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1. MecTto nucuumianHbl B cTpykrype OOII
Hucuummna b1.B.04 «Teopust rpados» otHocutcss Kk 4yactd OOIl mo HampaBiieHUIO HOATOTOBKU

02.03.02 «®dynnameHntanbHas uWHGOpPMATHKa W WH(DOPMAIMOHHBIE TEXHOJOTUW», (POpMUPYEMOi
Y4aCTHHUKaMH 0Opa30BaTeIbHBIX OTHOIIEHWH. /luciurimHa yuTtaeTcs cryaeHTam 1 u 2 Kypca Bo 2 u 3
ceMecTpax, / 3a4eTHBIX eAUHUII, 252 Jaca, 3a4eT (2ceMecTp) U 3Kk3aMeH (3 cemecTp).

Discipline 51.B.04 "Graph Theory" refers to the part formed by the participants of educational relations.

Ne MecTO0 IMCHUIIMHBI B y4e0HOM CraHaapTHBIN TEKCT /151 aBTOMATH4YECKOT0
Bapu IJIaHe 00pa3oBaTeJbLHOU 3amoJIHeHUus1 B KOHcTpyKTOope PILI
aHTa NPOrpaMMbl
1 brmox 1. Huctummuael (Momynu) | Juctummaa b1.B.04 «Teopus rpadoB» oTHOCHUTCSA K
Yacrts, dopmupyemas | vactu OOIl wanpaBnenuss noxarotoBku 02.03.02
y4yaCTHHKaMu  oOpa3oBaTelibHBIX | «DyHaaMeHTalbHas MHQopMaTHKa U HHPOPMALIUOHHbIE
OTHOILEHUN TEXHOJIOTUNY, bopmupyemoit Y4aCTHUKAMHU
00pa3oBaTeNIbHbIX OTHOIIECHUH.

2. Ilmanupyembie pe3yabTaThl 00y4eHUsI MO JUCHUNIHHE, COOTHECEHHBIE ¢ TVIAHUPYEMbIMH
pe3yJibTaTaMHu O0CBOEHHsI 00pa30BaTeIbHOI MIPOrpaMMbl (KOMIETEHIIUSIMUA M HHAUKATOPAMH
MOCTHIKEHUs] KOMIIeTeHIIUi )

Ilnanupyemble pe3yJibTaThbl 00yUeHHs 10 JUCHHUILIMHE (MOAYJIIO), B
COOTBETCTBUH ¢ HHIUKATOPOM JOCTHKEHHs] KOMIeTeHuuH /

coepemernnvle
UHCmMpymeHnmalbHvle
Uu sbldyuciumelbHvle
cpedcmea
UHPOPMAYUOHHBIX
mexnonozuit |
Ability to use modern
instrumental and
computing tools of
information
technology

KOMABIOMEPU3AYUU
npoyeccos chopa u
obpabomxu gusuyeckou
ungpopmayuu |

Student knows basic
principles of automation
and computerization for
collecting and
processing of physical
information

Xapaxkmepucmuxu, KapKacwl, npocmpancmed
YUKTIO8 U pa3pe308; cnocobbl npeocmagienus,
epaos; sadceliuiue Kiaccvl 2paghos: depesbs
u neca, 08y00/IbHble 2paghvl, NIAHAPHbLE 2paghvl;
OCHOSHbIE (hakmbl u3z meopuu epados;

aneopummbl pewenus 3a0a4 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

DopumpyeMLe Planned learning outcomes for the discipline (module), i d
CONCpKAHNC P y OLIEHOYHOT0
KomIteTeHnuu) / Hnpukarop cpeacrsa /
JOCTHKEHHUS P
KOMIIeTeH K
Formed I Pe3yabTaThl 00y4YeHHs! 10 AUCHUILIMHE / Name of the
competencies (code, (xo, Coﬂep”‘aH/He Luation tool
MHIAKATOpa . - evaluation too
content of Célm eterr)lc) Learning outcomes by the discipline
competence) . petency
achievement indicator
(code, indicator content)
HK-5 HIK-5.2. 3naem 3nameo ocrosnvie nonamus meopuu 2pagos: cobecedosanue /
OCHOBHbBLE NPUHYUNDL interview
Crocoben UZ0MOPUIM, RYMU U YUKILbL, CEAZHOCHTb,
asmomamusayuu u .
UCNONb306ANTb wapnupbl, nepewetiku u 610Ku, MempuiecKue




graph theory; algorithms for solving problems on
graphs

IIK-5.4. Ymeem
obpabameieamo
NOJIY4€eHHblE 6 xo0e
IKcnepumernma oanmnvie
C UCnoJjib3oearuem
COBPDEMEHHBIX
UHGOPMAYUOHHBIX
MexHoN02UlL,
npoeo()umb YUCTIeHHble
pacuemuvl u3uLecKuUx
senudUH npu obpabomxke
IKCnepumenmajilbHbvlXx
pesyromamos |
Student is able to
process data obtained in
experiment with the use
of modern information
technology; make
calculations of physical
quantities when
processing experimental
results

Ymemu svinonnsms npeobpazosanus mesicoy
PABIUYHBIMU (OpMamu RpedCcmasierus 2pagos,
Haxooums Hauboiee payuoHaiIbHble
npeocmagienusi OJisi peueHUs: Pa3UyHbIX 3a0ay
U pedanu3ayuy areopummos, Cmpoums epagosvie
MOOenU PeanbHblX OMHOUEHUT, NPUMEHAMb
meopemuyuecKkue 3HaHust OJisk UCCIe00B8ANUS

ceoticme 2pagos |

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, apply theoretical
knowledge to study the properties of graphs

mecm /
test

3ao0ayu |
tasks

3. CTpyKTYypa H cojiep:KaHne TUCIUTTUHbI

3.1. Tpya0eMKoOCTh TUCHHUTLINHBI

Ounas popma o0yuyeHust

Bcero 2 cemecTp 3 cemecTp
Oo0uast TPy10eMKOCTh 7 3ET 33ET 43ET
YacoB 1o yueOHOMY IJIaHYy 252 108 144
B TOM YHCJIe
ayMTOPHBIE 3aHATHS (KOHTAKTHas padora): 67 33 34
- 3aHSATHS JIEKIIMOHHOTO THIA 32 16 16
- 3aHSATHSI CEMHUHAPCKOI0 THIA 32 16 16
- 3aHATHSA J1a00PaATOPHOIO TUIIA 0 0
- Tekymuii koHTpoJs (KCP) 3 1 2
caMocTosiTeIbHasi padora 149 75 74
IIpomeskyTouHasi aTTecTalNA — 3a4eT, JK3aMeH 36 (3x3ameH) 0 (zauer) 36 (3x3amMeH)

3.2. Conep:kanne TUCIUNIHHBI

HaumeHoBaHue U KpaTKoe CoAepKaHuEe pa3aejioB u

TeM JUCHHUIIJITHHbI

B tom uncie

Bcero
(4achl)

KonTakrHas pa6ora (padora Bo
B3aMMO/IefiCTBMM C NpenoaaBaTeieM),
yacel. U3 Hux

ATICIIDIT

s1 padorT
00yuaro




BangaTus
THIIA
3anaTus
THIIA
3anaTus
THIIA

2 cemecTp

108

O |(CEMHUHAPCKOIo

O [[1IEKIIMOHHOT0
© l1agoparopHoro

[EEN
[EEN

w

N [Beero

75

Tema 1. Hauaabuble noustus. [lorstue rpada. Tumst
rpacoB. Crioco6s! 3amanms. M3omopdusm, MHBapHAHTHL.
Honarpadsr. [Ipobiema BoccTanosneHus. Omneparuu Ha
rpacdamu. ['padsr nepecedennii. [Iytn 1 DUKIIBL.
CBSI3HOCTL, KOMIIOHCHTGI, IHIapHUPHI, nepemeﬁKI/L
Paccrosnus n METPHUUCCKUE XaPAKTCPUCTUKHU /

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.

19

13

Tema 2. Ilepeunciaenue rpagos. Uncio moMedeHHBIX
rpadoB. ABToMOp¢u3MEL. Hucio cnocoO0B MOMETUTH
rpa¢. Yncio HemoMeueHHBIX TpadoB (0e3
,Z[OKaSaTCJ'IBCTBa). ACHMIITOTHYECKOE NepeHUCICHUC.
«IToutn Bce» rpader. [Ipumepst: rpadsl quamerpa 2,
cBsi3HbIC Tpads /

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.

17

13

Tema 3. Metoabl 06x01a rpagoB. O0mas cxema 00xoa.
ITouck B mmpuny. BFS-nepeso. Beruncnenue paccrosHui.
[owuck B rry6uny. DFS-nepeBo. BrisiBnenne nepemeiikos,
HIAPHUPOB, OJI0KOB /

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.

19

13

Tema 4. Baxknelimne kiaaccbl rpagoB. JlepeBss, ux
cBoiicTBa. KopHeBbIe AepeBbs. ANTOPUTM PacIO3HABAHUS
uzomopduszma aepesbeB. Kapkacel. [IByn0bHbIe rpadbl,
teopema Kenwura. [Tnanapusie rpadsi, popmyina Ditnepa,
KPpUTCPHHU JIAHAPHOCTH. AJ'IFOpI/ITM pacno3HaBaHUA
aHapHocTH /

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.

19

13

Tema 5. Ilukasl. DitepoBs! uKIIeL. Kpurepunit
CYIIECTBOBaHUS. AJITOPUTM MOCTPOCHHS. | aMHITbTOHOBBI
OUKIIBI. AJ'[FOpI/ITMI)I IIOMCKAa Tr'aMUJIBTOHOBBIX ITHUKJIOB.
KBazunukiel. [IpoctpancTBo 1iukioB. yH/1aMeHTaJIbHbBIE
IIUKJIBI. ATTOPUTMBI TOCTPOSHHS Oa3rca IIKIIOB.
IIpoctpancTBO paspe3oB. CBA3b MEXAY MPOCTPAHCTBAMHU
LMKJIOB 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

33

10

23

4




spaces of cycles and cuts.

Texkyuuit kouTposs (KCP)

[EEN

ITpomexyTouHas aTTecTalys — 3a4eT

3 cemecTp

144

16

16

32

74

Tema 6. He3aBucMMbIe MHOKECTBA, KJIMKH,
BepLIMHHBIE MOKPBITUSI. CBSI3U MEXY TpeMsl 3a1a4yamH.

)]epeBo peIHeHI/Iﬁ JUIA 3a1a4u O HE3aBUCUMOM MHOKCCTBC.

OBpHUCTUYECKUE alTOPUTMBI, TpuMepS. TOUHBIH 1
MPUOJIMKEHHBIN alTOPUTMBI IJIS 3a/1a9X O BEPUIITHHHOM
TOKpPBITHH /

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.

20

14

Tema 7. Ilapocoderanus. 3a1a4y 0 TAPOCOYETAHUH U O
peGepHOM MOKPBITHH. MeTo]| YBETMYUBAIOIINX MY TEH.
Anroputm ais [ByI0NbHBIX TpadoB. HesaBucumble
MHOECTBa B JIBYIOIbHBIX rpadax /

Matchings. Matching and edge cover problems. The
method of augmenting paths. Algorithm for bipartite
graphs. Independent sets in bipartite graphs.

16

12

Tema 8. Packpacku. Packpacka Bepuria. OTieHKH
XpOMaTHYECKOro yHcia. JlepeBo pemennii.
[NocnemoBarenbHas packpacka. [Ipobiema 4-X Kpacok.
Packpacka pebep, Teopema Busunra /

Colorings. Coloring vertices. Estimates of the chromatic
number. Decision tree. Sequential coloring. The problem
of 4 colors. Coloring of edges, Vizing's theorem.

20

14

Tema 9. [loroku. 3a1a4a 0 MAKCHMaJILHOM MOTOKE.
Merton ®opna-Pankepcona. AnroputMm Iamonca-Kapma
/

Flows. The maximum flow problem. Ford-Fulkerson
method. Edmonds-Karp algorithm.

20

14

Tema 10. OnTuManbHbIe MYTH U KaAPKAChI. AJITOPUTMBI
IMpuma, Kpackana u Jleiikctpsr /

Optimal paths and skeletons. Algorithms of Prim,
Kruskal and Dijkstra.

30

10

20

Texymuit koutpoias (KCP)

2

IIpomesxyTouHas aTTecTaIusl — SK3aMeH

36

Hroro

288

32

32

64

185

TCKYIHHﬁ KOHTPOJIb YCIICBAEMOCTH PCAIN3YCTCA B (bopMax OIIPOCOB HA 3aHATUAX CEMHHAPCKOTO THIIA.
HpOMG)KyTO‘-IHaH arrecraiuus NpoxoauT B TpaﬂHHHOHHOﬁ (bopMe (3aqu 110 OKOHYaHHH 2-TO ceMeCTpa u

9K3aMEH 110 OKOHYaHUU 3-TO ceMeCTpa).

4. Y4eOHO-MeToAU4YeCKOe o0ecrieueHue CaMOCTOsITeIbHOI pa6oThl 00yUarouXcst

BrimonHeHne ToOMalHuX MPaKTUYECKUX 3aIJaHUH C MOCIEAYIONIeH TPOBEPKON U 00CYKIECHUEM.

N3yuenune nutepatrypsl U MpopadOTKa TEOPETUUECKOTO MaTepraa JICKIMOHHBIX 3aHSTHH.

OO6pa3zoBaTeNbHBIN MaTepUal AJIsi CAMOCTOSITEIBHONW PaObOTHI CTYIEHTA!

1. Copouan C. B. OcHoBBI Teopuu rpadoB. YueOHO-METOIUUECKOe TocoOre (Ha aHTJIMICKOM

A3bIKe). DJeKTpoHHOe n3ganue. 2012.

http://eng.unn.ru/images/files/bach it/Fundamentals of Graph Theory.pdf



http://eng.unn.ru/images/files/bach_it/Fundamentals_of_Graph_Theory.pdf

2. Anekcees B. E., Tananos B. A. I'padbt 1 anroput™el. CTpyKTypsl JaHHBIX. Moenu

Berunciieanii. M.: UHTYUT.PY, bunom. Jlaboparopust 3nanuii, 2012.
http://www.intuit.ru/studies/courses/101/101/info

3. Auxnexkcees B. E., 3axaposa JI. B. Teopus rpadoB. Dnekrponnoe uznanue. 2012.

http://www.unn.ru/books/resources.html

482.12.08.

KOHTpOJIbHBIe BOIIPOCHI W 3adaHuA A IMPOBCACHHA TCKYIICIO KOHTPOJIA H HpOMe)ICYTO‘IHOfI

aTTeCTAallUU 110 UTOraM OCBOCHUA NJUCHUIIIIMHBI IIPUBCACHBI B I1. 5.2.

5. DoHJ O1LIEHOYHBIX CpPpeacCTB AJIsd l'[pOMG)KyTO‘lHOﬁ aTTeCTAallui 110 JTHCHHUIIJINHE (MOL[y.]'[lO),

BKIFOYAKOIIWHN:
51 Onmncanme mKan OLCHUBaHUs peE3yjbTaTOB oﬁyqe}mﬂ o JMCUMIIJINHE
Yposenb IIkana oneHnBanusi cGOpPMUPOBAHHOCTH KOMIETEHIU
copmupoBan
HOCTH HEYJIO0BJICTBO | YIOBJICTBOPH
MJ10X0 X0po1uio OYeHb XOpOII0 OTJIHYHO NPeBOCX0THO
KOMIIeTeHIIM I pUTEJIBbHO TEJIABHO
(MHAMKaTOpPa
OCTHKEHHSI
A N He 3auteno 3auTeHo
KOMIIeTeHIHii)
OtcytcTBHE
3HaHUH
YpoBeHb YpoBeHb
TEOPETUYECKO o o
YpoBeHb MuHumaneHO | 3HAaHUH B 3HAaHUH B YpoBeHb
ro Marepuaa. o . o
3HAHMI HIKE | JIOMYCTHUMBIN obObeme, o0beme, 3HaHUH B YpoBeHb
MHHHMAJTb- OBEHb COOTBETCTBYIO COOTBETCTBYIO obbeme 3HaHUH B
HesosmosxHOC yp N yrott yromt ’
Th OLEHUTD HBIX 3HAHUIL. €M TIporpamMmme €M IporpaMme COOTBETCTBYIO | 0OBEME,
3HaHuAg HonHOTY TpeOOBaHUH. Jonymeno NIOJIrOTOBKHU. [IOJTOTOBKH. eM IIPEBBILIAONIE
— Nmenu mecto | MHOTO HomnymeHo Jomymieno rporpamme M Iporpammy
BCENICTBHE rpyobie HETPYOBIX HECKOJIbKO HECKOJIbKO MO/IFOTOBKH, MOATOTOBKH.
oTKaza OLIMOKH. OIIHMOKH. HETpyOBIX HECYILIECTBEHH 6e3 ommnooK.
omKOoK BIX OLINOOK
oOyuatoreroc
1 OT OTBeTa
IIponemoncTpu IIponemoHncTp
IIponemoHncTp
POBaHEI Bce IMponemoHCTpH | MPOBaHBI BCe
OtcyTcTBHE HPOBAHBI IMponemoncTp
Ipu pemenun OCHOBHEBIE POBaHEI Bce OCHOBHBIE
MHHHUMAJIb- OCHOBHBIE HpOBaHbI BCE
. CTaHJIapTHBIX YMEHHSI. OCHOBHBIE yMeHus,
HBIX YMEHHIA. YMEHHUS. OCHOBHBIE
3a1a4 He Pemensr Bce YMEHHSI. pelIeHs! Bce
HeBo3moxk- Pemensl YMEHH,
IPOJIEMOHCTP OCHOBHbIE Permens! Bce OCHOBHBIC
HOCThb THUIIOBBIC PEUICHBI BCE
UPOBAHBI 3a7aqu C OCHOBHEIE 3ama4n ¢
OILIEHUTH 3a7a4H C OCHOBHEIE
OCHOBHbBIE Her“py6bIMl/I 3aJ1a4u. OTJICJIbHBIMU
YMeHus HaJIM4yue HErpyObIMH 3a/1a4u.
. YMEHHUSL. OILIMOKaMU. BrinosHeHb! Bee HECYLIECT-
YMeHHI OIIHOKAMH. Bemonaenst
BrrmonHeHs! Bce | 3amaHus, B BEHHBIM
BCJICACTBHC BrinoaHeHbI BCC 3aJlaHMs,
Nmenu mecto 3a7aHus, B MMOJIHOM HEJ0UEeTaMH,
OTKa3a BCE 3aJ]aHus, B ITOJIHOM
rpyObIe TIOJTHOM obbeme, HO BBITIOJTHEHBI
oOyuaromero- HO HE B o0beMe 0e3
OIIHOKH. ob6beme, HO HEKOTOPBIE C BCE 3aJIaHUS B
Cs1 OT OTBETA TMIOJIHOM HEJJ04eTOB
HEKOTOPbIE C HETOYESTaMH. HIOJTHOM
obOBeme.
HEJI0UeTaMH. obObeme.
0 OtcyTcTBHE IIpu pemenun | Mmeercs IIponemoncT- [Iponemonctpu | Ilponemoncrp | IIponemonctp
ABBIKI
BITAJICHHS CTaHJApPTHBIX | MHHUMAIBHBI | PHPOBAHBI POBaHEI HPOBAHbI HpOBaH



http://www.intuit.ru/studies/courses/101/101/info
http://www.unn.ru/books/resources.html

MaTepHaIOM. 3a1a4 He 1 Habop 0a30BbIC 0a3oBbIC HaBBIKU NIPH TBOPYECKHUI
Heso3moxuOC MIPOACMOHCTP HaBbIKOB IJIs HaBbIKU IIpU HaBBIKU ITPpHU peuIeHNU IoaXo1 K
Th OLEHUTH HUPOBaHbI peleHus peleHnn peleHnn HECTaHJIapTH peLIeHUIO
HaJIn4ue 0azoBbIe CTaHAapTHBIX CTaHJAapTHBIX CTaHAapTHBIX bIX 3a1a4 0e3 HECTaHAapTH
HaBBIKOB HaBBIKU. 3a7a4 3ajJa4 C 3a1ay 0e3 OnIn0O0K 1 BIX 3a/a4.
BCJICACTBUEC HEKOTOPBIMU HEKOTOPBIMU OIIMOOK U HCIOYCTOB.
OTKa3a Wmenu Mecto | gemoueramu. HEJ04eTaMH HEJI0YETOB.
obyuatomeroc | 'PyObie
s OT OTBETa OIIMOKH.
IIIxaja oueHKH NPHU NPOMEKYTOYHOM aTTeCTAllul
OneHka YpoBeHb IOATrOTOBKHU
Bce xommereHnmy (4acT KOMITETECHIINI), Ha (POPMUPOBAHHE KOTOPBIX
ITpesocxommo HarpaBJieHa TUCIHUIUINHA, cOpMUPOBaHEI Ha YPOBHE HE HIDKE
«IIPEBOCXOIHO»
Bcee kommereHnmM (YacTH KOMIIETEHIMH), Ha (OPMHPOBAHHE KOTOPBIX
Otnn4aHO HarpasjeHa AUCIMIUINHA, COPMUPOBAHBI HA YPOBHE HE HIKE COTIHIHOY,

3a4TCHO

mpU 3TOM XOTA OBl OJHA KOMIETEHIMS C(HOpPMUpOBaHA Ha YpPOBHE
«OTIIUIHOY

OdeHb XOpo1LIo

Bce xomnereHuum (4acTh KOMIeTeHUMI), Ha (HOPMHPOBAHHE KOTOPBIX
HarpasjeHa AWMCIMIUINHA, C(HOPMHUPOBAHBI Ha YPOBHE HE HIKE «OYEHb
XOPOLIO», TIPH 3TOM XOTs OBl 0/IHA KOMIIETEHIUsI c(hOPMHUPOBaHA Ha YPOBHE
«OYEHb XOpOIIO»

Xopouio

Bce kommereHnmu (4acTu KoMIeTeHIWit), Ha (GOpMHpPOBaHHE KOTOPBIX
HarpasjeHa JUCLUIUINHA, CPOPMUPOBAHBI HA YPOBHE HE HIKE «XOPOIIOY,
IpH 3TOM XOTA OBl OfHAa KOMIIETCHIMS c(opMHpOBaHa Ha YpPOBHE
«XOpOLLO»

Y,I[OBJ'ICTBOpI/ITe.HLHO

Bcee xommereHnmu (4acTH KOMIICTEHIMH), Ha (OpMHpOBaHHE KOTOPBIX
HanpapjeHa JAWCHMIUIMHA, Cc(GOPMUPOBAHBl Ha ypPOBHE HE HIKE
«yIIOBIIETBOPHUTEJIFHO», IPH 3TOM XOTd OBl OfHAa KOMIIETEHIUS
c(OpMHUpPOBaHA HA YPOBHE «YIOBJIECTBOPUTEIHHOY

HEC 3a4TCHO

HeynosnerBopuresbHo

Xorss OBl  omHa  KOMIETeHIMs  c)OpMHpOBaHa  Ha  YPOBHE
«HEYZOBIIETBOPUTEIBHO», HU OJIHA M3 KOMIIETEHILUH He copMupoBaHa Ha
YPOBHE «IIJIOXO0»

IInoxo

XoTst ObI OJJHa KOMIIETEHIIHS CHOPMHPOBAHA HA YPOBHE «ILIIOXO0Y

5.2.

Tumnosbie KOHTPOJIbHbIC 3a/I1aHUA WM UHbIC MaTEpHUaJbl, He00XoAMMbI€ J1JIsl OLEeHKH

pe3yabTaToOB 00yUeHust

5.2.1. KoHTpoJIbHBIE BOMPOCHI

80NnpoCyHl Koo dopmupyemoii komnemenyuu

1. CMexXHOCTh, MHIIMJEHTHOCTD, cTerneHn. CriocoOsl 3ananus rpados. I'pads

nepecedeHuii / IK-5
Adjacency, incidence, degree. Ways to specify graphs. Graphs of intersections

2. Tloarpadpel, ocToBHBIE, MOpOKAeHHBIE. [Ipobiema BoccTaHOBICHUS /

Subgraphs, spanning, induced. The problem of recovery IIK-5

3. Ilytn u nukisl. CBSA3HOCTD, KOMIIOHEHTHI, IIAPHUPHI, TIEPEHIeHKH, OJ0KH /

Paths and Cycles. Connectivity, components, cutpoints, isthmuses, blocks IIK-5

4. PaccTOSHUS W METPUYCCKHE XaPAKTEPUCTUKH / IIK-5




Distances and metric characteristics

5. U3omopdusm rpados. uBapuantel. ABToMop¢dusmsl. [lomeueHHsie 1
HCIIOMCYCHHBIC Fpa(l)I)I. Yuclio mnoMEe4YEHHBIX I‘pa(l)OB. Yucao crnoco6oB MOMETUTH
rpad /

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

[K-5

6. Iousitue nepesa. Yucino nepesnes. Llentp nepesa. Kapkac rpaga /
The concept of a tree. The number of trees. The center of the tree. The skeleton
of the graph.

I1K-5

7. Pacnio3HaBaHue uzoMopdusMa aepeBbeB /
Recognition of tree isomorphism

[K-5

8. JIBynompHbie rpadsl. Teopema Kénura /
Bipartite graphs. Kdnig's theorem

[K-5

9. [Inanapusie rpader. @opmyna Ditnepa. Kpurepnu miaHapHOCTH. AITOPUTM
TPOBEPKH TIAHAPHOCTH /

Planar graphs. Euler's formula. Criteria for planarity. Algorithm for checking the
planarity

[K-5

10. Merox moucka B mmupuny. BFS-nepeBo. Brruncnenue paccrosauii B rpade /
Breadth First Search. BFS-tree. Calculation of distances in the graph.

[K-5

11. Meron noucka B riryouny. DFS-aepeBo. BrisiBienue mapHipoB 1
nepereikos /
Depth First Search. DFS-tree. Identification of cutpoints and isthmuses.

[1K-5

12. DiinepOBBI LUKIIBI K TTyTH. AITOPUTM MOCTPOCHHUSI SUIEPOBBIX [IUKIIOB /
Euler cycles and paths. Algorithm for constructing Euler cycles.

[IK-5

13 I'aMHUIBTOHOBEI IUKJIBI U TTYTH. AJ’IFOpI/ITMLI IIOHNCKa raMHUJIbTOHOBBIX ITUKJIOB
/ Hamiltonian cycles and paths. Algorithms for the search for Hamiltonian cycles.

[IK-5

14. TIpocTtpancTBo nUKIOB rpada. KBazunukisl. @yHIaMeHTaTbHBIE [TUKIIBL.
[uxmomaTryeckoe uncio. Iloctpoenne 6a3bl HUKIOB /

Cycle space of a graph. Quasi-cycles. Fundamental cycles. Cyclomatic number.
Constructing the base of cycles.

[IK-5

15. IlpocTpaHcTBO pa3pe3oB. BBeaeHne KOOpAUHAT B MPOCTPAHCTBAX ITUKIIOB U
pa3pe3oB, B3aMMHasi OPTOTOHAJIBHOCTh 3THX IPOCTPAHCTB /

Cut space. Introduction of coordinates in the spaces of cycles and cuts, mutual
orthogonality of these spaces.

[IK-5

16. He3aBucuMBble MHOXECTBA U KIIMKH B Tpadax. AJropuT™ Jyist 3aJ1a4u O
HEe3aBHCHMOM MHOKECTBE Ha OCHOBE JIEPEBa PEUICHN. DBPUCTHYECKIE
ANrOPUTMBI /

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

[K-5

17. BepimHHbIE TIOKPHITHS B Tpadax. AJITOpUTM AU 3aJa4K O BEPIIMHHOM
HOKpBITHH. [IpuOImKeHHBIH anroputm /

Vertex cover in graphs. Algorithm for the vertex cover problem. Approximate
algorithm.

[1K-5

18. ITapocoueranust U peOepHbIE MOKPBITHS. Y BEIUYNBAIOIIHIE Y TH.

[IK-5
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Haxoxaenne HauboIbIIErO TAPOCOYETAHMUS B ABYA0JbHOM rpade /
Matchings and edge covers. Augmenting paths. Finding the maximum matching
in a bipartite graph

19. He3aBucuMbie MHOXeCTBa B IBYAONBHBIX rpadax. Teopema Kenwnra-
Orepsapu / Independent sets in bipartite graphs. Konig-Egervari theorem IIK-5

20. Packpacku BepmiH rpadoB. ANTOPUTM IS 3aJ1a9X O packpacke Ha OCHOBE
nepesa perrenuii. [TociaenoBarenbHas packpacka. Packpacka pedep. Teopema
Buswunra (popmymuposka) /

Coloring the vertices of graphs. Algorithm for the problem of coloring based on IIK-5
decision trees. Sequential coloring. Coloring edges. Vizing's theorem
(formulation).

21. 3amaga 0 MaKCUMAaJILHOM IIOTOKE. Y BenmauBaromue myTa. Meron ®opna-
dankepcona. Anroput™ Damonaca-Kapma /

The problem of maximum flow. Augmenting paths. The Ford-Fulkerson Method. TIIK-5
The Edmonds-Carp algorithm.

22. 3agaya 06 ontUManbHOM Kapkace. AnroputMbl [Ipuma n Kpyckana /
Optimal skeleton problem. Algorithms of Prim and Kruskal. IIK-5

23. 3amaun 06 ONTUMANBHBIX MyTIX. ATroput™ JlekcTpst /
Problems of optimal paths. Dijkstra's algorithm. IIK-5

5.2.2. TunoBble TeCTOBbIE 3aaHNs (TECThI) I OLEHKH chopMupoBanHocTH KomneTeHun IK-5.

1. B 0OpikHOBEeHHOM Tpade ¢ 5 BepIInHaMHi MOXKET OBITH /
A simple graph with 5 vertices may have

a) 15 pebep / 15 edges;
6) 11 pebep / 11 edges;
B) 9 pebep / 9 edges; (+)
r) 0 pebep / 0 edges. (+)

2. B MaTpuIiie cMeKHOCTH TIOTHOTO Tpada ¢ 5 BepIInHAMH UMEETCs] pOBHO /
Adjacency matrix of complete 5-vertex graph has precisely

a) 30 eguamir / 30 ones;
6) 20 exguaui; / 20 ones; (+)
B) 10 exuuwuir / 10 ones.

3. MHIIMIEHTHOCTE — 9TO OTHOILIEHUE MC)KJIy/
Incidence is a relation between

a) IByMs BeplunHaMH / two vertices;

0) nBymst pebpamu / two edges;




B) BepuInHOH 1 pedpom / vertex and edge; (+)

r) pebpom u BepmuHoii / edge and vertex. (+)

5.2.3. TunoBple 3aga4m 17151 oUeHKH cpopmupoBanHocTu komnereHuun IK-5.

1. CxoinbKo cyImiecTByeT abCTpaKTHBIX IEPEBBEB C 7 BEPIIMHAMHE, PAIAyCOM 2 U OAHOHN IEHTPATEHON
BepimHoit? / What is the number of abstract trees with 7 vertices, having radius 2 and one central vertex?

2. Cxonbko CYIIIECTBYET aOCTPaKTHBIX JIEPEBHEB C 7 BEPIIMHAMH, IMEIOIUX JBE IIEHTPAIHHBIC BEPITUHBI? /
What is the number of abstract trees with 7 vertices, having 2 central vertices?

3. CKOIIBKO CyIIeCTBYeT aOCTPaKTHBIX HEIUTAHAPHBIX Tpad)oB ¢ 6 BepIIMHAMH, IMEIOIINX 5 BEPIINH CTETICHN
4? [ What is the number of abstract non-planar graphs with 6 vertices, having 5 vertices of degree 4?

4. CKOJBKO CYIIECTBYET a0CTPaKTHBIX HETUIaHAPHBIX Tpad)oB ¢ 6 BepUIMHAMH, U3 KOTOPBIX HE MEHEE JBYX
umerot crerers 5? / What is the number of abstract non-planar graphs with 6 vertices, from which at least two
vertices have degree 5?

5. CkomnpKo cymecTByeT abcTpakTHBIX TpadoB ¢ 9 BepIIMHAMY, ITUKIOMATHYECKUM YUCIIOM 2, IMEIOIITIX
raMUJIbTOHOB TUKN? /
What is the number of abstract graphs with 9 vertices, having cyclomatic number 2 and Hamiltonian cycle?

6. CKOJIBKO CYIIECTBYET aOCTPaKTHBIX TpadoB ¢ 7 BEPIIMHAMH, TUAMETPOM 5 U IIUKIOMATHUYECKUM YHCIIOM
2? [ What is the number of abstract graphs with 7 vertices, having diameter 5 and cyclomatic number 2?

6. YueOHO-MeTOAMUYECKOEe M HH(POPMALIMOHHOE 00ecnedeHne TUCIUTITHHBI

a) OCHOBHas JIuTeparypa:

Adrian Bondy, U.S.R. Murty. Graph Theory. Springer London, 2011. ISBN 1846289696, 9781846289699.
http://www.springer.com/in/book/9781846289699

0) OTIOJIHUTENbHAS TUTEPATYpa:
Bela Bollobas. Modern Graph Theory. Springer Science & Business Media, 2013.
http://www.springer.com/la/book/9780387984889

B) porpammHoe obecriedenne u MaTepHeT-pecypchl (B COOTBETCTBUU C COACPHKAHUEM TUCHUIUIUHBI):

1. Copouan C. B. OcHoBbI TeOpHH rpadoB. Y4eOHO-METOANYECKOE TOcOOue (Ha aHTTIMHCKOM SI3bIKE).
OnexTpoHHOe u3nanue. 2012.
http://eng.unn.ru/images/files/bach_it/Fundamentals_of Graph_Theory.pdf

2. Anekcees B. E., 3axaposa /[. B. Teopus rpados. DnextporHoe uznanue. 2012.
http://www.unn.ru/books/resources.html 482.12.08.

7. MaTepuajbHO-TeXHHYECKOe o0ecnieyeHne T CUMIMIMHbI
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http://www.springer.com/in/book/9781846289699
http://www.springer.com/la/book/9780387984889
http://eng.unn.ru/images/files/bach_it/Fundamentals_of_Graph_Theory.pdf
http://www.unn.ru/books/resources.html

[Tomemienust nmpeAcTaBisAOT co00i ydyeOHbIE ayIUTOPUN NJISl IPOBENEHUSI YUEOHBIX 3aHATHI,
MPEAYCMOTPEHHBIX  IPOrpaMMoi  (JIEKUMOHHOTO M  CEeMHHApCKOTO  THUMA), OCHAIICHHBIC
000pyIOBaHUEM M TEXHUUYECKUMHU CpPeICTBAMU 00OyUEHUS.

[Tomemienust Ui CaMOCTOATENBHOM paboOThl O0YyYArOMIMXCSl OCHAIICHBI KOMITBIOTEPHOMH
TEXHUKOH € BO3MOXKHOCTBIO MOAKIIOUEeHUS K cetu "MHTepHer" M oOecmeuyeHsl [OCTYIIOM B
JIEKTPOHHYIO HHPOPMALIMOHHO-00pa30BaTEIbHYIO CPENyY.

[Iporpamma coctaBieHa B cootBeTcTBUU ¢ TpeboBanusmu ®I'OC BO /OC HHI'Y

ABTOp: K.(.-M.H., JI0II. Copouan C. B.

Peniensent (b1)

3aBenyrouuii kadeapoii: a.¢.M.H., mpod. Kysnenos M. H.

[Tporpamma o100peHa Ha 3aceaHUU METOIMYECKON KOMUCCHH WHCTUTYTa HH(POPMAITMOHHBIX
TexHoJorui, MmaremaTuku U Mmexanuku ot 30.11.2022 rona, mporokon Ne 3.
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