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[Iporpama HaBYaIBHOI AUCHUIITIHI
1. Onuc HaBYaNBHOI NUCUUIUTIHY, ii M€Ta, IPEMET BUBYAHHS Ta PE3yJIbTaTH HABUAaHHS

Crneukypc “OcHOBHM O0lOMEIMYHOIO 3aCTOCYBaHHS BHUCOKOTPaJI€HTHOI MarHiTHOi QinbTpamii i
cenapaii’ € OTHUM 3 HalO1IbII BaKJIMBHUX 1HKEHEPHO-010JI0TTYHUX HAIMPSIMKIB, 110 BiIrpa€e 3HaYHY pOJib
y MIJTOTOBLI CHELiaNicTiB A (papMaleBTUYHOT Ta MIKPOO10JI0TiuHOT TPOMHCIOBOCTI.

B renmepimHiii yac MarHiTHI TEXHOJOTI] IIMPOKO 3aCTOCOBYIOTBCS B PI3HHX 00JacTAX:
BOJIOTIOCTaYaHHI — OYMILEHHS 1 3He3apakKyBaHHS MUTHOI BOAM, OCOOJHMBO MiA3€MHHUX BOJI; OUMIIEHHS
noOyTOBUX Ta CTIYHHMX BOJI; MarHiTHa 00poOKa BOJM 3 METOIO 3ar100iraHHsl yTBOPEHHS HAaKUITy Ha TpyOax,
B KOTJIAX; XapyoBil MPOMHUCIIOBOCTI — OUMIICHHS CUITYYHX 1 PIIKUX XapuOBUX MPOJIYKTIB; 30LIbIICHHS
TEpPMIHIB 30epiraHHs XapyoBHX NPOAYKTIB; IHTEHCU(QIKAllisl TEXHOJOTIYHHUX LMKIIB MPUTOTYBAHHSA
IOPOAYKTIB; y CLIBCBKOMY TOCHOJAPCTBI JII OYHMIIEHHS IPYHTY, CLIBCHKOTOCHOJAPChKOI CHUPOBHHU;
MeAMIIMHI 1 papMarii — OUHIIEeHHS 1 cerapariii KpoBi 1 JIIKapChKUX MpenapariB; 3a/laHOr0 TPAHCIIOPTY JIKiB
1 TeHIB B OpraHi3Mi JIIOJUHH, JIIKyBaHHS OakTepialbHHUX 3aXBOPIOBaHb KOMOIHOBAHOIO J1€10 MAarHiTHHX
HOJIB 1 Oi0TepaneBTUYHUX MpenaparTiB, y JIarHOCTHUII Ta JIIKYBaHHs 3aXBOPIOBaHb; MaIIMHOOYIyBaHHI —
OYMILEHHS poOOYMX PiAMH TifpooOiagHaHHA; XIMIUHINA Ta HaQTOXIMIYHIA MPOMHUCIOBOCTI — OUMILEHHS
piakoro amiaky npu BUPOOHUIITBI a30THOI KHCJIOTH, OYHMIIEHHS HA(TH Ta iH.; EHEPreTUIll — OYHMILECHHS
BOJIM KOTEJIPHUX arperaTiB TEIJIOBUX €JIEKTPOCTAHIIIN; OYMINCHHS BOJIM aTOMHHUX CTaHIIIH; METaTypriiHO1
MIPOMHMCIIOBOCTI - OYHUIICHHS 00OPOTHOI BOAM, OYMIIEHHS JOMEHHHX Tra3iB; 30araueHHs pyJ YOPHUX Ta


http://roz.kpi.ua/
https://meet.google.com/erh-ecxj-fpu

KOJIbOPOBHX METaNliB; KepaMiuHiii MPOMUCIOBOCTI; IPYU BUPOOHUITBI Mamnepy Uil OYUILEHHS Kpehau Ta
MaKyJaaTypHOI MacH Bij (hepoMarHiTHUX JOMIIIOK TOIIO.

Haiibinpm mmpoke poO3MOBCIOKEHHS B YCIX LUX Tally3siX MalOTh BHUCOKOTPAIi€HTHI MarHiTHi
cemmaparopu. Onnak g0 1970 poky 3acTocyBaHHS MarHiTHUX TEXHOJIOTiH B OlOJIOTIYHMX Haykax OyIo
obmexxeHuM. 1LIMpOKOro po3MOBCIOKEHHS 111 O10JIOTIYHUX Ta MEIUYHUX 3aCTOCYBaHb (HANPUKIIA, JIJIs
PO3iICHHS KJIITUH) MarHiTHA cemnapailisi Ha0yJa Miciis CTBOPEHHS HOBHX MarHiTOKEpOBaHUX COPOCHTIB 3
MOKPAIIEHUMH BJIACTUBOCTSAMHU JIJISl PI3HUX TPOIEIYp, IOB’S3aHUX 3 KIITHHHOI Celapali€ro.
MarsiTHUMH cerapaTopaMy 3 BUCOKOTPaliEHTHUMH epoMarHiTHUMH Hacaakamu (BI'®H) BunydaroThes
3 pobOYOro cepeaoBHIa JOMIIIKK 33 PaXYHOK PI3HHUIN B MAarHITHUX BJIACTUBOCTSAX CaMHUX JIOMIIIOK i
po60oYOro cepeoBHUIIa, NUIIXOM 30UIbIIEHHS 30BHIIIHBOIO MAarHiTHOTO mojs (imbTpa a00 3MEHIIEHHS
po3mipiB okpemux enemeHTiB BI'®H. 30inbiieHHs 30BHIIIHBOIO MAarHIiTHOTO TMOJIsA (iIbTpa OOMEKEHO
BJIACTUBOCTSIMHU MaTepialliB MarHiTHOI CUCTEMH, a 30UTBIICHHS IPaAiEHTHOTO MarHITHOTO B OKOJII OKPEMHUX
enemenTiB BI'®H MoxnuBe TiNbKH 32 paxyHOK 3MEHIICHHS PO3MipiB OKPEMHUX €JIEMEHTIB HACAIKH.

MarsniTHa cemapailisi KJIiTUH Ma€ CYTT€BI MepeBard y MOPIBHIHHI 3 IHIIMMH TEXHOJIOTISIMH, SKi
BUKOPHUCTOBYIOThCS JUIsl IuX Ifiei. 1le mo3Bossie HanmpaBieHo BiIAUIATH KIITUHU Bij 3pa3kiB CUPOBUHU,
HAIPUKIIaJl, TAKOTO THITY, SIK KPOB, KICTKOBUH MO30K, YXUBHIIbHE CEpeOBHUIIE, Boja Toulo. [1opiBHSIHO 3
IHITMMH METOJJaMU KJIITUHHOI cenapallii, MarHiTHa cenapaiis € HalOUIbII YyTITUBUM METOJOM PO3IiICHHS
3 MOPIBHSHO MPOCTOIO 1 MIBUAKOIO TEXHOJIOTIE0, IO 00YMOBHIIO 11 IIMPOKE PO3MOBCIOJIKEHHS B CBITI.

MeTo10 HaBYAIBHOT TMCIMILIIHY € (OPMYBAHHS Y CTYJI€HTIB KOMIETEHTHOCTEH:

OK1: 3paTHICTH 3aCTOCOBYBATH THIOBI aHATITHYHI METOU Ta KOMIT'FOTEPHI MPOTrpaMHi 3aco01

JUTSL PO3B'SI3yBaHHS 1H)KEHEPHHX 3aBJIaHb TaTy3€BOTO MAIIMHOOYIyBaHHS, €()eKTHBHI

KUTbKICHI METO/IM MaTeMaTHKH, (PI3UKH, IHKEHEPHUX HAyK, a TAKOXK BIATMOBIIHE

KOMII'FOTEpHE MPOrpaMHe 3a0e3MeUeHHs ISl pO3B’sI3yBaHHs 1HKEHEPHUX 3a/1a4 raixy3eBoro

MaIIuHOOY/IyBaHHS.

®K?2: 3naTHICTb 3aCTOCOBYBATH (DyH/IaMEHTalIbHI HayKOB1 ()aKTH, KOHIIEMIIii, Teopii,

NPUHIUIN JUIs pO3B’sI3yBaHHA NpoQeciifHuX 3aa4 1 MPaKTUYHUX MPOOJIEM rajry3eBoro

MaIIMHOOYyBaHHS.

@®KS5: 3naTHICTh 3aCTOCOBYBAaTH KOMII ' FOTEPU30BaH1 CUCTEMH ITPOEKTYBAHHS Ta

crieriaiizoBaHe MPUKIIAIHE TporpaMHe 3a0e3MeUeHHS IJIsi BUPIIIEHHS 1H)KEHEPHUX

3aBJIaHb B rajly3l MalIMHOOYIyBaHHS.

[Ticnst 3acBO€HHSI HABYAIBHOI JUCUMUILUTIHU CTYJEHTH MAlOTh NPOJEMOHCTPYBATH TaKi pe3yabTaTh
HaBYAHHS:

[TporpamHi pe3ynbTaTH HABYAHHS:

[TPH1: 3HanHA 1 po3yMiHHS 3acajl TEXHOJOTTUYHUX, PYHAAMEHTAbHUX Ta IHKEHEPHUX HayK,

110 JIEKaTh B OCHOBI TaJly3€BOr0 MAalTMHOOYTyBaHHS BIJIOBIIHOT raiy3i.

[TPH3: 3HaTH 1 pO3yMiTH CUCTEMH aBTOMATUYHOT'O KEpyBaHHA 00'€KTaMHU Ta MPOLECaMU

rajTy3eBOro MalMHOOYAyBaHHs, MATH HABUYKH iX MMPAKTHYHOTO BUKOPUCTAHHSI.

[TPH4: 3niificHIoBaTH 1HXXEHEPHI PO3PaxXyHKH Uil BUPILICHHS CKJIaJHUX 33134 1 MPAKTUYHUX

npo0JieM y rajly3eBOMy MalluHOOYTyBaHHI.

[TPHS: AnanizyBaTu iHXEHEpHI 00’ €KTH, TIPOLIECH Ta METOH.

[TPH6: BigmykoByBaTH nMoTpiOHY HayKOBY 1 TEXHIUHY 1H(QOpMAIIiIO B JOCTYITHUX JKEpesax,

30KpeMa, IH03eMHOI0 MOBOIO, aHAJII3yBATH 1 OIL[IHIOBATH ii.

2. IlpepekBi3UTH Ta NOCTPEKBI3UTH IUCHUILIIHK (Micme B CTPYKTYPHO-JOTiUHiH cxemi
HABYAHHS 32 BiINIOBIIHOI0 OCBITHBOIK MPOTrPaMoI0)

Miciie B CTpyKTYpHO-JIOTIYHIM cXeMi HaBYaHHs 3a0€3Meuy€eThCs TUCIUILTIHAMU, TAKUMH K 3arajibHi
XiMi4HI, O10JIOT1YHI Ta iHXeHepH] auctuiuiian: «lIporpamnae 3abe3reueHHs 1HKEHEPHUX PO3PaxXyHKIBY,
«TexHomoriss MamMHOOyayBaHHS», «OCHOBM MOJETIOBAHHS TEXHOJOTIYHHUX IMPOIECIB B Tay3i,
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«Cy4ache o0nagHaHHs (hapMaIeBTUUHO1 Ta O10TEXHOIOTIYHOT IPOMHUCIIOBOCTI», a TAKOK 0a30BUI pPiBEHb
BOJIOJIIHHS AHTJIIMCHKOI0 MOBOIO HE HIDKYE A2. Y CTPYKTYpHO-JIOT1YHIH IIONIMHI MPOTrpaMu MiATOTOBKU
OakanaBpiB 31 cremianbHOCTi ['anmy3eBe MamMHOOYAYBaHHS IUCIMILIIHA 0a3yeThCsl Ha TIOMEPEIHBO
BUBYCHUX JMCLUIUIIHAX, SKI CTBOPIOIOTH (YHIAMEHT Uil MOAAIBINOI JOCHITHUIBKOI 1 MPaKTHYHOL
JSUTBHOCTI BUITYCKHUKIB.

3. 3MicT HaBYAIBLHOI JUCLUMILTIHU

Tema 1. Inmepnpemosana, 06’ekmno-opiecnmosana mosa npoecpamysanus Python ons eupiwenus 3a0ay
biomexnono2ii

Jlexuist 1. Pi3Hi MmoBH mporpamyBanHs Ta cdepu ix 3acrocyBaHHA. OO’ €KTHO-OPI€EHTOBAHUH 1 CUCTEMHUI
nigxoan. [lopiBHSHHS 00’ €KTHO-OPIEHTOBAHOTO Ta MPOIEAYPHOTO (TpaauIliiiHOr0) miaxoiB. OcobIuBOCTI
moBu Python. [Takern Python s Bupimenss 3agay 010T€XHOIOTI].

Jlekis 2. bazoBi nmoHsATTs MoBU Python: 6a30Buii CHHTaKCHC, THIH ITaHWX, MATEeMAaTHYHI OTIEpallii, JOT14H1
orepaTopH, YMOBHI OIEpaToOpH, IIUKIIH.

Jlekuis 3. Cxiagai crpykrypu naHux MoBu Python. PoGorta 3 psikamu, cnuckamu, CIOBHHKaMH,
KOPTEXaMH, MHOKHHAMH (HabOpaMH).

Jlekuis 4. dynkuii B Python ta po6ota 3 ¢aitnamu B MmoBi Python.

Tema 2. Cmanosnenus 8UcoKoepadicHmuoi macHimuoi cenapayii 6 0Oionoecii ma meouyuni. Maenimui
xapakmepucmuku pedosut. I[locmitini macHimu 01 BUCOKOSPAOIEHMHUX MACHIMHUX Cenapamopis
(BI'MC). Koncmpykyii macHimHux cenapamopia.

Jlekuis 5. CTaHOBICHHS BUCOKOTPAIIEHTHOI MAarHIiTHOI cemapariii B 610J10Ti1 Ta MEeIUITUHI.

Jlexmiss 6. MarHiTHI BJIaCTUBOCTI PEYOBHH.

Jlexuist 7. TlocriiiHi Mar”iTH A7 BHCOKOTPAJieHTHHUX MarHiTHHX cenapatopie (BIMC) Ta ix
XapaKTePUCTHKHU.

Jlexuis 8. KoHcTpykuii MarHITHUX cemaparopiB, BUCOKOrpadieHTHI ¢epomarHiTHI Hacagku (BI'OH) y
BUCOKOI'pa/IIEHTHUX MarHiTHuX cenapatopax (BI'MC) ta y *HuBHX opraHizmax.

Tema 3. Buxopucmanusa mosu npozpamyeantnsi Python i naxemie mosu Python ona ananizy, gisyanizayii

eKCnepUMEeHMANbHUX OAHUX 8 OI0OMeXHON02Ti Ma PO3PAXYHKY MACHIMHUX CUCIEM Cenapamopis.

Jlexuist 9. OcHOBM MakeTy numpy MOBHU nporpaMmyBaHHs Python.

Jlexuis 10. ITaker matplotlib st no6ynoBu rpadikiB Ta giarpaM Ta As Bizyamii3alil JaHUX PO3paxyHKY
MarHiTHUX CHCTEM BHCOKOTPAIEHTHUX MarHiTHUX CEMapaTopiB.

Jlexmist 11. Tlakeru python nmns 3amau perpeciiiHoro anamizy. JIiHiiiHa Ta moJiHOMIadbHA perpecis

CKCIICPUMCHTAJIbHUX JaHUX.

Jlexuis 12. ITaker numpy MoBH nporpamyBaHHs Python s po3paxyHKy MarHiTHUX CHCTEM cemapaTopiB
Ha OCHOBI TOCTIMHMX MAarHiTiB, IO 3aCTOCOBYIOTHCS ISl cemaparlii 01000’€kTiB B 010TE€XHOJIOTIi Ta
MEIUIUHI.

Jlexuis 13. ITaker magpylib moBu nporpamysanns Python miis po3paxyHKy MarHiTHUX CHCTEM Ha OCHOBI
NOCTIHHMX MAarHiTiB Ta €JIEKTPOMArHITIB 3 BUCOKOTPATI€HTHUMHU (EepOMAarHITHUMU HacaJKaMy pi3HOI
dbopmH, 110 3aCTOCOBYIOTHCS TS cemapaiiii 01000’ €KTiB B O10TE€XHOJIOTIT Ta MEAUITUHI.

Tema 4. Ocnoni memoou 6ucoxkoepadienmuoi macHimuoi cenapayii. LLImyuni maeHimHui HAHOYACMUHKU
ma 6iocenni maenimui Hanouacmunxku (PMH) y sucoxoepadienmnux maenimuux cenapamopax (BI'MC) ma
Y HCUBUX OP2AHIZMAX.

Jlexis 14. llITygHi MarHiTHI HAHOYACTHUHKH, X BIACTUBOCTI, METOJIM OTPUMAaHHS Ta cpepu 3aCTOCYBaHHS.
Jlexuist 15. biorenni marHiTHi HanouactTuHku (BMH), ix BmacTuBOCTi, METOAM OTpUMaHHS Ta cdepa
3aCcTOCYBaHb, Jokainizauiss BMH ta BriuB Ha MeTabos113M pociuH, rpu0iB, TBAPHH.

Jlexuist 16. MaruiTHi TeXHOJIOTIi B TapreTHIM TOCTaBI JiKiB Ta TeHiB. BUKOpHCTaHHS MIKpOOpraHi3MiB 3
MPUPOTHUMHU MarHiTOKEPOBAaHUMH BJIACTUBOCTSIMHU B SIKOCTI BEKTOPIB JIJIsl TEHHOI Teparii paky.

Jlexuist 17. biominepainizauis 6ioreHHUX Mar"iTHuX HaHo4yactuHok (BMH) y miogunu B HOpMi 1 mpu
HaTOJIOTISX.

Jlexuis 18.3amik.
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ogakrwbhE

HaByajgnLHUH KOHTEHT

5. MeTtouKa ormaHyBaHHs HaBYAJIbHOI TUCHIUILIIHU (OCBITHHOT'O KOMITOHECHTA)

Ne HasBa Temu Jiekiiii Ta nepeik OCHOBHHUX IMUTaHb
3/m (mepemnik AMIAKTHYHUX 3ac00iB, MOCHIIAHHS Ha JIiTepaTypy Ta 3aBnanas Ha CPC)
Tema 1. Inmepnpemosana, 06’ekmuo-opicHmosana mosa npoepamysanus Python ons supiwenns

3a0ay OiomexHono2ii

1 | Jlekuis 1. Pi3ni MoBH nporpaMyBaHHS Ta cepu ix 3acTocyBaHHs. OO’ €KTHO-OpI€HTOBAHUI
1 cucremHmii migxomu. [lopiBHSHHS 00 €KTHO-OPIEHTOBAHOTO Ta MPOIETYPHOTO
(Tpamguuiiinoro) miaxoxaiB. OcobmuBocti MoBu python. ITaketu python mist BupimieHHS
3a1a4 610TEeXHOJIOT].

Jlireparypa ocroBHa: [1]; indopmariiini pecypeu: [1]

2 Jlexmis 2. ba3oBi moHATTS MOBH Python: 6a30BHI CHHTaKCHC, TUIIH JaHUX, MaTeMaTH4HI
orepatlii, JIOT1YH1 OnepaTopy, YMOBHI ONepaToOpH, [UKIIH.

Jlirepatypa ocHoBHa: [1]; indopmaiiini pecypeu: [1]

3 | Jlekmis 3. CxnamHi CTPYKTypH naHuUX MoBu pPYython. PobGorta 3 psjakamu, CHECKamw,
CIIOBHHUKAaMH, KOPTEKaMU, MHOXXHUHAMH (Habopamu).

Jlirepatypa ocHoBHa: [1]; indopmaniitai pecypen: [1]

4 | Jlekuis 4. ®yukuii B Python Ta po6oTa 3 daitnamu B MoBi python.

Jlirepatypa ocHoBHa: [1]; indopmariiini pecypeu: [1]

Tema 2. CmanoenenHs 6UCOKOZPAOICHMHOI MacHimHoOi cenapayii 6 6ionocii ma MeouyuHi.
Maenimui xapaxmepucmuxu peuosur. [locmitini maeHimu O 8UCOKOSPAOIEHMHUX MACHIMHUX
cenapamopie (BI'MC). Koncmpyxyii maenimnux cenapamopis.

5 | Jlekmis 5. CTaHOBJIEHHS BUCOKOTPAIIEHTHOT MarHiTHOI cemapairii B 610J10Tii Ta MEIUIIUHI.
Hanpsimku Brockonanenns ta nommpernas BI'MC B pi3aux ramyssax. O6macTi 3acTocyBaHHS
BI'MC, Buau MeTo/1B OYUCTKH, MIPsiMa Ta HEMpsiMa cenapaiiisi, HalpsIMKA BJIOCKOHAJICHHS.
Icropiss pozsutky BI'MC, oGnacti 3actocyBaHHA, (i3M4YHI Ta TEXHOJOTIYHI MPUHIUIH
MIPOEKTYBaHHSI Ta BUKOpPHUCTaHHs mpuiamiB Ta MetonisB BI'MC. ®daktopu, mo copusiu
BukopuctanHio BI'MC B mnepeBaxHiil OunbmocTi ramyzeid. dakropu, sSKi HEOOXiAHO
BpaxOBYBaTH MPHU BUKOPUCTaHHI MarHiTHUX TexHoJoriit Ta BITMC B 6iosorii Ta MeTUIIHHI.
Jliteparypa ocHoBHa: [2] [3] [4]; nomaTtkosa: [7] [8] [9];

6 | Jlekmis 6. MarHiTHI BJaCTHBOCTI PEYOBHH.

Jliteparypa ocHoBHa: [2] [3]; nogarkosa: [10]

7 | Jlekuis 7. ITocTiiiHi MarHITH JJIs1 BUCOKOTPAIIEHTHUX MarHiTHUX cenaparopiB (BI'MC) Ta ix
XapaKTePUCTHKH.

OcHOBHI XapakTepuCTHKH (epomarHiTHUX Ta (epumarHiTHUX MatepiamiB. [letns
ricrepe3ucy, MarHiTHUN MOTIK, HANPY>KEHICTh MarHiTHOro mois. Po3paxyHok iHayKuii Ta
HaNpy>KCHOCTI MAar”iTHOTO TMOJs IS TOCTIHHMX MAarHiTiB, COJICHOIAIB, CHCTEM



https://doi.org/10.1016/j.bioelechem.2023.108390
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https://www.python.org/
http://www.numpy.org/
https://docs.scipy.org/doc/scipy/
https://matplotlib.org/
https://magpylib.readthedocs.io/en/latest/

BHCOKOAHI30TPOITHUX MOCTIMHMX MarHiTiB. [IoCTiliHI MarHiTH, M0 BUKOPUCTOBYIOTHCS JIJIS
MarHiTHUX cucteM BI'M®C. Marnitu anbHiko, (pepuTOBI MarHiTé (Kepamika), MarHiTH
camapiii KoOaJIbTOB1, MarHITH HEOAMM-3aJ1130-00p, MarHiTOILIACTH — MOJIMEPHI MarHiTH.
Jliteparypa ocHoBHa: [2]; nomatkosa: [11]; Indopmartiiiai pecypeu: [2-6]

Jlexmis 8. KoHCTpyKIIii MarHiTHUX cenapaTropiB, BUCOKOTPaIi€HTHI ()epOMAarHiTHI HACaIKH
(BI'®H) y BucokorpaaienTHHX MarHiTHUX cenapaTopax (BI'MC) ta y )xuBux oprasizmax.
KoHcTpykiiii MarmiTHUX — cemaparopiB s OloMeIWYHUX  3acTocyBaHb. (OCHOBHI
XapaKTePUCTHKU Ta METOJM OTPUMAHHS BUCOKOTPATIEHTHHX (EPOMATHITHUX HACAIOK IS
BI'MC.

Jliteparypa ocHoBHa: [2] [S]; nogatkosa: [9-14].

Tema 3. Bukopucmammna moeu npozpamyeanus python i naxemis mosu python o0aa auanizy,
8i3yanizayii excnepuMeHmaibHux OaHux 6 OIOMexHON02ii ma pOo3PAxXyHKY MASHIMHUX CUCmeM
cenapamopis.

9

Jlekitist 9. OCHOBH MakeTy numpy MOBH porpamyBaHHs python.
Jliteparypa ocHoBHa: [1]; indopmartiitai pecypcu: [3]

10

Jlexuis 10. [Taketu python ans 3amau perpeciiiHoro anamizy. JliHiliHa Ta moJiHOMialbHA
perpecisi eKCepUMEHTATbHUX JaHHX.
Jlirepatypa ocHoBHa: [1]; indopmariitai pecypeu: [3, 4]

11

Jlexuist 11. I[Taker matplotlib s moOynoBu rpadikiB Ta giarpam Ta ajs Bizyasizamii JaHHX
PO3paxyHKy MarHiTHUX CHCTEM BUCOKOTPaJi€HTHUX MarHiTHUX CErapaTopiB.
Jlirepatypa ocHoBHa: [1]; indopmaiitni pecypeu: [5]

12

Jlekuis 12. [TaketT numpy MOBH nporpamyBanHs Python aist po3paxyHKy MarHiTHUX CHCTEM
cernapaTopiB Ha OCHOBI MOCTIMHUX MAarHiTiB, 10 3aCTOCOBYIOTHCS ISl cenapailii 61000’ €KTiB
B 010TE€XHOJIOT1T Ta MEIULIMHI.

Jliteparypa ocaoBHa: [1]; indopmaiiini pecypeu: [3]

13

Jlexmist 13. IMaker magpylib MoBu mporpamyBanHs python ansi po3paxyHKY MarHiTHHX
CHCTEM Ha OCHOBI IOCTIMHHUX MAarHITIB Ta €JEKTPOMArHiTiB 3 BHCOKOI'PAJl€HTHUMHU
(hepoMarHiTHUMHU HacaJKaMHU.

Indopmariiini pecypeu: [6]

Tema 4. OcnogHi memoou 6ucokoepadieumuoi maenimuoi cenapayii. LlImyuni maeHimui
HanouacmuHku ma OioceHui macHimui Hanouacmunku (BMH) y eucoxoepadienmuux macHimuux
cenapamopax (BI'MC) ma y scusux opeanizmax.

14 | Jlexuis 14. lllTy4yHi MarHiTHI HAHOYACTUHKH, iX BJIaCTUBOCTI, METOAM OTpUMaHH: Ta cepa
3aCTOCYBaHHS.

Jlitrepatypa ocHoBHa: [2] [4]; nomarkosa: [1] [15-17][1][1]

14 | Jlekuis 15. biorenHi MaraitHi HaHoyactuHku (BMH), iX BrnacTuBOCT1, METOAM OTPUMAHHS
Ta cdepa 3aCTOCyBaHb, Jokanizaiss BMH Ta BiiuB Ha MeTab01i3M poCIiH, rprubiB, TBAPUH.
Jlitreparypa ocunoHa: [2] [4]; nonatkosa: [18-25]

16 | Jlekmis 16. MarHiTHI TE€XHOJIOTii B TapreTHIM JOCTaBIIl JIiKiB Ta T€HiB. BUKOpHCTaHHSA
MIKpOOPTaHi3MiB 3 MPUPOJAHUMU MarHiTOKEPOBAaHHUMH BJIACTUBOCTSIMHM B SIKOCT1 BEKTOPIB
JUTsI TEHHOI Tepartii paky.

Jliteparypa ocuHoBHa: [4]; nonatkoBa: [26-28]

17 | Jlekuis 17. biominepamnizamisi 6ioreHHHX MarHiTHUX HaHo4yacTHOK (BMH) y mogunu B
HOPMI 1 TIPU MATOJIOTISX.

Jliteparypa ocHoBHa: [8]; nonatkoBa: [29-32]

18 | Jlekmis 18.
3amik

IIpakTu4Hi 3aHATTS




No
3/0

HasBa TeMn mpakTHYHOTO 3aHATTS Ta MEPETIK OCHOBHHUX ITUTAHb
(mepernik AMJAKTHYHUX 3ac001B, TOCUIIAHHS Ha JIiTepaTypy Ta 3aBaanas Ha CPC)

Tema 1. Inmepnpemosarna, 06’ ekmuo-opicHmosana mosa npoepamyeanus Python ons supiuwenus
3a0au biomexHon02ii

1

IpakTuune 3anarta 1. Po6ora B 6a3zax nanux HamioHaapHOTO IIEHTPY O10TEXHOIOTIYHOT
inpopmanii CIIA (National Center for Biotechnology Information (NCBI)). Ilomyk
JiTEpaTypu IO BJIACTHBOCTSAM 1 BHKOPHUCTAHHIO INTYYHMX 1 OIOT€HHUX MAarHiTHUX
HAaHOYACTHMHOK, BUKOPUCTAHHIO MAarHiTHOI cemaparii B Ol0TeXHOJOrii, MeAWIMHI Ta
CLIBChKOMY TocnoiapcTBi. HanmamryBanHs cepeoBHIa po3po0KH Ta 3allyCK MPOrpamMu Ha

python.
Jliteparypa: 6a3oBa [2,3], inpopmariiini pecypeu [1].

IIpakTnyne 3aHATTA 2. ba3oBi noHATTS MOBH Python: 6a30BHIl CUHTAKCHC, TUIH JaHHX,
MaTeMaTH4HI oOIeparlii, JIOTI4HI OIepaTopw, YMOBHI omeparopu, mukid. Jliteparypa:
6a3oBa [ 1], indpopmartiiini mxepena [2]

Ipakrnune 3anarTsa 3. PoOora 3 Tunamu JaHux MOBU python: psakamu, CIIHMCKaMH,
CJIOBHUKAMHM, KOpTEKaMHU, MHOKHHAMH (Habopamm).
Jliteparypa: 6a3osa [1], indopmariiini mxepena [2]

IpakTnuyne 3auarTa 4. Oynkuii B Python Ta pobora 3 daitnamu B MoBi python
Jliteparypa: Ga3oBa [1], inpopmartiiini mkepena [3,4,5]

IpakTuune 3aHaTTa 5. [lakeTn MOBH mporpamyBaHHs Python s 3amad perpeciitHoro
anaunizy. JliniifHa Ta moJiHOMialbHA Perpecis eKCIepUMEHTATbHUX JaHUX.
Jlirepatypa: 6asosa [1], indopmariiini mxepena [3,4,5]

Tema 3. Buxopucmanus moseu npozcpamyeéanus python i naxemié mosu python 01 ananizy,
gi3yanizayii eKCnepuMeHmaibHux OAHUux 6 OIOMeXHON02Il ma pPO3PAXYHKY MACHIMHUX CUCmeM

cenapamopis.

6

IIpakTyHe 3aHATTA 6. PO3paxyHOK MarHiTHUX MOJIB MOCTIHHUX MarHiTiB pi3HOi Gopmu,
IO 3aCTOCOBYIOTbCA HJsi cemapaiii 61000’€kTiB B OloTexHOJNOTIi Ta MEOUIIMHI, 3
3aCTOCYBaHHSAM I1aKeTy Numpy MOBHU IporpamyBaHHs python. Bisyamizaiis pe3ynbpTaris
PO3paxyHKy MarHiTHUX MOJIIB NOCTIMHUX MAarHiTIB 3 3aCTOCYBaHHAM nakeTy matplotlib.
Jlitepatypa 6a3oBa: [2]; iHpopmaiiitHi pecypeu: [3,5]

IIpakTuune 3ausaTrTs 7. CTBOPEHHS JHKEpeN MAarHiTHOTO Mo (CTPYyMIB Ta MOCTIMHHUX
MarHiTiB) Sk 00’€KkTiB makeTy magpylib MoBu mporpamyBaHHs Python. Manimymauii 3
o0’extamMu makery magpylib (mepemimeHHss Ta oOepTaHHsS) Ta Bi3yami3allisi 00’€KTiB
(MOCTIMHUX MAarHiTiB, JaTYMKiB Tolo) makeTy magpylib (meron display). Bizyamizamis
pe3ysbTaTiB PO3paxyHKy MarHiTHUX IOJIB IMOCTIHHUX MAarHiTiB 3 3aCTOCYBAHHSM MaKeTy
matplotlib.

Jliteparypa 6a3oBa: iHpopmarriiiai pecypeu: [5,6]

IIpakTnyne 3aHATTA 8. PO3paxyHOK MarHiTHHUX IOJIIB MOCTIMHUX MarHiTiB pi3HOi (hopmu,
0 3aCTOCOBYIOThCSA I cemaparii 01000’€kTiB B OlO0TeXHOJOTri Ta MEIWIMHI, 3
3aCTOCYBaHHAM MakeTy magpylib MoBu mporpamyBanHs python. Bizyamizaris
MPOCTOPOBOTO PO3MOAUTY 1HAYKIIIT MAarHITHOTO TIOJISI HA JIiHIT 3’ €JHAHHS JIBOX MAarHiTiB 13
3aCTOCYBaHHAM MakeTiB numpy, magpylib ta matplotlib MoBu nporpamyBanus python.
Jlitreparypa 6a3oBa: [2]; indopmartiitai pecypcu: [3,5]

IIpakTnyne 3aHATTS 9. BUBYEHHS METOAIB OTPHMAaHHS MAarHiTHUX HAHOYACTUHOK JIJIS
OloMeIMYHMX 3acTocyBaHb. HammcaHHsS Koxy Ha MOBI mporpamyBaHHs python mmst
pPO3paxyHKy Macl MarHeTUTY OTPUMAHOTO METOIOM XIMIYHO1 KOHEHCAITI].

Jliteparypa 6a3oBa: [3-5], nogarkosa: [33]




6. CamocriiiHa po0OoTa cTyeHTa

CamocriitHa pobOora crTymeHTa 10 AuciuIUIiHl  «OCHOBHM  OIOMEIMYHOTO  3aCTOCYBaHHS
BUCOKOTPa/IIEHTHOT MarHiTHOI (inbTpamii 1 cemaparii» ckiagae 66 ToIuH, BKIIOYAE IiJTOTOBKY J0
ayJIUTOpHUX 3aHATH (52 roaunn), pedepar (8 roaun), 3amik (6 roIUH).

[TomiTka Ta KOHTPOJIb
7. TlomiThka HaBYAIBHOI TUCHIUILTIHUA (OCBITHBOI'O KOMITOHEHTA)

Busuennss mucuumunian «OCHOBH 010MEIUYHOTO 3aCTOCYBAHHS BHCOKOTPAMIEHTHOI MarHiTHOT

¢inbTpanii i cenaparnii» BigOyBaeThCS HA JIEKUIMHUX Ta MPAKTHYHHUX 3aHATTAX. HaOUHICTH HaBUANIBbHUX
3aHATH 3a0€3MEeUyEThCSI BUKOPUCTAHHAM 3HAYHOI KUIBKOCTI UTFOCTPAaTUBHOTO Matepiaiy (cxeM, TaOJHIlb,
npesenTaiif). [1ix yac BUKIIaganHs JaHOT TUCHUTUTIHA BUKJIaad IPOBOJUTH OMIMUTYBAHHS 3/100yBayiB s
TOro, MO0 BU3HAYMTU PIBEHb 3aCBOEHHS HUMH BHUKJIAJCHOTO Marepialy, BaKIMBUM € aKTUBHICTh
3100yBayviB.

3aznavacmucs cucmema BUMOZ, KT 6UKIAOAY CMABUMDb neped cmy()eHmOAJt/acnipaHmo_rwZ

npasua 8i08i0Y8aHHs 3AHAMb (K JIeKYill, MaK i NPaKmuyHux/1a00pamopHux);

BinBinyBaHHS IeKIiN Ta IPaKTUYHUX 3aHATh, a TAKOXK BIJCYTHICTh Ha HHUX, HE OLIHIOE€ThCA. OTHAK,
CTyJEHTaM PEKOMEHAYETHCS BiABIAYBaTH 3aHATTS, OCKUIBKM HA HUX BUKIAJAE€THCS TCOPETHUUHUN
Marepiaj Ta pO3BHBAIOTHCS HAaBUUKH, HEOOXiAHI /Ui (POpMYBaHHS KOMIIETEHTHOCTEH, BU3HAYCHUX
cTaHaapToM OcBiTH. CucCTeMma OIlIHIOBaHHsS OpIEHTOBaHA HAa OTpUMaHHS OajiB 3a aKTHBHICTh
CTYJIEHTA, a TAKO’K BUKOHAHHS 3aBJlaHb, K1 3[]aTHI PO3BUHYTH IPAKTU4HI YMIHHS Ta HABUYKH. 3a
00’ €KTUBHUX IMPUYMH (HANPUKJIa1, XBOpoOa, MpareBaalTyBaHHs, MIXKHAPOJHE CTa)KyBaHHS TOILO)
HaBYaHHS MOX€ B110yBaTHCs B OH-JIaliH ()OpMI 32 OTO/IKEHHSM 13 KEPIBHUKOM KYypCYy.

npasuia no8ediHKU HA 3aHAMMAX (AKMUBHICMb, Ni020MOBKA KOPOMKUX OONOSIOell YU MeKCmis,
BIOKNIOUEHHS meleOoHi8, BUKOPUCMAHHA 3ac00i8 36 3Ky Ol NOULYKY IHpopmayii Ha 2yen-OucKky
BUKIA0AYA YU 8 IHMepHemi mowo);

Ha aynuTopHHMX 3aHATTAX CTYJEHT Ma€ MOBaXaTH BMKJAJada Ta AUCLUUILIIHY, IO BiH CIIyXae;
BUKOHYBaTH €JIEMEHTapHI NpaBWia Ta HOPMHU IOBEIIHKH; IPOTATOM 3aHATTS 3a00pOHSETHCA
KOPUCTYBaTHCSI MOOUIBHUMHU Tesle(hOHaMU, OKPIM €KCTPEHUX BUNaIKiB. HopMu eTHYHOT oBeliHKN
CTYJEHTIB 1 IpaliBHUKIB BHM3HaueH1 y po3aumn 2 Kozgekcy yecti HaiioHanbHOro TEXHIYHOTO
yHiBepcuteTry YKpaiHu «KUIBCbKMI MONITEXHIYHUNA 1HCTUTYT iMeHl Irops CikopcbKOroy.
HeranpHime: https://kpi.ua/code.

NPasua nPU3HaA4eHHsA 3a0X04UY8aIbHUX Ma WmpagpHux 6anis;

[IpaBusia mpu3HAYEHHS 3a0XOUYyBAJBbHUX OalliB (3a0X0UyBaslbHI Oajid MPU3HAYAIOTHCS 3TIAHO
niapo3ainiB 8-9 mporo cunadycy); mrpapHUX O6aIiB HEMAE.

noaimuxa 0edanie ma nepeckiadany,

TepMiH 3/1a4l KOXKHOTO BHUIY POOOTH OOTOBOPIOETHCS Ha 3aHATTI MiA 4yac BUAAYl 3aBJaHHS Ta
3aJIeKUTh Bl TUNy poOoTu. PoGOTH, sIKi 37al0ThCs 13 MOPYLIEHHAM TEPMiHIB 0e3 MOBaKHUX
MIPUYHH, OIIHIOIOTHCS Ha HUKYY OITIHKY.

RONIMUKA WoO00 aKademiunoi 00opouecHocmi;

Bu3HavueHi y po3aini 3 Kogekcy decti HamioHambHOro TEXHIYHOTO YHIBEpCHUTETY YKpaiHU
«KuiBcpkuii monitexHiuHui iHCTUTYT iMeH1 Iropst Cikopebkoro». Jleranbaime: https://kpi.ua/code.
BukopucranHs 10JaTKOBUX JKepes iH(opMarlii miJl 4ac OLiHIOBaHHS 3HaHb 3a00POHEHO (Y T.4.
MOOUTPHUX TPHUCTPOiB). MOO1IBHI MPUCTPOI AO3BOJISIETHCS BUKOPUCTOBYBATH JIUIIIE ITi/I Yac OH-
JaifH TECTYBaHHS Ta BUKOHAHHS PO3PaXyHKIB.



[Ipn BUKOHAHHI I1HAMBIAyaJbHUX CAMOCTIMHMX 3aBlaHb (pedepaT) HE HABOJAUTH Yy CIHUCKY
BUKOPHUCTAHOI JIiTepaTypu MyOJiKalii, CliBaBTOpaMH SKUX € CIIBPOOITHHUKM YCTaHOB KpaiHH-
arpecopa.

npasua 3axucmy iHOUBioyaibHUX 3a60anb (MeCmy8anHsI
https://classroom.google.com/c/NDEYNTgzNTcyODQw?cjc=hthzu22 ).

CryneHT 3000B’si3aHMI 3apeecTpyBaTHCA Ha 1uiatopmi aucrtaHiiiHoro HapuanHs Google
Workspace for Education Fundamentals (B munymomy G Suit For Education) Ha nomewi
@LLL.kpiua ta mnpuemnatucs 1m0 Google Kmacy «OcHoBHM 06i0MEeIMYHOTO 3aCTOCYBaHHS
BUCOKOT'Pa/Ii€HTHOT MarHiTHO{ ¢inpTpanii i cemaparii» 3a ITOCHJIAHHSIM
https://classroom.google.com/c/NDEYNTgzNTcyODQw?cjc=hthzu22. [lns 1poro CTyacHTy
HEoOXigHO croyaTky oTpumaru akayHT B Google Workspace for Education Fundamentals na
nomeni @LLL.kpi.ua. JInsa orpumanus akayHty B Google Workspace for Education Fundamentals
Ha gomeHi (@LLL.kpiua wHeoOxigHo 3amoBHutH Google ®opmy: https:/sikorsky-
distance.kpi.ua/req_gsuite/. ITTicast peecrtpariii Ta Mozepailii 3asBKH CTyJCHTa, aaMiHICTPATOp
HaJIOUIe CTYAEHTY Ha TMOIITYy Napoiib Ta JIOTIH 10 aKayHTy, 3 SKHUM CTYACHT 3MOXe
BUKOPUCTOBYBAaTH BCl JOCTYyNHI 1HCTpyMeHTH Ta cepBicu Google Workspace for Education
Fundamentals. Google Workspace for Education Fundamentals — e maker crermianai3oBaHOTo
XMapHOTO MPOrpaMHOro 3a0e3Me4eHHs, IHCTPYMEHTIB Ui CHUIbHOI poOOTH Ta MUCTAHIIMHOTO
HaBuaHHS Bijg komnadii Google. OCHOBHA CKJa/0Ba MaKeTy — CHCTEMa YIPaBIiHHS HaBYaHHAM
Google Krnac, sika 103Bojsie BUKJIagadyy CTBOPIOBAaTH HaBYalIbHI KJIACH, OL[IHIOBAaTH 3aBJAHHS,
HA/aBaTH YyYHSIM 3BOPOTHIM 3B’SI30K, MYOJIKyBaTH OTOJIOIICHHS 1 IOIIMPIOBATH HaBYaIbHI
Mmarepianu. Buxmagad mMoxe 0a4MTH, XTO BHKOHAB 3aBJaHHSA, a XTO LI MPOJOBKYE HaJ HHUM
NPAIIOBATH, @ TAKOXK YNTATH MTUTAHHS 1 KOMEHTapi Y4HiB. J{JIsl MpHeIHAHHS 10 HABYAIBHOTO KYpCy
«OcHOBU 010MEIMYHOTO 3aCTOCYBAaHHS BHCOKOTPA/i€HTHOI Mar”iTHOi (inbTparii i cemaparii»
cryneHty notpiOoHo mepeiitu y Google Kiac 3a mocunmannsim  https://classroom.google.com,
HATHCHYTHU 300paXeHHS «+» Yy BEpXHbOMY IpaBOMY KyTKy Opaysepa, BuOpatu «lIpuennarucs 1o
KJIacy» Ta BBeCTH Koj Kypcy hthzu22. AxaynTu cryneHTis, siki npueananucs 1o Google Kinacy He
3 akayHTy Ha nomeHi (@LLL.kpi.ua, OyayTe Buiydatucs 3 HaByalbHOTO Kypcy «OcCHOBU
610MeIMYHOr0 3aCTOCYBaHHS BUCOKOTPaIlEHTHOI MarHiTHOI (inbpTparii i cenaparnii» Google Knacy
TOMY, 1[0 aBTOMATUYHHUI IMITOPT OLIIHOK 32 TECTYBAaHHS MOJIMBUH BUKJIIOYHO 3 aKayHTY Ha JIOMEHi
@LLL.kpi.ua. Cucrema Google Kiac aBTOMarmyHO HajJCWIae KOXHOMY CTYIEHTY Oaiu o
KO>)KHOMY 3 BHJIIB KOHTPOJIIO Ha €IeKTPOHHY omTy. ToMy st 03HailoOMIIEHHS 3 6ajaMu 3a KOKEH
OKpeMUIl BUJI KOHTPOJIIO CTYACHTY HEOOX1THO 3MIHUTH HaJALITYBaHHS €JIEKTPOHHOI MOIITH TakK,
o0 Il €JIEKTPOHHI JIMCTH HE MOTPAIIsuIM Yy cnaMm. Bcl BUKOHAHI 3aBOaHHS AJIs MEPEBIPKHU
BUKJIalayeM CTYACHT IIOBHHEH 3aBaHTaxyBaTH uepe3 cucreMy Google Knac (pesynbratu
BUKOHAHHS 3aBJlaHb, HaJliciaHl yepe3 WhatsApp vat nepeBipsTucs He OyAyTh);

JluctyBaHHS 13 CTYAGHTaMH 3 OpraHi3alliiiHuX nuTaHb Oyze 3ailicHioBaTHCs yepe3 WhatsApp yar
JTUCITUATITIHU.

Buau KOHTpoITIO Ta peTHHIOBa CUCTEMa OLIIHIOBAaHHS pe3ynbTaTiB HaB4aHHA (PCO)

IloTouHuMiIl KOHTPOJIL. TECTYBAaHHS 3HAHb CTYAEHTIB 3 JIEKIIHHOrO Marepialy Ta MPaKTHYHUX

3aHATh (50 OaxiB), BIAMOBIAI Ta HANMMCAHHSA KOAY Ha NpPakTUYHHUX 3aHATTAX (20 GaiiB), MiAroTOBKA
pedeparty (30 6amiB). 3arampHa cyma OaiiB 3a ceMecTpoBy poboTy — 100 6anis. Joxmagnima iHpopmartis
I10/I0 IIOTOYHOT'O KOHTPOJIIO Ta KPUTEPIiB omiHoBaHHs HaBeneHa B PCO 3 qucuumutiau (Jomatoxk 1).

KanenpapHuii KOHTPOJIbL: TPOBOIUTHCS J1B1Ul 3a cemecTp. PyOixHi (maHoBi arecranii). CTyaeHT

noBUHEeH HaOpaTu OaiiB: 1 aTecraiis — «3apaxoBanoy» — 20 6aniB ( 40 — MmakcuMymMm), 2 arecraitis — 40 OaiiB
(80 — makcumym).

CeMecTpoBHii KOHTPOJIb: 3aTik. 3aragpHa cyma OamiB Ha 3amiky — 100 OGamis. JlokmagHima

iH(OopMaIist 10710 IPOBeIeHH Ta OliHIOBaHHS HaBeneHa B PCO 3 qucuuIniiy.

YMOBH 0MYCKY /0 CEeMeCTPOBOI0 KOHTPOJIIO: CEMECTpOBUM peHTHHT He Hivkue 40 Oamis,

HamMcaHHs pedepary.
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[TepeBipka BukonanHss CPC 37ilicCHIOBAaTUMETHCS OIIHIOBAHHSIM pPE3YJIbTAaTIB TECTYBAaHHS Ha

wiatdopmi aucranuiiHoro HaB4yaHHs Google Workspace for Education Fundamentals na momeni
@LLL.kpi.ua B cucremi Google Knac 3a nmocuinaHHsIM:
https://classroom.google.com/c/NDEYNTgzNTcyODQw?cjc=hthzu22 .
KokeH 3 TeCTiB MOXKJIMBO MPONTH TUILKU OAMH pa3. PedTHHTOBI (Barosi) 6aiu 3aHATh 1 PEUTUHT OB OLIIHKH
1o BCiX BUAax KoHTpoito B Google Kiaci nopiBHIOIOTE BiAnoBiiHUM Oanam B Cuitadyci 3 koedimieatom 10
JUTSL 3pYYHOCT] po3paxyHKy OaltiB (1100 He BUKOPHUCTOBYBATH JAPOOOBI uncia). BiamoBiaHO nepen KOKHOIO
aTecTalli€ro, a TAaKOX B KIHIII ceMecTpy Bci HaOpaHi cryneHToM 6anu B Google Kiaci OynyTs ainutucs Ha
10 1 BHOCuTHCH 110 cuctemu AIC «Enexkrponnuii kammyce» KIII imeni Iropst Cikopcbkoro.

9. JlomatkoBa iH(opMallis 3 AUCIUILUTIHU (OCBITHROTO KOMITOHEHTA)
Honarok 1

Cucrema peiiTHHIOBHX (BaroBmux) 06aJiiB 3aHATH i peiTHHIOBUX OLIHOK N0 BHAaX KOHTPOJIIO 32 piK

Ne . :

i Bua konTposo Baxn Kinbkicts Cywma GaniB
TecryBaHHS 3HaHb CTYJCHTIB 3

1 JEKIIITHOTO MaTepiary Ta MPaKTUIHUX 10 5 50
poOiT

5 BinmoBizai Ta HanmucaHHS KOy Ha 25 3 20
MPaKTUYHUX 3aHATTIX

3 [TinroToBka pedepary 30 1 30

4 Bcerworo 100

Bumoru 10 opopmieHHs Ta BUKOHaHHS pedepaTy ONMCaHO B HAaBYAJIbHOMY IOCIOHUKY:

['opobernp C.B. «OcHOBU 010MEIMYHOTO 3aCTOCYBAaHHS BHMCOKOTPAJi€HTHOI MarHiTHOi ¢imbTpamii i
cenapariii. Pedepar» [Enextponnuii pecypc|: HaBd. moci0. aiis 3100yBadiB CTymneHs 0akaiaBpa 3a OCBIT.
nporpamoro «MexaHiuHa iHxeHepis» crneu. 133 [Namy3ese mammHoOyxyBanHs KIII im. Irops Cikopebkoro
; yknan.: C. B. T'opoGenb. — Enextpon. Texet. naui (1 ¢aiin). — Kuis : KIII im. Iropst Cikopebkoro, 2024. —
27 c. https://ela.kpi.ua/items/99f4ec50-dfcc-45de-88e5-f1b57a153460

Po3paxyHok mkaau (R) peHTHHTY

CymMa BaroBux 0aJiiB KOHTPOJIBHUX 3aXO0/I1B MPOTITOM CEMECTPY CKIIAJIAE:

R = 50+20+30 = 100 6amniB:

PeliTunrosa mxkaia 3 guciyiniiag ckiaagae R = 100 Oamis;

Heo0xiHOIO yMOBOIO ISl OEp)KaHHS 3aJIiIKy aBTOMAaTOM € 3/1a4a TECTiB 3 JIEKLIHHOro MaTepiany Ta
NPaKTUYHUX 3aHATh, BUKOHAHHS HA MMO3UTHBHY OLIIHKY pedepary Ta 3arainbHUN pedTHHT He MeHe 60
OamiB. Jlns MigBUINEHHS OLIHKM MPOBOJUTHCSA 3allikoBa poborta. Ilpm mpomy monepenHii pedTHHT
AHYITFOETHCS.

KanenaapHuii KOHTPOJIb. nPo80OUMbCA 8 KiHYI cemecmpy.

Py6ixHi (rmanoBi atectarii). CTyneHT moBuHEH Habpatu OaiiB: 1 artecraris — «3apaxoBaHoy - 20 6aniB
(40 — makcumym), 2 atecraitisi — 40 6aniB (80 — MaKCUMyM).

[TimcymKoBa OITIHKA SKOCT1 3HaHb 3 AUCIUILIIHNA BU3HAYAIOTHCS 3a TPAAMIIIITHOIO 6-PIBHEBOIO MIKAJIOK HA
0a31 iIHAMBIIyaTbHUX TTOTOYHUX OI[IHOK 32 TaKOI) IIKAJIOH:

Kinvkicmo 6anis Oyinka
100-95 BigmMingO
94-85 Jyxe nobpe
84-75 Jobpe
74-65 3a10BIILHO
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64-60 JlocTaTHBO
Meunme 60 Hes3anoBiibHO

CeMecTpoBHii KOHTPOJIb: 3ajik. 3arajgbHa cyma OaniB 3amiky — 100 OamiB. YMOBH JOIYyCKYy 0
CEMECTPOBOTO KOHTPOJIIO: CEMECTPOBHI peHTHHT He MeHie 40 6aiB.

3anikoBuii O6ieT cknanaerbes 3 10 mutanp, 1 muranHs oniHOeThes y 10 Gais.

IToBHa BinnoBiap Ha nuTands — 9-10 Oanis

3po0iieH] He3HaYH1 TOMWIKK — /-8 OaiB

CyTT€eBi MOMUWIKY Yy BIINOBiAL — 6 OauiB

Binmosinai He BipHI — 0-5 6amis.

Tabmuist BiAMOBITHOCTI pEHTUHTOBUX OajIiB OIlIHKAM 3a YHIBEPCUTETCHKOIO IIKAJIOKO!

Kinvkicmo b6anis Ouiuxa
100-95 BigMinaO
94-85 Jyxe nobpe
84-75 Jobpe
74-65 3a/10BIJIBHO
64-60 JlocTaTHBO
Mesnie 60 HesanoBibHO

Ilepenik nuTanb 1J1s NiATOTOBKHU pedepaTiB:

IcTopist po3BUTKY Ta OCHOBHI MOBU ITPOrpaMyBaHHSI.

OO0’ eKTHO-OpIEHTOBAHMHN MiJIX1/ A0 MPOTrpaMyBaHHS.

[TpouenypHuii miaxia 70 NporpaMyBaHHS.

OcHoBHi nepeBaru Python. 3agaui, 1715 sSKMX 3acTOCOBYIOTH Python.

Tunu nanux B Python.

Jloriuni oneparii B Python.

MarematuuHi onepatopu Ta ¢pyHkuii B Python.

®ynkuii B Python.

Knacu B Python.

0. OcnogHi nmaketu Python.

11. OcHoBHI QyHKIIIT poOOTH 31 CHUCKaMH, CIOBHUKAaMH, KOPTEKaMH, MHOKHHAMU (Habopamu).

12. OcuogHi ¢ynkuii nakery Matplotlib 11t moOynoBu rpagikis.

13. dywukii as1st TiHIAHOT perpecii B maketi numpy Sklearn.

14. ®ynkuii nakeT numpy MOBH ITporpamyBaHHs python s po3paxyHKy MarHiTHUX CUCTEM
cenaparopis.

15. dynkuii maker magpylib moBu nporpamyBanHs python 1ist po3paxyHKy MarHiTHUX CHCTEM
cenaparopis.

16. Jle Buepre Oyio 3acrocoBano Metoar BIMC? ¥V womy BoHHM mostsirann’?

17. Ha3BiTh OCHOBHI ramy3i, ae 3actocyBanns BIMC.

18. Ha3BiTh OiomeanuHi 00acTi 3acrocyBanHas Meto1iB BITMC.

19. Ha3BiTh OCHOBHI (haKTOpH, 5IKi HEOOXITHO BpaxoBYBaTH Npu NpoekTyBaHHi npuiaais BIMC.

20. Yomy Ha CHOTOJTHI CTUPAETHCS MEXa MK MIPUCTPOSIMHU IS 30aradeHHs Ta MPUCTPOSMH TSI
OUUIICHHS pOO0YUX CepeIOBHUIIL?

21. Ha sixi rpynu MOAISIOTHCS BC1 MaTepiayiv 32 MarHITHUMH BJIACTUBOCTSIMU?

22. OxapakTepu3yiite ¢gepo-, ¢pepi- Ta aHTU(HEPOMArHETHKH.

23. OxapakTepu3yiTe mapa- Ta JiaMarHeTHKH.

BOoo~NoOR~WDNE
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24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.

39.

40.
41.
42.

43.

44,
45.

46.
47.

48.
49.

50.
51.

52.

53.
54.

55.
56.
57.
58.

59.
60.

Sxa ocHOBHA pi3HUL MiX (pepo-, Pepi-, anTudepomMarneTHKaMu Ta rapa- 1 JliaMmarHeTuKamMu?
1o Take npsimi Ta Henpsimi criocoou BIMC?

HampsiMku ynockoHaneHHs npsimux croco6is BITMC.

1o Take BHUCOKOrpaaieHTHI (pepomarHiTHi Hacanku (BI'OH)?

[ITo Take BucokorpaaieHTHI pepomarHiTHi Hacaaku (BI'®H) B opranizmax?

Kpurepii eekruBHOCTI BUCOKOTpanieHTHUX (pepomMarHiTHUX Hacanok (B'OH).
Knacudikariist BUCOKOrpaaieHTHHX (epoMarHiTHuxX Hacamok (BI'®H).

1o Take OararopiBHEBI BUCOKOTpaaieHTHI (hepomarHiTHI Hacaaku (BI' OH)?
XapaKTepuCTUKU OaraTopiBHEBUX BUCOKOTIPAIiEHTHUX (hepomMarHiTHHX Hacagaok (BI'®H).
Cnocobu oTpuMaHHs 0araTOpiBHEBUX BUCOKOTpadieHTHUX (epoMarHiTHUX Hacanok (BI'OH).
Cytb Metony ¢eputusanii. Konu Brepie 6yB BUKOpUCTaHH MeTOA (pepuTrzarii?

[TepeBaru meTony depuTu3aiii.

Jnist skuX raiy3eid HapoJIHOTO TOCIIOJapCcTBa, MPOAYKT OTPUMAaHM B pe3ynbTaTi pepuTusarii €
CHPOBUHOIO?

SIxa 000B’s13K0Ba YMOBA MPOTIKaHHSI MPOIECY GepuTH3arii?

[ToHATTS HAMArHIYEHOCTI, HAPYKEHOCTI Ta 1HAYKIil MArHITHOTO TOJIS.

XapaKTepHUCTUKU MarHeTHKIB (MarHiTHa MPOHUKHICTh, MarHiTHA COPUHHATIMBICTD, 3B'SI30K MiXK
HUMHU).

Tunu MaraeTukiB (i3 TPUKIaAaMH PEUYOBHH) Ta iX MPUPO/IA.

[ToBeniHka MarHeTHKIB y 30BHIIIHBOMY MarHiTHOMY IIOJIL.

[ToHSITTSI MarHITHOTO JJOMEHY. MarHeTUKH, 0 BOJIOAIIOTH JIOMEHHOKO CTPYKTYPOIO.
OpnHomoMeHHi Ta 6araTofoMeHHI MarHeTuku. CymneprapaMarHeTHKH.

[TeTns ricrepesucy. 1o BinOyBaeThCs 13 MAarHITHUMH JJOMEHAMU TTPH HAMArHidyBaHHI 1
po3MarHiuyBaHHi?

MarsiToM'siKi Ta MarHiTOTBEpAl MaTepiau.

3MICT IPYroro KBaipaHTy MEeTIi ricrepe3ucy. SIKuM 4UnHOM BAA€THCS OTPUMATH MaKCHUMaJIbHe
3HaueHHs (BH),,, st maraiTy?

Tunu MarHiTiB, ix 007aCTi 3aCTOCYBaHHSI.

[Tpsma ta Henpsima BITMC. HanpsiMku BIOCKOHaJIEHHS Ta NOLIMPEHHSI BUCOKOIPaAi€HTHOT
MarHiTHoi ¢iabTpanii (cenaparii) B pi3HUX ramy3sx.

Ha sixi OCHOBHI I'pyny MOKHA PO3UIMTH MarHiTHi CernapaTopy 3a TUIIOM oreparii?

Xapakrtepuctuku MarHiTiB NeFeB (3anuiikoBa HaMarHiueHiCTh, TEMIEpPaTypHUH Koe(dilieHT
IHAYKII1, KOEPLUUTUBHY CUITY, 3HAUEHHS €HepreTUYHOro 100yTKY, Jiana3oH poOoYnx TeMuepaTyp).

Ha six1 ocHOBHI rpyniu MOYKHa pPO3UIMTH MarHiTHI C€NapaTopy 3a TUIIOM omnepariii?

Ha3BiTh ocHOBHI (hakTOpH, sIKi HEOOXIJTHO BpPaxOBYBaTH caMe€ INpU NPOEKTYBaHHI HpUIIaJliB

BI'M®(C).

SIka XxapakTepHCcTHKa Bi10Opaskae pi3HUIIO MK MarHiTOM IKUMH Ta MarHiTO)XOPCTKUMU
MaTepiagamu?

XapakTepUCTUKU MarHiTiB AJbHIKO.

Ha sixi OCHOBHI Ipyny MOXHa pO3AUIUTH MarHiTHI cenapaTopy NepioANYHO] JIii IO TUITY poOOUnX
€MHOCTEN?

YoMy HEIOIUIBHO BUKOPUCTOBYBATH MarHiTh B (opmi AOBrux HuiiHApiB? A B Gopmi MiacTuH

BEJIMKOTO po3Mipy?

[Tpuxnany KOHCTPYKI[iHM TUIOIMIMHHUX MarHiTHUX CENapaTopiB, K1 BU 3Ha€Te QipMu, 110
BUTOTOBJISIFOTH TUIOIIMHHI MarHiTHI cemapaTopH.

[Tpukiaay KOHCTPYKIIiH TPOOIPOYHUX MArHiTHUX CEMapaTopiB, sIKi BH 3HAETE ipMHu, 1110
BUTOTOBJISIIOTH MPOOIPOYHiI MAarHiTHI cenmapaTopu.

MeToau MarHiTOKEpOBaHO1 JOCTABKH JiKiB. MarHiToekIris.

BakrepianbHi MarHiTOKepoBaHi METOIU IOCTABKH JIIKiB.

Sxi MIKpOOPTaHi3MHU BUKOPUCTOBYIOTHCS JIJIsI TAPTETHOI TOCTABKH JIIKiB?
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RBOOo~NO~WNE

15.

16.
17.
18.
19.
20.

21.

22.
23.
24.
25.
26.
217.
28.
29.
30.

31.
32.
33.
34.

0.
1.
12.
13.
14.

61. BukopucTaHHsI HAHOYACTHHOK MarHETUTY JUIsl peMeiarii IpyHTiB.
62. MexaHi3MH1 B3a€MO/Ii1 HAHOYACTUHOK MarHeTUTY 3 POCITUHAMH.

63. BriiinB HAHOYaCTMHOK MarHeTUTY Ha BET€TaTUBHHUM PICT, (i310JIOTTUHI MTapaMeTPpH 1 TOTJIMHAHHS

3aj1i3a pOCIUHAMH.
64. Peakirist pociauH Ha eeKTH B3a€EMO/Iii HAHOYaCTUHOK MarHeTUTY 1 Ha CTPEC, CIPUIMHEHUN
BIJTMBOM BR)KKHX METAJIiB.
65. BrinB BaKKUX METaJIIB Ta HAHOYACTUHOK MarHETUTY Ha METa0OJIYHI MPOIECH Y POCIIHH.
66. BriimB HAaHOYaCTHHOK MAarHETUTY Ha PicT TpHOIB.
67. BriyiuB HAHOYaCTUHOK MarHeTUTY Ha PICT POCIIHH.
68. BriyinB HAHOYACTMHOK MarHeTUTY Ha MarHiTHY CIIPUUHSTINBICTH 610MacH POCIHH Ta TPHOIB.

Hepe.ﬂilc NnuTAHb, SIKi BHHOCATHCS HA ceMGCTp()BI/Iﬁ KOHTPOJIb:

IcTopist po3BUTKY Ta OCHOBHI MOBH ITPOrpaMyBaHHS.

OO0’ €KTHO-OPIEHTOBAHUH MiIX1/ A0 MPOTpaMyBaHHSI.

[TponenypHuii miAXiA 1O IPOrpaMyBaHHS.

OcnogHi nepeBaru Python. 3amaudi, 171 IKMX 3aCTOCOBYIOTH Python.

Tunu nanux B Python.

Jloriuni oneparii B Python.

Matemartuyuni oneparopu Ta ¢pyHkiii B Python.

Oynkuii B Python.

Knacu B Python.

OcnoHi maketu Python.

OcHoBHI QyHKIIi1 poOOTH 31 CICKaMH, CIOBHUKaMH, KOPTEKaMU, MHOKHUHAMH (Habopamu).
OcuogHi ¢ynkuii makery Matplotlib s mobynosu rpadikis.

dyHkuil s niHidHOT perpecii B makeri numpy Sklearn.

@yHKIIIT TakeT numpy MOBU MporpamMyBaHHs python A po3paxyHKy MarHiTHUX CHCTEM
cernaparopis.

Oyukuii maker magpylib moBu nporpamyBanns python asst po3paxyHKy MarHiTHUX CHCTEM
cernaparopis.

e Briepiie Oyino 3actocoBano metonu BIM®(C)? V yomy BoHUM mosisiraimu?

Ha3BiTh ocHOBHI ramysi, ae 3actocoBytoTbess BTM®(C).

Ha3zgits 6iomeauyuni o0acTti 3actocyBanHst MmetoaiB BITM®(C).

Ha3BiTh OCHOBHI (hakTOpH, sIKi HEOOX1THO BpaxOBYBaTH MpU MpoekTyBaHHI npuiaais BITM®(C).

YoMy, Ha CbOTOJIH1, CTUPAETHCS MEXA MK IPUCTPOSMU U1 30aradeHHsl Ta IPUCTPOSMU JUIsL OUUILIEHHS

poOouunx cepeaoBHUIIL?

Yu BCl peuyoBHMHHU B NMPUPOAI BUSBISAIOTH MAarHiTHI BIAacTHBOCTI? BKkaxiTh OCHOBHI TpyIH, Ha SKi

HOJUISAIOTHCS PEYOBUHU 32 MArHITHUMH BJIACTUBOCTSMU Ta YMM BOHM BiJPI3HSIOTHCA?
Oxapakrtepusyiite depo-, gpepi- Ta aHTU(HEPOMArHETUKHY.

OxapakTepu3syiiTe napa- Ta JiaMarHeTUKH.

Ska ocHOBHa pi3HULI MiX (epo-, dpepi-, aHTuGepoMarHeTHKaMu Ta napa- 1 JlaMarHeTUKamu?
[Ilo Take npsiMa Ta Henpsima BIMC?

Hanpsimku ynockonanenss npsmux crnoco6is BIM®(C).

3aBISKM 4YOMY CTaJ0 MOXJIMBUM BUKOopucTaHHS BIM®(C) npakTH4HO B ycixX ramys3sax?

Cytb Metony ¢depurtusarii. Konu Bnepine OyB BUKOpUCTaHUN METOJ pepUTH3aii?

[TepeBaru metony geputH3arii.

Jns skuxX ramy3edl HapoJHOTO TOCIOJAapCTBA, MPOAYKT OTPUMAHUW B pe3yibTari ¢eputHusaiii €

CHUPOBHUHOIO?

Sxa 000B’s13K0Ba YMOBa MPOTIKAaHHS Mporiecy dhepuTuzartii?

o Take BHUCOKOrpaaieHTHI (pepomarHiTHI Hacanku (BI'OH)?

OCHOBHI BUMOTH, 1[0 BUCYBAIOThLCS IO BUCOKOTPAIIEHTHUX (epoMarHiTHUX Hacaaok (BI'®H).
OcHoBHI KpHTepii €ePEeKTUBHOCTI BUCOKOTPAAIEHTHUX PepomarHiTHuX Hacanaok (BI'OH).
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Knacudikarist BucokorpaaieHTHUX ¢pepoMarHiTHux Hacagok (BI'OH).

[ITo Take OararopiBHEBI BUCOKOTpaiieHTHI (hepomarHiTHI Hacaaku (BI'OH)?

XapaKTepuCTUKHU OaraTopiBHEBUX BUCOKOTPaMieHTHHX (hepomarHiTHuX Hacanok (BI'OH).

Criocobu oTprMaHHs 6araTopiBHEBUX BUCOKOTpalieHTHUX (pepoMarHiTHUX Hacanok (BI'®H).

[ITo Take MarHiTOM’sIKi Ta MarHiTOXOPCTKI MaTepialiy.

BusnaueHHs MarHiTHOI IPOHUKHOCTI MaTepiatiB.

YoMy 10piBHIOE MarHiTHAa MPOHUKHICTh AlaMarHeTHKIB Ta MapaMarHeTHKIB?

[Io xapakTepusye NeTis ricrepesucy?

[lo xapakTepu3ye apyruii KBaApaHT METI1 TicTepe3ucy?

SIKUM YMHOM BA€THCSI OTPUMATH MaKCUMaJIbHE 3HaYE€HHs JJIs OCTIMHOIrO MarHiry?

Bin "oro 3anexuTh po3MarHiqyoynii KoegilieHT MarHitTy?

SIki mocTiifHI MarHiTH HaKkO1IBIIE 3acTOCOBYIOTHCS Y BIMC miis GioMeqUYHUX JOCIIKEHb?
HaBeniTh piBHSHHS 17151 3HAXOPKCHHS MaKCUMaJIbHOI eHeprii mocriifHoro maruity (BH)max.

ITo sikiit hopmysi po3paxoOBYETHCSA 1HAYKIISS MArHiTHOTO TOJIS CTBOPEHA COJICHOIIOM B poOOUYOMY
00’€eM1 MarHiTHOTO ceraparopa.

Slka xapakTepucTHKa BigoOpa)ka€ PpI3HMIIO MK MAarHiTOM SKMMH Ta MAarHiTOXKOPCTKUMH
marepianamu?

Sxi mpaBuiaMu HEOOX1IHO BpaxoByBaTu Ipu mpoektyBanHi BIMC?

YoMy mJisi CTBOPCHHSI CHJIBHUX MAarHiTHHX TIOJIB 3a JOIOMOTOK) IOCTIHHMX MArHITiB MOTPiIOHO
BUKOPHCTOBYBATH BUCOKOAHI30TPOITHI MarHiTHi MaTepiaiun?

SIKi MakCHMaJbHI TIOJISI MOXKHA CTBOPIOBATH 32 JTOTIOMOTOI0 CHCTEM BHCOKOAHI30TPOITHUX MOCTIHHUX
MarHiTiB? Uum 1ie MakcuMasbHe 1mojie 0OMexXyeTbes?

SIki mepeBarm BHWKOPHCTAaHHS CHCTEM BHCOKOAHI30TPOITHUX IIOCTIHHMX MAarHiTiB IS cemaparii
01000’ €KTiB B MOPIBHSAHHI 3 TPAAUIIHHUMH KOHCTPYKLISIMU MTOCTIHHUX MarHiTiB?

Uu € TeXHOJIOTIYHUM BUKOPHUCTAHHS CHCTEM BHCOKOAHI30TPOITHUX MOCTIHHUX MAarHiTiB JJIs1 CTBOPEHHS
CHJIBHUX MarHiTHHUX IOJIB B BEJIMKUX poOouux 00’emax?

Sxi nocTiitHi MarHiTH BY 3HaeTe? IX OCHOBHI XapaKTEPHCTHKH.

Xapakrepuctuku MaraitTis NeFeB (3anumikoBa HaMaraiueHicTsb, TeMnepaTypHuUi Koe(ilieHT 1HIYKIII,
KOEPLUTHUBHY CUITy, 3HAUEHHS EHEPreTUYHOro 100yTKY, Alana3oH poOOUrX TEMIIEpaTyp).
XapaKkTepUCTUKU MarHiTiB AJbHIKO.

XapakTepucTUKH (pepUTOBUX MArHITIB.

Crniocobu cTBOpeHHs MarHiTHUX nois y BITMC?

[TpuBecTu npuKiIaau NpUIaaiB, SKi BAKOPUCTOBYIOTh ITOCTIIHI MarHiTH.

Cytp merony ¢eputuzanii. Jns skux ramy3eil HapoJHOrO rOCHOJApCTBa, MPOJIYKT OTPUMaHUIl B
pe3yabTaTi hepuTH3aIlii € CHpOBUHOIO?

SIki MarHiTocopOLiHI METO/IM OYMCTKU BU 3HA€TE?

J11st 4oro BUKOPUCTOBYETHCS O10cOpO1Iis?

Ha3BiTh MeTOM OYUCTKH 3 BUKOPUCTAHHSIM MarHiTHUX MITOK.

[Ilo Take MarHiToOKepoBaHi cOpOEHTH?

MeTtoau OTpUMaHHSI MarHiTOKEPOBaHUX COPOEHTIB.

Mopdosoriuni XapakTepUCTUKH MarHiTHUX MITOK.

XTO BIIeple BUKOpHUCTaB 010COpOIito st cOpOIIii 10HIB BaXKKUX MeTaliB?

SAxi mikpoopraHizmMu € 6iocopOenTamu? KibKicTh BaKKMX METadiB, SIKI MOXYTh OyTH copOoBaHi
MiKpoopranizMamu?

Sxki paxkTOpH BIIIMBAIOTH HA COPOLIHY 3JaTHICTh MIKPOOpPTaHi3MiB?

[epeBaru apixmKiB S. Cerevisiae, sk 6iocopOeHTiIB.

CrniocoOu 3B’3yBaHHs BaKKUX METAJIB MIKpOOPTraHi3MaMH.

Ha3BiTh caiiTu a7 3B’ s13yBaHHS BaXKKUX METaNIB MIKpOOPraHi3MaMH.

Bumoru 10 6iocopOeHTiB.

[I{o Take MarHiTOTaKCUCHI OakTepii?

CyTbh MeTOAy MarHiTHOI cenapariii 3 BAKOPUCTaHHIM MarHiTOKEPOBAaHUX MIKPOOPTaHI3MiB.
[TpuHIMnH, Ha SKUX 3aCHOBaHA IMyHOMAarHiTHA cemaparis.

. Illo Take aHTHTIIA, aHTUTCHN, MOHOKJIOHAJTbHI aHTUTILIA?
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79. CxeMa mporiecy iMyHOMAarHiTHOI cermapartii.
80. [IepeBaru BUKOpHCTAaHHS MarHiTOKEPOBAHUX JTUCIIEPCHUX MaTepiajiB.
81. OcHOBHI BUMOTH JI0 MarHiTOKEPOBaHUX COPOEHTIB.

Po6ouy mporpamy HaBUaIbHOT AUCHUILTIHE (criadyc):
CKJIaJIeHO 1I.T.H., mpod. ['opobens C.B.

YxBaneHo kadeaporo 6ioeHepreTuku, 6ioiHGopMaTuke Ta eKkodioTexXHOMOTIi (mpoTokos Ne 14 Bifx
27.05.2024 p.)
[Toromxkeno MetoauuHo KoMiciero dakynbreTy (mpotokoa Nel9 Bix 28.06.2024).
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