHMOCTH
CHUCTEMBl BEKTOpOB. YToJl MexAy Bekropamu. CBolicTBa mpoekuuil. TeopemMa O IPOEKLHH.
CkansipHOoe MPOU3BEJCHUE BEKTOPOB U €r0 CBOWCTBA: ITUCTPUOYTHBHOCTH, KOMMYTATUBHOCTbD,
OJIHOPOJIHOCTB, TIOJIOKUTEIIbHAS ONIPEACIEHHOCTD.

Onepanum Ha/X BEeKTOPaMH. Y MHOKEeHHE HA YUCJI0 U cJI0KeHHne. JIMHeitHbIe onepaiun
HaJ BEKTOPAMHU: CIIO)KEHHWE U BBIYUTAHHE BEKTOPOB, YMHOXXEHHME BEKTOpa Ha YHCIIO, pa3HbIE
yacTHbIe ciydau. Onepanuu HaJ BEKTOpaMu B KOOpAMHATHOH ¢opme. CkalsipHOE YMHOXKEHHE
BEKTOPOB B T€OMETPHUECKON M B airedOpanueckoid ¢opme. CBOMCTBA CKAISPHOTO YMHOKEHHE
BEKTOPOB.

BexTopHOe mnpousBeAeHHMe BeKTOpPOB. BekTopHOE Ipou3BEeNEHHE BEKTOPOB B
reOMETPUYECKOil U B anredpanueckoil popme. I'eoMmeTpudeckuii CMbICT U CBOMCTBA BEKTOPHOTO
IIPOU3BENICHUS BEKTOPOB.

CMmemaHHoe mnpousBeleHHe BeKTOPOB. (CMelIaHHOE IPOU3BEIACHHUE BEKTOPOB, €ro
CBOMCTBA M TEOMETPUYECKHM CMBICI. [[BOMHOE BEKTOPHOE MPOU3BEICHHE M €ro CBOMCTBA.



OpToroHanbHbI, HOPMHUPOBAaHHBIE W OPTOHOPMHUPOBAHHBIE CHCTEMBI BEKTOpOB. baszuc wu
pasioXeHue BeKTopa o Oasmuc.

Jluneiinble mnpocTpaHcTBa. JluHeliHble omeparopsl. Sapa u  Jgedekr JHMHEHHOTro
oneparopa. CoOcTBeHHBIE 3HAUCHHSI U COOCTBEHHbIE BEKTOPHI JIMHEHHOTO omepaTtopa. CHekTp
oneparopa. KoshuimeHTsl XapaKTepHUCTUYECKOro ypaBHEHHUs. 3oMophusMm nHuHEHHBIX
NPOCTPAaHCTB (ompeeneHue u reopema). Mzomoppusm.

Tema 2. AHaIMTHYECKAsA TeOMeTPHSA

IIpsimasi Ha IUIOCKOCTH: pa3jIMYHbIe BUAbI YpaBHeHHMH. [Ipsamas nponopuuoHanbHas
3aBUCUMOCTh U €€ rpaduk — mpsmast auHus. [IpsMas TUHHUS Ha TUIOCKOCTH: Pa3IUYHBIC BUJIbI
ypaBHeHuH. YacTHeli cnydaid, C=0. YactHblii cnydaid, A=0. YactHslil ciyyaii, B=0.

VYpaBHeHHe IpAMOii ¢ yriIoBbIM Kod(duuneHToM. TaHreHIMaIbHOEe ypaBHEHHUE MPSMOH.
HopmansHOe ypaBHEHHE TIPSIMOIA.

YpaBHeHue NpsAMOii, IPOXoAsIel Yepe3 ABe 3aJaHHbIe HECOBNAAA0NIUe TOYKH.

[Tapamerpuueckoe ypaBHeHHe IpsMoM. Ilapamerpuueckoe ypaBHEHHE MpPSAMON B
BEKTOpHOU (opme. YpaBHEHHE MPSIMOM MPOXOAAIICH depe3 3aJaHHYI0 TOUYKY U MapajuleIbHO
HaIIpaBIAIOIIEMY BEKTOPY. Y paBHEHHUE IIPSIMOU B IOJIIPHBIX KOOPAUHATAX p U (.

OcHoBHbBIC 3a1a4yM HAa NPAMYK H TOYKH. PaccrosHue Mexay AByMs TOUKaMU B
JEKapTOBOM cUCTeMe KOoOpAMHAT. OTKIOHEHHE U PACCTOSHUE TOUYKU JI0 IPSIMOM. YpaBHEHHE
IpsIMOM, NPOXOMAIIECH Yepe3 TOUYKYy IapajuIe]IbHO 3aJaHHOM MpsAMON. YpaBHEHUE NPSIMOM,
NEPIEHIUKYIIAPHOW 3aJaHHOW MpsAMOM M IMPOXOJAIIEd dYepe3 3aJaHHyr Touky. IIpsmas,
MPOXOISAIINX Yepe3 TOUKY 1Mo (PUKCHPOBAHHBIM YIJIOM 0 K OCH X.

B3aumHoe pacnoJioikeHHe ABYX NPAMBIX Ha INIOCKOCTH. Touka IepecedeHus IBYX
npsAMbIX. B3auMHOE pacmosioKeHHE TOYEeK U IPSMBIX Ha IUIOCKOCTH. B3anMooTHOLIEHHE
IPSAIMBIX Ha IJIOCKOCTH. TouYKa IEepecedeHus MPSMBIX OIPEIEISAETCS PELUICHUEM 3TON CUCTEMBI
YPaBHEHUU. YTOJ MEXKAY ABYMs IPSAMBIMU. YPaBHEHHUE NPAMOU, NEPICHAUKYIAPHON 3a0aHHOMN
IpsIMOM. YpaBHEHHE IPSAMOM, IEPIECHIUKYIAPHOE AAHHOM IPSAMOM M IPOXOJAILIEH depes
3alaHHyI0 TOUKY M(xo, 10).

Ilnockocts B mpocrpancTBe. [InockocTs. YpaBHeHus: miockoctu. OOiiee ypaBHeHHE
(mONMHOE) MIIOCKOCTH. YpaBHEHHME IUIOCKOCTH B OTpe3kax. TaHreHIMalbHOE YypaBHEHHUE
I10ckocTu. BekropHoe ypaBHeHue Iuiockoctu. HopmanbHoe (HOPMUPOBAaHHOE) YpaBHEHHE
IUIOCKOCTU. YpaBHEHHE B BEKTOPHOU (popme. YpaBHEHHE IIIOCKOCTH, MTPOXOAAIICH Yepe3 TOUKY
NEPIEHIUKYIIIPHO BEKTOPY HOpPMald. YPaBHEHHME IUIOCKOCTH, IIPOXOJALIEH uepe3 TpHU
3a/laHHbIC TOYKH, HE JIeKAIIUe Ha OJHOM npaMoi. [lapameTpuueckoe ypaBHEHHE IIIOCKOCTH.

Ilpssmass B @npocTpaHcTBe. YpaBHEHUE IPSIMOM B IPOCTPAHCTBE IO TOYKE U
HalpasJsoleMy BekTopy. I[lapamerpuueckoe ypaBHEHHE MNpPSAMOW. YpaBHEHHE IIPSAMOM B
IIPOCTPAHCTBE IPOXOJALICH Yepe3 3aJaHHYI0 TOYKY B HAIIPABICHHUM 3aJaHHOIO BEKTOpA.
KaHoHunveckue ypaBHeHuUE MpsMON B MPOCTpPaHCTBE (MpsiMasi, MPOXOislias Yepe3 ABE 3aJaHHbIC
TOo4kH). OTKIIOHEHUE U PACCTOSIHUE TOUKHU JI0 TUIOCKOCTH. YTOJI MEXIy ABYMs npsaMbiMu. OO1iee
YpaBHEHHs MpsIMONW JMHMM B IPOCTPAHCTBE Kak IepeceueHue Iockocted. KaHoHMueckoe
YpaBHEHHS MIPSIMOM JIMHUM B TIPOCTPAHCTBE, MOJIy4aeMOe U3 OOILEro ypaBHEHHs MPSIMOH.

Yros mexay IByMs IPSMBIMU. YKJIOHEHME U PAacCTOSHHUE OT TOYKM [0 IpsSIMOU B
IIPOCTPAHCTBE. B3auMHOE pacrosokeHue IBYX INPsSMBIX B IIPOCTPAHCTBE, UX IpU3HAKU. ITydok
mwiockoctedl. CBsA3ka IUIOoCcKOcTed. B3amMHOe pacrnojioskeHue NpsMbIX M INIOCKOCTEH, HX
[apaJUIEIbHOCTh U NEPHEHAUKYIAPHOCTh. B3aMMHOE paclonoKeHUe IPSIMBIX B IIPOCTPAHCTBE.
B3anMHOE€ pacnosnoxeHue II0CKOCTEN, X NEPIEHANKYIIPHOCTh U MapajuleabHOCTh. [Ipu3Haku
U CBOMCTBA NAapaJUICIbHBIX U NEPICHAUKYIISPHBIX IUNIOCKOCTEH. JIByrpaHHBIN yroj. YToi MEeXIy
IJIOCKOCTSAMHU. TeopeMbl O B3aMMHOM PAaCIIOJIOKEHUU IIPSAMOM U IUIOCKOCTH. Teopema O Tpex
nepneHuKyisapax. llepnenaukyisgp 1 HaKJIIOHHAA K INIOCKOCTH. YTOJI MEXAY IPSIMBIMU, IPSIMOU
U TUIOCKOCThIO. [lnomane OpTOrOHaNBPHOW TpOEKIHMH, TeopeMa o Heil. M3obOpaxeHue
MPOCTPAHCTBEHHBIX (PUTYp, UX B3aUMHOE PACHOJIOXKEHHE. PaccTosIHUE OT TOUKU A0 TUIOCKOCTH,
OT NIPSMOM N0 IIIOCKOCTH, PACCTOSHUE MEXKIY IUIOCKOCTAMH, MEXAY CKPEILIMBAIOLIMMUCS
OpSMBIMH, MEXIy TNpPOM3BOJIBHBIMU (¢HUrypaMu B mpocTpaHcTBe.PaccrosiHne Mexay



CKpELMBAOIIUMHUCA NpsMbIMU. PaccTosiHMe Mexay IByMs MpSIMBIMM B IIPOCTPaHCTBE.
PaccTostHue Mex 1y IIIOCKOCTSIMHU B IIPOCTPAHCTBE.

JIMHUM BTOPOro mopsiaka.

duumnne. Popma IJUIMICOB B 3aBUCUMOCTM OT 3HAaueHHMH napaMmerpoB. CMmeniéHHoe
ypaBHEHHE 3iunIca (ypaBHEHHME DJUIMIICA CO CMEIIEHHBIM LeHTpoM). Ilapamerpuueckoe
ypaBHEHUE uuunca. JMpekTpuchl auuuica. YpaBHEHHE JJUIMIICA B IMOJSPHBIX KOOPAMHATAX.
KacarenbHasts k smmncy. @okanbHbl napamerp uuunca. ONTHYECKHE CBOWMCTBA 3IUIMIICA.
HekoTtopele cBolicTBa 3junIca. DJUIMIC KaK MPOEKLIMS OKPYKHOCTH. OJUIMIIC KaK CEUeHUs
KpYIJIOro HUIMHApA. DIIIUIIC B TeXHUKe. Kak HaprcoBaTh 3JUIHIIC.

OxpyxHocTb. KacaTenbHas K OKpY>KHOCTH.

I'unep6oaa. OCHOBHOH YeTHIPEXYTOJIBHUK. ACUMIITOTHI TUTIEPOOIIBI.

OkcueHTpucuTeT runepoonsl. @okanbHbI mapamerp rumnepoonsl.  CompsikEHHAs
runepbona. ['mmepbosna co cMemEéHHbIM HEeHTpoM. Jlupekrpuchl rumnepoossl. [lonoOHble 1
cookycusie rTunepOonsl. JupekTpucsl runep6onsl. PaBHoOouHas rumepbona. ['mmepboina
IIpUBEAEHHAs K aCUMIITOTaM IIyTEM COBMELIEHUS KOOPAMHAT C aCUMNTOTAaMH M IOJIy4EHHUE
«IKONBHOU THnepOoisbly. [longpHoe ypaBHeHHE TuUIEpOOJbl. YpaBHEHHE THUIEPOONBl B
napameTpuueckoM Buue. KacatenpHas M HOpManb K rumep6osie. Xopabl U AUAMETPHI
runep6ossl. OnTHyeckue cBoiicTBa runepoossl. [loctpoenue runepoob.

ITapa6ona. Kanonuueckoe ypaBHEHHE Mapaboibl. DieMeHThl mapaboibl. HekoTopsie
cBoiicTBa nmapabosiel. @opma napadoIibl B 3aBUCUMOCTH OT (POKATIBHOTO Mapamerpa. Jupexrpuca.
CmeménHoe ypaBHeHHE Tapabosbl (ypaBHEHHE Mapabojbl cO CMEIIEHHOW BepIIMHOW. Buisl
napabon. Cummerpuunasi mapabona. Comnpsbk€HHas mapabona. [IpomonbHeie TapaboIbL.
VYpaBHeHHE »IUIMIICA, TUIEpOOJbI U Mapaloiibl B MOJAPHBIX KoopauHaTax. KacarenbHas K
napaboie. «IlkonpHas» napadona. Teopema o miomiaau. [Tapabonnyeckas cucteMa KOOpAUHAT.
Ontuueckue cBoiicTBa napabonsl. Iloctpoenue mapabosnsl. [TocTtpoenne mapa®oiibl MO TOYKAM.
[Tapabona B apxutekrype. HeBbIpoKJeHHbIE KPHUBBIE BTOPOTO MOPSIKA B (PU3UKE.

OO01mee ypaBHeHHe KPUBBIX BTOPOI0 NMOPS/AKA. Y PaBHEHHE KPUBON BTOPOTo MOpPsAKa B
MaTpUYHOM BHJE. IHBapHaHThl IMHUI BTOPOIrO MOPSIKA.

Knaccudukanus auHuii BToporo nopsiaka. Ceoaka Gpopmys JIMHUI BTOPOTo MOPSIKA.

IIpeoOpa3zoBanne KOOPAMHAT Ha IUIOCKOCTH NYTéM CABHIOB H IOBOPOTOB.
[IpeoOpa3oBanue ypaBHEHUs K IeHTpY. llapaienbHblil epeHoc s YIPOIIeHUsS ypaBHEHUS
TUHUA BTOporo mopsaka. I[IpeoOpazoBaHue ypaBHEHHMH K ocsiM cuMMeTpuu. [loBopoT
OTHOCHTEJIbHO Hauana koopauHart. Obmiee oOpaTtHOe mpeoOpazoBaHKe, COUETAIOIIEe CABUTU U
IIOBOPOTHI. MaTpHIlsl IOBOPOTOB.

IToBepxHOCTH BTOPOI0 NMOPAAKA

IToBepxHOCTH BTOpPOro mopsiaka. Oouiee ypaBHEHIE MOBEPXHOCTH BTOPOTO HOPSIIKA.

MHBapuaHTBl HOBEPXHOCTH BTOPOTO MOPSIKA.

DJUINIICOUbI, THIIEeP00JI0HbI, TapadoJIou], runepooTnYecKui napadoIou.

JIuHeilyaTblie MOBEPXHOCTH.

Kaaccnduxanusi mopepxHocreii BTOPOro nopsiaka

IIpeoOpa3zoBanne KOOPAMHAT B NIPOCTPAHCTBE IYTEM CIBMIOB M IOBOPOTOB

Casurn koopauHat. Marpuusl caBuroB. AddunHble mpeodpasoBanus. [10BOpoTHI
(Bpamenusi) koopauHat. [1oBOpoT BOKpPYr OCH X B OTPHULIATEIbHOM HANpaBiIeHUH (110 YaCOBOM
ctpesike). [IoBOpOT BOKPYT OCH y B MOJIOKUTEIHHOM HAMPABICHUU (IIPOTUB YaCOBOM CTPEIIKH).
IToBOpOT BOKpYr OCH z B OTPHULIATEIBHOM HAIIPAaBJIEHUU (IO YacOBOM cCTpenke). Marpuiisl
IIOBOPOTOB.

Yrael Jiinepa. ®usznueckue CIEICTBUS BpalllEHUH B TPEXMEPHOM IPOCTPAHCTBE
¢u3nueckux Ten. CoOCTBEHHOE BpallleHHe, HyTauus M mpeneccus. Kommosumuss MaTpuIlsl
IIOBOPOTOB Ha YIJIbl Jiiepa.

9. Tekymmii KOHTPOJIb N0 JMCIUIIJINHE



Texymuii KOHTpOJIb MO AMCLUMIUIMHE IMPOBOJUTCS IIYTEM KOHTPOJII IOCEIAEMOCTH,
MIPOBEACHUS KOHTPOJIBHBIX pabOT, TECTOB MO JEKIMOHHOMY MaTepHaiy, BHIITOJHEHHS JJOMAIIHUX
3ajaHui U PUKCHpYeTCs B (popMe KOHTPOIHHOM TOUKHM HE MEHEE OJJHOTO pa3a B CEMECTP.

10. ITopsaok NpoBeAeHUs] M KPUTEPUH OLICHUBAHUS NIPOMEKYTOYHOM aTTecTaluu
3ayeT ¢ OLEHKOH B MEPBOM ceMecTpe IIPOBOJUTCA B MUCbMEHHOH popMme 1o Ouieram.
buner conepkuT TeopeTnyeckuil Borpoc u Ase 3ana4u. [IponomkutenbHOCTh 3auera 1,5 Jaca.

IIpuMepHBIii nepedYeHb TEOPEeTHYECKUX BOIIPOCOB
JInneiinas aaredpa

1. Martpuiibl. OCHOBHBIC TOHSATHS, KIIACCHU(PUKAIUS

2. Onepanun Hag Matpuniamu. Clo’keHue, yMHOKEHUE Ha YUCII0, TPAHCIIOHUPOBAHKE
3. Onpenenureny Matpul. Beluucienue u cBoiicTsa

4. YMHOXEHHUE ¢ MaTpHI]

S. OOpatHble MaTPUIBI OTHOCUTENILHO OTIEpalluy YMHOXKEHUs. BbIuncnenue u cBoiicTBa
6. Panr maTpuiisl, onpezeneHue, CBONCTBA U CIIOCOOBI €ro BHIYHUCICHUS

7. CucteMbl TUHEWHBIX ypaBHeHHH. Knaccupukarus u crocoOsl pereHui

8. Pemienue cucteM JIMHEHHBIX ypaBHEHHMH M MAaTPHUUHBIX YPaBHEHHUH METOJOM OOpaTHON
MaTpHILIbI

9. Pemenue cucreM NTMHENHBIX ypaBHEeHUN MeTo10M Kpamepa

10.  Teopema Kponekepa — Kanenu

11.  CkanspHble U BEKTOPHBIE BETUMYUHbI

12. Omnepanuu Haja BEKTOpaMH. Y MHOKEHUE Ha YUCIIO U CIOKEHUE

13.  BekropHO€ NMpou3BeIEHUE BEKTOPOB

14.  CmemaHHOE IPOU3BEIEHUE BEKTOPOB

15.  JluHeliHble mpocTpaHCTBA

16.  JluHeliHble oniepaTOpHI

AHaJIMTHYECKAs TeOMeTpHs

17. IIpsiMast IMHMS HA INIOCKOCTHU: Pa3IUYHbIC BUJIbI YPAaBHEHUM

18.  BzanMHOe pacroJioKeHHE ABYX MPSMBIX Ha IJIOCKOCTH

19.  IlnockocTh B MPOCTPAHCTBE

20.  Ilpsmas nuHUS B IPOCTPAHCTBE

21.  OOuiee ypaBHEHHE KPUBBIX BTOPOTO MOPSIKA

22. Omnurnc

23.  T'umepOomna
24.  Ilapabona

25.  Knaccugukaus JTUHIN BTOPOTO MOpsaKa

26.  IIpeobpa3oBaHue KOOpPIUHAT HA MJIOCKOCTU MYTEM CIBUTOB M TOBOPOTOB
27.  lloBepxHOCTEl BTOPOTO MOPSIKA

28.  IIpeoOpa3oBaHMe KOOPIMHAT B IPOCTPAHCTBE MYTEM CABUIOB U IOBOPOTOB
29.  Dmuncoupsl, runepooIouabl, mapadboIoua, TUIEPOOTNUECKUi mapadoaou
30.  JluHel4aTble IOBEPXHOCTH

31.  Knaccuduxanus moBepxXHOCTEH BTOPOrO HOPsIIKA

32.  VYrusl Oiinepa

IIpuMepHBbIii nepeYeHb NPAKTHYECKUX BONPOCOB
3apaua 1. BeruucnuTh onpeneauTeNb
30 —10 120 80

—5 3 —H -2
1 1 3 =7
-3 2 &8 —I5

3agayva 2. BeruncauTh 1omab napauenorpaMmma, CTOpoHbl KOTOpOro 00pa3oBaHbl BEKTOPAaMHU
a=2i+3j-k, b=i-3j+2k



3apaua 3. Beruucnuth onpeneauTeNb

5 87 4 -2
-1 4 2 3 1
B9 2¥ 6 10 —9
3 9 6 2 —3
1 3 2 8 —1

3anaua 4. Haiitu 066€M mapauienorpamma, €cliv ero CTOpOHbI 00pa30BaHHBI BEKTOPAMH
a=3itj-k, b=2i-3k, c=itjtk
3agaya 5. Haiitu panr maTpuiisl

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

6 3 4 8 —3
3agava 6. Haiitu 006EM nupamMuibl, BEPIIMHBI KOTOPOH 33aHBI TOUKAMHU

A(1,0,4),B(2,7,3),C4,0,-1), D(2,8, -1)
3agaya 7. MccnenoBarh CUCTEMY HA COBMECTUMOCTD
dx, + 3y — Jxg — xye=4,
dxp— x43n—2n=1,
dx 4 xa — =10,
5-f.| +dxy —2x3 4 xi=3.
3agaua 8. HaiiTu yros MexJ1y acCHMIITOTaMHU TUIIEPOOIIBI, €CIIH €€ SKCIEHTPUCUTET paBeH 2.
3agaya 9. Pemunts cucremy metoiom Kpamepa
Py — k2 — dap =213, }
Juy + dxg — b= —8&,
s 4 Tag =17,
3agaya 10. Haiitu paccTosiHue Mexay 1Byms npsaMmbiMu 3x-4y+5=0, 6x-8y-13=0
3anaya 11. Haiitu oG1ee perieHne cucTeMbl
X1+ Xo— X3—2x4—2x; =0,
211 +3x9—2x3 —_— 51’1 —415 =0
X1 — Xo— X3 — 2x; =0,
X1 —2x2— x34 x4—2x; =0.
3agaya 12. Haiitu yron Mexay IoCKoCThIO 2x-y-22-1=0 1 npsmoii, npoxosiiei yepes 1Be
touku 4(0, 2, 6),B(3, 6, -6).
3anaua 13. Haiitu coOcTBeHHBIE 3HaYEHUS M COOCTBEHHBIE BEKTOPHI MATPUILIBI TMHEHHOTO
onepaTtopa 4

¥

3 2 4

2 1 2

1 1 2

x-3 y-2 z-5
1 7

3agaya 14. HaiiTu TouKky nepecedeHus U yroi Mexay IpsiMoi u

IJIOCKOCTRI0 X+ V— Z+ 3=0.
3anaua 15. Haiitu olmiee 1 pyHIaMeHTanbHOE pelIeHHe CUCTEMBI
2xi + 3xa= x99+ x4— xs,
4x -|- X3 = 2x9 — 214 — 2,1'5.}
3anaua 16. Haiitu ypaBHeHue runep0osbl, GOKyChl KOTOPOU Jiexar B Toukax Fi(-2, 4) u
F>(12, 4), a yiuHa MHUMOM OCH paBHa 6.
3agaya 17. Haiitu kommyTtarop [4, B]. u antukommyratop [4, Bl matpun 4 u B

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

3agaya 18. Hanucats ypaBHeHHE npsMoid, mpoxoasmei yepe3 Touky A(1, 0, -3) u napamiensHo
IPSIMOM, 3aJaHHOU IIOCKOCTAMU X+2y-z+3=0 u 3x-y+4z+2=0.



3agaya 19. Hanucats ypaBHeHHE psMoi, mpoxoasiei yepe3 Touky A(1, 0, -3) u napamiensHo
IPSIMOM, 3aJaHHOU II0CKOCTAMU X+2y-z+3=0 u 3x-y+4z+2=0.
3amaya 20. SIBIAIOTCS 1M MATPHILBI B3aMMHO 0OpaTHBIMU

[t =t 1 —1] 11 oo
RL 1 —1 | D10
A=y 0 I -1 B=10n o I 1

0 0 0 | LI
2x+y—-6=0,
—5y-2z-8=0
OHU HE MapaJuieNibHbl, HAUTH TOYKY UX MEPECCUCHUSI.
3amaua 22. Haiitu (4+3B)%, eciu A u B Marpuia

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

14 7 -2 1 —1
A=| 2 5 —8|, B= 1 0 2
-3 6 9 4 —1 0

3anaua 23. [IpHBeCTH K KAHOHHYECKOMY BHAY YpaBHEHHE 4x°+9)°+32x-54+109=0,
OTIPENICNIUTH OCHOBHBIE XapaKTEPUCTUKH U IOCTPOUTD
3agaya 24. HaliTu Bce nepecTaHOBOYHBIE MATPULIBI JJI1 MaTPULIBI 4

2 1
] 2 1]

3agava 25. Hamucare ypaBHeHHE THUIEpOONBI M €€ ACHMIITOT, €ClIM (OKYChl THIEepOOJIbI
HaxozsaTcs B Toukax Fj(—4,0), F,(4,0) n mimHa BemecTBeHHOM OcH paBHa 6.
3anaua 26. Haiitu oOpaTHyi0 MaTpuIly MaTpHib! 4

3 1 —=5b
A=|1 2 4
3 2 -1

3agaya 27. DKCUEHTPUCUTET TUIEPOOJIBI paBeH 2 . CocTaBUTh €€ KAaHOHUYECKOE YpaBHEHHUE,
€CJIM OHA TIPOXOHT Yepe3 TOUKY 4 =(+/3,2).
3anayva 28. Haiitu olmiee 1 pyHIaMeHTaNbHOE pelIeHUE CUCTEMBI
{31:1 — 22+ xa— xi=0,
3x; —2xs— x3+ x4=0,
x1— x:4 2x3+5xs=0;
3amaua 29. [TokasaTh, 4YTO ypaBHEHHE y+x’—6x+5=0 ONpenenser napadony. Haititu 3Hauenue ee
napameTpa ¥ KOOpAMHATHI BEPIIHHEI.
3agaya 30. Pemuts cucremy METOZ0M 0OpaTHOM MaTpPUILIBI
x—dy+4 z=3,
¥=5y 4 3z= —1,
x— y<4 z=1.
3anayva 31. Hanmcats ypaBHEeHUE rUNIEpOOIIBI, TPOXOIAIICH Yepe3 TOUKY (2,1) , ACUMIITOTHI
KOTOpPOU y=+(3/4)x.
3anaua 32. Haiitu coOCTBeHHBIEC 3HaYEHUSI M COOCTBEHHBIE BEKTOPHI MATPUILIBI TMHEHHOTO
orepaTtopa

3anauya 33. Haiitu ypaBHenue cepsl, mpoxosmieii uepes 4 Touku A(1, 1, 0), B(7,-11, 0),
c(10, 1,9), D(-2,-11,9)

Pesynbrarhl 3adyera C OLIEHKOW OINPENENSIOTCS OLCHKAMU «OTIMYHO», «XOPOIIOY,
«YZOBJIETBOPUTEIILHO», «HEYIOBIECTBOPUTEIILHO.



Hanee mneobxooumo onucamv Kakum o00pa3omM MeKywuli KOHMPOIb 6lusem Ha
NPOMENCYMOYHYIO aMmmMecmayuro U 6 KAKOM Cayyde CMAGUMCS «OMIUYHOY», «XOPOULOY,
«V00871eMBOPUMENLHOY, «HEYOOBIEMEOPUNENbHO.

B cayuae npumenenus dannvHo-petimun2co8oti cucmemsl, oHu onucvigaemes 6 n.9 un. 11 c
yuemom meKywe20 KOHMPOAA U NPOMENHCYMOUHOU ammecmayuu, Ha NPOMENCYMOUHYIO
ammecmayuro nianupyemcs e 6onee 40% pevimunea.

B cnyuae npumenenus cucmem oyeHU8aHus, OMIAUYHBIX OM NAMUOAILILHOU, ONUCAMD
MexaHusm nepesood OYeHKU 8 NAMUOALILHYIO UKATLY.

JK3aMeH BO BTOPOM ceMecTpe IPOBOJIUTCS B MHCHbMEHHOW (opme mo Ouieram.
DK3aMEHAIIMOHHBIN OWJIET COCTOUT U3 APYX TEOPETUYECKHX BOIPOCOB M JIBYX MPAKTHUECKUX
3aganuii. [IpogomxuTenbHOCTh SK3aMeHa 1,5 yaca.

Cmpyxmypa 5K3ameHa O0JHCHA COOMEEMCmMBE08amMs KOMNEMEHMHOCMHOU CMPYKmMype
oucyunaune. Ilpu onucanuu cucmemvl OYEHUBAHUS UMO208020 KOHMPOIS NO OUCYUNTUHE
HeoOX00UMO NPOOEMOHCMPUPOBAMb OOCIMUNCEHUE B8CeX 3aNIAAHUPOBAHHBIX UHOUKAMOPOS —
pe3ynibmamos 00yyeHus.

Pesynmbrarel  DK3amMeHa  ONPEACISAIOTCS  OUCHKAMM  «OTJIMYHO»,  «XOPOLIO»,
«YIOBIJIETBOPUTEIILHO», «HEYIOBIECTBOPUTEIILHO.

11. YuyeOHO-MeTOAMYECKOE O0ecneyeHne

a) DIEKTPOHHBIM y4eOHBIH Kypc 1O JUCHUIUIMHE B CpeJie IEKTPOHHOTO 00yueHus iDO

6) OnleHOUHBIE MaTepHalbl TEKYHIETO KOHTPOJIS MW MPOMEKYTOUHOM aTTECTAlluH II0
JTUCLUTUIAHE.

B) Ilian ceMuHapcKkux / MPaKTUYECKUX 3aHATUHN 110 TUCIUILTHHE.

JInneiinas aaredpa
1. Martpunpsl. OCHOBHBIE TOHATHS, KITACCU(PHUKAIINS .
2. Omnepanum  Hajy  marpuunamu.  ClokeHue,  yMHOXEHME  HAa  YHUCIO,
TPaHCIIOHUPOBAHHUE.
Onpenenurenu Matpull. Beluncienue u cBoicTBa.
YMHOXKEHUE C MATPULL.
OOpatHble MaTpuUIlbl. Berurcienue u cBOMCTBA.
Panr MaTpulsl 1 €ro onpezeieHue.
Cuctembl TUHEWHBIX ypaBHeHHH. Knaccuukarus u crocoObl pereHui.
Pemrenne cucreM JMHEHHBIX ypaBHEHMM M MaTPUYHBIX YPAaBHEHUH METOJIOM
0OpaTHON MaTpPHUIIBI
Pemenue cucreM nMHENHBIX ypaBHEHUN MeTo10M Kpamepa.
10. Peienre OJHOPOJHBIX M HEOJHOPOJHBIX CHUCTEM YpPaBHEHUH C OECKOHEUHBIM
MHOKECTBOM PELLICHU.
11. Teopema Kponekepa — Kanenu
12. CkansipHbl€ U BEKTOPHBIE BETMYUHbI
13. Onepanuu Haj BEKTOpaMH. Y MHOKEHUE HA YUCIIO U CIIOKEHUE.
14. BexTopHOE IPOU3BEIEHUE BEKTOPOB.
15. CmemanHoe IpOU3BEIEHUE BEKTOPOB.
16. JIunelinple MpoCTpaHCTBA.
17. JInnelinple onepaTopsl.
18. CoOGcTBEeHHBIEC 3HAUEHUS M COOCTBEHHBIE BEKTOPBI JIMHEHHBIX OTIEPATOPOB.
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AHaJIMTHYECKAS TeOMeTpHs
19. IlpssMas TuHUSA Ha MJIOCKOCTHU: PA3JIMYHbIE BUbl YPABHEHUN
20. B3anMHoO€ pacroioxKeHue ABYX MPSMbIX Ha IUIOCKOCTH
21. [ImockoCTh B MPOCTPAHCTBE
22. Ilpsamast TMHUS B IPOCTPAHCTBE
23. O61ee ypaBHEHUE KPUBBIX BTOPOTO HOPSIKA



24. Dnnunc

25. T'unepbomna

26. ITapabona

27. Knaccudukanus TMHUAN BTOPOTO MOPSIKA

28. IIpeoOpa3zoBaHKe KOOPAWHAT HA TNIOCKOCTH ITyTEM CIIBUTOB U IIOBOPOTOB
29. IloBepxHOCTEN BTOPOTO MOPSJIKA

30. [IpeoOpazoBaHne KOOPAMHAT B IPOCTPAHCTBE MYTEM CABUTOB U IOBOPOTOB
31. Dnnuncou s, runepooIOUAbI, TapadboIoua, TUIIEPOOTHUECKUI mapadoIon
32. JIunenyarbie TOBEPXHOCTH

33. Knaccugukaius moBepxXHOCTe BTOPOTo mopsiaKa

34. Yrasl Diinepa

12. IlepeyeHn y4eOHOI1 TuTEpaTyphl U pecypcoB ceTu UHTEepHeT

a) OCHOBHAafl JIUTepaTypa:

1. Anekcanapos I1.C. Kypc aHanmuTHueckoil reoMeTpuu U JMHEHHON anreOpbl. — M.:
Hayka, I'maBHas pemakuus (u3MKO-MaTeMaTH4eckoil aureparypsl, 1979. 512 c.

2. bexnemumes /J[.B. Kypc ananutudeckoil reomMeTpuu M JMHEHHOW anreOpel. — M.:
Bricmag mkona, 1998. 320 c.

3. bexnemumena JILLA., IlerpoBuu A.FO., UyGapor W.A. COopHuMK 3amad 110
aHAJTUTUYECKOW TeOMETpUU M JMHEiHo# anrebpe. — M.: OU3MATIIUT, 2003. 496 c.

4. Byxtsxk M.C. OcHoBbl nuHelHOM anredpsl. Tomck: M3n-Bo ToMckoro
rocynapcTseHHoro yuusepceurera, 2009. 200c.

5. Mopenos I1.C. Ananutuueckasi reometpus. — M.: U3a-so MI'Y, 1969. 698 c.

6. Mognenos I1.C., TTapxomenko A.C. COOpHHK 3a7a4 IO AHAIUTHYECKOW T'€OMETPHH.
— M.: Hayka, 'maBHast penakius pu3uKo-mMaTeMaTHuecKoi aureparypsl, 1976. 384 c.

7. COOpHUK 3a7a4 10 AHAIUTUYECKOM reoMeTpuu M JMHeHHoW anreOpe./ Ilox pen.
CmupnoBa }0.M. — M.: Jloroc, 2005. 376 c.

8. [IpockypsikoB H.B. CoopHuK 3ana4 no nuHeiHo# anredpe. M.: U3a-Bo «Jlanby, 2016.
480 c.

9. Knerenuk JI.B. COopHUK 3a/a4 Mo aHanuTU4YeCKo reometrpuu. M.: U3a-Bo «JlaHby,
2016. 224 c.

10. Kypomr A. I'. Kypc Beiciieit anredpsl. - M., 1968.

0) AOMOJIHUTEIbHAS JINTepaTypa:

11. boraues K. FO. Merozp! perieHus THHEHHBIX CUCTEM U HAXOXKJIEHUSI COOCTBEHHBIX
3HayeHui. - M., 1998.

12. bynrakos /1. H., [TonoB A. M. bununeiiabie u kBaapatuyasie Gopmsl. - M., 2001
Bunb6epr 2. b. Kypc anredpst. - M., 2001.

13. I'ant™maxep @. P. Teopust matpui.

14. Tensana Y. M. Jlekiun no nuHelHOMH anredpe. - M., 1998.

11. Uxpamos X. /I. 3anaunuk mo auHelHoMH anredpe. - M., 1975.

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

16. Koctpukun A. ., Manun 0. U. Jluneiinas anredpa u TeOMeTpus.

17. Kypowr A. I'. Kypc Beicmieit anredpsl. - M., 1968.

18. ManbueB A. Y. OCHOBBI TMHEHHOM areOphl.

19. Munnop k., Xsro3mouep . Cummerpuueckue OmnnHeiabie GpopMmel. - M., 1986.

20. TeipreimaukoB E. E. Matpuunslii ananu3 u auHeiHas anredpa. - M., 2005.

21. IlpockypsikoB U. B. COopHUK 33124 110 TUHEWHOM anredpe. - M., 1966.

22. ®angnees /1. K., Comunckuit Y. C. 3anaun mo Beiciieit anredpe. - Cnob., 1999.

23. Xanmoru I1. KoneuHOMEpHBIE BEKTOPHBIE ITPOCTPAHCTBA.

24. ladapesuu U. P. OcHoBHBIE OHATHA anreOpsl. - MkeBck, 1999.

B) pecypchl cetu HTepHeT:
http://www.mathnet.ru/ O61mepoccuiickuii MaTeMaTHYECKH MopTa
http://www.fipm.ru/ JIuneiinas anredpa u reomerpus. CIIPABOYHUK


http://www.mathnet.ru/
http://www.fipm.ru/

http://www.mathnet.ru/index.phtml/?option_lang=rus O6mepoccuiickuii
MaTeMaTUYECKUI IIopTal

http://eqworld.ipmnet.ru/indexr.htm MaremYpaBuenus

http://www.imath.kiev.ua/~golub/rmsites.html /36pannvie mamemamuueckue cavimol

http://lib.mexmat.ru/ MI'Y, mexMmar, 31eKTpoHHass OUOIHOoTEKa

http://matcreative.ru/sayt-matematicheskie-etyudy MaTtemaruueckue 3TI0b1

http://pco.iis.nsk.su/grapp/ TockoBslit coBaps o Teopuu [ PAO®OB

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

http://www.ph4s.ru/programs_4.html MaTemaTuueckne mporpaMmsl

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

JIureparypa nporpamMmel
ApXUB 3JIEKTPOHHBIX HAYYHBIX CTAaTeH
VYuebHble MaTepuansl Ut cTyaeHToB MexMata MI'Y
EBpornelickas cucrtema noucka MmaremaTuueckux npenpunroB MPRESS
MoOCKOBCKOE MaTeMaTH4ECKOe 0OLIECTBO
MOCKOBCKHUH LIEHTP HEMPEPHIBHOTO 00pa30BaHUS
Bricmas arrecrannonnas komuccust MO u nayku PO
Poccuiickoe oOpa3oBanue. @enepanabHbIN MopTa
Hayunas snextponnas 6ubnanorexka eLIBRARY.RU
http /f'www.ph4s.ru/index.html Matemaruueckas 6ubnuoTexa
http://www.ph4s.ru/programs_4.html [IporpamMmmbl MaTeMaTHUECKHE Ha MAaTEMAaTHUECKOM
OoubmnoTexe
MaremaTrnueckasi Oubianoreka http://math.ru/lib/. Ha caiite pa3menieHbl KHUTH, BUJEO-
JIeKIMH, 33714, UICTOPHU U3 )KU3HU MAaTEMaTHKOB, KOTOPbIE OyIyT HHTEPECHBI KaK
CIELUANNCTaM, TaK ¥ ITUPOKOMY KPYT'y JIFOOUTENe MaTeMaTUKH.
https://www.math10.com/ru/vysshaya-matematika/

N YR W

®dopmyibl Mo MaTeMaTHKE U QU3NKE

http://nuclphys.sinp.msu.ru/ Yue6 matepuais! "®u3znka aTOMHOTO s7pa ¥ 4yacTUI"
HUUSAD MI'Y

http://www.indigomath.ru/ ®opmynsl o MaTemMaTike u pusnke

http://Bceopmynbr.pd/ Bee popmyier mo dusuke 1 Matemaruke

http://dopmynsinodusuke.pd/ @opmynsl o puznke

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

https://spravochnick.ru/fizika/atomnaya fizika/atomnaya fizika osnovnye ponyatiya i f
ormuly/ CripaBo4HHK ¢ (hopMynaMu

14. MaTepua/jbHO-TeXHHYECKOe o0ecrevyeHne

Aynutopuu Uil IPOBEIEHUS 3aHATUN JEKIIMOHHOTO THIIA.

Aynuropun JUisl TIPOBEACHMSI 3aHATHUH CEMMHAPCKOTO THUIA, WHIMBUIYAIbHBIX H
IPYIIOBBIX KOHCYJIbTALUM, TEKYILETO KOHTPOJIA U IPOMEKYTOUHOM aTTECTALUU.

[Tomerenus st CaMOCTOSTENILHONW pabOTHI, OCHAIEHHBIE KOMIBIOTEPHONH TEXHUKOH U
JIOCTYIIOM K ceTu MHTepHeT, B 3JIEKTPOHHYIO MH(OPMAIMOHHO-00pa30BaTEeNbHYIO Cpely U K
MH(GOPMAIIMOHHBIM CITPABOYHBIM CUCTEMaM.

15. Undopmanus o paspadorunke
UypukoB Bukrop AHaTonbeBuY, KaHa. ¢pu3.-MaT. HAyK, JOLEHT, Kag. TeOMETpUN
TI'Y, noueHr.


http://www.mathnet.ru/index.phtml/?option_lang=rus
http://eqworld.ipmnet.ru/indexr.htm
http://www.imath.kiev.ua/%7Egolub/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/
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