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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{UH! (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMITeTeHI{UH 10 AUCILUIIHHE KOHTPO/IA MPOMEe)XyTOUHOMH
(xog, coep>xaHue ycrneBaemMoCTH aTrTecTanuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3uaem npuHyunbt YK-1.1: Tecm
ocywecme/simb cbopa, ombopa u 0606wjeHuss  |3Hamb OCHOBHbIe NOHAMUS 3adauu DK3AMEH:
NOUCK, Kpumuyeckuu |y chopmayuu meopuu 2pagos: uzomop@usm, 3adauu
aHanus u cuHmes
YK-1.2: ¥Ymeem coomHocumb  |nymu U YuK/bl, C8513HOCMb,
UHopmayuu, .
npuvensmb DA3HOPOOHble s181eHUs U wapHupbl, nepeweliku u 610Ku,
3auém:
CUCeMHbIE nodxod | CUCMEMAmu3uposams ux e Mempuueckue Xapakmepucmuku, .
s DAMKAX U3bpaHHblx 8UO08 KapKdacbl, npoCMpaHcmeda ecm
peueHus npogeccuoHanbHoU YUK/08 U paspe308; cnocodbl
nocmasneHHbIX 3a0au | dessmenbHOCMU npedcmasneHus 2pagos;
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.€. 10
Yacos o yue0HOMY IJIaHY 360
B TOM UHCIIe
ay/(MTOPHbIE 3aHATHSA (KOHTAKTHasi padora):
- 3aHATHSA JIEKI[HOHHOT'0 THIIA 32
- 3aHATHSA CEMHHAPCKOro THNa (MpaKTHYecKue 3aHATHs / 1abopaTopHbIie paGoThI) 32
- KCP 3
caMmocTosATe/IbHasA padoTa 257
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)



4. YueOHO-MeTOAMUYEeCKOe 00ecrieyeHre CaMOCTOSITe/TbHOW Pad0ThI 00yJarouXCs

CamocrosiTenbHasi paboTta oOyuarouuxcsi BK/IOUaeT B cebsi MOATOTOBKY K KOHTPOJIBHBIM BOIIPOCAM U
3a/laHUSIM JI7Is1 TEKYIlero KOHTPOJIsi M TIPOMEXKYTOUHOM aTTeCTaldd M0 WUTOTaM OCBOEHHS JTUCLIATUIMHBI
MIPUBEJEeHHBIM B II. 5.

Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBrl 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 : 37MeKTpOHHBIN.

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

1. B 0ObIKHOBeHHOM Tpade c 5 BepIIiHaMU MOXKET 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 MaTpu1je CMeXKHOCTH MOTHOTO rpada ¢ 5 BepiirHaMy UMeeTCsl 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. HLIMeHTHOCTh - 3TO OTHOLLEHHe MeXIy /
Incidence is a relation between

a) IByMsl BepIlIMHaMHU / two vertices;
0) nBymst pebpamu / two edges;

B) BepILMHOM 1 pedpom / vertex and edge;



r) pebpoM U BepimMHOM / edge and vertex.

Assessment criteria (assessment tool — Test)

Grade Assessment criteria
pass BepHno pettieHo He MeHee 60% TeCTOBBIX 3a/JaHUI
fail PellleHO HeMpaBU/ILHO UK He peliieHo 6oee 40% TeCTOBBIX 3a/laHUM

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

1.CKOJIBKO CyIIIeCTBYeT abCTPaKTHBIX ZIePEBLEB C 7 BepLIMHAMU, PaZJMyCOM 2 ¥ OJJHOU 1|eHTpa/IbHOM
BepIIMHON?/

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

2. CKOJIBKO CYyIL[eCTBYeT abCTPAKTHBIX /IEPEBBEB C 7 BEPIIMHAMU, UMEIOIIUX /IBE LieHTpalbHble BePIIUHbBI? /

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

3. CKOJTBKO CyIIecTBYeT abCTPaKTHBIX HeTIaHapHBIX TpadoB ¢ 6 BepIIMHAMH, UMEIOI[UX 5 BEpIIUH CTeTieHu 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 pemieHo He MeHee 95% 3amau

excellent BepHo peliieHo He MeHee 85%, HO He bosiee 95% 3aau
very good BepHo peitieHo He MeHee 80%, HO He bosiee 85% 3amau
good BepHo peltieHo He MeHee 70%, HO He 6osiee 80% 3aau
satisfactory BepHo peliieHo He MeHee 55%, HO He 6omee 70% 3azau
unsatisfactory BepHo peliieHo He MeHee 35%, HO He bosiee 55% 3aau
poor BepHo petiieHo He 6osiee 35% 3aau

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



IITkana oneHUBaHUs C()OPMHUPOBAHHOCTH KOMIIeTeHLINH

Yposen
b
cthopmu HEYy/I0B/IETBOD YAOBJIETBO O4YeHb
1JI0X0 X0poIIo OT/IMYHO TPeBOCX0/{HO
POBaHH UTEeJIbHO PHMTE/IBHO XOpOoLIo
ocTH
KoMIeT
eHIui
(uHpUK
aropa
AOCTHK He 3aUTeHO0 3a4YTeHO
eHus
KoMIeT
eHIHIT)
YpoBeHb
OtcyTcTBUE YpoBseHb poset
o N 3HaHUH B
3HaHUI MuHUManeH | 3HaHU B o6eme YpoBeHb
TeopeTH4ecKoro () obbeme, i 3HaHU B
YpoBeHb COOTBETCTBY YpoBeHb
MaTepHasa. N JIOMYCTUMBI | COOTBETCTBY obnewme, N
3HaHUI HIDKe o I0I1leM 3HaHUi B
HeBo3MO>KHOCTB 1 ypoBeHb I0I1leM COOTBETCTB
MHUHHUMaJbHbIX . nporpaMme obneme,
3HaHUS | OLIEHWUTH IOJHOTY - 3HaHUH. rporpaMme yIoLL[eM
o TpeboBaHUH. MOArOTOBKU TIpeBbILIAOLIe
3HaHUH [Homy1iieHo TOATOTOBKH riporpamMme
Nwmenu mecto . JonymieHo M IIPOrpamMmy
BC/Ie/ICTBUE MHOTO . Jomny1ieHo TIOATOTOBK
rpy6ble OILMOKH HECKOJIbKO TIOATOTOBKH.
OTKasa HerpyO0bIx HeCKOJIbKO u. Ommbok
HecylllecTBe
obyuaroierocst ot ombok HerpyObIx HHELX HeT.
oTBeTa ombok
oboK
[IpogemoHC
TPUPOBaHbI
IIpomemonc PHp
IIpogemoHc | Bce
IIposeMOHC | TPHUPOBaHBI
TPHUPOBaHbI | OCHOBHBIE
TpUpPOBaHbl | BCe
BCE YMeHUs. [IpomemoncTp
OCHOBHbI® OCHOBHbI®
OrcyTcTBHE OCHOBHBIe PetrteHb! HpOBaHbI BCe
Ipu perennu YMeHUSI. YMeHHSI.
MHHUMaJbHBIX yMeHUsI. BCE OCHOBHBIe
o CTaH/apTHBIX Peruens! Peruens! Bce
YMeHHi. PellieHbl Bce | OCHOBHBIE yMeHUsI.
3azad He THIIOBBIE OCHOBHBI®
HeBo3MO>XHOCTb OCHOBHbIe 3ajlauu C PeliteHs! Bce
NPOZIEMOHCTPUP | 3a/jauu C 3a7auu C
OL|eHUTb Ha/luuue 3ajlauul. OTZle/IbHBIM | OCHOBHBIE
Ymenus N OBaHbI HerpyobIMH | HerpyobIMu
YMeHU BeimonHeHs! | U 3ajlaunl.
OCHOBHbIE omubKamMH. | OIIMOKaMU.
BC/Ie[iCTBUE BCe 33/laHMsl | HecylecTB | BoimosHeHbI
ymenust. imenu | BeinosiHeHbl | BbinonHeHsl
OTKa3sa B TI0JTHOM €HHBIMH BCe 33/laHus, B
MecTo rpy0Oble BCE BCe 3a/laHusl
obyuaroierocs ot obbemMe, HO | HejoYeTaM | ITOJTHOM
omMbKH 3a[laHKsl, HO | B IIOJIHOM
OTBeTa HEeKOTOpble | U, ob6beme Ge3
He B obbeMe, HO
c BBITIO/IHEH HeJlJ04eToB
TI0JTHOM HEeKOTOpble
HeJjoueTaMH | bl Bce
obbeme c
3a/laHus B
HeJ0YeTaMHt
TI0/THOM
obbeme
Nwmeetcsa
OtcyTcTBUE IIpogemoHc [IpogemoHc
MWHHUMaJIbH IIpomemoHc
6a30BbIX IMpu pereHnu o TPUPOBaHbI TPUPOBaHbI
bIii Habop TPUPOBaHbI IMpogemoHcTp
HaBbIKOB. CTaH/JapTHBIX 6azoBble HaBBIKI
HaBbIKOB 0a3oBble MpOBaH
HeBo3MO>KHOCTB 3a7ad He HaBBIKU TIPH Tpu .
Jist HaBbIKU TIpU TBOpUeCKUH
OL|eHUTb Ha/llMuhe | TPOJIeMOHCTPUD perIeHn’ pelLeHnr
HaBbiku pereHust pereHnn TIOAXOA K
HaBLIKOB oBaHbI Oa30BbIe CTaH[apTHBI HeCTaHZapT
CTaH/|apTHBI CTaH/IapTHEI PpeLIeHNIo
BC/Ie/ICTBUE HaBbIKU. ViMenu X 3a/lau C HBIX 3a/]a4
X 3a7au C X 3a7au 6e3 HeCTaHZAapTHBI
OTKasa MecTo rpy0Oble HEeKOTOPbIM 6e3
HEKOTOPBIM ommboK 1 X 3a7a4
obyuaroiierocst OT | OmUOKU u omboK 1
u He/l0ueToB
OTBeTa HeJloueTaMu HeJ/|04YeToB
HeJj0YeTaM1
Scale of assessment for interim certification
Grade Assessment criteria

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

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

1. CKombKoO cylijecTByeT abCTPaKTHBIX HeTylaHapHBIX TPadoB ¢ 6 BepIIHaMH, U3 KOTOPBIX He MeHee /IByX UME0
T CTeleHb 57 /

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

2. CKO/IBKO CyIIeCTByeT abCTpakTHBIX rpadoB ¢ 9 BepLIMHAMH, LUK/IOMAaTUYeCKUM YHCJIOM 2, UMEFOIUX
raMuIbTOHOB ITUKA? /
What is the number of abstract graphs with 9 vertices, having cyclomatic number 2 and Hamiltonian cycle?

3. CKO/BKO CYIIECTBYET aOCTPaKTHBIX rpadoB ¢ 7 BepPUIMHAMM, AUAMETPOM 5 U LIUK/IOMATUUECKHM UUC/IOM 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 perieHo He MeHee 95% 3azau
excellent BepHo pelrieHo He MeHee 85%, HO He bosiee 95% 3a/au
very good BepHo pertieHo He MeHee 80%, HO He O6omee 85% 3amau
good BepHo pemieHo He meHee 70%, Ho He 6oee 80% 3azau
satisfactory BepHo pertieHo He MeHee 55%, HO He 6omee 70% 3amau




Grade Assessment criteria

unsatisfactory BepHo pertieHo He MeHee 35%, HO He O6omee 55% 3amau

poor BepHo pemieno He 6osee 35% 3azau

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

1. B 0ObIKHOBeHHOM Tpade C 5 BepIIHHaMU MOXKET ObITh /
A simple graph with 5 vertices may have

a) 15 pebep / 15 edges;
6) 11 pebep / 11 edges;
B) 9 pebGep / 9 edges;

r) 0 pebep / 0 edges.

2. B MaTpu1je CMeXKHOCTH MOTHOTO rpada ¢ 5 BepiirHaMu UMeeTCsl POBHO /
Adjacency matrix of complete 5-vertex graph has precisely

a) 30 egunul / 30 ones;
0) 20 egunmuiy / 20 ones;

B) 10 egunuiy / 10 ones.

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

a) IByMsl BepIlIMHaMHU / two vertices;
0) nByms pebpamu / two edges;
B) BepILMHOM 1 pebpom / vertex and edge;

r) pebpom u BepimHoO# / edge and vertex.

Assessment criteria (assessment tool — Test)

Grade Assessment criteria

pass BepHo peliieHo He MeHee 60% TeCTOBBIX 3a/laHUMN

fail PellieHO HeMpaBH/ILHO WU He peliieHo 0osee 40% TeCTOBBIX 3aaHUMN




Grade Assessment criteria

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

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 3K3.

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 = OcHoBbI Teopuu rpa¢os : 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-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=853269&idb=0.

[JomnonHuTtenbHas 1uTeparypa:

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 5k3.

[TporpammHoe obecrieueHue 1 IHTepHeT-pecypchl (B COOTBETCTBUU C CO/iepyKaHWeM JIUCLUTTUHBI):

Sorochan Sergei Vladimirovich. Fundamentals of Graph Theory = OcHoBsI 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

7. MaTepHua/IbHO-TeXHHYECKoe ofecreueHUe JUCHUIIMHBI (MO /1)

YueOHble ayIUTOPUM [I/isI TIPOBeIEHUs yUeOHBbIX 3aHSITHM, TpeJyCMOTPEeHHBIX 00pa30BaTe/bHOU
MPOrpaMMO#, OCHall[eHbl MYJbTUMeAUUHBIM 000pyZoBaHUeM (TIPOEKTOp, 9KpaH), TeXHUUeCKUMHU
cpeficTBaMu 00yYeHHs, KOMITbFOTEpaMH.

[TomerieHust 711 CaMOCTOSITe/TbHOM pabOThI 0OYYaroIMXCsl OCHAI[eHbl KOMITBIOTEDHOM TEXHUKOU C
BO3MOKHOCTBIO TMOAK/IOUeHUss K ceTd "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/I€KTPOHHYIO
WHGOPMAaILIMOHHO-00pa30BaTeIbHYIO Cpejly.



IMporpamma coctaBiieHa B cooTBeTcTBUM ¢ TpeboBanusivu OC HHI'Y 1o HampaBieHuro
nogrotoBku/crierasbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

Agstopsl: CopouaH Cepreli Bnagumuposuu, KaHguAaT (pU3MKO-MaTeMaTHUeCKUX HayK.
3aBeayroumii Kadeapoii: 3onoteix Hukonaii FOppeBuy, JOKTOp (U3MKO-MaTeMaTUUeCKUX HayK.

ITporpamMma ozobpeHa Ha 3ace/jJaHUM MeTOANUECKOM Komuccuu ot 17.12.2025, mpoTokos Ne IpOTOKO/
Neb6.
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