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I. 3AT'AJIBHI BITIOMOCTI

BerynHuii icnuT Ha HaBYaHHS I 3M00YTTS HAYKOBOTO CTYIICHS JOKTOP
dimocodii 3a cnemianpHicTIO 113 «Ilpukimanna mMaTemMaTHka» MPOBOAUTHCS IS THX
BCTYIIHUKIB, SIKi MAIOTh CTYIIiHb Marictpa'.

OcgitHs nporpama «lIpukinaaHa matemMaTvka» BIANOBIAA€ MICii Ta cTpaTerii
KIII im. Irops CikopchKoro, 3a SIKOIO CTPATETiYHUM MPIOPUTETOM YHIBEPCUTETY €
HaJaHHS  (QyHIAMEHTAJbHOI  OCBITHBO-HAyKOBOi Ta  OCBITHBO-MIPO(dECiiiHOl
miarotoBku  (axisiiB. OcoOJMBOCTI OCBITHBOI MPOTpaMHU BpPaxXxOBaHI MIJIIXOM
00paHHS BIJIMOBIIHUX PO3JIUIIB 1 MUTaHb MPOTpaMH BCTymHOTo icnuTy. [IpoBeneHHs
BCTYITHOTO BUIIPOOYBaHHS MA€ BUSIBUTH PiBEHb MIATOTOBKH BCTYIMHHUKA 3 0OpaHOI IS
BCTYIy CIEL1aJIbHOCTI.

TeopeTnyHi NUTaHHS BCTYNHOTO ICIIUTY MOKHA MOAUIMTH Ha Taki JAEB’SITh
PO3ILIIIB:

1) nuckpeTHa MmaTeMaTHKa, MaTeMAaTHUYHA JIOT1Ka Ta TEOPisl AITOPUTMIB;

2) 4HcelbHI METOM;

3) Teopis KMOBIPHOCTEH, MaTeMaTHYHA CTATUCTHKA Ta BUITAIKOBI IIPOIIECH;

4) MaTeMaTU4HI OCHOBH KPUIITOJIOT1,

5) MalllMHHE HABYaHHS;

6) MozieJTl Ta METOIM IPUUHATTS PIllICHb;

7) MmaTeMaTH4YHE MOJICTIOBAHHS: CUCTEMHMI IT1/IX1]1;

8) MaTremMaTUYHE MOJICIIOBAHHS: MPUKJIA/IH] aCIIEKTH;

9) MeToau Ta anrOpUTMH KpUnTorpadii Ta KpUnToaHami3y.

{1 po3aiau MICTSTh NUTAHHS 3 MPUKIAJHUX Ta TEOPETUYHUX AUCIUILIIH, 110
IIUPOKO 3aCTOCOBYIOTBCA I BHUPIMICHHA 3a7a4 MNPUKIATHOI MaTeMaTHKU Ta
OpIEHTOBaHI Ha creliagbHy npodeciiHy MiArOTOBKY BCTYITHUKA.

3aBaaHHs BCTYITHOTO ICTIUTY CKJIAJIA€THCS 3 ABOX YACTHUH: TECTOBOI YACTUHU Ta
BIJIKDUTOTO MUTAHHSA, K1 00UpaOThCs 3 yCiX po3ainiB. CTpykTypa OuUIeTy Ta cucrema
OI[IHIOBaHHS HaBEJEH1 y po3/iii 4.

Berynuuii icnut 13 crieianbHOCTI TPOBOJUTHCA Y GOPMI YCHOTO €K3aMEHY.

TpuBanicTh MiATOTOBKH BCTYITHUKA JIO BIJMOBII — 2 aKaJieMi4H1 TOJUHH.

VY HacTynmHOMY PO3/UT MPOrpaMH HaBEACHI T1 TEMU 3 3a3HAYCHUX PO3JILIIB, SIKi
CTOCYIOThCSI BUKOHAHHS 3aBJaHb BCTYITHOTO iCITUTY.

[adopmariiss mpo mpaBwiia MpUioOMy Ha HaBYaHHS Ta BUMOTH JO BCTYITHUKIB
ocBiTHBOI mporpamu 113 «IIpuknagna mareMaTuka» HaBeACHO B po3aui «Bctym no
acmipaHTypuw» Ha BeO-cTOpiHLi acmipantypu Ta noktopantypu KIII im. Irops
Cikopcbkoro 3a mocwianasm https://aspirantura.kpi.ua/

! Bionogiono 0o n.2 Po3oiny XV 3axomny Ilpo euwy oceimy euwa oceima 3a 0C8imHb0-
Keanighikayitinum pieHem cneyianicma npupieHIOEMbCS 00 BUWOIL 0C8IMU CIYNEH Mazicmpa.



II. TEMM, 1110 BUHOCSIThCSI HA BCTYIIHUM ICIIUT
1. JlnckpeTHa MaTeMaTHKA, MATEMATHYHA JIOTIKa Ta Teopis aJITOPUTMIB

1.1. MHOXWHY 1 omepallii HaJ HUMH; adreOpa MHOXKHH; TOTYXHICTh MHOXUHH,
KapJuHaIbHI yncia. BimHOIEHHST HA MHOKMHAX; CTIOCOOM MPEACTaBICHHS OlHApHUX
BIIHOIIICHB, OIlepallii HajJ BIIHOIICHHSIMH, BJIACTUBOCTI OIHAPHHUX BiJHOIICHB.
BigHomieHHsT €KBIBaJE€HTHOCTI, BIJHOIICHHS YaCTKOBOI'O MOPSJKY, iX BJIACTHUBOCTI.
OyHKIIOHAJIbHI BIAHOLIEHHS Ta BIIOOPa)KE€HHS, X BIACTUBOCTI.

1.2. OcHoBHi ~ KOMOIHaTOpHI  KOH(irypamii:  BHOIpKH,  pPO3MIIICHHS,
nepecTaHoBkU.  [loTykHOCTI ~ KOMOIHAaTOopHUX  KoH(pirypamii.  biHomiasbHi
koedilienTH, ix BiactuBocTi, OiHOM HpbioroHa. KoOHCTpyKTUBHMI —mepenik
JMCKPETHUX O0'€KTIB.

1.3. Bynesi yHkIii; npeacTaBieHds OyiaeBUX (QYHKIINA TaOJIUIICIO ICTUHHOCTI
Ta (popmyiamu, eneMeHTapHi1 OyJneBi GyHKINT; 3akoHu OyneBoi anredpu. JockoHami
HopmaibHi Gopmu (JJIHD, AKHD, AH®D), noninomu XKerankina. [loBHoTa cucremu
OyneBux ¢yHKIii, kpurepiit [locra.

1.4. I'padu HEopieHTOBaHI Ta OPIEHTOBAHI; CIOCOOM Tpe/CTaBleHHS Tpadis,
MaTpPHIl CYMIXKHOCTI, MaTpPHUIIsl 1HIIMACHTHOCTI; omepailii Haj rpadaMu. 3B’ SI3HICTD
rpadiB. Cnocobu o0xomy BepiiuH rpadis, MOUIYK B IIUPUHY, MOIIYK B IIHMOUHY.
HepeBa Ta ix BiactuBocti. EiinepoBi rpadu, ramiibTOHOBI rpadu, IiaHapHi rpadu,
iX BJIACTHBOCTI.

1.5. Teopist aBTomMaTiB: abOCTpaKTHI aBTOMATH Ta CIIOCOOM iX MPE/ICTABICHHS;
po3mi3HaBayi, aBTomatu Min ta aBToMatu Mypa.

1.6. MarematnyHa Jiorika: (OPMAJIBHO-JIOTIYHI YHUCJIEHHS, CHUHTaKCUC 1
CEMaHTHKa, TEOpisl TOBEACHb, TEOpis MOJENeH; akciomMaTWyHi Teopii, dopmanbHa
Teopis L; popmanbHa apudmeTnka, akcioMaTuuHa Teopisi MHOXKHUH.

1.7. Jlorika BHCJOBIIOBaHb, JIOTIKA MPEIUKATIB 1-ro TOpAnKy (KBaHTOPH,
IHTepIIpeTalis, IpaBujia BUBOY, BUIIEPE/KEHI Ta CKYJEeMIBCbKI HOpMaJibHI (OpMH,
METOJ PE30JTFOLIIM JIJIsl JIOTIKH MIPEIUKATIB).

1.8. Teopis  anroputmis: dopmamizamii  TOHATH  aNTOPUTMY  Ta
OOYHMCITIOBAJILHOCTI; MalMHU  ThIOpIHra; HOPMallbHI  aNropuT™Mud  MapkoBa;
pekypcuBHI (QYHKII Ta PEKypPCUBHI MHOXHHU, TPOOJEeMH aJIrOpPUTMIYHOI
po3B'si3HOCTI, Te3uc Yepua-Ilocta; 'egeneBa mymepariis Tta Teopema ['emens mpo
MOBHOTY; CKJIaIHICTh airOpUTMiB, NP-10BHI poGieMu.

2. YuceanHi MeToaMn

2.1. YucenbH1 METOIU JIHIMHOT alireopu.

2.2. YucenbHe IHTETPYBaHHSI, IHTEPIOJIALIS Ta 3TJIaKyBaHHS.

2.3. YucenbHl MeTOAM PO3B's3yBaHHS AW(eEpeHIiaIbHUX (3BUYAHUX Ta B
YACTUHHMX MOX1JHUX) Ta IHTErPAIBHUX PIBHSHb.

2.4. YucenbH1 METOM PO3B'sI3yBaHHS ONEPATOPHUX PIBHSIHb.

2.5. OnTuMizaliis YuceabHUX METO/IIB.



5

3. Teopiss #HMOBipHOCTEH, MAaTeMAaTHYHA CTATHCTHKA Ta BHIAJAKOBI
npouecu

3.1. 3araqpHe MOHSATTS BMIIAIKOBOI MOAII Ta CTOXACTUYHOTO EKCIEPHUMEHTY,
BUIAJKOBOI BEJIMYMHM Ta BEKTOPa; (PyHKLII pO3MOMLTY; HE3aJNeXHI BHITQJIKOBI
BennunHU. [10CI0BHOCTI BUITAAKOBUX BEJIUYHH: ITOHATTS 301KHOCTI ITOCIITOBHOCTI
BUIIAJIKOBUX BEJIMYWH; HEPIBHICTh YeOuIieBa; 3aK0H BETUKUX YHCEIL.

3.2. Cnabka 301KHICTh BHUIIQJIKOBUX BEJIMYMUH; XapaKTEPUCTUUHI QYHKIIIT
BUIAJIKOBUX BEJIMYMH; CXE€Ma HE3aJeKHUX BHUMNpOOyBaHb bepHyml, rpaHUuHI
teopemu Ilyaccona ta Myaspa-Jlamnaca; neHTpanbHa rpaHMYHA TEOPEMA.

3.3. OCHOBHI MOHSTTSI MaT€MAaTHUYHOI CTATUCTUKU: BUOIpKa, BapialliiHUN psj
Ta eMIIIpUYHa PYHKIIS PO3NOALTY; BUOIPKOBI XapaKTEPUCTUKHU.

3.4. OuiHKM HEBIJOMHUX [apaMeTpiB PO3MOALTY: Kiacu@iKalisi OI[IHOK;
HE3MIIIEH]  OLIHKK 3  MIHIMAJIbHOK  JHCIEPCI€l0;  OIIHKA  HaWOLIBIIOL
MpaBAOMOAIOHOCTI; METOJ] MOMEHTIB; JOBIpYl IHTEpBAIU Ta IHTEPBAJIbHE
OI[IHIOBaHHSI.

3.5. CratucTuyHl TINOTE3W Ta CTAaTUCTHYHI Kputepii. Kpurepii 3roau;
TepeBipKa TioTe3U MPO BUIJIAA PO3MOJLLY, KPUTEPii 2, mapaMeTpu4Hi rinoTesu;
BUOIp 3 ABOX MPOCTUX TinoTe3; Kputepid Heiimana-Ilipcona; kputepiii BiAHOIICHHS
MPaBIONOAIOHOCTI.

3.6. CtatuctuuHe JOCHTIKEHHS 3ajiexxkHocTed. PerpeciiiHuil aHai3, MeTOJ
HaliMeHIIMX KBaapariB. JliHiliHA perpecid. ONIHIOBaHHA MapameTpiB JIHIAHOI
perpecii.

3.7. MaremaTuuHi  Mojeni Teopii BHUMAIAKOBUX MPOIECIB: O3HAUYCHHS
BUMAJKOBUX TMPOIECIB; CKIHYEHHOBUMIpHA (YHKIIS PO3MOJILTY BHIAJAKOBOIO
poliecy; MaTeMaTUYHE CTIOJIIBaHHS, TUCTICPCIs, KOPEJSIiHI (yHKIII].

3.8. HenepepBHicTh, MOXiAHAa Ta IHTErpajll BHUIIAIKOBOTO Tpoiecy. Buam
30DKHOCTI Ta HEMEPEPBHOCTI BUIIAJKOBHUX MPOIIECIB; MAaTEeMaTUYHE CIIOIBaHHS Ta
KopeJisiiiitHa GyHKIIS MOX1AHOI Ta IHTEerpany.

3.9. Bunankosi npouecu MapkoBa, JaHuioru MapkoBa, piBHsHHA YenMeHa-
KonmMoropoBa; opHopiniHuii BumagkoBuii mnporec IlyaccoHa; BiHEpIBCHKHI
BUMAJKOBUIM TIPOIIEC; TayCCIBChbKI MPOIIECH; CTal[ilOHaApHI BHUMAJKOBI MPOIIECH,
CIEKTpajbHa TEOpis; eproJuyHi TEOPEMHU BUIIAIKOBUX MPOILIECIB.

3.10. CnexrtpanpHa Teopis BUITAIKOBHUX IPOLIECIB. CrnekTpalibHi
npencrabienns. Teopema boxnepa. Teopema XinumnHa. CnexkTpaiibHa (YHKIS 1
CreKTpajbHa muIbHICTh. CTallioHapH1 BUMAKOBI MPOLIECH 3 JUCKPETHUM CIIEKTPOM.
CraiioHapHl BHIAJKOBI TIPOLIECH 3 HEMEpPepBHUM CrHeKTpoMm. llepeTBopeHHs
CTal[lOHapHOI'O BUIIJIKOBOTO MPOILIECY.



4. MareMaTH4YHi OCHOBHM KPHUIITOJIOTiI

4.1. TeopeTuko-uncia0oBi OCHOBH KpunroJgorii. Anroputm EBkiiga Ta
posmupenuii anroputM EBkinina. Kinbue numkis 3a moaynem n. Oynkuis Oitnepa Ta
ii obuucnennsa. Teopema Oiinepa, mana Teopema depma. Po3p’sa3yBaHHs JTiHIHHUX
nopiBHsHb. KBaapatuuni sumku. CumBonu Jlexxanapa ta $ko6i, mnpaBuia
oOuucienHs, kputepin Ounmnepa.

4.2. OcHoBHI MOHATTH a0cTpakTHOI ajreOpu. BusHayeHHS HaAMiBrpymu,
MOHoOina, rpynu, abeneBoi rpynu. [lopsaok rpynu, MOPSAOK €JIEeMEHTY TpyIH,
nukIiyHl marpynu. Teopema Jlarpanka. BusHaueHHsT KUIbIld, 1/1€aily KUTbIS, TOJIS.
[Tpuknagy.

4.3. ACMMIITOTHYHA MOBEIHKA (yHKuii. CumBomn Jlannay,
€KBIBaJICHTHICTh (DYHKIIIH, iepapxis (QyHKIIH 3a MBUAKICTIO 3pocTaHHs. Dopmyina
Oiinepa-Makiiopena Ta ii 3aCTOCyBaHHS: aCUMITOTHYHUN PO3KIA JJI TAPMOHIYHUX
yucen ta it gpakropianis (popmyna Cripiinra).

4.4. KomOinaTopui aaropurMmu. AnropuT™Mud copTyBaHHS. ['eHeparris
MEePECTAaHOBKM 3a I1HJEKCOM, 13 MIHIMaJIbHUMHU 3MIHAMHU, Y JEKCUKOTpadiuHOMY
nopsaaky. I'eHeparlis MAMHOXHH Ta IIIMHOXHH 3aaHOl TOTYXXHOCTI. JlaTumkum
BUMAJKOBUX YHCEI Ta BHUIIAJKOBUX IOCHiTOBHOCTEeH. Bmubip BuUmaakoBoi
MePECTaHOBKH, JOBUIHHOT BHUIIQJKOBOI IMJMHOXHHH Ta BHUIAIKOBOI ITIJIMHOXHHHU
3a/1aHO1 MOTY>KHOCTI.

4.5. MaremaTu4Hi MoJe/ai aJropuTMiB Ta iX CKJIagHOCTI. BuszHaueHHs
4acoBOiI Ta EMHICHOI CKJIATHOCTI aJrOPUTMIB, MOJIHOMIAJIBHOI, EKCTIOHEHIIIAJIbHOI Ta
CcyOEeKCIIOHEHI[IaNbHOI CKIaAHOCTI. PO3B’A3yBalibHI Ta BaKKOPO3B’s3yBaJIbHI 3ajadli,
kiacu P ta NP. [lomnomianbHa 3BigHICTh. NP-moBHI 3amaui. [Ipobnema icHyBaHHS
BKKOOOOPOTHHX (DYHKIIIH Y KIIACHYHIN Ta TOCTKBAHTOBIM MOJCISAX 00UHCIICHB.

4.6. byaeBi ¢ynkuii Ta BUnaakoBi mociaigoBHocTi. byneBi dyHkuii Ta
criocobu ix 300paxenHs. Kpunrorpadiuni BaactuBocTi OyneBux QyHkiii. Meroau
re’epailii BUNIaJKOBUX Ta MCEBIOBUIIAIKOBUX MOCIHII0BHOCTEN. CTaTUCTUYHI METOAU
OIIHKK  AKOCTI  OyneBUX  (PyHKIIA, BHUIMAJKOBUX Ta  IICEBIOBHUIIAIKOBUX
IMOCJI1IOBHOCTEM.

5. MamiugHe HABYAHHA

5.1. BuzHauenHss MammHHOTO HaB4aHHs. [lpukiagum 3agady pi3HUX THUIIIB
HaBuyaHHA. ba3zoBa cxema MallMHHOTO HaBYaHHS.

5.2. KimacudikariifHi METpUKW: MaTpHUIld MOMHUJIOK 1 MOMUJIKH IEPIIOTO Ta
JIPYroro pojay, IoJsi TpaBWIbHUX BIAMOBIAECH, TOYHICTH 1 MOBHOTAa, F-Mipw,
koediieHT kopemsuii Metsioca, Precision-Recall xpuBa, ROC-kpuBa («reciever
operating characteristic»), Area under curve (AUC), koedimient [xuni. binapuuii ta
0araToKIacoOBUI BUTIAIKH.

5.3. JlepeBa mpuiinarts pimeds. Entpomis Illennona. Knacudikamis 3
JUCKPETHUMHU Ta HETIEpEPBHUMHU aTpuOyTamu. BuineHHs npaBui.
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5.4. binapui (CART) Tta neGinapui (ID3, CHAID) Bumu nepeB. Kpurtepii
pO3ILEIUIeHHs: TpupicT 1HGoOpMallii, HOpMali3oBaHWN MpHUpICT iH(OpMalii,
HeoHOpiaHICTh JI>kuH1, momuiika kinacudikamii, kputepid Xi-kBaapat. OOpizaHHs
nepeB (pre-pruning, post-pruning). O6po0Oka mpoIyIeHnX 3Ha4eHb, Mapajei3allis.

5.5. Merpuuni Metonu kiacudikamii Ta perpecii. KamiOHi Ta JiHUBI
anropuTMu. ['iMoTe3n KOMIIAKTHOCTI Ta HEMEpPEepBHOCTI. ANroput™m k HalOIMKUMX
cycimis. [1in6ip Baris. Jliarpama Boponoro. [llymoBi xapakrepuctuku. Hopmaizairis
xapakTepucTuk. MeTpuka MIHKOBCBKOTO, KOCMHYCHa Mipa, BiAcTanb Kakkapja,
BiJIcTaHb XeMiHra. TouyH1 Ta HaOJUKEHI METOIU MOITYKY HAaHOIMKINX CYCIIIB.

5.6. Jliniiini Mopem  kjacudikamii  Ta perpecii. MeTton  MiHiMIzaLii
emnipuuHoro pusuky. [lonsrrs Bigctymy. Perpecis 31 wmrpadgom. Pi3Hi Buau
perynsipu3zauii. Cuenapii P-Outbme-N. Jlorictuuna perpecis. Hez6anancoBani kiacu.
PerpeciitHi MeTpuKHu.

5.7. baeciBcbki MeTonu. besymoBHa (ampiopHa) Ta yMOBHa (arocTepiopHa)
nmoBipHicTh. Teopema baeca. Haiauit baeci anroputm. 3riamkyBanns Jlamnaca.

5.8. Knactepuzariisa. Tunu KIacTepHUX aJTOPUTMIB: TIJIACKI AJITOPUTMHU (METOT
K-means) Ta anroputmu iepapXxiuyHoi KJiacTepu3sailii (arioMepaTuBHi Ta pO3/LIsIOU1).
XKopctka kiactepuzaiiss Ta M'aka (HewiTka) kiacrepusanis (meton C-means).
Busnauenns kinmpkocTi kiactepiB. bimspkicTh kimactepiB. Mogeni, 3acHOBaHI Ha
HITBHOCTI.

5.9.Big6ip Ta cunHte3 i1HGOPMATUBHUX XapaKTEPUCTUK a00 3HUIKECHHS
pO3MIpHOCTI: BifOip 1H(OOPMATUBHUX XApPAaKTEPUCTUK, CHUHTE3 1H(HOPMATUBHUX
XapaKTEepPUCTHK, METOAW, BOyAOBaHI B Mojaenb HaBuyaHHSA. (HopmoBana) B3aemHa
iHpopmMmariisi. Meton rojloBHMX KOMIOHEHT (principal component analysis, PCA).
Meron HezanexHux koMnoHeHT (independent component analysis, ICA). JliniiiHnii
nuckpuMiHaHTHHH aHaii3 (linear discriminant analysis, LDA).

5.10. KomOinamii moaeneii. byrcrpen-arperyBanns abo Oerrinr. BumaakoBuii
mic. [Tigcunenns (boosting).

5.11. HaBuanHs 3 niakpiruieHHsIM. ba3zoBa MoJiess HaBYaHHS 3 MiAKPITICHHSIM.
MapxkoBchkuii iporiec. PiBHsiHHs benmnmana. Anroputm Q-HaBuanHs (Q-Learning).

5.12. AcomiaTuBH1 npaBuia. BUSBICHHS €IEMEHTIB, 110 YaCTO 3yCTPIYarOThCS.
BriacTuBiCTh aHTUMOHOTOHHOCTI MIATPUMKU. 3aMKHEHI HA0OpW eleMeHTIB. PiBeHb
noBipu (confidence). Anroput™M A-Priori. AJIroput™M TONyJISpPHUX HAOOPIB
(Frequent-Pattern, FP-Growth). IlinBuienass epekTHBHOCTI OOpPOOKM MOMYJISPHUX
HAOOPiB: METO/T JIOKATHHUX MPEIMETHIUX HAOOPIB, CEMILIIHT.

6. MogeJii Ta MeTOAM NPUITHATTS pillleHb

6.1. baratokputepianbHi pimeHHs. MeTos diHiiHOT 3ropTku. JJoMiHyBaHHS 32
[Tapero.

6.2. Oynxkuii Bubopy (PB). Knacudikamnis ®B. Ymosa [1notra.

6.3. IlonsaTTss R-onTUMAabHOCTI, HAMKPAIIOTO, HAUTIPIIOTO, MAKCUMAJIBHOTO i
MIHIMaJIbHOIO €JIEMEHTIB

6.4. [lonsiTTst edexTuBHOI anbTEepHATHBU. BracTUBOCTI e()EKTUBHUX
aJbTEPHATHUB 1 CIIOCOOU X MOIIYKY
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6.5. Metonu HopMamizalili KpuTepiiB. MeToau BpaxyBaHHS >KOPCTKOTO
npioputety. Metonu BpaxyBaHHS THYYKOTO MIPIOPUTETY.

6.6. Meronu 3BefeHHS OO0 Y3arajlbHEHOro Kputepito (3roptku). Merton
TOJIOBHOT'O KPUTEPit0. MeTo 1 MOCI0BHUX MOCTYTIOK.

6.7. BusnaueHHsa HeuiTkoi MHOXHMHM. Onepaiii HaJ HEUITKUMU MHOXXHHAMHU.
Biacranp Mk HewiTkuMu miaMHOXKMHaMu. CriemiagbHi omepariii HajJ HEYITKUMH
MHOXHHaMH. HediTki BiTHOIIICHHS, iX BIACTUBOCTI Ta Kiacudikarlis.

6.8. dyukuii kopucHocti (PK) B 3amauax BudOpy.

6.9. BigHolleHHS €KBIBAJIEHTHOCTI, 0Aai1y>KOCTI, TepeBaru, JIOMiHyBaHHS.

6.10. Kpurepii Bansaa, CaBimxka, ['ypBina, Xomkeca — JlemaHa.

7. MaTeMaTH4YHE MOJEJIOBAHHSA: CHCTEeMHHH IiaXig

7.1. Cucrema, CKjlIagHa CHCTEMA, OCHOBHI BJIACTHBOCTI 1 >KATTEBUM LUK
cucteM. OCHOBHI KaTeropii CHCTEMHOTO IMAXOAY B 3ajadaX MOJCITIOBAHHS CKJIQTHUX
CUCTEM.

7.2. ®i3uyHe Ta MaTeMaTU4YHE MOJEIoBaHHs. JleTepMiHOBaHI, €BPUCTHUYHI,
IMITalliiH1 Ta UMOBIpHICHI MOJieni. BHyTpimH1 Ta 30BHIIIHI 30ypeHHS.

7.3. MaremaTu4yHi MoOJedl JAUHAMIYHMX TPOLECIB 13  30CEPEHKCHUMH
napameTpamu. J{uckpeTHi Ta HenepepBHi Npouecu. AJEKBaTHICTb MOJENEH.

7.4. MatemaTu4yHi  MOJENl  JWHAMIYHUX TPOILECIB 3  PO3MOJILICHUMH
napameTpamu. KopekTHICTh Moienen.

7.5. Metoau iaeHTHdIKAaIlll TapaMeTPiB MAaTEMAaTUYHUX MOJIEIIEH.

8. MaremaTu4He MO/IEJTIOBAHHS : PUKJIATHI ACTIEKTH

8.1. IlocmigoBHiCTh eTamiB MOOYyAOBHM MareMaTu4yHoi wmojeni. [loHaTTs
KOPEKTHOCT1 3ajayl Ta Mojem, (akTopw, IO BIUIMBAlOTb Ha BHOIp METOIy
pOo3B’s13aHHS 3a1ad4i. [lepeBipka ajieKBaTHOCT1 MOJIEIII.

8.2. Tlpocra minifiHa perpecisd. OmiHKa TOYHOCTI Mozedl. MeTo HatMEeHIINX
kBaapaTiB. bararopumipHa miHiiiHa perpecis. [loOygoBa mporHosiB. IlepexpecHa
nepeBipka. OIiHKa B3a€EMO3AJICKHOCTI BUITAIKOBHX BEIWYWH. PiBEHb 3HAYMMOCTI
JTIHIAHOTO B3aEMO3B’SI3KY.

8.3. Marematuuni Mojeni po3B’si3aHHA 3a7ad JIHIHHOTO MPOTrpamMyBaHHS.
3amaui onTuMi3alii Mojenei. MeToau onTuMi3alii mepuioro NopsAaKy (rpaai€eHTHUN
METOJ, METOJ HAWIMIBHUIIIOTO CIYyCKy, METOJI CHpPsDKCHHX TpamieHTiB). Mertoan
ONTHUMI3allii BUIIIOTO MOPSIIKY.

8.4. T'eHepaiiss BHUIAJAKOBUX YHCEI 3 PIBHOIMOBIPHUM  PO3IOIiIOM,
MOJICJTFOBaHHSI BHUITQJIKOBUX TMOJIA 1 BeauuuH. Mertonq Monre-Kapno Ta ioro
3aCTOCYBaHHS.

8.5. Mepexi Iletpi, rpadgiune Ta aHamITHYHE 300pakeHHs, OCHOBHI 3a/a4l Ta
XapaKTEPUCTHKHU.
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8.6. Moneni Ha rpadax. Ilomyk Mmi"iManpHOrO HUIIXy Ha rpadi. Ilomyk B
MIMPUHY, TOWIYK B ruOuny. AnroputMm Jleikctpu, AnroputMm ®rioiiga. AIropurMu
MONIYKY MaKCUMaJIbHOTO NMOTOKY (Popa i DankepcoHa).

9. MeToau Ta anroputMu Kpunrorpadii Ta KpunroaHasizy

9.1. OCHOBHI MOHATTA KPHUITOJIOTii. 3a7a4i, HAIPSIMKU Ta METOJIU 3aXUCTY
iHpopmarrii. Kpunrorpadgiuynuii 3axucT iHpopMallii, OCHOBHI TEPMIHHU Ta O3HAUYECHHSI.
Mogeni JKepen BIIKPUTOrO TEKCTy, CHTPOIlsl Ha CHUMBOJ JiKeperna. 3arajibHa
KJacudikalis KIaCUYHUX 1 CydyacHUX MHUpIB.

9.2. CumerpuyHa Kpunrorpadgis: KJIaCH4YHI cXeMHM IIH(QPYBaHHA.

Busnauennss mmdpy MiACTAaHOBKM (3aMiHM), MOHOaN(aBITHI Ta MoJiangaBiTHI
nigctaHoBKkU. Busnauenns mmdpy mnepecranoBku. Kiacuuni tmdpu: [leszaps,
adiHHO1 3aMiHu, X1U1a, mudp 3arajibHOI MPOCTOI MiCTaHOBKH, BixkeHepa, TaOiImuH1
nepecTaHoBku, rpatu Kapmano ta ixmm. YactorHmii kpuntoananiz mudpis Llezaps,
a(1HHOI NiJCTaHOBKHU Ta BixkeHepa.

9.3. Teopisn cexpernnx cucrem Illennona. Iepapxis TuniB arak Ha
Kpunrocuctemy. TeopernyHa Ta mpakTuyHa cTiikicte. EnTpomnis. Llinkom TaemHi
kpunrocuctemMu. I'pannns [llenHona. HenaniiiHIiCTh KiltO4a Ta BIJKPUTOTO TEKCTY
Bincranb ogHo3HauHOCTI. [IpuHiunu [llenHoHa noOyA0BH CTIMKUX MIHPPIB.

9.4. Cucremn 0JI0KOBOT0 Ta MOTOKOBOro mudpysannsa. Cxema deiicrens.
Cranpgaptn OmokxoBoro mmmbpyBanus DES, JACTY T'OCT 28147:2009, AES.
Perictpu 3cyBy 3 NiHIHHHM 3BOPOTHHUM 3B’ s13KOM. CIocOOM BBEJICHHS HEMHIHHOCTI Y
CXeMH TOTOKOBOTO IMU(GPYBaHHS HaA pETicTpax 3CyBYy 3 JIHIWHUM 3BOPOTHUM
3B’ SI3KOM.

9.5. AcumerpuyHa Kpunrtorpadisi Ta Baxkoo00poTHi ¢pynkuii. [Ipodiemu
cuMeTpuuHoi kpuntorpadii 70-x pokiB XX CTONITTA. 3araibHl O3HAYCHHS
BaKKOOOOPOTHOI (PYHKIIT, BaXXKOOOOPOTHOI (DyHKIIT 31 ceKpeToM. BakkooOOpoTHI
bynkuii Hdib¢i-Xemnmmana, RSA, Pa6ina. Orminku ckiagHocTi OOYMCIECHHS Ta
oOeprenns pynkuiid. Cxema BiakpuToro posnoainy kimouiB Hiddi-Xennmana.

9.6. AcumeTpu4Hi  cucremMu  mHU@pPyBaHHA. 3aragbHa  KOHIICTIIS
ACHMETPUYHHUX KPUIITOCHCTEM MU(GPYBaHHS 3 BIAKPUTUMHU Kiouyamu. Cuctemu
nmdpyBanas Mecci-Omypu, Enp-I'amans, RSA, Pa6ina. [loGynoBa acumerpuuHux
G pocucTeM, aaropuTMu 3audpyBaHHs Ta pO3MUPpPyBaHHS.

9.7. I'emi-pynkuii. O3HayeHHs Ta KpunTorpadiyHi BIACTUBOCTI renl-PyHKITIHA.
3aranpHi cxemu nmoOynoBu. Komizii rem-gyskiii. OmiHku WMOBIPHOCTEH KO3 Ta
TPYJAOMICTKOCTI iX 1OOY10BH. 3aCTOCYBaHHS T'eII-PyHKIIIH.

9.8. Hudpposuii nianuc. 3agayl nudpoBoro mianucy. 3arajbHa KOHIEIIIS Ta
cxema I1U(poBOro miANMucy 3 rem-(yHKIE B acCHMETPUYHOI KpunTorpadii.
Hudporuit mianuc y cxemi RSA 3 BUkopucTaHHAM rem-QyHKIN, TudpoBi mianucu
Enp-T'amans, Pa6ina. Cinuit mignuc. Ataku Ha TUGPOBUI MiAMHC.

9.9. Kpunrorpagiuni nporokoau. IIpoTokonn po3monaily  CEKpETiB,
JIOBEJIEHHs1 0€3 PO3roJIOIIEHHS, CXEMU MPe SIBICHHS BUIIAKOBUX O1TiB, IPOTOKOJIH
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€NeKTpOHHOT TOTiBKU. Kpunrorpadiuni anropuTMu aBTeHTU(]IKAIll: TapoJibHa
aBTeHTH(]IKaIlis, aBTeHTU(DIKAIIS 3 BUKOPUCTAHHIM CUMETPUYHUX Ta aCUMETPUYHHUX
KPUITOCUCTEM.

9.10. Hini Ta minxogm y kpunroanasidi. 3amaui 3axucty iHdopmamii Ta
kpuntoananizy. Kunacudikamis atak Ha KpunrorpadidHi CHUCTEMH 3aXHUCTY
iHpopmaii. [Tigxoau 10 BU3HAYEHHSI CTIMKOCTI Ta 10 KPUNTOAHANI3y KPUIITOCUCTEM:
TEOpPETUKO-IHpOpMaIliiHuKi, Oa€CiBCbKUNA, CHCTEMHUM, CEMaHTHYHUHW IMAXIJ,
JI0OKa30Ba CTIMKICTh Ta 1HIN. 3arajbHl METOAM KPUNTOAHAIIZY CHUMETPUYHHX 1
ACUMETPUYHHUX KPUITOCHUCTEM.
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I1I. HABYAJIBHO-METOJANYHI MATEPIAJIN
Jlitepatypa no po3ainy 1

1. TewmnikoBa O.JI. luckperna matematuka: Koncrekt nekmii (Hactuna 1)
[Enextponnuii pecypc]: HaBu. mociO. s ctyd. crnemianbHocTi 113 «Ilpuxmnagna
MaTeMaThKa», OCBITHBbOI miporpamu «Hayka mnpo gaHi Ta MaTeMaTHYHE
mozemoBanHs» / O.Jl. Temnikosa ; KIII im. Irops Cikopcekoro. — EnextponHi
TekcToBi aani (1 ¢ain: 2,97 Moaiit). — Kuis : KIII im. Iropsa Cikopcekoro, 2021. —
154 c.

2. TemmnikoBa O.JI. luckperna matematuka: Koncnekt nekuiit (Yactuna 2)
[Enextponnuii pecypc]: HaBdu. moci0. must ctyn. cneuianbHocTi 113 «Ilpukiiagna
MaTeMaTHKa», OCBITHbOI Tporpamu «Hayka mpo maHi Ta MaTeMaTH4HE
moaemtoBanHs» KIII im. Irops Cikopcskoro. — Enextponni Texkctosi nani (1 ¢aiin:
1,84 Moaiit). — Kui : KIII im. Irops Cikopcbkoro, 2019. — 128 c.

3. bapnmado FO.M., CokonoBa H.A., XonakoB B.€. JluckpeTHa MmaremMaTuka.
— K.: Buma mkona. 2002. — 287 c.

4. Hixonscbkuit 1O0.B., Tlaciunmk B.B., lep6una HO.M. [uckperna
marematuka. — K.: Bunasanua rpyna BHV. 2007. — 368 c.

5. TewmnikoBa O.JI. JluckpeTHa maTemMaTHKa: MPAKTHUKYM 3 JUCHUIUIIHU
«/luckperHa wmaremaTuka» Uil CTyJEHTIB cnemiaidbHocTi 113 «IIpuknanna
matematuka» [Enexktponne Bumanus| — K. : KIII im. Irops Cikopcebkoro, 2018. —
88 c.

6. TemuikoBa O.JI. Maremarnuna gorika. Ilpaktukym [EnexkrpoHHuit
pecypc]: HaB4. moci0. nusi cTyl. crnemianbHOocTi 113 «lIpuknagna matemaTtukay,
OCBITHBOI mporpamu «Hayka mpo naHi Ta matematuuHe mopemtoBanHs»; KIII im.
Irops Cikopebkoro. — Enexktponni TekcroBi  gani (1 daitn: 1,37 M6aiit). — KuiB :
KIII im. Irops Cikopcebkoro, 2020. — 76 c.

7. TemuikoBa O.JI. MaremarnuHa jorika Ta Teopist anroputmiB: KoHcrekT
nekmii [EnmexkTpoHHMit pecypc]: HaB4. mocCi0. IS CTyHd. chemiambHocTi 113
«IIpuxnanna marematrkay, OCBITHBOI nporpamu «Hayka mpo mani Ta MmaTemMaTH4HE
mozemoBanHs» / O.J.Temuikoa ; KIII im. Irops Cikopcekoro. — Enexrponni
TekcToBl faHi (1 daiin: 3,60 Moaiit). — Kuis : KIII im. Irops Cikopcekoro, 2021. —
177 c.

8. TemmnixoBa O.JI. Teopis anroput™miB. AnroputMmiuni cxemu. [IpakTukym
[EnexTponHmii pecypc]: HaBu. mocib. mis cryAd. cnemiainbHocTi 113 «llpukmagna
MaTeMaTHKa», OCBITHbOI mporpamu «Hayka mpo nmaHi Ta MareMaTH4HE
monemtoBanHs» / OJL.TemuikoBa ; KIII im. Irops Cikopcekoro. — EnexkTponHi
tekctoBi nani (1 ¢aiur: 1,54 M6aiit). — Kuis : KIII im. Irops Cikopcekoro, 2022. —
43 c.

9. Hikonscekuit }0.B., ITaciunuk B.B., Illepouna FO.M. Cuctemu mrTy4Horo
iHTenekTy : HapuanbHuit mocioHuk. 3a pen. B.B.Ilaciunuka. — 2-re Buj., BUIp. Ta
non. - JIeBiB : Marnomis -2006, 2013.
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Jliteparypa mo po3uiny 2

1. B.B. Tperunnuk, H.JI. Jlrobamenko. Meronu oOuucieHb, dactuHa 1.
YucenbHi metonu anrebpu : HaBuaidbHuM mnociOnuk — Kwuis, KIII im. Irops
Cikopcbkoro, 2019.

2. M.A. HoBotapcekuil. AIroputMu Ta MeToAW oOuucieHb [EnekTpoHHUit
pecypc]. — KIII im. Irops Cikopebkoro, 2019. — Pexum jgoctymy:
https://ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy ta metody_obchislenn.p
df

3. Komn’roTepHe MOJENIOBaHHS CHCTEM Ta MpoleciB. MeTroan 004HCIECHb.
I'n.5, Metogn po3B’si3aHHs  AuepeHIliaNbHUX  pIBHAHb B YaCTUHHUX
noximuux./Keetauit P.H. Ta 1iH. Enektponnuii pecypc. - Pexum pgocrtymy:
https://web.posibnyky.vntu.edu.ua/tksa/2kvetny]; komp%?27yuterne_modelyuvannya
_system_procesiv/tl/5.htm

4. B.M. Jlsmenko, O.M. Kpusonoc, T.A. Baxkamok. Metoau oO4YHCIICHb :
HAaBYAJIbHO-METOJIUYHUNM  TMOCIOHMK It CTYACHTIB  (p13MKO-MaTeMaTUYHOTO
¢dakynbrery [Enextponnuit pecypc]. — XKutomup, Bua-so XKV im. I. dpanka, 2014.
— Pexxum noctymy: 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.

Jlitreparypa mo po3uiny 3

10. I'nenenxko b.B. Kypc Tteopii imoBipHocTedt. — K.: BIIL[ KuiBcbkuit
yHiBepcuteT, 2010. — 464 c.

11. Typuun B.H. Teopis iimoBipHOCTEM 1 MaTeMaTH4yHa cTaTUCTHKA. OCHOBHI
MOHSATTS, MPUKIaaU, 3aaa4l: [TiIpydyHUK AJisi CTY/ICHTIB BUIIUX HABYAJIILHUX 3aKJIaJliB.
— Huainponierposewk: IMA-tipec, 2014. - 556 c.

12. Oripko O. 1., T'amaiixo H. B. Teopis imoBipHOCTEH Ta MaTeMaTH4HA
CTaTUCTUKA: HaBdaIbHUH TtociOHuK. —JIbBiB: JIbBJIYBC, 2017. — 292 c.

13. Typuun B.H. Teopis iimoBipHOCTE: OCHOBHI NOHATTS, NPUKIAIH, 3a/1a4l:
Hagu. mmoci6. — K.: Bumasaunrso A.C.K., 2004. — 208 c.

14. Cxopoxoxa A.B. Jlekiii 3 Teopii BunaakoBux nporeciB: Hapu. [locioHuk. —
K.: JIn6ige, 1990. - 168 c.

15. HoBunipkuii 1.B. Bunagkosi mnponecu. Hapuanbamii mociOnuk / 1.B.
Hosunpkuii, C.A. Yc. — JI.: Hanionanenuii ripununid yHiBepcutet, 2011, — 125 c.

16. Jloporosies A.f., Cimsectpo JI.C., Ckxopoxon A.B., Smpenxo M.J.
Teopis iimoBipHOCTel. 30ipHuUK 3ana4. — 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
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Jlitrepatypa no po3uiny 4

1. KamitonoBa 1O.B., Kpusuit C.JI., Jletnuecekmit O.A. 1 iH. OCHOBH
nuckpeTHol matemaTuku. - Kuis: HaykoBa nymka, 2002.-580c.

2. bazunesuu JI.€. JluckpeTrHa mMaTemaTHka y MpUKIagax 1 3afadax: mif-
pyunuk. — JIsBiB: Bunaseus I.E. Umxukos, 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.

5. Huckpetnuit anamiz. Kypc Jekuii s CTYJIEHTIB CHEI1abHOCTEH,
OB’ sI3aHUX 3 1H(HOPMALIHHUMHU TEXHOJOTIIMH Ta 3aXUCTOM iHpopmaiii. Yactuna 1.
MHuoxuHu Ta BigHomeHHs. Ykiaagad Mopoxogsenb M.K. — K.: HTYVY «KIII», 2006. —
68 c.

6. Huckpernuit anamiz. Kypc nekmiii s CTyAEHTIB CHEIIaIbHOCTEH,
MOB’sI3aHKX 3 1HOOPMAIIHHUMU TEXHOJOTISIMHU Ta 3axucToM iHpopmairii. YactuHa 4.
EnemenTn 3arampnoi anrebpu. Yxmamau Mopoxosenp M.K. — K.: HTYY «KIlII»,
2015. - 8lec.

7. bopomin O.I. Teopis umcen. - K.: BumaBHunTBo «PaasHcbKa MIKOIay,
1960. — 244 c.

8. 3amaaceka JIL.O. CrnemianbHi po3aiiu mareMmaTtuku. EjemeHTn Teopii
ckinueHHux 1ois. — K.: ITomitexnika, 2006. — 54c.

9. Komampuyk JI. B., Spemuyk 0. €. Ilpuknanna anrebpa. Yactuna 1.
OcHoBu abcTpakTHOi anredpu. — Binnunsa: BHTY, 2015. — 98 c.

10. KoBanwuyk JI. B., fApemuyk O. €. [Ipuknanna anredpa. Yactuna 2. Teopis
yucen. — Binaumg: BHTY, 2017. - 129 c.

Jlitepatypa mo po3uiny S

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. Kononoga K. FO. Mamnne HaB4aHHS: METOAU Ta Mojenm. — XapkiB: XHY
iMeHl1 B. H. Kapasina, 2020. — 301 C.
(https://github.com/katerynakononova/ML/blob/master/ML.pdf)

4. IHTenexkTyanpbHUN aHali3 JdaHUX Ta MalmuHHe HapuyaHHsA. Y. 1 : basosi
MeTO M Ta 3aco0u aHami3y aanux / 5. B. IBanuyk Ta iH. / BiHHUL. Hall. TeXH. YH-T. -
Binnumg : 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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Jlitepatypa no po3uiny 6

1. Tomamescbkuii B.M. MogemoBannsa cucteM. — K.: BugaBHuua rpymna
BHV, 2005. - 352 c.

2. 3aituenko FO.I1. Teopis npuituaTTs pimens: nigpyunuk. — HTYY «KIIDy,
2014.-412 c.

3. O. ®. Bojommn Mogeni Ta METOAM NPUUHATTA piuieHb [EnekrpoHHuii
pecypc]: HaBY. 1OCi0. AJIst CTy . BUI. HaBY. 3akil. / O. ®. Bonomun, C. O. MareHko.
— 3-e Buj., nepepo6. — K.: «Bunapaunrso Jlronmuma», 2018. — 292 c.

4. Bepec O. M. TexHomorii MIATPUMKH MPOLECIB MNPUUHATTSA PIIICHb :
nigpyunuk / O.M. Bepec, A.B. Karpenko, B.B. Ilaciunuk; MiHICTEpCTBO OCBITH 1
Hayku Ykpainu. — JIbBiB :"HoBuii CBiT-2000",2021. — 567 CTOpIHOK.

5. Bucomnpka B. A. Meroau Ta 3aco0u (yHKIIIOHYBaHHS CHUCTEM IiITPUMKH
IPUIHATTS PillIeHs HA OCHOBI OHTOJIOTIH :MOHOTpadist / B.A. Bucorpka, /[.I'. {ocun,
X.I. Muxiu, LI. 3aBymak, 3.JI. Pubuak; MiHicTepCcTBO OCBITHM 1 HayKH YKpaiHW,
Hamionaneauii yuiBepcuter "JIbBiBchbka momiTexHika". — JIpBiB :BumaBHHIITBO
"Hopwuit CBiT-2000", 2021. — 334 cTOpiHKH.

6. I'puropkis B. C. Moaeni npuiHATTS pillieHh B €KOHOMIIll :HaBUYaJIbHUMN
nocioruk / B.C. I'puropkis, M.B. I'puropkiB; MiHICTEpCTBO OCBITH 1 HayKH YKpaiHH,
YepHiBeubkuil HanioHaNbHUN yHiBepcutTeT imeHl FOpis denpkoBuya. — YepHiBii
:UepHiBenbkuii HarioHanbHUN YHiBepcuTeT iMeHi IOpis deapkoBuua,2021. — 255
CTOPIHOK.

7. Katpenko A. B. IIpuiiHATTS pilieHb: TeOpis Ta MpaKTHKA : MAPYYHUK /
A.B. Karpenko, B.B. Ilaciunuk; 3a HaykoBow penakiiero B.B. Ilaciunuka;
MinicTepcTBo ocBiTH 1 Hayku. — JIbBIB : "HoBuit CBiT-2000",2021. — 446 CTOpIHOK.

8. Kys3pmin O. €. CucteMHMil aHami3 1 NPUUAHSTTS IHHOBAIIMHUX PIIICHb
:HaBYanbHUK T1ocioHuk / O.€. Ky3emin, O.0O. JXKopranempka, H.O.3asmp ;
MinictepcTBO OCBiTH 1 Hayku Ykpainu. — JIbBiB :BugaBaunrso "Howuit CsiT-2000",
2021. — 226 CTOpIHOK.

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

10. B.€. Crpineup Metoau MamIMHHOTO HaBYaHHS y 3a/adaX CHCTEMHOTO
aHaizy 1 NpUUHATTA pimeHb: MoHorpadis/ B.€. Crpinens, C.I. llmaror, M.JIL
YrpiomoB, €.C. MensiinoB [Ta 2 iHmmX]|; MiHICTepCTBO OCBITH 1 HAyKH YKpaiHu,
XapkiBchbkuii HarioHanbHUM yHIBepcuTeT iMeHi B.H. Kapaszina. — Xapkis: XHY
imeni B.H. Kapazina, 2020. — 159 cTopiHOK.

11. MLI1. bytko Teopist pUAHATTS pillleHb: MAPYYHUK JJIs CTYJACHTIB BUIIUX
HaBuaJibHUX 3akiajiiB / M.II. ByTko [Ta iH.]; 3a 3aranbHO0 penakiiero M.I1. byTka;
MinicTepcTBO  OCBITM 1 Haykd YKpainu; UYepHIriBCbKMI — HalllOHAJTbHUNA
TEeXHOJIOT1YHUH yHIBepcuTeT. — KuiB: LlenTp yuboBoi miteparypu, 2018. — 356 c.

12. Hectepenko O.B. [HTenekTyanpH1 CUCTEMHU MATPUMKH MPUAHSATTS PIIIECHb:
HapuabHUH nocioruk / Hecrepenko O.B., Capenkor O.1., ®anopcekuii O.0.; Kuis,
HamionanwsHa akanemist yrpasiinus, 2016, - 188 cropiHku.


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.

Jliteparypa no po3ainiB 7 ta 8

14. MaremaTuyHe MOJICTIOBaHHS CUCTEM 1 TipotieciB [ EnexkrponHuit pecypc]
. KOHCIMEKT JICKIIN JJIs CTYAEHTIB crnemiaibHoCcTl 153 «Mikpo- Ta HaHOCHCTEMHA
TexHika» cnemiamzamii «EnekTpoHHi OloMeIWYHI CHCTEMHU 1 TEXHOJOTI»
«IH(popmarliiiiHi TeXHOJOTIi MPOEKTYBaHHS B €JIEKTPOHIll Ta HaHocucTemax» / KIII
M. Irops Cikopceskoro ; yknan.: [1. I1. Jlommubkuit. — Enextponni TekcToBi nai (1
daiin: 5,48 Mo6aiir). — Kuis, 2018. Kwuis, 2018.
https://ela.kpi.ua/handle/123456789/41228

15. Mempauk, B. II. MopgenoBaHHS CKJIaQAHUX CHCTEM 1 TIPOIECIB
'HaBYAJIbHUI MOCIOHUK JIJIsl CTYJEHTIB CTapIIMX KypCiB 1 acmipaHTIB YHIBEPCHUTETIB
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IV. PEUTUHI OBA CUCTEMA OILIIHIOBAHHS BCTYITHOI'O ICITUTY

1. TlouaTkoBUi pPEUTHMHI BCTYNMHHUKA 3a €K3aMEH po3paxoByeTbcs 3a 100-
OanpHOIO mIKaio0. [Ipy BH3HAYEHHI 3arajlbHOTO PEUTHHIY BCTYyHHHMKA MMOYAaTKOBUMN
PEUTHHI 3a €K3aMeH IepepaxoBYeThCs Yy OMIHKY 3a 200-0anpHOIO MIKANOK 3a
BIJIMTOBITHOIO TAOJIUIICIO TIEPEPAXYHKY (1. 4 IIOTO PO3ILTY).

2. Ex3amenaniiiHuii O1J1eT BCTYMHOTO €K3aMEHY CKJIaJIa€ThCsl 3 2 YaCTUH —
TECTOBOI YAaCTHHM Ta YCHOI BIJMOBIAI Ha BIJKPUTE 3aBIaHHsS. Y BHUOAAKY
JUCTaHIIAHOT (OopMU TpOBEACHHS BCTyNHE BHUIPOOYBaHHS MPOBOJIUTHCS Ha
m1aTGopMi JUCTAHIIHHOTO HaBYaHHA «CIKOPCHKUI.

Ex3amenariiinuii 61J1eT CKIaga€eThCs 3 TAKUX PO3ILTIB:

a) IICTh TUTaHb 3 TeM 1, 2 Ta 3;

0) BapiaTUBHHUI OJIOK: TI0O YOTHPU THUTaHHA 3 TeM 4, 5 Ta 6; BCTYNMHHUKY
HEOOX1THO BIATIOBICTH HA MUTaHHS JIUIIE OJHOTO OJIOKY Ha CBiit BUOIp;

B) BIIKpUTE 3aBJlaHHA: BCTYNHUKY HAJa€ThCcd Ha BUOIp 1O OJHOMY
TEOPETUYHOMY MUTAHHIO 3 TeM 7, 8§ Ta 9; BCTYNMHUKY HEOOX1HO BIIMOBICTH HA OJIHE
MUTaHHS Ha CBIii BUOIp.

KoxHe TecToBe NMuTaHHA OLIHIOETbCA B 4 Oanu. TecToBI MUTaHHS MOXKYTh
OyTHU sIK 3 BapilaHTaMH BIJIIOBI/I1, TaK 1 3 BIAKPUTUMHU BiJMIOBIISIMHU.

Biakpute 3aBaaHHs OLIHIOETbCA y 60 OalliB 32 TAKUMU KPUTEPISIMHU:

— «BIIMIHHOY», TIOBHA BIMOBIAL, HE MeHIIe 90% notpiOHOI 1HpopMalii — 55-
60 6amiB;

— «Z100pe», TOCTaTHBO TIOBHA BIMOBIIE, HE MeHIIe 75% moTpiObHOoi iHGopMmartii
(omycTrMi OKpeMi HETOYHOCTI) — 45-54 Garis;

— «33JIOBUTHHOY», HETOBHA BiJNMOBiAL, He MeHIIe 60% moTpiOHOI 1HpopMartii
(B1TIOB1Ib MICTUTh MEBHI HENOIKHN) — 36-44 Oanu;

— «HE3a/IOBUILHO», BIJANOBIIb HE BIJAMOBIJIAE YMOBaM J0 «3aJ0BIJIBHO» —
0 Gais.

3. Cyma OaiiB 3a BIAMOBIAI Ha €K3aMEH1 MEPEBOJUTHCS 10 €K3aMeHaIlIMHOL
OLIIHKH 3T1JHO 3 Ta0IUIIEIO:

banu Oninka
95...100 BiamiaaO
85...94 Jlyxe mobpe
75...84 Jlobpe
65...74 3aJ10BIJIBHO
60...64 JlocTaTHBO
Meuiire 60 He3anosiisHO
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4. Cyma 6aiB 3a BINOBIJII HA €K3aMeH1 mepeBoauThCs 10 200-0anbHOI mKaIu

Tabmuns BiMOBITHOCTI OMIHOK pedTHHTOROT cicTeMu omintoparHs (PCO, 60...100) 6amam 200-6aneHoi mixamm (100...200)

3r1IHO 3 TAOJIUIIEIO:

Ominka banu Ominka banu Ouinka bann Ouinka bamn
PCO 100...200 PCO 100...200 PCO 100...200 PCO 100...200

60 100,0 70 125,0 80 150,0 90 175,0
61 102,5 71 127,5 81 152,5 91 177,5
62 105,0 72 130,0 82 155,0 92 180,0
63 107,5 73 132,5 83 157,5 93 182,5
64 110,0 74 135,0 84 160,0 94 185,0
65 112,5 75 137,5 85 162,5 95 187,5
66 115,0 76 140,0 86 165,0 96 190,0
67 117,5 77 142,5 87 167,5 97 192,5
68 120,0 78 145,0 88 170,0 98 195,0
69 122,5 79 147,5 89 172,5 99 197,5
100 200,0
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V. IPUKJAJ EK3AMEHAIIMHOT'O 3ABJIAHHS
®opma Ne H-5.05

HauionanbHui TexHiYHMI yHIBepcuTeT YKpaiHu
«KuiBcbkuii noJirtexHiyauii incTuryt iMeni Iropst Cikopcbkoro»

(HOBHG HaﬁMCHyBaHHfI BHIIOT'O0 HABYAJIIBHOT O SEKJ'Iaﬂy)

OcCBITHIH CTYIIIHb doxmop inocoii

CoeniajgpHICTh 113 «IIpuknagHa MmaTeMaTHUKa»
(Ha3Ba)

HaBuanrHa

. Bemynuuu icnum
JTUCLUILIIHA

EX3AMEHAIIVHUW BUIET Ne 1
1. Tecmosa uacmuna (0006’°1a3x06a)

IMutanusa 1. SIki BnacTUBOCTI Mae O1HapHE BIAHOIICHHS XPy <> V = |x|, 110 BUBHAYEHO HA
MHOXHWHI TIHCHUX YUCEeNn?
Bapianmu 6ionoegioi.:
A. AHTHCUMETpPUYHE, TPAH3UTHBHE.
b. CumeTrpuune, TpaH3UTUBHE.
B. PednexcuBHe, TpaH3UTHBHE.
I'. PepnexcuBHe.
J1. ExBiBajieHTHE.

IMuranua 2. [loOyayBatu Tabauio icTUHHOCTI s Bupasy Vy(P(y) — IxQO(x)) nHa
o0JacTi 1HTEpIpeTalii 3 1BOX €JIEMEHTIB {a, b}.

Iuranns 3. Po3rissHeMO MaTpUYHY TEOMETPUUYHY MPOTPECIFO
E+A+A*+A34 44+
SIke 3 TppOX HaBEICHUX TBEPIKECHb € BIPHUM?

Bapianmu 6ionogioi:
A. JInst 361KHOCTI IIbOTO MaTPUYHOTO PSAY HEOOX1AHO 1 JOCTaTHBO, 00 yCl eIeMEHTH
KBaJIpaTHOT MaTpuill A 3a MOyJieM OyJIi MEHII OJUHUIIL;
b. J1ns 361)KHOCTI IIbOTO MAaTPUYHOTO Py HEOOX1AHO 1 JOCTaTHRO, 1100 yCl BJIacHi 3Ha-
YeHHs1 MaTpuIl A 3a MoayieM Oy MEHIII OJTUHUIIL;
B. [lnst 301KHOCT1 IIbOTO MAaTPUYHOTO Py HEOOX1JTHO 1 IOCTaTHBO, MO0 yCI €IEMEHTH
Matpuili A 1 BCi BIacH1 3Ha4YEHHS OYyJIM 32 MOIYJIEM MEHIII OJTUHMII?
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Iuranns 4. Ska 13 popMy YMCENBHOTO IHTETPYBaHHS cepesl NMepeNideHnx 3abe3neuye
HaANOIBII TOYHUNA Pe3yIbTaT?

Bapianmu 6ionoeioi:
A. ®opmyna npsSIMOKYTHHKIB
b. ®opmyna Tpamneriit
B. ®opmyna Cimncona

IMutanus 5. Ske 3 TphOX HABEJICHUX TBEP/KEHb € BIDHUM?

Bapianmu 6ionogioi:
A. 31 301KHOCTI TOCTIAOBHOCTI BHUIIQJIKOBUX BEIUYMH 3 HMOBIPHICTIO | BHUILIUBAE
301KHICTh Y CEPEAHLOMY KBaJIPATUUHOMY;
b. 3i 301KHOCTI TOCHIIOBHOCTI BHUITQJIKOBUX BEJIWYHWH 3 WMOBIPHICTIO | BHUILIUBAE
301KHICTH 32 HMOBIPHICTIO;
B. 3i 301KHOCTI TMOCHITOBHOCTI BHUIAQJKOBHX BEJIWYUH 3a HMOBIPHICTIO BUIUIMBAE
301KHICTh Y CEpEeTHbOMY KBaJIpaTUYHOMY ?

IMutanus 6. 3HalAITh HMOBIPHICTD MOSBU MPUHAKWMHI JBOX IIECTIPOK MPH ITiAKHIaHHI
12 rpanbHUX KyOUKIB.

II. Tecmoea wacmuna (sapiamuena)
Bam neobxiono sionogicmu na numanms auue 00Ho2o 3 oaoxie A, b abo B na eaw
6ubip. Bionogioi na inuii 610Ku He 6y0ymb 8PAX0BAHL.

OO6panuii 0J10K BianoBigei: (enucamu nimepy A, b abo B)

Baoxk A.

IMutanus 7. 3naiitu AUC ROC, skio BiAMOBIAHI pe3yabTaTH Kiacudikalii npeacran-
JIEH]1 TaKOIO TAOJIUILIEIO:

1id OILIIHKA KJ1ac
1 0.2 |
2 0.4 0
3 0.7 1
4 0.4 1
5 0.1 0
6 0.5 1
7 0.4 0

Muranns 8. ko y Bac Habip gaHux 3anryMieHHi, To KUl BapiaHT HEOOX11HO 0Opa-
1 B MeToAl KNN (k-HaitOnmxaux cycimiB)?
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Bapianmu 6ionosioi:
A. 3017bIIMTH 3HAYEHHS k;
b. 3menmmuTH 3HaUeHHA £
B. He 3mintoBaTu mapametp k, 60 Taka 3MiHa HisIK HE BIUIMHE Ha 0OpOOKY IIymMy B Ja-
HUX.

IMutanna 9. SIki 3HaueHHs MOke npuiiMatu entporris [1leHHoHa 111 aHcaMOJTIO 3 71
€JIEMEHTIB?

Bapianmu 6i0nogioi:
A.Big 0 1o 1.
b. Bin 0 no logx(n)
B. Big 0 no n.
I'. Bin 0 oo 2".

Iuranua 10. Hexait mano takuii HaOip JaHUX:

Sxuo mo mpoMmy HaOOpy OaHUX OyAYeETbCS NEPEBO MPUNHATTS pIllleHb, TO SKUM 3
BXIJTHUX aTPUOYTIB X1, X, UM X3 HOTPIOHO B3SATH JIJIsl PO3IIEIIJIEHHS B KOPEH1 JepeBa?

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

biok b.
HMuranusa 7. [y nanoro npodinro nepeBar BUOPATH MEPEMOXKIIS 3a OLIBIIICTIO:
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 a. B,C
Iuranus 8. Ha  mHOXuHI  anmpTepHatuB X 3aJaHi  JiBa  KpUTepii:
fi(x) = =247 — 545(x + 515)?> i f,(x) = =514 — 254(x + 191)2. BusHauutn

MHOxkHUHY [lapeTo. V BiamoBiii BKa3aTy BIAPI30K HA X, 110 € MHOKUHOIO [TapeTo.

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

A. Bigpizok [-515,-191].
B. Biapizok [-514, -247].
JI. Binpizok [-515, -247].
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Muranns 9. Ski 3 1aHKUX IBIMKOBUX BEKTOPIB TOMIHYIOTHCS BekTopom 01117

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

IMurannsa 10. Ha muoxuni A = {1, 2, 3, 4} 3agano BigHomenus R = {(2, 2), (2, 3),
2,4),3,2),(3,3),(3,4)}. IloOyayBaTu BiAHOIICHHS R*NR"

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)}

bJaoxk B.
Iurannsa 7. SIki 3 HaBeIEHUX JIUIIIKIB € 00OPOTHUMU 32 MOAyJieM 367
A3 b. 4 B.5 I.e

IMuranusa 8. 3agava pakropuzailii HaTypaJILHOTO YKCIa BITHOCUTHCS 10 KJIacy
A. IToninomianbHux 3aaa4 (P)

b. NP-mpomixuux 3anau (NP-intermediate, NPI)

B. NP-noBHux 3agau (NP-complete, NPC)

I'. Excrionenmiitnux 3anaud (EXP).

IMuranna 9. 3HaiiniTh yci TeHepaTopu ckindeHHoro moist GF(17).

Iurannsa 10. fxi 3 HaBegeHux OyneBux QyHKIH € apiHHUMUA?

A fix,y)=x&y
b.fix,y)=xvy
B.flx,y)=x®y

I fx,y)=x—y

I11. Biokpume 3a60anns
OGepiTh 1151 BIAMOBIAI OJIHE 3 TUTaHb a), 0) a00 B).
OO6pane BaMM MUTaHHS MTOBUHHO OYTH MaKCHUMaJbHO TTIOBHO PO3KPHUTE.

a) MaremaTHuHi MOZeNi JWHAMIYHUX IMPOLECIB 13 30CEPEIKECHUMHU MapaMeTpamH.
JluckpeTHi Ta HEMEpepBHi MPOIECH. AIEKBATHICTh MOJIEIICH.

0) Mepexi Ilerpi, rpadiune Ta aHaMITUYHE 300paKCHHS, OCHOBHI 3aaadl Ta
XapaKTEPUCTHUKHU.
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B) ACUMETpUYHI CHCTeMU MU(pPyBaHHA. 3arajdbHa KOHLEMIIA aCHUMETPUUYHUX
KpunTocucteM ImudpyBaHHs 3 BIAKpUTHUMHU Kitouyamu. Cuctemu mudpyBanHs Mecci-
Omypu, Enp-I'amans, RSA, PaGina. [lobynoBa acuMeTpuyHUX HIHPPOCUCTEM,
IITOPUTMHU 3alIMPpyBaHHS Ta po3MU(pyBaHHS.

3aTBepaKeHO:
["apaHT OCBITHBOI TPOTPaAMHU Haranis KYCCVYJIb

Kuis 2023
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