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POBOYA ITPOTPAMA HABYAJILHOI TUCITAILIITHA
Komn’rorepHa MaTeMaTHKa i MexaHika

NiAroToBKH 3100yBa4iB CTyNeHs BHINOI OCBITH
TpeTi#t (OCBITHHO-HAYKOBHIA)

poxropa ¢inocodii

rajiy3b 3ianb 11 MaTeMaTuKa Ta CTaTUCTHKA

cineiajabHicTh 113 IpukiIaagHa MaTeMaTHKa
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Pobouya HaBuanpHa mnporpamMa HaB4albHOI aucHUILTIHM «Komm’toTepHa
MaTeMaTuKa 1 MeXaHika» JJjisl 37100yBauiB HAYKOBOI'O CTyNEHs AOKTopa ¢imocodii

3a cnenianpHicTio 113 «[Ipukianna matematuka»

Po3poOHuk:
Kononos IO0piit MukutoBuy, 3aBifyBau BiIIIOM T€OP1i KEPYIOUUX CUCTEM,

IoKTOp (13UKO-MaTeMaTUYHUX HayK, npodecop [IIMM HAH VYkpainu

Pob6ouy nporpamy cxBaneHo Ha 3acifjaHH1 BIULY TEOpii KEPYIOUHUX CUCTEM
[Tporokon Ne 2 Big 26.09.2022 poxky.
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3aBigyBay BTy TEOpPIii KEPYIOUYUX C e Kononos 10.M.

CxBaneHo HaykoBo-MeToaMuHOIO pamoro [HCTUTYTY MpUKIAAHOI MAaTEeMAaTHKH i
mexaHiku HAH Ykpainu

[Iporokon Ne 4 Bin 30.09.2022 poky.

P

['onoBa HAyKOBO-METOAWYHOT paau (,/(/ 7 /7 Hecmenosa O.B.
e



1. Onuc HABYAJIBLHOI JUCHUILIIHA

lNay3pb 3HaHB, HaIIpsAM

HalimenyBanHs . . XapakTepucTrUKa HaB4albHOT
. HIATOTOBKH, OCBITHBO- .
[IOKa3HUKIB e o JTUCTTUTLTIHU
kBaiikamiifiHuil piBeHb
. l"ay3p 3HaHB, HaNIpsIM .
HaitmenyBanus . . XapakTeprucTHKa HaBYaIbHO1
. HIATOTOBKH, OCBITHBO- .
[TOKa3HUKIB e o T JUCTTUTUTIHA
kBasiikamiifiHuil piBeHb
lNany3p 3HaHB: .
. . y3 BubipkoBa
Kinpkicte kpeauris - 4 11 Maremaruka Ta
CTaTHCTHKA
Pik miAroTOBKH:
. CremiajpHICTh: 1-2
3aranpHa KUIBKICTh TOJIUH
120 113 I[puknagHa MmaTeMaTuKa Cemectp
2-3
Jlexmii
28 ron.
[TpaxkTruni
TwxHEBIX TO/H: OcBiTHBO-KBaiika Mz 28 ro.

aynutopHux — 1,5

camocTiitHOo1 poboTn — 1,7

PIBEHB!
nokTop dimocodii

CamocrtiiftHa poOoTa

64 ron.

Bun koHTpOMIO: ICIUT




2. MeTa, 3aBIaHHS Ta O4iKyBaHi pe3y/ibTaTH HABYAJIbHOI JMCIHUILTIHHU.

Metorw HaBuanabHOI AucUMILTIHU «KOMII'IOTEpHA MaTeMaTHKa 1 MEXaHiKa»
(KMiM) € o3HafiOMJICHHS 3 CydYaCHUMH 3arajbHO MaTeMaTHYHUMH 1
CHeliaNi30BaHUMU TaKeTaMu U aHAIITUYHUX Ta YHUCEIbHUX PO3PaxyHKIB
CKJIQITHUX MAaTEeMAaTHYHUX 1 MEXaHIYHUX 3a7a4 3 BUCOKUM CTYNEHEM iX TOYHOCTI 1
Bi3yasizaiiii.

“Komn'torepna matematuka 1 mexanika ~ (KMiM) — me TeopetuuHuii Ta
MPaKTUYHUN KypC METOAOJIOTIYHO 3B'SI3aHUM 13 3arajJbHUMM Ta CHEHIaIbHUMU
KypcamMu 3 MaTeMaTHKH, MeXaHiku 1 iHdopmaTuku. BiH moB’si3aH 3 HOBUM
aKTyaJIbHUM HAayKOBUM 1 TPUKIATHUM HANpSIMKOM, SKUH BHHHK HAa CTUKY
MaTeMaTUKU U 1HGopMaTUKd (KOMI'IOTEpHA MaTeMaTHKa) 1 MEXaHlku ¢
iHpopMaTHKH (KOMIT'FOTEpHA MEXaHIKa) .

KMiM — 1e CyKyIHICTh TCOPETUYHHX, METOJMYHUX, amapaTHUX Ta
nporpaMHUX 3aco0iB, 10 3a0e3neuyioTh e()EeKTHBHE BUKOHAHHS 32 JIOMOMOTOIO
Cy4aCHUX KOMIT'FOTEPIB YCiX BHUIIB MAaTeMaTHYHHUX aQHATITUYHHX Ta YHCEIBHUX
OOYHUCIIEHb 3 BUCOKUM CTYIEHEM iX TOYHOCTI 1 Bi3yaji3allii, a TAKOXX MPOBEICHHS
YHCENBbHUX JOCIIHKCHD 3a7a4 MEXaHiKM CYIUIBHUX cepenoBuil. Kypc MicTHTH y
co0i 3arajbHOMAaTEMAaTHYHI IMaKETH AaHANITHYHUX Ta YHUCCIBHUX PO3PaXyHKIB
(Maple, MATLAB, Mathematica i Mathcad), a Takoxx orjsim Ta NpU3HAYCHHS
coemjamizoanux makeriB (ANSYS, LS-DYNA, NASTRAN, COSMOS/M,
ABACUS, FlexPDE, Working Model 2D, Working Model 3D Ta in.).

[Ipu BUKITamaHHI AUCHMIUIIHU CIIiJ] 3BE€PHYTH YBary Ha 3aCTOCYBaHHS METO/IIB
Ta anapary, 10 BIAHOCATHCS 0 3arajibHOTO KypCy MaTeMaTUYHOTO aHali3y, BUIIO]
Ta JiHIAHOT  anreOpu, audepeHIiaJbHUX pPIBHAHb, TEOPETUYHOI MEXaHIKH,
MEXaHIKH CYIUTbHUX CEPEOBHI Ta iHHOPMATHUKH.

BuBuenHs naHOi IUCHMIUIIHM 3HAYHOIO MIPOIO CIIpuse (POpMyBaHHIO Y
acIipaHTiB HAYKOBOT'O CBITOTJISTY.

Jlami g 3py4HOCTI 3amUCy 3arajlbHO MaTeMaTHYHuX ImakeTiB Maple,
Mathematica, Matlab i Mathcad 6yxemo ckopouyBatu 10 Cuctem Komm’rorepHoi
Marematuku 1 3amucyBatu sk CKM, a  CremiamizoBani Ilaketm MexaHiku
ANSYS, LS-DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working
Model 2D, Working Model 3D ta in. 6ynemo 3anucyBatu sik CITM.

3aBaaHHs HABYAIBHOI JUCITUTUIIHU:

dbopMyBaHHSI OCHOBHUX IIOHATH, MOXJIUBOCTeH Ta mnpuzHadyeHb CKM i
CIIM;

- o3Hariomirtenssa 3 CKM 1 CIIM;

- ymiaHa migiopatm CKM a6o CIIM jgns po3B’si3aHHS  CKJIQIHUX
MPUKIAHAX MAaTEeMAaTUYHUX 3a/ad Ta 3a7ad MEXaHIKd, 110 BUHUKAIOTH y HayIIi,
TEXHIIl1, MPOMHUCIOBOCTI Ta EKOHOMIII;

- iHTerpamis CKM mix co0or Ta 3 IHIIMMH OPOTPpaMHUMM CHUCTEMaMu 1
MOBaMU;

- ceitoBuit JocBia Bukopuctandss CKM 1 CIIM Tta TeHaeHIlio iX PO3BUTKY;

- HeoOX1AH1 anapaTHi Ta nporpamui 3acobu a1 CKM 1 CIIM.



OuikyBaHi pe3yJibTaTH HABYAJbHOI AMCHUILTIHA

3arajabHi KOMIETEHTHOCTI:
1. 3K1. Anani3 i cuHTe3. 3AaTHICTD JI0 aHAII3y Ta CUHTE3y Ha OCHOBI JIOTTUHHUX

apryMeHTiB Ta MepeBipeHUX (AKTIB; HABUUKW YIPaBIIHHA 1HGOpMAILIIEO
(YMIHHS 3HAXOJIUTH Ta aHAI3yBaTU 1HPOPMAIIIIO 3 PIZHUX JIKEPEN).

2. 3K2. JlocninHuibka 31aTHICTh. KOMIETEeHTHOCTI 1HILIIOBAaTH Ta BUKOHYBATH
(iHnuBinyanpHO ab0 B HayKOBIA Tpyml) HAyKOBl JOCHILIKEHHS, IIO
OPUBOJATH O OTPMMAaHHS HOBUX 3HaHb; 3JaTHICTh 3aCTOCOBYBATH 3HAHHS
Ha TPAKTHIII.

3. 3K3. I'nyukicte MucieHHs. HaOyTTs rHydykoro crnoco0y MHCIEHHS, SKUA
Jla€ MOMUIMBICTD 3pO3yMITH U PO3B’si3aTH MPOOJIEMU Ta 3ajaadi, 30epirarouu
IpY LIbOMY KPUTHYHE BIAHOLIEHHS 10 YCTaJC€HUX HAYKOBUX KOHUEMIIH.

4. 3K8. Ilonynspu3zamiiiHi HaBUYKU. BMiHHS chiikyBatucs 13 HedaxiBISIMU;
3/1aTHICTh MPOBECTH YCHY MPE3EHTAIlII0 Ta HAIMKCATH 3PO3YMLTY CTATTIO 3a
pe3ynbTaTaMi TPOBEIECHUX JOCHIKEHb, a TaK0oX II0J0 CYYaCHHUX
KOHLICTIINA y NpUKIaAHIA MaTemaTuil s HedaxiBIiB y I ramysi;
3/IaTHICTb CIUJIKYBATUCS 3 €KCIIEPTaMU 3 1HILIKX rajay3ei.

@daxoBi KOMIIETEHTHOCTI:

1. ®K2. 3paTHICTH 3aCTOCOBYBaTH Cy4YaCcHY  METOOJIOTi0,  3araJbHi
TacleliaibHl METOJIM HAyKOBOTO JIOCTIIKCHHS 3a CHeIladbHICTIO Ta
oOpaHoroCcTeIianizali€er.

2. DK5. VMiHHA OynyBatu aJIeKBaTHI MaTeMaTUYHI1 MOJI€el,
JTOCITIJDKYBaTUIIOOYIOBaHI ~ MOJIeJll  Ta  BHU3HA4YaTH  MOXKJIMBOCTI  iX
3aCTOCYBaHHS.

3. ®KS. 31aTHICTE 311HCHIOBATH IOCHIKEHHS MIPUKJIATHUX

MaTeMaTUIHNX3a/1a4d 3 BUKOPUCTAHHSIM CICI[IAIbHUX MaTEMAaTUYHUX MTaKEeTiB
TaaHATI3yBaTU OTPHUMaHI JaHI.

4. ®K12. IlornubneHi 3HaAHHA 3 TEOpii ONTUMAIBLHOTO KEPYBAaHHS, SKICHOI
Teopii  JMIHIMHMX  KEPOBAaHUX CHUCTEM Ta  OCHOB  T'€OMETPUYHOI
TEOpITHEeNMHIMHUX CHUCTEM. 3JaTHICTh 3aCTOCOBYBAaTH METOIU  Teopii
KepyBaHHS OPO3B’SI3aHHS 3a]1ay ONTHMI3aIlil Ta CHHTE3y 3aKOHIB KepyBaHHS
JUISIMAaTEMaTHYHAX ~ MOJIeNIed JUHAMIYHUX TPOIECIiB Yy MPHUPOTHHUUX
TaTEXHIYHUX HayKax.

[IporpamHi pe3ynbTaTH HABYAHHS:
1. PH4. BMmitu OyayBatu Ta AOCHIKYBAaTH MaTeMaTH4HI Mojeni (HI3UYHUX,

COII1aJIbBHO-€KOHOMIYHUX, TEXHIUHUX, O10JIOTTYHHX TOIIO MPOIIECIB, CUCTEM,
npoiiecie, (opMainizyBaTu MpoOJieMH, OMKHCaHI MPUPOJHOIO MOBOIO, 32



JIOTIOMOTOI0 MaTeMaTUYHUX METOJIB, 3aCTOCOBYBATH 3arajbHi MIAXOAU 0
MaTeMaTUYHOTO MOJICJIFOBAHHS KOHKPETHUX MPOILIECIB.

2. PH6. BwmitTH mNOsACHIOBATH CKJIAQAHI MaTeMaTW4YHl KOHIEMII MOBOIO,
3pO3yMUIOK sl HedaxiBI[IB y Trainy3l MaTeMaTUKW, TMPEICTaBIATH
pe3yabTaTd HAYKOBUX MOCIIKEHbh Ha HAYKOBUX Ta MOMYJISPU3AINHUAX
3axojax.

3. PH9. Bwmitu opraHizyBaTd HENEpEepBHUN BJIACHUI CaMOpPO3BUTOK 1
CaMOBJIOCKOHAJIEHHS, HA0YTTSA THYYKOI'0 CIOCO0Y MUCIEHHS IIPU TBOPUOMY
JOCJIJPKEHH1, B TOMY YHCII MPUKJIAJHUX MaTEMAaTUYHUX TTPOOIIEM.

4. PH11. Matu rpyHTOBHI 3HaHHS 3 MaTEeMaTUYHOI Teopli KepyBaHHS, BMITU
3aCTOCOBYBATH iX JIJI PO3B’sI3aHHS MPUKJIAIHUX 33]1a4.

3a pe3ynbpTaTaMd BHBYCHHS HAaBUYaJbHOI JHUCIMIUIIHA 3700yBay JIOKTOpA
dbimocodii moBUHEH:

3HATH:

- OCHOBHI MOHSTTS KOMI'TOTEPHOI anreOpu Ta ICTOPIIO 1 pO3BUTKY;

- MoxuinBOCTI Ta pu3HaueHHss CKM 1 CIIM;

- MOXJIMBOCTI aHAJITUYHMX Ta YHUCEIbHUX po3B’s3aHb B CKM ckiagHux
3aj1a4 MaTEMaTUYHOTO aHali3y, JiHIWHIA anreOpu, 3BUYAWHMX IUQEPEHIIHHUX
PIBHSIHB Ta PIBHSIHB Y YACTUHHUX TOX1THUX;

- rpadiuni moxauBocTi CKM,;

- inTerpaniro CKM Mik co00r0 Ta 3 1HIIUMH MPOTPAMHUMU CUCTEMaMH 1
MOBaMH,

- MaTeMaTU4YHI OCHOBU CKIHYEHO €JIEMEHTHOI'O aHai3y;

- MOKJIUBOCTI1 PO3B’sI3aHHS 3a7a4 TEOPETUUHOI MEXaHIKH, TeOPii MPYKHOCTI,
TeopeTH4HOI ripoaunHamiku Ta iH. B CKM i CIIM,;

- cBitoBuii nocBia Bukopuctanass CKM i CIIM Tta TeHIeHIi0 X PO3BUTKY;
- HeoOXiJHi anapaTHi Ta mporpaMHi 3acoou st 3actocyBanass CKM 1 CIIM.

BMIiTH:

- mpoBogut B CKM cuMBoibHI omeparii 3 ¢opMynamu, NEpeTBOPEHHS
THUIIIB, OTIEpAIlii OIIHIOBAHHS, MiJICTAHOBKH, (paKTOpM3aIlii Ta CIPOIICHHS BUPa3iB,;

- mpoBogut B CKM aHamTHYHHUX Ta YHUCEIBbHHUX PO3B’A3aHb CKIIAJHUX
3a/lay MaTeMaTUYHOTO aHami3y, JiHINHINA anreOpu, 3BUYAHUX Iu(epeHIITHIX
PIBHSIHB Ta PIBHAHb Y YACTHHHUX MOX1THUX

- KOPUCTYBaTHUCS aHiMallieto Ta rpadigaumu MmoxxkauBoctssMu CKM 1 CIIM,;

- KOPUCTYBATHUCS CKIHYEHO €JIEMEHTHUM aHaII30M TpU PO3B’SI3aHHI 3a/1a4 B
CIIM;

- pO3B’sI3yBaTH  3ajauyi TEOPETUYHOT MEXaHIKHh, Teopii MPYKHOCTI,
TEOPETUYHOI T1IAPOUHAMIKY Ta MeXaHiKu cylinbHuX cepeaoBui] B CKM i CIIM;

- camoctiiHo miaidpatu CKM a6o CIIM nns po3B’si3aHHS  CKJIagHUX
MPUKIAAHAX MaTeMaTHYHMX 3aJad, [0 BHUHHUKAIOTh Yy Haylll, TEeXHII,
MMPOMHUCIIOBOCTI T4 €KOHOMIIII;



- IMPOBECTH OOYMCIIECHHS Ta OOIPYHTYyBaTu oTpuMadi pedynbratd B CKM 1
CIIM 1BuIaty iX 3 BUCOKUM CTYIIEHEM Bi3yalizallii.

3. IIporpama HaBYAJIBLHOI AUCIHUILIIHI

Tema 1. CyyacHa KOHIIEMIliSE PO3B’SA3aHHS CKJIQJHUX MaTeMaTUYHUX 3ajad
Ta 3a7]a4 MEXaHiKH, sIKka 3aCHOBaHAa HAa BHKOPHCTAHHI 3arajJbHO MaTeMaTHYHUX Ta
crnemianizoBanux makeriB (Maple, Mathematica, Matlab, Mathcad, ANSYS, LS-
DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working Model 2D,
Working Model 3D).

Tema 2. Cuctemu komm’totepHoi marematuku (CKM) Maple, Mathematica,
Matlab 1 Mathcad.

Tema 3. InTterpamis CKM mixk coboro Ta 3 iHmmMEU nporpamamu (C, C++,
Fortran, LaTex Ta iH.).

Tema 4. CumBosbHi (anamituuHi) onepaiii B CKM (oneparii 3 hopmynamu,
NEpPEeTBOPEHHSI THUIIIB, OMepalii OILIHIOBaHHS, MIJACTAHOBKHU, (akTopuzalis Ta
CIPOIIEHHS BUPA3iB).

Tema 5. Marematnunuii anamiz B CKM U.1. (Mexi, cymu, nooytku (Limit,
Sum, Product. TudepentiroBanns ta interpyBanus (Diff, Int, onepatop D. Anani3
¢ynxuii. [lomyk exctpemyMiB GyHKIIT, TOUKH O€3MEPEPBHOCTI 1 pO3pUBY (HYHKIIIT
(extrema, minimize, maximize, iscont, discont, singular).

Tema 6. Martemarnunuii ananiz 8 CKM  U.2. (Pax Teitmopa (taylor,
mtaylor). Psa Jlopana (laurent). IHTepmosAiiis, eKCTPAMOIAISA Ta aPOKCHMAIIiS.
CrnaiiHoBa IHTEPHOJALIA, eKcTpamoiAlis Ta anpokcumariis. Ckiag makery
numaprox. Ilame-ampokcumariis (pade, chebpade). Halikpama wmiHiMakcHa
ampokcuMaliis (minimax, remez)).

Tema 7. Marematnunuii ananiz B8 CKM  U.3. (BektopHi o04HCICHHS
(VectorCalculus). ®yukiii Teopii mosist (rpami€HT, pOTOp, MOTIK 1 JUBEPreHIlis).
Interpanshi meperBopenns (Pyp'e, Jlamnaca, Xaukens, ['iip0epra, Menina)).

Tema 8. Bumia amreopa B CKM Y.1 (PimieHHs piBHSHBL 1 HEpiBHOCTEH
(solve, fsolve, rsolve. ®ynkmis RootOf. PekypentHi piBasHHS (rsolve).
[imouncenvue pimenns (isolve, msolve)).

Tema 9. Buma rta miniina amrebpa B CKM U.2 (OcHoBHi oneparii 3
nosiinomaMu. O04YnCTIeHHsT KOpeHiB moyiHoMa. [laker mns poboTu 3 mosiHOMaMu
PolynomialTools. IMTaket nabmmxennst kpuBux CurveFitting. ITaker linalg. ITaker
Linear Algebra i anroputmu NAG. Pimenss cuctem THEHHUX PIBHIHb METOJAaMHU
LU -, QR- nexommo3aitii i A€KOMIIO3UIlii XaleccKi).

Tema 10. AnaniTiuHe Ta YHCEIbHE PO3B’A3aHHS 3BUYAMHUX TU(DEPEHITIHHNX
PIBHSAHB 1 piBHSAHB Y yacTUHHUX Noxigaux B CKM. 3acobu Bizyaumizallii o0uncieHb
(dynkmii DEplot, DEplot3D, PDEplot).

Tema 11. KinueBo-enementHuii a”ami3z. Oriasgag MakeTiB  KIHIEBO-
€JIEMEHTHOTO aHai3y.

Tema 12. MoxJIMBOCTI 1 IpU3HAaUYEHHs creniaitizoBaHux mnakeriB (Working
Model, ANSYS, LS-DYNA, NASTRAN, COSMOS/M, ABACUS)



Tema 13. Ilporpamuuii komruiekc ANSYS (Tumm KiHIEBHX €JICMEHTIB.
Kinnesi enementu s miockux 3aaad. CkiaafoBl YaCTUHM KOMIUIEKCY 1 iX
npusHayeHHs. Ilaketnuid pexxum (Commands). IntepaktuBamii pexum (GUI).
[IpenporecopHa miaroroBka. [locTnporiecopHa 06pooOKa).

Tema 14. Ilporpamumii xommuiekc FIexXPDE (3anyck. PeparyBaHus i
BUKOHAaHHS JecKpuntopHux (aiiniB. CTBOpEHHS JECKPUNTOPHUX  (haiiB.
[MTinroroBka aeckpunropHoro (aiiny. CTpyKTypa AeCKpUNTOPHUX (DaiiiiB).

4, CTpyKTypa HaBYAJbHOI JUCHHUILTIHU

KinbkicTs roqnu

Yy TOMY YHCJIi

Ha3zBa remu

Ycworo
Jekmii
3aHAaTTHA
Camocriiina
PoGota

~| HpakTuuni

1 2
1. CywacHa KoHUeNIis pPO3B’I3aHHS
CKJIaIHUX MaTeMaTHYHUX 3a/1a4 Ta 3aja4
MEXaHIKH, saKa 3aCHOBaHa Ha
BUKOPUCTAHHI 3arajlbHO MaTeMaTHYHUX
Ta chemiarizoBanux mnakeriB (Maple, 8 2 2 4
Mathematica, Matlab, Mathcad, ANSYS,
LS-DYNA, NASTRAN, COSMOS/M,
ABACUS, FlexPDE, Working Model
2D, Working Model 3D)
2. CucreMu KOMIT'IOTEPHOI MaTEeMaTUKH
(CKM) Maple, Mathematica, Matlab 1 8 2 2 4
Mathcad
3. Imterpamis CKM Mbk co0or Ta 3
iHmmMu nporpamamu (C, C++, Fortran, 8 2 2 4
LaTex ta iH.)
4. CumBojbHI (aHaJiTHYHI) oreparii B
CKM (omepamii 3  ¢opmynamu,
MePETBOPEHHS THIIIB, omeparrii 8 2 2 4
OLIHIOBAHHS, MiICTAaHOBKH,
(akTopu3allis Ta CIPOLICHHs BUPa3iB)
5. Maremarnunwnii ananiz B8 CKM  Y.1.
(Mexi, cymu, moOyrku (Limit, Sum,
Product. JudepeniiroBanHs Ta
inrerpyBannsa (Diff, Int, omepatop D.
Ananiz ¢ynkuiid. Ilomyk ekcrpemymiB
¢bynkuii, TOukM  Oe3mepepBHOCTI i
po3puBy QyHKIIl (extrema, minimize,
maximize, iscont, discont, singular)
6. Marematnunuii ananiz B CKM Y.2.
(Psim Teitnopa (taylor, mtaylor). Psn

w
(6]




Jlopana (laurent). [HTepmosIis,
EKCTPATIOJISILIS Ta armpOKCHMAILlis.
CrnnaitHoBa IHTEPIIOJIALIS,
eKCTpanoysLisa Ta anpokcumais. Ckiaj
nmakery numaprox. Ilage-ampokcumariis
(pade, chebpade). Haiikpamia minimakcaa
arnpokcumailis (minimax, remez))

7. Marematnunmii ananis 8 CKM 4.3
(Bekropni 00UMCIIeHHS
(VectorCalculus). ®yukuii Teopii moss
(rpamieHT, pOTOp, MOTIK 1 JMBEPreHILs).
Inrerpanpui  meperBopenHs  (Dyp'e,
Jlamaca, XaHkers, I'upbepra,
Memtina))

8. Buma anredpa 8 CKM U.1 (Pimenus
piBHSHB 1 HepiBHOcTe#l (solve, fsolve,
rsolve. ®ynxkitis RootOf. PekypeHtHi
PIBHSIHHSA (rsolve). Hinouucensue
pimenns (isolve, msolve))

9. Buma Tta miniiina anre6pa 8 CKM 4.2
(OcHoBHi  omepamii 3  MOJIHOMaMH.
OOGuncnenHs KopeHiB mojiHoma. [laker
TUTSI pobotu 3 MOJTIHOMAaMH
PolynomialTools. Tlaker HaOmmKeHHS
kpuBux CurveFitting. Ilaker linalg.
ITaker Linear Algebra 1 anroputmu
NAG. PimieHHs cucteM JTHEHHUX PIBHSIHB
metogamu LU -, QR- nmexommosarrii i1
JEKOMITO3HITiT XaJIeCCKi)

10. AHaniTH4HE Ta YUCEIbHE
PO3B’sI3aHHS 3BHYAHUX TU(DEpPEHITIHHNX
pIBHSHbL 1 pIBHAHb y YacCTUHHHX
noximaux B CKM. 3acobm Bizyamizaiii
obunciens (pyukuii DEplot, DEplot3D,
PDEplot)

11. Tlpukmagu po3B’si3aHHSA  (Pi3UKO-
TEXHIYHUX 3a]a4, a TakKoX 3a7a4
TEOPETUYHOI MEXaHIKH, T1IPOJMHAMIKA 1
Teopii MPYKHOCTI HA OCHOBI Cy4YacHHMX
MaTEeMAaTUYHUX MAKETIB

10

12. MoxauBocTi 1  IpHU3HAYCHHS
cnemianizopanux mnakeriB (ANSYS, LS-
DYNA, NASTRAN, COSMOS/M,
ABACUS, FlexPDE, Working Model
2D, Working Model 3D Ta in.

10

13. TIlporpamuuii kommiaekc ANSYS
(Tumm  kiHNEBUX eneMeHTiB. KiHIeBi
eJIEMEHTH JUIs TUIOCKHUX 3aaa4. CkiiagoBi
YaCTUHM KOMIUIEKCY 1 iX HpHU3HAYEHHS.
ITakeTHnit pexUM (Commands).
[nTepakTuBHMIA peKUM (GUD).
IIpenponecopHa 1rOTOBKA.

10




10

[TocTnporiecopra 06poOka)

14. Tlporpamuuii komiuekc FlexPDE
(Banmyck. PenmaryBanHs 1 BHUKOHAHHS
neckpuntopuux  ¢aitnis.  CTBOpeHHS

. . 10 2 2 6
neckpuntopaux (Qainis.  [ligrotroBka
neckpuntopuoro  gaitmy.  Ctpykrypa
JIECKPUNTOPHUX (haiiiniB)
YCcboro roamH 120 28 28 64
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5. TeMM NPAKTHYHMX 3AHATH

Ne
3/

Ha3zBa Temu

KinbkicTh
rOANH

3aranbHO  MaremMaTHuHi Ta  coemianizoBani maketu  (Maple,
Mathematica, Matlab, Mathcad, ANSYS, LS-DYNA, NASTRAN,
COSMOS/M, ABACUS, FlexPDE, Working Model 2D, Working
Model 3D)

Cucremu komir torepaoi mMatematuku (CKM) Maple, Mathematica,
Matlab i Mathcad

Inrerpamis CKM mibk cob6oro Ta 3 iHmmMEU mporpamamu (C, C++,
Fortran, LaTex Ta iH.)

CumBonbHI (ananituyni) onepauii B CKM  (onepauii 3 ¢popmynamuy,
MEePEeTBOPEHHS]  THUIIIB,  Omepalii  OIlIHIOBAaHHS,  IJICTAHOBKH,
(baxTopu3allis Ta COpOIICHHS BHPa3iB)

Maremaruunuii ananis B CKM  UY.1. (Mexi, cymu, 1o6yrku (Limit,
Sum, Product. udepenuitoBanns ta iHTerpyBanna (Diff, Int,
onepatop D. Ananiz gynkuii. Ilomyk excrpemymiB GyHKIT, TOUKH
Oe3mepepBHOCTI 1 po3puBY (QyHKIlI (extrema, minimize, maximize,
iscont, discont, singular)

Matemarnunuii anamiz B CKM Y.2. (Psan Teiinopa (taylor, mtaylor).
Psan Jlopana (laurent). InTepmosiist, eKcTpanoisilis Ta apoKCHUMAallis.
CrmaifHOBa IHTEPIIOJIAIIS, €KCTparoJjsiis Ta anpokcumariiss. Ckian
makeTy numaproX. Ilage-anmpokcumaris (pade, chebpade). Haiikpamia
MiHIMaKCHa ampoKCUMalIlis (minimax, remez))

Marematnunuii anamiz B CKM  U.3. (BektopHi o0O04YHCICHHS
(VectorCalculus). ®yukmii Teopii mons (rpamieHT, pOTOp, MOTIK 1
nuBeprenitis). Iurerpansui meperBopenns (Dyp'e, Jlammaca, Xankes,
I'ine0epra, Menina))

Bumia anreopa 8 CKM Y.1 (PimenHs piBHsAHB i HepiBHOCTEH (solve,
fsolve, rsolve. ®yukmis RootOf. Pexypentni piBusaHs (rsolve).
Iinouncensre pimenns (isolve, msolve))

Bumia Tta nmimiiina amreopa B CKM Y.2 (OcHoBHi omepamii 3
noiHoMamMu. OOYHMCIIeHHs KopeHiB moJiiHoMma. [laker mist pobotu 3
nomiHomamu  PolynomialTools. Ilaker  HaOmuxkeHHS  KpPHUBHX
CurveFitting. ITaker linalg. ITaker Linear Algebra i anroputmu NAG.
Pimennss cucrem JHeWHuXx piBHAHB Metomamm LU -, QR-
JEKOMITO3aIlii 1 JeKOMITO3HIIIT XaIeCCKi)

10

AHaIITHYHE Ta YHCEIbHE PO3B’SI3aHHS 3BUYAMHUX JU(PEPEHIIIHHUX
PIBHSIHB 1 piBHSHB y yacTHHHUX NoxigHuX B CKM. 3acoOu Bizyaunizaiii
oOuncnens (gpynkuii DEplot, DEplot3D, PDEplot)

11

[Ipuknaan po3B’si3aHHA (DIBUKO-TEXHIUHUX 3a/a4, a TaKOX 3a/]ad
TEOPETUYHOI MEXaHIKH, TJIPOJUHAMIKU 1 TEOPii IPYKHOCTI HAa OCHOBI
CYy4aCHUX MaTEeMaTHYHUX MAKETIB

12

MOKITHBOCTI 1 TIpU3HaueHHs creriaaizoBanux naketie (ANSYS, LS-
DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working
Model 2D, Working Model 3D Ta in.

13

[Iporpamunii kommiekc ANSYS (Tumnu kinneBux enementiB. Kinmesi
€IEMEHTH Ui TUIOCKMX 3aaad. CKIIaZoB1 YaCTUHHM KOMIUIEKCY 1 ix
npusHaueHHd. [TaketHuit pexxum (Commands). [HTepakTUBHUI pexuM
(GUI). Ipenpouecopna miaroroska. [locrnponecopna o6podka)
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Ne
3/

Ha3zBa Temu

KinbkicTh
rOANH

14

[Mporpamumii komruiekc FIeXPDE (3anyck. PenaryBanHsi i BUKOHAHHS
neckpuntopuux  ¢ainiB. CTBOpeHHS  JNECKPUNITOPHHX  (haiimis.
[linrotoBka peckpunropHoro (aimy. CrpykTypa AECKPHUIITOPHHX
Gaiinis)

Pazom

28

6. Temu 11 caMoCTiiiHOI po0oTH

Ne
3/

Ha3zBa Temn

Kinbkicth
roANH

3aranbHO ~ MaremMaTWuHi Ta  cnemiamizoBani  maketu  (Maple,
Mathematica, Matlab, Mathcad, ANSYS, LS-DYNA, NASTRAN,
COSMOS/M, ABACUS, FlexPDE, Working Model 2D, Working
Model 3D)

Cucremn xomm’rotepHoi marematuku (CKM) Maple, Mathematica,
Matlab i Mathcad

IaTerpanis CKM mix coboto Ta 3 iHmmMH mnporpamamu (C, C++,
Fortran, LaTex Ta iH.)

CumBosnbHI (ananituyni) onepauii B CKM (omeparii 3 dopmynamu,
TEPEeTBOPEHHSI  THUITB,  OMepallii  OIIHIOBAaHHs,  MJICTAaHOBKH,
(hakTOpH3aIlisl Ta CIIPOIICHHS BUPA3iB)

Maremarnunuii ananiz B CKM  Y.1. (Mexi, cymu, nooyrku (Limit,
Sum, Product. [ludepenmiroBanus Tta iHTerpyBanHs (Diff, Int,
oneparop D. Anamiz ¢ynkimiii. [lomyk ekcrpeMyMiB QyHKITIi, TOYKH
Oe3rmepepBHOCTI 1 po3puBy (yHKII (extrema, minimize, maximize,
iscont, discont, singular)

Maremarnunuii ananiz B CKM U.2. (Psa Teiinopa (taylor, mtaylor).
Psin Jlopana (laurent). IHTepmossiiisi, eKCTpanoJIsIIisi Ta apPOKCHUMAITIs.
CriaiiHOBa IHTEPIIOJIALISA, EKCTPAroJsiis Ta anmpokcumartiss. Ckian
nakeTy numaprox. Ilage-anpokcumanis (pade, chebpade). Haiikpamia
MiHIMaKCHa anpoKcumalris (minimax, remez))

Marematnunuii anamiz B CKM — U.3. (BektopHi 004YHCICHHS
(VectorCalculus). ®ynkiii Teopii mosis (rpamieHT, pOTOp, MOTIK i
nuBepreniis). [aTerpanshi neperBopenns (Pyp'e, Jlamaca, Xankes,
I'ine0epra, Meina))

Buma anredopa 8 CKM Y.1 (PimenHs piBHsSIHb i HepiBHOCTEH (solve,
fsolve, rsolve. ®yukmis RootOf. PekypentHi piBHsHHS (rsolve).
Iinouncensre pimenns (isolve, msolve))

Buma Tta nminiiina anre6pa B CKM Y.2 (OcHoBHi omeparii 3
nosiiHoMamu. OOuMcneHHs KopeHiB moniHoma. [laker ans poGotu 3
nosiHoMamu  PolynomialTools.  Ilaker  HaOmWKeHHs  KpUBHUX
CurveFitting. ITaker linalg. ITaker Linear Algebra i anroputmu NAG.
Pimenns cucrem nHelHux piBHAHR Metomamu LU -, QR-
JIEKOMITO3aIlii 1 IeKOMITO3HITiT XaIeccKi)

10

AHaniTHYHE Ta YHUCENbHE PO3B’SA3aHHS 3BHYAWHMUX IH(epeHLiiHIX
PIBHSHB 1 piBHAHB Y YacTHHHUX noXitHuX B CKM. 3acobu Bizyaunizaii
oOuncinens (Gynkuii DEplot, DEplot3D, PDEplot)

11

[Ipuknaan po3B’si3aHHA (DIBUKO-TEXHIUHUX 33/a4, a TaKOX 3aj1ad
TEOPETUYHOI MEXaHIKH, T'IPOJMHAMIKU 1 TeOpii IPYKHOCTI HA OCHOBI
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Ne KiabkicTn
Hassa Temu

3/m rOAUH
CYy4acCHUX MAaTEeMaTHYHUX MAKETIB

12 | MoxnmBocTi 1 mpu3HaueHHs crenianizoBanux nakeris (ANSYS, LS-

DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working 6
Model 2D, Working Model 3D ta in.

13 | Ilporpamuuii komrieke ANSYS (Tunu kinneBux enementiB. Kiniei
€IIEMEHTH Ui TUTOCKMX 3aaad. CKIIaZoBI YaCTUHH KOMIUIEKCY 1 ix 6
npusHadueHHs. [laketnuil pexum (Commands). [nTepakTuBHUI pexum
(GUI). Ipemnpouecopua miaroroska. [loctmporiecopaa 06podOka)

14 | Ilporpamuuii komiieke FlexPDE (3amyck. PenaryBanHst 1 BUKOHAHHS
NecKpUunTopHux  QaitniB. CTBOpPEHHS  JECKPUNTOPHUX  (aidiiB. 6
[ligroToBka neckpunrtopHoro ¢ainy. CTpykTypa IeCKPpUITOPHUX
(aiiniB)

Pazom 64
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7. MeToay HABYAHHSA

[Ipu BukIagaHHI HaBUYAIbHOI AUCHUILTIHM «BHOIPKOBI po3NiId MEXaHIKU
CYLIUTLHOTO CEPEIOBUINA» BUKOPUCTOBYIOTHCS TakKl METOJIM HABYAHHS: METO]I
npoOJIeMHOTO HaBYaHHS, €BPUCTUYHE HAaBUYAHHS, MOJIYJIbHO-PEHTHHIOBA CHUCTEMA

HaBYaHHS.
8. MeToau KOHTPOJII0

BukopucTOBYIOTHCH HACTYIIHI METOAU KOHTPOJIIO:
1. I[ToToYHMI1 KOHTPOJIH 3HAHD:
- YCHE OINUTYBaHHS;
- BUKOHAHHS TPAaKTUYHUX POOIT;
- TeCTyBaHHS;
- BUKOHAHHS JOCIIHUIIBKUX 3aBJIaHb.
2. [lincymMKOBUN KOHTPOJIb 3HAHB (1CTIHT):
- IMJICYMKOBUH TeCcT ab0 eK3aMeHalliiiHi OuIeTH.

9. Kputepii oiHIOBAaHHS pPe3yJIbTATIB HABYAHHS

Po3nonia 6aJiB, siki oTpuMy€ acnmipaHT

AyauTopHa podooTa )
ya pHa p 5 = S
Ex|2&
R
) 2
Temu 2 < i =
S| 2 &
55E¢
T1 | T2 | T3 | T4 | T5 | T6 %73 T9 | T10|T11|T12|T13(T14 §

3arajbHa KiJIBKICTH
OTPUMAHHUX 0aJIiB

N
N
N
N
N
N
S
S
S
S
S
N
N
S
g

100
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[Ikana oniHIOBAaHHSA

Cyma 6auiB 3a Bcj Oninka 32 HAaIOHAJBLHOIO IIIKAJI0I0
BHIM HABYAJIbLHOI
NisLIbHOCTI AJIsl icmuTty
«BIIMIHHO» - 3/100yBa4 MOBHO 1 BCEOIYHO PO3KPUBAE MUTAHHS
90_100 TEMH, BUIBHO OHpre IIOHATTAMU lTeleHOHOFlCIO, I[eMOHCpre

IIIMOOKI 3HAHHS JPKEpEJ, Ma€ BIACHY TOYKY 30pPY CTOCOBHO
BIJIMIOBIIHOT TEMH 1 MO’KE apT'yYMEHTOBAHO 11 TOBOJIUTH
«mobpe» - 3araJioM pIiBeHb 3HAaHb 3700yBadiB BIAMOBITAE
75-89 BUKJIQZICHOMY BHILIE, aj€ MaroTh Miclle JEsKl YHYIIEHHS IpH
) BUKOHAaHHI  3aBJaHb, OOTpYHTYBaHHS HETOYHI, HE
HIATBEPPKYIOTHCS JOCTaTHRO OOTPYHTOBAHUMHU JI0Ka3aMU
«3a/I0BUIbHO» - 37100yBau pO3KPUB MHUTAHHS, B 3arajJbHHUX
60-74 pucax, po3yMi€ iX CyTb, HAMAraeTrbcsi poOUTH BUCHOBKH, ajie
) Opy IBOMY HPUITYCKAETHCS TpyOMX TIOMUJIOK, MaTepial
BHUKJIAIa€ HEJIOTIYHO 1 HE CAMOCTIHHO
«HE3aJI0BUIBHO» - 3 MOMJIMBICTIO IOBTOPHOTO CKJIaJaHHS,
35.59 3100yBav HE B 3MO31 JaTH BIMOBIIb HA MOCTABJICHE 3aIMUTAHHS
) abo BIAMOBiAb HENpPaBWJIbHA, HE PO3YMI€ CyTi NUTAHHS, HE
MOKe 3pOOUTH BUCHOBKH

HE33JIOBUTPHO» - 3 OOOB’SI3KOBMM TIOBTOPHHM BHBYCHHSIM
IUCHAIUIIHA

0-34

10. OpieHTOBHMII MEepeTiKk MUTAHb 10 MiZICYMKOBOIro KOHTPOJII0 (icmuTy)

1. CyyacHa KOHIIEMIIS PO3B’S3aHHS CKIQJIHUX MaTeMAaTHYHUX 3ajJad Ta
3a/lay MEXaHIKH, sIka 3aCHOBaHA Ha BHUKOPUCTaHHI 3arajbHO MAaTeMAaTHUYHUX Ta
cruemianizoBanux makerie (Maple, Mathematica, Matlab, Mathcad, ANSYS, LS-
DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working Model 2D,
Working Model 3D).

2. Cucremun xomn’rorepHoi marematuku (CKM) Maple, Mathematica,
Matlab i Mathcad.

3. Inrerpamnis CKM mix coboto Ta 3 inmumu nporpamamu (C, C++, Fortran,
LaTex ta iH.).

4. CumBonbHi (anamituuni) omepanii B CKM  (omepamii 3 dhopmynamu,
MEPETBOPEHHS THWIIIB, OMepaIlii OIiHIOBaHHS, MIACTAaHOBKH, (akTopu3allis Ta
CIIPOILICHHS BUPA3iB).

5. Marematnunuii ananiz B CKM Y.1. (Mexi, cymu, no6ytku (Limit, Sum,
Product. IudepenmitoBanas Ta iHTerpyBanHs (Diff, Int, omepatop D. Amnami3
¢dynkiii. [Tomryk exctpemymiB GyHKIIII, TOUYKK O€3MEePEPBHOCTI 1 PO3pUBY DYHKITIT
(extrema, minimize, maximize, iscont, discont, singular).

6. Marematuunuii ananiz B CKM U.2. (Psa Teitnopa (taylor, mtaylor). Psin
Jlopana (laurent). Intepnonsiuis, ekcTpamofisiis Ta anpokcumaris. CrialiHoBa
IHTEpIOJISILIsA, eKCTpanosinia Ta anpokcumania. Ckiaa nakety numaprox. [lange-
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anpokcuMmailis (pade, chebpade). Haiikpamia miHiMakcHa anmpokcuMallis (minimax,
remez)).

7. Marematnynuii ananiz B CKM Y.3. (BekropHi o00uuCIICHHS
(VectorCalculus). ®ynkuii Teopii monst (rpaaieHT, poOTOp, MOTIK 1 TUBEPTEHILIS).
[arerpanbhi neperBopenns (Pyp'e, Jlamnaca, Xankens, ['iipdepra, Memnina)).

8. Buma anreopa B CKM UY.1 (Pimenns piBHsSHB 1 HepiBHOcTel (SOlve,
fsolve, rsolve. ®ynkumis RootOf. Pekypentni piBusHHs (rsolve). Ilimouncenbhe
pimenns (isolve, msolve)).

9. Bumia Tta ninifina anreopa B8 CKM U.2 (OcHoBHI omepaltii 3 MoJiiHOMaMH.
OOGuucnenHss kKopeHiB mnoiiHoma. [laker s poOoTH 3 MOJIHOMAMH
PolynomialTools. ITaker nabmmxkenns kpuux CurveFitting. Iaker linalg. ITaker
Linear Algebra 1 anroputmu NAG. PimieHHs cucteM JTHEHHUX PIBHSHB METOJaMU
LU -, QR- nexommo3airii i JeKOMIIO3UI[ii XaleccKi).

10. AwnaniTMuHEe Ta YHCENIbHE PO3B’S3aHHS 3BUYAMHUX IU(PEpEeHLIHHUX
PIBHSAHB 1 piBHSAHD Y yacTUHHUX NoxigHux B CKM. 3acobu Bizyaunizalii 00uncieHb
(bynxkuii DEplot, DEplot3D, PDEplot).

11. Kinueso-enementHuii aHam3. Orisig MaKeTiB KIHIIEBO-EJIEMEHTHOIO
aHamizy.

12. MoxnuBOCTI 1 pU3HaueHHs crerianizoBanux nakeriB (Working Model,
ANSYS, LS-DYNA, NASTRAN, COSMOS/M, ABACUS)

13. TIporpamumii komiuiekc ANSYS (Tunm kinuneBux enmemenTiB. KiHiesi
€JeMEHTH I TUIOCKUX 3aiad. CKIaJ0Bl YaCTUHHU KOMILIEKCY 1 X MpHU3HAYECHHS.
[Taketnuii pexxum (Commands). IarepaktuBauii pexxum (GUI). IlpenporecopHa
migroroska. I[loctmnporecopna o0poOKa).

14. TIporpamumii komiuiekc FleXPDE (3amyck. PemaryBaHHS i BUKOHAaHHS
neckpuntopuux ¢ainis. CtBopeHHs nmeckpuntopHux ¢aimie.  Iligrotorka
JICCKpHUIITOPHOTO (aitny. CTpyKTypa AeCKpUITOPHUX (HaiiiiB).
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