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1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOuctunmza 51.0.06 Anrebpa u reomeTpusi OTHOCUTCS K 00s13aTe/TbHOM YacT 00pa3oBaTesibHOM
TIPOrPaMMBI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

®dopmupyemsbie IInaHupyemMble pe3yabTaThl 00yueHus mo gucouiuinHe | HanveHoBaHMe OI€HOYHOI0 CPeACTBA
KOMIIeTeHI{UH (Moayn10), B  COOTBETCTBMM C HHAMKATOPOM
(xop, cofepykaHve | AOCTHIKeHHs KOMIIeTeHI[UH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHI[UH MO JUCLHIIIHHE KOHTPOJIA NMPOMeKyTOYHOH
(xopm, cofiepkaHue ycrneBaemMoCTH arTecTanuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3uaem npuHyunbt YK-1.1: Tecm
ocywecmensimb cbopa, ombopa u 0606wjeHuss  |3Hamb noHsIMust SK3amen:

NOUCK, KpumuHeckuu | yyhopmayuu Mamemamuyeckozo Tecm
aHanu3 u cuHmes
YK-1.2: Ymeem coomHocumb  |onpedeneHusi, ymeepicoeHusl,

UHopmayuu,

PAasHOPOOHble A8NeHUs U dokaszamenbcmed. 3Hamb
npuMeHsimb
cucmemHbiili nodxod | CUCMEMAmu3uposams ux 6 NPUHYUNbI NOCMPOeHUs
s pamKax usbpaHHbix 8UO08 dokasamenbCcme.
peuueHus npogeccuoHanbHol

nocmasneHHblX 3a0ay | dessmeabHOCMU
YK-1.3: Imeem
npakmuueckuti onbim pabombt

YK-1.2:
Ymemb ebicmpaueamb
Jl02uuecKue yenouku

€ UHGOPMAYUOHHBIMU .
thopmay ymeepdicoeHull. Ymemb

ucmoyHukamu, onblm
cucmemamu3upoeamb

HAy4HO20 NOUCKA, CO30aHUsl
paccmampueaemble 8 Kypce

HAyHHBIX MeKemos ymeepicOeHUsl U NOHUMAMmb pOob
Kax#c0020 u3 HUx 8 obwjell
KapmuHe. YMemb ucnonb308amb
ymeepatcOeHus 04151 peweHust
3adau u3 opyaux pazoenos
Kypca, Hanpumep, UCNo/1b308amb
ceolicmea 6eKmopog 011
petueHus 3a0au o NpMbIX U
n10cKoCmsX, UCNONb308AMb
duaeoHaauzayuro mampuy o1s
peweHust peKyppeHMmHbIX

OMHOWeHUl.

YK-1.3:

Hmemb onbim
KOHCNeKmupo8aHus y4eOHUKa
019 8bISICHEHUS /102U4ecKoll
cmpyKmypbl ymeepocoeHul.
Hmemb onbim cocmasneHust
dokazamenbcme 8 guoe

Jl02u4ecKu u epammamuyeckKu

Npasu/ibHblX MeKCmoes.




OIIK-1: CnocobeH
npumeHsmb
¢yHOameHmanbHble
3HAHUSL, NO/yYeHHble
8 obnacmu
Mamemamuyveckux u
(unu) ecmecmeeHHbIx
HayK, u
ucno/Nb308amb Ux 8
npogeccuoHanbHoU
dessmesibHOCMU

OIIK-1.1: 3Haem OCHOBHble
no/oJiceHust U KoHYenyuu 8
obaacmu mamemamu4ecKux u
ecmecmeeHHbIX HAyK, 6a308ble
meopuu u ucmopuu
OCHOBHO20, Meopuu
KOMMYHUKayuu; 3Haem
OCHOBHYI0 MePMUHON02UIO
OIlK-1.2: Ymeem
ocywecmensimb nepeuyHblil
cbop u aHanuz mamepuanda,
UHmMepnpemupoeamb
pasauuHble Mamemamuueckue
06BeKmbl

OIIK-1.3: Umeem
npakmuueckuil onbtm pabomoi
C pewieHueM CmaHOapmHbIX
mamemamuyecKkux 3a0ay u
npumeHsiem e2o 8
npogeccuoHanbHoll

dessimenbHOCMU

OIIK-1.1:

3Hamb: onpedeneHus U
ceolicmea onepayuil Ha
8eKMopax, KOMNAEKCHbIX UUCAaX
u mampuyax. 3Hamb cnocodbl
3a0aHus NpSIMbIX U naocKocmetl
8 npocmpaxcmee. 3Hamb
onpedesneHue AuHeliHo20
onepamopa, e2o Mampuybi.
3Hamb OCHOBHble MeopeMbl O
/NUHEelHOM 8eKMOPHOM

npocmpaxcmee R,

OIIK-1.2:

Ymemb ucnonb3osamb
CKansipHoe, 8eKMopHoe U
CMelaHHoe npou3sgedeHus 051
petueHus 3a0ay o NpsIMbIX U
niockocmsx. Ymems pewamsb
KeaopamHble ypasHeHusl 8
KOMN/IEKCHbIX UUCAax,
nepegooumb KOMI/IEKCHble
uucna us aneebpauueckoll
¢opmbl 8
mpu2oOHOMempu4ecKyo u
obpamHo. Ymemb HaxoO0umb
KOpHU n-ii cmeneHu u3
KOMN/IEeKCHbIX yucen. Ymems
pewiams cucmembl AUHElIHbIX
anzebpauveckux ypasHeHull
memodom I'aycca, Haxooums
¢yHOameHmanbHyto cucmemy
pewleHull. Ymemb npou3e00umb
onepayuu Had Mampuyamu,
Haxooums onpedeaumenu n-20
nopsioka, pave, 0bpas u siopo
mampuy. Ymemb Haxooums
cobcmeeHHble 3HaUeHUs U
cobcmeeHHble 8eKMOpb!
mampuy, npusooumb Mampuybl
K Oua2oHanbHOMy 8udy. Ymemb
HAaxoo0umb Mampuybl AUHelHbIX

onepamopos.

OIIK-1.3:

Bnademb Haebikamu
dokazamenbcmea ceoticme
onepayuti Had eekmopamu,
KOMNEKCHbIMU YUCAAMU U
mampuyamu. imemsb onbim
pewleHus 3a0ay npo 8eKMopbl,

KOMN/eKCHble Yucida, Mmampuuybl,

3aoauu

OK3ameH:

KonmponbHas paboma




AuHellHble OnNepamopbl u
/uHellHble 8eKMOPHble

npocmpaHcmea.

3. CTpyKTypa u copepkaHHve AUCLMILIUHbI

3.1 TpyA0eMKOCTb AUCLUII/TUHBI

oyHasi

OO011as TPY/J0EMKOCTD, 3.€. 7

Yacos 1o yueoHOMY IIaHy 252

B TOM uuc/ie

ay/JUTOpHbIe 3aHATHA (KOHTaKTHas padoTa):

- 3aHATHSA JIEKIJMOHHOI'0 THIIA 64

- 3aHATHUS CEMHHAPCKOI0 TUMNA (MpaKTHYecKue 3aHATHS / TabopaTopHbIe padoTh) 80

- KCP 4

caMocTosTe/IbHasA padoTa 32

IIpomexxyTouHas arrecTanys 72
JK3aMeH

3.2. CozepxaHWe JUCLUIIIMHbI
(cmpykmypupoeaHHoe no memam (paszodeaam) C yKazaHueM Omee0eHHO20 HA HUX Ko/auyecmed

axkademuuecKux udacos U 8uobl yuebHbIX 3aHamuil)

HaumeHoBaHue pa3fesioB ¥ TeM JUCLIATUIMHBL Bcero B TOM UHCJIe

(ace1) KonTakTHas pabora (paboTa Bo

B3aMMOJIefiCTBUH C MIPENofaBaTesieM),
Yackl U3 HUX

3aHITH CamocTosiTe/ibHast
CeMHHapCKOro paGota
3aHATus THTIA obyuarowerocs,
JIEKL[MOHHOTO | (TpakTHueckue | Bcero Hackl
THUMa 3aHsATHsA/abopa
TOPHBIE
paboThI), Uackl
0 0 0 0 0
o) ¢ o) o) o)
0 0 0 0 0
1. Cucremsl TUHeHHBIX ypaBHeHuUH / Systems of linear equations 13 6 6 12 1
2. MatpuuHas anrebpa / Matrix Algebra 17 8 8 16 1
3. KommiekcHble uncia / Complex numbers 13 6 6 12 1
4. Onpegenureny / Determinants 9 4 4 8 1
5. BektopHast reometpust. [IpsiMere 1 rtockocTtr / Vector geometry. Lines and 18 8 8 16 )
planes
6. BexropHoe npoctpaHcTBo Rn / Vector Space Rr 21 6 10 16 5
7. Paur. Tuaronanu3anus / Rank. Diagonalization 21 6 10 16 5
8. JIuHeliHbIe 0TOOpaXkeHUs1 U X MaTpuLibl / Linear transformations and their 26 10 10 20 6




matrices

9. OproroHansHOCTb. MeTo, HauMeHbIIMX KBazpaToB / Orthogonality. Least 17 4 8 12 5
squares approximation

10. TIpuno>keHusi Teopry BeKTOPHBIX npocTpaHCTB / Applications of the 21 6 10 16 5
theory of vector spaces

Arrecrarust 72

KCP 4 4

Wroro 252 64 80 148 32

Contents of sections and topics of the discipline

1. PelieHus 1 37ieMeHTapHbIe ripeobpa3oBaHust CTPOK. Metog "aycca. OJHOPO/JHbIE M HEOJHOPOJHbIE
ypaBHeHHUsI.
Solutions and elementary row operations. Gaussian elimination. Homogeneous and nonhomogeneous equations.

2. CnoxeHne MaTpUL], YMHO>XEHHE Ha CKaJsp, TPAHCIIO3ULUA. Y MHOXKEHHE MaTPHUL] Ha BEKTOP. Y MHOXKEHHE
MaTpui. ObparHasi MaTpuIia. DyieMeHTapHbIe MaTPHULBL.

Matrix Addition, scalar multiplication, and transposition. Matrix-vector multiplication. Matrix multiplication.
Matrix inverses. Elementary matrices.

3. Anrebpaniueckye oreparjiy Ha KOMITIEKCHBIX unc/ax. ComnpspkeHHOe uncio. Mogayss. KomriekcHast
IUIOCKOCTh. Anrebpanueckasi, TPUrOHOMeTpHUecKasi U TloKas3artesibHble (opMel. PellieHne KBaJjpaTHBIX
ypaBHeHui1. ®opmysna Myaspa. KopHM 13 KOMITJIEKCHBIX YMCeJT.

Algebraic operations on complex numbers. Conjugate of a complex number. Absolute value. Complex plane.
Rectangular, polar and exponential forms. Solving quadratic equations. De Moivre's formula. Roots of complex
numbers.

4. Pa3io>keHue orpe/ie/TUTe s Mo CTpoKaM U ctosibiam. TpucoeavHenHast Matpuija. CBs3b ¢ 00paTHOM
MaTpuliiei.
The cofactor expansion. Adjugate matrix. Determinants and matrix inverses.

5. CrioykeHre BEKTOPOB U YMHOKeHHe Ha ckasnsip. CKalspHOe MTpOU3Be/IeHHe, OPTOTOHATBHBIE TIPOEKIUH.
BekTopHOe U cMelllaHHOe Tipou3BefeHure. [TapameTprueckre, KAHOHMUECKKE U 00IIe YpaBHEHHS TIPAMBIX U
TIJIOCKOCTeH.

Vector addition and scalar multiplication. Dot product, orthogonal projections. Vector and triple product.
Parametric, symmetric and general equations of lines and planes.

6. [ToanpocTpancTBa. JInHelHble 000/104YKH. JIHelHasi He3aBUCUMOCTh. Ba3uchkl ¥ pa3MepHOCTb.
Subspaces. Span. Linear independence. Bases and dimension.

7. IIpocTpaHcTBa CTPOK U CTOJIOLOB, UX COXpPaHEeHHe MpY 371eMeHTapHbIX Npeobpa3oBaHusiX. PasmMepHOCTb
MPOCTPAHCTBA PellleHeHH CUCTeMbI OTHOPO/HBIX YpaBHeHU. CoOCTBeHHbIe 3HauUeHHs 1 COOCTBEHHbIe
BeKTOpbl. KpuTepuii AvaroHamm3nupyeMoCTH.

Row and column space, their preservation under elementary operations. Rank-nullity theorem. Eigenvalues and
eigenvectors. Characterization of diagonalizable matrices.

8. Martpuiia TMHeHHOTo 0ToOpaXkeHUs. MaTpuiia repexo/ia K HOBoMy 0a3ucy. Matpuija 0ToOpa>keHusi B HOBOM
0asuce. IIpuMeHeHHe TMHEWHBIX 0TOOPA’KEHUH B KOMITbIOTEPHOM rpaduke.
Matrix of a linear transformation. Change-of-basis matrix. Matrix of a linear transformation in a new basis.



Application of linear transformations to computer graphics.

9. HepaBenctro Komm-byHsikoBckoro. OpTroHOpMHpOBaHHLIH Oa3suc. TTpoliecc oproroHanu3anuu I'pama-
[MImupara. Pasnoxkenve ®@ypre. MeToz HauMeHbIINX KBaJPaTOB.

Cauchy Inequality. Orthonormal basis. Gram—Schmidt process. Fourier expansion. Least squares
approximation.

10. CpoiicTBa nonmMHOMOB: TeopeMa be3y, Teopema Taiinopa, mosiMHOMUaNbHAas UHTEPIOJISALMS, OpefeuTesTb
BaHziepMoH/ja, MHTepPIIOJISALMOHHbIE [T0JIMHOMBI Jlarparmxa. PelleHre TMHeHHbIX PeKyPPEHTHbIX YpaBHEHU.
Properties of polynomials: polynomial remainder theorem, Taylor theorem, polynomial interpolation,
Vandermonde determinant, Lagrange interpolation polynomials. Solving linear recurrence relations.

4. YueOHO-MeToAMYeCKOe o0ecneyeHHe CaMOCTOSITe/TbHOW PadoThI 00yJarouXCsl

CamocrosTenbHasi paboTa oOyyaroL[uxcsi BK/IOUaeT B cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIPOCAM U
3a[jaHUsIM JIJIsi TeKYIero KOHTPOJIsi U TIPOMEKYTOUHOM aTTeCTallud T0 UTOraM OCBOEHMS JUCLIATITUHEI
NIpYBe/IeHHBbIM B I1. 5.

Nicholson, W. Keith. Linear Algebra with Applications. Lyryx, 2021.

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Test) to assess the development of the competency
YK-1:

1. Select true statements.

(a) If a linear system has n variables and m equations, then the augmented matrix has n rows.

(b) A consistent linear system must have infinitely many solutions.

(c) If a row operation is done to a consistent linear system, the resulting system must be consistent.

(d) If a series of row operations on a linear system results in an inconsistent system, the original system is
inconsistent.

2. Select true statements.

(a) det (A + B) = det A + det B.

(b) If det A = 0, then A has two equal rows.

(c) If R is the reduced row-echelon form of A, then det A = det R.
(d) If det A = det B where A and B are the same size, then A = B.

3. Select true statements.

(a) There exists a 3 x 4 matrix that has independent columns.

(b) There exists a 4 x 3 matrix A where rank A =2 and A has independent columns.

(c) If A is an m X n matrix and rank A = m, then m < n.

(d) There exists a nonsquare matrix that has its rows independent and its columns independent.



Assessment criteria (assessment tool — Test)

Grade Assessment criteria

B]Ia,ZLEHI/Ie OCHOBHBIM U JOIOJ/IHUTE/IbHBIM MaTe€pPHUa/IOM AOCTAaTOUHOE M/ C HE3HAUUTE/IbHBIMU
dss
P OLIMOKAMH U TMOTrpelIHOCTAMMU.

fail Bnagenue marepuanoM, Heo6X0MMbIM I10 IAHHOMY TpeiMeTy, HeZilocTaTouHo. PaboTy 3a Bpemst
ai
ceMecTpa MOKHO OLIEHUTh KaK Hey/I0BJIeTBOPUTE/IBHYO.

5.1.2 Model assignments (assessment tool - Tasks) to assess the development of the competency
OIIK-1:

1. Find the general solution to the following system of linear equations.

2x+3y+z=5
Sx+7y-42=0

2. Solve the system of equation by finding the inverse of the coefficient matrix.

X+ty+2z=5
x+y+z=0
X+2y+4z=-2

3. Solve the equation 22 - (3 -2i)z + 5 - 5i =0 in complex numbers.

4. The following points are given: A(1, 0,2), B(3, 1, -1), C(2, 1, 0), and D(3, -1, z). For which values of z all
four points lie on the same plane?

5. Which of the following subsets are linearly independent? Support your answer.
(a) {(1’ _1’ 0)) (31 2) _1)3 (3’ 5) _2)}-
(b) {(]—, 1, 1)’ (]—, _]-, 1)1 (O) 0, 1)}-

6. Show that the following matrix A is diagonalizable and find an invertible matrix P such that P-lAPis
diagonal.

[ 79 9]

[14 7 14]
[-14 -9 -16]

7. Obtain orthonormal bases of R> by normalizing the following.

(a) {(1,-1,2),(0,2,1), (5,1, -2)}
) {(1,1,1),(4,1,-5),(2,-3, 1)}

Assessment criteria (assessment tool — Tasks)



Grade

Assessment criteria

pass

3&,[[8‘-[& peiiieHa IMo/JIHOCTBIO WK pellleHa OCHOBHAA YdCTh 3a4a4u, WK 3da/idda pellieHa C HeloueTaMu.

fail

38,[[8‘{8 He pellieHa Wik CAe/idaH TOJIBKO HepBblﬁ 3Tall pellieHud 3aJa4uu.

5.2. Description of scales for assessing learning outcomes in the discipline during interim

certification
IITkana oueHuBanus c)OPMHPOBAHHOCTH KOMIIEeTeHI[UI
Yposen
b
copmu Hey/0B/IETBOP YAOBJIETBO 04YeHb
IJIOX0 XOpOIII0 OT/INYHO NPeBOCX0/{HO
pOBaHH HUTEe/ILHO PHUTE/IBHO XO0PpOIIIo
ocTH
KOMITIeT
eHIUH
(uHAMK
aropa
AOCTHIXK He 3a4YTeHO0 3a4TeHO
eHus
KOMIIeT
eHIHiT)
YpoBeHb
OtcyTcTBUHE YposeHb poset
o o 3HaHUH B
3HaHUH MuHuManbH | 3HaHUH B o6Beme YpoBeHb
TeopeTHUuecKoro o obneme, > 3HaHUH B
YpoBeHb COOTBETCTBY YpoBeHb
MaTepHasa. N JIOMyCTUMBI | COOTBETCTBY obneme, -
3HaHUN HIDKe o Io11eM 3HaHUM B
HeB03MO>KHOCTB 1 ypOBeHb IoL1eM COOTBETCTB
MUHHUMaJIbHBIX 9 rporpaMme obbeme,
3HaHUS | OLIEHWUTH IOJHOTY o 3HaHUM. rporpaMme yIoLL[eM
o TpeboBaHUH. MOJTOTOBKH TIpeBbILIAOLIe
3HaHUI [HomyiieHo TOATOTOBKH riporpamMme
Nwmenu mecto . JonymeHo M IIPOrpamMmy
BC/Ie[iCTBHE MHOT'0 . Jony1eHo TIOZITOTOBK
rpy6ble OILMOKH HECKOJIbKO TIOATOTOBKH.
OTKasza HerpyObIx HEeCKOJIbKO u. Ommbok
Hecyl11lecTBe
obyuaroierocst ot oumb0ok HerpyObIx HHELX HeT.
OTBeTa omb0ok
oboK
IIpogemoHC
TPUPOBaHbI
IIpomemoHc PHp
IIpogemoHc | Bce
IIpoeMoOHC | TPHUPOBAHBI
TPUPOBaHBI | OCHOBHBIE
TpPUpOBaHbl | Bce
BCE YMeHUs. [IpomemoncTp
OCHOBHbIE OCHOBHbIE
OtcytcTBHE OCHOBHBIe PetteHb! HpOBaHbI BCe
[Ipu pereHun yMeHwUsl. YMeHUSL.
MHHUMAbHBIX yMeHUsI. BCE OCHOBHBIe
o CTaH/apTHBIX Peruienst Peruens! Bce
YMEeHHUI. PelieHbl Bce | OCHOBHbIE YMEeHUSL.
3aJau He TUTIOBBIE OCHOBHBIE
HeB03M0>KHOCTb OCHOBHbIe 3a7lauu C Peruiens! Bce
NPOZIEMOHCTPUP | 3a/jauu C 3a7auu C
OLIEHUTb Ha/In4Ke 3ajau. OTJe/IbHBIM | OCHOBHbIE
Ymenus N OBaHbI HerpyObIMH | HerpyobIMU
YMeHU BrimoniHeHsl | U 3ajaum.
OCHOBHBIE ommbKamMu. | OIIMOKaMH.
BCJIe[ICTBHE BCe 33/]aHUsl | HecylecTB | BoImomHeHbI
yMeHus. ViMenu | BeimosnHeHsl | BbinosiHeHb!
OTKasa B TI0JTHOM €HHBIMH BCe 33/laHus, B
MecTo rpy0Oble BCe BCe 33/jaHusl
obyuaroierocs ot obbeme, HO | HefjoYeTaM | ITOJTHOM
OLIMOKH 33[jaHusl, HO | B IOJIHOM
oTBeTa HEKOTOpbIe u, obneme Oe3
He B obneMe, HO
c BBINOJIHEH He/l0ueToB
T0JTHOM HEKOTOpble
HejloueTaMH | bl BCe
obbeme d
3aJaHus B
HejloueTaMu
TI0JTHOM
obbeme
HaBbiku | OTcyTcTBUE [Ipu pemennn Nmeetca IIpomemonc | IIpozemonc | IIpoxemonc | IlpomeMoHCTp
6a30BbIX CTaH/JapTHBIX MHHUManbH | TPUPOBaHbI | TPHUPOBaHBI | TPUPOBAHBI | MPOBaH
HaBbIKOB. 3ajau He bl Habop 6a3oBbIe 6a3oBbIe HaBbIKU TBOpPYECKUI
HeB03M0>KHOCTb TIPO/IEMOHCTPUD | HaBBHIKOB HaBBIKY IPU | HaBBIKU IIPU | TIpU MoJX0[ K
OL|eHUTb HalMuhe | OBaHbI Oa30Bble | A7 pelLleHrur pelLieHun pelLleHnn peLleHnto
HaBBIKOB HaBBIKU. VIMenn | pelleHust CTaHAAPTHBI | CTaHJAPTHBI | HeCTaHJapT | HeCTaHJAPTHEI
BC/Ie[ICTBHE MecTo rpy6Obie CTaHAAPTHBI | X 3a/lau C X 3azau 6e3 | HBIX 337au | X 3afay
OTKasa OLIMOKH X 3a7lau C HEKOTOpPBIM | OIIMOOK U 6e3
obyuaronerocsi ot HEKOTOpbIM | U HeJJ0ueToB oruboK 1




u
oTBeTa HeZl0ueTaMu HeJJ0ueToB
HeJloueTaMu

Scale of assessment for interim certification

Grade Assessment criteria

All the competencies (parts of competencies) to be developed within the discipline have

outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the
relevant competencies have been demonstrated at a level higher than the one set out in the
programme.

excellent All the competencies (parts of competencies) to be developed within the discipline have

been developed at a level no lower than "excellent",

pass very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",

good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",

satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.

unsatisfactory At least one competency has been developed at the "unsatisfactory" level.

fail

poor At least one competency has been developed at the "poor” level.

5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Test) to assess the development of the competency
YK-1

1. Let x1 be a solution to a nonhomogeneous system of linear equations and x2 be a solution to the associated
homogeneous system (i.e., the system obtained from the first one by replacing all the constants by zeros). Then
both x1 - x2 and x1 + x2 are solutions to the original nonhomogeneous system.

(a) True
(b) False

2. Consider a 5 x 5 matrix A that has numbers a, b, c, d, e along the diagonal going from the bottom left to the
top right corner. Suppose that all entries below this diagonal are zeros. Then det(A) is

(a) abcde
(b) -abcde
(c) None of the above

3. Consider a symmetric equation (X - X,)/a = (y - ¥,)/b of a straight line m in the plane. Write the coordinates
of some point A lying on m. What is a symmetric equation of the line p that passes through A and is orthogonal
tom?



() (x-x0)/b=(y-yo)a

(b) (x-x0)/(-b) = (y-yo)a
() (x-Xo)a=(y-yo)/(-b)
(d) (x-xo)/(-a) = (y - yo)/b

Assessment criteria (assessment tool — Test)

Grade Assessment criteria
) cB0OO/IHOE BJIa/IeHe OCHOBHBIM U JIOTIOJTHUTE/ILHBIM MaTepraioM 0e3 ombokK u
outstanding N
TOTPEeIITHOCTeH.
excellent cB00OO/IHOE BJIajIeHHe OCHOBHBIM MaTepUaioM 0e3 OIIMOOK.
very good BJIa/IeHNe OCHOBHBIM MaTepyaioM C He3HAUNUTe/TbHBIMU TIOTPEIITHOCTSIMHU.
good B/IaJileHrie OCHOBHBIM MaTepHasioM C 0ojiee CyIeCTBeHHBIMU MTOTPEITHOCTSIMH.

B/laZieHre MUHUMa/IbHbIM MaTepHa/ioM, HEO6XOAI/IMI>IM 0 JaHHOMY IIpeamMeTy, C psagoM

satisfactor
y OILLIMOOK.

unsatisfactory BrazieHve MaTeprasoM HeJJOCTATOUHO, HeOOXOIMMa JIOTIOJTHUTE/TLHAST TIO/ITOTOBKA.

poor OTCYTCTBHUE B/IaJ€HUSA MdATEPHAIOM.

5.3.2 Model assignments (assessment tool - Control work) to assess the development of the
competency OIIK-1

1. Find the rank of the matrix by carrying it to a row echelon form. For each step write the operation used.

-3 7 -9 9 6
7 —4 =5 -2 4
-7 3 5 —6 —6
0 —1 0 -8 -2

2. Find the general solution of the nonhomogeneous system of linear equations with the following augmented
matrix.

(a) Carry the augmented matrix to a reduced row echelon form using elementary row operations. For each step
write the operation used.

(b) Use the RREF to find a particular solution of the nonhomogeneous system. Verify that it satisfies the
original system of equations.

(c) Represent the general solution as a sum of the particular solution and a linear combination of basic solutions
of the homogeneous system.



1 1 6 -5 —15|-23
-1 0 -4 1 4 9
2 1 10 -5 -—-17|-28
-1 -2 -8 5 18] 21

3. Solve the following equation: x? - (2i+7) +19i+ 25=0.

Assessment criteria (assessment tool — Control work)

Grade Assessment criteria
. cymMa 0asiioB 3a 3a/jaud KOHTPOJIBHOM paboThI cOCTaBsisieT He MeHee 97% OT MaKCHMMaJlbHOM
outstanding
CyMMBI Oa’uioB.
lent cymMa 0asiioB 3a 3a/jauM KOHTPOJIBHOM paboTel coctasisieT ot 90% 10 96% ot
excellen o
MaKCHMa/IbHOW CyMMbI OasioB.
good cymMa 6asiioB 3a 3a/jaul KOHTPOJIBHOUM paboThl cocTasseT oT 87% 10 89% ot
very goo o
y MaKCHMa/IbHOW CyMMbl OasioB.
d cymMa 6asioB 3a 3a/jauM KOHTPOJIBHOU paboTel coctasisieT ot 80% 10 86% ot
00 o
8 MaKCHMaJIbHOM CyMMBI 0asioB.
disfact cymMa 6asiioB 3a 3a/jauM KOHTPOJIBHOM paboThl cocTasiset ot 60% 70 79% ot
satisfactor o
Y MakcumanbHoi CYyMMBbI 6arioB.
. cymMa 6asiyioB 3a 3aJjauM KOHTPOJIBHOM paboThl cocTapsiet ot 40% zo0 59% ot
unsatisfactory .
MaKCHUMaJIbHOM CyMMbI 06asI/ioB.
cymMa 6asiioB 3a 3a/jaul KOHTPOJIbHOU paboTkl coctasiisieT MeHee 40% OT MaKCHMaslbHOM
oor
P CYMMBI Oa’ioB.

6. YueGHO-MeTOfMUeCKOe M HH(OPMaLOHHOE o00ecrieyeHHe JUCIMILTHHBI (MO/y/1s1)

OcHoBHasi TuTeparypa:

1. Arak M. Mathai. Linear Algebra : A Course for Physicists and Engineers. - De Gruyter, 2017. - 1
online resource. - ISBN 9783110562507. - ISBN 9783110562354. - TeKcT : 3/IeKTPOHHBIM., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=855970&idb=0.

2. ManummHa E. E. KoHTposbHbIe paboThI 110 JTMHeHHOM anrebpe : yuebHO-MeToAMuecKoe ocobue st
CTYJ€HTOB 3a04YHOI'0 OT/le/leHHs SKOHOMUUeCKUX crietyanbHocTelt / E. E. ManuivHa, T. M. MuTpsikoBa
; HHT'Y um. H. U. JTobauerckoro, Llentp ductanmmonHoro O6pa3oBanus. - HwkHuii Hoeropop : M31-B0
HHI'Y, 2005. - 23 c. - TeKCT : 3/1eKTpOHHBIN., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=825098&idb=0.

3. 3BoHm1oB Bukrop ViBaHoBuuY. JInHeiiHas anrebpa. Borpocs! : yuebHo-MeToauueckoe rocobue / B. U.



3ponunos ; HHI'Y uM. H. U. JlobaueBckoro. - Huwkuuit Hoeropos : M3g-so HHI'Y, 2024. - 23 c. -
TekcT : 5/1eKTPOHHBIMN., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=891982&idb=0.

[ononHuTenbHas TUTepaTypa:

1. Strang, Gilbert. Linear algebra and its applications. - 4th ed. - [S. 1.] : Thomson Brooks Cole, 2006. -
VIII, 487 p. - (International student edition (ISE)). - ISBN 0-534-42200-4 : 7437,00., 1 3k3.

2. Besova M. 1. Basic Course of Linear Algebra and Analytical Geometry (teaching guide) : yuebHoe
nocobue / Besova M. I.,Kudin S. F. - Mocksa : HUY M3MU, 2022. - 140 c. - Kuura u3 kosuiekiuu HUY
MDBWU - Maremaruka. - ISBN 978-5-7046-2582-7., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=885701&idb=0.

3. MuyxuH B.B. Advanced Linear Algebra with Applications in Calculus : yuebHoe nmocobuve / MHyXuH
B.Bb.; Kynoseix I'.B.; Tumorenko [1.B. - Mocksa : FODY, 2022. - 162 c. - ISBN 978-5-9275-4208-6.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=869140&idb=0.

4. 3aaum 1o anrebpe (YacTh 2) : YuebHO-MeToAnueckoe rmocobue. Y. 2. 3azauu 1o anredbpe (4acts 2) /
Yupkos A. FO., Kucenesa JI. T'., Becenos C. U., 3onoteix H. FO., IlleBuyk E. A., Cugopos C. B. -
Hwxanit Hosropog : HHI'Y um. H. U. JTobauerckoro, 2015. - 80 c. - PekoMeH/jJoBaHO MeTO[UUEeCKOM
Komuccuent gakynsreta BMK myis crygentoB HHI'Y, oOyJaromuxcs o HarpaB/ieHUsIM TIOATOTOBKH 02.
03. 02 «®yHaMeHTaIbHAsA MH(POpPMaTHKa U MHPOpMalMOHHBIe TexHoMorun», 01. 03. 02 «[IpuknagHas
MareMatuka U uHbopmatuka» 09. 03. 03 «IIpuknaaHas uHpopmartuka» 09. 03. 04 «[IporpamMmmHast
WH)KeHepus». - BUbmmorp.: ocTymHa B KapTouke KHUTH, Ha caiite DBC JlaHb. - KHura u3 KoieKiuuu
HHI'Y um. H. U. JlobaueBckoro - Maremaruka., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=729799&idb=0.

[TporpammHoe obecrieueHue 1 IHTepHeT-pecypchl (B COOTBETCTBUU C COJiepKaHWeM JUCLUITUHBI):

Algebra and Geometry. A collection of lecture slides by N.Yu. Zolotykh. URL:
http://www.uic.unn.ru/~zny/algebrae/Lectures/algebrae.pdf.

7. MarTepHua/ibHO-TeXHHYeCKoe ofecreyeHUue JUCLUIIMHBI (MOY /1)

YuebOHble ayJUTOPUU [ji TIPOBeJeHHs] Y4ueOHbIX 3aHSTHH, MpPeAyCMOTPEHHBIX 00pa30oBaTebHOU
MIPOrpaMMOM, OCHAIeHbl MYJbTUMEAUMHBIM 000pyZoBaHUEM (ITPOEKTOP, 3KpaH), TeXHUUEeCKUMH
CpeJCcTBaMH 00yUeHHs.

[TomerrieHusi 11 CAaMOCTOSITENTBHON pabOThl 00YYAKOLIUXCsl OCHAIleHbl KOMITbIOTEPHON TEeXHUKOH C
BO3MOJKHOCTBIO TMOAK/IIOUeHUss K ceth "VIHTepHeT" M obecrieueHbl [OCTYIIOM B 3/IEKTPOHHYIO
WHGOPMAaLIMOHHO-00pa30BaTeIbHYI0 Cpey.

[lporpamMa coctaBneHa B cooTBeTcTBHUM C TpeboBanussmMu OC HHIY 1o HarpaB/ieHHIO
nogrotoBky/crieranbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

ABTopbl: MakapoB EBrennii MapatoBuu.
3aBepyromuii Kadepoii: 3om0Tbix Hukosnaii FOpbeBud, JOKTOp (PU3MKO-MaTeMaTUueCKUX Hayk.

ITporpamma o/jo00peHa Ha 3acelaHUU METOIUUECKOM Komuccuu ot 17.12.2025, mpoTokos Ne MPOTOKOT
Neb.
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