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POBOYA IMTPOI'PAMA HABUYAJIBHOI JUCHUTILITHA

CyuacHa Teopist rpagis

MiITOTOBKM 3/100yBa4iB CTyNeHs BUILOI OCBIiTH
TpeTIiH (OCBITHRO-HAYKOBHNA)

nokTopa ¢inocodii

rajgy3b 3HaHb 11 MaremaTuka Ta CTaTUCTHUKA

cnemiaabHicTh 113 IlpukiaagHa MmareMaTuka

Yepkacu — 2025 p.



Pobouya HaBuanbHa mporpama HaBYajbHOI JUCHUILUTIHM «CydacHa Teopis
rpadiB» nis 3100yBaydiB HAYKOBOT'O CTYIEHs JOKTopa (hinocodii 3a crneniaibHICTIO

113 IIpukinagHa maTemMaTuKa

Po3poOHuk:
Canynos Cepriit BanepiiioBuu, cTapiinii HAyKOBUN CIIBPOOITHUK BiILTY

TeOpﬁ KCPYHOUYUX CUCTCM, KaHIUAAT (l)iSI/IKO-MaTeMaTI/I‘{HI/IX HayK.

Po6ouy nporpamy cxBaneHo Ha 3acifjaHH1 BIAULY TEOpii KEPYIOUUX CUCTEM

[Tpotoxon Ne 4 Bin 18 Bepecust 2025 poky.

: o ik
3aBiqyBay BIIJUTY TEOpIi KEPYIOUYUX C e Kononos 10.M.

CxBaieHo HaykoBo-MeToaMuHOIO pamoro [HCTUTYTY MpUKIAAHOI MaTeMAaTHKH i
mexaHiku HAH VYkpainu.

[Ipotokon Ne 4 Big 22 BepecHst 2025 poky.

['omoBa HAYKOBO-METOAUYHOT paan e Hecmenosa O.B.



1. Onuc HABYAJIBLHOI JUCHUILIIHA

lNay3b 3HaHB, HaIIpsAM

HalimenyBanHs . . XapakTepucTrUKa HaB4albHOT
. HIATOTOBKH, OCBITHBO- .
IIOKa3HUKIB e oo JTUCLHUTUTIHU
kBaiikamiifHuil piBeHb
lNany3p 3HaHB: -
. . 3 npodeciitHa
KinbkicTh kpeauTiB — 3 11 Maremaruka ta
CTaTHCTUKA
Pik miaroroBku:
.. CrienianbHICTB: 1-ii
3aranpHa KUIBKICTH TOIUH
90 113 IlpukiamHa MaTemMaTuKa CemecTtp
1-i 2-i
Jlexii
30roxg
[TpakTruHi
TwxHEBUX TOINUH: OcBiTHBRO-KBaTIIKAIIITHUT 26 Tron

ayJIUTOPHUX - 2
camocTiiiHOo1 podoTH - 0,9

PIBEHB!
nokTop dimocodii

CamocriifHa poOoTa

34 ron

Bun xoHTpOIIO: icUT




2. MeTa, 3aBIaHHS Ta O4iKYBaHi pe3yJibTATH HABYAJIbHOI TUCUMILTIHU.

MeTor HaBuanpHO1 AUCHUILTIHU «Cy4yacHa Teopis rpadiB» € popmMyBaHHS y
acHipaHTIB I'PYHTOBHUX 3HaHb OCHOBHUX KJIACiB 3a7a4 Teopii rpadis, METOIB iX
BUPIIIEHHS Ta MPAKTUYHUX 3aCTOCYBAaHHS LIMX METOA1B. 3HAYHA yBara NpuauIsiEThCs
CKJIaTHUM Tpadam (Mepexam), siki CKIaJar0ThCsl 3 BEJIUKOT KUTBKOCTI €JIEMEHTIB 1
MaloTh CKJIaJIHY CTPYKTYPY 3B’SI3KIB MIXK €JIEMEHTAMH.

3aBaaHHA HaBYAIbHOI AUCIUIUTIHK: COPMYBATH y aCIIpaHTIB CTIMKI 3HAHHS
3 METO/IB JIOCHIJIKEHHSI PI3HOMAaHITHUX THUIIIB 00’ €KTIB Ta MIACTPYKTYp Yy rpadax,
aNrOpUTMIB PO3B’sI3aHHA 3a/ay Ha rpadax Ta Mepexax, 3acTOoCyBaHb rpadiB g0
3a/lay IHTEJIEKTYaJbHOTO aHali3y JaHuX (graph mining).

OuikyBaHi pe3yJibTATH HABYAJIbHOI JMCIUILUIIHA

3arajibHl KOMIIETEHTHOCTI

3K1. Anaui3 i cunTe3. 31aTHICTH IO aHAJI3Y Ta CHHTE3Y Ha OCHOBI JIOTTYHUX
apryMeHTIB Ta InepeBipeHuX (akTiB; HABUUKU YIpPaBIiHHS iH(QOpMaliero (YMiHHA
3HAXOJUTH Ta aHAJI3yBaTH 1H(OPMAIIiIO 3 PI3HUX JHKEPE).

3K2. locaimnnubka 31aTHICTh. KOMIIETEHTHOCTI 1HIIIIOBATH Ta BUKOHYBATH
(imauBiqyansHO a00 B HAYKOBIM Ipyri) HAYKOB1 JOCIIKCHHS, 1[0 TMPUBOAATH 0
OTPUMAaHHS HOBUX 3HAHb; 3/IaTHICTh 3ACTOCOBYBATH 3HAHHS Ha MPAKTHUILL.

3K3. I'nyukicTb MucjeHHs. HaOyTTs rHydKoro criocody MUCIIECHHS, SIKUH J1ae
MO>KJIMBICTD 3pO3YMITH ¥ pO3B’sA3aTH TMPoOJIeMH Ta 3aadi, 30epiratouu mpHu IbOMY
KPUTHUYHE BIIHOIICHHS J0 YCTAICHUX HAYKOBUX KOHIICTIIIIH.

3K4. KpeatuBnictb. IloTeHIian KpeaTHBHOCTI Yy TEeHEpyBaHHI ined Ta
JOCSATHEHHI HAYKOBHX ITUICH.

3K6. KomyHikaTuBHi HaBMYKHM. 3/1aTHICTb €(DEKTHBHO CHIUIKyBaTHUCA 13
CHEIIAIbHOI0 Ta 3arajbHOI0 ayJUTOPISIMH, a TaK0X TMPEICTaBISATH CKIAIHY
iHbOpMaIliio y 3pydHUl Ta 3p03yMUTHHA CIOCIO YCHO 1 MUCHMOBO, BUKOPUCTOBYIOUH
BIJIMOBIHY TEXHIYHY JIEKCUKY Ta METOIM; HABUYKHA BUKOPUCTAHHS 1H(POPMAIIIITHIX
1 KOMYHIKAIlIMHUX TEXHOJIOT1M; 3/aTHICTh CIUIKYBaTHUCS PITHOIO Ta JPYToI0
1HO3€MHOIO0 MOBOIO SIK YCHO, TaK 1 TUCEMOBO.

3K7. Misknapoauuii Kpyrosip. 31aTHICTh MpaIlOBaTH B MIDKHAPOJTHOMY
CEPENIOBUIIl, CTABUTHCS 13 TIOBArol0 0 HAIIOHAIBHHUX Ta KYIbTYPHUX TPATUIIIH,
croco0iB poOOTH IHIIUX WICHIB TPYIIH.

3KS8. Ilonyasipu3aniiini HaBuuku. BmiHHs crinkyBatvcs 13 HedaxiBISIMU;
3IaTHICTh TPOBECTH YCHY TPE3CHTAIlII0 Ta HAMHWCATA 3pPO3YMLTy CTaTTIO 3a
pe3ysibTaTaMy MPOBEIECHUX JOCTIIKEHb, a TaKOX MI0JI0 CyYaCHUX KOHIICTIIHN Y
MPUKIIAIHIA MaTeMaTHIll JuIs He(axiBIiB y I Tairy3i; 34aTHICTh CIUIKYBaTHCS 3
eKCrepTaMu 3 IHIIUX rairy3eil.

3K11. ETnuni ycraHoBku. ETHKa MOBEAIHKM B HAYKOBHMX JOCIIIKCHHSX;
TypOOTa PO SIKICTh PE3ybTATY.



3K12. Ocobucti skocTti. 37aTHICTH [0 HaBYaHHS, CAMOPO3BUTKY Ta
CaMOBJIOCKOHAJICHHSI TPOTSITOM JKUTTS; BU3HAUEHICTh 1 HAMOJICTJIMBICTH MIO/0
MOCTABJIEHUX 3aBIaHb 1 B3ITUX 000B’SI3KIB.

daxoBi KOMIIETEHTHOCTI:

@®K 1. 3HaHHA 1cTOPil pO3BUTKY Ta CyYaCHOT'O CTaHY HayKOBHUX JOCIIIKEHb 32
CIEIaJbHICTIO Ta 00PaHOI0 CIeliaTi3aIli€elo.

O®K 2. 3naTHICTF 3aCTOCOBYBATH Cy4YacHY METOJIOJIOTIIO, 3arajbHl Ta
cremiaJibHl METOAM HAayKOBOT'O JOCHIDKEHHS 3a CIHEUIaJbHICTIO Ta OOpaHOIo
crenjani3aui€eo.

OK 3. YMminHsa ¢GopMmymoBaTH 3arajbHy METOJOJIOTIUHY ©0a3y BJIacHOTO
HAYKOBOTO JIOCITI/PKEHHSI, YCBITOMITIOBATH HOTO aKTyalbHICTh, METY 1 3HAUCHHS JIJIs
PO3BUTKY IHIITUX TaTy3eil HAyKH.

OK 5. Yminasg OynyBaTd aJeKBaTHI MaTE€MaTW4Hl MOJENi, JOCHIIKYBaTH
noOy10BaH1 MOJIeJli Ta BU3HAYATH MOXKJIIMBOCTI 1X 3aCTOCYBaHHS.

OK 8. 3gaTHiCTh 3AIMCHIOBATH JOCTKCHHS MPUKIAJIHUX MaTeMaTUIHUX
3aa4 3 BUKOPUCTAHHSM CICIIaIbHUX MaTeMaTHYHUX TIAKETiB Ta aHaji3yBaTH
OTpUMaHI JaHl.

OK 17. [Tornubnene 3HaHHA (yHIAMEHTAIBHUX MOJIOKEHb Cy4acHOi Teopii
rpadiB, 37aTHICTH OyJyBaTH, JOCIIIKYBAaTH 1 aHAJII3yBaTH MaTeMaTH4YHI MOJEINI
IPOIIECIB 1 IBUII 3 BUKOPUCTAHHSIM METOIB TeOpii rpadis.

®K 18. 3natHICTh €pEeKTHBHO aHATI3YBATH BEJIMKI HAOOPH PI3HOPITHUX JaHUX
13 BHUKOPHUCTAHHSM METOJIIB MAIIMHHOTO HaBYaHHS, CTATHUCTUKH, IITYYHOIO
IHTEJIEKTY TOIIIO.

@K 19. 3HaHHS CyyaCHUX TEXHOJIOT1M CTBOpPEHHS Ta 3aXHUCTy IMPOTPaMHUX
IPOJIYKTiB, KOMIIETCHTHICTh y aJrOpuUTMi3allii OOYMCIIIOBAJIBHUX IIPOIECIB Ta
METO/1B, 3HAHHS Ta YMIHHS BUKOPHUCTOBYBATH Cy4acHI MOBH MPOTrpaMyBaHHS.

[Iporpamui pe3ynbTaTi HABYAHHS:

[IPH 1. 3natu Ta po3yMiTH TpajuIliiiHI Ta TEPEeNOBI TEHIEHII B ramys3i
MPUKIATHOI MaTeMaTHKH, €Tald ICTOPUYHOTO PO3BUTKY MAaTEMATHMYHUX 3HAHB 1
napaaurM, (GopmMyBaHHS TMOTIUOJICHOI CHCTEMHM HAYKOBHX 3HAaHb 3a HAIPSIMOM
JOCIIKECHb.

[1PH 3. 3natu oCHOBHI NMpUHIUIHK, GOPMH Ta METOJIA TMPOBEICHHS HAYKOBHUX
JOCIIHKeHB B TaTy31 MPUKIAIHOT MAaTEMAaTHKH, BOJIOIITA MAaTEMAaTUIHUM arapaToM
B 00’ €Mi, JOCTaTHBOMY JJIsl TPO(ECiitHOT MisITHHOCTI.

ITPH 4. Bmitu OyayBaTd Ta JOCTIIKYyBaTH MaTeMaTH4IHI Mozeni (i3UYHUX,
COITIATbHO-CKOHOMIYHUX, TEXHIYHUX, OIOJOTIYHMX TOIIO IPOIECIB, CHCTEM,
mporiecis, popMalnizyBaTu mpoodIeMu, OMUCaH1 IPUPOTHOIO MOBOIO, 32 JTOTIOMOT OO
MaTEeMaTHYHUX METOIB, 3aCTOCOBYBATH 3arajbHl MiAXOAM 10 MaTeMaTHYHOIO
MOJICITFOBaHHST KOHKPETHUX TPOIIECIB.

I[TPH 5. Matn  HaBMYKM  BUKOPUCTAaHHS  3arajJibHUX  o(dicHUX  Ta
CIeliaNi30BaHUX MPOrpaMHUX 3acO0IB 3a HamnpsMoM MpodeciiiHol AisIbHOCTI,
BMITH KOPUCTYBATUCS CIEL1aII30BAHUMU THTEPHET-PECYPCAMMU.



[IPH 9. BMiTu opraHidyBaTd HENEpPEpBHUM BIACHUH CAMOpPO3BUTOK 1
CaMOBJIOCKOHAJIEHHsI, HAOyTTS THYYKOro Crnoco0y MHCIEHHS HpPH TBOPUOMY
JOCIIIPKEHH]1, B TOMY YHCIII IPUKIaJHUX MAaTEMAaTUYHUX MPOOJIEM.

[1PH 15. YmiTu 3xificHIoBaTH 301p, OMpallOBaHHS, aHali3, CHUCTEMAaTU3Allllo,
3aXMCT CHEIIa]i30BaHOT HAYKOBO-TEXHIUYHOI 1H(oOpMaIii 3 Ppi3HUX JKEPel,
YHUKAIOUM TpU LbOMY aKaJeMIYHOI HeI00pOYecHOCTi, pPOOUTH Bi3yali3aliio
aHanizy iHQpopmarii.

[1PH 16. BmiTu  3acTocoByBaTM  cy4yacHl  TEXHOJOTii  aJropuTMizanii
OOYHUCIIOBATBHUX TMPOIIECIB, METOJIB MpOrpamMyBaHHs, MNPOTPAMHOI peasi3aiii
YHUCEJIbHUX 1 CHMBOJIbHUX aJITOPUTMIB.

ITPH 17. 3naTi OCHOBHI YMCEJIbHI METOJY Ta AJITOPUTMHU PO3B’S3aHHS 3a]1a4
NPUKIAIHOT Ta O0YMCIIIOBATILHOT MATEMAaTHKH.

PH 18. 3natn Ta BMITH JOCHIIIP)KYBaTH OCHOBHI MaTeMaTH4HI MOJENi, IO
BUKOPUCTOBYIOTHCSL JIJII OMUCAHHS Ta JOCHIIKEHHS JUCKPETHUX CHUCTEM DPI3HUX
THUIIIB, pEaTi30ByBaTH aJTOPUTMHU MOJICIIOBAHHS JJIsl TOCHIKEHHS XapaKTEPUCTHK
1 TOBEIIHKHU CKJIATHUX 00’ €KTIB 1 CUCTEM, ITPOBOJIUTH €KCIICPUMEHTH.

3a pesyabTaTaMd BHUBUCHHS HaBYaJIbHOI JUCHUILUIIHK 3700yBav JOKTOpa
¢i1ocodii MOBUHEH:
3HATH.

- OCHOBHI THIH 00’ €KTIiB Ta CTPYKTYP, 1110 BUBYAIOTHCS TeOpi€ro rpadis;

- BJIACTHBOCTI TpadiB Ta MMOB’sI3aHUX 3 HUMU 00’ €KTIB;

- TUTIOB1 METO/IH, SIK1 BAKOPUCTOBYIOTHCS IMPU POOOTI 3 rpadamu, oprpadamu,
MyJbTHTpadaMu Ta MEPEKAMU;

- MEXaHI3MH OIIIHIOBaHHS SIKICHHX IapaMeTpiB JTUCKPETHUX MoJeleh 1
KoH(irypariiid, cmoco0iB OMHWCaHHS, MOOYAOBH Ta JOCITIKCHHS MaTeMaTHIHUX
Mojenei Ha rpadax;

- OCHOBHI TE€OPETHUYHI Ta METOJIOJIOT1UH1 HAIIPSIMKH MEPEKEBOTO aHAIII3Y;

BMITH:

- (hopmymroBaTH MPUKIIAAHI Ta TCOPETUYHI 3a7a4i HA MOBI IpadiB Ta MEPEK,
3MIACHIOBATH MiA01p e(PEeKTUBHUX aNTOPUTMIB JJIS iX pO3B’SI3aHHS;

- PO3pOOIISITH TPOrpaMHy peati3allifo BUOPaHOTO aJIrOPUTMY, MPOBOIUTH
HaJAIITYBaHHS MPOTPaMU Ta IHTEPIIPETYBATH Pe3yabTaTH ii poOOTH;

- 3aCTOCOBYBATH OTPUMaH1 TEOPETUYHI 3HAHHS JJIs1 JOBEJICHHS BIIACTUBOCTEM
rpadiB Ta MOB’A3aHUX 3 HUMU 00’ €KTIB;

- (opmanizyBaT COIIAIbHO-EKOHOMIUHY TIpO0JeMy Ta 3alporoHyBaTH
aJICKBaTHI MEPEKEB1 METOIU JUTSl 11 aHAII3Y.



3. IIporpama HaBYAIBLHOI AUCIHUILIIHI

Tema 1. ba3zoBi monsarrs Teopii rpagis. Ilpukmanu rpadis. I'padp Tta ioro
300pakeHHda. OpienToBani rpapu. Myneturpadu. I'pad [arepuery. IlceBgorpadu.
Oznauenns rpady. MapuipyTtu y rpadax. 3B’ s13HiCTb, niarpadu. CTyniHp BEpIIMHU.
JlepeBa, ekBiBaJieHTH1 o3HaueHHs aepera. [lnsax y rpadi. [lepenymepartiist 1ukiy.
[TocnioBHICTh CTyNEHIB. 3aAMKHEHUW MapIIPYT.

Tema 2. Ilnanapwui rpadu. [Inanapuicts. I'inoTe3a npo yotupu papou. [lpuknaau
HerutanapHux rpadis. Kpurepiii Kyparoscbkoro. [Tnacki rpadu, rpaHi Ta Teopema
Kopnana. ®opmyna Eitnepa. Xpomatuune yucio miaHapHux rpadis. KiuibkicThb
NepeTuHIB y NMoBHOMY rpadi. Xapakrtepusaiis ABoA0JIbHUX TpadiB. JIBomobHI
riaHapHi rpadu.

Tema 3. Anroputmu Ha rpadax. [Tomryk no rpady B mupuny ta riubuny. /Ilepeso
nouryky. [lomyk 6510kiB y 3B’si3HOMY rpadi. 3HaX0KEHHS MIHIMAJIBLHOTO OCTOBY:
anmroputMu Ilpuma Ta Kpackana. HalikopoTmii musixu y 3BakeHHX oprpadax.
Anropurmu [ilikctpu ta @noiga-Yopuiena.

Tema 4. ®opmyaa Keai. YHinukniydi rpadu. Eineposi nukinu. KinbkicTs gepes.
Konysanns nepes. [To6ynoBa komis [Iprodepa. BzaeMHO 0/1HO3HAaUHA BiTIOBIIHICTH
KoaiB Ta jaepeB. JlexomyBaHHs. Dopmyrna ISl KUTBKOCTI YHINMKIIYHUX Tpadis.
E#inepori mukim. Kpurepiii eiinmepoBocti. Llentp nepesa. [lepeBa 3 3amaHorO
MOCJIITOBHICTIO cTyIeHiB. KinbkicTh Hei3oMopdHUX nepes. OpieHTarlis rpady.

Tema 5. 'amizibTOHOBI UK. ["aMiUTETOHOBI ITMKIIH, TeopeMa [[ipaka. MHOXHHU
CyCiliB KIHIIIB MaKCHUMaJIbHOro nuUIAXy. HesamexxHi MHoXuHU. BepmmaHa
3B’s3HICTh. Kpurepiit XBartana. KuIbKICTh TaMiIBTOHOBHX IHKJIIB Y IOBHOMY
JBOA0JIbHOMY rpadi. Uuciio He3ameKHOCTI, 3B’ A3HICTh. | aMiIbTOHORBI LIMKJIH, 110 HE
NEPETUHAIOTHCS. 3B’ SI30K 3 TEOPIEI0 KOAYBaHHS.

Tema 6. Ilapocnosnyyennsi. Teopemu Xomra m Kenira. 3amada mpo cBagnOw.
[Mapocrionyuenns. HeoOxinHa ymMoBa icHyBaHHS mapocmnoiaydeHHs. Teopema Xoia.
Bepmunane mokputts, Teopema Kenira. [lapocmonyueHHs Ta CTyIEHI BEpIIUH.
[Tapocnionyuenns B nepeBax. K-perynsapuuii 1ogoiasHuil rpad.

Tema 7. Mepexki Ta MOTOKHM y Mepexax. 3ajadya Npo MaKCHUMalIbHUN TMOTIK.
3amumIKoBi MEPEki, JOMOBHIOKYI MUISXH Ta po3pi3u. TeopeMa Ta y3araJlbHCHHM
anroputm dDopna-dDankepcona. AHai3 poOOTH aNTOPUTMY Yy BHITAJIKy LUTUX Ta
parioHaIbHUX TMPOMYCKHUX 3/IaTHOCTEH. Bumamok ippaiioHambHUX MPOMYCKHUX
3natHoctet. [Ipuknag ®opaa ta Pankepcona. Meroa HaAHKOPOTIIMX HUISAXIB.

Tema 8. ExcTrpemanbHa Teopist rpagis. Teopema Typana. Unciio He3aIeKHOCTI,
kiikoBe uuciio. Teopema Typana. [lpukinaa rpady, Ha SIKOMY JOCSIKHA OIIHKA
Typana. 3amauya npo rpadu Ha momuHi. J(BomonpHuil miarpad. BepummHHe



NOKPUTTS Ay rpady Oe3 TpuKyTHUKIB. I'pad 06e3 mapHuX HUKIIB. XpOMaTUUHE
YUCJIO Ta YHUCIO HE3aJEKHOCTI. XPOMATUYHE YHUCIO Ta MAaKCUMaJIbHUW CTYIMiHb.
XpomaTuuHe 4ucio rpada Ta Horo JONOBHEHHS.

Tema 9. Teopis Pamcesi. Teopema mnpo 3HalloMCTBa cepej NIICTHOX JIOACH.
@opMyIIIOBaHHS Y TEpMIHAX HE3AJIEKHUX MHOXHMH Ta po3dapOyBanb. Yucina
Pamces. Bepxns oninka unciia Pamces 3a qonoMmoru pekypceii. HukHs orinka urcina
Pamces. Yucno Pamces nis 3ipku. Uucno Pamcest anis nepeBa Ta moBHOro rpada.
Po3dapOyBanns mioumHu. MOHOTOHHI MOCI1AOBHOCTI.

Tema 10. Bizyanizamis rpagis. Teopema TaTTa mpo «IpyXUHHE» YKIaJdaHHS.
Anroput™m nepeBipku miaaHapHocTi «left-right planarity test». Bizyamnizaiis nepes.
HwxHi oniHKwy.

Tema 11. Kommnekcni mepexi. Beryn no Teopii komruiekcHux cucteM. OCHOBHI
HOHSTTS B Teopii Mepex. BracTuBOCTI 1 MeTpuKH aHali3zy Mepex. JlecKkpunTuBHUM
aHamiz mepex. Posmonin cryneniB By3mniB. beamacmrabui mepexi. JlokanbHi Ta
r100aabH1 KOe(IIIEHTH KIacTepHu3aIlii.

Tema 11. MaremaTuuni moaesi Mepe:xk. Mojens BunagkoBoro rpady Eppomia-
Peni. Po3noain bepuymni. ®a3oBuii nepexia, BAHUKHEHHS 3B’ sI3HO1 KOMIIOHEHTH.

Tema 12. MaJjenbknii cBiT Ta auHaMiuHi Mmoaeai 3pocranHsa. Mojenb
bapabammu-Ansoeprt. [lepeBaxue npueanands. Mojens MaieHbKOTo cBiTY. Mojiens
Barma-Crporama. Ilepexin Bimg perymsipHoro rpada a0 BUNagKOBOro. MeTpuku
IIEHTPAJTBLHOCTI BY3JIiB 1 aHAJI3 3B’ SI3KiB.

Tema 13. TloHsATTS UEHTPAJBLHOCTI Ta mpecTHxkY. MojaensHi rpadu.
HenTtpanbuicts Mepexi. Anroputm PageRank. Croxactuuni matpuii. Teopema
[leppona-®pobeniyca. Crymeneni itepamii. Anroputm HITS. TlopiBHaHHS
pamxyBanb. Bigcrans Kendall-Tau.

Tema 14. CTpyKkTypHA eKBiBaJIeHTHICTb. METPHUKHU CTPYKTYPHOI €KBIBAJICHTHOCTI
By31miB. EBkiimoBa Bincranb. Bincranp I'emminra. Kopensmiiauii koedirieHT.
[loniOHicTh 3a KOCHMHYCOM. AcOpTaTMBHE 3MillyBaHHSI. MOZYJISPHICTS.
AcopTtaTtuBHMI KOe(DIIIEHT. 3MIITyBaHHS 3a CTYNEHSIMU BY3IIIB.

Tema 15. Mepe:xkeBi cniibHoTH. [loHATTS MepexeBux cmuibHOT. IIimbHICTB
3B’s13kiB. MeTpuku. Po3nonin rpady Ha yactuan. Po3pisu B rpadi. MiHiManbHAMA
po3pi3, HOPMOBaHWHN po3pi3. ATJIOMEpaTHBHI Ta PO3MOALTBHI aJTOPUTMHU.
Kopensiniitna matpuus. Knactepuzaiis. [louarts npoMixkHocTi pedbep. AnroptMu
Heiomana-T'ipina.  CnektpanbHi  Metogu. Ontumizailis  MOJYJISPHOCTI.
Kinacudikaiiiss anroputmiB 3HaXOJI)KEHHSI CIIIJIBHOT.



Tema 16. Aaropurvu po3outrTs rpadiB. HaOmmwkeni anropurmu. 3anaya
3HAXOJP)KEHHS MIHIMAJIBHOTO po3pizy B rpadi. Anxroputm Randomized min-cut.
baratopiBHeBui minxiA. 3HAXOMKEHHS CHUIBHOT OaratopiBHEBHUM METOJIOM.
JlokanbHa KJ1acTepu3allisl.

Tema 17. MepexeBi crpykrypu. Ilonsarrta x-sapa rpady, Alaau Ta Tpiagud y
rpadax, motuBu. CreuianbHi TUOU Mepex. JIBomonpHl Tpadu 1 Mepexi
a¢uriiioBaHocTi. Mepexi 3 J0JJaTHUMU Ta BiJl' EMHUMU 3B’ SI3KAMH.

Tema 18. Audy3ia y mepexax. [Iponec ¢izuunoi audysii. PiBusHHS nudysii.
Hudysis Ha wmepexax. Juckpernuit omneparop Jlammaca, martpuus Jlamnaca,
po3B’si3aHHS piBHSAHHA Audy3ii Ha rpadi. Bumankosi OnykanHs Ha rTpadi.
Posnogcrokennst eminemiit 'y Mepexxkax. Mogeni SI, SIR, SIS na Mepexax.
MopaentoBaHHS! PO3MOBCIOIXKEHHS.

Tema 19. Iloporosi moaesti BnimBy. Posnoscromkenns BrummBy. [loporosi moaesni
npuiHATTS pimenb. Monens ['paHoBerepa. BusHaueHHs HaWOUIbII BIUIMBOBHUX
By3JiB. Po3noBcromkenns inei. Kackagu B mepexax. baszoBa mojenb kackanmy.
Posmipu kackaniB. JlocsrnenHs koHceHcycy. HaBuanus y mepexi. Mogens [le
['pyTta. YMOBHU nocsiKHOCTI KOHCEHCYCY. ColliaIbHUM BIUIUB.

Tema 20. Crtpateriuni moneai ¢opmyBanusa mepex. DyHKIST KOPUCHOCTI.
EdexTuBHICTS Ta cTabLIBbHICTh. MoJienb 3B’s3KiB. Mojienb crmiBaBTOpiB. Mojeni
npocTopoBoi cerperarlii. Moaens [nmtiara. MojaentoBaHHs 3a JOTIOMOT'H arcHTIB.
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4, CTpyKTypa HaBYAJbHOI JUCHMUILTIHU

KinbkicTs roqun

Ha3zBa remu

Ycbhoro

y TOMY YHCJIi

Jlexmil
HpakTuani
3aHATTS

Camocriiina
podoTa

1

Tema 1. ba3osi mousTTs Teopii rpadis.

Tewma 2. Ilnanapui rpadu.

Tema 3. Anroput™u Ha rpadax.

Tema 4. ®opmyna Keni.

Tema 5. 'aMUIBTOHOBI [IUKIIH.

Tewma 6. [TapocnosrydeHHs1.

Tema 7. Mepexi Ta MOTOKH Y MEpEkKax.

Tema 8. ExcTpemanibHa Teopis rpadis.

Tema 9. Teopis Pamcest.

Tewma 10. Bizyamnizariist rpadis.

Tema 11. MaTemaTuuHi MOIEITI MEPEXK.

Tema 12. Maneubkuii cBitT Ta
JUHAMIYH1 MOJICIT1 3pOCTaHHS.

Tewma 13. [ToHATTS 1IEHTPAIBHOCTI T
MIPECTUXKY.

SN E A (O] (6] [a] Kep) Kop) Hop) Kop) Hop) Kop) ] | \N)

NN NS NI Y Y S TSI Y DS S
A G LN LS DS BN B ES

N N INININININININININININ|OT

Tema 14. CTpyKTypHa €KBIBAJICHTHICTb.

Tema 15. MepexeBi CIUTBHOTH.

Tema 16. Anroputmu po3ouTTs rpadis.

Tema 17. MepexeBi CTpYKTYpPH.

Tewma 18. ludysis y mepexax.

Tema 19. [loporosi mozieni BIIIKBY.

Tewma 20. Ctpareriuni Moeni
(hopMyBaHHS MEPEK.

W | WWlwlw|w|~

L e
I L e e L e

RN

Ycboro rogun

(o]
o

w
o
N
[op}

w
~

5. TeMH NPAKTUYHUX 3aHATH

Ne
3/m

HaszBa Temu

KinbkicTh
TOANH

1 | Ba3oBi noustTs Teopii rpadis.

2

[TnanapHi rpadu.

AnropuT™MHu Ha rpagax.

EitepoBi Ta ['aMiIbTOHOB1 TUKIIH.

ITapocnosrydeHHs.

OO B~|WIDN

Mepexi Ta IOTOKH y Mepexax.

NININININ
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Ne KinbkicTb
3/ Ha3Ba Temn S
7 | EkcrpemainbHa Teopist rpadis. 2

8 | Teopist Pamces. 1

9 | Bizyamizarist rpadis. 2
10 | OcHoBHI OHSTTS B TEOPIl MEPEK. 1
11 | MaremaTuuHi MOJEII MEPEXK. 1
12 | MasieHbKHii CBIT Ta JMHAMIYHI MOJIEITI 3POCTAHHSL. 1
13 | lenTpanpHicTh Mepexi. 1
14 | CtpykTypHa €KBIBaJICHTHICTb. 1
15 | MepexeBi CIUTBHOTH. 1
16 | Anropurmu po30uTTs rpadis. 1
17 | MepesxeBi CTpYKTypH. 1
18 | Mudysis y mepexax. 1

Pa3zom 26
6. Temu 11 caMOCTiiiHOI podoTH

Ne KinbkicTh
3/ HasBa Temu .

1 | Marpuuna Teopema Kipxroda mpo nepesa. Ilomyk MiHiMansHOTO 3

(MakcuManbHOI0) OCTOBHOTIO Jica B rpadi.

2 | Ipocrip napuux miarpadis Ta MHOKUHA (YHIaAMEHTAILHUX IUKIIIB. 3

3 | BeskouTypHi rpadu, TONOJIOTIUHE COPTYBAHHS. 3
4 | 3agaui po3dapOysanns BepuMH Ta pebep rpada. 3

5 | Bacrocysanns rpadis 1 3a1a4 OpOrpaMyBaHHs. 3

6 | [Ipencrasienns ta BiqHOBJIEHHS Ipadis. 3

7 | lepeBunna kinacuikaris po3mideHux rpadis. 3

8 | KoncrpykrusHa Teopis rpadis Ta ii 3acTOCYBaHHS. 3

9 | Teopis neuirkux rpadis Ta ii 3acTOCYBaHHS. 3
10 | PosdapOyBanHs 3 neeKTOM Ta HOro 3aCTOCyBaHHSI. 3
11 | MozenoBanHs B3aeMOIii B KOMIUIEKCHHX MEPEKAX 2
12 | Ananisz Gpuykryaliii B CKIaIHUX MEPEKAX 2

Pazom 34

7. MeToau HABYAHHSA

[Ipn BukimamanHi HaB4YanbHOI auciuiIind «CydacHa Teopis TpadiB»
BUKOPUCTOBYIOTBCA ~ Taki  METOAM  HAaBYAHHS:

8. MeToau KOHTPOII0

MpoOJIEeMHO-TIOLYKOBHIA,
MOSICHIOBAJIbHO-TIOCTPATUBHUM, 1HAYKTUBHHH 1 1€TyKTUBHUM.
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BukopucTOBYIOTHCSA HACTYIIHI METOIM KOHTPOJIIO:
1. IToToYHMI1 KOHTPOJIb 3HAHB:

- YCHE ONUTYBaHHH;
- BUKOHAHHS TPAaKTUYHUX POOIT;
- TECTyBaHHS;
- BUKOHAHHS JOCTIIHUIIBKUX 3aBJ1aHb.

2. IlincyMKOBUN KOHTPOJIb 3HAHB (1CIIHT):

- MJICYMKOBUI TeCT a00 eK3aMeHalliiiH1 OUIeTH.

9. Kpurepii oniHIOBAaHHS Pe3yJIbTATIB HABYAHHA

Po3nmoain 6aJiB, AKi 0OTpUMYy€ acHipaHT:

=
=
=
AyauTopHa podorta = | €| 2
$% %
-
S| 5| %
= | 2| =
= =
TeMH g | 5| 2
= | e | S
< | 2 | 5
Uim
i A R R S = = s e s =R B e N s X
I B B L I B I I S I Sl N A SR S SR = =
313/3|3(3[3(3|3[3|3[3|3(3|3(3|3|3[3|3|3]| 10 30 |100

[IIxana oiHIOBAHHSA

Cyma 6aJiB 3a Bci
BHUIM HABYAJILHOIL
TiAJIBHOCTI

OuiHkKa 32 HAIOHAJBHOK HIKAJIO0K

IJIS iCUTYy

90-100

«BIZIMIHHO» - 3/100yBay MOBHO 1 BCEOIYHO PO3KPUBAE MUTAHHS
TEMHU, BUIbHO OIEPYE MOHATTAMH 1 TEPMIHOJIOTIEIO, IEMOHCTPYE
IJIMOOKI 3HAHHS JPKEPEJ, Ma€ BIACHY TOYKY 30PY CTOCOBHO
BIJIMIOBIIHOT TEMH 1 MO>KE€ apryMEHTOBAHO 1i TOBOJUTH

75-89

«mobpe» - 3aralloM piBeHb 3HaHb 3700yBadiB BiAMOBITacE
BUKJIQICHOMY BHIIE, aje MalTh Micle AeAKi YNYIIeHHS IpH
BUKOHAHHI  3aBJaHb,  OOIPYHTYBaHHS  HETOYHI, HE
H1ITBEPUKYIOTHCS IOCTaTHHO OOIPYHTOBAHUMU JIOKa3aMH

60-74

«3aJI0BUTLHO - 37100yBa4 PO3KPHUB MUTAHHS, B 3arAIbHUX pUCAX,
pO3yMie€ iX CyTh, HAMAraeTbcs pOOUTH BUCHOBKH, aJi€ IPH I[bOMY
NPUITYCKAEThCSI  TPYyOMX  TMOMHUJIOK, Marepial  BHKIJIAJae
HEJIOTTYHO 1 HE CaMOCTIHHO

35-59

<<He3aJIOBiJ'ILHO» - 3 MOXIIHMBICTIO MOBTOPHOI'0 CKJIAJaHHA,
3)106}’Ba‘-1 HE B 3M031 JaTu BiI[HOBiI[B Ha IMOCTaBJICHE 3allMTaHHA
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a0 BiAMOBIb HEMPABUIIbHA, HE PO3YMI€ CYTi MUTAHHS, HE MOXKE
3pOOHUTH BUCHOBKHU

HE3aIOBUTHHO» - 3 O0OOB’SI3KOBHM TIOBTOPHUM BUBYCHHSIM
JTIUCUUILIIHA

0-34

10. OpieHToBHMII MepesTiKk MUTAHB 10 MiICYMKOBOT0 KOHTPOIIO (icmuTy)

1. OcHOBHI 03Ha4YEeHHS, OB’ sI3aH1 3 Tpadamu, oprpadamu Ta MyabTirpadamu.
2. Cnoco6u 3aBnanHs rpadis.

3. Marpuiii CyMIKHOCT1 Ta 1HIIUJEHTHOCTI, iX BIACTUBOCTI.

4. Po3dapOyBaHHa MIaHapHUX rpadiB Ta Kapr.

5. Teopema mipo yotupu dapomu.

6. JloBenneHHs TeopemMu npo 1’ sTh papo.

7. Hoctatni ymoBu ['pena ta ['prondayma 3-po3dpapOoBaHOCTI m1ackux rpadis.
8. Kputepiit 1Bo10s1bHOCTI Tpada.

9. XpoMaTtuuHi MOJIHOMH, iX BIACTUBOCTI.

10. Hepo3B’s3aHi 3a1a4i, skl OB’ s13aH1 3 XPOMAaTUYHUMH TTOJIIHOMAaMH.

11. Jlicu Ta nepera.

12. ExBiBaJICHTH1 O3HAYEHHS JIepeBa.

13. KopeHeBi Ta 0OCTOBHI JiepeBa.

14. Anroputmu Ilpima ta Kpackaiia 3HaX0/1>K€HHSI MIHIMAJIBHOTO OCTOBA.
15. Po3dapOyBanus pedep rpadiB u MmynbTirpadis.

16. Teopemu Bizinra ta IllenHnona.

17. XpoMaTuuHu 1HIEKC JBOJOJIBHOTO Tpada.

18. IntepBanbHi po3dapOyBaHHs. 3B SI30K 3 3aa4aMU T€OPii PO3KIIAIIB.

19. binapni gepeBa. 36epiranHs Ta Momyk iHpopMallii y 61HapHHUX JAepeBax.
20. Jlepesa, 1o 36anancoBani 3a Bucotoro (AVL-aepeBa) Ta 3a Baroro.

21. I[Toporosi Mojiefli BIUIUBY.

22. Iomryk o rpady B MIMPUHY Ta TIUOWHY. BIacTUBOCTI epeBa MOMIyKYy.
23. 3B’S130K MONIYKY B IIUPHUHY 3 HAWKOPOTIIMMH JIAHITIoTaMu Tpada.

24. TlepeniyeHHs Ta KOAYBaHHS rpadis.

25. [Ipobiema i3oMopdhizmy.

26. Konysanns aepes. Kox [Iprodepa.

27. Teopema Keni npo KUIbKICTh MO3HAYEHUX JIEPEB.

28. Touku 3uneHyBaHHS, MOCTH Ta 0J10KH rpada.

29. Bepmana Ta pedbepHa k-3B’A3HICTB.

30, XapakTepuzarlisi JB0O3B’ A3HUX rpadis.

31. BzaemHe postamryBaHHs nBOX OJIOKiB y Tpadi. JlepeBo OJIOKIB Ta TOUOK
34JIEHYBaHHS. AJTOPUTM MOUIYKY OJIOKIB.

32. Teopema TaTTa npo «IpyXKUHHE» YKIAJAHHS.

33. Anroput™m niepeBipku miaHapHocTi «left-right planarity test».

34. Bizyanizaiis aepeB. HuxkHi OLIHKH.
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35. HaiikopoTii HUISIXM y 3BaXeHUX oprpadax. Anroputmu JifikcTpu Ta
®drnonxa-yopiesnnia.

36. OCHOBHI HOHATTA B TEOPii KOMILJIEKCHUX MEPEK.

37. BnacTHUBOCTI 1 METPUKH aHAIII3y MEPEXK.

38. JleckpunTUBHUI aHaII13 MEPEK.

39. Mepexi Ta TOTOKH y Mepekax. 3ajada Ipo MaKCUMAJIbHUI TOTIK.

40. 3aMIIKOB1 MEpex1, TOMOBHIOIOYI IUISXH Ta PO3PI3H.

41. Teopema ta y3aranbHeHuil anroput™m dopupa-dankepcona. Ananiz podoTu
QITOPUTMY Y BUIIAJKY HUIKUX Ta PAI[lOHATBHUX MPOIMYCKHUX 3/1I0HOCTEH.

42. MeTtos HaKOPOTIIUX MIJISXIB.

43. Monens BunagkoBoro rpady Epnoma-Peni. Po3noain bepuymii. ®a3zoBuii
nepexijl, BAHUKHECHHSI 3B’ 13HOT KOMIIOHCHTH.

44, HaGopu Oe3nmepeTHHHUX JAHIIOTIB, IO TOEIHYIOTh MBI MIAMHOXUHU
BepIuH rpada (oprpada).

45. BepmaHa Ta pebepna reopemu MeHrepa.

46. Kpurepii BepmnaHoi Ta pedepHoi k-3B’s13H0CTI rpadiB (Teopema YiTHI).

47. MaJieHbKHUI CBIT Ta AUHAMIYHI MOJIEJ 3pOCTaHHS.

48. O6xoau rpadis.

49. EitnepoBi Ta raMUIbTOHOBI Tpadu.

50. Teopema Eiinepa Ta anroputm @nepi.

51. HoctaTtHs ymoBa ramiuibToHOBOCTI. Teopemu [lipaka Ta Ope.

52. 'amM1IbTOHOBI ITUKJIA T 3a7ja4a KOMIBOsKEpA.

53. MogenbHi rpadu. [ToHATTS EHTPATBHOCTI Ta MPECTUKY.

54. He3anexxHi MHOKMHU BepIIUH Ta pedep rpada.

55. BepuinHHi Ta peGepHi MOKPUTTS, (aKTOPH Ta MAPOCTIONYICHHS.

56. YwmcinoBi mapamMeTpu, TOB’s3aHI 3 HE3aJIEKHICTIO Ta IOKPUTTIMH, iX
BJIACTHUBOCTI.

57. Teopema I'annai.

58. CTpykTypHa €KBIBAJICHTHICTb.

59. MeTpuKH CTPYKTYpHOI €KBIBaJICHTHOCTI BY3JIiB.

60. Haitbinbiri mapocmonyyeHHs Ta JaHIFOTH, 1110 YePTYIOThCS.

61. XapaxTepuzailiss HaHOLTBIINX MAPOCIIONYUYEHb Y TEPMiHAX JIAHITIOT1B.

62. Ilapocniony4eHHsl, siki MOKPUBAIOTH OO JBOJIOIBHOTO Tpada.

63. Huciio He3aJIeKHOCTI, KIIIKOBE YHCIIO.

64. Teopema Typana. [Ipuxnan rpady, Ha sKOMy HOcsDKHA oriHKa TypaHa.

65. Teopemu Kenira npo uncio peGepHOi HE3aIeKHOCTI ABOIOIBHOTO rpada
66. AnropuT™M 3HAXOKEHHS HAMOUIBIIIOTO MAPOCIONYYCHHS Ta HAWMEHIIOTO
BEPIIMHHOTO MOKPUTTS Y IBOJOJIEHOMY Tpadi.

67. 3amaya mpo IpU3HAYCHHS.

68. [loHATTS MepeKEeBUX CIUTHHOT.

69. Knacudikariiss anropuTMiB 3HaXOKEHHS CITUTLHOT.

70. Inacki Ta manapHi rpadmu.

/1. HopmanbHi kaptu Ta EiiiepoBi MHOTOTpaHHUKHU.

72. ®opmyna Eitnepa Ta 11 HacTiIKy.

73. Kpurepiii mnanaprocti [ToaTtpsrina-Kyparoscekoro.
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Anroput™m ykiagaHHs rpada Ha MIIOIIHHI.
[ToHATTS TEOMETPUYHO ABOICTOrO rpada.
Anroputmu po30uTTS rpadis.
Po3dapOyBanus BepimH rpadis.
Haiinpocrimi oI{iHKM XpOMaTUYHOTO YKCIIa.
Teopema bpykca.

Hudysis Ha Mepexax.

Po3noBcrokeHHs enieMiil y Mepekax.
MonentoBaHHS pO3IMOBCIOIKEHHS.

12. PexomeHngoBaHa Jiteparypa

OcHoBHa JiTepaTypa AUCUMILTIHA

Bollobas B. Modern Graph Theory. — Springer, 1998. — 394 p.

Diestel R. Graph Theory (4th ed.) — Springer, 2010. — 375 p.

Aggarwal C. C., Wang H. Managing and Mining Graph Data. — Springer,
2010. - 610 p.

Cook D. J., Lawrence B. H. (ed.) Mining Graph Data. — Wiley, 2007. — 479 p.
Bretto A. et al. Elements of Graph Theory: From Basic Concepts to Modern
Developments. — European Mathematical Society, 2022. — 506 pp.

Griffin C. Applied Graph Theory. An Introduction with Graph Optimization
and Algebraic Graph Theory. — World Scientific Publishing, 2023. — 305 pp.

JlonmomixkHa JiTepaTrypa IuCHHUILTIHHA
Kottarathil J. et al. Graph Theory and Decomposition. — CRC Press, 2024. —
201 pp.
Mordeson J.N. et al. Fuzzy Graph Theory: Applications to Global Problems.
— Springer, 2023. — 265 pp.
Frieze A., Karonski M. Random Graphs and Networks: A First Course. —
Cambridge University Press, 2023. — 233 pp.
Van der Hofstad R. Random Graphs and Complex Networks. Vol. 1. —
Cambridge University Press, 2016. — 335 pp.
Van der Hofstad R. Random Graphs and Complex Networks. Vol. 2. —
Cambridge University Press, 2024. — 508 pp.
Sengoku M. Graph Theory and Mobile Communications. — World Scientific
Publishing, 2023. — 409 pp.
Dorogovtsev S.N., Mendes J.F.F. The Nature of Complex Networks. — Oxford
University Press, 2022. — 481 pp.
Rudolph M. The Mathematics of Finite Networks: An Introduction to
Operator Graph Theory. — Cambridge University Press, 2022. — 355 pp.



	національна академія наук україни

