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I. 3AT'AJIBHI BITIOMOCTI

Berynuuii icniT Ha HaBYaHHS A 3M00yTTS HAYKOBOTO CTYIEHS JOKTOP
dbimocodii 3a crnemanpHicTIO F1 «Ilpukinagna MatemaTrkay MPOBOIUTHCS JJISI THX
BCTYITHHKIB, SIKi MAIOTh CTYIIHb Marictpa’.

OcsiTHsa nporpama «IIpukiiagHa MaremMaTuka» BIATIOBIIA€ MICIi Ta CTpaTerii
KIII iM. Irops CikopchKoro, 3a SIKOKO CTpPAaTETIYHUM IMPIOPUTETOM YHIBEPCHUTETY €
HaJaHHA  (QyHIAMEHTAJIbHOI  OCBITHBO-HAYKOBOI  Ta  OCBITHBO-TIPOGeciitHOT
miarotoBku  (axiBmiB. OCOOIMBOCTI OCBITHBOI MPOTPaMH BpPaxXOBaHI ILITXOM
oOpaHHS BIIMOBIAHUX PO3IUTIB 1 MATAaHb MPOTpaMH BCTymHOro icnuTy. [IpoBenenus
BCTYITHOTO BUTIPOOYBAHHS Ma€ BUSIBUTH PIBEHB MIATOTOBKH BCTYITHUKA 3 00paHOT IS
BCTYILy CHEI1aJIbHOCTI.

TeopeTnuHi MUTaHHA BCTYMHOTO ICIIUTY MOKHA IMOAUTATH HA Takl JEB ATb
PO3JILTIB:

1) muckpeTHa MareMaTHhKa, MaTeMaTHUYHA JIOTIKA Ta TeOPis arOPUTMIB;

2) 4rcesbHI METO/IH;

3) Teopist KMOBIpHOCTEH, MAaTEMAaTHYHA CTATUCTHKA Ta BUIIAIKOBI TPOIIECH;

4) MaTeMaTUYHI OCHOBH KPHUIITOJIOTII;

5) MalMHHE HAaBYAHHS;

6) Moje Ta METOIU IPUHHATTS PIllICHb,

7) MaTeMaTU4YHE MOJICIIOBAHHS. CUCTEMHUM I IX1]I;

8) MmaTemMaTHYHE MOJICITFOBAaHHS . TIPUKJIAIHI aCTICKTH;

9) MeTou Ta aNrOPUTMH KpUNTOTpadii Ta KPUITOAHATI3Y.

i po3ainy MICTATh MATAHHS 3 MPUKIATHUX Ta TEOPETUYHHUX JUCIHIUIIH, IO
IIMPOKO 3aCTOCOBYIOTHCS /IS BHUPIMICHHS 3a7ad NPUKIATHOI MaTeMaTUKH Ta
OpIEHTOBAHI Ha CHEIialbHy MPOQeCciiHy MATOTOBKY BCTYITHHUKA.

3aBAaHHs BCTYITHOTO ICIIUTY CKJIAJAETHCS 3 IBOX YACTUH: TECTOBOT YACTHUHH Ta
BIJIKDUTOTO MUTAHHSA, K1 00UparOThCs 3 yciX po3autiB. CTpyKkTypa OiIeTy Ta cuctema
OIIHIOBAHHS HaBeJICHI Y PO3iii 4.

BerynHuii icnuTt 13 criemiaibHOCTI TPOBOIUTHCSA Y POPMI YCHOTO €K3aMEHY.

TpuBanicTh MATOTOBKY BCTYITHUKA JI0 BIAMOBIAL — 2 aKajeMiyHi TOJUHHU.

VY HacTymHOMY pO31Ii MPOrpaMy HAaBEJICHI T1 TEMH 3 3a3HAYCHUX PO3MLIIB, SKi
CTOCYIOTHCSI BAKOHAHHSI 3aBAaHb BCTYITHOTO ICITUTY.

[Hdopmalis npo npaBuia NpUlOMYy Ha HABYAHHS Ta BUMOTHM /10 BCTYITHHKIB
ocBiTHROI iporpamu 113 «IIpukiiagna MateMaTrkay» HaBeAECHO B po3aull «Berym no
acnipaHTypu» Ha BeO-cTopiHli acmipantypu Ta Joktopantypu KIII im. Irops
Cikopcekoro 3a nmocuiaanHsaMm https://aspirantura.kpi.ua/

' Bionogiono 0o n.2 Po30iny XV zaxony Ilpo euwy oceimy euwa oceéima 3a 0ceimubo-
KeanighikayitiHum pieHem cneyianicma NpupiGHIOEMbCS 00 BUWOL OCEIMU CIMYNEH MA2icmpa.



I1. TEMH, IO BUHOCATBHCS HA BCTYITHUAM ICIIUT
1. luckpeTHA MaTeMaTHKAa, MATeMaTHYHA JIOTiKa Ta Teopisl aJIrOPpUTMiB

1.1. MHOXuHHU 1 onepaltii HaJ HUMHU; aJire0pa MHOXHWH; MOTYXHICTh MHOXHHU,
KapJMHaIbHI yncia. BilHOIIEHHS! Ha MHOKHUHAX; CIIOCOOM MPEICTABICHHS O1HAPHUX
BIIHOIIICHb, OTllepallii Haj BITHOIICHHSAMH, BJIACTUBOCTI OIHAPHHUX BiIHOIICHB.
BigHOmIEHHST €KBIBaJIGHTHOCTI, BITHOIICHHS YaCTKOBOTO TMOPSAKY, 1X BIACTHBOCTI.
®OyHKI110HAIbHI BIIHOIIECHHS Ta BiIOOpa)KE€HHSI, X BIaCTUBOCTI.

1.2. OcuoBHi ~ komOiHaTOpHi  KOH(Irypamii: = BHOIpKH,  pPO3MIIICHHS,
nepectaHoBkd.  [loTyxxkHocTi  koMmOiHaTopHuUX  KOH(irypamii.  binomianbHi
koedilieHTH, iX BracTuBocTi, OiHOM Hplotona. KoHCTpykTHBHMI —mepemnik
JTUCKPETHUX 00'€KTIB.

1.3. bynesi ¢yHkIii; npeactaBiacHHs OyyieBUX (YHKIINA TaOIHUICIO ICTUHHOCTI
Ta (popmynamu, eneMeHTapH1 OyneBi QyHKIT; 3akoHU OyneBoi anredpu. JlockoHai
HopmaibHi Gopmu (JJHD, IKH®D, AH®), noninomu XKerankina. [loBHoTa cuctemu
OyneBux ¢yHKIii, kputepiit [locra.

1.4. I'padm HEopieHTOBaHI Ta OPIEHTOBAHI, CIIOCOOM TpeACTaBICHHS Tpadis,
MaTpHIsl CYMIXKHOCTI, MaTpHIl 1HIIMJICHTHOCTI; oreparii Haa rpadamMu. 3B’ S3HICTh
rpadiB. Criocobu o0xoay BepmvH TpadiB, MOIIYK B IIUPUHY, MOIIYK B TIUOUHY.
Hepesa Ta ix BnactuBocti. Eitneposi rpadu, ramiasToHOBI Tpadu, miaHapHi rpadu,
iX BJIACTUBOCTI.

1.5. Teopist aBTOMATiB: aOCTpaKTHI aBTOMATH Ta CMOCOOW iX MpEICTaBICHHS;
po3mi3HaBadvi, aBTomaTy M Ta aBToMaTi Mypa.

1.6. Matematnyna Jorika: (OpMaNbHO-JIOTIUHI UHWCJIEHHSA, CHHTAaKCHC 1
CEMaHTHUKA, TEOpisl JOBEIEHb, TEOPis MOJENEH; aKCIOMAaTH4YHI Teopii, (opMaibHa
Teopis L; popmanbsHa apudmeTnka, akcioMaTuuHa TEOPisi MHOMKHUH.

1.7. Jlorika BHCIJIOBIIIOBaHb, JIOTIKA MPEIUKATIB 1-ro TOpSIKY (KBaHTOPH,
IHTepHpeTallisi, IpaBuiia BUBOAY, BUIIEPEHKEH] Ta CKYJIEMIBCbKI HOPMaJlbHI (hOPMH,
METOJ] PE3OJTIOLIN JIJIsl JIOTIKH MIPEAUKATIB).

1.8. Teopiss ~ anropuTMIB: dopmanizaiii  MOHATH  AITOPUTMY  Ta
OOYHUCTIOBAILHOCTI; MamuHU  ThIOpIHra; HOPMaJlibHI — aNropuTMu  MapkoBa;
pPEeKypCUBHI (YHKIIi Ta PEKYpCHUBHI MHOXXHUHM, TPOOJIEMH aJITOPUTMIYHOT
po3B's3HOCTI, Te3uc Yepua-llocra; I'egeneBa Hymepauia Tta teopema lexens mpo
NOBHOTY; CKJIaJHICTh anroputmiB, NP-moBH1 mpoOiemu.

2. UnceabHi MeTOaH

2.1. YucenbH1 METOAM JIIHIHHOI anreOpHu.

2.2. UucenbHe IHTETpyBaHHS, IHTEPIOJISAIIS Ta 3TaKyBaHHS.

2.3. UucenbHi MeTOAM PO3B'sI3yBaHHS AudepeHIliaIbHuX (3BUYAWHUX Ta B
YaCTUHHUX MOX1THUX) Ta IHTErpaIbHUX PIBHSIHb.

2.4. UucenbH1 METOIU PO3B'SI3YBAHHS ONEPATOPHUX PIBHSHb.

2.5. OnTumizailisi YMCeTbHUX METO/IIB.
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3. Teopiss iiMoBipHOCTell, MaTeMaTH4YHA CTATHCTHKA Ta BHMNAJKOBI
npouecu

3.1. 3aranpHe MOHATTS BUIIAJKOBOI MOJII Ta CTOXaCTUYHOI'O EKCIIEPUMEHTY,
BUIMAJKOBOI BEJIMYMHU Ta BEKTOpa; (YHKII po3mojauTy; He3aJaekHl BHUIAIKOBI
BeJnuuHA. [10CHIIOBHOCT] BUMTAAKOBUX BEJIMYHH: HOHATTSA 301’KHOCTI ITOCIIITOBHOCTI
BUIIAJIKOBUX BEJIMYMH; HEPIBHICTh YeOuIeBa; 3aK0H BETUKUX YHCEIL.

3.2. Cnabka 30DKHICTH BHUMAJAKOBHX BEJIMYMH; XapaKTePUCTUYHI (QYHKIUT
BUITAJIKOBUX BEJIMYMH; CXE€Ma HE3QJICKHUX BHIPOOYBaHb bepHymmi, TpaHWdHI
teopemu [lyaccona Ta Myaspa-Jlamaca; neHTpajibHa TpaHUYHA TEOPEMA.

3.3. OCHOBHI MOHSTTS MAaTeMaTU4YHOI CTaTUCTUKU: BUOIpKa, BaplalliitHUil psin
Ta eMIipuyHa QYHKIIiSI pO3MOJILTY; BUOIPKOBI XapaKTEPUCTUKH.

3.4. OLiHKM HEBIIOMHX TapaMeTpiB po3MoAalTy: Kiacudikaiis OI[HOK;
HE3MIIIEHI  OIIIHKKM 3  MIHIMQJIBHOK  JUCIEPCI€0;  OLIHKA  HAWOUIBIIOL
MpaBAONOAIOHOCTI; METOJ] MOMEHTIB; JOBIpuYl IHTEpBAJM Ta IHTEpBAJIbHE
OLIIHIOBAHHS.

3.5. CratuctuyHi TinoTe3W Ta CTaTHUCTH4YHI KpuTepii. Kputepii 3roawm;
nepeBipka TiOTE3H IIPO BHUIVISLI POSHOALTY, KPHTEpill ; MapaMeTpHdHi rinoresu;
BUOIp 3 JBOX MPOCTHUX rinoTe3; kpurepid Helimana-Ilipcona; kpuTepiil BIIHOILIECHHS
MPaBIONOAIOHOCTI.

3.6. CratuctuyHe MOCTIIKEHHS 3aleXHOCTel. PerpeciitHuii aHami3, MeTon
HaliMeHIuX KBajpaTiB. JliHiliHa perpecisa. OIIHIOBaHHS MapaMeTpiB JIIHIHHOI
perpecii.

3.7. MaremaTu4yHi Mojelll Teopii BHUIIAJKOBUX TMPOIECIB: O3HAYCHHS
BUIMAJKOBUX TPOIECIB; CKIHUYCHHOBUMIpHA QYHKIIS PO3IMOIIIY BHUIIAIKOBOTO
poliecy; MaTeMaTUYHE CIOJIIBaHHS, TUCTIEPCIs, KOPEJSIiHHI (QyHKIII].

3.8. HenepepBHiCTh, MOXiJHA Ta IHTErpajl BHUMAJIKOBOrO Tpouecy. Buau
30DKHOCTI Ta HEMEPEpPBHOCTI BUMAIKOBUX IPOIIECIB; MaTEeMaTUYHE CIO/IBaHHS Ta
KOopeJsiiiiiHa GyHKIUIS MOX1AHOI Ta IHTErpay.

3.9. Bunankosi mporiecu MapkoBa, manitorn MapkoBa, piBHAHHA Yemnmena-
KonmoropoBa; onHopinHuii  BunagkoBuid mnpouec Ilyaccona; BiHEpIBCbKUM
BUIIAJIKOBUI TPOLIEC; TaycCiBCbKI NPOLECH; CTallOHApHI BHIAJKOBl IPOLECH,
CHEKTpabHa TEOPIs; EProJU4Hi TEOPEMU BUIIAIKOBHX MTPOLIECIB.

3.10. CnektpanbHa  Teopis BUIAIKOBHX MPOLIECIB. CrniekTpalibHi
npencrasieHns. Teopema boxnepa. Teopema Xinumna. CnexkrtpaibHa (GyHKIIS 1
CHeKTpaiabHa MIIbHICTh. CTallloHApPH] BUMAJAKOBI MPOIECH 3 TUCKPETHUM CIIEKTPOM.
CramioHapHl BHITaJIKOBI TIpOIeCH 3 HeNepepBHUM crekTpoM. IlepeTBopeHHs
CTaI[lOHAPHOTO BUITAJIKOBOTO MPOIIECY.



4. MareMaTH4Hi OCHOBM KPHIITOJIOTII

4.1. TeopeTHKO-4YHMCJIOBI OCHOBH KpumntoJorii. Anroputm EBkmiga Ta
posumpennit anroput™ EBkiina. Kutelie numikis 3a moaynem N. Oyukiis Oiinepa Ta
ii o0uucnennsa. Teopema Oiiniepa, Mana Teopema depma. Po3B’s3yBaHHS JTIHIHHUX
nopiBHsSHb. KBanparuuni sgumku. CumBonu Jlexxanapa Tta Sko0i, mnpaBuia
obOuuncneHHs, kputepiit Ounepa.

4.2. OcHOBHI TOHATTHA a0cTpakTHOI ajredpu. BusHauenHs HamiBrpymw,
MOHOia, rpynu, abeneBoi rpynu. [lopsaok rpynu, MOPSIOK €JIEMEHTY TpYIH,
UKIivHI miarpynu. Teopema Jlarpanka. BusHaueHHs Kijblld, 11€aidy KuIbLis, TOJIS.
[Ipuknanm.

4.3. AcMuMNITOTHYHA NOBeAiHKA (pyHKLiA. CumBonn Jlannay,
eKBIBAJICHTHICTh (QYHKIIH, lepapxis (QyHKIIH 3a MBHUAKICTIO 3pocTaHHA. Dopmyna
Otinepa-MakJiopeHa Ta ii 3aCTOCYBaHHS: aCUMIITOTUYHUM PO3KJIAJ 1JI TAPMOHIYHHUX
yucen ta A gakropianis (popmyna Cripiinra).

4.4. KomOinaTopHi ajaropurMm. AITOpUTMU COpPTyBaHHS. [ eHeparlis
MEPECTAaHOBKM 3a IHJEKCOM, 13 MIHIMAJIbHUMHU 3MIHAMHU, y JEKCUKOTpapiyHOMY
nopsiky. ['eHepariisi MAMHOXHWH Ta MIAMHOXHH 3a/1aHOi TOTYXHOCTI. JlaTumku
BUIMAJIKOBUX YHCET Ta BHUMAJAKOBUX TOCIIIOBHOCTeW. Bubip BHUMaaKoBOi
MEPECTAaHOBKH, JIOBUILHOT BUMAJAKOBOI MIJIMHOXHHU Ta BHUIIQJKOBOI MIAMHOXXWHU
3a/1aHO1 MOTYHOCTI.

4.5. MatemaTn4yHi Mojedi ajJroputrmiB Ta iX CKJIAJAHOCTI. BusHaueHHs
YaCOBOi Ta EMHICHOI CKJIATHOCT1 aJTOPUTMIB, MOJIHOMIAIBHOT, €KCIIOHEHITIATLHOT Ta
CyOEKCITOHEHIIIabHOT CKIaAHOCTI. PO3B’s13yBanbHi Ta BaXKKOPO3B’SI3yBaJbHI 3a1adi,
kinacu P ta NP. IloninomianeHa 3BiaHicTh. NP-moBHI 3amaui. [IpoGnema icHyBaHHSA
BAXKKOOOOPOTHUX (PYHKIIH Y KIIACUYHIN Ta TOCTKBAHTOBIM MOJIENSAX OOUUCIICHbD.

4.6. byaeBi ¢ynkuii Ta BuUnaakoBi mocaigoBHocTi. bynesi ¢yHkuii Ta
criocobu ix 300pakenHs. Kpunrorpadiuni BiractuBocti OyneBux ¢yHKii. Metoau
re’epailii BUMIaJKOBUX Ta TICEBIOBUIIAIKOBUX MOCIITOBHOCTEH. CTaTUCTUYHI METOIU
OLIIHKKA  fAKOCTI  OyneBUX  (YHKIIHA, BUIMAJKOBUX Ta  ICEBJIOBUIIAIKOBUX
HOCJIJOBHOCTEH.

5. MammmHHe HaBYaHHS

5.1. Bu3HaueHHs MamMHHOTO HaB4aHHS. [lpukiiagum 3agad pi3HUX THUIIIB
HaBYaHHs. ba3zoBa cxema MalIMHHOTO HABYaHHS.

5.2. KnacudikariitHi MeTpuUKH: MaTpUlld MOMWIOK 1 TOMUJIKMA TEPIIOTO Ta
JIPYyroro pojay, HOOJs TMpaBUIBHUX BIAMOBIJAEH, TOYHICTH 1 TMOBHOTa, F-Mipu,
koedimienT kopensmii Metstoca, Precision-Recall kpuBa, ROC-kpuBa («reciever
operating characteristic»), Area under curve (AUC), koedimient [Ixuni. binapuuii ta
0araToKJIacoOBUI BUTIAIKU.

5.3. lepeBa mpuitnarta pimenb. Entpomis Illennona. Krnacudikamis 3
JUCKPETHUMU Ta HENEPEPBHUMH aTpuOyTamu. BuineHHs npaBuil.
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5.4. binapui (CART) Tta ne6inapui (ID3, CHAID) Buam nepeB. Kputepii
pPO3IIEIUICHHS: TOpUpICT 1H(OpMaIlli, HOpMali30BaHWK mpupict i1H(opmarlii,
HEOHOPIAHICTh J)KKHI, momMuika kiacudikarii, kputepiit Xi-kBaapar. OOpizaHHS
nepes (pre-pruning, post-pruning). O6po0Oka MpoONyIeHUX 3HAYCHb, MTapaieIi3alis.

5.5. Metpuuni wmetonu kiacudikarii Ta perpecii. KamgiOHi Ta JIHUBI
anroput™Mu. ['MOTE3W KOMITAKTHOCTI Ta HEMepepBHOCTI. ANroput™M k HalOImKamnx
cyciais. [1in6ip Baris. [liarpama Boponoro. [llymoBi xapaktepuctuku. Hopmanizariist
XapakTepucTuk. MeTpuka MIHKOBCBKOTO, KOCHHYCHa Mipa, BiAcTanb JKakkapja,
BijicTaHb XeMiHra. TouHi Ta HAOIMKEHI METOIH MONTYKY HalOIMKIUX CYCI/IiB.

5.6. Jlimiitni  monenmi  kjacudikamii Ta perpecii. Merox  MiHiIMI3aIil
emmipuyHoro pusuky. [lomsTrss Bigctymy. Perpecis 31 mrpadom. Pizni Buau
perynsapu3aitii. Crenapii P-Oinbie-N. Jlorictuuna perpecis. Hez6anancoBani kiacu.
Perpeciiini MeTpukH.

5.7. baeciBcbki Meroau. besymoBHa (ampiopHa) Ta yMOBHa (amocTepiopHa)
nMmoBipHicTh. Teopema baeca. HaiBuuit baeciB anroputm. 3riamkyBanns Jlamnaca.

5.8. Knacrepuzariis. Tunu KjIacTepHUX alTOPUTMIB: TUIACKI allTOPUTMHU (METOJ
K-means) Ta anropuTMu iepapxiyHoi KjacTepu3alii (arJoMepaTuBHI Ta PO3AUISIOU).
XKopcTka kmactepu3zaliis Ta M'ska (HediTka) kiacrepusanis (merox C-means).
BusnayeHHst KigbKOCTI kiacTepiB. bimspkicTh kiactepiB. Mojeni, 3acHOBaHI Ha
JIBHOCTI.

5.9. Bigbip Ta cuHTe3 I1HPOPMATHBHUX XapaKTEPUCTHK ab0 3HIKEHHS
pO3MIpHOCTI: BimOip 1HGOPMATUBHUX XapaKTEPUCTHK, CHUHTE3 1HQPOPMATHBHHUX
XapaKTepUCTHK, METo/u, BOymoBaHi B Mmonenb HaB4yaHHs. (HopmoBana) B3aemHa
iHpopmartiss. Meton TomoBHUX KOMIOHEHT (principal component analysis, PCA).
Meton He3anexxnux kommoHeHT (independent component analysis, ICA). Jliniiinuit
nuckpumiHanTHUM aHani3 (linear discriminant analysis, LDA).

5.10. Kombinamii moaeneii. byrcrpen-arperyBantsi abo Oerrinr. BumaakoBuii
mic. IMigcunenns (boosting).

5.11. HaBuanHs 3 nigkpiruieHHAM. ba3zoBa Mojie1b HaBYaHHS 3 IMAKPITIIICHHSM.
MapxkoBcrkuii nporiec. PiBastaus bernmana. AnroputM Q-naBuanus (Q-Learning).

5.12. AcomiatuBHi npaBuia. BUABICHHS €JIEMEHTIB, III0 YaCTO 3yCTPIYarOThCS.
BnacTtuBicTh aHTUMOHOTOHHOCTI MIATPUMKHU. 3aMKHEHI Habopu enemeHTiB. PiBeHb
noBipu (confidence). Aunroputm A-Priori. AJroputM momyisipHUX HaOOpIB
(Frequent-Pattern, FP-Growth). IlinBuieHHs €peKTHBHOCTI OOPOOKH MOIMYJISIPHUX
HA0OpIB: METO/I JIOKAJIbHUX MIPEIMETHUX HAOOPIB, CEMILIIHT.

6. MopneJii Ta MeTOM NPUITHATTS pillleHb

6.1. bararokputepianbHi pimeHHs. MeTo NiHiiHO1 3ropTku. [JloMiHyBaHHS 3a
[Tapero.

6.2. ®ynkuii Bubopy (PB). Knacudikaris ®B. Ymosa [noTTa.

6.3. IlonsaTTs R-onTuManbHOCTI, HAMKPAIIOTo, HAUTIPIIIOr0, MAKCUMAIBHOTO 1
MIHIMAJIBHOTO €JIEMEHTIB

6.4. [Tonsittst edexTuBHOI anpTepHATHBU. BiacTuBOCTI e()EKTUBHUX
IbTEPHATHUB 1 CIIOCOOHU X TOILIYKY
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6.5. Metogu HOpmamizaimii KputepiiB. MeToau BpaxyBaHHSA MKOPCTKOIO
npioputeTy. MeToau BpaxyBaHHS THYYKOTO MPIOPHUTETY.

6.6. Meroau 3BeACHHS A0 y3arajJbHEHOTO KpUTEpiro (3roptku). Meton
TOJIOBHOT'O KPUTEPir0. MeTO ] OCITiJOBHUX ITOCTYTIOK.

6.7. BusHaueHHs HewiTKOi MHOXUHM. Onepallli HaJl HEUITKUMHA MHOKHHAMHU.
BiacTtanp MK HewiTKMMHU migMHOXMHaMu. CrierianbHi omeparlli Haj HEYITKUMH
MHOXHHaMH. HediTki BITHOIIIEHHS, iX BIACTUBOCTI Ta Kjacudikarris.

6.8. ®ynkmii kopucHocTti (DPK) B 3amagax Bubdopy.

6.9. BigHomieHHs €KBIBaJIGHTHOCTI, Ol Ty>KOCTI, IepeBary, J0MiHyBaHHS.

6.10. Kpurepii Banpna, CaBimka, ['ypgina, Xomkeca — Jlemana.

7. MaTtemMaTH4YHe MOJEJTIOBAHHSA . CUCTEeMHMH IMiaXin

7.1. Cucrema, ckilagHa CHCTEMa, OCHOBHI BJIACTUBOCTI 1 JKUTTEBUH ITUKII
cucteM. OCHOBHI KaTeropii CUCTEMHOTO TIIXO0y B 3aJa4ax MOJCIIOBAHHS CKIAIHUX
CUCTEM.

7.2. ®i3pyHe Ta MaTeMaTUYHE MOJENIOBaHHA. JleTepMiHOBaHI, €BPUCTUYHI,
IMITallliHI Ta UMOBIpHICHI MoAei. BHyTpiliH1 Ta 30BHIIIHI 30ypeHHS.

7.3. MarematuuHi Mojedl JAWMHAMIYHHUX TPOIECIB 13  30CepeIHKECHUMU
napameTpamu. [[uckpeTHi Ta HenepepBHi Npouecu. AJEKBaTHICTb MOJENEH.

7.4. MarematnuHi  MOJedl JAWHAMIYHMX TPOMECIiB 3  PO3MOAUICHUMH
napameTpamu. KopekTHICTh Moienei.

7.5. Metoau inenTudikariii mapaMeTpiB MAaTEMaTUIHUX MOJIEIIEH.

8. MaTeMaTH4He MO/IeJIIOBAHHS . MPUKJIAIHI aCTIeKTH

8.1. IlocmimoBHICTH eTamiB MMOOYJAOBHM MaTeMaTH4HOI Mojenl. [loHATTs
KOPEKTHOCTI 3a7adi Ta Mojeni, (akrtopu, IO BIUIMBAIOTH Ha BUOIp METOIY
po3B’sa3aHHs 3a1ayi. [lepeBipka ageKBaTHOCTI MOJIEIII.

8.2. Ilpocra minifiHa perpecid. OLiHKAa TOYHOCTI Mojedi. MeToa HaWMEHIINX
kBajpariB. bararoBumipHa miHiliHa perpecis. [loGymoBa mpornosis. IlepexpecHa
nepeipka. OIlliHKa B3a€MO3AJICKHOCTI BUITAJIKOBUX BEJIMYMH. PiBeHb 3HAYUMOCTI
JHIMHOTO B3a€EMO3B’S3KY.

8.3. Marematuuni Mojemi po3B’S3aHHA 3a4ad JIHIHHOTO MPOrpaMyBaHHS.
3amaul ontumizauii Moeneil. Meroau onTuMizaiii Nepmoro nopsaKy (rpail€eHTHANR
METO/I, METOJl HANIIBUAIIOrO CIYCKY, METOJl CHPSKEHHUX TIpajaieHTiB). Mertonu
ONTUMI3aIlli BUIIIOTO MOPSJIKY.

8.4. T'enepaiis BUMAAKOBUX YHCEI 3 PIBHOIMOBIPHHM PO3MOJILIOM,
MOJICTIOBaHHSI BHUITAJIKOBUX TMOJIA 1 BeawmuumH. Meron Monrte-Kapno Ta #oro
3aCTOCYBaHHS.

8.5. Mepexi Iletpi, rpadiune Ta aHamiTHUHE 300pakKeHHS, OCHOBHI 3a7a4i Ta
XapaKTEPUCTHUKHU.
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8.6. Mogemi nHa rpadax. Ilomyk miniManbHOro nuisixy Ha rpagi. [lomyk B
HIMPUHY, MOMYK B rIuOuHy. AnroputMm Jlelikctpu, Anroputm dnoiiga. AIroputrMu
MOIITYKY MaKCHUMaJIbHOTO MOTOKY (Popa it dankepcoHa).

9. Metoau Ta aaroputMu Kpunrorpadgii Ta KpunroaHasisy

9.1. OcHOBHiI MOHATTA KPUNTOJIOTii. 3a7a9i, HAIPSIMKH Ta METOJIU 3aXUCTY
iHpopmanii. Kpunrorpadiuamii 3axuct iHpopmailii, OCHOBHI TEpMiHU Ta O3HAUYEHHSI.
Mopneni Kepen BIIKPUTOTO TEKCTy, €HTPOINS Ha CHUMBOJ JpKepelia. 3arajibHa
kiacudikailisg KIaCHYHUX 1 CydacHHUX udpiB.

9.2. CumerpuuHa kpunrorpadisi: KJIacu4Hi cxeMu 1HGPYBaAHHS.
Busnauennss mmdpy migcTaHoBKH (3amiHM), MOHOan(aBiTHI Ta MmojiangasiTHI
niacTaHoBKU. BusHauenns mmdpy nepectaHoBku. Knacuuni mmdpu: [lesaps,
ad1HHO1 3aMiHu, X1Ia, mudp 3arajibHOl MPOCTOI MiACTaHOBKHU, BixkeHepa, TabnuuH1
nepecTaHoBkH, rpatu Kapmano ta inmi. YactorHuii kpuntoananiz mudpi Llezaps,
ad1HHOI MCTaHOBKHU Ta BixkeHepa.

9.3. Teopisn cexpernnx cucrem Illennona. Iepapxis TumiB arak Ha
KpUNITOCUCTEMY. TeopeTHyHa Ta MpakTU4YHA CTiHWKicTh. ExTpomis. Il{imkoMm TaemHi
kpunrocuctemu. ['panuns [llennona. HeHnaniliHicTh Kitoya Ta BIJKPUTOTO TEKCTY
Bincranp ogHo3HauHOCTI. [IpuaIunu [1lenHoHa MOOYA0BH CTIMKUX MH]PIB.

9.4. CucremMu 0/10k0BOr0 Ta NMOTOKOBOro mudpyBanus. Cxema Deiicrens.
Craamaptun OmokoBoro mmdpyBandas DES, JCTY T'OCT 28147:2009, AES.
Perictpu 3cyBy 3 NiHIMHAM 3BOPOTHHM 3B’ s13k0M. CTIOCOOM BBEICHHS HEMHINHOCTI Y
CXeMH TOTOKOBOTO IH(pPYyBaHHS Ha pETicTpax 3CyBYy 3 JIHIHHUM 3BOPOTHUM
3B’SI3KOM.

9.5. AcumerpuuHa kpunrtorpadisi Ta Ba:xxkoo00poTHi ¢ynkuii. [Ipodremu
cumerpuuHoi kpunrtorpadii 70-x pokiB XX cromTTS. 3arajbHi O3HAYEHHS
BaKKOOOOPOTHOI (PyHKIIIT, BaxKOOOOPOTHOT (hyHKIIIT 31 cekpeToM. BaxxkooOopoTHi
bynkuii  ipdi-Xemnmana, RSA, Pa6ina. OuiHku CKJIagHOCTI OOYHUCICHHS Ta
oOepHeHHs (yHKIIM. Cxema BIAKpUTOro po3noaiuty kitouiB Jdiddi-Xemimana.

9.6. AcumeTrpuuHi  cucremu  mMppyBaHHs.  3arajibHa  KOHIICTIIIS
ACUMETPUYHUX KPUNTOCUCTEM IMH(PPYBaHHS 3 BIIAKpUTUMH Kitouyamu. CucreMu
mdpyBanHs Mecci-Omypu, Enp-I'amansg, RSA, Pa0ina. [ToOygoBa acumeTpuyHuX
U POCUCTEM, aAITOPUTMU 3alIU(PyBaHHS Ta pO3MIU(PPYBaHHS.

9.7. I'emi-gyukuii. O3HaueHHs Ta KpunTorpadiuHi BIACTUBOCTI TenI-(PyHKIIIH.
3aranpHl cxemu noOynoBu. Komizii rem-@yHkuii. OmiHku KMOBIPHOCTEN KOJII31H Ta
TPYJAOMICTKOCTI iX NOOY/10BU. 3aCTOCYBaHHS ret-(yHKIIIHN.

9.8. llmpposwuii mignuc. 3agadi mrppPOBOro MmANMUCY. 3araabHa KOHIICTINS Ta
cxema MU(PPOBOrO TMIAMUCY 3 Tem-(QYyHKIIED B aCUMETPUYHOI Kpurrorpadii.
[Mudposuit mianuc y cxemi RSA 3 BukopuctanHaM remi-QyHKIN, UGpoBl MiAnMucu
Enp-I"amans, Pa6ina. Crinuit mianuc. ATaky Ha TUPPOBUI TIHC.

9.9. Kpunrorpadgiuni nporokoau. IlpoTokonn po3momiiay  CEKpeTiB,
JOBEZICHHST 0€3 PO3TOJIONICHHS, CXeMH Tpe sIBJICHHS BUIAIKOBUX OITIB, MPOTOKOJIU
CJIEKTPOHHOT TOTiBKH. Kpunrorpadiuni ajroputMu aBTEHTU(IKAIli: TapojbHa
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aBTEHTH(]IKaIlis, aBTeHTU(DIKAI[IS 3 BUKOPUCTAHHIM CUMETPUYHHUX Ta aCUMETPUUHHUX
KPUIITOCUCTEM.

9.10. Hini Ta migxoam y kpunToaHajidi. 3agaui 3axucrty iHdopmMmarii Ta
kpuntoaHamizy. Krnacudikaris arak Ha KpunTtorpadiuHi CHUCTEMH 3aXHUCTy
iHdopMmarii. [Tigxoau 10 BU3HAYEHHS CTIHKOCTI Ta 10 KPUNTOAHATI3Y KPUITOCUCTEM:
TeOpeTUKo-iHpopMaIliiuuii, 0a€CiBCbKUN, CHUCTEMHUN, CEMaHTUYHUN  IMJAXI,
JIOKa30Ba CTIMKICTh Ta 1HIN. 3arajibHI METOAU KPHUIITOAHATI3y CHMETPUYHHX 1
ACUMETPUYHUX KPUTITOCHCTEM.
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III. HABYHAJIBHO-METOJIWYHI MATEPIAJIN

JlitepaTypa no po3aiay 1

1. TemuikoBa O.JI. JIuckperna marematuka: Koncrekr nexmin (Yactuna 1)
[Enextponnuii pecypc]: HaBd. mocib. s cryd. cnerianbHocTi 113 «Ilpukitanna
MaTeMaTuhKa», OCBITHbOI mporpamu «Hayka mnpo mani Ta MaremaTuydHe
monemtoBanus» / O.JI. TemnikoBa ; KIII im. Irops Cikopcekoro. — EnexktponHi
tekcTtoBi mani (1 ¢aiin: 2,97 M6aiit). — Kuis : KIII im. Irops Cikopcekoro, 2021. —
154 c.

2. TemmnikoBa O.JI. luckperna matematuka: Koncrekr nekmii (Hactuna 2)
[EnexTpoHHMii pecypc]: HaBu. moci0. mist crya. coerianbHocTi 113 «lIpuknagna
MaTeMaThKa», OCBITHbOI mporpamu «Hayka mpo mani Ta MaremMaTH4HE
mozemtoBanHs» KIII im. Irops Cikopcbkoro. — Enextponni TekcroBi gani (1 ¢aiin:
1,84 Moaiit). — Kuis : KIII im. Irops Cikopcbkoro, 2019. — 128 c.

3. bapmauos FO.M., CokonoBa H.A., XomakoB B.€. /luckpeTHa MaTeMaTuKa.
— K.: Buma mkoima. 2002. — 287 c.

4. Hikonscbkuit FO.B., TIlaciunuk B.B., lepbuna KO.M. JluckperHa
marematuka. — K.: Bunasauua rpyna BHV. 2007. — 368 c.

5. TewmnikoBa O.JI. JluckpeTHa MaTemMaTHKa: MNPAKTUKYM 3 JUCIUIUTIHU
«/IuckperHa wmaremaTtuka» Uil CTyIeHTIB cnemiainbHocTi 113 «lIpuknanna
marematuka» [Enexktponne Bupanus| — K. : KIII im. Irops Cikopebkoro, 2018. —
88 c.

6. TemuikoBa O.JI. Marematnuna norika. I[Ipaktukym [Enextponnuit
pecypc]: HaBd. moci6. mis cryna. crnemianbHOCTI 113 «[Ipukiamna maremaTukay,
OCBITHBOI mporpamu «Hayka mpo naHi Ta matematuuyHe MmozemtoBaHHs»; KIII im.
Irops Cikopebkoro. — Enexkrponni TekctoBi  nmani (1 daiin: 1,37 M6aiit). — Kuis :
KIII im. Iropst Cikopebkoro, 2020. — 76 c.

7. TemuikoBa O.JI. MarematuyHa jorika Ta Teopis anroputmib: KoHcrekr
nekmii  [EmekTpoHHmMit pecypc]: HaB4. 1ociO. s CTyA. cmerianbHocTi 113
«IIpukiamna MateMaTukay, OCBITHbOI nporpamu «Hayka mpo naHi Ta MateMaTudHe
moxaemoBanHs» / O.J.TemuikoBa ; KIII im. Irops Cikopcbkoro. — EnextponHi
tekctoBi nani (1 gaitn: 3,60 Mo6aiit). — Kuis : KIII im. Irops Cikopcrskoro, 2021. —
177 c.

8. TemnixoBa O.JI. Teopis anroput™miB. Anroputmiuni cxemu. [IpakTukym
[Enextponnuii pecypc]: HaBd. mocid. mis ctyd. cneuiansHocTi 113 «llpuknagna
MaTeMaThKa», OCBITHBbOI mporpamu «Hayka mpo mami Ta MareMaTHdHE
mozaemoBanHs» / O.JL.TemuikoBa ; KIII im. Irops Cikopcbkoro. — EnextponHi
tekcToBi nai (1 ¢aitn: 1,54 Moaiit). — Kuis : KIII im. Irops Cikopcekoro, 2022. —
43 c.

9. Hixkonscekuit }0.B., Ilaciunuk B.B., lllepouna FO.M. Cucremu mTy4qHOro
iHTenekty : HaBuanpHuit mocionuk. 3a pen. B.B.Ilaciunuka. — 2-re BuI., BUMp. Ta
no1r. - JIeBiB : Marnomis -2006, 2013.
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JlitrepaTtypa 10 po3ainay 2

1. B.B. Tperunnuk, H.JI. JlroGamenko. Meroau oOuuciaeHb, 4yacTuHa 1.
UucenpHi Meromau anreOpu : HaBuainbHMi mociOHuk — Kwui, KIII im. Irops
Cikopcekoro, 2019.

2. M.A. HoBorapchkuii. AJITOPUTMH Ta METOIU OOYMCIcHb [EnexkTpoHHUI
pecypc]. — KIII im. Irops Cikopcekoro, 2019. — PexuMm JI0CTyImy:
https://ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy ta_metody obchislenn.p
df

3. Komm’toTepHe MoJeniOBaHHS CHUCTEM Ta MpoleciB. MeToau oO4YHCIIEHb.
['n.5, Merogu po3B’s3aHHS  audepeHIllaIbHUX  PIBHAHb B YaCTUHHHUX
noximaux./Keetanit P.H. Tta 1iH. Enexkrponnuii pecypc. - Pexum pgocrymy:
https://web.posibnyky.vntu.edu.ua/fksa/2kvetnyj komp%27yuterne_modelyuvannya
_system_procesiv/tl/5.htm

4, B.M. Jlsmenko, O.M. Kpusonoc, T.A. Bakamtok. Mertoau oO4YHCIICHB :
HAaBYAJIbHO-METOJUYHUNA  TMOCIOHMK  JUIsl  CTYJAEHTIB  (PI3MKO-MaTeMaTHYHOTO
dakynbTery [Enexkrponnuii pecypc]. — Kutomup, Bua-so KAV im. I. dpanka, 2014.
— Pexxum ngoctyny: http://eprints.zu.edu.ua/18543/1/metody obchyslen.pdf

5. James F. Epperson. An introduction to numerical methods and analysis /
Mathematical Reviews. — Second edition, 2013.

Jliteparypa no po3ainy 3

10. 'megenxko b.B. Kypc Tteopii #mosiprocTeir. — K.: BIIL KuiBchkmii
yHiBepcuteT, 2010. — 464 c.

11. Typuun B.H. Teopis iimoBipHOCTEl 1 MaTeMaTU4Ha cTaTUCTHKA. OCHOBHI
MOHSATTS, MPUKIaaU, 3aaa4l: [TiIpydyHUK AJ1s1 CTYICHTIB BUIITUX HABYAJILHUX 3aKJIAJlIB.
— Huinponierposewk: IMA-tipec, 2014. - 556 c.

12. Oripko O. 1., T'amaiixo H. B. Teopis imoBipHOCTEH Ta MareMaTHYHA
CTaTUCTUKA: HaBdYaIbHUH nociOHuK. —JIbBiB: JIbBJIYBC, 2017. — 292 c.

13. Typuun B.H. Teopis itmoBipHOCTEl: OCHOBHI MOHSTTS, IPUKIIAAH, 33a4i:
Hagu. moci6. — K.: Bumasaunrso A.C.K., 2004. — 208 c.

14. Ckopoxoxn A.B. Jlekuii 3 Teopii BunmaakoBux npouecis: Hapu. [lociOHuk. —
K.: JIn6ige, 1990. - 168 c.

15. HoBunipkuii [.B. Bunaakosi mnporecu. HaBuanphuit mocionuk / [.B.
Hosunpkuii, C.A. Yc. — JI.: HanionansHuii ripuuuuii yHiepcutet, 2011. — 125 c.

16. Toporosies A.f., Cimsectpo J.C., Cxopoxon A.B., Snpenxo M.I.
Teopis imoBipHOCTEH. 301pHUK 3aaa4. — K.: Buma mkona, 1976. — 384 c.


https://ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy_ta_metody_obchislenn.pdf
https://ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy_ta_metody_obchislenn.pdf

13

Jlirepatypa no po3uiny 4

1. Kanitonosa FO.B., Kpusuii C.JI., JletnueBcbkuii O.A. 1 iH. OCHOBH
JTUCKpeTHOI MmaTemaTuku. - KuiB: HaykoBa nqymka, 2002.-580c.

2. basunesnu JI.E. JluckperHa MareMaTvka y TMpUKIANax 1 3ajJayax:
nigpyunuk. — JIpBiB: Bumasenp [LE. Umwxkukos, 2013 — 488 c.

3. Riordan J. An Introduction to Combinatorial Analysis. — New York:
John Wiley & Sons, Ins. London.Chapman & Hall, Limited, 1958.

4, Reincold E., Nievergelt J., Deo N. Combinatorial Algorithms. Theory
and Practice. — New Jersey: Prentice-Hall, Inc., Englewood Cliffs, 1977.

d. Huckpernuii anamiz. Kypc nexmiii st CTyIEHTIB CIEHiallbHOCTEH,
NOB’s13aHUX 3 1HGOPMAIIHHUMU TEXHOJIOTISIMU Ta 3axucToM iHpopmMarii. Yactuna 1.
Muoxxunu Ta BigHomenns. Ykinagad Mopoxosers M. K. — K.: HTYVY «KIII», 2006. —
68 c.

6. HMuckpetnuit anami3. Kypc mnekmid misi CTYAEHTIB CIemialbHOCTEH,
MOB’sI3aHUX 3 THHOPMAIIHHUMHU TEXHOJIOTIAMH Ta 3aXUCTOM iH(popMarii. Yactuna 4.
Enementn 3aranbHoi anreopu. Ykimamau Mopoxopenb MK, — K.: HTVYY «KIIl»,
2015. - 8lc.

7. bopomin O.I. Teopis uucen. - K.: BugaBHunrBo «PansHchka mikosay,
1960. — 244 c.

8. 3amamceka JI.O. CrhemianbHi po3AinM MaTeMaTuku. EneMeHTH Teopil
ckinuennux nomiB. — K.: ITomitexnika, 2006. — 54c.

9. KoBampuyk JI. B., Spemuyk HO. €. Ilpuxmamna anre6pa. Yactmra 1.
OcHoBu abctpakTHOi anreOpu. — Binnuusa: BHTY, 2015. - 98 c.

10. Kosanpuyk JI. B., AApemuyk 0. €. [Ipuknanna anredpa. Yactuna 2. Teopis
yrcen. — Binaumg: BHTY, 2017. — 129 c.

Jliteparypa no po3airy 5

1. Burkov, A. (2019) The Hundred-Page Machine Learning Book
(https://themlbook.com/).

2. James, G.M., Witten, D.M., Hastie, T.J., & Tibshirani, R. (2021). An
Introduction  to  Statistical Learning.  Springer  Texts in  Statistics
(https://hastie.su.domains/ISLR2/ISLRv2_website.pdf).

3. Kononona K. 0. MamunHe HaBuaHHs: MeTOau Ta Mojeni. — XapkiB: XHY
IMeH1 B. H. Kapasina, 2020. — 301 C.
(https://github.com/katerynakononova/ML/blob/master/ML.pdf)

4. IuTenexTyallbHMI aHami3 JaHUX Ta MamiMHHe HaByaHHA. Y. 1 : basosi

METO/IM Ta 3aco0u aHamizy nanux / S1. B. IBanuyk Ta 1H. / BiHHMII. HAIl. TeXH. YH-T. -
Binnnng : BHTY, 2021. - 68 c.
(http://pdf.lib.vntu.edu.ua/books/2022/Ivanchuk _P1 2021 69.pdf).



https://github.com/katerynakononova/ML/blob/master/ML.pdf
http://pdf.lib.vntu.edu.ua/
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Jlirepatypa no po3ainy 6

1. Tomameschkuii B.M. MogemoBanus cucrem. — K.: BumaBHuua rpyna
BHV, 2005. — 352 c.

2. 3amtuenko FO.I1. Teopis npuitHATTA pimieHb: miapydyHuk. — HTYY «KIIDy,
2014. - 412 c.

3. O. ®. Bonomwmn Mojeni Ta METOAM NPUUHATTA pimieHb [EnekTpoHHUI
pecypc]: HaB4. noci0. a1 ctyA. Buml. HaBd. 3aki. / O. @. Bonomun, C. O. Marenko.
— 3-€ BU., nepepo0. — K.: «Bugasuunreo Jlrogmummay, 2018. — 292 c.

4. Bepec O. M. Texnonorii MIATPUMKH TPOLECIB MNPUNAHATTS PIILIEHB :
niapyunuk / O.M. Bepec, A.B. Karpenko, B.B. [laciuyauk; MiHicTepcTBO OCBITH 1
HaykH Ykpainu. — JIsBiB :"Hoswuit CBiT-2000",2021. — 567 cTOpiHOK.

5. Bucompka B. A. Meroau ta 3aco0u (pyHKIIOHYBaHHS CHCTEM IiITPUMKH
NPUHAHATTS PillieHb Ha OCHOBI OHTOJIOTH :MoHOTpadis / B.A. Bucoreka, JI.I'. JocuH,
X.I. Muxkiu, L.I. 3aBymak, 3.JI. Pubuakx; MiHicTepCTBO OCBITHM 1 Hayku YKpaiHw,
Hamionanpauit  yHiBepcuteT "JIbBiBCcbka mnogiTexHika". — JIbBiB :BuaaBHUIITBO
"Hoswuit CBiT-2000", 2021. — 334 cTOpiHKH.

6. I'puropkie B. C. Moneni npudHATTS pillleHb B €KOHOMIIll :HaBYAJIbHUN
nocionuk / B.C. I'puropkis, M.B. I'puropkis; MiHiCTEepCTBO OCBITH 1 HAYKH YKpaiHH,
UepHiBenpkuil HarioHanbHUl yHiBepcuTeT iMeHi Opis denpkoBuya. — YepHiBIn
:UepHiBeupkuii HamioHanbHHUA yHiBepcuteT imeHi Opis denproBuya,2021. — 255
CTOPIHOK.

7. Karpenko A. B. IlpuitHaTTs pineHb: Teopis Ta MpaKTHKA : MIAPYIHHK /
A.B. Karpenko, B.B. Ilaciuamk; 3a HaykoBow penakmicro B.B. Ilaciunuka,
MinictepcTBo ocBitu 1 Hayku. — JIbBiB : "Hoswuit CBiT-2000",2021. — 446 cTOpiHOK.

8. Kys3pmin O. €. Cucremuuii aHami3z 1 NpUAHATTS 1HHOBALIMHUX PIillIEHB
:HaByanpHUK TmociOHuk / O.€. Kysemin, O.0O. Xosranempka, H.O. 3asmup ;
MiHicTepcTBO OCBITH 1 Hayku YKpainu. — JIbBiB :BungaBuunreo "Houit CiT-2000",
2021. — 226 cTOpiHOK.

9. 3ryposcekuii, M. 3. Combinatorial Optimization Problems in Planning and
Decision Making :Theory and Applications / Mikhail Z. Zgurovsky, Alexander A.
Pavlov. — Cham, Switzerland :Springer,2019. — 471 ctopiHka.

10. B.€. Crpinenr Metoau MalIMHHOTO HAaBYAHHS Y 3ajJadyax CHUCTEMHOIO
aHami3dy 1 NpudHATTA pimieHb: MoHorpadis/ B.€. Crpineus, C.I. IIImatos, M.JIL.
VYrpromoB, €.C. Mensiinos [Ta 2 iHmUX]; MiHICTEPCTBO OCBITH 1 HAyKW YKpaiHU,
XapkiBcbkuil HarioHanbHHI yHiBepcuteT imMeHl B.H. Kapaszina. — Xapkis: XHY
imen1 B.H. Kapasina, 2020. — 159 cropiHOK.

11. ML.II. bytko Teopis NpUAHATTS pillieHb: TIAPYYHUK JJIS CTYACHTIB BUILIHMX
HaB4yabHUX 3akianiB / M.II. Bytko [Ta iH.]; 3a 3arampHorO peaakiiero M.I1. ByTka;
MiunictepcTBO  OCBITU 1 Hayku YKpainu; UYepHITIBCbKUN  HAI[lOHAJIbHHMA
TEeXHOJIOT1YHUH yHIBepcuTeT. — KuiB: LlenTp yuboBoi miteparypu, 2018. — 356 c.

12. Hectepenko O.B. [HTenekTyanbH1 CUCTEMHU MIATPUMKH MPUUHSTTS PIlICHb:
HapuasbHUH nocioHuk / Hecrepenko O.B., Capenkor O.1., ®anoscekuit O.0.; Kuis,
HarionanpHa akangemis ynpasmiaas, 2016, - 188 cropinkwu.


http://mss.unicyb.kiev.ua/manuals/%D0%9C%D0%9C%D0%9F%D0%A0_%D0%92%D0%BE%D0%BB%D0%BE%D1%88%D0%B8%D0%BD_%D0%9C%D0%B0%D1%89%D0%B5%D0%BD%D0%BA%D0%BE.pdf
https://www.researchgate.net/publication/345100769_METODI_MASINNOGO_NAVCANNA_U_ZADACAH_SISTEMNOGO_ANALIZU_I_PRIJNATTA_RISEN
https://www.researchgate.net/publication/345100769_METODI_MASINNOGO_NAVCANNA_U_ZADACAH_SISTEMNOGO_ANALIZU_I_PRIJNATTA_RISEN
https://dut.edu.ua/uploads/l_101_88535923.pdf
https://dut.edu.ua/uploads/l_101_88535923.pdf
https://www.nam.kiev.ua/files/publications/978-966-8406-94-2-pos.pdf
https://www.nam.kiev.ua/files/publications/978-966-8406-94-2-pos.pdf
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13. Marchau, V. A., Walker, W. E., Bloemen, P. J., & Popper, S. W. (2019).
Decision making under deep uncertainty: from theory to practice (405 p.). Springer
Nature.

JlitepaTypa 10 po3aijaiB 7 Ta 8

14. MaremaTtuuHe MOJICTIOBAaHHS CUCTEM 1 mpo1ieciB [ EnexTpoHHuit pecypc]
: KOHCIIEKT JEKIN Ui CTyAEHTIB cremianbHocTi 153 «Mikpo- Ta HaHOCHCTEMHA
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IV. PEUTUHI OBA CUCTEMA OIIHIOBAHHS BCTYITHOT'O ICIIUTY

1. IloyaTkoBHI pPEUTHMHT BCTYNMHHKA 3a €k3aMeH po3paxoByeTbes 3a 100-
OanpHOIO IKajow. [IpyM BU3HAYCHHI 3arallbHOTO PEHTHHTY BCTYIHHKA MOYATKOBUH
pPEeUTHHT 3a €K3aMEH IepepaxoByeTbcsi y OIIHKY 3a 200-0anpHOI0 IIKalo 3a
BIJIMOBITHOIO TAOIUIIEIO TIEpepaxyHKY (1. 4 IIbOTO PO3ILITY).

2. Ex3amMeHariiiHuii O1€T BCTYNMHOTO €K3aMEHy CKIAJa€TbCs 3 2 4YacTUH —
TECTOBOI YAaCTUHM Ta YCHOI BIAMOBINI Ha BIIKPUTE 3aBAaHHA. Y BUNAJAKY
JUCTAHLIMHOT (OpMU TPOBENEHHS BCTYNMHE BUNPOOYBaHHS MPOBOAUTHCS Ha
wiatopmi JucTaHIiitHOro HaBYaHH « CIKOPCHKUID.

Ex3amenariinuii 611eT CKIaga€eThes 3 TAKUX PO3ILTIB:
a) IICTh TECTOBUX MUTaHb 3 TeM 1, 2 Ta 3;

0) BapiaTUBHUI OJIOK: MO YOTHPU TECTOBMX NHUTaHHS 3 TeM 4, 5 Ta 6;
BCTYITHHKY HEOOX1THO BIITIOBICTH HA MUTaHHS JIUIIIE OJHOTO OJIOKY Ha CBili BUOIp;

B) BIIKpUTE 3aBJIaHHSA: BCTYIMHUKY HAJa€TbCsl Ha BHOIp IO OJHOMY
TEOPETUYHOMY TTUTAHHIO 3 TeM 7, 8§ Ta 9; BCTYMHUKY HEOOX1HO BIJMOBICTH Ha OJIHE
MIMTAHHS Ha CBiK BUOIP.

KoxHe TecToBe muTaHHsA OLIHIOETbCS B 4 Oanmu. TecToBI NMUTaHHS MOXYTh
OyTHU SIK 3 BapiaHTaMH BIJIIOBI1/I1, TaK 1 3 BIAKPUTUMHU BIJMIOBIISIMHU.

Binkpute 3aBnaHHs OLiHIOETHCSA y 60 OamiB 3a TAKUMH KPUTEPISIMU:
— TOBHA BiANOBiAb, HE MeHIIe 90% noTpibHoi iHbopMartii — 55-60 Gais;

— JIOCTaTHbO TIOBHA BIJINOBiAb, HE MeHIEe 75% mnoTpiOHOI 1H(opMaril
(momyctumi okpemi HeTouHoCTi) — 45-54 Ganis;

— HENoBHa BiAMNOBIAL, He MeHmie 60% mnoTpiOHOT 1H(oOpMarii (BIAMOBIIL
MICTHTh TIEBH1 HEOJIKHN) — 36-44 Ganu;

— BIMIOBIb HE BIAMOBiAa€ yMOBaM J0 «3a10B1IbHO» — 0 OaiB.

3. Cyma 6auiB 3a BIJTIOBI/I HAa eKk3aMeH1 niepeBoauThes 10 200-0anbHOT 1IKamu
3T1HO 3 TaOJIULEIO:



Tab6muus signosianocti oinok PCO (60...100 6anis)

ouinkam 200-6ansHol mxamu (100...200 0anis)

wKana WwKana LWKana WwKana WwKana WKana WKana LWKana
PCO | 100...200 PCO | 100...200 PCO | 100...200 PCO | 100...200

60 100 70 140 80 160 90 180
61 105 71 142 81 162 a1 182
62 110 72 144 82 164 92 184
63 115 73 146 83 166 93 186
64 120 74 148 84 168 94 188
65 125 75 150 85 170 95 190
66 128 76 152 86 172 96 192
67 131 77 154 87 174 97 194
68 134 78 156 88 176 98 196
69 137 79 158 89 178 99 198

100 200

18
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V. IPUKJAJL EK3AMEHAIIMHOTI'O 3AB/IAHHSA
®opma Ne H-5.05

HauionajabHuil TeXHIYHU YHiBEepCUTET YKpPaiHH
«KuiBcbkniil mostitexHiynui iHcTuTyT iMeHi Iropst Cikopcbkoro»

(1oBHE HalfMEHYBaHHS BUILOI0 HABYAJILHOTO 3aKJIaly)

OcBiTHiii cTymiHB doxmop ¢hinocoii

CreniaabHICTb F1 «IIpuknagHa MaTeMaTHKa
(Ha3Ba)

Haguanbna

) Bemynuuu icnum
JTUCIUIUTIHA

EK3AMEHAINIHWAM BUIET Ne 1
1. Tecmosa uacmuna (0606’1a3x06a)

IMutanns 1. SIki B1acTUBOCTI Ma€e OiHapHE BITHOMICHHS XpY <> Y = |X|, 0 BU3HAYCHO Ha
MHOHWHI JIUCHUX duceir?
Bapianmu 6ionosioi:
A. AHTHCUMETpPUYHE, TPAH3UTUBHE.
b. CumeTrpuune, TpaH3UTUBHE.
B. PednekcuBHe, TpaH3UTUBHE.
I'. PednekcuBHe.
J1. ExBiBaneHTHE.

Murannsa 2. [ToOynyBatu Tabmuio ictmHHOCTI Uit Bupasy VY(P(y) — IxQ(X)) Ha
o0JacTi iHTepIpeTalii 3 ABOX €JIEMEHTIB {a, b}.

Iutanns 3. Po3risiHeMo MaTpuuHy Fr€OMETPUYHY IPOTPECII0
E+A+A*+ A3+ -+ A™+ -
Ske 3 TpbOX HABEACHUX TBEPXKECHb € BIPHUM?

Bapianmu 6ionosioi:
A. JIng 301KHOCTI IIOTO MAaTPUYHOTO PSAY HEOOXITHO 1 IOCTATHBO, 00 yC1 €JIEMEHTH
KBaJpaTHOI MaTpHIli A 3a MoayseM OyJIu MEHIII OJUHUIIL;
b. JInst 301KHOCTI IbOTO MAaTPUYHOTO PsiIy HEOOXITHO 1 JOCTATHBO, 00 yC1 BIIACHI 3HA-
yeHHs MaTpuil A 3a MoayseM Oyu MEHII OJUHUIIL;
B. [ns 301KHOCTI IOTO MATPUYHOTO PsiTy HEOOX1AHO 1 JOCTaTHBO, MO0 yCi €IeMEHTH
MaTpuIl A 1 BCl BIacHI 3HAYCHHS OyJIM 32 MOJyJIEM MEHIII OJMHHUIIL?
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Iutanus 4. fka 13 popMysa YUCEIBHOTO 1HTErPYBAHHS cepel MepesliueHnx 3ade3neuye
HaWO1JIBII TOYHUHN pe3yabTaT?

Bapianmu 6ionosioi:
A. ®opmyna MpSIMOKYTHHKIB
b. ®opmyna Tpamnerii
B. ®opmyna Cimricona

Iutanus S. flke 3 TphOX HaBEJACHUX TBEPIKECHD € BIPHUM?

Bapianmu 6ionosioi:
A. 31 30DKHOCTI TMOCIHIJOBHOCTI BUMAJKOBHX BEJIWYMH 3 HMOBIpHICTIO 1 BHILTHBaE
301KHICTh Y CepeTHbOMY KBaJIpaTUYHOMY;
b. 31 301KHOCTI MOCHIAOBHOCTI BHITAJIKOBUX BEJIWYMH 3 HMOBIPHICTIO | BHUIUIMBaE
301KHICTh 32 HMOBIPHICTIO;
B. 31 30DKHOCTI TOCTIOBHOCTI BUITQJKOBHUX BEJIWYWH 3a WMOBIPHICTIO BHILIMBAE
301KHICTh Y CEPEIHbOMY KBaJIpaTUYHOMY ?

IutanHs 6. 3HaiAITs HMOBIPHICTH MOSBH MPUHANMHI IBOX IIECTIPOK MPH IiIKHIaHHI
12 rpanpHUX KyOUKIB.

Il. Tecmosa uacmuna (éapiamuena)
Bawm neobxiono eionosicmu na numanns auwe 00Ho2o 3 010kie A, b abo B Ha eaw
6ubip. Bionogiodi na inwi 610Ku He 6Y0ymMb 8PAX0BAHI.

OOpanuii 0J10K BignmoBineii: (enucamu nimepy A, b abo B)

BJox A.

Huranusa 7. 3naiitu AUC ROC, saxuio BiAMOBIIHI pe3yJIbTaTH Kiacudikarlii npeacrap-
JIEH1 TAaKOIO TAOJIHILICIO:

S

OIlIHKA KJac
0.2
0.4
0.7
0.4
0.1
0.5
0.4

~No|glswNEk
ol |olkr|r ok

IMurannsa 8. ko y Bac Habip qanux 3anryMieHui, To SKUi BapiaHT HEOOX1HO 00pa-
i B MeToi KNN (K-HaiOonmxaux cyciain)?
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Bapianmu 6ionosioi:
A. 30UIbIINTH 3HAYEHHS K;
b. 3MenmmTy 3HaueHHS K;
B. He 3mintoBatu mapametp K, 60 Taka 3MiHa HisSIK HE BILIMHE Ha 0OpOOKY IIyMy B Jia-
HUX.

IMuranusa 9. Sxi 3HaYeHHST MOXke TpuiiMatu eHTportist [IleHHoHa 1 aHcamOJ1Io0 3 N
€JIEMEHTIB?

Bapianmu 6ionogioi:
A.Bin 0 go 1.
b. Big 0 go log,(n)
B. Bin 0 mo n.
I'. Bix 0 mo 2"

IMuranus 10. Hexait nano takuii HaOip JaHUX:

Axkmo no upoMy HaboOpy AaHUX

X1 X2 X3 y
1 1 1 +1
0 1 0 -1
1 0 1 -1
0 0 1 +1

OynyeTbcs NEepeBO MPUHHSATTSA pillleHb, TO KU 3
BXIJHHUX aTpUOYTIB X, X, UM X3 MOTPIOHO B3STH JJISl PO3IIECTIICHHS B KOPEHI JepeBa’

bJaok b.
Huranns /. g nasoro npo@utto nepesar BUOpaTH MepeMoKIsd 3a OUIBIIICTIO:
35 A—B—C
23 C—B—A
17 B—-C—A
10 A—C—B
8 C—A—B
2 B—A—-C
Bapianmu 6ionosioi:
A. A b. B B. C I. AC . B,C
IMuranus 8. Ha MHOKHHI aJbTCPHATUB X 3aJaHl1 JIBa KpUTEPIi:
fi(x) = =247 —545(x + 515)> i f,(x) = =514 — 254(x + 191)%2. BusHauutu

MHOkUHY [TapeTo. Y BiamoBii BKa3aTu BiAPI30K HA X, 1110 € MHOKKHOIO [TapeTo.

Bapianmu 6ionosioi:
b. Bigpizok [-254, -545].
I'. Bigpizok [-51, -27].

A. Bimpizok [-515, -191].
B. Binpizok [-514, -247].
J1. Bigpizok [-515, -247].
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IMutanusa 9. SIki 3 1aHUX IBIHKOBUX BEKTOPIB JIOMIHYIOThCS BekTOpoMm 01117

Bapianmu 6ionosioi:
A. 1110 b. 0110 B. 1010 r.1111

IMuranua 10. Ha muoxuni A = {1, 2, 3, 4} 3amano BigHomenHs R = {(2, 2), (2, 3) ,
2,4),(3,2),(3,3), (3,4} No6yaysaTtu BigHomenns R "R™

A.{(1,2),(3,2), (2 3), (4 3)}

b.{(2, 2), (3, 2), (2, 3),(3,3)}

B.{(4, 2), (3, 2), (4,3), (3, 3)}

I.{(3, 2), (2,2), (3, 3), (4, 3)}

baok B.
IMutanus 7. SIki 3 HaBeIGHUX JUIIKIB € OOOPOTHUMHU 3a MojiysieM 367
A.3 B. 4 B.5 r.6

Iutanns 8. 3anaua pakTopusailii HATYPATLHOTO YKHCJIA BITHOCUTHCS 10 KIIacy
A. TloninomianbHux 3amay (P)

b. NP-npomixnux 3amau (NP-intermediate, NPI)

B. NP-nouux 3amau (NP-complete, NPC)

I'. Excrionenmiiaux 3ama4a (EXP).

Iutannsa 9. 3HaliAiTE yci reHeparopu ckinuenHoro nois GF(17).

Iurannsa 10. fxi 3 HaBegeHuX OyseBUX QyHKIH € apiHHUMUA?

A f(X,y) =x &Yy
b.f(x,y)=xvy
B.f(x,y)=x®y
LA y)=x—y

|I1. Biokpume 3a60anns
OOGepiTh 1151 BIANOBIAL OJIHE 3 TUTaHb a), 0) a00 B).
OO6pane BaMM MTUTaHHS IOBUHHO OYTH MaKCUMabHO TTIOBHO PO3KPUTE.

a) MaremaTnuHi MOJeNl JIWHAMIYHUX [MPOLECIB 13 30CEPEIKEHUMH MapaMeTpaMH.
JluckpeTH1 Ta HenepepBHI MPOoLeCH. AJIEKBATHICTh MOJICIIEH.

0) Mepexi Ilerpi, rpadiuyHe Ta aHamITHYHE 300pa)KCHHs, OCHOBHI 3ajadi Ta
XapaKTEPUCTUKH.
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B) ACAMETPUYHI CHCTeMHM IIM(PYBaHHS. 3araibHa KOHIIEMLi aCUMETPHYHUX
KPUNTOCHCTEM IMIUGPYBaHHS 3 BIAKPUTUME Kimouamu. CHCTEMH mrppyBanHs Mecci-
Omypu, Enb-I'amans, RSA, PaGina. IToGynosa ACUMETPUYHUX MIUGPPOCUCTEM,
alITOPUTMH 3allM(PYBaHHS T2 PO3MIM(PYBAHHS.

3aTBepakeno:

["apaHT OCBiTHBOI IpOrpamMu ra Amnppiii HIEJIECTOB
/4

" Kuis 2025
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