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POBOYA ITPOTPAMA HABYAJILHOT TUCIUTLITHA
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NiArOTOBKH 3100yBayiB cTyNeHsI BHIOI OCBITH
TpeTii (OCBITHLO-HAYKOBUA)

AokTopa dinocodii

rajgy3b 3HaHb 11 Maremaruka Ta CTATHCTHKA

coneniaabHicTh 113 IlpukiagHa MaTeMaTUKA
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Poboua nHaBuanmpHa mporpama HaB4ayibHOI AucuMIUIiHUM «CydacHa Teopis
rpadiB» s 3100yBayiB HAYKOBOTO CTYTEHs JOKTOpa (inocodii 3a CremiaibHICTIO

113 IlpukiangHa MaTemMaTUKa

Po3po6Huk:
Canynos Cepriit BanepiiioBud, ctapiimii HayKOBH CIiBPOOITHUK BIAJILTY

TEOpii KePYIOUHUX CUCTEM, KaHTUAAT (PpiI3UKO-MAaTeMAaTHIHUX HAYK

Canynos Cepriit BanepiiioBud, cTapiinii HayKOBHU CIIBPOOITHUK BIAJILTY TEOpii

KCPYIOYnUX CUCTCM, KaHIHUIAT (1)i3I/IKO-MaTeMaTI/I‘IHI/IX HayK

Po6ouy nporpaMy cxBaJIeHO Ha 3aCiJJaHHI BIAJLITYy TEOPil KEPYIOUHX CUCTEM
[Tpotokon Ne 2 Big 26.09.2022 poky.

P

3aBigyBay BIIIUTY TEOPil KEPYIOUHX C e Kononos 10.M.

CxBaneno HaykoBo-MeTOAMYHOIO Pajol0 [HCTUTYTY NPUKIAAHOI MAaTEMATHUKH 1
mexaHiku HAH Ykpainu

[Tporokon Ne 4 Bim 30.09.2022 poky.
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1. Onuc HaAaBYAJILHOI ANCIHUILTIHA

lNasy3b 3HaHb, HALIPSIM

HaitmenyBanus . . XapakTeprucThKa HaBYaIbHO1
. M1JrOTOBKH, OCBITHBO- :
MOKA3HUKIB e o JTUCIUTUTIHA
KBaJiiKaliiiHuii piBeHb
lNany3b 3HaHB: o
. . npodeciiina
KinpkicTh KpeauTiB — 3 11 Maremaruka ta
CTaTHCTHKA
Pix miaroroBku:
.. CremiaisHICTb: 1-i
3arangbHa KUIBKICTh TOJUH
90 113 IIpuknagHa maTemMaTuka Cemectp
1-i 2-1
Jlexii
30 roxn
[TpakTruni
TuxHEeBUX rOaUH: OcBiTHBO-KBaMIPiKAIIHHUT 26 ron

ayTUTOPHUX - 2
camocriiiHoi pobdotn - 0,9

PiBEHbB:
TOKTOp iocodii

CamocriiiHa pobora

34 ron

Bua koHTpOMIO: icTIAT




1. MeTa, 3aBaaHHS Ta O4iKYBaHi pe3yJIbTATH HABYAJbHOI JUCIUILIIHMN.

Metor HaBuasibHOI quciuIuiing «CydacHa Teopis rpadiBy» € popmyBaHHS y
acIipaHTIB IPYHTOBHUX 3HaHb OCHOBHHUX KJIAaciB 3aja4 Teopii rpadiB, METOIB iX
BUPILIEHHS Ta MPAKTUYHUX 3aCTOCYBAaHHS IIMX METO1B. 3HAUHA yBara npuIiIs€ThCs
CKJIaTHUM Tpadam (Mepexam), siKi CKIaAal0ThCs 3 BEJIMKO1 KUIBKOCTI €JIEMEHTIB 1
MAalOTh CKJIQJHY CTPYKTYPY 3B’SI3KiB MK €JICMCHTAMHU.

3aBaaHHs HABYATBHOI AUCHHUIUIIHY: ¢(hOPMYBATH y acipaHTIB CTIMKI 3HAHHSA
3 METOJIIB JOCIHI/KEHHs PI3HOMAaHITHUX THUIIIB 00 €KTIB Ta MIACTPYKTYp y rpadax,
aJITOPUTMIB PO3B’sA3aHHS 3a/a4y Ha rpadax Ta Mepekax, 3aCTOCyBaHb rpadiB a0
3aJa4 1IHTEJIeKTyaJIbHOro aHami3y qaHux (graph mining).

OuikyBaHi pe3yJIbTATH HABYAJIbHOI M CHUILIIHH

3arajbHl KOMIIETEHTHOCTI

3K1. Anauni3 i cuHTe3. 31aTHICTH 10 aHAJI3Y Ta CUHTE3Y Ha OCHOBI JIOTTYHHUX
apryMeHTIB Ta MepeBipeHUX (PAKTIB; HABUYKU YIpaBIiHHA 1H(pOpMaliero (yMIHHS
3HAXOJMTH Ta aHAJI3yBaTu 1HPOPMALIIIO 3 PI3HUX JIKEPEN).

3K2. JocaignnubKa 31aTHICTh. KOMIIETEHTHOCTI 1HILIIOBATH Ta BUKOHYBATU
(iHaMBiAYyanpHO 200 B HAYKOBIM IpyIl) HAYKOBI JOCHIJIKEHHS, 110 NPUBOJATH JI0
OTPUMAaHHs HOBUX 3HaHb; 3aTHICTh 3aCTOCOBYBATH 3HAHHS Ha MPAKTHUIL.

3K3. I'nyukicTs MmucsaenHsi. HabyTTsi rHy4Koro criocoOy MUCIICHHS, SIKUM 1a€
MO>KJIMBICTh 3PO3YMITH i PO3B’si3aTH MPoOJIEeMH Ta 3a7a4i, 30epiratouu mpu bOMy
KPUTHYHE BITHOILLIEHHS /10 YCTAICHUX HAYKOBUX KOHIICTILIIH.

3K4. KpeatuBHictb. [loTeHiian KpeaTMBHOCTI y TeHEpyBaHHI iAeil Ta
JOCSTHEHH1 HAYKOBHUX IT1JIEH.

3K6. KomyHikaTuBHI HaBMYKHU. 31aTHICTh €(QEKTUBHO CIUIKYBAaTHCS 13
CHCIIaIbHOI0 Ta 3arajbHOI0 AayIUTOPIsIMH, a TaKOX TMPEACTABIATH CKIAJAHY
1H(opMaIlito y 3pydHHil Ta 3p03yMITUI CIIOCIO YCHO 1 MUChbMOBO, BUKOPUCTOBYIOUH
BIJIOBIJIHY TEXHIYHY JIEKCUKY Ta METOJIN; HABUYKH BUKOPHUCTAHHS 1HPOPMALIITHUX
1 KOMYHIKalIfHUX TEXHOJIOT1M; 3/aTHICTh CIUIKYBaTUCA PIJHOI Ta JPYror
1HO3EMHOIO MOBOIO SIK YCHO, TaK 1 MUCHMOBO.

3K7. MiskHapoaHuii Kpyrosip. 3AaTHICTh MNpalOBaTH B MIXKHAPOJIHOMY
CEpelIOBUII, CTABUTHUCS 13 MOBArol0 10 HAIIOHAIBHUX Ta KYJIbTYPHUX TPATULIH,
croco0iB poOOTH 1HIIUX WIEHIB FPYIH.

3KS8. Ilonyasipuzaniiini HaBuuku. BMminHs cnuikyBatucs 13 He]axiBIsIMU;
3/IaTHICTh TPOBECTH YCHY TIPE3EHTAIII0 Ta HAMHWCATH 3pPO3YMITy CTaTTIO 3a
pe3yJbTaTaMi MPOBEACHUX JOCIIKEHb, a TAaKOX I0J0 Cy4aCHUX KOHLEMIIN Y
MPUKIAAHINA MaTeMaTHUIll /Uit HedaxiBIliB y II{ Taixy3i; 3MaTHICTh CITUIKYBATHCS 3
eKCIIepTaMU 3 1HIINX Tay3eH.

3K11. ETuuni ycranoBkuM. ETHKa TOBEIIHKM B HAYKOBUX JTOCIIKCHHSX;
TypOOTa PO AKICTh PE3YIbTATY.



3K12. Ocobucri sKocti. 37aTHICT A0 HAaBYaHHSA, CAMOPO3BUTKY Ta
CaMOBJOCKOHAJICHHS TPOTATOM KUTTS; BH3HAYCHICTh 1 HAIOJICTJIMBICTH IIOIO
[MOCTABJIEHUX 3aBJIaHb 1 B3ATUX 000B’SI3KIB.

daxoB1 KOMIIETEHTHOCTI:

@K 1. 3nanHs icTOPii PO3BUTKY Ta CYy4aCHOTO CTaHYy HAYKOBHUX JOCIIKEHD 32
CHEIiabHICTIO Ta 00PaHOIO CIeITiai3aIi€ero.

@K 2. 3maTHICTP 3aCTOCOBYBAaTHM CyYacHY METOAOJOTII0, 3arajibHi Ta
crelialibHl METOAM HAayKOBOTO [OCIIDKEHHS 3a CIELIaJdbHICTIO Ta 0OpaHOIo
croeriaii3ari€cro.

OK 3. YMiHHS (QopMymoBaTH 3arajibHy METOAO0JIOTIYHY ©0a3y BIJIACHOTO
HAyKOBOTO JIOCIIIIPKEHHS, YCBIJIOMJTIOBAaTH HOTO aKTyaJIbHICTh, METY 1 3HAUCHHS JIJIs
PO3BUTKY IHIIIUX Tally3ed HAyKH.

®K 5. YMiaHsa OyayBaTh ajeKBaTHI MaTeMaTH4YHI MOJCHI, TOCIIKyBaTH
noOy0BaH1 MOJIeT Ta BUSHAYATH MOKJIMBOCTI iX 3aCTOCYBaHHSI.

®K 8. 3matHIiCTh 3MIMCHIOBATH JOCITIDKCHHS MPUKIAIHUX MaTeMaTHIHUX
3a/1ad 3 BUKOPHUCTAHHSIM CIICHIAJIbHUX MAaTeMaTUYHUX IMaKETIB Ta aHali3yBaTH
OTpUMaHI JaHl.

®K 17. [lornmubnene 3HaHHA (PyHIaMEHTAJIbHUX MOJIO)KEHb CYy4YaCHOI Teopii
rpadis, 31aTHICTh OyayBaTH, JOCIIIKYBaTH 1 aHAJII3yBaTH MaTeMaTHU4YHI MOJEII
MPOLIECIB 1 SIBUL 3 BUKOPUCTAHHAM METOIB TE€Opii rpadis.

@K 18. 3gatHicTh eeKTUBHO aHATI3yBaTH BETNKI HAOOPU Pi3HOPIAHUX TaHUX
13 BUKOPUCTaHHSM METOAIB MAIIUHHOTO HABYaHHS, CTAaTUCTHUKU, IITYYHOTO
IHTEJIEKTY TOIIIO.

@K 19. 3HaHHS Cy4yacHHUX TEXHOJIOTIH CTBOPEHHS Ta 3aXUCTy MPOTPAMHUX
MPOJYKTIB, KOMIIETEHTHICTh Yy aJrOpUTMI3allli OO0YHCIIOBAJIBLHUX TMPOIIECIB Ta
METO/I1B, 3HAHHS Ta YMIHHS BUKOPUCTOBYBATH Cy4yacCHI MOBHU MPOTpaMyBaHHS.

[Iporpamui pe3ysibTaTh HaBYAHHS:

PH1.3Hatu Ta po3yMiTH TpaAuIliiHI Ta TEPEeAOBl TEHIEHLII B ramysi
MPUKJIAAHOI MaTEMaTHKH, €Talld iICTOPUYHOTO PO3BUTKY MaTeMaTWYHUX 3HAHb 1
napaaurM, (GpopmMyBaHHS TMOTIMOICHOI CHCTEMH HAyKOBUX 3HaHb 3a HAIPSMOM
JTOCITIIKEHb.

PH 3. 3natu ocHOBHI mpuHIUNH, GOPMHU Ta METOIU TPOBEICHHS HAYKOBHUX
JIOCITIJIKEHB B TaTy31 MPUKIIATHOT MATEMATHKHU, BOJIOJAITH MAaTEMAaTUYHUM arapaToM
B 00’ €Mi, TOCTaTHHOMY JIJIsI TPOQECIAHOT TISUTHHOCTI.

PH 4. Bmitu OyayBatu Ta JOCHIKYyBaTH MaTeMaTW4dHl Mojeni (Hi3udHux,
COIlIaJTbHO-€KOHOMIYHUX, TEXHIYHUX, OIOJOTIYHMX TOIIO TMPOIECIB, CHUCTEM,
npoiiecis, popMalizyBaTi NpoOIeMH, ONTMCaHI PUPOIHOIO MOBOIO, 32 JOIIOMOTOI0
MaTeMaTUYHUX METOJIIB, 3aCTOCOBYBAaTH 3arajibHi MIAXOAW JO MaTEeMaTUYHOIO
MOJICJTFOBAaHHST KOHKPETHHUX TIPOIIECIB.

PH 5. Maru HaBUYKHM BUKOPUCTAHHS 3arajibHUX O(ICHUX Ta CHeliadi30BaHUX
MPOTpaMHMX 3ac001B 3a HANPSMOM MPOdECiiiHOT AiSITBHOCTI, BMITH KOPUCTYBATHUCS
Crieliajli30BaHUMU 1HTEPHET-PECypCcamu.



PH 9. BmiTu opraHizyBaTH HENEpEepBHHI BIACHUN CaMOPO3BUTOK 1
CaMOBJIOCKOHAJIEHHS, HAOyTTS THYYKOTO CIOCOOYy MHCIECHHS MpPU TBOPUYOMY
JOCITIKEHH1, B TOMY YHCJI MPUKJIATHUX MAaTEMAaTHYHHUX MTPOOJIEM.

PH 15. YMmitu 3maificHroBaTu 30ip, OIpalllOBaHHs, aHaji3, CHCTEMAaTH3allilo,
3aXMCT CHEIlalli30BaHOl HAyKOBO-TEXHIUHOI 1HGoOpMAIli 3 PpI3HUX JKEepe,
YHUKAIOUW TPU I[bOMY aKaJeMIidyHOI HeJ00pOYECHOCTI, POOHUTH Bi3yali3allito
aHajizy iHpopmarri.

PH 16. BmiT  3acTocOByBaTHM  Cy4acHI  TEXHOJOTIi  ajaropurMizamii
OOYHCITIOBAIbHUX TPOIECIB, METOMAIB MPOrpaMyBaHHS, MPOTPaMHOI peamizallii
YUCEIHHUX 1 CHMBOJIbHUX QJITOPUTMIB.

PH 17. 3naT; OCHOBHI YHICENIbHI METOJIM Ta aJTOPUTMHU PO3B’S3aHHS 3a1ad
MPUKJIATHOI Ta 00YUCITIOBAIEHOT MATEMATHKH.

PH 18. 3naTt; Ta BMITH JOCHITKXyBaTH OCHOBHI MaTeMaTH4YHI MOJENi, IO
BUKOPHCTOBYIOTHCS JIJISi OMUCAHHS Ta JIOCHIJKEHHS JUCKPETHUX CHUCTEM PI3HHX
THIIIB, PEaJli30BYBATH AJITOPUTMHU MOJIETIOBAHHS IS TIOCHIIP)KEHHS XapaKTePUCTUK
1 TOBEIIHKU CKJIAJIHUX 00’ €KTIB 1 CUCTEM, ITPOBOJIUTH EKCTIEPUMEHTH.

3a pe3yibTaTaMd BUBYEHHS HABYAJIbHOI JUCLMIUIIHU 3100yBay JOKTOpa
dbimocodii moBUHEH:
3HATH:

- OCHOBHI TUIIU 00’ €KTIB Ta CTPYKTYP, 1110 BUBYAIOTHCS TEOPIEIO rpadiB;

- BJIACTUBOCTI IpadiB Ta MOB’SI3aHUX 3 HUMU 00’ €KTIB;

- TUIIOB1 METO/IH, SIKI BUKOPUCTOBYIOThCS IPHU poOOTI 3 rpadamu, oprpadamu,
MyJbTUTpadaMu Ta MEPEKAMM;

- MEXaHI3MHU OLIIHIOBaHHS SIKICHUX TNapaMeTpiB JUCKPETHUX Mojened 1
KOH(irypaiiiii, cnoco0iB OmMUCaHHs, MOOYAOBU Ta IOCTIIKEHHS MaTEMaTHUUYHHUX
Mozenel Ha rpadax;

- OCHOBHI TEOPETUYH1 Ta METOJIOJIOTIYHI HAMPSAMKH MEPEKEBOT0 aHaIi3y;

BMITH:

- (hopmynmroBaTH NMPUKIIAIHI Ta TEOPETUYHI 3a7a4l Ha MOBI rpadiB Ta MEPEK,
3MIIICHIOBATH TMA01p €PEeKTUBHUX aITOPUTMIB JJI iX PO3B’sI3aHHS;

- PO3pOOJISITH TIPOTPAMHY pealli3allilfd BUOPAHOTO aJIroOpuTMy, MPOBOIUTH
HaJalITyBaHHS POTPaMu Ta IHTEPNPETYBATH Pe3yJIbTaTH ii poOOTH;

- 3aCTOCOBYBATH OTPUMaHI1 TEOPETUYHI 3HAHHS JIs1 JOBE/ICHHS BIACTUBOCTEN
rpadiB Ta MOB’sI3aHUX 3 HUMU 00’ €KTIB;

- (popmanizyBaT COLIATBbHO-€KOHOMIUHY Tpo0JeMy Ta 3alpoloHyBaTH
aJIeKBAaTHI MEPEXKEBI METOAM IS 11 aHATI3Y.



2. [Iporpama HaABYAJIbHOI IMCUMUILTIHN

Tema 1. ba3oBi nousarTst Teopii rpadis. Ilpuxmamu rpadis. I'pad Ta oro
300pakenHs. OpienroBani rpadu. Mynsrurpadu. ['pad [arepuery. IlceBnorpadu.
Osznauenns rpady. MapuipyTu y rpadax. 3B’ s13HiCTb, miarpadu. CTymiHb BEpIIMHU.
JepeBa, ekBiBajieHTHI O3HaueHHs Aepena. [lnax y rpadi. Ilepenymepartisa nukiy.
[TocniioBHICTh CTyNEHIB. 3aMKHEHHUI MapUIpyT.

Tema 2. Ilnanapui rpadu. [Tnanapuicts. ['imoTe3a mpo yotupu dhapowm. [Ipuknamn
HerutanapHux rpadis. Kputepiii Kypartoscbkoro. Ilnacki rpadwu, rpani Ta Teopema
Kopnana. ®opmyna Eiinepa. Xpomatuune yucio 1utanapHux rpadis. KinpkicTh
NEepeTHHIB y MOBHOMY Tpadi. Xapakrepuzaiis ABOA0IbHUX TpadiB. J[BogonbHI
1JIaHapHi rpadu.

Tema 3. Anropurmu Ha rpadax. [lomyk o rpady B mupuny ta rauouny. Jlepeo
nomryky. [Tomryk 6710kiB y 3B’ 13HOMY Tpadi. 3HaXOIKEHHSI MIHIMAJIBHOTO OCTOBY:
anmroputmu [Ipuma Ta Kpackama. HaiikopoTin nuisxu y 3BaKeHHX oprpadax.
Anroputmu Jliikctpu Ta ®noiina-Yopiiesia.

Tema 4. ®opmyana Keji. YHinukimiuni rpadu. Eitneposi nuxm. KinbkicTs nepes.
Konysanns nepes. [loOyaosa koaiB [Iprodepa. BzaemHo o1HO3Ha4YHA BiJINMOBIAHICTh
KoAiB Ta nepeB. JekomyBanHsa. dopmyna Ajid KUIBKOCTI YHIUUMKIIYHUX Tpadis.
EitnepoBi nukmu. Kputepiii einepoBocti. Llentp nepeBa. JlepeBa 3 3amgaHoOO
MOCIAOBHICTIO cTyneH1B. KinbkicTh Hei3oMmopdHux AepeB. OpienTarttis rpady.

Tema 5. 'aminbTOHOBI IUKIK. ['aMITbTOHOBI LIMKIH, Teopema Jlipaka. MHOXUHU
CyCiJliB KIHIIIB MaKCHUMaJbHOTO mUIsiXy. Hesanexxni MHOXuHU. BepriuHna
3B’s13HICTh. Kputepiit XBartana. KinbKkicTh TramibTOHOBHX ITMKIIIB Yy TOBHOMY
nBoAOIEHOMY Tpadi. Yucao He3aneXHOCTI, 3B’ I3HICTh. | aMIIbTOHOBI IIUKJIH, 110 HE
MEPETUHAIOTHCA. 3B’ SI30K 3 TEOPI€I0 KOyBaHHS.

Tema 6. Ilapocnonydenns. Teopemu Xomna u Kenira. 3agada mpo cBanbOwu.
[Tapocnonyuenns. HeoOxingHa ymoBa icHyBaHHs lapocnoiay4yeHHs. Teopema Xoia.
Bepmmnne moxputts, Teopema Kenira. [lapocmonydeHHs Ta CTyIeHI BEpIIHH.
[Tapocnionyuyenns B nepeBax. K-perynsapuuii 1BoA0abHUMN Tpad.

Tema 7. Mepexki Ta MOTOKH y Mepexkax. 3ajadya IMpo MaKCUMaJbHUM TOTIK.
3aJIMIIKOBI MepexKi, JOMOBHIOKOUI IIISAXU Ta po3pi3u. TeopeMa Ta y3arajabHEHUN
anroput™m dopna-dDankepcona. AHaiiz poOOTH aNTOPUTMY Y BUMAAKY LIUIMX Ta
paIioHaAIbHUX MPOMYCKHUX 3MaTHOCTEH. Bumamok ippaiioHadbHUX MPOITYCKHHX
snatHocteit. [Ipukman @opaa ta Gankepcona. MeTo HAMKOPOTITUX MIJISAXIB.

Tema 8. Excrpemanbha Teopisi rpagiB. Teopema Typana. Ynciio He3an€KHOCTI,
kiikoBe uucio. Teopema Typana. Ilpuxnan rpady, Ha sKoMy IOCSIKHA OIIHKA
Typana. 3agaua mpo rpadu Ha muomuHil. J[BomonpHuit miarpad. Bepmumzue



nokputTs Ay rpady Oe3 TpukyTHUKIB. ['pad Oe3 mapHMX HUKIiB. XpoMmMaTHUHE
YHUCJIO Ta YHCIO HE3AIEKHOCTI. XpOMaTHUYHE YHCIO Ta MAaKCUMAJIbHUN CTYIiHb.
XpomaTtuuHe ymcio rpada Ta Horo JOMOBHEHHSI.

Tema 9. Teopis Pamcesi. Teopema mnpo 3HalOMCTBa cepej IIICTHOX JIHOJICH.
dopMyIIOBaHHS Y TEpMIHAX HE3AJIEKHUX MHOXHUH Ta po3dapOyBanb. Yucna
Pamces. Bepxns oninka uncina Pamces 3a momomoru pekypceii. HuxHs oriHka yncia
Pamces. Uucno Pamces ms 3ipku. Yncmo Pamces mist nepeBa ta moBHOTO Tpada.
PozdapOyBanns muomuan. MOHOTOHHI TTOCITITOBHOCTI.

Tema 10. Bizyauaizauiss rpagis. Teopema Tarra mpo «mpyXKUHHE» YyKJIaJaHHS.
AnroputMm nepeBipku tanapHocTi «left-right planarity test». Bizyamizamist gepes.
HuxHi OLIHKHY.

Tema 11. Kommnekcni mepexi. Beryn no Teopii komruiekcHux cucteM. OCHOBHI
MOHSATTS B TEOPil Mepex. BiaacTUBOCTI 1 METpUKHM aHalizy Mepex. JleckpunTuBHUM
aHami3 Mmepex. Posmomin crymneniB By3miB. besmacmitabui mepexi. JlokanpHl Ta
rJ100aJIbHI KOe(IIIEHTH KIIacTepH3allii.

Tema 11. MaTtemaTnuni moaeni mepe:xk. Mojens BunaakoBoro rpady Epmorma-
Peni. Po3nozin bepuyii. ®a3oBuii nepexiji, BAHUKHEHHS 3B’ SI3HOI KOMITIOHEHTH.

Tema 12. MajeHbkuii cBiT Ta JauHaAMiyHi Moaedi 3pocraHHsi. Mojaenb
bapabamu-Ansoept. [lepeBaxkne npueanands. Mojens MaJIeHbKOTo cBiTy. Mojienb
Barua-Crporama. I[lepexia Bia peryisipHoro rpaga a0 BUIAIKOBOro. MeTpuku
LEHTPAJILHOCTI BY3JIiB 1 aHAJII3 3B’ SI3KIB.

Tema 13. IloHATTSE HEHTPAJAbHOCTI Ta mnpecTH:Ky. MogenbHi Tpadu.
[enTpanbhicTs Mepexi. Anroputm PageRank. Croxactuuni martpuiii. Teopema
[leppona-®pobeniyca. CryneneBi itepamii. Anroput™m HITS. TlopiBHsHHS
pamxyBanb. Bincrans Kendall-Tau.

Tema 14. CTpyKTypHA eKBiBaJIEHTHICTb. METPUKU CTPYKTYPHOI €KBIBAJICHTHOCTI
By3qiB. EBKkimijioBa BijcTanb. Bincrans ['emwminra. Kopemnsiiiauii koedimieHT.
[TomiOHiCTL 32 KOCHMHYCOM. AcCOpTaTMBHE 3MillyBaHHS. MOIyJISpHICTb.
AcopTatuBHUM Koe(ilieHT. 3MIITYBaHHS 32 CTYNEHSIMU BY3JIiB.

Tema 15. Mepe:xkeBi cniibHoTH. [loHATTS MepexeBux cnuibHOT. LlinbHICTH
3B’s13kiB. MeTpuku. Po3noain rpady Ha yactuHu. Po3pi3u B rpadi. MiHiManbHul
po3pi3, HOPMOBAHUUN po3pi3. ATJOMEpATHBHI Ta PO3MOMLILHI aJITOPUTMHU.
Kopemsmiitna matpurs. Knactepusarinisa. [loHATTS npoMikHOCTI pedep. AITopTMu
Heromana-TI'ipeina.  CnekrtpanbHi  Mertoaw.  OnTumizailis  MOIYJSIPHOCTI.
Krnacudikariist anroputMmiB 3HaXOKEHHS CIIBHOT.



Tema 16. Aaroputmm po3outtss rpa¢is. HabOmmwkeni anroputmu. 3amaua
3HAXOJKEHHSI MiHIMaJIbHOTO po3pidy B rpadi. Anroputv Randomized min-cut.
bararopiBHeBuil TiaxXif. 3HAXOKEHHS CHUTBHOT OaraTOpiBHEBHUM METOJIOM.
JlokanbHa KacTepu3allisi.

Tema 17. MepexeBi crpykrypu. [loHsarrs k-sapa rpady, miaaum Ta Tpiaad y
rpadax, wmotuBu. CremianbHl TUOU Mepex. JlBomonbHi Tpadu 1 Mepexi
adimiioBaHoCTi. Mepexi 3 ToaTHUMHU Ta BiJl’ €EMHUMH 3B’ SI3KaMHU.

Tema 18. Qudysis y mepexax. Ilporec ¢izuunoi nudysii. PiBHsHHS nudysii.
Hudysis Ha wMepexax. Juckpernuir omepatop Jlammaca, martpuins Jlammaca,
po3B’si3aHHsl piBHAHHA Audy3ii Ha rpadi. BumaakoBi OmykanHs Ha rTpadi.
Posnoscromkenns emigemiil 'y mepexkax. Mopent SI, SIR, SIS na Mmepexax.
MojientoBaHHS PO3IIOBCIOIKEHHS.

Tema 19. Iloporosi moaesti BimBy. Po3nosciopkeHns BrumBy. [loporosi moeni
npuitHATTS pimeHb. Monens ['paHoBetepa. BuzHaueHHs HaWOUIbII BIUIMBOBHUX
By3miB. Po3noBcromkennsa ineil. Kackagu B Mmepexkax. basoBa Mojenb kackamy.
Po3smipu kackaniB. JlocsirHeHHs koHceHcycy. HaBuanus y mepexi. Mogens [e
['pyTa. YMOBHU 0oCsiKHOCTI KOHCEHCYCY. CollianbHUI BIUIHB.

Tema 20. Crpareriuni monesai dgopmyBanHss Mepex. DyHKIIS KOPHUCHOCTI.
EdekTuBHicTh Ta cTabuibHICTh. Mozens 3B’s3kiB. Mogens criBaBTopiB. Moaeni
npocTopoBoi cerperaiiii. Moaens [Iumnainra. MoientoBaHHs 32 JOOMOTH areHTIB.
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3. CTpyKTypa HABYAJIbHOI JMCHUILTIHA

Ha3zBa temn

KinekicTh roagun

Ycnoro

y TOMY 4HCJIi

Jlexmii
pakTHuni
3aHATTHA

CamocrTiiina
pobora

1

Tema 1. ba3oBi noHsTTSI TEOpIi rpadis.

Tewma 2. [Inanapni rpadmu.

Tewma 3. Anroputmu Ha rpadax.

Tewma 4. ®opmyna Keni.

Tema 5. ['aMizIbTOHOBI LIUKJIU.

Tewma 6. [lapocnionyueHHs.

Tema 7. Mepexi Ta IOTOKH y MEpekKax.

Tewma 8. Ekctpemanibaa Teopis rpadis.

Tema 9. Teopist Pamcest.

Tewma 10. Bizyanizanis rpadis.

Tema 11. MaremaTtnyHi MOJIEII MEPEK.

Tema 12. ManeHbKUH CBIT Ta
JIMHAMIYHI MOJIEN 3POCTaHHS.

Tema 13. I[ToHATTS LHEHTPATBHOCTI T
MIPECTUXKY.

Ex B N (S L {621 (62 ] Keop) Hop) Kol Kop) Hopd Kopd &1 I V]

Y I I Y DS TN ST Y I DS S )
Y L I DS LS Y I DS R S

N N INININININININININININ O

Tema 14. CTpyKTypHa €KBIBaJI€HTHICTb.

Tema 15. MepexeBi ClIIbHOTH.

Tema 16. Anroputmu po30OuTTS rpadis.

Tema 17. MepexeBi CTpYKTYpH.

Tema 18. Iudy3is y Mmepexax.

Tema 19. Iloporosi moeni BIUIUBY.

Tewma 20. Ctpateriuni moaemni
(hopMyBaHHS MEPEXK.

W | WlwWwlwlw|w]|>

N R
N R

o LN

Ycboro rogua

O
o

w
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4. TeMH NPAKTUYHHUX 3aHATH

0 KinbkicTh

3/ Ha3Ba Temun g —

1 | ba3osi mousTTs Teopii rpadis. 2

2 | IlnanapHi rpadmu. 2

3 | AnropurMu Ha rpadax. 2

4 | Eitnepoi Ta ['aMiIbTOHOBI IIMKJIH. 2

5 | IlapocnonydeHHs. 2

6 | Mepexi Ta moTOKH y MepekKax. 2

7 | Ekcrpemanbha Teopist rpadis. 2

8 | Teopis Pamcest. 1

9 | Bisyaumi3arist rpadis. 2
10 | OcHOBHI IOHATTS B TEOPil MEPEK. 1
11 | MaremaTiuHi MOJEI MEPEIK. 1
12 | ManenbKwuii CBIiT Ta JUHAMIYHI MOJIEITI 3POCTAHHSL. 1
13 | LieHTpanbHICTh MEPEIKI. 1
14 | CtpykrypHa eKBIBAJICHTHICTb. 1
15 [ MepexeBi ciiibHOTH. 1
16 | Anropurmu po36uTTs rpadis. 1
17 | MepexeBi CTpyKTypH. 1
18 | dudysis y mepexax. 1

Pa3zom 26
5. Temu 11 camocTiiiHOT podoTH

Ne KinbkicTh
s/ Ha3Ba Temn A

1 | Marpuuna teopema Kipxroda npo aepesa. Ilomyk MiHiManibHOro 3

(MakCUMaJIbHOT0) OCTOBHOIO JIica B rpai.

2 | Ipocrip mapHux miarpadis Ta MHOKHUHA QYHIAMEHTAIBLHUX [[UKITIB. 3

3 | Be3koHTypHi rpadu, TOMOJIOTYHE COPTYBAHHS. 3

4 | 3apaui po3dapOysanus BepuuH Ta pedep rpada. 3

5 | BacrocyBanns rpadis 1yt 38124 IPOrPaMyBaHHS. 3

6 | lpencraBnenns Ta BigHOBIEHHS rpadiB. 3

7 | depesunna knacudikaris po3mideHux rpadis. 3

8 | KoncrpykruBHa Teopis rpadis Ta i 3acTOCyBaHHS. 3

9 | Teopis neuiTkux rpadis Ta ii 3acTocyBaHHS. 3
10 | PosgapOysanns 3 qeekToM Ta HOro 3aCTOCYBAHHS. 3
11 | MozentoBanHst B3a€MOIi1 B KOMIUTEKCHHX MEpEKax 2
12 | Ananiz Quykryaliiii B CKJIaJHUX MEpeKax 2

Pazom 34
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6. MeToau HABYAHHSA

[Ipu BukiamanHi HaB4YanbHOiI auciuiUliHd «CydacHa Teopis rpadis»
BUKOPUCTOBYIOTBCS ~ Taki  METOJM  HaBYaHHSA:  MPOOJIEMHO-TIONIYKOBHIA,
MOSICHIOBAJIBHO-ITIOCTPATUBHUM, IHAYKTUBHUHN 1 AE€TYKTUBHUMH.

8. MeToa1 KOHTPOJIIO

BukopucToBYHOTHCSI HACTYIHI METOAH KOHTPOJIIO:
1. IToTOYHUI KOHTPOJIb 3HAHB:
- YCHE OTMTYBaHHS,
- BUKOHAHHSI TIPAKTUYHUX POOIT;
- TECTYBaHHS;
- BUKOHAHHS JJOCIIITHUIIbKUX 3aBJaHb.
2. [limcymMKoBUI KOHTPOJIb 3HaHb (1ICTIUT):
- MJICYMKOBHM TecT a0 eK3aMeHalliiHi O1J1eTH.

9. KpuTepii OLliHIOBaHHS Pe3yJIbTATIB HABYAHHS

Po3noain 6auiB, AKi 0OTpUMY€ acHipaHT

AyauTopHa podoTa

TEMHU

Camocriiina po6ora
MincymkoBuii KOHTPOJIb (icMUT)
3aranbHa KiTbKicTH

T20

Tl
T2
T3
T4
T5
T6
T7
T8
T9
w | TI0
w | TI1
w | TI2
w | TI3
w | Ti4
w | TI5
w | Ti6
w | T17
w | TI8
w | TI9

w
[EEN
o
w
o

100
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IIIkajga oniHIOBAaHHA

Cyma 6auis 3a Bc.i. OniHka 32 HAiOHAJBLHOI0 IIKAJIOK0
BHM/IM HABYAJILHOI
MisILHOCTI JJIS icnuTy
«BIAMIHHO» - 37100yBa4 MOBHO 1 BCEOIYHO PO3KPHUBAE MUTAHHS
90-100 TEMH, BIJIBHO OIEPYE MOHATTSIMH 1 TEPMIHOJIOTIE0, IEMOHCTPYE

IMOOKI 3HAHHS JDKEPEJ, Ma€ BJIACHY TOYKY 30py CTOCOBHO
BIJIMOBITHOI TEMU 1 MOXE apryMEHTOBAHO 11 IOBOJIUTH

«mo0pe» - 3arajJoM piBeHb 3HaHb 3/100yBadiB BiJIMOBIJAE
7589 BUKJIAJICHOMY BHIIE, ajJl€ MAlOTh Miclle AesAKi YIyIIeHHS INpH
) BUKOHAHHI  3aBJaHb,  OOIPDYHTYBaHHS  HETOYHI,  HE
HiATBEPPKYIOTHCSI JOCTATHHO OOTPYHTOBAHUMH JTOKa3aMU

«3a/I0BIIILHO - 37100yBa4 PO3KPUB IUTAHHS, B 3araJIbHUX PHUCAX,
60-74 PO3yMi€ iX CyTh, HAMara€Tbcsi pPOOUTH BUCHOBKH, aJI€ TIPH LIbOMY

) MPUITYCKAETBCSI  TPyOWX  TMOMMIIOK, MaTepiall  BUKJIAIA€E
HEJIOTI4HO 1 He CaMOCTIHHO

HE3aJOBUIBHO» - 3 MOXIJIMUBICTIO TMOBTOPHOTO CKJIAJaHHS,
35.59 3100yBa4 HEe B 3M031 JJaTH BiAMOBI/Ib HA TOCTABIICHE 3aMTUTAHHS
) a0o BiJNOBIIb HEMPABUIIbHA, HE PO3YMi€ CYTi TUTAHHS, HE MOXKE
3pOOMTH BUCHOBKH

0-34 HE3aJIOBIIbHO» - 3 O0OOB’SI3KOBHM IIOBTOPHMM BHBYCHHSIM
JUCLHUILIIHA

10. OpieHTOBHM MEepeTiK MUTAHD /10 MiACYMKOBOT0 KOHTPOJIIO (icuTy)

1. OcHOBHI 03HAYEHHS, TIOB’s13aH1 3 rpadamu, oprpadamu Ta MyJabTirpadamu.
2. Cnoco6wu 3aBnanHs rpadis.

3. Matpuili CyMi>KHOCTI Ta 1HIIUJEHTHOCTI, iX BIACTUBOCTI.

4. PozdapOyBanns miaHnapHux rpadis Ta Kapr.

5. Teopema tipo yotupu hapomu.

6. loBeneHHst TeopemMu mpo 1’ Aath Gapo.

7. Hoctathi ymoBHu I'penina ta ['pron6ayma 3-po3dapOboBaHocTi miiackux rpagis.
8. Kputepiit 1Bog0abHOCTI rpada.

9. XpoMaTuuHi MOJIHOMH, iX BIIACTUBOCTI.

10. Hepo3B’si3ani 3a1aui, sIKi MOB’sA3aH1 3 XpOMaTUYHUMHU MOJIIHOMAaMHU.

11. Jlicu Ta nepesa.

12. ExBiBaJICHTH1 O3HAY€HHSI JIEpEBa.

13. KopeneBi Ta OCTOBHI JepeBa.

14. Anropurmu [Ipima ta Kpackana 3HaX0KeHHST MiHIMaJILHOTO OCTOBA.

15. Po3dapOyBanns pedep rpadiB u mynsTirpadis.

16. Teopemu Bizinara ta IllenHoHa.

17. XpoMaTtuuHuii 1HAEKC JBOAOILHOTO Tpada.

18. InrepBanbHi po3dapOyBanHs. 3B 430K 3 3a/1auaMy TEOPii PO3KIIAIB.

19. binapni aepeBa. 306epiranss Ta noiyk iHGopmMarliii y O1HapHUX JAepeBax.
20. Hepesa, 1o 30amaHcoBaHi 3a Bucotor (AVL-aepesa) Ta 3a Barozo.
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21. Iloporosi Mo7eni BILIUBY.

22. [lomyxk no rpady B mmupuHy Ta rMuOuHy. BiactuBocTi 1epeBa nouyky.

23. 3B’S130K MONIYKY B IIUPUHY 3 HAMKOPOTIIMMHU JIAHIFOramMu rpada.

24. IlepeniueHHs Ta KOAyBaHHS rpadis.

25. [Ipo6nema i3omopdizmy.

26. Konysanns nepes. Kon [Iprodepa.

27. Teopema Keni npo KinbKICTh TO3HAYCHUX JCPEB.

28. Touku 34JIeHyBaHHS, MOCTH Ta 0J0KH Tpada.

29. BepmmaHa Ta pedepHa k-3B’SI3HICTD.

30, Xapakrepusalisi ABO3B’ sI3HUX TpadiB.

31. B3aeMHe posrtaimryBaHHsS JBOX OJOKiB y rpadi. JlepeBo ONOKIB Ta TOYOK
34JIeHyBaHHS. AJITOPUTM TOIIYKY OJIOKIB.

32. Teopema TaTTa Ipo «IpyKUHHE» YKIaJaHHS.

33. Anroputm nepeBipku miaHapHocTi «left-right planarity test.

34. Bizyanizariist AepeB. HukHi OIlIHKH.

35. HaiikopoTini nuisixu y 3BaxkeHUx oprpadax. Anroputmu JlifikcTpu Ta
dronma-Yopuenia.

36. OCHOBHI OHSTTS B TEOP1i KOMILJIEKCHUX MEPEXK.

37. BacTuBOCTI 1 METPUKH aHaJI13y MEPEK.

38. JIeCKpUNITUBHUM aHAII3 MEPEXK.

39. Mepexi Ta IOTOKU y Mepexkax. 3ajaya mpo MaKCUMaIbHUN MOTIK.

40. 3anMIIKOBI MEpeXk1, AOMOBHIOKOY] IUIIXU Ta PO3PI3H.

41. Teopema Ta y3aranbHeHud anroputm doppa-dankepcona. Anamniz podoTH
QITOPUTMY Y BUINIAJIKY LUIMX Ta PalllOHATbHUX MPOMYCKHUX 3110HOCTEH.

42. MeTo1 HAMKOPOTIIUX HMUTSAXIB.

43. Mopuenb BunagkoBoro rpady Epnoma-Peni. Posnoain bepnymii. ®dazoBuit
nepexiJi, BAHUKHEHHS 3B’ SI3HOT KOMITOHEHTH.

44. HabGopu Oe3lepeTHHHUX JAHIOTIB, 0 IMOEAHYIOTh ABI ITIJIMHOXHUHH
BepinH rpada (oprpada).

45. Bepmunna Ta pedepHa Teopemu Menrepa.

46. Kpurepii BepmmHHOi Ta pedbepHoi k-3B’s13H0CTI rpadiB (TeopeMa YiTHi).

47. ManeHbKH# CBIT Ta TUHAMIYHI MOJICI 3DOCTaHHS.

48. O6xoau rpadis.

49. EiinepoBi Ta raMiIbTOHOBI rpadu.

50. Teopema Eiinepa ta anroputm dnepi.

51. locTtaTHsi ymoBa raMuibTOHOBOCTI. Teopemu [lipaka ta Ope.

52. 'amM11bTOHOBI LIMKJIU Ta 3ajJiladya KOMiBOsDKEpa.

53. MogenbHi rpadu. [ToHATTS HEHTPaAIBHOCTI Ta MPECTHIKY.

54. HezanexHi MHOKMHH BEpILUH Ta pedep rpada.

55. BepmunHI Ta pedepHi MOKPUTTS, (DAKTOPHU Ta MAPOCIOTYICHHS.

56. UucnoBi mapameTpu, TOB’si3aHI 3 HE3AJCKHICTIO Ta MOKPHUTTIMH, iX
BJIACTUBOCTI.

57. Teopema I'annai.

58. CtpykTypHa €KBIBaJCHTHICTb.

59. MeTpuKu CTPYyKTYpHOI €KBIBaJICHTHOCTI BY3JIIB.

N
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60. Haii011p1111 mapoCnoyuyeHHs Ta JIAHIIOTH, 10 YePTYIOThCS.

61. XapakTepu3zaiiiss HAUOLIBIINX MAPOCTIONYYCHb Y TEPMiHAX JIAHITIOTIB.
62. [TapocrnonyueHHsl, sIKi TOKPUBAIOTh J0JIIO IBOJAOJIBLHOTO rpada.

63. Unciio He3alIeKHOCT1, KIIIKOBE YHCIIO.

64. Teopema Typana. [Ipuxnan rpady, Ha sKOMY JTOCsDKHA OlliHKA TypaHa.
65. Teopemu Kenira npo uucio pedepHOi HE3aIEKHOCTI JIBOJIOJIBHOTO Tpada
66. ANTOpUTM 3HAXODKEHHS HAWOIIBIIOTO MAPOCIIONYYCHHS Ta HAWMEHIIIOTO
BEPIIMHHOTO MOKPUTTS Y ABOJOJIEHOMY Tpadi.

67. 3agaua npo npu3HAYCHHS.

68. IloHATTS MEepeKEeBUX CIUIBHOT.

69. Knacudixarrist anropuTmiB 3HaXOKEHHS CIIBHOT.

70. ITnacki Ta TuranapHi rpadu.

71. HopmanbH1 kaptu Ta EilliepoBI MHOTOIpaHHUKH.

72. ®opmyna Eiinepa Ta ii HacHiaKu.

73. Kputepiit mnanapuocti [lontpsirina-KypaToBchKkoro.

74. Anroputm ykJiagaHHs rpada Ha IUIOIIHHI.

75. IToHATTSI TEOMETPUYHO ABOICTOrO rpada.

76. Anroputmu po30uTTs rpadis.

77. Po3apOyBanus BepinH rpadis.

78. Haltipocrilin OIiHKA XpOMaTUYHOTO YKCIa.

79. Teopema bpykca.

80. JIndy3is Ha Mepexkax.

81. Po3moBCIOIKEHHS SITiIeMild Y MepeKax.

82. MopentoBaHHS PO3MOBCIOKCHHSI.

12. PexoMeH10BaHa JliTeparypa

OcHOBHA JiTepaTypa IMCUUILIIHA

1. Bollobas B. Modern Graph Theory. — Springer, 1998. — 394 p.
2. Diestel R. Graph Theory (4th ed.) — Springer, 2010. — 375 p.
3. Aggarwal C. C., Wang H. Managing and Mining Graph Data. — Springer, 2010.
- 610 p.
4. Cook D. J., Lawrence B. H. (ed.) Mining Graph Data. — Wiley, 2007. — 479 p.
5. 3pikoB A. A. OcHoBbI Teopuu rpadoB. — M: By3oBckas kuaura, 2004. — 664 c.
6. KacesinoB B. H., EBcturnees B. A. I'padbl B nporpammupoBanuu: 00padboTka,
Buzyanuzanus u npumenenue. — CI16.: BXB-Ilerepoypr, 2003. — 1104 c.

JlonmomizkHa JiTepaTrypa IMCHMILTIHHA

1. Komyun B. ®@. Cnyyaitasie rpadsr. M: @usmatiur, 2004. — 256 c.
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2. AneckepoB @.T., Xabuna 3.J1., llIBapu JI.A., bunapusie oTHomeHus, rpadsl U
KOJUIEKTUBHBIE pemienus. M.: U3a. nom ['Y-BIID, 2006. — 300 c.

3. I'y6anos /I.A., HoBukoB JI.A., UxaptumBmwiu A.I'. ConnanbHbIe CETH: MOJIETU
UH(GOPMAIIMOHHOTO BIIMSHUA, YIPABICHUS U MPOTUBOOOpCTBa. M.: du3MaTiur,

2010. - 228 c.



