QE HauioHanbHUI TEXHIYHWI YHiBEepcuTET YKpaiHu
«KUIBCBKUWA MOMITEXHIYHUIA IHCTUTYT
ag imeHi ITOPA CIKOPCbKOTO»

Kadenpa 3araabnoi ¢pizukn
Ta (Gi3UKH TBEPAOro Tija

Moer0BaHHSA NMPOLECIB TEMJI0BOI0 PO3IOILTY.

Po0oua nporpama HaB4YaJabHOI AucHUILIIHE (Cuadyc)

PiBeHb BUIIOi OCBiTH
I'any3s 3HaHb
CrneuiajibHicTh

OcgiTHs nporpama
Craryc AucHUNJIiHU
®DopmMa HABYAHHSA

Pik miaroroBku, cemectp
O0cAr TUCHUILTIHA

CemecTpoBHii KOHTPOJIb/
KOHTPOJIBHI 3aX011

Po3kaan 3aHsaTH
MoBa BuUKJIagaHHA
Indopmanist mpo
KepiBHUKA Kypcy /
BHKJIAIAYiB

Po3mimenns kypcey

PexBi3uTH HABYAJILHOI AUCHUILTIHA

Hepwuii (baxanaepcokuii)

10 «lIpupoonuui nayxuy

104 «Dizuxa ma acmponomisny

Komn tomepne mooenosanns @izuunux npoyecie
Buobipxosa

OuHa (OeHHa)

3 Kypc, secHANHUU cemecmp

120 200un (4 kpeoumu €KTC)

sanix / MKP, JIKP

https://schedule.kpi.ua/
Ykpaincoka

http://roz.kpi.ua/

JlexTop: moxTop dinocodii, cmapuiuii sukraoay Maiikym Cepeiii

Ornexciioguy, s.maikuta@kpi.ua

JlaGopatopHi: noktop dinocodii, cmapuuii suxkiaday Maiikym Cepeiii

Onexciioguu, s.maikuta@kpi.ua

[TocunanHs Ha AUCTAHIIHUN pecypc
https://drive.google.com/drive/folders/0B73SXHp6IYMIfIRPVmdle
XAS5ZnFsMDg4VmRiVE9JYnk0Qzhxdm9Qa0lzeTJ1 TkFpMWZna
DQ?resourcekey=0-05e3zJm-CRYRpEuf8-BsNw

IIporpama HaBYAJIbHOI AU CHUILTIHA
1. Onuc HaBYAIBbHOI JUCHHUILIIHY, Il MeTa, PeJMeT BUBYAHHSA TA Pe3yJbTATH HABYAHHS

B kypci «Mooenosanns npoyecie meniogoco posnooinyy po3ensaoaromuvcs 3acodou 0is nobyoosu
Qizuko-mamemamuuHux mooenel A6uw ma npuiadis, Ha OCHOBI YUX A6UW, 3aKOHI8. Jlucyuniina
gioHocumubcs 0o yukiy BH3 npodghecitinoi niocomosxu.

B Hacnioox eusuenms xypcy, cmyoeHmu HaOy8aroms 3HAHHSA NPO KOMN TomepHe MOOeN08aH s ma
00CNIOJHCEeH s A8UW, SAKI MO8 A3aHI 3 OOHUM YU OeKiIbKoMAa (QI3UYHUMU Npoyecamu 6 €OUHOMY
pospaxyHkosomy cepedosuwi. Hasuamvcs Oocniodcysamu 0yOvb-saki  @isuuni  npoyecu 3
BUKOPUCTAHHAM — CYYACHUX AOANMOBAHUX 00 CUCTEeM  ABMOMAMU308AHO20 NPOEKMYBAHHS
NPOCPAMHUX NAKEMIB.

Mema:

o PozensHymu emanu cmeopeHHs Mooenell ma NpUKIAOHUX NPoepam 0 Ybo2o,

e Jlamu cmyoenmam 102Ky nody00osu @izuko-mamemMamuyHux mooenel seuwy ma
npunaois;

e Haguumu cnpowyysamu po3paxyHoK WIAXOM 3MEHULEHHS UMIDHOCII OOCTIONCEH ST Ma
cumempii;

e Haguumu npoO0ykmusHo oOpobisimu ompumani pe3yibmamu

e Osnatiomumu i3 MUNOBUMU NPUKTAOHUMU PIULEHHAMU.

Ilpeomem eusuenns:


https://schedule.kpi.ua/
http://roz.kpi.ua/
https://drive.google.com/drive/folders/0B73SXHp6IYM9flRPVmdIeXA5ZnFsMDg4VmRiVE9JYnk0Qzhxdm9Qa0IzeTJ1TkFpMWZnaDQ?resourcekey=0-05e3zJm-CRYRpEuf8-BsNw
https://drive.google.com/drive/folders/0B73SXHp6IYM9flRPVmdIeXA5ZnFsMDg4VmRiVE9JYnk0Qzhxdm9Qa0IzeTJ1TkFpMWZnaDQ?resourcekey=0-05e3zJm-CRYRpEuf8-BsNw
https://drive.google.com/drive/folders/0B73SXHp6IYM9flRPVmdIeXA5ZnFsMDg4VmRiVE9JYnk0Qzhxdm9Qa0IzeTJ1TkFpMWZnaDQ?resourcekey=0-05e3zJm-CRYRpEuf8-BsNw

o Teopemuuna gizuka ma mamemamuxa,
o [Ipuxnaowne npocpamue 3abe3neyens,
e  Bubip epanuunux ymos ma cepedosuiya po3paxyHKy;
e Kinyego-piznuyesa cimka,.
Haguxu:

o Camocmitino susHauyamu KilbKicmb 6UMIpI8 001acmi OOCHIONCeHHs Mad BUHAYAMU
MOIACIUBICMD [T CNPOUJEHH S,

o [liobupamu ¢hizuxy ma nponucyeamu 61AcHi hpopmynu;

Iapamempuszysamu cmani ma 3MiHHI;

IIposooumu napamempuune 00CHIONCEHHS, MYTbMUDI3UYHe Ma ONMUMIZ3AYII0;

e bacamoepanno npezenmyeamu ma o6podIAmMuU pe3yibmanmu.

3azanvHi KOMnemenmuocmi:

3K1 3nmatHicTh 10 aOCTPaKTHOTO MHCIICHHSI, aHAJII3y Ta CHHTE3Y.

3K2 3nmaTHicTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHUX CUTYAIlisX.

3K3 HaBuuku BUKOpUCTaHHS iHPOPMAIIHUX 1 KOMYHIKAIIIMHUX TE€XHOJIOTIH.

3KS5 3paTHicTh npuiiMaTi OOTPYHTOBAHI PIlICHHS.

3K9 Bu3HaueHICTh 1 HAMOJIEIUBICTE MO0 ITOCTABIEHUX 3aBJaHb 1 B3SITUX 000B’SI3KIB.

Daxoei KomnemenmHocmi:

OKS5 3paTHICTh BUKOHYBAaTH OOYMCIIOBANIbHI E€KCIIEPUMEHTH, BUKOPHCTOBYBATH YHUCEINbHI
METOJIU JIJIsL PO3B’sI3yBaHHS ()I3MYHUX Ta aCTPOHOMIYHUX 3a/1a4 1 MOJCITIOBAHHS (i3HYHUX
CHUCTEM;

®K6 3matHicTh MoieI0BaTH (hi3MUHI CHCTEMH Ta aCTPOHOMIYHI SIBHIIIA 1 MTPOIIECH;

OK7 3naTHICTh BUKOPUCTOBYBATH 0a30Bi 3HaHHS 3 ()i3UKH Ta aCTPOHOMII AJSi PO3YMIHHS
OyZOBM Ta TOBEAIHKH MPHPOIHUX 1 MITYYHUX OO’ €KTIB, 3aKOHIB iICHYBaHHS Ta €BOJIOLI]
Bcecairy;

@®K9 3naTHICTh IpalfoBaTH 3 JUKepeslaMi HaBYaJIbHOI Ta HAyKOBO1 1H(pOpMAIlii;

®K10 31aTHICT CaMOCTIHHO HaBYaTUCS 1 ONAHOBYBAaTH HOBI 3HAHHSA 3 (13UKH, aCTPOHOMIL
Ta CyMDKHUX raiy3eif;

®K11 Po3BuHyTe BiAUYTTS OCOOMCTOI BIAMOBIAATBHOCTI 3a JOCTOBIPHICTH PE3YJbTATIB
JOCHIKEHD;

®K14.3naTHicTh 3100yBaTH 0JJaTKOB1 KOMIIETEHTHOCTI Yepe3 BUOIPKOBI CKIIAJI0B1 OCBITHHOL
IporpaMu, CaMOOCBITY, HeOpMaJbHYy Ta iH(OpMaJIbHY OCBITY;

OK16 3paTtHiCTh MOIENIOBAaTH Ta JOCHII)KYBaTH TMPOLECH MPUPOJOOXOPOHHOTO
NPU3HAYCHHS;

®K17 3natHicTh BUKOPUCTOBYBATH CIICI[iali30BaHe MporpaMHe 3a0e3MeUeHHs I aHalli3y
Oyab-KUX (PI3UUYHUX MPOLIECIB.

HpozpaMHi pe3yiomamu HAGUAHHAL

[TPH1 3natu, po3ymiTH Ta BMITH 3aCTOCOBYBaTH Ha 0a30BOMY piBHI OCHOBHI IOJIOKEHHS
3arajibHOi Ta TeopeTHYHOi (i3MKH, 30KpeMa, KJIACHYHOI, PEeNsSTHUBICTCHKOI Ta KBaHTOBOI
MEXaHIKH, MOJEKYJIIpHOi (PI3UKU Ta TEPMOAMHAMIKH, €JIE€KTPOMAarHeTH3My, XBHJIbOBOI Ta
KBAaHTOBOI ONTHUKH, (I3UKKM aToMa Ta aTOMHOIO fAApa JUIs BCTAHOBJICHHS, aHami3y,
TIyMadeHHsl, MOsICHEHHsI 1 Kiacu(ikalii CyTi Ta MEXaH13MiB PI3HOMAHITHUX (13MYHUX SBUII]
1 Ipo11eciB [l pO3B’A3yBaHHs CKJIAIHMX CIIELiali30BaHUX 3a]a4 Ta MPAKTUYHUX MPOOIIEM 3
¢b13uKH Ta/abo acTPOHOMIT;

[TPH3 3natu 1 po3yMmiTH eKCIIEpUMEHTaJbHI OCHOBU (I3MKU: aHaNi3yBaTH, ONMCYBaTH,
TIYMa4UTH Ta TOSICHIOBAaTH OCHOBH1 €KCTIEPUMEHTAJIBH1 M1ITBEPIKEHHS ICHYIOUHMX (DI3UUHUX
Teopiii;

[TPH5 3naru, aHami3yBaTd 1 MOSICHIOBATHM HOBI HAyKOBI pe3yJbTaTH, OJEp:KaHi y XO.i
npoBeaeHHS (QI3UYHUX Ta ACTPOHOMIYHUX JTOCIIIKEHb BIIMOBIIHO JI0 CIIeTiali3allii;



2.

[TPH10 Bwmitn mnnmanyBaTH JOCHIDKEHHS, OOMpAaTH ONTHMAaJbHI METOIM Ta 3acobu
JOCSTHEHHST METH JIOCHIJKCHHS, 3HAXOAWTH MUISIXH PO3B’SI3aHHS HAYKOBHX 3aBJIaHb Ta
BIIOCKOHAJICHHSI 3aCTOCOBAaHHX METO/IIB;

I[IPH15 Bwmitu mnpamoBaTH 13 Cy4aCHOK  OOYMCIIOBAIBHOK  TEXHIKOK, BMITH
BUKOPUCTOBYBAaTH CTaHIAPTHI MAaKeTH MPHUKIAAHUAX TMPOrpaM i IporpaMmyBaTd Ha PiBHI,
JIOCTaTHBOMY JUISI peaii3aiii YWUCeIbHUX METOIB pPO3B’s3yBaHHS (I3UYHUX 3ajad,
KOMIT FOTEPHOTO MOJICTIOBaHHS (Di3MYHHUX Ta aCTPOHOMIYHMX SIBHIL 1 MMPOIECiB, BUKOHAHHS
00YHCITIOBAIbHUX €KCIIEPUMEHTIB;

[TPH21.BmiTi caMOCTIHHO MpUKWMATH PIIMICHHS CTOCOBHO CBO€I OCBITHBOI TPAEKTOPIi Ta
npodeciiiHOro pO3BHUTKY.

IIpepexkBi3uTH Ta MOCTPEKBI3UTH JUCUMILIIHU (Miclle B CTPYKTYPHO-JIOTiYHil cxeMi
HABYaHH{ 32 BiIOBIIHOI0 OCBITHLOI MPOrPaMoIo0)

Ilpepexgisumu: Busuenns oucyuniinu 0a3Yembcsi HA 3HAHHI CMYOEHMAMU MAKUX Kypcie, 5K
«3azanvna ¢hizukay, «Mamemamuunui ananiz», «Anarimuuna ceomempisi ma AiHiUHA aneedpay,
«/[ugpepenyianvui ma inmeepanvui pieuanusa», «OCHOBU BEKMOPHO2O MA MEH30PHO20 AHANIZYY,
«Hapucna ceomempis ma «xomn’tomepna epaghikay, «Memoou mamemamuunoi Qizuxuy,
«Ingpopmamurxa ma npocpamyseanHs.

Ilocmpexsizumu. «Komn'tomepne mooenosanns 6 ¢izuyi. Yacmuna 1».

3. 3MicT HABYAJBLHOI JUCHMILTIHA
Kinekicts roany
y TOMY YHUCIi
Ha3Bu po3aiiiB i Tem Bcro HpaK_THqH KOMIT FOTEp
Jlex 1 .
o mii | (ceminapc i CPC
bii) MIPAKTUKYM
1 2 3 4 5 6
Pozpin 1. O3naiiomnennsa 3 npozpamnum cepedosuuiem
Beeoenns. 2 2 - - -
Tema 1.1 Bcmyn. O3uatiomnenns 3 2 2 - - -
npoepamuum 3abeznevenuam COMSOL
Tema 1.2. Dyukyionan oepesa mooeni ma 6 2 - - 4
NPUKIAOU PO3PAXYHKY
Tema 1.3. I1ob6yoosa po3paxynkooi cimku 6 2 - - 4
Tema 1.4 Obpodka po3paxosanux OaHux. 6 2 - 2 2
Cmeopenns epaghixie
Tema 1.5 Obpobra pospaxosanux OaHUXx. 6 2 - 2 2
Buoxpemnenus epaghixie no okpemum
wabnoHam
Tema 1.6. [lapamempuzayiss ma onmumizayis 6 2 - 2 2
Tema 1.7. Application Builder. @ynxyionan 6 2 - 2 2
0J151 CMBOPEHHS NPOSPAMHUX 000AMKI8
Pazom 3a pozninom 1 40 16 - 8 16
Po3nin 2. @izuuni mooyni
Tema 2.1. Inmepghetic epynu mooynie AC_DC 7 2 - 2 3
Tema 2.2. Inmepghetic epynu mooynie CFD 7 2 - 2 3
Fluid
Tema 2.3. Inmepdpetic epynu Heat Transfer 7 2 - - 5




Tema 2.4. Inmepghetic epynu Structural 7 2 2 3
Mechanics
Tema 2.5. Inmepghetic epynu Lithium-Ion 7 2 - 5
Battery
Tema 2.6. Inmepdpetic epynu mooynie 7 2 2 3
Semiconductor
Tema 2.7. Inmepghetic epynu mooynie Plasma 7 2 2 3
Tema 2.8. Ilpuxnaoui 3a0aui menioooOMiny 28 8 - 20
Pazom 3a pozaisiom 2 77 20 10 47
Jomawns konmpoavHa poboma - - - 1
Mooynvna konmponvna poboma - - - 1
3anix 1 - - -
Bceboro ronnn 120 36 18 66
4. HapuanbHi MaTepiaiu Ta pecypcu
Jlitrepatypa
bazoBa

. Komoecvxuii B.H. IJubynvckuii JI.1O. Komn'tomepre modenosanus gizuunux npoyecis. - K.,
Hayxosa oymxa, 2019. - 215 c.
. Hona II. I'. Ocnosu mooenrosannss 6 COMSOL Multiphysics [Enexkmponnuii pecypc] / /{ons
I1. I'.; XHY im. Kapaszina. — Enekmpon. mexcm. oani (1 ¢atin: 14,58 M6). — X.: XHY im.
Kapasina, 2019 P — 529 C. — Peocum docmyny:
http://geometry.karazin.ua/resources/documents/20191219182458 3cc8431d.pdf
Kocobyyvkuu Il. C. Mixkpo- i Hanoenekmpomexaniuni cucmemu: 0a308i NPUHYUNU
NpoeKmy6anHs sAsuwy, mamepiaiie ma enemenmie [Texcm] : Hasu. nocio. / I[lempo
Kocobyyvrkuu, Muxaiino Jlobyp, Bonooumup Kap-kynvoscekuui — JI.: Buod-eo Jlvéis.
nonimexuixu, 2017. — 400 c.
. Zimmerman, W.B.. (2006). COMSOL MULTIPHYSICS AND THE BASICS OF NUMERICAL
ANALYSIS. DOI: 10.1142/9789812773302_0002.

Catim xomnanii pospoonosaua nakema COMSOL Multiphysics [Enexmponnuii pecypc] /
www.comsol.com. Pexxcum docmyny: http.//www.comsol.com/, sinonuii

JlomaTkoBa
. Darif, Mohamed & Semmar, Nadjib. (2008). Numerical Simulation of Si Nanosecond Laser
Annealing by COMSOL Multiphysics.. URL:

https://www.researchgate.net/publication/267830224 Numerical Simulation _of Si Nanose
cond Laser Annealing by COMSOL Multiphysics.

Caiir  kommanii po3poOmoBaua maketa MATLAB [Enexktponnmii pecypc] /
www.mathworks.com. Pexxum noctyny: http://www.mathworks.com/, BiTbHUHA.

Vakulenko, D. V., Kuchvara, O. M., Semenets, A. V., & Andrushchak, 1. Y. (2019).
3ACTOCYBAHHA COMSOL  MULTIPHYSICS JUIA  MATEMATHUYHOI'O



MOJEJIFOBAHHS BUBYEHHSA TTPOLIECY PO3IIALY JHK VYV ITUIA3MI. Meauuna
ocBiTa, (3), 62—65. https://doi.org/10.11603/me.2414-5998.2019.3.10539.

Brown P.N., Hindmarsh A.C. and Petzold L.R. Using Krylov Methods In the Solution of
large-scale Differential-algebraic Systems // SIAM J. Sci. Comput. 1994. V. 15. P. 1467-1488.
Khelfi, Safia & Helifa, Bachir & Lefkaier, Ibn & Hachani, Lakhdar. (2020). Simulation of
Electromagnetic Systems by COMSOL Multiphysics. DOI: 10.1007/978-3-030-37207-1_62.
Al  Tahhan, Shaymaa. (2017). FBG by Comsol Multiphysics. DOI:
10.13140/RG.2.2.35194.29120.

Lopez-Vizcaino, Rubén & Yustres, Angel & Cabrera, Virginia & Navarro, Vicente. (2020).

Development of a THMC code for bentonites in COMSOL Multiphysics. E3S Web of

Conferences. 195. DOI: 10.1051/e3sconf/202019504002.

Hashiguchi, Masa. (2017). COMSOL Multiphysics® as Engineering Education Tool. The
Proceedings of the Tecnology and Society Conference. 2017. 112. DOI:
10.1299/jsmetsd.2017.112.

Ries, C.B.. (2012). ComsolGrid: COMSOL Multiphysics und BOINC. DOI: 10.1007/978-3-
642-23383-8 14.

10. COMSOL,. (2014). COMSOL Multiphysics 4.4, User 's Guide.

URL:

https://www.researchgate.net/profile/Rayudu Nithin Manohar/post/Can_any one please g
ive_me a link that would help me to understand clearly comsol multiphysics/attachm

ent/59d635aec49f478072ea380a/AS:273666233831428@ 1442258523089/download/COMS
OLMultiphysicsUsersGuide.pdf

HaB4yajgLHMii KOHTEHT

5. MeToauka onaHyBaHHsI HABYAJIbHOIL JUCHUIJIIHU (OCBITHHOI0 KOMIIOHEHTA)

1.

2.

JIEKIIIT

Beeoennsa

Ilpeomem ma mema 6usYeHHS KYpCy, NPUSHAYEHHsI KYPCY, U020 CMPYKmMypd, 3Micm ma
MemoOUYHi 8KA3I6KU Ol BUBUECHHS.
Tepminu, 6U3HaAUeHHs, OCHOGHI NOHAMMSL.

Po30in 1. O3naiiomnenns 3 npocpamHum cepeoosuiyem

Tema 1.1 Bcmyn. O3naiiomnenns 3 npocpamuum 3aoesneuenuam COMSOL

~ =0 NA LA W~

~

Bumoeu 0o anapamnoi uacmunu:

Ipusnauenns npoepamu.

Pobouuii npocmip npoepamnozo 3abe3neuenns.

Ilo6yoosa mooeni ma cmeoperHs npo2pamMHUX 000aAmKIg.
Hanawmyesanus.

Cmeopenns H080I moodeni 3a 00NoMO02010 Maticmpa.

Bepxnsa nanens weuoxozco oocmyny ma inmepgetic nooyoosu ceomempii.
Onuc «depesa» mooeii.

3axnaoeni 3a-3aMOYYBAHHAM KOHCMAHMU, 3MIHHI MA YHKYII.
bibniomexa mooeneii.

IlocnioosHnicms cmeopenHs mooeii.

Tema 1.2 @yukuionan oepesa mooei ma nPpuKIaAOU po3pPaxyHKy

1

2.
3.
4.

T nobanvui napamempu ma mamepianu

Cymuicms KoMnoHenmy mooeini

Jlokanvhi napamempu, yHxyii ma wabioHizayis cmpykmyp
Ilepenix npumimugie 2eomempudHUX 4acmun ma popmamu iMnOpmy


https://doi.org/10.11603/me.2414-5998.2019.3.10539

5. Mamepianu mooeni, ix 000a8auHs, GUHAUEHHS
6.  Dizuyni Mooy ma nOpsOoK 63aEmMo0ii
7. Kinyeso-piznuyesa cimxa. Ocobausocmi.

Tema 1.3 I1ooyooea po3paxynkoeoi cimku

Teopemuunuii onuc

B yomy sascnusicme cimku
Cnocobu no6yoosu
Tlocnioosnicme cmeopenHsi.
Tnwi ¢ynxyii cimxu ma ix 3anuc.

LN

Tema 1.4 Oopooka po3paxosanux oanux. Cmeopennsn zpaghikie

1. Beeoenns
2. Qyukyionanu Data Sets, Derived Values, ma Tables.
3. Tunu epagixis.

Tema 1.5 Oopooka po3paxoeanux oanux. Buokpemnennsa zpaghixie no okpemum
uwiaodnonam

Bukopucmannsa nocmnpoyecuney ons inmepnpemayii pe3yibmamie

Bukxopucmanns wabnonis ons gisyanizayii pe3yiomamu Ha OKpemill 4acmuHi 2eomempii
Excnopm pezynomamis.

Ilpaxmuuni nopaou.

A~

Tema 1.6 Ilapamempu3zayia ma onmumizauia

1.  Beedenmus

2. @yuxyionan oooamxy Parametric sweep.
3. @ynxyionan 0ooamky Optimization.

4. Tlpuxnaou eukopucmarms

Tema 1.7 Application Builder. @ynxuionan 011 cmeopeHHua npozpamHux 000amkKie

Cmeopenns 0ooamky donomozoro cepedosuuja Application Builder
Cmeopenus Ho6oi popmu

Hooasanns kHonku

Buxopucmanns ¢oopm y cepeoosuwyi Model Builder.

Memoou.

IR NS

Po30in 2. @izuuni mooyni

Tema 2.1 Inmepdgeiic epynu mooynie AC_DC

1. Beeoenns.
2. Iumepdgeiicu.
3. Ipaxmuune eukopucmansi.

Tema 2.2 Inmepdgeiic epynu mooynie CFD Fluid

1. Beeoenns.



2
3
4

Acnexmu CFD mooentosarnns
Iumepdpeticu
Ilpakxmuyne suxopucmamms

Tema 2.3 Inmepgheiic epynu mooynie Heat Transfer

1.

2.
3.
4

Beeoenns.

Acnexmu mooenosanus 8 Heat Transfer.
Iumepdgheticu

Ilpakmuune 8uKOpUCTNAHHAL.

Tema 2.4 Inmepgpeiic cpynu mooynie Structural Mechanics

1.

2.
3.
4

Beeoenmns.

Acnexkmu mooenosanns 6 Structural Mechanics
Iumepdgpeticu

Ipaxmuune suxopucmammsi.

Tema 2.5 Inmepdgpeiic cpynu mooynie Lithium-Ion Battery

1.

2.
3.
4

Beeoenn:.
Acnexmu moodentoganus 6 Lithium-lon Battery
Iumepgheticu

Hpakmutme BUKOPUCMAHHAL.

Tema 2.6 Inmepdgpeiic zpynu mooynie Semiconductor

1.

2.
3.
4.

Beseoenns.
Acnexmu mooenrosanus 6 Semiconductor
ITumepgheticu

Hpakmulme GUKOPUCMAHHAL.

Tema 2.7 Inmepgheiic cpynu mooynie Plasma

1.

2.
3.
4

Beeoenns.

Acnexmu mooenrosanns 6 Plasma
Iumepdpeticu

Ilpakxmuune sukopucmanHs.

Tema 2.8 Ilpuxnaoui 3a0aui meniooominy

1. Mooenosanus enekmpuuHux ma eneKmpomexHiyHux eupoois.
2. Onmumizayiss meniooOMIHHUKIB
3. Enexmpoximiyni npunaou
4. Inwi eupoou.
JABOPATOPHI PObOTH
Ne Ha3sBa nabopatopHoi po60TH (KOMII FOTEpHOTO MPAKTUKYMY ) Kinpxicte
3/l PATOPHOLP P P vy ayJ. TOJUH




1 | O3naifomnienHs 3 iHTEpdericoM mporpaMu Ha MpHUKIALi Mooya0BH (PizuKko- | 2
TOTIOJIOTIYHOT MOJIENIi eNEKTPUYHOT IIUHH

2 | HonaBaHHS OKpeMoi (Bi3UKHU 1 KPOKY Ul PO3paxyHKY sl c1a003B’ s13aHUX | 2
3a1au

3 [TapameTpudHe TOCHTIKEHHS Ta ONTUMI3aIlis 2

4 | CTBOpEHHS IPOrpaMHOro J0JaTKy 2

5 | TerutooOMiH pamiaTopa 2

6 | OxonomkeHHs OJOKY KUBJICHHS 2

7 | TertooOMiH y TEpMOi30JIbOBaHIN OCYIUHI1 4

8 | IIpomecu y miTiki-ioHHIN OaTapei 2

9

Bceboro | 18
6. Camocriiina po0oTa cTyJaeHTa
Ne . KinekicTs
HazBa Temu, 1110 BAHOCUTBCS HA CAMOCTIiHE ONPAIFOBaHHS
3/m roaun CPC

1 JlocaimkeHHsl KOHIeNIIii moeTanHoi no0ynoBu ¢izuyHOi MOAeNi 4

2 Po30uBanHs 00J1acTi HAa KIHIIEB] €JIEMEHTH 4

3 | KonekuionyBanHs rpadikiB y TpyI# Ta By3JH 2

4 | BimoOpaxxeHHS pe3yJbTaTiB Ha YacTHMHAX TeOMeTpii aius JBo- Ta 2
TPUBUMIPHOTO IIPOCTOPY.

5 | BronuB kpaiioBux edekTiB Ha 301KHICTh PO3PAXYHKY. 2
CTBOpEHHs KOJEKI[iH BIKOH Y OIHOMY POOOYOMY CEpEeOBHIIII 2
CKOMITIJTHOBAHOT MTPOTPaMH.

7 | [loenHaHHS eNEKTPUYHUX K1 3 (PI3MYHUMU MOJEIISIMU 3

8 Oruisin 3a/1a4 13 IBOHANPABIEHHUM 3B’ SI3KOM 13 TIOTOKOM 3

9 | Pyxoma reomertpis 13 3acTocyBaHHAM ¢yHKIioHATY Moving Mesh. 5

10 | BuxkopuctanHs Karami3aToOpiB Ui 3MEHIIEHHS IIKIAJUBUX BUKHIIB Yy 3
OTOUYIOUYE CepeIOBUILE.

11 | Intepdepeniis y KOHIEPTHUX 3allaX. 5

12 | [lapa3uTHi CTpyMH Yy HaNIBIPOBIIHUKOBUX MpHJIaJax: CTPyMH BTparT, 3
MOBEPXHEBI CTPYMH Ta I1HIII.

13 | [IpoBigHa 37aTHICTH XBUJIEBOIIB 3

14 | IlpencraBiieHHs pe3yabTaTiB MOJIEIIOBaHHS HaMIBIPOBIIHUKOBOIO Ai0/a 5

15 | IIpencraBnenns pe3ynbrariB MoaemtoBanHd MOSFET Tpansucropa 5

16 | BrmuB SIKOCTI JIIH3M Ha 11 HAarpiB MPOMEHSIMHU COHIIS 6

17 | Tunu akyMynsTOpiB Ta iX XapaKTepUCTHKH: KHCJIOTHI, JITI€BI Ta OKCU- 6
CpibHi

IMosiTHKa Ta KOHTPOJIb
7. HoaiTnka HABYAJIbHOI IUCHUILIIHU (OCBITHHOI0 KOMIIOHEHTA)

Bin crynenTa(-ku) o4ikyeThCs:
1. 3aliKaBIEHICTh Y OCBOEHHI IUCIHUILIIHH;
2. cymIliHHE BUKOHAHHS ITOCTaBJICHUX 3aBlIaHb;
3. TPUCYTHICTh HA JIEKUIHHUX Ta Ja0OPATOPHUX 3AHATTIX;
4. mepioguyHUN meperysii (MIHIMyM OJIMH pa3 Ha THXKJIEHb) KOPIOPATHBHOI MOIITH YU
IpyMOBOro Yary, ik 3aco0y KOMyHIKaii 3 BUKJIaJa4eM



5. MaTH TBOpYMH MiIXiJ 10 OQOPMIICHHS Pe3yNbTaTiB JaO0OpaTOPHUX POOIT, 10 BOHH Oyiu
HAO0YHO 3p03YyMLJI1, Ta BUKOHABEIIh CaM MIT iX MOsICHUTH;

BukoHaHHS CTyJeHTaMHM HaBYAIbHUX 3aBJIaHb PEECTPYETHCS BUKIAJAYeM B JKypHAJl 1 HAHAE€THCS
CTapocTaM I'PYII IO pe3yJIbTaTaM aTecTallii 1 3aiKy.

[TuTanHs Ta MPOMO3HULIT CTYAEHT MOXKE O3BYYUTH B Yac HaJaHHWI BUKJIaga4eM, a00 MiCIs JeKIIii.

Bukimagau 3000B’s13aHUI BUJIAIUTH CTYJACHTA 3 ayJIUTOPIi, AKIIO BBa)Kae, 110 MOBEIIHKA CTYyJICHTA
3aBaka€ TPOBEJCHHIO 3aHATTSA. BUXOBHI Jii Mij yac JeKmii He JOUUIbHI 1 HE pPEKOMEHIO0BaHi

METOJUYHOIO Pa/iolo (haKyIbTeTy.

8. Buau KOHTPOJIIO Ta peiiTHHIOBa CHCTeMa OLIHIOBAaHHSA pe3yabTaTiB HaBuyaHHsA (PCO)

8.1 Po3noais HaBYAIbHUX TOAMH 34 BUAAMU 3aHATh.

AyIaTopHHuX, .y
YAUIOP CawmocriitHa poboTa cTyneHTa , 36 2cooun
54 200unu
Bceworo - Cemectp.
. Jomarius ITinroToBka
TOJMH ... | JTaboparopHi | BuBuenHus KOHTP.
Jlexuiit . KOHTpOJIbHA 1a00paTOpHUX
pobotu JICKIIIH ,
pobota pooiT
120 36 18 18 1 18 3aJiK
8.2 Cucrema pedTHHIOBOI OLIIHKY 32 BUJIaMH 3aHSTh
. . .\ 3aranpHa | Makcumans | KigbkicTb Kinpkictsb
Ne 3aHATTS, 0 MIATal0Th peHTUHIOBIN . . .
o KUIBKICTh | HMI Oan3a | 3aBJaHb Ha OaiiB Ha
1.1 OLIIHIII . o
3aBIaHb | | 3aBIaHHS | «BIAMIHHO» | «BIAMIHHO»
1 | BigBigyBaHHS JICKIIii - - - -
2 | BukonanHs n1abopaTopHuX poOiT - - - -
3 | 3axuct 1abopaTopHUX pOOIT 8 5 8 40
4 | Po3paxyHkoBa poboTa 1 10 1 1
5 | 3anik 5 10 5 50
3aranbHUN peUTUHT 100
8.3 MoayapHMIA po310JIT 3MICTY JUCHHMIUTIHY Ta OaliiB
<
E |8
o | S
S | ©
S | &
B | = < M =
. o jas] [aa] — ()
3MICTOBHHMIA MOJyJIb 2l 2| 2|5 2
S| 2| E |0 | &
|z
& | &
=] 3
-
1 OsnalioMJIeHHS 3 TPOTPAMHUM CEPETOBULIEM - 120 | - - 20
2. ®i3u4HI MOy - 120 | - - 20
10 | 50 | 60
Bbauu 3a cemectp - | 40 | 10 | 50 | 100

BukoHaHHS CTyJeHTaMHM HaBYaIbHUX 3aBJIaHb PEECTPYETHCS BUKIAJaYeM B )KypHAJl 1 HAAA€ThCS
CTapocTaM T'PYII 10 pe3yJIbTaTaM aTecTallii 1 3aiKy.

8.4 YuacTp B jekIii Ta i1 OIliHIOBaHHSI

[IpucyTHICTh CTy/J€HTa HE € JOCTaTHBbOIO YMOBOIO yuacTi y jekmii. ITix gac mexiii cryaeHT

IOBUHCH YBAXXHO CJIYXATH JICKTOpA.




CnyxaHHsa Jnekuii mneperdadae IMOBHE 30CEPEIDKCHHS CTYJIEHTa Ha 3MICTI JIeKwii, sSKUi
NePeaEThCsI CIIOBAMU BUKJIa1adya Ta JUAAKTHYHUMU 3aco0amu jieklii. [1iq gac ekiii HempuirycTiumi
BIJIBOJIIKaHHS Ta po3MoBa cTyAeHTa. OcoOIMBO HENMpUITyCTMMa TOBEAIHKA, IO IOB’s3aHa 3
OLIIHIOBAHHSAM OyAb 4OTro IO BinOyBaeTbes B ayauTopii. Bukiagay Moxe He 3apaxyBaTu Oanu 3a
BiJIBIIyBaHHSI JICKI[iT CTYICHTY, SIKIIIO BBA)KA€E 10 TOW HE JJOCTATHHO NMPHIMaB y4acTh y Hil.

[TuTaHHs Ta MPOMO3MIII CTYJCHT MOXKE O3BYYHTH B Yac HaJIaHUH BHKJIaJadem, a0o Ticis
JIEKI].

Buknagad 3000B’s3aHUIl BUJIAIUTH CTYJACHTA 3 ayAWTOpii, SKIIO BBaXKae, IO MOBEIIHKA
CTYJICHTA 3aBa)Ka€ MPOBECHHIO 3aHATTs. BUX0BHI 1ii i 9ac JeKIii He JOLUIbHI 1 He peKOMEHI0BaH1
METOJIUYHOIO PAJIOI0 (haKyJIbTETY.

3a pekoMeHJaIl€r0 BUKIIaAada CTyICHT KOHCIIEKTY€E MaTepiaiaMu, [0 BAHECEHI Ha CaMOCTiiHe
onpamoBanHd. Lleil marepian Takox € 000B’SI3KOBHM Ui BUBUEHHs. Marepiai, 1110 BUHECEHO Ha
CaMOCTIiHE OIpallOBaHHs, B KOHCHEKTI BiIOOpaXkaeThesl MO po3AiJIaX 1 Mae MICTUTH BIANOBiAI Ha
UTAHHS:

- METO/]I KIHIIEBHX €JIEMEHTIB: KOHIEMI[is METOy KiHIIEBHX €JIEMEHTIB, IEpPEeBaru il HEOMIKH;

- TUIU KIHLIEBUX elleMeHTiB. Po30uBaHHA 0071acTi Ha KiHIIEB1 €IEMEHTH.

- IHTEPIIOIAIIHHI MOIHOMH. [HTEPIOIAIIS BEKTOPHUX BEJIUYHH.

[HTeproNALilHI TOTIHOMH I AUCKPETH30BaHHOI 00JIACTI;

- moOy10Ba PO3PaxyHKOBOI 001acTi 3ac00aMH KOMIT IOTEPHOT'O MOJICTIOBAHHS;

- 3aBJIaHHS INT00ANTBHUX IMMOCTIMHUX, BUpa3iB, (YHKIIIH 1 piBHAHB. 3aBJaHHS BIIACTUBOCTEH MaTepiaiB
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- 3aBJIJaHHSI TPAaHUYHUX 1 TOYaTKOBUX YMOB;

- TUIIM PO3PaxyHKIB. 3aBllaHHsI i HAHMPOCTIIlIe BUKOPUCTAHHS BHpilIyBadiB. HanaiityBaHHs THITIB
PO3paxyHKIB i MeTOIiB. MeTOAM YKCEIbHOTO MOJICTIOBaHHs. [[OMWIKH PO3paxyHKiB.

[Tepen 3amikoM CTyZIEHT OTPUMY€E JOJATKOBE IMUTAaHHS MO KOXKHIN mpomylueHid suekuii. [Tpu
HE3aJJ0BUIbHUX BIAMOBIJIAX CTYAEHT A0 3aJKy HE JOIYCKA€ThCS.

8.5 JIaboparopHi poOOTH Ta iX OIL[iHIOBAaHHS

CtTyzaeHT Ma€e IpUXOIUTH Ha 3aHATTI M1ITOTOBJIEHUM, ONPALIIOBABIIA TEOPETUUHI MaTepiaiu Ta
BUKOHABIIU monepenHi jadoparopHi poOotu. CTyNeHT MOBUHEH 3HAaTH METY Ta IOCIHII0OBHICTh
BUKOHAHHS 3aBJaHHA. MakcUManbHHAN 0all OTPUMY€ TOH, XTO BYACHO MPEICTABUB BipHI PE3yIbTaTH
BUKOHaHHS J1a00OpaTopHOi poOOTH.

MaxkcumanbHul 0an cKilajaeTbes 3 IBOX YaCTHUH:
- BUKOHaHHA Ta 0()OpMIICHHS 3aB/laHb — 2 OaJiB;
- 3aXHCT JJabopaTopHUX pooIT — 2 Oanis.

VYyacte B ycix mnepeadaueHUX HABUAIBHUM IIJIAHOM JIA0OPATOPHUX 3aHATTAX Ta 3aXHUCT
pe3ynbTaTiB 000B’ I3KOBA.

8.6 PozpaxyHnkoBa pobota

Po3paxyHkoBa poOoTa BUKOHYETHCS IiJ] YaC 3aCBOEHHS KPEAUTHOI'O MOJAYIIIO 32 TEMaTHKOIO
HayKoBOi poOotu cryneHTa. CTyleHT BUKOHYE JOCIHIIKEHHsS (i3MYHUX MPOLECIB B MeXaX TEMH
CBO€i HAyKOBOi pOOOTH, sIKa OOMPAETHCA CTYIACHTOM Ha MEPIIOMY THXKHI HaBYaJIbHOTO CEMECTpY i
MoO3Ke OYTH MPOJOBKEHHSIM pOOOTH MUHYJIOTO CEMECTPY.

8.7 HaykoBa poOoTa CTyJIeHTa CKIIQJA€ThCS 3 TPbOX €TaliB CTBOPEHHS Ta JOCIIKEHHS
KOMIT'IOTEpPHOT MOJEN Mpuiaxy abo eKCIepUMEHTY B MeXKaxX TBEpIOTUIBHIO, BaKyyMHOI'O Ta
1a3MoBoro cepenosuina. [lpogosxkyroun podoTy po3noydary B MONEPEIHIX CEMECTPAX CTYAEHTHU:



- TIPOBOJATH JOCIHIKEHHS 1M0o0y10BaHO1 (Di3MYHOI MOJAEN CTPYKTYpH OOpaHOTO MpUIIaly B

cepenosuii mpukinaanoro makery COMSOL Multiphysics (15 6auniB);

- 00poOIIAI0TE OTpUMaHi pe3ynbTaTu (5 6amiB);

- TOTYIOTh Ta MPOBOJIATH MPE3CHTAIlii (JIONOBi/Ib) IO HAYKOBil poOOoTi (4 OamiB).

8.8 PeliTuHroBa ominka eeKTUBHOCTI pOOOTH CTYJIEHTA MPOTITOM CEMECTPY.

3Ha4YeHHS PEUTUHTY 3 . - .
. Ouinka ECTS Ta BU3Ha4ueHHs TpanuuiiiHa oLiHKa
JUCHUTUTIHA
95...100 A - BiZMIHHO BIIMIHHO
85...94 B — nyxe nobpe
noope
75... 84 C - nobpe
65...74 D - 3ag0Bi16HO .
— - 3aJJ0BUTBHO
60...64 E — noctatHbO (3370BOJIbHSIE MIHIMAJIbHI KPUTEPIT)
50...59 FX — He3a10BUIBHO  (OMYIIEH] 10 3aJIiKy) )
- - HE33/10BUIBHO
PO<50 F — He3anoBubHO (mOTpiOHA HOAATKOBA poOOTA)

CBOi O

8.9 CtyznenTy, siki Habpasu mpoTIroM ceMecTpy Kinbkictb 6amiB (PO>50) MoXyThb 301IbIINTH
aJy 3a paxXyHOK OajiiB OTPUMAaHMX MiJ Yac 3aliKy.

8.10 3amik MoXke MPOBOAMUTHCA 3a IBOMA (popMamHu:

- CTYJICHT TOTY€ BIIIOBI/Ib Ha 3aJTIKOBUI OLJIET, IO MICTUTH 3 3alUTaHHS.

- 3aJIKOBHI O1JIeT y BUIJISIIL TeCTy: 9 3anmuTaHb 3 4 BapiaHTaMU BiAIMOBiIEH, 3 IKMX OJHA BipHA.

MaxkcumanbHa OIliHKa 3a MPaBUIIbHY BiAMOBiAb Ha Oiier — 27 6amiB

OaiB

°
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8.11 Ilicnms ckimamaHHs 3aIKy OIIHKA BH3HAYAETHCS 32 CYMOIO CEMECTPOBHX Ta 3aJIKOBUX
BIIIIOBIAHO A0 Ta0muIi 11.8.8.

JonarkoBa indgopMmailisi 3 TMCHUILTIHA (OCBITHLOT0 KOMIIOHEHTA)
TecToBi TeOpeTHYHI MUTAHHSA

Ha3BiTh OCHOBHI TpyNy METO/IIB PO3B'I3aHHA MaTEMaTUYHUX 3a/1a4 Ta iX XapaKTEePUCTUKHU.
Ha3BiTh OCHOBHI XapakTEepUCTUKU YUCEIbHUX METOIB. PO3KkpuiiTe iX CyTh.
Ski € OCHOBHI IIBUJIKOCTI 301)KHOCTI 1TepallifHUX METO/IIB?
Ha3BiTh Ta oxapakTepu3yiiTe OCHOBHI €Taly po3B's3aHHS MPaKTUYHUX 337124 HAa KOMIT'FOTEpI.
[ITo Ha3uBaroTh "iTeparniero"? HaBeniTh 3arajibHy cXxeMy iTe€paliifHOr0 METOAY.
SIki MeToM PO3B'A3aHHS MaTeMaTUYHUX 3a7a4 Ha3UBaIOTh iTepariitHumMu?
SIKi MeTo/IM PO3B'A3aHHS MaTEMaTUYHHX 337124 Ha3UBAIOTh YHCEIbHUMU?
JaliTe BU3HAYCHHS TOHSTTSIM aOCOIIOTHOI Ta BITHOCHOI MOTPIITHOCTEH.
JaliTe BU3HAYCHHS JIIHIIHOT 1 KBa[paTUIHOI MIBUIKOCTI 301)KHOCTI 1T€paIiiiHOrO METOIY.
. llTo € mpuurHaMU MOSIBU MOTPIITHOCTI IPU apUPMETUUHUX OOUNCICHHIX Ha KOMIT'IOTep1?
. SIKi € THIIM KIHIIEBUX €JIEMEHTIB Ta Y SIKUX BUMA/IKaX BOHU BUKOPUCTOBYIOTHCS;
. CK1IbKH By3J1iB Ma€ HaWIPOCTIIINNA OJTHOMIPHUN €JIEMEHT;
. SIki ciMelicTBa eleMeHTIB HaiyacTille BUKOPUCTOBYIOTh Y IBOBUMIPHUX 00’ €KTAaX;
. YoMy y TpuBUMIpHUX 00’ €KTax BUKOPHCTOBYIOTh TETPAEAP Ta Mapajiesenimnes?
. Bixg goro 3anexuTh NMopsI0K MOJiHOMA /ISl By3JIa.
. CkJ1a10B1 SIKOTO MOPAAKY MOXYTh OyTH IPUCYTHI OYTH MPUCYTHI Y KOMILIEKC €JIEMEHTI.
. AHaniTuuHa popMyJia IHTEPIONIALIHHOTO MOJIIHOMY.
. SIK IPOBOANTHCS IHTEPIIOJALIS BEKTOPHUX BEJTUYMH.
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3a 7onoMororo SKux QyHKILINH OyAyeTbCsl AUCKPETHA MOEIH Oe3nepepBHOi (yHKIIIT.
Oxapakrepu3yiiTe mepeBard Ta HeJOJIKA aBTOMATHUYHOTO 1 pyYyHOT'O PO3AUICHHS reoMeTpii
Ha KIHIIEBI €JIEMEHTHU.

Sxuii T CiTKU OyAyeThCS 32 3aMOBUYBAHHSM Y JBO- Ta TPUBUMIPHOMY BUTIAJIKY.

Skuit Gi3UYHMIA 3MICT mapaMeTpiB py4yHoro HamamrtyBaHHs CiTku: MAXIMUM ELEMENT
GROWTH RATE, RESOLUTION OF CURVATURE ta RESOLUTION OF NARROW
REGIONS.

Skumu ngBOMa cmoco0aMM MOJXKHA OJIEp)KaTh HEOOXiJAHI BIIOMOCTI IS JOUIJIBHOCTI
PO3IUICHHS PO3PAaXyHKOBOT 00J1aCT1 ACKIIbKOMA TUIIAMH CITOK 1 OIIHUTH T'PAHMII 00JIacTei.
SIxuit BUpilIyBa4 MOXe PO3B'SI3aTH XBUIIbOBE PiBHSIHHS.

Jaiite onuc GyHKIIOHATY JUIS HalAITyBaHHs yucenbHoro npouecy: DIRECT, ITERATIVE
ta FULLY COUPLED.

Uuwm BiapizasieTbes nommika (ERROR) Bin nonepemkennas (WARNING).

Ha3zBite Tpu Haitnommpenimi nommwika y COMSOL MULTIPHYSICS

Sxi wotupu o00B’s13k0Bi myHKkTH y BKIaaumi RESULTS, mo yTBOprolOTbCS aBTOMATH MpU
CTBOPCHHI MOJIEJIi, HA3BITh iX.

[lepeniuith Ta oxapakTepusyite myHkTu Bkiagku EXPORT

[NepeniviTh GpyHKIIIT TaHENl IHCTPYMEHTIB IIBUIKOTO JOCTYITY

HageniTh XxapakTepuCTUKH MOJIENI, 110 3a/IaI0THCS Y BiKHI HAaJaIlITyBaHb

[TosicHITh, HABIIIO MPH MTPOBEACHH] PO3PAaXyHKY, 32 3aMOBUYBAaHHSM BitoOpaskaeTbes rpadik
CONVERGENCEPLOT

[Tepemiuith HasiBHI iHGOpMaIliliHi BiKHA JIJI BUBEICHHS HerpadiyHUX TaHUX

Hagenits kinbka HanamryBanb MeHi0 PREFERENCES

Ha3zBith ¢opmaTu daitniB reomerpii, 110 MOXYTh OyTH iMIOpPTOBaHi sIK rpadiyHUl 00’ €KT
COMSOL Multiphysics

VY cKUIBKOX MPpOCTOpax (BUMipax) MOKE MPOBOJIUTUCS TOCITIKSHHS.

OcHoBHI uvoTupu (0a3oBi) Qirypu y cepemoBuil st po3podbku reomerpii y COMSOL
Multiphysics.

[Mosicautu pynkuii kuonok BUILD SELECTED ta BUILD ALL, B 4oMy BiIMIHHICTb.
Bxmnanka GLOBAL DEFINITIONS ta ii BinminHicTh Bi VARIABLES, mo HasBHa y
KOHKPETHOMY KOMIIOHEHTI.

CHHTaKCHCOM SIKOi MOBH IIPOTpaMyBaHHsI BBOASTHCS (OPMYIIH Y TOJISAX.

Ha ckinbky 4acTHH JUINTHCS 3a/la4ya Ipo FPaHUYHI YMOBH, Ta sIKi caMe.

Po0Gouy nporpamy HaBYaIbHOI AUCHUILIIHM (CHIa0YyC):

CkJjageHo crapmuM BukianaueM kadenpu 3@ tra MOII, nokropom dinocodii Maiikyrom C.O.

YxBaneHo xadenporo 3arajabHOl (i3MKH Ta MOJENOBaHHs (i3W4HUX mpoleciB (mpoTokosn Ne 1/06-25 Big
25.06.2025p.)

Horomxkeno MeToanuHo0 KoMiciero Dizuko-mMaTeMaTndHOro hakynprery (mpotokos Ne 10 Bix 27.06.2025p.)



