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1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOucinmiza 51.B.04 Teopust rpadoB OTHOCUTCS K YacTH, OPMHUPYEMOU y4aCTHUKaMHU 00pa30BaTeTbHbIX

OTHOIIIeHH 0Opa30BaTe/TbHOM MTPOTPaMMBI.

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

npakmuueckuti onbim pabombt
€ UHOPMAYUOHHBIMU
UCMOYHUKAMU, ONbIM
HAY4YHO20 NOUCKA, CO30aHUs

HAY4YHbIX MeKcmos

Oepesbs U secd, 08y00/bHble
2pacnl, nnaHapHble epagbl;
OCHOBHble (hakmbl U3 meopuu
epacpos; aneopummbl peweHust
3adau Ha epagax /

Students must know the basic
concepts of graph theory:
isomorphism, paths and cycles,
connectivity, cutpoints,
isthmuses and blocks, metric
characteristics, skeletons, cycle
spaces and cut spaces; ways to
represent graphs; most
important classes of graphs:
trees and forests, bipartite
graphs, planar graphs; basic
facts from graph theory;
algorithms for solving problems
on graphs

YK-1.2:

Ymemb 8binonHsmMb
npeobpazoeamus mMexicody
DasnuuHbIMU hopmamu
npedcmasneHus 2pagos,

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHI{NHU (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHI{MU 10 JUCLUII/INHE KOHTPOJIA MPOMEe)XyTOUHOMH
(xog, coZiepkaHue ycreBaemMoCTH aTTecTanuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3uaem npuHyunbt YK-1.1: 3adauu
ocywecme/simb cbopa, ombopa u 0606wjeHuss  |3Hamb OCHOBHbIe NOHAMUS Tecm 3quém:
NOUCK, Kpumuyeckuu |y chopmayuu meopuu 2pagos: uzomop@usm, Tecm
aHanus u cuHmes
YK-1.2: ¥Ymeem coomHocumb  |nymu U YuK/bl, C8513HOCMb,
UHopmayuu, .
npuvensmb DA3HOPOOHble s181eHUs U wapHupsl, nepeweliku u 610ku,
OK3aMeH:
cucmemHbiili nodxod | CUCMEMAmu3uposams ux 6 mempuyeckue xapakmepucmuku, os
s DAMKAX U3bpaHHblx 8UO08 KapKacbl, npocmpancmeda aoadu
peueHus npogeccuoHanbHoU YUK/08 U paspe308; cnocodbl
nocmasneHHbIX 3a0au | dessmenbHOCMU npedcmaenexust epagos;
YK-1.3: Umeem gadicHeliwue Kaaccbl 2pagos:




Haxooums Haubonee
DpayuUoHanbHble NpedCcmasneHust
07151 pewleHuUst pasAudHbIX 3a0ay u
peanuzayuu aazopummos,
cmpoumb 2pagosbie modenu

peanbHblx omHoweHuil /

Students must be able to perform
transformations between various
forms of graph representation,
find the most rational
representations for solving
various problems and
implementing algorithms,
construct graph models of real

relations

YK-1.3:
Ymemb npumensmb
meopemuueckue 3HaHUs 0151

uccnedoeaHus ceoticme epagoe /

Students must apply theoretical
knowledge to study the
properties of graphs

3. CTpyKTypa U cojep)KaHHe AUCIUILIUHbI

3.1 TpyAa0eMKOCTb AUCLUII/IUHBI

OuHasA
O011as TPy/J0eMKOCTBD, 3.€. 7
Yacos o yue0HOMY IJIaHY 252
B TOM UHCIIe
ay/(MTOPHbIE 3aHATHSA (KOHTAKTHasi padora):
- 3aHATHSA JIEKI[HOHHOT'0 THIIA 28
- 3aHATHSA CEMHHAPCKOro THNa (MpaKTHYecKue 3aHATHs / 1abopaTopHbIie paGoThI) 28
- KCP 3
caMmocTosATe/IbHasA padoTa 157
ITpomexyTouHas arrecTanys 36

JK3aMeH, 3auéT

3.2. CozepxaHve JUCHUIIUHDI
(cmpykmypupoeaHHoe no memam (paszdenam) C yKa3aHueM OmMee0eHHO20 HA HUX Ko/auyecmed

akademMuyecKux 4acos U 8uobl yueOHbIX 3aHsmull)



HanmMeHoBaHue pa3/ie/ioB ¥ TeM AWCLATUINHBI

Bcero
(uacer)

B TOM 4ucC/Iie

KonTtakTHast pabora (pabota Bo
B3aUMOZelCTBUU C TIperojiaBaresiem),

YacCkl U3 HUX

3aHATUS
JIeKLIAIOHHOTO
THIA

3aHsATHUs
CeMHHApPCKOT0
THIIA
(npakTHueckue
3aHsATHsA/1abopa
TOpHbIE
paboThI), Uackl

Bcero

CamocrosiTesbHast
pabota
obyuarorrerocs,
Yacel

og-0

o850

[0}

¢

[0}

og-0

[elSe)

Tema 1. HauanbHble noHsTys. IToHsTHe rpada. Tums! rpadgos. Crocobsl
3azanust. M3omopdu3sm, nHBapuaHThl. [Toarpadsl. IIpobiema
BoCcTaHoB/eHUs. Onepauuu Haf rpadamu. 'padsl nepeceuenuid. I[Tytu u
LUK/IbL. CBA3HOCTb, KOMIIOHEHTH], LIIADHUPBI, Tepelieldky. PaccTosHus U
MeTpuueckre xapakrepuctrku / Initial concepts. The concept of the graph.
Types of graphs. Ways to give a graph. Isomorphism, invariants. Subgraphs.
Recovery problem. Operations on graphs. Intersection graphs. Paths and
cycles. Connectivity, components, cutpoints, isthmuses. Distances and metric
characteristics.

16

12

Tema 2. [Tepeunciienre rpadoB. Yucsio moMeueHHbIX rpadoB.
Asrtomopdusmsl. Yuco crioco6oB nometuTs rpad. Uncao HeloMedeHHbIX
rpacos (6e3 foKa3aTenbCTBa). ACUMITOTHUYECKOe repeurciieHye. «I[Touru
Bce» rpadsl. [Tpumepsl: rpadbl AuameTpa 2, csi3Hble rpadsl / Enumeration of
graphs. The number of labeled graphs. Automorphisms. The number of ways
to label a graph. The number of unlabeled graphs (without proof). Asymptotic
enumeration. "Almost all" graphs. Examples: graphs of diameter 2, connected
graphs.

16

12

Tema 3. Metoze! 06xoa rpadoB. Obuias cxema 006xoza. TTOUCK B LIMPUHY.
BFS-zepero. Briuncienue paccrosiuii. [louck B riny6uny. DFS-mepeso.
BrisiB/ieHHe nepeleiikoB, 1apHUpoB, 6/10KoB / Graph traversal methods. The
general principal of traversal. Breadth first search. BFS-tree. Calculation of
distances. Depth first search. DFS tree. Identification of isthmuses, cutpoints,
blocks.

31

23

Tema 4. Baxueiive knaccel rpados. [lepeBbs, ux cBoiicTBa. KopHeBble
ZlepeBbsi. AJITOPUTM pacIio3HaBaHUsI H30Mopdur3Ma JepeBbeB. Kapkacel.
[JBynoneHble rpadel, Teopema Kenura. IlnaHapHsie rpadsl, ¢popmyna Jiinepa,
KPUTEPHH TJIaHapHOCTH. AJITOPUTM pacrio3HaBaHus IlaHapHocTH / The most
important classes of graphs. Trees, their properties. Rooted trees. Algorithm of
recognition for isomorphism of trees. Skeletons. Bipartite graphs, the Koenig
theorem. Planar graphs, Euler's formula, planarity criteria. Planarity
Recognition Algorithm.

42

12

30

Tema 5. DiinepoBbl LUK/IbL. Kputepuii cyiiecTBoBaHuUsl. ATOPUTM
NocTpoeHwst. ['aMUIbTOHOBBI LIUK/IBI. AJITOPUTMBI ITOMCKA FAMUJIbTOHOBBIX
LuksI0B. KBasuukisl. [IpocTpaHcTBO LuK/I0B. DyHAaMeHTalbHble LUK/IbL.
AsnroputMe ioctpoeHws 6asuca IUKIIOB. IIpocTpaHCTBO paspe3oB. CBsi3b
MeXXy TIPOCTPaHCTBaMH LIMKJIOB U pa3pe3oB / Cycles. Euler cycles. Criterion
of existence. Algorithm of finding. Hamiltonian cycles. Algorithms for
searching Hamiltonian cycles. Quasi-cycles. Cycle space. Fundamental cycles.
Algorithms for constructing the basis of cycles. The space of cuts. The
relationship between the spaces of cycles and cuts.

28

20

Tema 6. He3aBucrMbIe MHOXKECTBA, K/IMKH, BePLIMHHbIE TOKPHITHS. CBsI3U
MeXXZy TpeMsl 33ilauaMi. [lepeBo pellieHHH /sl 33/jaul O He3aBUCHMOM
MHOJKecTBe. DBPUCTUUeCKHe alrOpUTMBI, IprMeps. TouHbIM 1
TPHO/IKEHHBIH aJITOPUTMBI /15 331aUk O BEPLIMHHOM MOKPBITHH /
Independent sets, cliques, vertex covers. Links between the three tasks.
Solution tree for the independent set problem. Heuristic algorithms, examples.
Exact and approximate algorithms for the vertex cover problem.

16

12

Tema 7. [TapocoueTaHusi. 3ajauu 0 TAPOCOUYETAHUU U O peOEepPHOM MOKPBITUH.
MeTo/, yBe/IMUMBAIOILMX MyTel. AJrOpPUTM JJIs1 ABYJO/IBHBIX IpadoB.

16

12




HezaBucumbie MHOXKECTBa B ZIBY0J/IbHBIX rpadax / Matchings. Matching and
edge cover problems. The method of augmenting paths. Algorithm for
bipartite graphs. Independent sets in bipartite graphs.

Tema 8. Packpacku. Packpacka BepmnH. OLjeHKM XpOMaTU4YeCKOr0 UUC/Ia.
Iepeso peruenuii. [TocnegoBaresibHas packpacka. ITpo6siemMa 4-x Kpacok.

Packpacka pebep, Teopema Busunra / Colorings. Coloring vertices. Estimates 16 2 2 4 12
of the chromatic number. Decision tree. Sequential coloring. The problem of 4

colors. Coloring of edges, Vizing's theorem.

Tema 9. IToToku. 3asaua o MakcuMaabHOM noToke. Metog ®oppa-

®ankepcona. AnroputM JamoHnzca-Kapna / Flows. The maximum flow 16 2 2 4 12
problem. Ford-Fulkerson method. Edmonds-Karp algorithm.

Tema 10. OnTrMasieHBIe Iy TH M Kapkacel. Anroputmel [Ipuma, Kpackana n

Hetikcrpsl / Optimal paths and skeletons. Algorithms of Prim, Kruskal and 16 2 2 4 12
Dijkstra.

Arrecrarus 36

KCP 3 3

Hroro 252 28 28 59 157

Contents of sections and topics of the discipline

Co/jiep>kaHre MaTeprasia BTOPOro ceMecTtpa /
Contents of the second semester material

1. CMeXXHOCTb, UHIU/IEHTHOCTh, cTerneHu. Criocobnl 3a1aHus rpados. I'padel iepeceuenuii /
Adjacency, incidence, degree. Ways to specify graphs. Graphs of intersections

2. TToarpadei, ocTOBHBIE, TTOPOXeHHbIe. [Ipobsiema BoccTaHOBIEHUS /
Subgraphs, spanning, induced. The problem of recovery

3. Ilytv u tyK/bl. CBSI3HOCTb, KOMITOHEHTHI, IIIAPHUPHI, TIepelerku, 670Ky /
Paths and Cycles. Connectivity, components, cutpoints, isthmuses, blocks

4. PaccTosiHUSA U MeTpUYeCKUe XapakKTepPUCTUKU /
Distances and metric characteristics

5. M3omopdusm rpados. MuBapuaHThl. ABTOMOPQU3MLL. [ToMeueHHbIe 1 HeroMedeHHbIe rpadbl. Yucio
romeueHHbIX rpagoB. Uncsio criocoboB moMeTUTs rpad /

Isomorphism of graphs. Invariants. Automorphisms. Marked and unlabeled graphs. The number of labeled
graphs. The number of ways to mark a graph

6. [TousaTre nepera. Uucmo nepeener. LleHTp AepeBa. Kapkac rpada /
The concept of a tree. The number of trees. The center of the tree. The skeleton of the graph

7. Pacrio3HaBaHue n3oMopdu3Ma JiepeBheB /
Recognition of tree isomorphism

8. IsynonbHble rpadsl. Teopema Kénura /
Bipartite graphs. Konig's theorem

9. Inanapxsle rpadsl. @opmyna ditnepa. Kpurepuu nyiaHapHOCTH. AJITOPUTM HPOBEPKU I7IaHAPHOCTH /
Planar graphs. Euler's formula. Criteria for planarity. Algorithm for checking the planarity




10. Metog noucka B puHy. BFS-zepeBo. BriunciieHue pacctosiHuii B rpage /
Breadth First Search. BFS-tree. Calculation of distances in the graph

11. Metop noucka B rinyouny. DFS-zaepeBo. BhisiB/ieHHe 11IapHUPOB U TIEPENIeHKOB /
Depth First Search. DFS-tree. Identification of cutpoints and isthmuses

Copiep>kaHre MaTepHasia TPETbero ceMecTpa /
Contents of the third semester material

1. DiiiepoBbI LMKJIbI U YTH. AJITOPUTM MOCTPOEHUsI 3i1/1ePOBbIX LIUK/IOB /
Euler cycles and paths. Algorithm for constructing Euler cycles.

2. 'aMU/IBTOHOBBI LIUKJIBI ¥ TTyTH. AJITOPUTMBI ITOMCKA TaMUIbTOHOBBIX L{UKJIOB /
Hamiltonian cycles and paths. Algorithms for the search for Hamiltonian cycles.

3. IpoctpaHcTBo LMK/0B rpada. Keasuuykisl. @yHaaMeHTa bHbIe IUKIBL. LIMK/I0OMaTHUeckoe yuciio.
[TocTpoeHue 6a3bl LIUKIIOB /
Cycle space of a graph. Quasi-cycles. Fundamental cycles. Cyclomatic number. Constructing the base of cycles

4. TIpocTpaHCTBO pa3pe3oB. BBesieHre KOOpAMHAT B MPOCTPAHCTBAX LIUK/IOB U pa3pe3o0B, B3auMHast
OPTOTOHA/ILHOCTD 3TUX MIPOCTPAHCTB /
Cut space. Introduction of coordinates in the spaces of cycles and cuts, mutual orthogonality of these spaces

5. He3aBucHMbIe MHOXKECTBA M K/TMKH B rpadax. AJIrOPUTM A/ 3a7la4i O He3aBUCHMOM MHO>KECTBE Ha OCHOBE
JlepeBa pelleHri. OBpPUCTHUECKHE alTOPUTMBI /

Independent sets and cliques in graphs. Algorithm for the independent set problem based on a decision tree.
Heuristic algorithms

6. BepinHHbIe OKPLITHS B Tpad)ax. AMTOpUTM /i1 33/lauyl O BepLIMHHOM MOKPLITHU. I1prbimkeHHbIN
aaropuT™ /
Vertex cover in graphs. Algorithm for the vertex cover problem. Approximate algorithm

7. IMapocoyeTtanus ¥ pebepHbIe TIOKPLITHS. YBennurBaroLye myTd. HaxoxeHrne HaubosIbIero mapocoveTaH st
B /IBY/JO/IbHOM rpade /
Matchings and edge covers. Augmenting paths. Finding the maximum matching in a bipartite graph

8. He3zaBrcumble MHOXKeCTBa B JBY/0/bHBIX rpadax. Teopema Kenura-Jrepsapu /
Independent sets in bipartite graphs. Kénig-Egervari theorem

9. Packpacku BepiMH rpadoB. AJITOpUTM A/ 33/jau O pacKpacKke Ha OCHOBe /lepeBa pelleHH.
[TocnenoBaTenbHas packpacka. Packpacka pebep. Teopema Busunra (popmyarpoBka) /

Coloring the vertices of graphs. Algorithm for the problem of coloring based on decision trees. Sequential
coloring. Coloring edges. Vizing's theorem (formulation)

10. 3agaua 0 MakCcUMaIbHOM IIOTOKe. YBenuuusarolue nyti. Merop ®@opga-dankepcoHa. AJIropuTm
OamoH/ca-Kapna /

The problem of maximum flow. Augmenting paths. The Ford-Fulkerson Method. The Edmonds-Carp algorithm

11. 3agaua 06 ontiMansHOM Kapkace. Anroputmsl [Ipyrma u Kpyckana /



Optimal skeleton problem. Algorithms of Prim and Kruskal

12. 3agaun 06 ONTHUMaNBHBIX MyTAX. AMTOpUTM JleHKCTphI /
Problems of optimal paths. Dijkstra's algorithm

4. YueGHO-MeTOfUUECKOe 00ecrieueHre CaMOCTOSITe/IbHON PadoThI 00yUarommxcs

CamocrosTenbHasi paboTta oOydaroL[uxcsi BK/IOuaeT B cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM U
33/laHusIM [/l TeKyIlero KOHTPO/Si U MPOMEXYTOUYHOM aTTeCcTaly 10 WTOraM OCBOEHUS AUCLIUTLIMHBI
MPUBEIeHHBIM B TI. 5.

Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBbI Teopuu rpadoB : teaching
aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information
Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 59
p. - TeKCT : 3/1eKTPOHHBIMN.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853269&idb=0

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 - Tasks) to assess the development of the competency
YK-1:

1.CkosbKO cy1ecTByeT abCTpaKkTHBIX ZiepeBbeB C 7 BepLIMHAMU, PaZiuyCcoOM 2 U OJHOU IieHTpaIbHOU
BepILIMHOU?/

What is the number of abstract trees with 7 vertices, having radius 2 and one central vertex?

2. CKOJBKO CyIIeCTByeT abCTPaKTHBIX JiepeBbeB C 7 BepIIMHAMU, UMEIOIIMX JBe [[eHTPa/bHbIe BePIINHEI? /

What is the number of abstract trees with 7 vertices, having 2 central vertices?

3. CKO/IBKO CyIIecTByeT abCTPaKTHBIX HellJIaHapHbIX rpadoB C 6 BepIIMHAMM, UMEIOLINX 5 BepIIVH CTerneHu 47?
/

What is the number of abstract non-planar graphs with 6 vertices, having 5 vertices of degree 4?

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria
outstanding BepHo perieHo He MeHee 95% 3azmau
excellent BepHo peliieHo He MeHee 85%, HO He O6osee 95% 3azau

very good BepHo pemieHo He MeHee 80%, Ho He Gomee 85% 3agau




Grade Assessment criteria
good BepHo pemieHo He MeHee 70%, Ho He 6omee 80% 3agau
satisfactory BepHo pertieHo He MeHee 55%, HO He O6omee 70% 3amau
unsatisfactory BepHo pemieHo He MeHee 35%, HO He 6omee 55% 3azau
poor BepHo peliieHo He 6oee 35% 3amau

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

1. B 0ObIKHOBEHHOM Tpade C 5 BepIIMHaMU MOXXET OBITh /
A simple graph with 5 vertices may have

a) 15 pebep / 15 edges;
0) 11 pebep / 11 edges;
B) 9 pebep / 9 edges;

r) 0 pebep / 0 edges.

2. B MaTpul1je CMeXHOCTH MOHOTO rpada ¢ 5 BepinHaMu UMeeTCsi POBHO /
Adjacency matrix of complete 5-vertex graph has precisely

a) 30 eagunwii / 30 ones;
0) 20 egunmi / 20 ones;

B) 10 egunmiy / 10 ones.

3. HIIUeHTHOCTD - 3TO OTHOLLEHHE MeXY /
Incidence is a relation between

a) IByMsI BepIIMHaMU / two vertices;
6) nBymst pebpamu / two edges;
B) BepIMHON 1 pedpoM / vertex and edge;

r) pebpom u BepimHO# / edge and vertex.

Assessment criteria (assessment tool — Test)

Grade Assessment criteria

pass BepHo petiieHo He MeHee 60% TeCTOBBIX 3a/]aHUM




Grade

Assessment criteria

fail

PelrieHO HeIMPaBWILHO WM He peliieHo 6osiee 40% TeCTOBBIX 3a/]aHUM

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
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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. B 0ObIKHOBeHHOM Tpade c 5 BepIInHaMU MOXKET ObITh /
A simple graph with 5 vertices may have

a) 15 pebep / 15 edges;
0) 11 pebep / 11 edges;
B) 9 pebGep / 9 edges;

r) 0 pebep / 0 edges.

2. B matpuije cMe>XXHOCTH T10JIHOTO Tpada ¢ 5 BepiliMHAMU UMeeTCsT POBHO /
Adjacency matrix of complete 5-vertex graph has precisely

a) 30 egunui / 30 ones;

0) 20 egunmuiy / 20 ones;



B) 10 egunuiy / 10 ones.

3. HLMeHTHOCTD - 3TO OTHOLLEHHEe MeXIy /
Incidence is a relation between

a) IByMs BepIlIMHaMU / two vertices;
0) nBymst pebpamu / two edges;
B) BepIIMHON U pebpoM / vertex and edge;

r) pebpom u BepimHO# / edge and vertex.

Assessment criteria (assessment tool — Test)

Grade Assessment criteria
pass BepHo peiiieHo He MeHee 60% TeCTOBBIX 3a/laHUMN
fail PerieHo HerpaBW/ILHO WK He pelieHO 6osiee 40% TeCTOBBIX 3alaHUIN

5.3.2 Model assignments (assessment tool - Tasks) to assess the development of the competency
YK-1

1. CKOMBKO CyIecTByeT abCTPaKTHBIX HeTlaHapHBIX TPadoB ¢ 6 BepIHaMU, U3 KOTOPBIX He MeHee /IByX UME0
T CTereHb 57 /

What is the number of abstract non-planar graphs with 6 vertices, from which at least two vertices have degree
5?

2. CKOJIbKO CyII|eCTBYeT abCTpakTHBIX rpadoB ¢ 9 BepIlMHAMMU, [IUKIOMaTHUECKUM YHUCIOM 2, UMEIOIINX
raMWJIbTOHOB LIUKA? /
What is the number of abstract graphs with 9 vertices, having cyclomatic number 2 and Hamiltonian cycle?

3. CKOJBKO CYITeCTBYeT abCTPAaKTHBIX rpadoB ¢ 7 BepIIMHAMU, [UAMETPOM 5 U [TUK/IOMaTUYeCKUM YHCIIOM 27
/

What is the number of abstract graphs with 7 vertices, having diameter 5 and cyclomatic number 27?

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria
outstanding BepHo permieHo He meHee 95% 3azmau
excellent BepHo peliieHo He MeHee 85%, HO He 6osiee 95% 3aau
very good BepHo peitieHo He MeHee 80%, HO He bosiee 85% 3a/au
good BepHo peiieHo He MeHee 70%, HO He 6osiee 80% 3aau




Grade Assessment criteria

satisfactory BepHo pemieHo He MeHee 55%, HO He 6omee 70% 3agau
unsatisfactory BepHo pertieHo He MeHee 35%, HO He O6omee 55% 3amau
poor BepHo pemieno He 6osee 35% 3azau

6. YueOHO-MeTOANUYECKOE U HH()OPMALIMOHHOE 00ecreueHne JUCIUIUTHHBI (MOAYJIs)

OcHOBHasi TuTeparypa:

1. Balakrishnan R. A textbook of graph theory. - New York a. o. : Springer, 2000. - XI, 227 p. : 200 fig. -
(Universitext). - ISBN 0-387-98859-9 : 1891-00., 1 3k3.

2. Berge, Claude. The theory of graphs. - Mineola : Dover publ., 2001. - VIII, 247 p. - ISBN 0-486-
41975-4 : 1141,00., 1 7k3.

3. Bollobas, Bela. Modern graph theory. - New York a. o. : Springer, 1998. - X, 394 p. : 118 fig. -
(Graduate texts in mathematics ; vol. 184). - ISBN 0-387-98488-7. - ISBN 0-387-98491-7 : 1260-00., 1
9K3.

4. Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBbl Teopuu rpados : teaching
aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information
Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 59 p. -
TeKcT : 3/1eKTPOHHBII., https://e-1ib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853269&idb=0.

[oronHuTebHast IUTepaTypa:

1. Florentin Smarandache. Neutrosophic Graph Theory and Algorithms. - IGI Global, 2020. - 1 online
resource. - ISBN 9781799813156. - ISBN 9781799813132. - TeKcT : 3/1eKTPOHHBIH., https://e-
lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=854431&idb=0.

2. Godsil, Christopher David. Algebraic graph theory. - New York a. o. : Springer, 2001. - XIX, 439 p. :
120 ill. - (Graduate texts in mathematics ; vol. 207). - ISBN 0-387-95241-1. - ISBN 0-387-95220-9 :
2207-00., 1 3k3.

[TporpammHoe obecrieueHue v IHTepHeT-pecypchl (B COOTBETCTBUU C COJiepyKaHWeM IHCLUTTUHBI):

Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBsI Teopuu rpadog : teaching
aid / S. V. Sorochan ; Lobachevsky State University of Nizhny Novgorod, Institute of Information
Technologies, Mathematics and Mechanics. - Nizhny Novgorod : UNN Publishing House, 2023. - 59 p. -
TeKCT : 3/1eKTPOHHBIMN.

https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853269&idb=0

7. MaTepHua/IbHO-TeXHHYeCKoe ofecreueHUe JUCLUILIMHBI (MOY /1)

YueOHble ayIUTOPUM [i/is TIPOBeZIeHHs yUeOHBbIX 3aHSITHM, TpeJyCMOTPEeHHBIX 00pa3oBaTe/bHOU
MPOrpaMMOM, OCHaIlleHbl MY/JIbTUMEJUNHBIM 000py/JoBaHUEeM (TPOEKTOp, 3KpaH), TeXHUUeCKUMHU
cpefcTBaMu 00yUeHHs, KOMITbFOTEpaMH.



[TomerieHust 711 CaMOCTOSITe/TbHOM pabOThl 0OYYaroIMXCsl OCHAIeHbl KOMITBIOTEDHOM TEXHUKOU C
BO3MOKHOCTBIO TMOAK/IOUeHUss K ceTd "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/I€KTPOHHYIO
WHGOPMAaLIMOHHO-00pa30BaTeIbHYI0 Cpejly.

[Mporpamma cocrtaBiieHa B cooTBeTcTBUM ¢ TpeboBanusmu OC HHI'Y mno HampaBieHHO
nogrotoBku/crierasbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

Author(s): Copouan Cepreti BiiagumMupoBuy, KaHAauAaT (GU3MKO-MaTeMaTHUeCKUX Hayk.
3apepyromuii Kadeapoii: 3o0Tbix Hukosnaii FOpbeBud, JOKTOp (PU3HMKO-MaTeMaTUueCKUX Hayk.

[TporpamMma oobpeHa Ha 3acefjaHUM MeToAUUeCKoi Komuccuu ot 13.12.2023, mpoTtokos Ne 3.
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