HAIIOHAJIBHA AKATEMISI HAVK YKPATHU
[HCTUTYT NPUKJIAJTHOI MATEMATHKHU I MEXAHIKHT

BATBEPIIKYIO»

____ Mupexrop IIIMM HAH Y«paisu
%:f‘:j% 1.-kop. HAH Ykpainn

/"" ‘ HCTHTS -.\\{w

{"" nPHHAaJIHol\"'
< Ma’remandim «

o] ();H

/

L.I. Ckpunnik

J (fl piel 2024dp.

o) i Mexaminy
\ AN K }"
0549

POBOYA IPOI'PAMA HABYAJIBHOI TUCITUILITHA
Kommn’oTepHa MmaTemMaTHKa i MexaHika
MiAroToBKH 3100yBaviB CTyNeHsl BHILOT OCBITH

TpeTii (OCBITHLO-HAYKOBHIA)
aoxkTopa ¢inocodii

rajgys3b 3HaHb 11 MaremaTuka Ta CTaTUCTUKA

cunewiaabHicTh 113 [ Ipukiangda MaTreMaTHKa

Cnop’siHebK — 2021 p.



Po6oua nporpama HaBuanbHOi mucuumIing «KoMi’'roTepHa MareMaruka i
MexXaHika» I8 3m00yBadiB HayKOBOTO CTyNeHs JOKTopa dinocodii 3a

cuenianbHicTiO 113 «IIpuKkitagHa MaTeMaTHKa)

Po3po6HuK:
Kononos IOpiit MukutoBu4, 3aBigyBad BiANIIOM TeOpii KEepyrOUHX CHCTEM,

nokTop (izHKo-MaTeMaTHYHUX Hayk, npodecop IIIMM HAH Vkpainn

Po6ouy mporpaMy cCXBajieHO Ha 3acilaHHi Bi[UTily Teopii KEpYIOUMX CHCTEM

[Mporokon Ne .2 Bim KE. £ 202 £ poKy.

3aBigyBad BiJILy Teopii KEpyIOUHUX CHCTEM Kononos 10.M.

(i armec)

CxBaseHo HayKoBO-METOAMYHOK Paio0 IHCTHTYTY MPHKIAJHOI MATEMATHKH |

mexaniku HAH Ykpainu

Ipotoxon Ne ¢ Bixm 30 pecel 202 1 poky.
7 V)

["o510Ba HAYKOBO-METOOUYHOI pagu (LY 0O.B. Hecmenosa

(miAmey




1. Onuc HABYAJIBLHOI JUCHUILIIHA

lNay3pb 3HaHB, HaIIpsAM

HalimenyBanHs . . XapakTepucTrUKa HaB4albHOT
. HIATOTOBKH, OCBITHBO- .
[IOKa3HUKIB e o JTUCTTUTLTIHU
kBaiikamiifiHuil piBeHb
. l"ay3p 3HaHB, HaNIpsIM .
HaitmenyBanus . . XapakTeprucTHKa HAaBYaJIbHOT
. HIATOTOBKH, OCBITHBO- .
[TOKa3HUKIB e o T JUCTTUTUTIHA
kBaiikamiifiHuil 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 rox
[TpaxkTruni
TwxHEBIX TO/H: OcBiTHBO-KBaiika Mz 28 ron

aynutopHux — 1,5

camocTiitHOo1 poboTn — 1,7

PIBEHB!
nokTop dimocodii

CamocrtiiftHa poOoTa

64 rox

Bun koHTpOMIO: ICIUT




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

Metorw HaBuanabHOI AucUMILTIHU «KOMII'IOTEpHA MaTeMaTHKa 1 MEXaHiKa»
(KMiM) € o3HafiOMJICHHS 3 CydYaCHUMH 3arajbHO MaTeMaTHYHUMH 1
CHeliaNi30BaHUMU TaKeTaMu U aHAIITUYHUX Ta YHUCEIbHUX PO3PaxyHKIB
CKJIQJITHUX MaTEeMAaTHYHUX 1 MEXaHIYHHUX 33/a4 3 BUCOKHM 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 HayKOBUM 1 TPUKIAQIHAM HAOpPSIMKOM, SKWHH BUHUK Ha CTHUKY
MaTeMaTUKu W 1H(opMaTUKd (KOMI'IOTEpHA MaTeMaTHKa) 1 MEXaHlku ¢
iHpopMaTHKH (KOMIT'FOTEpHA MEXaHIKa) .

KMiM — 1e CyKyIHICTh TCOPETUYHHX, METOJMYHUX, amapaTHUX Ta
nporpaMHUX 3aco0iB, 110 3a0e3neuyoTh €(dEeKTHUBHE BUKOHAHHS 3a JOMOMOTOIO
Cy4aCHUX KOMIT'FOTEPIB YCiX BHUIIB MAaTeMaTHYHHUX aQHATITUYHHX Ta YHCEIBHUX
OOYHUCIIEHb 3 BUCOKUM CTYIEHEM iX TOYHOCTI 1 Bi3yaji3allii, a TAKOXX MPOBEICHHS
YHCENbHUX JOCIIHKCHb 3a7a4 MEXaHIKd CyHMUIbHUX cepenoBuil. Kypc MicTHTB y
co0i 3arajbHOMAaTEMaTHYHI MMAKETH AaHAMITHYHHUX Ta YHUCEIBHUX 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.).

[Tpu BUKITanaHHI AUCHMIUIIHU CJIiJ] 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 CEPEIOBHI Ta i1HOOPMATHUKH.

BuBuenHs nmaHOi IUCHMIUIIHKM 3HAYHOK MIpPOIO crpuse (GOpMYBaHHIO 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  CnemiamizoBani 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:

dbopMyBaHHS OCHOBHUX IIOHATH, MOXJIUBOCTEeH Ta mpuzHaueHb CKM i
CIIM;

- o3Hariomirtenasa 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 OPOTPaMHUMH CHUCTEMaMu 1
MOBaMU;

- ceitoBuit qocBia BukopuctanHss CKM 1 CIIM ta TeHIEeHII10 iX PO3BUTKY;

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



OuikyBaHi pe3yJibTaTH HABYAJbHOI AMCHUILTIHA

3arajabHi KOMIETEHTHOCTI:
1. 3K1. Anani3 1 cunTe3. 3AaTHICTH 0 aHaJI3y T4 CUHTE3Yy Ha OCHOBI JIOTTYHUX

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

2. 3K2. locninauibka 3AaTHICTh. KOMIIETEHTHOCT! 1HILIIOBATA Ta BUKOHYBAaTH
(iHauBinyanpHO a00 B HayKOBId Tpymli) HAYKOBI JOCHIIKEHHS, 110
NPUBOASITH O OTPUMAHHS HOBHX 3HaHb; 3JaTHICTh 3aCTOCOBYBATH 3HAHHS
Ha TPAKTHIII.

3. 3K3. I'myukicte mucnenHs. HaOyTTs rHy4ykoro crnoco0y MHCIEHHS, SKUN
Jla€ MOMUIMBICTD 3pO3yMITH U PO3B’si3aTH MPOOJIEMU Ta 3ajaadi, 30epirarouu
IpY [[bOMY KPUTHYHE BiTHOIICHHS 10 YCTAJICHUX HAYKOBUX KOHIICMIIIH.

4. 3K6. KomyHIKaTMBHI HaBUYKH. 3JIaTHICTh €(EKTHUBHO CHUIKYBaTHCS 13
CTEIIaTbHOI0 Ta 3araJIbHOI0 ayIUTOPISIMH, a TAKOXK TPEACTABIATH CKIAJHY
iHbopMaIlil0o y 3py4HHM Ta 3pO3yMUIMM CHOCIO YCHO 1 THCHBMOBO,
BUKOPHUCTOBYIOYM BIJTMOBIIHY TEXHIYHY JIEKCUKY Ta METOAH;, HABHUYKU
BUKOPUCTaHHS 1H(OPMAIIHHUX 1 KOMYHIKAIIMHUX TEXHOJOT1H; 3aTHICTh
CIUIKYBAaTHCSl PIAHOK Ta JPYror I1HO3EMHOIO MOBOK SK YCHO, TakK 1
HCBHMOBO.

5. 3K7. MikxHapogHuil Kpyrosip. 3MaTHICTh MPAIOBATH B MDKHAPOJIHOMY
CEpEeJIOBMILI, CTABUTHCS 13 IOBArol [0 HAIIOHAJIBHUX Ta KYJIbTYpHUX
TpaauIlii, Crioco61B poOOTH IHIIUX YICHIB TPYIIH.

6. 3K8. INomynspu3zaniiini HaBuUkH. BMIHHS criikyBaTHCs 13 He]axiBISIMU;
3IaTHICTh MPOBECTH YCHY IPE3CHTAIlII0 Ta HAMKCATH 3PO3yMUTy CTATTIO 3a
pe3yapTaTaMi IMPOBEACHUX JOCIHIKEHb, a TaKOoX MO0 CYYaCHHUX
KOHIICTIIA y NpHKIAgHIA MaTeMaTulll g HedaxiBIiB y I ramysi;
3/IaTHICTh CIUJIKYBATHUCS 3 €KCIIEPTAMU 3 1HIIUX raay3ei.

@daxoBi KOMIIETEHTHOCTI:

1. ®K2. 3paTHicTh 3aCTOCOBYBATH CYYacHY METOJOJIOTiIO, 3arajbHi Ta
CreliagbHl METOIM HAYKOBOT'O JOCII/DKEHHS 32 CIEHMIaIbHICTIO Ta 00paHOoIo
CcIIeIiaji3alicro.

2. ®K5. VYminHa OymyBaTw aJieKBaTHI MaTeMaTH4HI MOJENI, JOCIIIKYBaTH
noOyI0BaH1 MOJIEJi Ta BU3HAYATH MOKIIMBOCTI iX 3aCTOCYBaHHS.

3. ®K8. 3matHICTh 3MIMCHIOBATH JOCHIIKEHHS TMPHUKIAJHAX MaTeMaTHIHHUX
3a/1a49 3 BUKOPHUCTAHHAM CIIeI[iaJbHUX MaTeMaTHYHUX MAKEeTiB Ta aHATI3YBaTH
OTpHMaHi JaHI.

4. ®K10. 3gaTHICTh BUKOPUCTOBYBATH CydacHi IHPOpMAaIliiiHI Ta KOMYHIKATUBHI1
TEXHOJIOT1i HpH JEMOHCTpallii pe3yJbTaTiB HAyKOBOiI poOOTH Ta OOMIHI
HayKOBOIO 1H(OpMAITI€O.



5. ®K12. Ilornubneni 3HaHHA 3 TEOPli ONTUMAIBHOTO KEpyBaHHs, AKICHOI Teopii
JTIHIAHUX KEPOBAaHUX CHCTEM Ta OCHOB T'€OMETPUYHOI Teopli HETIHIHHUX
CUCTEM. 3aTHICTh 3aCTOCOBYBAaTH METOJU TE€OPil KEPYBaHHS 10 PO3B’SI3aHHS
3a7la4y oNTHUMIi3alli Ta CHUHTE3Y 3aKOHIB KEpyBaHHA [JIsi MaTeMaTHYHUX
MojieNel TUHAMIYHUX MPOLIECIB y MPUPOJIHUYUX Ta TEXHIYHUX HAyKaX.

[Iporpamui pe3yabTaTd HaBYAHHS:

1. PH1. 3Hatu Ta po3yMmiTH TpaaulidHI Ta NEpeloBl TEHAEHIIi B ramysi
NPHUKJIAIHOT MaTeMaTHKH, €Talli ICTOPUYHOTO PO3BHTKY MaTEMaTHYHUX
3HaHb 1 mapaaurM, (OpPMyBaHHS MOTIHOJIECHOT CUCTEMHU HAyKOBUX 3HAHB 3a
HAIPSIMOM JIOCITi/IPKEHb.

2. PH3. 3natu OCHOBHI MpUHIHIHK, GOPMH Ta METOJIU MPOBEACHHS HAYKOBUX
JOCIIDKCHb B Taly3l NMPUKIAAHOI MaTEMAaTHKH, BOJIOJITH MaTeMaTHYHHM
amapatroMm B 00’€Mi, TOCTATHbOMY JJisi TPOQECItHOT NISITBHOCTI.

3. PH4. Bmitu OyayBatu Ta JIOCTKYBaTH MaTeMaTH4HI MoOJel (i3UYHUX,
COITIATbHO-€KOHOMIYHHUX, TEXHIYHUX, O10JIOTIYHUX TOIIO MPOIIECIB, CUCTEM,
npoiieciB, dopmanaizyBaTH TpoOJeMH, OIUCAHI TPHUPOTHOIO MOBOKO, 3a
JOTIOMOTOI0 MaTeMaTUYHUX METO(IB, 3aCTOCOBYBATH 3arajbHl1 MiAXOAH [0
MaTEMaTUYHOT'O MOJICTIOBAaHHS KOHKPETHUX MPOIIECIB.

4, PH6. BwmiTH mOSICHIOBAaTH CKJIaJHI MaTeMaTH4Hl1 KOHIIEIII MOBOIO,
3po3yMiIor0 sl HedaxiBI[iB y Taidy3l MaTeMaTUKH, TMPEACTaBIsATH
pE3yNbTaTH HAYKOBUX JOCHIIKEHb HAa HAYKOBHX Ta MOMYJSPU3ALIMHUX
3axo/ax.

5. PH9. Bwmitm opraHidyBaTH HENEPEpBHUN BIIACHUN CaMOPO3BUTOK 1
CaMOBJIOCKOHAJICHHS, HA0YTTS THYYKOT'O CIIOCO0Y MUCIEHHS TIPH TBOPUOMY
JOCIIHKeHH1, B TOMY YHCII MPUKIATHIX MAaTEMATHYHUX TIPOOIIEM.

6. PHI1. MaTtu 1pyHTOBHI 3HaHHS 3 MaTEMaTUYHOI TEOpii KEpyBaHHS, BMITH
3aCTOCOBYBATH iX ISl O3B’ sI3aHHA MPUKIIATHUX 3a/1a4.

3a pe3ynbraTaMd BUBYCHHS HABYAJIBHOI TUCIUIUIIHK 3100yBad JIOKTOpa
¢irocodii moBUHEH:

3HATH:

- OCHOBHI MIOHSITTS KOMII'TOTEPHOI anreOpu Ta ICTOPIO 1 pO3BUTKY;

- MoxxuBocTi Ta nmpu3HaueHHs CKM 1 CIIM;

- MOXKJIMBOCT1 aHAJTITUYHHMX Ta 4YHCEIbHUX po3B’s3aHb B CKM ckmagnHux
3a/la4 MaTEMAaTHUYHOIO aHami3dy, JiHIMHIA anreOpu, 3BUYAHHUX TU(EepeHIIHHUX
PIBHSIHb T4 PIBHSIHb Y YACTUHHUX MOXI1JIHUX;

- rpadiuni moxiuBocti CKM,;



- irerpanito CKM Mix co00l0 Ta 3 IHIIMMH IOPOrPAMHUMH CUCTEMaMU 1
MOBaMU;
- MaTeMaTU4YH1 OCHOBU CKIHYEHO €JIEMEHTHOI0 aHai3y;
- MOXJIMBOCTI pO3B’A3aHHS 3a/1a4 TEOPETUYHOT MEXAHIKHU, TEOPii MPY>KHOCTI,
TeopeTuyHoi rigpoauHamiku Ta iH. B CKM 1 CIIM,;
- cBitoBuit nocBig BukopuctanHsa CKM 1 CIIM Ta TeHaeH1io iX pO3BUTKY;
- HeoOXIJHI amapatHi Ta nporpamui 3acodu st 3actocyBanHss CKM 1 CITIM.

BMITH:

- npoBoautd B CKM cuMBOJIbHI omeparlii 3 ¢gopMmyiaaMu, TEPETBOPECHHS
TUIIIB, OTEpallii OI[IHIOBAHHS, MMICTAHOBKH, (paKTOpHU3aIlii Ta CIIPOIICHHS BUPA3iB,;

- npoBoauTd B CKM aHamTUYHUX Ta YHCEIBHUX PO3B’SI3aHb CKIATHUX
3a/lay MaTeMaTU4YHOTO aHami3y, JiHIMHINA anreOpu, 3BUYAHUX IU(epeHIIHHIX
PIBHSIHb Ta PIBHAHb Y YACTUHHUX MOX1THUX;

- KOPUCTYBaTHUCS aHIMalli€eto Ta rpapiaaumMu MoxxiauBoctsiMu CKM 1 CIIM,;

- KOPUCTYBATHUCS CKIHYCHO €JIEMEHTHUM aHaJII30M MIPH PO3B’sI3aHHI 3a7a4 B
CIIM;

- po3B’si3yBaTH 3ajaui TEOPETUYHOT MEXaHIKHU, Teopii MPYKHOCTI,
TEOPETHUYHOI TIPOJAMHAMIKY Ta MEeXaHIKU CyIiapHuX cepenoun] B CKM i CIIM,;

- camoctiitHo migiopatu CKM a6o CIIM 1 po3B’si3aHHS  CKJIQTHUX
NPUKJIAJHUX MaTeMaTUYHUX 3a7ay, [0 BHUHUKAIOTh Yy Haylll, TEXHIII,
ITPOMHUCIIOBOCTI Ta €KOHOMIII];

- MPOBECTU OOYMCIICHHS Ta OOrpyHTYyBaTu oTpuMaHi pe3ynbTatd B CKM 1
CIIM 1 Bugaty iX 3 BACOKUM CTYIIEHEM Bi3yauri3aliii.



3. IIporpama HaBYAABLHOI JMCHUIIIHH

Tema 1. CyyacHa KOHIIEMIliSE PO3B’A3aHHS CKJIQJHUX MaTeMaTUYHUX 3ajad
Ta 3aJ1a4 MEXaHIKH, sKa 3aCHOBaHA HAa BHKOPHUCTAHHI 3arajlbHO MaTeMaTHYHUX Ta
cremianizoBanux maketie (Maple, Mathematica, Matlab, Mathcad, ANSYS, LS-
DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working Model 2D,
Working Model 3D).

Tema 2. Cuctemu komm’totepraoi marematuku (CKM) Maple, Mathematica,
Matlab i Mathcad.

Tema 3. InTerpamis CKM mixk cob6oro Ta 3 iHmmMu nporpamamu (C, C++,
Fortran, LaTex Ta iH.).

Tema 4. CumBosbHi (ananiTuuHi) onepanii B CKM (oneparii 3 hopmynamu,
NEpPEeTBOPEHHSI THUIIIB, Omepalii OIIHIOBaHHS, MIJICTAaHOBKH, (aKkTopu3alis Ta
CIPOUICHHS BUPA3iB).

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

Tema 6. Maremarnunuii ananiz B8 CKM  Y.2. (Psap Teitmopa (taylor,
mtaylor). Psg Jlopana (laurent). IHTepmossiiisi, eKCTPAMOIAIS Ta alPOKCHMAIIiS.
CrnaiiHoBa 1HTEPHOJALISA, eKcTpamoiAlis Ta anpokcumariis. Ckiag mnakery
numaprox. Ilame-anmpokcumariis (pade, chebpade). Halikpama wmiHiMakcHa
ampokcuMaliis (minimax, remez)).

Tema 7. Marematnunnii anamiz B CKM  U.3. (BekrtopHi 00YHCIIEHHS
(VectorCalculus). ®yukiii Teopii mosast (rpami€HT, pOTOp, MOTIK 1 JUBEPreHIlis).
Interpanshi meperBopenns (Pyp'e, Jlamnaca, Xaukens, ['inp0epra, Menina)).

Tema 8. Bumia amreopa B CKM Y.1 (PimieHHs piBHSHBL 1 HEpiBHOCTEH
(solve, fsolve, rsolve. ®yukmis RootOf. Pekypenrtni piBasHHS (rsolve).
Linouncensue pimenns (isolve, msolve)).

Tema 9. Buma rta miniina amrebpa B CKM U.2 (OcHoBHi oneparii 3
nosiinomaMu. O0uUncieHHsT KOpeHiB momiHoMa. [laker ams poboTu 3 mosiHOMaMu
PolynomialTools. ITaket nabmmxenns kpuBux CurveFitting. ITaker linalg. ITaker
Linear Algebra i anroputmu NAG. Pimenss cuctem THEHHUX PIBHIHb METOJAaMHU
LU -, QR- nexommo3aitii i AEKOMIIO3UIlii XaJeccKi).

Tema 10. AnHamiTHuHE Ta YHCEIbHE PO3B’A3aHHS 3BUYAMHNX TU(DEPEHITIHHUX
PiBHSAHB 1 piBHSAHB Y YacTUHHUX noxigHNX B CKM. 3acobu Bizyaumizallii o0uncieHb
(dynkmii DEplot, DEplot3D, PDEplot).

Tema 11. KinneBo-enementHuii anamis. Oriag MmakeTiB  KIHIEBO-
€JIEMEHTHOTO aHai3y.

Tema 12. MoxnuBOCTi 1 mpu3HaYeHHS cremianizoBanux nakeriB (Working
Model, ANSYS, LS-DYNA, NASTRAN, COSMOS/M, ABACUYS)

Tema 13. Ilporpamuuii komiuiekc ANSYS (Tunu KiHIEBHX CJIEMEHTIB.
KinmeBi enemMeHTH mis muiockux 3amad. CKIQJoOBI YaCTHHM KOMILIEKCY 1 iX



npusHayeHHs. Ilaketnuit pexum (Commands). IntepaktuBamii pexum (GUI).
[IpenporecopHa miaroroBka. [locTnporiecopHa 06pooOkKa).

Tema 14. Ilporpamumii xommuieke FIexXPDE (3amyck. PemaryBanns i
BUKOHAaHHS JecKpunTopHUX (aiiniB. CTBOpPEHHS JECKPUNTOPHHUX (haidiB.
[MTinroroBka aeckpunropHoro (daiiny. CTpyKTypa AeCKpUNTOPHUX (DaiiiiB).

4, CTpyKTypa HaBYAJbHOI JUCHHUILTIHU

KinbkicTs roqun

y TOMY YHCJIi

Ha3zBa remu

Ycboro
Jlexmii
3aHAaTTHa
CamocrTiiina
PoGora

~| HpakTuuni

1 2
1. CywacHa KoHUeNIis pPO3B’I3aHHS
CKJIAJJTHIX MaTEeMAaTUYHHX 337ad Ta 3a/1a4
MEXaHIKH, sIKa 3aCHOBaHa Ha
BUKOPHCTaHHI 3araJibHO MaTeMaTHYHUX
Ta cnemiamizoBannx 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 wmibk coboro Ta 3
iHmumu nporpamamu (C, C++, Fortran, 8 2 2 4
LaTex ta iH.)
4. CumBojbHI (aHaJITHYHI) omeparii B
CKM (omepamii 3  ¢opmynamu,
MePETBOPEHHS THIIIB, omeparrii 8 2 2 4
OLIIHIOBAHHS, MiICTAaHOBKH,
(hakTOpHU3aIlis Ta CIPOIIECHHS BUPA3iB)
5. Maremarnunumii ananiz B8 CKM  UY.1.
(Mexi, cymu, mo0yrku (Limit, Sum,
Product. JudepeniiroBanHs Ta
inrerpyBannsa (Diff, Int, omepatop D. 8 2 2 4
Ananiz ¢ynkuiid. Ilomyk exkcrpemymiB
¢yHkuii, TOuKM  Oe3mepepBHOCTI 1
po3puBy OyHKmii (extrema, minimize,
maximize, iscont, discont, singular)
6. Marematnunuii ananiz B CKM Y.2.
(Psim Teitnopa (taylor, mtaylor). Psn
Jlopana (laurent). [HTepnossis,
€KCTPATIOJISIIIS Ta ampOKCHUMAIIis.

w
(6]




CrnnaitHoBa IHTEPIIOJIALLIS,
eKCTpanoysLisa Ta anpokcumaris. Ckiaj
nmakery numaprox. Ilage-ampokcumariis
(pade, chebpade). Haiikpaia mMiniMmakcHa
arnpokcumailis (minimax, remez))

7. Marematnunmii ananis 8 CKM 4.3
(BekropHi 00UMCIIeHHS
(VectorCalculus). ®ynxkuii Teopii moss
(rpamieHT, pOTOp, MOTIK 1 JMBEPreHIis).
Inrerpanbui  meperBopenHs  (Dyp'e,
Jlamaca, Xaukens, I'ns6epra,
Memtina))

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

9. Buma Tta miniiina anre6pa 8 CKM 4.2
(OcHoBHi  omeparii 3  MOJIHOMaMH.
OO6uncnenHs KopeHiB mojiHoma. [laker
TUTS pobotu 3 IIOJIIHOMaMH
PolynomialTools. Tlaker wHaGmmkeHHS
kpuBux CurveFitting. Ilaker linalg.
ITaker Linear Algebra 1 anroputmu
NAG. PimeHns cucteM JTHEHHUX PIBHSHD
metogamu LU -, QR- nmexommosarrii i1
JEKOMITO3HITiT XaJIeCCKi)

10. Amnanituyse Ta qrceNbHe
PO3B’sI3aHHS 3BHYAWHUX TU(EPEHITIHHUX
pIBHSHbL 1 pIBHAHb y YacTHHHHX
noximaux B CKM. 3acobm Bizyamizaiii
obunciens (pyukuii DEplot, DEplot3D,
PDEplot)

11. TIlpukmagu po3B’sizaHHSA  (PI3UKO-
TEXHIYHUX 3a7a4, a TakoX 3amad
TEOPETHUYHOI MEXaHIKH, T1IPOJAMHAMIKA 1
Teopii MPYKHOCTI HA OCHOBI Cy4YacHHMX
MaTEeMAaTUYHUX MAKETIB

10

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

10

13. TIlporpamumii kommiaekc ANSYS
(Tumm  kiHNEBUX eneMeHTiB. KiHIeBi
eJIEMEHTH UIS TI0oCKuX 3agad. CKiramoBi
YaCTUHU KOMIUIEKCY 1 iX MpU3HAYEHHS.

ITakeTHunit pexUM (Commands).
[nTepakTuBHMI peKUM (GUD).
[Ipenponecopna MirOTOBKA.

[TocTnporiecopra 06podka)

10




14. Tlporpamuuii komiuekc FlexPDE
(Banyck. PenmaryBanHs 1 BHKOHAHHS
neckpuntopuux  ¢aitnis.  CTBOpeHHS
.. ; 10 2 2 6
neckpuntopaux (¢aimis.  IlinroroBka
neckpunrtopuoro  gaitmy.  Ctpykrypa
JCCKPUTITOPHUX (haiiiTiB)
Ycboro roauH 120 28 28 64
5. TeMM NPAKTHYHMX 3AHATH
Ne KinbkicTb
HasBa Temu

3/ rouH

1 |[3arampHo MartemaTmuHi Ta cremianmizoBani maketn (Maple,
Mathematica, Matlab, Mathcad, ANSYS, LS-DYNA, NASTRAN, 9
COSMOS/M, ABACUS, FlexPDE, Working Model 2D, Working
Model 3D)

2 | Cucremn xomm’rorepHoi marematukn (CKM) Maple, Mathematica, 2
Matlab i Mathcad

3 | Imrerpamis CKM wmikx coboro Ta 3 iHmumu nporpamamu (C, C++, 5
Fortran, LaTex Ta iH.)

4 | CumBouibHi (aHanitTuyHi) onepauii B CKM (omepauii 3 dhopmymnamu,
TEPEeTBOPEHHST  THUIIB,  Omepalii  OIlIHIOBaHHS,  IJICTAHOBKH, 2
(baxTOpHU3aIlis Ta CIPOIICHHS BUPA3iB)

5 Maremarnunuii ananiz B CKM  Y.1. (Mexi, cymu, nooyrku (Limit,

Sum, Product. [ludepenmiroBanus Tta iHTerpyBanHs (Diff, Int,
oneparop D. Anamiz ¢ynkiii. [lomyk ekctpeMyMiB (QyHKITii, TOUKH 2
OesmepepBHOCTI 1 po3puBY (QyHKIII (extrema, minimize, maximize,

iscont, discont, singular)

6 Maremarnunuii ananiz B CKM U.2. (Psa Teiinmopa (taylor, mtaylor).

Psin Jlopana (laurent). IHTepmossiisi, €KCTpanoJIsIIiis Ta alPOKCUMAITIS.
CriaiiHOBa IHTEPIIOJIALIS, KCTparoJjsiis Ta anpokcumariis. Ckian 2
makeTy numaproX. Ilage-anpokcumanis (pade, chebpade). Haiikpamia
MiHIMaKCHa anpoKcHMallis (minimax, remez))

7 | Maremarnynamii anamiza B CKM  Y.3. (BekropHi oOuHciIeHHS
(VectorCalculus). ®ynkiii Teopii mosis (rpamieHT, poTOp, MOTIK i 9
nuBepreniis). [aterpanshi neperBopenns (Pyp'e, Jlamaca, Xankess,
I'inebepra, Mesnina))

8 | Buma anre6pa 8 CKM UY.1 (PimenHs piBHsHB i HepiBHOCTEH (solve,
fsolve, rsolve. ®yukmis RootOf. PekypentHi piBHsHHS (rSOlve). 2
Linouncensre pimenns (isolve, msolve))

9 | Buma Tta miniiina anrebpa B CKM Y.2 (OcHoBHi omeparii 3
noyiiHoMamMu. OOuncineHHs KopeHiB nosiHoma. [laker ans po6otu 3
nosiHoMamu  PolynomialTools.  Ilaker  HaOmMXKeHHs  KpUBHUX 2
CurveFitting. ITaker linalg. ITaker Linear Algebra i anroputmu NAG.

Pimenns cucrem nHelHMX piBHAHR Metomamu LU -, QR-
JIEKOMITO3Ilii 1 IEKOMITO3MIIiT XaIeccKi)

10 | AnamiTMuHe Ta YHCEIbHE PO3B’S3aHHS 3BHYANHUX AudepeHIiTHNX
PIBHSHB 1 piBHAHB Y YacTHHHUX noXitHuX B CKM. 3acobu Bizyaunizaii 2
oOunciaens (pynkuii DEplot, DEplot3D, PDEplot)

11 | Ilpuknagu po3B’s3aHHS (DI3UKO-TEXHIYHUX 3a7ad, a TaKoXK 3aaad 2

TEOPETUYHOI MEXaHIKH, TJIPOJMHAMIKU 1 TeOpii IPYKHOCTI HA OCHOBI
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Ne
3/

Ha3zBa Temu

KinbkicTh
rOANH

CYJaCHUX MAaTCMAaTUIHHUX [IaKETIB

12

MoXJIMBOCTI 1 TpU3HAYCHHS crierianizoBanux makeriB (ANSYS, LS-
DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working
Model 2D, Working Model 3D Ta in.

13

[Mporpamunii komriekc ANSYS (Tumnu kinneBux enementiB. Kinmesi
€IIEMEHTH Ui TUTOCKMX 3aaad. CKIIaZoBI YaCTUHH KOMIUIEKCY 1 ix
npusHaueHHd. [laketHuit pexkxum (Commands). [HTepakTHBHUI pexuM
(GUI). IpemnpouecopHa miaroroska. [locrmponecopra o6podka)

14

[Mporpamuwuii komruiekc FIexPDE (3amyck. PegaryBaHHs i BUKOHAHHS
NeCKpUNTOpHUX  (QaitniB. CTBOpPEHHS JECKPUNTOPHUX  (paidiiB.
[ligrotoBka pgeckpunropHoro ¢ainy. CTpykTypa JIECKPUNTOPHUX
(aiiniB)

Pazom

28

6. Temu 11 caMoOCTiiiHOI podoTH

Ha3zBa Temn

KinabkicTh
rOAUH

3arajpbHO MaTeMaTHuHI Ta cremiamizoBani maketn  (Maple,
Mathematica, Matlab, Mathcad, ANSYS, LS-DYNA, NASTRAN,
COSMOS/M, ABACUS, FlexPDE, Working Model 2D, Working
Model 3D)

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

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

CumBoubHi (anamituuni) omneparii B CKM (omeparnii 3 dopmynamu,
MEePEeTBOPEHHSI  THUITIB,  OMepalii  OIIHIOBaHHs,  IJICTAaHOBKH,
(hakTopu3aIlisi Ta CIPOIICHHS BUPA3iB)

Maremarnunuii ananiz B CKM  Y.1. (Mexi, cymu, nooyrku (Limit,
Sum, Product. [ludepenuiroBanns Tta iHTerpyBanus (Diff, Int,
oneparop D. Anamiz ¢ynkimii. [lomyk ekcrpeMyMiB QyHKIlIi, TOUKH
6e3nepepBHOCTI 1 po3puBy (GyHKIi (extrema, minimize, maximize,
iscont, discont, singular)

Matemarnunuit ananiz B CKM Y.2. (Pan Teiinopa (taylor, mtaylor).
Psn Jlopana (laurent). IHTeprmosisiisi, €KCTpanmoJIsIIis Ta apPOKCHUMAITIs.
CriaiiHOBa IHTEPIIOJIALISA, €KCTpAroJsaiis Ta anpokcumartiss. Ckian
nakety numaprox. Ilage-anpokcumaris (pade, chebpade). Haiikparia
MiHIMaKCHa anmpoKcuMalis (minimax, remez))

Maremarnunmii ananis B CKM — Y.3. (BektopHi 0O4YHCICHHS
(VectorCalculus). ®ynkuii Teopii mons (rpamieHT, poTOp, MOTIK i
nuBepreniis). [aTerpanshi mepetBopenns (Pyp'e, Jlamtaca, Xankers,
I'inpbepTa, Memtina))

Buma anredopa B8 CKM Y.1 (PimeHHs piBHsHB i HepiBHOCTeH (solve,
fsolve, rsolve. ®ynkuis RootOf. PexypentHi piBHsHHS (rsolve).
I{inouncensbre pimenns (isolve, msolve))

Buma ta niniiina anreopa B CKM UY.2 (OcHoBHi omepamii 3
nosiiHoMamu. OOuncneHHs KopeHiB nonmiHoma. Ilaker ans poGotu 3
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Ne
3/

Ha3zBa Temn

KinbkicTh
roANH

nosiHoMamu  PolynomialTools.  [laker  HaOmWKeHHS  KpUBHUX
CurveFitting. ITaker linalg. ITaker Linear Algebra i anroputmu NAG.
Pimennss cucrem nHelHuX piBHAHR Metomamu LU -, QR-
JIEKOMIIO3allii 1 IeKOMITO3uIiT XaJIeCCKi)

10

AHaniTHYHE Ta YHCENbHE PO3B’S3aHHS 3BUYAHHHUX IH(EepeHIiiHIX
PIBHSHB 1 piBHSAHB Y yacTHHHUX moxXigHux B CKM. 3acobu Bizyaunizarii
obuncinens (Gpynkuii DEplot, DEplot3D, PDEplot)

11

[Mpuknaan po3B’si3aHHA (DIBUKO-TEXHIYHUX 33734, a TAKOX 3a/1ad
TEOPETUYHOI MEXaHIKH, TIPOIMHAMIKH 1 TeOpii IPYXKHOCTI Ha OCHOBI
CyJaCHMX MaTeMaTHUYHUX [AKETIB

12

MosnuBocTi 1 npu3HayeHHs cremnianizoBanux nakeriB (ANSYS, LS-
DYNA, NASTRAN, COSMOS/M, ABACUS, FlexPDE, Working
Model 2D, Working Model 3D ta in.

13

[Tporpamunii kommiekc ANSYS (Tunu kinneBux enemeHTiB. Kiniesi
eIeMEeHTH Ui TUIOCKHX 3amad. CKiIaJioBl YacTUHHM KOMIUIEKCY 1 iX
npusHadyeHHs. [laketnuit pexxum (Commands). [HTepakTuBHUI pexum
(GUI). Tlpemnporecopua miaroroska. [loctmponecopra o6podka)

14

[Mporpamumii komruieke FIexPDE (3anyck. PenaryBaHHs i BUKOHAHHS
NecKpunTopHux  ¢aitnis. CTBOpPeHHS  JECKPUNTOPHUX  (aidiiB.
[ligroToBka neckpunrtopHoro ¢ainy. CTpykTypa IEeCKPpUOTOPHUX
(aiinis)

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).

11. PexomenaoBaHa Jireparypa
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3. KpuBmier A.B. OcCHOBBI KOMIBIOTEPHOW MaTEeMaTHKA C WMCHOJIb30BAHHEM
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4. TonockokoB JI.Il. YpaBHenuss matematudeckoil ¢usuku. Permenue 3amayd B
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5. AmanpeB B., borgseuutoc M. Maple 6. Pemenne MareMaTHYECKHUX,
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6. BacunbeB A.H. Maple 8. Camoyuutens. — M.: M3natensckuii nom” Buibsmc”,
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MartpocoB A.B. Maple 6. Pemienue 3ama4 BeICHIe MaTeMauku U MEXaHUKH —
CII6: BXB — Iletepoypr, 2001. —528c.
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10. beptsieB B.JI. Teopetnueckass mexanuka Ha 0aze MathCAD. — CII6.: BXB-

[leTepOypr, 2005.—-752c.

11. umkoBuu J.I'. Pacuer xoncTpykuuit B MSC/NASTRAN for Windows.-M.:

JIMK Ilpecc, 2001 — 448c.

12. Kanmyn A.b., Mopo3os E.M., OndepreBa M.A. ANSYS B pykax uHxkeHepa:

[IpakTueckoe pykooacto. — M.: Equtopuan YPCC, 2003. —272c.

13. bacoB K.A. ANSYS B npumepax u 3anaudax . — M.: Komnstorep IIpecc, 2002.

— 224c.
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Kmumor JI.M., Pyaenko B.M. MeTonbl koMIblOTepHON anreOpsl B 3ajadax
Mexanuku. — M.: Hayka, 1989. — 214c.

HesxonoB B.I1., A6pamenkoBa 1.B. Mathcad 8 B matemaruke, B pu3uke U B
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